Yro Takoe HepaBeHcTBa bena?
(What is the Bell's inequalities?)
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AHHOTAUA
HepaBencrBa bemna uCHoib3yroTcsi B Ka4eCTBE OCHOBHOTO apryMeHTa B CIIOpE MEXIY
JIOKaJIbHBIM ~ peanu3MoM OHWHIITEHHa MW KBAaHTOBOM HEJOKaJbHOCTHIO. Ecim  TmarensHO
MIPOAHAJIU3UPOBATH JIOBOJIbI, TO MOKHO MpPU3HATh: DUHIITENHH MpaB — KBAHTOBAsI MEXaHUKa HEIOJIHa,
a "coBpemeHHas (pu3MKa, MPEBPATUIIACH, TI0 CYTH JI€a, B MPOJOJKEHUE MAaTEMATHKH, COBEPIICHHO
YTpaTUB BCE HAJEK/Ibl Ha IOHUMaHUE IPUPOJIbl U3y4aeMbIX SBJICHUI".

KiaroueBble cuaoBa: HenokanbHocTh, HepaBeHcTBa, CHSH, BeposiTHOCTHass uHTepnperanus,
BOJIHOBAsE (DYHKIIMS, BEKTOpP COCTOSIHMS, aMIUIUTyJa BeposiTHOcTH, mapaaokc OIIP, teopum c
JOITOJIHUTCIbHBIMU InmapaMeTpamu, NEPpEMCHHBIMH, MI'HOBCHHAas OJHOBPCMCHHOCTD, CTO,
HecernapabenTbHOCTh

Kakue onn, HepaBeHcTBa?

Bormpoc He npa3nHblil U oueHb Jaxke He mpocToi. Bot uto, Hanpumep, nuiietr Ha Camusnare
OJMH U3 ero aBTopoB: "He Tak gaBHO MHE TYT BCIO IUIEIHIh MPOETH 10 MOBOAY TeopeMbl bemma. Yk
Yero TOJIbKO He ToBOpuiin. He roBopuiM TOJIBKO, UTO 3TO TAKOE HA CaMOM JIEJIe, C UeM €€ €T U UTO
u3 Hee cienyer. Buaumo, Bce ObUIM KPYTHIMU CHELMATMCTAMU U YIIOMMHAHUE TaKUX MeJlouel ObLIo
Hmwke nx goctouHcTBa" [17]. TlompoOyem u Mbl 0OpaTUThCA K 3TOM MHTEpecHOW Teme. Teopema
benna — 370 BRIKIIAIKU, PE3YIHTATOM KOTOPBIX SIBJISIOTCS YKa3aHHbIE HEPABEHCTBA.

BapuantoB Tak Ha3zpiBaeMbIX "HepaBeHCTB bemma" B nuTeparype BCTpedaeTCs MHOXKECTBO H,
coOCTBEHHO, OpUTHHAIBHOUW (opmynupoBku "Teopembl bemna" u "HepaBenctB bemna" Her. OgHum
u3 HauboJiee M3BECTHBIX BBIPAXKEHHH 3THX HepaBeHCTB sBisercss BapuanT CHSH-HepaBeHcTBa,
nosiyaenHoro Knayzepom, XopHowm, [llnmonn n X0oabToM, KOTOPOE BBITJISIAUT TaK:

[<AB> + <A'B> + <AB'> - <A'B'>| < 2.
BapuanTsl HanucaHusi HEpaBEHCTBA MOTYT HE3HAYUTENbHO paznuyarbes. Hampumep, Tak [2]:
-2<S<2,

rae: S = E(a, b) - E(a, b') + E(a', b) + E(a', b").

Bun HepaBeHCTBa yallle BCEro OnpeAesseTcs] yCIOBUSMU SKCIIEPUMEHTA, UCCIEAYeMO B HEM
Mozenu. B aTom citydae oHO mpuoOpeTaeT COOTBETCTBYIOIIMM BUA, HapuMep, Takoi [11]:

P,(6,,0,)—P,(6,,05)—P,(8,,0,)—P,(6,,6,) <0

Ha Bujg HepaBeHCTBAa BIMSET W KOHCTPYKIUS DKCIEPUMEHTAIBHOW YCTAaHOBKH, KOTOpas
MOXET ToTpeboBaTh emé Oosee clokHBIX (opM HamucaHusi HepaBeHCTB bemna. Hampumep,
A.ACIIEeKT HCTIOJIB3YeT TaKOW BU HEPABEHCTB [3]:
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Wnu noxoxwuit BapuanT HOBbIX HepaBeHcTB B.C.H.S.H:
1<S8'<0,
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G N(a.b)— N(a,b')+ N(a'.b)+ N(a'.b')— N(a',ee)— N(oo,b)
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IpeJicTaBjieHa B BUe QYHKIIMN U3MEPEHHBIX HOPM (KOJIMYECTB) COBIAACHUM.
Cnenytomee [49] "onTumanbHOE HEpPaBEHCTBO THMa HepaBeHcTBa bemia pmias  Tpéx-

gactuyHoro I'XI{-cocTostnust ObLI0 HarMcaHO MepMUHBIM U UIMEET BU]T
|[<xyy> + <yxy> + <yyx> - <xxx>| < 2."




Jyig Toro, yToOBI MOHATH CYTh HEpaBeHCTB beiia u X posib B KBAaHTOBOW (pU3HKE, UTO U YEMY
HE PaBHO M M0 KaKOM IPUYMHE, PACCMOTPUM YCIIOBHS M IPUUYNHY ITOSBIICHUS HEPABEHCTB.

BeposiTHocTHasi HHTEepNPeTalUsA KBAHTOBOH MeXaHUKHU

OnHuM M3 OCHOBHBIX TOHSATHUNA KBAaHTOBOW (DM3UKHU SIBIIAETCS BOJHOBas (QyHkmus. Yacto eé
OTOXJIECTBJISIFOT C TIOXOXUM MOHATHEM — BEKTOPOM COCTOSTHUS:

"BonHoBast QpyHKIUS (aMIUIMTY1a BEPOATHOCTH, BEKTOP COCTOSIHUA), B KBAHTOBONH MEXaHUKE
OCHOBHAasl BEJIMYMHA, OMMCHIBAIOLIASl COCTOSIHUE CUCTEMBI U MO3BOJISIONIAs] HAXOAUTh BEPOSITHOCTH U
CpeIHUE 3HAuYeHUs Xapakrepusyromux e€ ¢Qusnmuyeckux BenuuunH. KBajgpar Moayns BOJHOBOM
(GYHKIIMY paBEeH BEPOATHOCTH JAHHOI'O COCTOSIHUS, MIOATOMY BOJHOBYIO (DYHKIIMIO Ha3bIBAIOT TaKXkKe
aMIUIUTy101 BeposTtHocTH". [16]

HazBanue [12] - amniumyoa eéeposmnocmu oTpakaeT MEpBbIM OOIIUN MPUHIIAIT KBAHTOBON
MEXaHUKH, KOTOPBIN 3aKJIFOYAETCs] B TOM, YTO BEPOSITHOCTh TOTO, YTO YacCTHIA JIOCTUTHET TOYKH X,
BBIIJSI U3 MCTOYHUKA §, MOXKET OBbITh YMCIIEHHO Ipe/CTaBieHa KBaJApPaTOM MOMAYJNS KOMILJIEKCHOTO
quClia, JJIs 3alUCH KOTOPOrO UCIOJIb3YETCsl COKpaIleHHOE 0003HAaUeHHE <X |$>.

"Hanpumep, BEpOATHOCTb TOTO, YTO KBAHTOBAs YAaCTUIA HAXOJUTCS B TOYKE C 3a/JlaHHBIMHU
KOOpJIMHATaMH, paBHA KBaJpaTy €€ BOJHOBOM (YHKIMHM, apryMEHTOM KOTOPOM SIBIISETCS
koopauHaTa. COOTBETCTBEHHO, BEPOSITHOCTh TOTO, YTO YacTHUIlA MMEET ONPEJCJIEHHBIN HMITYJIbC,
paBHa KBaJpaTy BOJHOBOM (DYHKIIMHM C MUMITYJIbCOM B KayecTBe aprymeHrta. [loaromy y KBaHTOBOM
YacTULIBI HET OIpPENEJICHHONM KOOPAMHATHI MM HMMIYJIbCAa — OHM MPUHUMAIOT TO WIH JpPyroe
3HAYEHHE JIUIIb C KaKOW-TO BEPOSTHOCTHIO" [53].

"Jlisg omnucaHus TOBEACHUS KBAaHTOBBIX CHCTEM BBOJUTCS 6071H06aA (hyHKuusa (Apyroe
Ha3BaHue — ncu-gynxyus) Y(x, y, z, t). OHa onpenensercs TakuM 00pa3oM, 4TOObI BEPOSITHOCTb dw
TOTO, YTO YACTHUIIa HAXOIUTCA B dJIeMeHTe d V' Obla paBHa:

dw=¥/dV

dusrdeckuii cMbIcT uMeeT He cama Gyrkius P, a kBaapat ee Moy |¥|° = P¥* | koTOphIM
3aJlaeTcsi MHTEHCUBHOCTh BOJH Jie bpoins (3zech W* - QyHKIMs, KOMIUIEKCHO conpsbkeHHas ¢ V).
Bemnunma |P|* uMeeT cMBICH miommuocmu éepoammnocmu, a cava BoiHoBas (yHkmms ¥ nmeer
CMBICIT amMnaumyosl eeposmuocmu' [28].

K knaccuueckuMm ompeleNneHusM KBaHTOBO-MEXaHHMUECKOW BOJHOBOW (YHKIMH OTHOCHUTCS
onpenenenue, nandoe Jlannay u Jlusmmnem [26]:

"OcHOBY MaTeMaTHYECKOI'0 arnmnapara KBaHTOBOM MEXaHHUKH COCTaBIISIET YTBEPKAECHUE, UTO
ONMCAHHUE COCTOSIHUS CHUCTEMbl OCYILECTBISETCS 3aJaHHEeM OIpeAeseHHOW (BooOmie roBops,
KOMILJIEKCHOM) ¢QyHkuuu koopauHaT ‘Y(q), mpuyem KBaapaT MOyl 3TOM (QyHKUIMU OIpeaesnseT
pacmpesienieHre  BepoSTHOCTell 3HaueHwmii koopmuHar: |P|’dg ecT BEpOATHOCTH TOTO, UTO
IIPOM3BEACHHOE HAaJl CUCTEMOM H3MEpeHHEe OOHApYKUT 3HAu€HUs KOOpPAMHAT B JJIEMEHTE dg
KOH(puUrypauroHHoro npoctpanctsa. Oynkius ¥ Ha3piBaeTcst BOJTHOBON (yHKIHMENH CUCTEMBI".

Bonee 06beMITIONINM TOHATHEM SIBIISIETCS] TIOHSTHE BEKTOPa cocTosiHusA [ 14]:

"BekTtop cocrosiHuS (aMIIUTyAa cocTosiHus; cuMBoid [P> wnm |>, mpemnoxen I1. A. M.
JlpakoM) - OCHOBHOE MOHATHE KBAaHTOBOI MEXaHUKHU, MaTeMaTUYECKU 00BEKT, 3ajaH1e KOTOPOTO B
OTpEJENICHHbII MOMEHT BPEMEHM IIOJHOCTBIO ONIPEIENIET COCTOSHHE KBAHTOBOMEXAaHHUYECKOM
CUCTEMbl U, IPU M3BECTHBIX B3aUMOJEUCTBUSIX, €€ JaJbHEHIIYI0 HBOJIIOUMIO... DYyHKUUS Y(n)
Ha3bIBA€TCS BOJHOBOW (YHKIMEW B mpelIcTaBiIeHUM BeaudyuH n. KBaapar Moayns BOJIHOBOM
dyskrmn  |y(n)|>, COTTacHO CTATHCTHYECKOH WHTEPIPETAlH KBAHTOBOH MEXAHHKH, pAaBeH
BEPOSITHOCTU TOTO, YTO Ui CHCTEMbI, HAXOJSALICHCS B COCTOSIHUH, OIMCHIBAEMOM BEKTOPOM
cocTostHUS |Y>, HAOOp OMpenemsomMUX COCTOSHUE BEIWYUH paBeH 7. Takum oOpa3oM, BOJHOBAas
(GyHKIMS MpeicTaBiseT co00l amMIUIUTyqy BepoATHOCTH. [lockonbKy 3aaHue BOJHOBOW (YHKIUU
MIOJIHOCTBIO OIpeNeNsieT BEKTOp cocTosiHus |P> nuHaMu4eckoll CHCTEMbl, MOKHO BBIYHCIUTH
BEPOSITHOCTH BO3MOKHBIX 3HaueHUW K yno0oit npyroit gusmueckoil BennunHbl K, He BXopsien B
MOJIHBIN Habop (n)".

Bbonbiioe BHUMaHue BOJHOBON (DYHKIIMU M BEPOATHOCTHOMY MOJX0Jly B KBAHTOBOW MEXaHHUKE
yaemun Puuapa deitHman B CBOMX 3HAMEHUTHIX JieKusx [46, ¢.11]:

"Ham nepBbiii 00N TPUHLIUIT KBAHTOBOW MEXaHUKHU 3aKJIIOYAETCS B TOM, YTO BEPOSATHOCTD
TOT0, YTO YaCTULA JOCTUTHET TOYKHU X, BBIIAS U3 UCTOYHHKA S, MOYKET ObITh UMCIIEHHO IPEJICTaBICHA



KBaJIpaTOM MOJYJISI KOMIUIEKCHOTO YHUCJIa, HA3bIBAEMOI0 aMILTUTYA0N BEPOSITHOCTH, B HAIIEM Cydae
— "aMITUTYI0M TOTO, YTO YacTULAa U3 S MOMNaJeT B X'". B KBaHTOBOI MEXaHHKE HaM TOXKE yJIaJlOCh
YOPOCTUTH 3alMChb MHOTMX BeEIllei, BOCIOJIb30BaBUIMCH HjJeeil "Bekropa coctosHuda". BexTtop
COCTOSIHUS |y|)> HUYEro o011ero, KOHEYHO, HE UMEET C T€OMETPUUECKUMHU BEKTOPAMH B TPEXMEPHOM
IIPOCTPAHCTBE: ATO MPOCTO OTBJICUYEHHBIH CUMBOJ, KOTOpBIA 00O03HauaeT (hU3MUEecKoe COCTOSHUE,
oTMedaemMoe cBouM "3HaukoM" uiu "HaszBanueM" y. [IpeacraBieHue 3To BeChMa U BEChMa IOJIE3HO,
[IOTOMY YTO Ha SI3bIKE 3TUX CUMBOJIOB 3aKOHbI KBAHTOBOM MEXaHUKU BBIMJISAAT Kak ajlredpandeckue
ypaBHenus". [47, ¢.200]

B cBoux pabortax deifHMaH 3a4acTyl0 COKpaIlaeT MOHATHE "aMIIMTyAa BEPOSITHOCTH" N0
oaHoro ciosa "ammumutyaa". O TOM, 4TO 3TO TOXKIECTBEHHBIC TIOHITHS, MO)KHO KOCBEHHO CYAHTH IO
CJICYIOIIMM €T0 BBICKa3bIBaHUSIM B ToMe 9 "Jlekiuii":

"Ecnu y Hac umeeTcst BOJIHOBass (PyHKUHUSA OTAEIbHOrO (POTOHA, TO 3TO — aMIUIUTYJa TOTO,
9TO OH OyneT oOHapy»keH rae-1o". [47, ¢.234]

"Ho Hy)XHO NOMHMTH OJHY BEIb: aMIUIUTYyJa AJI 3JEKTpPOHA ObITh B JIAHHOM MECTE 3TO
aMILTUTY/1a, a He BeposSTHOCTH". [47, ¢.7]

"Ecnu ans 37€KTpoHA aMIUIMTYJla TOrO, YTO OH OKaXKeTcs B X,, paBHa C,, TO BEPOSITHOCTD
Haiit ero tam Gyzer |C,[*". [47, c.14]

B GepkneeBckoM Kypce pusuku Buxman oTmeuaeT BHEIIHEE CXOJICTBO BEIUYMH aMILIUTY]
IUIOTHOCTH SHEPrUU KIACCUYECKON (PM3UKU U KBAHTOBO-MEXaHUYECKUX BEPOSTHOCTEH:

"HenpaBuwiibHO HMHTEpPIpPETUpPOBATh CyMMY KBajparoB aMmumtya E u B kak miotHocTb
SHEPrud B TNPOCTPAHCTBE, B KOTOpoM aABWkeTcs (oToH. OT 3Toil wulew, nNpuHaAIexKalen
KJlJacCMuecKoi (u3uKe, He0OX0IMMO OTKa3aThCsl. BMECTO 3TOro Kaxayr BEIMYMHY, KBaJApaTHUHO
3aBUCSIILYIO OT aMIUIUTY/Abl BOJIHBI, CJIEAYET HHTEPIIPETUPOBATh KaK BEIUUYHMHY, IIPOMOPLIUOHAIBHYIO
BEPOSATHOCTH KaKOro-TO mpouecca. Hampumep, uHTErpas OT CyMMBI KBaJpaToB aMIuuTyd E u B no
HEKOTOPOI KOHEUHOW 00JIaCTH MPOCTPAaHCTBA HE PAaBEH 3HEPTUU, BHOCUMON (POTOHOM B 3Ty 00J1aCTh.
OH TPOMOPIIMOHAIIEH BEPOATHOCTH OOHAPYKWUTHh B 3TOW 00JacTH (HOTOH, €CIU MBI TOIBITAEMCS
"moiimMaTh" €ro ¢ MOMOLIbIO, Hampumep, QOoTodIeMEHTa. AHAJIOTMYHO, BBIYHUCICHHBIA B
KJIACCUYECKON TEOPUM MOTOK M3IY4YEHHs Yepe3 LIeb B 3KpaHe cleAyeT UHTEPIPETUPOBATH B HOBOM
TEOPUU KaK BEIMYMHY, IPOMOPLUOHAIBHYIO BEPOSITHOCTU TOTO, YTO (POTOH Oy/eT 0OHapy»XeH, ecliu
MBI TIOMECTUM HEMOCPEICTBEHHO 3a mieibio Gorornnement". [13, c.171]

"Tunoreza ne bpoinsg mno3BosiseT Bce pe3ynbTarbl, H3BECTHbIE JUISI JUPPAKIUN U
uHTeppepeHuu cBeTa, 00OO0mMTh M Ha cioydail OOBIUHBIX (KBAHTOBBIX!) yacTHL. AMIUIUTYIa
BEPOSITHOCTH IIPU 3TOM UIPAET TY K€ POJib, YTO M aMIUIUTYAA IEKTPOMArHUTHOM BOJHBI (B ciaydae
CBETa), a IUIOTHOCTh BEPOSTHOCTU YaCTHUI SBJIETCS aHAJIONOM MHTEHCHBHOCTH CBETOBOrO MOTOKA'
[22].

"MpbI TOBOPHIIM, YTO aMIUIUTY 1A BOJIHBI JOJKHA OBITh UCTOJIKOBAHA B MOHATHUSAX BEPOSITHOCTH.
Yactuily BeposiTHee BCero OOHApyKUTh TaM, I/ieé aMIUIMTYAa BOJIHOBOM (yHKUMU Beiuka. boiee
TOYHO, KBaJpaT MOJIY/Isl BOJIHOBOM (YHKIMM B JaHHON TOYKE SIBJIIETCS MEpPOW BEPOSTHOCTU
O0OHapyXHUTh YacTHUIly (Hampumep, ¢ momouibo "HeOosbLoro" nmpudopa) BOaM3M TON Touku". [13,
c.217]

Takum 00pa3zom, Kak BUJIUM, B 0003HaYEHUSIX U (OPMYINPOBKAX, OTHOCSIIUXCA K 0a30BbIM
MOHATHSIM KBAaHTOBOW MEXaHUKM — BOJHOBOW (YHKIIMH, aMIUIUTYIE BEpPOSITHOCTH, BEKTOPY
COCTOSIHUSI UMEIOTCS HEKOTOpPbIE Pa3HOUTEHUS U pa3iauuus. Tem He MeHee, BIOJHE OYEBHJIHO, UTO
HayyHasi TEOpUsSl — KBAHTOBAsi MEXaHHUKA MOJHOCTHIO OTPAXKAET PEalbHOCTh, AET MCUEPIIBIBAIOLIYIO
uHpopmanuio o Heil. Y 310 He cMOTps Ha TO, UTO O MapaMeTpax KBAaHTOBBIX YaCTUIl MOKHO TOBOPUTh
TOJILKO C BEpPOSITHOCTHOM TOYKM 3peHus. BrepBble TOYHO CcGHOPMYIUPOBAHHAS BEPOSTHOCTHAS
MHTEpIIpeTaIisl KBAHTOBON MEXaHUKH, BOJIHOBOM QyHKUMHK OblIa npeasioxkena B 1926 rony Makcom
bopnoM. B nanbHeimeM 3T npeacTaBieHHE OBbLIM IOJIOKEHBI B OCHOBY TaK Ha3bIBaeMOM
Konenrarenckoit wuntepnperauun kBaHToBoM MexaHuku (KU): "Hmenno bopH mnpaBuibHO
(HaCKOJIbKO HaM M3BECTHO) OTOXIECTBUI ¥ B ypaBHeHuu lllpeaunrepa ¢ aMmuTy10ii BEpOsSITHOCTH,
MIPENIOJIOKHB, YTO KBaJApaT aMIUIUTYJIbl — 3TO HE INIOTHOCTH 3apsijia, a BCEro JMILIb BEPOSITHOCTh
(Ha emuHUIYy 00bEMa) OOHAPYKHUTH TaM DJIEKTPOH M YTO €CIIM BBl HAXOAHUTE JIEKTPOH B HEKOTOPOM
MeCTe, TO TaM OKaXETCs ¥ BECh ero 3apsia. Bes ata unes npunamiesxxut Makcy bopuy". [47, ¢.233]



"[lpenmonaraBmiasici y)K€ paHee B HCCIEIOBAHUAX IO TEOPUU HUBIyYEHUS U
chopMynupoBaHHAasi TOUHO B OOPHOBCKOM TEOPUHU CTOJIKHOBEHMH I'MIIOTE3a, YTO BOJIHOBAs (YHKIIMS
OTIpe/IeIIIeT BEPOATHOCTh HAIMYMUS YaCTHUIbl, OKA3aJIach YaCTHBIM CIy4yaeM 00IIel 3aKOHOMEPHOCTH
U EeCTECTBEHHBIM CJIEJACTBMEM OCHOBHBIX NOJIOKEHUW KBaHTOBOM MexaHuku' [18]. "Hcmonwiys
BbICKa3aHHbIE paHee DUHIITEHHOM UAEU O B3aWMOCBS3M MEXIY CBETOBBIMU BOJIHAMH U (DOTOHAMHU,
COrJIaCHO KOTOPBIM KBaJApaT aMIUIUTYIbl 3THUX BOJH B JIAaHHOW TOYKE JOJKEH ObLI OINpeNeisTh
BEPOSITHOCTh HAXOYX/ICHNS B Heil (hOTOHA, BOPH BBIABHHY/ HHTEpIpeTanuio |y|° - KBaapaTa MOIyIs
LIPEIUHTEPOBCKOM BOJIHOBOM (YHKIMM KaK IUIOTHOCTH BEPOATHOCTH B KOH(PUIypallMOHHOM
npoctpanctee”. [10, ¢.236]

bopH oTMeuan B cBOMX BOCIIOMUHAHUSAX, YTO YK€ TOTJa Pa3MbIILIEHUS HaJl MHOTOMEPHBIMU
BEKTOpaMH 3TOH TEOPHH 3apOoJId B HEM HJEH, KOTOPbIE OH Mo3aHee pa3Buil. OHU BIEpBbIE ObLIN
OMyOJMKOBaHbI B BHUJIE KOPOTKOW 3aMeTku B KypHane '"Zeitschiift fur Physik", a 3arem B
KJIACCUYECKOW cTaThe; 00e paboThl HMMEIOT OJAMHAKOBOe Ha3BaHue "K KBaHTOBOW MexXaHUKE
nporeccoB coynapenus". CoaepxaHnue 3TUX pabOT XOPOIIO M3BECTHO U HE TpedyeT MmoapoOHOTO
nepeckasza. B uHTepmperanuum bopHa mIpeauHrepoBcKas BOJHOBas (YHKLHS XapaKTepU3yeT
BEPOSITHOCTh HAXO0KJIEHUS YACTULBI B PA3JIMYHBIX TOUKAX MPOCTPAHCTBA.

HmenHo B nepByro odepeab 3a HUX Makcy bopHy Obuia npucyxaena HoGeneBckas npemusi.
[10, c.259]

"Utak, s1 XxoTeq Obl B BHJIE OIbBITA MPOCICIUTD 3a CIACAYIOIMNUM IPEACTABICHUEM: "Beylee
nmoJse", 3aJaBaeMo€ CKaJSIPHOW (YHKIIMEH Y OT KOOPJAWMHAT BCEX YYACTBYIOIIMX YacTHI[ W OT
BPEMEHH, pPAcCHpOCTpaHsAETCs B COOTBETCTBUU C auddepenHumanbubiM ypaBHeHueMm llIpénunrepa.
OpHako MepeHoC MMITYJIbCa U DHEPruu IMPOUCXOTUT TaK, KaK eciu Obl B JEHCTBUTEIbHOCTH
JIBUTAJIMCh KOPIYCKYJIbI (3J€KTPOHbI), IIyTH 3TUX KOPIYCKYJ OINpeNeieHbl JHIIb B TOW CTENEHH, B
KaKOM MX OTPAaHUYMBAIOT 3aKOHBI COXPAHEHHS SHEPrUU U UMIIYJIbCa; B OCTAJIbHOM BBIOOP JaHHOTO
IIyTU OTIpEeAESeTCs JHILb BEPOATHOCTBIO, 3a/1aBaeMOil pacnpeesieHueM 3HaueHul QpyHKIuu . IT0
[IPEJICTAaBICHUE MOKHO ObLIO Obl 00OOLINUTH CIIEAYIOIIUM, XOTS U HECKOJBKO MNapaJoKCaIbHBIM
o0pa3oM: JIBUKEHUE 4YacTHIl CJIEIyeT BEPOSATHOCTHBIM 3aKOHaM, HO camMa BEpOSTHOCTh
pacmpocTpaHsieTCsl B COOTBETCTBUH C 3aKOHOM IpuanHHOCTH". [9, €.633, 6, 7]

"CormacHo wuHTepIpeTauuy, mpemioxkeHHo M.bopHoMm, BennunHa p\|,=|\|/|2 SBJISIETCS
IUVIOTHOCTHI0O BEPOATHOCTH HAaXOXKJIEHUS YacTUIl B JaHHOM TOYKE NPOCTPAHCTBA, a,
COOTBETCTBEHHO, BEJIIMYMHA py,=|l//|2dQ €CTh BEPOSITHOCTb OOHApYKEHHUs YacTUIBl B 00JIaCTH
IIPOCTPAHCTBA 00BEMOM df2, conexallell JaHHy0 TOuKy. Beianuuna j, Ha3pIBaeTcsi, COOTBETCTBEHHO,
TOKOM BeposiTHOCTH. Camy BOJIHOBYIO (pyHKIuio y P.deliHMan mpeanaraeT Ha3blBaTh aMIUTHTYAOU
BEPOSITHOCTH, HO JIAaHHBIN TEPMUH HE SIBJIsIETCS OOImEenpuHATHIM" [25].

"KBanpar monyns Oepercs 1Mo TOH MPUYMHE, YTO caMa BOJHOBAs (YHKLHS (M3-32 MHUMOTO
ko3¢ duimeHTa rnepex Npou3BOAHOM M0 BpeMeHH B U depeHIIMaTIbHOM ypaBHEHUHN) KOMIUIEKCHA, B
TO BpeMsl KaK BEJIMYMHBI, JOIyCKarolue (U3NYECKYI0 HWHTEpIpEeTaluio, KOHEYHO, JOJLKHBI ObITh
BEIIECTBEHHBIMH.

Mpl yxe ynoMuHanu 00 MHTEpIpeTaluu BOJIHOBOM pyHKIuu, nanHoil bopuowm (ri. IV, §7).
[Tycth coGcTBeHHast QYHKIMS Y COOTBETCTBYET HEKOTOPOMY COCTOSIHMIO; TOTId €CTh BEPOSITHOCTD,
YTO AJIEKTPOH (paccMaTpUBAEMbIi KaK 4aCcTUIA) HAXOJUTCS B dJieMeHTe o0bema dv.

Orta uHTEeprpeTanusi CTaHET COBEPIIEHHO OYEBHUIHOM, €CIM PacCMOTPETh HE COOCTBEHHbIE
KBAHTOBbIE COCTOSIHUS (C AMCKPETHBIMH OTPHUIATEIbHBIMU 3HAUYEHUSMU SHEPTUH), a COCTOSHUS C
MOJIOKUTEITFHON JHEPryuel, COOTBETCTBYIOIIME THUMEpOOIMUecKuM opOutam Teopuu bopa" [8 ,
c.173].

BbopH oTMeuaeT, yTO BEpPOSATHOCTHBIHN MMOAX0/ K BOJHOBON ()YHKIIMM OCHOBBIBAETCS Ha UAEAX
[MTaymu u Ilpenunrepa: "Takoe o0oOmeHne BOTHOBON MexaHuwku mnpemtoxun [laymm (1925 r.).
OcHoOBHasi ujesl €ro TEOpUU COCTOUT MPUMEPHO B crueayromeM. /s MpocTOTbl pacCMOTPUM
cBoOoHbIN 3nekTpoH. CornacHo IlpeauHrepy, €ro coCTOSHHE OMMCHIBAETCS BOJHOBOW (PyHKITHMEH
w(x, v, z ), npudeMm |y|° maeT BEpOSTHOCTb TOTO, YTO OJICKTPOH OYHET OOHAPYKEH B
paccmarpuBaeMoil Touke. Mbl MoriM Obl BBECTHM CIHMH B BOJHOBOE YpaBHEHHUE, II0JIb3YSCh
MPEACTABICHUEM O Bpamaromemcs snektpone”. [8, ¢.217]

"CrieroBano HalTH MyTh K OOBEIMHEHUIO YaCTHI] M BOJH. S BHIET CBS3YIOIEe 3BEHO B HJIEEC
BEpOSITHOCTU. B Hamiel crathe, HanmucaHHO# BTpoewm, Obul pasgen (ria. I, §2), mpunamnexamuit



onaomy MHE (7). B Hem ¢urypupoBanm BEKTOp X ¢ KOMIIOHEHTaMH Xj, X2, X3..., Ha KOTOPBIA
JEHUCTBYIOT MaTpHUYHbBIE orepaTtopsl. EMy He mpuaaBanioch Kakoro-inOo CMbICHA; s AyMall, 4TO OH
MMEEeT OTHOILIEHUE K paclpeleieHuio BeposiTHocTu. Ho nump mocie Toro, Kak cTajla M3BECTHA
IIPEIUHTEPOBCKast paboTa, sl CMOT TIOKa3aTh, YTO ATA JIOTa/AKa Oblja MPaBWIBHOW U YTO BEKTOP X €CTh
HEIIPEPhIBHOE IIPEICTABICHHE BOIHOBON (GYHKIMH W, Tak 4To |y|® - IUIOTHOCTH BEPOSITHOCTH B
KOH(PUTYPAIIMOHHOM TPOCTPAHCTBE. JTa TUIOTE3a ObLIa TMOATBEP)KJEHA OMHCAaHUEM IIPOIIECCOB
COyJapeHil B TEPMUHAX paccessHus BOJIH U pyrumu merogamu'. [10, c.16]

IMapanoxc IIIP

OpHako TakoW MOJIX0J B TEOPUH BbI3BAJI BO3PAXKEHHU Y psijia UCCIeI0BaTENeH, B TOM YUCTE, Y
A.DiHmTeiHa. OWHIITENH M ero coTrpyaHuku - llogonbckuit m Po3eH moaBepriii COMHEHMIO
MIOJIHOTY KBaHTOBON MexaHUKU. CyTh BO3Pa)KEHHUS COCTOSIa B TOM, YTO KBAaHTOBAas MEXaHHMKa HE
[O0JIHA, BOJHOBas (QYHKIMS HE IMO3BOJSET JaTh IOJHOE OINUCAaHUE PEaTbHOCTH, O UéM
CBUJIETEIILCTBYET SIBJIEHUE 3allyTAaHHOCTH KBAaHTOBBIX 4YacTull. B 1935 romy oHM mNpeanmoxuian
MBICJIEHHBIH 3KCIIEPUMEHT, U3 KOTOPOIO, [0 X MHEHUIO, CJIEI0BAJIO, YTO JJIsl OMUCAHUS (PU3HUECKUX
00BEKTOB BOJIHOBOM (yHKIMM HemocTtarodHo. B crarbe "MOXHO 1M cuuTaTh, YTO KBAaHTOBO-
MEXaHUYECKOEe OMMCaHUE (PU3NUYECKON PEATbHOCTHU SIBJISIETCS MOJHBIM?" OHH PAacCMOTPENH CHCTEMY
JBYX KOPPEIUPOBAaHHBIX (B COCTOSIHUM 3allyTaHHOCTH) dYacTull. B cTarbe ObuUIM TNpUBEAEHBI
JI0Ka3aTeNbCTBa, YTO HW3MEpPEHUE HaJd OJHOM M3 CBA3aHHBIX YAacCTHI[ IO3BOJISIET Yy3HATh
JIOTIOJTHUTEJIbHBIE TapaMeTpbl BTOPOM YaCTHIBI, YTO IPOTHUBOPEUYUT IOJOKEHHUSIM KBAHTOBOM
MEXaHUKH. DTO M O3HA4yaeT, 4TO BOJHOBas (PYHKLHS HE MOJHOCTBIO XapaKTEpU3yeT YacTHUIly, 4YTO
KBaHTOBAsl MEXaHHUKA HE MOJIHA.

"B mosHO# ¢u3nyeckoil TEOPUHU CYLIECTBYET OIpPENEICHHBINH 3JEMEHT, COOTBETCTBYIOIIMMA
KQKJIOMY 3JIEMEHTY pealbHOCTU. J0CTaTOYHBIM YCIOBUEM PEAbHOCTH TOM WJIM MHOM (PU3HUECKOI
BEJIMYMHBI SIBJIIETCS BO3MOKHOCTb IPEJCKA3aHUS €€ C JIOCTOBEPHOCTHIO, HE Hapyllas cUCTeMbl. B
KBaHTOBOM MEXaHUKE B cilyyae ABYX (PM3MYECKUX BEJIUYUH, ONMHUCHIBAEMBIX HEKOMMYTHPYIOIIUMU
orepaTopaMu, 3HaHHE OJIHOM M3 3TUX BEJIMYUH JI€JaeT HEBO3MOXKHBIM 3HaHue Jpyroi. Toraa, nubo
1) onucanue peanbHOCTH B KBAHTOBOM MEXaHUKE C IOMOIIBIO BOJHOBOW (DYHKIMH SIBISETCS
HEMOJIHBIM, 700 2) 3TH 1Be (U3MUECKUE BEIUYMHBI HE MOILYT OJHOBPEMEHHO o001a/1aTh
peasibHOCTBIO. PaccMoTpenue npoOiaembl MpeicKka3aHus MOBEIEHUSI HEKOTOPO CHUCTEMbl Ha OCHOBE
W3MEPEHUH, BBINIOJHEHHBIX HAJ[ IPYrOM CUCTEMOM, KOTOpas MPEABAPUTEIIBHO B3aUMOJCICTBOBANA C
paccMaTpuBaeMoil, IPUBOJUT K Pe3yJbTaTy, 4TO €Clid yTBepxkaeHue "1" HeBepHO, TO yTBEpKJIEHUE
"2" takyke HeBepHO. TakuM 00pa3oM, 3TO MPHUBOJIUT K 3aKIIOUEHHIO, YTO OIMCAHHE (PUINYECKOU
PEaTbHOCTH C TIOMOIIBIO BOJTHOBOM (DYHKITUU sIBJISIETCS HEMOJMHBIM" [55, ¢.604].

[TockonbKy BEpOSITHOCTh HaX0X/A€HNUS KBAHTOBOM YaCTHUIIbl B KAKOM-JINOO COCTOSIHUU OJHOTO
U3 CBOMX IIapaMeTpOB paBHA KBaJpaTy €€ BOJIHOBOM (DYHKIMU IO 3TOMY HapaMeTpy, y KBaHTOBOI
YacTULIBI HET OMNpEeAeNEHHOr0 3HAUYEHHUs ATOr0 MapaMeTpa — OHHU MNPUHUMAIOT TO WIH ApPYyroe
3HAYEHHUE JIUIIb C KaKO-TO BeposSTHOCThIO. M ToNbKO B mpoliecce M3MepeHHs, KOIJa BOJHOBAas
¢byHkus "cxijomnbiBaeTcs", 3HAUEHHE IapaMeTpa CTAHOBHUTCS HM3BECTHBIM TOuHO. [lo MHeHHIO
OHHIITEHA 3TO IUIOXO COBMEMIAETCA C MPEACTaBIECHUSIMU O peajbHOCTU. OH MPUBOJIUT TaKOE
oTpe/ieNieHUe TIOHATHUS dJIEMEHTa PU3NYECKON PealbHOCTHU:

"OnemeHThl (PU3MYECKON peaNbHOCTU HE MOTYT ObITh OIpE/iEIeHbl IPU HOMOIIM alPHUOPHBIX
¢bunocopCcKux paccy I€HUM, OHU JOJDKHBI ObITh HalIEHBl HA OCHOBE PE3YJbTAaTOB KCIIEPUMEHTOB U
n3Mepenuil. OJIHAKO /7S HAIIMX LieJell HeT He0OXOAMMOCTH /1aBaTh WCUYEPIBIBAIOIIEE ONpee/ICHUuE
peasibHOCTH. MBI yIOBIETBOPUMCS CIEIYIOIIUM KPUTEPUEM, KOTOPBIN CUMTAEM pa3yMHBIM. Eciu Mul
ModHcem, De3 Kako2o Obl Mo HU ObLIO BO3MYWEHUs CUCTNEMbL, NPeOCKa3ams ¢ 00CmosepHocmuio (T. €.
BEPOSITHOCTBIO, PAaBHOWM €IMHUILIE) 3HAUeHUe HEeKOMOPOU (QUIUYECKOU BEeIUYUHbI, MO CYUecmayem
aneMeHm Pu3ULecKoU peaibHOCMuU, COOmeemcmaywuLl 3moi guzuveckou eeauyure. Ham kaxercs,
YTO 3TOT KPUTEPUH, XOTA OH JAJIEKO HE HCUEPIBIBAET BCEX BO3MOXKHBIX CIIOCOOOB pacro3HaBaHUS
¢u3nuecKoi peasbHOCTH, MO KpailHeW Mepe, JaeT HaM OJMH W3 TaKuX CIOco0OB, KOJIb CKOPO
BBINIOJIHAIOTCA (OPMYJIMPOBAHHBIE B HEM YCJIOBHS. OJTOT KPUTEpUM, pacCMaTpUBAaEMblii HE Kak
HE00X0IMMOE, a TOJIBKO JIMIIb KaK J0CTaTOYHOE YCIIOBUE PEalbHOCTH, HAXOIUTCS B COTJIaCHM KakK C
KJIACCUYECKHUM, TaK U ¢ KBAHTOBO-MEXaHMYECKUM TPEACTaBICHUEM O peaiabHoCcTH". [55, ¢.605].



[Ipotus noBonoB DitHiTeiiHa BeicTynua bop. [lonemuxy mexay OiininteitnoM, [logoasckum
u PozeHoM, ¢ o1HOI cTOpoHbI, U bopoMm, ¢ Ipyroi, MOXKHO paccMaTpuBaTh Kak CIop O (pU3MUecKOM
CMbICJIE BOJIHOBOM QyHKuMU. Bo BecrynurensHOi cratbe Poka K OJHON U3 MyOJUKaUUNA YIOMSIHYTOM
paboTe DHHIITEHA TOBOPUTCS:

"OWHIITEHH TOBOPUT, YTO OCHOBHBIM IOHSTHEM TEOPUU SIBJIAETCS MOHATHE COCTOSHUS,
ONKCHIBAEMOr0 BOJHOBOW (yHKIMEH. DUHIITEHH MOHMMAET CJIOBO "COCTOSIHHME" B TOM CMBICIIE,
Kakoil eMy OOBIYHO NPUIMCHIBACTCS B KJIACCHUYECKON (U3MKE, T. €. B CMBICIE YEro-TO BIIOJHE
O0OBEKTUBHOTO M COBEPIIEHHO HE3aBUCAILIErO OT Kakux Obl TO HU ObuIO cBeAeHUU 0 HeM. OTcrona u
IIPOMCTEKAlOT Bce Napajgokchl. KBaHTOBass MexaHUKa JEHCTBUTENBHO 3aHUMAETCS H3y4EeHUEM
O0OBEKTUBHBIX CBOMCTB MPUPOABI B TOM CMBICIIE, YTO €€ 3aKOHbI IPOJUKTOBAHbI CAaMON MPUPOJIOH, a
He uernoBeueckoil (anrtazueil. Ho k 4uciy OOBEKTUBHBIX MOHATUNA HE MPUHAIICKUT MOHATHE O
COCTOSSHUM B KBAaHTOBOM CMbIciie. B KBaHTOBOW MeXaHUKE IMOHSTHE O COCTOSIHUM CIIMBAETCS C
MOHATHEM "CBEAECHHSI O COCTOSIHMM, IOJydaeMmble B pe3yJbTare ONPEJEIEHHOTO MaKCHUMaJbHO-
TOYHOTro omnbITa". B Hell BoaHOBast PyHKIMSI OMHUCHIBAET HE COCTOSIHUE B OOBIKHOBEHHOM CMBICTIE, a
CKopee 3TH "CBEIEHUS O COCTOSHMH'. DUHIITEHH MOKAa3bIBAC€T, YTO, HE TPOTask CUCTEMBI, MOXKHO
NpUAaTh €¢ BOJHOBOM (DyHKIMHM TOT wiu uMHOW BuA. Eciam cuumrath BMecTe ¢ DWHIITEHHOM, 4TO
BOJIHOBAasl (PYHKIUSI ONUCHIBAET OOBEKTUBHOE COCTOSIHHE, TO, KOHEYHO, €ro pe3yibTar OyleT UMETh
XapakTep TMmapajgokca. Beap HEBO3MOXHO cebe MpeAcTaBUTh, YTOOBI OOBEKTMBHOE COCTOSHHE
CUCTEeMBbI (4TO ObI MBI 1OJ] ’TUM HU TOJpa3yMeBaji) MEHSJIOCh B pe3yJbTaTe Kakux Obl TO HU OBLIO
Oomnepanuii, MPOU3BEACHHBIX HE HAJ HEH, a HajJ JApPYyrod CHUCTEMOM, KOTOpas C HEHd BOBCE HE
B3aumojieiicTByeT. Ho XoTsi B pe3ynapTaTe TakUX OINEpaldili HE MOXKET MEHSThCS "0ObEKTHBHOE
COCTOSIHME" CHUCTEMBI, 3aTO MOTYT MEHSATHCS "CBEIEHUSI O COCTOSTHUU'", T. €. COCTOSIHNE B KBAHTOBOM
CMBICIIE.

[losToMy Bce mapajoKChl HCYE3aI0T, KOJIb CKOPO Mbl OTKa)XeMCs OT IPOBOIMMOIO
DWHIITETHOM HEBEpPHOIo "OOBEKTUBHOIO" TOJIKOBAHUS BOJIHOBON ()YHKIMH U IPUMEM IPABUIBLHOE
ee TOJKOBaHHE, T. €. OyJeM CUuTaTh, YTO OHA OIMHUCHIBAET "COCTOSHME B KBAHTOBOM CMBICIE" WITH
"CBEJICHUSI O COCTOSIHUM, TOJydaeMble B pe3yJIbTaTe ONpPeAEIeHHOr0 MaKCUMalbHO-TOYHOIO OIbITa"
[50 c.437].

Hunsc bop onybnukoBan crarbio, B KOTOPO MOAPOOHO pacCMOTpEIl apryMeHThl DHHIITEHHA,
UCIOJIb3YSl TOHSATUE JOIMOJIHUTEIBHOCTH, COCTOSIIEE BO B3aUMHOM MCKIIIOUEHUHU BCAKHX JBYX
AKCIEPUMEHTAJIbHBIX MAHUITYJISALUNA, KOTOPbIE MO3BOJIMIN Obl JaTh OJHO3HAYHOE OIpENEICHHUE ABYX
B3aUMHO-IOTIOJIHUTENbHBIX (U3NYECKUX BelIMuuH. bop oTrmermn, uro: "B 00JacT KBAHTOBBIX
SIBJICHUH HEBO3MOKEH TOYHBIM y4eT 00paTHOIo AelCTBUA 00BbEKTa Ha U3MEPUTEIbHbIE TPUOOPHI, T.
€. ydeT IepeHoca KOJUYECTBA JBI)KEHUS B CIy4yae U3MEpPEHHUS IOJIOKEHHS M YyYeT CMEIIEHHUS B
cllydae U3MEpEHHs KOJMYECTBA JABM)KEHUA. B CBS3M € 3TUM HHMKaKUe CPaBHEHUS M aHAJIOTMM MEXIY
KBAaHTOBOW MEXaHWKOW M OOBIKHOBEHHOUW CTATHUCTUYECKOW MEXaHMKOW HHMKOTIa HE CMOTYT IepeaaTh
CYyTH JieJia, - Kak Obl He ObUIM MOJIE3Hbl TAKHE aHAJIOTUH Ui (OPMaJIbHOTO M3JI0KEHUs Teopuu. Beapb
B K&XJOM IMMOCTAaHOBKE OIBITA, IMPUIOJHOM ISl U3Y4YEHHs] COOCTBEHHO KBAHTOBBIX SIBIIEHUH, MbI
CTAJIKUBAa€MCsl HE TOJbKO C HE3HAHUEM 3HAYEHUH HEKOTOpbhIX (U3MUECKUX BEIMYMH, HO U C
HEBO3MOKHOCTBIO IaTh 3TUM BEJIMUYMHAM OJHO3HA4YHOE omnpenenenue. [50, c.452]

OH NpUXOIUT K BBIBOJY, UTO:

"(hopMynHpOBKa BBILIEYNOMSHYTOTO KpUTEpHsl (U3UYECKON pPEabHOCTH, MPEAI0KEHHOTO
OiiHmTeitHoM, [loonbckum 1 Po3eHOM, COEPKUT ABYCMBICIIEHHOCTD B BBIpaXKEHHUH "0€3 Kakoro Obl
TO HHM OBIJIO BO3MyIIeHUsi cuctembl'. Paszymeercs, B ciydae, mMOJOOHOM TOJBKO HYTO
pPacCMOTPEHHOMY, HET pe4Hd O TOM, YTOObI B TEUEHHME IMOCIETHEr0 KPUTUYECKOTO 3Tama Mpoiiecca
M3MEpEeHus u3ydaemasi CucTema MoJIBeprajach KakoMy-i11u00 MexaHndeckomMy Bo3myluenuto. Ho u Ha
3TOM JTane peyb UIET IO CYIIECTBY O BO3MYIIEHHMU B CMbICIE BIHUSHUS HAa CaMble YCIOBUS,
OTPEEIAIONINEe BO3MOKHBIE THUIBl IPEICKa3aHUM Oyaylero MOBEASHUS CUCTeMbl. Tak Kak 3TH
YCIIOBUSL COCTAaBIISIIOT CYIIECTBEHHBIH 3JIEMEHT ONMUCAHMS BCSIKOTO SIBJIIEHUS, K KOTOPOMY MOKHO
NPUMEHSITh TepMUH "(u3nueckas peaJbHOCThH", TO Mbl BUAMM, YTO apryMEHTAlUs YIOMSHYTBIX
aBTOPOB HE ONpPABJAbIBAET HUX 3aKIIOYEHHMs] O TOM, YTO KBAHTOBOMEXaHMYECKOE OIHCAHUE
CYLIECTBEHHO HENOJIHO. HampoTuB TOro, Kak BBITEKAET M3 HAIIUX MPEABIAYIIMX PAcCYXJIECHUHU, 3TO
ONHMCAHUE MOXET ObITh XapaKTEpU30BAHO KaK pa3yMHOE MCIIOJIb30BAaHUE BCEX BO3MOXKHOCTEH
OJIHO3HAYHOT'O TOJIKOBaHUS M3MEPEHHI, COBMECTUMOTO C XapaKTEPHBIM JJii KBAHTOBBIX SIBICHUI



KOHEYHBIM M HE MOJJIAIOIIMMCS YYEeTy B3aUMOJECHCTBHEM MEXIY OOBEKTOM U HM3MEPUTEIbHBIMU
npudopamu". [50, c.453]

[Tomumo oOpaTHOTO BIUSHUS H3MEPUTEIBHOIO MpubOpa Ha O0O0BEKT u3MepeHus, bop
OTMEYAaeT HEOOXOIMMOCTh YUUTHIBATh BIUSHIE 0ObEKTOB U3MEPEHUS U Ha YaCOBbIE MEXaHU3MBI:

Kpome yxe paccMOTpPEHHOTO BbIIIE MEpEHOCAa KOJIWYECTBA ABMKEHUS MEXKIY OOBEKTOM U
TeJlaMH, ONPEIENSIOIIUMH TPOCTPAHCTBEHHYID CHUCTEMY OTCU€Ta, HaM MpuUIETci Tenepb Npu
M3YYEHHUU TAaKOTo PoJia YyCTAaHOBOK HCCIIEIOBAaTh BO3MOXHBIH OOMEH 3HEpPruei Mexjay oObEeKTOM U
STUMH "4acOBBIMH" MEXaHHU3MaMHU.

CylllecTBEHHBIN MYHKT B PACCYXKIEHUAX, OTHOCSIINXCS K U3SMEPEHUSM BPEMEHU B KBAaHTOBOI
MEXaHHUKE, BIIOJIHE aHAJIOTMYEH TOMY apr'yMEHTY, KOTOPBI OTHOCUTCS K U3MEPEHUSAM TMOJIOKEHHUS. ...
JlecTBUTENBHO, BO3MOXKHOCTh KOHTPOJHMPOBATh IE€PEIaBAEMYI0 YacaM »D3HEPIrui0, He Hapyuias
NEeMCTBUS UX KaK yKazaresiael BpeMeHU, IPUHLIMIIHAIBHO UcKiItoueHa [50, c.455].

Bmecre ¢ Tem noBoabl ®@oka u bopa B 11€10M MOXHO OTHECTH K TEOPETHUKO-JIOTUYECKUM,
onucareabHbIM. HecMOTps Ha JIOTMYHOCTH WM CTPOWHOCTb, JOBOJBI, TEM HE MEHee, He oO0iajnanu
JOCTaTOYHOM MaTeMaTH4eCKOW CTPOrocThio, (OpMalbHOCTHIO. BeriencTtBue 3TOro mpoaosmKaiuch
MOMBITKU MMOCTPOEHUS TEOPUM, KOTOPBIE JOJIKHBI ObUIM OOBSICHUTH MOBEACHUE 3aIlyTaHHBIX YaCTHI]
NyTéM pacUIMpEHus ammnapaTa KBAaHTOBON MEXaHMKH, BKIIIOYEHUS B HEro MOHSATHH "CKpBITbIE
nepeMeHHble" Wiu "nonojgHuTeNnbHble napameTpbl’. M Tonbko ¢ mosiBneHueM pabotbl bemta Obun
MPAaKTUYECKH OKOHYATeJIhbHO peméH Bompoc 00 omub0YHOCTH JOBOJOB OWHINTEHHA U
HECIOCOOHOCTHU TEOPHil ¢ "MONOJHUTENbHBIMY NapameTpamu' paspemnts IIIP-napagoxc.

Crate beana

Crarps [.benna "[lapagoxc Diinmreiina [lomgonsckoro Pozena" Oputa omybnukoBana B 1964
rojy W mopojauia moHsThe "HepaBeHcTBa bemma". B Heit benn mpousBEén TmatensHBIN aHamU3
noBoJI0B DiHIITelHa, [Togonbsekoro u Po3zena. OH yoeauTenbHO MOKa3al, YTO TEOPUU CO CKPBITHIMU
[IEPEMEHHBIMU B MPHUHIMIIE HE IO3BOJIAIOT OOBSICHUTH PE3YJbTaThl, IOJYyYEHHBIE B pEaTbHBIX
JKCIepuMeHTax. BeiBox, k koTopomy mnpumén bemn, rmacut: "B kBaHTOBOW Teopuu C
JIOTIOTHUTEIbHBIMU TapaMeTpaMu JJIsi TOTO, YTOOBI ONPENENIUTH PE3yIbTaThl HMHIAUBUAYATbHBIX
u3MepeHui 6e3 Toro, yToObl U3MEHUTHh CTATUCTUYECKHUE IpeAcKa3aHusi, JOJHKEH ObITh MEXaHU3M,
IIOCPEJCTBOM KOTOPOIO HACTPOMKa OJHOTO H3MEPSIOLIEr0 YCTPOICTBA MOKET BIIMATH HA YTEHHUE
JIpyroro OTAAJEHHOro HHCTpyMeHTa. Kpome Toro, 3aieliCTBOBAHHBIM CHTHal1  JIOJKEH
PacpoCTPaHITHCS MTHOBEHHO TakK, UYTO TaKasi TECOPUS HE MOXKET OBITh JIOpeHI-uHBapuantoM" [5, 31,
32, 39].

JlpyruMu cioBamMu, €CIIM Mbl C MO3HLIMU TEOPUU C JOMOIHUTEIbHBIMU MapamMeTpaMu Oynem
YTBEPKIaTh, UTO PE3Yy/IbTAThl U3MEPEHUN HaJ KaXJ0M YacTULIEH MOJHOCTHIO HE3aBUCHUMBI JIPYr OT
Jpyra, HE3aBUCUMbI B (DHU3MUYECKOM CMBICIE, a BCE COBIAACHUS SBISIOTCA CTATUCTUYECKHUMU
CIIEICTBUSIMU, TO €CTh, 110 CYIIECTBY, OHU BCETO JIMILb CIy4allHbIE COBMA/IEHUS, TO B ’TOM CIIy4ae MbI
OyZeM BBIHYXKIEHbI IEPENIOKUTh BECh I'Py3 3TOH Cly4allHOCTH Ha HEKUH MEXaHU3M, YHOMSHYTBII
bemoM. DToT MexaHM3M JOJKEH 00nagaTh CIOCOOHOCTBIO MOJCTPAUBATHCA MOJ HU3MEPEHHS CO
CBEpXCBETOBOM ckopocThio. CleoBaTeNbHO, Takas TEOPHsl MPOTHUBOPEUUT CIELUAIBHON TEOPHH
OTHOCHUTENILHOCTH U IO3TOMY TOKe oTBepraet DIIP-aprymeHTs!.

B npunnumne, Ha 3TOM MOHO ObLIO Obl U 3aKOHUUTH, €CIM Obl HE HEKOTOPHIE JOBOJIHHO
npuMeyaTeNnbHble 00CTOATENbCTBA. B mepByto odepenp 3TO TO, YyTo aHaiu3 bemia v apryMeHTbI
OWHINTeHA HHUKAaK HE OOBICHSIIOT COOCTBEHHO MexaHu3M Koppemsnuu. Kak okazanocs,
SIHINTEHHOBCKUE apryMEHTHI OMNPOBEPTHYTHl YHMCTO MAaTEMAaTUYECKUMHU BBIKJIAJKAMH: TOBEJICHUE
KBaHTOBBIX YaCTUL[ HE MOXET OBbITh ONHMCAHO CTATUCTHYECKH, HHUKaKue 'IOMOJHUTEIbHbIE
napaMmeTpsl’ He MOryT obecneuuTh TpeOyemoil koppemsuuu. C npyroil cropoHsl, 10BOJbl bema
CBhITpaJiU JIMIIL JAECTPYKTHBHYIO POJIb — ONPOBEPIIM LEeNbli Kiacc Takux Teopuil. Ho moBenenue
YacTHUll, HE SIBJISSICh CTATUCTUYECKUM, TEMOHCTPUPYET HEKOTOPYIO "B3anmmo3zaBucumocts'. [Ipocroit
KOHCTaTalle Qakta M TNPUCBOCHUWEM €My Ha3BaHUs "HEJIOKaJIbHOCTH" BpsSA JU MOKHO
orpannuuThcs. CyTh HEJOKAIBHOCTH HUKAK HE PacKpblBaeTcs. B HalM 1HU 3TO MOHATHE PACIIUPEHO
HOBBIM TEPMUHOM "HecemnapabenbHOCTh'", TaK XK€ HE PACKPBITBIM MOJHOCThbIO. CyThb SBICHUS
BBITJIATUT TaKUM OOpa3oM: MEeXJIy OObEeKTaMU HET B3aUMOJCHCTBHS, HO BEAYT OHU ce0Sl TaKUM
oOpa3om, OynTo Takoe B3aMMOJEHCTBHE €CThb. B nuTepaType BCTpedaroTCsl aieropuu, OyaTo



gacTulel "BumaT Oyayimee". HekoTopeie hopMyTUPOBKH, OMKUCHIBAIOIINE sIBJICHUS, o100HbIe DI1P-
napajiokcy, coaepkar 4ETKUE CIOBOCOYETaHHs "KakK TOJIbKO OJIHA..., TaK cpas3y ke Jpyras', sSiBHO
OTpakarollue OTHOIIEHHE B3aUMO3aBUCUMOCTH.

[Ipexxne, yeM Mbl HoMbITaeMcsl pa3o0paTbcs B CYIIHOCTH HepaBeHCTB bemna, paccMoTpum
6osee noApoOHO, KaK OHU BHITJIAJIENIN B OPUTHHAJIE, Y aBTOpA.

Kak Boiraasar HepaBencrBa besia B opurunasne?

Kak yxe Obuto oTMeueHo Bbllle, "HepaBeHCTBa bemna" B nmuTepaType NpUBOJATCS B Pa3HbIX
BUJaXx. B TakoMm ciydyae BO3HUKAaeT PEe30HHBIM BONIPOC, a KAK )K€ OHU BBITJIAAEIN y aBTOpa 3TUX
HEpPaBEHCTB, y camoro bemna? B crarbe bema, kak MOKHO 3aMETUTh, HET HU OJHOTO BBIPKCHMUSI,
XOTs OBl OJIM3KO MOX0KEro Ha MPUBEAEHHBIE BbILIE HEpaBEHCTBA. KpaTko paccMOTpPHUM €ro BBIKJIAAKU
[5, 39, 32, 31].

"B npumepe, npuseneHHOM boMom 1 AapoHoBBEIM, DIIP-apryMeHT cOCTOUT B CIIEIYIOLIEM.

PaccMoTpuM mapy wacTHI] C MOJYLENIbIM CIMHOM, C(QOPMHUPOBAHHBIX B CHHIJIETHOM
COCTOSIHUM U JIBUXKYLIUXCSI CBOOOHO B IMPOTHUBOIOJIOKHBIX HanpaBieHusX. M3mepeHus MoryTt ObITh
c/IeNaHbl, HapuMep, ¢ noMolibio MmaruuToB llpena-I'epinaxa Ha BEIOpaHHBIX KOMIIOHEHTAaX CIIMHA G|
U 6,. Eciii u3MepeHne KOMIIOHEHTHI 61", T/I€ a4 - HEKOTOPbI €IMHUYHBIN BEKTOP, 1A€T 3HaUYeHUE +1,
TOTJla, COTJIaCHO KBAaHTOBOW MEXaHHMKE, M3MEpPEHHE 62'a JOJDKHO JaTh 3HaueHue -1 U HaoOopoT.
Tenepp MBI BbIABUTAaeM TIHUIOTE3y [2], W 3TO ABISETCH, 0 KpallHEH Mepe 3acilyKHBAaOIINUM
paccMOTpeHus], YTO, €CIIU 3TU JIBa U3MEPEHUs CHeNIaHbl B OTAAJICHHBIX JPYT OT Jpyra MecTax, TO
OpHEHTAIIMsI OJIHOTO MAarHMWTa He BIMSET Ha pe3yibTar, MOJyYE€HHBIM Ha Jpyrom maruure. Tak kak
MBIl MOJKEM 3apaHee IIpe/cKa3aTh pe3ylbTaT HU3MEpeHHs J1I000N BHIOpPAHHOW KOMIIOHEHTHI O,
IIPEIBAPUTEIILHO U3MEPUB Ty K€ CAMYI0 KOMIIOHEHTY G2, U3 3TOTO CIEAYET, YTO PE3yJbTaT JIF000ro
TaKOro H3MepeHHusi JOJDKEH ObITh (DakTHuUecKu IMpeaomnpeneneH. Tak Kak HCXOJHAs KBaHTOBO-
MEXaHHUYecKas BOJHOBAs (DYHKIUS He onpedensiem pe3ylbTaTa MHAWBHUYaJIbHOIO U3MEPEHHMs, ITa
MIPeIONPENeIEHHOCTD MOPa3yMEBAET BO3MOKHOCTH OOJIBIIOI0 HabOpa COCTOSIHUM.

HaBaiite 3TOT OOJBIION HAOOP COCTOSHUN OIpPEAEIuM IOCPEICTBOM MapaMeTpoB A.
CoBepiieHHO 0e3pa3ianyHo, 0003HauYaeT A €IUHCTBEHHYIO MEPEMEHHYIO WM UX HaOOp, WM Jaxe
HaOop GYHKUMM, U ABISIOTCS IEPEMEHHbIE TUCKPETHBIMU WM HEMPEPbIBHBIMUA. OJHAKO MBI IPUMEM,
4TO A - 9TO €JMHCTBEHHBIN HENPepbIBHBIN mapamerp. Toraa pe3yapTaT A U3MEPEHUs G °a 3aBUCUT OT
a u A, a pe3ynbpTaT B u3mepenus 6,'b B TOM ke caMoM ciiydae 3aBUCHT OT b u A, u

A(a, A) ==1, B(b,A) = %1, (1)

I'maBHOE B mpenmnosioxkeHuu [2] - 370 TO, YTO pe3ynbTar B ansg yacTuubl 2 HE 3aBUCHUT OT
YCTaHOBKM a MarHura Jyisg yactuusl 1, kak u A ot b.

Ecmu p(A) - pacnpeneneHue BEpPOATHOCTH A, TOTAA OKHIAaeMble 3HAYEHUS COBMECTHOTO
HaOJII0JIEHUS 3TUX JIBYX KOMIIOHEHT G;°a U 6'b paBHBI

P(a, b) = [dip(l)A(a, })B(b, }) )
OHO JOJI2KHO paBHfITBCfI KBaHTOBO-MexaHI/ILICCKOMy 3HAUYCHUIK OXUIAaHUA, KOTOpoe JJISA
CHUHTJICTHOTO COCTOAHUA paBHO

<o6;'aoy’b>=-ab 3)
Opnako OyJeT moka3aHo, YTO 3TO HEBO3MOXKHO'".

3akTrounTeIbHBIM BhIpaKeHHEM y benna sBrisercs ciemyromiee (Omyckas TpOMEKYTOUHbBIS
BBIKJIAJIKH, TIPUBEIEM JIUIITH OKOHYATEIbHBIN pe3ybTaT):
4(e+d)=|ac-ab|+bc-1 (22)
Jlinst mpuMepa pumMeM, 4to a-¢ =0, a-b =b-¢ = 1/N2. Torna
4e+8)>2-1

Kax Bunum, 115t 11060T0 MaJIOTO KOHEYHOTO €, O HE MOXET OBITh MTPOU3BOJIHLHO MAJIBIM.

Takum o0pa3om, 3HA4YEHHE KBAaHTOBO MEXAaHWYECKOTO OXKHJIAHHMS HE MOXET OBbITh
MPEACTABICHO HA TOYHO, HU MTPOU3BOJILHO OIM3KO B opme (2).

[TonyuenHnoe BbIpakeHue (22), mo CyLIECTBY, U CIEAYET CUMTATh OPUTMHAIOM HEPABEHCTB
bemnma. M3 »TOoro HepaBeHCTBa CIEIyeT BBIBOJ, YTO HHUKAaKasg CTAaTUCTUYECKas TEOpUS C
JOTIOJIHUTEIIFHBIM TIApaMETPOM HE MOXKET OOECIEYHTh C IMPOU3BOJBHONW TOYHOCTHIO TaKOM K€
KOppEJISIIIUU, YTO U KBAHTOBO-MEXaHWYECKOe ypaBHeHHE. Ha oCHOBaHWMM TPOBEAEHHOTO aHaIu3a



benn u mnpuxoaur K CBOEMY BBIBOJY O HEBO3MOXHOCTU MPUIACPKUBATHCS CTATUCTHUECKUX
npejcka3anuil B noBeaeHuu yactui B DI1P-nmapanokce.

Kak Buaum, opuruHai Tak ke OTJIMYaeTcsl OT MHOXKECTBa Apyrux "HepaBeHCTB bemna", kak u
OOJIBIIMHCTBO 3TUX "HEpaBEHCTB" OTIMYAIOTCS APYr OT Apyra. B uém ke neno? O3HayaeT 1M 370,
4YTO Mpou3olnuia noameHa? SBisercs 1M OHAa MNPUHUUIIMAILHOM B TJABHOM CIIOPE MEXAY
HEJIOKAJIbHOCTBIO U JIOKAJIBHBIM PEATM3MOM C TEOPUAMHU JIOTIOJIHUTENbHBIX NepeMeHHbIX? Buaumo,
MPUHIUIHAIBHBIX POTUBOPEUUH B pa3inyHbIX (HOPMYIHpPOBKax HepaBeHCTB benna Her. Bece onm
€IMHbI CBOUM JYXOM U, IO CYTH, OJJMHAKOBO MPOTHBOCTOSIT CTATUCTUYECKUM TPAKTOBKAM SIBICHUSA
3allyTaHHOCTU KBaHTOBBIX YacTUL. BkpaTie cyTh X MOKHO C(OPMYIUPOBATH CIEIYIOIIUM 00pazoM.
Ecnu paccMarpuBaTh cOOBITHS M3MEPEHHUS ABYX YAAJNEHHBIX OPYr OT JIpyra KBAaHTOBBIX YaCTHILL,
OBIBIIMX JO 53TOTO BO B3aMMOJEWCTBUM, TO CTAaTUCTHUECKHUE IIPEICKAa3aHMs Jal0T HEBEPHBIH
pe3yabTaT. DTH MpeCcKa3aHusl UCXOIAT U3 TOr0, YTO YaCTHUILIbl BEAYT ceOsl MOJTHOCThIO HE3aBHUCUMO:
pe3ysbTaT U3MEPEHUs HaJ OJIHOM yacTHUlled HEe OKa3bIBAaeT BIMSHHUS Ha Pe3yiIbTaT U3MEPEHUS HaJ
npyroi dactuneil. OJHaKO MEXIy 3TUMH HW3MEpPEHHUsl CYIIECTBYIOT SIBHO BHUJIUMBIE COOTHOLIEHUS,
KOTopble OoJiee CBA3AaHBI APYr C JIPYrOM, 4YeM ciydailHble COOBITHS. DTO SBJICHHE, KAK OTMEUYEHO
BbIIIIE, MOJIyYWJIO Ha3BaHUE HEJIOKaNbHOCTH. [Ipoie roBopsi, Mbl BHJIUM, YTO PE3yJAbTaT BTOPOIO
M3MEpPEHUs 3aBUCUT OT pe3ysibTaTa MepBOTr0 U3MEPEHHUs, Mbl OTUETIMBO BUJUM CBS3b, 3aBUCUMOCTh
MeXAY ABYyMs u3MepeHusMu. Ho 3To mpoTHUBOpeUUT crienuanbHON TEOPUN OTHOCUTEIBHOCTH, K TOMY
K€ HHMKTO W HHUKOrJa He HaOMoJal CUTHajla, C IOMOULIbI0 KOTOPOro 4YacTullbl 'mepenaror"
uHpopMaLui0 APYr Ipyry. OTH IPOTUBOPEYHUS CO BPEMEHEM WU IPUBEIH K MOSBICHUIO TOHATUS
"HETOKaJIBLHOCTR", KOTOPOE B CBOIO OUEPE/Ib SBIIACTCA aHTAaTOHU3MOM TMOHATHSA "TOKaILHOCTH" WIH B
0ojiee IIMPOKOM CMBICIIE TOHATUSA '"JOKAIbHBIM peanu3Mm'", KOTOPbI CBS3bIBAIOT C HMEHEM
OHHIITeHHA.

CymHOCTh HEJIOKAJbHOCTH U JIOKAJIbHOI'0 peaju3mMa

[Tockonbky HepaBeHcTBa bemta TecHO cBsi3aHbl ¢ KOHQIMKTOM MEXAY HEJIOKAIbHOCTBIO U
JIOKAJIbHBIM pEAIU3MOM, PACCMOTPUM IPOTUBOPEUMS MEXIAY HUMHU HoJpoOHee. B 0630pHOI yacTu
cBoeit crateu bemn mumer [5, 39, 32, 31]: "l[lapamokc DitHmteitHa, [lomonsckoro u Po3ena Obin
BBIJIBUHYT KaK apryMeHT TOr0, YTO KBAaHTOBAsi MEXaHHWKA — TEOPUsI HE MOJIHAS U B HEE JIOJKHBI ObITh
BKJIFOUEHBI JIOTIOJIHUTEJIbHbIE IEepEMEHHbIE. OJTU JIONOJIHUTEIbHbIE TEPEMEHHBIE JIOJDKHBI OBLIN
BEPHYTh B TEOPUIO MPUUYUHHOCTb U JOKAJIbHOCTb. OTMeTuM, uTO ujes Oyzaer chopmyinupoBaHa
MaTeMaTH4eCKH M OyAeT MOKa3aHO, YTO OHA HECOBMECTHMA CO CTaTHCTUYECKUMU IpeAcKa3aHUsSIMU
KBaHTOBOM MeXaHUKU. [ JTaBHYIO TPYIHOCTH CO3/aeT TpeOOBaHHE JIOKAIbHOCTH, O3HAYarollee, 4To
pe3yJbTaT U3MEPEHHS HAa OJHOM CUCTEME HE MOKET 3aBHCETh OT JEHCTBUI HA OTJAJIEHHON CHCTEME,
C KOTOpOH OHa B3auMOJeicTBOBaNa B ImpouuioM. [IpeanpuHuManich NOMBITKH MOKa3aTh, YTO Jaxe
0e3 Takoil cemapabeabHOCTH WM TPeOOBaHUS JIOKaIbHOCTH HEBO3MOXKHBI HUKAKHE MHTEPIpPETALUU
KBaHTOBOM MEXaHUKHU CO "CKPBITHIMU ITEpEMEHHBIMU".

[Ipym XKenmaHuM MOKHO HaWTH ONMCAaHUA OTUX NONBITOK. Kpome TOro wusBecTHa SBHO
MIOCTPOCHHAsT MHTEpIpETalus 3JI€MEHTapHOW KBAaHTOBOW TEOPUM CO CKPBITOM MEepeMeHHOUl. Jta
crnenuguueckas HHTEprIpeTanuss B JCHCTBUTEIBHOCTH HUMEET YpPE3BbIYAHHO HEJIOKaJbHYIO
CTpYKTYpy. bemn nokasan, 4To 3TO HEJIOKAJbHOCTh XapakTepHa i 000N TEOpuH, KOTOpas TOUHO
BOCITPOM3BOIUT KBAHTOBO-MEXaHUYECKUE MPEICKAZAHUS.

[To OiiHmTeiHY pe3yabTaThl U3MEPEHMsI YaCTHUI] SIBJSIOTCA KOCBEHHO 3aBUCUMBIMU. OTO
3HAYUT, YTO KOPPEIUPOBAHHBIE 3HAYEHMS] COCTOSHUS YACTHI] BOSHMKAIOT B MOMEHT 3aIlyThIBaHUS
4acTUI] U coxpaHsercss no koHna ombita [33, 37]. To ecTth, ciayuyailiHble, HO B3aUMOCBS3aHHBIC
COCTOSIHUSL YacTull (POPMHUPYIOTCSI K MOMEHTY HUX pasielieHus. B nanbpHeillieM OHU COXpaHSIOT
MIOJIyYEHHBbIE TPU 3allyTbIBAHUU COCTOSIHMS, W "XpaHATCS" 3TH COCTOSHUS B HEKHUX JJIEMEHTax
¢bu3nyecKoi peasbHOCTH, ONUCHIBAEMBIX "OMOJIHUTEIBHBIMU TapaMeTpaMu’.

"Ho oaHO mpenrosioskeHue mpejcTaBisieTcss MHe OeccriopHbIM. PeanbHoe mosioxeHue Beneit
(cocrostHME) cUCTEMBI S HE 3aBUCHUT OT TOTO, YTO MPOJIEIBIBAIOT C IPOCTPAHCTBEHHO OTAEIEHHON OT
Heé cuctemoit S1" [54, ¢.290].

"...TaK KaK BO BpEMsS HU3MEPEHMS OTH JBE CUCTEMBI YK€ HE B3aHMOJEHCTBYIOT, TO B
pe3yibraTe Kakux Obl TO HM ObUIO Olepaluii HajJ NepBOW CUCTEMOMH, BO BTOPOIl CHUCTEME YK€ He
MOXKET MOJIYYUTHCS] HUIKAKUX pealbHbIX U3MeHeHui" [55].



OTu npecTaBIeHUsI BIIOCIEACTBUU MOJIYUYUIIU Ha3BaHUe "NMokanbHOro peannsma'. Kak numer
JlopoHuH:

"Hacuer Toro, uto moHMMaTh MOJ HEJIOKAIbHOCTRI0O B KM, TO B Hay4HO cpene, s CUMTalo,
CJIOHJIOCh HEKOTOPOE COIJIaCOBaHHOE MHEHHE Ha 3TOT cueT. OOBIUHO Moj HenokalbHOCThio KM
MIOHUMAIOT TO 00cTOATENHCTBO, UTo KM mpoTHBOpPEUNT MPUHLMITY JIOKATHHOIO peanusma (ero euie
4acTO HA3bIBAIOT MPUHLHUIIOM JIOKAIBHOCTH DUHILITEIHA).

[IpyHOKN JIOKAIBHOTO peanu3Ma YTBEpKJAeT, YTO €Clau JBe cucreMsl A u B
IIPOCTPAHCTBEHHO DPA3/ECHBbl, TOTJa MPU MOJHOM ONUCAHUM (PU3NYECKOHN peanbHOCTH, JIEHCTBUS,
BBITIOJTHEHHBIC HAJl CUCTEMOM A, HE IOJKHBI U3MEHSATH CBOMCTBA cuctembl B" [21, 20].

Wrak, nBe pas3nenéHHble NPOCTPAHCTBEHHO YACTHUIBI OOpa3ylOT HEJIOKaJbHYIO CHCTEMY:
JNeUCTBUS HaJl OJHON U3 HUX HE U3MEHSIIOT COCTOSHUS JAPYroi, HO IPU 3TOM 3TU COCTOSHUS YaCTHI]
OKa3bIBAIOTCS KOPPEIUPOBAHHBIMU, TO €CTb C8A3aHHbIMU Jpyr ¢ ApyroM. CrenoBaTenbHO, CYTh
napajiokca JIIP cocTOUT HE TOIBKO B YTBEPKJICHUH HEMOJHOTHI KBAHTOBOM MEXaHHUKH, HE TOJIBKO B
YTBEPKICHUH O HETMOJHOM OINMCAHUU BOJHOBOM ()YHKIIMEH COCTOSIHUSL KBAHTOBBIX OOBEKTOB, HO U B
[IPOTUBOIIOCTABIIEHUH B LI€JIOM SIBJIEHUS HEJIOKAJIbHOCTHU U JIOKAIBHOTO Peaiu3Ma.

OpHako 3To MoKa JMIIb 00LIUe CBeIeHUs, KOHCTaTalus (pakTa MpOTUBOPEUNs HEIOKaIbHOCTU
u Teopuil co "CKphIThIMU IepeMeHHbIMH". [loka He BIOJIHE OTUETIIMBO BHJIHA POJb "HEPABEHCTB
benna" B paspemieHnu 3TOro mnpoTHBOpeurs. To, 4YTO B HKCHEPUMEHTAaX OSTH HEPaBEHCTBA
HapylaTcs, Xxopomo u3BecTHbIH ¢akT. Ho kak mpoucxonut 3to HapyumieHue? [louemy Bcé-Taku
KBaHTOBAs MEXaHHMKA UX HE HAPYIIAET, a TEOPUH CO "CKPBITBIMU [TEPEMEHHBIMU" HAPYIIAIOT?

Kak "pa6Gorarot" HepaBencTBa besia

Wrak, nBe pasfenéHHble NPOCTPAHCTBEHHO YACTHUIBI 00pa3ylOT HENOKaJIbHYIO CHCTEMY:
NEeUCTBUS HaJl OJHOU U3 HUX HE U3MEHSIOT COCTOSHUS JAPYroi, HO IPU 3TOM 3TU COCTOSHUS YaCTHI]
OKa3bIBAIOTCS KOPPEIUPOBAHHBIMU, TO €CTb C8A3aHHbIMU Jpyr ¢ ApyroM. CrenoBaTenbHO, CYTh
napajiokca DIIP cocTouT He TONBKO B YTBEPKICHUH HENOJHOTHI KBAHTOBOM MEXAaHUKH, HE TOJIBKO B
YTBEPKICHUM O HEMOJHOM OINMCAaHUU BOJHOBOM ()YHKIIMEH COCTOSIHUSI KBAHTOBBIX OOBEKTOB, HO U B
[IPOTUBOINIOCTABIIEHUH B LIEJIOM SIBJIEHUS HEJIOKAJIbHOCTHU U JIOKAIBHOIO peaiu3Ma.

PaccmoTpuM o1HO U3 HanboJiee yJauHbIX U KOMIIAKTHBIX OMKMCAHUHN ""MeXaHn3Ma' HEpaBEHCTB
bemna B Bapuante bemna-Knaysepa-XopHa-lllumoun B wuznoxkenun XoJeo. PaccmarpuBas
MbIciieHHbIH 3kcniepumeHT OIIP, Benn oOpartuin BHMMaHue Ha IIyOOKMM M HEOXUAAHHBIM BBIBOJ
[51]:

"ecJIM MbITaThCsl OMUCHIBATh KOPPEISLUUU U3MEPEHUN CIIMHOB JIBYX YAaCTHUIL[ KJACCUYECKU U B
COOTBETCTBUU C MPUHIUIIOM JIOKAJIbHOCTH, TO OKAa3bIBAa€TCSI HEBO3MOKHBIM JOCTUYb TaKOTO
XapakTepa U YpPOBHSI KOPPEIMPOBAHHOCTH, KOTOPBIM COOTBETCTBYET NPEJICKA3aHUSM KBaHTOBOM
MEXaHUKH. boyee TOro, 3TOT YpOBEHb KOPPEIUPOBAHHOCTH MOXET OBITh KOJUYECTBEHHO
chopMyIupOBaH U MIPOBEPEH IKCIEPUMEHTANIBHO. [{aauM TouHy0 GOPMYIHUPOBKY...

Oxka3blBaeTcsi, 4YTO Takas KOppesUs HE MOXET ObITh CMOJEIMPOBAaHA HHUKAKON
KJIACCUYECKON MOJIEJIbI0 COCTaBHON CHCTEMBI, YIOBJIETBOPSIOUICH NPUHLHUITY JIOKaIbHOCTU. OJTO
BBITEKAET U3 cienyroniero HepaseHcTBa bemna—Knayzepa—Xopna—Iumonu. Ilycrs X, Yy, j.k = 1,2
— Ciy4aiiHble BEJIMYUHBI Ha IIPOU3BOJIBHOM BEPOSITHOCTHOM IpocTpaHcTBe (2, Takue yto |Xj| < 1,
|Yx| < 1. Torma mis mro0or0o pacmupeneneHus: BEpOSTHOCTEH Ha ) KOPPEISIUU ITHX BEIMYUH
YIOBJIETBOPSIIOT HEPABEHCTBY

|EX1Y1 +EX,Y, +EXyY - EX2Y2| <2, (27)
rae E — cooTBeTcTBYyIOIIEE MATEMATUYECKOE 0KHJIaHUE.

JloKa3aTesnbCTBO MOIYYaeTCsl YCPEIHEHUEM 3JIEMEHTApHOTO HEPABEHCTBA

2<X Y X Y+ XY - XY, <2,

[IpuHIMT TOKATBHOCTH, WJIH, JIyYlLIEe CKa3aTbh, Pa3/IeIMMOCTU B JaHHOW MOJEIHU 3aKII04aeTcs
B TOM, 4yTO (u3nueckas HaOionaemas JJisi NEpBOM CHCTEMBbl ONUCHIBAETCS OJHOM M TOHM Ke
ciydailHOM BenuuuHOU (X; B ciydae MepBBIX JBYX Koppessiuui, X, B APYyrom ciiydae) He3aBUCHUMO
OT TOr0, Kakasi BeJIMYMHAa — Y| WIKM Y, U3Mepsercs BO BTOPOHl cucreme. DTO YCIOBUE KaXeTcs
HACTOJIbKO €CTECTBEHHBIM, YTO OHO Ja)ke€ TPyAHO YinoBUMO. OJHAKO MMEHHO OHO 3alperiaer
MTHOBEHHOE BIIMSIHUE W3MEPEHHs, MPOBOJSALIETOCS B OJHOW CHUCTEME, Ha U3MEpPEeHHs] B JpPYyroi



cucteme. Eciiu OT Hero otkas3aThCsi, TO HHTEPECYIOIINE HAC YeThIpe (pU3nuecKkre KOppesiul MOTYyT
OBITH JIIOOBIMU BeTMYMHAMU U3 oTpe3ka [-1,1]".

O4eBHIHO, YTO IMOJIyYEHHOE HEPAaBEHCTBO CIpaBeAauBO. Hukakue 3HaYeHHUs] HE3aBUCHUMBIX
ClIydallHbIX BEJIMYMH HE IO3BOJIIT NOJYYUTh 3HAYEHMs BbIpa)keHUs, mpesblmiatomiero 2. Ho, kak
YTBEP)KJAeTCs, KBAaHTOBBIE YAaCTUIBl B 3allyTaHHOM COCTOSIHUM, TEM HE MEHee, HapyllalT 3TO
HepaBeHCTBO. KakuM 00pa3oM — moka HesicHO. PaccMOTpUM MeXaHM3M 3TOro HapylleHus B paboTax
Anena Acnexra [4].

Jlis Teopuil CO CKpBITBIMH MNEPEMEHHBIMU ACHEKT HPUBOIUT Takylo ¢GopMmy (GYyHKIUMH
KOPpETsuu:

E(a, b) = |dip(A)A(%, a)B(%, b) (12)

Otmedass, 4YTO €CTh MHOTO pas3Iu4HbIX (OopM M JeMOHCTpauui HepaBeHCTB benna, oH
npeiaraeT pacCMOTPETh BbIpaKEHHE

s=A(, a)-B(4, b) - A(4, a")'B(4, b) + A(4, a)-B(4, b") + A(4, a"):B(4, b") 17)
=A(A, a)[B(A, b) - B(A, b")] + A(4, a")[B(4, b) - B(4, b")]

IToMHs, 4TO 3TH YeThIpe BENUMYHUHBI A U B IprHUMAIOT TOJIBKO 3HaYeHUe +1, mpocToi 0OCMOTp

BTOpOH cTpoku (17) mokasbIiBaeT, 4To

s(A,a,a',b,b")=+£2. (18)
Cpennee 3Hau€HHUE § 1O A TIOATOMY 3aKITFOYEHO MEXTY + 2 1 — 2
2 <[dip()s(\, a,a', b, b') <2. (19)
Cornacho (12), MBI MOXeM TepenucaTh 3TH HEPaBEHCTBA
-2<S(\,a,a',b,b") <2. (20)
rne
S(A, a,a',b,b")=E(a, b) - E(a, b") + E(a', b) + E(a', b") (21)

Oro M ecTh, ynoMmMHHaBIIMecs Hamu HeogHokpatTHo BCHSH - HepaBeHcTBa, TO ecTh
HepaBeHcTBa bemta, BeiBenennsie Kiayzepom, XopHowm, IlIumonn u XonproM. JIErko 3aMeTUTh MX
CXOJCTBO ¢ (hOpMOii, MpUBEAEHHOW XO0JIEBO, UTO B OOIIEM-TO OUeBUIHO. B skcniepuMenTax AcrekTa
OHM OTHOCSTCS K KOMOMHAIMM S U3 4eTblpeX KOA(P(PUIMEHTOB KOPPEISALUN MOJISIpU3aliy,
MIPUBS3aHHBIM K JIBYM HAIllpaBJCHUSIM aHAJIM3a JUIs KaXA0ro nojsipuzaropa (a u a' s noJisspusaropa
I, bu b' nnsa monsipuzaropa II). AcriekT oTMedaeT ux OOIIHOCTh: OHM IPUMEHUMBI K JIF000# TEOpUH C
JOTIOTHUTEIbHBIMU ITapaMeTpaMu B caMoil 00111el (popMbl.

JHlanee Acnext mpuBoauT emé oaHy ¢opmy HepaBeHCTB bemra. O6pamaem Ha 3T0 0coboe
BHHMMAaHHE: 3TO HEPABEHCTBA, CO3JaHHbIC HE JUISl TEOPUM C AOMOJIHUTEIbHBIMU MapaMeTpaMH, a Jiis
KBaHTOBOM MexaHUKH. To ecTh CyLIeCTBYIOT /IBa Kjacca HepaBeHCTB beria: s JoKaJlIbHBIX TEOpUH,
NpUBEAEHHBIE BBILIE, U Ul KBAHTOBOW MEXaHHKHU, KOTOpbIE MbI ceidac moiayduM. s mosrydeHus
KBaHTOBO-MeXaHu4eckux "HepaBeHCTB bemna" AcnekT ucnonb3yeT Takoi ke mpuém. Paccmorpum
KBaHTOBO MEXaHMYECKOE 3HaUeHue S

Som(A, a, b, a', b") = cos(a, b) - cos(a, b') + cos(a', b) + cos(a', b") (23)

10 - QYyHKIMS TPeX HE3aBUCUMBIX IIEpEMEHHBIX (a, b), (b, a') u (a', b'). 3amerum, urto

(a,b") = (a, b) + (b, 2") + (2, b")
Haiiném sxctpeMyMm 3HaueHUs Spyy, IPUPABHSB HYJIIO TPU YaCTHBIE IIPOU3BOIHBIE

(a,b)=(b,a")=(a',b")=0 (24)
"
sin § = sin 360 (25)
AGCOIIOTHBIE MAKCUMYMBI U MMHUMYMBI S()s PABHBI
Soum =22 1 6 = = /8 (26)
Som = -2N2 s 6 = + 31/8 (27)

OTH 3HAYCHUS SBIISIOTCS pelIeHneM ypaBHEHHS (25).

Wtak, MBI BUAUM, YTO Ui KBAHTOBOM MEXaHUKU 3HAYEHHs] MOJYJS B HepaBeHCTBax bemna
HECKOJIbKO BBIIIE, YeM Ui JIOKaJbHBIX Teopuil. COOCTBEHHO TOBOps, B 3TOM M 3aKIIOYAECTCS
MexaHu3M "paboTel" HepaBeHCTB beia, CyllHOCTh MX HapyIIeHHs. DTU HEPaBEHCTBA, COCTABICHHbBIE



JUId JIOKQJIbHBIX TEOpUM, HE MOIYT INPUHUMATh 3HAYEHMH, 0OecreyrBaeMblX HEPaBEHCTBaMH,
COCTAaBJIEHHBIMH JJI1 KBAHTOBON MEXaHUKHU:
Som =22 (22)

Kak BuguMm, 3TO KBAHTOBO-MEXAHMYECKOE IIpE/ICKa3aHHE OMNPEIEIEHHO HaXOoJIUTCs B
poTuBOpeunu ¢ HepaBeHcTBamu bemna (20) xoTtopble HMMeeT cuiy s JH000H TEopuH C
JIOTIOJTHUTEIbHBIMU MapamMeTpaMu. [IpyruMu ciioBamu, HapyllaioTcs HE COOCTBEHHO HEpaBEHCTBA
benna kak TakoBbIe (HE CYIIECTBYET CIOCO0a MOJYyYWUTh 3HAYECHUE MOJYJS, MpeBbIIaioniee 2), a
MMeeTCs JIBa KJlacca 3TUX HEPaBEHCTB: JIOKAJIbHbIE U KBAHTOBO-MeXaHndeckue. OHU, TOHATHOE JIEJI0,
UMEIOT pa3Hble "TIaHKW'", BbINIE KOTOPBIX HE IMOJAHMMAIOTCS 3HAueHUs BbIpakeHui S. Buaumo,
pa3ymMHee TOBOPUTh O HAapyLIEHUU HEPABEHCTB B JAPYroM CMbICie. 3HaYeHHe S JUIsd JIOKaJIbHBIX
TEOPUH HE MPEBBIIAET 2, a U1l KBAHTOBOM MEXaHUKH — IIPEBBIIIACT.

Bce mnocnenyromue 3KCiepUMEHTHI, HallpaBJICHHbIE Ha NPOBEPKY HepaBeHCTB berma, B
CYLIHOCTH, MpECIEOBaIN OJHY LEeib: IOKa3aTh, YTO B pEAJbHBIX SKCIIEPUMEHTaX HEPaBEHCTBA
benna uMeOT BEpXHIOW TIpaHUIY, COOTBETCTBYIOIIYIO BbIpakeHUI0 (22). [Ipyrumu cioBamuy,
HepaBeHCcTBa beria (Ui JIOKaJIbHBIX TEOPHi) HE HApYIIAIOTCS, a MPOCTO HE COOTBETCTBYIOT
peaibHOMY IOJIOKEHHIO BEIllel, a CYIIHOCTh TeopeMbl beuia cocTouT, B TakoM citydae, B TOM, YTO
HEBO3MOXKHO HAWTH (TIOCTPOUTH) TEOPHIO C JIOMOJTHHUTEIBHBIMU TapaMeTpaMH, KOTopas Obljaa Obl
criocoOHa 00ecreynTh TAKOU e YPOBEHb KOPPEJSALMH JUIsl BCEX CIIy4aeB, YTO U KBAHTOBAsI TEOPHUSL.

JloGaBKM, 4TO HA OCHOBAHUU CBOMX BBIKJIAJIOK ACIEKT JieJIaeT JABa MpuMedaTelbHbIX BHIBOA.
OH oTMe4aeT JABE TUIOTE3bl, KOTOPbIE C HEU30EKHOCTHIO MPUBOJAT K KOH(IUKTY C KBAHTOBOM
MEXaHUKOM:

* KOPpEJSUU Ha PACCTOSIHUM MOTYT ObITh MOHATHI Ha OCHOBE BBEACHHUS JOMOJHUTEIIbHBIX
IapaMeTpoB ISl pa3/IeIeHHbIX YacTHUll, B AyXe UAeH DUHIITEHHA O TOM, YTO Pa3JIMYHBIM YacTULIAM
OTBEYaeT pa3Hble PU3NYECKUE CYITHOCTH.

* BenmnuuHbl A(A, a), B(A, b) u p(A) oTBEUaIoT ycrnosuio rokarbHocmu, m.e. OHU He 3A8UCAM OT
OpHUEHTAINH y/IaleHHbIX MOJISPU3aTOPOB.

Bropas rumore3a Acnekrta mnpencraBisieT ocoOblii uHTepec. KoHQuuKT ¢ KBaHTOBOM
MEXaHUKOW (M, COOTBETCTBEHHO, C pe3yjJIbTaTaMH MHOXKECTBAa SKCIHEPUMEHTOB) BO3HUKAET, €CIIU
coObimus B YNAIEHHBIX CHUCTEMaX HE 3aBUCAT Jpyr OT npyra. MMeHHO cobOwbimus, TOCKOIBKY
BEPOSITHOCTH M3MEPEHUH Ha YJAIEHHBIX MOJISIPU3ATOpPaX OJIHO3HAYHO OIPEACISIOTC ATUMHU
BEJIMYMHAMU. DTO OUEBUJHOE CIEJICTBUE YTBEP>KIACHUS (FMIOTE3bI) ACHEKTa: eciiu Obl BEpOSITHOCTU
Ha U3MEPUTENSIX 3aBHCENIU OT OpUEHTAIM YAaNEHHBIX OT HUX MOJSPU3ATOPOB, TO KOHQIIMKTA C
KBaHTOBOM MEXaHHKOU He OblIo Obl. [IpyruMu cioBamu, BEPOSITHOCTh U3MEPEHUS OJIHON KBAaHTOBOM
YaCTULIBI 3a6ucum OT U3MEPEHUs APYyroil, ynan€éHHON YaCTULIbI.

HemHOro0 0 3aBHCHMBIX H He3aBUCHMBbIX COOBITHAX

SIBASIIOTCS TN KBAHTOBBIE COOBITUS He3aBUCUMBbIMU? OUeBUIHO, YTO MEPBOE U3 HU3MEPEHUN
3alyTaHHBIX YaCTHUI[ MOKHO C IOJHBIM IPaBOM Ha3BaTh He3aBUCHUMbIM. HeT HHKakux yka3aHHI Ha
TO, UTO 3HAUYEHHE BEPOSITHOCTH paBHOE 1\2 MOXeT ObITh U3MEHEHO KaKUM-JIn0o criocoboM. Huuro He
MOJKET TOBJHUATh HAa MCXOJ MEPBOI0 M3MEPEHHUS: BEPOATHOCTH MOJYyYEHHUS] HEKOTOPOTO pe3yibTara
ctporo pasHa 1\2. Ilpu mo00oM M3MEpeHUH 3Ta BEIUYHHA OCTAETCS HEM3MEHHOM, TO €CTh Ha HeE B
MIPUHIIAIIE HE OKAa3bIBACTCS HHUKAKOro BiusiHHA. JInGo 5T0 Takoe "BiusHHE", KOTOpOE HHUKAaK HE
u3MeHsier pesynbrar. Ho »3Toro Henmp3st ckazatb O BTOpoM wu3MepeHuu. Ero pesynbraT
HeonpogepxcumMo 3aBUCUT OT pe3ylibTaTa NEpBOro H3MepeHus. BeposTHOCT HaCTYIUIEHUS
HEKOTOPOTO pe3ylibTaTa BO BTOPOM M3MEPEHUU OJIHO3HAYHO OMpEIeNseTcs TeM, KaKyro
MOJISIPU3ALMI0 MOJYYUT (OTOH B INEPBOM H3MepeHUHU. ECTh HEKOTOphIE YCTAaHOBKU (HACTPOIKK)
MOJISIPU3aTOPOB, MPHU KOTOPBIX 3Ta BEPOSTHOCTH IPEBPAILAETCS B CBOIO IMpEAETIbHYI0 (GopMy —
JOCTOBEPHOCTh. TO €CTh C IOCTOBEPHOCTHIO (BEPOSTHOCTHIO, PABHOM €IMHUIIEC) OyIeT HAOIIOAThCS
3apaHee Ha3HAYeHHBIN pe3ynabrar. UToOBI yOeauThCs B STOM, PAacCMOTPUM HEKOTOPhIE Oa30BBIC
MOJIOXKEHUSI KJIACCUYECKON TEOPUU BEPOSTHOCTH.

Beliie B 1TaHHOM cTaThe Mbl IPUBEIIN BbICKa3bIBaHHE XOJIEBO:

"DTO yCIIOBHE ... 3aIPElIaeT MITHOBEHHOE GUsgHUEe W3MEPEHUS, MPOBOJAIIETOCS B OJHOU
CUCTEME, Ha U3MEpEeHus B 1pyrou cucreme" [51].



MpI cienManbHO BbLAEISEM CIOBO "BIMsAHUE", TOCKOIBKY UMEHHO OHO SIBJIIETCS KIIIOUEBBIM,
MMEHHO B HEM, BO BJIMSHHM 3aKIIOYEHO IPOTHUBOPEUYHE MEXKIY HEJIOKAIbHOCTBIO U JIOKAJIbHBIM
peasiu3mMoM. J[aBHO M3BECTHO, YTO KBAaHTOBAs MEXaHHMKA IMPEJIOKHIA COOCTBEHHYIO, KBAHTOBYIO
JIOTUKY W COOCTBEHHYIO, KBAHTOBYIO TEOPHIO BeposiTHOCTEH. [10CKOIBKY COOCTBEHHO KBaHTOBOM
TEOPUH BEPOSTHOCTH KaK TaKOBOMW, BUIAMMO, HET, B POJIM TaKOM TEOPUM BHICTYIAET caMa KBAaHTOBAs
MEXaHHUKa.

OpHMM U3 3HAMEHUTBIX NPABUII 3TOM TEOPUU SABISETCS CIEAYIOLIee:

"CnoxeHHe BOJIHOBBIX (QYHKUMH (aMIUIMTY BEpOSTHOCTEH), a HE BEpPOATHOCTEH
(ompenensieMbIX KBagpaTaMyd MOJYJIEW BOJHOBBIX (YHKIMI) NPUHIUIHAIBHO OTIMYAET KBAHTOBYIO
TEOPUIO OT KIACCHUYECKOW CTAaTUCTMYECKON TEOpHH, B KOTOPOM Uil HE3aBHUCHUMBIX COOBITHI
CIpaBeUINBa meopema cirodicerus geposimuocmei [28, ¢.8]. Dtor moBoxa npu obOwvsicHennn DIIP-
rapajiokca MOXKHO YCIBIIIATh JAOBOJIBHO YacTo. OTpulias 3aBUCUMOCTh COOBITUM, KOTOPAasl HESBHO
TpeOyeT oOMeHa CUTHajJaMH, YTBEP)KIAE€TCs, YTO MPOCTO BEPOSITHOCTH BBIUUCIISIIOTCS MO JIPYTUM,
KBaHTOBBIM IpaBmwiaM. UTOOBI YBUAETH CXOACTBO WJIM pa3jiHyuue KJIACCUYECKOTO U KBAaHTOBOTO
MOJXOJIOB K CIIOKEHHUIO BEPOSITHOCTEH pPAaCCMOTPUM CYTh KIACCHYECKOW TeopeMbl (TIpaBuiia)
CJIOKEHHUSI BEPOATHOCTEN:

"BeposTHOCT, HACTyIJIEHUS B HEKOTOPOM omepanuu Kakoro-audo oaHoro (6e3pa3inydHo
KaKoro MMEHHO) U3 pe3yibTaToB Aj, Ay, ..., A, paBHa CyMMe BEpOSTHOCTEN 3TUX PE3y/IbTaTOB, €CIU
Ka)XJIbI€ JIBA U3 HUX HECOBMECTUMBI Mex Iy coboi" [19].

Teopema ciioxeHHsI MOXKET OBbITh IIPEJICTaBICHA U B TAKOM BHUJIE:

"Ecmu coObiTHst Aj, A, ..., A; TakOBBI, 4TO Ka)KJble JBa M3 HUX HECOBMECTHBI, TO
BEPOSITHOCTh UX OOBEAMHEHUS paBHA CyMMe UX BeposiTHocTeil" [44].

3neck moja oObeauHEHHEM coObITUM mNoHMMaeTcs ciuenyomee. CoObiTue B HasbiBaercs

o0benuHeHneM (CyMMO#) coObITHI Aj, Ay, ..., As,-, €CIM OHO UMEET BHJ: "HACTymaeT win A, Uiu
Ay, ..., A,".
"CyMmmoi wi 00beAMHEHUEM HECKOJBKUX COOBITUM Aj, Ay, ..., A, Ha3biBaeTcs coObitue C,

COCTOSIIIIEE B TOM, YTO ITPOU3OIIIIIO XOTS OBl OJTHO U3 COOBITUM Aj, Ay, ..., An:
C=A+A+...+A". [23,c.35]

Ilox coBMemieHreM COOBITHH Aj, A, ..., A; moHMMaeTcsa coObiTHe C, €ClIM OHO MMEET BH:
"HactynmaeT u Ay, u Ay, ..., 1 A,".

WNHorpa coBmelleHne Ha3bIBAalOT TaKXKE IMPOU3BEACHUEM WM IepecedeHueM coObiTuil. B
YaCTHOCTH, JUIsi NBYX coObiThii: "[IpomsBeneHueM wim mepecedeHreM coObITHi A u B HazoBeMm
coObiTHe, o0o3Hauaemoe AMNB wmnu AB, KOTOpoe€ MPOMCXOIUT TOrAA U TOJIBKO TOrJa, KOraa
npourcxoasaT coobiTusi A u B Bmecte" [43, ¢.3].

HampoTuB, HECOBMECTHBIMU COOBITHSIMH CUUTAIOTCA coObiTHSS A u B, ecim wux
OJIHOBPEMEHHOE OCYIIECTBIIEHUE HEBO3MOXHO, TO €CTh €CIM HE CYIIECTBYET CpPEIu HCXOJ0B
WCIIBITAHUS HH OJHOTO OnarompustcTByromero u A u B. Kak Bugum, Teopema CloXeHUs
BEPOSTHOCTEH BIUIOTHYIO COIPUKACACTCS C TOHATHEM 3aBUCHUMBIX COOBITHH, KOTOpPHIE HMEIOT
OUYEBUJIHOE OTHOUIEHHE K OTMEYEHHOMY BbILIE "MTHOBEHHOMY BJIMSHUIO pa3/IeIEHHBIX U3MepeHuil" B
BBIKJIaJIKaX XoJyieBo. [lOCKOIBKY MBI TBITa€MCs IOKa3aTh, YTO KBAHTOBBIE cOObITHS B OIIP-
nmapajokce SBISIOTCS 3aBHCHUMBIMH, HaM HEOOXOIMMO pPacCMOTPETh CYIIHOCTh 3aBHCHMOCTHU
ciydaiiHeIX coObITHH. [IpuBenéM KiaccMdeckoe OmpeneleHWe HE3aBHUCHMBIX COOBITHM, JTaHHOE
Kommoroposeim [24, ¢.19]:

s (2 u(3) s(m)
£S5 B, I, gl T.€. n paznoxenut (1=1,2, ..., n)
Q=A9 + AP+, + AP
- 2 e

OCHOBHOTO MHOKECTBa {2 Ha CyMMY (HerepeceKaronuxcs) coobIThi. Toraa MOKHO 3a1aTh T =
I112...In BEPOATHOCTEN

"[1ycTh maHbl N UCTIBITAHUI

— (1) 4(2) (1)
Pip,. =P(A A7 A7) 20
BOOOIIIE MPOU3BOJIBHO MPU €TUHCTBEHHOM YCIIOBHH

Z Pip,.r =L
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s(1) (o(2)  (3) s(n)
OHpCHGJ’ICHI/Iel.I/ICHHTaHI/IﬂR:hnt\:---gz\
He3asucumvimu, ecim s Jioobix ki, ks ... k, mMeer mecTo paBeHCTBO

s s = P(ADAD _A™) = P(ADYP(AP). (A7),

[Toxoxue onpeneneHns BCTpeyaroTcs y COBpeMEHHbIX aBTopoB. Hampumep:
"Ecnu paBeHCTBO

OyneM Ha3bIBaTh

q(x) = Tlg;(x) *)

BEpHO UL Beex X = (x;) € X, TO g Ha3bIBAIOT npouseedenuem q; u numyt q = Ilg;. Ecau g =
Ilgj, TO roBopsT, 4TO CilydaiiHble IEPEMEHHBIE f; (cmoxacmuyuecku) neszagucumol, a ecau q # Ilg; —
9T0 (cmoxacmuuecku) 3agucumol". [41, ¢.37]

O4eBHIHO, YTO YCIOBUE HE3aBUCHUMOCTU COOBITHI ClelyeT U3 TaK Ha3blBAEMOW TEOPEMbI
YMHOKEHHUS BEPOSTHOCTEW: BEPOSATHOCTb COBMECTHOI'O HACTYIIEHUS 3aBUCHUMBIX COOBITUH paBHA
MIPOM3BEACHUIO MX BEPOSITHOCTEH. AHajorumuHas (opMynMpoBKa €CTb Uy JPYTrUX aBTOPOB.
Hanpumep, Candepu npuBoaut takyto [42]:

"Ilycts E u F — 1Ba ne3zasucumbix S5KCIEPUMEHTA, T.€. HET MPUYMHHOTO BIMSHUS OJHOTO U3
HUX Ha JIpyrol W HeT oOlLIero NMpUYMHHOTO BJIMSHMS Ha o0a 3TUX 3KcnepumeHrta. Toraa, ecinu
ol,...,0; - BO3MOXHBIE pe3ylbTaThl 3KcrniepuMeHTa E (c HauanbHBIM cocTosiHMEM V) OyneTr a; , a
p1,....pn - pe3ynbTatThl 3kcriepuMenTa F (¢ HauanbHBIM COCTOSIHUEM @), OyIeT ff; , paBHA

pE@)F(ar' Hﬁj | ¢“¢): pg(a‘- | Qf’)p,,—(ﬂ} | (;0)u.

B Gonee mpocTtoM BuJe TeopeMa YMHOXEHHUS (COBMELICHMS) BEPOSITHOCTEH MOXET ObITh
chopmyIupoBaHa ClIeayronmM 00pa3om [44]:

"BeposaTtHocTh coBMemieHHusT COOBITHH Aj, A, ..., A paBHa BEpPOSTHOCTH COOBITHS Aj,
YMHOKEHHOM Ha BEpPOSTHOCTh COOBITHS Ay, B3STYIO MpPH YCIOBHHM, YTO A; HACTYOWIO, ...,
YMHOKEHHOM Ha BEpOSITHOCTh COOBITUS A, IpU yclIoBuH, 4to A, A2, ..., Ay Hactynwid. Jlns
HE3aBHCHMBIX COOBITHI TeOpeMa yMHOXKEHUS PUBOAUT K (popmyIie:

P(A] u A2 H..H Ar) = P(A])P(Az) 'P(Ar)"

@OopMyIHPOBKY TEOPEMBbl YMHOXKEHHUS BEpOSITHOCTEH (KOTOpas IO3BOJISIET BBIYUCIUTH

BEPOSITHOCTh COBMEILEHUS COOBITUI) /17151 ABYX coObITHI HaxoauM U 'y Demnepa [48, ¢.122]:
P{AH} =P{AH}-P{H}.

Hanee B cBoeil pabore Deisiep pacCMOTUBAET psijl MPUMEPOB C 3aBUCUMBIMHU U YCIIOBHBIMU
BEPOSTHOCTSIMHU U JIEJIAET 3aTeM clienyromiee yrounenue [48, c.131]:

"B npuBeneHHBIX BbIIlIE TpUMEpPax yciaoBHas BeposaTHOCTh P{A|H}, BooOiie rosops, He Obl1a
paBHa Oe3ycnoBHOM BepositHOoCTH P{A}. ['oBops rpy0o, 3HaHME TOTO, YTO MPOU30ILIO cOObITHE H,
M3MEHSUIO Hally OLEHKY IIaHCOB MosiBieHus coObitus A. Tonpko B ToM ciyudae, korga P{AH} =
P{A}, 510 3HaHMEe HE OKa3bIBACT HUKAKOI'O BJIMSHUS HA OLEHKY IIAHCOB MOSBIEHUS COObITUA A. MbI
OylIeM roBOPHUTh, YTO B ITOM cCiiydae coObiTue A He 3aBUCHUT OT coObiTusa H". OOpatum Ha 3TO
BHUMAHUE: 3HaAHUe 006 O0OHOM COObIMUU USMEHSEm OYEHKY WAHC08 Opy2o2o COObIMuUs, 4YTO
TpakTyercss DenepoM Kak 3aBUCUMOCTb COOBITHIA.

"Nanee, u3 Gopmynsl (1.5) cnenyer, uto ycnosue P{AH} = P{A} MoxHO 3amucarb B 3TOM
cinydae B popme

P{AH} =P{A}-P{H}.

DTO paBEHCTBO CUMMETPUYHO OTHOCUTENILHO A 1 H 1 mokasbpiBaeT, uTo eciau A He 3aBUCHUT OT
H, to u H we 3aBucur ot A" [48].

Ha s3tom ocHoBanuu @einsep B OTHOILIEHUU HE3aBUCUMBIX COOBITHI MPUBOJIUT TaKOE, KaK OH
€ro Ha3Baj, CAMMETPUYHOE onpenencHue [48]:

"Ecmu A ne 3aBucut ot H, To u H He 3aBucut or A. [losTOMy MBI mpeamodyrem aaTh
CIIEIyI0Illee CUMMETPUYHOE

Onpenenenve 1. Jea cobwimus A u H Hasvigaromes He3a8UCUMBIMY, eCU  OHU
V0081emB8OpsION COOMHOULEHUIO:

P{AH} =P{A}-P{H}.

Oto ompenenenue npumeHumo u B ciyyae P{H} = 0, xorna ycnosnast BepositHocTh P{A|H}
HE omnpejeneHa'.

Jyist HAaTJIATHOCTH CJIEIOM OH MPUBOIUT Tako# mpumep [48]:



"N3 Konoabl WrpajbHBIX KapThl BBITACKUBAIOT Hayraj oJHy KapTy. M3 coobOpaxeHuii
CUMMETPUU MBI CKIIOHHBI 0KUAATh, YTO coObITUA "Tpeda" u "Ty3" He3aBuCUMBI. J[eHCTBUTEIBHO, UX
BEPOSITHOCTH paBHbI 1/4 u 1/13, a BEpOSITHOCTh UX OJTHOBPEMEHHOTO OCYIIECTBICHUs paBHa 1/52".

3ameTuM, 4TO CIpaBeIuBa U oopamuas meopema [27]:

Ecnu ona coovimuii A u B evinonusemcs pasencmeo P(AB)=P(A)P(B), mo smu cobvimus
He3a8UCUMDbL.

To4HO Takoe ke ONpeeICHIEe HE3aBUCUMOCTH ISl ABYX COOBITHI HaxoauM y UepHoBO# [52,
c.34]:

Omnpenenenue 19. Coovimus A u B Hazviearomces He3asUCUMbIMU, eCiu

P(ANB) = P(A)P(B).

OTmeTHM, YTO HPABUJIO YMHOKEHHUSI BEPOSTHOCTEH MOXKET UMETh U el OJHY, HECKOJIbKO
OTJIMYHYIO OT NMPUBEAEHHBIX (POPMYIUPOBKY:

"[IpaBuio ymHOKeHHUS. BeposTHOCTh COBMECTHOTO HACTYIUIEHHMSI ABYX COOBITHMI paBHa
IIPOU3BEACHUIO BEPOSITHOCTH MEPBOTO COOBITHSA Ha YCIOBHYIO BEPOSTHOCTH BTOPOI'O, BBIUYUCIECHHYIO
B MPEIOJIOKEHUH, UTO nepsoe cobvimue cocmosnocy" [19, ¢.29].

W nanee npuBOIUTCS YK€ 3HAKOMas HaM OCOOEHHOCTb BEPOSATHOCTEW HE3aBUCHUMBIX
COOBITHIA:

"BeposiTHOCTh COBMECTHOI'O HACTYIUIEHHS JIOOOT0 4YMCiIa B3aUMHO HE3aBHUCHMBIX COOBITHIL
paBHa IPOU3BENIEHUIO BEPOSITHOCTEH 3TUX coObITHii" [19, ¢.32].

Jljig cripaBKM HallOMHHMM OTIPEJeJIEHNE JOCTOBEPHOTO coObITus [15, ¢.5]:

"JlocToBepHBIM Ha3biBaeTCsi coObITHE U, KOTOpOE B pe3yabTare OMbITa HEMPEMEHHO JIOJKHO
IIPOU30MUTH.

P(U)=1."

N BHOBP O COOBITHSX 3aBUCUMBIX HM HE3aBHUCHUMBIX. BeHTHenbp nma€t omnpenencHue
HE3aBHCHMBIX COOBITHI Uepe3 YCIOBHYIO BEPOSITHOCTh OJHOIO cOObITHS OT Apyroro [15, c.21]:

"V ci10BHOM BEPOSITHOCTBIO COOBITHS A Mpu Hanuuuu B Ha3piBaeTcs BEpPOSTHOCTb COOBITHS A,
BBIYUCJICHHAs! TIPU YCJIOBHUH, 4TO coObITHE B mpomsomno. Ita BeposTHOCTh oOo3HaudaeTcsi P(A[B).
CobObiTusi A u B Ha3pIBaloTCs HE3aBUCUMBIMH, €CIIU NOsAGIeHUEe O0O0HO20 U3 HUX He MeHsem
geposimHocmu nosenenus opyeo2o. Jlns He3aBUCUMBIX COOBITUI

P(AB) = P(A); P(B|A) =P(B)."

Teopema yMHOKEHUSI BEPOSITHOCTEN

"BeposiTHOCT, IPOU3BEAEHUS [JBYX COOBITHII paBHA BEpPOSTHOCTH OJHOTO U3 HUX,
YMHO’KE€HHOM Ha YCIOBHYIO BEPOSITHOCTh APYroTo MPU HAIUYUH IEPBOTO:

P(AB) =P(A) P(B|A)

I

P(AB) = P(B) P(A|B).
Jlns He3aBUCUMBIX coObITHI A 1 B
P(AB) =P(A) P(B)."

Wrak, Teopema 00 yMHOKEHUU U OOpaTHas K HEil TeopeMa yTBEpXKIAlOT, YTO 3aBUCHUMbBIMU

COOBITHSIMU SIBJIIFOTCSI JIBa COOBITHSL, ISl KOTOPBIX BBIMOIHIETCSI PABEHCTBO:
P(AB) =P(A) P(B).

Teopema (mpaBuiIO) CIIOKEHHUSI BEPOATHOCTEH KIACCHMUYECKOM CTATUCTUYECKOW TEOPHH, KaK
OTMEYEHO, KacaeTcsi COOBITUI HE3aBUCUMBIX. B mpoTHBOBEC 3TOMY KBAHTOBOE MPABUIIO IPEIaracT
CIIOKEHHE aMIUIMTY BeposTHocTed. I[lpu »TOM yTBepkIaeTcs, YTO COOBITHUS, aMIUIUTY/IbI
BEPOSITHOCTEH KOTOPBIX CKJIAJbIBAIOTCS, SBJIAIOTCSA HE3aBUCUMBIMU U HeEJIOKaJdbHbIMU. OJIHAKO
BbIpaKeHUs (ypaBHEHUS) U Pe3ylbTaThl ITUX BBIYMCIEHUN JEMOHCTPUPYIOT MOJ00HE 3aBUCUMOCTH
MEXAY COOBITUSMU. AHalIM3 ONUCAHUN MHOYKECTBA AKCIEPUMEHTOB HABOJUT HA MbICIb, 4YTO
OMMCAHUA COJAEpKAT JIaXKe HE 3aByaJIUPOBAHHYIO, a SBHO BUAUMYIO 3aBUCUMOCTh coObITH. [ToaTOMY
KBaHTOBOE IPABUJIO CJIOKEHUS aMIUIUTYJl BEPOSTHOCTEH (aKTUUECKH SIBIISETCS CBOEOOpa3HOM
MOMBITKON CKPBITh 3TU 3aBUCUMOCTH.

AHaJN3 KBAHTOBO-MEXaHMYECKUX APTYMEHTOB
B pa6oTe [4, 40] AcniekT nemaer cineayroliee 3aKII0UYCHHE:



"KBAaHTOBO-MEXaHUYECKHE BBIUMCICHHUS IOKA3bIBAIOT, YTO XOTSA KaKJI0€ HAUBHIYalbHOE
U3MEpEHUe [JaeT Clly4alHble pe3yJbTaThl, 3TU ClydyallHble pE3yJbTaTbl KOPPEIUPOBAHHBI, KaK
nokasblBaeT ypaBHeHue (6). [ mnapamienbHOM (MM NEPHEHAMKYISPHOIN) OpHUEHTalUu
H0JIIpU3aTOpoB Koppesiuus noiHas ([Eou=1)".

[Tox tepmuHOM "KOppensiuus" CKpbIBaeTCsi OOBIYHOE MOHSATHE: B3aMMO3aBHCHUMBI. To ecThb
KOKIbIH U3 pE3ylbTaTOB M3MEPEHMs] CIy4aeH, a JpYyr € JPYroM OHH CTPOrO B3aMMOCBSI3aHBI.
[IpoBeném anasoruto ¢ mnojadpachbiBaHUEM MOHETHI. [IpoM3BOAMM MHOIOKpaTHbIE MOJIOpachIBAaHUS
MOHET U PErucTPUpPyeM JBa COOBITHS: BEPXHIOIO CTOPOHY MOHETHl M HUYKHIOIO CTOPOHY MOHETHI.
O4eBHIHO, YTO KaXI0€ HM3MepeHHe Na€T ClaydyalHbI pe3ysbTaT: CBEpXY C BEpOSATHOCThIO 1\2
okasbiBaeTcs 0o opén, mudo pemka. CHU3Y ¢ BeposSTHOCTHIO 1\2 oka3wiBaeTcs OO pemika, Tu00
opén. Ho o6a m3MepeHus CTporo KOppeIupoBaHbl, MPUIEM Koppesius nosHas. Ecou ciemoBath
KBaHTOBAs JIOTMKE, TO HaM CJIeZI0BaJlo Obl CUMTATh, YTO 3TU JBa COOBITHS He3aBUcHMBI. HeTpynHo
3aMeTUTh, YTO B ATOM Cllydae HepaBeHCcTBa bemna OyayT HapymieHbl A J1000H TEOpUH cO
CKPBITBIMU NE€peMEHHbIMH. HamoMHuM, 4TO peub UIET O ABYX CTOPOHAX OJHOW U TOM K€ MOHETHI
[35], a Teopun CO CKpPBITBIMU IMapaMmeTpamH JIOJDKHBI, B CYLUIHOCTH, OTpakaTb TOT (PAKT, YTO JBE
CTOPOHBI MOHETBI JKECTKO CBSI3aHBI IPYT C JPYTOM.

PaccmoTpuM Tenepr BechbMa IOKa3aTeabHbIE BBIBOJbI, MOJYyYEHHbIE ACIIEKTOM Ha MpHUMeEpe
ONTHUYECKOTO BapHaHTa MbiciaeHHOro skcnepumenta JIIP B Bepcuu boma B cratwe [4, 40]:

"HEMEJIEHHO TM0CJ€ IMEepBOro u3MepeHus (OTOH V| MOJy4yaeT MOJSIpU3aLMIo [a>: 3TO
OYEBMJIHO, MOTOMY YTO 3TO OBLIO M3MEPEHO NOJSPU3ATOPOM, OPUEHTUPOBAHHBIM IO a, M ObLI
noJiyueH + pe3yibTar. bosiee yAMBUTENbHO, OTHAJIEHHBI (OTOH V,, KOTOPBIM e€Iie He
B3aMMO/JICHCTBOBAJI HU C KakKuUM HOJSIPU3AaTOPOM, TaKXKE CIPOEKTHPOBAICS B COCTOSHHUE |a> C
OTIpeIeTICHHOM MOJIIpU3aIMei, mapauieIbHON TOM, KoTopas HaiiaeHa ais GotoHa v;".

DOpMYyIHPOBKH HCKIIOYAIOT JIIOObIE JIBYCMBICIEHHOCTU: H3MEpeHue IMepBoro (oTtoHa
MPUBOJUT K IPOEKTUPOBAHUIO BTOPOro (JOTOHA B ONpEAENEHHOE COCTOSTHUE. DTO HU YTO MHOE, Kak
3aBUCHUMOCTb OJHOTO u3MepeHue ot jpyroro. I[loguepkHém, uTo u3MepeHue mepBoro (ortoHa
MIPOM30LUI0 B OJHOW TOYKE MPOCTPAHCTBA, a BTOPOU (POTOH CHPOEKTUPOBAJICS B OINpEneiIEHHOE
COCTOSIHME B JIPYrod TOYKE MPOCTpPaHCTBA. TO €CTh NEWCTBHS, BBITIOJHEHHBIC HA/l TIEPBBIM (DOTOHOM,
MIPUBEJIH K U3MEHEHHIO BO BTOPOM (POTOHE, HAXOIAIIEMCSI Ha yIaJIeHUH OT IEPBOTO.

KBantoBass MexaHMKa NpezasiaraeT Ha3blBaTh 3TO HEIOKAJIbHOCTBIO, MOCKOJIBbKY HE MOXKET
MPU3HATh HAIMYUE CUTHANA, C TOMOLIBI0 KOTOPOTo JAEUCTBUS HaJl IEPBbIM (DOTOHAM ObLIM IEepEeaaHbl
Ha BTOpoi (oToH. OnHako (akT BIUSHUS Ha BTOpOil (OTOH yNalIEHHOIO OT HEro H3MEpEeHUs
oTMeuaeTcs oTaéTimBo [4, 40]:

1. ®OTOH V|, KOTOPBII HE MMEJ SIBHO OIPEACIICHHOW MOJISIpU3AIluU TEpe €€ U3MEPECHHEM,
MIOJIy4aeT MOJISIPU3ALIMIO, CBA3AHHYIO C ITOJIYYEHHBIM PE3yJIbTaTOM, BO BPEMsSI €r0 U3MEPEHUs: 3TO He
YAUBUTEIBHO.

i1. Korma wu3mepenwe Ha V| caemaHo, (OTOH V;, KOTOPBIA HE HMEN ONpPENeIeHHOMN
MOJISIpU3alus Mepea 3TUM M3MEPEHHUEM, NMPOECKTUPYETCS B COCTOSIHUE MOJISPU3ALNU, MMapajlielbHOe
pe3ysbTaTy U3MEpEeHus Ha vi. DTO OYE€Hb YIUBUTEIBHO, IOTOMY UYTO 3TO U3MEHEHUE B OINKCAHUE V)
IIPOUCXOJUT MIHOBEHHO, OC30THOCUTEIBHO PACCTOSIHUS MEXIYy Vi U V2 B MOMEHT IE€pPBOro
U3MEpEHUs.

OTmeTM M MBI 3TO el€ pa3, aKUEHTHpPYs BHHUMaHHE Ha CaMOM TIJaBHOM, 3aBHCHUMOCTHU
COCTOSIHUSL BTOpPOro (POTOHA OT WM3MEPEHHs, MPOU3BEAEHHOTO HaJ NEPBBIM: K020d U3MepeHue Vi
coenano, ¢omon v, npoekmupyemcs. Jns KiacCUYECKOM TEOPUU BEPOSITHOCTH U (POpMalbHON
JIOTUKU — 3TO psAoBoe siBiieHue. [Ipoucxoautr ogHo coObITHE, 3aTeM NpoUcXoAuT BTopoe. Eciu He
MIPOM30LLIO MEPBOE, TO HE MPOUCXOIUT BTopoe. IlepBoe — mpuunHa, Bropoe — cieacraue. Ho mis
KBAaHTOBOUM MEXaHHMKH 3TO Hexomyctumo [4, 40]:

"OTa KapTHHA HAXOJIWUTCA B IPOTHBOPEYMH C OTHOCHUTEIBLHOCTHIO. COINIACHO OWHINTEHHY,
coObITHE B JAaHHOUW 00JaCTH MPOCTPAHCTBA-BPEMEHU HE MOXKET HAXOUTHCS MO/ BIUSHUEM COOBITHS,
MIPOM30LIEAIIEr0 B MPOCTPAHCTBE-BPEMEHH, KOTOPOE OTIEJIEHO MPOCTPAHCTBEHHO-IOJ0OHBIM
uHTepBasioM. Hepa3symMHoO meiTatbes Haiitu OoJiee mpuemsieMmble KapTuHbI, 4ToObI "moHATH" OIIP-
Koppensanuu'.

CrpaHHO BHMJIETH B KauecTBE J0BOJA YTBEpXkAeHHE: "Hepa3yMHO mbITarhes'. Pazymnee
0e30cHOBaTEIBLHO, 0€370Ka3aTeIbHO BBECTH (DaKTHUYECKH adCyp/IHOE MOHATHE, HE MPOTHBOpEYAIIee



TEOPUU OTHOCUTEIBHOCTH, HO MPOTUBOPEYALIIEE JIOTUKE U TEOPUU BEPOSITHOCTH: HEIOKAIBHOCTh. JTO
MO>KHO IOHATH: KBAaHTOBas MEXaHMKAa CTPEMUTCSI COXPAHUTh CIPABEUIMBOCTh CIHELUAIbHOW TEOPUU
oTHocuTenbHOCTH. Ho ymamock mu 310 ei?
OnuceiBasi yIUBUTEIbHbBIE CBOWCTBA KOPPEIUPOBAHHBIX (POTOHOB, AcniekT oT™meuaet [4, 40]:
"OTO yAMBUTENBHOE 3aKIIOUYECHHE, OJHAKO, BEAECT K IPABWIBHOMY 3aKIOYUTEIBHOMY
pe3ynbTaTy (3), HauMHAsI ¢ TMPSIMOTO NMPUMEHEHHUs 3akoHa Maiyca, 4To MOCeayroliee U3MEpEeHHeE,
BBITIOJTHEHHOE 110 b Ha oTOHE Vv, OyIeT BeCcTH K

P (a,b)= l cusz(a,h)
2 (8)
[IpucMoTpumcs M MBI K 3TOMYy 3aKOHY. B u3nmoxeHuum AcCHKTa Mbl BHJIUM HEKOTOPBIN
JIOTUYECKUIl MHTEpBall, IpoBaji, OOpbIB JMHUM paccyxaeHuil. B Hauane ¢parmeHTta oTU€TIMBO U
HEJBYCMBICIIECHHO OTMEUEHO nepeoe cobvimue: U3MepeHue mnoiisgpusanuu (GotoHa v,. Mbl Bopase
3aJaTbCs BOIIPOCOM, @ YTO HA CAMOM JIeJIe SIBJIACTCS 6mopbim codvimuem? PaccMOTpUM BbIpakeHUE
(4) B cTarbe Acnekra [4, 40]:

e (“L a)=1r__(a,a)= ;

P._(aa)=P_ (a,a)=0

Hac untepecyer B mepByro oudepenpb cucteMa 00O3HAUCHUH, MPUHSATAs B CTaThe. A UMEHHO,
4yTO 0003Ha4yaeT BeIpakeHue P (a,a)? 13 TekcTa cTaThu CIEMyeT, UTO ITO BEPOSTHOCTH COBMECTHOTO
obHapyxxenusi (OTOHOB B ++ KaHajgax TMOJsApU3aTopoB, koraa a=b. B 3akone Manyca st
HaIpaBJICHUs HE paBHBL, I03TOMY BennunHa Pi.(a,b) 0603HauaeT BepoATHOCTh OOHAPYKUThH (POTOHBI
B ++ KaHaJaX MOJsIpU3aTopoB B HampaBieHusx a u b. CnegoBarenbHO, COOBITHS, KOTOpbIE
OMMCHIBAET 3aKOH Maityca — 3TO /iBa cOOBITUS: OOHapyXeHHe nepBoro GpoToHa v; nojspusatopom I B
HaIpaBJICHUHU A B KaHase +, 1 0OHapyXeHHe BTOporo GpotoHa v, B nossgpusarope Il B HanpaBneHuu b
B kaHase +. To ecThb MBI YTBEp)KJaeM, 4TO BTOPHIM COOBITHEM SIBJIIETCS COOBITHE, aHAJIOTUYHOE
NEPBOMY, - M3MEpPEHHE Mojsipu3aluu (QOTOHA V;, IOCKOJIBKY CYThb HM3MEPEHUH B JAHHOM
SKCIEPUMEHTE 3aKJIIOYAETCsl B OMpPENETICHUH MOJIIPU3aluu Kaxa0Tro U3 1ByX (oToHOB. Ilpu stom
OCHOBHBIM, TJIaBHbIM pE€3YJIbTaTOM Mbl TO-IPEKHEMY CYUTAEM BEPOATHOCTh HACTYIICHUS
coBMecTHOTO coObITHs P (a,b). Ham mpemararoT, 94To BCce 3TU CBEICHUS 3aKJIFOUYCHBI B BBIPAKECHUU
3akoHa Manyca. Ho 3T0 He BepHO, 3TO SBJISETCS OUYEHb XOPOMIO 3aKaMy(IMPOBAHHOUN MOAMEHOMN

MOHATHM, MOCcKoNbKy Pii(a,b) — 3TO He BEpOSATHOCTH HACTYIUIEHHS BTOPOTO COOBITHA. ITO
BEPOSITHOCTh COBMECTHOTO HACTYIUICHHS JIBYX COOBITHIl: perucrpanuu oo6oux (OTOHOB B KaHAJIax
++.

Brime B BelpakeHun (2) crarbu [4] ObUIO TIOKa3aHO, YTO CYIIECTBYIOT "OJMHOYHBIC
BEPOSITHOCTH" MHIAMBUAYAJIbHBIX U3MEPEHUN Ha (POTOHAX V| U V1!

P (a)=F_(a)=1:2
Lo(b)=r_(b)=12

OTO0 J1Ba CaMOCTOSITENIbHBIX, MHIMBUIyaJIbHBbIX U3MEPEHUS, KaX0€ U3 KOTOPBIX UMEET CBOIO
COOCTBEHHYIO, CaMOCTOSTEIbHYI0, HHIUBUIYaJIbHYI0 BEpOSTHOCTh. M Hac mHTEpecyeT cOBMeECTHas
BEPOSITHOCTh HACTYIUICHUS 3TUX JABYX MHAMBHUAYalbHBIX cOObITHH. Kak ObLIO MOKa3aHO BbINIE, 3Ta
BEPOSITHOCTh BBIUUCISETCS MO-Pa3HOMY, UYTO ONpPEAEISETCS TEM, 3aBUCUMBbIE ATH JIBa COOBITUS WIIU
He3zaBHcHMble. PaccmoTpum emé pa3 ypaBHeHHe 3akoHa Maiyca. CrieBa, Kak Mbl YTBEPXKIAeM,
3alMcaHa BEPOSITHOCTh COBMECTHOIO HACTYIUIEHHUS JIBYX COOBITMMI — H3MepeHuil HaJl JByMs
doronamu. CripaBa, yTBEpKIaeM MBI, — IPOM3BEICHHE IBYX BepositHocTeil: 1\2 u cos’(a,b). Ha
KaKOM OCHOBAHHUM Mbl TPAKTYEM 3TH BEJIMYUHBI Kak BeposTHOCTH? K 3TOM mMMeeTcst ABE NMPUUMHBI.
[lepBas: pe3ynbTHpYIOIIasi BEPOSTHOCTD SBJISETCS MPOU3BEIEHUEM, IOITOMY 00a COMHOMKUTENSI Mbl
MMeeM II0JIHOE IIPABO paccMaTpuBaTh KaK BEPOSTHOCTh HEKOTOPOro coObITHs. Bropas: xaxnaplil u3
COMHOXUTENIEH UMEET MOJHOE CXOJICTBO C BEPOATHOCTHIO XOPOILIO M3BECTHBIX KBAHTOBBIX COOBITHI.
A uMeHHO. B moiaHOM cOOTBETCTBMM C BbIpakeHHEM (2) cTaTbu AcHeKTa Mbl paccMaTpHUBaeM
BeIUYMHY 1\2 Kak BEpOSATHOCTh MHAMBHUAYAJHLHOTO M3MEpEHHs Haj nepBbIM ¢oToHOM. M mo Takoi
K€ MPUYMHE BTOPON COMHOXHTENIb TPAKTYeTCS KaK BEPOSITHOCTh HACTYILJICHUS BTOPOIO U3 JBYX
coBBITHIT: c0s’(a,b), TOIBKO O YoM (a,b) moapasyMeBacTCs yrol MeXLy IOJSPU3AIUCH BTOPOTO



¢boTOHa U HampaBlieHHEM OJyrkailliero Kk Hemy nosisipuzaropa. M3 KBaHTOBOW MEXaHMKH MU3BECTHO:
BEPOSITHOCTh TOTO, 4TO ()OTOH MPOIIET uepe3 NOoJIpU3aTOp, ONpEeNsieTcs ypaBHEHUEM:
P(0) = cos’(0) 9)

rjae:

0 —yron mexy nossipuzanuen GoToHa U MOJIApU3aATOPA.

Ms1 cunTaeM 3TO CXOJACTBO HE IPOCTOM CIIy4allHOCTBIO, COBHAJACHUEM, a 3aKOHOMEPHBIM
OTpaXCHUEM YCIIOBUMN IKCIIEPUMEHTA.

Wtak, Mbl NPUXOAUM K YBEPEHHOCTH, YTO BEPOSTHOCTb COBMECTHOI'O HACTYIUIEHHUS ABYX
onucaHHbIX coObiTHil Pii(a,b) paBHa NpPOU3BEACHUIO BEPOSTHOCTU HACTYIUIEHUS KaXIOro W3
COOBITHI. DTO BBIpRXKEHHE OTPa’KAaeT W3BECTHBIN, OTMEUEHHBIN BBILIE CTAHAAPTHBINA (PAKT U3 TEOPUU
BEPOSITHOCTH O COBMECTHOM HACTYIUIEHMM JIBYX He3agucumvlx coOvimuii. B HameM ciaydae 3To
03HAYaeT HU YTO MHOE, KaK anpuopHoe npusHaxue 3TUX JIBYX coObITHI HezaBHMcuUMbIMH. Kazamoch
OblI, 3TO MOJIHOCTHIO COOTBETCTBYET KBAHTOBO-MEXaHWYECKUM IPE/ICTABICHUSIM O HEJOKAJIbHOCTHU:
BBIPA)KEHUE TPAKTYETCS HMEHHO TaK, KaK 3TOro U TpedyeT KBaHTOBasi TEOPHSL.

Ho uMenHo 31echk 1 ckpbITa "riaBHas TaiHA'" HEJIOKaIbHOCTH. /[0 B TOM, BTOpPOE€ M3 JABYX
COOBITHI — 3TO COBCEM HE TO COOBITHE, KOTOPOE OHKHO OBITh pAaCCMOTPEHO, MPOAHAIIU3UPOBAHO B
3TOM JKCIIEpUMEHTE. ITO MO0 MoAMEHA MOHATHH, 1100 ommOka. Benp Ha camoM Jierie BepOSITHOCTh
peructpainuu BTOporo (oToHa omuchiBaeTcs BblpaxeHueMm (2), a He BolpaxeHueMm (9). To ects,
BbIpakeHue (§) T0KHO UMETh COBEPIIEHHO UHOW BU:

1 1
P, (a,b)==x= (10)

— X
2 2

MMeHHO 5TO BBIpaK€HHE, a HE BbIpaKEHUE 3aKoHa Manyca oTpakaeT pealbHbIH (akKT
BEPOSITHOCTH HACTYIICHUS JIBYX JIEHCTBUTENILHO HE3aBUCUMBIX COOBITUI: PETUCTPALIUU KAXJIO0TO U3
($hoTOHOB (HEOOXOIMMO 3aMETHTh, YTO CYIIECTBYET BRIpaXEHHUE, 0oJjiee MPUOIIKEHHOE K YCIOBUSM
3anmyTaHHOCTU [38], HO MCHOJb30BaHUE JTAHHOTO BBIPAKEHHUS BIIOJIHE JONYCTHUMO). M MMEHHO 3TO
BBIPOKEHUE SBIISETCS 10 CYLIECTBY OCHOBOW [UIsl BbIBOJA HEpaBeHCTB bemna s Teopuil ¢
JOTIOTHUTEIbHBIMU TApaMeTPaMH.

OueBunHO, 4TO BhIpakeHue (10) B sKCIepUMEHTE HapylIaeTcs, a MpaBUJIbHbIE PE3YIIbTAThI
naéT ucnosib30BaHue BbIpaxkeHus (8). M3 3toro ¢ HEWM30eKHOCTBIO CleAyeT OJHO H3 ABYX
YTBEPKIACHUM: 1100 JBa COOBITHS SBISIOTCS 3a8uUcUMbiMU JINOO MPABUIIO YMHOKEHHUS BEpOSITHOCTEN
CTaHJAPTHOU TEOPHH BEPOSITHOCTH (KOJIMOTOPOBCKOM) omuOo4HO. [la, M3BECTHO O CYyIIECTBOBAHUU
TaK Ha3bIBAEMOW HEKIIACCMYECKOW KBAaHTOBOM Teopuu BeposTHocTH. Ho, moxoxke, 3Ta
HEKJIACCUYHOCTh COCTOMT B IPOCTOM OTPULAHUM IIOJIO)KEHUS TEOPUH BEPOATHOCTH, "TOAroHKE"
KBaHTOBO-MEXaHUYECKOTO PELIEHUs] TOJI AKCHEPUMEHTAJIbHBIH OTBET. JleWCTBUTENbHO, SBJIEHUE
3allyTaHHOCTHU JIETKO OOBSICHUMO C TOYKH 3PEHHUS KJIACCMYECKOW TEOpUU BEPOATHOCTH. BuipakeHue
(8) c 0OUEeBUAHOCTHIO OTpaAXkKAET TOT (PAKT, YTO JBA U3MEPEHUS Hall (POTOHAMU SBISIOTCS 3A6UCUMBIMU.
B stom ciyqae BTOpoe m3 coObITHi, "mpaBuiIbHOE", AEHUCTBUTEIHHO HE3aBUCUMOE TMOJMEHSTCS Ha
Apyroe coObITHE, KOTOPOE MO OTHOULIEHHWIO K MEPBOMY M3MEPEHUIO SBJIIETCS HE3aBUCHMBIM JIUIIb
KOCBEHHO, IIPU COOJIIOJIEHUN HEKOTOPBIX yCIOBUH (coOII0AeHNE JIOpEeHL-UHBapuanTHOCTH). Kakum
Obl HU ObBUIO IEpPBOE H3MEpPEHue, HaJl NEepBbIM (OTOHOM, pE3yJIbTaT BTOPOIO, MOJIMEHEHHOTO
U3MEpEHUsl SBJISETCS 10 OTHOLIEHUIO K HEMY He3a8UCUMbIM MOIbKO HOC1e nepexooa 6mopoz2o
domona 6 onpedenénnoe cocmoanue nonapuzayuu. ToOIbKO TOCIE TOro, Kak BTOpol (OTOH
CIIPOCIIMPOBAJICS B COCTOSTHUE C OMPENEIEHHOW MOJISIPU3AIMEH, 1Ba HOBBIX COBMECTHBIX COOBITHS
U3MepeHul cTaHoBsTCs He3aBucuMbiMU. Ho cam mo cebOe mepexoa BTOporo poToHa B COCTOSIHUE C
onpeNeNEHHON mnoJisipu3anueil 0JHO3HAYHO 3aBUCUT OT IMEPBOTO HU3MEPEHHUS, TO €CTh SBISETCS
COOBITHEM JJOCTOBEPHBIM.

[TonpoOyem Temepb OTBETUTh Ha BOMPOC, CHOPMYIUPOBAHHBIN BbIIIE: BBEIEHUEM IOHSATHUS
HEJIOKaJIbHOCTh KBAHTOBAsi MEXaHUKA CTPEMUTCSI COXPAaHUThH CIPABEIIMBOCTD CIIELUAIbHON TEOPUU
OTHOCHUTEJIbHOCTH. Y AaJIOCh JIU €i 3T0?

KBantoBasi mexanuka nporus CTO
XOTsl KOppEeJAlMs KBAaHTOBBIX YAaCTHUI[ MU HMEET BCE BHUJIUMbBIC MPU3HAKK 3aBUCUMOCTHU
COCTOSIHMM JpYr OT Ipyra, HO HUKaKOr0 CHrHaja, CO3JAIOIEro 3Ty 3aBUCUMOCTh 3apETUCTPUPOBAHO



He Opu10. CunTaeTcs, 4T0 HEBO3MOXKHO HMCII0JIb30BaTh MITHOBEHHOCTh KOJUIAICA Ui OCYILECTBICHUS
CBEpXCBETOBOI mepefaun curHaia. Hampumep, XOopolio HbIHE H3BECTHOE SIBJIIEHME KBAHTOBOM
TeJeNopTalMi BO3MOKHO JIMIIh IPU HAJTMYMH KJIACCUYECKOT0, IOCBETOBOIO KaHalla cBi3U. Bmecte ¢
T€M BCE-TaKu CYIIECTBYET OJIHA NPUHLHUIIKAIbHAs BO3MOXKHOCTH MCIIOJIb30BaHMSI CBEPXCBETOBOM
CKOPOCTH KOJIJIAIICa BOJHOBOM ()YHKIIUHU ISl IPOBEPKHU PEIISTHBUCTCKOTO 3aMeniieHus Bpemenu [30].
DTO JNOBOJBHO YIUBUTEIBHOE CIEACTBHE SIBHO OOHAPYXEHHOM 3aBUCHUMOCTH MEXKIY COOBITHUSIMU B
OIIP-napanokce. [Ipeamnonoxum, 4To U3MEPUTEIN COCTOSHUSL YacTHI] ycTaHOBJIeHBI B 1ByX MCO.
Her BUIUMBIX TEXHUYECKUX MPENATCTBUH K TOMY, YTOObI B HHUX HaXOJWJUCh IO OJHOM U3
MHO>KECTBA Iap 3alyTaHHbIX YacTULl (HapuMep, eKTpoHbl). HeT npuHIunmanbHbIX orpaHuYeHuit
K TOMYy, 4TOObI 3TH D3JEKTPOHBI COXPAHSJIM CBOI CBSI3b JIOCTAaTOYHO JUIUTEIBHOE BpeMS,
MaKpOCKOIHMYECKOE BpPEMsI, 4YTO IIO3BOJUJIO OBl MPOBECTH OSKCIEPUMEHT CaMbIM HArJSAHBIM
croco6oM. CHpoekTUpyeM SKCIEpUMEHT TakuM 00pa3oM, UTO U3MEPEHHs IPOU3BOISATCA
OJTHOBPEMEHHO C TOYKH 3peHus Tperheit, cummerpuanor MCO. s atoit UCO snextpons! "BxoasT"
B M3MEPUTENU MPAKTUUYECKU OJTHOBPEMEHHO, MOCKOJbKY JJMHA OJHOI0 U3MEpUTENsl BbIOpaHa 4yTh
0oJibIe APYroro. To HEOOXOUMO I TOTO, YTOOBI 33/1aTh ONPEACIEHHOCTD B MOCJIEA0BATEIIBHOCTH
M3MEpEHUsl YacTUIl: Kakas M3 HHUX BBI3bIBA€T KOJUIANC BOJIHOBOM (yHKIMHU, a Kakas mepes
U3MEpPEHUEM YK€ MOJydriia COOCTBEHHOE cocTosiHUe. Takasi cxema Mo3BOJISIeT YTBEPKIaTh, YTO 00e
KBaHTOBbIE YaCTHIIbl MOJIYYHUIIM CBOM COCTOSIHUS C TOUKH 3peHus Tpetheil MCO HemocpeacTBEHHO B
u3Meputensx. To ecTb MecTo, Iie Kaxaas U3 4acTULl MOJy4dusia COOCTBEHHOE COCTOSIHUE, U3BECTHO.
[ToHsiTHO, YTO HET M He MOXeT ObITh Hukakoi apyroil MCO, ¢ Touku 3peHHs] KOTOPOH dacTuula
MoJIy4nsa COOCTBEHHOE COCTOSTHUE B IPYTOM MECTE, BHE U3MEPUTEIISL.

[IpousBeném n3MepeHHe MOCIeI0BATEIbHOCTH YaCcTULl C OJUHAKOBBIM HMHTEPBAJIOM C TOYKHU
3peHusi Hameil tperbeit, cummerpuuHoit MCO. C e€ Ttouku 3penus obe MCO momyyar ctporo
KOPpPEIUPOBAaHHBIE PE3Yy/IbTAThl, MIOCIEI0BATENLHOCTh KOTOPBIX 0003HAUUM HYISIMH U €IMHULIAMU.
DTO O03HayaeT, 4T0 COOCTBEHHO H3MEPUTEIbHBIA MPUOOP, PEruCTPUpPYs COCTOSIHUE KBAHTOBOM
YacTULIbI, JOJDKEH Ha BBIXOJIE JaBaTh SIBHO Pa3IMYMMBbI MAaKpOCKOMHYECKUN CUTHAJ: OTKJIOHEHHE
CTpelKu Npubopa, BCHBIXMBAaHUE JAMIIOYKHA WM DJIEKTPUYECKUH HMIIYJbC B PErucTpaTope.
[TocnenoBaTenbHOCTH B COOTBETCTBUU C MOJIOKEHUSIMU KBAaHTOBOM MEXaHHMKH, KaK OTMEUYEHO, OyIyT
CTPOTO KOPPETUPOBAHHBIMH (MPU OMPEACTEHHON HACTPOWKE — TOXKACCTBEHHbIMH). Kak ykazaHo
BBIIIIE, HHTEPBAJ MEXJy U3MEPEHUsIMU ¢ TOUYKU 3peHus TpeTbeil ICO ouH U TOT ke B Kaxa0h U3
noABWKHbIX. [lomyctum, 4uto oH paBeH 1 cexkyHne ¢ Touku 3peHuss MCO A. OueBuaHO, 4TO
BciaeacTBue cuMmMerpur ¢ Touku 3penust MCO B stot unTepBan Taxke paBeH 1 cexyHne.

[Tapamokc coctout B ToM, 4To ¢ Touku 3peHust MCO A mHTepBasibl MEXIy MMITYJIbCaMU B
NCO B Toxe paBHbl 1 cekyHie, TO €CThb HUKAKOTO 3aMeieHusi BpeMeHu B aBuxymieiics UCO Her.
OTo crenyer U3 TOro, 4ro HaOmonaTen0 A TOYHO H3BECTHO: yAaJEHHash KBAaHTOBAas YacTHIlA
[oJIyunsa CBOE COCTOSIHME CTpOro B u3Mepurene B u mpu 3tom menogenno o00HnoépemeHHO C
u3MmeputeneM A. DOTO O3HayaeT IMIOJIHOE COBMAJCHUE II0CJIEI0BAaTEIbHOCTE U HHTEpBaJIOB
MaKpOCKOIMYECKUX CUTHAJIOB PETUCTPATOPOB, TO €CTh OTCYTCTBUE 3aMEJIEHUS BPEMEHMU.

[lockonbKy HET TakkKe TEXHUYECKUX MPEeHsATCTBUN JUIsl TPaJULMOHHON IPOBEPKU
cuaxpoHHOCTH X012 yacoB B UCO A u B, Bo3Hukaer aOCyp/i: 1Ba B3aMMOHCKITIOYAIONIUX pe3yIbTaTa
B OJIHOM U TOM K€ 3KCIIepuMeHTe. MTHOBEHHOCTb KOJUIarica BOJIHOBOM pyHKIMU TpeOyeT npu3HaHUs
CUHXPOHHOCTH XOJia 4yacoB, a 3(dexTsl JlopeHua — mpu3HaHUS UX B3aMMHOIO OTCTaBaHUS (IS
kaxaoi u3 MCO). Paspemienne ero BO3MOMXHO TOJIBKO MPH OTKa3e OT OJHOTO W3 IOJIOXKEHUM:
KBaHTOBO-MEXaHUYECKOM MTHOBEHHOCTH KOJUIAIICA WK PENIATUBUCTCKOTO 3aMEJIEHUs] BPEMEHH.

Kpome TOro, cuMMeTpuuHOCTh MOCIEAOBATEILHOCTEN (MM Jake MX TOKIECTBO) CUTHAJIOB
n3meputenei B o0eux noasuxHbIXx MCO 1mo3BoJsieT MIHOBEHHO CHHXPOHU3UPOBATh UX 4ackl. J{is
3TOrO JOJUKHBI OBITH OOTOBOPEHBI, HapUMeEp, OIpeenéHHbIe "CUrHaTyphl" (I1OCIEI0BATEIEHOCTH)
CUTHAJIOB, II0 KOTOPBIM 4Yachbl JIOJKHBI OBbITH COpOIIEHbl B HyJEBble IOKa3zaHusA. MOKHO
HCII0JIb30BaTh TAKXKE M IPOCTON OTCYET YKciIa UMIYIbCOB (CUMTas, YTO HU OJJHA KBAHTOBAs Iapa He
notepsHa). [lockonbky BoHOBasE PyHKIUS KOJJIAIICUPYET MTHOBEHHO Ha BCEM IPOCTPAHCTBE, TO U
CUTHATYyphl M KOJMYECTBAa HMMIYIbCOB OyayT mnoiydeHsl B Kaxiao MCO taxke MIHOBEHHO-
cuHXpoHHO. Kak BuaMM, KBaHTOBasi MEXaHUKAa IPOTHUBOPEUYUT CHELUAIBHOM  TEOpPUH
OTHOCHUTEJIbHOCTH, TI03BOJISII IPOU3BOAUTH CUHXPOHHU3AIUIO YacoB BoIpeku ei. C Ipyroil CTOPOHBI,



KBaHTOBAsl HEJIOKAJIBHOCTb MMEET BCE BUIMMbBbIE aTpuOyThl MEpelaud CUTHaja: IOCKOJIbKY JBa
yAIEHHBIX 00BEKTa BEAYT ceOst ouyymumo (IKCIEPUMEHTAIHHO OTIPEIECTUMO) B3aMMO3aBUCHUMO.

Wrak, benn nokaszan, 4To OTCYTCTBUE 3aBUCUMOCTH ((U3UYECKOI) MEXy BEIMUYUHAMU, TO
€CTh UX YKcTas (MaTeMaTH4ecKas) CTaTUCTUYECKasi HE3aBUCUMOCTb, HE MOTYT OOBSCHUTH KBAaHTOBO-
MEXaHHYEeCKyl0 Koppessuuto. Ho oH oTpunan takxke ¥ HaJu4yhe TaKOW 3aBUCUMOCTH, MOCKOJBKY
storo He gomyckaetr CTO.

OWHIITEHH TOXE OTPHLIAJ 3aBUCUMOCTbh MEX]y YacTULIaMU Ha OCHOBAHMHU 3allpeTa TEOpUU
oTHOcUTeNbHOCTH. HO M nanbHOJEHCTBUS OH ToKe He Jomyckan. OOBUHUB KBAHTOBYIO MEXaHHUKY
(BoTHOBYIO (DYHKIIMIO) B HEIMOJHOTE, OH, TEM HE MEHEe, HE MPEIOKWI HUKAKOTO IPyroro
00BSICHEHUS 3TOMY SIBJICHUIO.

BcenenctBue  9TOM  HEMOJNHOTHI, HE3aBEPHIEHHOCTH €IWHCTBEHHOE "oObscHeHHE" -
HEJIOKaJIbHOCTh TNMPHOOpEeTaeT BCe 4YepThl adCypia: YTBEp)KIAeTCs, YTO MEXIy OOBEeKTaMU HeT
B3aUMO/JICHCTBUS, HO MPU3HAETCA, YTO BEAYT OHU ce0sl COBCEM HE TakuM 00pa3oM, OyATO 3TOTo
B3auMo/ielicTBus HeT. KBaHTOBasi MexaHMKa 3aMEHIIIa KJIACCUYECKYIO JIOTUKY Ha JIOTUKY KBAaHTOBYIO,
3aMEHMJIa KJIACCHUUYECKYI0 TEOpPHUI0 BEPOSTHOCTH Ha KBAHTOBYIO, 3aMEHHUB KIIACCUYECKHM 3aKOH
CIIOKEHHSI BEPOSTHOCTEM B3aMMOUCKIIIOYAIOMIMX JpYr Apyra (C KIaCCHMYECKOHM TOYKH 3pEHUs)
cOOBITHH (HampuMep, B ABYXILIEIEBOM 3KCIEPUMEHTE) Ha CYMMHPOBAHUE aMIUIMTY]l BEPOSITHOCTEM,
3aMEHMJIa KJIACCUYECKHE MPEJICTaBICHUs] O 3aBUCUMBIX COOBITUH (3allyTaHHbIE YacTHIIbI) Ha
KBaHTOBYIO HEJIOKaIbHOCTh. 110J00HBIE 3aMEHBI TPAAUIIMOHHO MPUBOAAT K MOSIBICHUIO COMHEHUN B
MMO3HaBaeMOCTH Mupa [45]:

"Bce aTo poxmaer griiocopckyro mpoOIeMy npuHyunuaibHOU Heno3HA8AeMOCmuU Mupd c
NOMOUbIO MOUHBIX Memo0os. HaydHblil METOM, 10 CUX MOP CTPOSIIHICS B OCHOBHOM Ha IIPUHIIMIIAX
PEAYKLHOHU3MA, XOPOLIO BCKPHIBAET JI€TAIM U MEXAHUKY SIBICHUN, TOPOXK/Iasl yCIEeX MPAKTUYECKOTO
IIPUMEHEHMs TOJIyYEHHBIX pPe3yJbTaToB, HampuMmep, B TexHuke. OAHAKOo caMa MpPUYMHA, CYTb,
MPUPOJa ATOW MEXAHMUKH, OCTaeTcs 3a mpezenamu paccMotpenus. [loatomy coepemennan gpuzuka,
npeepamunace, no cymu o0end, 6 NPOOOTIHCEHUE MAMEMAMUKU, COGEPUICHHO YMPAMUeE 6ce
Haoex)#cObl HA NOHUMAHUE NPUPOObl U3yYaemvlX AejeHuii. Mpl 3HaeM, KaKUMH YpaBHEHUSAMH
ONMCHIBAETCS SIBJICHME, HO HE TOHMMaeM, 4To OHO u3 cels mpencrasiser. Kpacora ypaBHeHUi
MIOJIHOCTBIO BBITECHUJIA U3 (PU3UKU BCE MOMBITKU MOHATh UX CYTh'.

Bmecte ¢ TeM cymiecTByeTr Kyna OoJiee mpocrtoe M 0osiee pazyMHOE, YEM HEJIOKaIbHOCTH,
00BsICHEHHE: ITO HAJIMYUE CBEPXCBETOBOU Mepeaayn Tak Ha3bIBa€MOM KBaHTOBOUW MH(OpMAaIMH, TO
ecTb HH(pOpPMalMU HE BELIECTBEHHOr0, HE IIOJIEBOrO pojaa. Bo3MOXHOCTH mepenadn Takoil
uH(popMalKs JOMYyCKaeTCsl MaTepUalbHO-3(QUPHON TpaKTOBKOM peanbHOCTH [34, 36].

bbo Obl HecnpaBeUIMBO B 3aKJIIOUEHUE HE MPHUBECTH JOBOJIbI HECOTJACHBIX C MOJIOOHBIM
MOAXO0JIOM K TOHSATHIO HEJOKAJIbHOCTH KBAHTOBOW MeXaHHWKH, "HepaBeHcTBaM bemna" u marepumn
[17]:

"Bpose Obl, MOXKHO YCIIOKOUTHCS U KUTh. JKUTh A0ATO U cYacTAMBO. Tak U ObUIO B TeUEHUE
MHOTHX JIET TIOCJIE IPOBEJIEHUS IPOBEPOUHBIX dKCIIEPUMEHTOB. Tak ObLJIO 10 TOTO CaMOro MOMEHTA,
[I0Ka KaKOMY-TO "yMHHKY'" HE MPUILIO B TOJIOBY clieiaTh YyIOBULIHBINA IO CBOEH HEJIEIOCTH BBIBOJ -
"yaaneHHbIe JPYyr OT JApyra KBAaHTOBBIE YaCcTHIBI OOMEHHMBAIOTCA HWH(MOpMaIuen, MmpudeM sTa
nH(popMaLKs epelaeTcsi CO CKOPOCThIO, O0JIbILIEH CKOPOCTH CBETA B ITyCcTOTE"....

51 He 3HAI0 W HE XO4y 3HATh, KTO MEPBBIM CKa3all 3Ty TJIYNOCTh, HO OHA MOLUIA TYJIAThH 10
cBeTy. Jloaum HaxoIsaT cOOTBETCTBYIOIIME "HayuyHble" W "HOMyNspHble" TEKCTbI B HHTEpPHETE.
banaeror oT BocTOpra, a HEKOTOpBIE Ja)K€ MPUXOIAT B MOM CaMHU3JaTOBCKHUI pa3zel, MOAETUThHCS
HOBOCTSAMHU. OT HUX S U y3Hal1 00 3TOM BEJIMKOM HAay4yHOM OTKPBITUU - TEJENaTHd B KBAHTOBOM
Mupe. S 10BOJIbHO JI0JITO TEpIIEN, a TOTOM HE BBIJIEPKaJl U HAIUcall 3TOT TEKCT".
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What is the Bell's inequalities?
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Abstract

Bell's inequality is used as the main argument in the dispute between the local realism
Einstein and quantum non-locality. If we carefully analyze an argument, you can recognize: Einstein
rights - quantum mechanics is incomplete, and «modern physics has turned, in fact, a continuation of
mathematics, completely lost all hope of understanding the nature of the studied phenomenay.



