MMHUCTEPCTBO OBPA3OBAHMS Y HAYKH POCCHUVICKOI ®ENEPALINA

DeflepalibHOE TOCYIapCTBEHHOE OX0DKETHOE 06pa30BaTeIbHOE YIPEXKIEHHE
BHICIIEr0 00pa3oBaHUA
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PABOYAS IPOTPAMMA YYEBHOY JACITATIIINHDBI
BAKYYMHO-IIVIASMEHHBIE METO/IbI HOJIYYEHUS HAHOCTPYKTYP

YpoBeHb OCHOBHOM
o0pa3oBaTesbHOI NporpaMmbl  0akanaBpuar

HamnpagJsieHHusi NOATOTOBKH 11.03.04 DyieKTPOHHKA H HAHO3JIEKTPOHHMKA
IMpopuas(u) «MMKPO3JEKTPOHHKA U TBEPAOTeJbHas 3JIEKTPOHHKA)
®opma o0yuyeHHs OYHas

®DaKkyJabTeT 3eKTpOHHOU TeXHUKH (DIT)

Kadenpa tduspgeckoit anexrponuku (OI)

Kype_ 2 Cemectp 4

Yuye6ublii mu1an Hab6opa 2013 rona

Pacnpenenenune paGouero BpeMeHH:
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1. | Jlexuun 16 16 | yacom
2. | JlaGopaTopHble paGoThl 16 16 | gacos
3. | IIpakTHYecKHe 3aHATHS 10 10 | yacos
4. | Kypcosoit npoext/pa6ora (KPC) (ayauTopHas) - 4acoB
5. | Bcero ayauTOpHBIX 3aHATHIA (Cymma 1-4) 42 42 | yacoB
6. W3 HUX B HHTepaKTUBHOI dopme 4 4 4acoB
7. | CamocrosiTesibHasi pa6ota cryaenros (CPC) 30 30 | gyacoB
8. | Bcero (6e3 3x3amMeHa) (Cymma 5,7) 72 72 | yacoB
9., Camocr. paﬁoTa Ha NMOAroTOBKY, CAAa4Yy 3K3aMeHa yacoB
10, O6masi TpyA0eMKOCTb (Cymma 8,9) 72 72 | gyacoB
(B 3a4eTHBIX eqUHHIAX) 2 2 | 3ET
3ayer__ 4 ceMecTp
Tomck 2016
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PaccmoTpena n ogo6peHa Ha 3acegaHuu Kadeapsl
npotokon Ne 71 ot «30 » 6 2016 1.

Jluer corjiacoBaHui

Pa6ouas mporpamMma cocrasjieHa ¢ yuetom Tpebosanuii PenepansHoro I'ocynapcTserHOro 06paso-
BaTEIBHOrO CTaHAapTa Bhicimero obpaszosanus (OI'OC BO) mo HampasieHuro moarotoeku 11.03.04
DIIeKTPOHKKA U HAHODJIEKTPOHHKA (KBamukanys (0akanaBp), yTBEpXKICHHBIN IpuKa3oM Munuctep-
cTBa obpaszoBanus U Hayku Poccuiickoit @enepanun ot 12.03.2015 r. Ne 218.

Pa6ouas mporpaMma y4eOHOM NUCIMIUIMHBI PACCMOTPEHA M YTBEpXK/ICHA HA 3aceNaHUM KadeIphl
(DH3HYECKOM FMEKTPOHHKH OT « 7% » ((tCHS 2016 ., mpoToKoT Ne

PazpadoTauk:
ITpodeccop xadenpsr P

/ 3aBemyromui kadenpoii
/ Ilpodeccop xadenpsr @3

ﬁ W / T.JA.Janmmana

-
] / ILE. Tposia

V%

Pabouas nporpamma coriacoBana ¢ (akyipTeToM, IpodriIHpyromeil i BBIIycKaromed kxaden-

paMH HaIlpaBJICHUS OATOTOBKH.

Jexan OIT

/ 3aB. npodmupyromeit
Kadenpoi [O)C)

Kadenpoit [0C)

/ 3aB. BBITyCKaromei

JKcnepThI:
IIpencenarens METOMMYECKOM
KoMuccuH ¢pakynprera ®OT

IIpencenarens METOIHYECKOM
koMuccuu kadenpsr @3
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1. HEJIN A 3AJJAYA TACHUATLINHBI

Ienbro u3ydeHUs NUCLUIUTHHBI SBIsSeTcsS (GopMmupoBaHHe 0a30BBIX 3HAHWM B 00JacTH BaKyyMHBIX H
[UIA3MEHHBIX TEXHOJIOTHH, CITOCOOO0B MOJIyYeHH BHICOKOTO BaKyyMa, GU3UKH U XUMHUM IIPOLIECCOB TPaBIEHUI 1
OCKIEHHUS MUKPO- M HAHOCTPYKTYpP, OCOOEHHOCTEN IMpPUMEHEHHS PAa3IMYHBIX IUIA3MEHHBIX TEXHOJIOTUH UL
MIPOU3BOCTBA CBEPXOOJBIINX HHTEPATBHBIX CXEM U APYTUX YCTPOMCTB.

3amayd QUCLMIUIMHBL

- H3YYEHHE OCHOB BaKyyMHOM TEXHUKHU;

- U3y4EeHHE OCHOBHBIX TEXHOJIOTMU IUTIa3MEHHBIX IPOIECCOB MPU CO3MAaHUHM MHKPO- M HaHOpPa3MEPHBIX
3JIEMEHTOB;;

- U3y4eHHEe TEXHOJIOTHYECKOTO 000PYIOBaHUS.

2. MECTO JMCIIMIL/IMHBI B CTPYKTYPE OOII

B cootBeTrcTBHE ¢ OCHOBHO 00pa3oBaTenpHOM mporpamMmoii o Hampasienuio 11.03.04 «Diexk-
TPOHMKA M HAHOJ3JIEKTPOHUKA» NUCIHUILIHHA «BakyyMHO-TUTa3MEeHHBIE METOIBI MMOyYEHHsS] HAHOCT-
PYKTYp» OTHOCHUTCA K 00s3aTeIbHbIM JUCIUITIMHAM BapUaTHBHOM gacTu yueOHOro miana (O T/I.1).

V3ygenne maHHOH MUCIMILUIMHEI OasupyeTcs Ha 3HAHWH CICAYIOUIMX TUCIUIUIAH: (QU3uKa, Ma-
TEMAaTHKa, XMUMUS, BaKyyMHas U ITa3MEHHAas SJICKTPOHHUKA.

OcHOBHBIE ITOJIOKEHHA AUCIUILTHHEI HEOOXOMUMBI CTYICHTaM [IPH M3YUCHHUH JUCIUILIHH: «Du-
3WKa IUIEHOYHBIX HAHOCTPYKTYpP», «DH3HKO-XUMHYECKHAE IIPOIECCHI MHUKPO- H HAHOTEXHOJOTHIY,
«OCHOBBI TEXHOJIOTHH 3JIEKTPOHHOH KOMIIOHEHTHOMH 6a3b1», « TeXHOIOTH KPEMHHAEBOM HAHOIIEKTPO-
Hukn», «Texaomoruga CEUCy.

3. TPEBOBAHMA K PE3YJIBTATAM OCBOEHUS TUCITAITJINHBI

3.1. M3sy4enne qACHAIUIHELI HANPABJIEHO HA POPMHPOBAHHAE CJACAYIOIMAX KOMIEeTeHI A

CrocoGHOCTE BEINONHATH PaGOTHI IO TEXHOJIOTHIECKOH IIOArOTOBKE IIPOM3BOICTBA MATEPHATIOB
H u3Jenui snexTporHol Texauky (11K-8).

['0TOBHOCTP K IPUMEHEHHIO COBPEMEHHBIX TEXHOJIOTHYECKUX IIPOIECCOB B TEXHOJIOTHUECKOTO
0bopynoBaH¥is Ha STanax pa3spabOTKHU U IIPOM3BOACTBA H3EIHN MAKPOSJIEKTPOHUKY B TBEPAOTEIBHOM
anexrporuku (IICK-2).

3.2. B pesysbTaTe H3y4eHHs JUCHUNIAHBI CTYIEHT J0JKEH:

3HQMb. OCHOBBI BAKYYMHBIX H IUIA3MEHHBIX TEXHOIOTHH, 000pyI0BaHUE IS MOIYICHUS MAKPO-
U HaHOCTPYKTYD;

Ymemb. CDAaBHUBATh PA3IMYHbIE BAKYYMHBIE H IIJa3MEHHBIE METOIBI IOJIYYEHHS HAHOCIOEB U
HaHOCTPYKTYP;

6/1a0emp: NPAKTAIECKAMA HaBBIKAMH pabOThI Ha BaKyyMHBIX TEXHOJIOTHYECKUX YCTAHOBKAX,

4. OBBEM JUCIUILINHBI 1 BUJIbI YYEFHOM PABOTHI

O6111a;1 TPYAOCMKOCTD NUCIHUIUIMHBI COCTABJISIET 2 3a4YE€THBIC CAUHHULIBI.

Bun yae6HOM paboTh Biosi i CCMZCTpLI
AyanTopHble 3aHsTHS (BCErO) 42 42
B TomM gucie:
Jlexn 16 16
JlabopaTopHsie paboThI 16 16
IpakTtigeckue 3ausatus (I13) 10 10
CamocTosiTenbHasi pa6ora (Bcero) 30 30
B ToM gucne:
IToaroToBka K KOHTPOJIBLHEIM paboTam 14 14
IToaroToBka K MpakTHYECKHM 3aHATHAM 8 8
IMoaroToska k 1abopaTopHEIM paGoTaM, COCTABICHHE OTICTOR 8 8
OO6Inas TpyZOEMKOCTb Yac 72 72
3ayeTHBIE eNHHULBI TPYAOEMKOCTH 2 2
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5. COAEPXKAHUE JUCIUIIJINMHBI

5.1. Pa3nennl JUCHHIIIAH B BHABI 3aHATHI

) ]
T g E 5 < &
= E El &2 \§_ £ g ®opMHupyemMbie KOM-
HJ\;QH HanmeHoBaHme pa3nesna JuCUHUIUIHHbI % S E §\§ g = g neTeHIHH
S | FAge %E g (OK, TIK, TICK)
= Q
1. TCH,HCHIII/I}vaaSBI/ITI/Iﬂ BaKyyMHBIX U IUIa3MEHHBIX 5 5 IIK-8
TEXHOJIOT Uit
2. | CriocoOrl DOTyYeHHs BBICOKOTO BaKyyMa 4 4 4 10 20 ITK-8, IICK-2
3. | TunoBele BaKyyMHBIE YCTAHOBKH 4 2 4 8 18 I1K-8, IICK-2
4. | BaxyyMHBIE METOMBI IIOTyIEHII HAHOCIOEB 2 2 4 6 14 I1K-8, IICK-2
5. | MloHHO-IUTa3MeHHbIE METOIBI IOJyISHUS HaHOCIIO- 4 2 4 6 13 TIK-8, [TCK-2
B
5.2. CopeprxxaHue pa3aejioB JUCIHHIIHHBI (10 JEKI[HAM)
Tpyno- ®opmupyemble
A Ehamsemonaxme CopepxaHue pa3ziejioB €MKOCTh KOMIIETeHIIHH
wn e (uac) | (OK, IIK, TICK)
1 TenneHuus pas- Ponp BaKyyMHBIX U IUIa3MEHHBIX TEXHOJIOTUM B MHUKpPO- M HaHO-
BUTHUS BaKyyM- 3JIEKTPOHUKE 5 TIK-8, [ICK-2
HBIX U IUTa3MeH-
HBIX TEXHOJIOIMH
2 | Cmoco6sl mory- OCHOBHEIE 3aKOHBI BaKyyMHO! TeXHWKH. MeXaHHIeCKHe, I1apo-
YEHHSA BHICOKOIO | MaciiiHble AU(Q(y3HOHHBIE HACOCH], (QH3UKO-XUMUIECKHAE METO- 4 IIK-8, IICK-2
BaKyyMa Jb] TIOJTY9EHUS BRICOKOTO BaKyyMa.
3 | TumoBsle Baky- Brifop BakyyMHBIX HaHOCNOEeB. COBpeMEHHBIE THUIIOBHIE YCTa- 4 ITK-8. TICK-2
YMHEIE YCTAHOBKH | HOBKHM JUII TEXHOJIOTHYECKUX LieNeit ’
4 BakyymHrbIe Me- Tepmuyeckoe wucmapeHue B BakyyMme. CKOPOCTH OC@XKICHMS.
TOIBI moNydyeHus | IlpakTudeckue pekoMeHaal u 2 IIK-8, TICK-2
HaHOCJIOEB
5 | HoHHo- OcCHOBHBIE XapaKTEPHCTUKY IUIa3MbL. Pasiuymble cioco6bl ocax-
IUTa3MEHHBIC METO-| JICHHs HaHOCIOEB. AKTHBUPYEMBIE ILTa3MOM METOMIbI HOJIYYeHHUS
JbI TIOJTY9EeHUS HaHOCJIOEB 4 IIK-8, TICK-2
HaHOCIIOEB

5.3. Pazaensl AHCIMIUIMHBI M MEXIUCHUIUIAHAPHbIE CBA3H ¢ 00eCIeYHBAIOMIMHA (mpennI-
QYIMHMH) B 00ecreanBaeMbIMH (IOCJIEAYIOIMHMHA) U CIAIIAHAMA
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Ne HanmeHnoBanne oGecneunBatomux (npeabl- | Ne Ne pasjesioB JaHHOMH JMCUMILIHHEL, JJIs1 KOTOPBIX HEOOX0AHMO
n/n Aywux) u obecrneynBaeMbIX (OCIEqyI0- u3yveHHe o0ecredynBarmNX (MpeabIIyuX) U 06ecneYnBaeMbIX
LIMX) AUCUUILTAH (mocyIenyOImHMX) AMCHMILIHE
1 | 2 | 3 T 4 T 5 T 61 7
IpenmecTByolIHe AHCUHIITHHBI
1 | Maremarnka + + +
2 | Ousnka + + +
3 | BakyymHas ¥ mia3MeHHas 3JIEKTPOHHKA + + + +
IocJenyromue AMCHHIIMHBI
1 | TIpolecchl MEKPO- ¥ HAHOTEXHOJIOTHii + + + + +
2 | OCHOBHI TEXHOJOTUH 3NEKTPOHHON KOMIIO-
HEHTHOI1 6a3sl = o + + +
3 TeXHONOTUsT KpEMHIEBON HAHOIEKTPOHUKH + + + + +
4 | TexHONOTHA MaTEPHANIOB MUKPO- ¥ HAHOBJIEK- " +
TPOHHKHU
4




5.4. CooTBeTcTBHE KOMIeTeHIHil, (JOPMHUPYeMBIX PH H3yJeHHH NUCIHUILIHHBI, H BHIOB

3aHATHHA
IlepeyeHb KOM- Buae! 3ansaTuii
neTeHUH i g JIa6. | Tp. CPC ®opMbI KOHTPOJIS
pab.
OTYeTHI 0 MPAKTHIECKUM 3aHATHAM U J1a60paTOpHEIM
[1K-8 + + + +
paboTam.
3aiuTa 0TIETOB 110 1IabopaTopHEIM paboTaM. BelnomnHe-
1ICK-2 + + + + HHe KOHTPOJIBHEIX paboT

6. METO/IbI 1 ®OPMBI OPTAHU3 ALY OB YYEHUSI

TexH0JIOrHE HHTEPAKTHBHOI'O 00yYeHHs IPH Pa3HbIX OPMAaX 3aHATHIL B Yacax

IIpakTu- JlaGopa-
®opmpl | Jleknuu yecKHe TOpPHBIE B
cero
MeTtoab! (4ac) 3aHSATHS paboThbI
(4ac) (uac)
Mo3roBo#i ITypM IpH BEINONTHEHAN 1a60PaTOPHEIX paGoT 2 2
BermonHenye u samuTa 3a1aHMil BO BpeMs ay IUTOPHBIX Ipak- 5 2
THIECKUX 3aHATHI
HToro MHTEpaKTUBHBIX 3aHATHIA 2 2 4
7. JABOPATOPHBIN TIPAKTUKYM
Ne Ne pazpmena guc- Tpyno- Komnerenmuu OK,
TemaTrka 1abopaTopHbix paboT €MKOCTb
/n LUATUTAHEI TIK
(gac.)
L 2,3 MexaHudeckue BAKYyMHBIC HACOCEI [T IIPE/IBAPHTEIILHO 4 TIK-8, [ICK-2
OTKa4KM BAKYYMHOMU YCTaHOBKH
2 2,3 BakyyMmHble HallBUIUTENBHEIE YCTAHOBKH 4 IIK-8, TICK-2
3 4 Ocax/ieHre pe3UCTUBHBIX H IPOBOIAIIMX [LUIEHOK METOIOM 4 K-8, [ICK-2
TEPMHUYECKOTO UCIAPEHNS B BAKyyMe
4 5 HoHHO0-TIa3MEHHBI METO/ OydeHHsI HAHOCIIOER 4 IIK-8, TICK-2
8. IIPAKTUYECKME 3AHSITUS (CEMHAHAPEI)
Ne pas- Tpyno-
e Aera TemaTunka npakTHYeCKHX 3aHATHI (CEMHHAPORB) CMKOCTE s e
n/nm | DUCHUII- (4ac.) OK, IIK, IICK
JIHHBI
1. 2 Ornpenenenre OCHOBHBIX IAPaMETPOB MEXAHUYIECKIX HACOCOB 2 JIK-8
2,3 PacueT 3 (heKTUBHOI CKOPOCTH OTKAYKH 2 I1K-8, IICK-2
Pacuer BEIGOpa BaKyyMHBEIX HACOCOB [T TEXHOJOTHYECKOM YCTa-
3. 23 | o P Y 2 K-8, TICK-2
4 4 Pacaer Bpemeny ocaeHs IUIEHOK IPH TEPMHIECKOM WCIIapeHNH B 5 TIK-8, [ICK-2
BaKyyMe
Pacqer BpemeHy HabLICHNA IUTEHOK IPH HOHHO-TLIA3MEHHOM pac-
5. 5 b, 2 ITK-8, IICK-2
5
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9. CAMOCTOATEJIBHAS PABOTA

No Ne pazpena TemaTHKa caMOCTOSITEJILHONH paboThI Tpyno- Komneresuuu | KoHTpoas BbINOJIHE-
€MKOCTh
n/n | AMCUMIUIUHBI (Oemanuzayus) (uac.) OK, IIK, IICK HHsl paboThbl
1. 2,3 IToaroroBka K KOHTpONIbHOH padote Ne 1 8 IIK-8, TICK-2 KonrponpHas paboTa
2 4,5 IToaroroBka K KOHTpOJILHOH paboTe Ne 2 6 TIK-8, IICK-2 KonrtponsHnas paborta
3 2345 IToaroroBka K NpaKTHIECKUM 3aHATHAM 3 TIK-8, TICK-2 BrimonHeHue TpaKTH-
YEeCKUX 3aaHui
4 2345 IToaroroska k 1abopaTopHBIM paboTaM H 3 TIK-8, TICK-2 Ortuerts! o nabopa-
COCTaBJIEHHE OTYETOB TOPHBIM paboTam

10. IPMMEPHAS TEMATHUKA KYPCOBBIX ITPOEKTOB (PABOT)

HE NIPEayCMOTPEHO

11. PEUTHHI' OBASI CUCTEMA JIJISI OIIEHKH YCIIEBAEMOCTH CTYJIEHTOB

Tabauma 11.1. BanibsHbIe 01 eHKH IS 3J1eMEHTOB KOHTPOJIA

5 . MaxkcumanbsHeIi
MaxcumanbsHbIH MaxkcuManbHBIN  M— Beero 3a
OnemeHTs! y9e6HO# nestensHocTr | Gamwr Ha 1-yio KT ¢ 6asu 3a mepuon - 2K"IP o Ha ceMec
Hayalla ceMecTpa mexny 1KT u 2KT Koﬂfg cemectpa P
ITocemenye 3aHATHIA 3 3 4 10
KonTponpHas pabora Ne 1 15 15
BrlnonHeHre HHIUBULYATbHBIX
3alaHui Ha DPaKTUYECKUX 3aHATHIX 10 1 10 30
KonrponsHaas padora Ne 2
o v 15 15
Brinonsenue 1a6opaTopHEIX pabot 10 10 20
KoMIoHeHT cCBOEBpEMEHHOCTH 3
3 4 10
HTtoro makcumMyM 32 mepuon:
31 41 28 100
Hapacrarouum utorom 31 o) 100 100
Tabauuna 11.2. Tlepecuer 67108 B ONEHKH 32 KOHTPOJILHbIE TOYKH
Bajnel Ha 1aTy KOHTPOJILHOM TOYKH Ouenka
2 90 % OT MakcUMaTbHOM CyMMEI Gayuios Ha gaty KT 3
Ot 70% 10 89% 0T MaKkCHUMAaIBHO} CyMMBI 621108 Ha naty KT 4
Ot 60% 10 69% 0T MaKCHMAaIBLHON CyMMBI 6aJ110B Ha gaTy KT 3
< 60 % oT MakcUMaNbHOM CyMMSI Gayuios Ha gaty KT 2
6
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Ta6uuuna 11.3. Ilepecuyer cymMmmBbI 62717108 B TPATHIHOHHYI0 U MEKTYHAPOXHYIO OLEHKY

Ouenka (FOC) HroroBas cym:i:azi::;i,x };:I:;;IB%T yCHenHo Ouenxa (ECTS)
5 (oTm4HO) (3a4TEHO) 90 — 100 A (oTm4HO)
85-89 B (o4eHs x0pomo)
4 (xopo1o) 7584
(3aureH0) 70-74 C (xopomo)
3 (YHOBIETBOPUTEILHO) 65 — 69
(3auTeHo) 60 — 64 E (mocpencTBeHHO)
4 {(HeyIOBIRTRODHTENEHO), Huzke 60 6amnos F (HeymOBIETBOPUTEIIBHO)
(He 3a4TeHO)

12. YYHEBHO-METOJUYECKOE 1 NMH®OPMAIIMOHHOE OBECIIEYEHUE J{UC-
ITUTTJIMHBI

12.1 OcnoBHas JATEpPaTYypa

12.1.1. Nanumaaa T.M. BaxyyMmHO-IITa3MeHHBIE METOBI IOy UCHHS HaHOCTPYKTYp. — YueOHOe
rocobue.-Tomck: TYCVYP, 2012.- 90 C.- [3rmeKxTpOHHEBLA pecypc] -
http://miel.tusur.ru/index.php?option=com_content&view=article&id 231

12.2 TomoasATeIbHAS JIATEPATYPA

12.2.1. Po3anos JLH. Bakyymuas texauxa. — M.: BIIL, 1990. — 320 c. (4 3x3.)

12.2.2. Bakyymnas Texmuka. CopaBounuk. [lon pex. E.C. ®ponosa, B.E. Munaitaesa. — M.:
Mammroctpoerwre, 1985. — 360 c. (10 3k3.)

12.3 YyeOno0-MeTONHIECKHE OCOGHS B IPOrPAaMMHOE 0GecHeuenne

12.3.1. lanumna T.M. BakyyMHO-IUIa3MEHHBIE METOBI Oy ICHHIS HaHOCTPYKTYp. — Y4uebHo-
METO/IIECKOE OCOOHE 110 ayAMTOPHBIM TPAKTHIECKAM 3aHSTHSIM M CAMOCTOSTENIHHOM paGoTe s
IIOATOTOBKH CTYyACHTOB 1O HanpaBiaeHwsM 210100.62 «OneKkIpoHHKAa ¥ HAHOSNEKTPOHHKAY H
222900.62 «HaHOTEXHONOTMH U MUKPOCHCTEMHAs TexHHKa» — Tomck: TYCYP, 2012. - 20 c— [omex-
TPOHHBIH pecypc] - http://miel.tusur.ru/index.php?option=com_content&view=article&id 231

12.3.2. lanununa T.M. BakyyMHO-IIIa3MeHHBIE METOIBI HOTYICHHUS HaHOCTPYKTYp. — Metomu-
UCCKUE YKa3aHWs II0 BBIIOIHCHHIO JIAOOPATOPHBIX paboT A CTyAeHTOB HampaBieHmit 210100.62
«DJIEKTPOHMKA M HaHOIEKTpoHuKa» U 222900.62 «HaHOTeXHONIOIHE 1 MHKDPOCHCTEMHAS TEXHHKAY —
Tomck: TYCVYP, 2013.- 28 c— [amexTpoHHBIH pecypc] -
http://miel.tusur.ru/index.php?option=com_content&view=article&id 231

12.4 Ba3pl 1aHHEIX, dHGOpPMANHOHHO-CHPABOYHbIE H HOACKOBbIE CHCTEMBI

13. MATEPUAJIBHO-TEXHUYECKOE OBECIHEUYEHUE AN CHHUTIIAHBI

Jns peanmusanuy JIEKITHOHHBIX M NPaKTHYECKUX 3aHATHN HEOOXOMMMEI: KOMIIBIOTED C YCTAHOBJICHHBIM
IPOTPaMMHEIM obecriedenueM (1. 12.3), IpoeKTop U 3KpaH.

JlaGopaTopHBIe paGoTEI IIPOBOASTCS B CHEIAATH3MPOBAHHON naboparopuu kadenpbl OU3HIECKOM 3TeK-
TPOHHMKH, OCHAIIEHHOH BaKyyMHBIM TEXHOJIOTHYECKMM 060Dy IOBAHHUEM.
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@enepanbHOE roCyTapcTBEHHOE OIOIKETHOE 00pa30BaTeNbHOE YUPEKIECHHE BEICIIETO 0OPa30BaHUsI

«TOMCKHH T'OCYIAPCTBEHHBIM YHUBEPCUTET CUCTEM VIIPABJIEHHA U
PATMOSJIEKTPOHUKN» (TYCVYP)

™~ 7 YTBEPXIAIO

;ﬁ/';/ﬂpogglcrop 1o y4e6Hoii paGorte

4 AL\ II. E. Tposa
4 A
« L » 4 vl 2016t

@®OH/I OIEHOYHBLIX CPEJICTB IO YYEFHOMU JUCIUILINHE

BakyymHO-ITa3MEeHHBIE METO/IEI IIOIYYECHHUS HaHOCTPYKTYD
(moNMHOE HAWMEHOBAHKE Y4eOHOM MUCLIMILIMHE! WM IPAKTUKH)

Yposenb 0cHOBHO# 00pa3oBaTeIbHOM HPOrpaMMbl _6aKaJIaBPAAT
(6akaaBpuar, MaruCTparypa, ClieUHaIiTeT)

Hanpasienne (1) DoqroToBkH (cnennaianaocTs)11.03.04 DIeKTPOHEKA M HAHOIEKTPOHHKA
(moNHOE HAMMEHOBAHHE HANPABIEHHUS IOATOTOBKH (CIIELMANTBHOCTH))

Ipodnar (1) «MHEKPOIEKTPOHAKA H TBEPIOTENbHAS IeKTPOHUKA
(monHOE HaMMEHOBaHHE NPOGIIS HAPABJIEHKS MOATOTOBKH (CIEIMANBHOCTH))

®opma o0yueHHS 0IHAN
(oyHas, O4HO-32049HAas (BEYEPHHs), 3209HAA)

@akyJabTeT DJeKTPOHHOM TexHuKH (PIT)
(CoxpameHHoe U NOJTHOe HAHMEHOBAHHUE (aKyIsTETa)

Kadenpa dusngeckoii snexrponnku (PI)

(coxpameHHOe 1 MONHOE HANMEHOBaHHe Kadeaprr)

Kypc_2 Cemectp _4

Y4aebnblii niaan HaGopa 2013 ropa.

3auger 4 ceMecTp Anag. 3ager ceMecTp

JK3amen ceMecTp

PazpaGorunxn: npodeccop xad. ® Mannnana T.H.

Tomex 2016

CornacoeaHa Ha noptane N2 10446



1 Bsexenme

@®onpn onenounbx cpencts (POC) sBusercs npuiokeHHeM K pabodeil mporpamme
JICITHILTHHBI «BakyyMHO-IIIa3MeHHBIE METOBI TOJTYYEeHUS HAaHOCTPYKTYP» M MPENCTaBIsIeT cOO0H
COBOKYITHOCTH KOHTPOJIbHO-M3MEPHTENBHBIX MAaTEPHAIOB (THUIIOBBIC 3a1a9H (3aJaHus1), KOHTPOJILHEIE
paboThI, TECTHI U Ap.) H METOJIOB WX KCIIOJH30BAHUS, MPEIHA3HAYCHHBIX U1 U3MEPEHHUS YPOBHS
JOCTIDKEHHSI CTYAEHTOM YCTaHOBJIEHHBIX PE3YJIETATOB OOy UCHHSI.

®OC mno pucnummHe «BakyyMHO-IUTa3MeHHBIE METOABI IIONYYSHHS HAHOCTPYKTYPY
HCIOJIB3YETCs NIPH MPOBEJCHUM TEKYIETO KOHTPOJIS YCIIEBAEMOCTH U IIPOMEKYTOYHOM aTTeCcTallun
CTYHEHTOB.

Ilepedenb 3aKkpeIUICHHBIX 3a AWUCIMIUIHHON «BakyyMmMHO-IITa3MEHHBIE METOABI IIOIYUECHHS
HaHOCTPYKTYp» KOMIIETCHIUH MpUBeAeH B Tabmuue 1.

Tabauma 1 — IlepedyeHsb 3aKpenyieHHBIX 32 JHCHUILIMHON KOMIIETEHIHT

JTansl dopMupoBaHHS
Kon ®opMyJIHPOBKA KOMIIETEHIHH
KOMIIeTeHIIHH

3HATh OCHOBHEIE METO/IBI
00paboTku
SKCIIEPHUMEHTAIBHBIX
JAaHHBIX;

YmeTs IpoBOAMTH
CriocoOHOCTE BIAETh OCHOBHBIMH IpHEMaMy 00pabOTKH | CTATHCTHIECKYIO

IK-5 Y NIPENICTABIEHUS SKCIIEPUMEHTATBHBIX JaHHBIX 00paboTKy pe3ysIbTaToB
U3MEPEHUH U ONPENETSITh
IIOTPEITHOCTH;

Bnaperp npakTiyecKuMu
HaBBIKAMU U3MEPEHHS
JABJICHUS ra3a, TONIIHHEI
IJIEHOK, T€OMETPUICCKIX
pasMeEPOB MUKPOCTPYKTYP.
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IIK-16

T'oroBHOCTE Opranu30BbIBaATh METPOJIOTHYECKOE
obecmeuenue IPOH3BOLACTBA MAaTEPHAJIOB U U3IEIIHHA
BHCKTpOHHOﬁ TEXHUKHU

3HaTh 6a30BEIe
TE€XHOJIOTHYECKHE
IIPOLIECCHI
METPOJIOTHYECKOE
obecrieuenme
IIPOM3BOZCTBA MaTepUaoB
U U3METIMH 3JIEKTPOHHOM
TEXHUKH.

YMeTp BEIOHPATE METOMBI
METPOJIOTHYECKOTO
o0ecredeH s IPOIECCOB
HaIbUICHUS HAaHOCIIOEB
METONAaMH TEPMHUIECKOIO
HCIApEeHNs B BaKyyMe H
HOHHO-IUIa3MEHHBIMHA
METOJaMH;

Baaners npaktuyeckuMu
HaBbIKaMH pabOTHI Ha
BaKyyMHOM
TEXHOJIOTHIECKOM
000pyI0BaHUY, HABLIKAMH
METPOJIOTHYECKUX
H3MEPEHU.

IIK-19

C1oco6HOCTH CTPOHTE pocTeiiiue GH3MIECKHE U
MareMaTHYECKHE MOJIENIH IPHOOPOB, CXeM, YCTPOMCTB K
YCTaHOBOK SIICKTPOHUKH X HAHOIIEKTPOHUKH PA3IAYHOTO
(GyHKIMOHAILHOTO Ha3HAYCHYsI, & TAK)KE HCIIOIH30BATh
CTaHIapTHBIE POIPAMMHBIE CPEACTBA UX KOMITHIOTEPHOIO
MOZIETTUPOBAHHUS

3HATH COBpEMEHHEIE
BaKyyMHBIE YCTAHOBKH,
HCIIOIb3YEeMBIe NI
IIOJIy4EHHsI HAHOCIIOEB;
YMeTh cTpOUTH
MaTeMaTH4eCKUEe MOJICITH
JUIS OIMCAHUSA IIPOIIECCOB
OCaXIECHHUS HaHOCIIOEB;
Baaners npakTrdecKuaMu
HaBBIKaMU pabOTHI Ha
BaKyyMHOM
TEXHOJIOTHYECKOM
000pyIOBaHNY, HABBIKAMHI
10 MOJEJIMPOBAHHUIO
TEXHOJIOTHYECKUX
IIPOIIECCOB.
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2  Peanm3zanus KoMmeTeHIHI

1 KoMmnerennus [IK-5

IIK-5: CnocoGHOCTE BIafeTh OCHOBHBIMH IpHeMaMH 00pabOTKM W TIPEICTaBICHUS
9KCIIEpUMEHTAIBHBIX TAaHHBIX. _
Jlngs  opMHpOBaHUS KOMIICTEHIIMH HEOOXOIMMO OCYIIECTBUTL DA 3TaloB. Tambl

(GopMUpPOBaHUSA KOMIIETEHIIUH, IPUMEHSIEMbIE Ui 3TOrO BHIBI 3aHATHM U HUCIOJIL3yEMBIE CPEICTBA
OLICHUBAHU NIPE/ICTABICHBI B Ta0IHIIE 2.

Tabauna 2.— Jtanel popmupoBanns komuerennun [IK-5 u ucnonnsyemele cpeacrasa

OLICHUBAaHUS

1. CocraB 3HaTh Ymersn Bnagers

Bnapers
3HaTh OCHOBHEIC YMETS IPOBOZTE IPaKTHICCKUMHI
METOJBI 0GpAGOTKH CTaTHCTUYICCKYIO HaBBIKAMH H3MEPEHUS
00paboTKy pe3yIpTaToB JTaBJICHUS Ta3a,
Conep:xaHue 3TanoB SKCIEPUMEHTAIBHBIX . ’
. U3MEPEHUM U ONIPEAEILITh | TOJIMUHEL INICHOK,
ARHHELX, IOrPEIIHOCTY; TeOMETPHIECKUX
pa3MepoB
MHUKPOCTPYKTYP.
Jlextuu; IIpakTudeckue 3aHATHS;

R —— ITpaxtugeckue 3anaTus; | JlaboparopHsle paboTEL; IIpaxTuyeckue 3aHATHS;
WunusutyansHbIe WNunuBuayansHbIE JlaGoparopHbie paboTEI
3a/laHus 3aJIaHus

KonTtpomsabIe paboThI;
KorTtponsHbIe paboTsr; Brmonaerue
Tecrtsr, 1abopaTopHBIX padoT; Brmonaenue

Hcmomsayemsre iinmra 3amnuTa OTYETOB; 1ab0paTOPHBIX p.a6OT,
CpeIcTBa ONEHUBAHUS HBHAYAITBHBIX SAETA ST SRS,

3a/1aHuif; WHIWBH Ty aTbHBIX 3amuTa NPaKTHYECKUX
Brmonaenue 3a/laHMui; 3aHATHHI
IIPaKTHIECKUX 3aHATHH | Brmonnenwue

MIPaKTHIECKUX 3aHITHHA
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Z Komnereunus [NK-16

ITK-16: ['0TOBHOCTE OpPraHH30BHIBATE METPOJIOTHIECKOE 00ECIIeYeHHE IPOU3BOICTBA MATEPHAIIOB 1
U3JICIHI JIEKTPOHHOM TEXHUKHY.

s hopMHpOBaHHS KOMIETEHIHH HEOOXOMHIMO OCYIIECTBUTL PsA I3TalOB. OTarmbl

(I)OpMI/IPOBaHI/IH KOMIICTCHIINH, IIPUMEHSIEMBIE IUII 3TOTO BHIBI 3aHATHH U HCIIOJIB3yEMBIE CpeacTBa

OLICHUBAHHs IPEICTABICHEI B TabmuIe 4.

Tab6mana 4—- Itans hopmuposanns kommerenmun IIK-16 u HCIOJIb3yeMble CpeacTBa

OLlCHUBAHHS
2. Cocras 3Harh Ymersn Bnapers
YMmers BBIOHpaTH
3HaTh 6a30BEIE
METOJIbI Baaners
TEXHOJIOTHYECKHE
METPOJIOTHYECKOTO NIPaKTA4ICCKHUMHA
IIPOIIECCHI U
¥ oGecredenus mponecco | HABBIKAMH pabOTHI Ha
METPOJIOTHIECKOE BaKyyMHOM
P HaIBUICHUS HAHOCIOEB 0
Conepxanue 5Tanos | obecrneyenue TEXHOJIOTHYECKOM
METOLAMH TEPMHYIECKOTO
IIPOHM3BOJICTBA 4 obopynoBanu,
. | ucmapeHus B Bakyyme u
MaTepHaIoB ¥ H3/IeNHnit o HeABBRICANE
o HOHHO-IITTa3MEHHBIMHA METPOJIOTUYECKHUX
SJIEKTPOHHON TEXHHUKH. .
METOIAMHU; HM3MEpEHHH.

Buner 3anarui

Jlexuu;

IIpakTHdeckue 3aHATH;
WunusuayansHee
3a/1aHus;

IIpakTUyeckue 3aHATHS;
JIaboparopHsie paboOTEL;
VBnuBuayanbHbE
3a1aHus;

[IpakTuyeckue 3aHATHS;
JlaboparopHbie paboOTEL;

Hcnonb3yemsie
CpeJcTBa OleHHBAHHSA

KorTtpomsHbIe paboTsl;
TecTrr;

SammuTa
VHIUBUIYaTHHBIX
3aJ]aHNH;

Brmonnenue
MPaKTUYECKUX 3aHATHHA

KonTponbHEIE paboTEHI;
Bremonuenune
1a00paToOpHEIX paboT u
3aIUTa OTYETOB;
WNunuBnayansHbIE
3aJaHuST;

3amuTa IpakTHIeCKUX
3aHATUU

Bremomnnenue
71a00paTopHBIX PaboT u
3aIuTa OTYETOB;
3amuTa NpaKTHYECKUX
3aHATHHI
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2 Kommerennms [TK-19

ITK-19: CrocoOHOCTH CTPOUTH MpOCTeiIue (u3mdeckue W MareMaTHYecKHe MOJAEIH IpUOOpOB,
CX€M, YCTPOMCTB W YCTAHOBOK 3JIEKTPOHUKUA W HAHOBJIEKTPOHHMKH Pa3IMIHOI0 (QyHKIHOHAIBHOIO
Ha3HAUYeHMs, a TaKXX€ MCIONB30BAaTh CTAaHAApTHHIE IIPOIPAMMHBIE CPEICTBA UX KOMIIBIOTEPHOIO

MOICIIUPOBAHUA.

Jna  opMupoBaHHS KOMIIETEHIIMH HEOOXOQUMO OCYIIECTBUTH DS ITAlloB.

OTansl

(bOpMI/IpOBaHI/I}I KOMIIETCHIMH, IIPUMEHACMEIC IJI1 3TOI'0 BHABI SaHﬂTHﬁ, " HCIIOJIB3YEMBIC CPEACTBa

OLICHHUBaHUs IPEACTABJICHEI B Ta6J'II/II_[e 5.

Tabmauna S— Iransl popmupoBanus komnerennun I1K-19 u ucmonb3yemble cpencraa

OIlEHHBAHHS
3. Cocras 3HaTh YmMmertn Baaners

Baaners
MIPaKTUIECKUMU

3HaTh COBPEMEHHEIE Ymers cTpoUTh HaBEIKAMH PabOTHI Ha

BaKyyMHbIE YCTAHOBKH, | MaTeMaTHdecKue Momeian | SorkyYMHOM
TEXHOJIOTHYECKOM

Conep:xanue 3Tanos HCTIONIb3yEeMBIE JIIS JUIS OITUCAHUS IIPOIIECCOB

obopynoBaHuH,

MIOJTYyYEHHS HAaHOCIIOEB; OCaKIEHHS HAHOCIIOEB, o
MOZEIUPOBAHUIO
TEXHOJIOTHYECKUX
IIPOIIECCOB.

Bunel 3ansaruit

Jlexiuu;

IIpakTudeckue 3aHATHS,
WunuBunyaisHbIe
3a/1aHus;

IIpakTiyeckue 3aHATHS,
JIaboparopHbIe paboTEI,
WunuBuayaasHEIE
3a/IaHus;

IIpakTrdyeckue 3aHATHUS;
JlaGoparopHbie pabOTEL;

Hcnonb3yembre
cpeacTBa ONeHUBAHUS

KonTponbHbIe paboThI,
TecTrr;

3amura
VHIBHUAYyaTbHBIX
3aJIaHUH;

Brmonuaenue
NPaKTHYECKUX 3aHATAN

KonTponsHbie paboThr;
Brmonuenue
1a00paTOpHBIX PaboT H
3aI{ATa OTYETOB;
WNunuBunyaisHbie
3a[IaHuUs;

3amuTa TpakTHYECKHX
3aHATUN

Brmonnenue
1abopaTopHBIX paboT U
3aIUTa OTYETOB;
3amyTa IPaKTHIECKUX
3aHATHHI
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1.Komnerenus ITK-5 - Crioco6HOCTE BJIaZIET OCHOBHBIMHE IIpPUEMaMH 06paboTKU U
IIPECTaBIEHMS SKCIIEPUMEHTAIBHEIX JAHHBIX

OOmue XapakKTCPUCTHUKHU IOKa3aTeled u KPHTCPHUEB OLCHUBAHWI KOMIICTEHITUH II0 dTAallaM

IIPUBEIEHEI B TA0OIHIE 6.

Taﬁ.lmua 6 - IMoka3zarean u KPHTE€PHH OLHEHHBAHUA KOMIETEHINM HA 3Taax

Iloxa3zarenn u

3HaTh Ymern Bnapers
KpHUTEpHH A
Ob6nanaer Obnanmaer quanazonoM
baxTHUeCKUMH 1 IPAKTUYECKUX YMEHHIA,
KonTtpompyer pabory,
. TEOPETUYECCKUMM TpeOyeMBIX IIs
Ot1iim4aHO (BBICOKMIA IIPOBOIHUT OIICHKY,
3HAaHUAMH B IIpeeiax Pa3sBUTHS TBOPYECKHUX
YPOBEHbD) . . COBEPIIEHCTBYET
H3y4aeMoit 00JacTu ¢ peIneHwiA, ”
IEeUCTBUS pabOThI
IIOHMMaHUEM TDaHMI] abcTparupoBanus
IPUMEHUMOCTH pobieM

Xopomo (0a3oBbIit

3Haet daxTel,
IIPHHITUIIBI, IPOIECCEHI,

Obnanaer muanazosom
MPaKTHYECKUX YMEHUH,
TpeOyeMBIX IS

bepet oTBeTCTBEHHOCTH
3a 3aBEpIIEHUE 33024 B
HCCIICIOBaHUH,

00IIMe TIOHATHS B pereHus IPHCIIOCA0IHBAET CBOE
¥POREHE) Ipefenax u3ydaeMoi OIIPENENICHHBIX IIOBEZIEHUE K
obnactu npobieM B o0macTu obcTosTensCcTBAM B
HCCIIENOBAHHUS peIIeHny npobiemMm
Ob6nagaer OCHOBHBIMH
YooBaerBopureinHO O6nanaer 6a30BEMU YMEHUSAMHU, TpeOye- Pa6otaer nmpu mpssmom

(moporoBsIii ypoBeHb)

OOIIMMH 3HAHUSIMHA

MBIMH JJI BEIIOJHCHUS
IIPpOCTEIX 3aaa4

HaOJIroneHuu

DopMyIUPOBKa IIOKa3aTeslel U KpUTepHeB OleHuBanus komnetennun IIK-5 npuBenena B Tabmune

7.

Ta6HHHa 7 — Iloka3zarenn u KPpUTEpHH OLICHUBAHHA KOMIETEHIIUH HA dTAaax

HH
IToxazaren SHaTE Viters Braners
KPHUTEePHH
YMmeeT caMOCTOSTEIEHO
Baaneer
TIPOBOJTUTH
3HaeT OCHOBHEIE MIPAKTHICCKUMHU
ClEaS TR i HABBIKAMH U3MEPEHHUS
M METOZkI 06paboTI 00paboTKy pe3yIETaToB TIABJIEHHS rasa
HO (BBICOKHIT )
Orreressts { SKCHEPUMEHTAITBHBIX .
YPOBEHb) H3MepeHui 1 TOJIIHE! IUICHOK,
AHHBIX;
A ’ OIIPEMENATE reOMETPHUYIECKUX
a3MepoB
HOIPENTHOCTH; PESMER
MHUKPOCTPYKTYP.
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YMeer caMOCTOSTEILHO

Baaneer
IIPaKTHIECKIMU

TIPOBOIUTH
SHACT OCHOBHEIS POEOI HaBBIKAMHU U3MEPEHHS
CTaTUCTHICCKYIO JlaBJIEHUs rasa,
MeTonbl 00paboTKu
Xopomo (0a30BbIi 00paboTKy pe3yabTaToB TOJIOHMHEI IUIEHOK,
SKCHEPUMEHTATEHBIX .
YPOBEHE) W3MepeHHit 1 reoMeTPHYECKIX
JAaHHBIX;
’ OIIPENIENATE pasMepoB
MHKPOCTPYKTYP IO
IOTPEUTHOCTH; POCTPYRIYP TOX
PYKOBOZICTBOM
oreparopa.
Ymeer nIpoBOAUTE IO Baaneer
HaOJIOIeHIE [IepBOHAYATEHEIMHA
3HaeT OCHOBHBIE IpernonaBarens HaBBIKAMU U3MEPCHHA
MeTOBI 00paboTKH CTaTHUCTUYECKYIO AdBJICHI Ta3a,
YnoBiieTBOpHTEILHO TOJIIIMHEI IJIEHOK,
o SKCIIEPUMEHTATBHBIX 00paboTKy pe3yIsTaToB
(mOporoBLIil YpOBEHD) . T€OMETPUUIECKHX
JAHHBIX; HU3MEpEHUH U pasMepoB
OTIPENEIATE MHKPOCTPYKTYDP IIOJ
HOTPENTHOCTH; PYKOBOICTBOM
ormeparopa.

2. Komnerenmus ITK-16 - [0TOBHOCTS OpraHU30BBIBATH METPOJIOTHIECKOE 0OECIIEUCHTE
IIPOM3BOJICTBA MAaTEPHAIIOB B U3JIEIUN 3NIEKTPOHHON TEXHUKH.

O6HII/IC XaAPaKTEPUCTUKH moKasarejiel u KPUTEPHUEB OLICHUBAHHU A KOMIICTCHIIMH 10 3TariamM

IIPUBENCHEI B Tabaume 8.

Tabmuua 8 — O0mue XapaKTePUCTHKH OKA3aTe/lell H KPHTEPHEB OLeHHBAHAA KOMITETEHIUN

II0 3TAalIaM

IToxa3zarenu u

3Harth Ymerns Baagers
KpPUTepHH
Ob6magaer ObnagaeT qUaIa3o0HOM
(haKTHIECKUMH | IIPaKTHYECKUX YMEHHIH,
KonTtpomupyet pabdory,
- TEOPETHIECKUMHU TpeOyeMBIX JUIs
OT1imuHO (BHICOKHIT IIPOBOJIUT OIICHKY,
3HAHUSIMH B MpeIeiax Pa3BUTHS TBOPUECKHUX
YPOBEHb) . . COBEPIICHCTBYET
HU3ydaeMou o0nacTu ¢ peleHuit, .
JEHCTBUS pabOTHI
[IOHMMAaHUEM TPaHHIT abCcTparupoBaHus
IPEMEHUMOCTH npobiem

Xopomo (6a3oBbIit
YPOBEHB)

3HaeT paxTel,
IPUHIIUIIBL, IPOIECCHI,
oOIye MOHATHSA B
Ipeaenax u3y4yaeMou
obactu

Obnamaer auamna3oHOM
MIPaKTUYECKAX YMEHUM,
TpeOyeMBIX IS
permenus
OIIpeNeIeHHbIX
npobieM B obaacTu
HCCIIEIOBaHUS

bepet oTBEeTCTBEHHOCTH
3a 3aBEpIIEHUE 33129 B
HCCIICIOBaHHH,
IIPUCIIOCA0IMBAET CBOE
ITIOBEICHUE K
00CTOSITETECTBAM B
pemeruu npobiaem
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YioBiieTBOpHTEIBHO
(moporoBxIii yposens)

Ob6nanaer 6a30BEMHI
OOIMUMY 3HAHUSIMU

OO6namaeT oOCHOBHEIMHU
YMEHHUAMH, TpeOye-
MBIMHU TS BEIIOJTHEHHS
IIPOCTHIX 3a1a9

PaGoraer npu nmpsamom
HaOIoneHun

®opMyTHpOBKa MOKa3aTeme u KpHUTEpHEB oneHuBanus komnerennun ITK-16 npusenena B Tabmume

g

Taomuna 9 - Hokazarenu u KPHTEPHH ONCEHHBAHUA KOMIETEHIMH HA 3Tanax

IMoka3arenu i

HOHHO-IITIa3MCHHBIMHA

3HaTh Ymern
KpPHTepHH Baapners
YMmeer BBIOUMpaTs
3Haer 6az0BBIe METOABI
Bnapneer
TEXHOJIOTHIECKHE METPOJIOTHIECKOTO
IPaKTUIECKUMU
IIPOIIECCHI 1 obecneyenus HaBbIKAMH PaGOTHI Ha
. METPOJIOTHIECKOE IIPOLIECCOB HAITBLIEHMS BaKyyMHOM
O1immgHO (BBICOKHI
ypoBeHS) obecrnieueHme HaHOCJIOEB METONAMM TEXHOJIOTHYIECKOM
IIPOU3BOJICTBA TEPMHUYECKOTO obopynosanum,
MarepHasoB M U3eNuil | WCIapeHHs B BAKYYME U HABEIRANG
. METPOJIOTHIECCKUX
3JIEKTPOHHOH TEXHHUKH. HOHHO-ILTa3MEHHBIMHI N
U3MEDPEHHUIA.
METOJaMH;
Ymeer BIOHpATH
Baaneer
3naet 6a3oBBIE METOIBI A
IPaKTHYEeCKUMHU
€TPOJIOTHIECKOTO
TEXHOJIOTHYECKHE MeTp HABEIKAMHE PaGOTHI Ha
IIPOIIECCHI H obecrnieueHus BaKyyMHOM
X 6 . METPOJIOTHYCCKOC IIPOLIECCOB HAIIBUICHU TEXHOJIOTHYECKOM
opomo (6a30BbIit
P ( ) obecrnieyeHme HaHOCJIOEB METOIaMH 00opynOBaHUH,
OBEHb
yp IIPOU3BOJICTBA TEPMUYECKOTO HaBBIKaMH
MarepHalioB W U3[eNMil | HCIapeHHs B BAKyyME U METDONIONHCCRIK
. HA3MEpEHUH 1o
IEKTPOHHON TEXHUKH. HOHHO-ILIa3MEHHBIMH
PYKOBOICTBOM
METOIaMH; omeparopa;
3naer 6a3oBEIe Ymeer BrIOUpaTh Buaangeer
TEXHOJIOTHUYECKUE MCTOJBL ICPpBOHAYAIbHBIMHU
IIPOIIECCHI ’ METPOJIOTHIECKOTO IPaKTAICCKUMHU
HaBBIKaM¥ paOOTHI HA
METPOJIOTHYIECKOE obecmeveHus BaK P HOM
YnosneTsopuTeILHO obecIedeHre TIPOIIECCOB HANBUICHHS YIM
(MOpoOroBLIi YPOBEHB) AHOCIOCE METONAMIL TEXHOJIOTHIECKOM
IIPOU3BOJICTBA H it 060pYIOBaHHH,
MaTepHaJIOB U U3NCIHUN TEPMHAICCKOTO HaBBIKAMH
SJIEKTPOHHOM TEXHUKH. | HCIApPECHUS B BaKyyMe U METPOJIOTHIECKUX

HU3MEPEHUH MON
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METOIaMH IO
PYKOBOZICTBOM
IIPEMOIaBaTEILS;

PYKOBOZICTBOM
oreparopa.

2. Komnerenmus IIK-19 - CnocoGHOCTE cTpouTh mpocreimue Gu3ndecKue u

MaTeMaTHYeCKUe MOJENH IPHOOPOB, CXEM, YCTPOHCTB M YCTAHOBOK SIIEKTPOHUKH H
HaHOJJIEKTPOHUKH PA3IMYHOIO QYHKIIMOHAIHFHOTO Ha3HAYEHS, a TAKXKe UCITOIB30BaTh CTAHIapTHRIE
IIPOrPaMMHBIE CPENCTBA HX KOMIIBIOTEPHOTO MOAETHPOBAHHS.

O61ue XapaKTCPUCTHUKHA rokazarejaei u KpUTEPUEB OLICHUBAHUA KOMIICTCHIITUHA IO STalam

npuBeneHs! B Tabaune 10.

Tabmuma 10 — O0mue xapaKTepHCTHKH MOKAa3aTe/Iell 1 KPUTEPHEB OLEHMBAHNS KOMIIETEeHIHH

o 3Tanam

IToxa3zarenu u

3HaThL YMmeTn Baaners
KPHUTEepHH
O6namaet O6nagaeT quana3oHOM
(haKTHIECKUMH K IIPaKTHYECKUX YMECHHMH,
KonTpomupyet padorty,
- TEOPETUICCKUMHE TpeOyeMBIX It
O1amaHo (BHICOKHIA MIPOBOJHUT OIICHKY,
3HAHUSMH B IIpeenax Pa3BHUTHS TBOPYECKHX
YPOBE€Hb) . . COBEPIIEHCTBYET
H3ydaeMou 00JacTH ¢ pereHu, o
JEACTBHUSA pabOTHI
IIOHWMAaHHUEM TPaHHUI] abcTparupoBaHus
MNPUMEHUMOCTH mpobiieM

Xopomo (6a3oBblii
YPOBEHB)

3HaeT QaxTHl,
IIPUHITAIIBL, TIPOIECCHI,
00IIre TOHATHA B
Ipefeax u3y4aeMou
obnactu

Obnanaer quamazoHOM
IIPaKTUYECKUX YMEHUH,
TpeOyeMBIX I
pernenHus
OIIpEeNEIEHHBIX
npo6iieM B obnactu
HACCIIEIOBaHUS

beper 0TBETCTBEHHOCTH
3a 3aBepIIeHHE 33]a4 B
UCCIICIOBAHUH,
IIPHCIOCa0INBaET CBOE
IIOBEJCHHE K
00CTOSITENTECTBAM B
pemesuy npodieM

YaoB1eTBOPUTEILHO
(moporoBwlii ypoBeHb)

Ob6namaeT 6a30BBIMH
00IMMH 3HAHUSIMHA

O6namaeT 0CHOBHBIMH
YMEHUSMH, Tpedye-
MBIMH IS BEIIIOTHEHUS
MPOCTHIX 3a1a4

Paboraet mpu nmpsimom
HaOTIONeHuH

DopmynupoBKa MOKa3aTesnell 1 KpUTepues oneHnBanus komrerenmuyn ITK-19 npusenena B TabmuIe

11.
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Ta6maua 11 - Iloxa3areny 1 KPATEPHH OLEHHBAHUS KOMIIETEHI[HH HA 3Tamax

Iloxazarenu u

3HaTH
KpHUTepHH Y™mers Biaaners
Bnaners
[IPaKTHYECKUMHI
3Haer coBpemen HaBBIKAMH paOOTHI Ha
PENCHEEIE YMmertp cTpouTh P
. BaKyyMHBIE YCTAaHOBKH, MATEMATHIECKHE BaKyyMHOM
OTtnnaHo (BBICOKHIT e TEXHOJIOTUYECKOM
IIOJIB3yEMBIE JIJISt MOJIENH JUIsl ONHUCAHUS
YPOBeHb) ) o0opymoBaHuH,
IOIYYCHHSI HAHOCIOEB; IIPOIECCOB OCaXXIACHUS
HaBBIKaMH 10
HaHOCJIOEB
MOZIETTMPOBAHHUIO
TEXHOJOTHYECKHX
IIPOLIECCOB.
Bnaapneer
IIEPBOHAYAILHBIMH
IIPaKTUYECKUMHU
3HaeT coBpeMeHHEIE YMeThb CTpOUTH HaBBIKaMX pabOTHI Ha
BaKyyMHOM
i BAKYyYMHBIC yCTaHOBKH, MareMaTH4decKue
Xopomo (6a3oBbIit TEXHOJIOTHYECKOM
HCIIOJIb3yEeMBIE JIJISt MOZEIH 71 ONACAHUS
YPOBEHB) 000pyIOBaHUH,
IOJIy4YE€HUS HAaHOCIIOEB; HIPONECCOB OCAXKACHH HABEIKAMM TI0
HaHOCIJIOEB
MOZETHUPOBAHHUIO
IIPOCTERIIUX
TEXHOJIOTHYECKHX
IIPOIIECCOB.
Baaneer
[IEpBOHAYATEHBIMH
3Haer 6a30BBIE IPaKTUYECKUMHU
TEXHOJIOTMYECKHE HaBBIKaMU pabOTHI Ha
IIPOLIECCH] A ¥YmeTsh cTpOuThH BaKyyMHOM
e
METPOTOTHIECKOE MaTeMaTU4eCKue TEXHOJIOTHMIECKOM
YnoBierBopuTeIbHO oBeCIeTeHe MOZENH JJIs OITUCAHUS obopynoBaH#HH,
(moporoBbIii ypoBEHS) IIPOCTEUITIX HaBBIKaMH 110
IIpOU3BO/ICTBA TIPOIIECCOB OCAXIEHHIA MOJIENTHPOBAHHIO
MaT€puajoB 1 U3NCINU HaHOCIIOEB MIPOCTEHIIIHX
3JIEKTPOHHOH TEXHUKH. TEXHOJIOTHIECKUX
IIPOLIECCOB IIOJ
PYKOBOICTBOM
[IpernoaaBares.

3 TunoBbie KOHTPOJIbHbIE 3aJaHHS
Jyis peai3aliy BEIIETICPEIUCIICHHBIX 3a1a4d 00yUeHHs HCIOIb3YIOTCs, HEOOXOMUMBIE LT
OLIEHKH 3HAHHM, YMEHHIA, HABBIKOB, XapaKTEPU3YIOIIKX 3Tallbl (POPMHUPOBAHUS KOMIIETEHIIMH B
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IIPOIECCE OCBOCHHS 00pa30BaTeIbHOM IPOTPAMMEL, B COCTaBE: TECTHI, KOHTPOJIBbHBIE PAaOOTEI,
HHIMBUIyaIbHEIE 3a1aHus, IPAKTHUECKUE 3aaHus, TabopaTopHEIe pabOoThl, SK3aMeH.

TunoBkle KOHTPOJIbHEIE 33JaHUsI WM UHBIE MaTePHAITEI, HEOOXOAUMBIE UL OLIEHKU 3HAHUH,
YMEHUH, HABBIKOB U OIBITA ACATEIHHOCTH, XapaKTEPU3YIOIIUX 3Tabl (HOPMUPOBAHUS KOMIIETEHIUF
B IIPOIECCE OCBOCHHSI 00pa30BaTeIbHON IIPOTPaMMEL, B COCTaBe:

3.1. KonTpoabHbie padoThI:

Tema xoHTpOIbHOH padoThI Ne 1 — BakyyMHO-TEXHOIOTHYECKOE B KOHTPOJIBHO-U3MEPUTETTHFHOE
000pyIOBaHHE;

Tema KOHTpPOIbHOH padoThI Ne 2 — BakyyMHO-IITa3MeHHBIE TEXHOIOTHYECKIE IPOIIECCHI
IIOJIyYEHUSI HAHOCJIOEB.

3.2. TecTsl 110 CJEAYIOMUM pa3aesiam:
1) OcHOBEBI BaKyyMHOMH TEXHHUKH;
2) Cioco6BI NOIYYeHHS BEICOKOTO BAKyyMa;
3) Brifop BakyyMHBIX HACOCOB;
4) Metons! u3MepeHus NaBJICHUS T'a30B.

3.3. Bemonsenne JOMaIIHUX HHIUBHIYAIbHBIX 3aJaHuil Ha TeMy: «PacueT BEIOOpa BaKyyMHBIX
HAcOCOB JJI 00€CIeUEeHNs 3aJaHHOTO JaBJICHUS Ta3a B KOHKPETHOM TEXHOIOIHYECKOM YCTAHOBKE Y.

3.4. TeMbl NIpaKTHYECKUX 3AHATHIA:
1) Onpenenenue OCHOBHEIX NTAPaMETPOB MEXAHUYECKHAX HACOCOB;
2) Pacyet 3¢ (peKTUBHOM CKOPOCTH OTKAYKH;
3) Pacuer napameTpoB nuddy3HOHHEIX HACOCOB;
4) PacueT mapaMeTpoB KOHJCHCAIMOHHEBIX W KPUOAICOPOIIMOHHEIX HACOCOB;
5) Pacuet BBIGOpa BaKyyMHBIX HACOCOB I O0ECIIEUEH S 3aJaHHOTO JABJICHHUS rasa;
6) PacueT BpeMeHHM OCaXXICHHUS IUICHOK IPH TEPMUIECKOM UCIIAPEHUH B BAKYYME;
7) Pacuer BpeMeHH HaIbUICHUS IUICHOK IIPU HOHHO-IIA3MEHHOM PACIBUICHHH.
3.5. JIaGopaTropHbIe padoTHI:
1) Mexanndeckue BaKyyMHBIE HACOCHI IS IPEIBAPUTEIBHOM OTKAYKN BAKyyMHOM yCTAHOBKH;
2) BakyyMHBIE€ HaIBUIMTEIBHEIE YCTAHOBKH;
3) OcaxxneHne pe3UCTUBHBIX U IPOBOAAIINX IUICHOK METOOM TEPMHUUECKOTO MCIIAPEHHS B BAKYYME;

4) VoHHO-IUTa3MEHHBIH METOI IIOJTyJSHHS HAHOCIIOER.
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3.6. Dx3amen:

1) OcHoBHOE ypaBHEeHHE BakyyMHOM Texauky. Ha 9To Bimser IIPOBOTMMOCTE TPyOOIIPOBOJOB U OT
YEro OHa 3aBUCHT?

2) KproxoHeHcaIoHHbIe Hacockl. Kak 3asmcst XapaKTEPHUCTUKA HACOCOB OT TeMIIEPATyPEI
KpHonaHemu?

3) Iokasark HEOOXOMMOCTE BEICOKOTO BaKyyMa IIPH HAIBLICHHH TLICHOK. OmpenenuTs rpagyIb! IO
JIABIICHUIO.

4) Mexauwneckue Hacochl. OCHOBHBIE XapaKTEPHCTHKH.

5) Ilpusrmn paboTs! oxHOCTYERYaToro quddy3HOHHOrO Hacoca. Urto Oyzer, ecii B Hacoce
HCTIONIb30BaTh B Ka4eCTBE pabodeit )UIKOCTH PTYTh WK BOLY?

6) OcHOBHOE ypaBHEHHE BaKyyMHON TeXHUKH. OGBsICHATE, 9TO TaKoe KO3(hGUIHEHT UCIIOIL30BaHIS
Hacoca.

7) Cioco6 momy9eHust BEICOKOTO BaKyyMa C IIOMOLIBEO KPHOaICOpOIHMOHHEIX HACOCOB.
8) Kax npownspecTu BEIOOP BaKyyMHOTO HAcOCa B YCTAHOBHBIIIEMCS pexume?

9) Yo TaKoe 3¢ exTHBHAL CKOPOCTH 0TKauKu? Kak ee OmpeeuTh B 3aBHCHMOCTH OT PEXXUMOB
TEYEHHU ra3oB 0 TpydompoBogam?

10) Kax nponssecTr BEIGOp BaKyyMHOIO HACOCA B HEYCTAHOBHBIIEMCS PEXKIME?

11) Kax 3aBuCHT CKOPOCTH KOH/ICHCAIIUH IIPH TEPMUYECKOM HCIAPEHAHN OT PACCTOSHUS HCTIapUTEITb-
IIOJTIOKKA?

12) Ilony4eHune MIEHOK W3 TyTOILTABKAX METAIUIOB HOHHO-IUIa3MEHHBIM pacTibinerneM. CKOpOCTh
pacIbUICHHUS.

13) OcobennocTu ucnapeHui COSTMHEHHH U CIUIABOB IIPX TEPMAYECKOM HCIIAPEHHUH.
14) Kak u3mMeHHTCS BpeMsl HAlTbUIEHHS C yBEIMUCHUEM TEMIIEPATyPhI HCIIApEHUs?
15) PaccMoTpeTs Iponece HCHapeHus IIyTeM HarpeBa yCKOPEHHBIMHE 3JIEKTPOHAMH.

16) CxopocTh 0caXIeHus IUIEHOK IIPU HOHHO-IUTA3MEHHOM pachblUieHnH. [lapamMeTpsl, ¢ IOMOIIBIO
KOTOPBIX MOKHO YIIPaBIATh BpEMEHEM HaIBUICHUS ILICHOK.

17) TpeboBanus K BaKyyMy B HOHHO-IUIa3MEHHBIX METO/IAX MTOTYyICHUS HAHOCIIEB.
18) OOBACHUTH 3aBUCUMOCTE CKOPOCTH HCIIAPEHUSI OT TEMIIEPATyPhl HCIIAPSHHUS.

19) PaccmoTpeTh mpoliecc pacubUICHHS B TICIOMEM pa3pse.
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20) IInasMeHHbIE METOIBI MOy ICHHS HAHOCIOEB CIIOKHBIX BELIECTB.

4 MeToan4ecKre MAaTEPHAJIBI

Hst obecniedenns mponecca 00yYeHNs U PEMIEHHS 33184 OOy ICHHS HCIIOJIB3YIOTCS CIEMYIOIIHE
MaTepHAaJIbI:

4.1. OcHoBHas TUTepaTypa

4.1.1. amwmra T.H. BakyyMHO-IIa3MeHHBIE METOMBI IIOYYECHHS HaHOCTPYKTYp. — Yd4eOHOe
nocobue.-Tomck: TYCYP, 2012.- 90 C.- [anmexTpoHHBIT pecypc] -
http://miel.tusur.rw/index.php?option=com_content&view=article&id 231

4.2. lononHuTEIbHAS JTHTEPATypPa
4.2.1. Pozanos JLH. Bakyymnas texauka. — M.: BIII, 1990. — 320 c. (4 3K3.)

4.2.2. BakyymHas Texuuka. CopaBogHmk. [lox pen. E.C. ®ponosa, B.E. Munaifuera. — M.:
Mammnoctpoerue, 1985. — 360 c. (10 3x3.)

4.3. YaeOno-mMeToaMuecKHe I0COOHS H IPOrpaMMHOe ofecIedenne

4.3.1. Iammmuea T.JM. BakyyMHO-IIIa3MEHHBIE METOMIBI IIOJy9EHHs HAHOCTPYKTYp. — YueOHO-
METOMIECKOE MOCOOHE MO AYAUTOPHBIM IIPAKTHYECKHM 3aHATHAM M CAMOCTOSTEIBHOMN pabore mus
IIOATOTOBKH CTYACHTOB 10 HanpapineHmaM 210100.62 «DOnexTpoHHKa W HAHOIIEKTPOHHKA» M
222900.62 «HaHOTEXHONOTMA W MHKPOCHCTEMHAS TEXHHKA» — TOMCK: TYCVYP, 2012. - 20 c—
[37eXTPOHHEIA pecypc] - http://miel.tusur.ru/index.php?option=com_content&view=article&id 231

4.3.2. lanunuaa T.W. BakyyMHO-IITa3MeHHbBIE METOIBI IIOJTyYCHHUSA HAHOCTPYKTYp. — MeToauueckue
yKasaHus 10 BBIIOJHEHMIO JaOOPaTOpHBIX paboT s CTyaeHTOB Hampasiemumii 210100.62
«DIEKTPOHMKA H HaHOIIEKTPOHUKa» M 222900.62 «HaHOTEXHOIOTHE 1 MHKDPOCHUCTEMHAS TEXHHUKA
— Tomck: TYCVYP, 2013.- 28 c.— [anexTponubLi pecypc] -
http://miel.tusur.ru/index.php?option=com_content&view=article&id 231

4.4. basel 1aHHBIX, HHPOPMANHOHHO-CIIPABOYHBIE H TIOHCKOBBIE CHCTEMEbI
4.5. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JUCHUTIIINHBI

JUI1  peanwsalyyl JEKUMOHHBIX ¥ IPAKTHYECKHX 3aHSTHI HEOOXONUMEIL: KOMIIBIOTED C
YCTaHOBJICHHBIM IIPOTPaMMHBIM ObecredenneM (1. 12.3), npoextop u SKpaH.

JlaboparopHsIe paGoTEI IPOBOALTCS B CleNMaTM3UPOBAHHOM TabopaTopun Kadeapsl
Du3HIECKOH SEKTPOHMKH, OCHATIEHHOH BaKyyMHBIM TeXHOIOIHYECKIM obopynoBaHueM.
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