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: duzuka IMMOJIYITPOBOJAHUKOBBIX HpI/I60pOB
0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIC Mar€MaTuKa nu (1)I/I3I/IKa
HpO(l)PIJIb 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 "®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;

*  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

TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTh
pabora
OcobenHocTu METpPOJIOTUH B
1 COBPEMEHHOM MIPOM3BOZICTBE 6 3
MHTETPAIbHBIX CXEM.
Cucrema KOHTPOJSI ~ [apaMeTpoB
2 COBPEMEHHBIX TEXHOJIOTHYECKUX 8 3
MPOLIECCOB.
3 dusnyeckne  OCHOBBI METO/IOB ] )
METPOJIOTUH JTMHEHHBIX pa3MepOoB.
4 Onrtuueckne  METOABI  METPOJIOTHHU 4 4
JHMIIEKTPUIECKUX CIIOEB U CTPYKTYD.
5 ®dusnyeckne  OCHOBBI  METPOJIOTHH 4 3
METAJUINYECKUX CJIOEB U CTPYKTYD.
6 OnexkrpoduzruecKre METOIbI KOHTPOJIS. 8 4
7 MeTo/bl KOHTPOJIS JePEKTHOCTH. 4 4
3 AHanuTHYeCKHe METOABI HCCIIeIOBAaHHS 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
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 IPOU3BOJICTBE MHTETPAIBHBIX 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 IPOLCCCOB.

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. OnTHyecKkyue METObl METPOJIOTUH JUBJIEKTPUUECKUX CIIOEB U CTPYKTYD.

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 MCTAJINIMUCCKUX CJIOCB U CTPYKTYD.

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. JnekrpoduznyuecKre METOIbI KOHTPOJIS.
4X-30H/10BBII, KOHTPOJIb TEOMETPUH U HANPSHKEHHUH B IJICHKAX, (POTOAIEKTPHKA, 000PyI0BaHUE.
7. Metozipl KOHTPOJIs 1e(PEeKTHOCTH.

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 DJICKTPOHUKHMU.

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

9. CoBpeMeHHbIE cHCTEMBI 00pa0OTKY M aHAIH3a JaHHBIX B ipou3BojicTBe VC.

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 JuTeparypa
1. HoBuxkos I. A. OcHoBBI MeTposiorun: yueonoe nocodue / I.A. HoBukoB.— YnbsHoBck: Ynl' TV,
2010. - 182 c. - ISBN 978-5-9795-0619-7
2. Cmupnos C. B. Metons! u 000py0BaHue KOHTPOJIS TaApaMETPOB TEXHOJIOTHYECKUX MTPOLECCOB
IIPOU3BOJICTBA HAHOI'€TEPOCTPYKTYP U HAHOI'€TEPOCTPYKTYPHBIX MOHOJIUTHBIX HHTEIPAJIbHBIX CXEM:
yue6. mocobue / C.B. CmupHoB. — M31-Bo ToMCK. TOC. YH-Ta CUCTEM YIP. H PaIUOIEKTPOHUKH. —
Tomck, 2010. — 115 c.
3. Bpangon /., Kaman Y. Mukpoctpykrypa MaTepuaioB. MeToIbl HCCIICAOBAHUS U KOHTPOJIS / TIep. ¢
anr. ox peaakmuen C.JI.baxenosa. - Mocksa: Texnocdepa, 2004. — 384c.
4. LKII "MarepuanoBeZieHHE U TUarHOCTHKA B iepeoBhIx TexHonorusx" npu ®TU um. A.®. Uodde,
«B3aumoelicTBUE AMEKTPOHHOTO Ty4Ka ¢ o0paznom», Cankr-IlerepOypr, 2010.
5. LKII "MarepuanoBeaenue u quarHoctuka B nepenoBbix Texnonorusax" npu @THU um. A.@. Hodde,
«Du3nvecKue OCHOBBI PEHTTEHOCIIEKTPALHOTO MUKpoaHnanu3a», 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 nu ACM. Hanounmyctpust Ne6/2008

7. llepedyeHs pecypcoB HH()OPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHeT", HEOOXOTUMBIX
JJI51 OCBOEHHSI 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 Y4eOHHK 110 TPOMBILUICHHON 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(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILIMHe (MOAYJII0), BKJII0Yasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

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



9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHCHUIIJINHBI (MO)_IyJ'lﬂ)

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

aKTHUBHOE y4yacTre B OOCYKICHUU JICKIIH;
2) BaXXHO AOOUTHCS MOHMMAHMS M3y4aeMOro MaTepHaja, a He MEXaHHYECKOro ero 3anoMuHaHus. [Ipu
3aTPyOHEHUN W3YYEHUS! OTHCNIBHBIX TEM, BOIPOCOB, CIENyeT OOpaliaThCsi 3a KOHCYJIbTalKMed K

MpeTnoAaBaTeio Ha JIEKIIUH.



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 CriocobOeH oCyIIecTBISTh ITOUCK, VYK-1.1 Ananusupyet 3aaady, BBIAEISSA 3Tallbl €€ PelIeHus,
KPUTHUYCCKUI aHAN3 U CHHTE3 HHPOpMAInK, |ACHCTBHSA 110 PENICHUIO 3a/1a4K

HPUMEHSATH CUCTEMHBIN MOAXO 1ist pemieHuss  |VK-1.3 PaccmarpuBaeT pasiu4HbIC BapHAHTHl PELICHUS

MTOCTABJICHHBIX 33]1a9 3a/la4i, OLICHUBAET UX NMPEUMYIIECTBA U HEIOCTATKU

[TK-1 CriocoGeH IIaHupoBaTh U IPOBOINTH IIK-1.1 Bnameer  gyHIaMeHTanbHBIMH  TIOHSTHIMH,
Hay4YHbIC SKCIIEPUMEHTHI (B U30paHHOM 3aKOHAMU M TEOPHUSIMU COBPEMEHHOU (DPU3UKH

npeaMeTHOH obnacty) u (unn) teopethndeckue |[IK-1.4 VYmeer CTpOUTh MareMaTHYECKME MOIEIM LIS
(aHaIMTHYECKHE U UMUTAITMOHHEIC) ONMHMCAHMSI W MCCIEAOBaHHUA TIPOLECCOB M SABIEHUH B
HCCIICIOBAHUS COOTBETCTBYIOIUX HAYYHBIX 001aCTIAX

2. Iloka3zare/iM OLCHMBAHMS KOMIIETCHIMIA
B pesynbrare n3yueHus AUCIMIUIMHBL « PU3MKa MOIYTIPOBOAHUKOBBIX MTPUOOPOBY» 00yUarOIUics JOKEH:

3HATb:

- (u3uYeCKre OCHOBBI METOIOB HM3MEPEHHs, OCHOBHBIC NPHHIUIBI MOCTPOCHUS H3MEPHUTEIHHOTO
000pyIOBaHUsI, METOAUKHA H3MEPEeHUs, (PU3NIeCKue 0COOCHHOCTH OOBEKTOB M3MEPEHUs, (PU3NICCKUE
OrpaHHYCHUS] METOIOB M3MepeHHss. OCHOBBI METPOJIOTHH.

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

BJIaJIeTh:

- CTAaTUCTUYECKUMH METOJIaMH 00pabOTKHM N3MEPHUTENbHBIX JAHHBIX, AITOPUTMAMHU IIPUHATHS PEIICHUS
Ha OCHOBE CTaTHCTHYECKHX METONOB YIMpaBJIEHUS MpoleccaMu (KOHTPOJIbHBIE KapThl, OLICHKA
COCTOSIHMSL TIpollecca), HauyaJIbHBIMH HaBBIKAMHM pPa3pabOTKH HM3MEPUTENBHBIX HpOrpamMMm  JUis
KOHTPOJIBHO-U3MEPHUTEIBHOTO 000pyIOBaHHUS.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

C 1enbr0 KOHTPOJS OCBOSHHUS O0ydYaromUMUCS Y4eOHOTO Marepuana MPOBOIUTCS YCTHBIA OMpOC B
HayaJie 3aHsATHs 110 TEME MIPOIUION JICKIIUU UM B KOHLE 3aHITHUS 110 IPOMJEHHOMN TEME.

4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOYHOI aTTecTalluu
oOyuaroumuxcst

. OcobennoctH MCTPOJIOTUH B COBPEMCHHOM MPOU3BOACTBC MHTCIPAJIBHBIX CXCM.
. Cucrema KOHTPOJIA MMapaMETPOB COBPEMCHHBIX TCXHOJIOTUYCCKUX MIPOLCCCOB

. ®u3n4YecKrue OCHOBBI MCTOAOB MCTPOJIOTHHN JIMHESHHBIX pasMepoB

. OnTuueckue MCTOAbI MCTPOJIOTUU NJUIJICKTPUICCKUX CJIIOCB U CTPYKTYP

. ®u3n4YecKue OCHOBBI MCTPOJIOTUU MCTAJINIMYCCKUX CJIOCB U CTPYKTYP

1
2
3
4
5
6. Onexrpodu3ndecKkre METOAbl KOHTPOJIS
7. Metoap! KOHTpOJIs AeheKTHOCTH

8. AHAIIMTHYECKHE METOBI HCCIIEIOBaHMsI 00bEKTOB MUKPO Y HAHO JICKTPOHHKH.
9. CoBpeMeHHbIEe CHCTEMBI 00pa0OTKHM M aHaJIM3a JaHHBIX B ponsBoacTee MC.

1

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

Kpurepuu onieHuBanus
10 6amnos — (IIPEBOCXO/JHO):

° CUCTCMATHU3UPOBAHHBIC, I"J'IY6OKI/IC " IOJHBIC 3HAHUA 10 BCEM pasaciiaM y‘-Ie6HOI>i mporpamMmmslI, a
TAKXXE 10 OCHOBHBIM BOIIPOCAaM, BBIXOAAIINM 3a €€ IPEACIIbI;




. TOYHOE MHCIIOJIb30BAHUE HAy4YHOM TEPMHHOJIIOTUM (B TOM YHCJIE Ha HMHOCTPAaHHOM S3BIKE),
CTHWJINCTUYECKH IPaMOTHOE, JIOTHUECKH NPABUIIbHOE U3JI0KEHUE OTBETA Ha BOIIPOCHI;

. Oe3ynpedHoe BiaJicHHE HHCTPYMEHTapHeM Y4eOHOW AMCUUIUIMHBL, yYMEeHHE ero 3()()EeKTUBHO
UCIIONIb30BaTh B TIOCTAHOBKE M PEIICHUU HAYYHBIX U MPO(ECCHOHATIBHBIX 3a/1a4;

. BBIP&KCHHAs! CIOCOOHOCTh CAMOCTOATEIBHO M TBOPYECKM pEILIaTh CIIOXKHBIE NPOOJIeMBbI B
HECTaHIAPTHOW CUTYallHU;

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

* YMEHHUE OPUEHTHPOBATHCS B TEOPUAX, KOHLEIIMIX U HalpaBIEHUAX 110 U3y4aeMOM AMCLUIUINHE U
JaBaTh UM KPUTHUYECKYIO OLICHKY, HCIIOJB30BaTh HAYYHBIE TOCTIKEHHS JPYTUX JUCLHUTUINH;

*  TBOpYECKas CaMOCTOATENIbHAs PaboTa Ha NPAKTHUYECKHX, JIAOOPATOPHBIX 3aHATUSAX, AKTUBHOE
ydacTue B IPYIIIOBBIX 00CYXKICHUSAX, BBICOKUH YPOBEHb KYJIBTYphl HCIIOTHEHHS 3aJaHuil.

9 6amto — (OTJIMYHO):

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

. TOYHOE MHCIIOJIb30BAHUE HAy4YHOM TEPMHUHOJIOTUM (B TOM YHCJIE Ha HMHOCTPAaHHOM S3bIKE),
CTHJINCTUYECKH IPaMOTHOE, JIOTHUECKH MPABUIIbHOE U3JI0KEHUE OTBETA Ha BOIPOCHI;

*  BIAJCHUE MHCTPYMEHTApUEM Y4YeOHOW IMCLUIUIMHBL, yMEHUE ero 3((EeKTUBHO HCHOJIb30BaTh B
MOCTAHOBKE U PEIIEHUH HAYYHBIX U NPO(eCcCHOHATBHBIX 33/1a4;

*  CIOCOOHOCTH CAMOCTOSITENIbHO M TBOPUYECKH peEIIaTh CIOXKHBIC MPOOJIIEMBl B HECTaHAAPTHOM
CUTyallul B paMKax Yy4eOHOM NporpamMmbl, IOJHOE YCBOCHHE OCHOBHOW M JONOJHU "TEIbHOM
JUTEPaTyphl, PEKOMEHAOBAaHHON Y4eOHON MpOrpaMMOil TUCIUIIIINHEI;

*  yYMEHHE OpPHUEHTUPOBAThCS B OCHOBHBIX TEOPHSX, KOHLEMIMAX M HANpPaBICHUAX IO H3y4acMOH
JUCLUIUIMHE U JaBaTh UM KPUTHYECKYIO OLEHKY;

*  caMocTosATeNbHas paboTa Ha MPAKTHYECKHX, JJAOOPAaTOPHBIX 3aHATUSAX, TBOPUECKOE ydacThE B
IPYNIIOBBIX 00CYKICHUSAX, BHICOKUH YPOBEHB KYJIBTYPbI HCIIOJTHEHHS 3aJaHHMH.

8 6amnoB — (ITIOUYTHU OTIIMYHO):

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

*  HCIOJb30BAaHUE HAYYHOH TEPMHUHOJIOTMH, CTWJIMCTUYECKH I'PaMOTHOE, JIOTMUYECKU IPaBUIIBHOE
W3JI0KEHUE OTBETA Ha BOIIPOCHI, YMEHHUE JeJIaTh 000CHOBaHHBIC BHIBOJIBL;

* BJIAJICHUE MHCTPYMEHTApHEM YUeOHOW IUCHUILIUHBI (METONAMHU KOMIUIEKCHOTO aHajn3a, TeXHUKOM
MH(QOPMAIMOHHBIX TEXHOJOTWH), YMEHHE €ro HCIOJIb30BaTh B IOCTAHOBKE M DPEIICHUH HAyYHBIX U
npoeCCHOHANBHBIX 3a7[a4y; CIIOCOOHOCTh CAMOCTOSITENIbHO pPElIaTh CIIOKHBIE NPOOIEMBI B PaMKax
y4eOHOH MPOrpaMMbl;

*  YCBOCHHME OCHOBHOW W JIOTIOJHUTEIHLHOW JUTEPaTyphl, pEKOMEHIOBAHHON y4eOHOH MpOrpaMMoit
JVCLUUTUIHHBL,

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

* aKTUBHAas CaMOCTOsTEeNIbHAs paboTa Ha MPAKTHYECKHUX, JTa0OPATOPHBIX 3aHIATUSAX, CHCTEMATHUECKOE
y4acTHe B IPYNIIOBBIX 00CYKICHUSAX, BHICOKUH YPOBEHB KYJIBTYPbl HCIIOTHEHHS 33 JaHHMA.

7 6amnoB — (OYEHb XOPOLIO):

* CcHCTEMaTU3UPOBAHHbBIE, ITTyOOKHE U MOJIHBIC 3HAHUS 110 BCEM pa3zieiaM yueOHOH MporpaMmbl;

* HCIIONB30BaHME HAYYHOUW TEPMUHOJIOTHH (B TOM YHCJIE€ HA HHOCTPAHHOM SI3bIKE), IMHIBUCTUYECKH H
JIOTMYECKH MPAaBUIIBHOE M3JI0’KEHHE OTBETA Ha BONIPOCHI, YMEHHUE JeNIaTh 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 OpPUEHTUPOBATbCS B OCHOBHBIX TEOPHUSAX, KOHLENUUAX U HAIPABICHUAX IO U3ydaeMOMU
JUCLHUIUTMHE U JaBaTh UM KPUTHYECKYIO OLEHKY;

*  caMocTOsiTeNbHas paboTa Ha MPAKTHYECKUX, JIA0OOPATOPHBIX 3aHATHSX, Y4acTUE B TPYNIIOBBIX
00CY’KIEHUSX, BBICOKUI yPOBEHb KYJIbTYPbI HCIIOJIHEHUS 33/1aHHH.

6 6autoB — (XOPOILO):

* JIOCTaTOYHO IOJHbIE U CHCTEMAaTH3UPOBAHHBIC 3HAHUS B 00beMe yueOHOH MporpaMMel;

® HCIIOJIB30BaHUC HEO6XOI[I/IMOI\/'I Hay‘IHOﬁ TCPMHHOJIOTUHU, CTUJIIMCTUYCCKU TI'PaMOTHOEC, JIOTUYCCKHU
MMPpaBHUIIbHOC U3JI0OKCHUEC OTBCTA HA BOIIPOCHI, YMCHUC [CJIATh 000CHOBaHHEIC BBIBO/IbI;



*  BIQJCHUE WHCTPYMEHTapueM y4eOHOH IMCLUIUIMHBI, YMEHHE €ro HCIOJb30BaTh B PELICHUH
y4eOHBIX U NMPO(pECCHOHATBHBIX 33a4; CIOCOOHOCTh CaMOCTOSTEIbHO IPUMEHATh THUIIOBBIC PEIICHUS
B paMKax y4eOHOH MporpaMMel;

* YCBOCHHE OCHOBHOM JIUTEPATYPbl, PEKOMEHJOBAaHHOW y4eOHOM MpOrpaMMON AUCIUIINHBL

*  YMEHHE OPHUEHTHPOBATHCS B 0A30BBIX TEOPHUAX, KOHUEHIMAX M HANPABICHUSAX IO H3Y4aeMOM
IUCIMIIMHE M JaBaTh WM CPaBHUTEIBHYIO OIICHKY; AaKTHUBHAs CaMOCTOsTeNbHas pabora Ha
MPAaKTUYECKUX, J1AOOPATOPHBIX 3aHATHSX, MEPUOJUYECKOEC Yy4YyacTHE B TPYNIOBHIX OOCYKACHUSX,
BBICOKHI YPOBEHB KYJIBTYPHI UCIIOJIHEHUS 3aJaHUN.

5 6annos — (ITOYTU XOPOULIO):

* JIOCTaTO4YHbIC 3HAHUA B 00beMe YUeOHOM MPOTrpamMMBbl;

*  HCIOJb30BaHUE HAYYHOH TEPMHUHOJIOTMH, CTWJIMCTUYECKH I'PaMOTHOE, JIOTMUYECKU IPaBUIIBHOE
M3JI0)KEHUE OTBETA Ha BOIIPOCHI, YMEHHUE JENaTh BBIBOJKI;

*  BIAQJCHUE WHCTPYMEHTapueM Yy4eOHOH IMCLUIUIMHBI, YMEHHE €ro HCIOJb30BaTh B PELICHUH
y4eOHBIX U IPOPECCHOHAIBHBIX 3a/1a4;

* CII0OCOOHOCTH CAMOCTOSITENILHO MIPUMEHSTH THIIOBBIE PELICHUS B paMKaxX yueOHOM MPOrpaMMBl;

* YCBOCHHE OCHOBHOU JINTEPATYPbI, PEKOMEHJOBAHHOW yUeOHOM MpOrpaMMON JTUCITUTUTNHBL

*  yMEHHE OpPHEHTHPOBAThCA B 0A30BBIX TEOPHSX, KOHIEMUUSAX M HANpaBICHUSAX MO H3ydaeMOi
JTUCIUIUIMHE U 1aBaTh UM CPaBHUTEIBHYIO OLIEHKY;

*  caMocTOsiTeNbHas paboTa Ha MPAKTHYECKUX, JIA0OPATOPHBIX 3aHATHSX, Y4acTHE B TPYNIIOBBIX
00CY’KIEHUSX, BBICOKUI yPOBEHb KYJIbTYPbI HCIIOJIHEHUS 33/1aHHH.

4 6amna — (YAOBJIETBOPUTEJIBHO), 3AYTEHO:

* JIOCTaTOYHbIM 00BEM 3HaHMI B paMKax 00pa30BaTeIbHOTO CTaHIaPTa;

* YCBOCHHE OCHOBHOU JINTEPATYPbI, PEKOMEHJOBAHHOW yUeOHOM MPOrpaMMON JTUCITUTUTNHBL

*  HUCIOJIb30BaHUE HAYYHOM TEPMHUHOJIOTMH, CTHIMCTUYECKOE U JIOTMUECKOE H3JI0KEHUE OTBETa Ha
BOTIPOCHI, YMEHHE JEJaTh BBIBOABI 0€3 CYIIECTBEHHBIX OMIMOOK;

*  BIQJCHUE WHCTPYMEHTapueM y4eOHOH IMCLUIUIMHBI, YMEHHE €ro HCIOJb30BaTh B PELICHUH
CTaHAAPTHBIX (TUIIOBBIX) 3a71a4;

* yYMEHHE [0l PyKOBOJACTBOM ITPENOAABATENs PELIaTh CTaHJAPTHBIE (TUIIOBBIC) 3aa4H;

*  YMEHUE OpPUEHTUPOBATbCS B OCHOBHBIX TEOPHUSAX, KOHLENUUAX U HAIPABICHUAX IO U3ydaeMOM
JUCIUIUIMHE U 1aBaTh UM OLICHKY;

. pabora mox PYKOBOACTBOM IPEMOJABATENsl HA MPAKTUYECKUX, JAOOPATOPHBIX 3aHITHX,
JIOITyCTUMBIH YPOBEHb KYJIBTYPbl UCIIOJIHEHUS 3aJlaHUH.

3 6anna — (HEYZAOBJIETBOPUTEJIBHO), HE3AYTEHO:

* HEIOCTATOYHO IOJIHBIN 00BbEM 3HAHUI B paMKax 00pa30BaTeIbHOTO CTAHIAPTA;

* 3HAHWE YaCTH OCHOBHOH JINTEPATypPhl, PEKOMEHI0BAHHON Y4eOHOM MPOrpaMMOi TUCIUILTHHBL;

*  HCIOJb30BaHUE HAYYHOH TEPMHHOJIOTUH, M3JIOKEHHE OTBETAa Ha BOIPOCH! C CYLIECTBEHHBIMU
JIUHTBUCTHYECKUMH U JIOTHYECKUMH OLIHOKaAMU;

*  cnaboe BiaJeHHE HHCTPYMEHTApHEM Y4YeOHOW IMCLMIUIMHBI, HEKOMIIETEHTHOCTh B PEIICHUHU
CTaHAAPTHBIX (TUIIOBBIX) 3a71a4;

*  HEyMEHUE OPHUEHTHPOBATHCS B OCHOBHBIX TEOPHAX, KOHLENLMSAX M HAIpPaBICHUAX H3ydaeMOU
JVCLUUTUTHHBL,

* MACCHBHOCTH Ha MPAKTUYECKUX U JIAOOPATOPHBIX 3aHATUAX, HU3KUI YPOBEHDb KYJIBTYPhl UCTIONHEHUS
3alaHUN.

2 6amna — (HEYIOBJIETBOPUTEJIBHO):

* (parmeHTapHbIC 3HaHUS B paMKax 00pa30BaTeIbHOTO CTAH/IAPTa;

. 3HAHMUSA OTJEJIBHBIX JINTEPATYpPHBIX MCTOYHHMKOB, PEKOMEHIOBAHHBIX Yy4eOHOW IporpaMMoi
JVCLUUTUTHHBL,

*  HEYMEHHE HCIIOJb30BATh HAYYHYI) TEPMHUHOJIOTUIO IUCLMIUIMHBI, HAJM4YWE B OTBETE TIPyOBIX
CTHIMCTHYECKHX M JIOTUYECKUX OLIHOOK;

* TACCHUBHOCTbH Ha NMPAKTUYECKUX U JIAOOPATOPHBIX 3aHATUAX, HU3KHH YPOBEHb KyJIBTYPbl HCIIOIHEHUS
3aJaHni.

1 6a1 — (HEYAOBJIETBOPUTEJIBHO):

* OTCYTCTBHE 3HAHUH M KOMIIETEHIMH B paMKax 00pa30BaTeIbHOIO CTaHAapTa UM OTKa3 OT OTBETA.

5. MeTonuueckune MaTepuasbl, onpeneasonie NPpoueaypsl OeHUBAHUA 3HAHUI, YMeHHH, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH



[Ipu mposenenun auddepeHunpoBaHHOro 3auera oOydaromemycsi npepocrasmsercs 30 MUHYT Ha
noArotoBky. Onpoc oOyuaromerocs Mo OMiIeTy He JOJDKEH MPEBbINIATh JBYX aCTPOHOMUYECKHUX YacoB
B YCTHOM U (WMJIM) TUCbMEHHOU (opMe.



