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PABOYAS ITIPOTPAMMA YYEBHOM JUCITATLIIAHBI

KBAHTOBAA PAJMODU3NKA
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AHHOTALMS

B xypce nekiuit u3ydarorcs (pu3nuecKre MPUHITUIIBI, TOJI0KEHHBIE B OCHOBY PabOTHI JIa3ePOB.
PaccmatpuBaroTcss OCHOBHBIE THIIBI JIa3€pOB WX KOHCTPYKTUBHBIE OCOOEHHOCTH, SHEPreTHUYECKHUE
XapaKTEePUCTUKHU, MapaMeTpbl u3nydeHus. OCHOBHOE€ BHHUMAHHE YEJIEHO NMPUMEHEHHSIM JIa3epOB B
HayYHBIX HUCCJICIOBAHUSX, MEAUITMHE U B IPOMBITIUICHHOCTH.

VYuebnas 3amavya: Y4ueOHOU 3amadeil Kypca SBISIETCS O3HAKOMJICHHWE CTYACHTOB C OCHOBAMH
KBAaHTOBOM S3JIEKTPOHWKA W Ja3epHo (u3uku. VX oOydeHHIO METoJaM Ja3epHON NMAarHOCTHUKU W
TEXHOJIOTHH TpPH PEIICHUU Pa3TUYHBIX 3a]ady, B TOM YHKCJIE CBA3aHHBIX C HAy4YHBIM Mpoduiem
y4eOHOU TPyTIIbIL.

1. IEJIH U 3ATAYA OCBOEHHUS YYEFHOM JJUCHUILIAHBI

Yepe3 wu3noxkeHUue (PHU3HMUECKOW CYNHOCTH  YCHICHHS W TEHEpalud CBeTa Ha OCHOBE
HHAYLOUPOBAHHOI'O HMCITYCKaHHA HU3ITY4YCHUA W IIPUHOUIIOB HeﬁCTBHﬂ HanOosIee BaKHBIX JIa3€poOB JaTb
OyIylmuM CHeIHaJINCTaM B 00JacTH Jia3epHOM (U3UMKM HEOOXOIUMBIC 3HAHUS ISl MPAKTHYCCKOMN

JCATCIIBHOCTH I10 pa3pa60TI<e KBAaHTOBBIX I'CHEPATOPOB U COBPEMECHHBIX JIa3€PHBIX TEXHOJIOTHH.

2. MECTO YYEBHOM JJUCIUILJINHBI B CTPYKTYPE OOII BO

Kypc «KBanroBast panuodusnka» BXOAUT B YUCIO 0a30BBIX MPU MOJATOTOBKE COBPEMEHHBIX
CTHELMAINCTOB IO JIa3epHOH (HU3MKe Ha YpoBHE OakanaBpoB. JlaHHAs TUCHMIUIMHA METOIMYECKH
CBSi3aHA CO CIEAYIOIMIMMHU NPEMIECTBYIONMMU IUCUUIUIMHAME: oOmas  (Qusuka, TEOpHs IO,
KBaHTOBass MeEXaHWKa, (HU3NUECKass OINTHKA, TEOpUs KoJeOaHWi, aTOMHasT W MOJEKYJspHas
CHEeKTpOCKONMs, (U3MKa TBEPAOTO Tena, (U3MKa Ta30BOTO pas3psda, paslelibl MaTeMaTHKH:
mudepeHInaIbHOe U HUHTErpajbHOE MCUMCICHMS, TEOpHsS pPAIOB, YpPaBHEHHUS MaTeMaTH4YecKOu

(bu3uKH, TeOpHst BEPOATHOCTEH

3. ®OPMUPYEMBIE KOMIIETEHIIUU U IIVTAHUPYEMBIE PE3YJIbTATbHI
OBYYEHUA

YHuBepcanbHbIe H(WIH) 001enpoecCuoHaNbHbIe KOMIIETECHIIH:

| KOI[ 1 HAUMCHOBAHUEC KOMIICTCHIINN | KOI[ W HAMMCHOBAHUC MHAUKATOPA JOCTHIKCHUS KOMIICTCHIIUA

[TpodeccuonanbHble KOMIETEHIIMM B COOTBECTBUU C 3aJadaMd U oOBbekTamMu (00aacTsaMu
3HaHUI) TPOpeCCUOHATBLHOM 1A TETFHOCTH:

3apaua O0beKT Win Koa n nHaumeHoBaHue Kon n naumenoBanue
npodeccuoHaIbLHOM 00J1aCTh 3HAHUS npodeccuoHaIbLHOM HHIUKATOPA
aesiteabHocTH (3I1]1) KOMIIECTCHIIMH; JOCTHKEHUA
OcHoBaHue npogeccuoHaILHOM
(mpogeccHOHANBHBIH KOMIIETEHIIUH
cranaaprt-IIC, ananu3
OIIbITA)




Pa3paboTka nazepHbIx
U ONITUYECKUX
TEXHOJIOTHIT, aHAJIN3
IIOCTABJIEHHOW 3a/1auu
HUCCIIEJOBAHUN B
o0nacti (POTOHUKH U
ONTOMH(POPMATHKU;
9KCIIEPUMEHTAJIbHBIE
WCCIIEIOBaHMS B
o0nacti (POTOHUKH U
ONTOMH(POPMATUKU
HOBBIX SIBIICHUIA,
MaTepUajoB, CUCTEM U
YCTPOMCTB

Pa3paboTka nazepHbIx
U ONITUYECKUX
TEXHOJOTHIT, aHAJIN3
IIOCTABJICHHOW 3a/1auu
HCCIIEJOBAaHUN B
o0nacTi (POTOHUKH U
ONTOMH(POPMATUKU;
9KCHEpUMEHTAIbHbIE
HCCIIEIOBaHMS B
o0acTi (POTOHUKH U
ONTOMH(OPMATHKH
HOBBIX SIBIICHUH,
MaTepUajIoB, CUCTEM U
YCTPOMCTB

JlazepHbie
TEXHOJIOTHH,
AJIEMEHTHI B COCTaBe
JIa3€PHBIX CUCTEM,
ONTUYECKUE
MaTepHassbl U AeTajH,
TUQPPaKIMOHHbIE
ONTUYECKUE
AJIEMEHTHI,
rOJI0rPaMMBbI

JlazepHbie
TEXHOJIOTHH,
AJIEMEHTHI B COCTaBe
JIa3€PHBIX CUCTEM,
ONTUYECKUE
MaTepHasl U AeTajH,
TUQPPAKIIMOHHBIE
ONTUYECKUE
AJIEMEHTHI,
rOJIOrPaMMBbI

Hay4YHO-UCCIIEA0BATEIBCKON

[IK-1 [1] - cmocoben k
aHaJU3y MMOCTABJICHHOM
3aJla4d UCCIICOBAaHUH B
o0nacti POTOHUKH U
ONTOMH(GOPMATUKU

Ocnosanue:
[IpodeccronanbHbIit
cranaapt: 29.004,
40.037

[1K-2.3 [1] - Crtocoben
BJIa/IETh OCHOBAMU
¢buzuku
KOH/ICHCHPOBAaHHBIX
Cpel M JIa3epHOMU
(hU3HKH, UCTIOIB30BAHUIO
3HaHUHN 00 OMTHYECKUX
KpHUCTallIaX, MaTepuanax
U1t QOTOHHUKH |
onTOMH(POPMATHKH,
TUTIAX U
XapaKTePUCTHKAX
J1a3epOB, TOTOBHOCTBIO K
UCTIOJIb30BaHUIO
METOIOB HCCJICIOBAHUS
ONITUYECKUX CBOMCTB
KOHJICHCUPOBAHHBIX
cpen;

Ocnosanue:
[IpodeccronanbHbII
crannapt: 29.004

3-IIK-1[1] - 3nate
COBPEMEHHOE
COCTOSTHHE Pa3BUTHUS
(bOTOHUKH U
ONTOMH(pOPMATHKH ;
V-TIK-1[1] - ymets
aHaJIM3UPOBATh
UCXO/IHBIE TPeOOBaHUS
IIPU pEIICHUH 33]a4 B
obnacti pOTOHUKH U
ONTOMH(pOPMATUKU
IIPOBOAMTD MTOUCK
HAayYHOTEXHUYECKOU
uHpOpMaILIUHU IO TEME
pelaeMoit 3a1auun
YTOUHSATH U
KOPPEKTUPOBATh
TpeOoBaHUs K
pelaeMoii 3aa4e B
obnacti GOTOHUKH U
ONTOMH(POPMATHUKH ;
B-TIK-1[1] - Bnanets
HaBbIKaMU aHaJn3a
MIPOCTHIX
HCCIIEIOBATENbCKUX
3aja4 B 00J1aCTH
(hOTOHHKH U
ONTOUH(OPMATUKH
3-T1K-2.3[1] - 3nartp
OCHOBHYIO
AJIEMEHTHYI0 0a3zy u
yCcTpoiicTBa (POTOHUKH,
na3zepHoN QU3HKH,
OINITUYECKUX
UH(pOpPMAITMOHHBIX
CHCTEM;

V-TIK-2.3[1] - Y™meTb
IIPOBOJIUTH aHAJIN3
pelraeMoii 3aJ1a4u B
obnactu HpU3NKU
KOHJIEHCUPOBAHHBIX
cpen, JIa3epHOi
¢bu3uku, GOTOHUKHU U
ONTOMH(POPMATUKHU U
KOPPEKTUPOBATh
TpeOoBaHUs K HEW;
B-TIK-2.3[1] - Bnagets
OCHOBHBIMH METOJIaMU
Y TIPUEeMaMU TIPOBEPKU
1 KOHTPOJIA
[1apaMeTpOB YCTPOUCTB




[IpoexTupoBanue u
KOHCTPYUpPOBaHUE
ONTUYECKUX
TEXHOJIOTMH Iepenadi,
npuemMa, o0paboTKH,
XpaHEeHus U
OTOOpaKEHHSI
uHpOpMalNY; yyacTue
B MOHTa’ke, HaJlaJKe,
UCIBITaHUSX U Cjaue B
JKCILTyaTaluIo
OTIBITHBIX 00pa3LOB
W3IEIUH, Y3708,
3JIEMEHTOB MPUOOPOB U
cucTeM (POTOHMKH U
ONTOUH(OPMATUKH

DOnemeHTHas 6a3a
(hOTOHUKH U
ONTOMH(POPMATUKU U
U(PPOBBIE METO/IBI
aHaym3a

IIPOEKTHO-KOHCTPYKTOPCKUM

[IK-4 [1] - crmocoben k
aHaIIM3Y, pacyery,
MIPOSKTHPOBAHHIO H
KOHCTPYUPOBAHUIO B
COOTBETCTBHH C
TEXHUYECKUM 3aJJaHUEM
THUTIOBBIX CHCTEM,
puboOpoOB, AeTanei u
y3JIOB Ha
CXEMOTEXHUYECKOM U
9JICMEHTHOM YPOBHSIX;

OcHosanue:
[IpodeccronanbHbIit
craugapt: 06.007,
29.004

(hOTOHUKH U
OTNTHYECKUX
UH(POPMAIMOHHBIX
CHCTEM

3-T1IK-4[1] - 3nats
OCHOBHBIE TIpaBUIIa
pa3pabOTKH TPOCKTHOM
u paboueit
TEXHUYECKON
JOKYMEHTAIUH,
npaBuiia opopMIICHUS
KOHCTPYKTOPCKOM
JOKYMEHTalluu
MIPUHIIUITE © METO/IbI
pacuera u
MIPOEKTUPOBAHUS
JeTajen U y3JIoB
npuOOPOB U YCTAHOBOK
B COOTBETCTBUHU C
TEXHUYECKUM
3aJJaHUEM. ;
V-TIIK-4[1] - YmeTh
aHaAJIM3UPOBATh
TEXHUUYECKUE
TpeOoBaHus,
MpeIbsBISEMBIC K
pa3zpabaThiBaEMbIM
y3J1aM U 3JIEMEHTaM
paccuuThIBaTh U
MIPOEKTUPOBATh JIE€TAIN
1 y3J1bI IPUOOPOB U
YCTaHOBOK,
pa3zpabaThiBaTh
MPOEKThl TEXHUYECKUX
ONMCAHUHN YCTaHOBOK U
npuOOpoOB, MPOBOIUTH
KOHLENTYaJIbHYIO U
MIPOEKTHYIO
POpabOTKy THUITOBBIX
cucTeM, mpudopoB,
JieTajel U y3JI0B Ha
CXEMOTEXHUYECKOM U
3JIEMEHTHOM YPOBHSIX ;
B-I1K-4[1] - Bragets
METOJIaMH aHaJln3a u
pacuera, HaBbIKAMH
KOHCTPYHPOBaHUS U
MIPOEKTUPOBAHMSI B
COOTBETCTBUH C
TEXHUYECKUM
3aJJaHUEM TUIIOBBIX




cucTeM, pudopoB,
JeTaJIe U y3JI0B Ha
CXEMOTEXHUYECKOM U
3JIEMEHTHOM YPOBHSIX,
METOJIaMH pacyeTa u
MIPOEKTUPOBAHUS
JeTaJIe U y3JI0B
MPUOOPOB M YCTAHOBOK
C MCIIOJIb30BaHUEM
CTaHJIaPTHBIX CPEJICTB
aBTOMATHU3ALNH

4. BOCIIMTATEJIbHBINA IOTEHIIAAJI JUCHUATLJIAHBI

Hanpasnenus/nienu
BOCIIUTAHUSA
[IpodeccrnonanpHOE
BOCIIUTAHUC

3amaun BocriuTaHus (KOx)

Co3naHue ycnoBuUid,
00ecreunBaroInX,
(hopmMupoBaHrEe HAYYHOTO
MHUPOBO33pEHUsA, KyIbTYPhI
MOKMCKAa HECTaHJAPTHBIX HAyYHO-
TCXHI/I‘-IGCKI/IX/ MPAKTUYCCKUX
pELLIeHH, KPUTUYECKOTO
OTHOIICHHUS K UCCIICIOBAaHUAM
mmkeHay4yHoro Toisika (B19)

BocnuratenbHbBINA TOTEHITAAT
JHACIUATLINH

1.Mcrionp30Banne BOCIIUTATEIILHOTO
MOTEHIIMAJA TUCIUTUINH/TIPAKTUK
«HayuHo-uccrienoBaTenbcKas
pabotay, «IIpoekTHas mpaKkTUKay,
«Hayunslil ceMuHap» Jyis:

- opmupoBaHUS TOHUMAHUS
OCHOBHBIX IIPUHITUIIOB M CTIOCOOOB
Hay4YHOI'0 IMO3HAHUS MUPA, PA3BUTHUS
HCCIIEI0BATEILCKUX KaYeCTB
CTYJICHTOB IIOCPEJICTBOM UX
BOBJICYCHHS B UCCJIEIOBATEIILCKHE
MPOEKTHI MO 00IACTSIM HAay4HBIX
nccienosanmii. 2. Mcronp3oBanue
BOCIIUTATEILHOIO IIOTCHIIMANA
qucuuiuing "Meropus Hayku u
nnxenepun", "Kpurnueckoe
MBIIIJICHUE U OCHOBBI HAYYHOU
KoMMyHuKanuu'", "Beeaenue B
crienranbHOCTR", "HaydHo-
uccienoBaTenbckas pabora',
"Hayunslii cemunap" nis:

- opmupoBaHus ciocoOHOCTH
OTZIETISATh HACTOSIIINE HAYIHBIC
HCCIIEA0BAHMS OT JDKEHAYUYHBIX
MMOCPEICTBOM MPOBEACHUS CO
CTYJIEHTaMHU 3aHSTUN U PETYISIPHBIX
oecen;

- (opmupoOBaHUST KPUTHUYECKOTO
MBIIICHUS, YMEHUS pacCMaTPUBATh
pa3nyHbIe UCCIEIOBAHUS C
AKCTIEPTHOM MO3UIUHU TTOCPEICTBOM
00CYXJIeHUs CO CTyIeHTaMU
COBPEMEHHBIX UCCIIEIOBAHUM,
HUCTOPUUECKUX MPEANOCHIIOK
MOSIBJICHUS TE€X WJIM UHBIX OTKPBITHI
U TEOPUH.




S. CTPYKTYPA U COJAEP)XKAHUE YUYEBHOM JUCIUILIUHBI

Pa3nensl yueOHON AUCHUIUIMHBL, X 00BEM, CPOKH U3YUYEHUS U (POPMBI KOHTPOJIA:

Ne
.1

HaumenoBanmue
pasnesa yueOHOM
AUCHHUILTHHBI

Henenn

JlaGopaTopHble

Jlexnun/ Ipaxkr.
padoThbl, yac.

(cemmuHapsi )/

Oo0si3aT. Tekymmii

KOHTPOJIb ((popma*,

HeJeJs )

MakcnMaJdbHBIN

0aJui 3a pasgen™*

pasnena (popma*,

ATTecTanus
HeJeJs)

Nuaukaropsl
OCBOCHHUS

KOMIOATAHIIAA

7 Cemecmp

Yacts 1

16/8/0

[\
(V)]

K1

]
o0

Yactp 2

8-16

16/8/0

25

KH-16

IK-1,
3-IIK-
2.3,
V-
I1K-
2.3,

[K-
2.3,
3-1IK-




Umoeo 3a 7 Cemecmp

32/16/0

50

KoHnTpoibHbIe
MepOoNpHUATHS
Cemectp

3a

7

50

3-I1K-

TK-4,
B-
TK-4

8 Cemecmp

yacTh 1

1-8

8/16/0

25

K-8

Yactb 2

9-11

4/8/0

25

KH-12




[K-1,
3-TIK-

HUmoeo 3a 8§ Cemecmp

12/24/0

50

KoHnTpoibHbIe
MeponpusiTuss 3a 8§
Cemectp

50

IIK-1,
3-IIK-
2.3,
V-
I1K-
2.3,
B-
[K-
2.3,
3-I1K-
4,

V-
I1K-4,
B-

I1K-4

* — COKpalleHHOE HaMMEHOBaHUE (POPMBI KOHTPOJIS

** _ cymMMa MaKCHMAaJTbHBIX OaJIOB JIOJbKHA ObITh paBHa 100 3a cemecTp, BKIIOYAs 3a4eT U

(unn) 3K3aMeH

CoxkpallieHre HauMeHOBaHUN (POPM TEKYIIEro KOHTPOJIS U aTTECTAllMU Pa3elioB:

O6o03na | Ilos1HOEe HAUMEHOBaHHE
YeHHue

KN KonTposb 1o nroram

€ DK3aMeH

KAJIEHJIAPHBIN IVIAH

| Henen | Tempbl 3anaTuii / Conep:kaHue

| Jlek., | IIp./cem. | JIao., |




/| yac. , yac. yac.
7 Cemecmp 32 16 0

1-8 Yacrs 1 16 8 0

1-2 Tema 1. Paguannonnblie mepexoabl B KBAHTOBBIX cUcTeMax. | Becero ayauTopHbIx yacos
CrionTanHble niepexoabl. HIyIMpoBaHHbIE IEPEXOIbI B Tosie | 4 | 2 | 0
TerioBoro u3nydenus. Koagppuuuents DiHIITEHHA. Omnuaiin
WNHaynupoBaHHbIe TEPEX0bl B MOHOXPOMATHYECKOM II0JIE. 0 0 0
Ceuenue nepexona. Popma ¥ IIMPUHA JIMHUU NEPEXO0JA.

3-4 Tema 2.Ymupenue cnekTpaabHoi JUHUH. DPdexT Bcero ayiuTopHsbIX 4acoB
HACBILIEHUS. 4 |2 [0
®daxTophl, ONPEACIAIONNE YITUPEHNE CIEKTPAIbHBIX JIMHUH. Omnunaiin
OnHOPOIHBIN M HEOTHOPOIHBIHN XapakTep ymupeHus. DPpPext | 0 0
HacblleHus. [loneBoe ymmpenue. [lapamerp HachleHuUs!.

5-6 Tema 3. KBaHTOBBIE YCHIIUTEJIN. Bcero ayiuTopHbIX 4acoB
Vceunenune s ¢i1adboro U CHIBHOTO CUTHAIOB. MeTo 4 | 2 | 0
peanu3aiyy MoJ0XKUTEIbHONH 0OpaTHOH CBSI3U B ONTUYECKOM Omnutaiin
nuanazone OTKPBITIA PE30HATOP U €T0 T0OPOTHOCTD. 0 0 0
KBaHTOBbBIE YCHIIUTENH C OJIOKUTEIHHONH 0OpaTHOH CBS3BIO.

[ITymb! kBaHTOBBIX ycunutenel. [IpenenpHpie sHEpreTHIecKue
BO3MO>KHOCTH KBAaHTOBBIX YCUJIMTEIIEH.

7-8 Tema 4.KBaHTOBBIC reHEpaTOPHI. Bcero ayiutopHsIx 4acoB
AmmuiutytHOE M (pa3oBoe ycnoBus reHepanuu. Yacrora 4 |2 [0
reHepanuu. DPQeKT 3aTAruBaHue YaCTOThl FeHEepalliu. Ownnaitn
CrniextpanbHas IMpYHA JIMHAK TreHepanuu. [IpenenpHble 0 0 0
SHEPreTHYECKHE BO3MOKHOCTH IT'€HEPATOPOB

8-16 Yacrs 2 16 8 0

9-10 TemaS.Moayasiuusi 100pOTHOCTH. Bcero ayiutopHbIx 4acoB
[TpuHIMI MOIYNIAUHN JOOPOTHOCTH. JIMHAMHMKA TUTAHTCKOTO 4 | 2 | 0
UMIyJbca. BiusHue ckopocTH NepekitoyeHus 100poTHOCTH Ha | OHmaiiH
XapaKTepUCTUKU U3i1ydeHUs. OCHOBHbBIE TapaMETpPhbl 0 0 0
TMTaHTCKOTO UMITYJIbCA. AKTHBHBIE U ITACCUBHBIE METO/IbI
MOJYJISIIIMM JOOPOTHOCTU PeskuM pasrpys3ku pe3oHaropa.

11-12 | Tema 6. CuaxpoHuzauusi MoJI. Bcero ayutopHbIx 4acoB
ITpyHUMI CUHXPOHM3ALUHU MOJ. UIUTENBHOCTD U YaCTOTA 4 |2 [0
MIOBTOPEHMS UMITYJIbCOB F'€HEPALMU B PEXKUME CUHXpOHU3auuu | Ouiaiin
Mo. CHHXpOHHM3aUs MOJ B JIa3epax ¢ OJTHOPOAHO U 0 0 0
HEOJJHOPOAHO YIIMPEHHBIMU JIMHUSAMH pabouux MepexooB
AKTHBHBIE U TACCUBHBIE METOAbI CAHXPOHU3ALUN MOJI.

Kommpeccns nMirysibcoB. MeTonbl U3MEpEHHs
YJIBTPAKOPOTKUX UMITYJIHCOB..

13 Tema 7. Jlazep na pyoune. Bcero ayiutopHbIx 4acoB
YPOBHH 3HEPrUM HOHOB XpOMa B KOPYH/IE. 2 | | | 0
CrHeKTpOCKONINYECKNE XapaKTEPUCTUKH TPEXBAJICHTHOTO HOHA | OHiaiiH
xpoma. Mexanusm oOpa3oBanus nHBepcun. Hakauka 0 0 0
pyOrHOBoOrO ja3epa. CTallMOHAPHBIN U TEPEXOIHON PEKUMBI
paboThI OTHOMOJIOBOTO PYOMHOBOTO TeHEpaTopa.. BpeMeHHbIe,

CIIEKTPAJIbHBIE, IPOCTPAHCTBEHHBIE U DHEPIETUUECKUE
XapaKTEPUCTUKH M3JIYUEHHs B PEKUME CBOOOAHON I'eHEpalH.
14 Tema 8.HeoanmmoBblii j1a3ep. Bcero ayutopHbIx 4acoB

YPOBHH 3HEPruM HMOHA HEOJMMA B KPUCTAJUIMYECKOU MAaTpULIE.
Brnusinue 3nekTpoH-(hOHOHHOTO B3aUMOICHCTBUS Ha
penakcanuo pabounx ypoHei Heonguma. MHorooHoHHas

2 |1 |0
Ouaiin
0 |0 |0




penakcarus. MexaHu3m oO0pa3oBaHusl HHBEPCHH. 4-X
ypOBHEBas cxema Bo30y:kaeHUs U reHepaunu. CTeKIsTHHas
MaTrpuia. CpaBHI/ITeJIBHI:Ie XapaKTCPUCTUKU HCOAUMOBBIX
JIa3€POB C KPUCTALINYECKON U CTEKJSIHHON MaTpUIIAMHU.

15-16

Tema 9. TBepaoTe/bHBIE J1a3epbl HA BUOPOHHBIX
nepexojaax.

KonebatenbHast CTpyKTypa B SHEPTETUIECKOM CIIEKTPE HOHOB
TpYyNIbI )Kelie3a B KPUCTAIIMYECKON MaTpulle. DJIEKTPOHHbBIE U
BH6p0HHBIe JIMHUU B CIICKTPC JTIOMHUHUCHCIHH.
XpoMocoepKkaliue Ja3epbl Ha BAOPOHHBIX MEPeX0/1ax:
Jla3ephl Ha aJIeKCaHApUTe, U3yMpPY/JIe, PeIKO3EMETbHBIX
raJUTMEeBBIX M CKaHJIMEBbIX IpaHaTax. TuTaH-canupoBbIit
nazep. PacripoctpaneHue yibTpakopOTKOTO UMITYJIbCa B
aucrneprupytomien cpene. PeMTOCEKYHIHbIE JIa3€Phl.

Bcero ayiuTopHbIX 4acoB

4 |2 |0

Owntaiin

0 0 0

8 Cemecmp

12 24 0

1-8

qgacTthb 1

8 16 0

1-3

Temal.JIazepbl Ha pacTBOpax OPraHUYeCcKUX KpacuTeJiei.
Jlazepsbl Ha F-ueHnrpax.

OHeprerudeckuii crektp. CeKTpbl NOMVIOMIEHUS U
moMuHUCHEeHIIMKA CTOKCOB ciBUT. MeXaHu3M 00pa3oBaHMs
nHBepcun. Ycunenue. [loporosas Hakauka. Bimsaue
ONTUYECKUX MOTEPH U KOHLIEHTPALIMM KPACUTENSI HA YaCTOTY
reHepanyu. FICTOYHUKH U CXEMbl HAKAYKH. Y CJIOBUE
IIOJIy4€HUsI HENPEPBIBHOTO peskuMa MMy nbCHBIN peskum
reHepanuu. BpeMeHHbIe U CLIEKTpaJIbHbIE XapaKTEPUCTUKU
U3ITy4EHUs JIa3epOB Ha KpacuTensix. Pe3oHaropsl,
HCIIOJIB3YyEMBIE B JIa3€pax Ha KpacuTesax. MeToasl
NIEPECTPOUKH YaCTOThI U CY’KEHUS IIMPUHBI TMHUH F€HEPALIUU.
Buns! F-ienTpoB u F-ieHTpBbl, HCTIOIB3yEMBIE B J1a3epax.
Metonel nosyuenus F —1ieHTpoB. MeTonbl Hakauku. CIIEKTpBI
MOTJIOUIEHUS U TIOMUHUCIIEHIIMU. MexaHn3m o0pa3oBaHus
nHBepcuu. CleKTpanbHbIE U SJHEPTUTUYECKUE XapAKTEPUCTUKU
naszepoB Ha F -nieHTpax .

Bcero aytuTopHBIX 4acoB

3 | 6 | 0

Omiaiig

0 0 0

Tema 2.MeToabl HAKAYKH ra30BbIX JIa3€POB.

OcHoBHbIE 0COOEHHOCTH Ta30BOM aKTUBHOMN
cpenbl.DneKkTpudeckuil paspsa. Bo3Oyxnenue npu
CTOJIKHOBEHUU C IJIEKTPOHAMM, TSKEIBIMU YACTULIAMMU.
Pe3oHaHCHBIE 1 HEPE3OHAHCHBIE CTOJIKHOBUTEIIBHBIE PEAKIIHH.
["azoguHamMuueckoe, XMMUYECKOEe, OITUYECKOE BO30YKIEHHUE.
doTtoaucconuanysl.

Bcero aytuTopHbIX 4acoB

2 | 4 | 0

Omiaiig

0 0 0

Tema 3. JIazepbl Ha aTOMHBIX Ira3ax.

He-Ne nazep. Mexanusm Bo30y>k1eHUS 1 00pa30BaHUs
uHBepcuu. Posib BropuuHbIX nporueccoB. OCHOBHbIE
napaMmeTpbl aKTUBHOM cpeibl, 3aK0H noo0ust. KoHcTpykius u
OCHOBHBIE XapaKTepUCTUKU u3inydeHus . Ogaomonoselil He-Ne
na3ep. MomHoCTh U yacToTa u3itydeHus. JIsMOoBCcKkuil mpoBal.
Jlazepsl ¢ HEJIMHEWHO NOTTIOIIAOIIECH SYEUKOW BHYTPEHHEH U
BHelHel. Ctabunn3anysi 4acTOThl U3JIy4YEHHUS C
HCIIOJIb30BAaHUEM IOIJIOIIAONIEeH suekiku. Hennnennas
Jla3epHas CIIEKTPOCKOIIHS.

Jlazepsl Ha C’)KaThIX MHEPTHBIX ra3ax. MexaHU3M 3aceleHHUs

Bceero AYAUTOPHLBIX 4YaCOB

3 |6 |0
Ouaiia
0 0 0




BEPXHHUX pabounx ypoBHEH. CTONTKHOBUTEIbHAS AC3aKTHBALINS
HIDKHEro pabodero ypoBHs. JIazepbl Ha CKaThIX MHEPTHBIX
ra3ax C siICpHOM HaKauKOM.

9-11 Yacrtp 2 4 8 0

9 Tema 4. UonHble j1a3epbl. Bcero ayiuTopHbIX 4acoB
Wonnsie nazeprl. Bo30yxieHne pabounx ypoBHeH u 1 | 3 | 0
o0Opa3oBaHKe HHBEPCUH B Jlazepe Ha HOHAX aproHa. Bnusxue Omnunaiin
TOKa, JaBJICHHsSI, TEOMETPHH TPYOKH, MAarHUTHOTO TIOJIsI Ha 0 0 0
HHEPreTHUECKHUEe XapaKTePUCTUKH aprOHOBOTO Jla3epa.

10 Tema 5. JIazepsl Ha mapax MeTaJJIOB. Bcero aynutopHbIx 4acoB

Jlazeps!l Ha mapax MeTauioB. CaMOOTpaHUYEHHBIE IEPEXOBI.
I'enuii-kaagMueBbId, IeIU-LUHKOBBIHN J1a3epbl. CTparsl.
MeTtopl yMEHBILIEHUS IIyMOB M31y4eHusl. Jlazepsl ¢ suepHOU
HAKa4KOM.

1 | 3 | 0
Ouwuitaiig
0 0 0

11

Tema 6. JIazepsl Ha OKHCH yIJIepoaa.

CO2 nazep Huzkoro aasieHus. KonedaTtenpHblil criekTp
monekyisl CO2. 3acenenue u penakcaius pabouyux ypoBHEH.
Porb a3ora u renus. TemmepatrypHbie Y3 QEeKTHI.

Juddy3noHHoe 1 KOHBEKTUBHOE OXJIaKIEHNUE pabodeil cpebl.

Jlazep Ha okucH yrieposa. BolHOBOIHBIE MOJIEKYJISIPDHBIE
na3epbl. BOHOBOIHBIE PE30HATOPHI. 3aKOHBI MTOI00MS.
DHEPreTUUEeCKUe U CIEKTPAIbHBIE XapaKTePUCTUKU
BOJIHOBOJIHBIX J1a3epoB HA CO2 u CO. BonHOBOgHBIE J1a3€pHI C
BBICOKOYACTOTHBIM BO30YK/ICHUEM.

Bceero AYAUTOPHLBIX 9YaCOB

2 |2 [0
Omnutaiin
0 0 0

CokpalieHHbIe HAUMEHOBAHMS OHJIANH OMIUIA:

Oo6o03una | ITos1HOe HaMMeHOBaHME
YeHue
OK ONEeKTPOHHBIN KypC
[IM [TOoTHOTEKCTOBBIN MaTepuall
T1JI IToTHOTEKCTOBEIE JIEKIIUHA
BM Buneo-marepuansl
AM Aynino-Matepualibl
[Ip3 [Ipezenranuu
T Tectbl
O9CM DJIEKTPOHHBIE CIPABOYHBIE MAaTEPHUAIIbI
ncC NHTEpaKkTUBHBIN CaWT
6. OBPA3OBATEJIBHBIE TEXHOJIOT'UHA

HpI/I OCBOCHHHU JAHHOM MUCIUILIMHBI OCHOBHYIO DPOJIb UT'PAKOT aYAWUTOPHLBIC 3aHATUA B BUIC

J'IeKLII/Iﬁ U CCMUHApPOB, a TAKKC CaMOCTOATCIIbHAA pa60Ta CTYACHTOB, 3aKJIIOYAa0MIasACsa B BBIIIOJIHCHUA

JIOMAIIIHETO 3aJJaHusl, TOBTOPEHUS paHee MPOMIEHHOr0 MaTepuaa.

7.

®OHJ OHEHOYHBIX CPEJICTB




@®oH/1 OLIEHOYHBIX CPEACTB MO JAUCLUILIUHE 00ECIeYrBaeT MPOBEPKY OCBOCHUS IIAHUPYEMBIX
pe3yabTaToB O00y4YeHHs (KOMIIETEHIIMA W WX HMHIMKATOPOB) MOCPEACTBOM MEPOIPHITUN TEKYIIETo,
PYOEKHOTO ¥ IPOMEKYTOYHOT'O KOHTPOJISI IO JUCIUTUIMHE.

CBs3p Mexny (opMHUpPYEMBIMH KOMITETCHIMSMH H (OpMaMH KOHTPOJII HUX OCBOCHHS
IIPEJCTaBICHA B ClIeAyIOLIeH TadnuLe:

KoMnerennus HNuaukaTopsl ATTECTAIIMOHHOE ATTECTALIMOHHOE
O0CBOCHMS meponpusitue (KII 1) meponpusitue (KII 2)
IIK-1 3-T1IK-1 9, K1-8, KN1-16 9, K-8, KM1-12
V-IIK-1 9, K1-8, KH1-16 9, K1-8, KN1-12
B-IIK-1 9, K1-8, KI1-16 9, K1-8, KI1-12
IIK-2.3 3-11K-2.3 9, K-8, KH1-16 9, K1-8, KN1-12
V-1IK-2.3 9, K-8, KI1-16 9, KI1-8, KI1-12
B-IIK-2.3 9, K1-8, KH1-16 9, KN1-8, KM1-12
I11IK-4 3-11K-4 3, K1-8, KH1-16 9, K1-8, KN1-12
V-1IK-4 9, K1-8, KI1-16 9, K1-8, KI1-12
B-IIK-4 9, K-8, KH1-16 9, K1-8, KN1-12

HIxkanbl oneHKH 00pa3oBaTEIbLHBIX 10CTHKEHUI

[IIxana Ka)KAOro KOHTPOJIBHOI'O MEPOIPHUATHS JIEKHUT B mpenenax oT 0 10 yCTaHOBIEHHOTO
MaKCUMAaJIbHOTO 0aJila BKIIIOYHMTENbHO. MTOroBast arrectanus o AMCUUILUIMHE oneHuBaercs mo 100-
0ayUTbHOM IIKae W MpeACTaBiIsieT coboil cymmy OaioB, 3apabOTaHHBIX CTYJEHTOM IPHU BBITIOJTHEHUT
3aJlaHui B paMKax TEKYILEro U IpoMeXyTOUYHOTO KOHTPOJIS.

Htorosas olieHKa BBICTaBISAETCS B COOTBETCTBUHU CO CIEAYIOLICH IIKAJIOM:

OneHka
ECTS

OueHka 1o 4-ex
OAJUILHOM IKaJIE

Cymma
0aJIoB

TpeOGoBaHMs K YPOBHIO OCBOCHHIO
Y4eOHOH TUCIIMIUTHHEL

OleHKa «OTIUYHOY» BBICTABIIACTCSA
CTYICHTY, €CJIH OH IIyOOKO M IMTPOYHO
YCBOMWJI IPOTPaMMHBII MaTepuan,
HCYEPIBIBAIOILE, IIOCIEN0BATEIBHO,
YETKO U JIOTUYECKU CTPOMHO €ro
W3JIaraeT, yMeeT TECHO yBS3bIBATH
TEOPHIO C NPAKTUKOM, UCTIOB3YET B
OTBETE MaTepHall MOHOTPaPUUECKOM
JIUTEPATYPBL.

90-100 5 — «omauunoy A

85-89 B

OI_ICHKa «XOPpOIIIO0» BBICTABIACTCA

CTYIEHTY, €CJIM OH TBEP/IO 3HAET

75-84 C

MaTepHaj, TPaMOTHO U IO CYLIECTBY
n3Jaraer ero, He JOIyCKas

D CYIIECTBEHHBIX HETOYHOCTEN B OTBETE
Ha BOIIPOC.

4 — «xopouio»
70-74

65-69

OLIGHKa «YyAOBJICTBOPHUTCIIBHO»

BBICTaBJIICTCS CTYACHTY, €CIIM OH UMEET
3HaHMsS TOJIBKO OCHOBHOI'O MaTepuana,
3- HO HE YCBOWJI €T0 JIeTaJIeH, TOMyCKaeT
«Y0081eMBOPUMENLHOY E HETOYHOCTH, HEIOCTATOYHO MIPABUIIbHBIC
(hopMyTUPOBKH, HAPYIIEHUS
JIOTUYECKOH MOCIIE0BATEIHHOCTH B
W370KEHUH IPOTPaMMHOI0 MaTepuaa.

60-64

Hixe 60 2 — F

OI_ICHKa CHEYOOBJICTBOPHUTECIIBEHOY




KHEYO0BNEMBOPUMETILHOY BBICTaBIISIETCS CTYACHTY, KOTOPBII HEe
3HAET 3HAYUTENILHON YacTu
[IPOrPaMMHOI0 MaTepuala, JOMyCKaeT
cyliecTBeHHbIe ommnoOku. Kak npasuio,
OLICHKA «HEYIOBJICTBOPUTEIHLHO
CTaBUTCS CTYICHTaM, KOTOpPbIE HE MOT'YT
MPOJIOJDKHUTE 00y4eHHe Oe3
JOTIOJTHUTENBHBIX 3aHATHH 110
COOTBETCTBYIOILEH JUCLUIIMHE.

8.  YYEBHO-METOJWYECKOE U TH®POPMALIMOHHOE OBECIIEYUEHUE
YYEBHOI JUCHMUIIINHEI

OCHOBHAZ JIMTEPATYPA:
1. OU K 44 KBanToBas u ontuieckas iektponuka : , Cankr-IlerepOypr: Jlans, 2022
2. DU I1 75 Jlazepsl ¥ 9KOJAOTHUECKU MOHUTOPHUHT aTMochepsl : , Cankr-IletepOypr: Jlans, 2022

3. 621.37 K85 Jlazeps! yJIbTpaKOPOTKUX UMITYJILCOB U X IPUMEHEHUS : yueOHOe ocodue,
Honronpyausiii: Uarennexr, 2012

4. OU b 82 Jlazepsr: yctpoiicTBo u neiictue : , Cankr-IlerepOypr: Jlanp, 2022

5. OU K 85 demrocekyHaHbIE UMITYJIbCHI. BBeneHe B HOBYIO 00J1acTh JazepHoil ¢pusuku : , Mocksa:
®usmataut, 2008

6. 537 3-43 Ilpunnuns ja3epos : , O. 3sento, Cankt-IlerepOypr [u ap.]: Jlans, 2008

JOITOJIHUTEJIbHA S JIMTEPATYPA:

1. 621.37 E30 JIaboparopHsrii nmpaktukyM "Jlazep Ha pyOune" : yueOHOe mocobue it By30B, B. K.
Eropos, E. /1. IIpouenko, Mocksa: MUDU, 2008

I[TPOI'PAMMHOE OBECIIEYEHUE:

CrnenuanbHOe MporpaMMHoOe o0ecriedeHne He TpedyeTcs
LMS 1 UHTEPHET-PECYPCBI:
https://online.mephi.ru/

http://library.mephi.ru/

9.  MATEPHUAJBHO-TEXHUYECKOE OBECIIEYEHUE YYEBHOI
JUCLUIIMHBI

CrenuraibHOE MaTepUaIbHO-TEXHUYECKOE o0ecrieueHre He TpedyeTcs

10. YYEBHO-METOAUWYECKHUE PEKOMEHJALIUH IJIA CTYAEHTOB



[Tpu u3y4yeHuu nepBoil yacTH Kypca HEOXOAUMO MPEX/Ie BCET0 YCBOUTh U MOHATH CYITHOCTh U
¢u3nveckyto KapTuHy 3(PQPEKTOB CBA3aHHBIX C PE30HAHCHBIM B3aHMMOJICHCTBHEM AJIEKTPOMArHUTHOTO
W3JIyUYEHHS C JIBYXYPOBHEBOW KBAaHTOBOW CHCTEMOM: MOTJIOUIEHUE, YCUJIIEHUE, HACBIIIEHUE. YICHUTh
3HaYCHHWE WHAYIUPOBAHHBIX IEPEXOJOB IS MONydeHHs d(PQeKTa YCHICHUS 3IEKTPOMArHUTHOTO
W3ITyYeHUs, pOJIb HACBIUIEHHMs] NMpH paboTe KBAaHTOBBIX YCWIMTEIEH W TeHepaTopoB (J1a3epoB).
HeoOxonuMo MOHATH NPUPOAY U CBOMCTBA OJHOPOAHOTO U HEOJAHOPOIAHOIO YIIMPEHUS JIHUHHUH
nepexoyia, 0COOEHHOCTH B3aMMOJCHCTBHS 3JIEKTPOMATHUTHOTO M3JIYYEHUS CO Cpelloil B ITUX NBYX
ClIyyasix.

ITo BrOpoit uwactu kypca («Jlasepel») HEOOXOAMMO 3HATh M MOHMMATh OOIIME HPUHIUIIBI
MOCTPOCHHS J1a3epoB, YCIOBHUSA BO30YKICHHs, CTALIMOHAPHBIM M TEPEXOJHOM pPEeKUMBI. MeTobl
yIpaBJIeHUS JUHAMHUKON H3JIy4eHHUS JIa3epoB M CIOCOObI MX peanu3aluu. Bompockl reHepanuu
«TUTAHTCKMX» W YJIBTPAKOPOTKHX HMITYJIbCOB cBeTa. Mertoael u3sMmepenus YKB. IIponeccsr.
penakcalMy ¥ Hakauyku oOecnedMBaroOIIMe MOJYyYEeHUE MHBEPCHUM U OCOOEHHOCTH 3THUX IPOLIECCOB B
pa3nuuHbIX Ja3epax. HeoOXxoauMo uUMETh MpeAcTaBieHHE OO0 OCHOBHBIX XapaKTEepPUCTUKAX U
BO3MOXKHOCTSIX HanOoJiee pacnpOoCTpaHEHHBIX J1a3epoB. Jlpyrue KOHKpETHbIE TaHHbIe, MPUBOAMMBIC B
JEKIUAX, CIEAYeT pacCMaTpUBaTh KaK CIIPaBOYHBIM MaTepuas, KOTOPHIM MOKET OBbITh IMOJIE3eH MpH
pellIeHNH 3a]]a4 Ha CEMUHApax M MPH BBITOJIHEHUH CTYJIEHUECKUX HCCIIEeI0BaTeIbCKUX padoT.

Crnenyer MakCUMAaJIbHO MCIIOJIB30BAaTh BOZMOKHOCTH J1a00OpaTopHOro mpakTukyma «JlazepHas
¢u3nKa» MOANEePKUBAIOLIETO JAHHBIA KypC, B YaCTH MOJYYEHHUS NMPAKTHUYECKUX HABBIKOB pabOTHI €
Ja3epaMu U JIa3epHbIMU CUCTEMAMM.

JlJis OLIEHKU 3HAaHUU CTYJIEHTOB HCHOJIb3YIOTCS: KOHTPOJIbHBIE PA0OTHI, OMPOCHI IO MaTepHay
JeKIUH, caMOoCToATeIbHAsl padoTa. MpoBEpKa JIOMAIIHEro 3aJlaHus, 3a4eT, 3k3aMeH. (Crada 3auera u
9K3aMEHa CBOJUTCS K OTBETY Ha Bompochl Owmiiera. Kaxaplii OMiieT cOAEpKUT J1Ba TEOPETUUYECKUX
BOIIPOCA I10 IPOrpaMMe Kypca.

11. YYEBHO-METOJUYECKHUE PEKOMEHJIALIMU IS IPENOJABATEJEN

Kypc KP® cocrour u3 1ByX 4YacTedl: B IEpBOM M3JIararOTCsi BOIPOCHI B3aUMOJAECHUCTBUSA
U3IYYECHUsI C BELIECTBOM M Psii OOIIMX BONPOCOB KBAaHTOBBIX YCWJIMTENEH M reHepatopoB. Bropas
4acThb [OCBSAIIEHAa COOCTBEHHO Jla3epaMm.

B nepBoii yacTi He00X0IMMO OOpaTUTh BHUMAHHUE HA CIIEAYIOIIEE.

BeposTHOCT, HMHIYyIHpPOBAaHHBIX IEPEXOJOB IMPU KOHEYHOM BPEMEHH KOIEPEHTHOTrO
B3aumogeincTeus. I[Ipupony OZHOPOZHOrO M HEOTHOPOJHOIO YIIMPEHHUS CHEKTPAIbHBIX JIMHUUA H
0COOEHHOCTH B3aUMOJICHCTBUS CBETA C JBYXYPOBHEBOM CHCTEMOI C OJHOPOAHBIM U HEOJHOPOIHBIM
XapaKTepOM YIINPEHHS PE30HAHCHOTO NIEPEX0/Ia.

.YcuneHuss Ha OCHOBE MHAYLMPOBAHHBIX IEPEXOJOB B TEPMOIMHAMMUYECKH HEPABHOBECHBIX
cucreMax | 3¢ QEeKT HACHIIEHNUS B JIBYXypPOBHEBOH KBAHTOBOM CHUCTEME.

OcCHOBHBIE CBOMCTBA KBAaHTOBBIX YCHUJIMTEINEH U reHepaTopoB. METObI peaan3aiul 00paTHOM
CBSI3M B ONTHYECKOM JIMaIa3oHe,

ITo BTOpOI YacTu Kypca 0OpaTUTh BHUMaHKE Ha CIEAYyIOLIee.

OOue NpUHIUIBI TOCTPOSHUsS Ja3epa. AHAJIN3 CTALMOHAPHOTO U IEPEXOJHOIO PEXKHUMOB.
MexaHu3mMbl 00pa3oBaHMs HMHBEPCHMM B pa3iMyHbIX  Ja3epax Duzndyeckue OCHOBBI M METOJbI
reHepaluu «TMTaHTCKUX» U YIbTPAaKOPOTKUX UMITYJIBLCOB B JIa3epax

[Ipy wu3nAOXKEHWHM  Marepuana HEOOXOAUMO YAENATh OONbIIOE BHUMAHHUE BBISCHEHHIO
¢usnueckoil cytu paccMatpuBaeMbiX 3P¢exToB s 3TOro Hapsay ¢ MaTeMaTHUYECKUM aHAIU30M



WCIOJIb30BaTh aHANU3 (PU3NYECKUI - KaueCTBEHHOE OOBSICHEHHE M3y4aeMbIX SIBJICHHMI M MPOIECCOB.
CnoxxHble  MaTeMAaTUYECKHME  BBIKIAJAKU  IeJeco00pa3HO TMEPeHeCTH Ha  CEeMHHAphl WU
CaMOCTOSITENIbHYI0  paboTy. M3noxkenue Marepuasa HEOOXOJUMO COINPOBOXKAATH IPOCTHIMU
YUCJICHHBIMH OIIEHKaMH, PEIICHUEM MTPOCThIX 3ajad.

ABTOp(BI):

[Iponienko Esrennit JImutpuesud, a.¢.-M.H., mpodeccop

Penienzent(bi):
1.¢.M.H., mpodeccop, Kupees C.B.



