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AHHOTANMA

DTOT Kypc B TMEpPBYIO OuYepelb IOCBSIICH OJKCHEPUMEHTAIBHONH (u3uKe - (U3MYSCKUM OCHOBaM
TBEPAOTEIbHBIX KBAaHTOBBIX BbIUMCICHUN. KBaHTOBbIE BBIYMCIEHHS - 3TO OBICTPO pa3BHBAIOLIASACS
MEKIMCIHUILTHHAPHAS 00JIaCTh, BKIIOYAIOIIAs WU U3 KBAHTOBOW MEXaHUKH, (M3MKH KOHIICHCHPOBAHHOTO
COCTOSIHUSI, KBaHTOBOW ONTHKM M KBAaHTOBOH 0OpaOOTKM WHpOpManuu. 3a TOCIHEIHUE HECKOIbKO JIeT
KBaHTOBBIE KOMIIBIOTEPHI MIPEBPATHIMCH M3 MEUTHl B PEAbHOCTh U OTKPBLIH 3aXBaThIBAIOLINE BOSMOXHOCTH
s Oynymiero. B 1o Bpemsi kKak KilacCH4eCKHEe KOMITBIOTEpPBI KOJUPYIOT MH(OpManuio B OMTax, KBAHTOBbIE
KOMITBIOTEPBI TIOCTPOCHBI C MCIOJIb30BAHUEM KBAHTOBBIX OWTOB WM KyOWTOB. B sekumoHHOM Kypce OyayT
paccMOTpeHbl pa3iIMyHbIe THUIBI KyOUTOB - KBAaHTOBOTO "kene3a", KOTOPOe MOXKET ObITh MCIIONB30BAHO WIIH
YK€ UCTIOJIb3YETCS ISl CO3/IaHMsI KBAHTOBBIX KOMITBIOTEPOB Ha OCHOBE TBEPAOTEIBHBIX TEXHOIOTHIA.

Mpl HadHEM C Kparkoro BBEJIEHHMs B KOHLCNIMIO KBAaHTOBOM 00paboTku uHpopmauuu. 3arem OyayT
oOCcykmaTbcs  pas3iIM4yHble OKCIIEpUMEHTalbHble peanu3aiuu  Kyouros. Ilocime kparkoro o03o0pa
MHUKPOCKOIIMYECKUX KYOUTOB (aTOMOB, HOHOB, ()OTOHOB) MBI IOTOBOPUM O CYILIECTBYIOLINX TBEPAOTEIBHBIX
KBAaHTOBBIX IUIaT(GopMax, TaKuX Kak MOITYNPOBOJHUKOBbIE KBAaHTOBBIC TOYKH, BaKaHCHU B ajMase,
TBEpIOTEIbHbIE TPUMECHBIE CIUHBI W JPyTWe KBAHTOBBIC IBYXYpPOBHEBBIE CHCTEMBL. OTH TOIXOIbI B
HACTOsIIee BpeMsl NMO3BOJIAIOT CO3/1aBaTh MPOCTEHIINE OJHO- WM JBYXKYOUTHBIE CXeMbl. MBI TaKke KpaTKo
0o0CyIMM HWHTEpPECHBbIE TEOPETUYECKUE NPEAJIOKCHHUS O elIe HEUCCIICAOBAaHHBIX THIAX KYyOHTOB,
UCIOJb3YIOLINE, HAIpUMEpP, JIEKTPOHbl Ha IIOBEPXHOCTH CBEPXTEKY4YEro IejMsl, NPUMECHbIE CIIMHBI B
¢ynnepeHax, u Apyrue.

OcHOBHOE BHUMaHHE B Kypce OyaerT yaensiThcs CBEepXHpoBomHHKaM. [locime KpaTkoro BBeIeHHS B
CBEPXIIPOBOAMMOCTh MBI HOAPOOHO OOCYIMM CBEpXIIPOBOSIIME KBAHTOBBIE CXCMBI. TaKHE CXEMBI C
HECKOJIBKUMH KyOMTaMU B HACTOAIIEE BPEMS HMCIOJIB3YIOTCS B CYIISCTBYIOIIMX KBAHTOBBIX KOMITBIOTEPAX,
peanmuzoBanubix Google, IBM, Rigetti u apyrumu IT-xkommanusiMmu. Mbl 00cynmuM  (QyHKIIMOHHPOBAHHE
Pa3IIMYHBIX TUIIOB CBEPXIPOBOISAIINX KyOHTOB, TIOTOBOPUM 00 MCTOYHUKAX TOTEPh U MPUUUHAX Je(Pa3HpOBKU
OHEPrMH, PpA3NIMYHBIX MEXaHW3Max JICKOTEPEHIMM W  CTPATerusiX [OBBIIICHHS  KOT€PEHTHOCTH
CBEPXIPOBOMAIINX KyOMTOB. B TeueHme mocneqHUX HECKONBKUX JISKIMH MBI COCPEIOTOYMMCS Ha TaKHX
NPOABUHYTHIX T€MaX, KaK KBAaHTOBAs AJIEKTPOJMHAMUKA CXEM, MAHUITYJIMPOBAHUE M CUUTHIBAaHHE KyOHTOB, a
TaKKe TIOrOBOPUM O METO/IaX KOPPEKIHUS OMIMOOK KBAHTOBBIX BHIYMCIICHH.

1. leau u 3apauun

eap AUCUMNIMHBI

O3HaKOMHTh CTYACHTOB C OAHUM HU3 OCHOBHBIX HaHpaBJ’IeHHﬁ Pa3sBUTHUA KBAHTOBLIX TEXHOJIOTHI —
KBAaHTOBBIMHU BBIYUCJIICHUSAMU, B HACTHOCTU C TBEPAOTCIIbHBIMHU KBAHTOBBIMU BBIYUCJIICHUSAMU.

3agauu AU CHUILIHHBI

HAay4YUThb CTYJCHTOB OPHEHTHPOBATHCA B OCHOBHBIX (DM3MYECKHX IIIaTGOpMax W alropuTMax Jyis
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 ocymectBnsaTs kputnueckud  |YK-1.2  OcymiecTBisier MOMCK  BapUaHTOB  PEILICHUs
aHaJn3 IpOoOJIEeMHBIX CHTyalluii Ha OCHOBE MOCTAaBIICHHONH  TpOOJIEMHOW  CHUTyallud Ha  OCHOBE
CHUCTEMHOTO TIOAX0/1a, BhIpadaThIBaTh JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

CTpaTeruro AeUCTBUI

VYK-4.1 CrocobeH Bectd 0OMEH jenoBoi nHpopmanmeid B
YCTHOH U MUCbMEHHON (QopMax Ha roCylIapCTBEHHOM SI3BIKE
Poccuiickori ®enepauuy M HE MEHEE 4YEM Ha OIHOM

YK-4 CriocoGeH mpUMEHSITh COBPEMEHHbBIE HUHOCTPAHHOM A3BIKC

KOMMYHHKATHBHbBIC TEXHOJIOTHH, B ToM uncie |YK-4.3 Cnocoben MIPEACTABIIATh pE3yabTaThI
HAa UHOCTPaHHOM(BIX) sI3bIKe(aX), IS aKaJIeMUYecKoll U TMpo(hecCHOHATIBHON JesITeThHOCTH Ha
aKaJIeMHYECKOT0 M PO(eCcCHOHATEHOTO pasIMYHBIX Hay4HBIX MEPOIPHUATHUSIX, BKJTIOYAsT

B3aNMOJIEHCTBUSA MEXIyHapOIHbIE




YK-4.4 CriocoOeH WCMONb30BaTh COBPEMEHHBIE CPEICTBA
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 3a1a4vi COOCTBEHHOTO JIMYHOCTHOTO
U npodeccHOHANBLHOTO  pa3BUTHUS,  ONPEACsTH U
peann30BBIBATH TIPUOPHUTETHI COBEPIICHCTBOBAHUS
cOOCTBEHHOM AEATENHHOCTH

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

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

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

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

OIIK-1.2 Cnocoben 00600mars ¥ KpPUTHYECKH OIICHUBATH
OIBIT M PE3YyJbTaThl HAYYHBIX HCCIICJOBAHUII B 00IacTh
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-1.3 [TornMaeT MeXAUCIUILIMHAPHBIC CBS3U B O0JIACTH
MareMaTHK W (U3UKH U CHOCOOCH HMX MPHMEHSTh IPH
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 NmeeT npeacTaBieHne O COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUM B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-2.2 Crniocoben OLICHUBATh aKTyaJIbHOCTh
WCCIIeZIOBaHN B obnmactu cBoel  mpodeccroHanbHON
JEATEIILHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

OIIK-2.3 Brnameer mnpodeccHOHANLHONW TEPMUHOIOTHEH,
UCIOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHYECKON
aurepatype, o0s1aaeT HaBBIKAMHM YCTHOTO M IMHCbMEHHOTO
U3JIOKEHUSI PE3yJAbTaTOB HAyYHOW ACSTEIBHOCTH 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 apryMeHTHpPOBAaHO BBIOMpATh CIIOCOO
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 COIIMAJIbHBIC, ITHUYECKUE,
KOH(ECCHOHAIBHBIEC U KyJIBTypPHbIE Pa3Inyust

OIIK-5.3 CrpeMurcss K TIOIYYECHUIO HOBBIX 3HAHHMH,

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

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyaJlbHBIX pe3yJabTaTax HCCIIeOBaHUN B
paMKax TeMaTH4YeCKOW OOJACTH CBOEH MpodeCcCHOHATEHON
IEITEILHOCTH

[MK-1.3 CnocobeH NpUMEHATh TeopeThueckne W (W)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HAayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
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;

TEOPETUYECKUE MPEAJIOKEHHs II0 €elle He WCCICJOBAaHHbIM THIIAM KyOHTOB, HCIIOIb3YIOLINM,
HamnpuMep, JIEKTPOHbI HA MOBEPXHOCTH CBEPXTEKYYero Iejus, IPUMECHBIC CIUHBI B QyIUIepeHax H
ApYyTHUE,

peann3anuy CBEPXIIPOBOAAIINX KBAHTOBBIX CXEM.

YMETB:

pemiars MUPOKUHN CIEKTP 3ajad, CBA3aHHBIX ¢ (U3MYECKHUMH OCHOBAMH TBEPAOTEIHHBIX KBaHTOBBIX
BBIYMCIICHHH.

BJIAJIETD:

MOJIXOAaMH K CO3JIaHUIO MPOCTEHIIINX OJTHO- MIIK IByXKYOUTHBIX CXEM, TAKUX KaK MOJIyPOBOJHUKOBEIC
KBaHTOBEIE TOYKH, aJIMa3HbIe BAaKAaHCHU, TBEPAOTEIbHBIE NMPUMECHBIC CIIMHBI U JAPYTrue KBaHTOBBIC
JIByXYPOBHEBBIE CUCTEMBI;

OCHOBHBIMH TPHUHIHIAMH (DyHKIIMOHUPOBAHUS PA3IMYHBIX THIIOB CBEPXIPOBOASINIUX KyOWTOB,
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 KBAaHTOBBIX ) )
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 HIpOLIECCOPBI, CUMYJIATOPHI, 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: TOMYIIPOBOAHUKOBBIE KBAHTOBBIE TOUKH, IIPUMECHBIC CIMHBI, 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 BHHMMaHHE B Kypce OydeT yAelsIThCs CBEPXHPOBOIHHMKAM. Ilo3TOMy MBI MOCBSITUM
OTAETBHYIO JIEKIMIO OCHOBAaM CBEPXIPOBOIUMOCTHU U 1K03€(DCOHOBCKUM IEPEXOAAM.

5. ®a30BbIi U TOTOKOBBII KyOUT

C 9TOl JEKUMH MBI HAauyHEM JETaIbHO O0CYXIaTh CBEPXIIPOBOSIINE KBAHTOBBIE CXeMbl. Takue
CXEMBbI B HACTOSIIEEC BpEMs HCIOJIB3YIOTCS B CYIIECTBYIOIIMX KBAHTOBBIX KOMITbIOTEpax. B aroit
JIEKIIUHM MBI OyZieM 00CyKaaTh (pa30BbIe U IOTOKOBBIE KYOHTHI.

6. 3aps10BBIN KyOUT

[TepBBIM DKCIIEPUMEHTAIEHO MPOJCMOHCTPUPOBAHHBIM B 1999 Toay THIIOM CBEpPXIpPOBOISIINX
KyOnTOB OBLTH 3apsiioBble KyOUTHL. MBI 0OCYIMM 3TH MHUOHEPCKHE SKCIEPUMEHTHI U TIOTOBOPUM O
npoOIiemMe 3apsiI0BOTO IIIyMa, OTPaHMYMBAIOLIETO BPEMsI KOTEPEHTHOCTH TaKHX KyOUTOB.

7. CuuThIBaHUE COCTOSIHUI KyOUTOB

KsantoBas snexrpogumHamuika cxem (circuit QED), monens JlxoiiHca-KaMMUHTCAa U CUMTHIBAHHE
KyOHUTOB.

8. Tpancmon

TpancMOHBI ~ SIBISIIOTCS B HAcrosimiee  Bpemst  HauOojee  MIMPOKO  MCHOJNb3YEeMBIMHU
CBEpPXIIPOBOIHUKOBBIMH KyOMTaMH B KBAaHTOBBIX Iporieccopax. Mbl 00CyIuM IpenMyliecTBa
TPAHCMOHOB, a TaAKXK€ UX OTPAHUYEHUS U HEJOCTATKHU.

9. OyKkCOHNYM, CBEpXMHIYKTUBHOCTbD, KyOUT g-TIOTOKA

@OiyKCOHMYM  SIBIISICTCA  PE3y/IbTaTOM JBOJIOLMH IIOTOKOBOTO KyOMTa M OTKPHIBAET HOBBIC
MIEPCHEKTUBBI 1151 TOCTPOEHUS KBAHTOBBIX CXeM. BaKHEHIITUM 3JIEMEHTOM B TAKUX CXEMax SBISETCS
CBEPXMHIYKTHBHOCTh, CBOWCTBA KOTOPOH MBI OyJieM 00CYKIaTh.

10. [eiicTBust ¢ KyOMTaMH U TEHTHI

B sroii nekuun Mbl OyzneM TOBOPUTH O MaHMITYJIMPOBAHWU KBAHTOBBIMHU COCTOSIHHSMHU KyOWUTOB, 00
OMHO- M JBYXKYOWTHBIX BEHTHISAX (relTax), 00 MHCTPyMEHTax YIpaBieHUS B3aUMOACHCTBHEM
MEXIy KyOuTamu.

11. lexorepeHuusi, IByXypOBHEBBIE 1€(EKThI



Msbl moroBopuM 00 HCTOYHHMKAX IOTeph M MNpHYMHAX JAe(a3supoBKHM KyOWTOB, Ppa3IMYHBIX
MeXaHU3Max JEKOTEPEHINH U CTPATErHsIX MOBBIMIEHHSI KOTEPEHTHOCTH CBEPXIIPOBOISIINX KYOUTOB.

12. DnexTpoHUKa 11 U3MEPEHUs M YIPaBJICHUS KyOuTaMu

VrpaBieHne CBEPXIPOBOJHUKOBHIMA KyOWTaMH TpeOyeT TeHepalMd KOPOTKUX MHKPOBOIHOBBIX
WMIYJIBCOB C TOYHO 33JaHHBIMU aMIUTUTYJ0l W ¢a3oil. M3mepeHue KyOWTOB BKIIOYAaeT B cebs
YCHJICHHE Cla0bIX MHUKPOBOJHOBBIX CHTHAJOB C HCIOJB30BAaHUEM IMApaMETPHUECKUX U
MaJIOIIyMSIIHX KPHOTCHHBIX YCHauTened. Mbl 00Cyaum aetanu paboThl MPAKTHYECKUX CXEM.

13. KBaHTOBBIE MPOIIECCOPHI, CUMYISTOPHI, KOPPEKIIHS OITUOOK

KBanTOBBIE mpoLIECCOpPBI JENATCA Ha YCTPOICTBa I BBINOJIHEHUs YHUBEPCAIbHBIX KBAHTOBBIX
MPOTOKOJIOB U KBAaHTOBBIE CUMYJISTOPEI. MBI 00CyAMM NMPEUMYILIECTBA U IPAKTHUYECKHE OTPaHUYCHUS
pas3IMYHBIX MOIX0A0B. BTOpas yacTh yekiuu OyJeT MocBsAIIeHa NPAaKTHYECKIM METOIaM KOPPEKIUU
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, OJDKEH, C OJHOW CTOPOHBI, OBNAJEeTh OOIIMM IMOHATUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyUUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare MU3y4YCHUSA AUCHUIUIMHBI CTYACHT NOJDKCH 3HATh OCHOBHBLIC ONPCEACICHHUSA W IOHATHA,
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 y4deOHOro Marepuaja, MOATOTOBKY OTBETOB Ha BONPOCHI, MpPEAHA3HAYECHHBIX VIS
CaMOCTOSTENBHOTO U3yUEHUS;

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

— MOJITOTOBKY K BBIMOJIHEHUIO 3aJJaHUM TPOMEKYTOUYHOM aTTeCTallUU.

[Tokazarenem BrnajieHHUss MaTepyaIoM CIIY)XKHT YMEHHE 0e3 KOHCIIEKTa OTBEYaTh Ha BOIIPOCHI IO TEMam
JUCIUTLIAHEL

BaxxHO moOWTHCS TTOHMMAaHHUS W3y9aeMOTO MaTepualia, a He MEXaHWYECKOTO ero 3anoMuHaHus. [lpum
3aTPYJHCHUN W3YYCHHUsS OTJAEIbHBIX TEM, BOMPOCOB, CIEAYyeT OOpamaTrhCsi 3a KOHCYJABTAIUSMH K
MPEIoIaBaTeIIIo.

Bo3MoxxeH mpOMEKYTOUHBIM KOHTPOJb 3HAHUN CTYACHTOB B BUJIC PELICHHUS 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

kBaTuuKkanus: 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  OcymiecTBisieT TOHUCK BapHaHTOB
MOCTAaBJICHHOH  NpoOJIEMHOW  CHUTyalluu Ha
JOCTYIHBIX HCTOYHUKOB MH(pOPMAIUN

pelieHus
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 Cnocoben Bectn 00OMeH aenoBoil nHpopmauuein B
YCTHOHM M MHCbMEHHOH opMax Ha rocylIapcTBEHHOM SI3bIKE
Poccuiickoii ®enepanuu M HE MEHEE YEM HA OJHOM
HHOCTPAHHOM SI3bIKE

YK-4.3 Crniocoben MIPEJICTABISATh pe3yABTATHI
aKaJeMU4YeCKOll W Mpo(decCHOHATBHON IesITeIbHOCTH Ha
pas3INYHBIX Hay4IHBIX MEpOIPUATHSIX, BKJTIOYast
MEKIyHapOAHbIE

VYK-4.4 CrocobGeH HCHOIb30BaTh COBPEMEHHBIE CPEACTBA
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 Ymeer pemarp 3a/laud COOCTBEHHOTO JTMYHOCTHOTO
U npodeccHOHANBPHOTO  pPa3BUTHUS,  ONPEACsITb U
peann30BbIBaTh HPUOPHUTETHI COBEPIIEHCTBOBAHUS
COOCTBEHHOM JIESTEBHOCTH

VYK-6.2 OueHuBacT CBOIO JIEATECIBHOCTh, COOTHOCHT IIEJH,
CHOCOOBI W CPEJCTBAa BBITIONHEHUS JIEATENBHOCTH C e€

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

pe3yabTaraMu
OIIK-1.1 SHaer W© CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBFHOW  NIeATEeNhbHOCTH  (PyHIaMEHTaIbHBIC

Hay4HbIe 3HaHHA B 00JacTH (PU3NKO-MaTeMaTH4eCKUX HayK

OIIK-1.2 Crmocoben 0000mmaTs ¥ KPUTHYECKH OILCHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX HCCIICAOBaHUII B 00JacTH
mpoeCCUOHATBHOM IEATEILHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTuKl M (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
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 NmeeT npeacTaBIeHUE O COBPEMEHHOM COCTOSTHUHU
WCCIICZIOBAaHUI B paMKax TeMaTW4YecKoil obmactu cBoei
npoecCHOHaTBHON e TEBHOCTH

OIIK-2.2 Crniocoben OIICHUBATh aKTyaJIbHOCTh
UCCIICAOBAaHUM B obnmactu cBoed mnpodeccrnoHambHON
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Brnageer mnpodeccHOHaNbHOW TEPMUHOIOTHEH,
HCIIONb3YEMOM B  COBPEMEHHOW  HAy4YHO-TEXHUYECKOMN
nuTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MUCHMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HayYHOW JESTEIbHOCTH 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 apryMeHTHpPOBAaHO BBIOMpATh CIIOCOO
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 COIIMAJIBHEIE, ITHHYECKHUE,
KOH(ECCHOHAIBHBIC M KYJIBTYPHBIC Pa3IndHs

OIIK-5.3 Crpemutrcs K TOJY4YEHUIO HOBBIX 3HAHUIA,

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




[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
[TK-1 CriocoGeH cTaBuTh, GopMaIM30BbIBaTh U |MHYOPMALMIO 00 AKTyabHBIX PE3yIbTaTaX MCCIIENOBaHUMN B
pelnarh 3a1a4M, B TOM YUCJIe pa3pabarTbiBath U |paMKaxX TEMaTHYECKOM 001acTh cBOeH mpodeccroHanbHOM
HCCIIe10BaTh MaTeMaTHYECKHE MOJIENN JesITeIbHOCTH

U3y4aeMbIX ABJICHUN U TIPOLECCOB, CUCTEMHO  |[TK-1.3 CmocoOeH NpPUMEHSATh TeOpeTHuecKue U (WIIH)
aHAJIM3UPOBaTh HAy4YHBIE IIPOOJIEMBI, OIYYaTh |3KCIIEPMMEHTAIBHBIE METOMBI MCCIIEN0OBAHNI K KOHKPETHOM
HOBBIC HAYYHBIC PE3yJIbTaThI HayyHOM 3ajade ©  HWHTEPIPETUPOBATH  IOJYYCHHBIC
pe3yabTaThl

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIIUA

B pesynbrare w3ydenus aucuuiuimHbl «Solid-State Quantum Computing/TBepaoTenbHble KBaHTOBEIE
BBIYHCIICHUS 00yUaroIuiics JOJKEH:

3HAThb:

OCHOBHBIC KOHIIETIIIUN KBaHTOBOM 00pabOTKKU MHPOPMAIINY;
IKCTIEPUMEHTAIbHBIC peaIn3allii KyOUTOB;
CYILECTBYIOIME TBEPAOTEIbHBIC KBAHTOBBIE IIAT()OPMBI;
TEOPETUYECKUE TMPEMIOKEHHS 10 eme He WCCICJOBAaHHBIM THIIAM KyOHTOB, HCIIOIB3YIOLINM,
HaIrpuMep, JIEKTPOHBI Ha MOBEPXHOCTH CBEPXTEKY4Yero rejiusi, IPUMECHbIe CIIUHBI B (y/ulepeHax H
Apyrue;
pean3alyy CBEPXIPOBOSIIMX KBAHTOBBIX CXEM.
yMeThb:

peliarh NIMPOKHUN CIIEKTP 3aJlad, CBA3aHHBIX ¢ (U3NUYECKHMMH OCHOBAMHU TBEPIOTEIBHBIX KBAHTOBBIX
BBEIYUCICHUH.

BJIaJeTh:

MOJIXOAAMHU K CO3aHHIO MPOCTEHIINX OIHO- MJIN ABYXKYOMUTHBIX CXEM, TAKUX KaK IOJIyIPOBOJIHUKOBEIC
KBAaHTOBbIC TOYKH, aJIMa3Hble BAaKaHCUM, TBEPLOTEJIbHBIC IIPUMECHBIE CIMHBI U JIPyI'HM€ KBaHTOBBIE
JIBYXYPOBHEBBIEC CUCTEMBI;

OCHOBHBIMU TpPHUHIMNAMH (YHKIMOHUPOBAHHUSA PA3IUYHBIX THUIIOB CBEPXIPOBOSIIINX KyOHTOB,
MeXaHU3MaMH JEKOTEPEHIIMHU U CTPATETUSIMH MTOBBILICHNS KOTEPEHTHOCTH CBEPXIIPOBOASIINX KyOUTOB.

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

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBeACeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

[TepeuyeHb KOHTPOJIBHBIX BOIIPOCOB:
1. ®usnyeckre OrpaHUUuCHUS CYIIECTBYIOMINX KIACCHYECKUX BHIYMCIUTEIBHBIX TIATGOPM.
2. MuKpOCKONTMYecKHe KyOUThI: aTOMbI, HOHBI, (DOTOHBI.

3. TBeprorenbHbIC KyOUTHI: MOMYNIPOBOAHUKOBBIE KBAHTOBBIE TOUKH, IPUMECHBIE CIIUHBI, N V-LIEHTpHI,
MPUMECHBIE CIIMHBI B QyJUIEpEHaX, SIEKTPOHBI Ha MOBEPXHOCTH KUAKOTO TEIIHSL.

. IIpocreiinme oHO- WM ABYXKYyOUTHBIC CXEMBI.
. OCHOBBI CBEPXIIPOBOANMOCTH H KO3 ()COHOBCKHUE MEPEXOIbI.

4

5

6. Da3oBbIii U MOTOKOBBIM KyOUTHI

7. 3apsnoBbiii Kyout. [Ipobnema 3apsiioBoro myma.
8

KsanroBas snexrponunamuka cxem (circuit QED), monens JxoiiHca-KamMmuHrca u cunTeiBaHue
KyOHUTOB.

9. Tpancmon. [IpenmyiecTBa, OrpaHUYeHHs U HEJOCTATKH.

10. ®1yKCOHMYM U CBEPXUHIYKTHBHOCTD

11. MaHunynupoBaHue KBAaHTOBBIMH COCTOSIHUSAIMH KyOWTOB. OIHO- M JIBYXKYOWUTHbIE BEHTWIIN
(TeHTHI).

12. IHCTpyMEHTHI ypaBIICHUS] B3aUMOACHCTBUEM MEXIY KyOUTaMu.

13. McTounnku notepb U NpUIHHBL Jeda3upoBKHU KyOUTOB.

14. MexaHU3MBl ICKOTEPEHINH U CTPATETHH MOBBILICHUS! KOTEPEHTHOCTU CBEPXIPOBOASALINX KyOUTOB.




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

16. KpantoBble mporeccopsl M cuMyisITopbl. [lpenMymiectBa M NpakTUUECKUE OrPaHUYEHUS
Pa3IUYHBIX MTOIXO0B.

17. Koppexkius onmboKk KBAHTOBBIX BEIYHCIICHUH.
[Ipumepsl 3K3aMeHAIMOHHBIX OUJIETOB:

burer 1.

1. Wznoxwute npunnun Jlanmaypa W cOpMyIHpOBaTh €ro B KOHTEKCTE KBAHTOBOW TEOpUHU
unpopmaunu. ChopMynupoBaTh NPUHLHUNHAIBHBIE OTIAMYUS OOpaTMMBIX M HEOOPAaTHUMBIX
BBIYMCIICHU.

2. Busibl CBEpXIIPOBOAHUKOBBIX KyOHTOB.

buner 2.

1. OnummTe OCHOBHBIE 00OJIACTH IPUMEHEHHSI COBPEMEHHBIX KBAaHTOBBIX TEXHOJOTUH U OOBSACHHUTE HX
npuHUUIBL. KBaHTOBBIN 00bEM KaK XapaKTEPUCTUKA KBAHTOBBIX KOMITBIOTEPOB.

2. ChopmynupoBars kputepun HduBunuenno. [IpuBectn yHuBepcaibHbIX HA0Op KBAaHTOBBIX BEHTUJICH
(TeiToB).

buner 3.

1. CdopmynupoBars npuniun Yepua-Trtopunra-Jlofiua. M310KUTh KOHIEHIMIO KBAaHTOBBIX
BBIYHCIICHUM.

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

Kpurepun oneHuBanus
Onenka ommuno 10 OGamnoB - BBICTABIISIETCSL  CTYAEHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMSA Y4eOHOW NporpamMMbl IUCHUIIIMHBL, TPOSBIIAIOIIEMY
HWHTEpeC K JJaHHOW NpPEAMETHOW 00JacTh, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKHU
MPUMEHATh UX Ha NPAaKTHKE MPU PEIIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
NPUHATHIX PELIEHUM.
Onenka omMYHO 9 Oa/uioB -  BBICTaBISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSATh UX Ha MPAKTHKE MPH PELICHUH KOHKPETHBIX 3a7a4, CBOOOJHOE U PaBUIbLHOE 0OOCHOBAaHHE
HPUHATHIX PELICHAMN.
Ouenka ommMyHO 8§ OamuoB -  BBICTABISETCA  CTYHACHTY, II0Ka3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
INPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 000CHOBAaHHE MPUHATHIX
pELIeHN, ¢ HEKOTOPBIMH HEOUETAMH.
Ouenka xopoio 7 6ajioB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYILIECTBY M3JIaracT €ro, yMeeT NPHUMEHSTHh IMOIYy4YEHHBIC 3HAHMS Ha NPAKTHKE, HO HEIOCTAaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.
Onenka xopomio 6 0aioB - BHICTABIISIETCS CTYACHTY, €CJIM OH TBEPJO 3HAET MarepHuall, IPaMOTHO U 1O
CYLIECTBY M3JIaraeT €ro, yMeeT IPUMEHTh II0JTy4YEeHHbIE 3HaHUsI Ha IIPAKTUKE, HO JOIyCKaeT B OTBETE
WJIM B PEUIEHUH 331349 HEKOTOPBIE HETOYHOCTH.
OueHka XOpoIo 5 6ayuIoB - BHICTABIIAETCS CTY/IEHTY, €CIM OH B OCHOBHOM 3HAeT MaTepuall, rpaMOTHO
U IO CYLIECTBY M3JaraeT €ro, yMeeT NPUMEHAThH MOJyYEHHbIC 3HAHMS Ha IMPAKTHKE, HO JIOMYCKAeT B
OTBETE WJIH B PEIICHUH 3371a4 JOCTATOYHO OOJIBIIOE KOIUYECTBO HETOYHOCTEH.
OueHka ynoBIETBOPUTEIbHO 4 Oamia - BBICTABISIETCS CTYIACHTY, MOKa3zaBIIeMY (parMeHTapHBIH,
pPa3po3HEHHBIA XapakTep 3HAHWH, HEJOCTATOYHO MpPaBUJIbHBIE (DOPMYITMPOBKH 0a30BBIX MOHSITHMH,
HapylLeHUs JIOTMYECKON II0CIIeI0BATEIbHOCTH B U3JIOKEHUM IIPOIPaMMHOIO Marepuajla, HO IIPU 3TOM
OH OCBOWJI OCHOBHBIE pa3lieibl yueOHOH MporpamMmbl, HEOOXOAUMBIE IJIs JalibHeimero o0ydeHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.
OueHka ynoOBIETBOPUTEIbHO 3 Oamia - BBICTABISIETCS CTYIACHTY, MOKa3zaBIIEMY (parMeHTapHBIH,
Pa3po3HEHHBIH XapakTep 3HaHWMW, JOMycKaloulemMy OomHOKH B (GopMyaupoBKax 0a30BbIX MOHATHH,
HapyLICHUs] JIOTHYECKOM IOCIEe0OBAaTENbHOCTH B M3JIOKEHUH IPOrPaMMHOIO MaTepuana, ciado
BJIaJIe€T OCHOBHBIMH pa3ielaMi y4eOHOH MporpaMMbl, HEOOXOJUMBIMH AJIsl JalibHEHIIero o0y4eHus u
C TPYZIOM IIPUMEHSET [10JIyUYEHHbIE 3HAHUS AAXKE B CTAHAAPTHOM CUTYalUH.



OneHKa HEYIOBIETBOPUTEIBHO 2 Oajuia - BHICTABISICTCSl CTYACHTY, KOTOPBI HE 3HAeT OOJbIICH YacTH
OCHOBHOTO COJCp)KaHUsI y4eOHOH MpOrpaMMbl JUCIMIUIMHBI, JONyCKaeT rpyOble OIMOKH B
(OpMYIHPOBKaX OCHOBHBIX MPUHIIUIIOB M HE YMEET UCIIONB30BaTh MOTYyYCHHBIC 3HAHHS MTPU PEIICHUN
THUIIOBBIX 33]1a4.

OreHka HEYNOBIETBOPUTEIBHO | 0ayml - BBICTABISIETCS CTYACHTY, KOTOPBI HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOKd B (GOpPMYITUPOBKAX

0a30BBIX MHOHSITHHA JUCIHHUIIIIMHBI U BOO6H_IC HC HMMCCT HABBIKOB PCHICHUSA TUIIOBBIX MPAKTUYCCKHUX
3aJga4.

5. MeTonuveckne MaTepuabl, onpeneasone Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

DK3aMeH MpOBOAATCS B YCTHOH ¢opMe mno Omneram. B kaxnom OwiieTe IpeicTaBIeHO Ba
TeopeTuueckux Bompoca. Ilpu nmposenennn 3auéra u 3k3aMeHa obywaromemycs npenocrasisercsa 30

MHUHYT Ha HOOATOTOBKY. OHpOC 06yan0Lueroc51 HC JOJDKCH IIPCBBIIIATL OAHOTO aCTPOHOMHUYCCKOIO
qgaca.



