3agaqu no crienKypcy "'BBe/ienne B KBAHTOBYIO MeXaHUKY "

1. Jlokazarb, 4TO KBAHTOBbIE OIIEPATOPHI KOOPAMHATHI, UMILYJIbCA, KHHETUIECKON U IMOTEHIUAIHHON
SHEPTUN - SPMHUTOBBHI.

2. YcTaHOBUTH TOYHBIN BUI JUCKPETHOTO MPEJICTABIEHNS OMEpaTOpPa KOOPIUHATHI U OTIEPATOPA TOTEHITNATILHON
SHEpPruu B 0a3mce, COCTOAIIEM U3 COOCTBEHHBIX BEKTOPOB OMEPATOPa KOODINHATHI.

3. YCTaHOBATH KOMMYTAIIMOHHBIE COOTHOIIEHUS MezK Ty MaTputiamu 1laysu, u ux coOCTBEeHHBIE BEKTOPbI
u cobcrBeHHbIe ncaa. Bymyr jau marpuibt aymu spmuroBbiMu? Y HUTAPHBIME !

4. MOo2KHO Jii OJJHOBPEMEHHO U3MEPHUTDH C aDCOIOTHON TOYHOCTHIO 3HAYEHU S KOOPAMHATHL U MMILYJIbCa !
Jarh 060CHOBAHHBINH OTBET.

5. MOKHO J1v OTHOBPEMEHHO M3MEPUTH C ADCOMIOTHON TOYHOCTHIO 3HAYEHIE TIEPBO U BTOPOil KOMTIOHEHT
ormeparopa MOMeHTa uMmmy/abca? JlaTth 000CHOBAHHDIN OTBET.

6. MoxxHO JT OTHOBPEMEHHO M3MEPUTH C ADCOTIOTHON TOYHOCTHIO KHHETUIECKYIO SHEPTHUIO U TIEPBYIO
KOMITOHEHTY MOMeHTa umiyiabca? Jlarh 060CHOBAHHbBIN OTBET.

7. DHTpONHS KIACCHYECKOH CHCTEMBI BCETJA YBEIUUUBACTCH HIPH JOOABICHUHA B CHCTEMY HOBBIX
9JIeMeHTOB. Bymer jim 310 crnpaBeIuBBIM JJI KBAHTOBOW CHCTEMBI? YKasauwme: paccmorpers IIIP
COCTOsIHUE IBYX KyOHTOB BHJIA %(|OO> + |11)) u B34TL mepBbL KYOUT B KQUeCTBE UCXOTHON CHCTEMSBI, &
JIBYXKYOUTHYIO CHCTEMY - KaK PaCIIHPEHHE.

8. Ilpmaymars cxemy skcnepumenta, oramdamomero DIIP mapy %(\00) + |11)) or paBHOBecHO#
cvecu [00) u |11) ¢ BeposrnocTaMu 1/2. OGoBwurs HaljeHHbIA Merox Ha camblii oOwmil Ciywail:
SKCIIEPUMEHT, OTJIMYAIONIMI CMENTAHHbIE COCTOSHUS 7N- KyOMTHONW CHCTEMBI ¢ DA3JUYHBIMU MATPUIAMU
MJIOTHOCTH. YKA3aHWE: PACCMOTPETh M3MEPEHUsI B PA3HBIX 0A3WCAX; STOT MPHEM HA3BIBAETCS KBAHTOBOM
Tomorpadmueit. Kak 3aBucuT anropurMudeckast CIOKHOCTHD KBAHTOBOH TOMOrpaduu OT ducia KyOUTOB
B cucreme?

9**. Ilpu kakux ycI0BUsIX KBaHTOBas SHTponus (Hon Helimana mepexomur B KIaCCHYECKYT0 SHTPOIIHIO
[MTenmona? JIaTh MHTEPIIPETANINIO0 KBAHTOBON SHTPOIUN B TEPMUHAX JHCJIA KJIACCUYECKUX ONTOB, 3HAUEHUS
KOTOPBIX MOXKHO Tiepearh oT Ajnckl K BoOy, MCMoib3ysi KBAHTOBBIE COCTOSIHUS C JAHHON SHTPOMHEN.
YkazaHume: UCHOIH30BATh KJIACCHIECKYIO aHAJIOTHIO: IHTPONHUS KaK Mepa HEeOlpeIeIeHHOCTH.

10. Hamucars ypasuenue IlIpenunarepa ams ogroro kybura. Haiitu ero obiee perenune npu 3a1aHHOM
HAYAJIBHOM ycjioBur. Jlarh pa3BepHYTYIO (DU3MYECKYIO HHTEPIPETAIUIO Oy YEHHOIO PE3YyIbTaTa, UCIOIb3Y s
MO/IeJTb KyOUTa KAK YaCTUIIbI, HAXOAMAIIEHCS B JBYX-sIMHOM IIOTEHIHAJIE.

11. ByayT sim cOOCTBEHHBIE COCTOSIHEST OTIEPATOPOB KOOPJAWHATHI U UMIYJIbCA HOpMupyeMmbiMu? JlaTh
MaTeMATHIECKH TOYHOE OIpeiesieHrne COOCTBEHHBIX (DyHKIUH omeparopa KoopanHarel. MoxkHo ju nuddepeHmpoBarh
takue byHKIINA, U €CJIU [1a, TO KaK nMenHo! Kak paboTarh ¢ HEHOPMUPYEMBIMEU BEKTOPAMHE ITPY KBAHTOBBIX
pacuerax? Kax BBOIUTH CKaIspHOE MPOW3BE/IEHNE JITst TAKUX BeKTOPOB? Kak pacKiagpBaTh MPOU3BOIHHOE
COCTOsIHEE TI0 OA3UCY, COCTOAIIEMY U3 HEHOPMHUPYeMbix BeKTOpoB? JlaTh pa3BepHyTbIil OTBET.

12. Byger sin 3anyrbiBaoinmm AByx-KyourHbiii omeparop CNOT? Tor xe Bompoc mnpo omneparop
CSign: |z,y) — (—1)*¥|z,y). MoXHO JM BBIPA3UTh OJWH W3 STHX OMEPATOPOB Yepe3 APYToii, NCTOIb3yst
TaKKe W ONHOKYOUTHBIE yHUTAPHBIE OEPATOPHI!

13. Haiitu oOmmit Bujg yHHTAPHOTO OMEpaTropa HaJ OaHUM KybuToMm. BpipasuTh mpow3BOIBHBIN
OMHOKYOMTHBIN SPMHUTOB omeparop depe3 marpuiibl Ilayau. Bepmo au, 9T0 0MHOKYOMTHBIE SPMHUTOBBI
oreparopsl 06pasyior anarebpy Jlu Hat mosleM KOMILTEKCHbIX dncesi? Ecim 1a, To KAaKOBa ee Pa3MepHOCTh !

14. Yro takoe KBaHTOBbIH aimropurm? Uro Takoe KBaHTOBOE BbluucjeHue! UTo TaKOe KIacCuuecKuii
OpaKyJl M KaK €ro WCIO/Jh30BATh B KJIACCHYECKUX BBIYUCICHUSX! UTO Takoe KBAHTOBBIM OPAKYJI U UEM
OH OTJIMYAETCS OT Kjaccuueckoro? UTo Takoe KBAHTOBOE BBIYUCIEHHE C OPAKyIoM? UTO Takoe OBICTpbIi
KBaHTOBBIN anropurm? IIpuBecTr mpuMep OGLICTPOrO KBAHTOBOIO ATTOPUTMA.

15**. Kak Teopernyecku peamm3osarb CNOT, ucrnonb3yst 2 3/1eKTPOHA, HAXOAAIMECS B IBYX KBAHTBOBIX
TOYKAX, KAK/asl U3 KOTOPbIX UMEEeT BUJL JIBYX-sAMHOIO [IOTeHIaa. Y Ka3anue: Vcionb30Bars a) KyJIOHOBCKOE



B3aMMOJIEHCTBIE MEXK Y SJIEKTPOHAMHE JIJIsl YIIPABJIEHUsI BBICOTOM MOTEHIIHATBHOTO Haphepa B yIIPABIIEMOM
Kybure, 6) BO3MOXKHOCTb YIIPABJIEHUs] BBICOTOM LOTEHIMAJILHOrO Hapbepa Jyis yUPABJILOLIEro Kybura ¢

TTOMOINBIO BHEINTHEro MmoTeHnmasa. llodeMy 3ta cxema He peasn3oBaHa B IKCrIepuMeHTe? YKazaHwe:

pPaccMOTPEeTh MPOIECC JEeKOTEPEHTHOCTH JIJIsT TAKUX JIEKTPOHOB.

16**. MoxHo siu Bbipa3urhb oneparop Tobdonu |x,y, z) — |z, y, 2&zy) vepes CNOT u onHoKyOuTHDIE
refiTel? YKaszaH#e: OTBET MOJOKHATEIbHBIA.

17*. Bepno Jin, uT0 11000 HE3AIy THIBAONIMI ABYX KyOUTHBIH yHUTAPHBIA onepaTop nmeer sug AQ BY
VKazaHue: OTBET OTPUIATEJILHBIH, IPUBEIUTE KOHTPIPUMED U HAIIUIIUTE MATPHUILY ITOro oeparopa. Kax
peanun3oBaTh ero (pu3nIecKu?

18. Jloka3zarb, 9TO KBAHTOBOE mpeobpasoBanne Oyphe YHUTAPHO.

19*. Jlokasarh, 9T0 KBaHTOBOE NMpeobpaszosanne Pyphe ¢ TOTHOCTHIO 10 JIMHEHHOrO TpeobpasoBaHust
HaJT KOOPAWHATOM & SIBISETCA TUCKPETHOH (POPpMOii HETTPEPBIBHOTO peodbpa3oBannsa Oypbe B 06CKOHETHOMEPHOM
MIPOCTPAHCTBE KBAHTOBBIX COCTOSIHUI OJHOMEPHOI ToYednoi yactuiibl. Kak ucnonp3oBars 3T0T (hakT npu
MO/ICJTMPOBAHUY OIEPATOPA KHHETUIECKON IJHEPIUU HA KBAHTOBOM KoMIbiorepe? Ykaszanue: Vcnonbp3oBars
ToT pakT, uTo npeodpazosanne Pyprbe nepeBoauT oneparruio 1uddEePEeHITNPOBAHNS B OTIEPAITNI0 Y MHOXKEHHU I
Ha apryMEHT WCXOMHON (DYHKIIMU W HA MHUMYIO €IWHUILY-

20%*%*, Vcmonp3yst pe3ysIbTaT MpeablIyIneil 3aJa91, TOKA3aTh, 9TO HA KBAHTOBOM KOMIIBIOTEPE MOYKHO
MOZIEJIMPOBATH YHUTAPHY O SBOJIIOLMIO OJHOI YacTulbl B HoTeHuase V (1), KOTopblil BBIYUCIAETCS JJ0CTATOTHO
[POCTBIM aJIFOPUTMOM. Y Ka3aHue: cHadasa nosay4dursb Gpopmyay Tporrepa exp(A+B) = (exp(A/n)exp(B/n))",
CTIPaBEINIMBYIO ¢ TOTHOCTBIO 70 1/12; OHa TOMydaeTcs, ecii pasmokuTh SKCTIOHEHTY 70 2 ujleHa. 3ateMm
MTPUMEHUTH JAHHYIO (POPMYJIY IS OTIEPATOPa YHATAPHON SBOJIOIWHN, BHIIEINB MMOTEHINAIBHYIO U KHHETHIECKYIO
SHEPIWI0 B PAa3HBIX IKCIIOHEHTAX, BHIOMpAas MaJblii MpPOMEKYTOK Bpemenu O0t. HaxoHenm, mpuMeHWTH
KBaHTOBOE Ipeobpazopanne Oypbe 11 IPUBEICHUS OIEPATOPA, COOTBETCTBYIOIIEr0 KHHETHYECKONH SHEPT U,

K IPOCTOMY JHMArOHAJBLHOMY BH/LY.

21*%%*% Kakas mamMsaTh KBAHTOBOIO KOMIIbIOTEpPA TPeOyercs /sl MOJAEIMPOBAHMS B IPEIbLILyIIeil
3amade? Kakoe Bpems 3aHUMAET MOIEIMPOBAHUE IO CPABHEHUIO C PEATIbHBIM BPEMEHEM B MOJEIUPYEMO
cucreme? YKa3aHue: B MOCJIEIHEM BOIIPOCE HAIO OIEHUTH TOYHOCTH MOJEJUPOBAHNS B 3aBUCAMOCTU OT
0t; Bpemst Momesn OyieT PacTH KBAIPATUIHO C POCTOM PEATHHOTO BPEMEHH.

22. B uem TpyaHOCTH peanmusaiyy KBaHTOBOrO KoMmmbioTepa? YUTo Takoe JEKOrepeHTHOCTh U KaK
MOKHO ee mpeooiets? IIpuBectu mpuMepbl OTHOKYOUTHBIX COCTOSHUM, COXPAHAIONUXCS HEOIDAHUIEHHO
JI0JI'O€ BPEMsl B YHUTAPHOI 9BOJIIOLMY OAHOIO Kybura (cM. 3asady 10).

23. Yo Taxkoe wHTErpas no rpaekropusam @eiinmana? Hamumcars BeipaXkenne 111 yHUTAPHON SBOIOIUT
B TEPMUHAX WHTETPAJia M0 TPAEKTOPUIM.

24**  HanmmcaTh KpUTEPHii Iepexoa K KBAHTOBOMW MEXaHNKE OT KJIACCUIECKONH B TEPMUHAX XapaKTEPHOTO
geiicTBusi. YKazauue: lcnonb30BaTh WHTErPaJl MO My TSM, & TAKXKe TOT (DAKT, YTO BAPHUAIUS IEACTBUS HA
KJIACCUY€eCKOI TPAeKTOPUY PaBHA HY/II0. B Kakux 3a/1a9ax He0OX0IMMO IPUMEHSATH KBAHTOBY IO MEXAHUKY,

a B KaKHX JIOCTATOYHO Kjaccudeckoit? larh pasBepHyTbIl OTBET U HPUBECTU [IPUMEDDL.

25%*_ OmeHnTh BpeMs KU3HW 9ACTAILI B TOTEHUAIBHON TMe KOHEIHOM TIIyOMHbBI. YKAa3aHWe: UCITOIb30BATh
sIMY TIPOCTO# (hOPMBI, HATPUMED, TayCCOBY. K KakuMm 00beKTaM MOKHO ITPUMEHUTD MOJIY 9€HHBIN Pe3yIbTaT?

26. CdopmynupoBaTh 3aKOH COXpAHEHWS IHEPIUU B KBAHTOBOM Bapuante. ChOpMyInpoBaTh 3aKOH
COXPAHEHHUS WMITYJIbCA U MOMEHTA WMITYJIbCA B KBAHTOBOM BapWaHTe Jijisi CBOOOIHON YACTHUIIBI U IS
YACTHUIBI B II0JI€ [MEHTPAJIBHOrNO MOTEHIHaga. MOXKHO JIU PelmTh 33729y XUMHYECKOW aCCOIUAIn,
KCIOJIb3Ysi TOJBKO KBAHTOBYIO) MEXAHUKY OJHON dacTulpbl B norenuuase? Jlarb pa3BepHyTbli OTBET HA
TIpUMepe aCCOIHAINH TTPOTOHA C HJIEKTPOHOM.



