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Mporpamma aucumnnmHbl "CneunanbHblil nabopaTopHbIi NPakTUKYM NO KBAHTOBOM anekTpoHnke"; 011800.62 Paanodusvka; Beaylumii
Hay4YHbI COTPYAHWK, O.H. (noueHT) Cemawko B.B.

Mporpammy aucumnnuHbl paspaboTtan(a)(1) Beoywmii Hay4YHbIA COTPYLHUK, O.H. (noueHT) Cemawko
B.B. HAJ1 marHnTHOI pagnocnekTpoCKonNum 1 KBaHTOBOW aNeKTPoHnkM nm. C.A. AnbTwynepa
Kadbenpa kBaHTOBOW 3NEKTPOHUKK 1 paanocnekTpockonun , Vadim.Semashko@kpfu.ru

1. LLenn ocBOEHUS AUCLUMIUHDI
Llensmun yyebHoM NpakTUKm No KBaHTOBOW Paanogon3nke sIBNSILOTCS:

a) npakTuyeckoe (aKcnepuMeHTanbHOE) N3y4eHne PUsnyeckmx aBneHnin, apgekTos 1 NPUHLMUNOS,
nexaltimnx B OCHoBe KBaHTOBOW paanogu3nKu;

6) n3yyeHne CoBPEMEHHbIX 3KCMEPMMEHTaNbHbIX METOAUK, yMeHMe paboTtaTtb Ha Hay4HbIX npubopax,
OLeHMBaTb [OCTOBEPHOCTb Pe3y/bTaToB 9KCNEPUMEHTOB;

B) 3aKpenneHue n yrnybneHme TeopeTnyeckoin NoaroToBku B pamkax Kypcos "KBaHToBas
paguoduaunka", "OCHOBbI PU3NYECKMX NPOLECCOB B ONTUYECKNX KBAHTOBbIX reHepaTopax” u
"CneuuanbHble BONPOCHI KBAHTOBOW 3NEKTPOHUKN";

B) NprobpeTeHne NpakTM4eCcKnX HaBblkoB paboTbl 1 KOMMNETEHUMIA B COEPE KBAHTOBOM
paanogon3nKku.

NKHW.

2. MecTO AMCUMNNNHBI B CTPYKTYpe OCHOBHOM 06pa3oBaTtefibHOM NPOrpammbl BbICLLETO
npocpeccuoHanbHOro o6pasoBaHus

JaHHas yyebHas oncumnnnHa BktodeHa B pasgen " 53.0B.9 MNpodeccrnoHanbHblil" 0CHOBHOM
obpasosaTtenbHol nporpammbl 011800.62 Paonoduramka n 0THOCUTCS K AUCLMNIMHAM NO Bbibopy.
OcBavBaeTtcs Ha 4 Kypce, 8 cemecTp.

[MpakTukym BbiNONHAETCS B pamkax uunkna b3 u kypcos "KBaHToBas paamogmanka”, "OCHOBbI
doM3MYEeCKMX NPOLLECCOB B OMTUYECKUX KBAHTOBbIX reHepaTopax” n "CneunanbHble BOMPOCHI
KBAHTOBOW 9/IEKTPOHMKN" 1 Npu3BaHa 0becneyntb 3akpenneHne n yrnybneHne Teopetmyeckom
NOOrOoTOBKW, @ TaKXe NPUBUTb NPaKTUYecKne HaBblku paboTbl U KOMNETEHUMN B 06NacTn KBAHTOBOM
pannodn3nKm, KBAHTOBOW SNEKTPOHUKM, METPONOIMY Na3epPHOro 1 ONTUYECKOro U3Nny4yeHus, OU3NKK
TBEPOOTENbHbIX 1a3€POB 1 BOMPOCOB NPUMEHEHNS NAa3ePHOM TEXHUKU B Pa3NNYHbIX 06nacTsax
4enoBeYeCcKon OesATenbHOCTU.

TpeboBaHMs K BXOAHbIM 3HAHNSM - 00y4aeMblil BonxeH obnanatb:
- CMNOCOBHOCTBIO K FPaMOTHOM NMUCbMEHHOW 1 YCTHOW KOMMYyHMKaUun Ha pycckom s3bike (OK-1);

- CNOCOBHOCTBIO BbICTPAMBaTh 1 Peann3oBbiBaTb NEPCNEKTUBHBIE MMHUN UHTENNEKTYaNbHOTO,
KyNbTYPHOr0, HPABCTBEHHOMO, (PU3NYECKOro 1 NPOdIECCUOHANIBHOIO CaMOPa3BUTUS U
camocosepleHcTsoBaHus (OK-2);

- CNOCOBOHOCTBIO K OBNaAeHn0 6a30BbIMU 3HAHUSIMI B 0ONaCT MaTeMaTkn U €CTECTBEHHbIX HayK,
NX NCNONb30BaHMIO B NpodheccrnoHanbHom geatenbHoctn (OK-8);

- CNOCOBHOCTBIO CaMOCTOATENBHO NPUOBPETATh HOBbIE 3HAHUS, UCMONb3YS COBPEMEHHbIE
obpaszoBaTtebHble U MHPOPMaLUMOHHbIE TexHonorun (OK-10);

- CNOCOBHOCTBIO K MPaBUIbHOMY MCMOMb30BaHMIO 0OWEeHay4yHOM 1 cneunanbHON TEPMUHONOT U
(OK-12);

- CNOCOBHOCTBIO K OBNAAEHNIO MHOCTPAHHbBIM S3bIKOM B 06 beMe, OCTATOYHOM AN1S1 YTEHUS U
NOHMMaHWS OpUrMHanbLHOM nuTepaTypbl No cneunanbHoctn (OK-13),

- CNOCOBHOCTLIO K OBNafeHnto 6a3oBbiMM 3HAHUSAMK B 06n1aCTu MHAPOPMATUKM U COBPEMEHHbIX
MHPOPMALMOHHbBIX TEXHONOT A, MPOrPaMMHbIMU CPEACTBaMM U HaBblkaMy paboTbl B KOMNbIOTEPHbIX
ceTax; ncnonb3osaHuio 6a3 aaHHbIX 1 pecypcos MHTepHeT (OK-14)

B yacTHOCTK, 0By4aeMblii LONXEH UMETb 3HAHMS B 06 beMe 0bLwel (oU3NKK, BbICILER MaTEMATUKW,
TEOpEeTNYECKON N aTOMHON COU3UKN.

npaKTI/IKYM 3asepuaet o6pa3OBaH|/|e no cneunanbHOCTA 6aKanaBp|/|aTa n npegwecTteyeT Kypcam

maructpatyp "®unsnka KOHOEHCUPOBAHHOIO COCTOSAHMSA", "Pur3nKa MarHUTHbIX SBNEHUA" 1
nnaHnpyemon K otTkpbITuio "KBaHToBas pagnoduamnka”.
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3. KomneTteHuuun obyuarowerocsi, popMupyemble B pe3yibTate 0CBOEHUS AUCLUMIINHDI
/mopyns

B pe3ynbTate 0CBOEHUS AMCLMNINHBI (OOPMUPYIOTCS CReaytowme KOMNeTEHUNN:

Pacwmndpposka
npuobpeTaeMoi KOMNeTeHL NN
OK-8. cNOCOBHOCTbIO K OBNaAeHuto 6a3oBbIMY 3HAHMSAMA B
0K-8 obnactn MateMaTuky N eCTECTBEHHbIX HAyK, NX MCMNONb30BAHWIO
B MpodpeccrnoHanbHoOM OeATeNbHOCTN

nK-1. ncnonb3oBaTtb 6a30BblE TEOPETUYECKNE 3HAHNS (B TOM
nK-1 yucne No AncumMnanHaM Npogounmsaummn) onsa peweHns
npogoeccnoHanbHbIxX 3aaad

MK-2. NPUMEHSTb Ha NpakTke 6a30Bble NPOtECCHOHANbHbIE

LLncpbp komneTeHUUN

k-2 HaBbIKM
NOHUMATb NPUHUUMBI PpaboTbl 1 METObI aKCMyaTaumm

nKk-3 COBPEMEHHOWN PaaMo3NeKTPOHHOW 1 ONTUYECKOW annapartypbl 1
obopynoBaHus

nK-6 NK-6. K NpogpeccrnoHanbHOMy PasBuUTUIO 1 CAMOPa3BUTUIO B

obnactu panmodnamnku

B pesynbTate 0CBOEHUS OUCUUMINHBI CTYOEHT:
1. DONXEH 3HaThb:

MpUHLMNbLI 1 NpakTndeckme crnocobbl Co3aaHNs UHBEPCHON 3aCEeNeHHOCTU 1 paboTbl YCTPOWCTB
KBAHTOBOW 3NEKTPOHMKMN (ONTUYECKMX YCUNUTENEN N ONTUYECKMX KBAHTOBbIX FEHEPaTOPOB)

OCHOBHbIE CXEMbl MOCTPOEHMS SKCNEPUMEHTANbHbIX YCTAHOBOK A/15t UCCNef0BaHMsl XapakTepucTuk
KBAHTOBO-3NEKTPOHHbIX YCTPONCTB;

OcHoBbl 06paboTKN pPesynbTaTtoB N3MEPEHMIA

2. DONIXEH yMeTb:

3KCNNyaTUpoBaTbh COBPEMEHHYIO OM3NYeCKyto annapatypy 1 obopynoBaHUe;

NPVMMEHATb Ha NpakTuke 6a30Bble 3HAHUS TEOPMM U METOLOB CHU3NYECKUX NCCEL0BaHNIA (B
COOTBETCTBMM C NPOOUNIEM NOArOTOBKW);

NoNMb30BaTbCA COBPEMEHHBIMM METOAAMU 00PabOTKM, aHanM3a 1 CHTE3a PM3M4ECKON
MHgOopMaLMK (B COOTBETCTBUN C MPOCPMIEM NOAFOTOBKN);

aHanManpoBaTb 1 06 bACHSTL NoNyYyaeMble pe3ybTaTbl 9KCNEPUMEHTOB NabopaTopHOro
NPaKkTUKyMa;

NnoHMMaTb U n3naraTtb Nonyvyaemyro NHGOPMaLNIO N NPEOCTaBNATb Pe3dyibTaTbl PUINYECKUX
nccnegoBaHum;

COCTaBnATb OTYETHI 00 aKCcnepunMeHTallbHbIX NCCnenoBaHUAX.

3. 0OMXEeH BnageTb:

OCHOBHbIMV METOAVKAMU W HaBblKaMy 3KCNEPUMEHTANbHOIO NCCNELOBAHUS (PU3NHECKMX SIBIEHWIA
KBaHTOBOW paanochnamnKu.

4. nONXeH OEMOHCTPNPOBATL CMOCOOHOCTb M FTOTOBHOCTB:
1) K nocTaHoBKe Lienn 1 Bolbopy NyTei ee NOCTUXEHNS, HACTONYMBOCTb B AocTuxeHun uenn (OK-3);

2) K KpUTUYECKOMY NEPEOCMbICNIEHNIO HAKOMMEHHOrO ONbiTa, U3MEHATL NP HEOOX0AMMOCTH
npochunb ceoe npodpeccrmoHanbHom geatenbHoctn (OK-4);

3) paboTaTb CaMOCTOSITENIbHO U B KONNEKTMBE, PYKOBOANUTb NOABMU U NoaYMHSATECS (OK-6);
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4) caMoCTOATENbHO NPUObpeTaTb HOBbIE 3HAHWUS, UCMONb3YSt COBPEMEHHbIE 0Opa3oBaTeNbHbIE U
NHpopmMaumnoHHble TexHonorum (OK-10);

5) cobupatb, 060bwartb U MHTEPNPETUPOBATL C UCMONb30BAHWEM COBPEMEHHBLIX MHGOPMALIMOHHbBIX
TEXHONOMN MHAPOPMaLMO, HEOOXOAUMYIO AN CPOPMUPOBAHMS CYXAEHMIA MO COOTBETCTBYIOLNM
crneunanbHbIM, HayYHbIM, COLMANbHBIM 1 3TnYeckmm npobnemam (OK-11);

6) ncnonb3oBaTb 6a30Bble TEOPETUYECKME 3HAHNS (B TOM YMCE NO AMCLMNINHAM NPOgUIn3aumm)
Ong peweHns npodpeccmoHanbHbix 3agad (MK-1);

7) NpUMEHSTb Ha NpakTrke 6a3oBble NpogyeccuoHanbHble Haeblkn (MK-2);

8) noHMMaTb NPUHLUMMbLI PaboTbl U METOAbI SKCMNyaTauumn COBPEMEHHOW PaANO3NEKTPOHHON 1
onTuyeckoi annapatypbl n obopynosaHus (MK-3);

9) ncnonb3oBaTb OCHOBHbIE METOAbI pannodu3nyeckux namepeHuin (MK-4);

10) K BNafeHUio KOMMbIOTEPOM Ha YPOBHE OMbITHOIO MOMb30BATENS, MPMMEHEHNIO MHAPOPMALIMOHHBIX
TEXHONOrNIA ONs peweHns 3anady B 0bnactn pagnoTexHNKN, PaanoanekTPOHUKN 1 Paanoun3nkn (B
cooTtBeTCcTBMM C npodomnunaaumeinn) (MK-5);

11) K NpodheccrnoHanbHOMy PasBUTUIO M CaMOPa3BUTUIO B 06NacT paanogU3nKn 1 3NeKTPOHNKM
(MK-6);

12) K NpoBeneHNo 3aHATUIA B y4ebHbIX nabopatopumsix By3os ([1K-9);

13) k opraHmnsauuy paboTbl MONOAEXHbLIX KONNEKTNBOB ucnonHutenein (MK-11)

4. CTpyKTypa 1 cogepxaHue AUCLUNIUHBI MOAYNs
Obwas Tpya0eMKOCTb ANCLMMNIMHBI COCTaBNSET 4 3a4eTHbIX(ble) eanHnL(bl) 144 yaca(os).
dopma NPOMEXYTOYHOr0 KOHTPONSA OMCUUNANHBI 3a4€eT B 8 cemMecTpe.

CyMMapHo no amcumnanHe MoxHo nony4ntb 100 6annos, U3 HMX Tekylwas paboTta oueHmBaeTcs B 50
6anno., ntorosas popma KoHTpons - B 50 6annos. MnHMManbHoe KONM4YeCcTBO ANs fOMnycKa K 3a4eTy
28 6annos.

86 6annos 1 bonee - "oTANYHO" (OTN.);

71-85 6annos - "xopowo" (xop.);

55-70 6annos - "ynoBnetBoputenbHO" (yaoo0B.);

54 6anna n MeHee - "HeynoBNeTBOPUTENbHO" (Heya.).

4.1 CTpyKTypa 1 comepXxaHue ayguTopHon paboTtbl No gucuunimHe/ MOAynto
TemaTtnyecknu nnaH gUCUMUNAUHbI/MOAYNS
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Buabl n yachbl
ayauTopHOM paborThbl,

Paspen
Hepens MX TPy AO0EMKOCTb Tekywume copmbl
N ‘D'"Kn"(")':lr;;}r;”b'/ C("w'echcemecrpa (B yacax) KOHTpOnsi
Nekumm MpakTnyeckmelllaboparopHbie
3aHATUA paboTbi

Tema 1. 1) OnTryeckuii
KBaHTOBbI reHepaTop
Ha kpucTanne pybuHa 2)
OKT Ha rasoBoin cmecu
renus n HeoHa 3)
MonynpoBOAHMKOBBI
NHXEKLMOHHbIN nasep (
2 Tvna pabor) 4)
OHepreTuyeckmne
XapakTepUCTUKHN
nasepa Ha UTTpun
anoMVHWEBOM rpaHare,
aKTVBUPOBAHHOM
noHamu
1. TPEeXBaNEHTHOro 8 1-8 18 0 18
Heoanma 5)
MeTponorus nasepHoro
n3ny4yeHuns 6)
OHepreTuyeckmne
XapakTepUCTUKHN
nasepa Ha UTTpun
anoMVHEBOM rpaHare,
aKTVBUPOBAHHOM
noHamu
TPEeXBaNEHTHOro
Heoguma 7) JlasepHoe
TenesmaeHune 8)
OnTuyecknii ycunutens

Tema 2. 5) MeTtponorus
Nnas3epHoOro n3ny4yeHus
6) Nonorpadpusa 7)

2. IlasepHoe TenesuoeHve 8 9-18 18 0 18

8) OnTuyecknin

ycunuten

Tema . Itorosas 3ayer
" |doopma KOHTpoOns 8 0 0 0

Ntoro 36 0 36

4.2 CopepxaHvue oUCLUMNMUHbI

Tema 1. 1) OnTMUecKnin KBaHTOBbIN reHepaTop Ha Kpuctanne pybuHa 2) OKIN Ha razoBow
cmecu renus n HeoHa 3) MonynpoBoAHUKOBbBIN MHXEKLIMOHHBIN na3sep ( 2 Tuna pabor) 4)
OHepreTnyeckme xapakTepMcTuKu nasepa Ha UTTPUKU antoOMUHUEBOM rpaHare,
aKTMBMPOBaAHHOM MOHaMM TpexBaNneHTHOro Heoguma 5) Metponormsa nasepHoro usny4yeHus 6)
OHepreTnyeckme xapakTepMcTuKu nasepa Ha UTTPUKU antoOMUHUEBOM rpaHare,
aKTMBMPOBaHHOM MOHaMM TpexBaNneHTHOro Heoguma 7) JlazepHoe TenesmaeHue 8)
OnTunyeckun ycunurenb

neKkumnoHHoe 3aHsiTne (18 yaca(os)):
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Nekumm yutatotes gou. C.M.HukntuHbiM Tema 1. BeeneHue NpenmeTt KBaHTOBON pagnouankm
Tema 2. MexaHuaMbl ylwmpeHns cnekTpanbHbix nMHUIA. Penakcaums Tema 3. KBaHTOBas Teopus
CcBOOOIHOrO 9NEKTPOMArHUTHOrO Mons NEKUMOHHOE 3aHsTue (6 Yaca(oB)): Tema 4. KBaHToBas
Teopus B3aMOLENCTBMSA SNEKTPOMarHMTHOro nons ¢ sewecTsom Tema 5. KBaHTOBblE yCunuTenu
Tema 6. OTkpbITble pe3oHaTopbl. Tema 7. KBaHToBble reHepatopbl Tema 8. TBepaoTenbHble nasepbl.
Tema 9. AtomHble nasepsbl. Tema 10. NonynposoaHuKoBbie nasepbl Tema 11. [NepecTtpavBaemblie
nasepbl NEKLMOHHOE 3aHATMe (2 yaca(oB)): Tema 12. INeKTPOHHbI napamMarHUTHbIA Pe30HaHC

naboparopHas pabora (18 yaca(oB)):

MN3yyaeTcs Teopms NpoueccoB B ONTUYECKUIA KBAHTOBbIX FEHEPATOPOB Ha KpucTannax pybuHa u
NTTPUIA antOMUHUEBOIO rpaHaTa, akTMBMpoBaHHOro noHamn Nd3+, rennin-HeoHoOBOr O,
MoMyrnpPOBOAHNKOBOrO Na3epoB., a TakXe HEKOTPbIX aCNeKTOB NPUMEHeHUs nasepos (ronorpadus,
nasepHoe TenesnaeHue). MNMposoastcs nabopatopHbie paboTbl N0 UX HABNIOAEHNIO U UCCNEOOBAHMIO
nx xapaktepucTuk. NMoopobHoe onncaHme nabopaTtopHbIX PaboT N3NOXEHO B COOTBETCTBYIOWMX
METOLOMNYECKMX yKa3aHMAX

Tema 2. 5) Metponorusa nasepHoro usny4dyeHus 6) lonorpacusa 7) JlasepHoe tenesuneHue 8)
Ontuyeckun ycunurten

JNleKuoHHoe 3aHsitne (18 yaca(os)):

Nexumm yutatotca gou. C.M.HukntuHbiM Tema 1. BeeneHue Npeanmet KkBaHTOBON pagnogunankm
Tema 2. MexaHn3Mmbl ylwMpeHus criekTpanbHbix NMMHWA. Penakcauusa Tema 3. KeaHtoBas Teopus
cB0OOOHOr0 9NEKTPOMarHUTHOrO NONS NeKUMoHHoe 3aHsATue (6 Yaca(os)): Tema 4. KsaHToBas
Teopus B3aMMOOENCTBMSA 9NEKTPOMarHUTHOrO Nons ¢ BewecTsoM Tema 5. KBaHTOBble ycunurtenm
Tema 6. OTkpbITble pe3oHaTopbl. Tema 7. KeaHToBble reHepatopbl Tema 8. TBepaoTenbHble nasepbl.
Tema 9. AtomHble nasepsbl. Tema 10. NonynposoaHukoBble nasepbl Tema 11. lNepecTtpanBaemble
nasepbl NeKUMOHHOe 3aHATHe (2 Yaca(os)): Tema 12. INeKTPOHHbIA NapamMarHUTHbIA Pe30HaHC

naboparopHas pabora (18 yaca(oB)):

MN3yyaeTcs Teopms NpoLeccoB B ONTUYECKUIA KBAHTOBbLIX FEHEPATOPOB Ha KpucTannax pybuHa un
UTTPUIA aNtOMUHMEBOrO rpaHaTta, akTMBMPOBaHHOIO noHamMm Nd3+, rennit-HeoHoBOr o,
MoynpoBOAHNKOBOrO N1a3epoB, a TakXe HEKOTPbIX acMeKTOB NPUMeHeHNs nasepos (ronorpadoms,
nasepHoe TenesnaeHue). NMposoasatcs nabopatopHbie paboTbl N0 UX HAONIOAEHMIO U UCCNELOBAHMIO
nx xapaktepucTuk. NoopobHoe onncaHme nabopaTopHbIX PaboT N3N0XEHO B COOTBETCTBYHOWMX
METOLMYECKMX yKa3aHMAX

4.3 CTpyKTypa 1 copepXxaHue caMOCTOSITeNIbHOM paboTbl AUCLMMINHBI (MOLYNISA)
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Buabl
Paspen CemecTp Hepens | camocTosiTensHon [TpyA0eMKOCTb ;%%%:L:?:;Eﬂg;
AducumnnuHbl cemecTpa paborthbl (B wacax) pa6oTLl
CTyAOeHTOB
Tema 1. 1) OnTnyeckuin
KBaAHTOBbI reHepaTop
Ha kpucTanne pybuHa 2)
OKI" Ha rasoBow cmecu
renns n HeoHa 3)
[MonynpoBOOHNKOBbIA
NHXEKLMOHHbIN nasep (
2 Tvna pabor) 4)
DHepreTnyeckmne
XapaKTepuCTuKM - Kak npasuno
nasepa Ha uTTpui ’
antoMVHNEBOM rpaHare, z:l'gg?"'e”“e ﬁp?gggﬁe:wo
agLV;TAMMpOBaHHOM OCYLLEeCTBNSAETCS 9KCNepUMeHTanbHOW
TpexsaneHTHoro 8 1-8 |[B Tpu aTtana 36 4yacTtu }
Heonuma 5) KONNEKTUBOM, nagopaT%pHom
MeTponorus nasepHoro ;g;;?:p”é':'("' s Eg&;:#mg;*ma
n3nyyeHus 6)
DHepreTnyeckmne CTYAEHT
XapakTepUCTUKK
nasepa Ha UTTpun
antoMVHNEBOM rpaHare,
aKTUBMPOBAHHOM
NOHaMM
TPEeXBaNEHTHOro
Heoanma 7) JlazepHoe
TeneesmaeHune 8)
OnTunyeckunin ycunntenb
Kak npasuno,
Tema 2. 5) MeTtponorus E:gg:”eme ﬁ;:ggﬁe:mo
g??%%:?g%qm)?ﬂly;?wﬂ ocylecTBngaeTcs 9KCMnepMeHTanbHom
Naseproe TenesuaeHme 8 9-18 |B Tpn aTtana 36 4yacTtu }
8) OnTMYECKuNiA KONNEKTUBOM, nabopaTtopHoii
ycunuTen COCTOSIWMM 13 paboTbl; 3awmTa
OBYX-Tpex pesynbTaToB
CTYOEeHT
WNtoro 72

5. O6bpa3oBarenbHble TEXHONOIMU, BK/IOYAsA MHTEPaKTUBHbIE hOpMbl 06yUYeHUs

CamocTosiTenbHast paboTta CTyOeHTOB B COBPEMEHHbIX chnanyeckmx naboparopusix (Bknrodas paboty
B rpynnax). Pasbop pe3ynbTaToB peanbHbIX 9KCNEPUMEHTOB. VIcnonb30BaHne B NpogecCnoHanbHom
LEeSATENbHOCTU COBPEMEHHbIX IT-TEXHONOI WA, BKNOYAS KOMMbIOTEPHbBIE CUMYNSLIN, MHTEPHET
pecypcbl. 100% ayaoMTOPHbIX 3aHATUIA MPOBOAATCS B aKTUBHO-UHTEPAKTMBHOW (POpME.

6. OLeHOYHble cpeacTBa NS TEKYLLLEro KOHTPONS ycneBaeMoCTh, MPOMeXYTOYHOWM
aTTecrauum rno MToramMm OCBO€HUsi AUCLUIMINHDBI U y4eOHO-MeToauyeckoe obecneueHune
camocTosiTeNIbHOM paboThbl CTYAEHTOB

KETPOHHBH
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AHATTAMECKAR CrCTEMA KPY
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Tema 1. 1) OnTUecKuin KBAHTOBbIW reHepaTop Ha KpucTtanne pybuHa 2) OKIN Ha razoBow cMecu
renvs n HeoHa 3) MonynpoBOAHUKOBbIA MHXEKLMOHHbIW Nna3ep ( 2 Tuna pabor) 4)
OHepreTnyeckme xapakTepMcTuKum nasepa Ha UTTpMN aNtoOMUHUEBOM rpaHaTe, akTUBUPOBaAHHOM
MOHaMM TpexBaseHTHOro Heoauma 5) MeTponorusi nasepHoro uanyd4yeHus 6) dHepreTuyeckme
XapakTepucTUKU nasepa Ha UTTPUA aNtOMUHNEBOM rpaHaTte, akTUBUPOBaHHOM MOHaMM
TpexBaneHTHOro Heoauma 7) JlazepHoe tenesuaeHue 8) OnTnyeckum ycunutenb

Llonyck K NpoBefeHNI0 3KCrneprMeHTanbHOM YacTi nabopaTopHoit paboTol; 3awmTa pesynbTaTos ,
NpUMepHbIe BOMpPOChHI:

Lns nonyyeHns gonycka CTyAeHT AOMKEH NPOAEMOHCTPMPOBATL 3HAHMS TEXHUKM Be30nacHOCTY npwu
NPOBEOEHUN SKCMEPUMEHTOB, NMPUHLUMUMOB PYHKLMOHNPOBAHNS 1 KOHKPETHbIX MpMeMoB paboThbl Ha
npeanonaraeMom K MCnonb30BaHUIO SKCNepUMeHTanbHOM 060pyA0BaHUN, MPUMEHSIEMbIX
aKcnepuMeHTanbHbIx MeToauk. 3awuTta pesynbtatos HVIP no nabopatopHoii paboTe 3akno4aeTcs B
LEMOHCTpaUMM CTYAEHTOM 3HaHW Teopun No npeameTy nabopaTopHol paboThl, a Takxe
npaBuIbHOM N 0BOCHOBAHHOW MHTEPRPeTauun NoNyYeHHbIX 3KCNepUMEHTaNbHbIX Pe3y/bTaToB.

Tema 2. 5) Metponorusa nasepHoro usny4dyeHus 6) lonorpacusa 7) JlasepHoe tenesuneHue 8)
Ontuyeckun ycunurten

[onyck K NpoBeAeHUNIo aKCnepuMeHTanbHo YacTn nabopartopHoi paboTbl; 3awmra pesynbTaTos,
NMPUMepPHbIe BOMPOCHI:

Ins nonyyeHns gonycka CTyAeHT AOMKEH NPOAEMOHCTPMPOBATL 3HAHMS TEXHUKM 6e30nacHOCTY nNpwu
NPOBELEHUN SKCMEPUMEHTOB, NMPUHLMUMOB PYHKLMOHUPOBAHNS 1 KOHKPETHBIX MPMEMOB paboThbl Ha
npeanonaraemMoMm K MCnonb30BaHUI0 9KCNEPUMEHTaNbHOM 060pyA0BaHUN, NPUMEHSAEMbIX
aKcnepuMeHTanbHbIx MeToauk. 3awuTta pedynbtatos HVIP no nabopatopHoii paboTe 3aknioyaeTcs B
LEMOHCTPALMM CTYAEHTOM 3HAHWUI TeopUN No NpeamMeTy nabopaTopHol paboThl, a Takxe
NpaBUNbHOM N 060CHOBAHHOW MHTEPNPEeTaUUn NONYYEHHbIX 3KCNEPUMEHTANbHbLIX PE3Y/bTAaTOoB.

Tema . UToroBasi oopma KOHTpOns

[MprMepHbIe BONPOCHI K 3a4eTy:
CamocTosTenbHas paboTta CTyAeHTOB MO3BONSET Pa3BUTb Cneayowme KOMNeTEHLUN:

NpW NOAroTOBKE K NONYYEHUO [OMycKa Ha BbiNonHeHWe nabopatopHbix pabor - MK-1, MK-2, MK-3
NPV BbINOMHEHWMN yNpaxHeHuin nabopaTtopHbix pabort - MK-1, MK-2, MNK-3, MNMK-6

Npw NOAroTOBKE K 3alunTe pe3ynbtaTtoB nabopatopHoi pabotsl - MK-1, MK-2, MK-3, Nk-6, OK-8
npwn yCTHbIX oTBETax Ha sonpocsl - MNK-1, MK-2, MK-3, MNMK-6, OK-8

Texywmin KOHTPONb YCNEBAEMOCTM OCYLLECTBASETCS NyTEM NONYYEHUS CTyAEeHTamMM fonycka K
BbIMOMHEHMWIO 9KCNEPUMEHTANBbHOM YacTy Kax 4o n3 paboT npaktukyma. [1ns nonyyeHms nonycka
CTYOEHT [OMXEH NPOLEMOHCTPUPOBATb 3HAHNS TEXHMKM 6€30MacHOCTU Npu NPoBEAEHUN
9KCMEPUMEHTOB, MPVHLUMMOB (PYHKLUMOHUPOBAHMS 1 KOHKPETHBIX MPUEMOB paboTbl Ha
npeanonaraeMoMm K MCnonb30BaHUI0 9KCNEPUMEHTaNbHOM 060pyA0BaHUN, NPUMEHSAEMbIX
aKCnepuMeHTanbHbIx METOAUK. MakcumanbHoe 4ncno Habvpaembix 6annoB ons Kaxnon n3 pabot Ha
aTOM aTane coctaenseT fo 20 6annos. OctanbHble 80 6annos 3a kaxayto 13 paboT HabuparoTcs no
pesynbTatam NpoBeAEHUS 3annaHMPOBaHHbIX 3KCNePUMEHTOB (80 40 6annoB) 1 No pesdynbtatam
YyCBOEHUSI TeopeTmnyeckoro matepmana (oo 40 6annos). OkoH4YaTenbHble pe3ynbTaTtbl CTyAeHTa No
LAHHOMY creuunanbHOMy NPakTUKyMy onpeaenstoTcs NyTeM CyMMMpoBaHus 3apaboTtaHHbix 6annos
MO Kaxaow n3 paboT u AeneHns ux Ha 8 ans CTyAeHTOB Kagoeapbl KBAHTOBOW 9NEKTPOHUKN 1
pPannocnekTPOCKONuU 1 Ha 4 ona CTyOeHTOB Opyrux kadpenp.

Jonyck K NpoBeAeHUNIo aKCnepuMeHTanbHo YacTn nabopatopHoit paboTbl; 3awmnTa pesynbTaTos,
NMPUMepPHbIe BOMPOCHI:

s nonyyeHns gonycka CTyAeHT [OMKEH NPOAEMOHCTPUPOBATb 3HAHMS TEXHUKM 6e30nacHOCTH
NPV NPOBEAEHUN SKCNEPUMEHTOB, MPUHLMUMOB OYHKLIMOHNPOBAHNS 1 KOHKPETHBIX MPUEMOB paboThl
Ha NpeanonaraeMoM K MCNnonb30BaHMI0 9KCNEPUMEHTaNbHOM 060pyA0BaAHUN, NPUMEHSEMBIX
aKcnepuMeHTanbHbIx MeToauk. 3awuTta pesynbtatoB HVIP no nabopatopHoii paboTe 3aknoyaeTcs B
LEMOHCTPALMM CTYAEHTOM 3HAHWI Teopun No npeamMeTy nabopaTopHol paboThl, a Takxe
NpaBUNbHOM N 0BOCHOBAHHOW MHTEPNPEeTaUUn NONYYEHHbIX 3KCNEPUMEHTaNbHbIX PE3Y/bTaToB.

Cnimcok BoNpocoB K nabopatopHbiM paboTam (k 3a4eTy):
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a) NabopaTtopHble paboTta "OKI™ Ha kpucTanne pybuHa"

1. YpaBHeHune nepeHoca nanyyeHus B ycunuaaruer cpene. KoatpumumeHT ycmneHus.
2. 'HBepcusa HaceneHHOCTeN.

3. OCHOBHble METOAbI CO34aHNS MHBEPCUN B Cpedax. TpexypoBHEBbIE CUCTEMbI.

4. CnekTp Mon pesoHaTopa.

5. lnHamuka npoueccos B nasepe. Pexunm ctaumoHapHom reHepaunn.

6. lMopor reHepaumu, K.n.4. reHepaumu.

7. Pexxum mopynsumm nobpoTHOCTHU.

8. Ilazep Ha kpucTanne pybuHa.

6) JTabopatopHble paboTa "lMenunit-HeoHoBbIn OKI™
1. CNOHTaHHOE 1 BbIHYXOEHHOE MU3Ny4YEHNE.

2. VlHBepcusa HaceneHHoCTeN.

3. MNpuHumn pencrtens nasepa.

4. OTAnynTEenbHble 0COHEHHOCTM ra30BbIX 1a3€POB.

5. He-Ne nazep. Cxema aHepretTnyeckumx ypoHen atomoB He n Ne. MexaHnambl Haka4yky nasepHbIxX
YPOBHE atOMOB HeoHa. JInHun reHepauum.

6. MowHocTb nanyyderHns n Kro He-Ne nasepa. 3aBMCMOCTb MOLWHOCTU N3MyYEHMS OT ToKa
paspsna.

B) llabopaTtopHas pabota "MonynpoBOAHNKOBBIA NHXEKLMOHHbIA nasep”

1. YcnoBre BO3HWKHOBEHUS MHBEPCUM HACENEHHOCTEN B NONYNPOBOAHUKOBbIX Matepuanax.

2. Mpsamoir n HenpsiMoii Nnepexodbl. [oYeMy B MONyNpPOBOLHMKOBbIX Na3epax UCMoNb3yeTcs B
OCHOBHOM MpsiMOli nepexon?

3. BnusiHne Temnepatypbl Ha paboTy NonynpoBOAHNKOBbLIX Na3ePOB.

4. YCTPOMCTBO U NPUHLMN OEACTBMS NONYNPOBOAHMKOBOrO MHXEKLIMOHHOrO nasepa.
5. OTnmyme NnonynpoBOLHMKOBOro nasepa Ha roMo- 1 reteponepexoe.

6. Mopor reHepaunn MHXEKLUMOHHOIo nasepa.

7. ObnacTv npyMeHeHMs NoNynpoBOAHMNKOBbIX 1a3€poB.

r) JTabopatopHas pabota "lNonorpadpus”

1. VIHTepgepeHuuns ceeTa.

2. BugHocTtb

3. Buabl n BnusiHNE KOrepeHTHOCTM U3NYyYEeHNS Ha Ka4eCTBO roorpammb.
4. MeToAbl 3anNnCu ronorpamm.

1) NabopatopHble paboTa "MeTponorusi nazepHoro nany4yeHus” n "fllazepHoe tenesmoeHme"
. OCHOBHbIE CBOMCTBA Na3epHOro N3ny4yeHus

. [lpocTpaHcTBEHHas U BpeMeHHas KorepeHTHOCTb. InnHa KorepeHTHOCTH.

. \amepeHune KorepeHTHOCTN CBETOBOM BOJHbI.

. HanpasneHHoCTb nazepHoro nsnydeHus. CBONCTBA Myyka C raycCoBbliM Npocomnem.

. 9lpKOCTb NasepHOro n3ny4yeHus.

. [onapuaaumnsa nazepHoOro n3ny4eHnsa n MeTolbl ee N3MepeHns

. BpeMeHHble xapakTepuCTUKN Na3epHOro N3ny4yeHns n MeTobl X N3MepPeHns

. Yto Takoe uset? Kpmnsas LBETHOCTMW.

. MprHUMNbI hopMmpoBaHus LBEeTHOro TB nsobpaxeHus.

O© 00O NO O~ WDN =

e) NabopaTopHas paboTa "Mazep Ha UTTPUIA-antOMMHUEBOM rpaHaTe"

1. YpaBHeHve nepeHoca nanyyeHns B ycunueatowei cpene. KoadogpuumeHTt
yCUNeHus.

2. iHBepcusa HaceneHHoCTeN.

3. OCHOBHble METOAbI CO34aHNA NHBEPCUN B Cpefax. TpexypoBHeBas cucTema.
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YeTblpexypoBHeBas cucrema.

4. CnekTp Mo pesoHaTopa.

5. lnHamrka npoueccos B nasepe. Pexum ctaumoHapHOM reHepaumnu.

6. MNopor reHepaunn, KMNMO renepauunn, gucpbgpepeHumanbHbii KMO renepaunn.
7. Pexxum moaynsiumm nobpoTHOCTH.

8. Ilazep Ha kpucTanne uTTpui antoMMHNEBOrO rpaHara ¢ HeoAUMOM.

X) JTabopaTopHas pabota "OnTtuyeckuin ycunutenn"

1. KBQHTOBbI reHepaTop 1 KBAHTOBbIA YCUNUTESb, UX HA3HAYEHMUS U Pa3NNYNS.
2. MNonoca nponyckaHus ycunutens Gerywei BONHbI.

3. MakcmmanbHas BbIxoLHAsA MOWHOCTb MPY YCUIEHUN HEMPEPbIBHbIX CUrHAOB.
4. MakcuMyM BbIXOOHOM NAOTHOCTWN 3HEPrUN NPU UMNYNbCHOM PEXMME YCUNEHUSI.
5. dopma 1 onNTEeNbHOCTb UMMYNbCOB NPU YCUNEHUN.

7.1. OcHOoBHas nuTteparypa:

1. Wyka, A. A. OnekTtpoHuka / A.A. lyka. ? 2-e nag., nepepab. n gon. ? Cl6.: BXB-MNeTtepbypr,
2008. ? 751 c.: un. ? (YuebHas nutepatypa ans By3os). - ISBN 978-5-9775-0160-6.
http://znanium.com/bookread.php?book=350420

2. Nanpcbepr I'.C. OnTuka / "®unamatnnt”, 2010, 848 cTp.
http://e.lanbook.com/books/element.php?pl1_id=2238

3. bbikos B.l1., Cunnyes O.0. JlazepHble pesoHartopsl. / "duamarnnt”, 2004, 320 cTp.
http://e.lanbook.com/books/element.php?pli_id=2674

4. NemTpénep B., CoBpemeHHas nazepHas cnekTpockonus (y4.nocobue)/B.Oemtpénep,( nep. ¢
aHrn.) - onronpyaHbii: MHTennekT,2014. - 1071c.

5. duaunyeckne ocHoBbI 3NeKTPOHNKK: YuebHoe nocobue / B.B. YMpuxuH; YHukom Cepsuc. - M.:
Anbdpa-M: HAL UHdppa-M, 2012. - 304 c.: un.; 60x90 1/16. - (TexHonorn4yeckuim cepsuc).
(nepennert) ISBN 978-5-98281-306-0, 1000 ak3. http://znanium.com/bookread.php?book=316836

6. WrHatos, A. H. Knaccuyeckasi anekTpoHuKa 1 HaHO3NeKTPOHMKA [ONeKTPOHHbIN pecypc] : y4eb.

nocobue / A. H. rnatos, H. E. ®apneesa, B. J1. CaBuHbix, B. 4. Bacnanup, C. B. Bopobbesa. ? 2-e

n3g., crep. . M. : ®JIMHTA, 2012. ? 728 c. - ISBN 978-5-9765-0263-5.
http://znanium.com/bookread.php?book=455216

7.2. lononHutenbHasa nuteparypa:
1. H.B.Kapnos, Jlekunn no kBaHTOBOW anekTpoHuke. M.: "Hayka",1988.

2. MpwuHumnbl nazepos = Principles of lasers : nepesog ¢ aHrnuckoro / O. 3sento ; MNMep. O. H.
Kosnosa, C. b. CoanHoBa, K. I'. Anamosuy; Nog pen. T. A. WmaoHosa ., I3paHue 4-e .,
CaHkT-lMeTepbypr [n op.] : NMaHb, 2008 , 720 c. : vn. ; 24 cMm

3. Ceprees, H. A. OcHOBbI KBAHTOBOW TEOPUY SAEPHONO MAarHUTHOrO pe3oHaHca : MoHorpadus / H.
A. Ceprees, [. C. PsibywkuH. - M. : Nloroc, 2013. - 272 c. - ISBN 978-5-98704-754-5.
http://znanium.com/bookread.php?book=469025

7.3. UHTepHeT-pecypcChbl:

KHUI MO KBAHTOBOW 9NEKTPOHUKE, OU3MNKE Nas3epoB U CNEKTPOCKONUK -
http://www.umup.narod.ru/cat20.html

KHUI NO KBAHTOBOW 9NEKTPOHUKE, OM3NKE Na3epoB U CNEKTPOCKONUM -
http://portal.kpfu.ru/main_page?p_sub=8224

KHUIX NO KBAHTOBOWM SNEKTPOHMKE, PU3KKe Nasepos 1 cnektpockonuu - http://www.knigafund.ru/

PervucrpaumnoHHbIi HoMep 685214 L

5AE
CrtpaHnua 11 n3 13. i1s yHlf[

{ TPOHHB H
B_EPCHTET

VRS DFMALIMOHHD AHATKTAHECKAR Tt

CTEMA Ky



Mporpamma aucumnnmHbl "CneunanbHblil nabopaTopHbIi NPakTUKYM NO KBAHTOBOM anekTpoHnke"; 011800.62 Paanodusvka; Beaylumii
Hay4YHbI COTPYAHWK, O.H. (noueHT) Cemawko B.B.

KHUI NO KBAHTOBOW 9NEKTPOHUKE, OM3MNKE Na3epoB U CNEKTPOCKONUM -
http://lib.myilibrary.com/Home.aspxh

KHUMX NO KBAHTOBOWM SNEKTPOHMKE, OU3MKE Nas3epoB N CNEKTPOCKOMNUK -
http://www.ph4s.ru/book_ph_spektroskop.html

KHUIM NO KBAHTOBOW 3NEKTPOHMKE, (ON3MKE Na3epoB 1 cnekTpockonuu - http://www.natahaus.ru/
3NeKTPOHHasa bubnnoteyHas cuctema - http://znanium.com
aneKkTpoHHas bnbnmnoteyHas cuctema Mapatenoctea "laHb" - http://e.lanbook.com

8. MarepmanbHo-TexHU4eckoe obecrneyeHne QUCLMNINHbI(MOAYNS)

OcBoeHune ancumnnunHbl "CneunanbHblil nabopaTopHbI MPaKTUKYM MO KBAHTOBOW 9NEKTPOHMKE"
npegnonaraeT NCNONMb30BaHNE CNeayowwero MaTepuanbHO-TEXHNYECKOro obecneyeHuns:

Y4yebHo-MeToanyeckas nutepatypa ons 4aHHOW OMCUMNIVHBI UMEETCS B HANNYUN B
9NEKTPOHHO-bmbnmoTteyHor cnucteme "ZNANIUM.COM", noctyn K KOTOpOW NpenocTaBieH CTyAeHTaM.
9BC "ZNANIUM.COM" conepXuT Nnpon3BeneHns KpynHENWNX POCCUNCKNX YYEHBIX, PYKOBOAUTENEN
rocyaapCTBEHHbIX OpraHoB, Npenogasartener Beaylmx By30B CTpaHbl, BbICOKOKBANUULMPOBAHHbIX
crneunanncToB B pasnnyHbix cpepax brusHeca. PoHp 6ubnmnotekn COOPMMPOBAH C y4ETOM BCEX
N3MEeHeHNn 0bpa3oBaTeNbHbIX CTAHOAPTOB M BKNOYAET Y4ebHUKM, y4ebHble nocobus, YMK,
MOHOrpadoun, asTopedoeparbl, guccepraumm, SHUMKNONEANN, CAOBApPU U CIPaBOYHNKN,
3aKOHO4ATEeNbHO-HOPMATMBHbIE OOKYMEHTbI, CNeunanbHble Nepruoanyeckme n3gaHmsa n n3gaHus,
BbiNyckaeMble nagatenncrsamm By30B. B HacToswee Bpems O95C ZNANIUM.COM cooTteeTtcTBYET
BCeM TpeboBaHNsM doefepanbHbiX rocyaapCTBEHHbIX 06pa3oBaTe/bHbIX CTaHAAPTOB BbICLIErO
npodbeccroHanbHoro obpazosanus (PrOC BIMO) HOBOro NokoneHums.

YyebHo-MeToan4eckas nutepartypa ans 4aHHOW ONCLMMNINHBI UIMEETCS B HANIMYUN B
3NEeKTPOHHO-6MbNMoTeYHO cucteme Mapatennctea "MlaHb" , 4OCTYN K KOTOPOW NpenocTaB/eH
ctyneHTam. ObC MN3patenbctia "MlaHb" BKOYAET B cebs 9NEKTPOHHbIE BEPCUMUN KHUT U3[ATENbCTBA
"IlaHb" 1 opyrnx Beaywmux n3natenbCcTB y4ebHoM nuTepaTtypbl, @ TakXe 9NeKTPOHHbIE BepCUmn
nepruoanyecknx n3aaHuim no eCTeCTBEHHbIM, TEXHUYECKNM U r'yMaHuTapHbiM Haykam. ObC
N3patenbcTBa "/laHb" obecneunBaeT LOCTYN K HAy4YHOI, y4ebHON nnTepaType 1 Hay4HbIM
nepuoanyeckmm n3gaHnsm no MakCmManbHOMy KONMMYECTBY NPOCUbHbBIX HAnNpasneHnin ¢
cobnoaeHneM BCeEX aBTOPCKUX M CMEXHbIX NPaB.

KomnnekT nabopatopHoro o60pynoBaHns, CO34aHHbI Ha Kadpenpe KBaHTOBOW 3N1EKTPOHMKM U
paguocnekTpockonun NHctutyta gomsnkm KasaHckoro ([preonxckoro) denepanbHOro
yHVBeEpcuTeTa

MNporpamma coctaBneHa B cooTBeTCTBUM € TpeboBaHnsamMm @IOC BIO un yyebHbIM nnaHom no
HanpasneHnto 011800.62 "Paguoduauka"” n npodounio noarotokn KeaHtosas pagnodusnka u
KBAHTOBas SNEKTPOHMKA .
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Mporpamma aucumnnmHbl "CneunanbHblil nabopaTopHbIi NPakTUKYM NO KBAHTOBOM anekTpoHnke"; 011800.62 Paanodusvka; Beaylumii
Hay4YHbI COTPYAHWK, O.H. (noueHT) Cemawko B.B.

ABTOpP(bI):

Cemauwko B.B.

v 201 __r.

PeueH3eHT(bl):

HusamytonHos A.C.

v 201 __r.
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