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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
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MBI M3y4YaeM MATEMATUKY OIBITHEIM IIyTEM, B3AUMOAEUCTBYS C (PUBMIECKUMU O0B-
ekTaMu! Bl CKJIOHAEMCS KO BTOPOMY BapPUAHTY. TO HE 03HAYAET, ITO MATEMATHU-
YeCKre CyIIHOCTH SIBASIOTCS B KAKOM-TNO0 CMBICIAE YaCTBI0 (QU3NIECKOr0 MUPA WIX
[IPOM3BOAHEL OT HEr'O. bl HE OTPUIIAEM OCOOYIO, 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
dusuueckun Mup. uib GusnIecKre OO0BEKTH, 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-
veie ge3oMm [lackanem, Tordpugom Buabrenbmom enOHUIIEM U IPYTUMU, HAYA-
J1 OCBOOOXK IATH JIOAEN OT YTOMUTEILHEIX paboT BPOE TEPEMHOXKEHUA ABYX GOIb-
mux «mcen | |. B BEKe CIe0M 33 apuPMETHKON yIaJOCh MEXAHU3UPOBATH W
JIOTUYIECKOe MOHATUE BBIYUCINMOCTU. TOOBI (pOpMAIN30BATHL MOHATHE (d3(PPEKTUB-
HOCTW», IOAPA3YMEBAEMOE B UHTYUTHUBHOM NPEICTABICHUN O BHIYUCIUMOCTH, OBLLIN
n300peTensl MamuHbL ThiopuHra. JaH ThIOPHHD IPEANONOXKUI, YTO Te abCTPaKT-
HEBIC MaIHPIHI:I, C IIOMOIIBIO KOTOpI)IX OH OHpeII[eJII/IJI BhI‘{HCJIeHPIe, CHOCO6HI:I BBIIIOJI-

HUTbH JIO0YIO npoueaypy (aaropurm). CTOUT OTMETHUTH,
9TO MaUHEL THIOPUHTa 33JyMBIBAIUCH TAaK, ITOOH BOCIPOU3BECTHU JHOO0E TOIHO
Ompeaea€HHOe IeMCTBUE, Ha KOTOPOe CIOCOOeH , CJIeIYOLIN

NPEINUCAHHBIM UHCTPYKUMSAM.  €TOj ThIOPUHIA COCTOMI B TOM, 4TOOBI IyMaThb
B TepMUHAX (PUBNIECKUX NEUCTBUM M OPENCTABIATL KAXKI0E NEUCTBUE, BHIIOJIHIE-
MO€ BBHIYHACINTEIEM KAK (HEKOTOPOE M3MEHEHWEe (DIM3WIECKON CHCTEMBI, COCTOSIIEN
u3 BeraucauTens u ero qeHted [11]. Tockonpky pesyapTar paGOTHL HE 3ABUCAT OT
coco0a MOCTPOEHNA «MAINHLI [ BHEIIOJHEHNA PAOOTHI TOr0 BHEIYUCIAATEND, -
(PEKTUBHOCTD YEJOBEKA-BEIYUCINTENS MOXKET OBITh UMUTHPOBAHA, JOIMIECKOU Ma-
LIMHOM.

ammHa ThiopuHra 6bL1a a0CTPAKTHLIM IOHATHAEM, HO 6Jarogaps IoCIe y0IneMy
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 uaeo ThOpUHra o npouenyp, B 9aCTHOCTH,
NIPOLEeNYD, CBA3AHHBIX C IOHATUEM BHIBOAUMOCTH. TO IIO3BOJIMJIO OBI ONPEIeINTh Ma-
TEeMATHIECKOE JOKA3ATEIbCTBO KAK HEYTO MEXAHMIECKHN BOCIPOU3BOAUMOE I 33, CIET
2TOro 2(PphHEeKTUBHO NPOBEPSAEMOE. HUBEPCATBHOCTD U JOCTOBEPHOCTDH JOTMYECKUX
TIPOIEAYP MAPAHTUPYIOTCA IPU TAKOM IOAXO0Je HAINYINEM MEXAHWYEeCKUX IPOUeryD,
5hPEeKTUBHO BEINOMHAOIINX Jorudeckue geucteusi. U e 6onee Toro. Ho 4ro 3uaumnT
BKJIIOYATH DeaJbHBIE (DU3NYIEeCKNe MALIMHLI B ONpPeJeJeHne JOTMIeCKOrO IOHATUA!
W1 470 MOXHO U3 HTOr0 3aKIOYUTH, B IPOTUBOIOIOKHOCTL Buruepy, 06 «ddexTus-
HOCTH CI)I/I:'!I/IKI/I B MaT€MAaTU4YE€CKUX HayKax»?



OCTPAKTHEIE MOAEIN MAIIVNH, UCIOJIb3YEMEIE B KIACCUIECKON TEOPUY BEIUICIE-
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 ONUPATHLCA HA 3AKOHBI IPUPOALL.  amuHbl Thiopunra (¢ mpowus-
BOJIBHO NJIMHHBIMUA JIeHTaMH) MO2XKHO l'IOCTpOI/ITI)7 HO HUKTO 3TOr'0O HE ,E[eJIa,JI, 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 NPUPOALI DTOU MAIIMHEL bl ONMPAEMCA HA 3AKOHHI (DUBWUKU, YIPa-
BJIAOIINE BEIYUCICHUEM, T. €. (PU3UIECKUM MPOIECCOM, KOTOPHIU MEPEBOAAT MAIIUHY
73 HAYAIBHOIO COCTOAHUSA (BXOI) B KOHEYHOE COCTOAHME (BBIXOA). OJ€e TOrO, HAII
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
dusrueckoMy 00BEKTy. PYIHMHU CIOBaMU, BO3BMOXHO ITOCTPOEHME OJHOIO (husutie-
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 OWY HA3BAI €€ MPUHIUIIOM

épua  Teroopuara [ |) MOXKET PACCMATPUBATHCA KAK YTBEPXKACHUE O (PU3UICCKOM
Mupe.

CTb OYEBUIHEIE U JOIMYECKUEe, U (PU3NIECKUE OIPAHUYEHUS HA, BO3IMOXKHEIE BhI-
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 HADPYIIUTH 3AaKOHBEI TEPMOIUMHAMWUKKA. OrHWYeCKue u (pusu-
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-
BUTCSL yTBEPKJEHUEM O (PU3NIECKON PEATHLHOCTH.

Tax orkyga xe 6epércsa >hp@PEKTUBHOCTL MATEMATUKU! TO 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

suanusa. Hare 3HaHIE MaTEMATUKY U JOTMKU HEPA3PHIBHO CILJIETEHO
€O 3HaHUEM O (U3NIECKOUN DPEANTbHOCTU: MPUEMJIEMOCTh MATEMATUIECKOO NOKA3a-
TEJIbCTBA, 3aBUCUAT OT TOr'O, KAK MEI IIPEICTABI’AEM IIPABWIA, KOTOPHIM IOIIAHSIIOT-
Cs1 HEKOTOpHIe (puamdeckre OOBEKTHI, TAKME KAK KOMIBIOTEDHl WIN YeJOBEIECKUN
Moar. ClIeJ0BATEIBLHO, IPOTPECC B IOHUMAHUY (DI3NIECKON PEATBHOCTU MOXKET NaTh



CPeACTBa I YIydIIeHUsA TOHNMAHUSA JOTUKY, MATEMATAKA U (POPMATLHEIX TTOHATUN.
Tax 9T0 MBI BEIHY K I€HEI IPU3HATH 3aBUCUMOCTb MATEMATAIECKOTO oT dusn-
ku (HO, TOMIEPKHEM eImé pa3, He MATEeMATHIECKUX UCTUH CAMUX IO ce6e).  pa3 Taxk,
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.

. AT A U TEP®EPE U

TOGEI OOBACHATH PA3HUIy MEX Ty KBAHTOBEIMU KOMIIBIOTEDAME U UX KJIACCH-
9EeCKVMY aHAIOTAM¥, HAIHEM C ABJIEHUSA KBAHTOBOM mHTepdepenmmu. Paccmorpum
BEIMUCIUTEIBHOE YCTPOUCTBO (MAIMMHY), 9bMM BXOZOM MOXET ObITH OQHO M3 ABYX
COCTOAHUN, TIOMEYEHHBIX 1 1.

Ta mamuua npeobpasyer Bxog ( wm 1) B Boxog ( wmim 1) ¢ BeposaTHO-

CTBIO . Kaxerca oueBugubiv, 9to puc. 1 (BeposTHOCTH IOJKHBI Y IOBJIETBO-
PATH CTAHAAPTHOMY YCJIOBHIO 1) onmuceiBaeT BCE YCTPOMCTBA, OTOOpaKar-
o1me 1 B cebsa. ( eUCTBUE MAIIMHBLI HE 3ABUCAT OT WHOM MH(GOPMAIWHU, TOIa-

BaEeMOU HA BXOJ WM XPAHANIEUCA B MAMATU.) CTb [BA NPEIENbHEIX CAydas, KOraa

TIOBE/IEHNe YCTPOUCTRA, JeTePMUHUPOBAHO: IPA | 1 , 11 1 (roxge-
CTBEHHOE TPEOOpPA3OBAHUE) U TIPA | 1 1, 11 (oTpunanne ).
B ocTampHBEIX CIydasx mMeeM yCTPOMCTRO CO CIyIalHBIM HoBeqeHneM. IlycTh, K mpu-
Mepy, 1 1 11 5. BHOBb KaxKeTCs OYeBUIHEIM, UTO ¢IMHCTBEHHLIN
BH TAKOU MAILIKHEL, 3TO CJIyYaAMHBIA IE€PEKII0YaTENb, PABHOBEPOATHO IPeobpasyro-
MUl KaxX BN BXOJ B OJWH W3 ABYX BO3MOXHEIX BLIX0J0B. QHAKO 3TO HE TaK. H
uMeeM B By MAIIUHY, yIOBICTBOPSIONIYIO TOMY e CBOMCTBY, HO TaKyl0, YTO MPH
MOCIe0BATEILHOM COCIMHEHNN ABYX OIMHAKOBEIX 3K3EMILIAPOB €& Ha BLIXOIE BCEra
NOLy9aeTCs OTPULAHUE BXOAa (puc. 2).

TO yTBEPXKACHNE PAIMKAILHO IPOTUBOPEIMT MHTYWIMM. Kaxkgas MalluHa IO
OTJETLHOCTY BHIAAET WM 1 PABHOBEPOATHO M HE3ABUCUMO OT BXO[a, HO ABE MO-

CIeTOBATEILHO COEIUHEHHBIE MAIIMHBEI PEATU3YIOT JOTMYECKYIO OIIEpPAIINIo . Ilo
DTOU MPUYMHE HA30BEM TAKYI0 MAILIUHY . B noruke rakou omepanum HeT, TaK
YTO Pa3yMHO NIPEANOJOXKUATDH, ITO MAIINHA He cymecrByeT. Ho Ha camom gmene

Takas MallluHa, B IPUPOIE €CThb  J (PU3NKA, U3YUAIOUEro OJHOIACTUIHYIO UHTEP-
depenuo, TOCTPOEHNE TAKOU MAITUHEL — OOBIYHOE Aen0. IIpocTenu BapuanT —



TIOIYIIPO3PAYIHOE 3€PKATIO, T. €. 3€PKAJI0, C BEDOATHOCTBIO O  OTPaXKAaloIee ma,nao-
Ky Ha Hero (hOTOH, U C BEPOATHOCTLIO 5  npomyckaromee ero. [locregoBarensroe
COeIVHEHNEe MBYX JTUX MAIIMH DeaJu3yeTCs ABYMs IOJYIPO3PAYHBIMU 3epKalaMu,
npu 3TOM (POTOH 03HAYAaeT , €ClIM OH HAXOAUTCSA HAa OJHOM U3 [BYX BO3MOXKHBIX
myTed, #u 1 B IPOTUBHOM CIydae.

UTATEJNb MOXET IIONHTEPECOBATHCA, ITO OEIATH C AKCHOMOU aqIUTUBHOCTHU TE-

OpuUM BEPOATHOCTEN, YTBEPK AAIOUIEN IPO APy HECOBMECTHLIX COOBITUU | U, ITO

BEPOATHOCTH COOBITHS 1 €CTb CyMMa BE€POATHOCTEU COOBITMM 1 . Bean

HepeXOrq B COCTaBHOﬁ MaIlIMHE MOXEeT HpOI/ICXOII[I/ITb ABYMsL B3aMMOUCKJIKYa~

OMUMEI crocobamu: aubo , 100 1 . Ix BeposiTHOCTH u

1 1 COOTBETCTBEHHO, 3HAYUT, CyMMa 1 1 PaBHA BEePOATHOCTHU IIEPEXO0IA

B HOBOU MarmmHe. OHa OTINYHA OT HyJIs, €CJIu Wi | | OTJIAYHO OT HyJIA.
i




" Tem He MeHee MBI MOCTPOWIN MAINUHY, B KOTOPOU ¥ 1 1 HE PaBHHI HYJIO, &
BepOﬂTHOCTL HepeXO,E[a B COCTaBHOI‘;I MalIInHEe pa,BHa, HYJIIO. TO Xe HeBepHO B
TIPUBEIEHHOM PACCY XK ACHUU?

Hesepuo T0, 9T0 mpOIECCH u 1 B3aMMHO UCKJIIOYAIT IPYT
apyra. 1:000e 00bsACHEHVE, KOTOPOE IIPEeAIoaIaraeT, 4ro (poToH n3bupaer OAuH U3
IBYX IyTeu N0 uHTEP(HEPOMETPY, NIPUBOIUT K BHIBOAY, YTO KAXK LI U3 JETEKTOPOB
IOJIXKeH CpabaTHBATEL B CPELHEM B MOJOBUHE CAydaeB. HO SKCIEPUMEHT MOKA3LIBAET
obparnoe Tax 9TO Ha caMOM Jeje IPOUCXOAAT 064 IePexoaa OJHOBPEMEHHO. TO 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 (GU3MIECKON TEOPUH, & UMEHHO, KBAHTOBOU MeXaHuku. KBaHToBas Teo-
pust OOBACHAET IIOBEJEHHE ¥ IPABMIBHO IPEICKA3LIBACT BEPOSTHOCTH JJIS BCEX
BO3MOXHBIX BEIXOJOB TIPU JIOOBIX CMOCO6AX COEIUHEHUA TAKUX MAIIUH. TO 3HAHUE
BOBHUKJIO KK PE3YJIbTAT TUTIOTES, DKCIIEPUMEHTOB U OnpoBepxkenun. Cleq0BaTelbHO,
Ha OCHOBAHUU (PU3UIECKUX DKCIEPUMEHTOB, MOATBEPK IAIOIIUX ITY TEOPUI0, JOTUKY
BIIPABE BBECTH HOBYIO JOIMYECKYIO ONEPAIAI0  , IOCKOABKY (DU3MIECKAS MOIEIb
Ui Heé CyIeCTBYeT B IPUPOIE

PaccmoTpuM Temeph MaTeMaTUYECKUN ANMapaT KBAHTOBOU MEXQHWUKU, C TTOMO-
B0 KOTOPOI'O ONUCHIBAIOTCA KBAHTOBLIE BEIYUCANTEIbHEIE YCTPOUCTBA: OT IPOCTEN-
X, TAKAX KAK ~ , 4O CAMBIX CJIOXKHBIX — KBAHTOBOI'O 0GOGIIECHNS YHIBEPCAIb-
HOU MAIVHEL THIOpUHTA.

KBaHTOBHJI MEXaHUKa BBOJAUT IIOHATUE — KOMILJIEKC-
HBEIX YUCEI , KBAAPATHI MOAYJA KOTOPBIX [P HEKOTOPHIX OOCTOATEILCTBAX
MOXKHO MOHMMATBL KaK BEPOATHOCTH. KOr[a HEKOTOPHIM IEpexoj, Hamogzobue pac-
CMOTPEHHOT'O BBIIIE, MOXET MPOUCXOAATH HECKOIBKUME CIIOCOOAMU, €0 AMILIUTY I3
BepOﬂTHOCTH €CTh CyMMa a,MHJII/ITyrE[ BepOﬂTHOCTI/I II0 BCEM BO3MOXHBIM CHOC06aM,
paccMaTpPUBAEMBIM IOPO3Hb.

BepoATHOCTY MEPEXOJOB B MAIIMHE  M300DAKEHBI HA PUC. 5. Ta MAIIMHA
COXPaHAET 3HAYEHUE OUTA C AMILIUTYIOU BEPOATHOCTHU 11 2, MeHseT



HA MPOTHBONOJIOXKHOE — C AMILIATYION 1 1 1 2 CoorBercrByromye Be-
POATHOCTH TIOIYYAIOTCA BO3BEICHUEM B KBAAPAT MOAYJICU AMILIUTY I BEPOATHOCTH, B
KAXK/OM U3 CIydaeB moaydaeM 1 2. TuM OOBACHAETCA MOBeJeHWE  Ha puc. 1.
ITpu nocnegoBaTEIHLHOM COEAMHEHNN MAIINH, KAK HA, PUC. 2, A1 MOACIETA BEPOITHO-
CTH BEIXOA IIPK BXOJE HYXKHO CJIOXWUTH AMILINTY AL BEPOSATHOCTY IO BCEM ITyTHAM,
BeIYIIUM OT BXOJa K BEIXOAy . Takmx mgBe: 12u 1, 1 2. Ux cym-
Ma PaBHA , TAK YTO U BEPOATHOCTH BLIXOAa paBHA . B oTimdume OT BEPOATHOCTEN,
AMILINTY LI MOI'yT B3aMHO COKPAIATHCA

. AT E A PUTM

CrnoxkeHne aMIUIITYZ BEPOSTHOCTH BMECTO BEPOSTHOCTEHN ABISAETCA ONHAM U3
OCHOBHBIX TIPABUJ KBAHTOBOM MEXAHUKU U MPUMEHHMO KO BCEM (PU3MIECKUM OOBEK-
TaM, B TOM 9YUCJIe, 1 K KBAHTOBBIM BEIMUCJAUTEILHEIM yCTPOUCTBAM. —CJIM BBEIYHCJSIO-
mas MAIIVHA HAYMHAET Pa0OTATH B 331aHHOM HAYAIBHOU KOH(Urypanuu (Bxon), TO
BEPOATHOCTH TOr'0, YTO OHA, MPOXOAA Yepe3 PsL NPOMEXYTOYHBIX KOH(UIYypAaIui,
3aKOHYUT PabOTy B 3aJaHHOU KOHEYHON KOHGUIryparmu (BHIXOJT), PABHA KBAAPATY
MOZYJIS CyMMEI AMILTATY ] BEDOATHOCTH O BCEM BEIMUCJIWTEILHEIM IIyTsAM, COEIUHS-
OLIM BXOJ C BEIXOJOM. MILIATY ALl — DTO KOMILTEKCHEIE YuCIa. [Py CII0XeHnr OHI
MOT'YyT B3aMMHO COKPAIIATHCA ( ) WiV yBEJIUIUBATH-
¢l 0 abCOMOTHON BenuduHe ( ). OcHoBHas uges
KBAHTOBOI'O BBIMUCJIEHWs COCTOUT B TOM, 9TOOH yCHIATH IPABUIBHEIE OTBETHL U HO-
[LABUTH HEMIPABUIBHLIE. Bl OKAXEM DTO HA IIPUMEPE OQHOrO U3 BAPDUAHTOB [EPBOTO

KBAHTOBOI'O JIrOPUTMA, IPELIOKEHHOro . oudem B 1 85r.

Paccmorpum OyieBnr pyHKIy , 0TOOpaXKA0IIe 1 B cebs. CTH POBHO Ue-
THIpe TakuX QYHKIWUA: ABE NOCTOAHHBIX ( ( ) (1) u () (1) 1) u gBe
ouexiyn ( () , 1) 1w () 1, (1) ). Ilpenmnosoxum, 9TO MOXKHO BhI-
YUCJAUTD 3HAMEHUE (PyHKIAU (moToMy, HAIpPUMED, ITO ANTOPUTM

BLIYNCIeHU QYHKIUN OYeHb [INHHEIM, WIA [IOTOMY, YTO K Tabuauie eé 3HAYEHUN
TI03BOJIEHO OOPATUTHCA TOIBKO OAuH pa3). HyxHo onpegenuts, spiasercs iu  OGuek-
IUell. AaMeTHUM, YTO KOHKDETHHIE 3HAYeHWs HAC He MHTEPECYIOT, MBI IPOBepseM
HEKOTOpOe riobasbHOe CBOMCTBO pyHkmmu . Hama kiaccmaeckas MHTyunus mom-
CKa3BIBAET, 8 KJIACCUYEeCKAas TEOPUs BLIYUCIEHUN IOATBEPXKAAET, ITO A IPOBEPKA
STOr0 CBOMCTBA HYXKHO BEIYUCANTL 00a 3HadeHuss ( ) u (1), T.e. BBIMUCAATH

nBaxael. QOIHAKO DTO HEBEPHO B PEAIBHOM (PUBUYIECKOM MUPE, B KOTOPOM MOXKHO



(e}

OCYIIECTBUTH KBAHTOBOE BEIMUC/IEHNWE, DEIIAIONEE 33439y OUYa W BEINUC/IIIONIES
3HAYEHME TONLKO Pa3. AllMHA, PEIIAMas 5Ty 3aJady, UCIOAb3YeT KBAHTOBYIO
MHTeP(HEPEHINIO U COCTOUT U3 ABYX  , MEX,Iy KOTOPBIMY BCTABJICHO BLIACICHIE
3HadueHus pyHknuu (puc. ).

HaMm HeT HyX 1B BAABATHCA B MOAPOOGHOCTH peanusdauny ( ). Ji HAIIErO IpU-
Mepa JOCTATOYHO yKa3aTb, YTO €CThb ABa IyTH, MHIEKCUPOBAaHHBIE U 1, a 1en-
CTBUE MAIIVHEI, peanmsywoomen ( ), 3aKIH0YaeTCA B TOM, YTO AMILIATYAa BEpO-
ATHOCTM HA OyTW  YMHOXAETCA HA (DA3OBLIM MHOXUTEIbL ( ()), T.e. ma
(1) ) (manmytu )uma( 1) Y (sa oyra 1). Temeps mogcamTaeM aMILTATY Iy
BEPOATHOCTY BHIXOJA MPU BXOAE . MIUIATYABl BEPOATHOCTH HA ABYX Da3IWd-
HEIX BEIMUCINTEIBHEIX IYTAX DABHLI 2 (1) ) 2 12 (1) Ju

1 2 (DY 1.2 12 (1) Y. Hxcymma
- (Y () &)

paBHa , ecIM — MOCTOAHHAA, U 1, ecim  — Ouexims. Mtak, BepoATHOCTD (KBa-
OPaT MOAYJSA AMILIMTYIH) BHIXOa HA BXOJ€ PABHA  [JA NOCTOSHHBLIX (DYHKIUI
u 1 s Guexumi.

C 5TOro pesyabrara OWYA HAYAIACH HOBasA OOMACTH MCCICIOBAHUN: KBAHTO-
Boie Beraucienus. [locrenoBarensuas paboTa Mo yuIyYIIeHn0 KBAHTOBLIX AJIrOPATMOB
npusena B 1 r. K oTkpeiTui0 [luTepoM  OpOM KBAaHTOBOI'O aIrOpUTMA, CIOCOO-
HOro 3 PeKTUBHO GaKTOPU30BATH uncaa [1 ].  HMOCKOABKY TPYAHOCTH haKTOPU3a-
IUY JIEXKUT B OCHOBE HAAEKHOCTHA MHOI'MX U3BECTHBHIX KPUNTOIPAPUIECKAX CACTEM,
BKJIIOYAs HAROOIeEe MOMYIAPHYI0 KPUIITOCUCTEMY C OTKPBITHIM KII0YUOM [] ), an-
ropuTM  0Opa OBICTPO CTAJ MOIMYJIAPEH KaK IIEPBOE LI KBAHTO-
BOT'0O BEIYUCJICHUS — HEYTO BECHMA TOJE3HOE, YTO MOXKET [el1aTh TOJHLKO KBAHTOBLIN
KOMIIBIOTED.

aJI0 KTO 13 CIIENNAJIUCTOB COMHEBAETCA B TOM, YTO (haKTOPU3AIIU He IIPUHA IJIe-
KUAT KIACCY ( O3HAYAET «BEPOATHOCTHOE BHIYUCIEHUE 33 ITOINHOMUAJIBHOE
BpeMs C OrPAHMYEHHOU BEPOATHOCTHIO OmMOKW»). VHTEPECHO, OHAKO, ITO 3TO HE
MOKa3aHO. B TeopuM BEIMUCIUTENBLHOU CJIOKHOCTU OOBIYHO TPAKTYIOT MPUHA,IIEK-
HOCTB 331341 KJIACCY KaK YKa3aHWe Ha €€ (HECI0XKHOCTLY WIN (IIPAKTUIECKYIO

)B gexabpe r. OpUTAHCKOE PpABUTEILCTBO O ¥ HAILHO DPHUIHAIO YTO Ta KPU TOCUCTEMA

C OTKPBITHIM KJI 90M OBLIa M3HAYAILHO U300pEeTeHa B eHTpe IIpAaBUTEILCTBEHHEl  OMMYHUKA U

B eaTeH Me. B romgy euMC JuMC Ju  OpA OKC u ManbkoasMm Buibamcon

u3 OTKPBUIA TO YTO O3/Hee OBLUI0 €PEOTKPHITO B aKaJeMUIECKOM HayKe U CTAJIO U3BECTHO
KakK u OOMEH KI 4YaMu U ¥ naMmasa. — Ipuwm.



Pa3spemmMOCThby, a 3a0a91, HE MMPUHA,IICKAIITAC , HAIIPOTUB, TOHUMAIOTCA KaK
«TPYAHEIE» WX (HEPeIIaeMble Ha PEealbHBIX KOMIBIOTEpax» (CM., Hampumep, | | ).
JATOPUTM U3 KIACCA, — 5T0 Takou d>pdexTuBHEN ( OBICTPHIA) ATCOPUTM,
KOTOPEIX Ha, JI000M BXOJe 1aET MPABUILHLIN OTBET C BEPOATHOCTLIO, IPEBLIIIAIONIEH
HEKOTOPEI TOPOT 1 2. w1, BOOOmE-TO, HE MOXKEM TPOBEPUTHL MPABUILHOCTD
oreeTa. HO MOXHO MOBTOPHUTH BCE BHIYMCIEHNE PAa3 U B3ATH TOT OTBET, KOTOPHIA
BCTPETWICA JaIle BCErO. BEIUYIMBAA , MOXKHO JOOUTBHCA BEPOATHOCTH IIPABUILHOTO
OTBETA, CKOJb YIOAHO Oauskon K 1.
Pesynbrar  opa mOKa3BIBAET, YTO B PEATBHOCTH, ONUCHIBAEMOU KBAHTOBOU (pri-
3UKOU, (PAKTOPUIAIMUA HE ABIACTCA TPYIHOU 33 JATECH.

me Puyapn euHMaH, BEICTyIAs Ha MEPBOM KOHTPECCE N0 (PUBUKE BHIYUCICHUN

B (1 81 rog), 3amMeTm, 9TO DBOMIOLMIO OOIEN KBAHTOBOM CHCTEMEI CKOPee BCe-
'O HEJIb34 Bq)cbeKTI/IBHO MOIEINPOBATH HA KJIACCUYICCKOM BEPDOATHOCTHOM KOMITBIO-
Tepe [ |. KomumuecTBo knaccuaeckon nHpopManuy, TpeGyeMon Ais ONUCAHNUs KBaH-

TOBOI'O COCTOAHUA DBOMIOUAOHUPYIOMIEN CUCTEMEI, PACTET JKCIOHEHINAJILHO 110 BPe-
MEHU, TAK 9TO JOOOBOE KIACCAIECKOE MOJEIAPOBAHUE IBOIIOIUY TPOUCXOAUT C DKC-
MOHEHIINATLHEIM 3aMEJICHIEM. CUHMAH XKe IPENIOXKUI PACCMATPUBATEL DTOT (HAKT
HE KaK MPEnsATCTBUE, & KAK BO3MOXKHOCTB. B camMOM gesre, pa3 pe3yabpTaT SKCIepu-
MEHTa [0 MHOTOYACTUIHOU MHTEP(HEPEHINN OMUCHIBACTCA CJAOKHEIMYA W JJIWHHBIMA
BEIMUCICHUAMM, TO CaM DKCIEPUMEHT ¥ M3MEDPEHWNE BLIXOAA B HEM PABHOCHILHO BEI-
TIOJHEHWIO HEKOTOPOT'O CIOXKHOTO BEMYUCJACHUA. ajee eUHMAH TIPEATIOJOKMAI, ITO
BO3MOXHO 3(Pp(PEKTUBHOE MOJEIMPOBAHME KBAHTOBOU SBOJIONMM, €CIU CAMO MOMIe-
JUPYIOIee YyCTPOUCTBO MOMYUHACTCS 3aKOHAM KBAHTOBOM MEXAHUKU. OJee TOro,

E€MHMAH TPEINOJOXKWI, YTO CYIIECTBYeT YHUBEPCAILHOE KBAHTOBOE YCTPOUCTBO,
TMPUTOAHOE A MOJEIUPOBAHUA KBAHTOBOU DBOJIONUU TPOM3BONLHOU CHCTEMEI. B
1 85 rogy OWY MOKA3aJT, YTO TAKOE yCTPOUCTBO (YHUBEDCAJIBHBIN KBAHTOBBIA KOM-
mbIoTEp) aercTBUTENbHO cymectByer [ |. Torga xe GBLIO IOKa3aHO, YTO BpeMs U
apyrue TpefyeMEle PeCypPCHl He PACTYT DKCIOHEHIMAMLHO B 3aBUCUMOCTHU OT Pa3Me-
Pa WIM CTEMeHN TOYHOCTU OMMUCAHUA MOAEIUPYEMON (PU3MIECKOUN CUCTEMEI, TaK 9TO
TAKOE MOJENUPOBAHUE ABAACTCA «d(P(PEKTUBHEIMY 110 CTAHIAPTAM TEOPUH CIOKHOCTH
BuraucaeHun [1].

TO ¥ €CTb WLTIOCTPAIAA HAITIEH OCHOBHOU MBICAM: 9e€M OOJbINE MBI 3HAEM O hut-
3UKe, TeM GOMBIIE MOXKEM y3HATH O BLIYMCICHUAX U MaTEeMATHUKE. TOITBKO MCTIOMb3Y s
KBAHTOBYI0 MEXAHUKY, yAAJOCh IPUAYMATh, KaK 2(PpPEKTUBHO PemaTh 3431y dak-
TOPU3ANMU 9UCEeJT APYroro Cnocoba MmOKa HEe HAUJEHO, a, BO3MOXKHO, €r0 W BOBCE
HeT.

. ETEPMU NP A E EpP T CT ENK AT E
K M TEP

100011 KBAHTOBBI KOMITBIOTED, BKIIOYAA U YHUBEPCATLHEIN, MOXKHO OMUCATL TAK
2Ke, KAK MBI OIMCHIBAJIN BHIIIE IIPOCTHIE IPUMEPHI MAIINH, MEHAA BEPOATHOCTH Ha aM-
mnTy el BepostHocTH. Havnem ¢ knaccudeckon mammusl Triopunra. Ona 3agaercs

) mm peabigymuy HoMep MaremaTudeckoro pocsemenus . IIpum. mep.



KOHEYHLIM HAa0OPOM MATEPOK BUIA

( ) (2)

B KOTOPBIX IIEPBBIC ABAa CUMBOJIA OIINCHEIBAIOT yCJIOBUE HQ IPUMEHUMOCTE JAHHOI'O IIa-
ra BLIYUCIEHWH,  TOCIEIHIE TPU — DE3yAbTAT IPUMEHEHNUs JAHHOU KOMAHAE ( —
TekKynee COCToaHue, — HpO‘{I/ITa,HHbII;’I B II[a,HHI)II‘;I MOMEHT CUMBOJI, — COCTOAHUE,
B KOTOPOE NEPEXOAUT MAIlWHA, — CUMBOJ, KOTOPHIM 3aMEHAETCA , YKA3HIBa-
€T COABUI' 'OJJOBKN OTHOCUTEJIBHO JEHTHI (Ha, OOUH CHMBOJ BJIE€BO WIN BIIPABO, WIN
ocraTbca Ha MecTe)). Ha 5TOM A3BIKE BLIYMCICHWE ONUCHIBAETCA TAK. ALIAHE HA,
BXO[] HOAAETCA KOHEIHOE CJIOBO B A(PaBATE , 3ANUCAHHOE B AIEUKAX JCHTHI, 3TeM
MAIIIMHA HAYMHAET PA0OTy U3 HAYAIBHOIO COCTOAHUA  (IUTAIOL[AA 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-
crosausa . (Ilpy HEKOTOPHIX BXO1aX BEIYUCICHUE MOXKET [IPOLOMKATHCA 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 1 IIO0JO-
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).

— O Y Y 0O—

Brraucaenus, BooOwe roBopsi, He 0013aHBI OBITH JETEPMUHAPOBAHHLIMU.  BI 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

BJIEBO, BIIPABO, HA MECTE [ 1] ()
rae ( ) 3a0aeT BEPOATHOCTb TOr'O, YTO OyAEeT BHIIOJHEHO NEUCTBUE, OIU-
crBaeMoe mATepkon ( ). TO OMMCAHWE JOMKHO COTIACOBBLIBATHLCA 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,



Knaccuaeckoe BepOATHOCTHOE KsanToroe

BXOJSIIAX B 9TOT IIyTh, 4 BEPOATHOCTH NEPEXOAA B 33, JaHHYI0 KOH(DUTYDALUIO TTOCJIE
IIArOB PABHA CyMMeE BEPOATHOCTEU IMyTEU IIUHLI , COEIUHANINNX HAYAILHYIO U
33 0aHHYI0 KOHQULYDaIuH.

CTBb BEPOATHOCTHEIE ATMOPUTMEL, KOTOPEIE PEMIAI0T HEKOTOPHIE 334341 (CO CKOMb
YTOOHO OIM3KOU K 1 BEPOATHOCTBIO yCIEXa) ropa3fo OBICTpee, YeM BCE U3BECTHEHIE
IEeTEePMUHUPOBAHHLIE AJITOPUTMEI.

OnucanHas BBIME KIACCAIECKAS MOLETb TONCKA3KIBAET €CTECTBEHHOE KBAHTOBOE
o606menne. KBaHTOBOE BLIYMCICHUE MOXHO MPEACTABIATH OPUEHTUPOBAHHLIM AIA-
KIndecKuM rpadoM, Kak u kiaaccudeckoe. Kax oMy pebpy 3Toro rpada MbI COOCTa-
BUM aMILUIUTYIY BEPOATHOCTU TOrO, YTO BLIMUCICHUE MOUAET 1O 3TOMy peopy. Kax
¥ BRI, AMILIUTY 13, BEPOATHOCTHU ITyTHU €CTh MPOU3BEICHNE AMILIATY I BEPOATHOCTH
10 pebpaM 3TOro My TH, a AMILIUTY 13, BEPOATHOCTY 33, JaHHON KOH(PUTYDPALIUA — CyM-
Ma AMILIATY BEPOATHOCTH IO BCEM IIyTAM, BEIYIIAM M3 HAYAIBHON KOH(DUrYparmn
B 33[JaHHYI. CJIU, B 9aCTHOCTY, (PUHAILHASA KOHMUTYPALUA JOCTUXKUMA, POBHO IO
OBYM OyTAM C aMIUIUTYZAaMA ¥, BEPOATHOCTH MOMAJAHUA B 3Ty KOH(DUTYDa-
84500 , HECMOTPA HA TO, YTO BEPOATHOCTHL TOT'0, YTO BLIYUCICHUE TIOUIET
10 JI000My U3 DTUX IBYX IIyTeU, PABHA . OuH-e IMHCTBEHHBIV KBAHTOBLIN KOM-
TMBIOTED MOXKET CJIEA0BATH M0 MHOIMM BHIYUCIUTEILHBIM Iy TAM OJHOBPEMEHHO U €0
BBIXO[] ONIPEeNAeTCsa UHTep@EepeHnren BCeX dTUX myTen. HanmpoTus, KiaccudecKkas
BEPOATHOCTHAA MAIMHA ThIOPUHIA CIEIyeT IO (xoTB M CaydanHO



BHIOPAHHOMY) IIyTH BEIYUCJACHUA. Pa60Ta KBAHTOBOM MAIIVHEL IIOJHOCTHIO 33 1a€TCA
KOHEYHBIM CIIUCKOM BHAQ

BJACEO BOPABO HA MECTE ()

rae ( ) 33J26T AMILIATYLY BEPOATHOCTY BBHIIOIHEHUA TEUCTBUA, ONUCHI-
BaeMOr0 MATEPKON (

. A El UEC E CT U

Korga B Havame -X rofOB HAYMHAIA U3Y4YaTh (PU3UKY BLIYUCICHUN, OTHUM U3
OCHOBHEIX CTUMYJIOB OBLIO OIACEHWE, 9TO KBAHTOBOMEXAHUIECKUE DP(PEKTH MOryT
naBaTh GpyHIaMEeHTAIbHEE ( HEyCTPAHUMEIE) CPAHUILL HY, TOYHOCTD, C KOTOPOU (hu-
3UYECKUEe 00BEKTH MOIYT BOCIPOU3BOAUTEL CBOMCTBA aO0CTPAKTHBIX CYIIHOCTEU, Ta-
KUX KaK JOCMYECKUe MePEeMEHHbLIe U ONepPallii B TeOpUU Bhraucaenuu. To ecTh 60s-
JUCH, 9TO MOIIb ¥ DJEraHTHOCTH TEOPHUU BEIYUCICHWN, TAKWE €€ IOHATHA, KAK BBI-
YUCIATENbHASA YHUBEPCAIBHOCTD, TAKUE ee (PYHIaMEeHTAIbHbIE TPUHIAINEL, KAK TE3WC

épua  Troopunra, paBHO Kak 1 60JI€€ MOIIHBIE PE3YIbTATH B COBPEMEHHON TEOPUM
CTOXHOCTU, OKAXKYTCA HEe 60Nee YeM ILI0JaMU MATEMATUIECKOTO BOOOPAXKEHUs, HE
VMEIOIUMU OTHOIICHUA HU K Y€MY B TIPUPOIE.

TU OMACEHWS OKA3aJUCh OECMOYBEHHEIMU. KBAHTOBAs MEXAHUKA HE TOJLKO HE
HAKJIAJLIBAET OCPAHUYEHUN HA BO3MOXHOCTK MAIIUH TbIOPUHTA, HO W HAET HOBBIE
BO3MOXKHOCTY BEIMUCJICHUN, 00CY XK 1aBmmecs Beie. COXPaHMIACH DIEraHTHOCTD TE€O0-
puu, 6oJee TOro, OKa3aa0Ch, YTO KBAHTOBAA TE€OPUS BLIUUCICHUN BEChMa, €CTECTBEHHO
coueTaeTca ¢ PyHAaMEHTAILHEIMYI TEOPUAMYU B APYI'UX 001aCTAX, 9€ro ObLIO TPY IHO
MAXKe OXUAATH OT KIACCUIECKOro npubamxkenus. CaMo CJIOBO «KBAHT» O3HAYAET TO
XKe CaMoe, ITO U «OUT» — DIEMEHTAPHBEIN KyCOYEK — HTO 3aMEIATEeIbHEIM 00Pa3oM
COTIACYeTCA ¢ TeM (haKTOM, ITO KIACCUIECKUE (PU3UIECKUE CUCTEMEI, OyAy<Iu MO~
BEPKEHEI HEYCTOUIMBOCTH OOIIEro BUIA, MMEHYEMOU «Xa0C», HE MOT'YT B IIPUHIAIE
HO.I[Aep)KI/IBaT]) I_II/ICI)pOBOe BBIYUCICHUE (TaK 9T0 ,[[a,)Ke MAIIINHBL ’I‘I)IOPI/IHI_‘H,7 TeOpeTI/I—
YeCKUM 00pa3ell BCeX KIACCUYEeCKUX KOMIBLIOTEPOB, BCEra UMEIU KBAHTOBOMEXAHU-
YECKUI XaPaKTED, O 9eM yMATIMBAIOCh). Teauc €pua ThOpuHra B KIaCCHIECKOR
Teopun (06 IKBUBATCHTHOCTHA BCEX (€CTECTBEHHEIX) MOJEIEN BEIMUCICHUA) HUKOTA,
He ObUT JOKA3aH. T'0 AHAJOT B KBAHTOBOU TEOPUM BEIMUCJACHUU (IPUHOMI —&pdUa
Tr0pUHTa, YTBEPXK JAIOLINN, YTO YHABEPCAILHLIN KBAHTOBLI KOMIIBIOTED CIIOCOOEH
MOJEIUPOBATH MOBEAEHHUE JTIOO0U KOHEIHON (PU3NIECKON CUCTEME]) OBLT JOKA3aH P~
MO u3 onpeneneHus B pabore ouda l 85roga[ ].  onee cuibHENI pesyabTaT (Takxke
[IPEANONAT ABIIMUCA, HO HUKOT 13 HE JOKA3AHHBIY B KIACCHIECKOU TEOPUM), & IMEHHO,
YTO TAKOE MOEIUPOBAHNE BO3MOXKHO 33 BPEMS, 3ABUCAIIEE TTOJUHOMUAILHEIM 00pa-
30M OT BPEMEHM 3BOJIONKMU MOJEIUPYEMOU CUCTEME], TAKKE ObLT JOKA33H 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-
HOCHJIBHO [TOKA3aTeJIbCTBY TOr0, ITO HAOIIONAEMBIA PE3YJIbTAT BO3MOXKEH IIPU NAH-
HOM BHIYUCJICHUU. Bl MOXKEM OMUCATDH BEIYUCIATENLHEIE OMEPAIUN MATEMATAYIECKH,
TO3TOMY BCErJa MOXEM IEPEBECTH TAKOE BLIYUCICHUE B NOKA3ATEILCTBO HEKOTO-
pou Teopembr. Tak xxe 06CTONT AEMO U B KIACCUIECKOM CJIY9ae, HO IPU OTCYTCTBAN



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. BI TOJIZKHBI 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.

. AK YUTE E BAMEYA 1

B 5TOoM KOpOTKOM 0OOCYXJE€HUU MBI NPOILLIACH 10 CAMBIM BepxaM OBICTPO pas-
BUBAIOIIENCA TEOPUU KBAHTOBLIX BhIYucjaeHuu. OCHOBHOE BHUMAHUE OBLIO YIEJEHO
NPUHIMNUAJLHEIM BOIPOCAM, OCTAB/IAA B CTOPOHE (U3mIecKue NoapoOHOCTH U HIO-
AHCBEI TEXHOIOrMIECKON peanmms3anum. CTOUT, OMHAKO, CKA3ATh, YTO KBAHTOBOE BhI-
YUCIEHNE — CEPbe3Has MEPCIeKTUBA MAA OyAyIIUX MNOKOJIEHUUN BBIYUACIATEILHEIX
YCTPOUCTB. TO OLHA W3 NPUYMH, 10 KOTOPOU KBAHTOBBIE BEIYUCICHUS IPUBIEKAIOT
BCe OOIbIIee BHUMAHNE KAK AKAIEMIYECKUX UCCIEIOBATENEN, TAK U IIPOMEIILIEHHBIX
KPyroOB IO BCeMmy Mupy. B HacTOsIIee BpeMs HEICHO KOra, KakuM OOpa3oM, na u
OyayT Ju BOOOIIE, peaan30BaHbI ITIOTHOMACIITA0HEIE KBAHTOBLIE KOMITBIOTEPHI HO He-
CMOTDS HA 3TO, yXKe CeNYac KBAHTOBAs TEOPUs BLIUYUCICHUN UIPAET ropasno Gouee
BAXXKHYIO POJb B O0IIEM IOHMMAHUYN MUPA, UeM ee KIACCHIECKas NPeIeCTBEHHUIIA.

BI CIUTAEM, 9TO BCAKUN, KTO NOOMBAETCA (PYyHIAMEHTANTBHOTO IOHUMAHUA (PU3KKHY,
BBIYUCICHUN WY JOTUKY, JOIKEH YIUTHIBATEL JOCTUXKEHUA STOU TEOPUN.
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