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2 AHHOTAIIUA AMCHUITJINHBI

«MEXJIACHUTIIMHAPHBIN IPOEKT ITPOEKTUPOBAHUE MUKPO-
N HAHOCEHCOPOB”»

Lenpro MEXAUCIUTIIMHAPHOTO MPOEKTA SBIAECTCS MPUOOpPETEHUE MpaKTHYe-
CKHMX HaBBIKOB IIPOEKTUPOBAHUSI MUKPO-U HAHOCEHCOPOB, Pa3padO0TKU UX KOHCTPYK-
IIUU U TOIIOJIOTUH, a TAKXKE pa3pad0TKa TEXHOJIOIMYECKOI0 MPOLECcca UX U3TOTOBJIE-
HUA. 3agayedl MEXIUCUUILIMHAPHOTO MPOEKTa SBISAETCS pa3paboTKa KOHCTPYKUIUU
YyBCTBUTEJIBHOIO 3JIEMEHTA MUKPOCEHCOPA U TEXHOJIOTMYECKOTO MapIIpyTa €ro u3-

TOTOBJICHHUA B COOTBETCTBHH C TCXHHMYCCKHM 3a1aHHUCM.

SUBJECT SUMMARY

«DESIGN OF MICRO -AND NANOSENSORS»

The aim of the interdisciplinary project is the acquisition of practical skills in
the design of micro-and nanosensors, development of design and topology, as well
as the development process of their manufacture. The aim of the interdisciplinary
project is to develop a const-struction sensor microsensor and technological route of

manufacturing in accordance with the specifications.



3 OBLHIME IMOJTOKEHUA
3.1 Ieau u 32324 JUCHUIIMHBI
1. HenssmMu OCBOEHUS SABISAETCS:
-U3y4yeHre PU3NUYECKUX MPUHIHUIIOB (PYHKIIMOHUPOBAHUS HAHO-U MUKPOCEHCOPOB;
OCHOBHBIX METOJIOB pacyeTa U IPOEKTUPOBAHUSA HAHO-U MUKPOCEHCOPOB;
-IpUOOPETEHNE HABBIKOB OCBOEHUSI METOJIUKHU pa3pabOTKU KOHCTPYKLHUU YYBCTBHU-

TCJIBHOI'O 3JICMCHTA MUKPOCCHCOPA KU TCXHOJIOTHYCCKOI0O MapuipyTa €ro u3roToBJjic-

HUA B COOTBCTCTBUH C TCXHUYCCKHUM 3aJaHHUCM.

2. 3agauyaMu U3y4YEeHUS SBIIAETCS MPUOOPETECHUE 3HAHUM, YMEHUN U HABBIKOB MPOEK-
TUPOBAHUSI MUKPO-U HAHOCEHCOPOB, pa3pabOTKU UX KOHCTPYKIIMH U TOMOJIOTHH, a

TaKXKC pa3pa60TI<a TCXHOJIOTHYCCKOI'O IMponecca nxX U3roTOBJIICHUA.

3. 3HaHus GU3MYECKUX MPUHILUIOB (PYHKIIMOHUPOBAHUS HAHO-U MUKPOCEHCOPOB;

OCHOBHBIX MCTOHOB pacucTa U IMIPOCKTUPOBAHHA HAHO-U MUKPOCCHCOPOB.

4. YMeHUs IPOEKTUPOBATh MUKPO-U HAHOCEHCOPBI, pa3paboTKa UX KOHCTPYKIIUU U

TOITIOJIOTHH, a TAKKEC pa3pa60TKa TCXHOJIOT'HYCCKOI'O IMponecca nxX U3roTOBJICHUA.

5. IlpuoGpeTeHne HaBbIKOB OCBOEHUSI METOAUKH pa3pabOTKU KOHCTPYKIIMU YyBCTBHU-
TEJILHOTO 3JIEMEHTa MUKPOCEHCOPA U TEXHOJIOTMYECKOIO MAapIIPYyTa €ro U3roTOBIIE-

HUA B COOTBCTCTBUH C TCXHUYCCKHUM 3aJaHHUCM.

3.2 Mecto nucuuniannabl B cTpykrype OITOII

JlucuuminHa n3ydaeTcs Ha OCHOBE paHee OCBOCHHBIX JTUCITUILIMH YY4EeOHOTO TIJIaHa:
1. «IIpouecchl MUKPO-U HAHOTEXHOJIOT I

1 o0ecreurnBaeT U3yUYeHUE MOCIEAYIONTUX TUCIUILINH:

1. «IIpuknagHbIe BOMPOCH TEXHOJIOTUU MUKPOCHUCTEM

2. «IIpousBoACTBeHHAs MPaKTUKA (MPEIIATIIOMHAS TTPAKTUKA))
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3.3 IlepeueHb MIaAHMPYEMbIX pPe3yJIbTATOB 00y4YeHHMs MO JUCIHHUILINHE, COOT-
HECEHHBIX C IVIAHUPYEMBIMH Pe3yJIbTATAMHM OCBOCHHMSI 00pa30BaTeIbLHOMI

MPOrpamMMbl

B pe3ynbrare ocBoeHus 00pa3oBaTeIbHON IPOrpaMMbl 00YHAIOIIHIACS TOKEH

JOCTUYD CIICTYIONINE PE3YJIbTaThl 00yUSHHUS MO TUCITUILIINHE:

Koa kxommerenun/ HanMeHoBaHMe KOMIETEHINMH/MHANKATOPA KOMIIETEHIIUN
HHINKATOPA
KOMIIeTEHIINH
YK-1 Crnioco0eH ocyecTBIATh KPUTUUECKUI aHalIu3 IPOOJIEMHBIX CUTYallui Ha

OCHOBE CUCTEMHOT0 110/1X0/1a, BBIpabaThIBaTh CTPATETUIO ACHCTBUN

VK-1.1 Hcnonvzyem memoo Kpumuueckoeo anaiusd, Memoouky aHaiusa pes3yiv-
mamos ucciedo8anus u papabomku cmpameuti nPosedeHUst UCCIe008a-
HULL, OpeaHU3aYULU NPOYecca NPUHAMUS PeuleHUs]

YK-3 Cnoco0OeH OpraHu3oBBIBaTH U PYKOBOJUTH pabOTON KOMaH/bI, BEIpaOaThI-
Bas KOMAH/IHYIO CTPATETUIO JJIsl JOCTHXKEHHUS [TOCTaBICHHOM 11eJIn

VK-3.1 Ionumaem 3¢pghexmusnocmes ucnonv3oeanus cmpame2uu KOMAHOHO20 CO-
mpyoHuuyecmaa OJisi O0CMUINCEHUL NOCMABIEeHHOU Yelu, onpeoeisiem c8ok
POJIb 8 KOMAHOe

IK-1 lotoB opmynupoBaTh LEeIW M 3a4a4d HAay4dHBIX HMCCIEIOBaHUM B 0oOma-
CTH HaHOTEXHOJIOTUU U MHUKPOCUCTEMHON TEXHHMKH, OOOCHOBAaHHO BBHIOH-
paTh TEOPETUYECKHE U IKCIIEPUMEHTAIbHbIE METO/IbI M CPE/ICTBA PEIICHUS
c(hOpMyIUPOBAHHBIX 3a]1a4

TIK-1.1 3naem npunyunvl nocmpoenus u QyHKYUOHUPOBAHUS U30EULl HAHOMEXHO-
JI02UU U MUKPOCUCEMHOU MeXHUKU

1IK-1.2 Ymeem paccuumwvieame pescumvt pabomuvl uz0enuti HAHOMEXHONOUU U
MUKPOCUCTEMHOU MeXHUKU

ITK-6 Crnoco0eH npoeKTHpOBaTh TEXHOJIOTUUYECKUE IIPOLIECCHI IPOU3BOICTBA U3-
JeJIMi HAHOTEXHOJIOTUU U MUKPOCHCTEMHOW TEXHUKH C HCIIOJIb30BaHUEM
TUIIOBBIX ITAKETOB MPUKJIAJHBIX IPOrpaMM

1IK-6.1 3naem mpebosanusi mexHono2U4eCcKoU U HOPMAMUBHOU OOKYMEHmMAayuu
MexXHONI02UYeCKUX NPOYECCcO8 8bINYCKA U30eIULL HAHOMEXHOLO2UU U MUKDO-
CUCMEMHOU MEeXHUKU

1IK-6.2 Ymeem npoexmuposams mexnonocuneckue npoyeccol npouzso0cmea uzde-
JIUU HAHOMEXHONI02UU U MUKPOCUCINEMHOU MEXHUKU

I1K-7 Crniocoben pa3pabaTbIBaTh TEXHOJIOTHYECKYIO JOKYMEHTAIMIO HA IPOU3-
BOJICTBO U3/I€IMI HAHOTEXHOJIOTMHA U MUKPOCUCTEMHON TEXHUKH

1IK-7.2 Ymeem pazpabamvieamv mexnono2uyeckyio 0OKyMeHmMayuio Ha npoeKmu-
pyemvle uzoenus HaHOMexHOI02uU U MUKPOCUCMEMHOU MEXHUKU

CIIK-3 Crnioco0eH MpoeKTUPOBATH AEMEHTHI U IPUOOPHI HAHO-U MUKPOCUCTEMHOM
TEXHUKHU C UCIOIH30BAHHEM THIIOBBIX ITAKETOB MPHUKIIAJHBIX MPOTPAMM C
y4EeTOM 3a/JaHHBIX TPeOOBaHUI

CIIK-3.3 Braoeem nasvikamu paspabomxu paboueti mononozuu u niaHa mexHouiocuu
MoHmadica u cOOpKU 3NeKMPOHHOU KOMNOHEHMHOU 0a3vl u30enuti HaHo-u
MUKPOCUCMEMHOU MeXHUKU




CIIK-4 CrniocoOeH pa3pabareiBaTh MPOEKTHO-KOHCTPYKTOPCKYIO JOKYMEHTAILIUIO B
COOTBETCTBHH C METOAMYECKUMU U HOPMATUBHBIMH TPEOOBaHUSIMU

CIIK-4.1 3naem nopmamusHvle mpebosanus K pazpabomke NpoeKmMHO-KOHCMPYK-
MOPCKOU OOKYMEeHmayuu

CIIK-4.2 Ymeem ucnonvzosams cmanoapmet u Hopmamuervie mpebo8anUs NPU pas-
pabomie OOKyMeHmayuu

CIIK-4.3 Braoeem nasvikamu evinycka 0okymenmayuu 0jisk OpeaHU3AYUY CEPULIHO20

8bINYCKA U30eNUl




4 COAEP KAHUE JUCHUIIJIMHDBI

4.1 Conep:xkanue pa3aejoB IUCHUATIIAHbBI

4.1.1 HauMeHOBaHHE TeM M Yachl HA BCe BUAbI HATPY3KHU

Ne HanmenoBanme TeMbl IMCIUIIIHHBI Ip, | UKP, | CP,

n/n a4 a4 ay

1 Bsenenne 1 2

2 | Pacuer OCHOBHBIX KOHCTPYKITMOHHBIX SJIEMEHTOB IIpeoOpa3zoBares 2 1 36

3 | Pa3zpaboTka TEXHOJIOTMYECKOTO MPOLECCa U3TOTOBIEHUS YyBCTBU- 2 28

TEJIBHOTO JIEMEHTa IIpeoOpa3zoBaTes
4 | Pacuet (hopMbI, pa3MepOB MACKH U TEXHOJIOTUYECKUX PEKUMOB JIIs 2 1 28
dhopmupoBanus MeMOpaHHOTO (0aJI0YHOTO0) AIEeMEeHTa peodpaszo-
BaTes
5 | 3akiroueHue 4
Hroro, au 8 2 98
W3 HuX a4 Ha KOHTPOJIb 0 0 0
OO61ast TpyA0€MKOCTh OCBOEHHUS, a4/3¢ 108/3
4.1.2 Copepxanue
Ne HaumeHoBaHue TeMbl Conepxanne
n/n AMCUMILIMHBI
1 | Benenue AHaM3 TEXHUYECKOrO 3aIaHUSI HA TPOEKTUPOBAHUE TIpe-
oOpasoBaresns. AHaJINU3 MPUHIIMIIOB pabOTHI Tpeodpa3oBa-
TeJsl U BAPHAHTOB €r0 KOHCTPYKIIHH.

2 | PacueT OCHOBHBIX KOHCTPYKIH- | BbiOOp M 000CHOBaHWE BapuaHTa KOHCTPYKIIMH MHUKPO-
OHHBIX JIEMEHTOB MTpeo0pa3oBa- | ceHcopa. PacueT pa3mepoB OCHOBHBIX KOHCTPYKIIMOHHBIX
Tems AJIIEMEHTOB UCXO/Isl N3 TPEOOBAHNN TEXHUYECKOTO 3a/TaHHS

Y TEXHOJIOTUYECKHX OrpannyeHuit. Onpenenenue o01acTu
nomycTuMbIX 3HaueHuM O/]3 KOHCTPYKTHBHBIX pa3MepoB
npeoOpazoBarens. Tabmuia cooTBeTCTBUS

3 | Pazpaborka  TexHONMOrHMuYecKO- | THIOBOW TEXHOJIOTMYECKHUI MPOLECC N3TOTOBICHHS MHK-
ro T1polecca M3TOTOBJIEHHUS | POMEXaHMYECKUX Npeodpas3oBareneil. OCOOEHHOCTH TIly-
YyBCTBUTEIHHOTO AJIeMEHTa | OOKOTO TPABJICHHUS W MHKPOKOPITYCUPOBAHUSI UyBCTBHU-
npeobpazoBarens TEJIBHOTO AJIeMeHTa peodpazoBarens. TpeOoBaHus K Ma-

Tepuaigam. DJIEMEHThl TEXHOJIOTHYECKOW JTOKYMEHTAIUH.
ConpoBoAUTENBHBIN JUCT. DCKU3BI TEXITPOIIECCA.

4 | Pacuer dopmsbl, pasmepoB mac- | Metonsl pacuera (GopMbl U pa3MepoB Macku Uit Gop-
KM ¥ TEXHOJOTHYECKHX PEXH- | MUPOBAHUS DIIEMEHTOB MpeoOpas3oBarelns. TpeboBaHus K
MOB i (HOPMHPOBAHUS MEM- | pa3Mepam M MOJOXKEHUIO FIEMEHTOB TONOIOTUU. DUTYPHI
OpanHorO (0aMOYHOTO) 3JEMEH- | COBMEIICHHUS.

Ta mpeodpazoBarens




Ne HaumeHoBaHHe TeMbl Conepxanue
n/n JUCHHILIMHEI

5 | 3akiroueHue AHanu3 pe3ynsraToB npoektupoBanus. [lonroroska orue-
Ta O BBIIOJHEHUH MEXIUCLHUIUIMHAPHOTO IIPOEKTA.

4.2 llepedeHn 1a00paTOPHBIX padoT

JlaboparopHble pabOThI HE IPEAYCMOTPEHBI.

4.3 llepedyeHb NPAKTHYCCKHUX 3AHATHH

HanMeHoBaHMe NPAKTHYECKUX 3aHATHI KosmmuecTBo aya. yacos

1. Bbmaqa WHIANBUAYAJIIbHOTO 3aJlaHUA Ha BBIIIOJIHCHHUE IIPOCKTA,
Pa3bACHCHUC MMOPAJAKA BBIIIOJIHCHUAA, KOHCYJIBTaL[I/Iﬁ " 3allIUThI IIPO-

eKTa 1
2. Meroauka pacueTa pa3MepOB OCHOBHBIX KOHCTPYKIITMOHHBIX 3J1€-
MEHTOB IPeoOpa3oBaTels. 2
3. BeiOop 1 pa3paboTka TEXHOJIOTHIECKOTO MPOIECCa U3TOTOBIICHUS
npeoOpa3oBaTeis 2
4. Pa3paboTka u (hopMHpOBaHUE KOMITJIEKTA IIA0JIOHOB 2

5. Ananu3 pe3ynbTaToB npoekTpoBaHus. [loqroroska oruera o Bbl-
ITOJIHEHUH MEKIUCIUIUIMHAPHOTO IIPOEKTA.

Hrtoro 8

4.4 KypcoBoe npoeKTHPOBAHUE

KypcoBas pabora (mpoeKkT) He MpeyCMOTPEHBI.

4.5 Pedepar

Pedepar e nmpenycmotrpeH.

4.6 HWuauBujayajbHoOeE JOMAaIlIHee 3aJaHUE

OO6o001eHHasT TeMa MEXIUCIMIUIMHAPHOTO NpoekTa: «lIpoekTupoBaHre MUKpPO- U

Hanocencopon» («KDESIGN OF MICRO - AND NANOSENSORS»).

[Tpumepsl Tem: PazpaboTka KOHCTPYKIUHU, TOMOJIOTMHU U TEXHOJIOTUYECKOTO MpOLeC-

Ca M3TOTOBJICHHSI YYBCTBUTEIHLHOTO AJIEMEHTa MUKPOIIPEOOpa3oBaTesis: TEPMOPE3H-



CTUBHOIO JIaTYMKa TEMIEPATypbl BO3/lyXa; TEPMOPE3UCTUBHOTO MHUKPOOOIOMETPA;
TEPMOPE3UCTUBHOTO MUKPOBAKYyyMETPA; MUPOITEKTPUUECKOTO MUKPOOOJIOMETPA; TEH-
30pE3UCTUBHOTO JaTYMKA JABICHUS; EMKOCTHOTO MUKPO(OHA; 3JIEKTPETHOTO MUKPO-

(1)0Ha; IOBCPXHOCTHOI'O CMKOCTHOI'O aKCCJICPOMETPA.

ITopsiIOK BBINOJIIHEHU S MEXAUCLHUIUIMHAPHOTO IIPOEKTA ONPENEIIAETC METOAUYECKH-
MU yKazaHUAMH. KakoMy CTyIE€HTy BBIIAETCS MHAMBUAYAJIBHOE 3aJaHUE HA BBI-
MOJIHEHUE IIPOEKTA, KOTOpOe (POPMUPYETCS C yUETOM HCIOIb30BaHUS CTYIEHTOM 3Ha-
HUW HE MEHEE 2-X CMEKHBIX JUCUUIUIAH, YKa3aHHBIX B pa3aene «Mecto Mexaucum-
IIMHapHOro npoekra B crpykrype OOIDy. B ciyuae, eciiu TeMa npoekTa sSBISIETCA
4acThI0 HEKOTOPOH OOIIel TEMaTUKH, 3TO OTMEYAETCSI B COOTBETCTBYIOIIEM ITyHKTE

WHINBUAYAJIbHOI'O 3aaHUAd.

B nepuon BeIToNIHEHUS paOOThI HAJl MPOEKTOM IIPEToaBaTelbh HE PeXke OAHOTO pa3a

B HEJEJIO IPOBOAUT KOHCYJIBTAIIUM IO TTPOEKTY.

OdopmieHne nosICHUTENBHOM 3aITMCKHU K MEKIMCIUTUIMHAPHOMY MPOEKTY OCYIIIECTB-
JsieTCsl B COOTBETCTBUM ¢ yTBepkaeHHOo# B CIIOI'DTY ¢opmoii oTyeToB A1 MEXK-
JTUCIUIUIMHAPHBIX MPOEKTOB (BKIIOYAIOIINX OJaHK 3aJJaHUs Ha BBIIIOJIHEHUE MTPOEK-
ta), coorBercTBytomeid ['OCT 7.32-2017 «Cucrtema craHgapToB Mo MH(POpMAIUH,
OuONIMOTEeUHOMY U M3AaTeNbCKOMY Aeny. OTUeT 0 HayYHO-MCCIIeI0BaTeIbCKON pa-

oote. CTpykTypa U npaBuiia 0pOpMIICHUS.
[Topsiiok BBITIOTHEHUS TIPOEKTA:

1. AHanu3 TeXHUYECKOTO 3aJaHuA C LICJIbIO BhIABICHUA oco0eHHOCTEN KOHKPCTHOI'O

CeHcopa.
2. AHaIM3 TPUHIUMIIOB PabOTHI MpeoOdpa3z0oBaTeIsl U BAPUAHTOB €T0 KOHCTPYKIIUU.
3. Bbi0op 1 060CHOBaHME BapuaHTa KOHCTPYKIIMHM MUKPOCEHCOPA.

4. Pacuer pazMepoB OCHOBHBIX KOHCTPYKIIMOHHBIX 3JIEMEHTOB UCXOJs U3 TpeOOoBa-

HUM TEXHUYECKOIO 3aJaHuA U TCXHOJOI'MYCCKUX OFpaHquHHﬁ.

5. Pa3paboTka TOMoiI0ruM 4yBCTBUTEIBHOTO AJIEMEHTA IpeoOpa3oBaress.
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6. Be10Op MarepuasioB Uil U3TOTOBJIEHMS YyBCTBUTEIBHOIO 3JIEMEHTA IIPeodpas3o-

BaTCJIsI HA OCHOBAHHUHN TCXHOJIOTHYCCKHUX U KOHCTPYKTHUBHBIX OFpaHquHHﬁ.

7. Be160op 1 000CHOBaHKE BapuaHTa TEXHOJIOTMYECKOTO MPOIIECCa U3TOTOBIICHUS Yy B-

CTBUTEJILHOTO AJIEMEHTa MpeoOdpazoBaress.

8. Bb1OOp 1 pacyeT pexuMOB ITPOBEICHHS OCHOBHBIX TEXHOJIOTHYECKUX OTEpaIuit

dbopmupoBaHus mpeoOpa3oBaTes.

9. OdbopmiieHrEe pacyeTHO-TIOSICHUTENIHLHOM 3amCcKu 00beMoM npumepHo 20-40 ctpa-

HUII.

10. OpopmiieHre KOHCTPYKTOPCKO-TEXHOTOTUUECKON TOKYMEHTAIIUN, KOTOPast JOJIK-
Ha COJIepKaTh: CXeMa PacueTOB U MapaMeTphl YyBCTBUTEIBHOTO dJIEMEHTa Mpeodpa-
30BaTessl 0 TEXHUYECKOMY 3aJIaHHI0, pacyeT TOMOJIOTHH YyBCTBUTEIIBHOIO AJIEMEH-
Ta peoOpa3zoBarTeis, TOMOJOTHYECKUN YepTEkK, COOPOUHBIN UYepPTEkK, CTPYKTYPHYIO
CXEMY TEXHOJIOTHYECKOI0 IIpoIiecca, COMPOBOIUTEIIBHBIN JTUCT HAa TEXHOJIOTUYECKUM

IIpoueccCC U3roTOBJICHUA.

[To MIII roroButcsa otyet. Pekomenayemblit 00beM oTuera npumepHo 20-40 ctpa-

HHUII.
4.7 JloxkJaan

Jlokiiaa HE PETyCMOTPEH.
4.8 Keiic

Keiic He mpegycMoOTpeH.

4.9 Opranmaunﬂ H yqe6H0-MeTozmqec1c0e o0ecreyeHye CaMOCTOATEIbLHOM pa-

00ThBI

Nzyuenune MJIIT conpoBok1aeTCsi CaMOCTOSATEIbHOM pabOTOM CTY/IEHTOB C pe-

KOMCHAOBAHHBIMHU IIPCIIOAAaBaTCICM JINTCPATYPHLIMHN UCTOYHHUKAMU U HH(I)OpMa]_[I/I-

10



OHHBIMU pecypcamu cetu MHTepHeT.

[LmanupoBanue Bpemenu aiis uydenuss MJII1 ocymiecTBisiercss Ha BeCh me-
puoa oOydeHus, NpeayCMaTpuBasi MpU 3TOM PETYJISIPHOE MTOBTOPEHUE MPOUICHHOTO

marepualna.

Ocob0e MecTo ynemnsieTcsi KOHCYJIBTUPOBAHUIO, KaK OTHOM U3 (GopM 00ydeHUs
¥ KOHTPOJISI CAMOCTOATEIBbHOM paboThl. KOHCYyIbTHpOBaHUE MpeArnoaaraeT 0coobIM
0o0pa3oM OpraHu30BaHHOE B3aMMOJICHCTBHE MEX Y IIPETOIaBaTeIeM U CTYICHTaMH,
IIPU ATOM IIPEATONATAETCS, YTO KOHCYIBTAHT JIN0O 3HAET TOTOBOE PEIIEHUE, KOTOPOE
OH MOXET MPEANUCcaTh KOHCYJIBTHPYEMOMY, TUOO OH BJIAJICET CIIOCOOAMU JICSITEIb-

HOCTH, KOTOPbI€ YKa3bIBAIOT MYTh PEIICHUS TPOOIEMBI.

CamocTosTenbHOE U3yUeHHE CTyIeHTaMu TeopeTudeckux ocHoB M/IIT oGec-
MEYECHO HEOOXOMAMMBIMU YU4eOHO-METOAMYCCKUMH MaTepuajaMu (y4eOHUKH, ydeo-
HBIE TOCOOMS, KOHCTIEKT JICKIIUH U T.I1.), BLIIOJIHEHHBIMHU B TICYaTHOM UJIU DJIEKTPOH-

HOM BHIIE.

[To xaxmoi Teme coaepkanus padodeil mporpaMMbl MOTYT OBITh IIPEYCMOT-
pEeHbl MHIUBUYyaJIbHbIE JOMAIIHUE 3a/laHus (pacueTHO-rpaduueckue paboThl, pe-

deparbl, KOHCIIEKTHI U3yYEHHOTO MaTepuana, JOKJIaIbl U T.11.).

N3yuenne crynenramu M/II1 conmpoBoxkaaercs npoBEACHUEM PETYIISIPHBIX KOH-
CyJlbTallMi IpenojaBaTesieil, 00ecneunBaomnX MPaKTUYECKUE 3aHITUS IO TUCIIH-
IUIMHE, 32 cYeT OKKeTa BPEMEHHU, OTBOJIMMOIO HAa KOHCYJIbTAllMU (BHEAYIUTOPHbIE

3aHATHUA, OTHOCAINUCCA K pasaciy «CamMoCTOATEIIbHBIE Yachl AJIA U3YUYCHHA OUCIU-

TUUTUHBDY ).
Texymas CPC IIpumepHnas
TPYA0E€MKOCTb, a4

Pabora ¢ 1eKInOHHBIM MaTepuanoM, ¢ y4eOHOM JTuTepaTypoi 0
Omnepexaroniasi caMoCTosiTeNIbHas paboTa (M3yueHUue HOBOTO MaTe-

puaia Jio ero u3JI0KEHHUS Ha 3aHATUSIX) 0
CamocTosATelIbHOE U3YyUEHHE PA3/IeNIOB JUCLUIUINHBI 0
BeinonHnenue foMalIHUX 3alaHUi, JOMAIIHUX KOHTPOJIBHBIX paboT 2
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Texymas CPC

IIpumepHas
TPYA0EMKOCTb, a4

[ToaroroBka k mabopaTopHbIM paboTaMm, K MPAKTHUYECKUM U CEeMH-

HapCKUM 3aHATHIM 0
[TonroroBka Kk KOHTPOIBHBIM pabOTaM, KOJUIOKBUYMam 0
BrinonHenue pacueTHo-rpapuueckux padot 0
BrinonHeHne KypcoBoro mpoekTa uin KypcoBoil paboTsl 0
[Touck, nzydyenue u mpe3eHTaIuss HHOOPMAIIMH 110 33JIaHHON TIPO-

Oneme, aHAM3 HAYYHBIX MyOIMKAIMI 11O 3aIaHHON TeMe 0
Pabota Hai MeXIUCITUTUTMHAPHBIM TIPOSKTOM 88
AHanu3 TaHHBIX 0 3aJaHHOU TeMe, BHITTOJTHEHHE PacyeTOB, COCTaB-

JICHHE CXeM U MOojielieil, Ha OCHOBE COOPAaHHBIX JaHHBIX 0
[ToaroroBka k 3a4ery, AudGepeHInPOBAHHOMY 3aUeTy, SK3aMEHY 8
HUTOI'O CPC 98
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5 YueOHO-MeTOOMUECKOE 00ecIIeYeHHue TUCIUTLINHBI

5.1 IlepeyeHb OCHOBHOM M JONOJHHUTEIbHON JIUTEPATYPbI, HEOOXOAMMOM IJIs1

0CBOCHHUA JUCHHUIIIINHBI

Ne i/m Ha3Banmne, Oudnnorpaguyeckoe onucanme K-Bo
IK3. B
onoJ1.

OcHoBHas auTeparypa

1 CmupHoB, Anekcanap JmurpueBud. MUKpPOIIEKTPOHHBIE TTpeoOpa3oBaTesid | HEOTp.
¢dbuznueckux BenuunH [Tekct] : Yueb. mocodue / A.Jl.Cmupnuos, 2001. -31 c.

HononHutenbHas auTepaTrypa

1 PacrionoB, Biragumup SxoBneBnd. MukpomexaHudeckue nmpuoopsl [TekcT] : 9
yue0. mocoOue It By30B M0 crienuanbHocTu ~TIpubopoctpoenue” Hanpasie-
Hus noarot. “TIpubopoctpoenue” / B.S. Pacmomnos, 2007. -399 c.

2 Jlatunku u3MepuTenbHbIX cucteM [Teker] : B 2 kH. ; mep. ¢ ¢p. / XK. Am, 5
IT.Aunpe ,2)K.Bodpon [u ap.] ; mox pen. A.C. O6yxoa. K. 2, 1992. -419 c.
3 Jlepmna, Enena CepadgumoBHa. DiieKTpuyecKkue u3MepeHust Gu3n4ecKux Be- 29

muunH. M3mepurensabie peoOpa3oBatenu [Tekcer] : yue0. mocobue st By30B
no crneuuanbHoctTu "HUHpopman.-u3mep. texnuka” / E.C. JleBmuna, I1.B. Ho-
punkwuii, 1983. -320 c.

4 Bapanan B. B MOMC u ux npumenenue [ Texct] : monorpadus / B. Bapanan, 29
K. Bunoit, K. [Ixo3e; [lep. ¢ anrn. mox pen. FO.A. 3abonotHoit, 2004. -525 c.

5.2 TIlepedenb pecypcoB HHGOPMAIMOHHO-TEJIEKOMMYHUKAIUOHHOM ceTH «H-

TEPHET», UCIIOJIb3YCMbLIX IIPH OCBOCHHH THUCHUIIJTHHBI

Ne ni/m DJIEeKTPOHHBII aapec
1 Hano-u mMukpocucteMHass TexHuka. ExeMecsSYHbIi MEKIUCIUIUIMHAPHBIN TeopeTnye-
CKHI U IPUKJIATHOW HAyYHO-TEXHUYECKHUM ypHahttp:// www.microsystems.ru
2 MukpocucTteMHas TeXHHUKA -AaTdyukuhttp:// www.autex.spb.ru/sensor/mems_sens/sensor
.html
3 MukpoakTtroaropsihttp://micromachine.narod.ru

5.3 Aunpec caiita kypca

Anpec caiita Kypca: https://vec.etu.ru/moodle/course/view.php?1d=9218
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6 Kputepun oileHUBAHUA U OLICHOYHbIE MATEPHAJIbI

6.1 Kpurepuu oueHuBaHus

Jnst nucuunimHbl « MeX U CHUIITUHAPHBINA NPOoeKT TIpoeKTHpOBaHUE MUKPO-
¥ HAaHOCEHCOPOB™» MPEyCMOTPEHHI cleaytonue (opMbl MPOMEKYTOUHOM aTTecTa-

OUH: 3a49€CT C OI.[GHKOﬁ.

3adeT ¢ OLICHKOM

Onenka Onucanne

HeynosnerBopurensHo Kypc ne ocBoeH. CTyIeHT UCTIBITHIBAET CEPHE3HBIE TPYAHOCTH
MPY OTBETE HA KJIKOYEBBIE BOMPOCHI TUCIUTIIINHBI

VYIOBIIETBOPUTEITBHO CTyeHT B LI€JIOM OBJAJE]I KypCOM, HO HEKOTOpBIE pa3eiibl
OCBOEHBI Ha YPOBHE OMpeneeHui U GOpMyITHPOBOK

Xopor1o CryneHT oBiajen Kypcom, HO B OTJEIbHBIX BOMPOCAX UCIIBITHI-
BaeT 3aTPYIHCHUS. YMEET peliaTh 3a1auu

O1imyHo CTyaeHT JEMOHCTPUPYET MOJHOE OBIAJIEHUE KYypCOM, CIOCO-
OCH MPUMEHSTDH MMOyYeHHBIC 3HAHUS MPHU PEIICHHH KOHKPET-
HBIX 3a7a4
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OcobGeHHoCTH 1O0MyCKA

CryneHT nomyckaercs K 1ud@. 3aueTy npu HaJIU4UM MOSICHUTEIbHOMN 3aIlnc-
Ku, opopMiIeHHOU B cooTBeTcTBUM ¢ TpeboBanusimu CIIGIDTY “JIDTU” k odopm-
aenuto oruéra no M/III. 3amura MEXAUCIUIIMHAPHOTO TPOEKTA MPOBOAUTCS HH-
IUBUIYaJbHO B (hopMe coOeceoBaHUs MO pe3ysIbTaTraM, MPEeACTaBICHHBIM B MOsIC-

HUTEJIHLHOU 3aITiCKE.

6.2 OueHoYHbIC MaTepPHUAJIbI ISl IPOBEJIEHUS TEKYILero KOHTPOJs U mpome-

’KYTOUYHOI aTrTecTanu 00y4arouuxcs 1o JUCHUIJINHE

Bonpocs! k tud¢.3auery

Ne i/ Onucanue
1 CdhopmynupoBats 1e7b U 337ja91 MEXIUCIUIUIMHAPHOTO POEKTA.
2 Kparkoe onucanue npuHIuna paboTsl IPOSKTUPYEMOTO ITpudopa
3 UYem oTinnuaercss MeMOpaHa OT IJIAaCTHHBI B pacueTre
4 Kpurepun BpiOOpa MemOpaHa UiIu MJIaCTHHA
5 YT0 Takoe TEXHOJIIOTMYECKUE OTPaHUYCHUS
6 C 4em cBs3aHa MOTPEIIHOCTh B MPeoOpa30BaHUN BXOIHOTO BO3EHCTBUS
7 [IprunHa HeMMHENHHOCTH TPeoOpa3oBaHU
8 Uewm orpaHu4eH 4aCTOTHBIN IMAaa3oH paboThl mpudopa
9 Y10 Tako€ HOMHUHAJILHOE BXOIHOE BO3IECHCTBUE
10 Y10 Takoe MaKCUMAaJILHOE BXOIHOE BO3IEHCTBUE
11 AUX paboThl MUKPOMEXaHUYECKOTO Mpeodpa3oBaTes
12 AYX paboThI TEIJIOBOTO MpeoOpa3oBaTelIs
13 OT 4ero 3aBUCHUT TOTOJIOTUSI TEMOPE3UCTOPA
14 OT uero 3aBUCUT NEPETPEB TEMOPE3UCTOPA
15 [Tpuniun paboTel TEpMOAHEMOMETPA
16 [Ipunaumn paboTsl MUKpOOOIOMETpa
17 [IpuHuMn paboThl 37EKTPETHOTO MUKPOPOHA
18 Kakue matepuaisl MacOK UCIOIB3YIOTCS PU TPABIECHUHU MEMOpaHH
19 MeTtonp! ynaneHus )KepTBEHHOTO CIIOS
20 3amuTa MEXaHUYECKHUX 3JIEMEHTOB PHU Pa3/IeJIeHUU IUIACTUHBI HA KPUCTAILIbI
21 [TpunnME GOPMUPOBAHHS TOMIOJIIOTHUH CJIOS TACCUBALIUU
22 ®durypsl coBMenieHus Ha doTtomadiaonax (popma, KOJTUIECTBO, PACTIONOKEHUE)
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Bech KOMIUIEKT KOHTPOJIbHO-U3MEPUTEIIHHBIX MaTePHaIOB IS TPOBEPKH CHOp-
MUPOBAHHOCTH KOMIMETEHIIMU (MHAMKATOpAa KOMIIETCHIIMN) Pa3MEIleH B 3aKPBITOM

YaCTH I10 aJIpecy, yKa3aHHOMY B II. 5.3
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6.3 I'paduk Tekyuero KOHTPOJIA yCIeBaAeMOCTH

Heneas Tembl 3aHATHH Buja konTpoOsst

1 BBenenune

2 N3/ nArIr3/ NP3
3 PacueT 0CHOBHBIX KOHCTPYKIIMOHHBIX 3JIEMEHTOB Ipeoldpa3o-

4 BaTes

5

6 NA3/UAPT3 / NP3
7 Pa3paboTka TEXHOIOTHYECKOro MpoIecca W3TOTOBICHUS YYB-

8 CTBUTEIILHOTO JJIEMEHTA peoOpa3oBaTeis

9

10 a3/ naprr3/ UJapr3
11 Pacuer Gopmsbl, pasmepoB MacKu M TEXHOJIOTHYECKUX PEKUMOB

12 JUTst popMUPOBaHKS MEMOPAHHOTO (0aJI0YHOT0) AIIEMEHTA TIpe-

13 obOpazoBares

14 N3/ narIr3/ UJP3
15 3aKiIoueHne

16

17 A3/ UAPT3 /NP3

6.4 MeToanka TeKylero KOHTpPOJIst

HA NMPAKTHYECKUX (CEMUHAPCKUX) 3AHATHAX

Texy1unii KOHTPOJIb BKJIIOYAET B CE€0sI KOHTPOJIb MOCEIIAEMOCTH (He MeHee 80

% 3aHATHI), IO pe3yJIbTaTaM KOTOPOTO CTYJICHT IMOIy4aeT A0MycK Ha nudd. 3ader.

B xone npoBeneHnss CEMUHAPCKUX U MPAKTUYECKUX 3aHATUH 11e71eco00pa3Ho
IPUBJICUCHUE CTYJCHTOB K KaK MOXXHO 0oJjiee aKTUBHOMY YYacTHIO B JUCKYCCHSX,
pelieHnu 3aja4, 00Cy)JIeHusAX U T. A. [Ipu 3ToM akTUBHOCTh CTYJIEHTOB TaKXe MO-
KET YUUTHIBATHCS MIPENOoaBaTeIeM, KaK OIMH U3 CIOCOO0OB TEKYIIEr0 KOHTPOJIS Ha

MIPAKTUYECKUX 3aHATHUSAX.
CaMOCTOSAITeIbHOI padoThI CTYIEHTOB

KOHTpOJ'II) CaMOCTOSTEIILHOM pa6OTBI CTYACHTOB OCYLICCTBIIACTCA HA IIPAKTH-

YCCKHUX 3aHATHUAX CTYACHTOB I10 MCTOAUKAM, OITMCAHHBIM BBIIIIC.

MeToanka NPOMEKYTOYHON ATTECTANNM
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DopMOM OTYETHOCTH 110 MEKIUCLHUIUIMHAPHOMY IPOEKTY SABJISIETCS IUCbMEH-
HBIM OTYET. DTanbl BHITOJIHEHUS IPOEKTA TOTKHBI ObITh OTPAKEHBI B UHANBU Ty alb-

HBIX qoMainHuX 3aganusax (M13).

[TuceMeHHBI OTUET B cOOTBETCTBUU C yTBEpKAeHHBIM B CIIOI'DTY mabno-
HOM IO/ITOTABIMBAETCS CTYICHTOM K OKOHYaHHIO ceMecTpa. B oTuer JomKHbBI OBITh
BKJIFOUEHBI PE3YyNbTaThl BeIMOMHEHUT MJI3 ¢ onncaHueM MCHOIb3yeMbIX TEXHUYE-
CKUX PEILICHUH, TPEACTABICHUEM IMOTYUYEHHBIX 3KCIEPUMEHTAJIbHBIX U PACUETHBIX

JaHHBIX.

I[JISI OLCHKHW MHIAWBUAYAJIbHBIX JOMAITHHUX SaI[aHI/Iﬁ HCIIOJIB3YIOTCA CICAYIO-

1€ KPUTEPUU:

«OTJIMYHOY - MPpHU BeINOJHEHUU N /I3 mocTaBIeHHBIE 33/]a4H 3TANa BBINOJIHE-
HBI B ITOJTHOM 00beMe, M /13 moaroToBIeHO B CPOK, COACpIKaHUE OTpa)KaeT MOTyUCH-
HBIE PE3YJIbTAaThl paOOTHI, HA 3aIIUTE Ha 3aJaHHBIE BOIIPOCHI TaHbI HCUEPITHIBAIOIIINE

OTBETHI,

«XOopomo» - B OTYCTC I10 I/II[3 HUMCIOTCS HE3HAYUTCIIbHBIC HCAOCTATKH, OTBC-

Thbl Ha BOIIPOCHI B XO/IC 3aIIUThI IdHbI HC IIOJIHOCTBIO,

«YIOBIIETBOPHUTEILHO» - MJ|3 HE BBIMOJHEHO B IMOJIHOM 00bEME, TOATOTOR-

JIEHO C HejoueTamu, B POpMyITHMpPOBKaX OTBETOB UMEIOTCS CYIIECTBEHHBIE OIITMOKH

«HEYIIOBJIETBOPUTENIbHO» - M/I3 BBINIOJIHEHO HE B MOJHOM O0bEME, HE BCE
IIOCTABJIEHHBIE 3a/1a4M PELIEHBI, OTYET MOATOTOBJIEH HEKAYECTBEHHO, HE OTPa)XKaeT
CYTb pabOThI, B XOJI€ 3aIlIUThI COACP>KAHNUE OTBETOB HE COBIAJIAET C MOCTABICHHBIM

BOTIPOCOM

PykoBoauTe s MEXAUCIUIUIMHAPHOTO MPOESKTA JIA€T OT3bIB O paboTe CTyIeHTa

Y BUBUPYET OTUET.

ATtTecTtanus NMpOBOAUTCA HA OCHOBAaHMM JOKJIaJIa CTYIAEHTA IO pe3yibraram
BBITIOJTHEHHUSI IIPOEKTA, OT3bIBA PYKOBOAMUTENS IIPOEKTA U oTUeTa. B mponecce 3amu-

ThI IPOEKTOB PEKOMEHIyeTCsl 3a7aBaTh BOIIPOCHI, CBA3aHHbBIE C IPOBEPKON chopmu-
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POBAHHOCTH KOMIIETEHIIMA W MHAUKATOPOB ISl JUCUUTIINHBI.

HuddepeHurpoBanHblid 3a4€T MPOBOAUTCS B YCTHOM (OpME € MpEeaoCTaBIie-

HUEM OTYETA 10 NMPOEKTy. Pekomenayemblii 00beM oTuera npumepHo 20-40 crpanuil.
[1o uroram arTecTanuu BbICTABISAECTCS OLEHKA MO MATUOATUIHLHOMN IIKaJIE.
OrneHKa o UTOraM 3alIUThl BBICTABISIETCS 110 CIECIYIOIIUM KPUTEPUSIM:

«OTIUYHO» - B XO€ pa6OTBI HaJl IIPOCKTOM I CJIN JOCTUTHYTHI ITOJIHOCTBIO, I10-
CTAaBJICHHBIC 3aJa4U BBIIIOJTHCHBI B ITOJIHOM O6’[>€MC, OTYCT MOATOTOBJICH B CPOK U
AKKYpPaTHO, IIPC3CHTAIMA U AOKJIAJ OTPAXKAIOT X0 U PC3YJIbTAThI pa6OTBI, Ha 3a1mTe

Ha 3a1aHHBIC BOIIPOCHI AaHbl HCUCPIILIBAIOIINUC OTBCTHI,

«XOpOomo» - B OTYCTC UMCIOTCA HEC3HAYHUTCIIbHBIC HCIOCTATKKU, OTBCTHI HA BO-

IMPOCHI B XOJ€ 3alIUTHI JaHbBI HC ITOJTHOCTBIO,

«YAOBJICTBOPUTCIBbHO» - HC BCC 3aAa49M IIPOCKTA BBITTOJIHCHLBI B ITOJIHOM 00be-
MC, OTYCT IIOATOTOBJICH C OTACIBbHBIMH HEAOUYCTAMU, OTBCThLI B IIPUHIMIIC IIPpABUJIb-

HBI, HO B JOPMYITHPOBKAX UMEIOTCS CYIIIECTBEHHBIE OLITHOKY;

CHCYHOBJICTBOPUTCIIbHO» - IIPOCKT BBIIIOJIHCH HC B IIOJIHOM O6T)CM€, HEC BCC
IMOCTABJICHHBIC 3aa4X PCIICHBI, OTYCT IIOATOTOBJICH HCKAQYCCTBCHHO, HC OTPAXKACT

CyTh
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7 Onncanue MHPOPMANMOHHBIX TEXHOJIOTHI M MATEPHUATILHO-TEXHUYECKOH 0a3bl

Tun 3angaTui

Tun nomelenus

TpeOoBanus K
MOMeLeHHN IO

TpeGoBanus k
IMPOrpaMMHOMY
o0ecrneYeHuIo

HpaKTI/I‘{eCKI/Ie 3aHsA-
THUA

AynuTtopust

KonmuecTBo mocamouHbIX
MECT -B COOTBETCTBUH C
KOHTUHTEHTOM,  pabouee
MECTO MIperoiaBaTels.
OcHallleHo KOMIBIOTEPHOM
TEXHUKOW C BO3MOKHOCTBIO
MOJIKITFOUeHUs K cetn «WH-
TEpHET» U O0OECIeUCHUEM
JocTyna B DJIEKTPOH-
HYIO UHGOPMAIIMOHHO-
o0pa3oBareibHyl0  Ccpeay
YHUBEPCUTETA.

1) Windows XP
U BBIIIIC;

2) Microsoft
Office 2007 wu
BBIIIIE

CamocrosTenbHas pa-
Oora

ITomemenne maa ca-
MOCTOATENBHON pabo-
Ta

OcHallleHO KOMIBIOTEPHOM
TEXHHUKOH C BO3MOXKHOCTBIO
IMOJKIIOUCHHS K ceTu «MH-
TEpHET» U O00ECIeUYCHUEM
JIOCTYyITa B DJIEKTPOH-
HYIO nH()OPMAIIMOHHO-
o0paszoBaTenbHYI0  Cpeay
YHUBEPCUTETA.

1) Windows XP
Y BBIIIIC;

2) Microsoft
Office 2007 wu
BBIIIIC
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8 AnanTanus pado4yei nporpammsl A Jul ¢ OB3

AnantupoBaHHas MporpaMma pa3padarbiBaeTcsl MPH HATMYUU 3asSBICHUS CO
CTOpPOHBI 00yUarOIIeTrocs (PoaUTENCH, 3aKOHHBIX MPEICTABUTENICH ) U MEAUITTHCKIX
MOKa3aHUK (PEKOMEHIAIIUSIMHU TICUX0JI0TO-MEIUKO-TIEAarOrnueCKOM KoMuccum ). J{is
WHBAJIMOB aJalTUpOBaHHAsl 00pa3oBaTeibHAs MporpamMMa pa3padarbiBacTCs B COOT-

BETCTBUU C MHAUBUYyIbHONU MPOTpaMMON peabuInuTaIUH.
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JUCT PETUCTPAIIMM U3MEHEHUI

Ne
n/n

Jlara

HN3MmeHeHnue

JaTra u HoOMep NPOTOKOJIa
3acexanus Y MK

ABTOp

HavaapHuk
OMOIJIA
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