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y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))
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KOMITBIOTEPOB
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Kypc: 4
KBaJIMpUKALS: GakanaBp
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[Iporpammy cocrtaBui: A.B. llykaHoB, kaua. ¢pu3.-MarT. HayK, JOLECHT

[Iporpamma obcyxieHa Ha 3acefjanni KadeIpbl HAHOAIEKTPOHUKH U KBAHTOBBIX KOMIIbIOTEpoB 29.05.2020



AHHOTANMA

Kypc "OCHOBBI TEXHONOTHH NPHOOPOB HAHOAICKTPOHUKH W TBEPAOTEIBHBIX KBAaHTOBBIX KOMITBIOTEPOB'
IpeIyCMaTpUBacT O3HAKOMIICHHE CIIylIaTeJeld C TEOPETHYECKUMH M OKCIEPHMEHTAIBHBIMA OCHOBAMH
peanu3anuy KBAaHTOBBIX BBIYMCICHHH, a TAaKKe W3YYCHHUE CIICIHAJIbHBIX BOIPOCOB KBAHTOBOW MEXaHHKH,
TEOpUH KBAaHTOBBIX AJTOPHUTMOB M CBSI3M, KBAaHTOBOH KOPpEKLMH OMIMOOK. PaccmarpuBaroTcs OCHOBHBIC
HAlNpaBJICHUSl OKCIIEPUMEHTAJBHBIX HCCIENOBaHUH, OPUEHTUPOBAHHBIE HA pEAM3alUI0 TMPHHIUIIOB
00paboTKM KBaHTOBOM MHQOpManuu. Pa30omparoTcsi Kak yKe CyIIeCTBYIOIIUE, TaK ¥ HOBEHININE KBaHTOBEIC
CXEMBI, pa3palaTbiBacMble B XOA€ INPOSKTHPOBAHMS JIIEMEHTHOH Oa3bl IMOJHOMACIITAOHBIX KBAaHTOBBIX
KOMITBIOTEPOB.

3amaun Kypca:

* IprOOpETEHNE CITyIaTessIMu 0a30BbIX 3HAHUI B 001aCTH COBPEMEHHOW KBaHTOBOM TEOpUH HH(MOPMAIIHH;

* MpHOOpETeHNE chymareasiMi 0a30BbIX 3HAHHWH B OOJIACTH COBPEMEHHOM SKCIEPUMEHTAIbHONW KBAaHTOBOU
UH(POPMATHKHY;

* OCBOCHHE HABHIKOB KPHUTHYECKOTO aHAJM3a KOHKPETHBIX MOJENCH MOJHOMACIITa0HBIX KBaHTOBBIX
KOMITbIOTEPOB;

¢ IMOArOoTOBKa cnymaTeneﬁ K MPOCKTUPOBAHUIO HpOCTeﬁHIPIX KBAaHTOBBIX ceTeﬁ, ITIOHUMaHHWIO (I)I/I3I/I"IGCKI/IX
OCHOB IMPOLECCOB, 06ecneqHBa101unx BBINIOJTHCHHUE KBAHTOBBIX BEHTHJICH H AITOPUTMOB K HUX
MOACIIUPOBAHUIO U OITUMU3AIIUU;

* CTUMYJUPOBAHHE CAMOCTOSTEIILHOW pa0OThI CIylaresei ¢ OpUrHHaIbHBIMU paboTaMu, IMyOIMKYIOMIUMHUCS
B OTEYECTBEHHBIX M 3apyOeKHBIX HAyYHBIX KypHAJIax.

ITo pe3ynbTaram 0CBOEHHS Kypca CTYJACHT JI0JDKEH:

3HaTh:

OCHOBHBIE IPUHIUIIBI KBAHTOBBIX BBIYMCIICHUH; OOIIYIO CTPYKTYPY KBAHTOBOT'O KOMIIBIOTEPA; CYIIECTBYIOIIUE
KBAHTOBBIE aJTOPUTMBbl (PAKTOPHU3ALMH, TOUCKA M MOJEIMPOBAHUS; OTIIMYMA KBAHTOBOI'O KOMIIBIOTWHIA OT
KJIACCUYECKOT0; OCHOBHBIE MpPOOJIeMbl, BO3HHMKAIOUIME TIPH pa3paboTKe 3IeMEHTHONH 0a3bl KBAaHTOBBIX
KOMITBIOTEPOB M KBAaHTOBBIX CETEH, U CHOCOOBI MX PEIICHUS; MPEUMYILIECTBA U HEAOCTATKU CYLIECTBYIOINX
[IPOTOTUIIOB KBAHTOBBIX KOMIIBIOTEPOB.

YMeTs:

pelaTbh 3J1€MEHTapHble KBAaHTOBOMEXaHMUYECKHUE YPAaBHEHMsI, OIMCHIBAIOIIME IUHAMUKY OJHOTO M JIBYX
KyOWTOB; OLIGHUBATh BPEMs BBHIIIOJHEHHS KBAHTOBBIX ONEpalHii (TAaKTOBYIO YacTOTy KyOWTa M pErucrpa) u
BpEMEHa IOTEpPU KOTEPEHTHOCTH JUI KOHKPETHOW (u3ndeckol peanu3aluy KBAaHTOBOTO KOMIIBIOTEPA;
MPECTABISATH OCHOBHBIC JJIEMEHTHl KBAHTOBBIX BEHTHJICH, Omepanuii, TPaHCIIOPTHPOBKH HH(POpPMaLUH,
TEeJICOPTALMU, KOPPEKIIUH OIIHMOOK B BU/I€ KBAHTOBBIX CXEM.

Bnaners:

MCTOAOM BTOPUYHOI'O KBAHTOBAHUSA [JId KBAHTOBOI'O-IIOJICBOIO OIIMCAHUA KY6I/ITOB n  yHOpaBJIAKOIIAX
HUMITYJIBCOB; MCETOAAMH COCTaBJICHUSA ypaBHeHI/Iﬁ I yd€Ta KBAHTOBBIX JUCCUIIATUBHBIX IIPOLECCOB B
KBAaHTOBBIX 6I/ITaX; OCHOBaMH KBaHTOBOI CXEMOTEXHUKHU.

OcHOBHOE cofepX)aHue Kypca H3JIOKEHO B CIEAYIOMINX pa3aesax:

. UcTopurst KBaHTOBBIX BBIYUCICHUM U OCHOBHBIE 33/1a41 KBAHTOBOW MH(POPMATUKU

. KBaHTOBBII1 OUT 1 OCHOBHBIEC OTHOKYOUTHBIE BEHTHIIN

. OCHOBHBIE ABYX- 1 MHOTOKYOUTHBIE BeHTWIH. Anroputm Joitua

. Unctele, cMenIaHHbIE U 3allyTaHHBIE COCTOAHMA. KBaHTOBas Tenenopranus

. KBanToBoe npeobpazoBanne @ypbe u anroput™ Paxropuzanuu (anroput™ lopa)
. KBanToBBIi1 anroputm noucka (anroputm [ posepa)

. KBanTtoBOE MOAEnMMpoBanue

0NN N bW~

. HOTepH KOTCPCHTHOCTU B KBAHTOBBIX KOMIIBIOTCPAX



9. Koppexkiust KBaHTOBBIX OIMOOK. KBaHTOBBIE KOJIBI

10. KBaHTOBBIH KOMITBIOTEP HA ONTHYECKUX POTOHAX

11. KBaHTOBBIE BRIYMCIICHUS HA HOHAaX B JIOBYIIKaX

12. CepxnposoauukoBbie KOJI-pe3oHaTOPhI 1 KyOUTHI

13. HanoanekTpoMexaHU4ecKre CUCTEMbI M KBaHTOBasi HH(POpMaTHKa

14. OrnrToanekTpoMexaHUKa U KBaHTOBas 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 CIIylIarelieldl ¢ TEOPETHUECKMMH U JKCIICPUMEHTAIbHBIMH OCHOBAMH pean3alliu
KBAaHTOBBIX BBIYMCIICHHH, a TaKKe M3YyYCHHUE CIICIUAIBHBIX BOIPOCOB KBAaHTOBOM MEXaHWKH, TEOPHU
KBAaHTOBBIX QJTOPHUTMOB M CBSI3M, KBAaHTOBOW KOpPpPEKIMU OIIMOOK. PaccmarpuBaroTcsi OCHOBHBIE
HAIpaBJICHUS SKCIIEPHUMEHTAJIBHBIX HCCIEIOBaHUHA, OPUCHTUPOBAHHBIC HA PEANM3ALUI0 TPHHIUIIOB
00paboTku KBaHTOBOW wuH(popMmammu. Pa3buparorcs Kak yke CyIIECTBYIOIIHME, Tak M HOBEHIIHE
KBaHTOBBIE CXEMBI, pa3padaTsiBacMble B XOJ€ MPOCKTUPOBAHUS AIIEMEHTHOM 0a3bl MOJTHOMACIITAOHBIX
KBaHTOBBIX KOMITBIOTEPOB.

3agauu AU CHUILIHHBI

* MpHOOpETeHHE CIyIaTeNnsiMu Oa30BBIX 3HAHWH B OOJACTH COBPEMEHHOW KBAaHTOBOW TEOPHH
uHpopMaLuy;

* NpHOOpeTeHHe CIyIIaTeIssMUd 0a30BBIX 3HAHWI B 00JACTH COBPEMEHHOH OJKCIEpUMEHTAIBHOMN
KBaHTOBOH MH(OPMATHKH;

* OCBOEHHME HaBBIKOB KPHUTHYECKOTO aHAIM3a KOHKPETHBIX MOAEJeH MOITHOMAcIITaOHBIX KBAaHTOBBIX
KOMITBIOTEPOB;

* IIOATOTOBKA CIyLIAT€JIEM K HPOCKTUPOBAHMIO IIPOCTEUINMX KBAHTOBBIX CETEH, ITOHUMAHHUIO
(U3MYECKUX OCHOB MPOIECCOB, 00SCIIEUNBAIOIINX BHIITOJHEHNUE KBAHTOBBIX BEHTHJICH U aJITOPUTMOB K
UX MOJICTIMPOBAHUIO M ONITUMM3ALIUH;

* CTUMYJIUpPOBAHHE CAMOCTOATEIBHONM pabOTHl Ciymiareneil ¢ OpUTHHAIBHBIMH — paboTamu,
MyOJIMKYIOIIUMHECS B OTEYECTBEHHBIX U 3apyOC)KHBIX HAYYHBIX JKypHAJIaX.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

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

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

YK-1 CriocobGeH oCcymiecTBIsITh MOKCK, VK-1.1 AnanusupyeT 3a7a4y, BbIIEISAA dTallbl €€ PEIICHHUS,
KPUTHYECKUHN aHAJIN3 ¥ CHHTE3 HH(popManuy, |AEHCTBHS 10 PEIICHHIO 3a1a4u

OPUMCHSATH CHCTEMHBIN MOAXOA i pemieHnst | VK-1.3 PaccmarpuBaeT pasiuyHbIe BapHaHTBI PEIICHUS

NOCTaBJICHHBIX 3a1a4 3a7a4M, OLICHUBACT UX IIPCUMYIICCTBA U HEOCTATKHU

[IK-1.1  Bnageer  ¢yHAaMEHTANbHBIMH  MOHATHUSIMH,
T1K-1 Coocoben IUIAHUPOBATh U IPOBOAUTH 3aKOHaMHU U TCOPUIMHA COBpeMeHHOI\/'I (1)1/131/IKI/I
Hay4HbIE SKCTICPUMEHTHI (B N30paHHON [IK-1.4 VYmeer cTpouTh MaTeMaTHUYECKHE MOJENU IS
MpEeIMETHOM 001acTH) U (M) TEOPETUIECKUE |OMHCAHMS M MCCIENOBAHMS MPOLECCOB W SABJICHUNA B
(aHanUTHYECKUE U UMUTALIUOHHBIE) COOTBETCTBYIOIINX HayYHBIX 00JaCTIX
HCCIICAOBaHUA [IK-1.2 Hmeer miyOokoe 3HaHME W IMOHMMaHUE Oa30BBIX

MaATeMaTUYCCKUX AUCIUIIIINH

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 AUCHMILINHE (MOLYJII0)
B pesynbTrare 0cBOGHHS AUCHUIIIMHBI 00y4aIOIINeCs JOIKHbI

3HATb.




YMETb:

OCHOBHBIC NPHUHIUIBI KBAaHTOBBIX BBIYUCIIEHHUH; OOLIYI0 CTPYKTYpPY KBaHTOBOTO KOMIIBIOTEPA;
CYILECTBYIOIIE KBAHTOBbIE AaJITOPUTMBI (DAKTOpU3ALMM, IOUCKA M MOJCJIUPOBAHUS; OTIUYUSL
KBaHTOBOTO KOMIIBIOTHHIA OT KJIACCUYECKOTO; OCHOBHBIE MPOOJIEMbI, BO3HUKAIOIIUE MIPH Pa3paboOTKe
SNIEMEHTHOM 0a3bl KBAHTOBBIX KOMIIBIOTEPOB M KBAaHTOBBIX CET€H, M CHOCOOBI HX PpEIICHHMS;
NPEUMYIIECTBA W HEJOCTaTKM  CYLIECTBYIOIIMX  IPOTOTHUIIOB  KBAHTOBBIX  KOMIIBIOTEPOB.

pemars deMeHTapHble KBAHTOBOMEXaHHMYECKHE YPaBHEHHUSI, ONUCHIBAIONINE TUHAMUKY OTHOTO M JABYX
KyOWTOB; OLICHMBaTb BpEMs BBIMOJIHEHUs] KBAHTOBBIX ONepaluid (TaKTOBYIO YAcTOTy KyOHTa U
perucrpa) U BpeMeHa IOTEpPH KOTEPEHTHOCTH JUIsl KOHKPETHOW (DPM3MUECKOl peann3aliii KBaHTOBOTO
KOMITBIOTEPA; MPEJCTABISATH OCHOBHBIC JIEMEHTHI KBAHTOBBIX BEHTHIICH, Ollepaluii, TPAHCIIOPTUPOBKU
uH(pOpMaLNH, TEIENIOPTAUU, KOPPEKIIMH OLUIMOOK B BHJI€ KBAHTOBBIX CXEM.

BJIAJIETh:

METOAOM BTOPUYHOI'O KBAHTOBAHUS JIsI KBAHTOBOI'O-IIOJICBOI'O OITMCAHUA KY6I/ITOB 1 YyIpaBJIAIOMNUX
HUMITYJIBCOB; MCTOAAMU COCTABJICHUA ypaBHeHI/Iﬁ AJId y4€Ta KBAHTOBBIX NUCCHUIIATHUBHBIX ITPOLICCCOB B
KBaHTOBBIX 61/ITaX; OCHOBaMHU KBaHTOBOM CXEMOTEXHUKHU.

4. Coep:xanue TUCUMILTUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYCCKUX YaCOB 1 BH/I0B Y4eOHBIX 3aHATHI

4.1. Pa3znenbl TUCTMITIIMHEI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUITMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTsr
pabora
Vcropusi KBaHTOBBIX BBIYHCICHUN U
1 OCHOBHbIE 3a/lauu KBAaHTOBOM 4 1
nH(POPMATUKU
) KBaHTOBBII out u OCHOBHBIE 4 1
OIHOKYOUTHBIE BEHTHIIN
3 OcHOBHBIE [JBYX- H MHOTOKyOWUTHBIE 4 1
BeHTWIN. Anroputm Jloiiua
4 YucTble, CMENIaHHBIC W 3allyTaHHbIC 3 )
cocrosHusl. KBanroBas tenenoprauus
KsantoBoe mnpeoOpazoBanne Dypre u
5 anroput™  (akropuzanuu  (anrOpUTM 3 2
[opa)
6 KBanTOBBII1 anroput™M novcka (alropuT™m 3 )
I'posepa)
7 KBanToBoe MmopenupoBanne 3 2
] [lorepst KOrepeHTHOCTH B KBaHTOBBIX 4 3
KOMITbIOTEpax
9 Koppexkuus KBaHTOBBIX OIHNOOK. ) 1
KBaHTOBBIE KOZIBI
10 KBaHTOBBIII KOMITBIOTEp HA ONTHUYECKUX 3 4
¢doronax
1 KBaHTOBBIC BBIUMCICHHS HAa  HMOHaxX B 3 4
JIOBYIIKAX
12 CaepxmnpoBoguukoBsie KOJ[-pezoHaropsl 4 1
1 KyOUTBI
13 HaHonnekTpoMexaHHueCcKue CUCTEMBI U 4 1
KBaHTOBas MHPOpMaTHKa




14 OnTosnexkTpoMexaHuka U KBaHTOBas 4 |
nHpopMaTuKa

15 KBantoBele  TOukm B (POTOHHBIX 4 1
CTPYKTYpax U KBaHTOBasi HH(POpPMaTHKa

16 NV-ieHTpel B anMma3e U KBaHTOBBIC 4 )
BBIUMCIICHUS
KBanToBbIe BBIUUCIICHUS c

|7  |MCHOJb30BAHMEM  S/ICPHBIX  CIMHOB 4 |
OpPraHMYeCKHX MOJEKYl M JIOHOPHBIX
aToOMOB

Hroro wacos 60 30

[loaroroska k sK3aMeHy 0 gac.

OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2. CopaepxaHue AUCHUTLTAHBI (MOYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemectp: 7 (OceHHmi)
1. MicTopust KBaHTOBBIX BBIYMCICHHUH U OCHOBHBIE 33/1a491 KBAHTOBOW WH(POPMATUKH

OKCKypC B HCTOPHIO KBAaHTOBOH MeEXaHMKHM U Kiaccuuecko uH(popmatuku. [Ipeamoceuiky,
oOyCJIOBUBIIMNEG BO3HMKHOBEHHE WJIEM KBaHTOBOM o00pabortku wHbopMmaruu. Pazbuenue
BBIUMCIIMTENBHBIX 3aJad M0 KiaccaM CilokHOCTH. OrmpeneneHuss W TEPMHHBI KBaHTOBOM
nHpopmaruku. OCHOBHBIE LeNM M 3a1aud KBaHTOBOM uH(popmaruku. Kpurepun [IuBunuenno,
OTIpEICNIAIONINE TPUTOTHOCTh (PU3MYECKONH CHUCTEMBI Jisl MOCTPOCHHUS KBaHTOBOTO KOMIIBIOTEPA.
[MpuHIMNIMaNTBEHAS CcXeMa apXUTEKTYphl KBAaHTOBOTO KoMIlbloTepa. [Ipumepsl  (usnyeckoit
peanr3anny 3J€MEHTOB KBAHTOBBIX BEIYUCIICHUH.

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

dopmanu3anys ONMUCAHUS COCTOSIHUS M OBOJIOIMU KBAaHTOBOTO OMTa (KyOUTa) B paMKax MaTpPUIHOTO
nozaxofga. CriocoObl NpencTaBleHUs] KBAHTOBOTO COCTOSIHMS KyOMTa HpH TOMOIINM a) OMHApHBIX
cTOJIONOB, 0) AMPAKOBCKUX KIT- M Opa-o0o03HaueHWME W B) mapamerpusanuu Ha cdepe brioxa.
Crioco0bl  TIpefcTaBleHUs] OAHOKYOUTHBIX BEHTWJICH IPH TOMOLIM a) JBYPSIHBIX Marpul, 0)
MPOCKIIMOHHBIX oreparopoB Jlupaka m B) omeparopoB moBopora Ha cdepe bioxa. OcHOBHBIE
OJTHOKYOWTHBIC BEHTWJIH U MX CBsI3b ¢ Marpuuamu [laynu. [Ipou3BONBHBIN OMHOKYOUTHBIA BEHTHIIH
KaKk KOMOWHAIIMs JJIEMEHTapHBIX OIEeparopoB MoBopora. [lpumep ¢u3mdeckod peanuzanuu |
Maremarnyeckoro onucanus BeHTHIsi NOT Ha AByXypOBHEBOM aTrome.

3. OcHOBHBIE BYX- 1 MHOTOKYOUTHBIE BeHTWIH. Asroput™ Jloitua

dopmanuzanys ONUCaHUs COCTOSIHHUS U SBOJIOLUH JIBYXKyOUTHOH CHCTEMBI B paMKaxX MaTPUYHOTO
noaxona. OCHOBHbIE JIByX- 1 MHOTOKYOUTHBIE BEHTIIN. Teopema O CyIeCTBOBaHUN YHHBEPCAIBHOTO
Habopa KBaHTOBbIX BeHTWJeH. llpumep ¢usmueckoil peanmzalu MU MaTeMaTUYECKOTO OMHUCAHUS
nByxkyoutHoro BeHTwisi CNOT. [IpuHnmnuanbHas cxema KBaHTOBOTO perucrpa. JIBoudHas cucreMa
MPECTABICHHUS LENBIX YHCEN U €€ HCIOJIb30BaHUE IJIS 3arpy3KH 4Yucesl B Oa3UCHBIE COCTOSHUS
KBaHTOBOro perucrpa. KpsanToBbli napamienu3M. KBaHTOBBIN reHeparop ciaydaiHbIX YHCEIL.
Anroputwm [oiiua 11 0qHOIIArOBOH MACHTU(DUKALIMHE OMHAPHON (PYHKIIUH.

4. LII/ICTLIG, CMCHIAHHBIC U 3allyTAHHBIC COCTOSHUA. KBanroBas TCJICTIOPTALUA



OmnpeneneHrie W KPUTEPUN UYUCTBIX M CMENIAHHBIX COCTOSHHUUM KBAaHTOBOW CHCTEMBL. Pemykius
MaTpullbl IJIOTHOCTH COCTaBHOW cucTeMbl. OImpenesneHre 3alyTaHHOTO COCTOSHHUSI KBaHTOBOM
cucteMbl. KonmuecTBeHHas OIGHKAa Mepbl 3alyTaHHOCTH Juii JByX KyOutoB. basuc bemna.
CBepXIUIOTHOE KOJMPOBAHUE U Iepenada KBaHTOBOM mHGopmauuu. DIIP-napagokc n HepaBeHCTBa
bemta. KBantoBas tenenopranus.

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

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

6. KBanToBBIif anroputm novcka (anroputm [posepa)

3anaua 3(ppeKTUBHOrO MOMCKa B HECTPYKTYPUPOBAaHHON 0a3e MaHHBIX. AJITOpUTM Toucka Iposepa.
KBanroBbiil opakyn, urtepauus [posepa u ux reomerpuueckas wunHrepnperauus. CrTpykrypa
KBaHTOBOTO TNPOLIECCOPa, PEATU3YIOIIEr0 alrOPUTM MOUCKA.

7. KBaHTOBOE MOJIETTUPOBAHUE

DeiflHMaHOBCKH MOAXOA K MOCTPOSHUIO KBAHTOBOTO KoMIbIoTepa. CrcteMa IByXypPOBHEBBIX YaCTHII
(cIIMHOB) Kak KBaHTOBBIM CHMynATOp. BblumcieHne COOCTBEHHBIX 3HAUCHUH W MOJAEIMPOBAHUE
KBAaHTOBOH JAMHAMHUKM OJHOMEpPHOW wyacTHUlbl. [IpHHLIMIBI MOIENMPOBaHUS KBAaHTOBBIX (Da30BBIX
MEPEXO/I0B ra3a MOJIIPUTOHOB B paMkax Mojenu Jxeiinca-Kammunrca-Xab0apya.

8. IloTepst KOrepeHTHOCTH B KBAHTOBBIX KOMIIbIOTEpaX

HeyHurtapHblii MOOXOA K ONHCAHUIO OTKPBITHIX KBAaHTOBBIX cHCTeM. OCHOBHBIE TOHATUS 00
ypaBHeHusX Jlunn6nana u JlamkeBeHna. B3anMoneiicTBre KBAHTOBOTO KOMIIBIOTEpPA C OKPYKEHHUEM H
moTepsi KOTEPEHTHOCTH. MaTtemaTtnueckass MOJIeib NOTepr (a3oBOil KOTEPEHTHOCTH ABYXKYOUTHOU
cucteMoid. TOYHOCTH BOCHPOM3BEACHHS KBAaHTOBBIX ONEpalMii INpPU HAJIWUYAK JUCCUIIAUUU U
neda3upoBKH.

9. Koppexkiusi KBaHTOBBIX OIMOOK. KBaHTOBBIE KOJIBI

Koppekiuss ommOOK B KJIACCHYECKOM M KBAaHTOBOM OuTax. MaxkopuTapHas KOPPEKLHSL.
Krnaccudukanusi KBaHTOBBIX OMIMOOK. TpexXKyOWTHBIC KOABI JJIsi MCIPABICHUS aMIUTUTYIHOW H
¢dazoBoii omubok. JlepsiTukyoutHbld kox Illlopa ¢ w3MepeHHeM cUHApOMA JJsl JAMATHOCTUKH U
KOPPEKIMHA TPOU3BOJIBHON OmmOku. [laccCUBHBIE M aKTHBHBIC CIIOCOOBI ITONABIICHHS KBAaHTOBBIX
ryMoB. TeopeMa 0 OMEXOYCTOWYHBBIX KBAHTOBBIX BBIYHCIICHUSIX.

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

CxeMbl WHUIMATU3ALUH U CIIOCOOBI KOAWPOBKH KBaHTOBOM WMH(OpPMaLKU B MPOCTPAHCTBEHHYIO U
MOJISIPU3ALIMOHHYI0  CTETeHH  CcBOOOABl  (OoTOHA.  JNeMeHThl  Teopuu  (azoBpaiaresnei,
cBeronenureneid u sueek Keppa. OcHOBHBIE OIHOKYOWTHBIE KBAaHTOBble BEeHTWIH. KBaHTOBas
AIIEKTPOIMHAMHMKA B ONTHYECKUX pe3oHaropax. [IpeacraBieHne o0 HMCKYCCTBEHHOW HEIMHEHHOMN
cpede, CO31aBaeMOM aroMOM B PE30HATOPE-JIOBYLIKE, Ui OpPraHMW3alud HETPUBHAIBHBIX
IBYXKYyOHTHBIX OTIE€pALUii.

11. KBaHTOBbIE BRIYMCIICHUS HA HOHAX B JIOBYIIKaX



Hounbl 1 vonHble KpucTauibl B joBymkax [laynsa. I[IpuHIunbl 1onmniaepoBCKOro U HEPE30HAHCHOTO
OXJIaXKJIeHUs MOHOB. KBaHTOBbIE BBIUMCICHMS Ha HMOHAX B JIOBYIIKaxX. OKCIEPUMEHTaJIbHAs
peanmuzannss CNOT Ha oguHOYHOM MOHE Oepriutus. [IpuMeps! peanu3anuy TBEpIOTEIbHBIX YHUIIOB C
HWOHHBIMH JIOBYIIIKAMH.

12. CepxnpoBonuukoBbie KOJI-pe3oHaTophl U KyOUTHI

3apsioBble, (a3oBble W (IIIOKCOMAHBIE KyOHWTBHI Ha CBEPXIPOBOTHHMKAX. Du3nueckue NPHUHIUIIBI
paboThl U MaremMarnyeckas MOAENb MpocTeiiero 3apanoBoro Kyoura. CrocoObl KOAWPOBAaHUS U
00pabOTKM KBaHTOBOW WHQOpPMAIUM B 3apsIOBOM KyOWTe © TpaHcMoHe. KomnanapHbii
CBEPXIPOBOAALINA PE30HATOP KaK CHUCTEMAa-NOCPEIHUK MEXIy IBYMS YIAJICHHBIMU KyOWUTamH.
DeMeHThl MUKPOBOJIHOBOW TPAaHCMUCCHOHHOW CIIEKTPOCKOIIUU U peduieKToMeTpuu. [lepcreKTHBbI
MacIITaOUPOBaHUS CBEPXIIPOBOJIHUKOBBIX CETEH.

13. HaHOE)J'IeKTpOMeX&HI/ILIeCKI/Ie CHUCTCMbI 1 KBAHTOBAsA I/IH(i)OpMaTI/IKa

[Ipencrasnenre 0 MUKpoO- U HaHOYJIeKTpoMexaHudeckux cucremax (HOMC). Ilpumepsl npuMeHeHus
HOMC B KkauecTBe KaHTWJIEBEPOB, MOCTHUKOB-IETEKTOPOB MEXAaHHMYECKOTO CMEUICHHS |
Macc-CIeKTPOMETPOB B COBPEMEHHON HaHO3JIEKTpOHHKe. OCHOBHBIE HAIIPABJICHUS MCCIIEIOBAHUI 110
npumeHennro HOMC B kBanToBOoM uHGpopmaruke. ['mOpunneie cuctemsl Ha ocHoBe HOMC.
KorepeHTHbIi 00MEH OJMHOYHBIM KBAHTOM MEXKIY MOCTHKOM H (pa3oBbIM KyOuTOM. CIIEKTpOCKOMHS,
tepmomeTpust 1 Tomorpadus HOMC.

14. OnrTosnekTpoMexaHnKa U KBaHTOBasi HHPOpPMaTHKa

BsaumoneiicTBue cBeTa ¢ KBAHTOBBIMU MEXaHMYECKUMU cucTeMamMu. CBeToBoe naieHue. [lpumepst
onrroanekrpomexannueckux cucteM (OOMC). IpuHnunuaabHas cxeMa U TEOPETHUECKOE OIUCAHHE
kBaHTOBEIX OOMC. OxunaxkzneHue, CHEKTPOCKONMS W  peanu3auus pexXuMa CHIBHOIO
B3aumogieiicteust B OOMC. Ilpumepbl THOPHIHBIX CHCTEM JUISS KBAHTOBBIX BBIUYHCIICHUH,
Bxirroyarorre OOMC.

15. KBanToBbie TOUKH B (POTOHHBIX CTPYKTYpax M KBaHTOBasi HH(OpMaTHKa

IIpocTpaHCTBEHHOE KBaHTOBAaHWE HOCHUTENEH 3apsdla B HU3KOPa3MEpHBIX HAHOCTPYKTypax. Tumsl
kBaHToBbIX Touek (KT). IIpocTpaHcTBeHHAs JOKaau3amys SJIEKTPOMArHUTHOTO MoJisi ¥ (pOTOHHBIE
pesonaropsl (OP). Bzaumoneticteue KT u @P. [IpuHunsr peanu3aiii KBaHTOBBIX BBIYUCICHHHA C
MPOCTPAHCTBEHHBIMH, CTUHOBBIMYU U SKCUTOHHBIMH CTelieHsSIMH cBOOOJbI dnekTpoHoB B KT. Cxema
MaciuTabupyeMbIX KBaHTOBBIX ceTeil Ha ocHoBe KT, mmmnantupoBanHbix B OP.

16. NV-LeHTpHI B aJIMa3€ U KBAHTOBBIC BHIUHMCIICHHUS

NV-uentpel B anmaze: oOIIME CBEICHHA M OCHOBHBIC CBOICTBAa. TEXHONOTHS H3TOTOBICHHS.
Crnexrpockornust  NV-nientpoB. Muunumanuzarmus, W3MEPEHUE CIMHOBOIO COCTOSIHUS U
KorepeHTHOCTh NV-mieHTpa. KBaHTOBBIE oOmnepanuu W anropuTmbl. [ ubpuaHbieNV-CHCTEMBI.

17. KBaHTOBBIC BBIUHMCICHUS C MCIIOIb30BaHUEM AACPHBIX CIIMHOB OPraHU4Y€CKUX MOJICKYIT U
AOHOPHBIX aTOMOB

Anepubiii MarHuTHbI pe3oHaHc (JIMP). KBanTOBbIe BBIYHMCICHHS C HCIIONB30BAHHUEM SIACPHBIX
CIIMHOB OPTraHMYecKHUX MOJEKyN B kuAkocTsax. Monens Keilina TBepmorensHoro SIMP kBaHTOBOTO
KOMITbIOTEpA. JIOHOpHBIE aTOMBI B MOJMYNPOBOJHUKAX. TEXHOJOIMM H3TOTOBIEHHUS HPOTOTUIIOB
KBAaHTOBBIX YCTPONCTB Ha OCHOBE JIOHOPOB B KPEMHUHU.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHNS 00pa30BATEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

yueOHast ayTUTOpHsl, OCHAIICHHAS KOMIIBIOTEPOM U MYJIBTUMEIUHHBIM 000pya0BaHHEM (IIPOEKTOD,
3BYKOBasi CHCTEMA).
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3. http://www.nature.com

4. http://www.sciencemag.org
5. http://gen.lib.rus.ec/
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8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00PAa30BaTeJIbHOI0
npouecca 1o JMCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedeHunst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha JIEKIIUOHHBIX 3aHATHIX UCIOIB3YIOTCS MYIBTUMEANNHBIE TEXHOJIOTUH, BKIIIOYAsl IEMOHCTPALIUIO
MpEe3EHTALUN.

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

1) mocemeHre Bcex JIEKIMMA, MPEAyCMOTPEHHBIX yYEOHBIM TUIAHOM; BEJCHHE KOHCIIEKTOB 3aHSATHH;
AKTUBHOE Y4acTHE B OOCYKICHUU JICKITUH;

2) BaXXHO JOOWTHCS MOHMMAHUS M3y4aeMOro MaTepuania, a He MEXaHHYECKOTro ero 3anoMuHanus. [pu
3aTPYIMHEHUN W3y4YeHUs OTACIBHBIX TEM, BOIPOCOB, CIEAYeT OO0pamarbcs 3a KOHCYIbTAIlMed 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 m1aHupoBaTh U MPOBOAUTH
Hay4HbIE SKCTICPUMEHTHI (B U30paHHON
MPEeIMETHOM 001acTH) U (MITH) TEOPETUICCKUE
(aHanUTHYECKUE U UMHUTALIMOHHBIC)

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

UCCIIE0BaHNA [MK-1.2 HMmeer rnyOokoe 3HaHWE W IMOHHMaHUE 0a30BBIX

MAaTEMAaTHYCCKUX TUCIUIIIINH

2. Iloka3are i OLleHUBAHUS KOMIIEeTeHITHH

B pesynwrare m3yueHus nuciuiuinHbl « OCHOBBI TEXHOJIOTHH TTPHOOPOB HAHOIICKTPOHUKHA U TBEPAOTEIBHBIX
KBaHTOBBIX KOMIIBIOTEPOBY» 00YYAIOIIUICS OIKEH:

3HATb:

OCHOBHBIC TPHUHIUIBI KBAaHTOBBIX BBIYUCIICHHH; OOLIYI0 CTPYKTYpPY KBaHTOBOTO KOMIIBIOTEPA;
CYILECTBYIOIIE KBAHTOBbIE AaJITOPUTMBI (DAKTOpU3ALMM, IOUCKA M MOJCJIUPOBAHUS; OTIUYUSL
KBaHTOBOTO KOMIIBIOTHHIA OT KJIACCHYECKOTO; OCHOBHBIE MPOOJIEMbI, BO3HUKAIOIIUE MIPH Pa3paboOTKe
SNIEMEHTHOM 0a3bl KBAHTOBBIX KOMIIBIOTEPOB M KBAaHTOBBIX CETEH, M CHOCOOBI HX pEIICHHMS;
NPEUMYIIECTBA W HEJOCTaTKM  CYLIECTBYIOIIMX  IPOTOTUIIOB  KBAHTOBBIX  KOMIIBIOTEPOB.

yMeThb:

pemars deMeHTapHble KBAHTOBOMEXaHHMYECKHE YPaBHEHHUSI, ONUCHIBAIONINE TUHAMUKY OTHOTO M JABYX
KyOWTOB; OLICHMBaTb BpEMs BBIMOJIHEHUs] KBAHTOBBIX ONepaluid (TaKTOBYIO YAcTOTy KyOHTa U
perucrpa) ¥ BpeMeHa IOTEpPH KOTEPEHTHOCTH JUIsl KOHKPETHOH (PM3MUECKOl peasn3aliii KBaHTOBOTO
KOMITBIOTEPA; MPEJCTABISATH OCHOBHBIC JIEMEHTHI KBAHTOBBIX BEHTHIICH, Ollepaluii, TPAHCIIOPTUPOBKU
uH(pOpMALNH, TEIENOPTAUU, KOPPEKIIMH OLIMOOK B BHJI€ KBAHTOBBIX CXEM.

BJIA/1eTh:

METOAOM BTOPUYHOI'O KBAHTOBAHUS IJIsI KBAHTOBOI'O-IIOJICBOI'O OITMCAHUA KY6I/ITOB 1 YyIpaBJIAIOMNUX
HUMITYJIBCOB; MCTOAAMU COCTABJICHUA ypaBHeHI/Iﬁ AJId y4€Ta KBAHTOBBIX NUCCUIIATHUBHBIX ITPOLICCCOB B
KBaHTOBBIX 6I/ITaX; OCHOBAaMHU KBaHTOBOM CXEMOTEXHHUKHU.

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

C 1enbl0 KOHTPOJS OCBOSHHUS O0ydYaromUMUCS Y4eOHOTO Marepuana MPOBOIUTCS YCTHBIA OMpOC B
HayaJie 3aHsATHs 110 TEME MIPOIION JIEKIUU UM B KOHLE 3aHITHUS 110 IPOMJEHHOMN TEME.

4. [lepeyens THNOBBIX (MPUMEPHBIX) BOIPOCOB U TeM [IJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

Bonpocs! ass noarotoBku K AudQepeHIMPOBaHHOMY 3a4ETy:

HcTopus KBaHTOBBIX BBIUMCIICHUI 1 OCHOBHBIC 337ja4H KBAHTOBOH MH(OpPMAaTHKU
KBaHTOBBII1 OUT 1 OCHOBHBIE OAHOKYOUTHBIE BEHTHIIN

OcCHOBHBIE ABYX- 1 MHOTOKYOUTHBIE BEHTWIH. Anroputm Jloitua.

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

KBanTOoBOE MOAENINpPOBAHUE.

AN i

HOTCpH KOTCPCHTHOCTHU B KBAHTOBBIX KOMITIBIOTCpPAX.




9. Koppekius KBaHTOBBIX OIMOOK. KBaHTOBEIE KOJIBI.

10. KBaHTOBBIH KOMITBIOTEP Ha ONTHYECKUX POTOHAX

11. KBaHTOBBIE BRIYMCIICHUS HA HOHAX B JIOBYIIKAX

12. CepxnposoauukoBbie KOJI-pe3oHaTOphI 1 KyOUTHI

13. HanoanekTpoMexaHU4ecKre CUCTEMbI U KBaHTOBasi HH(PpOpMaTHKa

14. OrnrToanekTpoMexaHUKa U KBaHTOBasi HHPOpPMaTHKa

15. KBaHTOBBIE TOUKH B (JOTOHHBIX CTPYKTypax M KBaHTOBasi ”HPOpMaTHKa
16. NV-1ieHTpHI B aiMa3ze ¥ KBAHTOBBIE BHIYHCICHUS

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

Kpurepun oneHuBaHus
10 6amnos — (IIPEBOCXO/JHO):
*  CHCTEMaTU3MPOBaHHBIC, IIyOOKHE U TOJIHBIE 3HAHMS IO BCEM paslesiaM y4eOHOH Mporpammbl, a
TaKKe 110 OCHOBHBIM BOIIPOCAM, BBIXOJSIIUM 32 €€ [IPEEIIbl;
. TOYHOE MHCIIOJIb30BAHUE HAy4YHOM TEPMHHOJIIOTUM (B TOM YHCJIE Ha HMHOCTPAaHHOM S3bIKE),
CTHWJINCTUYECKH IPaMOTHOE, JIOTHUECKH MPABUIIbHOE U3JI0KEHUE OTBETA Ha BOIPOCHI;
. Oe3ynpedHoe BiaJicHHE HHCTPYMEHTapHeM Y4eOHOW AMCUUIUIMHBL, yYMEeHHE ero 3()()EeKTUBHO
UCIIONIb30BaTh B TIOCTAHOBKE M PEIICHUN HAYYHBIX U MPO(eCCHOHATIBHBIX 3a/1a4;
. BBIP&KCHHAs] CIOCOOHOCTh CAMOCTOATEIHO M TBOPYECKM pEILIaTh CIIOXKHBIE NPOOJIeMbI B
HECTaHJapTHOH CUTYyalllH;
*  TOJHOE M DIIyOOKOE yCBOEHHE OCHOBHOM M JONOJHHUTENBHON JUTEparyphl, PEKOMEHJIOBAaHHOMN
y4eOHON MPOrpaMMOi TUCTIMITIIMHEI;
* YMEHHUE OpUEHTHPOBATHCS B TEOPUAX, KOHLENIMIX U HallpaBIECHUAX 10 U3y4aeMOM AMCLUIUIMHE U
J1aBaTh UM KPUTHYECKYIO OLIEHKY, HCIIOJIb30BATh HAYYHBIE JOCTHKEHMS IPYTUX JUCIUILINH;
*  TBOpYECKas CaMOCTOATENIbHAs PadoTa Ha NPAKTUUYECKHX, JIAOOPATOPHBIX 3aHATUSAX, aKTUBHOE
ydacTue B IPYIIIOBBIX 00CYXKICHUSAX, BBICOKUH YPOBEHb KYJIBTYphl HCIIOTHEHHS 3aJaHuil.

9 6amto — (OTJIMYHO):

* CHUCTEMaTU3UpPOBaHHbIC, NTyOOKHE M MOJHBIC 3HAHMUS 110 BCEM pa3jieliaM y4eOHOH mporpaMmabl;

. TOYHOE HCIOIb30BAHUE HAYYHOH TEPMUHOJIOTHH (B TOM 4YHCJIE€ HAa HHOCTPAHHOM SI3BIKE),
CTHJIUCTHYCCKU TPAMOTHOE, JIOTHUECKU MPABUIIBHOE M3JIOKCHHUE OTBETA HAa BOMPOCHI;

*  BIAQJCHUC MHCTPYMEHTAPUEM YYCOHOW IUCHHUIUIMHBI, YMEHHE ero 3((EKTUBHO HCIOJIb30BaTh B
MOCTAHOBKE U PEIICHUH HAYYHBIX M MPO(ECcCHOHATBHBIX 3a/1a4;

*  CmOCOOHOCTH CaMOCTOSITEILHO M TBOPUECKH PEIIaTh CIOKHBIC MPOOJIEMBbI B HECTaHAAPTHOM
CHTyallid B paMKax Y4eOHOW MNporpaMMbl, IOJHOC YCBOCHHE OCHOBHOW U JOMOJHH "TEIbHOM
JIUTEPaTypbl, PCKOMEHIOBAaHHON YUeOHOU POrpaMMO TUCIIUITITHHBI;

*  yMEHHEC OPHUCHTHUPOBATHCS B OCHOBHBIX TCOPHUAX, KOHIICTIIUAX M HAMPABICHHUAX MO H3y4aeMOM
JMCIUIUIMHE U aBaTh UM KPUTHYECKYO OIICHKY;

*  caMmocCTosATeNIbHAsE paboTa Ha MPAKTHYCCKHX, JIAOOPATOPHBIX 3aHITHSIX, TBOPUYCCKOE ydacTHE B
IPYMIIOBBIX 00CYKICHUSX, BRICOKUN YPOBEHb KYJIBTYPhI HCITOJTHCHHS 33 JaHUH.

8 6amnoB — (IIOUYTHU OTIIMYHO):

* CHCTEMaTU3WPOBaHHbIC, IyOOKHE M IOJHBIC 3HAHMS [0 BCEM IOCTABJICHHBIM BOIpOcaM B 00beMe
y4eOHOH MPOrpaMMbl;

*  HCIOJb30BAaHUE HAYYHOH TEPMHUHOJIOTMH, CTWJIMCTUYECKH I'PaMOTHOE, JIOTMUYECKU IPaBUIIBHOE
W3JI0KEHUE OTBETA Ha BOIIPOCHI, YMEHHUE JeJIaTh 000CHOBaHHBIC BHIBOJIBL;

* BJIAJICHUE MHCTPYMEHTApHEM Y4eOHOU IUCIUILIMHBI (METONAMHU KOMIUIEKCHOTO aHajn3a, TeXHUKOM
MH(QOPMAIMOHHBIX TEXHOJOTWH), YMEHHE €ro HCIOJIb30BaTh B IOCTAHOBKE W DPEIICHUHM HAyYHBIX U
npoeCcCHOHANBHBIX 3a7a4; CIIOCOOHOCTh CAMOCTOSITENIbHO pPEeIlaTh CIIOKHBIE NPOOIEMBI B PaMKax
y4eOHOH MPOrpaMMbl;

*  YCBOCHHME OCHOBHOW W JIOTIONHUTEIHLHOW JUTEPaTyphl, PEKOMEHIOBAHHON y4eOHON NMpOrpaMMoit
JVCLUUTUIHHBL,

*  YMEHUE OpPUEHTUPOBATbCS B OCHOBHBIX TEOPHUSAX, KOHLENUUAX U HAIPABICHUAX IO U3ydaeMOMU
JUCUWIUIMHE W JaBaTh MM KPUTHYECKYIO OLIEHKY C IO3WIUI TOCyJapCTBEHHOH wHIeoiaoruu (1o
JUCLUIUIMHAM COLUAJIbHO-I'YMaHUTAapHOIO LIUKJIA);

* AaKTUBHAs CaMOCTOsTEeNIbHAs paboTa Ha MPAKTHYECKHUX, JTa0OPATOPHBIX 3aHIATUSAX, CHCTEMATHUECKOE
y4acTHe B IPYMIOBBIX 00CYKICHUSAX, BHICOKUN YPOBEHB KYJIBTYPbI HCIIOTHEHHS 33 JaHHMA.

7 6amnoB — (OYEHb XOPOLIO):



* CHUCTEMaTU3UPOBAHHbIC, NTyOOKHE U MOJIHBIE 3HAHUS 110 BCEM pa3zieliaM yueOHOM MporpaMmel;

* HCII0JIb30BAaHKUE HAyYHOM TEPMUHOJIOIMH (B TOM YMCJIE HA HHOCTPAHHOM SI3bIKE), IUHIBUCTUYECKU U
JIOTUYECKH MPAaBUIILHOE U3JIOKEHNE OTBETA Ha BOIPOCHI, YMEHHE AeNaTh 000CHOBAaHHBIC BHIBOBL;

*  BIIAQJICHUE MHCTPYMEHTapHeM y4eOHOW NUCHMIUIMHBI, YMEHHE €ro HCIOJIb30BaTh B MOCTAHOBKE U
pELIeHNN HAayYHBIX U MPO(ECCHOHATIBHBIX 3a/1a4;

*  YCBOCHHME OCHOBHOW W JIOTIOJIHUTEJIHLHOW JUTEPaTyphl, pEKOMEHIOBAHHON y4eOHON MpOrpaMMoit
JVCLUIUIAHBL;

*  YMEHHE OpPHUEHTUPOBATHCS B OCHOBHBIX TEOPHSX, KOHLEMIMUAX M HANpPaBICHUAX IO H3y4acMOU
JUCLUIUIMHE U JaBaTh UM KPUTHYECKYIO OLEHKY;

*  camocTosTenbHas padoTa Ha MPAaKTHUECKUX, JaOOPAaTOPHBIX 3aHATHAX, y4acTHE B TPYyMIIOBBIX
00CYXIIEHUSIX, BBICOKHI YPOBEHb KYJIBTYpPhl HCIIOJTHEHUS 3adaHUH.

6 6ayoB — (XOPOILO):
* JIOCTaTOYHO ITOJHBIC U CHCTEMAaTU3NPOBAHHBIC 3HAHUS B 00beMe yueOHO! POrpaMMEl;

° HCIIOJIBb30BaHHEC HeO6X0):[HMOI>'I HaquOﬁ TCPMUHOJIOTHUH, CTUIUCTUYCCKU T'PAMOTHOC, JIOTUYCCKU
IPaBUIJIbHOC U3JIOKCHHUEC OTBETA HA BOIIPOCHI, YMCHUC ACJIaTh 000CHOBaHHBIE BBIBOJBI,

*  BIQJCHUE WHCTPYMEHTapueM y4eOHOH IMCLUIUIMHBI, YMEHHE €ro HCIOJb30BaTh B PELICHUH
y4eOHBIX U NMPO(pECCHOHAIBHBIX 33Ja4; 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 H3Y4aeMOU
IUCLMIIMHE M JaBaTh WM CPaBHUTEIBHYIO OIICHKY; AaKTHUBHAas CcaMOCTOsTeNbHas pabora Ha
MPAaKTUYECKUX, J1AOOPATOPHBIX 3aHATHSX, MEPUOJUYECKOE Yy4YacTHE B TPYNIOBHIX OOCYKACHUSX,
BBICOKHI YPOBEHB KYJIBTYPHI UCIIOJIHEHUS 3aJaHUM.

5 6ammoB — (ITOYTU XOPOILIO):
* JIOCTarO4YHbIC 3HAHUA B 00beMe YUeOHOM MPOTrpaMMBbl;

*  HCIOJb30BAaHUE HAYYHOH TEPMHUHOJIOTMH, CTHWJIMCTUYECKH I'PaMOTHOE, JIOTMUYECKU IIPaBUIIBHOE
M3JI0)KEHUE OTBETA Ha BOIIPOCHI, YMEHHUE JENIaTh BBIBOJKI;

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

* CII0OCOOHOCTH CAMOCTOSATENILHO MIPUMEHSTH THIIOBBIE PELICHUS B paMKaxX y4eOHOM MPOrpaMMBl;

* YCBOCHHE OCHOBHOU JINTEPATYPbI, PEKOMEHJOBAHHOW yUeOHOM MpOrpaMMON JTUCITUTUTUHBL

*  yMEHHE OpPHEHTHPOBAThCA B 0A30BBIX TEOPHSX, KOHIEMUIUSAX M HANpaBICHUSAX MO H3ydaeMOi
JTUCIUIUIMHE U 1aBaTh UM CPaBHUTEIBHYIO OLIEHKY;

*  caMocTOsiTeNbHas paboTa Ha MPAKTHYECKUX, JIA0OOPATOPHBIX 3aHATHSX, Y4acTUE B TPYNIIOBBIX
00CY’KIEHUSX, BBICOKUI yPOBEHb KYJIbTYPbI HCIIOJIHEHUS 33/1aHHH.

4 6amta — (YAOBJIETBOPUTEJIBHO), 3AYTEHO:

* JIOCTaTOYHbIM 00BEM 3HaHHH B paMKax 00pa30BaTeIbHOTO CTaHIapTa;

* YCBOCHHE OCHOBHOU JINTEPATYPbI, PEKOMEHJOBAHHOW yUeOHOM MPOrpaMMON JTUCITUTUTUHBL

*  HUCIOJIb30BaHUE HAYYHOH TEPMHUHOJIOTMH, CTHIMCTUYECKOE U JIOIMUECKOE H3JI0KEHUE OTBETa Ha
BOTIPOCHI, YMEHHE JEJaTh BBIBOABI 0€3 CYIIECTBEHHBIX OMINOOK;

*  BIQJCHUE WHCTPYMEHTapueM y4eOHOH IMCLUIUIMHBI, YMEHHE €ro HCIOJb30BaTh B PELICHUH
CTaHAAPTHBIX (TUIIOBBIX) 3a7a4;

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

*  YMEHUE OpPUEHTUPOBATbCS B OCHOBHBIX TEOPHUSAX, KOHLENUUAX U HAIPABICHUAX IO U3ydaeMOMU
JUCIUIUIMHE U 1aBaTh UM OLICHKY;

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

3 6anna — (HEYAOBJIETBOPUTEJIBHO), HE3AYTEHO:

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

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

*  HCIOJb30BaHUE HAYYHOH TEPMHHOJIOTUH, W3JIOKEHHE OTBETAa Ha BOIPOCH! C CYLIECTBEHHBIMU
JIUHTBUCTHYECKUMH U JIOTHYECKUMH OLIHOKAMU;

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

® HECYMCHUC OPUCHTUPOBATHCA B OCHOBHBIX TCOPUAX, KOHLCHLHUAX W HAIPABICHUAX H3y11aeM0171
JUCIHMITIIMHBI;



* TACCHBHOCTh HA MPAKTUYECKUX U JIA0OPATOPHBIX 3aHATHUSAX, HU3KHI YPOBEHb KYJIBTYPhl UCTIONTHEHUS
3aIaHUH.

2 6amra — (HEYIOBJIETBOPUTEJILHO):

* (hparMeHTapHBIC 3HAHUS B paMKax 00pa30BaTEIBHOTO CTaH/IaPTa;

. 3HAHWS OTAETBHBIX JINTEPATYPHBIX HCTOYHHKOB, PEKOMEHJIOBAaHHBIX YUEOHOW MPOrpaMMOin
JUCIUTIINHEL,

. HEYMEHHE HCIIONb30BATh HAYYHYH) TEPMHUHOJIOTHIO IUCIMILIMHBI, HAlMYUE B OTBETE TIPyObIX
CTHJIMCTHYCCKUX U JJOTMYECKUX OIIUOOK;

* IMaCCHBHOCTH HA NMPAKTHYECKUX U Ja00PaTOPHBIX 3aHATUAX, HU3KUHA YPOBEHb KYJIbTYPHl UCIIOTHEHUS
3aJIaHUM.

1 6amt — (HEYIOBJIETBOPUTEJILHO):

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

5. MeTonu4eckne MaTepuabl, onpeneasone Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJILHOCTH

ITpu nposenennn uddepenupoBaHHOro 3adera oOydaromiemycs npenocrasisercss 30 MHUHYT Ha
noAroroBky. Onpoc o0yuaromerocs mo OWIETy He JOJKEH MPEBBILIATh JBYX aCTPOHOMHUYECKHUX YacOB
B YCTHOW W (WJIM) TUCBbMEHHOMU (opMme.



