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PaspeweHo cBo6ogHOe 6e3B03Me3aHOE (6ecnnaTHoe) pacnpocTpaHeHMe Ny6anKaummu C yCioBUeM
€e HEM3MEHHOCTU M COXpaHEHWMEM aBTOPCKMX npa.. Mpu Bocnpon3BeaeHUM NybaMkauym LEeNMKoM
WK ee YacTu B Kakoin-nMbo ¢opMe M KakuMmn 6bl TO HM 6bIO CpeacTBaMM HEO6XOAMMO yKa3aHue
aBTOPCTBA U CCbIZIKU HA MOJIHYI0 OPUTMHAIbHYIO MYOAUKALMIO.

Martepuan, npegoCTaBNEHHbIM B OaHHOM NybAvMKauuu, SBNSETCS  WCKAYUTENbHO MJIOAO0M
WHTENNEKTYanbHOro TpyAa aBTOPa, KOTOPbIM NpeactaBnser CO60M ero NUYHYK TOYKY 3peHwms.
[aHHag pabota He HOCMT Hay4HbI WMAM MPOCBETUTENbCKMI XapakTep wu onybankoBaHa
UCKNIOYMUTENBHO HAa MpaBax XyOOXECTBEHHOro npov3BeneHus M B GopMe 4YacTHOro aBTOPCKOro
MeTapuU3M4eCcKoro wucciefoBaHuss. ABTOp He MpeTeHAyeT Ha OpUIMHANBHOCTb  U3/IOXKEHMUS
MaTepuanos, HOBU3HY UAeEN, aBTOPCTBO OTKPbITUI U TEPMUHOB. Ha MOMeHT nybankaumu aBTopy He
M3BECTHbI HX Kakue MHble paboTbl CXOXMEe MO COAEPXKAHUI0 C AAHHOM, B YACTHOCTU, ONUCHIBAOLWMNE
paccMaTpuBaembie B Hel uaen nogobHbiM obpasom. Bce Matepuanbl M3N0XKEHHble B AAHHOM
nybnukaumm, Tak e Kak U BCe ee COOEepXaHWe SBNSEeTCS UCKNKYMTENbHO NI0L40M TBOPYECKOW U
WHTENNEKTYaNbHON [AeSTeNbHOCTU aBTOpPa, OCHOBAHHOM MCKOUYMUTENbHO TOMBbKO HA €ro JIMYHbIX
NMO3HaHMAX B OaHHOW obnactu. TakuM 06pa3om aBTOp CO34aN AaHHYK nybnukauuioo (BKIOYas
ONuWCaHWe W npeactaBfeHne MAeu) UCKIKYMTEeNbHO CaMOCTOATENIbHO. TeM HM MeHee, B Cliyyae
HaMuMs  KakuMx-TMbo  CXOXMX  MaTepuanoB, paHee rae-nMbo  onybaMKOBAHHBIX MU
3aperncTpMpoOBaHHbIX MHbIMM AaBTOPaMM, BCE NPaBa U NPUOPUTETbI HA HMUX, OCTAOTCS 33 HUMM.

ABTOp He nponaraHOMpyeT HN Kakne ngen n CtpeMneHunsd, HM K 4emMy He nNpusbiBaeT, He CTPEMUTCA
OCKOp6I/ITb nnu 3agetb Ybn-nnbo 4yyBCTBa, a CBOMM Npon3BeaeHNEM JINMWb XOYET Bblpa3nTb CBOU
JINYHbIE MbICNIN Ha 0603Ha‘-I€HHYI-O TEMY. OH He HeceT OTBETCTBEHHOCTM 33 OLWMOKK, OnevyaTKn U
HenpaBW/ibHblE MHTEPNPETALUUN COOEPXKAHUA KHUTU.

ABTOp He OTBeYaeT 3a Bpefd, NPUYMHEHHDLIA UCMONHEHMEM 31EKTPOHHOro darna KHWUMM, a Takxke
NoCNeacTBUSMU O3HAKOM/IEHUS U3NIOXEHHOW MHOpMauun (Tekcta npousBeneHus) 340pOBbio,
MMYLLECTBY, MPaBaM W 3aKOHHbIM MHTepecaM, YuTtaTtens, a Takxe Bpen 340pPOBbI, UMYLLECTBY,
NpaBaMM 3aKOHHbIM MHTEPECaM TPETbUX UL, HAHECEHHBIM B CBSI3U C KAaKMMWU-TMOO [EenCTBUSMU
Yutatens. Bcs OTBETCTBEHHOCTb 32 MCNOMb30BAaHWE MaTepuanoB KHWUMM (NpesoCTaBNeHHOM B
noboM popmate) LeIMKOM M NONHOCTbI0 NOXUTLCS Ha YutaTtens!

HY6HMK8UM5| pacC4mMTaHa Ha MaCCOBOIro B3pocnoro Yymtartensd, uMerLlero 6a3oBble npencraB/ieHns B
Teopuun 4yucen, METad)MBVIKe u Tononoruu!



Ot aBTOpA.

B paHHOM nybnuKauuMu COAEPXKMUTCS MaTepuan MOWMX MHOFONETHUX WM3bICKAHUIA B
obnactm MeTabusMKM, MaTeMATUKKU, TEOPMU WMHDOPMaLUMKM, TOMONOTMU U JIOTUKM.
M3HauyanbHO S 3agyMbiBan 3Ty CTaTbl0  Kak MOMHOLEHHOE onwucaTenbHoe
Nnpou3BefeHME, B KOTOPOE XOTEN BIOXWUTb BCE CBOM MbIC/IW, 3HAHUS, NPeACTaBAeHUS
06 onucbiBaemoin Teme. OgHako B MonbiTke coOpaTb BOEAMHO PA3pPO3HEHHbIE U
PAacKMAaHHble NO BPEMEHM YEPHOBbLIE 3aAMUCK, TAK WM MHAYE, HO HE MOJHOCTbHO,
MOCBAILLEHHbIE W3YYEHUIO OMUCbIBAEMOrO BOMPOCA, - S MNpuUlLen K BbiIBOGY O
HEBO3MOXHOCTM UMX MOMHOLEHHOrO obbeauHeHus. B wtore 3ta nybnukauus
npencTaBnsieT coboi KPaTKyt BbIKMMKY CYyTH, KOTOPasi OTKPblIacb MHE B CMHEpe3uce
HAKOMMIEHHbIX 3@ oAbl 3HAHWI YepHOBbIX PaboT M 3aMeToK, B CBOK OYepenb,
CMHEpreTMYyeckn 06beAUHEHHbBIX TEMATUYECKON MbIC/bIO.

[lomkeH 3aMeTuTb, YTO 3Ta MOS paboTa, XOTS M 9BN9eTCS Hanbonee oxaton nNo Gopme
npeactaBneHns, TeM  HM  MeHee  OXBaTblBaeT  KOAoCCanbHble  06beMbl
MHPOPMALMOHHBIX MNACTOB Hawero ™mMupo3ganus. [lpeoBuxy, 4to OHa OygeT
MaKCUManbHO C/IOXHOW AN MOHWMaHUS, NPOTUBOPEUYMBOM C TOYKM 3pEHUs
0bLWEeNPUHATON NOTUKM, OOHAKO 9 HE BWXKY CMbICNA AeNaTb JIUWHME NOSCHEHMS, TaK
Kak OMWCbIBAEMbIM B HeW BOMNPOC [AJ19 MOHWMAHUSA W  HAXOXAEHMS OTBeTa
HECOMHEHHO TpebyeT /IMYHbIK MbICIUTENbHBIA MNPOLECC OCO3HAHWMS BCEro TOro
o6beMa 3HaHWI, KOTOPbIN TaK UKW MHAYE 3aNI0XKEH B U3JTIOXKEHHYI0 MH(OPMaLMIO.

Takxke 5 3amevy, YTO MAes 3aI0KEHHAN B AaHHYK NybamMKauuio, ckopee BCero, He
ABNAETCA OPUTMHANBLHOM M B TOM WM MHOM poje, yXe npeactaBfieHa Maccon
nccnepoBaTeniert MeTakoCcMoca. Takke S He MpeTeHAyl Ha JlaBpbl KakmMx-nmMbo
OTKPbITUM, OOCTMXKEHWM WAM 3HAHUMM He TONbKO B 06NacTM nepeyncsieHHbIX
AVUCLUMMAMH, HO M B LEIOM... Ty paboTy CTOUT BOCNPUHUMATb UCKIOYMTENBHO Kak
MO0 JIMYHYIO NOMbITKY MCCIef0BaHUS BOMNPOCA, HA OCHOBE CMMOMO3a CyLWEeCcTBYOLWUX
MeXANCUUNIMHAPHbLIX 3HaHWK. Ho paboTa 3Ta oxBaTblBAeT MOAHATLIA B HEl BOMNPOC
He nooyepenHO C TOYKM 3pPEeHUS KKAOM AUCUMMNAMHBI WAKU HAYKW, @ UMEHHO —
OLHOBPEMEHHO CO BCEX TOYEK 3peHus, HANOXeHHbIX Apyr Ha gpyra. [1oatomy BcA
OMUCAHHAs U NPUMEHEeHHas 34eCb TEPMUHONIOMNA UMEET He TOJIbKO U He CTOMbKO
NpsMON  OBOLWENPUHATLIA  CMbICS, HO UM COAEpPXUT B cebe WHTYUTUBHbLIN,
MeTapMNOCOPCKMIA acnekT, KOTOPbIM MHOUMBUAYANIBHO BOCMPUHUMAETCS U3 KOHTEKCTA
cofepxaHus.



OcHOBHa#s yacTb.

OCHOBHOWM BONPOC NOAHATbIN B 3TOM paboTe NOUCTUHE rnobaneH (No KpanHen mepe
C TOYKM MeTabum3nkn U Gunocodun B LENOM). B YeM CMbICT ObITMS U 4eM OH
AB/ISETCS C TOYKM 3PEHMS CUMBMO3a METaPU3NYECKMX U  MUHDOPMALMOHHbIX
npoyeccos. OpHAKo B AaHHOM paboTe He paccMaTpMBAETCS NOAHbLIN GUNOCODCKUN
aCMneKT 3TOro MOHSATUS, BMECTO 3TOr0 MbICIUTENIbHOMY MUCCNEAO0BAHUIO MOABEpPXKeHA
NULWb NOMbITKA 0TOOpPa3uTb €ro CyLWHOCTb B BUAE HEKOTOPOro AeTEPMUHMPOBAHHOIO
BbIpaXeHus.

[penctasum 06wy MaTepuMilo MWUPO34AHUS KaK HEKYK OAHOPOAHYK OOLWHOCTb
Hayan. [lpoCTpaHCTBO B CBOEM W3HAYA/IbBHOM COCTOSIHUM, B KOTOPOM OHO
CyLWecTBOBaNO A0 BO3HWKHOBEHWSI MMPO3[AHMA M MPOCTPAHCTBO CyllecTByloLiee
nocne, Ha BCEX BO3MOXHbIX YPOBHAX YCNOXHEHUS U BAOXEHHOCTU. PaccMoTpum
CBOMCTBA TaKOW MaTepuu, KOTOpYK yAobCTBa paau Mbl HAa30BEM METaMarepuen.
Takas meramarepusi [OMXKHA copepxatb B cebe BCe MOHATUS, OObEKTbI, CUAbl U
NEeNCTBUS CYLLEeCTBYIOLLME MAM MOTyWMe CywecTBOBaTb B HAWeEM MUPO34aHUM
(BceneHHoOM, HE TONbKO U3NYECKOM, HO U MeTaPU3MYECKON, AyXOBHOM). HO npu 3TOM
BCE MepeynucsieHHOe — B HA4YaJbHOM COCTOSIHMM TaKOW MaTepun He MOXET ObITb
peannM3oBaHO B CBOEM, MPUBLIYHOM HALlEMYy pasyMy U ero BOCMPUATUIO, KOHEYHOM
Buae. pyrumum cnoBaMu, nNepBUYHOE COCTOSSHME MeTaMaTepum — 3TO OTCYTCTBUE
BCEro Cyliero, Ho Npu 3TOM coaepalue B cebe Bce.

[lpenctaBMM Hekoe MeTaMmatuMyeckoe (CMMOMO3 MeTadu3MKM M MATEMATMKM Ha
OCHOBE TeopuM MH(DOPMALIMM) MHOXKECTBO, KOTOpoe Ha3oBeM Dy . Torga npeacrtaBum
NP1 NOMOLLM HEro NepBMYHOE COCTOSIHME METaMaTepuu:

. Do=1{0,0,...0,},=0.

Xapaktepusyetcs N-MepHbIM  MACCMBOM, COCTOSILLUMM U3 OAHOMEPHbIX
MaCCMBOB, KaXkAbl YneH KOToporo, npeacraBnsier cobon BCEBO3MOXHble
3KCMNOHEHLMUANbHO YCNOXHSEMblE 3HaYeHus ypaBHOBELIEHHbIE B
3K3UCTEHUMANIbHOM HYNeBOM To4Ke. To ecTb:

0,=1-D)+2-2)+..+(n=-1-n)+..+(M-M),rge M - unc10BOE MHOXECTBO, N = X,



JTO HyNeBOe YMCI0BOE NPOCTPAHCTBO KaXKAAs OTAE/IbHAs TOUKA KOTOPOro paBHAETCS
HY/l0, HO NpPM 3TOM KaXAbld TakOWM HOMb NpeacTaBnsger cobon OeckoHeyHoe
Bblpa)KEHME, COAEpPXKALLME BCE BO3MOXHbIE MONIOXMTENbHbIE M OTPULLATENbHbIE
YnCnoBble 3HavyeHus. TakMM 00pa3oM 3TO MHOXECTBO COOEpXMT B cebe BCHO
MHPOPMaLMI0, KOTOpPAs TONbKO MOXET 6e30THOCUTENBHO CyL,ecTBOBaTb. Ho npu 3ToM
BCE 3TO HEeBOOOpasMMoe MHOXeCTBO MHMOPMAUMM YPABHOBELIEHHO [0 HYNEBOrO
3HaYEeHMS COCTOSHMS.

MpenctaBuM cnepytollee MeTaMaTMueckoe MHOXeCTBO P, , KoTopoe xapaktepusyeT
cob0oi COCTOAHME MEeTaMaTepuMu B MOMEHT peanm3aliMM MUpPO3AaHMUa KakK LLeSIMKOM,
TaK ¥ Ka)[10ro OTAeNbHOro ero CoCTaBAoLLLEro:

« P,=Do +{L,1,...1.) =1.

K MHOromepHoMy Maccmsy Do I'Ipl/16aBﬂ$|eTCﬂ MHOromMepHasa egunHuua, Kotopad
yBE€/IMYNBAET 3HA4YEHME BCEX Y/IEHOB MHOXECTBA, HA BCEX YPOBHAX
B/TOXXEHHOCTMU.

Takum  obpa3oM  MeTamaTepusi  NEPEXOAUT M3 TMEPBUYHOrO  HYJIEBOrO
(ypaBHOBELIEHHOI0) COCTOSIHMS BO BTOPUMYHOE — BO3DOYXXAEHHOE COCTOSIHME PaBHOE
eauHULE.

Joboe cywecTBoBaHWe OTIMYHOe N0 ¢doOpMe OT MEepPBUYHOrO0  COCTOSIHME
MeTaMaTepun — BpeMeHHoe. [lokasaTeNbHbIM MPUMEPOM TaKOro CyLLeCTBOBAHMA
MOXET CNYXUTb N60N pusnyeckmui obbvekT, nbor cybbvekT, u nwbas CTpykTypa
Hawen BceneHHon. Toroa npencraBuM nocinefHee, y4yacTBywllee B AAHHOM
MbIC/IUTENIBHOM MCCNef0BaHMM, MeTaMaTUYeCKoe MHOXeCTBO M, , xapakTepu3ytouiee
COCTOSIHME MeTaMmaTepuuM B MOMEHT AeMaTepuanmnsaumm MUMpo3gaHus LLEIMKOM UK
ero COCTaBNSOLLMX:

« My=P,-{1,1,..1.} =0.

DaKTnyecku 370 0bpaTHbIN npouecc, NMPOTMBOMNOCTAB/ISIEMbI
BblLeonucaHHoMy gnsa P, .

MeTaMaTepusi BHOBb MEpPEXOAMT B MNEPBUMYHOE HyleBOe (YpaBHOBELUEHHOE)
COCTOSIHME, OZHAKO, OT/IMYHOE MO MOJMIOXKEHUIO B BMPTYasIbHOW MPOCTPAHCTBEHHOM



KoopAMHaTHOW ceTke. [eno B TOM, 4yTO MeTamaTepuss B CBOEM MepBOPOAHOM
COCTOSAHUM WMMEET BEKTOP [OBMXKEHMS MO MNPOCTPAHCTBEHHOM OCM, KaK CneacTsme
MNOTEHUMANbHOW  JSHEPruu, HeobXxoaAMMOoM  Ang  BO3HMKHOBEHMS  MpoLecca
XapaKTepU3YHLLErOC METAMATUUYECKUM MHOXECTBOM P, . 3To oueBMAHO, TakK KakK npu
OTCYTCTBME TAKOro BEKTOpPA ABWXKEHMSI MeTaMaTepuu B 0OWEM BGE30THOCUTENbHOM
MPOCTPAHCTBE HE BO3MOXEH €€ Mepexo[ M3 HYNeBOro YpaBHOBELIEHHOMO COCTOSAHMS
B eAMHUYHOE BO3OYXKAEHHOE — ANS 3TOr0 HeobXxoaMMa ABUraTeNibHasi SHepPrus.

CocTaBMM YypaBHEHME, XapakTepM3ylollee KpPYyroBOPOT OMMCAHHbIX MPOLLECCOB
nepexoaa 0fHOro COCTOSIHMS MeTaMaTepun B Apyroe:

D0n= Pn - Mn

MoxeT NokasaTbCs COBEPLUEHHO He NIOMMYHBbIM 3HaK MuHYyC mexay P, n M, , HO gng
MOHUMAHUS W BOCNPUSATUS ITOFO YPABHEHUS HYXHO MPUHATb TOT (aKT, 4TO
nepBOHaYaNibHOE COCTOSIHME MATEPMM HA KAXKAOM Liare ABMXKEHUS No KOOPAMHATHOM
ceTke 6e30THOCUTENbHOrO MNPOCTPAHCTBA CKAAObIBAETCS M3 ABYX OMMUCAHHbIX
coctosiHMi. [pyn 3TOM MNpouecc xapakTepusylwui MHOXecTBo M, 6yameT Bceraa
OTpULLATENbHbIA OTHOCUTENBHO IK3UCTEHLMANBHOIO HYNS, TaK KaK OH AMAMETPasibHO
NPOTMBOMNOIOXKEH MPOLLECCY NOPOXAALLEMY MHOXECTBO P, .

[Mpeobpa3yeM AaHHOE ypaBHEHME:

Do= P, - M,

Do=Do +{1,1,...1.}J" = (Do +{1,1,... 1.}" = {1,1,... 1.}")
Do=Do +{1,1,...1.]" = Do = {1,1,... 1.})" + {1, 1, ... L.}°
Do={1,1,..1,}"

{0,0,...0.}, = {1,1,... 1,

OpHako Takoro 6biTb He MoxeT, Tak Kak 0 # 1. OT ctoga cheayer:

« mMb0  HEBO3MOXHOCTb  MOMHOrO  JIOFMYECKOro,  MeTaTomnoA0rM4eKoro,
MeTadU3NYeCcKoro 1 CMbICSIOBOIO OMMCAHUS NOHATUS ObITHS KaK TaKOBOTO;

«  MBO0 NPUHATUSA aNOrMYHOro hakTa PaBeHCTBA HYNS U €AUHULbI 33 UCTUHY,

« MO0 MNOSIHOE OTCYTCTBME MOHATUS ObITUS KaK TaKOBOrO B OBOLENPUHATOM U
MOHMMAEMOM CMbICTIE.



BbiBop.

OCHOBHOM BbIBOA, AAHHOW paboTbl 3aKNOYaETCsl B MOKa3aTeNbHOM  (YHKLUMM
CNOXXHOCTU BOCMPUATUS MU METATOMONOMMUM MOHATUSA CMbIC/Ia ObiTUS, @ TakxKe Nboit
ero MOonbITKM OMWCaHWUS C TOYKM 3pPEHUs YeloBeyeckoro pasyma. [axe MOXHO
CKa3aTb O TOM, YTO Hall pa3yM B MPUHLMMNE HE MOXXET MOCTUTHYTb TaKOe MOHATUE,
MOMHOCTbIO  HE  pa3pyliMB  YCTOSBLUEKOCA  KAapTUHY  MMPOBOCMPUATMS U
MUPOMOHMMAHMS, U CNeaoBaTeNbHO M3YYEHME AAHHOrO BOMpoca C NilOOWM TOUKM
3pEHUA NIOTUKU — HE BO3MOXHO. J1tobble e Takme NOonbITKM ByayT ABASTbCA NULb
WHAMBMAYANbHOM OOLLHOCTbIO BOCMPUATUS U MOHUMAHUS abCONOTHO peanbHblX, HO
HEeILOCTMXMMBIX [J11 HALLero pasyma npoL.eccoB MUPOMOCTPOEHMS.

C opyron CTOPOHbI MOXHO paccMaTpuBaTb TEKyllee MUPOBOCMPUSATME KaK Cyrybo
BMPTYyanbHOE A0 CTeneHu OTCYTCTBUS B aBCONOTHOM peanibHOCTU TaKOro MNOHATUS Kak
CyL,ecTBOBaHMS. BO3MOXHO M BEpOSATHO, MMPO3aHMe KaK TakOBOe SBASETCS NULb
BUPTYa/NibHOW MNpOEeKUMen peanbHOM KApPTUHbl Ha MPU3MYy HAWero pasyMHOro
BOCNPUATUSA, @ BCEro CyLero NpocTo He CYLLeCTBYeT Kak MeTau3nyeckoro noHATUS
peanbHOCTW.

Bnpoqu, 3TO BCE InWb nsiod yMOo3pUTe/IbHOINo pa3MbliluneHun4d...



