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MarmHbI, JOTTKa 1 KBAaHTOBaA (PU3MKA

M. Douu A.Dxkepr P. Jlynauuunu

XOTaA UCTUHBI JOTUKYA ¥ IACTOUM MATEMATUKU OGBEKTUBHBL U HE 3aBUCAT OT
M3BECTHBIX HaM (AKTOB WM 3aKOHOB IPUPOJLI, HAIlle 3HAHUE DTUX UCTUH CY-
LECTBEHHO 3aBUCUT OT 3HAHWA (U3NIECKUX 3aKOHOB. 110ATBEDXKJEHWEM TOMY
CIyXWUT HEJABHUN MPOTrPECC B KBAHTOBOU TEOPYV BHIYUCICHVN, BHIHY XK IO
OTKA3aTBCA OT KIACCHIECKOU TOYKWM 3PEHUA HA BBEIYUCICHHE (d, CIeN0BATENIb-
HO, ¥ Ha MaTEMaTUIECKOE AO0KA3aTEIbCTBO) KAK HA IUCTO JOTTIECKOE IOHATHE,
He 3aBHCsALIEee 0T GUBNIECKOU IPUPOALI BErIucaeHus. OTHBIHE TOKA3aTEIbCTBO
JOMXHO PACCMATPUBATHCA HE KAK a0CTPAKTHBIN OOBEKT WIN IPOIECC, & Kak Ghu-
3UIECKUU TPOnecC (Pa3HOBUAHOCTD BEIMUCACHUA), PE3YILTATHL X JOCTOBEPHOCTH
KOTOPOI'0 3aBUCAT OT HAILIEr0 3HAHWUA GU3UKYU MCIOIb3YyEMOr'0 BEIYUCANTEILHOTO
YCTPOUCTBA.

1. MATEMATHUKA U ®U3SNYECKUN MUP

Mo gmmuro Haydsoe!) 3HAHME He mMeeT anpuOPHOro 060CHOBaHWA. OHO JOLKHO
GOpMyIMPOBATHLCA KaK TUINOTE3A, TPOBEPAEMAasA BIOCASICTBAYN DKCIIEPUMEHTOM. 110-
STOMY 3HAHUA HYXHO BHIPAXKATEL HA A3LIKE, MTPUTOJHOM [/ BLICKA3KIBAHUSI TOYHKIX,
SMIOMPUIECKHU MPOBEPAEMEIX yTBEPKIeHUN. TAKUM A3BIKOM SABIACTCA MATEMATHKA.

Camo0 mpu3HAaHME BO3MOXKHOCTH HOLYI€HWA HAYIHEIX (B YKA3AHHOM BEIIIE CMBI-
CJie) 3HAHUU y¥Ke MPUBOAUT K ONPENeTEHHBIM MIPENCTABICHUAM O (PU3UICCKOM MUPE.
Kaxk rosopun INanunen: «Bcenennas HanucaHa Ha A3bIke MaTeMaTukm [5). Beegenne
lamreem B pusnky MaTeMATHICCKH (POPMYIAPYEMBIX, SMIMPUIECKU IPOBEPAEMEIX
TEOPUU O3HAYAIO IEPEXO] OT APUCTOTENEBCKOI'0 MOHMMAHUA (DU3UKY, OCHOBAHHOIO
Ha aNpPUOPHEIX MPUHININAX, K COBPEMEHHOMY CTATyCy €CTECTBEHHOU HayKu. BmecTo
TIOUCKOB HETIOTPEIIIMMOT0 YHUBEPCATHLHOIO MATEMATUIECKOTO TLIAHA, MUPO3 TAHUA T'a-
JWJIEEBA HAYKA UCIOJIB3YET MATEMATHKY /I BHIPAXKEHUA KOJIMIECTBEHHEIX IIPEICKA-
3aHUU, OTHOCALIMXCA K O0BEKTUBHON (DUBNIECKON PEATBHOCTH.

Nrak, MmaTemaTnka — A3BIK OMUCAHMA HAMIMX 3HAHUL O pu3maeckoM mupe. S3bk
3TOT HE TOJBLKO HEOORYAWHO BHIPA3UTEJNEH W TOYEH, HO U d(PPEKTUBEH B MPAKTHU-
veckux npunoxenusx. IO mxun Buraep obparmas BHIMAHNE HA «HEIOCTUXUMYIO dd-
dbexTUBHOCTE MaTemaTuKy B dusndecknx Haykax» [12]. Ho Tak an yx menocrmxmma
WM CBEPXBECTECTBEHHA DT 3P (PEKTUBHOCTE !

IMocmoTpuM, Kak MBI U3y4aeM MaTreMaTuky. Vmeem Jm MBI, TOYHEE, HAII MO3T,
IPAMOU JOCTYI K MUDPY a6CTPAKTHBIX IMOHATUM ¥ OTHOmeHul Mexay uHuMu? (B sTo
Bepmt [lnaTow, a cenmgac Takywo TOUKy 3penus sammmaer Pomxep Ilenpoys [8].) Uan

http://xxx.lanl.gov/math.H0/9911150 IlepeBox ¢ He3HAUUTEIbHBIMU COKpalleHuAMH. Ilepe-
Boguuk M. H. Banoiu.
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MBI M3y4YaeM MATEMATUKY OIBITHEIM IIyTEM, B3AUMOAEUCTBYS C (PUBMIECKUMU O0B-
exTamMu! MEI CKIOHAEMCA KO BTOPOMY BapPUAHTY. DTO HE 03HAYAET, ITO MATEMATHU-
YeCKre CyIIHOCTH SIBASIOTCS B KAKOM-TNO0 CMBICIAE YaCTBI0 (QU3NIECKOr0 MUPA WIX
[IPOM3BOAHEL OT HEro. MuI He oTpumaeM 0co0yi0, He 3aBUCALLYIO OT IPEAIINCAHAN 3a-
KOHOB IIPAPOILL, PEAILHOCTD YUCE, MHOXECTB, MPYII 1 aare6p. VX cBoncTBa BIOIHE
00bexkTuBHLI, Kak u noaaran [lnaron. Ho mamer HaM DTU CTPYKTYPHI TOMBKO Yepes
dusuveckun mMup. Jlums dusuueckre 06bEKTEH, OyIb TO KOMIBIOTED WIA YEI0BEYe-
CKHUU MO3T, JAIOT HAM BO3MOXHOCTD 3aIVIAHYTH B a0CTPAKTHBIM MUAD MAaTE€MATUKU.
Ho xax?

MATEMATUKA U3BECTHO, 9TO NPOCTHIE (U3MIECKUE CACTEMEI (IAJbLLI, CIETHLIE
NANOYKYM WA CIETHI) MOXKHO WCIOJb30BATH [JIA MPEJCTABICHAA HEKOTOPEIX MAaTe-
MATUYECKUX CYITHOCTEN U NEUCTBUU. VCTOPUYECKM MMEHHO ApUPMETUYECKUE NEU-
CTBUs yJaN0Ch IEPBBIMU MOPYy4YUTH MamuHaM. Kak TOJIBKO CTANO SICHO, YTO CJIO-
KEeHUe ¥ YMHOXEHME MOXHO Pa30uTh HA MOCJIEIOBATEILHOCTb OA3WCHBIX IIPOLEIYD,
peanusyemMbiX (pU3NYECKUME ONEPALUAME, MEXAHUYIECKUE yCTPOUCTBA, U300peTEH-
woie Bresom IMackanem, T'ordpugom Buabreasmom Jlenbuunem um gpyruMu, Hada-
J1 OCBOOOXK IATH JIOAEN OT YTOMUTEILHEIX paboT BPOE TEPEMHOXKEHUA ABYX GOIb-
mux «ucen [6]. B XX Bexe cregom 32 apudMeTMKON yoaaoCh MEXAaHW3MPOBATH U
JIOTUYECKOE TIOHATUE BHIYUCAUMOCTHA. UTOOBI (POPMAIM30BATEL MOHATHE «d(PPeKTUB-
HOCTUW», IOAPA3yMEBAEMOE B UHTYUTUBHOM IPEICTABJICHUN O BHEIYUCIUMOCTH, OBLIA
r300peTensl MamuHbl Toopunara. Anan THIOPUHD IPEATIONOXKAT, ITO T€ aOCTPAKT-
HEBIC MaIHI/IHI:I, C IIOMOIIBIO KOTOprX OH OHpeII[eJII/IJI BhI‘{HCJIeHPIe, CHOCO6HI:I BBIIIOJI-
HUTBL JI00YI0 Komeunyro addexmuenyro npouenypy (aaropurm). CTOUT OTMETHUTH,
4T0 MAIUHLL THIOPUHTA 33AyMBIBAJINCH TAK, YTOOB BOCIPOU3BECTH JHOO0E TOIHO
ONPEIENEHHOE AENCTBUE, Ha KOTOPOE CIOCOOEH %e408€eK-8biuUCAUMENb, CIIELYIOMIINA
NpeANuCAHHBIM MHCTPyKumsaM. Meron TeopuHra COCTOSI B TOM, 4TOOBI IyMaTh
B TepMUHAX (PUBNIECKUX NEUCTBUM M OPENCTABIATL KAXKI0E NEUCTBUE, BHIIOJIHIE-
MO€ BBIMUCIUTENEM KAK (HEKOTOPOE U3MeHEHue (PU3NIECKON CUCTEMBI, COCTOAIIEN
u3 BeraucauTens u ero qeHted [11]. Tockonpky pesyapTar paGOTHL HE 3ABUCAT OT
crocoba MOCTPOEHUsT «MAIIUHLI /51 BEITOJHEHNS PAOOTHL 3TOI0 BEIMUCIUATEND, d(-
(PEKTUBHOCTD YEJOBEKA-BEIYUCINTENS MOXKET OBITh UMUTHPOBAHA, JOIMIECKOU Ma-
LIMHOMU.

Mamwuna Teiopuara ObL1a a0CTPAKTHEIM ITOHATHEM, HO 010013 MO CIE Y IOMEMY
MPOTPECCY ANTOPUTMEI CEUIAC UCTIOMHAIOTCA PEATEHBIMY BEMMUCIUTENLHEIMEA YCTPOU-
cTBaMu. BO3HUKAET €CTECTBEHHHIN BOMPOC: KAKWE JOTUYECKUE MPOLEIyPHl MOXKET
HCHOMHUTE puamdeckoe ycTpoucTBo?! Teopus manms ThiOpUHra NPUHONWINAILHO He
MOXKET OTBETHTH Ha DTOT BOIPOC, PABHO KAK U JOOOU ITOAX0, OCHOBAHHEIN HA GOP-
MaIM3aIUK TPAJUIMOHHLIX IPencTaBIeHuy 00 3pdeKTUBHLIX npoueaypax. Bmecto
DTOr0 HYXHO 0006IMTE uae0 THIOPUHIA O METAKU3AYUU TPOLEAYDP, B YACTHOCTH,
pOoLenyp, CBA3AHHLIX C IOHATUEM BEIBOAUMOCTU. DTO IO3BOIWIO ObI ONPEIEINTh Ma-
TEMATHUIECKOE JOKA3ATENbCTBO KAK HEYTO MEXAHUIECKN BOCIPOU3BOAUMOE U 33 CIET
aT0ro 3MhGdEKTUBHO NMPOBEPSEMOE. YHUBEPCAILHOCTh U JOCTOBEPHOCTDH JOIMYECKUX
TIpOILeNyp MapaHTUPYIOTCS IPU TAKOM [TOAXOAe HAINIMEM MEXAHUIECKUX MPOIELYD,
3(pPEKTUBHO BHIIOMHAOIUX Jorudeckue geuctsusa. U we 6oaee Toro. Ho 4ro 3uaqur
BKJIIOYATH DeaJbHBIE (DU3NYIEeCKNe MALIMHLI B ONpPeJeJeHne JOTMIeCKOrO IOHATUA!
W1 470 MOXHO U3 HTOr0 3aKIOYUTH, B IPOTUBOIOIOKHOCTL Buruepy, 06 «ddexTus-
HOCTH CI)I/IBI/IKI/I B MaT€MAaTU4YE€CKUX HayKaX))?
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A6cTpakTHBIE MOIEIN MAIUH, UCTIOIb3YEMEE B KJIACCUIECKOU TEOPUU BHITUCITIC-
HUU, ABIAIOTCA YACTO MATEMATUICCKAMU MOHATUAMEU, KOTOPHIM MOXHO IPUMUACATD
Jm00BIe HE MPOTUBOPEYAINUe IPYr APYry CBOUCTBA. V3ydueHue peanbHBIX BBIMUACIU-
TEIBHEIX YCTPOUCTB KaK (PU3NIECKUX OOBEKTOB JOMKHO YINTHIBATL UX (PUINIECKUE
CBOKCTBA U [OTOMY ONUPATHCA HA 3aKOHBI npupoabl. Mamuun Teiopunra (¢ npowus-
BOJIBHO NJIMHHBIMUA JIeHTaMH) MO2XKHO HOCTpOI/ITI), HO HUKTO 3TOr'0O HE rE[eJIaJI, pa3Be 9T0
myTku pagu. Ouu 6bLIn GBI O9E€Hb MEIJIEHHBIMY U TPOMO3aKuMu. VMeromuecs cendac
KOMIBIOTEPH Ky a3 aydme. Ho mouemy MBI yBepeHEI, 9TO KOMIIBIOTED MOPOXK JAET TOT
e BEIXOJ, 9TO U COOTBETCTBYIOMAA abCTpakTHAasA Mammua Teiopuura? Wam paxe,
oYeMy, IOKPYTHUB PYUKy apudMOMETPa, Mbl YBAOUM B UTOTE MPABWILHEIL OTBET?
Benp HUKTO HE IpPOBEPsET MAIKHY, CIEAYS 32 BCEMU BO3MOXHEIMU JOIMI€CKAMU II1a-
raMu, Win JeJas BCe BBIMUCIEHUs, KOTOPHIE OHA, MOXET BHINOIHUTH. lIpexae Bcero,
ecau OBl y KOr'O-TO OBLTa BO3MOXKHOCTH U JKE€JIAHUE IeIaTh TaKue MPOBEPKU, He ObI-
J0 GBI HyX /Bl B M3rOTOBJIEHUNA KOMIBIOTEPOB. [[pranHa, IO KOTOPOU MBI NOBEPSAEM
MaIIHe, He MOXEeT OCHOBLIBATHLCS I[EJUKOM HA JOTHMKEe, OHA TaK¥Ke BKI0YaeT B cels
Hallle 3HAHUE TMPUPOALI DTOU MAIMHEL MBI OnmMpaeMcsa Ha 3aKOHHI (GDU3UKU, YIPa-
BJIAOIINE BEIYUCICHUEM, T. €. (PU3UIECKUM MPOIECCOM, KOTOPHIU MEPEBOAAT MAIIUHY
73 HAYAIBHOIO COCTOAHUSA (BXOI) B KOHEYHOE COCTOsHME (BhIXOA). Bonee Toro, Ham
aHaJIu3 onupaeTcs Ha QU3NIECKNe TeOPUK, KOTOPHIE IO TBEPK JAI0OTCsI WIKA OIIPOBEP-
rarTcs sKcnepuMeHTanbHo. C dTor ToYky 3peHus ThIOPUHT HA CAMOM [6j€ IPEeAIo-
JIOXKWUT, 9TO BO3MOXKHO CKOHCTPYUPOBATDH YHUBEPCAIBHLIN KOMIBIOTED: MAIIUHY, KO-
TOPYIO MOXHO 3aIIPOrPaMMUPOBATH HA JI000€ BLIYNCIEHUE, TOCTYIHOE KaKOMY-1160
dumsugeckomy 06bekTy. [pyruMu CaoBaMu, BO3MOXKHO IOCTPOEHME OTHOIO (puamye-
CKOr0o 00BbeKTa, CIOCOOHOr0, IPK HAAJIEXKAIEeM OOCHYKABAHAN, UCTOYHUKE DHEPIUN
¥ PACIIVPEHUM IMAMATH IPU HEOOXOAMMOCTH, TOYHO MMUTUPOBATH HOBEAEHUE U Pe-
aKnuy 10000 APYyroro GpusmdecKu BO3MOXKHOIO 00BEKTA WM Ipoiecca. I unoresa
Teropunra B 5Tou GopMe (B aHAJOTMYHOM KOHTEKCTe [[OMY HA3BAM €€ MPUHIUIIOM
Yépua — Teropurra [3]) MOXeT pacCMATPUBATBECA KAK yTBEPKIEHUE O (PU3MIECKOM
Mupe.

Ectb oueBngnbie n sorudeckme, u Gu3andecKre OrPAHUYEHUS HA BO3MOXKHEIE BEI-
uucnenus. Hanpumep, JOruKa TOBOPUT HAM, YTO HUKAKAA MAIIMHA HE HAUAET Gosee
OJHOr0 Y6THOI'O MPOCTOrO YUCIA, B TO BPpEMs KaK (PU3MKA yTBEPXKAAET, 9YTO HUKA-
Kas MAIlHA HE MOXET HAPYIIUTH 3AaKOHEI T€PMOIUMHAMUKY. Jlormueckwe u usu-
YeCKue OUPAHWYEHUs N0 CYTH CBA3AHBL MEXAY COOOU, KAaK MMOKA3BIBAET «IPOOJIEMA
OCTaHOBKMWy. /3 TOrm4yecKoro aHamm3a cjaefyeT HECyIleCTBOBAHME aIrOPUTMa, KOTO-
PHIN OmpenenseT, OCTAHOBUTCS JU JAHHAS MAIIUHA, HAYMHAIOMAA paboTy U3 JaHHO-
ro cocrosauusa. C GU3NIeCKON TOIKY 3PEHUS ITO 03HAYAET, YTO HEKOTOPHIE MAIIAHEL
Heab3sa co3gaThb. ChopMyaupoBaHHas TakuM 00pPa3oM, IPOOIEMa OCTAHOBKYU CTAHO-
BUTCA YTBEPXKJACHUEM O (PUUIECKOUN PEATHLHOCTH.

Tax orkyga xe 6epércsa >pPEeKTUBHOCTL MATEMATUKU! IJTO HE MPOCTO UyI0,
«BOCXUTUTEILHLIN JapP, KOTOPLIM MBI HE MOHAMAEM, U KOTOPOrO MBI HE 3ACJIyXKUBA-
em» [12]. Ilo xpannen Mepe, 3TO He GOJbIIEE UyL0, €M CHOCOGHOCTD K ITOCTUKEHUIO
amnupuveckoeo 3HaHus. Hae 3HaHME MATEMATUKY U JOTMKY HEPA3PHLIBHO CILIETEHO
€O 3HaHUEM O (U3NIECKOUN DPEANTbHOCTU: MPUEMJIEMOCTh MATEMATUIECKOO NOKA3a-
TEJIbCTBA, 3aBUCUAT OT TOr'O, KAK MEI IIPEICTABI’AEM IIPABWIA, KOTOPHIM IOIIAHSIIOT-
€A HEKOTOpHIE (u3ndeckue OOBEKTHI, TaKhe KAK KOMIIBIOTEPHl WIN YeJOBEYECKUN
Mmo3r. CrenoBaTesbHO, TPOTrPECcC B MOHUMAHUN (PU3UIECKOUN PEATbHOCTA MOXKET 1aTh
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CPeACTBa I YIydIIeHUsA TOHNMAHUSA JOTUKY, MATEMATAKA U (POPMATLHEIX TTOHATUN.
Tax 9TO MBI BEIHY K J€HEI IPU3HATH 3aBUCAMOCTb MATEMATAIECKOIO 3HAHUA OT (PU3U-
ku (HO, TOMIEPKHEM eImé pa3, He MATEeMATHIeCKUX UCTUH CAMuX 1o ce6e). A pas raxk,
Opa OTKA3LIBATHLCA OT KIACCUYECKON TOYKYU 3PEHUs HA BEIMUCICHUE KAK HA YUCTO
JIOTUYECKOE TIOHATUE, HEe 3ABUCAIIECE OT (PU3UIECKOUN MPUPOILI BhHUUCIUTENA. Huxe
MBI TIOKAXXEM KK, B YACTHOCTM, KBAHTOBAsS MEXAHUKA MEHSIET IMOHUMAHUE MPUPOIBI
BBIYUCJICHUS.

2. KBAHTOBASI UHTEP®EPEHIIUS

YTo6ET 06BACHATL PABHUILY MEXIY KBAHTOBLIMUA KOMIBIOTEPAMEA W WX KIACCH-
YeCKUMM QHAJOTAMW, HAYHEM C ABICHWA KBAHTOBOU mHTepdepenmuu. PaccmoTpum
BLIMUCIATEIBHOE YCTPOUCTBO (MAIIMHY), YbAM BXOJOM MOXKET OHITH OJHO W3 ABYX
coCTOAHUM, TOMedeHHbIX 0 u 1.

dra mammua npeobpasyer Bxog ¢ (0 mm 1) B Bexog b (0 mm 1) ¢ BepoaruO-
CTBIO Pgp. KaxeTca ogeBuanbIM, 9TO puc. 1 (BEPOATHOCTH Pyp AOMKHBI yAOBIETBO-
PATH CTAHIAPTHOMY YCIOBHIO » ., Pap = 1) ONMCHIBAET BCE yCTPOUCTBA, OTOOPAXKA-
romme {0,1} B ce6sa. ([JeicTBrE MAMHLI HE 33BUCAT OT WHOU MH(DOPMANWY, MOAA-
BAEMOU HA BXO[ UIWM XPAHAMIEUCA B HaMATH.) ECTEL IBA MPeNerbHEX CIydad, KOl

0 mpoo ~ 0
Dot
DP1o
1 1
upn ~

Puc. 1. Cxema mamboaee obmero ycTponcTsa, orobpaxaromero {0,1} B ceba

MOBEIEHUE yCTPOUCTBA JeTEPMUHUPOBAHO: TIpH Po1 = P1o = 0, poo = p11 = 1 (TOX 1€-
CTBEHHOE TPeOOpaA30BaHUe) U OPU Po1 = Pio = 1, poo = p11 = 0 (oTpumanwme not).
B ocTanpHBIX Coydasx uMeeM yCTPOUCTBO CO CAydauHbM noBegenueM. IlycTs, k mpu-
MEPY, Po1 = P10 = Poo = p11 = 0,5. BHOBL KaxkeTCa OYEBUIHLIM, YTO €IMHCTBEHHEIN
BH TAKOU MAILIKHEL, 3TO CJIyYaAMHBIA IE€PEKII0YaTENb, PABHOBEPOATHO IPeobpasyro-
UM KaXK B BXON B ONUH U3 ABYX BO3MOXHEIX BHIXOHOB. QaHAKO 5TO HE Tak. MuI
“MeeM B BUIY MAIUHY, yIOBICTBOPSIIONIYIO TOMY YK€ CBOUCTBY, HO TaKyI, 9YTO IIPU
MOCJIEOBATENBHOM COEIUHEHNN IBYX OAUHAKOBBIX SK3EMILIAPOB €€ Ha, BBIXOIE BCEraa,
NOLy9aeTCs OTPULAHUE BXOAa (puc. 2).

OTO yTBEPXKACHUE PAAUKAILHO IPOTUBOPEYNT MHTyurmu. Kaxmas MammHa Mo
orpenbHOCTH BBHIAAET () mau 1 paBHOBEPOATHO ¥ HE3ABUCKHMO OT BXOOa, HO ABE IIO-
CIeTOBATENLHO COCNUHEHHBIE MAIUHBEI PEATU3YIOT JOTMIEeCKywo omepaiuio not. Ilo
DTOU MPUYMHE HA30BEM Takyio MamuHy v/not. B noruke rakou omepamum HeT, Tak
9TO PA3yMHO MPEANONOXUTD, YTO MAIMHA, v/ not He cymecrsyer. Ho Ha camom nene
Takas MalmmHa B mpupone ecTb! 11 ¢pusuka, uaydaromero oqHOIaCTUIHY0 UHTEP-
depenuo, TOCTPOEHNE TAKOU MAITUHEL — OOBIYHOE Aen0. IIpocTenu BapuanT —
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OINHAKOBBIC

Puc. 2. IlocregoBaTenbHOE MOAKIIOYCHAE ABYX OJUHAKOBBIX MAIIWH, OTOOPAaXKaro-
mux {0,1} B cebs, xkaxgad u3 KOTOPEIX PAbOTAET KaK CAyIAHHBIA IEPEKII0IATENb.
IIpw nmocregoBaTeIbHOM HOAKIIOYEHUH CIYYaHHOCTD UCIE33eT: CyMMAapPHBIH 3P deKT
€CTh JormIeckas onepanud not. ITo 0IeBHIHBIM 00Pa30M IPOTUBOPEIAT AKCHOME
a4 IATUBHOCTH TEOPHUH BEPOATHOCTEH!

Oy IPO3PAYHOE 3€PKATIO, T. €. 3ePKaJI0, C BepoATHOCTHI0 50% oTpaxkaromee ma,gao-
muit Ha HEro GOTOH, u ¢ BepoaTHOCTEIO 50% nponyckawomee ero. [locaegosarensroe
COEUHEHUE NBYX DTUX MAIINH PEATU3YETCSA OBYMA MOIYMPO3PAYHLIMUA 3EPKATAMU,
npu >ToM (oToH o3HauaeT (, ecaM OH HAXOAWUTCS HA OJHOM U3 ABYX BO3MOXKHEIX
nyTen, 1 1 B IPOTUBHOM CIIydae.

YuraTens MOXET MOUHTEPECOBATHCA, UTO IJIATh C AKCMOMOU a1 JUTUBHOCTHU TE-
OpuUM BEPOATHOCTEN, YTBEPK AAIOUIEN IPO APy HECOBMECTHLIX cOObITuu Fy u Ea, 4T0
BEPOATHOCTL coOwiTUA Fy or Fy ecth cymma BeposaTHOcTen coOwituu Ei, Fy. Bens
nepexonq 0 — 0 B COCTABHOU MAIMHE MOXET MPOUCXOAUTH OBYMS B3aMMOUCKJIIOYA-
oummu cnocobamu: 6o 0 — 0 — 0, au6o 0 — 1 — 0. Ux BeposTHOCTH pooPoo *
Po1P10 COOTBETCTBEHHO, 3HAYMUT, CYMMA PooPoo + Po1 P10 PABHA BEPOATHOCTHU TIEPEX0IA,
0 — 0 B HOBOU Mamuue. OHa OTIUYIHA OT HYJIA, €CJAU Poo WIKA Po1 P10 OTIAMIHO OT HYJIA.

BeIxox 0

€ IVHUYIHAS
o 4aCTHUIA E
=
5 @ g
b P
M —

Bxon 1

Puc. 3. OxcnepuMmeHTATBEHAA peaau3anus saeMenTa v/ not. Iloxynpospadnoe 3epkasio
OTpaXxaeT MOJIOBUHY TIa,Ja0IIero Ha Hero ceeTa. Ho equamaHbIN (hOTOH He paciienii-
eTCA: KOT'4a MBI IOCBLIaEM (POTOH CKBO3b TAaKO€ 3€PKAaJO, PEruCTPUPYIOTCA Bbixog 0
wIm BEIXOA 1 ¢ paBHBIME BEPOATHOCTAME. He HyXHO nymMaTs, 04HAKO, 9TO (pOTOH IIPO-
XOAHUT 3€PKAJIO MO OJHOMY M3 ABYX CAYIaWHO BEIOPAHHBIX IIyTEH, OH HAET 10 060UM
myTam! B 5ToM MOXHO yO€AUTHCA, COeAUHAA MOCIE[0BATEIBLHO B, TIOIYIPO3PATHEIX
3epkaJia, Kak MOKa3aHO HA CACAYIOIIEM DHUCYHKE
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Bexon 0
PN

/HyTb 0 '
Iy Th 1/

1 roxmad

Bxoj 0
(]

Bxonx 1

Puc. 4. OgrovacTudHas nHTEPDEPEHINA — JKCIEPUMEHTAIBHAA PEATUIAIHAA ABYX
COEAUHEHHBIX TOCICA0BATEIBRHO 21€MEeHTOB v/ not. dOoTOH, KOTOPEIA BXOAUT B HH-
TepgepomeTp depe3 Bxox (), Bcerga momagaeT B JeTEKTODP Y BbIxoga 1 m HUKOTrga B
JageTexkTop y Beixoga 0

" Tem He MeHee MBI MOCTPOWIU MAINUHY, B KOTOPOU Poo U Po1P1o HE PABHEL HYJIIO, 4
BEpOATHOCTH mepexona 0 — 0 B COCTABHON MAIIMHE PABHA, HYJIIO. UTO XK€ HEBEPHO B
NIPUBEAEHHOM PACCY XK JECHUM !

Hesepuo 10, uTo mpoueccer 0 - 0 = 0 u 0 — 1 — 0 B3aUMHO UCKIIOYAIOT APYT
npyra. Jlroboe 00bsiCHeHNE, KOTOPOE MPEANOIaraeT, IT0 (GOTOH M30UPAeT OJUH U3
IBYX IIyTEHU 10 UHTEPPEPOMETPY, IPUBOAUT K BEIBOLY, YTO KAXK LI U3 J€TEKTOPOB
IOJKEH CpabaThIBATH B CPEJHEM B IOJOBHHE CIy4daeB. HO SKCIEPUMEHT MOKA3LIBAET
ob6paruoe! Tak 9TO Ha caMOM Jeje IPOUCXOAAT 064 IePex0aa O JHOBPEMEHHO. JTO He-
JIB3S NOTYyIUTh HU W3 T€OPUM BEPOATHOCTEN, HU U3 OO0 APYTOM MATEMATHIECKON
KOHCTPyKIuu. Takoe 3HAHUE MOXHO MONYYIATH U3 HAWITYUIIEN UMEIOIENCA B HACTOSM-
UM MOMEHT (GU3UIECKON TEOPUH, & UMEHHO, KBAHTOBOU MeXaHuku. KBaHToOBas Teo-
pust 00BACHAET NOBeAeHKE v/ Not U NIPABMILHO IPECKA3EIBAET BEPOATHOCTH AJIsI BCEX
BO3MOXKHBIX BBIXOJOB IIPU JIOOBIX CIIOCOOAX COEIVHEHUs TAKUAX MAIMH. JTO 3HAHUE
BOBHUKJIO KK PE3YJIbTAT TUTIOTES, DKCIIEPUMEHTOB U OnpoBepxkenun. Cleq0BaTelbHO,
Ha, OCHOBAHNY (PUBUIECKUX DKCIEPUMEHTOB, [IOATBEPK AAIOIINX 3Ty TEOPUIO, JOTUKA
BIIPABE BBECTU HOBYIO JOIMYECKYIO OIEPAnMIO v/ NOot, MOCKOIbKY GU3NIECKas MOAEIb
I Heé CymecTByeT B mpupoe!

PaccmoTpuM Temeph MaTeMaTUYECKUN ANMapaT KBAHTOBOU MEXQHWUKU, C TTOMO-
b0 KOTOPOI'0 ONKUCHIBAIOTCA KBAHTOBLIE BEIMUCANTENbHBIE YyCTPOUCTBA: OT MPOCTEN-
X, TAKUX KAaK v/ Not, 10 CAMBIX CJIOXKHBIX — KBAHTOBOI'O 0O0O0IIEHNs YHIBEDCAIb-
HOU MAIVHEL THIOpUHTA.

KBanTOBas MEXaHWKA, BBOAUT TOHATHUE AMNAUMY] 8EPOAMHOCTIY — KOMILIEKC-
HBIX YHCeJ €, KBAAPATEI MOMYJA KOTODPEIX |c2| IPU HEKOTODEHIX 06CTOATEIbCTBAX
MOXKHO MOHMMATBL KaK BEPOATHOCTH. KOr[a HEKOTOPHIM IEpexoj, Hamogzobue pac-
CMOTPEHHOI'O BHIIIE, MOXET IPOUCXOAATH HECKOJIBKAMU CIOCO0AMY, €r0 aMILIUTY I3,
BepO}ITHOCTH €CTh CyMMa a,MHJII/ITyA BepOf{THOCTI/I II0 BCEM BO3MOXHBIM CHOCO6aM,
pPaccMaTPUBAEMEIM IIOPO3Hb.

BeposaTrocTu nepexoqos B Mammuee v/ not m306paxkensl Ha pUC. 5. JTa MAIIXHA
COXpaHAeT 3HAUEHWE GUTA C AMILIATYIOW BEPOATHOCTH Cop = C11 = i//2, MeHser



Maiwmner, soruka n kBaHTOBasA Pu3nKa 53

0 | ~i/V2

1/v2
1/v2

Puc. 5. Ilepexosbl B KBAHTOBBIX MAIINHAX OINUCHIBAIOTCA HE BEPOATHOCTAMU, & M-
ILIUTYfAMHU BEPOATHOCTH

HA TPOTHMBOIOIOKHOE — C aMILIUTYI0N Co1 = €19 = 1/ V2. CoorBercrByromye Be-
POATHOCTH TIOIYYAIOTCA BO3BEICHUEM B KBAAPAT MOAYJICU AMILIUTY I BEPOATHOCTH, B
KaXJOM U3 CIydaeB noxydaeMm 1/2. Dtum o0bsacHsaeTCsa moBefeHue v/ not Ha puc. 1.
ITpu nocnegoBaTEIHLHOM COEAMHEHNN MAIINH, KAK HA, PUC. 2, A1 MOACIETA BEPOITHO-
ctu Beixoga (0 mpu Bxoge 0 HyKHO CJIOXUTDH AMILINTY IbI BEDOATHOCTH IO BCEM ITYTAM,
BegymuM oT Bxoga 0 k Berxony 0. Takux aBe: coocoo = —1/2 1 co1¢10 = 1/2. Ux cym-
Ma pasHa 0, Tak 9TO U BePOATHOCTH Buxoa 0 pasua 0. B oTsimyue ot BeposaTHOCTEH,
AMILIATY 1Bl MOy T B3aUMHO COKPAIIATHC!

3. KBAHTOBBIE AJI'OPUTMbI

CroxeHue aMIUIUTY[ BEPOATHOCTA BMECTO BEPOATHOCTEN ABIAETCA OLHUM U3
OCHOBHEIX TIPABUAJI KBAHTOBOU MEXAHUKU ¥ IPUMEHUMO KO BCeM (PU3UIECKUM OO0BEK-
TaM, B TOM 9HCIE, U K KBAHTOBBIM BEIYMCINTENBHEIM YCTPORCTBAM. ECau BEIMUC/IAIO-
masa MAIrHY, HAIMHAET PAabOTAaTh B 33JaHHOM HAYAJLHOU KOHurypanun (BXOL), TO
BEPOATHOCTH TOT'O, YTO OHA, IPOXOAA UEPEe3 DAL MPOMEXYTOIHEIX KOH(PUTYDALUH,
3aKOHIUT PafoTy B 3aJaHHOU KOHEYHOUN KOH(QUIypanuu (BBIXOX), PABHA KBAADATY
MOZYJIsi CyMMBI AMILUIATYT BEPOATHOCTH IO BCEM BBIMHACAUTEIbHEIM ILy TAM, COEIHSI-
FOIIM BXOJ[ C BEIXOOM. AMILIATYABI — 3TO KOMILUIEKCHEIE YUCIa. IIpu ClI0XeHur OHM
MOT'YT B3aMMHO COKPAIIATHLCA (deCcmpykmusnas unmep@epenyus) Wil yBeInIuBaTh-
€ IO a0COMIOTHOU Benu4duHe (Kowcmpykmuenas uwmepdepenyus). OCHOBHAA uaesa
KBAaHTOBOI'O BEIMUCJICHUA COCTOUT B TOM, YTOOBI yCAIATH NPABUIbHEIE OTBETHL U II0-
[NABUTDH HEMPABUILHLIE. MEI MOKaXEM 3TO Ha, IPUMEPE OJHOr'O U3 BAPUAHTOB IIEPBOTO
KBaHTOBOI'O alAropuTMa, npegitoxentoro /. Jougem B 1985,

Paccmorpum GyrneBsr dyukimu f, orobpaxkatomue {0,1} B ceda. Ectb poBHO de-
TreIpe Takux QpyHknuu: ase noctosHubx (f(0) = f(1) =0wu f(0) = f(1) = 1) u aBe
6uexnmu (f(0) =0, f(1) =1u f(0) =1, f(1) = 0). IlpeamonoxuM, 9TO MOXKHO BEHI-
YUCAUTE 3HAYEHWE QYHKIMA Moabko 00un pa3 (HIOTOMY, HAIPUMED, UTO AJICOPUTM
BHIMUCJACHVUA (PYHKIUA OY9€Hb JIUHHBIA, WIA IOTOMY, 9TO K Tabuauue eé 3HAYCHUU
TIO3BOJIEHO 00PATUTHCA TOJBKO OnuH pa3). HyxkHo onpegennTs, ApaseTcs au f Ouex-
muen. 3aMeTuM, YTO KOHKPETHHIE 3HAYEHUsA [ HAC He MHTEPECYIT, MBI MPOBEPAEM
HEKOTOpPOe rIobanpHOe CBOKCTBO dynkumu f. Hama kmaccmveckas mHTyumms mom-
CKa3BIBAET, & KIACCUIECKasA TEOPUA BEIYUCJICHUN [IOATBEPKAACT, 9TO A/ IPOBEPKA
STOr0 CBOMCTBA HYXKHO BEIYUCANTL 00a 3Hadenus f(0) u f(1), T.e. Boramcasats f
nBaxael. QOIHAKO DTO HEBEPHO B PEAIBHOM (PUBUYIECKOM MUPE, B KOTOPOM MOXKHO
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Puc. 6. Cxema KBaHTOBOHM MAIIHMHEI, DEMIAOLICH 3,139y Jouda 38 04HO BEIIUCJICHUE
¢yHKIIN

OCyIIECTBUTh KBAHTOBOE BLIYUCJCHUE, PEmaromee 3a1ady J[ouva v BLIYUCIAIOMEE
3HaueHue [ TOJBKO pa3. MamuHa, permaoias 3Ty 3aJady, UCIOIb3yeT KBAHTOBYIO
UHTEP(EPEHINIO U COCTOUT U3 OBYX v/ NOt, MEX Ty KOTOPLIMYU BCTABJICHO BLIYUCICHUE
3HaueHus pyuxknuu (puc. 6).

Ham mer Hyx) 81 BaaBaThca B noapobuocTu peanusauuu f(z). Jua namero npu-
Mepa OOCTATOYHO yKa3aTh, YTO €CTh ABa MyTH, mHAekcuposauuwsie 0 u 1, a men-
CTBUE MAIIVHBLIL, peatusyiomen f(r), 3akII09aeTCas B TOM, UYTO AMILIATYIa BEPO-
ATHOCTM HA IyTW I YMHOXAeTCA HA (asoBbil MHOXUTEnb exp (mif(z)), T.e. Ha
(=1)7 (ma mytu 0) u ma (—1)/M) (#a nyru 1). Temeps mogcumTaeMm aMILTATY Iy
BepoaTHOCTU Bhrxona 0 mpu Bxoge 0. AMILIUTYABI BEPOATHOCTU HA OABYX DA3IWd-
HEIX BEIMUCTUTENbHBIX TyTax pasubl i/v/2 x (—1)7(©) x i/y/2 = —1/2 x (=1)f©) u
1/v2 x (=1)M x 1/v/2 =1/2 x (-=1)7M), Ux cymma

3 (D0 = (/) ®

paBHa 0, eciu f — mocrosannas, u £1, eciu f — Guekiusa. Urak, BepoAaTHOCTD (KBa-
OpaT MOLYJs aMILIUTYAkl) Bhxoaa 0 Ha Bxoae 0 paBHa 0 0Jsg HOCTOAHHBIX (QYHKIUI
u 1 s Guexumi.

C sroro pesyabrara [lonya HavYanach HOBasg OOMACTH MCCICIOBAHUN: KBAHTO-
BRI BEIUMCIeHU. IlocaenoBaTenbHas paboTa M0 YuIy e N0 KBAHTOBEIX AIIOPUTMOB
npuBena B 1994r. x orkperruio [Turepom IlopoM KBaHTOBOrO aaropmrMma, Crocob-
HOro 3 deKkTuBHO dakTopu3oBaTh uncaa [10]. A HOCKOIBKY TPYAHOCTH GaKTOPU3a-
LU JEXKUT B OCHOBE HAJEXKHOCTYU MHOI'MX M3BECTHHIX KPUNTOrPAGUIECKUX CUCTEM,
BKJTIOYAS HAMOOIee TIOMY IAPHYI0 KPUMTOCKCTEMY ¢ OTKPHITEM KoM RSA [9]%) ) an-
roputMm [Mlopa 6eicTpo cran momyssipen kak nepeoe “killer application” mas xBamTO-
BOT'0 BEIYUCICHUS — HEYTO BECHMA MOJE3HOE, YTO MOXKET Ne1aTh TOJBKO KBAHTOBLIN
KOMITBIOTED.

Mauo KTo 13 CHenuaInCTOB COMHEBAETCA B TOM, ITO (PAKTOPU3AIUS HE IPIHA, 1JIe-
xuT kaaccy BPP (BPP osHagaeT «BepOATHOCTHOE BLIYUCIEHNE 33 MOJIXHOMUAILHOE
BpeMs C OrPAHMYEHHOU BEPOATHOCTHIO OmMOKW»). VHTEPECHO, OHAKO, ITO 3TO HE
[NOKa3aHO. B Teopuu BHIYMCINTEIHHON CJIOKHOCTU OOBIYHO TPAKTYIOT IIPUHA,IIENK-
HOCTb 3ajga4u kiaccy BPP xak ykasamue Ha €€ «HECIOXKHOCTBY WU (IIPAKTUIECKYIO

2)B nekabpe 1997 r. 6puTaHCKOE IPABATEILCTBO O(MUINAILHO IPU3HAJIO, YTO 9TA KPUITOCUCTEMA
C OTKPEITHIM KJII0Y0M ObLTa U3HaYaILH0 n300peTena B IlenTpe [paBurenncrBenunix KoMMmyHnukanun
(GCHQ) B Yearenxome. B 1975 roay [lxenmc Daauc, Kmubdops Koke u ManrbkonrsM BuabaMcon
u3 GCHQ oTKpBUIA TO, 9TO NO3/4Hee OBLIO IEPEOTKPHITO B aKaJeMUIECKON HayKe U CTAJIO U3BECTHO
kak RSA u o6men kmogamu [Juddu — Xomarmana. — IIpum. aBT.



Maiwmner, soruka n kBaHTOBasA Pu3nKa 55

paspemrMoCcTby, a 3aaa4m, He npuHamgiexamnme BPP, manporus, nonnmarorcs kak
«TPYJHEIe» WIKA (HEPEIIAEMEIE Ha PEaJbHEIX KOMIBIOTEPAx» (CM., HAIPUMED, [7]3)).
Asropurm w3 xnacca BPP — 510 Takon >dpdexkTuHb (= GBICTPEHIM) AIrOpuTM™,
KOTOPEIX Ha, JI000M BXOJe 1aET MPABUILHLIN OTBET C BEPOATHOCTLIO, IPEBLIIIAIONIEH
HEeKOTOpHIN mopor & > 1/2. M1, BooGme-To, He MOX€EM IPOBEPUTH MPABUILHOCTH
oreera. HO MOXHO MOBTOPHUTH BCE BhIMMCIEHME Kk Pa3 U B3ATH TOT OTBET, KOTOPHIA
BCTPETHICA FaIIe BCErO. YBEIuInBan k, MOXKHO TOOUTHCA BEPOATHOCTH IIPABUILHOTO
OTBETA, CKOJb YIOAHO Oauskon K 1.

Pe3yJIbTaT mopa HOKaBI:IBa,eT, 9TO B pea.JII)HOCTI/I7 OHHCHBaeMOI‘;I KBaHTOBOIL/,I CI)I/I—
3UKOU, (PAKTOPU3ALUA HE SABAACTCS TPYIHOU 3aTAIEL.

Eme Puvapn Pennvan, BEICTyIAs HA MEPBOM KOHIPECCE TIO (PUBUKE BHIUUCICHUN
B MIT (1981 rox), 3amMeTn, 9TO SBOIOLMIO OOIEN KBAHTOBOM CICTEMEI CKOPee BCe-
0 HeABL3s d(PPEKTUBHO MOAEIUPOBATH HA KJIACCAIECKOM BEPOATHOCTHOM KOMIIBIO-
Tepe [4]. KomnuecTBo kinaccuaeckon nHbopManuy, TpeGyeMon [ ONUCAHNUs KBaH-
TOBOI'O COCTOAHUA DBOMIOUAOHUPYIOMIEN CUCTEMEI, PACTET JKCIOHEHINAJILHO 110 BPe-
MEHU, TAK 9TO JOOOBOE KIACCAIECKOE MOJEIAPOBAHUE IBOIIOIUY TPOUCXOAUT C DKC-
TIOHEHINATLHEIM 3aMenieHneM. DerHMan ke TPeIIOKUAT PACCMATPUABATE DTOT (haKT
HE KaK MPEnsATCTBUE, & KAK BO3MOXKHOCTB. B camMOM gesre, pa3 pe3yabpTaT SKCIepu-
MEHTA, [0 MHOTCOYACTUYHOU MHTEP(EPEHIINN OMUCHIBACTCA CAOKHBIMUA U AJIUHHEIMUA
BBEIUUCJICHUAME, TO CaM DKCIEPUMEHT U U3MEPEHUE BEIXOa B HEM PABHOCUILHO BhI-
TIOJHEHUWIO HEKOTOPOT'O CJAOXKHOTO BhrauciaeHusa. Jasee dernvan mpemmosoxui, 4To
BO3MOXHO 3(Pp(PEKTUBHOE MOJEIMPOBAHME KBAHTOBOU SBOJIONMM, €CIU CAMO MOMIe-
JUPYIOIee yCTPOUCTBO MOMYUHACTCS 3aKOHAM KBAHTOBOM MEXAHUKU. bomee TOro,
deruMaH MPEATONIOKWI, 9TO CYIIECTBYET YHUBEDCAIbLHOE KBAHTOBOE YCTPOUCTBO,
TMPUTOTHOE [ MOAEIUPOBAHUA KBAHTOROU DBOJIONUU TPOU3BOJILHOU CUCTEMEI. B
1985 roay [Joud mokasam, 9TO TAKOE yCTPOUCTBO (YHUBEDCAJIBHBIN KBAHTOBBIA KOM-
mbIoTEp) aencTBUTENbHO cymectsyer [3]. Torga xe GBLIO IOKA3aHO, YTO BpeMs U
apyrue TpefyeMEle PeCypPCHl He PACTYT DKCIOHEHIMAMLHO B 3aBUCUMOCTHU OT Pa3Me-
pa WK CTEMEHN TOYHOCTU OMUCAHUA MOLEIUPYEMOU (PUUIECKOU CUCTEMEI, TaK YTO
TAKOE MOJENUPOBAHUE ABAACTCA «d(P(PEKTUBHEIMY 110 CTAHIAPTAM TEOPUH CIOKHOCTH
BuraucaeHun [1].

ODTO U €CTh WILTIOCTPAIUSA HAIE OCHOBHOU MEICTU: Ye€M GOJBINE MBI 3HAEM O (pU-
3UKe, TeM OOJbIIe MOXEM Y3HATDH O BLIYACICHUAX U MATEMATUKE. TOJbKO UCTIOAB3Y
KBAHTOBYI0 MEXAHUKY, yAAJOCh IPUAYMATh, KaK 2(PpPEKTUBHO PemaTh 3431y dak-
TOPU3ANMU 9UCET; APYroro Cnocoba MmOKa He HAUJEHO, a, BO3MOXKHO, €r0 W BOBCE
HET.

4. ﬂETEPMI/IHI/IPOBAHHbIE, BEPOSATHOCTHBIE I KBAHTOBBIE
KOMIIBIOTEPHI

JIt06011 KBAHTOBEIN KOMIIBIOTED, BKIYAA M YHUBEPCAILHBIN, MOXKHO OMUCATDL TAK
2Ke, KAK MBI OIMCHIBAJIN BHIIIE IIPOCTHIE IPUMEPHI MAIINH, MEHAA BEPOATHOCTH Ha aM-
mnTy el BepostHocTH. Havnem ¢ knaccudeckon mammusl Triopunra. Ona 3agaercs

3)Umn npeAsAymmi HoMep «MaTeMaTuIecKoro npoceemenusy. I[Ipum. mep.
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KOHEYHLIM HAa0OPOM MATEPOK BUIA

(¢,s,4',5',d), (2)

B KOTOPBIX IIEPBBIC ABAa CUMBOJIA OIINCHEIBAIOT yCJIOBUE HQ IPUMEHUMOCTE JAHHOI'O IIa-
ra BLIYUCIEHWH, a TOCIEIHIE TPU — DE3yAbTAT IPUMEHEHNUs JAHHOU KOMAHIEL (¢ —
TeKyIee COCTOAHNE, S — TMPOYUTAHHLIA B JAHHLIM MOMEHT CUMBOJ, ¢' — COCTOSHUE,
B KOTOPOE MEPEXOAUT MAIWHA, §' — CUMBOJ, KOTOPHIM 3aMEHAETCA S, d YKA3HIBa-
€T COABUI' 'OJJOBKN OTHOCUTEJIBHO JEHTHI (Ha, OOUH CHMBOJ BJIE€BO WIN BIIPABO, WIN
ocraTbca Ha MecTe)). Ha 5TOM A3BIKe BLIYMCICHWE ONUCHIBAETCA TAaK. MammHe Ha
BXO[ HOAAETCA KOHEIHOE CJIOBO B AX(PaBATE Y, 3ANUCAHHOE B AIEUKAX JCHTHI, 3TeM
MAIIIMHA HAYMHAET PA0OTy U3 HAYAIBLHOIO COCTOAHUA (o (IUTAOLIAA T'OJOBKA CTO-
UT Ha I CAMBIM JE€BBIM CHUMBOJOM BXOdd, BBEIIIOJHAECT IIOCJIECI0OBATEIABHO 3JEMEHTAPDHBIC
I.I[eI‘/'ICTBI/IfI, OIINCAaHHBIC BHIIIEC, 1 OCTAHABJINBACTCA IIPU TOCTUXCHUN q)I/IHa,JIbHOl—'O CO-
crosuusa qy. (Ilpy HEKOTOPHIX BX0O1aX BEIUYUCICHUE MOXKET MIPOLOMLKATHCA 6ECKOHET-
HO.) Pesynbrar BLMKCICHUA ONPEETACTCA KaK COAEPKUMOE HEKOTOPOU YKA3aHHOU
9aCTW JEHTHI NOCE NOCTVIKEHUSA (PUHAIBHOrO COCTOSHUA (€C/AM DTOrO HE CIYyIUTCA,
PE3yIbTAT BEIMUCICHUS HE OIPEJENEH)).

IIpu BEIMMCIEHVE BO3HUKAET MOCIELOBATENLHOCTD KOH(DUTY DALMY MAIIUHEL (CJI0-
BO, 3aIIMCAHHOE HA JIEHTE, COCTOSHNE TOJOBKY ¥ €€ TOJI0XKeHue Ha JenTe). Hanpumep,
HavaJbHasd KOHCI)I/IpraHI/I}I ONMUCBIBAETCA BXOAHBIM CJOBOM, COCTOAHUEM (o U IIOJO-
JKEHUEM TOJOBKYU HAJ CAMBIM JEBHIM CUMBOJOM BX0fa. KoHpurypanun 6eCKOHETHO
MHOI'O, OJHAKO B yCIECIMTHOM BBIMUCJICHUN MAIIWHA IIPOXOAUT JINUIIbL I€PE3 KOHCTIHOE
KOJIU4eCTBO KoHurypamuu. [lepexonst Mex 1y KOHPUYPALAAMY MOJTHOCTBIO OMUCHI-
BalOTCS maATepkaMu (2).

Boa——( ) 0 0 {)——Buoa

Puc. 7. Tpexmarosoe geTepMUHUPOBAHHOE BEIIUCICHUE

Brraucaenus, BooOwe roBopsi, He 0013aHbI OBITH JeTEPMUHUPOBAHHLIMEU. MbI MO-
JKeM DaCUIIPUTH BO3MOXHOCTK MalinHbl TopuHra, no6aBias «1og0pachkiBaHue MO-
HETED, YTO MO3BOJIAET BHIOUPATH €U CJAEIYIOMINN Al CIyIanHO. Takoe BePOSTHOCT-
HOE BBIYHCJICHNE MOXKHO NPEACTABIATH AUUKINIECKIM OPUEHTUPOBAHHEIM Ipadom ¢
KODHEM, KaXK1as BEPLINHA KOTOPOI'0 COOTBETCTBYET HEKOTOPOU KOH(PUIyPAIMK Ma-
IMWHEBL, & pe6p0 — OJHOMY WIAT'Yy BEIYUCAEHUs. BLIducieHue HAaYMHAETCS C KODHI,
TIPEICTABISIONIEr0 HAYATBHYI0 KOH(MUTYPALVIO, KaXK 1asl er0 BeTBb BEJeT B BEPIIUHEL,
OTBEYAIOINEe KOH(DUTYPALUAM, TOCTUXUMBIM 13 HAYAJIBLHOU C HEHYJEBOU BEPOSTHO-
cTeio. PaboTa MamuHbl TOJHOCTHIO 33,1a€TCs KOHEYHBEIM CIIUCKOM BHIA

§: Q XX X @ x ¥ x {Breso, Bupaso, va mecte} — [0, 1], (3)

rae 6(q, 8,4, s',d) 3anaeT BEpOATHOCTL TOrO, YTO OyAET BHIIOJHEHO NEUCTBUE, OIU-
cmBaemMoe naTepkou (¢, s,q', s',d). DTo onmMcaHUe JOTKHO COTIACOBHIBATHLCSA C 3AKO-
HaMu Teopuu BeposTHOCTen. Kax oMy pebpy gepeBa BHIMUCICHUN MOXHO COIOCTAa-
BUTH BEPOSATHOCTH NIEPEX0IA IO DTOMY pedpy, U HyKHO IOTPeO0BATE, YTOOEL CyMMa,
BEPOATHOCTEN HA PeOpax, BHIXOAAIINX U3 NAHHOUW BEPIINVHEI, paBHATACH 1. Beposar-
HOCTH MyTHU U3 KOPHA B JAHHYIO BEPIIUHY €CTh MPOU3BENeHNe BePOATHOCTEN pedep,
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Knaccuaeckoe BepOATHOCTHOE KsanToroe
@] C3
Bxon Bexong A | Bxog Bexog A
C2 Cq
Py=PP;+ PP, Py = |cics + cacq?

Puc. 8. B BepoaTHOCTHON MamuHe (CJI€BA) BEPOATHOCTE BEIXO4A A €CTb CyMMa BEPO-
ATHOCTEH BRIMMCACHUH, Beqymux B A. B KBAHTOBOH Mammee (CnpaBa) BEPOATHOCTH
BBEIXOJa A HOIy9IaeTCA CIOXKEHUEM aMILIUTY] BEPOATHOCTH U B3ATHEM KBAPATa MO-
AYJIA DOJIYIeHHOH CyMMBI. Tak 9TO B KBAHTOBOM CIy9a€ BO3MOXHEI KAK KOHCTDYK-
THBHAA (BEPOATHOCTH yCUIABAIOTCA), TAK M JeCTPYKTUBHAA (BEPOATHOCTH TaCATCA)
HHTepGEepeHnusa

BXOJAILIKX B 3TOT IyTh, 8 BEPOATHOCTH IEPEX0AA B 33JaHHYI0 KOH(PUIYyPALUIO IIOCTIE
7, MAroB PaBHA CyMMe BEPOATHOCTEH IyTEU IJIUHEL N, COCAUHAIMNAX HAYAILHYIO U
33 0aHHYI0 KOHQULYDaIuH.

EcTb BEpOATHOCTHBIE AT OPUTMBL, KOTOPHIE PEIMAIOT HEKOTOPEIE 33,1841 (CO CKOIb
YTOOHO OIM3KOU K 1 BEPOATHOCTBIO yCIEXa) ropa3fo OBICTpee, YeM BCE U3BECTHEHIE
NeTePMUHAPOBAHHLIE AJITOPUTMEL.

OnucanHas BhIIE KIACCHIECKAS MOIEIb NOICKA3LIBAET €CTECTBEHHOE KBAHTOBOE
06006menne. KBaHTOBOE BEIYUCICHUE MOXKHO MPEACTABIATL OPUEHTUPOBAHHLIM AIU-
kangeckuM rpadoM, Kak u Kraccudeckoe. Kax nomy pe6py 3Toro rpada Mbl COOCTa-
BUM AMILUIATY1y BEPOATHOCTH TOIO, YTO BEIMUCJICHUE IOUAET 1O >TOoMy pebpy. Kax
¥ BEIIE, AMILTATY 3, BEPOATHOCTU MyTH €CTh MPOU3BENEHNE AMILTATY ] BEPOATHOCTH
o pe6paM 5TOro0 My TH, 4 AMILIATY 13 BEPOATHOCTH 34 JAHHON KOH(PUTYPAIU — CyM-
Ma AMILIATY BEPOATHOCTH IO BCEM IIyTAM, BEIYIIAM M3 HAYAIBHON KOH(DUrYparmn
B 3aJaHHy0. Ecim, B 9aCTHOCTH, PUHATLHAA KOHMUIYyPanuA JOCTYKIMA, POBHO IO
OBYM MyTAM C aMILIATYJAMU C U —C, BEPOATHOCTH MOMAJAHUA B DTy KOH(MUTYDa-
mmo |¢ — c[?> = 0, HecMoOTps HA TO, YTO BEPOATHOCTH TOTO, YTO BLITHCICHUE TOWIET
1o JI06OMY W3 DTUX ABYX IyTel, pasHa |c2|. OIuMH-eIMHCTBEHHLIN KBAHTOBLIN KOM-
MBLIOTEP MOXKET CJEI0BATEH [0 MHOI'MM BLIMMCIUTEILHEIM Ty TAM OJHOBPEMEHHO U €0
BEIXOJ ONpeAeaeTcs MHTepdEepenmen Bcex »>Tux nyrern. HanpoTus, kraccuaeckas
BEPOATHOCTHAA ManmmHa, ThIOPUHTA ClIeqyeT 1m0 eduncmeenwomy (XOTb U CIyIaruHO
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BHIOPAHHOMY) IIyTH BEIYUCJACHUA. Pa60Ta KBAHTOBOM MAIIVHEL IIOJHOCTHIO 33 1a€TCA
KOHEYHBIM CIIUCKOM BHAQ

d: Q XX x @ x X x {Breso ,Bupaso ,na mecre} — C, (4)

rae 6(q,s,q',s',d) 3agaeT aMIIMTYy Ty BEPOATHOCTY BLINOJHEHWS NEUCTBUA, OMUCHI-
BaeMmoro narepkou (g, s,q', s', d).

5. ITATBHEWIINE CJIEACTBUS

Korga B madame 60-x rofoB HAYMHAIA U3YYaTh (PUBUKY BLIYUCICHUN, OTHUM U3
OCHOBHBLIX CTUMYJIOB OBLIO OIACEHUE, YTO KBAHTOBOMEXAHUYECKUE 3(PHEKTH MOy T
0ABaTh (PyHIAMEHTAIbHEIE (=HEyCTPAHUMEIE) CPAHUILL HY, TOYHOCTD, C KOTOPOU (u-
3MYeCKNe 00BEKTH MOI'YT BOCIPOU3BOAUTEL CBOUCTBA A0CTPAKTHEIX CYIIHOCTEN, Ta-
KUX KaK JOCMYECKUe MePEeMEHHbLIe U ONepPallii B TeOpUU Bhraucaenuu. To ecTh 60s-
JIUCh, YTO MOIIb U DJIEMAHTHOCTH TEOPUU BBEIYUCICHWN, TAKAE €€ MOHITUS, KAK BEI-
YUCIATENbHASA YHUBEPCAIBHOCTD, TAKUE ee (PYHIaMEeHTAIbHbIE TPUHIAINEL, KAK TE3WC
Yépua — Teropunra, paBHO Kak u 60J€€ MOIIHEIE PE3yJIbTATEL B COBPEMEHHOU TEOPUN
CJIOXKHOCTH, OKAXKYTCA He 6OTee YeM ILIOJAMM MATEMATUIECKOTO BOOODAXKEHUS, HE
VMEIOIUMU OTHOIICHUA HU K Y€MY B TIPUPOIE.

OTHU OmaceHus OKA3AMUCh OECMOYBEHHEIMU. KBAHTOBAs MEXAHUKA HE TOJLKO HE
HAKJIAJLIBAET OCPAHUYEHUN HA BO3MOXHOCTK MAIIUH TbIOPUHTA, HO W HAET HOBBIE
BO3MOXHOCTHY BEIYUCICHUY, 00CY X AaBImecs Boime. COXPAHUIACH DIEraHTHOCTh TEO0-
pum, 6osee TOro, OKa3aJI0Ch, YTO KBAHTOBAS TEOPUs BEIYUCIEHUN BECHMA, €CTECTBEHHO
coueTaeTca ¢ PyHAaMEHTAILHEIMYI TEOPUAMYU B APYI'UX 001aCTAX, 9€ro ObLIO TPY IHO
MAXKe OXUAATH OT KIACCUIECKOro npubamxkenus. CaMo CJIOBO «KBAHT» O3HAYAET TO
Ke CaMoe, ITO U «OUTy» — DIEMEHTAPHLIN KyCOYeK — HTO 3aMEYaTeIbHEIM 00pa3oM
cormacyercsa ¢ TeM (hakTOM, ITO KIACCHIeCKre (pU3NIecKue CUCTEMEL, OyAydd IO I-
BEPKEHEI HEYCTOUIMBOCTH OOIIEro BUIA, MMEHYEMOU «Xa0C», HE MOT'YT B IIPUHIAIE
HO.I[Aep)KI/IBaT]) I_II/ICI)pOBOe BBIYUCICHUE (TaK YTO JaxXKe MalluHbL ’I‘I)I()pI/IHI_‘a7 TeOpeTH—
YeCKUU 00PA3eI] BCEX KIACCUIECKIX KOMIILIOTEPOB, BCETa UMEIN KBAHTOBOMEXAHN-
YECKUI XaPaKTEP, O 9eM yMATIMBaIoCh). Tesuc Yépua — TropuHra B KIacCUIeCKOn
Teopun (06 IKBUBATCHTHOCTHA BCEX (€CTECTBEHHEIX) MOJEIEN BEIMUCICHUA) HUKOTA,
He Obul 1okazaH. Ero aHamor B KBaHTOBOU TeOpuu BhraucaeHui (mpuamun Iépua —
Tr0pUHTa, YTBEPXK JAIOLINN, YTO YHABEPCAILHLIN KBAHTOBLI KOMIIBIOTED CIIOCOOEH
MOJEIUPOBATH MOBEAEHHUE JTIOO0U KOHEIHON (PU3NIECKON CUCTEME]) OBLT JOKA3aH P~
MO u3 onpenenenus B pabore Jonaa 1985 roga [3]. Bosee cuibuem1 pesyasrat (Takxe
[IPEANONAT ABIIMUCA, HO HUKOT 13 HE JOKA3AHHBIY B KIACCHIECKOU TEOPUM), & IMEHHO,
9TO TaKOE MOAEIUPOBAHNME BO3MOXKHO 33 BPEMs, 3aBUCAIIEE TTOJMHOMUAILHEIM 00pa-
30M OT BPEMEHU DBOJIOLUYM MOJEIAPYEMOUN CUCTEMBI, TAKXKe ObLI JOKA3aH B KBAHTO-
BOM cayd4ae [1].

Hapsay ¢ mpouuMu npuwiOXeHUAMYI, KBAHTOBHIE BEIYUCIEHUS CYIIECTBEHHO TOBIU-
suu (IO KparHe! Mepe, B IPUHINIE) Ha IOHATHE MaTEMATAIECKOrO JOKA3ATEIbCTRA.
BrimosseHre BHIYUCICHNA, KOTOPOE AaeT HEKOTOPHIN ONPEEJEHHBIN PEe3yIbTAT, PAB-
HOCWIBHO [OKA3aTeIbCTBY TOr0, YTO HAOMIOAAEMEIA PE3yaAbTaT BO3MOXKEH NIPU TaH-
HOM BEIYUCJICHUU. MBI MOXEM OMUCATDH BEIYACIATENLHEIE OMEPAIIN MATEMATAYIECKH,
[IO2TOMY BCEr[a MOXKEM IEePEBECTH TAKOe BEIUUCJEHNE B JOKA3ATEIHLCTBO HEKOTO-
pou Teopembr. Tak xxe 06CTONT AEMO U B KIACCUIECKOM CJIY9ae, HO IPU OTCYTCTBAN
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UHTep(EPEHIINY BO3MOXHO CAeNaTh 3aNUCh BCEX MIArOB BHIYUCIECHUA, ITIOPOXKIAA Ta-
KM 00pa3oM [0Ka3aTeabCTBO, YIOBIETBOPAINEE KIACCUIECKOMY OMPEIEICHUI) —
(ETNOYKA yTBEDPXKICHUM, KAXKI0€ U3 KOTOPHIX ABIACTCA aKCHMOMOU WM CAeLyeT U3
Hpe,ubl,qymnx yTBepmgeHMﬂ B IEIIOYKE IIO IIPpAaBUJIaM BBIBOIA» (HpaBI/IJIBHOCTb TaKO-
0 JI0Ka3aTEIbCTBA TAKKE MOXKHO [IPOBEPUTH MOMIATOBO). Temepb MbI BHIHY X JEHEI
OTKa3aThCsA OT TAKOTO OHperlIeJIeHI/UI. OTHI)IHe A0Ka3aTeIbCTBO JOMXKHO paCCManI/I—
BaTh KaK HpOI_[eCC — BBIYUCJIEHUsA CaMOro Iio CeGe. MBI JOJIZKHBI HpI/IBHaTb, 9T0 B
Oy IyllieM KBaHTOBBIE KOMIBIOTEPHI Oy YT TOKA3BIBATHL TEOPEMBI METOJAMU, KOTOPLIE
HEIB31 OyeT MPOBEPATH MOIMIATOBO, TAK KAK PACIEYATKA «(IIEMOYKN YTBEPK JCHUM),
COOTBETCTBYIOMMX 3TOMY JOKA3ATEILCTBY, HE NOMECTUTCA B HAOMIOLAEMOU 9YaACTH
Bcenennon.

6. SAKJIOYATEJbHLIE 3AMEYAHUA

B 5TOM KOPOTKOM 06CYXI€HMM MBI MPOILIMCH IO CAMBIM BEPXaM OBICTPO pas-
BUBAIOIIENCA TEOPUU KBAHTOBLIX BhIYucjaeHuu. OCHOBHOE BHUMAHUE OBLIO YIEJEHO
IPUHIUNINAJLHEIM BOIIPOCAM, OCTABAA B CTOPOHE (PU3MIECKUE IOAPOOGHOCTU U HIO-
AHCBEI TEXHOIOrMIECKON peanmms3anum. CTOUT, OMHAKO, CKA3ATh, YTO KBAHTOBOE BhI-
YUCJCHNE — CEPBE3HASA MEPCIEeKTHBA M OyIymnUX MOKOJECHWN BHIMUCIATEIbHEIX
YCTPOUCTB. DTO OMHA U3 MPUYUUH, TI0 KOTOPOU KBAHTOBLIE BLIYUCICHUSA IPUBIEKAIOT
BCe OOIbIIee BHUMAHNE KAK AKAIEMIYECKUX UCCIEIOBATENEN, TAK U IIPOMEIILIEHHBIX
KPyroOB IO BCeMmy Mupy. B HacTOsIIee BpeMs HEICHO KOra, KakuM OOpa3oM, na u
Oy ayT J1 BOOOIE, PEATN30BAHE TOJHOMACIITAOHEIE KBAHTOBEIE KOMITBIOTEPHI; HO He-
CMOTDS HA 3TO, yXKe CeNYac KBAHTOBAs TEOPUs BLIUYUCICHUN UIPAET ropasno Gouee
BaXHYIO POJIb B OOIIEM ITOHUMAHUK MUPA, Y€M €€ KIACCHIECKAs [MPeNIIeCTBEHHNIA.
Mer canTaem, 9TO BCAKUY, KTO NOOMBAETCA (PYHIAMEHTATBHOTO IOHUMAHUA (PU3KUKY,
BBIYUCICHUN WY JOTUKY, JOIKEH YIUTHIBATEL JOCTUXKEHUA STOU TEOPUN.
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