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AHHOTANMA

Kypc "TBepmorenbHble KBAaHTOBBIE KOMIIBIOTEPHI' TIpeqyCMaTpHBAeT O3HAKOMJIEHHE CIyIIaTesled ¢
TEOPETHYECKUMH M 3KCIEPUMEHTAIBHBIMA OCHOBAaMH pEalM3alliid KBAaHTOBBIX BBIYUCICHHM, a TaKxke
M3y4YEeHUE CIIEIHAJbHBIX BOIPOCOB KBAaHTOBOM MEXaHHKH, TCOPUM KBAaHTOBBIX QJTOPUTMOB M CBS3H,
KBAaHTOBOH KOppeKUUH OmMUOOK. PaccMaTpuBaioOTCsi OCHOBHBIE HAampaBICHHUA HKCIEPUMEHTAIbHBIX
UCCIICIOBAaHUN, OPHEHTHPOBAHHbIC HA peaau3alMi0 INPHUHIHUIOB O0O0pabOTKM KBAaHTOBOW WH(pOPMAIHH.
Pa3z0upatorcsi kak yxe CyLIECTBYIOLIME, TaK M HOBEHIINE KBAaHTOBBIE CXEMBI, pa3padaTbiBacMble B XOIE
MPOEKTUPOBAHUS IEMEHTHOMN 0a3bl OJIHOMACIITAOHBIX KBAHTOBBIX KOMITBIOTEPOB.

3amaun Kypca:
* IprOOpETEeHNE CITymaTessIMu 0a30BbIX 3HAHUI B 001aCTH COBPEMEHHOM KBaHTOBOM TEOPUH HH(MOPMAIIHH;

* MpHOOpETeHNE chymareasiMi 0a30BbIX 3HAHHWH B OOJACTH COBPEMEHHOM SKCIEPUMEHTAIbHONW KBAHTOBOU
UH(POPMATHKHY;

¢* OCBOCHHMC HABBIKOB KPUTHUYCCKOI'O aHalin3a KOHKPCTHBIX MOI[GJ'ICﬁ IMOJHOMACINTAOHBIX KBAaHTOBBIX
KOMIIBIOTCPOB,

¢ IMOAroTOBKa CJ'IanaTeJ'ICﬁ K MPOCKTUPOBAHUIO HpOCTeﬁHIPIX KBAaHTOBBIX ceTeﬁ, ITIOHUMAaHHWIO (I)I/I3I/I"IGCKI/IX
OCHOB IIPOLICCCOB, OGCCHe‘II/IBa}OHH/IX BBINIOJTHEHHE KBAHTOBBIX BEHTWJICH WU AJITOPUTMOB, K HX
MOACIIUPOBAHUIO U OIITUMU3ALINU;

* CTUMYJUPOBAHHE CAMOCTOSTEIILHOW pa0OThI CIyIaresei ¢ OpUrHHaIbHBIMU paboTaMu, IyOINKYIOMIUMHUCS
B OTEYECTBEHHBIX M 3apyOe)KHBIX HAyYHBIX JKypHAJIax.

ITo pe3ynbTaram 0CBOEHHS Kypca CTYJACHT JI0JKEH:

3HaTh:

- OCHOBHBIC TIPHHIUNbBI KBAHTOBBIX BBIYMCICHHH; OOIIYI0 CTPYKTypy KBaHTOBOTO KOMIIBIOTEPA;
CYLIECTBYIOIIME KBAaHTOBBIC AJTOPUTMBbI (PaKTOpPH3ALMHU, NMOUCKA W MOACIMPOBAHUS; OTIMYHS KBaHTOBOTO
KOMIIBIOTHHTA OT KJIACCHYECKOT0; OCHOBHBIE MPOOJIEMbI, BOSHUKAIONIME TPH Pa3pabOTKe AIEMEHTHOH 0a3bl
KBAaHTOBBIX KOMITBIOTEPOB M KBAHTOBBIX CETEH, W CHOCOOBI MX PEUICHHUS; MPEUMYILIECTBA M HEIOCTaTKH
CYLIECTBYIOIIUX ITPOTOTUIIOB KBAHTOBBIX KOMIIbIOTEPOB.

YMeTs:

- peuiarb 3JE€MEHTapHble KBAHTOBOMEXAHWYECKUE YPABHEHHUS, OIUCHIBAIOLIME JUHAMUKY OAHOIO MU JBYX
KyOWTOB; OLIGHUBATh BPEMs BBIIIOJHEHUS KBAHTOBBIX ONEpalii (TAaKTOBYIO YacTOTy KyOWTa M pErucrpa) u
BpEMEHa IOTEepPU KOTEPEHTHOCTH JUI KOHKPETHOW (u3ndeckol peanu3aluy KBAaHTOBOTO KOMIIBIOTEPA;
MPECTABISATH OCHOBHBIC JJIEMEHTHl KBAHTOBBIX BEHTHJICH, Omepanuil, TPaHCIIOPTUPOBKH HHQPOpPMAaLIUH,
TeJICOPTALMY, KOPPEKIIUH OIIHMOOK B BU/I€ KBAHTOBBIX CXEM.

Bnaners:

- MCTOAOM BTOPHUYHOI'O KBAHTOBAHHUA IJII KBAHTOBOI'O-IIOJICBOTO OIMMCAHUSA KY6I/ITOB U YHOpaBJIAOMIUX
HUMITYJIBCOB; MCETOAAMH COCTAaBJICHUSA ypaBHeHI/Iﬁ I yd€Ta KBAHTOBBIX JUCCUIIATUBHBIX IIPOLECCOB B
KBAaHTOBBIX 6I/ITaX; OCHOBaMHU KBaHTOBOI CXEMOTEXHUKHU.

OcHOBHOE COACPIKAHUC KypCa U3JIOKCHO B CICAYIOIIUX pa3aciiax:
1. I/ICTOpI/IH KBAaHTOBBIX BEIYHCJICHHI 1 OCHOBHEIC 3aaa4u KBaHTOBOM I/IH(I)OpMaTI/IKI/I

2. KBaHTOBBIM OUT U OCHOBHBIE O,E[HOKY6I/ITHI>IG BCHTUJIN

. OCHOBHBIE ABYX- 1 MHOTOKYOUTHBIE BeHTWIH. Anroputm Joitua
. UncTele, cMenIaHHbIE U 3aIlyTaHHBIE COCTOAHMA. KBaHTOBas Tenenopranus
. KBanToBoe npeobpazoBanne @ypbe u anroput™ Paxropuzanuu (anroputm lopa)

3
4
5
6. KBanToBBIif anroputm novcka (anroputm [posepa)
7. KBaHTOBOE MOJIETUPOBAHUE

8. IToTepst KOTEPEHTHOCTH B KBAHTOBBIX KOMITBIOTEPAX
9. Koppexiust KBaHTOBBIX OMMOOK. KBaHTOBBIE KO/IBI
1

0. KBaHTOBBII KOMITBIOTEP HA ONTHYECKUX (OTOHAX



11. KBaHTOBBIE BRIYMCIICHUS HA HOHAX B JIOBYIIKaX
12. CepxnposoauukoBbie KOJI-pe3oHaTOphI 1 KyOUTHI
13. HanoanekTpoMexaHU4ecKre CUCTEMbI U KBaHTOBasi HH(POpMaTHKa

14. OnrToanekTpoMexaHuKa U KBaHTOBasi HHPOpPMaTHKa

15. KBaHTOBBIE TOUKH B (JOTOHHBIX CTPYKTypax M KBaHTOBast ”HPOpMaTHKa

16. NV-1ieHTpHI B aiMa3ze ¥ KBAHTOBBIE BHIYHCIICHUS

17. KBaHTOBBIE BBIUHMCICHUS C HCIIOIL30BAaHHEM AACPHBIX CIIMHOB OPTraHUYCCKUX MOJICKYJI U JOHOPHBIX
aTOMOB

1. leau u 3apauu

eap AUCUMNIMHBI

- O3HAKOMJICHHME CIIylIareliedl ¢ TEOPETHUECKMMH U JKCIICPUMEHTAIBbHBIMH OCHOBAMH pEan3aliu
KBAaHTOBBIX BBIYMCIICHHH, a TaKKe M3YYCHHUE CIICIHAIBHBIX BOIPOCOB KBAHTOBOM MEXaHWKH, TEOPHU
KBAaHTOBBIX QJITOPHUTMOB M CBSI3M, KBAaHTOBOW KOpPPEKIMH OIIMOOK. PaccmarpuBaroTcsi OCHOBHBIE
HAIpaBJICHUS SKCIIEPUMEHTAJIBHBIX HCCIEIOBaHUH, OPUEHTUPOBAHHBIC HA PEANM3ALMUI0 TPHHIUIIOB
00paboTky KBaHTOBOW wHH(popmammu. Pa3buparorcs kak yke CyIECTBYIOIIHME, Tak M HOBEHIIHE
KBaHTOBBIE CXEMBI, pa3padaTsiBacMble B XOJ€ MPOCKTUPOBAHUS AIIEMEHTHOM 0a3bl MOJTHOMACIITAOHBIX
KBaHTOBBIX KOMITBIOTEPOB.

3agauu AU CHUIIHHBI

* MpHOOpETeHHE CIyIaTeNnsiMi 0a30BBIX 3HAHWKW B OOJACTH COBPEMEHHOW KBAaHTOBOW TEOPHH
uHpopMaLuy;

* NpHOOpeTeHHe CIyIIaTeIssMUd 0a30BBIX 3HAHWI B 0OJACTH COBPEMEHHOH OJKCIEpUMEHTAIBHOMN
KBaHTOBOH MH(OPMATHKH;

* OCBOEHHME HaBBIKOB KPHUTHYECKOTO aHAIM3a KOHKPETHBIX MOAEJeH MOITHOMAcIITa0HBIX KBAaHTOBBIX
KOMITBIOTEPOB;

* IIOATOTOBKA CIyLIATEJIEM K HPOCKTUPOBAHMIO IIPOCTEUINMX KBAaHTOBBIX CETEH, ITOHUMAHHUIO
(pU3MYECKUX OCHOB IPOLIECCOB, 00ECIEYNBAIOIINX BBIITOJHEHNE KBAHTOBBIX BEHTUIICH U aJrOPHUTMOB,
K UX MOJICJIMPOBAHUIO U ONITUMHU3AINH;

* CTUMYIUpPOBAHHE CAMOCTOATEIBHOM pabOTHl Ciymareneil ¢ OpUTHHAIBHBIMH — paboTamu,
MyOJIUKYIOIIUMHECS B OTEYECTBEHHBIX U 3apyOC)KHBIX HAYYHBIX JKypHAJIaXx.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

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

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMN I/IHILI/IKaTOpBI JOCTHIKCHHUSA KOMIICTCHIIMH

YK-1 CriocoGeH oCcymiecTBIsITh MOKCK, VK-1.1 AnanusupyeT 3a7a4y, BbIICIsAA dTallbl €€ PEIICHHUS,
KPUTHUYECKUHN aHAJIN3 ¥ CHHTE3 HH(popManuy, |AEHCTBHS 10 PEIICHHIO 3a1a4u
OPUMCHSATH CHCTEMHBIN MOAXox i pemennst | VK-1.3 PaccmarpuBaeT pasiudHbIe BapHaHTBl PEIICHUS

NOCTaBJICHHBIX 3a1a4 3a7a4M, OLICHUBACT UX IIPCUMYIICCTBA U HEOCTATKHU

[TK-1 CriocobeH mraHupoBaTh U MPOBOIUTH IIK-1.1 Brmaneer  dyHmamMeHTaNbHBIMH — TOHATHIMH,
Hay4HbIE SKCTICPUMEHTHI (B N30paHHON 3aKOHAMU M TEOPUSIMU COBPEMEHHON (QU3NKU

npeaMETHOH obnacty) u (unu) teopetndeckue |[IK-1.4 VYMeer CTPOUTh MareMaTHYeCKME MOJEIH Ui
(amanuTUYeCKHe U UMUTAIIMOHHBIE) ONMCAHMS W MCCIEAOBAHHA IIPOLECCOB M SABICHUH B
HCCIEI0OBaHUS COOTBETCTBYIOIIUX HAyYHBIX 007IaCTAX

3. IlepevyeHpb MIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynberare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAThb:

YMETB:

- OCHOBHBbIC TPHHLHMIIBI KBAaHTOBBIX BBIUYMCICHWH; OOLIYI0 CTPYKTYpy KBAaHTOBOTO KOMIIBIOTEPA;
CYILECTBYIOIIE KBAHTOBbIE AaJITOPUTMBI (DAKTOpU3AIMM, IOUCKA M MOJCJIUPOBAHUS; OTIHYUSL
KBaHTOBOTO KOMIIBIOTHHIA OT KJIACCUYECKOTO; OCHOBHBIE MPOOJIEeMbI, BO3HUKAIOIIUE MIPH Pa3paboOTKe
SNIEMEHTHOM 0a3bl KBAHTOBBIX KOMIIBIOTEPOB M KBAaHTOBBIX CETEH, M CHOCOOBI HX pEIICHHMS;
MPEUMYIIECTBA U HEJOCTATKHU CYIIECTBYIOINX MPOTOTUIIOB KBAHTOBBIX KOMITBIOTEPOB.




- pemarh 3JI€MEHTAapHblE KBAaHTOBOMEXAaHWYECKHE YPAaBHEHHMs, ONMUCHIBAIOIINE AWHAMUKY OIHOTO M
IBYX KyOWTOB; OIICHMBaTb BPEMs BBINIOJHECHHUS KBaHTOBBIX ONEpalui (TaKTOBYIO YacTOTy KyOWTa U
perucrpa) U BpeMeHa IOTepPH KOTEPEHTHOCTH JUIsl KOHKPETHOW (PM3MUECKOl peann3aliii KBaHTOBOTO
KOMITBIOTEPA; MPEJCTABISATH OCHOBHBIC JIEMEHTHI KBAHTOBBIX BEHTHIICH, Ollepaluii, TPAHCIIOPTUPOBKU
uH(pOpMALNH, TEIENOPTAUU, KOPPEKIIMH OLIMOOK B BHJI€ KBAHTOBBIX CXEM.

BIIAJICTh!

- METOZIOM BTOPHUYHOIO KBAaHTOBAHMSA Ul KBAHTOBOT'O-IIOJIEBOTO OMKCAHUS KYOHTOB M YIPaBIISIOMINX
UMITYJIbCOB; METOIaMH COCTAaBJICHHs ypaBHEHHUH I y4eTa KBAHTOBBIX JHCCHUIIATHBHBIX IPOIECCOB B
KBaHTOBBIX OMTax; OCHOBaMHU KBAHTOBOM CXEMOTEXHHUKH.

4. Coep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

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

TpynoeMKOCTb 110 BUAAM YU€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
Hctopuss KBaHTOBBIX BBIYHMCICHUH U
1 OCHOBHbIE 3a/lauu KBAaHTOBOM 3 1
nH(pOpMATHKH
) KBaHTOBBII out u OCHOBHBIE 3 1
OIHOKYOUTHBIE BEHTHIN
3 OcHOBHBIE [JBYX- H MHOTOKyOWUTHBIE 3 1
BeHTUIM. Anroputm Jloiiua
4 YucTble, CMENIaHHBIC W 3allyTaHHBIC 3 1
cocrosHusi. KBanrosas tenenoprauus
KBantoBoe mnpeoOpazoBanne Dypre u
5 anroput™  (akropuzanuu  (anrOpUTM 3 2
[opa)
6 KBanTOBBII1 anroput™M novcka (alropuTMm 3 )
I'posepa)
7 KBanToBoe MmopenupoBanne 4 2
] [lorepst KOrepeHTHOCTH B KBaHTOBBIX 4 1
KOMITbIOTEpax
9 Koppekuus KBaHTOBBIX OIHNOOK. 4 4
KBanToBbIE KOIBI
10 KBaHTOBBIII KOMITBIOTEp Ha ONTHYECKHX 4 1
¢doronax
1 KBaHTOBBIC BBIUMCICHHS HAa  HMOHaxX B 4 1
JIOBYILIKAX
12 CaepxmnpoBoguukoBsie  KOJ[-pezoHaropsl 4 4
1 KyOUTBI
13 HaHonnekTpoMexaHHueCcKue CUCTEMBI U 4 )
KBaHTOBasi HHPOPMATHKA
14 OnTosnekTpoMexaHnka ¢ KBaHTOBAA 4 )
nH(popMaTHKa
15 KBantoBele  TOukM B (DOTOHHBIX 4 )
CTPYKTypax U KBaHTOBas HH(oOpMaTHKa
16 NV-ieHTpsl B anMa3e U KBaHTOBBIC 4 2
BBIYHMCIICHUS




KBaHnToBbIC BBIYHCIICHUS c
|7  |MCHOTB3OBAHMEM  SICPHBIX  CITHMHOB ) 1
OpPraHMYEeCKHX MOJIEKYl M JIOHOPHBIX
aToMOB
Hroro yacos 60 30
IToaroroBka K sK3aMeHy 0 yac.
Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 7 (Ocennuii)
1. McTopusi KBaHTOBBIX BBIYUCICHUH U OCHOBHBIE 33/1a41 KBAHTOBOM MH(POPMATUKU

OKCKypC B HCTOPHIO KBaHTOBOM MeEXaHWUKH W Kiaccuuecko uHQopmaTuku. [Ipeamockuiky,
0oOyCIIOBMBIINE BO3HMKHOBEHHME HJEH KBaHTOBOM o0Opaborku wuHpopmanuu. Pa3buenue
BBIUMCIMTENBHBIX 3aad [0 KiaccaM ciokHOcTH. OrmpeneneHuss W TEpPMHHBI KBaHTOBOM
uHpopmaruku. OCHOBHbIE WLEJNM M 3afa4d KBaHTOBOM uH(popmatuku. Kpurepum nBunyenuo,
OIIPEACISIONINE MPUTOJHOCTh (PU3NYECKOW CHCTEMBI A MOCTPOEHHUS] KBAHTOBOTO KOMIIBIOTEpA.
[IpuHumnmaneHass cxeMa apXUTEKTyphl KBaHTOBOTO KoMIlbioTepa. Ilpumepsr  ¢dusnyeckoit
peanu3anny IeMEHTOB KBAHTOBBIX BBIYMCIICHUI.

2. KBaHTOBBII1 OUT U OCHOBHBIC OJJHOKYOUTHBIE BEHTHIIH

@dopmanuzanys ONUCAHMUSA COCTOSHUS M DBOJIOIMM KBAaHTOBOro Owura (KyOuTa) B pamkax
Marpu4Horo moxaxona. CrnocoObl NpeAcTaBiIeHHUsS KBAaHTOBOIO COCTOSIHHS KyOWTa IpH IOMOIIM a)
OMHApHBIX CTONOIOB, 0) MUPAKOBCKUX KAT- W Opa-0003HAUYCHWI W B) MapaMeTpu3anuu Ha cdepe
bnoxa. CnocoObl ipeficTaBneHnss OAHOKYOUTHBIX BEHTHUJIEH IPY MMOMOLIM a) ABYPAJHBIX Marpuil, 0)
MPOEKIIMOHHBIX omepatopoB Jlupaka M B) omeparopoB moBopora Ha chepe bioxa. OcHOBHBIE
OIHOKYOUTHBIC BEHTWIH U HX CBsi3b ¢ Marpunamu [laynu. [Ipon3BonbHbI OJHOKYOUTHBI BEHTHIIb
KaKk KOMOMHAIMs 3JIEMEHTapHBIX oOIeparopoB MnoBopora. Ilpumep ¢usmueckoit peanuzanuu |
MareMarnyeckoro onucanus BeHTHIst NOT Ha 1ByXypOBHEBOM aToMe.

3. OCcHOBHBIE ABYX- 1 MHOTOKYOUTHBIE BeHTWIH. Asroput™ Jloitua

dopmanu3zanys ONUCAHUS COCTOSHHUSA U 3BOJIOIMHU JBYXKYOUTHOH CHCTEMBI B paMKaX MaTpUYHOTO
noaxoaa. OCHOBHBIE ABYX- 1 MHOTOKYOUTHBIC BEHTHUJIH. Teopema O CyIIeCTBOBAHUN YHUBEPCAIHLHOTO
Habopa KBaHTOBBIX BeHTWJeH. [Ipumep ¢u3nMdeckoil peannsalil MU MaTeMaTHYeCKOTO OIMHMCaHUs
nByxkyoutHoro BeHTwIsi CNOT. [IpuHunnuanbHas cxema KBaHTOBOTO perucrpa. JlBonuHas cucreMa
MPEACTaBICHNS LEJIBIX YHCEJ U €€ HCIOJb30BaHHE Ul 3arpy3KH 4Yucesl B Oa3WCHBIE COCTOSHUS
KBaHTOBOTO perucrpa. KBaHTOBbIM mnapamienn3M. KBaHTOBBI reHeparop ClIy4dalHbIX YHCEIL.
Anroputm Jloitda asist OIHOIIATOBON MACHTHU(UKAIIMKA OUHAPHOUN QyHKIHH.

4. I‘II/ICTLIe, CMCIIaHHBIC U 3allyTaHHBIC COCTOSHUA. KBanToBas TeICIIopTanunsd

OmnpeneneHrie W KPUTEPUH UYUCTBIX M CMENIAHHBIX COCTOSHUN KBAaHTOBOW CHCTEMBI. Pemykius
MaTpullbl IJIOTHOCTH COCTaBHOW cucTeMmbl. OImpenesneHre 3alyTaHHOTO COCTOSHHUSI KBaHTOBOM
cucteMbl. KonmuecTBeHHas OIGHKAa Mepbl 3allyTaHHOCTH Ui JByX KyOutoB. basuc bemna.
CBepXIUIOTHOE KOJMPOBAaHWE U Iepenada KBaHToBOM mHGopmauuu. DIIP-napagokc n HepaBeHCTBa
besmta. KBantoBas tenenopranus.

5. KBanToBoe npeodpazoanue ®ypbe u anroput™ Pakropuzaiun (anroput™ [lopa)



Anroputm KomnmepcmuTa peanusaliid KBaHTOBOTO TpeoOpazoBanust Dypbe. DJIEMEHTHI TEOPHH
yucen. 3agada o (akropuzanuu OONBIMIMX WeNbIX 4uced. D(PQGEKTUBHBIA KBAHTOBBIM allfOPUTM
¢dakropmzanmu 1llopa. Kpunrtorpadusi ¢ OTKpbITEIM KirodoM. Bznom RSA-kpurntocuctem mpu
nomoin anroputma lllopa. Ilpumep peanuzaumum anropurma Illopa na 15-kybutHOM QoTOHHOM
YHUIIE.

6. KBanToBBIif anroputm novcka (anroputm [posepa)

3anaua 3(pPeKTUBHOrO MOMCKa B HECTPYKTYPHUPOBAaHHON 0a3e MaHHBIX. AJIITOpUTM Toucka [posepa.
KBanroBbiil opakyn, urtepauus [posepa u ux reomerpuueckas wuHrepnperauus. CrTpykrypa
KBaHTOBOTO MPOLIECCOPa, PEATU3YIOIIEr0 alrOPUTM MOUCKA.

7. KBaHTOBOE MOJIETUPOBAHUE

DeiflHMaHOBCKHI MOAXOA K MOCTPOSHUIO KBAHTOBOTO KoMIbloTepa. CrcTeMa IByXypPOBHEBBIX YaCTHII
(cIIMHOB) Kak KBaHTOBBIM CHMynATOp. BblumcieHne COOCTBEHHBIX 3HAUCHHH W MOJAEIHPOBAHHE
KBAaHTOBOH AMHAMHUKM OJHOMEPHOW wyacTHULbl. [IpHHIMIBI MOIENMPOBaHUS KBAaHTOBBIX (Ha30BBIX
MEPEXO/I0B ra3a MOJIIPUTOHOB B pamkax Mojenu Jxeiinca-Kammunrca-Xab0apya.

8. IloTepst KOrepeHTHOCTH B KBAHTOBBIX KOMIIbIOTEpaX

HeyHurtapHblii NMOOXOA K ONHCAHUIO OTKPBITHIX KBAaHTOBBIX cHCTeM. OCHOBHBIE TOHATUS 00
ypaBHeHusx Jlunnbnana u JlamkeBeHna. B3anMoneiicTBre KBAHTOBOTO KOMIIBIOTEpPA C OKPYKEHHEM H
noTepsi KOTEPEHTHOCTH. MaTtemaTiueckass MOJieib OTepr (a3oBOil KOTEPEHTHOCTH ABYXKYOUTHOU
cucteMoid. TOYHOCTH BOCHPOM3BEACHHS KBAaHTOBBIX ONEpalMii NMpPU HAJIUYAK JUCCUIIALUUU U
neda3upoBKH.

9. Koppekiusi KBaHTOBBIX OIMOOK. KBaHTOBBIE KOJIBI

Koppekiss ommOOK B KJIACCHYECKOM M KBAaHTOBOM OuTax. MakopuTapHas KOPPEKLHSL.
Krnaccudukanusi KBaHTOBBIX OMIMOOK. TpexXKyOWTHBIC KOABI JJIsi MCIPABICHUS aMIUTUTYIHOW H
¢dazoBoii ommbok. JlepsiTukyoutHbd kox Illopa ¢ W3MepeHHeM cuHApOMA sl JAUATHOCTUKH W
KOPPEKIMHA TPOU3BOJIBHON OmmOku. [laccCUBHBIE M aKTHBHBIE CIIOCOOBI TONABIICHHS KBaHTOBBIX
ryMoB. TeopeMa 0 OMEXOYCTOWYHBBIX KBAHTOBBIX BBIYHCIICHUSIX.

Cemecrtp: 8 (Becennuit)
10. KBaHTOBBIH KOMITBIOTEP HA ONTHYECKUX POTOHAX

CxeMbl WHUIMATU3ALUH U CIIOCOOBI KOAWPOBKH KBaHTOBOH WH(OpPMAalLKU B MPOCTPAHCTBEHHYIO U
MOJISIPU3ALIMOHHYI0  CTETeHH  CcBOOOABl  (OoTOHA.  JNeMeHThl  Teopuu  (azoBpaiaresei,
cBeronenureneid u sueek Keppa. OcHOBHBIE OIHOKYOWTHBIE KBAaHTOBble BEeHTWIH. KBaHTOBas
AIIEKTPOIMHAMHKA B ONTHYECKUX pe3oHaropax. [IpeacraBieHne o0 HMCKYCCTBEHHOW HEJIMHEHHOMN
cpede, CO31aBaeMOM aroMOM B PE30HATOPE-JIOBYLIKE, Ui OpPraHM3alud HETPUBHAIBHBIX
IBYXKYyOHTHBIX OTIE€pALUii.

11. KBaHTOBBIE BRIYMCIICHUS HA HOHAX B JIOBYIIKAX

Hounbl 1 vonHble KpucTauibl B joBymikax [laynsa. I[IpuHIMNBl 10oNNaepoBCKOTO U HEPE30HAHCHOIO
OXJIaXKJIeHUs MOHOB. KBaHTOBbIE BBIUMCICHMS Ha HMOHaX B JIOBYIIKaxX. OKCIEPUMEHTaJIbHAs
peanmuzanns CNOT Ha oguHOYHOM MOHE Oepriutus. [IpuMeps! peanu3anuy TBEpIOTEIbHBIX YHUIIOB C
HWOHHBIMH JIOBYIIIKAMH.

12. CepxnpoBonuukoBbie KOJI-pe3oHaTopbl U KyOUTHI



3apsioBble, (a3oBble W (IIIOKCOMIHBIE KyOUTHI Ha CBEPXIPOBOTHHKAX. Du3nyeckue NMPHHIHIIEI
paboThl U MareMarudeckas MOJIENIb MPOCTEeHIero 3apsaoBoro Kyoura. CrnocoObl KOMUPOBaHUS U
00paboTKM KBAaHTOBOW HMH(pOpPMAlMK B 3apsJOoBOM KyOuTe u TpaHcMoHe. KorutaHapHbIi
CBEPXIIPOBOMSIIUI PE30HATOP KaK CHCTEMA-NIOCPEAHUK MEXAy ABYMs YyHAJICHHBIMH KyOWTaMu.
DJeMEeHThl MUKPOBOJIHOBOM TPAaHCMUCCHOHHOW CHEKTPOCKONMH M pediekroMeTpur. [lepcrneKTuBbl
MacITabMpOBaHUS CBEPXIPOBOIHUKOBBIX CETCH.

13. HanoanekrpoMexaHU4ecKre CUCTEMbI X KBaHTOBasi HH(PpOpMaTHKa

[Ipencrasnenue o MUKpoO- U HaHOJIeKTpoMexaHuueckux cucremax (HOMC). Ilpumepsl npuMeneHus
HOMC B KkauyecTBE KAaHTWIEBEPOB, MOCTHKOB-JIETEKTOPOB MEXaHHYECKOTO CMELICHUS U
MAacc-CIIEKTPOMETPOB B COBPEMEHHON HaHOAIEKTpoHUKe. OCHOBHBIE HAIIPABICHHS UCCIIEJOBAaHUH 110
npumeHeHnro HOMC B kBaHTOBOM uH(popmaruke. ['mOpumnbsie cuctembl Ha ocHoBe HOMC.
KorepenTHblil 0OMEH OJMHOYHBIM KBAHTOM MEXIY MOCTHKOM U (ha30BbIM KyOuTOM. CHEKTPOCKOIIHS,
tepMomeTpust 1 Tomorpadus HOMC.

14. OnrToanekTpoMexaHuKa U KBaHTOBasi HHPOpPMaTHKa

B3anmopeiicTBre cBeTa ¢ KBAaHTOBBIMH MEXaHMYECKHMMHU cuctemMaMu. CBetoBoe aasienue. [Ipumepsr
onrroanekrpomexannueckux cuctem (OOMC). IlpuHnunuansHas cxeMa U TEOPETHUECKOE OIMCaHHUE
kBaHTOBbIX OOMC. OxjaxaeHue, CIEKTPOCKONMS U  peanu3alusl pexuma  CHIBHOTO
B3aumozeiicteus B OOMC. Ilpumepbl THOPHIHBIX CHCTEM [UI KBAHTOBBIX BBIUMCIICHUA,
Britodarore OOMC.

15. KBaHTOBBIE TOUKH B (JOTOHHBIX CTPYKTypax M KBaHTOBast ”HPOpMaTHKa

[IpocTpaHcTBEHHOE KBAaHTOBAaHWME HOCUTENEH 3apsa B HU3KOPa3MEpPHBIX HAHOCTPYKTypax. THIbI
kBaHTOBBIX ToueK (KT). IIpocTpaHcTBeHHAs JOKaau3alMs SJIEKTPOMArHUTHOTO MOJst M (POTOHHBIE
pezonaropsl (PP). Bzaumoneticteue KT n ©P. [IpuHiune! peanu3anuy KBaHTOBBIX BBIUYUCICHUH C
MPOCTPAHCTBEHHBIMH, CIUHOBBIMHM U SKCUTOHHBIMH cTeneHsMu cBoOoas! anekTpoHoB B KT. Cxema
MacIITaOupyeMbIX KBAaHTOBBIX ceTeil Ha ocHOoBe KT, ummnantupoBanHbx B OP.

16. NV-1ieHTpHI B aiMa3ze ¥ KBAHTOBBIE BHIYHCIICHUS

NV-1leHTpsl B anMase: OOINME CBEJACHWUS WM OCHOBHBIC CBOWCTBA. TEXHOIOTHS W3TOTOBJICHUSI.
Crnexrpockormst  NV-nienTpoB.  MHunumanmsanmus, U3MEPEHUE CIUHOBOIO COCTOSIHUSL U
KorepeHTHOCTh NV-mieHTpa. KBaHTOBbIe omepaiiud W anropuTmbl. [uOpumHbIEN V-CHCTEMBI.

17. KBaHTOBEIC BBIYHMCICHHS C HCIIOIb30BAHUEM AACPHBIX CIIMHOB OPraHUYCCKUX MOJICKYIT H
AOHOPHBIX aTOMOB

SAnepubiit MarauTHbBIN pe3oHanc (SIMP). KBaHTOBble BBIYHMCICHHS C HCIIOIB30BAHUEM SITIEPHBIX
CIIMHOB OPraHMYECKUX MOJIEKYyN B kuakocTax. Mogens KeitHa TBepaorensHoro SAMP kBanTOBOTO
KOMITbIoTepa. JIOHOpHBIE aTOMBI B TMOMYNPOBOJHUKAX. TEXHONOTMM H3TOTOBJIEHHUS MPOTOTUIIOB
KBAaHTOBBIX YCTPOMCTB HA OCHOBE JOHOPOB B KPEMHUHU.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0X0MMON AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

ydeOHas ayTUTOpHsl, OCHAILEHHAs! KOMITBIOTEPOM U MYJIbTUMEAUNHHBIM 000py10BaHHEM (IIPOCKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

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

"1. http://arxiv.org

2. http://publish.aps.org

3. http://www.nature.com

4. http://www.sciencemag.org
5. http://gen.lib.rus.ec/

6. http://www.ftian.ru

n

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIeCTBJICHUU 00Pa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepeyeHb He00X0AUMOro NPOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

HAa JIEKIIUOHHBIX 3aHATHIX UCIOIB3YIOTCS MYIBTUMEANMHBIE TEXHOJIOTUH, BKIIIOYAsl IEMOHCTPALIUIO
MpEe3EHTALUN.

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

1) mocemeHne Bcex JIEKIMMA, MPEIyCMOTPEHHBIX YYEOHBIM ITUIAHOM; BEJCHHE KOHCIIEKTOB 3aHSATHH;
AKTUBHOE Yy4acTHE B OOCYKICHUU JICKITUH;

2) BaXXHO JOOWTHCS MOHMMAHUS M3y4aeMOro MaTepuania, a He MEXaHHYECKOTro ero 3anoMuHanus. [pu
3aTPYIMHEHUN W3y4YeHUs OTACIBHBIX TEM, BOIPOCOB, CIEAYeT OOpamarbcs 3a KOHCYIbTAIlMeW K
MpeTnoAaBaTeio Ha JIEKIIUH.



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 HAHOZIEKTPOHUKH U KBAHTOBBIX KOMITBIOTEPOB

Kypc: 4

kBaTuuKkanus: OaxanaBp

CemecTpsl, HOPMBI IPOMEKYTOYHON aTTECTAIHH:
7 (ocennuit) - JInddepeHmpoBaHHbIi 3a4eT

8 (Becennnii) - JluddepennupoBanubliii 3aueT

Pa3paborunk: A .B. llykanos, kaaa. ¢u3.-Mar. HayK, JOIICHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 Criocoben oCymiecTBIsTh [TOUCK,
KPUTHYECKUI aHAJIM3 U CUHTE3 HH(POPMALHH,
NPUMEHSATh CUCTEMHBIH MOXO/ sl PEICHUS
MOCTABJICHHBIX 33]1a4

VYK-1.1 Ananusupyet 3aaady, BBIAEISSA 3Tallbl €€ PelIeHus,
JeMCTBUS IO PELICHUIO 3a1a91

VYK-1.3 PaccmarpuBaeT pas3iHyHBIE BapUaHTHl PELICHUS
3a[1auy, OLICHUBAET UX IIPEUMYILECTBA U HEOCTaTKU

[MK-1 CriocoGeH mi1aHupoBarh U MPOBOAUTH
Hay4HbIE SKCTICPUMEHTHI (B U30paHHON
MPEeIMETHOM 001acTH) U (MITH) TEOPETUICCKUE
(aHanUTHYECKUE U UMHUTALIMOHHBIC)
WCCIICIOBAHMSI

I1IK-1.1 Bnameer  yHmameHTambHBIMH
3aKOHAMU M TEOPHUSIMU COBPEMEHHOU (DPU3UKH

IIOHATUSAMU,

I[IK-1.4 VYmeer cTpOoUTh MAaTEMaTUYECKUE MOACIH MJIA
ONMHMCAHMSI W MCCIEAOBaHHUA TIPOLECCOB M SABIEHUH B
COOTBETCTBYIOIUX HAYYHBIX 001aCTIAX

2. Iloka3zare/iM OLCHMBAHMS KOMIIETCHIMIA
B pesynbrare n3yueHus AUCHMIUIMHBL « TBEpIOTEIbHBIE KBAHTOBBIE KOMIIBIOTEPHD» 00YUaIOIIHIACS TOIKEH:

3HATb:

- OCHOBHBIC MPUHIMIIBI KBAHTOBBIX BBIYMCIICHUH; OOIIYI0 CTPYKTYpy KBaHTOBOTO KOMIIBIOTEpA;
CYLIECTBYIOIIME KBAHTOBBIC aAJITOPUTMbI (HAKTOPU3ALMH, TOMCKA W MOJCIMPOBAHMS;, OTIAYHS
KBAaHTOBOT'O KOMITBIOTHHIA OT KJIACCHYECKOTO; OCHOBHBIE MPOOJIEMBbI, BOSHUKAIOIINE IPU pa3paboTke
JJIEMEHTHON 0a3bl KBAHTOBBIX KOMIIBIOTEPOB M KBAaHTOBBIX C€TEH, M CHOCOOBI HMX pELICHUS;
[IPEUMYILECTBA U HEOCTATKU CYLIECTBYIOIIUX [IPOTOTUIIOB KBAHTOBBIX KOMIIBIOTEPOB.

YMeThb:
- pelatb 3J€MEHTapHble KBaHTOBOMEXAHWYECKUE YpPaBHEHMs, OIMCBIBAIOLIME AWHAMHUKY OIHOIO U
IBYX KyOWTOB; OIICHMBaTb BPEMs BBINIOJHECHUS KBAaHTOBBIX ONEpalui (TaKTOBYIO YacTOTy KyOWTa U
perucTpa) U BpeMeHa IOTEpPH KOTEPEHTHOCTH JUIsl KOHKPETHOW (PM3MUECKOl peasn3aliid KBaHTOBOTO
KOMITBIOTEPA; MPEJCTABISATH OCHOBHBIC JIEMEHTHI KBAHTOBBIX BEHTHIICH, Ollepaluii, TPAHCIIOPTUPOBKU
uH(pOpMALNH, TEIENIOPTAUU, KOPPEKIIMH OLUIMOOK B BHJI€ KBAHTOBBIX CXEM.

BJIaJeTh:
- METOZIOM BTOPHUYHOI'O KBAaHTOBaHMSA Ul KBAHTOBOT'O-IIOJIEBOTO OMKCAHUS KYOHTOB M YIPaBIISIOMINX
HUMIIYJIbCOB; METOJAMH COCTABJICHUsI YPAaBHEHUM Ul yuyeTa KBAaHTOBBIX IMCCHUIIATUBHBIX IIPOLIECCOB B
KBaHTOBBIX OMTax; OCHOBaMHU KBAHTOBOU CXEMOTEXHUKH.

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

C 1enbr0 KOHTPOJS OCBOSHHUS O0ydYaromUMUCS Y4eOHOTO Marepuana MPOBOIUTCS YCTHBIA OMpOC B
HayaJie 3aHsATHs 110 TEME MIPOIION JICKIUH UM B KOHLE 3aHITHUS 110 IPOMJEHHOMN TEME.

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

Bonpocs! asst noarotoBku K AudQepeHIMpOBaHHOMY 3a4€Ty:

1.UcTopust KBaHTOBBIX BBIUYMCIICHUI 1 OCHOBHBIC 331a41 KBAHTOBOM MH(OpMAaTUKU

2. KBaHTOBBIH OUT U OCHOBHBIC OTHOKYOUTHBIC BEHTHIIN

OcCHOBHBIE ABYX- 1 MHOTOKYOUTHBIE BEHTWIH. Anroputm Jloitua.

UucTele, CMEIIaHHbIE U 3allyTaHHbIE COCTOsHUA. KBaHTOBasA Tenenopranus.
KBanroBoe npeobpazoBanue @ypbe u asroput™ ¢axropuszauuu (anroputm Lopa)
KBanToBbliil anroputm noucka (anroputM I'posepa)

KBanTOBOE MOAENNpPOBAHUE.

XN AW

[ToTepst KOTEPEHTHOCTH B KBAHTOBBIX KOMIIBIOTEPAX.

9. Koppekiust KBaHTOBBIX OTHO0K. KBaHTOBBIE KOJIBI.

10. KBaHTOBBII KOMIIBIOTEP HA ONTHYECKUX (POTOHAX

11. KBaHTOBbBIC BHIYUCIICHUSI HA HMOHAX B JIOBYILIKAX

12. CepxnpoBonuukoBbie KOJI-pe3oHaTopbl U KyOUTHI

13. HanoanekTpoMexaHU4eCKHE CUCTEMbI X KBaHTOBasi HH(POpPMaTHKa




14. OrnrToanekTpoMexaHUKa U KBaHTOBas HHPOpPMaTHKa
15. KBaHTOBBIE TOUKH B (JOTOHHBIX CTPYKTypax M KBaHTOBast ”HPOpMaTHKa
16. NV-1ieHTpHI B aiMa3ze ¥ KBAHTOBBIE BHIYHCIICHUS

17. KBaHTOBBIC BBIYHMCICHHUS C HCIOJIb30BAHHEM AACPHBIX CIIMHOB OPraHUYCCKUX MOJICKYIT U
AOHOPHBIX aTOMOB

Kputepun onennBanus
10 6amnos — (IIPEBOCXO/JHO):
*  CHCTEMaTU3MPOBaHHBIC, IIyOOKHE U TOJIHBIE 3HAHMS IO BCEM paslesiaM y4eOHOH Mporpammbl, a
TaKKe 110 OCHOBHBIM BOIIPOCAM, BBIXOSIIUM 32 €€ [IPEEIIbl;
. TOYHOE MHCIIOJIb30BAHUE HAy4YHOM TEPMHHOJIOTUM (B TOM YHCJIE Ha HMHOCTPAaHHOM S3bIKE),
CTWJINCTUYECKH IPaMOTHOE, JIOTHUECKH MPABUIIbHOE U3JI0KEHUE OTBETA HA BOIPOCHI;
. Oe3ynpedHoe BiaJicHHE HHCTPYMEHTapHeM Y4eOHOW AMCUUIUIMHBI, YMEeHHE ero 3()()EeKTUBHO
UCIIONIb30BaTh B TIOCTAHOBKE M PEIICHUN HAYYHBIX U MPO(eCCHOHATIBHBIX 3a/1a4;
. BBIPKCHHAs! CIOCOOHOCTb CAMOCTOATEIHO M TBOPYECKM pEILIaTh CIIOXKHBIE NPOOJIeMbI B
HECTaHIAPTHOW CUTYallHuu;
* TOJHOE M IIIyOOKOE yCBOEHHE OCHOBHOM M JONOJIHHUTENBHON JUTEparyphl, PEKOMEHJOBAaHHOMN
y4eOHOH MPOrpaMMO TUCTIMITIIHEI;
* YMEHHUE OpUEHTHPOBATHCS B TEOPUAX, KOHLENIMIX U HallpaBIEHUAX 110 U3y4aeMOM AMCLUIUIMHE U
JaBaTh UM KPUTHYECKYIO OLIEHKY, HCIIOJIb30BATh HAYYHBIE JOCTHKEHMS IPYTUX JUCIUILINH;
*  TBOpYECKas CaMOCTOATENIbHAs PaboTa Ha NPAKTHUYECKHX, JIAOOPATOPHBIX 3aHATUSAX, AKTUBHOE
ydacTue B IPYIIOBBIX 00CYXKJICHUSAX, BBICOKUH YPOBEHb KYJIBTYphl HCIIOTHEHHS 3aJaHuil.
9 6amto — (OTJIMYHO):
* CHUCTEMaTU3UPOBAHHbIC, NTyOOKHE U MOTHBIE 3HAHMUS 110 BCEM pa3zieliaM yueOHOM MporpaMmel;
. TOYHOE MHCIIOJIb30BAHUE HAy4YHOM TEPMHHOJIOTUM (B TOM YHCJIE Ha HMHOCTPAaHHOM S3BIKE),
CTHWJINCTUYECKH I'PaMOTHOE, JIOTHUECKH MPABUIIbHOE U3JI0KEHUE OTBETA Ha BOIPOCHI;
*  BIAQJCHUE MHCTPYMEHTApHUEM Y4YeOHOW IMCLUIUIMHBL, yMEHUE ero 3((EeKTUBHO HCHOJIb30BaTh B
MOCTAHOBKE U PEIIEHUH HAYYHBIX U NPO(eCcCHOHAIBHBIX 33/1a4;
*  CIOCOOHOCTb CAaMOCTOSITENIFHO M TBOPUYECKH pelIaTh CIOXKHBIC MPOOJIIEMBl B HECTaHAAPTHOM
CUTyallul B paMKax Yy4eOHOM Nporpammbl, IOJHOE YCBOCHHE OCHOBHOW M JONOJHU "TEIbHOM
JUTEpaTyphl, PEKOMEHA0BAaHHON Y4eOHON MpOrpaMMOil TUCIUITIINHEI;
*  yYMEHHE OpPHUEHTUPOBATHCS B OCHOBHBIX TEOPHSX, KOHLEMIMAX M HANpPaBICHUSAX IO H3y4acMOM
JUCLUIUIMHE U JaBaTh UM KPUTHYECKYIO OLEHKY;
*  caMocTosATeNbHas paboTa Ha MPAKTHYECKHX, JIAOOPAaTOPHBIX 3aHATUSAX, TBOPUECKOE ydacThE B
IPYNIIOBBIX 00CYKICHUSAX, BHICOKUH YPOBEHB KYJIBTYPbI HCIIOJTHEHHS 3aJaHHMH.
8 6amnoB — (IIOUYTHU OTIIMYHO):
* CHCTEMaTHU3WPOBaHHbBIC, [IyOOKHE M IOJHBIC 3HAHMS [0 BCEM INOCTABICHHBIM BOIpOcaM B 00beMe
y4eOHOH MPOrpaMMbl;
*  HCIOJb30BAaHUE HAYYHOH TEPMHUHOJIOTMH, CTWJIMCTUYECKH I'PaMOTHOE, JIOTMUYECKU IIPaBUIIBHOE
W3JI0KEHUE OTBETA Ha BOIIPOCHI, YMEHHUE JeJIaTh 000CHOBaHHBIC BHIBOJIBL;
* BJIAJICHUE MHCTPYMEHTApHEM YUeOHOW IUCIUILIUHBI (METONAMHU KOMIUIEKCHOTO aHajn3a, TeXHUKOM
MH(QOPMAIMOHHBIX TEXHOJOTWH), YMEHHE €ro HCIOJIb30BaTh B IOCTAHOBKE M PEIICHUHM HAyYHBIX U
npoeCCHOHANBHBIX 3a7[a4y; CIIOCOOHOCTh CAMOCTOSITENIbHO pPEelIaTh CIIOKHBIE NPOOIEMBI B PaMKax
y4eOHOH MPOrpaMMbl;
*  YCBOCHHME OCHOBHOW W JIOTIONIHUTENHLHOW JUTEPaTyphl, pEKOMEHIOBAHHON y4eOHOH MpOrpaMMoit
JVCLUUTUIHHBL,
*  YMEHUE OpPUEHTUPOBATbCS B OCHOBHBIX TEOPHUSAX, KOHLENUUAX U HAIPABICHUAX IO U3ydaeMOM
JUCUMIUIMHE W JaBaTh MM KPUTHYECKYIO OLIEHKY C IO3ULHUI TOoCyJapCTBEHHOH wHIeoiaoruu (1o
JUCLUIUIMHAM COLUAIbHO-I'YMaHUTAapHOIO LIUKJIA);
* AaKTUBHAs CaMOCTOsTENbHAs paboTa Ha MPAKTHYECKHUX, JTa0OPATOPHBIX 3aHIATUSIX, CHCTEMAaTHUECKOE
y4acTHe B IPYNIIOBBIX 00CYKICHUSAX, BHICOKUN YPOBEHB KYJIBTYPbl HCIIOTHEHHS 33 JaHHMA.
7 6amnoB — (OYEHb XOPOLIO):
* CcHCTEMaTU3UPOBAHHbBIEC, ITTYOOKHE U MOJIHBIC 3HAHUS 110 BCEM pa3zieiaM yueOHOH MporpaMmbl;
* HCIIONB30BAHME HAYYHOUW TEPMUHOJIOTHH (B TOM YHCJIE€ HA HHOCTPAHHOM SI3bIKE), IMHIBUCTUYECKH H
JIOTMYECKH MPAaBUIIBHOE M3JI0’KEHHE OTBETA Ha BONIPOCHI, YMEHHUE JiefIaTh 000CHOBAaHHBIE BBIBOIBI;
* BJAJCHHE MHCTPyMEHTapHeM y4eOHOW NUCHUIUIMHBI, YMEHHE €ro HMCIOJIb30BaTh B IIOCTAHOBKE U
pEIIEHUH HAay4YHbIX U MPO(eCCHOHANBHBIX 3a1ay;



*  YCBOCHHME OCHOBHOW W JIOTIONHUTEIHLHOW JUTEPaTyphl, pEKOMEHIOBAHHON y4eOHON MpOrpaMMoit
JVCIUIUIAHBL;

*  yYMEHHE OpPHUEHTUPOBAThCS B OCHOBHBIX TEOPHSX, KOHLEMIMAX M HANpPaBICHUAX IO H3y4acMOM
JUCLUIUIMHE U JaBaTh UM KPUTHYECKYIO OLEHKY;

*  camocTosTeNnbHas padoTa Ha MPAaKTUUECKUX, JaOOPAaTOPHBIX 3aHATHAX, y4acTHE B TPYyIMIIOBBIX
00CYXIIEHUSIX, BBICOKHI YPOBEHb KYJIBTYpPhl HCIIOJHEHUS 3aJaHUH.

6 6ayoB — (XOPOILO):

* JIOCTaTO4YHO MOJHbIE U CUCTEMAaTU3UPOBAaHHBIC 3HAHUSI B 00beMe yueOHOH porpaMmbl;

*  HCIOJIb30BaHHE HEOOXOAMMOHN HAayYHOW TEPMHUHOJIOIHWHU, CTHIMCTUYECKH T'PaMOTHOE, JOTHYECKH
MPaBUWIILHOE M3JI0KEHUE OTBETA Ha BONIPOCHI, YMEHHUE JieNlaTh 000CHOBaHHBIE BHIBOIBI;

*  BIQJCHUE WHCTPYMEHTapueM Yy4eOHOH IMCLMWIUIMHBI, YMEHHE €ro HCIOJb30BaTh B PELICHUH
y4eOHBIX U NMPO(pECCHOHAIBHBIX 33a4; CIOCOOHOCTh CaMOCTOSTEIbHO IPUMEHATh THUIIOBBIC PEIICHUS
B paMKax y4eOHOH MporpaMMel;

* YCBOCHHE OCHOBHOM JIUTEPATYPbl, PEKOMEHJOBAaHHOW y4eOHOM MpOrpaMMON AUCIUIINHBL

*  YMEHHE OPHUEHTHPOBATHCS B 0A30BBIX TEOPHUAX, KOHUEHIMAX M HANPABICHUSAX IO H3Y4aeMOM
IUCIMIIMHE M JaBaTh WM CPaBHUTEIBHYIO OICHKY; AaKTHUBHAas CaMOCTOsTelbHas pabora Ha
MPAaKTUYECKUX, JIAOOPATOPHBIX 3aHATHSX, MEPUOJUYECKOE y4YacTHE B TPYNIOBBIX OOCYKACHUSX,
BBICOKHI YPOBEHB KYJIBTYPHI UCIIOJIHEHUS 3aJaHUM.

5 6annos — (ITOYTU XOPOULIO):

* JIOCTarO4YHbIC 3HAHUA B 00beMe YUeOHOM MPOTrpamMMBbl;

*  HUCIOJb30BAaHUE HAYYHOH TEPMHUHOJIOTMH, CTWJIMCTUYECKH I'PaMOTHOE, JIOTMUYECKU IPaBUIIBHOE
U3JI0KEHUE OTBETA HA BOIPOCHI, YMEHHUE JI€JIaTh BHIBODI;

*  BIQJCHUE WHCTPYMEHTapueM Yy4eOHOH IMCLUIUIMHBI, YMEHHE €ro HCIOJb30BaTh B PELICHUH
y4eOHBIX U IPOPECCHOHAIBHBIX 3a/1a4;

* CII0OCOOHOCTH CAMOCTOSITENILHO MIPUMEHSTH THIIOBBIE PELICHUS B paMKaxX yueOHOM MPOrpaMMBl;

* YCBOCHHE OCHOBHOU JINTEPATYPbI, PEKOMEHJOBAHHOW yUeOHOM MpOrpaMMON JTUCITUTUTNHBL

*  yMEHHE OpPHEHTHPOBAThCA B 0A30BBIX TEOPHSX, KOHIEMUUSAX M HANpaBICHUSAX MO H3ydaeMOi
JUCLUUIUIMHE M JaBaTh UM CPaBHUTEIbHYIO OLEHKY;

*  caMocTOsiTeNbHas paboTa Ha MPAKTHYECKUX, JIA0OPATOPHBIX 3aHATHSX, Y4acTHE B TPYMIIOBBIX
00CY’KIEHUSX, BBICOKUI yPOBEHb KYJIbTYPbI HCIIOJIHEHUS 33/1aHHH.

4 6amia — (YAOBJIETBOPUTEJIBHO), 3AYTEHO:

* JIOCTaTOYHbIM 00BEM 3HaHMI B paMKax 00pa30BaTeIbHOTO CTaHIaPTa;

* YCBOCHHE OCHOBHOU JINTEPATYPbI, PEKOMEHJOBAHHOW yUeOHOM MpOrpaMMON JTUCITUTUTNHBL

*  HUCIOJIb30BaHUE HAYYHOM TEPMHUHOJIOTMH, CTHIMCTUYECKOE U JIOTMUECKOE H3JI0KEHUE OTBETa Ha
BOTIPOCHI, YMEHHE JEJaTh BBIBOJABI 0€3 CYIIECTBEHHBIX OMINOOK;

*  BIQJCHUE WHCTPYMEHTapueM y4eOHOH IMCLUIUIMHBI, YMEHHE €ro HCIOJb30BaTh B PELICHUH
CTaHAAPTHBIX (TUIIOBBIX) 3a71a4;

* yYMEHHE [0 PyKOBOJCTBOM ITPENOAABATENs PELIaTh CTAaHJAPTHBIE (TUIIOBBIC) 3aa4H;

*  YMEHUE OpPUEHTUPOBATbCS B OCHOBHBIX TEOPHUSAX, KOHLENUUAX U HAIPABICHUAX IO U3ydaeMOM
JUCIUIUIMHE U 1aBaTh UM OLICHKY;

. pabora mox PYKOBOACTBOM IIPEMOJABATENsl HA MPAKTUYECKUX, JAOOPATOPHBIX 3aHITHX,
JIOITyCTUMBIH YPOBEHb KYJIBTYPbl UCIIOJIHEHUS 3aJlaHUH.

3 6anna — (HEYZAOBJIETBOPUTEJIBHO), HE3AYTEHO:

* HEIOCTATOYHO IOJIHBIN 00BbEM 3HAHMI B paMKax 00pa30BaTeNIbHOTO CTaHIAPTA;

* 3HAHWE YaCTH OCHOBHOH JINTEPATypPhl, PEKOMEHI0BAHHON Y4eOHOM MPOTrpaMMOi TUCIUILTHHBL;

*  HCIOJb30BaHUE HAYYHOH TEPMHHOJIOTUM, W3JIOKEHHE OTBETAa Ha BOIPOCH! C CYLIECTBEHHBIMU
JIUHTBUCTHYECKAMH U JIOTHYECKUMH OLIHOKAMU;

*  cnaboe BiaJeHHE HHCTPYMEHTApHEM Y4YeOHOW IMCLUIUIMHBI, HEKOMIIETEHTHOCTh B PEILICHUHU
CTaHAAPTHBIX (TUIIOBBIX) 3a71a4;

*  HEyMEHHE OpPHUEHTHPOBAThCS B OCHOBHBIX TEOPHUAX, KOHIEMIMSAX W HAMpPaBIECHUSX H3ydaeMou
JIHCIHILIAHDI,

* IMaCCHBHOCTH HA MPAKTHYECKUX U Ja00PaTOPHBIX 3aHATUAX, HU3KHHA YPOBEHb KYJIBTYPHl UCIIOTHEHUS
3aJIaHUM.

2 6amta — (HEYVIOBJIETBOPUTEJILHO):

* (parMeHTapHbIC 3HaHUS B paMKax 00pa30BaTelbHOIO CTaHapTa;

. 3HAHHUSA OTJEJIBHBIX JINTEPATYpPHBIX MCTOYHHKOB, PEKOMEHIOBAHHBIX Yy4eOHOW mporpaMMoi
JVCLUUTUIHHBL,



° HCYMCHUC HCIIOJIb30BaTh HAYYHYIO TCPMHHOJIOTUIO IAUCHUIUIMHBI, HAJIUYHUEC B OTBETC FPYGBIX
CTUIHUCTUYCCKHX U JIOTHYCCKHUX OH_II/I60K;

* IMaCCHBHOCTH HA MPAKTHYECKUX U Ja00PaTOPHBIX 3aHATUAX, HU3KHHA YPOBEHb KYJIbTYPHl UCIIOTHEHUS
3aJaHni.
1 6amt — (HEYIOBJIETBOPUTEJILHO):

* OTCYTCTBHE 3HAaHMH M KOMIIETCHLIMI B paMKax 00pa30BaTeIbHOIO CTaHAapTa UM OTKa3 OT OTBETA.

5. MeTonuveckne MaTepuabl, onpeneasione Npoueaypbl OLeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

ITpu nposenennn nuddepenHpoBaHHOro 3adera olydaromiemycs npenocrasisercss 30 MHUHYT Ha
noAroroBky. Onpoc o0yyaromerocs mo OWIETy He JOJKEH MPEBBILIATh JIBYX aCTPOHOMHUYECKHUX YacoOB
B YCTHOW W (WJIM) TUCBMEHHOMU (hopMe.



