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PABOYAS MPOrPAMMA YYEEHOW OUCLUMMNNUHDI

51.B.05 PagnaunoHHas cTOMKOCTb MHTErpasbHON 3ieMeHTHoW basbl

1. Kog v HanmeHoBaHue HanpaBJiIeHUA NOAroTOBKU/cneunManbHOCTHU:
03.04.03 Paauvodusuka

2. Mpocdunb noarotoBkU: Mukpo3/1eKMPOHUKa U 10/1yNP080JHUKO8bLIE rMpubopsbl

3. KBanudumkaums (cteneHb) BbINYCKHUKA: _Maaucmp

4. ®opma obpa3oBaHUA: OYHas

5. Kacheppa, oTBevarowas 3a peanmsaumio UCLUNIIUHBI:
bU3UKU _N0S1YNMPOB8OOHUKO8 U MUKPOSIEKMPOHUKU

6. CoctaBuTENnu nporpaMmmbi: bozamukoe EeszeHuti Bacunbesu4 :
KaHOuOam gbu3uKo-Mamemamu4ecKkux Hayk, 0oueHm

7. PekomeHpoBaHa: HMC cbusuyeckoao ghakynsmema rnpomokosi Ne6 om 26.06.2021

8. Y4yeOHbIn roa: 2022-2023 CewmecTp: 3

9. Llenu 1 3apa4v y4e6HOMN ANCLUNIUHDBI: LIESNTbIO OCBOEHUS Y4EeOHON ANCUMNANHBI SBMIS-
eTcea hopmMmpoBaHME 3HaHMU N YMEHUIN, HEOOXOANMbIX AJ1s1 NPOEKTUPOBaHUSA paanaUnoOHHO-
CTONKMX UHTErpasnbHbIX CXEM.
3agaun yyebHOM aNCUUNINHLI:
- N3yyeHne mM3nYeckmx OCHOB BO3AENCTBUSA pagmaLnn Ha UHTerpanbHble CXEMbI;
- M3y4YeHMe TEXHOSNOMMYeCcKnx NPMEMOB MOBbLILWEHUS pPaanaUMOHHOM CTOMKOCTU WHTe-
rPanbHbIX CXEM;
- U3YYEeHMEe CXEMOTEXHUYECKNX peLleHUI, HanpaBneHHbIX Ha MNOBbILLEHNE paguaLNoOHHON
CTONKOCTWU MHTErpanbHON 3aneMeHTHOM 6a3bl;



- N3y4YeHne MeToL0B NPOEKTUPOBAHUS TOMNONOrMN NHTErpanbHON 3fieMeHTHON 6a3bl, 06-
nagaroLien noBbILEHHON paanaLMOHHON CTOMKOCTLIO;

- M3y4eHMEe MpOorpaMMHbIX NakeToB ASI1 MOAENUPOBAHUS paguaumMoOHHbIX 3GEKTOB B
WMHTEerparbHbIX CXemax;

- N3y4eHne HopMaTUBHOM 6a3bl OLIEHKM pagnaLMOHHOM CTOMKOCTU MHTErpasribHbIX CXEM.

10. MecTo y4ye6HOM aucumnnuHbl B cTpykType ONMOIMM: gncumnnmHa OTHOCUMTCA K 4acTu,
dopMMpyemMon y4acTHMKaMm obpasoBaTesbHbIX OTHOLEHU (BapnaTtmeHas) 6roka b1. [Ins
ee ycBoeHus TpebytoTcs 3HaHus, dopmupyemble npu ocsoeHmm ONNMOI B pamkax Kypca cxe-
MOTEXHMKN UHTErParnbHbIX CXEM.

11. MnaHupyemble pe3ynbTaTbl 06y4YeHUs No AUcCUMNINHe/MOAYNIo (3HAHUA, YMEHMUs,
HaBblKW), COOTHECEHHbIE C NfIaHupyeMbIMU pe3yrnbTaTaMyu OCBOeHUsi obpa3oBaTenb-
HOM nporpaMmmbl (KOMNETEHLUAMMU) N UHANKATOPaMN UX AOCTUXKEHUA:

KomneTteHuumn Mugukatopbl
MnaHnMpyemblie pesynbTaTbl 06y-
Kon HanmeHoBaHue Ko (b)) HanmeHoBaHue Yenus:
KOMMNeTEeHUUN nHankaTopa(os)
MK-1 | Cnoco6eH npunn- | TK-1.2 | Bnageet yHaa- 3Hameb:
MaTb yyacTue B MeHTanbHbIMK - OCHOBHblE€ BMAblI pagnauUMOHHbIX
paspaboTke n 3HaHWSAMU B 06na- | apeKTOB B WMHTErpasibHbIX CXxe-
Hay4HbIX uMccne- CTM NonynpoBoa- | max;
JOBaHUSAX CUCTEM HukoBown CBY- - OCHOBHble CMOCcobbl MOOENUNPO-
CBSA3UN N TENEKOM- 9NEKTPOHUKM BaHMA pagvauMoHHOro BO34en-
MYHMKaLW CTBUS1 HA MHTErpasnbHble CXEMbI;
MK-2 | CnocobeH npunu- | [K-2.4 | YuutbiBaeT ycno- | 3Hams:
MaTb yyacTue B BWS KCMnyaTtaumMm | - OCHOBHblE  TEXHOMOormyeckue,
pa3paboTke n NPy NPOEKTMPOBA- | CXEMOTEXHUYECKME U Tononormye-
Hay4HbIX uMccne- HUWN 3NEeMEHTHOM Ckne cnocobbl NOBbILLEHUSA paana-
AOBaHUAX  Mosny- 6a3bl pagMoanek- | LMOHHOM CTOMKOCTUM MHTerparb-
NPOBOOHNKOBOW TPOHWKM HbIX CXEM;
3NEeMEHTHOM - OCHOBHble METOAbl MCMbITaHMSA
©a3bl pagnoanek- pagnauMoOHHON CTOMKOCTU WHTe-
TPOHHbIX rpanbHbIX CXEM.
YCTPOUCTB Ymems:
- BblIbMpaTb 1 peann3oBbiBaTb KOH-
CTPYKTOpPCKOE pelleHne, obecne-
ymBarwLllee paguaunoHHY CTOW-
KOCTb MHTErpanbHOM CXeMmbl.
Bnadems:
- HaBblKaMWn MPOEKTUPOBAHUA pa-
ANALMOHHO-CTOMKMX Y3MNOB MHTe-
rpanbHbIX CXem c
ncnono3osaHnem CAIP.
12. O6bem gucuMnNNUHLbI B 3a4eTHbIX eanHuyax/yacax — 3 / 108 .

CDopma npomemyTquoM artrTectaumnm — 3a4er.

13. Buabl y4ye6HOM paboThl:

Bug yyebHon paboThbl

TpyaoemKocTb (4achl)

Bcero | Mo cemectpam




3 cem.
AyOuUTOpPHbIE 3aHATUS, 64 64
B TOM YMCIE: nexymn ) 38
nabopaTopHbie paboThl 26 26
CamoctosiTensHasa paborta 44 44
NToro: 108 108

13.1. CopepxaHue AUCLUUNIINHDI:

Ne HanveHoBaHne CopepxaHue pasgena guCUuUninHbl
n/n pasgena aucumnivHbl
Jlekuun
1.1 | BeegeHne Knaccudmkauma pagmaunoHHblX 3pgeKTOB B MUKPOISEKTPO-
HWUke. OCHOBHbIE NOHATUS.

1.2 | PagmnaumoHHble 3d- | Buabl oTkaszoB npu BO3OeNCTBUM pagnaumn. YCTOMYMBLIE OT-
dekTbl B MHTErpanbHbIX | Kasbl. icnpaBuMble oTkasbl. MexaHn3Mbl 0Tka3oB. HakonneHune
cxemax 3apsga B noas3aTtBOpHOM Auanektpuke. ®ototok. PagnaumnoH-

Hble npouecchl B ckpbiToM guanektpuke KHWU-ctpykTyp. Cny-
YanHble cbon nepekntoyeHns. 3allenkmBaHue TPaH3UCTOPOB.
[NoBpexgeHne NMHUN NUTaHNA.

1.3 | TexHonornyeckue pele- | TexHonorua KHW KMOIT. Triple-well npouecc. BUKMOIT TexHo-
HUSA AN NoBbIWEHUA pa- | norus. PagnaunoHHo-3awmuTHbIE Kopriyca s Usgenun Mmkpo-
ANALUMOHHON CTOWKOCTM | 3neKTPOHMKN. OCOBEHHOCTN TEXHONOMMN U3rOTOBNIEHNSA MHOTO-
NHTErpasnbHbIX CXEM CNOWHbIX 3aLUNTHLIX MaTepunanos.

1.4 | CxeMoTexHu4eckme n | MogynbHoe, BpeMeHHOe, NPOCTPAHCTBEHHOE pe3epBUpOBaHUE.
nporpammMHble peleHus | Metog TponHoro pesepsupoBaHus (TMR). DICE-3awenku. Uc-
ANS NOBbILWEHUSA paguna- | Nonb3oBaHWe CTPYKTYp 3aaepxkn. MoaepHmsaumnsa 6a3oBbix pe-
LUVMOHHOW CTOMKOCTM WH- | LUEHMI C NCMNONb30oBaHMEM o0bpaTHbIX cBA3en. Kogbl obHapyxe-
TerpanbHbIX CXeM Hus owmnbok (EDC). Kogbl ucnpasnenus owmnbok (ECC). MNpu-

MEHEHME KOPPEKTUPYHOLINX KOLOB.

1.5 | Tononornyeckne pewe- | icnonb3oBaHue oxpaHHbix Koney. KHU TpaHaucTopbl A-Tuna m
HWUS 4N NoBbIWeHusa pa- | H-tuna. Tononoruu ¢ paclumpeHHbIM 3aTBOPOM, KOMbLIEBbIM 3a-
ANALVOHHON  CTOMKOCTU | TBOPOM, C OKPY>KEHHBIM MCTOKOM/CTOKOM.

NHTErpasbHbIX CXEM

1.6 | MogenupoBaHue pagua- | Y4eT pagmaunoHHbiX 3dEKTOB NP CXEMOTEXHUYECKOM MOoAe-
LUMOHHBIX 3PeKTOB B | IMpoBaHMKU. VIcnonb3oBaHMe A3bIKOB MPOEKTMPOBaHWS annapa-
WHTEerpanbHbIX cxemax Typbl cxem cmewaHHoro curHana (Verilog-AMS, VHDL-AMS)

Mcnonb3oBaHne nporpaMMHbIX MakeToB MOAENMPOBaHUS Npo-
XOXOEHUs1 dneMeHTapHbIX YacTuu Yepes BellectBo. Moaenu-
poBaHue pagnaumoHHbIX 3heKTOB B cMcTtemax npnubopHo-Tex-
Honornyeckoro mogenvposanus (TCAD).

1.7 | MeTogbl ucnbiTaHnsa pa- | HopmaTtueHasa 6a3a oueHku pagnaunoHHon ctorkoctn NC. Me-
ANALUMOHHON  CTOWKOCTM | Toabl ucnbitaHun C Ha pagnaumnoHHyto ctomkocTe. MeToanye-
NHTErpasnbHbIX CXEM CKME OCHOBbLI 1 TEXHNYECKME CPeACTBa PEHTIEHOBCKUX M Nlasep-

HbIX UMUTAUMNOHHBIX UCNbITAHUNA.
JlaGopaTopHbie paboTbl

2.1 | BeegeHune

2.2 | PagnayuoHHble ap-
dekTbl B MHTErpanbHbIX
cxemax

2.3 | TexHonornyeckme petue-

HUSA N8 NOBbIWEHUs pa-
ONALMOHHON CTOMKOCTHU
MHTErpasnbHbIX CXEM
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2.4 | CxemoTtexHunyeckme pe- | Jl.p. Ne 1. CxemoTexHudeckoe mogenunposaHne KMOTI-nHeep-
LEeHNa AONs NOBbIWEHMS | Topa C NOBLILLEHHOM pagnaunoHHOM CTOMKOCTbIO.

pagnaumoHHon ctonko- | Jl.p. Ne 2. CxemoTexHu4eckoe moagenupoBaHne DICE-3awenku
CTW MHTErpasnbHbIX CXeM

2.5 | Tononorndeckne pewe- | Jl.p. Ne 3. 3HakomcTBo ¢ CAlP npoektupoBaHus Tononorum NIC
HWUs1 4ns noBbiweHusa pa- | J1.p. Ne 4. Tononornyeckoe npoektnposaHne MOIT, obnagato-
AVALUNOHHOW CTOMKOCTW | LMX MOBbLILLEHHON paanauuoHHON CTOMKOCTbLIO

NHTErpasnbHbIX CXEM

2.6 | MogenupoBanue pagua- | J1.p.Ne 5. PaspaboTtka HDL-mogenvn nmnynbca MOHN3aLNOHHOMO
UMOHHBIX 9ddeKkToB B | TOKa.

WHTErpanbHbIX CXemax J1.p. Ne 6. CxemoTexHu4eckoe moagenunposaHne DICE-3awernku
npwv BO34ENCTBUN UMMYMNbCa NOHU3ALWUOHHOTO TOKA.

2.7 | MeTtoagbl ucnblTaHusa pa-
AVWaLUMOHHOMN  CTOMKOCTU
NHTErpanbHbIX CXeM

13.2. Tembl (pa3genbl) AUCUUNIIUHBI U BUAbI 3aHATUN:

Bugbl 3aHATUI (4acoB)

Ne HanmeHoBaHue Camocrtos-
n/n pasgena gucumnsivHbl Jlekumn Nlabopa- TenbHas Bcero
TOPHbIE
paboTa
1 BeepneHune 2 - 2 4
2 | PagnaumoHHble adhdeKkTbl B MHTErpasnbHbIX 8 ) 8 16
cxemax
3 | TexHonornyeckne pelleHnsa ans nosbille-
HUA pagnauNoHHON CTOMKOCTU UHTErpanb- 8 - 8 16
HbIX CXEM
4 | CXeMOTEXHUYECKMNE N MPOrpaMMHbIe peLle-
HUS ONS NOBbILLEHUA pagnaLUoHHOW CTOW- 8 8 8 24

KOCTU UHTEerpasjibHbIX CXeM
5 Tononoruyeckne peweHna ona noBbilLeHUA

pagnauMoOHHON CTOMKOCTU UMHTerpanbHbIX 4 8 6 18
CcXeMm
6 | MogenupoBaHue paguauMoHHbIX 3ddek- 4 10 6 20
TOB B MHTErpasnbHbIX CXeMax
7 MeToabl uChbITaHUA paguaunMoHHOW CTOW- 4 ) 6 10
KOCTU UHTErpasibHbIX CXeMm
UToro: 38 26 44 108
WToro no kypcy 108

14. MeToguyeckue yKkasaHus Ans ooyyarowmxcsi N0 OCBOEHUIO AUCLUNIIUHDI:

N3y4deHne gucumnnmHbl «PagrnaumoHHas CTOMKOCTb MHTErpanbHOM anemeHTHon 6asbl»
npegycMaTpuBaeT OCYLLECTBMNEHne ydebHOM OeATenbHOCTU COCTOsIWEN M3 ABYX 4YacTemn:
oby4eHnsa CTyaeHTOB npenogaBaTenieM U CaMoCTOSATENbHON y4ebHON AeATEeNbHOCTU CTy-
AEHTOB MO U3YYEeHUO ANCLUNIINHBI.

MeTog npenogaBaHust — NpobrnemHbin, hopma obyyeHuss — rpynnosasi, opma obue-
HUSA — MHTepakTMBHasa. Oba3aTtenbHoe nocelleHne NabopaTopHbIX 3aHATUN N TEKYLLMX aTTe-
cTayun.

[MoaroToBka K NeKuusM sSiBNsieTcs O4HMM U3 BUOOB CaMOCTOATENbHOM paboTbl CTyAEH-
ToB. CTygeHTam, 4yToObl XOpowo oBnageTb y4ebHbIM MaTepuanom, Heobxoaumo Bbipabo-
TaTb HaBbIKM NPaBUNbHOM U NNaHOMepHoOW paboThbl. Nepen Ha4Yanom NEeKUMOHHbIX 3aHATUN
HaQoO MpocMOTpeTb Bce, 4YTO ObINO caenaHo B npegbigywmin pas. 37O NO3BONUT



COCPefoTOYMTb BHUMAHME N BOCCTAHOBUTL B MAMSATU YXKe UMEIOLLMECS 3HAHWSA NO JAHHOMY
npeameTty. Kpome Toro, Takon MeTo4 NOMOXET fyylle 3anoMHUTb Kak CTapoe, Tak 1 HOBOE,
yrnybut noHMMaHme Toro n Apyroro, Tak kak npy 3TOM YCTaHaBNMBAKTCSA CBA3W HOBOrO CO
CTapblM, YTO SABMSIETCS HE TONMbKO 06s3aTeribHbIM, HO U OCHOBHbLIM YCMOBMEM [yBGOKOro
oBnageHus marepuanom. Yem getanbHee n3ydaeMoe accoummpyeTcsi C U3BECTHbIM paHee,
TEM NPOYHEE COXpaHseTCa B NaMATU 1 BbiCTpee BCNOMHUTCS, Koraa Tpebyetcs.

CneayeT NOMHUTBL, YTO Yepe3 NeKUUIo nepeaaeTcsa He TONbKO CUCTEMATU3MPOBAHHbIN
TeopeTn4ecKknin Matepuar, HoO U NOCTUraeTcs MeToAMKa Hay4yHOro UCCregoBaHUA U yMeHne
CaMOCTOATENbHO paboTaTb, aHANM3MPOBaTb PA3fMYHOro poaa SBEHUS.

3anucbiBaTb Ha NekumMm Heob6XxoaAMMO rnaBHoOE, He CTPeMSACh 3adoMKCMpOoBaTh BCE CNOBO
B CnoBo. BbibpaTh e rnaBHoe 6e3 NoHnMaHus npeameTa HeBO3MOXHO. Hannune cobcTBeH-
HOro KOHCMEeKTa feKUnin NO3BONSET eLle pa3 03HAaKOMUTLCS, NpoaymaTb, pa3obpaTtbcs B HO-
BOM MaTtepuane, Tak kak HeJOCTAaTOYHO XOPOLUO MOHATbIE BO BPEMSI NIEKLIMM NOSNOXEHUS MO-
ryT ObITb BOCCTAHOBMEHbI B NAMATU, CONOCTaBMNEHbI C APYrMMU, 0AYMaHbl, JOMOMHEHbI, YAC-
HEHbl U pacLUMpPEHbl C MOMOLLbIO y4ebHON nuTepaTypbl. 3annucu ABnaTCa Nocodbuamm ang
NOBTOPEHUS, Aal0T BO3MOXHOCTb OXBATUTb COAEPXKaHME NEKLMM U BCEro Kypca B LLeSIoM.

Mpn 3TOM XOPOLLO OBNaAeTb COAEPXKAHUEM NEKLMN — 3TO:

- 3HaTb TEMY;

- MOHUMATb 3HAYEHWNE U BaXXHOCTb €€ B JAHHOM KypCe;

- YEeTKO NpeacTaBNATb NMaH;

- YMETb BblAENUTb OCHOBHOE, MaBHOE;

- YCBOUTb 3HA4YeHne NPMMEPOB 1 UNNOCTPaLMN;

- CBSA3aTb BHOBb MOSyY€HHbIE CBEAEHUS O NpeaMeTe UMK SIBNIEHNM C YXKE UMELLNMUCS;

- NPeAcTaBNATb BO3MOXHOCTb U HEOHXOAMMOCTb MPUMEHEHMUS NOSTYYEHHbIX CBEAEHUN.

CyLiecTtByeT HECKONbKO 06LLMX nNpaBuni paboTbl Ha NEKUUN:

- NIeKUUN No KaxkaoMy npeameTy 3anucbiBaTb yaobHee B OTAENbHbIX TETpaasix, OCTaB-
NS WMPOKME Nons Ansa noMeTok,;

- K NpOCnyLUMBAHMIO NEKUNIA cnegyeT roToBUTbCS, YTO NO3BOMUT B MpoLiecce fekumm
OTAENUTb rMaBHOE OT BTOPOCTENEHHOTO;

- NeKuumn HeobxoauMo 3anmcbiBaTb C CaMOro Hayana, Tak Kak OHO 4acTo ObiBaeT Knto-
4YOM KO BCEWN TEME;

- TaK KaK JOCITOBHO 3anucaTb JIEKLMIO HEBO3MOXHO, TO HEOOXOAUMO B KOHCMNEKTE OTpa-
XaTtb: opMynbl, ONpeaeneHuns, CXembl, TPyaHbIeE MecTa, MbICIN, NPUMeEpPSbI, hakTbl U Nono-
XXEHUS OT KOTOPbIX 32aBUCUT NMOHMMaHMWE rMaBHOro, HOBOE N HE3HAKOMOE, HEOMYONMKOBaHHbIE
AaHHble, MaTtepuan OTCYTCTBYHOLMNA B y4eOHMKaX 1 T.M.;

- 3anucbiBaTb HAZO CXaTo;

- BO BPEMS NEKUMN BaXKHO HEMPEPBLIBHO COXPaHATL pabo4yto yCTaHOBKY, YMCTBEHHYHO
aKTMBHOCTb.

CamocToaTenbHas pabota CTygeHTOB Hapsay C ayauTOPHOW npeactaBnsieT OaHy M3
dopm yyebHOro npouecca n sSIBNAETCS CyLECTBEHHOM ee yacTblo. CamocToaTenbHasa pa-
6oTa npeaHasHayeHa Ansa opMUPOBaAHUSA HaBbIKOB CaMOCTOATENbHON paboThl Kak BOOOLLE,
Tak n B yd4ebHOn, Hay4yHon aedatenbHocTu. OHa obecnednBaeT OpMUPOBAHME U pa3BUTUE
CnocoBHOCTN NpuHMMaThL Ha cebs OTBETCTBEHHOCTb, CAMOCTOATENBHO pelwaTb Npobnemy,
Haxo4WTb KOHCTPYKTUBHbIE PELLEHUS, BbIXOA U3 KPU3UCHOW CUTyauun n T.4.

CamocTosTenbHas pabota oopMMpyeT CaMOCTOATENbHOCTb HE TOMbKO Kak COBOKYM-
HOCTb YMEHUA U HaBbIKOB, HO U KaK YepTy XapakTepa, UrpatoLLyto CyLLEeCTBEHHYIO POflb B
CTPYKTYp€E NMUYHOCTU COBPEMEHHOrO cneunanucta Bbicwen kBanudukaumn. OHa BOCNUTbI-
BaeT CaMOCTOATENBHOCTb Kak YepTy Xapaktepa. Hukakve 3HaHud, NonyYyeHHble Ha YpOBHE
NMacCMBHOrO BOCMPUATUSA, HE CTaBLUME O0BbEKTOM COBCTBEHHON YMCTBEHHOW UMW NpakTU4e-
CKOWN paboTbl, HE MOTYT CYMTATBLCH NOAMMHHLIM AOCTOAHMEM YeroBeka.

[laBasi BO3BMOXHOCTb pacLUMpATb U oborawatb 3HaHUS, YMEHUst N0 UHONBUAYaNbHbIM
HanpasneHusaM, camocToaTenbHas paboTta cTygeHTa No3BOnseT co3aaTtb PasHOCTOPOHHUX



cneumanucToB. B npouecce camoctosiTenbHOn paboThbl pas3BmBaloT TBOPYECKME BO3MOXHO-
CcTu obyvatoLlerocs, Npn 3ToOM camocTosTenbHas paboTa 3aBepluaeT 3agadv BCex BUOOB
y4yebHon paboThbl.

CamocToaTenbHas paboTta - 310 nnaHupyemasi pabota CTy4eHTOB, BbINONHAeMasi no
3aZlaHuIo U Npy MeToANYECKOM PYKOBOACTBE npenogasartens, Ho 6e3 ero HenocpencTBeH-
Horo yvacTus. [Npenogasartesib, BeAyLWun 3aHATUA, OpraHusyeT, HanpasniseT CaMmoCToATE b-
Hyto paboTy CTyAeHTOB M OKa3blBaeT MM Heobxoaumyto nomoulb. OQHaKo CaMOCTOATENb-
HOCTb CTYAEHTOB A0JPKHA NpeBbIWaTh 06beM paboTbl, KOHTPONMPYEMOW NpenogaBaTenem
paboTbl, U UMETb B CBOEN OCHOBE MHAMBUAYAlbHYIO MOTMBaUUIO 0By4YatoLLerocs no nonyye-
HWUIO 3HAHWUN, HEOBXOAMMBIX U AOCTAaTOYHbIX ANdA 6yayuwen npodeccmoHanbHON eATeNbHO-
CcTn B u3bpaHHom ccepe. MNpenogasaTtenb Npy HEOOXOOMMOCTM MOXET OKasblBaTb COLEN-
CcTBUE B BblpaboTke 1 KOPPEKUMN AaHHOW MOTUBALMK, NeXallen B OCHOBE NOCTPOEHUS ca-
MOCTOSTENTbHOWN AEATENIbHOCTU CTyAEeHTa MO U3y4YeHNo AUCUUNINHBI, NONyYeHnio Heobxoaum-
MbIX 3HAHU N HABbIKOB.

OcHOBOWM caMoCTOATENbHOM paboTbl CRYXUT Hay4YHO-TEOPETUYECKUIA KYPC, KOMIMIEKC
NOSTyYEHHbIX CTYAEeHTOM 3HaHUN. OCHOBHOWN, HaMbonee SKOHOMUYHON POPMON MONYYEHUS U
YCBOEHUSI MH(popMauun, TeopeTUYecknx 3HaHUM B By3e SIBMSieTCA neKkums, nos3sonstowias
BOCMNPUHATb 3HAYUTENBbHYO CYMMY OCHOBHbIX 3HAHUM 1 MOTOMY CNocob6CTBYOLLAA NOBbILLE-
HWIO NPOAYKTUBHOCTM BCeX Apyrmx oopm y4ebHoro Tpyaa.

Pesynbtat oby4yeHns n camocTtoaTesnibHONM paboTbl CTygeHTa npeanonaraeT Hanudme
crneayroLmnx COCTaBnASOWMNX: NOHUMaHNE MeTOA0STI0MMYECKNX OCHOB NOCTPOEHNSA U3yYaeMblX
3HaHWI; BblgeneHne rnaBHbIX CTPYKTYp y4ebHOro Kypca; dpopMmmpoBaHne CpeacTB Bblpaxe-
HUS B JaHHOW 06nacTu; NOCTPOeHne METOAMK PeLleHns 3agadq u opueHTauumn B npobrnemax
(cutyaumsax).

CamocToaTenbHas paboTta cTygeHTa npu n3ydeHnn kypca «PagnaunmoHHas CTOMKOCTb
WHTerpanbHON areMeHTHon 6asbl» BKMOYaeT B cebA: NOAroTOBKY U yYacTue B U3yYeHun Teo-
peTnYeCcKomn YacTu Kypca, NoAroToBKy K nabopaTtopHbiM paboTam, NOArOTOBKY K 3a4eTy.

CamocTosTenbHaa paboTta cTygeHTa npu u3yvyeHun AucumniunHel «PaguaunoHHas
CTOWKOCTb MHTErpanbHON aneMeHTHON 6a3bi» BKIOYaeT B cebs:

n3yyeHne TeopeTn4ecKon YacTtu Kypca - 12 4acos,;
noaroToBka K nabopaTopHbIM 3aHATUAM - 12 4acos,;
NoAroToBKa K 3a4eTy - 20 yacos;

UToro - 44 yacos.

15. NMepeyeHb OCHOBHOM U JONOSTHUTENBLHOW NUTEpPaTypbl, pecypcoB UHTepHeT, He-
o6xoauMbIX ANA OCBOEHUA OUCLUNIIUHDBI:

a) oCHOBHasi nuTepaTtypa:

Ne n/n NCTOYHNMK

1 dusnyeckoe matepunanoBegeHue. Y4yebHuk ons By3oB. B wectn tomax PagnaunoHHas
dumsuka TBepaoro tena. KomneotepHoe mogenvposaHue .— Mocksa : MUOU, 2008 .—
696 c. // AnekTpoHHO-6ubnmnoTeyHasa cucrtema. — URL :
http://biblioclub.ru/index.php?page=book&id=237980
2 HertapeHko H.H. CeoricTBa aedekToB 1 ux aHcambnen, paguaunoHHas usnka TBepaoro
Tena / H.H. JertapeHko .— Mockea : MNDU, 2011 .— 199 c. // DnekTpoHHO-O6mnbnunoTeu-
Haga cuctema. — URL : http://biblioclub.ru/index.php?page=book&id=232075

6) gononHUTenbHas nutepartypa:

| Ne n/n | McTouHmK




3 MaTtpukees J1.H. PagnaunoHHasa CTOMKOCTb NONynpoBOAHMKOBbLIX NPMOOPOB U MHTErparb-
Hbix cxem / J1.H. MNaTpukees, B6.W. Nogneneukun, B.[. MNMonos .— M., 1975 .— 127 c.

4 YcTioxaHuHoB B. H. PagmaumoHHblie adhdekTbl B GUNOMSAPHBLIX MHTErpasibHbIX MUKPOCXe-
max / B. H. YcTioxaHuHoB, A. 3. HenmxeHko .— M. : Paguno u cBsasb, 1989 .— 142 c.

5 Hukngopos A. KO. PaguauunoHHsle addextsl B KMOIT UC / AKO.Hukudgopos, B.A.Teneuy,
A.N.Mymakos .— M. : Paguno 1 cBasb, 1994 .— 164 c.

6 AraxaHsaH T. M. PagmaumoHHble adhdekTbl B MHTErpanbHblx Mukpocxemax / T. M. Araxa-
HsH, E. P. ActBauatypbsiH, I1. K. CkopoboraTos ; [Nog pea. T. M. AraxaHsaHa .— M. :
OHeproatomnsgat, 1989 .— 252 c.

7 KopwyHoB . . PagmaumoHHble adhdpekTbl B NONynpoBoaHMKOBbIX npubopax / @.I1. Kop-
wyHos, I.B. MNatanbckmn, .M. NBaHoB .— MuHCK : Hayka n TexHuka, 1978 .— 231 c.

8 MepweHkoB B. C. [NoBepxXHOCTHbIE pagnauMoHHble 3hdEKTbI B ArIEMEHTaX UHTerparnbHbIX
mukpocxem / B. C. MNepweHkos, B. . MNMonos., A. B. lWaneHoB .— M. : QHeproatommnsaar,
1988 .— 255 c.

9 AptamoHoB A.C. PagnaumoHHbie acpdektsl B BAC O3Y npu Bo3genctsnm MMnynbCHOro
NOHM3MPYLOLLEro n3nyyeHnst Ha mogenvpytowen yctaHoske APCA. JlabopatopHas paboTa
/ A.C. AptamoHosB ; CorosiH A. B. ; AHeHko A. B. — Mockea : MU®U, 2008 .— 48 c. //
OneKTpoHHO-6nbnmoTeyHas cuctema. — URL :
http://biblioclub.ru/index.php?page=book&id=231554

B) MHGOPMALMOHHbIE 3NIEKTPOHHO-00pa3oBaTenbHbIE PECYPCHI:

Ne n/n NcToYyHmK

10 http://www.lib.vsu.ru — 3HB BI'Y

11 Geant4 official site <URL.: http://geant4.cern.ch/>

16. YueOHO-MeTOAUYECKOE 0GecnevyeHne ans opraHn3auum caMmoCToATeNnbHON paboTbl:

Ne

NcTouyHuK
n/n

A3bIKM NPOEKTUPOBAHNSA CXEM CMELLAHHOMO curHana : yyebHo-metogmyeckoe nocobue / [E.B.
1 | boraTtukos, A.H. WWe6aHoB, A.B. 3nobuH, C.B. Tapacos] ; BopoHeXCKuin rocyaapCTBEHHbIN
yHuBepcuTeT. — BopoHex : Msgatenbckun gom BI'Y, 2022. — 36 c.

17. UHdbopmaLMOHHbIe TEXHONOIMU, UCMOoNb3yeMble ANl peanu3auum y4ebHoro npo-
uecca no AUCLMUnunHe:

Ne n/n M CTOYHMK
1 http://www.lib.vsu.ru — 3HB BI'Y
2 https://edu.vsu.ru — ObpasoBaTenbHbI NopTan "OneKkTPoHHbIN yHMBepcuTeT BITY"
3 degepanbHbi noptan «Poccuiickoe obpasoBaHmey» http://www.edu.ru

18. MaTepMa.ﬂbHO-TeXHM‘-IeCKOG obecneyeHne QUCLUUNIIUHI:

JIEKUMOHHBbIE 3aHATUA NPOBOAATCH B MyNbTUMeANNHOM kabnHeTe kadenpsl OrMNuM3,
OCHALLEHHbIM CTauUOHAPHBIM MyINbTUMEOUINHbIM NpoekTopom AcerX125H — 1 wr., HoyTOyK
emachines €510 — 1 WwT., 3KpaH, C NNLUEH3NOHHbLIM NporpaMmMHbiM obecnedeHmem Microsoft
Windows 7, Windows 10 gorosop 3010-15/207-19 ot 30.04.2019; MO Kaspersky Endpoint
Security, gorosop 3010-07/04-20 ot 27.01.2020.

Ansa nposBegeHua nabopaTtopHbiX paboT HEOBX0AUM KOMMNBIOTEPHBIN Kacc C NUUEH-
3MOHHbIM MPOrpamMMHbIM obecneveHnem - iabopaTopus BblMUCIUTESbHBIX CUCTEM N MaTe-
MaTM4YEeCKOro MOAENUPOBaHUS, OCHaLLEeHHasn cepBepom Ha 6ase 2-x npoueccopoB Xeon E5-



http://www.lib.vsu.ru/
https://edu.vsu.ru/
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2620 v3. — 1 wrt., komnbtotepbl HP ProDesk 400 G6 SFF — 9 wr., komnbioTepbl Pentium Dual
Core - 2 WT. , NOAKMIOYEHHbIE K ceTn VHTepHeT ¢ obecneyeHnem AocTyna K aneKTPOHHON
MHopMaLUNoHHO-06pasoBaTenbHon cpeae BIY u ¢ nMUEH3MOHHBIM NporpaMMHbIM obecne-
yeHnem: Microsoft Windows 7, Windows 10 gorosop 3010-15/207-19 o1 30.04.2019; npo-
rpaMmmHbIn komnnekc ana 3BM — MathWorks Total Academic Headcoun, YHuBepcuteTckas
nuueHsus, gorosop 3010-07/01-19 ot 09.01.19; MO Kaspersky Endpoint Security, norosop
3010-07/04-20 ot 27.01.2020.

AyouTtopusa onsi camocTosTenbHOM paboTbl CTYAEHTOB OCHalleHa cepBepoM Ha 6ase
2-x npoueccopoB Xeon E5-2620 v3. — 1 wr., komnbtotepbl HP ProDesk 400 G6 SFF — 9 wr.,
komnbtoTepbl Pentium Dual Core - 2 WwT. , nogkntoyeHHble K ceTn IHTepHeT ¢ obecnevyeHmnem
AO0CTyna K 3MeKTPOHHON WMH(OPMaLMOHHO-06pa3oBaTenbHon cpeae BIY v nuueH3MOoHHbIM
nporpaMmmHbiM ob6ecneveHmnem: Microsoft Windows 7, Windows 10, goroeop 3010-15/207-19
ot 30.04.2019; NO Kaspersky Endpoint Security, gorosop 3010-07/04-20 ot 27.01.2020.

Peanusauusa aucumnnmHbl ¢ NPUMEHEHNEM 3NEKTPOHHOIO 0ByYeHNss N ANCTaHLUMNOH-
HbIXx OBpasoBaTesfibHbIX TEXHOMOrMM OCyLLecTBNAeTCa 4epe3 obpasoBaTenbHbI nopTan
"ONEeKTPOHHLIN YHUBepcuTeT BIY".

19. OueHo4Hble cpeancTtBa Ans nposeneHusA TeKymeﬁ n npome)KyTquoﬁ aTtrecTtauvmn

MopAOoK OLEHKN 0CBOEHMS 0BydatoLwmnMmcsa y4ebHoro matepuana onpeaenseTcs co-
[iepXKaHuem criefyroLmx pa3aenos AUCLUMNIHGI:

Ne HavmeHoBaHwue Komne- | VIHAvkaTopsi OLEeHOYHble
n/n pasaena OucUMnnHbI TeHUMns Q%CJGMTME;HHMMQM cpeacTea
1 | Beegenve MnK-1 MK-1.2 Bonpochl k 3a4eTy
2 PagnaumoHHble adbdekTbl B MHTerpanb- | [K-1 MK-1.2 Bonpocsl Kk 3a4eTy
HbIX cXemax
3 TexHonornyeckue peweHna and noBbl- MNK-2 MK-2.4 BOI‘IpOCbI K 3a4eTy
LWEeHNa pagnaunoHHOM CTOMKOCTU WUHTe-
rpanbHbIX CXEM
4 | CXxeMOTeXHUYECKME U NporpamMMHble pe- | [K-2 MK-2.4 OT4eTbl 0 BbINOSHE-
LWEeHNs Ans NoBblWEHUs pagualuMOHHOM HUK NTabopaTopHbIX
CTOMKOCTN MHTErpasnbHbIX CXeM pabot Ne1,2
5 | Tononoruyeckune pelleHust Ans noebiwe- | MK-2 MNK-2.4 OT4YeTbl O BbINOMHE-
HUS paguaLUMOHHOW CTOMKOCTU WHTe- HUKM NTabopaTopHbIX
rpanbHbIX CXeM pabot Ne3,4
6 | MogenvpoBaHve paguaumMoHHbIX ad- | MK-1 MK-1.2 OT4eTbl 0 BbINOMHE-
PEKTOB B MHTErpanbHbIX CXemax HUK NabopaTopHbIX
pabot Ne5,6
7 | Metoabl wvChObITaHUS  pagaMauMOHHOWN MNK-2 MK-2.4 Bonpocsl Kk 3a4eTy
CTOMKOCTW MHTErpanbHbIX CXEM
MpomexyTouHasa aTTecTaums: hopmMa KOHTPONS - aK3aMeH Bonpochl k 3auety

20 TunoBble oL EeHOYHbIE CpeacTBa U MeToANYECKUe MaTepuarbl, onpeaenstowme npo-
Leaypbl oueHuBaHuA

20.1 TeKywMN KOHTPOSb yCNeBaeMocTun



TeKywWnin KOHTPOSb ycrneBaemMocTy Mo AUCLMMIIMHE OCYLLECTBNAETCA C MOMOLLbHO
OLIEHKN OTYETOB O BbINOMIHEHNN NabopaTopHbIX paborT.
lMepeyeHb nabopaTopHbIX paboT

Pa6boTa Ne 1. CxemoTtexHnyeckoe mogenunposaHme KMOIT-nHBepTOpa C NOBbILLEHHOW
pagnaumMoHHOM CTOMKOCTbIO.

Pa6oTa Ne 2. CxemoTexHunyeckoe mogenuposaHme DICE-3awenku

PaboTta Ne 3. 3HakomcTBo ¢ CAIP npoektnpoBaHus Tononorum NC

Pabota Ne 4. Tononornyeckoe npoektupoanne MOIT, obnagatolwmx NOBbILLEHHON
pagnaumMoHHON CTOMKOCTbLIO

Pabota Ne 5. PaspaboTtka HDL-moaenu nMmnynbca MOHU3aLMOHHOIO TOKa.

Pabota Ne 6. CxemoTexHuyeckoe mogenvpoBaHne DICE-3awienkm npy Bo3gencranm
NMNYyfbCa MOHMU3ALMOHHOIO TOKa.

20.2 NpomexyToyHasa aTrecTauus

MpomexyToyHas aTTecTaumsi No AucumninHe — 3avem. OUeHKa 3a OCBOEHWE AUCUUMIMHBI
onpeaensieTcs BeAyLMM AUCUMNNMHY NPenofaBaTenieM Kak 3KCnepToMm.

lNMepe4yeHb BONPOCOB K 3a4eTy

. Knaccudmkauus suaos pagnaumoHHoro sosgenctemst Ha UC.
. MpumeHeHne DICE-3awenok ans noebIlWeHNsa pagmaunoHHon ctomnkoctn UC.
. BrnivsHne HakonneHnna 3apsga B no43aTBOPHOM AuanekTpuke Ha paboty UC.
. MeTopq TpOMHOro pe3epBnpoBaHns B NOBbILLEHUN paanalmoHHon ctonkoctn C.
. Bo3HnkHOBEHME (hoTOTOKa NpU pagnaunMoHHOM BO3AENCTBUMN.
. Mcnonb3oBaHue CTpyKTyp 3a4epkku AN NOBbIWEHUs pagnaumoHHon ctonkoctn UC.
. MoBpexgeHne nuHnn nutanusa B C npu pagnaumMoHHOM BO3OENCTBUN.
. MeTogbl ucnbitaHnn C Ha pagrMaumoHHY0 CTONKOCTb.
. 3allernkmBaHue TpaH3UCTOPOB Npu paanalMOHHOM BO3OENCTBUN.
10. Tononoruyeckue peLleHns ans noBbllLEHUS pagnaumoHHon ctonkoctn MOIT-TpaH3ncTo-
pOB.
11. CnyyariHble c6ouM NepeKoYEHNa Npy pagMaunoHHOM BO3AENCTBUMN.
12. PagnaumoHHasi CTOMKOCTb YCTPONCTB, peann3oBaHHbIX No BUKMOIT TexHonoruu.
13. PagmnaumoHHasi CTOMKOCTb YCTPONCTB, peanu3oBaHHbIX Mo TexHonornm KHY KMOTT.
14. PagnauynoHHas CTOMKOCTb YCTPOWCTB, peanu3oBaHHbIX C Ucnosib3oBaHueM Triple-well
npouecca.
15. MNMoBbiWweHne pagnaumoHHon ctonkoctn C npu ncnonb3oBaHUM OXPaHHbIX KOMeL.
16. TexHonorms N3roToBNeHNA pagnuaumMoHHO-3aLWnNTHBIX Kopnycos MC.
17. WAcnonb3oBaHue kogoB OB6HapyXeHNsa ownboK Ans NOBbIWEHUS pagnauMoHHOM CTOMKO-
cTn undpposbix NC.
18. Vicnonb3oBaHne KOOOB UCMPaBEeHUs ONMOOK ANsi NOBbIWEHNS paganaumMoOHHOM CTOMKO-
cTn umdposbix UC.
19. Vcnonb3oBaHune A3bIKOB MPOEKTUPOBAHNSA annapaTtypbl A9 CXeM CMELLUaHHOro curHana.
20. NMporpamMmMHbIe NakeTbl MOAENMPOBaHNA B3aMOLAENCTBUA paaaunm ¢ BELLeCTBOM.

©CoOoO~NOOUA~,WN-=

[lns TeKyLero KOHTPONsa yCrneBaeMoCTV UCMOMNb3yeTCsA YCTHbIN ONPOC, OTYEThbl O Xoae
BbINOMHEHNS NPaKTU4eckmnx pabor.
Kaxxgomy oGy4atollemMycs 3agatoTcs BONPOChI Mo BCEM pasaenam crnewkypca.
OLieHKa OCBOEHUSI KOMMETEHLUI 0BYy4YaloLLMMUCS BO BPEMs NMPOXOXOEHUS CrieLiKypca
OCYLLECTBMAETCA NO CcrieayoLlmM KpUTEPUSM:
- YyPOBEHb MPOdECCUOHarNbLHON NOArOTOBKY;
- OTBETbI HA KOHTPOIbHbIE BOMPOCHI.
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YpoBeHb npodeccrnoHannama (npodeccnoHanbHble 3HaHUS, YMEHUS, HaBbIKM U KOM-
neTeHuumn) oLeHMBaeTCH No cregyoLwmm nokasaTensm:

- YMeHne hopmMynupoBaTh Lenn uccnegoBaHuu;

- ajekBaTHoe npuMeHeHue (PU3nKo-mMaTeMaTMyYecKoro annaparta ans peweHus no-
CTaBIEHHbIX 3ag4ay;

- afgekBaTHas pedriekcns BbIMONHAEMON HayYHO-MPaKTUYECKON OeATeNTbHOCTN.

Ha ocHoBaHUKM BbINOMHEHUA OByYaloLWMMCs NporpamMmmbl CRELKypca U C y4ETOM Kpu-
TepUeB OLEHKN NTOTOB OCBOEHUS CrelKypca BbICTaBAETCS: «3a4meHO»/«He 3a4meHO».

Kputepun oueHkn paboTbl 0byyaroLmxcs, KOTOpble COOTHOCATCS C YPOBHAMU Chop-
MWPOBAHHOCTU KOMMETEHLMN:

- OLEHKa «3a4YmeHO» BbICTaBNSETCSA NPU MOMHOM COOTBETCTBUM paboTbl oby4ato-
LMXCA BCEM BbllLeyKa3aHHbIM MoKa3aTensiM: KoMmrneTeHuMn cqopMmUpoBaHbl MOMHOCTLIO,
NPOSABNAOTCS U UCMOMb3YTCS CUCTEMATUYECKN U B MONTHOM 00bEMeE. [laHHbIN ypoBEHb 0651-
3aTeneH gnsa scex ocsamatowmx OOIT;

- OL|EHKa «He 3a4YmeHO» BbICTaBIAETCS B Cllydae HECOOTBETCTBUA paboThbl 00y4atoLLerocs
BCEM TpebyembIM nokasaTensam, HeopraHn3oBaHHOCTU, 6€30TBETCTBEHHOCTU N HU3KOTO Ka-
yecTBa paboTbl NpW BbIMNOMHEHUN 3a4aHNA, NPeaYCMOTPEHHbIX NPOrpaMmMon cnelkypca.



