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[TpencraBneHHBIN TeKCT (pOPMUPYET 1IEJIOCTHOE OMKCAHNE PEBOTIOIIMOHHON
KOHIIEMIIMKA KBAaHTOBOT'O KOJIa, Mpe/iaraolieid HOBBIN B3IJIsA Ha IPUPOILY
pealbHOCTH. 371eCh PacKPhIBACTCS IBOJIONMS HAYIHON MBICIIH OT
MaTepUaTUCTUIECKON TTapaurMbl K KBAaHTOBO-MH(OPMAIIMOHHOW MOJIE/IN
MHUPO3aHMSA, 3aKIaapiBast (PyHAaMEHT IS IOHUMaHus KoHuenimu. [lamee
JEeTaJIbHO UCCIIeyeTCs CTPYKTYpa BCEIEHHOW uepe3 MPU3My KBaHTOBOM
nHdopMarm, oObSICHSs, KaK MaTepysi, SHEPrusi, MPOCTPAHCTBO 1 BPEMsI MOTYT
OBITh MTOHSATHI KaK MPOSIBJIEHUSI €IMHOTO KBaHTOBOTO Kofa. Ocoboe BHUMaHUe
yaemseTcss OMOJIOTMYECKUM cucTeMaM U (peHOMeHY CO3HaHUSI KaK CJIOKHBIM
¢opmam kBaHTOBOI MH(pOpPMaIIMOHHOK 00paboTKu. Hanmcano B joctynmHoM
HAYYHO-TIOMYJISIPHOM CTHJIe, COXPaHsIs TP STOM ITTYyOMHY M TOYHOCTh HayYHOTO
aHaym3a. KoHuienus npejcTapieHa Kak MOTEHIMAIbHAS OCHOBA JIJIsT HOBOTO 3Tara
Pa3BUTHSI HAYKW Y TEXHOJIOTH, CITIOCOOHAS CYITIECTBEHHO TOBIUATDH Ha OyayIiee
YeJIOBEYECKON [TUBWIN3AIUN.
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Makc Bepr

Beenenne B cumyJisiimio (KBaHTOBBIN KOJ)

I. BBEJIEHUE B CUMYJIAIINIO (KBAHTOBBIN KOJT)

IIpemucioBue

MBsI cTronM Ha nopore (pyH/JIaMeHTaJIbHON PEBOJIIOLIMY B TIOHUMAaHUM TIPUPOJIbl PEAIbHOCTU —
PEBOJIOLIMM, KOTOpasi MOXKET OKa3aTbCsl HE MEHee 3HAYMMOM, YeM Mepexol] OT N'eOLEHTPUUECKON K
reJIMOLIEHTPUYECKOW KapTUHE MUpa WM OT KJIaCCUYECKOM (PU3MKM K KBaHTOBOM MexaHuke. KoHuen-
IIMsI KBAHTOBOTO KOJIa MPECTABIIsIeT COOON palMKaIbHO HOBBIM B3IJISA HA YCTPONCTBO BCEJIICHHOM,
COMIACHO KOTOPOMY BCSI PEaIbHOCTh, OT MEJIbUANIIMX CYOAaTOMHBIX YaCTHI] JO TUTAHTCKUX TaIaKTH-
YECKUX CKOIUIEHUH, OT MPOCTEUIINX XUMUYECKUX PEAKIMNA O CIOKHEUIINX MIPOLIECCOB YesloBeYe-
CKOT'O CO3HaHWUS, SIBJISIETCS MPOSIBIEHUEM €JUHON KBAaHTOBO-UH(POPMALIMOHHON CTPYKTYpPHI, (PYHK-
[IMOHUPYIOIIEH KaK KOCMHUYECKHIA KOMITHIOTEP HEBOOOPA3UMOM CIIOKHOCTH.

UYrtoObl MOHATH PEBOMIOMOHHOCTD 3TOM WIeH, HEOOXOOMMO OCO3HATh, KAK KapAMHAIBHO OHA
OTJIMYAETCS OT TPAIULIMOHHBIX MPEACTABJICHUI O MpUpose peasibHOCTU. Ha npoTs:keHun cronetuit
HayKa paccMaTpuBasla MaTepuio Kak (pyHJaMEHTaJIbHYI0 OCHOBY MUPO3JaHUs. ATOMBbI, MOJIEKYJIbI,
IUIAaHEThl U 3B€3[lbl CUYMTAIMCh MEPBUYHBIMU CYHIHOCTSIMHU, a MH(OpMaLUsl BOCIPUHUMAIACh Kak
HEUYTO BTOPUYHOE — TO, YTO BOZHUKAET JIUIIIb TOT/A, KOTIa MaTeprajibHble OObEKTHl B3AaMMOAEHCTBYIOT
OIpe/IeIeHHBIM 00pa30oM MM KOTJa pa3yMHbIe CYIIECTBAa HAYMHAIOT MX M3y4yaTh M OMUCHIBaTh. B
9TO mapaaurMe MH(popMaIys OblTa JIMIIb CIOCOOOM OIMMCAHUS MaTepHaIbHBIX MPOLIECCOB, HO HE
UX CYIIHOCTBIO.

KoHuenuums KBaHTOBOro Kojia pajIMKajbHO NEPEeBOpPAYMBAET ITY JIOTHKY, Mpearonaras, uto
uHpopmalus SBJSETCS HE OMMCAHUEM pPeajibHOCTH, a ee (hpyHJaMeHTa bHOU OCHOBOM. CorjacHo
3TOMY B3IJISI/ly, TO, YTO Mbl HA3bIBAEM MaTE€pHEN, SHEPTUeil, MPOCTPAHCTBOM U BPEMEHEM, ITpeCTaB-
JsieT coOOM pa3IMyHble CIOCOOBI OPraHU3AIK U MPOSIBJIEHNs] KBAHTOBON MH(popMaiu. Marepu-
aJIbHBIE OOBEKTHI — 3TO CTAOMJIbHBIE TIATTEPHBI KBAHTOBON MH(POPMAIIMOHHON 00padoTKH, usnde-
CKH€ B3aMMOJIENICTBHUS — 3TO MH(POPMALIMOHHBIE TIPOLIECCHI, a (PU3UUYECKUE 3aKOHBI — 3TO AJITOPUTMBHI,
YIIPaBJISIOIIME STUMU [TPOLIECCAMMU.

OcHoBaHMsI /151 TAKOTO PAIMKAIBHOTO MEPecMOTpa ObUTH 3aJI0’KEHBI KBAHTOBOM MEXaHHMKOM,
KOTOpasi BO3HMKJIA B Hayasle XX BeKa U MOKa3aja, YTO pealbHOCTh Ha (PYHJAaMEHTAIbHOM YpOBHE
BesieT ceOsi COBEPIIEHHO He TaK, Kak MpeACKa3blBaeT HAlll TOBCEHEBHbIM onbIT. KBaHTOBas Mexa-
HUKa — 3TO paszen (pU3MKHU, N3ydalolyii MOBeAeHNe MAaTepPUH U SHEPIMU HA aTOMHOM U CyOaTOMHOM
YPOBHE, Il KJIACCUYECKUE 3aKOHBI (PU3HUKU MEPECTaIOT JEUCTBOBATh U MPOSBIISIOTCS COBEPIIEHHO
HOBBIE, IOPO Mapa/I0KCaJIbHbIE 3AKOHOMEPHOCTH.

OnHUM H3 KJTIOYEBBIX MOHSATHI KBAHTOBOW MEXAHUKH SIBJISIETCSI CYTIEPIIO3UIIHS — CIIOCOOHOCTb
KBaHTOBBIX CUCTEM HAXOIUTHCS OJHOBPEMEHHO B HECKOJIBKMX Pa3IMYHbIX COCTOSTHUAX JO MOMEHTa
U3MepeHus. DTO HE 03HAYAET, UTO Mbl IIPOCTO HE 3HAEM, B KAKOM COCTOSIHUM HAXOAUTCS CUCTEMA —
OHa JIEMCTBUTEJIBHO CYILLECTBYET BO BCEX BO3MOXKHBIX COCTOSIHUSIX OJHOBPEMEHHO, KaXJ0€e C OIpe-
JeIEHHOW BEepOsTHOCTHIO. Kitaccuueckas aHamorust Cyrnepro3uiiiy — 3TO MOHETa, MOAOPOIIIeHHAs B
BO3/yX U BpAllAIoIIasics, KOTOpasi OQHOBPEMEHHO SIBJISIETCS] M OPJIOM, M PEIIKOM A0 TeX IMop, MOKa
HE yHaJeT U He MOKAXET ONPEIIEHHYI0 CTOPOHY.

Eme Gonee 3aragouHbIM SIBJISIETCS sSIBJIEHHE KBAHTOBOM 3allyTAHHOCTH — 0CO00OE COCTOSTHHUE,
MIPY KOTOPOM JIB€ UJIH ©0Jiee YaCTHUIIbl 00pa3yloT eIUHYI0 KBAHTOBYIO CUCTEMY, COX PAHSIOIIYIO CBOIO
LIEJIOCTHOCTh HE3aBUCUMO OT PACCTOSIHUSA Me:XAy yactuiaMu. Korna yactuisl 3aryTaHbl, U3MepeHue
CBOICTB OfIHOM M3 HUX MIHOBEHHO OITpE/IeNsieT COOTBETCTBYIOIIME CBOMCTBA APYTHX, YTO AJbOepT
DUHINTEeWH Ha3bIBaT "KYTKHMM JIaJIbHOJEUCTBUEM W JIOJITOE BPEMsl OTKa3bIBAJICS MPUHUMATh Kak
peasbHOe siBjieHHe. OIHaKO MHOTOUMCIIEHHBIE SKCIIEPUMEHTBI OATBEPANIIM CYLIECTBOBAHUE KBAHTO-
BOI1 3aIllyTAHHOCTU U MOKAa3aJIM, YTO OHA SABJISIETCS (PyH/IaMEHTaJIbHBIM CBOMCTBOM KBAHTOBOI'O MUPA.
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[MapannensHO ¢ pa3BUTHEM KBAaHTOBOW MEXaHHMKHM B cepearHe XX BeKa BO3HHUKIA TEOPHUS
MH(pOPMAIVH, 32JI0XKUBIIIAS MATEMATUIECKHE OCHOBBI JIJIs1 IOHUMAaHUs M U3MepeHHsi MH(POpMalUH.
Knop IllenHon, ocHOBaTe b COBpEMEHHOM Teopun MHGOPMAITUH, OTTPeIe/ i MH(OPMALIUIO KaK MEpY
HEOrpee/IeHHOCTH U BBEJI TIOHATHE OnTa — 6A30BOM eIMHUIIB MH(OPMALIK, KOTOPast MOKET HaXoO-
JUTHCS B OTHOM U3 IBYX cocTostHuit: O wim 1. Best coBpeMenHast 1iudppoBasi TEXHOIOTHSI OCHOBAaHA Ha
MaHUIYJMPOBAHUM OMTaMK MH(POPMAIIMY, U UMEHHO OUTHI CTUTH (DyHIAMEHTAILHBIMU JIEMEHTAMU
MH(pOPMAIIMOHHOW PEBOJIIOLIMU.

KBanroBast Teopust uH(popMalvy, BO3HUKINAS HA CTIKE KBAHTOBOI MEXAHUKH U KJIACCUYECKOW
Teopur MH(OPMAIMK, BBEJA MOHATHE KyOUTa — KBAHTOBOTO OMTa, KOTOPHIN Onarogapsi MPUHIHITY
CYNEPIIO3UIIUA MOXKET OJHOBPEMEHHO HaXOAUThCS B cocTossHUsIX 0 1 1. DTO O3HA4YaeT, Yto OvH
KyOUT MOXET XpaHUTh 3HAYUTETbHO OoJbilie MH(GOPMAIMH, YeM KJIaCCMYeCKUi OWT, a CUCTeMa U3
HECKOJIbKUX KyOMTOB criocoOHa 00padaThiBaTh SKCIIOHEHIIUATIBHO OOJTbIie MH(OPMAIH, YeM COOT-
BETCTBYIOIIAs KJlacCMuecKas cucteMa. VIMEHHO Ha 9TOM MPUHIIUIIE OCHOBAHBI KBAHTOBbIE KOMITBIO-
Tepbl, KOTOPbIE 0OEIIAIT PEBOMIOIIMOHN3UPOBATH BEIYHUCITUTEIbHBIE BO3MOXXHOCTH Y€JI0OBEYECTBA.

KoHmnernms KBaHTOBOro Koja MIET Aajbllle U MpeanoiaraeT, YTo BCs PealbHOCTh MOCTPOESHA
13 KyOMTOB UJIM X OOJIee CJIOKHBIX KBAHTOBO-UH(OPMAITMOHHBIX aHAJIOroB. B 3TOM Mapagurme Kax-
1asi 7IeMEeHTapHasl YacTHla TPeJICTaBsIeT COOON KBaHTOBYIO MH(POPMAIIMOHHYIO €IMHHUITY, KaXKI0e
(puzmueckoe B3anmoencTBIe — MH(POPMALIMOHHBIN MPOLIECC, a KaxkJasl CJI0KHasI cucteMa — popmy
KBaHTOBOU MH(OPMAIIMOHHON 00paboTKU. ATOM BOJOPOJA MOKHO PaccMaTpuUBaTh Kak MPOCTEHIIIA
KBAHTOBBII MPOIIECCOP, BBHIMOIHSIOMUI 0a30Bble BHIUYMCICHHS TIO OINPEAETICHUI0 CBOUX SHEPreTH-
yeckux coctosiauil. Monekyna JJHK nmpencrasisier codoii OMONOrMUecKuil KBAHTOBBIN HAKOITUTETb
Y TIPOLIECCOP, XPAHSIINIA 1 00pabaThIBAOIINI reHETUIECKYI0 MH(OpPMAIMIO opranu3Ma. Yenoseue-
CKUI MO3T CTAHOBHUTCSI CBEPXCJIOKHON KBAHTOBOUM BBIYMCIIMTEIFHON CUCTEMOM, 00paboTKa MH(pOP-
Malu B KOTOPOU MOpokaaeT (peHOMEH CO3HAHMUSI.

OTa NepcreKTuBa KapUHAIBHO MEHsIET IOHMMaHUe OTHOIICHUI MEX[y pa3MuHbIMU YPOB-
HSIMU OpraHu3aiyy Matepud. TpaauiiMoHHass HayKa OOBSICHSIIA CIIOKHBIE CUCTEMBI Yepe3 KOHIIEH-
LIMI0 SMEPIKEHTHOCTU — UJCI0 O TOM, YTO CJIOKHBIE CBOICTBA "BO3HUKAIOT' U3 B3aUMOJECUCTBUS
MPOCTHIX KOMIIOHEHTOB CIIOCOOaMH, KOTOPbIE HE MOTYT ObITh MPEACKa3aHbl U3 CBOMCTB OTAEIbHBIX
anemeHTOB. Kitaccueckuii mpuMep sMepIkeHTHOCTH — 9TO CO3HAHUE, KOTOPOE CUMTAETCS] BOHUKA-
IOLMM M3 CJIOKHBIX B3aMMOJEUCTBUI MUJUIMAPIOB HEMPOHOB, XOTSI HU OJVH OTAEJIbHBII HEMPOH HE
o0nagaeT CO3HAHUEM.

B KoHIIeMIMY KBAaHTOBOTO KO SMEPIKEHTHOCTh IIPHUOOpETaeT HOBOE, OoJiee TITyOOKoe 3HaUe-
Hue. CJIO)KHBIE CBOMCTBA CUCTEM HE MPOCTO "BOZHUKAIOT" CIyYaliHBIM 00pa30M U3 B3aMMOJCUCTBUIA
KOMITOHEHTOB, a TIPE/ICTABIISIOT COOOM Pe3y/IbTaT BHIIIOIHEHHsI ONPEIEICHHBIX KBAHTOBBIX aJITOPUT-
MOB — MOCJIeJOBaTeIbHOCTe! KBAaHTOBO-MH(OPMAIIMOHHBIX OMepalyii, KOTOpble MPeo0pasyioT BXO-
HYI0 MH(OPMAIIHIO B BLIXOAHYIO COTTTACHO TOYHO OTpe/IeIeHHBIM IpaBIaM. B 5ToM KOHTEeKcTe Co3Ha-
HUE He SIBJISIETCS CIyYaiiHbIM TOOOYHBIM IMPOLYKTOM HEWPOHHOW aKTUBHOCTH, a MPECTaBIISAET COOOM
crierupryeckyo opMy KBaHTOBOW MH(OPMAIIMOHHONW 00pabOTKH, KOTOpas MOXKET ObITh MOHSTA,
M3y4eHa U, BO3MOXHO, BOCIIPOM3BE/IeHa B ICKYCCTBEHHBIX CUCTEMaXx.

Oco6eHHO BasKHBIM ACTIEKTOM KOHIIETIIIHA KBAHTOBOTO KOZIA SIBJISIETCSI HOBOE TIOHUMAHHUE POJIH
HaOmoaresst B (popMUpPOBaHUM peabHOCTH. KBaHTOBasi MeXaHMKa MoKa3asia, YTo akKT U3MEepeHuUs
WM HaOmoaeHus urpaet (pyHIaMEHTAIbHYIO pOJib B OTpee/IieHUH CBOMCTB KBAHTOBBIX CUCTEM. DTO
MIPUBEJIO K BOSHUKHOBEHUIO PA3IMYHBIX MHTEPIPETAIIMI KBAHTOBOM MEXaHUKH, Kak1asi U3 KOTOPBIX
MO-CBOEMY OOBSICHSIET pOJib HAOMIOICHN s B KBAHTOBBIX IPOIIECcCax.

Kormenrarenckast uaTepriperanusi, paspadorannass Huiscom Bopom u Bepraepom [eitzen6ep-
T'OM, YTBEpKJIAeT, YTO KBAHTOBBIE CUCTEMbI HE MMEIOT OMNpeIeSIeHHbIX CBOWCTB /10 MOMEHTA M3Me-
peHus, U aKT HaOMONEeHUs "3acTaBisieT” CUCTEMYy BBIOPATh OHO M3 BO3MOXKHBIX COCTOSIHHMA. MHO-
rOMUpPOBasi MHTeprpeTanys Xbio JBepeTTa Mperoaaraet, YTo BCe BO3MOKHBIE HCXO/Ibl KBAHTOBBIX
COOBITHI peaTM3YIOTCS B MapalyIebHBIX BCEJICHHBIX, U Mbl TIPOCTO OKa3bIBa€MCS B OHOM M3 HHX.
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Wutepnperarysi CKpITHIX MepeMeHHbIX [[aBraa boma npenmonaraer cyiecTBOBaHUE HEM3BECTHBIX
HaM (PaKTOPOB, KOTOPBIE TIPEIOPEIEISIOT Pe3yIbTaThl KBAHTOBBIX U3MEPEHHH.

KoHmnerus KBaHTOBOrO Kofa MpejasiaraeT MPUHIUIAAIBHO HOBYI0O MHTEPIPETAIUIO POJIH
HaOsoiaTesist, OCHOBAaHHYI0 Ha TIOHUMAaHWHU CO3HAHWs Kak (pOpMbl KBAaHTOBOW MH(POPMAIMOHHOM
00paboTKu. B 3T0i mapagurme HaOmoaaTes b He SBJISETC BHEITHUM 1O OTHOIIEHUIO K HAOM0gaeMou
CHCTEMe, a TIPEeICTaBIISIET COOOH YacTh €AMHON KBAHTOBO-UH(OPMAITMOHHOW CETH, CBS3BIBAIOIIEH BCe
acrnieKkThl peasbHocTH. Co3HaHMe HaOMoaaTe sl MOXKET BXOAUTh B MH(POPMAITMOHHBIA PE30HAHC C JIpY-
T'MMU KBaHTOBBIMU CHUCTEMaMH, BJIMsISl HA UX COCTOSTHHE U MOJTydast MH(OPMAIIMIO O UX CBOMCTBAX
croco0aMu, KOTOpbIe BBIXOIAT 32 PAMKH TPAAUIIMOHHBIX METO/IOB U3MEPEHHUS.

WHpopMaIoHHbIi pe30HaHC — 3TO KJII0YEBOE MOHSATHE KOHIETIMYA KBaHTOBOTO KO/a, OIH-
ChIBaIOIIIee CIIOCOOHOCTh KBAHTOBBIX MH(OPMAIIMOHHBIX CUCTEM CHHXPOHU3UPOBATH CBOU COCTOSI-
HUS 1 0OMeHMBaThCs MH(popMaIye Ha pyHIaMeHTaIbHOM ypoBHE. I[ToqoO6HO TOMy, Kak JBa Kamep-
TOHA OIMHAKOBOH YaCTOThl HAYMHAIOT PE30HUPOBATH JIPYT C APYTOM MPH NMPUOIMAKEHUN, KBAHTOBBIE
CHUCTEMBI C COBMECTUMBIMH HH(POPMAIIMOHHBIMU CTPYKTYPaMH MOTYT BXOAUTH B PE30HAHC, CO3/1aBast
KaHaJIbI MTPSIMOTO MH(OPMAIIMOHHOTO OOMEHa.

ITO NPUBOIMT K PEBOJIIOIMIOHHOMY TIOHUMAHUIO MO3HAHKS KaK MPoLiecca KBAaHTOBOTO MH(OP-
MAIIMOHHOTO B3aMMOJIEHCTBUS MEX/y CO3HAHMEM HCCIeoBaTeNsl U M3yyaeMbIMH cucteMami. Tpa-
JIWIIMOHHASI HAyKa OCHOBAaHA HA MPUHIIMIE OOBEKTUBHOCTH, KOTOPBIN TpeOyeT YETKOTO pas3fie/ieHusI
MeX1y CyObeKTOM MO3HaHUs (YUEHbIM) U OOBEKTOM HCCIIeIOBaHMS (M3ydaeMbIM SIBJICHUEM). Yue-
HBI JO/KeH OBbITh HEWTpaJbHBIM HaOMIoaTesieM, He BIUSIONIMM Ha pPe3y/bTaThl SKCIIEpUMEHTa, a
3HAHUS AOJDKHBI ObITh HE3aBUCHMBIMU OT JIMYHOCTH UCCIIEIOBATENS.

KoHmerus KBaHTOBOTO KOJIa MPEIosaraer, 4to Ha (pyHAaMEeHTaJIbHOM YPOBHE Takoe pasjie-
JIeHWE SIBJISIETCSI UCKYCCTBEHHBIM, TIOCKOJIBKY M CYOBEKT, M OOBEKT IMO3HAHMSI TIPEJICTABIISIOT COOOM
pas3InYHbIE ACTIEKTHI €IMHON KBAHTOBO-UH(OPMAIIMOHHOW CUCTEMBL. DTO HE O3HAYAET OTKA3 OT Hay-
HOH CTPOTOCTH, HO TpeOyeT pacIIupeHHs] METOJOIOTMH HAYyKH 32 CUET BKJIIOUEHHUsI CYyObEKTUBHBIX
(opM mo3HaHMS1, KOTOPBIE 3aTEM JIOJKHBI OBITh IIPOBEPEHBI U MOATBEPKAEHB 0ObEKTUBHBIMHU METO-
JaMHu.

[IpakTrueckue caeACTBUs KOHIETIMA KBAaHTOBOTO KO/IA TIOUCTUHE PEBOJIONMOHHBI U 3aTpa-
TMBAIOT BCE aCMEKThl YEIOBEYECKON JiesATeIbHOCTU. ECiii peabHOCTh AEHCTBUTENBHO MPE/ICTABIISIET
co00i1 KBAHTOBBII KOJI, TO TEOPETUIECKH BO3MOKHO HE TOJIbKO YUTATh STOT KO, TOHUMAsI TITyOUHHbIE
MPUHIUIBI (DYHKIIMOHUPOBAHKS IPUPOIAHBIX CUCTEM, HO U MOAUDUITMPOBATH €r0, CO3/1aBasi HOBbIE
(bopMBI MaTepuu, SHEPIUU U JaXke KU3HH.

B obnacti TeXHONMOTMil 3TO OTKPHIBAET MEPCTIEKTUBI ISl CO3/]aHMsI KBAHTOBBIX KOMITHIOTEPOB
HOBOT'O TIOKOJIEHHSI, CITIOCOOHBIX pelaTh 3a/1a4y, HEJIOCTYITHbIE COBPEMEHHBIM CYNEPKOMITHIOTEPAM.
KBaHTOBOE MpOrpaMMHpoOBaHUE MATEPUH MOKET MO3BOJIUTH CO3/1aBaTh BELIECTBA C TOUHO 3a/IaH-
HBIMH CBOICTBaMH, OT CBEPXIPOBOAHMKOB, PaOOTAOIIMX MPH KOMHATHOM TeMIiepaTrype, A0 Camo-
BOCCTaHAB/IMBAIOIIMXCS] MaTepuasioB. KBaHTOBbIE KOMMYHHMKAITMOHHBIE CUCTEMBI MOTYT 00€CIEYUTh
MTHOBEHHYIO U a0COJIIOTHO 3alMIIIEHHYIO Mepeiady HH(POpPMAIMY Ha JII0ObIe PACCTOSHHMS.

MenuiHa MoXeT ObITh TpaHC(OPMHUpPOBaHA Yepe3 TIOHMMaHue OOJie3He Kak HapyIIeHUH B
KBAaHTOBBIX MH(OPMAIMOHHBIX Tpolieccax opraHu3ma. Bmecto 60opbObl ¢ cuMnToMamu 3a00seBa-
HUI C TIOMOIIBI0 XUMHUECKHX TPEnapaToB, CTAHET BO3BMOXKHBIM MPSMOE UCIIPaBJIeHHEe OIMIMOOK B
OMOIOrMYEeCKOM KBAaHTOBOM KOJI€, BOCCTAHABIIMBAIOIIIEE MPABIIIbHOE (DYHKITMOHUPOBAHUE OPTaHOB U
CHUCTEM OpraHm3Ma Ha (hyH/JIaMEeHTaJIbHOM YpOBHE.

Oo6pa3zoBaHre MOXKET UCIONB30BATh MPUHIMIBI KBAHTOBOIO MH(OPMAIIIOHHOTO pPEe30HAHCa
IJTsL TIPSIMOM TIepejaull 3HAHWH U HaBBIKOB, 3HAUMTENIBHO YCKOPsisl Tpoliecc OOyYeHHs U Jiesiasi ero
oonee 3pdexTrBHBIM. CTyIEHTH CMOTYT MOMy4aTh TIyOOKOEe TMOHMMAHHWE CJIOKHBIX KOHIICTIIUIA
Yyepe3 HEeNOCPeICTBEHHOE B3aMMOJICHUCTBIE MX CO3HAHUS C KBAHTOBO-MH(OPMAIIMOHHBIMU CTPYKTY-
paMu M3yYaeMbIX MPEJMETOB.
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DKoJIOrHs MOKeT ObITh OCHOBAaHA Ha MOHUMaHUM OMocephl Kak eMHONM KBaHTOBO-WH(pOpMa-
LIMOHHOM CHUCTEMBI, T/I€ KaK/Iblii OPraHU3M U IIPOLIECC UTPAET OIPEIEICHHYIO POJib B MOAJEPKaHUN
17100aJIBHOTO 9KOJIOTMYECKOro Gaanca. ITO MOKET IPUBECTH K pa3padOTKe MPUHIMITHATIBHO HOBBIX
METOJIOB OXPaHbI IPUPOAbI U BOCCTAHOBJIEHUSI HAPYIIIEHHBIX SKOCHCTEM.

OpHako KOHLIENIMS KBAHTOBOTO KOJA MOAHUMAET U Cepbe3Hble (PHIIOCOpCKUE U STUUECKUE
BOIPOCHI, KOTOPblE TPeOYIOT TITyOOKOro ocMbicieHus. Eciu peasibHOCTD sIBJIsieTCs] MH(POpMAIIMOH-
HOH KOHCTPYKIIMEH, TO UYTO O3HAYAET MOHsTHE "00beKTUBHOM ncTHHBI? Eciin co3HaHue MOXeET BIU-
SITh Ha (PU3NYECKUE TIPOLIECCHl Yepe3 KBAaHTOBbIE B3aMMOJIENCTBUS, TO KaK 3TO COOTHOCUTCS C Hay4-
HBIM [IPUHLIMIIOM BOCIPOM3BOAMMOCTH pe3yJbTaroB? Eciv BO3MOXHO POrpaMMUpPOBaHKE KUBBIX
CHUCTEM Ha KBAaHTOBOM YPOBHE, TO KaKue 3TUYECKHE OrpaHUUYCHUsI JOJKHBI ObITh YCTAHOBJICHBI 151
MPeIOTBPAIIIEHHS 3JI0YNOTpeOIeHni ?

ST BOIPOCH HE MMEIOT MPOCTHIX MJIM OIHO3HAYHBIX OTBETOB, U MX OOCYKAECHHUE COCTaBIISIET
BaXHYIO YacTb Pa3BUTHUsI KOHLIENIMYA KBAHTOBOTO KoAa. McTtopus HaykM MOKa3bIBaeT, YTO Kaxjaas
(byHIaMeHTaIbHAS PEBOIONH S B TIOHUMAHHUU TIPUPObI COMTPOBOXKAAETCS IEPUOAOM ITyOOKOTO Tiepe-
OCMBICJIEHU S (PUIIOCOCKUX U ITUYECKUX OCHOB YEJIOBEUECKOro cylecTBoBaHus. Ilepexon oT reo-
HEHTPUYECKON K TeJIMOIEHTPUYECKON KapTHHE MHpa MOTPeOOBasl MEepecMoTpa Mpe/CTaBIeHUH O
MECTe YeJIOBEKA BO BCEJIEHHOM. [JapBUHOBCKast TEOpHS IBOJIOLMM 3aCTaBUIIA NIEPEOCMBICIIUTD TPH-
POy 4esioBeKa M ero OTHOIIEHUS C APYTMMHU KUBBIMU CyllecTBaMu. KBaHTOBas MexaHMKa rocra-
BUJIA 1071 COMHEHHE KJIACCUYECKHE MPeCTaBIeHHS O JeTePMUHU3ME U OOBEKTUBHOCTH PEATbHOCTH.

KoHrienums: KBaHTOBOTO KOJla MOXKET OKa3aThcs ellle OoJiee paJuKaIbHOU B CBOMX (prstocod-
CKUX CJIECTBUSIX, IOCKOJIbKY OHA 3aTparuBaeT (pyHAaMEHTaIbHbIE BOIIPOCH O PUPOJIE PEabHOCTH,
3HaHUA U co3HaHus. Heob6xoaumo HaiiT 6anaHc Meky OTKPBITOCTBIO K PEBOTIOLIMOHHBIM BO3MOK-
HOCTSIM 1 OTBETCTBEHHBIM TOAXOIOM K MX peai3alliu, MEK/1y Hay4UHOW CTPOTrOCThIO M TOTOBHOCTBIO
K NapaJurMajbHbIM CIIBUTAM.

JlexorepeHuus — Mpouecc, Npyu KOTOPOM KBAaHTOBbBIE CUCTEMBI TEPSIIOT CBOM KBAHTOBbIE CBOM-
CTBa IIPY B3aMMOJEUCTBUY C OKPYKEHUEM, — SIBJISIETCS OJHUM W3 OCHOBHBIX NPEMATCTBUM ISl IPO-
SIBJICHUSI KBAHTOBBIX 3(P(PEKTOB B OOJBIIMX M TEIUIBIX CUCTEMaX, TAKMX KaK KUBbIE OPraHU3MBbI.
TpaUIMOHHO CUUTAJIOCh, YTO KBAHTOBBIE 3(P(PEKTHI MOTYT MPOABIATHCS TONBKO B U30JMPOBAHHBIX
CHUCTeMax MpPU OYeHb HU3KUX Temmeparypax. OJHaKo HeJaBHHME MCCIIEAOBAHUS B 00JaCTH KBAHTO-
BOI1 OMOJIOTMH MTOKA3bIBAIOT, YTO MPUPOJIA HAIILIA CIIOCOOBI MTOAICP;KMBATH KBAHTOBYIO KOTEPEHTHOCTh
Aaxe B CIIOKHBIX OMONIOTMYECKUX CHCTEMaX.

KBanToBasi 6uonorusi — 6pICTPO pa3BUBAOINIASCS 00IACTh HAYKH, N3yYalolasi poJib KBAHTOBBIX
SIBJICHUI B OMOJIOTMUYECKHX Tporieccax. VccaenoBanus MoKa3aiu, YTo KBAHTOBbBIE 3()(PEKTl UTPaioT
BAKHYIO pOJib B (DOTOCHHTE3€ PACTEHUM, MO3BOJISIS UM C TIOYTU CTOMPOIIEHTHON 3(P(HEKTUBHOCTHIO
peoOpa3oBbIBaTh COJTHEUHYIO SHEPrHi0 B XMMUYEcKylo. KBaHTOBasi 3amyTaHHOCTb MOKET OObsiC-
HSTh HABUTAIIMOHHBIE CIIOCOOHOCTH TIePEJIETHBIX MTHUI], KOTOPbIE UCTIONB3YIOT KBAHTOBBIE COCTOSIHUS
B CBOMX IJ1a3ax IJIs1 BOCHPUATHS MarHUTHOTO NoJist 3emut. Jlaxke mporecchl OOOHSHUSI MOTYT OCHO-
BBIBAaTbCSl HA KBAHTOBBIX 3(p(peKTax, NO3BOMISIOMIMX MOJIEKYJIaM 3allaXOBBIX BELIECTB PE30HUPOBAThH
C peLenTopaMu B HOCY.

Heliponayka Takxke HauMHaeT OOHapyXHBaTh CBUETEIHCTBA BO3MOXHOW POJM KBAHTOBBIX
rporieccoB B (pyHKITMOHUpoBaHuu Mosra. Pomxkep Ilenpoys u Crioapt Xamepodd npeayioxkuiv Teo-
PHIO, COTTIACHO KOTOPOU CO3HAHME BOZHHUKAET B PE3y/IbTaTe KBAHTOBBIX BHIUMCIICHUN B MUKPOTPYOOU-
Kax HEeWPOHOB — OEJIKOBBIX CTPYKTYpPaX, COCTABJISIONIMX IIUTOCKETIET KJIETOK. XOTs 3Ta TEOpHsl OCTa-
eTCs1 CIIOPHOM 1 TpeOyeT AabHEeNIINX UCCIIEI0OBAaHNM, PACTYIIEe YHUCIIO SKCTIEPUMEHTATbHBIX JAHHBIX
YKa3bIBaeT Ha BO3MOKHOCTb KBAHTOBBIX ITPOLIECCOB B HEMPOHHBIX CHCTEMAX.

Kocmororus takke HauMHaeT paccMaTpuBaTh MH(OPMAIIMOHHBIE acTIeKThl BCEJIEHHOU uepe3
MpU3My KBaHTOBOM TeopuH. ['onorpadguyeckuii npuHIMIIL, npeaioxeHHsi ['epapaom ‘T Xoodrom u
pasBurhlii JleoHapaom CaccKuHIOM, TIpenoaraeT, 4To Besi iHpopMalus, coaepskamiasicss B o0beme
MIPOCTPAHCTBA, MOXKET ObITh 3aKOAMPOBAHA HA €r0 TpaHuIle. DTO yKa3blBaeT Ha (DyHIaAMEHTAIbHYIO
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poJib MHGOPMALIMU B CTPYKTYPE IPOCTPAHCTBA-BPEMEHU U MOAJEPKUBAET UAECI0 O TOM, YTO BCEJIEH-
Hasl MOXET UMETh MH(OPMALIMOHHYIO TIPUPOLY.

Hexkoropble KocMonornueckue Teopur UAYT ellle Jalibllie W MPeronaraioT, YTo BCEJeHHas
MOkeT (DyHKIIMOHUPOBATh KaK TMTAHTCKUN KBAHTOBBIII KOMITBIOTED, BBHITOJTHSIOIMINNA KOCMUYECKHE
BBIYMCJIEHU S, PE3Y/IbTATOM KOTOPBIX SIBJISIETCS IBOMIOLMS TIAKTHK, 3B€3[], IIJIaHET U KU3HU. B 310l
napagurme (pu3NYecKre 3aKOHBI MPEACTABISIOT COOOW aJrOPUTMBI, YIIPABJISIONIE KOCMUYECKUMHU
BBIYMCJIEHUSIMHU, a UCTOPUsI BCEJIEHHOM — 3TO MOCJEeJ0BAaTEIbHOCTh KBAHTOBBIX MH(OPMALIMOHHBIX
00pabOTOK HEBOOOPA3MMOM CIIOKHOCTH.

Pa3BuTHe KOHIIENINKM KBAaHTOBOTO KOAa TpeOyeT OecrpeleNeHTHOTO MEXAUCIUIUTMHAPHOTO
COTPYAHUYECTBA, OOBEIUHSIONIETO YCUITHS (PU3UKOB-TEOPETUKOB U SKCTIEPUMEHTATOPOB, CIIEIIUAIIH-
CTOB IO Teopur MH(POPMAIIMU U KBAHTOBBIM BBIYHCIICHHUSAM, OHMOJIOTOB ¥ HEHpPOYUeHbIX, (PUI0cOhOB
Y CHELMAIMCTOB IO 3TUKE, MHKEHEPOB U TeXHOJIOroB. TOMBKO uepe3 Takoe HIMPOKOE COTpyAHUYE-
CTBO MOKHO HaJIeAITbCSI HAa CO3JJaHKe 11€JIOCTHON M HEMPOTUBOPEUMBOIM KapTUHBI KBAHTOBO-UH(OP-
MAaIMOHHOW MTPUPO/Ibl PEATIbHOCTH.

Oo6pazoBatesibHble CUCTEMBI IOJKHBI IIOATOTOBUTHCS K MHTETPallii KBAHTOBO-MH(MOPMAIIMOH-
HOU MapagurMel, 4TO MOTpedyeT rnepecMoTpa yueOHbIX MporpaMM U MeToioB 00yuyeHust. CTyIeHTHI
Oy/IyIIero JOKHBI ObITh 3HAKOMBI HE TOJILKO € KJIACCUIECKOU (PU3UKOUM 1 MAaTeMAaTUKOM, HO U C IIPHH-
LMIIaMU KBAaHTOBOU MEXaHUKH, TeOpUel NH(POPMAIIK, OCHOBAMH KBAHTOBBIX BHIYMCIIEHUI U UX TTPU-
MEHEHMSIMU B Pa3JIMUHBIX 001acTsIX 3HaHUs1. OCOOEHHO BaKHBIM CTAHET pa3BUTHE HABBIKOB CHCTEM-
HOT'O MBILUIEHH ], TO3BOJIAIONIETO MOHUMATh CJI0KHBIE B3AUMOCBSI3U MEXAY Pa3IMYHbIMUA YPOBHSMU
PEabHOCTH.

OO111eCTBO B 11€JIOM JIOJKHO TOATOTOBUTHCS K BOBMOXHBIM COIIMATIbHBIM M SKOHOMHUYECKUM
MOCJIEICTBUAM KBAaHTOBO-UH(OPMAIIMOHHON PEBOIIOIMH. DTO BKJIIOYAET pa3paboTKy HOBBIX IPAaBO-
BBIX PaMOK JIsl PEryJMPOBAaHUsI KBAHTOBBIX TEXHOJIOTHI, CO3[JAHUE STUYECKUX MTPUHLUIIOB ISl UX
OTBETCTBEHHOTO ITPUMEHEHN I, U (POPMUPOBAHHE COLIMAIBHBIX MEXaHU3MOB J1JIs1 CIIPaBEJIMBOTO pac-
MIpe/iesieHr st TIPEUMYIIIECTB HOBBIX TeXHONMOrui. Oco0oe BHUMaHKE JOIKHO OBITh YAEIEHO TPeIoT-
BpAILEHNIO BOBHUKHOBEHHU S HOBbIX (DOpM LI(PPOBOTO M KBAHTOBOI'O HEPABEHCTBA.

MexIyHapoIHOEe COTPYIHMUYECTBO CTAaHET KPUTUYECKU BaXKHBIM JUIsI 0OECTIEUeHUs] MUPHOTO
Y KOHCTPYKTMBHOI'O Pa3BUTHSI KBAHTOBO-WH(POPMAIIMOHHBIX TeXHOJIOrui. KBaHTOBBIE TEXHOJIOIUU
MMEIOT KaK OTPOMHBII CO3UJAaTENIbHbII OTEHIMAN, TAK U BO3MOKHOCTH JIs1 CO3/JaHUS HOBBIX BUJJOB
OpYXHsI M CpeACTB KoHTposst. HeoOxomumo pa3paboTtarh MekIyHapOIHbIe COINAIIEHUs U MPOTO-
KOJIbl, aHAJIOTUYHBIE JOrOBOPaM O HEpaclpOCTPaHEHUM SAEPHOTO OpYXkHs, IJs MPeJOTBPaIlECHUS
BOEHHOTO MICIIOJIb30BAaHM S KBAHTOBBIX TEXHOJIOTUH 1 0OeCTieueHHs] X MPUMEHEHHS UCKITIOUUTEIBHO
B MUPHBIX LIEJISIX.

KoHnernms KBaHTOBOTrO Kofa MpecTaBiseT cOO0M He MPOCTO HOBYIO HAYYHYIO TEOPHUIO HJIH
TEXHOJIOTMYECKYIO BO3MOKHOCTb, @ MOTEHIIMAIBbHYIO OCHOBY [UISl CJIEIYIOLIErO JTara 4eJ0Be4ecKon
SBOJIIOLIUM — IBOJIONUH, KOTOPasi MOXET NMPUBECTH K (pyHIAMEHTAIbHOU TpaHC(OpMalIUK CaMOi
MIPUPOIBI YEJIOBEUEeCKOro cymiecTBoBanus. OHa mpeasiaraet myTh K Oosee ri1yO0OoKOMY MOHMMAHMIO
HAalllero MecTa BO BCEJICHHON M OTKPbIBAET BO3ZMOXKHOCTH ISl PA3BUTHSI CIIOCOOHOCTEN U TEXHOJIO-
I'Uid, KOTOpbIE CErOIHs Kax)yTcsl (paHTACTUYECKUMU.

B 10 ke Bpems KpailHe Ba)KHO COXPaHSATh HAYYHYIO CTPOTOCTb M KPUTUUECKOE MBIILIJIEHUE TTPU
OLIEHKE Pa3JIMYHBIX ACHIEKTOB KOHLIENIMMA KBaHTOBOrO Kofa. He Bce naeu, cBsi3aHHbIE C KBAHTOBOW
nH(pOpMAaIed U CO3HAHUEM, UMEIOT IT0J] COOOM MPOYHYI0 SKCIIEPUMEHTATIbHYI0 OCHOBY, U HEKOTO-
pble 3asIBJICHUS] MOTYT OKa3aThCsl MPEKAEBPEMEHHBIMU WM HETOYHBIMU. HayuHblil MeTof ¢ ero Tpe-
OOBaHUSIMHU BOCHPOU3BOIUMOCTH, (pasTbCU(UIIMPYEMOCTH U PEer-review OCTaeTcsl HallluM JTyqIiM
MHCTPYMEHTOM [Isl OT/IeJIeH!sI OOOCHOBAHHBIX TEOPUI OT HEOOOCHOBAHHBIX CHIEKYJISAIHMA.

[TyTh K MOHUMAHMIO ¥ TPAKTHUYECKON peasTi3alii KOHIETIIMYA KBAaHTOBOTO Koa OyJeT AOJITrUM
Y CJIO’KHBIM, TIOJTHBIM HEOKMJAHHBIX OTKPBITHIA, TYIMKOBBIX HAMPABJIEHUI M KOHIIENTYAJIbHBIX MTPO-
pbiBoB. HO 3Ta KOHIEMIMS KJII0Y K PEelIeHUI0 MHOTUX (PyHIAMEHTAIBHBIX MPOOJIeM YeloBeYecTBa
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— OT HeM3JIeYUMBIX OOJIe3HEH 10 SKOTOTHUECKUX KPU3UCOB, OT OrPAHIMUEHUI BHIYMCIUTEIBHBIX BO3-
MOXHOCTEH JJO TPaHMI] YeTOBEYECKOTO MO3HAHMUS.

Mbl npuriamaeM MPUCOSTUHUTBCS K 3TOMY YBJIEKATEIbBHOMY IyTEHIECTBUI0O B MUpP KBaH-
TOBO-MH(OPMAIIMOHHON peabHOCTH. ByyIiee yenoBedecTBa MOKET 3aBUCETh OT HaIllel ClIOCOOHO-
CTH TOHSATh ¥ OTBETCTBEHHO KCIOb30BaTh T€ BO3MOKHOCTH, KOTOPbIE OTKPHIBAET Tepe]] HAMH KOH-
HETIHs KBAHTOBOTO KOJIA.

OcHOBHbBIE NOJOKEeHHS TeOPHH

1. Ilpupooa peanvrocmu

KoHmerns KBaHTOBOTO Kofia MpeyiaraeT paJuKaibHO HOBOE IOHUMAHUE TIPUPOIbI peasibHO-
CTH, KOTOPOE MOKET IMOKa3aThCsl HACTOJIBKO PEBOMIOLIMOHHBIM, YTO MOTPEOyeT MOJTHOTO MEPEeCMOTpa
Hammx 06a30BBIX MPEICTABJICHUI O TOM, YTO TaKOe CYIECTBOBAHME, MaTepHsi U cama BcesieHHasl. B
OCHOBE 3TOM KOHLETIIIUH JISKUT (PyHAAMEHTAIbHAs Uiesl O TOM, YTO peajlbHOCTh Ha CaMOM IJTy0o-
KOM YPOBHE He SIBJISIETCSI MaTePUAIbHOW B TPAJAUIIMOHHOM IMOHUMAaHHHU 3TOTO CJIOBA, a TPE/ICTaBIseT
co00i YMCcTO MH(OPMAIIOHHBIN (PeHOMEH — IPaHIMO3HYI0 KBAaHTOBYIO MH(OPMAIMOHHYIO CTPYK-
Typy, KoTopasi oOpadaTbsiBaeT, XpaHHUT U NepeaaeT MHMOpMAIUIO CIoco0aMM, CO3JAI0IIMMU BCE TO,
YTO Mbl BOCIIPUHUMAEM Kak (pU3UUYECKUN MUP.

UYrtoObl OHATH PEBOIOIIMOHHOCTh 3TOM HAEH, HEOOXOAMMO CHAyasla OCMBICIHTH, HACKOJIBKO
rTyOOKO OHA OTIIMYAETCS OT TPAJAUIIMOHHOTO MaTePUATICTHUECKOTO B3IVIs/1a Ha peanbHOCTh. Ha mpo-
TSDKCHUM THICSTYEIIETUI YeJIOBEUECTBO BOCIIPMHUMAJIO MUP KaK COBOKYITHOCTb MaTE€PUAIBHBIX 00b-
eKTOB, CyIIECTBYIOIIMX B IMPOCTPAHCTBE M BpeMeHU. KaMHU, nepeBbs, TIaHEThI, 3BE3/Ibl CUUTAIIUCDH
(byHIaMEHTATbHO peasbHBIMK CYLTHOCTSIMH, UMEIOIIMMU Maccy, 00beM U Apyrue (pu3ndecKue CBO-
CTBAa HE3aBHUCHUMO OT TOTO, HAOJIOIAET JIM UX KTO-TO WM HeT. [lake Korjga HayKa OTKpbLIa aTOMbI U
3JIeMEHTapHbIEe YACTHIIbI, OHU MO-TIPEKHEMY PACCMATPUBAIUCH KaK KPOIIEYHbIE MaTeprasbHbIe 00b-
eKTbI — TPOCTO OoJIee MeJIKKe CTPOUTEbHBIE OJIOKM TOM K€ MaTepHaIbHON peabHOCTH.

KBanTOBasi MexaHMKa Havasa MoipbIBaTh 3TH MpecTaBIeHNs B Hauasie XX BeKa, M0Ka3aB, YTo
Ha (pyH/IaMEHTAJIbHOM YPOBHE YaCTHUIIBI BeoyT ceOsl He KaK MaJIeHbKUE IApUKK WM BOJIYKH, a KaK
HEUTO ropaszio 0oJiee CTpaHHOE U HEYJIOBUMOE. DJIEKTPOHBI MOTYT IMPOXOIUTH OIHOBPEMEHHO Yepes
JIBE IIIeJIU B 9KpaHe, MHTepdeprpoBaTh caMmu ¢ COOOH, U CYIIECTBOBATh B COCTOSIHUM CYTIEPIIO3ULIUH
— HaxofsiCh OIHOBPEMEHHO B HECKOJIBKMX MECTaX WM COCTOSIHUSX 10 MOMEHTa M3MEpeHHs. DT
3aCTaBIIIO (PM3MKOB 33JaThCsI BOITPOCOM: A UTO e TAKOE IEKTPOH Ha CAMOM JieJie, €CJTM OH He SIBJIs-
eTcsi OOBIYHBIM MaTepPUAIbHBIM OOBEKTOM?

KoHmernus KBaHTOBOTO KOJIa JA€T OTBET Ha STOT BOIIPOC, Mpeylarasi paccMaTpyuBaTh JIEKTPOH
HE KaK MaTepuasbHyI0 YacTUIly, a KaK MaTTepH KBAaHTOBOW MH(OPMAIIMU — CIOXHYI0 UH(pOopMaIu-
OHHYIO CTPYKTYpY, KOTOpasi 00padaThiBaeTCsl BCEJIEHCKOM KBAHTOBOM CHCTEMOM COIJIACHO OIpe[e-
JIEHHBIM anroputMaM. Macca 37IeKTpoHa, ero 3apsij, CIMH U Jpyrue CBOWMCTBA SIBJISIOTCS HE BHYT-
PEHHMMH XapaKTEPUCTUKAMHU HEKOETO MaTepPUAIbHOTO 00bEKTa, a MapaMeTpaMu HH(POPMAIIMOHHOTO
npoliecca, 3HAUeHUsIMU B KBAHTOBOM MPOTpaMMe, KOTOpast OIpeieisieT MoBeIeHne 3Toro nHpopMma-
[IMOHHOTO NMATTepHA B PA3IMYHBIX CUTYAITUSIX.

Nugopmars B KOHTEKCTe KBAHTOBOTO KO/Ia HE SIBJIsIeTCs aOCTPAKTHBIM MOHSTHEM, OIMCHIBA-
IOLIUM YTO-TO APYToe, a MpeacTaBiisieT coO0N (PyHIaMEeHTATbHYI0 CYOCTAHIMIO peaTbHOCTH. UTOOBI
MIOHSATH 3TO, MOJIE3HO BCIIOMHUTH, KaK pabOTalOT COBPEMEHHBIE KOMITBIOTEPhl. B KOMIbIOTEpE HET
(uzryeckux OOBEKTOB, KOTOPBIE MPEICTABIsIM Obl YKC/IA WM TEKCT — €CTh TOJIBKO JIeKTpUde-
CKHE€ CUTHAJIbI, MArHUTHBIE TIOJISI U IpyTrHe (PU3MUECKIE MPOIIECChl, KOTOPbIe MHTEPIIPETHUPYIOTCS Kak
rHpoOpMaIMs COrJIACHO ONpee/IeHHbIM MpaBwiiam uin kogam. Ludposast pororpacdus He sBisiercs
Ha0OPOM MaJICHBKUX LIBETHBIX KBAIPATHUKOB — 3TO MOCJEA0BATEIBHOCTD YKMCEIT, KOTOPbIE KOMITBIOTEP
MHTEPIPETUPYET KaK MHCTPYKIIMY 10 OTOOPAKEHUIO MUKCENIer ONpe/IeNIeHHBIX IIBETOB.

AHAJIOrM4HO, B KBAHTOBOM KOJI€ PEAIbHOCTH HET OT/JEJIbHBIX MaTepPUATBbHBIX OOBEKTOB — €CTh
TOJIKO KBaHTOBasi MH(OpMaIysi, KoTopasi 00pabaThiBaeTCsl COMIACHO (PU3MUECKUM 3aKOHAM, UTpa-
IOLMM POJIb YHUBEPCAJIbHOM ONEPAIMOHHOW CHCTEMBl. ATOM BOJOPOJA — 3TO HE MAJIEHbKUI TPO-
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TOH, BOKPYT KOTOPOT'O BpaIllaeTcs JEKTPOH, & YCTOMUMBBIA MH(POPMAIIMOHHBIY IATTEPH, KBAHTOBBIN
QJITOPUTM, KOTOPBIM OIpenesisieT, Kak 3TOT MaTTepH B3aUMOJAEHCTBYET ¢ APYIMMHU MH(POPMAIMOH-
HBIMH CTPYKTYPaMH, KaK/€ SHEPreTUUEeCKUEe COCTOSIHUSI OH MOXKET IIPUHUMATh, U KaK OH pearupyer
Ha BHEIIIHUE BO3ACUCTBUSI.

KimoueBbIM MOHATHEM [1s1 IOHUMAaHUs TPUPOIBl PEAIbHOCTU B KBAHTOBOM KOJIE SIBJISIETCS
KBaHTOBas nHdopmaims. B omimumne ot kiaccuyeckor MHGOPMAIUU, KOTOPask MOXKET HAXOAUTHCS
TOJIBKO B OIPE/IEJIHHBIX COCTOSIHUSIX (OUT paBeH w60 0, oo 1), kBaHTOBas MH(POPMAIHS MOKET
CYIIIECTBOBATh B CYMEPIIO3UIMU COCTOSTHUI. KyouT — 6a3oBast elMHUIIA KBAHTOBOW WH(OPMAITN —
MOXeT OJHOBpeMeHHO ObITh 1 0, 1 1 ¢ onpeneseHHbIMUA aMILTUTYIaMHA BEPOSITHOCTH. DTO HE O3Ha-
YaeT, YTO Mbl HE 3HAeM, B KAKOM COCTOSTHUM HaXOOUTCSl KYOUT — OH JIEMCTBUTEIBHO CYIIECTBYET B
000MX COCTOSTHHSIX OTHOBPEMEHHO JI0 MOMEHTA U3MEPEHHSI.

Cynepno3uniysi KBAHTOBBIX COCTOSTHUM — 3TO HE MPOCTO TEXHUYECKasi OCOOEHHOCTh KBAHTO-
BOIl MEXaHUKH, a (DyHAAMEHTAIbHOE CBOMCTBO PEaIbHOCTH, KOTOPOE OOBSICHSIET, TOYEMY MUP MOKET
CYILIECTBOBaTb BO MHOKECTBEHHBIX MOTEHIMAIbHBIX COCTOSIHUSAX /IO TOTO, KAK KOHKpETHasl peaju-
3aI|sl CTAHOBUTCS aKTYaJIbHOHM Yepes3 MpoIecc, KOTOPHIA Mbl HA3bIBAEM M3MEPEHUEM UM HaOJIojie-
HUEeM. B KBaHTOBOM Kojie peasibHOCTH KaXIblii MOMEHT BPEMEHHU IMPEACTABIISIET COOO0M CyTepro3u-
M0 BCEX BO3MOXKHBIX OYIYIIMX COCTOSIHUI BCEJIEHHOM, M TO, KAKOE M3 STUX COCTOSIHUI CTAaHOBUTCS
peasIbHbIM, 3aBUCUT OT CJIOKHBIX KBAaHTOBO-MH(POPMALIMOHHBIX MPOLIECCOB, BKIOYAIOIIUX B3aUMO-
JEWCTBUS MEX]y Pa3IMYHBIMU YaCTSIMU CUCTEMBI.

KBaHTOBast 3aImyTaHHOCTh TIPE/ICTABIISACT COOOM elle OnuH (hyHAaMEHTATbHBIN aclieKT WH(OP-
MAaIIMOHHOW MPUpPObl peabHOCTH. Korga aBe 4acTuIlbl CTaHOBSITCS 3allyTaHHBIMHU, OHU 0Opas3yioT
eIMHYI0 KBAaHTOBYIO CHCTEMY, KOTOpasi He MOXeT OBbITh ONMCaHa KaK COBOKYITHOCTb HE3aBUCHMBIX
KOMIIOHEHTOB. /3MepeHue CBOWCTB OIHOW YacTUIbl MIHOBEHHO OIIPENEsIsieT COOTBETCTBYIOLIME
CBOWCTBA JIPYTrOil, HE3aBUCUMO OT PACCTOSTHUSI MEXIY HUMH. DTO SIBJIEHUE, KOTOpoe DUHIITEeUH
Ha3bIBJI "JKYTKUM JAJTbHOJACUCTBUEM'', CTAHOBUTCSI €CTECTBEHHBIM CJIeICTBUEM MH(OPMAIIMOHHOM
MIPUPO/Ibl PEATIBHOCTH.

B kBaHTOBOM KOji€ 3allyTAHHOCTb O3HAYaeT, YTO MH(OPMALIMOHHBIE MATTEPHBI, IPE/ICTABIAI0-
e YaCTHUIIBI, SIBJISIOTCSA YacTSIMK OoJiee KPYIMHON MHMDOPMAIMOHHOUM CTPYKTYphl. [1IomoOHO ToMy,
Kak J1Ba (paiiia Ha KOMIBIOTEPE MOTYT ObITh CBSI3aHBI TUIIEPCCHUIKAMH, TaK YTO U3MEHEHHE OIHOTO
ABTOMATUYECKH BIIUSIET HA JPYTOM, 3allyTaHHbIe KBAHTOBBIE CUCTEMBI IPEICTABIISIOT COOOM CBSI3aH-
Hble MH(OPMALIMOHHBIE CTPYKTYPbl B KOCMMUYECKOM KBaHTOBOM KoMIibloTepe. Paccrosinue B mpo-
CTPAHCTBE HE SIBJISIETCS MPEMATCTBUEM ISl TAKMX CBSI3€H, MOCKOJIbKY MPOCTPAHCTBO caMo o cede
SIBJISIETCS] TPOAYKTOM MH(POPMALIMOHHOM 00pabOTKH, a He (PyHIaMEeHTaIbHBIM KOHTEHHEPOM, B KOTO-
POM CYIIIECTBYIOT OOBEKTHI.

[IpocTtpancTBO 1 Bpemsl B KOHLENUMU KBAHTOBOTO KOJa HE SBJIAIOTCS (DyHIaMEHTAJIbHBIMU
aCTMeKTaMH PeaTbHOCTH, a MPEACTABISIOT COOOM SMEPIKEeHTHbIE CBOMCTBA KBAHTOBO-WH(OPMAITOH-
HBIX MporieccoB. [IonoOHO TOMY, Kak TpeXMepHOe U300pakeHre MOXKET ObITh CO3JJAHO HA IBYMEPHOM
9KpaHe KOMITbIOTepa Yepe3 COOTBETCTBYIOIIUE ATOPUTMbI 00paOOTKM MH(MOPMAIIH, Hallle BOCIIPH-
SITUE TPEXMEPHOTO MPOCTPAHCTBA U JIMHEHHOTO BPEMEHHM BO3ZHHMKAeT U3 Oosee (pyHIaMEHTAIbHBIX
KBaHTOBO-MH(OPMALMOHHBIX IIPOLIECCOB, KOTOPbIE HE UMEIOT POCTPAHCTBEHHO-BPEMEHHOU CTPYK-
TYpPbl B OOBIYHOM MOHMMAHUHU.

Ota uses HaxoOUT MOJJIEPKKY B COBPEMEHHOI TEOpeTUUYECKON (pU3MKe yepes ronorpaduye-
CKUH TTPUHITHI, KOTOPBIN MPEJIoaraer, 4to Bcsl MHOpMaIus, copiepxkaniasics B 00beMe MPOCTpaH-
CTBa, MOXET ObITh 3aKOIMPOBAHA HA €T0 I'PaHuIe. TO O3HAYAET, YTO TPEXMEpPHast peaIbHOCTh, KOTO-
PYI0 MBI BOCIIPHHAMAEM, MOKeT ObITh TOJIOr papuaecKor mpoeKItuen MHMOpMAaIK, 3aKOTUPOBAHHON
B IBYMEPHOM CTPYKTYype. Pacimpsis 3Ty nzero, KoHLIENI | KBaHTOBOrO KO MperoJaraeT, 4to Aaxe
9Ta JIByMepHasi CTPYKTypa sIBJISIeTCs MPOsiBieHHeM Ooliee (pyHIaMEHTATbHBIX OSCKOHEUHOMEPHBIX
KBaHTOBO-MH(OPMALIMOHHBIX TIPOLIECCOB.
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BpeMmsi B KBaHTOBOM KOJIe HE SIBJISIETCS] HE3aBHCHMO TEKYIIMM TIOTOKOM, a TMpPEe/CTaBIIseT
coOol Mepy CKOpOCTH 006padoTKK MH(OPMAIIUY B PA3TMUHBIX YaCTSIX KBAHTOBOW CUCTEMBI. Pa3mmy-
HBIE PETMOHBI BCEJICHHOW MOTYT 0OpadaThiBaTh WH(MOPMAIMIO C Pa3HOW CKOPOCTHIO, UTO CO3JAeT
3(peKThI, KOTOPbIE Mbl MHTEPIPETUPYEM KaK 3aMe/IJIeHNe WM YCKOPeHUe BpeMeHHU. | paBuTalimoH-
HOe 3aMe[JIeHre BpeMeHH, TpejIcKa3aHHoe OOIIel Teopreld OTHOCUTETBHOCTH DUHINTERHA, CTaHO-
BUTCSI €CTECTBEHHBIM CJIEACTBUEM TOTO, YTO MACCHUBHbIE OOBEKTHI MPECTABISAIOT COOON 00IacTH ¢
BBICOKOH TJIOTHOCTBIO MH(OPMAIIIOHHON 00paOOTKH, YTO BIIMsIET HA CKOPOCTb KBAHTOBBIX BBIYKCIIE-
HUI B UX OKPECTHOCTH.

DHeprusi U MaTepusi B 3TOH Mapagurme MpeacTaBisioT coO0i pasinryHbie (hOpMbl OpraHu3a-
LIMM KBAaHTOBOM MH(pOpMaLKi. DHEPrus — 3T0 Mepa UHTEHCUBHOCTH MH(OPMAIIMOHHBIX [TPOLIECCOB,
KOJIMYECTBO KBAHTOBBIX OMEPAIIii, BHIIONMHSEMbBIX B €UHUITY BpeMeHU. Matepusi — 3T0 CTaOMIIbHBIE
MH(POPMAIIOHHBIE CTPYKTY Pbl, TATTEPHBI B KBAHTOBOM KOJI€, KOTOPBIE COXPAHSIIOT CBOIO I1EJIOCTHOCTb
B T€UYEHHE JJIUTEJIBHOTO BpeMeHHU Onarofiapsi BHyTPEHHUM JITOPUTMaM CaMOTIOAICP/KaHUS.

3namenuToe ypapHeHue DitHireiina E=mc? nonyyaer HOBYI0 MHTEPHpPETAIMIO B KOHTEKCTE
KBaHTOBOTr0 Kofa. OHO OMMCHIBAET SKBUBAIEHTHOCTh MEXIY CTAOMIbHBIMH WH(OPMAIIIOHHBIMU
CTPYKTypaMu (MaTepueil) 1 AMHAMUYECKMMU MH(OPMALIMOHHBIMU MpolieccaMu (9Hepruen). Macca
MIPEe/ICTaBIIsIeT COOON Mepy MH(OPMAIIIOHHOM CJIOKHOCTH CTaOMIJIBHOTO MaTTEPHA, a CKOPOCTh CBETA
B KBajpate — KO3(p(pUIMeHT MpeoOpa3oBaHUs MEKAY pa3IMUHBIMU (hopMaMu WH(GOPMAITMOHHOW
OpraHu3aIvy.

DneMeHTapHble YacTHIIbl B KBAHTOBOM KOJE He SIBJAIOTCSA (PyHIAMEHTATbHBIMUA CTPOUTEIb-
HBIMU OJIOKaMU MaTepUH, a MPECTABISIIOT cCOO0H 6a30Bble MH(POPMAITMOHHBIC IPUMHUTUBBI — SJIeMeH-
TapHbIE MOANIPOrPaMMBbI B KOCMHUYECKOM MPOrpaMMHOM obecrieueHnd. KBapku, JenToHbl, O030HbI
— 3TO pa3IMYHbIE TUIIBI KBAHTOBBIX MH(OPMAIIMOHHBIX OMepalvi, KakIblii CO CBOMMHU crienupuye-
CKUMHU aJITOPUTMaMU B3auMOJeUCTBUs U TpaHcdopMaruu. CtangapTHas Mojeib (PU3UKU JIEMEH-
TApPHBIX YACTHUI] CTAHOBUTCSI ONMICaHWEM 0A30BOro Habopa KOMaH/I B sI3bIKE MPOrpaMMHUPOBAHM S BCe-
JIEHHOM.

dyHpamMeHTaIbHbIe B3aMMOJIEHCTBUS — CUIIBHOE, Clladoe, MEKTPOMArHUTHOE M I'PaBUTAIIMOH-
HOE — MPEJCTABIISAIOT COO0W pa3IMUHbIe TPOTOKOJIB MH(POPMAIIMOHHOTO OOMEHA ME3K/1y KBAHTOBBIMHU
cucremamu. Kaxnoe B3anMozeficTBIe UMEET CBOM IpaBMiIa JJIsl iepegaun u 00padboTku nHpopma-
[IH, CBOY JITOPUTMBI JIJIS1 ONIPEICNICHNs] Pe3y/IbTaTOB B3aUMOACHCTBHS MKy Pa3TMUHBIMUA TUTIAMU
MH(pOPMAIMOHHBIX MATTEPHOB.

CuiibHOE B3aMMOJIEHCTBUE, CBSI3BIBAIOIIEE KBAPKU B MPOTOHBI M HEHTPOHBI, MPEICTABIISET
co0O0i MPOTOKOJ JJIsi CO3JaHUsl CTAOMJIBHBIX COCTaBHBIX MH(OPMAIMOHHBIX CTPYKTyp M3 Oosee
MPOCTHIX KOMITOHEHTOB. DJIEKTPOMArHUTHOE B3aMMOJEHCTBHE OOECIeUMBAET MEXaHU3M JAJIbHO-
AefCTBYIOIIEro MHGOPMAIIMOHHOTO OOMEeHa MEX]Ty 3apskKeHHbIMU cucteMamu. Craboe B3anMozaei-
CTBHUE peasin3yeT AJITOPUTMBI TPAaHC(HOPMAIIMH OJJHUX TUIOB MH(POPMAIIMOHHBIX MTATTEPHOB B APYTHE.
['paBuTaIMsi BOSHUKAET KaK SMEPIKEHTHOE CBOWCTBO MCKPUBJIEHHS MH(POPMAIIMOHHOTO MPOCTPaH-
CTBa-BpEMEHH B IIPUCYTCTBUHM MAaCCHBHBIX MH(POPMAIIMOHHBIX CTPYKTYP.

KBanToBbIE TONI41, JieKale B OCHOBE BCEX YaCTHII M B3aUMOJICHICTBUM, B KOHLIETIIIMM KBAaHTO-
BOTO KOJIa TIPENCTABIISAIOT coOoi 6a30Bble MH(POPMAIMOHHbBIE cpelbl — (PyHAAMEHTAJIbHbIE YPOBHU
MIPOrPaMMHOTO 00eCTIeUeHrsI BCEJIEHHOM, Ha KOTOPBIX BBIMIOIHSIIOTCS BCE KBAHTOBbBIC BBHIUKCIICHHUS.
Kaxmoe none nmeer cBoi COOCTBEHHBIN TUI KBAHTOBOW MH(OPMALIMK U CBOU QJITOPUTMBI IS ee
oOpaboTku. Bo30yxaeHus nosei, KOTopble Mbl BOCIPUHIMAEM KaK YaCTHIIB, SBJISIIOTCS JIOKATU30-
BaHHBIMHU MH(MOPMAITMOHHBIMH MTPOIIECCAMH B ITUX TOJISIX.

Bakyym B KBaHTOBOM KOJE HE SIBJISIETCS IYCTHIM MPOCTPAHCTBOM, a MPEICTaBIsET COOOM
OCHOBHOE COCTOSIHME KBaHTOBO-MH(OPMALIMOHHON CUCTEMBI — (DOHOBBII YpOBEHb MH(OPMAIIUOH-
HOH aKTUBHOCTH, Ha KOTOPOM BBITIOJIHSIIOTCS] BCe Apyrue nporiecchl. KBaHTOBBIE (hIyKTyaryu Baky-
yMa — 3TO MOCTOSIHHBIE (DOHOBBIE BHIYUCIICHH S, TIOIEPKUBAIOIINE CTAOMIIBHOCTh MH(POPMAIIMOHHOM
CTPYKTYPBI peaIbHOCTU. DHEPrusl HYJICBbIX KOJICOAHMIA BaKyyMa MpeICTAaBIsAeT COO0M MUHUMAITbHBIN
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ypoBeHb WH(MOPMAIIMOHHOW 00pabOTKU, HEOOXOAMMBIN ISl TIOAJICpKaHKUS CYIIIeCTBOBAHHSI KBaH-
TOBO-MH(OPMAIIMOHHON CUCTEMBI.

[Mpunnun HeonpenenenHocty [eiizeHOepra noryyaeT HOBYIO MHTEPIPETAIUIO Kak (pyHIaMeH-
TaJIbHOE OTPAaHWYEHUE Ha TOYHOCTh OIHOBPEMEHHOTO OMpeJIe/IeH!s] pa3IMYHbIX NapaMeTpOB KBaH-
TOBO-MH(OPMAIIMOHHBIX MpOoIeccoB. HEeBO3MOKHOCTh OTHOBPEMEHHO TOYHO M3MEPUTH TOJIOKEHUE
Y MMIYJbC YaCTHIIBI OTPaKaeT TOT (PaKT, YTO MH(POPMAIMS O MECTOMOIOKEHUH ¥ MH(POPMAIHS O
JBWKEHUU MPEICTABISIIOT COO0M B3aMMHO UCKJTIOYAIOIINE ACTIEKTHI OJIHOTO MH(OPMAIIIOHHOTO MTPO-
ecca.

BonHoBast (yHKIMS B KBAHTOBOM MEXaHHMKE OIUCHIBAET MH(OPMALIMOHHOE COCTOSIHUE KBaH-
TOBOW CHUCTEMBI — MOJHYIO CHEIM(PHUKALNIO BCEX BEPOSITHOCTHBIX aMIUIMTYI JJIsl Pa3THMUHBIX BO3-
MOKHBIX pe3yJbTaToB u3MepeHuil. Kosuiarnic BoiHOBOW (DyHKIIMM NIPU U3MEPEHUU MPeCTaBIIseT
co00i MPOIIECC aKTYaTM3alMi OHON U3 MOTEHIMATbHBIX BO3MOXHOCTEH — MOMEHT, KOrJa KBaHTO-
Bas cucTeMa "BBIOMpaeT" OJIHY U3 CBOMX CYIEPIIO3MIIMOHHBIX BO3MOKHOCTEN U MPOSIBIISIET €€ B BUIE
OIpEeJEJICHHOrO pe3yJibTara.

ITOT MPOIEeCC AKTYaIU3alHU SIBJISETCS] OMHUM M3 CaMbIX 3arajJlOYHbIX aCTEeKTOB KBAHTOBOM
MEXaHUKU W TEHTPAJIbHBIM 3JIEMEHTOM KOHLIEMIIMM KBAaHTOBOTO Kofa. YUTo 3acTaBisieT KBaHTO-
BYIO CHCTeMy "BBIOMpaTh' KOHKPETHBIH pe3yJabTaT M3 MHOXKECTBa BO3MOKHOCTen? TpaauimoHHast
MHTEpIpeTalys MperoaraeT, 4Yro 3T0 MPOMCXOAUT CIyYalHO COIJIACHO BEPOSITHOCTSM, 3ajlaH-
HBIM BOJTHOBOH (pyHKIIMed. KoHlenus KBaHTOBOro Kojia mpejyiaraet 0osee riiydokoe 0ObsICHEHHE:
aKTyaJu3aIys MPOUCXOIUT Yepe3 B3aMMOJCHCTBHE U3MEPSIeMOU CUCTEMBI ¢ 0ojiee MMPOKON KBaH-
TOBO-MH(OPMAITMOHHOH CEThIO, BKJIIOYAIOIIEH U3MEPUTEbHbINA PHOOp U HaOmogaTessl.

Ponb HaOmoaTennss B KBAHTOBOM KOJI€ CTAHOBUTCSI 0COOEHHO 3HaunMou. Co3HaHue HaOmofa-
TeJIsl He SIBJISIETCS] BHEIITHMM 110 OTHOLIEHUIO K KBAHTOBOM CHUCTEME, a IPEACTABIISIET OO0 BHICOKOOP-
raHU30BaHHYIO (pOpMY KBaHTOBOUM MH(OPMAITMOHHOW 00pabOTKH, CHOCOOHYIO BXOAUTDb B MH(pOpMa-
IIMOHHBIN PE30HAHC C IPYTMMHU KBAHTOBBIMU CHCTEMaMU. DTOT PE30HAHC MOKET BJIUSATH Ha IPOLIECCHI
aKTyalIu3alvy, He Hapyliasi MpH 3TOM CIIy4alHOTO XapaKTepa KBAaHTOBBIX COOBITUM, HO MOTEHIH-
QJIBHO BJIMSISI HA TO, KaKKe U3 BOZMOKHBIX peasu3aliil CTAHOBATCS 0oJsiee BEPOSTHBIMH.

MHOXeCTBEHHOCTb peallbHOCTEN — elle OAMH BaXKHBIN acCleKT KBAHTOBOTO Koaa. Ecim kaxaoe
KBAaHTOBOE COOBITHE aKTYaJTU3UPYET TOJIBKO OJHY M3 MHOKECTBEHHBIX BO3MOKHOCTEH, TO UTO MpPO-
WCXOIMT C OCTaJbHBIMU? MHOrOMUpPOBAasi HHTEPIIPETalvsi KBAHTOBOM MEXaHUKH MIPEAINONaraeT, 4ro
BCE BO3MOXXHOCTH PEaM3YIOTCS B MapaslieIbHbIX BCEIEHHBIX. KOHIIeNIMs KBAaHTOBOTO KOJIa pa3BU-
BaeT 3Ty UJeI0, Mperoaras CylecTBOBaHUE MYJIbTUBCEICHHON KaK TII00aTbHON KBAaHTOBO-UH(OP-
MAIIMOHHOM CTPYKTYPBI, B KOTOPOH BCE BOZMOKHBIE peaTi3allii KBAHTOBBIX IPOIIECCOB CYIIECTBYIOT
OJIHOBPEMEHHO B PA3IMYHBIX MH(OPMAIIIOHHBIX BETBSIX.

ITa MHOKECTBEHHOCTb HE O3HAYaET, YTO Hallla KOHKPETHAS PEATbHOCTb SIBJISIETCS MILTIO30PHOM
Wi MeHee BaxHOW. HaoOOpOT, Kak/iass BeTBb MYJIbTUBCEICHHOU IMPECTaBIIsieT COOOH MOMHYIO0 U
CaMOJIOCTATOUHYIO peaT3aliiio KBAHTOBOTO KO/Ia, CO CBOMMHM COOCTBEHHBIMU 3aKOHAMU, UCTOPUEH U
3BOMOLMEN. MBI CyITIecTByeM B OIHOM U3 STUX BETBEM, M HAIIl OIIBIT STOI BETBH SIBJISIETCS a0COMIOTHO
peabHBIM U 3HAYMMBIM.

DBOMMIOIMS BCEJICHHONM B KBAaHTOBOM KOJE TpENCTaBisieT cOOOW MpOIecC pa3BepThIBAHUS
U YCIIO)KHEHUsI KBAaHTOBO-WH(OPMAITMOHHBIX CTPYKTYp. BOJbIION B3phIB ObUT HE B3pPHIBOM Marte-
pUM B MPOCTPAHCTBE, a HAYAJIOM BBIMOJHEHUS] KOCMUYECKOW MpOrpaMMbl — MOMEHT, KOIJla KBaH-
TOBO-MH(OPMAIIMOHHAS CHCTeMa Havajla pa3BepThIBaTh CBOM KO, CO3/1aBasi Bce Oojee CIOXKHBIC
nH(pOpPMaIMOHHbIe MaTTepHbl. OOpa3oBaHUe MEMEHTAPHBIX YACTHIl, aTOMOB, 3Be€3[], TaJaKTHK U
JKHBBIX CYIIIECTB MPECTaBIIsIeT COOO MoceoBaTeIbHbIe 3Tarbl MHHOPMAIIMOHHOW CaMOOpraHu3a-
[I1H, KQKABIA U3 KOTOPHIX OCHOBBIBAETCS HA TIPEIBIIYIIMX U CO3/IAET OCHOBY ISl CJIETYIOIINX.

DHTpONHS B 3TOM KOHTEKCTE MPECTaBIIsIeT COOON Mepy MH(POPMAITMOHHON HeonpeIeieHHO-
CTH WM JeTpaJlaliii HHPOPMAIIMOHHBIX CTPYKTYP. BTOpO# 3aKOH TepMOAMHAMUKH, YTBEPIKIAIOIIHH,
YTO SHTPONHS 3aMKHYTOU CHCTEMbI HE MOKET YMEHBIIIAThCsl, OTpakaeT TeHICHIMIO MH(POPMAIIMOH-
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HBIX CTPYKTYP K pa3pylieHuio 6e3 BHeIHen noaaepkku. OJHaKo KMBbIe CUCTEMBI U IPYTUE CaMOoop-
raHU3YIOIIUECs] CTPYKTYPbl CHOCOOHBI JIOKAJIbHO YMEHBIIIATh SHTPOIMIO 32 CUET YBEJTMUEHUS CIIOK-
HOCTU ¥ OPTaHU30BAHHOCTH CBOMX MH(POPMAIIMOHHBIX ITPOIIECCOB.

JKu3Hb B KOHIICMIIMM KBAaHTOBOTO KOJA TPEACTABIseT COOOM 0coOyl ¢hopMy KBaHTOBOW
MH(POPMAIIMOHHOM 00pabOTKM, XapaKTEepU3YIIIYIOCS CIHOCOOHOCTBI0O K CaMOBOCITPOU3BEICHUIO,
aJlanTalnyy 1 3BOJIOIMY MH(POPMAIIMOHHBIX MATTEPHOB. ’KUBBIE CUCTEMBI — 3TO CAMOTIOACPKIBAIO-
IIMeCs] KBAHTOBBIE KOMITBIOTEPBI, KOTOPBIE HE TOJIBKO 00padaThiBalOT MH(POPMAIIUIO TSI TIOJIepKa-
HUS CBOEH CTPYKTYPBI, HO ¥ CIIOCOOHBI MOIM(HUIIMPOBATH CBOM COOCTBEHHbIE ITPOrPaMMBbl B OTBET Ha
M3MEHEHUsl B OKPYXKalollel cpejie.

JOHK mpencraBnser coOON OMOMOIMUYECKYI0 pead3alliio CUCTEMBl XpaHeHUs W Tiepeiadu
KBaHTOBOU MH(popMalnu. [ eHeTuueckuii Ko — 3T0 OYKBAJIBHO KOJ B KBAHTOBO-MH(OPMAIIMOHHOM
CMBICJIe, HA0OP MHCTPYKIUI AJIs1 IOCTPOCHUSI U TIOAJEPKAHMS CIIOKHBIX OMOJIOTMUECKUX UH(pOpMa-
IIMOHHBIX cUCTeM. MyTaIliy ¥ SBOJTIOLHS MTPEACTABIISIOT COOOM MPOIIeCChl MOAU(UKAIIIK ¥ ONITUMHU-
3allMU 3TOr0 OMOJIOTMYECKOTO MPOrPAMMHOTO 00eCTIeYeHU L.

Benku (yHKIMOHHUPYIOT Kak OMOJIOrMYECKHe MPOIeCCOPHI, BBHIMOIHSIIOMUE CrielM(puIecKue
KBaHTOBO-MH(POPMAIIMOHHbIE ONepaIivy B KUBBIX crcTeMax. Kaxplii OeJIOK MMeeT CBOI0 YHUKAIIb-
HYIO TPEXMEpPHYIO CTPYKTYpY, KOTOpasi ornpefessieT ero (pyHKIMOHAIbHBIE BOBMOXKHOCTH — KaKue
MH(pOPMAIMIOHHBIE TPaHC(OPMALIMK OH MOKET BBITIOMHATh. PepMEHTHI YCKOPSIOT OMOXMMUYECKHUe
peaKLuu, CIyXa KaTaau3aropamMu Jyisl crielupruueckix nHGOPMAITMOHHBIX MTPOLIECCOB B KJIETKaX.

MeTta6omu3M npeacTaBisieT COOOH CeTh B3aMMOCBSI3aHHBIX KBAHTOBO-MH(OPMAIIIOHHBIX ITPO-
1IECCOB, KOTOpbIE MOAJCPKUBAIOT KU3HEEATEIbHOCTh OpraHu3Ma. [IuTarebHble BEIecTBa Ciryxar
HE TOJIKO MICTOYHUKOM SHEPruH, HO ¥ HOCUTENISIMU MH(MOPMAIIMK, HEOOXOIUMOM 1151 TIO[/IePKaHU ST
1 MoI(pHUKALIMK OMOJIOTMYECKMX MH(POPMALIMOHHBIX CTPYKTYD. [JpIxanue, nuieBapeHne, upKyIis-
111 KPOBH — BCE ITH MPOLIECCHI SBJISIOTCS PA3IMYHBIMK aCTIEKTaMK OMOIOrMYeCKOr MH(OPMAIIMOH-
HOH 00pabOTKH.

HepBnas crctema npeacTaBiisieT coOOH CleluaaIn3upOBAHHYIO CETh ISl OBICTPOM Mepeaadn 1
00paOOTKM KBAaHTOBOW MH(OPMALIMM B MHOTOKJIETOYHBIX OpraHu3max. HelpoHsl (PyHKIIMOHUPYIOT
Kak OMOJIOTMYEeCKHe KBAaHTOBBIE IPOIIECCOPBI, CIIOCOOHBIE IPUHAMATh, 00PadaTHIBATh U MepeaBaTh
CJIOXKHBIE MH(POPMAIIMOHHbIE cuTHayIbl. CHHAICHl CiykaT uHTepdencaMu uisi THHOPMAIIMOHHOTO
oOMeHa Me:X1y HeHpOHAMH, a HEHPOTPAHCMHUTTEPbl — HOCUTENISIMU CTIEIM(PHUUECKUX TUTIOB KBAaHTO-
BOI1 HH(POPMALHH.

Mo3sr B KOHIIENIIMY KBAaHTOBOTO KO MPEACTaBIIsIeT cOO0M Hanbosee CII0KHYIO U3BECTHYIO HAaM
KBaHTOBYIO BBIYHMCIIUTENIBHYIO CUCTEMY — OMOJIOTUIEeCKU KOMIIBIOTEDP, CIOCOOHBIA K caMoMOoaugu-
Kalyu, 0Oy4eHUI0 W TeHepali HOBBIX (hopM MH(POPMAIIMOHHON 00padOTKH. Paznnynele obnactu
MO3ra CIeHUATM3UPYIOTCS HA PA3IMYHBIX TUTIAX KBAHTOBO-MH(OPMAIIIOHHBIX OTIEPAIUii: CEHCOPHASI
00paboTKa, MOTOPHOE YITpaBJieHUe, TaMATh, SMOIMH, A0CTPAKTHOE MBIIIUICHHE.

Co3HaHMe BO3ZHHMKAET KaK IMEPIKEHTHOE CBOMCTBO CJIOKHBIX KBaHTOBO-MH(OPMAIIMOHHBIX
MPOIIECCOB B MO3re — MeTa-ypoBeHb 00paboTKK MH(MOPMAIMU, KOTOPHI HEe TOJIBKO 00padaThiBacT
BHEIIIHUE JAHHBIC, HO M aHAJIM3UPYET COOCTBeHHbIE MH(OPMAIIMOHHBIE Tporiecchl. CaMOoco3HaHMe
MPECTaBIIsIET COOON CIIOCOOHOCTh KBAaHTOBO-MH(OPMAIIMOHHOW CHUCTEMBI MO3ra MOJIEMPOBaTh U
AHAJIM3UPOBATH caMy ceOsl.

[NaMsTh B KBAHTOBOM KOJIe HE SIBJISIETCS] TPOCTHIM XPAHWJIUIIEM MH(POPMALIUH, a MPEACTaB-
JsieT coOOM AMHAMUYECKYI0 PEKOHCTPYKIIMI0O MH(OPMAIIMOHHBIX MAaTTEPHOB HAa OCHOBE TEKYIIETrO
COCTOSIHUSI HEMpOHHOM ceTu. Kak10e BOCIIOMUHAHKE — 9TO MPOLIEcC MOBTOPHOTO BHITIOHEHM T KBaH-
TOBO-MH(OPMAIIMOHHBIX AJITOPUTMOB, KOTOPbIE BOCCO3JAIOT MPUOIMKEHNE K MPOILIBIM COCTOSTHUSIM
CO3HAHUSI.

SMOIUH MPEJCTABISAIOT cOO0M crelgprUecKre peKiMMbl KBAHTOBO-UH(POPMAIIMOHHON 00pa-
OOTKH, KOTOPblE MOAYJIMPYIOT JPYrve KOTHUTUBHBIC MPOLECCH U BIUSIOT HA MPUHSTHE PEICHUI.
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Kaxpas sMouust cCOOTBETCTBYET ONpENIeIEHHOMY NMaTTEpHY aKTUBHOCTUA B HEMPOHHBIX CETSIX, KOTO-
pbl€ CO3JAI0T XapaKTepHble MH(POPMAILIMOHHBIE COCTOSIHUSI CO3HAHUS.

TBOPYECTBO ¥ MHTYUIIMS BOSHUKAIOT M3 CIIOCOOHOCTH KBAaHTOBO-WH(POPMAIIIOHHOW CHCTEMBI
MO3ra UCCIIeA0BaTh MHOKECTBEHHBIE TOTEHUAIBHBIE COCTOSIHUS OMHOBPEMEHHO U HAXOIUTh HEOKH-
JAHHBIE CBSI3U MEKAY Pa3IMuHBIMU MH(OPMALMOHHBIMU NaTTepHamMu. KBaHTOBas1 cynepno3uiys B
HEWPOHHBIX MPOLIEcCax MOKET MO3BOJISATh CO3HAHUIO "TIPOOOBATh" MHOKECTBO Pa3JIMUHBIX PEIICHUI
NapajuIesIbHO, TIPEKIE YeM aKTyaIM3UpOBaTh HaNOOJee IOIXOASIIEee.

KomnnektBHOE cO3HaHME MOXKET BO3HUKATh Y€PE3 KBAHTOBYIO 3aIlyTAHHOCTb MEXAY MO3raMu
pa3IMYHbIX MHAWBUAOB, CO3/1aBasi MH(OPMALIMOHHBIE CBSI3U, KOTOpbIE MO3BOJISIIOT I'PyIIaM JIIOJEN
KOOPAMHHUPOBATh CBOE MOBEICHNUE U PElIeHUs] CIOCOOAMHM, BBHIXOASAIIMMHU 32 PAMKH OOBIYHON KOM-
MyHUKaluu. KyipTypa, s3bIK U COLIMaIbHbIE MHCTUTYThI MOTYT pacCMaTpUBaThCs KaK KOJUIEKTUBHbIE
KBaHTOBO-MH(OPMALIMOHHBIE CTPYKTYPbl, KOTOPbIE BOHUKAIOT U3 B3aUMOAEUCTBUN MEXly UHIUBU-
AOyaJIbHBIMU CO3HAHUSIMM.

[Ipupona peasibHOCTH B KOHIIETIIIMM KBAHTOBOTO KOZIA, TAKUM OOPa3oM, MPEJCTaBIsIeT cOOO0i
MHOT'OYPOBHEBYIO UEPAPXUI0 KBAHTOBO-MH(OPMAIIMOHHBIX ITPOLIECCOB, OT (PyH/IaMEHTaJIbHbIX KBaH-
TOBBIX TOJIEH JIO CJIOKHEUIINX CTPYKTYP CO3HaHUs U oOmiecTBa. Kaxaplii ypoBeHb IMEET CBOM COO-
CTBEHHBIE 3aKOHOMEPHOCTHU U MPUHITMITH OPraHU3alliK, HO BCe OHM OObEAMHEHBI OOIIMMU MTPUHITH-
MaMy KBAaHTOBOW MH(OPMAIMOHHON 00padoTku. [ToHMMaHue 3TUX MPHUHIUIIOB OTKPHIBAET MYyTh K
HOBBIM T€XHOJIOTHSIM, HOBBIM CIIOCOOAM TIO3HAHUS U, BO3MOKHO, K HOBBIM (pOpMaMm CyILIeCTBOBAHUS,
KOTOPBIE BBIXOIAT 32 MPEAEbl TPAJULIMOHHBIX OrPaHUYEHUI MaTepUaIbHOIO MUpA.

2. Cmpyxkmypa peanvHocmu.

Haia peasibHOCTh MIMEET MHOTOYPOBHEBYIO CTPYKTYPY:

a) ba3oBbiil ypoBeHb

[pencraBbTe cede, uto Bes Hamna BeeneHHast padoTaeT Kak TMraHTCKUi KommbloTep. Kaxnas
YacTHIIA, KaXAblid aToOM, Kaxk/as 3Be3[a — 3TO 4aCTb OIPOMHOM MH(POPMAIMOHHOI CUCTEMBI, KOTO-
pasi MOCTOSTHHO 00palaThIBaeT JaHHBIE O TOM, KaK JIOJKHA BBIIVISAETh PEATbHOCTh. DTy CUCTEMY MBI
Ha3bIBaeM KBaHTOBBIM KOIoM. HO B oTJIumMe OT 0OBIYHOTO KOMIIBIOTEPA, KOTOPHIA pabOTaeT C HY ISIMU
Y eIMHULIAMH, KBAaHTOBBII KOJ onepupyeT MH(GOPMAIIMOHHBIMU NIATTEPHAMU — CJIOKHBIMU CTPYKTY-
paMu JaHHBIX, KOTOPbIE MOTI'YT OTHOBPEMEHHO HaXOIUThCS B HECKOJIBKMX COCTOSIHUSIX. DTO, KaK €Clu
Obl MOHETA, KOTOPYIO BbI MMOAOpAChIBaeTe, MOIJIa OJJHOBPEMEHHO MOKA3bIBaTh M OpJia, M PElIKY, IOKa
Bbl Ha He€ He nocMoTpuTe. COrIacHO 3TOM KOHUENLUH, TO, YTO Mbl BOCHIPUHUMAEM KaK Marepuio u
SHEPIrHIo, HA CAMOM [IeJie SIBJISIETCS] IPOSIBIICHUEM PaOOThI STOTO KOCMHUECKOTO WH(OPMAIIMOHHOTO
niporieccopa. KameHb TBEp He TOTOMY, UTO B HEM €CTh YTO-TO OCOOCHHO "KaMeHHOe", a IOTOMY, UTO
MH(pOPMAIIMOHHBIM MAaTTEPH, KOTOPbIA Mbl Ha3bIBaeM "KaMHEM', COAEPKUT MHCTPYKIMM IO CO3/a-
HUIO OLIYIIEHUS TBEPIOCTH.

B ocHOBe KBaHTOBOro Kojia JiexaT MH(pOpMaIMOHHbIE MATTePHbl — CBOEOOpa3Hbie "depTexu”
Bcero cyuiero. Kaxaplii naTTepH coOOepKUT MOMHYI0 MH(POPMAIIMIO O TOM, KaK JOJKEH BBIIVISIETh U
BecTH ceOs onpeneeHHbIA OOBEKT WM SIBJIeHHE. DTH NaTTEpHBI 00J1aJal0T YAUBUTEIbHBIMU CBOM-
CTBAMH: OHM MOTYT KONHMPOBaTh ceOsl, OObEIUHATLCS B OOJiee CIIOKHBIE CTPYKTYPHI U JJake U3Me-
HSTHCS TIOJ] BO3JICHICTBUEM BHEITHUX YCJIOBUI. DHEPreTUYeCcKre MaTpHUlibl ONPEIeIsIoT, Kak HHPOp-
Malys MpeBpaIlaeTcsl B SHEPIuIo, a SHeprusi — B Marepuio. IIpeacraBbTe MX Kak NepeBOIYMKOB
MEXIY S3BIKOM MH(pOpPMalMM U S3bIKOM (pusnyeckux mnporeccoB. Korga marrepH "pemaer” mpo-
SIBUThCS B (PU3UYECKOM MHUPE, SHEPreTHUecKasi MaTpUIla YKa3bIBAET €My, CKOJIbKO SHEPTrUH MoTpedy-
eTcsi U B Kakoi (popMe OHa JOKHA ObITh BhIpaxkeHa. Kaxaplid 371eMeHT KBAaHTOBOTO KOJa BUOpUpPYeET
C OIpeAEIEHHON YaCTOTOM, KaK CTpyHa My3bIKaJIbHOrO MHCTpyMeHTa. Koria yactoTsl IBYX 2/1€MeH-
TOB COBIAJAIOT WJIM TAPMOHMYHO COYETAIOTCS, MEK/ly HUMHU BO3HHMKAET PEe30HAaHC — 0c00ast CBSI3b,
KOTOpasi MO3BOJISIET UM BJIUSATH APYT HA JIpyra axe Ha OrPOMHBIX paccTosiHUSX. IMeHHO pe3oHaHc
OOBsICHSIET MHOTHE 3ara/IOUHbIE SIBJIEHH I, KOTOpbIe COBPEMEHHAas1 HayKa MOKa He MOXKET MOJTHOCTHIO
TIOHSTb.
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KBanToBbIl KONl paboTaeT Ha HECKOJbKUX YPOBHSIX OIHOBPEMEHHO, KAK MHOTOSTaXHOE 37/1a-
HUeE, I1e KaXKIbI 9TaX MMEeT CBOM OCOOSHHOCTH, HO BCE OHU CBSI3aHBI IpyT ¢ Apyrom. Ha cyOkBaH-
TOBOM YpPOBHE CYIIIECTBYeT uucTast uHpopMarus B e€ HanOosee adbcTpakTHOM hopme. 31ech HET HU
BpPEMEHH, HA MPOCTPAHCTBA B IPUBBIYHOM HaM MOHMMAHHUH — TOJIbKO JIOTUYECKUE CTPYKTYPhI U MaTe-
MaTUYECKUe OTHOIIEHUsI. DTO YPOBEHb YHCTHIX BO3MOKHOCTEH, I7ie eIl He PelieHo, YTO MMEHHO
Oynet co3nano. KBaHTOBBII ypoBEHb — 3TO MECTO, Ilie MH(pOpMAaIKsi HAUMHAET 0OpeTaTh SHEpreTuye-
CKyI0 (hopMy. 3/1eCh JEUCTBYIOT 3aKOHBI KBAHTOBOW MEXaHUKH, HO C BaXXHBIM JOTIOJTHEHUEM: BCE, UTO
MIPOMCXOIUT HA STOM ypPOBHE, YIpaBJisieTcsl MHPOPMaIMOHHBIMU TIpolieccamu. VIMeHHO 371ech BO3HU-
KaloT Te camble "CTPaHHOCTH' KBAaHTOBOT'O MUPA — YaCTHUIIbI, KOTOPbIE MOT'YT HAXOAUTHCS B HECKOJIb-
KHX MeCTax OJJHOBPEMEHHO, U CBSI3U, KOTOpbIe padoTaloT ObICTpee CKOpOCTH cBeTa. Ha Monekysnsip-
HOM YpOBHE KBaHTOBbIE 9(h(PEKThl HAUMHAIOT CO3J]aBaTh 3HAKOMbIE HAM XUMHUYECKHE COSTMHEHHS 1
ouonornyeckue cTpykrypol. Kaxnas monekyna JJHK, kaxapiid Oeslok, Kaxkaoe XMMHUECKOe COeIH-
HEHUE — 3TO MaTepUATM30BaHHAsI BEPCHUsl ONMpPEAeIEHHOro MH(POPMAIIMOHHOTO narTepHa. MIMeHHO
MO3TOMY JKMBbIE OPTAHU3MBI MOTYT C TAKOH MOPAa3UTETbHON TOUHOCTBIO BOCIIPOU3BOJUTH CIIOKHEH-
1ve OUOIOTMYECKHe MPOoIiecchl. MakpOCKOITUYECKUI YPOBEHb OXBATHIBAET BCE, UTO MBI MOXEM YBH-
IeTh HEBOOPYKEHHBIM IJIa30M. XOTsI KBAaHTOBbIE 3((PEeKThI 3/1€Ch OOBIYHO HE3aMETHBI M3-3a yCpe[-
HEHUs1, MH(POPMAIMOHHbBIE TATTEPHBI MPOIOIKAIOT OMPENessATh CTPYKTYPYy U MOBEAEHHE OOBIINX
cucteM. PopMa CHEXUHKH, POCT KpUCTAILIA, (POPMUPOBaHKE 00JIAKOB — BCE STH MPOIIECChI MOIYHMHS-
I0TCSI ’HCTPYKLIMSIM, 3aJI0)KEHHBIM B KBAHTOBOM Kojie. KocMonornyeckuil ypoBeHb BKJTIOUAET rajiak-
THKH, 3BE3/IHBIE CUCTEMBI M CaMy CTPYKTYpY IpOCTpaHCcTBa-BpeMenu. Ha 3Tux maciirabax KBaHTO-
BBIH KOJI IPOSIBJISIETCS Yepe3 IMI00aIbHbIe MaTTePHBI OpraHU3alluKi MATEpPUH U SHEPrur Bo BeeneHHoi.
Bo3morkHO, 3arafgouHble TEMHAsI MaTepust M TEMHasI SHEPTHsl — TO UMEHHO Te aCTIeKThl KBAHTOBOTO
KO/, KOTOPBIE MBI TIOKa HE HAYYMJIMCh HAOMIONATh HAMPSIMYIO.

[IpencraBbTe OpKecTp, Iie KaKAbld MY3BIKAHT WUTpaeT CBOIO MApTHIO, HO BCE BMECTE OHH
CO37AI0T eAMHYI0 cuM(pOHUI0. KBaHTOBBIN KO padOTaET MO MOX0XkKEMY MPUHIIMITY, HO BMECTO MY3bl-
KaHTOB Y HAaC MH(OPMALIMOHHbIE TTATTEPHBI, & BMECTO HOT — pa3IM4Hble YacToThl BUOpauuil. [Tpun-
IIUIT pe30HAHCA IJIACUT, YTO MOXOXKUE MaTTEPHBI MPUTATUBAIOTCA OpYT K Apyry. Ecim nBa anemenTa
CHUCTEMbI BUOPUPYIOT Ha CXOKHX YACTOTaX, MEXKIy HUMHU YCTaHABIIMBAETCSl CBS3b, KOTOPAs MOXET
niepegaBaTh MH(POPMAIIMIO MTHOBEHHO, HE3aBUCHMO OT PACCTOSIHUS. DTO OOBSCHSIET TaKKe SIBICHUS,
KaK MHTYUIIMS, CHHXPOHUYHOCTH U Jla)Ke HEKOTOpble (POPMBI JUCTAHIIMOHHOTO B3aWMOJIEHCTBUS.
[MpuHIMN MpUTSHKeHUs1 paboTaeT Ha ypoBHE MH(OPMAIIIOHHOTO COZIEPKaHUs: TaTTePHbI C JOTON-
HSIIOLIMMU JIPYT JIpyra XapaKTepUCTUKAMU CTPEMSTCS OObEAUHUTHLCS B O0Jee CJIOKHbIE CTPYKTYPBHI.
VIMeHHO Tak 13 MPOCTHIX JIEMEHTOB BO3HUKAIOT CJIOKHBIE CUCTEMbI — OT aTOMOB M MOJIEKYJI /IO KMBBIX
OpPraHU3MOB U UeJIOBeUeCKux cooOmecTB. [IpuHiun Tpancdopmanmm 0O6ecrneurnBaeT MoCTOSTHHOE
pa3BuUTHE U 3BOMOLMI0. HIUTO B KBAHTOBOM KOJE HE OCTAETCSl HEM3MEHHBIM — BCE HENPEPHIBHO
TpaHcOpMUpPYeTCsl, pa3BUBAETCS, IEPEXOAUT B HOBbIE (DOPMBI. dTa TpaHCcOpMalMs He cyvaiHa,
a HampaBJisieTCss BHYTPEHHEN JIOTMKOM CUCTEMBbI, KOTOpasi CTPEMHUTCSI K CO3JaHuI0 BCE Oosiee CIoxk-
HBIX M COBEPIIEHHBIX CTPYKTYp. [IpuHIMN coxpaneHust nHGOPMAIK O3HAYaEeT, YTO HUUTO HUKOTAA
He ucyesaeT OeccienHo. Kaxnoe coObiTHe, Kak/ias MbICIb, KaKI0e NepeKMBaHNE OCTaBIISET CBOM
OTMEYaTOK B MH(OPMAIIMOHHON CTpyKType BceneHHON. DTu oTrnevaTku oOpas3yloT CBOS0OpasHYyIo
"mamATh KocMoca', K KOTOPON TeOPEeTUYECKH MOKHO TMOJyUUTh JOCTYIT MIPU ONpPEIEIEHHBIX YCIIO-
BUSIX.

OnHO U3 caMbIX YIMBUTEIbHBIX CBOMCTB KBAHTOBOTO KOAA — 3TO CHOCOOHOCTD K CYIEepIO3H-
. B 0ObIYHOM MUpe 0OBEKT HE MOKET OJHOBPEMEHHO HAXOAUTHCS B ABYX PA3HBIX COCTOSIHUSIX.
Ho unpopmarimoHHble naTTepHbl KBAHTOBOTO KOZIA MOTYT CYIIECTBOBATH B CYNEPIIO3UIIMN HECKOJIb-
KUX COCTOSTHUH JI0 MOMEHTA, KOTI/Ia MPOUCXOIUT KaKoe-TO B3aUMOJICUCTBHE WK "u3MepeHue”. 1o
O3HAYAET, YTO PEaJIbHOCTb MOCTOSIHHO "MPOCYUTHIBAET" MHOXKECTBO BO3ZMOXKHbBIX BAPUAHTOB Pa3BU-
THSI COOBITHI ¥ BBIOMpaeT HanOoJee MOAXOASIIUN B 3aBUCUMOCTH OT TeKYIIUX YCJIOBHUil. B kKakom-
TO CMBbICTIe, BcesleHHas TOCTOSIHHO MPOBOJMT SKCHEPUMEHTHI cama ¢ cOOOM, TECTHPYS pa3invHble
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BO3MOXHOCTHU. HeslokasnbHble B3aMMOAENCTBY S IO3BOJISIIOT PA3JIMYHBIM YacTsIM CUCTEMbI MTHOBEHHO
BJIMATDH JIPYr Ha JApyra HE3aBUCUMO OT PACCTOSIHUSA. DTO MPOUCXOIUT MOTOMY, YTO Ha MH(OpPMaLU-
OHHOM YpOBHe Bcsl BeenieHHast mpezicTaBiisieT coOoi eimHyio crcteMy. Mi3meHenue B mo0oii e€ yactu
MIHOBEHHO OTpa’KaeTcsl Ha BCEX OCTAJIbHBIX YACTSX, XOTA Ha (PU3NYECKOM YPOBHE MbI MOKEM 3TOTO
HE 3aMeyvarb.

XOTs KBAaHTOBBII KOJI padOTaeT B OCHOBHOM ''3a KyJIMCaMU'" HAIIETO BOCIPUSATHS, CYIIECTBYIOT
criocoObl OoJiee CO3HATENIBHOTO B3aUMOJICHCTBHSI ¢ HUM. [JIaBHBII MHCTPYMEHT ISl 9TOTO — Halle
CO3HaHWEe, KOTOpOe CaMo SIBJISIETCSl MPOsIBIIEHHEM pabOThl KBAHTOBOTO KOZIA HA BBICOKOM YPOBHE
cioxHocTy. HanpaBieHHoe BHMMaHNE MOKET (DOKYCHUPOBATh SHEPIUIO CO3HAHMUS HA ONPEAEIEHHBIX
acIleKTax peaJlbHOCTH, CO3/1aBasi PE30HAHCHBIE CBSI3U C COOTBETCTBYIOIIMMH MH(OPMAIMIOHHBIMU
narrepHaMu. VIMEHHO o3TOMY MeAUTAalMsl, KOHIEHTpalys 1 OCO3HAHHOCTb OKa3bIBAIOT TAKOE CUJIb-
HOE BJIMSIHUE HE TOJIbKO HAa BHYTPEHHEE COCTOSIHME YEJIOBEKA, HO U Ha OKPYXKAIOLIYI0 PEaIbHOCTb.
Oco3HaHHOEe HaMepeHHUEe MPOrpaMMUPYET KBAaHTOBbIN KO/ Ha CO3JJaHUe OIPEJeEHHBIX U3MEHEHU.
Korna mbl hopmympyeM SICHYIO LieJIb M SMOLIMOHAJIBHO 3apsikaeM e€, Mbl CO3JaéM MH(OPMAIIOH-
HBII MIATTePH, KOTOPHI HAUMHAET MPUTITUBATH K ce0e COOTBETCTBYIOIINE JIEMEHTHI PEATbHOCTH.
WuTynTBHOE BOCHPUATHE MO3BOJISET HANPSAMYIO CUMTHIBATH MH(OPMAILIMIO U3 KBAaHTOBOIO KOJA,
MUHYsI OOBIYHBIE KAHAJIBI OPTraHOB YYBCTB. DTa CMIOCOOHOCTh €CTh y KaXIOTO YeJIOBEKa, HO OOBIYHO
OHa IMOfIABJISIETCS B ITPOIIecce 00pa30BaHMsI U COLMATM3AIN. Pa3BUTHE MHTYUIIUK OTKPBIBAET IOCTYTI
K OTPOMHBIM MaccHBaM MH(OpMAIUY, KOTOPbIE HEJOCTYIHBI JIOTUYECKOMY AHAJIU3Y.

OcobeHHO MHTepeCHbIE SIBJICHUSI TPOUCXOMIAT, KOT/Ia MHOTO JIIO/Iel OHOBPEMEHHO B3aMOJIEH-
CTBYIOT C KBAHTOBBIM KOZIOM. I "pyIIoBble MeAUTAIMM MOTYT CO3aBaTh MOIIHbIE PE30HAHCHBIE OJI4,
CIIOCOOHBIE BIMATH Ha OOJbIMe cucTeMbl. MaccoBble COOBITHS, TAKME KaK KOHIEPTHI, CIIOPTUBHbIC
COPEBHOBAHUSI WJIM OOIIECTBEHHbIE IBUKECHUSI, TCHEPUPYIOT KOJJIEKTUBHBIE MH(POPMAIIMOHHBIE T1aT-
TEpPHbI, KOTOPbIE MOT'YT U3MEHATh X0f UCTOpuM. CUHXPOHU3UPOBAHHBIE MPAKTUKH, KOTJA JIOIU B
pa3HbIX YaCTAX MHpa OJHOBPEMEHHO BBINIOJIHSIOT CXOXHE JEHCTBUS, CO3JAI0T IUIAHETApHBIE PE30-
HaHCHbIE 3P PeKTbl. DT 3P PEKTH MOTYT BIUATh HA KIUMAT, F€0JIOTMYECKUE MPOLIECCH U JaKe Ha
KOJUIEKTUBHOE CO3HaHUE Y€JI0BEYECTBA.

KBaHTOBBIN KOJ HE SIBJISIETCS] CTATUYHOM CUCTEMOM — OH MOCTOSIHHO Pa3BUBAETCS M YCIIOKHSI-
ercst. Kaxoe HOBOe OTKPBITHE, KaKIblil TBOPUYECKUI aKT, KKIBI IIar B pa3BUTHUH CO3HAHMSI 100aB-
JISIET HOBBIE JIEMEHTHI B OOIIyI0 MH(GOPMAIIMOHHYIO CTPYKTYpY BcenenHon. YenoBeueckoe co3Ha-
HHE Urpaet ocoOyio poJib B 3TOM Mporiecce. Mbl He MPOCTO HAOMIOAaeM PEeaTbHOCTh — Mbl aKTHBHO
y4yacTByeM B e€ co3laHuu. Kakaasi Haia MbICib, KaXJI0€ pelIeHue, Kak/l10€e JEeVCTBUE BIMSET Ha
KOH(UTypalMIo KBAHTOBOI'O Kojla. B 3TOM cMbIciie MBI Bce SIBJISIEMCSI CO-TBOpLIaMU peasibHOCTH. 1o
Mepe pa3BUTHSI HAILIETO TOHMMAaHUSI KBAHTOBOTO KO/IA, MBI TTOJTy4aeM B OOJbIIIe BO3MOKHOCTEH ISt
CO3HATEJIBHOIO y4YacTUsl B MPOLIECCAX TBOPEHMS. DTO OTKPBHIBAET NMEPCHEKTUBBI ISl pelIeHUs IJI0-
OaTbHBIX MPOOJIEM, CO3/IaHHSI HOBBIX TEXHOJIOTUI U, B KOHEYHOM CYETe, JIIsl KAYECTBEHHOTO CKauKa
B 9BOJIIOLIMM YEJIOBEYECKOTO CO3HAHMS.

[loHnmaHye NMPUHLIMIOB KBAHTOBOTO KOJAA YK€ HAUMHAET HAXOAMUTh MPAKTUUYECKOE IpUMe-
HEHUE B Pa3IMYHBIX OONACTAX. B KBAHTOBBIX BBIUMCIEHHUSIX HCIHOJIB3YETCS CIHOCOOHOCTh CHUCTEM
HaXOJIUTbCS B CYNEPHO3ULIMU ISl CO3AAHUSI KOMIIBIOTEPOB HEBEPOSTHOM MOLIHOCTU. B Menunune
M3y4aloTCcsl BO3BMOXKHOCTH BJIMSHUS CO3HAHUWSI Ha MPOLIECCHl UCIEJIEHUsI Yepe3 B3aUMOJEUCTBUE C
MH(POPMAIIIOHHBIMHY MATTEPHAMH OpraHu3Ma. B 001acTi KOMMYHUKAIMIA MCCIIETyeTCs] BO3MOKHOCTb
CO3[JaHMsI KAHAJIOB CBSI3U, OCHOBAHHBIX HAa KBAHTOBBIX MPHUHILIMIIAX HE JIOKAJBHOCTH. B mcuxoino-
' ¥ 00pa30BaHUM pa3padaThIBAIOTCS METO/IBI, MCTIONB3YIOIIE PE3OHAHCHBIE IIPUHITHITLI T Oosiee
a¢ppekTuBHOrO 0O0yUEHUS U Pa3BUTHUS TBOPUECKUX CIIOcOOHOCTEN. BO3MOXHO, camoe BaXKHOE TTpaK-
THUYECKOE PUMEHEHHE — 3TO UCTIONIb30BAHUE IIPUHIIMIIOB KBAHTOBOTO KOJIa J1sl IMYHOCTHOTO Pa3BU-
THS U camopeanu3armu. [TonrnManue Toro, Kak padoraet nH(GOPMAITMOHHAS CTPYKTYpa PeabHOCTH,
TMIO3BOJISIET JIIofIsIM Oostee 3 (PeKTUBHO AOCTUraTh CBOMX IeJIel, pa3BUBATh CIOCOOHOCTH U CO3/1aBATh
rapMOHUYHbBIE OTHOUIEHUS C OKPYKAIOIIUM MUPOM.
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C noHMMaHUeM TMPUHIIMIIOB KBAHTOBOT'O KOJIA MPUXOAUT U MOHUMAHUE OT'POMHOUN OTBETCTBEH-
HocTu. Ecnu Haile co3HaHue JNEeNCTBUTENBHO BIMSET HA CTPYKTYPY PeajbHOCTH, TO Kaxjaasl Haiia
MBIC/Tb U KaXJO0€ JEUCTBUE UMEIOT 3HAUYE€HUE HE TOJBKO [IJIs HAC CAMUX, HO W JJISI BCEM CHUCTEMBbI
B 11eJIoM. DTO TpeOyeT Pa3BUTHsI BBICOKOW TUYECKOW KYJIBTYpPhl U OCO3HAHUS B3aMMOCBSI3aHHOCTU
Bcero cyiero. Pabota ¢ KBaHTOBBIM KOJIOM JJOJKHA OCHOBBIBATLCSI HA MPUHIIATIAX JTIOOBH, COCTPaIa-
HUS U CITykeHus1 oorieMy Onary. Vicrmonb30BaHue STUX 3HAHUH B STOUCTUYECKUX TEJISX WU IJTs IIPH-
YUHEHUS Bpeaa APYyruM Hen30eKHO MPUBOAUT K HETaTUBHBIM TIOCJIE/ICTBUSIM ISl CAMOT'O YeJIoBeKa.

N3yyeHre KBaHTOBOTO KOa HAXOIUTCS €II€ Ha HAYaJbHOM CTaUM, HO yXke cervac sICHO, UTO
9TO HampapBJIieHUEe UCCIEOBAHUN MOXET PEBOJIOLMOHU3UPOBATh Hallle MOHUMaHue peasibHOCTH. B
Oy/IyIeM MbI MOKeM OKUJIaTh CO3/IaHUS TEXHOJIOTHIA, KOTOPBIE padOTAIOT B FTApMOHWH ¢ MH(OpMAIIH-
OHHBIMU NIPUHIMIIAMU BceleHHOM, pa3BUTH s HOBBIX METOOB OOyUSHHS U BOCITUTAHU ST, OCHOBAHHBIX
HA PE30HAHCHBIX MPUHIUIIAX, U MOSIBJIEHUSI (POPM UCKYCCTBA, KOTOPBIE HAPSMYIO B3aUMOJICHCTBYIOT
C KBaHTOBBIM KOJIOM. BO3MOXHO, caMoe BakHO€ — 3TO MEPClEeKTHBAa KAYECTBEHHOTO W3MEHEHM S
YesioBeYecKoro co3Hanus. [1o mepe Toro, kak BCE OOJIbIIIe JTIO/Iel HAYMHAIOT [IOHUMATh U CO3HATETHHO
B3aMMOJIECTBOBAThH C KBAHTOBBIM KOJIOM, Mbl MOXEM OXHJIATh MOSIBJIEHUSI HOBBIX (hOPM KOJUIEKTUB-
HOTO TBOPYECTBA, PEIICHUS ITI00ABHBIX MTPOOJIeM Yepe3 COrIaCOBaHHOE BO3JEUCTBHE Ha MH(OpMa-
LIMOHHYIO CTPYKTYPY PEAIBHOCTH U, B KOHEYHOM CUETE, IBOTIOIIMOHHOIO CKaYKa BCETO YeJIOBEUEeCTRa.
KBaHTOBBIN KO/ — 9TO HE MPOCTO HAy4YHAsl TEOPHS. DTO HOBasl MapagurMa MOHUMAaHUsI HaIllero MecTa
BO BcesleHHOI 1 HalllX BO3MOKHOCTEW KaK CO3HATENbHBIX CylecTB. OH MOKa3bIBaeT HAM, YTO MBI
HE MPOCTO CITy4yaiHble HaOJoIaTeId B MUPE MaTepUH U SHEPTUH, & aKTUBHbBIC YYACTHUKHU BEJIMKOTO
rporiecca KOCMUYECKOro TBOPUYECTBA, 0OJIaJal0IIie ClIOCOOHOCTHIO BIIMATh HA caMy TKaHb peasibHO-
CTU CWJION CBOEro CO3HAHMSI U HAMEPEHMSI.

6) MarepuaJibHbIl YpPOBeHb

MarepualibHbIl YpOBEHB TTPECTaBIIsIeT COO0M HanbosIee TUIOTHYIO U Ocsi3aeMylo MaHudecTa-
LIMI0 KBAHTOBOT'O KO/Ia — TOT CJION peajibHOCTH, KOTOPBHI Mbl MOXEM YBUJIETh, TIOTPOraTh U U3Me-
PHTH C TIOMOIIIBIO HAIIIUX OPTraHOB YyBCTB U HAYYHBIX MPHOOPOB. OTHAKO TOHUMAHUE MATePUATBHOTO
YPOBHSI B paMKax Hallleid KOHUENIMKY KapAUHAJIBHO OTJIMYAETCS OT TPAJIUIIMOHHOTO MaTepUaUuCTH-
YeCKOro moaxoaa. Bmecto Toro 4ro0sl paccMaTpuBaTh MaTepyio Kak HeITO (PyHIaMEHTAIBHO OTIINY-
HO€ OT CO3HaHM S U UH(OPMAITUH, Mbl BUJTUM €€ KaK KPUCTALTU30BaHHYIO (hopmy MHGPOPMAITMOHHBIX
MaTTEepPHOB KBAHTOBOTO KOJa — CBOEOOPA3HYIO "3aCTHIBIITYIO MYy3bIKY" KOCMHUYECKOTO pa3yMma.

17



M. Bepr. «Brenenue B cumysiimio (KBaHTOBBIN KOM)»

KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasinen OO0 «JIutpec».

IIpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB II0OJHYIO JIETaJIbHYIO Bepcuio Ha JluTpec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
coOom.
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