MuHHCTEpPCTBO HAYKH U BbIcIIero oopasosanusi P®
DenepanbHOE roCyJapCcTBeHHOE 0K0I:KeTHOE 00pa30oBaTe/IbHOE YUpPeKIeHNEe
BbICIIET0 00Pa30BaAHUA
«HanuoHanbHBIN HccIeI0BaTeIbCKUN yHUBepcuTeT « MIU»

Hanpagsienne noaroroBku/cnenuaibHocth: 11.04.04 DiieKTPOHHUKA U HAHOJIEKTPOHUKA
HaumeHnoBanune o6pa3oBaTejibHOI mporpaMMel: JlazepHas 1 onTHYecKasi H3MePUTeIbHAS 3JIEKTPOHUKA
YpoBeHnb 00pa3oBaHusi: Bbicliee 00pa3oBaHMe - MAaruCTPaTypa

®opma o0yuenusi: OuHas

Pabouass nporpaMma QM CHUILIHHBI
BBEJAEHHUE B KBAHTOBYIO 2JIEKTPOHUKY

BJaok: Baok 1 «/Iucuuniunsl (MoxyJim)»
Yactb 00pa3oBaTebHOI N
Yacrtb, popMupyeMasi y4aCTHUKAMH 00pa30BaTeIbHBIX OTHOII €HHIT
MPOrPaMMBblL:
Ne quCHMIUIMHBI 10 Yy4eOHOM
Ament y y B1.4.12.02.01
TJIaHy:
TpynoeMKOCTh B 3a4€THBIX
py 2 cemecTp - 5;
eIMHUIAX:
Yacos (Bcero) no yueoHom
( ) oy y 180 yacos

TJIaHy:
Jlekuuu 2 cemecTp - 32 yaca;
IIpakTHyeckue 3aHATHSA 2 cemecTp - 16 yacoB;
JlabopaTopHbie pa6oThI 2 cemecTp - 16 yacos;
KoncyabTanum 2 ceMecTp - 2 yaca;
CamocrosiTesibHasi padoTa 2 cemectp - 113,5 yacos;

B TOM uncJje Ha KII/KP He MPeyCMOTPEHO YUeOHBIM MJIAHOM
WHasi KOHTaKTHasi padoTa NMPOBOANTCS B PAMKAX YACOB ayANTOPHbBIX 3aHATHIA

BKJIIOYAS:
TecTtupoBaHue
KontpoabsHas padora
Juckyccusi
IIpome:kyTouHast aTTeCTAIINS:

IK3aMeH 2 cemectp - 0,5 yaca;

Mockga 2024



NPOI'PAMMY COCTABMUJI:

MognucaHo anekTpoHHo nognuceio ®TEOY BO «HUY «M3U»
Ceenennn o enagensue L3N M3K

Bnageney, MaplwwuH B.A.
[IpenomaBaTelib [T — R683b30a4-ParshinvA-d4b11303 B.A. ITapmun
COI'TACOBAHO:
MognucaHo anekTpoHHo nognuceio ®TEOY BO «HUY «M3U»
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1. EJIX 1 3AJAYHN OCBOEHMUSA JUCIIUITJIMHbI

ear ocBoeHHs] AHCHHMILIMHBI.

N3ydyeHue B3aUMOJEUCTBUS ONTHYECKOTO M3IYYEHUS C

BEIIECTBOM, 3aKOHOB MAaTPHUYHON ONTUKU M YCTPOMCTBA U HMPUHIIMIIA PAOOTHI PA3TUYHBIX TUIIOB JIA3€POB.

3agaun AMCHMIIINHBI

- 3y4ueHne 0CHOBHBIX PUHIUIIOB PabOTHI J1a3€POB U XapAKTEPUCTHUK Ja3€PHOTO U3ITYUECHHUS;
- ®opMHpOBaHUE MPEICTABIECHUS O B3aUMOJIEHCTBUU ONTHUYECKOTO U3TY4YEHUS C BELIECTBOM;
- OcBoeHNE OCHOBHBIX NPUEMOB pacueTa apaMeTpoB Ja3epPHOr0 U3IyUEHUS.

dopmupyembie y 00yJaronierocs KOMNeTeHIUH U 3alJIaHUPOBAHHBIC Pe3yJbTaThl 00yYeHHs TI0
JUCIUIUIMHE, COOTHECEHHBIE C HHAMKATOPAMH HOCTUKEHUs] KOMIIETEeHIIUI

Koa n HaumMeHoBaHue
KOMIIeTeHIIHH

Koa u HamMeHOBaHHe
HHAUKATOPA JOCTUKEHUSI
KOMIIeTeHIMH

3annaHupoBaHHbIE Pe3yJbTATHI 00y4eHUs

[IK-1 Cnocoben
IPOBO/INTH, COPOBOXIAThH
paboThl, OpraHU30BBIBATH
o0ydeHue nepcoHaa 1o
POEKTHPOBAHUIO U
KOHCTPYHUPOBAHUIO
Ja3epHBIX U ONITUYECKUX
U3MEPHUTEIBHBIX TPUOOPOB
¥ KOMIUIEKCOB

N/I-2nx-1 YMmeer pemathb
n300peTaTesbCKue 3a1a49u U
pa3zpabaThIBaTh
WHHOBAaI[MOHHBIC TIPUOOPHI
KBAaHTOBO-OIITUYECKUX CUCTEM
Y KOMIUIEKCOB

3HATh:
- YCTpOIiCTBO Y NPUHIHITEI pabOTHI
JIa3€poB, a TAK)KE aJITOPUTMBI pacuéra
XapaKTEPUCTUK UX U3TyUCHUS,

- OCHOBHBIC MOHATHS KBAHTOBOM U
ONTHUYECKOM DJIEKTPOHUKH;

- MexaHu3MbI pabOThI CUCTEM KBAaHTOBOM
Y ONTHYECKOU JIEKTPOHUKH.

YMETh:
- [IpoBoAMTE pacy€T XapaKTepUCTUK
KBaHTOBBIX CHUCTEM U JIa3€PHOIO
W3IIy4CHUS;

- BeiOupaTs paroHaibHbIe TyTH PEHICHUS
0a30BbIX 33/1a4 MO Pacy€Ty mapaMeTpoB
CHCTEM KBAaHTOBOM M ONITHYECKON
ANIEKTPOHMKH, a TAKKE 110
peoOpa30BaAHMIO JTa3€PHOTO U3TyUEHUS
ONTHUYECKON CHCTEMOIA.

2. MECTO JUCIHUILIMHBI B CTPYKTYPE OBPA30OBATEJBHOM ITPOT'PAMMBI BO

JucuumnirHa OTHOCUTCS K OCHOBHOM INpogeccroHalbHONW o0pa3oBaTenbHON nporpamMMme JlazepHast
U ONTHUYECKas H3MepHuTelbHas dJiekTpoHuka (mamee — OIIOII), wampaBmenust momarotoku 11.04.04
DJEeKTPOHMKA U HAHOZJIEKTPOHUKA, YPOBEHb 00pa30BaHMs: BhICIIEe 0Opa30BaHUE - MarucTpaTypa.

Tpe60BaHI/I5[ K BXO/IHbBIM 3HAHUAM U YMCHUAM:

- 3HaTb OCHOBHBIC (I)I/ISI/I‘-ICCKI/IC SABJICHHUA 1 OCHOBHBIC 3aKOHBI (I)I/ISI/IKI/I; T'paHUIIbl UX TPUMCHUMOCTH,
IMPUMCHCHHUEC 3aKOHOB B BayKHEHUIITHX MPAKTUYCCKUX MTPHUITOKCHHUAX

- 3HATb HA3HAYCHUC U IPUHIUIIBI ,Z[CﬁCTBPISI ONTHYCCKUX U3MCPUTCIIbHBIX HpI/I60pOB (KaK MHUHUMYM —

Ha 0a30BOM ypPOBHE).

- YMCTb UCTOJIKOBBIBATH CMBICJI (1)I/ISI/I‘ICCKI/IX BEJIMYUH U TIOHITHH
- YMCTb UCIIOJIb30BAaTh METOAbI (1)I/ISI/IT-IGCKOFO N MaT€MaTUiICCKOro MOACIIMPOBaHUA, a TAKKC
IMPUMCHATH MCTOIBI (I)I/IBI/IKO-MaTCMaTI/IquKOF 0 aHAJIM3a K pCHICHUIO KOHKPETHBIX CCTCCTBCHHOHAYYHBIX

U TEXHUYECKUX MPoOIIeM

Pe3ynbraThl 00y4eHus1, MONTy4YeHHbIE P OCBOCHUH TUCIMILIMHBI, HEOOXOAUMBI IPU BBITOJTHEHUN
BBIMTYCKHOM KBaTU(UKALMOHHON PaOOTHI.




3. CTPYKTYPA U COAEPKAHUE JUCHUIIJINHbI

3.1 CTpyKTypa THCHUNIHHBI
OO01as TpyJI0eMKOCTh JUCHUTUTMHBI COCTABIISIET S 3a4eTHBIX eauHuIl, 180 9acoB.

PacnpenencHue TpyoeMKocTH pasjena (B 4acax) Mo BHUIAM YIeOHOH paboThI

Pasesb1/TeMbl 8| a
Ne JTUCIUTUTAHBL/ (D OPMBI § % § KonrakTHas pa6ora cp CopneprkaHue caMOCTOSTENTFHON paboThl/
/o IPOMEKYTOYHOU o &| 3 Koncyunpranus UKP PaGora s | LOATOTOBKA K METOMYECKUE YKA3AHMS
aTTeCTAINH 8g|© Jlex | JIab | Ilp ITA CeMECTDE aTTecTaluu
A KIIP 'K HKKIT | TK p /KOHTPOITH
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 OCHOBHbIC TIOHSTHUS 38.0 2 9 30| 6 - - - - - 20 - Ilodzomogka domawinezo 3adanus:
ONTUKU U KBAHTOBOH [ToaroroBka noMaiiHero 3ajjaHusl HalpaBJieHa
JNEKTPOHUKHI Ha OTPabOTKy YMEHUI pelicHus
11 I'maBHBIE TEpMUHBI 7.5 2 0.5 1 - - - - - 4 - npodecCHOHATIBHBIX 3a1a4. JloMalHee 3a1aHue
OINTUKH ¥ KBAHTOBOI BBIJIACTCA CTYICHTaM 10 U3Y4EHHOMY B pasjiene
SJIEKTPOHUKHU "OCHOBHBIE TIOHATHS ONTUKU ¥ KBAHTOBOU
1.2 BsaumoseiicTBue 8.5 2 0.5 2 - - - - - 4 - 3NEKTPOHUKHU" MaTepuaiy. JlONOJIHUTENBHO
ONTHYECKOTO CTYICHTY HEOOXOIUMO U3YyIUTh JTUTEPATypy U
W3ITY9ICHUS C pa3o0paTk MPUMEPHI BHITOTHEHUS TTOTOOHBIX
BEIIECTBOM 3amanuil. [IpoBepka qOMaIIHEro 33 aHus
1.3 MexaHu3MBI CO3/TaHns 11 3 1 1 - - - - - 6 - IPOBOJUTCS 110 IIPEACTABICHHBIM TUCEMEHHBIM
WHBEPCUHI paboTtam.
HACEJIEHHOCTH Ilodzomoeka k nadbopamopnoit pagome: Jlns
1.4 CreKTpasbHbIe 11 2 1 2 - - - - - 6 - BBITIOJTHEH U 33/IaHUH 110 TabopaTopHOi paboTe
XapaKTEPUCTUKHA HeO6X0}II/IMO MpeABAPUTECIIbHO U3YUYUTH TEMY U

W3ITyYEeHUS U
MOTJIOIIEHHS TIPH
PE30HAHCHBIX
nepexojax

3aJ1a4¥ BBITIOJHEHUS 1abopaTOpHO# paboTsl, a
TaK K€ U3y4UTh BOTIPOCH BAPHAHTOB
00pabOTKU Pe3yNIFTATOB 110 H3YYCHHOMY B
paznene "OCHOBHbIE IOHATHS ONTUKU U
KBaHTOBOH 3JIEKTPOHUKU'" MaTepuaiy.
Iloozomoeka K meKkywiemy KOHMpPOJiio:
[ToBTOpEHUEe MaTepuaa no pasaeny
"OCHOBHBIE TIOHATHS ONITUKH U KBAHTOBOK
AIEKTPOHUKH"

Iloozomoeka K KOHmpobHOU pabome:
Nzydenne matepuanoB mo pazaeny OCHOBHbBIE
TIOHSITHSI ONTHUKX ¥ KBAHTOBOM DJIEKTPOHHUKH U
MTOITOTOBKA K KOHTPOJIBHOU paboTe
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Camocmoamensnoe uzyuenue
meopemuueckozo mamepuana: Visyaenue
JIOTIOJTHUTEIBHOTO MaTepHaia o pa3zieiy
"OCHOBHBIC TIOHATHS ONITUKH M KBAHTOBOH
ANEKTPOHUKH"
Ilo020mo6Ka K npaKmuyecKuM 3auAmuaM:
Wzyuenne matepuana mo paszaeny "OCHOBHBIC
MTOHATHUS ONTHKH U KBAHTOBOW AJIEKTPOHHUKH"
MOATOTOBKA K BBHITIOJHEHUIO 33/1aHU Ha
NPaKTHYECKUX 3aHATHUIX
H3yuenue mamepuanog 1umepamypHsix
UCIOYHUKOB:
[2], 4-7, 15-23, 28-30, 23-28
[4], 25-30, 36-44
[6], 3-42
[7], 7-23, 71-95, 138-144
[8], 7-27, 51-52
[9], 42-56

2 OOuTwii IpUHIATL 58 10 10 29
paboTEHI Jla3epoB
2.1 | YcrpoiicTBo 1a3epoB U 11 2 2 5
HPUHIMI PadOTHI
2.2 Ontuyeckue 14 2 2 8
pe30HaTOphI
2.3 dopmupoBaHue 16 2 4 8
CBOWCTB JIa3epHOT0
W3ITyUYeHHUS
2.4 [Mpoxoxaenune 17 4 2 8

JIa3epHOTO U3ITYy4EHUS
Yyepe3 ONTHYECKYIO
cucreMy. Meton
JIy4eBbIX MATpPHIL

Iloozomoeka K nabopamopnoii pavome: J1is
BEITIOJTHEHUS 3aJaHUH TI0 JTaOOpaToOpHOU paboTe
HEO0XOIUMO TIPEABAPUTEIHHO U3YyIUTh TEMY H
3aJ1a4¥ BBITIOJHEHUS 1abopaTOpHOH paboTsl, a
TaK K€ U3yYUTh BOIPOCHI BAPHAHTOB
00paboTKU Pe3yabTATOB [0 U3yUYEHHOMY B
pazzgene "OOmmit npuHIMI pabOTH 1a3epoB"
MaTrepuany.

Ilo0z0moeKa K ayOunopHovlm 3aHAMUAM:
[IpopaboTka JIEKIIUH, BHITOIHEHHE U
MOJITOTOBKA K 3alIuTe J1a0. paboTHI
Ioozomoeka domauinezo 3a0anus:
[MoxroToBka gOMAaITHETo 3aJaHUS HAIpaBJIcHA
Ha OTPaOOTKy YMEHUI pelIeHHs
npogeCCHOHANBHBIX 3a1a4. JloMalnrHee 3aaHue
BBIIACTCS CTYACHTAM 10 U3YYCHHOMY B paserie
"O6muif pUHITNI PabOTHI JTa3epoB"
Marepuainy. JlOnoJHUTENIBHO CTYACHTY
HE00X0IUMO U3YUIHTh JTUTEPATypy U pa3zodparthb
MIPUMEPHI BBITIOTHEHUS TOT00HBIX 3aJaHHH.
IIpoBepka JOMAIITHETO 3aaHKsI IPOBOIUTCS 110

5




NPE/ICTaBICHHBIM TUCBMEHHBIM paboTaMm.
Ilo020mo6Ka K KOHMPOILHOU padome:
W3y4yenue marepuaiios 1o paszzaeny O0muit
MPUHIUI pabOTHI 1a3epOB U MOATOTOBKA K
KOHTPOJBHOI1 paboTte

I10020mo6Ka K npaKmuueckum 3auAMuaM:
Wzydaenne maTepuana mo pasgeny "OO0mmit
MIPUHIUI PabOTHI JTa3epoB" MOATOTOBKA K
BBITIOJTHEHHIO 33/IaHUH Ha TPAKTHIECKUX
3aHATUAX

Camocmoamenvroe usyuenue
meopemuuecko2o mamepuana: VIsyaenue
JIOTIOJTHUTEJIBHOTO MaTepHaia 1o pasjieny
"OO0mwit npuHIKN paboTHI JlazepoB”
ITodzomogKa K mexkyuiemy KOHmponio:
[oBTOpenue maTepuana mo pasgeny "OOouuit
TIPUHIUI PaOOTHI Ta3epoB”

H3yuenue mamepuanog 1umepamypubix
UCIOYHUKOB:

[1], 40-58, 130-134
[2], 7-15, 33-63
[3], 5-24, 41-71, 81-85, 91-103
[4], 31-35, 223-244
[5], 3-12, 16-28
[7], 51-69, 135-138
[8], 24-60, 73-83, 98-106

3 [MpuHnmn padoTs 48.0 13 | 4.0 31
Ppa3IMYHBIX BHAOB
Ja3epoB
3.1 T"a3oBEIC Ta3ephI 12 3 2 7
3.2 | TepmotensHble nazepsr | 10.5 3 0.5 7
3.3 BonokonHsle nazepsl 7.5 2 0.5 5
3.4 IonmynpoBonHUKOBEIE 10.5 3 0.5 7
J1a3epsl
3.5 Oo0ecrnieueHne 7.5 2 0.5 5

HUMITYJIbCHOT'O pEXKHUMa
TeHCpaluru J1a3epoB

Ilo020mogKa K meKyuiemy KOHmMpoJiio:
[loBTOpenue marepuana no pasaeny "[puHuun
paboTHI pa3NUYHBIX BUIOB J1a3epOB"
Camocmoamenvhoe usyuenue
meopemuyueckozo mamepuana: Vzyaenne
JIOTIOJIHUTENBHOTO MaTepuaa Mo pasjery
"ITpuHIMI paboTHl pa3IMYHBIX BUIOB Jla3epoB”
H3yuenue mamepuanos 1umepanmypHsix
UCOYHUKOG:

[4], 245-382
[6], 296-311
[7], 139-144, 200-207, 212-218, 220-250
[8], 83-97, 118-126, 137-166, 169-193, 198-
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212, 223-227
[9], 56-60, 155-189

OKk3aMeH 36.0 - - - 0.5 - 335
Bcero 3a cemecTp 180.0 32 16.0 16 0.5 80 335
Hroro 3a cemecTp 180.0 32 16.0 16 2 - 0.5 1135

Ipumeuyanue: Jlex — nexuuu; JIab — naboparopusie padboTsl; [Ip — npaktuueckue 3ausatust; KIIP — aynuTopHble KOHCYIBTALUU IO KYPCOBBIM

npoektam/padboram; MKKII — unauBuayansHble KOHCYIbTAIIMU MO KYpPCOBBIM IpoekTam/padoram; ['K- rpymnoBsie KOHCYIbTAIIUH 110 pa3aesaam
muctumunael, CP — camocrositenbHas pabota crynenrta; MKP — unast konraktHas padota; TK — Texynuit koHTpoiis; [TA — npoMexyrodHas

aTTcCcTanuAa




3.2 KpaTkoe coaep:kaHue pa3iejioB
1. OchosHble noHAmMuUA ONMUKY U KEAHMOBOU dIeKIMPOHUKU

1.1. 'maBHbBIE TEPMUHBI ONITUKW U KBAHTOBOM 3JIEKTPOHUKH

dyHIaMEeHTANbHBIE TEPMUHBI (U3MUYECKONH W KBAaHTOBOM ONTHKH, OCHOBHBIC TapaMeTphl U
cBoiictBa DOM-usnydenus. BoiHa, pacmpocTpaHstomascs B BaKyyme; IUIOCKas M chepudeckas
BOJIHA..

1.2. B3anmoaeicTBre ONTUYECKOTO U3JTYyYEHUs C BEIIECTBOM

KBanToBast Teopust cBera. MexaHM3Mbl H3ITydaTeIbHBIX IEPEXOJIOB B aTOME: CIHOHTaHHOE
U3JIyYCHHE, BRIHYKICHHOE TIOTJIONICHNE, BBIHY)XJICHHOE M3/ TydeHUE. Y PaBHEHHUS CBS3H ITapaMeTPOB
u3nydenus. M3otponHas cpepa; MPOXOXKACHHE H3IIYYCHHUS Yepe3 H30TPOINHYIO CpeAy. 3aKOoH
byrepa: mornomenue u ycwieHue wusnydeHus. Jlorapudmuyeckuii Kod3(PUIMEHT YCHICHHS,
3¢ (eKTUBHOE CCUCHUE MOTIIOMICHUS U YCUIICHHUSL. .

1.3. MexaHu3Msl cO3aHHsI THBEPCUHU HACEIEHHOCTH
Pacnipenenenune bonbliMana, crtaOuiabHOCTh YypoBHeW. Hakauka cpeabl. J[ByxypoBHeBas,
TPEXYPOBHEBAS U YETBIPEXYPOBHEBASL CUCTEMA. .

1.4. CnexTpanbpHble XapaKTEPUCTUKU U3TYUEHUSI U OTJIOLIEHUS IPU PE30HAHCHBIX Mepexoax

®ypbe-nipeoOpa3oBaHue. YIIUPEHUE CHEKTPaIbHON JHMHUU: OJHOPOAHOE U HEOIHOPOIHOE.
Crenenp oAHOPOAHOCTH ymUpeHUs. CTeneHb MOHOXPOMAaTUYHOCTH. KOrepeHTHOCTb, MpUMEpbI
KOT'€pEHTHBIX U HEKOI'€PEHTHBIX UICTOYHHKOB..

2. Obwul npunyun pabomaui 1a3epos

2.1. YcTpoHCTBO J1a3epoB U MPUHIMI PaOOTHI

Hcropust BO3HMKHOBEHMS JiasepoB. I[lpumHnmnuaneHas cxema sasepa. DyHKIMSA 3JIEMEHTOB
OPUHIUNHAIBHON cxembl Jlazepa. [Ipuniun pabGotsl nasepa. IlodHblil mokaszaTens yCUIIEHUS.
Knaccudukanus nazepo. [Ipumenenue nazepoB. Bunbl cucrem Hakauku akTuBHOM cpenbl. KITJ]
nasepa..

2.2. OnTuyeckue pe3oHaTophl

Knaccudukaius pe3oHATOPOB MO pa3aUYHbIM Mpu3HakaMm. CrocoObl BBIBOJA H3IIYYEHHUS W3
pezoHatopa. OCHOBHbIE HapaMeTpbl PE30HATOPOB M IpaBHJa 3HAKOB JJIs 3€pKajl pe30HaTopa.
YCTOHYMBOCT JBYX3€pKaJbHOIO pe30HaTopa U Hapamerpbl KoHpurypauuu. JloOpoTHOCTH
pe3oHaTopa, YCJIOBUE MOpOra reHepalry U KpuBble Hadajda reHepauuu. OJHOPOIHOE HACHIIEHHUE
ycuseHus. Bunbl qByx3epKaibHBIX PE30HATOPOB. Y CIOBHE KOHIEHTPUYHOCTH U KOH(OKATbHOCTH.
Metona koH(pOKaTFHOTO pe30HaTOpa U KOH()OKAIBHBIN TapaMeTp..

2.3. ®opMHUpOBaHKE CBOMCTB JIA3EPHOTO U3JIyUYEHUs

CoOcTBeHHbIE THUMBI BOJIH JIBYX3€pKaJbHOTO pe3oHaTopa. Mogsl: mnonstue TEMqgnm.
ITpononeHele u nonepeunsie Moabl. [lonmuHOMBI OpMmuTa-I'aycca. Cenekuust mon. ['ayccoB mydox
(I'IT): ocHoBHBIE cBoiicTBa U mapameTpbl. IlpogonbHas u nomnepeunast crpykrypa I['Tl. Ilonstue
ommwkHeid u naneHeil 30HbBl I'TI. Ilapamerp kauectBa myuka M2. [lonmspusaunus na3epHOro
U3ITy4eHHusi: OproCcTepoBCKHE OKHA. MOHOXpOMATHUYHOCTh, KOT€PEHTHOCTh M HANpaBICHHOCTh
nazepHoro usitydeHus. Pacuér nmapamerpos [Tl B 1ByX3epKaabHOM ONITHYECKOM PE30HATOPE..

2.4. IIpoxoxaeHue Ja3epHOro U3Ty4eHUS Yepe3 ONTHYECKYIO CUCTEMY. METOT Ty4eBBIX
MaTpHII



OO0mee omucaHue MPHHIMIA Pa0OTHl MAaTPUYHOTO METOJA M TPAHUI[ €r0 MPUMEHHUMOCTH.
[Tonsitne ontuyeckor ocu. BekTop-cTonden BXOMHBIX W BBIXOJHBIX MapaMeTpoB Jiyda. MaTpHIlsl
Pa3IMYHBIX ONTHYECKUX 3JEMEHTOB M MpaBHJia 3HAKOB. MaTpuiia CI0)KHOW ONTHYECKON CHCTEMBI.
[Ipumenenue matpuuynoro Meroja it I'Tl. @okycupoBka u kommumanus ['11..

3. Ipunyun pabomol pa3iuyHblx U008 J1A3EPO8

3.1. I'a3oBbI€ NMa3epsl

Tunsl ra3oBbIX JIa3€pOB: Jia3epbl Ha aTOMApHBIX CMECSX, MOHHBIE JIa3ephl, JIa3epbl Ha Mapax
METaJUIOB, JIa3epbl Ha MOJIEKYJSPHBIX CMeECSX, Ta30JUHAMUYECKME W XUMHUYECKHE JIa3epshl,
SKCUMEpHBIE Ja3epbl. HeoqHopoaHoe Hackimenue: nposaisl bennera n JIsmba B ra3oBbIX cpezax,
KJIOYEBbIE OCOOEHHOCTH ra30BbIX JIA3€POB..

3.2. TBepnoTENbHBIE Ja3epbl

BapuaHTel onTu4eckoll HaKayKd aKTHBHOTO JJIEMEHTA: JIAMIIOBAasi, CBETOMWOIHAsS, IUOJHO-
na3epHas Hakayka. OXJaXJeHHe aKTHBHOTO 3JeMeHTa. OCHOBHBIC BHJIBI TBEPOTEIBHBIX JIA3€POB:
pyouHoBslii, YAG:Nd, nepectpanBaemble 10 4acTOTe Ja3epbl, AUCKOBBbIE Jazepbl. KiroueBble
0COOCHHOCTH TBEPJOTEIbHBIX JIA3EPOB..

3.3. BosiokoHHbIE J1a3ephl
OO6muit npuHIUIT pabOThl U CXEMa BOJOKOHHBIX JIa3epOB. AKTHUBHBIEC 3JIEMEHTHI BOJOKOHHBIX
na3epoB. [ maBHBIE 0COOEHHOCTH BOJIOKOHHBIX JIA3€POB..

3.4. IlomynpOBOTHUKOBBIE J1a3€phI

Tunel MOXYIpOBOAHMKOBBIX Ja3epoB. [lpuHium pabGotbl. CTpyKTypHas cXema, aKTHBHbBIC
aneMeHThl. Jlaszepbl Ha romo- u rereponepexoxe. Jlazepusie auonbl (JIJ) Ha KBaHTOBBIX sMax.
@opMHpOBaHUE M3TYyYEHUsS B TMOJYNPOBOAHUKOBBIX Ja3epax. Jlmarpamma HampaBl€HHOCTH H
cocrosiHue nosisipuzauuu uznydenus JI/1. KinroueBbie 0cOOEHHOCTH MOTYIPOBOIHUKOBBIX JIa3€POB..

3.5. ObecnieueHre UMIYIbCHOTO PEXXHUMa IeHEepaIiK Ja3epoB
Pexxum cBoGonHON reHepanuu. Pexxum Momynsiuuu TOOPOTHOCTH: MACCUBHAs M aKTHBHAA
MOJYJISIMS JOOPOTHOCTU. PeskuM pasrpys3ku pezoHaropa. Pexum CHHXpOHU3AIMU MOJ..

3.3. TeMbl NIPaAKTHYECKUX 3aHATHH
1. YcuneHne u reHepanys oNTHYECKOTrO U3IYUYEHMs B aKTUBHOM cpenie. JIazepHble
PE30HATOPBI;
2. OcHOBHBIE TapaMETPbI JIEKTPOMATHUTHOTO U3ITyYEHUS;
3. Pacnpenenenue bonbiimana. BzanmopeiicTBre n3iydeHus ¢ BEIIECTBOM;
4. B3aumoneiicTBre U3nydeHus ¢ BeuiecTBoM. 3akoH byrepa-Jlam6epta-bepa;
5. CnexTpanbHble CBOWCTBA U3TyYEHUS;
6. @opMHUpPOBaHUE JIA3EPHOT0 U3JIYUYEHHUs B pe30HATOpE. I'ayccoB Mmydok.

3.4. TeMbl 1a00paTOPHBIX padoT
1. I3yueHne npoCTpaHCTBEHHBIX XapaKTEPUCTHK JIA3€PHOTO U3ITyICHUS;
2. Usmepenue ko3 puirienTa uCIoab30BaHuUs JIEMEHTOB TBEPAOTENbHBIX J1a3€POB;
3. Onpenenennie k03¢ HUIMEHTA pacpoCTpaHeHUs mydka M2;
4. UccnenoBanue MpOCTPAHCTBEHHBIX XapaKTEPUCTUK JIA3EPHOTO MMy4Ka, MPeoOpa3oBaHHOTO
JIMH30M;
5. ®opMupoBaHHe Ja3epHOro MydKa, 001a/1a0IIero MaJIoi pacXxoIUMOCTbIO;



6. I3mepenue BarT-amnepHoil xapaktepuctuku He-Ne
Jasepa.

3.5 KoncyabTanum

I pynnosgvie korncyrbmayuu no pazoeiam oucyuniunol (I'K)

1. OO6cyxnaeHue MaTepualioB 1o KedcaMm paszzena "OCHOBHBIE MOHATHS ONTHKH M KBAaHTOBOM

ANEKTPOHUKN"

OO6cyxaeHre MaTepualioB 1Mo kKeiicam paszaena "OOmmii mpyuHIUI padoTHI JiazepoB"

3. OOcyxneHue marepuaioB mo keiicam pazzaena "[IpuHuun paOoThl pa3IMYHBIX BHJIOB
JazepoB"

N

3.6 TemaTuka KypcoBbIX NPOEKTOB/KYPCOBBIX padoT
KypcoBoii npoekt/ pabora He IPeayCMOTPEHBI
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3.7. CooTBeTCTBHE Pa3/1eJIOB THCHHMILIMHBI U OpMHUPYEMBbIX B HUX KOMIIeTeHIIU

Howmep paznena
JTUCIUIUTUHBI (B

O1eHOYHOE CPEICTBO
(TN ¥ HAUMEHOBaHUE)

3amiaHupOBaHHbIE PE3YAbTaThl 00YUYEHUS MO TUCIUILINHE Konpt
(B COOTBETCTBUH C pa3zieiioM 1) WHJUKATOPOB COOT]::;CIT ;3 e
1] 2] 3

3HaTh:
MexaHu3Mbl pabOTHI CHCTEM KBAHTOBOW M ONTHYECKOM 3JIEKTPOHUKH N-2nx-1 + + TectupoBanue/Tect No2
OCHOBHBIE OHSTHSI KBAHTOBOW M ONTHYECKOM 2JIEKTPOHUKU N-2mk1 + TectupoBanue/Tect Nel
YCTpoHCTBO U MPUHLIUIIBI paOOTHI JTa3€POB, a TAKXKE aAITOPUTMBI pacuéra V-2 + + + Juckyccus/3ammra
XapaKTEPUCTHK UX M3ITyUCHHSI ] 71a00paTOPHBIX paboOT
Ymersb:
Bri6upaTh panioHalbHbIe MyTH pelIeHUs 0a30BBIX 3a1a4 MO pacuéTy KonTponbHas
MapaMeTPOB CUCTEM KBAHTOBOW M ONITUYECKOM JIEKTPOHHUKH, a TAKIKE 110 N-2rx-1 + pabota/KonTponsHas pabora
peoOpa30BaHUIO JIA3€PHOT0 U3ITYYEHUS ONTUYECKON CUCTEMON No2
[IpoBoauTh pacuér XapakTepUCTUK KBAHTOBBIX CUCTEM U JIA3EPHOT0 U3JIy4EHUs KonTponbHas

N/I-2nx-1 + pabota/KonTponpHas padoTa

Nol

11




4. KOMIIETEHTHOCTHO-OPUEHTAPOBAHHBIE OIIEHOYHBIE CPEJICTBA JUISA
KOHTPOJISI OCBOEHMS PE3VJIbTATOB OBYUEHMS 11O JUCIMUIIIMHE
(TEKYIIU KOHTPOJIb YCIIEBAEMOCTH, IPOMEKYTOUYHASI ATTECTALMSA
1O JUCLMILINHE)

4.1. Tekymuii KOHTPOJIb yCIIeBA€MOCTH
2 cemecTp

dopma peanmuzanuu: [TuceMeHnHas padbota
1. Konrponbnas padora Nel (Konrponbnas pabora)
2. KontponpHas padorta Ne2 (KonTpoasHas padora)
3. Tect Nel (TectupoBanue)
4. Tect Ne2 (TectupoBanue)

Dopma peanuzanuu: CmemanHas Gopma
1. 3amuTa nabopaTtopHsix padot (Juckyccus)

banmibHO-pedTUHTOBasA CTPYKTYpa AUCLUILINHBI SABIISETCS NPUIOKEHUEM A.

4.2 IlpoMe:xyTOUYHasl aTTECTALUSA 110 AUCHHUILJIMHE

Ixsamen (Cemecmp Ne2)
Onenka ompenensercs B cooTBeTCTBUM C [lonokeHuem o OayibHO-PEHTHMHIOBOM cHUCTeME AJIs
ctynentoB HUY «MDW» Ha ocHOBaHMM CEMECTPOBOM U 3K3aMEHAI[MOHHOMN COCTABIIAIOIINX.

B nunnoM BeICTaBIsETCS OICHKA 3a 2 CEMCCTD.

Ipumeuyanue: ONieHOYHBIC MAaTEPUAITHI TI0 JUCIUILINHE TPUBEICHBI B (DOH/IEC OIICHOYHBIX
marepuasioB OITOII.

5. YYEBHO-METOANYECKOE OBECIHHEYHEHUE JUCLHUIIJINHBI

5.1 ITeyaTHbIE U IJIEKTPOHHbIE H3IAHUS:

1. xxeppapa, A. BBeaenue B MaTpUuHyI0 ONTUKY : niep. ¢ aHriL. / A. Jlxeppapa, 1. M. bepu . — M.
: Mup, 1978 . —341 c;

2. Nmenko, E. ®. KBantoBas u ontudeckas 3JIeKTPOHHUKA : Y4eOHOe mocoOue 1o Kypey
"KBaHTOBast M ONTHYECKAs JEKTPOHUKA" 110 HAIIPABICHUIO "DJIEKTPOHUKA U MUKPO3JIEKTPOHUKA" /
E. ®. Umenko, Mock. sHepr. ua-T (MOU TY) . — M. : Uzn-Bo MOU, 2004 . — 76 c. - ISBN 5-7046-
1071-4 .

http://elib.mpei.ru/elib/view.php?id=4422;

3. NmeHnko, E. ®@. OTKpbIThIE ONTHYECKUE pe30HATOPBL: HEKOTOpBIE BOIIPOCHI TEOPUU U PACUETHI !
Kypc nekmuii / E. ®@. Umenko, Mock. suepr. ud-t (MOH) . — M. : Cosetckoe paano, 1980 . — 208
c.;

4. bnuzHiok, B. B. KBaHTOBBIE HICTOYHMKY U31y4EHUS : OCHOBHBIE ITOHATHS, XapAKTEPUCTHUKH,
TEPMUHOJIOTHSI, IPUHIUI PabOThI IIMPOKOTO KPYra HCTOYHHUKOB U3JIy4eHUH, 0COOEHHOCTH
MIPUMEHEHHUS U METOJIbl MHKEeHEepHBIX pacyeToB / B. B. bausniok, C. M. I'Boznes . — M. : BUT'MA,
2006 . — 400 c. - Knura nocssimena 100-neturo co 1Hs pokaeHus akageMmuka B.A. @abpukanra . -
ISBN 5-89366-023-4 ;

5. XapaxkTepucTUKH Ja3zepHoro uzinydenus. Jlabopatopusie padbotsl N 1-6 : yuebHOE mocobue mo
Kypcy "OnTuyeckne U KBaHTOBAs AIEKTPOHMKA' 110 HAIIPABIEHUIO "DIEKTPOHUKA U
MuKposniekTponuka" / 3. b. bagammmuna, B. B. bausntok, Jl. B. Jlenemkun, A. JI. Cokonos, Mock.
srepr. uH-T (MOU TY) . — M. : U3narensckuii nom MOU, 2007 . — 40 c. - ISBN 978-5-383-00104-
2.
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6. ITanoB, M. ®@. ®uznyeckre 0CHOBBI (POTOHUKH : ydeOHOE TTOCOOHME I BY30B 110 HAIIPABICHHSIM:
"DIeKTpOHUKA ¥ HAaHORJIEKTpoHUKA", "HaHoTeXxHOMOTHM 1 MUKpOCHCTeMHast TexHuka" / M. @.
[Tanos, A. B. Conomonos . — CII6. : Jlaus-IIpecc, 2017 . — 564 c. — (YueOHHKH /7151 BY30B.
CrnenuanpHas uteparypa) . - ISBN 978-5-8114-2319-4 .;

7. Kucenes, I'. JI. KBanToBasi u onTrueckas JIeKTpoHHKa : yaeOHoe mocobue / I'. JI. Kucenes . — 3-
e u3n., crep . — CII6. : Jlanp-IIpecc, 2017 . — 316 c¢. — (YueOnuku 11 By30B. CriennaibHas
auteparypa) . - ISBN 978-5-8114-1114-6 .;

8. bopeiimio, A. C. JIazepsl: yCTpOHCTBO U ACHCTBUE : yueOHOE TTOCOOHE IS BY30B 10
HaIpaBJICHUSAM IOJrOTOBKU OakanaBpuata "JlazepHas TEXHHMKA U Ja3epHbIE TEXHOJIOTUN",
"®dotonuka u onrouHpopmaruka" / A. C. bopeiimo, C. B. UBakun . — 2-¢ usn., crep . — CII6. :
Jlann-IIpecc, 2017 . — 304 c. — (YueOuuku 1t By30B. CrienmanbHas mutepatypa) . - ISBN 978-5-
8114-2088-9 ;

9. UrnaroB A. H.- "Onrosnekrponuka u HaHopoToHHKA", (2-€ u3., mepepad. u 01.),
MznarensctBo: "Jlanp", Cankr-Iletepoypr, 2017 - (596 c.)

https://e.lanbook.com/book/95150.

5.2 JInueH3nOoHHOE U CBOOOITHO PACIIPOCTPAHsIeMOe MPOrPaMMHOE oDecredeHne:
1. CO "IIpomereit";

2. Office / Poccuiickuit makeT 0()UCHBIX IPOTrpamMm;

3. Buneokondepennun (Maitna, Coepmxasz, BK u np);

4. SmathStudio.

5.3 UnTepHeT-pecypchl, BKIKYas NpodeccuoHaJIbHble 0a3bl JAHHBIX M HH(POPMALMOHHO-
CIIPaBOYHbIE CHCTEMBI:

1. 3BC Jlans - https://e.lanbook.com/

2. 9BC "YHuBepcurerckas 6u0JM0TEeKA OHJIANH" -
http://biblioclub.ru/index.php?page=main_ub_red

3. Hayunasi 3siekTpoHHas oubauoreka - https://elibrary.ru/

4. baza nanusix BUHUTMH online - http://www.viniti.ru/

5. ba3a naHHbIX )KypHaJioB u3nareancTBa Elsevier - https://www.sciencedirect.com/

6. DiieKTpoHHBIE pecypchl u3nareabeTBa Springer - https://link.springer.com/

7. ba3za nannbix Web of Science - http://webofscience.com/

8. Baza nannbix Scopus - http://www.scopus.com

9. HanmoHabHas JJ1eKTPOHHAas OudmoTeka - https://rusneb.ru/

10. 9BC "KoncyabTant cryaenta' - http://www.studentlibrary.ru/

11. Kypuaiasl American Chemical Society - https://www.acs.org/content/acs/en.html

12. Kypuaasl American Institute of Physics - https://www.scitation.org/

13. Kypuaiasl American Physical Society - https://journals.aps.org/about

14. Ba3za nanubix n3aareiabcrsa Annual Reviews Science Collection -
https://www.annualreviews.org/

15. ba3a nannslii Association for Computing Machinery Digital Library -
https://dl.acm.org/about/content

16. XKypnaasl m3nareascTBa Cambridge University Press - https://www.cambridge.org/core
17. ba3a nanusbix IEL u3nareancra IEEE (Institute of Electrical and Electronics Engineers,
Inc.) - https://ieeexplore.ieee.org/Xplore/home.jsp?reload=true

18. ba3a nannbix Computers & Applied Sciences Complete (CASC) -
http://search.ebscohost.com

19. ba3za nannbix INSPEC na naargopme komnanuu EBSCO Publishing -
http://search.ebscohost.com

20. Kypuaus Institute of Physics (IOP), Beaukoopuranus - https://iopscience.iop.org/
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21. Kypnaasl HayuHoro obumectBa Optical Society of America (OSA) -
https://www.osapublishing.org/about.cfm

22. IlatenTHasn 6a3a Orbit Intelligence komnanun Questel - https://www.orbit.com/

23. Kypuaasi uznareancrsa Oxford University Press - https://academic.oup.com/journals/
24. ba3za nauubix auccepranuii ProQuest Dissertations and Theses Global -
https://search.proquest.com/pqdtglobal/index

25. Kypnaasi ’Kypuaasl Royal Society of Chemistry - https://pubs.rsc.org/

26. Kypuaasi uznareancrsa SAGE Publication (Sage) - https://journals.sagepub.com/

27. Kypnax Science - https://www.sciencemag.org/

28. ’Kypuaanl HayuHoro odouecrBa Society of Photo-Optical Instrumentation Engineers
(SPIE) Digital Library - https://www.spiedigitallibrary.org/

29. Komnekuus sxypuajioB Taylor & Francis Group - https://www.tandfonline.com/

30. ZKypuaasi no xumun Thieme Chemistry Package komnanun Georg Thieme Verlag KG -
https://www.thieme-connect.com/products/all/home.html

31. Kypunans! nznareabcra Wiley - https://onlinelibrary.wiley.com/

32. Dnexkrponnas 6udanoreka MOU (b MIM) - http://elib.mpei.ru/login.php

33. MMopTax oTkphITHIX HaHHBIX Poccuiickoii @enepanuu - https://data.gov.ru

34. ba3a oTKpBITHIX JaHHbIX MUHHMCTEPCTBA TPY/AA U COUUAILHOI 3amUTHI PO -
https://rosmintrud.ru/opendata

35. ba3a oTKpBITHIX JaHHBIX MPO¢ecCHOHATBHBIX CTAHAAPTOB MHUHHUCTEPCTBA TPYAa U
conuaabHoi 3anmthl P® - http://profstandart.rosmintrud.ru/obshchiy-informatsionnyy-
blok/natsionalnyy-reestr-professionalnykh-standartov/

36. ba3za oTKpBITHIX JaHHBIX MUHHMCTEPCTBA IKOHOMHUYECKOro pa3sutus Pd -
http://www.economy.gov.ru

37. ba3a oTkpBITHIX 1aHHBIX Pocunmonutopunra - http://www.fedsfm.ru/opendata

38. DuekTpoHHasi OTKpbITast 6a3a fanHbIX ""Polpred.com O630p CMU" -
https://www.polpred.com

39. Uupopmannonno-cnpaBoyHasi cucrema «Komexc/Texakenepr» - Http:\\proinfosoft.ru;
http://docs.cntd.ru/

40. HanuoHa bHBII MOPTaJ OHJIalH 00yueHusi «OTKpbITOe oOpa3oBanue» - https://openedu.ru
41. Opunmanbublii caiit @enepajbLHOIO areHTCTBA M0 TEXHUYECKOMY PeryJIMpOBaHUIO U
MmeTposoruu - http://protect.gost.ru/

42. OTKpbITast yHUBepcuTeTcKas HHpopManuoHHas cucrema «POCCHUS» -
https://uisrussia.msu.ru

6. MATEPUAJIBHO-TEXHUYECKOE OBECHEYEHUE JUCHUIIJIMHBI

Tun nomeneHus Homep ayauropumn, Ocnamenne
HauMCHOBaHue
VYueOubie aynuropuu g | K-120, MamnHHBIHI 3a1 cepBep, KOHIUIMOHED
MPOBEAEHUS JIEKLIMOHHBIX NBI]
3aHATHI U TEKYIIETO A-205, YueOHas MapTa co CKaMbei, CTOJI MPENoaBaTes,
KOHTPOJIA naboparopus CTYJI, TOCKa MENO0Bas
"KBanToBas u
ONTUYECKas
AJIEKTPOHHKA"
VYueOHbIC ayIUTOPUU IJIS A-205, Yuebnas MapTa co CKaMbeil, CTOJI MPENoIaBaTes,
MIPOBECHUS naboparopus CTYJI, OCKa MENIO0Bas
MPAKTUYECKUX 3aHITUH, "KBanToBas u
KP u KII ONTUYECKas
AJIEKTPOHHKA"
Y4eOHble ayAUTOpUU IS A-205, YueOunas IapTa co CKaMbei, CTOJI MPENOJaBaTeNs,
MIPOBEJICHUS naboparopus CTYJI, JOCKa MEJOBAast
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1a00paTOPHBIX 3aHATUN

"KBaHToBas u

OIITHYECKAs
AJIEKTPOHUKA"
VY4eOHble ayAUTOpUHN IS A-205, YyeOHnas napTa co cKaMbe, CTOJI IIperoaaBaress,
MIPOBEICHUS nabopaTopus CTYJI, IOCKa MEJIOBast
IIPOMEKYTOUYHON "KBanrtoBas u
aTTecTaluu OIITHYECKAs
JIEKTPOHUKA"
ITomewmenus s HTB-201, CTOJI KOMITBIOTEPHBIN, CTYJI, CTOJI
CaMOCTOSITEIILHON paOOThI KomrnbrorepHblit MMACHMCHHBIHN, BEIIAJIKA JIJIS OJICKIbI,

YUTAJILHBIN 341

KOMIIBIOTEPHAsI CETh C BBIXOJIOM B
HHTepHeT, KOMIIBIOTEDP NIEPCOHANIBHBIN,
IIPUHTEP, KOHIULIMOHED

A-111/1,
KomnbroTepHslii ki1acc
kad. Ouzuku

CTOJI KOMIBIOTEPHBIH, CTYJ, KA IS
JIOKYMEHTOB, LIKaQ 115 OAEHKAbI,
MYJIbTUMEAUMHBIN IIPOEKTOP, JOCKA
MapKepHasi, KOJIOHKH, KOMIIBIOTED
MIEPCOHAJIbHBIN

A-111/2,
KommnsrorepHslii kinace
kad. Ousnuku

CTOJI KOMIIBIOTEPHBIHN, CTYJI, KA TSI

JIOKYMEHTOB, KA JIsl OJSKIbI, TITKA()

JUTSL XpaHECHUSI HHBEHTAPsI, KOMIIBIOTEP
IIEPCOHAJIbHBIN, IPUHTED

Ilomenienus st
KOHCYJIbTUPOBAHUS

A-201/1, Kabuner
COTPYJIHUKOB Kad.
duzuku

CTOJI, CTYJI, IKad A JOKYMEHTOB, IKad
JUTSL OJICXK I, KOMITBIOTEPHAS CETh C
BBIXOJ0M B IHTEpHET, KOJIOHKH,
KOMITBIOTEP MEPCOHATBHBIN, TPUHTED

Ilomenienus st
XpaHeHus: 000py10BaHUS
¥ y4eOHOTO MHBEHTAps

b-101/1, Ckman kad.
Dusuku nMm. B.A.
dabpukanTa

CTeJUIaX Ui XpaHSHHs MHBEHTAaps,
WHBEHTAPh CIEIHATN3NPOBAHHBIM,
MHBEHTaph Y4eOHbII, KHUTH, y4eOHUKH,
nocoous
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IIpunoxenne A

BAJJIBHO-PEUTUHITOBAS CTPYKTYPA JIUCHOUILJIAHBI

BBegeHune B KBAaHTOBYIO JIEKTPOHUKY

(Ha3BaHME AUCIMILIMHBI)
2 cemecTp

IlepeyeHb KOHTPOJIBLHBIX MEPONIPUSITHI TEKYIIIET0 KOHTPOJISI YCIE€BAEMOCTH MO THCIUILTHHE:
KM-1 Tect Nel (TectupoBanue)

KM-2 Konrponsnas padora Nel (Konrponbuas pabora)

KM-3 Tect Ne2 (TectupoBanue)

KM-4 KontposbHas padota Ne2 (KonTposbHas paboTa)

KM-5 3ammura maboparopabix padot (uckyccus)

Buja npoMexyToOUHOM aTTecTANMU — DK3aMEH.

Nunekc KM- | KM- | KM- | KM- | KM-
Howep Pa3nen nucunumimHeL KM: L 2 3 4 >
pasjena Henens 4 8 12 14 16
KM:
1 OCHOBHBIE IOHATHUS ONTUKHU U KBAHTOBOM
AIIEKTPOHUKHU
['1aBHBIE TEPMUHBI ONTUKU M KBAHTOBOU
1.1 P + + + +
AIIEKTPOHUKHU
19 BzaumopeiicTBre ONTUYECKOTO U3ITYYSHHUS C N + +
' BEILIECTBOM
13 MexaHU3MBbI CO3/JaHHsI THBEPCUH HACEIIEHHOCTH + + +
14 CriekTpabHbIE XapaKTEPUCTHKU H3ITyYSHHS U N + +
' HOTJIOIIEHUS! TPH PE30HAHCHBIX MePexoaax
2 OO0uwmii mpuHIUN paboThI J1a3epOB
2.1 YcTpoiicTBO Ja3epoB U MPUHIUI pabOThI + +
2.2 OnTHyeckre pe3oHaTopbl + +
2.3 ®opMupoBaHUE CBOMCTB JA3€PHOI0 U3ITyYEHUS + +
24 [TpoxoskaeHne JTa3epHOTro H3ITydeHHs Yepes3 + +
' ONTHYECKYIO cucTeMy. MeToJ1 Ty4eBbIX MaTpPHUIL
3 [TpuHIMT paboTHI pa3IMYHBIX BUIOB J1a3epOB
3.1 ["a3oBBIC JTa3epHI +
3.2 TBepaoTenbHbIE JTa3ephl +
3.3 BosokoHHbIE na3epsl +
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3.4 [ToxynpoBOIHUKOBBIE JIa3€Pbl +
35 ObecnieueHre UMITYJILCHOTO PEXKUMa TeHEPAIHH + +

’ J1a3epOB
Bec KM, %: 30 15 30 20
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