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PABOYASI TIPOT'PAMMA YYEBHOM JUCHUIIINHBI
BBEJIEHUE B KBAHTOBY1IO PAJIMODU3UNKY
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AHHOTANIUA

I/I3yquHe OCHOBOIIOJIararomux BOIPOCOB BBaHMOHeﬁCTBHH ONTHUYCCKOI'0 HM3JIYyUYCHUSA C

BEIIECTBOM, ONPEACHSIONNX (PU3HUECKUE NPUHIHIIBI pabOThl KBAHTOBBIX YCWIIUTENEH H
TEHEPaTOpPOB; TOJIYYECHHUE MPEACTABICHUS O (PU3MUECKHMX OCHOBaX pabOTHl KBAHTOBBIX MPUOOPOB
panuonuana3oHa M ONTHYECKOrO /IMana3oHa; 3HAKOMCTBO C OCHOBHBIMH pEXHMaMHU pabOTHI
KBAHTOBBIX I'€HEPATOPOB (J1a3epoB) U crOcO0aMH UX peau3alli, C OCHOBHBIMU SHEPreTUYECKHUMU U

CIICKTPAJIbHBIMH XAPAKTCPUCTHKAMMU.

1. IEJIA 1 3AJAYA OCBOEHUS YYEBHOM JTACIHUILIAHBI

I/I3yquI/Ie OCHOBOIIOJAararomux BOIIPOCOB BSaHMOHeﬁCTBHH OIITHUYCCKOI'0 HM3JIYUYCHUSA C

BEIIECTBOM, ONPEACHSIONNX (PU3HUECKUE NPUHIHUIIBI pabOThl KBAHTOBBIX YCWIIUTENEH H
TeHEPaTOpPOB; TOJIYYCHHUE MPEICTABICHHUA O (DU3MUYECKMX OCHOBAX pPabOTHl KBAaHTOBBIX HPUOOPOB
pamuonuana3oHa M ONTHYECKOrO /IMana3oHa; 3HAKOMCTBO C OCHOBHBIMH pEXHMaMH pPabOTHI
KBAaHTOBBIX T€HEPATOPOB (J1a3epoB) M Croco0aMH UX peau3alliii, C OCHOBHBIMU SHEPTeTHYECKHUMU U

CIICKTPAJIbHBIMH XapPAKTCPHUCTHKAMU.

2. MECTO YUYEBHOM JUCIHUILIMHBI B CTPYKTYPE OOII BO

I[I/ICI_II/IHJ'II/IHB. JIOTUYCCKU M COACPIKATCIIbHO-MCTOAUYCCKU CBA3aHAa CO CICAYIOIIUMU

AUCHUIINIMHAMH: aTOMHas (1)1/131/11(3, KBaHTOBas MCXaHHKa, TCOPHA I10JIA, (1)1/13141(21 KOHACHCUPOBAHHOT'O

COCTOSIHUSI BEILIECTBA, TEOPETUIECKask (U3MKa TBEPAOTO Tea.

3. ®OPMUPYEMBIE KOMIIETEHIIUU U IIVTAHUPYEMBIE PE3YJIbTATDBI

OBYYEHUA

YHuBepcaibHble U(UIH) 001enpodeccHOHaIbHbIE KOMIETEHIIUH:

KOI[ N HAUMCHOBAHHEC KOMIICTCHIINU ‘ KOI[ U HAMMCHOBAHUC MHAUKATOPA NOCTHKCHUS KOMIICTCHITUN

[IpodeccuonabHble KOMIETEHIIMA B COOTBECTBHHM C 3aayaMH U OOBEKTamMH (00JacTsIMHU

3HaHUN) PO ECCUOHATBLHON JeSITENIbHOCTHU

3agaua
npogdeccuoHaIbLHOM
aesteabHoctu (3I11)

O0BeKT WM 00J1aCTh

3JHAHUA

Koa n nHaumenoBaHue
npogdeccuoHaIbLHOM
KOMIIeTEHIUM;
OcHoBaHue
(npodeccuoHAIBHBIN
cranaapr-I1C, ananus
onbITA)

HAay4YHO-MCCIIEN0BATEIbCKUAMN

Koa m nammeHoBanmne
HHANKATOpPA
JOCTHKEHHS
npogdeccuoHaIbLHOI
KOMIIETEHI[M U

U3yYeHHEe U aHaJIN3
Hay4YHO-TEXHUYECKOMN
uHpopManuy,
OTEYECTBEHHOTO H
3apy0eKHOTO OTbITa
10 TEMAaTHKE

MOJIeJTH, METOJIbI 1
cpencTBa
byHIaMeHTAIbHBIX U
IMPUKITAAHBIX
HCCIIEIOBAHUMN U
pa3paboToOK B 00JIaCTH

ITK-1 [1] - Criocoben
MPOBOJIUTH COOP,
aHaJlu3 Hay4yHO-
TEXHUYECKOU
uHpopMaIuy,
OTEYECTBEHHOTO H

3-I1K-1[1] - 3Hate
crocoOsI cOopa,
aHalM3a Hay4yHO-
TEXHUYECKON
uHopManuu,
OTEYECTBEHHOTO H




uccaea0BaHus, cOop u
00paboTKa HAY4YHOH U
aHAJIUTHYECKOM
uHpOpMAaINY C
HCIIOIb30BaHUEM
COBpPEMEHHBIX
MporpamM, CpeJICTB U
METO/IOB
BBIYMCIUTEIHHOM
MaTeMaTUKHU,
KOMITHIOTEPHBIX U
MH(POPMALIMOHHBIX
TEXHOJIOTHI

BEIOOP METOJIOB U
MOJIXO/IOB K PEIICHHUIO
ITIOCTaBJICHHOMN
HAYYHOH MPOOIIEMBI,
¢dbopmynHpoBKa
MaTeMaTHYECKOM
MO/IEIIN SIBJICHUS,
AHAJTUTHYECKHUE U
YHCJICHHBIE PacYeThl

4. BOCIIUTATEJIbHBINA MOTEHIIUAJ JUCITATIIMHBI

CYHEpPKOMITBIOTEPHOTO
MOACIINPOBAHUA
UH)KCHEPHO-
(U3UIECKUX MPOLIECCOB
B HayKe, TEXHHUKE,
TCXHOJIOTUAX, a4 TAKIKC B
cdepax HayKOEMKOTO
IPOM3BOJICTBA

MOJICJTH, METOJIbI 1
CpeacTBa
byHIaMEHTAIBHBIX U
MPUKIIATHBIX
HCCIIEIOBAHUY U
pa3paboToK B 00JIaCTH
CYIEePKOMIIBIOTEPHOTO
MOJICTTUPOBAHUS
WHXCHEPHO-
(bu3nUeCKUX MPOLECCOB
B HayKe, TEXHUKE,
TEXHOJIOTHSIX, & TAKXKE B
chepax HAYKOEMKOTO
MIPOU3BOJICTBA

3apyOeKHOTO OMBITA 11O
TEMATUKE UCCIICA0BaAHUA

OcHosanue:
[TpodeccnonanbpHbIM
crarnapt: 40.011

ITK-2 [1] - Cniocoben
BBIOMpATH U IPUMEHSTH
HE00X0IMMOe
o0opynoBaHue,
WHCTPYMEHTBI U METOIBI
WCCIIEIOBaHUM [T
pelIeHus 3a/1a9 B
n30paHHOM IPEeIMETHOM
obnactu

OcHosanue:
[IpodeccronanbHbIit
craugapt: 25.035,
40.011

3apyOeKHOTO OTBITA
0 TEeMaTHKe
UCCIIEIOBaHMUSL. |
V-IIK-1[1] - YmeTh
CUHTE3UPOBATh U
aHAJM3UPOBAThH
HAyYHO-TEXHUYECKYIO
uH(OPMALIHIO TIO
TeMaTHKe
UCCIICIOBAHMUSL.
B-TIK-1[1] - Baagets
HaBbIKaMu cOopa,
CHHTE3a U aHaJIn3a
Hay4YHO-TEXHUYECKON
nHpopManuu,
OTEYECTBEHHOTO H
3apy0eKHOTO OIbITa
110 TEMaTUKE
UCCIIeIOBaHMUSI.
3-T1K-2[1] - 3uath
COBpEMEHHOE
obopymoBaHue,
UHCTPYMEHTHI U
METO/Ibl UCCIEAOBAHUI
JUTS pEIICHHUS 3a/1a4 B
n30paHHOM
MpeIMETHOM 001acTH.

;
V-IIK-2[1] - YmeTh
KPUTHICCKH
OLICHUBATb, BEIOUPATH
o0opyIoBaHUs,
WHCTPYMEHTOB U
METOIOB
HCCIIEIOBAHUH B
n30paHHOMN
peaMeTHOH 001acTy
B-TIK-2[1] - Bnagets
HaBBIKAMHU BBIOOpA U
MIPUMCHCHHUS
obopynoBaHue,
WHCTPYMEHTHI U
METO/IbI UCCIIETIOBAHUI
JUTS peTIeHns 3a1a4 B
n30paHHON
MPEAMETHOM 00JIaCTH.

Hanpasnenus/uenun
BOCHATaHUS

3amaun BocuTaHus (KOJ)

BocrnmrareanHbIN ITOTEHIIAAIT
JTUCIUTLINH

[TpodeccuonanbHoe

Coznanue yciosui,

1.Ucnionp3oBanue




BOCIIUTAaHHUEC

obecnieunBaronux, GopMupoBaHue
Hay4YHOI'O MUPOBO33PEHUS, KYIbTYPbI
MOWCKA HECTAaHIaPTHBIX HAYYHO-
TeXHHq€CKHX/HpaKTquCKHX
PEILICHHIA, KPUTUIECKOTO OTHOIICHUS
K UCCIICIOBAaHHSIM JDKEHAYYHOTO TOJIKA

(B19)

BOCIUTATEIBLHOTO MOTEHIIHAIA
JTUCIUILTAH/TIpakTHK «HaydHo-
ucclie/loBaTeIbCcKas padoTay,
«[IpoekTHas mpaKTUKa,
«Hay4unslil ceMuHap» Jis:

- opMupoBaHUs TOHUMAHUS
OCHOBHBIX IIPUHIIUIIOB U
Croc000B HAYYHOTO IMO3HAHUS
MUpa, Pa3BUTHUS
HCCIE0BATEIIbCKUX KaueCTB
CTYJEHTOB MTOCPEACTBOM UX
BOBJICUECHUS B UCCIIEIOBATEIIbCKUE
MPOEKTHI 110 00JIACTAM HAyYHBIX
uccinenoBanuil. 2.Mcnonbs3zoBanue
BOCIHTATEIHHOTO MOTEHIINAJIA
quctumind "Mecropus Hayku U
uwxenepun", "Kpurudueckoe
MBIILJIEHUE U OCHOBBI HAYYHOU
KOMMYyHUuKaiuu'", "Beenenue B
cnenuanbHoCcTh", "HayuHo-
uccienoBarenbckas padora',
"Hayunblii cemunap" aiis:

- popMHUpOBaHUS CIIOCOOHOCTH
OTJIETISATh HACTOSIINE HAYYHBIC
UCCIIEJIOBAHUSI OT JDKECHAYYHBIX
MOCPEJICTBOM MTPOBEICHUS CO
CTYJCHTaMHU 3aHITHH U
peryispHbIX Oecen;

- opmMupoOBaHUS KPUTHUECKOTO
MBIIJICHHS, YMEHUS
paccMaTpuBaTh pa3uYHbIE
HCCIEA0BAaHUSA C YKCIIEPTHOMN
MO3ULIUU [TOCPEICTBOM
00CYXXJI€HHS CO CTYJCHTaMH
COBPEMEHHBIX UCCIIEI0BAHUM,
HCTOPUYECKHUX MPEITOCHIIIOK
MOSIBJICHUS TEX WJIM UHBIX
OTKPBITHHA U TEOPHH.

[TpodeccuonansHoe
BOCIIUTAHUC

Coznanue ycnosui,
obecrneunBaromux, GopMUpPOBaHUE
TBOPYECKOTO
MHKEHEPHOro/IpoeCCHOHATBHOTIO
MBILICHHS], HABBIKOB OPTaHU3aIIH
KOJUIEKTUBHON ITPOEKTHOU
nesitenbHOCTH (B22)

1.Mcnonp3oBanune
BOCITUTATEIHLHOTO MOTSHITHAIA
JTUCIUILIAH TIPO(heCCUOHATBLHOTO
MOJIYJISl JJIsl Pa3BUTHSI HABBIKOB
KOMMYHUKAIUU, KOMaHIHOU
paboTHI U IUIEPCTBA,
TBOPYECKOTO UHKEHEPHOTO
MBITIUICHUSI, CTPEMIICHUS
CJIeI0BaTh B MPOQEeCCHOHATHHON
NeSATeTLHOCTH HOpMaM
MOBEICHUS, 00eCTICUNBAIOIINM
HPaBCTBEHHBIN XapaKTep
TPYJIOBOH JESTENBHOCTU U
HECTy>KeOHOTO TTOBEJICHUS,




[IpodeccuonansHoe
BOCIIUTaHUE

Co3znanue ycioBHi,
obecrneunBaromux, GopMUpPOBaHUE

KYJIBTYpbI 0€3011aCHOCTH IIPH padboTe ¢

Ja3epHbIM u3nydeHuem (B27)

OTBETCTBEHHOCTH 3a MPUHSTHIE
pelieHus yepe3 NoJAIr0TOBKY
IPYMIOBBIX KYPCOBBIX paboT U
MPAKTUYECKUX 3aJJaHHH, pelIeHUe
KEWCOB, MPOXOXK/ICHUE MPAKTUK U
noarotrosky BKP.
2.Mcnonp3oBaHue
BOCIIUTATEIBLHOTO MOTEHIIHAIA
JTUCIUIUIAH TPOo(eCcCUOHATBLHOTO
MOAYJIS JUTst: - (POPMHUPOBAHUS
IIPOU3BOJICTBEHHOT'O
KOJIJIEKTUBH3MA B X0JI€
COBMECTHOT'O PEUICHHS KaK
MOJICTIbHBIX, TaK U MPAKTHYCCKUX
3a/1a4, a TaKxkKe IMyTeM
MOJAKPETUICHUE palliOHAIBHO-
TEXHOJOTHYECKUX HaBBIKOB
B3aUMOJICUCTBUS B IPOCKTHON
NEeSITENIbHOCTH SMOIIMOHATbHBIM
3¢ (HeKToM yCIenrHoro
B3aMMOJICHCTBHSI, OIIYIIIEHUEM
pocra o01iei 3hpekTHBHOCTH TIPH
pacrpeieieHuu MPOSKTHBIX 3a7a4
B COOTBETCTBUU C CUIILHBIMU
KOMIETEHTHOCTHBIMU U
SMOIMOHAIBHBIMU CBOMCTBAMU
YJICHOB MPOEKTHOU TPYTIIIHI.
1.Mcnonb3oBanue
BOCTIMTATEIHLHOTO MOTEHIINATA
PO HIBLHBIX JUCIUTUTHH U BCEX
BUJIOB MPAKTUK IS -
(hopMUPOBaHHS KYTbTYPHI
Ja3epHoi 6e30MacHOCTH
MOCPEICTBOM TEMATHUYECKOTO
aKLIEHTUPOBAHUS B COJIEP>KAaHUU
JTUCIUIUIAH ¥ YIeOHBIX 3a[aHHH,
HOJTOTOBKH 3cce, pedepaTos,
JIUCKYCCHUH, a TAK)XKE B XOJI€
MPAKTHYECKOH paboTHI C
Ja3epHBIM 000pYAOBaHUEM. -
(hopMUpOBaHUS KYTbTYPHI
0e30MMacHOCTH MpH padboTe Ha
IKCIIEPUMEHTAIBHBIX U
MTPOMBIIIJICHHBIX YCTAHOBKAaX
BBICOKOW MOIIIHOCTH U
MMEIOIIIUMU TIOBBITIICHHBII
YPOBEHb OMACHOCTHU Yepe3
BBITIOJTHEHUE CTYICHTAMHU
MPAKTUYECKHUX U Ta00OPATOPHBIX
pabot, B TOM YHCIIC Ha
000pyIOBaHUU JIJISl UCCIICIOBAHUS
BBICOKOTEMITEPATYPHOH TUIa3MBI.




[IpodeccnonanpHOE Co3nanue yciaoBuU,
BOCIIUTaHUE o0ecrieunBaroImux, (OpMUPOBAHKE

KYJIbTYpPbI 0€3011aCHOCTHU P padboTe
Ha HKCIIEPUMEHTAIbHBIX U

IMPOMBINIJICHHBIX YCTaHOBKax BBICOKOH

MortHocTy (B28)

1.Mcnonp3oBanue
BOCIHUTATEIHLHOTO MOTCHIINATIA
PO MILHBIX TUCIUILIHH U BCEX
BHJIOB MPAKTHUK IS -
(OopMHUPOBAHUS KYJIBTYPHI
Ja3epHOi 0€30MacHOCTH
HIOCPEJICTBOM TEMaTHYECKOTO
AKIIEHTUPOBAHUS B COJICPIKaHUHU
JMCHIUTUIAH ¥ YU4eOHBIX 331aHUH,
MOATOTOBKH 3Cce, pedeparos,
JIMCKYCCHIA, @ TAKXKE B XOJIC
MIPaKTU4YECKON pabOTHI C
Ja3epHBIM 00OPYJIOBaHUEM. -
(hopMUpOBaHUS KYTbTYPBHI
0e30macHOCTH Mpu padboTe Ha
IKCIIEPUMEHTAILHBIX U
IPOMBIIIJICHHBIX YCTAHOBKAX
BEICOKOU MOIITHOCTH U
VUMCIOIIIUMHU TTOBBIIICHHBIN
YPOBEHB OITACHOCTH Yepe3
BBINIOJIHEHHUE CTYACHTAMH
MPAKTHYCCKHUX U JTAOOPATOPHBIX
paboT, B TOM YHCIIe HA
000pYIOBaHUH ISl KCCIICOBAHUS
BBICOKOTEMIICPATYPHOH IJIa3MBl.

S. CTPYKTYPA U COJIEP)KAHUE YYEBHOM JUCHUIJIUHBI

Paznensl yueOHOM JUCHUIUIMHBL, X 00BEM, CPOKH U3Y4eHUS U (POPMBI KOHTPOJIS:
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6 Cemecmp
1 OcHoBHble ¢usnyeckue | 1-8 16/8/0 25 K1-8 3-T1K-1,
MMOHATHUS V-TIK-1,
B-TIK-1,
3-T1K-2,
V-IIK-2,
B-TIK-2
2 BsanmoneiicrBue 9-15 | 14/7/0 25 KHU-15 3-T1K-1,
paauon3ITyYeHUs c V-IIK-1,
BEILIECTBOM. Masepsl B-TIK-1,
3-T1K-2,




VY-TIK-2,
B-I1K-2
HUmoeo 3a 6 Cemecmp 30/15/0 50
KouTtpoJbHbie 50 3 3-TIK-1,
Meponpusitust  3a 6 V-1IK-1,
CemecTtp B-TIK-1,
3-T1K-2,
V-IIK-2,
B-TTK-2

* — COKpaIlleHHOe HaMMEHOBaHue (GOPMbI KOHTPOJIS

*

(nn) sK3ameH

* — cyMMa MaKCHUMaJIbHbIX 0ajuioB J1oJpKHA ObITh paBHa 100 3a cemectp, BKIIOYas 3a4eT U

Coxkpailienre HauMeHOBaHUN (POPM TEKYILEr0 KOHTPOJISI U aTTECTALUU Pa3AesIoB:

Oo6o3nauenne | [loiHOe HAaMMEeHOBaHUe
KN KonTposb 1o nroram
3 3ayer
KAJEHJIAPHBIN IIJTAH
Henenu | Tembl 3ansaTuii / Conepxanue Jlek., | IIp./cem., | JIab.,
yac. yac. yac.
6 Cemecmp 30 15 0
1-8 OcHoBHbIE pu3HYecCKHE NOHATHS 16 8 0
1 Beenenne Bcero ayauTopHbIX yacoB
[IpenMeT GOTOHMKM U KBaHTOBOU AJIEKTpOHUKH. McTopus 2 0 [0
pasButus. Llens u 3agaum kypca. Omnnaiin
0 |0 |0
2-8 OcHoBHbIE pu3HYecKHE OHATHS Bcero aynutopHsix 4acoB
CrioHTaHHbBIE M UHIYLHPOBaHHbIE niepexobl. Koopduimentsr | 14 |8 [0
OnHmreliHa. [lornomenne n ycunenue. HBepcHast Omutaiin
HAaCeJICHHOCTh YHEPreTUICCKUX ypOBHeﬁ U MIOHSTHE 00 0 0 0
a0CoIOTHON oTpuLIaTeNIbHON TemmnepaType. CBOHCTBa
WHAYIIMPOBAHHOTO U3ITYYCHUS
9-15 B3aumoneiicTBue paauon3jaydenns ¢ BemectsoM. Masepsi | 14 7 0
9 KBaHTOBBIE YCHJIUTEIN U T€HEPATOPHI PAIMOANANIA30HA Bcero aynutopHbIX yacoB
DHepreTuyeckre ypoBHHU B razax. @opma creKTpaibHOMI 2 ] 1 ’ 0
nuaud. CriocoObl HAOMIOACHUS TTOTIIOMIECHUSI paguon3ayueHus | OuiaitH
B razax. 0 |0 [0
10 MoJiekyJIsIpHbIii TeHepaTop HAa My4YKe MOJIeKYJ aMmMuaka | Beero aymTopHBIX 4acoB
Crioco6 monmyueHus ycuiaeHus. MOIHOCTh TeHEepallui. 2 \ 1 \ 0
CrabunbsHocTh yacToTel NH3  mazepa. Ownnaiin
0 0 [0
11-12 | DaeKTpoHHBI MapaMarHuTHBIN pe3oHanc (II1P) Bcero aynutopHbIx 4acoB
Crnoco0Owt HaOmonenus JI1P. Penakcanus B mapamaruetukax. | 4 ’ 2 ’ 0
Bpemena u puznueckre MexaHU3MbI peaKCaIluH. Ownnaitg
OaHOPOJHOE U HEOJHOPOIHOE YIIUPEHHE. 0 ] 0 ] 0
13 - 14 | SInepHblii MAarHUTHBII pe3onanc (IMP) Bcero aynutopHsix 4acoB




Mupuna nuanit AMP. CnocoOs1 HabmroneHus SIMP. 4 |2 Ik
Onnaiin
0 |0 |0
15 Oco0eHHOCTH MapaMarHeTu3Ma HOHHBIX KPUCTAJLJIOB Bcero aynutopHsix 4acoB
TpexypOoBHEBBIE Ma3ePbl HA TBEPAOM TeEJIE. Y CIIOBUS 2 ‘ 1 ‘ 0
MOJIyYEHUs] OTPULIATENIbHON Temneparypsl. Biusaue Bpemernn | Ouiaiin
penakcauuu. lllymoBbie CBOKMCTBA KBAHTOBBIX [TAPAMATHUTHBIX | ( 0 0
YCUJIUTEJICH

CoxkpalieHHbIe HAUMEHOBAHUS OHJIANH OMIUI:

Oo6o3nauenne | [losiHoe HanMeHOBaHME

oK DJIEKTPOHHBIN KypC

IIM IToaHOTEKCTOBBIN MaTepuan

I1I1 IToTHOTEKCTOBBIE JIEKLIMU

BM Buneo-marepuasl

AM Aynuo-marepuansl

IIp3 [Ipe3enTanuu

T TecTbl

OCM DJIEKTPOHHBIE CIPABOYHBIE MATEPUATIBI
NC W HTepakTUBHBIN CalT

6. OBPA3OBATEJIBHBIE TEXHOJIOI'MU

IIpyn ocBOCHMM NAHHOW JUCLMILIMHBI OCHOBHYIO POJIb UI'PAOT ayJUTOPHBIC 3aHATHUSA, & TAKKE
caMocCTosITeNIbHast paboTa CTY/IEHTOB, 3aKJII0YAIOIasICs B BHITOJHEHUH JTOMAIIHUX 33/1aHUH, H3y4eHUU
NpPOI/IEHHOI0 MaTepuana, MOJIrOTOBKE K MHUCbMEHHBIM TecTaM. Jlig Toro 4roObl MOKa3aTh
COBPEMEHHOE COCTOSIHME (OTOHMKM M KBAaHTOBOW pajuo(PU3MKH, MPEIyCMOTPEHO IIHPOKOE
UCMOJb30BAHUE COBPEMEHHBIX Hay4HbIX padOT W MyOJMKauuMid NO JaHHON TeMe, IOCeUIeHne
nabopatopuit HUAAY MUOU. PekomeHnnyercs HOCEIIEHUE CTYIEHTAMHU HAy4YHbIX CEMHMHApOB U
koH(pepeHumid, nposoaumeix B HUAY MUODU, a takxke B APYrux MOCKOBCKHMX YHHUBEPCUTETaX WU
MHCTUTYTaX.

7. ®OHJI OHEHOYHbIX CPEIACTB

@OHJT OLIEHOYHBIX CPEACTB 0 JUCLUIUIMHE 00ECIIeUNBAET IPOBEPKY OCBOCHMSI MIIAHUPYEMBbIX
pe3yabTaToB O00y4eHHs (KOMIETEHIMA W UX HMHAMKATOPOB) MOCPEACTBOM MEPOIPUATUN TEKYIIEro,
PYOEKHOTO ¥ MPOMEKYTOYHOT'O KOHTPOJISI IO JUCLUIUINHE.

CBs3p Mexay (opMHUPYEMBIMH KOMIIETEHIMSMH M (opMaMH KOHTPOJISE HUX OCBOCHHS
Ipe/CcTaBIeHa B cleAyronel Tadiuie:

Komnerennus NHaukaTopsl 0CBOCHUA ATTEeCTAMOHHOE MEPOIIPUSITHE
(KII 1)
IK-1 3-11K-1 3, K1-8, K1-15
VY-1IK-1 3, KH-8, K1-15
B-T1K-1 3, K1-8, K1-15
I1K-2 3-11K-2 3, KH-8, K1-15
VY-TIK-2 3, KH-8, K1-15
B-T1K-2 3, K1-8, KH1-15




Il kaabl OLeHKU 00pa30BaTeIbHBIX JOCTHKEHH I

[IIkana KaXA0ro KOHTPOJIBHOI'O MEPOIPUATHS JIEKUT B Ipeaenax oT 0 10 yCTaHOBJIEHHOI'O
MaKCHUMaJIbHOTO 0aJuia BKIIOYMTEIbHO. MToroBast arrectanus mo AMCUUIUIMHE oneHuBaercs no 100-
0aJUIbHOM IIKae W MPEACTABIAET co00W cymMMy OaioB, 3apabOTaHHBIX CTYJCHTOM IPHU BBIIOTHEHUU
3aJlaHui B paMKax TEKYILLIEro U MPOMEKYTOYHOTO KOHTPOJIS.

Hrorosas OLICHKA BBICTABJIICTCA B COOTBETCTBUHU CO CHC,HYIOH.ICIZ IIIKAJIOMN:

Cymma 6amtoB | Onenka o 4-ex Onenka TpeboBaHMs K YPOBHIO OCBOCHHUIO
OaJUILHOM IIIKAJIE ECTS y4eOHOM TUCIUIUINHBI

O1neHKa «OTIMYHO» BBICTABIACTCS CTYICHTY,
€CITH OH TITyOOKO U TIPOYHO YCBOMII
IpOrpaMMHBII MaTepua, HCYEPIIBIBAIOIIE,
HOCJIEI0BATENIbHO, YETKO U JIOTHUECKU
CTPOMHO €ro u3jiaraer, yMeeT TECHO
YBSI3BIBATH TEOPHIO C PAKTHKOM,
UCTIOJIb3YET B OTBETE MaTepual
MOHOTpaUIeCKOH JIUTEPATYPHI.

90-100 5 — «omauunor A

85-89 B O1LeHKa «XOPOILIO» BBICTABIISETCS CTY/ICHTY,

75-84 C €CJIM OH TBEPIO 3HACT MaTepHal, IPaMOTHO U

4 — «xopouioy 10 CYIIECTBY M3JIaraeT €ro, He JOIycKast
70-74 CYILIECTBEHHBIX HETOYHOCTEN B OTBETE HA
BOIIPOC.

65-69 OleHKa «Y/IOBJIETBOPUTEIBHO»

BBICTaBJIACTCA CTYACHTY, €CJIIM OH UMECT
3HaHHA TOJIBKO OCHOBHOI'O Mar€puajia, HO HE
3 - YCBOUII €TO HCTaﬂeﬁ, A0IMyCKACeT HECTOYHOCTH,
60-64 «Y008IEMBOPUMENLHO E HEJIOCTATOYHO MPABUIIBHBIE (POPMYITUPOBKH,
HapylIeHUusA JIOTHYCCKOU
IIOCJIEA0BATCIIBHOCTU B U3JIOKECHUU
MPOTPaMMHOTO MaTepuaa.

OlleHKa «HEYIOBJIETBOPUTEBLHOY
BBICTABIISETCS CTY/IEHTY, KOTOPBIN HE 3HAET
3HAYMTETLHOM YaCTH POrPaMMHOIO
o_ marepuaia, J0IMyCKaeT CYIECTBEHHBIE
Hwuxe 60 F omnOku. Kak npaBuiio, orieHka

«Hey0081emBoOPUMENbHOY

«HEYJOBJIETBOPUTEIILHO» CTABUTCS

CTyJIEHTaM, KOTOPbIE HE MOTYT IPOIOJKUTh
o0OydeHue 0e3 JOMOIHUTEIILHBIX 3aHATHIA 10
COOTBETCTBYIONIEN TUCIUILIMHE.

8. YYEBHO-METOJNUYECKOE U THOOPMAIIMOHHOE OBECIIEYEHHE
YYEBHOU JUCHUTLJIAHBI

OCHOBHAA JIMTEPATYPA:
1. DU S96 Principles of Lasers : , Svelto, Orazio. , Boston, MA: Springer US, 2010

2. 91 U 83 Bomnogsie nporiecchl. OCHOBHBIE 3aKOHBI : yaeOHoe ocodue, Mpoaos U. E., Mocksa:
Jlaboparopust 3nanuii, 2020




3. O b 73 BonokoHHBIE TEXHOJIOTHYECKHE Ja3ephl U X TpuMeHeHue : , ['onydenko 0. B., borganos
A. B., Cankr-IlerepOypr: Jlans, 2022

4. OU K 44 KBanroBas u ontudeckas snekrponuka : , Kucenes I'. JI., Cankr-IlerepOypr: Jlanb, 2022
5. 621.38 JI25 KBanToBasi JIeKTpOHHKA : Kypc Jekuuii, Jlapkun A.U., Mocksa: HUAY MUDU, 2015

6. DU K 93 Kypc obmeit pusuku T. 3 Ontuka. @u3uka aToMOB U MOJieKysl. Du3uka aTOMHOTO sijipa |
MHUKpPOYaCTHIL, , : , 2022

7. 9N M50 Jlazepnas Texnosorus : , MenymenkoB A.Il., Mocksa: MUDU, 2008

8. 537 3-43 Ilpunuwmmnsl nazepos : , 3Bento O., Cankr-Ilerepoypr [u ap.]: Jlans, 2008

JOITOJIHUTEJIBHA A JIMTEPATVYPA:

1. 621.37 JI81 KBanroBas anekrponuka. [Ipubopsl 1 Ux npuMeHeHue : yueOHoe mocoOue s By30B,
Hynxuu B.U., [TaxomoB JI.H., Mocksa: Texnochepa, 2006

2. 537 X19 Jlekuuu no kBanToBOM paguodusuke : , Xauun f.U., Hwxuuit Hosropoa: UII® PAH,
2005

3. 537 K23 Jlekuuu o kBaHTOBOM 3nekTpoHuke : , Kapnos H.B., M.: Hayka, 1988

4. 537 C83 OcHOBBI KBAaHTOBOM 3JIEKTPOHHKH : , YcneHckuid A.B., Ctpaxosckuii .M., M.: Beic.
mkoJja, 1979

5. 535 K 43 Tlocobue no dusuke nazepos : , Kupumios I'.A., 3axapos H.I'., Capos: ®T'VII POALL-
BHUND®, 2020

6. 535 A91 ®usuyeckre ocHOBBI (DOTOHUKH : yueO. mocoOue it By30B, ActaneHko B.A., M.: , 2005
I[MTPOI'PAMMHOE OBECITEYEHUE:

CrienmanbHOE IporpaMMHoOe obecriedeHue He Tpedyercs

LMS U UHTEPHET-PECYPCBI:

1. caiit xadeapsr Ne70 HUAY MUDU (http://kaf70.mephi.ru/)

https://online.mephi.ru/

http://library.mephi.ru/

9.  MATEPHUAJIbLHO-TEXHMYECKOE OBECNEYEHHME YUEBHOW
TUCIUATLTAHBI

CrennanpbHOE MaTepUATBHO-TEXHUYECKOE 0OecriedeHrne He Tpedyercs

10. YYEBHO-METOAUYECKHUE PEKOMEHJALIUMU U1 CTYAEHTOB



[Ipy wu3ydeHMHM JaHHOTO Kypca HEOOXOAMMO TBEPAO YCBOMTb OCHOBHBIE 3aKOHBI
B3aUMOJICHCTBUS AJIEKTPOMArHUTHOIO W3IYy4YEHHsS] ONTHUYECKOIO U PagUuOJUana3OHOB C BEILIECTBOM.
Onupasch Ha 3aKOHbI U3IY4YEHHs] YEPHOI'O TEJa, HAaJO0 YMETh BBIBOJAUTH OCHOBHBIE 3aKOHOMEPHOCTHU
CIIOHTAaHHOTO M  HMHAYyUMpPOBaHHOro wu3nydeHui. Hago ymeTh, uUCHOAB3ySs  COOTHOILIEHUS
HEOIPEAEIEHHOCTEN, IOTYYUTh MPEJCTABICHUS O HUKHEM IIPEJENIe PACX0AUMOCTH UHIYLIUPOBAaHHOIO
U3IY4YEeHUs, O €ro CHeKTpaJpbHOW mupuHe. HeoOXoaumMo yMeTb KaueCTBEHHO I10Ka3aTh CBS3b
KO3(Q(QUIMEHTOB YCHJIEHHS U IOMNIOIIEHUS JJIEKTPOMAarHUTHOIO U3JIy4eHHs B  cpeae ¢
pacrpeielIeHUeM HaceJIeHHOCTeH PHEPreTMYeCKUX YpOBHEH, MMeTh NpeAcTaBlIeHUue 00 WHBEPCHON
HAaCEJICHHOCTH U a0COIIOTHOHN oTpuLaTesibHON TemnepaTtype. Hago umers npezacraBieHue o crocodax
MOJyYeHUsI YCWJICHUS B ITYYKOBBIX MOJICKYJISIPHBIX T'€HEpaTopoB, 3HAaTh (U3UKY (OPMHPOBAHUS
CIIEKTPAJILHOTO COCTaBa 3THX TE€HEPAaTOPOB, YMETb OLIEHUTh MOIIHOCTh W3IY4YEHHUs, CTAOMIBHOCTD
9aCTOTHI U OCHOBHBIE (PAKTOPHI, BIUSIOUINE HA CTAOMIBHOCTD M3IIyUYEHHSI MOJIEKYJIAPHBIX TEHEPATOPOB
(Ha mpuMepe MOJIEKYIISIPHOTO FEHEpaTopa Ha Iy4Ke MOJIEKYJI aMMHAKa).

HeobxonumMo 3HaTh (¢u3nueckoe OOBACHEHHE SBJICHUS HIIEKTPOHHOIO MapaMarHUTHOTO
pe30HaHCa U SAAEPHOI0 MarHUTHOTO PE30HAHCA KaK C TOYKU 3PEHMS KIACCUYECKOM (HU3UKHU, TaK U
HCIOJIb30BAaHNEM KBAaHTOBOMEXAHUYECKUX MpeacTaBieHuil. Hy)kHO UMeTh Ipe/IcTaBIeHHE O BpeMEeHax
1 QU3UYECKUX MEXaHU3MaX CIIUH-CIIMHOBOM U CIIMH-PELIETOYHOM peslakcalli, 4To TaKOe 0JIHOPOIHOE
¥ HEOJHOPOJIHOE YIIMPEHHE CIEeKTpalbHbIX TuHUN. [IpencraBnenue o0 3¢ddexre cmHOBOTO 3Xa, €ro
00BSICHEHUE C TOYKH 3PEHUS KJIacCHuecKor (pu3nku. [IpakTnaeckne mpuMEeHEHUS SIBIICHUSI CTUHOBOTO
sxa. Heobxoaumo umeTh mpeacTaBieHHUs 00 OCOOCHHOCTSIX MapaMarHUTHOM penakcalii MOHHBIX
KpUCTAJIJIOB, UX IPUMEHEHUE B KBAHTOBBIX MHOTOYPOBHEBBIX MapaMarHUTHBIX ycuiuTensx. HyxHo
YMETh IOKa3aTh YCJIOBHUS IOJYYEHUs WHBEPCHOM HACEJIEHHOCTH, MMETh NPEACTABICHUE O IIYMOBBIX
CBOMCTBaX KBaHTOBBIX IapaMarHUTHBIX YCUIIUTEIIEH.

[lepexoast K  ONTHYECKOMY JAMAala30Hy HEOOXOAMMO  MPEJCTaBIATh  OCOOEHHOCTH
B3aMMOJICHCTBHS ONTHYECKOTO M3JIyUYeHHs] C BEIIECTBOM, OCOOEHHOCTH €ro HCIOJb30BaHUS B
yCTpOMCTBaxX KBaHTOBOH 31eKTpoHUKH. HeoOXxoauMo MMeTh mpecTaBieHe 00 OCHOBHBIX crioco0ax
MOJIyYE€HUsI WHBEPCHOM HACEJIEHHOCTH B ONTHYECKOM Juamna3oHe. HykHO 3HaTh, 4YTO Takoe
ONTUYECKUN PE30HATOp, YEM OH OTIMYAETCS OT PE30HATOPOB PAIHOAMANA30HA, YMEThb OLIEHUTH
OCHOBHBIE BHUJBI IOTEPb, WX BIMSHUE HA CBOICTBAa PpPE30HATOPOB, MMETh IpeACTaBiICHUS 00
YCTOMYMBBIX M HEYCTOMYMBBIX pe3oHaropax. Hano 3HaTh pe30HAHCHBIE CBOWCTBA PE30OHATOPOB,
NPEJCTaBICHUS O COOCTBEHHBIX THUIAX KoJeOaHWH ONTHYECKUX pe3oHaTopoB (Monax). Hamo ymers
KayeCTBEHHO M300pa3uTh pacHpeieseHue 3JIEKTPUUECKOro MOoJs Ul pa3iMyYHBIX MO, OCHOBHBIE
METO/bI CEJEKIMH TUIOB KOJIeOaHUH.

Heo6xonnMo 3HaTh crIOCOOBI MOTYYEHUSI HHBEPCHOM HACEIEHHOCTH U paboTy TBEPAOTEIbHBIX
ONTUYECKUX KBAaHTOBBIX T'€HEPATOPOB (Ha NpuMepe pyOMHOBOIO M HEOJHMMOBBIX Ja3epoB). 3HATh
OCHOBHBIE PEXUMBI pabOThl (peXUM CBOOOJHOW TeHepaluH, MOAYJISIUN JOOPOTHOCTH, PEXUM
CUHXPOHM3AIlMM MOJ[), UX OCHOBHBIE XapaKTePUCTHMKHM M CHocoObl uX mosyueHus. Hwmers
npejcTaBieHue O paboTe 3JIEeKTPOONTHUECKHUX 3aTBOPOB, MACCHUBHBIX 3aTBOPOB JUISI MOJIYJSLIUU
JTOOPOTHOCTH UAJISI CHHXPOHHU3AIUN MOJI.

Heo6xoaumo 3Hath paboTy, crocoObl MmosyuyeHHuss MHBEepcHOM HaceneHHocTH He-Ne nasepa,
poib OydepHOro raza — renus, ONTUMaJIbHBIE YCIOBHS paboTHl (MaplHaibHbIE AaBICHUS B pabodeil
cMmecH, ofliee JaBlIeHHue CMECH, TOK paspsijia, BIUSHUE TUaMeTpa razopaspsaaHoi Tpyoku). Jlasep Ha
YIJIEKHCIOM Ta3e, KakoB COCTaB paboueil cMecH, posib KaxXJ0ro KOMIOHEHTa. THIbl ja3epoB Ha
YTJIEKUCIIOM Ta3e U UX OCHOBHBIE XapaKTEPUCTUKU (OTHAsHHBIE JIa3ephl, C MPOJIOJIbHOM MPOKAuKOH, ¢
nonepeyHoi npokaukoii, TEA-na3zepsl, uX 0COOEHHOCTH).



11.  YYEBHO-METOJIMYECKHE PEKOMEHJIAIIUM JIJISI IPENIOJABATEJEN

HeoOxonuMo nath CTyAaeHTaM BO3MOYKHOCTb YCBOUTb OCHOBHBIE 3aKOHBI B3aWMOJEHCTBUSA
AJIEKTPOMAarHUTHOTO M3IY4YEHMsI ONTUYECKOTO U paJuoJuana3oHOB C BemecTBoM. Omnupasch Ha
3aKOHBI U3JIy4EHUs TBEPJOTrO TeJa, HaJl0 NI0Ka3aTh TAKME OCHOBHBIE 3aKOHOMEPHOCTH CIIOHTAHHOI'O U
WHAYIMPOBAHHOTO M3ITYYEHUH, KaKk A ~ KyOy 4acTOThl, paBeHCTBO K03(uuneHnToB DiHIITEIHA 17151
NOMJIOIIEHUsT M u3daydyeHus. Hano, ucnonb3yss COOTHOLIEHHS — HEOIPENeNIEHHOCTEeH, JaTh
IPEJCTAaBICHUs O HIDKHEM IIpelielie  pPacXOAMMOCTH HMHIYLHMPOBAHHOIO M3JIy4€HHs, O €ro
CIEKTPAJIbHOM IIMpPUHE, KAYECTBEHHO I10Ka3aTh CBS3b KOX(P(QHUIHMEHTOB YCHUJIECHHUS U HOIJIOILEHUS
JIEKTPOMArHUTHOTO M3JIy4€HUs] B Cpelleé C paclpellelIeHUEM HacelIEHHOCTEH SHEepreTH4ecKux
YpOBHEW, [aTh NpEACTaBICHHE 00 HWHBEPCHOM HACENEHHOCTH M a0COJIIOTHOW OTpULIATETFHON
temneparype. [Tokazats crmocoObl MOTy4YeHUs! YCUIICHUS B IMTyYKOBBIX MOJIEKYJISIPHBIX T€HEPaTOPOB, UX
OCHOBHBIE XapaKTEPUCTUKU (Ha IPUMEPE MOJIEKYJIIPHOIO reHEpaTopa Ha Iy4Ke MOJIEKYJ aMMHUaKa).

Heo0xoanMo 0OBSICHEHUTH SIBIICHHS JIEKTPOHHOTO MapaMarHUTHOTO PE30HAHCAa U SIIEPHOTO
MarHUTHOTO PE30HAHCA KaK C TOYKM 3PEHHUs KJIACCHMUECKOW (U3UKU, TaK U HCIHOJIb30BaHUEM
KBAaHTOBOMEXaHUYECKUX MpejacTaBieHuil. Hy)XHO AaTe npeicTaBieHHEe O BpeMEHax M (PU3NYECKHUX
MEXaHU3MaX CHUH-CIIMHOBOM M CHUH-PEIIETOYHOM penakcalud, 4YTO TaKoe OJHOPOJHOE U
HEOJJHOPOJHOE YIIMpPEHHUE CleKTpalbHbIX JUHUHN. [IpencraBnenue o0 3dpdexre cnMHOBOro 3Xxa, €ero
00BSICHEHUE C TOYKH 3pEHUS Ki1accuueckoi (pu3uku. [IpakTuueckne mpuMEeHEHUS SIBICHUSI CITUHOBOTO
sxa.  Pacckazath 00 OCOOCHHOCTSX TApaMarHUTHOM pEJTaKCallid HWOHHBIX KPHCTALIOB, WX
IPUMEHEHUE B KBAHTOBbIX MHOIOYPOBHEBBIX MapaMarHUTHBIX YCUJIUTENAX, I[PEACTABICHUE O
ITYMOBBIX CBOMCTBAaX KBAHTOBBIX [TApaMarHUTHBIX YCUIIUTEINIEH.

[Tepexoast K ONTHYECKOMY AMANIA30HY HEOOXOAUMO OOBSICHUTH OCOOEHHOCTH B3aMMO/IECHCTBHS
OINTUYECKOT0 M3JIyYEHHsI C BEIIECTBOM, OCOOEHHOCTH €ro UCHOJIb30BAHUS B YCTPOWCTBAX KBAHTOBOM
351eKTpoHUKH. HeoOxoauMo MMeTh mpejcTaBieHne 00 OCHOBHBIX CIOCOOAaX MOJY4YEHUS MHBEPCHOM
HACEJICHHOCTH B ONTHYECKOM auana3oHe. HyXHO paccka3Te, 4TO Takoe ONTHUYECKUN PE30HATOp, YeM
OH OTJIMYAETCS OT PE30HATOPOB paAMOAMAaNa3OHa, HAYYUTh OLICHMBAThb OCHOBHBIE BHJBI IOTEPH, MX
BJIUSHUE Ha CBOWCTBAa pE30HATOPOB, JAaTh NPEJCTABIECHUS OO0 YCTOWYMBBIX WU HEYCTOWYMBBIX
pezoHaropax. Packa3arb COOCTBEHHBIX THUIAx KOJIEOAHUI ONTHYECKHMX pE30HATOpPOB (MOJAX).
KadyecTBeHHO M300pa3uTh paclpesieieHue IEKTPUUYECKOro MOl A pa3IM4yHBIX MOJ, IOKa3aThb
OCHOBHBIE METO/IbI CEJIEKIIUU TUIIOB KOJeOaHuH.

Paccka3aTh cmocoObl MMOJNy4yeHHMs HWHBEPCHOW HACEICHHOCTH M paboTy TBEpIOTEIbHBIX
ONTUYECKUX KBAaHTOBBIX I'€HEPATOPOB (Ha MpHUMepe PyOMHOBOIO M HEOJAMMOBBIX Ja3€pOB), OCHOBHBIE
PEKUMBI PaOOTHI, UX OCHOBHbIE XapaKTEPUCTHKHU U CIIOCOOBI UX MOTYUYEHUSI.

[Tokazats paboTy, cmnocoObl MOMydeHUs WHBepcHOW HaceneHHocTH He-Ne mnasepa, posib
Oy¢epHoro raza — remausi, ONTUMAJIbHBIE YCIOBUS paboThI (MapuuaibHble 1aBJIeHUS B paboueil cMecH,
olmiee AaBlieHUE CMECH, TOK pa3psijia, BIMSHUE TuUaMeTpa razopaspsaHoil TpyOku). Jlazep Ha
YIJIEKHCIOM Ta3e, KaKoB COCTaB paboueil cMecH, posib Ka)XJ0ro KOMIOHEHTa. THuIbl ja3epoB Ha
YIJIEKUCIIOM Ta3e U UX OCHOBHBIE XapaKTEPUCTUKU (OTHAsHHBIE JIa3ephl, C MPOJIOJIbHOM MPOKAUKOH, ¢
norepeyHoi npokaukoii, TEA-na3epsl, ©X 0COOEHHOCTH).

ABTOP(BI):



Cunaiino Urops [lerpoBud, k.¢.-M.H.



