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1. BHelUHwWe TpeboBaHuSA
Tabnuua 1.1

Komnemenuyun @IOC: I1IK.3 roroBHOCTH pazpadarbiBarh (PH3UUeCKHe H MaTeMATHYECKAE MOJEIH, TPOBOIUTH
KOMIIBIOTEPHOE MOIC/THPOBAHNE HCCIeyeMbIX (PH3HYECKAX MPOIECCOB B 00.12CTH HAHOTEXHOIOTHH 1
MHKPOCHCTEMHOH TeXHUKH; 8 4achmu cAeOyIouiux pe3yabmamos ooyuenus:

331. 3HaTb (hM3MNYECKMEe OCOOEHHOCTY NOJYMPOBOLHNKOBBIX MHTErPa/IbHbIX PE3VCTOPOB , CYOMUKPOHHLIX 1
HaHOMMWKPOHHbLIX KMOIMT Ha 06beMHOM KpemHUKn n KH-CTpyKTypax , BbICOKOYACTOTHbIX TPAH3MCTOPOB Ha
reTepoCTPYKTYpax

332. 3HaTb TEXHONOMMYECKNE OCOBEHHOCTUN M3rOTOBIEHMA MHTErP/IbHBIX MOYNPOBOAHMKOBbIX PE3NCTOPOB,
CYOMUKPOHHbIX M HAHOMUKPOHHbIX TPAaH3MCTOPOB, UCMO/b3YeMbIX B coBpeMeHHbIX CBC n YBNC

y27. yMeTb NPUMEHSATL MaTeMaTUYECKOE MOAEIMPOBAHWE A/151 aHa/IM3a 3/1EMEHTHON 6a3bl CyOMUKPOHHBIX W
HaHOMUKPOHHbIX CBNC 1 YBNC

y28. YMETb BbIYMC/1ATb OCHOBHbIE MapaMeTpbl COBPEMEHHBIX MOYNPOBOAHMNKOBLIX MHTErPasIbHbIX PESUCTOPOB
N TPaH31UCTOPOB

2. TpeboBaHust HI'TY K pesynbTaTaM 0CBOEHUSI ANCLUM/INHbI

Tabnmuya 2.1
PESyI'IbTaTbI N3yveHnsa gnCcUunnInHbI no yYpoBHAM OCBOEHUA (I/IMeTb CDOprI opraHumsaunn
npeacTaBfieHNe, 3HaTb, YMeTb, BNageTb) 3aHATUI

CnewanbHble rnasbl OU3NKI NONYNPOBOAHNKOBbIX NPUMGOPOB

MK.3.331 3HaTb Pr3nYecKne 0C06eHHOCTU MOoYNPOBOAHNKOBLIX MHTErPasibHbIX PE3UCTOPOB
, CyBMUKPOHHBIX 1 HAHOMUKPOHHbIX KMOTT Ha 06beMHOM KpeMHUn 1 KHU-cTpyKkTypax ,
BbICOKOYACTOTHbIX TPAH3UCTOPOB Ha reTepoCTPYKTYpax

1.06 0CHOBHBIX (PU3HIECKAX OCOOCHHOCTSIX M MOJCILIX JUIsl MUKPO U HAHOCTPYKTYD | flekumu; MpakTUYecKme 3aHATUS;
CamocTosTesibHas paboTa

2.00 OCHOBHBIX COBPEMEHHBIX IOIYITPOBOJHUKOBEIX MUKPO M HAHOCTPYKTYpax Nekuyu; MpakTUYECKUe 3aHATUS;
CamocTosaTenbHas paboTa

MK.3.332 3HaTb TEXHOMOMMYECKNE 0COBEHHOCTU U3rOTOB/IEHUS MHTErpasibHbIX
NoynpPoBOAHNKOBBLIX PE3NCTOPOB, CYOMUKPOHHbIX M HAHOMUKPOHHbIX TPaH3MCTOPOB,
ncnosiblyembix B coBpemMeHHbIX CBNC n YENC

3.0 COBpeMEHHBIX TCH/ICHIUAX pa3BUTHS (PU3UKH U TEXHOIOTHN HAHOTPAH3HCTOPOB Nekuyu; MNpakTUyecKme 3aHATUS;
CamocTosaTenbHas paborta

MK.3.331 3HaTb (hM3nYecKne 0CO6EHHOCTM MOYNMPOBOLHUKOBbIX MHTErpasibHbIX PE3UCTOPOB
, CyBMUKPOHHbIX Y HAHOMUKPOHHbIX KMOIT Ha 06beMHOM KpeMHuUn 1 KHW-cTpyKTypax ,
BbICOKOYACTOTHbLIX TPAH3UCTOPOB Ha reTepoCTPyKTypax

4 1lonsTuitHpIN almmapaTt (TepMI/IHOJ‘IOI‘I/HO) AUCITATIITHHBL j'|eK|_|||/||/|; |'|paKT|/| YyecKue 3aHATUA;
CamocTosaTenbHas paborta

MK.3.332 3HaTb TEXHO/IOMMYECKME 0COBEHHOCTU U3rOTOBNEHUSI MHTErPasibHbIX
NoAynpPOBOAHNKOBBIX PE3NCTOPOB, CYOMUKPOHHbIX M HAHOMUKPOHHbIX TPaH3MCTOpPOB,
ncnosb3yembix B coBpemeHHbIX CBC n YEUNC

S.CDI/ISI/IK_V UHTETPAJIbHBIX ITOJIYIIPOBOJIHUKOBLIX PESUCTOPOB j'|eK|_|||/||/|; |'|pa|('|'|/| yecKue 3aHATUS;
CamocTosaTensHas paboTa

MK.3.331 3HaTb (hn3myeckme 0CO6EHHOCTM NOJYNPOBOAHNKOBBIX MHTErPasibHbIX PE3UCTOPOB
, CyOBMUKPOHHbIX N HAHOMUKPOHHbLIX KMOIT Ha 06beMHOM KpemHun 1 KHU-CTpyKTypax ,
BbICOKOYACTOTHbIX TPAH3UCTOPOB Ha reTepoCTPYKTYpax

6(DI/ISI/IKy Hpouecca MI/H{I/IaTIOpI/ISaHI/H/I C_V6MI/H(p0HHLIX u HaHOMI/IKPOHHBIX ﬂeKL|'|/]|/|; rlpaKT|/|L|eCK|/|e 3aHﬂT|/|F|;
KMOIIT CamocToaTenbHas paborta

MK.3.332 3HaTb TEXHO/IOMMYECKNE OCOBEHHOCTU U3rOTOBNEHUSI MHTErPasibHbIX
Nno/lyNnpPOBOAHNKOBbLIX PE3NCTOPOB, CYOMUKPOHHbBIX 1 HAHOMUKPOHHbIX TPaH3MCTOpPOB,
ncnonbsyembix B coBpemMeHHbIX CBEVC n YENC

7.CDI/ISI/IKy KMOIIT na HaOpsOKEHHOM KPEMHUA ﬂe|(|_|'|/]|/|; ﬂpaKqueCKme 3aHATUS;
CamocToaTenbHas paboTa




8. @uzuxy KMOIIT ma KHU-crpykTypax

JNekuwnu; TpakTnyeckune 3aHATUS;
CamocTosaTenbHas paborta

MK.3.331 3HaTb (hr3myeckme 0CO6eHHOCTM NOJYNPOBOAHNKOBbBIX MHTErPasibHbIX PE3UCTOPOB
, CyBMUKPOHHbIX N HAHOMUKPOHHbLIX KMOIT Ha 06beMHOM KpemMHun u KHU-CTpyKTypax ,

BbICOKOYACTOTHbIX TPAH3MCTOPOB Ha reTepoCTPYKTYypax

9.Du3nKy OCHOBHBIX (P ekToB B cyOMUKPOHHBIX U HAHOMUKPOHHBIX KMOITT

Nekumu; MNpakTUYeCKMe 3aHATUS;
CamocTosaTensHas paborta

10.©u3uKy BEICOKOUACTOTHEIX TPAH3UCTOPOB Ha TeTepoIepexojax

Nekunun; CamocTosTefibHas
paboTa

MK.3.y28 yMeTb BbIUUCIATH OCHOBHbIE MapaMeTpbl COBPEMEHHbIX NMOYMPOBOAHNKOBbBIX

MHTErpasibHbIX PE3VCTOPOB M TPAH3NCTOPOB

11.YncneHAO BEMACIATS OCHOBHBIE ITapaMeTPhl IMOTYIPOBO THUKOBBIX
HHTErpallbHLIX PE3UCTOPOB

Nekumu; MNpakTUYeCKMe 3aHATUS;
CamocTosaTensHas paborta

12.UpciteHHO BHIYUCIATH OCHOBHBIE ITapaMeTpsl coBpeMeHHbX KMOILIT

Nekuymu; MNpakTUYecKme 3aHATUS;
CamocTosTenbHas paboTa

MK.3.y27 ymeTb NPpUMEHATb MaTeMaTUYecKoe MoLeMpoBaHue 415 aHasim3a 3/1EMeHTHOW

6a3bl CyOMUKPOHHbLIX 1 HAHOMUKPOHHbLIX CBENC n YBC

13.AHaJ'II/I31/IpOBaTB TIPUHITUTIBI JEHCTBHS BBICOKOCKOPOCTHRIX HAHOMHWUKPOHHBIX
TPaH3UCTOPOB C ITIOMOIIBIO 30HHBIX AHUarpaMM

Nekumu; MNpakTUYecKme 3aHATUS;
CamocTosaTensHas paborta

14 Ilprnvenenns MaTeMaTHIECKUX MOlelei A7 aHanmsa saeMmentHol 6a3sr CEUC
u YEHC

Nekumu; MNpakTUYecKme 3aHATUS;
CamocTosTenbHas paboTa

3. Cofiep>XaHuie U CTPYKTypa y4e6HOI AUCUMNANHbI

Tabnuua 3.1
CcbINIKN Ha
o AKTUBHbIE
Tembl nekuumn Yacbl pe3ynbTaThbl YyebHasa aesiTeNlbHOCTb
bopMblI, yac.
0by4yeHus

Cemectp: 1

AvpakTnyeckas egnHuLa: ®usnKa MHTerpasibHbIX MNoynpPoBOAHMKOBBLIX PE3VCTOPOB

1. NonynpoBoAHMKOBbIE
pe3ncTopbl. KOHCTPYKLNA, MOAeNb
N napameTpsbl

1,11,14,2,4,5

MonynpoBogHNKOBLIE
AN(Y3NOHHBIE PE3NCTOPSI.
KoHCTpyKLWSA, MOAENb 1
napamMmeTpbl AN dY3NOHHbIX,
M1EHOYHBIX W MUHY-PE3UCTOPOB.
SddeKT WHpKHLI B
NHTErpanbHbIX AUGQY3NOHHBbIX
1 MOJIOCKOBbIX Pe3ncTopax.
TemnepaTypHas
4yBCTBUTENIbHOCTb
MoNyNPOBOAHNKOBbIX
pe3ncTopoB. J1a3epHas NOAroOHKa




2. OKCnepuMeHTasIbHble METOANKN
N TECTOBble CTPYKTYpPbI ANA
noslynpoBOAHWKOBbLIX PE3NCTOPOB

1,11,14,2,4,5

TecToBas CTpyKTypa 1
MeTOLMKa HaxoxaeHus Rs n

3 PEKTUBHON LLNPWHBI
MOJI0CKOBOr0 pe3ncTopa.
UeTbIpex30HAO0BbI METOS,
Banbgeca. dnekTpomsnyeckoe
060CHOBaHWe
UeTbIPEX30HA0BOr0 MeToja.
Metopg BaH gep May. CtpykTypa
"rpeyeckuii Kpect" un ee
npevMyLLecTBa nepes,
MOIOCKOBOW CTPYKTYPOIA.
KOHTaKTHOe conpoTuBeHune
pesncTopa 1 ConpoTUB/IEHNS
pacTekaHus. Pe3ucTopsl
KenbBurHa. KOHCTpyKUMA,
napameTpbl, HasHayeHue.

3. MeToabl MofennpoBaHua 1
pacueTa nonyrnpoBOLHUKOBBIX
pe3ncTopos

1,11,14,2,4

KoathpuumeHT hopmbl
HEemnosI0CKOBOro
TOHKOIM/IEHOYHOr 0 pe3ncTopa u
MOJIOCKOBOTO CO C/IOXHbIMU
KOHTakTamu. Mogenb
TOHKOIM/IEHOYHOr 0
0JHOPOLHONErMPOBAHHOIO
MOJIOCKOBOrO pe3ncTopa co
CNOXHbIMN KOHTaKTamu.
MprMeHeHVe MeToaa
KOH(OPHbIX OTOBpaXKeHWi ans
Hax0oXeHNs CONMPOTUBIEHUA
TOHKOIM/IEHOYHOr 0 pe3ncTopa
C/IOXHOW hOpMbI.

OnpakTnyeckas eanHmua: Pusmka MMHMaTOpm3aLnmn CyoMMKPOHHbIX U HAHOMUKPOHHBIX KMOMT

4, KMOTI1-TexHonorum

1,12,14,2,3,
4,6

RNIVIUT T-TEXHUJTOT IV, SARUH
Mypa 1 Tpu COBPEMEHHbIX MyTU
passutna KMOTI-TexHonoruu.
Mogenb LLinxmaHa-Xogxeca 1
ee "uepHsblin AWMK". Mpouecc
MUHMaTIOPU3aLMN U ero

BANAHWE Ha NapaMeTpbl
KNNOOT

5. OCHOBHble 0CO6EHHOCTU
npoLiecca MUHMATIOPU3aLIm

1,12,14,2, 3,
4,6,9

Komnpomuccel
MUHMaTIOpU3aLMn. 3aBUCUMOCTb
rpaHuyHoi yactoTel KMOIMT ot
KOHCTPYKTUBHO-TEXHONOTMYECK
nx napameTpoB. OCHOBHbIE
KOHCTPYKTUBHO-TEXHONOMMYECK
1e cnocobbl yBeNNYeHus
6bicTpoaeincTaus KMOIMT.
MpaBuna OeHHapTa U CKEANNHT
napameTpos. CBs3b
macluTabupoBaHus no [eHHapTy
C athcheKTaMmn CUNbHbIX NONENA.
OCHOBHble Npo6siembl
MUHMaTIOpU3aLmMm
MEXCOEANHEHWIA.

AvpakTnyeckas eguHmga: ®usuka n texHonorna KMOTT Ha HanpsaXXeHHOM KpeMHUK




6. PU3nYecKme 0CHOBbI
Hanpsa>XeHHoro KpemHuA

1,12, 13, 14, 2,
3,4,7

HanpsieHHbIN KpeMHUIA,
rMApPOCTaTUYECKOe CXKaTue u
ekt CmuTa. BnunsiHue
aHW30TPOMHbIX MEXaHNYECKNX
HanpsHXKeHW Ha CTPYKTYPY 30HbI
NPOBOAMMOCTY B KpeMHUu. PocTt
NOABWXHOCTMN 3/1EKTPOHOB.
BnvsHme aHW30TPONHbIX
MeXaHNYeCKNX HaNpsHKeHUA Ha
CTPYKTYPY BaJIeHTHOM 30HbI B
KpeMHWW. POCT NOABUXHOCTM
AblpoK. OcobeHHocTM KMOMT
Ha Hanps)XeHHOM KPeMHU

7. TeXHONMOrMmM Hanps»KeHHOro
KpPeMHMSA

1,12,14, 2, 3,
4,7

TEXRUJTOT VT HATTAREHHOT U
KpPeMHMA 1 NOKOMEHWS.
OCHOBHbIe UCTOYHWNKN
MeXaHNYeCcKnx
HanpshkeHuiA(cTpeccopsl) B
TEXHO/IOMUSAX 2 NOKOJIEHUS.
HanpsxeHHble KMOIMT,
N3rOTOB/IEHHbIE MO TEXHOMOMK
cap-cnost (CELS).
Hanps»keHHble MOITT,
N3rOTOB/IEHHbIE MO TEXHOOMMN
C 3anOMUHaHVEM
HanpskeHnus(STM) KMOIMT,
N3rOTOB/IEHHbIE MO TEXHO/IOMMN
HanpsH>KeHHbIX NCTOK/CTOKOB
(embedded). Kom6rHMpoBaHHbIe
TEXHOJIOMMN HaMNPSXKEHHOT 0

[ViaYaY\ VIRIV Tal

AnpakTtndeckan egnHmya: dumsmka n texHonorna KMOIMT Ha KHU-cTpyKTypax

8. KMOINT Ha KHW-cTpyKTypax

1,12,14, 2, 3,
4,8,9

OCHOBHble 0CO6EHHOCTY
KMOTT Ha cTpykTypax KHW.
AhhekT "3aLLeKmMBaHNA" B
cTpyktypax KMOIT Ha
06bEMHOM KPEMHUN.
AneKTpohn3nyeckme
0CO6EHHOCTM YaCTUYHO M
MOMHOCTbIO 06eAHEHHBIX
KMOIT Ha cTpyktypax KHIA.
MHoro3aTtsopHble KMOIMT
(FinFET).

9. OCHOBHbIe TEXHO/IOTMK ANA
KHW-cTpykTyp

1,12,14, 2, 3,
4,8

TexHonorua SIMOX gna KHW.
LJOoCToMHCTBA M HeJOCTaTKMW.
TexHOMorms cpamBaHms
nnactmH (SMART CUT).
[loCTOMHCTBA M HELOCTATKM.
Menkas TpaHLenHas n3onaums
B KHW cTpykTtypax (STI).
I"ny6okas TpaHLueliHas
n30N19UMA B CTPYKTYpax Ha
06beMHOM KpemHum (DTI).
Bosch-npouecc

AnpakTuueckas eguHuLa: OCHOBHbIE (nsnyeckme saheKTbl B CYBMUKPOHHBLIX M HAHOMUKPOHHbIX

KMOMNT




10. 'eomMeTprYECKUNE N TOKOBbIE
apexTsl B KMOIMT

1,12, 13, 14, 2,
3,4,9

KopoTkokaHanbHbIA 3deKT
MOPOroBOro HamnpsXXeHus
Mapa3nTHbIE TOKOBbLIE APDEKTHI
KOPOTKOrO KaHasa.

11. ShdeKTbl CUNBHBIX MONEN B
KMOMNT

1,12, 13, 14, 2,
3,4,9

AdeKTbl CMLHBLIX MOl B
MOTIT: ropsyve 3neKTPOHbI U
NaBMHHOE YMHOXEeHMe, TOK B
NoAIOXKKY, CHWXEHMWe bapbepa
Ha UCTOKe, 6VNONAPHBIVA U
kink-aththekTbl. MeTozbl
TEXHO/IOMMYECKOW ONTUMM3aLUn
CTPYKTYpPbl UCTOK-CTOKOB
KMOITT ¢ uenb CHuKeHus
3(pheKTOB CUIbHBIX NOMel

Anpaktundeckan egnHmya: dusmny

TPaH3UCTOPOB

eCcKune ocobe

HHOCTU

N CTPYKTYPbl BbICOKOYACTOTHbIX

12. dun3mKa BbICOKOYACTOTHbIX
TPaH31CTOpPOB

1,10, 12, 13,
14,2,3,4

dusmyeckue npoLecchl B
reTeponepexopax.
[CeTepoCTPyKTYpHbIe
OMNoNApHbIE TPAH3UCTOPbI
(HBT). Bapu3oHHble
retepobmnonapHole
TpaH3ncTopsl ¢ Si-Ge 6a3oi.
TpaH3nCTOpPbI C BLICOKOW
MOZABMXXHOCTbIO 3/1EKTPOHOB
(HEMT).

Tabnuua 3.2

TeMbl MPaKTMUYECKNX 3aHATUIA

AKTUBHbIE

Yacbl

(hopMblI, yac.

CcbINIKN Ha
pe3ysibTaThbl
00yyeHus

YyebHas aesiTeNlbHOCTb

Cemectp: 1

AnpakTnyeckas egmHnLa: dusmkKa MHTErpasibHbIX NOAYNPOBOAHNUKOBLIX PE3UCTOPOB




1. KOHCTpyKUMA, Mmogens 1
napameTpbl NOYNPOBOLHUKOBBIX
WHTErpasibHbIX Pe3XCTOPOB

12

1,11,14,2,4,5

KOHCTpyKUWS, MOgenNb 1
napameTpbl ANG¢Y3NOHHbIX,
NIEHOYHbIX U NMUHY-PE3UCTOPOB.
SddeKT WHpKHLI B
NHTErpasnbHbIX AUQQY3NOHHBbIX
1 NOMOCKOBbLIX PE3NCTOpaX.
TemnepaTypHas
YyBCTBUTENbHOCTb
MoJTyNpPOBOAHUKOBbIX
pe3ncTopos. KoapduumeHT
(hopMbl HEMNONOCKOBOIO
TOHKOIM/IEHOYHOr O pe3ncTopa u
MOJIOCKOBOTO CO C/IOXHbIMU
KOHTakTamn. Mogenb
TOHKOIM/IEHOYHOr 0
0fHOPOLHO/IErMPOBAHHOIO
MOJIOCKOBOrO pe3ncTopa co
CNOXHbIMU KOHTaKTaMMu.
MprmeHeHne MeToAA
KOH(OPHbIX OTO6PaXKeHWn ans
Hax0oXeHWs CONPOTUBIEHUA
TOHKOIM/IEHOYHOr 0 pe3ncTopa
CNOXHOW (hopMbl. TecToBas
CTPYKTYpa U MeTOAMKA
HaxoXaeHns Rs 1 a(hheKTUBHOW
LUMPUHBI NOMIOCKOBOIO
pesncTopa. YeTbIpex3oHL0BbIi
MeTo[ Banbaeca. TecToBas
CTPYKTypa U MeToAuKa
HaxoXaeHnsa Rs 1 athheKTUBHOWA
LLUMPWHBI NOMOCKOBOrO
pe3vcTopa. YeTbIpex30HAO0BbI
mMeTof Banbpeca.
DneKTpodnsnyeckoe
060CHOBaHue
YeTbIPEX30HLOBOIO MeTOAA.
MeTtopg BaH gep lMay. CTpykTypa
"rpeyveckunii Kpect" n ee
MpevMmyLLIeCTBa Mepes,
MOMOCKOBO CTPYKTYPOIA.
KOHTaKTHOe conpoTuB/eHne
pesncTopa v ConpoTUBIEHUS
pacTtekaHus. Pesuctopsl
KenbBUHa.

AnpakTnyeckas eguHmua: Pusmka MMHMaToOpm3aLnm CyoMMKPOHHbIX U HAHOMUKPOHHBIX KMOMT

2. CoBpeMeHHble MUKPO- 1
HaHOKMOMNT

12

1,12,14, 2, 3,
4,6,9

NIVIUTT=-TEXHUJTUT VIVT. SARUH
Mypa 1 Tpy COBPEMEHHbIX NMYTH
passutna KMOTIT-TexHonornm.
Mogenb LLinxmaHa-Xogxeca 1
ee "yepHblin AwmK". Mpouecc
MWUHMATIOpU3aLnn 1 ero
B/IMSIHWME Ha napameTpbl
KMOTT Mpasuna deHHapTa 1
CKeNNVHI napameTpoB.
Komnpomuccel
MUHMaTIOpU3aL 1. 3aBUCUMOCTb
rpaHn4Hol yactoTel KMOIMT ot
KOHCTPYKTVBHO-TEXHOMOMMYECK

M aananMoaTnAan.

Anpaktundeckan eguHmuya: dumsmka n texHonorna KMOIMT Ha HanpsaXXeHHOM KpeMHUKn




Hanpsi)XeHHbIA KpeMHUIA,
rMAPOCTaTUYECKOe CXKaTue u
ahdpekT CmuTa. BnunsHme
aHW30TPOMHbIX MEXaHUYECKMX
HanpsHKeHW Ha CTPYKTYPY 30HbI
NMPOBOAMMOCTY B KPeMHUW. PocT
MOLBVXHOCTMN 3/1EKTPOHOB.
BnvsHme aHU30TPOMHbIX
MeXaHNYeCKNX HanpsHKeHUA Ha
CTPYKTYPY BaJIeHTHOW 30HbI B
KpeMHWW. POCT NOABUXHOCTM
Ablpok. OcobeHHocTn KMOMT
Ha HanpsXXeHHOM KpeMHMWW.
TexHOM0rMn HanpsKeHHOro
KpemHus 1 1 2 NOKONeHWI

3. KMOTIT Ha HanpsXeHHOoM 1,12, 13, 14, 2,
KpemMHUn 3,4,7

Anpaktndeckan egnHmuya: dumsmka n texHonorna KMOIMT Ha KHU-cTpyKTypax

OCHOBHble 0CO6EHHOCTH
KMOITT Ha ctpyktypax KHI.
AhhekT "3aLekMBaHNA" B
cTpykTypax KMOIT Ha
06bEMHOM KPEMHUN.
AneKTpogusnyeckmne
0COBEHHOCTM YaCTUYHO M
MOJTHOCTbIO 06eHEHHBIX
KMOTT Ha cTpykTypax KHW.
MHorosaTtsopHble KMOIT
(FinFET)

4. KMOIMT Ha KHU-cTpyKTypax 0 6

4. CamocTtosaTe/lbHaa paboTa oby4atroLerocs

Ccbinku Ha
o Yacbl Ha Yackl Ha
Ne Buabl caMoCTOATE/IbHON paboThbl pesynbTaThl
BbIMNOJTHEHWE |KOHCY/IbTaLnn
06y4eHus
Cemectp: 1
1 |Pr3 11,12, 13 12 o

MoaroToBka oTyeTa no PI3: [BymepHoe MofenmpoBaHue TpaHanctopos B TCAD MicroTec :
MeTOAMYECKOe PYKOBOACTBO MO KYPCOBOMY MPOeKTUpoBaHMio ana 4 kypca PO® no HanpasneHnam 210100
- DNeKTPOHMKA U MUKPO3NeKTpoHMKa 1 210600 - HaHoTexHonorus / HoBocmb. roc. TexH. yH-T ; [cocT.: E.
A. Makapos u ap.]. - HoBocnbupck, 2009. - 83 c. : un., Tabs.. - Pexxum goctyna:
http://elibrary.nstu.ru/source?bib_id=vtls000121588

2 |Kypcosas pagota 11,12,13,14 |12 o

. [iBymepHOe MofenunpoBaHme TpaHsncTopos B TCAD MicroTec : MeTogMYecKoe pyKOBOACTBO MO
KypCOBOMY MPOEKTUPOBaHWM0 4N 4 kypca PO® no HanpaeneHnam 210100 - SneKTpoHMKa 1
MUKPO3MEKTPOHMKa 1 210600 - HaHoTexHonorms / HoBocu6. roc. TexH. yH-T ; [cocT.: E. A. Makapos 1 ap.].
- Hosocmbmpcek, 2009. - 83 . : un., Tabn.. - Pexxnum goctyna:
http://elibrary.nstu.ru/source?bib_id=vtls000121588

10,4,5,6,7, 8,

9 40 0

3 [MoaroToBKa K 3aHATUAM

PaboTa C KOHCNEKTOM fIeKLMIA 1 peKOMeHA0BaHHOM nTepaTypoli : [ByMepHOe MOAeNMpoBaHmue
TpaH3ncTopos B TCAD MicroTec : METOAMYECKOE PYKOBO/CTBO MO KYPCOBOMY NMPOEKTUPOBaHWIO ANns 4
Kypca PO® no HanpasneHuam 210100 - 3neKTPOHMKa 1 MUKPO3/eKTPOHMKa 1 210600 - HaHoTexHonorus /
HoBocub. roc. TexH. yH-T ; [cocT.: E. A. Makapos u gp.]. - HoBocubupck, 2009. - 83 c. : un., Tabn.. -
Pexxum goctyna: http://elibrary.nstu.ru/source?bib_id=vtls000121588

10,4,5,6,7, 8,

4 | dononHuTenbHas yuyeGHas AesTeNbHOCTb 9




PaboTa C MHOCTPaHHOI NUTepaTypoit 1 nyénmkaumammn u3 HtepHeta: [BymMepHOe MOLeNMpoBaHuve
TpaH3ucTopos B TCAD MicroTec : METOAMYECKOE PYKOBOACTBO MO KyPCOBOMY MPOEKTUPOBaHUIO 415 4
Kypca PO® no HanpasneHuam 210100 - 31eKTPOHUKa N MUKPO3/IeKTPOHUKa 1 210600 - HaHoTexHonorus /
HoBocmb. roc. TexH. yH-T ; [cocT.: E. A. Makapos 1 gp.]. - Hoocmbupck, 2009. - 83 ¢. : un., Tabn.. -
Pexxum goctyna: http://elibrary.nstu.ru/source?bib_id=vtls000121588

1,10, 11, 12,
5 |[MogroToBKa K aTTectauuu 13,14,2,3,4, |24 8
56,7,8,9

MofrotoBka K 3auiuTe TeM (AMAAKTUYECKMX eanHULL: [1ByMepHOe MoAenvpoBaHmue TpaH3ucTopos B TCAD
MicroTec : MeTOAMYECKOE PYKOBOACTBO MO KYPCOBOMY NPOEKTUPOBaHMIO Ans 4 kypca PO® no
HanpasneHnsm 210100 - DNeKTPOHUKA U MUKPO3NEKTPOHMKA 1 210600 - HaHoTexHonorus / HoBocu6. roc.
TeXH. YH-T ; [cocT.: E. A. Makapos 1 ap.]. - HoBocnbupck, 2009. - 83 ¢. : un., Tabn.. - Pexxum gocTyna:
http://elibrary.nstu.ru/source?bib_id=vtls000121588

5. TexHonormnsa oby4veHns

[N opraHn3aLum 1 KOHTPO/ISt CaMOCTONATEbHOM PaboThbl 06YYaOLLIMXCS, @ TaKXKe NPOBeAeHUS
KOHCYNbTaLMiA NPUMEHSIOTCS MH(OPMALIMOHHO-KOMMYHUKALIMOHHbIE TexHonorum (Taén. 5.1).

Tabnuua 5.1
JedATtenbHoCcTb VHhopmaunoHHO-KOMMYHMKaLUNOHHbIE TEXHOIOM NN

VHhopmupoBaHme e-mail
KOHCynbTMpoBaHue e-mail
KoHTpO/b e-mail
PasmeLleHne y4ebHbIX :

e-mail
marTepuasios

6. MpaBunna aTTecTauum 0byvaroLmMxcs no y4ebHom gucumninHe

[ns atTecTaymm obyyarowmxca no AUCUMNINHE UCnosb3yeTcs 6abHO-PenTUHIOBas c1UcTeMa
(BPC), no3sonstoLwas BbICTaBSATb OLEHKWN MO TPaaULMOHHOM WKane n 15-ypoBHeBoi ECTS.
KpaTkast nHcopmaumsi o bBPC npmseseHa B Tabn. 6.1.

Tabnuua 6.1
MuH. o
OueHnBaeMble BUAbI JeATENbHOCTN 00y4atoLLMXCS a1 MaKkcrManbHbI 6an

Cemectp: 1
JlonoanumensHasn yueoHas OesamensHOCb. 6 12
Jexyust: 2 4
Ipaxmuuecrue 3anamus; 22 44
Kypcoeas pa60ma: Hroro 0 100
KoHTponupytoLme MaTepuasbl (CAMCOK BOMPOCOB) NPUBOAATCA B "'[lBymMepHOe MofennpoBaHue TpaHsucTopos B TCAD MicroTec : MeToAMYecKoe pyKOBOACTBO MO
KypCOBOMY MPOEeKTVpoBaHuio Ans 4 kypca PA® no HanpasneHusm 210100 - Sn1eKTPOHMKa 1 MKPO3NeKTPOHVKa 1 210600 - HaHoTexHonorus / HoBocub. roc. TexH. yH-T
; [coct.: E. A. Makapos v ap.]. - HoBocnbupcek, 2009. - 83 c. : un., Tabn.. - Pexxum goctyna: http://elibrary.nstu.ru/source?bib _id=vtls000121588"
Okzamen: 20 | 40

KoHTponupytoLpe MaTeprabl (CAMCOK BOMPOCOB) NPUBOAATCA B “'[iByMepHOe MofienpoBaHue TpaHsnucTopo B TCAD MicroTec : MeToanYeckoe pyKoBOACTBO MO
KypCOBOMY MPOEeKTUPOBaHUIO 4118 4 Kypca PA® no HanpasneHuam 210100 - 3neKTPOHUKA U MUKPO3NeKTPOHKKa 1 210600 - HaHoTexHonorvs / HoBocuG. roc. TeXH. yH-T
; [coct.: E. A. Makapos v ap.]. - Hosocnbupcek, 2009. - 83 c. : un., Tabn.. - Pexxum gocTyna: http://elibrary.nstu.ru/source?bib id=vtls000121588"




B Tabnuue 6.2 npecTaBieHO COOTBETCTBIE POPM KOHTPO/IS 3asiB/IsieMbIM TPEGOBaHUAM K
pe3ynbTaTaM OCBOEHMS AUCLUNVHBI.

Tabnunua 6.2
Kogpl Dopmbl
oMneTe KOHTpO/A
KOMTETEH Pesy/ibTaTbl 06Y4eHUs! P
umn 3awmTa 3
q) roc KIM/KP K3ameH

331. 3HaTb (hr3nyeckmne 0cO6eHHOCTM NOMYNPOBOAHNKOBbIX UHTErPaSbHbIX PE3MCTOPOB ,
MK.3 |CyOMUKPOHHBIX U HAHOMUKPOHHBLIX KMOIT Ha 06beMHOM KpemHum 1 KH-cTpykTypax , +
BbICOKOYACTOTHbIX TPAH3UCTOPOB Ha reTepoCTPYKTypax

332. 3HaTb TEXHOMOTNYECKNE OCOBEHHOCTU U3TOTOB/IEHUS UHTErPa/IbHBIX
NoJyNPOBOAHWNKOBBIX PE3MCTOPOB, CYOMUKPOHHbBIX 1 HAHOMUKPOHHbIX TPaH3MCTOPOB, +
NCnosb3yemblix B coBpeMeHHbIX CBIC n YBUC

y27. yMeTb NPUMEHATb MaTEMaTUYECKOE MOAENMPOBaHME 4/15 aHa/IM3a 31EMEHTHO 6asbl
CYOMUKPOHHBIX 1 HAHOMUKPOHHBLIX CBEVC 1 YBUC

y28. yMeTb BbIYMC/ISITb OCHOBHbIE NapameTpbl COBPEMEHHbIX MOJYNPOBOAHUKOBBIX
VHTErpasibHbIX Pe3NCTOPOB M TPaH3UCTOPOB

®OH/, OLIEHOYHbIX CPEACTB MO AMCLIMMHE NPeACTaBNeH B NpunoXeHUn Ne 1 K paGoyel
nporpamme.

7. lutepatypa

OcHoBHasa nmMTepaTypa

1. 3e6pes I'. 1. ®usuueckue OCHOBBI KPEMHHEBOM HAHOMJIEKTPOHUKH | yueOHoe rmocodue / I'. .
3ebpeB. - M., 2011. - 240 c. : un., cxembl

2. Maprunec-/lyapt /1. M. HaHOTEXHOJIOIHH 1JI1 MHKPO- M OITO3JIEKTpOoHUKH / JIsx. M.
Maprunec-yapt, P. [lxx. Maptun-Ilanma, ®@. Arynno-Pyena ; iep. ¢ aurn. A. B. XauosiHa : o
pen. E. b. Axumosa. - M., 2009. - 367 c. : un.

3. Crapocensckuii B. 1. ®usnka noaynpoBOgHUKOBEIX TPHUOOPOB MHUKPOIJIEKTPOHUKH | yaeOHOE
nocoGue [ st By30B o HarpasiieHuto 210100 "DrextpoHuka u Mukpossiektponuka'] / B. W
Crapocenbsckuii. - M., 2011. - 463 c. : nin., Tabmn.

[lononHnTenbHas nTepaTypa

1. Olyp M. C. ®u3suka nosynpoBoaHukoBeix mpubopos. Ku. 1 : B 2-x ku. Ilep. ¢ anrn.. - M.,
1992. - 479¢. : nn.

2. Nano-CMOS Design for Manufacturability : Robust Circuit and Physical Design for sub-65 nm
technology nodes / Ban Wong [et al.]. - Hoboken, NJ, 2009. - XV, 385 p. :ill.. - ITep. 3aru.:
Hano-CMOS npoekTupoBaHUe ¢ YI€TOM TeXHOJIOTHIHOCTH.

3. Hull R. Into The Nano Era [electronic resource] : : Moore's Law Beyond Planar Silicon CMOS //
edited by Robert Hull, Jurgen Parisi, R. M. Osgood, Hans Warlimont, Howard R. Huff. - Berlin,
Heidelberg :, 2009. : v.: digital // Springer eBooks. - Pesxxum gocrymna:
http://dx.do1.0org/10.1007/978-3-540-74559-4

4. Maptiomos K. 1. Merons! pacuera pesuctopor / K. 1. Maptromios, FO. B. aiiuer, A. H.
Tuxonos. - M., 1971. - 206, [1] c. : un.

VIHTepHeT-pecypchbl
1. OBC HI'TY : http://elibrary.nstu.ru/

2. OBC «MznmarensctBo Jlansy : https://e lanbook.com/

3. OBC IPRbooks : http://www.iprbookshop.ru/




4. OBC "Znanium.com" : http://znanium.com/

5.

8. MeToauyecKoe 1 NPorpammMHoe obecredeHue

8.1 MeToaun4yeckoe obecneyeHne

1. /Ieymepuoe monenupoBanue Tpausuctopos B TCAD MicroTec : MeTomuueckoe pyKOBOACTBO 1O
KypCOBOMY IpoeKTHpoBaHuto ajis 4 kypca PO® no manpasnenusm 210100 - DnekTpoHuka u
mMukpodekTporuka u 210600 - Hanorexunonorust / HoBocu®. roc. TexH. yH-T ; [cocT.: E. A.
Makapos u ap.]. - HoBocubupck, 2009. - 83 ¢. : win., Tabmn.. - Pexum goctyna:
http://elibrary.nstu.ru/source?bib_1d=vtls000121588

8.2 CreunanmsnpoBaHHOe NporpammHoe obecrneyeHune
1 MathCAD

9. MaTepuranbHO-TEXHUYECKOE 06ecrneveHme

KomnbloTepHbIii Knace

Ne HanmeHoBaHue Ha3HaueHue

1 |KomnbtoTepHbI Knacc (KomnboTepsl Kcnonb3yeTcs Ans npakTUYecKnx 3aHATUIA
00befjMHeHbI B NIOKa/IbHYH CETb C BbIXOLOM B
Internet )
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Hosocubupck 2017



1. OO000meHHas1 CTPYKTYPA (POHIA OLEHOYHBIX CPEICTB YUeOHOM THCUMILINHBI
O060061meHHass cTpykTypa (QoHJa OIEHOYHBIX CpeAcTB Mo auciuiuiiHe CrnenuaiabHble TJIABBI
(u3uKu NoIynpoBOIHUKOBBIX MPUOOPOB NpuBeAcHa B Tabnule.

Tabnuna
JTanbl OHEHKH KOMIeTeHIMii
IHoxa3zarenn
c()OPMHPOBAHHOCTH Meponpusitus
©Popmupyembie KOMIeTeH Ui TeMmbl TEKYIIEro ITpomexyTounas
KOMITETeritH (3HaHMs, yMeHUsl, KOHTPOJIS aTTecTanus (3K3aMeH,
HABBIKH) (kypcoBoii mpoexT, 3a4eT)
PI'3(P) u np.)
[IK.3/HN 331. 3HATH 1.1 TTomynpoBOTHUKOBEIE PI3 DK3aMeH, BOIIPOCHI 110
TOTOBHOCTB ¢dusmueckne pesuctopsl. KoHCTpyKITHs, TemaM: «Dunznka
pa3pabaTbIBaTh 0COOCHHOCTH MOJIENb U TTapaMETPBI MHTETPATBHBIX
¢usmueckue u MOTYTPOBOJHHUKOBBIX | [lnpakTideckas equanma:l MOTYTIPOBOJHUKOBBIX
MaTeMaTHYECKHe HHTETPaIbHBIX @dusnka HHTErpaTbHbBIX pe3ucTopoBy, «Pusnka
MOJICTIH, IPOBOJNTH | PE3UCTOPOB , TIOJTYTIPOBOJHUKOBBIX MHUHHUATIOPHU3AIHA
KOMIIBIOTEPHOE CyOMUKPOHHBIX 1 pe3uctopoB 1.1 Korerpykius, CyOMHKPOHHBIX H
MO/JIeIUPOBaHHE HaHOMHUKPOHHBIX MOJIeNb U MapaMeTpsl HAaHOMHUKPOHHBIX
HCCIIEAYEMBIX KMOIIT na TOJIYTIPOBOAHUKOBBIX KMOIIT», «®u3uka u
¢busmueckux 00bEMHOM KPEMHHH |MHTETpalbHBIX Pe3UCTOpoB 1.2 texHosorust KMOIIT

MPOIIECCOB B 001aCTH

n KHU-cTpykTypax ,

3KCHepHMeHTaHLHLIe MCTOOUKHU

Ha HalIpsH>KEHHOM

HAaHOTEXHOJOTMU M |BBICOKOYACTOTHBIX  |M TECTOBBIE CTPYKTYPHI AT KpeMHUN», «DPU3uKa U
MUKPOCHCTEMHOM TPaH3UCTOPOB Ha MOJIYIPOBOIHUKOBBIX texHonoruss KMOIIT
TEXHUKHU reTEpOCTPYKTYpax pe3ucropos 1.3 Meroabl Ha KHU-cTpykTypax»,
MOJIETIMPOBAHHMS U PacueTa «Du3nuecKne
TIOJTYIIPOBOTHUKOBBIX 0COOCHHOCTH 1
pesucTopoB [unakTuaeckas CTPYKTYpbI
ennnuia:2 dusnka BBICOKOYACTOTHBIX
MUHHATIOPU3ALHUN TPAH3UCTOPOB.

CyOMHMKPOHHBIX H
HaHOMHKpPOHHBIX KMOIIT 2.2
CoBpeMeHHbIE MUKPO- U
HaHOKMOIIT 2.4 KMOII-
TexHoJoruu 2.5 OCHOBHbIE
0Cc0oOEHHOCTH TpoIiecca
MUHHUATIOPH3AIHN
JnmakTrdeckas equHANa:3
®wusuka u rexnosorus KMOIIT
Ha Hanps>KEHHOM KpeMHuu 3.3
KMOIIT Ha HanpsyKeHHOM
KpeMHHHU J{nmakTrdaeckas
ennunna:4 dusnka n
texronoruss KMOIIT na KHU-
crpykrypax 4.4 KMOIIT nHa
KHU-ctpykrypax 4.8 KMOIIT
Ha KHHU-cTpykTypax 4.9
OCHOBHBIE TEXHOJIOTUU IS
KHU-ctpykryp Junakrudeckas
eanHuna:5 OCHOBHEIE
¢usnyeckne 3pPeKTH B
CyOMHKpPOHHBIX H
HanoMukpoHHBIX KMOIIT 5.10
I'eomeTpuueckre U TOKOBBIE

s dextsr B KMOIIT 5.11

O} deKTh CUITBHBIX MTOJICH B
KMOIIT Juaaktrueckas
enunnna:6 duznueckue
0COOEHHOCTH M CTPYKTYPBI
BBICOKOUACTOTHBIX
TpaH3UCTOPOB 6.12 dusnka
BBICOKOUACTOTHBIX
TPaH3UCTOPOB




TIK.3/HU 332. 3HATh Jnnaxkruueckas equHuna: 1 PI'3 DK3aMeH, BOMPOCHI 0
TEXHOJIOTUYECKHE @dusnka HHTErpaIbHbBIX TemaMm: «Dunznka
0COOCHHOCTH TIOTYTPOBOJHUKOBBIX WHTETPATBHBIX
HU3rOTOBJIEHUS pe3ucropoB 1.1 Koncrpykuus, MIOJIyIIPOBOIHUKOBBIX
MHTETPATBHBIX MOJIENb U TTapaMETPBI pe3ucTopoBy, «Pusnka
MOJTYTIPOBOJHUKOBBIX |OITYIIPOBOJHUKOBBIX MHUHHUATIOpHU3AIHH
PE3UCTOPOB, HHTETpaibHbIX pe3ucTopoB 1.1 CYOMUKPOHHBIX U
CyOMUKPOHHBIX 1 ITomynpoBOIHUKOBEIE HaHOMHUKPOHHBIX
HaHOMHKPOHHBIX pe3uctopsl. KoHeTpykius, KMOIIT», «®u3uka u
TPaH3UCTOPOB, MoJzieNnb U mapamerpsl 1.2 texHosorust KMOIIT
UCTIONB3YEMBIX B OKcIepUMEHTaIbHbIE METOAUKH Ha HaIpPSKEHHOM
coBpeMeHHBIX CBHC |1 TecTOBBbIE CTPYKTYPHI s KpeMHUN», «DPU3uKa U
u YBUC TTOTYTIPOBOTHUKOBBIX texHonorust KMOIIT

pe3ucropoB Junakrudyeckas Ha KHU-cTpykTypax»,
enuHnna:2 Ousnka «Dusnueckue
MHUHHATIOPH3ALIH 0COOCHHOCTH U
CYOMHUKpPOHHBIX U CTPYKTYPBI
HaHOMHUKpOHHBIX KMOIIT 2.2 BBICOKOYACTOTHBIX
CoBpeMeHHbIE MUKPO- U TPaH3UCTOPOB.
HaHoKMOIIT 2.4 KMOII-

TexHoJoruu 2.5 OCHOBHBIE

0COOEHHOCTH Tpoiiecca

MUHHATIOPU3ALUN

JunakTuaeckas equHALA:3

®uzuka u texnosnoruas KMOIIT

Ha Hanps»KEHHOM KpeMHuu 3.3

KMOIIT Ha HanpsikeHHOM

KpeMHuu 3.6 duznueckue

OCHOBBI HAIIPSKEHHOTO

kpemHuust 3.7 TexHoioruu

HaNpsHKEHHOTO KPEMHUS

Hunaxktrueckas equHua:4

®usuka u rexnonorus KMOIIT

Ha KHU-cTpykTypax 4.4

KMOIIT na KHN-cTpykTypax

4.8 KMOIIT na KHU-

cTpykTypax 4.9 OcHoBHbIE

texnonoruu st KHU-ctpykTyp

JnmakTrdeckas eqUHALA:S

OcHoBHBIE (pruzHUECKHUEe

3¢ deKTH B CYOMUKPOHHBIX U

HaHoMHKpoHHEIX KMOIIT 5.10

I'eomeTpuueckue U TOKOBBIE

a¢¢dextsr B KMOIIT

JnnaxkTrueckas eaquHUIA:6

Ousnueckue 0COOCHHOCTH U

CTPYKTYPBI BEICOKOUACTOTHBIX

TpaH3UCTOPOB 6.12 dusnka

BBICOKOYACTOTHBIX

TPaH3UCTOPOB

[K.3/HA y27. ymMeTh Junaktuueckas equHuna: PI'3 OK3aMeH, BOIIPOCHI 110
IIPUMEHSTh ®du3KKa UHTETPaIbHbBIX temam: «Duznka
MaTeMaTU4ECKOe MOJTyIIPOBOIHUKOBBIX UHTErpanbHbIX
MoOJeIupoBaHue sl |pe3uctopoB 1.3 Meroast MOJTYTIPOBOTHUKOBBIX
aHaJM3a JIEMEHTHOI |MOJIENMpOBaHMS U pacueTa pe3ucTopoBy, «Pu3nKa
6a3bI CYOMHUKPOHHBIX |OJIYIIPOBOTHHKOBBIX MUHHATIOPA3ALINT
1 HAHOMHKPOHHBIX  |pe3ucTopoB JlunakTudeckas CyOMHKPOHHBIX 1
CBUC un YBUC ennanma:?2 dusuka HaHOMHKPOHHBIX

MHUHHUATIOPU3ALNHI KMOIIT», «®u3uka u
CYOMHKDPOHHBIX U texHosnoruss KMOIIT

HaHoMukpoHHbIX KMOIIT 2.2
CoBpeMeHHbIE MUKPO- U
HanoKMOIIT Jlupaxtudeckas
eaununa:3 dOusnka u
texnosioruss KMOIIT na
HaIpsHKeHHOM KpeMHuH 3.3
KMOIIT Ha HampsHKeHHOM
KpeMHuH 3.6 duznueckue

Ha HanpsHKEHHOM
KpeMHumn», «duznka u
texHosiorus KMOIIT
Ha KHHM-cTpyxTypax»,
«Duznueckue
0COOCHHOCTHU U

CTPYKTYPBI
BBICOKOYACTOTHBIX




OCHOBBI HAIIPSKEHHOTO
KpeMHHs JlunakTrdeckas
ennunna:4 dusnka n
texHonorust KMOIIT na KHU-
crpykrypax 4.4 KMOIIT nHa
KHU-cTpykTypax
Junaxktuueckas equHULA:S
OcHoBHBIE pH3nUECKUEe

3¢ PeKTh B CyOMUKPOHHBIX U
HaHoMukpoHHbIX KMOIIT 5.10
I'eomeTprueckue u TOKOBBIE
a¢¢dextsr B KMOIIT 5.11

O dhexTs! CHIIBHBIX MOJICH B
KMOIIT Juaaktrueckas
ennanna:6 dusnueckue
0COOEHHOCTH U CTPYKTYPHI
BBICOKOYACTOTHBIX
TpaH3ucTopoB 6.12 dusuka
BBICOKOYACTOTHBIX
TPaH3UCTOPOB

TPaH3UCTOPOB».

[TK.3/HU

y28. ymMeTh
BBIYHCIIATH OCHOBHBIC
rapameTpsl
COBPEMEHHBIX
MOJIYTIPOBOJHUKOBBIX
HHTETPATIbHBIX
PE3HUCTOPOB U
TPaH3HUCTOPOB

1.1 ITonynpoBOAHUKOBBIE
pe3uctopsl. KoHCTpyKIus,
MOJIeNb U MapaMeTpsl
Jnnaxktrueckas equHuna: 1
®u3uka HHTErPaIbHBIX
TIOJTYTIPOBOJHUKOBBIX
pe3ucropoB 1.1 Koncrpykuus,
MOJIENb U TTapaMEeTPBI
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2. Meroauka oueHKH 3TanoB GopMUPOBAHNS KOMIIETEHUMA B pAMKaX JUCUMUILIIHUHBI.

[IpomesxyTouHast arTectanus Mo AUCUMILIMHE TPOBOAUTCA B 1 cemecTpe - B popMe IK3aMeHa, KOTOPBIHA

HarpaBJjieH Ha OlleHKY copmupoBanHocTH Kommnereniui [TK.3/HU.

DK3aMeH IPOBOJUTCA B yCTHOU opme, IO OuiieTam.

Kpome Toro, chopmMrpoBaHHOCTH KOMIETEHIIMH MTPOBEPSETCS MPU MPOBEACHUH MEPOIPHUITHI TEKYILEro
KOHTPOJIsI, YKa3aHHBIX B TabmuIle pasznena 1.




B 1 cemecTpe 00s3aTenbHBIM 3TAllOM TEKYIIEH aTTeCTallMM sBIsETCs KypcoBas pabora. TpebGoBaHus K
BBINIOJTHEHUIO KypCOBOW pa®OoThl, COCTaB M MpaBWJIA OLEHKH CHOPMYIHPOBAHBI B MACIOPTE KYpPCOBOMN
paboThI.

OO1mue npaBuiia BHICTABICHUS OLEHKH M0 JUCHUILIMHE ONPEACIISIOTCs OaIbHO-PEHTHHTOBOIM CHCTEMOH,
NPUBEJCHHON B paboyeil mporpaMme yueOHOH TUCIUIUIHHEI.

Ha ocHOBaHMM NpHBEIEHHBIX Jajiee KPUTEPUEB MOXKHO CclieslaTh OOLMil BBIBOJ O C(HOPMHUPOBAHHOCTU
xkommnerenmu [1K.3/HU, 3a koTopbie 0TBEYaET NUCIUILINHA, HA PAa3HBIX YPOBHSIX.

O0masi xapakTepuCTHKA YPOBHE 0CBOEHMsI KOMITeTEeHIMIA.

Hu:xe nmoporoBoro. YpoBeHb BBINOJHEHUS pabOT HE OTBEYaeT OOJBIIMHCTBY OCHOBHBIX TPEeOOBAaHUH,
TEOPETUYECKOE COJEPKAHNUE Kypca OCBOEHO YaCTUYHO, IIPOOENbI MOI'YT HOCUTbH CYILIECTBEHHBIN XapakTep,
HEOOXOMMBIE MPAKTUYECKHUE HABBIKH PAOOTHI C OCBOCHHBIM MaTepHajioM c(hopMHUpPOBaHBI HE JOCTATOYHO,
OOJIBIIMHCTBO TMPEAYCMOTPEHHBIX IMPOrpaMMoi OO0y4deHHs Y4eOHBIX 3aJaHUN HE BBIIOJIHEHBI WIIH
BBITNIOJIHEHBI C CYIIECTBEHHBIMU OLIUOKaMHU.

IloporoBblii. YpoBeHb BBINOJHEHUS PAa0OT oOTBeYaeT OOJBIIMHCTBY OCHOBHBIX TpeOOBaHUM,
TEOPETUYECKOE COJIEPKAHUE Kypca OCBOEHO YaCTUYHO, HO MPOOEIIbl HE HOCST CYLLIECTBEHHOIO XapaKTepa,
HEOOXOMMBbIEC MPAKTUUECKHE HABBIKA PAOOTHI C OCBOCHHBIM MAaTE€pPHAlIOM B OCHOBHOM C(OPMUPOBAHEI,
OOJIBIIMHCTBO MPEAYCMOTPEHHBIX IPOrpaMMoi 0OydeHUs y4eOHBIX 3a/laHuil BBINOJIHEHO, HEKOTOPHIE
BUJIBI 33/1aHUH BBITIOJTHEHBI C OMIMOKAMH.

Ba3oBblii. YpoBeHb BBINOJIHEHUS pabOT OTBEYaeT BCEM OCHOBHBIM TPEOOBAHUSM, TEOPETHUECKOE
COJIEPKAHUE Kypca OCBOCHO IOJIHOCTBIO, 0€3 MpOOEnoB, HEKOTOPHIE NMPAKTUYECKUE HAaBBIKU PAOOTHI €
OCBOCHHBIM MaTepuanoM c(hopMUpPOBaHbl HEJOCTATOYHO, BCE MPENYCMOTPEHHBIE MPOrpaMMoi 0OyueHUs
yueOHbIE€ 3aJJaHUs BBIIOJIHEHBI, KAYECTBO BBIMOJIHEHHUS] HU OJHOTO M3 HUX HE OLEHEHO MUHUMAJIbHBIM
YHCIIOM 0ayIoB, HEKOTOPbIE U3 BBIMOJIHEHHBIX 33JaHHI, BO3MOXKHO, COJAEPKAT OMIMOKH.

IIpoaBuUHYTHI. YPOBEHb BBINOJHEHUS pabOT OTBEYAET BCeM TPeOOBAHUSAM, TEOPETHUECKOE CO/IEpKaHHe
Kypca OCBOEHO IOJIHOCTHIO, 0€3 Mpo0esioB, HEOOXOAUMbIE MPAKTUUECKUE HABBIKU PabOThl C OCBOEHHBIM
MarepuasioM CcGOPMHUPOBAHBI, BCE TMPEAYCMOTPEHHBIE MPOTpaMMON OOydeHuss ydeOHBbIe 3aJaHus
BBINTOJIHEHBI, KAYECTBO WX BBIITOJHEHHSI OIICHEHO YHCIIOM 0aiyioB, OJM3KUM K MaKCUMAaJIbHOMY.



DenepanbHOE TOCYAaPCTBEHHOE OI0KETHOE 00pa30BaTEIbHOE YUPEKICHHE
BBICITIETO 00Opa30oBaHUs
«HoBocuOupckwii rocy1apcTBEHHBIN TEXHUUECKIH YHHBEPCUTET»

Kadenpa nonynpoBogHUKOBBIX IPUOOPOB U MUKPOIIEKTPOHUKU

HacnopT IK3aMCHa
110 JUCHUIIIIMHEC «CHGHI/IaJ'Ibele I'JIaBbI (bI/ISI/IKI/I IMOJIYIIPOBOAHUKOBBIX HpI/I60pOB», 1 CEMECTP

1. Meroauka oLeHKH

DK3aMeH NPOBOJUTCSA B yCTHOUM (opme, mo Omiieram . buner opmupyercs no cremyromemy
HpaBUITY:

NIEPBBI BOMPOC BEIOMPAETCS U3 TUAIa30Ha BOMPOCOB COOTBETCTBYIOIINX OJTHOW U3 IIECTH
TEMaTUK, U3yYCHHBIX B X0J/I€ CEMECTPa,

BTOPOI1 BOIIPOC BHIOUPAETCS U3 IMalla30Ha BOIIPOCOB COOTBETCTBYIOLIUX JIPYIOl TEMaTUKE
(43 OCTaBLIMXCS MATHU BO3MOXKHBIX).

DOopMAa >K3aMEHAMOHHOTO OKTeTa

HOBOCHBUPCKUI FTOCY JAPCTBEHHBIN TEXHUYECKWI YHUBEPCUTET
daxynpreT POD

Buier Ne
K DK3aMeHy 1o qucuuruinHe «CrieruanbHbIe TIaBbl PU3UKHU TTOTYIPOBOIHUKOBBIX
puOOpPOB»

1 Mozens TOHKOTJIEHOYHOTO OJJHOPOAHOJIETHPOBAHHOTO MOJIOCKOBOTO PE3UCTOPA CO CIIOKHBIMH
KOHTaKTaMH.
2. Hanpspxenuasie KMOIIT, usrorornenssie mo Texnonoruu cap-cios (CELS).

YTBepkaato: 3aB. Kapeapoit npo¢. Taiicnep B.A.
(moamucs)

(mata)

2. Kpurepun ouenkun

OTBeT Ha SK3aMEHAI[MOHHBIN OWJIET CUMUTAETCS HEYAOBJETBOPHUTENbHBIM, €CIIH CTYACHT IPH
OTBETE HA BOMNPOCHI HE AT OMpPEICIICHUII OCHOBHBIX TOHSATHI, HE CIIOCOOCH I0Ka3aTh
NPUYMHHO-CJIEICTBEHHBIE CBSI3U SIBJICHHMA, NP PEIICHUHU 3aJaud JOMYCKAeT MPUHIIMITHAIbHBIC
OIIMOKH, OLIeHKa cocTaBisieT meHee 20 6annos.

» OTBeT Ha PK3aMEHAIIMOHHBIN OUJIET 3aCYMTHIBAECTCS HA MOPOrOBOM YPOBHE, €CJIH CTYACHT IIPU
OTBETE Ha BOMPOCHI JACT OIPEIEICHUE OCHOBHBIX TOHSATHH, MOXET IM0Ka3aTh MPUYUHHO-
CJIEZICTBEHHBIE CBSI3U SIBJICHUH, NTPHU PEIICHUH 3a/Ja4M JOMYCKAaeT HEMPUHIIMITHAIBHBIC OMTHOKH,
oneHka cocrtapisgeT 20-25 bannos.



* OTBeT Ha K3aMEHALIMOHHBIN OMJIET 3aCYUTHIBACTCS Ha 0230BOM YPOBHE, €CIIU CTYACHT IPU
OTBETE Ha BONPOCH! (POPMYIHPYET OCHOBHBIE TIOHSTHS, 3aKOHBI, AT XapaKTEPUCTHKY
mponeccos, SIBJ'IGHI/If/'I, MIpOBOAUT aHAJIN3 ITPHUYUH, yCHOBHﬁ, MOKCT NPCACTABUTH KAYCCTBCHHBIC
XapaKTEepPUCTHKH MPOLIECCOB, HE JOMYCKAEeT OMIMOOK MPY PEIICHUH 33/1a4H, OIICHKA COCTABIISET
26-34 6annos.
* OTBeT Ha PK3aMEHAIIMOHHBIN OMIIeT (TecT) OMJIEeT 3aCYUTHIBACTCS Ha MPOJABUHYTOM YPOBHE,
CCJIU CTYACHT IIPU OTBCTC HA BOIIPOCHI MPOBOAUT CpaBHI/ITCHBHbe/'I AHAJIN3 ITOAXO0A0B, IPOBOAUT
KOMIUIEKCHBIN aHAJIN3, BBISBIISIET IPOOJIEMBI, ITPe/IaracT MeXaHU3Mbl PELICHUs, CIIOCOOEH
NpeaACTaBUTb KOJIMYCCTBCHHBIC XaPAKTCPUCTUKH ONPCACIICHHBIX ITPOUCCCOB, IPUBOAUT
KOHKPETHBIE IIPUMEPbI U3 TPAKTHKH, HE JIOIYCKAET OIIHOOK U CIIOCOOEH 000CHOBATH BHIOOD
METO/a PeUIeHUs 3a]auu, olleHKa coctaBisieT 35-40 b6annos.

OK3aMeH CYHWTaeTCcs CHOAaHHBIM, €CIM CpegHssl cyMMa OaJuloB MO BCEM BOIPOCAM
cocrapmsieT He MeHee 20 6amioB (o 40 6amTbHOM 1IKale).

Koa¢¢unment, ¢ KOTOPIM yIUTBHIBACTCS MOJyYSHHAs! CyMMa 0aiyioB B 00IIeil OLeHKe o
JUCHUIITIMHE, OIPCACIIACTCA HpaBI/IJIaMI/I arrecraliuyu ucxoasa H3 TOIro, 4YTO MAaKCHMAJIbHOC
KOJIMYECTBO 0AJUIOB 32 IK3aMEH He MOXKET mpeBbimath 40 6asios.

3. IIkana oueHkKHU

B o61eit onjeHke 1o AUCHUIUIMHE 3K3aMEHALMOHHBIE OalIbl YYUTHIBAIOTCS B COOTBETCTBUU C
npaBWwiIaMd  OaJUIbHO-PEUTHHTOBOM  CHCTEMBI, TPHUBEACHHBIMH B pabodell mporpamme
JUCLUIUINHBI.

4. Bompocsl K 3K3aMeHy 10 Aucuumiuie «CrnenuanbHble IJ1aBbl (PU3NKH
MOJIyNIPOBOIHUKOBBIX PUOOPOB»

«®Pu3KKa UHTETPAIBHBIX HOJYIPOBOIHUKOBBIX PE3UCTOPOBY»

1.1 [omynpoBoaHukoBele AU dy3uoHHbIe pe3rucTopbl. KOHCTpYKIUS, MOZIENb U TTapaMeTphl.

1.2 TloaynpoBOAHUKOBBIE IUIEHOYHbIE pe3UCTOPbl. KOHCTPYKIIMS, MOENb U TTapaMeTpHl.

1.3 DddexT mmpuHbl B MHTErpalbHbIX TU(PHY3MOHHBIX U ITOJOCKOBBIX PE3UCTOpaX.

1.4 TIunu-pe3ucropsl. KoHCTpyK1Msl, MOZIETh U MTApAMETPhI

1.5 TemniepatypHasi 4yBCTBUTEIBHOCTb ITOJIYIIPOBOJHUKOBBIX PE3UCTOPOB. JlazepHas MoAroHka.

1.5 TecroBast cTpyKTypa U1 METOJIMKA HaX0XAeHUA RS 1 3 PEeKTUBHON IIUPUHBI TOJIOCKOBOTO
pesucropa.

1.6 YetsIpex30H10BbIN MeTo Banbneca

1.7 DnexTpodusndeckoe 000CHOBAHHE YETHIPEX30HI0BOTO METOAA.

1.8 Meton Ban nep Ilay. CtpykTypa «rpedeckuii KpecT» U ee MperuMyIecTBa nepe
MIOJIOCKOBOW CTPYKTYPOH.

1.9 KoadpdunrieHt hopmbl HEMOITOCKOBOTO TOHKOIUIEHOYHOI'O PE3UCTOPA U MOJIOCKOBOTO CO
CJIOKHBIMU KOHTAKTaMH.

1.10 Mozenb TOHKOILUIEHOYHOT'O OJJTHOPOHOJIETUPOBAHHOTO TMOJIOCKOBOTO PE3UCTOPA CO
CJIOKHBIMU KOHTaKTaMH.

1.11 [Ipumenenne MeTo1a KOHPOPMHBIX OTOOPANKEHUM ISl HAXOXKIACHUS COPOTUBIICHUS
TOHKOIUIEHOYHOTO PE3UCTOpa CI0KHON (POPMBI.

1.12 KoHTakTHOE CONPOTUBIIEHUE PE3UCTOPA U COMPOTUBIICHUS PACTEKAHHUS.

1.13 Pe3ucrops! KensBuna. KoHcTpyKkIns, nmapaMeTpbl, Ha3HaYCHHE.

«Pu3nKka MUHUATIOPU3ALUY CYOMUKPOHHBIX U HAaHOMUKPOHHBIX KMOIIT»
2.1 KMOII-texnonorun

2.2 3akoH Mypa u Tpu coBpeMeHHbIX ITyTH pazButuss KMOII-texnonoruu
2.3 Mogens [lIuxmana-Xomxkeca v €€ «HUEepHBIN SIIHK.

2.4 Ilponiecc MUHMATIOpU3aluK U ero BiausHue Ha napametpsl KMOIIT
2.5 KoMIpomMuccel MUHHATIOPU3ALAN




2.6 3aBucuMoctb rpannuHON yacToTel KMOIIT 0T KOHCTPYKTHBHO-TEXHOJIOTUUECKUX
apaMeTpoB

2.7 OcHOBHBIE KOHCTPYKTUBHO-TEXHOJIOTUYECKHUE CIIOCOOB! YBETHUEHHSI OBICTPOICHCTBHS

KMOIIT

2.8 IlpaBuna JlenHapTa u CKEIIMHT TapaMETPOB

2.9 Ces3p macmrabupoBanus 1o JleHHapty ¢ 3pdexkramu CHIIbHBIX TOJIeH

2.10 OcHoBHBIE TPOOIEMBbI MUHHATIOPU3AIMH MEKCOCTMHEHUI

«®Dusuka u rexuosoruss KMOIIT Ha HanpsoKEeHHOM KPEMHUU
3.1 HanpsokeHHBIM KpeMHUH, THIpocTaTHYecKoe cxaTue u 3¢pd ekt Cmura
3.2 BivsiHME aHU30TPOIHBIX MEXaHUYECKUX HANPSIKEHUI HAa CTPYKTYPY 30HBI IIPOBOIUMOCTH B
KPEMHUHU.

PocT noABMKHOCTH 31EKTPOHOB.
3.3 BiusiHue aHM30TPONHBIX MEXaHUYECKUX HANPSKEHUM HA CTPYKTYPY BaJICHTHOM 30HBI B
KPEMHHUH.

PocT noABM>XHOCTH JIBIPOK.
3.4 Ocobennoctn KMOIIT Ha Hanps>KeHHOM KpEMHUU
3.5 TexHONOTUY HANPSKEHHOTO KPEMHUS | TOKOJIECHUS.
3.6 OCHOBHbIE HCTOYHUKHA MEXaHUUECKUX HANPSKEHUU(CTPECCOPHI) B TEXHOJIOTUSX 2
MOKOJICHUSI.
3.7 Hanpspxennsie KMOIIT, usrorosnennsie o texHoioruu cap-ciost (CELS).
3.8 Hanpsxkennsie MOIIT, U3roroBiaeHHBIE 110 TEXHOJIOTUU € 3alIOMUHAHUEM
Hanpsokerus(STM)
3.9 KMOIIT, u3roToBjicHHbIE 110 TEXHOJOTHH HAMIPSHKEHHBIX HCTOK/cTOKOB (embedded)
3.10 KomOuHMpOBaHHBIE TEXHOJIOIMH HAIPSDKEHHOTO KPEMHHUSL.

«®Dusuka u rexnosnoruss KMOIIT na KHU-cTpykTypax

4.1 Ocnosnble ocobennoct KMOIIT Ha ctpykTypax KHU

4.2 Dpdexr «3amenkuBanus» B crpykrypax KMOIIT Ha 00beMHOM KpEeMHUH.

4.3 Texunonorus SIMOX mis KHU. JloctonHcTBa M HEIOCTATKHU.

4.4 Texuonorus cpamuBanus wiactud (SMART CUT). JlocTonHCTBA U HETOCTATKH.

4.5 KMOII na KHHU. Ctpyxtypst LDD u HALO.

4.6 Tpaunmeitnas u3onsius B KHU crpykrypax (STI u DTI). Bosch-nporece.

4.7 DnexTpoduznueckre 0COOEHHOCTH YaCTHYHO U MOMHOCTHIO 00eaHeHHbIX KMOIIT Ha
crpykrypax KHH .

4.8 MuoroszarBopusie KMOIIT (FIinFET).

«OcHoBHbIe huznyeckre 3¢ (HeKTsl B CYOMMKPOHHBIX U HAHOMUKPOHHBIX KMOIIT

5.1 Ynpasnsemocts 3apsiioB B kaHaiae KMOIIT

5.2 KopoTkokaHasbHbIH 3¢ (eKT TOpOroBoro HamnpsKeHus

5.3 Ddodexr DIBL.

5.4 TlapazutHble TOKOBBIE 2P PEKTH KOPOTKOTO KaHaja.

5.5 Dddexrsr cunpHbIX noaeil B MOIIT: ropsiune 31eKTpoHbI U JIABUHHOE YMHOKEHUE.

5.6 O¢ddexrs cunbubIx noselr B MOIIT: Tok B OANOXKKY, CHI)KEHUE Oapbepa Ha UCTOKE,

ounomsipubiit u Kink-3¢dexTor.

5.7 MeTronbl TEXHOJIOTUYECKONW ONTUMU3ALMH CTPYKTYpbl HcTOK-cTokoB KMOIIT ¢ nens
CHIKEeHUS 9P (PEKTOB CUIBHBIX  MOJEH.

«Puzndeckre 0cOOEHHOCTH U CTPYKTYPHI BRICOKOYACTOTHBIX TPAH3UCTOPOBY
6.1 ®u3uyeckre Npoueccs B rereporepexoax. 30HHbIE JUarpaMMBl.

6.2 'eTepocTpyKTypHbIe OunossipHble TpaH3uctopsl (HBT)

6.3 Bapu3oHHbIe reTepoOunoIsipHbie TpaH3ucTopsl C Si-Ge 6a3oii.




6.4 TpaH3UCTOPBI C BHICOKOH MOABUKHOCTBIO 31ekTpoHOB (HEMT)

Bonpocel cocraBu aou. Kasunaun C.B. gexadpp 20




denepanpHOE TOCYAAPCTBEHHOE OI0/KETHOE 00pa30BaTEIbHOE YUPEKICHNE
BBICIIETO 00Pa30BaHMs
«HoBocubupckuii rocy1apcTBEHHBIH TEXHUUECKHH YHUBEPCUTETY
Kadenpa nonynpoBogHUKOBBIX IPUOOPOB U MUKPOITEKTPOHUKU

IHacnopr
KYPCOBOii padoThI

no aucuuiuimHe «CrieruanbHble T1aBbl (PU3UKHU IMOIYIIPOBOAHUKOBBIX PUOOPOBY», 1 cemecTp

1. MeToauKka OLEHKH.
3ajaHue:
paccuuTaTh TEXHOJIOTMYCCKUE TapaMeTpbl, npodwin JierupoBanus, BAX u anexkrpodusudecue
napameTphl TpaH3ucTopa (OUITOJIIPHOTO HITH TOJIEBOTO) B COOTBETCTBUU C UCXOAHBIMH JAHHBIMU
BapHaHTA.

Crpykrypa:

00s13aTeIbHBIMU CTPYKTYPHBIMH 4YaCTIAMU KP sBasiorcs:

- KpaTKOe ONHUCaHUE IPOEKTUPYEMON CTPYKTYPHI C MOACHSAIOIMMU PUCYHKAMU U 0OOCHOBAaHHBIM
BbIOOPOM JIONIOJIHUTEIbHBIX F€OMETPUYECKUX M (PU3MUECKUX IapaMeTpoB, HEOOXOAMMBIX IS
JIBYMEPHOT'O MOJIEIIMPOBAHUS TPAH3UCTOPA,;

- BXOJHOH KOMaHJHBIA (aila uis TEXHOJIOIMYECKOrO MPUIIOKEHUs, 00ecreunBaroIuii pacueT
CTPYKTYpBI TPAH3UCTOPA;

- OIHOMCPHBIC HpO(bI/IJ'II/I JICTUPOBAHUA B XapaKTCPHbIX CCUCHUAX TpaH3uCTOpAa,
066CH€‘-IPIB3IOIHH€ TCOMETPHUUICCKUC TMMApPaMCTPbl TPAH3HUCTOpPAa B COOTBCTCTBUHU C BaAPHUAHTOM
pacucra;

- BXOJAHOW KOMaHAHBIA Gain Ui 3JeKTPOoPU3NUYECKOr0 MPHIOKEHUS, 00ecreurBaroIHii
ANIEKTPO(U3NIECKUNA PacyUeT;

- paccuntanHble BAX u anekrpodusnyeckue napaMeTpbl TPaH3UCTOpA HAPSKEHUS! OTCEUKU
OTanbl BbIIOJHEHUS U 3aIUTHL:

BrimonHeHne KypcoBoit paboThI MPOUCXOAUT TOCIEA0BATEIHHO B COOTBETCTBUU CO CTPYKTYPOH.
3amura NpoOUCXOIUT MOCIIE TTOJIHOTO 3aBEPIICHHS BCEX ITANOB PaOOTHI.

OreHnBaeMbI€ MTO3UIIAN:
OrieHnBaeMbI€ TO3UIIMK COOTBETCTBYIOT OMMCAHHOM BhIIIIE CTPYKTYpe PI3.

2. Kpurtepum oueHkm.

* PaGoTta cumTaeTcsi He BBLINOJHEHHOMH, eciM BBITONMHEHBI He Bce dact KP, orcyrcTByer
MOJIeNIb TEXIIPOIECCa, HET KOPPEKTHBIX PACUYECTHBIX OICHOK 3a/JaHHBIX T€OMETPUYECKUX U
TEXHOJIOTHYECKUX MMapaMeTPOB, HE MTPECTABIICHBI IJIaBHBIE PE3YJIbTAThI pacyeTa: OJJHOMEPHBIE
npoduan  JErMpoBaHWs B XapaKTepHBIX CeUeHUsX TpaHsuctopa, ero BAX wu
anekTpoduszndeckue mapameTpsl. OneHka B 3ToM cinydae coctanisier0-40 6amios.

* PaGoTa cuuTaeTcsl BBIMIOJHEHHOW Ha MOPOrOBOM YpOBHE, eciau Hekoropble yactu PI3(P)
BHITIOJTHEHBl (POpPMANIbHO: HET aHaiuu3a W OOOCHOBaHHUS BHIOOpPA TEXHOJOTHYECKHX H
ANEKTPOPU3NYECKUX MOJENeH, B TMpoliecce pacueTa He OO0ecredeHbl TpeOyeMble BBIXOIHBIC
napameTpsl 3aganus. OueHka B 9ToM ciaydae coctaiser 50-60 6amos.

* PaGoTa cunTaeTcs BBHIMOJIHEHHONH HAa 0a30BOM YpOBHE, €CITM MOJEIMPOBAHUE TeXIpolecca 1
anekrpodusndecknii pacder BAX # 37eKTpopH3NISCKUX MapaMeTpOB IIEJIOM BBIIIOJHEHO C
He3HAUYMTEIbHBIMU HegoueTaMu. OrieHka B 3ToM ciydae cocraBisgeT 70-80 Gamos.

* PaGoTa cuuTaercs BBHITIOJIHEHHOW HA MNPOJABMHYTOM YypPOBHE, €CJIH MOJEIHPOBAHHE



TEXHOJIOTMYECKOT0 MpOoIecca M IEKTPOPU3HICSCKUIN pacyeT BBHIMOJHEHBI B IIOJJHOM 00bEME H
BCE BBIXOJHBIC MapaMeTphl BBIUMCIACHBI B 3aJaHHBIX Auamna3zoHaX. OIIEHKa B 3TOM Cjydae
cocrasirzeT 90-100 GayuioB.

3. IIIkaJia oLeHKH.

B 00m1eii onienke no AUCHUILIIMHE OaNIbl 32 pabOThI YUUTHIBAIOTCS B COOTBETCTBUH C IPABHIIAMH
0aJIbHO-PEUTUHIOBOM CHCTEMBI, IPUBEACHHBIMU B paboyeil mporpaMme JTUCHUTUIHHEIL.

4. IlpuMepHBblii IepevyeHb TeM KypPCOBOro npoexkrta (padorsi).

— JIByMepHBIii pacyeT napaMeTpoB U XapaKTEPUCTUK OUIIOJIIPHOTO TPAaH3UCTOpa 0 BapuaHTy Nel
metoauukh. (Bcero oosiee 10 BapraHTOB)

JIByMepHBIii pacuer napamMeTpoB M XapaKTEPHCTUK MOJICBOTO TPAH3UCTOPA 10 BapuaHTy Nel
Metoanuki. . (Bcero 6oinee 15 BapuaHToB)

5. IlepeyeHb BONPOCOB K 3alIUTe KYPCOBOI0 MpoeKkTa (padoThi).
— @usunyeckue npoueccel B OunossipHoM tpansucrope (bT)
— Bxonnrie-Beixoaasie BAX BT;
— I'pacdpuxu ['ymmens u uucno I'ymmens;,
— Mogaens D6epca-Moina;
— KMOII-Texnonoruy,
— @u3nyecKue IpoLecchl B OJIEBBIX TPAH3UCTOPAX;
— Mogensp [HInxmana-Xokeca U €€ «4E€pHBIN ALUKY;
— IIpouecc MuHMaTIOpu3aUuu U ero BiussHue Ha napamerpsl KMOIIT;
— 3aBucumocTb rpannuHoi yacToTel KMOIIT 0T KOHCTPYKTHBHO-TEXHOIOTHYECKUX
apameTpoB;
— OCHOBHBIE KOHCTPYKTHBHO-TEXHOJIOTHYECKHE CIIOCOOBI yBETMYEHUS OBICTPOACHCTBUS
KMOIIT;
— IIpaBuna JleHHapTa U CKEWJIMHT IapaMETPOB;



