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1. O01mue moJI0:KeHus
1.1. lean AUCHUIIHHBI

1. ®opMupoBaHHe y CTYJCHTOB CUCTEMHBIX 3HAHUN M MPAKTHYECKUX HABBIKOB B 001aCTH
COBPEMEHHBIX TEXHOJOTUI COOPKHU, METOJ0B (PYHKIIMOHATHLHOTO KOHTPOJISL M UCTIBITAHUHN Ha HAJICKHOCTh
unrerpanbHbix cxeM (MC) CBY-ananma3zoHa, OCHOBaHHBIX Ha MCIOJIb30BAHUU TEPEIOBBIX JOCTHKCHHMA
HAaYKHU U TEXHUKHU.

1.2. 3agauy AUCHUILIUHBI

1. 1. U3y4uTh OCHOBHBIC THIIBI, KOHCTPYKTHBHBIC OCOOCHHOCTH M CHEIU(PUKY TPUMCHEHUS
koprnycoB CBY UC. 2. OcBouTh 00mIHEe MPUHIIMIBI BBIMOJHEHUs U3MepeHui mapametpo CBY
YCTPOMCTB, TO3HAKOMHUTBHCSI C COBPEMEHHBIM HM3MEPHUTEIBHBIM O000PYJ0BAaHUEM U METOJUKAMH €TO
KanmuOpoBKU. 3. M3yunTh METOABI OLICHKH HAIC)KHOCTH U3JICTUN TBEPAOTEIbHON SJIEKTPOHUKH, OCBOUTD
aHaJW3 OCHOBHBIX (DUBHUKO-XMMHYECKHX IMPOIECCOB, MPUBOIANIUX K OTKa3zaM pa3pabaThiBaeMbIX
W3IEIUHN.

2. MecTto aucuuniannsl B crpykrype OIIOIT

bnok nucuunnun: b1. Aucuumimnast (Moayn).

Yacte 6soka aucturiuH: YacTs, popmupyemas ydacTHUKaM# 00pa30BaTEIbHBIX OTHOIICHHIA.

Monaynb qucturina: Moaysib NpoeKTHO-POoeCcCHOHATBLHON MTOATOTOBKH.

HNunexc nuctumaunel: b1.B.01./1B.06.03.

PeanusyeTcs ¢ mpUMEHEHHEM SJIEKTPOHHOTO OOy4YeHUs, JUCTAHIIMOHHBIX 00pa30BaTEIbHBIX
TEXHOJIOTH.

3. Hepeqeﬂb IJIAHUPYEMBIX PE3YyJabTaTOB Oﬁy‘lel-[]/lﬂ no JTMCUMIIJIMHE, COOTHECCHHBIX C
HHAUKATOPpaAaMH J0CTUKCHUSA KOMIIeTeHIInii

[Iponecc u3ydeHuss TUCHUTUTMHBI HANpaBieH Ha GOPMHUPOBAHUE CIEAYIONIUX KOMIICTCHIIUHA B
cootBeTcTBUU ¢ ®I'OC BO 1 ocHOBHOI 00pa3oBaTeabHOM mporpaMmoi (Tadsmma 3.1):
Ta6mmma 3.1 — KoMneTeHInu 1 HHAUKATOPBI UX JTOCTHIKEHUS
WNHauKaTOphl OCTHKEHHS [Tnanupyembie pe3yabTaThl O0ydeHUS 110
KOMIICTEHIIMH JUCLUIUIMHE

Komnerenius

YHuBepcaibHble KOMIIETEHIIUH
Ob0menpodeccuoHanbHbIe KOMIIETEHIIUN

IIpodeccuonanbHbIe KOMIIETEHIUH
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[TK-3. Cniocoben [TK-3.1. 3HaeT coBpeMeHHBIe |3HAET KIacCH(PHUKAINIO, KOHCTPYKTHBHBIC

UCIIOJIb30BaTh MOJIXO/IbI K HCCIIEJOBAHUIO M |0COOCHHOCTH M 001aCTH PUMEHEHUS
COBPEMEHHBIE pa3paboTke 00BEKTOB coBpeMeHHbIX koprycos CBY UC;
JOCTIDKEHUS HAYKH U npodeccuoHaTbHON ¢bu3nvecKre NPUHIMIIBL, APXUTEKTYPy U
MNEPCAOBBIC TCXHOJIOTUU | ACATCIIbHOCTHU BO3MOXXHOCTH COBPEMCHHOI'O CBY

B IpOoeCCHOHATIBHOM U3MEPUTENILHOTO 000pY10BaHUS;
JACATCIIPHOCTHU TCOPCTUUCCKNEC OCHOBBI, MaTeMaTHYeCKHH

amnmapar ¥ HOpMaTHUBHYIO 0a3y OLIEHKH
HAJIeKHOCTH U3ACIIMA MUKPOIJIIEKTPOHUKHU.

[1K-3.2. YMmeeT npoBOAUTH YMeeT 000CHOBaHHO BBHIOMPATH THIT KOPITyCa
HCCIIEIOBaHUS U pa3paboTKy ¢ |u TexHojoruio kopmycupoBanus MC ¢ yuetom
HCIIOJIb30BaHUEM TpeOOoBaHUI K apa3UTHHIM MapaMeTpaM U
COBPEMEHHBIX JOCTHKEHUNH  |TEIJIO0TBOAY; IPUMEHSATh COBPEMEHHBIE
HAyKH U MepPeI0BbIX METOJIMKH KaJTMOPOBKU U IPOBOJIUTH
TEXHOJIOTHI TIPU PEIICHUN (GbyHKIMOHATBHBIN KOHTpoIs CBY

3aja4 npodeccuoHanbHON MapaMeTpPoOB C UCIOJB30BaHUEM BEKTOPHBIX
NEeATEIILHOCTH aHanu3atopos nernei (BAILL) u 30H10BBIX

CTaHIIUN; MPUMEHSTHh METOJIbI YCKOPEHHBIX
WCIIBITAaHUH, BBISIBJISTH U aHATM3UPOBATh
(hUBUKO-XUMHYECKUE MEXAaHU3MBI JIeTpaariiu
n otkazoB 1C.

I1K-3.3. Bnaneer Brnaneer Mmetoaukamu KamuOpOBKH
COBPEMEHHBIMHU n3mepurenbHbix TpaktoB (SOLT, TRL, LRM)
TEXHOJIOTHUSIMU u npoBeaeHust CBY 30H0BBIX U3MEPEHUN Ha
NPOEKTHUPOBAHUSA OOBEKTOB  |IUIACTHHE; METOAAMHU pacyera u
npodeccuoHaTbLHON nporosuposanus HagexHoctu CBY MC na
JESATEIBHOCTH OCHOBE aHaNIN3a (PU3UKO-XUMHUECKUX

IPOILIECCOB; MHCTPYMEHTapUEM IEePeIOBbIX
texnonoruit coopku (Flip-Chip, TSV, 3D-

MHTErpalus) npu KoHcrpyupoBanuun CBY

ncC.

4. O0beM IMCUMIIMHBI B 3249€THBIX eJHHULIAX C YKA3aHHEM KOJIHYeCTBA AKA/leMHYeCKHUX 4aCOB,
BbIICJICHHBIX HA KOHTAKTHYIO pa0d0oTy 00y4aromuxcsi ¢ nNpenoaaBarejieM
H Ha CAMOCTOSITEJIbHYIO pa0doTy 00y4aromuxcst

OO61mmast TpyA0€MKOCTh JUCIUTUIMHBI COCTABISAET 4 3a4eTHBIX eUHUIL, 144 akaJeMHUeCKUX 9acoB.

Pacnpenenenue Tpya0eMKOCTH TUCHUILIAHEI 110 BUAAM Y4EOHOU JEATEIbHOCTH MPEICTABICHO B
tabmure 4.1.

Ta6ymna 4.1 — Tpy10eMKOCTh AUCIUILUIMHBI 110 BUAAM YU4COHOM JIeITeIbHOCTH

Beero |CemecTpbl
4acoB |3 cemecTp

Bunbl yueOHOI e TenbHOCTH

KonTakTHas aynuropHasi padoTa o0y4yaromuxcs ¢ npenojaaBarejiemM, BCero 36 36
JIek1IMOHHBIE 3aHATUSA 18 18
IIpakTHueckue 3aHATHS 18 18
CamocTosiTesibHAsi padoTa 00y4alOIIMXCS, B T.4. KOHTAKTHAsl 108 108
BHeayIMTOpHAasi padoTa 00y4aIuMXxcs ¢ npenoaaBaresjieM, BCero
IToaroroBka K 3a4eTy ¢ OLIEHKON 50 50
BrinonHeHNe NpakTUYECKOro 3a/1aHus 6 6
[ToaroroBka K TECTUPOBAHUIO 48 48
Hanucanue oTdera mo mpakTUYECKOMY 3aHATHIO (CEMUHAPY) 4 4
OO0mas TpyA0eMKOCTh (B 4Yacax) 144 144
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Oo0mas TpyroemMkocTh (B 3.€.)

4

5. CTpykTypa u cojep:kaHue TUCHUIIMHBI

5.1. Pa3znennl (TeMbl) JUCHUNIMHBI U BUAbI Y4eOHOI 1eITeJIbHOCTH

CTpyKkTypa IUCHUIUIMHBI MO paszzienaMm (TeMaMm) W BUJaM y4eOHOU JesTeTbHOCTH MPUBEICHA B

tabymue 5.1.
Ta6muma 5.1 — Paznensl (TeMbl) TUCIMILIMHBI M BUABI YI€OHON ACATEIHHOCTH
Jlek. | Ilpak. | Cawm. Beero wacos dopmupyembie
Hazpanus pa3nenoB (Tem) AUCHUITINHBI (Oe3
3aH., 4 | 3aH., 9 | pal., q KOMIIETCHITUN
AK3aMEHa)
3 cemecTp
1 TexHonoruu cOOPKH U KOpIyca 6 6 36 48 I1K-3
MHTErPATIbHBIX CXEM
2 OyHKIIMOHAJIBHBIN KOHTPOJIb U 6 6 34 46 I1K-3
n3Mepenus napamerpoB CBY ycrpoiicTs
3 McnplTaHus HAa HAJIEKHOCTh M (PU3HUKa 6 6 38 50 [1K-3
otkazoB MC
Uroro 3a cemectp| 18 18 108 144
Uroro| 18 18 108 144
5.2. Conep:xanue pa3ienoB (TeM) TUCHHILIMHBI

Coneprkanue pas3iesioB (TeM) TUCHUILIMHEI (B T.4. TIO JIEKIHUIM) PUBEICHO B TadywmIe 5.2.
Tabmmma 5.2 — CoaeprkaHue pa3ieaoB (TeM) TUCHUTUIMHBI (B T.Y. 11O JCKIIHSIM)

Ha3zBanus pa3aenos
(TeM) TUCUUTLITUHBI

Copepxanue pa3aenoB (TeM) AUCIUILIUHBI (B
T.4. TIO JICKLIUSM)

TpynoemkocTsb
(JleKIMOHHbBIE
3aHATHSA), U

dopMupyemsle
KOMIIETEHIIUN

3 cemecTp

1 Texnonoruu
cOOpKH U KopIyca
HMHTETPAIBHBIX CXEM

Oco6ennoctu CBY UC u TpeboBanus K UX
KOHCTPYKTUBHOMY HcIONHEeHUI0. [lonsTe
napasuTHbIX napameTpoB Ha CBY.
TpeboBaHus K TEIUIOOTBOY U
HKPaHUPOBAHHIO.

I1K-3

Tuns! kopycos CBY UC:
MeTalJIOKepaMUUEeCKHe, IIOJIMMEPHBIE, C
BO3JIyIITHOM MOJOCTHI0, 0€3KOPIyCHBIE
UCTIOJTHEHUS. AHAJIN3 COBPEMEHHBIX
3apyOeKHBIX M OT€YECTBEHHBIX aHAJIOTOB.

[1K-3

[Tepenossie TexHomoruu coopku CBY UC.
[TpoBonounas pa3Bapka (Wire Bonding),
nepeBepHyThIi kKpuctamt (Flip-Chip),
CKBO3HBIE KpeMHHUEBbIE oTBepcTHs (TSV).
Bnusaue texnonoruu coopku Ha CBY
XapaKTePUCTHUKHU.

I1K-3

Hroro
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2 OyHKIIMOHAIBHBIN
KOHTPOJIb U
HU3MEPEHUS
napamerpos CBY
YCTPOMCTB

OO01re NpUHLKITBI U3MEPEHUN TapaMeTpOB
CBUY ycrpoiictB. Matpuisl paccestuust (S-
napameTtpsl). 3mepenus kodddunmenra
IIyMa ¥ HEJIMHEIHBIX 1apaMeTPOB.

[1K-3

CoBpeMeHHOe H3MEPUTETHFHOE 000PYI0BaHHE.
ApPXUTEKTYpa, TPUHIIHUITEI TOCTPOSHHUSI U
BO3MOYKHOCTH BEKTOPHBIX aHAJIH3aTOPOB
neneii (BAILI), ananu3zatopoB criekTpa.

I1K-3

MeTonuku KamuOpOBKH U3MEPUTEIILHOTO
obopynoBanus. Moaenu omubox BALL.
Kanu6posku SOLT, TRL, LRM. 3on10BBIC
U3MEPEHUS: YCTPOHUCTBO 30HIOBBIX CTAHLIUN U
CBU 30H110B.

I1K-3

Hroro

3 UcneiTanus Ha
HAJIE)KHOCTH U
¢uzuka otkazos MC

OCHOBBI TEOpUH HAACKHOCTHU U3ACIIHI
TBEPAOTEIIBHOM 2JIEKTPOHUKH. 3aKOHBI
pacmpeeneHus 0Tka3zoB. KonndecTBeHHBIE
MMOKa3aTelIn HaJC)KHOCTH.

I1K-3

DU3NKO-XUMUYECKUE MPOLIECCHI, TPUBOASALINE
k oTkazaM MC: anexTpomurpanus,
TEPMOMMIPALUs, KOPPo3usl, TUPPy3MOHHbIE
IIPOLIECCHI, AETPAJALUs AUIIEKTPUKOB.

[1K-3

MeTo1bl yCKOPEHHBIX UCIIBITAHUIN Ha
HAJIC)KHOCTh M aHAJIU3 OTKA30B. Y CKOPSIOIINE
¢dakTopbl. MeTo1bl pa3pyIIAIOLIETro U
HEpa3pyILIAOUIEro KOHTPOJIA.

[1K-3

Hroro

Hroro 3a cemectp

18

Hroro

18

HanmeHoBaHmMe MpakTHUECKUX 3aHATHIA (CEMUHAPOB) MPUBEACHO B TaduIe 5.3.
Tabauna 5.3. — HauMeHnoBaHue NpaKTUYECKUX 3aHATUN (CEMHHAPOB)

5.3. lIpakTuyeckue 3aHATUSA (CEMUHAPDI)

Ha3zBanus pasnenon
(Tem) TUCUUTTAHBI

HanmeHnoBaHuE NpaKTUYECKUX 3aHATHN
(cemunHapoB)

Tpy1oeMKOCTb,

q

dopmMmupyembie
KOMIIETCHIINH

3 cemecTp

1 TexHonmoruu cOOpPKU
U KopIyca
MHTETPaIbHbIX CXEM

AHanu3 TOMOJIOTUN U BBIOOp THMA
kopnyca CBY UC s 3agaHHbIX
TEXHUYECKUX XaPAKTEPUCTHUK.

[1K-3

Pacuer napa3uTHBIX IapaMeTpoOB U
TEIoBoro pexuma kopnycos CBY UC.

[IK-3

CpaBHUTEIIbHBIN aHAIU3 TEXHOJIOTHI
coopku (Wire Bond u Flip-Chip) nns
CBY npumeHeHui.

[1K-3

Hroro
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2 OyHKIMOHAIBHBIN N3mepenue S-nmapameTpoB NacCUBHBIX 2 [IK-3
KoHTpousb 1 u3Mepenus |CBY crpyktyp ¢ ucnonb3oBanueMm BAIL.
napamerpos CBY Kanu6poBka N3MEPUTEILHOTO TPAKTa U 2 I1K-3
YCTPOJCTB MeTO/1bl Bepu(UKaIMK KauyecTBa
KaTMOPOBKH.
[IpoBenenue 30810BbIX N3MepeHnii CBY 2 [IK-3
napaMeTpoB KPUCTAJUIOB Ha IUIACTUHE.
Utoro 6
3 HcneiTanus Ha Pacuer nokaszareneil HaaeXKHOCTH U 2 [1K-3
HAJKHOCTh U Pu3nMKa |MHTEHCHBHOCTH O0TKa30B MC.
otkazos HMC MonenupoBaHue U aHaIU3 PUIUKU 2 [IK-3
0TKa30B (3nexTpoauddysus,
TEPMOLIMKIUPOBAHHE).
[InannpoBaHue yCKOPEHHBIX UCTIIBITAHUN 2 [IK-3
Ha HaJIe)KHOCTh B 00paboTKa ux
pe3yJIbTaToB.
Hroro 6
Hroro 3a cemectp 18
Utoro 18

5.4. JlabopaTopHbIe 3aHATHS

He npeaycmoTpeHo yueOHBIM MIJIaHOM

5.5. KypcoBoii npoekT / KypcoBasi paéora

He npenycMoTpeHo y4eOHbBIM MIIaHOM

5.6. CamocTosiTesqIbHaAs1 paboTa

Bunbr camoctosaTenbHOM paboThl, TPYJOEMKOCTh U (hOpMHUpPYEMble KOMIIETEHIIMH MPECTaBICHBI B

Taduie 5.6.

Tabauna 5.6. — Bunabl camocTosTenbHONU paboThl, TPYI0EMKOCTh U (hOpMHUpYEMble KOMIIETEHLIUN

HasBanus paznenos | Buasl camocTostensHol | Tpynoemkocts, | opmupyeMsie
DOopMBI KOHTPOJIA
(TemM) TUCUIMIUIAHBI paboThI q KOMIIETEHLINU
3 cemecTp
1 Texnonoruu IToaroroska k 3a4ety ¢ 16 [IK-3 3auéT C OLEHKON
cOOpKH U KopIyca OLICHKOH
MHTCTPAJIBHBIX CXCM | BpIIIOJIHEHUE 2 [IK-3 [IpakTrueckoe
MIPaKTUYECKOTO 3a/laHus 3a/1aHue
IloaroroBka x 16 T1K-3 TectupoBanue
TECTUPOBAHUIO
Hamnucanue oryera no 2 [IK-3 Oruer no
MIPaKTUYECKOMY IIPAKTUYECKOMY
3aHATHUIO (CEMHUHAPY) 3aHATHIO
(cemunapy)
Utoro 36
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2 @ynkuuoHaneHbl | [loaroroBka k 3adery ¢ 16 [1K-3 3auéT Cc OLEeHKOI
KOHTPOJIb U OLIEHKOM
U3MEPCHUA Brimonnenue 2 [IK-3 [IpakTuueckoe
napamerpos CBY HPAaKTUYECKOTO 3aJaHHs 3ajaHue
YCTPOHCTB [ToAroToBKa K 16 [K-3 TectupoBanue
TECTUPOBAHUIO
Htoro 34
3 UcneiTanus Ha [ToaroTtoBka K 3a4eTy ¢ 18 T1K-3 3a4éT C OIlEHKOH
HaJIeKHOCTE U OILICHKOH
¢pusuka orkasoB UC | Bpmonnenue 2 [1K-3 [IpakTrueckoe
MIPAKTUIECKOTO 3a/IaHus 3a7aHue
IloaroroBka x 16 TIK-3 TectupoBanue
TECTUPOBAHUIO
Hanmcanwne oTyera 1o 2 TIK-3 OTuer no
MPaKTUYECKOMY MPaKTUYECKOMY
3aHATHUIO (CEMUHAPY) 3aHATHIO
(cemuHapy)
Hroro 38
Hroro 3a cemectp 108
Hroro 108

5.7. CooTBeTcTBHE KOMIIETEHUMH, (POPMUPYEMBIX NPH U3YUYEHUU TUCUMUIIIMHBI,

M BHJOB 3aHATHI

CooTBeTcTBHME KOMIMETECHINH, (OPMUPYEMBIX MPU U3YUCHUU NUCIUILIUHBI, U BUIOB 3aHSATUM
MpeACTaBICHO B TabuIe S5.7.
Tabnuna 5.7 — CooTBETCTBUE KOMIETSHIIHNH, ((OPMUPYEMBIX IPU U3YUYECHUHU AUCLUUILINHBI, U BUOB

3aHATUH
dopmupyembie Buppl yueGHOI nesTebHOCTH
DOopMBI KOHTPOJIA
KOMIICTCHIIMU JIek. 3aH. |IIpak. 3aH. |Cam. pad.
[1K-3 + + + 3auér ¢ oneHKoM, OTYET MO MPaAKTUYECKOMY

3aHATHIO (ceMuHapy), [IpakTuueckoe
3amanue, TectupoBaHue

6. PeiiTuHroBasi cucreMa JIJisl OlleHKH YCIIeBaeMOCTH 00y4aloIuXxcst
6.1. basuibHbIe OLeHKH /151 JOpM KOHTPOJIA

bannbHbIe oneHKH 11 POpM KOHTPOJIS MPEACTaBICHBI B Ta0uIE 6.1.
Tabmuia 6.1 — banipHbIE OLIEHKH

N . MaxkcumanbHbIN
MakcuManbHbIN MaxkcuManbHbBIN
OaJut 3a epuos Bcero 3a
®opMBbI KOHTPOJIA 6amn Ha 1-yto KT ¢ | 06ann 3a nepuon
mexay 2KT u Ha ceMecTp
Hayana cemectpa | Mexay 1KT u 2KT
KOHEI[ ceMecTpa
3 cemecTp
3auéT c OLEHKON 0 0 30 30
IIpakTHueckoe 3a1anue 5 5 5 15
TectupoBanue 5 10 5 20
OT4er 110 NpaKTUYECKOMY 10 10 15 35
3aHATHUIO (CEMUHAPY)
Hroro makcumym 3a 20 25 55 100
nepuos
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Hapacratomum utorom 20 45 100 100

6.2. Ilepecuer 0a/1710B B OLICHKH 32 TEKYIIH KOHTPOJIb

[TepecueT 6anoB B OLIEHKH 3a TEKYIIUHA KOHTPOJIb MIPEACTABICH B TabmuIie 6.2.
Tabmuia 6.2 — Ilepecuer 6a/JI0B B OIICHKH 32 TEKYIIUH KOHTPOJIb

bamnibl Ha naTy TEKylero KOHTpoIs Onenka

>90% oT MakcuMalIbHOI cyMMbI OaiioB Ha gaty TK 5

Ot 70% 1o 89% ot MakcuManbHOI cymMbl OamioB Ha naty TK

Ot 60% 10 69% OoT MakcuManbHOI cymMMbl OaioB Ha naty TK

N|W | B~

< 60% oT MakcuMalIbHOI cyMMBbI OaiioB Ha gaty TK

6.3. Ilepecuet cyMMbI 02/1710B B TPAAUIIUOHHYI0 M MEKAYHAPOAHYIO OLIEHKY

[TepecuyeT cymMMBbl 6asioB B TPAJUIIMOHHYIO U MEXAYHApPOJHYIO OIIEHKY MPEJCTaBIEH B TaOIHUIEe

6.3.
Tabauma 6.3 — Ilepecuer cymMMbl 6AJIIOB B TPAIUIIMOHHYIO U MEXKTYHAPOIHYIO OLIEHKY
Hroroas cymma 6asios,
Onenka YUYUTBIBAET YCIICIIHO CIAHHBIN Onenka (ECTS)
IK3aMeH
5 (oTM4YHO) (3a4TEHO) 90— 100 A (OTJIIHYHO)
4 (xopor1o) (3a4TeHO) 85 -89 B (ouens xoporo)
75 -84 C (xoporo)
70 — 74 D (yaoBneTBOpUTENHHO)
3 (yAOBIETBOPUTENBHO) (3aYTEHO) 65— 69
60 — 64 E (mocpencTBenHo)
2 (HeyIOBJIETBOPUTEIHHO) (HE 3aUTEHO) Hwxe 60 6amios F (meynoBnerBoputreabHO)

7. YueOHO-MeTOAnYecKoe 1 MH(OPMAINITHOHHOE o0ecneyeHue TUCIUTIITHHbI
7.1. OcHOBHas JqUTEpaTypa

1. Benoyc, A. 1. OCHOBBI TEXHOJIOTUH MUKPOMOHTaxa MHTerpabHbIX cxeM / A. U. benoyc, B. A.
EmenpanoB. — Mocksa: JIMK Ilpecc, 2013. — 216 c. [DnekTpoHHbIi pecypc]: — Pexum noctyna:
https://e.lanbook.com/book/9120.

2. Adonckuii, A. A. DIeKTpOHHBIE U3MEPEHUS B HAHOTEXHOJIOTUAX M MUKPOIICKTPOHUKE :
monorpadus / A. A. Adonckuii, B. II. IpsikonoB. — Mocksa : JIMK IIpecc, 2011. — 688 c.
[DnexTpoHHEI pecypc]: — Pexxum gocrtyma: https://e.lanbook.com/book/900.

3. Boukapes, C. B. /luarHoctrka u HaJIe:KHOCTh aBTOMAaTU3UPOBAHHBIX CUCTEM: YueOHOE Mocooue
/ C. B. boukapes, A. U. Hammma. — 2-¢ u3x., nepepad. u gomn. — [lepmb: [THUITY, 2008. — 485 c.
[DnexTpoHHEI pecypc]: — Pexxum gocrtyma: https://e.lanbook.com/book/160311.

7.2. lonoTHMTEIbHAS JIUTEPaTypa

1. Hukudopor, U. K. PagnosnexTpoHHass ¥ CUJIOBas DJCKTPOHHAs ammaparypa. MUKpo- u
HaHOAJICKTPOHKMKA. MaTepuainsl, TexHoJoruu : yueoHoe nmocooue / M. K. Hukudopos ; nox penakuueit H.
H. HukomaeBa. — Yeboxkcaps! : UI'Y um. U.H. Yaesaoa, 2020. — 354 c¢. [DnekTpoHHBIN pecypc]: —
Pexxum moctyma: https://e.lanbook.com/book/209531.

7.3. YueOHO-MeTOAN4YeCKHE MOCOOUs
7.3.1. O6s3aTesIbHbIE YUeOHO-METOAMYECKHE MOCOOUsI

1. Antennsl u ycrpoiictea CBU. MukpoBoHOBBIE aHTeHHBI 1 ycTpoiicTBa CBY : JlabopaTopHsIii
npaktukyM / A. C. llloctak, U. U. IN'openkun, B. I1. 3aiiues - 2018. 54 c. [DnekTpoHHBIN pecypc]: —
Pexxum nmoctyma: https://edu.tusur.ru/publications/7266.
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2. Tumomenkos, C. II. OcHOBBI TEOPUHU HAACKHOCTHU : YICOHUK U MPaKTUKyM 11t By30B / C. I1.
TumomenkoB, b. M. Cumonos, B. H. ['opomko. — Mocksa : U3natensctBo IOpaiit, 2024. 445 c.
[DnexTponHsIit pecypc]: — Pexum goctyna: https://urait.ru/becode/536405.

7.3.2. YueOHO-MeTOANYECKHE MTOCOONS JIS JINIT
C OrpPaHUYE€HHBIMH BO3MOKHOCTSIMH 3710POBbsI 1 HHBAJIU/I0OB

Y4eOHO-MeTOINYEeCKUE MAaTEPUaJIbl 111 CAMOCTOSTENILHON U ayAUTOPHOI pabOThl 00yJaromuxcs
U3 YUCJIA JIUI] C OTPAaHUYEHHBIMH BO3MOXHOCTSIMH 3/]0POBbsI M HHBAJIUOB MPEIOCTABIAIOTCA B opMaXx,
aIaNITUPOBAHHBIX K OTPAaHHYCHUSM X 3[J0POBBS U BOCHPUATHS HH)OpPMALIUH.

J1s1 i1 ¢ HAPYIIEeHUsIMH 3PeHus:

— B (popMe 31IEKTPOHHOTO TOKYMEHTA;

— B [1€4aTHOW (hopMe YBEIUUCHHBIM HIPUPTOM.

JI1s1 JIMII ¢ HAPYHIEHUsIMU CJIyXa:

— B (popMe 31IEKTPOHHOTO TIOKYMEHTA;

— B miedatHoi popme.

JI1s1 JIMII ¢ HAPYIIEHUSIMHU ONOPHO-IBUTaTEIbHOT0 anmnapara:

— B (popMe 31IEKTPOHHOTO TOKYMEHTA;

— B miedatHoi popme.

7.4. CoBpeMeHHbIe TPo(deccuoHATIbHbIE 0a3bl JAHHBIX
U HH()OPMAIMOHHBIE CTIPABOYHbIE CHCTEMbI

[Ipu u3yyeHUU OUCHUIIMHBI PEKOMEHIyeTcs o0palarhcss K COBPEMEHHBIM 0a3aM aHHBIX,
WHGOPMAIIMOHHO-CIIPABOYHBIM M TOUCKOBBIM cucTeMaM, K KoTopeiM y TYCYPa oTKpHIT gocTym:
https://lib.tusur.ru/ru/resursy/bazy-dannyh.

8. MaTepunajbHO-TeXHHYeCKOe H POrpaMMHOe ofecreyeHne TUCHUIIHHBI
8.1. MaTepuaibHO-TeXHHYECKOe H IPOrpaMMHoe o0ecriedeHue sl JTeKINOHHBIX 3aHATHI

Jlnst mpoBeeHus 3aHATUN JEKIIMOHHOTO TUIA, TPYIIOBBIX U MHAUBUIYaTbHBIX KOHCYJbTALUA,
TEKYLIEro KOHTPOJIS U MPOMEXYTOUHON aTTECTAllMU UCIIONb3YeTCs yueOHask ayAUTOPHUS € TOCTaTOYHBIM
KOJIMYECTBOM TTOCAI0YHBIX MECT IS y9eOHOU TPy, 000pYyI0BaHHAS JOCKOH M CTAaHIAPTHOW y4eOHOMH
MeOenbio. imeroTest MynbTUMeInitHOe 000pyI0BaHKE U YUeOHO-HATIISAHBIE TTOCO0US, 00eCTICUHBAIOIIINE
TEMaTUYECKHE WIUTIOCTPALMH 110 JIEKIIMOHHBIM pa3ziesiaM AUCLUILINHBL.

8.2. MaTepuaibHO-TeXHHYECKOE M MPOrPaMMHOe o0ecreuyeHue 1Jisl NPAKTHYECKUX 3aHATHI

VYyeOHas aynuTopusi: yaeOHas ay JUTOPUS AJIsl IPOBEACHUS 3aHATUI MPAKTUYECKOTO THIA, yueOHas
ayauTopus IS MpOBEASHHS 3aHsATUM nabopatopHoro tuma; 634034, Tomckas obnacth, r. ToMck,
Bepumnuna ynuua, 1. 74, 124 ayn.

Onucanrie UMEIOIIErocss 000pya0BaHUS:

- Kommnerotep Intel(R) Core (TM)2 CPU (13 mir.);

- IIpoekTop Bengq;

- Kommnekr cnenuanuzupoBaHHoi yueOHON Mebeny;

- PaGouee mecTo mpemnogaBaTens.

8.3. MarepuajibHO-TeXHHYECKOE M IPOrPaMMHoOe o0ecredeHue sl CaMOCTOSITeIbHON padoThl

Jlnst caMocTosATeNbHONW pabOThl MUCIOJIB3YIOTCS YUeOHbIE ayAUTOPUH (KOMIIBIOTEPHBIE KJIACCHI),
PacCTONIOKEHHBIC TIO aIPecaM:

- 634050, Tomckast o6acts, r. Tomck, Jlennna npocnexr, 1. 40, 101 ayz.;

- 634045, Tomckas obnacts, . Tomck, yi. Kpacnoapmeiickas, 1. 146, 107 ayn.;

- 634034, Tomckast o6nacts, r. Tomck, Bepmununa ynuua, a. 47, 126 ayn.;

- 634034, Tomckas obnacts, r. Tomck, Bepmmauna ynuua, a. 74, 130 aya.

Onucanue nMerolerocs 000pya0BaHus:

- yueOHasi MeOeb;

- KOMITBIOTEPHI;

- KOMITBIOTEPHI MOJIKITIOUCHBI K ceTU «MHTEepHET» M 00eCIeYnBaOT JOCTYI B AJIEKTPOHHYIO
nH(popmanmoHHo-00pazoBaTenbHyo cpeny TYCYPa.
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[lepeyeHb mporpaMMHOTO 0OECTICUCHUS:

- Microsoft Windows;

- OpenOffice;

- Kaspersky Endpoint Security 10 mns Windows;
- 7-Zip;

- Google Chrome.

8.4. MaTepuaJibHO-TeXHHYECKOE 00ecrevyeHne TUCIMTILTAHBI IS JTUI] C OTPAHUYEeHHBIMH
BO3MOKHOCTSIMH 3710POBbsI 1 HHBAJIM/IOB

OcBoeHue AMCHUIUIMHBI JIMIIAMH ¢ OTPAHUYCHHBIMH BO3MOKHOCTSIMHU 3/10POBbSI M MHBAIHIAMHU
OCYILIECTBIISICTCS C UCTIOJIb30BAaHUEM CPEJCTB 0OYUEHUS OOILEro U CeHMaIbHOI0 Ha3HAYCHHUS.

[Ipu 3aHATHSAX ¢ 00YYAIOIIMMUCS C HAPYWIEHHSAMH CJYyXa MPEeIyCMOTPEHO HCIOJIb30BAHUE
3BYKOYCHUJIMBAIOIIEH ammaparypbl, MyJIbTUMEIUUHBIX CPEACTB M JIPYTUX TEXHUUYECKHX CPEICTB
npuema/nepenaun yueoHoi HHGOpMaluu B TOCTYIHBIX (opMax, MOOUIBHOM CUCTEMBI IPENoAaBaHus
U1 00y4aloUUXCs C HHBAJIUAHOCTHIO, MOPTATUBHON MHAYKIIMOHHOW CHCTEMbI. YueOHast ayauTopHs, B
KOTOPO# 3aHUMAIOTCA 00ydJaromuecs ¢ HapylUIeHHEeM cliyXa, 000pyJA0BaHa KOMIIBIOTEPHON TEXHUKOMH,
ayIMOTEXHUKOHU, BUJCOTEXHUKOU, SJICKTPOHHOU TOCKOM, MYJIbTUMEIUMHON CUCTEMOM.

[Ipu 3aHATHAX ¢ O0YYAIOIIMMHUCS C HAPYIIEHUSIMH 3PeHHs MPETyCMOTPEHO MCIOIb30BAHHE B
JEKIHMOHHBIX U YYEOHBIX ayJUTOPUSIX BO3MOXKHOCTH MPOCMOTPA YJaJeHHBIX 00OBEKTOB (Hampumep,
TEKCTa Ha JOCKE WJIM cllaiij]a Ha dKpaHe) MPH MOMOIIM BUACOYBEIUUYUTEIEH 111 KOM(POPTHOTO
IPOCMOTDA.

[Ipu 3aHATHAX C OOYy4YarOUIMMHUCS C HAPYUWIEHHUSIMH ONOPHO-IBUIaTeJbHOI0 ammapara
UCIIOJIB3YIOTCS aJbTEPHATUBHBIEC YCTPOMCTBA BBOAA MH(MOPMALUU M APYrHe TEXHUYECKHE CPEICTBa
npuema/nepenayn yueOHoil nHGopmaIuu B JOCTYIHBIX opMax, MOOUIBHON cUCTEMbI 00y4YeHUS IS
JIIOJeH ¢ MHBAJUIHOCTBIO.

9. OneHovnblie MaTepHuaJbl U METOAUIECCKUE PEKOMCHAALIMMA 110 OPraHU3aAllMU U3YICHUSA
JAUCHHUIIIMHBI

9.1. Conep:xaHue OLIEHOYHbIX MATEPHUAJIOB IJI TEKYLIEr0 KOHTPOJISI
U MPOMEKYTOYHOI aTTecTaluu

Jlnst oueHKu cTeneHu chOPMUPOBAHHOCTH M YPOBHSI OCBOCHHS 3aKPETUICHHBIX 32 AUCIUIIIUHOMN
KOMITETEHITNI UCIIONIBb3YIOTCS OIICHOYHBIE MaTepuabl, MpeCcTaBlIeHHbIe B Tabuue 9.1.
Tabmuia 9.1 — ®opMbl KOHTPOJISL U OLIEHOYHBIE MaTEPHAIIBI

Ha3Ba?::;§;;ii;ﬁ (rem) q;giﬁgfggr;;e ®opmebl koHTpOJst | OnieHounbie MaTepuansl (OM)
1 TexHonoruu cOOpKH U [1K-3 3auét c ouenkoil  |IlepedyeHp BonpocoB s
KOpITyCa UHTETPAIBHBIX CXEM 3ayeTa C OLEHKOMN
IIpakTHueckoe TeMbl NpaKTUYECKUX 3aJaHUI
3a/1laHue
TectupoBanue [IpuMepHBIii TIEpedeHb
TECTOBBIX 3alaHNN
Otuer 1o Tembl IPaKTUUECKUX 3aHATUI
IIPAKTUYECKOMY
3aHIATHIO
(cemuHapy)
2 OyHkumoHanbHbIM KoHTpoib  |[1K-3 3auét c ouenkoil  |IlepedyeHp BompocoB st
u u3Mepenus napamerpos CBYU 3a4eTa ¢ OLCHKON
YCTPOJCTB [IpakTuueckoe TeMbl MpakKTUYECKUX 3aJaHUI
3aJaHue
TectupoBanue IIpuMepHBIil IepeyeHb
TECTOBBIX 3aJaHUN
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3 Ucnbitanus Ha HagexHocTh U |[1K-3 3auér ¢ onenkort | [lepeuenn BOompocoB Jist

¢usuka otkazos UC 3a4eTa ¢ OLEHKOM
[IpakTuueckoe TeMbl MpaKTUYECKUX 3aJaHUI
3aJlaHue
TectupoBanue IIpuMepHBIil IepeyeHb

TECTOBBIX 3a/laHUN

Oruer 1o TeMbl NPaKTUYECKUX 3aHATHN
IIPAaKTUYECKOMY
3aHATHUIO
(cemuHapy)

[xana oneHku cCHOPMUPOBAHHOCTU OTAEIBbHBIX MIAHHUPYEMBIX PE3yJIbTATOB OOyUYEHHS IO
JTUCIUIUIMHE TpUBeaeHa B Tabnuie 9.2.
Tabnuna 9.2 — llkana oneHku cHOPMHUPOBAHHOCTU TUIAHUPYEMBIX PE3yJIbTATOB OOYUYEHUS TIO

JAVCLUTLIINHE
®opmynupoBKa TpeOOBaHUM K CTeeHU C(HOPMUPOBAHHOCTH
Orenka bannet 32 OM IUTAHUPYEMBIX PE3yJIbTaTOB 00YUYECHHS
3HATh YMETh BIIQJICTh
2 <60% ot OTCYTCTBHE 3HAHUU OTCYTCTBHE OTCYTCTBHE
(HEYIOBIIETBOPUTEIIBHO ) | MAKCUMATHHOU | HITH ()parMeHTApHBIC YMEHUH HITH HABBIKOB WJIH
CYMMBI 0aJUTOB 3HAHUS JaCTHYHO (dbparmMeHTapHbBIE
OCBOCHHOE MIPUMCHCHHE
YMCHHE HABBIKOB
3 ot 60% 1o o011ue, HO He B IIEJIOM YCHENTHO, B IIEJIOM
(YZIOBIIETBOPUTEIHHO) 69% ot CTPYKTYypUPOBAHHbIE HO HE yCHEIIHOEe, HO He
MaKCUMaJIbHOM 3HAHUA CUCTEMAaTHYECKU | CUCTEMAaTHUECKOe
CYMMBbI 0aJIoB OCYIIECTBIISIEMOE MpUMEHEHHE
yMEHHE HABBIKOB
4 (xopo11o) ot 70% 1o c(hOpMHUPOBAHHEIE, B LIEJIOM B LIEJIOM
89% ot HO cojiepKaliue YCHEUIHOE, HO yCHEUIHOE, HO
MaKCHUMaJbHOM OTJIETbHbBIE coJieprKaIime coJIeprKaIue
CyMMBI 0ajuioB | mpoOIeMbl 3HAHUS OTJICIbHBIE OT/ICTbHBIE
poOeIbl yMEHUe poOeITbI
MPUMECHECHHE
HABBIKOB
5 (oTIM4HO) >90% or chopmupoBaHHBIE | CHOPMHUPOBAHHOE YCHELIHOE U
MaKCHMAaJIbHOW | CHCTEMaTHYECKHE YMCHHE CHUCTEMAaTHYECKOE
CYMMBI 0aJUTOB 3HAHUS MIPUMCHCHHE
HABBIKOB

[ITkana KOMIJIEKCHON OLIEHKH C(pOPMUPOBAHHOCTH KOMIIETEHIUI MTpHuBeieHa B Tabmuie 9.3.
Tabmuma 9.3 — Illkana KOMIJIEKCHOM OIIEHKH C(HOPMUPOBAHHOCTH KOMITETEHITUI

Orenka dopmynupoBka TpeOOBaHUM K CTETIEHU KOMIIETECHIHH

2 He nmeeT He0OXOIMMBIX TIPECTABICHUN O MPOBEPSIEMOM MaTepHalie
(HEyAOBIETBOPUTENBHO) | UJIU
3HaTh Ha ypPOBHE OPMEHTHPOBAHMS, ITpeicTaBeHNt. OOyyaronuiics 3HaeT
OCHOBHBIE NIPU3HAKU UM TEPMHUHBI U3y4aEMOTI'0 3JIEMEHTA COACPKAHMS, X
OTHECEHHOCTb K OTIPE/ICTICHHON HayKe, OTPacIH Wik 00BbeKTaM, y3HaeT B
TEKCTaX, M300paKEHUAX WIHM CXeMaX U 3HAET, K KAKUM HCTOUYHUKAM HY>KHO
oOpamrarbes s 0osiee eTaabHOrO ero YCBOSHHUS.
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3 3HaTh U YMETh Ha PeNPOAYKTUBHOM ypoBHE. OOy4Jaronmxcs 3HaeT
(YIOBJIETBOPUTENHHO) |M3YUYEHHBIN 3JIEMEHT COACPKAHUS PENPOYKTUBHO: IPOU3BOIHHO
BOCITPOM3BOIUT CBOU 3HAHUS YCTHO, MUCbMEHHO UJIU B JIEMOHCTPUPYEMBIX
JIEUCTBUSAX.

4 (xoporo) 3HaTh, YMETh, BIAJCTh HAa AHAJUTHYECKOM YPOBHE. 3Has Ha
PENpOAYKTUBHOM YPOBHE, YKa3bIBaTh HA OCOOEHHOCTH U B3aUMOCBSI3H
M3YYEHHBIX 00BEKTOB, Ha UX IOCTOMHCTBA, OTPAaHUYECHUS, UCTOPHUIO U
MEPCTIEKTUBBI Pa3BUTHUS U OCOOEHHOCTH IS Pa3HbIX OOBEKTOB YCBOCHHUSI.

5 (0TIMYHO) 3HaTh, yMETb, BIAJICTh HA CHCTeMHOM ypoBHe. OOyuaromuiics 3HaeT
W3YYEHHBIHN 2JIEMEHT COAEP KAHUSI CUCTEMHO, IPOM3BOJIBHO U 10KA3aTEIbHO
BOCIIPOM3BOAMT CBOU 3HAHUS YCTHO, IMCBMEHHO WM B IEMOHCTPUPYEMBIX
NEHCTBUAX, YUYUTHIBAS U YKa3bIBasl CBA3U U 3aBUCUMOCTU MEXIY 3TUM
AJIEMEHTOM U JPYTMMHU JIEMEHTAMU COJAEPKAaHUS AUCLHUIIIMHBI, €T0
3HaYUMOCTb B COJIEP’KAHUN JUCLMUILINHBIL.

9.1.1. IlpuMepHBbIi NepeYeHb TECTOBbIX 3aaHUH

1. TexHonOrUs KOPIyCUPOBAHUS HA OCHOBE UCII0JI30BAHUS HU3KOTEMIIEPATYPHON KEpaMUKU
Ha3bIBACTCS:
a) LCC;
0) LTCC;
B) HTCC;
r) LTCT.
2. Ha3naueHue MHTEpIIO3€pa 3aKIH0YAETCS B!
a) AIEKTPUUECKOE COCTMHEHUE OHOTO OJI0Ka C
ApYI'M;
0) u30JISAIHS OJHOTO OJIOKA OT APYTOTO;
B) TepMOUHTEpdeiic MEXIY OIOKaMHU;
I') MUHIMM3ALUS BIUSHUS BHEITHUX BO3/IEHCTBYIOUINX (PaKTOPOB.
3. Ilpu pacyére TEMIOBBIACICHHS CUCTEMbI YUUTHIBAIOT:
a) TEIJIONPOBOJHOCTh MaTEPUAJIOB;
0) TemmepatypHbie K03()(HUIIMEHTH PACIIMPEHHSI MAaTEPUAIIOB;
B) YPOBEHb paccerBaeMon
MOIIHOCTHU UCTOYHUKA TEILIA;
T') BCE BBIIIECTIEPEUHUCICHHOE.
4. KakuMu MeToJlaMu KOMIIBIOTEPHOTO MOJEIMPOBaHMsI POBOAUTCS pacd€T napamerpos CBY
KOpIyCOB?
a) IMHEHHBIN aHaAIIN3;
0) HeTMHEHHBIN aHaIN3;
B) 3JIEKTPOMAarHUTHOE MOJIEJIUPOBAHUE;
I') CXeMOTEXHUYECKUN aHAIH3.
5. IlonsTe «cucTeMa-B-KOPILyCe» MOXKET BKIIIOUATh B CE0s:
a) MHTEIPUPOBAHHYIO AHTEHHY C
OZHOM U3 CTOPOH KOPITyCa;
0) MHOXECTBO (DYHKIIHOHAJIBHBIX Y3JI0B HHTETPAIBHBIX CXEM;
B) MHTETPAJIbHBIE CXEMBI, U3TOTOBJIEHHBIE 110 PA3JIMYHBIM TEXHOJIOTHSM;
T') BCE BBIIIETIEPEUHUCICHHOE.
6. Haubosnee nemeBbIM TUIIOM KOPITYCOB SIBIISICTCSL:
a) WLP;
0) Plastic QFN;
B) LTCC;
r) PBGA.
7. Hauboinee onTHMaIbHBIM KOPILYCOM JJISi HHTETPAJIbHBIX CXEM YCHIIUTEIICH MOITHOCTH SBIISETCS:
a) PBGA;
0) MeTaJIJIOKEpaMUYECKUI KOPITyC ¢ OaJIOUHBIMH BBIBOAAMY;
B) METAJUIOKEPAMUYECKHUI KOPIYC ¢ KOAKCHAIbHBIMU BBIBOJAMU;
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10.

1.

12.

13.

14.

15.

16.

17.

r) flip-chip ¢ anaepduIom.

. Knmaccuuecknit kopnyc BGA u3roraBiuBaercs Ha:

a) KepaMHUYECKOM OCHOBAHUHU;
0) KPEMHHEBOM HMHTEPIIO3€EPE;
B) METAJLTNYECKOM OCHOBAHHU;
T') IEYaTHOM TIaTe.

. Uro takoe WLUE?

a) KOPIyCUPOBAHHUE KPUCTAILJIOB Ha YPOBHE OTAEJIbHBIX MUKPOCXEM;

0) KopIycupoBaHUE KPUCTAJUIOB HA YPOBHE IJIACTHUHBI METOJOM «IIACTHHA-K-TNIACTHHE);
B) KOPIIYCHPOBAHHUE KPUCTAIIJIOB B OOPOCHIIMKATHOE CTEKIIO;

') KOPIYCHPOBAHHUE KPUCTAIIJIOB METOI0M TOHKHX IUIEHOK.

MeTto KopIyCHpOBaHUS Ha YPOBHE IUIACTUHBI Ha3bIBAETCH:

a) DLP;

6) WLP;

B) LTCC;

r)HTCC.

B kakom ciyuyae npuMeHsieTcs, Kak IpaBUIo, paAUOUMITYJIbCHBIA METOI U3MEPEHHSI YACTOTHBIX
xapaktepuctuk CBY ycrpoiicTs?

a) MoIHbIX HHTETpaTbHBIX CBY yCTpOHCTB Ha BRICOKOM YPOBHE MOITHOCTH.

0) MaJIOMOIIIHBIX MHTETPABHBIX TpaH3ucTopoB CBY Ha MaiomM ypoBHE MOIITHOCTH.

B) MOIIIHBIX HHTETpaIbHBIX TpaH3uctopoB CBY Ha ManoM ypoBHE MOLTHOCTH.

T') MAJIOMOIIIHBIX UHTETPaIbHBIX TpaH3ucTopoB CBY Ha BRICOKOM ypOBHE MOIIIHOCTH.
[Toyemy mpu JTaBUHHOM MPOOOE HE MPOUCXOIUT HEOOPATUMOTO TETIOBOTO MPOOOs
TpaH3ucropa?

a) OTOT 3KCHEPUMEHTAIbHBIN Pe3yJIbTaT O CUX MOP HE UMEET TEOPETUUECKOT0 0ObICHEHUS.
6) N3-3a Toro, 4To CTPYyKTypa HE YCIEeBaET MEePErpeThCs BCIEICTBUE OUYEHb KOPOTKOM
JUTUTETIbHOCTH UMITYJIbCA.

B) 13-3a TOTO, 4TO CTPYKTYypa HE yCIEBaET MEePErpeThCs BCIEICTBUE MAJION aMILTUTYIbI
UMITYJIbCA.

r) Ha camom nene mpu 1aBUHHOM MPOOOE CTPYKTYpa MEPErpeBaeTcst U MPOUCXOIUT
HEOOpaTUMBIN TEIIIOBOM MPOOOH TpaH3UCTOPA.

CxoJibKO MOPTOB (TU1e4) B HanpaBjieHHOM oTBeTBHUTeNIe CBY?

a) 3T0 1-mopTOBOE YCTPOUCTBO;

0) 9TO 2-TIOPTOBOE YCTPOMCTRO;

B) 3TO 3-TIOPTOBOE YCTPOMCTRBO;

T') 3T0 4-IOPTOBOE YCTPOHCTBO;

Kaxkue ycioBHbIEe Ha3BaHUSI UMEIOT MOPTHI (TJICUH) B TI0OOOM HampaBieHHOM oTBeTBuTese CBY?
a) BXOJ/IHOE, CBSI3aHHOE, Pa3BA3aHHOE, IPOXOIHOE

0) BXOHOE, UMITEJITAHCHOE, aJIMUTAHCHOE, PEAKTaHCHOE

B) BXOJIHOE, BCIIOMOTATEIIbHOE, OCHOBHOE, TPAaHC(POPMHUPYIOIIEE

T') BXOJIHO€, 3J1aCTaHCHOE, PE3UCTUBHOE, aTTEHIOATOPHOE

Kaxkue Tunbl HanpaBII€HHOCTH OTBETBUTEIEH U3BECTHBI?

a) [Ipsimoii

0) OGpaTHbIii

B) [lonepeunsrit

r) [IpogonbHO-TIONIEpEYHBIA

Kakwue Turbl HarpaBiIeHHBIX OTBETBUTENEH, pa3IuyaloIIiecs 0 BULy HallPaBICHHOCTH,
CYyIIECTBYIOT?

a) IPOTHUBOHAIPABIICHHBIH,

0) coHampaBJICHHBIH,

B) TpaHCHANPABJICHHBIN,

T') CBEpPXHAIPaBJICHHBIN,

Kaxk Ha3piBaeTcst HarpaB€HHBINA OTBETBUTEND C 3-1b CBsI3b10?

a) Mocrt

0) [Toxymoct

B) ['mparop

r) Hupkynsrop
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18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Kak knaccuduuupyroTcst HarpaBieHHbIE OTBETBUTENH [0 KPUTEPHIO (pa30BOTO COOTHOIICHHUS
CUTHAJIOB B BBIXOJHBIX IIedax?

a) KBanpatypHsiit

0) CundazHo-nmpoTrBOGa3HBIN

B) KBagparusrit

r) JAByuuieidHubrit

Ha kakux 35eMeHTax MOKHO ITOCTPOUTH HAIlPaBICHHBIN OTBETBUTEIND?
a) Ha oTpe3kax 0uHOYHBIX JIMHUH TTepeadn

0) Ha cBsi3aHHBIX JIMHUSIX

B) Ha maccuBHBIX COCPEOTOUEHHBIX AJIEMEHTaX

r) Ha moneBbIx TpaH3ucTopax

HaszBaTth OCHOBHBIE ITapaMeTpbl HAIPABIECHHBIX OTBETBUTEIICH?

a) CormacoBaHue

0) CBs13b

B) Pa3Bsizka

r) Hupxynsmmst

YT0 Takoe HaAeKHOCTb U3EIIUS?

a) KauyecTBO U3JICIHS;

0) nu3aitH U3IeNus;

B) CBOMCTBO U3JICIIHS;

T') COCTOSTHUE U3ICTTHSI.

YTo Takoe 0TKa3 U3aeiius’?

a) U3MEHEHHE MapaMeTPOB U3EIHS;

0) Hapy1IeHHe paboTOCITOCOOHOCTH U3ICTHS;

B) U3MEHEHUE YCIOBUI AKCIUTyaTalluy U3Aeus;

T) 2JEKTPUYECKUE UCTIBITAHUS U3EIHS.

Urto Takoe paboTOCTIOCOOHOCTH U3IEITHS?

a) TOTOBHOCTb U3/ K UCTIOJIb30BaHUIO;

0) crToCOOHOCTB M3/IETHUS BBITIOJIHATH 3aJaHHbIC (PYHKITUH;

B) COCTOSIHHE U3/IE€JIHS MOCIE UCTIBITAHUM;

') yTpaTa OCHOBHBIX MTapaMeTPOB.

YT0 TaKkoe NOJTOBEYHOCTH U3AEIINS?

a) U3HOC U3JIEIHS;

0) coxpaHeHue paboTOCIIOCOOHOCTH JI0 U3HOCA;

B) CITOCOOHOCTH BBIICP)KUBATHh HATrPY3KH,

T') COXpaHEHHUE HAIC)KHOCTH.

Uto Takoe COXpaHsAEMOCTb U3’

a) YCJIOBUS XpaHEHUS U3/,

0) croCOOHOCTD M3/IENHUs K TPAHCTIOPTHPOBKE;

B) CBOMCTBO COXPaHATh pab0OTOCIIOCOOHOCTh B TEUCHHUE XPAHEHUS U TTOCIIC XPAHCHUS;
') yIaKoOBKa U3/IENIHs B TEPMETUYHYIO Tapy.

Uto Takoe BepOsSTHOCTh OTKa3a muaaenus Q(t)?

a) BEpOSITHOCTh TOTO, YTO B OTKAa3 BO3HUKAET B 33JJaHHBIX MPe/iesiaX BPEMEHHU;
0) BeposTHOCTB TOTO, UTO B 33JJaHHOE BPEMS OTKa3 HE BOSHUKAET;

B) BEPOSITHOCTH TOTO, YTO U3/ENINE PAOOTOCIIOCOOHO;

') BEPOATHOCTh HApaOOTKH M3JEIHEM 33JaHHOTO BPEMEHHU.
l'amma-niporieHTHAst HapabOTKa 10 OTKa3a?

a) cyMMapHasi HapaOOTKa U3JIeTus;

0) HapaOOTKa M3/eHs Ha OTKAa3;

B) HapabOTKa, B TCYEHUU KOTOPOM OTKA3 HE BO3HUKAET C HEKOTOPOI BEPOSTHOCTHIO;
T') MpOIeHTHAsl HapaOOoTKa Ha OTKa3.

Kakoii MaTeMaTHueCcKuii 3aKOH MOJIOKEH B OCHOBY YCKOPEHHBIX UCIIBITAHUI?
a) 3aKOH HOPMAaJIbHOTO paclpe/leieHHUs;

0) 3akoH ["aycca;

B) 3aK0H Mypa;

') 3aKOH AppeHHyca.

Uto Takoe rpaHUYHBIE UCTIBITAHUS ?
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30.

a) ompeJielieHUe PeKUMOB UCTIBITAaHUI;

0) onpeneneHrne BpEMEHH UCTIBITAHU;

B) OIpe/ieNIeHUE NMPeAETbHO-0MYCTUMBIX MTApaMETPOB U3/EIINN;
T') ONIPECIICHUE YCIOBUH DKCILTyaTallMK H3ICITHA.

Uto Takoe ciaydaiiHasi BBIOOpKa U3IETHi?

a) BEIOOpKA M3/IeNUi C 3aJIaHHBIMU TTapaMeTPaMHu;

0) BBIOOpKA M3EIHI JIJIs1 UCTIBITAHUH;

B) OTOOD M3/ENHiI M3 TeHEPATbHON COBOKYITHOCTH;

') BBIOOPKA KaueCTBEHHBIX M3/IEITHI

9.1.2. IlepedyeHb BONPOCOB ISl 3a4€Ta C OLEHKOM

brnok 1. Coopka u xopmyca CBY C

1.

2.

3.

4.

5.

Knaccudukanus u ocodbennoctu npumenenus kopnycos CBY MC. Biusnue nmapa3uTHbIX
napameTpoB Kopiryca Ha paboty UC.

Merannokepamuueckue u noiaumepnsle kopnyca CBY MC: noctouHcTBa, HEAOCTATKU U
00J1aCTH IPUMEHEHHUS.

TexHonoruu MexcoequHeHU B MukposnekTponumke: Wire Bonding, Flip-Chip, TSV.
®dusnueckue orpannueHus Ha CBY.

Oco6ennoctu coopku CBY UC ¢ ucnonbp3zoBanueM TexHonoruil 3D-uHTErpanuy 1 KpeMHUEBBIX
MHTEPIIO3EPOB.

Mertoabl obecrieueHus TerooTBoAa B kopnycax mourasix CBY UC.

biiok II. ®yHKIIMOHAIBHBINA KOHTPOJIb U U3MEPEHUS

1.
2.

3.

4.

5.
6.

[TonsiTue S-napameTpoB U UX ¢puzndeckuil cMpica npu u3mepenun CBY ycTpoiicTs.
ApXUTEKTYpa U OCHOBHBIE XapAaKTEPUCTUKH COBPEMEHHBIX BEKTOPHBIX aHAJIN3aTOPOB LiETIEN
(BAL).

Haznauenue u npuHIMNI paboThl aHATM3aTOPOB CIIEKTpa MpHU PyHKIHOHATEHOM KoHTposie CBY
ncC.

CyTb, HEOOXOIUMOCTh M MAaTEMAaTUYECKUE MOJICIH OUIMOOK MPH KaJTUOPOBKE U3MEPUTEIHLHOTO
CBY tpaxra.

Metoauku kanmubpoBku SOLT, TRL, LRM: 0cO6€HHOCTH, TOUHOCTH U 00JIaCTH IPUMEHEHHS.
VYerpoiictBo u npuHuunsl pabotel CBY 30H10BO# cTanuuu. OCOOEHHOCTH MPOBEICHUS
30H/I0BBIX U3MEPEHUI Ha IIJIACTHUHE.

brnox III. HanexxHocTh U pu3nka 0TKa30B

1.

oW

OcHOBHBIE MTOKa3aTeNu 0€30TKA3HOCTU U TOJITOBEYHOCTH U3JIEIUN MUKPOAJIEKTPOHUKH. 3aKOHbI
pacnpeziesieHus: OTKa30B.

. ®duznyeckue MOJCIHN JJICKTPOMUI'pAllUN U TCPMOMUT'pAlITUU B TOHKOIJICHOYHOM MCTaJllIn3allu

ncC.
MexaHu3Mbl Aerpajaluy IU3JIEKTPUKOB U KOPPO3UOHHBIE npolecchl B kopiycax UC.
[ToHsATHE YCKOPEHHBIX UCTIBITAHUIN: YCKOPAIOLIHE (DAaKTOPBI U MOJETH YCKOPEHHS.

. MeToasl pa3pyliaioiero 1 Hepa3pyualllero aHaiuza oTka3os. [[puMeHeHne 3IeKTpOHHON

MHKPOCKOIINMU U PCHTTCHOBCKOI'O KOHTPOJIA.

. [ImanupoBanue, mMpoBeJeHUE U CTATUCTUUYECKass 00paboOTKa pPe3yJIbTAaTOB YCKOPEHHBIX

UCIIBITAHUH Ha HAJIC)KHOCTD.
B3aumocss3ps Tonosorun CBY UC, TexHomorun cOOpKH U JOMHUHUPYIOMINX MEXaHHU3MOB
OTKa30B.

9.1.3. TeMbl NpaKTHYECKHUX 3aJaHUI

. IIpoananu3upoBaTh TOMONIOTHU U BEIOpaTh TUT Kopiryca CBY MC nist 3aaHHBIX TEXHUYECKHUX

XapaKTePUCTHK.
PaccuuTaTh nmapa3suTHbIE TapaMeTpbl U TEIUIOBOM pexkuM kopnycoB CBY HC.

. IIpoBecTu cpaBHUTENBHBIN aHanu3 TexHoJoru coopku (Wire Bond u Flip-Chip) nns CBY

MIPUMEHEHU.
CmonenupoBaTh U MpoaHaIu3upoBaTh (pu3uKy otkazoB UC.

. CocTaBuTh IJIaH YCKOPEHHBIX HCTIBITAHUN Ha HaJexKHOCTh MC 1 00paboTaTh X pe3ysbTaThl.

9.1.4. TeMbl NPAKTUYECKUX 3aHATHI
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1. Ananu3 tomonoruid u BeIOOp TUma kopnyca CBU MC nnsg 3amaHHBIX TEXHUUYECKHX
XapaKTePUCTHK.

PacueT napa3uTHbIX MapaMeTpOB U TEMIOBOTO pexnma kopmyco CBY UC.

CpaBauTtenbHbIl aHanu3 TexHonoruit coopku (Wire Bond u Flip-Chip) myiss CBY npumenenuii.
MopenupoBanue u aHanu3 (GU3UKHA OTKA30B (3JeKTpoauddy3usi, TEPMOIUKINPOBAHUE).
[InanupoBaHKe YCKOPEHHBIX UCIIBITAHUI Ha HAJIEKHOCTh U 00pabOTKa UX PE3yJIbTaTOB.

Nk WN

9.2. MeToan4yeckne peKOMeH AU

VY4eOHbIil MaTepuan uznaraercs B (Gopme, mpeanoaramplileii caMoCTOATENbHOE MBIILICHHE
CTYZCHTOB, camooOpa3oBanue. [Ipu 3ToM camocTosTenbHast paboTa CTyA€HTOB UTPAET PEIIAIONIYIO POJIb
B XO/I€ BCETro y4eOHOro mporecca.

HauaTtp n3ydeHne MTUCHMILUIMHBI HEOOXOIUMO CO 3HAKOMCTBA ¢ padoueil MporpaMMoOid, CIIUCKOM
y4eOHO-METOMYECKOT0 U MporpaMMHoro obdecneuenus. CamocrosTenbHas paboTa CTyAeHTa BKIIOYAET
paboTy ¢ yuyeOHBIMU MaTepHalaMH, BBINOJHEHHE KOHTPOJBHBIX MEPONPUITHH, MPETyCMOTPEHHBIX
y4eOHBIM ITAHOM.

B nporecce n3ydeHus: IUCUUIUIMHBI IS JIyYIIETO OCBOCHUS MaTepuana He0OXOAMMO PETYIISIPHO
oOpamarbcsi K PEeKOMEHAYEMOM JIuTeparype M MCTOYHHKAM, YKa3aHHBIM B y4eOHBIX Marepuaiax;
MOJIB30BAThCS 4Yepe3 KaOWHET CTyJAeHTa Ha caiiTe YHuBepcuUTeTa o0pa3oBaTEIbHBIMH pecypcamu
AJIEKTPOHHO-OMOIMOTEYHOM CHUCTEMBI, @ TAaKXKe OOIIEAOCTYITHBIMUA HHTEPHET-IOPTAIaMH, COJCPKAILIUMHU
Hay4YHO-TIONYJSPHbIE U CIELUAJIU3UPOBAHHBIE MaTepHajbl, MOCBSIIEHHBIE PA3JIUYHBIM aCIEKTaM
y4eOHOM JUCUUIUINHBL.

IIpu caMOCTOATEILHOM U3YYEHUU TEM CIEAYHTE PEKOMEHIALMSIM:

— YTEHHME HJIM NPOCMOTP MaTepHuajla OCYLECTBISANTE CO CKOPOCTHIO, NOCTATOYHOM s
WHAUBHUAYAIbHOTO NIOHUMAaHUS U OCBOEHMS MaTepuaja, BbIIENsisl OCHOBHBIE UJEH; HA OCHOBAHUHU
N3yUYEHHOI'0 COCTaBUThH Te3UChl. OCBOMB MaTepual, MONbITaTbCSI COOTHECTH TEOPHUIO C IPUMEpPAMHU U3
MIPaKTUKU;

— €CJIM B TEKCTE BCTPEYAIOTCS HE3HAKOMBIE UJIM MAJIO3HAKOMBIE TEPMUHBI, CIEAYET BBISICHUTH UX
3HAYEHUE JJIs IOHMMaHUS JaJbHEHNIIEro MaTepuaa;

— OCMBICJIMBAlTE IPOYUTAHHOE U NU3YUEHHOE, OTBEYANTE HA MPEJI0KEHHBIE BOIIPOCHI.

CryneHTsl MOTYT NOJy4aTh HHAMBUyalbHbIE KOHCYJIbTALMH, B T.4. C UCIIOJb30BAaHUEM CPEJICTB
TEIEKOMMYHHUKALUH.

[To gucuuniauHe MOTYT MPOBOAMTHCS JOMOJHHUTEIbHBIC 3aHATHUA, B T.4. B (hopMe BeOMHAPOB.
Pacnucanue BeOMHAPOB W 3alMUCHU BEOMHAPOB MYOJHMKYIOTCS B 3JEKTPOHHOM Kypce / 3JIeKTPOHHOM
KypHaJIe 110 TUCLUIUINHE.

9.3. Tpeﬁona}mﬂ K OCHOYHBIM MaTepHuajJdaM Jisl JUIl ¢ OrpaHHYCHHBIMHA BO3MOKHOCTAMMU
310pOBbHA U HHBAJIUA0OB

Jns nun ¢ orpaHUYEHHBIMH BO3MOJXKHOCTSIMH 370pOBBS U WHBAJIHUJIOB MPEIYCMOTPEHBI
JOTIOJTHUTEJIBHBIE OIEHOYHBIE MaTepPHAJIbl, MEpEeUeHb KOTOPHIX yKa3aH B Tabiuie 9.4.

Tabnuna 9.4 — JlomoJHUTENbHBIE MaTepHaNbl OINCHUBAHUSA JUISA JIUI C OTPaHUYCHHBIMU
BO3MOKHOCTSIMH 3JIOPOBBSI M1 MHBAJIHUIOB

Buasl 1ooIHUTENEHBIX OLIEHOYHBIX DopMBbI KOHTPOJISI U OLIEHKHU

Kareropuu oOy4aromuxcs

MaTepUaoB pe3yJIbTaTOB 00YUYEHUS
C HapylIeHHsIMU clTyXa TecTbl, TUCbMEHHBIE [Ipenmy1ieCTBEHHO MMUCHMEHHAs
CaMoCTOsITeNIbHbIE pabOThI, BOIPOCHI MpoBepKa
K 3a4€eTy, KOHTPOJIbHbIE paOOTHI
C HapyLIEeHUAMU 3pEHUS CobecenoBaHue 1o BOIIPOCaM K [IpenmyniecTBEHHO yCTHas
3a4eTy, ONpOC 110 TEPMUHAM poBepKa (MHIUBUYATBHO)
C HapylIIeHUSIMU OTIOPHO- Pemenue nucTaHIIMOHHBIX TECTOB, [IpenmytiecTBEHHO

JBUTATEJILHOTO alapara | KOHTPOJIbHbIE pa0OThI, MUCbMEHHBIE | AUCTAaHIMOHHBIMU METOAAMHU
CaMOCTOSITENIbHBIE PaOOTHI, BOITPOCHI
K 3a4eTy
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C orpaHMyYeHUSIMH TIO
0011IeMETUIIUHCKUM
MOKa3aHUSIM

TecThl, TUChbMCHHBIC
CaMOCTOSITEIIbHBIE PAOOTHI, BOTIPOCHI
K 3a4€Ty, KOHTPOJbHBIE paOOTHI,
YCTHBIE OTBETHI

[Ipeumy1iecTBEHHO POBEpPKA
METOAAMHU, ONPEACIIAIOLIMMUCS
UCXOJS U3 COCTOSIHUS
o0yyaromerocss Ha MOMEHT
IIPOBEPKU

94. MeToauuecKkue PECKOMEHIAUHU MO OIMCHOYHBIM MaTepuajaamMm IJid JUll ¢ OrpaHUYC¢HHBIMHU
BO3MOKHOCTSIMHA 310POBbS U UHBAJINI0B

Jns nui ¢ orpaHUYEHHBIMH BO3MOXKHOCTSIMU 3J0POBbSI U MHBAJIHUJIOB MPEayCMaTPUBACTCS
JOCTYITHAs popMa Mpea0CTaBICHUS 3aJaHUI OIICHOYHBIX CPEJICTB, 4 UMEHHO:

— B IIeYaTHOU (opme;

— B IieyaTHOM hopme ¢ yBeJIMYEHHBIM HIPUPTOM;

— B (hopMe IIEKTPOHHOTO JOKYMEHTA;

— METOJIOM YTE€HHSI aCCUCTEHTOM 3aJ]aHUsl BCIIYX;

— IpeJ0CTaBICHHUE 3a/1aHUs C UCIOIb30BaHUEM CYpIOTIEPEBOAA.

Jluuam ¢ orpaHMYE€HHBIMU BO3MOXKHOCTSMH 3/I0POBbSI M MHBAJIKAaM yBEJIUUYMUBAETCS BpeMs Ha
MOJITOTOBKY OTBETOB Ha KOHTPOJIbHbIE BOMpockl. s Takux oOyyarouiuxcs mpeaycMaTpuBaeTCs
nocTynHast popma npeaocTaBiIeHHsI OTBETOB Ha 3aJlaHUsl, @ UMEHHO:

— MUCBMEHHO Ha Oymare;

— Ha0Op OTBETOB Ha KOMIIBIOTEPE;

— HabOp OTBETOB C UCIOJIH30BAHNEM YCIIYT aCCHCTEHTA;

— MpEe/ICTaBIIEHUE OTBETOB YCTHO.

[Ipouenypa omeHWBaHHUS PE3yIbTATOB OOYYEHHUsS JHUIl C OTPAHUUYCHHBIMHU BO3MOXXHOCTSIMHU
3I0pPOBbSI M WHBAIUIOB 10 AUCIHILIMHE TPEIyCMAaTPUBACT MpeJAOoCTaBlIeHne HHPopManuu B Gopmax,
a/IaTITUPOBAHHBIX K OTPAaHUYEHISIM UX 3I0POBbBSI U BOCIIPHATHS HHPOPMAITUH:

Jst Iuu ¢ HAapylIeHUsIMU 3PeHu:

— B (hopMe IIEKTPOHHOTO JOKYMEHTA;

— B rieyaTHOU popme yBeIMueHHBIM HIpUdTOM.

J1st Iun ¢ HApYLIeHUsIMU cJIyXa:

— B (hopMe IIEKTPOHHOTO JOKYMEHTA;

— B TIe4aTHOU (opme.
JJ1s1 11 ¢ HApyLIEHUSIMH OTIOPHO-ABHUIaTEJIbHOIO anmapara:

— B popMe 3JIEKTPOHHOTO TIOKYMEHTA;

— B IIeyaTHOU (opme.

[Ipn HEOOXOAUMOCTH JJIsl JUI] C OTPAHUYCHHBIMU BO3MOXHOCTSIMH 3JI0POBbSI U MHBAJIHUIOB
MpoIieIypa OLICHUBAHUS PE3YJIBTATOB 00YUEHHUS MOXKET IPOBOJUTHCS B HECKOJIBKO JTaIloB.
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