Kak 00MaHyTh KBAHTOBYI0 HEJIOKAJIbHOCTH ?
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AHHOTanUs

Jlornueckuil aHanu3 SIBJICHUS 3aIlyTAaHHOCTH C TOYKU 3PEHUS KBAHTOBOUW TEOPUH MPUBOJUT
K BBIBOJIy, UTO OIlEpexkaroniee M3MEpeHUe 3amyTaHHBIX (POTOHOB B OJHOM KaHajie MPUBOIUT K
CO3/JaHUI0 BO BTOPOM KaHAJIE CMECHU JIBYX IUIOCKOTOJISIPU30BAHHBIX MOTOKOB C B3aWMHO
MEePIECHANKYISIPHBIMU MOJIAPU3ALUASIMU.

KaroueBble cjioBa: HEIOKAIbHOCTh, 3aIyTAHHOCTh, (JOTOH, MOJISPU3ATOP

PaccmMoTpuM mpocTeinyro cxemy SKCHEPUMEHTa IO HPOBEPKE KBAHTOBOW KOPpEISLUU
puc.l. Mcrounuk S ucmyckaeT napy 3amyTaHHbBIX (POTOHOB V, U V,, KOTOPbIE€ BCTPEUAIOT Ha CBOEM
nyty asa nosnspusaropa I u I, pacnonoxeHHbIe IEPIEHIUKYISIPHO, TO €CTh C B3aUMHBIM YIJIOM,
paBHBIM 77/2 .
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Puc.l1 Cxema »KCliepUMEHTa JUIS MCCIAEIOBAHUS KBAHTOBOM KOPPEISAIMU 3allyTaHHBIX yacTuil. Ilocie Kojuiarca

nepBoro GotoHa V, (Ha pHUCyHKe He NOKa3aH) Ha momspusatope 1 BTOpoil ¢oToH V, mpHOOpETaeT OAHY U3 IBYX
BO3MOXHBIX TIOJSIPH3AIHI: MAPATLUIEIbHYIO HITH MEPICHIUKYIAPHYIO K HAIPaBICHHIO Mojspu3aTopa 1.

Bocronib3yemcsi  KBaHTOBO-ME€XaHUYECKOW (OpMysoi, Jaromieil BEpOSTHOCTh IMPOXOXKICHUS
(boToHA Yepe3 moIAPU3aTOP, ECIIU YTOJI MEK/IY MOTAPU3ALUSIMHU paBeH O :

P(6)=cos*(0) (D

O4eBuIHO, B HAIIIEM CITy4ae CO8MeCHHbIX TIPOX0XKACHHUI (JOTOHOB HE Oy/eT:

P, (0)=cos’ Zl=0 ()
2

Onnako dyepe3 KaXIbId W3 TOJSAPU3ATOPOB HEKOTOphie (oToHB mpoiayT. Habmromarenw,
HaxoJsIIMecs pSAIOM C MOJspu3aTopamu, 3apUKCUPYIOT BEPOSTHOCTh IMPOXOXKIEHHS (OTOHOB,
paBuyto 1\2. Ecnu  ucroynuk ucnyctut, Hampumep, 1000 ¢oToHOB, TO yepe3 KaxkIbplil u3
MOJISIPU3aTOPOB MPOUIyT poBHO TosoBuHA — 500 portoHOB. HO 3TO OymyT HE KOppeInpoBaHHBIE
($hoTOHBI: cpeau map He OyAeT HU OJAHOM, B KOTOPOM OUH U3 (P)OTOHOB MPOIIIEIT Yepe3 MOJIIPU3ATOP
OJIHOBPEMEHHO CO BTOPHIM (POTOHOM Ha JIPyroM IMOJISIpU3aTope.

Haobopot, ecinu nossipuzatopsl napajjiesibHbl, TO €CTh YIOJl MEKIy HUMH paBeH HYIIO, TO
4yepe3 MoJSIpU3aTOPhl OYIyT MPOXOIUTh TOJIBKO MapHbIe POTOHBI: €CITM MPOUIET NEePBbIN (HOTOH, TO
BTOpPOM OyleT CHPOCKTUPOBAH B KOJUIMHEAPHYIO TIOJISIPU3AIMI0O W TIPOMAET dYepe3 CBOM
MOJISIpU3aTop C BepOSITHOCTHIO 1. [Ipeanonoxum, 4To nepBblil MOJIIpU3aTOP HAXOAUTCS BIUIOTHYIO
K HCTOYHHUKY S, a BTOpOH — Ha HEKOoTopoM yraneHuu. [loatomy ¢otonsl B Hampasienun 1 Oyayr
KOJUIAIICUPOBATh Cpa3y K€ MpPH BbUIETE U3 UCTOYHUKA. B 3TOT k€ MOMEHT UX NapHble (OTOHBI
OymyT mpuoOpeTaTh MOSAPHU3AIMI0, MApaUICIbHYI0 TMEPBOMY MOJSPHU3AaTOPY. DTO O3HAYAET, UTO
BBIXOJJHOH IOTOK B CTOPOHY BTOpPOro MoJjsipuzatopa OyAeT COCTOSTh CJIOBHO Obl M3 JIBYX
(OTOHHBIX MOTOKOB. [lepBbIil U3 3TUX MOTOKOB — 3TO MOTOK IJIOCKO IMOJIIPU30BAHHBIX (POTOHOB C
M3BECTHBIM HAIpaBJIEHUEM MOJSpHU3alMU — HapauieIbHOM MepBoMy moJsipu3atopy. byaer u



BTOPOM MOTOK — U3 (POTOHOB, KOTOPbIE MUMEIOT ApPyroe HampasieHue nosspusauud. [lonpoOyem
BBISICHUTB, KAKO€ UMEHHO.

YcTaHOBUM Ha IyTH MOTOKa (POTOHOB BTOpoil mossipuzarop I, mapayuienbHbId EpBOMY.
OueBH/IHO, YTO M3BECTHBIH HaM IOTOK W3 IJIOCKO MOJISIPU30BAaHHBIX ()OTOHOB MpOMIET depes
MOJISIPU3aTOp € JOCTOBEPHOCTHIO. M3BECTHO Takxke, 4To 3TO poBHO 1\2 oT 00Imiero uyucna Bcex
(OTOHOB, MCIYLIEHHBIX UCTOYHUKOB B JAHHOM HampaBjieHuH. VccienoBaTenb Ha 3TOH CTOpPOHE
3adukcupyer 31oT pakr. Ho oH MokeT He 3HaTh, UTO (POTOHBI B IIOTOKE MMEIOT ONpPEJIEICHHbIE
HaIpaBJICHUS MOJISIPU3ALUN U CKaXeT, YTO yepe3 moJisipu3aTop npoxodsaT 1\2 ot Beex (GOTOHOB B
notoke. OH (uccneaoBaresb) He pa3AeiseT 3TOT NOTOK Ha JIBa U CYMTAET, YTO Yepe3 MOJIspU3aTop C
BEpOSTHOCTHIO 1\2 mpoxoaut Jiwbou u3 npuiereBmnXx (otoHoB. Ho Mbl 3HaeMm, yto B oOIiem
MOTOKE MMEETCS] M3BECTHBIM HaM TOAMNOTOK, KOTOPBIM MPOUAET Yepe3 MOoJspU3aTop ¢
BEPOSITHOCThIO 1, M MX oO0Iiee KOJIMYECTBO PaBHO TOMY KOJHUYECTBY, KOTOpo€ 3a(UKCUpYET
uccienonatesb. CrneaoBarenbHO, OCTadbHbIE (DOTOHBI He MPOWUIYT depe3 Mossipuzarop, a OyayT
3aJiepKaHbl ¢ BEposATHOCThIO 1. To ecTh M3 ocTajdbHBIX (POTOHOB YEpe3 MOJIAPU3ATOP HE MPOUIET
HHM OJMH. DTO O3HAyaeT, 4YTO CPEIHSs BEPOSITHOCTh ()OTOHOB B OCTaIbHOM IMOTOKEe paBHa 0.
[ToaToMy MBI MOJEM C YBEPEHHOCTBIO CKa3aTh, YTO 3TOT IOTOK BeCh COCTOUT U3 IIJIOCKO
MOJISIPU30BAaHHBIX (OTOHOB C MOJSpHU3AlMel, MNEepPHeHIUKYISIPHON HaNpaBJIE€HUIO HAIIEero
noJsisipu3zaropa (M, COOTBETCTBEHHO, IMEPBOrO IMOJISIPU3ATOPA), MOCKOJIbKY Yepe3 MOoJspU3aTop C
JOCTOBEPHOCTBIO HE TPOXOISAT TOJIBKO MEPHEHIUKYIISIPHO MOISPU30BAHHbBIE (POTOHBI.

OT0 0OCTOATENLCTBO HE JOJDKHO BBI3BATH OCOOBIX BO3PAKEHWW U BIIOJHE OOBSICHUMO.
@®OTOHBI, KOTOPBIE HE MPOILLIU Yepe3 MEPBbIil NOIIPU3ATOP, KOJUTAIICHPOBAIH, OYEBUIHO, MTOIY4HB
HaIpaBJIeHHUE MOJSPU3ALIH, TEPIEHIUKYISIPHOE IEPBOMY MOJISIPU3ATOPY U OBUIM UM TOTJIOIICHBI.
[Tapublit UM (OTOH aBTOMATHUYECKU ObLI CIIPOEKTHUPOBAH B TAKOE K€ HAlpaBJICHHUE MOJSpU3ALUN U
TOK€ OB MOIJIOIIEH BTOPHIM MOJISPU3ATOPOM.

WTak, Mbl MOXeEM C JIOCTaTOYHON YBEPEHHOCTHIO 3asiBUTh, YTO B PacCMATPUBAEMON CXeMe
SKCIEPUMEHTa IO BTOPOMY HAIIPaBJICHHMIO H3JIy4alOTCS JIBa IMOTOKAa IUIOCKO MOJIIPU30BAHHBIX
(OTOHOB: € BEPTUKAJIBHON W € TOPU3OHTAIBHON moJigpu3anuell (OTHOCHUTEIBHO MEPBOIrO
MoJIsipu3aTopa). IT0 OOCTOSATEIHCTBO HE MPOTUBOPEUUT MATEMATHKE KBAHTOBOM TEOPHH.

[ToBepHeM BTOpOM moJssIpU3aTOp, HanmpuMmep, Ha yroa 30 rpagycoB. DOTOHBI BEPTUKAIBHO
MOJISIPU30BAHHOTO  [OTOKA MPOWIYT B MEHBUIEM KOJMYecTBe, J00aBATCA (OTOHBI U3
TOPU30HTAIIBHO TOJSPU30BAHHOTO TOTOKa. B cootBercTBHE ¢ dopmynoit (1) mbl 3adukcupyem
COBII/ICHUS Ha BBIX0JIaX JIBYX MOJISIPU3ATOPOB:

P, (0)=cos’ % (3)

Ho urto mpousoiiger ¢ o0muM uuciaoM (OTOHOB, MPOLIEAUIMX Yepe3 MOJspu3aTop?
W3menutcs nmu ono? ®opmyna (3) maeT HaM KOJIMYECTBO Map ()OTOHOB, MPOILIEIIINX Yepe3
MOJISIPU3aTOp U MMEIOIIUX BEPTUKAIbHYIO Nosisipu3anuio. Ho ects BTOpol MOTOK ()OTOHOB — C
TOPU3OHTAIBHON ToJigpu3anueil. MOTOHBI M3 ATOTO MOTOKAa UMEIOT € TOJIIpU3aTopoM yroi 60
IPaayCOB U IMPOUIYT YEPE3 MOJSIPU3ATOP C BEPOSTHOCTBIO:

T
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Fy(0)=cos’| (4)
3

O6mee uncao GoTOHOB st MOTOKA B N €IMHUII COCTABHT:

8blX

N (3 )=%Ncos2 % Jr%Ncos2 % =

2 2 (5)
1 NER 1 1 3 1) 1
—Nx|— | +=Nx|=| ==Nx|=+—|==N
2 2 2 2) 2 4 4) 2
TaKI/IM O6p330M, JaXX€ 3HasdA, 4YTO Ha HOHHpOI/II[ HOCTyHaIOT Ba ITIJIOCKO HOJ'ISIpI/I?,OBaHHBIX II0OTOKa,
MBI HE MOXEM I/I3MepI/ITI) COOTHOIIICHHUC Me>1<z[y HUMUAU. 3T0 TOYHO COOTBCTCTByeT Hpenc1<a3aH1/Ho

KBAaHTOBOW TEOPHH. 3aMETHUM, YTO TEOpHUS JOIMOJHHUTEIBHOTO TapaMmeTpa (TEopHusi JIOKaJIbHOTO



peaiu3ma) yTBEp)KJIaeT, YTO BO BTOPOM KaHajie Bce (OTOHBI MMEIOT ClydailHble HalpaBJICHUS
MOJISIpU3aLIU Y.

Ho moxeT ObITh 3TO CBSI3aHO TOJIBKO C PAaCCMOTPEHHBIMHU YIJIaMU HaKJIOHA MOJspu3aTopa?
[TpoBepum 3T0 I ipou3BoJbHOTO yriaa @ . [IpuHuMas BO BHUMaHHE, YTO YIJIbI, 0Opa3oBaHHBIC
K&)K/IBIM [IOTOKOM C TIOJIIPU3ATOPOM, B CYMME PaBHBI 77/2 , HAXOHM:

1 1 1 1 1
N, (0)==Ncos’(0)+=Ncos’| -0 |=—N-=Nsin’(0)+=Ncos’| =-0 (6)
2 2 2 2 2 2 2
Hcnonb3yem ypaBHEHUE 7151 HOHWKEHUS CTEIEHU TPUTOHOMETPUYECKUX (PYHKIIMMN:
cos’ (a)— sinz(ﬂ) = cos(a + B)cos(a — ) (7)

C yuetom (7) npuBoauM (6) K BULy:
1 1 /4 T ®
—N+—Ncos| 0+——-6 |xcos| 0 ——+6
2 2 2 2

CoxkpaiiaeM 0JHOPOJHbBIE YJIEHBI U BUIAUM, YTO BTOPOE cllaraeMoe 00palaeTcsi B Hyllb, IOCKOJIbKY
KOCHHYC IIPSIMOTO yrjia paBeH HYJIIO:

N, (9)=%N—%Nsin2(9)+%Ncos2 %—9 =

8blX

N, (0):lN+lNcos 2 xcod 20-Z :lN )
2 2 2 2) 2

B cTtporom cooTBeTCcTBUM € IPEACKA3aHUEM KBAaHTOBOM TEOpUU 00ujuil BbIX0]l (GOTOHOB HE 3aBUCUT
OT yIJIa MEXIy NOJIIPU3aTOPAMHU.

BrIBOABI

1. Koumnanc ogHOro w3 mapsl 3amyTaHHBIX ()OTOHOB HPOELUPYET BTOPOHM (POTOH B OJHO U3
JIBYX COCTOSIHMM: KOJUJIMHEApHOE€ WJIM OpPTOrOHalIbHOE K HAIPaBJICHUIO IEPBOTO
noJsisipuzaropa. BcenencTBue 3TOro Ha BBIXOAE BTOPOTO MOJSIPU3AaTOpa BO3HUKAIOT JBA
IJIOCKO MOJISIPU30BAHHBIX OPTOTOHANBHBIX ITOTOKA.

2. B cootBerctBUM ¢ (OpMATU3MOM KBAHTOBOM TEOPUM MOXKHO MPEUIOKUTH TaKYIO
TPaKTOBKY MHOXuTenst 1/2 B ypaBHEHUHU P(9)=1/2><cosz(0). [IpoxoxaeHue ¢GOTOHOB
4yepe3 JBa MoJisipu3aropa (MpaBblid U JIEBBIN) OTPEACISICTCS COTJIACHO KJIACCUYECKOU TEOPHH
BEPOSITHOCTH KaK BEPOSITHOCTb COBMECTHOTO HACTYIUIEHHSI IBYX 3aBUCHUMBIX COOBITHI:

1/2 - BEPOSITHOCTb MPOXOKACHHS TIEPBOTO (JIeBOTO) (hOTOHA Uepe3 CBOU
MOJISIPU3aTOP;

2 o
N (9) - BEPOATHOCTb IIPOXOKAECHUS Yepe3 CBOH MOJIIPU3aTOP BTOPOro (IIpaBoro)

(dboTOHA TIPH YCIIOBUH, YTO NIEPBHIiA (JIEBBIH) (OTOH TOXKE MPOIIEn, rae 6 - yron
MEXAY MOJIIpU3aTOpaMHu.
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Abstract
Logical analysis of the phenomenon of entanglement in terms of quantum theory leads to
the conclusion that the anticipating measurement of entangled photons in one channel, leads to the
creation in the second channel a mixture of the two plane-polarized flows with mutually
perpendicular polarizations.



