Paboyasi nporpaMma AUCLUMNVHBI

MpunoxeHune 3

TexHONOrMuyecKme nNpoLecchl MUKPO3NEKTPOHMKY

1. BHewHWe TpeboBaHUs

Tabnmuya 1.1

Komnemenyun HI'TY: I1K.2.B roToBHOCTHI0O K IPAMEHEHHIO CTATHCTHYECKAX METOA0B B PaIHoI0KATIHOHHBIX
1 paJJHOHABUTAIINOHHBIX CHCTEMAX; 8 YACHU CT1E0VIOUIUX Pe3VIbmMAnIO0e 00y YeHuA:

31. 3HaTb Knaccu4yeckme TEXHOMNOrMYecKme NpoLLecchl N3roToBIEHNA MHTEMPaIbHbIX MUKPOCXEM U

MWUKPOCUCTEMHOI TEXHUKU

y1. yMeTb N0/1b30BaTbCA YACNEHHLIMU MOAENAMU TEXHOIO0MMYECKMX MPOLLECCOB

2. TpeboBaHuA HI'TY K pe3ynbTaTam 0CBOEHUS AUCLUMNINHbI

Tabnmuya 2.1

Pe3ynbTaTbl U3yUYeHWUS AUCLIMMNAVHDBI M0 YPOBHSIM OCBOEHUSI (UMETb
npeacTaB/ieHne, 3HaTb, YMETb, BNAfeTh)

dopMbl OpraHmsaLmnm
3aHATUINA

JvcumnamHa no BbIGOpy acnmpaHTa

MUWKPOCXEM U MVIKpOCI/ICTeMHOI\/'I TEXHUKN

MK.2.B.31 3HaTb KnaccM4yecKmne TeXHO/10r MYecKme npoLeccbl N3roToB/IEHUA NHTEMPa/IbHbIX

1.06 0CHOBHBIX I[IPUHIAIIAX 1 METOJaxX pa3pa60TK1/1 HaYIHBIX OCHOB, (‘lJI/ISI/I‘-IeCKI/IX
W TEXHUYICCKUX MNPHUHITUIIOB CO3JaHWA W COBEPIICHCTBOBAHMA TEXHOJIOI'MH
MUKPOSIIEKTPOHUKHA U TBEPHOTCIBHBIX HpI/I60pOB

CamocTosiTenbHast paboTa

2.0 cocraBe, Ha3HAYCHUN H OCHOBAX KCIUTyaTaI[Ul TEXHOIOTHIECKOTO
060pyIOBaHMS TI0 U3TOTOBICHUIO TPa/JAITHOHHEIX NIPHOOPOB TBEPAOTEIHHON
DIIEKTPOHUKHY, PaHO3IEKTPOHHBIX KOMIIOHEHTOB, M3Jelui MUKpO- 1
HAHOJIEKTPOHUKY, IPUOOPOB Ha KBaHTOBBIX 3(derTax, BKIIOTAs
OIITORIEKTPOHHBIE TPUOOPEl M IpeodpazoBaTeIn (PH3NUECKHUX BEIMINH (CEHCOPEL).

CamocTosiTenbHast paboTa

3.0 3HaueHUHN peleHrs] HAYYHBIX U TEXHUYECKHX IPoOJIeM CHEIUaIbHOCTH
05.27.01 m1s mapomHOTO XO3SHCTBA, KOTOPHIE

COCTOSIT B pa3paboTke HOBBIX M COBEPHICHCTBOBAHHH CYIIECTBYIOITHX
TpaUIHOHHBIX MPHOOPOB TBEPAOTEIBHON SIEKTPOHUKI X MUKPOCHCTEMHON
TeXHHKH, BKIFOYAsE ONTOAIEKTPOHHBIE MMPUOOPEl ¥ IpeobpasoBaTeny (pu3nIecKux
BEJIIYIHH (CCHCOPHI), & TAKXKe IIOBBIIIE-HAHA UX (DYHKIIHOHAIBHBIX,
HKCILTYaTAIIMOHHBIX XapakTepUCTUK U 3(h(PeKTUBHOCTH MCIIOIB30BaHHMSI.

CamocTosiTenbHas paboTa

4. TexXHOIOTHIECKHE CXEMBI W PEXKUMBL HOIIYIEHIS NPHOOPOB TBEPIOTEIHHON
HIIEKTPOHUKH, PaJHOdIEKTPOHHBIX KOMIIOHEHTOB, H3JIENHN MHKpO- U
HAHOIEKTPOHUKY, IPUOOPOB Ha KBAHTOBBIX 3diperrax, BKIIOYAs
OLITORJIEKTPOHHBIE TIPHOOPHL U IpeobpazoBaTein (hH3HIe-CKUX BeIMTHH
(ceHcopbI).

CamocTosTeNbHas paboTta

S.A.]'II“OpI/ITMLI IPpUMEHEHUSI METOJIOB MATEMATHICCKOI'O MOICTIUPOBAHMA ITPU
OIITUMH3AITNH TEXHOIIOTHA MHUKPOSJIEKTPOHUKH U TBEPAOTEIIBHBIX HpI/I60pOB.

CamocTodATeNnbHas pa60Ta

6.Meroapl pa3paboTKH U HCCIEJOBAHUS TEXHOIIOTMYECKHX OCHOB CO3JAHUI U
METOJIOB COBEPIICHCTBOBAHUSI IPHOOPOB TBEPAOTENBHON 3IEKTPOHUKH U
MHKPOCHCTEMHOU TEXHUKH.

CamocTosTeNbHas paboTta

7 Hcnonp30BaHST BO3MOXKHOCTEH BEIIHCIUTEILHOM TEXHUKA U IIPOTPAMMHOTO
obecredeHns AT TOATOTOBKH YIPaBISIOMNUX HIPOIpaMM, IIPOBEACHIS i KOHTPOJLST
IIPOIIECCOB ¢ UCTIOIB30BAHIEM TEXHOIOTHH MUKPOIIEKTPOHUKH U TBEP/IOTEIBHBIX
1pudOpPoOB.

CamocTosTeNlbHasA paboTta

MK.2.B.yl ymeTb N0/1b30BaTbCA YNCNEHHBIMW MOAENIAMMU TEXHOMOTMMYECKMX NPOLIECCOB

8 Mero b pazpaboTKu M HCCIeJoBaHIe KOHCTPYKIMM M KOPIIYCOB HpHUOOPOB
TBEPAOTEIHHON HIIEKTPOHHKH U MHKPOCUCTEMHON TEXHUKH.

CamocTodATeNnbHas pa60Ta




9.3HaTh BOIPOCH oOecnedeHns 0e30acHBIX YCIOBHM TPy Aa ¢ HCIIONB30BaHAEM
000py JOBaHMS B TEXHOIOTUH HMOyUeHHS IPUOOPOB TBEPOTENIFHOM HIIEKTPOHUKH,
pauo3IeKTPOHHBIX KOMIIOHEHTOB, H3JeiIMi MHUKPO- U HAHOBJIEKTPOHHUKH,
IprOOpoB Ha KBAHTOBHIX 3(dekTax, BKIOHAS ONTONIEKTPOHHBIE IPHOOPH W
npeoOpa3zoBaTelin PU3HIECKUX BEININH (CEHCOPHL).

CamocTosiTensHas paboTa

10.3HaTh HKOIOTHIECKHE ACTIEKTHI HCIIOIB30BAHMSI TEXHOIOTUH
MHK-PO3JICKTPOHHUKH U TBEPIOTCIbHBIX HpI/I60pOB.

CamocTosTefbHas pa60Ta

11 .MccnepoBaHus W MOJEIMPOBAHUS IIPHOOPOB TBEPAOTEIBHON SIIEKTPOHUKA
VIUTHIBas PEKUMBI TEXHOIIOTHH MUKPOSIEKTPOHUKYU U TBEP JOTEIBHBIX IIPHOOPOB,
BKIIIOYAsl BOIPOCHI KAauecTBa, JOITOBEU-HOCTH, HAJEKHOCTH M CTOMKOCTH K
BHETTHAM BO3JeHcTByommM (akTopaM, a TakkKe BOIPOCH 3(heKTHBHOTO
IpUMEHEHHSL.

CamocTosiTensHas paboTa

3. CofepXaHue 1 CTPYKTypa yUue6Hol ANCUMNINHDI

Tabnmuya 3.1
CcbINKn Ha
Tembl A/19 caMOCTOATE/IbHOT AKTVBHBI
embl 4 th::lq(;zmoﬂ €/IbHOr0 e qai Yackl | pesynbTathbl Yue6Has AeATeNIbHOCTb
Yy PMBbI, ' 00yYeHuns
CemecTp: 6

AnpakTnyeckas egmHnLa: TeXHOMOrMs U 060pyf0BaHNE MOMEKYISAPHO-NYYeBO anuTakcumnm (MJ13)

1. TexHonoruna n obopyaosaHme
MO/EKYNAPHO-/Ty4eBOI ANUTaKCUNK
(M13). KoHCTpyKLumm

3 y3MOHHBIX A4eeK. MexaHU3Mmbl
pocta MJ13-nneHoK:
Bonmepa-Bebepa;
CrtpaHckn-KpacTtaHosa; ®paHka
BaH fep Mepse. KoHTponb pocTa

M3-nneHok. Metog AB3. 0 14 1,2,3,4 CamocToaTensHas pabota

MpumeHeHe MJTD gnsa nonyyeHus
KBAHTOBbIX TOYEK, TPAH3UCTOPOB C
BbICOKOI NMOABMXHOCTbHO
anekTpoHos (TBI13),
BbICOKOTEMMEPATYPHbIX
CBEPXMPOBOAHUKOB N CTPYKTYp C
FMraHTCK1M
MarHMTOCOMpPOTUBNEHNEM

AvpakTnyeckas eguHMLa: VIOHHO-NPOEKLMOHHAA nTorpadmsi.

2. 'oHHO-NpoeKLMoHHaA
nutorpadms. MoHATMe 0 "MArkoin”
nutorpamun. MMKPOKOHTaKTHas 1
HaHOKOHTaKTHas imTorpagus.
Mwkpo3oHaosas AFM

-niMTorpagums ¢ Uc-nonb3oBaHeM 0 20 4,6,7 camocTosTe/bHas paboTa

camoopraHusytowerocs cnos. (Dip
pen li-thography). MHoro3oHoBas
AFM-nutorpadms (Milliped
lithography). KsaHToBas
(aByxdoToHHas) nuTorpagus.

AvpakTnyeckas eanHMLAa: AHU30TPOMHOE TPaB/eHMe KPeMHUS




3. AHM30TPOMHOE TpaB/ieHMe
KpeMHUs. AHM30TPOMHbIE
TpaBuUTeNM ANt KPEMHMS.
OcobeHHOCTHM TpaB/eHNs
nnoc-kocTeli (100), (110) n (111).
OC06eHHOCTM TPaBNEHUS BHELLHNX
1 BHYTPEHHUX YT/0B. 3aBUCMOCTb
CKOpOCTM TpaB/ieHus oT
KOHLIEHTpaLumn Npumecu B
NOAN0XKKE U TeM-NepaTypbl
TpasuTens. CTon-Tpas/eHue.
cnonb30-BaHWe aHN30TPOMHOIO
TPaBNeHNs Npy CO3A4aHNM

20 11,3,4,6,9

MWUKPOCUCTEM.

cacocTosTe/lbHas paboTa

AnpakTuyeckas eanHuLA: PeakTUBHOE MOHHOe TpaBneHue (PUT) 1 rny6okoe peak-TUBHOE MOHHOE

TpaBneHue (FPUT).

4. . PeakTMBHOE MOHHOE TpaB/ieHne
(PAT) n rnybokoe peak-TUBHOE
NoHHoe TpasneHune (FPUT).
O6opypaoBaHue PUT n FrPUT -
TEXHO/OrMiA. BbicOKOYacTOTHas
AnofHasa cuctema gna PUT.
MexaHun3mbl aHm3oTponuun PUT.
MpevrmMyLLecT-Ba U HeJOCTaTKM
PUT n FPAT. TpasneHue
LVNOKCUAA KPEMHUSA, HATpUAA
KPeMHWSA, NMOIMKPUCTANIINYECKOrO
KPeMHWS, CUNNLMAOB TYrOniaBKnuX
MeTas1/10B 1 a/IlOMU-HUS.
MuKpoMexaHNYecKme CUCTEMBI,
nony4eHHble no N’PAT -
TEXHO/OrMMU.

15 1,2,56,7

camocTosATe/bHas paboTa

JunpakTudeckasa egnHuua: Matep

Nanbl MHTErpasibHOW 3/1EKTPOHUKN

5. Matepuanbl MHTerpanbHo
3NEeKTPOHWKKN. MaTepumansl ans
MMUKPOMEXaHUYECKUX 1
MMKPONTWUYECKNX YCTPOMCTB.
CsolicTBa 1 manyeckne
napameTpbl NOYNPOBOAHUKOBBIX,
AV3NEKTPUYECKINX, NPOBOAALLMX U
NO/IMMEPHbIX MaTePUaoB,
NCNONb3YEMbIX B TBEPAOTENbHOM
3NEKTPOHMKE N MUKPOCUCTEMHOIA
TexHuKe. KpeMHUIA - OCHOBHO
maTe-puran MMKPOCUCTEMHON

15 10, 4,5,6, 8

TEXHUKN.

CaMoCTOoATENbHasA pa60Ta

AnpakTuyeckas eguHuua: Jintorpadryeckmne npoLeccbl HOBOF0 NMOKOJEHUS




6. JInTorpaduyeckme nNpoLecchbl
HOBOr0 NMOKONEHUS:
3KC-TpemasibHaa YO,
3/1IEKTPOHHO-/TyYeBas,
PeHTreHoBCKas, MOHHO-/TyYeBast
nuTorpagums. SNeKTPOHO- 1
PEHTIeHOPE3UCTbI. YCTPOMNCTBO
3/1eKTPOHHO-/TY4€eBOro
CKaHMPYHOLLEro MMKpoCKomna. 0
VICTOUYHMKM 3NeKTPOHOB.
MNpoeKLMoHHas
3/1IeKTPOHHO-/Ty4eBas nuTorpagus ¢
YI/I0BbIM OrpaHuyeHnemM
paccesiHHbIX 3/1EKTPOHOB
(SCALPEL). CHXpOTpOHHOE
n3/y4YeHue, peHTreHOBCKIMe

LLAGMOHBI.

15

11,6,8,9

CaMOCTOATENbHAsA pa60Ta

OvpakTndeckasa egnHumya: CVD-npoueccesl

7. .CVD-npouecchbl.
DU3NKO-XMMUYECKIE MPOLECCHI B
CVD-peakTtopax. KoHCTpyKLUun
CVD-peakTopoB. OCO6eHHOCTY
MOKPbITUSA CTYMEHEK.
PasHosugHocT CVD-npoLeccos:
TCVD, APCVD, LPCVD,
VLPCVD, PECVD,
Photon-assisted CVD,
Laser-assisted CVD, MOCVD

15

3,56

CaMOoCTOoATENbHAsA pa60Ta

AvpakTnyeckas eanHMLA: 30/1b-reflb MeTO/ 0CaKAEHUS MIEHOK

8. 30/b-renb MeToq ocaxaeHns
nneHok. TexHonorus
3/1EKTPOXUMMUYECKOIO OCaXKAEHUA
nneHok. TexHonorus
MUKpO-npeccoBaHus. LIGA-

15

1,3,4,9

camMocCToATENbHasA pa60Ta

npovecc.
4. CamocToATeNbHasa paboTa obyyaroLyerocs
CcbInku Ha
. Yachbl Ha Yackl Ha
No Buabl caMocTosTeIbHOM paboThl pe3ynbTaThl
BbIMNO/IHEHWE |KOHCY/TbTauunm
06yYeHUns
CemecTp: 6
1 |[lMogroToBka K aTTecTauum é %Oélé’ 3,5, 30 19

: banuk A. [I. nemeHTHas 6a3a 9N1eKTPOHMKK. 3afa4HuK : y4ebHO-MeToamYeckoe nocobme / A. [. BAnvk,
A. B. KameHckas ; Hosocm6. roc. TexH. yH-T. - HoBocnbupck, 2016. - 44, [3] c. : un., Tabn.. - Pexxum
poctyna: http://elibrary.nstu.ru/source?bib_id=vtls000232419

2

CamMoCTOsTe/IbHOE MN3yUeHe TEOPETUUECKOTO
MaTepuana

1,10,11, 2, 3,
4,56,7,8,9

129

0

CTyAeHT n3yyaeT Tembl, NpuBeAeHHble B Tabnuue 3.1 : banvk A. [l. dnemMeHTHas 6a3a 3/1eKTPOHUKM.

3afayuHuK : yuebHo-meToaMueckoe nocobue / A. [i. banuk, A. B. KameHckas ; HOBOCKOG. roc. TexH. yH-T. -
Hosocubupck, 2016. - 44, [3] c. : un., Tabn.. - Pexum goctyna:
http://elibrary.nstu.ru/source?bib_id=vtls000232419




5. TexHonorusi obyveHus

[N opraHM3auymn U KOHTPOS CamMoCTOSTe/IbHOW paBoThbl 06YHarOLLIMXCS, @ TaKKe NPOBeAeHUS
KOHCYNbTaLi1 MPUMEHSIOTCS UHAOPMALOHHO-KOMMYHMKALIMOHHbIE TeXHOMorum (Tabn. 5.1).

Tabnmua 5.1
[eAatesibHoOCTb MHdopmaLoHHO-KOMMYHUKALMOHHbIE TEXHOI0M NN
VHhopmupoBaHue e-mail; JInyHbIi TUNoBon cait; S6C
KoHcynbTupoBaHue e-mail; JInyHbIi TNoBoin canTt; A6C
KoHTposb e-mail; JInyHbIi TUNoBon cait; S6C
Pa3melLeHne y4ebHbIX o -
MaTepwanos y JInyHbI TNOBOW caunT; CoumanbHble ceTn; 36C

6. Jlutepatypa

OcHOBHas nTepaTypa
1. Copaeounuk [Inpunrepa no sHanotexuosorusm. (B 3 1.). T. 1 / @enep. roc. yupexxneHue
Hayu. -mpouss. komruiekc "TexHonoruueckuii neHTp" MOCK. TOC. MH-TA JIEKTPOH. TEXHUKH |, TIOJT
pen. b. bxymana ; nep. ¢ aarn. mox o6m. pexn. A. C. Cayposa. - M., 2010. - 862 ¢. : mur., Tabm.
2. Cnpasounuk [Inpunrepa no Hanorexuosorusm. (B 3 1.). T. 2 / @enep. roc. yupexneHue
Hayu. -mpouss. komruiekc "TexHonoruueckuii neHTp" MOCK. TOC. MH-TA JIEKTPOH. TEXHUKH |, TIOJT
pen. b. bxymana ; nep. ¢ aar. mox obm. pexn. A. C. Cayposa. - M., 2010. - 1039 c. : u., Tabm.
3. Copaeounuk [lInpunrepa no nanotrexuojnorusm. (B 3 1.). T. 3 / @enep. roc. yupexnenue
Hayu. -mpouss. komruiekc "TexHonoruueckuii neHTp" MOCK. TOC. MH-TA JIEKTPOH. TEXHUKH |, TIOJT
pen. b. bxymana ; mep. ¢ anry. moxn obm. pex. A. C. Cayposa. - M., 2010. - 831 c. : s
4. Maluf N. An introduction to microelectromechanical systems engineering / Nadim Maluf, Kirt
Williams. - Boston, 2004. - xx, 283 p. : ill.. - ITep. 3arn.: BHenpenne MUKPOIIEKTPOMEXAaHUYECKUX
CHCTEM.
5. Jlparynor B. I1. OcHOBBI HAHORJIEKTPOHHKH : yueOHOE TTOCOOUE 1Jis BY30B IO HAIIPABIIEHHUIO
"DneKTpOHUKA U MUKPOSJIEKTPOHHUKA", CIIELUANBHOCTAM "MUKPORJIEKTPOHUKA U TBEPAOTEIbHAS
snekrpornka” u "Mukpocucremuas texuuka' / B. I1. Iparynos, W. I'. HeussectHsild, B. A.
I'pyupuun. - M., 2006. - 494 ¢. : un.
6. bapeiOoun A. A. DIIeKTPOHUKA i MUKPORJIEKTPOHUKA (PU3UKO-TEXHOJIOTHIECKHE OCHOBHI |
yuebHOe nmocobue yist By30B 1o HampasiieHusM 550700 u 654100 "DnexTpoHuka u
MHUKpodiekTpoHuKa" / A. A. BapeiOus. - M., 2006. - 423 ¢. : 1.
7. Hxexcon P. I'. Hogeitmue natuuku / P. I'. IxxekcoH ; nep. ¢ aurit. B. B. Jlyaununa. - M., 2007. -
380 c. : un.
8. Ilyn Y. HanorexHonoruu : yuebHOe mocobue 1o HanpapaeHuo moarotoku "Hanorexuonorun"
/Y. yn-m., @. Oysnc ; niep. ¢ anri. mox pen. FO. U. Tonosuna | mor. B. B. JIyuununa. - M.,
2006. - 334 c. : nn.
9. Hparynoe B. I1. ®usuka tBepaoro tena. OCHOBBI HAHODJIEKTPOHUKH (KBAHTOBBIE MPOBOTHHUKU U
yrieponHbie HAHOTPYOKM) | yuebHoe nocodue / B. I1. [Iparynos ; HoBocub. roc. TexH. yH-T. -
Hosocubupck, 2007. - 106, [2] c. : un., Tabi.. - Pexum nocrtymna:
http://elibrary.nstu.ru/source?bib_1d=vtls000074043. - UunoBaumonHast 00pa3oBareibHas
nporpamma HI'TY "Bricokue texHomoruu".
10. Meneener A. M. COopka 1 MOHTaX 3JIEKTPOHHBIX yCTpoicT / A. Mensenes. - M., 2007. - 255
C. : Wi, TaOJI.

[lononHnTenbHas nMTepaTypa

1. JIyuunun B. B. Beenenue B unnyctputo Hanocucrem / B. B. Jlyuunun // Hano- u
MUKpOCUCTeMHast TexHuKa. - 2007, - Ne 8. - C. 2 - 7.,




2. Texnonorus CBUC. B 2 ku.. Ku. 1 /ITupc K. [m ap.] ; mox pen. C. 3u ; mep. ¢ aurn. B. M.
3BeposiosnieBa [u ap.]. - M., 1986. - 404 c. : un., TaGn.

3. Texuonorusst CBUC. B 2 ku.. Ku. 2 / ITupc K., Agamc A., Kar JI. u ap. ; nox pen. Yuctskosa FO.
H.-M., 1986. - 453 c. : u.

4. Crenanenko M. I1. OcHOBBI MUKPO3JIEKTPOHUKH : [yueOHOe mocobue mis By3oB] / U I1
Cremanenxo. - Mocksa, 2003. - 488 ¢. : um.

5. MogenupoBaH#e NOJyITPOBOAHUKOBBIX TTPHOOPOB B TEXHOJIOrHYeCKUX mpoteccos : [locnennue
nocrmxkenus / on pen. . Muunepa; niep. ¢ aura. M. C. O6pexra, iox pen. I'. B. Tanuska. - M.,
1989.-277,[1] c.

6. IMaceiakor B. B. [TonynpoBonHukoBbIe MPpUOOpPHI | yueOHUK s By30B / B. B. Ilaceinkog, JI. K.
Yupxkun. - CII6., 2002. - 479 c. : v

NHTepHeT-pecypcsl
1. 3BC HI'TY : http://elibrary.nstu.ru/

2. OBC «HznmatensctBo Jlaney : https://e.lanbook.com/
3. OBC IPRbooks : http://www.iprbookshop.ru/

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

5.

7. MeToan4ecKoe 1 NporpamMmmMHoe obecreveHme

7.1 MeToaunyeckoe obecrneyeHue

1. bsuk A. JI. DnemeHTHas 0a3a 3JIEeKTPOHUKH. 3aIa4HUK | yueOHO-MeTOmrIecKoe rmocodue / A.
. bsumnk, A. B. Kamenckas ; HoBocu6. roc. TexH. yH-T. - HoBocubupck, 2016. - 44, [3] c. : un.,
tabu.. - Pesxum mocryma: http://elibrary nstu.ru/source?bib_1d=vtls000232419

7.2 CneumannsnpoBaHHoe nporpaMMHoe o6ecrneyeHme
1 Microsoft Office
2 Microsoft Windows

8. MaTepuaibHO-TEXHUYECKOE 0becreveHmne

CnevmanbHoe 060pyoBaHMe

Ne HanmeHoBaHwWe HasHa4yeHune
1 |AnnapaTHo- nporpaMmHbIii komnieke Nicolet|cnonb3yeTca ans nabopaTtopHbIX
6700 uccnefoBaHuiA
2 |YctaHoBka MJ12 "AHI APA" Vcnonb3yeTcs ans nabopaTopHbIX
nccnefoBaHNi
3 |30HA0BLIN MMKPOCKOM 415 MPOBEAEHMS Vcnonb3yeTcs ans n1abopaTopHbIX
“ccnefoBaHUiA B 06/1aCTW HAHOTEXHO/IOMWIA | UCCaieJ0BaHWIA
4 [MupomeTp C-20,3-18...+1250C(1500C) Vicnonb3yeTcs ans nabopaTopHbIX
nccnenoBaHnn
5 [SNNNTCOMETP VcnonbayeTcs ans nabopaTopHbIX
uccnefoBaHuiA




denepanbHOE rocy1apcTBEHHOE OI0KETHOE 00pa30BaTENbHOE YUPEXKICHHE
BBICIIETO 00pPa30BaHUS
«HoBocubupckuii rocy1apcTBEHHBIN TEXHUYECKHI YHUBEPCUTET

Kadenpa monynpoBoAHUKOBBIX IPUOOPOB M MUKPOAJIEKTPOHUKHU

“YTBEPXIAIO”

JIEKAH PR®

I.T.H., mpodeccop B.A. Xpycranes
(13 2 r.

®OH/I OHEHOYHBIX CPEJICTB

MOJAYJISA "TeepaoreabHas 3J1eKTPOHUKA, PAAN0IJICKTPOHHbIE KOMIIOHEHThI, MUKPO- U
HAHO3JIEKTPOHHUKA, IPUOOPHI HA KBAHTOBBIX 3¢ ekTax (Moay./b)" M0 MaTepuaIaM JUCHUNIHHBI

KoMnoHeHTbl MUKPOCHCTEMHON TEXHUKH
O6pa3oBarenbHast nporpamma: 11.06.01 DnexTpoHuka, paiuOTEXHUKA U CUCTEMBI CBSI3U, IPODUIIb:
TBepaoTenbHas 3JIEKTPOHUKA, PAHOAIEKTPOHHBIE KOMIIOHEHTBI, MUKPO- U HAHOZJIEKTPOHHUKA,
npuOOpbI HA KBAaHTOBBIX AP (eKTax

HoBocubupck 2017



1. O0o0meHHasi cTPYKTYpa oHIAa OLIEeHOYHBIX cpeAcTB Moay.as "TeepaorenbHas
3J1eKTPOHUKA, PAIN03JIEKTPOHHBbIE KOMIIOHEHThI, MUKPO- H HAHO3JIeKTPOHHKA, IPUOOPHI Ha
KBAaHTOBBIX 3¢ pexTax (MoayJib)" Mo MaTepuaaM THCHUIIIHHBI

O06001IeHHas

CTPYKTYpa

dboHIa OLICHOYHBIX

CpenCcTB

no wmoayaww '"TBepporenbHas

IJICEKTPOHUKA, PAAUOIJICKTPOHHbBIC KOMIIOHEHTbBI, MHUKPO- M HAHOJJIEKTPOHMUKA, npnﬁopbl Ha

KBaHTOBBIX 3 (pekTax (Moayuasb)'" mo marepuaiaMm TUCHHILIHHBI

TEXHUKHU npuBeaeHa B Tabuure.

KomIoHeHThl MHUKPOCHUCTEMHOMN

Tabnuna

DopMupyeMble
KOMIICTeHIIUH

IToxka3zaTean
chopMUpPOBAHHOCTH
KOMIIeTeHIM i
(3HaHMS, YMEeHuUs,
HABBIKH)

Tembl

Tanbl OMEHKH KOMIETeHIHH

Meponpusitust
TeKYIEero IpomexyToYHaS
KOHTPOJIsI aTTecTanus (IK3aMeH,
(xypcoBoii npoekT, 3a4er)
PI'3(P) u 1p.)

I1K.1.B roToBHOCTH
MPOCKTHPOBATh
pa3IUMYHbIC TUIIBI
MOJTYTIPOBOTHHUKOBEI
X IpUOOPOB U
KOMIIOHEHT
MHUKPOCHCTEMHOH
TEXHUKHA

31. 3HATH NPUHLIMITBI
paboThl OCHOBHBIX
TUIIOB
MOJIYTIPOBOJHUKOBBIX
pudopoB U
xomnoHeHT MCT
(MHKpPOCHCTEMHOM
TEXHUKH)

MukpocucTeMHas TEXHUKA -
HOBOE TEXHHYECKOe
HanpasisieHue. Mcropus u
OCHOBHBIE ITAITbl PA3BUTH.
CBA3b ¢ MUKPO3JIEKTPOHUKOIT U
OCHOBHBIE 0COOEHHOCTH.
OneMeHTH! B KOMIOHEHTBI
MHKPOCHCTEMHOH TEXHHKH.
CeHcOopBI U aKTIOATOPEI.
[pumepsr. Knaccndukarms
ceHcopoB. Ky0 ceHcopos.
CeHcopbl MEXaHUYECKUX
BennuuH. CeHCophI Ha
TEH30PE3UCTUBHOM S heKTe.
Merannuueckue
TeH30pe3ucTopbl. [IpuHIun
JIefiCTBUS, OCHOBHBIC
XapaKTePUCTUKH, THITHIHBIE
KoHCTpykuuu. IIprMeHenue.
Ten3ope3ucTuBHBINA Y3PPEKT B
"n" u"p" KpeMHUH.
HedhopmanmoHHbIE 1
Harpy304HbIE XapaKTePUCTHKH.
DEHOMEHOJIOTHYECKOE
OTIMCaHKEe TEH30PE3UCTUBHOTO
a¢dexra. Henmuueinocts
TEH30PE3UCTUBHOTO AP eKTa.
Marpuiia npe30conpoTHUBICHUS
JUI KpeMHus. TemneparypHas 1
KOHIIEHTPAllMOHHAs
3aBUCHMOCTH
MIb€30CONPOTUBIICHUS.
IIpoextupoBanue
HMHTETPalbHBIX CEHCOPOB
JIABJICHUS HA TEH30PE3NCTHBHOM
s dexre. [IpoekTupoBanme
YIPYTHX 3JIEMEHTOB.
Pacnpenenenne nedhopmanuu u
HaIPSDKEHUHI B KBaJIpaTHOU U
KPYTJIOH 3alEMIJIEHHBIX
madpparmax. [IpoextupoBanue
TOTIOJIOTUH TEH30PE3UCTHBHBIX
ceHcopoB nasneHus. [Ipumep:
TOTIOJIOTHUS CEHCOPa JaBJICHUS C
KBazipaTHOHU nuadparmoii u
TEH30PE3UCTOPaMH N U P TUIOB.
DNEKTPUIECKHUE CXEMBI
TEH30PE3UCTUBHBIX CEHCOPOB

3auert, Bompocsr 1 — 30.




JIaBJICHUSI.
IToreHunomMerpuyeckas cxema
U MOCT YUTCTOHa.
Mertponoruueckue
XapaKTEPUCTUKU CEHCOPOB
JABIICHUS - UYyBCTBUTEIBHOCTB,
HavyaJIbHbIA paz0alaHc,
HEJIMHEWHOCTh, TUCTEPE3UC
CeHcopbl HA eMKOCTHOM
a¢dexre. [IpeodpazoBaTenpHast
XapaKTepUCTHKA EMKOCTHOIO
CEHCOpa JaBIICHUS C KPYIJIOH
nmradparmoit. OcobeHHOCTH
KOHCTPYKINH EMKOCTHBIX
ceHcopoB nasieHus. [Ipumep
peanm3aIiy CEHCOPa C
ncnonp3oBanuem JIOKOC-
TEXHOJIOTHUH. AKCEIEePOMETPHI.
CTpyKTypa MUKPORJIEKTPOHHBIX
akcenepomMeTpoB. OCHOBHBIE
YPaBHEHUS U XapaKTEPUCTHUKH.
KoncTpykuus
TCH30PC3UCTUBHBIX U
€MKOCTHBIX aKCEIEPOMETPOB.
Axcenepomerp ADXL-50.
HertpaguumoHHbIe HaIIpaBICHUS
MIOCTPOCHHS TEH30PE3UCTHBHBIX
CeHCOPOB naBieHus. CeHcopsl
Ha CIIBUTOBOM (P deKTe.
OCHOBHBIE YpaBHEHUS,
OTHCHIBAIOLINE PAOOTy
ceHcopoB. OcobeHHocTH
tonosioruu. [Ipumep
TEXHUUYECKOU peanus3alui -
cercopsl MX ¢upmsl
Motopona. TeH30pe3uCTUBHbIE
CEHCOPBI C TUAJIEKTPUIECKON
U30JISAIAEN.
[Tse303meKTpUYECKne ICHKH 1
1X IPUMEHEHNE B CEHCOPaX U
aKTI0AaTOpax. MaTeMaTH4yeckoe
OTIHCaHME TThE30UIEKTPHUECKOTO
a¢dexra. [Tbe3031eKTpHUCSCKUE
Mmatepuaibsl. KoHcTpykunn
CEHCOPOB JIaBICHUS.
IIbe30nnexTpruecKue
akTI0aTopbl. CeHCopHhI
TEepPMHYECKOTO CHI'HaIA.
Temnepatypa, TeMneparypHble
mKajbl. TermonpoBogHOCTS,
KOHBEKIIUSI, U3JTydECHHE.
TepmouyBcTBUTENEHBIE
3J€MEHThI. Pe3ucTopsl,
Tepmonapsl. [Ipumepst
peanu3aly CeHCOPOB:
BaKyyMMeTpbl, ceHcopsl K-
H3Ty4YeHUs. DIEKTPOHHbIE
TepMOMETPBL. J(Hoabl U
TPaH3UCTOPHI KaK 3JIEMEHTBHI
JIEKTPOHHOTO TEPMOMETPA.
PTAT- TepmoMeTpHI.
TepMuueckue ceHCOpBI
BIQXXHOCTH. MarHnTHbIe
ceHcopbl. O0IaCTH MPUMEHEHUS
MAarHUTHBIX CEHCOPOB. D ekt
Xomna, 3pdexr
MarHUTOCONIPOTUBIICHHUS.
Oco0eHHOCTH TTPOSKTUPOBAHHUS




CEHCOPOB MarHUTHOT'O TIOJISI.
Marepuans! U1 XOJUIOBCKUX
CEHCOpOB. TUnMyHbIE
KOHCTPYKIIUH CEHCOPOB,
XapaKTEepUCTUKU. MarHUTHBIE
ceHcopHI Ha 3 dekTe
MarHUTOCONPOTUBIICHHS

(3¢ dexr aycca).
MarHuTOTpaH3UCTOPEI.
TunuaHbIE TOMOJIOTNYECKUE
pemenus. OcoOeHHOCTH
xapakTepucTuk. CeHCOpEI
n3nyudenus. Hlkana
3JIEKTPOMAarHUTHBIX BOJH U
KIaccu(UKAIUSI CEHCOPOB
m3nydeHns. CeHCOpHI
ontuyeckoro u UK uznydenus.
@du3ndecKue TPUHIUIIE]
paboThl, OCHOBHEIE
XapaKTEePUCTUKH, 0COOCHHOCTH
KOHCTpYKuuu. CeHCOpHI
(meTeKTophl) pagHoaKTHBHOTO
n3nyyeHus. Puznueckue
MIPUYMHBI PaJHOaKTHBHOTO
W3ITy9eHHS

I[IK.2.B
TOTOBHOCTBIO K
MNPpUMEHCHUTIO
CTaTUCTHYCCKUX
METOO0B B
paanoJIOKallMOHHBIX
n
paanoHaBUTAIIUOHHBI
X CUCTEMaAx

yl. ymeTn
IOJTb30BATHCS
YHCIICHHBIMA
MOJEISIMA
TEXHOJIOTHYECKUX
TIPOLIECCOB

AKTIOaTOPBI €
JIEKTPOCTATHUCCKUM H
TEPMHUYECKUM TPHHIUIIAMH
ynpasnernus. OcodeHHOCTH
JIEKTPOCTATHIECKOTO
ynpasieHus. Mukposepkana c
3EeKTPOCTATUYECKUM
HOpUHIHNOM yrnpasnenus. DMD
- TUCTITICH: IPUHIUI PabOTH U
TEXHOJIOTHSI H3TOTOBIICHHUS.
Pa3Burue 3neMeHTHOI 6a3sl
MHKPOCHUCTEMHOH TEXHHUKH.
Onruueckue KII0YH.
Muxkpoxknananbl. MUKpOHACOCHI.
BumopdHsIe cTpyKTYpHI - Kak
TIpUMeEp aKTIaTopa ¢
TEPMHUYECKUM TTPUHIATIOM
ynpasneHus. CTaHaapTHas
ApXUTEKTypa U3MEPHUTEILHBIX
cucTeM. DBOTIONHUS
TBEPAOTEJBHOMN 2JIEKTPOHUKH.
Opraauzanus 1 IeKTPOHUKA
MHUKPOCHUCTEM. 3aKIIOYUTEIbHAS
neknusi. TeHIeHIMN pa3BUTHS
MHUKPOCHUCTEMHOM TEXHUKH.
TenneHuys pa3BUTHS phIHKA
MukpocucteM. CEHCOpEI
MEXaHWYECKUX BEITMYHH.
CeHCOpBI Ha TEH30PE3UCTUBHOM
s dexre. Metamnmueckne
TeH30pe3ucTopbl. [IpuHIun
JIeHiCTBUS, OCHOBHBIC
XapaKTEePUCTUKH, THITHYHbIE
KOHCTpyKuuH. [IpiMeHeHue.
TenzopesuctuBHbIii 3QdexT B
"n" u"p" KpeMHUU.
HedhopmanmoHHsie 1
Harpy304HbIE XapaKTePHUCTHKH.
DEeHOMEHOIOTHUECKOE
OIUCaHME TEH30PE3UCTUBHOIO
s dexra. HenmmuaeirHOCTH
TEH30PE3UCTUBHOTO Y dekTa.
Marpuna nbe30CONpOTHBICHUS

3ager, Borpocsr 1 — 30.




Juis kpemHus. TemneparypHas u
KOHLICHTPAIL[IOHHAS
3aBUCHMOCTH
MTbE30COMPOTHBIICHHSI.
IIpoexTupoBanue
MHTETPaIbHBIX CEHCOPOB
JIaBJICHUSI HA TEH30PE3UCTUBHOM
s¢dekre. [IpoekTupoBanue
YIPYTUX DJIEMEHTOB.
Pacnipenencuue nedopmanmu u
HaIPsDKEHUN B KBAJIPaTHOU U
KPYIJIOH 3aIleMIICHHBIX
mnadparmax. [IpoektupoBanue
TOTIOJIOT MY TEH30PE3UCTHBHBIX
ceHcopoB nasieHus. [Ipumep:
TOTIOJIOTHSI CEHCOPA JIaBJICHHUS C
KBaIpaTHOU nradparMoit u
TEH30PE3UCTOpaMHt N ¥ P THIIOB.
DNEKTPUUECKUE CXEMBI
TEH30PE3UCTUBHBIX CEHCOPOB
JTaBJICHUSL.
IToreHnMomMeTpuyeCcKas cxema
U MOCT YUTCTOHa.
Mertposoruyeckne
XapaKTEepPUCTUKU CEHCOPOB
JaBIICHUS - YyBCTBUTEIBHOCTb,
HadaJIbHBIA pa30aiaHc,
HEITMHEHHOCTh, THCTEPE3HC
CeHcopbl TEPMUYECKOTO
curHana. Temneparypa,
TEMIIEPATyPHBIE IIKAJIBI.
TennonpoBogHOCTb, KOHBEKIIUS,
H3ITy4eHUeE.
TepMouyBCTBUTEIBHBIE
3J1eMEHThI. Pe3ucTopsl,
tepMmonapsl. [Tpumepst
peanm3aliy CEHCOPOB:
BaKyyMMeTpbl, cencopsl MK-
N3ITy4eHHs. DIEKTPOHHBIE
TepMoMeTpbl. Jlnomm! n
TPaH3HCTOPHI KaK 3JIEMEHTEHI
3EeKTPOHHOTO TEPMOMETpA.
PTAT- TepMoMeTpHI.
Tepmuueckue CeHCOPBI
BIIQ>KHOCTH. MarHuTHele
ceHcopsl. ObIacTH NIPUMEHEHHS
MarHUTHBIX CEHCOpPOB. D dekT
Xomna, a3ddexr
MarHUTOCONPOTHBIICHHS.
Oco0OeHHOCTH ITPOEKTUPOBAHUS
CEHCOPOB MAarHUTHOTO TIOJS.
Matepuansl 11 XOJJIOBCKUX
CEHCOpOB. TUnuyHkie
KOHCTPYKIIUN CEHCOPOB,
XapakTepUCTUKU. MarHuTHbIE
ceHcopsI Ha 3 dexre
MaramToOCOINPOTHUBIICHUA
(addext I'aycca).
MarHuToTpaH3UuCTOPEI.
TunuaHbIE TOMOJIOTNYECKUE
peurenust. OcoOeHHOCTH
xapakTepucTuK. CeHCOpbI
n3inyuenus. [lkana
9JIEKTPOMAarHUTHBIX BOJH U
KJ1accu(UKaIus CEHCOPOB
m3nmydenus. CeHcophl
ontuueckoro u UK uzmyuenus.
@Du3ndecKre TPUHIHIIIEI




paboThl, OCHOBHBIE
XapaKTePUCTUKH, OCOOCHHOCTH
KOHCTpyKInU. CeHCOpBI
(meTexkTophl) paTHOaKTHBHOTO
n3nyueHus. duznueckue
TIPUYIHHEI PATHOAKTUBHOTO
U3ITYYCHUS

2. MeToauka olleHKH 3TanoB (opMUpOBaHUs KOMIIeTeHIHII B pamkax MoayJis ""TBepaoreibHas
3J1eKTPOHUKA, PAJIN03JIEKTPOHHbIE KOMIIOHEHThI, MUKPO- H HAHO3JIeKTPOHHUKA, IPUOOPHI HA
KBaHTOBBIX 3(pdekTax (Moay.ab)" 10 MaTepHaIaM AMCHUILIHHBI.

[IpomexxyTounast arrecranuga 1o Moayaw '"TBepaoresbHasi JIeKTPOHHKA, PAAH0IIEKTPOHHBIE
KOMIIOHEHTbI, MUKPO- M HAaHOYJIEKTPOHMKA, NPUOOPHI HA KBAHTOBBIX 3(pdexTax (MoayJsn)'" mo
MaTepHajiaM JMCHUILIHHBI IPOBOIUTCS B 5 cemecTpe - B (popme 3auera, KOTOPbIH HalpaBiieH Ha OL[CHKY
chopmupoBannoctu kommerennuii [1K.1.B, ITK.2.B.

d)opMa MIPpOBCACHUA 3a4CTa ITPHUBCACHA B IIACIIOPTC 3K3aMCHA, IIPUJIOKCHHOM K pa6oqep“1 [mporpamMmme.

OO0mue mpaBuiia BEICTaBICHUS OLIEHKH MO JUCIUIUIMHE ONPEESIOTCS 0aIbHO-PEUTUHTOBON CHCTEMOH,
IpUBEICHHON B paboueil mporpamme Mmoxayis "TBepaoTenbHas SIEKTPOHUKA, PaJUO’IEKTPOHHBIE
KOMITOHEHTBI, MUKPO- ¥ HAHOYJICKTPOHUKA, IPUOOPHI Ha KBAHTOBBIX A dekTax (MOoayih)" 1o MaTepraiam
JTUCIUTUIAHBI.

Ha ocHOBaHWW TpHBEIECHHBIX Jaliee KPUTCPUEB MOXKHO CIIENaTh OOMIMH BHIBOJ O CHOPMHPOBAHHOCTH
komnerenuuii [1K.1.B, 11K.2.B, 3a koTopble 0TBEYaET NUCUMILUIMHA, HA PA3HBIX YPOBHSIX.

OO0urasi XxapakTepuCTHKA YPOBHEH 0CBOEHHsI KOMIIETEHIIUI.

Hu:ke moporoBoro. YpoBeHb BBINIOJHEHHS Pa0dOT HE OTBEUAeT OOJIBIIMHCTBY OCHOBHBIX TpeOOBaHWA,
TEOPETHUYECKOE COJIEPKAHUE Kypca OCBOEHO YaCTHUYHO, TPOOENIbl MOTYT HOCUTh CYILIECTBEHHBIH XapakTep,
HEOOXOMMBbIE MMPAKTUYECKHE HAaBBIKU PaOOTHI C OCBOEHHBIM MaTepHaaoM c(hopMUpPOBaHbI HE JOCTATOUYHO,
OOJIBIIMHCTBO TMPEAYCMOTPEHHBIX IMpOrpaMMoi OOy4deHHs Y4eOHBIX 3a/JaHUNl HE BBIIOJIHEHBI WM
BBINOJIHEHBI C CYIIECTBEHHBIMU OIIUOKAMHU.

IToporoBblii. VYpoBeHb BBHINOIHEHUS pabOT oOTBeyaeT OOJIBLIIMHCTBY OCHOBHBIX TpeOOBaHUH,
TEOPETHUYECKOE CO/IEPKaHNE Kypca OCBOEHO YaCTHYHO, HO IPOOesbl He HOCAT CYIECTBEHHOI'0 Xapakrepa,
HEOOXOMMble MPAKTUUECKHE HAaBBIKU PabOThl ¢ OCBOEHHBIM MaTe€pHalioM B OCHOBHOM C(OPMUPOBAHBI,
OOJIBIIMHCTBO MPEyCMOTPEHHBIX MPOrpaMMoil 0OyueHHs y4eOHBIX 3a/JaHUI BBIIOJIHEHO, HEKOTOpHIE
BUJIbI 33/1aHUH BBITIOJIHEHBI C OLIMOKaMHU.

ba3oBbIii. ypOBeHL BBITIOJTHCHU A pa60T OTB€Ya€T BCCM OCHOBHBIM TpC6OBaHI/I}IM, TCOPCTUUCCKOC
COACPIKAaHUC KypCa OCBOCHO ITOJIHOCTBIO, 0e3 Hp06eJ'IOB, HCKOTOPLIC INPAKTUYCCKHUEC HABBIKU pa6OTLI C
OCBOCHHBIM MarcpuaiomMm C(bOpMI/IpOBaHLI HEAOCTATOYHO, BCC MPCAYCMOTPCHHBIC HpOI‘p&MMOﬁ O6y‘-IeHI/I${
y‘{e6HLIC 3aJaHus BBIIIOJHCHBI, KQ4€CTBO BBIIIOJHCHHUA HU OJHOTI'O M3 HUX HEC OICHCHO MHWHHMAJIbHBIM
quCJIOM 6aJ'IJ'IOB, HCKOTOPBIC N3 BBITTOJHCHHBIX 3a,[[aHHﬁ, BO3MOJXXHO, COACPKAT OIIIMOKH.

IIpoaBuHYTHIA. YpOBEHb BHIIOJHEHHUS Pa0OT OTBEYAET BCEM TPEOOBAaHUSAM, TEOPETHUECKOE COMEpPIKaHUe
Kypca OCBOEHO MOJHOCTBIO, 6€3 NMpoOesoB, HE0OX0AMMbIEe MPAKTUYECKUE HAaBBIKU PabOThI ¢ OCBOEHHBIM
MartepuagoM c(hopMUpOBaHBI, BCE NPEJYCMOTPEHHBbIE IporpaMMol oOyueHHMs YydeOHble 3aJaHus
BBINOJIHEHBI, KAYECTBO MX BBIIMOJIHEHHSI OLICHEHO YHUCIIOM OaiiioB, OJU3KUM K MaKCUMAaJIbHOMY.



DenepanbHOE TOCYAaPCTBEHHOE OI0KETHOE 00pa30BaTEIbHOE YUPEKICHHE
BBICITIETO OOpa30BaHUs
«HoBocuOupckmii rocy1apcTBEHHBIN TEXHHYECKUI YHUBEPCUTET)»

Kadenpa nonynpoBoAHUKOBBIX IPUOOPOB U MUKPOITEKTPOHUKU

IHacnopr 3auéra
IO JUCLMIIIIMHE «KoMIOHEHTHI MHKpOCHCTeMHOﬁ TCXHUKN)), 5 CCMCCTP

1. Meroauka oLeHKH

3auér mpoBoaUTCS B yCTHOM (popme, mo Ommeram. buner ¢gopmupyercs 1O CleayromeMy
NpaBHITY: TIEPBBIN BOIPOC BBIOMPAETCs U3 Tuara3oHa BonpocoB 1 — 13, BTopoii Borpoc 13 quarazoHa
BorpocoB 14 — 30 (crucok BOIIPOCOB MPHUBEICH HIDKE). B X07€ dK3aMeHa MperoaBarellb BIIPaBe
3a/1aBaTh CTY/ICHTY JOMOJIHHUTEIIBHBIC BOMPOCHI U3 00IIero nepeuns (11. 4).

®opma Omirera 1JId 3a4éra

HOBOCHUBUPCKUI TOCY JAPCTBEHHBIM TEXHUYECKWM YHUBEPCUTET
daxynpTeT POD

Buiaer Ne 1
K 3K3aMCHy 110 JUCIIUITJINHEC ((KOMHOHGHTI)I MI/IKpOCHCTeMHOfI TCXHHUKHN»

1. Tenszop mnwe3oconpotuBieHus. Marpuunbsle 00603HaueHus. OCOOEHHOCTU CTPYKTYpBI

TEH30POB B N-U P-KPEMHUHU.

Knaccugukarus ceHcopos.

3. Ilo TexHm4eckoMmy 3amaHuI0 TpeOyercsi pa3paboTaTh EMKOCTHBIM CEHCOp JaBJICHHUS C
Kpyriioili MemOpaHoii, yyBcTBUTeNnbHOCTRI0 HE MeHee 0,9 nd/I1a nns nasnenus 150 Ila.
O1leHuTe MUHUMAIBHBIA PAJIyC CeHCopa, YTOOBI IpU ToNIMHE MeMOpanbl h = 30 MKM u
3azopa d = 2 MKM 00eCHEUHBAIUCH HY)KHBIC 10 TEXHUYECKOMY 3aIaHHI0 MapameTpsl. (2
Oaia).

N

YTBepxaato: 3aB. kadeapoin npog. lNaiicnep B.A.
(Toamuch)
«23» nions 2017 r.




2. Kpurepuu ouenkun

* OrtBer Ha Ourier Juisl 3a4€Ta CUUTACTCS HEYA0BJIeTBOPUTEIbHBIM, €CIIU CTYJCHT IIPH OTBETE Ha
BOIIPOCHI HE JIaeT OIPEACICHHH OCHOBHBIX MOHSTHH, HE CHOCOOEH IOKa3aTh MPUYMHHO-
CIIC/ICTBEHHBIC CBSI3U SIBJICHUM, TP PEILICHUH 337a4YM JIOMYCKAeT NPUHINIHAIBHbIE OIINOKH,
oLieHKa cocTaBisieT 25 — 49 6annos.

» OrtBer Ha OmIeT Ui 3a4éTa 3aCUNTHIBACTCS HA MOPOrOBOM YPOBHE, €CIIM CTYICHT IPU OTBETE
Ha BOIPOCHI JACT OINpEACICHHE OCHOBHBIX IIOHATHH, MOXET I0Ka3aTh MPUYUHHO-
CIIC/ICTBEHHBIC CBS3M SIBJICHUH, NPU pPELICHUH 3aJaddl JONMYCKaeT HEeNPHHIUIHAIbHBIC
OLIMOKH, HAIPIMEP, BEIYNCIUTENbHBIC, OlleHKa cocTaBisieT 50 — 66 banios.

» OrtBer Ha OwieT Ui 3a4€Ta 3aCYUTHIBACTCS HAa 6A30BOM YPOBHE, €CITU CTYIEHT IIPH OTBETE Ha
BOIIPOCHl (POPMYJIMPYET OCHOBHBIC ITOHSATHS, 3aKOHBI, JACT XapaKTCPHCTHKY IPOIECCOB,
SBJICHUH, TPOBOMUT aHAJIM3 MPUYMH, YCIOBHH, MOXXET MPEACTaBUTh KauyeCTBCHHBIC
XapaKTePUCTHKH TMPOLECCOB, HE JIONYCKAeT OMMOOK NpU PEIICHUH 3alaud, OLCHKA
cocrapisieT 67 — 86 bannos.

* Ortser Ha Owier Juisi 3a4€Ta 3aCYMTHIBACTCS HA MPOJABHHYTOM YPOBHE, €CIIM CTYICHT IpU
OTBETE Ha BOMPOCHI MPOBOAUT CPABHUTEIBHBIM aHAIN3 MOAXOOB, BBIBISET IPOOJIEMBI,
npeIaraeT MEeXaHu3Mbl PELICHUS, CIOCOOCH MPEJCTABUTh KOJIMUSCTBEHHBIC XapaKTEPUCTUKU
OIIPE/ICTICHHBIX IPOIIECCOB, NMPHBOIUT KOHKPETHBIE NMPHUMEPHI U3 TPAKTHKH, HE JOIYCKaeT

OIMOOK M CIIOCOOEH 00O0CHOBATH BHIOOP METOJ/A PEIICHUs 3aJla4yd, OI[CHKA cocTaBiseT 87 —
100 6annos.

3. Ilkaja oneHKH
Jns momycka K 3a4€Ty CTYJCHT 00s3aH BBINOJHHUTH M 3alIUTHTh BCE JaOOpaTOpHBIC PabOTHI,
MPUCYTCTBOBATh HAa BCEX MPAKTHUYCCKHUX 3aHATHSX, CIATh M 3alIMTUTh KypCOBYIO padOTy HE
MeHee, yeM Ha 10 0ayuioB, a Tak)Ke HalucaTh KOHTPOJIBHYIO paboTy HE MeHee, YeM Ha 6 0alioB.
MuHuUMaIBHBIN 00IIMIA OaLT IS ToTycKa K 3a4éry coctanisietr 30 OayioB.

MaxkcumanbHbIi 0aJ1, KOTOPBIA CTYJICHT MOKET HaOpaTh B X0Jie caauun 3a4€ra, paBeH 20, Takum
oOpa3om, ko3 durmeHT nepecyéra 0auIoB SK3aMeHa B UTOrOBbIE OBl 110 TUCIUILINHE PaBEH
0,2.

OrneHka «Hey/10BJIeTBOPUTEJIbHO» (olleHKa FX) cTaBuTCS B cilyyae, €CiiM CTYJAEHT OTBEYaeT Ha
HEyI0BJIETBOPUTEIbHOM YPOBHE, 1 HaOUpaeT Mo CyMMe OTBETOB Ha BCE BOMPOCHI OT 5 10 9,6
UTOTOBBIX OAJUIOB.

OrieHka «ynoBiieTBOpuTebHO» (onieHkH E, D-, D) craButcs B ciydae, €Ciid CTYJCHT OTBEYaeT
Ha MOPOroBoM ypoBHe, U Habupaet ot 10 no 13,2 Ganios, a Takke Ha 0a30BOM YpOBHE, €CIU
HaOpaHHBIM MM MTOTOBBIA 0ajul O CyMME OTBETa Ha BCE BOMPOCHI HAXOIUTCS B IpeIeNiaXx OT
13,4 no 14,4 (oueuku D+ u C-).

Onenka «xopomo» (ouenku C, C+, B-, B) craBurca B ciydae, eciu CTyIEHT OTBEYaeT Ha
0a3oBoM ypoBHe, 1 HabupaeT oT 14,6 10 17,2 uToroBeIx 6AIIOB.

Ouenka «oTan4Ho» (ouenku B+, A-; A, A+) ctaBuTcs B cilydae, €CIM CTYJCHT OTBEYAeT Ha
NPOBHHYTOM YpOBHE, 1 Habupaet oT 17,4 10 20 UTOroBHIX OAIOB.

3a4éT cunTaeTCs CIAHHBIM, €CIM CyMMa OaJUToOB MO BCEM 3a[JaHUsIM OMJIeTa OCTABJISICT HE MEHee
10 6amnoB (13 20 BO3MOXKHBIX).

B 00m1eit orieHKe 1o IUCIUIUTMHE OaJlTbl 32 3a4€T YUUTHIBAIOTCS B COOTBETCTBUU C TIPaBUIIAMHU
0aTbHO-PEUTUHTOBON CHCTEMBI, IPUBEACHHBIMU B pabo4eil mporpaMme JTUCIUTLINHEL.
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BOl'[pOCbI K 3aqéTy Mo AMCHHUIIIMHE «KoMnoHeHTBI MHKpOCHCTeMHOﬁ TEXHUKHW»

TeH30p MexaHWYeCKUX HanpsHKeHU. Marpuynbie o6o3Hauenus. [IpaBuio
npeoOpa3oBaHrs KOMIIOHEHT.

Tenzop aedopmaruii. Matpuunsie 0603HaueHus. [IpaBuino nmpeodpazoBaHusi KOMIIOHEHT.
3akoH ['yka. TeH30p ynpyrux nocTOSHHBIX. MaTpuyHbie 0003HAYCHUSI.

Tenzop neezoconpotuBieHus. Marpuunsie 0003HaueHus1. OCOOEHHOCTH CTPYKTYPHI
TEH30POB B N-U P-KPEMHUHU.

Pacnpenenenne HanpspkeHU# 1 AeopManui B KPEMHHEBOM YIPYTOM SJIEMEHTE
(>kecTKOE 3alIeMIICHHE).

VYrioBast 3aBUCUMOCTD MPOI0IBHOTO TEE30CONPOTUBIIeHUS B mIockocTH (100).
DEeHOMEHOJIOTUYECKOE OMUCaHNe TEeH30PE3UCTUBHOTO 3 (PpekTa B KpeMHHUU.
Onpenenenye paloOHaIbHOIO Pa3MEILEHUsI TEH30PE3UCTOPOB Ha YIIPYTOM DJIEMEHTE
ceHcopa.

[Tpsmoii 1 0OpaTHBI Mbe30dIeKTpuuecKuii 3P pekT. [Ibe303neKTpuyecknii KOHIeHCATOoP.
TeH30p Mbe30ANEKTPUIECKUX MOTyJIel. MaTpuiHble 0003Ha4YCHHs. YTI0Bas
3aBHCUMOCTH MOAYJIS O111.

Matematuueckoe onucaHue paboThl aKCeIepoOMETpa.

Dddext Xomra. [IpeodbpazoBaTenbHas XapaKTEPUCTHKA XO0JUIOBCKOTO CEHCOpa JIIst
Ca0bIX TOJIEH.

Db ekt marneroconpotusieHus. Puznveckre NPUIUHBI dPPeEKTa.

Knaccudukanus ceHCOpoB.

Mertamdyeckne TeH30pE3UCTOPhI. XapaKTEPUCTHKH, KOHCTPYKIINS, MaTEPHAIBI.
MerTposioruueckue XapakTepUCTUKH CEHCOPOB JIaBIICHUSI.

CeHncopsl Ha ocHOBe EMKocTHOTO 3 dekTa. Knmaccudpukanus. YposHemepsl. JlaTanku
CIUIOIIHOCTH.

[TpeoOpa3oBarenbHast XapakTepUCTUKAa EMKOCTHOI'O CEHCOpa JIaBJICHUS.
KounctpyktuBHas peanuzaius éMkocTHoro ceHcopa no LOCOS-TexHonoruu.
JIOCTOMHCTBA U HETOCTATKH MbE303JIEKTPUYECKIX ceHcopoB. Koadduument
AIIEKTPOMEXAHUYECKON CBSA3H. MaTepuarbl.

AxkcenepomeTpsl, obsactu mpuMeHeHus. O01ias CTpyKTypa akceiaepoMeTpa.
KoHCTpyKIHs U TEXHOIOTHS TEH30PE3UCTUBHOTO aKCEIepOMETpa.

EmMkocTHBIE akcenepomeTpsl. [IpuHIMI paGoThl H YCTPOMCTBO aKCeIepoOMeTpa ¢
00paTHOH CBS3bBIO.

Tepmuueckue cencopol. Knaccuduxanus. TemneparypHbie mkaibl. DU3UYECKUNA CMBICIT
TEMIEPaTypHI.

TepMOpe3uCTOphl U TEPMHUCTOPHI (XapaKTEPUCTUKH, YCTPOUCTBO, MAaTEPHAIIBI).
Tepmonapbl. @u3nUecKUit TIPUHIIUI PAOOTHI TEpPMOTIAP.

TpaH3ucTOp, KaK TEMIIEPaTypHBINA CEHCOP.

Marnuthnblie ceHcopbl. CEHCOpBI H3MEPEHUS MarHUTHBIX Benu4nH. Knaccudukarus
MarHUTHBIX CEHCOPOB.

KoHCTpyKIus MarHUTOpe3nucTOpOB.

MeTtponorudecknue XapakTepuCTUKH XOJUIOBCKUX CEHCOPOB U MarHUTOPE3HCTOPOB.

3amauu K 3a4€Ty Mo aucHUILIMHe « KOMIIOHEHTHI MUKPOCHCTEMHON TEXHUKH»

1. [lo TexHuueckomy 3ajaHui0 TpeOyeTcs pa3paboTaTh EMKOCTHBIM CEHCOp JaBJIEHUS C
Kpyryioii MeMOpaHoH, uyBcTBUTEIbHOCThIO He MeHee 0,9 nd/Ila ans masnenus 150 Ila.
OrleHuTe MUHUMAITBHBIA PauyCc CEHCOpa, YTOOBI MpH ToImKHEe MeMOpansl h = 30 MKM U
3a3opa d = 2 MKM 00eCneunBaINCh HY)KHBIE TI0 TEXHUYECKOMY 33/IaHUIO MTapaMeTpBbI.

2. Ha npsiMoyrosibHbBIN KpEMHHMEBBIM CTONOMK pazMepamu 1x1x10 MM u opueHTanueil CTopoH



Bosib Hanpasienust [100] peiictByer cxkumaromas cwia 10 xI'. Haiiaure koMnoHEHTHI
TeH3o0pa AehopMaIii 1 MEXaHUYECKUX HAIMPsHKEHUH B CHCTEME KOOpAUHAT o0pasIia.

[IpamoyrosnbHas KpeMHHEBas IIacTUHA 2xX6%0.5 MM M yAeNbHBIM colpoTuBieHueM 20
Om-cm Haxonutcst B ogHOpoHOM MarHUTHOM nojne 0.1 Ti. Ounenure Xosnosckyo 2/J1C u
MarHUTHYIO 4YyBCTBUTEIHHOCTh 3TOM IUIACTUHBIL.

K npsmoyroyibHOM IJIaCTUHKE Mbe30KBapia pazmepaMu 15x10%X5 MM MpUII0KEHO JaBJICHUE
150 ITa, mepreHAUKYIApHO K e€ Hanboiple rpaHu. OLUEHUTE dIEKTPUIECKYI0 EMKOCTh U
BBIXOJHOM CHUTHaJl IIOJyYEHHOTO CEHCOpa [aBJCHMs, €CIM KOMIIOHEHTa TeH30pa
MbE303JICKTPUUECKUX MOTyJieit i1 = -2.3-102 Kw/H.

OueHnTe BBIXOJHOM CUTHAJI, YyBCTBUTEIBHOCTh M MOTPEUIHOCTh TEH30PE3UCTUBHOIO MOCTA
YUTCTOHA, COCTOSIIEr0 M3 YETHIPEX IUIAHAPHBIX KPEMHHUEBBIX TEH30PE3UCTOPOB
conpotusiienueM 1 kOm £ 1%, ecnu ko3ddunreHT TeH3zouyBcTBUTENbHOCTH paBeH 100,
nedopMariis He TPEBhIIIaeT 10'3, a HalpsHKEHUE MUTAHUs cocTaBisieT S B.

BrruucanTs KOMIIOHEHTHI TEH30pa MTbE30COMPOTUBIICHUS] B MATPUUHBIX UHJIEKCAX IS
CUCTEMBI KpUCTAIUIOTpaUUECKUX OCceil, MOBEPHYTONW OTHOCUTENILHO OCH Z Ha yrou +45°.
V3HavaibHO TEH30p 3allMCcaH B IIIaBHBIX KPUCTATUIOTPAQUUISCKUX OCSX.



denepanbHOE rOCyIapCTBEHHOE OIOPKETHOE 00pa30BaTENIbHOE YUPEkKACHUE
BBICLIETO 00pa30BaHUs
«HoBocubupckuii rocy1apcTBEHHbIN TEXHUUECKUN YHUBEPCUTET»

Kadenpa nomyrnpoBoJHHUKOBBIX IPHOOPOB U MUKPOTICKTPOHUKH

“YTBEP)XKJIAIO”

JIEKAH PR®

I.T.H., ipodeccop B.A. Xpycranes
(13 2 r.

O®OH/] OUEHOYHLBIX CPEJICTB

MOIVYJIA "TeepaorenbHas 3JIEKTPOHUKA, PAIMOJICKTPOHHbIC KOMIIOHEHTBI, MUKPO- H
HAHOYJIEKTPOHMKA, MPUOOPHI HA KBAHTOBBIX dPpPexTax (Moay/b)'" 1mMo MarepuajaM JUCHUILUIHHBI

CnenuajbHble [JIABbI HANIPABJICHUS
O6pazoBarenbHas nporpamma: 11.06.01 DnexTpoHUKa, paIUOTEXHUKA U CUCTEMBI CBSI3H, MPOPHUIIH:
TBepnoTenbHas AEKTPOHUKA, PAIUOIEKTPOHHBIE KOMIIOHEHTHI, MUKPO- U HAHO3JIEKTPOHUKA,
prOOPHI Ha KBAaHTOBBIX A deKTax
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1. O0o0meHHasi cTPYKTYpa GoHIAa OLIeHOYHBIX cpeacTB Moay.s "TeepaorenbHas
3J1eKTPOHUKA, PAIN03JIEKTPOHHBbIE KOMIIOHEHThI, MUKPO- H HAHO3JIeKTPOHHKA, IPUOOPHI Ha
KBAaHTOBBIX 3¢ dexTax (MoayJib)" Mo MaTepragaM IHCHUIIIHHBI

O06001eHHas

CTPYKTYypa

dboHIa OILIEHOYHBIX

CPEICTB

no wmoayaw ''TBepporenbHas

JJICKTPOHUKA, PAAUOIICKTPOHHLICE KOMIIOHEHTbLI, MHKPO- U HAHO3JECKTPOHHKA, npnﬁopbl Ha

KBaHTOBBIX 3¢ dexTax (MoayJib)'" mo Marepuajam QU CHUATIIAHbBI

npusezena B Tabnure.

CHCHI/IELHBHBIC TJ1IaBbl HAITPABJICHHUA

Tabnuna

Tanbl OMEHKH KOMIETeHIHH

Iloka3zarenu
chopMUpPOBAHHOCTH Meponpusitust
DopMupyeMble . I
KOMIIeTeH Ui Tembl TEKylero POMEXKYTOIHASA
KOMIETEHIINH (3HAHMSL, yMeHHSs1, KOHTPOUIsI aTrecranus (3K3amMeH,
HABBIKH) (kypcoBoii mpoeKT, 3a4er)
PI'3(P) u ap.)
IIK.1.B roroBHOCTh |31. 3HaTh MpUHIUNBI |30HHAS TEOPUS TBEPAOrO TeNa. | HET 3auer, Bonpocsl ¢ 1 o

MPOEKTHPOBATH
pa3IMYHbIC THITBI
MOJIYTIPOBOTHUKOBBI
X PUOOPOB U
KOMITOHEHT
MHKPOCHCTEMHOI
TEXHUKH

PpabOTBI OCHOBHBIX
TUIIOB
MOJTYITPOBOTHUKOBBIX
pudopoB U
koMmoHenT MCT
(MHUKpOCHCTEMHOMR
TEXHUKH)

OHepreTudeckue CeKTpsl
3JIeKTPOHOB B MeTajllax,
MIOJTYTIPOBOTHHKAX,
JMUDIIEKTPUKax. 30Ha
MIPOBOJIUMOCTH U BaJICHTHAs
30Ha. DIEKTPOHBI U JABIPKH.

D¢ dexTuBHAL Macca MEKTPOHA.
OkcutoHsl. COOCTBEHHBIC U
MIPUMECHBIE MTOTYIPOBOTHHUKH.
JIoHOpHBIEC N aKLENTOPHbIE
npuMecH. KoHTakT Metasmi-
NOJIyIIPOBOIHUK. Teopus
[lTorTku. BonpT-aMnepHas
xapakTepucTika. OMUYeCKun
KoHTaKT. ConocTaBieHue ¢ p-1
nepexonoM. CTpyKTypa MeTai-
JVJICKTPUK-TIONYTPOBOIHUK.
30HHas [UarpamMMa u ee u3-
MEHEHHE TIPH MIPUIIOKEHUT
HanpspkeHus. Poib
MTOBEPXHOCTHBIX COCTOSIHUH,
TIOJIBMKHBIX M HETIOIBIKHBIX
3apsA0B B TudNIeKTpuke. O0mue
CBOMCTBA MOJIyIIPOBOJHUKOB.
IIpupona xumMuue-ckoi cBs3u.
CTpyKTypa KpHUCTAJIIOB.
WneanbHble U peaib-Hble
KpHucTamisl. JledexTs! B
kpuctamiax. CBoicTBa oc-
HOBHBIX MOHOKPHCTAJUTMYECKHX
MaTepHalioB MUKPOIJIEK-
tponuku: Si, GaAs u ap.
[Nonukpucrammnueckue u
amMopd-HbIe TOITYIPOBOJHHUKH.
Obu1me cBoiicTBa
NoIynpoBOoAHUKOB. [Tpupoaa
XUMHUYecKoi cBsizu. CTpyKTypa
KpucTaJsioB. MaeanbHbie u
peanpHBIe KpUCTaILTEL. JledekTrr
B KpHucTamnax. CBolCTBa
OCHOBHBIX
MOHOKPHCTAJLTHYECKHX
MaTepHuaaoB
MHKpPO3JIeKTpoHHKHU: Si, GaAS u
ap. [onukpucramumyaeckue 1
amMopd-HbIe TOITYIPOBOJHHUKH.
OCHOBBI CTATUCTHYECKON
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¢usuku. OyHKIUA
pactpeaenenust Gepmu-/{upaka.
KoHIeHTpamys 31eKTpOHOB U
IBI-POK B 30HAX U UX
TEMIIEPaTyPHBIE 3aBUCHMOCTH.
Pacnpenenenne Makcpenna-
Bonsumana. Kpurepuit
BBIPOKICHUS 3JIEKTPOHHOTO
ras3a. BepoxxaeHHble 1
HEBBIPOXKICHHbBIE
MOJTYNIPOBOIHUKHU. OCHOBEI
CTaTUCTHYECKOH (DU3HKH.
OyHKIMS pacupeaeIeHNs
®epmu-/lupaka. Konuenrpanus
3JIEKTPOHOB U JBIPOK B 30HAX H
UX TEMIepaTypHbIC
3aBUcuUMocTH. PactipenencHue
Makcsenna-bonpmana.
Kputepuii BeIpoxkaeHUs
3JIEKTPOHHOTO rasa.
BrIpoxxaeHHbIe U
HEBBIPOXKICHHBIE
MIOJTYTIPOBOTHHUKH.
PexomOnHanms HocuTenei
3apsiga. PexomOmHamus "30Ha-
30Ha" ¥ PEKOMOMHAIIHS Yepe3
npuMecH 1 fedexTrl. Teopus
pexomoOunanuu [loxnmm-Puna.
Hduddy3nonnas niauHA 1 BpeMs
JKU3HU HOCUTEJICH.
IToBepxHOCTHAsA peKOM-
OuHanus. PexomOnHanust
HOcuTeNel 3apsaaa.
PexomOuHanus "30Ha-30Ha" U
pEeKOMOUMHALMS Yepe3 NPUMECH
u nedextsl. Teopus
pexomoOunanuy Lloxnmm-Puna.
Hduddy3nonHas miuuHA U BpeMs
KHU3HU HOCUTEJIEH.
IToBepxHOCTHAsT peKOMOMHANHS.
TpaH3uCTOPHEIH AP PEeKT.
3oHHas quarpamma
MOJIYTIPOBOTHUKOBOM
CTPYKTYPBI € ABYMSI OJIM3KO
PacToNIOKEeHHBI-MH P-N
nepexoaamu. KoaddunueHt
nmkeknuu. Koapoumment
repeHoca HocuTesel uepes
6a3y. KoapdumuenT ycmneHus
TPaH3UCTOPA. DIEKTPOHHO-
IBIPOYHEIH (p-N) Iepexo.
WHKeKnust ¥ 9KCTPaKIus
HEOCHOBHBIX HOCHUTEJIEH 3apsa.
BoubT-amniepHas
XapaKTCpUCTHKA p-N nepexonaa.
Toxku HocuTenei 3apsaa B p-n
nepexozne, ksasuyposuu depmu.
I'eneparus 1 pekoMOMHALIHS
HOCcHUTeNeH B p-N nepexoe.
Bapbepnas n muddysnonnas
eMKOCTb. YacTOTHBIE U
HMIIyJbCHBIE CBOW-CTBA.
[Tpo0oii p-n mepexona:
TETUIOBOM, JITABUHHBIM,
TYHHEJBHBIA. DIEKTPOHHO-
JOBIPOYHEIN (p-N) mepexo.
WmxeKknus U SKCTpaKIus
HEOCHOBHBIX HOCHUTEJIEH 3apsia.




Bonbsr-amnepHas
XapaKTepUCTHKa p-N mepexoja.
Toku HOCUTENEH 3apsaa B p-N
nepexojie, KBa3uypoBHu Pepmu.
I'eneparus 1 pekoMOMHALIHS
HOCHTENEHN B p-N mepexoze.
Bapbepnas n muddysnonnas
eMKOCTb. YacToTHbIE U
UMITyJIbCHBIE CBOicTBa. [1po6oit
p-N mepexoa: TEIUIOBOH,
JIABUHHBIN, TYHHEIIbHBIN.
DNEKTPOIPOBOIHOCTh
oTynpoBogHUKOB. Hocurenn
3apsiga B cmabom
JNIEKTPUUECKOM MOJIE.
BsanmopeticTBue ¢ poHOHAMH,
MIPUMECHBIMH aTOMaMH,
nedexramu. [TogBHKHOCTD
3JIEKTPOHOB U BIPOK. Y CIIOBHE
3EeKTPOHEUTPATIBHOCTH.
Huddysus u qpeiid HocuTemnei
3apsana. CoOOTHO-IIeHHE
Oiinmteitna. Hocurtenu 3apsna B
CHJIBHOM 3JIEKTPHYECKOM TOJIE.
l'opsiune snexktponsl. JlaBuHHOE
YMHOKCHHE B
TIOTYTIPOBOJHHUKAX.
DNeKTpuYecKre TOMEHbI 1
TOKOBEIE IMTHYPHL. D ekt
I'anna. YpasHenue 11
IUIOTHOCTH AJIEKTPUIECKOTO
TOKa B NOJIYIPOBOJHHKAX.
YpaBHEHME HENIPEPHIBHOCTHU.
VYpasuenue Ilyaccona
DNEKTPOIPOBOIHOCTh
oTynpoBofHUKOB. Hocurenn
3apsiaa B cmabom
IIEKTPUUECKOM TIOJIE.
BsaunmopeticTBre ¢ poHOHAMH,
MIPUMECHBIMH aTOMaMH,
nedexramu. [TogBrxHOCTH
3JIEKTPOHOB U JBIPOK. Y CIOBUE
3JIEKTPOHEUTPAIILHOCTH.
Huddysus u apeiid Hocureneit
3apsana. COOTHOIIEHHE
Oiinmteitna. Hocurenu 3apsna B
CHJIBHOM 3JIEKTPHYECKOM HOJIE.
l'opstune snextponsl. JlaBuHHOE
YMHOXEHHE B
TIOJTYTIPOBOTHHUKAX.
DNeKTpuYecKre TOMEHbI 1
TOKOBEIE THYPHL. D ekt
I'anna. YpasHenue s
IUIOTHOCTH HJIEKTPHIECKOTO
TOKa B IOJTYIIPOBOJJHUKAX.
YpaBHEHME HENIPEPHIBHOCTHU.
Ypasuenue [lyaccona

IIK.1.B

yl. YMets
OJIb30BATHCS
KJIACCUYECKOMN
Teopuei
TIOJTYTIPOBOJHUKOBBIX
ipudopoB

I'erepoctpykTypsl. 30HHAS
Jauarpamma retepo- p-n me-
pexona. Koaddumument
nHxeknuu. CynepuHKeKIusl.
OpnunHapHbIe U ABOHHBIE
reTepOCTPYKTYphl. 30HHAs
TEOpHsl TBEPJOTO TeNa.
OHepreTudeckue CreKTpbl
9JIEKTPOHOB B MeTajlIax,
MTOJTYTIPOBOTHHUKAX,
JUDJIEKTPUKax. 30HA

HET

3ader, Bompockl ¢ 46
mo 91




MIPOBOJUMOCTH U BaJICHTHAs
30Ha. DJIEKTPOHBI U IBIPKH.
OddexTuBHAS Macca dIEKTPOHA.
Okcuronsl. COOCTBEHHBIE U
MIPUMECHBIE TTOTyTIPOBOTHUKH.
JIOHOpHBIE U aKLIETITOPHBIE
npumecu. M3imyuenue
MOJTYyNIPOBOIHUKOB. IIpsiMble 1
HeTpsMBbIE IIepeXo0 bl HOCUTENeH
3apsaa. Bunael mromuHecnieHnuu:
HMH)XEKIMOHHAs, KaTo10-,
¢doromromunecteHys. CrekTpsl
u3ny4deHus. KBaHTOBBIN BBIXOJ.
BriBog uznyuenus u3
MTOITyTIPOBONHUKOB. KOHTaKT
METaJUT-TIOTYIPOBOTHHK.
Teopus oTtTku. BonbT-
aMIepHas XapakTepUCTHKA.
OMuuecKkuif KOHTaKT.
ComnocTrasneHue ¢ p-1
nepexonoM. CTpykTypa MeTall-
JU3JIEKTPUK-TIONYIPOBOAHUK.
30HHas quarpamma U ee u3-
MEHCHHE TIPH TIPIIIOKECHIH
HanpsDKeHUs. Poib
MTOBEPXHOCTHBIX COCTOSIHUH,
TTOIBMYKHBIX M HETIOJBIKHBIX
3aps/IoB B TUDJICKTPHUKE.
JlazepHslit 3 dexT B
oJIynpoBoaHUKax. OnTHYecKuit
pe30HaTOp, YCUIICHHUE U
re”Hepauus cseta. Iloporosslit
Tok O6mue cBoiicTBa
oaynpoBoAHUKOB. [Ipupoaa
XUMHU4e-CKOH cBs3u. CTpyKTypa
kpucrtaioB. MneansHbie 1
peaib-HbIe KPUCTAILIBL
JedekTr B KpucTaiax.
CBoiicTBa OC-HOBHBIX
MOHOKPHCTAIUTHYECKIX
MaTepHaIOB MUKPOAIICK-
tpouuku: Si, GaAS u nip.
ITonukpucraminueckue u
amop(-HbIe TOJYITPOBOAHUKH.
O6urme cBoiicTBa
MoJIyNpoBOAHUKOB. [Tpupoaa
XUMHU4eckol cBsizu. CTpyKTypa
kpucrauioB. MneansHbIe 1
peanbHBIe KpUCTAILIEL. JledekThr
B KpucTamuax. CoiicTBa
OCHOBHBIX
MOHOKPHCTAIUTHYECKIX
MaTepHajoB
MHKPO3JIeKTpOHUKH: Si, GAAS u
np. Ilonukpucranindeckue u
amopd-HbIe TOITYIPOBOJHHUKH.
OCHOBBI CTaTUCTHYECKOMH
¢u3nkn. OyHKINA
pacnpenenenust ®epmu-Jlupaxa.
KoHueHTpanus 31eKTpoHOB U
JBI-POK B 30HaX U UX
TeMIIepaTypHbIE 3aBUCIMOCTH.
Pacnpenenenne Makcgeinna-
Bonsimana. Kpurepuii
BBIPOXKICHUS 3JIEKTPOHHOTO
raza. BeipoxaeHHbie 1
HEBBIPOXKICHHBIE
OJTynpoBOTHUKH. OCHOBBI




CTaTUCTHYECKOH (DU3HUKH.
OyHKUMS pacrpeneeHus
®epmu-/lupaka. Konnentpanus
3JIEKTPOHOB U JBIPOK B 30HAX H
UX TEMIEpaTypHbIC
3aBUcuUMocTH. PacnipenencHue
Makcsenna-bonbimana.
Kpurepwuii BeIposxaeHUs
3JIeKTPOHHOTO rasa.
Bripoxnennsie u
HEBBIPOJK/ICHHBIC
TIOJTYIPOBOTHUKY.
PexombuHanust HocuTeaen
3apsiia. PexomOunHamms "30Ha-
30Ha" ¥ PEKOMOMHAITHS Yepe3
npuMecH u aedexTsl. Teopus
pexomOunanuy [okmm-Puna.
Huddy3nonnas niumHa U BpeMs
JKU3HU HOCUTEJICH.
IToBepxHOCTHas peKOM-
OuHanus. PexomOnHaus
HOcUTeNeH 3apsja.
PexomOuHanus "30Ha-30Ha" U
PEKOMOMHAIHS Yepe3 NPUMECH
u nedextsr. Teopus
pexomoOunanuu [loxknmm-Puna.
Hduddy3nonnas nimHA 1 BpeMs
KHU3HU HOCUTEJICH.
IToBepxHOCTHAs peKOMOMHALIHS.
TepMonnekTpuuecKkue sSBJICHHUS.
TepMmo- u rapBaHO-MarHUTHBIE
a¢dexTsl. D dekT Xora.
O1eKTpo-, MarHuTO-,
aKyCTOONTHYECKUE dPPEKTHI.
IToBepXHOCTHBIE aKyCTHUECKUE
BOJHBI. TpaH3UCTOPHBIN
a¢¢ekt. 30HHAS TUarpaMMa
IOy IPOBOTHUKOBOM
CTPYKTYPBI C IBYMSI OJIN3KO
PacIoI0KeHHBI-MH P-N
nepexoxamu. Kosppumment
umkekun. Koaddunuent
nepeHoca HOCHUTEJNeH uepes
6a3y. KoaddumueHt ycuneHus
TPaH3UCTOPA.
DOTOINEKTPUUECKUE ABJICHUS B
TIOJTYTIPOBOTHHUKAX.
[Nornomenue u3ry4eHus:
COOCTBEHHOE M IPUMECHOE,
SKCUTOHHOE 1 Ha CBOOOTHBIX
Hocurensax. 3akoH byrepa.
KpacHas rpanuIa noriaomeHus.
DOTONPOBOAUMOCTb.
CriexTpanbHas XapaKTepUCTHKA.
doToBOIBTAaNYECKHUH 3(-PEKT B
p-n mepexone. DIEKTPOHHO-
JOBIPOYHBIN (p-N) mepexo.
WHKeKIHs ¥ OKCTPaKIHsI
HEOCHOBHBIX HOCUTEJIEH 3apsia.
Bonber-amnepHas
XapaKTepucTHKa p-N mepexoja.
Toxu HocuTenei 3apsaa B p-n
repexojie, KBasnypoBHU Depmu.
I'eneparnus 1 pekoMOMHALIHS
HOcHUTeNEH B p-N nepexo/ie.
BaprepHas u nuddy3noHHas
€MKOCTb. HacTOTHBIE U
HMMITyJIbCHBIE CBOM-CTBA.




[Ipo0oii p-n nepexona:
TCIIOBOM, TABUHHBIN,
TyHHEIbHBIA. DJIEKTPOHHO-
JBIPOYHBIH (P-N) MEpPexoI.
WHKeKIus ¥ SKCTPAKIHS
HEOCHOBHBIX HOCUTEJEH 3apsiza.
BonbT-amnepnas
XapaKTepUCTHUKa P-N mepexosa.
Toxu HOcuTenel 3apsaa B p-n
nepexoje, kBazuypoBHUu Depmu.
I'enepanus u pexkoMOUHaLUS
HOCHUTENEHN B p-N nepexo/e.
Baprepnas u nuddy3noHHas
eMKOCTb. YacTOTHBIE U
WMIYJIbCHBEIE cBoMcTBa. [Ipoboit
p-N mepexona: TEMIOBOM,
JIABUHHBIN, TYHHEIbHBIH.
OIEeKTPOIIPOBOTHOCTH
nosynpoBogHuKoB. Hocurenu
3apsana B ciaboM
ANEKTPUUYECKOM TIOJIE.
B3anmopeiictBue ¢ poHOHaMMU,
MIPUMECHBIMH aTOMaMH,
nedexramu. [TogBmKHOCTH
3JIEKTPOHOB U JBIPOK. Y CIOBHE
JIEKTPOHEUTPATBEHOCTH.
Huddyzus u npetid HOCUTETCH
3apsina. CooTHO-IICHHE
Oiinmreiitna. Hocurenu 3apsna B
CHJIBHOM 3JIEKTPUYECKOM TI0JIE.
I'opstune anexrponsl. JlaBuHHOE
YMHO)XEHHE B
MIOJTyIIPOBOTHUKAX.
DneKTpuuecKue JOMEHbI U
TOKOBBIE HIHYPBI. DhheKrT
lanna. YpaBuenue s
IUTOTHOCTH 3JIEKTPHIECKOTO
TOKa B ITOJIYIPOBOTHUKAX.
YpaBHEHNE HETIPEPHIBHOCTH.
Vpasuenue [lyaccona
DIeKTpONpOBOIHOCTh
noiynpoBogHUKOB. Hocurenu
3apsana B caboM
3NEKTPUYECKOM TIOJIE.
B3aunmopeiictBue ¢ poHoHaMMU,
HNPUMECHBIMH aTOMaMH,
nedexramu. [TogBrxHOCTH
JIEKTPOHOB U JBIPOK. Y CIOBUE
IEKTPOHEUTPATBEHOCTH.
Huddyzus u npetid HocUTENCH
3apsina. CooTHOIIEHHE
Oiinmreitna. Hocurenu 3apsna B
CHJIBHOM 3JIEKTPUYIECKOM TI0JIE.
I'opstune snextpossl. JlaBuHHOE
YMHO)XEHHE B
MTOJTYTIPOBOTHUKAX.
DneKTpuuecKne JOMEHbI U
TOKOBBIE MIHYPHL. D dexT
l'anna. YpaBHenue s
IUIOTHOCTH AJIEKTPUYECKOTO
TOKa B MOJIYINPOBOJHHUKAX.
YpaBHEHHE HENPEPBIBHOCTH.
Ypasuenue Ilyaccona




2. MeToaMKa OLEHKH 3TANOB ()OPMHPOBAHUSI KOMIIETeHIIHII B paMkax MoayJas ""TeepaorenbHas
3JIEKTPOHHUKA, PAIMO0YICKTPOHHBIC KOMIIOHEHTBI, MUKPO- H HAHOJ/IeKTPOHUKA, IPHOOPHI Ha
KBAaHTOBBIX 3¢ PpexTax (MoayJib)" 10 MaTepuaIaM TUCHUIIIHHBI.

[IpomexxyTounast arrecraiuga 1o MoayJaw ''TBepaoresbHasi JIEKTPOHHMKA, PAAHOIIEKTPOHHBbIE
KOMIIOHEHTBbI, MUKPO- M HAHOYJIEKTPOHMKA, NMPUOOPBI HAa KBAHTOBBLIX 3(pdexTax (Moay.ab)'" mo
MaTepuajiaM JAUCHHUILUIMHBI NPOBOIUTCS B 4 cemecTpe - B ¢opme auddepeHIMpoBaHHOTO 3a4erTa,
KOTOPBII HanpaBJIeH Ha OeHKY copmupoBanHocTH KommnereHuumi [1K.1.B.

B Ounere nBa Bompoca. Ha moaroroBky oTBera acnupanTy oTBoauTcss 60 MuHyT. OTBET IPOU3BOIUTCS Y
JIOCKH B YCTHO (TUCBMEHHOIT) hopme.

OO0u1me npaBuiia BEICTABJICHUS OLIEHKHU 10 AUCLUILIMHE ONPEAEIA0TCs 0aliIbHO-PEUTUHTIOBON CUCTEMOH,
NpPUBEJICHHOM B pabouyeil mporpamme Moayis "TBeproTenbHas 3JIEKTPOHUKA, PaJUOIIEKTPOHHBIC
KOMITIOHEHTbI, MUKPO- U HAaHORJIEKTPOHHKA, TPUOOPBI HA KBAHTOBBIX 3¢ (dexTax (MOoAyIp)" o MaTepuaiaMm
JUCLUTIIINHBL.

Ha ocHOBaHMM NpHUBEIEHHBIX Jajie€ KPUTEPUEB MOXKHO celaThb OOLIUI BBIBOJ O COPMHPOBAHHOCTHU
xomnereHuuu [1K.1.B, 3a koTopble OTBEUaET NMCLUUIUIMHA, HA PA3HBIX YPOBHSX.

O0umas xapakTepuCcTUKA YPOBHEH OCBOCHHUSI KOMIIETECHIHI.

Hu:ke moporoBoro. YpoBeHb BBINOJHEHHS PabOT HE OTBEYaeT OOJIBIIMHCTBY OCHOBHBIX TpeOOBaHUM,
TEOPETUYECKOE COJIEPKAHNE Kypca OCBOCHO YaCTUYHO, IIPOOENbl MOI'YT HOCUTbH CYILIECTBEHHBIN Xapakrep,
HEOOXOAMMBIE PAKTUIECKHE HABBIKH PA0OTHI C OCBOCHHBIM MaTepHajIoM c(pOpMUpPOBaHBI HE JOCTATOYHO,
OOJBIIMHCTBO NPEIYCMOTPEHHBIX IMPOrpaMMON OOydeHHUs y4yeOHbIX 3aJaHMi HE BBINOJHEHbI WIN
BBITNIOJIHEHBI C CYIIECTBEHHBIMU OLIMOKaMHU.

IloporoBblii. YpoBeHb BBIIOJHEHUS PAa0OT oOTBeYaeT OOJBIIMHCTBY OCHOBHBIX TpeOOBaHUH,
TEOPETUYECKOE COJIEPKAHUE Kypca OCBOEHO YaCTUYHO, HO MPOOEIIbl HE HOCST CYLIECTBEHHOTO XapaKTepa,
HEOOXOMMBbIEC MPAKTHUECKHE HABBIKA PAOOTHI C OCBOCHHBIM MAaTE€pPHAJIOM B OCHOBHOM C(OPMUPOBAHEI,
OOJIBIIMHCTBO MPEAYCMOTPEHHBIX IPOrpaMMoOi 0OydeHUs y4yeOHbIX 3a/JlaHuil BBINOJIHEHO, HEKOTOPbIE
BUJIBI 33/1aHUH BBITIOJHEHBI C OIIMOKAMH.

BazoBblii. YpoBeHb BBINOJHEHHS pabOT OTBEYAET BCEM OCHOBHBIM TpEOOBaHUSM, TEOPETHUYECKOE
COJIEpKaHUE Kypca OCBOEHO IOJIHOCTBIO, 0€3 MpOoOenoB, HEKOTOPbIE MPAKTUYECKHUE HAaBBIKU PAOOTHI €
OCBOCHHBIM MaTepuanoM c(hOopMUpPOBaHbl HEIOCTATOYHO, BCE MPEAYCMOTPEHHBIE MPOrpaMMoi 0OyueHHs
yueOHbIE€ 3aJJaHUs BBIIIOJIHEHBI, KAYECTBO BBIMOJIHEHUS HU OJHOTO M3 HUX HE OLEHEHO MUHUMAJIbHBIM
YHCIIOM 0ayIoB, HEKOTOPbIE U3 BBIOJIHEHHBIX 3aJaHHH, BO3MOXKHO, COJEPKAT OMIMOKH.

IIpoaBuHYTHI. YpOBEHb BBINOIHEHUS pabOT OTBEYAET BCEM TPEOOBAHUSAM, TEOPETHUECKOE COAEpKaHHE
Kypca OCBOEHO IOJIHOCTHIO, 0€3 Mpo0esioB, HEOOXOAUMbIE MPAKTUUECKUE HABBIKU PabOThl C OCBOEHHBIM
MarepuasioM CcGOPMHUPOBAHBI, BCE MPEIYCMOTPEHHBIE MpPOTpaMMON oOOydeHus ydeOHbIe 3aJaHus
BBITTOJIHEHBI, KAYECTBO MX BBIITOJHEHHS OIICHEHO YHCIIOM 0aJIoB, OJIM3KUM K MAaKCUMAIIbHOMY.



DenepanbHOE TOCYAaPCTBEHHOE OI0KETHOE 00pa30BaTEIbHOE YUPEKICHHE
BBICITIETO 00Opa30oBaHUs
«HoBocubupckwii rocy1apcTBEHHBIN TEXHUYIECKIH YHHBEPCUTET»

Kadenpa obmieit puznku
Kadenpa momynpoBoJHUKOBBIX PUOOPOB U MUKPOIICKTPOHUKU
Kadenpa snexrpoHHBIX TpHOOPOB

ITacnopr 3a4era

o Moayiro "TBepaoTeNnbHAs ANEKTPOHUKA, PAIHOIIEKTPOHHbIE KOMIOHEHThI, MUKPO- U
HAHO3JICKTPOHUKA, IPUOOPHI HA KBAHTOBBIX d(dekTax (MOAyIb)" MO MaTepruaiaM JUCITUTLIAHBI
«CrnenuanbpHble I71aBbl HaMpaBIeHUN», 4 ceMecTp

1. Meroauka oLeHKH

3aver mpoBOIUTCS B YCTHOM (popme, mo Omneram. buner ¢opmupyercs 1o CleayromeMy
NpaBHITY: TIEPBBIN BOIPOC BRIOMPAETCS U3 TUaria3oHa BOonpocoB 1 — 45, BTopoit Borpoc 13 Juara3oHa
BOIpocoB 46 — 91 (crucok BOIIPOCOB MPHBEICH HIDKE). B X07€ dK3aMeHa IMperoaBarellb BIIPaBe
3a/1aBaTh CTY/ICHTY JOMOJHHUTEIIBHBIC BOIPOCHI U3 00IIero repeyns (11. 4).

®opma OmiIera 1JId 3a4era

HOBOCHWBUPCKUI TOCY JAPCTBEHHBIM TEXHUYECKWM YHUBEPCUTET
daxynpTeT POD

Buixer Ne 1
K 3aquy 10 JUCIIUITIJIINHEC «CHCIII/IEU'IBHBIG TJIaBBbI HaHpaBJ’IeHI/Iﬂ»

1. 3oHHas Teopus TBEpAOIO Tea.
2. Tpan3ucTopHbIid 3P PeKT.

VYTBepxnato: 3aB. kapenpoit [1ITuMD npod. B.A. T'aiicnep

(Toamuck)

«23» urong 2017 1.

2. Kpurepun ouenku

* OrtBeT Ha OWJIET JIIS 3a9eTa CUNTACTCS HEY0BJIETBOPUTEIbHBIM, €CITH CTYJICHT ITPH OTBETE HA
BOMPOCHI HE JaeT OMNpeeNieHW OCHOBHBIX IOHSTHI, HE CHOCOOEH MOKa3aTh MPHYUHHO-
CIICJICTBEHHBIC CBSI3W SIBJICHHM, PU PEIICHUN 3a/1a4H JIOMYCKAeT MPUHITUITHAIBHBIC OIINOKH,
onenka coctasisgeT 0 — 49 oannos.

* OrtBeT Ha OWJIET JIIs 3a4eTa 3aCYUTHIBACTCS Ha MOPOrOBOM YPOBHE, €CITH CTYJCHT TP OTBETE
Ha BOMPOCHI JIae€T OIpENeIIeHUE OCHOBHBIX TOHSATHA, MOXET TOoKa3aTh MPUYUHHO-
CIICJICTBEHHBIC CBSI3U SIBJICHHWM, MPU PEIICHUH 3a7add JOIYCKaeT HENPHUHIUITHATBHBIC
OIIMOKH, HAPUMED, BBIUUCIUTENbHBIC, OlIEHKa cocTaBiseT 50 — 66 6anios.



* OrtBer Ha Oujer Iy 3adeta OWMJIET 3aCUMTHIBAeTCS Ha 0a30BOM YpPOBHE, €CIU CTYICHT IpU
OTBETE Ha BOMIPOCH (HOPMYJIHPYET OCHOBHBIC MOHSTHUS, 3aKOHBI, AT XapaKTEPUCTUKY
IIPOLIECCOB,  SBJICHUH, NIPOBOAUT aHAIW3 [PUYUH, YCIOBUW, MOXET IIPEACTABUTH
KAUeCTBCHHBIC XaPAaKTEPHCTHKH IPOIECCOB, HE JOMYCKAeT OMMOOK MpPU PELICHHU 3a1ayH,
olieHKa cocTaBisieT 67 — 86 b6annos.

* OtBer Ha Owiier Ui 3a4eta OMJIET 3aCUUTHIBACTCS HA NMPOABHHYTOM YPOBHE, €CIIU CTYICHT
IIPY OTBETE Ha BONPOCHI IPOBOJUT CPABHUTEIBHBIA AaHAINW3 IOAXOAOB, IPOBOJIUT
KOMIUICKCHBI aHaJn3, BBIBISICT HPOOJEMBI, MPEAIaraeT MEXaHU3MbI PELICHHs, CIIOCOOCH
nNpeaACTaBUTb KOJMYCCTBCHHBIC XAPAKTCPUCTUKHU OHNPCACICHHBIX IMPOUCCCOB, IMMPUBOAUT
KOHKPETHBIC NPUMEPBI U3 TPAKTUKH, HE TOMYCKAeT OMHMOOK M CIIOCOOCH 000CHOBATH BBHIOOP
METO/1a peulieHus 3aaa4uu, orenka cocrasmuser 87 — 100 oannos.

3. IlIkana oueHKH

MaxkcumanbHbIi 06aJ11, KOTOPBIA CTYJCHT MOKET Ha0paTh B X0Jie caauun 3a4€ra, paBeH 20, TaKuM

oOpa3om, K03 uieHT nepecuéra 0aaIoB SK3aMeHa B UTOTOBbIE OAJUIBI 110 JTUCIUILINHE PaBeH
0,2.

OneHka «Hey/AoBJIeTBOPUTEJIbHO» (o1ieHKH F, FX) cTaBuTcs B citydae, eciau CTyJ€HT OTBEYaET
Ha Hey/l0BJeTBOPUTEJbHOM YpOBHE, M HaOMpaeT Mo CyMMe OTBETOB Ha Bce Bompockl oT 0 1o
9,6 UTOTOBLIX 0OAJIIIOB.

OreHka «ynoBiieTBOpUTENBLHO» (ouieHKH E, D-, D) craButcs B ciydae, €ciid CTYJCHT OTBEYacT
Ha MOPOroBoM ypoBHe, U HabupaeT oT 10 no 13,2 GamioB, a Takke Ha 6a30BOM YPOBHE, €CIIU
HaOpaHHBIM MM MTOTOBBIA 0ajul MO CyMME OTBETa Ha BCE BOMPOCHI HAXOIUTCS B IMpEnesax OT

13,4 o 14,4 (ouenku D+ u C-).

Onenka «xopomo» (ouenku C, C+, B-, B) ctaBuTcs B ciiydae, eciM CTYACHT OTBEYaeT Ha
0a3o0BoM ypoBHe, 1 HabupaeT oT 14,6 10 17,2 uToroBeix 6AIIOB.

Ouenka «oTan4Ho» (ouenku B+, A-; A, A+) ctaBuTcs B cilydae, €CIM CTYJCHT OTBEYAeT Ha
NPOJABHHYTOM YpOBHE, 1 Habupaet oT 17,4 10 20 UTOroBHIX OAIIOB.

3adeT cunTaeTCs CIAaHHBIM, €CITM cCyMMa OajuToB O BCEM 3a/IaHMsIM OWIIeTa OCTaBIISIET HE MEHEe
10 uroroBbix 6amioB (13 20 BO3MOXKHBIX).

B o061eit onieHke no AuCUMILIMHE OaJlIbl 32 3a4eT YYUTHIBAIOTCS B COOTBETCTBUH C ITPaBUIIAMU
0aJUIbHO-PEUTUHTOBOM CHCTEMBI, IPUBEIEHHBIMU B paboueil mporpaMmme TUCIUILIMHBIL.

4. Bonpocsl K 3a4eTy no aucuuninHe «CnenuanabHble IJ1aBbl HANIPaBJIEHHD)
30HHAas TEOpHUs TBEPOTO Tea.

OHEepreTu4ecKue CIEeKTPhl AJIEKTPOHOB B METAJUIAX, TOIYIIPOBOAHUKAX, AUDIIEKTPUKAX.
30Ha IPOBOAMMOCTH U BaJICHTHAsI 30Ha.

ONEKTPOHBI U JBIPKU.

DddexTrBHAST Macca IEKTPOHA.

DKCUTOHBI.

CoOcTBEHHBIE U TPUMECHBIE MTOTYITPOBOAHHUKH.

JIOHOpHBIE U aKLEITOPHBIE IPUMECH.

. KoHTakT MeTami-noysynpoBoIHUK.

10. Teopus LlorTkwu.

11. BonpT-amnepHast XapakTepHUCTHKA.

12. OMuueckuii koHTakT. ConocTaBiIeHUE C P-T1 HEPEXOIOM.

13. CrpykTypa MeTami-Iu3JIeKTPUK-TIOTYIIPOBOAHUK.

OO N U R W



14.
15.
16.
17.
18.
19.
20.
1p.
21.
22.
23.
24.
25.
1p.
26.
27.
28.
29.
30.
31.
32.
33.
34,
35.
36.
37.
38.
39.
40.
41.
42.

30HHas AMarpaMMa U €€ U3MEHEHME MTPH NPUII0KEHUH HANIPSHKEHHUS.

Posib MOBEPXHOCTHBIX COCTOSIHUM, MMOABUKHBIX U HETIOJABUKHBIX 3aps/IOB B IUAIEKTPHKE.
OO01ue cBOMCTBA MOJIYIIPOBOIHUKOB.

[Ipupona XMMUYECKOM CBA3H.

CrpykTrypa KpucTaioB. MieanbHble U peanbHble KPUCTAIUIbI.

JledexThl B KpucTaymiax.

CBoiicTBa OCHOBHBIX MOHOKPHCTAJUIMYECKUX MaTE€pHajIoB MUKPOINEKTpoHUKHU: Si, GaAs u

[TonukpucTanuecKkie u aMmopQHbIe MOTYIPOBOIHUKH.

OO0m1re CBOMCTBA MOJYIPOBOTHUKOB.

IIpupoa XMMHUYECKOH CBS3H.

CrpykTypa KpucTauioB. MaeansHble U peanbHble KpucTauibl. JleexTsl B kpucTauiax.
CBoiicTBa OCHOBHBIX MOHOKPUCTAJUIMYECKUX MaTE€pHajIoB MUKPOIIEKTpoHUKHU: Si, GaAs u

[TonukpucTanuecKkue u aMmopQHbIe MOTYIPOBOIHUKH.

OCHOBBI CTATHCTHYECKON (PU3UKH.

Oynkuusa pacupenenenns Gepmu-/lupaxa.

KoHueHTpanus 37eKTpOHOB U JIBIPOK B 30HaX U UX TEMIEPATYPHbIE 3aBUCHMOCTH.
Pacnipenenenne Makcseinna-bonbimana.

Kputepuii BbIpOXKAEHUS 3JIEKTPOHHOIO ra3a.

BriposkieHHBIE U HEBBIPOXKICHHBIE MTOTYITPOBOAHUKHA. OCHOBBI CTATUCTHYECKON (DUBHKH.
Oynkius pacnpenenenus Oepmu-/lupaka.

KoHuenTpanus 3J1eKTpOHOB U JIBIPOK B 30HaX U UX TEMIIEPATYPHbIE 3aBUCUMOCTH.
Pacnipenenenne Makcgemna-bonbiMana.

Kputepuii BEIpOXKACHUS JIEKTPOHHOIO ras3a.

BbIpokIeHHBIE 1 HEBBIPOXKICHHBIE MTOJIYIIPOBOIHUKH.

PexomOuHaIust HocuTENEH 3apsiaa.

PexomOuHarus "30Ha-30Ha" U peKOMOMHAIUS Yepe3 MPUMECH U JIe(DEKTHI.

Teopus pekomObunanuu Lloknu-Puna.

Juddy3nonnas JiMHa U BpeMst )KU3HU HOCUTEJCH.

[ToBepxHOocTHas pekomOuHanusa. PekomOuHanust Hocuteneit 3apsaa. PexkomOuHaus "30Ha-

30Ha" ¥ peKOMOMHALUS Yepe3 MPUMECH U JePEKTHI.

43.
44.
45.
46.
47.

Teopus pekomOunanuu Lloknu-Puna.

Juddy3nonHas AnuHa U BpeMs )KU3HU HOCUTENEH.

[ToBepxHOCTHAs! pEKOMOMHAIIHS.

Tpan3ucTopHsbIif 3G PexT.

30HHas TUarpaMMa MoJIyIpPOBOTHIUKOBON CTPYKTYPHI C ABYMS OJM3KO PACIOI0KEHHBIMH P-N

nepexoaamu.

48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
38.
59.
60.
61.

KoadunmenT nuxexuun.

Koadduiment nepeHoca Hocuteneii yepes 0asy.
Koad¢uimenT ycunenus TpaHsucTopa.
OIEeKTPOHHO-IBIPOYHBIH (P-n) MEpeXo.

WHxeKkus 1 3KCTpaKLKs HEOCHOBHBIX HOCUTENEH 3apsa.
BonbT-aMiepHas XxapakTepuCcTHUKa p-n IEpexoa.

Toxu HOCUTENEH 3apsAa B p-n niepexoe, kBaznypoBHu depmu.
['eneparus 1 peKOMOMHAIIUSA HOCUTENEH B P-N MEpeXo/ie.
baprepHas u nuddy3noHHas eMKOCTb.

YacToTHBIE U UMITYJILCHBIE CBOMCTBA.

[IpoGoii p-n mepexonaa: TEIIOBOH, JIABUHHBINA, TYHHEIIbHBIH.
ONEKTPOHHO-IBIPOYHBIN (P-n) NEPEXOA.

WHxexus 1 3KCTpaKLKs HEOCHOBHBIX HOCUTENEH 3apsa.
BonbT-aMnepHas XxapakTepUCcTUKa p-n Iepexoa.



62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
. DIIEKTPONIPOBOJHOCTD MOJIYIIPOBOJHUKOB.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.

81

Toxu HOcuTeEnen 3apsia B p-n nepexone, kBazuypoBHu depmu.
['enepanust 1 peKOMOWHAIUS HOCUTEJIEH B P-n TIEpexoie.
Bapnepnas u qudy3nonnas eMKOCTb.

YacToTHbBIE M UMITYJIbCHBIE CBOMCTBA.

[IpoGoii p-n mepexona: TEMIOBOH, JIABUHHBIM, TYHHEJIbHBIH.
DJIEKTPONPOBOIHOCTh MOJYIPOBOJHUKOB.

Hocurenu 3apsina B c1aboM 3JIEKTPHUECKOM TIOJIE.
BzaumopeiictBue ¢ hoHOHAMU, TPUMECHBIMH aTOMaMH, Je(pEKTaMu.
[ToBUKHOCTD 3IEKTPOHOB U JBIPOK.

VYcnoBue 35eKTpOHEHTPATbHOCTH.

Huddys3us u npeitd HOCuTENEH 3apsaa.

CooTHoleHne DIHIITEeWHA.

Hocurenu 3apsiia B CUIBHOM AJIEKTPUYECKOM I10JIE.

I'opstumne 35eKTpoHBbl. JJaBUHHOE YMHOKEHHE B MOJTYIIPOBOJIHHUKAX.
DNEeKTPUYECKHE JOMEHBI U TOKOBBIE IIIHYPBHI.

DddekTt ['anHa.

YPaBHeHI/Ie AJI TNIOTHOCTH 3JICKTPUYCCKOI'O TOKA B IMMOJIYIIPOBOJHUKAX.

VYpaBHEHHE HENPEPHIBHOCTH.
VYpasuenue [lyaccona

Hocurenu 3apsina B c1aboM 3JIEKTPHYECKOM TIOJIE.
BzaumogpeiictBue ¢ hoHOHaAMH, TPUMECHBIMH aTOMaMHU, Jie(heKTaMu.
[ToaBHKHOCTB NEKTPOHOB U JIBIPOK.

YcioBue 3JIEKTPOHEUTPAITBHOCTH.

ypaBHeHI/IC AJI TIJIOTHOCTH 3JICKTPUUYCCKOI'O TOKA B IOJYIIPOBOAHUKAX.

VYpaBHEHHE HEMPEPHIBHOCTH.

VYpasuenue [Iyaccona I'erepocTpyKTypsl.
30HHAas AuarpaMma retepo- p-n nepexoja.
Koo duuument nmxexkuun. CyrnepuHKeKIHs.
OnuHapHbIe U JBOMHBIE TETEPOCTPYKTYPHI.



denepanbHOE rocy1apcTBEHHOE OI0KETHOE 00pa30BaTENbHOE YUPEXKICHHE
BBICIIETO 00pPa30BaHUS
«HoBocubupckuii rocy1apcTBEHHBIN TEXHUYECKHI YHUBEPCUTET

Kadenpa monynpoBoAHUKOBBIX IPUOOPOB M MUKPOAJIEKTPOHUKHU

“YTBEPXIAIO”

JIEKAH PR®

I.T.H., mpodeccop B.A. Xpycranes
(13 2 r.

®OH/JI OHEHOYHbBLIX CPE/ICTB

MOJAYJISA "TeepaoreabHas 3J1eKTPOHUKA, PAAN03JIEKTPOHHbIE KOMIIOHEHThI, MUKPO- U
HAHO3JIEKTPOHHUKA, IPUOOPHI HA KBAHTOBBIX 3¢ ekTax (Moay./b)" M0 MaTepuaIaM JUCHUNIHHBI

JucuMIimHa o Bb10opy acnupanrta: TexHo10rusi npuO0OpPOB MUKPOCHCTEMHON TEXHUKHU
O6pa3oBarenbHas nporpamma: 11.06.01 DnexTpoHuka, paiuOTEXHUKA U CUCTEMBI CBSI3U, IPODUIIb:

TBepaoTenbHas 3JEKTPOHUKA, PAHOIEKTPOHHbIE KOMIIOHEHTBI, MUKPO- U HAHO3JIEKTPOHHUKA,
npuOOpHI Ha KBAHTOBBIX (P peKTax

HoBocubupck 2017



1. O0o0meHHasi cTPYKTYpa oHIAa OLIEeHOYHBIX cpeAcTB Moay.as "TeepaorenbHas
3JIeKTPOHUKA, PAJHOIJIEKTPOHHbIC KOMIIOHEHThI, MUKPO- H HAHOJJIEKTPOHHKA, IPHOOPHI Ha
KBAaHTOBBIX 3¢ pexTax (MoayJib)" Mo MaTepuaaM THCHUIIIHHBI
O6oOmenHass cTpykTypa (oOHIa OIEHOYHBIX CpeactB mo wmoayaw '"TeepaorenbHasi

3JIeKTPOHUKA, PaJMOJICKTPOHHbIE KOMIIOHEHTHI, MHKPO- M HAHOJJEKTPOHHMKA, NPUOOPHI HA
KBaHTOBBIX 3(P@dexrax (Moay.s)'" mo marepuasamM JIUCHUIIUHBI JluciuniamHa 10 BBIOOPY
acnupanTa: TexHosiorus npruOOpoB MUKPOCUCTEMHOM TEXHUKH NpuBeacHa B Tabnuie.

Tabnuma

Tanbl OMEHKH KOMIETeHIHH

Iloka3zarenu
chopMUpPOBAHHOCTH Meponpusitust
Dopmupyembie KOMIIETEeHIIH I Tempbl TEKYWIEro IIpomexyTounasn
KOMIETEHIINH (3HAHUSA, yMeHHs1, KOHTPOJISA aTTecranus (IK3aMeH,
HABBIKH) (KypcoBOii IpOeKT, 3a4er)
PI'3(P) u ap.)
IIK.2.B 31. 3HaTH CVD-npoueccel. Pu3uko- Kontpois OK3aMeH, BOIIPOCHI
TFOTOBHOCTBIO K KJIACCUYECKHE xuMudeckue npoueccsl B CVD- [camocTosTensHOM | Nel- Nel2
MIPUMEHEHHUIO TEXHOJIOTHUECKUE peakropax. Koncrpykuuu CVD- [paboTsl Bo Bpemst
CTaTUCTUYECKUX IIPOIIECCHI peaxktopoB. OCOOCHHOCTH 10-  |KOHTAKTa C
METOJIOB B H3TOTOBJICHUA KPBITHUS CTYTICHEK. aCIMPaHTOM
PanUOJIOKALIMOHHBIX |HMHTErPaIbHBIX PaznoBunxoctu CVD-
u MHUKpPOCXEM U npoueccos: TCVD, APCVD,
paInOHABUTAMOHHBI | MUKPOCHCTEMHOM LPCVD, VLPCVD, PECVD,
X CHCTEMAxX TEXHUKU Photon-assisted CVD, Laser-

assisted CvVD, MOCVD.
AHHM30TPOIIHOE TPaBIICHHE
KpeMHHA. AHH30TPOIIHbIE
TPaBUTEININ AJISI KPEMHHUSL.
Oco6eHHOCTH TpaBIICHHS
mockoctedt (100), (110) u
(111). OcobenHoctu TpaBiaeHUs
BHEIIHUX ¥ BHYTPEHHUX YTJIOB.
3aBHCHMOCTH CKOPOCTH
TPaBJICHHUS OT KOHIIEHTPauu
TIPUMECH B TIOAJIOKKE U
TeMIiepatypsl Tpasurens. Cror-
tpasieHue. [Ipumeps
HCTIONIb30BAHMS aHU30TPOITHOTO
TpaBJICHUS IIPU CO3-TaHUU
MUKpocucTeM. BaeneHue.
MukpocucTeMHasi TEXHUKA -
HOBOE TeXHHYECKOe
HanpasiieHue. Mcropus u
OCHOBHBIE JTAITBl PA3BUTHSI.
CBs13b C MUKPO3JIEKTPOHUKOM U
OCHOBHBIE 0COOCHHOCTH
MHUKpPOCHUCTEM-HON TEXHUKH.
OnEeMEHTHI 1 KOMIIOHEHTEI
MUKPOCHUCTEMHON TEXHUKH.
M3BMC, HOMC, MDOMC,
H30MC, cencops! u
aKTI0ATOPBI: 001acTH
MIPUMEHEHNS U TeHICHITNH
pasButus. Knaccudukamms
ceHcopoB. DUUKO-XUMUYECKUE
TIPUHINIBL IEHCTBHSA
CEHCOPHBIX cucTeM. IIpumepsrl.
VonHast uMILTaHTAIS
IIpUMecei B IOJIyTTPOBOAHUKH.
O06opy-noBaHue IS
IIPOBEAEHUS MPOLECCa HOHHOU
nmiutanTanuu. [Ipenmymiectsa
1 HEJOCTAaTKH HOHHOM




umIianTanuu. Pacuer
pacnpenesneHns BHEAPESHHBIX
noHoB. [TapameTpsl, xapakTepu-
3YIOIHE PacTpeaeIcHue
BHEJ[PEHHBIX HOHOB:
MIPOCLPOBAHHAS UTHHA
mpobera, IpOCHUPOBAHHOE U
6oxoBoe paccesiHue. [Ipu-
ommxenue [Tupcona ams
pacuera npoduien
nerupoBanus. Oco-0eHHOCTH
pacupenenenus Sb, As, P, BB
KpeMHuu. MonHo-
MIPOCKIMOHHAS TUTOTpadusL.
INonsTre o "msrkoit"
surorpaduy. MUKpOKOHTaKTHAs
1 HAHOKOHTAKTHasI TUTOrpadus.
MuxkposzonnoBas AFM -
suTorpadus ¢ UCIOJIb30BaHHEM
CaMOOPIaHU3YIOLIETOCs CIOS.
(Dip pen lithography).
MHoro3onnoBast AFM-
surorpadus (Milliped
lithography). KsanToBas
(mByx(oTOHHAS) TUTOTpAPHS.
JlerupoBanue u
aBTOJICTUPOBAHHE
SMHUTAKCHAIBHBIX TIICHOK
KpeMHHs. TexHoIoTnIecKoe
o0opy0BaHUE
SMUTAKCUATBHOTO pocTa. Bribop
ONTUMAJILHON TEXHOJIOTHH.
OnurakcuanbHble 1e(QEeKTHI.
Jlurorpaduyeckue mpoIeccs
HOBOT'O ITOKOJICHUS:
3KcTpeMasibHas Y O,
JJIEKTPOHHO-JTy4eBasi,
PEHTI€HOBCKasl, HOHHO-ITy4eBast
surorpadus. DIEKTPOHO- U
PEHTI€HOPE3UCTHI. Y CTPONUCTBO
JIEKTPOHHO-JTy4E€BOTO
CKaHHPYIOIIETO MUKPOCKOTIA.
HcToYHUKY 3JIEKTPOHOB.
IIpoex1yoHHas 3JIEKTPOHHO-
JIy4eBasi IuTorpadus ¢ yrioBbIM
OTpPaHUYEHHEM PACCESTHHBIX
anektpoHoB (SCALPEL).
CHHXpOTPOHHOE H3ITy4EHHE,
PCHTIEHOBCKHE Ia0IOHEI.
Martepuanbl HHTErpaIbHON
IIEKTPOHUKH. MaTepuansl A
MHK-POMEXaHUYECKHUX U
MUKPONTUYECKUX YCTPONCTB.
CpoiicTBa n pr3uueckme
rapaMeTpsl
MTOJTyTTPOBOTHUKOBBIX,
JVRJIEKTPUYECKUX, TIPOBOISIITIX
1 TIOJIMMEPHBIX MaTEPHAIIOB,
HCIONb3YEMBIX B
MHUKPOCHUCTEMHOH TEXHHKE.
Kpemnuuii - ocHOBHOI MaTepuan
MHUKPOCHUCTEMHOM TEXHUKH.
CBoiicTBa M TEXHOJOTUUECKUE
0COOEHHOCTH KPEMHHS.
[TomyyeHne MeTaTypru4eckoro
u kpemuus. [lonyuyenue
3JIEKTPOHHOTO KpeMHusA. MeTton
Yoxpansckoro u B3I1.




TexHosorus noyyeHus
KPEMHHEBBIX IIACTHH.
Knaccudukamus u mapamerpsl
KPEMHHEBBIX IIACTHH.
KouTpons napameTpon
KPEMHHEBBIX IIACTHH.
Cerperanus npumMeceil Ha
rpanune pazaena SiO2/Si.
OCOo0EeHHO-CTH POCTa OKHCHBIX
TUICHOK Ha BHEIIHUX U
BHYTPEHHHUX yIJIaX CTYIEHbKH
Ha KPEMHHUEBOH MOJIOXKKE.
LOCOS-texnonorus.
TexHOJI0rus TEPMUUECKOTO
OKHCJICHHS TITyOOKHX 1
HETJTyOOKHX N30IMPYIOMNX
KaHaBOK. MeTO/IbI OpeieIeHHs
TOJIIIHBI OKHC-HOW IICHKH.
Teopust HOHHOTO TOPMOXKEHUS
JIILIII. 3aBUCUMOCTH
TIPOEUPOBAHHOM IJTUHBI
mpobera, IPOCIUPOBAHHOTO U
OOKOBOTO paccesHUsl OT SHEPTUH
noHoB mid B, P, As,
BHeApsieMbIX B Si u Si02.

O dext KaHATHPOBAHHUS.
OO0pazoBaHuE pagHAIHIOHHBIX
nedex-toB. I30XpoHHEIH 1
N30TEPMHUYECKHUN OTKHUT
paauaIoOHHbIX Ae()EeKTOR.
Huddysus UMIUIaHTUPOBaHHON
MIPUMECH TIPU OTHKHU-TE.
BICTpBIi J1a3€pHBIA OTHKUT.
Hcnonb30BaHne HOHHOU UM-
IUTAaHTAIMU AT TeTTePUPOBAHUS
HE)KeNIaTeIbHBIX IPUMEcei U
nedexroB. Tepmuueckoe
OKHCJICHHE KpeMHus. PU3nKo-
XMMHUYECKHE CBOW-CTBA H
CTPYKTYpa INICHOK JHOKCHa
kpeMHus. TexHoiornue-cknue
PEeXHUMBI U 000pyIOBaHHE
TEPMUYECKOTO OKHCIICHUS KpeM-
Hus. beicTpoe TepMmuueckoe
OKHUCJIEHHE KpeMHHs. MexaHu3m
pocTa TepMHYIECKOTO OKHCIIA.
Mopgens Juna-I'poyBa pocra
Tep-MHUYECKOTO OKHCIIA.
OcoOeHHOCTH OKHCIICHUS B
CYXOM M BIIa>K-HOM KHCJIOPOJIE,
U B napax Bozbl. TexHomorun
CyXoro TpaBieHus. Busl
CyXOT0 TpaBJIEHU: ra30-(ha3Hoe,
IUTa3MEHHOE, PeaKTHBHOE
HOHHOE, pacnblieHue. ["a3o-
(hazHOE M30TPOITHOE TPABIICHHE
B XeF2. [Ina3mennoe
Tpasienne. CriocoObl CO3TaHus
1u1a3Mbl. Pa3HOBUTHOCTH cHCTEM
1 000py/I0BaHKE IIa3MEHHOTO
TpaBneHus. ['a3sl,
UCTIONIb3yEMBbIE B IJIa3MEHHOM
TpaBieHun. Pu3nveckue u
XMMHUUYECKHE SIBJICHUS B Ta30BbIX
paspsiaax. 3aBUCUMOCTh
CKOpPOCTH TPaBIICHUS U
CEJIEKTUBHOCTH OT COCTaBa
ra3oBoit cpenbl. Co3manne




MIACCUBHPYIOMINX OJIUMEPHBIX
IJIeHOK. TpaBieHue TUIEHOK
nomuuMuga. TeXHOIOTn4IecKue
Pa3HOBHIAHOCTH BBIPALMBAHHS
SMHUTAKCHAIBHBIX cioeB. ['azo-
¢aznas u xuIKO-(hazHas
snuTaKcus. BeipanBaHue
SMHUTAKCHAIBHBIX CJIOEB
KpeMHHUs U3 ra3oBoii ¢assl. [Ipo-
LIECCHI B IPUTPAHUYHOM CII0€
KPEMHHEBOM IIaCTUHBI B
peakTo-pe. XuMuueckas
KHHETHKA pocTa
SMHUTAKCHAIBHBIX TIICHOK
KpeMHus TexHosorus u
000pyI0BaHUE MOJICKYIISIPHO-
my4deBol snuTakcu-uu (MJID).
Konctpykunn 3¢ y3noHHBIX
siueek. Mexanusmel pocta MJID-
ieHok: Bonmepa-Bebepa;
Crpancku-Kpacranosa; @panka
BaH gep Mepae. KonTposnb
pocta MJID-inenok. Meron
ABD. [lpumenenne MJID st
TIOTY4eHHS] KBAaHTOBBIX TOYEK,
TPaH3UCTOPOB C BBICOKOH
TIOJIBIKHOCTBIO 3JIEKTPOHOB
(TBIID),
BBICOKOTEMIIEPATYPHBIX
CBEPXIPOBOJIHUKOB H CTPYKTYP
C TH-TaHTCKUM
MarHUTOCOIPOTUBIICHHUEM
®otonurorpadust. [lozutuBHbIC
Y HeraTHBHBIE (POTOPE3UCTHI.
TexHonornueckuii mporecc
¢doromurorpadun. B3priBHas
¢dorto-murorpadus.
dotomurorpaduyeckne
CHCTEMBI: KOHTAaKTHasl, C
MHKPO03a30pOM, TPOCKIIMOHHAS
1 MX pa3peniaonas crocoo-
HOCTb. [lyTHn ynyumenuns
paspenaroiiel CocOOHOCTH U
KauecT-Ba nepeadu
n3zo0paxenus. IcTouHuKH
U3JIy4YEeHUS HCII0JIb3ye-MbIe B
(doTtommTorpaduuecKux
cucreMax. MimmepcroHHas
¢doro-murorpadus. DneMeHTHAS
6a3a MMKPOCHCTEMHBIX
YCTPOWCTB: OHUITOJISIPHBIE U
MOII-TpaH3UCTOPBI.
[accuBHBIE MHTErpalibHbIC
AJIEMEHTBI: PE3UCTOPBI,
KOHJICHCATOPBI, NHIYKTUBHOCTH.
IIpumepsl TEXHOJIOrMYECKOH
peanuzanuu. Pacuer u
KOHCTPYHPOBaHHUE
HHTETpaJbHBIX TU()(y3HOHHBIX
1 UMIUIaHTUPOBAHHBIX
pe3ucropoB Pacuer u
KOHCTPYHPOBaHHUE
MHKPOIJIEKTPOHHBIX
KOHJICHCAaTOPOB U
WHJIYKTUBHOCTEH.




I[IK.2.B

yl. ymers
MIOJTb30BATHCS
YHUCIICHHBIMA
MOJEISIMA
TEXHOJIOTHYECKUX
MIPOLIECCOB

CVD-npoueccel. Pu3uko-
XUMHU4Ieckue mponeccel B CVD-
peakropax. Konctpykuun CVD-
peakTopoB. OCOOCHHOCTH I10-
KPBITHUS CTYTICHEK.
PaznoBununoctn CVD-
npoueccos: TCVD, APCVD,
LPCVD, VLPCVD, PECVD,
Photon-assisted CVD, Laser-
assisted CVD, MOCVD.
ANTUTUBHBIE TEXHOJIOTHU
HaHECEHUS TOHKUX IICHOK.
Tepmuueckoe BaKyyMHOE
ucnapenue. TexHomorus
HanbuteHns. CpaBHEHHE
TEXHOJIOTUH HCTIAPEHUS U
HanblieHus. JlazepHoe
HanblieHue. MlonHoe
KJIaCTEpPHOE HaIbIICHUE.
HonHoe nHanbpuieHne. Bnaxnoe
TpaBJIeHUE KPEMHHUSL.
ITapameTpsbl TpaBlieHHs U UX
3aBUCHUMOCTDH OT BHCIIHHUX
¢akrTopos. M3oTponHOE
TpasneHne. CocTaBbI ISt
TpaBIICHIS KPEMHHS,
TIPOBOIAIINX H
IUSJICKTPUICCKUX TUICHOK.
Xummdeckasi KHHeTHKa
H30TPOIIHOTO TPABJICHUS.
Kpussle H30TpOMHOTO
TpaBneHud. [Ipenmymiectsa u
HEIOCTAaTKH H30TPOIHOTO
TpaBieHus. Vcnonb3oBanue
BJIAXKHOI'O TPABJICHUSA IJIA
OYUCTKH KPEMHHUEBBIX ITJIACTHH.
HonHO-TIpOeKITMOHHAS
matorpadus. [lorsTre o
"msrkon" murorpadun.
MUKpOKOHTaKTHAs U
HAHOKOHTAKTHAs JTUTOTpaQus.
Muxkpo3zonnoBasi AFM -
nuTorpadusi ¢ UCMOJIL30BaHUEM
CaMOOPTaHU3YIOLIETOCS CIIOSI.
(Dip pen lithography).
MmuorozonaoBas AFM-
marorpadus (Milliped
lithography). KBanToBas
(mByx(oToHHAs) TUTOTpAPHSL.
JlerupoBanue u
aBTOJICTUPOBAHUE
SMHUTAKCHAIBHBIX TJICHOK
kpeMHus. TexHosornyeckoe
obopymoBaHue
SMUTAKCUATBHOTO pocTa. Beibop
ONTUMAJIILHON TEXHOIOTHH.
OnuTakcuanbHbIEe Ae()EKTHL.
IInasMoxumMudeckoe ocakacHUE
IUICHOK JIMOKCHU/Ia KPEMHUS,
HUTPHU/Ia KPEMHUS H
MOJIMKPHUCTAIUINYECKOTO
kpemHuust. O6opynoBaHue
TUIA3MOXUMHYECKOTO
ocaxxnenus. [lapamerpsl
IJ1a3MO-XUMHUYECCKOT' O
OCaXKJIEHMS U CTPYKTYpa IUIEHOK
PeakTrBHOE HOHHOE TpaBJICHHE
(RIE) 1 rmy6oK0€ peakTHBHOE

Kontpons
CaMOCTOSTEIBHOM
paboThI BO BpeMst
KOHTaKTa C
ACTIMPAHTOM

DK3aMEH, BOIIPOCHI
Nel3- Ne24




nonHoe tpasienue (DRIE).
O6opynosanue RIE u DRIE -
TEeXHOJIOTUI. BbICOKOUacTOTHAA
auonHas cucrema i RIE.
Mexanuszmsbl anuzotponuu RIE.
IIpenmymiecTBa 1 HEAOCTATKH
RIE u DRIE. Tpasienue
JUOKCUAA KPEMHUS, HUTPUIA
KpEMHUH,
MOJIUKPUCTAITMYECKOTO
KpEMHHUS, CUIHLUAO0B
TYTOIIIABKUX METAJJIOB U
anmromunus. [Ipumepsl
MHKPOMEXaHHIECKUX CHCTEM
nostydeHHbIX 1o DRIE -
texaosorun. Cerperamus
IIpUMECEH Ha TpaHuUIle pasaena
Si02/Si. OcobenHo-cTH pocTta
OKHCHBIX IJICHOK HAa BHEIIHUX U
BHYTPEHHUX yTJax CTyNEeHbKU
Ha KPEMHHUEBOU MOJIOKKE.
LOCOS-texHomnorusi.
TexHoa0rus TEPMUIECKOro
OKHCJICHHS TITyOOKHX 1
HETJTyOOKHX N30IHPYIOMINX
KaHaBOK. MeTo/IbI OTpeiesIeHHs
TOJIIIHBI OKUC-HOM TUICHKH.
Tepmudeckoe OKncIeHNE
KpeMHUs. DU3NKO-XUMHIECKHE
CBOM-CTBA U CTPYKTypa IUICHOK
JUOKCUIA KPEMHHUS.
TexHonoruye-cKue peKumsl U
000pyZI0BaHUE TEPMUIECKOTO
OKUCJICHUs KpeM-Husl. beicTpoe
TEPMUYECKOE OKUCIICHHE
KpeMHHs. MexaHu3M pocrta
TEepMHUYECKOT0 OKHcia. Mozens
Huna-I'poyBa pocTta Tep-
MHYECKOTO OKHCIIA.
OcoOeHHOCTH OKHCIIEHUS B
CYXOM H BJIa>K-HOM KHCJIOPOJIE,
U B I1apax BoAbl. TexHoJIoruu
CyXxoro TpasjieHus. Bunbl
CYXOT0 TpaBJIeHHUs: Ta30-(pa3Hoe,
IUIa3MEHHOE, PEaKTHBHOE
WOHHOE, pacnblieHue. ['azo-
(ha3HOE N30TPOIHOE TPABJICHUE
B XeF2. [Inazmennoe
TpaBieHne. CriocoObl CO3aaHMs
Tu1a3Mbl. Pa3HOBUTHOCTH CHCTEM
1 000pyI0BaHKE IIIa3MEHHOTO
TpaBneHus. ['a3sl,
HCTIOJb3YeMBbIE B MIJIa3MEHHOM
TpaBiieHUU. Pu3nUecKue 1
XUMHWYECKHE SBICHUS B Fa30BBIX
paspsigax. 3aBUCUMOCTh
CKOpPOCTH TPaBIICHUS U
CEJIEKTUBHOCTH OT COCTaBa
ra3oBoii cpensl. Co3nanue
MIACCUBHUPYIOLIMX MOJIUMEPHBIX
IUIEHOK. TpaBieHne ICHOK
noauuMuaa. TexHonoruyeckue
Pa3HOBUIHOCTH BbIPAILUBAHUS
SMUTAKCUAJIBHBIX C10€B. I'a30-
¢aznas u xuIKO-(hazHas
snuTakcus. BripanBanne
SMHUTAaKCHAIBHBIX CIIOEB
KpeMHHUs U3 Ta30Boi ¢asbl. [Ipo-




LIeCcChl B IPUTPAHUYHOM CII0€
KPEMHHEBOH IIACTHUHBI B
peakto-pe. XumMuieckas
KHHETHKa POcTa
SMHUTAKCHAIBHBIX TIICHOK
KPEMHHS DIEKTPOXUMHUIECKOE
OCaXIEHUE METATHIECKUX
IUIeHOK. Tep-MoanHaMuKa
AIIEKTPOXUMHUYECKOTO
ocaxxaenus. Kunernaeckuit
AKTHBAIIMOHHBIN 1

1 y3MOHHBIN KOHTPOJIb
NMEKTPOXUMHUUECKHUX PEAKIIHH.
Henuneitapie nuddy3noHHbIe
3¢ deKTHL. 3aKTIoUnTeNbHAS
JIEKIHSL.

2. MeToauka olleHKH 3TanoB (opMUpOBaHUs KOMIIeTeHIHIl B pamkax MoayJis ""TBepaoreibHas
3J1eKTPOHUKA, PAJIN03JIEKTPOHHBbIE KOMIIOHEHThI, MUKPO- H HAHO3JIeKTPOHHUKA, IPUOOPHI HA
KBaHTOBBIX 3(pdekTax (MOay./1b)" 10 MaTepHaIaM AMCHUILIHHBI.

[IpomexxyTounast arrecraumss 1no MoAyJaw ''TBepaoresbHast 3J1eKTPOHMKA, PAAMO3JIEeKTPOHHbIE
KOMIIOHEHTbI, MUKPO- M HAHOYJIEKTPOHMKA, NPUOOPHI HA KBAHTOBBIX 3(pdexTax (MoayJn)'" mo
MaTepuajiaM JIMCUHMILIMHBI MPOBOIUTCS B 6 cemecTpe - B (hopMe dK3aMeHa, KOTOPBIM HaIlpaBlieH Ha
orieHKy copmupoBanHocTy kommneteHimi [1K.2.B.

DK3aMeH MPOBOAMTCS B MUCHBMEHHOW (pOpME C MOCIEIYIOIUM YCTHBIM COOECEOBAaHHUEM IO BOMPOCAM
OuieTa u JONOJIHUTENIBHBIM BONpOcaM. buiieT coaep kuT Tpu BoIpoca M0 COAEPKaHUI0 TEXHOJIOTMUECKON
yacTh 00pa30BaTEIbHON MPOrpaMMBbl U CaMOCTOSITENIbHON padoThl acniupanTa. Borpocs! i HOArOTOBKU
IPUBEJICHBI B [1aCIOPTE K 3K3aMeHy. Bpems moaAroroBku oTBeTOB Ha BOIpPOch 60 MUHYT.

OO01me npaBuiia BEICTABICHUS OLICHKH 10 AUCLUILIMHE ONPEAEIIAI0OTCS 0aIbHO-PEUTHHTOBON CUCTEMOM,
NpUBEIEHHOM B paboueil mporpamme Mmoxayis "TBepaoTenbHas 3JIEKTPOHUKA, PaJMO3JIEKTPOHHBIE
KOMITOHEHTBI, MUKPO- U HAaHORJIEKTPOHHKA, TPUOOPHI Ha KBAHTOBBIX 3¢ dekTax (MOAynb)" Mo MaTepuaiamMm
JUCIUIUINHBI.

Ha ocHOBaHMM NpHBEIEHHBIX Jajiee KPUTEPUEB MOXKHO CJieNaTh OOIIUi BBIBOA O C(HOPMUPOBAHHOCTU
xomnetreHuu [1K.2.B, 3a koTopble 0TBeUaeT NMCHUIUIMHA, HA PA3HBIX YPOBHSX.

O01mas xapaKkTepucTHKA YPOBHEH 0CBOCHHS KOMIIETEHIUM.

Hu:ke moporoBoro. YpoBeHb BBINOJHEHHS PabOT HE OTBEYaeT OOJIBIIMHCTBY OCHOBHBIX TpeOOBaHUA,
TEOPETUYECKOE COJIEpKAHNE Kypca OCBOCHO YaCTHYHO, IIPOOENbl MOI'YT HOCUTbH CYILIECTBEHHBIH XapakTep,
HE00XO0/IMMBbIE IPAKTUYECKHE HABBIKU Pa0OThI C OCBOEHHBIM MaTEpHUaioM CPOPMHUPOBAHBI HE TIO0CTATOYHO,
OOJBIIMHCTBO MPEIYCMOTPEHHBIX INPOTrpaMMON OOydeHHUs y4eOHbIX 3aJaHMi HE BBIOJIHEHbBI WIN
BBITIOJTHEHBI C CYIIIECTBEHHBIMU OLIUOKaMHU.

IloporoBblii. YpoBeHb BBIIOJHEHUS PAa0OT oOTBeYaeT OOJBIIMHCTBY OCHOBHBIX TpeOOBaHUiA,
TEOPETHUYECKOE COZIEPKAHNE Kypca OCBOEHO YaCTUYHO, HO IPOOEIbl HE HOCAT CYIECTBEHHOI'O Xapakrepa,
HEO0XO/IMMBbIE MPAKTHUYECKUE HABBIKA pabOThl C OCBOEHHBIM MaTEpHaIOM B OCHOBHOM C(HOpPMHUPOBAHBI,
OOJIBIIMHCTBO MPEAYCMOTPEHHBIX IMpOrpaMMoil 0OydeHus y4eOHBIX 3a/laHui BBIMOJIHEHO, HEKOTOpHIE
BU/IbI 33JIaHUH BBIIIOJIHEHBI C OIINOKaMHU.

Ba3oBblii. YpoBeHb BBINOJHEHHS] pabOT OTBEYA€T BCEM OCHOBHBIM TpEOOBaHUSIM, TEOPETHUYECKOE
COJIEpKAHUE Kypca OCBOEHO IOJHOCTBIO, 0€3 MpOoOEenoB, HEKOTOPbIE NMPAKTHUYECKHE HAaBBIKU PAOOTHI €
OCBOEHHBIM MaTepuanoM chopMUpPOBaHbl HEOCTATOYHO, BCE MPEAYCMOTPEHHBIE MPOrpaMMoi oOyueHUs
yueOHbIe 3aJJaHUs BBIIIOJIHEHBI, KAYECTBO BBIMOJIHEHHUSI HU OJHOTO M3 HUX HE OLEHEHO MUHUMAJIbHBIM
YHCIIOM 0aJIOB, HEKOTOPBIE U3 BHINOJIHEHHBIX 33JaHUH, BO3MOXKHO, COJIEpHkKaT OIIUOKH.



IIpoaBMHYTHI. YPOBEHb BBHINOIHEHNS pabOT OTBEYAET BCEM TPEOOBAHUSIM, TEOPETUUECKOE COJICpPIKaHNe
Kypca OCBOEHO MOJHOCTBIO, 6€3 MpoOesoB, HE0OXO0AMMbIE PAKTUYECKUE HAaBBIKU PabOTHI ¢ OCBOCHHBIM
MatepuaioM c(hopMUpOBaHBI, BCE NPEAYCMOTPEHHBIE MPOrpaMMoOi oOyueHHs YdeOHbIE 3aJaHus
BBITOJIHEHBI, KAYECTBO X BBIIMOJIHEHHS OLICHEHO YHCIOM 0aioB, OJU3KUM K MAaKCUMAIIbHOMY.



DenepanbHOE TOCYAaPCTBEHHOE OI0KETHOE 00pa30BaTEIbHOE YUPEKICHHE
BBICITICTO OOpa30oBaHUs
«HoBocubupckwii rocy1apcTBEHHBIN TEXHUYIECKIH YHHBEPCUTET»

Kadenpa nonynpoBoAHUKOBBIX IPUOOPOB U MUKPOITEKTPOHUKU

HacnopT IK3aMCHa

o Moy "TBepaoTeNnbHAs ANEKTPOHUKA, PAUOIIEKTPOHHBIE KOMIIOHEHTHI, MUKPO- U
HAHO3JICKTPOHUKA, IPUOOPHI HA KBAHTOBBIX d(dekTax (MOAyIb)" M0 MaTepruaiaM JUCITUTLINHBI
«ducnumuinHa o BeIOOPY acnupanTa: TexHosnorus npudopoB MUKPOCUCTEMHOM TEXHUKU Y, 6
ceMecTp

1. Mertoauka oleHKH

DK3aMeH MPOBOAUTCS B MUCHbMEHHOI U YCTHOU (opme B Buje cobeceoBaHus, 1o Ouneram. bumer
(dbopMupyeTCsI TIO CIISTYOIIeMY TIPAaBIITY: TIEPBBIN BOIPOC BEIOMpACTCS U3 AUaria3oHa BorpocoB Nel -
No8, BrOpo#t Bonpoc u3 auana3zoHa BorpocoB Ne® - Nel6. TpeTuii Bompoc U3 auara3oHa BOMPOCOB
Nol6 - Ne24. (criucok BOMpoCcoB MpHUBeieH HIKE). B xo/1e sx3amMeHa npenogaBatelib BIpaBe 3a/1aBaTh
CTYZIEHTY JAOMOJIHUTEIbHBIE BOPOCHI U3 00I1Iero nepeyns (Ii. 4).

(I)OpMa OK3aMCHAIIMOHHOI'O ouiera

HOBOCHUBUPCKUI I'OCYTAPCTBEHHbBIN TEXHUYECKNUIN YHUBEPCUTET
daxynpTeT POD

Bujger Ne 1
K 9K3aMeHy N0 JUCLUUIUINHE «J{MCIUIInHA 110 BEIOOPY acnupaHTa: TeXHOJIOrus MpruOopoB
MHUKPOCHCTEMHOM TEXHUKU»

1. PeaxtuBHOe noHHoe Tpasienue (PUT) u riiybokoe peakTHBHOE HOHHOE TPaBJIECHUE
(I'PUT).

2. TlpoekuoHHas 371eKTPOHHO-Ty4eBas IUTOrpadus ¢ yriIoBbIM OrpaHUYCHHEM
paccessHHBIX 71eKTpoHOB (SCALPEL). CHHXpOTpOHHOE M3TyYEeHUE, PEHTTCHOBCKUE
120JIOHBI.

3. Marepuasibl THTErpaabHOM 3JIEKTPOHUKH. Marepuansl JUisl MUKPOMEXAHUYECKUX U

MHKPONTHYECKUX YCTPOMCTB.

YTBepxaato: 3aB. Kapeapon Iaiicnep B.A.
(monnuce)

(mata)

2. Kpurepuu oueHku
* OrtBeT Ha PK3aMEHAIIMOHHBINA OWIIET CUMTAETCS HEYIOBIECTBOPUTEIBHBIM, €CIIU ACMHUPAHT MPU
OTBETE Ha BOIPOCHI HE JIACT ONpPECIICHINH OCHOBHBIX TIOHSATHH, HE CIIOCOOCH IMOKa3aTh PUIHHHO-
CIICZICTBEHHBIC CBSI3U SIBJIICHUH, IOMTyCKAET MPUHIUITHATBHBIC OIINOKH,
ouenka cocrasiisier 0-19 Oamios.
* OTBeT Ha PK3aMEHAITMOHHBIN OHJIET 3aCUUTHIBAETCS HA TIOPOTOBOM YPOBHE, €CITH ACUPAHT MPU
OTBETE Ha BOIIPOCHI JIaC€T ONPEACICHHE OCHOBHBIX IIOHSATHH, MOXET II0Ka3aTh HPUIHHHO-



CIICZICTBEHHBIC CBSI3M  SIBIICHWM, JOMYCKaeT HENPUHIUNHUAIbHBIE OIMUOKH, Hampumep,
BBIYHCIIMTENBHEIE, OlleHKa cocTtaBisier 20-29 Oayios.

* OrtBeT Ha 3K3aMCHAIIMOHHBIN OWJIET 3aCUMTHIBACTCS HAa 0A30BOM ypPOBHE, €CIIM aCHHPAHT MPHU
OTBETE Ha BOIPOCH (OPMYJIMPYET OCHOBHBIC MIOHATHS, 3aKOHBI, AT XapaKTEPUCTUKY MPOIIECCOB,
SBIICHHW, TIPOBOAWT AaHAU3 TPUYHH, YCJIOBUH, MOXET TMPEACTABUTh KAUECTBEHHBIC
XapaKTEPUCTHKH MPOIIECCOB, HE JIOMYCKAET OIIMOOK P OTBETaX Ha BOIPOCHI,

orenka cocrasisier 30-35 Oamios.

* OrTBeT Ha ’K3aMEHAIIMOHHBIA OMJIET 3aCUMTHIBACTCS HA MPOJABHHYTOM YPOBHE, €CIM aCIUPAHT
IIPU OTBETE HA BOMPOCHI MPOBOAMUT CPABHUTEIBHBIM aHAIHU3 TIOJXOJIOB, MPOBOJAUT KOMIUICKCHBIN
aHallu3, BBIABJSICT NPOOJEMBI, IpejiaracT MEXaHHU3Mbl PEIICHHS, CIIOCOOCH IPEICTaBHTh
KOJINYECTBEHHBIC XAPAKTEPUCTHKHU OIPEICICHHBIX MPOIECCOB, MPUBOIUT KOHKPETHBIC MPHUMEPHI
U3 TPAKTHUKH, HE JOMYCKAeT OMIMOOK M CIOCOOEH 00OCHOBATh BHIOOP TEXHOJIOTMYECKOIO METOJIa
W3TOTOBIICHHS TPHOOpa,

olieHka coctaBisieT _36-40 Oamnos.

3. IIxaua oueHkHn

B 00mieit orieHke 1o JUCIUIUIMHE 3K3aMEHAIMOHHBIC OAJTBl YYUTHIBAIOTCS B COOTBETCTBHH C
npaBujaMu  Oa/UIbHO-PEHTUHTOBOW CHCTEMBI, IPUBEICHHBIMA B paboyeil mporpamme
JTACILHIIIAHEL.

4. Bompocsl K 5K3aMeHY N0 JUCHHMILIMHE «/{uciuminza no Beidopy acnupanTa: TexHomorus
pUOOPOB MUKPOCUCTEMHON TEXHUKI

1. Peaktusnoe nonHoe tpasienue (PUT) u rmybokoe peaktuBHOe noHHoe Tpasnenue (I'PUT).
2. O6opynoBanue PUT u I'PUT - texnomoruii. BeicokouacrotHas quoanas cuctema st PUT.
Mexanusmel anusorponuu PUT. Tlpeumymecrsa u Hegocrarku PUT u I'PUT.

3. TpaBienne oHOKCHAAa KPEMHHS, HHUTPUIA KPEMHUS, IMOJHKPHCTALUTMYECKOTO KPEMHHS,
CUJIMLIMJIOB TYTOIUIABKMX METAIJIOB U aJTFOMUHMS.

4. Muxkpomexanndeckue cucreMsl, nomydeHssle o I PUT - texnonorum.

5. CVD-nponeccsl. Puznko-xummuyeckue mnpoueccel B CVD-peakropax. Koncrpykuun CVD-

peakTopoB. OcobeHHOCTH MOKpBITHA cTyrneHeK. PaznoBuaHoct CVD-npoueccos: TCVD, APCVD,
LPCVD, VLPCVD, PECVD, Photon-assisted CVD, Laser-assisted CVD, MOCVD.

6. N3oTponHOE TpaBneHWe KpeMHHsA. XHMHYECKas KHHETHKA TPABJICHUSI KPEMHUSL.
Iomupyromye 1 CelIeKTUBHBIE TPABUTENN. TpaBlieHUE JUOKCHIA KPEMHMUSL.
7. AHU30TPOITHOE  TPABJICHUE KpPEMHMs. AHUW3OTPOIIHBIE TPABUTENH JUIA  KPEMHHSL.

Ocob6ennoctu Tpasienus miockocreit (100), (110) u (111). OcobeHHOCTH TpaBIEHHs BHEIIHUX U
BHYTPEHHHX YIJIOB. 3aBUCMOCTh CKOPOCTH TPABJICHUS OT KOHIICHTPAIIMU MPHUMECH B TIOJIOKKE U
TEMIIePATypPhI TPABUTETISL.

8. AHM30TPOIHOE CTOI-TpaBiieHHE. VIcnop30BaHNe aHU30TPOITHOTO TPABJIEHHS IIPU CO3AaHUN
MHUKPOCHCTEM.

9. 301b-Telb METO/ OCaKAECHHS IJICHOK.

10.  TexHonOrust >AEKTPOXUMUIYECKOTO OCAKICHHS TIICHOK.

11. Texnonorust Mukpo-npeccosanusi. LIGA- npouecc.

12. VoHHO-pOEKIMOHHAS TUTOTpadus.

13. [Tousitre o "msrkoit" nurorpaduu. MUKpOKOHTaKTHasi 1 HAHOKOHTAKTHAs IUTOrpadusl.

14.  Muxkposzonnosas AFM -nurorpadus ¢ ucronab30BaHuEM camoopranusytomerocs ciost. (Dip

pen lithography). MmuorozongoBas AFM-murorpadus (Milliped lithography). KsantoBas
(mByx(oToHHAsT) TUTOTpaUSL.

15. Jlutorpadrueckue MPOIECChl HOBOTO TOKOJICHHUS: S3KCTpeMaibHas Y@, 3JIeKTpOHHO-
Jy4eBasi, PEHTTCHOBCKAsl, HOHHO-Ty4eBas TUTOrpadus. DINEKTPOHO- U PEHTT€HOPE3UCTHI.

16. Y CTpOoNCTBO 3IEKTPOHHO-TYYEBOT0 CKAHUPYIOIIEr0 MUKPOCKOIA. ICTOUHMKY 3JIEKTPOHOB.



17.  TIpoeKinmoHHas JIEKTPOHHO-TyuYeBasi JUTOrpadusi ¢ yrioBHIM OrpaHHYCHHEM PACCESTHHBIX
aekTpoHOB (SCALPEL). CHHXpOTpOHHOE U3ITyYeHHE, PEHTTEHOBCKUE I11a0JIOHBI.

18. Marepransl MHTErpajlbHOM JIEKTPOHMKH. Marepuansl [Uli  MHMKPOMEXAaHUYECKHX H
MHUKPOIITHYECKUX YCTPOUCTB.
19. CpoiictBa ¥  (u3nueckue MapamMerpbl  MOJYIPOBOJHUKOBBIX,  JHAJIEKTPHUUYECKUX,

MNpoBOAAINIMX W IIOJHMMCPHBIX MATCPpHUAJIOB, HCIIOJIL3YCMbIX B TBGpHOTCJIBHOfI OJICKTPOHUKEC U
MHKpOCHCTeMHOfI TECXHUKCE.

20. Kpemnuii - 0OCHOBHOM MaTepral MUKPO3JIEKTPOHUKY U MUKPOCUCTEMHOM TEXHUKHU.

21. TexHomorust 1 000pyIOBaHKE MOJICKYJIIPHO-ITydeBoi snuTtakcuuu (MJID). Koncrpykium
3 Py3UOHHBIX STUCEK.

22. Mexanusmbl pocta MJID-menok: Bonmvepa-Bebepa; Crpancku-Kpacranosa; ®panka BaH
nep Mepse.

23. KonTtposns pocra MJID-tuienok. Meroa J1b0.

24. [Ipumenenne MJID pans nomydeHHs KBAHTOBBIX TOYEK, TPAH3UCTOPOB C  BBICOKOM

MOJBIKHOCTBIO 35eKTpoHOB (TBIID), BbIcOKOTEMIIEpPaTypHBIX CBEPXIIPOBOJHUKOB M CTPYKTYp C
TUTaHTCKUM MarHUTOCOMPOTHUBIICHHEM
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BBICIIETO 00pPa30BaHUS
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1. O0o0meHHasi cTPYKTYpa oHIAa OLIEeHOYHBIX cpeAcTB Moay.as "TeepaorenbHas
3J1eKTPOHUKA, PAIM03JIEKTPOHHbIE KOMIIOHEHThI, MUKPO- U HAHO3JIEeKTPOHUKA, TPUOOPHI Ha
KBAaHTOBBIX 3¢ dexTax (MoayJib)" M0 MaTepragaM JMCIHHIIIHHbI
O6oOmenHass cTpykTypa (oOHIAa OIEHOYHBIX CpeactB mo wmoayaw '"TeepaorenbHasi

3JIEKTPOHHKA, PAaJMO0YICKTPOHHbIE KOMIIOHEHTbI, MHKPO- M HAHOJJEKTPOHHMKA, NPUOOpPHI HA
KBaHTOBBIX 3(P¢dexkrax (Moay.s)'" mno marepuasamM IUCHUIIUHBI JluciuniamHa 10 BBIOOPY
acnipanTa: TexHoJlornueckue nporecchl MUKPOUIEKTPOHUKY IIpuBeieHa B Talmnuie.

Tabnuna

Tanbl OEHKH KOMIETEeH NI

Iloka3zarenu
chopMUpPOBAHHOCTH Meponpusitust
Dopmupyembie KOMIIETEeHIIH I Tembl TEKYWIEro IIpomexyTounasn
KOMIETEHIINH (3HAHUSA, yMeHHs1, KOHTPOJISA aTTecranus (IK3aMeH,
HABBIKH) (kypcoBoii mpoexT, 3a4eT)
PI'3(P) u ap.)
[1IK.2.B 31. 3HaTH PeaxtuBHOE noHHOE TpaBieHue |KoHTpomb DK3aMeH, BOPOCHI
TOTOBHOCTBIO K KJIACCUYECKHE (PUT) u rnybokoe peakTuBHOE |camocTosTenbHON | Nel- Nol2
NIPUMEHEHUIO TEXHOJIOTUYECKHUE noHHoe Tpasnenue (I'PUT). paboTHI BO BpeMs
CTaTUCTUYECKUX NIPOLECCHI Oo6opynoBanue PUT u 'PUT - |koHTakTa C
METOIOB B H3TOTOBJICHUA TEXHOJIOTHH. BbICOKOUacTOTHas |acmHpaHTOM
PaaUOJIOKALIMOHHBIX |HMHTErPaIbHBIX quonHas cucrema it PUT.
u MHUKpPOCXEM U Mexanusmsel anuzotponuu PUT.
paZTuOHAaBUTAMOHHBI | MUKPOCHCTEMHOM [IpenmymecTBa U HEAOCTATKH
X CHCTEMax TEXHUKU PUT u I'PUT. TpaBnenue

TUOKCHAA KPEMHUS, HUTPpUOA
KpEMHUS,
MOJIMKPHUCTAIUINYECKOTO
KPEMHUSI, CHINLIOB
TYTOIUIABKHX METAJIJIOB
QTIOMHHHUSL.
MHUKpOMEXaHUYECKHE CUCTEMBI,
nonyuyeHHsie no [ PUT -
texHonorun. .CVD-mporecckr.
OM3UKO-XUMUIECKUE TIPOLIECCHI
B CVD-peakropax.
Koncrpykunu CVD-peaktopos.
OCOOCHHOCTH TTOKPHITHS
CTymneHek. PazHOBHIHOCTH
CVD-mporeccos: TCVD,
APCVD, LPCVD, VLPCVD,
PECVD, Photon-assisted CVD,
Laser-assisted CVD, MOCVD
AHHU30TPOITHOE TPaBJICHUE
KpeMHHA. AHH30TPOITHEIE
TPABUTEIHU JJISI KPEMHUSL.
OcoOeHHOCTH TpaBJIEHHS IIOC-
koctett (100), (110) u (111).
OcoOeHHOCTH TpaBIIEHHS
BHCIIHUX U BHYTPEHHUX YTJIOB.
3aBHCHMOCTH CKOPOCTH
TPaBJICHHS OT KOHIIEHTPALUH
MIPUMECH B MOJIOKKE U TEM-
nieparypsl TpaButesst. Ctorm-
TpasiieHue. Vcnonb30-BaHue
AQHMU30TPOITHOTO TPABJICHHUS TIPH
CO3JJaHUM MHUKPOCUCTEM. 30JIb-
reilb METOJ] OCAXJICHUS TIJICHOK.
TexHomnorus
IIEKTPOXUMHUUYECKOTO
OCAKICHUS TUICHOK.
TexHosorNst MUKpO-
mpeccosanus. LIGA- mpomecc.
MonHOo-nIpoeKInoHHas




surorpadus. [lonstue o
"msirkoi" muTorpadun.
MuUKpOKOHTAKTHAS U
HaHOKOHTAKTHas JIUTOTpadus.
Muxpo3zornoBas AFM -
surorpadus ¢ NC-TIOJIb30BaHUEM
CaMOOPIaHU3YIOLIET0Cs CIOSI.
(Dip pen li-thography).
Muoro3zongosas AFM-
mutorpadus (Milliped
lithography). Keanrosast
(nByxdoTonHas) mutorpadusi.
Jlurorpaduaeckne mpomeccs
HOBOT'O TIOKOJICHUSI: 9KC-
TpemanbHas Y D, 371eKTpOHHO-
Jy4eBasi, PEHTTCHOBCKaS,
MOHHO-IIy4eBasi TUTOrpadus.
OJeKTpOHO- U
PEHTICHOPE3UCTHL. Y CTPOMCTBO
3NEKTPOHHO-JIyYeBOTO
CKaHHPYIOLIET0 MUKPOCKOTIA.
McTOoYHUKY 37IEKTPOHOB.
IIpoexyoHHas 3JIEKTPOHHO-
JIy4eBasi TUTOrpadus C yrIOBBIM
OTPaHWYEHHEM PaCCEsTHHBIX
anextponoB (SCALPEL).
CHHXpOTPOHHOE H3IIy4EHHE,
PCHTTEHOBCKHE Ia0IOHEI.
Martepuanbl HHTETpaIbHON
3JIEKTPOHUKU. MaTtepuaisl 11t
MHUKPOMEXaHHUECKUX U
MUKPOITUYECKUX YCTPOUCTB.
CaoiicTBa 1 (hu3nuecKue
napameTpsl
HOJYTIPOBOHUKOBBIX,
JMIICKTPUYECKHX, TIPOBOJISIIINX
1 TTOJIMMEPHBIX MaTepHaoB,
UCTIONIb3YEMBIX B
TBEPAOTEIBEHOMN 3JIEKTPOHUKE U
MHKPOCHUCTEMHOH TEXHHKE.
Kpemuuii - ocHOBHOI MaTepuan
MUKPOCHCTEMHOU TEXHUKHU.
TexHomorust u 060pya0BaHNE
MOJIEKYJISIPHO-JTYy4EBOM
snuTakcuuu (MJID).
Koncrpykuuu 23§ y3noHHBIX
s;ueek. Mexanusmsl pocta MJID-
ieHoK: Bonmvepa-Bebepa;
Crpancku-Kpacranosa; ®@panka
BaH zep Mepse. KonTtposs
pocta MJID-nienok. Meron
ABD. I[Ipumenenne MJID st
MTOJTy4IeHHST KBAHTOBBIX TOYEK,
TPaH3UCTOPOB € BBICOKOMI
TOJIBUYKHOCTBIO AJIEKTPOHOB
(TBIID),
BBICOKOTEMIIEPATYPHBIX
CBEPXIIPOBOJIHUKOB H CTPYKTYP
C TUTaHTCKUM
MarHUTOCONPOTUBJIEHUEM

I[IK.2.B

yl. ymers
MOJIb30BATHCS
YHCICHHBIMU
MOJEIIMU
TEXHOJIOTUYECKUX
MIPOLIECCOB

AHU30TPOITHOE TPABIICHUE
KpeMHHS. AHU30TPOITHEIC
TPABUTEIU JJISI KDEMHUSL.
OcCoOCHHOCTH TpaBJICHUSI ILJIOC-
koctett (100), (110) u (111).
Oco0OeHHOCTH TpaBIIEeHUS
BHEITHUX U BHYTPEHHHX YTJIOB.
3aBUCHUMOCTH CKOPOCTH

Kontpons
CaMOCTOSATENIbHOU
paboThI BO BpeMs
KOHTaKTa C
acIMUpaHTOM

DK3aMEeH, BOIIPOCHI
Nel3- Ne24




TPaBIEHUS OT KOHLIEHTpAIUU
MIPUMECH B MOAJIOKKE U TEM-
nieparypsl TpaButesst. Ctorm-
Tpasnienue. cnonbs3oBanue
aHW30TPOIHOT'O TPABICHHUS NIPH
CO3IaHIHM MHKPOCUCTEM. 30JTb-
relb METOJT OCAXKICHUS TUICHOK.
Texnonorus
ANEKTPOXUMHUYECKOTO
OCaXIeHUsI IJICHOK.
TexHomorus MuUKkpo-
npeccoBanus. LIGA- nporecc.
Jlurorpaduaeckne mpomeccs
HOBOT'O TIOKOJICHUSI: 9KC-
TpemanbHas Y D, 371eKTpOHHO-
Jy4eBasi, PEHTTCHOBCKaS,
MOHHO-IIy4eBasi TUTOrpadus.
OJeKTpOHO- U
PEHTICHOPE3UCTHL. Y CTPOMCTBO
3NEKTPOHHO-JIyYeBOTO
CKaHHPYIOLIET0 MUKPOCKOTIA.
McTOoYHUKY 37IEKTPOHOB.
IIpoexyoHHas 3JIEKTPOHHO-
JIy4eBasi TUTOrpadus C yrIOBBIM
OTPaHWYEHHEM PaCCEsTHHBIX
anextponoB (SCALPEL).
CHHXpOTPOHHOE H3IIy4EHHE,
PCHTTEHOBCKHE Ia0IOHEI.
Martepuanbl HHTETpaIbHON
3JIEKTPOHUKU. MaTtepuaisl 11t
MHUKPOMEXaHHUECKUX U
MUKPOITUYECKUX YCTPOUCTB.
CaoiicTBa 1 (hu3nuecKue
napameTpsl
HOJYTIPOBOHUKOBBIX,
JVIICKTPUUECKHX, TIPOBOJISIIINX
1 TTOJIMMEPHBIX MaTepHaoB,
UCTIONIb3YEMBIX B
TBEPAOTEIBEHOMN 3JIEKTPOHUKE U
MHKPOCHUCTEMHOH TEXHHKE.
Kpemuuii - ocHoBHOI MaTepuan
MUKPOCHCTEMHOU TEXHMKHU.

2. MeToaMKa OLEHKH 3TAN0B ()OPMHPOBaHUsI KOMIIeTeHIIHI B pamkax Moay.s ""TeepaorenbHas
3JIEKTPOHUKA, PAHO3JICKTPOHHbIC KOMIIOHEHTBI, MUKPO- H HAHOJJICKTPOHUKA, IPHOOPHI Ha
KBAaHTOBBIX 3¢ ¢exTax (Moay.ab)" 10 MaTepHaIaM M CHUUILIHHBI.

[Ipomexyrounas arrecrauusd 1o Moayai0 ''TBepaoresbHasi 3JIEKTPOHHUKA, PagHO0dIEeKTPOHHbIE
KOMIIOHEHTbI, MUKPO- M HAHOJJIEKTPOHUKA, NMPUOOPbI Ha KBaHTOBBIX 3¢ dexkTax (Moayas)" mo
MaTepHalaM IHCHMIIMHBI IIPOBOJIUTCS B 6 cemecTpe - B (hopMe dK3aMeHa, KOTOpBIA HampaBlieH Ha
orieHKy copmupoBanHocTr kommeteHui [1K.2.B.

DK3aMeH MPOBOJUTCS B MUCbMEHHOW (hopMe C MOCIEAYIOUUM YCTHBIM coOeceloBaHHEM IO BOIpPOcam
OuseTa u JOMOJIHUTENIBHBIM BOIIPOCcaM. BIIIET coep KUT TpH BOIIpOCa MO COAEPIKaHUIO TEXHOJIOTHYECKON
yacTh 00pa30BaTeIbHOM MPOTPaMMBI M CAMOCTOSITENIbHOM padoThl acriupanTa. Bompocs! 1ist OATrOTOBKU
IIPUBEZIEHBI B I1aCIIOPTE K IK3aMeHY. BpeMs moAroToBku 0TBETOB Ha BONIPOCH! 60 MUHYT.

OO0u1me npaBuiia BEICTABJICHUS OLICHKHU I10 AUCLHUILIMHE ONPEACIAIOTCS O0aIbHO-PEUTHHTOBOW CUCTEMOMH,
MPUBEJEHHON B paboueill mporpamme Moxayias "TBepaoTenbHas 3JICKTPOHHKA, PaTUOICKTPOHHBIE
KOMITOHEHTBI, MUKPO- X HAHORJIEKTPOHHKA, TPUOOPHI Ha KBAHTOBBIX () (dekTax (MOAyb)" Mo MaTepuaiam
JUCLUTUIAHBL



Ha ocHOBaHuM mpHuBeNEeHHBIX Jajiee KPUTEPUEB MOXKHO CJlIeNaTh OOIIMH BBIBOA O C(HOPMUPOBAHHOCTU
komnereHnuu [1K.2.B, 3a koTopble OTBEUaeT NUCIUILIIMHA, HA Pa3HBIX YPOBHSIX.

O0mas xapakTepucTHKA YPOBHEH 0CBOCHHUSI KOMIIETEeHIIHIA.

Hu:ke moporoBoro. YpoBeHb BBINIOJHEHHS Pa0dOT HE OTBEYaeT OOJIBIIMHCTBY OCHOBHBIX TpeOOBaHUA,
TEOPETHUYECKOE COJIEPHKAHUE Kypca OCBOEHO YaCTHUYHO, ITPOOENIbI MOTYT HOCUTh CYILIECTBEHHBIH XapakTep,
HEOOXOMMbIE MMPAKTUYECKHUE HaBBIKU PAOOTHI C OCBOEHHBIM MaTepHaIoM c(hOpMUPOBaHbI HE JOCTATOYHO,
OOJIBIIMHCTBO TMPEAYCMOTPEHHBIX IMPOrpaMMoi OOy4deHHs Y4eOHBIX 3a/JaHUil HE BBIIOJIHEHbBI WM
BBINOJIHEHBI C CYILIECTBEHHBIMU OIIUOKAMHU.

IloporoBblii. YpoBeHb BBINOJHEHUS pPA0OT OTBeYaeT OOJBIIMHCTBY OCHOBHBIX TpeOOBaHUA,
TEOPETUYECKOE COJEPIKaHNE Kypca OCBOEHO YaCTUYHO, HO MPOOEIbl He HOCST CYIIECTBEHHOTO XapakTepa,
HEOOXOIMMbIE TIPAKTUYECKHE HABBIKM Pa0OTHI ¢ OCBOCHHBIM MaTepHajoM B OCHOBHOM C(OPMHPOBAHBI,
OOJIBIIMHCTBO MPEAYCMOTPEHHBIX MPOTrpaMMOii 0OydeHUs! y4eOHBIX 3adaHUi BBITOJHEHO, HEKOTOPHIC
BU/IbI 331aHU BBIITOJHEHBI C OIINOKaMHU.

ba3oBnbIii. YPOBGHL BBIINIOJIHCHU A pa60T OTBCYAa€T BCCM OCHOBHBIM Tpe60BaHI/I$IM, TCOPECTUUCCKOC
COACPIKAaHUC KypCa OCBOCHO ITOJIHOCTBIO, 0e3 HpO6€J’IOB, HCKOTOPLBIC IIPAKTHYCCKUC HABBIKH pa6OTI>I C
OCBOCHHBIM MAaTcpuaioM C(bOpMI/IpOBaHbI HEAOCTATOYHO, BCC NPCAYCMOTPCHHBIC nporpaMMoﬁ 06y‘IeHI/I${
y‘le6HbIe 3aJaHus BBIIIOJIHCHBI, KAYCCTBO BBIIIOJHCHHA HH OJHOI'O M3 HHUX HC OLCHCHO MHHHMAJIbHBIM
YuCJI0OM 6aJ'IJ'IOB, HCKOTOPLBIC U3 BBIITOJIHCHHBIX SaHaHHﬁ, BO3MOJHO, COACPIKAT OIIIMOKHU.

IIpoaBuHYTBIH. YPOBEHb BHIIOIHEHHUS Pa0OT OTBEYAET BCEM TPEOOBAHUSAM, TEOPETUUECKOE COMIEPIKaHUE
Kypca OCBOEHO IMOJIHOCTHIO, 0€3 Mpo0esioB, HEOOXOAUMbIE MPAKTUYECKHUE HABBIKU PabOThl C OCBOCHHBIM
MaTepuaioM CQOPMHUPOBaHBI, BCE MPEAYCMOTPEHHBbIE MPOrpaMMoON oO0ydeHus YydeOHble 3aJaHus
BBITMIOJTHEHBI, KAYECTBO MX BBIMIOJHEHUS OLIEHEHO YUCIIOM 0asioB, OJM3KUM K MAKCUMAIIbHOM
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1. O0o0meHHasi cTPYKTYpa oHIAa OLIEeHOYHBIX cpeAcTB Moay.as "TeepaorenbHas
3J1eKTPOHUKA, PAIM03JIEKTPOHHbIE KOMIIOHEHThI, MUKPO- U HAHO3JIEeKTPOHUKA, TPUOOPHI Ha
KBAaHTOBBIX 3¢ dexTax (MoayJib)" M0 MaTepragaM JMCIHHIIIHHbI
O6oOmenHass cTpykTypa (oOHIAa OIEHOYHBIX CpeactB mo wmoayaw '"TeepaorenbHasi

3JIEKTPOHHKA, PAaJMO0YICKTPOHHbIE KOMIIOHEHTbI, MHKPO- M HAHOJJEKTPOHHMKA, NPUOOpPHI HA
KBaHTOBBIX 3(P¢dexkrax (Moay.s)'" mno marepuasamM IUCHUIIUHBI JluciuniamHa 10 BBIOOPY
acnipanTa: TexHoJlornueckue nporecchl MUKPOUIEKTPOHUKY IIpuBeieHa B Talmnuie.

Tabnuna

Tanbl OEHKH KOMIETEeH NI

Iloka3zarenu
chopMUpPOBAHHOCTH Meponpusitust
Dopmupyembie KOMIIETEeHIIH I Tembl TEKYWIEro IIpomexyTounasn
KOMIETEHIINH (3HAHUSA, yMeHHs1, KOHTPOJISA aTTecranus (IK3aMeH,
HABBIKH) (kypcoBoii mpoexT, 3a4eT)
PI'3(P) u ap.)
[1IK.2.B 31. 3HaTH PeaxtuBHOE noHHOE TpaBieHue |KoHTpomb DK3aMeH, BOPOCHI
TOTOBHOCTBIO K KJIACCUYECKHE (PUT) u rnybokoe peakTuBHOE |camocTosTenbHON | Nel- Nol2
NIPUMEHEHUIO TEXHOJIOTUYECKHUE noHHoe Tpasnenue (I'PUT). paboTHI BO BpeMs
CTaTUCTUYECKUX NIPOLECCHI Oo6opynoBanue PUT u 'PUT - |koHTakTa C
METOIOB B H3TOTOBJICHUA TEXHOJIOTHH. BbICOKOUacTOTHas |acmHpaHTOM
PaaUOJIOKALIMOHHBIX |HMHTErPaIbHBIX quonHas cucrema it PUT.
u MHUKpPOCXEM U Mexanusmsel anuzotponuu PUT.
paZTuOHAaBUTAMOHHBI | MUKPOCHCTEMHOM [IpenmymecTBa U HEAOCTATKH
X CHCTEMax TEXHUKU PUT u I'PUT. TpaBnenue

TUOKCHAA KPEMHUS, HUTPpUOA
KpEMHUS,
MOJIMKPHUCTAIUINYECKOTO
KPEMHUSI, CHINLIOB
TYTOIUIABKHX METAJIJIOB
QTIOMHHHUSL.
MHUKpOMEXaHUYECKHE CUCTEMBI,
nonyuyeHHsie no [ PUT -
texHonorun. .CVD-mporecckr.
OM3UKO-XUMUIECKUE TIPOLIECCHI
B CVD-peakropax.
Koncrpykunu CVD-peaktopos.
OCOOCHHOCTH TTOKPHITHS
CTymneHek. PazHOBHIHOCTH
CVD-mporeccos: TCVD,
APCVD, LPCVD, VLPCVD,
PECVD, Photon-assisted CVD,
Laser-assisted CVD, MOCVD
AHHU30TPOITHOE TPaBJICHUE
KpeMHHA. AHH30TPOITHEIE
TPABUTEIHU JJISI KPEMHUSL.
OcoOeHHOCTH TpaBJIEHHS IIOC-
koctett (100), (110) u (111).
OcoOeHHOCTH TpaBIIEHHS
BHCIIHUX U BHYTPEHHUX YTJIOB.
3aBHCHMOCTH CKOPOCTH
TPaBJICHHS OT KOHIIEHTPALUH
MIPUMECH B MOJIOKKE U TEM-
nieparypsl TpaButesst. Ctorm-
TpasiieHue. Vcnonb30-BaHue
AQHMU30TPOITHOTO TPABJICHHUS TIPH
CO3JJaHUM MHUKPOCUCTEM. 30JIb-
reilb METOJ] OCAXJICHUS TIJICHOK.
TexHomnorus
IIEKTPOXUMHUUYECKOTO
OCAKICHUS TUICHOK.
TexHosorNst MUKpO-
mpeccosanus. LIGA- mpomecc.
MonHOo-nIpoeKInoHHas




surorpadus. [lonstue o
"msirkoi" muTorpadun.
MuUKpOKOHTAKTHAS U
HaHOKOHTAKTHas JIUTOTpadus.
Muxpo3zornoBas AFM -
surorpadus ¢ NC-TIOJIb30BaHUEM
CaMOOPIaHU3YIOLIET0Cs CIOSI.
(Dip pen li-thography).
Muoro3zongosas AFM-
mutorpadus (Milliped
lithography). Keanrosast
(nByxdoTonHas) mutorpadusi.
Jlurorpaduaeckne mpomeccs
HOBOT'O TIOKOJICHUSI: 9KC-
TpemanbHas Y D, 371eKTpOHHO-
Jy4eBasi, PEHTTCHOBCKaS,
MOHHO-IIy4eBasi TUTOrpadus.
OJeKTpOHO- U
PEHTICHOPE3UCTHL. Y CTPOMCTBO
3NEKTPOHHO-JIyYeBOTO
CKaHHPYIOLIET0 MUKPOCKOTIA.
McTOoYHUKY 37IEKTPOHOB.
IIpoexyoHHas 3JIEKTPOHHO-
JIy4eBasi TUTOrpadus C yrIOBBIM
OTPaHWYEHHEM PaCCEsTHHBIX
anextponoB (SCALPEL).
CHHXpOTPOHHOE H3IIy4EHHE,
PCHTTEHOBCKHE Ia0IOHEI.
Martepuanbl HHTETpaIbHON
3JIEKTPOHUKU. MaTtepuaisl 11t
MHUKPOMEXaHHUECKUX U
MUKPOITUYECKUX YCTPOUCTB.
CaoiicTBa 1 (hu3nuecKue
napameTpsl
HOJYTIPOBOHUKOBBIX,
JMIICKTPUYECKHX, TIPOBOJISIIINX
1 TTOJIMMEPHBIX MaTepHaoB,
UCTIONIb3YEMBIX B
TBEPAOTEIBEHOMN 3JIEKTPOHUKE U
MHKPOCHUCTEMHOH TEXHHKE.
Kpemuuii - ocHOBHOI MaTepuan
MUKPOCHCTEMHOU TEXHUKHU.
TexHomorust u 060pya0BaHNE
MOJIEKYJISIPHO-JTYy4EBOM
snuTakcuuu (MJID).
Koncrpykuuu 23§ y3noHHBIX
s;ueek. Mexanusmsl pocta MJID-
ieHoK: Bonmvepa-Bebepa;
Crpancku-Kpacranosa; ®@panka
BaH zep Mepse. KonTtposs
pocta MJID-nienok. Meron
ABD. I[Ipumenenne MJID st
MTOJTy4IeHHST KBAHTOBBIX TOYEK,
TPaH3UCTOPOB € BBICOKOMI
TOJIBUYKHOCTBIO AJIEKTPOHOB
(TBIID),
BBICOKOTEMIIEPATYPHBIX
CBEPXIIPOBOJIHUKOB H CTPYKTYP
C TUTaHTCKUM
MarHUTOCONPOTUBJIEHUEM

I[IK.2.B

yl. ymers
MOJIb30BATHCS
YHCICHHBIMU
MOJEIIMU
TEXHOJIOTUYECKUX
MIPOLIECCOB

AHU30TPOITHOE TPABIICHUE
KpeMHHS. AHU30TPOITHEIC
TPABUTEIU JJISI KDEMHUSL.
OcCoOCHHOCTH TpaBJICHUSI ILJIOC-
koctett (100), (110) u (111).
Oco0OeHHOCTH TpaBIIEeHUS
BHEITHUX U BHYTPEHHHX YTJIOB.
3aBUCHUMOCTH CKOPOCTH

Kontpons
CaMOCTOSATENIbHOU
paboThI BO BpeMs
KOHTaKTa C
acIMUpaHTOM

DK3aMEeH, BOIIPOCHI
Nel3- Ne24




TPaBIEHUS OT KOHLIEHTpAIUU
MIPUMECH B MOAJIOKKE U TEM-
nieparypsl TpaButesst. Ctorm-
Tpasnienue. cnonbs3oBanue
aHW30TPOIHOT'O TPABICHHUS NIPH
CO3IaHIHM MHKPOCUCTEM. 30JTb-
relb METOJT OCAXKICHUS TUICHOK.
Texnonorus
ANEKTPOXUMHUYECKOTO
OCaXIeHUsI IJICHOK.
TexHomorus MuUKkpo-
npeccoBanus. LIGA- nporecc.
Jlurorpaduaeckne mpomeccs
HOBOT'O TIOKOJICHUSI: 9KC-
TpemanbHas Y D, 371eKTpOHHO-
Jy4eBasi, PEHTTCHOBCKaS,
MOHHO-IIy4eBasi TUTOrpadus.
OJeKTpOHO- U
PEHTICHOPE3UCTHL. Y CTPOMCTBO
3NEKTPOHHO-JIyYeBOTO
CKaHHPYIOLIET0 MUKPOCKOTIA.
McTOoYHUKY 37IEKTPOHOB.
IIpoexyoHHas 3JIEKTPOHHO-
JIy4eBasi TUTOrpadus C yrIOBBIM
OTPaHWYEHHEM PaCCEsTHHBIX
anextponoB (SCALPEL).
CHHXpOTPOHHOE H3IIy4EHHE,
PCHTTEHOBCKHE Ia0IOHEI.
Martepuanbl HHTETpaIbHON
3JIEKTPOHUKU. MaTtepuaisl 11t
MHUKPOMEXaHHUECKUX U
MUKPOITUYECKUX YCTPOUCTB.
CaoiicTBa 1 (hu3nuecKue
napameTpsl
HOJYTIPOBOHUKOBBIX,
JVIICKTPUUECKHX, TIPOBOJISIIINX
1 TTOJIMMEPHBIX MaTepHaoB,
UCTIONIb3YEMBIX B
TBEPAOTEIBEHOMN 3JIEKTPOHUKE U
MHKPOCHUCTEMHOH TEXHHKE.
Kpemuuii - ocHoBHOI MaTepuan
MUKPOCHCTEMHOU TEXHMKHU.

2. MeToaMKa OLEHKH 3TAN0B ()OPMHPOBaHUsI KOMIIeTeHIIHI B pamkax Moay.s ""TeepaorenbHas
3JIEKTPOHUKA, PAHO3JICKTPOHHbIC KOMIIOHEHTBI, MUKPO- H HAHOJJICKTPOHUKA, IPHOOPHI Ha
KBAaHTOBBIX 3¢ ¢exTax (Moay.ab)" 10 MaTepHaIaM M CHUUILIHHBI.

[Ipomexyrounas arrecrauusd 1o Moayai0 ''TBepaoresbHasi 3JIEKTPOHHUKA, PagHO0dIEeKTPOHHbIE
KOMIIOHEHTbI, MUKPO- M HAHOJJIEKTPOHUKA, NMPUOOPbI Ha KBaHTOBBIX 3¢ dexkTax (Moayas)" mo
MaTepHalaM IHCHMIIMHBI IIPOBOJIUTCS B 6 cemecTpe - B (hopMe dK3aMeHa, KOTOpBIA HampaBlieH Ha
orieHKy copmupoBanHocTr kommeteHui [1K.2.B.

DK3aMeH MPOBOJUTCS B MUCbMEHHOW (hopMe C MOCIEAYIOUUM YCTHBIM coOeceloBaHHEM IO BOIpPOcam
OuseTa u JOMOJIHUTENIBHBIM BOIIPOCcaM. BIIIET coep KUT TpH BOIIpOCa MO COAEPIKaHUIO TEXHOJIOTHYECKON
yacTh 00pa30BaTeIbHOM MPOTPaMMBI M CAMOCTOSITENIbHOM padoThl acriupanTa. Bompocs! 1ist OATrOTOBKU
IIPUBEZIEHBI B I1aCIIOPTE K IK3aMeHY. BpeMs moAroToBku 0TBETOB Ha BONIPOCH! 60 MUHYT.

OO0u1me npaBuiia BEICTABJICHUS OLICHKHU I10 AUCLHUILIMHE ONPEACIAIOTCS O0aIbHO-PEUTHHTOBOW CUCTEMOMH,
MPUBEJEHHON B paboueill mporpamme Moxayias "TBepaoTenbHas 3JICKTPOHHKA, PaTUOICKTPOHHBIE
KOMITOHEHTBI, MUKPO- X HAHORJIEKTPOHHKA, TPUOOPHI Ha KBAHTOBBIX () (dekTax (MOAyb)" Mo MaTepuaiam
JUCLUTUIAHBL



Ha ocHOBaHuM mpHuBeNEeHHBIX Jajiee KPUTEPUEB MOXKHO CJlIeNaTh OOIIMH BBIBOA O C(HOPMUPOBAHHOCTU
komnereHnuu [1K.2.B, 3a koTopble OTBEUaeT NUCIUILIIMHA, HA Pa3HBIX YPOBHSIX.

O0mas xapakTepucTHKA YPOBHEH 0CBOCHHUSI KOMIIETEeHIIHIA.

Hu:ke moporoBoro. YpoBeHb BBINIOJHEHHS Pa0dOT HE OTBEYaeT OOJIBIIMHCTBY OCHOBHBIX TpeOOBaHUA,
TEOPETHUYECKOE COJIEPHKAHUE Kypca OCBOEHO YaCTHUYHO, ITPOOENIbI MOTYT HOCUTh CYILIECTBEHHBIH XapakTep,
HEOOXOMMbIE MMPAKTUYECKHUE HaBBIKU PAOOTHI C OCBOEHHBIM MaTepHaIoM c(hOpMUPOBaHbI HE JOCTATOYHO,
OOJIBIIMHCTBO TMPEAYCMOTPEHHBIX IMPOrpaMMoi OOy4deHHs Y4eOHBIX 3a/JaHUil HE BBIIOJIHEHbBI WM
BBINOJIHEHBI C CYILIECTBEHHBIMU OIIUOKAMHU.

IloporoBblii. YpoBeHb BBINOJHEHUS pPA0OT OTBeYaeT OOJBIIMHCTBY OCHOBHBIX TpeOOBaHUA,
TEOPETUYECKOE COJEPIKaHNE Kypca OCBOEHO YaCTUYHO, HO MPOOEIbl He HOCST CYIIECTBEHHOTO XapakTepa,
HEOOXOIMMbIE TIPAKTUYECKHE HABBIKM Pa0OTHI ¢ OCBOCHHBIM MaTepHajoM B OCHOBHOM C(OPMHPOBAHBI,
OOJIBIIMHCTBO MPEAYCMOTPEHHBIX MPOTrpaMMOii 0OydeHUs! y4eOHBIX 3adaHUi BBITOJHEHO, HEKOTOPHIC
BU/IbI 331aHU BBIITOJHEHBI C OIINOKaMHU.

ba3oBnbIii. YPOBGHL BBIINIOJIHCHU A pa60T OTBCYAa€T BCCM OCHOBHBIM Tpe60BaHI/I$IM, TCOPECTUUCCKOC
COACPIKAaHUC KypCa OCBOCHO ITOJIHOCTBIO, 0e3 HpO6€J’IOB, HCKOTOPLBIC IIPAKTHYCCKUC HABBIKH pa6OTI>I C
OCBOCHHBIM MAaTcpuaioM C(bOpMI/IpOBaHbI HEAOCTATOYHO, BCC NPCAYCMOTPCHHBIC nporpaMMoﬁ 06y‘IeHI/I${
y‘le6HbIe 3aJaHus BBIIIOJIHCHBI, KAYCCTBO BBIIIOJHCHHA HH OJHOI'O M3 HHUX HC OLCHCHO MHHHMAJIbHBIM
YuCJI0OM 6aJ'IJ'IOB, HCKOTOPLBIC U3 BBIITOJIHCHHBIX SaHaHHﬁ, BO3MOJHO, COACPIKAT OIIIMOKHU.

IIpoaBuHYTBIH. YPOBEHb BHIIOIHEHHUS Pa0OT OTBEYAET BCEM TPEOOBAHUSAM, TEOPETUUECKOE COMIEPIKaHUE
Kypca OCBOEHO IMOJIHOCTHIO, 0€3 Mpo0esioB, HEOOXOAUMbIE MPAKTUYECKHUE HABBIKU PabOThl C OCBOCHHBIM
MaTepuaioM CQOPMHUPOBaHBI, BCE MPEAYCMOTPEHHBbIE MPOrpaMMoON oO0ydeHus YydeOHble 3aJaHus
BBITMIOJTHEHBI, KAYECTBO MX BBIMIOJHEHUS OLIEHEHO YUCIIOM 0asioB, OJM3KUM K MAKCUMAIIbHOM



DenepanbHOE TOCYAaPCTBEHHOE OI0KETHOE 00pa30BaTEIbHOE YUPEKICHHE
BBICITICTO OOpa30oBaHUs
«HoBocubupckwii rocy1apcTBEHHBIN TEXHUYIECKIH YHHBEPCUTET»

Kadenpa nonynpoBoAHUKOBBIX IPUOOPOB U MUKPOITEKTPOHUKU

HacnopT IK3aMCHa

o Moy "TBepaoTeNnbHAs ANEKTPOHUKA, PAUOIIEKTPOHHBIE KOMIIOHEHTHI, MUKPO- U
HAHO3JICKTPOHUKA, IPUOOPHI HA KBAHTOBBIX d(dekTax (MOAyIb)" M0 MaTepruaiaM JUCITUTLINHBI
«lucuumuivHa no BeIOOPY acnupanTa: TexHOIOTHYeCKUE MPOIECChl MUKPOAIEKTPOHUKNY, 6
ceMecTp

1. Meroauka oleHKH

DK3aMeH MPOBOJIUTCS B MUCHbMEHHOM U YCTHOI (hopMme B Buje coOeceoBaHus, 0 OUIeTam.
buner ¢opmupyercsi mo criemyrouieMy NpaBWITy: TEPBBIA BOIPOC BBIOMPACTCS W3 JAMAna3oHa
BorpocoB Nel - Ne8, BTOpoil Bompoc u3 auamna3zoHa BoIpocoB Ne® - Nel6. Tperuii Bompoc u3
nuarazoHa BorpocoB Nel6 - No24. (cmucok BOIIPOCOB MpHUBENEH HIDKE). B xome sk3ameHa
MpernojaBaTesb BIIPaBe 3a/1aBaTh CTYCHTY JOMOJIHUTEIbHBIE BOIIPOCHI U3 00IIEro nepevHs (1. 4).

DopMa >K3aMEHAIMOHHOTO OrTeTa

HOBOCHWBUPCKUI TOCY JAPCTBEHHBIN TEXHUYECKWI YHUBEPCUTET
daxynpTeT POD

Buier Ne 1
K 3K3aMCHY 10 JUCHUIIIINHE «I[I/ICIII/IHJ'II/IHa Jale} BI)I60py aclypaHTa: TexHonornueckue
MIPOLIECCHI MUKPODIIEKTPOHUKID)

1. PeaxtuBHOe noHHoe Tpasienue (PUT) u riiybokoe peakTHBHOE HOHHOE TPaBJIECHUE
(I'PUT).

2. TlIpoekimoHHas 37€KTPOHHO-TY4€eBas IUTOrpadus ¢ yriIoBbIM OrpaHUYCHHEM
paccessHHBIX 71eKTpoHOB (SCALPEL). CHHXpOTpOHHOE M3TyYEeHUE, PEHTTCHOBCKUE
120JIOHBI.

3. Matepuaisl HHTETPATBHOHN JIEKTPOHUKHA. MaTeprabl st MUKPOMEXaHUIECKUX U

MUKPONTHYECKUX YCTPOICTB.

YTBepkaato: 3aB. Kapeapoit laiticnep B.A.
(moamucs)
(mata)

1. Kpurepun oneHku
* OtBeT Ha YK3aMEHAI[HOHHBIN OWIICT CYMTACTCS HEYAOBJIETBOPUTEILHBIM, €CITH aCIIUPAHT IPU
OTBETC Ha BOIPOCHI HE JIACT OMPEACICHUI OCHOBHBIX IOHSATHH, HE CIIOCOOCH IMOKa3aTh
NPUYMHHO-CICCTBEHHBIE  CBSI3W  SABJCHMH, JOMyCKAeT MPHHIMIHAIbHBIE  OIIHOKH,
onenka coctapisger 0-19 bannos.



* OTBeT Ha PK3aMEHAIIMOHHBIM OWJICT 3aCUYMTHIBACTCS HA MOPOrOBOM YPOBHE, €CJIM ACIIUPAHT MPH
OTBETE Ha BOINPOCHI JACT ONPEICICHUE OCHOBHBIX IOHATHH, MOXET ITOKa3aTh MPHYUHHO-
CJICZICTBEHHBIC CBSI3M  SIBJICHHI, JIOMYCKACT HEMPUHIMITHAIBHBIC ONIMOKU, HaImpuMep,
BBIYHCIIUTEIBHBIE,
onenka coctapisger 20-29 6annos.

* OTBeT Ha ’K3aMCHAIIMOHHBINA OWJICT 3aCYMTHIBACTCS Ha 6A30BOM YPOBHE, €CJIM aCIUPAHT MPH
OTBETC Ha BOIPOCH (OPMYIHPYET OCHOBHBIC IOHSATHS, 3aKOHBI, JACT XapaKTEPUCTUKY
MPOLIECCOB, SIBIICHUH, TPOBOJUT AaHAJIW3 MNPUYHMH, YCIOBHUH, MOXET MPEACTaBUThH
Ka4eCTBEHHbBIC XapaKTEPUCTUKHU IPOIIECCOB, HE JIOMYCKAeT OMMOOK IMPU OTBETaX Ha BOIIPOCHI,
onenka cocrasisier 30-35 bannos.

* OTBeT Ha K3aMEHAIIMOHHBIN OWJICT 3aCUMTHIBACTCS HA MPOJABHHYTOM YPOBHE, €CJIH aCIUPAHT
IpU OTBETE Ha BONPOCHI IPOBOJUT CPABHHUTCIBHBIA aHAJIM3 IOJXOJOB, ITPOBOJUT
KOMILJICKCHBIM aHaJIM3, BBIABISICT MPOOJIEMBI, TpeajaracT MEXaHU3Mbl PEIICHUS, CIIOCOOCH
MPEJICTABUTh KOJMYCCTBCHHBIC XapPaKTCPUCTHUKH OIPEACICHHBIX IPOICCCOB, MPUBOJIUT
KOHKPETHBIC ITPUMEPHI U3 MPAKTUKH, HE JAOMYCKAeT OMIMOOK U CIOCOOCH 000CHOBATh BBHIOOD
TEXHOJOIMYECKOIO METO/1a HU3TOTOBJICHHS mpuoopa,
orieHka coctanisieT _36-40 oannos.

2. IlIkxana omeHKH

B 00mieit orieHke 1o JUCIUIUIMHE 3K3aMEHAIMOHHBIC OAJITBl YYUTHIBAIOTCS B COOTBETCTBHH C
npaBWiiaMd  OaJJIbHO-PEUTUHIOBOM  CHUCTEMBI, NPHUBEIECHHBIMM B paboueil mporpamme
JUCIIUATIITUHBI.

3. Bompocsl k dK3aMeHy M0 TUCHHUILIHHE «/[uciumummHa o BEIOOPY acupaHTa:
TexHomornueckre mpouecchl MUKPOIIEKTPOHUKI

1. PeaktuBHOe noHHOe TpasneHue (PUT) u rimyboxoe peaktuBHOEe HoHHOE TpasieHue (I'PUT).

2. O6opynoBanue PUT u ['PUT - texHosoruii. BeicokouactoTHas quoaHast cucteMa st PUT. MexaHu3mbl
anuzotponuu PUT. [lpeumymecta u Hepoctatku PUT u ['PUT.

3. TpaBneHue TUOKCHIA KDEMHUS, HUTPUAA KPEMHHS, MOJUKPHUCTAIUINIECKOTO KPEMHUS, CHITMIIUJIOB

TYTOIUIaBKUX METAJIOB ¥ AJIFOMUHUSI.

Mukpomexannueckue cucteMsl, nonydennsle no I'PUT - Texnonorumu.

CVD-nponeccrl. ®usuko-xumudeckue npoueccsl B CVD-peakropax. Korcrpykiun CVD-peakropos.

OcoberHocTH OKpHITHS cTyneHek. PasrosumHocTH CVD-miponieccos: TCVD, APCVD, LPCVD,

VLPCVD, PECVD, Photon-assisted CVD, Laser-assisted CVD, MOCVD.

6. M3orpomHoe TpaBiieHHEe KpeMHHs. XUMUYECcKas KHHETHKA TpasiieHus kpemuus. [loimpyromue n
CENIeKTUBHbIE TPABUTEIH. TpaBlieHNE TUOKCHIA KPEMHHUS.

7. AHU30TpOITHOE TpaBJICHHE KPeMHHA. AHU30TPOIHbIE TPaBUTEH I KpeMHHUA. OcOOCHHOCTH TPaBICHUS
miockocteit (100), (110) u (111). OcobeHHOCTH TpaBIeHHsI BHEITHUX ¥ BHYTPEHHUX YIJIOB. 3aBUCUMOCTh
CKOPOCTH TPABJICHUS OT KOHIEHTPALMH IPUMECH B MOJJIOKKE M TEMIIEPATYPbl TPAaBUTEIISL.

8. AHM30TpOIHOE cTom-TpaBieHue. Mcrnoabp30BaHne aHU30TPOITHOTO TPABJICHHS IPU CO3IaHUH MUKPOCHUCTEM.

9. 3o0b-reiib METO/ OCAKACHHSI TUICHOK.

10. TexHONOTHS 3IEKTPOXUMHUIECKOTO OCAKIACHHS TICHOK.

11. Texnonorus mukpo-npeccoBanusi. LIGA- nponecc.

12. MoHHO-NIpOEKIMOHHAs JIUTOTpadusL.

13. Ionstue o "msarkoi" murorpadpun. MUKpPOKOHTAKTHAsI 1 HAHOKOHTAKTHAS JINTOTpadusl.

14. Mukpo3zonnosas AFM -nurorpadus ¢ ucrnonp3oBaHreM camoopranusytonierocs cios. (Dip pen
lithography). Muorosonnosast AFM-mutorpadus (Milliped lithography). Keanrtosas (nByxdoToHHas)
uTorpadus.

15. Jlurorpaduyeckre mporeccs HOBOTO MOKOJICHHUS: IKCTpeManbHast Y D, aIeKTpOHHO-ITy4deBas,
PEHTIEeHOBCKas, HOHHO-JTy4YeBast JIUTOrpadusi. DNEKTPOHO- U PEHTTEHOPE3UCTHI.

16. YCTpOMCTBO 3JIEKTPOHHO-TY4EBOTO CKAHMPYOMIETO MUKPOCKOTA. VICTOUHUKH 3JIEKTPOHOB.

o ks

17. TlpoekuroHHAas JIEKTPOHHO-ITy4YeBas JINTOTpadust C YIIOBBIM OIPaHUYCHNUEM PACCESHHBIX 3JIEKTPOHOB
(SCALPEL). CuHXpOTpPOHHOE HU3ITy4YCHHE, PCHTTCHOBCKHE LIA0IOHBI.

18. Marepuasl HHTErpAIBbHO AIEKTPOHUKH. MaTepHalibl Ui MUKPOMEXaHHYEeCKHX U MUKPOITHYECKHX
YCTPOMCTB.



19.

20.
21.

22.
23.
24,

CBoiicTBa 1 (PU3NUECKHUE TTAPAMETPHI MOIYNPOBOAHUKOBBIX, AUIIEKTPHUECKUX, TPOBOISIINX U
MOJIMMEPHBIX MAaTEPHAJIOB, UCTIONb3YEMbIX B TBEPAOTEIEHON 3JIEKTPOHNKE 1 MUKPOCHCTEMHON TEXHUKE.
KpeMHuii - o0cHOBHOI MaTepuall MUKPOJIEKTPOHUKHA U MUKPOCUCTEMHOM TEXHUKHU.

TexHomnorus u 000pyHOBaHUE MOJCKYIIPHO-Ty4eBoi snurakcunu (MJID). Korctpykunn 3¢ dy3noHHBIX
AICEK.

Mexanu3msl pocra MJID-tmeHok: Bonvepa-Bebepa; Ctpancku-Kpacranosa; ®@panka Ban nep Mepse.
KonTtpons pocta MJID-nnenok. Meton [IbO.

IIpumenenne MJID nms nosmyueHus KBaHTOBBIX TOUEK, TPAH3UCTOPOB C BEICOKOM MOJBMXKHOCTBIO
anekTpoHoB (TBIID), BeIcOKOTEMIIEPATypHBIX CBEPXIIPOBOJHUKOB U CTPYKTYpP € THTAHTCKUM
MarHUTOCONIPOTHBIICHHEM



DenepanbHOE TOCYAaPCTBEHHOE OI0KETHOE 00pa30BaTEIbHOE YUPEKICHHE
BBICITICTO OOpa30oBaHUs
«HoBocubupckwii rocy1apcTBEHHBIN TEXHUYIECKIH YHHBEPCUTET»

Kadenpa nonynpoBoAHUKOBBIX IPUOOPOB U MUKPOITEKTPOHUKU

HacnopT IK3aMCHa

o Moy "TBepaoTeNnbHAs ANEKTPOHUKA, PAUOIIEKTPOHHBIE KOMIIOHEHTHI, MUKPO- U
HAHO3JICKTPOHUKA, IPUOOPHI HA KBAHTOBBIX d(dekTax (MOAyIb)" M0 MaTepruaiaM JUCITUTLINHBI
«lucuumuivHa no BeIOOPY acnupanTa: TexHOIOTHYeCKUE MPOIECChl MUKPOAIEKTPOHUKNY, 6
ceMecTp

1. Meroauka oleHKH

DK3aMeH MPOBOJIUTCS B MUCHbMEHHOM U YCTHOI (hopMme B Buje coOeceoBaHus, 0 OUIeTam.
buner ¢opmupyercsi mo criemyrouieMy NpaBWITy: TEPBBIA BOIPOC BBIOMPACTCS W3 JAMAna3oHa
BorpocoB Nel - Ne8, BTOpoil Bompoc u3 auamna3zoHa BoIpocoB Ne® - Nel6. Tperuii Bompoc u3
nuarazoHa BorpocoB Nel6 - No24. (cmucok BOIIPOCOB MpHUBENEH HIDKE). B xome sk3ameHa
MpernojaBaTesb BIIPaBe 3a/1aBaTh CTYCHTY JOMOJIHUTEIbHBIE BOIIPOCHI U3 00IIEro nepevHs (1. 4).

DopMa >K3aMEHAIMOHHOTO OrTeTa

HOBOCHWBUPCKUI TOCY JAPCTBEHHBIN TEXHUYECKWI YHUBEPCUTET
daxynpTeT POD

Buier Ne 1
K 3K3aMCHY 10 JUCHUIIIINHE «I[I/ICIII/IHJ'II/IHa Jale} BI)I60py aclypaHTa: TexHonornueckue
MIPOLIECCHI MUKPODIIEKTPOHUKID)

1. PeaxtuBHOe noHHoe Tpasienue (PUT) u riiybokoe peakTHBHOE HOHHOE TPaBJIECHUE
(I'PUT).

2. TlIpoekimoHHas 37€KTPOHHO-TY4€eBas IUTOrpadus ¢ yriIoBbIM OrpaHUYCHHEM
paccessHHBIX 71eKTpoHOB (SCALPEL). CHHXpOTpOHHOE M3TyYEeHUE, PEHTTCHOBCKUE
120JIOHBI.

3. Matepuaisl HHTETPATBHOHN JIEKTPOHUKHA. MaTeprabl st MUKPOMEXaHUIECKUX U

MUKPONTHYECKUX YCTPOICTB.

YTBepkaato: 3aB. Kapeapoit laiticnep B.A.
(moamucs)
(mata)

1. Kpurepun oneHku
* OtBeT Ha YK3aMEHAI[HOHHBIN OWIICT CYMTACTCS HEYAOBJIETBOPUTEILHBIM, €CITH aCIIUPAHT IPU
OTBETC Ha BOIPOCHI HE JIACT OMPEACICHUI OCHOBHBIX IOHSATHH, HE CIIOCOOCH IMOKa3aTh
NPUYMHHO-CICCTBEHHBIE  CBSI3W  SABJCHMH, JOMyCKAeT MPHHIMIHAIbHBIE  OIIHOKH,
onenka coctapisger 0-19 bannos.



* OTBeT Ha PK3aMEHAIIMOHHBIM OWJICT 3aCUYMTHIBACTCS HA MOPOrOBOM YPOBHE, €CJIM ACIIUPAHT MPH
OTBETE Ha BOINPOCHI JACT ONPEICICHUE OCHOBHBIX IOHATHH, MOXET ITOKa3aTh MPHYUHHO-
CJICZICTBEHHBIC CBSI3M  SIBJICHHI, JIOMYCKACT HEMPUHIMITHAIBHBIC ONIMOKU, HaImpuMep,
BBIYHCIIUTEIBHBIE,
onenka coctapisger 20-29 6annos.

* OTBeT Ha ’K3aMCHAIIMOHHBINA OWJICT 3aCYMTHIBACTCS Ha 6A30BOM YPOBHE, €CJIM aCIUPAHT MPH
OTBETC Ha BOIPOCH (OPMYIHPYET OCHOBHBIC IOHSATHS, 3aKOHBI, JACT XapaKTEPUCTUKY
MPOLIECCOB, SIBIICHUH, TPOBOJUT AaHAJIW3 MNPUYHMH, YCIOBHUH, MOXET MPEACTaBUThH
Ka4eCTBEHHbBIC XapaKTEPUCTUKHU IPOIIECCOB, HE JIOMYCKAeT OMMOOK IMPU OTBETaX Ha BOIIPOCHI,
onenka cocrasisier 30-35 bannos.

* OTBeT Ha K3aMEHAIIMOHHBIN OWJICT 3aCUMTHIBACTCS HA MPOJABHHYTOM YPOBHE, €CJIH aCIUPAHT
IpU OTBETE Ha BONPOCHI IPOBOJUT CPABHHUTCIBHBIA aHAJIM3 IOJXOJOB, ITPOBOJUT
KOMILJICKCHBIM aHaJIM3, BBIABISICT MPOOJIEMBI, TpeajaracT MEXaHU3Mbl PEIICHUS, CIIOCOOCH
MPEJICTABUTh KOJMYCCTBCHHBIC XapPaKTCPUCTHUKH OIPEACICHHBIX IPOICCCOB, MPUBOJIUT
KOHKPETHBIC ITPUMEPHI U3 MPAKTUKH, HE JAOMYCKAeT OMIMOOK U CIOCOOCH 000CHOBATh BBHIOOD
TEXHOJOIMYECKOIO METO/1a HU3TOTOBJICHHS mpuoopa,
orieHka coctanisieT _36-40 oannos.

2. IlIkxana omeHKH

B 00mieit orieHke 1o JUCIUIUIMHE 3K3aMEHAIMOHHBIC OAJITBl YYUTHIBAIOTCS B COOTBETCTBHH C
npaBWiiaMd  OaJJIbHO-PEUTUHIOBOM  CHUCTEMBI, NPHUBEIECHHBIMM B paboueil mporpamme
JUCIIUATIITUHBI.

3. Bompocsl k dK3aMeHy M0 TUCHHUILIHHE «/[uciumummHa o BEIOOPY acupaHTa:
TexHomornueckre mpouecchl MUKPOIIEKTPOHUKI

1. PeaktuBHOe noHHOe TpasneHue (PUT) u rimyboxoe peaktuBHOEe HoHHOE TpasieHue (I'PUT).

2. O6opynoBanue PUT u ['PUT - texHosoruii. BeicokouactoTHas quoaHast cucteMa st PUT. MexaHu3mbl
anuzotponuu PUT. [lpeumymecta u Hepoctatku PUT u ['PUT.

3. TpaBneHue TUOKCHIA KDEMHUS, HUTPUAA KPEMHHS, MOJUKPHUCTAIUINIECKOTO KPEMHUS, CHITMIIUJIOB

TYTOIUIaBKUX METAJIOB ¥ AJIFOMUHUSI.

Mukpomexannueckue cucteMsl, nonydennsle no I'PUT - Texnonorumu.

CVD-nponeccrl. ®usuko-xumudeckue npoueccsl B CVD-peakropax. Korcrpykiun CVD-peakropos.

OcoberHocTH OKpHITHS cTyneHek. PasrosumHocTH CVD-miponieccos: TCVD, APCVD, LPCVD,

VLPCVD, PECVD, Photon-assisted CVD, Laser-assisted CVD, MOCVD.

6. M3orpomHoe TpaBiieHHEe KpeMHHs. XUMUYECcKas KHHETHKA TpasiieHus kpemuus. [loimpyromue n
CENIeKTUBHbIE TPABUTEIH. TpaBlieHNE TUOKCHIA KPEMHHUS.

7. AHU30TpOITHOE TpaBJICHHE KPeMHHA. AHU30TPOIHbIE TPaBUTEH I KpeMHHUA. OcOOCHHOCTH TPaBICHUS
miockocteit (100), (110) u (111). OcobeHHOCTH TpaBIeHHsI BHEITHUX ¥ BHYTPEHHUX YIJIOB. 3aBUCUMOCTh
CKOPOCTH TPABJICHUS OT KOHIEHTPALMH IPUMECH B MOJJIOKKE M TEMIIEPATYPbl TPAaBUTEIISL.

8. AHM30TpOIHOE cTom-TpaBieHue. Mcrnoabp30BaHne aHU30TPOITHOTO TPABJICHHS IPU CO3IaHUH MUKPOCHUCTEM.

9. 3o0b-reiib METO/ OCAKACHHSI TUICHOK.

10. TexHONOTHS 3IEKTPOXUMHUIECKOTO OCAKIACHHS TICHOK.

11. Texnonorus mukpo-npeccoBanusi. LIGA- nponecc.

12. MoHHO-NIpOEKIMOHHAs JIUTOTpadusL.

13. Ionstue o "msarkoi" murorpadpun. MUKpPOKOHTAKTHAsI 1 HAHOKOHTAKTHAS JINTOTpadusl.

14. Mukpo3zonnosas AFM -nurorpadus ¢ ucrnonp3oBaHreM camoopranusytonierocs cios. (Dip pen
lithography). Muorosonnosast AFM-mutorpadus (Milliped lithography). Keanrtosas (nByxdoToHHas)
uTorpadus.

15. Jlurorpaduyeckre mporeccs HOBOTO MOKOJICHHUS: IKCTpeManbHast Y D, aIeKTpOHHO-ITy4deBas,
PEHTIEeHOBCKas, HOHHO-JTy4YeBast JIUTOrpadusi. DNEKTPOHO- U PEHTTEHOPE3UCTHI.

16. YCTpOMCTBO 3JIEKTPOHHO-TY4EBOTO CKAHMPYOMIETO MUKPOCKOTA. VICTOUHUKH 3JIEKTPOHOB.

o ks

17. TlpoekuroHHAas JIEKTPOHHO-ITy4YeBas JINTOTpadust C YIIOBBIM OIPaHUYCHNUEM PACCESHHBIX 3JIEKTPOHOB
(SCALPEL). CuHXpOTpPOHHOE HU3ITy4YCHHE, PCHTTCHOBCKHE LIA0IOHBI.

18. Marepuasl HHTErpAIBbHO AIEKTPOHUKH. MaTepHalibl Ui MUKPOMEXaHHYEeCKHX U MUKPOITHYECKHX
YCTPOMCTB.



19.

20.
21.

22.
23.
24,

CBoiicTBa 1 (PU3NUECKHUE TTAPAMETPHI MOIYNPOBOAHUKOBBIX, AUIIEKTPHUECKUX, TPOBOISIINX U
MOJIMMEPHBIX MAaTEPHAJIOB, UCTIONb3YEMbIX B TBEPAOTEIEHON 3JIEKTPOHNKE 1 MUKPOCHCTEMHON TEXHUKE.
KpeMHuii - o0cHOBHOI MaTepuall MUKPOJIEKTPOHUKHA U MUKPOCUCTEMHOM TEXHUKHU.

TexHomnorus u 000pyHOBaHUE MOJCKYIIPHO-Ty4eBoi snurakcunu (MJID). Korctpykunn 3¢ dy3noHHBIX
AICEK.

Mexanu3msl pocra MJID-tmeHok: Bonvepa-Bebepa; Ctpancku-Kpacranosa; ®@panka Ban nep Mepse.
KonTtpons pocta MJID-nnenok. Meton [IbO.

IIpumenenne MJID nms nosmyueHus KBaHTOBBIX TOUEK, TPAH3UCTOPOB C BEICOKOM MOJBMXKHOCTBIO
anekTpoHoB (TBIID), BeIcOKOTEMIIEPATypHBIX CBEPXIIPOBOJHUKOB U CTPYKTYpP € THTAHTCKUM
MarHUTOCONIPOTHBIICHHEM



denepanbHOE rocy1apcTBEHHOE OI0KETHOE 00pa30BaTENbHOE YUPEXKICHHE
BBICIIETO 00pPa30BaHUS
«HoBocubupckuii rocy1apcTBEHHBIN TEXHUYECKHI YHUBEPCUTET

Kadenpa monynpoBoAHUKOBBIX IPUOOPOB M MUKPOAJIEKTPOHUKHU

“YTBEPXIAIO”

JIEKAH PR®

I.T.H., mpodeccop B.A. Xpycranes
(13 2 r.

®OH/I OHEHOYHBIX CPEJICTB

MOJIY.JIS

TBepaoTeabHas 31eKTPOHUKA, PAAH03JIEKTPOHHbIE KOMIIOHEHThI, MUKPO- M HAHO3JIEKTPOHHKA,
npudopbI HA KBAHTOBBIX 3P PekTax (MOAYJIb)
B COCTaBe IMCUMIIUH:
CrnennanbHbie IJ1aBbl HANPABJICHHUS
KoMnoHeHThI MUKPOCHCTEMHON TEXHUKH
JucnuninHa no Beidopy acnupanrta: TexHosorn4eckue npoueccbl MUEKPO3JIeKTPOHUKH;
TexHoorns npuOGOPOB MUKPOCHCTEMHON TEXHUKH

O6pazoBarenpHas mporpamma: 11.06.01 DnexTpoHUKa, paIMOTEXHUKA U CUCTEMBI CBSI3H, MPOQUIIL:
TBepaoTenbHas 3JIEKTPOHUKA, PAHOAIEKTPOHHBIE KOMIIOHEHThI, MUKPO- U HAHOZJIEKTPOHHUKA,
npuOOpbI Ha KBAaHTOBBIX AP (eKTax

Hosocubupck 2017



1. O0o0meHHasi CTPYKTYpPa (poHIA OLIEHOYHBIX CPEACTB MOAYJIA
O06o0menHas cTpykTypa (poHIa OIEHOYHBIX CPEACTB IO MOAYJIAK TBepaoTenbHas dJIEKTPOHUKA,
PaIMO3IEKTPOHHBIE KOMITIOHEHTBI, MUKpPO- M HAHOXJIEKTPOHHMKA, MPUOOPHI Ha KBAaHTOBBIX 3(¢eKrTax

(MOTyI1B)
B COCTaBE JUCIMILINH:

CriennanbHble T1aBbl HAIIPABIICHUS

KOMIOHEHTBI MUKPOCUCTEMHON TEXHUKU
JucuuiuinHa 1o BbIOOpY acnupanTa: TeXHOJIOTMYeCKHe IMPOLECChl MUKPOIIEKTPOHUKH; TexHonorus
pruOOpPOB MUKPOCUCTEMHON TEXHUKH

npuBeeHa B Tabnuiie.

Tabauma

®opmupyembie
KOMIEeTEeHI[HH

IToxa3arean
chopMUpPOBAHHOCTH
KOMIIeTeHI Uil (3HaAHMS,
YMeHUsl, HABbIKH)

JAuciuminHbI

I1K.1.B rotoBHOCTE
MIPOEKTHPOBATH Pa3IHIHBIC
THUTBI TTOTYTIPOBOTHUKOBBIX
prOOPOB ¥ KOMIIOHEHT
MHUKPOCHCTEMHOHN TEXHUKA

31. 3HaTh NPUHLUIIBI PAOOTHI
OCHOBHBIX THIIOB
MOJTYTIPOBOJHUKOBBIX
puOOPOB ¥ KOMITIOHEHT
MCT (MuKpOCHCTEMHON
TEXHHUKH )

Jucuunnuna:"CrieruanbsHble T1aBbl HalIPaBICHUSA

I[IK.1.B

31. 3HaTh MPHUHIHUIEI PAOOTEI
OCHOBHBIX THIIOB
MOJTYTIPOBOTHUKOBBIX
pUOOPOB M KOMIOHEHT
MCT (MuKpocucTeMHO
TEXHUKN)

Jucnuminza:"KoMIOHEHThl MUKPOCUCTEMHOM TEXHUKU

IIK.1.B

yl. YMeTh monp30BaThest
KJIACCUYECKOU Teopueil
HOJTYTIPOBOJHUKOBBIX
mpuOOpoB

Jucunnnumna:"CrieniuanbHble TIaBbl HAIIPaBICHUS

TIK.2.B roTOBHOCTBIO K
MPUMEHEHUIO CTATUCTHICCKIX
METOJIOB B
PaIuOIOKAMOHHBIX U
PaarOHABUTAIIMOHHBIX
cUCTEMAaxX

31. 3HAaTh KJIACCHYECKHUE
TEXHOJIOTHYECKHE TIPOIECCHI
W3TOTOBIICHUS
MHTETPATBHBIX MUKPOCXEM
1 MUKPOCHUCTEMHOM
TEeXHUKU

Jucnuminza:"TexHosoruueckue npouecchbl MUKpO3JIEKTPOHUKHI

IIK.2.B

31. 3HATH KIIaCCHYECKHE
TEXHOJIOTHYECKUE MPOIECCHI
N3TOTOBJICHUSA
I/IHTeraJ'H)HI)IX MI/IKpOC)(eM
U MHKPOCHUCTEMHOM
TEXHUKHA

JucunnnuHa: " TexHoaorus npuéopoB MUKPOCHCTEMHOMN TeXHUKH

I[IK.2.B

yl. ymeTs nonp3oBarbscs
YHUCIICHHBIMU MOJICIISIMH
TEXHOJIOTUYECKUX
HPOLIECCOB

JucnumumHa: " TexHonorus nprOOpOB MUKPOCUCTEMHOM TEXHUKH

I[IK.2.B

yl. ymMeTb nosip30BaThCs
YHUCIIEHHBIMU MOJIEIISIMH
TEXHOJIOTUUECKHX
HPOLIECCOB

Juciuminza:"KoMIOHEHThl MUKPOCUCTEMHOM TEXHUKU




I[IK.2.B yl. ymeTs nonbp3oBaTecs JucuunnuHa:"TexHOIornuecKre Mporecchl MUKPOIIEKTPOHUKU
YHCIIEHHBIMH MOJEISIMHU
TEXHOJIOTHYECKUX
MPOLIECCOB

2. Meroauka oneHku 3TanoB GopMUPOBaHNSI KOMIIETEHIMA B paMKax MOIYJIS.

[TpomMexxyTodHast aTTecTalys Mo MOAYJIK POBOAMUTCS B 3 ceMecTpe - B ¢opMe 3adera, B 4 cemecTpe - B
dbopme 3adera, B 5 ceMecTpe - B (opMe 3K3aMeHa, KOTOPBIM HANpaBJICH HAa OIEHKY c(hOPMUPOBAHHOCTH
kommerennuii [1K.1.B, IIK.2.B.

3ayer B 3 cemecTpe NPOBOJAUTCA B TNHCbMEHHOM (opMe, C TOCIEAYIOIMIMM YCTHBIM
cobeceoBaHMEM TI0 BOIIpOCcaM OmiieTa M JIOMOJHUTENbHBIM BorpocaM. B Gumiiere 2 Bompoca. Bompocst
OpUBEJCHBI B IAcIOpTe€ 3adeTa, IO3BOJSIOIIME OIEHUTh MOKa3aTrenu  CHOPMHUPOBAHHOCTU
COOTBETCTBYIOLIMX KOMIETeHIUH. BpeMst moaroToBku oTBETOB HA BONpockl 60 MuHYT. OTBET POXOAUT Y
nocku. [IpenogaBatens BrpaBe 3a1aBaTh JOMOJIHUTEIBHBIE BOIIPOCHI.

3ayer B 4 cemecTpe MPOBOAUTCS B MUCBMEHHOM (hopMe, ¢ TIOCIEYIONINM YCTHBIM
cobecetoBaHMEM IO BOIIpocaM OMIIeTa ¥ JOMOJHUTENIBHBIM BorpocaM. Ha moArotoBky acnupanrty
orBoautcst 60 MunyT. B Omitere 2 Boripoca. Bonpock!l mpuBeieHb! B TacopTe 3aueTa, O3BOJISIOIINE
OLIEHUTb MOKa3aTeIu c(hOPMUPOBAHHOCTH COOTBETCTBYIOIIUX KOMIETeHIUI. OTBET NPOXOAUT y JOCKH.
[IpenoaBaTens BIpaBe 3a/1aBaTh TOTIOJTHUTEIBHBIE BOTIPOCHL.

DOk3aMeH B 5 ceMecTpe MpPOBOJUTCS B MHCBMEHHON (hopMe ¢ TMOCIEIYIOIIUM YCTHBIM
co0ecel0BaHUEM I10 BOIIpocaM OuieTa U JOMOJHUTENIBHBIM BoIIpocaM. buner conepxut Tpu Bompoca 1o
COJIep’)KaHUI0 00pa30BATEIBLHOM MPOrpaMMBl M CaMOCTOSITENIbHON paboThl acmupanta. Bompochl s
[OJAFOTOBKU IIPUBE/IEHBI B I1ACIIOPTE K AK3aMeHY. BpeMs moAroTroBku 0TBETOB Ha BOIPOCHl 60 MUHYT.

OO61re nmpaBuia BHICTABICHUS OLIEHKH 10 JTUCIUILIMHE ONPEeAesatoTcs 0amibHO-PEUTHHIOBON CUCTEMOH,
NPUBEJCHHON B paboyeil mporpaMme MOTyJIsl.

Ha ocHoBanuu npuBeneHHBIX Aajiee KPUTEPUEB MOXKHO CJlieNaTh OOLIMH BBIBOJ O CHOPMHPOBAHHOCTU
xomnereHumi [1K.1.B, I1K.2.B, 3a koTopble 0TBe4aeT JUCLUILINHA, HA Pa3HBIX YPOBHSIX.

OO0urasi XxapakTepuCTHKA YPOBHEH 0CBOEHHUsI KOMIETEHIIUI.

Hwuxe nmoporoBoro. YpoBeHb BBINOJHEHUS pabOT HE OTBEYAeT OOJBIIMHCTBY OCHOBHBIX TPEOOBAHUH,
TEOPETUYECKOE CO/ECP)KaHUE TUCLUIUIMH OCBOEHO YAaCTUYHO, MPOOEbl MOTYT HOCHTH CYIIECTBEHHBIN
XapakTep, He0OX0IMMble MPAKTUYECKHE HABBIKM PabOThl ¢ OCBOEHHBIM MaTepHajaoM c(hOpPMHUPOBaHBI HE
JIOCTaTO4HO, OOJBIIMHCTBO MPEAYCMOTPEHHBIX MMPOrPaMMOIl MOAYIS yU€OHBIX 3a/laHUi HE BBIIOJHEHBI
WM BBITIOJIHEHBI C CYIIECTBEHHBIMU OLIMOKaMHU.

IloporoBblii. YpoBeHb BBIIOJHEHUS PAa0OT oOTBeYaeT OOJBIIMHCTBY OCHOBHBIX TpeOOBaHUiA,
TEOPETHUYECKOE COJEpXKAHNUE IUCLUIUIMH OCBOCHO YacTUYHO, HO MPOOENsl HE HOCAT CYLIECTBEHHOIO
XapakTepa, HEOOXOOUMblE MPAKTUUYECKHE HaBBIKU PaOOThl C OCBOEHHBIM MaTe€pHajoM B OCHOBHOM
chopMHUpOBaHbI, OOJBIIMHCTBO MPETYCMOTPEHHBIX MPOrPaMMON MOAYIS Y4eOHBIX 3a/laHUi BBINOIHEHO,
HEKOTOpPbIE BU/IbI 3a/JaHUI BBIITOJIHEHBI C OIINOKaMHU.

Ba3oBblii. YpoBeHb BBINOJHEHHS] pabOT OTBEYA€T BCEM OCHOBHBIM TpEOOBaHUSIM, TEOPETHUYECKOE
coJiep’KaHue JMCIUILIMH OCBOEHO MOJHOCTHIO, O3 Mpo0eIoB, HEKOTOPhIE MPAKTUYECKHE HAaBBIKK pabOThI C
OCBOGHHBIM MaTrepHuajoM c(hOpMHUPOBaHbI HEIOCTaTOYHO, BCE MPEAYCMOTPEHHbIE MPOrpamMMONl MOy
yueOHbIEe 3aJJaHUs BBIMIOJIHEHBI, KAYECTBO BBIMOJIHEHHUS] HU OJHOTO M3 HUX HE OLEHEHO MUHUMAJIbHBIM
YHCIIOM 0ajyIoB, HEKOTOPBIE U3 BBIMOJIHEHHBIX 3aJaHHI, BO3MOXKHO, COJEPKAT OMIMOKH.

IIponBUHYTHI. YPOBEHb BBHIOJHEHUSI pabOT OTBEYAET BCeM TPEOOBAHUSIM, TEOPETHUECKOE CO/AEpKaHHE




JUCUUIUTMH OCBOEHO TIOJHOCTBIO, 0e3 mpo0enoB, HEO0OXOAWMBIE NMPAKTHUECKHUE HABBIKM pPabOTHI ¢
OCBOCHHBIM MaTepuaioM c(hopMHUpOBaHBI, BCE MPEYCMOTPEHHBIE TPOrPaMMOil MOAYJIsl yueOHbIE 3aaHus
BBINOJIHEHBI, KAYECTBO MX BBIIMOJIHEHHSI OLICHEHO YHUCIIOM OaiioB, OJU3KUM K MAaKCUMAaJIbHOMY.



