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TexHONorMYecKas CUHrynsspHoCTb,
Teopema MNMeHpoy3a 06 NCKYCCTBEHHOM MHTENNEeKTe
M KBAOHTOBAS NPUPOAA CO3HAHMS

Kpumuuecku anaausupyromes npocro3bt 6 OMHOUWEHUU B03MONCHOCMU CO30AHUS CUABHO20 UCKYCCMBEHHO20
unmennexma (U H) yxce 6 Gauxcatimue decamunemus. [lokazano, umo 5mu npozno3si 0CHOBAHbL HA MPex HAO-
X0 0BOCHOBAHHbIX NPEONOAONCEHUSAX U HA OOHOM NPAKMUMECKU HOAHOCMbBIO He noHAMOM obcmosmenvcmee. la-
emes Kpumu4ecKull GHAAU3 mpex YROMSHYMbIX NPEeonoaoxcenuli cmoponnuros cuavhozo HH. Jemanvro og-
cyaucdaemes cmoica meopemot [enpoysa 06 HH, a maxyce daemes kpumumeckuli anaaus mex cae0cmeuli us
meopemut [lenpoysza, xomopute Gotau npedcmaenenst camum Pooxcepom [lenpoysom. Boieod [Tenpoysa o ne-
B03MONCHOCMU CO30AHUA CUAbHO20 HH He mOoabKko Ha OCHOBE KAACCUHECKUX KOMNbIOMEPOE — KOHEeUHbIX a6-
momMamos, HO 0axce HAQ OCHOBE YCMPOUCME, Deasu3yrouux KEAHMOGbe BbIMUCACHUA (8 COBPEMEHHOM HO-
HUMAHUU, HQ OCHOBE 00bIMHOU K8AHMOBOU MEXAHUKY), OUCHUBAIOMCA KAK UMUUIHE NeCCUMUCIUYEcKUe.

Katouesvie croea: uckyccmeennblii unmenaexm, mexHoA0SUeCKasn cunzyaaprocms, meopema lédeas—
Totopunea, KoHeuHbIE A8MOMAM, KBAHMOGbIL KOMNBIOMED, GbIMUCAUMOCMD

A. D. Panov. The Technological Singularity, Penrose Theorem about Artificial Intelligence
and Quantum Nature of Consciosness

The predictions related to possibility of the strong artificial intelligence creation in the nearest decades are
critically discussed. It is argued that the predictions are based on three weakly-based assumptions and on one
completely misunderstood issue. The completely misunderstood issue is the arguments related to the Penrose
theorem about artificial intelligence which forbids the creation of a computer in possession of all human ca-
pabilities on the base of #he architecture of a finite machine. The critical analysis of all these three assumptions,
the Penrose theorem, and the corollaries from the theorem deduced by Rodger Penrose himself is given. The
Penrose’ conclusions are estimated to be too pessimistic.

Keywords: artificial intelligence, technological singularity, Goedel-Turing theorem, finite state machine,
quantum computer, computability
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1. Beeaenue.
HcKyccTBenHblif HHTE/LIEKT
M TEXHOJOTHYECKAsA CHHIYJISAPHOCTH

[Tpo6rema uckyccrBeHHOro uuresiekra (M) oka-
3a7ach B LIEHTPe BHUMAHHUA OOlUECTBa BMECTE C BO3-
HHMKHOBEHHEM MEPBLIX KOMIIBIOTEPOB B Havyaje IMATH-
JIECATBHIX TOAOB MPOLIOTO BEKa, MPOJ0/IKAET IPUBJIE-
KaTb BHUMaHHUE ceiyac, U HHYTO He MNpeaBellacT
MU3MEHEHUSsT 3TOTO MNOJOXEHUS B 0003PUMOM GYIyILEM.
OtHoleHWe K mnepcriekthBaMm cosgavuss MW Gbuto
pasHbIM. C OIHO# CTOpPOHBI, BCErga MMEJOCh N0CTa-
TOYHOE YHUCAO ONTHUMHUCTOB, KOTOpbIE CUHUTAIU, YTO
cozaaHue MU sBnsieTca YUCTO TEXHUYECKOM 3a1ayeif,
pelIeHUEe KOTOPOil MOYTH aBTOMATHYECKH Oyaer
006€eCreyeHo pOCTOM MOIMHOCTA  BBIYMCIUTEIBHOM
TeXHUKU. C Apyroil CTOpOHBI, MHOTHM IOCTENEHHO
CTaJIo MOHSTHO, YyTo co3naHne MU He sBasieTcs 4ucto
TEXHUYECKOW 3ajauyei, HO SBISETCS 4YPEe3BBIYANHO
CJI0KHOW MEXAMCUUILIMHAPHON pobiieMoii, 3aTparu-
BAIOLLEH B BbICIIEH CTENCHU (PYHIaMEHTATbHbIE OCHO-
Bbi ObITHA. K MocneaHe#t mapTUX MPUHAMIEKHUT U aB-
TOP HACTOSIIEN CTaTbU, MO MHCHHUIO KOTOPOro MBI HE
NPUBIU3MIUCHE HE TOJbKO K PEUICHHUIO 3a1a4y CO3/a-
HUS Hacrosilwero cuibHoro MM, Ho maxe K BHSITHOIM
dhopmynupoBKe Npob/ieMbl, KOTOPYIO XOTUM PELINTS.

B HacTosiliee BpeMsl IMOJNSIpU3aLius MHECHUI B OT-
HoweHUWH nepcrektuB MU HapactaeT u BbipaxkaeTcst
B bOpMEe CYILLECTBOBAHUS IBYX, B KAKOM-TO CMBICJIE
KpaiHuXx, HanpaBiaeHuil. OMHO U3 HUX MPEACTABICHO
CTODOHHUMKAMU TaK Ha3bIBAEMOM TEXHOJOIMUYECKOMH
cunrynsipHocti (TGy moapo6HO 06CyxaaeTcst HUXeE),
Ipyroe — npeumyliectBeHHO Pomxepom I[leupoysom
Y ero rocinenoBateasiMu. CylliecTBeHHAs HETPUATHOCTD
TEKYLIETO MOMEHTA COCTOUT B TOM, YTO MEXIY CTOPOH-
HMKAaMU 3THX KpallHUX HAIIPABACHUI IMAJIOT [TPAKTH-
YeCKM OTCYTCTBYeT. B 4aCTHOCTH, MOXHO YTBEPXJATh,
yro aprymeHTsl Pomxkepa IleHpoy3a He MOHATHI Wi
Jaxe He ycabllilaHbl ctopoHHUKaMu TC. 310 npuBoguT
K TOMY, YTO, BO-TIEPBbIX, APTYMEHTALMsI CTODOHHHKOB
TC ocraercsi MOBePXHOCTHOM, BO-BTOPbIX, BbIBOABI
camoro Pomxepa IleHpoysa ocrarorcs 6e3 afeKBaTHOro
KPUTUYECKOrO aHaIM3a CO CTOPOHBI cTOpoHHUKOB TC.
B Hacrodlleil cTtatbe MBI HOCTapaeMcsl OTYACTH 3a-
KDBITH 3Ty Opellib, NOABEPTHYB KPUTUKE C €IMHOI (aB-
TOPCKOM) TOYKU 3peHust 06a KpailHUX HarpasIeHMsI.
Ananus xonuenuun TC GyzeT OCHOBaH B OCHOBHOM
Ha kaure Pas Kypupeiina [1], aHanu3 npeacraBieHui
Pomxepa IleHpoy3a — Ha ero kHurax [2, 3]. 3aberas
BIepel], OTMETHM, UTO TOUKA 3peHHUs1 CTOPOHHUKOB TC,
MO HAlleMy MHEHHUIO, CTPagaeT 4pe3MEpPHLIM OMNTH-
MU3MOM, B TO BpeMs Kak BbuIBOABI IleHpoysa mnpen-

CTaBJISIIOTCSI CJAMIIKOM MeCCUMUCTHYeCKUMU. B xone
aHajM3a HaM MPUIETCSI KOCHYTBCS U HEKOTOPBIX PO0-
JIeM, KOTOPbIE HE pacCMaTPUBAIUCh [IPIMO (MU B 10-
CTaTOYHOU CTEMEeHW) HU B paMKax KoHuenuuu TC, Hu
B pamkax KoHuenuuu IleHpoysza. Cpeau Takux JoIos-
HUTEIBHBIX BOMPOCOB CJASAYET BbIACIUTD: 1) CBA3b MO-
HSITUSI KBAHTOBOH pPEAJbHOCTH C BBIYACIECHUAMU
U C MPEACTaBACHUEM BBIYUCIEHUNA KOMITHIOTEPOM;
2) Bonpoc 0 NpUpOAe KBAHTOBOM nHMOpMaLuu; 3) Bom-
poc o npupoae "MbILLIEHUS" MHANBUAYAILHOU XXUBO
KJIETKH U CBSI3b TAKOTO HHIWBUAYAJIbHOTO KJIETOYHOIO
"MpllIeHUs" ¢ paboToil Mo3ra U cosHaHueM. Pasopoc
HAayYHbIX [IUCHMUIUVIMH, C KOTOPBbIMM IPUXOAUTCS
VUMETB J€]10, KAK BUTHO, OYEHD BEJIMK, UTO U OTPAXKAET
CYUIECTBEHHO MEXAUCUUILIMHAPHBIA XapakTep Mpo-
onembr UA.

HauneM ¢ onpenenenuii umu, ckopee, ¢ HehopMalib-
HOTO pa3bSCHEHUST CMBIC/IA UCTIO/Ib3YEMbBIX TEPMHHOB.
IMon cuctemamu MU 6ynyT noHUMATBCS a8MOHOMHbIE
MCKYCCTBEHHbIC YCTPOHCTBA, CITOCOOHEIE BBIMTOIHSATE
UHTEJUIEKTYaibHbIe GYHKUMU. B 3TOM "onpenenenun”
OYKBAJIBHO KaxIoe CJOBO TpeOyeT yTOYHEHUS M Pa3b-
sicHeHusi. Harpumep, 4TO 3HAYUT "MCKYCCTBEHHBIN"?
YCTpOHCTBO, CO3NaHHOE IPYTUM YCTPOUCTBOM, CJIedy-
€T JIK CUUTAThb UCKYCCTBEHHBIM? UTO 3HAYUT "yCTpPOIi-
ctBo"? Basiercsa Ju "yCTPOMCTBOM" HMCKYCCTBEHHbIH
T€HOM, COOpaHHbINA M3 00bIYHBIX HYKJIeOTUAOB? U Tak
Janee. Mbl, OAHAaKO, He OyIeM MbITATLCS BXOJUTH BO
BCE 3TH AETATH, TaK KaK, [TOBTOPUM, Pa3bsICHEHUE HO-
CUT HedopMaiibHBIM xapaktep. [1aBHOM Xe PyHKLIM-
eil TaHHOrO OIMpPEICICHMS SIBSETCS MPOTUBOIIOCTAB-
JieHMe aBTOHOMHOT0 MM MHCTPpYMEHTANbHBIM CHCTE-
MaM, KOTODBIE SIBJISIIOTCS JIMIIb CPEACTBAMM YCHJIEHUSE
€CTECTBEHHOTO YEJIOBEYECKOTO HHTE/IEKTA (€10 HHCT-
pyMeHTaMu). TUIMYHBIMU MpPUMEpaAMH HHCTPYMEH-
TaJIbHbIX CUCTEM SIBISIIOTCS KOMITBIOTEPHbIE CUCTEMbI
aBTOMaTu4yeckoro rnpoekrtuposaHus (CAIIP), pasnuu-
HBIE MPOTrPaMMbl KOMITBIOTEPHOM rpaduku, pe1aKTopbl
TEKCTOB, 0a3bl JAHHBIX U T. 1. HO MHCTpYMEHTAIbHBI-
MH CUCTeMaMHM SIBJITIOTCS TakoKe W OOBIYHBIA JIMCTOK
Oymaru ¢ KapaHaauioM, MO3BOJISIOLINE HAM MPOBECTH
CJIOXHbBIC BBIYMCACHMS, KOTOPbiE MBI HE MOXEM Bbi-
MOJHUTL B YMe; UM OOBIKHOBEHHAs] KHMIA, I103BO-
JIAIONIAst UCITOTB30BATh OTPOMHBIE 00BEMbI UH(DOPMA-
LIUH, KOTOPBIE MBI HE B COCTOSIHHM NOMHUTL. B 3TOM
CMBIC/IC YCJIOBEYECKUI MHTE/UIEKT yX€ OYeHb NAaBHO
HeE SIBJISIETCST BMOJIHE "€CTECTBEHHBIM" — OH fABJSETCH
UHCTPYMEHTAIbHBIM, HO He OyIy4u "eCTeCTBEHHbIM",
OH U HeE ABJsSeTCs] "MCKYCCTBEHHBLIM" B TOM CMBICJIE,
B KotopoM MM noHumaercss B naHHo# cratbe. Hamo
TAKXKE OTMETUTH, UTO PE3KOM IpaHULIbl MEXIY MCKYC-
CTBEHHBIM M WHCTPYMEHTAJIbHBIM HHTE/JIEKTOM MPO-
BECTH HEBO3MOXHO. MHCTpyMeHTaIbHAsi KOMIIBIOTED-
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Hasi CUCTEMa B HEKOTOPLIX (hazax cBOero yHKIIMOHH~

“POBAHHUSI MOXET BBIIIOJHATL CTONL OOJIBLINE 0OBEMBI
WHTEJUIEKTYaJIbHOM paboThl, UTO MPUOOPETaeT B 3TO
BpeMsi cBoiicTBa aBTOHOMHOro MU. Tak 4yto TouHble
ofipefeeHUs] UCKYCCTBEHHOI0 WM WUHCTPYMEHTANIb-
HOr0 HHTEJICKTa AAaBaTh, IOXanyid, U OeCIoje3HO.
DTO HAMMOMUHAET abCONIOTHO GECIIOLHYIO MOIMbBITKY
TOYHO yKa3aTb MECTO Ha SBOJIOLIMOHHOM JEeCTHMLE,
rae MPOXOAUT TOYHAS TpaHUIA MeXIy HepasyMHO#
YeJI0BEKOOOPA3HON 00€3bsIHOM U pa3yMHbIM 4YeJIOBE-
KoM. Paznuymre MHCTPYMEHTATLHOTO U aBTOHOMHOIO
MM — ckopee KoJMYECTBEHHbIH, HO HE KaYeCTBEH-
HBIH BOMIPOC.

Ion cunbaeiM MU B 3TON cTaThe OyIeT MOHUMAThb-
cst Takoit MM, KOTOpBIil MPEBOCXOAUT YeIOBEKA WIIH,
Mo KpaliHeil Mepe, HE YCTYIIAeT €My [0 BCEM HHTeN-
JIEKTYyaIbHbIM (DYHKILIMSIM, BO BCEX OTHOLICHUSIX. 31eCh,
OHAKO, CHOBA TPEOYIOTCS Pa3bsICHEHMS M YTOUYHEHUS.
Kakoit UMEHHO KOHKPETHbIH Y€TOBEK UMEETCs B BUAY?
Tunuunbiit? Ho uyto 310 Takoe? Bce miomu pasHble,
OHM 00Jamal0T pa3sHbIMU MHTEIEKTYaTbHBIMH BO3-
MOXHOCTSIMM, TIPH 3TOM HHBIX JIIOAEH MPEB30HTH He
TaK yX TPYJIHO U T10 BCceM MapameTpam cpasy. s toro
4YTOOBI MPUAATE AEDUHULINH ONPENEICHHOCTh, MOXHO
B OTHOLUECHUHU TOTO YPOBHS KaXaOH M3 CITOCOOHOCTEM
JIIOAEH, KOTOPYIO TpeOyeTCsl IPEB30HTH, M10APA3yMEBaTh
MaKCUMAJIbHbIH YPOBEHb COOTBETCTBYIONICH CIOCOO-
HOCTH, KOTOPBI MOXHO OOHApyXHTh BO BCEM 4YEJIO-
BeyecTBe. CoOCTBEHHO, OCHOBHEIE YCIIEXH Ha MYTH
Mporpecca YeJIOBCUCCTBA M OMpPEAesaOTCs B OYEHB
3HAYUTENABHON CTENEHU UMEHHO MAKCHMAITBHBIM YPOB-
HEM UHTEINEKTYAbHBIX CIIOCOOHOCTEN B KaXIOM M3
HampaBAeHUIA, Korop"bm MOXHO OOHApyXWUTb Cpelu
BOODLLIEC BCEX JIoACH (M AaXe BO Bce BpeMeHa — TaKHe
UCKJTIOUUTENNbHBIE TMYHOCTH, KaK, HanpuMep, Cokpar
uad HbIOTOH MOSIBJIAIOTCS HE B KaXKIOM CTOJETHH).
YUCTO TOTUYECKHM MTYTEM MPUXOIUM K TOMY, YTO IO
cuwibHbiM MU cneayer nmonumare takoit MU, koto-
Dbl MPEBOCXOAMT COBOKYITHYIO MHTE/IEKTYaJbHYIO
MOLLHOCTb BCETO YEJOBEYECTBa MO BCEM IapaMeTpam
U Jlaxe BO BCE BPEMEHA. ABTOpPY HE MPUXOAUJIOCH BH-
JIEThb TAC-HUOYOb CTOJb MPSMOAWHEHHON M 3KCTpe-
MaJbHOW (OPMYTHUPOBKU NMOHATUSA criibHOTO MU mnu
KaKOTO0-JIMGO0 SKBMBAICHTHOIO MOHATHs!, HO, (hakTu-
4YecKH, CTOpOHHUMKUM TC HESIBHO MpUACpPXKUBAIOTCS
MMEHHO TaKOTO OMpeacacHUs. 3aMETUM, YTO HUCIOb-
3yeMoe 31eCh noustye cuiabHoro MU, xota u noxoxe
Ha pacmpocTpaHEeHHOEe OoIlpeacieHrue (CM., HaIpH-
Mep, [4]) Wi Ha OpUTHHAIBHOE OoMnpeaeeHue JxoHa
Cépna [5], HO sABnseTcss Gojiee Y3KUM U 0ojiee CUJIb-

! HanGonee 61M3KO K 3TOMY MOHATHE "0BILIErO UCKYCCTBEHHOLO
HHTEJUIEKTa", KOTOPOE MOXHO BCTPETUTD B JIMTEPATYpE.

HBbIM, Y€M 3TO OOBIYHO MpHHUMaeTcs. Takoe noHsTue
OoJiee anekBaTHO mnpeacrasieHuio o TC.

IIpennosioxuM Teneps, uto cuiibHbiit MUY B omucaH-
HOM BBIlIE CMbIC/Ie AEHCTBUTEIBHO OyIeT KOTIa-HU-
Oyab coznad. Torna, B IpUHLIMIIE, JIOAM OKAXyTCS 60-
Jiee HEHYXKHBIMU AJ1S1 JaJIbHEHIIIET0 caMOpa3BUTHS Ta-
koro UH. B camom gene, st yero ouut, ecnu MU no
CBOMM WHTEJUIEKTYATbHBIM BO3MOXHOCTAM IMTPEBOCXO-
JTUT BCE, YTO JOCTYITHO JioasiM? bojiee Toro, cuabHbIN
MM MoxeT HauaTh caMOpPa3BUTHE CO CTOJb BLICOKO
CKOPOCTBIO, UTO JIIOAU HE TONBKO OKaXKYTCS TULIHAMU
B 3TOM MPOLECCE, HO U TPUHLIMITMAIBHO HE CMOTYT 3a
HUM YCJICOUTDb U TTOHAThL Npoucxoasiuee. byayiiee mis
JIIOAEH CTAHOBHTCSA IMOJHOCTBIO HEMOHSTHBIM U He-
NpeacKa3yeMbIM. DTa CUTyalus U HAa3bIBAETCS MexXHO-
aocudeckol cuneyaaprocmsio [1]. TepMuH ObLT BBeIEH
BepHopom Bunmxem B 1993 r. [6], x0T moxoxue
Maeu BbICKA3BIBUIMCh HEOJHOKPATHO M  paHblie
(cM. s o63opa [1, 6]). OxunaHue TC nopoxmaeT Tpe-
BOXHBIE HACTPOEHHUSI, MOJYUUBIINE OTPAKEHUE B pa3-
JIMYHBIX NYOJNIMKALMSIX, KaK, HanpuMep, B cTaThe buia
xos1 ¢ xapakrepHbiM HaszBaHueMm "Why the future
doesn't need us"? [7].

He cneayer nyrate TC ¢ 9BOMIOLMOHHBIMU CUHTY-
JIIPHOCTSIMM pa3HbIX TUMOB. [1oa 3BONIOLIMOHHBIMU
CHUHTYJISIDHOCTSIMU TTOHUMAIOTCS pa3IMyHbIe (10BOJIb-
HO MHOTOYUC/JEHHBIE) CUTYAllMH, KOrIa HEKOTOPbIi
3BOJIIOIMOHHBIN ITapaMeTp B 3aBUCUMOCTH OT BpEMe-
HU MCHSICTCS B TaK HA3bIBAEMOM PEXHUME C 060CTpe-
HHMEM: MOMBITKA IKCTPAITOJSLUUM KpUBOM B Oyayiiee
MPUBOAUT 32 KOHEYHOE BpeMsi K OECKOHEYHOMY 3Ha-
yeHuo. Hanbonee uzBectHa aemorpaduyecKasi CUH-
TYJISIPHOCTD, KOoTopas elie B 60-X rogax Mpolioro se-
Ka Obula oOHapyxeHa psaoM aBTopoB: X. oH Popc-
tepom U ap. [8], U. C. Lknockum [9] u apyrumm.
KpuBas pocta HapoaoHaceaeHu s 3eMIIN A0 MTPUMEPHO
1970 r. ¢ xopoitieit TOUHOCTBIO OKa3bIBAETC rurepoo-
JIOHU, yxousued B OeckoHeyHoCTh Mexay 2025 u
2030 3. [Ipyrie 3BOIOLMOHHBIE KPHBBIE C obocTpe-
HUEM, TPUBOJSILMNE K CUHTYJISIPHOCTSIM, TOXE OOBIYHO
OIMUCHIBAIOTCS TUIepOoNIaMy ¢ Pa3THYHBIMM MMOKa3a-
TeasiMu. B oTiiMuMe oT TaKMX 3BOJIIOLMOHHBIX CHHTY-
aspHocteid TC npsAMO HU ¢ KAKMMH GECKOHEUHOCTS-
MU He cBs3aHa. TepMHUH "CHMHIYIAPHOCTL" B MOC/E-
HEM ciyyae sBisieTcss MeTadopoii U 03HAYaeT cKopee
BECbMa KPUTHYECKYIO CUTYallHIO, B KOTOPOl MOXeET
0Ka3aThesl YE€JIOBEYECTBO, €CIIH CHIBHBI MU peanbHO!
KOraa-HUOYIb MOSIBUTCS.

2 MoueMy MBI He HYXHBI GYAYLLEMY.

[ocne 1970-x rr. runepGoMuecKuil 3aKOH POCTa HapOJOHa-
CeNeHUs ObLT HAapyLLUEeH, B HACTOSIEE BPEMST TIPOMCXOIMT BbIXOJ Ha-
cesieHHst 3eMJTM HA HEKOTOopoe TLIaTo, U GeCKOHeUHbIH aeMorpacbu-
yecKUil B3pbIB Mexny 2025 u 2030 r. HaM OoJbllie He YIPOXAaeT.
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OCHOBHOI1 BOTIPOC, KOTOPBI BO3HUKAET B CBSI3H C
koHuenuueir TC, cocTouT B TOM, KOIrIa 3TO MOXHO
OXMIATh U U3 KAaKUX COOOPaXEHUI HAJ0 ONpPEaEAThH
o1y Aary. B kuure [1] maerca crneayoommii oTBeT Ha
3TOT BOMPOC, KOTOPBIN Pa3messioT U APYrie CTOPOH-
HUKU TC: KaKk TOJBKO MOILHOCTb KOMMEPYECKHX
KOMITBIOTEPOB, BbIPAXEHHAS B ONEpalUsIX B CEKYHIY
(B OpUTHHAME — YMCIIO ONEpalMil B CEKYHAY 3a OXHY
TBICSIYY JOJUIAPOB), MPEB30MIET COBOKYITHYIO BBIYMC-
JIUTEJIHYIO MOLIHOCTb MO3ra BCEro 4YeJioBeYecTBa,
cuibHblii MU Gyner cozaan, u TC craHeT peallbHOCThIO.
HeTtpynHo BUIETh, UTO 3Ta UAES OMEPUPYET MOHATHEM
BBIYMCIIMTCIBHON MOIIHOCTH HE OTHEJIbHO B3ATOTO
YEJI0BEYECKOT0 MO3ra, a IMEHHO BCEro YeI0BEeYeCTBa,
YTO KOPPEJIUPYET € onpeaencHueM cujibHoro MU, ko-
TOPOIO Mbl IPUACPXKUBAEMCS B cTaThe. [1Jist TOro 4yTo6h!
JIOBECTH 3TOT MOIXOM OO PEaTbHOIO YMC/IA, OCTAETCA
OTBETUTH Ha JBA YAaCTHBLIX Bompoca: 1) kak 6yneT pacTu
BBIYMCIUTE/bHAsA MOLIHOCTE KOMMEPYECKUX KOMITBIO-
TEPOB; 2) KAaKOBa BLIYMCIHMTENbHASI MOLIHOCTD MO3ra.
CoBOKyIHasI BIYMCIUTENbHAS. MOLUHOCTb BCETO YEJIO-
BEYECTBA TOT/a ONPEAEISETCS MPOCTO KAaK [IPOU3BEAE-
HME MOLIHOCTH OTHE/JBbHOTO MO3Ta Ha YMCIIO JIIOJEH,
a TOYKa IepecevYeHMUs] KPUBOM pocTa MOILHOCTH
KOMIIBIOTEPOB U COBOKYITHOTO MBbILIJIEHUS YeJIOBEYE-
cTBa (eciM TakoBas oOHapyxuTcst) gacT MomeHT TC.

[nst nporHosa MOIMHOCTM KOMIIBIOTEPOB Paii
Kypuseitn [1] vcnoib3yeT Tak Ha3blBAEMBIH 3aKOH
Mypa, B COOTBETCTBUM C KOTOPHIM BbIYMCIMTEIbHAS
MOLIHOCTb KOMITBIOTCPOB YIBaMBaeTCAd KaxIble MOJI-
TOpa—ABa rofa. BBIYUCIMTENBHYIO MOILIHOCTh MO3Ta
KypliiBeiisl OLIeHMBAET CASIYIOILMM HECIOXHBIM 00pa-
30M. Yucino Helipor®B Mo3ra uesoseka (mopsiaka 1011)
YMHOXAETCS HA YUCJIO CUHANTUYECKUX CBSI3ei OHOTO
HelpoHa (nopsiaka ThICAYM) U Ha YacToTy cpabaThiBa-
HUSL OJJHOH CMHANTUYECKOM CBSI3M (OKOJO COTHM I'1).
[Tonyyaetcs: BeIMUMHA TTOPSIAKA 1016 orepauuii B ce-
KYHIY Ha OfviH MO3T. Eciu HaceneHne 3eMJIM OLEHUTD
KakK JeCATh MWIJMAPAOB, TO PE3yJLTHPYIOIIAS] BbIYUC-
JIUTE/IbHASI MOLIHOCTb BCEro 4eoBeyecTBa OydeT 1o-
psiaka 1020 onepaluii B CEKyHIy. DTa BeTMYMHA U CPaB-
HUBaeTcs ¢ KpuBoil Mypa. Touka nepeceyeHust rnagaer
npubAU3UTEIBbHO Ha 2045 1. — 3TO U €CTh IIPOTHO3 AAThI
TC ot Pas Kypiigeiina.

Hackonbko 000CHOBAHHBIM SIBIISIETCSI TAKOM MpO-
ruHo3? He BronHe oueBMAHO, YTO 3aKOH Mypa coxpa-
HUT CBOIO CHJIY B TeU€HUE IOCTATOYHO JTUTENLHOTO
BPEMEHM, XOTSI [IOKA HOBBIC TOYKU XOPOLIO JOXATCS
Ha KpuBbIe, UCTTONb30BaHHbIE Kypiiseitmom B 2005 r.,
Korzaa nucanach kHura [1]. Ho BoBce He Bepa B 3aKOH
Mypa, ¢ Hauleit TOUKY 3pEHHS, ABJISAETCSI CAMBIM CJIa-
ObIM MecToM B npezckazaHuu TC. 3a 3TUM IPOrHO30M
CTOSIT, KAK MUHUMYM, €LIE TPHU IUIOXO 000CHOBAHHBIX

MPEANONIOKCHUS U OJHO TMOJHOCTBIO HE IMOHATOE 00-
CTOSITENBCTBO. [1n0X0 00OCHOBAaHHBIE MPEINOTOXKE-
HHS CYTb CIEIYIOIINE:

1) Bo3MoxHOCTh co3naHusi cuiabHoro MU, B oc-
HOBHOM, OIIPEACISIETCA HATMYUEM KOMIBIOTEPOB J0-
CTaTOYHOH MOILIHOCTH — IPEBOCXOASIIMX 110 OLICTPO-
JIEACTBUIO U O0BEMY MAMSATH COBOKYITHYIO BBIYMCIIH-
TEJIbHYIO MOIIIHOCTb pa3yMa BCEro 4YeJIOBEUECTBA;

2) BBIMMCIHUTEbHAsA MOLIHOCTh MO3ra OMpPeLEssi-
€TCsI, B ITaBHOM, COBOKYITHBIM OBICTPOAEHCTBHEM CU-
HAIMTUYECKUX CBSI3€il HEHPOHHOM CETU MO3ra;

3) BBIYMCIUTEbHASL MOIITHOCTh MO3ra BOOOLLE MO-
KET OLEHUBATbCH HAa OCHOBE AHAJIOTUM "MO3L — 3TO
KJIACCUYECKHUI KOMITBIOTED".

[ToAHOCTBIO HE MOHATHIM OOCTOSATENHCTBOM SIBJISI-
etcsa TeopeMa [leHpoysa 06 MM, kotopast BooOLie 3a-
MpelaeT peau3alurio BCceX 6e3 UCKIIOYEH WS MEHTAIb-
HBbIX CIIOCOOHOCTEH ueoBeKa Ha 0ase apXUTEKTYpbl
KJTACCUYECKOro KoMIIbloTepa. B mocnenylowmx paszie-
JIaX CTaTbU Mbl MOAPOOHO OOCYIMM BCe 3TU cJiabble
MECTa B apryMeHTalMM CTOPOHHUKOB cuibHoro MU
u TC, npuvem ocoOde BHMUMAaHUE YACTUM pa3bsiCHE-
HUIO cMbIcia TeopeMbl [IeHpoy3a, mocne yero KpuTH-
YECKM pacCMOTPUM HUHTEPIIpETALUIO CIEICTBUIl Teo-
pembl [leHpoy3a, npeanoxeHHy caMuMm Pomxepom
[Tenpoy3om.

2. Hepoonenka ¢akTopa nmporpaMMHOro
obecnevyenns B co3nanuu cuibnoro U

"3a npotuemuine 15 net "pazyMm” HalLKUX ITEKTPOHHBIX
BbIYMCIIMTENBHBIX MALLKUH YIYyUYIHWICS B MUUTHOH pa3...
B TeueHMe HECKOJBKUX CISOYIOLIMX AECATHUACTHI Clie-
OyeT OXKMAATh YBEJIMYEHUS XapaKTePUCTHK "pasyma’” Ma-
UIMH elle MO KpaiHeil Mepe B HECKOJIBKO JIECSITKOB
ThICS4 pa3. "Pa3yM” TaKMX MalllMH [0 OCHOBHBIM apa-
METpaM OYIET 3a8edomo TIPEBOCXOAUTD Pa3yM YeaoBeka”
(KypcuB Moit, A. I1.). 3ByYUT OYeHb COBPEMEHHO, HE
npaBaa iu? U BomHe BOCIPOU3BOIUT CYTh apryMeH-
Tallii cTOpoHHUKOB TC. OMHAaKO HANMCaHO 3TO ObLIO
Hocupom Camyunouuem LLKI10BcKuM B €ro 3HaMeHU -
Toii KHUre "BceneHHast, Xu3Hb, pasyM” usgaHus 1975 r.
C tex nop npouuto dosee 38 neT (Te caMmbie HECKOJIBKO
CIEAYIOIMX NECATWIETHIA, KOTopbie yrioMuHaeT Mocud
CaMyu10BHY), U MOIIHOCTh KOMIIBIOTEPOB 34 3TO BpeMs
BO3pOC/a BOBCE HE B HECKOJIBKO JECATKOB ThICSY Pas,
o yeM Meutan LknoBckuii, a Gomee yeM B MuwLInap
() pa3 (ot MawuH cepun BACM-6 u Dnpbpyc U UX
3apyGeKHbIX aHAIOTOB CO CKOPOCThIO 10 107 ¢onc no
caMoii MOWIHOI coBpeMeHHoi cynep®BM Titan,
HMeEIoLIeH CKOpocCTh 1,8 * 10'6 duornc; duronc — yuciao
apudMeTHUECKHX OfepaliMii ¢ IUIaBaloOLICi 3ansToi
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B cekyHay). Ho rae xe MailMHbI, "3aBEIOMO MPEeBOC-
“XOASIIME YETOBEYECCKUIM Pa3yM IO OCHOBHbBIM Ilapa-
Merpam''? MXx HeT; HeT maxe HUYero noxoxero. Oue-
BUJHO, YTO MOHUMaHUE cuTyauuu LIKnoBckuM OBIIO
B 4YeM-TO (DYHIAMCHTAIbHO HEBEPHLIM, OTTOTO-TO
nporHo3 u He cObuicd. Tak kak cropoHHuku TC u
ceiyac MpakKTUYCCKHU TOCTIOBHO MOBTOPSIOT apryMeH-
tauuio LHK/I0BCKOTO, TO BNAAAIOT JIM OHU B TO Xe ca-
Moe 3a6myxxaeHue? CKOoJIbKO MOXHO HACTYNAaTh HA Of-
HH U T€ Xe Ipabiik, ¥ B 4eM MOXET ObITh omrmoka?

Heno B ToM, 4TO AJIst TOrO, UTOOKI CO3AATh CUTbHBIN

N, mano UMeThb 10CTaTOYHO MOIIHOE KOMIThIOTEPHOE
xene30. Hano 3Hars, kak 310 caenatb. HyxXHBI cooT-
BETCTBYIOIIME METOBI, HY>KHO MPOrpaMMHoOe obecrie-
YEHHUE, HYXKHO MOHMMAHHKE TOTO, KaKyld MMEHHO 3a-
Jlayy HalA0 peuiuTh Jis co3nanus cuibHoro MM u kak.
Ho nporpammHoe obecnieueHue ropasgo GoJiee KOH-
CepBaTUBHO, YeM ammaparHoe obecreyeHue. Huuero
MOX0XEero Ha 3aKoH Mypa 31eCh HeT.

Y10 XK€ mpoMCXOAUT B MOCHEOHUE NECATHUICTHUSA

C NPOrpaMMHBIM OOECIICYCHUEM, KOTOPOE MOTJIO Obl
UMETh OTHOLCHHWE K co3maHuio MMU? B npuHmure,
UMEIOTCS IBa MPUHLIMITHAJIBHO Pa3HbIX HAMPABJICHUS,
B KOTOPbIX MOXXHO OXHUAATh pelieHus 3agaun. [lepsoe
HAanpaBJICHUE MOXHO Ha3BaTh CUHTETMYECKMM. DTO
pa3paboTKa IporpaMm, riae UHTEICKTyalbHbie (PyHK-
MU PEIM3YIOTCSI B OCHOBHOM HE3aBHCHMMO OT TOTO,
KaK OHM peayIM30BaHbl B MO3re yeaoBeka. OHM peasin-
3YyI0TCS1 CIIO0cOO00M, Haubosee afeKBaTHLIM apXUTEKTY-
pE COBPEMEHHBIX KOMIBIOTEPOB. [lpyroe HampapieHue
Ha3blBaeTCsl 00paTHON MHXeHepHrel Mo3ra. 31ech oc-
HOBHAasl HaJIeX1a BO3JIAraeTcs Ha TO, YTO [PU [IPOCTOM
KOMUPOBaHUM "B Xem3e" GYHKLIMOHAJIbHOM CTPYKTY-
Pl MO3ra UCKYCCTBEHHBIM MHTEJIJICKT BOSHUKHET "caM
coboit”. [TocMOTpUM, KaKHE UMEIOTCSI JOCTHXEHUS B
KaxIoOM W3 HaTlpaBieHUI.

-

2.1. Cunmemuueckoe nanpaéaenue
6 paspabomxe HH

CocTosiHUE CUHTETHYECKOIO HAMpagieHUs B pas-
pabotke MU xapakTepU3yIOT HECKOJILKO SIPKMX MpPH-
MEPOB.

[TporpamMmbi Utsi IPOBEACHHS AHATUTHYECKUX Bbl-
YUCIIEHU (CUCTEMBI KOMIIBIOTEPHOM anredphl) SABJis-
OTCS TUIUYHBIM TPUMEPOM COBPEMEHHBIX CHUCTEM
UUN. Onto#l u3 Ny4YLIMX TaKUX COBPEMEHHBIX CHCTEM
siBasieTcst mporpaMma Maxima. Bonee toro, psa apy-
TUX U3BECTHBIX CUCTEM KOMITBIOTCPHOI anredphl, Takue
KaK Mathematica, Maple UMeIOT TO e camoe UHTEJI-
JiektyanapHoe s1apo. IIpu 3TOM mepBbie BEpCHUU MpPO-
rpaMmmbl Maxima (Torga oHa Ha3biBajach Macsyma)
ObuIM pa3paboTtaHsl eiie B 1972 1., 1 OCHOBHOE Bbi-

YUCJIUTEIBHOE AAPO CUCTEMBI C TeX [Op IIPAKTHYSCKHU
He MeHsutoch. Pacuivpsiics B OCHOBHOM Habop 616-
JIMOTEK, COBMECTUMBIX C 3TOU CUCTEMOI. 3a BpeMs Cy-
LLIECCTBOBAHUS MPOrpaMMBI MOIIHOCTH KOMIBIOTEPOB
Bo3pocja 6ojiee 4yeM B MWUIMApA pa3, HO CUCTEMa
Maxima kak ObUTa JTy4llieil IporpaMMoil KOMITBIOTEP-
Hoi anre6pkl 40 net Ha3am, Takoil U octanack. Huuero
Ka4yeCTBEHHO HOBOIO B 3T0#l obsacTu 3a 40 JeT co3aaHo
He ObLIO.

Windows-Bepcusi momyasipHOTO TEKCTOBOIO [Fpo-
ueccopa Microsoft Word nosiBiitacs 8 1989 r., 24 roma
Ha3aa. KoMmbioTepbl 3a 3TO BpeMsi CTald MOYTH B
MUWIJIHOH pa3 ObicTpee, HO (yHKIMOHATLHOCTL Word
MPAaKTUICCKU HE M3MeHunaach. CiroBapu CTajdd YyTh
MoJHEE, Aa NOJIb30BATENILCKUI MHTEepdeiic MOMeHSIICS
(1O AMYHOMY MHCHMIO aBTOPA — HE B JIYUILIYIO CTOPOHY,
paHblle ObLT Mpolle, JoruuHee U yaooHee). [Toutu 3a
25 net nporpecca MOXHO ObLTO Obl OKUAATH NOSIBJEHUSI
4ero-HUOyAb BPOAE MHTEIIEKTYadbHBIX pPOOOTOB —
CeKpeTapeii-MoOMOLIHMKOB, HO rAe OHU?

B Hauane 1990-x rr. moay4yuayd KPOKOe pacrpo-
CTPAaHCHHUE TPOrPaMMHB-NEPEBOIYUKHU, KOTOPBIE, Of-
HAaKoO, MEepEeBOAUIN HEBbIHOCHMO mToxo. Ho 1 coBpe-
MEHHBIC WX HACJEIHUKH MEPCBOASIT HEHAMHOTO JIyYllIe.
Pa3Huiia COCTOMT B OCHOBHOM B TOM, 4YTO BBIIAETCS HE
OIIUH TLTIOXOM TMEpPeBOd, a MOXET MPEACTABISTLCS HeE-
CKOJIbKO BapUAHTOB TUTOXHX MEPEBOAOB, MPUYEM OUYEHD
OBICTPO, Ia MporpamMma pasMetaercs B MHTepHeTe, a He
Ha OUCKeTe. 3a KOPOTKOE BPEMSI COBpPEMEHHBIE TPO-
rpaMMBI MOTYT BBITIOJIHUTH MHOTO ILIOXUX TIEPEBOLOB,
HO HU 3a KaKO€ BpEMSI OHU He CITOCOOHBI BBITTOJHHUTD
XOTst Obl OIIMH YNOBJETBOPUTE/NBHbIM. YenioBeueckue
npodecCuy peaakropa U NepeBoIUYMKA MO-TMPEXKHEMY
OCTAlOTCA OYEHb BOCTPEOOBAHHBIMH.

B monynasipHBIX HM3TaHUAX WM B CETH HEPEIKO
MOXHO BCTPCTUTb 3arojioBku Bpoae "PoboT-ydeHbIi
JeJaeT OTKPBITUS O€3 MOMOLIH YeIoBeKa" (CM. Halpu-
mep [10]). Bro cunbHOeE npeyBennyeHre. Bo Becex Takmx
Cay4vasix peyb MACT O XOPOILIO MOCTABIECHHON KOMOH-
HATOPHOW 3aJaye, JJisl peLIeHHsT KOTOPOil He TpebyloT-
Csl TBOPUYECKMC CIOCOOHOCTHU. TBOpUYecKHe crnocob-
HOCTHU aKKyMYJIUpYeT B cebe [pOrpaMMUCT, KOTOPbIi
CTABUT 3aJ1auy W OrpeaesseT, Kak ce Halo pelars.

[Moxanyii, neiiCTBUTEALHBIN Mporpecc Habo1aeT-
CS1 B HampaBJIEeHUM, KOTOPOE U3BECTHO KaK "MCKYCCT-
BE€HHAasl XXU3Hb — aJaNTUBHOE MMOBeIeHUE (AaHMMAaTh)"
(cM. Hanpumep [11]). OxHaKo U 30eCh Pe3yJIbTAThI 110~
Ka JIOBOJIBHO OrpaHUYeHHbIC, U HU OJHH Cepbe3HbIH
HCCJICAOBATENb B 3TOI 00JaCTU HE YTBEPXKIAeT, uTo B
KaKOM-HUOYIb 0003puMOM OyaylleM 3TO Harpasje-
HME MOXET MPUBECTHU K cO3AaHUI0 cuibHoro M.

HeTpyaHo BUAETH, YTO CTPEMUTE/ILHO BO3PACTAIO-
LIEE COBEPILICHCTBO KOMITBIOTEPHOI TEXHUKM, BBIpa-
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KaeMoe KpuBoit Mypa, pacxomyeTcsl moKa IOYTH HCK-
JIIOYUTEIILHO HA Pa3BUTHUE TOJb30BATETLCKOTO HHTEP-
(beiica, MUHMATIOPU3ALMUIO U TEICKOMMYHUKALUU.
PocT "UHTENIEKTyaIbHOM COCTABIAIOLLEH" Mporpam-
MHOro o0ecrneyeHus KpaiHe MeIJeHHbI 1 He3Ha-
yutenbHbiil. B Havane 1990-x rr. nmepcoHasbHBIN
KOMIIBIOTEP NMOMELIANCS Ha CTOJE W YIIPaBJISAICS Mbi-
UIBIO U KJIABUATYPOMU, TENEpb OH MOMEIIIAETC B TyXKKe
OYKOB, YIIPABISETCA HAKIIOHOM T'OJIOBBI M TTOCTOSIHHO
[OAKJIIOYEH K UHTepHETY. HO MHTE/TeKTya bHble BO3-
MOXHOCTH Y 00OMX YCTPOHCTB KAa4eCTBEHHO He pas-
Jimyaiorcs. Het coMHeHuid, 4to uHTepdeiic uenroBek—
KOMIIBIOTEP U MMHMATIOPU3aLMs OYIYT pa3BUBATHC U
Jlajblli€e, HO 3TO BeJET JHUIIE K CO3JaHUIO YETOBEKO-Ma-
LUMHHBIX UHCTPYMEHTABHBIX CUCTEM, B KOTOPBIX 4e-
JIOBEK SIBJISIETCS HeOoTheMJIeMOM yacTbhio. CosfaHue
cwibHoro MU Takoe pasButHe BoBce He NMPUOIMKAET.
ITporpecc B 061aCTH TEIEKOMMYHMKALIMI BEJET K pas-
BUTHUIO HOBBIX HAIpaBICHUI, TAKMX KaK pacripeaesieH-
HBIE BbIYUCJICHMSA, U YPE3BBIYANHO CUILHO BIUSET HA
YPOBEHb MHTETPALMM YEJOBEUECKOTO OOLLIECTBA, HO U
31€Ch HE BUIIHO HMKAKOW MPSAMOM CBSI3M C Mepcrek-
TUBaMHU co3nanus cuiasHoro MU. Ckopee, moau nime-
HSIIOTCSL 110J] JABJICHUEM 3THX HOBBIX OOCTOSATEJIbLCTB.
Bce a3Tu HampaBiieHUs1 pa3BUTHSA MTPOrpaMMHOro obec-
MEYEHUs1 HE 3aTparMBaloT QYHIAMEHTAIbHbIN BOMPOC
O TOM, Kak JI0JXeH paborath cHibHbIE WU

Eule onHoit 010l CHHTETUYECKOTO HaIpaBJeHUs
SBJIAETCS [OYTHU KaTacTpodHYecKUit pocT obbeMa
(B GaifTax, B CTPOKax IMPOrpaMMHOro KojJa) Mporpam-
MHOro ofecneyeHust 6€3 paguKaabHOrO POCTa €ro MH-
TEJUIEKTYabHOCTH (HOCTATOYHO CPABHUTh MIEPBbIE BEP-
cuu Microsoft Word, kotopbie "Becun” 1...2 Moait
C COBPEMEHHBIMU MYJIBTUTHTA0AUTHBIMM JUCTPUOY-
THUBaMH). BTO FOBOPUT O TOM, YTO JAaXe HEOOJbILIOE
MPOABUXCHUE B MHTE/UTIEKTYATLHOCTH MPOrPaMMHOIO
obecrieueHUs]  OIUTAYMBAETCSI  IKCMOHEHIMAIbHbIM
pocTOM OOBEMOB KOAa IpOrpaMm. DTO HE TOT IYTh,
KOTOPBIA MOXET MPUBECTHU K co3aanuio cubHoro MH.

2.2. Obpamnas unxcenepua mosza

Xotsl B HAMpaBJIeHUM 0OPAaTHON MHXEHEPUU MO3Ta
BeJeTcs peanbHasa paboTa, B yacTHOCTH B Poccuu moj
pykosoactsoM B. JI. lynuHa-bapkosckoro B JlaGopa-
TOPUM OOpPAaTHOTO KOHCTPYHMPOBAHUSI MO3ra UMEHH
HaBuna Mappa [12], 3agaya Kaxetrcss O4eHb CJIOXHOM
¥ EPCIIEKTUBBI 3TOTO HAMPABJICHMSI HE BITOJIHE SCHBL.
ITecciMu3M BCEJIAIOT pe3yJIbTaThi paboOT MO MOAE/M-
POBaHUIO HEPBHOM cucTeMbl HemaToabl Caenorhabditis
elegans (cokpauieHHo C. elegans) [13].

Hemarona C. elegans — KpOXOTHbIi1 Y€PBSYOK C ITU-
HOI TeJa BCero Okojao MWUIUMeETpa, npuueM C. elegans

[IPEACTABICH OCOOSMU TPEX MOJIOB: MYKCKUMMU, XeH-
CKUMU U repMadpoauTaMu. MyKCKHE M XKEHCKUE
0CO0M MMEIOT HEPBHYIO CHUCTEMY, COCTOSILUYIO MPU-
MEPHO U3 THICAYM HEHPOHOB, HO HEpPBHAas CHUCTEMA
repmadponruTa COCTOUT Bcero TOYHO U3 302 Heitpo-
HOB. [Ipu Bceil npocToTe HEPBHOM CUCTEMBI HEMATOAA
JEMOHCTPUPYET CIOXHBIM penepTyap MoBeJcHUMA: Ha-
BUraLiusi, MOMCK MHUILU, CIApUBaHUE, OOY4YeHUE, CO-
LUaJIbHOE NOBeAcHUE, COH. ['epMadponuTHbie ocobu
C. elegans ABNSIOTCA O4YE€Hb YAOOHBIM OOBLEKTOM LIS
U3YYCHHUS U MOACTMPOBAHUS pabOThl HEPBHOM CUCTE-
Mbl. Bcst HepBHas cuctema C. elegans MOJHOCTBIO M
TOYHO KapTUPOBAHA, KAXAbIi1 HEMPOH MMEET CBOE UMS,
OpUYEM ISl MOACTUPOBAHUS HEPBHON CUCTEMbI, CO-
crosiwei Bcero u3 302 HelipoHOB, mpobiema MOLLHOC-
TU KOMIIBIOTEpA 3aBCAOMO HE MTpaeT HUKAKOW pOJiu.
OnHako, HECMOTPSI Ha TO, UYTO pabOTHI MO MOIEIUPO-
BaHUIO HEPBHOM cucTeMbl C. elegans BelyTCa ¢ Havada
1990-x rr., pe3yabTaThl KpaiiHe orpaHndeHbi. Huuero
[OXOXET0 Ha TMOJHOLIEHHYI0 paboTalolilylo MOJENb
HEUPOHHOM cucteMbl C. elegans MO CUX MOP MOJIyYUTh
HE y1a10Ch, UMEIOTCY TOJIbKO HEKOTOPEIE OrpaHUYEH -
Hbl€ Pe3y/ibTaThl B MOJACIMPOBAHUM YITPABACHMS IBU-
JKEHUEM Tejla HemaTtoabl. O MOASTMPOBaHUH BCETO pe-
nepryapa noBeJeHUs peuM MoKa HET, U MEePCeKTUBEI
PELICHMS 3TOit 3a7a4u He OYEHb OfpeesIeHHBI.

UHTEpECHO OTMETUTH, KaKue WMEHHO Xapakrep-
HbIE TPYIHOCTW BCTAJM HA TMYTH pellleHMUs] 3aJauu.
Bo-niepBBIX, OKa3ajgoch, 4TO AaXE CAMOFO IMOJHOro
KapTUPOBAHUSL HEHMPOHHOM cucTeMbl Mano. HyxHo
3HAThb CUJIy CHHANTUYECKUX CBsI3eil (MOporu Bo30yx-
JIEHUSI KaxXI0ro HelHpoHa yepe3 KaxIylo CHHaITHye-
CKYIO CB$I3b), HO OHU OCTA[OTCS1 HEU3BECTHLIMU, U U3ME-
PUTBL UX NOKA HE yaaeTcsa. Bo-BTOpbix, Majao MOICTIH-
pOBaTh HEPBHYIO cUCTEMY. UTOOLI MOHAThH, HACKOJIBKO
MOJIHOLEHHO M aleKBaTHO paboTaeT MOAe/b, HYKHO
1m60o co3narek NoJHoIeHHoro po6ora C. elegans, nubo
MOJIHYIO KOMIIBIOTEPHYIO MOJe/b Teia (M BOOOLIE BCEro
opranHu3ma) C. elegans, 4ToObl HAOMIOAATD PE3YJIbTATHI
paboTbl HepBHOU cucTteMbl. B pa6ore [13] n HekoTo-
PBIX APYTUX CTaThsIX [0 3TOU TEeMaTUKE UCCIIeAoBaTE/ N
MOLLIM MO IyTH CO3JaHHsl KOMITBIOTEPHON Moaesiu
teqa. Ho, onHako, v aToro okasayiocs Majio. Teno goi-
JKHO CYLLECTBOBATD B CPeie OOUTAHUS, U €€ TOXE HYXHO
MozaenupoBatb. B pa6ote [13] ¢ momouipio ypaBHEHUSA
HaBbe-CToKCa MOIE/IMPOBATH XUIKHE CPEdbl PA3HOM
BI3KOCTU. ACHO, YTO MOMBITKA MOJEIUPOBAHUS MOJI-
HOro penepryapa noseacHuit C. elegans BCTPETUT Ha
3TOM [IyTU OIPOMHBIC TPYIHOCTH.

Mo3sr 4yenoBeka CONEPKUT MOpSAKA CTd MUJLTHAD-
noB HeitpoHoB BMecTo 302 neiipoHoB C. elegans, no-
3TOMY 3ajaya OOpaTHOTO KOHCTPYMPOBAHMS MO3ra
JloJKHA OBITh HA MHOTO MOPSIAKOB cioxHee. [Ipu atom
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MMeEETCA TAKXKE 3aJa4ya COMPSXKCHUS KOMIBIOTEPHOI
*MOJENIU MO3ra MO0 ¢ TeJIOM poboTa-aHIPOUIa, MPE-
CTaBJIAIOLIETO MOJHOUEHHYIO MOJEIb Tela Yea0BeKa,
b0 ¢ KOMITBIOTEPHOI MOJEJIBIO TeJla, HO TOTAA U C
KOMIILIOTEPHOM MOJEJNBIO BCEil Cpefibl OOUTAHUSI, KO-
TOpoi Ajsi yesoBeka spiisieTcs Besi BeeneHHast. [lo-
CJIe/IHMA BapUAHT [OKA3bIBAET, YTO MOJIEJUPOBAHHUE
POLIECCOB OJHOI0 MO3Ta HEOXMAAHHO OKAa3bIBAETCS
9KBUBAJICHTHBIM MOAEIMPOBaHMIO Bce BceneHHOI,
YTO BpSJ JIM BO3MOXHO. B BapuaHTe CONMpsiKeHUsT MO-
JIeJI MO3ra € TeJIOM poOoTa-aHIPOUIA TIPUAETCS €LLe
PELINTh BOIIPOC O MOTUBAxX MOBEICHUS U BOOOILE Cy-
LIECTBOBAHUA IJISi TAKOTO MOAEIUPOBAHHOTO MO3ra.
MoTuBaMu MOBEACHUs HOPMATBHOIO YEJIOBEKA SBJIS -
€TCS €r0 YYBCTBEHHO-3MOUMUOHAbHAS cepa U OLly-
mieHUe cebs yacTelo couuyma. Ecim nmepeHectu mos-
HOCTBIO TAKME MOTUBALIMH Ha po0OTa, TO PE3YJIBTATOM
OyIeT MpOCTO MCKYCCTBEHHDII Y€I0BEK, KOTOPBIHA Bbi-
HYXJEH OyIeT U XWTb B pealbHOM BpPEMEHU, B KOH-
TakKTe ¢ pealbHbIMU JTIOAbMH. Kak ynactcst TakoMy Hc-
KYCCTBEHHOMY 4YEJIOBEKY MPUMUPUTLCS C HATUUYUEM
CBOUX CBepxcIocobHocTei? CBepxOBICTpOe MBILILTE-
HUE OYIET €My TOJIbKO MEIATh, TAK KaK BbLIBEIET U3
MHpa HOpPMAJbHBIX JoAeil. Bce 3T cTpaHHble mpo-
0s1eMBbl BMECTE C OMBITOM MOAEAMPOBAHUSA HEPBHOI
cucteMsl C. elegans He 00€eLLAIOT PeLLIEHU 3a0a4l 00-
paTHOTO KOHCTPYMPOBAHUSI YEJIOBEYECKOIO MO3ra B
0603pumoM Oyayiem. Heb3si, KOHEYHO, COBEPLLEH-
HO UCKJIIOYMTh, YTO Ha 3TOM IyTH ellie OyAyT HAlneHbI
KaKHUE-TO COBCEM HEOXMWAAHHbIE pelleHusi. B niobom
ciydae onbiT pabothl ¢ C. elegans ONHO3HAYHO IOKA-
3bIBAET, YTO HA MYTH OOPATHOTO KOHCTPYUPOBAHUSA
Mo3ra npobjeMa QTH®/Ib HE CBOIMTCS K HEIOCTATOM-
. HOl MOIIHOCTU UMEIOIINXCH KOMITBIOTEPOB, KK 3TO
[PEenoNaralT CTOpOHHUKHU cuibHoro MM,

TakuMm 00pa3oM, Kak OMNbBIT Pa3BUTUS CUHTETHUYE-
CKOr'o HarnpasieHust KOHCTpyupoBanusi MM, tak u onbiT
00paTHOI MHXEHEepUH MO3ra MoKa3bIBaloT, 4TO IMPO-
0JieMa COCTOUT HE TOABKO M JaXe HE CTOJLKO B TOM,
YTO s co3naHus cunbHoro MU He xBartaeT BblYMC-
JIUTENbHBIX PECYPCOB, CKOJBKO B TOM, UTO HEMOHSTHO,
Kak peuwars 3agaqy. M gaxe, co6CTBEHHO, HEMMOHATHO,
KaKyIo 3aJa4yy Ha/l0 pelaTh, IOCKOJBKY Mbl HE 3HAEM,
YTO TAKOE YMCTO YETIOBEUYECKAs! CIIOCOOHOCTH K IOHU-
MaHHUIO, YTO TaKoe cBOOOJA BOJIM, T. €. HEIMOHSITHO,
YTO UMEHHO HYXHO MEPEHECTH B KOMITLIOTED.

-

3. IluToarosornst H OBICTPOAEHCTBHE MO3ra

Kak yxe ormeuanocs, nporHo3ssl P3st Kypuseiina s
OTHOLUEHMM JaTel HacTyluieHuss TC oOcCHOBAaHBI Ha
OLIEHKE OBICTPOAEHCTBHSI MO3Ta MPOCTO KaK CyMMap-

HOA MAaKCUMAaJBHOU CKOPOCTH CpabdaTbiBaHUSI BCeEX
CHHANTUYECKUX CBA3EH Mo3ra. Mexny TeM, 3TO eCTb
XapaKTepUCTUKA CKOPOCTU TOJbKO OZHOIO U3 BUIOB
aKTUBHOCTH, peanu3yeMoi Mo3rom. [1poueccel, oTBe-
Yawlle 3TOMY BUJY aKTUBHOCTH, U3BECTHBI KaK Obl-
CTpbIE IMPOLIECCHI, U ITOT BUI AKTUBHOCTH OTBEYaeT
pa0oTe Mo3ra Kak HelipoHHO#M ceTtu. Y6exueHue, co-
[JITaCHO KOTOPOMY pafoTa MO3ra Kak HeHpOHHOIl ceTu
B OCHOBHOM M MCUEPIBIBAET BCE (DYHKLMH, KOTOpPbhIE
peanu3yeT MO3T, HA3bIBACTCH HeUpOHHOU napaduemoi.
C TOYKM 3pEeHMS 3TOH MAPaIUTMbl, LIS TOTO YTOGKI
CMOZe/IMpOBaThk paboTy MO3ra, J10CTATOYHO CMOLEIIU-
poBath paboTy HEWPOHHOI ceTh Mo3ra. OIHAKO MO3T
peanu3yer ellie OAUH (KaK MUHUMYM) BHI aKTHBHOC-
TU, KOTOPBIA OTBEYAET HE 3a paboTy HEMPOHHON ceTH
Mo3ra, a 3a MOMMGbUKALUIO CTPYKTYPhI 3TOH HEWPOH-
Hoi cetu. Haubonee oueBUIHBIMU NpOLIECCAMU 3TOTO
TUHA ABAAOTCA BO3HUKHOBEHHE U MCYC3HOBEHHE CU-
Hantu4yeckux cesaseil. [Ipolieccel 3TOrO0 copra Hasbl-
BAIOTCSI MEMUICHHBIMU, M B HAacTOsIllIee BpeMs HEU3-
BECTHO, HA KAKOM YPOBHE U KakK B MO3re OCYILUECTBJISI-
€TCs yIpaBJieHHE MEJRCHHBIMU npolieccaMu. Mexay
TEM, MEIJIEHHBIE MPOLECCHl UCKIIOYHTEIBHO BaXKHDI.
HeT ocoGeHHbBIX COMHEHHUIT B TOM, YTO ObICTPBIE PO-
LIECCHI YNPAaBISAIOT MOTOPUKOU Teja, BOBJICYEHBI B
TAKHE BAXHBIC BHICLLIME MCUXMYECKHUE (DPYHKLIMH, KaK
peYb, ONHAKO MEUIEHHBIE MTPOLIECCHI UTPAIOT BEAYIIYIO
pOJib B OOYYEHUHU U APYTUX BbICILUX (POpPMAxX MBILLLIE-
HUS, KOrja 4eJlOBEK CO3AaeT sl ce0sl KaKoe-TO HOBOE
TIOHUMAaHHUE.

Ouenka Pasi Kypuseitia npeamnosaraer, 4to ¢ Mea-
JICHHBIMU TIPOLECCAMU B MO3re BOOOULIE HE CBA3aHO
HMKAKO€E ObICTPONEUCTBHE, HYJIb OllEpaLliil B CEKYHIY
(To4yHee roBops, 3TUM (AKTOPOM MOXHO HpPEHEO-
pedb). DTO THUIOTE3a, KOTOPasi, OJHAKO, MOXET OKa-
3aTbCS OYEHB JAJIEKOi OoT ucTHMHbI. Ha To, uTto ¢ Men-
JIEHHbIMU MPOLIECCAMU CBSI3aHA YPE3BbIYAHHO CJI0X-
Hasi cucteMa YIpaBi€HUsI, HE HUMEIOLIAd HUYEro
ob1uero ¢ HelpoceTeBOil aKTUBHOCTBIO, YKa3blBAIOT
HabMI0ACHUS OYEHDb CJIOXHOIO IMOBEAEHUS OILHOKJIE-
TOUHBIX CYIIECTB.

[TpuMepoB Takoro CA0XHOIO MOBEIEHUS U3BECTHO
JIOBOJIbHO MHOTO, U OAUH U3 HEJABHO O0CYK/1aBILINXCS1
B JINTEPATYPE OTHOCUTCS K CJIU3EBUKY — OJIHOKJIETOU-
HOMY KOJIOHUHANbHOMY cyuecTtBy [14]. CiauseBuk
JEMOHCTPUPYET pa3Hbie BUABI "MHTEIEKTYATLHOTO
NOBEAEHUs", CPEIH KOTOPbIX, B YACTHOCTH, MOXHO'
OTMETUTb CIOCOOHOCTD MPOXOAUTD TAOUPUHTEL, ONITH-
MU3UPOBATE TEOMETPUYECKYI0 (POPMY KOJIOHUU IS
JNOCTUXKEHUSA ONPENENIEHHbIX Heeil u ap. Ho, moxanyit,
CaMOil yIMBUTEIbHOW OKAa3bIBAETCSI CHOCOOHOCTL K
00ydyeHu1o (BeipaboTke ycIoBHOTO peduiekca). Cnuse-
BUKM CITOCOOHBI MEJICHHO MepeMellaThes (IOL00HO
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amebaM), U ObUIO ODHAPYXEHO, YTO BIAXHBINA BO3LYX
3aCTaBJIsIET UX JBUIATHCS OBICTpeE, a CyXoil — Haobo-
poT, 3aMelIsieT nepeMeueHue. Yepeaysa moTok Biaax-
HOTO Y CYXOr'0 BO31yXa C ONpeae e HHOM NepHoJUUHO-
CTBIO, YIAIOCH OOHAPYXUTh UHTEPECHYIO 0COBEHHOCTS:
nepes OYepeaHOM MoAayuei CyXoro Bo3ayxa CAU3eBUKU
CHUXanu cKopocth. lIpM mnepuomuMueckoil cMmeHe
BJIaXKHOT'O U CYXOTO BO3IyXa KOJOHUS 3aITOMHHAJIA [10-
CJIEIOBATEIbHOCTD 3TUX NMEPEMEH U MPOJOIIKAIA TOM-
HHUTb €€ HECKOJIbKO IIEPUOIOB, JaXe €ClIM YepemaoBa-
HHME MOTOKOB MpeKpalaioch. CUUTAETCS, YTO MO3T
JUTSL 3aITOMUHAH WS MHMOPMALMM KCITOJIb3YET U3MEHE -
HUE CWJIBI CUHANTUYECKUX CBSI3ell HEMPOHHOHN CeTH.
Ho uem 3anoMuHaeT cnu3eBUK, €C/IM Y HEFO BOBCE HET
HepBHOH cucTeMbl? Bee cioxHoe MmoBemeHUe ciu3e-
BHKA, 0CODEHHO OMUCAHHBINM ONBIT ¢ OGYYEHHEM, T10-
Ka3blBaeT, YTO CYLIECCTBYIOT CJIOXHBIE BHYTPHKJIETOY-
HbIE MEXaHU3MbI 00pabOTKM MHMOPMAIIUH, BKJIIOUas
BO3MOXHOCTb OOYYCHHMS HAa OCHOBE MCITOJIb30BaHUsI
BHYTPUKJICTOUHOU MaMSTH. DTOT KPYyT SABJIEHUI Ha-
CTOJIBKO OOraT U CBOeoOpa3eH, HACTOJIBKO OTIMYAETCH
OT TOrO, YTO U3Y4ACTCsl CTAHOAPTHO MOHMMAEMO# 11-
TOJIOTUEN U JIIOOOU Opyroi HayKoil, UMeolIed OTHO-
LieHUe K OU0a0rUuM, GMOXMMUU WIH OMO(U3UKE KIIET-
KU, YTO €ro A0JKHA U3ydYaTh HOBas, MPAKTHUUYECKH e1E
He O(OpPMUBILASACT HAyKa, KOTOPYI MOXHO Ha3BaTh
yumosmosoeuei. TepmuH ObL1 BBeJeH B. §. Anekcann-
pOBbIM B cratbe [15].

buonoruueckasi 3BoIOIMUS YCTPOeHAa TakuM oGpa-
30M, YTO pa3 OOPETEHHbIE HAXOAKH M PELLCHUS HE Te-
PAIOTCS, HO OKa3bIBAIOTCS BCTPOEHHBIMH B BECh I10-
CIICAYIOLLMIA 3BOMIOLIMOHHBIM npotecc. [eHeTHUecKui
KOI, MOsABUBLIUJICS®Y GakTepHii, 6€3 BCIKMX U3MEHE-
HMH UCITIONB3YIOT U BBICUINE XXUBOTHBIE; MHOTOKJIETOY -
HbIE XUBbIE OPTAHU3MBI €CTh HE UTO HHOE, KAK CIOXHO
OPraHW30BaHHbIE KOJOHWH Y3KOCIELUATU3UPOBaAH-
HBIX OJHOKJIETOYHBIX OPTaHU3MOB — KJIETOK U T. 1. DTO
CBOMCTBO 3BOJIIOLIMOHHOTO MPOLIECCA CBA3AHO C TAKHU-
MU MOHATUAMM, KaK agIUTUBHOCTh U KOHCEPBATHU3M
apommioluu [16, ¢. 27]. ITosToMy cileyeT OXHUOATb, YTO
MEXaHW3Mbl BHYTPUKJICTOUHOIO YIIpaBlA€HHUsI, COOT-
BETCTBYIOLUUE YPOBHIO LIMTOSTOJIOTHUM, ITOSIBUBIIUCH B
ONHOKJIETOYHOM MMPE, YHAC/EIOBaHBI U KJIETKAMM
BBICIIMX MHOTOKJIETOUHBIX OPraHU3MOB. B yacTHOCTH,
OHHU B KakKOi-To hopMe AOMKHBI ObITh NPEACTABACHDBI
B HeipOHax. "ApPryMeHT OT 3BOJIIOLUH " MPEACKA3bIBAET,
4YTO WHAVBHUAYAJbHbIE HEUPOHBI HOJKHBI [IPOSIBISTH
CJIOXHBIC (HOPMBI TTOBENEHHS, HE CBOSILUIMECS TOJIBKO
JIM1LB K PYHKIIMU HEHpPOHA KaK MOPOroBOTO MEPEKITIO-
yaressi B HEMPOHHOI CETH.

JleAiCTBUTEIEHO, TAKWE BMIbl AKTUBHOCTH, OKa3bl-
BAeTCHA, YXKe JaBHO ObUTU OTKPHITHL. B crathe B. I'. Pe-
xabeka [17] ormucaH 3KCHepPUMEHT Hal HeWpopeLer-

TOPOM DACTSXXEHUSI PCYHOTO paka, yOeoOuTeIbHO MOKa-
3bIBAIOLIWI, YTO OMMHOYHBIA M30JIMPOBAHHBIN HEUPOH
crnocobeH K obyueHUI0. Heiipopetiernrop pacrsxeHust
paKa 4BJSIETCS YPE3BBIYAWHO YIOOHBIM OOBEKTOM ILUISI
TAKUX OMNBITOB, TAK KaK €IMHCTBEHHBIN HEWPOH 3TOro
pelenTopa He CBsI3aH CUHANTUYECCKMMU CBSI3SIMU HU C
OIHUM JPYT'MM HEHPOHOM W MPOSIBIISIET CBOIO WHIM-
BUAYAJIbHYI0 AKTMBHOCTb B OYE€Hb YHUCTOM BHJE.
I1pyuMeyaTebHO HE TOJBKO TO, YTO OJAMHOYHBINH HE -
poH cnocobeH obyuyatbes. CuTyalmsi, B KOTOpOH
MIPOUCXOAUN0 00yuYeHUEe HeitpoHa B onbiTax B. I'. Pe-
xabeka [17], uMeeT o4eHb MaJio OOLIETO ¢ peabHbIMU
KU3HEHHBIMU CUTYaLUMSIMU, C KOTOPBIMH MPUXOIAUTCS
CTaJKUBATbCcsl HeWpoHy. [ToaTomy, moMuMO CITOCO0-
HOCTU K OOYYEHMIO, B 3THUX OIIbITAX ObL1a Ipoae-
MOHCTPUPOBAHA €ILIC U YAUBUTENBHASA THOKOCTD MOBE-
JeHus HelpoHa. XoTs cTaths [17] — jganeko He equH-
CTBEHHAsl, TI¢ ObUIO MPOAEMOHCTPHUPOBAHO CIIOXKHOE
MoBeNIeHHE MHAMBUIYATLHOTO Helipona®, Ho roka Ta-
KMX paboT eLle OYeHb MaJIo, YTO U TOBOPHUT O CAMOM
Hayajie CTAHOBJICHUSI HAYKU — LIMTOITOJOTUH. Tem He
MeHee, CaMO CYLLIECTBOBAHUE TAKOTO CIOXHOTO ITOBE-
JIeHUA OTAENbHbIX HEUPOHOB yXe MPAKTUYESCKH HE BhI-
3bIBAET COMHEHUA,

FloBeneHue HeilpoHa npu (GOPMHUPOBAHMHN HOBBIX
CHHATICOB OYE€Hb HAIIOMHUHAET IBMXEHME aMe6000pa3-
HBIX OIHOKJIETOYHBIX ¢ MOMOLIBIO (POPMHUPOBAHUS U
yIAJEeHUs KJIETOUHBIX BbIPOCTOB — JIOXKHOHOXEK, pe-
WIAIOUIMX KAaKHWe-TO CBOM COOCTBEHHBIE 3a1a4yd, MO-
3TOMY TOT TUI BHYTPUKJIETOYHOI'O YIPABIECHUSI, KOTO-
pbiii OOHapyxuBaeT cedsl B ONMbITaX CO CAU3ECBUKAMM
[14], B onbiTax ¢ EIMHUYHBIM HEpoHOM [17] BriosiHe
MOXET OTBEYaThb 3a YMOMSHYTBIC Bbillie MeIIeHHbIE
npoueccsl Mo3ra. Bo3HHKaeT ecTeCTBEHHBINH BOMpPOC:
Kakas ke 3¢ ¢eKTHBHAs CKOPOCTb BBIYMCIEHHIA, Bbl-
paxeHHasl B OMepauusix B CEKYHIY, MOXET OTBEYATHb
3TUM BHYTPUHEUPOHHLIM [polieccaMm yrpaBieHus?
YToOBI OTBETUTH HA ITOT BOMPOC, HYKHO, ECTECTBEHHO,
MOHUMATh, [e HA CYOKACTOYHOM YPOBHE MOXET I10-
MELUATBCA MEXAHHU3M "BHYTPUKJICTOYHOTO CO3HAHUA".

BTOT BLXHbBIN BOMPOC TOXE JOJDKHA PACCMATPUBATD
HOBas HayKa — LIUTO3TOJIOTHUS, WIH, TOYHEE, MOJIEKY-
JIIpHAs LMTOITONOTHSI, HO MOKA OJHO3HAYHOIO OTBETA,
K coxalieHu1o, HeT. [lo aToMy moBOIy CYLIECTBYIOT
pasHble UAEH, HO Mbl HE OyaeM cTapaTbCs AaTh 31€Ch
UX NOJHBIA 0630p. OCTAaHOBUMCS BMECTO 3TOTO Ha Ofl-
HOW U3 HauboJiee LIMPOKO OOCYKIaeMbIX BO3MOXHOC-
TEH — CHUCTeMe TaK HAa3bIBaeMbIX MUKPOTPYOOYEK, U3
KOTOPBIX MOCTPOEHA 3HAYMUTEJIbHAS YaCTh LIMTOCKEIIE-
Ta KJIETKH. Mbl OyIeM onuparbcsi, B OCHOBHOM, Ha

4 Mbl He OyaeM JaBaTh 0630p paboOT 3TOrO HaIPABJIECHUS, KO-
TOPBHII caM TpeOyeT OTAeIbHOMN CTAThU.
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kHUru Pomxkepa IleHpoy3sa [2, 3], ¥ ero xKe HeTaBHIOW
»cTaThio [18], HanucanHylo coBMecTHO ¢ CtioapToM
XaMmepodd'om.

LivTockener KJIETKU MPeACTaBIseT coboil cuctemy
TOHKMX OCJKOBBIX BOJIOKOH, ITPOHM3bIBAIOIIMX BCIO
KJIETKy. DYHKIIMU [IUTOCKEJIETa B KJIETKE HEBEPOSITHO
CJIOXHBI U pa3HOOOPa3HBbI U, IO BCEH BUIUMOCTH, U3Y-
YeHbl JAJIEKO He MOJHOCThIO. lluTockener — nuHa-
MUYHAasi, U3MEHSIOIIASACS CTPYKTYpa, B GYHKIMUU KO-
TOPO#l BXOOWUT MOAACPXAHUC M amanTauusi (poOpMbI
KJIETKM K BHEIIHUM BO3ACHCTBHUSM, 3K30- M SHAOLIM-
TO3, o0ecneyeHUe ABMXKEHUS KJIETKH KaK [eJIoro, ak-
TUBHbIA BHYTPUKJICTOUHBIA TPAHCHOPT WU KJIETOUHOE
geacHue [19]. 3ameTuM, 4TO BK30LUTO3 UMEET HEMO-
CpPeACTBEHHOE OTHOLIIEHWE K YITPaBJIEHUIO CUHATITUYE -
CKUMM CBSI3SIMM HeEilpoHOB. LluMTockener cloXeH
CTPYKTYpaMU HECKOJbKUX TUMOB, UII HAC OCHOBHOM
WUHTEPEC MPEICTaBASIOT TaK Ha3blBA€Mble MUKPOTpPY-
004ykd. YacTb LUTOCKETETa COCTONT U3 MYYKOB TAKMX
MUKpOTpyOouek. Kaxmass MHKpoTpyOouKa mpejcras-
JISIET CO0OM, NeHCTBUTENBHO, TIONYIO TPYOKY C BHell-
HUM IMAMETPOM OKOJIO 25 HM, CTCHKH €€ CIIOXEHBI
POBHO U3 13 psanoB MoneKkys 6enka-TyOyauHa, mpuyem
MOJICKYJIBI B CTEHKE YJIOXEHBI B IMPAaBUJIbLHYIO KpPUC-
TAUIMUYECKYIO CTPYKTYpy. Kaxaast MoseKkyna TyOynuHa
MPEACTABSACT CO0OM AuMep, COCTOSILIMI M3 ABYX Yac-
TEW, Ha3bIBAEMbIX -TYOYJIMHOM U B-TyOyJIuMHOM. Mo-
JIeKyJ1a TyOyJIMHA MOXET HaXOIUThCH B ABYX KOHDOp-
MalMsIX, pa3IMYAIOUIUXCA PACCTOSHUEM MEXIY a- U
B-TyOyJIMHOM Y MMEIOLLMX Pa3HbIN JUIMONbHbINI 2JIEKT-
puYecKuii MOMeHT. [1o 3Toit mpUUKMHE MOJIEKYIIbl TYOY-
JINHA MOTYT UrpaTh poJib OUTOB C IBYMST COCTOSTHUSIMM.
Bornee Toro, cocefHU® MOJIEKYBI TYOYIHHA B MUKPO-
TpyOOUKE B3aMMOIEHCTBYIOT MEXIy CODOOi CBOMMMU
3JICKTPUUECKUMM MOMEHTaMU, U Giaroaapst IpaBuib-
HOM KPUCTALIMYECKOIN CTPYKTYpe BCeil CUCTEMbl MUK-
poTpyOOUYKa 4pe3BLIYAWHO HAMOMMHAET KIETOYHBIN
aproMat. KietoyHblit aBTOMaT, B CBOIO oYepedb, MO-
XKET ObITh YHUBEPCATbHBIM CPEICTBOM BBIYMCICHUS U
VIIPaBICHUS (MMEIOTCST J0KA3aTeILCTBA BO3MOXKHOCTH
SMYJISIHAM YHUBEPCATbHOM MAllMHBI THIOpUHTA KJie-
TOYHBIM aBTOMaToM). ClieaoBaTeIbHO, MUKPOTPYOOUKH
BIIOJIHE MOTYT 0Ka3aThCsl TEM YHUBEPCATBHBIM BbIUUC-
JIUTEJIbHBIM YCTPOMCTBOM, KOTOPOE OTBEYAET 32 CIIOX-
HOE [MOBEICHUE KIICTOK WM aBTOHOMHBIX OTHOKJIETOU-
HBIX CYLUECTB. DTUM BO3MOXHOCTH MUKPOTPYOOUYEK
KakK HocuTeneil uHopMaliuu He ucaeprbiBaiorces [20],
HO MBI HE MMeeM BO3MOXHOCTH 0GCYXKIATh 31eCh AaIb-
Heiilme neranu. Kakoa Mora 6bl 0Ka3aTbCs CKOPOCTh
BbIYMCJICHUIA, o0ecieunBaeMast 3TUM yCTpoicTBOM?

B crarpe [18] Ha ocHOBe 0030pa HECKOJNBKHUX HC-
CJIeIOBaHUi YTBEPXKIAETCA, YTO MUKPOTPYOOUKH He-
MOHCTPUPYIOT HA0Op Pe30HAHCHBIX YaCTOT, KOTOPhIE

.

MOXHO HaG0JaTh B CIEKTPaxX MOLIOIICHUS U M3Jy-
YEHUST BJICKTPOMArHMTHBIX BOJTH, B IWAITa30HE OT He-
ckonbKuX KI'1l 10 mpuMepHO 107 . [Tpu 3TOM MIMEH-
HO HauBbIclast yactoTa 107 [ Gosblie BCero noxoxa
Ha OCHOBHYIO 4acTOTy KoieOaHWH JUITOJBLHOIO MO-
MEHTA MOJNEKY/bI TYOYIuHA, BXOIALIEH B COCTaB KPUC-
TATMYECKOi PeLIETKH MUKPOTPYGouki®. B 3TOoM City-
qac 107 Tu u ectb CKOpPOCTh cpabaThiBaHUS OJHOM
SIYEHKU KJIETOUHOTO ABTOMATa, a OBICTpOAEiiCTBIE BCEro
4BTOMATa MOXHO MOJYYUTh, YMHOXMB 3Ty YaCTOTY Ha
4yucao sueek B HeM. TTockoibKy OaMH HEHpOH B CO-
cTaBe MUKPOTpyGoUeK comepxut nopsyika 108 Mosekyn
TyOYJIUHA, TO MOJAHOE OBICTPONEUCTBUE 00HOO HElPOHA
B 5TMX TepMHHax oka3biBaercs 1013 onepaumit B cekyH-
1y, a ObICTPOACICTBUE BCErO MO3Ta C €ro COTHEM MMJI-
JINApAOB HEWPOHOB JIOCTUIAET 1026 ofepauui B ce-
KYHAy. DTO Ha JECSTh MOPSAKOB MPEBBIILIACT OLEHKY
ObICTpoAeicTBUS Mo3ra, ImpeltaraeMylo Psem Kypii-
BEWJIOM Juisi porHo3a aatel TC, ¥ JOBOJLHO TPYIHO
[OBEPUTB, YTO 3aKOH Mypa OyaeT ucnpaBHO AeiCTBO-
BaTb BIUIOTh O CTOJb OTPOMHBIX BEJTMUYMH.

EcTecTBEHHO, peub HOKA HE UAET O TOM, YTO HaIu-
YUE TAKOK CKOPOCTH 00paboTKu MH(pOPMALIUU BHYTPH
HelipoHa 10Ka3aHOo, U HE J0Ka3aHa Jaxe JOKaTU3alus
npouecca BHYTPUHEHpPOHHOH 06paboTku uHbpopMa-
LUK B MUKPOTpYOouKax. OQHAaKO OYEBUAHO, YTO BO3-
MOXHOCTHU JJISI OTPOMHBIX CKOPOCTEi 00pabOTKHU MH-
dopMaLy BHYTPH HEMpOHA UMEIOTCS, U OHU JOJIKHBI
YUUTBIBATBCS] U OYCHDb CEpbe3HO U3yvyaThesa. Hago Tak-
K€ YYUTBIBATh, YTO MOMUMO MUKPOTPYOOUEK B KIIETKE
AMEIOTCS M APYTrHe KAaHAMAAThl HA JIOKAJTU3ALUIO UH-
opMaLtMOHHBIX TPOLIECCOB. [103TOMY OCHOBHAst OLIEH -
Ka OBICTpOACICTBUSI MO3ra Kak 1016 orepauuii B ce-
KYHAY, puHUMaeMasi ctopoHHukamMu TC, nmpencras-
JisieTcsl 0O0OCHOBAHHOM OYeHb ¢1abo.

4. AHajIoTHsI MO3T—KOMIIBIOTEP
H KBAHTOBBbIE€ MO/bl pa0OTHI MO3ra

Metonuka rporHo3upoBaHus gatel TC HeaByCMBIC-
JICHHO TMOJAPa3yMEBaeT, 4TO ObICTPOJAEHCTBHE KOM-
NbIOTEPOB M MO3Ta BOOOIIE MOXHO CPaBHUBATH, T. €.
MO3r MOXXHO pacCMaTpUBaTh Kak OOBIYHBIN Ki1accuye-
CKUH KOMIIBIOTEP, ObICTPOACHCTBHE KOTOPOTO MOXET
OBITh BEIPAXXEHO B YMCJIE ONEepaliMit B CeKyH1y. Mexy

TEM, €CJIM HA HEKOTOPOM YpOBHE (ITYCTh JaXe BeCbMa'

r1y00KOM) B MO3Te MPOUCXOIUT 00paboTka nHbopma-

3 AsbTepHaTUBHBIM 0GbsiCHeHUeM yacToTbl 107 T stBnsteTes oc-
HOBHasl 4acTOTa CUCTEMBI MOJIEKYJT TyOYJIMHA KaK KBAHTOBOW CHC-
TeMbl — bo3e-koHIeHcaTa, YTo 03HaYa10 Obl, YTO MUKPOTPYOOYKa
ABJSIETCS. HE KJIACCUYECKUM KIIETOUYHBIM aBTOMATOM, HO KBAHTOBBIM
KJIETOYHBIM aBTOMATOM, CM. CICAYIOUIMIA pa3iet.
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HHMH B KBAHTOBOM pCXHME, MOXO0HO TOMY, KdK 3TO
AENacTCA B KBAHTOBOM KOMIIBIOTEPE, TO TAKOE COIOC-
TaBJICHUC MOJTHOCTBIO YTPAUYMNBACT CMbICII.

OcHOBHOE BO3pakKeHUE IIPOTUB TAKON BO3MOXHOC-
TU cO CTOpOoHBI Past Kypiiseitna [1] coctouT B TOM, 4TO
MO3l — 3TO MECTO, KOTOPOE OYEHb MJIOXO MOAXOIUT
JUIst  CYILIECTBOBaHUSI TaK HAa3bIBAEMOK KBAHTOBOM
KOTEPEHTHOCTH, HEOOXOMUMOI ST TIPOBEAEHMS KBaH-
TOBbIX BeIYKCAeHUI. OH tutnupyeT ciosa Cera Jlnoiina
(Seth Lloyd), ussecTHoro creruanmcra rmo KBAaHTOBOU
TEOPHUH U KBAHTOBOI1 MHDOPMATHKE, U3 Er0 HHTEPBBIO
SJIEKTPOHHOMY XypHasly NanoMagazine: "Mo3r —
3TO TEIJIOE U BJAXHOE MECTO. DTO O4YEHb HeymayHoe
OKpYXeHHUe JUISi UCTOJB30BAHUS KBAHTOBOW KO-

FepeHTHOCTI/I"6.

DTOT apryMeHT OCHOBAH Ha HEABHOM aHAJIOrUMU
MEKIY ONBITOM CO3IaHUSI MEPBBIX KBAHTOBbIX BBIYHC-
JIUTEJIbHBIX YCTPOUCTB ¢ KBAHTOBBIMU BBIYMUCIUTEIS-
MH, KOTOPbIE MOTIJIH Obl CYLIECTBOBATh B Mo3re. Jleit-
CTBUTEJIbHO, OOJIBLUIMHCTBO CYHICCTBYIOLIUX MMPOTOTH-
[IOB KBAHTOBBIX KOMIIBIOTEPOB TPEOYIOT JUIST CBOE
paboOTBl IKCTPEMATBHO HU3KOTEMIIEPATypPHBIX YCIOBUI
U BBICOKOUW CTEMCHU U3OJSIUM YCTPOKCTBA OT OKpPY-
XKEHUS, U 9Ty OCODEHHOCTh KOHCTPYKLIMU Kypupeiin
HESBHO [EPEHOCUT Ha BCE BOOOLIE BO3MOXHbIE YCT-
poiicta atoro kiacca. Ho takas akcTparossiius BOB-
Ce He SIBJISIeTCs1 ONpaBIaHHOM ¥ 060CHOBaHHOI. Bosb-
LUMHCTBO COBPEMEHHBIX MPOTOTHIIOB KBAHTOBBIX
KOMIIBIOTEPOB UCIOAB3YIOT JIMOO MAaHUMYIISLIMIO CITH-
HOBBIMU COCTOSIHUSIMU (CITMHTPOHMKA), TUOO CBepX-
npooasiuMe s3aeMeHTel. CITHHOBBIE COCTOSHUS, KakK
[PAaBWIIO, SIBJISIIOTCS OYEHb XPYNKMMU (MOIBEPXKEHbI
KBAHTOBOU IE€KOTePEHUUH), TAK KaK OTAEICHbI OT OK-
DYXKEHUS JIMIIb OYEHb MAIOM SHEPTETHYECKOM 1HETBIO
(inbo He oTaeseHbl MPaKTHYeCKU BoBce). [MosToMy
COXpaHEHHUE TAaKUX COCTOSIHMM, BOOOLIE TOBOpsi, Tpe-
OyeT OUeHb HU3KMX TEMIIEPATYP U BLICOKOM M3OJIALINU
OT OKpyXeHHUsl, CBEpXITPOBOISILLME TEMEHTbI HYX1a-
I0TCS B HU3KOTEMIIEPATYPHBIX YCAOBHUAX IO TOU MPOC-
TOW NMPUYUHE, YTO HACTOSILLIASI BHICOKOTEMIIEpATypHas
CBEPXIIPOBOAUMOCTD (MIPU KOMHATHOW TeMIilepartype)
MoKa HeusBecTHa. OHAKO JIEMEHTHI KBAHTOBbBIX Bbl-
YUCIUTENIBHBIX YCTPOMCTB MOIYT MCITOJIb30BaTh COB-
ceM Apyrue Gpu3NIecKre NPUHLIMIBI, KOTOPHIE MO3BO-
JAT 00XoOuThCsl 6€3 KPWOTEHUKM it COXpaHEHMs
KBAaHTOBOW KOTepEHTHOCTH. Bosee Toro, HeflaBHO yxe
ObUIO MPOAEMOHCTPUPOBAHO MBYXKYOMTHOE KBAHTOBOE
BBIYUC/IUTEIBHOE YCTPOMCTBO, XOTh U SIBAAIOLUEECS
CIIMHTPOHHBIM, HO paboTarolliece MPU KOMHATHON TeM-
nepatype [21]. B aToM ciyuae m1s1 GoppOBI € AEKOrepeH-

6 The brain is a hot, wet place. It is not a very favorable envi-
ronment for exploiting quantum coherence.

LMeil Obula UCTONBb30BaHA (M BIICPBbIE MPOLEMOHCT-
pUpOBaHa Ha MPAKTUKE) aKTUBHAsI KBAHTOBAst KOPPeEK-
LKA KBAHTOBBIX Ollepaluit, HO ¥ 6e3 TaKoil aKTUBHOM
KBAaHTOBOM KOPPEKLMHU YCTOWUHMBOE CYLIECTBOBAaHUE
KBAaHTOBO-IIEPENYTAHHBIX COCTOSIHUM IpU HOPMAJIb-
HBIX YCJIOBHUSIX BOBCE HE SIBISCTCS YEM-TO HEOObIU-
HbIM. [lpuBeneM HECKOIbKO ITPUMEPOB.

TpuBHaTbHbI MPUMEP MIPEACTABISCT ATOM TEJIHS.
HuxHsist obosouka aToMa 3aceficHa ABYMSI 3JIEKTPO-
HaMH, HO COCTOSIHME KaXIOTO U3 3THUX JICKTPOHOB HE
OMUCHIBAETCH KAKOW-TO OOpeAeJeHHOH BOJHOBOI
dyHkuMel. BomHOBYIO GQYHKLMIO UMEIOT TOJLKO 064
3JIEKTPOHA BMECTE, U TaKasl BOJHOBAst YHKIIUS SIBJIsI-
€TCS IepelyTaHHbIM KBAHTOBBIM COCTOSIHMEM JIBYX
3JIEKTPOHOB. DTO MepenyTaHHOe COCTOSHHUE 0e3 BCs-
KHUX MPOBJIEM CYIIIECTBYET HE TOJIBKO MPU KOMHATHOMN
TEMIIEPATYPE, HO U NPUOIU3UTENbHO 10 ABAMLATH Iisl-
TH TBICSIY IPAAyCOB, KOTAA JIEKTPOHBI HAYMHAIOT IIE-
PEXOAUTH B BO3OYXIEHHOE COCTOSIHUE, U MOXET Ipo-
WU30MTU MOHM3ALIMS aTOMA.

MeHee TpUBUAIbHBIA TIPUMEP MPEACTABISIOT MO-
Nexysl Kpacuteseitt Dror npuMep ObUT UCOOIH30BaH
Puyapnom @eiiHMaHOM 11 wumiocTpauuu pyHza-
MEHTAIBHBIX MMOJOXEHUN KBAHTOBOM MEXaHMKHU B €T0
3HaMeHUTOM Kypce jgekuuit [22, C. 195—196]. Ha
puc. 1 mokaszaHa CTPYKTYpHasi (popMyaa MOJEKYJIbI
Kpacutens: (PyKCHMHA, KOTOpasi MOXET HAXOJMUTHCSI B
JABYX KOH(OpMALUSIX, B KOTOPBIX JUIMONbHBIA MOMEHT
MOJIEKYJIbl OPUEHTUPOBAH B MPOTHBOIMOJOXHBIX Ha-
npasiaeHusx (|1) u [2) Ha puc. 1). DTu 1Be pasaIUUHbIE
KOH(opMal1K, XOTb U UMCIOT ONPEACICHHBIE CTPYKTY-

HoN C NH,

1)

== CN”f

2>

Puc. 1. /Ise kondopmannn (aBa Ga3MCHBIX COCTOSAHMS) MOJEKYJIbI
KpacHTeas QyKCHHA
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Pbl B CMBICJIE PACTIONOXEHUS] XUMHUECKUX CBSI3€i, HO

“HE UMEIOT OMpe/IeICHHON 3HEprun. D10 3HAYUT, UYTO
3T COCTOSTHUSI HECTAOMJIbHBI, M B JAHHOM CJjlydae He-
CTabUIBHOCTH CBA3aHA C BO3MOXHOCTBIO CIIOHTAHHO-
ro nepexona koHdopmanuit Apyr B Apyra. CranuoHap-
HBIMHU X€ COCTOSIHUSIMU OKa3bIBalOTCS IBa APYIUX CO-
CTOSIHMS, KOTOPBIC IIPEACTABIAKOTCS KBAaHTOBBLIMU
CYMEPNO3ULIMSIMU COCTOSTHUIA

1 1
Iy= — () +2); I = — (1) = |2)). 1
1) ﬁ(l> 12)); 111 ﬁ(l> 12) (1)

OIHAaKO B OTJIMUUE OT COCTOSIHMIA |1) U |2), KoTOpbIE
MUMEIOT XOTh U HE OMpPEeRCACHHYIO TOYHO, HO B CPEAHEM
OAMHAKOBYIO SHEPrUI0, IHEPrust coctosHuii |I) u |I1)
OTJIMYAETCS HAa HEKOTOPYIO BeIMYMHY AFE, Koropas
COOTBETCTBYET 3HEPTUM BJIEKTPOMATHUTHOIO KBAaHTa
onTuyeckoro auanadoHa. Ha aroit yacrore mosekyna
KPACUTEJSI YPE3BbIYAHMHO aKTUBHO IOIMIOLLAET CBET
(37O CBA3aHO ¢ GONBIIHUM 2JIEKTPUYECKHUM IUIIOTbHBIM
MOMEHTOM MOJIEKYITbl (PYKCHHA), YTO U SIBJIAETCH OC-
HOBOH ACICTBUSL 3TOrO BELIECTBA B KAYECTBE KPacu-
TeNMS. A caMO SIBJIGHHE MOMJIOLIEHHUsI CBETA SBISIETCS
J0Ka3aTenbCTBOM TOTO, YTO MOJIEKYaa (PYyKCHUHA fipe-
OBbIBAaeT HE B ONHOM U3 cocTosiHuid |1) u |2) ¢ onpene-
JIEHHOH CTPYKTYpHO# (hOopMYyIIOii, a B OMHOIT U3 KBaH-
TOBO-KOICPEHTHBIX CYMEPHO3ULMI STHX COCTOSTHUIA
|1y u |IT). Bonee TOro, €C/IM BHUMATENbHO TOCMOTPETh
Ha CTPYKTYpPY MOJIEKYJIbl (PYKCHMHA, TO HETPYAHO OO-
HapYXUTb, YTO cocTOSiHUS |I) u |I]) UMEIOT CTPYKTYpY
TaK Ha3bIBAEMBIX COCTOSTHHMI besla, kotopbie HHa4e
Ha3bIBAIOTCS Takxe napamMu DiHiureidHa—I[logonk-
ckoro—Po3zeHa (O[1PR:MMeHHO Takue COCTOSIHUS U UX
0000LIeHMs1 Ha Oonbllee 4YUCIO YACTULl HIPAIOT
OCHOBHYIO pOJib B KBAHTOBBIX BBIUMCJIEHMAX, B KBaH-
TOBOU TEJIEMOPTALIMU M CIYXKAT CTAHJAPTHBIM 00beK-
TOM [UISl IEMOHCTPAIMM MapagoKCOB KBAHTOBOM Me-
XaHUKU. Eciau JIeBy10 KONBLEBYIO CTPYKTYpPY 0003Ha-
4YUTh OYKBON A, mpaByil0o — OYyKBOi B, TO HETPYIHO
BUJETh, YTO pa3Hble KOHPOPMALIMU OTIIMYAIOTCH YUC-
JIOM JIBOMHBIX CBsA3€l B 3THX cTpykTypax. O603HauuB
BApMAHT A C IIByMsI U TpeMsl CBSI3sIMU Kak |A2) u |A3)
1, aHAJIOTUYHO, JJIs1 KoJbLia B, To coctosivus |1y u |I1)
MOXHO 3alucaTh KaK

I
Iy = — (I43)|B2) + |42)|B3));
1) [2([ ,.>| > |42)B3))

1 = L (a3)\B2) - |42)B3)) @
ﬁ ) ) B3)).

B dopmyne (2) 6e3 Tpyna y3HAOTCS CKOPPETUPO-
BaHHbie DIIP-napbl. [N mpocToThl MBI OMYCTWIM

B 3aIIMCU COCTOSIHUIt OOLIMIT MHOXMTEIb, COOTBETCT-
BYIOLIMA HEU3MEHHOU 4yacTu MoseKkysbl. Kpacurens
(byKCHH MpeKpacHo BBIMOJHAET CBOIO paboTy U B pac-
TBOPE, U B TBEPAOM COCTOSIHMU, MPH KOMHATHON U
Jlaxe NPy NOBBILIEHHOM TeMIlepaType. OTO 03Hayaer,
4YTO B 3THX "HEOMArompuATHBIX", TEIUIBIX U MOKDBIX,
YCJIOBUSIX BIIOJIHE YCTOMUYMBO CYLIECTBYIOT KOTEPEHT-
Hbl€ KBAHTOBOMEXAHUYECKUE CYMEPHNO3ULMU, [pel-
CTaBJSAIOILKE COOOI Maphl NepenmyTaHHBIX COCTOSAHUIA
MaKpOMOJIEKYIT.

TakuM 00pa3oMm, B CYyLIECTBOBAHUM KBaHTOBOIA
CIIYTAHHOCTHU JaXe LI MaKPOMOJIEKYJl [P HOPMaJIb-
HbIX YCJIOBUSIX, B PACTBODPE WJIM B COCTABE TBEPAOIO
Teja, HET HUYETO HCOOLIMHOTO U, TeM Oosiee, HEBO3-
MOXHOTO. DBOJIOHUHS BIIOJIHE MOIJIa Obl HAITU CIIOCOD
HCIT0JIb30BAHUA TAKUX COCTOSIHUM BHYTPH XKMBOM KIIET-
KM, €C/d Obl TOJbKO 3TO JaBaJIO0 KAKWE-TO CEJIEKTHUB-
Hble npenMyuiectsa. He cienyer HemoolueHUMBATL M30-
LPEHHOCTH 3BOJIIOLHH.

MoxHO 1 yKa3aTh MECTO B HEHpOHE, IIe MOINIU
Obl CylleCTBOBaTh M KAaK-TO HCIIOJb30BATLCS TaKUE
KBaHTOBO-TNepenyTaHHbie cocrosinua? Bee te xe ymo-
MSIHYTBIE BBIILIEC MUKPOTPYOOUKHU SBISIIOTCH OJHUM U3
BITOJIHE PA3yMHBIX KAHIMAATOB Ha 3Ty pob [2, 3, 18].
MuUKpoTpybouKH He TIPOCTO MOIPYXKEHBI B LIMTOMIIA3-
My KJIETKH, HO CTEHKa MUKPOTPYOOUKM BHYTPH U CHa-
PYXU TOKPBITA TUVICHKOW BOABI, MPUYEM TaKOI BOIBIL,
KOTOpasi HaXOOUTCH B COCTOSTHMH, OJIM3KOM K KpPHC-
TATAYECKOMY. DTa IUIEHKA KBa3UMKPUCTALTUYECKOI
BOIbl OYEHb XOPOILNO M30JMPYET CTEHKY MHUKPOTPY-
OOUKH, CITOXKEHHYIO MOJICKY/IAMH TyGYJIMHA, OT BHELLI-
Hero okpyxeHusi. [ToaToMy He BUIHO HUUYErO HEBO3-
MOXHOTO B TOM, YTO MOJEKYJIbI TYOYTHHA CYLIECTBYIOT
He [IPOCTO B OJHO# M3 JBYX CBOMX BO3MOXHBIX KOH-
(opmalmit, HO B KOTepeHTHOII KBAHTOBOI Cyneprio-
3uLMyu 00eux KoHdbopmallyit, Mpu 3TOM COCeTHHE Ty-
OYyJIMHBI MOTYT OOpPa3OBBLIBATH €ILE M IEpEIyTaHHBIE
KBaHTOBbIe cocTosiHUusl Bpoae BITP-map. Torma kie-
TOYHBIA aBTOMAT MUKPOTPYOOUKH OYIET KBAHTOBBIM
KJIETOYHBIM aBTOMAaTOM, KOTOPBII MOXET pean308aTh
KBAaHTOBbIl YpOBEHb YIIpaBicHUs1 HeipoHa. Ecth u
JPYTHE MECTa B KJIETKE, KOTOPbIC MOTYT CIYXUTh KaH-
IUAaTAMU Ha JIOKAIM3aUUI0 KBAaHTOBO-UHMOpMAL-
OHHBIX MPOIIECCOB.

Takum ob6pa3om, cylliecTBOBaHHE KBAHTOBBIX IIPO-
1IECCOB 00paboTKM HWH(MOPMALUU B MO3IE BOBCE HE

UCKTIOYCHO, XOTd U HC JOKA3aHO NPSIMbIMU HaOJsone-

HusMU. OHAKO, KaK MBI YBUIMM HHXE, HENPSIMOE J10-
Ka3aTe/IbCTBO OONBUION PO KBAHTOBO-HH(OPMALIMOH -
HBIX MIPOLECCOB B paboTe MO3ra CyLIECTBYET U CBSI3aHO
¢ teopemoit Ilenpoysza 06 MHU. Ecnu, neitctBuresnnHo,
MO3I B X0A€ CBOEH paboThl peajiu3yeT YTo-TO NMomo6-
HOE KBAHTOBBIM BLIYMCIICHHUSIM, TO ISl TOTO, YTOOBI
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MPEB30MTH MO3T [POCTO IO CKOPOCTH 00PadOTKH MH-
opMaluu, HyXeH HE KOMIIBIOTEP B OOBIYHOM ITOHH-
MaHHWHU, 2 HEKOTOPOE YCTPOMCTBO, B COCTAB KOTOPOTO
BXOIST MOAYJIM KBAaHTOBBIX BoluMCaeHHH. CKOJb yTo-
HO MOILHBIA KJIACCUYECKUI KOMITBIOTEP HE MOXET CU-
MyJIMpOBaTh M, TeM OoJsiee, MPEB30MUTH KBAHTOBOE
BBIUMCJIUTEJIbHOE YCTPOMCTBO (3TO OyAeT noapobHee
obcyxnaTtbca Huxe). OJTHAKO MepCrneKTUBLI CO31aHMS
KBAHTOBbIX KOMIILIOTEPOB MOKA HE BMOJIHE SICHBI, XOTsI
UMCIOTCS HEKOTOPble OOHAMEXHBAIOLIUE PE3YIbTATHI:
HaKOHCLI, NOC/AC MOYTH TPUALIATH JIET Pa3BUTUS UACH
KBAHTOBOIO KOMIIbIOTMHIA CO3JAHO MEPBOE IMOJHO-
(DYyHKUMOHATbHOE KBAHTOBOE BBIYHMCIMTEIBHOE YCT-
POWMCTBO, MOANEPXKUBAIOLCE AJITOPUTMBI KBAHTOBOM
KOPPEKIIUM KOJA, KOTOPbIE MO3BOJISIOT OOPOThCS C Ae-
KOorepeHuueid. XoTs yCTpOICTBO 3TO COCTOMT BCErO U3
JIBYX KyOuTOB [21], MOXeT ObITh, 3TU IEPBbIE ABa KY-
OvTa Mmosioxar Hauyajao KpuBoi Mypa B OTHOUIEHWU
KBAHTOBbIX KOMITBLIOTEPOB.

B zakiioueHue 3Toro pasaena copMyiupyem elie
OIHY MbICAb. Kax noka3biBaeT MPOBEACHHOE BBIILE
o0CyXIeHUEe, HeilpoceTeBas mapaaurma padoTsl MO3ra
COBCEM HE 00513aTeJILHO SIBJISICTCS MCTUHOM B MOCEH-
HC MHCTAaHUMU. DTO €CThb TOABKO OAHA W3 KpalHUX
BO3MOXHOCTEM, KOTOPbIE JO/LKHBI OOCYKIAThCs, U IS
MOJHOTHl KapTUHbl HYXKHO ChOPMYJIUpPOBaTh TaKXKe
JIpYTOi MpenesbHbli caydail. I1poTuBONoONOXHAS Kpaki-
HOCTb COCTOUT B TOM, YTO HeilpoceTeBasi aKTUBHOCTb
HE €CTb HOCUTEJIb CO3HAHUSI, HO €CTh JIULLb MHCTPYMEHT
CO3HAHWSI, WHTepdEiC, CBA3BIBAIOLIMI CO3HAHUE C
OKpYXalolieh JeiCTBUTEILHOCTRIO. "CaMo" co3HaHue
(WM ero XU3HEHHO Ba>KHBIC KOMITIOHEHTBI) XXMBET Ha
HEKOTOpBIX O0J1ee MYyOOKMX (CYOHEHPOHHBIX, KBAHTO-
BbIX?) YPOBHSIX OpraHU3alMu Mo3ra. Bo3amoxHo, uc-
TUHA JIEXUT TAC-TO NOCEPEAUHE, HO HU OIHY M3 BO3-
MOXHOCTEH MEXIY STUMHU ABYMSI KPAilHOCTSIMH IMOKa
UCKJTIOYUTDb HENb3sE.

HakoHer 3aMeTuM, 4TO BO3MOXHOE HaJIUYUE CyO-
HEHPOHHBIX ypOBHE# 00paboTKM WH(pOpPMaLUMU oue-
BUJHBIM 00pa3oM pe3KO YCIOXHSIET 3aJ1auy OOpaTHOTO
KOHCTPYMPOBaHWs MO3ra, B OCODEHHOCTH, €CJIM Ha
STUX YPOBHSIX MPUCYTCTBYET KBaHTOBas oOpaboTka
uHpOpMaLIUH.

5."No-go" Teopema Pomxkepa Ilenpoy3a
00 HCKYCCTBEHHOM HHTEJLIEKTE

Kak Mbl CTapaJiich MOKa3aTh BBIIIE, HEKOTOPBIE
MPEANOJOXEHHS, Jexalllie B OCHOBE MPOTrHO3a MMOSIB-
JieHust cunbHoro MU B 0603puMoM OyaylueM, BOJIHU3U
cepeanHbl XXI Beka, SIBJSIIOTCA B JIYULIEM Cy4ae He
OY€Hb XOpouo obocHoBaHHBIMU. Ho Teopema IleH-

poy3a 06 U, KoTopy1o Mbl OOCYIHUM HUXE, IPe/ICTaB-
JisieT ropas3go 0osiee Cepbe3HOC BO3PAXEHUE TAKUM
[IPOTrHO3aM.

3aKOH COXpaHeHMsl dHepruM (repBoe Hayaao Tep-
MOAMHAMUKH) 3aMPELIAET CO3MAHUE BEYHOTO ABUTATE-
Jis epBoro poaa. Bropoe Hayano TepMOAMHAMUKH 3a-
MPEUIAET CO3MaHUE BEYHOTO IBUTATE/Isl BTOPOTO PoOJa.
Ckonb ObI U30IIPEHHBIMH HU OBUTH HAILKW TEXHOIOTHH,
YCTPONCTBA 3TOr0 TUMA CO3JaHbl ObITH HE MOTYT, TaK
KaK YMOMSIHYTBIC 3aKOHBI UMEIOT XapakTep (hyHIaMeH-
TaNbHBIX 3anpeToB. OUeHb [OXO0XKE, YTO POJIb, AHATIOTHY -
HYI0 MICPBOMY M BTOPOMY HayajaM T€pMOIMHAMHUKHU B
OTHOUICHUM BEYHbIX ABUIaTesieil, OTHOCUTEIHHO BO3-
moxHocteit MM urpaer teopema IleHpoysa 06 UU.

['oBopst HedopMaTbLHO, COIepXKaHUE TEOPEMBI CBO-
JUTCS K YTBEPXACHUIO, YTO KAKOH OBl MOLHOCTBIO HU
00/1a3aJ10 YCTPOICTBO, UMEIOLLEE APXUTEKTYPY KOHeu-
HOro aBTOMara (KOMITBIOTEPA B COBPEMEHHOM [10-
HUMAHUH), YeJIOBEUECKOE MBILIIJIEHHE UMEET HEKOTO-
pblc BO3MOXHOCTH, HEIOCTYIHBIE TAKOMY YCTPOUCTBY.
CienoBaTebHO, npy{ 00CYXKIEHUN BO3MOXHOCTU 1A
MU npeB30HTH YeIOBEKa BO BCEX OTHOLUEHUSIX BOII-
pPOC 0 MOLIHOCTH KOMITBIOTEPOB BOOOI1E HE UMEET OT-
HOILIEHUS K Jedy A0 TeX IOop, MOKa Mbl TOBOPUM O
KOMIBIOTEPAX B COBPEMEHHOM NMoHUMaHuu. Hu oauu
KOMIMBIOTEP HE MOXET MPEB30HTH MBILIUIEHUE YE0BE-
Ka BO BCEX OTHOUIEHUSIX HE3aBUCUMO OT €r0 MOUIHOC-
TH, TaK KaK TeOpeMa TOBOPUT O TOM, YTO B HEKOTOPOM
OTHOLIEHUHX UYEJIOBEUECKOe MBILIJICHUE 00s3aTeNbHO
oyaet cuiabHee. CocpeoTOYNMCS Ha CMBICIIE TEOPEMBbI
[TeHpoy3a, KoTopast, KaKk yoMMHAJIOCh B BBeaeHuU,
oCTajgach COBEPLIEHHO HEIMOHSITOH CTOPOHHUKAMU
cunpHoro MU u TC.

K mOHHMMaHMIO CMBICIIA 3TOI TEOPEMbI MOXHO MIPUIL-
TH pa3sHbIMM CIOCOOAMU, U MbI U30UpaeM IyTb, He-
CKOJIbKO OTJIMYHBIH OT TOro, KOTOPBIM CJIEIOBAJ CaM
[Tenpoys [2, 3]. HauHem c nepBoii TeopeMsl ['€aems o
HenosHoTte (cMm. Hanpumep [23, c¢. 188]), Ha koTOpyKO
yacTO CChIIAIOTCS NPOCTO Kak Ha TeopeMmy [énens.
CMBICT TeOpEMBI COCTOMT B caeayloweM. [1ycts nme-
eTcst 1100ast HEMPOTUBOPEUUBAsi AKCHOMATHYECKAsI CHC-
TeMa, cogepxalias B cedbe ¢hopMaabHyIO apUPMETHKY.
Torna B 3TO cUCTEME CYILECTBYET OCMBICIICHHOE YT-
BEPXKICHUE, KOTOPOE HENb3s1 HU JOKa3aTh, HU OMpO-
BEpPrHYTh CPeACTBaMU 3TOM cucTteMbl. Bosee Toro, no-
Ka3aTeJbCTBO TEOPEMbl MMEET KOHCTPYKTHBHBINA Xa-
paKTep B TOM CMBICJIE, UTO 3TO YTBEPKAeHUE CTPOUTCS
B SIBHOM BUJIE U SIBJISIETCSI HCTUHHBIM MO TTOCTPOEHHUIO
(Ha MeTaMaTeMaTHUYECKOM YpoOBHe, cM. [23, c. 188]).
TakuMm o6pa3zoM, 1isi 11000 J0CTATOYHO MOILHOMK aK-
CUOMAaTHYECKOA CUCTEMbI MOXHO SIBHO YKa3aTh YT-
BEpXIEHHUE, MPO KOTOPOE MBI TOYHO 3HAEM, YTO OHO
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UCTUHHO, HO [10Ka3aTh KOTOPOE B paMKax 3TOM CUCTEMbL
“HEBO3MOXHO. I J0Ka3aTeInCTBA TEOPEMbI UCITOJb-
3y10TCst ABE (hyHIAMEHTAIBHBIE UACH: TAK HA3blBAEMAs
réaeneBckasi HyMepaluds M JAMaroHaldbHBII METO.
Kantopa. Cama teopema [€aens B Bbicluel cTerneHu
HETPUBUAIbHA, COAEPXKHUT B C60€ MHOXECTBO TOHKOCTE M
(HekoTopbIe NeTaTH OOCYXIAOTCs B Hallieit ctaThe [24]),
HO K HacTosIIeMy BPEMEHM Ype3BBIYAailHO MOApPOOHO
UCCJIEA0BAaHA U HE BbI3bIBACT HUKAKHUX COMHEHUI. Tak
YTO OHA SBASETCS BIOJHE HAJCKHBIM WCXOJHBIM
IIYHKTOM U1l PACCYXIECHUM.

CrpykTtypa /1106010 KOHEYHOTO aBTOMATa (KOM-
NBIOTEPA) MOXKET OBITh OMMMCAaHA KOHEYHBIM 00pazoM
MPOCTO B CUy KOHEUHOCTU 3TOTO YCTpOHCTBA. DTO
OIMUCAHUE AHAAOTUYHO KOHEYHOMY HabOpy aKCHOM
HekoTopo#l ¢opmMasnbHOl cucteMbl. [lpeanonaraercs
TAKXKe, YTO aBTOMAT PEAIU3YET 0OOCHOBAHHBIE HPOUEDYpbl,
T. €. TaKue MPOLEAYPBI, KOTOPHIC MAIOT MPaBHIbHbIE
OTBETHI JIMOO HE MAIOT OTBETA BOBCE. DTO O3HAYAET, YTO
€CJIM aBTOMAT BBIYUCISIET, HanpuMmep, A + B u mony-
yaeT C, 3HAYUT TaK OHO M €CTh, 3TOT OTBET NMPABHIILHBIIA.
OtcyTcTBHE OTBETa O3HAYAET, YTO ABTOMAT HE MOXET
3aBEPLUMTB MPOLIETYPY, BNasasi B KAKYIO-TO PA3HOBUIL -
HOCTb O€CKOHEUHOTO LMKJIa. OGOCHOBAHHOCTL MPO-
LeAyp Urpaet sl KOHEYHOTO aBTOMaTa MPUMEPHO
Ty Xe€ pOJib, YTO HEMPOTHUBOPEUYUBOCTD TSI CHCTEMBI
akcuoM. Tpebyercst Takke, YToObI aBTOMAT ObLT Ha-
CTOJIBKO TMOKUM M CHJIbHBIM, YTOOBI B HEM MOXHO
ObLTO peann3oBaTh aJTOPUTM, NMPEAHA3HAYCHHbIW 1151
aHaIu3a [IPYrMX aJrOpUTMOB TOM Xe MAaLIMHBI Ha
NpeaMET UX OCTAHOBKM (HE BMAAIOT JU B GECKOHEY-
HbIA LIMKJ). DTO TpeOOBaHUE AHANOTMYHO TpeboBa-
HHIO J0CTATOYHOM, CIbI aKCMOMATHYECKONH CUCTEMbI
B Teopeme [€nenss. C TOYKM 3peHUS MOCIEIYIOLLErO
COITOCTABJICHUSI BO3MOXHOCTEH MalIMHBI U YeIOBEKa
B 3TOM TPeOOBAHMMW HET HMYEro MPOTHBOECTECTBEH-
HOro. JefCTBUTENbHO, YE€JIOBEK MOXET CTABUTE Mepe.
co00# Takue MpobieMsl U pelath ux. Ecian maimHa
3TOrO HE MOXKET, TO OHA 3aBEAOMO ciabee YeloBeka 1
[IPOCTO He PEACTABASET MHTEpeca It aHanu3a. Becem
9TUM TpeOOBaHUSIM YIOBJIETBOPSICT YHUBEpPCAIbLHASA
MallvHa ThIOpHUHra U 1000e SKBMBAIICHTHOE €il yCT-
po¥icTBO. B vacTHOCTH, OOBIYHBIE HAlIM BBIYUCIIU-
TEJbHBIE MALUWHBI, KOTOPHIE UMEIOT apXUTEKTYPY (OH
HeiiMaHa, (QyHKIMOHANBLHO IKBHUBAIEHTHBI YHUBEP-
caspHOM MawmMHe ThIOpUHTA, T. €. 3aBEJOMO BXOISAT B
00JIacTbh aHAJTH3A. ’

Kak u caenyer (;)I(HIIaTb, B TMOJHOH aHAJOTUM C
teopeMoit ['€nenst, 11 TakoM cHCTeMbl (MAlLlMHBI)
MOXHO SIBHO MOCTPOUTH HEKOTOPOE UCTHHHOE YTBEPXK-
JeHUe, UCTUHHOCTb KOTOPOTO HE MOXKET ObITh JOKa-
3aHa (TOYHEe rOBOps, BBIYMCIEHA) AAHHBIM KOHEY-
HbIM aBTOMATOM. B 5TOM 3aKJ1I04aeTCs CMbBICIT TEOPEMBbI

.

[énens—ThlopyHra 115l KOHeuHbIX aBTOMatoB’ . Kak u
teopema ['€aens, teopema [€nensgs—TrhiopuHra goka-
3bIBAETCSl C UCITOAB30BAHHEM METO/A, OUEHD [TOXOXE-
TO Ha T€AENICBCKYI0O HYMEPAIIUIO, Y C MCITOIb30BAHUEM
nuaroHaipHoro meroza KaHropa. MHbIMU cioBaMu,
MMEET MECTO MOJIHAasl aHAIoTus ¢ Teopemoil [énens
Jaxe B IeTaISAX 10Ka3aTeNbCTBA, U CYILIECTBOBAHUE Ca-
Moit Teopembl ['€nenss—TbIOpMHIa 0 KOHEYHbIX ABTO-
Martax He BbI3bIBAET HUMKAKOTO yausieHus. [1ogobHO
0Ka3aTebCTBY TeopeMbl [€aensi, MoKa3areabCTBO
TeopeMbl [€nens—TrplOpUHIa TOXE SBISIETCA KOHCT-
PYKTUBHBIM. YTBEPXIACHHUE, UCTHHHOCTL KOTOPOTO HE
MOXET ObITh MPOBEPEHA KOHEUHBIM aBTOMATOM, CTPO-
WUTCS B IBHOM BMIE 15t J11I000TO KOHEYHOro aBTOMAaTa
U ABJISICTCA UCTUHHBIM MO MOCTPOSHUIO (IETAIM I10-
CTPOCHHUS MOXHO HaWTH B KHMrax [2, 3]). CoOCcTBEHHO
roBopsi, Teopema I'énensi—TrlopuHra U gBjIsieTcs, Mo
CyTH, [1pOCTO TeopeMoit ['éaens, nepedopMyaupoBaH-
HOW [UIsi KOHEYHbIX aBTOMaToB. CyleCTBOBAHUE TEO-
peMbl, aHAIOTHYHOR TeopeMe I'énenst, HO i KOHEU-
HbIX aBTOMATOB, a HE JUIsl (hOPMAaJIBHbIX CUCTEM, MOXHO
ObLIO TMPEABUAEThL 3apgHeEe, TaK KaK YHHUBEpCaibHas
MaluiMHa TeiopyHra npeacrasisieT coboit, Mo MocTpo-
€HMIO, YHUBEPCAIbHOE CPeaCTBO (HOPMATH3ALIUU JIIO-
ObIX BBIYMCICHHUI, IIO9TOMY OHA B KAKOM-TO CMBbICIE
9KBUBAJICHTHA MONHOM apudMeTnke, U BCe TEOPEMbI
apudMeTUKU OyAyT CripaBeUIUBBI B OTHOLIEHUH YHMU-
BEPCAIBHOU MalliMHbl ThIOpUHTA B HaWIeXALIEH mne-
pedopmysipoBke. Takum oGpasoM, teopema [énensi—
TolopuHra SBISICTCS CTOJIb XK€ HAAEXHBLIM LIATOM B
aHanmuie, Kak u teopema I'éaens o HenosiHorte. C ne-
TAJIAMU I0Ka3aTeabcTBa Teopembl [€nessi—TriopuHra
MOXHO 03HaKOMMThCsE o KHUTaM Pomxepa ITeHpoysa
[2, 3] u B ceLManbHOR MTEpATYpE IO MaTeMaTH4e-
CKOW JIOTUKE WU TEOPUU AJITOPUTMOB, HO 3TH AETAIU
HE UTPAIOT CYLIICCTBCHHOM POJTU B HALLIEM H3JI0XEHUH.

Ype3BbeluailHO BaXHO, YTO U3 OJHON TOJIBKO TEO-
peMbl ['€aensi—ThlopMHra O KOHEYHBIX ABTOMATAX HE-
BO3MOXHO CHEIATh MPSIMBIX BLIBOJOB O COIOCTABJIE-
HUM BO3MOXHocTei MM M uHTe/IeKTa 4eoBeka.
Teopema [€nensi—ThlOpUHIa HUYErO HE I'OBOPUT 00
HHTEJUIEKTYAIbHBIX BO3MOXKHOCTSIX YeloBeka. UMeH-
HO 3TO OOCTOSITEJILCTBO HE [IOHATO CTOPOHHHUKAMU
cuipHoro MM (cMm. obcyxneHue B KOHIE 3TOTO pas-
aena). 3aech HEOOXOAMM €lle OAMH HETPUBUATIBHBIA
war, U Ponxep [lenpoy3 arot war gemaet. I[Toayepk-
HEM e€Lle pa3, YTO 3TOT IMOCAEAHMI wwar ObUI SBHO.

7 Teopema ['éaens—ThiopHHTa — 3T0 TEPMHH, UCTIOIb3YEMblil
Ponxepom [Menpoyzom B ero kuurax {2, 3]. B nureparype MoxXHO
BCTPETUTb HECKOJIBKO Pa3iUYHbBIX YACTHEIX (hOPMYJIMPOBOK aHAJO-
TUYHOM (MM S5KBUBAJIICHTHOMN) TEOPEMBI IO pa3HLIMU HA3BAHUSMH,
CBA3AHHBIMH C pa3HbIMH aBTOpaMu. Ta yacTHas GopMyaMpoOBKa, KO-
Topasi ucronb3yetcsi [leHpoy3oM, M3BecTHA TaKXe KaK Teopema
0 HepaspeLIMMOCTH MPOBIeMbI OCTAHOBKH J1/151 KOHEYHOTO aBTOMATA.
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copmynupoBaH uMeHHO Pomxepom [leHpoy3zom, oH
HE TOXACCTBEH TeopeMe ['€aens—TriopuHra; 310 He-
YTO CYIECTBEHHO MHOE W OOJbliee, MPHU BCEH Kaxy-
Lefcs MpoCTOTe 3TOr0 MOCAEIHETO 1ara.

Paccyxnenue IleHpoy3a npejactaBisieT coboit 10-
Ka3aTeJbCTBO OT MPOTUBHOIO U COCTOMT BCErO U3 ye-
TBIPEX MPOCTBIX IIAroB.

1. Ilpennonoxum, YTO HEKOTOPBI KOMITBIOTEP,
UMEIOUIUIA apXHMTEKTYPy KOHEYHOTO aBTOMAaTa, obJja-
JIaeT BCEMM MHTEUIEKTYATbHBIMHU CIIOCOGHOCTSIMHU BCETO
Ye/I0BEYECTBA (MHBIMU CJIOBAMM, MPEACTaBAsIET CO0OI
cunbHbli UM B opMynupoBKe, HUCHONB3YeMOK B
HacTosile paborte).

2. Toraa no6oit MaTeMaTHK, UCHOAB3YSA CBOU Mame-
Mamueckue cnocobHocmy, Ha OCHOBE TeopeMbl [€ne-
Ja—TbIOpUHIa MOXET MOCTPOUTH UCTUHHOE YTBEPXK-
JeHUE, UICTUHHOCTh KOTOPOTO HE MOXET OBITh TTPOBEC-
peHa STUM KOMIBIOTEPOM, HO KOTopasli sicHa s
MareMardka (rmo moctpoeHuio). [TocTpoeHue Bcerda
BO3MOXHO, TaK KakK JOKAa3aTeJbCTBO Teopembl [Enme-
Nnsi—ThlOprHra UMEeEeT KOHCTPYKTHBHBIM XapakTep.

3. CnenoBarenbHO, Npeanosaras, 4To KOMIbIOTep
o0JilagaeT BCEMU CIOCOOHOCTSIMHM JTIOJEH, MBI HEMEI-
JICHHO YKa3bIBACM CITOCOOHOCTb YeJIOBEKa, KOTOPOW
3TOT KOMIBIOTEp He 00JaaaeT.

4. BTO eCcTbh NPOTUBOPEYME, U OHO 1OKA3BIBAET, UTO
Takoil KoMITbloTep (CuAbHbIE MU) He MOXET cylilecT-
BOBATb.

Cunbroii HHU neeoamoxcen Hu 045 Kakux KoMnoome-
D08 HA OCHOGE ADPXUMEKMYPbl KOHEHHO20 A8momMama.

3aecs nokasatenbscTBO IleHpoys3a mpuUBEAeHO MOI-
HOCTBIO, ¥ TIOCEAHSA dpasza, BblIS/IeHHAS KYPCUBOM, —
ee TouHast popnyaposka. KpaTkocts 1 nipocTora 10-
Ka3aTeJbCTBA SIBISIOTCS OOMaHUMBLIMU, 3[1€Ch €CTh
HECKOJIBKO TOHKOCTECH, KOTOpble HEOOXONUMO Cpasy
OTMETUTb U OOCYIUTD.

Bo-nepBbix, KakoBa npupoaa teopembl [TeHpoysa?
ABasercd 1M oHa MaTeMaTHYECKOM TEOpEeMOil B TOY-
HOM cMbIciie cioBa? Eciau HeT, TO yeM MMEHHO OHa
apnsietca? Hactopaxupaer 1o, 4To B (DOPMYIUPOBKE
TEOPEMbI Yepe3 MOHATUE cuibHOoro MW HesiBHO uc-
MOJIb30BaHO TAKOE, HAIIPUMED, SIBHO HE MaTeMaTuye-
CKOe TIOHSITHE, KaK "Bce yesaoBeuecTBo". Kakum obpa-
30M "BCE UEJIOBEYECTBO" MOXET ObITh DJEMEHTOM Ma-
TEMATUYECKOI0 PACCyXACHUs, €CJIM B HOPMAaJIbHBIX
MaTeMaTUUYECKUX JOKa3aTebCTBAX PacCMATPUBAIOTCS
abcTpakTHbIe MareMaTUYeCK1e OOBbEKThI?

Ecnu Bee monn CMépTHbl 1 Cokpar — yenoBek, TO
Cokpat cMepteH. CoKkpaT He sIBAseTcst aOCTPaKTHBIM
MaTeMaTU4eCKMM OObEKTOM, OIHAKO IMMPUBEAEHHOE pac-
CYXIEHHUE SBISETCS MMPaBUIbHBIM MAaTEMATHYECKUM
noka3atenbCTBOM. K Kakoi xe obsactd MaTeMaTUKU
OTHOCHUTCSI TAKOE IOKA3aTEJIbCTBO? DTO paccyxXieHUe

OTHOCHUTCS K MaTeMaTHYEeCKO JIOTHKE, KOTOpasi SABs-
€TCS pa3aenoM MaTeMaTHKH, KOTOPBIM M3y4aeT OTHO-
LICHUST MCXIY BbICKA3bIBAHUSIMH ITPOM3BOJIBHON Mpu-
POJIbI, MTOJHOCTBIO a0CTParupysChb OT MPUPOIHLI OOBEK-
TOB, K KOTOPbIM OTHOCSITCSI 3TH BbiCKa3biBaHUSA. PoJb
UrpaeT TONLKO UX CTPYKTypa. MMeHHO ¢ 3TOH TOYKM
3PEHUS JIETKO MOXET OBITh IPOaHATU3UPOBAHA TeopeMa
ITenpoysa. Ilycte x o3Hauaet "crmoco® MaTeMaTude-
CKMX PacCyXIeHWM, JOCTYMHbIM KOMY-TO U3 Joaei”,
npeaykar P(x) o3HayaeT "X MOXET ObITb BOCIIPOM3-
BeJeH KoMmbloTepoM”. Torma HeTpyaHO HOHSTh, YTO B
CTAHJAPTHBIX O003HAYECHUSIX MATEMATHYECKOI JIOTUKU
Bce JoKazaTeqbcTBO IleHpoyza MOXeT OBbITh Ipen-
CTaBJICHO KOPOTKOi1 popMyJioi

(VxP(x) = Fy—P(y)) = ~(VxP(x)). (3

Drta dopMyna npeacTapisieT coboii TeopeMy Mare-
MaTUYECKOH TIOMMKH (TaBTOJOTHIO), KOTOPAs SIBASETCA
WCTUHHOM COBEPLICHHO HE3aBUCHMO OT CEMAaHTUKH,
KOTOpast BKJIAIbIBAeTCsI B CUMBOJbL X, y, P. To, uto
B CEMaHTHKE, MO CYTH, BO3HUKAET JOBOJBHO CIOXHOE
MOHATHE "JYesloBeuecYBO", HE UIPAET POJIU C TOYKH 3pe-
HUSI MICTUHHOCTH BCETO BbIBOAA. Tak YTO Ha MpUpoAY
TeopeMbl [leHpoy3a BO3MOXEH B3TJISI, KaK Ha TeopeMy
MaTeMaTHuYecKol JIOTMKU, WJIM MPOCTO Kak Ha Ipa-
BUJIBHBIA JIOTUYECKUNA CUILIIOTHU3M.

BTOpoi#i TOHKMI MOMEHT 3aKJTIOYAETCS B TOM, YTO B
Teopeme [€nensi—ThlOpUHra, CTPOro roBopsi, pac-
CMAaTPHUBAIOTCS HE PEaTbHBIC BEIYUCIUTENbHBIE MalllH-
HbI, a abCTPaKTHBIC KOHEYHBIC aBTOMAThl — MAaUIMHBI
TrlopyuHTa (3TO OYEHb PACHPOCTPAHEHHBIH apryMeHT
MPOTUBHMKOB NpuMeHeHUusi TeopeMbl léaensi—Tbio-
pUHIa K peabHBIM WU MEPCIEKTUBHBIM KOMITBIOTE-
paM). [loaTomy nomyyaercs, yto Teopema [Emensi—
ThblopuHra Kak 6bl BOBCE U HE HMEET OTHOUICHUS K pe-
anbHOW BBIYUCIUTENBHOM TEXHUKE, a UMEET OTHOIIIe-
HME TOJBKO K KaKUM-TO aOCTpaKTHBIM MaTeMaTuue-
ckuM oobekTaM. Teopema [leHpoysa torga HacneayeT
3TOT HEIOCTAaTOK.

B a2ToM paccyxaeHUM HMeeTcs MEeTOmAUYEeCcKast
ounoka. JlelcTBuTeNbHO, a0CTpaKTHbIE MAaLIUHbIL ThIO-
pHHTA HE SIBJISIIOTCS PEATbHBIMU BbIUMCAUTEIbHBIMU
YCTPOMCTBAMH, HO SIBJISIIOTCS TOJILKO WJI€aIbHBIMH
MOJECSIMU TaKHX peanbHbIX YCTPOHCTB. BMecTe ¢ TeM,
€CJIM Mbl XOTUM OCTaBaThCA B paMKaxX HayKW, TO HAIO
SICHO TIOHUMATh, YTO Y HAC HET WHOTO MyTH U3YYCHHUS
peIbHOCTH, KPOME KaK Ha SI3bIKE WACATbHBIX Mare-
Maruyeckux momaeneii. Eciiv BBl XOTHTE UMETh AeJO C
PEABHOCTBIO HAINPSMYIO, TO BAM HE OCTAETCS HUYETO
UHOTO, KPOME MOJYAJIUBOTO CO3EPIAHUS B AyXe He-
KOTOPBIX BOCTOYHBIX JYXOBHBIX MpakTHK. [losToMy
MUCMOMb30BAHUE UACATTBEHON MOJETH IS ITOHUMaHUs
paboThi peasbHbIX BBIYUCIUTEIBHBIX MAIIUH HE SIBJIS-
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€TCsl YeM-TO HEOOBIYHBIM WJIM HENpPaBUIbHLIM. Ipy-

“Toe JAeJI0, YTO KTO-HUOYIb MOXET CKa3aTh, YTO MALLIM-
Ha TelopUHra sIBASIETCS HEIOCTATOYHO XOPOLIEH MO-
JIETBI0 pEAIBHBIX MAIllMH B KOHTEKCTE JAaHHOM 3a/1ayu.
PeajibHble MalIMHBIL JAI0T cOOK, BOBCE JIOMAIOTCH, 00-
JIAJAaI0T TOJILKO KOHEYHOW mamMsThio U T. 4. Ho ecnu
TaKOW HENOBOJIBHBIA 3aX04YET JJ0KA3aTh CBOIO MPABOTY,
TO €My IIPUIETCA NMOCTPOUTH MOOeab MALUIHUHbBI, KOTO-
past paboTaet co c60sIMU U OLMOKAMK (CHOBA UAEATb-
HYIO), U C UCIIOJIb30BAHUEM 3TOI MOIE/IH MI0KA3aTh, Ha-
MPUMED, YTO Takas cOOslas MalllMHA MOXET PEIUUTh
3a0a4YM, HEXOCTYIHBIE MalluHe, KoTopas pabortaer
WICATBHO MPpaBuIbHO. WHTEpecHO ObUTO Obl YBUIETH
TaKoe J0Ka3aTeabCTBO.

Crenyer orMeTuth, 4to Teopema [leHpoysa cyue-
CTBEHHO OMUPAETCA HA METO/L IOKA3aTeNILCTBA OT ITPO-
TUBHOTO (4TO, BIIPOYEM, MOXKHO CKA3aTh M O TEOpeMax
I'€nenst u Iénens—ThlOpUHTa, YTO MPAMO BUIHO M3
CTPYKTYPBI MX JOKA3aTeJbCTB). DTOT METO/L ITPUHAT B
OCHOBHOWM 4aCTH HOPMAJIbHOM MAaTeMaTUKH, U OTPOM-
HOE YMCJIO PE3YJILTATOB HAXOAUTCS OT HErO B MPSIMOIA
3aBUcUMOocTH. OTHAKO HE BCe MCCJIEMOBATEA OCHOBA-
HMi1 MaTeMAaTUKX ero NpuHUMaloT. OHU, B YACTHOCTH,
OyayT HacTauBaTh, YTO TOT (HAKT, YTO CYLLECTBOBAHUE
HEKOTOPOro 00beKTa MPUBOIUT K [IPOTUBOPEYUIO, HE
03HAY4€eT aBTOMATUYECKH, YTO OOBEKT HE CYLUECTBYET.
HecyluecTBoBaHME HEKOTOPOTO OOBEKTA IOJKHO BT
JIOKA3aHO SIBHbIM MEPEYUCIEHHEM BCEX OOBEKTOB TOrO
K€ TUIA, KOTOPbIE CYLLECTBYIOT, U OTCYTCTBUEM CPEU
HUX MCKoMoro. Takoe HampaBieHUE B OCHOBAHMUSIX
MATEMAaTUKU U3BECTHO KaK MHTYMLIMOHM3M WIH KOH-
CTPYKTUBM3M (3TO MPaKTUYECKH CUHOHHUMbI). B KOH-
CTPYKTUBHOU M MHTYIMIMOHKUCTCKOI JIoTHKe (opmya

-(3) He siBNISAETCS UCTUHHOI TeopeMoii. C TOUKU 3peHUS
KOHCTPYKTUBHON MaTeMaTUKU, JUISI J0Ka3aTe/bCTBa
Teopembl [leHpoy3a HyXHO GbLIO Obl IPEACTABUTH
CITMCOK BCEX BO3MOXHBIX KOHEYHbIX aBTOMATOB U SIB-
HO yKa3aTb, YTO HU OJMH U3 HUX HE IPEBOCXOLUT BCE
MaTeMaTUyeCcKH1e cnocobHocTH moaeid. Bpsaa iu takoe
JOKAa3aTe/IbCTBO BO3MOXHO. TakuM o6Gpa3om, Teopema
[lenpoy3a cyiecTBeHHBIM 00PA30M SIBISACTCS TEOPEMOM
OOBIYHOI MaTeMaTUKU (TOYHEE — OOBIYHON MaTeMa-
THUYECKOU JIOTUKU, CM. BbILLIE), HO HE KOHCTPYKTHUB-
HOM WJIM MHTYULIMOHMCTCKOM MareMaTuku. Eciu He-
KTO KPUTHKYeT TeopeMy [leHpoy3a Ha OCHOBaHUM TOTO,
YTO OHA MCIOJb3YeT METO[I A0Ka3aTeJbCTBa OT IIPO-
THBHOrO, TO OH MPUMBIKAET K JIArePIO KOHCTPYKTU-
BUCTOB M, OyIydd MOCIEIOBATEIbHBIM, AOJKEH
OTOPOCHUTB CYLIECTBEHHYIO 4YacTh BCEl COBPEMEHHOIA
MaTeEMATUKU (B YACTHOCTM, ITOYTH BECH MaTeMaTHye-
CKMI aHaIu3).

Eiie HEKOTOpBIE TOHKOCTH B JOKA3aTEIbCTBE TEO-
peMbl TolopuHra GyayT yrnoMsiHyThl B pasgese 9, nocie

TOro, KaK OyIyT BBEJICHBI HEKOTOPBIE JOMOMHUTEIbHDIE
MOHSITHUS.

U3 teopembl [€nenss—TolopuHra clieayer Takxe,
9TO MO3I Y€JIOBEKA, CITOCOOHOrO MOHATHL TeopeMy ['€-
nensd—TeropuHra (Ha30BeM TAKOIO YEI0BEKA Mamema-
muKom), caM He SIBISETCS KOHEYHBIM AaBTOMATOM.
JeicTBUTENBHO, MIPEATONIOKUM, YTO MO3T MAaTeMaTH-
Ka — 3TO HEKOTOPLI KOHEUYHbII aBToMar. Torma, uc-
nonb3yss rteopeMy Ié€mensi—ThiopuHra, marteMmaruk,
B MPUHLUITE, MOXET CaM /Uil CBOETO MO3ra MOCTPOUTD
MCTUHHOE YTBEPXKACHNUE, UCTHHHOCTb KOTOPOIO OH HE
MOXET YCTAHOBUTH C UCIOJb30BAHUEM ETO XE COOCT-
BEHHOTO MO3ra Kak KOHeYHOro aproMata. TeM caMbiM
TakO# MaTeMaTUK MOXET MOHATH TO, YTO OH HOHSTH
He MOXET. DTOT abCypAHbIA pe3y/abTaT IOKAa3bIBAET,
4YTO HCXOLHOE IMPEANONOXKEHHE ObLI0 HEBEPHBIM, W
MO3I MaTEMATUKA HE SIBJISIETCS KOHEYHBIM aBTOMATOM.
CnenoBatenbHO, aHATOrUsT "MO3I — 3TO KOMIIbIOTEp”
HEBEPHA /U MO3ra JIIoOOro OTAeIbHO B34TOrO0 MaTe-
MaTuKa. OTO YTBEPXKACHUE MOXHO PACCMATPUBATD KaK
ATbTEPHATUBHYIO (DOPMYJIUPOBKY TeopeMbl [1eHpoy3a.
OueBUIHO Takxke, YTG MbICIUTENbHAA CNOCOBHOCTH
BCEX JIIOIEI BMECTE B3SITBIX TOXE HE MOXET ObITh TTpefi-
CTaB/IeHa HUKAKUM KOHEYHBIM aBTOMATOM (YXKe XOTSI Obl
NOTOMY, YTO CPeIM JIIoJedl UMEIOTCS MAaTeMaTHKu,
noHumarolive teopeMy I'énensi—Thiopunra).

HHTEpECHO, YTO 3TUM CITOCOBOM HEBO3MOXKHO 0-
Ka3aThb, YTO MO3T JIIOOOTO OTHEJbLHOIO HaMnepen 3aaH-
HOTO Y€JIOBEKA HE SIBJSETCSI KOHEYHBIM aBTOMATOM.
Teopema cripaBeasivBa TOJBKO JIMGO B OTHOLIEHUH Ma-
TEMaTUYECKON CIOCOOHOCTU BCeX JNIOOEH, B3SITHIX
BMeCTe, MO0 B OTHOLIEHUU OTAEIBHBIX JUUYHOCTEH,
NOHUMAIOLIUX UK CTIOCOOHBIX MOHSTh TeopeMy [Eéne-
Jsi—TetopuHra. Ho oOblyHbIE TIOAM (HE MATEMATHKH)
OTJINYAIOTC OT MATEMAaTUKOB HE TaK yX CUJIBLHO, M
CJIENYET OXUAATh, YTO UX OOBIIEHHBIE MBICIUTE/bHBIE
CIMTOCOOGHOCTH TOXE BBIXOJAT 3a APEHENbl JOCTHXKHU-
Moro yioboro koMmmneiotepa. Pomxkep [lenpoys apry-
MEHTHUPYET 3TO CIEOYIOLIMM OGpa3oM.

MartemaTuyeckue cnocoGHOCTH JTI0Eil MpeacTaB-
JISIIOT TOJIBKO YACTHBIM Cyvail CrioCOOHOCTEN MO3ra,
OTIMYAIOUIMICA OT APYTUX CHOCOOHOCTEN TEM, 4TO
3I€Cb dHAJIN3 COOTHOILLUEHHUS CIOCOOHOCTEN MO3ra u
KOMIIBIOTEPA YIAETCH abCONIOTHO CTPOTO IOBECTH AO
KOHUA. TlockonbKy B OTHOLUEHMU MaTeMATUUYECKUX
CIIOCODOHOCTE TOYHO OKA3aHO TIPEBOCXOACTBO 4E/I0-
BEKA Hal MalllMHOW, TO, MO aHAJIOIMH, YEJOBEK, MO-
XeT 00/1a1aTh U JPYTUMH CIOCOBHOCTIMU, HEIOCTYII-
HBIMM KOHEYHOMY aBTOMarty. [IpocTo aHamu3 B Apyrux
Cly4asix OOBeCTHM OO KOHLA TpyaHee. CKopee Bcero,
UCTOYHUK BCEX 3THX "HEBBIUMCIUMBIX" CIIOCOOHOCTEH,
KaK SIBHO MaTEMAaTUYECKUX, TAK U BCEX MPOYUX, OJUH.
JlefCTBUTEIBHO, MHOTO€ YKAa3bIBAE€T Ha CyLIECTBOBA-
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HME Takux crocobHocTeit, U Poaxep [Tenpoy3 npuBo-
JIUT MHOXKECTBO MPUMEPOB, IPUYEM HE OH IMEPBBIH 3TO
nenaet. KayecTBeHHBIt aHAIM3 3TOrO TUTA TPOBOIMII-
cs 1 3agoiro 1o kHur IleHpoysa, HarmpuMep, B KHUTe
X. [peitpyca [25] (KOHeH IIECTHUAECATHIX TI'OIOB
XX Beka).

TakuMm o0Gpa3oM, 4YeTOBEK — He KOMITbIOTED He
TOJILKO B CMBICJIC €r0 MaTeMaTHYeCKUX CITOCOOHOCTE
(uto, pakTUUECKH, AOKA3AHO), HO U BO MHOTHX APYTHX
OTHOUIEHUsIX. [OBOpsI MO-IpOCTOMY, camMoe TJaBHOE,
YTO HEIOCTYITHO KOMIILIOTEPY, 3TO YMCTO 4YeJIoBeYe-
CKasi YHHMBEpPCAIbHAasA CMOCOOHOCTh K HOHUMAHMIO U
[PUAYMBIBAHUIO, KOTOpasi, MEHCTBUTENBHO, YIOPHO
He nojjaercsi popManuzaiuu. Kak Hanucanu 0partbs
Crpyraukue B noecty "becnokoiicTBo": "Bce dyHaa-
MEHTAIbHBIC WICH BbIAYMBIBAIOTCS..., OHM HE BUCSIT Ha
KOHIIax Jjoruyeckux uenodek". Teopema IleHpoysa
yKa3blBaeT HAa TO, YTO 3Ta YHUBEpcajabHas CMOCO0-
HOCTb JAIOJ€! BBIAYMBIBATb U HE MOXET OBITL popMa-
JIN30BaHA HA OCHOBE APXMTEKTYypbl KOHEUHOTO aBTO-
Mara. ABTOMaTbi XOAST TOJbKO BIOJIb JIOTHYECKHUX LIE-
NMoyeK, IO3TOMY HOBbI€ (YHAAMEHTAJIbHbIE MEH,
KOTOpbi€ "He BUCAT HA UX KOHIIAX", UM HEJOCTUXMMBI.
Ho rae oHu BucaT, 3T PyHIaMEHTANbHBIC UACH, KaK
JIIOM 10 HUX AoOupaioTcsi? MBI 3TOTO HE 3HaeM, Mo-
3TOMY, CTPOTO TOBOPSI, Mbl HE 3HAeM, KaKyl0 UMEHHO
3ajayy Hago peluTb IS [epeHoca 4YeIoBeYeCKOoit
CMOCOOHOCTH K MBIIUIEHUIO (0OCOOEHHO — K BBICUINM
¢dopMaM TBOPUECKOTO MBIIUIEHUS) HA JIO00H UCKYyC-
CTBEHHBIH cybcTpaT. Kak MOXHO pelliuTh 3amady, He
ymesi ee cOpMyJIMPOBaTh?

Y1066 MPOULTIOCTPUPOBATh CUIIy TeopeMbl IleH-
poy3a npuBeacy N8py MPUMEPOB, UMCIONIMX BUA BO3-
PaxXeHUid IPOTUB 3TOH TEOPEMBI U OTBETOB HA HUX.

Bospasicenue 1. Ecnu BHUMATEJIBHO NTOCMOTPETH Ha
cnocob nokasatenbscTBa TeopeMbl I'éaens—TriopuHra,
TO MOXHO YCMOTPETb, YTO CIHOCOO reHepauuu Téae-
JIEBCKOTO YTBEPXICHUS CaM MMeEeT "MeXaHWYyecKuii"
XapakTep ¥ MOXET ObITb ajaropuTMu3oBaH. [lycTs
aJITOPUTM, KOTOPBIH TEHEPUPYET TENesieBCKOe yT-
BEpXKIEHME, BKIIOYEH B ONIUCAHUE CYMEPKOMITLIOTEDA,
O KOTOpPOM MIET peyb B JOKAa3aTeJIbCTBE TEOPEMbL
IMeHpoy3a. Toraa OH CMOXET CAMOCTOATELHO CreHe-
pUpOBaTh TéAe/IeBCKOE YTBEPKACHHUE, TKOObI JOCTYII-
HOE TOJILKO JIIOASIM, HO HE 3TOMY KOMIIBIOTEpY.

Omeem. Ecnu anropuT™M reHepallMi TéaeaeBCKUX
YTBEPXICHHUIT OYACT BKIIOYEH B OMUCAHUE CYNEPKOM-
MbIOTEPa, OIMUCAHHE CyIEPKOMIbIOTEPA U3MEHUTCH,
HO OH OCTaHETCS KOHCUHbIM aBTOMATOM, M Ha HETO
MO-IpexXHeMy OyleT pacnpoCTpaHsITbCsl Teopema [€-
nensi—TelopuHra. CnegoBaTeslbHO, U 11 OOHOBJIEH-
HOWM KOH(pUTYpaLMU MOXHO [OCTPOUTh HOBOE TEIEITCB-
CKO€ YTBEPXKICHHUE, KOTOPOe eMy OyleT HETOCTYITHO.

HoBoe yTBepxIeHne CHOBAa MOXET GBITh BKIIOYEHO B
OMMcaHUe KOMMbIOTEpa U T. A. Jlaxe MpU CKOJIb Yrofi-
HO JUIMHHOW (HO KOHEYHOM) LIEMOYKE TAKUX UTePALIHit
KOMITBIOTEP OCTAHETCS1 KOHCYHbIM aBTOMATOM, CIEN0-
BaTCJILHO, CHOBA HAMICTCS XOTsI ObI OHO I'€lIeJIEBCKOE
YTBEPXKACHHE, KOTOPOE EMY HEIOCTYITHO, HO KOTOpOE
MOHUMAeT MaTeMaTUK-4eI0BeK (10 MPUYMHE KOHCT-
PYKTUBHOCTH 3TOTO YTBEPXACHHS). TeopeMa ocraeTcst
B CHUJIC.

Bospaxcenue 2. Boinuinem Bce BO3MOXHbBIE CIIOCO-
Obl MaTeMaTUYECKUX PACCYXIACHUI JI0Jei, U 3acTa-
BUM KOMIIBIOTEP MPOYUTATh 3TOT crrcok. Torma, oue-
BUIHO, KOMIIBIOTEPY CTaHET MDOCTYITHO Bce, YTO JO-
CTYITHO W JTIOJSM.

Omeem. Bplllie ObLIO MOKA3aHO, YTO YEJOBEK-Ma-
TEMAaTUK HC SIBJSETCS KOHEUYHBbIM aBTOMATOM, CIIeJO0-
BaTEJIbHO, HE SIBJISIETCSI KOHEYHBIM aBTOMATOM M BCs
COBOKYITHOCTb Jtofaeil. [1o3ToMy Helb3s1 0XXKUAaTh, YTO
CYLLICCTBYCT KaKOHW-TO KOHEYHBIN CIMCOK CIOco06OoB
MaTEMATHUYECKUX PACCYXACHMI, MOCTYITHBIH JTIOISIM.
Cnucok, BooOLie roBopsi, 06CKOHEUEH, IO3TOMY Jaxe
HEC MOXET OBbITb MOIATOTOBIAEH [ MOCIETYIOIIeTO
npouteHus. BospaxeHue cHuMaeTcs.

B xnure [3] Pomkep [eHpoy3 paszoupaer euie 18 pa3-
HBIX Bo3paxeHuit. M3 AByx Bo3paxeHMil, paszobpaH-
HbIX BBIIIE, OTBET Ha I[E€PBOE BO3paXKeHUE CIEIYET
Ponxepy IleHpoy3y, Ha BTOpOe BO3pakeHUE Mbl 3[€Ch
OTBETWIU MO-IPYrOMYy.

Hano otMeTuThb, 4TO aHanu3 KHUTH Pasg Kypuseiina
o TC [1] He uaer nanbiiie TeopeMbl ['€nena—TblopuHra.
HUwms TleHpoysa B KoHTeKcTe TeopeMsl [€nensi—Thio-
pUHTA 3[CCh JAXC HE YIIOMMHAETCSH, U 3TO TPU TOM,
yto ¢ kHuramu Pomxepa IleHpoysa Pait Kypuseiin
TOYHO 3HAKOM (YTO BUIHO IO OOMJIBHOMY LIMTHPOBA-
HMIO 110 IPYTHUM IOBOJAM B IPYTUX MecTax KHUru [1]).
9710 03HavaeT, 4to Teopema [leHpoysa mpocTo He Obl-
Jia noHsita. Hanpumep, B pasaene "The Criticism from
the Church-Turing Thesis" B kHure [1] MOXHO BCTpe-
THUTb TAKOE PACCYXKICHME (HE JOCTOBHO): KOMIBIOTEP —
KOHEYHBIA aBTOMAT, [MO3TOMY IJISi HETO CYIHECTBYIOT
réJe/IEBCKUEC YTBEpXIeHHUs. DTo HecoMHeHHO. Ho u
MO3r — TOXE KOHCYHbIH aBTOMaT (310 WSt Pasg Kypu-
BE€JIa SICHO), MO3TOMY W AJIA HEro TOXE CYIUECTBYIOT
réeJICBCKUC YTBEPXKIeHMS. B 3TOM cMBICTIe KOMITBIO-
TE€Pbl HUYYTh HE XyX€ MO3ra, NMO3TOMY HET HUYEro
YAMBUTEIbHOTO B TOM, YTO KOMIBIOTEP MOXKET MOJHO-
CTBIO BOCIPOM3BECTH pabOTy MO3TAa.

Cnenyouuii mar ot teopembl ['€nena—TropuHra,
KOTOPbIi MPUBOAUT K BLIBOJIY O TOM, YTO MO3T HE MO-
XeT ObITb KOHCYHBIM aBTOoMatoM, Pait Kypuseiin He
chaenan caM M He yBuaen ero y Pomxepa [leHpoyaa.
Tem Oosee He ObLIO MOHATO, YTO 3TOT 1lIAT MMEET Xa-
paKTep dokazamenscmed.
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Hanporus, B kHure Xeiobepra peitdyca [25]
MpeACTaBIeHO SICHOE MOHMMAaHMWE TOro, YTO MO3I He
MOXET OBITh MPOCTO KOMIbIOTEPOM. COOCTBEHHO, B
3TOM COCTOUT OCHOBHOM CMBbICA KHUTHU [25]. UHTepe-
CEH OTBET Ha BOMPOC O TOM, ITOUEMY MO3T MOXET He
ObITb KOMITbIOTEpOM. XbloOepT Jpeiidyc dopmynupyer
€ro [pUMEpPHO TaK: MalIMHBI 00pabareiBalOT MHGOP-
MaLMIo, a YyeJoBeK pabotaeT co cMbiciaMu. Bosce He
OYEBUIHO, YTO YEJIOBEUYECKHE CMBICIIbI, YeM OBl B TOY-
HOCTU OHU HM ObLIM Ha CaMOM Jgjie, MOTYT OBITh 3a-
KOAMPOBaHbI MH(popMaLueii. To, uto oGpadaThiBaeTcs
MO3TOM, MOXET He ObIThb HUH(MOpPMAIMEH, MO3TOMY,
BO3MOXHO, MbICb — HE BBIUHCJIICHUE B OOGLIYHOM
cMmblicie. Kak mbl yBUIUM Huxe, peiidyc mor oka-
3aThCs1 OUYEHb OJIM30K K MUCTUHE.

6. IIpupoaa HeBBLIYUCINTEJIBHOIM
akTuBHOCTH Mo3ra no Pomxepy Ilenpoysy

Tot TN cnocobHoCTel YeNoBeKa, KOTOPhIil BBIXO-
JWT 32 IIpeJIe/Ibl BBIMUCIUTEIBHBIX BO3MOXHOCTE JTI0-
60ro KOHEYHOTO aBTOMaTa U CyUIeCTBOBAHHE KOTOPOTO
noKasbiBaeTcs TeopeMoii [leHpoy3a, caM OH Ha3biBaeT
HeBouIMUCAUMEAbHOU VIV He@bIMUCAUMOU QKMUBHOCHIbIO
Mmo3ea. J[Ipyroit Bonpoc, KOTophlii o6cyxaaeT [TeHpoys,
COCTOUT B CJEAYIOLIEM: YTO X B MO3re 4e0BeKa Co-
JEPXKUTCS TAKOTO, YTO MPEBPAILAET €r0 BO YTO-TO
CYLIECTBEHHO OTJIUYHOE OT JIIOOOT0 BLIYMCIHTEILHOIO
YCTPOICTBA B OOBIYHOM MOHUMaHuu? Eciiu Mo3r — He
KOMIIBIOTED, TO YTO 3107 B yeM (u3MUecKH 3aKTIoYa-
€TCS1 KOPEHb HEBBIYMCIMTEbHON aKTUBHOCTU MO3ra?

[Tpexne Bcero l'[-eHBoy3 MOKa3bIBACT, YTO APXHUTEK-
Typa MO3ra Kak HEHpOHHOM CeTH He UMeeT OTHOIIEHHUS
K Jeny. DTOT acheKT MpobJeMbI CBS3aH C pasinyueM
"HUCXOMALIMX " U "BOCXOAANIMX" CIIOCOOOB [1POrpaMMHU-
posanusl. [log HUCXOASIHMME CITOCODAMU FIOHUMAIOTCS
TPAAULIMOHHBIE MCTOAbI, OCHOBAHHBIE Ha MPOLELYD-
HOM IPOrpaMMMPOBAHMM, KOTAa CHayala MMIIeTCA
rOJIOBHAasI NPOLIEAYypa MporpaMMBl, OHa obpauaercs K
[IOANPOrpaMMaM, T¢ o0pallialoTCs K MOATIporpaMMam
00Jsice HU3KOTO YPOBHS U T. [., I0OKA aIrOPUTM He Oy-
JET MOJIHOCTBIO ICTAIM3UPOBAH BIUIOTH JI0 YPOBHS Ma-
LIWHHBIX KOMaHA, HE TPeOYIOINX JanbHelleln qera-
JIM3aUHUM. BOJBLIIMHCTBO MPOrpaMMHBIX CUCTEM 10 CHX
MIOP CO3JAI0TC. UMEHHO 3TUM criocoboM. Bocxoasiiee
[POrpaMMMPOBAHUE XAPAKTEPHO NSl CUCTEM, B KOTO-
PBIX peayiu3yeTcs Ta UM WHas gopMma "obydyeHus”, U,
HA [EePBbIA B35, KaKOi-mbo 3apaHee ornpejiesieH-
HBIA XECTKMI aITOPUTM, MpemIHa3HAYEHHbINA A1 pe-
LIEHUS OMNPEAETICHHOM IPYIIBl 3ama4, OTCYTCTBYET.
Haubonee THMNUYHBIM MPUMEPOM 3TOTG THIA MPO-
rPaMMUPOBAHUS SIBISIETCS OOYYEHUE MCKYCCTBEHHBIX

HEUPOHHBIX ceTeit. OmHAKO OTCYTCTBHE KECTKOIo
aIrOPUTMA B CUCTEME B 5TOM CJlyyae SIBIISIETCSI MJLTIO-
3uei. B pelicTBUTENBsHOCTH JiloOasi Takasg cucTema
MOXET OBITh pa3joXeHa Ha JAaHHBIC, KOTOPBIE MOTYT
[IPEACTABIISITh, HAMPUMED, CTPYKTYPY HEMPOHHOI ce-
TH BMECTE C €€ TEKYIIIMM COCTOSTHHEM, U KECTKOE /PO
aJroputMa, KOTopblit 00pabaThiBaeT 3TH JaHHBIE. Sapo
ynpasisieT "o0ydeHUeM" CHUCTEMBI U €€ MMOC/IENYIOLIEH
"paboToii”, MPOCTO MOTUMULUUPYS ITH AAHHbIE U MH-
TEPNPETUPYA UX CIIELMATIbHBIM cltocodoM. Ha ¢yHaa-
MEHTATbHOM TEOPETUKO-AITOPUTMUUYECKOM YPOBHE 3TO
€CThb NIPOCTO OCOOBIM COPT 0OPabOTKU JTAHHBIX KOHEY-
HbIM aBTOMATOM, Y CaMO SIAPO TAKOW CaMOO0y4aloIei-
CA CUCTEMBI BCEraa MMEET CaMyld OOBLIKHOBEHHYIO
2KECTKYIO CTPYKTYPY, 3apOrpaMMHUPOBAHHYIO HUCXO-
JsnM crocoboM. Takoe siipo MHOTIA MOXKET OBITh
peaqu30BaHO HE MPOrpaMMHbIM MyTeM, a "B xejese”,
HO 3TO COBEPLICHHO HE MEHSET cyTH Aena. B noboit
€aMo00y4aloLLEHCsT UCKYCCTBEHHOM cucTeMe (M3 yucaa
U3BECTHBIX B HACTOSI1IIEE BPEMST) MOXET ObITh HAllIEHO
JKECTKOE alITOPUTMMUYECKOE Aapo. Tak 4TO MCHOJB30-
BaHHUE UCKYCCTBEHHbBIX HEUPOHHBIX CETEM KAKOI YTOIHO
CAOXHOCTU M AIOOBIX IPYrUX METOMOB BOCXOJISIIETO
MPOrPaMMMPOBAHUSI BOBCE HE BBIBOJMUT 3a IpeENEIbl
MOHATUSL KOHEYHOrO aBToMaTra, W HelpoceTeBas
CTPYKTYPa MO3ra, B34Tasl cama 1o cebe, TOXE He MMeeT
OTHOLIEHUS K €ro HeBBIYMCJIUTEBHON aKTUBHOCTH.

3HAYMT, NPUYUHY HEBBIYUCIUTETLHOW AKTHBHOCTH
MO3ra Hajo UCKaTb B YeM-TO APYroM. Jloruyecku oc-
TAIOTCS1 1BE BO3MOXHOCTH: JTUGO 3TUM YEM-TO MOXET
OBITb Ocobast ¢u3MKa, yrpasisiowast paboToil Mo3ra,
JIM00 UCTOYHUK HEBBIYUCIUTEIBHON aKTUBHOCTHU Jie-
KUT BHE MO3ra, MU COOTBETCTBYIOLLAS CIMOCOOHOCTH
MO3ra siBJSIeTCs CJIECACTBUEM TOTO, YTO MO3L ABJISIETCH
OTKpPbITOH cucteMoit. Obe 3TH BOBMOXHOCTH paccMar-
pusatorcsi Pomxepom IleHpoy30oM (To, 4To cCOCOGHOCTE
K HEBBLIYMCIUTENBHOU aKTUBHOCTH MMEET "CBEpPXbEC-
TECTBEHHOE" UM "HeMaTepUaibHOe" TPOUCXOXIEHHUE,
[leHpoy3 He paccMaTpHBAaeT B KayeCTBE BAPUAHTA,
KOTOpBIIt UMEET CMBICA 00CYXIATh, XOTS ABHO YITOMHU-
HaerT ee).

Ha uzero o ToM, 4To NpUYKMHA HEBBIYMCIIUTEIBHOM
AKTMBHOCTH MO3ra MOXET ObITh CJIEICTBUEM OTKPBI-
TOCTM MO3ra KaK CUCTEMbI U MOXET JIEXATH 32 Npee-
JlaMM camoro mo3ara, [leHpoy3 Bo3paxaer IBYMs CIIO-
cobamu. Bo-mepBbix, €CIH TOJbKO MPEAIoNararh, 4YTo
JIO00M KOHEUHbIH (parMeHT OKPYXKEHHUS 4YeOBEKA
OIUCHIBAETCS BBIYUCIUMOM (DU3UKOM, TO OH, HOPMaTL-
HO rOBOpS, MOXET OBITh OTOOpaXXeH Ha paboTy KOHEY-
HOIO aBTOMAara, MO3TOMY HHUYEr0 HEBBIYMCIMMOTO B
HEM He Haiaercs. B 3ToM cMEIC/Ie HEBLIYUCIUMOCTH
BHE MO3ra MpocTo HeoTKyaa B3gThcsl. Hukakue KoH-
TAKThl MO3Ta C OKPYXXEHUEM K HEBBIYMCIUMOCTH TOTAA
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He MpuBeaAyT. Bo-BTOPLIX, €CiTH Mbl MIPEAIIONAraeM, YTo
BHE 4€JIOBEKa BCE-TAKU €CTh YTO-TO, UMEIOIIEE HEBBI-
YUCIMMBIH XapaKTep, TO MBI, OUEBHIHO, COTIaniacM-
Csl, UTO HEBBEIYMCIUMEIE ITPOLIECCH B MPUPOjIE CYLIECT-
BYIOT, XOTs Obl B mpuHUHMMNEe. Ho Torma Hesieno npej-
10J1araTh, 4TO OHM JIOKAJIU3YIOTCS B KAKOM-TO MECTE,
OTJIMYHOM OT CaMOTO MO3T4a, TaK KaK MMEHHO MO3T SIB-
JICTCS CaMoil CIIOXHON M3 M3BECTHBIX HaM IPUpPOI-
HBIX cHcTeM. TO eCTh MCTOYHMK HEBBIYMCANUTENLHOM
AKTUBHOCTM MO3ra B JIIOOOM CJiyyae HYXHO HCKATh
TOJILKO BHYTPHU MO3Ta, HUKaK He CHApYXH.

Hanee IleHpoy3 deTajibHO paccMaTpUBaeT pa3Hble
THUMbI (PU3MIECKUX TPOLIECCOB B KAYECTBE MOTCHIIMAb-
HOM OCHOBbI HEBBIYUCIIUTENBHOW AKTUBHOCTU BHYTPH
Mo3ra (3ToMmy TOCBSILLIEHA BTOpasi MOJIOBHHA KaXIOU
u3 KHur |2, 3]). Ero uenb — HaWTH HEBBIYKCIUMYIO
¢u3uKy, Tak KaK Takasi GU3rMKa aBTOMaTUYECKH MOTja
Obl MPUBECTH M K HAOAIONKAEMOMY HEBBIYHUCITUMOMY
noBeAcHHIO Mo3ra. [leHpoy3 MpPHUBOAMT HECKOIBKO
MPUMEPOB, U3 KOTOPbIX CJIEAYET, UTO B TAKOM (pU3MKe,
B MIPUHLIMIIEC, HET HUYETO HEBO3MOXHOro. Hanpumep,
€CJIM Obl HEKOTOpAsl TEOPHS CYIIECTBEHHBIM 06pa3oM
UCITIOJIb30BAIa NIEPEUYMCIICHUE BCEX BO3MOXHBIX TOIO-
JIOTMi{ HEKOTOpPOro MHOrOMEPHOTO MHOroodpasusi
(HanmpuMep, B KauyecTBe MHAEKCA MPpU CYMMUPOBAHUU
KaKOTo-TO psifia), TO Takas Teopusl Oblia Obl HEBBIUKMC-
JIUMO#, TaK KaK [10Ka3aHo, 4YTO 3a7aya MepeurcaecHUst
BCEX TaKUX TOIMOJOrUil AITOPUTMHUYECKU HEpa3PELIM -
Ma. [leHpoy3 paccMaTpuBaeT U Jpyrue "UrpylueuHbie”
MpUMEPHI HEBLIYUCIUMON TMHAMMKH.

3atem IleHpoy3 TIIATEJIBHO TepeCMaTpUBAacT B
MOUCKAX HEeBBLIYMCIMMOCTU BCIO M3BECTHYIO (DU3HKY.
CHAaYaIa OH MOKITIOUAET KJIACCHUYECKYI0 MEXaHUKY M
KJTACCUYECKYIO TEOPHUIO MOJsI, BKIIIOYAsl TEOPUIO Tpa-
BUTALMHK (0OLLYI0 Teopuio oTHocuteslbHocTH, OTO).
Bce 5T TeoprH UMEIOT MPOCTYIO AMHAMUYECKYIO MTPH-
poly M MaTeMaTU4eCcKH IpeacTaBisiioTcs jauMbo 3ana-
yeit Koy mist cucteM auddepeHLIMalbHbIX YpaBHe-
HU (OOBIKHOBEHHBIX WM B YACTHBIX MPOU3BOJHBIX),
00 BapUMAUMOHHBIMM 3aJadyaMHU ISl XOPOLIO OMNpe-
JeNieHHbIX QYHKIMOHAIOB. 31eCh HET MeCTa HEBbIUKC-
JUMOCTH. HenpepbiBHBINA XapakTep BEIWYWH, BO3ZHH-
KamlUX B KIACCUUCCKON MEXaHUKE U KITACCUYECKON
TEOPHH TOJISA, HE SIBISETCS MPOOIEeMOi, TaK KaK OHU
JIETKO MOTYT OBbITh NMPUOJIUAKEHBI AUCKPETHBIM LIM(ppO-
BbIM 00pa3oM CO CKOJIb YTOJHO BBICOKOIH TOYHOCTBIO.
Orcrona, B KayecTBe YaCTHOIO Cliyyast, CIEAYET, YTO
€CJM MO3T JOJDKEH PacCMaTpUBATLCS KaK KiacCuye-
CKasi aHaJIOroBasi, HO He LM poBast MallIMHA, TO 3TO He
JOKHO MPEACTABISATh MPOOJeM ISt BRIUMCAMMOCTH
MOBEACHMUS MO3Ta: €ro MOBeIEHUE MOXET OBbITh TIPEea-
CTaBJICHO Ha KJIACCHMYECKOM KOMIIBIOTEPE CO CKOJb
YTOJHO BBICOKOH TOYHOCTHIO.

3ateM [leHpoy3 paccMaTpuBaeT KJIACCUYECKYIO CTa-
TUCTUYECKYIO OU3UKY. I cCMCTEM CTaTUCTHMYECKOM
¢du3MKH He TpedyeTcsl BBHIYMCISTh YACTHBIE JUHAMM-
YeCKHEe TPAEKTOPUHU, HO TpedyeTcsl BEIUUMC/SITh TUITHY -
Hoe noBegeHUe. MHBIMH CIOBAMU, 3aJ1a4a CBOJUTCS K
MOACJUPOBAHUIO aHCAMOJTEit. DTO CHOBA HE MPUBOAUT
K KaKUM-JTM00 MPUHLKUITHAIBHBIM MpobJieMaM, CBA3aH-
HbIM C BEIUMCIMMOCTBIO. AHCAMOJIU MOXHO MOJEINPO-
BaTh C MCMOJb30BAHUEM IPOrPAMMHBIX FEHEPATOPOB
CAyYalHBIX YHCEJ, KOTOPbIE MOTYT CI€AOBAaTh YUCTO
CIYYaifHOMY MOBEIECHUIO C MIPAKTUYECKH CKOJIb YTOTHO
BBICOKOH TOYHOCTBIO. TakuM o6Gpa3oM, Bcd Kilaccuye-
ckasi Gpu3MKa, KaKk OObIKHOBEHHAsI, TAK U CTATUCTHUUE-
CKasl, B Ka4eCTBE MCTOYHWKA HEBbIYUCIUMON aKTUB-
HOCTH MO3ra UCKJII0UaeTcsl MOJHOCThIO.

Ha sTom sTane BoO3HMKAET, HU MHOTO HU MaJlo, He-
npsimoe NOKAa3aTeJbCTBO TOTO, YTO MO3T B Ipoliecce
MBIIILIEHUSI CYLLIECTBEHHbIM 00pa3oM MCIOJIb3YeT KBaH -
TOBBIE TpolLiecChl. JAeCTBUTENBHO, €Cd BCSA KIIACcCH-
yeckas (M3MKa KaK MCTOYHMK HEBBIYMC/IMTENbHOM
aKTHBHOCTHA MO3ra MCKJIIOYEeHa, TO OCTaeTcsl MCKaTh
TaKyl0 aKTMBHOCTb B KBAHTOBOW (pU3MKEe (KAK MUHH-
MyM). DTO OYEHb CHJIbHbIIA BbIBO, KOTOPbIH HAXOMIUTCS
B [J1IyOOKOM MPOTUBOPEYMU C nporHo3zamu Past Kypii-
Beilla U Ipyrux NpUBEpPXEHLEB MOSIBAESHMS CUJIBHOTO
UM B obozpumoM OymyuieM. Takoe H0Ka3aTeabCTBO
CyILICCTBOBAaHMSI KBAaHTOBOM aKTUBHOCTM MO3ra He-
CKOJIBKO HAMIOMUHAET 10KA3aTEILCTBO CYLLIECTBOBAHUS
rpaBUTALIMOHHOTO U3JIyYEHUS] MO YCKOPEHUIO B3aUM-
HOrO BpalleHWs] B CHCTEMax ABOMHLIX IYJIbCAPOB.
HabnogaeMoe ycKopeHHe HaXOAUTCsl B TOUHOM COOT-
BeTcTBUM ¢ mpenckazanueM OTO, OoCHOBaHHOM Ha
KBaZpyNoJIbHOM M3JIydeHHMY TPABUTALIMOHHLIX BOJIH,
HO CaMH I'paBUTALIMOHHbIE BOJIHbI A0 CUX MOP HE 00-
HapyXeHbl B MPSIMBIX BKCIEPUMEHTAX, MO3TOMY HET
MOJIHOM YBEPEHHOCTU B MPABWIBHOCTH HUHTEpNpeETa-
MU SBJICHUS. B ciyuae KBaHTOBOU aKTUBHOCTH MO3ra
TOXE TpedyeTcsi €€ MpsiMoe OOHapyXeHUe, OJHOro
TOJbKO JOKAa3aTeNbCTBA uepe3 TeopeMy IleHpoysa He
JOCTATOYHO.

[Tocne knaccuyeckoit ¢usuku Pomxep IleHpoys
paccMaTpUBaeT KBaHTOBYIO (PM3MKY UM CHOBA He OOHa-
PYXHMBaeT 3M€Ch HHUYETO HEBBIYUCIMMOrO. DTOT €ro
BBIBO/ MBI OyieM MOAPOOHO 00CYXAaTh HUXE, 3ECH XKE
MOKA NPUMEM €0 U MPOCAEAUM AATBHEHIIYIO JOTUKY.
[lonyyaeTcsi, 4TO HUKaAKas BOOOILE U3BECTHAs (PU3MKa
K HEBBIUMCIMMOMY MOBEACHUIO, KOTOPOE IEMOHCTPU-
pPYET MO3T, NPUBECTU HE MOXET, TaK KakK Kjaccuye-
cKasl ¥ KBaHTOBasl (pU3MKa BMECTE MCUCPIIbIBAIOT BO-
o0l11ie BCIO U3BECTHYIO U3UKY. [laxe eciu MO3r — HE
KJTACCUYECKHIA, 2 KBAHTOBBII KOMIBIOTEP B COBPEMEH -
HOM MOHMMAaHWU 3TOr0 TEPMUHA, 3TO HUKAK HE MOXET
OOBSICHUTb €r0 HEBBIYMCIUTENbHYI0 aAKTUBHOCTD.
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Mo3ry Maio ObITh MPOCTO KBAHTOBBIM KOMIILIOTEPOM,
HYXHO HeuTo Gosbliee. B ocHoBe paboTEI MO3ra 10/1XK-
HA JIEXATh Elle He U38eCMHAs Hesbiuucaumas usuxa,
Hu4ero apyroro He octaetcs! Takos BeiBom Pomkepa
[Tenpoysa. CaM IleHpoy3 roBopur 0 TOM, YTO 3Ta He-
U3BECTHAs (PU3MKA MOXET OBITh HAIIPSIMYIO CBSI3aHA C
KBaHTOBOIA IpaBUTALIMEl, KOTOpAs 10 CUX TIOP SBJISETCS
KaMHEM MMPETKHOBEHUS (YHIAMEHTANbHON HAYKH,
T. €. MO3T MOXCT ObITh HE KBAHTOBBEIM KOMIIBIOTEPOM,
HO "KBaHTOBO-FPaBUTALIMOHHBIM KOMIIbIOTEPOM".

Bror BeiBoA Pomxepa [leHpoysa MOHAT OYeHb
TUI0XO0, Kak U Teopema IleHpoysa 06 MH. B uactHoCTH,
HEBEPHOE NTIOHUMAHWE MPOJECMOHCTPUPOBAHO B KHUTE
Pas Kypuseiina [1]. Kypuseitn mpenroJjaraer, 4to
[leHpoy3 cumMTaeT MO3r KBAHTOBHM KOMITBIOTEPOM B
OOBIYHOM COBPEMEHHOM MOHMMAHHWM, U C 3TOI no3u-
uvn KypuBeitl pa3zBopaunMBaeT CBOIO KPUTUKY (KCTa-
TH, TOXE HE BIIOJHE aICKBAaTHYIO, O YEM MbI YXKE YIIO-
MUHanu B pasnene 4). UctuHHas no3uums IleHpoysa
octasach KypLIBeHIOM HEMOHSTOM, TaK Kak OCTalach
HETIOHATON W BCSI JIMHUS €r0 pacCyXXIeHWH, HauuHas
€ 10Ka3aTenbCTBa no-go Teopembl 060 MA.

OxoHuarenbHblil BoiBoA Pomkepa [Menpoysa o He-
00XOAUMOCTH HOBOM (PU3MKU JUIST TOHUMAHUS paboThi
MO3ra Kaxercs 0ojiee yeM mopasuTebHbIM. [losyya-
€TC$1, YTO B HOBY1O (PU3HKY (KBAHTOBYIO FpaBUTALIMIO?)
MOXET BECTH BOBCE HE TOJBKO CO3IaHME I'MFaHTCKMX
KOJUTAWAEPOB Uil WCCICOOBAaHUA (DU3MKH MUKDPO-
YacTULl WIM JIUUIb HCHAMHOTO MEHEE TMTaHTCKUX U
CJIOXKHBIX TEJACCKOIMOB JUIS1 UCCAENOBAHUIT B 00JacTH
KOCMOJIOTUM paHHel BceneHHoit, raMMa-6apcTepoB U
JIP., HO HayKa O CO3HaHu. Mo3r MOXeT ObITh TAKHM XK€
JIpOOHBIM KaMHeM B [OMCKax byHmaMeHTanbHOIM
(bu3uKH, KaK yIIOMSIHYTbIE YCKOPUTEIU U TEJIECKOIDI.
M 5T0 eCcTb MHEHME BIOJHE ITparMaTUYeckKu M pauu-
OHAJIbHO HACTPOEHHOTO YYEHOIO C MUPOBBIM UMEHEM,
capa Pomxepa [leHpoy3a, HO OTHIONB HE MUCTHKA-330-
Tepuka. Hano, KOHeUHO Xe, OTMeTUThb, YTO [leHpoy3
Ccpeld HOPMAJIbHBIX YYEHBIX BOBCE HE OOMHOK B Mpe-
NOJIOXKEHHUM, YTO HAayKa O CO3HAHUM TaK WM MHaue
JOJIKHA 3aHSThb BaXXHOE MecTO B (hyHIaMeHTAIBHOMN
o0beUHSIIOLEH (U3UUECKOI TeoprUu. XOpOIUIO U3BECT-
HbL ucciienoBanuss M. b. MeHcKoro B 3TOM HamnpaB-
JeHuu [26—28], HeABYCMBICJIEHHO B 3TOM XK€ AYXE Bbl-
ckasancgd Auapeit JIuHae B HemaBHEM HHTEPBLIO IO
ciiyyaro nojiyyeHus um npemuu Fundamental Physics
Prize Opuss MunsHepa [29]. XoTs1, 6bITh MOXET, Bbi-
Bon [leHpoy3a u He CTONb yX yauButencH. JeiicTBu-
TEABbHO, B (PU3MKE 3JIEMEHTAPHBIX YaCTUIl M3y4aloTCs
3KCTPEMAIbHO MEJIKHE MPOCTPAHCTBEHHBIE MACIITAODI,
B KOCMOJOTUM — BceneHHYIO B LIEIOM, T. €. 3KCTpe-
MaJIbHO 0OJibllIMe MACIUTa0Bl, & MO3r IMPEACTABIISIET

CaMyl0 CIOXHYIO U3BECTHYIO CTPYKTYDY, T. €. 9KCTpe-
MAJIbHYIO CIOXHOCTb.

OaHako, ec/iv BepHYThCS K apryMeHTaM ¥ BbIBOJAM
Pomxepa IleHpoysza, KacaloolUMCS HHTEPIIPETALUU
ero no-go teopembl 00 MM, To xoTenoch Obl JaTh He-
KOTOpbIC YTOYHEHHS, MOMOJHECHHUS U [MOCTABUTH HeE-
CKOMbKO BOMPOCOB. OHU pacCMOTPEHbBI B CJIEIYIOLIMX
paszenax CTaTbH.

7. HeBpruMcauTENbHAS AKTHBHOCTD
Bcenaennoi B nejiom

[lepBoe yTOUHEHME UMEET AOBOJIbHO TPUBUATIbHBII
XapakTep U OTHOCUTCA K yTBepxkaeHuIo Pomxkepa Ilen-
poy3a 0 TOM, YTO BHE MO3ra HE HaJI0 UCKATh HEBbIYMUC-
JIUTEJIbHYI0 aKTUBHOCTh. HeBLIMMCIMTEbHAA aKTHB-
HOCTb, CYLUECTBYIOLUAS BHE MO3ra, M He CBSi3aHHas
MPAMO € YbEH-JIMOO €11E MBICIUTEBHOU aKTUBHOCTHIO,
OYEBUAHBIM O0Opa3oM CyILUECTBYyeT. DTO aKTUBHOCTb
BeeseHHOI B 11€10M. AKTMBHOCTL BeeneHHoit B Lieiom
NPUHIMNTUAABLHO HE MOXET ObITh "BBIYMCIIEHA" KOHEY-
HBIM aBTOMATOM, TaK KakK AJIsl 3TOro norpe6oBascs Obl
aBTOMar (KOMIBIOTEp), 3aBEAOMO MPEBOCXOMSILIAI
BeeneHHy1o B pa3Mepe, YTO HEBO3MOXKHO, TaK KakK OH
cam JOJKeH ObiTh 4acTbhio BceneHHOI. AKTUBHOCTD
BceneHHOU B LIeJIOM HEBBIUMCITUMA.

OmIHaKO MOXET JI 3TOT COPT HEBBIMMCAUMOCTH ObITh
MPUYUHOK HEBBIYMCIUTENBHON AKTHBHOCTH MO3Ia TH-
na ToW, O KOTOPOH MIAET peub B Teopeme [leHpoysa?
Boobuie roBopsi, A CO3HAHMS MOXET OBbITh CYLIECT-
BEHHO, 4YTO BceneHHasi, B CUJIYy CBOEH MPaKTHUYECKH
AKTyaJlbHOW OECKOHEYHOCTH M HEBBIYUCIUMOCTH, SIB-
JISCTCSl HEUCUEPAeMOi U IS Mo3HaHua. Mbl mocTo-
SIHHO OXMJAeM M JOJIKHBI OXHAATH OT MPUPOILI Yye-
ro-TO, YTO a0COMIOTHO HEBO3MOXHO MpPeACcKa3arh. DTO
00OCTOSTE/ILCTBO BIIOJIHE MOXET KaKUM-TO 0Opa3om
CTUMYJIMPOBATh MbICJIMTEJILHYIO AKTUBHOCTD U BJIUATH
Ha (hopMbl esiTeTbHOCTH Mo3ra. OaHAKO BPsA U Oec-
KOHEYHOCTb M HEBBIYMCIIMMOCTbL 3TOFO COpPTa MMEET
OTHOLIEHUE K CMHOCOOHOCTM MATEMAaTHKA MOCTPOUTH
HEBBIBOJMMOE 151 KOHEUHOTO aBTOMATa YTBEPXKIEHUE
C UCMOJIb30BAHUEM IENENEBCKOM HYMepaLun 1 AUaro-
HanbHOro Metoga KaHropa. B atoit cnmocobHocT He
NpOCMaTpUBaeTCs KaKoe-ITH0O BAMSIHME aKTyaIbHOM
OeckoHeyHOCTH BceenmeHHO#. XoTs cTrporo moKasarb,
YTO TaKasi CBSI3b OTCYTCTBYET, BpS/l i1 BO3MOXHO, HO
OHa BBIIVISIAUT OYE€Hb HEMPaBIOMOAOOHON WM, Kak
MUHUMYM, HE MepBocteneHHOM. [To3TOMy, Kak Ham
NPeACTABIBIETCS, XOTb APTYMEHT OT HEBBIYMCIUMOCTH
6eckoHeYHOo# BeeneHHOR U Hago UMeTh B BMAY, HO OH
HE MOXET MOBJUATh Ha BbiBoALI Pomxkepa Ilenpoysa.
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8. KpaHToBasi peajbHOCTh:
BBIYMCJIMMOCTb H CHMYJIHPYEMOCTh

8.1. Botvucaumocmov K6AHMOBOU meopuu —
"nauensiii " nodxod

Beisoa Pomxkepa IleHpoy3a o TOM, 4TO BCS Kjac-
cuyeckass (pU3MKa, BKIOYAsl KIACCUYECKYIO TEOPHIO
MOJSI U BCE pas3lie/ibl KIACCHUECKOi CTaTUCTUYECKOM
(OUBNKM, SBISAETCS CYLIECTBEHHO BbIYHUCIMMOW U HE
MOXET ObITb UCTOYHHKOM HEBBLIYMCAUTEIBHONX aKTHUB-
HOCTHM MO3Td, MPEACTaBIseTCS HAM COBEPLUEHHO He-
COMHEHHBIM, U MBI HE OyIeM €ro 31ech MogpoOHO 00-
CYX/aTh. 3a IeTAISMU OTChUIaeM K KHUTaMm [leHpoysa
(2, 3]. Ha nepBblii B34, BLIBOJ O TOM, YTO BCA KBAH-
TOBas (PU3KKA SIBIAETCS BBIYUCIAUMOM, TOXE HE Bbi3bl-
BaeT HUKAKUX COMHEHHUH.

JleACTBUTENbHO, COCTOSIHMSL KBAHTOBBIX CHCTEM
NPEeNCTABISIIOTCSl BEKTOPaMU TMJILOEPTOBA MPOCTPAH-
ctBa. BekTOp B rIBOEPTOBOM IPOCTPAHCTBE — XOPOILIO
[OHSITHBIN 00BEKT, KOTOPBIi B IPUHIIUIIE MOXKET ObITh
TPEACTaBJIeH B KOMIIBIOTEPE C JIIOOOH 3a1aHHOM TOU-
HOCTbBIO, IAXE B TOM CJlyyae, €Cld rmab0epToBO Mpo-
CTPAaHCTBO OECKOHEYHOMEpPHO. B mpuHuMne, 31ech
CUTyaLUs BECbMA HATOMMHAET IIPEACTABICHUE B KOM-
NbIOTEPE OOBIYHBIX HEMPEPBIBHBIX KJIACCUYECKHUX IMO-
JIeit ¢ HeOOXOAMMOiL 3a1aHHOM ToyHOCThIO. C hopMatb-
HOI TOYKU 3pEHUs BEKTOP FUILOEPTOBA MMPOCTPAHCTBA
IUISI KOMITBIOTEPA — 3TO MPOCTO LIEMOYKA KOMIIIEKC-
HbIX YMCEI.

DBOMIOLAS CUCTEM B KBAHTOBOM TEOPUM TPEICTAB-
JIIeTCSst yHuTaprlﬁH npeodpa3oBaHUsIMU COCTOSIHUM
CUCTEM — BEKTOPOB TWILOCPTOBA IIPOCTPAHCTBA.
C dopMaibHOI TOUKM 3PEHUSA TAKOE YHUTApHOE Mpe-
o0pa3oBaHMe MPEACTABISET cOOoW MO0 YyMHOXEHHUE
BEKTOP-CTOJIOLIA, MPEACTaBISIOLErO COCTOSHUE CHUC-
TEMbi, HA YHHMTAPHYI0O MAaTpHULYy, TNPEICTABIAIONIYIO
NpeoOpa3oBaHUe, OTBEYAOLIEC IBOMIOLMH, MO0 pe-
3yJILTAT PELEHMs] HEKOTOPOTO JIMHEHHOrO AnddepeH-
[IMAJILHOTO YPABHEHMS C HAYAIbHBIMU YCIOBHSM, K-
BUBAJIEHTHBI TAKOMY yMHOXeHu10. B npoBeneHuu
TaKMX OIepaluii Ui OOBIYHOTO KOMIIbIOTEPA HET HU-
Yero HeBO3MOXXHOTO.

HakoHel, TpeTbHMM U TMOCAeIHUM KOMITOHECHTOM
KBAHTOBOIA TEOPUU ABJIAIOTCS M3MepeHus. MamepeHus
XapaKTePU3YIOTCSL BEPOSITHOCTSIMH MOTYyYCHHUS Ha BbI-
XOJ€ U3MEPHUTENbHOM MPOLEAYPh TEX WM MHBIX 3HA-
yeHUil HAOII0AAEMBIX BEJIUYMH, 4 CAMU BEPOSATHOCTU
OIPEAEASIOTCA MPOEKIIMOHHBIM MocTynatoM bopHa—
¢oH Heitmana. st HaxoXIEHUS] BEPOATHOCTEH He
TpeOyeTcs BIYMCISITH HMUUETO OOJiee CJIOXKHOrO, 4eM
CKAISPHBIE MPOM3BEACHHS BEKTOPOB THJIBOEPTOBA

MIPOCTPAHCTBA, M 3TO OMATb-TAKMU SIBISIETCH MPOCTOM
AITOPUTMUYECKOI MPOLIENYPOH, JIETKO BBIIIOJIHUMOM
Ha KOMIIBIOTEPE. DTH BEPOATHOCTH MOXHO HE TOJBKO
BBIYMC/IUTB, HO, TTPA HEOOXOAUMOCTH, Iaxe CUMYIIU-
pOBaThb COOTBETCTBYIOLLEE BEPOATHOCTHOE TOBEAEHHUE
HCXOLa U3MEPEHUS C MCIIONAB30BAHUEM ITaTYMKOB CJIy-
YaiHbIX YUCE.

TakuM 06pa3oM, BCce BBHIYMCIEHUS, HEOOXOIMMBbIC
[UIA TIpEICKa3aHus IOBEJEHUS KBAaHTOBBIX CHUCTEM,
(hOPMAJbHO TOBODS, MOXHO BbLIIOJTHUTH Ha OOBIYHOM
KJlaccHuYecKOM KOMIIbioTepe. Hanpumep, 1o 31oi mpu-
YUHE MOKHO ITOBENEHHE KBAHTOBOIO KOMITBIOTEPA ITOJI-
HOCTBIO CUMYJIMPOBATh KNACCUYECKUM KOHEYHBIM aBTO-
MaToM. bosee TOro, Takue mporpaMMbl-CUMYJISITOPbI
cywectsyior [30]. dunocodpcku roBopsi, KBAaHTOBast
peaNlbHOCTh JOMYCKaeT UCYEPIibiBalolliee NMPeaCTaBIIe-
HUE B KJIACCUYECKUX BbIUUCIUTEIBHBIX CUCTEMAX —
KoMIIbloTepax. bojee TOUHO MOXHO FOBOPUTD O TIPUH-
UMMMAIBHON BO3MOXHOCTY M3oMopdu3Ma dparMeH-
TOB KBaHTOBOW PEATBHOCTH U KOMITBIOTEPHbIX (BbIYKC-
JIUTENBHBIX) MoAeneit 3TuX (pparMeHTOB PeabHOCTH.

3

8.2. Hzomopghuzm xeanmoeoii peasvrocmu
U ee CUMYAAYUU KAACCUMECKUM
KOHEYHbIM a6momamom

CdopMynupoBaHHOE BbILIE IPEACTABICHUE O BbI-
YUCIMUMOCTH KBAHTOBOI TEOPUMW MPUBOAUT K HEKO-
TOPBIM HE COBCEM TPHUBHAIbHBIM BorpocaMm. Ecin
KBAHTOBBI MPOLECC MOXHO B3aUMHO OJHO3HAYHO
oToOpa3uTh Ha (PYHKIMOHUPOBAHHME KIACCHYECKOTO
KOHEYHOr0 aBTOMATA, TO, C TOYHOCTHIO 10 U3oMOpdhu3-
Ma, KBAHTOBLIH MPO1IECC — 3TO IIPOCTO U €CTh OTIpene-
JIeHHbI croco0 paboTsl KoHeyHoro asromara. Ho
KyZla XK€ TOT/Ia JAE€BAeTCsi BCS MPECIOBYTasi TAMHCTBEH -
HOCTb KBaHTOBOTO MUpa? [ie KBAHTOBBIE TTAPATOKCHI,
0 KOTOpBHIX CTONBKO cka3aHo? KoHeuHbIit aBTOMar
CBOAMT KBAHTOBOE MOBEACHUE K YEMY-TO MPOCTOMY U
KJIACCUYECKOMY, B YeM HHUYEr0 TAWHCTBEHHOTO HET.
[TporpammMa [Uisl KOMITBIOTEPA HE MOXET ObITh TaWH-
CTBEHHO#. bojiee Toro, He UMeeEM JIM MBI IIPOTUBOPE-
yus ¢ JOKA3AHHBIMH TEOpeMaMu O HEBO3MOXHOCTH
CYILECTBOBAHMS KIACCUYECKUX CKPBITHIX MapameTpoB
B KBAHTOBOW MEXaHUKE?

JIeliCTBUTENBHO, 000N KJIACCUYECKMA KOMIIbIO-
Tep MPEACTaBIsAeT cO00 yCTPONCTBO, OMHUCHIBAEMOE
KJ1aCCUYECKUMU JIOKATbHBIMU MTapamMeTpaMu, KOTOPhI€
MOXHO PacCMaTpUBaTh M KaK CKPBITHIE MapaMeTphi 110
OTHOLIIEHHIO K MoAeIupyeMoit cucreme. SA4eiku ma-
MSITU — TPUITEPHI KOMITBIOTEPA — MPEACTABNSIOT CO-
60i1 OGbIYHBIE KIIACCUYECKUE CHUCTEMBI, 0bananluye
YeTKOM JIOKAM3alued B TMPOCTPAHCTBE U BPEMCHHU.
CoCTOSIHMS TPUITEPOB TOXKE TOTHOCTHIO JIOKATM30BaHbI
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B TNPOCTPAHCTBE—BPEMEHH U COOTBETCTBYIOT IIpei-
CTaB/IEHUIO O JIOKAIbHBIX KIACCUISCKUX MMEPEMEHHBIX,
W, teM He MeHee, cMCTeMa, COCTaBJIEHHAsl M3 TaKUX
KJIACCUYECKHMX YCTPOKMCTB, caMma SIBJISIOIAsACS KJIACCHU-
YeCcKOl U JIOKAJbHOH, IEMOHCTPHUPYET KBAHTOBOE MO-
BeAeHue. Kak Takoe mMoxer ObITh? UTO 3m€ch He Tak?

st Toro 4roGbl pa3obpaThcsi ¢ 3TUM BOIIPOCOM,
MOJIE3HO UMETh Mepel mia3aMu IpUMep MpocTeiiei
HETPUBHAJIBHOIN CUCTEMBbI, MOBEACHME KOTOPOid, KaK 3TO
MPUHATO CUUTATh, MPSIMO MPOTUBOPCYUT HATUYHUIO
KJIACCUYECKMUX CKPHIThIX MapaMeTpoB. 3To DIIP-mapa
CKOPPETUPOBAHHBIX YACTUI[ O ciMHOM 1/2. [l Takoii
CHCTEeMBI cripaBemiuBa TeopeMa benna [31], koTopas
FOBOPHT O TOM, YTO €CJIM B OCHOBE ITOBEICHUS CUCTE-
MBI JIEXKAT JIOKAJTBHBIE CKPBITEIE MapaMeTphl, TO MPU
HU3MEPEeHUH MPOCKIUNW CITMHOB YaCTHII OJKHBI Bbi-
MOJTHATHCS ONpPeaeIeHHBIE HEPABEHCTBA, KOTOPhIE Ha-
3BIBAIOTCST HEpaBeHCTBAMU besna. PeanbHbie e KBaH-
toBbie DI1P-mapbl HapyllalOT 3TM HepaBeHCTBa, YTO
[pPSMO [POTHBOPEYMT CYLIECTBOBAHMIO JIOKAJIBHBIX
KJIACCUYECKMX CKDBITBIX MapaMeTPOB.

Jnsi manpHeiero oocyxneHus: HeoOX0MUMO 00b-
SICHUTb HEKOTOPbIE AeTa]IH 3KCHepuMeHTa. B Hauanb-
HOM COCTOSTHWH TOTOBHUTCS Tlapa yactuu A u B co cnu-
HaMM 1/2 Tak, YyTO CIIMHbI YACTHUIL HAIIPaBJeHBI TOYHO
B IIPOTHUBOIOJIOXKHBIC CTOPOHBI, ITO3TOMY ITOJIHBIHN CITUH
naphl YacTHII paBeH Hymo. Hudro apyroe npo cocrosi-
HHE CUCTEMBI HE H3BECTHO; TAKOE COCTOSTHME Ha3bIBa-
eTCs CIMMMHOBBLIM cUHAeTOM. [locie mpuroToBieHuUst
YACTULIbi MOTyT ObITH pa3BeleHbl Ha MPOM3BOJBHO
00J1bllIOE PAaCCTOSIHME WIM He pa3BelicHbl BOBCE — 3TO
HE MMEET MPUHLMNUAIKHOTO 3HaueHus. Cam akcnepu-
MEHT COCTOUT B TOM, 4TO M3MEPAIOTCS MPOEKLIMH CIIU -
HOB 4YacTull A U B Ha pasznuuHbie HarpaBaeHus. s
KaX/I0W YaCTULbl KaXI0e M3MEPEHUE MOXET HMETh
BCETO0 JiBa BO3MOXHBIX UCX0/a — JM0O CIIMH HallpaB-
JIeH 1O BbIOpAaHHOMY HAIIPaBJICHHUIO, JHOO IPOTHB
(3TO CBSI3aHO C TE€M, UTO CITUH YacTuil paBeH 1/2. dns
OOMBIIMX 3HAYCHUI CMMHA YUCIO UCXOAOB ObLIO Obl
oonbluie). Eciv cnuH HamnpasieH MO0 BbIOpaHHOMY
HAMPAaBJICHUIO, TO PE3YJIbTaTy U3MEPEHUS NPUITHCHI-
Baercst +1, ecnu npotus, 10 —1. U3Mmepsiorest Koppe-
JIALMY pe3y/ibTaTOB U3MEPCHUI HAITpaBJICHUH CIIMHOB
yacTull A u B Ha pa3zHble HanpasieHusl. B naHHOM city-
Yae 3TU KOPPEISIUMM MPEACTABISAIOT cCOOON HE |TO
HMHOE, KaK CpeqHHE 3HAYeHUS MPOU3BEACHUIN pe3yib-
TAaTOB U3MCPCHUM. ’

Ilycth mnst uamMepeHus: MPOEKLUit CITMHOB UCITONb-
3yI0TCo ABE cUCTeMBbl KoopouHat (X, Y, 2)u (X', V', Z'),
nmpuyeM cucteMa KoopauHat (X', Y', Z') noBepHyTa
OTHOCUTEJIBHO cUCTEMBI (X, Y, Z) Ha yrol © MpPOTUB
4acoOBOM CTPEJIKU BOKPYI OCH Y, a HalpaBjleHUe oceit

A
Yu Y’ copnagaior. Ilycth S, 03HayaeT pe3ynbTaT U3-

MECPEHUA CIIMHA 4YaCTHULIbI A BOOJIb HAIIPABJCHHUA Z.
Torna TeopemMa besna yTBepxxaaeT, 4To ec/iv pe3yibTa-
ThI UBMEPEHMI OIpPeAeAIOTC JOKATbHBIMUA CKPBITHI-
MM MapaMeTpaMM, TO JOJXKHO BBINOJHSIThCS HEpaBEeH-
CTBO:

|Cl =KS7 S7) + (5§ Sx) —
—(SPsEy - (spsE <2, (4)

T/I€ yIJIOBBIE CKOOKM 03HAYalOT YCPEAHEHUE (KOppesi-
LIMIO pe3yJIbTaTOB M3MepeHuit). KBaHTOBas MexaHuka
npeanyvcbiBaeT A1 BeauunHbl C B ypaBHeHUM (4) crie-
OYIOIMA pe3yabTarT:

C(®) = 2./25in(® — 1/4). 5)

M3 hopmynbl (5) 04eBUAHO, YTO TIPU HEKOTOPbIX YT-
Jiax © BesmurHa ((®) 1Mo MOIYITIO MPEeBbILIAET ABOHKY —
HepaBeHCTBO (4) HapylaeTcsl. DKCIepUMeHT OecTsi-
IIE MOATBEPXKIACT 3TO I¥peIcKa3aHue.

To 4TO KIACCHMUECKMIl KOMITBIOTEP BBIYUCIUMbBIM
0o0pa3oM IMpeacKa3bIBAET HapylleHMEe HepaBeHCTBA
bemna ang BIP-napel, sicHO yxe u3 gopmynsl (5).
Ota dopMmysa SABISCTCI IMPOCThIM PE3Y/IbTATOM MNpU-
MEHEHUSI TPOCKIIMOHHOTIO MOCTyAaTa, U, KOHCYHO Xe€,
IUTSL KOMITBIOTEPA HE COCTABJISET MPOOAEMbl BHIUMCIUTD
3HAYEHUE KOppeNsuMH ISl J1Io0oro yrjia ® ¢ uc-
MoJIb30BaHUEM 3TOU opMyabl. OOHAKO B CBSI3U C
npoonemoit U mnipeacrapasier MHTEpeC BOMPOC, MO-
KET JIU UCKYCCTBEHHOE YCTPONCTBO CUMYAUPO8ams pa-
00Ty MO3ra, €CJIM MOST SIBJISIETCSI KBAHTOBOM CCTEMOIA.
[ToaToMy Hac OyaeT MHTEpeCOBaTh HE MPOCTO BHIYMC-
JIUMOCTL pe3yJibTaTa KBAHTOBOI TEOpUM, HO BO3MOXK-
HOCTb 3aCTaBUTh KOMITBIOTEP padOTaTh KAK KBAHTOBYIO
CHUCTEMY, T. €. HE MIPEeICKa3bIBaTh, & CUMYAUPOBANb N10-
BEICHUE KBAaHTOBO cucTeMbl. Beab u Teopema besuta
TOBOPUT O TOM, YTO MMEHHO IOBEACHUE CUCTEMbI C
JIOKaAbHBIMM CKPBITHIMH NEPEMEHHBIMU HE MOXET Ha-
pyllaTh HEPAaBEHCTBO (4).

UToObI MOHATH B AETANSIX, KAK HAPYLIIEHUE HEPABEH-
ctBa benna MOXET ObITh COTJIACOBAHO C MOBEICHUCM
OGBIYHOTO KJIACCHYECKOTO KOMITBIOTEPA, Mbl HAIUCAIH
MPOCTYIO MPOTrpaMMy, KOTOpasi IOJXXHA CUMYJIUPOBATh
noBeaeHue ckoppenupoBanHoi DITP-nmapel. Jlornue-
CKHU MporpaMma NpeacTaBisieT OO0 CTPYKTYPY K-
eHT-cepBep (puc. 2). CepBepoM sBISIETCA Ta 4acThb
MpOrpaMMbl, B KOTOPOH XpaHUTCH KBAHTOBOE COCTOS -
Hue DI1P-napsl 1 B KOTOPOIT (PM3UYECKU PeaIM30BAHbBI
NpOUEAYPHI, CBA3AHHBIC C MPeOOPa30BAHUEM COCTOSI-
HUSI TIPU TPOBCACHUM HCKOTOPOrO M3MCPEHMS Hajl
3TUM COCTOsIHMEM. IBa KiiMeHTa A U B npencTapisior
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Ortser
CocTosHne

(Cepsep)

3anpoc 3anpoc

KnnenTt KnueHt

Puc. 2. CTpyKTypa nporpamMmbl, CAMYJHMpYIOmeil u3MepeHne CAHOB
HaJ ckoppesuposannoi DIIP-napoit

WU3MEPEHMS CIIMHOB, MPOBOIMMbIE Hal yacTULaMu A
U B. TexHuueckue noapoOHOCTU peaiu3alvu cepBepa,
KJIMEHTOB U CBA3UW MEXIY HUMH MBI OIyCKaeM, TaK Kak
3TH IETAU HE MIPAIOT POJIM B OOCYXIECHHUU.

IIporpamma pabotaeT ciaeayomium obpazoM. CHa-
yajia NpUroTOBISIETCS HAYAIbHOE CUHIJIETHOE COCTOS -
Hue DI1P-mapel, KOTOpoE 3amMchiBaeTCS B CEPBEP, U
cepBep NOCHLIAET CUTHAA TOTOBHOCTU COCTOSTHHUSI B
KJIMEHTHI. BTO NeHCTBUE CUMYIMPYET JOCTIDKEHHE Yac-
TULIAMU U3MEPUTENBHBIX YCTpOMCTB. [TonyyuB curHanm,
KaXxJ0€ U3 YCTPOWCTB AOJIKHO MPOBECTU U3MEpeHue
HaJl COCTOSIHMEM OOBbCIMHEHHOU CHUCTeMbl JIBYX Yac-
TUL, KOTOPOE XPaHUTCSl B cepBepe B e€AUHCTBEHHOM
ak3eMuisipe. OUeBUIHO, KIUEHT JOKEH OOpaTUThHCS
K CEpBEpY 3a COCTOsSIHUEM. JIJIs1 3TOTO KaXIbii U3 KIHU-
€HTOB MOChUIAET B CEPBEP CUTHAJI — 3aIpoC HA U3Me-
PEHHME COCTOSIHMSE YAaCTMLBI. DTOT CUTHAI COACPXKHUT
MH(POPMALIMIO O TOM, IS KaKOU YacTHULIbl U BIOJb
KaKoil ocu MpoBoauTca usMepenue cnuHa. Cepsep
00pabaTbhiBa€T 3TOT CUTHAT B COOTBETCTBUU C IMPOEK-
LIMOHHBIM MMOCTY/IATOM KBAaHTOBOU MexaHUKHU. s Te-
KYLUENO COCTOSIHUSI CUCTEMBI CEPBEP, UCIOJIb3YS JaTYMK
ClyyaHbIX YMCEN, TEHEPUPYET PE3YJIbTaT UIMEPEHUSI
U B COOTBETCTBMU™C MOJNYYCHHBIM pPE3YyJbTaTOM MpO-
BOAUT HEOOXOAUMOE TIpeobpa3oBaHUe COCTOSTHUS CUC-
TeMbl (ipoexTupoBaHue). 3aTeM CepBep BO3BpaLlacT
pe3y/ibTaT U3MEPEHHUS B TOT KJIMEHT, KOTOPbIM Bbiaaal
3aMpoc Ha M3MEpPEHUE. DTO eCTh 3aBepLUECHUE TTPOLELy-
Pbl U3MEPEHUS CIIMHA — U3MEPUTEJIbHOE YCTPOUCTBO
MOJYYaeT pe3yJibTaT U3MepeHus. [1Jist Kaxaoro npuro-
TOBJEHHOro cocTosiHUsL DIIP-mapbl Kaxabldl KiIu-
EHT-U3MEPUTENb OOpalllaeTcsi K cepBepy HE3aBUCUMO
ot apyroro. [Ipoueaypa moBTopsieTcsi MHOTOKPATHO,
TaK HAKAIUIMBAETCSl CTATUCTUKA JJISI BRIYUCTICHUS KOP-
peisiuUuil pe3yjibTAaTOB U3MEPEHUIA.

CepBep MOXET 00pabaThIiBaTh 3aPOCH KIMEHTOB A
U B TONbKO MO OuYepeau, TaK KaK CEPBEP COASPXKUT
€JIMHCTBEHHBIA SK3EMIUIAP COCTOAHUSA CUCTeMbL. Ecin
nporpaMMa MpPaBUJIBHO CUMYJIHUPYET I[OBedEeHHE
OIIP-nmapel, TO pe3yiabraT CUMYISIIUH (KOPPEISAIIUU)
HE JTOJIKEH 3aBUCETh OT MOpsIKa 00paboTKH 3aMpocoB
KJIMEHTOB, TaK KaK B PEIbHOCTH 3TOW 3aBUCHMOCTH
HeTr, U, Oojiee TOTO, 3TOT MOPSAOK, BOOOGIIE rOBOPS,
Jaxe He UMeeT (PU3UYECKOro CMBIC/A, TaK KakK U3Me-

peHUsS] CIMHOB MOTYT OBITh pPa3ie/JeHBbl MPOCTPAHCT-
BEHHO-TIOMOOHBIM WHTEPBAJIOM U MMETh Pa3HYIO MMO-
CJCXOBATCIbHOCTh BO BpEeMEHM IJISl Pa3HbBIX CHUCTEM
otcycra. [Ijisi TOro 4To0bl MPOBEPUTH HE3aBUCUMOCTh
pe3ynbTara OT MOPSiAKA W3MEPEHUM, B Nporpamme
MPEeIyCMOTPEHBI TPU peXKrMa paboThl: cHauana A, 1mo-
TOM B; cHavyama B, notoMm A; ciay4yaiiHblil MOpPSIOK.
U, pazyMeeTcsl, HUKAKOH 3aBUCHMMOCTH DPE3YJIbTATOB
U3MEPEHUI OT MX MOpsiAKA ASHCTBUTEIBEHO HET (BIUIOTh
10 BOCHPOM3BEIEHMs] TOYHOTO paclpeeieHUus] cra-
TUCTUKHU PE3YJBTATOB U3MEPECHUIM KOppeassuuid, €Clin
UCIIOIB30BaTh OMHY U TY XK€ MOC/IeI0BATe/IbHOCTD CIIy-
YalHBIX YUCEN).

B oTHOlIEHHU HU3MEPEHUS KOPpPEJsLMil KOMIIbIO-
TepHasi MOJCJb BeJET ceOsl B TOYHOCTH, KaK peajibHasl
OI1P-napa (puc. 3). nd Kaxnoro 3HaueHust yrjia ©
JUTSL MOJIYYCHHSI TOYEK Ha pucC. 3 ObUTO BBITIONIHEHO MO
100 cumynsiiMii HM3MepeHUd 3HAUYEHUN CIUHOB.
OwudKU, HAHECECHHBIE BMECTE ¢ TOUKAMH Ha rpadu-
Ke, SIBJISIIOTCS CTATUCTUYECKMMMU OLIMOKaM¥ (oxuaae-
MBIMH CTAHAAPTHBHIMU OTKJIOHEHMSIMU), CBSI3aHHBIMHU
C KOHCUHBIM YUCIOM CHMYSILIMIA A5 KaXIOoro yria.
BunHo, yTo HepaBeHCTBO besia HapylleHO ) HeKO-
TOPBIX VIJIOB U HAXOMMUTCA B TOYHOM COOTBETCTBUM
(C TOYHOCTBIO 10 OXUAAEMBIX CTATUCTUYCCKUX DIIYK-
TyauMid) ¢ npeackazaHMeM KBaHTOBOUM MexaHMKHU (5).
Bce npoucxomMT, KaK B HATYpHOM 3KCITEPHUMEHTE.
BosHukaloT aBa Borpoca.

QI. floayyunu a1 Mbl IPOTHUBOPEYHE C TCOPEMOIA
besina, cuMyarMpoBaB NMoBedeHHEe KBAHTOBOH CKoppe-
JIMPOBAHHON Mapbl KJIACCUYECKMM JIOKAJTBHBIM YCT-
POMCTBOM, KAKHUM SIBJISIETCS OOBIUHbIH KOMIIBIOTED?

Q2. IMoayywin ¥ MBI HA CAMOM [EJIe WCUYEPIibl-
Bawiyw cumyasiuuo SI1P-nmapwi?

TT 7

lIllIlIl]IIII'IllI'II

MapameTp Koppenauun
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Puc. 3. Pesyabrar camynsaunn noseaenus DIIP-napbl KomnbloTep-
Hoii nporpammoii. Toukn c ommMOKaMH — pe3yJNbTAT CHMY.JISILIAH,
CIUIOIIHAA KDHBAaA — MpeJCcKa3aHWe KBAHTOBOH MEeXaHHKH, TOpH-
3OHTANbHbIE IITPHXOBble NpAMble — OTPAHAYEHASA HAa 3HAUEHHS
KOppeJslHH, HAlaraeMble HepaBencTBaMH Besuia
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Ha Bonpoc Q1 MOXHO yBepeHHO JaTh OTPULIATEIb-
herit orBeT. Hukakux npoTtuBopeunit 3nech Het. Bee
JEJI0 B TOM, KaK B TOUHOCTH IMOHMMAET JOKAIbLHBIE
KJIACCUYECKUE CKPBITHIC MapaMeTphl Teopema besia.
B nokasatensctse Teopemsl bemia (eum. [31]) ueHTpan-
HBIM [YHKTOM SIBJISIETCS TPEATIONOXEHHUE, YTO AKTHI
U3MEPEHUS] MOTYT ObITh pa3feieHbl MMPOCTPAHCTBEH-
HO-TIOAOOHBIM UHTEPBAJIOM, CIEJOBATEILHO, OHH HE
MOTYT OKa3biBaTh MIPUYMHHOE BIMSIHUE JPYT HA APYIa.
[Tyctb @ u b — HanpaBieHuUs1, BOOJb KOTOPBIX [IPOBO-
OUTCH HM3MEPEHUE CIIMHA YacTUL, COOTBETCTBEHHO,
A u B. Torna u3 npMuMHHON HE3aBUCUMOCTHU PE3YIIb-
TaToOB U3MEPEHUH CJIENAYET, YTO HAIpaBIeHHe b HE MO-
XKET OKa3arb BJMSHUE Ha Pe3yabTaT usMepeHus A, u
Ha060poT. TexHUYeCKn 3TO COOTBETCTBYET TOMY, 4TO
I1PH HATUYUHU JIOKATBHBIX CKPBITHIX IAPAMETPOB B BbI-
YUCJIEHUU KODPpEeNAUUi, KaK Obl OHU HU CYMTAJIUCD,
u3MepeHue A OyIer npencTaBieHO HEKOTOPOR (PyHK-
uuei A(a, L), a u3MepeHue B — HeKOTOpoil pyHKLIMEH
B(b, 1), nHo HuKak He dyHKLUMIMH A(a, b, L) u B(a, b, 1).
3nech A 0003HAYAET CKPBIThIE NMEPEMEHHbIE. B KOM-
MBIOTEPHON MOZENU POJb CKPBITHIX MEPEMEHHBIX A
UIpaeT reHepaTop Cay4yalHbiX yucen. B Hamieir KoMm-
MIBIOTEPHO MOIENU 3TO YCAOBHE OeJIJIOBCKOM JIOKANb-
HOCTH OIpeNceHHO He BbinonHseTcs. Koraa cepsep
BBIMOJIHSIET 3alpOC KJIMEHTA A HA U3MEpEHUE, OH MO-
IUGULUPYET COCTOSIHME CMCTEMBI CIIOCOOOM, 3aBHUCH-
MBbIM OT HaIpaBJIeHUs a, BIOJb KOTOPOTO MPOBOAWIOCE
usMepeHue crnuHa A. CooTBETCTBEHHO, Korga 00paba-
THIBAETCS MOCHACAYIONIMI 3alpoC HA U3MepeHUe B, To
B COCTOSIHUM CUCTEMbI VXK€ 3a(PMKCHPOBAHO BIUSHUE
HamnpaBlIeHUA @, TIO3TOMY U3MEPEHHUIO B Gyaer coor-
BETCTBOBATh ¢)yH1<LMﬂ.1'3m[a B(a, b, 1), HO He B(b, 1),
Kak toro Tpedyer teopema besna. AKTel U3MepeHHs
B KOMIbOTEpHOU Moaeau DIIP-naper okasbiBarorcs
NPUYMHHO-3aBUCUMBIMU, YTO HE COOTBETCTBYET IpEL -
CTABIEHUIO O JIOKATBHBIX CKPBITHIX IEPEMEHHBIX TEOPE-
Mbl besia. Takum o6pasom, teopema bea e sanpe-
LIAET CYLLECTBOBAHUE KJIACCUYECKUX CKPBITBIX Mapa-
METPOB KaK TaKOBbIX, HO 3alpellaeT CyILEeCTBOBAHUE
CKPBITHIX [TAPAMETPOB, JIOKAJTU30BaHHBIX B ODJIACTSX,
Pa3ie/ICHHBIX MPOCTPAHCTBEHHO-MOAOOHBIMM MHTED-
sasaMu. [ToaToMy cyllecTBOBaHME JTOKAIBHON Kiac-
CHYECKOW KOMITBIOTEPHON MOJENIN, Hapyuaolleil He-
paBeHCTBa benna, He mpotuBopeuut Teopeme Besra.
MoxHO Takxe cKa3aTh, YTO KBAHTOBOE OBEAEHUE PE-
TBHBIX CUCTEM MOXET OBITh BRI3BAHO CUCTEMAMMU KJIAC-
CHYECKUX CKPBITBIX [IEPEMEHHBIX, CBSI3aHHBIX C YacTH-
UaMu A M B, HO MeXay 3TUMU CUCTEMaMU [TEPEMEHHBIX
NOJiXHa OBITh MPUYMHHAsS CBSI3b. HOo MbI-TO 3Haem,
4TO MEXAY COOBITHUSIMM, PA3NEICHHBIMH IIPOCTPAHCT-
BEHHO-MOJOOHBIMHA MHTEPBAJIAMM, IPUUMHHON CBI3U
OBITE HE MOXET — 00 3TOM TOBOPMUT TEOPHUSI OTHOCHU-

TeJabHOCTH. Tem He MeHee, HepaBeHcTBa bena Hapy-
WAITCA U Uit U3MEPEHUH CIUHOB, pa3fe/eHHbIX
MPOCTPAHCTBEHHO-MOIOOHBIMUA HHTepBanamMu. [lpu-
YHMHHOM CBA3M MEXY YACTULIAMH HET U ObITh HE MOXET,
a pe3yJbTaThl TAKOBbI, KaK OYATO OHA €CTh, — 3TO U
SIBJIIETCS CaMbIM SIDKUM MPOSIBIEHUEM "TAUHCTBEH-
HOCTU" KBAHTOBON MEXaHUKH.

3aMETUM, YTO B MOHSITUU BHIYMCIECHUSA, UM B SKBU-
BAJICHTHOM €MY IIOHATUM MAIIVHBI ThlIOpUHTa, BOOOLLE
HUKAKUM CIOCOOOM He (UIYPUPYIOT Kakue-iubo
MPOCTPAHCTBEHHO-BPEMEHHBIE COOTHOUIEHHS (KpoMe
HAWBHOTIO [MPECTABJIEHUS O TPUUMHHOU CBA3H MOCHE-
JOBATE/IbHBIX LIArOB JIOOOTO BBIYMCIICHHUS), TOTOMY
3apaHec MOXHO ObUTO Obl AOrafathCsi, YTO TEOpeMa
benna He MOXeT WMeTh HUKAKOrO OTHOLICHMUSI K
(YHKLIMOHUPOBAHHUIO KAKOTO-JIMO0 BHIYMCIUTENBHOTO
YCTPO#CTBA B OOBIYHOM NMOHUMaHuU. OJHAKO MPOii-
JEHHbIH HAMU yThb MOJIE3€H, TAK KAK IPUBOIUT K JI€-
TAJIBHOMY TTOHMMAHMIO TOTO, KAK UMEHHO U B KAKOM
CMBICJIe KJIACCHYECKOE YCTPOWCTBO MOXKET CUMYJTMPO-
BaTbh "KBaHTOBYIO peajqbHOCTh". M, KCTaTH, 318CH He-
MEUIEHHO BO3HMKaeT H8BbIii Bompoc. Pas MPOCTPAH-
CTBEHHO-BPEMEHHBIEC CBSI3H M COOTHOUIEHUSI BOOOLLE
HEPEJCBAHTHBI TOHATHIO KOHEYHOIO aBTOMAara, HO,
O4YEBUIHBLIM 00pa3oM, OHM MMEIOT CaMOE MPSIMOE OT-
HOLIEHHE K [IOBEACHHUIO PCAIbHBIX KBAHTOBbBIX O0bEK-
ToB Bpone DIIP-nap, pasHeceHHBbIX HA MPOCTPAHCT-
BCHHO-TOIOOHBIE UHTEPBAJIbI, TO, 3HAYUT, TPEICTAB-
JICHHAst BBIYMCIUTENIbHAS peaTu3aums "KBAHTOBOWH
PEAILHOCTU" YMYCKaeT YTO-TO OYEHb CYLIECTBEHHOE.
Y10 uMeHHO?

HeACTBUTENBHO, B PEAIbHOM MPOCTPAHCTBE —BpE-
MEHH BbIYMCIIUTEJbHBIMU CPEACTBAMU CUMYIMPOBATH
MPOCTPAHCTBEHHO-BPEMEHHOE MOBEAEHUE KBAHTOBBIX
CUCTEM, BOOOILE TOBOPSI, HEBO3MOXHO (IIPU TOM, YTO
HapyluleHHe HepaBeHCTBa besta BOBMOXHO). DTO JIETKO
MOHSATDb, €CJIM CPaBHUTh [IPOCTPAHCTBEHHO-BPEMEH-
HYI0 DUarpaMmy MOBCIEHMSI HALIEH KOMIIbIOTEPHOM
nporpaMmbi, cumyaupywouei DI1P-mapy, u npocr-
PAaHCTBEHHO-BPEMEHHYIO AuarpaMmy IS pealbHOMN
SI1P-napsr (puc. 4).

[IpencraBum cebe, 4TO cucTeMa KIMEHT—CEPBEP,
MIPEACTABIEHHAA Ha PHC. 4, peaJIbHO pa3HECEHA B MPO-
CTPAHCTBE, U PACCTOSIHUE MEXIY cepBepoM (pasmepa-
MU KOTOPOro Mbl TpeHeOperaeM) M KJIMEHTAMH,
MPEACTABIAIOLIUMU U3MEPEHUS, ONMHAKOBO 11 060-
UX KJIMEHTOB U paBHO L. Hukakux mpo6emM B mnpak-
THYECKON pean3aluy Takoi cucteMsl Het. st cpas-
HCHHUS paccMaTpUBaeM M3MEpeHUE CIUHOB Haj
SI1P-napoit Ha ToM xe paccTosinuu L oT MecTa ¢dop-
MHPOBAHHSI UCXOQHOTO CHHIJIETHOTO COCTOSIHMS [a-
pbl. Ha oboux guarpaMMax Ha4ajao KOOPAMHAT COOT-
BETCTBYET I1POCTPAHCTBEHHO-BPEMEHHOM TOUKe (op-
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Puc. 4. ITIpocTpanCTBEHHO-BPEMEHHDIE THATPAMMDI H3MEPEHHIl CITHHOB
st peanbnoil DTTP-napsl ¥ 119 KOMITBIOTEPHON CHCTEMbI, CHMYJIH-
pyromein H3MepeHust

mupoBaHus DITP-napel (1M COCTOSIHUA TOM Naphl B
koMibtotepe). uist MpocToTsl OyeM Mpearnoiararh, 4To
BCE CMTHAIbI M YaCTUIbI — KOMITOHeHTB SITP-napbt —
NEPEMELIAIOTCS ¢ MaKCHMAaJIbHO BO3MOXHOM CKOpPO-
CThI0O — €O CKOPOCThIO ¢BeTa. HavanbHas 4acTp 06eux
auarpaMM (CTpesKM M3 Hayajla KOOPAMHAT HaJeBO U
HAIIPAaBO BBEPX) MPENCTABISET NMEPEMENICHUE YACTHII
OT MECTa POXAEHHUS 0 NPUdopoB (peanbHast DITP-napa)
W Mepefayy CUrHaAIA TOTOBHOCTH K U3MEPUTEINsIM (CH-
Mmyasuus). B ciayuyae peanpHoit OI1P-napbl u3mMepeHue
CIIMHOB MPOUCXOAUT "MTHOBEHHO" (B mpejese IJH-
TEJIbHOCTh MOXET OBbITh KaK YTOJHO Maja II0 CpaBHE-
HUIO ¢ BpeMeHamu nepemenieHust yactu). Hanporus,
B KOMIIBIOTEDHOH CHMYJISILIUM BPEMS U3MEPEHUS
MPUHLMITMAIBHO KOHEYHO: KIMEHT-K3MEPHUTEIIb IO~
3KEeH OTITPABUTH 3al1poC K CEpBepy-COCTOSHHIO, CEPBEP
JTOJIKEH OTHpaB{/ITI? OTBET KIIMEHTY, ¥ KJIUEHT JOJIKEH
oTBeT noiyuuth (puc. 4). Oteer Ha Bonpoc Q2 oTpu-
LATE/IbHBII; MCYEPIBIBAIOIIYIO cuMyIsiuuio D11P-mapht
MBI He noyunsid. [IpocTpaHCTBEHHO-BPEMEHHBIC CO-
OTHOLIEHMA, XapaKTepHbIe 1) peanbHoii STIP-mapsi,
B Hallueil MOJAe/SM HapyllUeHBI.

Xora 6bl1a paccCMOTpPeHa OYeHb YaCTHasA KOMIIbIO-
TepHast MOJIEJb, PE3YJIbTAT SIBJISIETCS] BNOJIHE OOLIMM:
HMKaKasl (pacrpegesieHHast) KOMIBIOTEPHAsT CUCTEMA
B pEJIbHOM MPOCTPAHCTBE—BPEMEHHU B OOLUEM Cliydae
HE MOXET CUMYJIMPOBaTh IIOBEACHUE TAKUM Ke 00pasoM
pacrpene/ieHHOM KBaHTOBO# cucreMbl. MHbIME Cllo-
BaMU, CUMYJIMPYEMOCTh MOBEIEHUSI KBAHTOBbIX CHCTEM
B peabHOM MPOCTPAHCTBE—BPEMEHU HE CBOJAMUTCS K
BBIYMCJIUMOCTH KBaHTOBOH Teopu. IlosHasg cuMysu-
PYEMOCTb B PEaJIbHOM ITPOCTPAHCTBE—BPEMEHM, BOOO-
11l TOBOPS, HEBO3MOXHA.

Ho uTo e Torja o3HayaeT "MosHas BBIYUCIUMOCTD
KBAHTOBOI TEOPHU”, O KOTOPOI TOBOPUJIOCH B pasie-
Jjie 8.1, B OTHOLLIEHUU BO3MOXHOCTH CUMYJISILIMU KBaH-
TOBBIX CHCTEM, PACIpEACICHHbIX B MPOCTPAHCTBE—

BpeMenu? OTBET OUCHb [IPOCTON: AJIA MOJIHON CUMY-
JIUMM TAKUX CHUCTEM CaMO [POCTPaHCTBO—BPEMSH
NPUHUHUITHATBHO MOXET OBbITb TOJIbKO BUPTYaibHBIM,
CUMY/JIMPOBaHHbHIM. HUKaKMMM CUJIAMU HEBO3MOXHO
KJIACCHYECKYIO BBIYMUCIUTENBHYIO CUCTEMY 3aCTaBUTh
BeCTU cebg B pealbHOM MPOCTPAHCTBE MOJHOCTDHIO,
KAK CYLUECTBEHHO DacrpeAcNeHHbId B MPOCTPAHCTBE
KBAHTOBBIM OOBEKT.

[MoxaxeM, KaK JOKHAa Obl1a Obl OBITH YCTPOEHA
KOMITBIOTEPHAs TIpOrpaMMa, MCYEpIbiBaloIUM 00pa-
30M cuMyaupyioiias noseaeHue SI1P-napol, Bkioyas
W BCE MPOCTPAHCTBEHHO-BpEMEHHBIE CBA3K. B Takoi
MOJIEJIH, NpeXIe BCETo, JI0MXHA ObiTh pealu3oBaHa
Mofeab peajgbHoro (3 + 1)-MepHOTO MPOCTpaHCTBA—
BPEMEHH, B KOTOPOM CYLLECTBYIOT IPMOOPLI, U3MEPAIO-
LIME CMUHBL YACTHML, MPU 3TOM CaMU KIACCHUYECKUE
U3MEPUTEIbHbIC MPUOOPHI AOMXKHBI OBITH OMUCAHbI
JOCTATOYHO AETATbHO (MAarHUTHOE MOJE B YCTAHOBKE
IlitepHa—TIepnaxa, 3KpaHbl UK JETEKTOPHI, PUKCH-
pyloue mosiieHue uyactull). Kpome rtoro, monenb
JIOJKHA COAEpXKaTh OMUcaHue 6-MepHOro KOHGUrypa-
LIMOHHOTO MMPOCTPAHCTBA (C yYETOM €lIC U CIIMHOBBIX
NEPEMEHHbIX, HA YeM Mbl JETAIbHO HE OCTAHABJIM-
Baemcsl), B KOTOPOM COBEpILAOT ABMXEHHUE CKOppe-
aupoBanHble YyacTuiel DITP-napsl (dakTnuecku —
6-MepHbIl BOTHOBO#H MakeT OOBEJUHEHHOTO Mepery-
TAHHOTO COCTOSIHUS JBYX 4AacTUI[). 3aMETHUM, YTO 3TO
6-MEpHOE MPOCTPAHCTBO — HE TO XK€ CaMOE, UTO CH-
MYJIMPOBAHHOE (DUUUECKOE HpOCTpaHCTBOS. B atom
KOHTEKCTE JOJIKHO pelarbes ypaBHeHue Lpenunrepa,
OMUCHIBAIOLLEE PACITPOCTPAHEHUE 6-MEPHOTO BOJIHO-
BOTO IMaKeTa B KOH(UIYPALMOHHOM IIPOCTPAHCTBE.
Kora 1o 3ToMy pelueHHIO MOHITHO, YTO YaCTHLIHI 10-
CTHUIJIM 30HbI KPAHOB WM JIETEKTOPOB, IPUMEHSIETCS
NPOEKLIMOHHBIN MOCTYNIAT, KOTOPBIHA [TOPOXKIACT OTBET
B BUPTYQJIBHOM TPEXMEPHOM IMPOCTPAHCTBE, MOJE/M -
PYIOILEM peaibHOE MPOCTPAHCTBO. Eciau ucmnosnb3o-
Bastach ycranoska tuna LlrepHa—Iepiaxa, To npoek-

8 [onesHo 3aMeTUTh, YTO JaXe TPU PACCMOTPEHUY ABHKEHHUA
eIMHCTBEHHOM TOYEUHON KBAHTOBOM YacTUIbI, KOrAa KOH(pHUIypa-
LIMOHHOE TIPOCTPAHCTBO ABISETCSA TPEXMEPHBIM, 3TO KOH(UIYpauy-
OHHOE MPOCTPAHCTBO — HE TO XE CaMoe, 4TO QPU3NYECKOe TPeXMep-
HOE MPOCTPAHCTBO. DTO JIUIIIb YACTHBIH ci1yyait obmero 3 N-mepHoro
KOH(MUIYpaUMOHHOTO IpoctpancTea st N yactuu npu N = 1. Boa-
HOBast GYHKUMS Jaxe eAWHCTBEHHON TOYEYHOM YaCTULIbI He SBJIsSI-
eTcsi BOJTHOM, PacTipocTpaHsioleicss B GU3UUECKOM MPOCTPAHCTBE,
KaK 3TO 4acTO HAMBHO MpeacTapisercs! [103TOMy HET HUKAKOTO Ma-
pajgoKca B TOM, YTO NPH U3MEPEHUH KOOPAMHAT M CONPOBOXAAIOLIEM
€ro KoJuTamnce BoJHOBas (PYHKIIHS YACTHIBI B KOH(MUIYPALIMOHHOM
MPOCTPAHCTBE CXIONbBIBAETCS C GECKOHEUHOM CKOPOCTHIO: 3TO ABH-
JXEHKE He TTPOUCXOINT B (DU3NYECKOM NPOCTPAHCTBE, [1€ CBEPXCBE-
TOBBbIE CKOPOCTH 3ampelleHbl. CXJI0MNbIBAHUE MPOUCXOOUT B KOH-
(UIypaLMOHHOM MPOCTPAHCTBE, I1e CKOPOCTh B OObIYHOM CMBbICITE
BOODILIE HENB3A ONPEACTNTh, TaK KaK Mbl HE MOXEM MPOHHUKHYTbH
B HETO C XeCTKHMH JIMHelikamu U yacamu. "[losBneHue mpubopa”
B TAKOM TIPOCTPAHCTBE ITPUBOAUT K TOMY, YTO IIPOCTPAHCTBO CTAHO-
BUTCS APYTUM (COOEPXKHT ONMMCAHUE CTeleHel cBodOIb MpHOOopa).
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LIMOHHBIA MOCTYJNaT AACT KOOPAMHATY YacCTUIBI Ha
5KpaHe, M0 KOTOPOU ONpenesieTCss U 3HaYCHHE TIPO-
€KLUU CIIMHA (€C/IM 4aCTHLA YUUIA B OIHY CTOPOHY, TO
MPOCKUMUS CITMHA +1, €C/IM B MPOTHBOMONOXHYIO CTO-
poHYy, TO —1). U3MepeHHbBIC 3HAYSHHS CITMHOB MPUBSI-
3aHbI K TOYKaM, pa3aeJIeHHbIM ITPOCTPAHCTBEHHO-ITO-
JMOOHBIM HHTEPBAJIOM BMPTYaJbHOTO MPOCTPAHCTBA.
XOoT4, IO JIOTUKE, COCTOSIHUE OOBETMHEHHON CUCTEMBI
YaCTULL M B TAKOW MOICIU MOJKHO XPAHUThCSI HA He-
KOTOPOM €AWHCTBEHHOM JIOKAJIBHOM ILIEHTPAJIbHOM
CepBepe, HO 31eCh HE TPeOYETCS HUKAKUX BPEMEHHBIX
3alepxeK (TOYHee, CUMYJISILIMUM 3aAepXeK) Ha odle-
HUC MCXIY KJIMeHTaMu (MpuOopaMu) U CEPBEPOM, TaK
KaK B BUPTYaJIbHOM MPOCTPAHCTBE MOXHO CMOJE/IH-
poBaTb GECKOHEYHO OBbICTpOE OOpallleHUE K CEpBEpY.
MBI HE CBSI3aHBI IPEACIBHON CKOPOCTBHIO PaCcIIpoCTpa-
HEHUS] CMTHANMa, KOTOpas UMEET OTHOLUEHHE TOJIbKO
K peajibHOMY npocTpaHcTBY. Cumynsiuust DI1P-napwl
MOJIy4aeTcs MOJIHOW, HO HEe B PCaJbHOM, a B BUPTY-
J1bHOM MPOCTPAHCTBE—BPEMEHU.

Moar, ec/u OH IEHCTBUTENBHO ONUPAETCS B CBOCH
paboTe Ha KBAHTOBbIE IIPOLIECCHI (UTO KaXKETCS HEU3-
OcxkHBIM 10 Teopeme [leHpoy3a), BMOJHE MOXET SiB-
JIATBCA pacIpee/ieHHOW KBAHTOBOH CHUCTEMOM, IO-
no0Hoit BI1P-mape (HO B MUIIIMApAbI pa3 CIIOXKHEE).
[ToaToMy nisi TOTO, YTOOBI TOBOPUTD O BHIYMCIUMOCTH
KBaHTOBBIX MPOUECCOB MO3ra, HAI0 MPeACTaBIATE cebe
peaIU3allMio MOACIM MO3ra He B pEaIbHOM, a B BUPTY-
aJIbHOM MPOCTPAHCTBE—BPEMEHH, IMOJOOHO TOMY, KakK
3T0 ObUTO onucaHo Boiire L1t DITP-napel. Ho ripu atom
MOJIEJIb MO3ra 10/DKHA 00pabaThiBaTh CUTHAJIBI U3 pe-
IBHOTO MPOCTPAHCTBA BPEMEHH U "XUTH" B peajibHOM
TIPOCTPAHCTBE—BPOMERH, YTOOBI MMETb KaKyHO-TO
TBsI3b C AEHCTBUTEIBHOCTHIO. Kak 510 Bo3MoxHo? st
TaKOro Mo3ra JOJ/KHO OBbITb ABa IPOCTpaHCTBA—BpPE-
MEHHU — BHYTPEHHEE, BUPTYAIBHOE, B KOTOPOM MOJIE-
JIMPYIOTCS KBAHTOBbBIE KOPPEISILIMU, U BHEILLHEE, PeaTb-
HOE, B KOTOPOM MO3T "XMBeT'. He BO3HMKHET JIH He-
YCTPAHUMBIX MPOTUBOPEUMIT B MOMBITKE COBMECTHTH
3TU ABE Belld B oaHoi Moaenu? Hanpumep, kakoe
[IPOCTPAaHCTBO—BPEMS NOMXKHBI MOApPa3yMeBaTh MO-
JleJl4 BHYTPEHHHUX CCHCOPOB MO3ra, CUTHAJTU3UPYIO-
LIMX O TOJIOBHOM G0JIM (M TOJXKHA JTH Y KOMITBIOTEPHOI
MOJIEIM MO3ra 00JIETh T0OJI0BA, €CJIH OHA MpeaCTaB/Iser
MO3T, CTpajaloiuii roloBHoi 6osbk?). Kak kiaccu-
YeCcKMUE MOACUCTEMBI Mo3ra (Bpoae BHELIHEro IoBe-
AEHUSA HEHPOHHOM CETU KaK CHCTEMBI KIaCCUUECKHX
[IOPOrOBBIX TEPEKIoYaTe/ieil) B MOJENIH JTOMXKHbI
B3aUMOJACUCTBOBATL C BUPTYATbHBIM MPOCTPAHCTBOM,
B KOTOPOM ONUCHIBAIOTCS Koppeasiuu? Bripouem, kak
MBI BUIEIU, BCE 3T BONPOCH HE YHUKATbHBI HMEHHO
Uil MOAENId KBAHTOBOTO [MOBEACHMST MO3Ta YeJIOBEKa.
Borpoc o BUPTYyalbHOM ITPOCTPAHCTBE BO3HHKAJ YXKE

[IPM [ONBITKE CUMYJISILIMU HEPBHOI1 cucteMsl C. elegans
HAa YUCTO KIIACCHMYECKOM ypoBHe (pazmen 2.2). is
KBaHTOBOTO MO3ra BCE€ 3TU BOMPOCHI TOJBKO MHOTO-
KPAaTHO YCJIOXHSIIOTCS.

8.3. Heungpopmayuonnaa npupooa
KBAHMOBBIX COCMOAHUL

Kaxk yxe ynoMuHanoch, Xbiobeprt Jdpeiidyc nucan
[25], yTO CMBICIBI, KOTOPBIMU OIEPUPYET YEIOBEYE-
CKOE CO3HaHHe, MOTYT HE UMETBb IpPoCcToil nH(popMa-
LIMOHHOW TMpuponabl. Kak Takoe MOXeT CJIydyMThCH,
Hpeiidyc He 0OOBACHUI, TTO3TOMY 3TO TIPEANOIOKEHUE
OCTAJIOCh B paMKax €ro KHUTH abCTpaKTHOM BO3MOX-
HOCTBI0. OHAKO HETPYAHO MOHSATH, KAK TAKOE MOXET
ObITh Ha CAaMOM JgJie.

N3 teopemnbl [TeHpoy3a U aHaIM3a BBIYUCIUMOCTH
KJIACCUYECKOM (DU3UKHU CAEAYET, YTO B KJIACCHYECKO
(He KBaHTOBOI) (DU3MKE WUCTOUHUK HEBBLIYHUCIMMON
AKTHBHOCTM MO3ra HalTH HEeBO3MOXHO. Ciie0oBaTellb-
HO, TPUXOIOUTCS MPEAronaaratb, YTO B aKTUBHOCTH
MO3ra CyIIECTBEHHYIO0 BOJIb MrpaioT, Kak MHUHMMYM,
OOBbIYHBIC KBAaHTOBBIE MPOLECCHI (€CJM He KBAaHTO-
BO-rpaBUTAIIMOHHBIC, KaK npenmnojaraer [leHpoys).
C 3Toil TOrMKO#M MOBOJIBHO TPYIHO cropuTh. danee,
TaK KaK HEBBIYMCIUTEIbHASI aKTUBHOCTH MO3Ta Cyllie-
CTBEHHbIM 00pa30M CKa3bIBA€TCS HA MOBEACHUH YeJIO-
BEKAa, YTO OMSATH-TAKU ClAEOYyeT U3 TeopeMbl [TeHpoyaa,
TO CJAE€AYET OXUAATh, YTO KBAHTOBBIE MPOLIECCHI Urpa-
IOT CYLUECTBEHHYIO pOJib B OPMHUPOBAHUM CMBIC/IOB,
KOTODPBIC U OMpPEAesIsSIIOT MOBEACHUE.

LleHTpasibHBIM AEHCTBYIOLIMM JIUIIOM JIIOOOTO KBaH-
TOBOI'O IpOLECCa SIBISIETCS] KBAHTOBOE COCTOSTHHE —
MMEHHO OHO U3MEHSIETCS €O BpeMeHeM. Ho keaumoesoe
cocmosinue He Kooupyem uHgopmayuo. Jle iCTBUTEBHO,
OIHUM U3 BaXXHEUIIIUX CBOUCTB MH(DOPMALINU SIBISETCS
TO, YTO €€ MOXHO "TIPOUUTATh U CO3IATh C UCITOJIB30Ba-
HUEM 3TOM NPOYUTAHHON UH(pOPMALIMHK T1060e YUCTIO
Konui opuruHaa. C KBaHTOBBIM COCTOSIHMEM 3TO Cl€-
JIaTh NIPUHLIMITUATBHO HEBO3MOXHO. CYIECTBYET TakK
Ha3blBaeMasl TeOpeMa O HEBO3MOXHOCTH KBaHTOBOIO
KIOHUpoBaHus (cM. Hampumep [27, C. 301—304]), ko-
TOpasi TOBOPUT O TOM, YTO 3apaHee HE W3BECTHOE
KBAaHTOBOE COCTOSIHUE HE MOXET ObITh CKOMHMPOBAHO
Ha IPYTYIO CUCTEMY O€3 paspyLieH s COCTOSHUST UCXOI -
HOW cucTeMbl. KBaHTOBBIE COCTOSHMSI HENb3S KOMUPO-
BaTb, TEM CAMbIM KBAHTOBBIE COCTOSIHUSI HE 00J1a1a10T
ONHWM W3 BaXHEMIIMX CBOWCTB, KOTOpbIM OOsI3aHa
obnanate MHGpOpMaLIMS, U CaMU HE KOAUPYIOT uHGOp-
Maumo. [lo 3Toit mpuyMHEe KBAHTOBOE COCTOSIHME
HEBO3MOXHO M 3aMMMCaTb HAa KJIACCUYECKHUI HOCUTED,
pyaas €My ABHO MHGpoOpMaLMOHHYO dhopmy. Eciiu 6bI
3TO ObLIO BO3MOXHO, TO C MCITOJIb30BaHHEM obpasa
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COCTOSIHUSI HAa HOCUTENE €ro MOXHO ObLI10 OBl JIETKO
pEreHepupoBaTh U CO31aTh, TEM CaMBIM, KOIMIO HMC-
XOAHOTO COCTOsIHUSI. HO 3TO 3ampelleHo TeopeMoii
0 HEBO3MOXHOCTH KJIOHUPOBAHUSL.

[Tpu 3TOM €CTh HEYTO, MPUCYILEEC KBAHTOBbIM CO-
CTOSIHUSIM, YTO OYeHb HAMOMUHAET HHQOPMALUIO.
OJHUM M3 BaXXHEHIMX CBOWCTB OObIYHOK uHpOpMa-
MM SIBASIETCS TO, YTO OfHA U Ta Xe MH(bopMauus
MOXET OBbITh MPEACTABACHA PAa3HbIMM CIIocODaMu, Ha
pasHbIX HocHUTeNsIX. TOUHO TaK Xe KBAHTOBOE COCTOS~
HME, UMEIOLLIEE OHY U Ty XK€ CTPYKTYPY, MOTYT UMEThH
KBAHTOBbIE CUCTEMbl COBEPILEHHO Pa3HOM [PUPOAbL.
Harmpumep, COCTOSIHUE [BYXyPOBHCBOMH KBaHTOBOW
cucrembl ¢ ammmutyaamu (J/1/3, +2/3) moxet ObITh
M CIUHOBBIM COCTOAAHUEM OTHOCHTEIBHO HEKOTOPOIO
3aJaHHOIO HAIPaBJICHUs, U COCTOSIHMEM YacTULIBI B
JABYXbAMHOM MOTeHUHane. He3aBMCHMO OT NPHUPOIbL
CHCTEM UX COCTOSIHUSI 3[4€Ch MMEIOT 4TO-TO obuiee,
MOJOOHO TOMY, KaK, HAPMMED, TEKCT HA 3KpaHe KOM-
MBIOTEPA U HA JIEXAUIEM PSIOM KJI0YKe OYyMaxKy MO-
XeT UMeTb ONMHAKOBOe MHGPOPMALMOHHOE COJIEpXa-
nue. To obliee, YTO MOXET OOBEAMHATH KBAHTOBBIC
COCTOSIHMSI CUCTEM Da3HOH MPUPOIbI, JIOTHYHO Ha-
3BaTh Keanmogoi uxgpopmayuei. Ho TepMyuH He AOJ-
eH BBOLMThH B 3a0/yXIeHME: KBaHTOBas MHGpopma-
Luus He siBasieTcd uHdopMmalei B OObIMHOM CMBbICIIE,
TAaK KakK, IPUHLIUITMATBHO HE JOMYyCKas KOMUPOBaHUA,
He 06J1a0aeT OMHUM U3 BAXHEMILMX CBOKCTB OOBIYHON
HHdOpMaLIUH.

Komb CKOpO MO3T CYLIIECTBEHHBIM 00pa3oM UCTO/Ib-
3yeT KBAHTOBBIC MPOLECCHI [T (POPMUPOBAHUS U 00-
paGOTKM CMbIC/IOB, TO M CMBIC/IbI, O KOTOPbIX MHCas
Npeiidgyc, mo RpailHEH Mmepe, YacTU4YHO CBA3AHBI C
KBAHTOBBIMU COCTOSHMSIMHU U HE UMEIOT IIPOCTON MH-
dopmaLoHHON Mpupoabl. CkKopee BCETo, CMbICIbI
MOTYT MMETb CMELIaHHYI0 WH(POPMAIMOHHO-KBAHTO-
BOMH(MOPMALMOHHYIO MpUposy. OObIYHBIE KOMITBIO-
Tepbl 06PAGATHIBAIOT TOJIBKO HH(BOPMALIMIO B OOBITHOM
MOHUMAaHWU, O3TOMY MO3r, 00pabaTbiBasi U KBaHTO-
BYIO MH(GOPMALIHIO, YK€ TOJIBKO [0 9TOi MPUYMHE HE
SIBAIAETCS OOBIYHBIM KOMIIBIOTEPOM.

KBaHTOBBIE COCTOSIHUS HEJTB3S1 KOMMPOBATh, HO MOX-
HO EPEHOCUTH B AMHCTBEHHOM 9K3EMILIAPE C OTHON
CHCTEMbI Ha JPYTYIO IIOXOXYIO CUCTEMY (C TOH Xe pa3-
MEPHOCTBIO THIBOEPTOBA IIPOCTPAHCTBA COCTOSIHUI).
Takoil I1epeHOC MOXHO OCYLIECTBUTH C MOMOLUBIO
rporiecca KBaHToBo# Testenioprauuu [27, C. 309—315].
B yacTHOCTH, €CJIM B OCHOBE (heHOMEHA CO3HAHUS JIE-
KAT KBAHTOBLIE [POLIECCHI, TO COCTOSIHUE CO3HaHUS
MPUHLMITHAILHO HEBO3MOXHO "CKOMMPOBATH" HA UC-
KYCCTBEHHbI HOCUTEIIb, OCTABMB "OPUTMHAN" CO3HAHMS
B LIEJIOCTM M COXPAaHHOCTU. DTO 3amnpeuiaeT Teopema
0 HEBO3MOXHOCTH KBAHTOBOIO KIIOHMPOBaHUs1. MOXHO

CIE/1aTh JIMLLB OJHO U3 ABYX. JIUGO CKOMUPOBATh "yCT-
pOJCTBO" MO3ra Ha MCKYyCCTBEHHBIA HOCUTEIb, HO NPH
9TOM OyZeT CKONMMPOBAaHA JIMIIL MEPTBas 000JOUKa
CO3HAHMS, HE caMo co3HaHue. JInbo MOXHO Tesienop-
THPOBATh CO3HAHME HA MPAaBHJIBHO MMOArOTOBICHHbINM
MCKYCCTBEHHBI HOCHMTENb, HO TOTAa OPUTMHAIBHbIN
HOCHTEb CO3HAHMS aBTOMaTUYECKH OKaxeTcs B "Gec-
CO3HATEIbHOM" COCTOSIHMM, TaK KaK BCE KBAHTOBBIC
COCTOSIHMSI, BAXKHBIE [UIsi COAEPXKAHHNA CO3HAHMS, B HEM
GyayT paspyliebl. Hano Taxxke 3aMeTHTh, YTO POLIECC
TaKoii TeJernopTalyud MpeACTABNsETCS HEBEPOSTHO
CJIOXKHBIM, EIMHCTBEHHAs! OIIMOKA UCITOPTUT BCE A0
(mpoGaeMa B KBAaHTOBOI KOTEPEHTHOCTH), MOITOMY
BPsiL JTU TaKO#i MPOLIECC YAACTCS OCYILIECTBUTH B 0003-
pUMOM OyIyLUEM.

8.4. Ilapadokc keanmogoii ungopmayuu
u "uydo Kaonupoeanusn"”

[pencraBieHre 0 HEMHOOPMAIMOHHON TPHPOIE
KBAHTOBOrO COCTOSIHASI HEMEUIEHHO TPUBOIMUT K HO-
Boii 3araaxe. JeiicrehTenbHo, B peaibHOM MUpPE KBaH-
TOBOE COCTOSIHUE HEJIb35 CKOMUPOBATH HUKAKUMMU CHU-
namu. OOHAKO, MPEANONOXUM, Mbl CO30aJIM TOYHYIO
BBLIYMCIUTEIbHYIO MOENIb HEKOTOPO KBAHTOBO#M CHC-
TeMbl, BKITIOYAsk CUMYJISILUIO (PU3MUECKOTO MPOCTPaH-
cTBa, B KOTOpOM "XMBEt" KBAHTOBasi cuUCTEMa. JTO
BO3MOXHO B CHJIY BLIYMCIMMOCTH KBAHTOBOW TEOPHUHU.
Kaxk yxe roBopwioch, KBAHTOBast CUCTEMa M €€ BbIYUC-
JINTEbHASE MOIENb B KIACCMYECKOM KOMITBIOTEpE —
3T0, C TOYHOCTBIO 10 U30MOP(HHU3MA, OHO U TO XKE. Ho
B BBIYMCJIMTEIHHON MOJEIM, B OTJIMUUE OT PeAIbHOU
KBAHTOBOI1 CUCTEMbI, KBAHTOBbIE COCTOSIHMSI YK€ UMeE-
JOT SICHYI0 MH(MOPMAIIMOHHYIO NpUpoay. DTO MpOCTOo
MOCJIEA0BATETBHOCTH YMCEJ, KOAUPOBAaHHBIE OMTaMu
KOMIMBIOTEPHOIA MaMSITH, KOTOPBIC MPEACTABJISIOT BEK-
TOpbl TWIBGEpTOBA MpocTpaHcTBa (cMm. pasmen 8.1).
QueBUAHBIM 00pa30M MOXHO CO34aTh CKOJBKO YrOAd-
HO KOMUii TaKOro 00beKTa (XOTS KOMMH HEBO3MOXHO
OymeT co3naTh TOJNBKO CpeAcTBamu, (HOpMalM30BaH-
HBIMH BHYTpH Mozenu). [TodeMy B KOMIIBIOTEPHON CH-
MyJISILMM KBAHTOBOE COCTOSIHUE TIPEACTABISICT CODOM
uH(OPMALIMIO, & B OPUTHHAJIE KBAHTOBOW CUCTEMBL —
Het? He mpotuBOpeyut jin 0OblYHAsA MHMOPMALIMOH-
Hasi IPUpOAa CUMYIUPOBAHHOTO KBAHTOBOIO COCTOSI-
HUST HeMH(OPMALIMOHHON MPUPOIE pPeabHbIX KBaH-
TOBBIX COCTOSTHUIA?

Hawm npeacTaBisieTcsi, YTO MPOTUBOPEYME ASHCTBH-
TEeJIbHO €CTh, U OHO OYEeHDb cepbe3HO. [1o HalIeMy MHE-
HUIO, HAIWYME 3TOrO MPOTUBOPEYMSI O3HAYAET, 4YTO
OpPMIMHA/IbHAS KBAaHTOBAsl CUCTEMA U €€ JaXE O4YCHb
COBEpLICHHAS BHIUMCIUTENbHAS MO/EITh Ha KIacCu1e-
CKOM KOMIIBIOTEPE, — B IEHCTBUTEILHOCTH HE OJLHO U
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TO X€ C TOYHOCTBIO 0 U3oMOpdHU3Ma, B OTIUYUE OT
TOTO, YTO MPEANOAAraoch MPU MOCTAHOBKE BOIIPOCA
(npenpinyiumii ab3ar). MBI ICHO MOHUMAEM, YTO BO3-
MOXEH TaKXKe MHOM B3IJISI HA BEIIU. A MIMEHHO, MOXHO
3aKJII0YUTh, YTO UHGOPMALIMOHHAS NPUPOAE KOMIIbIO-
TEPHOU MOJENM KBAHTOBOTO COCTOSIHUSI YKA3bIBAET Ha
TO, YTO M PEASIbHBIE KBAHTOBBIE COCTOSTHUSI MMEIOT UH-
(bopMaLIMOHHYIO MPUPOAY, HECMOTPSI Ha CYLLECTBOBA-
HME TEOPEMBbI O 3ampeTe KIOHMpoBaHus. Ham, onHa-
KO, MPEACTABIAETCS, YTO 3TA TOUKA 3PEHUSA HEBEPHA.
OHa HeBepHa, B YaCTHOCTH, MMOTOMY, YTO CYLLECTBEHHO
o0cIHsIeT MOHATUE KBAHTOBOM peaibHOCTH. OIHAKO,
U Mbl JOJIKHBL 3TO SIBHO NIPU3HATD, Mbl HE MOXEM 0oJiee
TOYHO C(OPMYITUPOBATH, B YeM XE COCTOMT IMOPOK
YIIOMSAHYTOTO Bblllie "u3oMopdu3Ma’; MOPOK HACTONDb-
KO CEPbE3HbBII, YTO OTHOIICHUE MEXIY JaXe CaMbIMU
MPOCTHIMU KBAHTOBBIMHU CHCTEMAMH M UX COBEpPILEH-
HBIMU KOMIIBIOTEDHBIMU MOJIEISIMU HEJIb3sl CUMTATh
TOXIECTBOM C TOYHOCTLIO 10 H30MOpdU3Ma.

MoXHO TakXe 3aMETUTb, YTO KBAHTOBOE COCTOSTHUE
U CUMYJISALIMST KBAHTOBOTO COCTOSIHUSI KJIACCUYECKUM
KOMIIBIOTEPOM NPEACTABIAIOT PA3HBIEC TUIIBI PEAIBHO-
cri. Kak nonpo6GHO obcyxnaercs B Haileit cratbe [24],
JIOCTaTOYHbIM KPUTEPUEM OOBEKTHMBHOIO CYLIECTBO-
BaHUsA HEKOTOPOTO OObEKTa SIBISETCS BO3MOXHOCTD
[IOJIYYEHUS] O HEM BOCMPOU3BOAMMBIX JaHHBIX BOCII-
POU3BOAUMBIMU MeToAaMU. OAMHOYHOE KBAHTOBOE
COCTOAIHUE HE YIOBIETBOPSIET 3TOMY KPUTEPUIO: BOC-
IIPOU3BOAMMAA METOAMKA U3MEpPEeHUM (HampuMmep,
uM3MepeHue crnuHa B ycraHoske [ltepHa—Iepnaxa)
MIPUBOAMUT, BOOOLIE FOBOPS, K HEBOCIIPOU3BOLUMBIM
pesy/ibTaTam (HemnpeacRasyeMoe HarlpasicHUE MPOeK-
UuK cnuHa). HampoTus, cuMyasuus KBaHTOBOTO CO-
CTOAHUSI Ha KJIACCUYECKOM KOMIBIOTEPE BIOJHE
YAOBJIETBOPAET KPUTEPUIO OOBEKTHBHON PeabHOCTH.
B ominyue OT OOMHOYHOrO KBAHTOBOIO COCTOSIHMSI
KPUTEPUIO OOBEKTUBHOMH PEaTbHOCTH YIAOBJIETBOPSET
TaKxXe aHCaMOJIb cuCTeM, MPEACTABISIONI onpene-
JIEHHOE KBaHTOBOE cocTostHUe. [t aHcaMOia cocTos-
HUH BOCIIPOU3BOIAUMBIE H3MEPEHHSI IIPUBOIAT K BOCII-
POM3BOAUMBIM PE3yAbTaTaM B OTHOLLUEHHH Pa3IUYHbIX
pacnpeneaeHuil BEpOSITHOCTH, a MCITOJIb30BAHME Me-
TOZOB KBAHTOBOW TOMOTpaduH MO3BOJSIET MTOJHOCTHIO
BOCCTAHOBUTH KBAHTOBOE COCTOSIHUE, COOTBETCTBYIO-
uiee aHcaMburio. BoccTaHOBHB Xe 3TO COCTOsIHUE, €r0
MOXHO CKOMUPOBAThb HA COCTOSIHME APYrOW KBaHTO-
BOif CUCTEMBI C TOW X€ Pa3MEPHOCTBIO THIIBOEPTOBA
MPOCTPAHCTBA COCTOSIHMH MM IPOCTO 3alucaTh Ha
KJIaCCHYECKUI HOCUTENb WH(MDOPMAUVM J/Is1 MTOCIENYIO-
LIETO UCIIONB30BaHUs. HBIMM CITOBAaMU, B OTJIMYUE OT
OIMHOYHOI'O KBAHTOBOIO COCTOSHUSI aHCAMOJIb KBaH-
TOBBIX COCTOSIHUHM SIBJISICTCS MH(POPMALMOHHBIM MO-

HATHEM B TOM CMBICJIE, YTO B HEM MOXET ObITh 3aKO-
JMpoBaHa HH(OPMALUs B OOBIYHOM CMBbICE’,

[TapanokcanbHOe MPOTUBOPEYNE MEXLY HEMHDOP-
MAaLMOHHON NPUPOIOH KBAHTOBOIO COCTOSSHUSA U UH-
(bOpMaLIMOHHON TMPUPOIONH CUMYISALMU KBAHTOBOTO
COCTOSIHUS MOXHO MPEeBPaTUTH B elie Hosiee CHIbHbIH
napanokc. [Ipeamnonoxum, 4To Ha KIIAaCCUIECKOM KOM-
NbIOTEPE YAAIOCH OYEHb TOYHO CMOJECIMPOBATL Ha-
CTOJIBKO GOJBbLION (PparMeHT KBAaHTOBO#M PeabHOCTH,
4TO OH MOXET BKJIIOYATh B Ce0sl pa3yMHOro Habmoma-
Tend. Ecnu cuMynsimsi 10CTaTOYHO TOYHA, TO Takoii
BUPTYaJIbHbIA HabII0AATENh HE CMOXET 3aMETUTh, 9TO
OH XHBET B BUPTYAIbHOM, a HE B pearbHOM mupe. Ho
TENEPb Mbl BO3bMEM U B HAIICH KOMITBIOTEPHOM CU-
MYJISILUM HAYHEM CO3[aBaTh KOMHU COCTOSHUI HEKO-
TOPBIX KBAaHTOBBIX CHCTEM, KOTOpPbIe HaOJIIOAATEIb
crocobeH uccaenoBath. s Hac ("mporpaMMucToB”)
3[€Ch HET HUKAKOHN NPOOJIeMbl, TaK KaK B KOMIIBIOTED-
HO MOIENM KBAHTOBbIE COCTOSIHUSL — 3TO IPOCTO
KJIacCHYeCKHe Henouku 6uToB. OnHako HabIIoaTENIo
U3BECTHA TEOpEMa O 3anPeTe KJIOHUPOBAaHUS COCTOSI-
HU, X OH JOJDKEH OyIeT pacleHUTh "(PeHOMEH KIIOHU-
poBaHuA", MPOUCXOASALIMI Y HETO Ha IJIa3ax, KaK yy/o,
HapyuieHUue 3aKOHOB Npupoisl. bonee Toro, HUYTO He
MELIAET B 3TOM KOMITbIOTEPHON CUMYJISILAM pEAIU30-
BaTb MOZY./b, KOTOPbIii OYIET OTC/IEKMBATHL COCTOSSHUE
CO3HaHMA Habuoaaresns (KOTOpoe TOXeE eCTh He boiee,
YeM LEenoyka OUTOB), M €C/iU B CO3HAHWH Oyner
00HaApyXKEHO TOCTATOYHO CUJIbHOE XeJaHUe OOHapy-
XKHUTh YyJO KIIOHUPOBAHMUS, TO 3TOT MPOrpaMMHBIl
MOJYJTb HEMEJIEHHO M MPECTaBUT €ro B30py HabIIO-
narens. Torma, cyObeKTUBHO, HabMOaATENb OYAET caM
BbI3bIBATh YYAO KJIOHUPOBAHUS B OTBET HA "MOJIUTBY .

OTa cuTyalust BLINJISUTUT YK BoBCe abCypaHoiA. B cre-
AYIOLIEM pasfiesie Mbl [TOKAXEM, KAK MOXHO CHSTb XO-
T4 Obl CUJIBHYIO (DOPMY MapagoKca KBAHTOBOW UHDOP-
MauuM B dopMme "dyma KIOHUpOBaHUS".

8.5. Kocmoaozuueckuii zopuzonm evivucaumocmu

BoaMoxxHOCTh pa3pelieHust mapagokca "Jyyna Kjio-
HUPOBaHHUSA" KPOCTCSl B KPUTUUECKOM AHATU3E [OHSITHUSI
BBIYMCIIMMOCTH 10 OTHOILIEHUIO K KBAHTOBOH TEOPHH.
@akTyuyecKy, LTSl BBIMUCIEHHs TOBEIEHUSI HEKOTOPBIX

9 3aMeTuM, 4TO eciu OBl He GbUTO TEOPEMBI O 3aMpeTe KIOHU-
POBaHHsl, TO B HHPOPMALHUOHHOM CONEPKAHUU OLUHOYHOTO COCTOSI-
HUST U AaHCAMOJIS, COOTBETCTBYIOIIETO 3TOMY COCTOSIHMIO, He ObLIO OBl
HHKaKOH pasHULbL. JIeicTBUTENBHO, KONMPYST HCXOAHOE KBAHTOBOE
COCTOSIHME HEOTPAHMUYEHHOE UMCIO pa3, HETPYAHO MOPOAUTH aH-
caMbJib, COOTBETCTBYIOLLHIT STOMY cocTosHuI0. Toraa npobieMa us-
MEpEeHHs Hall COCTOSIHHEM CBEJIACh Obl K TPoG/aeMe U3MEPEHUS Hal
aHcambJieM, KOTopast yke MMeeT OObIYHYI0 HH(OPMALIMOHHYIO ITPH-
poly. OAMHOYHOE KBAHTOBOE COCTOSHME TOXE CTAHOBUTCSI TOTAA
UHGOPMALIMOHHBIM TIOHSATHEM.
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NPaKTUYECKU BAXHBIX KBAHTOBBIX CUCTEM TPEOYIOTCS
TaKHe€ MOLIHOCTU KJIACCHYECKOrO KOMIBIOTEpA WIH
TakKhe 00bEMBI BLIYUCIIEHUI, KOTOpblE HEJIb3s peajlv-
30BaTh HE TOJILKO MPAKTHYECKH, HO U MPHHIIMITHAIIb-
HO, TAaK KaK [UIsl BhIUMCIEHUI OyaeT HEoOXoMMMO Bpe-
Msi, NpeBbillIaioliee Bo3pacT BeeeHHOi, WK pasMep
KOMIIbIOTEpA BYET TAKOB, UTO €r0 HENb3s OyIeT ymec-
THTb BHYTPH KOCMOJIOTUYECKOTO TOPU3OHTA COOBITUH.
Bot npocreiiiimii ipumep. J1st TOro 4robsl ¢ UCMOb-
30BaHMEM KBaHTOBOro ajiroputMa Lllopa pasznoxuTs Ha
npoctble MHOXHUTENM 1000-3Ha4HOE IBOUUHOE YUCIIO
(o6biuHasl 3agava Uil MEPCIEKTUBHBIX KBAaHTOBbIX
KOMIIBIOTEPOB), KBAHTOBOMY KOMIBIOTEPY TpebyeTcs
aMSITh BCErO B THICSIYY KBAHTOBBIX SYMEEK MMAMATH —
1<y6m0310, B TO BpeMs KaK KJacCUUECKOMY KOMIIbIOTe-
pY IS [IPENCTABIEHUS COCTOSIHUS TAKOTO KBAHTOBOI'O
KOMIbIOTEpA MOTPEOyeTCs MaMAaTh 21000 - 10390 gomn-
JAEKCHBIX YMCEN. DTO Ha MHOrO MOPSAKOB OOJblile
0O6beMa MHMOPMALIMK, KOTOPasi MOXKET ObITh 3anicaHa
BO BCEM OOBIYHOM BELLECTBE BUAMMOIA yacTu BeeneH-
HOW (~1090 owur, [32]). laxe ecnu BHYTPU BUAUMOTO
KOCMOJIOTMYECKOTO TOPU30HTA MOMNbBITATHCH Pa3Mec-
TUTh MO ONHOMY OMTY MHGOPMALIUN B KaXIO# IUIaH-
KOBCKOI siueiike MMpocTpaHcTBa (0ObEMOM MOpsjKa
10799 ¢m?), To Bcero momecTutcs MOpsiAKA 10'83 6ur,
4TO BCe ewle NouTy Ha 120 MopsaKOB MEHbLIE HEOOXO-
aumoro. KsanToBylo cucteMy, oreyatoiyio 1000-xy-
OUTHOMY KBAaHTOBOMY KOMIIBIOTEPY, MPUHIMITHAIBHO
HEBO3MOXHO CHMYJIMPOBATh Ha KJIACCUYECKOM KOM-
MbIOTEPE, MO3TOMY, B YACTHOCTH, PEaIbHbIC KIacCHYe-
CKUE KOMITBIOTEPHBIE CUMYJISITOPBI KBAHTOBbBIX BBIYKC-
JIEHUIT MOTYT pabo®ATh TOJNIBKO C OYCHb MAJIOPa3Mep-
HbpiMu cricteMamu (10—15 Kyour).

DTOT MPUMEP MPEACTABISET OYeHb OOyl TPo0-
nemy. ToyHoe peuleHMe MPaKTUYECKU JTI000i HEeTpH-
BUANBHOW MHOTOYACTUYHOI MpoGeMbl B KBAHTOBO#A
TEOpUM TPeOyeT CBEPXKOCMOJIOTMYECKH OOJILIIMX Bbl-
YUCAUTENBHBIX pecypcoB. T1o 510l npuynHe, HaNpu-
Mep, MPUHUMIMAIBHO HepaspeiuuMa npobiema To4-
HOr'O BBIYMCJICHHKSI CIEKTPOB BO30YXKIEHUI aTOMHBIX
Iep, COCTOSIIMX OOJIbILE YEM U3 HECKOJIBKMX HYKIIO-
HOB U T. A.

[ToguepkHEM, YTO OrpaHUYEHKME HA BO3MOXHOCTDb
CUMYJISILIMM CITOXKHBIX (MHOTOUACTHYHBIX) KBAHTOBBIX
CUCTEM MMEET TIPUHLMIHATBHBLI XapakTep. DTO orpa-
HUYEHME CBI3aHO, KAK MBI BUAETH, C PyHIAMEHTATb-
HbIMU XapaKTCpl/IC“Tl/IKIaMl/I BcesieHHOI, B KOTOPOil Mbi
o0uTaeM (KOCMOJIIOrMYECKU TOPU3OHT COOBITH, CBSL-
3aHHBI C KOHEYHBIM BO3pacToM BceseHHoIt), u ero

10 daxkTryecKd MOXET HOTpCﬁOBaTbCﬂ U HECKOJIBKO TBICAY UECK
IS peaTu3aluu alrOpuTMOB KBaHTOBOW KOppeKUWY Koja, HO 3TO
HECYLLECTBEHHO ISl HAIUX OLCHOK.

YMECTHO HAa3BaTb KOCMOAOUUECKUM 2OPU3OHMOM 6bl-
yucaumocmu. OH CTONb XK€ (DyHAaAMEHTANIEH U Herpe-
OIOJIUM, KAK KOCMOJIOTHYECKHi TOPU3OHT COOBITHIA.
[ToHsITUE BBIYUCIMMOCTH B OTHOLUEHWHM CIOXHBIX
MHOTOYACTHYHBIX KBAHTOBBIX CHCTEM JIMILEHO (U3H-
YeCcKOro CMbICiIa, eCIM HeoOXOqMMble pecypChl Kiiac-
CHYECKOTO KOMIIBIOTEpA BBIXOMAT 338 KOCMOJIOTHYE-
CKUil TOPU3OHT BBIYMCIUMOCTH. Takue CUCTeMbl HE
MOTYT ObITh MCYEPIbBIBAIOIIMM OOPA3OM CUMYJIMPOBA-
Hbl KJIACCH4ECKMM KOMMBIOTEPOM B Hateit BeeleHHOI.
Ho mockoabKy HaM J0CTyIHA efUHCTBeHHas BeeneH-
Has, clJelyeT CUMTATh, YTO OHM BOBCC HE IOMYCKAIOT
CUMYJIALMY KITACCUYECKMMU CPEICTBAMU, HE SBJIAIOTCS
BBIYMCAUMBIMU B CMbICJIE KOCMOJIOTMYECKOIO FOpHU-
30HTa. Takasi HEBBIYUMCIUMOCTb UMEET CTATyC 3aKOHA
MPUPOAbl. DTO OYEHDb CYILUECTBEHHAs MOAMGbUKALUSL
"HAUBHOTO" MIPEACTABICHNS O BBIYUCIMMOCTH KBAHTO-
BOit TeOpuH, MpeacTaBjieHHOTo B pasjene 8.1.

[MoHsATHE KOCMOJIOTHYECKOTO FOPU3OHTA BBIYUCINA-
MOCTH [O3BOJISIET CHATH MapajioKe "uyla KIOHUpPOBa-
uus”. JioObie JocTaTOuHO GosbiliNe (PpAarMeHThI KBaH-
TOBOW PEALHOCTH, OMEBUAHO, HEBLIYMCIUMbI B CMBIC-
jie KOocMoJIoruyeckoro ropuzonTta. CUMyJIUpOBAHHOTO
HaGIIoaaTeAsl HEBO3MOXHO IOMECTUTh B KBAaHTOBYIO
pEaIbHOCTh, CHUMYJIMPOBaHHYI0 Ha KJIACCUUYCCKOM
KOMIIBIOTEPE, TAK YTOOBI OH 3TOTO HE 3aMETHIL, IAXC B
TOM C/ly4ae, eCiii CO3HaHUE HAO/IoAATe isl UMEET YUCTO
KJIacCMYECKyYl0 Tpupony. BHMMATENbHO M3Yy4UB NMOBE-
JeHME MHOTOYaCTUUYHBIX KBAHTOBBIX CUCTEM, CUMYJIN-
POBaHHBI HaOMIOATETb 00SA3aTENLHO OOHAPYXUT 00-
MaH, TaK KaK TOUHasi CUMYJIALIUSA TAKUX CUCTEM KJlacC-
CUYECKHM KOMITBIOTEDOM  HEBO3MOXHA. A ecnu
CO3HAHWE HKMeEeT KBAaHTOBYWO [IpUpody, TO Toraa H
MPOCTO afeKBaTHast CUMYJISILMA caMoro Habmonarte-
751 GygeT HEBO3MOXHOM. B mobom cityyae ¢ MCIMOJb-
30BaHMEM KJIACCUYECKOTO KOMIIBIOTEPA CHUTyalHio, B
KOTOPOI MMEET MECTO "1yd0 KITOHUPOBaHUs", CO31aTh
MPUHLMITUATEHO HEBO3MOXHO. B mpuHummne, Gosb-
wive (pparMeHThl KBAHTOBOM PEabHOCTH MOTYT OBITh
CUMYJIMPOBaHbl  KBAaHTOBbIM  KOMIIBIOTEPOM,  HO
B KBAHTOBOM KOMIIBIOTEPE YK€ HEBO3MOXHO MPOMU3-
BOJIbHOE KOMUPOBaHWE HHMOPMALIMKA B CUITY TEOPEMBI
0 3ampeTe KBAHTOBOrO KJIOHKWPOBAHMSA M KBaHTOBOM
MPUPOJBI CAMOrO KOMITbloTepa. [Tapamoke CHUMAeTCs
MOJHOCTBIO.

9. KocMoJtornuecKuii ropu3oHT BbIMMCIHMOCTH,
NEePCNEeKTHBLI CHMYJISIUMH MbIILICHAS
¥ npupona teopemsl Ilenpoysa

Ecnu paboTta Mo3ra Ha HEKOTOPOM (PyHIaMEeHTab-
HOM YPOBHE OIMpaeTcsi Ha YTO-TO MOXOXee Ha KBaH-
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TOBBIC BbIYMCIEHUS, TO Pa3sMEPHOCTb COOTBETCTBYIO-
el KBAHTOBOIM CHUCTEMBI (MJIM CHCTEM) OVIET CTOJb
BBICOKA, 4TO €¢ (hU3MKa 3aBeJOMO OyIeT HEBBIUUCIN-
MOH B CMBICJIE KOCMOJIOTMYECKOTO TOPU3OHTA BBIYNC-
JIUMOCTH. [ 0OBOPUTD O BBIMUCIMMOCTH MOBENEHUST KBAH -
TOBOrO0 Mo3sra ¢u3MvYecKH OeccMbicaeHHO. OmHAKo
(u3nka MO3ra Bce elIe COXPAHSET CBOK aITOPUTMU-
YeCKHU pa3petiuMylo (BBIYUCIUMYIO) MPUPOLY B YUCTO
MaTeMaTUYecKoOM cMeicie. Bompoc cocrout B TOM,
JOJDKHBI JIA MBI CUMTAaTh KBAHTOBYIO aKTUBHOCTb MO3ra
BBIUMCIIUMON WJIM HET, €CAM OHA HEeBbIYMCIMMA C
GU3NIECKON, HO BHIYMCMMA C MATEMATHYECKON TOY-
KU 3peHus1?

ITo HalieMy MHEHMIO, 3TOT BOIIPOC HACTOILKO CJIO-
JKEH, YTO CJIElyeT MPU3HATh, YTO HA HErO MMOKAa HEBO3-
MOXHO [1aTh BIIOJHE OMpeNeNeHHbI OTBET. B TO Xe
Bpema unmesd Pomgxepa [leHpoy3a uckath IpUpOLY
HEBBIYMCIUMON aKTMBHOCTH MO3ra B €lle HE U3BeCT-
HOU (pu3KrKe OCHOBaHA HA OIpedeIeHHOM OTBeTe "da’
HAa 3TOT BOIMPOC — KBAHTOBYIO aKTMBHOCTb MO3Ia Hal0
paccMaTpuBaTh Kak HECOMHEHHO BeMMCIuMYTO. Ipen-
CTaBJIAETCS, UTO TaKasi OMpPeAe/IeHHOCTD ABJISIETCS He-
CKOJIBKO MPEeXIEBPEMEHHOM, MO3TOMY BO3MOXHOCTD
CUMYJIMPOBaTh MBIIUIEHHE YeJIOBEKA, HE BHIXOOA 3a
npeaesbl OObIYHbIX KBAHTOBBIX BBIUMCIIEHMI, HE Ka-
KETCsl 3aKPBITOM: HA 3TOM IYTH MOXHO PEealu30BaTh
HEKOTOPYI0 (hopMy aKTHMBHOCTH, KOTOpas OydeTr mis
Habmofarensi B Hauleit BceseHHOR npeacTaBiasThes
NPUHLMIIMATIEHO HEBBIUMCIUMOMN UTA KJIACCUYECKOTO
KOMIIbIOTEPAa — KOHEYHOrO aBTOMATa.

'

[ToHsiTUE KOCMOJIOrMYECKOrO FOPU3OHTA BBIYUCIIH-
MOCTH TIO3BOJISIET HECKOIBKO YTOYHUTh CMBICI CaMOii
teopeMsl [lenpoysa’ [lokazateabctBo ITeHpoy3a amen-
nupyet K Teopeme lénens—ThiopuHra, a Teopema
I'énenss—Trlopura MCMONB3YyeT MPEACTABIEHHUE O 3a-
BEPUIAIOLIMUXCA W HE3aBEPUIAIOLIUXCS AIrOPUTMAX.
Koraa peyub naer o 3aBepliaoliyxcst ajifOPUTMax, TO
HUTOE B TEOpEME, KOHEYHO, He 3aTparuBaeTCs BOMPOC
0 TOM, Kak OBICTPO OHU 3aBepiualoTcs. BaxHa Tojabko
"NMpUHUMIMaIbHAsA" 3aBepiuaeMoctsb. Pomkep [Tenpoys
MOACHSIET 3Ty MbICAb CleAyioluM npuMmepoM. Ha
cTp. 141 B kHMre [3] OH paccMaTpMBaeT CIEAYIOLILYIO
3ajaqy JUld KOMIbloTepa: "pacrieyaTarh IOCJIef0Ba-

65563
TEJbHOCTD 2 €JAVHULL, [1I0C/AC YETO OCTAHOBUThLCA".
IleHpOy3 cuMTaeT, UTO TAKYIO 3a0a4y CJIEAYET CUUTATD
3aBepliaouieics (BbIYMCTUMOIM), HECMOTPS Ha TO, 4TO
HEOoOXOIMMOE BPEMST Ha TAKOE BBIYUCIEHUE MTPEBbIILIAET
KOCMOJIOTMYECKUHA FOPU3OHT BbIYMCIUMOCTH WU COOT-
BETCTBYIOILIEE YMCAO paclevyaTaHHBIX €IMHULL TOXE
(u3ndecky He MOXeT GbITh Pa3MELLEHO BHYTPH KOCMO-
JIOTUYECKOTO rOpU30HTa cobbiTuii. [TosaToMy Teopema
I'énensi—ThlopuHra, a cjemoBaTeIbHO U Teopema

[TeHpoy3a, IBHO ONEpUPYIOT BbIYUCIUMOCTBIO U HE-
BBIYMCIIUMOCTBIO YUCTO MAaTEMATHYECKOTO THIIA, He-
3aBMCHMOTO OT KOCMOJIOTHYECKOTO TOPH30HTA BHIUUC-
JIMMOCTH.

31ech BO3HUKAET OJHA TOHKOCTb. OOBEKT, HEBbI-
YUCIUMBIA B OOBIYHOM CMbICJTE, SIBJISIETCH HEBBIYMC-
JIUMBIM U B CMBICJE KOCMOJIOTHYECKOTO TOPU3OHTA,
3aech HeT npobiaeM. OmHAKO OOBEKT, BBLIYUCIMMBIN
B YMCTO MareMaTUUeCKOM CMBICJIE, MOXET B CMBICIIE
KOCMOJIOIMYECKOTO TOPU3OHTA OBITH HEBBIYMCIUMBIM.

. Teopema I'énensi—TriopuHra, Ha KOTOPYIO OMUPAETCS

teopema IleHpoy3a, TOBOPUT O TOM, YTO IEIEEBCKOE
YTBEPXKACHUE [UTs1 JIFOOOTO KOHEYHOTO aBTOMAaTa MOXET
OBITb MOCTPOCHO & npuryune (OHO BLIYUCIAUMO B Ma-
TEMATUYECKOM CMBbICTIE), HO, OJIHAKO, HE rapaHTUpPYeT,
YTO TAKOE MOCTPOCHUE OKAXETCH B paMKaX KOCMOJIO-
TMYECKOrO TOPU30HTA BBIYUCIUMOCTH. DTO SIBASAETCH
MPOCTO CJACACTBUEM MPUPOIbl MATEMATUKU, B KOTO-
PYIO [MOHSITHE KOCMOJIOTHYECKOIO TOPU30HTA BBIYUC-
JIUMOCTH HE BXOJHUT.

Mexny tem, mokazateiabcTBo TeopeMbl [leHpoysa
nofpa3yMeBaer, uTo 115 10600 KOHEYHOTO ABTOMATA
Mbl MOXEM [IPOACMOHCTPUPOBATH I'€/1EIEBCKOE YTBEPXK -
JEHUE A6HO, YTO U O3HAYAET, YTO Mbl UMEEM B pyKax
YTBEPXIEHUE, UCTHHHOCTb KOTOPOrO HAaM SiCHA, HO
MallMHa MPHU MOMNbITKE ONPEeACIUTh €r0 UCTUHHOCTD
00513aTe/IbHO 3ALUUKIUTCS. DTO U MOHUMAETCS MO He-
BBIUMCJIMMON MPUPOAOHM Halero cyxkieHus. OnHako
PEATBHOCTb MOXET, B MPUHLIMIIE, OKA3aThCs TAKOM, YTO
réaeneBckoe YTBePKISHUE MbI IPUHLIMITHAILHO HE MO-
k€M "MMETh B pyKax'" IO TOH IPUYMHE, YTO BO3MOX-
HOCTM TEHEPALMU 3TOrO YTBEPKIEHUSI OKaXxyTcs 3a
npefesiaMu KOCMOJIOTUYECKOTO TOPHU30HTA BblUUCIIH-
MOCTU. Moxet OBbITh, 3TO U HE NMPOU30IIET, HO CaMO
[10Ka3aTeJIbCTBO TEOPEMBI HAM HUYErO B 3TOM CMbICIIE
HE TapaHTUPYeT.

Cam Poxxep INeHpoy3 noHUMa BAXHOCTD [PodiemM
3TOrO TUIA, HO OH (DOPMYJIMPOBAJT BONPOC HECKOJIBKO
MO-UHOMY. B meHCTBUTENLHOCTH, €CIM TOABKO MBI B
COCTOSIHMU TMOHSITh aJTOPUTMBI, KOTOPBIMH PYKOBOI-
CTByeTCA O0CYXAaeMbiii B TEOpEMe CYMePKOMIIBIOTED,
TO T€AENEBCKOE YTBEPXKICHHUE ISl 3TOTO KOMIIbIOTEPA
CTPOMUTCS OYEHD JIETKO, TAK KAaK CBOAMTCS MIPOCTO K yT-
BEPXKJAEHUIO O HE3aBEpUIAEMOCTH pabOThl OMHON M3
KOHKPETHBIX IPOTPaMM 3TOTO KOMIBIOTEPA [P BIIOJ -
HE ONpEICJEHHOM 3HAaYeHWM apryMeHTd 3TOH Ipo-
rpaMMBl (JeTajid He CyLIECTBEHHbI). OIHAKO OCTaercs
BOMPOC, CIOCOOHBI M MBI 8 HpUHYUNe NIOHATH AJIr0-
PUTMBbI TAKOTO KOMHOBIOTEPA. B cBst3u ¢ 3TuM Ilenpoys
00CYyXKIAeT BOMNPOC O HO3HABAEMOCMU AJITOPUTMOB
KOMIIBIOTEPA (3TOMY MOCBAIICHA 3HAYMTEIbHAA YaCTh
TPETbE, CaMOH CNOXHOI, raBwl "TeHel pasyma” [3]),
MIPUYEM HEeNno3HABaeMbIMU OH HA3BIBAET UCKITIOYHTEIBHO
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TAKUE AJITOPUTMBI, KOTOPBIE, B CUJIY CBOEH HEBEPOSIT-
HOI CJIOXKHOCTU U TPOMO3IKOCTH, [IPOCTO ApaKmu4ecku
He MOTYT GbITh Jaxe TpencTaBieHsl A1 aHanu3a. He-
TPYIHO BHIETh, UTO TAKOE MOHATHE HEMO3HABACMOCTH
JMOBOJIbHO OJIM3KO IMOHSATHIO HEBBIYUCIUMMOCTH WU
HENpeICTaBUMOCTH B paMKax KOCMOJOTMYECKOro ro-
PU30HTA C TOM JIMIIb PA3HULEH, YTO B MEPBOM Cllyyae
GUIypupyeT He uMeiollee TOYHOro (HOpMabHOro
CMBbIC/Ia TIOHSITUE NMPAKTHYECKON HENpPEeACTABUMOCTH
TEKCTA ISl aHAJIM34a, B TO BpEM$I KaK B [TOCIETHEM peub
WIET O YETKOM M BIIOJIHE OMNPEACIEHHOM IOHSITHH
KOCMOJIOTM4ECKOro ropvsonta. C Halllel TOUKHU 3peHUs,
J100y10 MHOOPMALIMOHHYIO 3allUCh, KOTOpas MOXET
ObITh pasMelleHa BHYTPU KOCMOJIOTMYECKOTO TOpH-
30HTa COOBITHI, ciieayeT NMPU3HATL NMPUHLMIIKATBHO
rnmo3HapaemMoil. HerpyaHo MOHsSITH, YTO Temepb YXe €
npaKkmu4eckol TOYK! 3peHUsl peub B Pa3HbIX KOHKPET-
HbIX c/Iydas OyIeT WITH, CKOpee BCEro, O 3aIucsiX Cy-
LLIECTBEHHO MEHBIIIETO pa3Mepa, HO KaK pa3 3TO yXe
HE MMEET MPHHLIMTIHATBHOTO 3HAYCHHUS.

Boisox Pomxepa IleHpoy3a cBOAUTCS K TOMY, UTO 1O-
BOPHTB O HENO3HABAEMbIX AJITOPMTMAX OObIYHOTO KJjlac-
CUYECKOTO KOMITBIOTEPA HE MMEET CMBIC/IA, HO apryMeH-
TALMsI €ro LOBOJBHO CJIOXHA U 3anmyTaHHa (il MocBsi-
IIEHO HECKOJbKO [ECATKOB CTPaHWI] YMNOMSHYTOM
BbILIE TPEThEil TIaBbl). DTy HEKOTOPYIO HEMpo3pad-
HocTb npusHaeT u cam Pomxep [enpoys: "MHorue 13
MpeICTaBJEHHbIX B MPEAbIIYLIUX pa3ie/iax paccyxie-
HUIA, MSITKO TOBOPSI, HECKOJIBKO 3artyTaHbl” [3, cTp. 288].
Mesxay TeM, er0 OKOHYATEIbHbII BBIBOJ MOXHO 060-
CHOBATb, KdK HaM TMpPEICTAaBAACTCH, MO-APYroMy, M
OUYeHb MpPOCTO.

JleCTBUTENIBHO, JII000N KITACCHYECKUIA KOMIIBIOTEP
T10 OIpedeaeHUIO SIBNsieTC OOBEKTOM, UMEIOLLMM YET-
KYIO, MOHSTYIO KJIACCUYECKH, JIOKQIM3ALUI0 B IpO-
CTPaHCTBe—BPEMEHU (BHYTPU KOCMOJIOTMYECKOrO ro-
PH30HTA COOBITMI M, CKOpEE BCEro, Jaxe B ropasio
MeHbuIeit oomactu). Kak cTpykTypa 3Toro KOMIbIOTEPA,
TaK ¥ COCTOSIHUE KaXAOW SYEKU €ro naMsT, B KOTO-
pOii M0 HEOOXOAMMOCTH M 3aNMCAaHbl BCE AJITOPUTMbI,
C KOTOPbIMU OH MOXET paboTarh, Oyay4H KIacCUUECKU-
MM 0OBEKTAMU, MOTYT ObITb OJHO3HAYHO MPOYMTAHSI.
[MosTOMY KOMIBIOTEP CaM 110 cebe yXe MpeAcTaBsieT
HHOOPMALIMOHHYIO 3alMCh, COAEPXAllYIO, B TOM YUCIIE,
1 OMuUcaHue BCEX aJlTOPUTMOB, C KOTOPBIMM OH pabo-
taer. [1o3TOMY, MPOCTO MMesl nepel OO0l KOMIIbIO-
Tep, NOMIEXAIINME U3yYCHUIO, Mbl, AKTHIECKH, YXKe
MMEEM ¥ BCE 3allUCU AJITOPUTMOB, MPEACTABJIEHHBIC
w151 uaydenus. CaeaoBaTesbHO, HU O KaKOW NMPUHLM-
MUAXbHOI HEMTO3HABAEMOCTH €TI0 MPOrpaMM-ajirOpPUT-
MOB HE MOXET ObITh U peUM, TaK KaK BCE 3TH NPOTPaMMbl
BCETAA Y HAC Tepes [Ma3aMu BMECTE C KOMITBIOTEPOM.
[TpaKTHUYECKM 3T 3aMUCH MOTYT ObITh CKOMMPOBAHBbI

Ha Gonee ymOOHBI HOCUTENb UHGOPMALUKU (HA TO U
Kiaccuueckass MHGOpMaLYsi, YTOOBI JOMYCKATh KOITH-
pOBaHME) U TaM yxe MOTYT U3y4aTbcs. MMEHHO Tak 1
MOCTYNAIOT XaKepbl, KOIJa OHWU HAYMHAIOT C Iu3ac-
ceMOIMPOBaHUS JBOMYHBIX KOJOB IPOTPaMM, YUTast UX
IpSIMO M3 MaMATH KOMIIBIOTEpA, 3aT€M M3y4ast U WH-
TEPNPETUPYSl 3TU 3AIUCU U HA OCHOBE IMOJYYEHHOro
TOHUMAaHUS B37aMbIBasi KOMIIBIOTEPHbIE NIPOTPaAMMBL.

TakuM 06pa3oM, 10Ka3aTebCcTBO TeopeMbl Popkepa
[Menpoysa 06 MM cnaceHo OT yrpo3bl HEBBIUHUCIHU-
MOCTH TréIeJIEBCKOr0 YTBEPXKIACHUSI B CMbIC/IE KOCMO-
JIOTUUYECKOTO FOPU3OHTA (MJIM OT HEIMNO3HABACMOCTH B
cMmeicie TleHpoysa), KOTopoe HE TapaHTUPYeTCs CaMO
no cebe teopemoii ['€aenss—TrropuHra.

10. Pe3iome

OueBUAHBLIM BLIBOJAOM U3 apryMeHTAaLUU, MPUBE-
JIEHHOI B TAHHOW CTaThe, SBISETCS TO, YTO IJIABHBIM
MpensATCTBUEM HA NyTH CO3iaHusi cuiabHoro MU sis-
asieTcsa BoBce He HendCTaTouHas MOILHOCTh COBPEMEH-
HbIX KOMITBIOTEPOB, O KOTOPOIl MOCTOSIHHO TOBOPAT
croponnuku TC u cunsHoro MM, a MHOXeCTBO MTPUH-
LMITHAJIBHBIX HEPELIEHHBIX TIPOOJIEM, HE BCE U3 KOTO-
PBIX AaXe YIAaeTCsl aKKYpaTHO ccopmyauposats. [1pu-
yeM Mpo6JieMbl ITU OTHOCATCH K CAMbIM Pa3HbIM Ha-
YUHBIM JUCLIMIUIMHAM, HAUMHAas ¢ OMOJIOTHU KIIETKU U
KOHUasl, KaK HU CTPaHHO, KOCMoJIoTueil n pyHIaMeH-
TAJTBHBIMHM BOIMPOCAMHU, KaCAIOLIUMUCS MPUPONbI pe-
anpHocTH. [locenHee 0OCTOSTENBCTBO, BIIPOUEM, HE
SIBJISIETCSL HOBOCTBIO, OHO ObUIO MPEKPACHO [OHATO
PomxepoM [TeHpoy30oM u oTpaxkeHo B ero Kaurax. I1o
MHEHHUIO aBTOpA, YMCJIO THX HEpElEeHHbIX MpobieM
CTOJIb BEJIMKO, U OHMU HACTOJBKO TPYIHBI, YTO CO3/a-
Hue cuapHOoro UY B Gmmkaiilive necaTuneTust npea-
CTaBJISIETCS. OY€Hb MAJIOBEPOSITHBIM.

Yro kacaetcs TeopeMsl [IeHpoy3a 006 UCKYCCTBEH-
HOM MHTEJIEKTe, TO NP BCeil ee HeBEPOATHOM CUIe,
KOTOPYIO aBTOP MPU3HAET U BCAYECKM CTapajics Moa-
YepKMBATh B CTaThe, B HEW OCTAIOTCSl TOHKUE U HE
BIIOJIHE SICHBIE MecTta. B yacTHOCTH, KaKk HaM Mpeld-
CTABRISIETCH, CIEACTBUSI M3 TEOPEMbl HE HCKIIOYAIOT
OJHO3HAYHO BO3MOXHOCTB pean3aiuu cuipHoro MM
HA OCHOBE TOJIBKO KBAHTOBBIX BBIUMCIUTENBHBIX YCT-
POICTB B OOLIYHOM TMOHMMAaHMH, B OTJIIMYHE OT TOrO,
yro mpeanonaraer caMm Pomxep IMenpoys. Heobxonu-
MOCTb HOBOW (PU3MKM /ISl TOHUMAHUS pabOThE MO3Ta,
Ha yeM HactauBaeT [leHpoy3, He KaxXeTcs [moKa CoBep-
LIEHHO Heu30exHoil. MHTepecHO U MOJIE3HO TO, YTO
aHanus Teopembl [leHpoy3a 06 UCKYCCTBEHHOM HH-
TEJJIEKTE CTUMYJIMPYET HOBBIH B3IUVISIA Ha CTaphie
npo0JieMBl.
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