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AHHOTaNUs
PaccmoTtpena B yueOHBIX MeNsIX 3a/a4a M0 U3MEPEHHIO TOJIIPU30BAHHBIX (POTOHHBIX MTOTOKOB C
Pa3IMYHON MOJSpU3aIMe C MOMOIMIBIO OJHOTO M TOTO JK€ MoJisipu3aTopa. BrrancineHus BEpOSATHOCTH
MPOXOKACHHS 3THX (DOTOHOB MPOU3BEIEHBI C MCIOJb30BaHUEM MPOCKTUBHON MAaTEMAaTHKH KBAaHTOBBIX
BBEIYHCIICHUH.

B OGonpmmHCTBE y4yeOHMKOB MO KBAHTOBOM HH(OpPMAaTUKE MNPUBOAATCS MaTeMaTHYeCKue
BBIPAXKCHHUA 1A aHalln3a KBAHTOBLIX CXCM. I[J'IH JIydqaiero IMnOoHMMaHHA MCEXaHH3MOB KBAHTOBBIX
BBIYMCIIEHUN PACCMOTPUM B MOPSAAKE NMPAKTHKYMa OJIHY M3 YaCTHBIX 33134 10 U3MEPEHUIO COCTOSIHMS
MOJISIPU30BAHHOTO MOTOKa (hOTOHOB. B 001IeM citydae moJisipu30BaHHBIM MOTOK (POTOHOB MOXKET OBITH
OTIMCaH BOJIHOBOW (DYHKIIMEH CIICTYIOIIETO BH/IA:
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Kaxnpiii 13 (GOTOHOB paccmaTpuBaeTcsi Kak KyOUT, ONUCHIBAEMBbIM 3TOW BOJHOBOM (YHKIIHEH.
Koadunuents! a 1 B y Bcex KyOUTOB OJIMHAKOBbIE U B MpoOLiEcCce peUIeHUs 3a1a4l OyayT NPUHUMATh
HEKOTOpble Oonpeen€HHbIe 3HaueHus. i n3ydeHus: MexaHnu3Ma u3MepeHusi GOTOHOB BOCHOJIb3yeMCs
M3MEpHTEIEM — MOJISIPU3aTOPOM, HAKIOHCHHBIM K TOPU30HTAIU mojx yrioM 30°. DTOT mosspusaTop
MOJKET OBITh TAaKXKE ONKCAH BOJHOBOW (DyHKIIMEH, B HallIeM Cilydyae UMEIoLIeil BUA:
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HpOCKTOp TAKOIro USMECPUTCIIA, COINIACHO MAaTEMATUKEC KBAHTOBLIX BI)I‘IHCJ'ICHH?I, NUMCECT BU:
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I'paduruecku uccienyeMblii Kyour (cuuss crpenka) u mosspusaTop 30° (KpacHas CTpeKa) MOXKHO
1300pa3uTh TaKUM 00pazoM:
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Hccnenyemblit KyOMT Ha pUCYHKE IIOKa3aH YCJIOBHO, I HEKOTOPHIX HEONpPECIEHHBIX 3apaHee
npoeknuii o u f. Ha camoM Jnene BekTOop KyOMTa MOXET MMETh JIIOOOW yroa mo OTHOUICHHIO K
noJspu3aTopy. HampoTus, UCIONb3yeMbIil TOJISPU3aTOp MMEET (PUKCHPOBAHHBIM yroy HakiaoHa 30° K
ropu3oHTANM. JlelicTBHE, KOTOpOE MOJSPU3aTOP OKAKET Ha HCCIEIyeMble MPOU3BOJIBHBIE KyOUTHI,
COTJIaCHO MaTeMaTHKE KBAaHTOBBIX BHIYMCIIEHUI OMUCHIBAETCS IPOCKTOPOM:

| 2)xlw) = 3(80X0] + 31N +¥0) 1|+ 110+ D)
> Ba0)(0]0)+ VB 1)(0]0) V3|01 0)+ ] 11| 0)+ 300 1+ YEA1)O]1) + VAN 1)+ ALY 1)
- %(3040)+J§a‘1}+ﬁﬂ|0)+ﬂ‘l>)= %({3a+\/§,8) 0)+(VBar+8) D)y

[Tocite ipeoOpa3oBaHus MOJYICHHOTO BBIPAXKEHHS MOXKHO YBHUACTH, YTO IOCJIEC MPOXOXKICHHUS dYepe3
noJsipu3aTop (MIPOEKTOP) UCCIENYEMBIN KyOUT |y> EPEeHAET B COCTOSIHUE TTOJIsIpU3aTopa |y>:
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Wtak, m000il n3mMepeHHbIH mnosspu3aTopoM (GOTOH Mepemén B cocrosiHue npoekropa. Ho ¢ kakoi
BEPOSITHOCTBIO 3TO Mpou3ouuio? BeposTHOCTh MpoxoxAeHUsl KyOuTa uepe3 MoJspu3aTop HaWaéM 1o
bopmyre, mpenaraeMoil MaTeMaTUKONW KBAaHTOBBIX BI)I'-II/ICJ'ICHI/II\/'I
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Uccnenyem Temepp ¢ TMOMOIIBIO 3TOTO ypaBHEHHUS pa3iudHble KyOuThl. JIF000# W3 3THX
KyOUTOB TOCJIE IPOXOXKACHUS uepe3 nossipuzarop OyneT HaxoauThes B coctosiHuu (1). Hampumep, B

HPOCTEMIIEM CiTydae, KOT/ia KyOUT KOJUTHHEAPEH MMOJIsPU3aTopy:
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BeposTHOCTh IPOXO0XKACHUS Yepes BH6paHHHﬁ HOJISIPU3aTOP TAKOTO KOJUIMHEAPHOTO KyOuTa:
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JIeHCTBUTENBHO, €ClI KYOUT M TMOJIAPU3ATOP MapasuiebHbl (COOCTBEHHBIA MPOEKTOP), TO KYOUT OyaeT

2 2
NepeBeliEH B €ro COCTOSIHME JIOCTOBEPHO, TO €CTh 4epe3 3TOT IOJAPU3ATOp MPOUIYT BCe (POTOHBI
MOTOKA.

PaccMoTpuM KyOHT, OpTOTOHAIBHBIN HAIIEMY TOJSIPU3ATOPY:
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BeposTHOCTh IPOXO0XKACHUS Yepe3 MPOEKTOP TAKOI0 OPTOTOHAIILHOTO KyOHTa:

|(w;r)|2=£ 1 Zz(ﬁx[_l}rlxﬁj ("r ‘!_] =0

—_— -
A ) 44

10 {3
9

2 2

Tak ¥ JOMKHO ObITH: €cliM MOJIApU3aTOp (MPOEKTOP) HMMEET NEPIEeHIUKYISIPHOE HaIpaBlIeHHE K
¢dboTOHaM, TO HU OJJMH (POTOH HE MPOUIET Yepes HEero.
Eciu yros Mexay KyOUTOM M HOJIIpH3aTopoM paseH 30°:
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TO BEPOSITHOCTH MPOXOXKIACHUS KyOUTa Yepe3 3TOT MOJIAPU3aTop OyAeT:
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[IpuKua0YHO, «HA TJIA30K» 3TO JIETKO MPHUHSATH: KyOUT U MPOEKTOP (MOJISIpU3aTOp) NOUTH MapaljiebHbL,

OJIM3KU JIPYT K APYTY, TOATOMY (DOTOHOB MPOUAET TOCTATOYHO MHOTO.
PaccMOTpUM Teneph KyOHUT, MMEIOIIUI MOJIAPU3aIUIo o1 yriioM 15° K HaleMy IpoeKTopy:
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BeposTHOCTh IPOX0XKA€HUS Yepe3 MPOEKTOP TAKOI0 HAKJIOHHOTO KyOuTa:
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371ech yrosi Mexay NOoJspu3aTOpoOM U KyOMTOM emI€ MEHbIIE, YeM B IPEIbIIyLIEM IpUMEpe, OITOMY

nporaET emé 6obie GOTOHOB, YTO TAKKE BBIMISIUT MPABIONOA00HO.
PaccmoTpuMm cnemyroumii  KyOMT B COCTOSIHMM |y>=|1>, TO ecTb KyOWUT, HMEIOIINHA

BEPTUKAIBHYIO MOJISPU3ALHIO:
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DTOT KyOUT 00pa3yeT ¢ mouspu3aropoM yroi 60 ° u mpoiaéT uepes HEro ¢ BEPOSATHOCTBIO:
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VYros MexIy KyOUTOM M TOJSPU3ATOPOM JIOCTATOYHO OOJIBIIOHN, TIOITOMY BEPOSTHOCTD MPOXOKIACHUS

KyOUTOB uepe3 MOJIIPU3ATOP HEBEIIUKA.
PaccmoTpuMm apyroit kyour c¢ OasucHOW mnojspusanueil - B cOCTOSHUU |[y>=|0>, TO ecTb,

MMEIOIINI TOPU30HTATHHYIO MOJISIPU3ALIHIO:
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BeposATHOCTB ero mpoxoskAeHHs Yepes3 MoJspu3aTop:
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3/1ech yXKe MOXHO 3aMETUTh COBINajeHHe. Takyio ke BEpOSTHOCTh MPOXOXKJIEHUS HMEET U (POTOH,
uMeroIuii yroa Hakiona 30° K BepTUKanbHOM ocu. M 910 coBIafeHue He YIUBUTEIBHO, BEAb 00a 3THX
(GoToHA 06PA3YIOT ¢ MOJISPU3ATOPOM OJMH U TOT ke yroi - 30°.
Emé onHo coBmajgeHue Mbl OOHAapYXKMM IpU PacCMOTPEHUM (POTOHA, KOTOPBIA 00Opasyer ¢
TOPU30HTAIBLHOM OCHIO yroj MUHYC 30
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OtoT (PoTOH TPOUAET dYepe3 MOJISIPU3ATOp C TAKOW K€ BEPOSTHOCTHIO, UYTO M BEPTUKAIHHO

MOJISIPU30BaHHBIN (POTOH:
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B »sTOoM coBmameHuu TOXKE€ HET HUYErO HE YAWBUTENBHO, Beab 00a 3TUX (oToHA 00pazywT ¢
HOJIAPU3aTOPOM OJIMH M TOT e yroi - 60°.

B 3axmtoueHne HE0OXOAMMO 3aMETUTh, YTO MOJIyY€HHBIE BEPOSITHOCTH OTHOCATCS K (POTOHAM,
MPOLIEAIIUM Yepe3 MOJAPU3aTop. A 4TO MPOU30LLIO ¢ (POTOHAMH, KOTOPbIE HE MPOLLUIM Yepe3 Hero?
DTO JIETKO BBIACHUTH IKCIIEPUMEHTAIBHO, €CJIM MCIOJIb30BaTh PACHICIUIAIONINI Toysipu3aTop. B aTom
cilydae ocTaybHble (DOTOHBI Bce 6€3 UCKIIIOYEHMsI TPONIYT Ha €ro OpTOroHaldbHbIN BbIX0. To ecTh, Bce
(1)OTOHBI, HC mpomcamue 4Yepe3 Hall IOJIAPpU3aTop, HUMCIOT IMOJApHU3alUI0, OPTOrOHAJIBHYIO K
noJisipu3anuu npoueamero gotona. CooTBETCTBEHHO, BEPOATHOCTH UX OPTOTOHAIILHOTO MTPOXO0XKACHUS
PaBHBI PAa3HUIIE MEX]Y IMOJTHONW BEPOSTHOCTHIO — €AMHUIIEH U BEPOSTHOCTHIO IMPOXOKACHUS (POTOHOB
yepe3 Hall MoJspu3aTop:
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The task of quantum computing
Putenikhin P.V.
mS5@mail.ru
Abstract
Considered for training purposes task to measure the polarized photon streams with different
polarization by the same polarizer. Calculating the probability of passing these photons are produced
with the use of projective mathematics of quantum computing.



