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Mporpamma aucumnnmHbl "CneunanbHblil nabopaTopHbIl NPakTUKYM MO KBAHTOBOM anekTpoHnke"; 03.03.03 Pagnodusmnka; BeayLimii
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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 "B1.B.0B.13 OucunnnunHbl (Mogynm)" OCHOBHOW
obpasosaTtenbHoi nporpammbl 03.03.03 Pagnodumanka n 0THOCUTCS K AUCUMUNANHAM Mo BbiOopy.
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:

Pacwudcposka
npuobpeTaeMoi KOMNeTeHL NN

CNOCOOHOCTbLIO K 0BNageHunio 6a3oBbiMU 3HAHUSMM B 06nacTu
oK-8 MaTemMaTuKn N eCTECTBEHHbIX HayK, UX NCMONb30BaHMIO B
npogpeccnoHanbHOM OeATeNbHOCTU

ncrnonb3oBaTb 6a30Bble TEOPETMHECKME 3HAHUS (B TOM YnCne

LLncpbp komneTeHUUN

nK-1 no AucumMnaInHam Npogounmsaumnm) ons peweHmns
npogoeccnoHanbHbIxX 3aaad

nK-2 NPVMEHNATb Ha NpakTuke 6a30Bble NPOYECCMOHANbHbIE HABbLIKA
NOHUMATb NPUHUUMBI PpaboTbl 1 METOAbI aKCMyaTaumm

nKk-3 COBPEMEHHOWN PaaMO3NEeKTPOHHOW U ONTUYECKOW annapartypbl 1
obopynoBaHus

nK-6 K NPOdoeccroHanbHOMy pasBuTUIO U CaMOpPa3BMTUIO B obnacTu
pannoguankin

B pesynbtaTe 0CBOEHUS OUCUUMINHBLI CTYOEHT:
1. DONXEH 3HaThb:

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

OCHOBHbIE CXEMbl MOCTPOEHMS SKCNEPUMEHTANbHbIX YCTAHOBOK L/151 UCCNef0BaHMsl XapakTepucTuk
KBAHTOBO-3NEKTPOHHbIX YCTPONCTB;

OcHoBbl 06paboTKN pPedynbTaTtoB N3MEPEHMIA

2. DONTXEH yMeTb:

3KCNNyaTUpoBaTh COBPEMEHHYIO OM3NYeCKyto annapatypy 1 obopynoBaHUe;

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

NONMb30BaTbCA COBPEMEHHBIMM METOAAMU 06PabOTKM, aHanM3a 1 CHTE3a PU3M4ECKON
MHgpopMaLMK (B COOTBETCTBUN C MPOCPMIEM NOAFOTOBKN);

aHanManpoBaTb 1 06 bACHSTL NoNyYyaeMble pe3ybTaTbl 9KCNEPUMEHTOB NabopaTopHOro
NPaKkTUKyMa;

NnoHMMaTb U n3naraTtb Nonyvyaemyro NHOPMALNIO N NPEACTaBNATb Pe3dyibTaTbl PUINYECKUX
nccnegoBaHum;

COCTaBnATb OTYETHI 00 aKCcnepunMeHTallbHbIX NCCnenoBaHUAX.

3. 0OMXEeH BnageTb:

OCHOBHbIMV METOAVKAMU W HAaBblKaMy 3KCNEPUMEHTANIbHOTO NCCNELOBAHUS (PU3NHECKMX SIBIEHMIA
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, U3MEHATb NPY HEOOX0AMMOCTH
npochunb ceoei npodpeccrmoHanbHom geatenbHoctn (OK-4);

3) paboTaTb CaMOCTOSITENIbHO 1 B KONNEKTMBE, PYKOBOANUTb NOABMU U Noa4nHSATECS (OK-6);

4) caMOCTOATENBHO NPUObpeTaTh HOBbIE 3HAHUS, UCMONb3YS COBPEMEHHbIE 0Opa30BaTENbHbLIE U
nHpopmaumnoHHble TexHonorum (OK-10);
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5) cobupatb, 0606WwaTh U MHTEPNPETNPOBATL C UCMOIb30BAHNEM COBPEMEHHbIX MHPOPMALIMOHHbIX
TEXHOMOMNA MHAPOPMaLMO, HEOOXOAUMYIO AN (POPMUPOBAHMS CYXAEHWIA MO COOTBETCTBYIOLNM
crneumanbHbIM, HayYHbIM, COUMabHbIM K 3TnYeckmm npobnemam (OK-11);

6) ucnonb3oBaTtb 6Ha30Bble TEOPETUYECKME 3HAHMS (B TOM YMC/E NO ANCUUMNANHAM NPOOUInM3aunm)
Ons peweHns npogeccuoHanbHbix 3agad (MK-1);

7) NpUMeHsiTb Ha npakTrke 6a3oBble NpogeccunoHanbHble Haeblkn (MK-2);

8) noHumMatb NpuHUMNbI paboTbl U METOALI AKCMyaTauuy COBPEMEHHO Paan0o3NEKTPOHHON 1
onTuyeckoi annapartypbl n obopynosaHus (MK-3);

9) ncrnonb3oBaTb OCHOBHblE MeTObl paanoduamndeckmx namepenui (MK-4);

10) K BNaAeHMIO KOMMNbIOTEPOM Ha YPOBHE OMbITHOrO Mob30BaTeNs, NPUMEHEHMIO NHPOPMALIMOHHBLIX
TEXHONOrNA ONs peweHns 3agady B 06nact pagnoTexHnKn, paanoanekTPOHUKN 1 paanoun3nkn (B
cooTteeTcTBMM C npodomnunaaumen) (MK-5);

11) K npodheccrnoHanbHOMy pasBUTUIO U CAMOPa3BUTUIO B 06nacT paanoguankn 1 3NeKTPOHNKM
(MNK-6);

12) K NpoBeneHnio 3aHATUIA B y4ebHbIx nabopatopusix By3oB ([1K-9);

13) K opraHmsaumm paboTbl MONOAEXHbIX KONNeKTNBoB ucrnonHutenen (MK-11)

4. CTpyKkTypa 1 cogepxaHvue AUCLUNMUHBI MOAyns
Obwas Tpy[0EMKOCTb AUCLIMINIIMHBI COCTaBNSET 4 3a4eTHbIX(ble) eanHnL(bl) 144 yaca(os).
dopMa NPOMEXYTOYHOr0 KOHTPONS AMCUUNANHBIL: 3a4€eT B 8 cemecTpe.

CyMMapHo no aMcumnanHe MoxHo nony4ntb 100 6anno., U3 HUX Tekylwas paboTta oueHmBaeTcs B 50
6anno., ntorosas popma KoHTpons - B 50 6annos. MuHMManbHoe KONMYecTBO ANsl AOMNycKa K 3a4eTy
28 6annos.

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

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

55-70 6annos - "ynoBneTBOpUTENBHO" (YAO0B.);

54 6anna n MeHee - "HeyOBNETBOPUTENBHO" (Heyn.).

4.1 CTpyKTypa 1 comepXxaHue ayauTopHon paboTbl N0 AUCLUNNINHE/ MOAYIO
TemaTnyeckum nnaH oUCUUNAUHbI/MOAYNA

Buabl n yachbl
ay,oMTOpHOM paboThbl,
Henens MX TPYA0EMKOCTb Tekywme copmbl

cemecTtpa (B yacax) KOHTpOns
MpakTnyeckuelllabopatopHbie

3aHATUSA paboTbi

Paspen
N OducunnnuHbl/ CemecTp
Moayns

Nekuunn

Tema 1. 1) OnTnyeckui
KBaHTOBbI reHeparTop
Ha Kpuctanne pybuHa 2)
OKT Ha rasosoi cmecu
renns n HeoHa 3)
[MonynpoBOAHNKOBbIA
NHXEKLMOHHbIN nasep (
1 2 Tvna pabor) 4) 8

‘|9HepreTuyeckme
XapakTepUCTUKM
nasepa Ha nTTpun
anMVHWEBOM rpaHare,
aKTVBUPOBAHHOM
noHamm
TPEXBaNEHTHOro
HeoOunma

1-8 0 0 40
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Bugbl n yachbl
Paspen ayauTopHoOW paboTbl,
Henens UX TPYAO0EMKOCTb TexyLume dopMbI
N .D.VIKIIL‘I.)VIHJ',I.II/;I'HI:I/ Cemecrpcemecha (B yacax) ‘ll(omp(c)t:l ,.p
Y NMek M"I'IpaK'rw-lecmeHaﬁoparopuue
u 3aHATUSA paboTbl

Tema 2. 5) MeTponorus

nasepHoro n3ny4yeHus

6) Nonorpadoms 7)
2. NazepHoe TenesuaeHme 8 9-18 0 0 40

8) OnTunyeckuin

ycunutenb
_ Tema . Itoroeas 8 0 0 . 3auer

doopMa KOHTpONA

Ntoro 0 0 80

4.2 CopepxaHue OUCLUMNIMUHbI

Tema 1. 1) OnTUecKuin KBaHTOBbIN reHepaTop Ha Kpuctanne pybuHa 2) OKIN Ha razoBow
cmecu renusi n HeoHa 3) MonynNpoBoAHUKOBbBIN MHXEKLMOHHbIN Na3sep ( 2 Tuna pabor) 4)
OHepreTnyeckme xapakTepMcTuKu nasepa Ha UTTpUKU antoOMUHUEBOM rpaHare,
aKTUBMPOBAHHOM MOHaMUN TpexBa/lIeHTHOro HeoauMa

naboparopHas pabora (40 yaca(oB)):

N3yyaeTcs Teopmst NpoUEeccoB B ONTUYECKUIA KBAHTOBbLIX FEHEPATOPOB Ha KpucTannax pybuHa u
NUTTPUIA antOMUHUEBOIO rpaHara, akTMBMpoBaHHOro noHamu Nd3+, rennin-HeoHoBOr o,
MOMynpPOBOAHNKOBOrO Na3epoB, a TakxXe HEKOTOPbIX acNeKToB NPUMEHEHUS Na3epoB (ronorpagous,
nasepHoe TenesnaoeHue). NMposoastcs nabopatopHbie paboTbl N0 UX HAONIOAEHNIO U UCCNEOOBAHMIO
Nx xapaktepucTuk. MNoopobHoe onncaHme nabopaTopHbIX PaboT N3N0XEHO B COOTBETCTBYIOWMX
METOLMNYECKMX yKa3aHMsX

Tema 2. 5) Metponorusa nasepHoro usany4dyeHus 6) Flonorpacusa 7) llasepHoe TtenesuneHue 8)
OnTunyeckunun ycunurenb

naboparopHas pabora (40 yaca(oB)):

N3yyaeTcs METPONOrMn NasepHOro N3ny4eHuns, Npuuunbl ronorpadommn, onNTMYECKoe yCUneHusl ceeta.
MpoBoasTcs nabopatopHble paboTbl MO NCCNea0BaHUIO COOTBETCBYIOLNX XapaKTepPUCTUK.
MoapobHoe onucaHne nabopaTopHbIx PaboT N3N0XEHO B COOTBETCTBYHOLMNX METOANYECKUX
yKasaHusix

4.3 CTpyKTypa 1 copepXxaHume caMOCTOSATe/IbHOM paboTbl AUCLMMIUHBI (MOLYNSA)
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Buabi
Hepens | camocTosiTensHon [TpyA0eMKOCTb
ceMecTpa paboTbl (B wacax)
CTyAOeHTOB
Kak npasuno,
BbIMOMHEHUNE
pabot
ocylecTsnseTcs
B Tpu aTana
KONNEeKTUBOM,
COCTOSAWMNM U3
IBYX-Tpex
CTyOeHToB. Ha
nepBoM aTtane
CTYLEHTb
CaMOCTOSATENbHO
n3yyatot
TEeXHUYeckune
onucaHuns
Tema 1. 1) OnTnyeckun NCronb3yeMoro
KBAHTOBbIN reHepaTop 06opynoBaHNA ©
Ha Kpuctanne pybuHa 2) NPUMEHSIEMbIX
OKI" Ha rasoBow cmecu Npw BbINOTHEHUN
renns n HeoHa 3) paboTbl
[MonynpoBOOHWKOBBIN SKCMNepuMeHTanbHbIX
NHXEKLMOHHbIN nasep ( MeToOuK, nocne
1 2 Tuna pabor) 4) 8 1.8 [d€ronony4aioty 30
'|9HepreTnyeckue npenonasarens
XapakTepucTukn J0nycK K
nasepa Ha uTTpun BbIMOMHEHWNIO
anlOMUHNEBOM rpaHare, paboTbl. Bropoi
aKTUBUPOBAHHOM aTan
noHamu npegnonaraet
TpEexBaneHTHOro n3y4eHune
Heoouma TeopeTn4ecKomn
yacTu paborTbl,
nnaHnpoBaHme u
OCyllecTBneHne
9KCNepuMEHTOB,
a Takxe
NHTepnpeTaumm
NONyYeHHbIX
pe3ynbTaToB.
TpeTtbs YacTb
COCTOMT B
npencrasneHmm
pe3ynbTaToB
HUP n nx
3awure.

DopMbl KOHTPONS
CaMOCTOATENIbHON
pabortbl

N Paspen

JucumnnvHbl Cemectp

Honyck kK
NPOBELAEHMIO
3KCMNepuMeHTaNbHOM
yacTtu
nabopaTtopHoii
paboTbl; 3awmTa
pesynbTaToB
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Buabi
Hepnens | camoctositenbHon [TpynoeMKOCTb
ceMecTpa paboTbl (B wacax)
CTyAOeHTOB
Kak npasuno,
BbIMOMHEHUNE
pabot
ocylecTsnseTcs
B Tpu aTana
KONNEeKTUBOM,
COCTOSAWMNM U3
IBYX-Tpex
CTyOeHToB. Ha
nepBoM aTtane
CTYLEHTb
CaMOCTOSATENbHO
n3yyatot
TEeXHUYeckune
onucaHuns
NCNoNb3yemMoro
obopynoBaHns n
NPUMEHSIEMbIX
Npw BbINOTHEHUN
paboThbl
Tema 2. 5) MeTtponorus 3KCMepnMeHTasbHbIX
nasepHOro nanyyeHus MeToOuK, nocne
6) Monorpadpus 7) 8 9-1g |1€ro nonydaioty 30
"|lasepHoe TenesnaeHne npenonasarens
8) OnTnyeckunin Jonyck K
ycunuTenb BbIMOMHEHWNIO
paboTbl. Bropoi
aTan
npegnonaraet
n3y4eHune
TeopeTn4yeckou
yacTu paborTbl,
nnaHnpoBaHme u
OCyllecTBneHne
9KCNepuMEHTOB,
a Takxe
NHTepnpeTaumm
NONyYeHHbIX
pe3ynbTaToB.
TpeTtbs YacTb
COCTOMT B
npencrasneHmm
pe3ynbTaToB
HUNP n nx
3awure.

DopMbl KOHTPONS
CaMOCTOATENIbHON
pabortbl

N Paspen

JucumnnvHbl Cemectp

Honyck kK
NPOBELAEHMIO
3KCMNepuMeHTaNbHOM
yacTtu
nabopaTtopHoii
paboTbl; 3awmTa
pesynbTaToB

Ntoro 64

5. ObpasoBarenbHble TEXHONOMMU, BK/IOYAA MHTEPaKTUBHbIE hOpPMbl 06yUYeHUs

CamocTosiTenbHas paboTta CTy4eHTOB B COBPEMEHHbIX OM3nNYeckmx naboparopmsx (Bknroyas paboty
B rpynnax). Pa3bop pe3ynbtatoB peanbHbiX 3KCNEPUMEHTOB. Vicnonb3oBaHmne B NPoecCuoHanbHoMm
LesiTeNIbHOCTN COBPEMEHHbIX IT-TeXHONorniA, BKNtoYasi KOMMNbIOTEPHBIE CUMYASILUKN, UHTEPHET
pecypcbl. 100% ayauTopHbIX 3aHATUIA NPOBOAATCSA B aKTUBHO-UHTEPAKTUBHOM (popMe.
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6. OueHOUYHble cpeacTBa OJ1sl TEKYLLLEro KOHTPOS yCreBaeMoCT!, NPOMEXYTOYHOMN
aTTecTauum no UToram OCBOEHUS OUCLIMINIIMHBI U y4eBHO-MmeToanyeckoe obecneyeHme
CaMOCTOSITe/IbHOW paboTbl CTYAEHTOB

Tema 1. 1) OnTYecKuin KBAHTOBbIW reHepaTop Ha KpucTtanne pybuHa 2) OKIN Ha razoBow cMecu
renvs n HeoHa 3) MonynNpoBOAHUKOBbIN NHXEKLMOHHbIN na3ep ( 2 Tuna pabor) 4)
OHepreTnyeckme xapakTepucTUKM nasepa Ha UTTpMN aItoMMHUEBOM rFpaHaTe, akTUBUPOBaHHOM
MOHaMu TpexBaNeHTHOro HeoguMa

Llonyck K NpoBeAeHNI0 3KCNeprMeHTanbHOM YacT nabopaTopHoit paboTbl; 3awmTa pesynbTaTos ,
NpUMepHbIe BOMpPOChHI:

[ns nonyyeHns gonycka CTyAeHT AOMKEH NPOAEMOHCTPMPOBATL 3HAHMS TEXHUKM Be30nacHOCTY npwu
NPOBELEHUN SKCMEPUMEHTOB, NMPUHLMUMOB PYHKLMOHNPOBAHNS 1 KOHKPETHbIX MPMeMOB paboThbl Ha
npeanonaraeMom K MCnonb30BaHUI0 9KCNeEPUMEHTaNbHOM 060pyA0BaHUN, NMPUMEHSEMbIX
aKcnepuMeHTanbHbIx MeToauk. 3awuTta pedynbtatoB HVIP no nabopatopHoii paboTe 3aknoyaeTcs B
LEMOHCTPALMM CTYAEHTOM 3HAHW Teopun No npeamMeTy nabopaTopHol paboThl, a Takxe
NpaBUNbHOM N 0BOCHOBAHHOW MHTEPNPeTauun NoNYyYEHHbIX 3KCNEePUMEHTaNbHbIX PE3Y/bTaToB.

Tema 2. 5) Metponorua nasepHoro usany4dyeHus 6) lonorpacusa 7) JlasepHoe tenesugeHue 8)
OnTunyeckuun ycunurenb

Jlonyck K NpoBeneHNo aKCNepUMeHTanbHOR YacTn nabopatopHoit paboThl; 3awmTa pesynbTaTos ,
npuMepHbIe BOMPOCHI:

s nonyyeHns gonycka CTyAeHT AOMKEH NPOAEMOHCTPMPOBATbL 3HAHMS TEXHUKM 6e30nacHOCTY nNpwu
NpOBEOEHUN SKCNEPUMEHTOB, MPUHLUMUMOB (PYHKLMOHUPOBAHNS N KOHKPETHbIX MPMeMOB paboThbl Ha
npeanonaraeMom K MCnonb30BaHUI0 9KCNEPUMEHTaNbHOM 060pyA0BaHUN, NMPUMEHSEMbIX
aKcnepuMeHTanbHbIx MeToauk. 3awuTta pedynbtatos HVIP no nabopartopHoii paboTe 3aknoyaercs B
LEMOHCTPALMM CTYAEHTOM 3HAHWI TeopUn No NpeamMeTy nabopaTopHol paboThl, a Takxe
NpaBUNbHOM N 0OOCHOBAHHOW MHTEPNPEeTaLUn NONYYEHHbIX 3KCNEPUMEHTANbHbLIX PE3Y/bTaTOB.

Utoroesas chopma KOHTpons
3a4yeT (B 8 cemecTpe)

MpvMepHble BOMPOCHI K 3a4eTy:
CamocTosTenbHas paboTta CTyAeHTOB NMO3BONSIET PA3BUTL Creayowme KOMNEeTEHLUN:

NpW NOAroTOBKE K NONYYEHUO [OMNyCcKa Ha BbiNonHeHne nabopartopHbix pabor - MK-1, MK-2, MK-3
NpW BbINOMHEHMM yNpaxHeHunin nabopaTtopHbix pabot - MK-1, MK-2, NK-3, MNMK-6

Npw NOAroTOBKE K 3almuTe pe3ynbtaTtoB nabopatopHoi pabotsbl - MK-1, MK-2, MK-3, MNK-6, OK-8
npwn yCTHbIX oTBETax Ha Bonpocsl - MNK-1, MK-2, MK-3, MNMK-6, OK-8

Tekywwmin KOHTPONb YCNEBAEMOCT OCYLLECTBNSIETCS MyTEM MOSyYEHNs CTyAeHTaMmn Aonycka K
BbIMONIHEHWIO 9KCMEePUMEHTaNbHOM YacTu Kaxaol ua pabot npaktukyma. [ns nonysyeHust gonycka
CTYLEHT A0MXEH NPOAEMOHCTPUPOBATL 3HAHMS TEXHWKU 6E30MacHOCTY Npw NPOBELEHNM
3KCMNEPUMEHTOB, MPUHLIMMOB (OYHKLIMOHUPOBAHUSI U KOHKPETHBIX MpUemMoB paboTbl Ha
npennonaraeMoMm K UCronb30BaHMIO 9KCNepUMeHTanbHOM 060pyA0BaHNM, MPUMEHSIEMbIX
aKcnepuMeHTanbHbIX MeToauk. MakcumanbHoe Ynucno Habupaemblx 6annos ons Kaxnon ns pabot Ha
3TOM aTane coctaensieT fo 20 6annos. OcTtanbHble 80 6annoB 3a kaxayto 13 paboT HabupatoTcs no
pesynbTaTam NpoBeLeHMs 3annaHNPOBaHHbIX aKCreprnMeHToB (A0 40 6annoB) 1 no pesynbtatam
YCBOEHUSI TeopeTnyeckoro Mmatepuana (8o 40 6annos). OkoHYaTenbHble pe3ynbTaTbl CTyAeHTa No
LOAHHOMY crieumnanbHOMy NPakTUKyMy OnpeaenstoTcs NyTeM CyMMMPOBaHNs 3apaboTaHHbIx 6annos
Mo Kaxaon n3 paboT 1 aeneHns nx Ha 8 Ans CTyOeHTOB Kadpeapbl KBAHTOBOM SNEKTPOHVKU 1
PaaNOCNeKTPOCKONUA 1 Ha 4 ONa CTYAEHTOB Apyrux kadoeap.

Jlonyck K NpoBefeHNI0 3KCNepruMeHTanbHo YacT nabopaTtopHoit paboTbl; 3awmTa pesynbTaTos,
NpUMepHbIe BOMpPOChHI:
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Lns nonyyeHns gonycka CTyaeHT AOMKEH NPOAEMOHCTPUPOBATL 3HAHMS TEXHUKM 6e30nacHOCTH
NpW NPOBEAEHUN SKCMEPUMEHTOB, NMPUHLMMOB OYHKLIMOHNPOBAHNS U KOHKPETHbIX MPUeMOB paboTbl
Ha NpeAanonaraeMoM K MCNonb30BaHMI0 9KCNEPUMEHTaNbHOM 060pyA0BaHUN, NMPUMEHSEMbIX
aKcnepuMeHTanbHbix MeToauk. 3awuTta pesynbtatos HVIP no nabopatopHoii paboTe 3aknioyaeTcs B
LEMOHCTPAUMM CTYAEHTOM 3HAHW Teopun No npeamMeTy nabopaTopHol paboThl, a Takxe
NpaBUNbHOM N 06OCHOBAHHOW MHTEPRPeTauun NoNyYeHHbIX 3KCNePUMEHTaNbHbIX Pe3y/bTaToB.

Cnimcok Bonpocos K nabopatopHbiM paboTam (k 3a4eTy):

a) JTabopatopHble pabota "OKI Ha kpucTtanne pybuHa"

1. YpaBHeHune nepeHoca nany4eHns B ycunmeatwouwein cpene. KoagpuumeHTt ycnuneHums.
2. VlHBepcusa HaceneHHoCTen.

3. OCHOBHbIE METObBI CO3aHMS UHBEPCUX B cpeaax. TpexypoBHEBLIE CUCTEMBI.

4. CnekTp mon pesoHaTopa.

5. lnHamurka npoueccos B nasepe. Pexunm ctaumoHapHoOm reHepaunu.

6. [Nopor reHepaunn, K.N.4. reHepaumun.

7. Pexum moaynsauum 0obpoTHOCTH.

8. Jlasep Ha kpucTtanne pybuHa.

6) NabopaTopHble paboTa "lrennii-HeoHoBbIN OKI™
1. CNOHTaHHOE U BbIHYXOEHHOE U3Ny4YeHue.

2. iuBepcusa HaceneHHoCTEeN.

3. MNpuHumn penctens nasepa.

4. OTnnMYnTENbHBLIE 0COOEHHOCTUN ra30BbIX 1A3ePOB.

5. He-Ne nazep. Cxema aHepretnyeckmx yposHen atomoB He n Ne. MexaHn3ambl Hakauyku nasepHbix
YPOBHE aTtOMOB HeoHa. JInHun reHepauunm.

6. MowHocTb nanydenns n KrNm He-Ne nasepa. 3aBMCMMOCTb MOLHOCTM U3NYy4YEHNS OT TOKa
paspsna.

B) llabopaTtopHas pabota "MonynpoBOAHNKOBLIA NHXEKLMOHHbIA nasep”

1. YcnoBue BO3HUKHOBEHUS MHBEPCUM HACENEHHOCTEN B NONYNPOBOAHMKOBbIX MaTepuanax.

2. Mpsmont n HenpsiMoin nepexofbl. [lo4yeMy B NONynpoBOAHMKOBBIX la3epax UCNosib3yeTcs B
OCHOBHOM MpsiMOK nepexon?

3. BnuaHue temnepartypbl Ha paboTy NonynpoBOAHMKOBbLIX Na3€POB.

4. YCTPOMCTBO U NPUHLMN OEACTBMS NONYNPOBOAHMKOBOIO MHXEKLIMOHHOIO nasepa.
5. OTnmyne NnonynpoBOOHMKOBOrO nasepa Ha roMo- 1 reteponepexoe.

6. [Mopor reHepaunn MHXEKLUMOHHOIo nasepa.

7. ObnacTv npyMeHeHMs NoNynpoOBOAHMKOBbIX N1a3epoB.

r) JTabopatopHas pabota "lronorpadpus”

1. VIHTepgepeHuns ceeTa.

2. BugHocTtb

3. Buabl n BnusiHNe KOrepeHTHOCTM U3NYy4YEeHNS Ha Ka4eCTBO roiorpammbi.
4. MeTtofbl 3annCK ronorpamm.

1) IlabopatopHble paboTa "MeTponorusi nasepHoro nsnyy4exHms" n "lasepHoe TenesngeHme"
. OCHOBHbIE CBOICTBA NA3EPHOr0 U3Ny4eHNs

. [pocTpaHCcTBEHHAS 1 BPEMEHHas KOrepeHTHOCTb. [lnnHa KorepeHTHOCTH.

. VIamepeHne KorepeHTHOCT CBETOBOW BOMHbI.

. HanpasneHHoCTb nazepHoro nsnyyeHus. CBONCTBA Nyyka C raycCoBbiM Npodomnem.

. YlpKOCTb NazepHOro n3ny4yeHus.

. Monsipmsauus nasepHoOro n3ny4yeHns 1 MeTodbl ee u3MepeHns

. BpemeHHbIe xapakTepnCTrKM Na3epHOro N3Ny4YeHns n METOObl NX N3MEPEHNS

8. Uro Ttakoe uset? Kpmeas uBeTHOCTW.

NOoO ok WD =
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9. MpyHUMNBLI opMUPOBaHMS LBETHOTO TB n3obpaxeHus.

e) NabopatopHas paboTa "Masep Ha UTTPUIA-antOMMHUEBOM rpaHaTe"

1. YpaBHeHune nepeHoca nany4eHns B ycunmeawouwen cpene. KoadpdpuumneHt
yCUNEHus.

2. lHBepcusa HaceneHHoCTeN.

3. OCcHOBHble MeTOAbl CO34aHUS MHBEPCUUN B cpefax. TpexypoBHeBas cuctema.
YeTbipexypoBHeBas cuctema.

4. CnekTp mon pesoHaTopa.

5. lnHamurka npoueccos B nasepe. Pexunm ctaumoHapHom reHepaunu.

6. Mopor reHepaumu, KN reHepauunn, andpdepeHumansHbin KM L reHepaumn.
7. Pexxum mopynsiumm nobpoTHOCTH.

8. Ilazep Ha kpucTannie nTTpuii antoMUHNEBOrO rpaHara ¢ HeoAUMOM.

X) TabopaTopHas pabota "OnTtuyeckuin ycunutennb"

1. KBaHTOBbI reHepaTop 1 KBAHTOBLIA YCUNUTENb, NX HA3HAYEHUS 1 Pa3NNYms.
2. Monoca nponyckanuns ycunutens berywei BonHbl.

3. MakcmmanbHas BbIx04HasS MOWHOCTb MPW YCUNTEHUN HEMPEPbIBHbBIX CUrHANOB.
4. MakcuMMyM BbIXOOHOM NAOTHOCTW 3HEPTUN NPU UMMYNbCHOM PEXMME YCUNEHNS.
5. ®opma 1 oNNTENbHOCTb MMMYNbCOB NPU YCUNEHUM.

7.1. OcHOBHas nuTeparypa:

. llanoea, M. A. OCHOBbI ONTO3NEKTPOHMKMN 1 Na3ePHOIN TEXHUKN [9NEKTPOHHBI pecypc] : y4eob.
noco6v|e Mo aHrMMCKOMy A3blKy Ans TexHudeckux By3os / W. A. lanosa. - 2-e nsg., ctepeotun. - M. :
DJIMHTA, 2011. - 235 c. - ISBN 978-5-9765-0040-4 http://znanium.com/bookread. php’?book 454727

2. Nanpcbepr I'.C. Ontuka / 'dusmatnut’, 2010, 848 cTp. - Pexxum goctyna:
https://e.lanbook.com/reader/book/2238/#1

3. CtenaHos E.B. [lnogHas nasepHas CnekTpockonus u aHanua monekyn-énomapkepos. M3a.:
'‘©uamatnt’, - ISBN: 978-5-9221-1152-2, - 2009, -416 c. - Pexum goctyna:
https://e.lanbook.com/reader/book/2329/#1

4. EBcees WN.B. KorepeHTHble nepexogHble npouecchl B ontuke, - M.: DUXMATIINT, 2009. - 536 c. -
ISBN 978-5-9221-1199-7. - Pexxum poctyna: https://e.lanbook.com/reader/book/2731/#1

5. Knucenes, I".J1. KBaHTOBas n ontmnyeckas anekTpoHmnka [OnekTpoHHbI pecypc]: y4eb. nocobue -
OneKTpoH. aaH. - CaHkT-lMeTtepbypr: JlaHb, 2017. - 316 c. - Pexum goctyna:
https://e.lanbook.com/book/91904.

6. OnTrka n gooToHmka. MprHUUNBLI 1 NPpUMEHeEHNS [ANeKTPOoHHbIN pecypc]: YuebHoe nocobue: B 2
Tomax Tom 1/ Canex b., Teiix M.K., Oep6os B.J1. - OonronpyaHolii:HTennekr, 2012. - 760 c.:
70x100 1/16 (Mepennért) ISBN 978-5-91559-038-97-Pexum goctyna:
http://znanium.com/bookread2.php?book=408129

7. OnTtuka n goToHukKa. MNpuHUMNbl 1 NpUMEHeHNs [SNekTPoHHbIN pecypc]: YuebHoe nocobue: B 2
Tomax Tom 2/ Canex b., Teiix M.K., Oep6os B.J1. - OonronpyaHbiin:HTennekr, 2012. - 784 c. -
Pexwum goctyna: http://znanium.com/bookread2.php?book=408131

7.2. lononHuTenbHasa nureparypa:
1. H.B.Kapnos, Jlekunu no keaHToBOW anekTpoHuke. M.: 'Hayka',1988.

2. MpuHumnel nazepos = Principles of lasers : nepesog ¢ aHrnuckoro / O. 3sento ; lNMep. O. H.
Kosnoea, C. b. CoanHoBa, K. . Agamosuy; lNog pen. T. A. WmaoHosa ., VI3paHue 4-¢e .,
CaHkT-lMeTepbypr [n op.] : NaHb, 2008 , 720 c. : un. ; 24 cMm
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3. Ceprees, H. A. OCHOBbI KBAHTOBOW TEOPUY SAEPHONO MAarHUTHOMO pe3oHaHca : MoHorpadus / H.
A. Ceprees, L. C. PabywkuH. - M. : Jloroc, 2013. - 272 c. - ISBN 978-5-98704-754-5.
http://znanium.com/bookread.php?book=469025

7.3. UHTepHeT-pecypcChl:

KHWUMX NO KBAHTOBOW 9NEKTPOHMKE, OM3MKE Na3epoB 1 CNEKTPOCKOMNNN
http://portal.kpfu.ru/main_page?p_sub=8224

KHWI MO KBAHTOBOW 9NEKTPOHMKE, (OM3UKE Na3epoB U CNEKTPOCKONNM

KHWMX NO KBAHTOBOM SNEKTPOHMKE, (OM3KKE Nas3epoB N CNEKTPOCKONUn
http://lib.myilibrary.com/Home.aspxh

KHWUIY MO KBAHTOBOW 3NEKTPOHNKE, OMU3NKE Ta3epoB N CMEKTPOCKONUM
http://www.ph4s.ru/book_ph_spektroskop.html

3NeKTPOHHas bubnnoTeyHas cuctema - http://znanium.com
aneKTpoHHasa bmubnmoteyHas cucrtema MaparenscTea - http://e.lanbook.com

http://www.knigafund.ru/

8. MarepumanbHo-TexHU4YecKoe obecrneyeHme oUCLUNAUHbI(MOAYNSA)

OcBoeHue ancumnanHbl "CneunanbHblil nabopaTopHbIA NPakTUKYM MO KBAHTOBOW 3NeKTPOHMKe"
npeanonaraeTt UCNONb30BaHNE CNeayowero MatepmnanbHO-TEXHNYECKOro 06ecneqyeHns:

Y4yebHo-MeToan4eckas nutepartypa ans 4aHHOW OMCLMMNANHBI UIMEETCS B HAIMYUN B
9NEKTPOHHO-bmbnmoTeyHo cucteme "ZNANIUM.COM", noctyn K KOTOpOI NpenocTaB/ieH CTyAeHTaM.
9B6C "ZNANIUM.COM" conepXuT Npon3BeneHns KpynHEnwmnx POCCUACKNX YYEHbIX, PyKOBOAMTENEN
rocynapCTBeHHbIX OpraHoBs, npenogasarener Beaylmx By30B CTpaHbl, BbICOKOKBANN(ULIMPOBAHHbIX
CNeunanncToB B pasnuyHbix cdoepax brusHeca. PoHp 61bnMoTekn cOopMUPOBAH C Y4ETOM BCEX
N3MEHEHMI 06pasoBaTeNbHbIX CTAaHAAPTOB M BKKOYAET y4ebHMKM, yyebHbie nocobus, YMK,
MOHOrpadoun, asTopedoeparbl, guccepraumm, SHUMKNONEONN, CIOBapu U CrPaBOYHNKN,
3aKkoHo4aTeNnbHO-HOPMATMBHbIE OOKYMEHTbI, CreunanbHbie Nnepnoanyeckme ndaadms n n3naHus,
BbiNyckaeMble nanatenncreamm By30B. B HacToswee Bpems O95C ZNANIUM.COM cooTteeTcTBYET
BCeM TpeboBaHMaM henepanbHbIX roCynapCTBEHHbIX 0Opa3oBaTeNbHbIX CTAHAAPTOB BbICLIErO
npogoeccrnoHanbHoro obpasosanus (PrOC BI1O) HoBOro nokoneHus.

YyebHo-MeToan4eckas nutepartypa ans 4aHHOW ONCLUMMINHBI UIMEETCS B HANIMYUN B
3NEeKTPOHHO-6MbNMoTeYHO cucteme Mapatennctea "flaHb" , 4OCTYN K KOTOPOW NpenocTaB/eH
ctyneHTam. 9bC MN3patenbctia "MlaHb" BKOYaET B cebs aNEKTPOHHbIE BEPCUMUN KHUI U3[aTENbCTBA
"IlaHb" 1 Opyrux Beaywmux n3natenbcTB y4ebHo nuTepaTtypbl, @ TakXXe 9NeKTPOHHbIE BepCUmn
NepuoanyecKnxX N3aaHum No eCTeCTBEHHbIM, TEXHUYECKNM U r'yMaHUTapHbiM Haykam. ObC
N3patenbcTBa "/laHb" obecneunBaeT LOCTYN K HAy4YHOI, y4ebHON nnTepaType 1 Hay4HbIM
nepuoanyecknm n3oaHmam no MakCManbHOMY KONMMYECTBY NPOOUIbHbIX HanpasneHui ¢
cobntoaeHneM BCex aBTOPCKUX M CMEXHbIX Npas.

KomnnekT nabopatopHoro o60pynoBaHns, CO34aHHbI Ha Kadpenpe KBaHTOBOW 3N1EKTPOHMKM U
paguocnekTpockonun NHctntyta gomsnkm KasaHckoro ([Mpreonxckoro) denepanbHOro
yHuBEpCcUTETA

Mporpamma coctasneHa B cootBeTcTBum ¢ TpeboBaHnsmm ®rOC BINO 1 y4ebHbIM nnaHoM no
HanpasneHuto 03.03.03 "Paguodunamka"” n npodomnio NoarotoBkn Pusnka MarHUTHbIX SBIEHWUNA .
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AHATTAMECKAR CrCTEMA KPY

PernctpaunoHHbIn HoMep 5AE
CrtpaHnua 12 n3 13. 111 yHlf[

S OEMALIGH



Mporpamma aucumnnmHbl "CneunanbHblil nabopaTopHbIl NPakTUKYM MO KBAHTOBOM anekTpoHnke"; 03.03.03 Pagnodusmnka; BeayLimii
Hay4YHbI COTPYAHWK, O.H. (noueHT) Cemawko B.B.

ABTOpP(bI):

Cemauwko B.B.

v 201 __r.

PeueH3eHT(bl):

HusamytonHos A.C.

v 201 __r.
PernctpaumoHHblit HomMep DAEKTPOHHEH
Crtpanunua 13 n3 13. il V_H___;:EEEPCHTET
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