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AHHOTANMA

B kxypce paccmarpuBaroTCsi NPHUHIMINBI (DYHKIIMOHHMPOBAHHUS CBEPXIIPOBOIHUKOBBIX KBAaHTOBBIX IIETICH:
aHAJIM3UPYIOTCSl JIBYXypOBHEBBIE CHCTEMBI, OOCYXIAaeTCs KBAaHTOBAsh MEXaHHWKa OJJIEKTPUYCCKUX ILeTeH.
N3yuaercs cBA3b CBEPXIIPOBOJHUKOBBIX KBAHTOBBIX CUCTEM C APYIMMHU CUCTEMaMHU.

AKIEHTHpYeTCsl TOHSATHE WCKYCCTBEHHOTO aroma - pe3oHaropa. OOCYXHaroTCs OCOOCHHOCTH pealbHBIX
KBaHTOBBIX cucreM. CrenanbHOe BHHUMaHue yaeisercs 3(dQexkraM JeKorepeHIMH W JUCCUMIATHBHOM
JuHaMuKe. PaccMaTpuBaeTcs SKCepUMEHTAIbHAS peann3alus KBAaHTOBO-ONTUYECKUX CUCTEM Ha YUIIE.

Kypc Bxomut B ceteByto nporpammy MO TU-Ckonrex, TeppuTOpUATBHO 3aHATHS TPOBOASITCS B CKONTEXE.
1. leau u 3apauu

eap AUCUMNIMHBI
- O3HAKOMJICHWE C (PU3HUKOM CBEPXIIPOBOTHUKOBBIX KBAHTOBBIX CHCTEM.

33]13‘[1/[ JAUCHUIIINHBI

ITo3HaKOMHTB CTYAEHTOB C 0a30BBIMU (DU3UUECKUMH MPUHIMIIAMH CBEPXIIPOBOJHUKOBBIX KBAaHTOBBIX
CHCTEM, C OCHOBHBIMHU HJESIMH M TEXHUYECKUMH PELICHUSAMHU B 3TOH 00JacTH, C MOCTAHOBKOM 3aJ1a4 U
UCCJIEA0BATEIbCKUMHU [OJXOAAMHU K UX PELIECHUSM.

[TponeMoHCTpUPOBAaTh SKCIIEPUMEHTAIbHBIE NPUMEHEHUS! TaKHUX CHUCTEM Kak B (U3MKe, Tak U B
TEXHOJIOTHH.

[Ipennonaraercs, 4To MHpPOCIYyIIaB 3TOT KypC, CTYAEHTHI CMOTYT YMTAaTh W IOHUMArh TEKYILIYIO
Hay4YHYIO IIEPHOJUKY B 3TOI 001acTH.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

VYK-1.1 Ananuzupyet npoOIeMHYI0 CUTYaIHIO KaK CUCTEMY,

YK-1 CriocoGeH ocynecTBIsATh KpUTHIECKUN
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

aHaM3 MPOOJIEMHBIX CHTYaIlMii Ha OCHOBE
CHUCTEMHOTO TIO/IX0/1a, BhIpabaThIBaTh
CTpaTeruro AecTBui

VYK-1.2 OcymecTBisieT MOUCK BapUaHTOB PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHOW  CHUTyallud Ha  OCHOBE
JOCTYTHBIX UICTOYHUKOB HH(pOpMaLH

VYK-4.1 CnocobeH BecTn OOMEH JieJI0BOM WHGpopMaiuel B
YCTHOH M MUCHhMEHHOHN (popMax Ha TOCYIapCTBEHHOM SI3BIKE
Poccuiickori ®enepauuu M HE MEHEE YEM Ha OJHOM
WHOCTPAHHOM SI3BbIKE

VK-42 Bnageer HaBBEIKAMHU, HEOOXOAUMBIMM  JUIS

YK-4 CriocoGeH mpUMEHSITh COBPEMEHHbBIE HallMCaHUsA, NUCBMEHHOIO IIEPEBOJA M PENAKTHPOBAHUSA

KOMMYHHUKATHBHBIE TEXHOJIOTHHU, B TOM YUC/I€  |Pa3IMYHBIX AaKaJEeMUYECKHX TEKCTOB (pedeparos, acce,

HA UHOCTPaHHOM(BIX) sI3bIKe(aX), IS 0030poB, crareii u T.1.)

aKaJIeMHYECKOr0 M IPO(eCcCHOHAIBHOTO YK-4.3 Criocoben MPECTABIIATh pe3yIbTaThl

B3aMMO/ICHCTBHS aKaJIeMMYECKOH M MPOQECCHOHANBHON [IESITENbHOCTH Ha
pa3IMYHbIX Hay4HBIX MEPOIPUATHSIX, BKJItOYast
MEXIyHapOAHbIE

VYK-4.4 CrnocobGeH HCIONb30BaTh COBPEMEHHBIE CPENCTBa
MH(POPMAIMOHHO-KOMMYHHUKAIIHOHHBIX ~ TEXHOJIOTHUH  JUIS
aKaJIeMUYECKOTO U PO(EeCCHOHATIEHOTO B3aUMOJCHCTBUS

VYK-6.1 YmMmeer pemarp 3a/1aud COOCTBEHHOTO JIMYHOCTHOTO
u  npoecCHOHANBHOTO  Pa3BUTHS,  ONPENENATh |
peann30BbIBaTh MPUOPHUTETHI COBEPIICHCTBOBAHUS
COOCTBEHHOM IESTENLHOCTH

YK-6 CriocoGeH onpenessTh U peaan30BbIBaTh
HNPUOPUTETHI COOCTBEHHOM JEATEILHOCTH U

CIIOCOOBI €€ COBCPHICHCTBOBAHUSA HAa OCHOBC

VK-6.2 OueHuBaer CBOI ACATECIBHOCTH, COOTHOCHUT IICJIH,
CaMOOLIEHKH

CHOCOOBI M CpEICTBa BBIMOJHEHUS JIESTEILHOCTH C €€
pe3ynbTaramu




OIIK-1 Bnaneer cuctemoii pyHIaMEHTaIbHBIX
Hay4YHbIX 3HaHUH B o0acTu
(u3MKO-MaTeMaTHYECKUX HAyK

OIIK-1.1 3Haer w© Croco0eH HCIIOJIL30BAaTh B
mpoeCCHOHANBFHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HAHUS B 00JacTH (PU3NKO-MATEMaTHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKU OLIEHUBATH
ONBIT M PE3yJbTaThl HAayYHBIX MCCIECJOBaHUI B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTeMaTuKd M (U3MKH M CHOCOOEH WX NPUMEHSTh NpU
peleHny 3a1a4 MpoecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeer nipeacrapieHre 00 aKTyalbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHATBHOM JIeSTENLHOCTH, CIIOCOOCH
Ha HayYHOM S13bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIauu

OIIK-2.1 Umeet npeacrapieHHe 0 COBPEMEHHOM COCTOSTHUH
WCCIIC/IOBAaHUI B paMKax TEMaTW4YecKoil obmactu cBoei
npo¢ecCHOHANIBHON eI TeNbHOCTH

OIIK-2.2 Criocoben OIICHUBATh aKTyaJbHOCTh
HCCIICIOBAaHUH B o0jacth cBoeil mpodeCcCHOHANBHOM
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOM  HAy4YHO-TEXHUYECKOMN
nuTeparype, o0nagaer HaBbIKAMU YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAINN

OIIK-3 CniocoOeH BRIOUPATh U (HITH)
pa3pabaThIBaTh MOXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccuoHamTbHON
JIeATEIIbHOCTH, YIUTBIBasi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 CrocobeHn aHanmu3upoBarh 3ajady, [JIAHHPOBAThH
MyTH pEIIeHHs, Mpeyiarath U KOMOWHUPOBATH CIOCOOBI
peleHus

OIIK-3.2 CrnocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHIE
METOJbl TIPU PEIICHUH HOBBIX 3a]a4, NPUMEHss 3HAHHS B
pa3IMUYHBIX 001aCTAX HAYKH (TEXHUKN)

OIIK-3.3 BnageeT aHaIUTUYECKUMH U BBIYUCIUTEILHBIMHA
METOJaMU pelIeHHs], TOHUMAeT U YYUTHIBAET HA MPaKTHKE
CPaHUIbl MPUMEHUMOCTH MOJIYyYaeMbIX PEIICHUN

OIIK-4 CriocoOeH ycIenHo peain30BbiBaTh
pelleHre MOCTaBIEHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJpTara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS 3HAHUSI ¥ HABBIKK B 00JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
WH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.1 CnocobeH NpUMEHATh 3HAHUST M HABBIKH TIO
HCIOJIb30BAHUIO “H(}OPMALIMOHHO-KOMMYHHUKAIIHOHHBIX
TEXHOJIOTUH IS TIOMCKA M U3YYEHUS] HAy4YHOU JIUTEPATypHl,
MPUMEHEHHSI TPUKJIAHBIX TPOTPAMMHBIX IPOIYKTOB

OIIK-4.2 CnocobeH mnpuMeHATh 3HaHHA B o0JacTu
(HU3UKO-MaTEMAaTHYECKUX HAyK JUIS PEeIICHUs IOCTaBICHHOM
3agaud, (popMyIMpPOBaHUS BHIBOAOB M OLEHKH MOIY4YEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMEeHTHPOBAaHO BBIOMpATh CIOCOO
MPOBEICHUS HAYYHOTO HCCIICIOBAHUS

OIIK-5 CriocoOeH 1 roTOB K MOBBIILIEHHIO
KBaJTU(UKAIMH, TPOPECCHOHATLHOMY POCTY U
PYKOBOJICTBY KOJJISKTHBOM B c(hepe cBocit
podeCcCHOHAILHOM IS TeIbHOCTH, TOJIEPAHTHO
BOCIIPUHUMAsI COIMATbHBIC, STHUUECKUE,
KOH(ECCHOHAIBHBIC M KYJIBTYPHBIC Pa3Indus

OIIK-5.1 Cnocoben paboraTb B KOJJICKTHBE, TOJEPAHTHO
BOCIIPUHUMAs COILMAJIBbHBIE, ITHUYECKHE,
KOH(ECCHOHAIBHBIC M KYJIBTYPHBIC Pa3IndHs

OIIK-5.3 Crpemurcs K TMOJYyYEHHUIO HOBBIX 3HAHUIA,

HpO(l)eCCI/IOHaJ'IBHOMy " JIMYHOCTHOMY POCTY

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aJa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICITN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TTOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CrocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMAINHIO 00 aKTyaIbHBIX pe3ylbTaTax UCCISIOBaHHH B
pamMKax TeMmaTH4ecKoi o0macTé cBoed MpodeccHOHATLHON
JEATEIIEHOCTH

[IK-1.2 CnocoGeH  BbLABHrarb THIIOTE3bl, CTPOUTH
MaTeMaTUYecKue MOAEIM JUIsl ONMCAHUS H3ydaeMbIX
SIBICHUH W MIPOLIECCOB, OLICHUBATh KA4eCTBO pa3padOTaHHON
MOJENN

IMK-1.3 CrocobeH NpUMEHATh TeopeThudeckue W (W)
SKCIIEPUMEHTAJIbHBIE METOJIbl UCCIIEIOBAHUI K KOHKPETHOM
HayyHOM 3ajadye W  HMHTEPIPETHPOBATH  IOTyYEHHbIE
PE3ybTaThl




[IK-2.1 Cnoco0eH IUIaHUPOBaTh M TPOBOAWUTH HAYYHBIC

ITK-2 CriocobeH caMOCTOATENLHO UK B HCCIICAOBAaHUA CAMOCTOSATENIBHO MM B COCTaBE HAy4HOIO
KauecTBe 4jieHa (PyKOBOAUTEINS) MAJIOro KOJUIEKTHBA

KOJICKTHBA OPraHU30BbIBATH U IIPOBOJUTH [IK-2.2 Cnoco0OeH mpoBOOUTH ampoOaluio pe3yiIbTaToB
HayYHBIE HCCIIENOBAHMUS M UX anpoOaiuio Hay4HO-HCCIIEN0BATEIbCKON paboTHI MOCPEACTBOM

MyOJIMKAIIMKY HAYYHBIX CTaTeil U yyacTus B KOH(EPEeHIUIX

[1K-3 Cnocoben npodeccnonaabHO paboTaTh ¢
UCCIIeJ0BATEIbCKUM U UCTIBITATEIbHBIM
o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CIIEeLUATN3UPOBAHHBIMU TTAKETAMU TPUKIIATHBIX
MporpaMm) B n30paHHON MTPEIMETHOM 00IacTH

[MK-3.1 TloHuMaeT NPUHIUIBI pPabOTHI HCIOIHE3YEMOTO
00opynoBaHuUs (cienmanu3upOBaHHBIX MAKETOB
MIPUKJIAJAHBIX TPOTPAMM)

IIK-3.2 Crocoben IIPOBOJNTH AKCIIEPUMEHT
(MOIETMPOBaHKE) C HMCIOIBb30BAHUEM HCCIIC0BATEIBCKOTO
obopynoBaHus (MTAKETOB MPHUKJIAIHBIX IPOTPAMM)

IMK-3.3 CnocobeH oIeHHBaTh TOYHOCTh IOJNyYEHHBIX
9KCIIEPUMEHTAIILHBIX (UMCIICHHBIX) PE3YJIbTaTOB

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUHUILIHHE (MOIYJII0)
B pesynberare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HATh!
- KBaHTOBYIO MEXaHUKY MCKYCCTBEHHBIX KBAHTOBBIX CHCTEM.
- bazoBble MPUHIMITEI KBAHTOBOI ONTUKU HCKYCCTBEHHBIX KBAHTOBBIX CHCTEM Ha YHIIC.
- DKCIIepUMEHTAIbHBIC METOBI JJIsl UCCIIEI0BaHUN B 00JIACTH UCKYCCTBEHHBIX KBAHTOBBIX CHCTEM.
YMETb:
- OnuchIBaTh HIEKTPUUECKHE IIEIH ¥ MOl B KBAHTOBO-MEXaHMYECKUX TEPMHHAX.
- OnuceIBaTh pa3iMYHbIC THITBI WCKYCCTBEHHBIX aTOMOB KaK KBAHTOBBIE CXEMbl Ha KpHCTAIUIE U
BbIBeIUTE [aMMIIBTOHMAHBI CBEPXIPOBOSIIMX KBAHTOBBIX CHUCTEM Ha OCHOBE 3apsiia M IIOTOKA.
BBIUMCIATE BpEMEHHYIO SBOJIOIMIO YIPABISIEMOW JBYXypOBHEBOW CHCTEMBI M OTOOpakarb e€ Ha
cdepy broxa.
- OOBSICHATh (PU3NYECKHUN CMBICT CHIIBHOTO B3aMMOICHUCTBHS MCKYCCTBEHHBIX aTOMOB C Pa3IMYHBIMHU
9JIEMEHTAMH M TOJISIMM; ONMCBHIBaTh B3aUMOJCHCTBHE KBAaHTOBAHHBIX AJICKTPOMArHUTHBIX IOJEH ¢
WCKYCCTBEHHBIMH aTOMaMH; OOBSICHATH PAa3HUILY MEKIY €CTECTBCHHBIMU U MCKYCCTBEHHBIMU aTOMaMH
Y [IPEUMYIIECTBO MMOCICIHUX JUIl KOHKPETHBIX IPUMEHEHHUH.
- OOBsACHATD (pyHIAMEHTAIBHBIE KBAaHTOBO-ONTHYECKUE SIBICHUS C OAMHOYHBIMU HCKYCCTBEHHBIMH
aroMamu; paboTy KBaHTOBO-ONTHYECKUX YCTPOMCTB Ha OCHOBE MCKYCCTBEHHBIX KBAaHTOBBIX CHUCTEM;
OOBSICHATH, KaK HKCIIEPUMEHTAJIBHO PEaM30BbIBATh OCHOBHBIC KBAaHTOBBIC ONTHYECKHE SBICHHS Ha
quIe.
BJIQJICT!

- AHHapaTOM OIMCaHus pCAJIbHBIX KBAHTOBBIX CUCTCM,
- UucneHHbIMU MCTOAAMU AJIs1 OIIMCAaHUA 3BOJIFOIIMH KBAHTOBEIX CUCTCM,
- MeTO}IaMI/I CUMYJIAIIMU KBAHTOBO-ONITUYCCKUX CUCTCM.

4. Coep:xanue TUCUMILIUHBI (MO1YJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYCCKUX YACOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIHHEI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUaM Y4eOHBIX 3aHATHH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
1 JIByXypOBHEBBIE CUCTEMBI. 4 4
) KBanToBass MexaHHMKa 3IEKTPUYECKUX 4 5
Lenen.
3 [TpuHIMITBEL CBEPXITPOBOHUKOBBIX 4 5
KBaHTOBBIX LIETICH.




CBsA3b CBEPXIIPOBOJHUKOBBIX KBAHTOBBIX

4 CUCTEM C  JpYyTUMH  CHUCTEMaMHU. 6 4
HckyccTBEHHBIN aTOM-pE30HATOP.
Peanbuble KBaHTOBBIE CHCTEMBI.

5 Db dekTs JIEKOT€PEHIINH. 4 4
JuccunaruBHas IUHAMUKA.

6 KBanroBas onruka Ha quIe. 4 4

7 OKclepUMeHTalIbHas peanuzanus 4 4
KBaHTOBO-ONTHYECKHUX CHCTEM Ha YHIIE.

Hroro yacos 30 30

[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.

4.2. Cogep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)

Cemecrtp: 2 (Becennuit)

1. IByXypOBHEBBIE CUCTEMBI.

Tema mocBsIIeHa KBAHTOBOW MEXaHUKE JBYXYPOBHEBBIX CHCTEM. ByJeT paccMOTpeH raMUIITOHHUAH
JIBYXypOBHEBOH CHCTEMBI, BOTHOBasi QyHKIUs, €€ oToOpakeHHEe U OTOOpakeHHe e€ TUHAMUKH Ha
chepe bnoxa; mpuBemeHbl MpUMEpHl (U3NYECKHX peanu3anuil U NPUOIMKEHHE JBYXYpPOBHEBBIX
CHCTEM; PAaCCMOTPEHBI IIPUMEPHI 3aITUCH YUCE B (PM3UYECKUX COCTOSHUSX JBYXYPOBHEBBIX CHCTEM;
BBEJICHO OIPE/ICJICHUE KBAHTOBOTO OHTA.

2. KBaHTOBasi MEXaHUKA SIEKTPUUYECKUX LICTICH.

B 3101 Teme OymeT paccMOTpeHa KBAaHTOBAas MEXaHUKa JJICKTPUUYECKUX LeNel; NOoTeHIHadbHas U
KMHETHYECKas SHEpruyd €MKOCTH M MHIYKTUBHOCTH; KBaHTOBas MexaHuka LC-pe3onaropa. bynyt
MOKa3aHbl BBIBOJ T'aMUJIBTOHHAHA DJIEKTPUUYECKOH CXEMBl; ONepaTopbl POXKIACHUSA/YHHUUTOKECHUS
(OTOHOB B pe30oHaTOpax; KBAHTOBAHHE TIOJIS B KOIIJIAHAPHBIX PE30HATOPAX.

3. [IpuHIMIBI CBEPXIIPOBOAHUKOBBIX KBAHTOBBIX IETIEH.

3agaga 3TOM TEeMbl — HO3HAKOMHUTH C OCHOBHBIMH THUIIAMU CBEPXIIPOBOIHHKOBBIX KBAHTOBBIX CXEM.
Byner paccmoTpeHa KBaHTOBas MeXaHHMKa JKO3€(COHOBCKHMX MEPEXOJOB, KBAaHTOBaHHME 3apsiia U
MarHUTHOTO TIOTOKA; TTOKa3aH BBIBOJI ONIEPATOPOB 3apsijia U CBEPXIPOBIHUKOBOM (a3bl, CBA3b MEKIY
HUMH U KOMMYTalMOHHBIE COOTHOWIEHHs. Takke OyIyT paccMOTPEHBI 3apsAOBble W IOTOKOBBIE
KyOHTBI, 3apsA0BbIi 0a3uC, BBIBOJ raMUIBTOHHAHOB 3apSJ0BOTO M IOTOKOBOTO KyOUTOB.

4. Cpa3b CBEpXIPOBOAHHUKOBBIX KBAaHTOBBIX CHCTEM C JAPYrMMM cucreMamu. MckyccTBeHHbIN
aTOM-pEe30HaToP.

Byner paccmarpuBaThCsi CBSI3b CBEPXIPOBOAHHMKOBBIX KBAHTOBBIX CHCTEM C JAPYTUMH dJIEMEHTaM
Leny, B 4YaCTHOCTH, C TIapMOHMYECKMM ocuuwusitopoM. [Ipaktuueckue peanuszanuu:
CBEPXIPOBOJAHUKOBBIE KyOUTHI CBSi3aHHBIC C KOIUIAHAPHBIM PEe30HATOpPOM. BhIBOI ramuisToHHMaHa
Jxelimca-KamuHca U1 CBEpXIPOBOJHUKOBOTO KyOWTa, CBS3aHHOTO C PE30HATOPOM. BBIBOA CHIIBI
CBSI3U MEXIY KyOUTOM U PE30HATOPOM.

5. PeanbHbIC KBAHTOBBIC CUCTEMBI. 3(1)(1)6KTLI ACKOTCPCHINHU. I[I/ICCI/IHaTI/IBHaﬂ JVHaMHUKa.

Tema mocCBAlleHa AMHAMUKE pealbHBIX KBAaHTOBBIX cucTeM. byrger paccmorpensl 3((eKTsl
JUCCUIIALIMM M JEKOI'€peHLIMH KBAaHTOBOM cucTeMbl. DbynyT BBeIeHbI MaTpulla IJIOTHOCTH U
KBaHTOBOE KHHETHYECKOE YpaBHEHHE HJs ONMCAHMS JWCCHIIAaTUBHOM JWHAMUKH KBaHTOBOM
cuctembl. Cepa brioxa s quccunaTHBHON KBaHTOBOW cucTeMbl. BoiBoj ypaBHeHuit brnoxa mms
JIBYXYPOBHEBOW CUCTEMBI.




6. KBanToBas onTvka Ha 4YuIIe.

Ora TeMa IOCBALICHAa OINUCAHUIO IIOAXOJOB KBAaHTOBOH ONTHKM Ui 3JIEKTPOHHBIX CXEM CO
CBEPXIPOBOJAHUKOBBIMH KyOuTamu. byner paccMoTpeHO NpuOIMKEHHE Bpallalouleiics BOJHBL
ONMCAaHUE JUHAMUKU CBEPXIPOBOJHUKOBOM KBAaHTOBOM CHUCTEMbl Ha SI3bIKE BTOPUYHOIO
KBaHTOBaHUS. BylyT paccMOTpeHBI CABUI SHEPIHH M3-3a MITAPKOBCKOIO U JIPMOOBCKOTO 3(P(eKToB.
Byner BBeneHa koHrennys GU3NIECKH CHIIBHOM CBSI3U MEX/y KBAHTOBOM CUCTEMOMN M OKPY>KEHHEM.

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

3nech OyayT NpUBEICHBI NPUMEPHI AKCIEPUMEHTAIBHON pealu3alil KBAaHTOBO-ONTHUECKUX
3¢ PEKTOB CO CBEpXNMPOBOIHUKOBHIMH KBAaHTOBBIMH cHcTeMaMmH. IlpuBeneHbl mpuMepbl KOHTPOJIS
COCTOSIHUH B KBaHTOBOM cCHCTeMe€, KOHTPOJIS W MAaHMUIYISAUM EJUHUYHBIMH  (DOTOHAMH,
TpEX-yPOBHEBOM KBAHTOBOW CUCTEMOMU U T.A.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0XOAMMO AJIsl OCYIEeCTBJICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

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

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JiATEparypa
1. M. Orszag, Quantum Optics: Including Noise Reduction, Trapped lons, Quantum Trajectories, and
Decoherence, 2nd edition, Springer-Verlag, 2007.

JlononHuTenbHAs TUTEpaTypa
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 NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
H HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

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

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

CTyneHT, M3y4alOLUil AUCUUILIUHY, JOJDKCH HCIOJIb30BaTh 3HAHMS, MOJYYEHHBIE B HPEABLAYIIMX
¢bu3MUeCKUX Kypcax, IJIi OCBOCHHUS COBPEMEHHBIX BBICOKOTEXHOJOTMYHBIX HANpaBICHUN (HU3HUKH,
CBSI3aHHBIX C CBEPXIIPOBOAHUKOBBIMU KBAHTOBBIMU CUCTEMAMH.



B pesynbprare uzydyeHus: JUCUUIUIMHBI CTYACHT JODKEH 3HATh OCHOBHBIC THUIIBI CBEPXITPOBOJHUKOBBIX
KBaHTOBBIX CHCTEM, YMETh NMPUMEHATH MOJyYCHHBbIC 3HAHHS B CIydae CaMOCTOSATENBHOH paboThl 1O
WCCIIeIOBAaHUIO U pa3padOTKe KOHKPETHBIX YCTPOICTB ¥ MaTEPHUAJIOB.

YcnemHoe OCBOGHHE Kypca TpeOyeT TBOPYECKOW CaMOCTOATEIbHOW pabOThl CTYIEHTa IO aHaJIU3y
MPEUIOKEHHOH ISl pa30opa TEMBI.

[Tokazarenem BIaJeHUS MaTEpUAIOM CIY>KUT yMEHUE OTBEYaTh HAa BOIPOCHI B XOAE€ M IOCTE
cooOIIeHNs TI0 pa300paHHON TeMe, a TaKKe 3a/1aBaTh BOMPOCHI KOJIJIETaM B XOJIe MX COOOIIEHUH O
JIpyrux TemMax Kypca.

BaxxHo 10OWTHCS TMOHMMaHMs U3y4yaeMOro mMarepuala, a He MEXaHHYeCKOro ero 3amoMmuHaHus. [lpu
3aTPYNHEHWN W3yYCHUsS OTICIBHBIX TEM, BOIPOCOB, CIEMyeT OOpamiarbCs 3a KOHCYJIbTAIMSAMH K
JIEKTOpY.

Bo3mokeH mpoMexyTO4HBIN KOHTPOJIb 3HAHUI CTY/IEHTOB B BHJE PEIICHHS 337ad B COOTBETCTBUH C
TEMaTHKON 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
kageapa KBAaHTOBBIX HAHOCTPYKTYP, MaTEpHAIIOB H yCTPOUCTB
Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

PaszpatGoTunk: O.B. Acradnes, kana. (huz.-Mar. 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 Ananuzupyet npoOIeMHYI0 CUTYAIHIO KaK CUCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

YK-1.2  OcymecTBisieT TMOUCK 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

VYK-4.1 CriocobeH BecTn OOMEH JIeJI0BOM WHGpopMaiuel B
YCTHOH M MUCBbMEHHOHN (popMax Ha TOCYIapCTBEHHOM SI3BIKE
Poccuiickori ®enepauuyu M HE MEHEE YEM Ha OJHOM
WHOCTPAHHOM SI3BbIKE

VK-42 Bnageer HaBBEIKAMHU, HEOOXOAUMBIMM  JUIS
HalMCaHus, MHChMEHHOTO TIEPeBOJa W PEAaKTHPOBAHUS
Pa3IUYHBIX aKaJIeMUYECKHX TEKCTOB (pedeparoB, 3cce,
0030poB, cTarei u T.1.)

YK-4.3 Criocoben MIPENICTABIATh Pe3yABTATHI
aKaJIeMUYEeCKON M TNpOo(EeCCHOHANBHON AEATENbHOCTH Ha
pa3INYHBIX Hay4IHBIX MEpOIPUATHSIX, BKJTIOYast
MEKIyHapOJHbIE

VYK-4.4 CrnocobGeH HCIONb30BaTh COBPEMEHHBIE CPENCTBa
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/1aud COOCTBEHHOTO JIMYHOCTHOTO
u  npoecCHOHANBHOTO  Pa3BUTHS,  ONPEHENATh |
peann30BbIBaTh MPUOPHUTETHI COBEPIICHCTBOBAHUS
COOCTBEHHOM JESTENbHOCTH

VK-6.2 OueHuBaer CBOI ACATECIBHOCTH, COOTHOCHUT IICJIH,
CHOCOOBI M CpEICTBa BBIMOJHEHUS JIESTEILHOCTH C €€

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

pe3yabTaramMu
OIIK-1.1 3Haer w© croco0eH HCIIOJIL30BaTh B
mpoeCCHOHANBFHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC

Hay4HbIe 3HaHHA B 00JacTH (PU3NKO-MaTeMaTH4eCKNUX HayK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLIEHUBATH
ONBIT M PE3yJbTaThl HAayYHBIX MCCIECJOBaHUI B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTeMaTuKd M (U3MKH M CHOCOOEH WX NPHUMEHSTh NpU
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 Umeet nmpeacrapieHHE 0 COBPEMEHHOM COCTOSTHUH
WCCIICZIOBAaHUI B paMKax TEMaTW4YecKoil obmactu cBoel
npo¢ecCHOHANBHON eI TeNbHOCTH

OIIK-2.2 Criocoben OIICHUBATh aKTyaJbHOCTh
UCCIICIOBAaHUH B o0jacTh cBoeil mpodeCcCHOHANBHOM
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Bnameer mnpodeccrnoHambHOW TEPMHHOJIOTHEH,
HCIIONb3yEMOM B  COBPEMEHHOM  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaer HaBbIKAMU YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH 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 Cnocoben ananmu3upoBarh 3ajady, [JIAHHPOBAThH
MyTH pEIIeHHs, MpeyiaraTh U KOMOWHUPOBATH CIOCOOBI
peleHus

OIIK-3.2 CrnocobeH UCHONB30BaTh HCCIIEAOBATEIbCKHIE
METOJbl TIPU PEIICHUH HOBBIX 3a]a4, MPUMEHSs 3HAHHS B
pa3IMUYHBIX 001aCTIX HAYKH (TEXHUKN)




OrpaHUYCHHUA PA3JINYHBIX METOAOB PCIICHHUA

OIIK-3.3 Brnazeer aHaIUTUYECKUMUA U BBIUYUCIUTEIBLHBIMUA
METOJIaMU pEIICHIs], TOHNMAET 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 CrnocoObeH mNpUMEHATh 3HaHWS B 00JacTu
(U3UKO-MaTEMAaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1au¥, (POPMYITHPOBAHUS BHIBOJIOB M OLCHKU ITOJIYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobOeH apryMeHTHPOBAaHO BBIOMpAaTh CIOCOO
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 COLIMAJIbHBIC, STHUYECKHE,
KOH(ECCHOHAIBHBIEC U KyJIBTYpPHbIE Pa3Inyust

OIIK-5.3 CrpeMurcsi K TMOJYyYEHUIO HOBBIX 3HAHHUH,
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

IIK-1.1 CrocobeH HaxomuTh, aHAIM3UPOBATh W 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHUN B
pamMKax TeMaTHYeCKOW 00NacTH cBoell mpodeccrnoHambHON
EITEILHOCTH

[IK-1.2 CnocobeH BbyIBHTaTh THIIOTE3bl, CTPOUTH
MareMaTH4ecKue MOACTH JUI ONHCAHUS H3y4YaeMbIX
SIBIICHUI W TIPOIIECCOB, OIICHUBATh KAYECTBO Pa3padOTaHHON
MOJENN

[IK-1.3 CrnocobeH NpUMEHATh TeopeThdecKue M (WiIu)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIEN0BAHUN K KOHKPETHOU
HAay4YHOM 3a7ad€ W HWHTEPOPETHUPOBATH  MOJIYUYCHHBIC
pe3yabTaThl

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

[IK-2.1 Cnoco0eH IUIaHUPOBaTh M TPOBOAWUTH HAYYHBIC
HCCIJICAOBAHUS CAMOCTOSITENIbHO MJIM B COCTaBE HAy4HOTO
KOJIJIEKTHBA

[IK-2.2 CnocobeH mpoBOAWTH ampoOaIio pe3ylIETaTOB
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 TloHuMaeT NPUHIUIBI PabOTHI HCIOIBE3YEMOTO

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

(MonenMpoBaHKUe) ¢ MCHONBb30BAHUEM HCCIIEIOBATEIbCKOTO
00opynoBaHus (IIAKETOB MPUKIIAAHBIX IPOTPAMM)

IMK-3.3 CnocobeH oIeHHBaTh TOYHOCTh IOJNyYEHHBIX
9KCIIEPUMEHTAIILHBIX (UUCIICHHBIX) PE3YJIbTaTOB

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

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

3HAThb:

- KBaHTOBy}O MEXaHUKY UCKYCCTBCHHBIX KBAHTOBBIX CUCTCM.
- bazoBrle OPUHIHAIIBI KBAaHTOBOM OITHKH HNCKYCCTBCHHBIX KBAHTOBBIX CUCTCM Ha YUIIC.
- 9KCHepI/IMeHTaHLHLIC METO/IBI TSI KCCIICAOBAHUN B obmactu HNCKYCCTBCHHBIX KBAHTOBBIX CUCTCM.

yMeThb:




- OnuchIBaTh IEKTPUUESCKHE IIEIH ¥ MOl B KBAHTOBO-MEXaHMYECKUX TEPMHHAX.
- OnuceIBaTh pa3IMYHbIC THITBI WCKYCCTBEHHBIX aTOMOB KaK KBAHTOBBIE CXEMbl Ha KpHCTAIUIE U
BbIBeUTE [aMMIIBTOHMAHBI CBEPXIPOBOSIIIMX KBAHTOBBIX CHUCTEM Ha OCHOBE 3apsiia M IIOTOKA.
BBIUMCIATE BpEeMEHHYIO SBOJIOIMIO YIPABISIEMOW JBYXypPOBHEBOW CHCTEMBI M OTOOpakarb e€ Ha
cdepy broxa.
- OOBSICHATh (PU3NYECKHUN CMBICT CHIIBHOTO B3aMMOICHUCTBHS UCKYCCTBEHHBIX aTOMOB C Pa3IMYHBIMHU
9JIEMEHTAMH M TOJISIMM; ONMCBHIBaTh B3aUMOJCHCTBHE KBAaHTOBAHHBIX JJICKTPOMArHUTHBIX IOJEH ¢
WCKYCCTBEHHBIMH aTOMaMH; OOBSICHATh PAa3HUILY MEKIY €CTECTBCHHBIMU U MCKYCCTBEHHBIMU aTOMaMH
Y [IPEUMYIIECTBO MMOCICIHUX JUIl KOHKPETHBIX IPUMEHEHHUH.
- OObsACHATD (pyHIAMEHTAIBHBIC KBAaHTOBO-ONTHYECKUE SIBICHUS C OAMHOYHBIMU HCKYCCTBEHHBIMH
aroMamu; paboTy KBaHTOBO-ONTHYECKUX YCTPOMCTB Ha OCHOBE MCKYCCTBEHHBIX KBAaHTOBBIX CHUCTEM;
OOBSCHATH, KaK HKCIIEPUMEHTAJIBHO PEaM30BbIBATh OCHOBHBIC KBAaHTOBBIC ONTHYECKHE SBICHHS Ha
quIe.

BJIaJIeTh:
- AnmapaTom OnuMcaHus peabHbIX KBAHTOBBIX CHCTEM;
- UycieHHBIMU METOAAMHU ISl OTTUCAHKS DBOJIFOLIMH KBAHTOBBIX CHCTEM;
- Merogamu cUMyISIIIANA KBAHTOBO-ONITUYECKUX CHCTEM.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BONPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMY KOHTPOJII0

1. UYro Takoe sddekr LTapka 1uisi cucTeMbl MCKyCCTBEHHOTO aToMma-pe3oHaropa? BreiBemute mnn
MOKaKUTE IITAPKOBCKUI CIIBUT JJIsl CUCTEMBI KyOUT-PE30HATOP.

2. H3o0pa3ure cxeMaTHYECKH W3MEPHUTENbHYI0 YCTAaHOBKY JJISl SKCIIEPUMEHTOB KBAaHTOBOM ONTHUKU C
CBEPXIPOBOAHUKOBBIMH KBAHTOBBIMH crcTeMaMy. ONUIINTE HA3HAYCHHUE KAXKIOTO HIIEMEHTA.

3. IlpuBeaure npuMep S3KCIIEpUMEHTAa KBAaHTOBOM ONTHUKHM Ha CBEPXIPOBOAHUKOBBIX KBAHTOBBIX
cucreMax. OnuIIUTE TAaKOH 3KCIIEPUMEHT.

4. Hanumure KBAaHTOBOE€ KHWHETHYECKOE YpPaBHEHHUE ISl JBYXYPOBHEBOU cUCTEMBI. UTO Takoe
rpolecchl JeKkorepeHTHOCTH? Kakue 1Ba OCHOBHBIX THIA JEKOTEPEHTHBIX MPOIIECCOB M3BECTHBI IS
JIBYXypPOBHEBOU cucTeMbl? Kak y4uThIBa€TCS JEKOT€PEHTHOCTh B KHHETHUECKUX YPABHCHUAX !

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

4. [lepeyens THNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
oOyuaroumuxcst

1. Haiinute coOCTBEHHBIC PHEPTUU U COOCTBEHHBIC BEKTOpA sl IByXYPOBHEBOW CHCTEMBI B O0IIEM
BUJIE.

2. IlpuBeante mnpuMep CBEPXNPOBOJHUKOBOTO KyOuTa W onumure ero paboty. BeiBegure
raMUJIBTOHUAH KyOuTa.

3. IlpuBenure npuMep OnepaTopoB HANPSIKEHUS U TOKA B KOIUIAHAPHOM pe3oHaTtope. JlokakuTe, 4yTo
TaMWIBTOHHAH TaKOTO pe30HaTopa MOXKET OBbITh CBeAEH K TaMHJIBTOHHAHY TapMOHHUYECKOTO
OCLIIIIATOpA.

4. IlpuBeauTe TpHMEp CHUCTEMBI: CBEPXIIPOBOJHHUKOBAS CHCTEMa-pe30HAToOp. BwiBenauTe wieH
B3aMMOJICHCTBHS MEXIy KyOuTOM M pe3oHaropoM. Kakoe mnpubmmkeHrne HEOOXOJUMO TPU STOM
HCIOJIb30BATH?

5. Hammmmre ramunsronuan J[xeitnca-Kammunrca (Jaynes-Cummings). OObscHuTe (huzndeckuit
CMBICTI KaXIOTO YJIEeHA.

6. VlckycCTBEHHBIH aTOM Kak pPe30HaTop

7. DxciepuMeHTaIbHas peaiu3alrs KBAHTOBO-ONTHYECKUX CHCTEM Ha YHIIe.
8. CBsI3b CBEPXITPOBOTHUKOBBIX KBAHTOBBIX CUCTEM C JPYTHMMH CUCTEMAMHU
9. KBaHTOBas ONITHKA HA YHUIIEC.

10. ITpuHUIHKITBI CBEPXTIPOBOJHUKOBBIX KBAHTOBBIX LIETIEH.

11. luccunaTuBHas TMHAMHKA

[Mpumeps! OUIETOB:

buner 1.
1. JIByXypOBHEBbIE CUCTEMBI.



2. PeanbHble KBAHTOBBIE CUCTEMBI.

buner 2.
1. KBaHTOBas MeXxaHHKa NEKTPUUECKUX IIETIeH.
2. DddexTh nexorepeHIn.

Kpurepun onennBanus
Onenka "ommuno" (10 Ganmos) BBICTAaBIISIETCSI  CTY[IEHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAaHUS YYEOHOHM MNpOorpaMMbl AMCHUUIUIMHBI, TMPOSBISIOLIEMY
MHTEpeC K JaHHOW MpPEeAMETHOH 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTh UX Ha MPAKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELLICHAMN.
Onenka "ortnmuuno" (9 06amioB) BBICTABJISIETCSl  CTY[EHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHHE YBEPEHHO
MPUMEHATh UX Ha IPAKTHUKE MPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELICHUH.
Onenka "ormnmumuno" (8 0aioB) BBICTABIISIETCSL  CTY[EHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MpPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHATh UX Ha MPAKTHKE MPH PEIICHUH KOHKPETHBIX 33/ad, IPaBUIbHOE 0OOCHOBAHHUE MPUHSATBHIX
pELIEHN, ¢ HEKOTOPBIMHU HENOYETAMU.
Onenka "xopomo" (7 0anoB) BBICTAaBIISETCS CTYACHTY, €CIIM OH TBEPAO 3HACT MaTepuai, FPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPHUMEHSTh MOJy4YEeHHbIC 3HAHWS Ha MPAKTHUKE, HO HEIOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIIBTATHI.
Onenka "xopomio" (6 0anoB) BBICTABISETCS CTYACHTY, €CIIM OH TBEPIO 3HAET MaTepuai, rPaMOTHO U
M0 CYIIECTBY HM3JIaraeT €ro, yMeeT HNPUMEHSTHh MOMyYeHHbIC 3HAHHWS HA NPAKTHUKE, HO JIOMYCKAaeT B
OTBETE WJIH B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.
Onenka "xopomo" (5 OamioB) BBICTABISIETCS CTYAEHTY, €CIM OH B OCHOBHOM 3HaeT Marepuad,
IPaMOTHO M MO CYIIECTBY H3JIaraeT €ro, yMeeT HMPUMEHATh MOJy4YEeHHbIC 3HAHUs Ha IMPAKTHKE, HO
JIOITyCKAeT B OTBETE WM B PELICHUH 3aa4 JOCTATOYHO OOJIbIIOE KOJTUYECTBO HETOYHOCTEH.
Onenka "ynoBneTBopuTedbHO" (4 Oana) BBICTABISIETCA CTYIEHTY, IOKa3aBHIEMY (QparMeHTapHBIMH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO IpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapyILIEHUs JIOTHYECKON MOCIe0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH OCBOMJI OCHOBHBIE pa3zieibl yueOHOW HmporpaMMbl, HEOOXOJUMBIE IS JalbHEHIero ooyueHus, 1
MOJKET MIPUMEHSTH MOJTyuYeHHbIE 3HAHUA 110 00pa3iy B CTAHJAPTHON CUTYyalLlnH.
Onenka "ynoBnerBoputensHO" (3 Gajuia) BBICTABISETCS CTYACHTY, IMOKa3aBIIeMy (parMeHTapHBI,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronlemy omuOku B (popMynrpoBKax 0a30BbIX HOHSTHH,
HapyIIEHUs] JIOTUYECKOH IMOCIeq0BaTeIbHOCTH B H3JIOKEHUM NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU paszieslaMy y4eOHOH IporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIEro 00y4eHus 1
C TPYZIOM IIPUMEHSET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
Onenka "HeynoBieTBOpUTENbHO" (2 Oamia) BBICTABIISICTCS CTYACHTY, KOTOPBIA HE 3HAeT OoJbLIei
YaCcTH OCHOBHOTO COJEpXaHUS y4eOHOW MporpamMMbl JUCLUIUIMHBL, JOMYyCKaeT IpyOble OmMOKU B
(hopMyIIMpPOBKaX OCHOBHBIX IPUHIIMIIOB U HE YMEET UCIOIb30BATh MOIYUYCHHBIC 3HAHUS [P PELICHUU
THUIIOBBIX 33/a4.
Onenka "HeynoBierBopuTenbHO" (1 6aymn) BBICTABISETCS CTYACHTY, KOTOPBIH HE 3HA€T OCHOBHOTO
cozep)kaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeiimue omuOKd B (GOPMYIUPOBKAX
0a30BBIX TMOHATUH IUCLUIUIMHBI M BOOOIIE HE MMEET HAaBBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuaIbl, ONpeIesONINe MPoueIyPbl OIleHHNBAHUS 3HAHUI, YMEHUIl, HABBHIKOB U
(W1M) oNbITA AESITEILHOCTH

ITpu mpoBeneHNM OLIEHMBAHUS 3HAHUI O0OydarolmeMycs MpPEAIOCTABISIETCS BpeMsl HA IOATOTOBKY Ha
YCMOTpEHUE 3K3aMEHaTopa.

Onpoc oOyuatomierocs 1o OwieTy Ha YCTHOM JK3aMEHE HE JOJDKeH IMPEBBIIATh OFHOTO
aCTPOHOMMUYECKOI'O yaca.

OneHuBaHue 3HAHUNH TIPOU3BOAMTCA B COOTBETCTBUM C BBIIICYKAa3aHHBIMU KPUTEPUAMU B
COOTBETCTBUU C COACPKAHUEM TUCLUILINHEI.



