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PABOYASA MPOrPAMMA YYEBHON ANCUUNIINHBI
B1.B.[1B.05.02 ®yHKUMOHaNbHaA 3NeKTPOHUKa

1. Kog 1 HaumeHoBaHMe HanpaBneHUs NoAroToBKu/cneunanbLHOCTU:
03.03.03 Paduogu3suka

2. Mpodnnb nogroToBku/cneymnanmsauma:

Paduogbusuka u anekmpoHuKa

3. KBanudukauums (cteneHb) BbINyCKHUKA: bakasasp

4. dopma obGyUyeHuUA: oyHas

5. Kachenpa, oTBevarLwan 3a peanmsaumio QUCUUNIINHDbI: 3/I€KMPOHUKU

6. CoctaButenu nporpammbli: KopoueHko ropb Cepreesud, K.4o.-M.H.
7. PekomeHpgoBaHa: HMC ®usmyeckoro akynbteTa, 23.06.2021, Ne 6

8. YuebHbIn roa: 2027/2028 CemecTp(bl): 8



9. llenu 1 3agaym y4eb6HOM ANCLUUNIINHDI:

OcHoBHOM

LUenbio  AUCLUMNIUHBI

ABNAeTCA

O3HAaKOMUTb

CTyaeHToB C  OCHOBHbIMU

HanpasneHnaMmm pa3BnTnA cospemeHHon (*)yHKLl,I/IOHaJ'IbHOIZ SNEKTPOHUKN, C(bOpMI/IpOBaTb
HaBblK/M HA OCHOBE OlbiTa I'IpaKTVNeCKOIZ nesTenbHOCTN B obnactu pelweHna pasrnimyHblX 3agad
pa,u,wocbwsvmm C nNoMoLbto yCTpOVICTB ONTO3NEKTPOHUKHN, aKyCTOOMNTUKN, aKyCTOIJTEKTPOHUKNA.

10. MecTo y4ye6HOM AncunnnuHbl B cTpykType OOIT:

AucumnnmHa oTHocuTca K ©asoBoMy UMKy M ABNAeTca 00s3aTenbHOW  AUCLMNIIMHON
BapuaTMBHOW YacTu. NS ycrnewHoro oCBOeHUss €€ TeopeTUYEeCcKon 4YacTu CTYOEHTbl OOSMKHbI
cBobOO4HO BnageTb annapaToM MaTeMaTMYecKoro aHanmsa, Teopun auddepeHumanbHbIX
ypaBHEHUN, 3HAaTb OCHOBbI 3MEKTPOAMHAMMUKN U ONTUKMK.

11. MNnaHupyemble pe3ynbTaTbl 00y4eHUs No gucuUnnmHe/Moaynto (3HaHUA, yMeHuUs,
HaBbIKW), COOTHECEHHbIE C NNaHMpyeMbIMU pe3yfibTaTaMu 0CBOeHUs1 obpasoBaTenbHOMN
nporpamMmbl (KOMNEeTEHLUUSAMU BbIMYCKHUKOB):

Kopn HaseaHue Koa(bl) WugukaTop(bl) MnaHnpyemble pesyrnbTaTbl 00y4eHUus
KOMMNeTeHLMN
MK-1 | CnocobeH MK-1.1 MpumeHsieT 3HaHnsa | 3HaTb: METOAbl MCCEeA0BaHWIN B pamKax
nposoanTb cbop, 0 MeTopax 06BbEeKTOB (PYHKLNOHANBHON 3MEKTPOHNKN
aHanms un nccrnegoBaHni, YmMeTb: NoNb30BaTbCs MeTo4amMu nomncka
006paboTKy Hay4HO- MeTogax Hay4YHOM MHOPMaLIMM Ha OCHOBE
TEeXHUYECKON CTPYKTYpUpOBaHUs knaccudpukaumm A.A. LWykn.
nHdopmauumm, €CTeCTBEHHO- BnapeTb: MeTogamu akcnepMMeHTanbHbIX
Heobxogmmon ans Hay4HoW nccnefoBaHun 00bLEKTOB B paMKkax
peLleHus nHdopmaumm, PYHKLMOHaNbHOW 3MNEKTPOHUKN
npodeccuoHarnbHbI COBPEMEHHBIX
X 3agay KOHUenuusx B
obnactn oumsunkn n
paanodn3nKn npu
peLueHnn
npodyeccnoHarnbHbIX
3agay
MK-3 | CnocobeH MK-3.1 O6pabatbiBaeT 3HaTb: MeToabl 00paboTKM AaHHBIX
obpabatbiBaTh, NonyYeHHble 3KCMEepPMMEHTArbHbIX NCCNeaoBaHUN
aHanuampoBsaTb U pe3ynbTathbl YMeTb: NPUMEHATb Ha NPaKTUKe METOAbI
odhopMnsTb nccrnegoBaHu C 3KCnepyMeHTanbHbIX UccneaoBaHui onsa cbopa
pesynbTaThbl NCMNONb30BaHNEM OaHHbIX 00 0ObeKTax B paMkax
nccrnegoBaHni m CTaHOapPTHbIX PYHKLMOHaNbHOW 3NEKTPOHMKN.
pa3paboTok meTodoB (MeToauk) | BnapeTb: MeTogamn 06paboTku AaHHbIX
3KCNeprMeHTanbHbIX UCCNeaoBaHnii 0ObEKTOB B
pamkax YHKLMOHaNbHOW SMEKTPOHUKM
MK-3.3 Odopmnsier 3HaTb: NpaBuna HanMcaHusi Hay4YHo-
pesynbTaThbl TEeXHNYEeCcKoro ot4éta o6 aKCnepuMeHTanbHbIX
nabopaTopHOro nnNn | nccnegoBaHUAX
KOMMNbIOTEPHOTO YMeTb: NPUMEHATb Ha NPakTUKe METOAbI
3KCnepvMeHTa B aHanusa u npegcTaBneHus pesynbTaToB OaHHbIX
COOTBETCTBMM C 3KCNneprMeHTanbHbIX UCCcneaoBaHnii 06bEKTOB B
OEencTByOLWNMHN pamkax yHKLNOHANbHOW 311EKTPOHUKM.
TpeboBaHMAMM BnapeTb: MHCTpPYMeHTaMK NpeAcTaBneHnst
OaHHbIX 3KCMEPUMEHTAIbHbIX UCCreJoBaHNN
06BbEKTOB B pamkax yHKLMOHaNbHOWM
3NEKTPOHUKM
MK-4 | CnocobeH MK-4.1 Bnapgeet 3HaTb: OCHOBHbIE hmnsnyeckne NpUHUUNGI
NPUHUMATb dyHOaMeHTanbHbIM | paboTbl NpUBopPoB OyHKLMOHANBHOWN
yyacTve B N 3HAHUAMM 3NEKTPOHUKN

pa3paboTke n

dM3MYECKMX OCHOB

YMeTb: CTPOUTb MHTEPNpeTaLmm Nony4YeHHbIX




nccnenoBaHuax, a

n NpuHUMNoB OaHHbIX Ha OCHOBE Cbl/l3|/|‘-leCKI/IX npuHUMNOB

TaKkke PYHKUNOHNPOBaHUSA | paboTbl NpMbBopPOB hyHKLMOHANbHOM
3KCnIyaTMpoBaTh PaavO3MNEKTPOHHbBIX | SMEKTPOHUKU
pPaano3NEKTPOHHBI npubopos n cuctem | BnapeTb: MeTogamy aHanmnsa NonyyYeHHbIX
€ nNpmbopbl 1 OaHHbIX HA OCHOBE (PM3NYECKNX MPUHLUMOB
CUCTEMBI paboTbl NpubopoB yHKLMOHANBHON
pasnmn4Horo 9NEKTPOHUKM
HasHayeHus MMK-4.13 | NoHnmaeT 3HaTb: OCHOBHbIE XapaKTepPUCTUKM
NpVHUMMBLI paboTbl U | 3MepuTenbHbIX NPUOOPOB ANs UccrnegoBaHUn B
MeToAabl obnactn pyHKLMOHANBHOW 3NEKTPOHUKN
akcnnyaTauum YMeTb: NPpUMEHATb uamepuTensHble Npnbopsbl
COBpPEMEHHOM Ansi uccnegoBaHuin B obnactu yHKUMOHANbHOWM
pagnoO3NEKTPOHHOM | ANTEKTPOHUKN
annapartypbl 1 BnapeTtb: MeTogaMu nsamepeHun B obnactu
obopygoBaHus PYHKLMOHANbHOW 3MNEKTPOHUKM

12. O6beM AUCUMNNUHbI B 3a4eTHbIX eanHuuax/yac. — 3/108.

dopma NpoMeXyTOYHOW aTTecTaumm. 3ayem.

13. TpyaoemkocTb No BuAam y4yebHomn paboTbl

TpyooemMKoCTb
Mo cemecTpam
Bug y4ebHon paboTbl Beero NQq.cemeci.T,[za Ni.cemecIF)Ba
dopme dopme
11 i
AyOuTOpHbIE 3aHATUSA 40 40
nexkuumn 20 20
B TOM Yucne: npakTuyeckue
nabopartopHble 20 20
CamocTtosaTensHas pabora 68 68
B TOM umncne: kypcosas paborta
(npoekKT)
dopma NpoMexXyToYHOW aTTecTaumm
(3k3ameH —  4ac.)
WToro: 108 108

13.1. CopepxaHue UCLUNIIUHbI

Ne n/n

HanmeHoBaHue pasgena
OUCUUNINHBI

CopepxaHve pasgena anCuuniunHbl

Peanusauwns
pasgena
ANCUUNINHBI C
NOMOLLbI0
OHnamnH-Kypca,
QYMK *

1. Nekuun

1.1 MecTo (pyHKLIMOHaNLHOM
3MNEKTPOHUKM B
COBPEMEHHOMN
pagnodunsmke.

CoBpeMeHHast TEXHONOMMS U3roTOBIEHUS
NonynpoOBOAHMKOBbIX NPMBOPOB CXEMOTEXHUYECKOM
MUKPO- 1 HaHO3NEKTPOHMKM. MNpobnembl COBpeMeHHO
3NEeKTPOHMKK. MoHATNE AMHAMUYECKON
HEeOaHOPOAHOCTH

1.2 DyHKLMOHanNbHas
nonynpoBOAHMKOBAS
3NEKTPOHUKA

Odpekt TaHHa. [Mpubopbl € 3apsgoBOW  CBA3LIO.
YcTponctea YHKUMOHANbLHOW  MOMNynpoOBOLHUKOBOW
anekTpoHukn. NeHepaTopbl CBY Ha ocHoBe adhdhekTa
"aHHa. Ycunutenu CBY Ha ocHoBe adpdekTa NaHHa.

13 PyHKUMOHaNbHas
AVanekTpuyeckas
SMEKTPOHUKA

MpuHUMnbl  paboTbl NpMOOPOB  AMANEKTPUYECKON
3NEeKTPOHUKN. crnonb3oBaHMe OCHOBHbLIX YCTPOWCTB U

HanpaBJieHnA pa3BnTUA AI/ISJ'IGKTpI/I'-IeCKOVI




QNEKTPOHUKN

14

q)yH KUMOHanbHadA
MarHUTO3JTEKTPOHUKa

MpuHUMNbl paBoTbl NPUOOPOB MAarHUTOINEKTPOHUKN.
Mcnonb3oBaHWe OCHOBHbIX YCTPOWCTB U HamnpasneHus
pPasBUTUSE MarHUTO3IEKTPOHMKM

15

OFITOSJ'IEKTpOH MKa

dnsnka SABNEHUM ONTOINEKTPOHHBLIX 3APPEKTOB B
TBEpAbIX Temnax. VIHXeKUMOoHHasi JIOMUHECLEHUNS.
MpeanpobonHaa  noMUHecueHuusa.  BosbyxaeHue
nepemMeHHbIM HanpshKeHnemMm. CeeToamogbl "
nasepHble guodbl — reHepaTopbl  AMHAMMWUYECKUX
HEOOHOPOAHOCTEN OMTO3NEKTPOHMKU. CBeToamoabl.
JlazepHble guogpl. BonokoHHo-onTMYeckne NUHUK
cBasn. dotogetekTopbl. YCTpoOMCTBA NamATM B
ONTO3NEKTPOHMKE. OnTunyeckas obpaboTtka
WMHpopmaLnm B OMTO3NEKTPOHUKE. OnTpOoHbI.
OnTuuyeckme TpaHcnapaHTtbl. [lepcnekTuBbl pasBUTUSA
ONTO3MEKTPOHUKM

1.6

MarnutoonTtuka

Odpekt Papapgesn. Oddekt  KoTTtoHa-MyToHa.
Odpekt  Keppa.  YcTponctBa ~ MarHMTOOMTUKM.
Mogynsitopbl cBeTta. MarHUTOONTMYECKUIA MOZYNATOP
nasepHoro mnanyyexus. dednekropbl. 3anomuHatoLwme
YCTPOWCTBA HA MarHUTOONTUYECKMX AUCKAX.

1.7

AKYCTO31eKTPOHMKa

CornacoBaHHble unbTpbl Ha MAB. KoHBonbBepbl Ha
MAB. 3anomuHaowme koppensTopbl Ha MAB.

1.8

AkycToonTuka

MpuHUMNbI aKyCTOONTUYECKON 06paboTku
paguocurHanos.  AKYCTOOMTUYECKWe — aHanuaaTopbl
cnekTpa

1.9

MonekynsapHas
SMNeKTpOHUKa

MpuHumMnbl  paboTbl  MpMBOPOB  MOMEKYNSAPHOM
3MNEKTPOHUKK. VIcnonb3oBaHWe OCHOBHbLIX YCTPOWCTB U
HanpaBneHUs pasBUTUS MOJEKYNSIPHOWN 3NEKTPOHUKMN.

1.10

KproanekTpoHuka

MpuHuMnbl  paboTbl  MPUBOPOB  KPUOINEKTPOHUKN.
Mcnonb3oBaHue OCHOBHLIX YCTPOWCTB U HanpasneHus
pPasBUTUS KPUOSMEKTPOHMKM.

111

OcCHOBHble TEHOEHLUMN
pasBuTUS 1 Hanbonee
NepCcrneKkTUBHbLIE TEXHOITOMUK
COBpPEMEHHOMN
dYyHKUNOHaNbHON
3NEKTPOHUKM

MepcnekTuBHbIE pasgensbl YHKLNOHANbHOM
9MNEKTPOHUKWA,  OCHOBHblE  MPUHUUMNbLI  OENCTBUSA
npubopoB. OCHOBHblE TEHOEHLMU PasBUTUS Hay4HbIX
ncecrnegoBaHuin B obnactu dPYHKLNOHANLHON
3MNEKTPOHUKM.

2. NpakTn4yeckme 3aHATUA

3. llabopaTopHble 3aHATUSA

3.1

IOvopg NaHHa

OddekT MaHHa.

3.2

MarHuTomsirkue mMaTtepuanbl

Vcnonb3oBaHne OCHOBHbIX yCTpOVICTB N HanpasleHuna
Pa3BUTUA MarHUTOIJTIEKTPOHUKN

3.3

AKyCTOONTUYECKUI
Aednekrop

MpuHUMNbI aKyCTOONTUYECKOMN o6paboTkm
paguocurHanoB.  AKyCTOOMTMYECKME — aHanu3aTopbl
cnekTpa

3.4

Punbtpa Ha MAB

CornacoBaHHble dunbTpbl Ha MAB.

13.2. Tembl (pasgenbl) AUCUUNIIUHBI U BUAbI 3aHATUN

Ne
n/n

Buabl 3aHATUN (Y4acoB)

HanmeHoBaHune TeMbl

(pasgena) aucumnnuHbl | Jlekuumn | MNpaktuyeckne | JlaGopaTopHble

pabota

CamocTosaTenbHas

Bcero

1.

MecTo (pyHKLIMOHaNLHOM
3NEKTPOHUKN B
COBPEMEHHOMN
paguodumsmke.

®PyHKUMOHaNbHas
nonynpoBOAHMKOBasA
SMEKTPOHUKa

13

®PyHKUMOHaNbHas
AvanekTpnyeckas
SMEKTPOHUKa




4. dyHKUMOHanNbHas 2 0 5 2 4
MarHUTO3NEKTPOHMKA
5. OnTo3NeKTPOHUKA 2 0 0 10 12
6. MarHuToonTuka 2 0 0 2 4
7. AKyCTOANEKTPOHMKa 2 0 5 5 12
8. AkycToonTuka 2 0 5 5 12
9. MonekynspHas > 0 0 > 4
ANEKTPOHMKA
10. | KpnoanekTpoHuKka 2 0 0 2 4
11. | OcHoBHble TEHAEHUMUMU
pasBuTUS N Hambornee
nepcnekTuBHbIE
TEXHOIornu 1 0 0 26 27
COBpPEMEHHOMN
hyHKLMOHANLHON
ANEKTPOHUKN
UToro: 20 0 20 68 108

14. MeToan4yeckne ykasaHusa Ans obyvarowmxcs No 0OCBOEHUIO AUCLUNIIUHDI

[nsa ycnewHoro ocBOeHUst AUCUMNNMNHBI Heobxoanma perynsipHas u nnaHomepHas paboTa ¢ KOHCMEKTOM NeKunn n
nuTepaTtypon.

[Mocne oKOHYaHWUS NEKUMM HY>KHO MPOCMaTPMBaTL KOHCMNEKT A OnpeAeneHns maTepuana, Bbi3biBatoLLEro
3aTpyaHeHus ans noHmmManums. MNMocne atoro cnegyet obpaTUTbLCH K PEKOMEHOYEMOW B HACTOSLLEN NporpaMme
nuTepaType C uenbko yrinybneHHoro ndyveHus npobnemHoro sonpoca. B o6wem cnyvae paboTta nvwb ¢ 0gHNM
nuMTepaTypHbIM UCTOYHMKOM 4acTO SBMSETCA He4OCTaTOYHOW AN NOMIHOTO NOHUMaHUS, NO3TOMY HeobXxoAMMO
npocmaTtpmBaTb HECKONbKO MCTOYHMKOB ANs BblIOOpa TOro, KOTopbln Hanboree NofHO 1 AOCTYMHO OcBeLuaeT
nsyyaembln matepuman. B cnyyae ecnv npobnemMsl ¢ NOHUMaHMEM OCTan1cb, Heobxoanmo obpaTUTbCs K
npenogasaTtento Ha bnwxkanlen nekummn ¢ 3apaHee chopMynMpOBaHHLIMIU BONPOCaMM.

[ns ycnewHoro oCBOEHUs NEKLMOHHOTO Kypca peKOMEHAYETCSl perynsipHo NOBTOPSATb U3YyYEHHbIW MaTtepuarn.

CamocTosATensHas paboTta CTyaeHTOB cnocobcTByeT rnybokoMy yCBOEHUS y4ebHOro matepuana u passutuio
HaBbIKOB camoobpasoBaHus. CamocTosiTenbHas paboTta npegnonaraeT cneayoLwme cocTaBnaoLwme:

° pa60Ta C TEeKCTamMu: y‘-le6HMKaMM, cnpaBoYHUKaMM, OONOSTHUTENBHOM nMTepaTypoPl, a TakKkxe npopa60TKa
KOHCNEKTOB NeKUUi;

* paboTa Hag TeMaMu Ansi CaMOCTOSTENIbHOMO U3YYeHUs;
* yyacTue B paboTe CTygeHYeCcKMX HaydHbIX KOHpepeHUniA, onuMnunag,;
* MOAroTOBKa 3a4eTy.

Kpome nutepaTypbl U3 OCHOBHOIO CMMCKa PEKOMEHOYETCS CAMOCTOSITENBHO UCMONb30BaTb AOMOMHUTENBHYIO.
HesaBucumo ot Buaa yyebHuka, paboTa C HUM JOIMKHA NPOUCXOANTL B TEYEHME BCero cemecTtpa. ddpdektusHee
paboTaTtb Cc y4ebHUKOM He nocne, a nepen, nekunen.

B npouecce camocTosTensHon paboThl creayeT 3aHMMaTh akTMBHYIO NMO3ULMIO 1 NMONb30BaTLCS HE TONBKO
pEeKOMEHOBaHHOW NUTEPATYPOK, HO U CAMOCTOSITENBHO HAWAEHHBIMU UCTOYHUKaMW. [Py U3y4eHUn AUCUMNNNHDI
peKkoMeHyeTCst UCMONb30BaTb BO3MOXHOCTU CETU MHTEPHET ANs NOMyYeHWUs AOMONHUTENBHOWN MHOPMaLuK no
paccmaTprBaeMoi TeMe.

anI Mncnosb3oBaHNM ANCTAHUNOHHbIX O6pa3OBaTeJ'IbeIX TEXHOMOMIA K ONEKTPOHHOIo 06yqu|/|;| BbINOJTHATb
BCE yKa3aHuA rlperlop,aBaTeneﬁ, BOBpEeMA NOAKNIYaTbCA K OHMNaNH-3aHATUAM, OTBETCTBEHHO NMOAXOAUTb K
BbINOJTHEHMIO 3aaHWI ANt CAMOCTOATENbHOM pa6OTbI.

15. NepeyeHb OCHOBHOW U AOMNOJIHUTENLHOM NUTEpPaTypbl, PeCYpPCOB UHTEPHET,
Heo6X0AUMbIX AN OCBOEHUSA OUCLMUNIUHbI

a) OCHOBHas nuTepartypa:




Ne n/n | IcTOYHWMK

1. | Wyka A.A. DnekTpoHUKa YeTBEePTOro NokoneHns — oyHKUMOHanNbHas anekTpoHunka? // Hosoctu
MukpoanektpoHukn. 1999. URL: http://chipnews.gaw.ru/html.cgi/arhiv_i/99 04/stat-51.htm (gata
obpawenus: 30.Monb.2014).

2. | Xopakockun K. MNMpocoumnBlumicsa cnang Intel ykassiBaet Ha 10-Hm Texnpouecc B 2018 rogy // 3D News.
2011. URL: http://www.3dnews.ru/news/646765 (gata obpawenus: 30.Monb.2014).

3. | Xopakosckuit K. UMC npucoeguHutcs k IBM B paspaboTke 10-HMm Texnpouecca // 3D News. 2013. URL:
http://www.3dnews.ru/news/646765 (gata o6pauwierus: 30.Monb.2014).

4. | domnuér B. HoBbIV cTpaTernyeckuin nnaH pasBuTtnsa nNonynpoBoAHMKoBbIX TexHornorun (ITRS) // Bpems
anekTpoHukn. 2014. URL: http://www.russianelectronics.ru/leader-r/review/doc/58377/ (nata obpaleHus:
30.Monb.2014).

5. | Wikimedia Foundation, Inc. M3C // Wikipedia. 2014. URL: https://ru.wikipedia.org/wiki/lN3C (gata
obpaweHns: 05.CeHTabpb.2014).

6. | THG P. Kak nsrotaBnmeatotca npoueccopsl Intel: uctopusa B kaptuHkax // tom's HARDWARE. 2009. URL:
http://www.thg.ru/cpu/cpu_proizvodstvo/onepage.html (gata o6pawerus: 02.CeHTabpb.2014).

7. | IntelPR. Making of a Chip: 32nm High-K Metal Gate Process Technology // Intel Inc. 2013. URL:
http://newsroom.intel.com/docs/DOC-2476# (gata obpaiieHus: 02.CeHTa6pb.2014).

8. | HayuHo-ob6pa3oBaTtenbHbin NpoekT "flasepHbin noptan”. NpueMHUKN n3nyvyeHms Ha OCHOBE BHYTPEHHETO
doToacpbdekra // Laser. 2010. URL: http://laser-portal.ru/content_174 (nata obpalleHus:
20.0k156pb.2014).

9. | Siblec.ru. llekuun no BeegeHunto B ontoanekTpoHuky // baHk nekumn Siblec.ru. 2014. URL:
http://siblec.ru/index.php?dn=html&way=bW9kL2hObWwvY29udGVudC84c2Vt LzA20S8zLTMuaHRt
(naTta obpallueHus: 18.0kTa6pb.2014).

10.| PbIHOK MMKPO3neKTpoHMKN. ONTPOHbI U NX NpuMmeHeHne // PbIHOK M1kpoanekTpoHuku. 2014. URL:
http://www.gaw.ru/html.cgi/txt/publ/opto/optron _1.htm (gata obpaueHus: 30.0kTs10pb.2014).

11.| StudyPort. UcTtopusa passutus kpnoanektpoHuku // STUDYPORT.RU. 2010. URL: http:/
/studyport.ru/tehnika/istoriya-razvitiya-krioelektroniki (aata obpatuenus: 12.0ktsa6pb.2014).

12.| Canewm P. XXugkue kpuctannsl // YHuBepcanbHas Hay4yHo-nonynsipHast aHumknoneaus «Kpyroceet».
2004. URL: http://www.krugosvet.ru/enc/nauka_i_tehnika/himiya/ZHIDKIE_KRISTALLI.html (zaTa
obpaueHus: 27.0kta6pb.2014).

13.| banakwwun B. N. dnsmyeckne ocHoBbl akyctoonTukn / B. . Banakwwun, B. H. MapbiruH, J1. W. Ynpkos
[OnekTpoHHbIN ncTouHKK] : http://acoustooptics.phys.msu.su/book1.asp?rubr_id=%7BEC2EFCOE-3293-
4722-A64D-FC93323988F6%7D.

0) gononHuTenbHasa nuTepartypa:

Ne n/n | AcTovHMK

14. | JinseHwTtenH M.E., MNoxena K0.K,, and Wyp M.C. SddekT MaHHa. Mocksa: Cos. pagno, 1975. 288 c.

15. | PbiukoB KO.M. OnekTpoHHbIe Npmbopbl CBEPXBLICOKUX YacToT: Yyeb. nocobue. MpogHo: plY, 2002.
103 c.

16. | Cannukos [.I,, CemeHuos .., "BonHoBogHOE B3auMOgeNCTBME CBETA C YCUNUBAIOLLENCS BOMHOM
NPOCTPAHCTBEHHOIO 3apsaaa,” // Pusuka TBepgoro tena, Vol. 49, 2007. C.468-472.

17. | Pycckas cnyx6a bu-6u-cn. Hobenesckas npemus no dusnke npucyxgeHa 3a LED. JlongoH: 2014.

18. | KysuukuH A.B., HaxmaHcoH I.C. AHanu3 n obpaboTtka pagmocurHanoB akyCTOONTUYECKUMUN U
aKyCTO3MNEKTPOHHbIMU cucTemamu. BopoHex: MuHuctepcteo o6opoHsl CCCP, 1984.

19. | Kuttenb Y. BBegeHue B pmauky TBepgoro Tena. Mocksa: Hayka, 1978. 791 c.
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BbIMOSTHEHWUIO NMPAKTUYECKMX (KOHTPOMbHbIX) paboT u ap.)
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Bobpelwoe A. M. AkycToanekTpoHuka. MonekynspHas afekTpoHuka. KpnoanekTpoHuka : y4ebHoe
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.— BopoHex : Nsgatenbckun gom BI'Y, 2018 .— 29 c.
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nocobue / coct. : A. M. Bobpewos, N. C. KoposueHko, A. B. OneliHukos, M. . Psinonos .—
BopoHex : M3gaTtenbckun gom By, 2018 .— 32 c.

17. O6bpasoBaTtenbHblie TEXHOMOMMN, UCNONb3yeMble NpU peanusaumum y4eoHom
ANCLMNIINHBI, BKIIOYasaA AUCTaHLMOHHbIEe o6pa3oBaTenbHbie TexHonoruu (OOT,
3neKTpoHHoe oby4yeHue (J0), cmewaHHOe O0Gy4YeHue):

Mpun peanusaumm QUCLUMNINHBI MOTYT UCMONBb30BaTLCHA TEXHOOMN 3NEKTPOHHOIO 0By4eHUs 1
ONCTaHLMOHHbIEe obpa3oBaTeribHble TEXHONOrMn Ha 6ase obpasoBaTenbHOro nopTana "OneKkTPOHHbIN
yHuBepcuteT BI'Y" no agpecy edu.vsu.ru, a Takke gpyrme gocTynHble pecypcbl ceTn MHTepHeT.

[lna BegeHus nekunn NCNOJIb3yKTCA OMHaAMMN4YeCKmne npe3eHtTauunm B ¢>opmaTe prezi.com.

[ns npoBefeHNs 4EMOHCTPALIMIA NCMONb3YHTCHA MHTEPAKTUBHBIE TPAHCSALUN BUAEO U3 nabopaTopun
duanyeckoro gakynbTeTa.




18. MaTepnanbHO-TeXHU4YECKOe obecneyeHme AUCLUNIINHDI:

JIa0. 411

KommiekT yue6HOTO 060pynoBanus «YDCy» - 5 mir.
ABTOMaTU3UPOBAHHEIN TAOOPATOPHBIN CTSHI IJIsl UCCIIEAOBAHUS MAarHUTHBIX CBOMCTB — | mmIT.

I'eneparop AFG 72005 — 1 mT.

19. OueHou4Hble cpeacTBa ANs NPoBeAeHUA TEKYLEN U MPOMEXYTOYHOM aTTecTauum

Mopsgok

OLIEHKM

OCBOEHUA

obyvarowmmmca  ydebHoro

coepxaHmem cneayrwmx pasgenos gUCUUMITAHBIL

maTepuana

Komn
No HanmeHoBaHue eTeH
n/n | Paspena amcumnnyHel Lms( WHamnkaTop(bl) HOCTUXKEHUS KOMMNETEHLUN OueHouHble cpeacTea
(moayns)
n)
MecTo [MpuMeHseT 3HaHMA 0 MeTodax Tectbl 1—10 no
dYHKUNOHaNbHON nccnegoBaHui, metoaax COOTBETCTBYHOLLUM
1 | MEKTPOHMKM B AK.1 | CTPYKTYpMpoBaHus €CTeCTBEHHO-HAYy4YHOW | pasgenam OUCLMMNIUHBI
COBpPEMEHHOWN MHpopMaLLMN, COBPEMEHHbBIX KOHLIEMLMAX
pagnogusmke. B 0bracTtu pmankm n pagmodmankm npu
peLleHnr NpodpeccuoHanbHbIX 3agay
PDyHKUMOHaNbHas Bnageet dpyHaameHTanbHbiMy 3HaHuaMun | Tectbl 1 — 10 no
nonynpoBOAHUKOBAs PU3NYECKMX OCHOB M NMPUHLMUMOB COOTBETCTBYIOLLUM
3MNeKTPOHUKa PYHKLMOHNPOBAHUSA PAgNO3NEKTPOHHbIX pasgenam QUCUUNIvHbI
2 AK-4 npubopoB 1 CUCTEM JlabopaTtopHas paboTa
MoHnmaeT NpuHUUNblI paboTbl U MeToabl
aKcnnyaTaumMm CoBpeMeHHOM
pagmnoaneKkTPOHHOW annapaTypbl 1
obopygoBaHus
PyHKUMOHaNbHas O6pabaTbiBaeT nony4yeHHble pesynbTatbl | TecTol 1 — 10 no
ananekTpuyeckas nccnenoBaHuml ¢ UCMNONb30BaHMEM COOTBETCTBYIOLLMM
3NEKTPOHUKA CTaHOapTHbIX METOO0B (METOAMK) pasgenam gUCUMMvHbI
3. MK-3 | OcdopmnsaeT pesynbTaTthbl TabopaTopHOro
WIN KOMMBIOTEPHOTO 3KCNEPUMEHTa B
COOTBETCTBMM C AENCTBYHOLNMHU
TpeboBaHNSMMU
DyHKLMOHanNbLHas Bnageet pyHoameHTanbHbiMU 3HaHnaMKn | Tectbl 1 — 10 no
MarHUTO3MEKTPOHUKA PU3NYECKMX OCHOB M NMPUHLUUMOB COOTBETCTBYIOLLUM
PYHKLMOHNPOBAHUSA PAgNO3NEKTPOHHbIX pasgenam QUCUUNIvHbI
4 AK-4 npubopoB 1 CUCTEM JTabopaTtopHas paboTa
lMoHMMaeT npuHUMnbl paboTbl 1 METOAbI
aKcnnyaTaumm CoBpeMeHHOMn
pagnoanekTpPoHHOW annapaTtypbl 1
obopygoBaHus
OnTo3neKkTpoHUKa O6pabatbiBaeT nony4yeHHble pesynbTatbl | TecTbl 1 — 10 no
5. ncenenoBaHui € UCMNONb30BaHMEM COOTBETCTBYIOLLMM
CTaHAapTHbIX METOO0B (METOAMK) pasgenam gUCUMMIVHbI
MarHuToonTuka MK-3 | OdhopmnisieT pesynbTatel nabopatopHoro | Tectsl 1 — 10 no
6 nnn KOMﬂbPOTepHOFS) 9KCNnepnmeHTa B COOTBETCTBYOLLINUM
’ COOTBETCTBMM C AeNCTBYHOLLMMU pasgoenam gucunniunHbl
TpeboBaHUAMMN
AKyCTOBNEKTPOHMKa BrageeT yHAaMeHTanbHbIMM 3HaHuamy | | ecTel 1—10no
PM3NYECKNX OCHOB U NPUHLIMMOB COOTBETCTBYOLMM
7. MK-4 | yHKLMOHMPOBAHUS PaaMOSNeKTpoHHbIX | PA3AENaM ANCUNNIIVHGI
NpUGOPOB 1 CUCTEM JlabopaTtopHas paboTa
lMoHMMaeT npuHUMNbl paboTbl U METOAbI

onpenenseTcs




Komn
No HavnmeHoBaHue eTeH
n/|_'| pasgena QUCUUNIVHbI Lma( WHamnkaTop(bl) HOCTUXKEHUS KOMNETEHLNN OueHouHble cpeacTBa
(Mogynsi)
n)
AKycToonTuka 3Kcnsiyatauum coBpeMeHHOMN Tectbl 1 — 10 no
8 nK-4 pagnoaneKkTPOHHOW annapaTypbl 1 COOTBETCTBYIOLLUM
' o6opynoBaHus pasgenam QUCUUNIVHbI
JlabopatopHas paboTa
MonekynapHas O6pabaTtbiBaeT nony4yeHHble pesynbtatel | Tectbl 1 — 10 no
9 3MNeKTPOHUKa nccrnegoBaHun ¢ NCMONb30BaHNEM COOTBETCTBYIOLLUM
' CTaHOapTHbIX METOA0B (METOAMK) pasgenam OMCUMMvHbI
MK-3 OdopmnseT pesynbTaTthl TabopaTopHOro
TpeboBaHNAMM pasaenam AMCLMNIUHDI
TpeboBaHNsIMHA
OcHoBHble TeHAEHLU MU Tectbl 1 — 10 no
[MpumeHsieT 3HaHNs 0 MeToaax
pa3Butusa n Hanbonee N COOTBETCTBYIOLLUM
nuccrnegoBaHun, Mmetogax
nepcrneKkTMBHbIE _ | pasgenam QuCUMNInHBI
CTPYKTYPUPOBaHUSA €CTECTBEHHO-HAYy4YHON
11. | TexHonorun MK-1
o WMH(OPMaLLMK, COBPEMEHHbIX KOHLIEMLNSX
COBPEMEHHOW
. B 06ractu pumankm n pagmogmankm npm
dYHKLMOHaNbHOM
peLueHnmn npodeccuoHanbHbIX 3a4ad
3NEKTPOHUKM
MpomexyToyHasa aTTecTaums
P y 4 JlabopaTopHbie paboTbl
dopma KOHTpOns — 3a4eT

20. TunoBble OLEHOYHbIe cpeacrtBa M MetToau4vYeCkune wmartepuanbl, onpegensrowime

npoueaypbl OLeHUBaHUA

20.1. TeKyWwMn KOHTPONb yCrieBaeMOCTH

KoHTporb ycneBaemocT MO AWUCUUMIIMHE OCYLIECTBMSIETCA C MOMOLLbIO CreayloLlmX OLEHOYHbIX

CPEacCTB:

[ns oueHMBaHuA pe3dynbTaToB 0OyYEHUS Ha 3K3aMeHe MCMNOSb3YyTCs Criedyowme nokasaTenu:
1) 3HaHWe y4yebHOro matepuana n BnageHue NoOHATUNHBIM annapaToMm YHKUNOHANbHON 3NEKTPOHMKMY;
2) yMeHue CBA3bIBaTb TEOPUIO C NPAKTUKOW;

3) ymMeHure nnnocTpmpoBaTth OTBET NpuMepamMm, dhaktamu, JaHHBIMU Hay4HbIX UCCredoBaHui B obnactu

YHKLUMOHAMNBHON 3NEKTPOHUKM;

4) YMEeHune NnpuMeHATb CBOU 3HaHUA ONnA pelleHUna NnpakTtudeckunx 3agad B obnacTtun NPOEKTNPOBaAHUA

NpnbopoB (PyHKLMOHANBHON 3NEKTPOHMKY;

YpoBeHb
KpuTepumn oueHnBaHUs KOMNETEHU M copmupoBaH | LLlkana oueHok
HOCTHU
KOMMEeTEeHU NN
OOGy4atowmiics B NONHOM Mepe BnageeT NOHATUIHLIM annapaTom MNoBbiweHHbIN | OTANYHO
AaHHOW 06nacTu HayKu (TEopeTUYEeCKMMIU OCHOBaMM OUCLUMIUHBI), YpOBEHb
CcnocobeH MNMCTPUPOBaTh OTBET NpUMepamu, haktaMmum, JaHHLIMU
Hay4HbIX UCCneJoBaHUN, NPUMEHATb TeOpeTUYECKMe 3HaHWUS Ans
peLleHnsa NpakTuyeckmx 3agad B obnacty yHKUMOHANbLHON
3NEKTPOHUKN.
OOGy4atowmiica BnageeT NoOHATUAHBIM annapaToM OyHKUMOHaNbHOM baszoBbii Xopouo
3MEKTPOHUKM (TEOPETUYECKMMU OCHOBaMMN OUCLUMIIMHbI), CNOCOBEH YpOBEHb
COBepLUaTb MPOEKTHYI0 AEATENbHOCTb, OOHAKO AO0MYyCKaeT OWMOKM Npu
NPUMEHEHNN METOA0B NPOEKTUPOBaHMS NPUHGOPOB PYHKLNOHANBHON
3MNEKTPOHUKN.
OOGyuvaroLwwmiica Bnageet YacTMYHO TEOPETUHECKMMU OCHOBaMM MoporosbIn YOoBneTBopuUTENBLHO
ONCUUNINHBI, (oparMeHTapHO CMOCOOEH K MPOEKTUPOBaHUIO YPOBEHb
HECKOINbKUX BUAOB NpUBOpPOB (OYHKLMOHANBHOWM 3NEKTPOHUKM,
He yMeeT NPUMEHATb METOAbl PacCHeTOB KOHCTPYKTUBHbIX PeLLEeHUN
NprMBopoB PYHKLMOHAMNBLHOM 3MEKTPOHUKM, a Takke MeToab!
MOZENMPOBaHNS PU3NYECKUX NPMBopPOoB YHKLMOHATBHON




3NEKTPOHUKN.
ObyuvaloLlmnica 4eMOHCTPUPYET OTPbIBOYHbIE, dparMeHTapHble - HeynosneTtsopu-
3HaHWg, AonyckaeT rpybble owmnbKu. TENbHO

TynoBble KOHTPOSbHbIE 3aaHNst UNN MHbIe MaTepuarnbl, HeobXxoauMble AN OLEHKM 3HAHWIA,
YMEHWI, HaBbIKOB 1 (1K) onbiTa AeATeNbHOCTU, XapakTepuaytowme atansl hopMUpOBaHMS
KOMMNETEHLMIA B NPOLIECCE OCBOEHUSI 06pasoBaTeribHOM NporpaMmbi:

MepeyveHb NabopaToHbIX paboT:

1. Owuopa NaHHa

2. Marnutomsarkme matepumansi
3. Akyctoontudeckuin nednekrop
4

Pac4yeT ounbTpa Ha MNAB

TecToBbIE 3a0aHUS:

[MepeyeHb TECTOBbIX 3a4aHW coaepXuTcst Ha cante https://edu.vsu.ru.

MeToguyeckune maTtepuansi, onpegensiowme npoueaypbl OLeHUBaHUSA 3HAHUWA, YMEHUN, HaBbIKOB

n (MHM) onbiTa A4eATeNIbHOCTU, XapakKTepulyrouwmnx 3tanbl (*)OpMVIpOBaHMFl KOMMNeTeHUn

OueHKa 3HaHUIN, YMEHMI N HABbLIKOB, XapakTepusylowas aTanbl (OpMUPOBAHUSA KOMMETEHUMIA B
pamKax n3y4yeHus ANCunninHbl OCYLLECTBNAETCA B XOAE TEKyLLEen U NPOMEXYyTOYHON aTTecTaumn.

Tekywaa aTrectaumsi NPOBOAUTCS B COOTBETCTBUM C [lonoxeHmem O Tekywen aTrectaumm
obyyatoLwmxca no nporpammMaMm  Bbicwero obpasoBaHuss  BoOpoHEeXCKoro  rocygapCTBEHHOMO
yHuBepcuTeTa. Tekywias atrectauus npoBoautcs B popme TecTupoBaHus. Kputepum oueHuBaHuA
npvBeneHbl BbILLe.

lMpomexyToyHass aTTecTaunsa MNpoBOAUTCA B COOTBETCTBMM C [lonoxeHnem O MNpOMEXYTOYHON
aTTecTtaumm obyyaroLmxcsa no nporpamMmmam Bbicllero obpasoBaHus.

KOHTpOnbHO-n3mMeputeneHble MaTepuanbl  NPOMEXYTOYHOM aTTecTaummM BKNOYalT B cebs
TeopeTnyeckme BOMPOCHl, MNO3BONANOLNE OLEHUTb YPOBEHb MOSTYYEHHbLIX 3HAHWA W MpakTU4eckne
3agaHn4, NO3BOMAKOLME OLEHUTb CTENEHb CHOPMUPOBAHHOCTU YMEHUN U HABbLIKOB.

Mpn oueHnBaHNN UCMOMB3YIOTCA KAaYeCTBEHHbIE LUKasbl OLEeHOK. Kputepumn oueHnBaHns npuBeaeHsbl

BbilLE.

20.2. NMpomexyToyHas aTrecTauus

MpomexxyToyHasi aTTecTauuss no AWCUMMIMHE OCYLLECTBISIETCS C MOMOLUbI  CleayoLmx
OLIEHOYHBIX CPEeACTB:

I'Iepequb BOMPOCOB K 3a4eTy:
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11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25,
26.

27.

CoBpeMeHHas TEXHONOMNsl U3roTOBMEHMS NONYyNPOBOAHUKOBBLIX MPUBOPOB CXEMOTEXHUYECKOM MUKPO- U
HaHO3MEKTPOHUKM.

[Mpobnembl COBPEMEHHON SMEKTPOHUKM.

IMoHATHe gnHaMmu4veckorn HeogHopoaHOCTN AddpekT MaHHa.

Mpnbopbl ¢ 3apsa0BON CBA3LIO.

YcTponctea goyHKLMOHANbHOW NONYNPOBOAHNKOBOW 3NIEKTPOHUKMN.

"eHepaTopbl CBY Ha ocHoBe adhdpekTa MaHHa. Yeunutenu CBY Ha ocHoBe adhdpekTa MaHHa.
MprHLMNBI paboTbl NPNBOPOB AMINEKTPUYECKON INEKTPOHUKN. Cnonb3oBaHNE OCHOBHbIX YCTPOWUCTB 1
HanpaBneHnsa pasBUTUS ANINEKTPUYECKON INEKTPOHMKM.

MpuHLMNbl paboTbl NPMBOPOB MAarHNTOINEKTPOHMKU. Vicnonb3oBaHMe OCHOBHbIX YCTPONCTB U
HanpaBieHUsa pa3BUTUSA MarHUTOINEKTPOHUKN.

dur3unka sIBNEeHUn ONTO3INEKTPOHHbIX ahpekToB B TBEpAbIX Tenax. MHXeKuMoHHas MioMUHECLEHLINS.

. ®u3nka sBNEHUN ONTOSNEKTPOHHBLIX 3hhekToB B TBEPALIX Tenax. MpeanpoborHasa NoMUHECLEHUUS.

Bo30yxaeHune nepemMeHHbIM Hanps>KeHNEM.

CeeToanofbl 1 nasepHble AUOAbl — reHepaTopbl JUHAMUYECKMX HEOAHOPOAHOCTEN ONTOANEKTPOHMKM.
BonokoHHO-onTnyeckne nuHum cBa3n. PoTogeTekTophl.

YcTporcTBa NamsaTV B ONTO3NEKTPOHMKE.

OnTuyeckasn obpaboTka MHGOPMaLUKN B ONTOSNEKTPOHMUKE. ONTPOHBI.

OnTnyeckue TpaHcnapaHTbl.

Odpekt Papages. ekt KotTroHa-MyToHa. ekt Keppa.

YctpovictBa MmarHutoontuku. MogynaTopsbl cBeTa.

MarHutoonTuyeckmn mogynaTop nasepHoro nanyvyexus. fednekropobl.

3anomuHarowwme ycTponcTBa Ha MarHMTOONTUYECKNX OUCKAX.

CornacoBaHHble unbTpbl Ha [1AB.

KoHBonbBepsbl Ha MAB.

3anomuHatowme koppenaTopbl Ha MAB.

MpuHUMNBI akycToonTU4ECKoW 06paboTkn pagunocurHanoB. AKyCTOONTUYECKNE aHaNM3aTopbl CNekTpa.
MpuHUMNBI paboTbl NPMOOPOB MONEKYMNSIPHOW SMIEKTPOHUKM.

Vcnonb3oBaHne OCHOBHbIX YCTPOWCTB U HanpasrieHNsi pa3BUTUS MOMNEKYNSPHOW 3MNEKTPOHUKM.
MpuHUMNBI paboTbl NPUOOPOB KPUOSNEKTPOHUKM. icnonb3oBaHNE OCHOBHLIX YCTPOWCTB U HanpasrieHns
pa3BUTUS KPUOIMEKTPOHUKM.

MepcnekTuBHbIE pasaernbl OYHKLUUOHANbLHON 3NeKTPOHMKA. OCHOBHbIE TEHAEHLMN PA3BUTUS HaYYHbIX
nccrnegoBaHun B 06nactu yHKLMOHANbHOW 3NEKTPOHUKM.



