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AHHOTALUA

[TepeBon 3namennToii cratbu [.C.bemnna 06 DI1P-mapamokce, a Takke KOMMEHTapHH K BhIBoAaM bea
u opuruHan crarbu. CraThs bena sBunach yoequTenbHbIM MaTEMaTHKO-JIOTMUECKUM OTIPOBEP’KEHUEM
JIOBOJIOB DMHINITENHHA O HEMOJHOTE KBAHTOBON MEXaHUKU U CHOPMYIUPOBAHHBIX UM HOJIOKEHUHN TaK
Ha3bIBAEMOI0 «IOKaJIbHOTO peanu3may. Co aHg onmyOJuKoBaHUs cTaThu B 1964 roay U 10 HaIIUX JHEH
noBojbl benna, 6onee u3BecTHbIE B hopMe «HepaBeHCTB bemtay, ciryxaT caMbIM pacipoCcTpaHEHHBIM U
[JIaBHBIM apryMEHTOM B CIIOPE MEXIY NPEACTABICHUSIMH O HEJIOKATbHOCTH KBAaHTOBOW MEXaHUKH U
LEJIBIM KJIACCOM TE€OPUH Ha OCHOBE «CKPBITHIX EPEMEHHBIX)» WU «IOTOIHUTEIbHBIX [TApaMETPOBY.

B npennaraemoii pabote npuBOIUTCS MEPEBOJ CTaThbU beia 1 KOMMEHTapHUH K ero BbIBOAAM. Takxke
IIPUBEJICHA caMa CTaThsl B OPUTMHAILHOM BapHaHTe. Bricka3zaHbl IPeIONI0KEeHHs], YTO BO3PaKEHUS
benna sBISIOTCS KOMIIPOMHCCOM MEXK]y CIIEIIMAIbHON TEOPHEN OTHOCUTEIBHOCTH U
AKCIEPUMEHTAILHO HA0II01a€MbIM SIBJICHUEM 3aITyTAHHOCTH, UMEIOILIMM BCE BUAMMbIE IPU3HAKU
MTHOBEHHOM 3aBUCHMOCTH JIBYX OTJIEJICHHBIX JPYT OT JIpyra CUCTEM. DTOT KOMIIPOMHUCC U3BECTEH B
HAaIIM JIHU KaK HEJOKaJIbHOCTh UJIU HecenapabeabHoCTh. HelmokanbHOCTh (pakTUUeCKH OTpULIAET
MIOJIOKEHUSI TPAIMLIMOHHON TEOPUH BEPOSTHOCTU Ha 3aBUCUMBIE U HE3aBUCHMBbIE COOBITUS U
000CHOBBIBAET HOBbIE MOJIOKEHUS — KBAHTOBYIO BEPOSTHOCTb, KBAHTOBBIE NPABUJIA BHIYMCICHUS
BEPOSITHOCTH COOBITUH (CI0’KEHUE aMILIUTY]] BeposiTHOCTE). [10100HBINi KOMITPOMHUCC CITY’KUT MTOYBOM
JUIl BOSHUKHOBEHMSI MUCTUYECKUX B3IJISJI0B HAa IPUPOLY.

Yacrs 1. [lepeBoa craTbu
Coxpaneno GopMaTupoBaHUE OPUTHHAIHHOTO TEKCTA
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I. lIpeacraBiaenune

[Tapanokc DiHmreiina, [logonsckoro u Po3ena [1] Obul BBIABUHYT KaK apryMeHT TOTO, YTO KBAaHTOBas
MEXaHHKa — TeOpHUs He IMOJHas U B Hee JOJLKHBI ObITh BKIIFOUEHBI JOTIOIHUTEIbHbIE IEPEMEHHBIE. JTU
JIOTIOTHUTEJIbHBIE MIEPEMEHHBIE JI0JKHBI ObLIIM BEPHYTh B TEOPHUIO MPUUMHHOCTH U JIOKAJIBHOCTH [2].
OrmetuMm, 4yTo wuues Oyzaer cdopMmylupoBaHa MaTeMaTHUYeckKu U OyleT I[O0Ka3aHO, 4YTO OHa
HECOBMECTHMA CO CTaTHUCTUYECKUMHU MPEICKa3aHUSIMU KBAHTOBOW MEXaHUKU. [J1aBHYIO TPYAHOCTH
co3gaer TpeOOoBaHME JIOKAJbHOCTH, O3HAYAIOUIee, YTO PEe3yJIbTaT M3MEPEHMs] Ha OJHOM CUCTEME He
MOKET 3aBHCETh OT JEHCTBUI HA OTJAJIEHHOW CUCTEME, C KOTOPOM OHA B3aMMO/ICMCTBOBAJIA B ITPOIILJIOM.
[IpennpuHumanuch nonbITKU [3] mokaszarh, YTo Aake 0e3 Takol cenmapabesbHOCTH WM TpeOOBaHUS
JIOKaJIbHOCTH HEBO3MOXXHbI HHUKaKHE€ HMHTEpIpPETallud KBAaHTOBOW MEXaHHKH CO «CKPBITBIMU
MIEPEMEHHBIMIY. DTH MOMBITKH ObUIM ONIUCAaHbI, HAIPUMED, B [4] U MU JKETaHUHU MOXHO HAaWTHU JpyTHE.
Kpome Ttoro, B [5] Obula sSIBHO MOCTpOEHA WHTEpIIpPETALMsI IJIEMEHTApHOW KBAHTOBOM TEOpUHU €O
CKPBITOM nepeMeHHON. JTa crienuduyeckas UHTEpIpeTaus B 1eHCTBUTEIbHOCTH UMEET YpE3BbIYaliHO
HEJIOKaJIbHYI0 CTPYKTYpy. COINlacHO pe3ynbTary, KOTOpbIi OyAeT JoKa3aH 37eChb, 3TO XapaKTepHO s
000 TakoM TEOPHH, KOTOpPasi TOUHO BOCIIPOM3BOAUT KBAHTOBO-MEXaHUYECKHE MpeACcCKa3aHusl.

II. ®opmympoBka



B npumepe, npusenenHom bomom 1 AapoHoBbiM [6], DIIP-apryMeHT cOCTOUT B CJIEIYIOLIEM.
PaccmMoTpuM mapy wacTuil ¢ HOJYLENIbIM CIHHOM, COPMUPOBAHHBIX B CHHIJIETHOM COCTOSIHUM U
NBUKYIIMXCS CBOOOJHO B MPOTHBOIOJIOXHBIX HampaBieHUsix. M3mepeHus Moryr ObITh ClelaHbl,

HanmpuMep, ¢ MoMombpio MarauToB lllpena-I'epnaxa Ha BHIOPAHHBIX KOMIIOHEHTAaX COMHA O, U O,.
Eciu u3MepeHre KOMIIOHEHTh O, -d , rae d - HEKOTOPhli eJIMHMYHBINA BEKTOp, AaeT 3HaueHue +1,

TOT/1a, COTJIAaCHO KBAaHTOBOW MeEXaHHWKEe, M3MepeHue O, *d JI0OJDKHO JaTh 3HaueHue -1 u HaoOopoT.

Tenepp Mbl BbLABUTaeM TruIOTe3y [2], W 3TO sBisieTcd, MO KpailHe Mepe 3aciayKUBarolUM
pacCMOTpEHUs, YTO, €CIM 3TH JBA M3MEPEHMS ClelaHbl B OTJAJICHHBIX JIPYr OT Apyra MecTax, TO
OpHMEHTALMs OJJTHOTO MarHUTa HE BIUSET HAa Pe3yJbTaT, IIOJYYEHHBIM HAa APYrOM MarHure. Tak Kak Mbl

MOXKEM 3apaHee MpelCKa3aTh pe3ydbTaT H3MEpeHHs II000if BHIOPAHHOH KOMIOHEHTH O,

MIPEIBAPUTENILHO U3MEPUB TY K€ CaMyl0 KOMIIOHEHTY O, U3 3TOrO CIIEJyeT, YTO pe3yJbTaT J00ro

TAKOTO H3MCEPCHHA OOJIKCH OBITH (i)aKTI/I‘IGCKI/I npeaonpeacicH. Tak kak HUCXOOHAasd KBAHTOBO-
MeXaHUYeCKasi BOJIHOBash (YHKIHS He onpedeiisem pPe3yiabTaTa WHIMBHIYAIbHOTO H3MEPEHHS, 1Ta
peoTPeIeIEHHOCTD OIPa3yMEeBaeT BO3MOKHOCTD OOJIBIIIOr0 HA0Opa COCTOSIHUI.

JlaBaiiTe 5TOT GONBIIOH HAGOP COCTOSHHUI OIPENEINM IIOCPEICTBOM IapaMeTpoB A .

CoBepmeHHO 6e3pa3InyHo, 0603HaYaeT A EIMHCTBEHHYIO IIEPEMEHHYI0 WM MX Habop, WM JakKe
Habop (YHKIMH, U ABISAIOTCSA MEPEMEHHbIE TUCKPETHBIMHU WM HENpepbIBHBIMU. OJHAKO MBI IPUMEM,

urto A - 3TO eIMHCTBEHHBI HempephIBHEIT mapameTp. Torma pesynbTar A u3MepeHus O - d 3aBUCHT

oT d u A, apesynsrar B m3smepenns O, -b B Tom xe camom ciydae 3aBucut ot b u A, n

*PaboTa noanepxana yactuyHo Amepukanckoil Komuccueit no sigepHoil anepruu
Y B ormycke ot SLAC u CERN
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A(@,\)==1,B(b,A)=+1, )

I'maBHOE B mpeAnosoxeHuu [2] - 3To 1o, YTO pe3yabTaT B A yacTuilbl 2 He 3aBUCUT OT YCTAHOBKH

MarHuTa [is 9acTris! 1, kak u A ot b .

Ecin p(A) - pacnpenenenne BeposSTHOCTH A, TOTJa OKHAAEMbIE 3HAUYCHHS COBMECTHOTO

HaOJIIOIEHUS 3TUX JIBYX KOMIIOHEHT o) I ‘dno 5 [; paBHEI
P(@,b) = [ d2p(2)A(@ 2)B(b. 2) @

OHO JOJIKHO PaBHSATHCS KBAaHTOBO-MEXaHMYECKOMY 3HAUEHUIO OXKMJIAHUS, KOTOPOE JUIsl CUHIJIETHOTO
COCTOSIHUSI PaBHO

<0,-a0,-b>=-a-b. (3)
Opnako OyJeT moka3aHo, YTO 3TO HEBO3MOKHO.

Kto-10 MOXeT npeanouects GopMyInpOBKY, B KOTOPOH CKpBIThIE IIEPEMEHHbIE Pa30UTHI Ha JIBa
Habopa — OJMH 3aBUCUT OT A, Jpyroil - oT B; 3Ta BO3MOXKHOCTb COAEPKHUTCS B BBHILLIEYOMSHYTOM
cilydae, Tak Kak A cojepxat J000€ 4nciao IepeMEHHBIX, BCIEACTBHE Yero UX 3aBUCUMOCTH OT A u B
HEOrpaHUuYeHHbl. B monHOW ¢u3nyeckoil Teopuu TuIA NPEAYCMOTPEHHOW ODWHIITEHHOM CKpBIThIE
[IepEeMEHHbIE MOTJIM Obl UMETh JIMHAMUYECKUE 3HAYEHMs] U 3aKOHbI JBIKEHHS; Hall Habop A B 3TOM
cllydyae MOXHO TPEJCTaBUTh KaK HayaJbHbIE 3HAYEHUS OTHUX IEPEMEHHBIX B HEKOTOPBIi
COOTBETCTBYIOLIMI MOMEHT.

1. NnurocTpanus



Jloka3aTenbCTBO OCHOBHOTO pe3yJbTaTa Ype3BbIUaWHO MpocTo. OpHako, Mpexae UeMm
MMpEACTAaBUTH €0, paCCMOTPUM IIEPCIICKTUBY B BUJAC HCCKOJIBKUX I/IJ'IJ'IIOCTpaIII/II\/II.

BO-HepBBIX, HC TpYAHO IPHUHATHL, YTO IIpU HU3MEPCHHUU CIHMHA OTI[GJ'ILHOI\/'I qaCTUIlbl, OH
CUHUTBIBACTCA U3 CKpBITOﬁ nepeMeHHoﬁ. Hpejll'IOJ'IO)KI/IM, YTO MBI UMEEM CIIMH IIOJIOBHMHA YaCTHUIbI B

YICTOM CIIMHOBOM COCTOSIHUM C MOJiApu3aLueii, 0003Hau€HHOW eTMHUYHBIM BeKTOpoM P . Bo3pMméM B
KAauecTBE CKPBITOH TlepeMeHHoH (i npuMepa) IMHMYHBIA BeKTOp A ¢ OJHOPOIHEIM

pacnpenenenueM BeposTHocTH Ha monychepe A p >0, Bamagum, urto pesymbTar H3MepeHHs
KOMIIOHEHTHI O - d

sign A -a’ 4)
rae d' - eqUHAYHBIH BEKTOD, 3aBUCSIIMIA 0T d 1 P Kak OIHCaHoO, U ¢byHkuus sign, papHas +1 wim -1
B 3aBUCHMOCTH OT 3HaueHusi ee aprymeHra. ®OakTUYECKH 5TO MPUBOAUT K HEONPEACTCHHOMY
pesynbrary, korma A-@ =0, HO, MOCKONBKY BEpOSTHOCTb 3TOr0 - HOIb, MBI HE OyIeM Jearh

CII€IaJIbHbIX y1<a3aH1/1171 Ha 910. B CpCOHEM 10 21 OXKHAA€MO€ 3HAYCHUEC COCTaBJISACT

- 20"
<g-a>=1-—, (5)
T
I'ne 0’ - yron mexmy aup. [Ipeanonoxum tenepp, 4To a' TIOJTy4eHO 3 d BpalleHUEM K D 1o
20
l——=cos0 (6)
T

re O - yron Mexay d u P . Tora MbI HMeeM KeaTebHbIH pe3yabTar

<0-a>=cosf, (7)
I/ITaK, B 3TOM IIPOCTOM CJIyda€ HC COCTABJIACT TpyAa MPCACTAaBUTH, YTO PE3YIbTAT KAXI0T'0 U3SMEPCHUA
OMpCaAC/ICH 3HAYCHUEM I[OHOHHHTGHLHOﬁ nepeMeHHoﬁ, M YTO CTAaTUCTHUYECKHE OCOOEHHOCTH KBAHTOBOM
MEXaHUKH COOJIIOJIAIOTCS, TOCKOJIbKY 3HAUYE€HHWE JSTOM MEepeMEHHOM B HMHAMBHIYaJbHBIX CIIydasx
HEU3BECTHO.
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Bo-BTOpBIX, HET HMKaKOWl TpPYIHOCTH B BOCHpOM3BeACHHMM B Qopme (2) eIuHCTBEHHOU
0co0eHHOCTH (3), KaK 3T0 OOBIYHO JEJIAETCsl B YCTHBIX 00CYKICHUSIX ATOU MPOOIEMBbI:

P(a,d)=—P(d,~d) = -1

. . ®)
P(a,b)=0 npu a-b=0
Hampumep, mycTh Temeph A - 3TO €IMHHMYHBI BEKTOp A C OJHOPOIHBIM pacIpeeeHHEM
BEPOSITHOCTH 110 BCEM HaNpaBJICHUSIM, U IPUMEM
A(a,A)=sign(a- 1)
L )
B(a,b)=—-sign(b A1)
JT10 naer
- 2
P(a,b)=-1+—0, (10)
T
rae 6 - yron mexnay a u b, u (10) umeer cBotictsa (8). st cpaBHEHUS, paCCMOTPUM PE3yIbTAT
MOAU(PHUKAIUU TEOPUH [6], B KOTOPOH YMCTOE CHHIJIETHOE COCTOSIHUE 3aMEHSIETCS CO BpEMEHEM
M30TPOITHOM CMEChIO COCTOSIHUM; ATO JaeT (PyHKIMIO KOPPEISLUN
1. -
—<a-b 11
3 (an



Bumnmo, skcniepuMmerTaibHO HaMHOTO Tipote HaTh oTymuune (11) ot (3), yem (10) ot (3).
B otimmume ot (3), pynkuus (10) He nocrosiHHa B Touke MuHuMyma —1 (B 8 = 0).
[Toxoxke, 9To 3TO XapakTepHo a1 GyHKIMA THNA (2).
B-TpeTpux, W B 3aKiOYCHHWE, HET HHUKAKUX TPYAHOCTEH B BOCIPOW3BEICHUH KBAHTOBO

MeXaHH4eCKoil Koppensamuu (3), eclu mo3BoauTh pesynbrataMm A u B B (2) 3aBucets or b u d n,

— g — — o —
COOTBETCTBEHHO, Takke oT d u b . Hampumep, 3amenum d B (9) Ha @', TonydeHHBIH W3 d
BpameHneM Kk b

1—29':0059,
T

—»’ g o
rae 0 - yron mexay @ u b . Onnaxo, /1S TaHHBIX 3HAYEHMI CKPBITHIX TIEPEMEHHEIX, PE3yIbTaThl

M3MEPEHUH OJTHUM MAarHUTOM TEIEPh 3aBUCAT OT YCTAHOBOK OT/IaJIECHHOTO MarH1Ta, 4TO B TOUHOCTH
TEM, YE€r0o MBI XOTEJIH ObI H30€XKaTh.

IV. IlporuBopeyue
Tenepp noxkakeM TINaBHBIM pe3ynbTar. l1IOCKONBKY D - HOPMaaM30BaHHOE pacHpelciIeHue
BEPOSATHOCTH,

[dip(a)=1, (12)

u coryiacHo cBOMCTBY (1), P B (2) He MoxeT ObITh MeHbIIe YeM -1. OHa MOKeT ObITh TOUYHO paBHA -1 mpu

—

a =b , Tompko ecin

A(@@,A)=-B(b,2) (13)

UCKJII0Yasi U3 Habopa TOUKH y) C HyJIEBOU BepOSITHOCTHIO. C MPU3HAHUE ITOTO, (2) MOXKHO MEepenucarhb
P(a,b) =~[ dAp(A)A(@, ) AB,2) . (14)
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13 3TOr0 CIIeIyeT, 4To Jisi HEKOTOPOTO EIHMHIYHOTO BEKTOpa C
P(a,b)— P(a,€) =~[ dAp(A)[A(@, A A(b, 1) — A(d, 1) A, A)]
= [ dAp(2) A, 2) A(b, M A(b, 2) A, ) ~1]
ucnoub3ys (1), noxyunm
PG@.5)- P(a.d) < | dap(A|1 - 4B, 1) AG, 1]
Bropoe Beipaenne crpasa - 10 P(b,¢) , otkyma
1+ P(b,&) > ‘P(ﬁ, b)— P(a, 5)\ (15)
Ecnu P He sBnsieTcss KOHCTAHTOM, TO MpaBasi CTOPOHA MUMEET B OOIIEeM Ciy4ae MOPSI0K |Z; —C | nna
MaJIbIX 3HAYECHUU |[; —C |. Takum o6pasom, P (a,b) ue Moxer GBITH OCTOSHHBIM B MEHEMYMe (-1 B

Touke b —C ) U He MOKET PaBHATHCSA KBAHTOBO-MEXaHHUYECKOMY 3HAYEHHIO (3).
KBantoBo Mexanuueckas koppemsiuust (3) He MoXeT ObITb HPOU3BOJBHO  OJIM3KO
annpokcuMmupoBaHa (opmoit (2). DopMmanbHOE J0Ka3aT€IbCTBO 3TOTO MOXKET OBITh H3JI0KEHO



cienyomuM oopazom. UToObl He OECIIOKOUTHCS O HEBO3MOXHOCTU MPUOIMKEHHUS B M30JIMPOBAHHBIX
TOYKaX, paccMOTpuUM BMecTo (2) u (3) pyHKUMH

—

P(@,b) u —a-b

.. D=t 1L —r 7
I'ne 6pycKy (HaTuépKUBAHNS) 03HAYAIOT HesaBucuMble yepenaenns P(a’,b") w —a’ - b' no Bexropam

nd )

— _ - _ -
a ub s npeaeinax ykKka3aHHbIX MaJICHBKUX YIJIOB d U b. [Ipeanonoxum, 4yTo A Bcex d U b

pasinyue MeXy HUIMH OI'PAaHMYEHO BEIUYUHON & .

13(5,[;)+5-[;‘ <s (16)

Hitke 6YI[CT IIOKa3aHoO, YTO & HE MOXCT OBITH CACJIaH IPOU3BOJIbHO MAJICHBKHM.

[Ipenmnonoxum, 4yTo /Ui Bcex a U b

G-b-db|<s (17)
Torna u3 (16)
‘F(&,Z;)+a-l§‘£g+5 (18)
N3 (2)
P(a,b)= [ dap(2)4(a,A)B(b, %) (19)
raec
4@ 2)[<1 u \E(z}, z)\ <1 (20)
u3 (18) u (19), mpu a= I; ,
dAp(M)[A(a,\)B(b,A)+1]<e+6 1)
U3 (19)
P(d,b)—P(d@,¢) = dAp(M)[A(a, A)B(b,2)— A(G,A)B(Z, )]
= [dap(2)4(@,2)B(b, D)1+ A(b,2)B(E, )]
= [dAp(2)A(@,1)B(E, A1+ A(b,2)B(E,A)]
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Ucnonszyem (20), Torga

P(a.b)-P(a.o)<| pA|+ A5, )BE, )]

Teneps ucnonszyem (19) u (21)

= DpW+ A6, )BG.2)|

\F(&,E) - P@, 5)\ <1+P(b,0)+e+5

Hakonen, ncnonszyem (18)

‘a-a—a-z}\—z(gw)31—5-5—2(g+5)

HJIIN



4(5+6)2‘5-E—&-E‘+b-5—1 22)

[l
=
5
q
(@)
T
=}
©

Jlns mpumepa npumeM, uto d ¢ =0, a-b=b-¢
4e+0)=>2-1
Kaxk BUAUM, U1 TI060T0 Malloro KOHEYHOro O, & He MOKET ObITh IPOM3BOILHO MAJIBIM.

Takum 00pa3om, 3HAYCHHE KBAHTOBO MEXaHHUYECKOTO OXKHJIAHUS HE MOXKET OBITh MPEICTaBICHO
HU TOYHO, HU TIPOU3BOJIBHO O1M3K0 B hopme (2).

V. O600menue
[IpuBeneHHBIN BEINIE MPUMEP HWMEET TO TPEUMYIIECTBO, YTO OH HE TpedyeT OO0BIIOro
BOOOpaXeHUs, YTOObI IPELyCMOTPETh WM3MEPEHUs, HCIOJb3ys ONUCAaHHBbIE paccyxiaeHus. B oluiem
cirydae, mpuHUMas [7], 9TO 000N SPMHTOB OMEPATOP C MOJHBIM HAOOPOM COOCTBEHHBIX COCTOSIHHI
SBIISIETCS «HAOIIOaeMOI», Pe3yabTaT JIETKO MOXET OBITh pacIIupeH Ha Apyrue cucrembl. Ecnm nBe
CHCTEMBI HMEIOT pPa3MEPHOCTH TIPOCTPAHCTBA Ooblie 2, MBI BCEr/la MOXEM paccMaTphBaTh

JBYXMEpPHbIE MOJIPOCTPAHCTBA U ONpPEAEIUTh B UX IEPECeUeHUn oreparopsl O; u O, , popManbHO

AHAJIOTUYHBIE HMCIIOJIb30BAaHHBIM BBIIIE, U KOTOPHIE HMMEIOT HYJIEBBIE COCTOSIHUS BHE COBOKYIHOCTH
noanpoctpancTB. Torga, mo KpadWHeWl wmepe, g OJHOrO0 KBAaHTOBO-MEXaHWYECKOTO COCTOSHUS
«CHUHTJIETHOE» COCTOSIHHE B OOBEIWHEHHBIX MOAMPOCTPAHCTBAX W CTATHUCTHUYECKUE MPEICKA3aHUS
KBAaHTOBOU MEXaHWKH HECOBMECTHMBI C IPEACTABICHUEM O Pa3ACIIEHHOCTH.

VI. 3akiaiouenue

B kBaHTOBON TeopuM C [ONOJHUTEIbHBIMH MapaMeTpamMu [Uisi TOTO, YTOOBI ONPENENIUTH
pe3ysbTaThl MHIMBUyaIbHBIX U3MEPEHHUI 0€3 TOro, 4YToObl U3MEHUTh CTATUCTUYECKUE IPECKa3aHMUs,
JOJIKEH ObITh MEXaHU3M, IIOCPEICTBOM KOTOPOT0 HACTPOIlKa OJHOTO M3MEPSIOLIEro yCTPOMCTBa MOKET
BIIMSATH HA YTEHUE APYroro OTJAJIEHHOI0 MHCTpyMeHTa. Kpome Toro, 3aeiicTBOBaHHbBIN CUTHAJ JOJDKEH
pacnpoCTpaHATbCS MTHOBEHHO TaK, YTO TaKas TEOPUSl HE MOXKET ObITh JIOPEHI-MHBAPUAHTOM.

Koneuno, curyauust Oyner WHOHM, €ciii KBAHTOBBIE MEXAaHUYECKHE IpE/ICKa3aHUs HMMEIOT
OTPaHUYEHHYIO JIOCTOBEPHOCTb. OUEBUHO OHU MOTYT OBITH MPUMEHEHBI TOJBKO K SKCIIEPUMEHTAM, B
KOTOPBIX YCTAaHOBKM HHCTPYMEHTOB CJEJlaHbl 3apaHee, yToObl MO3BOJIUTh UM JOCTHYb HEKOTOPOM
B3aMMHOM CBSI3M JUIsl 0OOMEHAa CUTHAJIaMHU CO CKOPOCTHIO MEHBIIIEH WJIM PaBHOM CKOPOCTH cBeTa. B aToi
CBSI3M KPUTUYHBIMM SIBJISIFOTCSI DKCIEPUMEHTHI TUIA MpeiokeHHoro bomoM u AapoHoBbIM [6], B
KOTOPOM HACTPOUKH U3MEHSIOTCS B TEUEHHUE T0JIETa YACTHII.

Bripaxaro 6marogapuocts nokropy M. Bander u J.K.Preeing 3a oueHb mose3Hbie 00CYXIEHUS
sToi mpoOinemsl. IlepBblii BapuaHT cTaThu ObLI HAaNMCaH BO BpeMsi NpeObIBaHUS B YHHUBEPCUTETE
Brandeis; s 06s13aH koJisieraM B HeM U B YHHBepcuTeTe BUCKoHCHHA 3a UX MHTEPEC U FOCTENPUUMCTBO.
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Yacrtp 2. KoMMeHTapuu K BBIBOAAM

[Iyrenuxun 11.B.
mS55(@mail.ru

OOparumcs k caeayromeMy BeiBoay bea:

«B keanmoeoti meopuu ¢ O0onorHumenbHLIMU NaApamMempamu 0as mozo, 4moovl onpeoeiums
pe3yibmamsl  UHOUBUOVALbHBLIX — UBMEPeHull 0e3 mo2o, uYmoObl UBMEHUMb CMAmucmuyeckKue
npeocKkazanusl, 00IHCeH ObIMb MEeXAHU3M, NOCPEOCMBOM KOMOPO20 HACMPOUKA 00HO20 UMEPAIOULe2O
YCMPOUCMea Mojicem 6aUsMb HA YmeHue O0pyeo20 OmoanleHHo2o uHcmpymenma. Kpome moeo,
3a0elCmMBOBAHHbII CUSHATL O00JICeH PACNPOCMPAHAMbCA MSHOBEHHO MAK, 4moO MaKdas meopusi He
Modicem Oblmb 1openy-uneapuanmom» [2].

Wrak, nist Toro 4To0BI «I0JTHASH KBAHTOBAS TEOPHSI JIeiaa TAaKMUe e CTATUCTUICCKUE TIPEACKA3aHMS,
KaK ¥ TPaJAUIIMOHHAs, HEOOX0 UM MEXaHU3M B3aUMOJICHCTBUS MEX 1y n3MeputensiMmu. K takomy
BbIBOAY benn npuién, nocnenoBareabHO U HEYKIOHHO CIIElysl HCXOIHOMY MOJIOKEHUI0 DWHIITEeHA:
MIPEACKA3aHMS «ITOJTHOI KBAHTOBOW MEXaHUKHU JTOJDKHBI OBITh CTATUCTUYECKUMHU, BEPOSITHOCTHBIMHU.
3/1ech MOJ1 «IOJIHOMY» KBAHTOBOW MEXaHUKOMU MOAPA3yMEBACTCS TEOPHUS, OTBEUAIOIIAsl BHICKA3bIBAHUIO
OiHITeHA: «Xomsa Mbl u nokasanu, Ymo 601H08As PYHKYUs He 0aém NOIHO20 ONUCAHUS PU3UYeCKOU
PeanbHOCmu, Mbl OCIMABUIU OMKPLIMbIM 6ONPOC O MOM, Cywecmayem au maxkoe onucanue uiu Hem. Mboi
oymaem, 0OHAKo, Ymo maxas meopusi 603MoxcHa» 7], WU TEOpHsl, BKIIIOYaroLas B ceos
«JIOTIOJIHUTEIIbHBIE TTaPAMETPBI».

B o101 cBsI3M HarTOMHUM BBICKa3bIBaHUE AjieHa AcniekTa: « JUHIITEHH Ha CaMOM JIeJIe HE TOBOPUII O
«CKPBITBIX TIEPEMEHHBIX» WUJTU «JIOTTOJTHUTEIIBHBIX MApaMeTpax», a CKopee 00 «deMeHTax (U3nIecKon
peanbHOCTH». COOTBETCTBEHHO, MHOTHE aBTOPHI TOBOPST CKOPEE O «PEATUCTUUECKUX TEOPUIX», a HE O
«TEOPHSIX CO CKPBITBIMU IEPEMEHHBIMU» UIIN «TEOPHUSIX TOMOJTHUTEIBbHBIX IEPEMEHHBIXY. [1]

[Tony4yenHsle bemnoM BBIBOJIbI OTBEPratOT BO3MOKHOCTb IIOJIYYEHHSI TAKUX BEPOATHOCTHBIX
Pe3ybTaTOB IIPU HAIMYUU OJIHUX TOJIBKO «IOTIOJHUTENBHBIX IEpeMEHHBIX». [loaToMy nemaercs
MIPUBEAEHHBIN BBILIE BHIHYKJICHHBIN BBIBOJI O CBSI3U MEXY U3MepUTeIsIMU. UTo 3T0 03HauaeT?
[Ipenmnonoxum, 4To MOJTY4YEH HEKHM pe3ynbTaT u3MepeHus Ha OnnxkHell cucreme. Ecnu Ob1 oH
ObLT ClTy4yaliHbIM, BEPOSITHOCTHBIM, HE CBSI3aHHBIM C JIEMCTBUSAMU HaJl YAAaJICHHOW CUCTEMOM, TO 3TO ObLI
Ob1 pesynbTar A. Ho Ha camoMm Jelne noydeH pe3yapTaT apyroil — B. A umeHHo, pe3ynabTaT, KOTOPBIi
HE MOXXET paccMaTpUBaThCs KaK cCllydallHbI! ODTOT pe3ynbTaT OTpakaeT Kak Obl 3aBUCUMOCTb OT
M3MEPEHUS HA YJAJIECHHOM CHUCTEME, OH C 3TUM PEe3YyJIbTaTOM HMMEET, IIYCTh KaXKyIIYICs, HO BCE-TAKH
CBSI3b, CBA3b 0OJIEE 3HAUYUMYIO, UEM TPAJUIMOHHAS CIy4ailHOCTh. DTOT pe3yJIbTaT MOXHO MPEJCTABUTh
KaK 1o10pachbIBaHUE MOHETHI, IIPU MaJIeHUN KOTOPOH OpEN BhINAJAET, HAPUMEp, B [IBA pa3a yaille, YeM
pemika. O4eBUIHO, YTO PE3yJIbTaThl OPEN U PEIlKa B JAHHOM CIIy4yae HE PaBHOBEPOSTHBI, U BbINAJCHUE
OJIHOTO U3 HUX SIBHO CBA3GHO C OCOOCHHOCTSIMU MOHETBHI, CTOJIA MJIM C XUTPOCTBIO HUCCIIEJOBATEIS.
KakoBa jxe mnpuumHa Takoro pe3yibTara H3MepeHuss Ha OmmkHed cucteme? PaccMmorpum
BO3MO>KHBbIE BapuaHThl. Hanpumep, pesynsraT B BO3HHMK M3-3a TOTO, YTO M3MEPUTENb Ha YIAIEHHOUN
cucTeMe Iepejal CUrHall U3MEPUTENI0 Ha OJMDKHEH CUCTEME M TOT, U3MEHUB CBOE COCTOSHUE, CBOU
HAaCTPOMKH, IPOYMTA] Yy YACTHUIBI O3TOT pe3yapraT B Bmecto pesynsrata A. HMMeHHO Takoe
MIPENIONIOKEHUE BBIABUHYA beml, 4YToOBl CBSI3aTh BOEOUHO <«JIOMOJIHUTENIbHBIE TEPEMEHHBIE»
OHHIITeHA M CTaTHUCTUYECKUE NpPEJCKa3aHUsl KBAaHTOBOM MexaHWKH. OJHaKo 3TO0 OOBSICHEHHE HE



MOXKET OBITH NMPUEMIIEMbIM, MOCKOJIbKY HApYyLIAIOTCA BBIBOABI APYrOd TEOPUHU — CIIELUAIbHON TEOPUU
OTHOCUTENILHOCTH.

Bapuant npyroii. MoXHO NpeAnonoXuTb, 4TO OMMKAWIIUNA H3MEPUTENb... HPOCTO BbIAAT
JOXHBIN pe3ynbrar, cosran! IlomyuuB pesynbrar usmepenus - C (BEpOSTHOCTHOE, CilydaiHOE
3Hau€HUE, HUKAK HE CBSA3aHHOE C HM3MEPEHHEM Ha YyJNAJIEHHOMW CHCTEME€ M HE€ COBIAJalollee C
MIpe/ICKa3aHUEM «HETOJHOM» KBAaHTOBOM MEXAaHMKH), OH OTOPOCHJI €ro M BblJaJl HaM pe3ynbTar B —
3aBUCHUMBIN OT yJal€HHOIO u3Mmepurens. 11 BHOBb 3TO 03HauUaeT, 4To ecTh (CBEpXCBETOBas) mepenaya
CUTHAJIa OT YJaJIEHHOTO U3MEPUTENs K ONu3iexaleMy n3MepUTeNio.

He TpyaHo 3ametruts, yTo 00a 3TH BapuaHTa B ONPEECIEHHON CTeneHH cXoXXu. Kak moHumarh
cioBa benna «BnusaTh Ha ureHue»? OUeBUIHO, 3TO HE TO K€ CaMO€, YTO «BJIIUATH HA COCTOSIHUE BTOPOM
CUCTeMbl». BnusHMe Ha YTeHHWE O3HAayaeT HU 4YTO MHOE, KaK U3MeHeHue COCTOSIHUS BTOPOTO
u3meputens! To ecTb, U3MEpPUTENH caM YTO-TO U3MEPHII, MEPElI€Nl B COOTBETCTBYIOIIEE COCTOSIHUE, HO
CUTHAJ OT YNaJEHHOM CUCTEMbl MEpPEBEN €ro B Opy2oe COCTOSHUE, HE TO, KOTOpOE€ OH IOJIyYus B
pe3ynbraTe COOCTBEHHOTO U3MEPEHUS.

Ecnu cocrosiHue BTOPOro M3MEPUTENs U3MEHUIOCh, YTO MOXKHO CKa3aThb O COCTOSIHUU BTOPOIA,
onmxHel cuctembl? TOJIBKO OJHO: OHO HaM He U36eCmHO, MOCKOJIbKY O HEM MBI MOXKEM CYAUTDH TOJIBKO
o MH(pOpMaIUy, MOCTYNUBIIEH K HaM OT 3TOro BToporo, ommkHero usmepurens! To ects, mo bemny
3TO O3HAYaeT WCIIOJIb30BAHUE HemoyHo2o TpUdOpa, KOTOPBIA MpU3BaH YCTPAHUTh OIIMOOYHOCTH
HCXOJIHBIX IPEIIOJIOKEHNN paccCMaTpUBaeMOu JIoKaiibHOU TeopuH. [IpuBeném neranu BeiBo10B berna:

1. 3ampenieHa cBA3b MEXKY YaCTULIAMHU, HO OHA HEn30eKXHa MEXTy IpubopaMu.
2. 3ampeiieHa cBsi3b CBEPXCBETOBAs, HO MEX Iy IPUOOpaMu OHA HEM30EKHA.

Opnako «Heu30exHbIE» BbIBOJAbI bemta Ha camMoM nene J0KHA O3HAayaTh O€3BBIXOJHOCTH
CUTYallUu JUISl «JONOJHHUTENBHBIX IMepeMeHHbIX». VX Haiuuue TpeOyeT CBEpXCBETOBOW Ieperadu
curtana! IlockoibKy B MCXOJHOM «IIOJTHOW» KBAaHTOBOW TEOPUH MO DUHIITEHHY MEXIY YacTULIAMH
TakKasl CBSI3b OTCYTCTBYET, TO OHA HAaBSI3YMBO BBICTYIIAET B TAKOM «IIapOJAUMHOM» BUJE — CBEPXCBETOBOM
CBSI3M MEXy U3MEpUTENIAMU. To ecTh B 0oJiee IIUPOKOM CMBICIIE MOYKHO CKa3aTh, 4TO best npuxomT k
BBIBOJIY: KOPPEJALMS PE3yabTaTOB 0€3 CBSI3U MEXK/Y CUCTeMaMH (YacTHlla + U3MEPUTENh) HEBO3MOKHA
1 OHA — CBEPXCBETOBAs (0 TOM, KaK OHa JOCTUTAaETCs B HETIOJIHOW», TPaJAULIMOHHONW KBAaHTOBOM TEOpUH,
ymaiuuBaetcsi). BeiBonbl benna moka3pIBatoT, 4To MOJYYEHHBIH pe3yapTaT (Koppensuus) hakTuuecku
MIOJIHOCTBIO ~ @0eKkeéameH CBEPXCBETOBOW 643U MEXJy cHUCTeMaMu (4YacTulia + H3MEpUTENb).
[IpunepxuBasich JOPEHL-WHBAPUAHTHOCTU «IIOJHON» KBAaHTOBOM MEXaHUKH, beil Mmokas3plBaeT, 4To
«JIOTIOJTHUTENIbHbIE TIEPEMEHHBIE», TEM HE MEHee, HapylaroT e€. DUHIITEeNHH He MpejylaraeT peleHus
poOsieMbl, MOCKOJIbKY HE paccMaTpUBAaeT HE - BEPOSTHOCTHYIO 3aBUCHUMOCTb. OnHako Halirogaemoe
SIBJICHUE HE MOXET OBITh OMHMCAHO HWHA4e, 4yeM O00Jiee CHIIbHAs, HEXENH CiIy4aiHas, 3aBUCHMOCTH
U3MEpEeHul, KOoTopas NpaKTUYECKH CXO0Ka C BIUSHHEM OJHOTO H3MepeHust Ha japyroe. bemn sto
JOKa3bIBaeT B CAMOM OOIIIEM BHJIE.

XoTsl JoKa3aTenbcTBO bemna J0KHO ObUIO IMOKa3aThb OTCYTCTBHE 3aBHCHUMOCTH  MEXKIY
U3MEpPEHUsIMHU, U B 3TOM CMBICII€ €r0 JJOBOJbI COBIAJAIOT C LEISIMH DHHIITEHA (I0Ka3aTh OTCYTCTBUE
CBSI3M MEXIYy CUCTEMaMH), HO BBIBOJbI YOEXKIAIOT, YTO U3MEPEHUS SBIISIOTCS 3aBUCUMbIMU. bet sBHO
HE MPUBOJUT 3Ty 3aBUCUMOCTH (3akoH Maiyca):

P(a,b):%xcosz(a,b)

P(a,b) — BepoOSATHOCTH COBMECTHOH pErHCTpAIly IBYX 3aITyTaHHBIX YACTHII;
(a,b)  —yron mexay U3MEpPUTEIIAMHU.
Mo3KHO JTH, paccMaTpHBasi 3Ty 3aBUCHMOCTbh, CKa3aTh HHAYE, HEXKEIH «Pe3yabTAaT OJTHOTO U3MEPEHHUS
3aBHCHUT OT yria (HaCTpOHKH) yAaln€HHOTO m3Meputessi»? Hactpoiika yaaaeHHOTO U3MEpUTENs SBHBIM
00pa3oM erusiem Ha pe3yabTaT U3MEpPEeHUs Ha AJaHHOU cucteme. M bemn nokaspiBaeT 3To BIIOJIHE
yOEIUTEIIBHO: Pe3yIbTaThl U3MEPEHHH 3aBUCST APYT OT APYra, OHHU HE SBJISTFOTCS HE3aBUCUMBIMH,
BEPOSTHOCTHBIMU. ECTh JIU Ipyroe onucanue sBiaeHusA? MoryT JIn pe3yabTaThl U3MEPEHHH ObITh He
cayuatinbimu (TI0 OTHOIIICHHIO JAPYT K APYTY) U BMECTE C TeM Hezagucumbimu (Opyr oT apyra)? OmHaxo
HEJIOKAITBHOCTD YTBEPIKAAET 3TO.

[To DWHIITEHHY pe3ynbTaThl W3MEPCHHsI YaCTHI[ KOCBCHHO SIBIISIOTCS 3aBUCHUMBIMH. OTa
3aBUCHUMOCTh ()OPMHUPYETCSI B MOMEHT 3alyThIBaHHUS YaCTHI] U COXPAHSETCS 10 KOHIa onbiTa. To ecTh,
CIIy9allHBIMH COCTOSIHUSL YacTHUIl (OPMHUPYIOTCSI B MOMEHT WX pasJelieHus. B manpHeinieM oHU
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COXPaHSIOT TOJYYCHHBIC TPH 3alyTHIBAHUHM COCTOSIHUS, M «XPAHATCS» OTH COCTOSHHS B HEKHX
aneMeHTax (PU3NYeCKOr peasbHOCTH, OMUCHIBAEMBIX «IOTOTHUTEIHHBIMH TAPAMETPAMM.

«Ho 00no npeononooicenue npeocmasnsemcs mue beccnopnvim. Peanvroe nonooxcenue geweti
(cocmosinue) cucmemvl S, He 3a8UCUM OM MO20, YMO NPOOENbIBAIOM C NPOCMPAHCIMEEHHO OMOENEHHOU
om neé cucmemoti Si». [6, ¢.290]

«...MAaK KaK 80 8pemMsi U3Mepenusi 3mu 08e CUCHEMbL YIice He 83aUMOOeUCmayiom, mo 6
pe3yibmame Kakux 06vl mo Hu ObL10 Onepayuli Hao nepeoll CUCMeMOl, 80 BMOPOL CUCeEMe Yice He
MOHCEm NOJLYUUMbCS HUKAKUX PealibHblX usmeneruiy. [7]

B cBoux BeIKnagkax bemn koHkpeTusupyeT 3TH npeacraBieHus DifHITelHa B (Gopme Habopa

napamMeTpoB, 0603HaunB X A. COCTOSHHA CHCTEM BO3HMKAIOT CIydaiiHO, TpaBia, HE B TOUKE
paszieneHust CUCTEM, a B TOUKAX M3MEPEHHUs, 110 «3alUCAIM» B JIONIOJIHUTENBHBIX ITIepeMeHHbIX. W Takas
BEPOSITHOCTHAs 3aKOHOMEPHOCTh, KaK NoKa3al bemr, uckmodena. Ho maxe B 3TOM ciydae pe3yiabTaTsl
M3MEPEHUN OKa3bIBAKOTCS 3aBHCHUMBIMH JPYr OT Japyra. JIeMCTBHUTENBHO, €CIM YAaCTHUIBI IIPUHUMAIOT

CBOHM 3HAUYCHUS, 3aBUCUMBIC OT CKPBITBIX IMapaMETPOB Z, — «pes3yibmam A usmepenust Gl *ad 3asucum

om a u A, a pesymwomam B uzmepenus G, b 6 mom ace camom cyuae 3agucum om b u A » [2], Ho

¥ CcaMH mapaMeTphl A ObUIM B3aMMOCBS3aHBI IIPH Pa3JeieHHH CHCTEM, TO 3TO HH 9YTO HHOE, KakK
ONOCPEIOBAaHHOE BIMSHUE U3MEPEHUN Ipyr Ha Apyra. OnocpeoBaHHOE, HO, TEM HE MEHEE, — BIIUSHUE,
3aBUCUMOCTb. TO €CTh, 3TO BIIMSHUE W3MEPEHUHN JpYr Ha Apyra Wid BIUSHUE YacTHIl JAPYT Ha Jpyra
(mpoTuB yero BeICTyNMaeT M DiHIUTENH), bemn 3amMeHsier BIUSHUEM Jpyr Ha JApyra JOMOJHUTEIbHBIX
napaMmeTpoB. VICXOIHBIM NPEANOI0KEHUEM ObUIO OTCYTCTBHUE TAKOTO BIUSHUS - «lajdbHOAeNHCcTBU». Ho
COBCEM OTKa3aThbCsl OT HET0 0Ka3aJloCh HEBO3MOXKHO, O3TOMY besl BBIABUHY UJIEI0 O TOM, YTO JPYr
Ha Jpyra JOJDKHBI BIUATH u3Mepurenu. JIubo, yuuThiBas, 4TO CBSI3b MEX]y YacTULAMU 3aMEHEHa
AQHAJIOTMYHOM CBSA3BI0 MEXKIY «IOMOJHUTEIbHBIMU IapaMeTpaMm», U3MEPUTENH BIUSIOT IPYT Ha Jpyra
U «HacTpauBaroT» ux. B uem paznnumne 1Byx MexaHu3MoB BiusHUs? PaccMoTpuM ux nojapoOHee.

1. OpnHa yacTuua BIUSET HA JPYTYIO

2. OpuH U3MepuTeNb BIUSET Ha IPYTOl U3MEPUTEIb.

B nepBom citydae usmeputenu Apyr Ha JApyra He BIUSIOT U MOKa3bIBAIOT UCTUHHOE, MPAaBUIbHOE
cocTosiHuE YacTull. To ecTb u3MepeHne UCTUHHOE, MPUOOphl He AryT. Takoe BIMSHHUE YacTUIl APYr Ha
Jpyra OTPULIAET BEPOSTHOCTHBIM XapakTep MX CBA3M M IMOJATBEP)KIACT MpeAcKa3aHus KBaHTOBOM
MEXaHUKH, HO TpeOyeT a) CBsI3u, 0) CBEpXCBETOBOM Nepejaun CUrHaia.

Bo Bropom ciydae, wacTtuubl BeoyT cebst BeposTHocTHO. Ho 310 He corjacyercss ¢
Mpe/ICKa3aHUsIMU KBAaHTOBON MEXaHUKU (M dKcrepuMeHTa). B 3ToM ciiydae m3mepuTenu BBIIAIOT HE
BEPOSITHOCTHBIE pe3yJIbTaThl (IIOATBEPIKIaeMble KCIIEpUMEHTOM). TO ecTh U3MepUTENN NMOKa3bIBAIOT HE
TO, Kak BeAyT ce0s 4YacTHIlbl, KOTOpble, KaK Mbl IpeArnojiaraeM, BeayT ce0s BepOSITHOCTHO.
CnenoBarenbHo, npubopsl — eym! Ho Beab st TOro, 4ToObl COJMTraTh HYKHBIM 00pa3oM, MpHOOpPHI
NOJDKHBI Tepenath Ipyr npyry uHdopmanuio. Kakyro? OTkyaa OHM 3HAIOT, KaKk HY)KHO COJIraTh?
OueBuaHO, NEpesl TeM, KaK COIraTb, OHHU U3MEPWIH UCMUHHOE, BEPOSITHOCTHOE COCTOSTHHE YaCTHULL.
3areM, HCHOJb3ysl OSTH JlaHHBIE, MCKa3WiIM HX TakuM o0pa3oM, 4YTO pe3ylbTaT oOKa3ajics He-
BEPOSITHOCTHBIM. HO MBI BUIMM JIMIIb [TOKa3aHUS U3MEPUTENICH, TO3TOMY O BEPOSTHOCTHOM XapaKTepe
MOBECHUS YacTHIl 3HaTh He MoxeM. Kcratu, /uid co3maHusl CyHIECTBYIOLIEH KapTUHBI, IIEPBOMY W3
U3MEpUTENEeH UCKaXaTh Pe3ysbTaT, BUAUMO, He 00s3aTenbHo. MHaue, OH J0JKeH OyAeT «IpuiyMaThy»
UCXOJ] HE TOJIBKO 11 BTOPOTO M3MEPUTENIs, HO U IS cebst caMoro. XOTs Takas aCUMMETpUsi HUUEM He
oIpaBJlaHa, polielypa U3MEPEHUS MOTJIa ObI BBIIVIAJIETh IPUMEPHO TaK:

YacTtuisl ©MEI0T BeposTHOCTHBIE cocTostHUST A u B. IlepBbiii U3 u3MepuTeneil perucTpupyet
cocTtosiHue A, HO BBIIAET pe3ynbTar D, nepenaBas BTOPOMY U3MEPUTEIIO YKa3aHHE MOKa3aTh pe3ybTaT
C, numas ero BO3MOXHOCTH CaMOMY HCKa3HTh pe3ylibTaT. BOT Takue WHTpUrM IpU KBAaHTOBO-
MEXaHUYECKOM JBOpPE [MOJDKHBI pasplrpaThb H3MEPUTETIH, 4YTOObI BBHINOJIHUTH YCTAaHOBKY (3allaHue,
cTosIiee nepea HuMu), chopMyIupoBanHyto bemmom:

- T[OJOTHaTh IIOBEJEHUE YacCTUI[ I0Jl BEPOSITHOCTHBIM XapakTep (COXpaHHB corjacue ¢

SKCIEPUMEHTOM U «HEIOJIHOI» KBAaHTOBOI MEXaHUKOI);

- HMCKIIIOYUTH CBA3b MEXK]y YaCTULIAMU;
- COXpaHUTh JIOPEHII-UHBAPUAHT CUCTEMBI.



BriBon, mnpuBenaéHuwiii bemtom, ¢dakTHdecku moApasyMeBaeT IOJTACOBKY pPE3YJIbTAaTOB
HU3MECPHUTCIIAMU. Ho n IIpHU 3TOM MBI Ha6J'IIO)Ia€M BCE Te XK€ — KBAHTOBO-MEXaHMUCCKHME ITOKa3aHUs
mmeputeneit! To ecTh MOJHOCTBIO COTJIACYIONIMECS C DKCIEPUMEHTOM. BeposSTHOCTHOE MoBeACHUE
YaCTHI[ TMO-TIPEKHEMY «CKPBITO» OT HAIIUX TJa3, W BIMSHUE M3MEPHUTENCH APYr Ha apyra He HacT
HUYEro HOBOTO. DTOT BbIBOJ beia okazaics BeIlie UM e OTIPOBEPTHYT.

Wrak, u3 Beikianok benna MOXHO cienath BbIBOJ, 4TO Aaxke ¢ HapymeHnueMm CTO gonyuienue o
BIIMSIHUM U3MEpUTENel APYr Ha Apyra HE MOXKET BBIBUTH JIOKAJIBHOTO XapakTepa MOBEICHUS CHUCTEM,
UX HE3aBUCHUMOTO JPYyT OT Jpyra NOBEAECHUS Ha MOMEHT U3MepeHUs. To eCcTh KBAHTOBO-MEXaHUYECKast
KOPpEJSALUs pe3yabTaTOB U3MEPEHMs! 3allyTaHHBIX YacTUIl MPU OTPULIAHUU TAKOTO BIIMSHUSA HE HUMEET
paloHaIbHOro 00BsICHEHUS. DTO BecbMa OJylarojjaTHas OYBa JJIi MUCTUKH U penurud. OHaKo BbIIE
yKe OBLIO OTMEUYEHO, YTO M JOBOJBI B IMOJb3y HEJIOKAJIbHOCTU MOCTPOEHbI HA JAOCTATOYHO 3bIOKOM
¢dbyH1ameHTe.

HezaBucumocts cucteM Jpyr OT Apyra sIBISIETCS IPEANOJIOKEHUEM, KOTOPOE B 3HAYUTENbHOM
CTeNneHu (M Jake IJIaBHBIM 00pa30M) OCHOBAaHO Ha CTPEMJIEHMU OCTaThCS B paMKax peNsTUBHU3MA.
PaccmoTpuM 3TH OcHOBaHus. Bo-mepBbIX, CBEpXCBETOBas KOPPENSILMS pPE3yJbTaTOB W3MEpPEHUIl He
MPOTUBOPEUYUT CIIEHUAIbHON TEOPUU OTHOCHUTEIbHOCTb, IIOCKOJIbKY HET I[epeJaud CUrHaia B
PENIATUBUCTCKOM CMbIciie. Bo-BTOpbIX, He 3aUKCHpOBaH U JaK€ TUMNOTETHYECKH HE OIUCaH
«KOPPENSIUMOHHBIA CUTHAl», XOTSI €cThb paboTa, B KOTOPOM yTBEp)KJaeTcsi, 4To Oblja H3MepeHa
CKOpPOCTh Tepeaaur MoJ00HOTo «curHana» [3]. B-TpeTbux, CBONCTBOM HEIOKAJIBLHOCTH SIBJISICTCS
OYEBM/IHAS 3aBUCUMOCTb PE3YJIbTAaTOB MU3MEPEHHUS APYr OT Apyra MpH OTPULIAHUU TaKOW 3aBUCHUMOCTH.
To ecTp, C TOUKH 3pEHHUS TEOPUU BEPOSTHOCTH, PE3yJIbTAaThl U3MEPEHUN MOANAAAI0T MO OIpPEAeIICHNE
coObITHI 3aBUCUMBIX. JIeHICTBUTENBHO, KaK €II€ MOXKHO paccMaTpUBaTh Pe3yJIbTaThl IBYX M3MEpPEHUH,
€CIIM pe3yabTaT IEepBOr0 M3 HHUX JOCTOBEPHO, TO €CTh C BEPOSTHOCTBIO, PABHOM €IMHMIE,
MPEACKA3BIBACT PE3YNIHTAT BTOPOTO M3MepeHusi? Ho CTOpOHHUKH TPagUIIMOHHOW KBAHTOBOW MEXaHUKH
HE OYEHb YOEIUTENbHO OTPHUIIAIOT 3Ty CBsA3b. B KauecTBe N0BOJAA MPUBOAUTCSA CChUIKA Ha MpaBuiia
BBIYMCIICHUS] BEPOSITHOCTEH. B KBaHTOBOI MeXaHUKE CKIIAJbIBAIOTCS HE BEPOATHOCTH, @ aMILIUTY/bI
BeposiTHOCTeH. OfHAaKO MpaBujia BBIUYKCICHUM BpPSL JIU MOTYT CIY)XUTh OOBSICHEHHEM MeXaHH3Ma
BO3HHMKHOBEHHUS TaKOM 3aBUCHMOCTH WJIM Takoi BeposiTHOCTU. Hanmpumep, BbimaieHue opiia WM PELIKU
IIpU 100pachIBAaHUM MOHETHI B KJIACCHUYECKON TEOPUHM BEPOSITHOCTH BBIUUCIISIETCS MO OIpPEIEICHHBIM
npaBwiaM. Ho mo kakoll mnpuyMHE BO3HMKAEeT TaKO€ paclpeiesieHue, TEOpHUs BEPOSTHOCTU HeE
00BsicHsIeT. B KBaHTOBOI MEXaHUKE MPABUIIO CIIOKEHHS aMILTUTY]] BEPOATHOCTEH (BOJTHOBBIX (DYHKLIMI)
MO3BOJISIET TOYHO BBIYUCIUTH pE3yJbTaT HU3MEPEHUN (BEPOSITHOCTh BBINAJAECHUS HEKOTOPOTO
pe3yibTaTa), HO 3TO MpaBWIO HE 00sA3aHO OOBACHATH (U3MUECKU MEXaHM3M IMOSBJICHUS TaKHX
pe3ysabTaToB. DTO O3HA4YaeT, 4YTO HET a0COJIOTHO HHUKAKUX OCHOBaHMM JUisi OOBMHEHHMH B ajpec
KBaHTOBOM MEXaHHKM 32 OTCYTCTBUE TakuX oObsicHeHui! OObsCHEHHE HEIOKaIbHOCTH U
HecenapadelIbHOCTH KakK (PU3MYECKUX MPOIECCOB, BUAMMO, BBIXOUT 32 PAMKH 3TOH TEOPUH.

B noruke wu3BecTeH cnoco0 J0Ka3aTeNbCTBA, KOTOPBIM MOXKHO Ha3BaTh «JIOBEICHHEM 0
abcypna». [lemaercs HEKOTOpO€ HCXOAHOE IMPEIIOJIOKEHHE, YTBEPXKAECHUE. 3aTeM JIOTUYECKUMU
peoOpa3oBaHUsIMU MOJIYYarOT U3 HETO BBIBOJIbI, KOTOPbIE IPOTUBOPEYAT UCXOAHBIM MPEIIOJIOKEHUIM.
Cuntaercs JOKa3aHHBIM, YTO MCXOJHBIE MPEIOJIOKEHNUs OMMOOUYHBI, OIPOBEpPrHyThl. B cratbe bemna
SIBHO IIPOCMATPUBAIOTCS OCHOBHBIE NTPUEMBI 3TOro Meroaa. Ho BbIBOA U3 paccyxaeHuil bemna caenan ¢
OYEBUJIHBIM OTCTYIUIEHHEM OT MeToja. VICXOIHBIMHM MPEAnooKEeHUsIMU (MOXHO CKa3aTh, OT UMEHU
OiHIITeHA) OBUIH CIIEAYIOIINE:

1. Ilpu3HaHue mocTynata CHELUAIbHONM TEOPUHM OTHOCUTEIBHOCTH O NPENEIBbHOCTH CKOPOCTH
nepenayd UH(GOpMaIK, KOTOpasi HE MOXKET MPEBBIIIATh CKOPOCTh CBETA.
2. Pa3nenéHHble cHUCTEMBI HE BJIMSIOT JIPYT Ha Jpyra, HUKaKue U3MEHEHHs] B OJIHOHM cuUCTeMe He

JIOJIKHBI OKa3bIBaTh BIMUSHUS Ha APYTYIO.

3. Pesynbrar u3MepeHuss Ha OJHOM CHUCTEME SBIISETCS BEPOSTHOCTHBIM (HE3aBHCHUMBIM) II0

OTHOIICHUIO K Pe3yJIbTaTy, MOJIY4eHHOMY IIPU U3MEPEHUHU Ha APYroi cucreMe.

OKCIIEpUMEHT M KBAaHTOBO-MEXaHMYECKHE BBIYHMCIEHUS IIOKa3bIBalOT, YTO IYHKT 3 HapylaeTcs.
O4eBUIHBIM BBIBOJIOM JOJDKEH OBITh CIIEAYIOLIMH: pe3yJabTaThl MU3MEPEHHUH Ha JIByX CHCTEMax He
SIBJIIIOTCSI BEPOATHOCTHBIMU. UTO SIBISIETCS ajlbTEpHATHUBOM K cilydailHOW cBs3u BenuuuH? Bunumo,
3aBUCHUMOCTb OJHOW BEIMYMHBI OT JpPYyroil. OTHW BEIMYMHBI CBA3aHbl MNPUYHMHHO-CIICCTBEHHBIMU
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oTHOIIEHUsIMU. Ho 118 KBaHTOBOW MEXaHUKHM 3TO HE MPHUEMIIEMO, MOCKOJBKY TEHepb OKa3bIBAETCS
HapylIEHHbBIM IIyHKT 2 NpPeAnojoxeHud. UTo sABIAeTCS OYEBHMIHOM albTEPHATUBOM OTCYTCTBHIO
BIIMSIHUSI CUCTEM JIpyT Ha apyra? OdeBuaHO, Hamuune Takoro BiusHusi! Ho Torma Hapymaercst myHKT 1,
MTOCKOJIbKY HAJIULIO SIBHOE CBEPXCBETOBOE «CHHXPOHHOE» MOBeeHUE YacTull. [ «cnacenus» nyHkra 1
MPUBOJATCSA JOBOJBI 00 OTCYTCTBHM CHTHaja Kak TaKOBOTO, CUTHaJla B PENIATUBUCTCKOM cMbicie. C
TUM OYEHb JIETKO COTJIACUTHCS, HO BO3HHUKAET JABYCMBICIEHHOCTb. Jla, pelsITUBUCTCKHI CUTHAlI He
3a¢uKkcupoBaH W TYHKT 1, Bpome Obl cmacéH. Ho ecTb «CHMHXpPOHHOCTB», MO3TOMY IPU3HAHHUE
PENATUBUCTCKOrO MOCTyJaTa B MyHKTE | He sBIseTcsl yoeauTeabHbIM 0OOCHOBAHUEM Uil OTCYTCTBUS
BIIUSIHUSA, TO €CTh CBs3U. HeoOxoaumo oTkazaTbecsi OT MyHKTa |, HO... BMECTO 3TOTO BBOJAUTCS
HEJIOKaJIbHOCTb, HecenapaOelbHOCTh C HECKPHIBAEMBIM MHCTHUECKUM OTTEHKOM [4]. DTo He mepenaya
peNsATUBUCTCKOTO curHana. M make BooOIie He mepefada Kakoro Obl TO HUA ObUTO CHTHajia (TO, YTO HE
0OHApY)KE€HO, HE CYIIECTBYET!): KOPPEISAIHMOHHOTO, KBAaHTOBOTO, CHUTHAJIa KOJUIANCa, KaK €ro HU
Ha3piBail. To ecTh Bpojze Obl Kakas-TO IMepefada «CUHXPOHHOCTH» €CTh, HO €€... HeT. Hammio siBHOE
CTpEMJICHHE OTPUIIATh OUYEBHJIHOE: JIBE€ CUCTEMBI UMEIOT JPYr C JPYrOM CBEPXCBETOBYIO CBs3b. IlycTh
OHa HE PEISATUBUCTCKas M He sBiseTcs sBHbIM omnpoBepxkeHueM CTO (uyepe3 ompoBepikeHue eé
6a3o0Boro mocrynara o ckopoctu ceera). Ho ¢opmanbHOo ogHA U3 cucTeM mepenaér Apyroil cucreme
HeKoTOopbIi curHai. [loaToMy o4eBUAHO, YTO MYHKT | oxcnepumenmanbHo U KBAaHTOBO-MEXaHUYECKUMU
gvluucaIeHusMY OrpoBepraerca. To ecTh NpaBUIBHBIM BBIBOJOM U3 paccyxjaeHui bemia nomxeH ObITh
BBIBOJI: CBEPXCBETOBAs CBA3b MEXIy cuctemamu umeercs [5]. Onnako bemn nenaer crpaHHbIA BBIBOI.
OH no-nmpexHeMy OCTa&Tcsi BEPEH NEPBOMY MYHKTY. JTO U BBIHY)KJAET €ro CIesiaTh 3TOT CTPaHHbIN
BBIBOJI, KOTOpPBIH WHaye, KaK «IIyTJUBBIM» HE Ha30BEMmb. BMeECTO O4YeBHIHO OMPOBEPrHYTON
MPEANOCHIIKA 00 OTCYTCTBUHM CBSI3M MEXKJIY CHUCTEMaMH, OH BBOJUT CBSI3b MEXKAY... U3MEPHUTEISMHU.
XoTs hopManbHO ATO MAJIO YTO MEHSIET: CBEPXCBETOBAS CBSI3b HY)KHA, HO OHA BCE PaBHO HE IO3BOJISET
BBISIBUTH BEPOSITHOCTHOE TTOBEJICHUE HE3aBUCUMBIX CHUCTEM.

[Ipu3HaHue CBEpXCBETOBOM CBSI3U MEXIY CUCTEMAaMM JOJKHO OBbITh MPU3HAHO KaK CJIEJICTBUE
MeTo/1a «aoBeseHus 10 abcypaay. IIockoabKy OTKa3 OT CBEPXCBETOBOM «HEPENATUBUCTCKON» (?) CBSI3U
MEXAY YacTUIIAMHM NPUBOJUT K HENPUEMIIEMOMY pPE3yJIbTaTy, CII€JJOBaTENIbHO, Takas CBSI3b HMEET
MecTo. OJIHAKO MHUCTHYECKas HEJOKaJIbHOCTh Jiydmie. Ho OHa myuylle TOJbKO, €Clii HE MONBITAThCS
OOBSACHUTH €€ MEeXaHW3M, KOTOPBhI SBHO BBHITVIAIAT HMMEHHO KaK CBEPXCBETOBas Iepeaavya
«HEpENATUBUCTCKOTO» (?) curnana. Bompoc B ckoOkax 03HAYaET, YTO HE UCKIIOYACTCS U MaTepUaibHas
CBS3b, IIOKa HE 3aperucTpUpOBaHHAs, TO €CTh HEKMMHM 4YacTHIlAMH WM  BOJIHAMH,
pacnpoctpansromumucs ¢ Hapymerauem CTO.

Tenepb, paccMarpuBasi BCE B 00OpaTHOM MOPSIIKE, BUIUM, YTO HapylIeHHE NMYHKTa 1, B CBOIO
odepe/b, MPUBOJIUT K OMPOBEPKEHHUIO MyHKTA 2. DTO MPOTUBOPEUYHUT MPEACTABICHUAM DWHIITEHHA O
«JANbHOJEHCTBUM», HO IMOJHOCTBIO COOTBETCTBYET €ro IMPEACTaBICHUSM 00 3JIeMEHTax (PU3NYecKou
peaIbHOCTH. A 3TO YK€ HaMHOTO 0oJblle (prU3nKa, 4eM MUCTUKA HecenapadelbHOCTH U HEJIOKAIbHOCTH.
O nyHKTe 3 MOKHO CKa3aTh JIMILb, YTO OH KaK ObLJI, TaK M OCTAJICA OLIMOOYHBIM MPEIIOJIOKEHUEM.
Bospaxxenuss DUHIITEHHA O MOJHOTE KBAHTOBO-MEXAaHWYECKOT'O OMUCAHMS JIEUCTBUTEIBHOCTH, TaKUM
00pa3om, mpuoOpeTaroT HOBOE 3ByYaHUE.
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I. Introduction
THE paradox of Einstein, Podolsky and Rosen [1] was advanced as an argument then quantum
mechanics could not be a complete theory but should be supplemented by additional variables. These
additional variables were to restore to the theory causality and locality [2]. In this note that idea will be
formulated mathematically and shown to be incompatible with the statistical predictions of quantum
mechanics. It is the requirement of locality, or more precisely that the result of a measurement on one
system be unaffected by operations on a distant system with which it has interacted in the past, that
creates the essential difficulty. There have been attempts [3] to show that even without such a
separability or locality requirement no «hidden variable» interpretation of quantum mechanics is
possible. These attempts have been examined elsewhere [4] and found wanting. Moreover, a hidden
variable interpretation of elementary quantum theory [5] has been explicitly constructed. That particular
interpretation has indeed a grossly non-local structure. This is characteristic, according to the result to be
proved here, of any such theory which reproduces exactly the quantum mechanical predictions.

I1. Formulation
With the example advocated by Bohm and Aharonov [6], the EPR argument is the following.
Consider a pair of spin one-half particles formed somehow in the singlet spin state and moving freely in
opposite directions. Measurements can be made, say by Stern-Gerlach magnets, on selected components

of the spins 0, and &, . If measurement of the component O, - d , where @ is some unit vector, yields

value +1 then, according to quantum mechanics, measurement of G, - @ must yield the value —1 vice

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

chosen component of G, , by previously measuring the same component of G, , it follows that the result

of any such measurement must actually be predetermined. Since the initial quantum mechanical wave
function does not determine the result of an individual measurement, this predetermination implies the
possibility of a more complete specification of the state.

Let this more complete specification be effected by means of parameters A . It is a mater of
indifference in the following whether A denotes a single variable or a set, or even a set of functions,
and whether the variables are discrete or continuous. However, we write as if 4 were a single
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continuous parameter. The result A of measuring O, - @ is then determined by @ and A, and the result

B of measuring G, -b in the same instance is determined by b and A, and

* Work supported an part by the U.S. Atomic Energy Commission
Y On leave of absence from SLAC and CERN
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A(@,\)=%1,B(b,A)=+1, )

The vital assumption [2] is that the result B for particle 2 does not depend on the setting @, of the

magnet for particle 1, nor A on b .
If p(R) is the probability distribution of A then the expectation value of the product of the two

components 0, -d and O, b is

P(@,b) = [ d2p(2)A(@ 1)B(b. 2) @
This should equal the quantum mechanical expectation value, which for the singlet state is
<G,-dG, b>=—a-b. (3)

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

dependent on one and B on the other; this possibility is contained in the above, since A stands for any
number of variables and the dependences thereon of A and B are unrestricted. In a complete physical
theory of the type envisaged by Einstein, the hidden variables would have dynamical significance and

laws of motion; our A can then be thought of as initial values of these variables at some suitable instant.

I11. Illustration
The proof of the main result is quite simple. Before giving it, however, a number of illustrations
may serve put it in perspective.
First, there is no difficulty in giving a hidden variable account of spin measurements on a single
particle. Suppose we have a spin half particle in a pure spin state with polarization denoted by a unit

—

vector P . Let the hidden variable (for example) a unit vector 4 with uniform probability distribution
over the hemisphere A - p > 0. Specify that the result of measurement of a component & - @ is

signA -d’ (4)
where @' is a unit vector depending on d and P in way to be specified, and the sign function is +1 or

—1 according to the sign of its argument. Actually this leaves the result undetermined when A-a’ =0,

—

but as the probability of this is zero we will not make special prescriptions for it. Averaging over A the
expectation value is

Lo 20"
<o-a>=1-—- (5)

2

T
where 0’ is the angle between d' and P . Suppose then that @' is obtained from @ by rotation towards

P until
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20’
1——=cos0 (6)
T

where 6 is the angle between @ and P . Then we have the desired result

<0-a>=cosf, (7)
So in this simple case there is no difficulty in the view that the result of every measurement is
determined by the value of an extra variable, and that the statistical features of quantum mechanics arise
because the value of this variable is unknown in individual instances.
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Secondly, there is no difficulty in reproducing, in the form (2), the only features of (3) commonly
used in verbal discussions of this problem:

P(G,d)=—-P(d,~d)=—1
- - 8
P@@,b)=0 if d-b=0 )

For example, let A now be until vector A , with uniform probability distribution over all directions, and
take

A(a, 1) =sign(a- 1)

N €))
B(a,b)=—sign(b- A1)
This gives
o 2
P(a,b)=-1+—0 (10)
T
where 0 is the angle between a and b, and (10) has the properties (8). For comparison, consider the
result of a modified theory [6] in which the pure singlet state is replaced in the course of time by an
isotropic mixture of product states; this gives the correlation function
1. -
—~a-b 11
3 (1D

It is probably less easy, experimentally, to distinguish (10) from (3), than (11) from (3).
Unlike (3), the function (10) is not stationary at the minimum value —1 (at 8 = 0).
It will be seem that this is characteristic of functions of type (2).
Thirdly, and finally, there is no difficulty in reproducing the quantum mechanical correlation (3)

if the result A and B in (2) are allowed to depend on b and @ respectively as well on @ and b . For

example, replace d in (9) by d', obtained from @ by rotation towards b until

1—29':0059,
T

where 6’ is the angle between d and b . However, for given values of the hidden variables, the results
of measurements with one magnet now depend on the setting of the distant magnet, which is just what
we would wish to avoid.

IV. Contradiction
The main result will now be proved. Because p is a normalized probability distribution,

[dip(a)=1, (12)

—

and because of the properties (1), P in (2) cannot be less than —1. It can reach —1 at @ = b only if
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A@G,A)=-B(b,A) (13)
except at a set of points y) of zero probability. Assuming this, (2) can be rewritten

P(d,b) =— j dAp(A)A@G, ) Ab, ) . (14)
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It follows that C is another unit vector

P(d,b)-P(d,¢)=— j dAp(A)[A(G, W) A(b, A)— A(a@, 2) A(E, A)]
= j dAp(A) A(G, ) A(b, 2)[A(b, V) AE, 1) 1]

using (1), whence

PG@.5)- P(a.d) < | dap(A|L - 4B, 1) AG, )]
The second term on the right is P([; ,C), whence
1+ P(b, E)z‘P(d,E)—P(&, 5)\ (15)

Unless P is constant, the right hand side is in general of order |[; — ¢ | for small | b-¢ |. Thus P(a, [;)

cannot be stationary at the minimum value (-1 at b — ¢ ) and cannot equal the quantum mechanical
value (3).

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

P(G,b) and —d-b

where the bar denotes independent averaging of P (@',b") and —d'-b" over vectors @ "and b’

within specified small angles of @ and b. Suppose that for all @ and b the difference is bounded by
.

‘F(&,EH&-E‘ < (16)

Then it will be shown that & cannot be made arbitrarily small.
Suppose that for all a and b

—

a-b—d-b|<és (17)
Then from (16)
‘F(&,Z;)+a-l§‘£g+5 (18)
From (2)
P(a,b) = j dAp(A)A(G, 2)B(b,A) (19)
where
4@, 2)|<1 and \E(z}, z)\ <1 (20)

from (18) and (19), with @ = b ,
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dAp(M)[A(a,\)B(b,A)+1]<e+6 1)

From (19)
P(d,b)—P(d,¢) = [dAp(A)[A(a,\)B(b, 1)~ A(d@,A)B(E, )]
= [dap(2)A (@, 2)B (b, A)[1+ A(b, \)B(E,A)]
= [dAp(A)A(G@,)B(@E,A)[1+ A(b,1)B(E,N)]
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Using (20) then

P(a.b)-P(a.o)<| p|1+ A5, 1)BE, )]

~ [dip(|1+ 45, 2)B(5, )
Then using (19) and (21)
\F(&,E)—F(a,a)\ <1+P(h,0)+&+5
Finally, using (18)
‘a-a—a-z}\—z(gw)31—5-5—2(g+5)
or

4(g+5)z\a-5—a-z3\+z3-5—1 22)

Take for example d-¢ =0, 5-525-521/\/§.Then
Me+8)=2-1
Therefore, for small finite O, & cannot be arbitrarily small.

Thus, the quantum mechanical expectation value cannot be represented, either accurately or
arbitrarily closely, in the form (2).

V. Generalization
The example considered above has the advantage that it requires little imagination to envisage
the measurements involved actually being made. In a more formal way, assuming [7] that any Hermitian
operator with a complete set of eigenstates is an «observabley, the result is easily extended to other
systems. If the two systems have state spaces of dimensionality greater then 2 we can always consider

two dimensional subspaces and define, in their direct product, operators 0, and O, formally analogous
to those used above and which are zero for states outside the product subspace. Then for at least one
quantum mechanical state, the «singlet» state in the combined subspaces, the statistical predictions of
quantum mechanics are incompatible with separable predetermination.

VI. Conclusion
In a theory in which parameters are added to quantum mechanics to determine the results of
individual measurements, without changing the statistical predictions, there must be a mechanism
whereby the setting of one measuring device can influence the reading of another instrument, however
remote. Moreover, the signal involved must propagate instantaneously, so that such a theory could not
be Lorentz invariant.
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Of course, the situation is different if the quantum mechanical predictions are of limited validity.
Conceivably they might apply only to experiments in which the settings of the instruments are made
sufficiently in advance to allow them to reach some mutual rapport by exchange of signals with velocity
less than or equal to that of light. In that connection, experiments of the type proposed by Bohm and
Aharonov [6], in which the settings are changed during the flight of the particles, are crucial.

I am indebted to Drs. M. Bander and J.K.Preeing for very useful discussions of this problem. The
first draft of the paper was written during a stay at Brandeis Univesity; [ am indebted to colleagues there
and at the University of Wisconsin for their interest and hospitality.
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