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AHHOTANMA

OTOT Kypc B TEpBYIO oOdYepenb IOCBALICH OJKCIEPUMEHTAIbHOH (u3nke - (U3NYECKUM OCHOBaM
TBEPAOTEIbHBIX KBAaHTOBBIX BbIUMCICHUH. KBaHTOBbIE BBIUMCICHHS - 3TO OBICTPO pa3BUBAOLIASCA
MEKIMCIUILTMHAPHAS 00JIaCTh, BKIIOYAIOIIAS WU W3 KBAHTOBOW MEXaHWKH, (PM3HKH KOHIIECHCHPOBAHHOTO
COCTOSIHUSI, KBAaHTOBOW ONTHKM M KBAaHTOBOH 0O0pa0OTKM WHPOpManuu. 3a TOCIEeIHUE HECKOIBKO JIEeT
KBaHTOBBIE KOMIIBIOTEPHI IPEBPATHIIMCH M3 MEUTHl B PEAJIbHOCTh M OTKPBUIN 3aXBaThIBAIOIINE BO3ZMOXKHOCTH
s Oynymero. B To Bpems Kak KJIacCHYECKHE KOMIIBIOTEPHI KOIUPYIOT MH(POpManuio B OUTax, KBAHTOBBIE
KOMITBIOTEPHI TIOCTPOEHBI C HCIIOIB30BAHUEM KBAHTOBBIX OWTOB MIM KyOuTOB. B sekunonHom kxypce OymyT
paccMOTpeHbl pa3iuyHble THIBI KyOUTOB - KBAHTOBOTO "xkele3a', KOTOpOe MOXKET ObITh MCIIOJIb30BAaHO WIIH
YK€ UCTIONIB3YETCs AJISl CO3JJaHNs KBAHTOBBIX KOMIIBIOTEPOB HA OCHOBE TBEPAOTEIBHBIX TEXHOIOTHH.

Mpl HadHEM C KpaTKoro BBEJEHHS B KOHLCHIMIO KBaHTOBOM 00paboTkum uHpopmauuu. 3arem OymyT
o0CyXaaTbcs  pasziIM4yHble OKCIIEPUMEHTalbHble peanu3anuu Kyouros. Ilocme kpatkoro o63opa
MHUKPOCKOIIMYECKUX KyOUTOB (aTOMOB, HOHOB, ()OTOHOB) MBI TIOTOBOPHM O CYLIECTBYIOIINUX TBEPAOTEIbHBIX
KBAaHTOBBIX IUIaTpopMax, TaKMX KakK IIOJYNPOBOAHUKOBBIC KBAaHTOBbIE TOYKM, BAaKaHCHHM B alMase,
TBEpIOTEIbHbIC NPUMECHBIE CHMHBI W APYrde KBAHTOBBIC [IByXYPOBHEBBIE CHUCTEMBI. OTH THOAXOIBI B
HACTOsIIIee BpEMsI MO3BOJIIIOT CO3/aBaTh NMPOCTEHUIINE OIHO- MM ABYXKYyOHTHBIE CXeMbl. MBI TaKkKe KpaTko
0o0CyIMM MHTEpPECHBIE TEOPETUUYECKHE TMPEIJIOKEHUS] O elle HEHUCCIEAOBAaHHBIX THUIIAX KyOWTOB,
UCIOJb3YIOLINE, HAlpuUMep, IEKTPOHbl HA IIOBEPXHOCTH CBEPXTEKY4ero reiusi, INPUMECHbIE CIMHBI B
¢ynnepeHax, u Apyrue.

OcHOBHOE BHHMaHHE B Kypce OyleT yHeNSThCS CBEpXIPOBOAHMKaM. [lociie KpaTrkoro BBeICHHS B
CBEPXIIPOBOIUMOCTh MBI TOIPOOHO OOCYAMM CBEpXIPOBOASAIINE KBAaHTOBBIE CXeMbl. Takue CXeMbl C
HECKOJIbKUMH KyOMTaMu B HACTOSIIEE BPEMs HMCIOJIB3YIOTCS B CYHICCTBYIOIIMX KBAHTOBBIX KOMIIBIOTEpPAX,
peanmnzoBanubix Google, IBM, Rigetti u apyrumu [T-komnanusimu. Mbl oO0cyauMm  (QyHKIIMOHUpOBaHHE
Pa3IMYHBIX TUIIOB CBEPXIPOBOIAIINX KyOHTOB, IIOTOBOPUM 00 HCTOYHUKAX ITOTEPh U MPHYHHAX Ae(ha3supoBKu
JHEPrMH, pA3NIMYHBIX MEXaHU3Max JICKOTEPEHIMM W  CTPATeTHsX IOBBILCHUS  KOT€PEHTHOCTH
CBEpPXIIPOBOMAIINX KyOHTOB. B TeueHme mociIeqHMX HECKONBKUX JIEKIMHA MBI COCPEIOTOYMMCS Ha TaKhX
NPOABUHYTHIX T€MaX, KaK KBAHTOBAs JIEKTPOAMHAMHUKA CXEM, MaHUITYJIMPOBaHHE M CYMTHIBAHUE KyOHUTOB, a
TaKKe TIOrOBOPUM O METO/IaX KOPPEKIHUS OMIMOOK KBAHTOBBIX BHIYMCIICHH.

1. leau u 3apauun

eap AUCUMNIMHBI

O3HaKOMHTh CTYACHTOB C OJHUM M3 OCHOBHBIX HaHpaBJ’IeHI/Iﬁ Pa3sBUTHUA KBAHTOBLIX TEXHOIOTHI —
KBAaHTOBBIMHU BBIYUCJIICHUSAMU, B HACTHOCTU C TBEPAOTCIIbHBIMHU KBAHTOBBIMU BBIYUCJIICHUSAMU.

3agauu AU CHUILIHHBI

HAy4YUTh CTYJICHTOB OPHEHTHPOBATHCA B OCHOBHBIX (HM3MUECKUX IUIaTGopMax M anropurMax s
00paboTKHU U Mepesayd KBaHTOBOW MH(POPMAIUH.

2. Ilepeyens opMupyeMbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie ClIeayronmx KOMHGTGHL[I/Iﬁi

Kon 1 HanMeHOBaHNE KOMITETEHIIUT MHaukaTopsl JOCTHKEHUS KOMIIETEHIIUN
YK-1 Cnocoben ocymectBisaTh kputnueckud  |YK-1.2  OcymiecTBisieT OMCK  BapuaHTOB  PELICHUSA
aHaJn3 IpOoOJIEeMHBIX CHTyalluii Ha OCHOBE MOCTAaBIICHHONH  TpOOJIEMHOW  CHUTyallud Ha  OCHOBE
CHUCTEMHOTO TIOAX0/1a, BhIpadaThIBaTh JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

CTpaTeruro AeUCTBUI

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

YK-4 CriocoGeH mpUMEHSITh COBPEMEHHbBIE HUHOCTPAHHOM A3BIKC

KOMMYHHKATHBHbBIC TEXHOJIOTHH, B ToM uncie |YK-4.3 Cnocoben IPE/ICTaBISTh pE3yabTaThI
HAa UHOCTPaHHOM(BIX) sI3bIKe(aX), IS aKaJIeMUYEeCKO W TPO(dEeCCHOHANBHON JEATENbHOCTH Ha
aKaJIeMHYECKOT0 M PO(eCcCHOHATEHOTO pasIMYHBIX Hay4HBIX MEPOIPHUATHUSIX, BKJTIOYAsT

B3aNMOJIEHCTBUSA MEXIyHapOIHbIE




VYK-4.4 CrniocobeH HCIoNb30BaTh COBPEMEHHBIE CPENICTBA
WH(POPMALIMOHHO-KOMMYHHUKAIMOHHBIX ~ TEXHOJIOTUH  JUIS
aKaJIeMHYECKOT0 M IPO(eCcCHOHAIEHOTO B3aUMOAEHCTBHS

YK-6 Criocoben onpeessTh U peaan30BhIBaTh
MPHOPUTETHI COOCTBEHHOMN AEATENBHOCTH U
CIIOCOOBI €€ COBEPIIEHCTBOBAHUS HA OCHOBE
CaMOOIICHKH

YK-6.1 Ymeer pemars 3aga4u COOCTBEHHOTO JIMYHOCTHOTO
U npodeccHOHANBLHOTO  Pa3BUTHS,  ONPENeNsTb |
peann30BBIBATH MIPUOPUTETHI COBEPIIICHCTBOBAHUS
cOOCTBEHHOM AEATENHHOCTH

VK-6.2 OueHuBaeT CBOIO JIESATE€IHLHOCTb, COOTHOCHUT LIE/H,
CIIOCOOBI W CPEJICTBA BBITIONHEHUS JACATEIHHOCTH C e

OIIK-1 Bnaneer cuctemoli pyHIaMeHTATBLHBIX
Hay4YHBIX 3HAHUH B 00acTu
(hu3HMKO-MaTeMaTHIECKUX HAyK

pe3ynbTaraMu
OIIK-1.1 3HaeT ®W  CcOOCOOCH  HCIOJIB30BaTh B
mpoeCCUOHANBHON  JesATeNbHOCTH  (yHAaMeHTalbHbIC

HAy4HbIC 3HAHUS B obOmacTu (I)I/I3I/IKO—MaT6MaTI/I‘IGCKI/IX HayK

OIIK-1.2 Cnocoben 0000mars ¥ KPUTHYECKH OIECHUBATH
OIBIT WM PE3yJIbTaThl HAYYHBIX HCCIENOBaHUA B 00IAaCTH
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-1.3 [lonnMaeT MeXIUCUUILTUHAPHBIC CBSI3U B 00JacTu
MareMaTuk W (U3UKH M CHOCOOCH WX TPHUMEHSTh MpPH
peleHny 3a/1a4 NpoQecCHOHaNBHON AEATENbHOCTH

OIIK-2 Nmeet npeacraBieHne 00 aKTyalIbHBIX
mpobiemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCUOHANBHON e TENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBAThH
npogecCHOHANBHBIE 3a]1a41

OIIK-2.1 UmeeT npeacTaBieHne O COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUM B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-2.2 Criocoben OIICHUBATh AKTyaJIbHOCTh
WCCIIe/IOBaHW B 00JacTH cBoell  MpodeCCHOHANBHOM
JEATEIILHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

OIIK-2.3 Bnaxmeer mnpodeccrnoHanbHOW TEPMHUHOJIOTHUEH,
UCIOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHYECKON
auTeparype, o0azaeT HaBbIKAMU YCTHOTO M IHCBMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HAyYHOW AEATEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-4 Crioco0eH ycIeniHo peain30BbiBaTh
pelleHue MOCTaBIeHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJpTara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS1 3HAHUSI ¥ HABBIKK B O0JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
UH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlK-4.1 CnocobeH NpPUMEHATh 3HAHUST M HABBIKU TIO
HCIOJIb30BAHUIO “H(OPMALIMOHHO-KOMMYHHUKAIIHOHHBIX
TEXHOJIOTUH IS TIOMCKA M U3YYEHUS] HAy4YHOU JIUTEPATypHl,
MPUMEHEHHsI IPUKJIAHBIX TPOTPAMMHBIX IPOIYKTOB

OIIK-4.3 CnocobeH apryMeHTHPOBAaHO BBIOMpAaTh CHOCOO
MPOBEICHUS HAYYHOTO MCCIIECA0BAHUS

OIIK-5 CriocobeH 1 roTOB K ITOBBIIIEHHIO

kB (puKaIy, mpodeccuoHaTbHOMY POCTY U
PYKOBOJICTBY KOJIEKTHBOM B cpepe cBoeit
podeCcCHOHaTBHON e TENBHOCTH, TOJIEPAHTHO
BOCIIPUHUMAsI COIMAJIbHBIE, STHHUECKHE,
KOH(ECCHOHAIILHEIE U KYJIETYPHBIC PA3IHINS

OIIK-5.1 Crocoben paboraTh B KOJUICKTHBE, TOJEPAHTHO
BOCIIPHHUMAS COLIMAJIbHBIC, STHUYECKHE,
KOH(ECCHOHAIBHBIEC U KyJIBTypPHbIE Pa3Inyust

OIIK-5.3 CrpeMutrcsi K TMOJYyYEHUIO HOBBIX 3HAHHUH,
poQeCcCHOHAIBHOMY M TMYHOCTHOMY POCTY

[IK-1 CnocoGen cTtaBuTh, hOpMann30BHIBATH U
pemIarh 3aJa4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThl

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBaTh W 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHN B
paMKax TeMaTHYeCKOW 00NacTH cBoell mpodeccrnoHambHON
IEITEILHOCTH

IMK-1.3 CrocobeH NpUMEHATh TeopeThudeckue W (W)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIIEIOBAHUI K KOHKPETHOM
HayyHOM 3ajade W  HMHTEPIPETHPOBATH  IOTyYEHHbIE
pE3ybTaThl

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbsrare oCBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAThb:




OCHOBHbBIC KOHLETILINU KBAaHTOBOM 00pab0TKK HH(POPMALIUY;

HKCTIEPUMEHTANIbHBIE peaIn3aliii KyOUTOB;

CYLIECTBYIOILIUE TBEPAOTEIbHBIC KBAHTOBBIE MIIAT()OPMBL;

TEOPETUUECKUE MPEAJIOKEHHs II0 elle He HCCICJOBAaHHBIM THUIIAaM KyOHTOB, HCIIOIb3YIOIINM,
HanpuMep, 3JIEKTPOHBI HA MOBEPXHOCTH CBEPXTEKYYero Iejusi, IPUMECHBIE CIMHBI B QylUIepeHax H
ApYyTHUE,

peann3anuy CBEPXIIPOBOAAIINX KBAHTOBBIX CXEM.

YMETB:

pemiars MUPOKUI CIEKTP 3a1a4, CBA3AHHBIX C (PU3NYECKUMU OCHOBAMHU TBEPOTEIHHBIX KBAHTOBBIX
BBIYMCIICHHH.

BJIAJIETD:

MOJIXOAaMH K CO3JIaHHIO MPOCTEHIIINX OJTHO- MITH IByXKYOUTHBIX CXEM, TAKUX KaK MOTYTPOBOIHUKOBEIC
KBaHTOBBIE TOYKW, aJIMa3HbIE BAaKAaHCHH, TBEPIOTEIbHBIC MPUMECHBIC CIUHBI M JPYrHe KBAHTOBBIC
JIByXYPOBHEBBIE CUCTEMBI;

OCHOBHBIMH TIPHHIHUIIAMH (YHKIIMOHUPOBAHUS Pa3IMYHBIX THIIOB CBEPXIIPOBOASAIINX KyOHTOB,
MeXaHU3MaMH JICKOTEPEHITUU U CTPATETUSIMH MOBBIIICHUS KOTEPEHTHOCTH CBEPXIIPOBOSIINX KyOUTOB.

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

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

TpynoeMKOCTh O BUJaM YUeOHBIX 3aHATHIM, BKIIOYas
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora
| Beenenue: § OcHOBBI KBAHTOBBIX ) )
BBIUMCIICHUI
2 Mukpockonnyeckue KyOuTsl 2 2
3 TeepaorenbHbIC KyOUTHI 4 4
4 CBepXIpoBOIMMOCTh u ) )
IK03e()COHOBCKHUE TTEPEXObI
5 @Daz30BbIi ¥ TOTOKOBBIN KYOHUT 2 2
6 3apsa0BbIi KyOUT 2 2
7 CunThIBaHUE COCTOSIHUI KYOUTOB 2 2
8 Tpancmon 2 2
9 Di1yKCOHUYM, CBEPXUHIYKTUBHOCTD, ) )
KyOUT g-TIOTOKa
10 |HeiicTBus ¢ KyOMTaMu U TEUTHI 2 2
11 JlexorepeHuusi, IByXypOBHEBBIE 1€(EKThI 2 2
12 ONeKTpOHUWKa 1Ol  W3MEPEeHUsT H| ) )
yIpaBJeHUs KyOuTamu
13 KBanToBBIE IIpOIIECCOpPBI, CUMYJISTOPSI, 4 4
KOppeKUus onOoK
Hroro yacos 30 30
[TonroToBka K 3K3aMeHy 30 gac.
Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.
4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYPUPOBAHHOE 110 TeMaM (paszeiam)

Cemectp: 1 (Ocennuii)



1. BBenenne: OCHOBEI KBAHTOBBIX BEIUMCIICHUH

OOmiee BBeJeHWE B KBAaHTOBBIC BBIYMCICHUS. DU3NMYECKHE OTrpaHUYEHUs] CYIIECTBYIOIINX
KJIACCUYECKUX BBIYUCIIUTEIHHBIX TUIATHOPM.

2. MUKpOCKOTINYECKUE KYOUTHI
Mukpockonndeckue KyOuThl: ATOMBI, HOHBI, YOTOHBI.
3. TBepaoTenbHBIE KyOUTHI

TBepaoTenbHbIE KyOUTHI: MTOTYIPOBOIHUKOBbIE KBAHTOBbIE TOUKH, IPUMECHBIE CITUHBI, NV-IIEHTPHI,
MPUMECHBIE CIIMHBI B (yJUIEPEHAX, IEKTPOHBI Ha MOBEPXHOCTH XkuaKkoro renus. [Ipocreiimme ogHo-
WIN IByXKYOUTHBIE CXEMBI.

4. CBepXIIpOBOJIUMOCTD U JI’K03€(HCOHOBCKHUE TTEPEXO/IbI

OcHOBHOE BHHMaHHE B Kypce OyaeT YIensaThcs CBEpXNpOoBOAHUKAM. [lo3ToMy MBI TOCBATHM
OTAETBHYIO JIEKIMIO OCHOBAaM CBEPXIPOBOIUMOCTHU U 1K03€(DCOHOBCKUM IEPEXOAAM.

5. ®a30BbIi U TOTOKOBBII KyOUT

C 9TOl JEeKUMHM MBI HaYHEM JETaJbHO OOCYKHaTh CBEPXIPOBOJSIIME KBAHTOBBIC CXEMbl. Takue
CXEMBbI B HACTOSAIIECE BPEMs HCIIONB3YIOTCS B CYIIECTBYIOIIMX KBAaHTOBBIX KOMITbIOTepax. B aroit
JIEKIIUHM MBI OyZieM 00CyKaaTh (pa30BbIe U IOTOKOBBIE KYOHTHI.

6. 3aps10BBIN KyOUT

[TepBBIM DKCIIEPUMEHTAIEHO MPOJCMOHCTPUPOBAHHBIM B 1999 Toay THIIOM CBEpPXIpPOBOISIINX
KyOUTOB OBbLTH 3apsiioBble KyOUTHL. MBI 00CYIMM 3TH TMHOHEPCKUE SKCIIEPUMEHTHI M TIOTOBOPHM O
npoOIiemMe 3apsiI0BOTO IIIyMa, OTPaHMYMBAIOLIETO BPEMsI KOTEPEHTHOCTH TaKHX KyOUTOB.

7. CuuThIBaHUE COCTOSIHUI KyOUTOB

KBanrtoBas snexkrpogunamuka cxeMm (circuit QED), monmens JlxoiiHca-KamMmuHrca M cunmThIBaHHE
KyOHUTOB.

8. Tpancmon

TpancMoHBI ~ SIBASIIOTCST B Hacrosmlee  BpeMs  Haubosnee  IIMPOKO  HCIOJIb3YyEMBIMU
CBEpPXIIPOBOIHUKOBBIMH KyOMTaMM B KBAaHTOBBIX Iporieccopax. Mbl 0OCyIMM NpeHMYILIECTBA
TPAHCMOHOB, a TaAKXK€ UX OTPAHUYEHUS U HEJOCTATKHU.

9. OyKkCOHNYM, CBEpXMHIYKTUBHOCTbD, KyOUT g-TIOTOKA

@OiyKCOHMYM  SIBISICTCS  PE3yNbTaTOM JBOMIOLMH IOTOKOBOTO KyOHMTa W OTKpPBIBA€T HOBBIE
MEPCHEKTUBBI 111 TOCTPOEHUS KBAHTOBBIX CXeM. BaKHEHIINM 3JIEMEHTOM B TAKUX CXEMAaX SIBISETCS
CBEPXMHIYKTHBHOCTh, CBOWCTBA KOTOPOH MBI OyJieM 00CYKIaTh.

10. [eiicTBust ¢ KyOMTaMH U TEHTHI

B sTo#i nekuny Mbl OyeM roBOpUTh O MAaHHUITYJUPOBAHUK KBAaHTOBBIMH COCTOSHHSIMH KyOWUTOB, 00
OMHO- M JBYXKYOUTHBIX BEHTWJISIX (TeiiTax), o0 MHCTpyMEHTax YyIpaBlICHHS B3aHMMOJCHCTBHEM
MEXIy KyOuTamu.

11. lexorepeHuusi, IByXypOBHEBBIE 1€(EKThI



Msbl moroBopuM 00 HMCTOYHHMKAX NOTeph M NpUYMHAX Je(pa3sUpOBKH KyOHTOB, pPa3IUYHBIX
MeXaHU3Max JEKOTEPEHINH U CTPATErHsIX MOBBIMIEHHSI KOTEPEHTHOCTH CBEPXIIPOBOISIINX KYOUTOB.

12. DnexTpoHUKa 11 U3MEPEHUs M YIPaBJICHUS KyOuTaMu

VYnpaBieHne CBEpXNPOBOIHUKOBBIMH KyOUTamMH TpeOyeT TeHepalud KOPOTKHX MHMKPOBOIHOBBIX
UMITyJbCOB C TOYHO 3aJaHHBIMU aMIUIMTYIOH H (a3oil. M3mepeHne KyOMTOB BKIIOYaeT B cebds
ycuiieHue cnabblX MHUKPOBOJHOBBIX CHUTHAJOB C  HCIOJBb30BAHMEM IapaMETPUUYECKHX U
MaJIOLTYMSIIUX KPUOTEHHBIX ycuiuTenei. Mbl 00CyauM aetanu paboThl MPAaKTHYECKUX CXEM.

13. KBaHTOBBIE MPOIIECCOPHI, CUMYISTOPHI, KOPPEKIIHS OITUOOK

KBanTOBBIE mpoLIECCOpPBI JENATCA Ha YCTPOICTBa I BBINOJIHEHUs YHUBEPCAIbHBIX KBAHTOBBIX
MPOTOKOJIOB M KBAHTOBBIE CUMYIISITOPEL. MBI 00CYIMM MPEUMYIIECTBA U MIPAKTUYECKUE OTPaHUYCHUS
pa3IMUHBIX MOIXOA0B. BTOpas yacTh nekiun OyaeT NOCBAIIeHa MPAKTUIECKUM METOJaM KOPPEKIUH
OIIMOOK KBAHTOBBIX BBIYMCICHHH.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0XOAMMOM AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

VYuebHas ayquTopHsi, OCHAIlEHHAs! MYJIbTUMEANAIIPOSKTOPOM U 3KPAHOM.
6.IlepeyeHnb pekoMeHyeMOii TUTEPATyPhI

OcHoBHas 1uTeparypa
1. Beenenue B hu3uky cBepXnpoBogHUKOB [Tekcr] : yued. mocobue miist ¢u3. Crell. By30B : g0, M-BoM
BhICII. ¥ cpef. cnell. oopazosanust CCCP / B. B. Illmunr .— M. : Hayka, 1982 .— 237 c. - bubnuorp.:
c. 230-232. - IIpeam. ykas.: c. 233-235. - 10 500 sxk3.
1. Pune ®@. Crannaptel yactotsl. [lpunnuns! u npunoxenus / [lep. ¢ anrn. —M.: DUSMATIINUT,
2009. - 512 c. - ISBN 978-5-9221-1096-9

JomnonHurenbHas aureparypa

1. Quantum Computing: An Applied Approach by Jack D. Hidary, Publisher: Springer
2. Principles and Methods of Quantum Information Technologies, Editors: Yamamoto, Yoshihisa,

Semba, Kouichi (Eds.)
3. Quantum Semiconductor Devices and Technologies. Editors: Pearsall, Tom (Ed.)

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 0CBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

arXiv.org

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBJICHUH 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepeyeHb He00X0ANMOro NpOrpaMMHOro odecnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

[IpoexTop, mocka, Microsoft PowerPoint, Zoom (ecnu Oyner yaaieHHOe 00yUYeHHE)
9. MeToauyeckue yKazaHus AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3y4arollMd IUCLUUIUIMHY, IOJDKEH, C OJHOW CTOPOHBI, OBIAAETh OOIIMM IOHSATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyUUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare HU3y4YCHUSA AUCHUIUIMHBI CTYACHT HOJDKCH 3HAThb OCHOBHBLIC ONPEACIICHUSA W IIOHATUA,
YMETb IPUMCHATH IMOJTYUYCHHBIC 3HAHUSA JId PCUICHUS PA3JIMYHBIX 3aa4.

VYenenrHoe ocBoeHHE Kypca TpeOyer:
— MOCEUICHUS BCEX 3aHATHH, MPEAYCMOTPEHHBIX YUE€OHBIM INIAHOM MO JAUCIHILIAHE,
— BEJICHUS KOHCIIEKTa 3aHATHIA;



— HaNpsDKEHHON CaMOCTOSTENLHOM Pa0OTHI CTYJICHTA.
CamocrosiTenbHas padoTa BKIIOUAET B Ce0s:
— YTEHHE PEKOMEH0BAaHHOM JINTEPaTyphl;

— TpopaboTKy y4yeOHOro MaTepuana, IOATOTOBKY OTBETOB HAa BOIIPOCHI, NPEJHA3HAUYCHHBIX I
CaMOCTOSTENBHOTO U3yUEHUS;

— pelIeHue 3a/1a4, MPEeAIaraéMbIX CTYJICHTaM Ha 3aHATHUSIX;

— MOJITOTOBKY K BBIMOJIHEHUIO 3aJJaHUM TPOMEKYTOUYHOM aTTeCTallUU.

[Tokazarenem BiIaJicHUs MaTepUaIoOM CITY>KAT YyMeHHE Oe3 KOHCIIEKTa OTBEYaTh Ha BOIIPOCHI IO TeMaM
JUCIUTLIAHEL

BaxxHO m0OWTHCS TMOHMMaHUS M3y4aeMOro Marepuaia, a He MEXaHHYEeCKOTrO ero 3amoMuHaHus. [lpum
3aTPYJHCHUH HM3YYCHHUS OTACIBHBIX TEM, BOIIPOCOB, CIEAyeT oOpamiarbcs 3a KOHCYIbTAUAMH K
MPEIoIaBaTeIIIo.

Bo3MoxxeH npoMeKyTOYHBIM KOHTPOJIb 3HAHUN CTYJEHTOB B BHUJE PEIICHUS 33a/1a4 B COOTBETCTBUU C
TEMAaTUKON 3aHSITHH.



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
kagenpa Poccuiickoro KBaHTOBOro EHTpa

Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: |1 (oceHHuil) - Dx3aMeH

PaszpatGoTunk: A.B. YcTuHOB, 1-p ¢u3.-MaT. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocymecTBIsATh KpUTHUECKUN
aHaJn3 NpOoOJIEeMHBIX CUTyalluii Ha OCHOBE
CHCTEMHOTO TTOJIX0/1a, BEIPAOaThIBATh
CTPATEruIo0 NEUCTBUN

VYK-1.2 OcymiecTBisger MNOUCK BapHaHTOB
MOCTAaBJICHHOH  NpoOJIEMHOW  CHUTyalluu Ha
JOCTYIHBIX HCTOYHUKOB MH(pOPMAIUN

peleHus
OCHOBE

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

VYK-4.1 CnocoGen Bectu 0OMEH /eJI0BOM MHpopMaunen B
YCTHOH W MUChMEHHOU (popMax Ha TOCYIapCTBEHHOM SI3BIKE
Poccuiickoii @enepanii M HE MEHEE YEM Ha OIHOM
HHOCTPAHHOM SI3bIKE

YK-4.3 Criocoben MIPENICTABIATh Pe3yABTATHI
aKaJIeMUYEeCKOM M TpOo(eCCHOHANBHON AEATEIbHOCTH Ha
pas3INYHBIX Hay4IHBIX MEpOIPUATHSIX, BKJTIOYast
MEKIyHapOAHbIE

VYK-4.4 CrnocobeH HCIONb30BaTh COBPEMEHHBIE CPENCTBa
MH(QOPMAIIMOHHO-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
n  npoeccCHOHANBHOTO  Pa3BUTHS,  ONPENENATh |
peann30BbIBaTh MPUOPHUTETHI COBEPUICHCTBOBAHUS
COOCTBEHHOM JIESTEBHOCTH

VK-6.2 OueHuBaer CBOI ACATECIBHOCTH, COOTHOCHUT IICIIH,
CHOCOOBI M CpEICTBa BBIMOJHEHUS JIESTEILHOCTH C €€
pe3yabTaraMu

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0acTu
(u3HMKO-MaTeMaTHYECKUX HAyK

OIIK-1.1 3Haer w© croco0eH HCIIOJIL30BAaTh B
nmpo)eCCHOHANFHOW  JIEATENhHOCTH  (DyHIaMEHTAILHBIC
Hay4HbIC 3HAHUS B 00JacTH (PU3NKO-MATEMATHIECKUX HAyK

OIIK-1.2 Cnocoben 0000mare ¥ KPUTHYECKH OLIEHUBATH
ONBIT M PE3yJbTaThl HAayYHBIX MCCIEJOBaHUI B 0O0JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
MaTeMaTuKl M (U3MKH M CHOCOOEH WX NPHUMEHSTh NpU
peleHny 3a1a4 MpoQecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeer npeacrasieHre 00 aKTyalbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHATBHOM JIeTENNLHOCTH, CIIOCOOCH
Ha HAayYHOM S3bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIauu

OIIK-2.1 Umeet nmpeacrapieHHe 0 COBPEMEHHOM COCTOSTHUH
WCCIICZIOBAaHUI B paMKax TeMaTW4YecKoil obmactu cBoei
npo¢ecCHOHANBHON e TeNbHOCTH

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

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

OIIK-4 CriocoOeH ycrenHo peanu30BbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara M MPeACTaBUTh BHIBOIbI,
MPUMEHSS 3HAHNS ¥ HaBBIKU B 00JIaCTH
(U3MKO-MaTeMaTHYECKUX HAYK U
MH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.1 Cnoco0eH NpUMEHATH 3HAHUS M HAaBBIKU IIO
UCTIONIb30BAaHHIO MH(pOpPMaMOHHO-KOMMYHHUKAIIMOHHBIX
TEXHOJIOTUH I IOUCKA M U3YyYEHUS] HAYYHOH JIUTEpPaTyphl,
MPUMEHEHHSI IPUKJIaJHBIX IPOTrPAMMHBIX IIPOTYKTOB

OIIK-4.3 CnocobeH apryMEHTHPOBAaHO BBIOMpATh CIOCOO
MPOBEICHUS] HAYYHOTO HCCIICIOBAHUS

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

OIIK-5.1 Cnocoben paboraTb B KOJJICKTHBE, TOJEPAHTHO
BOCIIPUHUMAs COILMAJIBHBIE, 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 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
MCCIIE/I0BAaTh MaTeMAaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U IMPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMAINHIO 00 aKTyaIbHBIX pe3ylbTaTax UCCISIOBaHHH B
pamMKax TeMmMaTH4ecKoi o0macTé cBoed MpodeccHOHATLHON
JEATEIIEHOCTH

[IK-1.3 CrnocobeH NpUMEHATh TeopeTHdecKue M (WiIn)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU
HAay4YHOM 3a7ad€ W HWHTEPOPETHUPOBATH  MOJIYUYCHHBIC
pe3yabTaThl

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIIUA

B pesynbrare n3ydeHust AUCHUTUIMHBL « TBEpAOTENEHBIC KBAHTOBbIC BEIYMCIICHUSY 00YUarOIIUICS TOTHKEH:

3HATb:

OCHOBHBIE KOHLETIIMU KBAaHTOBOH 00pab0TKK HHPOPMALIUY;

HKCTIEPUMEHTANIbHBIE peaIn3aliii KyOUTOB;

CYLIECTBYIOILUE TBEPAOTEIbHBIE KBAHTOBBIE MIIAT()OPMBL;

TEOPETUUECKUE MPEAJIOKEHHs II0 €elle He HCCICJOBAaHHBIM THUIIAaM KyOHTOB, HCIIOJIb3YIOIINM,
HanpuMep, 3JIEKTPOHBI HA MOBEPXHOCTH CBEPXTEKYYEro Iejusi, IPUMECHBIC CIIMHBI B QylUIepeHax H

npyrHe;

pcain3anu CBCPXIPOBOAANINX KBAHTOBBIX CXCM.

yMeTh:

peuarb H_II/IpOKI/Iﬁ CIICKTP 3aJa4, CBA3AHHLIX C (1)I/ISI/ILICCKI/IMI/I OCHOBaMu TBCPAOTCIBbHBIX KBAHTOBBIX

BBIYMCIICHHH.
BJIAJETh:

MOJIXOAaMH K CO3JIAaHHIO MPOCTEHIIINX OJTHO- MITH IByXKYOUTHBIX CXEM, TAKUX KaK MOIYTPOBOTHUKOBEIC

KBAHTOBBIC TOYKH, aJIMAa3HbBIC BaKaHCHH,

JBYXypPOBHEBBIE CUCTEMBI;

TBCPAOTCIIBHBIC TIPUMCCHBIC CIIMHBI U APYTHUC KBAHTOBLIC

OCHOBHBIMHU HPUHOUIIAMUA (1)yHKLII/IOHI/IpOBaHI/I$I PAa3IMYHBIX THUIIOB CBCPXIPOBOAAIINX KY6I/ITOB,
MEXaHU3MaMU JE€KOTCPEHINU U CTPATCTUAMU MMOBBIMICHHA KOTCPECHTHOCTH CBEPXIIPOBOAAIINX KY61/ITOB.

3. IlepeyeHb THNOBBLIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl MOATOTOBKH K TeKylleMy KOHTPOJII0

He npenycmorpen.

4. IlepeyeHb THNOBBIX (IIPMMEPHBIX) BONPOCOB M TeM /11 IPOBeAeHHs POME:KYTOUHOH aTTecTaluu

oOyuaroumuxcst

Hepequb KOHTPOJIbHBIX BOIIPOCOB!

1. ®Ousnueckue OTpaHUYCHHA CYHICCTBYIOMIUX KIIACCUYCCKUX BBIYHUCIUTCIIBHBIX HJ'IaT(i)OpM.

2. MI/IKpOCKOHI/I‘leCKI/Ie KY6I/ITI>II aTOMbl, NOHBI, (1)OTOHBI.

3. TeepaorenbHbIe KyOUTHI: MOTYIIPOBOJHUKOBBIE KBAHTOBBIE TOUKH, IPUMECHbIE CIIUHBI, N V-LIEHTPHI,
IIPUMECHBIE CIIMHBI B (PyJIepeHax, 3JIeKTPOHBI Ha TOBEPXHOCTH SKUAKOTO TeITHsl.

. IIpocreiiue 0HO- HITH IBYXKYOUTHBIE CXEMBI.

. OCHOBBI CBEpXIIPOBOANMOCTH U JXK03€()COHOBCKUE MEPEXOMBI.

. 3apsoBsiii KyouT. [Ipobnema 3apsiioBoro mryma.

4
5
6. ®Da3oBbIii U MOTOKOBBIH KyOUTHI
7
8

KsanroBas snekrponunamuka cxem (circuit QED), monens IxoiiHca-KaMMuHrca u cuuThIBaHHE

KyOHUTOB.

9. TpaHCMOH. HpeI/IMYH_[eCTBa, OTpaHUYCHUA U HCAOCTATKU.

10. ®yKCOHUYM U CBEPXUHIAYKTHUBHOCTD

11. MaHI/IHy.TII/II)OBaHI/Ie KBAaHTOBBIMHU COCTOSHHUAMUN KY6I/ITOB. O,E[HO— u ILBYXKYGI/ITHBIC BCHTHUJIN

(TeiThI).

12. MlHCTpyMEHTHI yIpaBiIeHUs B3aUMOJCHCTBIEM MEX 1y KyOuTamu.

13. McTouHuKH MOTEPh U IPUIHHEI Jie(ha3upOBKH KyOUTOB.

14. MexaHU3Mbl JEKOTEPEHIIUHN U CTPATETUH MOBBIMICHNS KOTEPEHTHOCTH CBEPXIPOBOIAIINX KyOUTOB.

15. DnexkTpoHMKa ISl U3MEPEHHUS U yIIpaBieHus Kyoutamu. Jleramu paboThl MPaKTHIECKUX CXEM.




16. KpanroBble nporeccopbl U cumynaropel. llpenmyiecTBa M IpakTUYECKHE OIPaHUUYCHMS
Pa3IUYHBIX ITOIXO/I0B.

17. Koppexkius onmdoKk KBAaHTOBBIX BEIYHCIICHUH.
[Ipumepsl 3K3aMeHAIMOHHBIX OUJIETOB:

buner 1.

1. Wznoxute mnpuHnun Jlangaypa u chopMyiImpoBaTh €ro B KOHTEKCTE KBAaHTOBOW TEOPHH
uHpopmaunu. CopMynupoBaTh NPUHIMNUAIBHBIE OTIMYUS OOpaTUMBIX M HEOOpaTHMBIX
BBIYMCIICHU.

2. Busipl CBEpXIIPOBOAHUKOBBIX KyOHTOB.

buner 2.

1. Onummre OCHOBHBIE 00JaCTH MPUMEHEHHS COBPEMEHHBIX KBAHTOBBIX TEXHOJIOTHH M OOBSICHUTE UX
npuHUUIBL. KBaHTOBBIN 00bEM KaK XapaKTEPUCTUKA KBAHTOBBIX KOMITBIOTEPOB.

2. ChopmynupoBars kputepuu JnBundenno. [IpuBectn yHuBepcaibHbIX HAOOP KBAHTOBBIX BEHTHJICH
(TeitToB).

buner 3.

1. CdopmynupoBars mnpuHnun Yepua-Teropunra-Jloiiua. M310XWTh KOHIENIWIO KBAaHTOBBIX
BBIYUCIICHUH.

2. Yro Takoe NOTOKOBBIN KyOuT? Uem oH oTiuuaeTcs ot (rakconnyma?

Kpurepun oneHuBaHus
Onenka ommmuHo 10 OamioB - BBICTABIISIETCSL  CTYAEHTY, IIOKAa3aBUIEMY BCECTOPOHHME,
CHCTeMaTH3UPOBaHHbIE, DIyOOKHE 3HAHUS Y4eOHOW MpOorpaMMbl AWUCHMIUIMHBI, MPOSBISIOMIEMY
HWHTEpeC K JaHHOM NpeAMETHOW 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHATH UX Ha MPAKTHUKE TPH PELICHNU KOHKPETHBIX 3a]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELIEHU.
Onenka oOmIMYHO 9 0auioB -  BBICTABISETCS  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPaKTHKE MPU PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 00OCHOBAHHE
HPUHATHIX PELICHAMN.
Ouenka oOmIMYHO 8 Oa/IOB -  BBICTABISIETCS  CTYAEHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHUE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE IPHU PEIICHUH KOHKPETHBIX 3a/ad, MPaBUIbHOE 00OCHOBAHUE MPUHATHIX
pELIeHN, ¢ HEKOTOPBIMH HEOYETAMH.
Ouenka xopoo 7 6ajioB - BBICTABISETCS CTYACHTY, €CIIM OH TBEPJO 3HAET MaTepuall, 'paMOTHO U IO
CYLIECTBY M3JIaracT €ro, yMeeT NPHUMEHATH IOJyYCHHBIE 3HAHHWA Ha IPAKTUKE, HO HEJOCTaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.
Onenka xopomio 6 0aioB - BEICTABISETCS CTYACHTY, €CIH OH TBEPAO 3HAET Marepuai, rPpaMOTHO H 110
CYLIECTBY U3J1araer ero, yMeer NPUMEHATh [10JyUYCHHbIC 3HAHUS Ha [IPAKTUKE, HO JIOILyCKAeT B OTBETE
WJIM B PEUIEHUH 3a/1a49 HEKOTOPBIE HETOYHOCTH.
Ouenka XopoIo 5 6aioB - BBICTABISETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT Marepuall, [paMOTHO
U IO CYLIECTBY M3JIAraeT €ro, yMeeT NPUMEHTh MOJIyYEHHbIE 3HaHHUS Ha NPAKTHKE, HO JOIYCKAeT B
OTBETE WJIH B PEIICHUH 3371a4 JOCTATOYHO OOJIBIIOE KOJTUYECTBO HETOYHOCTEH.
OueHka ynOBIETBOPUTENbHO 4 Oajla - BBICTABISETCS CTYIEHTY, MOKa3aBLIEMY (parMeHTapHBIH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO NpaBUIIbHBIE (HOPMYITHPOBKH 0a30BbIX MOHSATHIA,
HapylleHUs JOIrMYECKON M0CIEeJ0BaTebHOCTU B U3JI0KEHUU [IPOrPaMMHOI0 MaTepuala, HO IIpU 3TOM
OH OCBOMJI OCHOBHBIE pa3ienbl yueOHOH MporpamMmbl, HEOOXOAUMBIE sl AajbHeimero o0y4eHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.
OueHka yIOBIETBOPUTENbHO 3 Oajula - BBICTABISETCS CTYAEHTY, MOKa3aBLIEMY (parMeHTapHBIH,
Pa3po3HEHHBIH XapakTep 3HaHWW, AOMycKaroulemy omHuOKku B (popMynupoBKax 0a30BbIX NOHSATH,
HapyLIEHUs] JIOTHYECKOM IOCIEe0BaTEeIbHOCTH B M3JIOKEHHUH IPOTPaMMHOIO Marepuana, ciabo
BJIaJIe€T OCHOBHBIMH pa3aesiaMu yueOHOM MporpaMMbl, HEOOXOAUMBIMHU JUTSI abHEHUIIETO 00yUeHHS U
C TPYZIOM IIPUMEHSET [10JyUYCHHbIE 3HAHUS AAXKE B CTAHAAPTHOM CUTYalUH.
OueHka HEyIOBIETBOPUTENHHO 2 Oajia - BBICTABISCTCS CTYIEHTY, KOTOPBIIl He 3HAaeT OoJblIel yacTu
OCHOBHOTO COZCP)KaHUSl Y4eOHOW NpOrpaMMbl JUCHMIUIMHBI, JOMYyCKaeT TIpyOble OIIMOKH B
(bopMyIHPOBKaX OCHOBHBIX IPUHIUIIOB M HE YMEET MCIOIb30BaTh NOITYyUYEHHbIC 3HAHUS NP PEIICHUN
THIIOBBIX 33]1a4.



OueHka HEYIOBIETBOPUTENbHO 1 0aim - BBICTABISAETCS CTYIEHTY, KOTOPBI HE 3HAeT OCHOBHOTO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeiimue ommOK B (GOPMYIUPOBKaX
0a30BBIX MOHATUH IUCLUIUIMHBEI M BOOOIIE HE MMEET HAaBBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3a/1ad.

5. MeTonuueckne MaTepuaIbl, ONpeIesoNne MPoueIypPbl OIleHNBAHUS 3HAHU, YMEHUIl, HABBHIKOB U
(W1M) oNbITA AESITEILHOCTH

DK3aMeH MpOBOJATCS B YCTHOW ¢opme mo Omneram. B kaxgoM OuiieTe NpeACTaBICHO JiBa
TeopeTuueckux Bompoca. [Ipu nmpoBeneHnn 3auéra u dk3aMeHa olOydaromiemycst npemocrasisercs 30
MHHYT Ha MOAroToBKY. Ompoc oOydaromerocsi He JIOJDKEH IPEBBINIATh OJHOIO0 aCTPOHOMHYECKOTO
Jaca.



