Bdll J.S., On the Einstein Podolsky Rosen paradox
(mepeBon ¢ anri. - [1.B.IlyTeHUXUH; KOMMEHTApUK K BBIBOJAAM U OPUTHHAIBHBIN TEKCT CTAThH)

AHHOTAIUA

[TepeBon 3namenuroit crateu [.C.bemnna 06 DIIP-napanokce, a Takske KOMMEHTapuu K BbiBojaM bera
u opuruHan crarbu. Ctaths bena siBuiach yoeIuTeIbHbIM MAaTEMAaTUKO-JIOTMUYECKAM OPOBEPKEHUEM
JIOBOJIOB DUHINTEHHA O HEMOJHOTE KBAHTOBOIM MEXaHUKU U c(POPMYITHPOBAHHBIX MM MOJIOKEHHH TaKk
Ha3bIBAEMOT0 «IOKAJILHOTO peann3ma». Co qHs omyOauKoBaHus cTaThil B 1964roay U 10 HAITUX JTHEH
noBojeI berta, 6osee n3BecTHBIE B opMe «HEepaBEHCTB bemna», ciaykaT caMbIM pacpoOCTPaHEHHBIM U
[JIABHBIM apTYMEHTOM B CIIOPE MEXKIY IMPEACTABICHUSIMU O HEJIOKAJIbHOCTH KBAHTOBOW MEXAaHUKH U
L[eJIbIM KJIACCOM TEOPHIl Ha OCHOBE «CKPBITHIX EPEMEHHBIX>» UM «IOMOJIHUTEIBHBIX TAPAMETPOB.

B npennaraemoit pabote npuBOAUTCS IEPEBOJI cTaThi beiia 1 KOMMEHTapuu K ero BeIBojaM. Takixke
MpUBEJICHA caMa CTaThs B OPUTHHAIBHOM BapuaHTe. Bricka3zaHbl MIPeoIoKEeH s, YTO BO3paKeHUs
beinna sBISIOTCS KOMIPOMKUCCOM MEK]Ty CHEIIUaTbHON TeOpreil OTHOCUTEIBLHOCTH U
HKCIEPUMEHTAIHLHO HAOIII0OIAaEMbIM SIBIIEHUEM 3aIlyTAHHOCTH, UMEIOLIIM BCE BUJIUMBbIE IPU3HAKH
MTHOBEHHOM 3aBUCUMOCTH JIBYX OTJICJICHHBIX IPYT OT Jpyra CUCTeM. JDTOT KOMIIPOMHUCC U3BECTEH B
HAaIlIW JTHU KaK HEJIOKAIBHOCTh WM HecenapabeabHOCTh. HellokanbHOCTh ()aKTHIeCKH OTPHIIAeT
MOJIOKEHUS TPAAUIIMOHHONW TEOPUH BEPOSATHOCTU HA 3aBUCUMbBIE U HE3aBUCHUMBbIE COOBITHS U
00OCHOBBIBAET HOBBIE MOJIOKEHHUS — KBAHTOBYIO BEPOSTHOCTH, KBAHTOBBIE NpaBUJIa BHIYUCICHUS
BEPOSATHOCTH COOBITUH (CII0KEHUE aMILIUTY T BEpOSITHOCTEH). [10100HBI KOMIIPOMHUCC CITYKHUT MOYBOM
JUTSL BOSHUKHOBEHUSI MUCTUYECKUX B3TJISIZIOB HAa IPUPOJTY.

Yactp 1. [lepeBoa ctaThbu
CoxpaneHo (hopMaTHPOBaHHE OPUTHHAIBHOTO TEKCTA
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|. IIpencraBienue

[MTapamokc Ditamreiina, [Tomoabckoro u Po3ena [1] ObUT BBIABUHYT KakK apryMEHT TOTO, YTO KBaHTOBAs
MeXaHUKa — TeOpusl He MOJIHAsl M B HEe JIOJDKHBI ObITh BKJIIOUEHBI JOTOJIHUTENIbHbBIE TIepEMEHHbIE. DTH
JIOTIOJTHUTEIIbHBIC TIepeMEHHbIC JIOJDKHBI ObLTM BEPHYTh B TECOPHUIO HMPUYMHHOCTH M JIOKAIBHOCTH [2].
Otmeru™m, uyro wuzaes Oyner cdopMyIMpoBaHa MareMaTHyeckd U OyJeT IOKa3aHo, 4YTO OHa
HECOBMECTHMA CO CTATHUCTUYECKUMH IpEeACKa3aHUSIMU KBAaHTOBOW MeXaHUKU. [J1aBHYIO TpPyAHOCTh
co3ziaeT TpeOOoBaHHWE JOKAJIbHOCTH, O3HAYAIOIIEe, UYTO pPe3yJIbTaT M3MEpEeHUs Ha OJHOH CUcTeMe He
MO>KET 3aBUCETH OT JACHCTBAN HA OTIAIIEHHOW CUCTEME, C KOTOPOU OHA B3aMMOJIEMCTBOBAJIA B IIPOIIIIOM.
[Ipeanpuanmanuichk nonbITKH [3] MOKa3aTh, 4TO Jaxke Oe3 Takoi cemapadelTbHOCTH WM TPeOOBaHHUS
JIOKQJIbHOCTH HEBO3MOXKHBI HHUKaKhe WMHTEpPHpPETAlMd KBAHTOBOM MEXAHUKH CO «CKPBITHIMU
MEePEMEHHBIMI». JTH TIONBITKA OBUTH OMKMCAHBI, HATIPUMED, B [4] U NIPH JKeTaHUU MOXKHO HANTH JpyTHE.
Kpome Ttoro, B [5] Obuta sBHO MOCTpOeHA HHTEPIPETAIMs DIIEMEHTAPHON KBAaHTOBOW TEOPHUH CO
CKPBITOH IepeMeHHOU. DTa cnenupudeckas HHTEpIpEeTalus B ICHCTBUTEIILHOCTH UMEET Upe3BbIYaitHO
HEJIOKAIIbHYIO CTPYKTYypy. CoryiacHO pe3ynbTary, KOTOpbIi OyAeT JoKa3zaH 3/1eCh, 3TO XapaKTEpHO s
10001 Takoi TeopuH, KOTOpasi TOYHO BOCIPOM3BOIUT KBAHTOBO-MEXaHUUECKUE TPEICKA3aHNU.
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B npumepe, npusenernoM bomoM 1 AapoHOBBIM [6], DTIP-apryMeHT COCTOUT B CIIETYIOIIEM.
PaccMoTprM mapy 9acTHIl ¢ TONYHENIbIM CHHHOM, C(OPMHUPOBAHHBIX B CHHIJIETHOM COCTOSIHUH H
JBIDKYIIUXCS CBOOOJHO B IMPOTHUBOIIOJIOKHBIX HAIpaBleHUsX. V3MepeHHss MOTyT OBITH CHEJaHBbI,

Hampumep, ¢ nomoinibto MarHuToB lllpena-I'epnaxa Ha BBIOpaHHBIX KOMIOHEHTax cnuHa J; u O,.
Ecin m3mepenne kommonenTsl O, L8, re @ - HEKOTOpHI eIWHUYHEIA BEKTOp, JaeT 3HadeHHe +1,

TOTJIa, COTNIACHO KBaHTOBOM MeXaHmKe, m3Mepenue O, L8 nomkno maTh 3Hauenme -1 m HA0GOPOT.

Teneppr MBI BBLIBMUTAaEM THUHOTE3y [2], W 3TO sBIsSeTCs, MO KpaifHell Mepe 3aciayKHBaIOIIAM
paccMOTPEHMsI, 4TO, €CIM 3TH JABa U3MEPEHUs cJelaHbl B OTJAJIEHHBIX APYr OT Apyra MecTax, TO
OpHUEHTAIMs OJHOIO0 MarHuTa HE BIIMSAET Ha Pe3yJIbTaT, IOIY4YEHHBI Ha ApyroM MarHute. Tak Kak Mbl

MOKEM 3apaHee TpeJcKa3aTh pe3ydbTaT M3MEpeHusl JIo00H BBHIOPAaHHOW KOMIIOHEHTH O,

IpeABAPUTEIILEHO U3MEPUB Ty K€ CaMyl0 KOMIIOHEHTY U;, U3 3TOTO CIeIyeT, YTO Pe3yJbTaT JI00ro

TAaKOro W3MEPEHUs JODKEH OBbITh (aKTUYeCKH TMpejomnpeneieH. Tak Kak HCXOJHAs KBaHTOBO-
MeXaHW4ecKass BOJHOBas (YHKIWSI He onpedelisiem pe3ylbTara WHIUBUIYATLHOTO HW3MEpPEHHS, dTa
MpeIoTpeIeIEHHOCTh MOAPa3yMeBaeT BOZMOKHOCTH OOJIBIIOr0 Habopa COCTOSIHUH.

JlaBaiite 5TOT GONBIION HAGOP COCTOSIHHM ONpENeTMM IMOCPEACTBOM mapamerpos A .

CoBepleHHO 6e3pa3TuuHo, 0603HauaeT A eIMHCTBEHHYIO NEPEeMEHHYIO WM HX HaOop, WM JaKe
Habop (QYHKIHMA, U SBISIOTCS TIEPEMEHHBIC TUCKPETHBIMHU WM HENpPephIBHBIMU. OTHAKO MBI TIPUMEM,

aro A - 510 eMHCTBeHHBIH HenpephBHbIL napamerp. Torma pesynbrar A mamepenus 0; [ 3aBucut

orT d u /l , A pe3yJibTar B HU3MCPCHUA 02 [ﬂ) B TOM K€ CaMOM cCJIy4dac 3aBUCUT OT b A y |

*PaboTa moepkana yacTHIHO AMepukaHckoir KoMuccnei mo syiepHoit SHepruu
VB otmycke o SLACu CERN
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A(E, 1) =+1B(b,A) =+1, @)

—

['maBHOE B mpennonoxxeHuu [2] - 310 TO, 4TO pe3ynbTar B mis yacTumbl 2 He 3aBUCHT OT yCTAaHOBKH &
MarHuTa s dactrnsl 1, kak 1 A ot D .

Ecnu p(/l) - pacmpejielicHHe BEPOSTHOCTH A, TOrJa OXHIAeMble 3HAYCHHS COBMECTHOI'O

HAOJIOJIEHUS 9TUX JIBYX KOMIIOHEHT 5'1 (A u 52 [6 paBHBI
P(a,b) = [ dp(1) A(@,1)B(b, 1) 2)

Ono JOJDKHO PABHATBHCSA KBAHTOBO-MCXAHUYCCKOMY 3HAYCHHUIO OXUJAAHUA, KOTOPOC JIsI CUHIJICTHOTO
COCTOSHHUA paBHO

<51 [ﬁﬁz[ﬂ)>:—§[ﬂ). 3
Opnnako OyJeT MoKa3aHo, 4TO 3TO HEBO3ZMOXKHO.

KTo-To MOXeT mpenmodectb GOpPMYIUPOBKY, B KOTOPOH CKPBITHIEC IIEpEeMEHHBIE pa30UTHI HA JIBa
Habopa — OAMH 3aBUCUT OT A, npyroil - or B; 3Ta BO3MOXHOCTH COAEPIKUTCS B BBIINICYIOMSHYTOM
cilydae, Tak Kak A cojiepkar JIro0oe YUCIIo IEPEMEHHBIX, BCICICTBHE Yero MX 3aBHCHMOCTH OoT A u B
HEOTpaHWYCHHBI. B MOJMHONW (U3WYECKOW TEOpHH THIA IMPEAYCMOTPECHHOW DUHINTEHHOM CKPBITHIE
MepeMeHHbIE MOTJIM ObI UMETh THHAMHYCCKHE 3HAYCHUS M 3aKOHBI JBIDKCHHUs; HAll Habop A B 3TOM

Cclydyae MOXXHO IIPEACTaBUTh KAaK HayaJbHbIC 3HAYECHHUS OJTUX IIEPEMEHHBIX B HEKOTOPBIN
COOTBETCTBYIOIIUNA MOMEHT.

[11. HnrecTpanus



Jloka3aTenbCcTBO OCHOBHOTO pe3yJbTaTa 4pe3BblYaiiHO mpocTo. OJHAKO, Npekae YeM
MPEICTaBUTh €r0, PACCMOTPUM MEPCHEKTUBRY B BHI€ HECKOIBKUX UIUTIOCTPAIUH.

Bo-niepBbIX, He TpYOHO HPHUHATH, YTO NHPU HU3MEPEHUH CIOUHA OTJEIHHOM YacTUIbl, OH
CUMTBHIBACTCSI M3 CKpBITON nepeMeHHO#. IIpeAmnosnoxkum, 4ro Mbl UMEEM CHUH MOJIOBHHA YacCTHIIHI B

YUCTOM CIIMHOBOM COCTOsSHHH C nonﬂpmauneﬁ, 0003HaYCHHOM CAUHUYHBIM BCKTOPOM p . Bo3pMméM B

—

KauecTBE CKPBITOM TepeMeHHOW (I mpuMepa) CIUHUYHBIA BEKTOP A ¢ OJTHOPOJTHBIM

pacipenenenneM BepostHoctr Ha mnoaychepe AP >0. 3agamum, uro pesyasrar msmepenus
KoMmmoHeHTs O [ a8

signA [&' (4)
re @ - eAMHUYHBIA BEKTOP, 3aBACSIIMI OT @ u [0 Kak onmcao, n GpyHKIus Sign,pasuas +1 wm -1
B 3aBHCHMOCTH OT 3HAueHHs] ee aprymMeHTa. (MaKTHYecKdH 3TO INPUBOJUT K HEONpEIeTeHHOMY
pesyasrary, xorma Al@ =0, Ho, mockoibKy BepOSTHOCTH 5TOr0 - HOJNb, MBI He OyIeM IeniaTh

—

CIICIUaJIbHBIX YKaBaHI/Iﬁ Ha 3T0. B CpCAHEM 110 A OXKHAACMO€ 3HAYCHHUE COCTABIIACT

~ 20
<JglAa>=1-— (5)
m
Ine @' - yron mexay a u ﬁ . IIpennonosxuM teneps, 4To a MOJIy4YEHO U3 a BpalllcHHEM K |3 zo
20
1-— =co¥ (6)
m
rae @ - yroa Mexmay aun ﬁ . Torna Mbl UMeeM KeJaTeIbHbIA pe3yJbTaT
<gla>=cod, (7)

Nrak, B 3TOM MpoCTOM cilydyae HE COCTaBIIIET TPyJa MPEJICTABUTh, YTO PE3YJIbTAT KaXI0r0 U3MEpPEHUs
oTpejie/ieH 3HAaYCHUEM JIOTIOJTHUTEIIHHON MMePEMEHHON, M YTO CTAaTUCTHYECKHE OCOOCHHOCTH KBAHTOBOM
MEXaHUKH COOJIOJIAIOTCSI, TOCKOJBKY 3HA4Y€HHE 5TOH MEepPEeMEHHON B WHIUBUYAIBHBIX CIydasx
HEU3BECTHO.
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Bo-BTOpBIX, HET HHKAKOH TPYJAHOCTH B BOCHpOHM3BeleHUH B (Gopme (2) eIUHCTBEHHOM
ocobeHHocTH (3), Kak 3TO OOBIYHO JIENIAeTCsl B YCTHBIX OOCYKICHUSX 3TOM MPOOIEMBI:

P(d,d) = -P(d,~a) = -1

I = 8
P@b)=0 npu alb=0 ®
Hanpumep, mycts temeps A - 310 enmmmunbii Bektop A ¢ omHOpoHBIM pacmpeneneHHeM
BEPOSTHOCTH IO BCEM HAIPABJICHUSIM, U TPUMEM
A3, /) =sign@m)
e 9)
B(a,b) =-sign(b [A)
OT10 fgaet
=~ 2
P@,b)=-1+—-6, (10)
T
rae 6 - yroa mexny au b, u (10) umeer crotictia (8). J[i1st cpaBHEHUs, paCCMOTPUM pe3yJIbTaT
MoauuKamu Teopud [6], B KOTOPOi YHCTOE CHHTIIETHOE COCTOSTHUE 3aMEHSACTCS CO BpEMEHEM
H30TPOITHOM CMECHIO COCTOSIHUI; ATO JaeT HYHKIIUIO KOPPEIISIIHH
1. -
32 (b (11)



Bumumo, skcriepuMeHTabHO HaMHOTO Tipoire Haiitu otiauuune (11) ot (3), uem (10) ot (3).
B otnuune ot (3), pynkius (10) He nocTosiHHA B Touke MuHMymMa —1 @ 6 = 0).
IToxoke, 9TO 3TO XapakTepHO It QyHKIHIA THITA (2).
B-TpeThrX, W B 3aKiIIOUCHHWE, HET HHUKAKUX TPYJIHOCTEH B BOCIPOU3BEICHHHA KBAHTOBO

—

MeXaHH4YeCKoH Koppemsiuu (3), ecild mo3BoiuTh pesyiastataM A u B B (2) 3aBucers or D u @ n,

—
—

- - 1 .
COOTBETCTBEHHO, Takke oT a u D . Hampumep, 3amerum @ B (9) Ha @ , momy4yeHHBId w3 a

BpalleHHeM K b

1—39’=cosﬁ,
T

—»’ — o
rae @' - yronmexay @ u b. Opnako, U JaHHBIX 3HAYEHUH CKPBITHIX IEPEMEHHBIX, Pe3yIbTaTh
W3MEpPEHUH OJTHUM MarHUTOM TeIePh 3aBUCAT OT YCTAHOBOK OTJAAJICHHOTO MarHUTa, 9YTO B TOYHOCTH
TEM, Yero MbI XOTeIU Obl N30€XKaTh.

V. IlpoTruBopeune
Temepp nokaxkem ryIaBHBIA pe3yibTar. [lockonbky P - HOpMaJIM30BaHHOE paclpeieieHue
BEPOSITHOCTH,

[dap() =1, (12)
u cornmacHo cBoicTBY (1), PB (2) He MoXxeT ObITh MeHbIIe YeM -1. OHa MOXKeT OBITh TOUHO paBHa -1 pu

a=Db, romsko ecu

A3, 1) =-B(b,1) (13)

WCKITIouas n3 Habopa TOUKH /T C HYJIEBO# BeposTHOCTHIO. C Mpu3HaHKE 3TOT0, (2) MOXKHO MepenucaTh
P(a,b) = ~[ dAp(A) A@ 1) AD, A). (14)
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—

N3 storo CJICAYCT, YTO AJId HCKOTOPOTO CAUHUYIHOI'O BEKTOPA C
P(a.b) - P(8,2) = ~[ dAp(A)[AGE M) AB, 1) - A3, ) A, )]
= [ Ap()AGE ) Ab.AB,AAE,A) -1]
ucnon3ys (1), momyunm

P(@,b) - P(@,0)| < [ dip(A J1- AB, ) AR, 1)
BTopoe BEIpakeHHe CIIpaBa - 3T0 P(B, C), otkyzna
1+P(5,¢) 2|P(a,6) - P(@,0) (15)
Ecmu P He sBisieTcss KOHCTAHTOM, TO TpaBas CTOPOHA UMEET B OOIIEM ciydae MOpSIOK |6 —C | mns
MaJIbIX 3HAYCHHMA |6 —C |. Takum o6pasom, |3(§., 6) HE MOYKET OBITh MOCTOSSHHBIM B MHHHMYyMe (-1 B

touke D — C) u He MoXKeT paBHSTHCS KBAaHTOBO-MEXaHAYECKOMY 3HaueHHO (3).
KBanToBO MexaHwueckas Koppesuus (3) He MOXeT OBIThb MPOHM3BOJBHO  OJIM3KO
armmpokcumupoBana ¢Gopmoit  (2). dopmanbHOE OKA3aTENbCTBO 3TOTO MOXKET OBITH H3JIOKEHO

4



CJICAYyOIHM O6p2130M. UToOBI HE OSCIIOKOHUTHCS O HEBO3MOXKHOCTHU HpI/I6J'II/I)KeHI/I$I B H30JIMPOBAHHBIX

TOYKax, paccMoTpuM BMecTo (2) u (3) pyHKIHMH

P(a,b) » —a

. S/= 8! _ = ]
)
e Gpyckn (HaquépkuBanms) o3HadaroT Hesasucumble yepenenuns P(&,0") u —a [’ mo exropam

—

pazimyre MeXly HIMHA OTPaHUYEHO BEJIMUYUHON & .

P(a,b)+a[ﬂ)\se

HI/I)Ke 6y):[eT II0Ka3aHo, YTO £ HE MOXKET 6LITB ClcJIaH HpOI/BBOJ'IBHO MAJICHBKHUM.
[Tpeamosoxum, uro juis Bcex au b

—a|<o

Q) ‘
=

Torma us (16)

‘5(&,5)+é[ﬂ3‘sg+5
U3 (2)

P(a,b) = [dAp(1)AE,A)B(b, 1)
rae

A@M <1 u [BOA)<1
3 (18)u (19),mpu a = 6 ,

dAp(N)[A@E N)B(b,A) +1]<e+0

ns (19)
P(a,b) - P(&,c) = [ dp(N)[A(E, A)B(b, 1) - A@,N)B(C, )]
= [dAp(N)A(E, 1) B (D, 1)1+ A(D,1)B (G, )]
= [dAp(N)A(E, A)B(E,A)[L+ AD, )B(E,A)]
Tom 1, Ne3 ITAPAJIOKC SUHILTENMHA I[TOOJIBCKOTI'O PO3EHA

Hcnoassyem (20), Torna
P@b)-P@c)|< [dip¢ Y1+ A®,N)B(E, )
- j d)lp(/])[1+ K(B,A)ﬁ(B,A)]
Teneps ucnonssyem (19)u (21)
P(ab)-P@0)|<1+P{,0)+&+4
Haxkomnerr, ucrons3yem (18)
\am—a[ﬂ‘i\—zww) <1-b @& -2(c +J)

nIm

[} 1 _ — R —
aub s Ipe/enax yKa3aHHBIX MaleHpKknX yrioB @ u D . Ilpemmomnoxxmm, uto s Bcex @ u D

(16)

17)

(18)

(19)

(20)

(21)
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4(5+5)2‘é[¢—é[ﬂ3‘+5[&—1 22)

Jlns mpumepa npumem, uto al€ =0, a b=blE= ],/ V2 . Torna

de+d)=2+2-1
Kak BumM, 115t TFOGOTO Majioro KOHEYHOTo O, € He MOXKET OBITh MPOU3BOJIBHO MaJIbIM.

Taxkum 06pazom, 3HaUeHUE KBAHTOBO MEXAHUUYECKOI'O 0XKHUJAHUSI HE MOXKET OBbITh IPEACTaBICHO
HU TOYHO, HU MTPOM3BOJIBHO OJIU3KO B hopme (2).

V. O000menne
[IpuBeeHHBIN BBIIE MpPUMEp HMEET TO MPEUMYIIECTBO, YTO OH He TpelOyeT OOJBIIOro
BOOOpa)keHHUs, YTOOBI MPEIyCMOTPETh W3MEpPEHUs, MCIOJB3ys ONMUCAaHHBIE paccykiaeHus. B obmem
ciydae, puHuMast [7], 4to 000l 3pMHUTOB OmepaTop ¢ MOJHBIM HAOOPOM COOCTBEHHBIX COCTOSIHHIA
SIBIIIETCSl «HAOJIFOIaEMO¥», pe3yIbTaT JIETKO MOYET OBITh pacIIUpeH Ha Jpyrue cucreMbl. Ecim jBe
CHUCTeMBl HMEIOT pPa3MEpHOCTH TMPOCTpaHCTBA OoOJbINe 2, MBI BCEra MOXEM paccMaTpHUBATh

JIBYXMEpHBIE MTOAMPOCTPAHCTBA M OIPENENIUTh B MX IepecedeHun omeparopel J; u 0, , dhopmMaibHO

AHAJIOTUYHBIC HCIIOJIB30BAHHBIM BBIIIEC, U KOTOPBIC HMCIOT HYJICBBIC COCTOSAHHSA BHC COBOKYIIHOCTH
TOAIPOCTPAHCTB. TOFI[B,, 10 KpaﬁHeﬁ MEpe, A OAHOI'O KBAHTOBO-MCXAHHWYCCKOI'O0 COCTOSHUA
KCHHIJICTHOEC>» COCTOsSHHE B O6’be,Z[I/IHeHHBIX MOAIMPOCTPAHCTBAX H CTATUCTUUCCKHUE IIPCACKa3aHHA
KBAaHTOBOM MEXAHUKH HECOBMECTUMEI C OpeACTABJICHUCM O paSI[eJ'IéHHOCTI/I.

VI. 3akaouenune

B kBaHTOBO#l Teopuu C JONMOJHUTEIBHBIMH MapaMeTpaMH JUIsl TOTO, YTOOBI OINpEAETUTH
pe3ynbTaThl UHAUBUAYAIbHBIX U3MEPEHUN 0€3 TOTro, YTOObl U3MEHUTh CTATUCTHYECKUE MPEeACKa3aHus,
JOJIKEeH OBITh MEXaHMU3M, IIOCPEICTBOM KOTOPOTO HACTPOiiKa OJHOI0 U3MEPSIOIIEro yCTPOCTBa MOKET
BIIMSTH HA YTEHHE JPYTrOro OTAAIEHHOr0 HHCTpyMeHTa. Kpome Toro, 3a/1eiCTBOBaHHBINA CUTHAJ JOKEH
pacpoCTPaHsATHCS MTHOBEHHO TaK, YTO TaKas TEOPHUSI HE MOXKET OBITh JIOPEHII-UHBAPHUAHTOM.

Koneuno, cutyanust OyJeT WHOM, €cClid KBaHTOBBIE MEXaHWYECKHE IMpeIcKa3aHUus HMEIOT
OTPaHUYEHHYIO JIOCTOBEPHOCTh. OUEBUAHO OHM MOTYT OBITH MPUMEHEHBI TOJBKO K SKCIIEpUMEHTAM, B
KOTOPBIX YCTAHOBKM HHCTPYMEHTOB CJI€JIaHbl 3apaHee, YTOObI IMO3BOJIUTH UM JIOCTUYh HEKOTOPOM
B3aUMHOH CBSI3M JUIsi OOMEHA CUTHAJIAMH CO CKOPOCTBIO MEHBITIEH MM paBHOW CKOPOCTH cBeTa. B aToii
CBSI3U KPUTHYHBIMH SIBJISIFOTCS AKCIEPUMEHTHI THIA TPEIIOKEHHOT0O bomMoMm um AapoHOBbIM [6], B
KOTOPOM HACTPOUKH U3MEHSIOTCS] B TEUEHUE MOJIeTa YaCTHII.

Bripaxaro GiarogapHocts qoktopy M. Bandern J.K.Preeinga o4yeHp nosie3Hbie 00CYXICHUS
sToi mpoOiembl. [lepBblii BapuaHT cTaThW ObUI HamKCaH BO BpeMsl MpeObIBaHUS B YHUBEPCUTETE
Brandeis; o06s13an KojuieraM B HeM U B Y HUBepcuTeTe BUCKOHCHHA 3@ UX HHTEPEC W TOCTEIIPHUMCTBO.
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Yactp 2. KoMmMeHTapuu K BHIBOIAM

[Iyrennxun I1.B.
m55@mail.ru

OO6parumMcs K cieayromeMy BeiBoay berna:

«B reanmosoii meopuu ¢ OONOIHUMENbHLIMU NAPAMEeMpamu 0 mo20, Ymobdvl onpeoenums
pe3yivmamsl  UHOUBUOVATbHBIX — U3MepeHUll  0e3 moeo, 4mobObl USMEHUMb  CMAMUCMUYEeCKUe
npeoCcKazanuisl, O0JICeH OblMb MeXaHUusM, NOCPeOCME8OM KOMOPO2O HACMPOUKA 00HO020 USMEPSIOUe20
yempoiicmea  Modcem  GIUAMb HA  UmMeHue O0py202o omoaieHHo20 uHcmpymenma. Kpome moeo,
3a0eticm8OGAHHbBI CUSHAT OOJICEH PACHPOCMPAHAMbCS MCHOGEHHO MAK, YMO MAKas meopus He
Modicem Ovimb openy-unsapuanmom» [2].

Wrak, niis Toro 4To0BI «a10JTHASI» KBAHTOBAS TEOPHUS Jieiaia TaKhe )K€ CTaTUCTHYECKHE TIPeICKa3aHus,
Kak U TpaJMIIMOHHAs, HEOOXO0UM MEXaHU3M B3auMOACHCTBUS MeX Ty u3MeputessiMu. K takomy
BBIBOTY bemt mpummén, mocie1oBaTeIbHO U HEYKIIOHHO CIIETYsI HCXOTHOMY MOJIOKEHUIO DUHITITeHA!
Mpe/icKa3aHusl «IOJIHOM» KBAHTOBOM MEXaHUKHU JOJKHBI OBITh CTATUCTHYECKUMHU, BEPOSTHOCTHBIMH.
3/1ech MO/ «IIOTHOM» KBAHTOBOW MEXaHHMKOM TOIpa3yMeBaeTCs TEOPHsl, OTBEYAIOIIasi BEICKA3hIBAHHUIO
DUHITeHA: «Xoms Mbl U NOKA3AIU, YMO 80HO6AS PYHKYUSL He 0aém NOIHO20 ONUCAHUSL (hu3uyecKoll
PpearbHOCmu, Mbl OCMABULU OMKPLIMbIM 60NPOC 0 MOM, Cyujecmeyem iy makoe onucanue uiu Hem. Mboi
oymaem, 0OHAKO, Ymo maxdsi meopusi 603MouCHa» [ 7], Win Teopus, BKIIIOUYArOIIas B ce0s
«JIOTIOJTHUTEJIbHBIE TapaMeTPhI».

B 571011 cBSI3M HalTOMHUM BhICKa3bIBaHUE AJieHa AcnekTa: «DUHINTEHH Ha caMOM JieJie He TOBOPHUII O
«CKPBITHIX TEPEMEHHBIX» WU «TOTIOJHATEIFHBIX ITapaMeTpax», a CKopee 00 «JjeMeHTax GU3nIecKon
peanbHOCTH». COOTBETCTBEHHO, MHOTHE aBTOPBI TOBOPST CKOPEE O «PEATUCTUUECKUX TEOPUIX», a HE O
KTEOPHSIX CO CKPBITHIMH IMEPEMEHHBIMU» HIIH «TEOPHSIX JIOTOJTHUTEIILHBIX TEPEMEHHBIX». [1]

[Tonydennble bensioM BBIBO/IBI OTBEPralOT BOZMOKHOCTD HOMYUEHHS TAKUX BEPOSITHOCTHBIX
pe3yIbTaTOB MPU HAIMYUH OJHHUX TOJIBKO «IOMOJIHUTEIBHBIX MepeMeHHBIX». [loaToMy aenmaeTcst
MPUBEAEHHBIN BBIIIE BBIHYKJICHHBIA BBIBOJI O CBSI3U MEX]y U3MEpUTEISIMUA. UTO 3TO 03HAYaeT?
[Ipenmonoxum, 4TO MOTYyYEeH HEKHH pe3yibTaT U3MepeHus Ha OnwxHel cucteme. Ecmu Obl oH
OBLT CITydalfHBIM, BEPOSITHOCTHBIM, HE CBSI3aHHBIM C JISHCTBHSMH HAJl yIAJIGHHONH CHUCTEMOM, TO 3TO OBbLI
01 pesynbpTar A. Ho Ha camoM jerne moxydeH pe3ynbraT apyroii — B. A mMeHHO, pe3ynbTaT, KOTOPHIHA
HE MOXET pacCMaTpPHBAThCA KakK CIy4daiHbli! DTOT pe3yiapTaT OTpakaeT Kak OBl 3aBUCUMOCTH OT
M3MEpeHUusl Ha yAaJIeHHOW CHCTeMe, OH C 3TUM Pe3ylbTaTOM HMEET, MMyCTh KaKYIIYIOCs, HO BCE-TaKu
CBSI3b, CBSI3b OOJIee 3HAYNUMYIO, YeM TPAJAUIIMOHHAS CIy4alfHOCTh. DTOT pe3ysbTaT MOXKHO MPEJCTABUTh
Kak MoJ0pachkiBaHUE MOHETHI, TIPH MaJICHUU KOTOPOU Op&N BBINIATAET, HAIPUMED, B JBa pa3a yalle, yeM
pemika. O4eBUIHO, YTO pe3yJIbTAThl OPET U pellKa B JaHHOM ClIydyae He PaBHOBEPOSTHBI, U BBINAJCHHE
OJIHOTO M3 HUX SIBHO C813aHO ¢ OCOOCHHOCTSIMU MOHETHI, CTOJIA WJIA C XUTPOCTHIO UCCIIEeIOBATEIIS.
KakoBa ’xe mpuumHa Takoro pe3yibTaTa W3MEpeHHss Ha OmmkHed cucteme? PaccMoTpum
BO3MOXHBIE BapuaHThl. Hampumep, pedynbrar B Bo3HUK u3-3a TOro, YTO M3MEPUTETh HA yIATEHHON
CUCTEeME Iepejial CUTHAJI U3MEpHUTENo Ha OJMKHEH chcTeMe M TOT, U3MEHHUB CBOE COCTOSIHME, CBOU
HACTPOWKH, TPOYMTAT y YACTHIBI JTOT pe3yiabTar B BMecto pesynbrata A. MMmeHHO Takoe
MPEeANoNoKEeHNe BBIIBUHYN bemn, 4ToObl CBSi3aTh BOEJUHO <IOMOJIHUTEIbHBIE MEPEMEHHBIE»
DWHINTeHA W CTaTHCTUYECKUE Mpe/CKa3aHusl KBaHTOBOW MexaHWku. OJIHAKO ATO OOBSICHEHHE HE



MOXeT OBITh MPUEMIIEMBIM, TIOCKOIBKY HAPYIIAIOTCS BBIBOJBI APYTOil TEOPHH — CIEIUATHHONU TEOPUHU
OTHOCHTEJIEHOCTH.

Bapuant npyroii. MoXXHO MNpeANoONoXKUTh, YTO ONMNKAWIMUN H3MEPHUTENh... MPOCTO BbIIAT
JOXHBIA pe3ynbrat, coaran! IlomyuwB pesynbrar wu3mepeHuss - C (BEpOSITHOCTHOE, CiIydaiHOE
3HaYeHHWEe, HUKAaK HE CBs3aHHOE C M3MEpPEHHEM Ha YAaJICHHOM cHcTeMe M He COBIMaJaroliee ¢
IpecKa3aHueM «HEMOJIHON» KBAHTOBOM MEXaHWKH), OH OTOPOCHIJI €ro M BbIJall HaM pe3yibrar B —
3aBHCUMBIN OT YAQJIEHHOTO U3MepuTelis. Ml BHOBb 3TO O3HA4aeT, YTO €CTh (CBEpXCBETOBAas) mepenava
CHTHAJIa OT YIAJIEHHOTO H3MEPHUTENS K OJIM3IIexKaIeMy H3MepUTEITIO.

He tpyano 3ametuth, 9To 00a 3TH BapHaHTa B OMpPEIEIEHHON CTerneHn cxoxu. Kak moHumaTh
cioBa bemna «enusaTh Ha uTeHHe»? OUEBUIHO, 3TO HE TO K€ caMoe, YTO «BJIUSATH HA COCTOSIHUE BTOPOU
CHCTEMBD». BimsHue Ha dYTeHWe O3HAa4aeT HU 4YTO WHOE, KaK uU3MeHeHUe COCTOSHHUS BTOPOTO
u3mepurerst! To ecTh, U3MEPUTENTH caM YTO-TO U3MEPUJI, MEpemEN B COOTBETCTBYIOIIEE COCTOSHUE, HO
CHTHAJI OT YHAJIEHHOW CHCTEMBI TEpPEeBEN €ro B Opyeoe COCTOSHWE, HE TO, KOTOpOE OH IOIYyYdsT B
pe3yibTare coOCTBEHHOI'O U3MEPEHUS.

Ecimu cocrostHre BTOPOTO M3MEPUTEINST U3MEHUIOCHh, YTO MOXKHO CKa3aTh O COCTOSHUH BTOPOH,
OonxHel cuctempl? TOIBKO OJHO: OHO HAM He U36eCHmHO, TTIOCKOIBKY 0 HEM MBI MOXKEM CYAUTH TOJIHKO
o wH(OpPMAIMH, TOCTYIUBINEH K HaM OT ATOro BTOporo, OmmwkHero m3meputens! To ects, mo bemry
3TO O03HAYaeT MCIIOJIb30BAaHUE HemouyHo2o TpHuOopa, KOTOPBIM NPU3BAaH YCTPAHUTH OIMMOOYHOCTH
WCXOJ/IHBIX TPEAIOJIOKEHIH paccMaTpruBaeMoil IokabHOM Teopun. [IpuBeném neranm BeIBoI0B bera:

1. 3amperiena cBs3b MEXy YaCTHIIAMH, HO OHA HeM30eKHA MEXKIy PHOOpaMH.
2. 3amperreHa CBs3b CBEPXCBETOBAS, HO MKy TIpHOOpaMH OHA HeW30eKHA.

Onnako «Hen30exKHbIe» BBIBOJABI bemna Ha caMoMm Jejie J0JDKHA O3Ha4daTh OE€3BBIXOJIHOCTH
CUTyallu: ISl <JIOTIOJTHHUTEIBHBIX TEpEeMEHHBIX». VX Hammume TpeOyeT CBEpXCBETOBOHM IIepenavn
curHana! TTockosbKy B MCXOJHOU <IIOJIHOW» KBAHTOBOM TEOPUHU 1O DUHINTEHHY MEXIY YacTHUIAMU
Takasi CBSI3b OTCYTCTBYET, TO OHA HABS3YMBO BHICTYIIAET B TAKOM <ATapOIUITHOM> BHJIE — CBEPXCBETOBOM
CBSI3M MEXKIY U3MEpUTENsIMU. 1o ecTh B OoJiee IMUPOKOM CMBICTIE MOXKHO CKa3aTh, YTO beln mpuxoauT K
BBIBOJIY: KOPPEIAIHSI pe3yIbTaTOB 0e3 CBSI3M MEXKIY CHCTeMaMH (JacTuIla + M3MEpHUTENb) HEBO3MOXKHA
U OHa — CBepXCBeTOBas (0 TOM, KaK OHA JIOCTUTACTCS B <HETIOJIHOM», TPAIUITMOHHON KBAHTOBOM TEOpHH,
yMmauuBaetcsi). BeiBosibl benia mokas3pIBarOT, 4TO MOJYYEHHBIN pe3ysbTaT (Koppessius) GakTudecKu
MOJTHOCTBIO ~ d0eKéameH CBEPXCBETOBOW (643U MEXAY CHCTeMamH (J4acThia + WM3MEpHTElb).
[IpunepxuBasich JTOPEHI-MHBAPHAHTHOCTH <IIOJTHON» KBAaHTOBOM MEXaHWKH, bel MmokasbIBaeT, dYTo
«JTIOTIOJIHUTENbHBIE TIEPEMEHHBIE», TEM He MeHee, HapylaloT e€. DUHINTEHH He MpejaaraeT perieHus
poOJIeMBbl, TTOCKOJIBKY HE pacCMaTpUBaeT HE - BEPOSTHOCTHYIO 3aBHCUMOCTH. OJIHaKO HaOII0aeMoe
SIBJICHHE HE MOXKeT OBITh ONMUCAaHO WHaye, uyeM Oojiee CHIIbHAs, HEXelu ClIydaifHas, 3aBUCUMOCTH
W3MEpeHUH, KOTopas NpPaKTHYEeCKH CXO0XKa C BIUSHHEM OJHOTO W3MEpEeHHWs Ha Jpyroe. bemn 3to
JTOKa3bIBaeT B CAaMOM O0IIIeM BHUJIE.

XoTs nokazaTensCcTBO bemura OMKHO OBUIO IMOKa3aTh OTCYTCTBHE 3aBUCHMOCTH MEXITY
HU3MEPEHUSMH, U B 3TOM CMBICJIC €r0 JOBOJIbI COBIAIAIOT C IEJIIMU DWHINTeHHA (IT0Ka3aTh OTCYTCTBHE
CBSI3H MEXJIY CHCTEMaMH), HO BBIBOJIBI YOKIAIOT, YTO M3MEPEHUS SBJISIOTCS] 3aBUCUMBIMHU. belt SIBHO
HE MPUBOJIUT 3Ty 3aBUCUMOCTH (3akoH Maityca):

P(a,b)= % xcog (a,b)

P@b) —BeposTHOCTH COBMECTHOM pETUCTPAIMH ABYX 3aIlyTAHHBIX YaCTHII;
(a,b)  —yrox mexmay U3MepHTEIIMH.
MO’KHO JTH, paccMaTpuBast 3Ty 3aBHCHMOCTE, CKa3aTh HHAYe, HEKEITH «Pe3yJIbTAaT OJHOT0 H3MEPEHHSI
3aBUCHT OT yriia (HaCTPOUKH) yIaIEHHOTO n3MepuTessi»? HacTpoiika y1aneHHOTO H3MEPHUTEISE SBHBIM
00pa3oMm eusiem Ha pe3ysIbTaT H3MEPEHUS Ha JaHHOM cucTeMme. Y Bert 1oka3pIBaeT 3T0 BIOJHE
yOeIUTENIbHO: Pe3yIbTaThl U3MEPEHHIA 3aBUCST APYT OT APYra, OHU HE SBJISIOTCS HE3aBUCUMBIMH,
BEPOSATHOCTHBIMHU. ECTh JTit ipyroe onucanue sBieHnsn? MOTyT JIi pe3yIbTaThl H3MEPEHHiA OBbITh He
cayyatinblmu (O OTHOLICHHIO JIPYT K APYTY) B BMECTE C TeM Hesasucumvimu (Apyr oT apyra)? OnHako
HEJIOKAILHOCT YTBEPXKIAET ITO.

[To DiHIITEHHY pe3yabTaThl W3MEPEHHs YaCTHI[ KOCBEHHO SBISIFOTCS 3aBHCHMBIMH. OJTa
3aBHCUMOCTh (DOPMUPYETCS] B MOMEHT 3allyThIBaHHsI YACTHUIl M COXPAaHsIETCs 10 KOHIA ombIita. To ecTh,
CIIy9aliHBIMH COCTOSIHHSI YacTHIl (OPMHPYIOTCS B MOMEHT WX pasjejieHus. B nanpHeimeM oHH
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COXPAHSIIOT MOJYYEHHBbIE IPH 3alMyTHIBAHUU COCTOSIHUS, U <XPAHATCS» OTH COCTOSHUS B HEKHX
3NeMEHTax (pU3NYIeCKOi PeaTbHOCTH, ONICHIBAEMBIX «TOMOTHUTEIFHBIME TapaMeTPaMu.

«Ho 00no npeononodxcenue npeocmasisemcs mue deccnopHvim. Peanvnoe nonoocenue eeujeti
(cocmosnue) cucmemvl S He 3a6ucum om mozo, 4Mo NPOOEbIBAIOM ¢ NPOCMPAHCMEEHHO OMOENEHHOT
om Heé cucmemoti S». [6, €.290]

«..MAax Kak 60 pems usmMepeHus Smu 06e CUCMeMbl yice He 63aUM0o0eticmeyiom, mo 6
pe3yibmame Kakux 0vl mo Hu OblLI0 onepayuti Hao Nepeoli CUCmeMoll, 60 8MOPOU cucmeMe yice He
MOACEM NONYYUMbCSA HUKAKUX PeAIbHbIX U3MeHeHUt». [ 7]

B cBoux BeIKIaakax bemn koHKpeTH3MpyeT STH Hpe/cTaBieHus ODifHiuTeliHa B ¢popme Habopa

napamerpoB, o603HaunB uX A . COCTOSHHS CHCTEM BO3HHKAIOT CIIy4aifHO, IpaBia, HE B TOUKE
pa3JieJIcHUsl CHCTEM, a B TOUKaX U3MEPEHUS, M0 <BAIKMCIM>» B JIONIOJHUTEIBHBIX TepeMeHHbIX. U Takas
BEpOSTHOCTHASI 3aKOHOMEPHOCTD, Kak Jloka3an bem, uckmouena. Ho maxe B 3ToM cirydae pe3yiibTaThl
W3MEPECHUN OKa3bIBAIOTCS 3aBUCHUMBIMH JIPYT OT Jpyra. JIeWCTBUTENBHO, €CIIM YaCTHUIbl TPUHUMAIOT

CBOM 3HAYCHUS, 3aBUCUMBIC OT CKPBITBIX IIapaMCTpOB /] — «pe3yivmam A usmepenus Jl [ﬁ 3asucum

—

om & u A, a pesynomam B usvepenus 0, B 6 mom xce camom cnyuae 3asucum om b uA»[2], mo

v camu mapamerpsl A GBUIM B3aMMOCBS3aHBI NP Pa3IENCHHH CHCTEM, TO 3TO HH YTO HMHOE, KAK
OTIOCpEI0BAaHHOE BIMSIHUE U3MEpEeHui Apyr Ha apyra. OnocpenoBaHHOe, HO, TEM HE MEHee, — BIUsHHE,
3aBUCUMOCTh. 10 €CTh, 3TO BIUSHUE W3MEpPEHUH Ipyr Ha Apyra Wid BIUSHUAE YACTHI[ APYr Ha JApyra
(TpOTHB Yero BhICTYMAeT W DUHINTEHH), bel 3aMeHseT BIUSHHEM JPYT Ha JIpyra JIOMOJTHUTEIbHBIX
napameTpoB. VIcXoTHBIM NpeAnoIokeHneM ObUIO OTCYTCTBUE TAKOTO BIMSIHUS - «lajdbHOaeHcTBUS». Ho
COBCEM OTKa3aThCsl OT HErO OKa3ajloch HEBO3MOXHO, MO3TOMY berut BBIIBUHYI HJIEIO O TOM, YTO JpPYyT
Ha Jpyra JIOJDKHBI BIUSATH u3Meputenu. Jnbo, yuuThiBas, 4TO CBS3b MEXKIY 4YacTULIAMU 3aMEHEeHa
AHAJIOTUYHOM CBS3BIO MEXKIY «IOMOTHUTEIHFHBIMU MapaMeTpaMu», U3MEPUTENH BIHSIOT IPYT Ha JIpyra
U «HacTpauBaroT» ux. B uem pasznuune 1ByX MexaHHU3MOB BIMsIHUS ? PaccMoTpuM uX moapoOHee.

1. Opna yacTula BIUSET HA JPYTYIO

2. OpwH m3MepuTesh BIUSET HA IPYTOH U3MEPUTEITb.

B nmepBom citydae uaMepuTenu Jpyr Ha Apyra He BIUSIOT U MOKa3bIBAIOT UCTUHHOE, IPaBHIIbHOE
cocTosiHUe YacTull. To ecTh u3MepeHne UCTUHHOE, TPUOOPHI HE JryT. Takoe BIMsSHUE YACTHUIl APYT Ha
Jpyra OTPUILAET BEPOSTHOCTHBIA XapakTep HMX CBSI3W U TOATBEP)KIAeT MpeJCKa3aHUs KBAHTOBOU
MEXaHUKH, HO TpeOyeT a) CBA3H, 0) CBEpXCBETOBOM Mepe1aun CUTHAA.

Bo Bropom cmyuae, wacTuipl BeayT ceOsi BeposTHOcTHO. Ho 3To He coriacyercs c¢
npecKa3aHusIMA KBaHTOBOW MeXaHWKU (M SKCIIEpUMeHTa). B 3ToM ciydae M3MepHTeNu BBIIAIOT HE
BEPOSITHOCTHBIE Pe3yJIbTaThl (OATBEPIKAaeMble SKCIEPUMEHTOM). To ecTh M3MepHTeNn TTOKa3bIBAIOT HE
TO, KaK BeIyT ceOsl 4YacTWIbl, KOTOpble, KaK MbI IIpejroyiaraeM, BeAyT ceOs BepOSTHOCTHO.
CrnenoBarenbHo, npubopsl — seym! Ho Bemp Amst TOro, 4roObl coyraTh HYXXHBIM 00pa3zoM, MpUOOpPHI
JOJDKHBI TIepenath Japyr apyry mHopmanwio. Kakyro? OTKyna OHHM 3HAIOT, KaK HYXXKHO COJraTh?
OueBuaHO, Tepea TeM, KaK COJraTh, OHM HU3MEPUIIH UCMUHHOE, BEPOSTHOCTHOE COCTOSHHE YacCTHII.
3areM, HCHONB3Ys OSTH JaHHBIe, WMCKA3WIM HUX TakuM oO0pa3oM, 4YTO pe3yibTaT oOKa3ajics He-
BEPOSITHOCTHBIM. HO MBI BHIUM JIUIITH MTOKA3aHUSI U3MEPHUTENEH, TO3TOMY O BEPOSTHOCTHOM XapaKTepe
MOBEICHUSI YacTHIl 3HaTh He MoxeM. Kcraru, jis co3maHusl CyHIeCTBYIOIIEH KapTHHBI, IEPBOMY U3
u3MepuTeIeld UCKakaTh pe3ysbTar, BUAUMO, He 00s3arenbHo. MHave, OH TOJDKEeH OyAeT «IpuIyMarh»
HCXO/JI HE TOJIBKO I BTOPOTO U3MEPHUTEs, HO U JIJIsl ce0sl caMoro. XoTsl Takasi aCHMMETPHsI HUYeM He
ollpaBJiaHa, poIeIypa U3MepeHHs MOTjia Obl BBIIJIAAETh IPUMEPHO TaK:

YacTuibl UMEIOT BEPOSITHOCTHBIE coCTOSIHUS A U B. IlepBblii U3 W3MepuUTENeld perucTpupyer
cocTosiHUE A, HO BBIIAET pe3yibTar D, nepenaBas BTopoMy U3MEPUTEINIO YKa3aHUE TOKa3aTh pe3ysbTar
C, nmumasi ero BO3MOXXHOCTH CaMOMYy HCKa3UTh pe3ysbTaT. BOT Takue HHTPUTH INpU KBAHTOBO-
MEXaHHYECKOM J[BOPE JOJDKHBI pa3blrpaTh W3MEPHUTENIH, 4YTOOBI BBIIOJIHUTH YCTAHOBKY (3amaHue,
cTosiiee nepes HUMH), chopMyIHpoBaHHyO bemtoM:

- TOJOTHATh TIOBEJCHHWE YaCTUI[ IOJI BEPOSTHOCTHBIA XapakTep (COXpaHUB cOIJIacHe C

HKCIEPUMEHTOM U «HETOHON» KBAHTOBOM MEXaHHUKOM);

- HCKIJIIOYUTH CBS3b MEXKIY YacTUIIAMU;
- COXpaHUTh JIOPEHI[-MHBAPUAHT CUCTEMBI.



BreiBon, mnpuBenéuuwni bemtoMm, dakTudeckun moapazymeBaeT IMOATACOBKY pe3yJIbTaTOB
mmeputensiMi. Ho u mpu 3ToM MbI HaOmonaeM BCE T€ K€ — KBAaHTOBO-MEXaHMYECKHE IOKa3aHUs
n3meputenei! To ecTh MOTHOCTBIO corjacyroUIvecs: ¢ 3KCIEPUMEHTOM. BepodaTHOCTHOe moBeneHue
YaCTUIl MO-TIPEKHEMY «CKPBITO» OT HAIllUX TIJia3, W BIMSHHE H3MEpHUTeNedl Ipyr Ha JApyra He Naér
HHUYEro HOBOTO. DTOT BbIBOJ beiia okazalics BbIIIE UM e OMPOBEPTHYT.

Wrak, u3 BeIKIaM0K bemta MOXHO clienarh BBIBO, 4TO Aaxe ¢ Hapymernrnem CTO ngomymienue o
BIIVSTHAW WU3MEpHUTENeH APYT Ha Jpyra He MOYKET BBISIBHTH JIOKAJTHHOTO XapaKTepa MOBEJICHHS CHCTEM,
WX HE3aBUCHMOTO JPYT OT Jpyra MOBeIeHUs Ha MOMEHT u3MepeHus. 1o ecTb KBAaHTOBO-MEeXaHUYeCKast
KOppeJsIus pe3yabTaTOB M3MEPEHHsI 3alyTaHHBIX YaCTHI[ IPU OTPHUIIAHUU TAKOTO BIUSHUS HE MMEET
panroHaIBLHOTO 0O0BSICHEHUS. JTO BechMa OjarojaTHasi oYBa JJIsI MUCTUKH U pesurud. OTHAKO BBIIIIE
yKe OBIUT0O OTMEYEHO, YTO H JIOBOJBI B MOJIb3Y HEIOKAIBHOCTH MOCTPOEHBI Ha JOCTATOYHO 3BIOKOM
¢dyHIamMeHTe.

HezaBucuMocTh cucTeM Jpyr OT JApyra SBISETCS MPEANOIOKEHUEM, KOTOPOe B 3HAUUTEIHHOMN
creneHd (M Jake TJABHBIM 0Opa3oM) OCHOBAaHO Ha CTPEMJICHHHM OCTAaThCS B paMKax peJSTHBH3MA.
PaccmoTtpuMm 3TH ocHOBaHus. Bo-mepBbIX, CBEPXCBETOBas KOPPEJAIUS pe3yIbTaTOB HM3MEpEeHUU He
MPOTHBOPEUUT CIIENUATBHOW TEOPUH OTHOCHUTENBHOCTh, TOCKOJBKY HET Tiepefadyd CHUTHaJIa B
PENATUBUCTCKOM CMbIcTe. Bo-BTOphIX, He 3aUKCHpOBAH M JaXe TUIOTETHYECKH HE OIMHCaH
CKOPPEJSAIMOHHBIA CHTHAI», XOTSI €CTh pabdoTa, B KOTOPOH YTBEpXKIaeTcsl, 4To ObLIa H3MepeHa
CKOpPOCTh Tiepeflaud TMOA00HOTr0 «curHana» [3]. B-TpeThuX, CBOWCTBOM HEJIOKAIBHOCTH SIBISCTCS
OUYEBHJIHAS 3aBUCHMOCTH PE3YJIhTaTOB M3MEPEHUs JAPYT OT JpyTa MpU OTPUIIAHWH TaKOW 3aBUCHUMOCTH.
To ecTh, ¢ TOUKH 3pEHUS] TEOPHH BEPOSITHOCTH, Pe3yJIbTaThl U3MEPEHUI MOAMAIAIOT O] ONpeIeTieHIe
COOBITHIT 3aBUCHMBIX. JeHCTBUTENEHO, KaK eMI¢ MOXKHO paccMaTphBaTh pe3yJIbTaThl JBYX H3MEpPEHHIA,
€CJIM pe3ylbTaT MEePBOrO0 M3 HHUX JOCTOBEPHO, TO €CTh C BEPOSTHOCTHIO, PaBHOHN eIWHUIE,
MpeJICKa3bIBaeT pe3ybTaT BTOPOro u3MepeHus? Ho CTOpPOHHUKY TpaJuIIMOHHON KBAaHTOBOW MEXaHHUKH
HE OYeHb YOEIUTEeIhbHO OTPHIIAIOT 3Ty CBs3b. B KadecTBe OBOJA MPUBOJUTCS CCHUIKA Ha TpaBHIIa
BEIUMCIICHUS] BEPOSITHOCTEH. B KBaHTOBOM MeXaHWKE CKIIAJBIBAIOTCS HE BEPOSTHOCTH, a aMIUIHTYIBI
BeposiTHOCTe. OJHAaKO MpaBujia BBIUUCICHHUHA BPSI JIM MOTYT CIYXHUTh OOBSICHEHHEM MEXaHH3Ma
BO3HUKHOBEHHS TaKOW 3aBUCHMOCTH HJIM TaKOW BepOsSTHOCTH. HampuMep, BbIlIaieHNE OpJia WA PEIIKH
MpH TOI0PACKIBAHINN MOHETHI B KJIACCUUYECKOW TEOPHH BEPOSTHOCTH BBIUUCISIETCS TIO OMpeIeICHHBIM
npaBuiaaM. Ho mo KakoW TUpWYMHE BO3HHWKAET TaKO€ paclpeelieHhe, TEOpHs BEpPOSTHOCTH He
00BsICHsIeT. B KBaHTOBO# MeXaHHKE MPABHUJIO CIIOKEHUS aMILTUTY/1 BeposTHOCTEH (BOJHOBBIX (PYHKITHIT)
MO3BOJIIET TOYHO BBIYMCIHUTH pE3yJIbTaT M3MEPEHHUH (BEpOSTHOCTh BBIMAJCHUS HEKOTOPOTO
pe3yjbTara), HO 3TO HPaBUJIO HEe 00s3aHO OOBICHATH (U3UYCCKUNM MEXaHU3M TIOSIBJICHHS TaKUX
pe3yapTaToB. JTO O3HA4YaeT, 4yTO HET aOCONIOTHO HUKAKWX OCHOBAHWM Ui OOBHHEHUU B aJipec
KBAaHTOBOM MEXaHUKMA 3a OTCYTCTBUE TakuX oObscHeHui! OObsCHEHWE HETOKAIbHOCTH U
Hecenapa0elbHOCTH KakK (PU3NYECKHX MPOIIECCOB, BUIUMO, BBIXOIUT 32 PAMKH TOH TEOPHH.

B rnormke wu3BecTeH cmoco0® J0Ka3aTeNbCTBA, KOTOPHIMA MOXKHO Ha3BaTh <«IOBEJACHHUEM JI0
abcypma». JlemaeTcss HEKOTOpOE WCXOIHOE MPEINOIOKEeHNE, YTBEpXKIECHUE. 3aTeM JIOTHYSCKHUMHU
peoOpa30BaHUSIMH TOTYYAIOT U3 HETO BBIBOJIBI, KOTOPHIE TPOTHBOPEYAT UCXOIHBIM MPEIOI0KEHUSIM.
Cunraercsi ToOKa3aHHBIM, YTO MCXOJHBIE TIPEIIOIOKEHIS OIMOOYHBI, OIIPOBEpTHYTHI. B crathe bemma
SIBHO MPOCMATPUBAIOTCS OCHOBHBIE MPUEMBI 3TOTr0 MeToaa. Ho BeIBOA U3 paccyxaenuii benna caenan ¢
OYEBH/IHBIM OTCTYIUICHHEM OT MeToja. MICXOMHBIMHU TpennoiokeHusIMA (MOXKHO CKa3aTh, OT UMEHHU
DitHInTeliHa) OBLIH ClIe/TyIOIIHe:

1. llpu3Hanme TOCTyNaTa CIEMUAIBHOW TEOPHH OTHOCHUTEIBHOCTH O NPEACTHHOCTH CKOPOCTH
nepenayn vHGOpMaIK, KOTopasi He MOXKET MPEBBIIIaTh CKOPOCTh CBETA.
2. Pa3nenéHHBIC cHCTEMBI HE BIMSIOT JPYT Ha Jpyra, HUKaKue W3MEHEHHUS B OJHOW CHCTEME He

JIOJI’KHBI OKa3bIBaTh BIUSHUS HA APYTYIO.

3. Pesymprar W3MepeHHsT Ha OJHOM CHCTEME SIBJISIETCS BEPOSITHOCTHBIM (HE3aBHCHMBIM) I10

OTHONICHHUIO K Pe3yNbTaTy, MOJIYyIeHHOMY IIPH U3MEPEHUH Ha IPYToi CUCTEME.

DKCIIEpUMEHT W KBaHTOBO-MEXaHWYECKHE BBIYMCICHHS TOKa3bIBAIOT, YTO IIYHKT 3 HapYyIIaeTcs.
O4YeBUIHBIM BBIBOJIOM JOJDKEH OBITH CHEAYIOIIUI: pe3ylnbTaThl M3MEpPEeHUN Ha JBYX CHCTEMaxX He
SIBIISTFOTCSI BEPOSITHOCTHBIMH. UTO SIBJISIETCSl albTEPHATHBOW K CIydaifHON CBs3M BemMuuH? Buammo,
3aBUCHUMOCTh OJHOW BEIMYMHBI OT JAPYro. DTH BEIMYMHBI CBS3aHBl MPUUNHHO-CIICJCTBCHHBIMHU
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OoTHOIIeHUsIMA. Ho 171 KBaHTOBOW MEXaHWUKH ITO HE MPHUEMIIEMO, MOCKOJIBbKY Telepb OKa3bIBaeTCs
HapyImIeHHBIM TYHKT 2 TpeArnojiokeHui. UTo sBIseTcs OYEBHUIHOW aabTEPHATHBON OTCYTCTBHUIO
BITUSIHUS CUCTEM JPYT Ha Apyra? OueBuaHO, HaMuue Takoro Biusaus! Ho Torma Hapymaetcst myHKT 1,
MMOCKOJIBKY HAJIHMIIO SIBHOE CBEPXCBETOBOE «CHHXPOHHOE MOBE/IeHNEe JacTuIl. JIJis «cnaceHus» myHkra 1
MPUBOJATCS JOBOJBI 00 OTCYTCTBHHM CHTHAla KaKk TaKOBOTO, CUTHAlA B PENSITUBUCTCKOM cwmbicie. C
ATUM OYEHB JIETKO COTJIACHTHCS, HO BO3HUKAET JBYCMBICIEHHOCTh. Jla, pelIsITUBHCTCKUN CHUTHAI HE
3adgukcupoBan M TyHKT 1, Bpome Obl cmacéH. Ho ecTh «CHHXpPOHHOCTBH», TMOATOMY IpHU3HAHUE
PEISTUBHUCTCKOTO TMOCTyJIaTa B MyHKTe 1 He siBisieTcss yOeauTeIbHBIM 0OOCHOBAaHHWEM JUIsI OTCYTCTBHS
BIUSHUSA, TO €CTh CBsi3U. HeoOXoaumo oTKazaTtbes OT MyHKTa 1, HO... BMECTO 3TOTO BBOJUTCS
HEJIOKAIBHOCTD, HecenapadebHOCTh C HECKPhIBAEMBbIM MUCTUYECKMM OTTEHKOM [4]. DTo He mepemaya
PENATUBUCTCKOTO curHaia. M maxke BooOIme He mepefada Kakoro Obl TO HA ObUTIO cHTHAMA (TO, 94TO HE
oOHapy’KeHO, He CcyIIecTByeT!): KOppeNsSIuOHHOTO, KBAaHTOBOTO, CHUTHAJlA KOJUlarnca, Kak ero Hu
Ha3biBail. To ecTh Bpojie ObI Kakas-TO Iepefada «CHHXPOHHOCTH» €CTh, HO €€... HeT. Hamuio sBHOe
CTpeMJICHHE OTPUIIATh OUYEBUHOE:. JIBE CUCTEMBI UMEIOT JPYT C APYTOM CBEPXCBETOBYIO CBs3b. IlycTh
OHa HE pEJSATHBHUCTCKAsh W He sBisercs sBHbIM ompoBepkenreM CTO (uepe3 ompoBepikeHue eé
0a30Boro mocTyjara 0 cKopoctu cBera). Ho GopmanbHO OfHA M3 CHCTEM TepelaéT Ipyroi cucreme
HEKOTOPHIA curHail. [loaToMy o4eBUHO, UTO IYHKT 1 sxcnepumenmanbho U KBAHTOBO-MEXaHUYECKUMHU
sblyUCIeHUsMU OTIpoBepraeTcs. To ecTh MPaBIIIBHBIM BBIBOJIOM U3 pacCyXIeHui benna momkeH ObITh
BBIBOJI. CBEPXCBETOBAs CBA3b MEXIy cucTeMamu uMmeeTcs [5]. Omnako besr meimaer cTpaHHBIM BBIBO/.
OH mo-mpexxHeMy OCTa&Tcsl BepeH MEepBOMY MYHKTY. DTO M BBIHYKIAET €ro clelaTh dTOT CTPaHHBIHA
BBIBOJI, KOTOpBI WHade, KaK <IIIyTJIUBBIM» HE Ha30BEMb. BMecTo O0YEeBHIHO OMPOBEPTHYTOM
MPEANOChUIKA 00 OTCYTCTBUU CBSI3M MEXKAY CHUCTEMaMH, OH BBOJUT CBSI3b MEXKIY... U3MEPHUTEISIMHU.
XoTs hopMaTbHO 3TO MaJI0 YTO MEHSIET: CBEPXCBETOBAsS CBS3b HY)XKHA, HO OHA BCE PAaBHO HE MO3BOJIIET
BBISIBUTH BEPOSTHOCTHOE TIOBE/ICHUE HE3aBUCUMBIX CHCTEM.

[Ipu3Hanme CBEpXCBETOBOH CBS3M MEXIY CHCTEMaMH JIOJDKHO OBITh NMPHU3HAHO KakK CIIEJCTBUE
MeTo/Ia «IoBeIeHus 10 abcypaa». [IockobKy 0TKa3 OT CBEPXCBETOBOU «HEPEISITUBUCTCKOW (?)CBA3M
MEXIy YacTHIIAMHU TPUBOJIUT K HEMPUEMIIEMOMY pe3yJbTaTy, CIeJOBaTeIbHO, TaKas CBS3b HMEET
Mecto. OHAaKO MUCTHYECKas HEJIOKaTbHOCTH Jiyuine. Ho oHa Jydlne TONBKO, €CU HE MOMBITAThCS
OOBSICHUTh €€ MEXaHW3M, KOTOPBIM SIBHO BBHITJIAIAT HMMEHHO KaK CBEPXCBETOBas Iepejada
«HepensTuBrcTcKkoro» (?)curnana. Bompoc B ckoOKax 03Ha4aeT, 4TO HE UCKIIFOUACTCS U MaTepuabHas
CBSI3b, TIOKa HE 3aperUCTPUpPOBaHHAs, TO €CTh HEKWMH YacTHIIAaMH WM  BOJIHAMH,
pacnpoctpansitomumucs ¢ Hapymenuem CTO.

Teneps, paccmarpuBas BcE B 0OpaTHOM MOpPSAKE, BUIUM, YTO HapylleHHWE MyHKTa 1, B CBOIO
ouepe]lb, MPUBOJUT K OMPOBEPIKEHUIO MyHKTa 2. ITO MPOTUBOPEUUT IMpPE/ICTABICHHUSIM DWHINTEIHA O
«TATBHOJCHCTBUI», HO IOJHOCTBIO COOTBETCTBYET €ro IPeACTaBICHUSAM 00 3JIeMEHTax (U3HUCCKOM
pealbHOCTH. A 3TO yKe HaMHOTO Ooublie (pU3KKa, YeM MUCTHKA HecernapabeIbHOCTH U HEJIOKAThHOCTH.
O nyHkTe 3 MOXXHO CKa3aTh JIAINb, YTO OH KaK ObUI, TaK W OCTAJICS OIMUOOYHBIM IPEANOI0KESHUEM.
Bospaxenust DitHImTeliHA 0 TOJHOTE KBAaHTOBO-MEXAHUYECKOTO OMHCAHUS JEHCTBUTEILHOCTH, TAKUM
o0pa3oM, TpruoOpeTaroT HOBOE 3ByUYaHHE.
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|. Introduction
THE paradox of Einstein, Podolsky and Rosen [1] acsganced as an argument then quantum
mechanics could not be a complete theory but sheeilsupplemented by additional variables. These
additional variables were to restore to the theawysality and locality [2]. In this note that idedl be
formulated mathematically and shown to be incontpativith the statistical predictions of quantum
mechanics. It is the requirement of locality, orreprecisely that the result of a measurement @n on
system be unaffected by operations on a distatémsywith which it has interacted in the past, that
creates the essential difficulty. There have betmgts [3] to show that even without such a
separability or locality requirement no «hiddeniahle» interpretation of quantum mechanics is
possible. These attempts have been examined eleeydi@nd found wanting. Moreover, a hidden
variable interpretation of elementary quantum tiigbl has been explicitly constructed. That pafacu
interpretation has indeed a grossly non-local stirec This is characteristic, according to the iteasube
proved here, of any such theory which reproducestéxthe quantum mechanical predictions.

[1. Formulation
With the example advocated by Bohm and Aharonpuiig@ EPR argument is the following.
Consider a pair of spin one-half particles formeohehow in the singlet spin state and moving fraely
opposite directions. Measurements can be maddyys&yern-Gerlach magnets, on selected components

of the spinsd; and J,. If measurement of the componefit [& , where @ is some unit vector, yields

value +1 then, according to quantum mechanics, meamnt ofd, LA must yield the value —1 vice

versa. Now we make the hypothesis [2], and it semmesat least worth considering, that if the two
measurements are made at places remote from otfeeatire orientation of one magnet does not
influence the result obtained with the other. Siweecan predict in advance the result of measiaing

chosen component a,, by previously measuring the same componer@gfit follows that the result

of any such measurement must actually be predetednBince the initial quantum mechanical wave
function doesiot determinghe result of an individual measurement, this ptednination implies the
possibility of a more complete specification of Htate.

Let this more complete specification be effectedrt®ans of parameter. It is a mater of
indifference in the following whethed denotes a single variable or a set, or even afsenctions,
and whether the variables are discrete or contisiidawever, we write as il were a single
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continuous parameter. The result A of measudhd@ is then determined bl and A, and the result

B of measuringd, (b in the same instance is determinedbyand A, and

* Work supported an part by the U.S. Atomic Ene@pmmission
Y On leave of absence from SLAC and CERN
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A3, 1) =+1 B(b,A) = +1, L)

The vital assumption [2] is that the result B farticle 2 does not depend on the settéhgof the

magnet for particle 1, nor A 05 .
If P(A) is the probability distribution ofl then the expectation value of the product of e t

componentsd, [& and G, b is

P(a,b) = [ dAp(1)A@E 1)B(b, 1) o)
This should equal the quantum mechanical expeatattue, which for the singlet state is
<0,[&0, b >=-alb. 3)

But it will be shown that this is not possible.
Some might prefer a formulation in which the hiddariables fall into two sets, with

dependent on one and B on the other; this posgikilcontained in the above, sinde stands for any
number of variables and the dependences thereArantl B are unrestricted. In a complete physical
theory of the type envisaged by Einstein, the hidekiables would have dynamical significance and

laws of motion; ourd can then be thought of as initial values of theméables at some suitable instant.

[I1. [lustration
The proof of the main result is quite simple. Befgiving it, however, a number of illustrations
may serve put it in perspective.
First, there is no difficulty in giving a hiddemanable account of spin measurements on a single
particle. Suppose we have a spin half particlepar@ spin state with polarization denoted by & uni

vector P. Let the hidden variable (for example) a unit meoi with uniform probability distribution
over the hemispherg [P > 0. Specify that the result of measurement of a carepbd [a is

sign/ &' 4)
where @' is a unit vector depending dd and P in way to be specified, and the sign functionisot
—1 according to the sign of its argument. Actugtig leaves the result undetermined whtha' =0,

but as the probability of this is zero we will roake special prescriptions for it. Averaging ovkrthe
expectation value is

<5[é>:1—ﬁ, (5)
s

whered' is the angle betwee@ and P . Suppose then th& is obtained from@ by rotation towards
P until
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where 8 is the angle betwee@ and P. Then we have the desired result
<dla>=cod, (7)

So in this simple case there is no difficulty ie thew that the result of every measurement is
determined by the value of an extra variable, &atlthe statistical features of quantum mecharmisge a
because the value of this variable is unknown dimdual instances.
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Secondly, there is no difficulty in reproducing,the form (2), the only features of (3) commonly

used in verbal discussions of this problem:
P@,a)=-P@-a)=-1
— : — 8
P(a,6)=0 if ab= ®

For example, led now be until vectord , with uniform probability distribution over all dictions, and
take

A&, 1) =sign@m)
B(a,b) = —sign(b DT)} ©)
This gives
P(a,b) = —1+§9, (10)
whered is the angle betweenand b, and (10) hz’g the properties (8). For colspmarconsider the

result of a modified theory [6] in which the puiagiet state is replaced in the course of timery a
isotropic mixture of product states; this gives tberelation function

1. -
-—atb
3 (11)

It is probably less easy, experimentally, to dggtiish (10) from (3), than (11) from (3).
Unlike (3), the function (10) is not stationarytla¢ minimum value -1 (& = 0).
It will be seem that this is characteristic of ftions of type (2).
Thirdly, and finally, there is no difficulty in pgoducing the quantum mechanical correlation (3)

if the resultA and B in (2) are allowed to depend bnand a respectively as well o and b For
example, replacé in (9) by &', obtained froma by rotation towardsb until

1—36":cosﬁ,
T

whered' is the angle betwee@ andb . However, for given values of the hidden variabthe results
of measurements with one magnet now depend orettiegsof the distant magnet, which is just what
we would wish to avoid.

V. Contradiction
The main result will now be proved. Because pn®m@malized probability distribution,

[dap() =1, (12)
and because of the properties (1), P in (2) cabadéss than —1. It can reach —l18at b only if
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A3, 1) =-B(b, 1) (13)

except at a set of pointg of zero probability. Assuming this, (2) can be rigen

P(a,b) =~ dAp(A) A@ 1) AD, A). (14)
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It follows that C is another unit vector
P(@,b)-P(&,c)=- j dAp(A)[A@E, 1) AD, 1) - A(E, A AR, )]
= [ dAp(A) A& A) Ao, A)[Ab, ) AR, A) 1]
using (1), whence
P@.b)-P@c) < [ dip() J1- AB, M)A, )|

The second term on the right R(b,€) , whence
1+P(5,¢) 2|P(a,b) - P(@,0) (15)
UnlessP is constant, the right hand side is in generalrdér 6 —C | for small 5 —C|. Thus Is(é, 6)

cannot be stationary at the minimum value (-ﬁaté ) and cannot equal the quantum mechanical
value (3).

Nor can the quantum mechanical correlation (3)rbararily closely approximated by the form
(2). The formal proof of this may be set out asofwk. We would not worry about failure of the
approximation at isolated points, so let us consiggead of (2) and (3) the functions

P(a, 6) and —a b

where the bar denotes independent averagirE(é‘, 6’) and—a’ [b

I

= _>'
over vectorsd andb

within specified small angles o and b. Suppose that for afl andb the difference is bounded by
£.

P(ab)+amb|<e (16)
Then it will be shown that cannot be made arbitrarily small.
Suppose that for all a and b

alb-albj<o (17)
Then from (16)
‘5(5\,5)+§[I5‘£5+5 (18)
From (2)
P(&b) = j dAp(A)A(E, 1)B(b, ) (19)
where
A@ <1 and [BO, M) <1 (20)

—

from (18) and (19), withd = b |
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dAp(N)[A@E,NBD,A) +1] <+ (21)

From (19)
P(a,b)-P(&,c) = .' dAp(N)[AE, A)B(b,A) - A(E, 1)B(E, )]
:.'d/lp(/i)ﬂ(a,/l)§(6,/1)[1+ A(b,1)B(E,A)]
:.'d/lp(/i)ﬂ(a,/])g(é,/])[1+ A(b,A)B(E, )]
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Using (20) then
P@b)-P@c)|< [dip¢ Y1+ A®.N)B(E, )
- j d)lp(/])[1+ K(B,A)ﬁ(B,A)]
Then using (19) and (21)
\5(3, b)-P(a, 6)‘ <1+P([0,6)+£+0
Finally, using (18)
\am—a[ﬂ‘i\—Z(gw) <1-b & -2(c +J)

or
4(5+5)2‘é[&—é[ﬂ3‘+5[&—1 22)
Take for examplea L€ = O, alb=bE =]/w/§.Then
Ae+d)=~2-1

Therefore, for small finite), £ cannot be arbitrarily small.

Thus, the quantum mechanical expectation valueatdre represented, either accurately or
arbitrarily closely, in the form (2).

V. Generalization
The example considered above has the advantagi ribatiires little imagination to envisage
the measurements involved actually being made nhoi@ formal way, assuming [7] that any Hermitian
operator with a complete set of eigenstates isotiservable», the result is easily extended to other
systems. If the two systems have state spacesn@ndionality greater then 2 we can always consider

two dimensional subspaces and define, in theictpeoduct, operatord; and J, formally analogous
to those used above and which are zero for statsgle the product subspace. Then for at least one
guantum mechanical state, the «singlet» statesicdmbined subspaces, the statistical predictibns o
quantum mechanics are incompatible with separaelgepermination.

V1. Conclusion
In a theory in which parameters are added to quamhechanics to determine the results of
individual measurements, without changing the siatil predictions, there must be a mechanism
whereby the setting of one measuring device cdunante the reading of another instrument, however
remote. Moreover, the signal involved must propagastantaneously, so that such a theory could not
be Lorentz invariant.
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Of course, the situation is different if the quantmechanical predictions are of limited validity.
Conceivably they might apply only to experimentsvimich the settings of the instruments are made
sufficiently in advance to allow them to reach saméual rapport by exchange of signals with velocit
less than or equal to that of light. In that conioeg experiments of the type proposed by Bohm and
Aharonov [6], in which the settings are changedrdythe flight of the particles, are crucial.

| am indebted to Drs. M. Bander and J.K.Preeimgévy useful discussions of this problem. The
first draft of the paper was written during a sé@Brandeis Univesity; | am indebted to colleaginese
and at the University of Wisconsin for their int&rand hospitality.
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