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)

o AMCHUIIJIMHE: MeTpOJ’IOFI/I‘IGCKOG obecreueHue HaHOJJICKTPOHUKU
0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIC Mar€MaTuKa nu (1)I/I3I/IKa
HpO(l)l(lJIb MnoATrOTOBKMU: duzuka MEPCICKTUBHBIX TEXHOJIOTHI: QJICKTPOHHKA U KBAHTOBLIC TCXHOJIOTUHN

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 "' mnpemycMmarpuBaeT moiiyueHHEe Oa30BBIX TEOPETHUYECKHX 3HAHMM B 00JacTH METPOJIOTUH

COBPEMEHHOTO MPOM3BOJCTBA U3/IENINI MUKPO U HAHO JIEKTPOHMKH, Ooliee TIyOoKoe M3yueHne (HhU3NIecKux
METOJI0B, METOIUK M3MEPEHHS M OOOPYHOBaHHWS, MPUMEHSEMBIX B COBPEMEHHOM IPOHM3BOJICTBE, a TAKKE
METO/IOB 00pa0OTKH JIaHHBIX.

3amaun Kypca:

® 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

- mosry4eHue 0a30BBIX TECOPETHUYCCKUX 3HAHWK B 00JACTH METPOJIOTHH COBPEMEHHOTO MPOU3BOJICTBA
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;

*  W3y4YEHHE METOJOJIOTUH TIOCTPOEHHUS CXEM KOHTPOJIA IS Pa3IMYHOTO THUIA TEXHOJOTHYECKUX
MPOIIECCOB;

. MOJIy9eHWE  HABHIKOB pPabOThI HAa KOHTPOJHHO-U3MEPUTEIHHOM U (DHU3HKO-aHATUTHIECCKOM
000pYIOBaHNH B YCIIOBHUSIX PEaIbHOTO TIPOU3BOICTBA.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocobOeH oCyIIecTBISTh ITOUCK, VYK-1.1 Ananusupyet 3aaady, BRI 3Tallbl €€ PelIeHus,
KPUTHUYECKUI aHAN3 U CHHTE3 HHPOpMAInK, |ACHCTBHSA 110 PENICHUIO 3a/1a4K
HOPUMEHATh CUCTEMHBIN MOAXOA s pemenus | VK-1.3 PaccMmarpuBaeT pasjidyHble BapUaHTHl PELICHHs

MTOCTABJICHHBIX 33]1a9 3a/1a4i, OLICHUBAET UX NMPEUMYIIECTBA U HEIOCTATKU

[TK-1 CriocoGeH IIaH|upoBaTh U IIPOBOINUTH IIK-1.1 Brnageer  QyHmaMeHTANbHBIMA  TIOHSTHIMH,
Hay4YHbIC SKCIIEPUMEHTHI (B U30paHHOM 3aKOHAMU M TEOPHUSIMH COBPEMEHHOU (DPU3UKH

npeaMeTHOH obnacty) u (uan) teopetndeckue |[IK-1.4 VYmeer CTpOUTh MareMaTHYECKME MOJECIM LIS
(aHaIMTUYECKHE U UMUTAITMOHHEIC) ONMMCAHMSI W MCCIEAOBaHHUA TIPOLECCOB M SABIEHUH B
HCCIICOBaHUS COOTBETCTBYIOIUX HAYYHBIX 001aCTIAX

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 AUCHMILINHE (MOLYJII0)



B pe3ynbrare 0CBOCHUS AUCIMILUTUHBI 00yYaOINeCs JOJDKHBI

3HATh:
- (u3HYeCKre OCHOBBI METOIOB HM3MEPEHHs, OCHOBHBIC NPHHLUIBI MOCTPOCHUS H3MEPHUTEIHHOTO
000pyIOBaHUsI, METOAUKHA H3MEPEeHUs, (PU3NIECKue 0COOCHHOCTH OOBEKTOB M3MEPEHUs, (PU3NICCKUE
OrpaHHYCHUS] METOIOB M3MepeHuss. OCHOBBI METPOJIOTHH.

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

BJIQJICT!
- CTaTHUCTUYECKUMHU METOJaMU 00pabOTKU M3MEPHUTENIbHBIX JAHHBIX, aJITOPUTMAMU MIPUHSTHUS PELICHHS
Ha OCHOBE CTAaTHCTUYECKUX METOIOB YIpaBICHHS IpoleccaMu (KOHTPOJbHBIC KapThl, OLICHKA
COCTOSIHHMS TIpoliecca), Ha4yajJbHBIMH HaBBIKAMH pa3paOOTKM H3MEPHUTEIbHBIX HPOrpaMMm  JUIs
KOHTPOJIBHO-U3MEPUTEIHHOTO 000PyIOBaHUSI.

4. Coep:xanue TUCUMILIUHBI (MOYJI5), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUaM YU€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTh
pabora
OcobenHocTu METpPOJIOTUH B
1 COBPEMEHHOM MIPOM3BOZICTBE 6 2
HUHTETPATBHBIX CXEM
Cucrema KOHTPOJSI ~ [apaMeTpoB
2 COBPEMEHHBIX TEXHOJIOTHYECKUX 8 4
MPOLIECCOB
3 dusnueckue - OCHOBBI METO/IOB ] 4
METPOJIOTUH JIMHEHHBIX pa3MepoB
4 Onrtuueckne  METOABI  METPOJIOTHHU 4 3
JIURJICKTPUUECKHX CIIOEB U CTPYKTYP
5 dusnueckue - OCHOBBI  METPOJIOTHUH 4 )
METAJUINYECKUX CJIIOEB U CTPYKTYP
6 Onexkrpoduznueckre MeTo bl KOHTPOJIS 8 3
7 MeTobl KOHTPOJIS JePEKTHOCTH 4 4
3 AHanuTHYeCKHe METOABI HCCIIeIOBAaHHS 3 4
00BEKTOB MUKPO U HAHO JIEKTPOHUKU
9 CoBpeMeHHble cHCTeMBl 00pabOTKM U 6 )
aHaJM3a JaHHBIX B pou3BojacTBe MC
PentreHoBckne  MeTOABl  KOHTPOJIA
10  |cocTaBa cl0€B W  IMOBEPXHOCTHBIX 4 2
3arpsA3HEHUN
Hroro yacos 60 30
IToaroTroBka 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. OcoGeHHOCTH METPOJIOTHH B COBPEMEHHOM IPON3BOJICTBE HHTETPAIBHBIX CXEM

CoBpeMEHHOE  MUKPOIIEKTPOHHOE IPOU3BOACTBO, OCHOBHbBIE HAIIPABICHUS Pa3BUTUS U
nepcrektussl, [llupora npuMmeHseMbIx (HU3MUECKUX METOAOB, HOBBIE MaTepHalIbl, TPEOOBAaHUS K
MU3MEPHUTEIbHBIM CHCTEMaM 0 TOYHOCTH, CTAaHAAPThl U KOHTPOJIbHBIE 00pa3Iibl, HOBEPOUHBIE CXEMBI,
MaTYUHT KOHTPOJIBHO-U3MEPUTEIIBHOTO 000PYIOBaHUS, IOCTOSIHHOE COBEPILICHCTBOBAHUE.

2. Cucrema KOHTPOJIA MMapaMETPOB COBPEMCHHBIX TCXHOJIOTUYCCKUX IPOUCCCOB

ITpou3BOACTBO Kak CHCTEMa CBS3aHHBIX IPOLECCOB, TPOLECCHBIA IMOAXOM, KIACCHU(PUKAIM
TEXHOJIOTUYECKHUX IPOLECCOB- TPYNIOBbIE W HMHAUBUAYaJbHO IOTOYHBIC, CHUCTEMa ONHCAHUS
TEXHOJIOTUYECKUX MPOLIECCOB, IapaMeTphl M UX XapaKTEPHCTHKH, OOBEKTbI KOHTPOJS, CTPYKTypa
JNAHHBIX, METOAbl CTATUCTHYECKOTO YIpaBIIEHUS NpoIeccaMmy, BapHaOeIbHOCTh IPOLIECCOB,
KOHTPOJIMPYEMBIE U HEKOHTPOJUpYyeMble Ipouecchl. KOHTpONbHBIN IJIaH, KOHTPOJb IPOLYKIMH,
BBIOOPKH, KOHTPOJIb IO AIETEPHATUBHOMY NMPU3HAKY KaueCTBa.

3. ®U3NYCCKHUE OCHOBEI MCTOAOB MCTPOJIOTUHN JIMHESHHBIX pasMepoB

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

4. OnTruecKkyue MEeTO/bl METPOJIOTUH TUBJIEKTPUUYECKUX CIIOEB U CTPYKTYP

PeduexkromeTpysi B IIMPOKOM CHEKTPAJIbHOM JMAna3oHe, OJUIMICOMETPHsS, CIEKTpalbHas
SJUTMTICOMETPHUSI, MHOTOYTJIOBas PeQIEKTOMETPHS, TIOCTPOCHUE MOJCIH MHOTOCIOMHBIX CTPYKTYD,
peleHue ooparHoii 3a1a4u, 00opynoBaHue. TOYHOCTHBIE XapaKTEPUCTUKH METOIOB U 000PYIOBaHUSI.
TpeOoBaHMSs K CTaHAAPTHBIM 00pa3IiaM.

5. ®U3NYECKUE OCHOBEI MCTPOJIOTUU MCTAJINIMYCCKUX CJIOCB U CTPYKTYP

30HIUPOBAHUE CTPYKTYP JIa3€PHBIMU UMITYJIbCAMH, BO30YKJI€HNE aKyCTUYECKHUX BOJIH, BO30yXK/IeHHE
TEPMHUYECKUX BOJH, MHOIOCIOWHBIE CTPYKTYpBl, H3MEPEHUE TOJIIIMHBI, H3MEPEHHE 103
JIeTUpOBaHUsL, 000pynoBaHue. BinsHue nepexonHbIX CI0EB U TPaHULIBI pa3ena.

Cemecrtp: 8 (Becennuit)
6. Dnexkrpoduznueckre MeToIbI KOHTPOJIS
4X-30H/10BBII, KOHTPOJIb TEOMETPUH U HANPSHKEHHUH B IJICHKAX, (POTOAIEKTPHKA, 000PyI0BaHUE.
7. Metoppl KOHTpOIIs ieheKTHOCTH

Paccesnue CBETAa, KOHTPOJIb IIACTHUH 6e3 TOITIO0JIOT'HH, ABTOMAaTHUYECKHUU KOHTPOJIb «T€MHOC€ I10JIC»
«CBCTJIOC IOJIC)», KOHTPOJIb TOIIOJIOTUH, OGOpy,Z[OBaHI/IG.

8. AHanuTHYCCKHE METOABI UCCIICAOBAHUA 00BEKTOB MHUKPO U HAHO DJICKTPOHUKH

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

9. CoBpeMeHHbIE cHCTEMBI 00pPa0OTKY M aHAIH3a JaHHBIX B Ipou3BojcTee C

COop u craructudeckas 00padoTKa JaHHBIX, KOppESIMOHHbIe 1 aHanuTu4eckue cucreMbl ACE-XP,
Klarity Defect.



10. PeHTreHOBCKME METO/IbI KOHTPOJISl COCTaBa CJI0EB U IOBEPXHOCTHBIX 3arpsi3HEHUH

OCHOBBI PEHTIeHO(ITYOPECIIEHTHOTO aHaln3a COCTaBa CIOEB M CTPYKTyp, (usnyeckue mopenu,
KaauOpoBKa MeToJa, CTaHgapTHbIe 00pa3ubl. KOHTPOIb NMOBEPXHOCTHBIX 3arpsi3HEHHS METOIOM
PEHTIeHO(UIyOPECIIEHTHOTO ~ aHajM3a IPH IOJHOM IIOBEPXHOCTHOM OTPAKCHMH, MPEAEIbI
OOHApy>KeHHS, METOIbl YBEJIWYECHUS YYBCTBUTEIBHOCTH C TIOMOIIBIO XUMHYECKHX METOIOB.
KOHTpOJIb TONIIMHEI C TOMOIIBI0, 000PYIOBaHHUE.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHS 00pa30BaTEJILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

Heo0xonnmoe ob6opynoBaHue 1Jist JIEKUUNA: ayAUTOPHUS, KOMIIBIOTEP U MYJbTHUMEAUHHOE 000pyIoBaHHE
(mpoexrop), noctymn B UIIII 1 kK KOHTPOIBHO-U3MEPUTETHLHOMY 000PYIOBAHUIO MTPOU3BOICTBEHHOM
muHenkH 200MmM.

ObecrieueHue caMOCTOSTENTLHON paOOTHI: IOCTYI B ceTh HTEpHET, JOCTYIT K PeKOMEHI0BaHHOMH
JIUTEpPATypE.

6.IlepeyeHb pekoMeHAYeMOM JIUTEPATYPHI

OcHOBHas JIuTEparypa
1. T'A. HoBukoB. «OcHOBBI MeTposiorumy»: yueoHnoe nocodue / I A. HoBukoB.— YibsHOBCK: Yl TV,
2010. — 182 c. ISBN 978-5-9795-0619-7
2. C.B. CmupHOB. «MeTombl 1 000pyIoBaHHE KOHTPOJISI TApaMETPOB TEXHOIOTHIECKIX MPOIIECCOB
MPOM3BOJICTBA HAHOTETEPOCTPYKTYP U HAHOTETEPOCTPYKTYPHBIX MOHOJIUTHBIX HHTETPAIEHBIX CXEM) :
yue6. mocobue / C.B. CmupHOB. — M31-Bo ToMCK. TOC. YH-Ta CUCTEM YIIP. ¥ PAIMOITEKTPOHUKH. —
Tomck, 2010. — 115 c.
3. H.bpannon, Y.Kamman. «MukpocTpykTrypa MarepuaioB. MeToabl UCCIIEOBAHNUS U KOHTPOJIS,
[Tepeson ¢ anrmuiickoro nox penaxiuedt C.JI.baxxenosa, Texnocdepa, - Mocksa, 2004. — 384c.
4. TIKII "MarepuanoBe/icHHE U TUATHOCTHKA B TiepeioBbIxX TexHoynorusx" npu ®TU num. A.®. Uodde,
«BzanmonelicTBre AIIEKTPOHHOTO ITyuyka ¢ o0pa3iom», Cankr-lletepOypr, 2010.

JomnonHutensHas auTeparypa
1. ITRS, “International Technology Road Map for Semiconductors Metrology Roadmap 2011.
Metrology Technical Working Group, winter meeting, Dec.2011 S. Korea
2. B.I'aBpunenxo, }0.Hosuxkos, }F0.03epun, A.Pakos, I1.Tonya, «Poccuiickuii nporotun
MEXIyHapOJHOTO TeCT-00heKkTa HaHopenbeda anst POM u ACM. Hanounmyctpust Ne6/2008

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

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). DnexTpoHHBIN Y4eOHHK 110 TPOMBINUICHHOM cTarucTrke. Mocksa, StatSoft.
http://www.statsoft.ru/home/portal/textbook ind/default.htm.

4. StatSoft, Inc. (2001). DnexTpoHHBIH yIeOHUK 1O cTaTUCTHKE. MockBa, StatSoft.
http://www.statsoft.ru/home/textbook/default.htm

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX IPH OCYLeCTBICHUU 00Pa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

MyJIBTI/IMe)_II/II\/’IHLIe TCXHOJIOTUH, BKIIIOYAad ACMOHCTpAUIO npeseHTauHﬁ.

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



1) mocemeHre Bcex JIEKIHMA, MPEIyCMOTPEHHBIX YYEOHBIM ITUIAHOM; BEJCHHE KOHCIIEKTOB 3aHSATHH;

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: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

Nnpo¢uJIb NOATOTOBKH: ®u3nKa NEePCIEKTUBHBIX TEXHOJIOTHUI: JJIEKTPOHUKA Y KBAHTOBBIE TEXHOJIOTUU
OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kageapa MUKpPO- ¥ HAHODJICKTPOHHUKH

Kypc: 4

kBaTuuKkanus: OaxanaBp

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

8 (Becennnii) - JluddepennupoBanubliii 3aueT

Pa3paborunk: A.P. beruies



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 Criocoben oCymiecTBIsTh [TOUCK,
KPUTHYECKUI aHAJIM3 U CUHTE3 HH(POPMALHH,
NPUMEHSATh CUCTEMHBIH MOXO/ sl PEICHUS
MOCTABJICHHBIX 33]1a4

VYK-1.1 Ananusupyet 3aaady, BBIAEISSA 3Tallbl €€ PelIeHus,
JeMCTBUS IO PELICHUIO 3a1a91

VYK-1.3 PaccmarpuBaeT pas3iHyHBIE BapUaHTHl PELICHUS
3a[1auy, OLICHUBAET UX IIPEUMYILECTBA U HEOCTaTKU

[MK-1 CriocoGeH mi1aHupoBarh U MPOBOAUTH
Hay4HbIE SKCTICPUMEHTHI (B U30paHHON
MPEeIMETHOM 001acTH) U (MITH) TEOPETUICCKUE
(aHanUTHYECKUE U UMHUTALIMOHHBIC)
WCCIICIOBAHMSI

I1IK-1.1 Bnameer  yHmameHTambHBIMH
3aKOHAMU M TEOPHUSIMU COBPEMEHHOU (DPU3UKH

IIOHATUSAMU,

I[IK-1.4 VYmeer cTpOoUTh MAaTEMaTUYECKUE MOACIH MJIA
ONMHMCAHMSI W MCCIEAOBaHHUA TIPOLECCOB M SABIEHUH B
COOTBETCTBYIOIUX HAYYHBIX 001aCTIAX

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEeHIU

B pesynbrare u3ydeHus AUCHUILIMHBI «MeTponoruyeckoe odecreueHre HaHOICKTPOHUKMY 00yJaronuics

JIOJDKEH:

3HAThb:

(1)I/ISI/I‘ICCKI/IQ OCHOBBI MCETOAOB H3MCPCHUS, OCHOBHBLIC INPHUHIMUIIBI MOCTPOCHUA U3SMCPUTCIBHOIO
060py,Z[OBaHI/I$I, MCTOAUKH HU3MCPCHUA, (1)I/ISI/ILIGCKI/I6 0COOEHHOCTH O0BEKTOB HU3MCPCHUHA, (1)I/I3I/I‘ICCKI/IC
OrpaHUYCHHA MECTOOOB U3MEPCHUS. OcHOBBI METPOJIOTUH.

yMeThb:

- BbIOMpaTh aJeKBaTHYIO (PU3MUYECKYI0 MOJENb OObEKTa M3MEpPEHHs, pa3pabaTbiBaTh ONTUMAJIbHBIN
I1aH KoHTpossl. [IpoBomuTh NpOBEPKY TOTOBHOCTH CPEINCTB M3MepeHus. IIpoBonuTh u3MepeHUs
CTaHJAPTHBIX 00pa310B MOHUTOPHBIX IIJIACTHH.

BJIaJeTh:

- CTaTUCTUYCCKUMHU MCTOJaMU 06pa6OTKI/I HU3MCPUTCIIbHBIX JAHHBIX, AJITOPUTMAaMU IIPUHATHUS PCILICHUA

Ha OCHOBE CTaTHCTUYECKUX METONOB YIPaBJIEHUS IIpoleccaMd (KOHTPOJIbHbBIE KapThl,

COCTOSIHMS IIpoliecca),

OIICHKa

HadYaJIbHbBIMKW  HaBBIKaMH pa3pa60TKH HU3MCPUTCIIBHBIX IIpOrpamMm  JIJid

KOHTPOJIBHO-U3MEPUTEIBHOTO 000PyI0BaHUS.

3. IlepeyeHb THNOBLIX (IPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

C 1enpl0 KOHTPOJIS OCBOEHHS OOy4aroIMMHUCS Yy4eOHOro Marepuana MPOBOAWUTCS YCTHBIH ONpoC B
HayaJje 3aHATUS 110 TeME IPOIUIOHN JIEKIIMK WU B KOHIIE 3aHATHUSA IO IPOWIEHHON TeMe.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBeACeHHUA IIPOMEKYTOYHOM aTTecTaluu

o0yvyarommxcst

Bonpocs! asist moaroToBkH K AudQepeHIIMPOBAHHOMY 3a4ETy:

. Oco0eHHOCTH METPOJIOTHH B COBPEMEHHOM IPOU3BOACTBE HHTETPAIBHBIX CXEM.

. Cucrema KOHTPOJISA apaMETPOB COBPEMEHHBIX TEXHOJIOTHUYECKUX IPOLIECCOB

. @u3nyecKre OCHOBbl METOJIOB METPOJIOIUHU JINHEHHBIX Pa3MepoB

. Onrtruyeckue MeToAb!l METPOJIOTUH AUIIEKTPUUECKUX CIIOEB U CTPYKTYP

. DnexTpodu3nuecKkrne MeTobl KOHTPOJIS

. Meroap! KoHTpONs NeheKTHOCTH

. AnanuTHdeckue MCTOAbI UCCJICJOBaHUA 00BEKTOB MUKPO U HAHO 3JICKTPOHHUKHU.

CoBpemeHHbIe cucTeMbl 00pabOTKM M aHaIU3a JaHHBIX B poussoxcTae NC.
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5. ®u3nyeckue 0CHOBBI METPOJIOIMH METAIIIMUECKUX CIIOEB U CTPYKTYpP
6
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8
9.
1

0. PeHTreHoBCKHE METObI KOHTPOJIA COCTaBa CJIOCB U IOBEPXHOCTHBIX SanHSHeHI/II/I

Kpurepun onennBanus
10 6amtoB — (ITIPEBOCXOHO):



*  CHUCTEMaTU3UPOBaHHbBIC, IIyOOKHE M MOJHBIE 3HAHUS IO BCEM pasjenaM y4eOHOI mporpammsbl, a
TaKXe [0 OCHOBHBIM BOIIPOCaM, BBIXOIAIIUM 3a €€ IPEEIIbI;

. TOYHOE HCIIOJb30BAHWE HAYYHOH TEPMHUHOJIOTUM (B TOM YHWCIE Ha HMHOCTPAaHHOM S3BIKE),
CTUJIMCTHUYECKU I'PAMOTHOE, JIOIMUECKU IIPAaBUIBHOE U3JI0KEHUE OTBETA Ha BOIIPOCHI;

*  Oe3ymnpedHoe BIAJCHHEC HHCTPYMEHTapHeM Y4eOHOW IWUCIUILTUHBI, yMEHHE ero 3(pQPEeKTHBHO
HCIOJIBb30BaTh B MIOCTAHOBKE M PEILICHUH HAyYHBIX U MPO(GECCHOHANBHBIX 3a1a4;

. BBIP2KEHHAs! CIIOCOOHOCTh CaMOCTOSITENIbHO M TBOPUYECKHM peIIaTh CJIOKHBIE HpoOIeMbl B
HECTaHJAPTHOW CUTYyalUu;

*  TIOJHOE W IIIyOOKOE yCBOEHHE OCHOBHOW M JOTMOJHHUTENBHON IUTEparyphl, PEKOMEHJIOBAaHHOMN
y4eOHOI mporpaMMOi TUCITUTUINHEI,

* yYMEHHE OPHEHTHPOBATHCSA B TEOPHSX, KOHLIEHMIMUAX U HANPABICHUAX MO N3y4aeMON NHCLHUIUIMHE U
JlaBaTh UM KPUTUUYECKYIO OLIEHKY, UCII0JIb30BaTh HAYUHbIE JOCTHXKEHUSI JPYTUX JUCLUIUINH;

*  TBOpYECKas CaMOCTOSTEIbHAs paboTa Ha MPAKTUYECKUX, JTa0OPAaTOPHBIX 3aHATHSX, AKTUBHOE
y4acTHe B IPYNIOBBIX 00CYKICHUSAX, BHICOKUN YPOBEHB KYJIBTYPbl HCIIOTHEHHS 33 JaHHMA.

9 6amnoB — (OTJIMYHO):

* CcHCTEMaTU3UPOBAHHbBIEC, ITTYOOKHE U MOJIHBIE 3HAHUS 110 BCEM pa3zieiaM yueOHOH MporpaMmbl;

. TOYHOE HCIIOJb30BAHWE HAYYHOM TEPMHUHOJOTUM (B TOM YHWCIE Ha HMHOCTPAaHHOM S3BIKE),
CTUJIMCTHUYECKU I'PAMOTHOE, JIOIMUECKHU IIPAaBUIBHOE U3JI0KEHUE OTBETA Ha BOIIPOCHI;

*  BJIAJICHUE MHCTPYMEHTapHueM Yy4eOHOM NUCLUIUIMHBI, yMEHHE ero 3(QQEKTUBHO HCIOIb30BaTh B
MOCTAHOBKE M PEIICHUH HAyYHBIX M MPO(PECCHOHANBHBIX 331a4;

*  CHOCOOHOCTH CaMOCTOSATEIBHO M TBOPUYECKH pEIIaTh CIOKHBIE MpoOIeMbl B HECTaHIAPTHOM
CUTyalud B paMKax Y4eOHOW MporpamMmbl, IOJHOE YCBOCHHE OCHOBHOW U JIOMOJHU "TEIbHOM
JUTEpaTypbl, PEKOMEHI0BAaHHON y4eOHOW POTrpaMMO TUCIIUILITHBI;

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

*  caMOCTOsTENbHass padoTa Ha MPAaKTUYECKHX, JaOOpaTOPHBIX 3aHITHUAX, TBOPUECKOE y4yacTHE B
IPYIIOBBIX 00CYKICHUAX, BBICOKUI YPOBEHb KYJIBTYphl HCIIOJTHEHHS 3aJaHuUil.

8 6amnoB — (IIOUYTU OTIIMYHO):

* CHCTEMaTHU3UPOBAaHHbIE, NNIyOOKHE M IOJIHBIC 3HAHUS 10 BCEM IMOCTABJIEHHBIM BOIIPOCaM B 00beMe
y4eOHON MpOrpaMMel;

*  HCHOJNb30BaHHE HAYYHOM TEPMHUHOJOTHH, CTHJIMCTHYECKHM TI'PaMOTHOE, JIOTMYECKH MpPaBHIBHOE
M3JI0’KEHHE OTBETAa HA BOIIPOCHI, yMEHHE JIeIaTh 000CHOBAHHbIE BBIBOJIBI;

* BIAJICHHE MHCTPYMEHTapueM y4eOHOH AMCIMIUIMHBI (METOJaMU KOMIUIEKCHOTO aHAJIN3a, TEXHUKON
WH(POPMALIMOHHBIX TEXHOJIOTHH), YMEHHE €ro HCIOJIb30BaTh B MOCTAHOBKE M PEUICHUU HAyYHBIX U
poQecCHOHANBHBIX 3a/a4; CIIOCOOHOCTh CaMOCTOSTENIBHO peIlaTh CIOXKHBIE HPOOJIeMbl B paMKax
y4eOHON MpOrpaMMel;

*  YCBOCHHE OCHOBHOW W JIOTIOJHUTEJILHOW JUTEPaTyphl, pEKOMEHIOBAHHON y4eOHON NpOrpaMMoit
JUCLUIUIMHBL,

*  yYMEHHE OpPHUEHTUPOBAThCS B OCHOBHBIX TEOPHSX, KOHLEMIMAX M HANpPaBICHUAX IO H3y4acMOU
JUCLMIUIMHE W JaBaTh UM KPUTHYECKYIO OLIEHKY C IO3ULMI rocydapCTBEHHOH wujeoioruu (o
JUCLHUTUTMHAM COLUAIbHO-TYMaHUTAPHOTO LIKKJIA);

* aKTHBHAs CaMOCTOsTENIbHAs paboTa Ha MPAKTUYECKUX, J1a00PATOPHBIX 3aHATHUSIX, CUCTEMATHUECKOE
ydacTue B IPYIIOBBIX 00CYXKJICHUSAX, BBICOKUH YPOBEHb KYJIBTYphl HCIIOTHEHHS 3aJaHuil.

7 6annos — (OYEHb XOPOILLO):

* CHUCTEMaTU3UPOBAHHbIC, NTyOOKHE U MOITHBIE 3HAHMUS 110 BCEM pa3zieliaM yueOHOM MporpaMmel;

* HCII0JIb30BAHUE HAyYHOU TEPMUHOJIOIMH (B TOM YMCJIE HA HHOCTPAHHOM SI3bIKE), IUHIBUCTUYECKU U
JIOTUYECKH MPAaBUIILHOE U3JIOKEHHE OTBETA Ha BONPOCHI, YMEHHE AeNaTh 000CHOBAaHHBIC BHIBOBL;

* BIIAQJICHUE MHCTPYMEHTapHeM y4eOHOW NUCHMIUIMHBI, YMEHHE €ro HCIOJIb30BaTh B MOCTAHOBKE U
pELIeHNU HAayYHBIX U MPO(ECCHOHATIBHBIX 3a/1a4;

*  YCBOCHHME OCHOBHOW W JIOTIONHUTEJIHLHOW JUTEPaTyphl, PEKOMEHIOBAHHON y4eOHOH MpOrpaMMoit
JVCLUUTUIHHBL,

*  YMEHHE OpPHUEHTUPOBATHCS B OCHOBHBIX TEOPHSX, KOHLEMIMUAX M HANpPaBICHUAX IO H3y4acMOU
JUCLUIUIMHE U JaBaTh UM KPUTHYECKYIO OLEHKY;

*  camocTosTenbHas padoTa Ha IMPAaKTHUECKUX, JaOOPAaTOPHBIX 3aHATHAX, y4acTHE B TPYyIMIIOBBIX
00CYXIIEHUSIX, BBICOKHI YPOBEHb KYJIBTYpPbl HCIIOJTHEHUS 3adaHUH.

6 6aoB — (XOPOILO):

* JIOCTaTO4YHO MOJHbIE U CUCTEMAaTU3UPOBAaHHBIC 3HAHUSI B 00beMe yueOHOH porpaMmbl;



° HCIIOJIB30BaHUC HEO6XOI[I/IMOI\/'I Hay‘IHOﬁ TCPMHHOJIOTUHU, CTUJIIMCTUYCCKU TI'PaMOTHOEC, JIOTUYCCKHU
MPpaBHUIJIbHOC U3JIOKCHUEC OTBCTA HA BOIIPOCHI, YMCHUC [CJIATh 000CHOBaHHEIC BBIBO/IbI;

*  BIAJCHUEC WMHCTPyMEHTapUeM Yy4YeOHOH INHUCIMIUIMHBI, YMEHHE €ro KCIOJIb30BaTh B PEIICHUU
y4eOHBIX U NMPOPECCHOHATBHBIX 3aa4; CIIOCOOHOCTh CAMOCTOSTEIBHO NPUMEHSTh THUIIOBBIC PEIICHHUS
B paMKax y4eOHOW MpOrpaMMel,

* YCBOCHHE OCHOBHOU JINTEPATYPbI, PEKOMECHJOBAHHOW yUeOHOU MpOrpaMMON JTUCITUTUTNHBL

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

5 6amnoB — (IIOYTHU XOPOILO):
* JIOCTaTOYHBIC 3HAHHA B 00beMe Y4eOHOH POTrpaMMBL;

° HCIIOJIB30BaHHEC Hay‘IHOI\/’I TCPMUHOJIOTUH, CTUIUCTUUYCCKU TI'PaMOTHOC, JIOTUYCCKH IIPABUIIBHOC
H3JIOXKCHUC OTBETA Ha BOIIPOCHI, YMCHUC 1€J1aTh BbIBOADI,

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

* CrOCOOHOCTH CAMOCTOSATEIBHO MPUMEHATH THUIIOBBIE PELICHHUS B PAMKax Y4eOHON MPOrpaMMbl;
* YCBOCHHME OCHOBHOM JIUTEPATYPbl, PEKOMEHJOBAaHHOW y4eOHOM MPOrpaMMON AUCIUIIINHBL

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

*  camocTosTenbHas padoTa Ha MPAKTHUECKUX, JaOOPAaTOPHBIX 3aHATHAX, y4acTHE B TPYyIMIIOBBIX
00CYXIIEHUSIX, BBICOKHI YPOBEHb KYJIBTYpPhl HCIIOJTHEHUS 3adaHUH.

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

*  HCIOJNIb30BAaHHWE HAYYHOU TEPMUHOJIOTMH, CTUIUCTUYECKOE U JIOTMUECKOE H3JI0KEHUE OTBETa Ha
BOTIPOCHI, YMEHHE JIeTIaTh BLIBO/IBI 0€3 CYIIECTBEHHBIX ONIHOOK;

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

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

*  YMEHHUE OPUEHTUPOBATHCS B OCHOBHBIX TCOPHUSIX, KOHLEMIUSIX W HAMPABICHUSX IO U3y4aeMoOil
TUCITUIUIMHE U 1aBaTh UM OLIEHKY;

. paboTa mOA PYKOBOJACTBOM IIPENOAABaTelsl HAa IPAKTUYECKHUX, JaOOpPaTOPHBIX 3aHATHAX,
JOITyCTUMBINA YPOBEHB KYJIBTYPBI HCTIOIHEHUS 3aJaHHH.

3 6amna — (HEYJOBJIETBOPUTEJIBHO), HE3AYTEHO:
* HEJOCTaTOYHO MOJHBIA 00bEM 3HAHMI B paMKax 00pa30BaTeIbHOTO CTaHJAPTA;
* 3HAHHME YaCTH OCHOBHOH JINTEPATypbl, PEKOMEHIOBAaHHON y4eOHOM MPOrpaMMOi TUCIUILINHE;

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

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

. HEYMEHUE OPHUEHTUPOBATHCS B OCHOBHBIX TEOPHUSX, KOHLEMIUSAX W HANpaBICHUSX H3ydaeMoil
JIMCLMILINHBI,

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

2 6amra — (HEY/IOBJIETBOPUTEJILHO):

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

. 3HAHWS OTAEIBHBIX JINTEPATYPHBIX HCTOYHHKOB, PEKOMEHJIOBAHHBIX YUEOHOW MPOrpaMMOin
JIMCIIMILINHBI,

® HCYMCHUC HCIIOJIb30BaTh HAYYHYIO TCPMHHOJIOTUIO IAWUCHUIUIMHBI, HAJIUYHUEC B OTBETC FPYGBIX
CTUIHUCTUYCCKHX U JIOTHYCCKUX OH_II/I60K;

* IMaCCHBHOCTH HA MPAKTHYECKUX U Ja00PaTOPHBIX 3aHATUAX, HU3KHHA YPOBEHb KYJIBTYPHl UCIIOTHEHUS
3aJaHni.
1 6amt — (HEYIOBJIETBOPUTEJILHO):

* OTCYTCTBHE 3HAHMH M KOMIIETCHLIMI B paMKaxX 00pa30BaTeIbHOIO CTaHAapTa UM OTKa3 OT OTBETA.



5. MeTtonu4eckne MaTepuabl, onpeneasone Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJILHOCTH

ITpu nposenennn nuddepenpoBaHHOro 3avera olydaromiemycs npenocrasisercss 30 MHUHYT Ha
noAroroBky. Onpoc o0yyaromerocs mo OWIETy He JOJKEH MPEBBILIATh JIBYX aCTPOHOMHUYECKHUX YacOB
B YCTHOW W (WJIM) TUCBMEHHOMU (hopMme.



