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AHHOTANMA

B kxypce paccmarpuBaroTcs NPUHLIUIBI (PYHKIMOHUPOBAHUS CBEPXIPOBOJHUKOBBIX KBAHTOBBIX IIEIEH:
aHAJIM3UPYIOTCSl JIByXyPOBHEBBIE CHCTEMBI, OOCYKIACTCsl KBAHTOBAas MEXaHUKA 3JIEKTPUUYECKHUX IIeTeH.
N3yuaercs cBA3b CBEPXIIPOBOJHUKOBBIX KBAHTOBBIX CUCTEM C APYIMMHU CUCTEMaMHU.

AKIEHTHpYeTCsl TOHSATHE WCKYCCTBEHHOTO aroma - pe3oHaropa. OOCYXHaroTCs OCOOCHHOCTH pealbHBIX
KBaHTOBBIX cHcTeM. CrenajibHOe BHHMaHUe yaenseTcss d¢pQeKTaM JIeKOTepeHIIMd W JIHCCUIIaTUBHON
JuHaMuKe. PaccMaTpuBaeTcs SKCepUMEHTAIbHAS peann3alus KBAaHTOBO-ONTUYECKUX CUCTEM Ha YUIIE.

Kypc Bxonut B cereByto nporpammy MOTHU-Crontex, TEppUTOpUAIBHO 3aHATHS TPOBOAATCS B CKONTEXE.

1. leau u 3apauu

eap AUCUMNIMHBI

- O3BHAKOMJICHHC C (1)H3HKOI>1 CBCPXIIPOBOAHUKOBBIX KBAHTOBBIX CUCTCM.

33]13‘[1/[ JAUCHUIIINHBI

MO3HAKOMHTH CTYACHTOB C 0a30BbIMH (PM3UUECKHUMH NMPUHIMIIAMHU CBEPXIPOBOAHUKOBBIX KBAHTOBBIX
CHCTEM, C OCHOBHBIMH MJIESIMU U TEXHUYECKHMHU PELICHUS MU B 3TOH 00JIaCTH, C IOCTAHOBKOM 3a/1au 1
HCCJIEOBAaTENbCKUMH TOAXOJAaMU K MX pelmeHusM. I[IponeMoHCTpUpoBaTh 3KCIEPUMEHTAIbHBIC
MPUMEHEHHsI TAKUX CHCTEM Kak B (PM3HKe, TaK U B TEXHOJIOTHHU. [Ipeamnonaraercs, 4To NpoCIyIaB 3TOT
KypC, CTyA€HTBI CMOTYT YHTaTh U IOHUMATh TEKYLIYIO HAyYHYIO IEPUOIUKY B 3TOH 00aacTu.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPABJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHeTeHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMN

I/IHI[I/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

YK-1 CnocoGeH oCymecTBIsTh KpUTHUECKUN
aHaJIN3 MPOOJIIEMHBIX CHTYallUil HA OCHOBE
CHCTEMHOTO TI0JIX0/1a, BEIpa0aThIBATh
CTpaTeruro AeUCTBUI

VYK-1.1 Ananuzupyet npoOJIEeMHYIO CUTYaLHIO KaK CUCTEMY,
BBISIBJISAS €€ COCTAaBJIAIOLIME U CBSI3U MEKIY HUMU

VYK-1.2  OcymecTBisieT TOHUCK BapHaHTOB
MOCTAaBJICHHOH  NpoOJIEMHOW  CHUTyallud Ha
JOCTYIHBIX HCTOYHUKOB MH(POPMAIUN

pelieHus
OCHOBE

YK-4 CriocobGeH mpuMeHsI T COBPEMEHHbBIE
KOMMYHHKATHBHBIE TEXHOJIOTHH, B TOM YHCIIE
Ha MHOCTPaHHOM(BIX) SI3bIKe(aX), AT
aKaJIeMHYECKOTO M PO(eCcCHOHAIBEHOTO
B3aUMOJICHCTBUS

VYK-4.1 Cnocoben Bectn 00OMeH aenoBoil nHpopmauueid B
YCTHOHM W MHCbMEHHOH (opMax Ha rocylIapcTBEHHOM SI3bIKE
Poccuiickoii ®enepauum W HE MEHEE YEM Ha OJHOM
HHOCTPAHHOM SI3bIKE

VK-4.2 Bnageer HaBbIKaMH, HEOOXOOWMBIMHU IS
HAMWCAHUSA, MUCHMECHHOIO TMEPeBOAa M PEAAKTUPOBAHUS
pa3IMUYHBIX aKaJeMHUYECKUX TeKCToB (pedeparoB, 3cce,
0030poB, cTaTei u T.1.)

YK-4.3 Crnocoben MIPECTABIATD PE3yNbTaTh
aKaJIeMU4YecKoll W TMpo(decCUOHATIBHON JesITeThHOCTH Ha
Pa3IUIHBIX Hay4YHBIX MEpOTIPUATHSIX, BKJTIOYAst
MEXIyHapO/IHbIE

YK-4.4 CriocoOeH WCMONb30BaTh COBPEMEHHBIE CpEICTBA
WH(POPMALMOHHO-KOMMYHHUKAIMOHHBIX ~ TEXHOJIOTUH  JUIS
aKaJIeMHYECKOT0 M MPO(eCcCHOHAIEHOTO B3aNMOAEHCTBHS

YK-6 CriocobeH onpeiessITh U peaan30BhIBaTh
MPHOPUTETHI COOCTBEHHOMN AEATENBHOCTH U
CIIOCOOBI €€ COBEPIIEHCTBOBAHUS HA OCHOBE
CaMOOILICHKH

YK-6.1 Ymeer pemars 3a1a4ui COOCTBEHHOTO JIMYHOCTHOTO
U npodeccHOHANBLHOTO  pa3BUTHUS,  ONPEACIsTH U
peann30BBIBATH TIPUOPHUTETHI COBEPIICHCTBOBAHUS
COOCTBEHHOM JESITETLHOCTH

VK-6.2 OueHuBaeT CBOIO ACATEILHOCTH, COOTHOCHUT IICJIH,
CHOCOOBI W CPEJACTBA BBITIONIHCHUS JEATEIBHOCTH C €&

pe3ynbTaraMu
OIIK-1.1 3HaeT W cHocoOGH  HCIONb30BaTh B
npo(eCCUOHANBHON  JIEATENBPHOCTH  (yHJAaMEHTAIIbHBIC

HAay4YHbIC 3HAHU B obOmacTu (I)I/I3I/IKO—MaT6MaTI/I‘IGCKI/IX HayK




OIIK-1 Bnaneer cuctemolt pyHIaMeHTaTBLHBIX
Hay4YHBIX 3HAHUH B 00sacTu
(u3HMKO-MaTeMaTHIECKUX HAYyK

OIIK-1.2 Cnocoben 00600mars U KpPUTHYECKH OIICHUBATH
OIBIT M pEe3yJbTaThl HAYYHBIX HCCIICJOBaHUII B 00IacTh
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-1.3 [TonnMaeT MeXAUCIUIIMHAPHBIC CBS3U B O0OJIACTH
MareMaTHK ¥ (U3UKH U CHOCOOCH HMX MPHMEHSTh IPH
peleHun 3a1a4 NpoQeccuOHaTbHON AEATENbHOCTH

OIIK-2 Nmeet npeacrapieHne 00 aKTyaabHBIX
mpo0iemMax HayKH U TEXHHKH B 001acTH cBOEH
po¢eCcCUOHANBHON NesTENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBAThH
npogecCHOHANbHBIE 3a]1a41

OIIK-2.1 NmeeT npeacTaBieHrne O COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUA B pPaMKax TeMaTU4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-2.2 CrniocoGen OLICHUBATh AKTyaJIbHOCTh
WCCIIeZIOBAaHU B obnmactu cBoel  mpodeccrnoHambHON
JEATEIIFHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

OIIK-2.3 Brnameer mnpodeccHOHANLHONW TEPMUHOIOTHEH,
UCIOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHYECKON
auTeparype, o0J1aaeT HaBBIKAMHM YCTHOTO M IMHCbMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HAyYHOW ACSTEIBHOCTH B pamKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-3 Cnioco6eH BbIOMpaTh u (MIIN)
pa3pabaThIBaTh MOJAXO/BI K PEIICHHIO THITIOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHansHon
JEATeIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH U
OrPaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.1 CrocobeH aHamu3upoBarTh 3ajiady, [JIAHHUPOBAThH
MyTH PELIeHHs, Mpeiaratb U KOMOMHUPOBATh CIIOCOOBI
peleHuns

OIIK-3.2 CnocoOeH HCIIOIb30BaTh HCCIIENOBATEILCKUE
METO/bl TNPU PEIICHUH HOBBIX 3a]a4, IPUMEHSsS 3HAHWS B
pa3nuyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-3.3 Brnameer aHaIUTHYECKUMUA U BBIYUCIATEILHBIMUA
METOJ]aMU PEIICHHs], TOHNMAeT U YYUTHIBACT HA MPAKTHKE
TPaHUIBl TIPUMEHUMOCTH MOTyYaeMbIX PeIICHUN

OIIK-4 CriocoOeH ycIenHo peann3oBbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara i MPeACTaBUTh BHIBOIbI,
MPUMEHSs 3HAHNS ¥ HaBBIKU B 00JIaCTH
(U3MKO-MaTeMaTHUECKUX HAYK U
UH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.1 Cnoco0eH NpPUMEHATH 3HAHUS M HAaBBIKU IIO
UCTIONIb30BAaHHIO MH(pOpPMaIMOHHO-KOMMYHHUKAIIMOHHBIX
TEXHOJIOTUH I OUCKA M U3YyYEHUS] HAYYHOH JIUTEPaTyphl,
MPUMEHEHHSI IPUKJIaJHBIX IPOTrPAMMHBIX ITPOTYKTOB

OIlK-4.2 CrnocobeH TpUMEHSTh 3HaHWS B  0O0NacTH
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1auk, (POPMYJIHPOBAHUS BBHIBOJOB M OLIEHKH MOJYyYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpATh CIIOCOO
MPOBEICHUS HAYYHOTO MCCIIECA0BAHUS

OIIK-5 CriocobeH 1 roTOB K ITOBBIILIEHHIO

kB (prKaIy, mpodeccuoHaITbHOMY POCTY U
PYKOBOJICTBY KOJIEKTHBOM B cepe cBoeit
podeCcCHOHaTBHON e TENBHOCTH, TOJIEPAHTHO
BOCIIPUHUMAsI COIMAJIbHBIE, STHHUECKHE,
KOH(ECCHOHAITLHEIE U KYJIETYPHBIC PA3IHIUS

OIIK-5.1 Crocoben paboraTh B KOJUIEKTHBE, TOJEPAHTHO
BOCIIPHHUMAS COIIMAJIbHBIC, ITHUYECKUE,
KOH(ECCHOHAIBHBIE U KyJIBTYpPHbIC Pa3Inyust

OIIK-5.3 CrpeMurcss K TIOIYYECHUIO HOBBIX 3HAHHMH,

poQecCHOHAIBHOMY M TMYHOCTHOMY POCTY

[IK-1 CnocoGen ctaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTeMaTHYECKUE MOJICIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4YHbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3YyJIbTaThI

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIAThH
nHpopMaIrio 00 akTyaJlbHBIX pe3yJabTaTax HCCIIeOBaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCCHOHATEHON
IEITEILHOCTH

IIK-1.2 CnocobeH  BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MaTeMaTHYecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
SIBIICHUI | TPOLIECCOB, OIICHUBATh KAueCTBO pa3paboTaHHON
MOJENN

[IK-1.3 CrnocobeH mNpuUMEHATh TeopeTHyecKkue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3ajade W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

I1K-2 CrnocoOeH caMOCTOITENBHO WU B
Ka4yecTBe ujieHa (PYKOBOIUTEIS) MAJIOTr0O

[MK-2.1 CnocoOeH TulaHUpOBaTh ¥ TPOBOJAWTH HaydHBIC
HCCJICAOBAHUS CaMOCTOSITEIbHO WMJIM B COCTaBE€ HAy4HOTO
KOJIJIEKTUBA




KOJUICKTUBA OPraHU30BbIBATH U POBOJIUTh I1K-2.2 CnocobeH mNpoBOAWUTH ampoOaluio pe3ylbTaToB
Hay4HbIE UCCIIEIOBAHKS U UX aNPOOAIUIO Hay4YHO-UCCIIE0BATEIbCKON paboTel nOoCPEACTBOM

MyOIMKAIlMK HayYHbBIX CTaTel M yJacTusl B KOH(EPEeHINAX

IMK-3 Cniocoben npodeccnoHaabHO paboTarh ¢
MCCIIEIOBATEICKUM H UCTIBITATEIIbHBIM
obopynoBaHueM (MpruOOpaMH U yCTaHOBKAMH,
CTIeIMATN3NPOBAHHBIMH TAKETAaMH PUKIIAIHBIX
porpamm) B U30paHHON TpeMeTHON 00JIacTH

[IK-3.1 Ilonumaer npuHOUNBI pPabOTHl HCHOIB3YEMOIO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB
MPUKIIAAHBIX TIPOTPaMM)

[K-3.2 Criocoben MIPOBOJIUTH SKCIIEPUMEHT
(MozmenupoBaHUE) C HCIIOIB30BAHHEM HCCIEI0BATEIHCKOIO
o0opynoBaHus (MTAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocoOeH oneHHMBaTH TOYHOCTh IOJYYEHHBIX
IKCIIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yAbTaTOB

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI N0 JUCHMILINHE (MOLYJII0)

B pe3ynbrare ocBoeHUS JTUCIIUIUTHHBI 00y4YaronInecs J0KHBI

3HATb.

YMETB:

KBaHTOByI-O MCXaHUKY HCKYCCTBCHHBIX KBAHTOBBIX CHUCTCM. bazoBrie TOPUHIHAIIBI KBAaHTOBOM OITHKH
HNCKYCCTBCHHBIX KBAHTOBBIX CHCTEM Ha YHIIC. 9KCHepI/IMeHTaHLHLIe METOJABI JJIsi HMCCIICIOBAaHUN B
obmactu HNCKYCCTBCHHBIX KBAHTOBBIX CUCTCM.

OnwuceIBaTh MEKTPUIECKUE LICTH U MOJISI B KBAHTOBO-MEXaHUYECKUX TEPMUHAX.

OnuceiBaTh pas3jIMYHbIE THUIIBI MCKYCCTBEHHBIX aTOMOB KaK KBAHTOBBIE CXEMbl Ha KpUCTAJIE U
BBIBEAUTE ['aMHIBTOHMAHBI CBEPXIPOBOAAIINX KBAaHTOBBIX CHCTEM HA OCHOBE 3apsaa W IOTOKA.
BbrucisiTh BpEMEHHYIO DBONIONHIO YIPAaBISIEMOHN JIByXYPOBHEBOW CHUCTEMBI M OTOOpakaTh €€ Ha
cdepy broxa.

OObACHATD (U3NUECKUI CMBICII CHIBHOTO B3aMMOJCHCTBUS MCKYCCTBEHHBIX aTOMOB C Pa3JIMYHBIMHU
JIEMEHTaMH W TIOJIIMM; OIKCHIBaTh B3aUMOJCHCTBHE KBAHTOBAHHBIX AIIEKTPOMAarHUTHBIX TOJEN C
HCKYCCTBEHHBIMH aTOMaMH; OOBSICHATH PAa3HUILY MEKAY €CTECTBCHHBIMU U MCKYCCTBEHHBIMU aTOMaMH
Y IPEUMYLIECTBO MOCIEIHUX 11 KOHKPETHBIX IPUMEHEHU.

OObscHATD (hyHAAMEHTaJbHbIE KBAaHTOBO-ONTHYECKHE SIBICHHA C OAWHOYHBIMH HMCKYCCTBEHHBIMHU
aroMaMu; paboOTy KBaHTOBO-ONTHYECKHX YCTPOICTB Ha OCHOBE MCKYCCTBEHHBIX KBAaHTOBBIX CHCTEM;
OOBSACHATBH, KaK SKCIIEPUMEHTAJIBHO PEalN30BbIBATH OCHOBHBIC KBAHTOBBIE ONTHYECKHE SBICHUS Ha
YHIIe.

BJIAJIETh:

AHHapaTOM OIMMHUCaHNAd PCAJIbHBIX KBAHTOBBIX CHUCTCM; YHUCJICHHBIMHU MCTOAaMHU Ui OIIMCAHUSA
9BOJIOIHU KBAHTOBBIX CUCTEM; METOAAMU CUMYJIAIIUU KBAHTOBO-OIITUYCCKUX CUCTEM.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJEeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB H BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl tuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM Y4eOHBIX 3aHATHH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znen) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
1 JIByXypOBHEBbBIE CUCTEMBI. 4 4
) KBaH}“OBaH MEXaHUKa 3JIEKTPUYECKUX 4 5
LEIeH.
3 [TpuHLIMTIBL CBEPXIPOBOAHUKOBBIX 4 5
KBAaHTOBBIX LIETIEH.
CBsA3b CBEPXIIPOBOJHUKOBBIX KBAHTOBBIX
4 CUCTEM C  JpYyTMMHM  CHUCTEMaMH. 6 4
HckyccTBEHHBIN aTOM-pE30HATOP.




Peanbubie KBaHTOBbIE CHUCTEMBI.

5 OddexTrr JIEKOTEPEHIINY. 4 4
JuccunarvBHast TMHAMUKA.

6 KBanTOBas onTuka Ha yuIe. 4 4

7 DKcnepuMeHTalbHas peanmzanus 4 4
KBaHTOBO-ONTHYECKUX CHCTEM Ha YHIIE.

Hroro wacos 30 30

ITonroToBka k 3K3aMeHy 30 gac.

OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2. CopaepxaHue TUCHUILTAHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemecrtp: 2 (Becennuit)

1. JIByXypOBHEBbIE CUCTEMBI.

Tema nocpsleHa KBAaHTOBOI MEXAaHUKE JBYXYPOBHEBBIX CHCTEM. ByneTr paccMoTpeH raMuiIbTOHUAH
JBYXypOBHEBOUH CHUCTEMBI, BOJHOBass (QyHKLUs, €€ OTOOpa)keHHWEe W OTOOpakeHHe €€ AMHAMUKU Ha
cpepe bnoxa; mpuBeneHsl HpuUMepbl (U3MUYECKUX pealn3aluidi M MPUOIIDKEHHE JIBYXYpPOBHEBBIX
CHCTEM; PACCMOTPEHBI MPUMEPHI 3aIUCH YUCEN B PU3NUECKUX COCTOSIHUAX ABYXYPOBHEBBIX CHCTEM;
BBEJICHO OIIPE/IeTICHNEe KBAHTOBOTO OHTA.

2. KBaHnTOBasg MexaHHKa DINEKTPUUECKUX IIETIeH.

B aT0li Teme Oyner paccMOTpeHa KBaHTOBash MEXaHHMKA DIIEKTPHUYECKUX IEMEH; MOTeHIUAIbHAS |
KHHETHYECKas dHepruu EMKOCTM M MHAYKTHBHOCTH; KBaHTOBas MexaHuka LC-pezonaropa. Bymyt
MOKa3aHbl BBHIBOJl TI'AMWJIBTOHMAHA 3JIEKTPUYECKOM CXEMbI; ONEpaTophbl POXKICHUSA/yHUUTOKEHHS
(OTOHOB B pe3oHaTOpax; KBAHTOBAHHE IMOJISI B KOIIAHAPHBIX PE30HATOPAX.

3. HpI/IHLII/IHLI CBCPXIPOBOAHUKOBBIX KBAHTOBBIX ueneﬁ.

3amaua 3TOM TeMbl — MMO3HAKOMHUTH C OCHOBHBIMHM THUIIAMH CBEPXIIPOBOJHHKOBBIX KBAaHTOBBIX CXEM.
Bbyner paccmoTpeHa KBaHTOBash MEXaHMKa JHKO3€(COHOBCKHX IEPEXO0B, KBAaHTOBAHHE 3apsAna M
MarHuTHOTO MOTOKA; MOKa3aH BBIBOJ ONEPATOPOB 3apsiia U CBEPXITPOBAHUKOBOH (ha3bl, CBA3b MEXIY
HUMHM ¥ KOMMYTAlMOHHBIE COOTHOIICHMA. Tarke OyayT paccCMOTpPEHBI 3apsAA0Bble U IOTOKOBBIE
KyOUTBI, 3apa10BbIi 0a3nc, BBIBOJ raMHJIFTOHHAHOB 3apsAJ0BOTO U IOTOKOBOI'O KYOHUTOB.

4. CBs3b CBEPXIPOBOAHUKOBBIX KBAaHTOBBIX CHCTEM C JAPYTMMH CHCTeMaMu. VICKyCCTBEHHBIH
aToOM-pe30HaTop.

Byner paccmarpuBarbCsi CBA3b CBEPXIPOBOAHUKOBBIX KBAaHTOBBIX CHCTEM C APYIMMM 3JIE€MEHTaM
Uend, B YaCTHOCTH, C TapMOHHYECKHUM OCHWUIITOpoM. [IpakTuueckue peanuzanuu:
CBEpPXIIPOBOHUKOBBIE KYyOHWTBHI CBS3aHHBIE C KOIUIAHAPHBIM pEe30HATOpoM. BbIBoA ramuibrOHHMaHA
Jxeimca-KamuHca U1 CBEpXIPOBOAHUKOBOTO KyOWTa, CBS3aHHOTO C PE30HATOPOM. BBIBOA CHIIBI
CBSI3M MEXXIY KYOUTOM U PE30HATOPOM.

5. PeasibHbIe KBaHTOBBIE CUCTEMBI. DPQEKTHI IeKorepeHIHU. J{uccunaTuBHasi JUHAMUKA.

Tema mTOCBAIEHA JMHAMUKE peajbHBIX KBAHTOBBIX CHUCTEM. byneT paccMoTpeHbl 3(GQEKThI
JUCCUTIALIMM W JIEKOTEPEHLIMM KBAaHTOBOM cucTeMbl. bynyT BBeAeHb MaTpulla ILJIOTHOCTH U
KBaHTOBOE KHHETHYECKOE YpaBHEHHE I ONHCAHUS JUCCUIIATUBHOM JMHAMHKH KBAHTOBOM
cuctembl. Cepa broxa s muccunaruBHONW KBaHTOBOWM cucTeMbl. BeIBonm ypaBHeHuil brnoxa st
JIByXYPOBHEBOW CHCTEMBI.

6. KBanToBas onThka Ha 4YuIIE.




Ora TeMa IOCBfLICHAa ONUCAHUIO IIOAXOJOB KBAaHTOBOH ONTHKM Ui 3JIEKTPOHHBIX CXEM CO
CBEPXIPOBOJAHUKOBBIMH KyOuTamu. byner paccMoTpeHO NpuOIMKEHHE Bpallalouleiics BOJHBL
ONMCAaHUE JUHAMUKU CBEPXIIPOBOJHUKOBOM KBAaHTOBOM CHUCTEMbl Ha SI3bIKE BTOPUYHOIO
KBaHTOBaHUS. BylyT pacCMOTpPEHBI CABUT SHEPTHil M3-3a IITAPKOBCKOTO M JIBMOOBCKOTO 3(P(eKToB.
Byner BBenena koHnennys GU3NIECKH CHIIBHOM CBS3U MEX/y KBAHTOBOM CUCTEMOMN M OKPY>KEHHEM.

7. SKCHepI/IMeHTaHBHa}I pcajm3anusa KBAHTOBO-OIITUYCCKUX CUCTCM Ha YHIIC.

3nech OyayT NpUBEICHBI NPUMEPHI AKCIIEPUMEHTAIBHONW peaau3alid KBaHTOBO-ONTHYECKUX
3¢ PEKTOB CO CBEPXNPOBOAHMKOBBHIMH KBAHTOBBIMH cucTeMaMu. [IpuBeneHbl MpUMephl KOHTPOJIS
COCTOSIHUH B KBaHTOBOH CHCTEME, KOHTPOJIS W MaHHUNYISIUUU €AWHUYHBIMH  (OTOHAMH,
TpEX-yPOBHEBOM KBAHTOBOW CUCTEMOM U T.A.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOAMMOM AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

VYueOHast aymuTOpHs, OCHAIICHHAS! MEIUANPOEKTOPOM, 3KPaHOM, MapKEPHOW JTMOO MEJIOBOW JOCKOM.
Kpuocrar pactBopeHus, BEKTOpHBINH aHAJIN3aTOP LEIeH, TeHepaTop CUHYCOUIaIbHOTO
MHUKPOBOJIHOBOT'O CUTHAJIA.

6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JiATEparypa
1. M. Orszag, Quantum Optics: Including Noise Reduction, Trapped lons, Quantum Trajectories, and
Decoherence, 2nd edition, Springer-Verlag, 2007.
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1. Coherent control of macroscopic quantum states in a single-Cooper-pair box. Y. Nakamura. Yu. A.
Pashkin, J. S. Tsai, Nature 398, 786—788 (1999).
2. Strong coupling of a single photon to a superconducting qubit using circuit quantum
electrodynamics. A. Wallraff, D. 1. Schuster, A. Blais, L. Frunzio, R.- S. Huang, J. Majer, S. Kumar, S.
M. Girvin, R. J. Schoelkopf, Nature 431, 162—-167 (2004).
3. Single artificial-atom lasing. O. Astafiev, K. Inomata, A. O. Niskanen, T. Yamamoto, Yu. A.
Pashkin, Y. Nakamura, J. S. Tsai, Nature 449, 588-590 (2007).
4. Resonance Fluorescence of a Single Artificial Atom.  O. Astafiev, A. M. Zagoskin, A. A.
Abdumalikov Jr., Yu. A. Pashkin, T. Yamamoto, K. Inomata, Y. Nakamura, J. S. Tsai, Science 327,
840-843 (2010).

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

https://mipt.ru/upload/medialibrary/9bf/astafiev_mipt.pdf

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredyeHust
H HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)

Pecypc Canvas (CkonTex), Bce CTyACHTHI MTOTYYaOT WHAUBHYaIbHBIN TOCTYII.
Google.meet.com

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0OCBOCHMIO JTUCIHUIIINHBI (MO)_Iy.Tlﬂ)

CryneHT, W3y4alOLWUil AUCUUILUIMHY, AOJDKEH HCIIONb30BAaTh 3HAHUS, MOJIyYEHHBIE B IMPEIBIIYLINX
¢du3nuecKuX Kypcax, Ul OCBOCHHS COBPEMEHHBIX BBICOKOTEXHOJIOTHUHBIX HANpaBICHUN (GHU3HUKH,
CBSI3aHHBIX C CBEPXIPOBOJAHUKOBBHIMI KBAHTOBBIMU CHCTEMAMH.

B pesynbrare nzyueHus: IUCUUILIMHBI CTYJEHT JOJDKEH 3HaTh OCHOBHBIE TUIIBI CBEPXIPOBOAHUKOBBIX
KBAaHTOBBIX CHCTEM, YMETh NPUMEHSTH IOIY4YECHHBIC 3HAHHS B CIyyae CaMOCTOSITEIbHON paboThl IO
HCCIIEJOBAaHUIO U pa3paboTKe KOHKPETHBIX YCTPONCTB U MaTepPHasoB.



VYeneniHoe ocBoeHHME Kypca TpeOyeT TBOPUYECKOM CaMOCTOSTENhHOW pabOThl CTYACHTA 1O aHalu3y
MIPETIOKESHHOMN IS pa3dopa TeMBI.

[Tokazarenem BnajeHHs MaTepuajoM CIY)KMUT yMEHHE OTBEYaTh Ha BOMPOCH B XOA€ U IOCTE
COOOIIEHUs O Pa3o0paHHOW TeMe, a TaKXKe 3a/laBaTh BOMPOCHI KOJUIETaM B XOJIe¢ MX COOOIICHHI O
IpYyTHX TeMax Kypca.

BaxxHO moOWTHCS TTOHMMAaHWUS W3y9aeMOT0 MaTepualia, a He MEXaHWYECKOTO ero 3anmoMuHaHus. [lpwm
3aTPYJHCHUU W3YYCHHUsS OTJAEIBHBIX TEM, BOMPOCOB, CIEAYyeT OOpamiaTrhCsi 3a KOHCYABTAIUSMH K
JIEKTODY.

Bo3MoxxeH mpOMEKYyTOUHBIM KOHTPOJb 3HAHUN CTYACHTOB B BUJIC PELICHHUS 33a/1a4 B COOTBETCTBUU C
TEMaTUKON 3aHSITHIA.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA
npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay

dusrex-KiIacTep akaJIeMUUeCKOi U HayqHOH Kapbepbl (KBaHTOBbIE HAHOCTPYKTYPHI,
MaTepHabl U YCTpOicTBa)

Kypc: 1
KBaJIMpUKALUS: MarucTp

CemecTp, (hOpMBI POMEKYTOUHOM arTecTanuu: 2 (BECCHHHI) - DK3aMEH

Pa3zpadoTunk: O.B. Acradnes, kaun. ¢pus.-MaT. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocyecTBIsATh KpUTHUECKUN
aHaJn3 NpOoOJIEeMHBIX CUTyalluii Ha OCHOBE
CHUCTEMHOTO TI0/IX0/1a, BBIpadaThIBaTh
CTpaTeruro AecTBUi

VYK-1.1 Ananuzupyer npoOIEMHYIO CUTYaIHIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

YK-1.2  OcymiecTBisieT TIOHCK BapHaHTOB
MOCTAaBIICHHONH  TpoOJIeMHOW  CUTyallud  Ha
JIOCTYITHBIX UCTOYHUKOB MHGOPMAITUU

peleHust
OCHOBE

YK-4 CriocoGeH MpUMEHSITh COBpEMEHHbBIE
KOMMYHHKATHBHBIC TEXHOJIOTHH, B TOM YHCIIC
HAa UHOCTPaHHOM(BIX) sI3bIKe(aX), IS
aKaJIeMUYECKOro U Mpo(ecCHOHaTBEHOTO
B3aNMOJCHCTBUS

YK-4.1 CniocobeH Bectd 0OMEH jenoBoi nHpopmanueid B
YCTHOH U MHCbMEHHON (QopMax Ha roCylIapCTBEHHOM SI3BIKE
Poccuiickori ®enepauuyd M HE MEHEE 4YEM Ha OIHOM
WHOCTPAHHOM SI3BbIKE

VK-42 Bnageer HaBBIKAMHU, HCOOXOOUMBIMH IS
HalMCaHus, MHUChMEHHOTO TIEpPeBOfla W PEAAKTHUPOBAHUS
PasIUYHBIX aKaJIeMHYECKHX TeKCToB (pedeparoB, 3cce,
0030poB, cTarei u T.1.)

YK-4.3 Crniocoben MIPEJICTABISATh pe3yABTATHI
aKaJIeMUYeCKOll W Mpo(decCHOHATBHON IesITeIbHOCTH Ha
pa3INYHBIX Hay4IHBIX MEpOIPUATHSIX, BKJTIOYast
MEKIyHapOJHbIE

VYK-4.4 CrocobGeH HCHOIb30BaTh COBPEMEHHBIE CPEACTBA
MH(POPMAIMOHHO-KOMMYHHUKAIIHOHHBIX ~ TEXHOJIOTHUH  JUIS
aKaJIeMUYECKOTO U PO(EeCCHOHAIEHOTO B3aUMOJCHCTBUS

YK-6 CriocoGeH onpenessTh U peaan30BbIBaTh
HNPUOPUTETHI COOCTBEHHOM JEATEIILHOCTH U
CIIOCOOBI €€ COBEPIICHCTBOBAHUS HA OCHOBE
CaMOOLICHKH

YK-6.1 YmMmeer pemarp 3a/laud COOCTBEHHOTO JTMYHOCTHOTO
U npodeccCHOHANBHOIO  pPa3BUTHS,  ONpEACsITb U
peann30BbIBaTh HPUOPHUTETHI COBEPIICHCTBOBAHUS
COOCTBEHHOM JESTENbHOCTH

YK-6.2 OueHHBaceT CBOIO JIEATECIBHOCTH, COOTHOCHT IIEJH,
CHOCOOBI M CPEJCTBA BBITIONHEHUS JIEATENBHOCTH C e€

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0sacTu
(u3MKO-MaTeMaTHYECKUX HayK

pe3yabTaramMu
OIIK-1.1 SHaer © CIOCOOEH  HCHONIL30BaTh B
nmpo)eCCUOHANBEHOW  NIeATEeNhbHOCTH  (PyHITaMEHTabHBIC

Hay4HbIe 3HaHHA B 00JacTH (PU3NKO-MaTeMaTH4eCKNUX HayK

OIIK-1.2 Cmocoben 0000mmaTe ¥ KPUTHYECKH OILCHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICJOBAHUII B 00JacTh
mpoeCCUOHATBHOM IEATEILHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTHuKl ¥ (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 MpoQecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeet nipeacraBieHre 00 aKTyalbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHAIBHOM JIeTENNLHOCTH, CIIOCOOCH
Ha HAyYHOM s13bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIauu

OIIK-2.1 NUmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHU
WCCIICZIOBAaHUI B paMKax TEMaTW4YecKoil obmactu cBoel
npoecCuoHaTbHOU e TEHHOCTH

OIIK-2.2 Crniocoben OIICHUBATh aKTyaJlbHOCTh
UCCIICIOBAaHUM B obnmactu cBoed mnpodeccrnoHanbHON
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Brnameer mnpodeccHOHaNbHONW TEPMUHOIOTHEH,
HCIIONb3yEMOM B  COBPEMEHHOM  HAyYHO-TEXHUYECKOMN
muTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MHUCHMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HAyYHOW JESTEIbHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAINN

OIIK-3 CniocoOeH BRIOMpATh U (HITH)
pa3pabaThIBaTh MOXO/IbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccnoHamTbLHON
JIeATEIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U

OIIK-3.1 CnocobeHn aHanu3upoBaTh 3ajady, [JIAHUPOBATDH
MyTH pemeHus], MpeiaraTh 1 KOMOMHHUPOBATh CIIOCOOBI
peleHus

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHUE
METObl TIPU PEIICHUH HOBBIX 3a]ad, MPUMEHSs 3HAHHS B
pa3IMUYHBIX 001aCTIX HAYKH (TEXHUKN)




OrpaHUYCHHUA PA3JINYHBIX METOAOB PCIICHHUA

OIIK-3.3 Brnameer aHaIUTHYECKUMUA U BBIYUCIATEILHBIMUA
METOJ]aMU PEIICHMs], TTOHNMAeT U YYUTHIBACT HA MPAKTHKE
IpaHUIBl TIPUMEHUMOCTH MOTYYaeMbIX PeICHUN

OIIK-4 CriocoGeH ycIenHo peann30BbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara M MPeACTaBUTh BHIBOIbI,
MPUMEHSS 3HAHNS U HaBBIKU B 00JIaCTH
(U3MKO-MaTEeMaTHYECKUX HAYK U
MH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.1 Cnoco0eH NpUMEHATH 3HAHUS M HABBIKU IIO
UCTIOJIb30BAaHHIO MH(pOpPMaIMOHHO-KOMMYHHUKAIIMOHHBIX
TEXHOJIOTUH I OUCKA M U3YyYEHUS] HAYYHOH JIUTEPaTyphl,
MPUMEHEHHSI IPUKJIaJHBIX IPOrPAMMHBIX ITPOLYKTOB

OIlK-4.2 CrnocobeH TpUMEHSTh 3HaHWS B  0O0NacTH
(U3UKO-MaTEMAaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1au¥, (POPMYJIHPOBAHUS BBHIBOJOB M OLIEHKH MOJYyYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpAaTh CIIOCOO
MPOBEICHUS HAYYHOTO MCCIIEA0BAHUS

OIIK-5 CriocobeH 1 roTOB K ITOBBIIIEHHIO

kB (prKaIy, mpodeccuoHaITbHOMY POCTY U
PYKOBOJICTBY KOJIEKTHBOM B cepe cBoeit
poeCcCHOHaTBHON e TENBHOCTH, TOJIEPAHTHO
BOCTIIPUHUMasI COIMAJIbHBIE, STHHUECKUE,
KOH(ECCHOHAITLHEIE U KYJIETYPHBIC PA3IHUIUS

OIIK-5.1 Crocoben paboraTh B KOJUICKTHBE, TOJEPAHTHO
BOCIIPHHUMAS COIIMAJIbHEIE, ITHUYECKUE,
KOH(ECCHOHAIBHBIEC U KyJIBTYpPHbIE Pa3Inyust

OIIK-5.3 CrpeMurcss K TOIYYECHUIO HOBBIX 3HAHHM,

poQecCHOHAIBHOMY M TMYHOCTHOMY POCTY

[IK-1 CnocoGen craBuTh, hOpMann30BHIBATH U
pemIarh 3aJia4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThI

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyalbHBIX pe3yJbTaTax MCCIeJOBaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCcCHOHATLHON
EITEILHOCTH

IIK-1.2 CnocobeH BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MaTeMaTH4ecKue MOAEIH ISl ONUCAaHMA H3y4aeMBIX
SIBIICHUI | TPOLIECCOB, OICHUBATh KAUeCTBO pa3paboTaHHON
MOJENN

[IK-1.3 CrnocobeH mnpuUMEHATh TeopeTHYecKkue u (Win)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3a7a4e W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

[1K-2 CnnocoOeH caMOCTOSTEIIEHO HITH B
Ka4yecTBe uJieHa (PYKOBOIUTEIS) MAJIOTO
KOJUICKTHBA OPTaHW30BEIBATh U ITPOBOIUTH
HAyYHbIC UCCIICIOBAHMS U MX arpoOaIiuio

[MK-2.1 Cnoco0eH TulaHUpOBaTh ¥ MPOBOJAWTH Hay4dHBIC
HCCIJICAOBAHUS CAaMOCTOSITEIbHO MM B COCTaBE€ HAy4HOTO
KOJIJIEKTHBA

[IK-2.2 CnocobeH NpOBOAWTH anpoOaIuio pe3yiIbTaToB
HAYYHO-HCCIIE0BATEIHLCKON paboThI MOCPEICTBOM
ITyONUKAIMY HAYYHBIX CTAaTeH U y4acTusl B KOH(pepeHIuIx

[1K-3 Cnocoben npodeccnonaabHO paboTaTh ¢
UCCIIeJOBATEIbCKUM U UCTIBITATEIbHBIM
o0opynoBanueM (IpruOOpaMH U yCTaHOBKaMH,
CTIEUATN3UPOBAHHBIMU TTAKETAaMU TPUKIIATHBIX
MporpaMm) B n30paHHON MTPEIMETHOM 00IacTH

[MK-3.1 Tlonumaer npuMHOUNBI pPabOTHl HUCIOIB3YEMOTO

00opynoBaHUs (crierManu3upOBaHHBIX MaKETOB
MIPUKJIAJAHBIX TPOTPAMM)
IIK-3.2 Crocoben MIPOBOJNTH AKCIIEPUMEHT

(MonenupoBaHUe) C HCIOIb30BAaHHEM HCCIIEI0BATEIBCKOTO
00opynoBaHus (IIAKETOB MPUKIIAAHBIX IPOTPAMM)

IMK-3.3 CnocobeH oIleHUBaTh TOYHOCTh IOJyYEHHBIX
9KCIIEPUMEHTAIILHBIX (UUCIICHHBIX) PE3YJIbTaTOB

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B pE3YIbTATC N3YUYCHUA JUCIIUITIINHBL <(CBerHpOBO,I[HI/IKOBBI€ KBAaHTOBBIC CUCTCMBbD» O6y‘laIOI].[HI>iC5I JOJIKCH:

3HAThb:

KBaHTOByI-O MCXaHUKY HCKYCCTBCHHBIX KBAHTOBBLIX CHUCTCM. bazosrie IIPUHIMUIIBI KBAaHTOBOM ONTHKH
HUCKYCCTBCHHBIX KBAHTOBBIX CHUCTCM Ha YHUIIC. 9KCHCpI/IMeHTaHLHLI€ METOAbI JJIA HCCJICIOBAHUMN B
obnactu HNCKYCCTBCHHBIX KBAHTOBBIX CUCTCM.

yMeThb:




OnuchIBaTh EKTPUUESCKHE LIEIH U NOJISi B KBAHTOBO-MEXaHUYECKUX TEPMHHAX.
OmnuceiBaTh pas3IM4yHbIC THUIBI HCKYCCTBEHHBIX aTOMOB KaK KBAaHTOBBIE CXEMbl Ha KpHCTAJUIE M
BbIBeTe [ aMMIIBTOHMAHBI CBEPXIPOBOJSIIMX KBAHTOBBIX CHUCTEM Ha OCHOBE 3apsiia M IIOTOKa.
BBIUUCIATE BpEeMEHHYIO SBOJIOIHMIO YIPABISIEMOW JBYXypPOBHEBOW CHCTEMBI M OTOOpakarb €€ Ha
cdepy broxa.
OOBSACHATh (U3UUECKUIT CMBICIT CHIBHOTO B3aMMOJICHCTBUS MCKYCCTBEHHBIX aTOMOB C Pa3IMYHBIMHU
9JIEMEHTAMH M TOJISIMH; ONKCBHIBAaTh B3aUMOJICHCTBHE KBAaHTOBAHHBIX AJICKTPOMArHUTHBIX IOJEH ¢
WCKYCCTBEHHBIMH aTOMaMH; OOBSICHATh PAa3HUILY MEKIY €CTECTBCHHBIMU U MCKYCCTBEHHBIMU aTOMaMH
Y [IPEUMYIIECTBO MMOCICIHUX JUIl KOHKPETHBIX IPUMEHEHHUH.
OObscHATh (hyHAAMEHTaJIbHBIE KBAaHTOBO-ONTHYECKHE SIBICHHS C OAWHOYHBIMH HCKYCCTBECHHBIMHU
aroMamu; paboTy KBaHTOBO-ONTHYECKUX YCTPOMCTB Ha OCHOBE MCKYCCTBEHHBIX KBAaHTOBBIX CHCTEM;
OOBSCHATH, KaK JKCIIEPHUMEHTAJIBHO PEaN30BbIBATH OCHOBHBIC KBAHTOBBIC ONTHYCCKUE SBJICHUS Ha
quIe.

BJIaJIeTh:
AmnmaparoM ONHCAaHUS peajibHbIX KBAaHTOBBIX CHUCTEM; YHMCJICHHBIMH METOJAMHU JUIS ONUCAHUS
HBOJIIOLIUH KBAaHTOBBIX CHCTEM; METOJAMH CHMYJISILIUM KBAHTOBO-ONTHYECKHX CUCTEM.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

1. UYro Takoe s¢¢exr Llrapka mns cucTeMbl MCKYCCTBEHHOTO aroma-pe3oHaropa? BriBeaurte nim
MOKaKUTE IITAPKOBCKUI CIIBUT JJIsI CUCTEMBI KyOUT-PE30HATOP.

2. M3obpa3ure cxemMaTHuecKu M3MEPUTEIbHYIO YCTAaHOBKY ISl KCIIEPUMEHTOB KBAaHTOBOM ONTHKHU C
CBEPXIPOBOAHUKOBBIMH KBAHTOBBIMH cucTeMaMy. ONUIINTE HA3HAYCHHUE KAXKIOTO AIIEMEHTA.

3. IlpuBenute mpuMep SKCHEPHMEHTAa KBAHTOBOW ONTHKH Ha CBEPXIIPOBOJHHUKOBBIX KBAaHTOBBIX
cucreMax. OnMIIUTE TaKOH 3KCIIEPUMEHT.

4. Hanumurte KBAaHTOBOE€ KHWHETHYECKOE YpPAaBHEHHUE ISl JBYXYPOBHEBOU cUCTEMBI. UTO Takoe
npolecchl JekorepeHTHocTu? Kakue 1Ba OCHOBHBIX THIA JAEKOT€PEHTHBIX IMPOILIECCOB M3BECTHBI IS
JIBYXypPOBHEBOU cucTeMbl? Kak y4uThIBa€TCS JEKOT€PEHTHOCTh B KHHETHUECKUX YPABHCHUAX ?

5. BwBemute ypaBHeHus bioxa. Kak jguccunaruBHas JUHAMHKA JBYXYPOBHEBOH CHCTEMBI
oToOpaxkaeTcs Ha TWHAMUKY crinHa 1/2.

4. lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

[lepeueHb KOHTPOJIBHBIX BOIPOCOB:
1. Haiinute coOCTBEHHBIE SHEPIHMH U COOCTBEHHBIE BEKTOpa AJISi ABYXYPOBHEBOH CHCTEMBI B 0OLIEM
BUJIE.

2. IlpuBeaurte mpuMep CBEPXIPOBOIHMKOBOIO KyOMTa M omumuTe ero paboty. BeiBeaure
raMUJIBTOHUAH KyOuTa.

3. IlpuBenure mpuMep ONEPaTOPOB HANPSHKEHUS U TOKA B KOIUIAHAPHOM pe3oHarope. Jlokaxwure, 4To
TaMWIBTOHHAH TaKOTO pe30HaTopa MOXKET OBbITh CBeAEH K TaMIJIBTOHHAHY TapMOHHUYECKOTO
OCLIIIIATOpA.

4. TlpuBeauTe NpPUMEp CHCTEMBI: CBEPXIPOBOIHHKOBAs CHUCTEMa-pe3oHarop. BeiBegure dieH
B3aMMOJICHCTBHS MEXIy KyOUTOM H pe3oHaTopoM. Kakoe mnpuOmmkeHHe HEOOXOAUMO MPH 3TOM
HCIOJIb30BATH?

5. Hanmmute ramunsronnan xeitHca-Kammunrca (Jaynes-Cummings). OObsicHuTe (QU3MUECKHAN
CMBICTI KaXIOTO YJIEHA.

[Tpumeps! 3K3aMEHAMOHHBIX OUIIETOB:

buner 1.

1. JIByXypOBHEBBIE CHCTEMBI.

2. PeanbHble KBAHTOBBIC CHCTEMBI.

buner 2.

1. KBaHTOBas MexaHHKa NEKTPUUECKUX IIETIeH.

2. DddexTh nexorepeHInn.

buner 3.

1. IIpMHIUIIBI CBEPXIPOBOJHUKOBBIX KBAHTOBBIX LIETIECH.



2. JluccunaTuBHAs JUHAMUKA

buner 4.

1. CBs13b CBEPXNPOBOAHUKOBBIX KBAHTOBBIX CUCTEM C JIPYTUMH CHCTEMaMU
2. KBaHTOBas onTHKA Ha YHIIE.

buner 5.

1. UckyccTBeHHBIH aTOM Kak pe30HaTop

2. DKCnepUMeHTaIbHAs pealln3aius KBAaHTOBO-ONITHYECKUX CHCTEM Ha YHIIE.

Kpurepun onennBanus

Onenka "ommuno" (10 OGaiios) BBICTABIISIETCSI  CTYACHTY, I[IOKa3aBIIEMYy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIC, DIIyOOKHE 3HAHUS YYEeOHOW WPOrpaMMbl IHCHUILIHHBL, TPOSBIISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
NPUMEHSATh UX Ha MPAKTHKE PU PEIIeHHH KOHKPETHBIX 3a7a4, CBOOOIHOE U MPAaBUIbHOE 000CHOBAHUE
HNPUHATHIX PELICHAMN.

Onenka "ortnmuuno" (9 0amioB) BBICTABIISIETCSI  CTY[AEHTY, IIOKa3aBIIEMYy BCECTOPOHHHUE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIlIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U NMPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELICHUH.

Onenka "ormmmuno" (8 0amioB) BBICTABJISIETCSl  CTYIEHTY, IIOKa3aBIIEMy BCECTOPOHHMUE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIIbHOE 00OCHOBAHME MPUHATBHIX
pELIEHN, ¢ HEKOTOPBIMHU HENOYETAMU.

Onenka "xopomo" (7 0aiioB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET MarepHall, IPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPHUMEHSTH MOJy4YCHHBIC 3HAHHWSA Ha MPAKTUKE, HO HEJOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIJIBTATHI.

Onenka "xopomo" (6 6anoB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET Marepuall, TpaMOTHO U
[0 CYLIECTBY M3JaracT €ro, yMeeT NMPUMEHATh MOJYYCHHbIC 3HAHMS HAa NPAKTHUKE, HO JOIYCKaeT B
OTBETE WJIH B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.

Onenka "xopomo" (5 0ayuioB) BBICTAaBISETCS CTYACHTY, €CIM OH B OCHOBHOM 3HAET MaTepuall,
IPaMOTHO ¥ IO CYIIECTBY M3JIaraeT €ro, yMeeT NPHMEHITh IOJyYeHHbIE 3HAHMS Ha IPAKTHKE, HO
JIOITyCKAeT B OTBETE WIM B PELICHUH 3a7a4 JOCTATOYHO OOJIBbILIOE KOJTUYECTBO HETOUHOCTEH.

Onenka "ynoBneTBopUTenbHO" (4 Oama) BBICTABISETCS CTYACHTY, IOKa3zaBlIeMy (parMEHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO MpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyIIEHUs JIOTHYECKOW MOCTIeIOBATEIILHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPHU 3TOM
OH OCBOMJI OCHOBHBIE pa3eibl y4eOHOM MmporpaMmsbl, HEOOXOAUMBIE JUIS JalbHEHIIero o0ydeHus, u
MOYKET MIPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3ily B CTAHJAPTHON CUTYyallnH.

Onenka "ynosierBoputenbHo" (3 Oayia) BBICTABISIETCS CTYACHTY, MOKa3aBIIeMy (parMEHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOmycKaronlemy OmHOKH B (POpMyIrpoBKax 0a30BBIX MOHATHUH,
HapyIIEHUs] JIOTUYECKOH TI0CIEe0BAaTeIbBHOCTH B HM3JIOKEHMHM IPOrPaMMHOrO Marepuaia, ciaalo
BJIaJIeET OCHOBHBIMHU pa3JesiaMH y4eOHO! MporpaMmbl, HEOOXOANMBIMHE JUIS JaJIbHEHIIEro o0y4eHus U
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOU CUTYalHH.

Onenka "HeymoBneTBopuTenbHO" (2 0Oajuia) BBICTABISIETCA CTYACHTY, KOTOPBIA HE 3HAeT OoJbLIei
YaCcTH OCHOBHOTO COJEPXKaHMS Y4e€OHOM HporpaMmbl TUCHUIUIMHBI, JOMYyCKaeT rpyOble OMMOKH B
(hopMyIIMpOBKax OCHOBHBIX NIPHUHIUIIOB H HE YMEET HCIIOJIb30BaTh MOMyUYEeHHBIC 3HAHUS MIPH PELICHUU
THUIIOBBIX 33/a4.

Onenka "HeynosierBoputenbHO" (1 0aymr) BbICTaBISETCS CTYJACHTY, KOTOPBIA HE 3HAET OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILIUHBI, JOIycKaeT rpyOeiimne ommOKd B (HOPMYTUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE HMMEET HABBIKOB DPEIICHUS THIIOBBIX MPAKTUYECKHX
3ajay.

5. MeTonuueckne MaTepuajbl, onpeaeasonie Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(Wy1M) oNbITA AESITEILHOCTH

[Ipu mpoBeneHNM olleHWBaHMS 3HaHWK OOydYaroleMycs MPEJOCTaBIsIeTCS BpeMsl Ha IMOJITOTOBKY Ha
yCMOTpeHue 3K3aMeHaropa. Ompoc oOyuaromierocs 1mo OwiIeTy Ha YCTHOM 3K3aMEHE HE JIOJKEH
MPEBBINIATH OAHOTO aCTpoOHOMUYECKoro yaca. OIlleHMBaHHME 3HAHHM MPOU3BOIUTCSA B COOTBETCTBUHU C
BBIIIEYKAa3aHHBIMU KPUTEPUSAMHU B COOTBETCTBUU C COACPKAHUEM TUCLUTUIMHEI.



