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: Mertponorudeckoe odecrieueHue HaHOINEKTPOHUKN
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 "' 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;

*  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:

Kon 1 HanmeHnoBaHne KOMITETEHITUN NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH
[IK-4.2 3HaeT HCTOYHHUKH TPOUCXOXKACHUA U yMeeT
[1K-4 CnocoOGeH KpUTHUECKH OLICHUBATh MIPOU3BOJUTH  OLEHKY TOTPEIIHOCTH  M3MEPEHHH U
MPUMEHUMOCTh UCTIOJIb3YEMBIX METOUK U JIOCTOBEPHOCTH IKCIIEPUMEHTAIIBHBIX PE3YIBTATOB
METOJIOB [1IK-4.1 3Haer yuCIIEHHBIC TTOPSIIKY BEIWYHMH, XapaKTePHBIX

JUISL COOTBETCTBYIOIIEH MpodeccnoHaIbHON 00nacTu

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

TpynoeMKOCTb 110 BUAAM YU€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
OcobenHocTu METpPOJIOTUU B
1 COBPEMEHHOM MIPOM3BOZICTBE 6 2
HUHTETPAJTBHBIX CXEM
Cucrema KOHTpPOJSI ~ [apaMeTpoB
2 COBPEMEHHBIX TEXHOJIOTHYECKUX 8 4
MPOLIECCOB
3 dusnuecknue - OCHOBBI METO/IOB ] 4
METPOJIOTUH JIMHEHHBIX pa3MepoB
4 Onrtuueckne  METOABI  METPOJIOTHHU 4 3
JIURJICKTPUUECKHX CIIOEB U CTPYKTYP
5 dusnueckue - OCHOBBI  METPOJIOTHUH 4 )
METAJUINYECKUX CJIOEB U CTPYKTYP
6 Onekrpoduzrueckre MeTo bl KOHTPOJIS 8 3
7 MeTo/bl KOHTPOJIS JePEKTHOCTH 4 4
3 AHanuTH4ecKue METOAbl HCCIIeIOBAHMS 3 4
00BEKTOB MUKPO U HAHO IEKTPOHUKU
9 CoBpeMeHHble cHCTeMBl 00pabOTKM U 6 )
aHaJM3a JaHHBIX B pou3BojcTBe 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 COBPECMCHHOM IIPOU3BOJACTBC UHTCIPAJIBHBIX 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 IPOUCCCOB

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. OnTHuecKyue METO/bl METPOJIOTUH JTUBJIEKTPUUYECKUX CIIOEB U CTPYKTYP

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 CTPYKTYP

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. Dnekrpoduzrueckre MeTo Il KOHTPOJIS
4X-30H/10BBII, KOHTPOJIb TEOMETPUH U HAIPSHKEHHUH B IJICHKAX, (OTOAIEKTPHKA, 000PyI0BaHUE.
7. Metozipl KOHTpOIIs ieheKTHOCTH

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 JJICKTPOHUKH

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

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

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 JIuTEparypa
1. T'A. HoBukoB. «OcHOBBI MeTposiorumy»: yueoHnoe nocodue / I'A. HoBukoB.— YibsiHOBCK: Yl TV,
2010. — 182 c. ISBN 978-5-9795-0619-7
2. C.B. CmupHOB. «MeTobl 1 000pyIoBaHHE KOHTPOJISI TApaMETPOB TEXHOIOTHIECKHX MPOIIECCOB
MPOM3BOJICTBA HAHOTETEPOCTPYKTYP U HAHOTETEPOCTPYKTYPHBIX MOHOJIUTHBIX HHTETPAILHBIX 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 penaxiueii C.JI.baxxenosa, Texnocdepa, - Mocksa, 2004. — 384c.
4. TIKII "MarepuanoBe/icHHE U TUATHOCTHKA B TiepeioBbIxX TexHonorusx" npu ®TU num. A.®. Nodde,
«B3anmMonelicTBre AIIEKTPOHHOTO Tyuyka ¢ oOpa3iom», Cankr-IleTepOypr, 2010.

JomnonHurensHas 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-00bheKkTa HaHopenbeda st POM u ACM. Hanounmyctpust Ne6/2008

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT", HEOOXOTUMBIX
JJIS1 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 IPOMBINUICHHOM cTarucTrke. Mocksa, StatSoft.
http://www.statsoft.ru/home/portal/textbook ind/default.htm.

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

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOI0
npouecca 1o JMCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NpOrpaMMHOro odecrnedyeHunst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

MYJIETUMEIUUHBIE TEXHOJIOTUHU, BKJIIOUAs I€MOHCTPALIUIO IPE3CHTALIUIA.
9. MeToauyeckue yKazaHusi AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

1) mocemenue Bcex JICKIUH, TPETyCMOTPEHHBIX Y4YEOHBIM IIJIAHOM; BEIIEHWE KOHCIIEKTOB 3aHSTHUM;
aKTUBHOE y4acTre B OOCYKICHUH JICKIIHIA;



2) BayKHO AOOWUTHCS MOHMMAHUSI U3y4aeMOro Marepuana, a He MeXaHHYeCKoro ero 3anomuHanus. [lpu
3aTPYIHEHUU W3Y4YEeHUS OTAEIbHBIX TEM, BOIPOCOB, CleqyeT oOpaiarbcs 3a KOHCYNbTalMeH K
MIPENOAABATENIO Ha JICKIIUH.



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

Kon 1 HanmeHoBaHnEe KOMITETEHITUT NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH
[IK-4.2 3HaeT HCTOYHHUKH TPOUCXOXKACHUA U yMeeT
I1K-4 Cnoco6GeH KpUTHUECKHU OLICHUBATh MPOU3BOAUTH  OLEHKY TMOTPEIIHOCTH W3MEPEHHH U
MPUMEHUMOCTh UCTIOJIb3yEMBIX METOUK U JIOCTOBEPHOCTH IKCIIEPUMEHTAIIBHBIX PE3YIBTATOB
METOJIOB [1IK-4.1 3Haer yuCIIEHHBIC TTOPSIIKY BEIWYNH, XapaKTePHBIX

JUISL COOTBETCTBYIOIIEH MpodeccHoHaIbHON 00macTu

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

B pesynbrare m3ydeHus AUCHUILIMHBI «MeTpoornyeckoe odecreueHre HaHOICKTPOHUKMY 00yJaronuics
JOJKEH:

3HAThb:

- (u3nyecKre OCHOBBI METOJIOB M3MEPEHHs, OCHOBHBIC NPHHLUIBI HNOCTPOCHUS H3MEPHUTEIHHOTO
000pyIOBaHUs, METOAUKHA M3MEpEeHUs, Pr3ndecKkue 0COOCHHOCTH OOBEKTOB M3MEpEHHUs, Hu3ndecKue
OrpaHU4eHUs1 METON0B U3MepeHusi. OCHOBBI METPOJIOTHH.

YMeThb:
- BbIOMpaTh aJeKBaTHYIO (PU3MUYECKYI0 MOJeNb OObEKTa M3MEpPEHHs, pa3pabaTbiBaTh ONTUMAJIbHBIN
I1aH KoHTpossl. [IpoBomuTh NpOBEPKY TOTOBHOCTH CPEINCTB M3MepeHHs. IIpoBonuTh u3MepeHUs
CTaHJAPTHBIX 00pa310B MOHUTOPHBIX IJIACTHH.

BJa/IeTh:

- CTAaTUCTUYECKHUMH METOIaMU 00paOOTKH U3MEPUTEIbHBIX JaHHBIX, AITOPUTMAMHU [IPUHATHUS PELICHHUS
Ha OCHOBE CTaTHUCTUYECKUX METONOB YIpaBJIEHUS IpoleccaMd (KOHTPOJIBbHBIE KapThl, OLICHKa
COCTOSIHUSL Tpoliecca), HavdaJbHBIMH HaBBIKAMH pa3pabOTKM HM3MEPHUTEIBHBIX IMPOrpaMM s
KOHTPOJIbHO-U3MEPUTEIBHOTO 000PyI0BaHUS.

3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl MOATOTOBKH K TeKyIleMy KOHTPOJII0

C 1menplo0 KOHTPOJIS OCBOEHHS OOy4aroIMMHUCS Yy4eOHOro Marepuana MPOBOAUTCS YCTHBIH ONpOC B
HayaJje 3aHATUS 110 TeME IPOIUIOHN JIEKIIMH WU B KOHIIE 3aHATHUSA IO IPOWIEHHON TeMe.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

Bonpocs! asist moaroToBkH K AudQepeHIIMPOBAHHOMY 3a4ETy:
. OCOOEHHOCTH METPOJIOTHU B COBPEMEHHOM IIPOU3BOJICTBE MHTEIPAJIBHBIX CXEM.
. CrucreMa KOHTpOJISl TApaMETPOB COBPEMEHHBIX TEXHOJIOTUUECKHX MIPOLIECCOB
. du3nyecKkre OCHOBBI METOJIOB METPOJIOTUH JIMHEHHBIX Pa3MepoB
. OnTuyeckKre MeTobl METPOJIOTHH JAUJIEKTPUUECKHUX CIIOEB U CTPYKTYP

1
2
3
4
5. ®dusnyeckue 0CHOBBI METPOJIOIMH METAIIIMUECKUX CIIOEB U CTPYKTYpP
6. DnekTpodu3nIecKue METOABI KOHTPOIIS

7. Metoapl KOHTpONS NeheKTHOCTH

8. AHanuTH4ecKue METObl UCCIeOBaHU OOBEKTOB MUKPO M HAHO JIEKTPOHUKH.
9. CoBpeMeHHbIE CUCTEMBI 00paObOTKHU M aHAJIM3a JaHHBIX B mpousBojcTee VC.

1

0. PeHTreHoBCKHE METOIBI KOHTPOJISL COCTABA CJIOEB U IIOBEPXHOCTHBIX 3arpsA3HEHUH

Kpurepun onennBanus
10 6amtoB — (ITIPEBOCXOHO):
*  CHUCTEMaTU3UPOBaHHBIC, IIyOOKHE W MOJHBIE 3HAHUS IO BCEM pasjenaM y4eOHOIl mporpammsbl, a
TaKKe 110 OCHOBHBIM BOITPOCAM, BBIXO/SIINM 32 €€ MPEeibl;
. TOYHOE HCIIOJb30BAHWE HAYYHOH TEPMHUHOJIOTUM (B TOM YHWCJIE Ha HMHOCTPAaHHOM S3BIKE),
CTHIMCTHYECKH I'PAaMOTHOE, JIOTHUECKH MPABUIbHOE N3JI0KEHNE OTBETA HAa BOIPOCHI;



*  Oe3ymnpedHoe BIAJCHHEC HHCTPYMEHTapHeM Y4eOHOW IWUCIUILTUHBI, yMEHHE ero 3(pQPEeKTHBHO
HCIOJIB30BaTh 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 IUTEparypbl, PEKOMEHJIOBAaHHOMN
y4eOHOI mpoTrpaMMOi TUCITUTUINHEI;

* yYMEHHE OPHEHTHPOBATHCSA B TEOPHSX, KOHLEHMIUAX U HANPABICHUAX MO N3y4aeMON NHCLHUIUIMHE U
JlaBaTh UM KPUTUUYECKYIO OLICHKY, UCIIOJIb30BaTh HAYUHbIE JOCTHXKEHUSI JPYTUX JUCLUIUINH;

*  TBOpYECKas CaMOCTOSTENbHAs paboTa Ha MPAKTUYECKUX, JTa0OPATOPHBIX 3aHATHIX, AKTUBHOE
y4acTHe B IPYNIIOBBIX 00CYKICHUSAX, BHICOKUH YPOBEHB KYJIBTYPbl HCIIOTHEHHS 3aJaHHMH.

9 6amnoB — (OTJIMYHO):

* CcHCTEMaTU3UPOBAHHbBIEC, ITTyOOKHE U MOJIHBIC 3HAHUS 110 BCEM pa3zeiaM yueOHOH MporpaMmbl;

. TOYHOE HCIOJb30BAHWE HAYYHOH TEPMHUHOJIOTUM (B TOM YHWCJIE Ha HHOCTPAaHHOM S3BIKE),
CTUJIMCTHUYECKU I'PAMOTHOE, JIOIMUECKHU IIPAaBUIBHOE U3JI0KEHUE OTBETA Ha BOIIPOCHI;

*  BJIAJICHUE MHCTPYMEHTapueM y4eOHOW NUCLUIUIMHBI, yMEHHE ero 3(QQEKTUBHO HCIIOIL30BaTh B
MOCTAHOBKE M PEIICHUH HAyYHBIX M MPO(ECCHOHANBHBIX 3a1a4;

*  CHOCOOHOCTH CAMOCTOSATEIBHO M TBOPUYECKH peEIIaTh CIOKHBIE MpoOIeMbl B HECTaHIApTHOM
CUTyallud B paMKax Y4eOHOW MporpamMmbl, IIOJIHOE YCBOCHHE OCHOBHOW U JIOMNOJHU "TEIbHOU
JUTEpaTypbl, PEKOMEHI0BAaHHON Y4eOHOW POTrpaMMO TUCIIUITITHBEI;

*  yMEHUE OpPUEHTUPOBATbCS B OCHOBHBIX TEOPHUSAX, KOHLENUUAX U HAIPABICHUAX IO U3ydaeMOMU
JTUCIUIUIMHE U 1aBaTh UM KPUTHUYECKYIO OLIEHKY;

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

8 6amnoB — (IIOUYTU OTIIMYHO):

* CHCTEMaTHU3UPOBAaHHbIC, NNIyOOKHE M IOJIHBIC 3HAHUS 10 BCEM IMOCTABJIEHHBIM BOIPOCaM B 00beMe
y4eOHON MpOrpaMMel;

*  HCHOJNb30BAaHHME HAYYHOM TEPMHUHOJOTHH, CTHJIMCTHYECKHM TI'PaMOTHOE, JIOTMYECKH MpPaBHIBHOE
M3JI0’KEHHE OTBETAa HA BOIIPOCHI, yMEHHE JIeIaTh 000CHOBAaHHbIE BBIBOJIBI;

* BIAJICHUE MHCTPYMEHTapueM y4eOHOH AMCIMIUIMHBI (METOJaMU KOMIUIEKCHOTO aHAJIN3a, TEXHUKON
WH(POPMALIMOHHBIX TEXHOJIOTHH), YMEHHE €ro HCIOJIb30BaTh B MOCTAHOBKE M PEUICHUU HAyYHBIX U
poQecCHOHAIBHBIX 33/a4; CIIOCOOHOCTh CaMOCTOSTENIBHO peIlaTh CIIOXKHBIE HMPOOJIeMbI B paMKax
y4eOHON MpOrpaMMel;

*  YCBOCHHE OCHOBHOW W JIOTIOJHUTEJIBHOW JUTEPaTyphl, PEKOMEHIOBAHHON y4eOHON NpOrpaMMoit
JUCLUIUIMHBL,

*  YMEHHE OpPHUEHTUPOBATHCS B OCHOBHBIX TEOPHSX, KOHLEMIMAX M HANpPaBICHUAX IO H3y4acMOH
JUCLMIUIMHE W JaBaTh UM KPUTHYECKYIO OLIEHKY C IO3ULUI rocydapCTBEHHOH wuieoioruu (1o
JUCHUTUTMHAM COLUAIbHO-TYMaHUTAPHOTO LIKKJIA);

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

7 6annos — (OYEHb XOPOILLO):

* CHUCTEMaTHU3UPOBAHHbIC, NTyOOKHE U MOTHBIE 3HAHMUS 110 BCEM pa3zieiaM yueOHOM MporpaMmel;

* HCII0JIb30BAaHUE HAyYHOU TEPMUHOJIOIMH (B TOM YMCJIE HA HHOCTPAHHOM SI3bIKE), IUHIBUCTUYECKU U
JIOTUYECKH MTPAaBUIILHOE U3JIOKEHHE OTBETA Ha BONPOCHI, YMEHHE AeNaTh 000CHOBAaHHBIC BHIBOBL;

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

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

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

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

6 6aoB — (XOPOILO):

* JIOCTaTOYHO IOJHbIE U CUCTEMAaTU3UPOBaHHBIC 3HAHUSI B 00beMe yueOHOH porpaMmbl;

*  HCIOJIb30BaHHE HEOOXOAMMOHN HAayYHOW TEPMHUHOJIOIHWH, CTHIMCTUYECKH TI'PAaMOTHOE, JOTUYECKH
MPaBUWIILHOE M3JI0KEHUE OTBETA Ha BONIPOCHI, YMEHHUE JieNlaTh 000CHOBaHHBIE BHIBOIBI;

*  BIQJCHUE WHCTPYMEHTapueM Yy4eOHOH IMCLMWIUIMHBI, YMEHHE €ro HCIOJb30BaTh B PELICHUH
y4eOHBIX U NMPO(pECCUOHAIBHBIX 33Ja4; CIOCOOHOCTh CaMOCTOSTEIbHO IPUMEHATh THUIIOBBIC PEIICHUS
B paMKax y4eOHOH MporpaMMel;



* YCBOCHHE OCHOBHOU JINTEPATYPbI, PEKOMECHJOBAHHOW yUeOHOM MpOrpaMMON JTUCITUTLTHHBL

*  yMEHHE OpPHEHTHPOBAThCA B 0A30BBIX TEOPHSX, KOHIEMUUSAX M HANpaBICHUAX MO H3ydaeMOi
JUCUMIUIMHE W JaBaTh MM CPaBHHUTEJIbHYIO OLICHKY; AaKTHBHAas CaMOCTOsTElIbHas pabora Ha
MPaKTHYECKUX, J1a0OPAaTOPHBIX 3aHATUAX, IMEPUOAMYECKOE YYaCTHE B TPYHIOBBIX OOCYKACHUSX,
BBICOKHUH YPOBEHB KYJIBTYPbI HCIIOTHEHUS 3aJaHUN.

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

° HUCIIOJIB30BaHHEC Hay‘IHOI\/’I TCPMUHOJIOTUH, CTUWIUCTUUYCCKU TI'PaMOTHOC, JIOTUYCCKH IIPABUIIBHOC
H3JIOKCHUC OTBETA Ha BOIIPOCHI, YMCHUC 1€J1aTh BbIBOADI,

*  BIAJICHUE HMHCTPyMEHTapHeM y4eOHON IMCIUIIMHBL, YMEHHE €ro HCIOJIb30BaTh B PEIICHUU
y4eOHBIX U TPOEeCCHOHAIBHBIX 33/1a4;

* CHOCOOHOCTh CAMOCTOSTCIIHLHO IMPUMCHATH TUIIOBLIC PCHICHHUA B paMKax yqe6H0171 nporpamMmmai;
®* YCBOCHHUC OCHOBHOH JINTCPATypBhl, pCKOMeHI[OBaHHOﬁ y‘le6H0ﬁ HpOl”paMMOfI JUCIHUITIIINHBI,

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

*  camocTosTenbHas padoTa Ha MPAKTUUECKUX, Ja0OPAaTOPHBIX 3aHATHAX, y4acTHE B TPYIMIIOBBIX
00CYXIIEHUSX, BBICOKHI YPOBEHb KYJIBTYpPhl HCIIOJTHEHUS 3aaHUH.

4 6amna — (YOBJIETBOPUTEJIBHO), 3AYTEHO:

* JIOCTaTO4YHBIN 00BEM 3HAHUU B paMKax 00pa30BaTeIbHOIO CTAHAAPTA;

* YCBOCHHME OCHOBHOM JIUTEPATYPbl, PEKOMEHJOBaHHOW y4eOHOM MpOrpaMMON AUCIUIINHBL

*  HCHOJNB30BAHME HAYYHOW TEPMHUHOJIOTHH, CTHIMCTHYECKOE M JIOTMYECKOE M3JIOKEHHE OTBETa Ha
BOIIPOCHI, YMEHHE JIeTIaTh BHIBOABI O€3 CYIIECTBEHHBIX OIINOOK;

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

* YMEHHE 0] pyKOBOACTBOM IpENoJaBaTelis peuarb CTaHJapTHbIE (TUIIOBBIE) 3aa4H;

*  yYMEHHE OpPHUEHTUPOBATHCS B OCHOBHBIX TEOPHSX, KOHLEMIMAX M HANpPaBICHUAX IO H3y4acMOU
JUCLUIUIMHE U JaBaTh UM OLICHKY;

. paboTa mOA PYKOBOJACTBOM IIPENOAABaTelsl HAa IPAKTUYECKHUX, JaOOpaTOPHBIX 3aHATHAX,
JOITyCTUMBIA YPOBEHB KYJIBTYPbI HCTIOIHEHHS 3aJaHHH.

3 6amra — (HEYIOBJIETBOPUTEJIBHO), HE3AYTEHO:

* HEJO0CTAaTOYHO MOJHBIA 00BEM 3HAHUH B paMKax 00pa30BaTeILHOTO CTaHIAPTa;

* 3HaHWE YaCTH OCHOBHOW JIUTEPaTyphl, PCKOMEHIOBAHHOW y4eOHOM MPOTrpaMMOi JUCIIUILTAHEL,

*  HCHOJb30BAHWE HAyYHOU TEPMUHOJOTHHU, HU3JIOXKEHUE OTBETA HA BOMNPOCHl C CYUICCTBEHHBIMU
JIMHTBUCTHYECKUMHM M JIOTHYECKUMH OLITHOKAMH;

. cnaboe BIIAJICHUE WHCTPYMEHTapueM YYeOHOW IUCIUIUTMHBI, HEKOMIIETEHTHOCTh B PEIICHUH
CTaHAAPTHBIX (TUITOBBIX) 3a/1a4;

*  HEYMCHHUE OPHUEHTUPOBATHCS B OCHOBHBIX TEOPHUAX, KOHIEMUMUSAX W HAMpPaBICHUSAX H3ydaeMoOul
JUCIUTIINHEL,

* TACCHBHOCTh HA MPAKTUYECKUX U JIAOOPATOPHBIX 3aHATHUSAX, HU3KHI YPOBEHb KYJIBTYPhlI UCTIOTHEHUS
3aIaHUH.

2 6amra — (HEYIOBJIETBOPUTEJILHO):

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

. 3HAHWS OTAEIBHBIX JINTEPATYPHBIX HCTOYHHKOB, PEKOMEHJIOBAaHHBIX YUEOHOW MPOrpaMMOin
JUCIUTIINHEL,

. HEYMEHHE HCIIONb30BATh HAYYHYH0 TEPMHUHOJIOTHIO JUCIMILIMHBI, HAlMYME B OTBETE TIPyObIX
CTHJIMCTHYCCKUX U JJOTMYECKUX OIIUOOK;

* IMaCCHBHOCTH HA MPAKTHYECKUX U Ja00PaTOPHBIX 3aHATUAX, HU3KHHA YPOBEHb KYJIBTYPHl UCIIOTHEHUS
3aJIaHUM.

1 6amt — (HEYIOBJIETBOPUTEJILHO):

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

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

ITpu nposenennn uddepenupoBaHHOro 3adera olydaromiemycs npenocrasisercss 30 MHUHYT Ha
noAroroBky. Onpoc o0yyaromerocs mo OWIETy He JOJKEH MPEBBILIATh JIBYX aCTPOHOMHUYECKHUX YacoOB
B YCTHOW W (MJIM) TUCBMEHHOMU (hopMme.



