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1. HEJM U 3AJAYM JUCLHUANJINHBI

1.1. Hean nucuyMnjiMHbI:

— U3y4YCHHE 3aKOHOMEPHOCTEH MPOTEKAHUS OCHOBHBIX TEXHOJIOTHYECKUX OIle-
paruii, IpUMEHIEMBIX MPU WU3TOTOBIICHUHA MATEPUAJIOB M M3ICIHA DJIEKTPOHUKUA U
HAHORJICKTPOHUKH.

— U3YYCHHUE PACUCTHBIX M IKCICPUMEHTAIBHBIX METOJIOB OIMPEACIICHUS PEKU-
MOB TE€XHOJIOTHYECKHUX OTICPAIIHA.

— U3yYCHHUE TPUHITUIIOB JICHCTBHUS OCHOBHBIX 3JICMECHTOB BaKyyMHOI'O0 00O0py-
JIOBAHUS U TEXHOJOTUYCCKUX YCTPOUCTB.

— (hopMHpPOBaHNE HABBIKOB PA0OTHI HA TEXHOJIOTHYECKOM 000pYT0BAHHH.

— U3YYCHHE THUIIOBBIX TEXHOJIOTHUECKHX IPOIECCOB HM3TOTOBJICHHS W3JICTUI
AIIEKTPOHUKH U HAHOAJICKTPOHUKH.

1.2. 3agaun ocBOeHMS IMCUMIUIMHBI. CBOOOJHOE OPUEHTUPOBAHHUE CTYACH-
TOB B OCHOBHBIX TEXHOJIOTMYECKUX OIEpalusix MPOU3BOJACTBA MOTYyHPOBOIHUKOBBIX
pUOOPOB MUKPO U HAHORIJIEKTPOHUKH.

2. MECTO JUCHUIIVIMHBI B CTPYKTYPE OIIOII

Huctunnuna b1.B.06 «TexHonorust uznenuit 3IeKTPOHUKKA U HAHODJIEKTPOHU-
KI» OTHOCHUTCS K JUCHUIUIMHAM 4Yactu Ojoka bl ydeOHoro miana, ¢popmupyemoit
YYaCTHUKaMU 00pa30BaTENIbHBIX OTHOIICHHH.

3. MEPEYEHB IUVIAHUPYEMBIX PE3YJIbTATOB OBYUEHHUS
MO IV CHUTIJINHE

[Tponecc n3ydeHnst TUCIHUTUIMHBI « Te€XHOIOTHS U3IETUI DIEKTPOHUKH ¥ HAaHO-
AJICKTPOHUKMY HAIpaBJieH Ha ((OPMHUPOBAHUE CIACAYIOIIMX KOMITCTCHITHIA:

IIK-4: ymenue paboTath Ha TEXHOJOTMYECKOM O0OOpPYAOBAaHUHU, IPUMEHIEMOM
MIPY U3TOTOBJICHUH U3JICTUI «CHUCTEMa B KOPITYCE;

ITK-6: TOTOBHOCTh K NMPUMEHEHHUIO COBPEMEHHBIX TEXHOJIOTMYECKUX IPOIIEC-
COB M TEXHOJIOTUYECKOTO OOOpYIOBaHMs Ha 3Tamax pa3paboOTKW U MPOHU3BOJCTBA
MUKPOAJIEKTPOHHBIX MPUOOPOB U YCTPOMCTB TBEPAOTEIHHOM dIIEKTPOHUKY;

IMK-7: cnocoOHOCTh UACHTUPHUITUIPOBATH HOBBIE OOJACTH HMCCIIEIOBAHUMN, HO-
BbIe MpoOsieMbl B cepe GU3HKH, MPOSKTUPOBAHUS, TEXHOJOTHU HM3TOTOBJICHUS H
MPUMEHEHUST MUKPOAJICKTPOHHBIX MPUOOPOB U YCTPOUCTB.

Komme- Pe3yabTaThl 00y4YeHus1, XapaKkTepUu3youe

TEeHIUS c(hOpMHPOBAHHOCTH KOMIIETEHIIUHT

[1K-4 3HAThb BUJIbl HEUCIPABHOCTEW, BOSHUKAIOIIMX MPU MOHTaXe U COOpKeE, U
CoCcO0BI UX YCTPAHEHUS;

YMeTb IIPOBOJUTH aHAJIN3 AJIEKTPOPU3NUECKUX MTaPaMETPOB U3/AEIHS;
BJIa/IeTh HaBbIKaMU BBIMIOJHEHHsI COOPKH U MOHTa)Ka MUKPOCOOPOK, IO-
JYTIPOBOAHUKOBBIX MPUOOPOB B COOTBETCTBUU C TEXHUUECKOU JJOKYMEH-




Tallen.

[1K-6

3HATb (bI/IBI/I‘-IeCKI/Ie 3dKOHOMCPHOCTH, JIC)KAINNC B OCHOBC MCTOAOB,
MPUMCHSCMBIX IIPU U3IrOTOBJICHUU MATCPHAJIOB U I/ISIICJ'H/Iﬁ QJICKTPOHUKHN
N HAHOJJICKTPOHHKMH

YMETDb OIIPCACIIATh OKCIICPUMCHTAJIbHBIM UJIM PACYCTHBIM IIYTEM OIITH-
MaJIBHBIC PCIKHUMBI ITIPOBCACHUA OTACIbHBIX TCXHOJIOTHYCCKUX OIICPa-
LM,

BJIAJIETh MPEACTABJICHUSAMHU O BO3MOKHOCTSX IEPCIEKTUBHOTO TEXHOJIO-
TUYECKOT0 000pYI0BaHMS M METOaX KOHTPOJIS U aHaJIM3a XapaKTepH-
CTHK MOJIYYEHHBIX CTPYKTYP.

[IK-7

3HATb OCHOBHBIC TCXHOJIOTUYCCKUC MCTOAbI, IPUMCHACMBIC ITPH U3T'0-
TOBJICHUH MATCPHUAJIOB 1 I/I3I[CJ'II/II>’I QJICKTPOHHUKHN 1 HAHOJJICKTPOHHUKH,

YMETDb UCIIOJIB30BAaTh AJIA BBIIIOJIHCHHA OTACIIBHBIX onepannﬁ CTaHaapT-
HOC TCXHOJIOI'MYCCKOC 060py,Z[0BaHI/Ie;

BJAJA€Tb IIPCACTaBJIICHUAMMU O IICPCIICKTHBAX U TCHACHIUAX PAa3BUTHUA
TCXHOJIOTHH I/ISIIGJII/Iﬁ QJIICKTPOHHUKH M HAHOJJICKTPOHUKH.

4. OFBEM JUCIUATIIMHBI (MOIYJIS)

061113}1 TPYAOCMKOCTb AHUCHUILIINHBI «TexHonorus I/IB,ZIGJ'IHﬁ QJICKTPOHHUKHU H
HaHOJJICKTPOHUKN) COCTABJIACT 5 3a4eTHBIX CAHNHUII.
Pacnpe;[eneHHe TPYAOCMKOCTH OUCHHUILIIMHBI 110 BUAaM 3aHATUM

OuHasi popma o0yueHMsI

Bun yaeOHo# paboTh Bcero CemecTpsl
4acoB 7
AyauTopHbIEe 3aHATHS (BCEro) 50 50
B Tom uucne:
Jlexuum 34 34
JlabopaTopnsbie pabotsl (JIP) 16 16
CamocTrosiTeibHasi padoTa 103 103
KypcoBoii mpoekt + +
Yackl Ha KOHTPOJIb 27 27
By npomMexyTOYHOM aTTecTalyu - 3K3aMEH + +
OO6m1as Tpy10€MKOCTh gac 180 180
3ad. e/l 5 5

3aounasi popma o0yueHust

Bun yaeOHO# paboThI Bcero CemecTpsl
JacoB 9
AyauTopHbIE 3aHATHS (BCEro) 12 12

B ToMm uuncjie:

Jlexnuu 8 8




JlabopaTopusbie pabotsl (JIP)

CamocTosiTeJibHasi padoTa

159

159

KypcoBoii npoekT

+

+

Yacel Ha KOHTPOJIb

(o]

(o]

BI/II[ HpOMe)ICYTO‘IHOfI AaTTCCTalluM - DK3aMCH

OO01ast Tpy10eMKOCTh

qac 180

180

3a4. 1.

5. COAEPKAHME JUCHUTLIAHBI (MOYJIST)

5.1 Conep:kanue pa3aesioB TUCUMILIMHBI U pacnpeaejeHue TPyI10eMKOCTH
0 BUAaM 3aHATHH

o4yHasi popma 00yueHHs

YCTPOICTB — «CBEPXY-BHU3» U «CHU3Y-BBepX» (10 paboram P. deiimana u O.
Jpexcnepa), MEXaHU3MBI POCTA TETEPOCTPYKTYP B HAHOIIEKTPOHUKE (OCTPOB-
KOBBI, TIOCTIOIHBII U MPOMEXKYTOYHBII); CTaIK POCTOBOTO Mporiecca; dace-
THPOBAHUE PACTYIIeH MOTYIPOBOAHIKOBOMH INICHKH; yUeT IIOBEPXHOCTHOH
SHEPTHH MpH (HOPMUPOBAHNUH yCTPOHUCTB HAHOIIEKTPOHUKH

Ne | Hammenosanue JIa6. Bcero
Copeprkanue pazjena Jlekn CPC
/11 TEMBbI 3aH. qac
1 |OcHoBHble TeHneH- |BBomuble monsTHs. Vicropnueckuit sxckypc. I1oirynpoBoTHIKOBEIE TPHOOPHL.
LMY pa3BUTHA MUK- |['mOpuaHbIe HHTETpaNbHbIe CXeMBbl. [101ynIpoBOAHIKOBEIE HHTETpaJIbHBIE CXe-
po- 1 HaHORJIEKTPO- |MBL. [lepexo/ K HU3KOpa3MEpHBIM CUCTEMaM 4 4 10 18
HukH B Poccuu u 3a
pyOexxoM
2 |Marepuainsl Mukpo- |CTpoeHHe U CBOMCTBA MaTEpPHaIOB MUKPOAJICKTPOHUKHU. [101yTpoBOAHUKH U
1 HAaHOYJIEKTPOHUKY |uX cBoicTBa. [TomynpoBoaHuKOBEIE CTPYKTYpHI. [Ipenmnocsiiku nepexona ot
MHKpPO- K HaHOBJIeKTpoHUKe. OnpeaeneH s Me30CKOINIECKUX CTPYKTYp, CH-
CTEM IIOHIKCHHON pa3MEpHOCTH, HAHOYACTHILl, HAHOTEXHOJIOT UM, KBAHTOBO- 4 4 10 | 18
pa3MepHBIX CTPYKTYP, CIOKHBIX (OMHAPHBIX, TPETUYHBIX H T.J.) HOIYIPOBOI-
HUKOBBIX MOHOKPUCTAJUIMUECKUX MaTepUaIOB, FeTePOCTPYKTYp U rereporepe-
XOJ/I0B, CBEPXPEIIETOK, HAHOTPYOOK, MarHUTHBIX MYJIbTUCIIOEB, HUTEBUIHBIX
HAHOKPHCTAIIIOB.
3 |Texnonmormueckue |I[loxydeHre >MEKTPOHHO-IBIPOYHBIX CTPYKTYp MeToI0M Iuddysnn. Mexa-
OCHOBBI MUKPO- ¥ |HU3MBI AN(QY3UH B MOTYyTIPOBOAHUKOBEIX MaTepranax. MaremaTnaeckas
HAHOICKTPOHUKH |Teopust quddy3un. [IprHINI TernpoBaHUs METOJOM BHEJPEHNUS HOHOB B
TBepaoe Teq0. OCHOBHBIE PUHIUITBI U XapaKTEPUCTUKU Mpoliecca HOHHOTO 4 4 10 18
JerupoBaHust MeToibl U3rOTOBJICHUS MAaCKUPYIOIIUX U U30JIUPYIOLIUX IIe-
HOK. MUHUMAaJIbHBIN TOMOJIOTHUECKUI pa3Mep — OCHOBHOM MOKa3aTeNb YPOBHS
TeXHOJIOruHu. JIokaJlbHOE aHOJHOE OKHUCIICHHUE.
4 |BozmoxHOCTH, OCHOBHBIE IIEN | 33/[a4H JIUTOTPadUIECKHX MponeccoB. POTOPE3UCTHI U UX
OTpaHWYEHHUS H cBoifctBa. oTonurorpadust ¥ OCHOBHBIE HTAIEI ee poBeneHus. Pusnueckne
MEPCTICKTUBHI pa3- |M TeXHOJIOrHYecKue orpanudenus dportonurorpadguu. OcHoBbl YP- , peHTre-
BUTHS IUTOrpadu- |HO-, AEKTPOHO- M HOHOIUTOrpady, NX BOZMOXKHOCTH M TpodieMbl. Baanmo-
YEeCKHUX, INIa3MEH-  |ZeiicTBUe SHEPreTHYeCKUX HOHOB C MaTepHanaMu. OU3UKO-XUMHUYECKUE MPO-
HBIX U IJIa3MOXU-  |LIeCChl B HU3KOTEMIIepaTypHOil razopaspsiaHoit miasme. IIporeccs! TpaBieHus
MUYECKHX TpoLec- |1 OYUCTKU MaTepuanoB ¢ ucnoib3zoBaHueM HI'TI. OcHOBBI HOHHOTO TpaBile- 4 4 10 | 18
COB TIPOM3BOACTBA  |HUS, IIIA3MOXUMHIECKOTO TPABICHUS X HOHHO-XMMHYECKOTO TPABICHHUS Ma-
TepuanoB. [IepCreKTHBEI HCIONB30BaHMS METOIOB B TEXHOJIOTHSAX MIPOM3BOI-
CTBa AIIEKTPOHHOW KOMIIOHEHTHOH 0a3bl. HaHOMMTOTpadus: 3meKTpoHHO-
mydeBast portorpadus (DJ1J1), nonno-mydepas murorpadus (UJJI), Hanome-
4aTh, MIEPheBasi HAHOIUTOrPA(USL; - CAMOPETYIUPYIOIINECS MPOLECCHI: CaMO-
cOopKa, caMoOpraHu3alys Ha MOBEPXHOCTH MaTepHana U B 00beMe.
5 |Omurakcus. Ousn- |Pu3ndeckre 0OCHOBBI METOAOB AUTAKCHAIBHOTO BHIpAIMBAHMS IIEHOK. KoH-
YecKHe SIBIICHUS B |TPOJIb KauecTBa ATUTAKCHAIBHBIX IUIEHOK. DIHTAKCHATbHBIE METOIBI OTyde-
TeTepOCTPYKTypax U |HUsI HAHOCTPYKTYP. MeTOAbI MOJIEKYISIPHO-ITyYKOBOH STINTAKCHH, STIUTAKCHA
IpuOOpHEIE TpHUMe- |U3 METANIOPTaHMIECKIX COeANHEHNH (MeTautopraniudeckast razodasHas 3u-
HEHUSI TeTePOCTPYK- | TaKCUs) M )KUAKOCTHOH SMUTAKCHHU — KaK TEXHOJIOTHIECKHE IT0IXObI MOTyde-
TYp HUSI TETEPOCTPYKTYP. JIBE€ KOHLIENTYanbHbIE MAPAAUTMbl IOTy4EHUs1 HAHO- 4 - 10 14




6 |llomyuenue mienok |Tepmuueckoe BakyyMHOE HalbUIeHHE. PacnbuieHue MaTepuaioB HOHHON OOM-
METOJaMH TepMOBa- |6apaupoBkoii. KaToHoe, HOHHO-IIa3MEHHOE, BEICOKOYACTOTHOE, MArHETPOH-
KyyMHOTO HCTIape- |Hoe pachbuieHHe. MHOrocnoiHble KOHTaKTHBIE ccTeMBl. [Inockue n 06beM- 4 ) 10 | 14
HUS ¥ HOHHO- HBIE BBIBOJIBI, METOABI MX (hOpMUpOBaHNUs. MeToIbI KOHTPOJIS KauecTBa OMHU-
IUTa3MEHHOTO pac- |4eCKUX KOHTAKTOB, ITyTH ITOBBIIICHNS HA/IS)KHOCTH KOHTAKTHBIX CHCTEM.
ITBUICHHS
7 |MuxpomuHHaTIOpH- |PH3MYEcKOe MacIITAONPOBAHHE TOIYIPOBOJHUKOBEIX CTPYKTYp. DPusnueckue
3aIys U3JeIuit U IapaMeTpHIEcKHe OTpaHUIEHHS IPH MacIITaOUPOBAaHUH JIEMEHTOB HHTE-
MHUKPOIJICKTPOHHUKH |rpanbHbIX cXeM. OOBbEeKThl HAHOAIEKTPOHUKH. [IpocTpaHcTBeHHBIE MacuTalObl | 4 - 10 14
Y HAHOQJICKTPOHUKH |HaHOAIEKTPOHUKH. OO11ast CTPYKTypa HAaHOJIEKTPOHHBIX IPHOOPOB. DIekK-
TPOHHBIE YCTPOICTBAa HA HAHOCTPYKTYpax.
8 |Merozp! nomydyenust | MeTop! MOTyYeHUsI HAHOYACTUI] M HAHOMATepHAIOB: XUMHYECKHE METOIbI;
1 YCTPOWCTBA HAaHO- |BEICOKOYACTOTHBIN MHYKIIHOHHBII HarpeB; NMITYJIECHBIC JIa3€PHBIC METOIHI;
MEKTPOHUKHI TEPMOJIU3 U KaTalau3. DIEKTPOHHBIE YCTPOIICTBA HA HAHOCTPYKTYPax: KBAHTO- 2 ) 10| 12
BBII HHTEP(EPEHIIMOHHBINA TPAH3UCTOP; OJHOIICKTPOHHBIN TPAH3UCTOP; TPAH-
3UCTOP Ha TOPSIUUX EKTPOHAX; TYHHETbHO-PE30HAHCHBIN MO/ U TPAH3H-
CTOp.
9 [Texnomoruueckuii |TepMokoMIIpecCHOHHAs CBapKa. YIbTpa3ByKoBas cBapka. MUKpOKOHTAKTHAas
nporecc cOOpKu cBapka. Beibop marepuana st popMupoBaHus BEIBOIOB. CIIOCOOEI M TEXHO-
MIOJTYTIPOBOAHUKO-  |JIOTHH ()OPMHUPOBAHUS IAPUKOBBIX/CTOJONKOBBIX BHIBOJIOB HA KPUCTAI-
Boix UMC nax/kopmycax s coopku Mmeronom «flip-chip». O6opynoBanue 1 hopmu- 2 - 12 14
poBaHUs BbIBOJI0B. KOHCTpyKIHU KOPIyCOB. MaTepuabl, HCIONIb3yeMbIe IS
M3TOTOBJIEHHS KOPITYCOB: KEPaMHKa, IIacTMacca, MeTall. 3aluTa KpUcTal-
JIOB OT BHEIIHETO BO3eicTBHsA. becKopIycHasi 1 KOpITyCHasi FepMeTH3anusl.
10 |BbixonHO# KOH- DIIEKTPO-TepMOTPEHUPOBKA. KOHTPOJIb DNIEKTPUYECKUX TapaMETPOB MOIYIIPO-
TPOJIb COOPOYHBIX  |BOJHHMKOBBIX TPUOOPOB. METOABI KOHTPOJISI TePMETHYHOCTH KOPITYCOB. 2 - 11 | 13
onepanui
Bceero| 34 | 16 | 103 | 153
KoHTtpo.Jib 27
Hroro 180
3a04Has (popma 00y4eHuUs
Ne HaumenoBanne JIab. Bcero
Conepxanue paznena Jlexn CPC
/11 TEMBbL 3aH. qac
1 |OcHoBHble TeHneH- |BBomuble monsThs. Vicropnueckuit sxckypc. I1oirynpoBoTHIKOBEIE TPHOOPHL.
LMK pa3BUTHA MUK- |['MOpuaHbIe HHTErpaNbHbIe cCXeMBbl. [101ynpoBOAHMKOBEIE HHTETPaJIbHBIE CXe-
po- ¥ HaHOBJEeKTPO- [MBI. [lepexon kK HU3KOpa3MEpHBIM CHCTEMaM 2 - 16 | 18
HuKH B Poccuu 1 3a
pyOesxom
2 |Marepuansl Mukpo- |CTpoeHHe U CBOMCTBa MaTepPHaIOB MUKPOJIEKTPOHUKH. [10JIypoBOTHUKH 1
1 HAaHOYJIEKTPOHMKY |uX cBoiicTBa. [TomynpoBoaHHKOBEIE CTPYKTYpHI. [Ipeamnockuiku nepexona ot
MHKpPO- K HAHODJIEKTpOHUKe. Onpe/ieseHus Me30CKOIMNIECKUX CTPYKTYp, CH-
CTEM IOHIKEHHOH pa3MepHOCTH, HAaHOYACTHI], HAHOTEXHOJIOT Ui, KBaHTOBO- 2 ) 16 | 18
Pa3MepHBIX CTPYKTYP, CIOKHBIX (OMHAPHBIX, TPETUYHBIX H T.J.) HOIYIPOBOI-
HHUKOBBIX MOHOKPHCTAIUINIECKUX MaTepHAIOB, TETEPOCTPYKTYp U TeTepornepe-
XOJIOB, CBEPXPEIIETOK, HAHOTPYOOK, MArHUTHBIX MYyJITUCIOEB, HUTEBUIHBIX
HAHOKPHCTAIIIOB.
3 |Texuonornueckue [IlodyueHne aMEKTPOHHO-IBIPOYHBIX CTPYKTYP MeToIoM nuddy3un. Mexa-
OCHOBBI MUKPO- ¥ |HU3MBI AU(dy3UH B MOTYIPOBOIHUKOBEIX MaTepraiax. MaremaTnueckas
HAHOIEKTPOHUKH |Teopust quddy3un. [IpuHIMT TernpoBaHus METOJOM BHEJPEHUSI HOHOB B
TBepoe Teno. OCHOBHbIE NPUHIHUIIBI U XapaKTEPUCTUKU Ipoliecca HOHHOTO 2 2 16 | 20
JIETHPOBAaHUA MeTO/IbI H3TOTOBICHHUSI MACKUPYIOIINX U H30JIUPYIONIHNX ILIe-
HOK. MUHIMAITBHBIH TOMOJIOTHUYECKHUH pa3Mep — OCHOBHOM ITOKa3aTeNb YPOBHS
TexHosIoruu. JIOKanbHOEe aHOJHOE OKUCIICHHE.
4 |Bo3moxHOCTH, OCHOBHBIC 1M U 3aJ1a4H JTUTOrpaduIecKux mpoueccoB. GOTOpe3UCTHI U UX
OrpaHUYEHUS U cBoiictBa. oTonurorpadust 1 OCHOBHBIE ITAlbI ee poBeneHus. Ousnueckue
HEPCHEKTHBEI Pa3-  |M TeXHOJIOTHYecKre orpanndeHus Gporomurorpadun. OcuoBsl Y- , peHTre-
BUTHS TUTOTpady- |HO-, 3JIEKTPOHO- U MOHOJIUTOrpaduu, UX BO3MOXKHOCTH U MpobiieMbl. B3anmo-
YECKHX, INIa3MeH- | JeHCTBUE PHEPTeTHIECKUX HOHOB ¢ MaTepuanaMu. DU3HKo-XIMIIECKHe IIpo-
HBIX M IJIa3MOXH-  |[Ie€CcCHl B HU3KOTEMITEpaTypHOH ra3opaspsqHoi mia3me. [Ipomecch! TpaBieHus
MHUYECKHUX TIPOIIEeC- |M OYUCTKH MaTepuaioB c ucronb3oBaHueM HI'TI. OcHOBEI HOHHOTO TpaBie- 2 2 16 | 20

COB IIPOU3BOACTBA

HHS, TUIA3MOXMMHYECKOTO TPABJIEHUS U HOHHO-XMMHUYECKOTO TPABJICHHUS Ma-
TCPHUAJIOB. nepCHeKTHBbI HMCII0JIb30BaHUA METOA0OB B TCXHOJIOTUAX ITPOU3BO -
CTBa DJIEKTPOHHOM KOMIIOHEHTHOM 0a3bl. HaHoauTOrpadust: 3JeKTpOHHO-
nydeBas Gportorpadus (DJ1JI), nonno-nydesas nsurorpadus (M), Harorme-
9aTh, EPbeBask HAHOMHUTOTPA(US; - CAMOPETyIHPYIOIIHECS MPOLECChI: CaMO-
cbopKa, cCaMOOpraHu3aIys Ha IOBEPXHOCTH MaTepralia i B 00beMe.




5 |Onurakcus. Pusn- |Duznyeckue 0OCHOBBI METOOB UTAKCHAIBLHOTO BhIpaIlUBaHus MIeHOK. KoH-
YeCKHUe SBJICHUSA B |TPOJIb KA4eCTBA AMUTAKCUAIBHBIX TUICHOK. DNUTAKCHAIBHBIC METOABI MOTyde-
reTepOCTPYKTYPaxX U |HUS HAHOCTPYKTYP. MeTobl MOJIEKYISIPHO-ITyYKOBOH AMUTAKCHUH, SITUTAKCUU
IpUOOpPHEIE IPUMe- |U3 METaUIOPraHMYeCKIX COeANHEHNH (MeTautopranudeckas razogasHast 31u-
HEHUSI TeTePOCTPYK- |TaKCUs) ¥ )KUAKOCTHOH SITUTAKCHH — KaK TEXHOJIOTHIECKHE IT0IXObI MOTyde-
Typ HUS TeTEePOCTPYKTYP. [IBe KOHIENTyalbHbIe TapaJurMbl OITyYeHUS] HAaHO- 16 | 16
YCTPOHCTB — «CBEPXY-BHH3» H «CHU3Y-BBepX» (10 paboTam P. Oeiimana u 3.
Jpexcnepa), MEXaHU3MBI POCTA TETEPOCTPYKTYP B HAHOIIEKTPOHUKE (OCTPOB-
KOBBIH, TOCTIOMHBIN M IPOMEXYTOUHBIN ); CTa MK POCTOBOTO Mpoliecca; ace-
TUPOBAHUE PACTYIIEH MOJYNPOBOIHUKOBOM IJICHKU; Y4YET MOBEPXHOCTHOM
SHEpruu npu GopMHUPOBAHUN YCTPOWCTB HAHODICKTP OHUKH
6 [[lomyuenue mnenok |TepMmudeckoe BakyyMHOE HallbUICHHE. PaciibliieHne MaTeprnaaoB HOHHOM OoM-
METOJJaMH TepMoBa- |6apaupoBKkoii. KaToHoe, HOHHO-IUTa3MEeHHOE, BEICOKOYaCTOTHOE, MarHeTPOH-
KyyMHOT'O HCTIape- |Hoe pachbuieHHe. MHOToCIoiHbIe KOHTaKTHBIE chcTeMBl. [Tockue u 06beM- 16 | 16
HUS 1 HOHHO- HBIE BBIBOJBI, METOBI UX (POPMUPOBaHUSA. MeTOIbI KOHTPOJIS KadyecTBa OMU-
IUTa3MEHHOTO pac- |4ECKUX KOHTAKTOB, ITyTH NOBBIIICHUS HA/IC)KHOCTH KOHTAKTHBIX CHCTEM.
TIBUICHUS
7 |MuxpomuHHaTIOpH- |PH3HYecKoe MacITAONPOBaHHE TOJIYIPOBOJHUKOBEIX CTPYKTYp. Onsnaeckne
3aIysl U3JIeTHi U ITapaMeTpHIecKre OTpaHIIEeHHs IIPH MacCIITaOUPOBAaHHUH HJIEMEHTOB MHTe-
MHKPOAJIEKTPOHUKH |TpasibHBIX cXeM. OOBEeKTH HAHOIEKTPOHUKH. [IpocTpaHCcTBEHHBIE MacITaObI 16 | 16
1 HAaHOYJIEKTPOHHKY |HaHOIEKTPOHHUKHU. OO0IIast CTpyKTypa HaHOJICKTPOHHBIX IIPHOOPOB. DJIeK-
TPOHHBIC YCTPOMCTBA HA HAHOCTPYKTYpax.
8 [Merozap! momyyenus |MeToas! moydeH:s: HAHOYACTHI] 1 HAHOMATEPHUAIOB: XUMUYECKUE METO/IBI;
1 YCTPOWCTBA HAHO- |BBICOKOYACTOTHBIN HHAYKIIMOHHBIH HATPEB; IMITYJIbCHBIC JIa3ePHBIC METO/IBI;
EKTPOHUKHI TEpMOJIU3 U KaTaju3. DIEKTPOHHBIE YCTPOICTBA Ha HAHOCTPYKTYPaX: KBaHTO- 16 | 16
BBII HHTEP(EPEHIIMOHHBIA TPAH3UCTOP; OAHOIEKTPOHHBII TPAH3UCTOP; TPaH-
3HCTOP Ha FOPSYNX IEKTPOHAX; TYHHEIbHO-PE30HAHCHBIN THOJ U TPaH3H-
CTOP.
9 |Texnonormueckuii |TepMokoMIIpeccHOHHAs CBapKa. Y IbTpa3ByKOBas cBapka. MUKPOKOHTaKTHAsI
poruecc cOOpKu cBapka. Beioop Matepuana 1 hopMuUpoBaHus BbIBOIOB. CIIOCOOBI M TEXHO-
MOJYIIPOBOAHUKO-  [JIOTHH ()OPMUPOBAHUS IAPUKOBBIX/CTOIONKOBBIX BBIBOJIOB Ha KPHCTAI-
Beix UMC nax/xkopmycax i coopku MetonoM «flip-chip». O6opynoBanue s Gpopmu- 16 16
poBaHUs BEIBOJIOB. KOHCTpYKIIHN KOPITyCOB. MaTepuraibl, HCIOIb3yeMble IS
M3TOTOBJICHHS KOPITYCOB: KepaMHKa, IlacTMacca, MeTaul. 3aliuTa KpucTal-
JIOB OT BHEIIHETO Bo3zeiicTBHs. beckopnycHas 1 KOpIycHasi repMeTH3anusl.
10 |BrixoaHO#M KOH- DIIEKTPO-TePMOTPEHUPOBKA. KOHTPOJIb 3JIEKTPUYECKUX TTApaMETPOB MOTYIIPO-
TPOJb COOPOYHBIX  |BOJHHKOBBIX MPHUOOPOB. METOIBI KOHTPOJISI TEPMETHYHOCTH KOPITYCOB. 15 | 15
onepanui
Bcero 159 | 171
Kontpoan 9
Hroro 180

5.2 IlepevyeHb 1a00paTOPHBIX PadoT

H~wnh e

Amnanu3 mapamerpoB ACM-u3o0pakeHus.
[1na3MoXUMHUYECKOE TPABICHUE KPEMHUS U OKCUAA KPEMHHUS

Muxkpoc6opka UMC
N3mepeHne 37eKTpUIECKUX XapaKTEPUCTUK MOTYIIPOBOIHUKOBBIX U3EIHMA

6. IPUMEPHAS TEMATHUKA KYPCOBBIX ITPOEKTOB (PABOT)

N KOHTPOJIBHBIX PABOT

B cooTBeTCTBHM C yueOHBIM MJIAaHOM OCBOCHHE AUCIUTIIMHBI « TEeXHONIOTHS 13-
JIETUH SJIEKTPOHUKY U HAHORJICKTPOHUKI MPEAYCMATPUBACT BBHITIOJTHEHHE KYPCOBOTO
mpoekTa B / cemectpe 11l o9HOM (hopmbl oOydeHusi, B 9 ceMecTpe it 3a09HOU (op-
MBI 00y4YeHHUS
[IpumepHas TemaTHKa KypCcOBOTO MPOEKTa



1. Pacuer ckopocTH pocTa 3MUTAKCHAJIBHOIO CJIOS KPEMHHUS M3 Iapora3zoBou
dbasbl.

2. Pacuer pacmpeneneHust Jjerupyromeii npumecu mnpu ee aupdysud B
ITOJIYTIPOBOJHUKOBYIO IUIACTUHY M BPEMEHHOM 3aBHCUMOCTH IIOJIOKEHMSA P-N
nepexoza.

3. Pacyer ckopocTH pocTa W TOJNIIMHBI 3MUTAKCUAIBHOTO CJIOS MPHU BBIpAILH-
BAHUH U3 PACTBOpA-pacIlIaBa.

4. Pacuer sHEpreTMUecKHX MOTEPh YCKOPEHHBIX MOHOB B aMOpP(HOM TBEPAOM
Tee.

5. Pacuer cpenHero moysHoOro npodera yCKOpeHHbIX HOHOB B aMOP(GHOM TBEPJIOM
Tee.

6. Pacuer cpeaHero HOpMaJlbHOTO IPOOEra U CTPArrjIMHIa HOPMAJILHOTO Mpodera
YCKOPEHHBIX HOHOB B aMOP(GHOM TBEP/IOM TeJIE.

7. Pacder pacrnpenesieHuss HOHHO-UMIUTAHTHPOBAHHBIX MPUMECEH B OJTHOPOJIHOMN
MUILIEHU B IPUOIMKEHUU ABYX NTapaMETPOB.

8. Paspemaromias crmocoOHOCTb, MOTPEIIHOCTH, HCKaKEHUS W apTeakThl B
CKaHUPYIONIEH 30HI0BOM MUKPOCKOIIHHU.

9. KonrtaktHOoe M OeckoHTakTHOEe (popmHpoBaHHE HaHOpeTbeda MOBEPXHOCTH
ITOJJIOXKEK.

10.Moaudukaims CBOICTB cpeAbl B 3a30p€ MEXIy MNPOBOISAIIMM 30HIOM U
ITOJIOKKOM.

Y4eOHBIM TIAHOM M0 JTUCHUIUIMHE «TeXHONOTUS M3JEIN AJIEKTPOHUKH U
HAHORJICKTPOHUKI» HE MPEIYCMOTPEHO BHITIOJIHEHUE KOHTPOJIBHBIX padoT.

7. OHUEHOYHBIE MATEPHUAJIBI JIJIsI TPOBEJEHMS
MPOMEXYTOYHOI ATTECTALIMM OBYYAIOILMXCS 1O
JTUCUMIIUHE (MOJYJIIO)

7.1. Onucanue noKasaresjael 1 KPUTEPUEB OLCHMBAHUS KOMIIETECHIUI HA
Pa3JIMYHbIX 3Tanax ux GopMrUpoBaHMs, ONIMCAHME IIKAJ OLIEHUBAHUS

7.1.1 JTan TeKyuero KOHTpoJst

Pe3ynbraTel TEKyLIEro KOHTPOJIS 3HAHUW U MEKCECCUOHHOM aTTECTalllU OLie-
HHUBAKOTCSA M0 CIEAYIOLIEH CUCTEME:

«aTTECTOBaH»;

«HE aTTECTOBAHY.

PesyabTaTsl 00y4yeHus,
Komme- Kpurepun
XapaxkrTepu3yrouue ATTecTOBaH He aTTecToBaH

TeHIUs OlLleHUBAHUSA

c(hopMHPOBAHHOCTH KOMIIETEHIIUH
[IK-4 | 3HaThL BUABI HEUCTIpaBHOCTEH, BO3- | CmaHa Teopusi, BbI- Brmonuenne pabor | HeBsimonnenne padbot

HHUKAIOIXX [IPU MOHTaXKE M COOpKe, | IOJNHEHBI JabopaTop- | B CPOK, MPETYCMOT- | B CPOK, ITPETYyCMOT-

1 CTIOCOOBI X YCTPaHEHHUS; HBIE Pa0OTHI, BRINIOJN- | PEHHBIN B pabounx | peHHbIH B pabodmx

HEH KypCOBOW IPOEKT| Mporpammax IIporpamMmax




YMeThb IPOBOAUTH aHAJINU3 DJICKTPO-
(1)I/I3I/I‘ICCKI/IX napaMeTpoB U3 LU,

Cnana Teopus, BbI-
TIOJTHEHBI J1aboparop-
HbI€ pabOTHI, BHIITOJ-
HEH KYPCOBOH MPOEKT

Brimonaenue pabor
B CPOK, TIPEYCMOT-
PEHHBIH B pabouux
nporpammax

HesbinonHenue padot
B CPOK, MPEITyCMOT-
PEHHBII B pabounx
nporpammax

BJIa/eTh HABBIKAMH BBITTOJTHEHHS
cOOpKHM U MOHTa)kKa MUKPOCOOPOK,
MOJIYTIPOBOJHUKOBBIX IIPHOOPOB B
COOTBETCTBHMH C TEXHHYECKOH TOKY-
MEHTAaLUEI.

Cnana Teopusi, BbI-
MIOJTHEHEI JTabopaTop-
HbI€ pabOTHI, BHIITOJ-
HEH KypCOBOI IIPOEKT

Brimonaenue pabor
B CPOK, TIPEYCMOT-
PEHHBIH B pabouux
porpaMmax

HesbinonHenue padot
B CPOK, TIPEyCMOT-
PEHHBII B pabounx
IporpaMMax

MCTOAbI, IPUMCHACMBIC IIPU U3I'0-
TOBJICHUU MATCPUAJTIOB U I/IS,HCJ'II/Iﬁ
OJICKTPOHUKHU U HAHODJICKTPOHUKHU,

TIOJTHEHB! JTabopartop-
HBIE pabOTHI, BBIITON-
HEH KypCOBOH IPOEKT

B CPOK, TIPETYCMOT-
PEHHBIH B pabounx
porpamMmmax

[IK-6 | 3HaTh Qpu3MIECKHe 3aKOHOMEPHO- Cnana Teopusi, BBI- Brmmonaenne pabdor | HeBsimonHenne padbot
CTH, JIS)KAIHe B OCHOBE METOJIOB, MIOJTHEHBI J1a00paTop- | B CPOK, IIPEIYCMOT- | B CPOK, IPEIYCMOT-
NPUMEHSEMBIX IPH M3TOTOBJICHUW | HBIE PaOOTHI, BBINON- | PEHHBIH B paboYNX | PEeHHBIH B pabo4HX
MaTepHaJIOB U M3JEIHUH IEKTPOHH- | HEH KypCcOBOW MPOEKT| IporpamMax nporpammax
KU 1 HAaHOYJICKTPOHHKH;
yYMeThb ONpeeNsiTh dKCICPHMEH- Cpnana teopusi, BbI- BrmonHenue pa6ot | HeBbinonueHue padot
TaJIbHBIM WJIM PaCYETHBIM IyTeM TIOJTHEHBI 1ab0paTop- | B CPOK, IPELYCMOT- | B CPOK, IPEYCMOT-
ONTHMAJIbHBIE PEXKUMBI TIPOBEACHHS | HbIE pa0OThI, BBINOI- | PEHHBIH B pabounx | pPEeHHBIH B pabounx
OTACJIBHBIX TCXHOJOIHYCCKUX OIIC- HCH KprOBOﬁ IPOCKT | IMpoTrpaMMax mnmporpammax
parwii;
BJIAIETh IIPEACTABIICHUSIMH O BO3- Cnana Teopus, BBI- Beimosnaenue pador | HeBbimonHeHue padot
MOXHOCTSIX MEPCHEKTUBHOIO TEXHO- | TOJHEHBI 1a00paTop- | B CPOK, IIPEIYCMOT- | B CPOK, IPEAYCMOT-
JIOTHYECKOro 000pyIOBaHUS M METO-| HBIC paOOTHL, BBIIOJN- | PEHHBIA B pab0YMX | PEHHBIH B pabounx
Jax KOHTPOJIS M aHAJIM3a XapaKTepH-| HEH KypCOBOM MPOEKT | MpOrpaMmmax nporpammax
CTHK MOJYYCHHBIX CTPYKTYP.

[IK-7 | 3HaTh OCHOBHBIC TeXxHOJOTHMYeckue | CraHa Teopus, BbI- BrmonHenue pabot | HeBbimonueHue padot

B CPOK, TIPEyCMOT-
PEHHBIH B pabounx
porpamMmmax

YMeTb HCIIOJIb30BaTh ISl BHITIOJIHE-
HUS OTIENBHBIX ONepaIiii CTaH-
JApTHOE TEXHOJIOTHIEeCcKoe 000pymo-
BaHMHC,

Cnana Teopus, BbI-
TIOJTHEHBI J1abopaTop-
HbIe PaOOTHI, BHIIOJI-
HEH KYPCOBOI NPOCKT

Brinonuenue pabor
B CPOK, TIPEIYCMOT-
pEHHBIHN B pabodnx

porpaMmax

Hesrbmonnenue pabot
B CPOK, TIPEYCMOT-
peHHbII B pabouux
porpammax

BJaA€Th IPEJICTABIICHUAMUA O IIE€P-
CIICKTUBAX W TCHACHIUAX PA3BUTHUL
TEXHOJIOTHUH PIS,IleJ'II/Iﬁ JJICKTPOHUKHU U
HAHOJ3JICKTPOHHMKH.

Cnana teopusi, BbI-
TIOJTHEHBI JTaboparop-
HBIE pabOTHI, BBIITOJ-
HEH KypCOBOH IPOEKT

Bermonaenue pador
B CPOK, IIPEYCMOT-
PEHHBIH B pabounx
porpammax

HesbimonHenue padot
B CPOK, TIPEyCMOT-
PEHHBII B pabounx
porpammax

7.1.2 JTan npoMe:KyTOYHOI0 KOHTPOJISI 3HAHUH
Pe3ynbTaThl MpOMEKYTOUHOTO KOHTPOJIS 3HAHUM OLIEHUBAIOTCA B [ ceMecTpe
Ut O9HOUM (opMbl 00ydeHus], B 9 cemecTpe s 3a0uHOi Popmbl 00ydeHHUs 1O ye-
ThIPEXOAITLHON CUCTEME:

«OTJIUYHO;

«XOPOIIIOY;
«yHOBJIETBOPUTEIBLHOY;
«HEYIOBIIETBOPUTEIILHO.

Pe3yabTaThl 00yuyeHus,
Kommne- Kputepun
XapaKTepusyloumue OtanyHo Xopowmo YnoBa Heynosa

TCHIUA DICHUBAHUSA

copMHPOBAHHOCTH KOMNETEHIMHU
TIK-4 | 3HATB BUABI HEHCTIPABHOCTEH, Tect Brmosnnenue | Beimonnenue te- |Boimosnenue |B Tecte Mme-

BO3HUKAIOIINX [P MOHTaXe U tecta Ha 90 — | cta Ha 80 — 90 % |recra Ha 70 — [Hee 70 %

cOOpKe, U CIIOCOOBI X YCTpaHe- 100 % 80 % MIPaBHIBHBIX

HUS, OTBETOB

yYMeTh IIPOBOJUTH aHAJIU3 DJIEK- Pemenue 3amaum peme- | [IpomemoHcTpH- [Iponemon- 3amaun He

TquH/I3I/IquKI/IX HapaMeTpOB us3- CTaHAAPTHBIX HbI B [TIOJIHOM poBaH BeprIi;l CTpHUpPOBaH PEIICHBL

JeNus:; MpaKTH4e- o0beMe U IO- | XOJ peleHus BEPHBII X0

9
CKHX 3a1a4 J'Iy‘{eH])I BEP- BCEX, HO HC l'lO,]'ly— PECUICHUSA B
HBIC OTBCTHI YCH BeprIl\ﬁ OTBET 60J'II>LUI/IHCTBC
BO BCCX 3aga4dax 3aJga4




BJIa/IeTh HaBBIKAMHU BBINIOJIHEHNs | Pemenue 3anauu peme- | [Ipomemoncrpupo- | IIponemon- 3amaun He
C60pKI/[ U MOHTaka MI/IKPOCGOPOK, TPUKIAAHBIX | HBI B IIOJJHOM BaH BeprIﬁ X0 CTPUPOBAH PEHICHBI
TOJTYIPOBOIHUKOBBIX IPHGOpPOB B| 33484 B KOH- o0beMe U IO- | peIIeHHs BCeX, HO | BEpPHBIM XOX
COOTBETCTRIH C TeXHUYECKOil KPETHOU 3 JIy4EHBI BEP- HE Elonyqu BEp- peleHus B
o~ NPpEAMETHOU | HBIC OTBETHI HBIN OTBET BO BCCX 60J'II)HII/IHCTB€
JIOKyMEHTalUEH.
06J'IaCTI/I 3aJadyax 3a1a4

[1K-6 | 3HaTh dusnyeckue 3akoHOMepHO-  Tecr Beinonnenue | Bemmonnenue te- |Boimonne-  |B Tecte Me-
CTH, JIEKAIlKE€ B OCHOBE METO/IOB, tecta Ha 90 — | cta Ha 80 — 90 % |Hue Tecta Ha (Hee 70 %
MIPUMEHSIEMBIX IIPU U3TOTOBIECHUY 100 % 70-80%  |mpaBUIBHBIX
MaTepuasoB U U3JEINN 3JIEKTPO- OTBETOB
HHUKH ¥ HAHODJIEKTPOHUKH;

YMeETb OIIPEACIATh dKCIEPH- Pemrenne 3anaun peme- | I[IponemoncTpu- [Iponemon- 3amgauu He
MEHTAIBHBIM HIIH PACYETHBIM CTaHJAPTHBIX HBI B IIOJJTHOM | pOBaH BEpHBIH CTPUPOBAH peLlIeHbI
HyTeM ONTUMAILHBIE pe)KI/IMBI npaKTHuie- 06'I>CMG H 110- XOJ peuICeHus BeprIﬁ Xon
KHUX - -
HpOBe,Z[eHPI}I OTHENTBHBIX TEXHO- C 3aaa4d JIYYCHBI BEP BCCX, HO Hevr[ony pCUICHUA B
o HBIC OTBETHI Y€H BEPHBIU OTBET OOIBIITHHCTBE
JIOTUYECKHUX OINEpalni;
BO BCEX 3a/1a4ax 3a1a4
BJIAJ€eTh MPEICTABICHUAMH O Pemenue 3anmauu peme- | [Ipomemoncrpupo- | IIpomemon- 3amayn He
BO3MOKHOCTIX HepCHeKTI/IBHOFO NPUKIAAHBIX | HBI B TIOJJHOM BaH BepHLII?'I X0 CTPUPOBAH peUICHBL
TEXHOJIOTHUECKOTO 060py)10Ba- 3a1a4 B KOH- 061>eMe U 110- pEUuICHUA BCEX, HO BepHI:Iﬁ X0ona
KpETHOU - -
HHSL M METOJaX KOHTPOJIA 1 aHa- peTHO 3 JIy4eHBI BEP HE E{onyqu BEp pelieHus B
OpEAMETHOU | HBIC OTBETHI HBIN OTBET BO BCCX 6OJ'ILHH/IHCTBC
JIM3a XapaKTepUCTUK TMOJy4EHHBIX
obnacTu 3aauax 3a1a4
CTPYKTYP.

[IK-7 | 3HATBH OCHOBHBIC TEXHOJIOTHYEC- Tect Brmonnenue | BeimonHeHue te- |BrimoaHe- B Tecte me-
CKHE METOJIbI, IPUMCHSIEMbIC TIPU tecta Ha 90 — | cra Ha 80 — 90 % |Hue Tecta Ha |Hee 70 %
H3TOTOBJICHUH MaTepHajoB U U3- 100 % 70-80%  |mpaBUIBHBIX
JIeUi 3JIEKTPOHUKHU U HAaHO3JIEK- OTBETOB
TPOHHKH;
yMeThb UCIIONIB30BaTh IJIS BBITION- | Penienue 3anaun peme- | I[IpogemoncTpu- [Iponemon- 3angauu He
HEHHUS OTAEIbHEIX OIepaIuii CTaHJAPTHBIX HBI B IIOJJTHOM | pOBaH BEPHBIH CTPUPOBAH peLIEHbI
CTaHZ[apTHO@ TEXHOJOTHUECKOE npaKTuie- 061)eMe U 110- X0 pe€uICHUs BepHI:Iﬁ X0ona
O60pyZ[OBaHI/Ie; CKHUX 3a1a4 JIYYCHBI BEP- BCECX, HO HCVHOJ'Iy- peUICHUA B

HBIC OTBETHI Y€H BECPHBIU OTBET OOJIBIITMHCTBE
BO BCEX 3a/1a4ax 3a1a4
BJIAJETh MPEICTABICHUAMH O Pemenune 3anmaun peme- | [Ipomemoncrpupo- | I[Ipomemon- 3ama4yn He
HepCHeKTI/IBaX U TeHACHIIMIX pag_ TIPUKJIATHBIX | HBI B TIOJTHOM BaH BepHLII‘/'I X0 CTPUPOBAH PpEeHICHBI
BUTHS TEXHOJIOTUHA H3Z[€HHﬁ JJIEeK- 3aaa4 BVKOH- 061>eMe H 110~ pEUICHUA BCEX, HO BEPHBIU X0
KpEeTHON - -
TPOHUKH M HAHODJIEKTPOHHKH. pETHO 3 JIy4EeHBI BEP HE E[onyqu BEp pelieHus B
NPEAMETHOU | HBIC OTBETHI HBIN OTBET BO BCECX 60J'[I>I_III/IHCTBC
obacTu 3a1ayax 3a1a4

7.2 IllpumepHbIiA NepevYeHb OLEHOYHBIX CPeICTB (TUIMOBbIe KOHTPOJIbHbIE
3aJlaHUsl WIH MHbIe MaTepUHaJIbl, HEOOXO0AUMBbIE ISl OLEHKH 3HAHUN, YMEHUIl,
HABBIKOB M (MJIM) ONBITA eSITEJIbHOCTH)

7.2.1 IlpumepHbIii epevYeHb 3aJaHUI IS MOATOTOBKH K TeCTUPOBAHUIO

1. TIpoerupoBaHHBIM MPOOETOM HOHOB B TBEP/IOM TEJI€ Ha3bIBAIOT:
a) TIOJTHBIH MyTh UOHA;
0) TPOEKIHsI TOJHOTO MMyTH Ha HAalpaBJICHUE TEPBOHAYAILHOTO JBMKEHUS HOHA
(HampaBiieHHE X);
B) MPOEKIIKS MTyTH Ha HAmpaBJIeHHUE Y.

2. MakcuMyM TayCCHaHBI pacIpeesieH s IPIMECH TP HOHHON MMIUTAHTAIIMH PACTIOJIOKEH:
a) Ha MIOBEPXHOCTH;
0) Ha rmyOune Rp;
B) Ha ryOune 2 R.

3. C yBennueHueM Hepruy BHEIPSIEMbIX HOHOB IITyOHHA 3alleranus P-N mepexo/a:
a) BO3pacTaer;




0) HEe U3MEHSETCS,
B) YMEHBIIAETCS.

4. C yBenMueHHEM UCXOIHOM KOHIICHTPALMU BHEIPAEMO B TIOTYIIPOBOIHUK IPUMECH TITyOHuHa
3ajeranus P-n nepexoja:

a) He U3MEHSETCS;

0) BO3pacraer;

B) YMEHBIIAETCS.

5. Uem otnmgaercst mpoOer HOHOB B MOHOKPUCTAIUTMYECKUX MUIIICHSX OT aHAJIOTUYHOTO Mpodera B
aMOp(HBIX:

a) HE OTJIMYaeTcs,;

0) GoutbIIie;

B) MEHBIIIE.

6. 'myOuna 3aneranus pP-N nepexoaa B MOHOKPHUCTAILTHYECKON MOJIIOKKE 10 CPABHEHUIO C aMop Q-
HOM:

a) YBEIIMYUBACTCS,

0) yMeHbIIaeTCs;

B) HE U3MEHSETCS.

7. Ilpu HU3KOTEMIIEpAaTYPHOM OT)KUTE PAJUAMOHHBIX 1e()EeKTOB IITyOHWHA 3alleranus P-N nepexoxa:
a) He U3MCHSETCS;
0) yBeIIMIMBACTCS,
B) YMEHBIIIAETCA.

8. IIpu BeICOKOTEMIIEpATYpHOM OT)KUTE paJMallMOHHBIX Ae(EeKTOB IIyOHMHa 3ajeraHust P-N mepe-
Xoza:

a) HE U3MEHSEeTCH;

0) yBETTUUMBALCTCS;

B) YMEHbIIAETCS.

9. PaccesiHue 3J1€KTPOHOB B PE3UCTE MPUBOAUT K U3MEHEHUIO pa3Mepa JIEKTPOHHOIO JIyya:
a) YBEIIMYUBAET;
0) yMEHbIIaET;
B) HE U3MEHSIET.

10. TexHOIOTHS U3TOTOBIICHHS MTOTYNTPOBOAHUKOBBIX MIC Ha KpeMHUEBOW TUTACTHHE HA3bIBACTCS:
a) TUTaHAPHOM;
0) rudpuaHoii;
B) TOHKOIUJIEHOYHOM.

7.2.2 IlpuMepHbIii epeveHb 3aJaHUI ISl pellleHUs CTAHIAPTHBIX 32/1a4

1. PaccuutaTh M TOCTPOUTH TrpaduKU TEMIIEPaTypHOU 3aBUCUMOCTH KO3(]-
¢bunuenta nuddysuu B unreppasie remnepatyp ot 300 K 1o Touku ninaBneHus
KPEMHHUH: BOJOPOJA, JIUTHUSA, Kelle3a, MEAH, TaJljius, 30J10Ta, cephl, cepedpa,
KHCIJIOPOJA.

2. Paccuutath u mocTpouTh TpadUKU TEeMIIEpATypHOW 3aBUCHUMOCTU KO-
¢bunnenta nuddys3uu B uateppasie remnepatyp ot 300 K 10 Touku miuaBneHus



9.

B TE€pPMAaHUU: JIUTUS, MEAM, cepedpa, 30510Ta, Kejle3a, KobanbTa, BUCMYTa,
MBIIIbSIKA.

Paccuntath ¥ mNOCTPOUTH TpadUKU TEMIEPATYPHON 3aBUCHUMOCTH KO3(-
¢unuenta nuddys3un B uarepsaie remnepatyp ot 300 K 1o Touku niaBneHus
apceHuJie Tajus: Meu, cepedpa, kenesa, ko0anbTa, MapraHua.

Paccuntath u mOCTPOUTH TpadHUKU TEMIEPATYpPHOH 3aBHCHUMOCTH KO3(-
¢urnuenta nuddysun B uarepsaie temnepatyp ot 300 K 1o Touku miaBneHus
B KpeMHUM: Qochopa, MblllIbsKa, 0JI0Ba, 00pa, aJIFOMUHMSL, UHAMS, TAJLIIHU.
Paccuntath M mOCTPOUTH TpadUKU TEMIEPATYPHOH 3aBUCHUMOCTH KO3(-
¢unuenta nupdysun B uutepaie remneparyp ot 300 K 1o Touku niaBneHus
B repMaHuu: gpocdopa, MplllIbsiKa, 0JI0Ba, 00pa, AITFOMUHUS, UHAMS, TAJIIUS.
Paccuntath ¥ mNOCTPOUTH TpadUKU TEMIEPATYPHOH 3aBUCHUMOCTH KO-
¢unuenta nupdys3un B uurepnaie remneparyp ot 300 K 1o Touku niasneHus
B apCEHUE rajulksl: KaJMusl, TepMaHHUsl, MBIIIbSIKA, CEPBI, CEJIEHA, FaJUIHSL.
PaccuuTaTh M MOCTPOUTH TEMIEPATYPHYIO 3aBUCUMOCTh COOCTBEHHOI'O KO3(]-
¢unumenta qudpdys3un pocdopa B kpeMHUH B HHTEpBaJe TemmepaTyp ot 700 1o
1200 °C

PaccuuTtaTh M MOCTPOUTH TEMIIEPATYPHYIO 3aBUCUMOCTh Kod(duireHnTa aud-
¢y3un Mpibsika Das(T) npu HU3KUX ypoBHSX JierupoBanus B auanazone 1000
- 1200 °C npu xonuentpanusax 10Y7, 108 100 cm,

[IpoBECTH CpaBHUTENIBHBIN aHadW3 TMCTOTPAaMM B 3aBHCHMOCTH OT METOJA
o0pabotkn ACM-u3o0pakeHus.

10.Ompenenuth xapakTepHbie pazmepbl ACM-u300pakeHus.
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7.2.3 IlpumepHbIi NepeveHb 3aJaHUI JAJI5 pelleHus MPUKJIATHBIX 327124

TexHosornyeckre 0COOEHHOCTH AMUTAKCUATILHOTO HApAIUBAHUS COSTMHEHU I
tna AB® u TBepIBIX PaCTBOPOB HA MX OCHOBE.

DnexTpoHoIUTOrpadusl.

Hanarika. TexHOI0THS MOy4YEHUs NassHbIX COCIMHEHNM.

JIeHTOUYHBI MOHTaX.

Crpykrypa MOII-TpaH3uctopa ¢ IBOMHBIM 3aTBOPOM.

Marepuasnsl OpraHu4eCKOUN JEKTPOHUKH

Buapl KopIiycoB, UCIIOIB3YEMBIX JISl TEPMETU3ALNH.

[Tna3zmoxumudeckas o00pabOTKa MOI0KEK.

. Mcnonb3oBaHue HUTpUIA KPEMHUS U OKCUIOB METAJIJIOB.

lO Poct snuTakcuanbHbIX TUICHOK U3 Ta30BOM (ha3bl.

7.2.4 IlpumepHbIii IepevYeHb BOMPOCOB VISl MOATOTOBKH K 3a4eTy
He npexycMoTpeHO yueOHBIM TIJIaHOM.
7.2.5 IlpumepHblii IepevYeHb BOMPOCOB VISl MOATOTOBKH K IK3aMEHY

1. CosepmeHctBoBanue nomnoxek s CbUC.



2. WonHo-m1a3MeHHas 00paboTKa MOI0KEK.

CucTteMbl ¢ MarHETPOHHBIM pacmbiieHHeM. KoHTpoib kauecTBa

MOBEPXHOCTH.

TepMuyeckoe OKUCICHUE KPEMHUSI.

KonTponb kauecTBa 3alUTHBIX MJICHOK.

MonekynsipHO-1y4deBas SIUTAKCHUS.

TexHoMOTHS MONTy4YEHHUS MOTYTPOBOIHUKOBBIX CBEPXPEIIECTOK.

TenaeHIIMN pa3BUTHUS STUTAKCUATILHON TEXHOJIOTUH.

. KoHTposb kauecTBa s3MUTaKCHATBHBIX CJIOEB.

10 Pentrenonurorpadusi.

11.Hanomurorpadusi.

12.0OcHOBHBIE IPUHILIUIIBI U XapaKTEPUCTUKHU MPOIlecca HOHHOTO JIETUPOBAHUSI.

13.Pa3nenenue miacTUH Ha KPUCTAILIIBI.

14 MoHTax KpHcTajllla HA OCHOBaHHUE KOpIyca.

15.MeTo1bl KOHTPOJIS aAT€3MOHHON IPOYHOCTH IIEHOK C TOJIJIOKHOM.

16.Hakuetika. [IpoBoasime u HEIPOBOASIINE KIICH.

17.Bunbl 1eeKToB NasHbIX COSAMHCHUN W MPUINHBI UX BOZHUKHOBCHHUS.

18.Metoap! prcOeTNHEHUS BHIBOJIOB.

19.Croco6b! KOHTPOJIS KauecTBa MPOBOJIOYHOTO MOHTaXKA.

20.CriocoObI ¥ TeXHOIOTHH (POPMHUPOBAHUS MIAPHUKOBBIX/CTOIOUKOBBIX
BBIBOJIOB Ha KpUCTaJUIax/Kopirycax Jijisi coopku meroaoM «flip-chipy.

21.0OcHOBHBIE TEXHOJIOTUYECKNE METO/IbI CO3AAHUU YTICPOAHBIX
HaHOMAaTEPHAaJIOB.

22 . Texnonoruueckue ocooennoctu popmuposannsi KHU-tpansucropos

23.Pe30HaHCHO-TYHHEIBHBIC TUOJIBI.

24.Kunkue kpucTaiisl. MOIeKyJIsIpHbIE CBEPXIIPOBOIHUKHI

25.KoHTposib KauecTBa TepMETH3AIMH TJIACTMACCOBBIX KOPITYCOB.

26.KoHTpob KauecTBa TepMETH3AIUH TOJIBIX (Ta30HAMOHEHHBIX ) KOPITYCOB.

27.beckopmycHasi TepMeTH3aIus KpUcTaluia.

28.MeToIbI KOHTPOJISI TEPMETUYHOCTH KOPITYCOB.

29.KOoHTpOJIb IEKTPUUYECKUX TTapaMEeTPOB TOCIE MPOBEIECHUS COOPOUHBIX
omnepanuii.

30.0Onepanus 31eKTPO-TEPMOTPEHUPOBKH.

w
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7.2.6 MeToauKa BbICTABJIEHUS] OLIEHKH MPH MPOBeIeHUH NMPOMEKYTOYHOI
arrecranuu

[TpomexxyTOoUHAs aTTECTAIMS TPOBOIUTCS IO TECT-OMIIeTaM, KaX bl U3 KOTO-
PBIX COACPKUT 5 BOMPOCOB M 3a1avy. Kak/IpIii MpaBHIIBHBINA OTBET Ha BOTIPOC B TECTE
oneHnBaeTcst 1 OayuioMm, 3ajada olleHHBaeTCs B 5 OaminoB. MakcuMallbHOE KOJIMYE-
cTBO HaOpaHHbIX OawtoB — 10.

1. Onenka «HeyaoBIeTBOPUTENBHO» CTAaBUTCS B CIydae, €CJIH CTYJSHT Habpam
MeHee 3 0aJlIoB.

2. OneHka «YI0BJIETBOPUTEIHHO» CTABUTCS B Clydae, €Clid CTyACHT HaOpam
oT 3 105 GamIoB



3. Onenka «XopoIlo» CTaBUTCS B Cilyyae, €CIM CTyJEHT HaOpana oT 6 1o
8 6annos.

4. Onenka «OTIMYHO» CTABUTCS, €CIU CTyNeHT Haopas ot 9 no 10 Gamos.

[Ipn nomydyeHnn ouneHok «OTIHYHO», «XOpOoWIO» U «Y AOBIETBOPUTEIBHO
TpeOyembie B paboueil mporpaMMe 3HaHUS, YMEHHSI, BIQJICHHSI 10 COOTBETCTBYIOIIUM
KOMITETEHLIUSIM Ha MPOMEXKYTOYHOM 3TaIle CYUTAIOTCSA JOCTUTHYTHIMH.

7.2.7 TlacnopT OlleHOYHBIX MaTEePHUAJIOB

Ne KonTposmmpyembie pa3ieibl Koa xonTposmpyemoii| HanmenoBanue
n/n (TeMbl) TUCHUILIHHBI KOMIIETeHIIM I OLICHOYHOI'0
(114 ee yacTH) cpeacTBa

1 | OcHOBHBIC TEHJEHIIUN PA3BUTHS MUKPO- U I1K-4, T1IK-6, TTK-7 Tecr-Ouner
HAHOAIEKTPOHUKH B Poccuu 1 3a pyOeskom

2 | Marepuaibl MEKPO- 1 HAHORJICKTPOHUKH I1K-4, T1K-6, ITK-7 TecT-Ouner

3 | TexHONOTHYECKHUE OCHOBBI MUKPO- M HAaHO- IIK-4, IIK-6, IIK-7 Tect-Omner
JIEKTPOHUKHU

4 | Bo3MOXHOCTH, OTpPaHUYEHUS U NIEPCIEKTHU- I1K-4, IIK-6, TIK-7 Tect-6miter
BbI Pa3BUTHs TUTOTpaPUUECKUX, JIa3MEH-
HBIX U TUIA3MOXUMHUYECKUX MTPOILECCOB TPO-
U3BOJICTBA

5 | Onurakcusi. Pu3nyecKue SBICHUS B T€TEPO- IIK-4, IIK-6, IIK-7 Tect-Omner
CTPYKTYpax U NpUOOpHbIE IPUMEHEHHUS re-
TEPOCTPYKTYP

6 | [lonydeHue MIEHOK METOIaMU TEPMOBAKY- [1K-4, ITIK-6, TIK-7 Tect-6mier
YMHOT'O HCIIaPEHUSI 1 HOHHO-TIJIA3MEHHOTO
paciblUIeHHS]

7 | MUKpOMUHUATIOPU3ALUS U3/1€TUNH MUKPO- I1K-4, I1K-6, T[IK-7 Tecr-Ouner
JIEKTPOHUKHU M HAHOAJIEKTPOHUKHU

8 | Mero/ipl oy4YeHHs U YCTPOMCTBA HAHO- I1K-4, T1K-6, TIK-7 Tecr-Ouner
AJIEKTPOHUKHU

9 | TexHonoruyeckuii mporecc cCOOPKU MOJy- I1K-4, I1K-6, T[IK-7 Tecr-Ouner
poBoAHUKOBBIX UMC

10 | BIxoaHOI KOHTPOJIb COOPOUYHBIX OMeparHii I1K-4, T1K-6, IIK-7 Tecr-Ouner

7.3. Meroguyeckue MarepHuaJibl, ONpeAe/JA0IIHe NMPOUeAypPbl OLCHUBA-
HHS 3HAHUH, YMEHHH, HABBIKOB M (WJIHM) ONbITA 1eATEJIbHOCTH

TecTupoBaH#e OCYyIIECTBIACTCS, MO0 MPU TMTOMOIIN KOMITBIOTEPHON CHUCTEMBI
TECTUPOBAHUS, TUOO C UCIOJIb30BAHUEM BBIJIAHHBIX TECT-3aJjaHU Ha OyMa)KHOM HO-
cutene. Bpems tectupoBanust 30 MuUH. 3aTeM OCYLIECTBIISIETCSI IPOBEPKA TECTA Mpe-
MOJAaBaTeNIeM U BBICTABIISIETCS OIIEHKA COTJIACHO METOJIMKE BBHICTABJICHUS OLIEHKHU MIPU
MPOBEJECHUU MPOMEKYTOUHON aTTECTALNU.

Pelienrie craHIapTHBIX 3a/lad OCYIIECTBISETCS, JTMOO MPU MOMOIIM KOMITbIO-
TEPHON CUCTEMBI TECTHUPOBaHUsA, JIMOO C MCIOJIL30BAaHWEM BBIJAHHBIX 3a7a4 Ha Oy-
Ma)XHOM HocuTesie. Bpems pemenns 3amad 30 MuH. 3aT€M OCYILIECTBIISIETCA MTPOBEP-
Ka pEIICHUS 3a/Jad MPEernojiaBaTe]ieM U BBICTABIISETCS OIIEHKA, COTJIACHO METOJIUKE
BBICTABJICHUS OIIEHKH TIPU MPOBEJACHUU MTPOMEKYTOUHON aTTECTAIINH.



Pemenne npukiagHbIX 3a/lay OCYIIECTBISIETCS, JTUOO MPHU MOMOIIUA KOMIIbIO-
TEPHOW CUCTEMBI TECTUPOBAHMS, MO0 C MCIOJHb30BAaHUEM BBIJAHHBIX 3a7a4 Ha Oy-
Ma)XKHOM HocuTtene. Bpems pemrenus 3anad 30 MuH. 3aTeM OCYLIECTBIISIETCS POBEP-
Ka penieHus 3ajad NpernojaBaTesieM U BBICTABJISETCS OLIEHKA, COTJaCHO METOJIUKE
BBICTABJICHUS OIIEHKH MPU MPOBEJACHUU MTPOMEKYTOUHON aTTECTAIINH.

3ammra KypcoBOro MpoeKTa OCYLIECTBISETCS COrJacHO TPEOOBAHMSIM, MPENb-
SBJIIEMBIM K pab0Te, OMMMCAHHBIM B METOJIWYECKUX Marepuanax. [IpumepHoe BpeMs
3aIIMUTHI HA OJHOTO CTYAEHTa COCTaBIAET 20 MUH.

8 YYEBHO-METOANYECKOE U HTH®POPMALIMOHHOE
OBECIIEYEHME JUCIIUITJINHbI

8.1 Ilepeyenb y4eOHOI JJUTEPATYPbl, HCOOXOAUMOM JJIs1 OCBOCHUSI TUCIIH-

IIJIMHBI
OcHoBHas JuTeparypa

1. KoaenoB JI.A. TexHomOTUS ¥ KOHCTPYKLUS MUKPOCXEM, MUKPOIIPOILIECCOB U MUKPOCOO-
pok: yueb. mocobue / JI.A. Konenos. - 3-¢ u3a., crepeotwr. - CII6.; M.; Kpacaonap : Jlans, 2009. —
400 c. - ISBN 978-5-8114-0766-8

2. Koaeno JI.A. TexHONOTUSI U KOHCTPYKIUS MHKPOCXEM, MUKPOTIPOIIECCOPOB U MHKPO-
coopok [Dnektponnsiit pecypce]: yueb. mocodbue / JI.A. Konenos. - 3-e uzn., crep. — CIIO.: Jlanb,
2021. - 400 c. - ISBN 978-5-8114-0766-8. URL.: https://e.lanbook.com/book/167750

3. OcHOBBI MPOM3BOJCTBA W3/eJHil JIEKTPOHHOI TeXHMKH: yueOHoe nocobdue / M. U.
I'opnos, A. B. Crporonos, T. I'. MenbmmkoBa, O. JI. bopatoxa, O. H. Uepkacos. — Boponex:
OI'BOY BO «BI'JITY», 2023. — 135 c. - ISBN 978-5-7994-1080-3.

4. JIumaroB I'.U. Texnonorus MarepuasgoB U U3JICIUI SJIEKTPOHHOU TEXHUKHU: yuel. 1Moco-
6ue. Y. 1./ I'.1. Jlunaros. - Boponex: [OYBIIO «BopoHexckuii rocyaapcTBeHHbIH TEXHUYECKUN
yauBepcuret», 2005. — 142 c.

5. JIunatos I'.U. TexHonorus MaTepragoB 1 U3JeIUil 3JIEeKTPOHHON TEXHUKHU: y4el. Ioco-
oue. Y. 2. / I'.W. Jlunatos. - Boponex: 'OYBIIO «Boponexckuii rocy1apcTBEHHbIN TEXHUUECKUN
yauBepcuret», 2006. — 172 c.

6. JlunatoB I'.HU. TexHOJIOTUST MaTEPHATIOB U M3CIUH JICKTPOHHOW TEXHUKH: y4eb. Toco-
oue. Y. 3. / I'.W. Jlunatos. - Boponex: 'OYBIIO «Boponexckuii rocy1apcTBEHHbIN TEXHUUECKUN
yauBepcuret», 2008. — 227 c.

7. JIunatoB I'.W. TexHomoruss MaTepuaaoB U U3EIHI SJIEKTPOHHOU TEXHHUKHU: y4uel. Moco-
6ue. Y. 4. / I'.1. Jlunaros. - Boponex: [OYBIIO «BopoHexckuii rocyaapcTBeHHbIH TEXHUYECKUN
yauBepcuret», 2010. — 173 c.

8. BBeeHue B npoueccbl HHTErpajbHbIX MUKPO- U HAHOTEXHOJIOTHIi: yuel. mocoOue: B
2 1. T. 2: Texnonoruueckue acnektsl / M.B. Axynenox, B.M. Aunpees, JI.I'. I'pomoB u ap.; nox
o6m1. pen. FO.H. Kopkumiko. — M.: BUHOM. Jlaboparopus 3Hanwmii, 2014. - 252 c. - (HanorexHo-
norun). - ISBN 978-5-9963-0336-6 (T. 2). - ISBN 978-5-9963-0341-0

9. TexH0JIOTUsl, KOHCTPYKIHMHM U MeTOAbI MOAEJIMPOBAHUS KPeMHHEBbIX HHTErpajib-
HbIX MHKpOCXeM: y4yeO. mocobue: peKOMEeHJ0BaHO Y4eOHO-MEeTOANYeCKUM oO0benuHenuem. Y. 2:
DONEeMEHTHI U MapUIpyThl U3rOTOBIIEHUS KpeMHUEBbIX MIC 1 MeTOABI X MaTeMaTH4YECKOIO MOJEIIH-
poBanus / mox oomr. pea. FO.A. Yanneiruna. — M.: BUHOM. JlaGoparopust 3Hanuii, 2012. - 422 ¢. -
ISBN 978-5-94774-585-6 (Y. 2). - ISBN 978-5-94774-583-2

10. JlumatoB I'.. OcoGennoctu npousBoactea MC [DnekTpoHHBINH pecypc]: yueb. moco-
6ue / I''W. JlunatoB. — Boponex: BI'TY, 2019. — 224 c. — ISBN 978-5-7731-0800-9. URL.:
http://www.iprbookshop.ru/93331.html

JlononuurensHas qureparypa
11. Poeioun H.b. TexHonorus n3aenuii MUKPOSJIEKTPOHUKN [ DNEKTPOHHBIN pecypce] : yueo.



https://e.lanbook.com/book/167750

nocobue / H.B. Peioun, H.B. Priouna. - Psa3ans : PI'PTY, 2023. - 160 c. - Kaura u3 KoaaeKIuu
PI'PTY - ISBN 978-5-7722-0389-7. URL.: https://e.lanbook.com/book/439736

12. BacuabeB B.FO. CoBpemMeHHOE MPOU3BOACTBO HM3ACIHI MHUKPOIJICKTPOHUKH [IJIEK-
TpoHHBII pecypc]: yuebd. mocobue / B.IO. Bacunbes. - HoBocubupck : HoBocubupckuii rocyaap-
CTBEHHBI TeXHHMUYECKHi yHuBepcutet, 2019. - 88 c. - Tekcr. - ISBN 978-5-7782-3907-4. URL.:
http://www.iprbookshop.ru/98737.html

13. baaamos FO.C. COopouHble onepanud U UX KOHTPOJb B MHUKPOIIEKTPOHHKE: yuel.
nocobue / }0.C. banamos, B.B. 3enun, FO.E. Cerain. - 2-e uzn., nepepa0. u nor. - Boponex: BI'TY,
2004. - 229 c. - ISBN 5-7731-0109-2

14. Axyanann C.A. KOHTpOIbHO-U3MEPUTEIbHBIE ONEPALMU B TEXHOJIOTMH HHTETPUPO-
BaHHBIX CTPYKTYp [DnekTpoHHBIH pecypc]: yueO. mocodbme / C.A. AxymuauH. — BopoHex:
['OVYBIIO «Boponexckuii rocyiapcTBeHHbIN TeXHHUECKUi yHIUBepcuTeT», 2010.

15. 3enun B.B. MoHTaX KpHUCTa/UIOB U BHYTPEHHHUX BBIBOJOB B IIPOM3BOJICTBE MOIYIPO-
BOJIHUKOBBIX W3JIeNHi [DNeKTpoHHBIA pecypc|: moHorpadus / B.B. 3enun. - Boponex: ®I'BOY
BIIO «BopoHnexckuii rocy1apcTBEHHBIN TeXHUUECKU YHUBEpcUTET», 2013.

16. 3enun B.B. I[Iponeccel cOOpKM B TEXHOJIOTHH MPOU3BOACTBAa 3D-m3menuii MUKpOIIEK-
TPOHUKH [DNEeKTpOHHBIHN pecypc]: yuebd. mocobue / B.B. 3enun. — Boponex: 'OYBIIO «Boponex-
CKHUH rOCy/1apCTBEHHBIN TEXHHUECKUH yHUBEepcuTeT», 2011.

17. T'orpa 3.FO. TexHomorus MHUKpPOAJIEKTPOHHBIX YCTpoilcTB: cmpaBouHuk / 3.1O. T'otpa,
WU.M. HukomaeB. — M.: Pagno u cBs3p, 1991. - 527 c. - ISBN 5-256-00699-1

18. YepusieB B.H. TexHonorust npou3BoOACTBa HHTETPAILHBIX MUKPOCXEM U MUKPOIIPOIIEC-
copoB / B.H. Yepnsies. - 2-¢ uzn. - M.: Paano u cBs3b, 1987. - 463 c.

19. MeToanueckne yKa3aHusl K BBIIIOJHEHUIO JabopaTtopHbix pabor Ne 3, 4 mo kypcy
«TexHoIOTMSI MaTepHaJIOB W W3ICIUI 3JICKTPOHHOW TEXHUKW» ISl CTYIEHTOB CHEIHAIbHOCTH
210207 «DaeKTpOHHOE MAIIMHOCTPOEHHE» 04HOU (hopmbl 00yuenus / coct. I'.W. Jlumnatos. - Bopo-
Hex : TOYBIIO «BI'TY», 2010. - 37 c. (Ne 87-2010)

20. MeToanuyeckne yKazaHUs K BBIMOJIHEHUIO JIAOOpaTopHBIX pador Ne 5 - 7 mo kypcy
«TexHONmOTUsI MaTepHuaioB W M3ACTHHA AIEKTPOHHOW TEXHUKW» JUIS CTYJISHTOB CIIEIHAIBHOCTH
210207 «DneKTpOHHOE MAIIMHOCTPOCHHE» 0uHO (hopmbl 00yueHus / coct. I'.W. JIunaros. - Bopo-
Hexx: TOYBIIO «BI'TY», 2010. - 36 ¢. (Ne 88-2010)

20.TOCT 2.105-2019. ECKA. OOGmue TpeOoBaHHS K TEKCTOBBIM JOKyMEHTaM. — M.:
OI'VIIT «Crangaptundopm», 2019. — 35 c.

8.2 Ilepeyenbr MH(pOPMALMOHHBIX TEXHOJOIMH, MCIOJb3YEeMbIX IPH OCY-
LIeCTBJICHNH 00Pa30BaTEJILHOIO MPOLecca M0 JUCUHUILIMHE (MOXYJII0), BKIIOYAS
nepeYyeHb JHMLIEH3UOHHOI0 NMPOrPaMMHOIO olecmeveHusi, pecypcoB uHgpopma-
LMOHHO-TEJIEKOMMYHUKANUOHHOH ceTn «AHTEepHET», COBpeMEeHHbIX Npodeccu-
OHAJILHBIX 023 TAHHBIX U MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTEM

IIporpammHoe oGecnieyeHre KOMNBIOTEPOB AJIS CAMOCTOATEILHON U ayANTOPHOI padoThI:
— OmneparnuoHssle cucteMbl ceMeiictea MSWindows;
— Ilaker opucusix nporpamm LibreOffice;
— IIporpamma npocmotpa ¢aitnoB WinDjview;
— Ilporpamma npocmortpa daitnos ¢popmara pdf Adobe Acrobat Reader;
— Hurepner-Opaysepsr Mozilla Firefox, Google Chrome;
— Marematnueckuii maker MathCad Express, Smath Studio;
— Cpena paspabotku Python;
— Cucrema ynpasienust Kypcamu Moodle;

HcnoJsib3yemble 3JIeKTPOHHbIE OUOJIMOTEYHbIE CUCTEMBI:


https://e.lanbook.com/book/439736
http://www.iprbookshop.ru/98737.html

— Moayns kauroo6ecneuennocta AUBC «MAPK SQL»:
http://bibl.cchgeu.ru/provision/struct/;

— OBC UznarenscrBa «JIAHB», B ToM unciie k komiekuusiM « M HXeHepHO-TEXHUUECKUE
Haykmn», «®usukay: http://e.lanbook.com/;

— DBC IPRbooks: http://www.iprbookshop.ru;

— HayyHas syekTpoHHas oubanoreka eLIBRARY.RU: http://elibrary.ru/.

HNudopmannoHHbIe CIPABOYHbIE CHCTEMBI:

— mopTai (enepaibHbIX TOCYIapCTBEHHBIX 00pa30BaTEIbHBIX CTAHIAPTOB BBICIIETO 00pa3o-
BaHus: http://fgosvo.ru;

— eIMHOE OKHO J0CTyIIa K 00pa3oBareIbHBIM pecypcam: http://window.edu.ru/;

— OTKpBITHIH 00pazoBarenbHblii pecypc HUSY MU®DU: http://online.mephi.ru/;

— OTKpbITOE 0Opa3zoBanue: https://openedu.ru/;

— ¢usnyeckuii uHGpopMannonHslid moptai: http://phys-portal.ru/index.html

— Tlpodeccuonanbhbie cripaBouHbie cucteMbl « Texakcnept»: https://cntd.ru

— DrekrponHas nHopManroHHas oOpa3oBarenbHas cpena BITVY:
https://old.education.cchgeu.ru

— odunmanbhei caiit AO «B3IIT-Coopka» http://www.vzpp-s.ru.

9 MATEPUAJIBHO-TEXHUYECKAS BA3A, HEOBXOANMASA
JJIA OCYILECTBJIEHUSA OBPA3OBATEJIBHOI'O ITPOIIECCA

1. Cienmanu3upoBaHHasi Ay AUTOPHUS [Tl YTCHUS JIEKIMH, YKOMIUIEKTOBAHHAS CIICTIHAIIH-
3UpPOBAaHHON MEOENbI0 U OCHAIEHHAs 000pYyIOBAaHUEM JJISl JIEKIIMOHHBIX JEMOHCTPALIUiA: MYJIbTH-
MeIna-IPOEeKTOPOM, CTAIIHOHAPHBIM SKPAHOM, HAXOINASCS HA TEPPUTOPHH MPO(UIBHOTO Tpe-
npusitust AO «BopoHeXCkuii 3aBOJI MOITYIPOBOAHUKOBBIX MpubopoB — CoOopka» («B3III- Coop-
Ka»), pacIioioKEeHHOTOo 110 ajapecy: . Boponex, Jlenunckwuii np., 119-a.

2. llpou3BoacTBeHHOE 000pPY/AOBaHHE ISl IPOBEICHUS JIA0OPATOPHBIX paboOT, HaXOAsIIe-
ecst Ha Tepputopun npopmibHOro npeanpusTus AO «BopoHEKCKHH 3aBOJ MOTYTPOBOIHUKOBBIX
npubopoB — Coopka» («B3IIII- Coopkay), pacmnosiokeHHOTo 1o ajapecy: r. Boponex, JleHnnckuit
mp., 119-a.

3. Iucneiinblii KJace A CaMOCTOSITENbHOW paOOThI CTYAEHTOB, YKOMILJIEKTOBAaHHBIN
CTHeMATM3UPOBAHHON MeOEbI0 M OCHAIICHHBIN MEePCOHAIBHBIMUA KOMITBIOTEPAMH C JIMIIEH3UOH-
HBIM NIPOrpaMMHBIM 00eCIeueHHEeM C BO3MOXKHOCTBIO MOAKIIOUeHHs K ceTu «HTepHeT» U JocTy-
MIOM B JJIEKTPOHHYIO HH(POPMAIIMOHHO-00pa30BaTeNibHYI0 Cpealy yYHUBepcutera, aya. 209/4 (yueb-
HbII Kopryc Ne 4, pacniosoKeHHbIH 1o aapecy: MockoBckuii mp., 179):

KOMIUIEKT yueOHoM Mmebenu: pabodyee MeCTO mpemnoaaBaTess (CTo, CTy);

paboune MecTa 00y4JaroLXcs (CTObI, CTyJbs) Ha 20 yeloBek.

KoMITbIoTep-cOopKa kad.9;

koMmrbroTep B cocTaBe: (H61/IntelCorei3/Ks/M/20" LCD);

KOMITbIOTEp-cOOopKa Kad.7;

KOMITbIOTEp-cOopKa Kad.3;

koMmibtoTep B coctaBe: (H61/IntelCorei3/Ks/M/23" LCD);

KOMITbIOTEp-cOOpKa Kad.5;

KoMITbIoTep-cOopKa kad.4;

KOMITbIOTEp-cOopKa Kad.8;

KOMITbIOTep-cOopKa Kad.2;

KOMITbIOTEp-cOopKa Kad.6;

KoMITbroTep-cOopka kad.10;

koMil. B cocT: cuct.010k RAMEC GALE,monutop 17" LCD;

KoMIbIoTep-cOopka Kad.1;

OTHETYIIUTEb.


http://bibl.cchgeu.ru/provision/struct/
http://e.lanbook.com/
http://www.iprbookshop.ru/
http://elibrary.ru/
http://fgosvo.ru/
http://window.edu.ru/
http://online.mephi.ru/
https://openedu.ru/
http://phys-portal.ru/index.html
https://cntd.ru/
https://old.education.cchgeu.ru/
http://www.vzpp-s.ru/

10 METOANYECKHUE YKA3AHMA U1 OBYYAIOIUXCA 11O
OCBOEHMIO JUCHUIIJIMHBI (MOAY JIA)

[To aucumnmmHe «TexHONOTrHs HW3IEIUN 3JIEKTPOHUKU U HAHODJICKTPOHUKK
YUTAIOTCS JICKIIUH, MPOBOMASTCS JaO0OpATOPHBIC 3aHSATHS, BBITOIHICTCS KYpPCOBOM
MPOCKT.

OcCHOBOM M3y4YEHHS AUCIUILIUHBI SIBIISIOTCS JIEKIIMHU, HA KOTOPBIX HU3J1araroTcs
HanOoJIee CyIIECTBEHHbIE U TPYIHBIE BOIPOCHI, @ TAKXKE BOMPOCHI, HE HAIIIEIIITUE OT-
paxkeHusi B yueOHOM JIuTepatype.

JlabGopaTopHble 3aHATHS HANpaBJICHbl HA MPUOOPETEHUE MPAKTUYECKUX HABbBI-
KOB pa0OThl Ha TEXHOJOTUYECKOM OOOpYJOBAHUM. 3aHSTHUSI IPOBOJSATCSA MYTEM BbI-
MOJIHEHUsT J1abopaTopHBIX pabor Ha mnpoduiabHOM mnpeanpustun AO «B3IIII-
CoOopxay.

Bosnbiioe 3HaueHUe MO 3aKPEIUICHUI0 U COBEPIICHCTBOBAHUIO 3HAHUU HMMEET
caMocTosiTeNbHast paboTa cTyieHToB. MHpopmaiuio 000 Bcex BUIAX CaMOCTOSITEb-
HOU pabOTHI CTYACHTHI MOJYYAOT HA 3aHATHUSIX.

Metonuka BBIOJHEHUS KYpCOBOIO MPOEKTa H3J0KEHa B  YueOHO-
METOJUYECKOM MOCOOUU. BBIMOMHATH ATanbl KypCOBOTO MPOEKTa CTYACHTHI JOJKHBI
CBOEBPEMEHHO U B YCTAHOBJICHHBIE CPOKHU.

KonTpons ycBoeHust maTepuana JUCHUIUIMHBI TPOU3BOJIUTCS TECTUPOBAHUEM,
3aIIUTON KypcOBOro NpoekTa. OCBOCHHE NUCIUIIMHBI OLICHUBAETCS HA DK3aMEHE.

Buy yueOHbIX
3aHSATUH

Jlexmsa Hanucanune koHCHEKTa JIEKUUWA: KPAaTKO, CXEMaTUYHO, MOCJIEA0BATEIHHO
¢buKcUpOBaTh OCHOBHBIE TMOJIOKEHHUS, BBHIBOJBI, (OPMYITUPOBKH, 00001IIe-
HUS, TIOMEUYaTh BA)KHBIC MBICIIH, BBIIETSATH KJIIOYEBBIC CJIIOBA, TEPMHUHBI.
IIpoBepka TEPMUHOB, MOHATUH C IMOMOILBK SHUMKIIONEAUMN, CIOBapeH,
CIIPAaBOYHHMKOB C BBINMMCBHIBAHUEM TOJIKOBAHUU B TeTpaab. OOO03HaUCHHE
BOIIPOCOB, TEPMUHOB, MaTepuaia, KOTOPbI€ BbI3bIBAIOT TPYIHOCTH, MIOUCK
OTBETOB B PEKOMEHIyeMoil nuteparype. Eciau camocTosiTenbHO HE yaaeT-
csi pazo0OpaTbcsi B MaTepuaie, HeoOXoAuMo chOpMyIHUPOBATh BOMPOC U
3a/1aTh MPENOAABATENIO Ha JICKIIMU WM HAa MPAKTHYECKOM 3aHSITHH.
JIaboparopHas JlaboparopHbie pabOTHI MO3BOJSIIOT HAYYUTHCS MPUMEHSTH TeOpeThye-
paborta CKHE 3HaHUS, MMOJTYYEHHbIC Ha JICKIIUU TIPU PEIIEHUHA KOHKPETHBIX 3aj1ad.
UYrtoO6bl Hanbomee paloOHAIBHO U MOJHO UCIOIB30BaTh BCE BO3MOXKHOCTH
1a00paTOPHBIX, JJISl TIOJITOTOBKH K HUM HEOOXOJAMMO: pa3o0paTh JEKIIHIO
M0 COOTBETCTBYIOILIEH TEME, O3HAKOMHUTHCSI C COOTBETCTBYIOLIUM pa3ie-
JIOM yueOHHUKA, TPOopadOoTaTh TOMOJIHUTEIBHYIO JTUTEPATYPY.
CamocrtositenpHast |CamocTosiTeNnbHass paboTa CTYAEHTOB CIOCOOCTBYET TITyOOKOMY YyCBOE-
paborta HUIO y4eOHOTO MaTepualia U Pa3BUTHIO HAaBBIKOB caMooOpaszoBanms. Ca-
MOCTOSITENIbHAS paboTa MpeArnoIaraeT cleAyonue COCTaBISIONIIE:
- pabota ¢ TeKCTaMH: YYECOHHMKaMH, CIPAaBOYHHKAMH, IOTIOTHUTEIHHOU
JTUTEPATypOi, a TaKkKe MPopaboTKa KOHCIIEKTOB JICKIIHIA;
- paboTa HaJl TEMaMH ISl CAMOCTOSITEIIFHOTO U3YUCHUS;
- ydqacTue B paboTe CTyIeHYECKIX HAayUYHbIX KOH(GEPEHIIUH, OMTUMITHA,
- IOJITOTOBKA K MPOMEKYTOYHON aTTECTAIMH.
Kypcosoit [Ipy BBIMOJHEHUH KYpCOBOTO MPOEKTa CTYIAEHTHI JIOJDKHBI HAYYHUTHCS

J1eATeNbHOCTh CTYICHTA




IIPOEKT

IIPAaBWJIBHO ¥ TBOPYECKHU UCIOJIb30BaTh 3HAHMUS, [TOJyYEHHbIE UIMH Ha JIEK-
USAX U J1a00paTOPHBIX 3aHATHUSAX.

3aauu, peraeMple P BHIIIOJIHEHUU KypPCOBOTO IPOEKTa!

- OCYLIECTBHUTbH IMMOMCK HEOOX0UMOM HH(OPMALIUU IO TeME IIPOEKTa,

- CUCTEMaTH3UPOBATh HAMICHHYIO0 HHPOPMALIUIO;

- OCYLIECTBUTH 0030p JIUTEPATYPHBIX HICTOYHUKOB I10 33JaHHOHN TEME;

- BBIpa0OTaTh yMEHMSI pelIaTh IPUKIIAJHbIE 3a1a41

KypcoBoii mpoekT BKIOYAeT B ce0sl TEOPETUUYECKYIO 1 PACUETHYIO YaCTH.

IToaroroska
K IPOMEKYTOUYHOU
aTTecTanuu

I'oToBUTHCS K HpOMC)KYTOHHOﬁ arreCraluu CJICAYCT CUCTCMATUYCCKU, B
TEYEHUE BCEro cemecTpa. MIHTeHCMBHASI MOATOTOBKA JTOKHA HAYaThCs HE
MO3/IHEE, YEM 3a MECSL-IIOJATOPA 10 MPOMEXKYTOUHOW arrectauuu. JlaH-
HBIE Tepe]l SK3aMeHOM TpU JHS 3P (EeKTHBHEE BCEro MCIOIB30BaTh IS
ITOBTOPEHHMS M CUCTEMATU3AIMU MATEpHAJIA.
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