degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI

3JIeKTPOHHUKH, JOTOHMKHU U

MOJICKYJISIPHOH QU3UKH
B.B. UBanoB

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

10 JMCHMILIMHE: ®Du3uKa MoynpoBOAHUKOBBIX IPUOOPOB
110 HANIPABJICHUIO: OJIEeKTPOHMKA U HAHOZJICKTPOHHKA
Nnpo¢uJIb NOATOTOBKH: MUuKpo- 1 HaHOZJIEKTPOHUKA

OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kadeapa MUKpPO- U HAHODJICKTPOHHUKH

Kypc: 4
KBAJM(PUKAIMA: OaxanaBp

CemecTpsl, HOPMBI IPOMEKYTOYHON ATTECTAIMH:
7 (ocennuit) - JlnddepeHnmpoBaHHbIi 3a4eT

8 (Becennnii) - JluddepennupoBanubiii 3aueT

AynutopHbIX yacoB: 60 Bcero, B TOM YHCIIE:
nexuuu: 60 yac.
cemuHapsbl: 0 yac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 30 gac.

Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy coctaBui: A.P. berumies

[Iporpamma obcyxeHa Ha 3aceqannu Kadenpbl MEKpO- U HaHO3IeKTpoHukH 29.05.2020



AHHOTANMA

Kypc "®usnka nomynpoBOAHHUKOBBIX HPUOOPOB" MpeaycMarpuBacT MONYy4YeHHE Oa30BBIX TEOPETHUUYECKUX
3HAaHUH B 00JACTH METPOJIOTHMH COBPEMEHHOI'O MPOW3BOJCTBA M3/EIUN MHUKPO M HAHO IEKTPOHUKH, Ooiee
IyOOKoe H3y4YeHHe (PHU3MUECKHX METONOB, METOIMK H3MEpeHHss W 000pyHOBaHUs, NPUMEHIEMBIX B
COBPEMEHHOM IPOU3BO/ICTBE, a TAKKE METOJI0B 00pPaOOTKH JaHHBIX.

3agaun JUCIUATIINHEL:

® H3Yy4YCHUC (I)I/ISI/I‘IeCKI/IX MPUHOMUIIOB, JICKAIIUX B OCHOBE IOCTPOCHUSA COBPEMCHHBLIX H3MCEPUTCIIBHBIX
CUCTCM JIs1 MIPOU3BOJACTBA I/IS,Z[CJ'II/Iﬁ HaHODJJICKTPOHUKU,

¢ HU3YUYCHUC MCTOHOJIOTHHU IMOCTPOCHUA CXCM KOHTPOJIA MJIA PA3JIMIHOTO THUIIA TCXHOJOT'MYCCKUX ITPOLCCCOB;

* TOJy4YCHHE HABBIKOB PaOOThl HA KOHTPOJIbHO-U3MEPUTEIHFHOM U (PU3MKO-aHATUTUIECKOM 000PYIOBaHUH B
YCIJIOBUSIX PEAJIbHOIO IIPOU3BOACTBA.

OcHOBHOE cofepxaHHue Kypca U3JI0KEHO B CIEAYIOIIUX pa3aesax:
. OcoOEeHHOCTH METPOJIOTHH B COBPEMEHHOM IPON3BO/ICTBE MHTETPATBHBIX CXEM.
. Cucrema KOHTpOJIS IapaMETPOB COBPEMEHHBIX TEXHOJOIMUECKUX IIPOLIECCOB
. @u3nyecKue OCHOBbl METOJI0B METPOJIOTUHU JINHEHHBIX Pa3MepoB
. OnTuueckue METobl METPOJIOIMH JUIEKTPUUECKUX CJIOEB U CTPYKTYP

1
2
3
4
5. ®u3nuYecKue 0OCHOBBI METPOJIOTUM METAINIMYECKUX CIIOEB U CTPYKTYP
6. Dnekrpoduzrueckre MeTo bl KOHTPOJIS

7. Metozpl KOHTpOIIs ieheKTHOCTH

8. AHAJINTUYECKHE METOABI HCCIIEI0BaHMUS 00bEKTOB MUKPO M HAHO JIEKTPOHUKH.
9. CoBpeMeHHbIE cHCTEMBI 00pPa0OTKY M aHAIH3a JaHHBIX B ipoun3BojicTee VC.

1

0. PeHTreHOBCKHE METO/IbI KOHTPOJISI COCTaBa CIIOCB U IOBEPXHOCTHBIX 3arpsi3HEHUIH
1. lean u 3apa4n

]_le.]'lb AUCHUIIINHBI

- TosyyeHrue 0a30BBIX TEOPETHYCCKHX 3HAHWN B OOJACTH METPOJIOTHH COBPEMEHHOIO MPOM3BOICTBA
M3JICIUI MHUKPO M HAHO 3JICKTPOHUKH, OoJjice IIyOOKOe H3yYCHHE (PU3HUCCKUX METOMOB, METOIMK
u3MepeHuss U 00OpYIOBaHHS, MPUMCHSEMBIX B COBPEMEHHOM IPOM3BOJACTBE, a TaKXKe METO/IOB
00pabOTKN JaHHBIX.

33]13‘[]([ JAUCHUIIINHBI

* U3yYeHHE (PU3UYECKUX MPUHITUIIOB, JISKAIIUX B OCHOBE MTOCTPOCHUS COBPEMEHHBIX U3MEPUTEITHHBIX
CUCTEM JJIsl MPOU3BOJICTBA U3ENINN HAHODIEKTPOHUKH;

*  U3yuyeHHE METOIOJOIMM IOCTPOEHUS CXEM KOHTPOJA Ul PAa3jIMYHOIO THUIA TEXHOJIOIMUYECKUX
MIPOLIECCOB;

. MOJyYeHHE  HAaBBIKOB PAa0OTHI HA KOHTPOJBHO-U3MEPUTENHLHOM M  (PH3HKO-aHATUTHYECKOM
000pyAOBaHNY B yCIOBHUSIX PEATbHOTO IPOU3BOACTBA.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHIA:

Koz 1 HanMeHOBaHKE KOMIIETEHIIUU WHauKaTopbl JOCTHKEHMSI KOMIIETEHIIUN
[1K-1 CniocoOneH mwianuposars u nposoauts  |[IK-1.4  VYMeer crpouts MmaremaTndecKue MOIECIM LIS
Hay4YHbIE YKCIIEPUMEHTHI (B U30paHHOMI ONMCAHMS W MCCIEAOBAHHA IIPOLECCOB M SABICHUH B
[PEIMETHOM 0011aCTH) U (MJIH) TEOPETUYECKUE | COOTBETCTBYIOLIMX HAy4HBIX 00IacTsIX
(aHAJIMTHYECKHE U UMUTALIOHHBIE) IIK-1.1 Bnaneer (dyHIaMeHTaTbHBIMH MHOHSATUSIMU,
HCCIICNOBaHUA 3aKOHaMHM ¥ TEOPUSMH COBPEMEHHOM (pHU3nKN

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 AUCHMILINHE (MOLYJII0)
B pesynbTrare 0cBOGHHS AUCHUIIIMHBI 00y4aIOIINeCs JOIKHbI
3HAThb!



- (u3HYeCKre OCHOBBI METOIOB HM3MEPEHHs, OCHOBHBIC NPHHIUIBI MOCTPOCHUS H3MEPHUTEIBHOTO
000pyIOBaHUsI, METOANKHA H3MEPEeHUs, (PU3NYeCKue 0COOCHHOCTH OOBEKTOB M3MEPEHUs, (PU3NICCKUE
OrpaHHYCHUS] METOIOB n3MepeHuss. OCHOBBI METPOJIOTHH.

YMETh:
- BBIOMpATh aJeKBaTHYIO (PU3MUECKYI0 MOJIENb OObEeKTa M3MEpEHHsI, pa3pabaThiBaTh ONTUMAIIbHBIN
IUIaH KOHTpOJisi. [IpOBOAMTE TPOBEPKY TOTOBHOCTH CPEACTB W3MepeHus. [IpoBOAMTH H3MEpeHUs
CTaHJIaPTHBIX 00Pa3110B MOHUTOPHBIX TUIACTHH.

BJIQJICT!
- CTaTUCTUYECKUMHU METOJaMU 00pabOTKU M3MEPHUTEIIBHBIX TAHHBIX, aJITOPUTMAMU MIPUHSITHUS PELICHHS
Ha OCHOBE CTAaTHCTUYECKUX METOIOB YIpaBICHHS IpoleccaMi (KOHTPOJbHBIE KapThl, OLICHKA
COCTOSIHHMS TIpollecca), Ha4yajJbHBIMH HAaBBIKAMH pa3paOOTKHM H3MEPHUTEIbHBIX HPOrpaMMm  JUIs
KOHTPOJIBHO-U3MEPUTEIHHOTO 000PYIOBaHUSI.

4. Coep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYCCKUX YACOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIINHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
OcobenHocTu METpPOJIOTUU B
1 COBPEMEHHOM MIPOM3BOZICTBE 6 3
MHTETPATLHBIX CXEM.
Cucrema KOHTpPOJSI ~ [apaMeTpoB
2 COBPEMEHHBIX TEXHOJIOTHYECKUX 8 3
MPOLIECCOB.
3 dusnyeckne  OCHOBBI METO/IOB ] )
METPOJIOTUH JIMHEHHBIX pa3MepOB.
4 Onrtuueckne  METOABI  METPOJIOTHHU 4 4
JHMIIEKTPUIECKUX CIIOEB U CTPYKTYD.
5 ®dusnyeckne  OCHOBBI  METPOJIOTHH 4 3
METAJUINYECKUX CJIOEB U CTPYKTYD.
6 OnexkrpoduznuecKre METOIbI KOHTPOJIS. 8 4
7 MeTo/bl KOHTPOJIS JePEKTHOCTH. 4 4
3 AHanuTH4ecKue METOAbl HCCIIeIOBAHMS 3 )
00BEKTOB MUKPO M HAHO AIIEKTPOHUKH.
9 CoBpeMeHHble cHCTeMBl 00pabOTKM U 6 3
aHaJM3a JaHHBIX B poun3BoacTee MC.
PentreHoBckne  MeTOABl  KOHTPOJIA
10 |coctaBa cl0€B W  IMOBEPXHOCTHBIX 4 2
3arpsA3HEHUN
Hroro yacos 60 30
[ToaroTroBka k sK3aMeHy 0 yac.
Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 7 (OceHnuii)

1. OcobeHHOCTH MCTPOJIOTUH B COBPEMCHHOM MPOU3BOACTBC MHTCIPAJIBHBIX CXCM.



CoBpeMEHHOE  MUKPOIIEKTPOHHOE IPOU3BOACTBO, OCHOBHBIE HAIIPABICHUS  Pa3BUTUS U
nepcrnektussl, [llupora npuMeHseMbIx (U3MUECKUX METOAOB, HOBBIE MaTepHallbl, TPEOOBAaHUS K
M3MEPHUTEIbHBIM CHCTEMaM 10 TOYHOCTH, CTAaHAAPThl U KOHTPOJIbHBIE 00pasiibl, HOBEPOUHBIE CXEMBI,
MaTYUHT KOHTPOJIBHO-U3MEPUTEIIBHOTO 000PYIOBaHUs, IOCTOSIHHOE COBEPILIEHCTBOBAHHE.

2. Cucrema KOHTPOJIA MMapaMETPOB COBPEMCHHBIX TCXHOJIOTUYCCKUX IPOLCCCOB.

ITpou3BOACTBO Kak CHCTEMa CBS3aHHBIX IPOLECCOB, IPOLECCHBIA IMOAXOM, KIACCHU(PUKAIM
TEXHOJIOTUYECKHUX IPOLECCOB- TPYNIOBbIE W HMHAUBUAYaJbHO IOTOYHBIC, CHUCTEMa ONHCAHUS
TEXHOJIOTUYECKUX MPOLIECCOB, IapaMeTphl M UX XapaKTEPUCTHKH, OOBEKTbI KOHTPOJS, CTPYKTypa
JNAHHBIX, METOAbl CTATUCTHYECKOTO YINpaBIIEHUs NpoleccaMmy, BapHaOeIbHOCTh IPOLIECCOB,
KOHTPOJIMPYEMBbIE U HEKOHTPOJUpYyeMble Ipouecchl. KOHTpONbHBIN IJIaH, KOHTPOJIb IPOLYKIMH,
BBIOOPKH, KOHTPOJIb IO AJIETEPHATUBHOMY MPU3HAKY KaueCcTBa.

3. ®U3NYCCKHUE OCHOBEI MCTOAOB MCTPOJIOTHHN JIMHESHHBIX pasMEpoB.

DJIeKTPOHHO-MHUKpOCKOIMYeckue  Metoabl.  OcoOeHHOCTH — (OPMHPOBAHUS  DJIEKTPOHHOTO
nzobpaxxkenus. Orpannmdenuss meroma.  Ckarepomerpust. OcoOEHHOCTh OOBEKTOB KOHTPOJIS,
HEOOXOAMMOCTh CTAaTHCTHYECKOTo paccMorpenus.  OOopynoBanue. OCOOCHHOCTH METPOJIOTHU
MaJlbIX pa3MepoB.

4. OnTHyecKkrue MEeTObl METPOJIOTUH JUBJIEKTPUUECKUX CIIOEB U CTPYKTYD.

PeduexkromeTpysi B IIMPOKOM CHEKTPAJIbHOM JMAna3oHe, OJUIMICOMETPHs, CIEKTpalbHas
SJUTMTICOMETPHS, MHOTOYTJIOBas PEeQICKTOMETPHS, TIOCTPOCHUE MOJCIH MHOTOCIOHHBIX CTPYKTYD,
pelieHue ooparHoii 3a1a4u, 00opynoBaHue. TOYHOCTHBIE XapaKTEPUCTHKH METOIOB U 000PYIOBaHUSI.
TpeOGoBaHMS K CTaHAAPTHBIM 00pa3IiaM.

5. ®U3NYECKUE OCHOBEI MCTPOJIOTUU MCTAJINIMYCCKUX CJIOCB U CTPYKTYD.

30HIUPOBAHUE CTPYKTYP JIA3€PHBIMU UMITYJIbCAMH, BO30YKJIEHNE aKyCTUYECKHUX BOJIH, BO30YyXK/IeHHE
TEPMHUYECKUX BOJH, MHOIOCIOWHBIE CTPYKTYpBl, H3MEPEHHE TOJIIIMHBI, H3MEPEHHE J103
JIeTUpOBaHUs, 000pynoBaHue. BinsHue nepexonHbIX CI0EB U IPaHULIbI pa3ena.

Cemecrtp: 8 (Becennuit)
6. JnekrpoduznyuecKre METOIbI KOHTPOJIS.
4X-30H/10BBII, KOHTPOJIb TEOMETPUH U HAIPSHKEHHUH B IJICHKAX, (OTOAIEKTPHKA, 000PyI0BaHUE.
7. Metozipl KOHTPOJIs 1ePEeKTHOCTH.

Paccesnue CBETAa, KOHTPOJIb IIACTHUH 6e3 TOITIO0JIOT'HH, ABTOMAaTHUYECKHUU KOHTPOJIb «T€MHOC€ II0JIC»
«CBCTJIOC IOJIC)», KOHTPOJIb TOIIOJIOTUH, OGOpy,Z[OBaHI/IG.

8. AHanuTHYCCKHE METOABI UCCIICAOBAHUA 00BEKTOB MHUKPO U HAHO DJICKTPOHUKHMU.

CoM, IIDM, OXE, BHUMC, UK-®Dypre, Pammanosckoe paccesnue, PD- wmukpoanamus,
o0opynoBaHue.

9. CoBpeMeHHbIE cHCTEMBI 00pPa0OTKY M aHAIH3a JaHHBIX B ipoun3BojcTe VIC.

COop u craructudeckas 00padoTKa JJaHHBIX, KOpPESIMOHHbIE 1 aHanuTu4eckue cucreMbl ACE-XP,
Klarity Defect.

10. PeaTreHoBCcKUE MCTOJbI KOHTPOJIA COCTAaBa CJIOCB U IOBCPXHOCTHBIX BanHSHeHPIfI



OCHOBBI PEHTIeHO(ITYOPECIIEHTHOTO aHaln3a COCTaBa CIOEB M CTPYKTyp, (usndeckue mopenw,
KaauOpoBKa MeToja, CTaHgapTHbIe 00pa3ubl. KOHTpOIb NMOBEPXHOCTHBIX 3arpsi3HEHHS METOIOM
PEHTIeHO(IIyOPECIIEHTHOTO ~ aHajdM3a IPH IOJHOM IIOBEPXHOCTHOM OTPaKCHMH, MPEAEIbI
OOHApy>KeHHS, METOIbl YBEJIWYECHUS YYBCTBUTEIBHOCTH C TIOMOIIBIO XUMHUYECKHX METOIOB.
KOHTpOJIb TONIIMHEI C TOMOILIBI0, 000PYIOBaHHUE.

5. Onucanue MaTepuaJIbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLeCTBJIECHHS 00pa30BaTEJILHOIO
npouecca 1no JUCUUILInHE (MOIYJII0)

Heo0xonrmoe ob6opynoBaHue 1Jisl JIEKUUNA: ayAUTOPHUS, KOMIIBIOTEP U MYJbTUMEANHHOE 000pyI0BaHHE
(mpoexrop), noctym B UIIII 1 kK KOHTPOIBHO-U3MEPUTETHLHOMY 000PYIOBAHUIO MTPOU3BOICTBECHHOM
muHenkH 200MmM.

ObecrieueHue caMOCTOSTENTLHON paOdOTHI: TOCTYI B ceTh IHTEpHET, J0CTYIT K PeKOMEHI0BAaHHOMH
JIUTEpPATYpE.

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa
1. HoBuxkos I. A. OcHoBBI MeTposiorun: yueOHnoe nocodue / [.A. HoBukoB.— Ynesnosck: Ynl TV,
2010. - 182 c. - ISBN 978-5-9795-0619-7
2. Cmupnos C. B. Metons! u 000py0oBaHue KOHTPOJIS TapaMeTPOB TEXHOJIOTHYECKUX MTPOLECCOB
IIPOU3BOJICTBA HAHOI'€TEPOCTPYKTYP U HAHOI'€TEPOCTPYKTYPHBIX MOHOJIUTHBIX HHTEIPAIbHBIX CXEM:
yue6. mocobue / C.B. CmupHOoB. — M31-Bo ToMCK. TOC. YH-Ta CUCTEM YIP. H PaIUOIEKTPOHUKH. —
Tomck, 2010. — 115 c.
3. Bpangon /., Kaman Y. Mukpoctpykrypa MaTepuaioB. MeTOIbI HCCIICAOBAHUS U KOHTPOJIS / TIep. ¢
anr. mox peaakmuei C.JI.baxenosa. - Mocksa: Texnocdepa, 2004. — 384c.
4. LKII "MarepuanoBeZieHlE U TUAarHOCTHKA B iepeoBhIx TexHonorusx" npu ®TU um. A.®. Hodde,
«B3aumoelicTBUE AMEKTPOHHOTO Ty4Ka ¢ oOpaznom», Cankr-IletepOypr, 2010.
5. LKII "MarepuanoBeaeHue u quarHoctuka B nepenoBsix Texnonorusax" npu @THU um. A.@. Hodde,
«Du3nvYecKue OCHOBBI PEHTTEHOCIIEKTPAILHOTO MUKpoaHnanu3ay, Cankr-IlerepOypr, 2010.

JlononHuTenbHAs TUTEpaTypa
1. ITRS, “International Technology Road Map for Semiconductors Metrology Roadmap 2011.
Metrology Technical Working Group, winter meeting, Dec.2011 S. Korea
2. TI'aBpunenxko B., Hosuxkos 0., Ozepun 0., Pako A., Toxya I1., «Poccuiickuii mpororumn
MEXIyHapOAHOTO TecT-00beKkTa HaHopenbeda anst POM u ACM. Hanounmyctpust Ne6/2008

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIs)

1. Jerry Hunter, IMPROVING DEPTH PROFILE MEASUREMENTS OF NATURAL ATERIALS:
LESSONS LEARNED FROM ELECTRONIC MATERIALS DEPTH PROFILING or Depth Profiling
Tricks of the Trade», Virginia Tech, www.vt.edu.

2. ITRS, «Metro2011» http://www.itrs.net/home.html.

3. StatSoft, Inc. (2001). DnexTpoHHBII Y4eOHUK 110 TPOMBILUIEHHON cTarucTuke. Mocksa, StatSoft.
http://www.statsoft.ru/home/portal/textbook ind/default.htm.

4. StatSoft, Inc. (2001). DnekTpoHHBIN yueOHUK TI0 cTarucThke. Mocksa, StatSoft.
http://www.statsoft.ru/home/textbook/default.htm

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOro NPOrpaMMHOI0 odecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha JICKIIMOHHBIX 3aHATHIX UCIIONB3YIOTCS MYITBTUMEANIHBIE TEXHOIOTHUH, BKITIOYAst IEMOHCTPAIUIO
Npe3eHTALUN.

9. MeToauyeckue yKazaHus AJis1 00y4ar0IIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)



1) mocemeHusl BceX JIEKIMA, MPENyCMOTPEHHBIX YYEOHBIM IUIAHOM; BEJCHHE KOHCIEKTOB 3aHSATHI;

AaKTHUBHOE y4yacTre B OOCYKICHUH JICKIIHI;
2) BaXXHO AOOWTHCS MOHMMAHMS M3y4aeMOIo MaTepHaja, a He MEXaHHMYECKOro ero 3anoMuHaHus. [Ipu
3aTPyOHCHUM W3YYEHUS! OTICNIBHBIX TEM, BOIPOCOB, CIEAyeT OOpaliaThCsi 3a KOHCYJIbTalKMed K

MpeTnoAaBaTesio Ha JIEKIUH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: DJIEeKTPOHMKA U HAHOZJIEKTPOHHKA

Nnpo¢uJIb NOATOTOBKH: MUuKpo- 1 HaHOZIEKTPOHUKA
OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kageapa MUKpPO- ¥ HAHODJICKTPOHHUKH

Kypc: 4

KBAJM(PUKAIMA: OaxanaBp

CemecTpsl, HOPMBI IPOMEKYTOYHON aTTECTAIHH:
7 (ocennuit) - JInddepeHmpoBaHHbIi 3a4eT

8 (Becennnii) - JluddepennupoBanubliii 3aueT

Pa3paborunk: A.P. beruies



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Koz 1 HanMeHOBaHKE KOMIIETEHIIUU WHauKaTopbl JOCTUKEHMSI KOMIIETEHIIUN
[1K-1 CniocoOneH mwianuposars u nposoauts  |[IK-1.4  VYMeer crpouts MmaremaTndecKue MOIECIM LIS
Hay4YHbIE YKCIIEPUMEHTHI (B U30paHHOMI ONMCAHMSI W MCCIEAOBAHHA IIPOLECCOB M SABICHUH B
IPEIMETHOM 0011aCTH) U (MJIH) TEOPETUYECKUE | COOTBETCTBYIOLIMX HAy4HBIX 00IacTIX
(aHATUTHYECKUE U UIMUTALIHOHHBIC) [IK-1.1  Bnageer  ¢yHAaMEHTAIbHBIMH  MOHATHUSIMH,
HCCICNOBaHHUA 3aKOHaMHM M TEOPUSIMH COBPEMEHHOM (pHU3uKn

2. Iloka3zare/iM OLCHMBAHMS KOMIIETCHIMIA
B pesynbrare n3yueHus AUCIMIUIMHBL « PU3HKa MOIYTIPOBOAHUKOBBIX MIPUOOPOBY 00yUarOIUiics JOKEH:

3HATb:

- (u3uYeCKre OCHOBBI METOIOB HM3MEPEHHs, OCHOBHBIC NPHHLUIBI MOCTPOCHUS H3MEPHUTEIBHOTO
000pyIOBaHUsI, METOAUKHA H3MEPEeHUs, (PU3NIeCKue 0COOCHHOCTH OOBEKTOB M3MEPEHUs, (U3NICCKUE
OrpaHHYCHUS] METOIOB M3MepeHus. OCHOBBI METPOJIOTHH.

yMeThb:
- BBIOMpATh aJeKBaTHYIO (PU3MUECKYI0 MOJIENb OObEeKTa M3MEpEHHsI, pa3pabaThiBaTh ONTUMAIIbHBIN
IUIaH KOHTpOJisi. [IpOBOAMTH TPOBEPKY TOTOBHOCTH CPEACTB M3MepeHus. [IpoBOAMTH H3MEpeHUs
CTaHJIAPTHBIX 00Pa3110B MOHUTOPHBIX TUIACTHH.

BJIaJIeTh:

- CTAaTUCTUYECKUMH METOJIaMH 00pabOTKM N3MEPHUTENbHBIX JAHHBIX, AITOPUTMAMHU IIPUHATHS PEIICHUS
Ha OCHOBE CTaTHCTHYECKHX METONOB YIMpaBJICHUS MpoleccaMu (KOHTPOJIbHbIE KapThl, OLICHKA
COCTOSIHMSL TIpolLlecca), HAuyaJIbHBIMH HaBBIKAMH DPa3pabOTKH HM3MEPUTENBHBIX HpOrpamMMm  JUis
KOHTPOJIbHO-U3MEPHUTEIBHOTO 000pyIOBaHHUS.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BONPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMY KOHTPOJII0

C 1enbl0 KOHTPOJS OCBOSHHUS O0ydYaromUMUCS Y4eOHOTO Marepuana MPOBOIUTCS YCTHBIA OMpOC B
HayaJie 3aHsATHs 110 TEME MIPOIION JICKINUH UIM B KOHLE 3aHITHUS 110 IPOMJEHHOMN TEME.

4. [lepeyenb THNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM JIJIsl IPOBeAeHUsI IPOMEKYTOYHOI aTTecTalluu
o0yuarumuxcst

. OcobennoctHn MCTPOJIOTUH B COBPEMCHHOM IPOU3BOACTBC NUHTCIPAJIBHBIX CXCM.
. Cucrema KOHTPOJIA MMapaMETPOB COBPEMCHHBIX TCXHOJIOTUYCCKUX MIPOUCCCOB

. ®u3n4yecKrue OCHOBBI MCTOAOB MCTPOJIOTHHN JIMHESUHBIX pasMepoB

. OnTuueckue MCTOAbI MCTPOJIOTUN NJUIJICKTPUICCKUX CIIOCB U CTPYKTYP

. ®u3n4yecKrue OCHOBBI MCTPOJIOTUU MCTAJTINIMYCCKUX CJIOCB U CTPYKTYP

1
2
3
4
5
6. Onexrpodu3nvaecKkre METOABl KOHTPOJIS
7. Metoap! KOHTpOJIs AeheKTHOCTH

8. AHAIIMTHYECKHE METOBI MCCIIEIOBaHMsI 00bEKTOB MUKPO Y HAHO JICKTPOHHKH.
9. CoBpeMeHHbIE CHCTEMBbI 00pa0OTKU M aHaJIM3a JaHHBIX B ponsBoacTee VC.

1

0. PenTreHoBcKkue MCTOJbI KOHTPOJIA COCTaBa CJIOCB U IMOBCPXHOCTHBIX BanHSHeHI/Iﬁ

Kpurepuu onieHuBanus
10 6amnos — (IIPEBOCXO/JHO):
*  CHUCTEMaTU3UpPOBaHHbBIC, IIYOOKHE W TOJHBIC 3HAHUS 10 BCEM pasjeiiaM y4eOHOI mporpamMmebl, a
TAKKe 110 OCHOBHBIM BOIPOCAM, BBIXOMSIIUM 32 €€ MPEICIIbI;
. TOYHOE MCIOJIB30BAaHUE HAYYHOH TEPMHHOJOTUM (B TOM 4YHCJIE HAa WHOCTPAHHOM SI3bIKE),
CTHJIMCTHYECKH I'PAaMOTHOE, JIOTUYECKH MPABHIBHOE N3JIOKEHNE OTBETA Ha BOIPOCHI;
*  0Oe3ynpeyHOoe BIIAJICHUE WHCTPYMEHTApHEM Y4YeOHOW TUCHUIUIMHBI, YMEHHE ero 3((PEKTHBHO
UCIIOJIb30BaTh B IOCTAHOBKE M PEIICHUU HAy4YHBIX U MPO(ECcCHOHAIBHBIX 3a/1a4;




. BBIPKCHHAs! CIOCOOHOCTh CAMOCTOATEILHO M TBOPYECKM pEILIaTh CIIOXKHbBIE NPOOJIeMbI B
HECTaHJapTHOH CUTYyalllH;

*  TOJHOE M DIIyOOKOE yCBOEHHE OCHOBHOM M JONOJHHUTENBHON JUTEparyphl, PEKOMEHJOBAaHHOMN
y4eOHON MPOrpaMMOi TUCTIMITIINHEI;

* YMEHHUE OPUEHTHPOBATHCS B TEOPUAX, KOHLENIMIX U HallpaBIEHUAX 10 U3y4aeMOM AMCLUIUIMHE U
JaBaTh UM KPUTHYECKYIO OLIEHKY, HCIIOJIb30BATh HAYYHBIE JOCTHKEHMS IPYTUX JUCIUILINH;

*  TBOpYECKas CaMOCTOATENIbHAs PabOTa Ha NPAKTUUYECKHX, JIAOOPATOPHBIX 3aHATUSAX, AKTUBHOE
ydacTue B IPYIIOBBIX 00CYXKJICHUSAX, BBICOKUH YPOBEHb KYJIBTYpbl HCIIOTHEHHS 3aJaHuil.

9 6amto — (OTJIMYHO):

* CHUCTEMaTU3UPOBAHHbIC, NTyOOKHE U MOITHBIE 3HAHMS 110 BCEM pa3zieiaM yueOHOM mporpaMmel;

. TOYHOE MHCIIOJIb30BAHUE HAy4YHOM TEPMHHOJIOTUM (B TOM YHCJIE Ha HMHOCTPAaHHOM S3BIKE),
CTWJINCTUYECKH IPaMOTHOE, JIOTHUECKH MPABUIIbHOE U3JI0KEHUE OTBETA Ha BOIPOCHI;

*  BIAJCHUE MHCTPYMEHTApUEM Y4YeOHOW IMCLUIUIMHBL, yMEHUE ero 3((EeKTUBHO HCIOJIB30BaTh B
MOCTAHOBKE U PEIIEHUH HAYYHBIX U NPO(eCcCHOHATBHBIX 33/1a4;

*  CIOCOOHOCTb CAaMOCTOSITENIFHO M TBOPUYECKH peEIIaTh CIOXKHBIE MPOOJIIEMBbl B HECTaHAAPTHOM
CUTyallul B paMKax Yy4eOHOM Nporpammbl, IOJHOE YCBOCHHE OCHOBHOW M JONOJHU "TEIbHOM
JUTEPaTyphl, PEKOMEHA0BAaHHON Y4eOHON MpOrpaMMOil TUCIUIIIINHEI;

*  yYMEHHE OpPHUEHTUPOBATHCS B OCHOBHBIX TEOPHSX, KOHLEMIMAX M HANpPaBICHUAX IO H3y4acMOU
JUCLUIUIMHE U 1aBaTh UM KPUTHYECKYIO OLEHKY;

*  caMocTofATeNbHas paboTa Ha MPAKTHYECKHX, JJAOOPAaTOPHBIX 3aHATUSAX, TBOPUECKOE ydacThE B
IPYNIIOBBIX 00CYKICHUSAX, BHICOKUH YPOBEHB KYJIBTYPbI HCIIOJTHEHHS 33 JaHHMH.

8 6amnoB — (IIOUYTHU OTIIMYHO):

* CHCTEMaTU3WPOBaHHbBIC, IyOOKHE M IOJHBIC 3HAHMS [0 BCEM IOCTABJICHHBIM BOIpOcaM B 00beMe
y4eOHOH MPOrpaMMbl;

*  HCIOJb30BaHUE HAYYHOH TEPMHUHOJIOTMH, CTWJIMCTUYECKH I'PaMOTHOE, JIOTMUYECKU IIPaBUIIBHOE
W3JI0KEHUE OTBETA Ha BOIIPOCHI, YMEHHUE JeJIaTh 000CHOBaHHBIC BHIBOJIBL;

* BJIAJICHUE MHCTPYMEHTApHEM YUeOHOU IUCHUILIMHBI (METOIAMHU KOMIUIEKCHOTO aHajn3a, TeXHUKOM
MH(QOPMAIMOHHBIX TEXHOJOTUH), YMEHHE €ro HCIOJIb30BaTh B IOCTAHOBKE M PEIICHUHM HAyYHBIX U
npoeCCHOHANBHBIX 3a7[a4; CIIOCOOHOCTh CAMOCTOSITENIFHO pPElIaTh CIIOKHBIE NPOOIEMBI B PaMKax
y4eOHOH MPOrpaMMbl;

*  YCBOCHHME OCHOBHOW W JIOTIOJHUTEJIHLHOW JUTEPaTyphl, pEKOMEHIOBAHHON y4eOHOH MpOrpaMMoit
JVCLUUTUTHHBL,

*  YMEHUE OpPUEHTUPOBATbCS B OCHOBHBIX TEOPUSAX, KOHLENUUAX U HAIPABICHUAX IO U3ydaeMOMU
JUCUMIUIMHE W JaBaTh MM KPUTHYECKYIO OLIEHKY C IO3WIHUI TOoCyJapCTBEHHOH wHIeojaoruu (1o
JUCLUIUIMHAM COLUAJIbHO-I'YMaHUTAapHOIO LIUKJIA);

* AaKTUBHAas CaMOCTOsTEeNIbHAs paboTa Ha MPAKTHYECKHUX, JTa0OPATOPHBIX 3aHIATUSIX, CHCTEMAaTHUECKOe
y4acTHe B IPYNIIOBBIX 00CYKICHUSAX, BHICOKUN YPOBEHB KYJIBTYPbl HCIIOTHEHHS 33 JaHHMA.

7 6anoB — (OYEHb XOPOLIO):

* CcHCTEMaTU3UPOBAHHbBIE, ITTYOOKHE U MOJIHBIE 3HAHUS 110 BCEM pa3zieiaM yueOHOH MporpaMmbl;

* HCIIONB30BAHME HAYYHOW TEPMUHOJIOTHH (B TOM YHCJIE€ HA HHOCTPAHHOM SI3bIKE), IMHIBUCTUYECKH H
JIOTMYECKH MPAaBUIIBHOE M3JI0’KEHHE OTBETA Ha BONIPOCHI, YMEHHUE JeNlaTh 000CHOBAaHHBIE BBIBOIBI;

* BJAJCHHE MHCTPYMEHTapHeM y4eOHOW NUCHUIUIMHBI, YMEHHE €ro HMCIOJIb30BaTh B IOCTAHOBKE U
pEIIEHUH HAay4YHbIX U MPO(eCCHOHANBHBIX 3a1ay;

*  YCBOCHHE OCHOBHOW W JIOTIOJHUTEJIBHOW JUTEPaTyphl, pEKOMEHIOBAHHON y4eOHOH NpOrpaMMoit
JUCLUIUIMHBL,

*  YMEHUE OpPUEHTUPOBATbCA B OCHOBHBIX TEOPHUSAX, KOHLENUUAX U HAIPABICHUAX IO U3ydaeMOU
JTUCIUIUIMHE U 1aBaTh UM KPUTHUYECKYIO OLIEHKY;

*  caMocTOsiTeNbHas paboTa Ha MPAKTHYECKUX, JIAOOPATOPHBIX 3aHATHSX, YYacTUE B TPYNIIOBBIX
00CY’KIEHUSX, BBICOKUI yPOBEHb KYJIbTYPbI HCIIOJIHEHUS 33/1aHHH.

6 6autoB — (XOPOILO):

* JIOCTaTOYHO IOJHbIE U CHCTEMAaTH3UPOBAHHBIC 3HAHUS B 00beMe yueOHO! MporpaMMsl;

*  HCHOJIb30BaHUE HEOOXOIUMOI HAay4YHOW TEPMHMHOJOIHMH, CTHJIMCTUYECKH I'DPAaMOTHOE, JOTHYECKU
MPaBUIILHOE U3JIOKEHUE OTBETA Ha BOIPOCHI, YMEHHE AeNaTh 000CHOBAaHHbBIE BHIBOJBL;

*  BIAJICHUE HMHCTPyMEHTapHeM y4eOHON IMCIUIIMHBL, YMEHHE €ro HCIOJb30BaTh B PEIICHUU
y4eOHBIX U MPodecCHOHANBHBIX 3a[a4; CIIOCOOHOCTh CAaMOCTOSATEIEHO MPUMEHSITh TUIIOBBIE PEIICHUS
B paMKax y4eOHOW MpOrpaMMel;

* YCBOCHHE OCHOBHOU JINTEPATYPbI, PEKOMEHJOBAHHOW yUeOHOM MpOrpaMMON JTUCITUTUTUHBL



*  yMEHHE OpPHEHTHPOBAThCA B 0A30BBIX TEOPHSX, KOHIEMUUSAX M HANpaBICHUSAX MO H3ydaeMOi
JUCUMIUIMHE W JaBaTh MM CPaBHHUTEJIbHYIO OLICHKY; AaKTHBHAas CaMOCTOsSTElIbHas pabora Ha
MPaKTHYECKUX, J1a0OPaTOPHBIX 3aHATUAX, IMEPUOAMYECKOE YYaCTHE B TIPYHIOBBIX OOCYKACHUSX,
BBICOKHUH YPOBEHB KYJIBTYPbI HCIIOTHEHUS 3aJaHUN.

5 6amnoB — (IIOYTHU XOPOILO):
* JIOCTaTOYHBIC 3HAHHA B 00beMe Y4EOHOH MPOTrpaMMBL;

° HCITIOJIB30BaHHEC Hay‘IHOI\/’I TCPMUHOJIOTUH, CTUIUCTUYCCKU TI'PaMOTHOC, JIOTUYCCKH IIPABUIIBHOC
H3JIOXKCHUC OTBETA Ha BOIIPOCHI, YMCHUC €J1aTh BbIBOADI,

*  BIAJICHUE HMHCTPyMEHTapHeM y4eOHON IMCIUIIMHBL, YMEHHE €ro HCIOJb30BaTh B PEIICHUU
y4eOHBIX U TPOECCHOHAIBHBIX 33/1a4;

* CrOCOOHOCTH CAMOCTOSATEIBHO MPUMEHATH THUIIOBBIE PELICHHUS B PAMKax Y4eOHON IMPOrpaMMbl;
* YCBOCHHE OCHOBHOM JIUTEPATYPbl, PEKOMEHJOBAaHHOW y4eOHOM MPOrpaMMON AUCIUIINHBL

° YMCHHUC OPHUCHTHUPOBATLCA B 0a30BBIX TCOpUAX, KOHLCIIIUAX W HAIPABJICHHUAX I10 I/IBY‘IaeMOﬁ
AUCHUIUIMHE U JaBaTb UM CPABHUTECJIIbHYIO OLICHKY;

*  camocTosTenbHas padoTa Ha IMPAaKTHUECKUX, JaOOPAaTOPHBIX 3aHATHAX, y4acTHE B TPYyIMIIOBBIX
00CYXIICHUSX, BBICOKHI YPOBEHb KYJIBTYpPhl HCIIOJTHEHUS 3aJaHUH.

4 6amna — (YOBJIETBOPUTEJIBHO), 3AYTEHO:
* JIOCTaTO4YHBIN 00BEM 3HAHUU B paMKax 00pa30BaTeIbHOIO CTAHAAPTA;
* YCBOCHHE OCHOBHOM JIUTEPATYPbl, PEKOMEHJOBaHHOW y4eOHOM MpOrpaMMON AUCIUIIINHBL

*  HCIOJNb30BAaHHWE HAYYHOU TEPMUHOJIOTMH, CTUIUMCTUYECKOE U JIOTMUECKOE H3JI0KEHUE OTBETa Ha
BOTIPOCHI, YMEHHE JIeTIaTh BLIBO/IBI 0€3 CYIIECTBEHHBIX ONIHOOK;

*  BIAJICHUE HMHCTPyMEHTapHeM y4eOHON IMCIUIIMHBL, yMEHHE €ro HCIOJb30BaTh B PEIICHUU
CTaHJAPTHBIX (THUIOBBIX) 3a/1a4;

¢ YMCHHC I10J pYKOBOACTBOM IIpCTIOAaBaTCyid pCllaTh CTAHAAPTHBIC (TI/IHOBLIG) 3aaa4u,

*  YMEHHUE OPUEHTUPOBATHCS B OCHOBHBIX TCOPHUSX, KOHLEMIMSIX W HAMPABICHUSIX IO U3y4aeMoil
TUCITUIUIMHE U 1aBaTh UM OLIEHKY;

. paboTa mOA PYKOBOJACTBOM IIPENOAAaBaTelsl HAa MPAKTUYECKUX, Ja0OpaTOPHBIX 3aHATHAX,
JOITyCTUMBINA YPOBEHB KYJIBTYPbI HCTIOIHEHUS 3aJaHHH.

3 6amna — (HEYJOBJIETBOPUTEJIBHO), HE3AYTEHO:
* HEJOCTaTOYHO IMOJHBIA 00bEM 3HAHMI B paMKax 00pa30BaTeIbHOTO CTaHJAPTa;
* 3HAHHME YaCTH OCHOBHOH JINTEPATyphl, PEKOMEHIOBAaHHON y4eOHOH MPOrpaMMOi TUCIUILINHE;

° HUCIIOJIB30BaHUEC Haquoﬁ TCPMUHOJIOTUH, H3JIOKCHUC OTBCTA HAa BOIIPOCHI C CYHICCTBCHHBIMU
JJUMHI'BUCTUYCCKHUMU U JIOTHYCCKHUMHA OHH/I6KaMI/I;

*  ciaboe BIAJIEHUE HMHCTPYMEHTapueM Y4YeOHOH AMCIMIUIMHBI, HEKOMIETEHTHOCTh B PEIICHHU
CTaHJAPTHBIX (TUIOBBIX) 3a/1a4;

. HEYMEHUE OPHUEHTUPOBATHCS B OCHOBHBIX TEOPHUSX, KOHLECMIUSAX U HANMpaBICHUSX H3ydaeMoul
JIMCLMILINHBI,

* TACCHBHOCTh Ha MPAKTUYECKUX U JIAOOPATOPHBIX 3aHATHUSAX, HU3KHI YPOBEHb KYJIBTYPhI UCTIOTHEHUS
3aIaHUH.

2 6amra — (HEYIOBJIETBOPUTEJILHO):

* (hparMeHTapHBIC 3HAHUS B paMKax 00pa30BaTEIbHOTO CTaH/IaPTa;

. 3HAHWS OTAETBHBIX JINTEPATYPHBIX HCTOYHUKOB, PEKOMEHJIOBAHHBIX YYEOHOW MPOrpaMMOin
JUCIUTIINHEL,

. HEYMEHHE HCIIONb30BATh HAYYHYH) TEPMHUHOJIOTHIO JUCIMILIMHBI, HAMYUE B OTBETE TIPyObIX
CTHJIMCTHYCCKUX U JJOTMYECKUX OIIUOOK;

* IMaCCHBHOCTH HA NMPAKTHYECKUX U Ja00PaTOPHBIX 3aHATUAX, HU3KUHA YPOBEHb KYJIbTYPHl UCIIOTHEHUS
3aJIaHUM.

1 6amt — (HEYIOBJIETBOPUTEJILHO):

* OTCYTCTBHE 3HAaHMH M KOMIIETCHLIMI B paMKax 00pa30BaTeIbHOIO CTaHAapTa UM OTKa3 OT OTBETA.

5. MeTonuveckne MaTepuabl, onpeneasione Npouexypbl OLeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJILHOCTH

ITpu nposenennn auddepenupoBaHHOro 3adera olydaromemycs npenocrasisercss 30 MHUHYT Ha
noAroroBky. Onpoc o0yyaromerocs Mo OWIETy He JOJKEH MPEBBILIATh JIBYX aCTPOHOMHUYECKHUX YacOB
B YCTHOW W (MJIM) TUCBMEHHOMU (hopMme.



