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AHHOTANUA
HepaBenctBa bemia HMcmosib3yloTCsi B KaueCTBE OCHOBHOTO apryMeHTa B CIIOPE MEX]y
JOKaJbHBIM  peaju3MoM OWHINTeWHA W KBAaHTOBOW HEJIOKAJIBHOCTBHIO. Ecim  TIaTenpHO
MpOaHAIM3UPOBATh JOBOJIbI, TO MOKHO MPU3HATh. DUHIITEHH IpaB — KBAHTOBAs MEXaHUKa HEIOJIHA,
a "coBpeMeHHas (hU3HKa, MpeBpaTUiIach, MO CyTH Jella, B MPOJOHKEHNE MaTEMATHKH, COBEPIIICHHO

o

yTpaTuB BCC HAACIKIbI HA IOHUMAHNUEC IPUPOJAbI NU3yJaCMbIX SABJICHUU .

Kakne onn, HepaBencTrBa?

Bompoc He mpa3nHbIi U 04eHb Jake He mpocToi. Bot uro, Hanpumep, nuiieT Ha Camuznare
OJIMH W3 ero aBTOopoB:. "He Tak gaBHO MHE TYT BCIO ILIEIThL MPOETH 10 MOBOAY TeopeMbl bemra. Yk
Yero TOJBKO HE roBOpuiM. He roBopuiy TOJIBKO, 4TO 3TO TAKOE HA CaMOM JIEJIE, C UeM €€ €T U 4TO
u3 Hee cienyer. Buaumo, Bce ObUIM KPYTHIMH CHEIMAIMCTAMHU U YIOMUHAHHUE TaKUX Mellouel ObLIo
Huke ux jgocromHctBa” [17]. [TompoOyeM u MbI 0OpaTUThCS K 3TOM MHTEpecHOU Teme. Teopema
benna —3T0 BBIKIIAIKHU, pe3yIbTAaTOM KOTOPBIX SIBJISIFOTCS YKa3aHHbIE HEPABEHCTBA.

BapuanTtoB Tak Ha3zbIBaeMbIX 'HepaBeHCTB bemia" B nuTeparype BCTpedaeTcss MHOKECTBO H,
COOCTBEHHO, OpUTHHAIBHOU (popmynupoBKH "Teopembl bema" u "HepaBeHcTB bemma" wer. OnauM
13 Hamboyiee M3BECTHBIX BBIPAXECHHH JITUX HEpaBeHCTB sBisieTcs BapuaHT CHSH-uepaBeHcTBa,
noxyueHHoro Knaysepom, Xopaow, Illumonu 1 XoabToM, KOTOpOE BBITIISIUT TaK:

|[<AB> + <A'B> + <AB'> - <A'B'>[< 2.
BapuaHThl HanucaHus HEpaBEHCTBA MOTYT HE3HAYMTENILHO pasinyarhes. Hampumep, Tak [2]:
-2<S<2,

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

Bun HepaBeHCTBa Yallle BCEro OIPENEISIETCs yCIOBUAMH SKCIIEPUMEHTA, UCCIIEyeMON B HEM
Mojiend. B aToM citydae oHO mprHOOpeTaeT COOTBETCTBYIOMIHM BH/I, HAITpUMep, Takoi [11]:

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

Ha Bun HepaBeHCTBA BIMSET W KOHCTPYKIHS OKCICPHUMEHTAIBHOW YCTAHOBKH, KOTOpAs
MOXeT MoTpeboBaTh eImé Oosee CIOKHBIX (OpM HamucaHusi HepaBeHCTB bemma. Hampuwmep,
A.ACIIeKT UCTIOB3YyeT TaKo# BHI HepaBeHCTB [3]:
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Wnu noxoxwuii BapuanT HOBBIX HepaBeHCTB B.C.H.S.H:
1<S5'<0,

rJie Beln4ynHa S’
g N(a.b)- N(a,b')+ N(a',b) + N(a',b') - N(a',0)— N(,b)
o N(s0,00)
npeJIcTaBlIeHa B BUjIe QYHKIIMHA U3MEPEHHBIX HOpM (KOJIMYECTB) COBIAICHUM.
Crnenyromee [49] "onTuMmanbHOE HEPaBEHCTBO THIIA HEpaBeHCTBA bemma st Tpéx-

yactuuHoro ['XI[-cocTostnust Ob1T0 HamucaHo MepMHUHBIM U IMEET BU/T
[<xyy> + <yxy> + <yyx> - <xxx>K 2."




Jliist Toro, 9ToObI MOHSATH CYTh HEpaBeHCTB bela 1 uX posih B KBAHTOBOU (DHU3HKE, UTO U YEMY
HE PaBHO U M0 KaKOW MPUYUHE, PACCMOTPHUM YCJIOBUS U IPUYUHY MOSIBIICHUSI HEPABEHCTB.

BeposiTHOCTHAsI HHTEpHIpeTAIHs KBAHTOBOI MeXaHUKH

OJHUM W3 OCHOBHBIX MOHSATUN KBaHTOBOW (hU3MKM SIBJIsIETCS BOJHOBas (QyHKIus. Yacto eé
OTOKJIECTBIISIFOT C IOXOXKHM ITOHSITHEM — BEKTOPOM COCTOSHUSI:

"BonHoBast pyHKIUS (aMIUTUTYa BEPOSTHOCTH, BEKTOP COCTOSHUS), B KBAHTOBOW MEXaHUKE
OCHOBHAsI BEJIMYMHA, OTACHIBAIOIIAS] COCTOSTHAE CUCTEMBI U MO3BOJISIONIAS HAXOIUTh BEPOSITHOCTH H
Cpe/lHHE 3HAYCHUS XapakTepusyrolux e Qusuueckux BenuuwH. KBajpar MoJyjsi BOJHOBOM
(YHKIIMY paBeH BEPOSTHOCTH JIAHHOTO COCTOSHHUSI, TOITOMY BOJIHOBYIO (DYHKIIMIO HA3bIBAIOT TaKkKe
aMILTATY/I0¥ BeposiTHOCTH . [16]

Haspanue [12] - amniumyoa éeposmnocmuy OTpaXkaeT MEPBbIA OOIIMNA MPUHIMIT KBAHTOBOM
MEXaHUKH, KOTOPBIA 3aKJIF0YaeTCs B TOM, YTO BEPOSITHOCTH TOTO, YTO YACTHIIA JOCTHTHET TOYUKH X,
BEIJIT W3 MCTOYHHWKA S, MOXET OBITh YHCJICHHO IpEJICTaBlIieHa KBaJIpaToOM MOJYJS KOMIUIEKCHOTO
YHCITa, JUIS 3aIICH KOTOPOTO UCIONB3YETCs COKpalleHHOe 0003HaYeHue <X|S>.

"Hampumep, BepOSITHOCTH TOTO, YTO KBAHTOBAs YACTHIIA HAXOJIUTCS B TOYKE C 3aJaHHBIMHU
KOOp/JIMHATAMH, paBHA KBaJpaTy e¢ BOJHOBOW (YHKIIMH, apryMEeHTOM KOTOPOH SIBJISETCS
koopauHata. COOTBETCTBEHHO, BEPOSTHOCTH TOTO, YTO YAaCTUI[A UMEET OIPENeICHHBI HMITYIIbC,
paBHA KBaJpaTy BOJIHOBOW (DYHKIIMHM C UMITYJIbCOM B KauecTBe aprymeHrta. [103ToMy y KBaHTOBOA
YacTUI[BI HET OIpeNeIeHHOW KOOpAWHATHl WM HMITyJhCa — OHHM INPHHUMAIOT TO WM JIPyroe
3HAYCHHUE JIUIIH C KAKOW-TO BEPOSITHOCTHIO" [53].

"Jlns ommcaHWs TOBEJCHUS KBAHTOBBIX CHCTEM BBOIUTCS 601HO6aa hynkuua (npyroe
HasBanue — ncu-pynxyus) Y(X, y, z, §. OHa onpexaensercs TakuMm o0pa3oM, YTOObI BeposITHOCTH AW
TOTO, YTO YacTHUIa HaxoauTcs B 3jeMente dV Oblia paBHa:

dw = fdV

®dwusnyeckuit cMbICT UMeeT He cama Gyrkmms P, a kBagpar ee MOIyIIs [‘I’|2 =¥YY¥Y* , koTopeIM
3aJlaeTCs MHTCHCUBHOCTH BOJIH Jie bpoiinsa (3aeck W* - (yHKIMS, KOMIUIGKCHO conpspkeHHas ¢ V).
Bemnumna [P uMeer cMbic miomuocmu eepoammnocmu, a cama BoiHOBas (GyHKuus W mmeer
CMBICIT amMnaumyosl eepoamuocmu’” [28].

K ximaccmdeckuMm ompeseNieHHsIM KBaHTOBO-MEXaHHUYECKOW BOJHOBOW (YHKIIMU OTHOCHTCS
omnpenenenue, nannoe Jlannay u Jlusmmurnewm [26]:

"OCHOBY MaTeMaTH4eCcKOro ammapara KBaHTOBOW MEXaHHWKH COCTABIIET YTBEPXKICHHE, UTO
ONACAHWE COCTOSIHUS CHCTEMBI OCYIIECTBIIICTCS 3aJaHUeM oOIlpeieiieHHON (BooOIme TroBops,
KOMILJIEKCHOM) (yHKimu koopauHat W(Q), mpuyueM KBaapaT MOIYJS 3TOM (QYHKIMH OIpEIeiseT
pacripesie/ieHie  BeposTHOCTell 3Hauemmii koopmumar: |P[dq ecTh BeposTHOCTH TOro, dTO
MPOM3BE/ICHHOE HAJ] CHUCTEMOM H3MepeHHe OOHApYXKHT 3HAUCHHs KOOpAWHAT B 3jieMeHTe d(Q
KOH(UTYpaIMoHHOTo TipocTpancTBa. @yHkius ¥ Ha3bIBaeTCs BOJHOBOW (DYHKIIUEH CUCTEMBI

Boitee 00beMITIOITUM TOHSATHEM SIBJISIETCS TIOHSTHE BEKTOpa cocTostHust [14]:

"Bektop cocrosiHus (amruiMTyna coctosiHus; cumBon V> wm |>, nmpemnoxen I1. A. M.
JlupakoMm) - OCHOBHOE TIOHSTHE KBAHTOBOM MEXaHUKH, MATEMATHICCKU 00BEKT, 3alaHie KOTOPOTO B
OTIpEJICICHHBIE MOMEHT BpPEMEHH ITOJIHOCTHIO OIPENENsieT COCTOSHUE KBaHTOBOMEXaHHUECKOU
CHCTeMbI M, NPH H3BECTHBIX B3aMMOJCHCTBHSX, €€ MAIbHEUIIYIO 3BOJIOIHIO... DyHKIms (N)
Ha3bIBACTCS BOJIHOBOW (yHKIMEH B TpeicTaBieHMH BeauunH N. KBagpar Moyl BOJHOBOA
dyskuuu  p(n)P, cornacHo CTaTHCTHYECKON MHTepIpeTaldd KBAHTOBOW MEXAHHKH, paBeH
BEPOSATHOCTH TOTO, YTO JIJISI CHUCTEMBI, HAXOJNSIICHUCS B COCTOSIHUH, OIMCHIBAEMOM BEKTOPOM
coctostuus [V>, Habop oNpenensromuX COCTOSHUE BeNWYuH paBeH N. Takum oOpa3oM, BOJIHOBas
(GyHKIHS TpejicTaBiseT co00i aMIUTUTYAy BeposSTHOCTH. [T0CKOJIBKY 3a/iaHue BOJHOBON (DYHKIIMH
MOJHOCTBIO OTpeNeNiieT BEeKTOp cocTosHus [V> JuHAMHUYECKOW CHUCTEMBI, MOXHO BBIYHACIIUTH
BEPOSATHOCTH BO3MOXHBIX 3HaueHHi K jro0oii npyroit ¢usudeckoit BenuuuHbl K, He BXOMSIICH B
moJtHbIiA Habop (N).

Bouibiioe BHIMaHUE BOJTHOBOM (DYHKITUHM U BEPOSTHOCTHOMY TOJIXO/Y B KBAHTOBOM MEXaHUKE
yaeaun Pudapn deiiimMan B CBOUX 3HAMEHUTHIX Jekmusx [46, ¢.11]:



"Harmr mepBeIii oOIIH TPUHIIMIT KBAHTOBOM MEXaHUKH 3aKJIFOYAETCS] B TOM, UYTO BEPOSTHOCTH
TOT0, YTO YACTHIIA JOCTUTHET TOUKH X, BBIM/IS U3 UCTOUHUKA S,MOXKET ObITh YMCIIEHHO Mpe/CTaBlIeHa
KBaIpaTOM MOIYJISI KOMIUIEKCHOTO YHCJIa, HA3bIBAEMOT'0 aMILIUTYI0H BEpOSITHOCTH, B HAIIIEM cIydae
— "aMITUTYI0H TOTO, YTO YacTUIla U3 STIomnajeT B X'. B KBaHTOBOM MeXaHWKE HaM TOXE YJIaloCh
YIPOCTHTh 3allCh MHOTHX BeEIlel, BOCIOJIB30BABIIMCH HJeei "BekTopa coctosHus'. BekTtop
cocTostHUS |y|)> HUYero o0Iero, KOHEYHO, He UMEET C TEOMETPHUYCCKAMH BEKTOPAMH B TPEXMEPHOM
MPOCTPAHCTBE. ATO MPOCTO OTBJICYCHHBIA CHMBOJ, KOTOPBIA 0003HAUaeT (hU3MUECKOE COCTOSHUE,
OTMEYaeMOe CBOMM '3HAa4YKOM' Wju "Ha3BanueM' \. [IpencTaBienue 3To BechbMa B BechMa IOJIE3HO,
MOTOMY YTO Ha S3BIKE 3TUX CHUMBOJIOB 3aKOHBI KBAHTOBOWM MEXaHUKH BBHITJISIAT KaK anredpandeckue
ypaBuenus". [47,¢.200]

B cBoux pabGorax ®eifHmMaH 3a4acTyl0 COKpaIlla€T MOHSITUE 'aMJIMUTyJa BEPOSTHOCTH JI0
oJHOTO cioBa "ammumTyaa’. O TOM, YTO ATO TOXKJIECTBEHHBIE MMOHSITHS, MOYKHO KOCBEHHO CYIUTH I10
CJIETYIOIIUM €r0 BhICKa3bIBaHUSAM B ToMe 9 "Jlektmii":

"Ecim y Hac mmeercss BOJHOBasl QYHKIUS OTIENBHOTO (POTOHA, TO 3TO — aMIUIMTYIa TOTO,
4TO OH OyJIeT oOHapyxeH rjue-1o". [47,c.234]

"Ho Hy>XHO NMOMHHTH OJHY Belllb. aMIUTUTYJa JUIsl 3JIEKTpOHA ObITh B JAHHOM MECTE 3TO
aMILTATY/1a, @ He BEpPOSTHOCTB". [47, ¢.7]

"Ecnu ams anekTpoHa aMIUIUTyJla TOTO, YTO OH OKaXXeTcsl B Xp, paBHa Cp, TO BEPOSITHOCTH
HaiiTi ero tam Oyzer [Col*". [47, ¢.14]

B OepxireeBckoM kypce pu3mky BuxmaH oTMeuaeT BHEITHEE CXOJICTBO BEJIMYHH aMILIHTY]T
MJIOTHOCTH SHEPTUH KJIacCHUYeCcKOr (PU3UKH U KBAaHTOBO-MEXaHHUECKUX BEPOSTHOCTEH:

"HempaBuibHO HHTEpIpeTHpoBaTh CyMmMMy KBajapaToB aMmiumTyd E u B kak miuoTHOCTH
DHEPruM B MPOCTPAHCTBE, B KOTOpoM HBmxkeTcs ¢oTtoH. OT dTOM wuAew, NpHHAJICKAIICH
KJIACCHYECKON (U3MKe, HEOOXOIMMO OTKa3aThCs. BMECTO 3TOTr0 KXyl BEIMYHHY, KBaJIPAaTHIHO
3aBUCSIIYIO OT aMIUIUTYbI BOJHBI, CIIEAyeT HHTEPIPETHPOBATh KaK BETUUYHHY, TPOMOPIIUMOHATEHYIO
BEPOSITHOCTH KaKOTo-To Ipoiiecca. Hampumep, unTerpan oT cymMmbl KBajparoB amiumutya E u B mo
HEKOTOPOU KOHEUHOU 00JIACTH MPOCTPAHCTBA HE PaBEH dHEPTUU, BHOCUMOU (POTOHOM B 3Ty 00JIACTb.
OH mpomopIMOHAIEH BEPOSTHOCTH OOHAPYKHUTh B 3TOW 00NAacTH (POTOH, €CIIM MBI IOTBITAEMCS
"moiimMath”’ ero ¢ TOMOINbIO, Hampumep, ¢oTodreMeHTa. AHAIOTUYHO, BHIYMCICHHBIA B
KJIACCHYECKON TEOpHH MOTOK U3IYyUYEHHS Yepe3 IIeNIb B SKpaHe ClleyeT HHTepIPETUPOBaTh B HOBOM
TEOPUHU KaK BEJIMYMHY, TPOIOPIIMOHATEHYIO BEPOSITHOCTH TOTO, YTO (GOTOH OyJIeT 0OHApYyKeH, eclu
MBI IOMECTHM HEIOCPEICTBEHHO 3a MmEeNbio otodaement”. [13,¢.171]

"l'mnoreza ge bpoits mo3BoNsIeT Bce pe3yibTaThl, W3BECTHBIE s audpakuud U
uHTepEpEeHIMK cBeTa, OOOOMUTh W Ha Clydai OOBIMHBIX (KBAHTOBBIX!) dacTHIl. AMILTUTYIA
BEPOSATHOCTH IPH 3TOM UTPACT TY )K€ POJIb, YTO M aMILTUTYA SJIEKTPOMArHUTHON BOJIHBI (B ciiy4ae
CBeTa), a IUIOTHOCTh BEPOSITHOCTH YACTHUI] SBJISCTCS aHAIOTOM HHTEHCHBHOCTH CBETOBOTO IMOTOKA"
[22].

"MBbI rOBOpHIIH, YTO aMIUIUTY/1a BOJIHBI JI0JKHA OBITH UCTOJIKOBAHA B MOHSTUSX BEPOSITHOCTH.
Yactuiry BeposiTHee BCEro OOHAPYXKUTH TaM, TJle aMIUIMTyJa BOJHOBOW (YHKIIMH Benuka. boiee
TOYHO, KBaJpaT MOJIYJIS BOJHOBOM (YHKIIMH B JaHHON TOYKE SIBIISIETCS MEpPOH BEPOSTHOCTH
OOHapyXuTh YacTuIly (Hampumep, ¢ IOMOIIbIO "Hebobmoro” npudopa) BOM3M 3toi Toukm”. [13,
c.217]

Taxum oOpa3om, kak BUIUM, B 0003HAUYCHUSX U (POPMYITUPOBKAX, OTHOCSIIHUXCS K 0a30BBIM
MOHATUSM KBAaHTOBOW MEXaHWKH — BOJHOBOW (YHKIIMH, aMIUIATYJE BEPOSTHOCTH, BEKTOPY
COCTOSTHUSI UMEIOTCSI HEKOTOPhIE pa3HOUTEHUS U paznuuus. TeM He MeHee, BIOJHE OYEBHUIHO, UTO
Hay4yHasi TEOpUSl — KBAHTOBAsE MEXaHNKa MOJHOCTHIO OTPa)XaeT pealibHOCTh, JTAET MCUEPIIBIBAIOIIYIO
nHpopmanuto o Heit. U 310 He cMOTps Ha TO, UTO O MapaMeTpax KBAaHTOBBIX YACTUIl MOKHO TOBOPUTH
TOJBKO C BEPOSTHOCTHOW TOYKH 3peHus. BrmepBble TouHO chopMyTUpOBaHHAs BEPOSTHOCTHAS
WHTEpIpeTaIys KBAHTOBOW MEXaHUKH, BOJHOBOW (QyHKIMH ObLTa mpeyiokena B 1926rony Makcom
bopuoM. B nanpHelmeM sTH mpencTaBieHHe ObUIM IOJIOKEHBI B OCHOBY TaK Ha3bIBaeMOM
Konenrarenckoit wunTepnperanuu kBaHToBod Mexanuku (KW): "HMmenHo bBopH mnpaBribHO
(HacKOJIbKO HaM M3BECTHO) OTOXKACCTBHI \y B ypaBHeHuH [llpenunrepa ¢ aMIuIMTy 0 BEpOSTHOCTH,



MIPETNOJIOKIB, YTO KBaJIpaT aMILTUTYbI — 3TO HE IUIOTHOCTH 3apsijia, a BCEro JIUIIb BEPOSITHOCTH
(Ha enuHUIy 00beMa) OOHAPYKUTH TaM DJICKTPOH M YTO €CJIHM BbI HAXOMUTE JIEKTPOH B HEKOTOPOM
MecTe, TO TaM OKaKEeTCs U BeCh ero 3apsiil. Best ata unes npunayiexut Makcy bopny”. [47,¢.233]

"[lpeanonaraBmiasicss yXe paHee B HCCIEJOBAHUSAX [0 TEOPUU  H3Iy4YEHUS U
chopMyIMpOBaHHAS] TOYHO B OOPHOBCKOW TEOPUM CTOJKHOBEHUU THIIOTE3a, YTO BOJHOBAS (PYHKIIHS
oTpesieNiieT BEPOSTHOCTh HAIMYUS YaCTHUIlbI, OKa3alach YaCTHBIM CIydyaeM O0IIel 3aKOHOMEPHOCTH
U €CTECTBEHHBIM CIICJICTBUEM OCHOBHBIX IOJIOKEHUIM KBaHTOBOM Mexanuku' [18]. "Hcnomnw3ys
BBICKa3aHHbBIE paHee DUHIITEHHOM HJIeH O B3aMMOCBSI3M MEXIy CBETOBBIMH BOJHAMH M (POTOHAMH,
COTJIACHO KOTOPBIM KBaJpaT AMILTUTYJbI STUX BOJH B JIAHHOW TOYKE JOJDKEH OBLT OMpEeNeNsTh
BEPOSITHOCTH HAXOYICHHS B Hell (poToHa, BopH BeIIBHHY HHTeprperammio Jyf° - kBagpara MomyJis
IIPEIUHTePOBCKOW BOJTHOBOM (YHKIIMM KaK IUJIOTHOCTH BEPOSTHOCTH B KOH(UTYpAITMOHHOM
mpoctpanctse”. [10, ¢.236]

bopu oTMeuan B CBOMX BOCIIOMHUHAHUSIX, YTO YK€ TOT/Ia PA3MBIIUICHUS HAJ MHOTOMEPHBIMH
BEKTOpaMH 3TOH TEOpHH 3apoMId B HEM UJEH, KOTOPbIE OH Io3aHee pa3Buil. OHU BIiepBbIe OBLTU
oIryOJIMKOBaHBI B BHJE KOpPOTKOW 3ameTku B kypHaine “"Zeitschiift fur Physik", a 3arem B
KJIaCCHUECKOW cTaThe, 00e paboThl WMEIOT OJMHAKOBOE Ha3BaHWe 'K KBAaHTOBOW MeEXaHUKE
nporeccoB coymapenusi . CoaepxaHue 3TUX pabOT XOPOIIO M3BECTHO U HE TpedyeT MoJpOoOHOro
nepeckaza. B wuwHTepnperanmmm bopHa ImmIpemuHTEpoOBCKas BOJTHOBas (YHKIMS XapaKTepH3yeT
BEPOSITHOCTh HAXOKJICHUS YACTHUIIBI B PA3IMUHBIX TOUKAX MPOCTPAHCTBRA.

Nmenno B mepByro odepens 3a HuX Makcy bopry Obina mpucyxkiaeHa HobGeneBckas mpemusi.
[10, ¢c.259]

"WUtak, s xoTena ObI B BHJE OIbBITA MPOCICINTH 3a CIAEAYIONIMM IPEJACTaBICHUEM: 'BeIyIee
nmoyie”, 3azaBaeMoe CKaJSpHOW (yHKIHMEW Y OT KOOpAMHAT BCEX YYACTBYIOIIUX YACTHI[ U OT
BpPEMEHH, PaCIPOCTPAHSIETCS B COOTBETCTBHH ¢ au(pdepeHnuanbHbM ypaBHeHueM llIpénuarepa.
OpHako MepeHOC WMITYJIbca W DHEPrud MPOUCXOTUT TaK, Kak eciu Obl B JIEHCTBUTEIBHOCTH
JIBUTATUCH KOPITYCKYJIbI (37€KTPOHBI), [TyTH 3THX KOPITYCKYJ ONpeJiesieHbl JIUIIb B TOH CTENCHH, B
KaKOW WX OTPaHMYMBAIOT 3aKOHBI COXPAHEHUS SHEPTrUU U UMITYJhCA, B OCTAIHHOM BBIOOD JaHHOTO
MyTH ONpeAeNSeTCs UMb BEPOSTHOCTHIO, 33/1aBaeMOil pacipe/ie]IeHreM 3HaueHuH GYHKIAU . DTO
Mpe/ICTaBIeHNEe MOXHO ObUIO OBl OOOOIIUTEH CHEAYIOMIMM, XOTS W HECKOJBKO MapalOKCaTbHBIM
o0pa3oM: JBUXEHHE YacTUI[ CJeAyeT BEepOSTHOCTHBIM 3aKOHaM, HO caMa BEpOSITHOCTH
pacnpocTpaHseTcss B COOTBETCTBUU € 3aKOHOM IpuinHHOCTH . [9, ¢.633, 6, 7]

"CornmacHo WHTEpHpeTamnuy, mpemtokenHo M.bopHoMm, BennunHa p\|,=|\|/|2 SIBJISICTCSI
IUVIOTHOCTHI) BEPOSATHOCTH HAXOXJEHUS YacTUIBI B JIaHHOW TOYKEe MPOCTPAHCTBA, a,
COOTBETCTBEHHO, BEJIUYMHA pv,=|¢/|2dQ €CTh BEpPOSATHOCTh OOHApYXEHHsI YacTUIbI B 00JIacTH
IpocTpaHcTBa 00BEMOM A2, conexamell 1aHHYIO TOUKy. Bennuuna j, Ha3piBaeTCs, COOTBETCTBEHHO,
TOKOM BeposiTHOCTH. CaMy BOJHOBYIO QyHKIUIO \y P.DeliHMaH mpeanaraet Ha3bpIBaTh aMIUIATYIOH
BEPOSATHOCTH, HO JITAHHBIM TEPMUH HE SBJISIETCS 00menpuHsIThIM [25].

"KBampar mojyist OepeTcst Mo TOW MPHYUHE, YTO cama BOJHOBas (yHKIHS (M3-3a MHHMOI'O
Koa(puIMeHTa Tiepel MPOU3BOHOM M0 BpeMeHH B JU(QepeHIIMaIbHOM YPaBHECHUN) KOMILIEKCHA, B
TO BpeMsl KaK BEIMYMHBI, JOITyCKafoIue (GU3NIECKYI0 WHTEPIPETAINIO, KOHEYHO, JTOJIKHBI OBITH
BEII[ECTBEHHBIMHU.

MsI ye yrnoMuHaIM 00 MHTEPIpETAldi BOJTHOBOU (yHKIMH, nanHou bopuom (ri. 1V, 87).
[Tycth coOcTBeHHast GYHKIUSL \y COOTBETCTBYET HEKOTOPOMY COCTOSIHHUIO; TOT/Ia €CTh BEPOSITHOCTD,
YTO 3JICKTPOH (paccMaTpUBAaEMBbIi KaK 4acTHIA) HAXOAUTCS B 3JeMeHTe o0bema dv.

DTa WHTEpIpeTanus CTaHeT COBEPIIEHHO OYEBUIHOU, €CIH PAacCMOTPETh HE COOCTBEHHBIE
KBAaHTOBBIE COCTOSIHUS (C TUCKPETHBIMH OTpPHUIIATEIHBIMH 3HAYCHUSMH SHEPTUH), a COCTOSHUS C
MOJIOKUTEIILHONM DHEPruei, COOTBETCTBYIOIME THUIepOoIMYeckuM opoutam Teopuu bopa" [8
c.173].

bopu oT™MeuaeT, 9TO BEpOSATHOCTHBIN MOAX0]T K BOJTHOBON (DYHKIIMH OCHOBBIBAETCS] HA MAESIX
IMaynu u Hlpenunrepa: "Takoe o6oOIneHHe BOJTHOBOM MeXaHWUKH mpemnoxun [laymm (1925 r.).
OcHOBHasl ujaes €ro TEOPUU COCTOUT MPHUMEpPHO B cienyromeM. J[Is MpoCTOTHI paccMOTPHUM
cBoOoHBIN AmekTpoH. CornacHo IIpenuHrepy, ero COCTOSHUE ONMUCHIBACTCS BOJIHOBOHM (yHKIHEH



(X, ¥, z, ), mpmuem |yf mgaeT BepOSTHOCTH TOrO, YIO DOIEKTPOH OyZET OGHAPYXKEH B
paccMatpuBaeMoil Touke. MBI MO OBl BBECTH CIUH B BOJHOBOE YpaBHEHHUE, IIOJB3YSICh
MPEJICTaBJICHUEM O BpalarorieMcs 3jaekTpone”. [8, ¢.217]

"CrnenoBaiio HalWTH MyTh K OOBEIMHEHHUIO YACTHUIT M BOJH. S BHIEN CBSA3YIOIIEE 3BEHO B HJIEE
BepOsATHOCTH. B Harell crarbe, HamucaHHON BTpoeM, Obul pazzaen (ri. I, 82), mpunamiexaruii
onHomy MHe (7). B HeM ¢urypupoBan BEKTOp X € KOMIIOHEHTaMH X1, X2, X3..., Ha KOTODBIA
JIEHCTBYIOT MaTpU4HbIe ornepartopbl. EMy He mpuaaBaioch Kakoro-iuOo CMbICHa; s AyMal, 4TO OH
UMEeT OTHOIICHHWE K pacHpeelIieHHIO BeposSTHOCTH. Ho numb mocie Toro, Kak craixa W3BEeCTHA
HIpeIMHTepOBCKas padoTa, s CMOT TIOKa3aTh, YTO 3Ta Jorajaka Obuia ngam/mbﬁoﬁ Y Y9TO BEKTOP X €CTh
HETPEepPBhIBHOE TPEJCTABICHUE BOJHOBOW (GYHKIMH \, TaKk 4T0 |y - IUIOTHOCTH BEPOSTHOCTU B
KOH(UTYpAITMOHHOM MPOCTPAHCTBE. JTa TUIOTe3a ObUla TOJTBEpXKIEHA OMUCAHWEM IPOIECCOB
COyJIapeHui B TEPMHUHAX pacCesSHUS BOJIH U ApyruMu metogamu’. [10, ¢.16]

IMapagoxc DIIP

OpnHako Takoi MOAXOJ B TEOPUHU BbI3BAJI BO3PAKEHUS Y psijia UCCiieloBaTelel, B TOM YHClie, Y
A.DitHmTetHa. DUHINTEHH W ero coTpyaHukud - llomonsckumii m Po3eH mOABEPriiM COMHEHHIO
MOJIHOTY KBaHTOBOM MexaHuku. CyTh BO3pa)KEHHUS COCTOSUIa B TOM, YTO KBAaHTOBAas MEXaHUKa HE
MOJTHA, BOJHOBAs (YHKIMSIT HE II03BOJIIET JaTh IIOJHOE OINHMCAaHWe peallbHOCTH, O UéM
CBUJICTENILCTBYET SIBIICHHWE 3allyTAaHHOCTH KBAHTOBBIX dYactuil. B 1935 romy onm mpenmoxuiu
MBICJICHHBIA SKCIIEPUMEHT, U3 KOTOPOTO, TI0 UX MHEHHIO, CJIeJI0BAJIO, UTO JUISI OMHCAHUS (PU3NISCKAX
O0OBEKTOB BOJHOBOW (YHKIIUM HEAOCTaTO4HO. B cTatbe "MOXHO JM cuuTaTh, YTO KBAHTOBO-
MeXaHUYeCKOoe ONMMCaHNe (PU3NIECKON peaTbHOCTH SIBIISIETCS TIOJHBIM?" OHM pPacCMOTPENI CHCTEMY
JIBYX KOPPEIMPOBAHHBIX (B COCTOSHUHW 3alyTaHHOCTH) 4YacTHIl. B craTthe OBUIM TpPUBEICHBI
JI0Ka3aTeNbCcTBa, YTO HW3MEpeHHe HajJd OJHOH U3 CBSI3aHHBIX YaCTUI[ IO3BOJIIET Yy3HATh
JIOTIOTHUTETIFHBIE TapaMeTpbl BTOPOH YAaCTHIIBI, YTO TMPOTHBOPEYUT TMOJOKEHUSIM KBAHTOBOM
MEXaHWUKHA. DTO W O3Ha4aeT, YTO BOJHOBAS (DYHKIUS HE TOJHOCTBIO XapaKTepH3yeT YaCTHILY, YTO
KBaHTOBAass MEXaHMKa HE MOJTHA.

"B momHO#W (U3HUYECKON TEOPHH CYIIECTBYET OIpPEICICHHBIA 3JIEMEHT, COOTBETCTBYOIIHIMA
KaKJIOMY DJIEMEHTY pealbHOCTH. JIOCTaTOYHBIM YCIOBHEM PEaTbHOCTH TOW WM MHOU (hHU3MUecKoit
BEJIMYMHBI SBJIIETCS BO3MOXKHOCTb IIPEJICKAa3aHMsI €€ C JIOCTOBEPHOCTHIO, HE Hapyllas CUCTeMbl. B
KBaHTOBOM MeXaHWKe B cllydae ABYX (DU3MUYECKHUX BEJIMYWH, OMUCHIBAEMBIX HEKOMMYTHPYIOITUMHI
orepaTopamu, 3HaHUE OJIHOM M3 3TUX BEIHMYMH JeNaeT HEeBO3MOXKHBIM 3HaHue apyro. Torna, nubo
1) onmcaHue peaJbHOCTH B KBAHTOBOM MEXaHHMKE C ITOMOIIBIO BOJHOBOW ()YHKIIMH SIBIISICTCS
HETOJIHBIM, JHMOO 2) 3TH JBe (U3MYECKHEe BEIMYMHBI HE MOIYT OJHOBPEMEHHO 00JIaJaTh
peanbHOCTHIO. PaccMoTpenmne mpoOsiemMsbl MpecKa3aHus MOBEICHUS] HEKOTOPO CUCTEMBbI HAa OCHOBE
W3MEPEHNH, BBIIIOJHEHHBIX HAJ APYTOM CHUCTEMOM, KOTOpAsk MPEABAPUTEIHFHO B3aMMOICHCTBOBANA C
paccMaTpuBaeMoOi, TPUBOJUT K Pe3yJIbTaTy, UTO €CIM yTBepxAeHue "1" HeBepHO, TO yTBEpKIEHUE
"2" taxke HeBepHO. TakuM 00pa3oM, 3TO MPHBOIUT K 3aKJIFOYEHHUIO, YTO ONKMCAHHE (PH3UIEeCKOU
PEATbHOCTH € TIOMOIIBIO BOJTHOBOM (DyHKITHY siBIsieTcst HemotHbIM™ [55, ¢.604].

[TockonbKy BEpOSITHOCTh HAXOX/I€HUSI KBAHTOBON YaCTUIIBI B KAKOM-TTHOO COCTOSIHUU OJIHOTO
W3 CBOMX IapaMeTpOB paBHA KBaJpaTy €& BOJTHOBON (DYHKIIMU MO STOMY MapaMmeTpy, Y KBaHTOBOI
YaCTUIIBl HET OINpeAeNEHHOT0 3HAUYEHHUs ATOr0 IapaMeTpa — OHU NPUHUMAIOT TO WIH Jpyroe
3HA4YE€HHE JIUIIb C KaKOH-TO BeposITHOCTHIO. M TOIBKO B mpolecce M3MepeHus, KOorja BOJHOBAs
GyHKIUSA "cXJTOMBIBAaeTCA"', 3HAYCHHWE IIapaMeTpa CTAHOBHUTCS W3BECTHBIM TOYHO. [lo MHEHHIO
OWHIITEeHHA 3TO IIOXO COBMEIIAETCS C MPEACTABJICHUSIMU O pealbHOCTH. OH MPUBOAUT TaKOe
oTIpeieIeHue TIOHSITHS dJIEMeHTa (U3NIECKOI pealbHOCTH:

"DreMeHTH (PU3UYECKON peaTbHOCTH HE MOTYT OBITH ONpeAeNeHbI IPU MOMOIIH allPHOPHBIX
¢mtoco(ckrxX paccyXIeHHH, OHA JOJDKHBI OBITh HAlJICHBI HA OCHOBE Pe3yJIbTaTOB AKCIIEPUMEHTOB H
m3MepeHnit. OHaKo JJIsl HAIIMX IeJiel HET HEOOXOIMMOCTH J1aBaTh MCUEPIIBIBAIOIIEE ONpeie]IeHUe
peabHOCTH. MBI yIOBIETBOPUMCS CJIEYIOIIUM KPUTEPUEM, KOTOPBIN CUMTAaeM pa3yMHbIM. Eciu Mmbl
Modicem, 6e3 Kako2o Obl Mo Hu ObLIO GO3MYUJEHUS CUCMEMbl, NPEOCKAa3amb ¢ 00cmogeprHocmuio (T. e.
BEPOSITHOCTBIO, PABHOM €IMHUIIC) 3HAYeHUe HEeKOMOPOU (QuU3UYecKol GeIUdUnbl, MO CYujecmeyem



aleMeHm Quzuueckoll pearbHOCMuU, COOMBEEMCmMeYIouull 3mot guzudeckoti geauyune. Ham xaxercs,
YTO 3TOT KPUTEpPUH, XOTS OH JAJIEKO HE MCUEPIIBIBAET BCEX BO3MOXKHBIX CIIOCOOOB pacro3HaBaHUS
¢u3nyeckoil peambHOCTH, MO KpaiHel Mepe, JaeT HaM OJMH U3 TaKuUX CIOCOOOB, KOJb CKOPO
BEITTOJTHSIOTCS  (pOpPMYyITMpOBAaHHBIE B HEM YCIOBHS. DTOT KPHUTEPHid, paccMaTpUBaeMbIi HE Kak
He00X0IMMOe, a TOJIBKO JIUIIH KaK JIOCTATOYHOE YCJIOBUE PEaThbHOCTH, HAXOIUTCS B COTJIACHU KaK C
KJIACCHYECKHM, TaK M ¢ KBAHTOBO-MEXaHUYECKUM IIpeICTaBIeHneM o peanbHoctr”. [55, ¢.605].

IIpotus noBonoB DiiHmTelHA BeicTynUa bop. [lonemuky Mexay OinHmuteiiHoM, [Togoasckum
u Po3zeHoM, ¢ 071HO# cTOpPOHBI, B bopoM, ¢ Ipyroif, MOKHO paccMaTpUBaTh KakK CIIOp O GU3NIECKOM
CMBICTIe BOTHOBOW (pyHKIMH. Bo BeTynuTensHoi ctarbe Doka K OqHON U3 MyOJIUKAINA YIOMSIHYTOM
pabote DiHIITEITHA TOBOPHUTCS:

"DWHINTEHH TOBOPUT, YTO OCHOBHBIM MOHSTHEM TEOPUU SIBIISETCS TOHSATHE COCTOSHUS,
OIMCHIBAEMOT0 BOJHOBOW (DYHKITMEH. DUHINTEWH MOHMMAeT CJIOBO 'COCTOSHHE' B TOM CMBICIIE,
KaKoi eMy OOBIYHO MPUIIKCHIBACTCS B KJIACCHUYECKON (U3MKE, T. €. B CMBICIE Yero-TO BIOJHE
00BEKTUBHOTO U COBEPINEHHO HE3aBHCSIIETO OT KaKuX Obl TO HU ObUTO cBefieHUi o HeM. OTcrona u
MPOUCTEKAIOT BCE Mapagokchl. KBaHTOBas MeXaHHWKa JACWCTBUTEIHHO 3aHUMAETCs W3yuYeHUEM
OOBEKTUBHBIX CBOMCTB MPHUPOABI B TOM CMBICIIE, UTO €€ 3aKOHBI IPOAUKTOBAHBI CAMOM MPUPOJION, a
He 4esjoBeueckoil (anrtaszmeir. Ho k umcay OOBEKTUBHBIX TOHSATUN HE MPHHAICKUT MOHSATHE O
COCTOSSHUM B KBaHTOBOM CMbIciie. B KBaHTOBON MexaHHKE MOHSITHE O COCTOSHUU CJIMBAETCS C
MOHSATHEM "CBEJCHHSI O COCTOSIHHM, TOJydyaeMble B pe3yJbTaTe OMPEEICHHOTO MaKCHUMAaJbHO-
TOYHOTO ombITa". B Hel BoHOBAs ()YHKIIHS OTHMCHIBAET HE COCTOSIHAE B OOBIKHOBEHHOM CMBICIIE, a
CKopee 3TH "CBEICHUS O COCTOSHUHU'. DUHINTEHH MOKAa3bIBAaeT, 4YTO, HE TPOTas CHCTEMBI, MOXHO
MPUJIAaTh €€ BOJTHOBON ()YHKIIMH TOT WJIM WHOW BWA. Ecim cuuTaTh BMecTe ¢ DUHINTEWHOM, YTO
BOJTHOBasi (DYHKIIHUSI OMUCHIBaeT OOBEKTUBHOE COCTOSIHHME, TO, KOHEUHO, €ro pe3yibTaTr Oy/leT UMETh
XapakTep mnapaaokca. Beap HEBO3MOXKHO cebe MpeAcTaBUTh, YTOOBI OOBEKTHBHOE COCTOSHUE
cucTeMbl (4TO ObI MBI IO/ TUM HH TOJ[pa3yMEBali) MEHSJIOCh B pe3yJIbTaTe KaKuX Obl TO HHU OBLIO
oleparuii, TPOW3BEICHHBIX HE HAJ HEW, a HaJ JPyrod CHCTEMOW, KOTOpas C HEHl BOBCE HE
B3auMoJieiicTByeT. Ho XOoTs B pe3ynpTaTe TakuX OIEpaluii HE MOXKET MEHSThCS '00BEKTHBHOE
COCTOSIHHE" CHCTEMBI, 3aTO MOTYT MEHSTHCS 'CBEJICHUSI O COCTOSIHUU ', T. €. COCTOSTHUE B KBAHTOBOM
CMBICTIE.

[loaToMy Bce mMmapaJoKChl HCYE3alOT, KOJIb CKOPO MBI OTKaXeMCS OT IPOBOJUMOTO
DUWHINTEHHOM HEBEPHOTO "0O0BEKTHUBHOTO" TOJKOBAHUS BOJHOBOW (DYHKIIMU W MPUMEM TPABUILHOE
€€ TOJKOBaHWE, T. €. OyJeM CUuTaTh, YTO OHA OMHCHIBACT 'COCTOSHHWE B KBAHTOBOM CMBICIE" HIIH
"CBeJIEHUS] O COCTOSIHUH, TIOJy4aeMble B pe3yJIbTare OMpelelIeHHOr0 MaKCUMAaIbHO-TOYHOTO OMbITa"
[50 ¢.437].

Hunse bop onybnukoBai crateio, B KOTOPO# MOJIPOOHO paccMOTpes apryMeHThI DiHIITelHa,
WCIOJIb3YSl TOHSITHE JOIMOJIHUTEIBHOCTH, COCTOSIIIEE BO B3aUMHOM MCKIIIOUEHUU BCSKUX JBYX
AKCIEPUMEHTATIFHBIX MAHUIYIISAIUN, KOTOPBIE MTO3BOJIMIN OBl JaTh OJTHO3HAYHOE OTpe/e/ieHre JIBYX
B3aMMHO-JIONTOJTHUTEIHHBIX (PH3MUECKUX BEMMYMH. bop oTMeTwms, 4ro: "B 00JIacTH KBaHTOBBIX
SIBJICHUY HEBO3MOXKEH TOUYHBIA y4eT OOpaTHOTO JeWCTBUS 00BEKTa Ha M3MEpHUTEIbHbIe TPUOOPHI, T.
€. yuYeT IepeHoca KOJMYECTBA JIBM)KEHUS B ClIydae M3MEpPEHHS IMOJIOKEHHS] U y4eT CMELICHHUS B
clIy4ae M3MEpEeHHs KOJUYeCTBa JBIKEHHUS. B CBsI3U ¢ STUM HUKaKWe CPaBHEHUS U aHAIOTUU MEXTY
KBAaHTOBOW MEXaHUKOW U OOBIKHOBEHHOH CTAaTHCTUUYECKOW MEXaHMKON HHKOTJAa HE CMOTYT IepeaTh
CYTH Jiena, - Kak Obl He ObUTH MOJIe3HBI TAKWe aHAJIOTUH i (popMalbHOTO M3T0XKEHUsS Teopun. Beap
B KQXJOW IOCTAHOBKE ONBITA, MPUTOJHOW ISl W3Y4YEHHs] COOCTBEHHO KBAHTOBBIX SIBICHHUI, MBI
CTAJIKMBaeMCsl HE TOJBKO C HE3HAHWEM 3HAYCHWH HEKOTOpPhIX (U3MYeCKHX BEIWYHMH, HO H C
HEBO3MOHOCTBIO JIaTh STHM BeJIMYUHAM OJIHO3Ha4YHOE onpeaeneHue. [50,¢.452]

OH mpUXOIUT K BBIBOAY, YTO:

"(hopMyTHUpOBKa BEIMEYITOMSIHYTOTO KPHUTEPHs (PU3NIESCKON pPEallbHOCTH, MPEIOKEHHOTO
OliHmTeiHoM, [loonbckuM u Po3eHOM, COEPKUT JBYCMBICIIEHHOCTD B BBIPAXKEHHUH ' 0€3 KaKOro Obl
TO HH OBUIO BO3MYIICHHS cHCTeMBbl'. Pa3ymeercs, B ciy4dae, MOAOOHOM TOJBKO HYTO
paccMOTPEHHOMY, HET pedyd O TOM, YTOOBI B T€UEHHWE MOCJEIHEro KPUTHYECKOro 3Tarma mpolecca
M3MEepeHus u3ydyaeMas cucreMa IoJiBeprajach KakoMy-I1u00o MeXxaHnueckoMy Bo3MyIieHuto. Ho u Ha



TOM JTame pedb HAeT MO CYIIECTBY O BO3MYIICHHH B CMBICJIC BIIMSIHHS Ha caMble YCIIOBHS,
OTIpENIeIISIONNE BO3MOXKHBIE THIBI TPEICKa3aHuil OyayImero TMOBEJACHUs CHCTEMBL. Tak Kak 3Th
YCIIOBUSL COCTABJISIFOT CYIIECTBEHHBIN 3JIEMEHT OMHMCAHUSI BCAKOTO SIBIEHUS, K KOTOPOMY MOKHO
MPUMEHSTh TepMUH "(QH3udeckas peaJbHOCTH', TO MBI BHIWM, YTO apryMEHTANHs YIIOMSHYTBIX
ABTOPOB HE ONpAaBIbIBACT WX 3aKIIOUEHUS O TOM, YTO KBAaHTOBOMEXAaHMYECKOE OIHUCAHHE
CYIIIECTBEHHO HETOJHO. HampoTHB TOro, Kak BHITEKAET M3 HAIUX MPEIbIIYIIHX PACCYXICHUH, 3TO
ONHMCAaHUE MOXET OBITh XapaKTepU30BaHO KaK pa3yMHOE WHCIIOJIb30BAaHHE BCEX BO3MOXKHOCTEU
OJTHO3HAYHOTO TOJIKOBAHMS HM3MEPEHHI, COBMECTUMOIO C XapaKTEPHBIM JIJIsl KBAaHTOBBIX SIBICHHMA
KOHEYHBIM M HE TOJIAIOIIAMCS Y4YEeTy B3aUMOJCHCTBHEM MEXIy OOBEKTOM M HM3MEpPUTEIHHBIMU
npubopamu”. [50, ¢.453]

[Tomumo 00paTHOTO BIUSHUS W3MEPUTENBHOTO MpuOOpa Ha OOBEKT wu3MepeHus, bop
OoTMeYaeT HeOOXOJMMOCTh YUUTHIBATh BIUSHUE OOBEKTOB U3MEPECHUS M Ha YaCOBBIC MEXaHHU3MBI:

Kpome yxke paccMOTpEeHHOTO BHINIE MEpPeHOCa KOTUYECTBA JBUIKEHHUS MEXKIy OOBEKTOM M
TEJIaMH, OTPEICTISIONIAMU TPOCTPAHCTBEHHYIO CHCTEMY OTCYeTa, HaM NpPHIETCS Tereph IpH
M3YYCHHH TaKOTO pojia YCTaHOBOK HCCIIEIOBATh BO3MOXKHBIA OOMEH JHEprueil Mexay OOBEeKTOM M
STUMH "4acOBBIMU" MEXaHU3MaMH.

CyIecTBEHHBIN MYHKT B PacCyXICHUSIX, OTHOCSIIUXCS K N3MEPEHUSIM BPEeMEHU B KBAHTOBOM
MeXaHWKe, BIIOJHE aHATOTHYCH TOMY apryMEHTY, KOTOPBI OTHOCHTCS K H3MEPEHHUSIM MOJIOKESHHS. ...
JleicTBUTENEHO, BO3MOXKHOCTh KOHTPOJHMPOBATH IEpelaBaeMyl0 dacaM »>SHEpruio, He HapyIas
JCHCTBUS MX KaK yKazaTesel BpeMeHH, MPHHIUITHAILHO HckKiroueHa [50, ¢.455].

Bmecrte ¢ Tem noBonbl ®@oka u bopa B menoM MOXHO OTHECTH K T€OPETHUKO-JIOTHUECKUM,
onucaTenbHBIM. HecMOTpsi Ha JIOTHYHOCTH W CTPOMHOCTH, JIOBOJBI, TEM HE MeHee, He obianand
JIOCTaTOYHOW MaTeMaTH4YeCKOW CTPOTOCThIO, (OPMATbHOCTHIO. BeiencTBrue 3TOro MpojoiKaluch
TIOTIBITKH TIOCTPOCHUS TEOPHHl, KOTOPBIE JOJKHBI OBUTH OOBSICHUTH TOBEICHUE 3aITyTAHHBIX YaCTHIL
MyTéM pacUIMpeHHUs arnmapaTa KBAaHTOBOW MEXaHWKH, BKIIOUEHHS B HEr0 MOHSITHH ''CKpBITHIE
repeMeHHble" WM "TOTOJHUTEIbHBIE TapaMeTpbl . M Tonbko ¢ mosiBneHueM pabotsl bemna Obut
MPAKTUYECKH OKOHYATEIIbHO peIIéH BOMpoc 00 OmUOOYHOCTH JOBOJOB ODHHINTEHHA U
HECITOCOOHOCTH TEOPHiA ¢ " MOMOTHUTEIFHBIMA MTapameTpamMu’ paszpemuts D1 [P-nmapamokce.

Cratba beana

Crates J[.benna "[Tapagoke Diinmreitna [lomonbeckoro Po3ena” 6pita omybnukoBana B 1964
roJly W TMOpojuiia TMOoHsATHE “"HepaBeHcTBAa bemra”. B melt bemnm mpowsBEn TimaTenbHBIA aHAIH3
70BO/10B DiiHIITelHA, [Tononbckoro u Pozena. OH yOequTenbHO MoKa3ai, YTO TEOPUU CO CKPBITHIMU
[IEPEMEHHBIMI B MPHUHIIMIIE HE MO3BOJISIIOT OOBSICHUTH pE3YJbTaThl, IMOJyYEHHbIE B peaIbHBIX
JKCIEpUMEHTax. BeiBoa, k koropomy mnpumén bemn, rmacur: "B kBaHTOBOWM Teopum ¢
JIOTIOTHUTEIPHBIMU [TapaMeTpaMH JJIsi TOTO, YTOOBI ONPENENIHUTh Pe3yJIbTaThl WHIUBUIYATbHBIX
u3MepeHuit 6e3 TOoro, yToObl M3MEHHUTh CTATUCTHUECKUE INpEACKa3aHUs, JOJDKEH OBITh MEXaHU3M,
IIOCPEJICTBOM KOTOPOI0 HACTPOWKAa OJHOTO H3MEPSIOIIEro YCTPOCTBA MOXKET BIIMATH HA YTEHUE
Jpyroro  OTJAJIEHHOrOo WHCTpyMeHTa. Kpome Toro, 3aleHCTBOBAHHBIH CHTHAJI JOJDKEH
pacIpoCTpaHsATLCSI MTHOBEHHO TaK, YTO TaKasi TEOPHs HE MOXKET OBITh JOpeHI-uHBapuanTom” [5, 31,
32, 39].

Jpyrumu cioBamu, €ciid Mbl C TO3HUIMH TEOPUH C JIOTIOJHUTEIbHBIMH MapaMeTpaMu OynieM
YTBEp)KJaTh, YTO pe3yJbTaThl U3MEPEHUN HaJ KaKJIOW YacTUIEH MOJTHOCTHIO HE3aBHCHUMBI JIPYT OT
Npyra, HE3aBUCHMBI B (DU3WYECKOM CMBICIE, a BCE COBIAJCHHS SIBISIFOTCS CTATUCTHUYSCKUMHU
CJICZICTBUSIMH, TO €CTh, I10 CYIIECTBY, OHU BCETO JIUIIb CIy4YallHbIe COBIAJICHHS, TO B 3TOM CJIy4ae MbI
OyJileM BBIHYXKJIEHBI MEPEeNIOKUTh BECh TPy3 3TOH CIYYAWHOCTH HAa HEKMA MEXaHW3M, YIOMSHYTBINA
bemtom. DTOT MexaHM3M JOJDKEH 00JIaaTh CIIOCOOHOCTBIO IMOJCTPAaUBATBHCS IMOJ M3MEPEHHs €O
CBEpXCBETOBOW cKopocThio. ClenoBaTenbHO, Takas TEOpUsl MPOTUBOPEUUT CHEIHAIBHON TeopHuu
OTHOCHUTEJIBHOCTH U II03TOMY Toe oTBepraer JIIP-aprymeHTsl.

B npunmune, Ha 5TOM MOXXHO OBUIO OBl W 3aKOHYHTH, €CIM OBl HE HEKOTOPHIE JIOBOJBHO
npUMeYaTelbHble 00CTOSITeNbCTBA. B mepByro ouepens 3To TO, uTo aHaiuu3 bemia u aprymeHTHI
DWHIITeHA HHUKaK He OOBSICHSIIOT COOCTBEHHO MeXaHw3M Koppemsuun. Kak okazamocs,



SUHINTEHHOBCKHE apryMEHTHI ONMPOBEPTHYTHI YUCTO MATEMAaTHYECKUMH BBIKIIAJKAMHU: IOBEJICHHE
KBAaHTOBBIX YacTUI[ HE MOXET OBIThb ONHCAHO CTAaTUCTHYECKH, HHUKAKWEe ' JOMOJIHUTEIbHbBIE
napaMeTpel’ He MOTyT oOecneduTh TpeOyemoil koppemsiuuu. C apyroil cTopoHsl, JoBOAbl benna
CBIFPAJIM JIMIIL JECTPYKTHUBHYIO pOJIb — OIPOBEPIVIM LIEbIH Kilacc TakuxX Teopuil. Ho moenenue
YacTHIl, HE SIBJISSACH CTATUCTHUYECKUM, JEMOHCTPUPYET HEKOTOPYIO "B3amMo3aBucuMOCTh". Ilpocroii
KOHCTaTalWe QakTta W TPHCBOCHUEM €My Ha3BaHUSA "HEJIOKAJIBHOCTH' BPSJI JH MOXKHO
orpaHuuuThcs. CyTh HEIOKAIbHOCTU HUKAaK HE pacKpbIBaeTcs. B HaIM JHU 3TO HOHSATHE pacIIUpEeHO
HOBBIM TEPMHHOM 'HecemapaOeIbHOCTh , TaK € HE pPacKPBITBIM NOJHOCTHIO. CyTh SBICHUS
BBIMJBSIUT TakuM oOpa3oM: Mexay OOBbeKTaMH HET B3aUMOJEWCTBHUS, HO BeIyT OHHU ceOsl TaKuM
oOpa3zoM, OyATO Takoe B3aMMOJIEHCTBHE €CTh. B nuTepaType BCTpeUaroTCsl auleropuu, OyaTo
yacTuibl "BUIAT Oynymee”. HekoTopeie (hopMynHpOBKH, OMUCKHIBAIOIINE SBICHUS, M0og00HbIe DI1P-
MapajoKCy, coiepkKaT 4ETKHUE CIOBOCOYETaHHUsS "KaK TOJBKO OJHA..., TAK cpasy ke JApyras’, SBHO
OTpa’karollye OTHOILIEHUE B3aUMO3aBHUCUMOCTH.

[Ipexxne, ueM MbI THOMBITaeMCs pa3oOpaThCsl B CYIIHOCTH HepaBeHCTB berta, paccmorpum
0osee moapoOHO, KaK OHHU BBHITJISACIN B OPUTHHAJIE, y aBTOpA.

Kak Boirasaar HepaBencrBa besia B opurunase?

Kaxk yxe Obuto oTMEYeHO BhIe, "HepaBeHCTBaA benna" B nuTepaType MPUBOIATCS B pa3HBIX
BHUJaX. B TakoMm cimyuae BO3HUKAaeT PE30HHBIN BOMPOC, a KaK K€ OHU BBHITJISACITH y aBTOpa 3TUX
HepaBeHCTB, y camoro bemra? B crarbe berra, kak MOXKHO 3aMETHTh, HET HU OJHOTO BBIPAKEHUS,
XOTsI OBI OJIM3KO MOX0XKETo Ha MPUBEJAEHHBIE BBIIIIE HEpaBEHCTBA. KpaTko paccMOTPHUM €ro BBIKIAJAKU
[5, 39, 32, 31].

"B npumepe, npusBeneHHOM boMom 1 AapoHoBbIM, DIIP-apryMeHT COCTOUT B CJIEIYIOIIEM.

PaccMoTpuM mapy dacTHIl € TOJYHEJIBIM CIIHHOM, C(OPMHPOBAaHHBIX B CHHIJIETHOM
COCTOSTHUM U JIBIKYIIUXCSI CBOOOHO B MPOTHUBOMOJIOKHBIX HaMpaBieHusX. M3MepeHus MOTyT OBITh
c/ieNlaHbl, HapuMep, ¢ nomoinbio MmaruuToB [lIpena-I'epinaxa Ha BEIOpaHHBIX KOMIIOHEHTAX CIUHA 61
" 6. Ecm u3MepeHne KOMIIOHEHTHI 61-8, T a - HEKOTOPhIN eIMHUYHBINA BEKTOD, JaeT 3HaueHue +1,
TOTJIa, COIJIACHO KBAHTOBOM MeEXaHMKE, U3MEpPEHHE 628 JIOJDKHO JaTh 3HadeHue -1 m HaoOopoT.
Termepp MBI BbUIBHTaeM rumnorte3dy [2], W 3To sBIsSeTCS, 1O KpaiiHel Mepe 3acilyKHBAIOIIMM
paccMOTpeHHsl, YTO, €CIM 3TU JIBa U3MEPEHHs CJeNaHbl B OTIAJICHHBIX JPYT OT Apyra Mecrax, TO
OpHUEHTAIIMS OJTHOTO MAarHWTa He BIUSET Ha pe3yibTar, MOJYYEHHBIH Ha JApyroM MarHute. Tak Kak
MBIl MOKEM 3apaHee IIpe/icKa3aTh pe3yjbTaT H3MepeHHs! 000l BHIOpaHHOW KOMIIOHEHTHI 61,
MPEeIBAPUTENIHLHO U3MEPUB Ty K€ CaMyl0 KOMIOHEHTY G2, U3 3TOTO CIEAYeT, UTO pe3yJbTaT J000ro
TAKOTO W3MEPEHUs JOJDKeH OBITh (aKTHYeCKH mpeonpeneneH. Tak Kak HCXOJHas KBaHTOBO-
MeXaHW4YecKass BOJIHOBas (OYHKIUS He onpedeisem pe3yibTara WHINBUAYATbHOTO U3MEpEHHs, dTa
MpeIoNPeIeIEHHOCTD MOAPa3yMEBAET BO3MOKHOCTH OOJIBIIIOT0 HAOOpa COCTOSIHUMN.

JaBaiite 3TOT OOmnBINONH HAOOP COCTOSHUN ONpEAeTUM TOCPEICTBOM IMapaMeTpoB A.
CoBepinieHHo 06e3pa3InvHo, 0003HAYaeT A €IWHCTBEHHYIO NMEPEMEHHYIO WJIM MX HaOOp, WM JaXe
HaOOp QYHKIIHI, U SABISIOTCS IEpeMEHHbIe TUCKPETHBIMU WA HEMpephIBHBIMU. OTHAKO MBI IPUMEM,
YTO A - 9TO €JIMHCTBEHHBIN HENPEPHIBHBIN napameTp. Toraa pe3yapTar A U3MepeHus 61-a 3aBUCUT OT
au A, a pesysnbraT B usmepenus 6,-b B ToM ke caMoM citydae 3aBUCUT OT b u A, u

A(a,)) = %1, Bp,A) = 1, (1)

['maBHOE B mpemosiokeHuu [2] - 310 To, uTO pe3yyibraT B s yacTuiel 2 He 3aBUCUT OT
YCTaHOBKHU @ MarHUTa T 9acTHIlbl 1, Kak u A ot b.

Ecmu p(\) - pacmpenerneHue BEpOSTHOCTH A, TOTJIa OXHACMbIe 3HAYCHUS COBMECTHOTO
HAOJTFOJICHUS ATUX JIBYX KOMIIOHEHT 61-a M 62-D paBHbBI

P, b) =Jdip(})A 1)B(b, 1) 2)
OHO [OJDKHO paBHATHCS KBAaHTOBO-MEXaHWYECKOMY 3HAUEHUIO OKHJAHUS, KOTOpOe IS
CUHTJICTHOTO COCTOSTHUS PaBHO
<61-acyb>=-at 3)
Opmnako OyzeT mokasaHo, 9YTO 3TO HEBO3MOXKHO".



3aKIIOUMTENIbHEIM BhIpaKeHHUEM y beina siBisiercs ciemyromiee (omyckas MpOMEXYTOYHBIE
BBIKJIAJIKH, IPUBEJIEM JIUIIIb OKOHYATEIbHBIN pe3yJIbTaT):

4(e +9) > |a-c-a-k| +b-c-1 (22)

Jliis npumepa mpumem, uro a-¢c= 0,a-b = b-c= 1N2. Torna

A +8)>2-1

Kak BuamuMm, 1t TF000T0 MAIOro KOHEYHOTO €, O HE MOXET OBITh MMPOU3BOJIEHO MAJTBIM.

Takum o0Opa3zoMm, 3HaueHWE KBAHTOBO MEXAHWYECKOTO OXUJAHUS HE MOXeT OBITh
MPEJCTAaBICHO HU TOYHO, HM MIPOU3BOJILHO OJI3KO B hopme (2).

[Tonyuennoe BeipakeHue (22), Mo CyIIeCTBY, W CIEIyeT CYMTATh OPUTHHAIOM HEPaBEHCTB
bemma. W3 »Toro HepaBeHCTBa cieayeT BBIBOJ, UYTO HHKAaKas CTAaTHCTHYECKas TEOpUs C
JIOTIOJTHUTETIbHBIM TapaMeTpoOM HE MOXKeT 00ecledYuTb C IMPOU3BOJIBHOM TOYHOCTBHIO TaKOH ke
KOPpEeISIUK, 9TO W KBAaHTOBO-MEXaHMYECKOe ypaBHeHHEe. Ha OCHOBaHMH TPOBENEHHOTO aHAIH3a
benn w mpuxomuT K CBOeMY BBIBOJY O HEBO3MOXKHOCTH MPHUACPKHUBATHCS CTATHCTHUECKUX
npejcKazanuii B moBeaeHuu dactuil B DI P-mapamoxce.

Kak BuguM, opurnHam Tak ke OTJIMYaeTcss OT MHOXKECTBa IPYTruX "HepaBeHCTB bemna”, kak u
OOJIBIMMHCTBO 3TUX "HEPABEHCTB" OTJIMYAIOTCS JAPYT OT Apyra. B uém ke meno? O3Havaer i 3TO,
YTO TpoU30NUIa ToaMeHa? SBiseTcss MU OHA NPUHIUNUATHHOW B TJIABHOM CIOpe MEXIY
HEJIOKATBHOCTBIO H JIOKATFHBIM PEaTI3MOM C TEOPHUSIMH JIOTIOJHUTENBHBIX TIepEeMEHHBIX ? Buaimo,
MPUHIMIHATBEHBIX MPOTUBOPEUU B pazMUYHBIX (HOpMYyJIHpOBKax HepaBeHCTB bemna ner. Bee onm
€IMHBI CBOMM JIyXOM H, TI0 CyTH, OJJMHAKOBO IPOTHBOCTOST CTAaTUCTUYECKHM TPAKTOBKAM SIBJICHUS
3aIyTaHHOCTH KBAaHTOBBIX YacTHIl. BKpaTiie CyTh HX MOXHO COPMYJINPOBATH CIEIYIOIIUM 00pa3oM.
Ecmm paccmartpuBarh cOOBITHS W3MEpeHHs JBYX YIAIEHHBIX JIPYr OT Jpyra KBAaHTOBBIX YacTHII,
OBIBIIUX IO 3TOTO BO B3aWMOJCWCTBHUU, TO CTATUCTHYECKHE TMpeACKa3aHUsl HAl0T HEBEPHBIHA
pe3ynbpTar. DTH TpeCcKa3aHusl UCXOAAT U3 TOTO, YTO YaCTHUIIHI BeIyT ceOsl MOTHOCTHIO HE3aBUCHMO:
pe3yJbTaT U3MEpEeHHs HaJl OJHOM YacTHIleld He OKa3blBaeT BIMSHMUS Ha Pe3yJIbTaT M3MEpEeHUs: Haj
npyroii yacturei. OIHAKO MEXITy STUMH W3MEPEHHUs! CYIIECTBYIOT SBHO BHIMMBIE COOTHOIICHUS,
KOTOpBIE OoJiee CBS3aHBI JPYT C JIPYroM, YeM CiydaiHble COOBITHs. JTO sBICHHE, KaK OTMEUYEHO
BEIINIE, TTOJYYHJIO Ha3BaHWE HeNoKalbHOCTH. [Iporne roBopsi, MBI BHJIUM, YTO pE3yJIbTaT BTOPOTO
M3MEpEeHUs 3aBUCUT OT pe3yJbTaTa MepBOTr0 MU3MEPEHUs, MbI OTUYETIIMBO BUUM CBSI3b, 3aBUCUMOCTH
MEXTy TByMSI H3MEpEeHUsIMU. Ho 3T0 MPOTHBOPEUNT CIIeIUANBHOM TEOPHH OTHOCHTEIBHOCTH, K TOMY
)K€ HHMKTO M HHMKOrJa HE HaONoJal CUTHaJa, C IIOMOIIBI0 KOTOPOTO 4YacTHIBl ' IHEpenaroT”
rHPOPMAIHIO JIPYT APYTY. DTH MPOTHBOPEUUS CO BPEMEHEM W TPUBEIH K MOSIBICHHIO MOHSTHS
"HEJIOKAJIbHOCThH' ', KOTOPOE B CBOIO OYEpEb SBISETCS aHTarOHU3MOM IOHSTHS 'JIOKAJIBHOCTh WJIU B
OoJjiee IMMPOKOM CMBICJIC TIOHSATHS 'JIOKAJIBHBIA peau3M’, KOTOPBIA CBS3BIBAIOT C HMEHEM
OWHIITEHHA.

CymHocTh HEeJIOKAJBbHOCTH H JIOKAJIBHOI0 peajnu3mMa

[TockonbKy HepaBeHCTBa bemta TeCHO CBSI3aHBI ¢ KOH(MIMKTOM MEXIY HEJIOKATbHOCTBIO H
JIOKaJBHBIM PEaIU3MOM, PACCMOTPHUM NPOTUBOPEUUsT MEX1y HUMH moipoOHee. B 0030pHOi vacTu
cBoeit crateu bemn mumer [5, 39, 32, 31]: INapagokc DitHinreitna, [Togonbekoro u Posena Obul
BBIIBUHYT KaK apryMeHT TOTO, 4YTO KBAaHTOBAsi MEXaHUKA — TEOPHUs HE MOJIHAsI U B HEE JIOJDKHBI OBITH
BKJIFOUEHBI JIONOJHUTENIbHBIE IMepeMEeHHbIE. JTU JOIMOJHUTEIbHbIE IEPEMEHHBIE JIOJKHBI OBLTH
BEPHYTh B TEOPHIO NPUUYMHHOCTH M JIOKaJIbHOCTb. OTMeTHM, 4TOo Hjes OyneT chopMmyIupoBaHa
MaTeMaTH4ecku U OyAeT MOoKa3aHo, YTO OHAa HECOBMECTHUMA CO CTATHCTUYECKUMU Ipe/ICKa3aHUsIMU
KBaHTOBOH MeXaHHMKH. [ TTaBHYIO TpyJIHOCTH CO3/laeT TpeOOBaHUE JIOKAILHOCTH, O3HAUaloIlee, 4To
pe3yabTaT U3MEPEHUS HA OJTHOM CUCTEME HE MOXET 3aBUCETh OT JEUCTBHI HA OTAAIEHHOW CHCTEME,
C KOTOpO# oHa B3aMMOeHcTBOBaja B mpouuioM. [IpeanpuHuManuch MONbBITKA MOKa3aTh, YTO JIaxe
6e3 Takoil cemapabenbHOCTH UK TPeOOBaHUS JIOKAJIHHOCTH HEBO3MOXKHBI HUKAKHE MHTEPIpPETAIIN
KBAaHTOBON MEXAHUKHU CO ''CKPBITBIMU IIEPEMEHHBIMU .

[Ipy >xenaHuM MOXHO HAWTH OMNHMCAHMSI STUX MONBITOK. Kpome TOro u3BecTHa SIBHO
MOCTPOEHHAss MHTEPIIPETaIisl 3JIEMEHTApHOM KBAaHTOBOW TEOPHUHM CO CKPBHITOH MEepeMEeHHOH. DTa
cnenuduyeckass WHTEPIpETaus B JACHCTBUTEIHLHOCTH HWMEET UpPE3BBIYAHHO HEIOKATBHYIO



CTPYKTYpY. bemn gokazan, 4ro 3To HETOKalIbHOCTh XapaKTepHa i 000 Teopuu, KOTopas TOYHO
BOCIIPOM3BOJUT KBAHTOBO-MEXaHUYECKUE MPECKAZAHNUS.

[lo DiiHmTelHY pe3ynbTaThl M3MEPEHUS YACTHI] SIBISIOTCS KOCBEHHO 3aBHUCHUMBIMU. JTO
3HQUUT, YTO KOPPEIMPOBAHHbIE 3HAUECHUSI COCTOSHUS YACTHIl BO3SHHMKAIOT B MOMEHT 3allyThIBaHUS
YacTUI] U coxpaHsercs 10 KoHma ombita [33, 37]. To ecTh, ciaydaiiHble, HO B3aMMOCBSI3aHHBIC
COCTOSIHUSI YacTHIl (OPMHUPYIOTCS K MOMEHTY WX pas3jelicHHus. B JampHeiimeM OHH COXPaHSIOT
MOJIy4eHHBbIE TPH 3alyThIBAHUU COCTOSIHHS, M "XpaHSATCS" 3TH COCTOSIHHSI B HEKUX DJIEMEHTax
(u3HYeCKOil peaTbHOCTH, OITUCHIBAEMBIX " IOTIOJTHUTEIEHBIMY ITapamMeTpamMu'.

"Ho ogHO mpenmonoxeHue mpeicTaBisieTcss MHE OeccliopHBIM. PeanbHOe 1osIokKeHHe Belei
(cocTostHHE) CUCTEMBI S HE 3aBUCHT OT TOTO, YTO IPOJICIBIBAIOT C MPOCTPAHCTBEHHO OTACIEHHON OT
Heé cucremoit §" [54, ¢.290].

"...Tak Kak BO BpeMsl H3MEpPEeHHs] 3TU JBE CHCTEMBl Y€ HE B3aUMOJEWUCTBYIOT, TO B
pe3ynbTaTe Kakux Obl TO HU OBUIO omepanuii HaJ MEepBOM CHCTEMOI, BO BTOPOW CHCTEME yKe He
MOJKET MOJTyYUThCS HUKAKUX pealibHbIX n3MeHeHuin" [55].

DTHU npeJCcTaBICHUs BIOCIEACTBUYU MOJIYUMIN Ha3BaHUE "JTOKaIbHOTO peanu3Ma’. Kak numer
JlopoHuH:

"Hacuer toro, uto moHMMarh 1oJ HeJIOKaTbHOCTEIO B KM, TO B HayuyHOil cpene, s cuuTaro,
CJIOKHJIOCH HEKOTOPOE COTJIACOBAHHOE MHEHME Ha 3TOT cueT. OOBIMHO moJ HeslokadbHocThio KM
MOHUMAIOT TO 00CTOSATENLCTBO, uT0 KM MPOTHBOPEUUT MPHHIIUITY JOKAIBHOTO peann3ma (ero erre
YacTO HA3BIBAIOT MPHHIIAIIOM JIOKATBHOCTH DHHINTEHHA).

[lpuHIMIT JTOKAJIBHOTO peadu3Ma yTBEepXkaaeT, 4YTo eciu JABe cucteMbl A u B
MPOCTPAHCTBEHHO pa3felieHbl, TOTJa MPH IOJIHOM OIMCAHUM (PH3MUECKOW PeaTbHOCTH, JICHCTBUS,
BBIIIOJIHEHHBIE HaJ CUCTEMOM A, HE TOJDKHBI H3MEHSITH CBoicTBa cucteMbl B" [21, 20].

Wtak, nBe paszgenéHHble NPOCTPAHCTBEHHO 4YAaCTHIIBI O0pa3yloT HEJIOKaJIbHYIO CHCTEMY:
JEHCTBUS HAJl OJTHOW U3 HUX HE U3MEHSIFOT COCTOSIHUS APYTO¥, HO TPH STOM ITH COCTOSHUS YaCTHI]
OKa3bIBAIOTCSl KOPPEIMPOBAHHBIMU, TO €CThb C6A3aHHbIMu Jpyr ¢ JpyroM. CliieoBareiabHO, CYTh
napanokca DIIP cocTouT He TONBKO B YTBEPKICHUHN HEMOJHOTHI KBAHTOBON MEXaHWKH, HE TOJBKO B
YTBEPKJICHUH O HEITOJHOM OIIMCAHUH BOJIHOBOHM (D)YHKIIMEH COCTOSIHHUSI KBAHTOBBIX OOBEKTOB, HO M B
MPOTUBOMNOCTABIIEHUH B II€JIOM SIBJIEHUS HEJIOKAJIbHOCTH U JIOKAJIbHOTO peain3Ma.

OmHaKo 3TO MOKa JIMIIb O0IUe CBEICHHS, KOHCTATaus (haKkTa IMPOTHBOPEYHS HEIOKATbHOCTH
U Teopuil €O "CKPBITHIMU IepeMeHHbIMH . Iloka He BIOJIHE OTUETIIMBO BHJHA POJb HEPABEHCTB
benmma" B paspemenun 5sToro mpoTtuBopeuus. To, 4YTO B OIKCHEpUMEHTaX JTH HEpaBeHCTBA
HapyIIalTCs, XOpoIo u3BecTHBIH ¢akT. Ho kak mpoucxomut 310 HapymeHue? [loyemy Bcé-Taku
KBaHTOBAs MEXaHWKa X HE HAPYIIAET, a TEOPUH CO 'CKPHITHIMU ITEPEMEHHBIMU" HAPYIIAIOT?

Kak " pa6oraot” HepaBencTBa beia

Wrak, aBe paznenéHHble NPOCTPAHCTBEHHO 4YaCTHUIBI OOpa3ylOT HEJIOKAIbHYIO CHUCTEMY:
JNEHCTBHUS HAJl OJHOW M3 HUX HE W3MEHSIIOT COCTOSIHUS APYroi, HO MPHU 3TOM 3TH COCTOSHUS YaCTHUI]
OKa3bIBAIOTCSI KOPPEIMPOBAHHBIMU, TO €CTh C8A3aHHbIMU JPYr ¢ Jpyrom. ClrenoBaTelnbHO, CYTh
napasiokca DIIP cocTouT He TONBKO B YTBEPKICHUHN HEMOJHOTHI KBAHTOBOM MEXaHHUKH, HE TOJIBKO B
YTBEPKJACHUH O HETIOJTHOM OMHUCAHWH BOJHOBOW (DYHKIIHEH COCTOSHUSI KBAHTOBBIX OOBEKTOB, HO U B
[IPOTUBOIIOCTABIICHUH B 1I€JIOM SIBJIEHUS HEJIOKAJIHLHOCTHU U JIOKATHHOTO peaanu3Ma.

PaccMmoTpum o1HO U3 HanOosiee yAauHbIX M KOMIIAKTHBIX ONMMCAHUHN "MexaHu3Ma" HepaBEeHCTB
benmna B Bapmante bemna-Knaysepa-Xopna-Illumonn B wu3noxenuun XoieBo. PaccmarpuBas
MbIciieHHBIH 3kcniepuMeHT OIIP, benn oOparun BHMMaHue Ha IIyOOKHMH M HEOXHJIAHHBIM BBIBOJ
[51]:

"eclii MBITaThCSl OMUCKHIBATh KOPPEISIUNA U3MEPEHUIN CIIMHOB JABYX YacTHI[ KJIACCUYECKU U B
COOTBETCTBUHM C TPHUHIUIIOM JIOKATHHOCTH, TO OKAa3bIBA€TCS HEBO3MOXHBIM JIOCTHYb TaKOTO
XapakTepa U YpPOBHSI KOPPEIMPOBAHHOCTH, KOTOPBIA COOTBETCTBYET NpEICKa3aHMUsIM KBAHTOBOU
MEXaHHKU. boiiee TOro, 35TOT YypOBEHb KOPPEIMPOBAHHOCTH MOXKET OBITh KOJHYECTBEHHO
chOopMyIIMPOBaH U MPOBEPEH IKCIEPUMEHTAIBHO. J[aauM TOUHYIO (OPMYIHPOBKY...



Oxa3pIiBaeTcsi, 4YTO Takas KOppelslnus He MOXeT OBITh CMOJEIHpOBaHA HHUKAKOM
KJIACCHYECKOW MOJIETTbI0 COCTAaBHOM CHUCTEMBI, YJIOBJIETBOPSIONMEH MPUHIUITY JOKAJIbHOCTH. JTO
BBITEKAET M3 Clieylomero HepaBeHcTBa bemna—Knayszepa—Xopua—Illnmonu. [lycts X;, Yy, j,k = 1,2
— ciIy4aifHble BEJIMYMHBI Ha IIPOU3BOJIBHOM BEPOSITHOCTHOM IpocTpaHcTBe (2, Takue uro |X| < 1,
Y| < 1. Torma mnms ar000ro pacrpeesieHUs] BEpOsSTHOCTeH Ha () KOPpENSIUU STHX BEIHYHH
YIOBJIETBOPSIOT HEPABEHCTBY

|EX1Y1 + EX Yo + EXoY - EX2Y2| <2, (27)
rae E —cooTBeTcTBYIOIEE MaTEMaTHYECKOE OKHTaHHE.

JlokazaTenbCcTBO MOMyUYaeTcsl yCpeTHEHUEM dIIEMEHTapHOTO HEPAaBEHCTBA

2<XY1+ XYoo+ XoY 1 - XoY o < 2.

[IpuHIMI TOKATBFHOCTH, WJIH, JIy4Ille CKa3aTh, pa3/IeIMMOCTH B JAHHON MOJIETH 3aKII0YaeTCs
B TOM, 4TO (u3WUecKas HaOromaeMasi IS IEPBOM CHUCTEMBI OIMCHIBACTCS OJHOW W TOU XKe
ciydaiiHOW BemunHOM (X1 B Cllyyae MEpBBIX JBYX KOppeNsnuii, Xy B IpyroM ciiydae) He3aBHCUMO
OT TOro, Kakas BeMWYMHA — Y1 WA Yy U3MEPSIETCS BO BTOPOW CHCTEME. DTO YCIOBHE KaXETCS
HACTOJILKO €CTECTBEHHBIM, YTO OHO Jake TPyAHO YyioBuMoO. OJHAKO MMEHHO OHO 3amperraeT
MTHOBEHHOE BIIMSHHE HW3MEPEHHUs, TPOBOIIETOCS B OJHOW CHCTEME, Ha W3MEPEHHS B JPyrou
cucteme. Ecnu oT Hero otkazaThCesi, TO HHTEPECYIOIINE HAC YeThIpe (Pu3udecKre KOPPEsIui MOTYT
OBITh JIFOOBIMH BeJTHUMHAMHK U3 oTpe3ka [-1,1]".

OdeBHIHO, YTO TMOJyYEHHOE HEPABEHCTBO CIpaBeauBO. Hukakue 3HAYCHUS HE3aBHCHMBIX
CIIy4alHBIX BEJIMYWH HE IO3BOJIAT MOJYYUTHh 3HAUEHUS BBIpaKEHWsI, TpeBbimatomero 2. Ho, kax
yTBEPXKIAAeTCs, KBAHTOBBIC YACTHUIIBI B 3allyTAaHHOM COCTOSIHUHM, TeM HE MeHee, HapyIlaioT 3TO
HepaBeHCTBO. Kakum 00pa3om — moka HesicHO. PaccMOTpuM MeXaHW3M 3TOTO HapyIleHus B paboTax
Anena Acmiekra [4].

JInst Teopwii CO CKPBITBIMH TIEPEMEHHBIMH ACHEKT HPHBOJUT Takyi (opMy (YHKIAA
KOPpeTSIun:

E(a, b) = [dip(D)A(, a)B(, b) (12)

Otmedasl, 9TO €CTh MHOIO pa3IUYHBIX (OpM H JIEMOHCTpaIMii HepaBeHCTB besura, oH
MpeagaraeT pacCMOTPETh BhIPAKEHHE

s =A(4, a)-B(@, b) - A(4, a")-B(, b) + A(4, @)-B(4, b') + A, a')-B(#, b')

=A%, @)[B(A, b) - B(,, b")] + A(4, a)[B(4, b) - B(4, b")]

[Tomus, 9TO 3TH YeThIpe BeUUnHBI A U B mpuaMMaroT Tosibko 3HaueHue +1, mpoctoit ocMoTp

BTOpO#1 cTpoku (17)moKa3biBaeT, 4To

(17)

s(,a,a',b,b)y==%2. (18)
Cpennee 3HaueHUE STI0 A TOATOMY 3aKJITFOYEHO MEXKIY + 21 — 2
2 <[dip(2)-s(, a, a', b, b) < 2. (19)
Coracuo (12), MBI MOXKEM TIEpENUcaTh 3TH HEPAaBEHCTBA
-2<S(,a,a’, b,b)<2. (20)
rne
S(, a, a', b, b)=E(a, b) -E(a, b") +E(a’, b) + E(a’, b") (21)

OTO W ecTh, yHnoMHHaBImuecs Hamu HeogHokpaTHo BCHSH - HepaBencTtBa, TO ecTh
HepaBeHCTBa bemna, BeiBeseHHbIe Knay3epom, Xopuow, [llumonn u XonbtoMm. Jlerko 3aMeTuTh Mx
CXOJICTBO ¢ (popMoii, mpuBeAEHHON X0JI€BO, YTO B OOIIEM-TO OUYeBHUIHO. B sKcrepuMenTax AcmekTa
OHH OTHOCSTCS K KOMOWHAMU S w3 dYeTblpeX KOI()(DUIIUEHTOB KOPPEISIUN MOJISpU3aIiH,
MPUBSI3aHHBIM K JIBYM HallpaBJICHUSIM aHAJIM3a JIJIsl KaXI0To mojisipu3zaropa (au a' i nojsipusaropa
[, bu b’ mns monspusaropa Il). Acmekt oTMedaeT ux OOIIHOCT: OHU IPUMEHHMBI K JFO00# TeOpHH ¢
JIOTIOTHUTETFHBIMU TTapaMeTpaMHu B caMoit o01melt (hopMEI.

Jlaee AcnekTt mpuBoauT emé oaHy (Gopmy HepaBeHCTB bema. OOpamaeM Ha 3To ocoboe
BHUMAaHUE. 3TO HEPABEHCTBA, CO3/IAHHBIC HE JUIsl TEOPUH C JOMOIHUTEIBHBIMU MMapaMeTpamu, a JJis
KBaHTOBOHM MexaHUKH. To ecTh CyIIECTBYIOT /IBa Kjlacca HepaBeHCTB besuia: JiIs JTOKaIbHBIX TEOpHi,
MpUBEACHHBIE BBINIE, U JJI1 KBAHTOBOW MEXaHWKH, KOTOpPBIE MBI ceidac moyduM. [ moxydeHust



KBaHTOBO-MEXAaHWYECKUX HepaBeHCTB benna" AcnekT ucmnonib3yeT Takod xe nmpuéMm. Paccmorpum
KBAaHTOBO MEXaHMYECKOE 3HAYEeHUEe S

Som(®, &, b, @', b') = cose, b) - cosg, b’) + cos@', b) + cosé’, b') (23)
I10 - QYyHKIMS TpeX HE3aBHCUMBIX epeMeHHbIX (a, b), (b, a') u (a', b'). 3ameTnM, uto
(a,b)=(a b+ a)+@,b)

Haiiném skctpeMym 3HaueHUsI Sqm, IPUPaBHSB HYJIIO TPU YaCTHBIE IPOU3BOIHBIE

(a, b=, a)=(@',b)=0 (24)
n
sinfd=sin 3 (25)
AOGCOIOTHBIE MAKCUMYMBI 1 MUHUMYMBI Som PaBHBI
Som = 2V2 1 6 = = 71/8 (26)
Som = -2V2 151 0 = + 31/8 (27)

DTH 3HAUCHHUS SBIISIFOTCS pellicHreM ypaBHeHuUs (25).

Wtak, MBI BUJIUM, YTO JJIsSi KBAHTOBOM MEXaHUKU 3HAUYECHUsI MOJyJisS B HepaBeHCTBaX bena
HECKOJIbKO BBIIIE, YeM Ui JOKAIbHBIX Teopuii. COOCTBEHHO TOBOpS, B OTOM U 3aKIIIOYAETCS
MeXaHU3M "paboThl" HepaBeHCTB beia, CyImmHOoCTs X HapyIIeHUs. DTH HEPABEHCTBA, COCTABICHHBIC
JUISL JTIOKAJIBHBIX TEOpWH, HE MOTYT NpPHUHAMATh 3HAYCHHH, 0OecleynBacMbIX HEpPaBEHCTBAMH,
COCTaBJICHHBIMU JJI1 KBAHTOBOM MEXaHUKU:

Som = 212 (22)

Kak BuguMm, 5TO KBaHTOBO-MEXaHHYECKOE IMpeJCKa3aHWe OMpeeIeHHO HaXOIuTcs B
MPOTHBOPEUHH C HepaBeHcTBamMu bemma (20) koTopele HMMeeT CHIy JUIs JIFOOOH TEOpHH ¢
JIOTIOTHUTETIFHBIMU TTapamMeTpaMu. JlpyruMu clioBaMu, HapyIIaroTcsl HE COOCTBEHHO HEpaBEHCTBA
benna kak TakoBble (He CyIIECTBYET crocoOa MOJYYHTh 3HAUCHHWE MOJYJIS, MpeBbImammee 2), a
MeeTCs JBa Kjlacca dTUX HEPaBEHCTB: JIOKAbHBIE U KBAHTOBO-MeXaHuueckue. OHU, MOHSATHOE JIENO,
AMEIOT pa3Hble "TUTaHKK", BBINIE KOTOPHIX HE IMOJHUMAIOTCS 3HA4YeHUs BbIpakeHuid S. Buawmmo,
pa3yMHee TOBOPHUTH O HapYIIEHHUH HEPABEHCTB B JIPYTOM CMBICIE. 3HaueHHE S IS JIOKAThHBIX
TEOpUi He MpeBbIaeT 2, a JIJIsl KBAHTOBOW MEXaHUKH — IIPEBBIIIAET.

Bce mocnenyrommue sKcmepuMEHTHI, HalpaBJIeHHbIE Ha TMPOBEPKY HepaBeHCTB bennta, B
CYITHOCTH, MpecieIoBali OJIHY ILeNb. MOKa3aTh, YTO B pEAIbHBIX 3KCIIEpUMEHTaX HEpaBeHCTBA
bema WMEIOT BEpPXHIOK TpaHUILy, COOTBETCTBYIOIIYIO BbIpaxeHuto (22). Jlpyrumu ciioBamy,
HepaBeHCTBa berma (Ui JIOKQJIBHBIX TEOPHUi) HE HApYIIAIOTCS, a IPOCTO HE COOTBETCTBYIOT
pealbHOMY TIOJIOJKEHHUIO BEIlel, a CYyIHOCTh TeopeMbl benna cocTout, B TakoM ciiydae, B TOM, YTO
HEBO3MOXKHO HaWTH (MOCTPOWTH) TEOPHIO C JOMOJHUTEIBHBIMH IMapamMeTpaMu, KOTopas Obuia Obl
criocobHa 00eceYnTh TaKO! Ke YPOBEHBb KOPPESIINY SISl BCEX CIIy4aeB, UYTO M KBAHTOBAS TEOPHUSI.

JloGaBuM, 4TO HA OCHOBAaHUU CBOMX BBIKJIQI0K ACHEKT JeJIaeT JBa IpUMeyaTeIbHbIX BHIBO/IA.
OH oTMedYaeT JBe THUIOTE3bl, KOTOPbIE ¢ HEU30EKHOCTHIO MPUBOIST K KOH(DIUKTY ¢ KBAaHTOBOWM
MEXAHUKOM:

* KOppETSIUU Ha PACCTOSHUM MOTYT OBITh TIOHSTHI Ha OCHOBE BBEICHHUS JOMOJHUTEIHHBIX
rapaMeTpoB JUIsl pa3J/IeIeHHbIX YacTHll, B AyXe UJeu DUHIITEHHA O TOM, YTO Pa3IMYHBIM YacTUIAM
OTBEUAET pazHble PUINUYECKUE CYITHOCTH.

o semuunsl A(A, @), B(A, b) u p(L) oTBeuaroT ycinosuio noxkanvrocmu, m.e. OHH He 3a6UCAM OT
OpHUEHTAINH YAaTeHHBIX MOISIPU3aTOPOB.

Bropas rumote3a AcmekTa TpeacTaBiseT ocoOblii mHTepec. KOHQIMKT ¢ KBaHTOBOU
MEXaHUKOH (M, COOTBETCTBEHHO, C pPe3yJIbTaTaMH MHOXECTBA SKCIIEPUMEHTOB) BO3HHKAET, €CIIH
cobbimus B YITAIEHHBIX CHCTeMax He 3aBHUCAT Ipyr oT Apyra. VIMeHHO cobwimus, MOCKOIBKY
BEPOSITHOCTH WM3MEPEHHU Ha YJIAIEHHBIX MOJSIPU3aTOpPax OJHO3HAYHO OIPEACTSIOTCS ATUMH
BeJIMYMHAMH. DTO OYECBUIIHOE CIIC/ICTBHE YTBEPXKICHUS (TMIOTE3bI) ACIEKTa: eclii Obl BEPOSITHOCTH
Ha M3MEpPUTENSIX 3aBUCENId OT OPUEHTAIMHA YJAIEHHBIX OT HUX TOJSPHU3ATOPOB, TO KOH(JHMKTA C
KBAaHTOBOM MEXaHUKOW He ObUTO ObI. JIpyrumu ciioBaMu, BEPOSTHOCTh U3MEPEHHUS OJTHONW KBAaHTOBOMU
YACTHIIBI 3a6UCUmM OT U3MEPEHUS APYToH, yIan&HHOW YaCTHIIBI.



HeMHoOro0 0 3aBHCHMBIX H HE3aBHCHMBIX COOBITHAX

SIBISIFOTCSL TM KBAHTOBBIE COOBITHS He3aBHUCHUMBIMU? OUEBUIHO, UYTO TEPBOE U3 M3MEpEHUi
3alyTaHHBIX YaCTUI[ MOKHO C TOJHBIM IPaBOM Ha3BaTh He3aBUCHUMbIM. HeT HHMKakux yka3aHuil Ha
TO, YTO 3HAUCHHE BEPOSATHOCTH paBHOE 1\2 MOXKET OBITH U3MEHEHO KaKUM-TTHO00 criocobom. Huuto He
MO>KET MOBIUSATH HAa MCXOJ MEPBOr0 M3MEPEHUS: BEPOSTHOCTh MOJYUYEHHS] HEKOTOPOTo pe3yibTaTa
ctporo paBHa 1\2. [Tpu 1r000M W3MepeHHH 3Ta BEJIMYMHA OCTAETCS HEM3MEHHOM, TO eCcTh Ha Heé B
TPUHITATIE HE OKa3bIBACTCS HHUKAKOro BIUSHHSA. JIMOo 5TO Takoe "BiamsHUE", KOTOpOE HHUKAK HE
u3MeHsieT pesynbrar. Ho »3Toro Heme3st ckazarb O BTOpOM H3MepeHuu. Ero pesynbTaT
HeonpogepocumMo 3aBUCUT OT pe3ylibTaTa NEpBOro H3MEpeHUs. BeposSTHOCTh HaCTYIUICHHUS
HEKOTOPOTO pe3yibTara BO BTOPOM HW3MEPEHUU OJHO3HAYHO OINpEAeNseTcs] TeM, KaKyko
MOJISIPU3AIMIO TIONYYUT (OTOH B MEPBOM H3MepeHHH. ECTh HEKOTOphIe YCTAaHOBKH (HACTPOWKH)
MOJIIPU3AaTOPOB, TPH KOTOPBIX 3Ta BEPOSTHOCTH IMPEBPAINACTCS B CBOIO MpeneibHylo GopMy —
JIOCTOBEPHOCTh. T0 €CTh ¢ IOCTOBEPHOCTHIO (BEPOSTHOCTHIO, PABHOM elUHHMIIE) OyIeT HAOIIOAaThCSI
3apaHee Ha3HAYCHHBIH pe3yiabTaT. UToOBl yOeauThCS B ITOM, PacCMOTPHUM HEKOTOphIe 0a30BbIe
IOJIOKEHHUSI KIIACCUYECKON TEOPUHU BEPOSITHOCTH.

Beimie B 1aHHOM cTaThe MBI IPUBENTU BhICKa3bIBaHHE XO0JIEBO:

"OT0 yciOBHE ... 3ampeliaeT MTHOBEHHOE 6jUsHUe W3MEPEHHS, TPOBOISIIETOCS B OTHOM
cHCTeMe, Ha U3MepeHus B Jpyroii cucteme” [51].

MBI crienralibHO BBIIETISIEM CJIOBO ''BIIMSIHHE', TIOCKOJIBKY UMEHHO OHO SIBJISIETCSI KITFOUEBBIM,
MMEHHO B HEM, BO BJIMSIHUM 3aKIIOYEHO MPOTHBOPEUYHE MEXIY HEJIOKATBbHOCTHIO M JIOKAIHHBIM
peanu3moM. J[aBHO HM3BECTHO, YTO KBAaHTOBAas MEXaHWKa MPEUIOKHIa COOCTBEHHYIO, KBAHTOBYIO
JIOTUKY U COOCTBEHHYIO, KBAaHTOBYIO TeOopHIO BeposiTHocTel. [IoCKoNbKy COOCTBEHHO KBaHTOBOI
TEOpUHU BEPOSTHOCTU KaK TaKOBOHM, BUJIMMO, HET, B POJIM TaKOW TEOPUU BBICTYINAET camMa KBAHTOBAs
MEXaHHKa.

OpHMM 13 3HAMEHUTHIX [TPABHII TOU TEOPUH SIBISIETCS CIIEIyIOIIee:

"CnoxkeHWe BOJHOBBIX (YHKIMH (aMIUIMTY]] BEpOATHOCTEW), a HE BEPOSATHOCTEH
(ompenensieMbIx KBaJpaTaMyd MOJYJICH BOJHOBBIX (DYHKIIHIA) TMPHHIUIIMATIBHO OTJIMYAET KBAHTOBYIO
TEOPUIO OT KJIACCHYECKOH CTAaTHCTUYECKOW TEOpHH, B KOTOPOH Ui HE3aBHUCHMBIX COOBITHH
CIpaBeIuBa meopema ciodxcerus: eeposimruocmeti” [28, €.8]. Dror moBox mnpu oOwsicHenuu DIIP-
mapaiokca MOXHO YCIBIIMATh JOBOJIBHO YacTo. OTpullas 3aBHCHUMOCTh COOBITUHM, KOTOpass HESIBHO
TpeOyeT oOMeHa CUTHaJIaMH, YTBEPXKAAETCs, YTO MPOCTO BEPOSITHOCTU BBIUUCIISIOTCS MO JIPYTHM,
KBaHTOBBIM TMpaBmwiaM. UTOOBI YBUAETh CXOACTBO WM pa3IMude KJIACCHYECKOTO M KBaHTOBOTO
MOJIXOJIOB K CIIOKCHHUIO BEPOSTHOCTEH pPAaCCMOTPHM CYTh KIIACCHYECKOW TeopeMbl (IpaBuiia)
CII0’KEHUS BEPOATHOCTEMH:

"BeposTHOCTh HACTYIUIEHHS B HEKOTOPOM oOIlepanuyd Kakoro-iubo omHoro (6e3pasindHo
KaKoro UMEHHO) U3 pe3yJbTaToB Aj, Ay, ..., A, paBHa CyMMe BEPOSITHOCTEH THX pe3yJIbTaTOB, €CIIH
KaK/IbIe J{BA M3 HUX HECOBMECTHMBI MeXx 1y coboit” [19].

Teopema croxxeHuUst MOXKET OBITh MpEJICTaBlIeHA U B TAKOM BHJIE!

"Ecmm coOertust A1, Ao, ..., A TaxkoOBBI, YTO KaXIble [IBa W3 HUX HECOBMECTHBI, TO
BEPOSITHOCTh MX O0OBETMHEHHSI paBHA CyMMe HX BeposiTHOCTe" [44].

3nech moa oOBeAMHEHHEM COOBITHH mMmoHuMaeTcs cheayromiee. CoOwsitne B HaszwBaeTcs
oobeuHeHneM (cymmoit) coObituit Ag, Ay, ..., A,-, €CIIH OHO MMEET BHJI. "HACTynaeT win Aj, Win
Ao, ..., A/

"CymMoit win 00beIMHEHHEeM HECKOJIBKUX coOBITUH Aj, Az, ..., Ay Ha3pBaeTcs coObitne C,
COCTOSIIEE B TOM, YTO IIPOU3OIILIIO XOTs OBl 0JTHO U3 cOOBITUH Ag, Ag, ..., Ay

C=A+A+...+A" [23,c.35]

ITox coBmermenneM coObITHl A1, Ao, ..., A mounMaerca coobitue C, €CiIi OHO MMEET BUI.
"Hactynaet u Aj, u Ag, ...,u A/".

WNHorga coBMellieHHE HA3bIBAIOT TaKXKe IPOM3BEJICHHUEM WM IepeceueHueM coObITuil. B
YaCTHOCTH, U1 ABYX coObITHil: "lIpom3BeneHuem uiam nepecedyeHueM coObITHH A u B HazoBem




coOpiTHe, oOo3Hauaemoe AMNB wnmum AB, kKoTOpoe NpPOMCXOIUT TOTAAa M TOJIBKO TOTJa, KOraa
npoucxoaat coobiTust A u B Bmecte” [43, ¢.3].

HampoTuB, HeCOBMECTHBIMU COOBITHSIMH CcUHTaloTcss coObiTust A u B, ecnmm  ux
OJTHOBPEMEHHOE OCYIIIECTBJICHHE HEBO3MOXXHO, TO €CTh €CIM HE CYIIECTBYET CPEIH HCXOJI0B
WCOIBITAaHUS HU OJHOrOo OnarompusTcTBytomero u A u B. Kak Buamm, Teopema CIOXKEHHS
BEPOSITHOCTEH BIUIOTHYIO COINPHUKACAETCS C TOHSTHEM 3aBUCHUMBIX COOBITHI, KOTOPHIE HMEIOT
OUYEBUTHOE OTHOIIIEHHE K OTMEYEHHOMY BBIITIE "MTHOBEHHOMY BIIUSHUIO pa3IeIEHHBIX U3MEepeHUil" B
BBIKJIaJIKaX Xo0yeBo. [loCKonpKy MBI TIBITaEMCS IIOKa3aTh, YTO KBaHTOBbIE coObITHs B OIIP-
mapajiokce SBJSIOTCS 3aBUCHMBIMH, HaM HEOOXOJMMO pacCMOTpPETh CYITHOCTh 3aBHUCHMOCTH
ciay4daiiHbIX coObiTuil. [lpuBeném Kiaccwmdeckoe Ompe/ielieHue HE3aBUCHUMBIX COOBITHM, JTaHHOE
Kommoropossim [24, €.19]:

s(1) (s(2) (s03) s(r) )
555 D5, I, gt T.e. Npasnoxennit (i =1, 2, ..., n)
Q=AP + AP + ..+ AP
il | 2 P,

OCHOBHOT'O MHOXecTBa () Ha CyMMY (HemepeceKaroImuxcs) coobITrii. Torma MoxHO 3a1ath I =
F1r2...Ih BEPOSITHOCTEMN

"Ilycth manbl N UCTIBITAHUH

— (1) 4(2) (n)
Dipy., =P(A A7 A7) 20
BOOOIIIEe MPOU3BOJILHO NP €IMHCTBEHHOM YCJIOBUU

Z p-""l"fi---k.-e =1

Cheyadeyionfeys)
s o(2) 4 o(3) s()
Onpenenenne 1l Hcenbranus 895 AN IR gl OylneM Ha3bIBaTh
He3a8UCUMbLMU, €CTTH JUT TOOBIX Ky, Ko ... Kk, IMeeT MecTo paBeHCTBO

Prg.s = PADAD APy = PADYPAD). P(AD)..

[Toxoxue ompeeneHns BCTPEYatoTCsl Y COBPEMEHHBIX aBTOpOB. Harmpumep:
"Ecnu paBeHCTBO
q(x) = [Ta(x) (*)

BepHO JuIs BcexX X = (X) € X, To  Ha3bIBaIOT npoussedenuem O n numryt ¢ = I1g. Ecom g =
I1g;, To roBopAT, UTO CiIy4aitHble nepeMenHsle fj (cmoxacmuuecku) nezagucumur, a ecmu q # I1g; —
uto (cmoxacmuuecku) sasucumnt”. [41, €.37]

OdeBHIHO, YTO YCIIOBHE HE3aBHUCHUMOCTH COOBITHI ClieyeT W3 TaK Ha3bIBAEMOH TEOpPEMBI
YMHOXEHHUSI BEPOSITHOCTEH: BEPOSTHOCTH COBMECTHOTO HACTYIUJICHHUS 3aBUCHMBIX COOBITHIA paBHA
MPOU3BECHUIO WX BEPOSITHOCTEW. AHajmorudHas (GOpMyIHMpoOBKa €CcTh M Yy JAPYTUX aBTOPOB.
Hanpuwmep, Canbepu npuBoauT Takyio [42]:

"Ilycts E u F — 1Ba Hezasucumeix dKCriepuMeHTa, T.€. HET MPUYUHHOTO BIUSHUS OJTHOTO W3
HUX Ha JPYrod W HET OOIIero NMPUYMHHOTO BIUSHUS Ha 00a 3TUX HSKCIepUMeHTa. lorjaa, eciu
01,...0m - BO3MOXKHBIC pe3yJbTaThl 3KcrepuMeHTa E (¢ HayambHBIM cocTOsiHUEM V) Oyner oj , a
[1,...fn - pe3yNIbTATHI 3KCIIEpUMEHTa F (¢ HaYaIbHBIM COCTOSHUEM (), OyaeT 1 , paBHa

pE@F(af H ﬂj | (15“(#): pE(O."- I¢)pF(ﬂj |¢)"_

B Oosee mpoctoMm BHIEe TeopeMa YMHOXEHHsS (COBMEINEHHS) BEPOSTHOCTEH MOXET OBITh
chopMmyHpoBaHa clieayomM oopazom [44]:

"BepostHOocTh coBMemeHus: coObITHH A, Az, ..., A paBHa BEpOSTHOCTH COOBITHS Aj,
YMHOXXEHHOUW Ha BEPOSTHOCTH COOBITHS Ay, B3ATYIO MpH YCIOBHH, 4YTO Aj; HACTYIWIO, ...,
YMHOXEHHOW Ha BEPOSITHOCTh COOBITHS A mpu ycioBuH, uyto Aj, A2, ..., A1 Hactymwmm. JIist
HE3aBUCHUMBIX COOBITHI TeopeMa YMHOYKEHUS TIPUBOTUT K popmyiie:

P(AiuAyu..u Ay) = P(A) P(A)... -P(A)"
@DopMyITUPOBKY TEOPEMBbI YMHOXXEHHS BeposTHOCTeH (KOTOpas MO3BOJSET BBIUYUCIIUTH

BEPOSATHOCTH COBMEIICHHS COOBITHI) [Tt ABYX cOOBITHI HaxoauM u y Dermtepa [48, ¢.122]:
P{AH} = P{A|H}- P{H}.



[anee B cBoeli pabore @eep pacCMOTUBAET psii IPUMEPOB C 3aBUCUMBIMH M YCJIOBHBIMU
BEPOATHOCTSIMHM U JIeJIaeT 3aTeM ciieayromiee yrounenue [48,¢.131]:

"B mpuBeseHHBIX BEIIIE MpUMepax yciaoBHas BepositHOCTh P{A|H}, BooO1e roBopsi, He OblIa
paBHa Ge3ycinoBHO# BepostHocTd P{A}. T'oBOps rpy0o0, 3HAHKE TOrO, YTO MPOM30ILIO coObITHE H,
M3MEHSUIO HAaIly OIIEHKY ITaHCOB MosiBlicHHsI coObITHS A. Tojpko B ToM ciydae, korma P{A|H} =
P{A}, 5To 3HaHWe He OKa3bIBACT HUKAKOTO BIHMSHUS Ha OICHKY IAHCOB MOSBIICHHS COOBITHS A. MbI
OyZeM TOBOpUTH, YTO B 3TOM cCiy4ae coObITHE A He 3aBUCHT OT coObrtmst H". O6patum Ha 3TO
BHUMAaHHE. 3HaHUe 00 O0O0HOM COOLIMUU U3MeHSem OYeHKY ULAHCO8 Opy2020 cobblmus, YTO
Tpaktyercss DeuiepoM Kak 3aBUCUMOCTH COOBITHH.

"Ianee, u3z popmyisr (1.5) creayer, uro ycnosue P{A|H} = P{A} moxHO 3amucarh B 3TOM
ciaydae B popme

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

3TO paBEeHCTBO CUMMETPHUYHO OTHOCHTEIHHO A U H 1 mokasbiBaet, 4To eciu A He 3aBHCUT OT
H, to u H ne 3aBucut ot A" [48].

Ha stom ocHoBanum ®eriep B OTHOIICHUN HE3aBUCUMBIX COOBITHUIH NMPHUBOJMUT TaKoe, KaK OH
€ro Ha3Ball, CHMMETpHUHOE omnpeernenue [48]:

"Ecnmu A ne 3aBucut or H, To u H He 3aBucut or A. [losTomMy MBI mpenamnoyreMm aath
cleytoliee CUMMETPUYHOE

Onpenenenne 1. Jlsa cobwimus A u H wHasvigaromcs He3a8UCUMBIMU, eCIU  OHU
YOO0871emEopsIIoOn COOMHOULEHUIO'

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

Dto ompenenenne npumenumo u B ciaydae P{H} = 0, korzga ycrnoBuas BepostHocts P{A|H}
He ompeesneHa’.

JIJ1s HArJISITHOCTH CIICZIOM OH IPUBOIUT Takoi mpumep [48]:

"N3 Komonapl WIrpajbHBIX KapThl BBITACKMBAIOT Hayrajg OAHYy KapTy. M3 coobpaxenwuii
CUMMETPUHU MBI CKJIIOHHBI OXHJIaTh, 9TO cOOBITUA "Tpeda” m "Ty3" HezaBUCHMEI. J[eliCTBUTENBHO, X
BepOSITHOCTH paBHBI 1/41 1/13,a BepOSTHOCTh UX OJJHOBPEMEHHOTO OCYIIECTBIeHHs paBHa 1/52".

3aMeTHM, YTO CIIpaBeInBa U oopamuas meopema [27]:

Ecnu ona cobvimuit A u B evinonnsiemcs pasencmeo P(AB)=P(A)P(B), mo smu cobvimust
He3a6UCUMbL.

Touno Takoe e onpeneneHne HE3ABUCUMOCTH IS IBYX COOBITUI HaxoauM y YepHoBoii [52,
c.34]:

Omnpenenenune 19. Cobovimus A u B nasvigaromes He3a8ucumblmMu, eciu

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

OTMeTuM, YTO NMPaBHIIO YMHOXKEHUSI BEPOSITHOCTEH MOXET MMETh M el OJHY, HECKOJIbKO
OTJIMYHYIO OT IPUBEIEHHBIX (POPMYITHPOBKY:

"[IpaBuio ymMHOXXEHHUs. BeposSTHOCTH COBMECTHOTO HACTYIUJIEHMS JBYX COOBITMH paBHa
MIPOU3BEACHUIO BEPOSITHOCTH NEPBOTO COOBITHSI Ha YCIOBHYIO BEPOSITHOCTH BTOPOTO, BHIUUCICHHYIO
B IIPE/IIIOJIOKEHUH, UTO nepeoe cobvimue cocmosiiocy" [19, ¢.29].

W nanee npuBOOUTCS YK€ 3HAKOMas HaM OCOOEHHOCTb BEPOSITHOCTEH HE3aBUCHUMBIX
COOBITHH:

"BeposTHOCTh COBMECTHOTO HACTYIUICHHS JIOOOTO YKCJIa B3aWMHO HE3aBHUCHUMBIX COOBITHMA
paBHA IPOM3BECHUIO BEpOSITHOCTEH TUX coObiThit” [19, ¢.32].

Jiis ciipaBKY HAIIOMHKM OIIpeieIeHre I0CTOBepHOro coobitus [15, €.5]:

"JlocToBepHbIM Ha3biBaeTcsi coObITHE U, KOTOpoe B pe3ysibTare ONbITa HEMPEMEHHO JOJIKHO
TIPOU3OUTH.

PU) =1."

N BHOBH O COOBITHSX 3aBUCUMBIX U HE3aBUCHUMBIX. BeHTHens naér omnpeaencHue
HE3aBHCUMBIX COOBITHH Yepe3 YCIOBHYIO BEPOSTHOCTh OHOTO COOBITHS OT npyroro [15, €.21]:

"V cmoBHOM BepOSTHOCTBIO COOBITHS A TIpu HaTu4nK B Ha3bIBaeTCs BEPOSTHOCTH COOBITHS A,
BBIYKCJICHHAS TIPH YCJIOBHH, YTO coObITHe B mpom3onuio. Jta BeposTHOCTH obo3Hauyaercst P(A|B).



CoObiTust A u B Ha3pIBalOTCS HE3aBUCUMBIMH, €CJIH HOsAGIeHUe O00HO20 U3 HUX He MeHsem
6ePOSAMHOCMU NOAGIeHUsL OPY2020. J1Jisl HE3aBUCUMBIX COOBITUI
P(A|B) = P(A); P(B|A) = P(B)."

Teopema yMHOXEHHUS BEPOSITHOCTEH

"BepodTHOCTh NpOU3BEACHUSI JIBYX COOBITUH paBHA BEPOSITHOCTH OJHOTO W3 HUX,
YMHOKE€HHOU Ha YCJIOBHYIO BEPOSTHOCTD JPYTOTO MPH HAJTMYHH TIEPBOTO:

P(AB) = P(A) P(BJA)

WA

P(AB) = P(B) P(A|B).
JIns He3aBUCUMBIX coObITHIT A 1 B
P(AB) = PQA) P(B)."

Nrak, Teopema 00 yMHOXEHUH M OOpaTHas K HEH Teopema yTBEP)KIAlOT, YTO 3aBUCHMBIMHU

COOBITUSIMHU SIBJISIFOTCS JIBA COOBITHUS, JUIsl KOTOPBIX BHITIOJIHSIETCS] PABEHCTBO!
P(AB) = PQA) P(B).

Teopema (mpaBmIIO) CIOKEHHS BEPOSTHOCTEH KIACCHYECKON CTATUCTHYECKOW TEOPUH, Kak
OTMEYCHO, KacaeTcsl COOBITHI HE3aBUCHUMBIX. B TPOTHBOBEC 3TOMY KBaHTOBOE MPABUJIO IpeJjiaraet
CJIOKE€HUE aMIUTUTyl BepositHocTel. Ilpm »TOM yTBepkmaercs, YTO COOBITHS, AMILTUTYbI
BEPOSITHOCTEH KOTOPBIX CKJIAJBIBAIOTCS, SBISIOTCS HE3aBUCUMBIMH M HeEJTOKaIbHBIMH. OJHAKO
BbIpakeHUs1 (YpaBHEHUS) M PE3yJbTaThl 3TUX BBIYUCICHUN JEMOHCTPUPYIOT MMOJ00ME 3aBUCUMOCTH
MEXIy COOBITUSMH. AHAIW3 OMUCAHWA MHOXECTBA JKCIEPUMEHTOB HABOJAUT Ha MBICIH, YTO
OMHUCAHUs COJEPKAT JIaKe HE 3aByAIMPOBAHHYIO, a IBHO BUAMMYIO 3aBUCUMOCTH cOObITUH. [ToaTOMY
KBAaHTOBOE IPABWJIO CIIOKEHUS AaMIUIATYJl BEPOSATHOCTEH (aKTHUSCKH SIBIIIETCS CBOeOOpa3HOM
MONBITKON CKPBITH 3T 3aBUCUMOCTH.

AHAJIN3 KBAHTOBO-MEXaHUYECKUX APTYMEHTOB

B pa6ore [4, 40] AcriexT mesaet clieayrolee 3aKar0YeHue:

"KBAaHTOBO-MEXaHUYECKUE BBIYMCICHUS IOKa3bIBAIOT, UTO XOTS KaXJ0€ HIAMBHAyabHOE
W3MEpeHue [aeT CiydaiHble pe3ylbTaThl, T CIlydallHble pe3yJbTaThl KOPPEIUPOBAHHBI, Kak
nokaseiBaeT ypaBHeHuwe (6). Jns mapamnenbHol (MM TEPIEHAWKYJISIPHON) OpHEHTAIHH
HoJISIpU3aToOpoB Koppeisinus noiHas (|Eqm|= 1)".

ITog TepmuHOM "KOppensinusa” cKpblBaeTcs OOBIYHOE TOHSITHE. B3aUMO3aBUCUMBI. To ecTh
KKIpId U3 pe3yJIbTaTOB HM3MEpEHMs CIy4daeH, a Jpyr € JPYroM OHHM CTPOro B3aWMOCBSI3AHBI.
[IpoBeném anamoruto ¢ moadOpackiBaHUEM MOHETHL. [IpoHM3BOJMM MHOTOKpATHBIE TOIOpPACHIBAHHS
MOHET U PETUCTPUPYEM JIBa COOBITHSI. BEPXHIOIO CTOPOHY MOHETHI M HHUKHIOIO CTOPOHY MOHETHI.
OueBUHO, YTO KaXJI0€ HM3MEpeHHe Ja&T CIy4allHbI pe3ysbTaT: CBEpXY C BEpOSTHOCThIO 1\2
oKasbIBaeTCs b0 opén, oo perika. CHU3Y ¢ BeposTHOCTBIO 1\2 oka3piBaeTcs OO perika, Jubo
opén. Ho o6a m3MepeHus: cTporo KoppearpoBaHbl, IpuYéM Koppensius nonHas. Ecnu cienoBarhb
KBaHTOBas JIOTHKE, TO HaM CJIeI0oBajo Obl CUMTATh, YTO ITU JBa COOBITHs He3aBUCUMBI. HetpynHo
3aMEeTHTh, YTO B JTOM cllyyae HepaBeHCTBa bemra OyayT HapylneHbl JUisl J000d Teopuu co
CKPBITBIMH IIepeMeHHbIMH. HarmomHuM, 9To peub HAET O ABYX CTOPOHAX OJHOW U TOH K€ MOHETHI
[35], a Teopun CO CKPBITBIMH MapaMeTpaMH JIOJDKHBI, B CYITHOCTH, OTpakaTh TOT (pakT, 4TO JBE
CTOPOHBI MOHETHI KECTKO CBSI3aHBI APYT C APYTOM.

Paccmotpum Temeph BechMa IMOKaszaTedbHBIC BBIBOJBI, MOTYYCHHBIE ACIEKTOM Ha MpHMEpe
ONITHYECKOT0 BapHaHTa MBICIIEHHOTO sKciepumenta DIIP B Bepcun boma B ctatbe [4, 40]:

"HEeMEeJICHHO TMOCJe IEPBOr0 W3MepeHHss (OTOH Vi TOIydaeT MOJISIpU3alMio [8>: 3T
OUYEBUJHO, MOTOMY 4YTO 3TO OBUIO M3MEPEHO MOJSPU3aTOPOM, OPUEHTHPOBAHHBIM IO &, U OBLT
moiydeH + pe3ynpTaTr. boiiee yAMBUTENBHO, OTHAIEHHBIA (OTOH Vp, KOTOPBIA ele He
B3aUMOJICUCTBOBAl HU C KakKdUM MOJSIPU3ATOPOM, TakKXke CIPOSKTHPOBAICS B COCTOSHHE [@> ¢
oTpesieIeHHOM MOoJIsIpu3aliuelt, mapauiebHON TOU, KOTopas HaliieHa ajs poToHa V1.

@opMyITUPOBKHA HWCKIIOYAIOT JFOOBIe JBYCMBICICHHOCTH: W3MEpPEHHE NepBOTO (OTOHA
MPUBOJIUT K MPOEKTUPOBAHUIO BTOPOTrO (POTOHA B ONpeeEHHOE COCTOSHUE. DTO HU UTO MHOE, KaK
3aBHCUMOCTh OJITHOTO HW3MepeHue OT apyroro. llomdepkHEM, YTO HW3MepeHHE MepBoro (oToHa



MPOU30ILIO B OJHOM TOYKE NMPOCTPAHCTBA, a BTOPOH (DOTOH CIPOEKTHPOBAIICS B ONpeAeIEHHOEe
COCTOSIHUE B JIPYTO# TOYKE MPOCTPAHCTBA. 10 eCTh JIEHCTBYSI, BHIIOJHEHHBIC HAJ TIEPBBIM (POTOHOM,
MIPUBEIH K U3MEHEHHUIO BO BTOPOM (OTOHE, HAXOAIIEMCSI Ha yJaJIeHUH OT MEPBOTO.

KBanToBass MexaHHKa TpejularaeT Ha3blBaTh 3TO HEJIOKAIBHOCTHIO, MOCKOJIBKY HE MOXKET
MpU3HATH HAJIMYHME CUTHAIA, C TIOMOIIBIO KOTOPOTO JEHCTBUS Ha/ NMEPBBIM (OTOHAM OBUIH MEpeaHbl
Ha BTOpoi (oToH. OpHAKO (aKT BIUSHUS HA BTOPOH (OTOH YMAIEHHOTO OT HETO H3MEPECHHS
otMeyvaeTcs oTuéTimBo [4, 40]:

i. ®OTOH Vi, KOTOPBIA HE WMEI SIBHO ONPEC/ICHHON MOJSIPH3AIUU Mepe]l €€ U3MEPCHUEM,
MOJTy4yaeT MOJISIPU3AIHIO, CBSI3aHHYIO C MOJyYEeHHBIM Pe3yJIbTaToOM, BO BpeMsl ero U3MEpEeHHs: 3TO He
YAUBUTEINBHO.

ii. Korma wm3mepenme Ha Vi clenaHo, (GOTOH Vp, KOTOPHI HE WMEN OIpe/IeIeHHOM
MoJIIpU3alus 1Mepesl ITUM HU3MEPEHHUEM, NMPOEKTUPYETCS B COCTOSHUE IOJISIPU3AINY, MapalljielIbHOe
pe3yibTaTy U3MepeHus: Ha Vi. DTO OYeHb YAWBUTEIBHO, IOTOMY YTO 3TO M3MEHEHHE B ONHCAHHE Vo
MIPOUCXOUT MTHOBEHHO, OE30THOCUTEIIbHO PACCTOSHUSI MEXAY Vi U V2 B MOMEHT IIE€pBOTrO
HU3MEpEHUSL.

OTMeTMM M MBI 3TO emE pa3, aKIeHTHpYys BHUMaHHE HAa CaMOM TIJIaBHOM, 3aBHCHMOCTH
COCTOSIHUSL BTOPOro (pOTOHA OT M3MEpeHHs, NMPOU3BENEHHOTO HAJ NEPBBIM. K020a uzmepenue Vi
coenano, omon \o npoexmupyemcs. JIs KIACCHUECKOW TEOPUH BEPOSTHOCTH M (HOpMATbHOU
JIOTHKH — 3TO psiioBoe siBieHue. [Ipoucxoaur oaHo coObITHE, 3aTeM MPOUCXOAUT BTopoe. Eciu He
MIPOU30IIUIO MIEPBOE, TO HE MPOUCXOTUT BTopoe. IlepBoe — nmpuumna, BTopoe — cineactsue. Ho s
KBaHTOBOW MEXaHUKH 3T0 HejponycTumo [4, 40]:

"OTta KapTHHA HAXOJHWTCS B MPOTHBOPEUYHUH C OTHOCHUTEIBHOCTHIO. CorlacHO DUHINTEHHY,
coOBITHE B JaHHOW 00J1aCTH MPOCTPAHCTBA-BPEMEHHU HE MOXKET HAXOAUTHCS O] BIUSHUEM COOBITHS,
MIPOU3OIIEAIIET0 B MPOCTPAHCTBE-BPEMEHH, KOTOPOE OTAENIEHO IPOCTPAHCTBEHHO-TI0I00HBIM
uHTepBaioM. HepasyMHO mbITaTbcs HalWTH Oosiee mpuemiieMble KapTHHBI, 4ToObI "moHsATh" OIIP-
KOpPEJISIIIu .

CrpaHHO BHJIETH B KadecTBE J0BOJA YTBEPXKICHHME. 'HEpasyMHO IbITarbed . PazymHee
0e30CHOBATENIbHO, 0€370Ka3aTelIbHO BBECTH (DaKTHUSCKU aOCYpJHOE MOHSTHE, He MPOTHBOpEUaIee
TEOPHH OTHOCUTEIBHOCTH, HO IPOTUBOpPEYAIIee JIOTHKE U TEOPHH BEPOSTHOCTH HEJIOKAJIBHOCTh. JTO
MO>KHO TIOHSTH. KBAHTOBasi MEXaHUKA CTPEMHUTCS] COXPAaHUTh CIIPABEIJIMBOCTh CIIEIIUATBLHOW TEOPUHU
otHocuTenbHOCcTH. Ho ynanock nu ato ein?

OmnwchbIBast yIUBUTEIIbHBIE CBOWCTBA KOPPEIMPOBAHHBIX POTOHOB, ActekT oT™MeuaeT [4, 40]:

"OTO yIMBUTENBHOE 3aKIIOYEHHE, OJIHAKO, BEAET K IPABWIBHOMY 3aKJIIOUUTEIBHOMY
pe3ynbrary (3), HauMHas ¢ MPSIMOTO MPHMEHEHHUs 3aKkoHa Maityca, 4To Mmocje/ayroliee U3MepeHue,
BBINOJTHEHHOE 110 b Ha oToHe V, OyeT BecTu K

I
Py (a,b) = cos” (ayb),

[IpucMoTprMcss ¥ MBI K 3TOMY 3aKOHY. B H3j10)KeHWHM ACIHKTAa MBI BHJMM HEKOTOPHIA
JIOTUYECKUI MHTEepBaJl, MPOBaJ, OOpPBIB JIMHUK pacCyxaeHuii. B Hauane ¢parmMeHTa OTUETIMBO U
HEJIByCMBICIICHHO OTMEUEHO nepeoe CoObimue. U3MEpeHHe NoJsipu3anud (oToHa Vo. MBI BIpaBe
3aJ1aThCsl BOIIPOCOM, & YTO HA CAMOM JIeJIe SIBJISICTCS 6MOpbiM coObimuem? PaccMOTPHM BBIpaXKEHHUE
(4) B crathe Acmiekta [4, 40]:

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

Hac unTepecyer B mepByto odepeab cucreMa 000O3HAUEHUH, IpUHATAs B cTaThe. A UMEHHO,
4yTo 0003HayaeT BeipakeHue Pi.(a,a)? M3 Tekcra ctaTh ClielyeT, 4TO 3TO BEPOSITHOCTH COBMECTHOTO
oOHapyxeHuss (OTOHOB B ++ KaHaiax NOJIIpU3aTopoB, kKorma a=bh. B 3akone Manyca »tn
HAIpaBIICHHsI HE PaBHBI, MOATOMY BenmunHa Py.(a,b) 0603HauaeT BeposiTHOCTH OOHAPYKUTH (POTOHBI
B ++ KaHajax TOJISIPU3aTOPOB B HampamieHusx a u bD. CremoBaTenbHO, COOBITHS, KOTOPBIC
OTIMCHIBAET 3aKOH Maiyca —3To JBa coObITHs: 0OHapykeHHue nepBoro (GoToHa Vi mossipuzaropom | B



HalpaBJICHUU A B KaHaje +, 1 00Hapy)eHue BToporo (poToHa Vo B mossipusarope || B Hanpasinenuu b
B KaHasie +. To ecTh MBI yTBEpXkIaeM, 4TO BTOPHIM COOBITHEM SIBJISIETCS COOBITHE, aHAJOTHIHOE
MEPBOMY, - H3MEpeHHe NOJspu3anud (POTOHA Vp, TOCKOJIBKY CYTh H3MEPEHH B JIaHHOM
HKCIIEPUMEHTE 3aKIIFOYaeTCsl B ONMPECICHUN MOJSIPU3AIMN KaXKIOro U3 JABYX (oToHOB. [Ipu 3TOM
OCHOBHBIM, TJIABHBIM pE3yJbTaTOM MbI IO-IIPEKHEMY CUYHTAEM BEPOSITHOCTh HACTYILICHHS
coBMecTHOTO coObITHs Pyi(a,b). Ham npemnararor, 4to Bce 3TH CBEICHHUS 3aKIFOUYCHBI B BRIPAKCHHH
3akoHa Manyca. Ho 3To He BepHO, 3TO SBJISETCS OYEHb XOPOINO 3aKaMmy(IMpPOBaHHON MOJMEHOM
MOHATHH, TOCKONBKY P:s(@,0) — 3TO He BepOSATHOCTH HACTYIUIGHHUS BTOPOrO COOBITHS. ITO
BEPOSITHOCTH COBMECTHOTO HACTYIUICHHS JBYX COOBITHIA: peructpanuu oboux (OTOHOB B KaHaIax
++.

Beimie B Bblpakenuu (2) crtateu [4] ObUTO TMOKAa3aHO, YTO CYIIECTBYIOT 'OJMHOYHBIC
BEPOSITHOCTH" MH/IMBU/yAIbHBIX U3MEPCHUHN Ha POTOHAX Vi H V5!

P(a)=r_(a)=1:2
Po(b)=Fr_(b)=12

DTO J1Ba CAMOCTOSITEIbHBIX, UHIUBHYATbHBIX U3MEPEHUS, KaXKI0€ U3 KOTOPhIX UMEET CBOIO
COOCTBEHHYIO, CaMOCTOSTEIBHYIO, HHINBH/IYAIbHYIO BEPOSTHOCTh. M Hac MHTEpeCyeT COBMECTHast
BEPOSITHOCTh HACTYIUICHHS STHX JIBYX HHIUBHIYaIbHBIX coObITHI. Kak ObUTO MOKa3aHO BBIIIE, 3Ta
BEPOSITHOCTD BBIYUCIIACTCS MO-PAa3HOMY, YTO OMPEAENIAETCS TEM, 3aBUCHMBbIE TH JiBA COOBITHS HIIH
He3aBHcUMbIe. PaccMoTpuM emé pa3 ypaBHeHue 3akoHa Maiyca. CreBa, Kak Mbl YTBEpXKIaeM,
3alicaHa BEPOSITHOCTh COBMECTHOTO HACTYIJIGHHS JBYX COOBITHA — H3MEpPEHHUH Haa JABYMsI
doronamu. CrpaBa, yTBepXIaeM MbI, — IPOM3BeleHHe ABYX BepostHocteil: 1\2 u cos(a,b). Ha
KakOM OCHOBAHHH MbI TPAKTyeM 5TH BEJIMUYHHBI Kak BepOsSTHOCTH? K 3TOM mMeeTcs B MPUYUHBL.
[epBast: pe3ynbTUpYIOIIas BEPOSITHOCTh SIBISIETCS IPOU3BEICHHEM, ITOITOMY 002 COMHOMXHTEIIST MBI
UMeeM TIOJTHOE MPaBO pacCMaTpPHUBaTh KaK BEPOSITHOCTH HEKOTOPOTO COOBITHS. BTOpas: KaxIsi u3
COMHOYKUTEJICH MMEET IOJIHOE CXOJICTBO C BEPOSTHOCTBIO XOPOIIIO U3BECTHBIX KBAHTOBBIX COOBITHIA.
A wuMeHHO. B TOJIHOM COOTBETCTBHH C BBIpakeHHeM (2) craThl ACIEKTa MBI pacCMaTpUBacM
BennurHy 1\2 KaKk BEepOSTHOCTh MHIMBUIYAJIHHOTO M3MEPEHUs Haj mepBbiM (poToHOM. U 1O TaKoi
K€ MPUYMHE BTOPOM COMHOXKHTEIbh TPAKTYETCs KaK BEPOSTHOCTh HACTYIJICHHS BTOPOTO M3 JIBYX
coGbITHit: co$(a,h), TonbKo mox yriom (a,b) moxpasymeBaercs yron MexIy MOJSPU3ALIeil BTOPOro
(doToHA ¥ HaIpaBICHUEM OJIKAUIIero K HeMy MoJsipu3aTopa. M3 KBaHTOBOW MEXaHMKH H3BECTHO:
BEPOSITHOCTh TOTO, 4TO (POTOH MPOHIET Yepe3 MOSIPU3aTop, ONMPEACISICTCS ypaBHEHUEM:

P©) = cos(6) 9)

i (S

0 —yros Mexy mosisipusarei poToHa U MOJIIPU3aTOpa.

MpbI cuuTaeM 3TO CXOJICTBO HE MPOCTOM CIYy4aHOCTBIO, COBITAJCHHUEM, a 3aKOHOMEPHBIM
OTpa)XEHUEM YCJIOBHIA SKCIIEPUMEHTA.

WTak, MBI OPUXOJUM K YBEPEHHOCTH, YTO BEPOSITHOCTH COBMECTHOTO HACTYIUICHHS JBYX
onmucaHHbIX coObITHil Pii(a,b) paBHa mpomsBeneHHIO BEpOSTHOCTH HACTYIUICHHS KaXIOro W3
COOBITHI. DTO BhIpAKCHHUE OTPAXKAET U3BECTHBIN, OTMEUCHHBIN BBIIIE CTAHIAPTHBIN (aKT U3 TEOPHH
BEPOSITHOCTH O COBMECTHOM HACTYIUICHHH JBYX He3d6UCUMbIX coObimuti. B Hamem ciydae 3TO
O3Ha4YaeT HHU YTO UHOE, KaK anmpuopHoe npusHauue TUX JBYX COOBITHN He3aBHCHMBbIMH. Kasaioch
ObI, 3TO MOJHOCTBIO COOTBETCTBYET KBAHTOBO-MEXaHMUYCCKHM IIPEJICTABICHUSAM O HEIOKAILHOCTH:
BBIp@KCHUE TPAKTYETCSI MIMEHHO TakK, Kak 3TOTO U TpeOyeT KBaHTOBAsI TEOPHSL.

Ho mmenHo 31eck U cKpbITa "Ti1aBHas TaiiHA" HENOKaIBHOCTH. Jleno B TOM, BTOpOE M3 JIBYX
COOBITHI — 9TO COBCEM HE TO COOBITHE, KOTOPOE JOIKHO OBITH pAcCMOTPEHO, MPOAHATM3UPOBAHO B
ATOM JKCIIEpUMEHTE. DTO MO0 ToIMEHA OHATHH, 0o ommoOKa. Beap Ha caMoM jienie BEpOSTHOCTh
perucTpau BTOporo (GoToHa OMUCHIBaeTCS BhipakeHueMm (2), a He BeIpaxkenueM (9). To ects,
BhIpakeHue (8) J0DKHO UMETh COBEPIIIEHHO HHOU BHUI:

1 1

P++(a,b)=E><; (10)

—



NmenHO 5TO BBIpaXXeHHWE, a HE BBIpaOXEHHE 3aKoHa Maiyca OTpakaeT peanbHBIA (GakT
BEPOSTHOCTH HACTYIUICHUS JIBYX NEHCTBHTEIHHO HE3aBUCUMBIX COOBITHI: PETUCTPAIINH KAKIOTO H3
($oToHOB (HEOOXOIMUMO 3aMETHUTh, YTO CYIIECTBYET BBIpOXKCHHE, O0Jiee MPUOINKEHHOE K YCIOBHSIM
3amyTaHHOCTH [38], HO MCIOJIb30BaHUE JaHHOTO BBIPAKCHHUS BIIOJIHE JOMYCTUMO). I UMEHHO 3TO
BBIp2OKEHHUE SIBIISETCS IO CYIIECTBY OCHOBOHM [UIsi BBIBOJa HepaBeHCTB bemna s Teopwit ¢
JIOTIOJTHUTETIFHBIME ITapaMeTpaMH.

OueBuHO, uto BhIpaxkeHue (10) B sKkcreprMeHTe HapylaeTcs, a MPaBUIIBHBIC Pe3yJIbTaThl
naéT Wcroib3oBaHue BbipakeHus (8). M3 3Toro ¢ HEW30EKHOCTHIO CIEIyeT OIHO M3 JBYX
YTBEPKACHU: THOO JABA COOBITUS SBISIFOTCS 3A6UCUMbLMYU TAOO TPABUIIO0 YMHOXKEHUS BEPOSITHOCTEH
CTaHJIapTHOU TEOPUH BEPOSTHOCTH (KOJIMOTOPOBCKO#) omurbouHo. Jla, U3BECTHO O CYIIECTBOBAHHH
TaKk Ha3bIBAEMOW HEKJIACCHYECKOW KBAaHTOBOW Teopuu BeposTHocTH. Ho, moxoxe, 9Ta
HEKJIACCHYHOCTh COCTOHWT B IMPOCTOM OTPHUIIAHWUW IIOJOKEHUSI TEOPUU BEPOSTHOCTH, 'MOATOHKE"
KBaHTOBO-MEXAaHUYECKOTO PpeIIeHHs] TOJl SKCIEePHUMEHTAIbHBIH OTBeT. JlelicTBUTEIHHO, SIBICHUE
3aIyTaHHOCTH JIETKO OOBSICHIMO C TOYKH 3PEHHUS KIACCHYECKO TeOpUH BEpOSITHOCTH. BhIpaskeHUe
(8) ¢ oueBHIHOCTHIO OTpaXkaeT TOT (aKT, UTO JBa U3MEPEHHS HaT (POTOHAMHU SIBIISFOTCS 3A6UCUMBLMIUL.
B stom ciiyqae BTOpoe M3 COOBITHIA, "TpaBMIIbHOE", NEWCTBUTEIHHO HE3aBHUCHUMOE IOIMEHSTCS Ha
Jpyroe coOBITHE, KOTOPOE MO OTHOIICHUIO K MEePBOMY H3MEPEHHIO SIBISIETCS HE3aBHCHUMBIM IUIIH
KOCBEHHO, TIPU COOJIIOIEHUN HEKOTOPBIX YCIOBUM (COOIIOCHME JTOPEHII-HHBApHAHTHOCTH). Kakum
Obl HU OBUIO TEpBOE H3MEpEeHUe, HaJl MEPBBIM (OTOHOM, pe3yibTaT BTOPOro, MOJMEHEHHOTO
W3MEPEHUs SIBJISIETCS 10 OTHOIICHUIO K HEMY He3dGUCUMbBIM MOJIbKO HOC/e Hepexooa 6mopozo
domona 6 onpedenénnoe cocmoanue nonapuzayuu. Tonpko TOcIe TOro, Kak BTOpod (oToH
CIPOCTIMPOBAJICS B COCTOSIHUE C OTPENEIEHHONW MOJISIpU3anueii, 1Ba HOBBIX COBMECTHBIX COOBITHS
M3MepeHul CTaHOBsTCS He3aBUCUMBIMU. Ho cam mo cebGe mepexon BToporo (oToHa B COCTOSIHHE C
OTIpeNIeIEHHON TIOJSIpU3aIeld OJJHO3HAYHO 3aBUCUT OT TIEPBOTO HM3MEPEHHs, TO €CTh SIBISETCS
COOBITHEM JIOCTOBEPHBIM.

[TorrpoOyem Temeps OTBETHTH Ha BONPOC, C(OPMYIMPOBAHHBIA BHIIIE. BBEJCHUEM ITOHSITHS
HEJIOKAJIbHOCTh KBAaHTOBAsl MEXaHUKA CTPEMHUTCSI COXPAHUTh CIPABEIMBOCTD CIICIUATBHON TEOPUHU
OTHOCHTEJIEHOCTH. Y JaJIOCh JIX € 3T0?

KBanToBas mexanuka nporus CTO

XoTs KOppessius KBAaHTOBBIX YACTHUI] U HMMEET BCe BHUIAMMBIE TPHU3HAKA 3aBUCUMOCTHU
COCTOSIHUI JpyT OT JIpyra, HO HUKAKOr0 CUTHala, CO3/JIAlOLIero 3Ty 3aBUCUMOCTh 3apETUCTPUPOBAHO
He O0bu10. CunTaeTcs, YT0 HEBO3MOXKHO MCIOJIb30BaTh MITHOBEHHOCTh KOJLIArca JUIsl OCYIIeCTBICHHUS
CBEpXCBETOBOW Mepefaun curHana. Hampumep, XOpolmo HBIHE H3BECTHOE SIBIIEHHE KBAHTOBOM
TeJENOPTallMd BO3MOXKHO JIUIIb MPU HAIMYUU KJIACCUUYECKOT0, JOCBETOBOIO KaHala cBsi3u. Bmecte ¢
T€M BCE-TaKU CYHIECTBYET OJIHA NpPHUHIMIKAIbHAS BO3MOXKHOCTH HCIIOJIb30BAHMSI CBEPXCBETOBOM
CKOPOCTH KOJIJIarca BOJHOBOM (PYHKITUU JIJISl IIPOBEPKHU PEJISITUBUCTCKOTO 3aMeieHus Bpemenu [30].
DTO JOBOJBHO YIUBUTENIBHOE CIIEJCTBUE SIBHO OOHApYXEHHOW 3aBUCHMOCTH MEXIy COOBITHSMH B
OIIP-napanokce. [lpeamnonoxum, 4To U3MEPUTENH COCTOSIHUSL YacThll ycTaHoBieHbl B aByX MCO.
Her BHIUMMBIX TeXHMYECKHUX NPENSITCTBUA K TOMY, 4TOOBI B HUX HaXOJWJIHUCh IO OJHOM H3
MHOJKECTBA TIap 3allyTaHHBIX YacTHIl (HalpuMep, dJIEKTPOHbI). HeT mpuHIUNHAIBHBIX OTpaHUYCHUI
K TOMYy, 4TOOBI ATH D3JIEKTPOHBI COXPAHSUIM CBOIO CBSI3b JIOCTATOYHO JUINTEIHHOE BpeMms,
MaKpOCKOIIMYECKOE BpeMsl, YTO TMO3BOJMJIO Obl MPOBECTH HKCIEPUMEHT CaMbIM HAarJISIHBIM
ciocoooMm. CHpoeKTHpyeM DOKCIEPUMEHT TakKhuM O00pa3oM, HYTO HW3MEPEHHS IPOU3BOIITCS
OJIHOBPEMEHHO ¢ TOYKH 3peHus Tpetbeit, cummerpuunoid MCO. {ns stoit UCO snexktpons! "BXoasT"
B M3MEPUTENN MPAKTHUYECKH OJJTHOBPEMEHHO, MOCKOJIBbKY JJIMHA OJHOIO M3MepuUTeNsl BhIOpaHa 4yTh
00JbIIE APYTOTr0. ITO HEOOXOAUMO JJISl TOTO, YTOOBI 337aTh OIIPEAEIEHHOCTD B IIOCIIEI0BATEIBHOCTH
W3MEpEHUsT YaCTHIl. KakKas W3 HHUX BBI3BIBACT KOJIIAIIC BOJHOBOM (yHKIMH, a Kakas mepen
HU3MEPEHUEM YK€ TOoJyunsa cOOCTBEHHOE cocTosiHUE. Takas cxema I03BOJISIET YTBEPXKIaTh, YTO 00e
KBaHTOBBIE YACTHIIbI MOJIYYHJIA CBOU COCTOSHUS ¢ ToukH 3peHust Tpetheit NCO HemocpeACTBEHHO B
n3MepuTensax. To ecTe MecTo, I/ie KaXaas U3 4acTUIl IIOJy4Yriia COOCTBEHHOE COCTOSHUE, U3BECTHO.



[lonsTHO, 4TO HET M He MOXkeT ObITh HuKakoi Apyroil MCO, ¢ Toukm 3peHHs KOTOpOH dacTuia
MOJIy4nsia COOCTBEHHOE COCTOSIHUE B IPYTOM MECTE, BHE U3MEPUTEIIS.

[Ipou3BenéM M3MepeHHe MOCIe0BaTEIbHOCTH YaCTHIl C OJJMHAKOBBIM MHTEPBAJIOM C TOUKH
3penust Hamei Tperbedt, cummerpuunoir MCO. C e€ Toukum 3penus obe MCO momydwar cTtporo
KOppEeJIMpOBaHHbIE Pe3yJIbTAThl, MOCIEA0BATEILHOCT KOTOPHIX 0003HAUUM HYJISIMH U €IUHHUIIAMHU.
DTO O03HaYaeT, 4TO COOCTBEHHO HW3MEPUTEIBHBIA TPHOOP, PETUCTPUPYS COCTOSHUE KBAHTOBOMH
YacTUIIB], TOJDKEH Ha BBIXOJIE JaBaTh SIBHO Pa3IMYMMbBI MAaKpOCKOMHMYECKUH CUTHAI. OTKIOHEHHE
CTpeJKH mpubopa, BCIBIXMBAHHWE JAMIIOYKU WA OSIIEKTPUYECKHH HMITyJIbC B perucrpaTope.
[locnenoBaTebHOCTH B COOTBETCTBUH C MOJIOKEHUSIMA KBAHTOBOW MEXaHMKH, KaK OTMEYEHO, OyayT
CTPOTO KOppETUpOBaHHBIME (MPH ONpPEIeNEHHON HACTpoiiKe — TOXIecTBeHHbIMU). Kak yka3zaHo
BBIIIIE, MHTEPBAT MEX/y U3MEPEHUSIMU ¢ TOuku 3peHust Tpetbeit UCO oauH U TOT e B KaXA0H u3
moABWXKHBIX. JlomycTuMm, uto oH paBeH 1 cexynae ¢ Touku 3peHuss MCO A. OdgeBugHO, UTO
Bclie/IcCTBUE cuMMeTpuu ¢ Touku 3peHust UCO B stoT unTepBai Takke paBeH 1 cexynje.

[Tapagokc coctouT B ToM, uTo ¢ Toukd 3peHuss UCO A mHTepBaabl MEXIY UMITYJIbCAaMH B
NCO B Toxe paBHbI 1 cexyHJle, TO €CTh HUKAKOI'O 3aMeIeHusl BpeMeHU B aBrokyelica MCO Her.
DT0 cienyer W3 TOro, 4TO HaOMIoAaTedr0o A TOYHO H3BECTHO: yAaNEHHAs KBAaHTOBAas YacTHIlA
IOJIy4nJia CBOE COCTOSIHHE CTPOro B HM3MepuTele B M Ipu 3TOM MeHOGeHHO 00HO6peMEeHHO C
m3MmeputeneM A. DOTo oO3HayaeT IIOJIHOE COBHAJCHHE II0CJIEI0OBAaTeIbHOCTE U HHTEpBAJIOB
MaKPOCKOIMYECKIX CUTHAJIOB PETUCTPATOPOB, TO €CTh OTCYTCTBHE 3aMeJICHHS] BPEMEHHU.

[lockonbKy HeET TakKe TEeXHHYECKHX MPEensSTCTBUU JUIsl TPaJUIMOHHOM IPOBEPKHU
cuHXpoHHOCTH X0J1a yacoB B UCO A u B, Bo3HuKaet aOcyp/i: /IBa B3aUMOUCKIIIOYAIOITUX pe3yJIbTaTa
B OJTHOM W TOM JK€ 3KCIIeprMeHTe. MTHOBEHHOCTh KOJIIarca BOJTHOBOH (GpyHKIIMU TpeOyeT Mpru3HaHUS
CHHXPOHHOCTH XOJia 4acoB, a 3(dektbl JlopeHIla — MpU3HAHUS WX B3aUMHOTO OTCTaBaHUs (JUist
kaxaoi w3 MCO). PasperieHre ero BO3MOXXHO TOJBKO NMPH OTKa3e OT OJHOTO M3 IMOJOXKCHHH:
KBaHTOBO-MEXaHMUECKOW MTHOBEHHOCTH KOJIJIANCa WM PEISTUBUCTCKOTO 3aMe/IJICHNs BpEMEHH.

Kpome Toro, CHMMETpUYHOCTh TMOCIIEIOBATEIbHOCTEH (MM Ja)e WX TOXIECTBO) CHUTHAJIOB
u3Mepureneid B ooenx noABKHbIX MCO mo3BojisieT MTHOBEHHO CHHXPOHU3UPOBATH MX yachl. J[ist
3TOTO JOJDKHBI OBITH OOTOBOPEHBI, HAIIPUMEP, ONpeAeIEHHbIC "CUTHATYPHI" (ITOCIIEA0BATEILHOCTH)
CHUTHAJIOB, IO KOTOPBIM 4Yachl JOJDKHBI OBITH COpOIIEHBI B HYyJeBble NOKa3aHHs. MOXKHO
MCIIOJIb30BATh TAK)KE U MPOCTON OTCUET YMCIIa UMITYJIBCOB (CUMTAs, YTO HU OJIHA KBAHTOBAs Mapa He
notepsina). [lockosbky BoJHOBast (pyHKIHS KOJUIATICHPYET MTHOBEHHO Ha BCEM IPOCTPAHCTBE, TO H
CUTHATYypbl W KOJMYECTBAa HMIYJIbCOB OyayT mnonydeHbl B Kaxjao HMCO Takxke MIHOBEHHO-
cuHXpoHHO. Kak BuauMm, KBaHTOBas MeXaHHMKa IPOTUBOPEYUT  CIEHUAIBHOW  TEOpHUH
OTHOCHUTEJIbHOCTH, TI03BOJISISI IPOU3BOAUTH CHHXPOHHU3AINIO YacoB BoIpeku eil. C apyroil CTOPOHHI,
KBAHTOBasl HEJIOKAIIbHOCTh MMEET BCE BHUJUMBIC aTpUOYThHI Iepeladd CHTHaJA: ITOCKOJBKY JBa
yIATEHHBIX 00bEKTa BEAYT ceOst ouyymumo (IKCHEPUMEHTATIBHO OTPEICIIMMO) B3aUMO3aBUCHMO.

Wrak, bemn mokasain, 4to OTCYTCTBHE 3aBUCHMOCTH ((PH3HUYECKOH) MEXKITY BEITMUYMHAMH, TO
eCcTh WX uhcTas (MaTeMaTHuYecKas) CTaTHCTHYECKasi He3aBUCHMOCTh, HE MOTYT OOBSICHUTh KBAHTOBO-
MeXaHU4ecKyto Koppessinuio. Ho oH oTpunan Takxe W HalIW4Yhe TaKOW 3aBUCUMOCTH, IOCKOJBKY
atoro He nomyckaet CTO.

DUHINTEHH TOXe OTpHUIIA] 3aBUCUMOCTh MEXKJly YacTHIIAMU HAa OCHOBAHUU 3alpeTa TeOpUuu
OoTHOCUTeNbHOCTH. Ho M manbHOJEHCTBHUS OH Toke He Jomyckail. OOBHHUB KBAaHTOBYIO MEXaHHUKY
(BomHOBYIO (YHKIIMIO) B HENOJHOTE, OH, TeM HE MeHee, He MPEUIOKUI HUKAKOTO JPYroro
O0OBSICHEHUS AITOMY SIBIIEHUIO.

BenenctBue  3TOM  HEMOJMHOTHI, HE3aBEPUIEHHOCTH  €IUMHCTBEHHOE 0OBsicHeHue" -
HEJIOKAJTLHOCTh TPHOOpPETaeT BCe YEepPTHl adCypja. yTBEPIKIAETCsS, YTO MEXIYy OOBEKTaMH HET
B3aMMOJICHCTBHSI, HO MPU3HAETCS, YTO BEAYyT OHHU ceOsi COBCeM He TakuM oOpa3oM, OyATO 3TOro
B3auMojieiicTBUs HeT. KBaHTOBasi MexaHMKa 3aMeHIIIA KJIACCHYECKYIO JIOTUKY Ha JIOTUKY KBaHTOBYIO,
3aMEHMJIa KJIACCHUUYECKYIO0 TEOPUI0 BEPOSITHOCTM HA KBAHTOBYIO, 3aMEHUB KIIACCUYECKHI 3aKOH
CIIOKCHHUSI BEPOSITHOCTEH B3aMMOMCKIIIOUAMOIINX JPYr JApyra (C KJIacCHMYeCKOW TOYKH 3pCHUS)
coObITHi (HampuMep, B JABYXIIIEICBOM SKCIIEPHMEHTE) Ha CYMMHPOBAHHE aMILIUTY]] BEPOSITHOCTEH,
3aMEHMJIA KIACCHYECKHE TMPEJCTABICHHSI O 3aBHCUMBIX COOBITHI (3amyTaHHBIC YaCTHIIBI) Ha



KBaHTOBYIO HEJIOKAJIbHOCTh. [10/100HbIEe 3aMEHBI TPAAUIIMOHHO MIPUBOST K MOSBICHUIO COMHEHUN B
mo3HaBaeMocCTd Mupa [45]:

"Bce aT0 poxnmaet ¢uiocodckyro MpoOIeMy MpUHYUNUANbHOU HeNnO3HABAeMOCMU MUpd C
NOMOWBIO MOYHBIX Memo0o6. HayuHblil METOJ, 10 CHX MOpP CTPOSIIUKACS B OCHOBHOM Ha IMPHUHIIUAIIAX
peIyKIIMOHU3Ma, XOPOIIO BCKPHIBACT JETAIN U MEXAHUKY SIBIICHUH, MOPOXKAAs ycIeX MPaKTHUECKOTo
MPUMEHEHHs TIOTYYEeHHBIX pe3ylbTaToB, Halpumep, B TexHuke. OJHAKO camMa IpPUYUHA, CYTh,
IIPUPOJA 3TOW MEXaHWKH, OCTaeTcs 3a MpefesiaMu paccMoTpeHus. 1loatomy coepemennan ¢huzuka,
npespamunace, no cymu O0eiad, 6 HPOOOINHCEHUEe MAMEMAMUKU, COGEPUIEHHO YMPAMUE 6ce
Haoexcovl HA NOHUMAHUE NPUPOObl UZYHAEMbIX AeAeHUU. Mbl 3HaeM, KaKUMU YpaBHEHUSIMU
OIMCHIBAETCS SIBJIEHHWE, HO HE TIOHHMMAaeM, 4To OHO U3 cebs mpezcrasiseT. Kpacota ypaBHeHM
MOJTHOCTBIO BBITECHUJIA U3 (DU3UKH BCE TIONBITKU MOHSTH UX CYTh".

Bmecre ¢ TeMm cymecTByeT Kyna Goiiee mpoctoe u Oosiee pa3ymMHOE, YeM HEJIOKaIbHOCTH,
O0BSICHEHHE. 3TO HAJMYUE CBEPXCBETOBOH Mepenayd Tak Ha3bIBAEMOW KBAaHTOBOW HMH(pOpMAaIMH, TO
ecTb WH(OpPMaIMu HE BEIIECTBEHHOTO, HE TOJEBOrO poja. BO3MOXHOCTH Tepemayn Takou
UH(pOPMAIHS JOITyCKaeTCsl MaTepHaTbHO-3QHUPHOI TpakTOBKO# peanbHOCTH [34, 36].

bouto Obl HecnpaBeUIMBO B 3aK/IIOUEHUE HE NMPHUBECTH JIOBOJIbI HECOTJACHBIX C MOJAO0OHBIM
MOJIXOZ0M K IOHSITHUIO HEJIOKaJIbHOCTH KBAaHTOBOW MEXaHUKH, "HepaBeHCTBaM bemna" um matepuu
[17]:

"Bponae Ob1, MOXKHO YCITIOKOUTHCS U KUTh. JKUTh JONTO U CYACTINBO. Tak u OBLIO B TeUeHUE
MHOTUX JIET TIOCJIe MIPOBEJCHUS TPOBEPOUHBIX SKCIIEPUMEHTOB. Tak ObLIO 10 TOTO CaMOro MOMEHTA,
MoKa KaKoMy-To "YMHHUKY" HE MPUIILIO B FOJIOBY CJIEJIaTh Yy TOBHUIIHBINA IO CBOEH HENEOCTH BBIBOJI -
"ynajeHHBIE JpPYr OT Jpyra KBaHTOBBIE YacTHI[BI OOMEHHWBAIOTCS WH(OpMaIuei, mpuueM 3Ta
uH(popMaIMs IepeaaeTcsi co CKOPOCThIO, OOJIbIIEH CKOPOCTH CBETa B IMTyCTOTE"....

51 He 3HaIO W HE XOYy 3HATh, KTO MEPBBIM CKa3asl 3Ty IIyNOCTh, HO OHA MOIUIA TYJIATH 1O
cBeTy. JIIoIu HaxoIAT COOTBETCTBYIOIIME 'HaydHble" M 'MOMIYJSPHBIE' TEKCTHl B HHTEPHETE.
bangeror oT BocTOpra, a HEKOTOpBIE Ja)Ke MPUXOASIT B MO CaMH3IAaTOBCKHU pa3zel, MOAEeTUThCS
HOBOCTSIMH. OT HUX s M y3H&J 00 5TOM BEJIMKOM HAyYHOM OTKPBITUHU - TelleMaTUd B KBAHTOBOM
Mupe. S T0BOJIBHO JIOJITO TEpIes, a IOTOM He BbIJepKall U Halucall 3TOT TeKCT'.
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