degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI

3JIeKTPOHHUKH, JOTOHMKHU U

MOJICKYJISIPHOH QU3UKH
A.C. barypun

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: BBC,E[GHI/IG B KBAHTOBBIC I/IH(i)OpMaI_II/IOHHBIe TCXHOJIOTNH
0 HANIPaBJICHUIO: HpI/IKHaI[HBIC Mar€MaTuKa nu (1)I/I3I/IKa
HpO(l)PIJIb MnoATrOTOBKMU: duzuka MEPCICKTUBHBIX TEXHOJIOTHI: QJICKTPOHHKA U KBAHTOBLIC TCXHOJIOTUHN

OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kadeapa MUKpPO- U HAHODJICKTPOHHUKH

Kypc: 1
KBAJM(PUKAIMA: MarucTp

Cemectpbl, HOpMbI IPOMEIKYTOUHON ATTECTAIMH:
1 (ocenHuit) - Dx3aMeH

2 (BeceHHMI) - DK3aMeH

AynutopHbIX yacoB: 60 Bcero, B TOM YHCIIE:
nexuuu: 60 yac.
cemuHapsbl: 0 yac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 60 gac.
[ToaroroBka x sx3ameny: 60 yac.

Bcero gacos: 180, Bcero 3au. en.: 4

[Iporpammy cocrtaBui: 10.U. bornanos, a-p ¢huz.-mar. HayKk

[Iporpamma obcyxieHa Ha 3acefjanny Kadeapbl MUKPO- U HaHONeKTpoHUKH 19.02.2025



AHHOTANMA

Kypc "BBenenue B KBaHTOBbIE HH(OPMAIMOHHBIC TEXHOJIOTMH' TNPEAyCMAaTPUBAET H3YyUYEHHUE OCHOBHBIX
NPUHIMIIOB KBAaHTOBOM WH(GOPMATUKM W KBAHTOBBIX HH(OPMAIMOHHBIX TexHosoruil. Ilpemmerom
pPaccCMOTpEHUS SBISIIOTCS OCHOBHBIE MATEMaTHYECKUE MOJAEIN M METOJIbI, MTOJIOKEHHBIE B OCHOBY KBaHTOBOM
MH(POPMATUKU U KBAHTOBBIX BBIYHCIICHUH.

1. lean u 3apa4un

]_le.]'ll) AUCHUIIINHBI

- HU3YyUCHUC OCHOBHBIX TPHUHIHUIIOB KBaHTOBOM I/IH(l)OpMaTI/IKI/I N KBAaHTOBBIX I/IH(l)OpMaLII/IOHHBIX
T@XHOJIOFPIIZ, pacCMOTPEHUEC OCHOBHBIX MAaTEMATUYCCKUX Mojienieit u METOHOB, IMOJIOKCHHBIX B OCHOBY
KBaHTOBOM I/IH(I)OpMaTI/IKI/I ¥ KBAaHTOBEIX BBIYMCIICHHUH.

33)13‘11/[ JAUCHUIIINHBI
- U3YUCHHUC MMPUHIUIIOB KBAHTOBBIX I/IH(i)OpMaLII/IOHHLIX TCXHOHOFHﬁ;

- OBJIaJICHHE OCHOBAMHU KBAHTOBOW MH(OPMATUKN U KBAHTOBBIX BBIYMCICHHMH, NOJIYYCHUE HABBIKOB B
pEeLIeHNH 3a1a4 B PACCMaTPUBAEMBIX 00JIaCTSX;

- BBIpa60TKa OIlbITa B CaMOCTOATCIIbHOM NOCTPOCHUH M aHAJIM3EC HpOCTCﬁIHHX KBAaHTOBBIX CXCM H
KBAaHTOBBIX I/IH(l)OpMaLII/IOHHLIX mponecccoB.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAIIPABJICHO Ha (bOpMI/IpOBaHI/Ie CIeayronux KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIKCHHUA KOMIICTCHIIMH

YK-1.1 Ananuzupyet npoOieMHYI0 CUTYalHIO KaK CUCTEMY,
BBISIBJISAS €€ COCTAaBJIAIOLIME U CBSI3U MEKIY HUMU

VYK-1.2  OcymecTBisieT TMOWCK BapHaHTOB  pEIICHUS
. |mocrtaBieHHOW  TpPOOJIEMHOM  cHUTyalud Ha  OCHOBE
YK-1 CriocoOeH 0CyIIeCTBIATh KpUTHIECKUAN
o JOCTYIHBIX HCTOYHUKOB MH(pOPMAIUN
aHaJM3 MPOOIEMHBIX CUTYyalluii Ha OCHOBE
YK-1.3 Pa3pabarsiBaeT CTpaTEeruIo JOCTHKEHUS

CHUCTCMHOI'O Imoaxoaa, BBIpa6aTLIBaTB

CTpaTeruio NeicTBui IOCTAaBJICHHOM I1CJIM KaK IIOCJICAOBATCIILHOCTh IIIAros,

npeaBuasa pe3yyibTaT KaKAOTO0 K3 HHUX W OLCHUBAA HUX

BIMSIHUE Ha  BHEIIHEE  OKPY)KEHHE  IUIAHUPYEMOM
JEATENBHOCTH W Ha B3aMMOOTHOLIEHHWS YYaCTHUKOB 3TOH
JeSITeIbHOCTU

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh U 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHN B
pamMKax TeMaTHYeCKOW 00yacTH cBoell mpodeccrnoHambHON

[IK-1 CnocoGen ctaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTeMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBaTh HAy4HbIE TPOOIEMBI, [TOy4aTh
HOBBIE Hay4YHbIE PE3YyJIbTaThI

JCATCIIBHOCTU

I[IK-1.2 CnocobeH BbIBHTaTh  THIIOTE3bl, CTPOUTH
MareMaTH4ecKue MOAETH JUI ONHCAHUS H3y4aeMbIX
SIBIICHUI W TIPOIIECCOB, OIICHUBATh KAY€CTBO Pa3padOTaHHON
MOJENN

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

3. IlepeyeHb NIAHMPYEMBIX Pe3y/IbTATOB 00yUeHHUsI 0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOHHS AUCLUIIMHBI 00y4aIOIINecs JOIKHbBI

3HATb.




- U3YUCHHUC MMPUHIUIIOB KBAHTOBBIX I/IH(i)OpMaLII/IOHHLIX TeXHOHOFHﬁ;

- OBJIaJICHHE OCHOBAaMU KBAaHTOBOM I/IH(bopMaTI/IKI/I N KBAaHTOBBIX BBIT-II/ICJ'ICHI/II\/'I, MOJIYUCHHNE HABBIKOB B
peHICHNHU 3a1a4 B paCCMAaTPUBACMBbIX O6JIaCT$IX;

- BBIpa60TKa OIlbITa B CaMOCTOATC/IIBHOM NOCTPOCHUH M aHAJIM3EC HpOCTCﬁIHHX KBAaHTOBBIX CXCM H
KBAaHTOBBIX I/IH(l)OpMaLII/IOHHLIX mponcccos.

YMETB:

- IPOBOJIUTH AHAJIN3 KBAHTOBBIX CUCTEM H OTICpPAIIHIA;
- pelarp 3aJja4i B 001aCTH KBAHTOBOW MH(POPMATHKE;
- QaHAJTM3UPOBATh Pa3IMYHbIe (PU3NUECKUE IIAT(OPMBI 11 KBAHTOBBIX BHIYUCICHUH.

BJIAJIETh:

- METO/IaMH aHAJIN3a KBAaHTOBBIX MH()OPMAIIMOHHBIX ITPOIIECCOB;
- COBPEMEHHBIMH METOJaMH OIHCAHHsI KBAHTOBBIX HH(POPMALIMOHHBIX CHCTEM;
- METO/IaMH PelICHHUs 3aj1a4 B 001aCTH KBAaHTOBOW MH(OPMATHKH.

4. Conep:xanne 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 3aHATUH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.

Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
1 KBaHTOBass MexaHMKa W  pa3BUTHE ) )

WH(POPMALIMOHHBIX TEXHOIOTUH

Tpu kuTa, Ha KOTOPBIX HEPKHUTCSI MHP
2 KBaHTOBBIX SBJICHUH. [Ipupona 2 2
KBAHTOBBIX CTATUCTHYECKUX SIBICHUH

B3aumMHo-10110/1HUTEIBHBIE
3 KOOpAUHATHOE u HAMITYJIbCHOE 2 2
[IPEJCTABICHUS B KBAHTOBOM MEXaHUKe

4 KBanToBbIi1 OUT (KyOUT) M €ro CBOKCTBA 2 2

Cucrtembl KyOuTOB. JIByXypOBHEBBIE U
MHOT'OypOBHEBBIE TPEOOPa30BaHUS

[IpencraBnenue XapaKTEPUCTUUECKOMN
(yHKUMM B BHIE CBEPTKH BOJIHOBOI
(GYHKIMY B UMITYJIbCHOM TPE/ICTABICHUH.
Teopema XnHunHa

Cocrosnus bemta. D¢ dexr Ditnmreiina -
ITononeckoro — Po3zena. HepaseHcTBO
bemia n ero HapymieHue B KBaHTOBBIX
MU3MEPEeHUAX

TouHoCTB CTaTUCTUYECKUX
8 XapaKTEPUCTUK B KBaHTOBOU 2 2
nH(pOpMaTHKE.




Undpopmamus  [Imuara xak  mepa

9 HECITy4allHOCTH OIIP-xoppenauuii. 2 2
dopmyna st napopmanuu [Imuara

10 Ky6ursi, KBaTEPHUOHBI u ) )
npeobpazosanus Jlopenma. Yacts 1

1 KyOutsl, KBaTEPHUOHBI u ) )
npeoopazosanus Jlopenra. Yacte 2
AnropuT™MBI CBEPXIUIOTHOTO

12 |komupoBaHuUs u KBaHTOBOM 2 2
TEeJeTopTalH

13 bynessl GbyHKIIIN B KBAaHTOBOWU ) )
uHpopmaruke. KBaHTOBBIN mapaiienusm.

14 |KBanroBoe npeoOpasoBanue Dypse. 2 2

15 KBanTOBOE pacmpeneneHue Kiroya. 2 2

16 Uctopus _BOSHHKHOBEHH COBpPEMEHHOM ) )
KBaHTOBO MEXAaHUKH.

17  |KBanrtoBsIit anroput™m noucka ['posepa 2 2

18  |OnTuyeckue KBaHTOBbIE TEXHOJIOTUH 2 2
[lonmyueHue KOTe€peHTHOIO COCTOSIHUA

19 |myrem gmeWcTBHs omepaTopa CABHUTa Ha 2 2
BaKyyMHO€ COCTOSIHUE

20  |Craructuka OTOHOB 2 2

71 VYcnoBHBIE pacnpenesieHrs, OTBeYalone ) )
BBIYMTAHUIO (OTHICTIIICHHIO) (POTOHOB

22 |Metoa MakCUMalbHOTO MPaBIOTIOA00Us 2 2

23 KsanrtoBeie oTepaluy, ) )
JIEKOTE€PEHTU3AIUS U KBAHTOBBIE IITYMBI

24 Kybur ©Ha  cnMHOBOM  MarHMUTHOM ) )
pe3oHaHce

25 [Monspu3annoHHBI KyOMT € yd4eTroM ) )
($a3zoBoro mymMa u JenoIsIpru3aiu

26 KBaHTOBaHUE 3EKTPOMAarHUTHOTO MO 2 2
KBaHTOBBIE KOMIBIOTEPHI Ha OCHOBE

27 |MOHOB M aroMOB B JIOBYIIKaX C Y4ETOM 2 2
JEKOTEPEHTU3ALIH

28 CBepXNpOBOAHUKOBBIE KyOUTHI C y4ETOM ) )
JIEKOTEPEHTU3AIIMHN U KBAHTOBBIX IIIyMOB
KyOutbl Ha OCHOBE KBAaHTOBBIX TOYEK C

29  |y4eroMm JAEKOTepEeHTH3AIMH M KBAaHTOBBIX 2 2
LIYMOB
MopenupoBaHue KBaHTOBBIX CHCTEM C

30  |ucnonp3oBaHMEM KBaHTOBBIX 2 2
KOMIIBIOTEPOB U CUMYJIITOPOB

Hroro yacos 60 60

[TonroToBka K 3K3aMeHy 60 gac.

Oobmas TpynoEMKOCTb 180 gac., 4 3au.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 1 (Ocennuii)

1. KBanToBas MexaHuKa 1 pa3BUTUC HH(bOpMaHHOHHBIX TEXHOJIOTHi1



Beenenne. KBanToBasi MexaHWKa W pa3BUTHE WH(POPMALMOHHBIX TEXHONOTWH. 3akoH Mypa u
pa3BuTHE HMH(MOPMAIMOHHBIX TEXHOJNOTMHA. AJNTOPUTMHYECKas CIOKHOCTh  MOJEIUPOBAHUS
KBaHTOBBIX CHCTEM Ha KJIACCUYECKHX KOMITbIoTepax. [Ipumepsl akTyanbHBIX AJIs1 MaTepHalOBEICHUS
W MEAMLUHBl 3a/a4, KOTOpbl€ HENOCTYIHBI JUIsI COBPEMEHHBIX U  IEPCIEKTUBHBIX
cynepkoMIibioTepoB. HeoOXxoanMocTs pa3paboTKy KBaHTOBBIX KOMIBIOTEPOB U CUMYJISITOpoB. O0mine
TpeGoBaHMs, HEOOXOIMMBbIE ISl pealn3allii KBAHTOBBIX KOMITBIOTEPOB M CUMYJISITOPOB.

2. Tpu xuTa, Ha KOTOPBIX IEPKUTCSI MUP KBAHTOBBIX siBJIeHHUH. [Ipupoaa KBAHTOBBIX CTaTUCTHUECKUX
SIBICHHAU

Tpu KuTa, Ha KOTOPBIX AEPHKHUTCS MUP KBAaHTOBBIX siBieHUH. [Ipuposa KBaHTOBBIX CTaTUCTUYECKUX
sreHnil. OObexkTuBHas cinydyaiiHocTs. [Ipunnun nomonnutensHoctn Hunbca bopa. KBanToBas
3aIlyTaHHOCTb U KBAaHTOBbIE KOppesIMU. B3auMHO-10110/IHUTENIbHBIE KOOPAMHATHOE U UMITYJIBCHOE
IpE/CTaBICHNS B KBAaHTOBOM MexaHMke. CTaTHCTHUYECKas WHTEPIpPETalys MpsMOro U oOpaTHOro
npeobpazoBanuii  Dypnre. KoopauHarHoe u  HMIylIbcHOE  pacmpedeneHus.  [IpuHIHI
pononHurensHocth H. bopa B KOHTEKCTe KOOPAMHATHOTO M HMMILYJIBCHOTO PaclpeleieHUN.
B3auMHO-TONOTHUTENBHEIE

pacupeaciiCHrA B OIIBITC IOnra. Ananus OKCIICPUMCHTOB «KOTOpBIﬁ IIyTb».
3. B3aI/IMHO—I[OHOIIHI/ITeJ'IBHBIe KOOPANWHATHOC U UMITYJIbCHOC IIPCACTABJICHUSA B KBAaHTOBOM MCXaHHUKE

Xapakrepuctuueckne ¢QyHkuuu. [lonarue xapakrepuctmueckod QyHkuu. [lpencraBienue
XapaKTepUCTHUYECKON (QYHKIUHM paclpelesieHus B BHUIE CBEPTKH B KAHOHUYECKH-CONMPSHKEHHOM
IIPOCTPAHCTBE.

4. KBaHTOBBII OUT (KyOUT) U €ro CBOWMCTBA

[lpumepsl  peanmu3amuu  KyOWTOB  NOCPEICTBOM  PA3iIMYHBIX  JIBYXypOBHEBBIX  CHCTEM:
MOJISIPU3ALMOHHBIA KYOHUT, CIUHOBOM KyOHUT, KyOUTHI Ha OCHOBE JOJTOXHBYILUX YPOBHEH B HOHAX U
aromax. Peanmuszanms IPOM3BOJIBHOTO COCTOSHHMSA KyOWTa MOCPEACTBOM YHHUTapHOTO IIOBOPOTA.
Uzmepenne kyouToB. OCHOBHBIE OTHOKYOUTOBBIEC KBAHTOBBIC JIOTUYECKUE SIEMEHTHI.

5. Cuctembl KyOUTOB. [IByXypOBHEBBIE I MHOIOYPOBHEBBIE IPe0Opa3oBaHuUs

Cuctembl KyOuTOB. JIByXypOBHEBBIE M MHOTOYPOBHEBBIC IpeoOpazoBaHus. OmNHCaHUE CHUCTEMBI
KyOuTOB. /IByXKYyOMTOBBIE U MHOTOKYOHTOBBIC KBAaHTOBBIE AJIEMEHTHI. Yrpasnsemoe HE. Dnement
Toddomu. IlpeoOpazoBanne VYomma-Agamapa W ero cBoiicTBa. TeopeMa O HEBO3MOXHOCTH
KJIIOHUPOBAHUS HEM3BECTHOTO KBAHTOBOTO COCTOSTHUS

6. IlpeacraBieHne XapaKTePUCTUYECKOM (YHKIMM B BHUAC CBEPTKH BOJIHOBOH (YHKIMH B
HMMITyJIbCHOM ITIpesicTaBiIeHnn. Teopema XHUHUNHA

TeopeMa XunHuuHa. Berauciaenue CpCAHCTO U MOMCHTOB. Hemnonnora knaccudeckoil ¥ MOJIHOTA

KBAaHTOBOM CTaTUCTUKU. CBs3b XapakTEPUCTHUYECKHX (QYHKIMH C OlepaTopaMHu KOOpPAWHATHI H
UMIIYJIbCa B KOOPIAWHATHOM M MMITYJIbCHOM mNpencTaBieHud. OyHnameHTanpHbleé KOMMYTAlUMOHHBIC
COOTHOILIEHUS U KBAHTOBBIE CTATUCTUYECKUE SBICHHUS.

7. Cocrosaust bemna. Dddekr Diinmreiina - [Mogonbckoro — Po3ena. HepaBenctBo benna u ero
HapylIeHHE B KBAHTOBBIX U3MEPEHUSIX

HCCBOI[I/IMOCTB KBAaHTOBOM MEXaHUKHU K TCOPHUAM CO CKPBITBIMHA (J'IaTGHTHBIMI/I) napameTpamMu.
8. TouHOCTDb CTAaTUCTHYCCKUX XapaKTCPUCTUK B KBaHTOBOM I/IH(I)OpMaTI/IKe.

HepasenctBo Komu-bynskoBckoro mist BektopoB coctosgnuil. HepasenctBo Komu-byHsakoBckoro B
MPUJIOKEHWU K CIIy4alHbIM BEJMYMHAM M COOTHOLICHHUSM HeompeneneHHocted [eiizenbepra u
Ipenunrepa- Pobeprcona



9. Uadopmanus [lmuara kak mepa HecimydaiiHoctu DITP-koppensiuii. opmyna ans uabopmarymu
Imunra

Pazmoxkenne IlImunra. Moasr lImuara. Yucemo HImmara.

10. Ky6ursl, kBarepHuoHsl 1 ipeoOpazoBanus Jlopenua. Yacts 1

OCHOBBI PENSATUBUCTCKON JTUHAMUKH.

11. Kyburtsl, kBaTepHHOHBI U peobpazoBanus Jlopenna. Yacts 2
NMInynecHO- SHEPreTUUECKUIT HTHBAPUAHT.

12. AnropuTMBI CBEpXIIFIOTHOTO KOIUPOBAHMS U KBAHTOBOM TEJICIOPTALIAN
AunroputMmsl Jloitua u oitua- JI>K03CHL.

13. ByneBs! ¢pyHKUMM B KBaHTOBOW MH(pOpMaTiKe. KBaHTOBBIH mapaieans3m.

KBanToBoe npezcrasiieHrne OyneBbIX (DYHKIUH. YHUTApHBIC MATPHUIIbI, KBAHTOBEIE CXEMBbI, TIOJTHHOMBI
Kerankuna.

14. KBanroBoe npeobpazoBanue Dypse.

KBanrtoBoe npeodpazoBanue ®Oypbe. ANropuTM HaXOXKACHHs Meprona QYHKIMU C UCIIOIb30BAaHUEM
npeobpazosanus Oypee.

15. KBaHTOBOE pacnpeesieHue KIoJa.

Anroputm ¢akropuzanuu LLlopa. Kanrosas kpuntorpadus. [Ipotokon BB84
Cemecrtp: 2 (Becennuit)

16. cTopust BOSHUKHOBEHHUS] COBPEMEHHOM KBAHTOBOM MEXaHUKH.

Vcropusi BOZHMKHOBEHHSI COBPEMEHHOW KBaHTOBOM MEXaHMKH. MarpuyHash KBaHTOBas MEXaHWKa,
pabots! [eitzenbepra, bopua n Mopnana, padotsl Jupaka. [IpuHIAIT COOTBETCTBHS U MEPEXOJ OT
KJIACCUYECKUX MPE/ICTABICHUN K KBAaHTOBBIM. VICTOpHS BO3HMKHOBEHUS M Pa3BHTHUS KBAHTOBBIX
MH()OPMAIIMOHHBIX TEXHOJIOTHH.

17. KBanToBbI# anroputm noucka ['posepa
KBanToBbrit anroputm norcka ['posepa. KBantoBoe ucnpanienue onmook.
18. Onruueckre KBAaHTOBBIE TEXHOJIOTUH

Onrtuyeckne KBaHTOBbIE TEXHOJNOTHMH. KorepeHTHOe COCTOSHHE Kak CyHnepHo3uius (HOKOBCKHX
cocrosgHuil. KorepeHTHOE cocTosiHME Kak cOOCTBEHHAs (DYHKIMSA OIeparopa YHUUTOKEHUSI.

19. HonyquI/Ie KOTCPCHTHOI'O COCTOSIHUSA ITYTCM ,Z[eflCTBHFI ornecparopa caBura Ha BAaKyyMHOC
COCTOSAHHUC

[lonyueHue KOrepeHTHOIO COCTOSIHMS ITyTeM JAEWCTBUSL oOllepaTopa CABHUIra Ha BaKyyMHO€
cocrognue. Oneparop cxarusi. CrkaTble ONTHYECKUE KBAHTOBBIE COCTOSIHUA.

20. Craructuka OTOHOB



Craructuka ¢otoHoB. [IpomsBomsimme ¢GYHKIMM M HX CBOMCTBA, (aKTOpHAIbHBIE MOMEHTHI.
ITyaccoHoBckast cratuctuka (OTOHOB, TpousBofsmas QyHkuus pacnpenenenus [lyaccona.
Komnaynn-pacnpenenenue [lyaccona. [IponsBoasamas GpyHKIMS U pacnpeaeneHle BEpOsSITHOCTEH.

21. YcmoBHEIE pacupcCaAcICHUs, OTBCUAONINC BIYUTAHUIO (OTH_ICHJ'IGHI/IIO) (bOTOHOB

VYcnoBHBIE pacnpenesieHHs, OTBEYAIOLINe BBIYMTAHUIO (OTIIEIUIeHUI0) ¢GoToHOB. [lenuTenp myuka,
KOppeIsIys KaHaJIOB. ABTOKOPPESIIMOHHbIE (DYHKIHH.

22. MeToa MakCUMAalTbHOTO MPaBI0Ioa00us

Mertox MakcumanbHOTO TipaBaononodus. Kopesoli momxon, peKOHCTPYKIMS KBAHTOBOTO COCTOSIHUSL.
BepositHocTh coBmanenus (fidelity) Hem3aBecTHOrO KBaHTOBOTO COCTOSIHHSI M €TO PEKOHCTPYKITUH,
TeopeMa YibMaHa.

23. KBanToBbie onepanunu, JCKOrcpCHTU3alA 1 KBAHTOBBIC IITYMbI

KBanroBble oOmepauuy, [EKOTepeHTH3aluss M KBaHTOBble InyMbl. KoHuenuus mOJNHOM
nonoxutenbHocTH. OmeparopHoe pasznoxkeHue. Popmanuzm Yos- SAmunkoBckoro. Xu-marpuna
KBaHTOBOM OIlEpalyH.

24. KyOuT Ha CHIMHOBOM MarHUTHOM PE30HaHCE

KyOuT Ha CHMHOBOM MarHMTHOM pe3oHaHce. AMIUIMTyAHas W (a3oBas pelakcalys COCTOSHHUM
KyOuTOB

25. Ionapu3aMOHHBIN KYOHUT ¢ y4eToM (ha30BOro IIyMa U JCHOISIPU3ALIH

[lonspuzaunonnelii KyOMT cC ydyerom ¢a3oBoro Immyma u jaenoisipuzauud. CHupagbHOCTh
3JIEKTPOMArHUTHOTO 110J1s1. KorepeHTHOE COCTOSHUE 3IEKTPOMArHuTHOIO 110JIsl B PE30HATOpe

26. KBaHTOBaHME 3MEKTPOMArHUTHOTO TOJIS

KBanToBaHuE 3JEKTPOMArHUTHOIO IIOJS. [TonspusaunonHoe mpeoOpa3oBaHME, 3aJaBaeMoOe
ONITUYECKOH (Ha30BOM MIIACTUHKOM ¢ yueToM (a30BOil JeKOrepeHTU3alul

27. KBanToBbIe KOMIIBIOTCPBI HA OCHOBC MOHOB U ATOMOB B JIOBYIIKAX C YUCTOM JCKOICPCHTU3AIUN

KBanTOBBIC KOMIIBIOTEPbI HAa OCHOBE HMOHOB M aTOMOB B JIOBYIIKax C Y4Y€TOM ACKOI'CPCHTU3ALIMU.
ATOMBI U HOHBI B JIOBYIIIKAaXx. B3aHMOI[GI>iCTBPIe aToOMa WJIKM MOHa B JIOBYHIKC C 3JICKTPOMArHUTHBIM
mojeM. Onucanue IMPpOUECCOB AJCKOTCPCHTU3 ALl .

28. CBepXIpOBOJHUKOBbIE KyOUTHI C Y4€TOM JEKOTEPEHTU3AIMN 1 KBAHTOBBIX IIIyMOB

CBepXNpOBOAHUKOBBIE KyOMTBI C YYETOM JEKOI€pPEeHTH3allMM M KBAaHTOBBIX HIYMOB. Oddekt
Jlxo3edcona. YpaBHeHus st xo3zecoHOBckoro mnepexona. [Iko3edCOHOBCKHI mepexoa Mmox
TOKOBBIM CMeIleHHEM (yIIpaBieHHeM). YpaBHEHHE MasTHHKA. KBaHTOBaHME KBa3U- MEXaHHUYECKOM
CHUCTEMBlL.  3apsOBbIi, NOTOKOBBIA M (a30BbI KyOHTHL. CBEpPXIPOBOJHHKOBBIE KyOUTHI B
pe3oHaropax. M3mepeHune cBepXNnpOBOIHUKOBBIX KyOUTOB.

29. KyOuTsl Ha OCHOBE KBAaHTOBBIX TOYEK C YUETOM JEKOTePEHTU3AIMH 1 KBAHTOBBIX IIIyMOB

Ky6I/ITBI Ha OCHOBEC KBAHTOBLIX TOUCK C YYETOM ACKOIC€PCHTU3AIIMN U KBAHTOBBIX IIIYMOB. KBanToBbie
TOYKH B pC€30HATOPC. TeOpI/ISI droxke (KBaHTOBaﬂ TOYKa B p€30HATOPC B IIOJIC JIAa3CpHOTO I/I3J'Iy‘IGHI/I$I).

30. MopenupoBaHue KBAHTOBBIX CHCTEM C UCIOJIb30BAaHUEM KBAHTOBBIX KOMIIBIOTEPOB |
CUMYJIITOPOB



MopaenupoBaHrue KBaHTOBBIX CHCTEM C HCIOJIb30BAHUEM KBAHTOBBIX KOMITBIOTEPOB U CHUMYJISTOPOB.
Anroput™m 3anku-Busnepa.  3amaya BBIYMCICHUS MHHMMAQJIBHOTO COOCTBEHHOTO 3HA4YECHUS
ramuibronnana. KeanrtoBeiii anroputm onenuBanust ¢assl QPE (Quantum Phase Estimation).
KBaHTOBBII BapHAIlMOHHBIN alTOPUTM HAXOXJIEHUS COOCTBEHHBIX 3HaueHHWU ramuibToHHana VQE
(Variational Quantum Eigensolver).MonenupoBanue (pu3nuecKkux CHUCTEM, KOTOPBIC OINKCHIBAIOTCS
000011eHHpIMU MoziensiMu V3uHra n Xab6apaa.

5. Onucanue MaTepuaJbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYylIeCTBJIECHHS 00pa30BaTEJILHOIO
npouecca 1no JUCHUILINHE (MOIYJII0)

VYueGHast aynuTopus, CHaOKEHHAasI JOCKOH, IKPaHOM, IPOEKTOPOM.
6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHOBHas JIuTEparypa
Jluteparypa Bolaercst Ha 6a30BoOH Kadenpe:

1. bornanos I0.U., bornanosa H.A., Jlyknués B.®. Beenenue B kBaHTOBbIE HHQOPMAIIMOHHBIE
texHonoruu — M.: Texnocdepa. 2024. — 468 c.

2. Hunbcen M, Yanr U. KBanToBble BeruncieHus M kBaHToBast nHpopmanust: [lep. ¢ anm. [lox pen.
M.H. Bsnoro u I[1.M. Octposckoro ¢ npeauciosuem K.A. Banuesa. - M.: Mup. 2006. 824 c.

3. BanueB K.A., Kokun A.A. KBanToBsle koMIibioTepsl: Hamexapl u peaabHOCTb. 2-€ U3., UCIIL.
M.—HMxesck: HULL PX1, 2002. 320 c.

JlononHuTeNbHAS TUTEPATypa
Jluteparypa Bolgaercs Ha 6a30BoH Kadenpe:

1. ®usuka kBanToBOM nHpopmanmu. KBanroBas kpuntorpadus. Ksanrosas tenenoprauusi.
Ksanrosbie Beruncienus // [loa. pen. J.boymeiictepa, A.Dkepra, A. Lainunarepa; [lep. ¢ anrit. mox
pen. C.I1.Kynmuka u T.A.lllmaonoBa. M. I[Toctmapket. 2002. 376c¢.

2. Tpeckumn [Ix. Kanrosast nnpopmanus 1 KBaHTOBbIe BhruuciieHus. Tom. 1. M.-Mxesck. PX]1. 2008.
464c.

3. Bamues K.A. KBaHTOBbBIC KOMITBIOTEPHI ¥ KBAHTOBBIE BhIuncicHUs // Yenexu Ouznuecknx Hayk.
2005. T.175. Nel. C.3-39.

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIsA)

He ucnonesyrores

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOIb3yeMbIX NPH OCYLIECTBICHUU 00Pa30BaTeJIbHOIO
npouecca o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NpOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

He npenycmotpeHsl.
9. MeToauyeckue yKazaHus AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOILYJIs1)

CryneHT, M3yyaromuid IUCUUIUIMHY, JODKEH C ONHOW CTOPOHBI, OBJIAACTh OOIIMM TMOHSITHHHBIM
anrmaparoM, a ¢ Apyroil CropoHsbl, AOJIKEH HAy4YUThCs IPUMEHATh TEOPETUYECKHUE 3HAHUS.

B pe3yabTaTe U3YUCHHUS AUCHUIUIMHBI CTYACHT OOJDKCH 3HAThb OCHOBHBIC OIPCACIICHUA AUCHUIINHBI,
YMETh IPUMCHATH IMOJTYUYCHHBIC 3HAHUA JId PCUICHUS PA3JIMYHBIX 3aa4.

VYenenrHoe ocBoeHHE Kypca TpeOyer:



- IOCEIIECHUS BCEX 3aHATUH, IPEAyCMOTPEHHBIX yUYEOHBIM IIJIAHOM IO TUCLUIUINHE;
- BEJICHUS KOHCIEKTAa 3aHATHH;

- HaNpsDKEHHON caMOCTOSTENLHON pa0OThI CTY/ICHTA.

CamocrosiTenpbHas paboTa BKIIOUAET B CE0s:

- YTEHHUE PEKOMEH/I0BaHHOH JIUTEpaTyphl;

- TpopaboTKy yueOHOro Marepuana, MOArOTOBKY OTBETOB Ha BONPOCHI, IMPEAHA3HAYCHHBIX JUIA
CaMOCTOSITENBHOTIO U3yUEHUS;

- pelieHne 3a1a4, IpeIaraéMbIX CTYIEHTaM Ha 3aHATHUSX;
- IOATOTOBKY K BBIITOJIHEHHUIO 3aIaHAN TEKYIIEH U MPOMEKYTOUHON aTTeCTALNH.

VYenemHas caada 3K3aMeHa MoApa3syMeEBAET, UTO CTYACHT:

- OPHEHTHUPYETCS B IUTEPAType MO MPEIMETY U B COCTOSIHUU OBICTPO HAMTH HeoOXoanMble POPMYIIBI U
CIIPaBOYHbIE MATEPUAIIbI;

- CITIOCOOCH PEUIUTh THUIIOBBIC 33/Ia4l M HAUTH KpaT4alllivii MyTh K PEMICHHIO, YTO 0COOECHHO IICHHO;

- COCOOEH JI0BECTH PEIICHHE 10 YUCIEHHOTO 3HAUCHHUS;

- IOHUMAET OTPAHUYEHHS U OITYyCTHUMBbIE IIPE/IENIbl NCTIONB30BAHMS TEX MM MHBIX TPUOINKEHHH.

[Mokazarenem BiajeHUsS MaTEpUATIOM CIYKUT YMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TEMaM
JIMCITATIIAHEL.

BaxxHo 10OWTHCS TMOHMMaHMS U3y4yaeMOro mMarepuala, a He MEXaHHYeCKOro ero 3armoMmuHaHus. [lpu
3aTPYINHEHWH W3yYCHUs OTICIBHBIX TEM, BOIPOCOB, CIEMyeT OOpaIiarhCs 3a KOHCYIbTAIMSAMH K
MIpenoaBaTesio.

Bo3mokeH mpoMexyTO4HBIN KOHTPOJIb 3HAHUI CTY/IEHTOB B BHJE PEIICHHs 337ad B COOTBETCTBUH C
TEMaTHKON 3aHSITHIA.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

Nnpo¢uJIb NOATOTOBKH: ®u3nKa NEePCIEKTUBHBIX TEXHOJIOTHUI: JJIEKTPOHUKA Y KBAHTOBBIE TEXHOJIOTUU
OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kageapa MUKpPO- ¥ HAHODJICKTPOHHUKH

Kypc: 1

kBaTuuKkanus: MarucTp

Cemectpbl, HOpMbI IPOMEIKYTOUHON ATTECTAIMH:
1 (ocenHuit) - Dx3aMeH

2 (BeceHHMH) - DK3aMeH

PaszpatGoTunk: I0.U. bornanos, a-p ¢huz.-mar. Hayk



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocyecTBIsATh KpUTHUECKUN
aHaJn3 TpOOJIEeMHBIX CUTyalluii HA OCHOBE
CHCTEMHOTO TI0/IX0/1a, BhIpadaThIBaTh
CTpaTeruro AecTBui

VYK-1.1 Ananuzupyet npoOIeMHYI0 CUTYAIHIO KaK CUCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VYK-1.2 OcymecTBisier MOHCK BapUaHTOB PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHON  CHUTyallud Ha  OCHOBE
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

YK-1.3 PaspabarsiBaeT CTpaTeruio JIOCTH)KEHUSA

MOCTABICHHON IIEIM KaK ITOCJIEIOBAaTeILHOCTE IIIaros,
MpenBUIA PE3ylbTaT KakIOT0 W3 HUX W OLEHHWBAas HX
BJIMSHHE HA  BHEIIHEE  OKPYXEHUE  IUIAHUPYEMOU
JESATENbHOCTH W Ha B3aMMOOTHOLIEHHUS YYaCTHUKOB 3TOM
JIeATCIbHOCTH

[MK-1 Crocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICITN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[IK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMANKIO 00 aKTyaIbHBIX Pe3ylbTaTax UCCISIOBaHUH B
pamMKax TeMmaTH4ecKoi o0macTé cBoed MpodeccHOHATLHOM
JEATEIIEHOCTH

[IK-1.2 CnocoGeH  BbLABHrarb THIIOTE3bl, CTPOUTH
MaTeMaTUYeCcKue MOAEIM Ul ONMCAHUS H3ydaeMbIX
SIBICHUH W MIPOLIECCOB, OLICHUBATh KAYeCTBO pa3padOTaHHON
MOJENN

IMK-1.3 CrnocobeH NpUMEHATh TeopeThudeckue W (W)
JKCIIEPUMEHTAJILHBIE METOJIbI MCCIIEIOBAHUI K KOHKPETHOM
HAayyHON 3ajadye W  HMHTEPIPETHPOBATH  IOTyYEHHbIE
pE3yIbTaThl

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B pesymprare wu3ydeHHs JUCHUILIHHBL
00yJaromuiics JOmKeH:

3HATb:

«BBC,[[GHI/IC B KBAaHTOBLIC I/IH(i)OpMaLII/IOHHLIe TCXHOJIOTHH»

- U3YUCHUC NMMPUHIUIIOB KBAHTOBBIX I/IH(i)OpMaLII/IOHHLIX TeXHOHOFHﬁ;

- OBJIaJICHHE OCHOBAaMU KBAaHTOBOM I/IH(bopMaTI/IKI/I N KBAaHTOBBIX BBIT-II/ICJ'ICHI/II\/'I, MOJIYUCHHNE HABBIKOB B
peIICHNHU 3a1a4 B paCCMAaTPpUBACMBbIX O6JIaCT$IX;

- BBIpa60TKa OIlbITa B CaMOCTOATC/IIBHOM NOCTPOCHUH M aHAJIM3EC HpOCTeI\/'IIHI/IX KBAaHTOBBIX CXCM H
KBAaHTOBBIX I/IH(l)OpMaLII/IOHHLIX mponcccos.

yMeTh:

- IPOBOJIUTH AHAJIN3 KBAHTOBBIX CUCTEM H OTICpPAIIHiA;
- pelarhb 3aJja4i B 001aCTH KBAHTOBOW MH(POPMATHKE;
- QaHAJTM3UPOBATh Pa3IMYHbIe (PU3NYECKUE IIAT(OPMBI JJIsi KBAHTOBBIX BEIYUCICHUH.

BJIA1€Th:

- METO/IaMH aHAJIN3a KBAHTOBBIX MH()OPMAIIMOHHBIX ITPOIIECCOB;
- COBPEMEHHBIMH METOZaMH OIMCAHHsI KBAHTOBBIX MH(POPMALIMOHHBIX CHCTEM;
- METO/IaMH PelICHHUs 3aj1a4 B 001aCTH KBAHTOBOW MH(OPMATHKH.

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




B nensx TeKkyLero KOHTPOJs YCIEBAEMOCTH Ha 3aHATHUM MOXET IPOBOAUTHCS KPAaTKUH OIpoc 110
T€MaM MPEIbIAYIIETO 3aHITHS.

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

Bompocs! a5 npoBesieHns 5K3aMeHa B OCEHHEM CeMecCTpe:

1. Ilpunuun pononHutenbHocTH H. Bopa. Cratucthueckas MHTEpIIpeTanys MpsiMOro M oOpaTHOro
npeobpazosanuii ®ypre. KoopaunarHoe n UMIyIbCHOE pacipeeICHHS.

2. lenbra- pyHkmnus, ee npeodpazoBanue Oyphe u Ipyrue CBONUCTRA.

3. IlpeacraBieHre XapaKTepUCTUIECKON (PyHKIMH B BUJE CBEPTKH BOJIHOBOW ()YHKLIHHU B UMITYJIECHOM
npezacrasiaeHuu. Teopema XuHYMHA.

4. HepasenctBo Kommu- bByHsSKOBCKOrO [uis BEKTOPOB COCTOSIHMS U €ro  CTaTUCTHYECKas
HMHTEpIpeTausl.

5. HepasenctBo Komm- ByHAKOBCKOTO B MPHIIOKEHUH K CITy4ailHBIM BETUYHHAM.

6. CootHouieHue HeonpeneneHHocren [ elizendepra At KOOPAWHATHI U UMITYJIBCA.

7. Cootnouenue Heonpenenéunocren Ulpenunarepa- Pobeprcona.

8. Paznoxxenue IlImuara. Mons! IlImuara. Yncao IImuara.

9. Undopmauusa lImuara xak mepa HecaydaiiHocTu DIIP-koppensiunii. ®opmyna 11 uHGopManuu

HIMmunra.

10. KpanToBbIii OuT (KyOMT) M ero CBOWCTBA. Peanmuzamusi TpPOW3BOIBHOTO COCTOSIHHS KyOWTa
MOCPEACTBOM YHUTAPHOTO MTOBOPOTA.

11. Komnosumust aByx moBopotoB Ha cdepe biaoxa. KBarepHHOHBI M MX MpEACTaBICHHE TOCPEACTBOM
marpu [aymnu.

12. CnuHOpHOe mpencTaBieHue mpeoOpazoBanuii Jlopenma. OCHOBBI PENSTUBUCTCKOW JTHHAMUKH.
HmiynbcHO- SHEPreTHUECKUI HMHBAPHAHT.

13. Onucanue CUCTEMBI KY6I/ITOB. I/I3M€p€HI/Ie KY6I/ITOB. TeopeMa O HCBO3MOKHOCTHU KJIIOHUPOBAHHA
HCHU3BCCTHOI'O KBAHTOBOI'O COCTOAHUA

14. OcHOBHBIC OTHOKYOHUTOBBIE KBAaHTOBBIE JIOTHYECKHE dTeMeHThI. [IpeoOpa3zoBanue Youma-Anamapa
U €r0 CBOWCTBA

15. JIByxKyOUTOBBIE 1 MHOTOKYOHUTOBBIE KBAaHTOBBIE 3JeMeHTHI. Yrpasisiemoe HE. Dnement Toddonu.
16. Cocrosinus benna. Oddexr Ditnmreiina - [lononsckoro — Pozena. Hapymenue nepasencrsa beina.
17. CepxmioTHoe kKogupoBanue. Tenenopranusi.

18. Anroputmsl Joitua u Joitua- xo3cel. KBantoBoe npencrasnenue OyaeBbIX QyHKIUA. YHUTapHBIE
MaTpHUILbI ¥ KBAHTOBBIE CXEMBI, OTBEYaroIye OyaeBbIM (DyHKIUAM.

19. KanroBoe npeobOpazoBanue Oypre. AIropuT™M HAXOXKIECHUS Meproia GYHKIUU C UCTIONh30BaHUEM
npeobpazosanusi Oypee. Anroput™ daxropuzanun Llopa.

20. KBantoBoe pacnpenenenue kimoda. [Iporoxon BB84.
[IpumMepsl 3K3aMEHALMOHHBIX OUJIETOB:

IIpumep 1:
1. CeepxmutoTHOe KoupoBaHue. Tenemopramms.
2. lenwra- dyHKIMS, ee mpeodpa3oBanne Oyphe U Ipyrue CBOWCTRA.

[Ipumep 2:
1. Anroputmsl [oiiua n [loriua- J{xo3cel. KBantoBoe npencraBnenue OyneBbIX QyHKIMNA. YHUTapHBIC
MaTpHUILbI 1 KBAHTOBBIE CXEMBI, OTBEYaroIye OyaeBbIM (PyHKIUAM.

2. Onucanue cucteMmbl KyoutoB. M3mepenue kyOuroB. Teopema O HEBO3MOXHOCTH KIOHHUPOBAHUS
HEU3BECTHOIO KBAHTOBOTO COCTOSHUS .

BOHpOCLI AJId TIPOBCACHU A 3K3aMCHA B BCCCHHEM CCMCCTPC:



1. UcTopus BOBHUKHOBEHHUSI COBPEMEHHOIN KBAaHTOBOW MEXaHHUKH.
2. KBanToBbI#t anroputm noucka [‘posepa
3. Onruyeckue KBaHTOBbIE TEXHOIOIUU

4. IlonydeHue KOIEpEHTHOIO COCTOSHMS IIyTeM JAEWCTBUS olleparopa CABMIa Ha BaKyyMHOE
COCTOSHUE

5. Craructuka GpOTOHOB

6. YcIIOBHBIE paciipeesIeH s, OTBEUYAIOIINE BHIYUTAHUIO (OTIIETUIEHUIO) (DOTOHOB

7. MeTtoa MakCUMaJIbHOTO TPaBAONOA00HS

8. KBaHTOBBIE Onepanny, JEKOrepEHTU3AMA U KBAHTOBBIE IITYMBI

9. KyOuT Ha CIMHOBOM MarHMTHOM pE30HaHCE

10. TonspusanMoHHBIN KyOUT ¢ yueToM ()a30BOTO IIyMa U JCTOISIPU3ALIH

11. KBanTOBaHME 3IEKTPOMArHUTHOTO IO

12. KBaHTOBBIE KOMITBIOTEPBI HA OCHOBE HOHOB M aTOMOB B JIOBYIIKaX C Y4€TOM JIEKOTEPEHTU3ALNH
13. CBepXnpOBOAHUKOBBIE KYOUTHI C YIETOM JEKOTEPEHTU3AMH U KBAHTOBBIX IIIyMOB

14. KyOuTbl Ha OCHOBE KBAaHTOBBIX TOUYEK C YUETOM JIEKOTCPEHTH3AKN 1 KBAHTOBBIX ITYMOB

15. MonenupoBaHue KBaHTOBBIX CHCTEM C MCIIOJIB30BAHUEM KBAaHTOBBIX KOMIIBIOTEPOB U CUMYJISITOPOB

HpI/IMepBI OK3aMCHAIIMOHHBIX OUIIECTOB:

[Ipumep 1:
1. KyOuThl Ha OCHOBE KBaHTOBBIX TOUEK C YUETOM JEKOTEPEHTU3ALNH U KBAHTOBBIX IIIyMOB
2. KBaHTOBBIE Onepaniy, AEKOrepEHTH3ALMS 1 KBAHTOBBIC ITyMbI

[Ipumep 2:
1. KBaHTOBBIE KOMITBIOTEPHI HA OCHOBE HOHOB M aTOMOB B JIOBYLIKAaX C Y4€TOM ACKOTCPEHTH3ALNH
2. KyObur Ha cTUHOBOM MarHMTHOM pE30HaHCE

Kputepun onennBanus

Onenka ommyHo 10 OGaymoB -  BBICTABISETCS  CTYIEHTY, I[IOKa3aBIIEMy BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, DIyOOKHE 3HAHUS Y4eOHOW MpOrpamMMbl JAWUCHMIUIMHBI, MPOSBISIOMIEMY
HWHTEpeC K JaHHOM NpeAMETHOW 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHATh UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a/]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
NPUHATHIX PELIEHUM.

Onenka oOmIM4HO 9 0auioB -  BBICTABISETCS  CTYACGHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHBIE 3HAHUS y4eOHON IMpOrpaMMbl TUCIUIUIMHBI M YMEHHE YBEPEHHO MPUMEHSTh UX
Ha TpaKTHKE MPH PELICHUH KOHKPETHBIX 3ajad, cBOOOJHOE M MpaBWIIbHOE 0OOCHOBAaHUE NMPHHATHIX
pELIEHU.

Onenka OTIMYHO 8 0ajIOB - BBICTABISIETCSA CTYACHTY, MTOKAa3aBIIEMYy CHCTEMAaTH3MPOBAHHBIC 3HAHUS
y4eOHOM MpOorpaMMBbl TUCHUIUIMHBI U YMEHHE MMPUMEHSTh UX Ha MPAKTUKE MPHU PEIIEHNH KOHKPETHBIX
3a[a4, MpaBUJIbHOE 000CHOBAaHHUE MPUHATHIX PELICHUH, C HEKOTOPHIMH HEIOYETAMH.

Ouenka xopo1o 7 6ajioB - BBICTABISAETCS CTYACHTY, €CIIM OH TBEPJO 3HAET MaTepuall, 'paMOTHO U IO
CYLIECTBY M3JIaracT €ro, yMeeT NPHUMEHATH IOJYUYCHHBIC 3HAHHA Ha IPAKTUKE, HO HEJOCTaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.

Onenka xopomio 6 0aioB - BEICTABISETCS CTYACHTY, €CIM OH TBEPAO 3HAET Marepuai, rPaMOTHO H 110
CYLIECTBY U3J1araeT ero, yMeer NPUMEHATh [10JyUYCHHbIC 3HAHUS Ha [IPAKTUKE, HO JIOILyCKAeT B OTBETE
WJIM B PEUIEHUH 331349 HEKOTOPBIE HETOYHOCTH.

Ouenka Xopo1o 5 6ajioB - BBICTABISETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAaeT Marepuall, IpaMOTHO
U IO CYLIECTBY M3JIAraeT €ro, yMeeT NPUMEHTh NOJIyYEHHbIE 3HaHHUS Ha IPAKTHKE, HO JOIYCKAeT B
OTBETE WJIH B PEIICHUH 331a4 JOCTATOYHO OOJIBIIOE KOIUYECTBO HETOYHOCTEH.

OueHka ynOBIETBOPUTENbHO 4 Oajla - BBICTABISETCS CTYIEHTY, MOKa3aBLIEMY (parMeHTapHBIH,
pPa3po3HEHHBI XapakTep 3HAHHWH, HEJOCTATOYHO NpaBUIIbHBIE (HOPMYITHPOBKH 0a30BbIX MOHSITHIA,
HapylleHHs JOrMYECKON M0CIe0BaTebHOCTU B U3JI0KEHUU [IPOrPaMMHOI0 MaTepuala, HO IIpU 3TOM
OH OCBOMJI OCHOBHBIE pa3ienbl yueOHOH MporpamMmbl, HEOOXOAUMBIE s AajbHeHmero o0y4eHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.



OueHka ylOBJIETBOPUTENBHO 3 Oajula - BBICTABISETCS CTYICHTY, IOKa3aBIIEMYy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIyCKAIOUIEMy OIMMOKA B (OpPMYIHpOBKax 0a30BBIX NOHSITHH,
HApYILCHUS] JIOTUYECKOH IOCIIeIOBATEIbHOCTH B HW3JIOKEHHH IIPOrPaMMHOIO Marepuaia, ci1abo
BJIaJICET OCHOBHBIMU paszieliaMu y4eOHOH IpOorpaMMbl, HEOOXOJUMBIMH IS TalbHEHIIero o0y4eHus 1
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAHIAPTHON CUTYaIHH.

OneHKa HEyIOBIETBOPUTEIBHO 2 0ajlia - BHICTABISICTCS CTY/ICHTY, KOTOPBIH HE 3HAeT OOJIBbIIEH YacTH
OCHOBHOTO COJep)XaHUsl y4eOHOW MpOrpaMMBbl JIUCHUIUIMHBI, JOIMyCKaeT rpyOble OmMOKH B
(bOpMyIHPOBKaX OCHOBHBIX NPUHIMIIOB U HE YMEET HCIIOIb30BATh IOJIYYCHHBIC 3HAHUS IIPU PEIICHUN
THUIIOBBIX 33/1a4.

OreHka HEYNOBIETBOPUTEIBHO | 0aim - BBICTABISCTCS CTYIEHTY, KOTOPBIH HE 3HAaeT OCHOBHOTO
cojiep KaHusl y4eOHOW MpOorpaMMbl TUCHUILTUHBI, JOMycKaeT rpyOeiiie omuOK B GOpPMYTUPOBKaX
0a30BBIX TOHATUH IUCUUILIMHBI ¥ BOOOIIE HE MMEET HABBIKOB PEUICHUS THIIOBBIX MPAKTUYCCKHX
3aj1au.

5. MeTonuyeckne MaTepuaJbl, onpeaesiiome NpoueIypbl OlleHMBAHUS 3HAHUIN, YMEHNH, HABHIKOB H
(W) onbITA AESATEJILHOCTH

DK3aMeHbl B OCEHHEM W BECCHHEM CEMEeCTpax MPOBOIUTCS B YCTHOM (hopmare mo OmiiereMm. B Ouiere
JIBa TEOPETHYECKHUX Bompoca. Ha moaroroBky k orsery mpemoctapisiercs 40 munyT. Onpoc cryneHTa
Ha HK3aMeHe He JIOJDKEH MpeBbIarh 1 yaca.



