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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

V3y4yeHre OCHOBOIIOJIATAIOIIMX BOIPOCOB B3aWMOJICHCTBHUS
BEILIECTBOM,

OIITHUYCCKOI'0 HM3JIYUYCHUSA C

OTpeNeNAIOMUX  (PU3UIECKUE TMPUHLUIIBI 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(3 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 O0beKT HiIH Koa n nHaumeHoBaHue Kon n naumenoBanue

npogdeccuoHaIbLHOM 00J1aCTh 3HAHUA npogdeccuoHaIbLHOM HHAUKATOPA

aesiteabHocTu (3I1]1) KOMIIETEHIINH; MOCTHKEHM I
OcHoBaHue npogeccuoHaILHOMI
(mpogeccuoHAIBHBII KOMIIETeHIIUH

cranaapr-I1C, ananu3
onbITA)

HAay4YHO-MCCIIEN0BATEIbCKUAMN

Pa3paboTka nazepHbIX U
OIITHYCCKUX
TEXHOJIOTHI; aHAJIN3
MMOCTaBICHHOM 3a7a9H
HCCIICIOBAHU B
obnactu (POTOHHUKHU U

JlazepHbie
TEXHOJIOTHH,
JJIEMEHTBI B COCTaBE
JIA3€PHBIX CUCTEM,
ONTUYECKHUE
Marepuaisl U

IIK-1 [1] - cnocoben k
aHaIM3y MOCTABJIECHHOU
3a/la4M UCCIIeIOBaHUN B
obnactu (HOTOHUKHU U
OoNnTONH(GOPMATUKU

3-I1K-1[1] - 3Hate
COBPEMEHHOE
COCTOSIHUE Pa3BUTHUS
($hOTOHUKHU U

ONTOWH(OPMATHKH ;
V-IIK-1[1] - ymeTh




ONTOMH(POPMATUKU; JieTany, OcHosaHue: aHaAJIM3UPOBATh

9KCIIEPUMEHTAIILHBIE TU(QpaKIuOHHBIC [IpodeccronanbHbII UCXO/IHBIE TPeOOBaHUS
HUCCJIEIOBAHUS B ONTHYECKHUE crannapt: 29.004 MIpY pEIIECHUH 33724 B
obnactu pOTOHUKH H JJIEMEHTHI, o0nacté GOTOHUKU U
ONTOUH(POPMATUKH TOJIOTPaMMBbI ONTOMH(POPMATHKHU
HOBBIX SIBJICHHIA, MIPOBOJNTH MTOUCK
MaTepHuasoB, CUCTEM U Hay4YHOTEXHUYCCKOMN
YCTPOWCTB uH(pOpMAIIUU TIO TEME
pelaeMon 3a1auun
YTOYHSATH U
KOPPEKTUPOBATh

TpeOOBaHUS K
peniaeMon 3ajaye B
obnactu GpoTOHUKH U
ONTOMH(OPMATHUKH ;
B-TIK-1[1] - Bnagets
HABbIKAMU aHAN3a
MIPOCTBIX
HCCIIEIOBATEILCKUX
3a/1a4 B 00J1aCTH
(hOTOHUKHU U

onTonH()OPMaTHKH
4. BOCIIUTATEJIbHBIM IOTEHIUAJI ANCHUITIJIMHBI
Hanpasnenus/uenn 3anauu BocruTaHus (KOJ) BocnurarenbHbli NOTEHIMAI
BOCIIUTaHMSI JUCLUIUINH
[TpodeccuonanpHoOE Co3zanue ycioBHi, 1.Mcnonb3oBanue
BOCIIUTaHHE obecrneunBaromux, GopMUpOBaHUE BOCIUTATEIBHOTO NMOTEHIINATIA
HaYYHOTO MUPOBO33pPEHMS, KyJIbTYpbl | IUCHMILIMH/TIpakTHK «Hay4yHo-
MOMCKa HECTAHJAPTHBIX HAYYHO- uccienoBarenbekas padoray,
TEXHUYECKUX/TPAKTHUYECKUX «IIpoekTHas npakTHKay,

pelIeHui, KpUTHYECKOTo OTHOeHus:  «HayuHblil ceMunap» ais:

K UCCJIEIOBAaHUSAM JDKEHAYYHOTO TONKAa | - (hopMHUpOBaHUS MOHUMAHUS
(B19) OCHOBHBIX IIPUHIUIIOB U
CIoco00B HAYYHOTO MMO3HAHUS
MHUpa, pa3BUTHUSA
HCCIEA0BATEILCKUX KaueCTB
CTYJIGHTOB TTOCPEJICTBOM HUX
BOBJICUCHHS B UCCIICIOBATCIILCKUE
MIPOEKTHI MO 00JIACTSAM HAYIHBIX
nccaeaoBanui. 2.Mcrnonp3oBanne
BOCITHUTATEJILHOTO MOTEHIIMAIA
nucuuruH "Victopust Hayku u
nHxeHepun'", "Kputnueckoe
MBIIUIEHUE U OCHOBBI HAYYHOU
KomMMyHuKanuu'", "BBefeHue B
cnenuanbHOCTh", "HayuHo-
nccaeaoBarenbekas pabora',
"Hayunplii ceMuHap" aus:

- opMUpOBaHUS CTIOCOOHOCTH
OTJIEJISATh HACTOSIIINE HAYYHBIE




UCCIIEIOBAHMS OT JDKEHAYYHbIX
MOCPEACTBOM IPOBECHUS CO
CTYA€HTaMHM 3aHATUH U
peryispHeIX Oecen;

- (hopMupoOBaHUS KPUTHUECKOTO
MBILUICHUS], YMEHUS
paccMaTpuBaTh pa3iMyHbIe
UCCIIEJOBAaHUS C SKCIEPTHOM
HO3ULIMHU TIOCPEICTBOM
00CYXJIEHUS CO CTyJIEHTaMU
COBPEMEHHBIX MCCIIEJOBAHUH,
UCTOPHUYECKUX TPEANOCHUIIOK
HOSBJICHUS TEX WJIN UHBIX
OTKPBITHHA U TEOPHH.

[IpodeccuonanpHOE
BOCITUTAHHE

Co3anue ycaoBUid,
obecrieunBaroImuX, (POPMUPOBAHKE
TBOPYECKOTO
MH)XEHEPHOTO/TIPO(heCCHOHAIBHOTO
MBILIEHHS], HABBIKOB OPTaHU3aL1H
KOJUIEKTUBHOM IIPOEKTHOU
nesteapHocTH (B22)

1.Mcnonbs3oBanue
BOCITUTATEIHLHOTO MOTEHIINAJIA
JTUCIUILIAH TPO(heCCHOHATBLHOTO
MOJIYJIS 111 Pa3BUTHSI HABBIKOB
KOMMYHUKAIUU, KOMaHIHOU
paboThI U TUJEPCTBA,
TBOPYECKOTO UHKEHEPHOTO
MBIILJICHUS, CTPEMIICHHS
CJIeI0BaTh B MPOQEeCCUOHATBHON
NeSATeTbHOCTH HOpMaM
MOBE/ICHHUs1, 00ECIIeUHNBAIOIIUM
HPaBCTBEHHBIN XapaKTep
TPYJIOBOH JESATEIBHOCTU U
HECTy>KeOHOTO MTOBEJICHU,
OTBETCTBEHHOCTH 3a MPUHSATHIE
pelieHus 4epe3 MoArOTOBKY
TPYIIOBBIX KYPCOBBIX paboT H
MPAKTUYECKUX 33/IaHHH, pEIIeHIE
KEMCOB, MPOXOXKIACHUE MPAKTUK U
noarotrosky BKP.
2.Mcnonb3oBanue
BOCITUTATEIHLHOTO MOTSHITHAIA
TUCITUILIAH TPO(eCCHOHATBLHOTO
MOMYJIS JUIst: - (DOPMUPOBAHUS
MIPOU3BOJCTBEHHOT O
KOJIJIEKTUBH3MA B XOJI€
COBMECTHOT'O PEIICHUS KaK
MOJICJIBHBIX, TAK U TPAKTUYECKUX
3a/1a4, a TAKXkKe MyTeM
MOAKPETUICHUE palliOHAIBHO-
TEXHOJIOTMYECKUX HABBIKOB
B3aUMOJICVCTBHS B MPOEKTHOMN
JeSATETbHOCTH YMOLIMOHATBHBIM
3¢ exToM yCrenrHoro
B3aUMOJICICTBUS, OIYILIECHUEM
pocTa o6mieit 3¢ heKTUBHOCTH TPH
pacrpeesieHuH MPOEKTHBIX 3a7a4
B COOTBETCTBUHU C CUIILHBIMHU




[TpodeccuonanpHoe
BOCITHTaHHUE

Coznanue ycioBui,
obecnieunBaronux, GopMupoBaHue

KyJIBTYpBl 0€30I1aCHOCTH TIpU paboTe ¢

nazepHbIM u3nydenueM (B27)

KOMITETEHTHOCTHBIMU U
OMOIMOHATBHBIMU CBOWCTBAMU
YJIEHOB MPOEKTHOU IPYIIIHL.
1.Mcnonb3oBanue
BOCIHTATEIHHOTO MTOTEHIINAJIA
PO UIBHBIX UCHIUTUINH U BCEX
BUJIOB NMPAKTUK IS -
(hopMUpOBaHUS KYTbTYPBHI
Ja3epHoi 6e30MacHOCTH
MOCPEJCTBOM TEMATHIECKOTO
aKLIEHTUPOBAHUS B COJIEP>KaHUU
JTUCIUIUIAH ¥ Y9eOHBIX 3aaHUH,
HOJIFOTOBKU 3cce, pedepaTos,
JIUCKYCCUH, a TAKXKE B XOJIE
PAKTHYECKON paboThI C
Ja3epHBIM 000pYAOBaHUEM. -
(hopMUpOBaHUS KYIbTYPBI
0€301acHOCTH TIpU padoTe Ha
9KCIIEPUMEHTAIBHBIX U
IPOMBINUICHHBIX YCTAHOBKAX
BBICOKO MOIITHOCTHU U
UMEIOIIIMH TTOBBIIICHHBINA
YPOBEHB OMACHOCTH Yepes
BBITIOJTHCHHUE CTYICHTaMH
MPAKTUYECKUX U TaOOPaTOPHBIX
pabot, B TOM YHCIIC Ha
000pyIOBaHUU JJIsl UCCIICIOBAHUS
BBICOKOTEMITEPATYPHOH TUIa3MBI.

[TpodeccrnonanbHoe
BOCIITUTaHUEC

Co3znanue ycnosui,
oOecrneunBaromux, GopMUpPOBaHUE

KyJIBTYpbl 0€3011aCHOCTH IIpU paboTe

Ha SKCIICPUMCHTAJIbHBIX U

MMPOMBIINIJICHHBIX YCTAHOBKAX BBICOKOH

MotHocTy (B28)

1.Ucnons3oBanue
BOCIIMTATEIILHOTO TIOTEHIIHAIA
NpOQHUIBHBIX TUCIUIUIMH U BCEX
BUJIOB MIPAKTHUK JJISL: -
(hopMHUpPOBaHUS KYJIbTYPBhI
Ja3epHOi 6€30MacHOCTH
HOCPEICTBOM TEMAaTHYECKOTO
aKIEHTUPOBAHUS B COJICPKAaHUH
JMCLUIUIMH M Y4eOHBIX 3aJaHuH,
MIOATOTOBKHU 3cCe, pedeparos,
JMCKYCCHI, a TaKXKe B XOJIe
MIpaKTU4YECKON paboThI C
Ja3epHBIM 000PYOBaHUEM. -
(bopMHUPOBAHUS KYIBTYPHI
0€30IacHOCTH MU paboTe Ha
IKCIEPUMEHTAIBHBIX U
MIPOMBIIIIEHHBIX YCTaHOBKaX
BBICOKOM MOIITHOCTH U
MMEIOIIMMU TOBBIIICHHBIH
YPOBEHB OITACHOCTH Yepe3
BBINOJIHEHUE CTYJCHTaMHU
MPAKTHYECKHUX U Ja00paTOPHBIX
paboT, B TOM UHuCIie Ha
000pYIOBaHUH ISl HCCIICIIOBAHUS




BBICOKOTEMIIEPATYPHOH TJIa3MBbl.

5.

CTPYKTYPA U COJAEP)KAHUE YUEBHON JUCIATLINHBI

Paznensl yueOHON AMCHUIUIMHBI, X 00BEM, CPOKU U3y4eHUS U OPMBI KOHTPOJIS:
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6 Cemecmp
1 OcHoBHble ¢usnyeckue | 1-8 16/0/0 25 KH-8 3-T1IK-1,
MMOHSTHUS V-1IK-1,
B-I1K-1
2 BzaumouneiictBue 9-15 | 14/0/0 25 KH-15 | 3-TIK-1,
PaauOU3ITyYEHHUs c V-IIK-1,
BelIECTBOM. Ma3zepsl B-TIK-1
Hmozo 3a 6 Cemecmp 30/0/0 50
KoHTpoJibHbIE 50 2 3-T1K-1,
MepomnpusiTusi 3a 6 V-TIK-1,
Cemectp B-TIK-1

* COKpAIICHHOC HAUMCHOBAaHHUC (I)OpMLI KOHTPOJIA
L CyMMa MAaKCHMAJIbHBIX OamioB JOJDKHa OBITh paBHa 100 3a CEMCCTP, BKIIKOUAA 3a4Y€T U

(unn) sK3aMeH

COKpaH_IeHI/IC HaVMEHOBaHHUM q)OpM TEKYIICTO KOHTPOJIA U aTTECTAllUX PA3ICIIOB:

O0o3Hauenue | Ilo1HOE HAMMEHOBAHHE
K1 KoHnTposns 1o uroram
2 DK3amMeH

KAJIEHIAPHBIN IVIAH
Henenu | Tembl 3ansaTuii / Conepxanue Jlek., | IIp./cem., | JIab.,
yac. | yac. yac.
6 Cemecmp 30 0 0
1-8 OcHoBHbIE (pu3HYECKHEe TOHATHS 16 0 0
1 Beenenne Bcero ayauTopHBIX 4acoB
[IpenMer GoTOHUKH U KBAaHTOBOU 3JEKTpOHUKH. cTopus 2 I [0
pasButHs. Llenp u 3a1aun Kypca. Omnunaitn
0 |0 |0
2-8 OcHoBHbIE Ppu3HYecKHEe OHATHS Bcero aynutopHsix 4acoB
CrioHTaHHbBIE M UHIYLIHPOBaHHbIE niepexobl. Koopdunmentsr | 14 ‘ 0 ‘ 0




OiiHmreiiHa. [lornomenne n ycunenue. HBepcHast Omnunaiin
HAaCeJICHHOCTh YHEPTreTUIECKUX YPOBHEH U TIOHITHE 00 0 0 0
a0CoMOTHON OoTpHLIaTeNIbHON TemriepaTrype. CBOHCTBa
WHIYUUPOBAHHOTO U3TyYCHHS
9-15 B3aumopeiicTBue paguon3iyyeHus ¢ BemecrsoM. Masepsi | 14 0 0
9-10 KBaHTOBBIE YCWINTEIN U TeHePATOPbI PAAHOIMATIA30HA Bcero aynuTopHbIX 4yacoB
DHepreTudecKkue ypoBHU B ra3ax. @opma crieKTpanbHOU 4 ‘ 0 ‘ 0
nuHuH. CriocoObl HAOMIOACHUS MTOTIONIEHUS paguon3iydeHus | OHiaiH
B razax. 0 |0 [0
11-12 | MoJekyJsipHbIii TeHEpaTop HA MyYKe MOJIEKYJ aMMHAKa Bcero ayuToOpHBIX 4acoB
Cnioco6 nonyueHus ycuieHus. MOIHOCTh TeHEPalluH. 4 | 0 | 0
CrabunpHocTh yactotel NH3 wmasepa. Ownnaiin
0 I [0
13 DJIEKTPOHHBII NapaMarHuTHbIi pe3oHanc (31IP) Bcero ayuTopHBIX 4acoB
Crnioco0s1 HaOmronenus DIIP. Penmakcanys B mapamMaraeTukax. | 2 | 0 | 0
Bpemena u pusndeckre MeXaHU3MbI PEIIAKCALIHH. Ownnaitg
O,Z[HOpO,I[HOG 1 HCOTHOPOAHOE YIIUPEHHUE. 0 ‘ 0 ‘ 0
14 Snepublii MATHUTHBIN pe3oHanc (AMP) Bcero ayuTopHbIX 4acoB
[upuna nunuit AMP. Cnoco6s! HabmoaeHus SAMP. 2 |0 [0
Onnaiin
0 |0 |0
15 Oco0eHHOCTH MapaMarHeTU3Ma HOHHBIX KPHCTAJLIOB Bcero aynuropHbIX yacoB
TpexypoBHEBBIE Ma3epbl HA TBEPAOM TeJe. Y CIIOBUS 2 | 0 | 0
MOJIy4eHUsl OTPUIIATENILHON TeMIiepaTtypbl. Biusuue Bpemenu | Owumnaita
penakcanuu. [llymoBbIe CBOMCTBA KBAHTOBBIX MTAPAMATHUTHBIX | Q 0 0
yCHIINTENEN

CokpallieHHbIe HAUMEHOBAHUSI OHJIAMH OTIINN:

Oo0o3nauenne | IloiHOe HAaMMEHOBaHHUE

OK ONEeKTPOHHBIN KypC

I1IM I10IHOTEKCTOBBINM MaTepuai

111 I1OTHOTEKCTOBBIE JIEKIINH

BM Buneo-marepuansl

AM Aynuo-marepuansl

I1p3 IIpesenTanuu

T TecTel

5CM DJIEKTPOHHBIE CITPaBOYHbIE MaTepUaIbl
ncC MHTEepaKTUBHBIN CAUT

6. OBPA3OBATEJIBHBIE TEXHOJIOI'MH

ITpu ocBOEHMM NaHHOW JUCIMILUIMHBI OCHOBHYIO POJIb UTPAIOT ayJUTOPHBIE 3aHATHSA, a TAKXKE
caMocCTosITeNIbHas paboTa CTY/IEHTOB, 3aKIIIOYAONIAsICS B BBITOJHEHUH JOMAIIHUX 3a/1aHUM, H3y4eHUN
NpPOIIEHHOT0 MaTepuana, MOJIrOoTOBKE K MHUCbMEHHBIM TecTaM. J[lig Toro 4YroObl MOKa3aTh
COBPEMEHHOE COCTOSIHME (OTOHMKM U KBAaHTOBOM pajMOPHU3UKH, TPEIyCMOTPEHO MIMPOKOE
HCIOJIb30BaHNE COBPEMEHHBIX HAY4HBIX paboT M NyOJMKalMi 1O JaHHOM TeMme, TIOCelleHne
naboparopuit HUAY MU®OU. Pekomenayercs mocelieHUe CTYAEHTAMHM HAayYHbIX CEMHUHApOB HU




koH(pepennmii, mpoBoguMbix B HUAY MUDU, a Taxke B Apyrux MOCKOBCKHX YHUBEPCUTETAX W
HHCTUTYTAX.

7. ®OH/JI OHEHOYHbLIX CPEJACTB

@OH]1 OLIEHOYHBIX CPEACTB 10 TUCLUIUIMHE O0ECIIEUnBaET MPOBEPKY OCBOEHUS IUIAHUPYEMBIX
pe3yabTaToB 00y4eHHs (KOMIIETEHIMHA W UX HWHAMKATOPOB) MOCPEACTBOM MEPOIPHUATUN TEKYIIETO,
PYOEKHOTO ¥ MPOMEKYTOUYHOI'O KOHTPOJIS IO JUCLUIUIMHE.

Ces3p Mexay (opMHUPYEeMBIMH KOMIIETEHLHAMH M (opMaMH KOHTPOJI HUX OCBOCHMS
IpeJCTaBJIeHa B clleAyrollel Tadnuue:

KOMlIeTeHIII/IH I/IH)II/IKaTOPLI OCBOCHUA ATTeCTaII]/IOHH()e MeponpusiTue
(KTI 1)
TIK-1 3-TIK-1 D, K-8, K1-15
V-TIK-1 D, KU-8, KI-15
B-TTK-1 D, K-8, K1-15

IIkajnbl oneHKH 00pa3oBaTEIbHbIX J0CTUKEHNH

[Ikana KakA0ro KOHTPOJIBHOTO MEPONPHUATHUS JISKUT B mpeaenax oT 0 A0 yCTaHOBJIEHHOTO
MaKCHUMaJIbHOTO 0aJula BKIIIOYMTEIbHO. MTOroBast arrecranus o AMCUUIUIMHE oleHuBaercs no 100-
0aJUIbHOM IIKae W MpeACTaBIsAeT co00i CyMMy 0aioB, 3apadOTaHHBIX CTYJCHTOM IPU BBHIIIOJHEHUU
3aJJaHUI B paMKax TEKYILEro U MpOMeKyTOUHOTO KOHTPOJIS.

HMTorosas o1ieHKa BBICTABIISIETCS B COOTBETCTBUH CO CJ'ICIIYIOH_Ieﬁ IIKAJIOMN:

Cymma OamnoB | Onenka mo 4-ex Ouenka TpeGoBaHMsI K YPOBHIO OCBOCHHIO
OaJUIbHOM IIKaJIe ECTS y4eOHOM JTUCIUIIMHBI

OneHka «OTINYHOY» BBICTABIISAETCS CTYyAEHTY,
€CJIM OH MTyOOKO M ITPOYHO YCBOMII
MIPOrpaMMHBIA MaTepHuall, HCUEPIIbIBAOIIIE,
[10CJIE0BATENbHO, YETKO U JIOTHYECKU
CTPOMHO €ro U3J1araeT, yMeeT TECHO
YBS3BIBATh TEOPHUIO C TPAKTHUKOMH,
UCIIOJIb3YET B OTBETE MaTepuall
MOHOIpahUIeCKOH JIUTEPATYPBI.

90-100 5 — «omauuno» A

85-89 B O11eHKa «XOPOIII0» BBICTABIISIETCS CTYICHTY,

75-84 C €CJIM OH TBEPJO 3HAET MaTepHall, TpPaMOTHO U

4 — «xopouio» 10 CyIIECTBY U3JIaraeT ero, He J0IycKas
70-74 CYILIECTBEHHBIX HETOYHOCTEN B OTBETE HA
BOIIPOC.

65-69 OLEHKa «yI0BJIETBOPUTEILHO

BBICTABJISICTCA CTy,[[CHTy, €CJIM OH UMECT
3HAHUA TOJIBKO OCHOBHOI'O MaTepI/Iana, HO HC
3- YCBOMJI €T0 JIeTalieH, JOMyCKaeT HETOUYHOCTH,
60-64 «Y008IEMBOPUMENLHOY E HEZ0CTAaTOYHO IPAaBUIIbHBIE (POPMYIIUPOBKH,
HapyH.[eHI/ISI JIOTHYCCKOU
IIOCJICA0OBATCIILHOCTU B U3JIOKCHUHN
MPOTPaMMHOTO MaTepraIa.

OLieHKa «HEYIOBIETBOPUTEIHHOY

2-— E BBICTaBJISIETCS CTYJIEHTY, KOTOPBII HE 3HACT
«HEYO08T1eMEOPUMETLHOY 3HAYUTEIHLHON YaCTH TPOrPaMMHOTO
MaTepuraia, J0MyCKaeT CYIIeCTBEeHHbIE

Huxe 60




omnbku. Kak npaBuio, orieHka
«HEYIOBJICTBOPHUTEIIHLHOY» CTABUTCS
CTYZICHTaM, KOTOpPbIE HE MOT'YT MPOJAOJIKUTD
o0OydeHue 0e3 JOTOHUTEIILHBIX 3aHATHIHA 10
COOTBETCTBYIOIICH AUCIUTLIHHE.

8.  YYEBHO-METOJIWYECKOE U TH®OPMAIIMOHHOE OBECIIEYUEHUE
YYEBHOM JUCHUILINHBI

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

2. DU U 83 BoanoBsie nporecchl. OCHOBHBIE 3aKOHBI : yueOHOe nocodue, Mpoaos U. E., Mocksa:
Jlaboparopust 3HaHwmiA, 2020

3. DU K 44 KBanrtoBas u ontudeckas snekrponuka : , Kucenes I'. JI., Cankr-IletepOypr: Jlans, 2022
4. O M50 JlazepHnas texnosorus : , MenymenkoB A.Il., Mocksa: MU®U, 2008

5. 537 3-43 Ilpunuuns 1a3epos : , 3Bento O., Cankr-IlerepOypr [u ap.]: Jlans, 2008

JOITOJIHUTEJIBHA A JIMTEPATYPA:

1. 621.37 181 KBanToBas snexkrponuka. [Ipubopsl u ux npuMeHenue : yueOHoe mocodue ist By30B,
Hynkun B.U., ITaxomoB JI.H., Mockga: Texnocdepa, 2006

2. 537 X19 Jlekuuu no kBanToBOM paguodusuke : , Xanun fA.U., Huwxuuit Hosropoa: UII® PAH,
2005

3. 537 K23 Jlekuuu 1o KBaHTOBOM 1eKTpoHHUKeE : , Kapnos H.B., M.: Hayka, 1988

4. 537 C83 OcHOBBI KBAaHTOBOM AJIEKTPOHUKH : , YcnieHckui A.B., Ctpaxosckuii .M., M.: Beici.
mkona, 1979

5. 535 A91 ®usuyeckre ocHOBBI (DOTOHUKH : yueO. mocoOue st By30B, ActaneHko B.A., M.: , 2005
[MTPOI'PAMMHOE OBECITEYEHUE:

CrennanbHOe IporpaMMHoOe obecriedeHre 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.  MATEPHUAJILHO-TEXHWYECKOE OBECNEYEHME YUYEBHOW
JUCLUIINHDBI

CHCHI/IaHBHOC MaT€pruaIbHO-TEXHUYECKOC obecreyeHue He TpC6yeTCH

10.  YYEBHO-METOIMYECKHUE PEKOMEHJAIIUU UIAA CTYJAEHTOB

IIpy wm3yyeHMM JAHHOTO Kypca HEOOXOAMMO TBEPAO YCBOUTb OCHOBHBIE 3aKOHBI
B3aUMOJICMCTBUSL DJIEKTPOMAarHUTHOTO M3JIYYEHHUS ONTHYECKOrO0 M PaJuOJIHUANIA30HOB C BEIIECTBOM.
Onupasice Ha 3aKOHBI U3JYyYEHUsI YEPHOI'O TEJA, HA/I0 YMETh BBIBOJUTH OCHOBHBIE 3aKOHOMEPHOCTH
CHOHTAaHHOTO W  HMHAYLUMPOBAaHHOTO Hu3nydeHud. Hano ymerp, HCHOIB3ys COOTHOILLIECHHS
HEONPENEIEHHOCTEN, IOYUYNUTh MPEACTABICHUS O HUKHEM IIPesiesie pacCXOAUMOCTH UHAYLUPOBAHHOTO
U3JIy4yeHUs, O €ro CHeKTpalbHOM mmMpuHe. HeobXoaumMo yMeTh KaueCTBEHHO I10Ka3aTh CBS3b
KOOX(Q(QUIMEHTOB YCHJIEHHS U TMOTJIOUNICHUS JJIEKTPOMAarHUTHOTO HM3IIy4eHHss B cpeae ¢
pacnpe/ieieHueM HAceJIEeHHOCTEN HEPreTUYECKUX YpPOBHEH, MMETh NpeAcTaBlieHue 00 HHBEPCHOMU
HACEJICHHOCTH M a0COJIIOTHOM OTpUlIaTeNIbHOM TeMiiepaType. Hamo umers mpeacraBienne o cnocodax
MOJIyUYEHUsI YCUJICHUS B IYYKOBBIX MOJICKYJISIPHBIX T'€HEpaTOpOB, 3HATh (PHU3UKY (QOPMHUpPOBAHUS
CHEKTPAJILHOTO COCTaBa STUX TI'C€HEPATOPOB, YMETh OIEHUTh MOIIHOCTH H3JIyUY€HHUs, CTaOUIBHOCTh
Y4acTOTHI U OCHOBHBIE (DAKTOPHI, BIUSIONINE HA CTAOMIBHOCTh U3TYYCHUSI MOJICKYISPHBIX T€HEPATOPOB
(Ha mpuMepe MOJIEKYJIIPHOTO TeHepaTopa Ha My4YKe MOJIEKYJl aMMHUaKa).

HeobOxonuMo 3HaTh (u3nueckoe OOBSICHEHHE SBJICHUS 3JIEKTPOHHOIO IapaMarHUTHOTO
pe30HaHCca W SACPHOTO0 MArHUTHOTO PE30HAHCA KaK C TOYKH 3PEHHS KIACCUYECKOH (HU3UKH, TaK U
HCIOJIb30BAaHNEM KBAaHTOBOMEXAHUYECKHX IpesicTaBieHuid. Hy)KHO UMeTh MpecTaBlieHue 0 BpeMeHax
1 QU3NYECKUX MEXaHW3MaX CIIUH-CIIMHOBOM M CIIMH-PENIETOYHON pellaKCalliy, YTO TAKOEe OJHOPOTHOE
U HEOJHOPOJIHOE YIIMPEHHE CIEeKTpalbHbIX JUHUU. [IpencraBnenue o6 3pdexre cnMHOBOTO 9Xa, ero
00BSICHEHHE C TOUKH 3peHUs Kiaccuueckoi ¢pusuku. [IpakTuueckue mpuMeHeHUs SIBJICHUST CITUHOBOTO
sxa. Heobxoaumo umeTh TpeacTaBiIeHHUS 00 OCOOCHHOCTSIX MapaMarHUTHOM perakcallii MOHHBIX
KPUCTAJUUIOB, UX NMPUMEHEHHE B KBAHTOBBIX MHOTOYPOBHEBBIX MapaMarHUTHBIX ycuiuTensax. HyxHo
YMETh MOKa3aTh YCJIOBHS MOJIYYEHUs MHBEPCHOM HACEIEHHOCTH, UMETh MPEJCTABICHUE O HIYMOBBIX
CBOMCTBAxX KBAaHTOBBIX MAPAMArHUTHBIX YCUITUTEIICH.

[lepexons K  ONTHYECKOMY JMana3oHy HEOOXOJUMO  MPEACTaBIATH  OCOOEHHOCTH
B3aMMOJICHCTBUSl ONTHYECKOTO H3JIyY€HUS C BEIIECTBOM, OCOOEHHOCTHM €ro HCHOJIb30BaHUS B
YCTpOMCTBaX KBAHTOBOM 3JeKTpOoHUKH. HeoOXxonmMo nMeTh mpencTaBiieHne 00 OCHOBHBIX CIOCO0ax
MOJIyYEeHUs] WHBEPCHOW HACEJIEHHOCTM B ONTHYECKOM Jauana3oHe. HyxXHO 3HaTh, 4TO Takoe
ONTHUYECKUN pPE30HATOpP, YEM OH OTJIMYAETCS OT PE30HATOPOB pPaJMOIMANa3OHa, YMETh OLIEHUTH
OCHOBHBIE BHUJBI MOTEPh, WX BJIUSHUE HA CBOICTBAa pPE30HATOPOB, WMETh IMpeACTaBIeHHUS 00
YCTOWUYMBBIX W HEYCTOMUYMBBIX pe3oHaTopax. Hago 3HaTh pe30HaHCHbIE CBOMCTBA PE30HATOPOB,
MIpPeJICTaBICHHUS] O COOCTBEHHBIX THUIAX KOJIEOAHWN ONTUYECKUX pe3oHaTopoB (Monax). Hamo ymers
KaueCTBEHHO M300pa3uTh pAacCIpeAeseHUe 3JIEKTPUUYECKOro MO JJiS Pa3IUYHbIX MOJ, OCHOBHBIE
METO/IBI CEJIEKIIUH TUIIOB KOJIEOaHUI.

HeoOxoaumo 3HaTh ciocoObl MOJTy4YeHUs HHBEPCHOM HACEIIEHHOCTH U paboTy TBEPIOTEIbHBIX
ONTUYECKUX KBAaHTOBBIX T'€HEPATOPOB (Ha MpuMepe PyOMHOBOIO M HEOJWMOBBIX Ja3epoB). 3HATh
OCHOBHBIE PEXHMbI PabOTHl (PEKUM CBOOOJHON TeHEpaluu, MOJYISIIMUA JOOPOTHOCTH, PEXKUM
CUHXPOHM3AIIMM MOJ[), UX OCHOBHBIC XapaKTePUCTHMKH U CHOCOObI HX TmoiydeHus. MmeTsb
mpeJcTaBiIeHrne O paboTe 3IEeKTPOONTHUECKHUX 3aTBOPOB, MACCHUBHBIX 3aTBOPOB IS MOJIYJSIIUU
NOOPOTHOCTH UAJIS CUHXPOHU3ALMH MOJI.



Heobxomumo 3HaTh paboTy, crocoObl MOJy4eHHs MHBEPCHOUM HaceneHHoctu He-Ne masepa,
poins OydepHOro rasa — reius, ONTUMAIBHBIC YCIOBUSI pabOThI (MapiHUadbHBIC NaBICHUS B pabodeii
cMmecH, o01ee JaBIeHUe CMECH, TOK paspsijia, BIMSHUE TUaMeTpa rasopaspsiaHoi TpyOku). Jlazep na
VIJIEKHCIIOM Ta3e, KaKOB COCTaB pabdoyeil cMecH, poyib KaXJO0ro KOMIOHEHTa. THIbl j1a3epoB Ha
VTJIEKUCIIOM Ta3€ U MX OCHOBHBIC XapaKTEPUCTUKH (OTHMASHHBIC JIA3ePhl, C MPOJIOJILHON MPOKAYKOH, C
nonepedHoi mpokaukoii, TEA-na3zepsl, UX 0COOEHHOCTH).

11.  YYEBHO-METOJIMYECKHE PEKOMEHIAIIMM JIJISI IPENIOJABATEJEN

Heobxomumo maTh cTyAeHTaM BO3MOKHOCTh YCBOUTH OCHOBHBIC 3aKOHBI B3aWMOICHCTBUS
AJICKTPOMArHUTHOTO M3JyYEHHUs ONTHYECKOTO M pPaauoAuana3oHOB ¢ BemiecTBOM. Onupasce Ha
3aKOHBI U3JIYYEHHs TBEPJOTO TeJla, HAJl0 MOKa3aTh TaKKME OCHOBHBIE 3aKOHOMEPHOCTH CIIOHTAHHOTO U
WHIYIIUPOBAHHOTO M3TYYCHHI, Kak A ~ KyOy 4acTOThl, paBEeHCTBO K0 PHUIMEHTOB DUHINTEHHA ISt
MOTJIOMICHUST W u3inydeHus. Hamo, wucnonb3yss COOTHOIICHHUSI HEONPEACICHHOCTEH, JaTh
MPEACTABICHUS O HIDKHEM TIpelesie PacXOAUMOCTH HMHAYIMPOBAHHOTO H3JIYYEHHUS, O €ro
CHEKTPaJIbHON IIMPHHE, KaueCTBEHHO IMOKa3aTh CBSA3b KOI(PPUIMEHTOB YCHIIEHUS W IOTJIOLICHUS
ANEKTPOMArHUTHOTO H3JIY4YEHUS B CpeAe C paclpeesieHHeM HaCelIeHHOCTeH SHEepPreTHYeCKuX
yYpOBHEH, OaTh MpeacTaBieHre 00 WHBEPCHON HACENCHHOCTH U aOCONIOTHOW OTPHUIATENBHOM
temneparype. [lokazate criocoObl MOTYYeHUs YCUICHHS B TyYKOBBIX MOJIEKYJISIPHBIX T€HEPATOPOB, UX
OCHOBHBIE XapaKTEPUCTUKHU (HA TPUMEPE MOJICKYIISIPHOTO TeHepaTopa Ha IMyYKe MOJIEKYJI aMMHUaKa).

Heo6xomuMo OOBSCHEHUTH SIBJICHHS JICKTPOHHOIO MapaMarHUTHOTO PE30HAHCA U SACPHOTO
MarHUTHOTO pE30HAaHCAa KaK C TOYKM 3PCHHUS KJIACCHYCCKOW (HU3UKH, TaK ¥ HCIOJIb30BAHUEM
KBAaHTOBOMEXAHMYECKUX TpeacTaBieHnii. Hy)kHO nate mpeacraBiieHHEe O BpeMeHax U (PU3HUYECKUX
MEXaHW3MaX CIUH-CIIMHOBOM U CIHH-PEHICTOYHON pelakcalid, 4YTO TaKoe OJHOPOIHOE |
HEOJIHOPOJHOE YIIMpPEHUe CHeKTpadbHbIX NuHUi. [IpeacraBnenue o6 s3ddexTe cMMHOBOrO 3xa, €ro
00BSICHEHHE C TOYKH 3peHUs KiIaccuueckoi ¢pusuku. [IpakTudeckre MpuMEeHEHUS SIBIEHUSI CITMHOBOTO
Ixa. Pacckazatb 00 0COOEHHOCTSIX TMMapaMarHUTHOM peNlakcallid HOHHBIX KPUCTAIIOB, HUX
MIPUMEHEHUE B KBAHTOBBIX MHOTOYPOBHEBBIX IapaMarHUTHBIX YCWINTENSAX, NPEJICTABICHUE O
ITYMOBBIX CBOMCTBaX KBAHTOBBIX MapaMarHUTHBIX YCUITUTEIICH.

[lepexo/st K ONTUYECKOMY JIHANAa30HY HEOOXOAUMO OOBSICHUTH OCOOEHHOCTH B3aUMOICHCTBUS
ONTHYECKOTO U3JIYUYCHUs C BEIIECTBOM, OCOOCHHOCTH €r0 MCIOJB30BaHUS B YCTPOWCTBaX KBAaHTOBOM
aMeKTpoHUKU. Heobxoaumo MMeTh IpencTaBlieHHe 00 OCHOBHBIX CITOCO0AX MOJIYYeHHS WHBEPCHOM
HACeJEHHOCTH B ONTHYECKOM Juarna3one. HyHo paccka3Th, YTO TaKO€ ONTUYECKUN PE30HATOP, YEM
OH OTJIMYAETCS OT PE30HATOPOB pagMOAMANa30Ha, HAYYUTh OLIEHUBATh OCHOBHBIE BUIbI MOTEPb, UX
BIUSHUE Ha CBOWCTBAa pE30HATOPOB, JaTh TNPEACTABIEHUS OO0 YCTOWYMBBIX U HEYCTOWUYMBBIX
pe3oHatopax. Packa3arb COOCTBEHHBIX THIAX KOJIEOAHUH ONTHYECKUX PE30HATOPOB (MOJAX).
KadectBeHHO M300pa3uTh pacmpeneieHrue JJIEKTPUUECKOTO IO Ui Pa3IMYHBIX MOJ, IOKa3aTh
OCHOBHBIE METOJIBI CENEKIIMU TUIIOB KOJIE€OaHHiA.

Paccka3zate cmocoObl TMOMy4YeHWsT WHBEPCHOW HACENEHHOCTH W paboTy TBEPAOTEIHHBIX
ONTHYECKUX KBAHTOBBIX T€HEPATOPOB (HAa MpUMepe PyOMHOBOTO M HEOJMMOBBIX JIA3€POB), OCHOBHBIE
PEXHUMBI padOTHI, X OCHOBHBIE XapAaKTEPUCTUKH U CIIOCOOBI UX MOIYUCHUS.

[TokazaTe paboTy, cHocoObl MONy4YeHHs WHBEpPCHON HaceneHHocTH He-Ne nasepa, poub
OydepHoro raza — remusi, ONTUMAIbHBIE YCIOBHS paOOTHI (apluaibHbIe TaBICHUS B paboueil cMecH,
oOmiee maBleHUE CMECH, TOK pa3psjaa, BIUSHUE TuaMeTpa raszopaspsgHoil TpyOkw). Jlazep Ha
YTJIEKUCIIOM Ta3e, KaKOB COCTaB pabodYeil CMeCH, pojib KaXJO0ro KOMIIOHEHTa. TWmbl ja3epoB Ha



YTJIEKUCIIOM Ta3e U UX OCHOBHBIC XapaKTEPUCTHKH (OTIAsHHBIC JIa3ephl, C MPOAOIBHOIN MPOKAYKOH, C
nonepeyHoi npokaukoil, TEA-na3zepsl, X 0COOEHHOCTH).

ABTOD(BI):

Cumaiino Urops [lerposud, K.¢h.-M.H.



