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AHHOTanUs
Jannas paboTa MOCBsAIIEHA MCCIIEIOBAHUIO COCTOSIHUNA KBAHTOBOW 3allyTaHHOCTH OOIIEro BHIA
(He-0eMIOBCKUX COCTOSIHMM 3allyTaHHOCTH) U UX CO3JaHUI0 C MOMOIIsI0 kBaHTOBoro reiita CNOT.
PaccMoTpeHsl Tiepexo/bl Opyr B JApyra MpU IMOBOPOTE 3allyTaHHBIX COCTOSIHMM beira u jormdeckas
CYIITHOCTh HEJIOKAJTHbHOCTH Ha IPHUMEPE MBICIICHHOTO JKCIIEPHUMEHTa C KBAHTOBBIM «HEJIOKAJIBLHBIM
KYOHKOM.
B kBaHTOBOW MEXaHHWKE M3BECTHBI COCTOSHUS KBAHTOBBIX YaCTHUI] C YHUKAJTLHBIMH HEJIOKATBHBIMHU
CBOMCTBaMH — TaK Ha3bIBaCMbIC COCTOSHHS TIOJTHOM 3aITyTaHHOCTH — COCTOsTHMS bera:
9 =—=(00)[11)
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JIBa 13 ATHX COCTOSIHUM B JIUTEPAType U3BECTHBI MOJI COOCTBEHHBIMU UMeHaMu: ¥ - «OIIP-cocTosiHue»

U ¢ - «COCTOSIHHME IIPEANHIEPOBCKOrO KOTa». UacTHIbI B COCTOSIHUU 3allyTAHHOCTH BEAYT CeOsl Kak

€AVHOE IIEeJI0E HE3aBUCUMO OT PACCTOSIHUS MEXAY HUMH, JEMOHCTPHUPYS MOJIHYH0O W MIHOBEHHYIO
B3auMOCBs3b. OJHaKo, NMpPUBEAEHHBIE YEThIpEe COCTOAHUS benna — 3To JMIIb 4acTh BCEX BO3MOXKHBIX
COCTOSIHUI 3aIlyTaHHOCTH, UX YacTHBIA ciydail. B oOiiem BHie COCTOSIHUS 3aITyTaHHOCTH MOTYT OBITh
IIPEACTABIIEHBI CIEAYIOIUMH YPaBHEHHUSIMMU:

¢** =a|00)+ B|11)
y* =a|01) £ B|10)
HccnenoBanuto 3TUX COCTOSTHUM MOCBSIIICHA JaHHAs padoTa.

* %k %k

UtoObl yBHJIETh YIMBUTEIBHO COTJIACOBAHHOE TIOBEJEHUE 3allyTaHHBIX YaCTUL, a TaKXKe
HEKOTOpbIE OTIMYUS B MIOBEJCHUH YaCTUIl B HE-OEJUIOBCKUX COCTOSIHUSAX OT MOBEACHUS YaCTHI] B YUCTHIX
cocTtossHUAX bemnma, mnpoBenéM MareMaTHUYECKOE MCCIEOBaHUE HE-OCNIOBCKUX COCTOSHUM Ha
MBICJIEHHOM 3KCIIEPUMEHTAIBHON YCTaHOBKE:

A B
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Ha n300paxeHHO! ycTaHOBKE YacTULIBI V; U V2 OT UCTOYHHUKA 3aIIyTaHHBIX (POTOHOB S MOCTYNAIOT JBYM
uccinenonatenaMm: A - Amuce u B - boOy. Anmca, Bpamias cBOl JByXKaHaJIbHBIM (pacUIeIIAIONINN)
MOJISIPU3aTOP, U3MEHSET COCTOSIHUS KBAaHTOBBIX YacTUIl Ha cTopoHe boba BcneacTBHe X 3allyTaHHOCTH.
He ucnons3ys kinaccuueckue KaHaibl cBsi3d, boO momnpoOyeT onpeaenuTh HallpaBjieHHE MOJsSpU3aTopa
Amucel. EmEé no mpoBeneHHs MaTeMaTH4eCKOro aHajv3a MOYKHO CHEJNaTh OYEBHJIHOE IIPEACKA3aHUE:
HUKaKHe AelcTBUsS AJMCHI HE MOTYT c03/aTh Ha cTopoHe boba coctosiHus, Mo kKoTopeiM bo® cMor Obl
Y3HaTh O JEUCTBUAX AJIUCHI.

Kak co3nawrcst 3anyrannbie cocrossnus. I'eiit CNOT

SIBieHue 3amyTaHHOCTH HEMOCPEACTBEHHO CIIEIYeT U3 MaTeMaTUYeCKOro popmMann3mMa KBaHTOBOM
MEXaHUKH. B COOTBETCTBHM C NEpPBBIM IMOCTYJAaTOM KBAHTOBOM MEXaHHWKH COCTOSIHHE KBAaHTOBOM
YaCTHULIBI MTOJIHOCTHIO ONUCHIBAETCS €€ BOJHOBOW QyHKUMeNH. OIHAKO, B HEKOTOPBIX CIIydasiX HEKOTOPHIM
KBaHTOBBIM YaCTUIaM He YAaéTCsl IPUIHCATh COOCTBEHHbIE BOJIHOBbIE (DYHKIINIO, @ TOJIBKO OJIHY Ha BCEX.
Takoe cocTOsSHME YacTUL[ Ha3BaHO 3allyTaHHOCTBIO. DTO COCTOSIHHE YAAJOCh MOJYYUTh HAa pealbHBIX
YyacTULax, HallpuMep, B TaK Ha3bIBa€MBIX Ipolleccax MapaMeTpUUecKoro pacraja, npeoOpa3oBaHUs C
MOHM>KEHUEM 4acToThl (down conversion) Ha CHELMAIbHBIX KPUCTAJUIAX.



[TomuMo mapaMeTpHUecKOro pacmnaaa JJisl MOJy4eHUsS COCTOSIHUSA 3allyTaHHOCTH HMCIOJIb3YIOTCS
kBaHTOBbIe TeiThl CNOT. MaTtemaTnyeckoe OmMMCaHWE STOTO MpoIlecca OYEeHb HATJSIHO W TPOCTO.

Paccmorpum ero. Cxemaruuno reit CNOT M0KHO M300pa3uTh CIAEAYIONUM 00pa3oMm:
CNOT

a —o A

b —$H—B
MaremMaTH4ecKH STOT KBAaHTOBBIN orepaTop AacTCA BBIPAKCHHUEM
P, a,b> =|a,a(—Bb>,
rae a © b 03HAYAET JIOTUYECKOE CIIOAKEHHE 10 MOIYIIIO 2.
Kak BuauM W3 BBIp@KEHHUS, YIPaBISIIOIMIMM CHUTHAJ IPOXOIUT CO BXOJa Ha BbIXOJ 0€3 M3MEHEHUH.
Martpuua npeo6pazosanus reiita CNOT nmeer Bua:

100 0
0100
[ENOT)=1 5 4 0 1
0010

[Momagum Ha ynpasistonuid u ynpasisieMblid Bxogasl CNOT nBa ¢hoToHA, COOTBETCTBEHHO, B CISAYIOIINX
COCTOSIHUSIX:

)= (0)+]1)

v,)=[0)
DTO COCTOSIHHE CHUCTEMBI (POTOHOB Ha BXO/IE TeiTa Oy/IeT ONMUCHIBATHCS YPAaBHEHUEM W MAaTPUIIEH BUIA:
1
v = 1 (0)+]1))®[0) = L 0y ®| 0) +]1) )=~ (100} + 001} + 110) + 0] 1)) = | *
2 V2 V2 V21
0
[Tocne mpoxoxaeHus POTOHOB Yepe3 relT OyAEeT MOJIYyIeHO HOBOE COCTOSIHUE CUCTEMBI:
1 0 0 0Y1 1
110 1 0 00 0 1
0 01 00O 1

DTO 03HAYAET, YTO HA BBIXO/IE MOJYUYCHO 3amyTaHHoe (OEIOBCKOE) COCTOSIHNE (POTOHOB: YIPABJISIONIETO
U YIPaBJISIeMOTo, MOCKOJBKY TaKO€ COCTOSIHHE HE MOXET OBITh (PAKTOPHU30BAHO, TO €CTh, MPEICTABICHO
KaK TEH30pPHOE NPOM3BEICHHE COCTOSHHU HE3aBUCHUMBIX (OTOHOB. M3 3TOTO Cpasy e ciemyer, 4To
BXOJTHOW YIPaBJISIOIINAN CUTHA Ha BHIXO/ B HEM3MEHHOM BH/IE HE TIPOIIIEIL.

Ecnu ympasnsirominii GOTOH B34Th B COCTOSIHUM C HEOIPENEICHHOW Mojspuzanuen, To OyaeT
MOJTy4eHO COCTOSIHUE 3allyTaHHOCTH B 00111eM BHUE (HE-O0CIIIOBCKOE):

lw.)=a|0)+ B|1) > a|00) + B|11)
B nurteparype reiit CNOT omnuchiBaeTcs MOMHMO ypaBHEHHH Takke TaOMuIled MCTUHHOCTH, B
KOTOpOM, OJHAKO, HE OTPAXXEHO 3TO CBOMCTBO T€iTa — CO3/1aBaTh 3allyTaHHbBIE COCTOSIHUS. TO €CTb,

TpaauuuoHHas Tabnuua uctuHHOcTU reita CNOT HemonHa M JoJDKHA OBITH JOMOJIHEHA CTPOKaMH,
OTPKAIOIIUMHU 3ayTaHHOCTh. [lomHas Tabnuna coctostauit reiita CNOT nomkHa UMETh BU/T:

a b A B

0 0 0 0

0 1 0 0

1 0 1 1

1 1 1 0
al0)=B1) | [0) | ¢ =c|00)=B|11)
al0)=B1) | [1) | y*=a|01)% B|10)




B xoner tabnuiel 100aBiICHBI JBE CTPOKH, MOKA3bIBAIOIIME, YTO TMPH ONPEACIEHHBIX KOMOWHAIUAX
BXOJHBIX CUTHAJIOB Ha BBIXOJIE 00pa3yeTcsl 3alyTaHHOE COCTOSIHHE, KOTOPOE HE SIBJISIETCS JIOTUYECKUM
CIIO)KEHHEM TI0 MOIyJt0 2. 3amyTaHHBIE COCTOSIHUS TPHUBEIACHBI B OOIIEM BHUE, YaCTHBIM CIydaeMm

KOTOPHIX SBISIOTCA 3aIlyTaHHbIE COCTOSHUA bemma ¢° w w*, s KoTopelix o =f3 :ﬁ' 910

nononHenue pacuupsier noustue reiira «Controlled NOT» (CNOT, «ynpaBiasiemoe HE»), nmockonbky
€ro ynpaBJIerMBII;'I BXOJ ITIpn OHpGI{GJ’IéHHLIX YCJIOBUAX CTAHOBUTCS YIIPABJIAIOIIUM.

IMouemy 00+11? B3aumHble npeBpalieHUs 3aNyTAHHBIX cocTosiHni Benna
Kax BuguM, cyniecTByer, o MEHbIIEH Mepe, YEThIPE Pa3HOBUIHOCTH 3aIlyTaHHOI'O COCTOSIHUSA, B
oOuieM paBHOLIEHHBIE. B MX ganpHeiiieM aHaiu3e Mbl Oy/le€M HCIOJb30BaTh TOJIBKO OJHO M3 HUX -

a|00>+,8|11>. Bo-miepBbIX, 3TO COCTOSIHME OTJIMYAETCA OT COOTBETCTBYIOIIETO COCTOsSIHUSA bermma

(«cocTosiHME WIPEIUHIEPOBCKOTO KOTa»), YTO MO3BOJSET HAJCSAThCS HAa HEKOTOPBIE JIOTIOJHUTEIbHBIE
pe3ynbTaThl. Bo-BTOPBIX, TpU JPYTUX COCTOSIHUA 00JIaatoT CHeU(pUUYECKUMH CBONCTBAMH: B3aUMHBIM
MpeBpallleHueM JApYyr B JApyra WiIM HHBEpcHeld. DTO O3HA4yaeT, YTO IMPU HOBOPOTE B MPOCTPAHCTBE
COCTOSIHUS «IIPEAUHTEPOBCKOrO KOTa» BUJL €r0 BOJIHOBOP'I (GyHKIMU OCTAETCSI HEU3MEHHBIM:

|97) = [ (00)+[11))

JleficTBUTENBHO, €ClIi MPOMYCTUTh 00a (OTOHA Maphl Yepe3 COOTBETCTBYIONINE TeHTHI Amamapa,
OyJIeT TOJIy9€HO COCTOSTHUE:!

)= 35| (5 00r 1) 5 Qb)) 5 o) 75 (o)1)
:ﬁ((joo>+|01>+|1o>+|11))+(j00>-|01>-|10>+|11))):%(}00>+|11>)=\¢+>

Kak Buaum, mpu noBopoTe GOTOHOB, BOJIHOBAs (DYHKI[HS, ONMCHIBAIOIIAS UX COCTOSIHUE, HE N3MEHHIIA
cBoero Buja. [IpakTuuecku takas ke kapTuHa Oyaet HaOmoaarses u A «IP-cocTostHus»:

v)=—5(0)-10)

[IponycTuB KaXk/1blil U3 CUHIJIETHBIX (DOTOHOB Yepe3 CBOM redT Anamapa, Mbl IOJTY4HM:

)= 35| (5 0001 5 Qb)) {5 (o1 5oy 1)

1 1
— 7500001+ 110)~[11)~(00)+]01)-[10)~ 1 )= (01|10}

To ectb, mpu noBopoTe GoToHOB B DIIP-cocTosiHnu MbI oayuniu uaBepcHoe «IIP-cocrosiHIe).
Ho 3nak MuHyc nepea BoJIHOBOM (yHKIMEN sBseTcs (Pa30BbIM MHOXKUTEJIEM, HE BIMSIET HAa PE3YJIbTAThI
U3MEpPEHU U MOXKET ObITh OTOPOIIEH.

CoBepiieHHO MHas KapTHHa OyneT HaOMI0JaThCs MPU MOBOPOTE JBYX OCTABIIMXCS COCTOSHUI
bemna. O1HO U3 HUX HAIIOMHHAET COCTOSHUE «mpe)erepOBa(oro KOTa»:

¢7)= \/_ (00)—[11))

Kak u ¢oTOHBI B COCTOSIHMM IIPEAMHIE€POBCKOrO KOTA, (DOTOHBI B 3TOM COCTOSIHUM NPU HU3MEPEHUU
MOJISIpU3aTOpaMy B U3MEpPUTENbHOM Oa3uce OyayT naBaTh OJMHAKOBBIE pe3yibTaThl. Eciu oauH u3
($OoTOHOB KaxJoW U3 map OyAeT 3aperucTpupoBaH B cocTossHMM |0>, TO M BTOpPOW Takxke Oyaer
3aperucTpupoBaH B coctosiHuu |0>. Ecnu oauH u3 GOTOHOB nap OyAeT 3aperucTpUpOBaH B COCTOSHUU
|1>, To 1 BTOpoi (OTOH mapbl TOKE OYAET 3apEerUCTPUPOBAH B 3TOM K€ COCTOSIHMU. To ecTh Oa3ucHbIe
MOJISIPU3aTOPbl Beeraa OyayT AaBaTh KOJUIMHEAPHBIA pe3ynbTaT u3MepeHuil. OJHaKo, €ciau MOBEPHYTh
HOJIAPU3aTOPBI Ha 45° WM, 9TO TO e caMoe, OBEPHYTh HA 3TOT yroyi 06a (poTOHA Maphl, MBI HOJYYUM
uHOM pe3ynbraT. [locie nmoBopoTa GOTOHOB OHM OYyT OMUCKHIBATHCS IPYrOi BOJIHOBOM (PyHKIIMEH:

)= (0] F5lorm){F5lo-1)] F5(o-1m) -



=575 ((00)+]01)+]10)+ |11)~00)[01) |10} 1) == (01)+10)) =y

Kak Buaum, mnociie MmoBOpoTa KOJUIMHEAPHOE COCTOSHUE (POTOHOB IMPEBPALIACTCS B CHUHIJIETHOE
COCTOSIHHE, TO €CTh B3aUMHO IEPIICHANKYISIPHBIE HAIpaBJICHUs MoJisipu3annu. Eciou oquH u3 GOTOHOB
napbl OyzneT U3MepeH MOoJSIpU3aTopoM M OOHapyxeH B cocTosiHuU |0>, To BTOpoi (OTOH mapel OyAer
obHapyxeH B coctossHuH |1>. 11 HaoOopoT. DOTOHBI MOCIEe MOBOPOTAa OKA3aJUCh B OPTOTOHAIBHOM
COCTOSIHUM 3aITyTaHHOCTH.

Teneps moCMOTpUM, 9TO OYIET C 3TOW 3alyTaHHOW MApoM, eciy €€ MOBEpHYTh emé Ha 45°. Dr1o
TaK)Ke 03HAYAET: YTO OY/ET C OCTABIIMMCS COCTOSIHMEM beria, eciu ero moBepHyTh Ha 3TOT YroJL:

)= (09 +/10)

[Tocne mpoxoxaeHusi GOTOHOB Maphl Yepe3 TelT Anamapa, OHH OyayT ONMUCHIBATHCS HOBOUM BOJIHOBOM
¢byHKIMEH (MCXOJHOM, €CIIM CYUTATh 3TO JBOMHBIM IOBOPOTOM I1APHI):

=5 (5 (0 ) 75 0-10) (5 00r-1)| 5 (0)+10)
= 75 ((00)~{01)+]10) |11+ (00)-+01)— 10} |1 1)) == 00)~[1)=[ ¢

Kak Buaum, ecnu A0 moBOpoTa 3amyTaHHble (OTOHBI HAXOAWIMCh B OPTOTOHAIBHOM
(CHHIJIETHOM) COCTOSIHUM 3allyTaHHOCTH, TO IIOCJI€ MOBOPOTa OHM (BHOBb) OKA3aJIUCh B KOJUIMHEAPHOM
coctosiHuM. B mepBoM ciyyae uzMepeHue (pOTOHOB JaBajlo OPTOrOHAJBHBIE MOJISIPU3ALUU (DOTOHOB, BO
BTOpOM (TIOCIIE TIOBOpPOTA) - U3MEpPEeHUs OyayT daBaTh KOJUIMHEAPHBIE pe3yabTaTbl. MOXHO
MIPENIOJIOKHUTh, YTO CYHIECTBYET IPOMEXKYTOUYHOE IOJOXKEHHE (Yroa IMOBOpOTa MOJSPU3ATOPOB), B
KOTOPOM (POTOHBI OYAYT AEMOHCTPUPOBATH BOOOIE OTCYTCTBUE KOppeIsiuu!

g Toro, 4roObl M30€KaTh BO3MOMXHOM HEOOXOJUMOCTH BHECEHMSI KOPPEKTUB B PE3YJbTAThI
aHaJiv3a, Mbl BbIOMpaeM caMo€ YyCTOMYMBOE K IOBOPOTaM COCTOSIHME 3alyTaHHOCTU — COCTOSIHHE

«IIPETMHTEPOBCKOTO KOTa» B €r0 PACIIMPEHHOM He-0e/IOBCKOM BapHaHte: ¢ = a| OO> +p |1 1> .

MaremaTH4ecKkoe uccae10BaHHe He-0e/JIOBCKOI0 COCTOSIHUS B 001eM BHjIe
PaccMoTpuM BOJTHOBYIO (DYHKIMIO HE-OEIUIOBCKOTO COCTOSIHMS 3aIlyTaHHOCTH, UMEIOIIYIO BHI!

|w)=a0,0,)+ BlLL,)
HazoBéM 3T0 cocTosiHUME «IOJSPU30BAHHON 3allyTaHHOCTHIO», MOCKOJIbKY OHA BHEIIHE HAlOMMHAET
MOTOK (DOTOHOB, ONMUCHIBAEMBIX BEKTOPOM, HAKIIOHEHHBIM 0] YIJIOM C MPOEKUUSIMHU o U . DTU (POTOHBI
n3MepseT Anrca paceIUISIONINM MOJISIPU3aTOPOM, HAKJIIOHEHHBIM TI0JT YTJIOM C MPOEKIHSIMU O U Y. DTOT
MOJISIPU3aTOP UMEET JIBa OPTOTOHAIBHBIX BBIXO/A, ONUCHIBAEMbIE€ BOJIHOBBIMHM YPAaBHEHUSAMU:
I
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HpOCKTOpBI KaXXa101ro nu3 ABYX BBIXOJ0B 3TOT'O I/I3MCpI/ITGJ’I$I AJ'II/ICBI, CJI€10BaTCIIbHO, MMCIOT BHU/:
)| = (610, A1 NS0, |+ 7 (1) = (87 0,)(0, |+ 8710, )L |+ 7811, 0., | + ¥ L )L, )
| 20| = (= 710,) + 8L =700, |+ (1, )= (7210, )0, = 87]0, )1, | - 7] 1, )0, + 87 1)1,

3anuiieM JeMCTBUE 3THUX MPOEKTOPOB AJIMCHI, KOTOPOE€ OHU OKAa3bIBAIOT TOJILKO Ha €€ (OTOHBI, U
0,)=(0,]1,)=0u (0,]0,)=(1,]1,)=1. Hanomuio o

YIPOCTUM BBIPAKEHUS C y4ETOM TOTr0, YTO <1 A|



TOXKJIECTBEHHOCTH JIUPAKOBCKUX 3alMCed CKaJISIPHOTO IPOU3BEIEHUS: <0|| O>E<O|O>. Brruncnsiem
pe3yabTaT ACUCTBUS MEPBOrO MPOECKTOPA:

o)) =(6°10,0, [+ 70,1 [+ 70110, [+ 7L )1 el 0,05) + A[1.1,))
=5%0,)(0,,]-@]0,0,)+87[0,)1,]-0,0,)+ 5|1, )0, |-]0,0,)+ 7|1, X1,]-20,0,)+
+67(0,)(0, |- L)+ 8710, )L |- BlLala) + 0|1 N0u |- BlLils) + 77 L)Ll BlLiL)

=5%al0,)0,]0,0,)+8ya|0,)1,]0,0,) +y5a|1,)0,[0,0,)+7a|1,)1,[0,0,)+

+670,)(0.,[Liks)+ Sy 0, )L [Laka) + 7B L )0, [Lik) + 7 BLi)(La [ Lals)
=57|0,)(0,[]0,)]0,) + 8]0, )(1,[0,)]05) + 75[1,)(0,0,)]0,) + 7|1, )(1,0,)]05) +
+670,)(0.,[Lo){15) + 1810 L[ L)La) + 7B Li )0, L) La) +7° AL L) 1)
=5%al0,)-1-[0,)+5ya]0,)-0-|0,) +yda|1,)-1:[0,) + 7 all,)-0-[0, ) +
+52B[0,)-0-[1,)+8yB|0,)-1-| 1)+ ¥9B|1,)-0-[15) + ¥ B|1,)-1:|1,)
| 202v) =5°0]0,)]05) +78al1,)05)+ 5180, )|15) + 7Bl L, )| 1)
=5%a|0,)|05)+8B|0,)|1,5) +r8a|1,)|0,5)+ 7 B|1,)|15)
HoxameM, YTO MOJYYCHHOC COCTOAHUC SABJIACTCSA TCH30PHBIM IIPOU3BCACHUEM IBYX COCTOSTHHIA:

| )alv)=|v.)®lvs)

SAcHo, uTo Ha cTopoHE AnKChl (POTOH MPHUHSI COCTOSIHUE €€ MoIsIpu3aTopa, a Ha cTopoHe boba Gpoton
BCJIEJICTBUE 3aIIyTAHHOCTH MEPEMIET B CBOE OMPENCIEHHOE COCTOSHHUE:

V) ®lys)=(8]0,) +7[1,))® (]0,) + A1)
=5]0,,)x|0,) +7|1,)x]05)+ 8|0, ) 1)+ 7|1, )A|1,)
=8]0,)|0,)+ 7x|1,)]0, ) + A0 )|1,) + 741, )|15)

= 8]0,)|0,)+ 620, )| 1) + 7] 1,,)] 05 )+ 7A|1 )| 1)
KoaddurmenTts 31X COCTOSIHUI HAXOAUM U3 COOTHOIIEHUS (TIOMTapHbIE PABEHCTBA CIIaraeMbIX):
S*a+SyB+yda+y> B =0k + A+ yK+7A

3nech MpUHECEHA B JKEPTBY MaTeMaTHdecKass CTPOrocTb - KO3(QUIMEHTHI NOKa3aHbl B BUJE
MHEMOHHMYECKHX CYMM JIMIIb JJIs1 HATJIJHOCTH, HA CAaMOM JIeJle HU CYMMHUPOBAaHUs, HU PAaBEHCTBA B 3TOM
YpPaBHEHHUH HET — €ro MOXHO paccMaTpuBaTh, KaK NEPEUYHCIIEHHWE, B KOTOPOM 3alsiThleé HE IOKa3aHbl.
[IpaBunbHee ObUIO OBl CKJIAABIBATH KBAJApaThl 3TUX KOAIPPHUIMEHTOB (CyMMbl pPaBHbBI EIUHMIIE), HO
BHU3YyaJlIbHOCTh CYIIECTBEHHO Xyxe. [71aBHOE, 4T0 KO3((UIMEHTHI, CTOSALUIME B OJMHAKOBBIX MO3MUIIMSIX,
paBHbl. KoadduuueHTsl mepBoro COMHOXKMTEISI HaM M3BECTHBI, IO3TOMY M3 IPOCTOTO CpaBHEHUS
CJIaraeMbIX HaXOJIUM:

S’a=0K

—Sh —
oyp N oa=x
yoa=yk |yB=4
v B=7A

[Tocne m3mepenus cBoero ¢GoroHa AnHcoi cocTrosiHue cucteMbl Annca-bo0O omuchIBaeTCs TEH30PHBIM
MIPOU3BEICHUEM BOJIHOBBIX (DYHKITHIA:

V) 8lys)=(8]0,) + 1))@ (5al0,) +18]1,))
TakuM 00pa3oM, BCIEACTBHE M3MEPEHMs MEPBBIM KaHAJIOM HoJisipu3aTopa (HOTOH AJHUCHl mMepemén B
COCTOSIHUE |l,// A>=5|0 A>+y|1 A>, a 3amyTaHHbli ¢ HUM ¢oToH boOa mepemén B cocTosiHHE (IOcCiie

HOPMHUPOBKH):

da P
0,)+ 1,).
52a2+y2,82| B> \/52a2+y2,82 | B>

|’//B>:\/



Od4eBUIHO, YTO ATO OTHOCUTCS TOJIBKO K (hOTOHAM, KOTOPBIE IPOIIUTH Yepe3 MEePBhINA KaHAII MOJIsIprU3aTopa
Amucel. OleHUM BeIUYHHY (0J0) OT 00mero uncia (GOTOHOB, KOTOPHIC MPOILIX Yepe3 3TOT KaHal.
BepostHocTh niepexona ¢oToHa AJTUCH B COCTOSIHUE TIEPBOTO MPOEKTOPa HaAEéM 1o hopmyre

=l v = (v ufalv.)
= (600, + (1, N 0,)]05) + B[1,)[15))® (0, 0, |+ BLL (1, J8]0,.) +711,))
= [0‘5| 0,)+ By 18>]® (O‘<0A (0 [+ B(L[(1, |)(5| 0,)+7] 1A>)
= (0810 )+ A1) 600, (0, 0.+ (0,0 [ 1) + 6L, {110, + (L {1 1)
= [O‘5| 05)+ By| 18>]® [604(03 |+ 7B{1, |]
= ad6a(0,[0,)+ Bréa{0, |1,)+adyB(1,]|05)+ ByyB(15|15) = adSer + ByyB
P=a’5"+ By’
Tenepb paccMOTpUM BTOPOI IPOEKTOP AJIUCHI:

)] = 10, +8[1))- G0+ 8(L )= (0,0, = 6710, )1 | = 78[1, )0, |+ 67[1, )1, )

3anuiieM JAEeWCTBUE 3TOrO IPOEKTOpPa, KOTOPOE OH OKa3bIBAaeT TOJIbKO Ha (DOTOHBI AJNHUCHL, U 3aTeM
YIPOCTUM BCE BBIPAKECHUS:

)2 v) = 070,004 = 0110, )1 | = 70110, + 87 LN )-(e] 0, 0,) + AL 1))
=770,)0,]-]0,)]05) = 5[0, L[]0, 05) =751, )0, |- & 0,)]05)+ 5L, XLy |- |0, 0) +
770,00, |- BlL)[1s) = 87]0.0{La - AL o) = 78[ L )0, B Li)1s) + 67| L)L |- BILi)Is)

=7 0,)(0,0.)]05) = 87| 0, )L 0,)|05) =782 1,)(0, 0.9 05) + 5| L, (L[| 0, 05) +
+7°B10,)0, [110)[15) = 7B 0. ) (L[| L)[15) = 7B L )0 | Li)[Ls) + 6" BILNL L) L)
=770]0,)|05) ~18al1,)[05) = 57B|0,) 1,) + " BlL) 1)
| 2222 w) =770 0,)|05) 818 0,){15) —15a|1,)] 0,) + 5" BIL,)] 1)
HOKa)KCM, YTO MOJYYCHHOC COCTOAHUC SABJIACTCSA TCH30PHBIM IIPOU3BCACHUEM IBYX COCTOSTHHIA:

|Z2><Z2 |l//> = |WA> ®|V/B>
ScHo, uTo Ha cTopoHe Anrchl (POTOH MPUHSI COCTOSIHME €€ ToJsipu3aTopa, a Ha ctopone boba goron
BCJIEJICTBUE 3aIIyTAHHOCTH MEPEMIET B CBOE COCTOSTHUE:

va)®@lvs)=(70,)+5[1,))@(K0,)+2]1,))
=710 05) =A7]0,)|15) +x5[L,)]05) + A8]1)[1,)
KoadduimenTs! 3TuX COCTOSHUN HAX0AUM, CPABHUBAS 3TO YPaBHEHHE |l// A> ®|1// B> U YpaBHEHHE
| x> >< x> |l//> nercTBUs MpoeKTopa Ha POTOHBI AJTUCHI (KaK U BbIIIE, 3/1€Ch KOYPPUIIMEHTH! TOKa3aHbl B

BHJIC CYMM JIUIIIb JIJIsl BU3yaJbHOTO YI0OCTBA):

vo—SyB—ydo+ 8> =—Kky—Ay + KO+ A5
Koaddummentsr nepBoro TEH30pHOTO COMHOKUTENIS HAM HM3BECTHHI (3TO KOI(PPHUIIMEHTH MPOEKTOpa),
MMOATOMY U3 MPOCTOTO CPABHEHUS CIaraeéMbIX HaXOIUM KOA()(PHUIIMEHTHI BTOPOTO COMHOKUTEIIS:

yla =-yK
—yp=—rA | jmras=K
—Sya= 0K op=A
5B = S

Takum oOpa3om, mociie U3MEpPEHHsI BTOPbIM KaHAJIOM HoJisipu3aTopa cBoero ¢poroHa Anucoil cocTosiHue
cucteMmbl Anrca-bob onuckIBaeTCs TEH30PHBIM MPOU3BEACHUEM BOJHOBBIX () YHKIIHI:

v)®lvs) =70, )+ o]t ))@(-ral0,) +35]1,))
®oToH AnMCHI TIepeniésn B COCTOSTHUE |l// A> = —}/| 0 A> + 5| 1 A>, a 3amyTaHHbIH ¢ HUM (poToH boba mepemén

B cOCTOsTHUE (TIOCJIE HOPMHUPOBKH):
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[Tonsipuzaropbl AUChl CO3/1aI0T OPTOrOHANIbHBIE TOTOKU (OTOHOB. [IpoBepuM At CpaBHEHMUSL, SIBISIFOTCS
71 OTOHHBIE MOTOKK HAa CTOpoHE bo0a TOXKe OPTOroHaIbHBIMU. Y CIOBHEM OPTOTOHAIBHOCTH SBIISETCS
PaBEHCTBO HYJIIO CKAJIIPHOTO IPOU3BEICHUS:

oa 45 ya op
1
Vel vy )= 0,|+ 1 - 0,)+ 1
< B‘ B> \/520£2+7/2ﬂ2<3| \/52a2+72ﬂ2<3|j{ \/7/2062+52ﬁ2| B> \/7/20!2+52ﬁ2|3>
A U R o],
\/;/ a’+5°p \/5 a’+y*B \/y2a2+52,82 \/52a2+7/2,82
B 22}/a22 2g/ﬂ22<1”0>+ 226’822 2z/ﬂ22<13”13>
\/}/a+5,8 \/5a+y,8 \/}/a+5,8 \/5a+y,8
_ you 8 oo N op 8 VB
\/}/20624-52,32 \/52a2+}/2,82 \/}/20624-52,32 \/520(2_’_}/2’82
yda® . Sy
\/(}/2062 +52ﬁ2X52a2 +}/2,32) \/(}/2052 +52,32X52052 +}/2,32)
_ 5yB* - yoor’ _ 5y(p* - a?)
\/(}/2062+52,32X 2062+}/2,32) \/(}/2062+52,32x 2062+}/2,32)
Kak Bugum, B 00mem ciaydae Ha cropoHe bobGa o0pa3yroTcst Ba HE OPTOTOHAIBHBIX MOTOKA (POTOHOB
(cmech). Jlumpb B cioydyae Oa3MCHBIX M3MEpeHH Anuchl (Y WM O PaBHO HYJIO) WM HCIOJIb30BAHUS
OCJIJIOBCKOTO COCTOSIHHMSI 3alyTaHHOCTH (0=[) THIa «IIPEIUHTrepOBCKOrO0 KOTa» Ha cTopoHe boba
00pa3yroTCsl OPTOTOHAIBHBIC TOTOKH (DOTOHOB.
Wtak, Mbl Hanuti BOJIHOBYIO (DyHKIHIO (DOTOHA, BO3HUKAIOIIYIO Ha cTopoHe boba, ecnu mapHbId
eMy 3amyTaHHbIi (POTOH Ha CTOpoHE AJNHMCHI MPOWUAET uYepe3 BTOPOM KaHai mossipu3aropa. OneHum

BEJIMYMHY (0J10) OT ofmiero uucia (OTOHOB, KOTOpbIE NPOILIM 4epe3 ATOT KaHal. BeposTHOCTh
nepexona poToHa AJMCHI B COCTOSIHIE BTOPOTO MIPOEKTOpa HailAEM 1o (opmyrie

B =y =l n)Xnv.)
= (= 7{0,+8(1[Je0,)]05) + BIL )1, )@ (ex(0,, [0, |+ AL, (14 [f=710,)+ 5[1,))
= (~ar]0,)+ B5]1,))® (- yex(0,, |+ 88(1, )
= ayyoc(OB ||OB>—ﬁ6}/a<OB ||IB>—a}/5ﬁ<lB ||OB>+ﬁ56ﬁ<lB || B> = ayya + POof
P2 :a27/2 +ﬁ252
JInst KOHTpPOJIS MPaBUIILHOCTH BBIYMCIICHHH cieixaeM IpoBepkKy. OUYeBHIHO, YTO OOIIaAs «I0JIs» BCEi
CMECH JI0JUKHA OBITh PaBHA €MHUIIE:

P+P, — o252 +ﬁ272 +O£27/2 +ﬁ252 — 0252 +ﬁ252 +O£27/2 +ﬁ272 +O£27/2 252(062 +ﬁ2)+ 7/2(0(2 +ﬁ2):1
CnenoBarenbHO, BBIYMCIEHUS MPOU3BENCHBI KOPpPeKTHO. C yuyeTOM IMOJIyYEHHBIX COOTHOUICHHM
COCTaBJIIOLIMX IMOTOKOB B cMecu boOa HailnéM n0i10 (OTOHOB, MPOLIEAIINX Yepe3 MPOU3BOJIBHBIN
noJisipuzarop boda |)(B> = K| OB> + 2,| 13> :

Py =Bzl + Bz |wi )
2
oo vp
= (a262 +,32}/2>' (K<OB |+l<13|)-[\/62a2 +}/2ﬁ2 |OB>+ \/52052 +},2ﬁ2 |13>j
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SPA —yax )
oy o) ]

Wl
5 w2 , o\ (Sax+yBAY
= (a o+ Py )xﬁ
= (Sax + yBAY +(5BA —yak)
= (Sax )’ +280axyPA+(yBAY +(SBL) —28BAyax+(yax)
= (Sax )’ +(yax ) +(yBAL) +(5BL)
= (aK)2(52 +y2)+(ﬁ/l)2(y2 + 52)
Py =(ouc)’ +(BA)

[lonmyueHHOEe BbIpa)K€HHE TMOKAa3bIBa€T, UTO pe3ylbTaT usMepeHus boba, BepoSITHOCTh
MPOXOXKJAEHHS] POTOHOB Yepe3 €ro MoJIApU3aTop HE 3aBUCHUT OT JedcTBUM Anucel. Bo3zbméM, Hanmpumep,

1
3allyTaHHBIC ITapbl B YUCTOM COCTOSHHU bemma ¢ IIPOCKOUAMU O :ﬁ :ﬁ . Torz[a N3 IOJIYYCHHOTO

BBIPAKCHUA HAXOAUM:

1

1
PB :EK'

— (K‘2 + ) =—
2 2

Kak BumiM, B 3TOM Cilydae HE3aBUCHMO OT HaIpaBieHus mosipu3aTopa boba depes Hero npoia€T poBHO
HOJIOBHHA OT 00I1Iero Yucia GOTOHOB, YTO MOJHOCTBIO COOTBETCTBYET (hOpPMaIn3My KBAHTOBON TECOPHHU.

Tenepr BO3bMEM He-0EIOBCKOE COCTOSHME 3allyTaHHBIX YacTUIl y yrioM HakiaoHa 30° k

2+l/12: 1
2

TOpU30HTAIHA, TO €CTh, C IPOCKUOUAMU & = 7 n ﬁ . Torz[a M3 IMMOJIYYCHHOI'O BBIPAXKCHHA HAXOJUM:

P, = é1<2 +lf
4
OTO O3Ha4aeT, 4To B OTIMYUE OT OCJIOBCKOIO, B ClIydae HE-OEJUIOBCKOTO COCTOSIHHS 3allyTaHHOCTH
BEPOSITHOCTh NMPOXOXKJAEHUS (POTOHOB uepe3 nossipuzarop boba 3aBucuT 0T HampaBiIeHUs MOJIIPU3ATOPA.
3anmyraHHble (OTOHBI OyITO MMEIOT HEKOTOPOE OINpPEAENIEHHOE, BBIJCIIEHHOE HAlpaBJIEHUE, SIBISIIOTCS
«TOJISIPU30BAHHO 3aITyTaHHBIMUY. M0OKHO OTMETUTh, YTO TOUHO TaKOM )K€ pe3ysbTaT MoJlydyaeT u Ajuca.
UYepes opToroHanbHble IEPBbIN U BTOPOIl KaHAIIBI €€ MOJISIprU3aTopa, COOTBETCTBEHHO, MPOUIYT (DOTOHBI C
BEPOSITHOCTBIO:
R=tys3
4 4

3, 1
P=—y +—
2547 Ty

5’ 5’



[TonyueHHble pe3ynbTaThl SIBISIIOTCS BeChbMa IpuUMedaTeabHbIMU. OpTOroHaJbHO-KOJUIMHEAPHOE
MOBEICHUE 3aIlyTaHHBIX (OTOHOB SIBJIAETCA (YHIAMEHTAIBHOM MPUYMHOM HEBO3MOXKHOCTH Iepe/auu
nH(pOpMallUM YUCTO MATEMAaTUYECKUMHU CpEJICTBAMU: IpHU JTOOOM H3MEpeHUU (POTOHOB Ha OJHOM
CTOpOHE 00pa3yroTCsl IBa OPTOTOHAIIBHBIX MIOTOKA HA IPYroi, mpuaéM 10001 ArcOamanc OJHOTO U3 ITUX
IIOTOKOB BCErjJa KOMIIEHCHpPYETCS BTOpPbIM. TO €cTbh, yMEHbIIEHUE IMPOXOKICHUS (POTOHOB OJTHOTO
MIOTOKA Yepe3 JaHHbIN MOoJIIpU3aTop OYAET TOXKAECTBEHHO BOCIOIHEHO (KOMIEHCUPOBAHO) YBEIUYECHHEM
MIPOXOKJICHHSI Uepe3 Hero ke (POTOHOB U3 OPTOrOHAIBHOTO MOTOKA.

Jloruka u ¢puitocopus HeJIOKAIbHOCTH

Bomnpoc o moiHOTE KBaHTOBOM MEXaHWKH, MOMHATHIN B 1935 rogy DinmTelinoM, [lomonsckum u
Pozenom, ObL1 pemiéH B 1moib3y KBAHTOBOM MexaHMKU. CaMoO SIBJIEHHME «IYrarollero JajbHOAEHCTBUS»
WM BEPOSITHOCTHOM KOPpENSLUM, PEBOCXOASIIEH KIacCUYECKUe, MOIyYHI0 Ha3BaHHUE HEJIOKaIbHOCTH.
CyTtb €€ mpoCThIMH CIIOBaMU MOKHO ONUCATh KaK «YacTHUIIbl HE IepeatoT APYr Ipyry HHPOpMaIUIO, HO
BeIyT cebs Tak, Oyaro oHU 3Ty uH(popmanuio nepenaroT». K TakoMy NpOTHMBOPEUYHBOMY BBIBOAY
KBaHTOBAasl TEOPUsI MPULLIA HEU30€KHO, MOCKOJIbKY CTPEMUIIACh COXPAHUTh NMPUBEPKEHHOCTh TEOPHU
oTHOcuTeNbHOCTH. Ho 3TO HE coBceM KoppeKTHas MOo3ULUs. JeHCTBUTENIbHO, TEOPHSI OTHOCUTEIHHOCTH —
3TO COBEPLIEHHO Jpyrasi TeOopusi, HE ABISAIOLIASACS pa3/ie]ioM KBaHTOBOM Teopuu. MruoBeHHas nepenada
nH(popMalUud caMON KBAHTOBOM MEXaHUKE HE MPOTUBOPEUYUT, HE MPUBOAUT BHYTPU HEE HU K KaKUM
napajgokcaM. MrHoBeHHasl Iepefadya MPOTHUBOPEUYUT TEOPUM OTHOcUTeNbHOCTH. Ho mnpuuém 31ech
KBaHTOBasg MexaHuka? OJTo mpoliemMa HE KBAHTOBOM MEXaHHMKH, OJTO Mpobjema Teopuu
oTHOcuTenbHOCTH! WM pemuThs 3TOT aHTaroHW3sM JBYX TEOpUM MOXKET TOJIbKO HE3aBUCHMBIM apOuTp,
CTOSIILIUI HaJl STUMH TEOPUSIMH.

dopmanbHas JIOTHKa HE JOIYCKaeT MCTUHHOCTH BBbICKAa3bIBaHUI THIA «CBSI3b €CTh, HO €€ HeT». B
KBaHTOBOM TEOpPUH, Ka3aJoCh Obl, HALIUIM BBIXOJ M3 3TOT0 TYMHUKA: MEX]Y YacTULAMHU Nepeaaércs Tak
HazbIBaeMasl «KBaHTOBasi MH(poOpMaus», KOTopas oTiIn4yaeTrcs oT uHpopManuu kiaccuueckoi. Ho cama
¢paza «mepenaércss HEUYTO» yxe TpeOyeT Haauuusi 3TOro «HeuTo». HeBaxHO, Kak ero HasbIBaTh
«KBaHTOBas HMH(pOpMaNMs» WIH Kak-TMOO HHAYe, BOIPOC Cpa3y Ke MepexoAuT B (HUIocoPCKyro
IJIOCKOCTh MAaTE€pUAIIbHOCTH 3TOTO0 «HEUTO». MOXHO 3aKpbITh IJla3a Ha 3TO, HE BJAaBaTbCsl B ITH
¢unocopckue TOHKOCTH, HO OHM HHUKyJa He wucuezaoT. llpu 1mr00bIX A0CTATOYHO TIyOOKHX
pacCcyXJEHUSX MAaTEepHAIIbHOCTh HOCHUTENsl «KBAHTOBOM HWHQopManun» HEU30€KHO BBIXOIUT Ha
nepenHuil miad. OT oTBETa Ha 3TOT BONPOC O MATEPUaIbHOCTU HOCUTENS «KBAHTOBOM HMH(OpManumn»
YUTH HEBO3MOKHO.

MOoO>XHO NpPHUBECTH HEMAJIO MPUMEPOB MPOTUBOPEUMBOCTH HEJNOKaIbHOWU (opmyssl. Hampumep,
MIPEANOJIONKHUM, YTO JBE MOHETHI BCET/Ia BBIMAIAIOT OJHOU M TOM K€ CTOPOHOU. ITO HEJIOKAIBHOCTh. be3s
MPU3HAHUS HAJU4YUS CBSI3M MEX]y HUMH HEBO3MOXHO J1aTh JIOTUYECKH Pa3yMHOE OOBSICHEHHE TAKOMY
MOBEICHUIO, TOJIBKO MUCTUYECKasl HEIOKaIbHOCTb. Mn urpanbHbple KyOUKH, KOTOPBIE BCETIa BBINAAAI0T
OJINHAKOBBIM 4HCIIOM BBepX. Pazymeercs, Bce uncia Ha KyOMKax BbINAJAI0T PaBHOBEPOSATHO, HO BCEr/a
OJIMHAKOBbIE. MOXHO CMEJIO 3asiBUTh, YTO HE CYLIECTBYET Pa3yMHOIO JIOTUYECKOTO OOBSCHEHUS 3TOMY
SIBJICHUIO, €CJIM OTPHIATh Mepeady CUTHAJIOB OT OJHOro o0beKkTa K Apyromy. PaccMoTpum noapobOHee
emé OJHY O4YEeHb HAIVSIIHYI0 MBICICHHYIO JEMOHCTpallMio, KOTOopas OTYETJIMBO IIOKa3bIBaeT
AHTWJIOTMYHOCTh, MUCTUYECKYIO CYIIHOCTh HEJOKAJIbHOCTH. MBICIEHHBIN 3KCIIEPUMEHT IMpPOBEIEM Ha
CIEAYIOIIEH YCTaHOBKE:

TloaaprzaTopsl Hcrounak Tloaapa3aTopEl
I,;..Tig 3aNyTAHEBIX Im;..T0g
dotonoB r '

Hemmudparop V1..Vg V:.Vg Jemmndparop
H HHAHKATOP e 7™\ - H HEIHKATOP
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) . - -

- -
< \/ >

HcTounuk 3amyTaHHbBIX (OTOHOB S MCIYCKAaeT B JIBYX IPOTHUBOIOJIOKHBIX HAaINPaBICHUIX
OJIHOBPEMEHHO 8 mMap 3alyTaHHbIX (OTOHOB Vj...Vs, KOTOpBIE IOCTYNAIOT Ha § COOTBETCTBYIOIIMX
BpamaeMbix nossipusaTopos 11;...I1s. Ha BeIXomax monsipu3atopoB yCTaHOBJIEHBI, COOTBETCTBEHHO, 10 8
pEerucTpaTopoB, MpeoOpazyoUIMX MPOLIEANINEe Yepe3 MOoJsIpu3aTopbl (QOTOHBI B 8 DIEKTPHUUECKHUX



UMITyJIbCa Ha KaXKJ0H CTOPOHE YCTAaHOBKU. OTH MMIIYJIbCHl IOCTYNAIOT HAa JBOMYHBINA Jemmudparop
MIOJIyY€HHOTO JIBOMYHOTO KOJIa B IECATUYHBIN U MHAUKATOP, HA KOTOPHIN BBIBOJUTCS MOJYyYEHHOE YUCIIO.
Kananst Ha 8 OMT MO3BOJSIOT BBICBETHTh Ha HMHAMKaTopax uuciaa ot 0 mo 255. IlomsipuzaTopsl
BpAIIAIOTCS CTPOTO CUHXPOHHO, B JIFOO0I1 MOMEHT BPEMEHHUS PacIoiarasich Mol OJJUHAKOBBIMU yriaMu K
TOPU30HTY.

BonHoBas @pyHkuus cuctemMbl (POTOHHBIX TOTOKOB UMEET BHI:
®8

+ 1 1
l¢7)" = ﬁ(jo0>+|11>) =Eg(joo>+|11})@Q00}+|11>)®QOO>+|11>)
®(|00)+]11))®(00) +|11))®(|00)+|11))®(|00) +[11))( 00) +|11))
CnaraembIx mocie mnpeoOpa3oBaHusi OyJeT CIMIIKOM MHOro (256 mTyk), HO3TOMY IMOKaXeM
TOJIBKO TPU U3 HUX:

(]cb*})@g =%Qooooooooﬂoooooooo}+...+|01010101>|01010101>+...+|11111111>|11111111>)

Cnaraemble TOKa3aHbl B BHJE S-pa3psIHBIX COMHOXHUTENIEH W3 COOOpaKeHUs HaTJISIIHOCTH:
KaKJIbI U3 COMHOXKHUTEJIEH OTHOCHUTCS K OJTHOMY M3 KaHAJIOB — MPAaBOMY WJIM JIEBOMY. JTH CllaraeMble
MOTJIA OBITh H300paXKEHBI M B APYTUX, TOXKIESCTBEHHBIX BUAaX, HAIPUMED:

101010101) =[0101){0101) =|01)[01)|01)|01) =|0)[1)] 0)] 1)| 0)| 1)| 0)| 1) =
10101)®|0101) =[01)®|01)®|01)®|01) =[0) ®|1) ®|0) ®(1) ®| 0) ®|1) ®|0) ®|1) =
10101)-|0101) =|01)-|01)-|01)-|01) =|0)-[1)-|0)-[1)-|0) | 1)-|0)| 1) =|01)| 010101 01) = ...
Taxoke ciiaraemble MOTYT OBbITh 3arrcaHbl B BUje (KyOuku A u B):
101010101){01010101) =|0101010101010101) = |0 ,1,,0,,1,0,1,0,1,0,1,0,1,0,1,0,1,)

[Tocne mpoxoskaeHHs Yepe3 MOJSPU3aTOPhl U PErucTpaTopbl Ha BXOJ JEMHU(PATOPOB MOCTYIST
OuHapHble yncia (GoToOH ¢ HOMEPOM 8 COOTBETCTBYET CTapllieMy OUTY), KOTOpbIe OyayT peoOpa3oBaHbI
B JIECSTHYHBIC U BBIBEJCHBI Ha MHAWKaTOp. Hampumep, eciu depe3 mossipu3aTophl MPOHIyT MOKa3aHHbIC
HIKE (DOTOHBI, TO OMHAPHBIN M JECATUIHBIN KOBI OYIyT UMETh CIEAYIONINe 3HAUYCHHS:

Ve — Vs —Vv, —V,v, = 10101011, =171,

B ypaBHeHmm (pOTOHBI, HE MpoUIeANIHE Yepe3 MOJAPU3aTOPHI, TOKa3aHbl mpodepkoM. [TocKoIbKy Bce
MOJIIPA3AaTOPHl  KOJUTMHEAPHBI, TO HE3aBHCUMO OT VyIJIa HMX IIOBOPOTa W BCIEACTBHE IOMApHOU
3aIyTaHHOCTH (DOTOHOB Yepe3 OJHOMMEHHBIE MOJISIPU3ATOPBI BCeTAa OyIyT MapHbIe MPOXOKICHUS: JINOO
00a ¢oTOHA Mapbl MPOUIYT Yepe3 CBOM MOJISIPU3ATOPHI, INOO0 00a OyTyT UMHU MOTJIOMIEHBI. JTO O3HAYAET,
YTO TMOKAa3aHUsl BYX JECSITUYHBIX MHIMKATOPOB Bcerna OyayT OJMHAKOBBIMH. Bce mapbl He3aBHCHUMBI
Apyr OT JIpyra, MeXIy pa3HbIMU MapaMy HET HUKAKOW 3aBHCHMOCTH, TIOATOMY YHCJIa Ha MHIUKATOPax
Bcerna OyayT cirydailHbIMU. [I[pyruMu ClIOBaMH, MBI UMEEM JBa YOAJIEHHBIX JAPYT OT JAPYra YMCIOBBIX
Tab0, HAa KOTOPBIX TMOSBISIOTCS CIy4dailHbIe 4YHCIAa, HO BCETJa OJMHAKOBbIE Ha o0OWX TaldIo,
cBOe0Opa3HbIe H(POBBIE UTPaATBHBIE KyOUKH ¢ 256 TpaHsMH. DTa yCTaHOBKA TO3BOJISIET UMHUTHPOBATH
JEUCTBUTENIFHO «HEJIOKAIBHBIA KyOWK», B OTIMYHE OT OOBIYHBIX KYOMKOB HJIM MOHET, HEJIOKaIbHYIO
CBSI3b MEX]Ty KOTOPBIMU YCTAHOBUTH (PaKTHUECKH HEBO3MOXKHO. DTH KBAHTOBBIE «HEJIOKAIBHBIE KYOHKI
MOTYT OBITh pPa3HECEHBI HA COTHH KMJIOMETPOB M OYYyT JEMOHCTPUPOBATH MTHOBEHHYIO KOPPEIISIHIO.

Tenepp nmonpodyemM OOBSICHUTH, IOUEMY JBa YIAJIEHHBIX APYT OT JIpyra MHIUKATOpa B JIHOOOMH
MOMEHT BPEMEHHM M Ha JIF0OOM pacCTOSHUU IMOKAa3bIBAIOT OJHO M TO ke ciaydaiiHoe uucio? Jloruka,
3MpaBbIil CMBICT W MaTepualucTHyecKas (uiocodus HE IOMYCKAlOT HUKAKOH MHCTHKH — TaKoe
COBITaJICHHE BO3MOKHO TOJILKO €CITM MEXy HHANKATOpaMu €CTh CBsI3b. Beceraa, 6e3 MCKiIoueHuid, Kora
Ha OJIHOM WHJWKATOpE, HampuMep, 15, To Ha BTopoMm — oOs3aTenbHO 15. Eciin Ha mepBom — 63, TO U Ha
BTOpOM — TOXe 63. U Tak ans moboro uucna ot 0 no 255. Bee 3Ty uMcna ciaydailHbl, HET HUKaKUX
3aKOHOMEPHOCTEH WX TOSBICHHS, KpOME OJHOH: Bcerja o0a HMHIMKATOpa MOKa3bIBAIOT OJMHAKOBEIC
yrcia. JIOTHUecKn MOYKHO TIPEAIOJIOKUTh Ba 00bscHeHHs. [lepBoe: 3TO COBEpIIEHHO yIMBUTEIHHOE
COBIIaJICHHE, HO, KaK TOBOPUTCS, TaKk He ObiBaeT. BTopoe: 3TO 3aBHCHMOCTh OJHOTO HHIMKATOPa OT
Apyroro, TO €CTh MEXAy HHMH €CTh CBs3b, mepeAada HHGOpPMAMK OT OIHOTO HHIUKATOPa
(monspuzaropa, nemudparopa, POTOHOB) K APYroMy, Ha APYroil CTOPOHE.

Ho MBI mbeITaemcst HaiiT 0OBSICHEHHE 0€3 CHUTHAJIOB, KOTOPHIMHU OOMEHHBAIOTCS (POTOHBI WIIU
uHAuKaTophl. Torga Bcé-Taku mnoTpsicaroliee copmnajgeHue? Bee GoTOHBI UMEIOT a0COJIIOTHO CilydyaliHbIe
COCTOSIHUA. BparieHue moisipu3aTopoB MPUBOIUT K TOMY, YTO (DOTOHBI JOCTHTAIOT WX KaXKIBIH pa3 B



CIIy4alflHOM MOJIO)KEHUU. JTO JOJKHO ObITh OYEHb CUJIbHBIM COBIAJCHHEM: Ka)Jbli pa3 OJHO U TO K
YHCJIO HA JBYX HE CBSI3aHHBIX JIPYr C ApyroM HHIuMKartopax. Ho Teopus BEpOSITHOCTH OTPHUIIAET TaKoe
coBmajenue. [Ipyn yBennueHnn 4ucia n3MepeHnili BEpOSTHOCTh CIy4allHbIX COBIIAQJCHUN YMEHBIIAETCA U
CTPEMHUTCS NpPH HAIINX YCIOBHAX K Onu3Koi Hymo Benmumme (27°). B Hamrem e ciiydae — BCeraa
[IOJIHOE COBMNAJCHHUE IOKa3aHWN MHIUMKATOPOB: HA HUX Bcerjga 0e3 HCKIIOUEHHUS BBICBEUHBAIOTCA
oJuHaKoBble uncia. Clie10BaTeNbHO, CIy4aiHOCTh TOKE UCKIIIOYEHA.

Torna, MoxeT ObITh, (OTOHBI NPU T'€HEPALMU BCETO JIMILIb 3aIIOMUHAIOT CBOU COCTOSIHUS U MPU
U3MEPEHUU TMPOCTO HUX JeMOHCTpupyroT? Takoe pelieHHe MpeangaraloT KBAHTOBBIE TEOPUU
JOTIOTHUTENBHBIX NepeMeHHbIX. [lo cyTu, 3TO Bapuauusa Ha Temy nepenauu nHpopmauuu. Ho B cBoeit
3namenutol cratee bemn (Bell J.S., «On the Einstein Podolsky Rosen paradox») npumén k BeIBOAY JUIs
no00HbIX 3KcrepuMeHTOB OIIP-Tuma, 4To A COXpaHEHHUsS CTATUCTUYECKHX (TO €CTh, CIy4yailHBIX)
pe3yJbTaTOB MHAMBUAYAJIbHBIX HM3MEPEHUN HEOOXOJMM CBEPXCBETOBOW MEXaHHM3M BIHUSHUS ApPYr Ha
apyra ynan€HHbIX u3meputenei. To ecth, ecinu He (OTOHBI 0OMEHUBAIOTCS APYT C APYTOM CUTHAJIAMH, TO
UMHU JIOJDKHBI oOMeHuBaThesl uaMeputenu. Ho B uém rtornma paszuuna? UYTo MO3BOJIEHO H3MEPHUTENSM,
JOJKHO OBbITh 1M03BOJIEHO M (oToHaM! Pe3ynbTaT WMHIMBUAYaJIbHOTO H3MEPEHHsS] OAHOTO (OTOHA
HECOMHEHHO CTaTUCTUYECKHM, ciydaiHbld. [lo3TOMy Ha COOTBETCTBYIOLIEM WHIMKATOPE HAlIel
AKCIEPUMEHTAJIbHOM YCTAaHOBKHM BBICBETUTCS HEMpeJCcKazyeMoe, aOCOJIOTHO ClydalHOe 4MCo. DTOT
pe3ynbTar nepenaércs BTOPOMY (OTOHY, y KOTOPOrOo CBOH pe3yiapTal H3MEpEeHUs Oe3yClIOBHO
KOPpEIUPYETCs C MEPBbIM (DOTOHOM, HAa BTOPOM MHAMKATOPE BHICBEUMBAETCS 3TO K€ CaMO€ YHCIIO, YTO U
Ha MEpPBOM HMHJAMKATOPE, HO IMPHU 3TOM aBTOMATUYECKU ATOT PE3YJIbTAT CTAHOBUTCS TOYHO TAKUM K€
CMAamuCmuyeckum, 6eposSmMHOCMHbIM, CAy4ainbiM. Ecau Mbl, BOIPEKH JOTMKE, OTKa3bIBa€MCsS OT
MH(OPMALIMOHHOW CBSI3U MEXIy (OTOHAMHU, TO BBIBOJ OCTAETCA TOJBKO OJUH — MUCTHYECKAs
HEJIOKaJIbHOCTb.

KBanTtoBass MexaHuWKa HE€ TMpeularaeT HUKAKOr0 OOBSCHEHHUS SBJICHUIO TaKOM BBICOKOM
KOppENSUU (HEJIOKAbHOCTH), TOJILKO ONMCHIBAET €€ MposiBIeHHs. B CylmHOCTH, HEOKaIbHOCTh HE
SIBJISIETCS] YAaCThIO KBAaHTOBOM TEOpHH, OHA 3a IpeAesaMH 3TOW Teopuu. [103TOMy KBaHTOBON MEXaHHKE
HET HUKAKOro Jiejia 0 TOro, MECTHUKA 3TO WJIM 3a HEH CKPBIBAIOTCS KaKue-JIMOO pealibHble (PU3NYECKUe
IIPOLIECCHI.

Mexly 3amyTaHHBIMU YacTULAMHU SIBHO IpocMaTpuBaercss MH(GOpMAalMOHHAs CBS3b, KOTOpas 6
npuHyune HE MOXET CyLNIeCTBOBaTh 0e3 (Qu3uueckoro Hocutens. KBaHTOBO-MEXaHHUYECKOE,
MaTEMaTU4YECKOE ONHUCAHUE 3TOM CBSI3U BEPHOE, HO HUKAKAA UHPOpMAUUA He MOdcem Oblimb nepeoana
0e3 gusuueckozo Hocumens, Oyib TO 4acTULA, 110JI€, BOJIHA WIN NOYTOBbIE T0J1yOH. TOIBKO BBISBIECHUE
3TOT0 HOCHUTENS U CO3/IaHuE CIIOCOOOB €ro PerucTpaluy MOXKET MO3BOJIUTH MCIIOIb30BaTh 3allyTAaHHOCTh
U1 Tiepeiadyd MHPOpMalluu U AaTh BO3MOXHOCTh BoOy 6€3 MCoIb30BaHUs KJIaCCUYECKHUX (JOCBETOBBIX)
KaHaJIOB CBSI3U ONPEAENUTh, KaKue ACHCTBHSI CO CBOUM IOJIIPU3aTOPOM cOoBeplIlaia Ajuca.
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Abstract
This paper deals with the states of the quantum entanglement generic (non-Bell entangled states),
and their creation with of a quantum gate CNOT. Transitions into each other when you rotate the
entangled states of Bell, and logical entity of non-locality on the example of a thought experiment with a
quantum "nonlocal dice".



