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NMPEOVNCIIOBUE

«JIt060BB C MepBOTO B3msAAal» — Tak Hukoss YKusaH ommcan
CBOU OIIYyIIeHUs B JeHb, KOTZa OH y3Han o TeopeMe besna.
YcsbIiaB 3To, s CHOBA BEPHYJICA B TOT OCEHHUM leHb 1974 roaa,
KOTZIa, IOTPY>KeHHBIN B U3y4eHHe MaJOU3BECTHON B TO BpeMs
paboTs! /IxxoHa Bejuta, s HOHSI, YTO CIIop Mexay bopom u DiiH-
MTeHHOM 06 WHTepIpeTalnny KBAaHTOBOM MeXaHUKU MOXKET
OBITH paspellleH dKCIIepUMeHTanbHO. He Tak y»x MHOro ¢u-
3UKOB OBUIM OCBEZOMJIEHBI O IpobsieMe, TOAHATON DHHINTEN-
HoM, [Togonbckum U Po3eHOM, HEMHOTHE CJIBIIIAIA O HEPABEH-
cTBax besna, U coBceM Maso OBIIO TeX, KTO CYUTAT BOTIPOCH!
OCHOBOIIOJIAraloNIuX KOHIIEIIITUI KBAHTOBOU MeXaHUKHU JOCTOM-
HBIMU Cepbe3HOro BHMMaHus. Paboty DIIP, omyb6IrMKOBaHHYIO
B 1935 rogy B xxypHase Physical Review, MOXHO OBLTO JIETKO
HaWTU B YHUBEPCUTETCKUX OUOIMOTEKaX, YeTO HeIb3s OBLIO
ckazaTh 0 pabote Bejuta, omybIMKOBaHHOM B HEU3BECTHOM HO-
BOM JKypHaJjie, KOTOPOMY Cy)XI€HO ObUIO UCUE3HYTh TIOC/IE YeT-
BEPTOro BhHIIYCKa. B Te BpeMeHa, Korza ellle He CyllecTBOBaJIO
WuTepHeTa, paboThl, KOTOPBIE He OBLIN OMyOJIUKOBAHbI B KPYII-
HBIX XyPHaJIaX, IPUXOAUIOCH PACTIPOCTPAHATH B POTOKOMHUSIX.



KBaHTOBas c/ly4yanHOCTb

Mosi cobcTBeHHas KOMUS 0CTalach MHe U3 TAmKu, KOTOPYIO
cobpan Kpucruan Ombep (Christian Imbert), Mmosnozoi mpodec-
cop MHcTuTyTa ONTHKY, 0 Caydaro Bu3uta JD6Hepa llIumMoHM
(Abner Shimony), npurnamenHoro B Opca BepHapoM &' OcnaHbsa
(Bernard d’Espagnat). O4apoBaHHbIN uaeamu beta, s pemw,
YTO MOSI JOKTOpPCKas Arccepranysa OyZeT OCHOBaHA Ha JKCIIe-
PUMEHTAJIBHBIX TECTaX HepaBeHCTB beta, 1 DMbep comtacuics
B3SITh MEHS TIOZ CBOE KPBLIO.

B yauBuTenbHO icHOM paboTe Besuta s yBUZeN cepbe3HbIA
BBI30OB /IJIS1 DKCIIEPUMEHTATOPOB: U3MeHeHHe OpUEHTAlNH I10-
JIIPU3AIMOHHBIX JETEKTOPOB, B TO BpeMs KaK 3allyTaHHbIE Ya-
CTHULBI PACIPOCTPAHAIOTCS OT UCTOYHUKA B 00JIaCTh U3Mepe-
HUs. BBIIO HEOOXOAUMO HUCKIIOYUTh BIUSHUE OPUEHTAIIUU T0-
JIIpU3aTopa KaK Ha MeXaHU3M U3JIy4eHHs, TaK U Ha U3MePeHHE,
TIPUMEHSSA JJISI TOTO IPUHITUI PEIITUBUCTCKON IPUYUHHOCTH,
KOTOPBII 3aIpelaeT pacpocTpaHeH e JTI0ObIX GU3NIECKUX d¢-
($EeKTOB CO CKOPOCTBIO BBIIIE CKOPOCTHU cBeTa. Takod sKcmepu-
MEeHT MOT OBl OOBSICHUTE CaMy CyTh KOH(IMKTA MeX/y KBAHTO-
BOM MEXaHUKOH, C OJHON CTOPOHBI, U MHPOBO33peHUEM DUH-
mrTeifHa — ¢ Apyrou.

OUHIITEeNH 3allUial JOKaJIbHBIN peanusM, couyeTaBUINN
ZBa mpuHUUIA. [TepBBIi yTBEPX)AAT GU3UUECKYI0 PeabHOCTDb
cucTeMbl. BTropoii — 2unomesa o JIoOKabHOCMU — YTO CUCTEMA
He ToZBep)KeHa BIUSHUIO COOBITUH, MIPOUCXOAANIUX B IPYTOH
cUCTeMe, OTAEJIEHHOM OT MePBOM MPOCTPAHCTBEHHO-TTOA0OHBIM
MHTEPBaJIOM IIPOCTPaHCTBa-BPEMEeHH, ITI0CKOJIbKY B IPOTHBHOM
c/ly4ae JBe CHCTEMBI ZOJLKHBI ObLIH ObI 0OMEHUBATHCS BO3/ET-
CTBUSIMH, PACIPOCTPAHAIONIMMUCA OBICTpee cBeTa. B mrTore
HAIlIW KCIIEPUMEHTHI MTOATBEPAWIN TIPeCKa3aHuA KBAHTOBOM
MeXaHUKHU, ¥ GpU3NKaM MPUILIOCh OTKA3aThCA OT JIOKAJIBHOTO
peasu3aMa — OT B3IIAZa HAa MUP, KOTOPHIN Tak yOeAUTENTbHO
3amumtan JUHITelH. Ho OT 4ero ke cjiejoBajso OTKa3aTbCA —
OT peasiiaMa WM OT JIOKAJIIbHOCTH?
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MNpeancnosue

Wnes oTkasa OT MOHATUSA GU3UUECKOH peaTbHOCTU He Tpe-
CTaBJIsAeTCSI MHe yOeAuTEeNbHOM. S BIXKY POJIb YUEHOT'0 KaK pa3
B OTMCAHUU peaJbHOCTH MUPO3/IaHUsA, a He MPOCTO B MPEZCKa-
3aHUU PEe3Y/IbTATOB, KOTOPHIE MOKAXKYT HaIM U3MEPUTETbHBIE
mpubopsl. Ho ecsii B 9TOM 4acTH KBAaHTOBasA MeXaHWKa HaXo-
[T TOATBEPXKAEHUE, — a CETOJHSA 3TOT BBIBOJ, IIPECTABIIAETCS
Heu30eXHBIM, — TO O3HAYaeT JIK JTO, YTO MBI JTO/DKHBI TIPU-
HSTb CyIleCTBOBaHUE HEJOKATbHBIX B3aUMOZAEHCTBUM, KOTO-
pHBIe ABHBIM 06pa3oM MPOTUBOpEYAT IPUHITUITY PEIITUBUCTCKOMN
MPUYUHHOCTY DUHINTeMHA? U ecTh I HaZieXJa Koraa-Hubyab
KCITOJIb30BaTh 3TY KBAHTOBYIO HEJIOKAJIBHOCTh /IS Tepefayu
MOJIE3HOTO CUTHAJIA, HAIIPUMEDP BKJIIOYEHUS JJaMIIbl WU pas-
MelleHusA opZiepa Ha GOHAOBOM OUPKE, CO CBEPXCBETOBOM CKO-
pocThio? Ho Kak pas 37ech MPOSABIIAETC Apyras XxapaKTepHast
yepTa KBAaHTOBOM MeXaHWKH, & UMEHHO: CyIleCTBOBaHUE (hyH-
dameHmanvHoll kKeaHmMoeoll HeonpedeseHHocmu. V13-3a Hee cTa-
HOBUTCS COBEPIIEHHO HEBO3MOKHBIM MOBIUATH Ha paKTHUde-
CKUH pe3ysibTaT JJI0O0ro dKCIIEpUMEHTa, €C/TM KBAHTOBasA MeXxa-
HUKA TOBOPUT O TOM, YTO BO3MOXKHBI HECKOJIBKO Pe3y/IbTaTOB.
Ila, KBaHTOBasA MeXaHUKa I03BOJISIET OYeHb TOYHO PaCCYUTATh
BEPOSTHOCTb KaXK/IOTO U3 BO3MOXKHBIX Pe3y/IbTaTOB, HO 3TU Be-
POSITHOCTU UMEIOT JIMIIh CTATUCTAYECKUN CMBICJ IIPU MHOT'O-
KPaTHOM MOBTOPEHUHU SKCIIEPUMEHTA, HO HUYErO He TOBOPST
HaM O pe3yJ/IbTaTe OJHOI'0 KOHKPETHOTO SKCIIeEpuMeHTa. MIMeHHO
aTa hyHOaAMeHMANbHASA K8AHMOBAS C/LyUailHOCMb 3aTlpeniaeT
BO3MOKHOCTb CBEPXCBETOBOM KOMMYHHKAIIUH.

Cpemy MHOTHX IOMYJIAPHBIX U3JIOXKEHUH TIOCTIETHUX JIOCTYKE-
HUM KBaHTOBOM ¢u3uku kHura Hukosa XKuzaHa mogyepKruBaeT
KJIIOUEBYIO POoJb QpyHAZAMEeHTAaIbHOU KBAHTOBOU CIYYaHOCTH,
He Oyb KOTOPO#, MBI ObI MOIVIM PACCUUTHIBATh Ha U300peTeHNe
cBepxcBeToBOrO Teserpada. Eciau aTo HayuHO-paHTacTUIECKOE
n3obpeTeHUEe KOTJa-HUOYAb BOIUIOTUTCA B *KU3HB, HAM IIPU-
JieTcs paZuiKaabHO MEPECMOTPETh BCE, YTO MBI 3HaeM O QU3UKE.
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KBaHTOBas c/ly4yanHOCTb

f coBceM He nMel0 B BUZy, YTO CyL[eCTBYIOT HellpuKacaeMble
U HeNpeJoXXHble GU3NIECKHe 3aKOHBI, HETIOABIACTHbIE HUKA-
KoMy nepecMoTpy. CoBceM Ha0060pOT, INYHO 5 yBePEH, UTO KaX-
Jas pusndeckas Teopusa OFHAKIHI OyZeT 3aMeHeHa [pyroi Teo-
pueti 6osbliiero Macintaba. Ho HEKOTOpHIE U3 TeOPHi HACTOBKO
byHAaMeHTaIbHEBI, YTO UX IIEPECMOTP BJI€UET 32 COO0H KOHIIETY-
aJbHYIO PEBOJIIOLHIO C Zla/leKo UAYIIUMU NocaecTBUAMU. U XoTa
HaM BceM M3BeCTHBI HECKOJIBKO IIPUMEpPOB TaKHX I1ePeBOPOTOB
B UCTOPHU YeJIOBEYeCcTBa, OHU TeM He MeHee CTOJIb HCKII0YH-
TeJIbHBI, YTO K HUM He cjle[yeT OTHOCUTBCSA CIIOKOHO. B aToM
KOHTeKcCTe 00bsICHEHNE, T0YeMy KBaHTOBas HEJIOKAJIbHOCTB, Ka-
KoM GBI CBepXbECTECTBEHHON OHA HU Ka3ajach, HE MOXKET HU3-
BeprHyTb IIPUHIUII PeIATHBUCTCKON IPUYNHHOCTH, KOTOPBIH 3a-
IIpelaeT CBEPXCBETOBYI0 KOMMYHUKAIIWIO, KaXKETCA MHe O4eHb
BakHOU TeMoii B kHure Huxkosna JKusana.

ToT dakT, 4To 3Ta KHUTA 3aHUMAET OTIpeZIeIEHHYTO TIO3UIIHIO
II0 3TOMY BOIIPOCY, Bpa3pes C APYTMMHU IOIYyIAPHbIMU B3IJIfA-
JaMmu, HeyauBuTesneH. Hukona JKusaH ABndgeTCA OZHUM U3 KIIIO-
YeBBIX UT'POKOB B HOBOI KBaHTOBOU peBOJIOLINH, KOTOpas IPo-
M30IlIa B ocyiegHel yeTBepTy XX CTONIETHA.

[lepBas xkBaHTOBaA peBOJIIOLYA, B Havaie XX BeKa, OCHOBHI-
Bajach Ha OTKPBITUM KOPITYCKY/IAPHO-BOJHOBOTI'O AiyaaraMa. OTO
OTKPBITHE ]aJI0 CIIOCOO ZJIOBOJIBHO TOYHO ONKCATh CTATUCTHYe-
CKOe ITOBe/IeHNEe aTOMOB, U3 KOTOPBIX COCTOUT MaTepwsi, 00JIAaKOB
37IeKTPOHOB, KOTOPHBIE [IEPeHOCAT 3JIeKTPHUUeCKUi TOK B MeTaJlie
WIN OJIYIIPOBOZHUKE, Y MIWUIMAPZAOB U MIUUTHAPAOB GpOTOHOB
B JIyde cBeTa. Y HaC IIOABWICA MHCTPYMEHTapUH /J1s1 IOHNMaHUA
MeXaHUYeCKUX CBOMCTB TBEPZBIX TeJl, B TO BpEMS KaK Kjlaccuye-
ckas ¢pu3nKa He Moria OOBSCHUTD, TOYEMY BEIIeCTBO, COCTOS-
ee U3 MOJMOKUTENbHBIX U OTPUIlaTeIbHbIX 3apsAf0B, KOTOpPhIe
[IPUTATUBAIOT JPYT Jpyra, He cIulonBaerca. KBaHToBas Mexa-
HUKa Jajla TOYHOe KOJIN4YeCcTBeHHOe OINMCcaHue 3JeKTPUIeCKUX
Y OITHYECKUX CBOMCTB MaTepHaloB U MpeAJOKWIa CUCTEMY
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MNpeancnosue

KOHI[EMIINH, HEOOXOAUMYIO JJisl ONMMCAHUA TaKUX YAHUBUTEb-
HBIX IBJIEHUH, KaK CBEPXIIPOBOAUMOCTD U CTPaHHbIe CBOMCTBA
OmpeZieJIEHHBIX dJIEMEeHTAaPHbIX YacTHUIl. B 3Ty mepByro KBaHTO-
BYIO PEBOJIIOIUI0 GU3UKK U300pe HOBBIE TIPUOOPHI: TPAH3U-
CTOp, J1a3ep, UHTETpaJbHBIE CXEMBbI, 61aroZiaps YeMy CerofHs
MBI )KMBEM B MHGOPMAaIMOHHOM OOIIECTRBE.

Ho yxe x 1960-m rogam ¢u3mku Havaau 33aBaTh HOBBIE
BOIIPOCHI, KOTOPHIE B TIEPBYIO0 KBAHTOBYIO PEBOJIIOLINIO OCTaBa-
JIUCh 3a KaZIpOM:

— Kak MOXHO MPUMEHATh KBAHTOBYIO QU3UKY, €CJIU BCE €€
MpeZcKa3aHus HOCAT YMCTO CTaTUCTUYECKUM XapakTep
U OTHOCATCS K OTAEJbHBIM MUKPOCKOIIMYECKUM OOBEK-
Tam?

— Te HeBepOSITHBIE CBOWICTBA 3ANYMAHHbIX NAP KBAHMOBbLLX
06Bexkmos (KOoTOpHIe ObLIN OMUcaHbl B 1935 rozy B paboTe
06 JITP-mapasoKkce, HO HU pasy He HabIIOaIuCh B Jek-
CTBUTENBHOCTH), OHU IECTBUTETHLHO COOTBETCTBYIOT pe-
aJbHOMY TTOBEIEHUIO TTPUPOALI WM B 3TOM BOTIPOCE MBI
JOCTHUIJIN TIpeIeJIOB KBAHTOBOM MEXaHUKHU?

VIMeHHO OTBETHI Ha 3T BOIIPOCH], KOTOPBIE CHavasa Aalu
SKCIIEPUMEHTATOPHI, @ TIOTOM YTOYHWUIU TEOPETUKHU, IIPUBEIHN
KO BTOPOH, MPOAOJIKAIOMIENCS 10 cel JleHb KBAaHTOBOM peBO-
JIIOLUN.

[ToBeseHMe OTAEIbLHBIX KBAHTOBLIX OOHEKTOB JaBHO SIB-
JIATOCh TIPEAIMETOM OXXUBJIEHHBIX Z1e6aToB cpeau GU3UKOB.

! Cwm., HaripuMep, A. Aspect: John Bell and the second quantum revolution,

foreword of J. Bell: Speakable and Unspeakable in Quantum Mechanics:
Collected Papers on Quantum Philosophy, Cambridge University Press
(2004); J. Dowling and G. Milburn: Quantum technology: the second
quantum revolution, Philosophical Transactions of the Royal Society of
London. Series A: Mathematical, Physical and Engineering Sciences 361,
1809, pp. 1655-1674 (2003).
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KBaHTOBas c/ly4yanHOCTb

B TeueHMe MONTOTO BpeMeHU GOJbINAas 4YacTh YYEHOTO CO06-
IIECTBA CYMTAJIA, YTO CaM BOIIPOC HE MMEET CMBIC/IA U YTO OH
B JIIOOOM CITy4yae HeBaXKeH, TaK KaK HUKTO He MOT cebe mpezcTa-
BUTh, YTO MOXKHO HabJII0faTh OTAENbHbBIN KBAHTOBHIN OOBHEKT,
He TOBOPA YKE€ O TOM, YTOOBI YIIPaBJIATh U MAaHUITYIUPOBATh UM.
[To coBam OpBuHa [lIpéauHrepal, «c OTAEIbHBIMU YaCTUIIAMU
He DKCIIEPUMEHTHUPYIOT, TaK JKe KaK UXTH03aBPOB He BhIPAIH-
BalOT B 300TIapKax».

Ho nauwmHas ¢ 1970-X roZoB dKCIIEPUMEHTATOPHI pa3pabo-
TaJIU CIIOCOOBI, TO3BOJIAIONIYE HAOMIOAATh OTAETbHbIE MUKPO-
CKOTIMYECKHE OOBEKTHI — DJIEKTPOHBI, aTOMbI ¥ MOHBI, MaHU-
MyJIMPOBATh U YIIPaBIATh UMU. f TOMHIO Bceobliiee BOOAYIIIEB-
JIeHVe Ha MeXAyHapoJAHOU KoH(}epeHINHY 110 aTOMHOMU (usrke
B bocTtoHe B 1980 rozy, korza Iletep Toliek npezacTaBui mepBoe
n3obpakeHre OFIHOTO 3aXBAYEHHOTO MOHA — €0 MOXHO ObLT
HETIOCPeACTBEHHO HAOIIOAATh MO (II0OPECIIEHTHRIM POTOHAM,
KOTOpbIe OH HCITyCKaJl 1Mo/, BO3/IeHiCTBUEM Jiyda Jjiazepa. biaro-
Jiapst TIPOTPECCY SKCITEPUMEHTATBLHOM GUIUKY MBI MOYKEM IIPSIMO
HabJI0IaTh KBAHTOBBIE CKAYKH, YTO IOJIOXKUIO KOHEIl MHOTOJTET-
HUM crtopaM. MbI TaK)Ke YBUAEIH, YTO KBAHTOBBIM GopMairsm
TIpeKpacHoO OMUCHIBAET TIOBE/IEHNE OTIEIBHOTO KBAHTOBOTO 00B-
€KTa — IIPY YCIOBUM, YTO MBI TPAaBUJILHO MHTEPIIPETUPYEM Be-
POSITHOCTHBIE PE3Y/IbTaThl pacyeToB. YTO KacaeTcs BTOPOTO BO-
Ipoca O CBOMCTBAX 3allyTaHHOCTH, TO IIPeICKa3aHUA KBaHTOBOM
TeOpUM CHavasa 6bUIM TIPOBepPEHBI Ha GOTOHHBIX TTapaX B CEPUU
9KCIIEPUMEHTOB, YCJIOBUs MTPOBEAEHUSA KOTOPHIX MTOCTEIIEHHO
TIPUOIHKAIOTCA K U/ieaTbHBIM, B COOTBETCTBUHU C 3aMbICJIOM Te-
opeTUKOB Bpoze />)xoHa Beyuta. OTH 3KCIIepUMEHTHI IIOJTHOCTHIO
MO TBEPJWIN TIPe/ICKa3aHus KBAHTOBOUM TEOPUU, KAKUMU OB
VAVUBUTETBHBIMU Te HU ObUIH.

1 E. Schrodinger: Are there quantum jumps? British Journal for the
Philosophy of Sciences, Vol. III, p. 240.

14



MNpeancnosue

B 1980-x rozax Hukons YKusan cobpas TPyIITy Creluaiu-
CTOB TIO TIPUKJIaZHOMN U3MKe 1 pabOTHI HaZ ONITOBOJOKOH-
HBIMU TeXHOJIOTUAMU. OH BCeTr/ia UCIIBIThIBAJI IMYHBIN U Teope-
THUYECKUI MHTepeC K OCHOBAM KBaHTOBOU MEeXaHUKHU (HO epKas
€ro B CeKpeTe, 110 KpalfHel Mepe OT CBOEero paboTozAaTess, Tak
KaK B Te BpeMeHa IIOCTaHOBKa MOZOOHBIX BOIIPOCOB HE BCETZAA
CYMTAJACh CTOAIIUM 3aHATHUEM), [TI03TOMY HEYAMUBUTENHHO,
yto Hukosns JKusaH cTas ofHUM U3 NIEPBBIX B OKCIIEPUMEHTAX
C KBAaHTOBOU 3aITlyTAHHOCTHIO GOTOHHEBIX ITap B OITOBOJIOKOH-
HBIX Kabenrax. O6magas miy60KUMU TTO3HAHUSIMHU B OIITOBOJIO-
KOHHBIX TE€XHOJIOTHAX, OH CMOT HCIIOJIb30BaTh KOMMepYeCcKHe
TeJIeKOMMYHHKaI[MOHHBIE CETU Bo3Je JKeHeBbl, YTOOBI MpoJe-
MOHCTPUPOBATh, K YAUBIEHUIO CAMUX SKCIIEPUMEHTAaTOPOB, YTO
SIBJIEHUE 3aITyTaHHOCTH MOYKHO HaOJIIOZIaTh ZIaXKe TIPU PacXoxkK/e-
HUY Ha HECKOJIBKO ZIeCATKOB KWIOMETPOB. OH ITPOBeJ HECKOJIBKO
KOHIIENTYaJbHO IMPOCTHIX TECTOB U BHIBEJI COBEPILIEHHO MTOPa3HU-
TeJIbHBIE YePTHI 3aIlyTAHHOCTH MEX/Y YAaTeHHBIMU COOBITHAMUY,
a TaK)Ke dKCIIEPUMEHTAIBHO Pean30Basl IPOTOKOJ KBAHTOBOM
Testertopranuu. Coyeras HaBBIKM TEOPETHKA B KBAaHTOBOHU u-
3UKe U 9KCIIEPTA B OIITOBOJOKOHHBIX TEXHOJIOTHSX, OH OBUI OJ-
HUIM U3 IePBbIX, KTO Hadyas paboTaTh HaZl TPaKTUYECKIMHU IIPU-
MEeHEeHHSMU SIBJIEHUA 3allyTaHHOCTH, TAKUMH KaK KBaHTOBas
kpunrorpadusa U reHepanya NCTUHHO CIyYaiHbBIX YHCeII.

OTo coyeTaHUe TaJaHTOB IIPOCTIEKUBAETCA B €ro yBieKa-
TeJIbHOM KHUTE, I/le TOHKYE BOIIPOCH KBAaHTOBOW GpU3MKYU U3Ja-
raroTcs Ipy MOMOIIH A3bIKa, JOCTYITHOTO JajeKol OT HayKHU IIy-
6siKke v 6e3 MpUBJIeYeHNA MaTeMaTUYeCKOTo annapaTa. Hukoss
00OBACHAET ABJIEHUA 3aIlyTAaHHOCTH, KBAHTOBOM HEJIOKaIbHOCTU
¥ KBAaHTOBOW CIy4alHOCTH U OINKCHIBAET IIPUMEPHI IPaKTHUde-
CKoro IIpuMeHeHUs. Ho 5To He IIPOCTO MOMY/IApHOe U3JI0KeHHe.
CriennasycTel B KBAaHTOBOM 00acTH HAMAYT 37ech rIyboKue
paccy>kZeHus 06 3TUX ABJIeHUAX, NCTUHHAA IpUpoja U Mocie-
CTBHSI KOTOPBIX BCe ellle HETIOCTYKUMBI IS Hac.
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KBaHTOBas c/ly4yanHOCTb

KacaresnbHO BoIlpoca 0 TOM, JO/DKHBI JIU MBI II0CJIe SKCIIepH-
MEHTaJIbHOT'O OIPOBEPKEHNS JIOKATBHOTO peaar3Ma OTOPOCUTD
bU3NYIECKYI0 PeabHOCTh WIN W/EI0 JIOKATBHOCTH!, 51 IpUzep-
JKMBAIOCh TOTO Xe MHeHUsA, uTo 1 Hukona YKusaH: gaxe eciu
CYMTATh KOHIIETINIO JIOKAJIbHOTO peaan3Ma [[eIOCTHOU U pasyM-
HOH, O6BUIO 6B CTPAHHO ZIEJIUTH ee Ha /IBe YacTU U COXPAHSATH
JIMIIb OFIHY U3 HUX. Kak MOXXHO oIlpeZiesInTh aBTOHOMHYIO GH3HU-
YeCKYIO PeaIbHOCTh CUCTEMBI, KOTOPas HaXOAUTCS B OIIPeZieJieH-
HOM MecTe IIPOCTPaHCTBa-BpeMeHH, eC/Id 3Ta chcTeMa IIoJBep-
YKEHA BJIUAHUIO COOBITUH B IPYTOH CHCTEME, OTAETeHHON OT Hee
IIPOCTPAHCTBEHHO-IIOZ0OHBIM MHTEPBAIOM? DTa KHUTA IIpeJyia-
raet 6ojiee U3ANTHOE pellleHNe, ITIOKa3bIBas, YTO €CIU MPUHU-
MaTh BO BHUMaHUe CyllecTBOBaHKe QyHAaMeHTaIbHON KBaH-
TOBOU CJIy9alfHOCTHU, TO HeJIOKaJabHasA Gpuandeckas peaabHOCThb
MOJKeT BIIOJTHE MUPHO COCYIIIeCTBOBATh C PEJIITUBUCTCKOM IIpH-
YUHHOCTBIO, UTO ObLTa Tak gJopora DHHIITelHY. [ToaToMy gaxe
Te y4eHble, KTO XOPOIIO 3HAKOM C 3TUMH IIpobieMaMu, HaigyT
B kHure Hukoss YKu3zaHa nuity i1 pa3MBIIUIEHIH. A IPOCTOTO
YUTAaTe, Wb OTKPHIBAIOIIETO /I ce0s TaiHbI 3aITyTAHHOCTH
1 KBaHTOBOU HEJOKAJIBHOCTH, KET IOr'Py>KeHHEe BO BCe TOHKO-
CTH 3TOT'O CJIOXKHOTO BOIIPOCA, OIIMCAHHOT'O IIPOCTO U ACHO O/
HUM U3 BeJyIINX MUPOBBIX SKCIIEPTOBZ.

Anen Acne
ITanuszo, maii 2012

! MOoXHO 3a0bITh 6€3BBIXOZHOE pellleHHe, KOTOPOe 3aK/II0YaeTca B OT-
PULAHUY HMOHATHA CBOOOAHOM BOJM, — IIar, KOTOPHIM IIpeBpaljaeT
YeJIOBEUECKHX CYIIECTB B IIPOCTHIX KYKOJ, KOTOPHIMHU yIpaBisieT 60T
3HaeT 4To 3a JieMOH Jlaruiaca.

B 2009 rogy Huxkona KusaH cTan nepBbeIM JaypeaToM IIPeCTHKHOMN
npemuu J>xoHa CrioapTa Besuta, mpucyxgaeMoi 3a UCCIeI0BaHUA B 06-
sacty yHAaMeHTaIbHBIX TPO6IeM KBAHTOBOM MEXaHUKH U ee IPAKTHU-
YecKoro IIpUMeHEeHHU .



[TPEAMBYJIA

Eci 6Bl BBI JKWIK BO BpeMeHa HbIOTOHOBCKOI Hay4YHOU peBo-
JIIOITUHU, XOTeJU OBl BB OBITH B Kypce Aena? CerogHs KBaHTOBasA
dusKKa JAaeT HaM IIAHC MEPEKUTh KOHIENTYaIbHYIO PEBOJIIO-
U0 CPAaBHUMOW 3HAYMMOCTHU. JTAa KHUTA ITIOMOXKET BaM IIO-
HSATb IIPOUCXOSIIEE, C OAHOM CTOPOHHI He MOrpy)Kasch B MaTe-
MaTUKY, a C IPyrOf — He CKPBhIBasi KOHIIENTYaJIbHBIX CJIOXKHO-
creil. DU3MKU UCIIONB3YIOT MAaTEMATHKY JJIs TIOMCKA CIeCTBUMN
W3 WX TUINOTE3 U /JIA TOYHBIX PACUYETOB BHITEKAIOIINX U3 HUX
MpeZicka3aHui, HO pa3Be HY)KHA MaTeMaTUKa JJIs1 TOTO, YTOOBI
MOBEZIaTh BETUKYIO UCTOpUI0 Ppu3mku? Bear camoe uHTEpEc-
Hoe B pU3HMKe — 3TO He MaTeMaTUKa, a uzeu. Llesb 3ToH KHUTH
He 3ab6pocaTh Bac ypaBHEHUAMU, a TIOMOYb TIOHATD.
HekoTopsle IMIaBbl MOTPEOYIOT OT YUTATENS UCTUHHOTO YM-
CTBEHHOTO ycwus. KakapIi MoMMeT Koe-4To, HO HUKTO He IO-
MeT Bce! B 2Toli obacT 3HaHUA cama u/est TIOHUMaHUA Ipe-
CTaBJsAeTCS 3bI0KON U pa3MbITON. TeM He MeHee, s YBEPEH, UYTO
KaX/IbI!l MOXKET, IIYCThb JIUIIb YaCTUYHO, ITOHATh KOHIIENTYaIb-
HYIO PEBOJIIOIINIO, KOTOPasA MIPOUCXOAUT IIPSIMO Ha HAIlIUX IJIa-
3ax, ¥ MOJYYUTh YAOBOJBCTBHE OT 3TOr0 MOoHUMaHUA. [IpocTo
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KBaHTOBas c/ly4yanHOCTb

IIPUMMUTE, YTO He Bce OyZeT 04eBUHO, Y, KOHEYHO, HE CTOUT HC-
XOZITh M3 PAaCIPOCTPAHEHHOTO MHEHU, YTO MTOHATH GpU3UKY —
6e3HazIe)XHOoe JIeo.

Eciu Kakasi-To 4acCTh IIOBECTBOBAHMSA TIOKAXKETCS BaM CJTUIL-
KOM CJIO}KHOM, ITPOCTO IPpOZoJDKaiiTe ynTarh. CKopee Bcero, Ipo-
JOJDKEHUE BHECET SICHOCTb. A MOXKET OBbITb, 3TO OAMH U3 TPYAHBIX
MOMEHTOB, KOTOPBIE 51 TPUOEpET /17151 KOJUTET-GU3UKOB, YUTOOB UM
TOKe OBUIO MHTEPECHO YUTATh 3Ty KHUTY. [IpM HEOOXOANUMOCTH
BO3BpallaiiTech Ha3a/ U IIePEYUTHIBANTE T€ OTPBIBKH, KOTOPHIE
BBI3BIBAJIN CJIOXKHOCTH. BeZlb BaXKHO MOJIyYUTH OOIIlee MpeCcTaB-
JIeHUe, a He pa3o0paTh Bce JOCKOHAIBHO. B UTOTe OHAK /BT BB
C yAUBJIEHHEM OOHaPYKUTE, YTO MHOTOE M3 KBAHTOBOU (PU3UKU
MOXXHO ITOHATb, He puberas K MaTeMaTHKe!

KBaHTOBas ¢pusnka Bcerza OpuIa MpeaMeTOM IPOCTPAHHBIX
OOBSACHEHUH U ITyTaHBIX GMIOCOPCKUX TPAaKTAaTOB. EAMHCTBEH-
HBII CIIOCO6 He MOTAacTh B 3TH JIOBYIIKU — PYKOBOACTBOBATHCS
3/IpaBBIM CMBICJIOM. BeZib UTO Takoe 3KCIIEPUMEHT? DTO BOIIPOC,
KOTOPBII yueHbIe 33/Ial0T OKPYKarolei JeficTBUTeIbHOCTH. PU-
3UK pelllaeT, KAKOW BOIIPOC M Korza 3a/aTh. [10Iy4uB OTBeT,
B BU/E, K IPUMEPY, TOSBUBILETOCS KPAaCHOTO OTOHBbKA, OH He 3a-
ZlaeTcsl BOIIPOCOM, KPACHBIH JI OTOHEK Ha CaMOM JieJle U He B-
JIIeTCs I OH WUTIO3WEN TOTO WM WHOoro pozga. OTBeT: «kpac-
HBIM», ¥ TOYKA.

YuTaTenb yBUAUT, YTO OJHU U Te K€ UCTOPHUU BCILIBIBAIOT
B Pa3HBIX IVIaBaX KHUTY. MO YYUTETbCKUN OIIBIT TOBOPUT, YTO
IIOBTOpPeHHe Ba)KHBIX Belllelf B pa3HbIX KOHTEKCTaX O4eHb IIO-
Je3HO. Beap MosI KHUTA He IIpeTeH/yeT Ha UCTOPUIECKYIO TOY-
HOCTb. JIfoOble 3aMeyaHUsA OTHOCUTEIbHO MOUX 3HAMEHUTHIX
IIpeJIIeCTBEHHUKOB OTPAXKAIOT JIMIIb MOU JINYHBIE BIeYaTIe-
HUA, IpHoOpeTeHHble 3a 6osiee YeM TPUALIATH JIeT Ipodeccro-
HaJbHOU paboTHI B KauecTBe QU3MKa.



BBEAEHWE

B camMoM HEXHOM BO3pacTe KaXKJbIil Y3HAET, YTO CYIIECTBYET
JIUIIB IBE BO3MOXXHOCTH B3aUMOEHCTBOBATE C YEM-TO, /IO UETO
HUKAaK He JOTAHYThCA PyKoH. Hy)KHO WM ITlepeMeCTUThCS B CTO-
POHY 00BEKTA, TO €CTh MOIION3TH K HEMY, KaK 3TO JIeTaf0T MJIa-
JeHIIbl, UIW HaWTU KaKOW-HUOYAb AJMHHBIN IpeIMeET BPOJe
MTaJIKW, KOTOPBIM MO3BOJUT PACIIMPUTH IIPEAETHI [0CATAEMO-
ctu. ITo3:xe MBI OTKpBIBaeM i cebsa Oojiee CIOXKHBIE MeXxa-
HU3MBI, KOTOPbIE MOXXHO HMCII0JIb30BaTh, K MIPUMEPY ITHUCbMO
MOXXKHO OITYCTHUTb B IIOYTOBHIH SIMMK. Ero 3abepeT MoYTalIboH,
CJTyXali Ha TIOYTE MOJIOXKUT €r0 B HYXKHYIO CTOIKY, TIOTOM I'py-
30BHK, II0€3/] WM CAMOJIET IIEpEBE3ET IMMChMO B HY)KHBIM TOPO/I,
Y B UTOTEe OHO OY/IET ZI0CTaBJIEHO K /IBEPH YeJIOBEKa, UMsI KOTO-
poro o603HavYeHO Ha KOHBepTe. VIHTepHET, TeleBr/ieHre 1 MHO-
rue JpyTue MPUMephl, C KOTOPBIMU MBI CTaJTKUBAEMCS KaXKBIH
JleHb, TOBOPAT HaM, YTO B UTOTE JIF000€ B3aMOJIEMCTBHE 1 KOM-
MYHUKaIUI MeX/Y JByMS IPOCTPAHCTBEHHO pas/ieleHHbBIMU
00bEKTaMU PACIIPOCTPAHSETCA HEIIPEPBIBHO, OT TOYKU K TOUKE,
ITOCPECTBOM HEKOTOPOT'O MeXaHU3Ma. DTOT MEXaHU3M MOXKET
OBITb CJIOXKHBIM, HO BCET/Ia CJIeAyeT HEMTPEPHIBHOM TPaeKTOPHUH,
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KBaHTOBas c/ly4yanHOCTb

KOTOpY10, 110 KpaliHel Mepe TeopeTUYecKu, MOKHO ITPOCIeJUThb
B IIPOCTPAHCTBE U BPEMEHH.

Tem He MeHee KBaHTOBasg QU3WKa, KOTOpAs HCCIeAyeT
MUP BHE IIpeZesiOB Hallero HelmocpeACTBEHHOT'0 BOCIPUATHS,
YTBEpPXKJAAeT, 4TO IIPOCTPAHCTBEHHO yJaJIeHHBIE APYyT OT Apyra
00BEKTH MHOTZIa 0OPa30BHIBAIOT eAWHOE Ileyoe. bojee Toro,
B TAKUX CUCTEMAX, KaK OBl JaJleko HU ObUTU Pa3HECEHbI UX KOM-
ITOHEHTHI, ITPY BO3/I€MCTBUH Ha OJIMH U3 HUX PearupoBaTthb OyAyT
o6a! Kak MOXXKHO B Takoe MoBepuTh? Kak MOXKHO MTPOBEPUTD ITO
yTBepxkZeHue? Kak 5To moHMMaTh? V1 MOXKHO JIX MCIIOJIb30BaTh
3TO CTPAHHOE MPOABJIEHNE KBAHTOBOU QU3UKU, 3TH yJaTeHHEIE
0OBEKTHI, 00pa3yIoIye eANHOE IeJI0e, IJId epeaadu nHpopma-
LIMY Ha pacCTOAHUU? BOT OCHOBHBIE BOIIPOCH], HA KOTOPHIE MBI
rocrapaemMcsi OTBETUTh B 3TOU KHUTe.

fl momBITalOCh MOJENUTHCA C BAMU 3aBOPaXUBAIOIIUM OT-
KpBITMEM MHUPA, KOTOPHIY HEBO3MOXKHO ONMCATh MPU MTOMOIIM
B3auMMOZeNCTBUN, NOCTIe0BAaTeNbHO PACIPOCTPAHAIIINXCA
OT TOYKH K TOYKe, — MHPA, B KOTOPOM TaK Has3bIBaeMble HeJlo-
KaJIbHBIE KOPPEJAIUN CTAHOBATCSA OOBIZIEHHOCTHIO. MBI TOTOBO-
PUM O HepeayLIUPYEMBIX BEPOATHOCTAX, KOPPEIANUAX, HHOOP-
Malliy U JaXke 0 CBOOOAHOM BOJIE.

Mp&I TaKKe YBUAMM, KaK QU3NKU CO3/AI0T HEeJIOKaIbHBIE KOP-
pesauny, Kak OHU UCIOJMb3YIOT UX B KPUIITOTpAdUU AJIA CO3-
JaHusa abCoIIOTHO HaAeXXHBIX KJIIoUell M KaK MOXKHO HCIIOJIb-
30BaTh 3TU YAWBUTEIbHBIE KOPPEIALMU 11 KBAHTOBOU TeJjie-
nopranuu. Jpyras 1eib 3TOM KHUTU — MPOWLIIOCTPHUPOBATh
Hay4YHbIN MeToZ. Kak MOXHO yOeAuThCS B YEM-TO, UYTO COBEP-
LIEHHO IIPOTUBOPEYUT IPUBLIYHOMY UHTYUTUBHOMY BOCIIPU-
atuio Mupa? Kakue sokasaTenbcTBa MOTPeOYIOTCA JIs TIOJ-
HOM cMeHBl HayYHOMN IapaZurMebl, JjIs MPUHATUA TAaKOTo poja
KOHILIeNTyalbHOU peBosonuu? OTCTYIIMB HEMHOI'O Ha3a/, MBI
YBUJWM, YTO UCTOPHUS KBAaHTOBOM HEJIOKAJbHOCTH AOBOJIBHO
IIpOCTa M Jaxke 4esjoBeyHa. MBI TakKe yBUAUM, 4TO IIpUPOZA
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BeeneHune

IIPOU3BOZAUT HEPeAYLUPYEMO CIy4aiiHble COOBITHA, KOTOPhIE
MOTYT IPOMCXOANTh B 3HAYUTENBHO YATeHHBIX JPYT OT Apyra
TOYKaX IPOCTPAHCTBA, IIPY OTCYTCTBUU YeTo OBl TO HU OBUIO, YTO
mepeMeIanoch 65 OT TOYKU K TOUKE BZOJIb IIOOOH TPaeKTOPHH,
coeIMHAOLIEH Be 3TH TouKu. Ho MBI 0OGHApYXUM Takke, 4TO
CJTydalHBIN XapakTep 3TUxX 3 (eKTOB JUIIaeT HaC KaKOU-TN00
BO3MOXXHOCTHU HCIIOIB30BATh 3TY GOPMY HEJIOKAIBHOCTH IS
CBfI3H, TEM CaMbIM ybeperas OT IpOTUBOPEYHs C OZHUM U3 GyH-
JlaMEeHTa/IbHBIX TIPUHITUIIOB TEOPUU OTHOCUTETBHOCTH, B COOT-
BETCTBHU C KOTOPBHIM HUKAKas MHPpOPMAIUA He MOXKET PacCIIpo-
CTPaHATHCSA OBICTPEE CKOPOCTH CBETA.

MEI )XMBEM B yAUBHUTETbHOE BpeMs. PU3MKH TOIBKO YTO OT-
KPBUIH, YTO OZHO M3 HAIINX IyOOYaNIINX MHTYUTHUBHBIX IIpeJ-
CTaBJIeHUH O HEBO3MOXHOCTH «JAaTbHOAEUCTBUA» — B3aUMO-
ZieficTBUA 0ObEKTOB Ha pacCTOAHUY — HeBepHO. CII0BO «B3au-
MOJIeiCTBYE» HE CJIYYaiHO CTOUT B KaBBIYKAaX; OHU HATIOMHUHAIOT
0 HeOOXOAVMOCTH YETKO YKa3aTh, YTO MbI IMEEM B BUY 107 3STUM
noHsaTreM. OU3NKY UCCIEAYIOT MUP KBAHTOBOU GUUKA — MUP,
HaceJIeHHBIM aroMaMy, GOTOHAMH U IPYTHIMU 3ara[0YHbIMU 1
Hac o0beKTaMu. He yZeIuTh 3TOMY PEBOIOIMOHHOMY IIPOPEIBY
BHUMaHMe TaK e CTBIIHO, KaK ObUIO ObI CTBIZIHO HUYEro He 3HaTh
0 Hay4HoOU peBostonyy HerotoHa wu JlapBuHa, 6yZb MBI IX COBpe-
MeHHHUKaMH. Besib KOHIIeNTyabHasA PEBOJIOU, TPOUCXOAAIIAN
ceffyac, He MeHee BakHa. OHa IIOJIHOCTBIO IlepeBopayrBaeT Hallly
KapTUHY Mupa ¥, 6€3 COMHEHU, AaCT TOITYOK L[eJIOMY CIIEKTPY
HOBBIX TEXHOJIOTHH, KOTOPEIE OYZAYT BHIIVIAZETH KaK BOMIIEOCTBO.

B m1aBe 2 MBI JaIUM TIpe/CTaBIeHNEe O KOPPEJIAINY, JeXa-
el B OCHOBe IIpeMeTa Halllero pacckasa, IyTeM o0CyXAeHUA
WT'PHI, KOTOPYIO MBI Ha30BeM Urpo# Besuta. Msl yBUANM, 4TO
oTipeZieJieHHbIE KOPPEJIALNH He MOIJIN OBl BOSHUKHYTb, €CJIU OB
OBbUIN pa3peleHbl INIIb B3aUMOZeUCTBHA, KOTOPBIE paclpoCcTpa-
HAIOTCS U3 TOYKU B TOYKY Yepe3 IPOCTPAHCTBO. JDTa IJlaBa —
KJIIOU€eBasd /I BCEro MOCIeAYIONIero II0BeCTBOBAHNA, HECMOTPS
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Ha TO 4YTO B HEW HU pa3y He YIIOMUHAeTCA KBAaHTOBasg GU3UKa.
Cxopee Bcero, 3To OyzeT camas CJI0XKHas AJiA TOHUMaHUA I1aBa,
HO YBEPSIO: YeM JaJTbIlle, TeM sicHee Oy/IeT CTAaHOBUTHCS KapTHHA.

[ToToM MBI 3aZ1laJUMCST BOIIPOCOM, YTO JeaTh, €CJIU KTO-TO
KoT/Ia-HUOYAb T06eUT B Urpe Besta, XOTh 3TO COBEPIIEHHO
HEBO3MOXKHO, JJaKe €CJIM TaK yTBEP)KAAaeT KBaHTOBas QpU3MKa.
[ToToM mTO3HAKOMUMCS C KOHIeNIThued NUCTUHHOU CydYalitHOCTH
B IIaBe 3 U C HEBO3MOXXHOCTBIO KJIOHUPOBAHUS KBAHTOBBIX CH-
cTeM B 71aBe 4. B IByX CJIeAyIOMINX TIaBaX MBI IPEACTABUM 3Ty
CTPaHHYIO TEOPUIO KBAHTOBOM (PU3MKM: CHavaa pacCMOTPUM
TEOPETUYECKYIO OCHOBY 3aIlyTAHHOCTH, a 3aTEM OITUIIEM COOT-
BETCTBYIOIIUE SKCIIEPUMEHTHI, U3 KOTOPHIX ITOC/IeyeT HEMUHY-
€MBIN BBIBO/I, YTO IIPUPOZA HEJOKaJIbHA.

BmecTo TOro 4yToObI IPUHATH 3TO 3aK/II0UYEHHE HA BEPY, MBI
TIPOBEPHUM, JIEUCTBUTENBHO JIK HEN30eXKeH TaKoU BRIBOZ. B iaBe
9 MBI pacCMOTPUM MHOXKECTBO MBICJIEHHBIX ITOIMBITOK YYEHBIX
YMOB COXPaHUTH JIOKAJIbHOE ONMCAHWE MUPO3JaHUs. ITOT BO-
Tpoc Bce ellle SABISeTCS XUBOTPENelyIUM U aKTUBHO H3yda-
ercs B Mmupe ¢usuku. bosee TOro, Bel YBUAUTE HACKOIBKO XU-
TpHI OBIBAOT yuyeHble! B miaBe 10 1 onuiy yAMBUTENbHBIE HC-
CJIeJOBaHUSA, KOTOPHIE BCE elrle TPOZA0KAOTCS, Y BBl ITOJIy4UTE
aKTyaJbHOe IIpeZicCTaB/leHre O MUpe HayYHBIX UCCIeJOBAaHUM.

3AYEM 3TO?

Yamie Bcero MHe 3aJaloT MMEHHO 3TOT Bonpoc. MoXHO IOAy-
MaTh, HUKOI/]A He HY>XHO 3aHHMMAaThCA 9eM-TO, 9YTO HeJb3s He-
MeZIJIEeHHO IIPYMEHUTD C II0/Ib30H. SI MoT ObI OTBETHUTB: «A 3aueM
XOZIMTh B KMHO?» [IpaBza, 3a 3TH UCC/Ie0BAHNSA, KOTOPBIE S TaK
J100TI0, 51 IOJTyYalo ZIeHbI'H, a KOT/Ia Uy B KUHO, TO IEHbI'Y 6epyT
C MeHs, I03TOMY JIy4llle oZ00paTh 601ee KOPPEKTHBIN IPUMEP.
OTKpOBEHHO I'OBOP, JIYYIINM OTBETOM OBLTO OBI CKa3aTh, YTO 3TO
O4eHb yBJieKaTelbHO! XOTS A BO3IVIABJIAIO IPYIIILY CIeINaINCTOB
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BeeneHune

0 TIPUKJIafHON (U3UKe, s He BCKAaKUBAIO C MOCTENIH TI0 yTpaM
B Ha/leXK/le U300peCcTH HOBBIM ramkeT. Sl mpocTo oyapoBaH Gu-
3UKOMU. [TOHATH MPUPO/Y, ¥ B YACTHOCTH TOHATh, KAK OHA MOXKET
co3/1aBaTh HEJIOKaIbHbIE KOPPEIAINHI, — BIIOJHE JOCTATOYHAs
MoTuBartus. [ToyeMy ke Torza g paboTaro B 06J1aCTU TPUKJIAAHOM
¢dusuku? He ecThb M 9TO C/iefloBaHie KOHBIOHKTYype? Ha camom
JieJie eCTh cepbe3Has MPUYMHA yMaTh O MPaKTUYECKOM TTpUMe-
HEHWU JJaKe TOTZA, a MOXKET ObITh, 0COOEHHO TOT/Ia, KOTZIa PYKO-
BOZICTBYEIIbCS JKeTaHKeM IIOHATH KOHIIEIITYalIbHbIE OCHOBHL. Beab
HOBaA W/ied TAKOM 3HAYMMOCTH 0083aTeIbHO UMEET IOCIeCTBHIA,
OHa 00653aTeIbHO OTKPhIBAET HOBBIE MPAKTHUYECKUE TEPCIIEKTUBHI.
U 4eM peBOIONIMOHHEE KOHIIEIIIHS, TeM 60Jiee VANBUTEMbHBIMU
MOTYT OBITh ee pUMeHeHWUs. BoJbIlloe PeuMyIecTBO paboThI
Ha/l TIOTEHITMATbHBIMH ITPUKJIAAHBIMU 00JIaCTIMH KaK pas B TOM,
YTO OHA MIPE/IOCTABIAET UHCTPYMEHT /IS TECTUPOBAHUSA OCHOBO-
rojiararonux uaei. BaobaBok, Kak TOJIbKO MBI BRIIBIIN 001aCTh
MpUMeEHEHUS, HUKTO HE CMOXKET OTPHUIIATh aKTYaJIbHOCTD JIeXKa-
Imei B ee OCHOBe KoHIenuuu! Be/ib HelMb3sT OTPULIATH aKTyaslb-
HOCTb KOHIIENINH, /11 KOTOPOU HaliZieHO peasbHOe IpUMeHeH e ?

VicTopHsa KBaHTOBOM HENOKAJbHOCTA — IIpeKpacHas TOMY
wutiocTparusa. /o Tex Top, MOKa OHa He Halllla TpUMeHeHUS,
3HaYNUTETbHOE GOJBITMHCTBO YIEHBIX He 0Opalliaio Ha 3alyTaH-
HOCTh Y HEJIOKAJIbHOCTh HMKAKOI'O BHUMAHUA U JaXKe CUUTAIIO
HX CyIeCTBOBaHUE HUCKIIOUUTETHHO GUIOCOPCKUM BOTIPOCOM.
JltoboMy, KTO HaMepeBajIC pacCMaTpPUBaTh THU SABJIEHUS MPU-
MepHo 10 1991 roza, TpeGoBamach CMeNOCTh U Aayke HEKOTO-
pas Aep3ocTh!. Torza mo 3TOMy HalpaBIEHUIO UCCIeTOBAHUN

! Korza AneH Acre HayHlHaJ CBOIO MCCJIeIOBATENbCKYIO Kapbepy, OH
npuuien K /xoHy besty U npezioXul IpoBeCcTU sKCIepuMeHT besna,
Ha YTO IOC/IeZIHUHM OTBETHI: «A ¥ BacC yKe eCTh IIOCTOSHHAsA JJO/KHOCTD ?»
ITo cBoemy ombiTy Besul 3Ha1, HACKOJIBKO PUCKOBAHHO JJII MOJIOZOTO
y4eHoro 6110 paboTaTh HaZl IPeAMeTOM, KOTOPbIH BRI3BIBAJ TAKYIO He-
NIpUsA3Hb B HAyYHOM COOOBIIeCTBE.
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IIOYTH He OBUIO aKaleMUYeCKUX JOKHOCTEH, a CerofHsA MOYTH
BCe cJIeZAT 3a UX pesy/ibTraTaMu. EcTecTBeHHO, IPaBUTEIbCTBA,
BBIZIEJIAONINE CPE/ICTBA Ha UCCIIeZIOBATENIbCKIE IIEHTPHI, O0JIbIIe
03a604YeHbl KBAHTOBBIMH TEXHOJIOTUAMU, YeM HAYIHBIMU KOH-
LENINAMY, JIEXXAIIUMU B X OCHOBE, HO BXKHO, YTOOBI CTYZI€HTHI
B OTHUX LIEHTPAX U3yJaJy HOBYIO QU3HKY.

B m1aBe 7 BbI IO3HAKOMUTECH C IBYMS 00JaCTAMH IIpHMe-
HeHUs, KOTOphIe yXe IIoCTaBJIeHbl Ha KOMMepUYecKylo OCHOBY:
KBaHTOBas KpuInrorpadusa 1 KBAHTOBBIN IeHepaTop CIydaiHbIX
guces. A B aBe 8 51 pacCKaXKy BaM O caMOU YAUBUTENbHOH 006-
JIACTY IPUMEHEeHUs — O KBAaHTOBOH TeslelopTaIiu.



naBa 1

ATIEPUTUB

[lepes TeM Kak repelTH K OCHOBHOM TeMe 3TOU KHUTH, MHE XO-
TesI0Ch OBl PacCKa3aTh /IBe KOPOTKUE UCTOPUU, KOTOPHIE ITOCITY-
KaT AekopauusamMu. OfHA U3 HUX — O PeaIbHBIX COOBITUAX, CITY-
YUBIIUXCS B MPOIIIOM, a IPyTast — YUCTHIN BHIMbICEN, KOTOPHIH
MOXKET CTaTh PEAJbHOCTBIO B OJIMIKaliieM OyayIieM.

HbIOTOH: HEBUAAHHbIV ABCYPJ,

Bce ciplltanu o 3aKkoHe BCEMUPHOTO TAroreHuda HprooToHA, co-
[JIACHO KOTOPOMY Bce OOBeKThI IPUTATUBAIOTCA APYT K ADPYTY
B COOTBETCTBUU C UX MaccaMU U PacCTOSTHUEM MeXJy HUMU
(roBOpA KOHKPETHO, 06paTHO MPOIIOPLIUOHATIBHO KBApPaTy pac-
CTOSTHUS MEXAy HUMH, HO cefuac 3To HeBakHO). K mpumepy,
ConHile U 3eMJid CBA3aHBI APYT C APYTOM CHJIOHN NPUTIKEHUH,
KOTOpasi KOMIIEHCUPYET IEHTPOOEKHYIO CHIY U yAEeP)KUBAET
3eMtio Ha TpUbIU3UTENBHO KPyroBoii opbrTe BOKpyr CoJHIa.
TOT »Ke MPUHLIUT paboTaeT U JJIs1 IPYTUX IUTAHET, U JJI CUCTEMBI
3emna — JlyHa, U Jaxke [ Bcel Hallel raJakTHKH, KOTopas
BpalllaeTcd BOKPYT I[eHTPa CKOIUIEHUS TaJlaKTHK.
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CocpenorounmMca Ha cucreMe 3emna — Jlyna. Otkyza JlyHa
3HAET, YTO OHA JOJDKHA IPUTATUBATHCSA K 3eMJie B 3aBUCMMOCTU
OT MAaccCHl ¥ yAajeHHOCTH oT Hee? Eciu yroaHo, otkyza JlyHa
3HaeT Maccy 3eMJIM U pacCTosiHUe 7o Hee? MepsieT majkoH,
KakK TOT pebeHOK, 0 KOTOPOM MBI TOBOPWIU BhIlie? Kmu 6po-
caeT Kakue-HUOyZb KpoLIevyHble Iapuku? B camom gene, 06-
IIaeTcs Ji OHa ¢ 3eMilel KaKUM-TU60 ClielraabHbBIM 06pa3om?
DTOT Ha IePBBIM B3MIAZ JETCKUI BOIIPOC HA caMOM /jiejie upes-
BBIYAWHO cepbe3eH. B JelicTBUTENIbHOCTU OH IPUBOAWI B 3a-
MelIaTeabCTBO M caMoro Hbi0oTOHA, Aj11 KOTOpPOTro Hjes Bce-
MHUPHOTO TATOTeHUA (HECMOTPSA Ha TO, YTO OH CaM ero OTKPBLI
U TEM MPOCIAaBUICS) 3Bydyasia HaCTOJIbKO abCypAHO, YTO HU OANH
YeIoBEeK B 3/[paBOM yMe He CMOT OBl OTHECTHUCH K HEl cepbe3HO
(cM. cripaBKy HUXe).

[loxa HaM AOCTATOYHO 3HATh, YTO UHTYyULIUA Hel0TOHA ero
He TO/JIBEeJIa, XOTA NOTPebOBaINCh HECKOIBKO CTOJIETUHM U TeHUM
DitHIITElHA, YTOOBI 3aKPHITh OTOT KOHIIENTYaJIbHBIN Mpo6e
U JaTh yAOBIETBOPUTENbHBIN OTBET. CerofHa GU3UKU 3HAIOT,
YTO ZIeCTBYE Ha PAaCCTOSHUH, KOTOPOE IIPOUCXOAUT B HOpMe rpa-
BUTAI[UU WIU IIPU B3aUMOJEUCTBUU MeXIY ABYMs dJIeKTpUUe-
CKUMM 3apsfaMU, OTHIOZb He MTHOBeHHO. Ha camoMm Jese oHO
SIBJISIETCSI PE3Y/IBTaTOM 0OMeHa MOCHUTbHBIMU, U TIOTY4a€eTCsI, YTO
BBICKa3aHHAaA BHINIE IOTAIKa O «MaJTeHbKUX IapUKax» OJU3Ka
K IIpaB/ie. OTU TOChUTbHbIE — MUKPOYACTHIIBI, KOTOPBIM QU3UKU
JaioT uMeHa. [locbUlbHEBIE I'PaBUTALIMU HA3bIBAIOTCS TPABUTO-
HaMH, a Te, YTO OTBEYAIOT 32 JIEKTPUIECKUE CUITBI — (HOTOHAMHU.

CMPABKA 1. HbloToH. <Henoctnxmmo, 4tobbl HeoayLleBneHHasA rpy-
6as MaTepua morna 6e3 nocpeacTea Yero-nMHO Hematepuanb-
HOro 1eICTBOBATb 1 BNVATb Ha ApYyryto MaTepuio 6e3 B3arMHOro
COMPUKOCHOBEHNA, KaK 3TO AOMKHO Obl NPONCXOAUTD, eCnun Obl
TArOTEHME B CMbIC/ie INuKypa 6b10 CyLeCTBEHHbBIM 1 BPOX-
feHHbIM B MaTepuu. Mpegnonaratb, YTO TATOTEHWE ABNAETCA
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CYLLeCTBEHHbIM, HEPa3PbIBHbIM 1 BPOXAEHHbIM CBONCTBOM
MaTepuu, Tak YTO TeSI0 MOXKET [eliCTBOBaTb Ha ApYroe Ha fio-
60M paccToAHUU B NYCTOM MPOCTpaHCTBe, 6e3 nocpencTsa
yero-nnbo nepepasasn AENCTBME U CUITY, 3TO, MO-MOEMY, TakoW
abcypa, KOTOPbI HEMBIC/IUM HU A1 KOTO, YMEIOLWero focTa-
TOYHO pa3bupaTbca B GrUnocodpcknx npegmeTax».’

Takum o6pasoM, co BpeMeH DUHIITeNHA GU3UKA OIUCHI-
Basia MPUPOAY Kak HabOp JTOKAIbHBIX CYIIIHOCTEM, KOTOPhIE MO-
T'YT B3aUMOZEHCTBOBATb JIPYT C IPYTOM JIUIIb ITyTEM HEITPEPHIB-
HOM Tiepe/iauu OT TOYKH K TOUYKE B TIPOCTPAHCTBE. JTa UAES XO-
POIIIO YKJIAZAbIBAETCA B Hallle HHTYUTUBHOE BOCIIPUATHE MUPA,
Kak U B BocripusTre HpioToHa. Ho coBpeMeHHast GU3MKa TaKKe
omMpaeTcs Ha APyroi TeopeTUdeckuil pyHZaMEHT, a UMEHHO
Ha KBaHTOBYIO GU3UKY, OIMCHIBAIONIYI0 MUP aTOMOB U (OTO-
HOB. DUHIITEHH TaKXKe NMPUHSI y4acTHe B 3TOM OTKPBITHH.
B 1905 rozsy oH 00BACHUI ABIeHNE HOTOIEKTPUYECKOTO Id-
dekTa KakK pesyabTaT 60MOapAUPOBKU YacTUIlAMH CBeTa, ¢o-
TOHAMH, KOTOPbIe BEIOMBAIOT 3IEKTPOHBI U3 TOBEPXHOCTH Me-
TaJUia, B3aUMOZAEUCTBYS C HUIMH MEXaHUYECKH, TIPU HETIOCPE-
CTBEHHOM KOHTaKTe, MOA00HO Imapam Ha 6wibsapzae. Ho kak
TOJIBKO ObUIa pa3paboTaHa u chOpMyIMpOBaHa KBaHTOBAs TEO-
pus, DUHINTEHH OBICTPO 3aHAT H0lee KPUTHYECKYIO TIO3UITHIO,
TaK KaK IOHSJI, YTO 3Ta CTpaHHasA HOBas TEOPHs BO3BpAIIAET
B KapTHHY MUpa HOBYIO popmy aanbHoAeicTBus?. Kak u Hbto-
TOH 3a TPY BEKa ZI0 HETo, DWHINTEWH OTBEPT 3Ty THIIOTE3Y KaK

1 Cohen B., Schofield R.E. (Eds): Isaac Newton Papers and Letters on
Natural Philosophy and Related
Documents, Harvard University Press (1958). Pycckuii iepeBoz mucbMa
Hpiorona k bentiu npusogutca no: BaBunos C.U. Mcaak HpioToH.
M.-JI.: 3a. AH CCCP, 1945. — IIpum. peo.

2 Gilder L.: The Age of Entanglement. When Quantum Physics Was Reborn,
Alfred A. Knopf (2008).
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abCypAHYIO U BIpelb Ha3bIBaN €€ «IPU3PAUYHBIM JEeUCTBUEM
Ha pacCTOSTHUM».

CerofiHa KBaHTOBasA MeXaHUKa yTBepAWIach B CaMOM IieH-
Tpe coBpeMeHHOU ¢u3uku. V 1a, KBAaHTOBasI MeXaHUKA JOIy-
CKaeT oIlpe/iesieHHYI0 GpopMy HeJOKaJIbHOCTH, KOTOpas, Bepo-
ATHO, He TOHPaBWIACh Obl DUHINTENHY, XOTS OHA U OYEHD OT/IH-
JaeTcs OT TOM HeJIOKaJbHOCTH, YTO He JaBasa [okos HeloToHy.
Kpome Toro, 3TOT BIZ KBAaHTOBOU HEJTOKAJIBHOCTH XOPOILO MO/~
TBEPIKJaeTcs SKCIIEPUMEHTOM. Y HEro laxke eCTb MHoroobera-
IOIIYe TIPWIOXKEHUS B KpUIITOrpadu, 1 OH AeIaeT BO3MOXHBIM
YAUBUTEbHOE SIBJIeHNe KBaHTOBON TeJIelopTaliu.

CTPAHHbIV HENOKAJIbHbI TEJIEGOH

A Teniepb — He6ObINON HayIHO-(HaHTACTUUECKUI paccKas, XOTs
He TaKoH YK GpyTypUCTUIECKUH, KaK MOXKeT ToKa3aTbcs. Ha ca-
MOM JieJie TEXHOJIOTUY CKOPO BOTUIOTAT 3TO B JKU3Hb.

[pencraBbre cebe «TenedOHHYIO» TUHUIO MEXY ABYMS CO-
6eceHUKAaMM, KOTOPBIX Mbl Ha30BEM I10 TPAJUIIUN UMEHAMU
Asmca 1 Bob, 4TO COOTBETCTBYeT NIEPBBIM JBYM OyKBaM asda-
BuTa. Kak 3To MHOT/IA CTyYaeTcs, CBsI3b OU€Hb TI0Xas U COTIPO-
BOXZIaeTcs moMexaMu. HacTombKo 1mioxast, 9To Ayrca He MOXKET
paccIIbINIaTh HUYEro U3 TOTO, YTO MBITAaeTCs ckasaTh et Bob. Bee,
YTO OHA MOXET pa3obpaTh, — 3TO HENPEKPALAIOUINICS ITyM:
«[TUyKpIITYPIKIIIIAPYIIT»... TOYHO Tak JKe BCE, YTO CJIBIIIUT
F06, — «IIYyKpHIIYpYKIIIAPYIIT»... OHU KPUYaT B TPYOKY,
TPACYT €€, HOCATCSA ¢ Hel U3 yIyia B yTOJ, HO HUYETO He TIOMO-
raet. JTO Tak paszgpaxaet! Pa3roBapuBaTh IIpy TOMOIIY 3TOT'O
YCTPOMCTBA TPOCTO HEBO3MOXKHO; COBEPIIEHHO SCHO, YTO 3TO
U TenepOHOM He Ha30Belllb.

Ho Bezap Amuica 1 Bo6 dusuku. Kaxxapiii U3 HUX Jieaer 3a-
IIHMCh IIYMOB CO CBOETO TelepOHHOTO anmapaTa B TEYeHHE Of-
HOI MuHYTHL Tak Anvica 1 Bob MOTyT ZiokasaTth APYT APYTY, YTO
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cTapanauch Kak Momu. K ux yauBieHuIo, 3a1Ccy IIyMOB OKa3bl-
BalOTCA CTPOTO UAEHTUIHBIMU APYT ApYyTY. Tak Kak 06a 3aIHChI-
BaIOIIUX YCTPOMCTBA ABMAIOTCA 1TUdpoBEIMU, AsTrca U Bob Mo-
I'YT YOEAUTHCS, YTO KKK OUT MHPOPMAIIMY B OHOM 3aMMCcH
TOYb-B-TOYb IIOBTOPSAET COOTBETCTBYIOIIUI (pparMeHT Ha Apy-
roii 3anucu. HeBeposaTHo! Torza UCTOYHUK LTyMa JOJIKEH Ha-
XOAUTHCSA 6O y omepaTopa Ha TenehOHHOU CTaHIUU, JTUOO
IJie-TO ellle Ha MPOTHKEHUU TeaedOHHOM JMHUN. TaK KakK IIyM
HUeanbHO CUHXPOHU3UPOBAH, JPY3bs AeNaloT BBIBOZ, UTO HC-
TOYHUK IIOMEX PACIIOJIOKeH TOYHO ITocepearHe TeredOHHOM JIu-
HUM MEXAY HUMU, U TIO3TOMY IIyM AOXOAUT 710 Auckl u boba
OZHOBPEMEHHO.

OHHU pemiaioT IPOBEPUTH CBOIO F'MIIOTE3Y, 8 UMEHHO TO, YTO
MpUYMHA [TyMa B AieeKTe, BEPOATHO JIEKTPUIECKOTO CBOK-
CTBa, TOYHO MTOCEepeIrTHE CBA3BIBAOIIEN UX TeseDOHHOMN JTMHUM.
Anvca yaivHsAeT CBOIO YacCThb JUHUH, TIOAKIIOUYUB AJIUHHBINA Ka-
6esb, ¥ OXKUZAET, YTO TOT IIYM, KOTOPBIH OXOAUT Z0 Hee, OY-
JIET IIPUXOAUTD C HeOOMBIION 3a/IeP)KKOM OTHOCHUTENBHO IITyMa,
KOTOpBIH Aox0AuT Ao boba. Ho HeT! Huyero He M3MeHUIOCH.
[To-pexxHemy 1IyM, TO-TIpeXXHEMY OJWHAKOBBHIN U, IVIaBHOE,
MO-TIPEXKHEMY H/iealbHO CHHXPOHU3UPOBaHHbIH. Tora Bob me-
pepe3aeT cBol nposBoz. Ho urym npozomkaet uatu!

Kak MOXXHO 06BACHUTD TaKol peHOMeH? 3ayeM TOT/a TeJie-
¢$OoHY POBOJ, — MPOCTO YTOOBI HE TOTEPATH €r0 B KBAPTHpE?
MoskeT 6BITb, 3TO MOOUIBHBIN TenedpOH, KOTOPHIN MOBEIIEH
Ha CTeHy UCKJIIOYUTENbHO pasu yaobceTBa? Vnu myM mpousBo-
JAT caMy IPUEeMHUKH, a COBCEM He HEKMI UCTOYHUK, PaCIIOJo-
YKEHHBIM MeXXy abOHeHTaMu? BBITh MOXXeT, OZMHAKOBBIHA IIyM
B IBYX IIPME€MHUKAaX ABJIAETCA 5XOM B3pbIBa B KAKOU-TO JaneKoi
rajakTuke? Y KaK MPOBEPUTh TaKUe THUIIOTE3hI? B06, KOTOPBIH
KOe-4TO 3HaeT 06 3JIeKTPOMarHUTHBIX BOJTHAX, 3aKPhIBAETC
B kieTke Papazesa — 3ToO MeTa/uIMdyeckasa ceTyarasd KOHCTPYK-
uuA, HellpoHuLlaemMas Ajad paguoBosiH. Ho mym He ucdesaet!
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Autvica mpejraraeT 3HaUNTENbHO YBETUYUTh PACCTOSTHUE MEXY
TeseOHHBIMM amapaTamMu. Besb KakuM ObI HU ObUT MEXaHU3M,
ITO3BOJIIOIINH UM CBA3BIBATHCS, KAYE€CTBO CBSA3U MPHU YAJIEHUH
JTIOJDKHO CHMDKAThCsI, ¥ B UTOTe OHA Mcye3HeT coBceM. Ho 6oiib-
III0e PacCTOsTHUE He OKa3hIBAaeT HUKAKOro 3dgdekTa Ha aMIUIU-
TyAy Uryma.

Asmca v Bob TpUXOAAT K BHIBO/Y, YTO B UX TesedOHBI 3aIy-
caJid O4eHb JJIUHHYIO ITYMOBYIO ITOCIeA0BaTeNbHOCTh, KOTOPas
BOCITPOU3BOJUTCS KOXK/BIN pas, Kora TPyOKY CHUMAIOT C PHI-
yara, IIpU4eM C TOIO MeCTa, KOTOPOe OYeHb aKKypaTHO BBIOU-
paeTcs Kak QyHKIMS TOYHOTO BpeMeHHU. Torzja HeT HU4ero yau-
BUTEJIBHOTO B TOM, YTO /IB€ TeslepOHHBIE TPYOKH BCera BOCIIPO-
U3BOJAT OJWH U TOT Ke IITyM.

O6pasoBaHHbIE yCIIEXaMH CBOEr0 SBHO HAyYHOTO IOAXOZAA
K mpobieme, Anvica u Bob cremaT MoJeuThCs CBOUM OTKPHI-
THEM C yuuTeneM GU3uku. TOT ZOMKHBIM 00pa3oM OIleHUBAET
UX paboTy, HO TIPU 3TOM JIETUTCS CJEAYIONUM HabIoeHUeM:
«IIpeAmonoXkeHUe, YTO TeslepOHHBIE aIapaThl TPOU3BOJAT OH-
HAaKOBBIH IITyM BCJIE/ZICTBHE KAaKOM-TO 00I1Ieli TPUYHUHLI, a UMEHHO
OJIMH U TOT JKe IIIyM, 3apaHee 3aITUCaHHbBIN B 000MX TelePOHHBIX
amnmaparax, IBJsSeTCs TUITOTe30H, KoTopas caMa o cebe MOXeT
OBITH IpOBepeHa. Peub uzieT 06 skcriepuMeHnTe betax.

B crenytomeii raBe s pacckaxky 00 dKCIepUMEHTaX, WK
urpax, beita. A ceiiuac gaBaiiTe rpeAcraBum, 4yTo Asrca u bob
pasbexanuch o CBOMM JIoMaM MPOBOAUTD TecT besta Ha cBOUX
TesleQOHHBIX alllapaTaX M 3TOT SKCIIEPUMEHT MPOBAHICAH.
OHU MOBTOPWJIM €70 HECKOJIBKO Pa3, HO Pe3y/bTaT ObUT OHUM
U TeM Ke. TakuM o6pa3oM, MPeAIIoNoXKeHUE O CyIECTBOBAaHUH
o0I1elt MPUYMHEL B BU/IE 3aMTUCH Ha TelepOoHaX 0Ka3aaoch He-
COCTOSITETLHBIM.

Ainnce 1 Boby ocTaeTcss TOJBKO YAUBIATHCS, YTO 32 MeXa-
HU3M II03BOJIIET BYM allliapaTaM BblZIaBaTh OJMHAKOBBIM LITyM,
TIPUTOM YTO OHM pa3/ieieHbl OOMBIINM PACCTOSHUEM U HUKAK
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