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PABOYAS ITIPOTPAMMA YYEBHOM JUCITATLIIAHBI

BBEJIEHME B KBAHTOBVYIO PAITMODPU3UKY
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AHHOTALMS

I/I3y‘IeHI/I€ OCHOBOIIOJIararomurx BOIIPOCOB B3aI/IMOIIeI>’ICTBHSI OINTUYCCKOTO0 M3JIYUYCHUSA C

BEILIECTBOM, OIpPEAESIONMX (U3NYECKUE MPUHLIHUIIBI paboThI

TeHEepaTOpOB; TOJYYCHHUE MPEACTABICHUS O (PU3MUYECKHMX OCHOBaX pabOTHl KBAaHTOBBIX MPUOOPOB

KBaHTOBBIX yCI/IJ'II/ITeJICf/'I u

paguonuama3zoHa W ONTHYECKOTO JWara3oHa; 3HAKOMCTBO C OCHOBHBIMH PEKHMaMH PaOOTHI
KBaHTOBBIX T'€HEPATOPOB (Ja3epoB) U CrIOocO0aMU MX peaau3allii, C OCHOBHBIMHU 3HEPTeTUYECKUMH U
CHEKTPATbHBIMH XapaKTEPUCTHUKAMHU.

1. LEJIU U 3ATAYA OCBOEHUS YYEBHOM JUCHUITIIUHBI

M3ydeHnue OCHOBOIMOArarOIIUX BOMPOCOB B3aMMOJICHCTBHUSI
BEIIECTBOM,

ONITHYECKOTO H3IY4YCHHS C
paboTHI
TCHEPATOPOB; TOJNyYCHHE MNPEACTABICHUS O (U3MYCCKUX OCHOBaX PabOThl KBAaHTOBBIX MPHOOPOB

OMPCACIIAOIINX (1)I/IBI/II-I€CKI/IG TIPUHIUIIBI KBaHTOBBIX yCHHHTeHeﬁ nu

paguonuana3oHa W ONTHYECKOTO JUara3oHa; 3HAKOMCTBO C OCHOBHBIMH PEXKHUMaMH pPaOOThI
KBAaHTOBBIX T€HEPATOPOB (JIa3€pOB) M CIOCOOAMHU UX peaTu3allii, C OCHOBHBIMH SHEPTETHUYECCKUMU U

CIICKTpAJIbHBIMU XapaKTCPUCTUKAMU.

2. MECTO YUYEBHOH JIJUCIUILJIMHBI B CTPYKTYPE OOII BO

HI/ICHI/IHJ'II/IHa JJOTUYCCKU H

COACPIKATCIbHO-METOANICCKHU

CBiA3aHa CO

CIEeTyIOIIUMHU

JUCHUINNIMHAMH: aTOMHasd (1)I/I3I/IK8., KBAaHTOBAasA MCXaHWKaA, TCOpU II0JIA, (I)I/ISI/IKa KOHACHCHUPOBAHHOI'O
COCTOSHU BCIICCTBA, TCOPCTUICCKAA (1)1/131/n<a TBECPAOTO TCJIA.

3. ®OPMUPYEMBIE KOMIIETEHIIU U IIVTAHUPYEMBIE PE3YJIbTATbBI

OBYYEHUA

VYHuBepcanbHbIe H(1IK) oOmenpodeccuoHanbHbIE KOMITETSHIIUN

| KO,I[ N HAUMCHOBAHUC KOMIICTCHIIMHU | KOI[ N HAMMCHOBAHNC MHAHUKATOpa JOCTUKCHUA KOMIICTCHIUA

[TpodeccnonanbHble KOMIETCHIIMA B COOTBECTBUM C 3ajadaMd W OOBEKTaMu (00iacTsMu

3HaHUN) PO ECCUOHATBHON AESITEbHOCTHU:

3anaua
npogeccuoHAIbLHOM
nesiteabHocTu (311]1)

[IpoBeneHue Hay4HBIX U
AHAITUTHYECKUX
HUCCIIEIOBAHUN 110
OTJIETIbHBIM pa3zeliaM
(aTamam, 3agaHUSIM)
TEMBI (MPOEKTa) B

O0BeKT N
00J1aCTH 3HAHUSA

JlesiTenbHOCTB 10
pa3paboTke
MaTepHasoB,
MIOKPBITHH,
prudopoB

Koa u HauMeHoOBaHHEe
npogeccHoHAIBLHOM
KOMITETEHIIMH;
OcHoBaHnue
(mpogeccuoHaTIBLHBIN
cranaapt-I1C, ananns
OIbITA)

Hay4YHO-HCCJIeJ0BaTEILCKUI

IIK-1 [1] - Ciocoben
MIPOBOAUTH COOp, aHATTU3
HAay4YHO-TEXHUYECKOU
uHpopManuy,
OTEYECTBCHHOTO U
3apyOEKHOTO OIBITA 11O

Koa u HauMeHOBaHMe
HHIUKATOPA
JOCTHKEHU S
npogeccuoHAIbHOU
KOMIIETEeHIIMH

3-TK-1[1] - 3uath
crocoOsI cbopa, aHanu3a
Hay4YHO-TEXHUYECKOU
uHpOpMaluy,
OTEYECTBEHHOTO H
3apyOEKHOTO OIBITA 110




paMKax MpeaMETHOU
o0acTu 1o npoQuIko
CHEMaIN3alli1 B
COOTBETCTBUHU C
YTBEPKACHHBIMU
IUIaHAMU U METOJUKaMU
HCCIIEIOBaHUM. ydacTue
B IIPOBEJICHUH
HaOI0IeHUH 1
U3MEPEHHU,
BBITIOJTHEHUH
JKCIIEPUMEHTa U
00paboTKe JaHHBIX C
HCIIOJIb30BAHUEM
COBPEMEHHBIX
KOMITBIOTEPHBIX
TEXHOJIOTHi; y4acThe B
MIPOBEJIEHUU
TEOPETUUECKUX
HCCIEIOBAHNH,
IIOCTPOECHUHU
¢uznyeckux,
MaTEMaTHYECKUX U
KOMITBIOTEPHBIX
MOJEJIEH U3y4aeMbIX
MPOLECCOB U SIBJICHUI, B
IIPOBEJICHUU
AQHAIUTUYECKUX
HCCIIE0BAaHUN B
MpeIMETHOM 00J1aCTH 110
npopuITto
cCrelHanu3aluu;
ydacTHe B CO3/IaHUHU
HOBBIX METOJIOB U
TEXHUUYECKUX CPECTB
HUCCIIEJOBAHUN U HOBEIX
pa3paboToK;

TEMATUKC UCCIICAOBAaHUA

OcHosanue:
[TpodeccuonanbHbIN
crangapt: 25.049, 40.011

ITK-9 [1] - Criocoben k
MaTeMaTHYECKOMY U
KOMITBIOTEPHOMY
MOJEIIMPOBAHUIO
00BEKTOB, CUCTEM,
MPOLECCOB U SIBJICHUI B
n30paHHON TpeaMEeTHON
obacTu

Ocnoeanue:
[IpodeccnonanbHbIN
craggapt: 06.001

TEeMaTHKe
HCCJIETOBAHMUSI. ;
V-IIK-1[1] - Y™meTh
CHUHTE3HPOBATH U
aHaAJTM3UPOBATh HAyYHO-
TEXHUYECKYIO
UH(POPMALIUIO TIO
TEeMaTHKe
UCCIIE/IOBAHMSL. ;
B-TIK-1[1] - Bnagets
HaBbIKaMu cOopa,
CUHTE3a U aHau3a
HaYYHO-TEXHUYECKOU
uHopMaluuy,
OTEYECTBEHHOT'O U
3apyOEKHOTO OMBITA 110
TEeMaTHKe
UCCIJIETOBAHMUSL.

4. BOCIHUATATEJIbHBIN IOTEHIUAJ JUCIIATLINHBI




Hampasnenus/uenun
BOCIIUTaHHS
[IpodeccrnonansHoe
BOCIIHTAHHE

[IpodeccronansHOE
BOCITUTAHHE

3agaym BocriuTaHus (Kos)

Coznanue ycinoBuu,
oOecrneunBaronnx, OpMUPOBaAHUE
HAYYHOT'O MUPOBO33PEHHMS, KYJIbTYPHI
IMONCKAa HECTAHAAPTHBIX HAYYHO-
TEXHUYECKUX/TIPAKTHUECKUX
peHIeHI/II\/’I, KPUTHYECKOT'O OTHOIICHHA
K UCCIIEIOBAaHUSIM JDKEHAYYHOTO TOJIKA
(B19)

Coznanue ycinoBui,
obecrneynBaronnx, OpMUPOBAHUE
TBOPYECKOTO
MH)XEHEPHOT0/TIPO(heCCHOHAIBHOTO
MBIIIEHHS], HABBIKOB OPraHU3aluN
KOJIJIEKTUBHOU IPOEKTHOMN
nesitenibHOCTH (B22)

BocnurarenbHbIl TOTeHIIUAT
JTUCITUTLTAH

1.Mcnonp3oBanue
BOCITUTATEILHOTO TTOTECHITHAIIA
JTUCIUILTAH/TIpakTHK «HaydHo-
uccrenoBarenbekas padboTay,
«IIpoekTHas mpakTUKay,
«HayuHb11 cemuHap» JUIs:

- popMupoBaHUS TOHUMAHUS
OCHOBHBIX TIPUHITUIIOB U
Croco00B HAYYHOTO MO3HAHUS
MHUpa, pa3BUTHUSA
HCCJIEI0BATENIbCKUX KaueCTB
CTYJICHTOB MOCPEICTBOM HUX
BOBJICUEHUS B UCCIIEA0BATEIIbCKUE
MIPOEKTHI 1O 00JIACTSAM HAYIHBIX
uccienoBanuil. 2.Mcnonb3oBaHue
BOCITUTATEILHOTO TIOTCHIIHAJIA
nucuuriul "Vctopust Hayku u
unxenepun", "Kpurnueckoe
MBIILJIEHUE U OCHOBBI HAYYHOU
KoMMyHuKaruu'", "Benenne B
cnenuanbHocTs", "HayuHo-
uccieaoBarenbekas padora',
"HayuHbIii ceMuHap" miis:

- opMHUpOBAHUS CIIOCOOHOCTH
OTJEJATh HACTOSIINE HAYyUYHBIE
MCCJIEIOBAHMS OT JHDKEHAYUYHBIX
MOCPEJICTBOM ITPOBEICHHUS CO
CTYJEHTaMH 3aHITUH U
peryJsipHbIX Oecen;

- opMHUPOBAHUS KPUTHUECKOTO
MBIIUICHUS, YMEHUS
paccMaTpuBaTh pazInIHbIC
MCCJIEI0OBAHMS C SKCIIEPTHOU
MO3UIIUU TTOCPEICTBOM
00CyXJIEHUS CO CTYICHTaMH
COBPEMEHHBIX HCCIIEIOBAHUM,
HUCTOPUUYECKUX MPEATIOCHIIOK
MOSIBJICHUS T€X WJIM UHBIX
OTKPBITUN U TEOPHUU.
1.Mcnons3oBanue
BOCIHUTATEIHHOTO MOTEHIINAJA
JUCIUIUINH TpOo(eCCUOHATIBHOTO
MOJTyJIS JUTSl Pa3BUTHUSI HABBIKOB
KOMMYHUKAIUU, KOMaHIHOU
paboThI U IUJEPCTBA,
TBOPYECKOTO UHKEHEPHOTO
MBIIUICHUS, CTPEMIICHUS
CJIEIOBATh B MPOQPECCHOHATBHON
JESTENIbHOCTH HOpMaM
MIOBEIEHNSA, 00ECIIEYNBAIOIIIM




[Ipodeccuonansuoe
BOCIIUTAHUC

Coznanue ycnoBui,
o0ecrneunBaroux, OpMUPOBaHUE

KYJIBTYpbl 6€30I1aCHOCTH IIpU paboTe ¢

na3epHbIM u3nyuyeHuem (B27)

HPaBCTBEHHBIN XapaKTep
TPYIOBOH JESATEIBHOCTH U
HECITy>KeOHOTO MOBEICHUS,
OTBETCTBEHHOCTH 3a MPUHSTHIE
pelIeHus 4yepe3 MOArOTOBKY
IPYIIOBBIX KYPCOBBIX paboOT U
IIPAKTUYECKUX 3aJaHU, pelIeHue
KEWCOB, MPOXO0XK/IEHUE MPAKTUK U
noarotosky BKP.
2.Mcnonp3oBaHue
BOCIIMTATEIBHOIO TOTEHIIAAJA
JUCIUIUIMH PO eCCHOHATBHOTO
MOy JUIsL: - GOpMUpPOBaHUS
IIPOU3BOJICTBEHHOT'O
KOJUIEKTHBH3Ma B XOJI€
COBMECTHOTI'O PELICHUS KaK
MOJIEIbHBIX, TAK U IPAKTHYECKUX
3a/1a4, a TaKXkKe IMyTeM
MOJIKPEIUIEHUE PALIMOHAJIBHO-
TEXHOJIOTMYECKUX HaBBIKOB
B3aMMOJICUCTBHUS B IPOCKTHOU
JESTEIbBHOCTH SMOIIMOHATbHBIM
3¢ (deKToM ycrenrHoro
B3aMMOJIEHCTBUSI, OIYIIEHUEM
pocTa o0uiel 3pPEeKTUBHOCTH
IIPU paclpeiesIeHUU IPOEKTHBIX
3a/1a4 B COOTBETCTBUH C
CHJIBHBIMU KOMIIETEHTHOCTHBIMU
Y SMOLMOHAJILHBIMU CBOMCTBaMH
YJIEHOB POEKTHOM I'PYIIIBI.
1.Mcnonp3oBanue
BOCIHUTATEIBHOIO MOTEHIINAJA
OpOQHUIBHBIX TUCIUIUIMH U BCEX
BUJIOB NPAKTUK JUISL: -
(opMHpOBaHUS KYJIbTYPbI
Ja3epHOi 6€30MacHOCTH
IIOCPEACTBOM TEMATHUECKOTO
aKLIEHTUPOBAHUS B COJIEPKaHUU
TUCIUIUIAH M Y4eOHBIX 3aaHU,
MOJITOTOBKH 3cce, pedepaTos,
JUCKYCCHIA, a TaKXKe B X0JIe
MPAKTUYECKON paboTHI €
Ja3epHBIM 000PYyIOBAHUEM. -
(bopMUpOBaHUS KyJIbTYpPbI
0e30MmacHOCTH MpH paboTe Ha
HKCIEPUMEHTAIbHBIX U
MPOMBIIUICHHBIX YCTAHOBKAX
BBEICOKOU MOIITHOCTH U
UMEIOIIIUMHU TOBBIIICHHBIH
YPOBEHb ONAaCHOCTH Yepe3
BBITMIOJTHEHHUE CTYyIEHTaMHU
IPAKTUYECKUX U JJAOOPaTOPHBIX




paboT, B TOM UKCIIE Ha
000pyTIOBaHUY JJIsl KCCIICIOBAHUS
BBICOKOTEMIIEPATYPHOM IMIa3MBbI.

[IpodeccrnonanpHOE Co3naHue ycaoBuid, 1.Mcnions3oBanue

BOCIIUTAHUE obecrneunBaronmx, OpMUPOBAHUE BOCITUTATEIBHOTO OTEHIINAIIA
KYJBTYpbI 6€30MacHOCTH NPH paboTe | MPOPUIBHBIX AUCIUIUIMH U BCEX
Ha HKCIIEPUMEHTAIbHBIX U BUJIOB MIPAKTUK JJISL: -
MIPOMBINIUICHHBIX YCTAHOBKAX BBICOKOW | (HOPMUPOBAHUS KYJIbTYPHI
MorHocTr (B28) Ja3epHoi 6e30MmacHOCTH

MIOCPEICTBOM TEMAaTHUECKOTO
AKIIEHTUPOBAHUS B COJIEP>KAHUU
JTUCIUIUIAH ¥ YIeOHBIX 3aaHHMH,
HOJTrOTOBKHU 3cce, pedepaTos,
JIUCKYCCHUH, a TaKKE B XO/€
MPAKTHYECKON paboThI ¢
Ja3epHBIM 000pPYIOBaHUEM. -
dbopMUpOBaHUS KYIbTYPBI
0e30macHOCTH IpH paboTe Ha
9KCIIEPUMEHTAIBHBIX U
MIPOMBINUICHHBIX YCTAHOBKAX
BBICOKO MOIITHOCTH U
UMEIOIITIMH TTOBBIIIICHHBIH
YPOBEHb OITACHOCTH Uepe3
BBITIOJTHCHHE CTYICHTaMHU
MPAKTHYECKUX U Ta00OPaTOPHBIX
pabot, B TOM YHCIIe Ha
000py0OBaHUU JJIs1 UCCIICIOBAHHUS
BBICOKOTEMIIEPATYPHOH IJIa3MBbl.

S. CTPYKTYPA M COJAEP)KAHUE YUYEBHOM JUCIUILINHBI

Paznensr yueOHOM TUCIUTUTMHBL, UX 00BEM, CPOKH U3Y4eHUS H (HOPMBI KOHTPOJIS:
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6 Cemecmp
1 OcHoBHble ¢uznyeckue | 1-8 16/8/0 25 K-8 3-TIK-
MMOHATHUSA 1,
V-
IK-1,
B-
IK-1,
3-I1K-




2 BzanmoneiictBue 9-15 14/7/0 25 KHU-15 3-TIIK-
paauoOU3IIyYEHHUS c 1,
BEIlIECTBOM. Ma3zepsl V-

V-
IK-9,
B-
I1K-9

Umoeo 3a 6 Cemecmp 30/15/0 50

KouTtposnbhbie 50 3 3-TIK-
MeponpusiTuss 3a 6 1,
CemecTtp V-
[K-1,
B-
[K-1,
3-TK-
9,

V-
[K-9,
B-
I1K-9

* — COKpallIeHHOE HaMMEHOBaHUE (OPMBI KOHTPOJIS
** — cymMMa MakcHUMallbHBIX OajIoB J0JKHA ObITh paBHa 100 3a cemecTp, BKJIOYas 3a4eT U
(wm) sK3ameH

COKpaH_IeHI/Ie HaMEHOBaHUM q)OpM TEKYILICTO KOHTPOJA U aTTECTAllUN PA3/ICIIOB:

Oo6o3na | [los1HOe HAaMMeHOBaHHE

yeHHe

KN KonTposb no uroram

3 3ayer

KAJIEHJIAPHBIN IVIAH

Henen | Temsl 3ansaTuii / Cogep:xkanue Jlek., | IIp./cem. | JIa6.,

U yac. , yac. yac.
6 Cemecmp 30 15 0

1-8 OcHoBHbIE Gpu3HYECKHE IOHATHS 16 8 0

1 BBenenue Bcero ayiutopHbIx 4acoB
[Ipenmer (GOTOHMKH U KBAaHTOBOH 371€KTpOHUKHU. McTopus 2 K [0
pazButus. Llenp u 3agaum Kypca. Onnaiin




0 | 0 | 0
2-8 OcHoBHbIE pU3NYECKHE IOHATHS Bcero ayutopHbIx 4acoB
CrnioHTaHHbBIE U UHIYIHPOBaHHBIE iepexonbl. Koadduuuentsr | 14 E [0
Oitnmreiina. [lornomenue u ycunenue. MuBepcHast Ownuaiin
HACEJICHHOCTh YHEPIeTUYECKUX YPOBHEH U MOHATHE 00 0 0 0
aOCOJIIOTHOM OTpHUIIaTeNIbHOM TemmnepaType. CBolicTBa
WHIYIIUPOBAHHOTO U3JIYYCHUS
9-15 B3aumopaeiicTBue paauousaydeHus ¢ Bemecrsom. Maszepbl | 14 7 0
9 KBaHTOBBIE yCHIINTEJIN U TeHePATOPbI PAAHOANANIA30HA Bcero aynuTopHbIX 4acoB
OHepreTudecKkue ypoBHHU B razax. Popma creKTpaibHON 2 |1 [0
muHuHA. CriocoObl HAOTFOICHUS TTOTIIOMICHUS paauon3TydeHus | OuiaifH
B rasax. 0 | 0 | 0
10 MouJiekyJasIpHBIii TeHepaTop Ha My4YKe MOJIeKYJ aMMHAaKa Bcero ayiutopHbIx 4acoB
Crioco6 moy4yeHus ycuieHus. MoIHOCTh TeHepaIii. 2 |1 [0
CrabunsHoCTh yacToThl NH3  masepa. Owunaiin
0 |0 |0
11-12 | DnekTpoHHBIN NapaMarHuTHLIH pe3oHanc (JIIP) Bcero ayiuTopHbIX 4acoB
Crnioco6s1 HaOmoenust DI1P. Penakcanus B mapamaruetukax. | 4 |2 [0
Bpemena u pusznueckue Mexanusmel penakcanuu. OpHoponHoe | Oumnaiin
¥ HEOTHOPOJHOE YIIUPEHHE. 0 |0 |0
13 - 14 | SinepHblii MarHuTHbIi pe3onanc (IMP) Bcero ayiutopHbIx 4acoB
[upuna muauit AMP. Cnioco6sr Habmonenus SAMP. 4 | 2 | 0
Omnaitn
0 |0 | 0
15 Oco0eHHOCTH MapaMarHeTu3Ma HOHHbIX KPUCTAJLIIOB Bcero ayutopHbIX 4acoB
TpexypoBHEBBIE Ma3epbl Ha TBEPAOM TelIe. Y CII0BUS 2 | 1 | 0
MIOJIyYEHUSI OTPULIATEIIbHON TeMneparypsl. Binsaue Bpemenn | Onmaiin
penakcauuu. [llymoBbie CBOKMCTBA KBAHTOBBIX [TAPAMATHUTHBIX | () 0 0
YCUJIUTEJICH

CokpallileHHbIe HAUMEHOBAHUSI OHJIAMH OIIINIA:

Oo6o3una | [TosiHOe HaMMeHOBaHMe
YeHHue
2K DJIEKTPOHHBIN KypC
1M [ToTHOTEKCTOBBIN MaTepual
111 [TOTHOTEKCTOBBIE JIEKIIMHU
BM Buneo-marepuaisl
AM Aypamno-mMarepuasl
[Ip3 [Ipe3enTaumu
T TecTsl
5CM OJIeKTPOHHBIE CIIPaBOYHBIE MAaTEPUAIIbI
ncC WNHTepakTUBHBIN CalT
6. OBPA3OBATEJIBHBIE TEXHOJIOT'MHA

[Ipu ocBoeHMM JAHHOW JUCIMIUIMHBI OCHOBHYIO POJIb UTPAIOT ayJUTOPHBIC 3aHATHS, a TaKXKe
camocTosTeNbHas paboTa CTYJEHTOB, 3aKJIIOYAONIAsCs B BHIIIOJIHEHUU JOMAITHUX 3a/1aHui, U3y4eHUU
MPONJEHHOTO MaTepuana, IMOArOTOBKE K THUChMEHHBIM TecTtaM. [lns Toro droObl MOKa3aTh



COBPEMEHHOE COCTOSIHME (OTOHMKM M KBAaHTOBOW pajno(PHU3MKH, TMPEIyCMOTPEHO MIMPOKOE
WCTIOJIb30BAHNE COBPEMEHHBIX HAy4YHbIX paboT M MyOJauKanMid IO JaHHOW TeMme, IOCeLIeHue
naboparopuii HUAY MU®DU. Pekomenayercss MOCELIEHUE CTYAEHTAMHM HAay4HbIX CEMHUHApOB H
KoH(pepeHwmid, nmpooaumbeix B HUSAAY MU®DU, a Takke B APYruX MOCKOBCKHX YHHBEPCHTETaX M
WHCTUTYTaX.

7. ®OHJ OHEHOYHBIX CPEJICTB

@®oH/ OLIEHOYHBIX CPEACTB MO AUCLUILIMHE 00eCIeurBaeT MPOBEPKY OCBOEHUS IIAHUPYEMBIX
pe3yabTaToB O00y4YeHHs (KOMIETEHIMH W UX HMHIMKATOPOB) MOCPEACTBOM MEPOIPHUITUN TEKYIIEro,
PYOEIKHOTO U IPOMEKYTOYHOT'O KOHTPOJIS IO JUCLUIUIMHE.

CBs3p Mexny (opMUpPyEeMBIMH KOMIIETCHIMSAMH H (OopMaMH KOHTpPOJII HUX OCBOCHHS
IpeACTaBlICHA B cIeqyomIel Tabaune:

KOMHETCHHI/IH I/IHI[HKaTOI)bI OCBOCHUA ATTeCTaIII/IOHHOC MeponpussTue
(KTI 1)
TIK-1 3-TIK-1 3, K-8, KU-15
V-IIK-1 3, K-8, KU-15
B-TIK-1 3, KU-8, KU-15
TIK-9 3-TIK-9 3, KI-8, KU-15
V-TIK-9 3, KU-8, KU-15
B-TTK-9 3, K-8, KU-15

HIkanabl oneHKH 00pa3oBaTEeNIbLHbBIX 10CTHKEHUI

[IIxana Ka)KAOro KOHTPOJIBHOI'O MEPOIPHUATHS JIEKUT B mpenenax oT 0 10 yCTaHOBIEHHOTO
MaKCHUMaJIbHOTO OaJila BKIIIOYMTENbHO. MTOroBast arrectanus o AMCUUIUIMHE oneHuBaercs no 100-
0aJUIbHOM IIKae W MpeACTaBiIsieT co00il cymmy OamoB, 3apabOTaHHBIX CTYJEHTOM IPHU BBITIOJTHEHUU
3a/laHui B paMKax TEKYILEro U IpOoMEKyTOUYHOTO KOHTPOJIS.

Hrorosas OIICHKA BBICTABJIACTCA B COOTBETCTBUU CO CJIGI[yIOH.[CfI IIKAJIOM:

Cymma Onuenka no 4-ex Onenka | TpeGoBaHUS K YPOBHIO OCBOSHUIO
OaJuI0B OAJUILHOM IIKaJIE ECTS Y4eOHOU TUCITUTIINHBI

OHCHK& «OTJIMYHO» BBICTABJIACTCS
CTYIEHTY, €CIIH OH IIyOOKO M MTPOYHO
YCBOMJI MPOTPaMMHBIN MaTepua,
HUCcYCpNbIBAOUIC, MOCJICAOBATCIILHO,
90-100 5 — «omauuno» A YETKO U JIOTHYECKHU CTPOHO ero
n3Jjiara€t, yMeCT TECHO YBA3bIBATH
TEOPUIO C IPAKTUKOM, UCIIONB3YET B
OTBETE MaTepHual MOHOrpaduIecKon

JIMTEPATYPHI.
85-89 B O1ieHKa «XOPOIII0» BBICTABIISIETCS
75-84 C CTYJICHTY, €CITH OH TBEP/IO 3HACT

MaTepual, TpaMOTHO U IO CYLIECTBY

4 — «xopouto»
nu3Jjara€t €ro, HE JOITyCKas

70-74 D CYIIECTBEHHBIX HETOYHOCTEN B OTBETE
Ha BOMPOC.

65-69 OreHKa «yIOBIETBOPUTEIHHOY
BBICTABISIETCS CTY/ICHTY, €CJIH OH UMEeT

60'64 E )

3HaHHA TOJIBKO OCHOBHOI'O MaTcpuajia,




HO HE YCBOWJI €T0 JIETAICH, TOIMyCKaeT
HETOYHOCTH, HEIOCTATOYHO MPaBUJIbHBIC
(hopMyTUPOBKH, HAPYIICHUS
JIOTUYECKOM TT0CIeI0BATENLHOCTH B
M3JI0’)KCHHMH NPOrPaMMHOI'0 MaTepHaia.

OneHKa «HEYI0BIETBOPHTEIHHO»
BBICTaBIISICTCS CTYACHTY, KOTOPBII HE
3HAET 3HAYUTEIbHOU YacTH
MPOrpaMMHOI0 MaTepuaa, JOMyCKaeT
Hiske 60 2- F cymecTBeHHbIe omnOKu. Kak npasuio,
«Hey0081emBOpUMENbHOY OLIEHKA «HEYIOBIETBOPUTEIHLHOY
CTaBUTCSI CTYJCHTaM, KOTOpPBIE HE MOTYT
MIPOJOJKUATE 00yUeHue Oe3
JIOTIOJTHUTENBHBIX 3aHATHH 110

COOTBETCTBYIOIIEH NUCIUIIIIMHE.

8.  YUEBHO-METOJUYECKOE U HTH®OPMALIMOHHOE OBECIIEYEHUE
YYEBHOI JUCLHMUILINHBI

OCHOBHAA JINTEPATYPA:
1. OU S96 Principles of Lasers : , Boston, MA: Springer US, 2010

2. D1 U1 83 BoxHoBsIe nporiecchl. OCHOBHBIE 3aKOHBI : yueOHOe mocobue, Mocksa: JlabopaTopus
3Hanui, 2020

3. OU K 44 KBanToBas u ontuveckas nektponuka : , Cankr-IlerepOypr: Jlans, 2022
4. O M50 Jlazepnas texnosorus : , A. [1. MenymenkoB, Mocksa: MU®U, 2008

5. 537 3-43 Tlpunnunsi 1azepos : , O. 3sento, Cankt-IlerepOypr [u mp.]: Jlans, 2008

JOTIOJIHUTEJIbHA S IMTEPATYPA:
1. 535 A91 ®usnyeckue oCHOBBI (POTOHUKH : yueb. mocobue 1y By30B, B. A. Acranenko, M.: , 2005

2.621.37 181 KBanToBas snexktpoHuka. [IpuGops! 1 ux npuMeHeHue : yueOHoe mocoOue JUIst By30B,
B. U. Qynxun, JI. H. ITaxomoB, Mocksa: Texnocdepa, 2006

3. 537 K23 Jlekuuu o kBaHTOBOM 3ekTponuke : , Kapnmos H.B., M.: Hayka, 1988

4. 537 C83 OcHOBBI KBAaHTOBOM 3J1€KTPOHUKH : , CTpaxoBckuit I.M.,Ycnenckuii A.B., M.: Beici.
mkona, 1979

5. 537 X19 Jlekuuu no kBaHToBOM paauodusuke : , . Y. Xanun, Huwxuuit Hosropon: UI1® PAH,
2005

I[MPOTPAMMHOE OBECIIEYEHHUE:

CrnenuaibHOE TIpOrpaMMHOE o0ecTiedeHue He TpedyeTcst



LMS 1 UHTEPHET-PECYPCBI:
1. caiit kadeapsr Ne70 HUAY MUDU (http://kaf70.mephi.ru/)
https://online.mephi.ru/

http://library.mephi.ru/

9.  MATEPHUAJIbHO-TEXHUYECKOE OBECIEYEHUE YYEBHOM
TACIATITAHBI

CHeI_II/IaJ'IBHOC MaTCPHUAJIbHO-TCXHUYICCKOC obOecrieueHre He Tpe6yeTc;I

10. YYEBHO-METOAMYECKHME PEKOMEHJIALMU JJIA CTYAEHTOB

[Ipy wu3y4eHMHM JAHHOTO Kypca HEOOXOAMMO TBEPAO YCBOMTb OCHOBHBIE 3aKOHBI
B3aUMOJCICTBUS 3JIEKTPOMArHUTHOIO M3JyYEHHUS ONTHUYECKOIO M PAJMOAMAINIA30HOB C BEILECTBOM.
Onwupasch Ha 3aKOHBI U3IYUYEHHUS] YEPHOIO TEJa, HaJ0 YMETh BBIBOAUTH OCHOBHBIE 3aKOHOMEPHOCTHU
CIOHTAHHOTO ¥  HMHAyLUUpPOBaHHOro wu3iaydeHuil. Hamo yMmerb, uUCHOIB3YysS  COOTHOILEHUS
HEeOoIpeeIeHHOCTEN, IOIYYUTh PECTABICHUS O HUYKHEM IPE/Iesie PacX0AUMOCTH UHIyLIUPOBAaHHOIO
U3Iy4yeHUs, O €ro CHeKTpalbHOM mmmMpuHe. Heob6XoauMo yMmeTbh KaueCcTBEHHO I10Ka3aTh CBS3b
KO3(G(UIMEHTOB yCHJIEHUS M TMOTJIOLIEHUS OJEKTPOMAarHUTHOTO M3JIyYeHHUS B Cpelae ¢
pacnpeesieHneM HaceleHHOCTEeH >HEePreTUYECKUX YpOBHEH, MMETh NpeJCcTaBieHHe 00 MHBEPCHOI
HAaCeJICHHOCTH M a0COIIOTHOM oTpHLaTesbHON TemnepaTtype. Hajno umeTs npezacrasieHue o cnocobax
MOJyYeHHUs YCWUJIEHHS B IIYYKOBBIX MOJIEKYJSIPHBIX T€HEpaTOpoB, 3HaTh (DU3MKY (OPMHpPOBAHUS
CHEKTPAIILHOTO COCTaBa 3THX T€HEPAaTOPOB, YMETh OLIEHUTh MOIIHOCTh M3IyYeHHsI, CTaOMIbHOCTH
9acTOTHI U OCHOBHBIE (DaKTOPHI, BIUSIONINE HA CTAOMIBHOCT U3IIy4YE€HUS] MOJIEKYJISIPHBIX T€HEPATOPOB
(Ha mpuMepe MOJIEKYJISIPHOTO FT'eHEPaTopa Ha MMy4YKe MOJIEKYJI aMMHUaKa).

HeoOxonumo 3HaTh ¢u3nyeckoe OOBSICHEHHE SBJIEHUS JJIEKTPOHHOIO IapaMarHUTHOTO
pe30oHaHca U AJEPHOr0 MAarHUTHOTO PE30HAHCAa KaK ¢ TOYKH 3PEHUs KilacCHyeckod (pu3MKu, Tak U
HCIOJIb30BaHNEM KBAaHTOBOMEXaHWYECKHUX IMpeacTaBieHuil. Hy)kHO uMeTh npejcTaBlieHne 0 BpeMeHax
1 (PU3UYECKUX MEXaHU3MaX CIHH-CIIMHOBOW U CIIMH-PEIIETOYHOM pelaKcaliu, YTO TaKoe OJHOPOTHOE
U HEOJIHOPOJIHOE YUIMPEHHE CHEKTpalibHbIX JTUHUU. [IpenctaBienue 00 3dexre COMHOBOrO 3Xa, €ro
00BSICHEHUE C TOYKH 3peHUs Kinaccuueckoi pusuku. [IpakTnyeckue npuMeHeHus BJICHUS CIIMHOBOTO
sxa. HeoOxomumo MMeTh mpeacTaBieHUs 00 OCOOEHHOCTSX MapaMarHUTHOW pellaKkCallid MOHHBIX
KpUCTAJIJIOB, UX NPUMEHEHUE B KBAHTOBBIX MHOTOYPOBHEBBIX MapaMarHUTHBIX ycuiutensx. HyxHo
yMETb MOKa3aTh YCJIOBUS IMOJIyY€HUS MHBEPCHOM HACENEHHOCTH, UMETh IMPEICTaBICHHE O IIYMOBBIX
CBOMCTBaX KBAHTOBBIX ApaMarHUTHBIX YCUIIUTENCH.

[lepexons K  ONTHYECKOMY JHMANa3oHy HEOOXOOUMO  TMPEACTaBIATH  OCOOEHHOCTH
B3aMMOJCHCTBHSI ONTUYECKOTO W3IyUYEHHUS C BEIIECTBOM, OCOOCHHOCTH €ro HCIOIb30BaHUSI B
YCTpPOMCTBaX KBAHTOBOM 3JIeKTpOHHKH. HeoOXxoauMo MMeTh MmpeacTaBieHHe 00 OCHOBHBIX Coco0ax
IIOJIyYEHUs] HHBEPCHOW HACEJIEHHOCTH B ONTHYECKOM Juana3zoHe. HyXHO 3HaTh, 4YTO Takoe
ONTUYECKUN PE30HATOp, YEM OH OTJIMYAETCS OT PE30HATOPOB paAMOAHaNa3oHa, YMEThb OLIEHHUThb
OCHOBHBIE BHUJBl IOTEPb, WX BIUSHUE HA CBOMCTBA pPE30HATOPOB, HMETh IPEACTaBICHUS 00
YCTOMUYMBBIX M HEYCTOMYMBBIX pe3oHaTropax. Hamo 3HAaTe pe30HAHCHBIE CBOMCTBA PE30HATOPOB,
MIPEACTABICHUS O COOCTBEHHBIX THUITAX KOJEOAHWI ONTUYECKHX pe3oHaTopoB (Momax). Hamo ymets



KayeCTBEHHO M300pa3uTh pacupeieNieHHe 3JIEKTPUYECKOro MO JUIsl pa3iHyHBIX MO, OCHOBHBIE
METOJIbI CEJICKIIH TUIOB KOJICOaHUH.

Heo6xonumo 3HaTh CIOCOOBI TOTYYEHUS HHBEPCHOM HACETICHHOCTH M PabOTy TBEPIOTEIBHBIX
ONITUYECKUX KBAHTOBBIX T'€HEPATOpPOB (HAa MpUMepe PyOMHOBOTO M HEOJWMOBBIX Ja3epoB). 3HATh
OCHOBHBIE PEXUMBI PabOThl (PEeXUM CBOOOJHOW TIeHEpaluu, MOAYISIUH JOOPOTHOCTH, PEXKUM
CUHXPOHM3AallUd MOJ), UX OCHOBHBIE XapaKTEPUCTUKU M CIOCOOBI MX modydeHus. lmersb
IIPEJCTAaBICHUE O paboTe SJIEKTPOONTHYECKHX 3aTBOPOB, IMACCHBHBIX 3aTBOPOB S MOIYJISILMU
JTOOPOTHOCTH UJISI CHHXPOHU3ALUHU MOJI.

Heo6xonumo 3HaTh paboTy, crnocoObl MojyuyeHus UHBEpCcHOM HaceneHHocTH He-Ne nasepa,
ponb OydepHOro raza — renus, ONTUMaIbHBIE YCIOBUS pabOThl (MaplraibHbIC JaBIEHUS B paboueit
cMmecH, o0IIee aBJIeHue CMECH, TOK paspsija, BIMSHUE IUaMeTpa razopaspsaHoi Tpyoku). Jlazep Ha
YIJIEKHCIIOM Ta3e, KaKOB COCTaB paboyeil CMecH, poiib KaXJI0r0 KOMIOHEHTa. THIbI Ja3epoB Ha
YIJIEKHUCIIOM Ta3e M MX OCHOBHBIC XapaKTEPUCTUKU (OTIAsHHBIC JIa3€Pbl, C MPOAOIBHON MPOKAYKOH, C
nonepeunoi mpokaukoit, TEA-nazepsl, uX 0COOEHHOCTH).

11. YYEBHO-METOIWYECKHWE PEKOMEHJIAIIUM JIJISI IPENIOJJABATEJIENR

Heo6xonumMo n1aTh CTyAE€HTaM BO3MOXHOCTb YCBOMTb OCHOBHBIE 3aKOHBI B3aMMOAEHUCTBUS
JIEKTPOMArHUTHOTO H3IY4YeHHsS ONTHYECKOrO0 M PpaJMOAMana3oHOB ¢ BemiecTBoM. Omupasich Ha
3aKOHBI M3JIy4€HHs TBEPJOrO Teja, HaJ0 MOKa3aTh TaKhue OCHOBHBIE 3aKOHOMEPHOCTH CIIOHTAHHOTO U
WHAYILIMPOBAHHOTO M3TYYEHUH, KaKk A ~ KyOy 4acTOTbI, paBEHCTBO KOX(PPHUIIMEHTOB DUHIITEHHA 115
MOTJIOIIEHUST M W3dMy4deHus. Hamo, WCMoNb3ys COOTHOWICHHWS  HEOIPENeNIeHHOCTEeH, JaTh
MPEJCTaBICHUS O HIDKHEM TMIpeleie pPacXOAMMOCTH WHIYIWPOBAHHOTO H3JIYyYEHHUs, O €ro
CTIEKTPAIGHOW IIMpPUHE, KAaYECTBEHHO II0Ka3aTh CBS3b KOX(P(PHUIMEHTOB YCHJICHHS W IOTJIOMICHUS
JIEKTPOMArHUTHOIO M3JIy4E€HUS B Cpele C paclpeieleHUEeM HACEIEHHOCTEH SHEpPreTHYecKUX
YPOBHEH, JaTh NpeAcTaBiIeHHE 00 HMHBEPCHOM HACENIEHHOCTHM M a0COJIIOTHOM OTpHULATEbHON
temmneparype. Iloka3ars crnocoObl MONy4YeHUs] YCUIIEHUS B TyYKOBBIX MOJIEKYJISIPHBIX T€HEPATOPOB, UX
OCHOBHBIE XapaKTEPUCTHKH (Ha MPUMEPE MOJIEKYJIIPHOTO T'eHepaTopa Ha Iy4Ke MOJIEKYJl aMMHaKa).

Heo6xonumMo 0OBSICHEHUTH SBICHHS 3JIEKTPOHHOI'O IMapaMarHUTHOTO PE30HAHCA U SIIEPHOTO
MarHWTHOTO pE30HAHCA KaK C TOYKM 3PEHHUS KIACCHUECKOW (M3MKH, TaK W HCIOJIb30BaHHEM
KBaHTOBOMEXaHUYECKUX TpeacTaBieHud. HyXHO naTth mpejacTaBieHue O BpeMeHax W (pu3myecKux
MeXaHU3MaX CIUH-CIUHOBOM W CIMH-PEIICTOYHON pelaKkcallid, YTO TaKOoe€ OJHOPOJHOE U
HEOJIHOPOJHOE YUIMpPEHUE CHEeKTpajdbHbIX JuHUM. [IpeacraBienue o6 3ddexre CMHOBOroO 3xa, €ro
00BsSICHEHUE C TOUYKH 3peHus Knaccuueckoi ¢usuxu. [IpakTnyeckne npuMeHeH s SBJICHUS CIIMHOBOTO
sxa.  Pacckazath 00 OCOOEHHOCTAX NapaMarHUTHOM peJakcallud MOHHBIX KpPUCTAJUIOB, HX
NPUMEHEHHE B KBAaHTOBBIX MHOTOYPOBHEBBIX IapaMarHUTHBIX YCHJIUTENSAX, NPEACTaBICHUE O
ITYMOBBIX CBOWCTBaX KBAaHTOBBIX ApaMarHUTHBIX YCUIIUTEINIEH.

[Tepexons K ONTUYECKOMY TUANA30HY HEOOXOAUMO OOBSICHUTH OCOOCHHOCTH B3aUMOICHCTBUS
ONITUYECKOTO M3IIyYeHHs C BEUIECTBOM, OCOOCHHOCTH €r0 HMCIOJIb30BaHUS B YCTPOWCTBAX KBaHTOBOM
aneKTpoHUKU. Heob6xoaumo mMeTh npeacTaBieHHe 00 OCHOBHBIX CIIOCOOAaX IMOY4YEHHs MHBEPCHOM
HACEJICHHOCTH B ONTHYECKOM Juara3oHe. HyXHO pacckas3Th, 4TO TaKO€ ONMTUYECKHN PE30HATOP, YeM
OH OTJIMYAETCs OT PE30HATOPOB PaMOAMAIa30HA, HAYYUTh OLICHWBAaTh OCHOBHBIE BHJIbl IOTEPb, MX
BIMSHUE Ha CBOMCTBAa pPE30HATOPOB, JaTh IPEACTaBIECHUS OO0 YCTOHYMBBIX M HEYCTOMUUBBIX
pe3oHaTopax. Packa3aTb COOCTBEHHBIX THIAX KOJIEOAHUH ONTHYECKUX PE30HATOPOB (MoOJax).
KayecTBeHHO HM300pa3uTh pacnpeneieHue 3MEKTPUUECKOro MOl A Pa3iIMYHbIX MOJ, IOKa3aTh
OCHOBHBIE METO/IbI CEJIEKLIUU TUIIOB KOJIEOaHHIA.



PacckazaTh crocoObl MOJIyueHHs] WHBEPCHOM HACENEHHOCTH W paboTy TBEPAOTEIbHBIX
ONITUYECKUX KBAHTOBBIX F€HEPATOPOB (HA MpUMepe pyOMHOBOTO U HEOAMMOBBIX JIa3€POB), OCHOBHBIE
PEXHUMBI pabOThI, X OCHOBHBIE XapAaKTEPUCTUKH U CIIOCOOBI UX MOJIYUYEHHUS.

ITokazaTth paboTy, crnocoObl MoixydeHHss WHBEpcHOM HaceineHHocTH He-Ne nazepa, pousb
OydepHoro raza — renusi, ONTUMaJbHBIE YCIOBUS pabOTHI (MTaplHalbHbIe AaBlIeHUs B pabouell cMmecH,
oOIee maBJICHHME CMECH, TOK paspsja, BIWSHHE IUaMeTpa Ta3zopaspsaHoi TpyOkm). Jlazep Ha
YIJIEKHCIIOM Ta3e, KaKOB COCTaB palboueil cMecH, poib KaXJ0ro KOMIOHEHTa. Tumbl ja3epoB Ha
YIJIEKUCIIOM ra3e M MX OCHOBHBIE XapaKTEPUCTUKHU (OTMAasHHBIE JIa3epbl, C MPOAOIBbHON MPOKAaUKOH, ¢
nonepeyHoi npokaukoil, TEA-na3epsl, UX 0COOEHHOCTH).

ABTOP(BI):

Cumaiino Urops [lerposuy, K.¢.-M.H.



