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YacTb 2: Heknaccu4yeckas u Heoknaccu4veckas HaykKa

Bo BTOpOI YacTn paboThbl BONPOC O “HEMNOCTUKMMOM 3PPEKTMBHOCTU” MaATEMATUKN PACCMOTPEH B
KOHTEKCTE hU3MKN N MaTemaTmkn XX B. U COBpEMEHHOCTU. [NokasaHo, kakum ob6pa3omM peBONOLNOHHbIE
N3MEeHeHnsa B MateMatumke u pusnke Hadana XX B. NPMBENN K TOMY, YTO CTapble OTBETbI Ha 3TOT BOMPOC nepecrtanu
ObITb yooBneTBopuTENbHbIMU. OCHOBHOW TE3UC BTOPOM YacTh CTaTbl COCTOUT B TOM, YTO NporpaMma pasBuTus
HOBOW peanucTM4eckon usmkn, KOTopy SUHLITENH cchopMynupoBsan B Auckyccun ¢ bopom, B HacTosiLLee BpeMs
BHOBb CTafla akTyasibHOW, B TOM YMCIe B CBA3WN C HEKOTOPbIMW HOBEWLLMMW pe3yrbTaTtamMmn B 06ractn OCHOBaHWN
mateMaTukun. NMoatoMy obpaseL, Knaccn4ecKkom peanucTUIeCcKon Hayku, B KOTOPOM MaTeMaTuka UrpaeT porb
3aphekTMBHOrO CpeacTBa TEOPETUYECKOTO ONMCAHNA U 3KCNEPUMEHTANbHOIO AM3anHa (B cMbicrie BaH ®paacceHa),
OCTaEeTCs peneBaHTHbIM COBPEMEHHOMY COCTOSIHUIO HAyKM U MOXET MOTUBMPOBATbL HOBblE aMOULIMO3HbIE
nporpammbl UCCreaoBaHUN.

In the second part of this work we consider the question of “unreasonable effectiveness” of mathematics in
the context of the 20th century and today’s science. We explain why the revolutionary changes in mathematics and
physics occurred in the beginning of the 20th century made earlier answers to this question unsatisfactory. The
main claim of this part of our work is the following: the project of new realistic physics formulated by Einstein in his
debate with Bohr nowadays is again pertinent because of some latest developments in foundations of
mathematics. This is why the pattern of Classical realistic science where mathematics serves as an effective
means of theoretical description and experimental design (van Fraassen) remains relevant to today’s science and
may motivate new ambitious research programs.

KNKOYEBBLIE CJIOBA: nporpammHbIi  peanuaM, MNpuUHUMA  OOMOMHUTENBHOCTWU, Teopus  TOMOCOB,
roMmoTonuyeckas Teopusl TUMNOB.
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Mamemamuka u ¢husuka Ha py6exe XIX—XX ee. u npobsiema Hay4HO20 peasiu3ma

Kak 6bino ckaszaHo B Havane nepeol yactu aton pabotbl [PoanH 2015], dmsmnka n matematuka BTOPOW
nonoBuHbl XIX B. NOCTaBUNN KNacCMYECKUn HayvHbI peanu3m nof BOMPOC, U 3TOT BOMPOC A0 CUX MOP MOXHO
cumTaTh OTKPbITbIM[1]. OTO ObINO CBA3AHO NO KpalHen mepe C ABYMS pa3HbiMM obcTosiTEnbcTBamMu. Bo-nepsbix,
HoBble, chopmynupoBaHHble B XIX B. doyHOaMeHTanbHble (husnyeckne Teopuu, Takme Kak aneKTpoMarHeTusam u
TepMOANHAMMKA, YXKE He Obin peanmcTM4YeckumMm B TOM XKe CMbICIe, YTO U Knaccuveckas mexaHuka. CosgaHHas B
Hayane XX B. KBAHTOBasi MexaHuKa nuLb ycyrybuna aty npobnemy|ii]. Bo-BTopbix, B XIX cTonetnv nossunuch
HOBble MaTemMaTu4eckme Teopun, KOTopble yxke He Bbinn HanpsMyto CBA3aHbl ¢ U3MYECKON UHTYUUMEN, Nogo6HO
Krnaccu4eckon eBKIMAO0BOW reOMETPUN U apnUPMETUKE; B 3TOM OTHOLLEHMUN 3HAKOBLIM COObITMEM ObINO Co3aaHue u
nocrnegywowiee passuTue HeeBKNUAOBOW reometpum[iiil. HamnomHo, 4to npoGrnema  “HenoCTUXKMMON
3(pheKTMBHOCTN MaTEMATMKN B €CTECTBEHHbIX Haykax” Oblna noctaeneHa BurHepom B 1960 r. y)xe B 3TOM HOBOM
KOHTekcTe. [Mo3ToMy Krnaccuyeckoe pelleHune npobnembl BurHepa, onMcaHHoe B MEPBOW 4acTM MOEWN CTaTbM,
ABMNSETCH aHaXpPOHM3MOM M He OTBeYaeT HanpsiMyl Ha BOnpoc BurHepa, KOTOpbIN OTHOCUTCHA K MaTemaTtuke u
dusuke XX B. OTcloga, ogHaKko, BOBCE He CreayeT, YTO KIacCu4ecKoe NOHATME peanmncTuyecKom HayydHoW Teopun,
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koTopoe A cchopMynupoBarn B NEPBON YacTW, MONb3ysCb TOMbKO KNaccUYeckum MaTtepuarnom|iv], 3aBegomo He
MOXeT OblTb 3aHOBO pearnv3oBaHO B COBPEMEHHOW HayKe HOBbIMW cpeacTBamu. B 1o vactu cratbu A
nocTaparcb nokasarb, 4TO, HA0OBOPOT, eCTb CamMble CEpPbE3HbIE OCHOBAHWS pacCMaTpuBaTh Hay4HbIN peannam Kak
METOAOMOMMYECKYI0 MOel, akTyamnbHYK ANS COBPEMEHHON (U3NKM U MaTeMaTUKM (HECMOTPS Ha TO, YTO Halm
nyJdwme dyHaameHTanbHble uanyeckme Teopun Ha CErOAHSALIHUA OeHb He ABMSATCS peanmcTu4eckumm).

OtpaBass gaHb mMctopudeckoMy nogxody B anuctemorniormn [PanmHbeprep 2010; CténmH 2003], a 6yay
HasblBaTb 3TOT ANUCTEMOMOMMYECKUIN NPOEKT HEOKaccu4yeckol HayKkon. B aTon cBsaum Heobxoammo caenatb O4HO
MeToAonornyeckoe MosiCHeHne. A UCXoXy M3 TOoro, YTo Oyayuiee Haykm ABNAETCS OTKPbITbIM, @ HUKakas
NncTopmnyeckaa nepuoamsaumnd, B pamkax KOTOpOIZ MOXHO pa3nnyaTtb Knaccmqecmﬁ, HeKnaccu4ecknm u apyrue
nepuoabl B UCTOPMM MMUPOBOW HAayKW, HE MOXET NMpeTeHAoBaTb Ha CTaTyC UCTOPUYECKOro 3aKkoHa, ynpaBnsoLlero
pasBMTMEM 3TON Hayku. B aToM cTatbe s NOMb3yCh MOHATUAMM KNACCUYECKON M HEKNACCMYECKON HayKu TOMbKO B
KayecTBe MOAPYYHOro CPeacTBa, KOTOPOE MO3BOMSET Merko ykasaTb Ha TOT UM MHOW nepuog ncropuu. Fosopsi o
HEOKNaccM4yeckon Hayke, s HEe MbiTalCb MNpeackasartb Oyayliee Hayku, a MbiTaloCb CHOPMYNUPOBATH LLUMPOKUNA
Hay4HbIA MPOEKT, KOTOPbI MOr Obl MOTUBMPOBATL AaribHeWlee pasBUTUE MaTeEMATUKU U yHOAMEHTAIbHOM
U3k B onpeneneHHoM HanpasneHuu. Ytobbl 060CHOBaTb 3TOT NPOEKT, A ONMpalCb, C OOHOW CTOPOHbI, Ha
¢akTbl U3 MCTOPMM HaAyKM W aHanuM3 TPEHAOB CEerogHsalHen Hayku W, C OPYron CTOPOHbI, Ha HeKoTopble
He3aBUCUMbIE 3NNCTEMOITIONrM4YeCKne apryMeHTbl. Mos rnaBHas 3aja4a B 3TOW YacTU cTaTbW COCTOUT B TOM, YTOOBbI
ybeauTb yntaTens, YTo COBpeMeHHas peanuctuyeckas gumamka BO3MOXHa B npuHuune. Kak g nokaxy, peanusauus
3TOro npoekta TpebyeT OCHOBATENbHOrO MEepecMoTpa OCHOBaHMM MarteMaTuku, a He TONbKO nepecmoTpa
OCHOBaHUN PU3NKN.

Heoknaccu4eckas ¢pusuka: QuHwmelH npomue bopa

B aTom pasgene s npegnarako aHanu3 U3BEeCTHOW 3NUCTEMOSIOMMYECKON ANCKYCCUN Mexay QUHLITENHOM U
Bopom no nosoay peanunama B hu3uke BOOGLLE N B KBAHTOBOW TEOPUN B HaCcTHOCTU. Bepcusa HayyHoro peanuama,
KOTOpYyl S MpegcTaBun B npeablayliem pasgene ctatb, B 3HaYUMTENbHOW CTENeHW MOTMBMPOBaHa No3uuMen
OVHLWTENHa B 3TOW AUCKyccun. B mHTepnpeTauun peanuama SWHLITENHA S B OCHOBHOM crieayto ®anHy [DarH
1986].

Ouckyccmn o6 anucTeMonornyecknx npobnemax KBaHTOBOW Teopun npoucxoaunu mexay bopom wu
OMHWTENHOM Ha npoTsbkeHun 6Gonee Apaguatn net HadvHaa ¢ 1927 r (5-a dm3ndeckad KoHdpepeHuUns B
ConBeeBCKOM MHCTUTYTE) B OCHOBHOM MPW NINYHbIX BCTpedax. OCHOBHOWM UCTOYHMK, Onarogaps KOTOpoMy Mbl 00
3TOM 3HaeM, — paccka3 camoro bopa, onybnukoBaHHbin B [LLUnnn 1949]; B aToM e nsgaHum onybnukosaH “OTeeT
KpuTMkam” SWHWITENHA, B KOTOPOM OH 3aHoBO dopMynupyetr csoto nosvumio. C Havana 1990-x . crtanu
NOSIBNSATLCA HOBbIE MCTOPUYECKME PaboTbl, KOTOPblE MO3BOMWUAM TOYHEE PEKOHCTPyupoBaTb cobbitua 1920-x rr.,
onupasicb He TOMbKO Ha crnoBa bopa, HO M Ha He3aBuCUMbIe UCTOYHUKM [KawwmHr 1994]. 3TO nosBonsieT Ham
CerodHs nyylle NoHATb apryMeHTbl JWHLUITENHA U KPUTUYHEE OTHECTUCb K TON BMUATENbHOW TOYKE 3pEeHUs Ha
NCTOPUIO KBAHTOBOW Teopwuu, KOTopyk Bbipasvun [xammep [Dxammep 1966], npuHumas B ykasaHHOM criope
ctopoHy bopa. HoBble wncTtopuuyeckue wuccnefoBaHMs Takke cAenany O4YeBUOHOW HeadekBaTHOCTb paHee
pacnpocTpaHeHHOro KapukaTypHOro B3rfsiga Ha nocnegHuin nepuopg TeopdecTsa OnHLWTeNHa B MNMpUHCTOHE Kak Ha
obpaseL, Hay4yHoro petporpagcrtea. B cBoem n3noxeHum cobbiTU S NONb3YOCb BCEMU 3TUMU UCTOYHMKaMU (Kak n
matepuanamu, cogepxawmmmuca B pabote [. Xoeapga (D. Howard) «[lepecmartpuBas guanor SnHWTEWHa U
Bopay, kKoTopas BCKOpe BbINOET B CBET).

B 1928 r. WpeanHrep Bbickazan bopy B nucbme crniegytowiee coobpaxeHne: HepaBeHCTBO (COOTHOLLEHWE
HeonpeaeneHHocTen) MenseHbepra ykasbiBaeT Ha TO, YTO KIMACcCUYeCKNe MOHATUSE MPOCTPAHCTBEHHOIO NMOMOXEHMWS
N MMNyNbca UMEKT rpaHnlbl NPUMEHMMOCTM U YTO, CreJoBaTenbHO, B KBAHTOBOW TEOPUM 3TU MOHATUS HYXKHO
3aMeHUTb Ha Kakue-TO Opyrve, HOBblE MOHATUS, KOTOPbIMU MOXHO Obifio Obl NOMNb30BaTbCA TOYHO (MOA4OOHO TOMY
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KaK MOHATMS MONOXEHUS U MMMNYNbCa UCMONb3YIOTCA B KNaccuyeckon uanke), a He NpubnumantenbHo (T.e. Tak, Kak
MOHATUS MONOXEHUSA U UMMNYIbCA UCNOMb3YIOTCS B KBAHTOBOW (PM3MKE B CBA3U C OrpaHNYnTENbHLIM HEPABEHCTBOM
lenseHbepra). C atum npeanoxeHuem LpeanHrepa bop pesko He cornacuncs. B kayectse npuudnHbl Hecornacusi
Bop BbICka3an TEe3WC, COIMMacHO KOTOPOMY TONBbKO Kraccuyeckne uanydeckne MnoHATUS MO3BOMSOT Ham
KOOpPOWHMPOBATL Hall OMbIT TemM CrnocoboMm, KOTOPbIA COOTBETCTBYET Halleh MpUpPOOHOM CMNOCOBHOCTU K
KoHuenTyanusauun [®anH 1986].

Mocne Toro, kak LWWpeanHrep nogenuncs cBOMMM COOBpaKeHMAMU C SNHLLTEAHOM, DNHLLITENH B OTBETHOM
nucoeme cdopmynupoBasn CBOK MO3MUMIO MO 3TOMY Bompocy: «Bawe MHeHue, cormacHO KOTOPOMY MOHATUS
UMMNyNbCa M NOMOXEHUSA HY>XHO OTOPOCUTb B Cryyae, Korga OHU MMEKT TOMbKO “pa3mbIThle” 3HaYEHUS, KaxeTcs
MHe coBepLUeHHO 000CHOBaHHbIM. YcrnokouTenbHasa dunocodus — unm ckopee penurna? — lNenseHbepra — bopa
TaK XMTPO YCTPOEHA, YTO KaXaoMy UCTUHHO BEPYIOLLEMY OHA AaeT MArKYlo NMOAYLLKY, OT KOTOPOW ero o4eHb TPYAHO
oTopBaTb. [103TOMY nyylle OCTaBUTbL €ro fiexartb Ha Hen» (uuT. no [PanH 1986, 19]).

BnocnencteBmm OMHWTENH [OnHWTEeNH 1954, 292] yTouHun a1y nosuuuio: “Mlo Moemy MHeHMIo, 3apaHee
HUYEero Hemnb3s CkasaTb O TOM, KakMM ODOpas3oM HYXHO CTPOUTb MOHSATUSA U CBA3bIBATb 3TW MOHATUS C ApPYrMMuU
MOHATUSAMU U C ONbITOM. Heo6Xx0AMM TONBKO HEKOTOPLIN HAaBop TakuMx NpaBwui, NOCKONbKY 6e3 npaBunn HEBO3MOXHO
NprvobpecTn HUKaKkoe HoBOE 3HaHMe. MOXHO CpaBHUTL 3TW MpaBuna C NpaBUaMm HEKOTOPOW MUrpbl, KOTOpble
ABMSIOTCA BMOMHE MNPOU3BOMbHbIMK, HO 6e3 KOTOpbIX AaHHas urpa HeBo3mMoxHa. OgHako Takue npaBuna He
3agaloTcs pas M HaBcerga, HO NPUMEHSIIOTCA TONbKO B CTPOro onpefereHHblx pamkax. [oatomy [B Hayke] Het
HWKaKMX OKOHYaTemnbHbIX KaTeropui B cMbicne KaHTta”. U B gpyrom mecte: «Mbl umeem 3aechb Oeno ¢ Kateropusamu
MU CXeMaMy MBbILLNEHNS, KOTOpble Mbl MOXEM BblOUpaTb CaMuM U KOTOPble MOXEM OLEeHMBAaTb TOMbKO MO WX
BKNagy B NPOSICHEHME COOEPXXaHWsi HaLero Co3HaHus... [oka Mbl OBMKEMCS BHYTPU Takum 06pasom ovepyeHHOW
cepbl MbICNN, Mbl MbICAINM usnyeckn. MNMockonbky pusnyeckoe MbillnieHMe No3BONAET HaM NOHUMATh ONbIT, Mbl
paccmaTpvBaeM 3TO MbILSIEHNE KaK “3HaHMe peanbHocTn”. Takum obpas3om nog “peanbHOCTbi” B U3UKE HYXKHO
NOHMUMAaTb YTO-TO BPOAE NporpamMmbl, KOTopas, OgHaKo, He 3anoxeHa B Hac anpuopuy [lUnnn 1949, 673-674].

KoHnukTyowme nosvumm bopa n OWHWTENHA B 3TOM CMOpe MOXHO paccmaTpmBaTb Kak pasHble
Moamdukauun nogxopga KaHTta. Bbop 3ammctByeT y KaHTa MNOHATME KIacCU4ECKOW 3MMUMPUYECKON Teopuu U
CBSI3aHHOE C TakoW Teopuen MNOHsATUE (Knaccuyeckon) obbekTMBHOCTU. Bop HacTamBaeT Ha TOM, 4TO “BCe
[bmsnyeckne] HabnogeHNs OOMKHbI OblTb ONUCaHbI C MOMOLLIbIO KITaCCUYECKMX MOHATUIN”, NOCKOMbKY OH BCrea 3a
KaHTOM cumTaeT, 4TOo TOMbKO knaccudeckme (nNo KaHTy — anpuopHble) MNOHATUS CNoCOOHbI MpuaaTh 3TUM
HabrniogeHnsM cTaTtyc OObEeKTUMBHbIX (3KCMepuMeHTanbHO nposepsieMbix) daktoB. [Mpu atom Bop BMAuMT, 4TO
Knaccu4eckue NoHATUS HeAOoCTaTOYHbI AN1S MOCTPOEHNs KBAaHTOBOW Teopuu. Beixoa 13 aton cutyaumm Bop Haxogut
B TOM, 4YTOObI MCMONb30BaTb Kraccuieckue NOHATUS (MMMyMbC, NOMNOXeHue U T.A4.) AnS CMMBOMMYECKOro (a He
peanucTUYEeCKOoro) onNMcaHus KBaHTOBbLIX SIBMNEHUN; TakMe ONUCcCaHUs He ABMSTCH OBBEKTUBHLIMU B KNaCCUYECKOM
CMbICIE, HO MOAYMHSIOTCA “NPUHLMNY OOMOMHUTENBHOCTM”, COMMAcHO KOTOPOMY PasfnnyHble HECOBMECTUMbIE OpYr
C Opyrom (B KNaccM4eCcKOM CMbICIE) ONUCAHUA OQHUX U TEX Xe KBAHTOBbIX OOBLEKTOB SABMSAOTCA AOMYCTUMbIMU:
‘daHHbIe pasnuUyHbIX 3KCNEPUMEHTOB HEBO3MOXHO CBECTM B €AMHYI0 KapTUHY. [103TOMY MUX HY>XHO paccmartpusBaTb
B KayecTBe [OMOSHUTENbHbIX, MMes Npu 3TOM B BUAY, YTO TOMbKO MOMHAs COBOKYMHOCTb BCEX SIBMEHUN,
Habrnogaemblx B aKCNepuMeEHTaxX [pasnuyHbiX TUMOB], COAEPXKUT NOMHY MHdOopMaumio 06 nlyvyaembix obbeKTax.
AOeKkBaTHbIM MHCTPYMEHTOM OOMOSTHUTENBLHOMO OMUCaHUsA ABNAETCA MMEHHO hOpManmn3Mm KBaHTOBOW MEXaHWKK,
KOTOpbIN npeacTaBnsdeT CobOM UYUMCTO CUMMBOSMMYECKYHD CXEMY, MO3BONANOLLYIO OMUCbIBaTb WM MNpPeacKasbiBaTb
pe3ynbTaTbl 3KCNEPUMEHTOB B TEPMMHAX Knaccuyeckux noHatnn” [lnnn 1949, 210-211].

Takum o6Gpasom, cTpaterns bopa coctout B TOM, 4TOObI MpoAormkaTb MOMb30BATbCA KITACCUYECKMMU
PUBNYECKMMIN MOHATUSIMUA, HO MpPU 3TOM OTKa3aTbCsl OT KITACCMYECKOro 3nMcTeMornornyeckoro TpeboBaHus,
COrnacHoO KOTopoMy dmamyeckasi Teopus JOIMKHa ObiTb peannucTMYecKon, U CHUTaTh NOMHOLIEHHOW Teopuen Nobyro
“UNCTO CUMBOMNUYECKYIO CXEeMy, MO3BOMSAIOLLYIO MpeackasbiBaTb pes3ynbraTbl 3KcnepuMeHToB”. HanomHio, 4Tto
MOXOXYI0 TOYKY 3peHusa Ha npupody dmanmdeckon Teopum B Hadane XX B. BbickasbiBan [iorem [[iorem 1906].
OVHLWTENH OTBepraer 3TOT NOAX0n, HasbiBas ero “ycnokouTtenbHow dmnocodpmen” (cm. [PanmH 1986, 19]).
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CrtpaTtervsa QuHLWTENHA, HAaNPOTMB, COCTOUT B TOM, YTOObLI MOCTPOUTL HOBYIO PEANTUCTUYECKYIO TEOPUIO C MOMOLLILHO
BBEAEHMS HOBbIX (PyHAAMEHTanNbHbIX (QU3NYECKUX MOHATUWA. VIMEHHO B 3TOM COCTOUT CMbICIT “MPOrpammHOro
peanuama’ OWHLITENHA, KOTOPbIN SBMASETCA MeETodoNnornen, a He MeTapuandyeckuMm OCHOBaHMEM (Mnn
MeTamsnyeckon nHTepnpeTaumnen) MuU3snkn.

Crtpaternio 3JMHWTENHA HE HYXHO nyTaTtb C 0Oonee cneuynanbHOW NPOrpamMMor Mnomcka “CKpbITbIX
nepemMeHHbIX”, K KOTOPOW OH HMKOrga He nposiensan nHtepeca. Ckopee 3Ty CTpaTernio Hy)XKHO CBA3aTb C MOMnbITKaMu
ORnHLWTEHa NOCTPOUTL OBLLYHO TEOPUIO MOrs, KOTOPbIM OH MOCBATUN nocrnefHui nepuog pabotbl B [pMHCTOHE.
ToT ¢akT, 4TO 3TV NONbITKN HE NMPUBENM K HEMEASIEHHOMY YCMexXy, He MOXET CMY>XMTb OCHOBaHWEM Ans OTKasa oT
nporpammMHoro peanuama. Tem 6onee HeT HMKaKMX OCHOBAHWMI cuYUTaTb NPUHLMN OOMNOMHWUTENBLHOCTU U Apyrue
anemMeHTbl MeTogonornyeckoro nogxoda bopa yctaHoBneHHbIMU 1 06LLENPU3HAHHBIMU HAayYHBbIMW NCTUHaMK. Begb
B J@HHOM criy4ae pedb MAET He O hmanyveckux aktax u He 0 PUINYECKNX TEOPUSIX, OOBACHSIOWNX 3TK PaKThl, a
0 METOOOMNOrMYECKNX YCTaHOBKax W punocodpckux uHTEepnpeTaumax. JSWHLITENH COBEPLUEHHO NpaBUIIbHO
3aMeyvaeT, YTO peyvb B JaHHOM cfydae naet MMeHHO o domnocodun pusmkn, a He O PuU3NKe B Y3KOM CMbICIIe
cnoea.

BeegeHve B MatemMaTU3MPOBaHHYK TEOPETUYECKY (U3MKYy HOBbIX (yHAAMEHTasnbHbIX (U3NYECKNX
NoHATUA Bcerga TpebyeT WCNonb3oBaHMS HOBOMO MaTemaTMyecKoro annapata, C MOMOLLbK  KOTOpPOro
npeacTaBnaoTcsad 3atM noHAtus. Korga HblOTOH BBOAMN B TEOPUKO MeXaHukM dyHOaMeHTanbHOe MOoHATME
YCKOpPEHUMs, OH caM co3faBan MoAxXoAdWMi Ans 3TOro HOBbIM MarteMaTtmyeckuin annapat (auddepeHumnansHoe n
WHTEerpaneHoe ncumcneHme). Ytobsl BBECTU HOBOE hyHOAAMEHTANBHOE NOHATUE O PENSTUBMCTCKOM MPOCTPAHCTBE-
BpeMeHun B pamkax Obuien Teopun oTHocutensHocTn (OTO), SNHWTENH UCNonb3oBarn NOHATUE reOMeTPUYECcKoro
MHOroobpasusi, BBeAeHHOe PVMMaHOM HECKONMbKMMU AecAaTunetussmmn paHee [PumaH 1867] (470, pasymeeTcsi, He
03HauvaeT, 4to cosgaHue OTO BoBce He TpeboBano 4YMCTO MaTtemaTuyeckowm paboTtkbl). Ecnu cmoTpeTb Ha aToT
NCTOPUYECKNA 3NU304 CO CTOPOHbI, TO €ro HeTpygHO MpencTaBuTb Kak elle OauH cryvarh HeobbACHUMMOM
acppekTmBHOCTM MaTemMaTukn B msmke. OgHako Gonee BHMMAaTENbHLIA aHanu3 pabot PumaHa, JlobadveBckoro u
ApYyrux TBOPLOB HOBOW reoMeTpum B XIX B. nokasbiBaeT, YTO BCe 3TM MaremMaTuku C CaMOro Hayana umenu B Bugy
BO3MOXHOCTb (PM3MYECKOrO MPUMEHEHUS CBOUX FEOMETPUYECKUX TEOPUN; 3TO COCTaBNANO BaXKHYK 4acTb WX
mMoTuBauuu|v]. OTo no3BonsieT MocMOTpeTb Ha co3fgaHne OTO JMHWTENMHOM Kak Ha aTan obuiero duanko-
MaTeMaTU4eckoro npoekTa, KoTopbin Obin HayvaT B XIX B. JlobadyeBckum M PumaHoM. [porpamMmHbIin peanuam
OWHLWTeNHa npeacTasnsieT cobon NOaXo4sLLY0 METOA0NOMMI0 UMEHHO 41151 MPOEKTOB TaKoro poaa.

[MpuMeHeHVe TakoOM METOOOoNOrMM CerogHs 4BnseTcs  npobnemMaTtuyHbIM, MOCKOMbKY BO3MOXHble
dmandeckne MoTMBaLmMm MaTeMaTu4ecknX nccneqoBaHnim He UrpatoT HUKaKoW Ponn B apxXMTekType mareMatmkn XX
B. OTa CTaHOapTHasd apxuTekTypa MOTMBMPOBaHa uaeem O TOM, YTO MaTeMaTuka 3aHMMaeTcsl CBOEro poaa
“mbicneHHbIMU Mupamn” ([Kaccupep 1907, 43—44], koTopble TOMbLKO NO CHACTNMBOM Cly4YanHOCTU unu Gnarogaps
BHEpaUMOHanbHON “UHTYMLMKN” MaTteMaTUKOB UK, Kak npeanonaraet BurHep [BurHep 1960], no Bone lNMposuaeHus
MHOTAAa OKa3bIiBalOTCA B YEM-TO MOXOXMMW Ha peanbHbIi MUp, U3ydaeMbln hn3MKkamMmu ¢ NOMOLLLIO SMMAUPUYECKNX
mMeTogoB. VIMEHHO MO3TOMy BOMpoC OO OCHOBaHUAX W apxXUTEKType MaTemMaTuKum S CYMTal KIo4veBbiM ANiS
Hay4HOro (nporpaMmMHOro) peannsama B COBPEMEHHOM KOHTeKcTe. Mol 3HTy3nasm no NoBOAYy Hay4yHOro peanusma
CBSi3aH C HOBEWLUUMW UCCMefoBaHMAMM B 06MacTM OCHOBaHMM MaTemMaTuku, KoTopble obeliaioT U3MEeHUTb
CTaHOApPTHYI0 apXWUTEKTYpy MaTemaTuyecKux Teopurn W KOTopble, Kak S cenvac MoKaxy, MOryT MO3BOMUTb
YCTaHOBUTb 0onee MpO4YHY CBA3b MeXAy MaTemMaTMKOM W eCTECTBEHHbIMW HaykamMy W Takum oOpasom
npeanoXuTb HOBOE HeoKnaccudyeckoe pellueHne npobnemsl BurHepa.

Heoknaccuyeckass Mamemamuka: eneped k Eeknudy

MonbiTka Bopa (a Takke ero nNpeaLecTBEHHWKOB U MocnegoBaTenen) CTpoutb (PU3NYECKY0 TEOpUI0 Kak
“UNCTO CMMBONMYECKYID CXeMY” MMEET NMpsMY0 aHanormo B coBpemeHHon bopy matematmke. Obcyxaas ¢ Ppere
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CBOI aKkcuomaTtuyeckyto Teoputo reometpumn [[unebept 1899; vnbbept 1923], vnbbepT xapakTepuayer
mMaTeMaTU4YeCcKyto TeOpUIo Kak “cxeMy NoHsTuiA’[vi|; B 6onee nosgHer pepakumm 1934 r. [Munbbept, BepHaiic 1934;
Munbbept, BepHarnic 1979] Takass Teopusi-cCxemMa CTaAHOBMWTCS MOSIHOCTbIO CMMBOJSIMYECKON, T.€. MOCTPOEHHOW C
MOMOLLLI0 CTPOrO Si3blka CMMBOMUYECKOW NOrMKN. IMEHHO Takoe NMOHMMaHue akCMOMaTU4eCKOW TEopUn SBMSETCH
Ha CerofHsALWHUN AeHb CTaHAAPTHLIM U OObIYHO MCMONb3YETCs B COBPEMEHHOW FTOMMKE U OCHOBaHUSAX MaTemaTtuku
[Ppenkenb, bap-Xunnen 1966; bap-Xunnen, ®peHkenb, fleBn 1973]. 3Ty aHanorMo mexagy NOHATMEM TEOpUM Y
Bopa u mnbbepta MOXHO MPOJOIMKNUTL, €CMNU MPUHATL BO BHUMAHWE MOHATUE MOOenu AaHHOM hopMarbHOM
Teopuu, KOTOpOe WrpaeT LUeHTpanbHylo ponb B noaxoge [unbbepta M B COBPEMEHHBLIX OCHOBaHUSAX
maTemaTukm| vii].

Kak mbl Bugenu, bBop cuuTaer, 4to 0O6bEKTMBALMNS YYBCTBEHHOrO OfMbiTa BO3MOXHA TOMbKO C MOMOLLbIO
Knaccmyeckmx pmsmyecknx NOHATUIN, KOTOPbIE BKNIOYAKOT B cebs Kraccuyeckme NoHATUSA NpoCTpaHCTBa N BPEMEHU
N, COOTBETCTBEHHO, EBKINAOBY rEOMETPUIO U CTAHOAPTHYO apudMeTuKy. Ha HenenocTu, KOTopble BO3HUKAIOT Mpu
NonbITKaX NOCTPOEHUSA KBAHTOBOW TEOPUN C MOMOLLBbIO 3TUX KNaCcCUYECKMX MOHATUN (M KOTOPbIE CEroaHs MPUHATO
Ha3blBaTb Mapadokcamu KBaHTOBOM MexaHukn), bop npeanaraetr pearvpoBatb criegyowmm obpasom. HyxHo
OTKa3aTbCA OT MOMbITKA Takoro onucaHus U3NYECKOW peanbHOCTU, KOTopoe 6bino Obl HE3aBUCUMbBIM MO
OTHOLLEHMIO K TUMaM SKCMEPUMEHTOB W HAbMAeHW, MCNoNb3yeMblX AN MNO3HAHUA 3TOW pearibHOCTW; OTcoaa
cnegyer, 4YTO 1 camo MOHATNE PU3NYECKOW pearibHOCTU OKa3blBaeTCs M3nuHUM. HecoBmecTumble Apyr ¢ ApyromM
(B KIAcCcMYECKOM CMbICIIE) OMMUCaHUS, Kaxa0e U3 KOTOPbIX COOTBETCTBYET SKCMEPUMEHTY UNKN HABMOOEHNIO TONBKO
onpegeneHHoro Tuna, cnegyet cuutaTb 00MOIHUMEbHbIMU B TOM CMbICIE, YTO KaXKaoe M3 HUMX aeT vyacTuyHoe
onucaHne OaHHOM (PM3NYeckon CUCTEMBI. TOT OaKT, YTO STU YaCTUYHbLIE OMUCAHUSA HE CKMaAblBalOTCS B 0OLLYHO
WHBapWaHTHYIO (MO OTHOLUEHMIO K U3MEHEHMWIO TUMa 3KCMepUMEeHTa) Knaccuyeckyk KapTuHy, No MHeHuo bopa,
OTpakaeT MpUHUMNMAanNbHY0 HEBO3MOXHOCTb Ha KBAHTOBOM YpPOBHEe oOTAenuTb Habniogaembin uanyeckui
npoLecc OT mnpolecca ero aMnMpu4eckoro HabmnaeHus (akcnepumeHTa). Besikaa nonbiTka npegctaButb cebe
(kBaHTOBYIO) (hM3MYeECKyl0 pearnbHOCTb B TOM BMAE, Kak OHa CyLlecTBYyeT cama no cebe 6e3 BmeluaTenbcTBa
YeroBeYyecKkoro (Mnu Jpyroro MakpOCKOMMYEecKoro) Habmwopgartens, sBndeTcs, € TOukM 3peHus bopa,
3MNMCTEMONOIMYECKN HAaUBHOM.

MoHsATMe mogenu cbopmanbHom Teopum y MunbbepTa 1 ero nocnegoBartenet MOTUBMPYETCS O4EHb MOXOXKEN
noeonorven, Kotopasi onpaBAbiBAET MCMNOMb30BaHME CTapbiX A0OpbIX KNacCUYECKUX TMOHATUA B HOBbIX
HeKknaccmnyecknx KoHTekcTax. CormacHo 3TOM WMOeonorMm HeesknuaoBa reometpusi JloGaveBckoro u PumaHa,
coBpeMeHHasi abcTpakTHas anrebpa nnn coBpeMeHHasi Teopus MHOXECTB — MPUMeEPbl MaTeMaTUYECKUX TEOPUIA,
KoTopble “BbIXOAAT 3a npeaenbl” TPaguUMOHHBLIX MPOCTPAHCTBEHHbBIX U BPEMEHHbIX UHTYMLUMIA, T.e. ANA KOTOPbIX
TaKkMe UHTYULMM YXKe He perneBaHTHbl. [1oaToMy npu cTporom copMarnbHOM akCMoMaTUYECKOM MOCTPOEHUM Takux
TGOpVIVI cnegyet OoTka3aTbCA OT BCAKOW MOMNbITKN XECTKO CBA3bIBATb OCHOBHbIE MOHATUSA 3TUX Teop|/||7| C Kakumu Obl
TO HM ObINO UHTYUTUBHBLIMW NpeacTaBNeHNsIMU BPOAe 0ObIMHOMO UHTYUTUBHOMO NPEACTaB/IEHMS O TOYKaX M NPSIMbIX
B TPaaAWUMOHHOW reomeTpun. TeM He MeHee, faXe ecny oTkasaTbCa OT MAEW O TOM, YTO 3TU WMHTYUTUBHLIE
NPeAcTaBneHNst CBsI3aHbl C MaTteMaTUYECKMMU MOHATUAMM KECTKMM M OOHO3HaYHbIM CMOCOOOM, MU MOXHO
npoaosKaTh YCNeLHO NoNb3oBaTbCsl B MOdesisix dhopMaribHbIX TEOPUIA.

A NOAACHI0 NOrMKo-MaTeMaTUYECKOE MOHATME MOAENM C MOMOLLBI MOMYNSAPHOrO U UCTOPUYECKM BaXXHOIO
npumepa eBKNMAOBbLIX Mogenen runepbonuyeckon nnaHumetrpum Jlobayesckoro. Voea 3gecb COCTOUT B TOM,
YTOObLI CHavana NocTpPouUTb MMNepPBONMYECKYH0 FTEOMETPUIO Kak dopMarbHY akCMOMaTUYECKYHO Teoputo L, a 3aTem
HaNTN NOOXOOALLYI €BKNNOOBY reOMETPUYECKYHO KOHCTPYKUMO M (MOHMMasi Nnpy 3TOM E€BKMMAOBY reOMETpUo B
TpaamumoHHOM HedopMarbHOM ayxe), koTopasa obnagaeT crnegyowmmmn csoncteamu. Nogxoaswme anemeHtsl M
00BbABNATCA 3HAYEHUAMM OCHOBHBIX TEPMUHOB Teopum L (“Touka”, “npamas”, oTHOWeHWEe “nexatb Ha” ANnsa TOYKM
N NpaMor u gp.) Takmm obpasom, 4Tobbl Npu 3TOW MHTEpnpeTauMM TEPMUHOB BCE aKCUMOMbl Teopun L Obinu
NUCTUHHBLIMK (Kak npeanoxeHus obbl4HOM HedbopMarbHOM EBKMMAOBOM reoMmeTpun). B aToM criyyae KoHCTpykumio M
Ha3blBalOT MOAenbio Teopun L. MIMEHHO Tak yCTPOEHbI Takue nonynspHble eBKNUOoBbI Mogenu rmnepobonmyeckon
reomeTpumn kak modenb Kanu-KneltiHa v modens [lyaHkape. O4eBMAHO, YTO 3TO 3HA4YeHME TepMuHa “Mogens’,
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NPUHSATOE B COBPEMEHHON MaTEMAaTMYECKON JTIOTMKE, HE BMOJTHE COBMNadaeT Co 3HAYEHNEM ITOr0 CIOBa, MPUHATLIM
B hn3unke n gpyrnx aMnmpnyecknx Haykax (B TaKMX BbIpaXKeHUsIX KakK “MaTtematmyeckas Mmogenb SIBJ'IeHI/IFI”). Tem He
MeHee, Kak 1 cenyac MoKaxy, B obounx cnyyvyadax pedb Maet O CXOAHbIX Bellax, 0CODOEHHO €Ccnu MoHuMaTb
dumandeckne matemaTmyeckue Mogenu uMeHHo B ayxe bopa.

Mo aHanorMm ¢ un3MKon eBKNNOOBY reOMeTPUI0 MOXKHO Ha3BaTb Kiiaccuyeckol Teopuen, a HeeBKIMAOBLI
reomeTpun — HekKraccu4ecKkumu (XOTFl Takad TepMMUHOINIOMMA 1 He MpUHATa B MaTeMaTI/IKe). Tor/:l,a €BKINMnaoBbI
Mogenu rmnepbonmMyeckon reoMeTpum MOXHO HasBaTb KNACCUYECKMMU MOLENSAMM HEKNACCUYECKON TEOpUMW.
MogobHO TOMYy Kak KBaHTOBasi MeXaHWKa MO3BONSET WUCMOMb30BaTb KilaccuyeckMe (u3nyeckne MoHATMS OIS
onnucaHnsi KBaHTOBOWN peanbHOCTU, Knaccnyeckne mMoaernn HeKrnacCnyecCcknx martemMatnvecknx Teopvu7| no3BONAKT
Monb30BaTbC B 3TUX HEKITACCUYECKUX TEOPUSIX TPaaWMUMOHHBbIMU MaTeMaTUYecKMMyU UHTyuumsimu. B obonx
cny4yasx 3a Takyto BO3MOXHOCTb MPUXOAUTCS MraTUTb OTKA30M OT KMaCCUYeCKOro NMOHMMaHUS OTHOLLEHUA MeXay
MOHATUAMU WM MHTYUTMBHbIMW MNPEACTABNEHMAMM 3TUX MNOHATUW. Takum obpas3om, HoBasi akcuomaTudeckas
apXMTEKTypa HeKIlacCUYecKo MaTeMaTuKK, NpeasiokeHHas B Hadane XX B. [unbbepTom, 1 aHTMpeanucTnyeckas
WHTEpnpeTaums KBaHTOBOW Teopwuu, npeanoxeHHas Bopom, OCHOBaHbl Ha GrM3KMX 3NMCTEMONONMYECKUX UAESIX.
HecmoTpsa Ha 3TO 06GCTOATENBLCTBO, hOpManbHas akcuomMaTudeckas PEKOHCTPyKumst nogxoga bopa saensietcs
npobrnemaTtnyHon. YyTb HWXKE 9 CKaxy, B YEM COCTOMT NPUHUMNNanNbHast TPYAHOCTb TaKOW PEKOHCTPYKLMM.

dopmanbHas akcroMaTudeckas apxXmTekTypa cerogHs sBnaeTcs obLenpuHATON B NOrMKe U Matemaruke,
HO NpaKkTU4eckn He ncnornb3yeTcsa B dmanke. Kak g yxe rosopun B NepBON YacTu CTaTbu, 3Ta apxXUTekTypa nroxo
NOAXOOUT ANS NOCTPOEHMS HOBbLIX peanucTudeckux dusndeckux Teopui. Cenvac s nokaxy 6onee nogpobHo,
no4yemy 9TO MPOUCXOAMNT.

B npuHuune HekoTopas nogxoasuwas dgopmanbHas Teopua T MOXET UMeTb hm3ndeckyro mogens P, Bce
anemeHTbl koTopon OyayT npegMeTamu BO3MOXHOro onbita. Mpym atom T Henb3st OyoeT Ha3BaTb (PU3NYECKON
Teopuern n TeMm donee peanucTM4eckon prusnM4eckon Teopuen, Nockonbky T HE CBA3aHa XeCTKO ¢ P 1 He 3agaet
HWKaKOro onpegeneHHoro knacca “cobctBeHHbIX” 06bexkmos. NMNomnumo mogenu P Teopust T MOXET UMETb U Apyrne
MO4EenNu, He UMeKLNEe HMKAKOro OTHOLLEHUN K dmauke. bonee pasymHOe npeasiokeHne MOXET COCTOSTb B TOM,
4TOObl B Ka4yecTBe peanuctuyeckon usmyeckon Teopun paccMmaTtpuBaTtb Teoputo T emecme C ee (PU3NYECKOMN
Mogenbo P unu BMECTE C HEKOTOPbIM KNaccoM Takux mogenen. MIMeHHo B aToM cmbicre Tunbbept n gpyrue
aBTOpbl OObIYHO TFOBOPAT O BO3MOXHOCTM NPUMEHEeHUs OopManbHOMo0 akCMOMaTMYecKoro Metoga B OU3MKe.
O6o03Haunm ansa yaobcTBa Takyo MHTEPNPETMPOBaHHY Teoputo TP. YTobbl noctpouTs TP no peuenty vnbbepTa,
HaM HY>XHO OTAENbHO MOCTPOUTL T M COOTBETCTBYHOLLYK Mogenb (Mnu knacc mogenen) P. O Tom, Kak cTposaTcs
dopmarnbHble TEOPUN, MOXHO NPoYNUTaTh B NIIOOOM COBPEMEHHOM y4ebHuMKe nornknu. Ho oTkyaa B3ATb P? XMHTUKKa
[XuHTnkka 2011, 83] oTBeyaeT Ha 9TOT Bonpoc Tak: “Knacc CTpyKTyp, KOTOpbIA npegnoniaraercs CxBaTuUTb C
MOMOLLIbKO aKCMOM, MOXET ObITb NIMOO AaH MHTYUTMBHO, NMBo cBoBoaHO BbIOGpaH, NnMbo BBEAEH OMbITHLIM NyTEM”.

lMocKonbKy Mbl cervac roBopyM O (pU3NYECKon TEOPUN, PeNeBaHTHLIM AN HalLEW ANCKYCCUN SIBNSIETCH B
nepByl0 oyepeab MMEHHO 3afaHue Kracca mogenen “onbiTHeIM nyteM’. B 4emMm MMEHHO MOXET COCTOATb 3TOT
cnocob nocTpoeHust mogenen, XMHTUKKa He YTOYHAET. UToObl NonbiTaTbC OTBETUTL Ha 3TOT BOMPOC, ECTECTBEHHO
BOCMOMb30BaTbLCA MapagurmanbHbiM NMPUMEPOM EBKITMAOBLIX MOAENEN HEEBKMAOBLIX reoMeTpuin. XoTa Takue
MOOENN MOXHO AEWCTBUTENbHO Has3BaTb WMHTYUTUBHBIMW, OHW He “AaHbl” HAaM B rOTOBOM BMAe, a chneumanbHO
MOCTPOEHbI C MOMOLLbID CTapon [o6pon HedopManbHOW EBKMWAOBOW FEOMETPUU U APYrUX TPagULMOHHBIX
HedpopmanbHbIX MaTemMaTU4eckux CpeacTB. JTO CpaBHEHWE MOKa3blBaeT, YTO HUKakon 6eccBsA3HbIM Habop
SMMNMPUYECKMX (PaKTOB M MHTYMULMIA cam Mo cebe He MOXET MO3BONMUTL MOCTPOUTL NoAXoAsLWyk mogens P. 970
MOXHO caenaTtb, B YaCTHOCTU, C MOMOLLIbIO Knaccuyeckon dmaunkn. OgHako MCNonb3oBaHME Knaccuyeckon ousmnkn
Ans noctpoeHus mogenen teopum T OyaeT o3HayaTtb, YTO MMEHHO Knaccuyeckasi pmsmka urpaet ans Hac posb
yHOameHTanbHOW usnyeckon teopun. PopmansHaa Teopus T ByaeT crnykuTb B 3TOM Clnydae nvb Ans Toro,
4yTOObl BbIAENWUTL HEKOTOPLIM Knacc P Knaccuyeckmx duanveckux mogenen. dopmanbHbIl akCMomaTU4eCKUi
noaxod MOXeT NpeTeHaoBaTb B 3TOM Crydae TOMbKO Ha poOrlb BCMIOMOraTernlbHOro MHCTPYMEHTA, KOTOPbIN NOMOXET
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NPOSICHNTb POPManbHO-NOMMYECKYIO CTPYKTYPY Knaccnyecknx omsmyecknx Teopun. A cenvac octaBnso B CTOPOHE
CMOPHbLIN BOMPOC O TOM, HACKOMbKO Takasi CTPYKTypa ABMSAETCA CyLLeCTBEHHOM ANns hmsmku.

lMockonbKy Hac celvac MHTEpPECYeT B MNEPBYK o4yepedb Heknaccuyeckad ¢uanka, Ham Heobxoammo
paccMoTpeTb cnyyan, korga Teopuss T He uMMeeT Knaccuyeckux uamdecknx mopgeren. Akcnmomartmyeckas
apxuTekTypa popmMarnbHbIX TEOPUN AEACTBUTENBHO HE UCKITIOYaeT Takylo BO3MOXHOCTb. OgHAKO 3Ta apxutekTypa
He OaeT HaM HUKaKMX yKasaHWin Ha TO, KaK CTPOUTb Hekraccudeckue usmnyeckue mogenu. MNpumepom teopun T,
He MMeLOLLEN KIacCuyYecknx Mmoaernen, MoxXeT 6biTb hopMarnbHO-akCMOMaTUYECKN PEKOHCTPYNPOBaHHAs KBaHTOBas
MexaHuka. [JononHuTenbHble Knaccudeckue onncaHus B cMbicne bopa He ABnstoTCs MOMNHOLEHHBIMU MoAensiMu
3TON Teopun. B NpoTMBHOM Criydae MOXHO ObIno Obl yTBEPXKAATb, YTO BCE KBAHTOBbLIE 9(EKTHI MOXHO OOBACHUTL
C NOMOLLIbI0 HEKOTOPOrO KMaccu4eckoro hunsMyeckoro MexaHuama, 4YTo, KOHEYHO, He Tak. OTU AOMONHUTENbHbIE
OMNMCaHUsi MOXXHO MOMbITaTbCA onncaTb opManbHO C NMOMOLLBIO MOAXOASALWEro ocnabneHms obbIYHOMO MOHATMS O
mogenu dopmManbHon Teopun. Ho 3TO 3aBeQOMO He MOXET MOoMOYb MOCTpouUTb TP Kak coaepxaTenbHyto
peanucmuyecKyo pusn4eckyo Teopuio.

Ntak, Mbl BMOUM, 4YTO CTaHAapTHas dopmanbHasa akcuomaTuyeckasi apxXuMTeKkTypa COBPEMEHHON
MaTeMaTUKM CO3OaeT CYLIECTBEHHbIA paspblB MeXay MaTteMaTUKon U (OU3MKOW M, Takum obpasom, TOPMO3UT
pa3BnTne HOBbIX (bI/I3VI‘-IeCKI/IX Teop|/||7| BKIno4Yaa peannctnyeckme Teopun. C atum BbIBOOOM MOXHO NOCMNOPUTD,
yKasaB Ha TO, YTO B COBPEMEHHON MaTeMaTU4eCcKoW NpakTuke popmarbHbIi akCMOMaTUYECKUI METOL He urpaet
OonbLIOK ponn, a MatemMaTMkM NO-NPEXHEMY MHOIO M ycrnelwHo paboTatoT B 06nactu matemaTnyeckon pusmku.
ﬂ,eVICTBVITeJ'IbHO, Ha MNMPakTuke MaremMmaTtuky, Kak npaBuiio, n3narakoT CBOU pedyrnbraTtbl U obMeHnBaloTCA HOBbIMU
naesMmn, He yaensiss OONbLUOrO BHMMaHMS Bonpocam dopManbHou cTporocTn. OgHako MOCTONbKY, MOCKOSbKY
UMeHHOo MNbL6epTOBO NOHATME (PopManbHOM akCMOMaTMYECKON TEOPUN OTOXAECTBISIETCA C MOHATUEM cmpoeoll
MaTemMaTU4yeckon Teopuu, OPManbHbIi  aKkCMOMATUYECKUA  MeTod NPOoJOoSMKaeT  WUrpaTb  KIHOYEBYH
3MMUCTEMOSIOTMYECKYIO POfib B COBPEMEHHOW Martematuke. YTobbl M3MEHUTb 3Ty cuTyaumo, Heobxogmmo
npeanoXnTtb arnbTepHaTuBHOE MNOHATUE O CTpOFOI7I MaTemaTunyeckomn TEeopun, a He NnpoCTOo NbiTaTbCA MO Mepe
BO3MOXHOCTU WrHOPMpOBaTb CTaHAapTHble TpeboBaHuA opmanbHOM CTPOrocTW, He npegnaras  HU4ero
OonpeaeneHHoro B3ameH.

Tenepb 5 ykaxy Ha OBa BaXHbIX NPUMepa COBPEMEHHbIX MaTeMaTU4eCKMX akCMOMAaTUYECKUX TEOPUHN,
KOTOpble NOMOryT MHE HaMETUTb TaKOro pofa anstepHaTuBy. S MMeto B BUAY akCMOMaTUYECKYO mMeopur mornocos
[MaBep 1970; MaknapTtn 1992] n comomonuyeckyro meoputo murioe [Boesoackuin 2013]. He nmess BO3MOXXHOCTU
nanaratb 34eCb CoAaepXaHue 3TUX TEOPUM, S CKaXKy HECKONbKO CrioB 06 Mx akcuomaTtuveckom yctpomnctee. Mel
YBMOMM, YTO akcuomaTtmyeckasi CTPyKTypa 3TUX COBPEMEHHbIX TEOPWU MOCTpPOeHa He no metody lunbbepTa, a
ckopee no metogy EBknuoa (pasymeetcs, B NpuHUMNMANbHO HOBOM dhopme aToro metoga). MIMeHHo nostomy s
HasblBalo 3TW TeopuUM Heokraccuyeckumu[viii]. 3ateM s nokaxy, Kakum o6pasoM 3TU Heoknaccuyeckue
MaTeMaTU4eckne Teopum MOryT ObiTb B MEPCMNEKTMBE WCMOMb30BaHbl (M yXe YacTMYHO WCMNOMb3ylTCs) Ans
NOCTPOEHNSA HOBOW pearnmucTuy4eckon Ousmnki.

B oTtnuuve oT akcnmomatmyeckom Teopum MHoXecTB Llepmeno-®OpeHkensa u  Apyrux CTaHAapTHbIX
aKkcMomMaTMyeckux Teopui, akcuomaTuveckass Teopusi JlaBepa He nomnb3yetrcs “roToBOW” FIOTMKOW, a OMNMUCLIBAET
TONOC KakK YHMBEPCYM, B KOTOPOM 3afaHbl OfpederneHHble onepaumy, MMeLMe Kak Jormdeckyro, Tak u
reoMeTpuyeckyto UHTepnpetaumio. [eomeTpudeckad WHTeprnpeTauusa 3STUX onepauun B HoBoW dopme
BOCMPOM3BOAUT WCXOOHOE MpedakcuoMaTMyeckoe TMOHSTME Tonoca, BBEAEHHOE paHee B anrebpanyeckyto
reomeTtputo A. poteHaMkom 6e3 BCSKOW cneuumanbHOW CBA3M ¢ norukor. Cneumdpumkaumsi CUCTEMBbI NOTMKKA ANs
TEopUM TOMOCOB MNPW FEOMETPUYECKON MHTEPNPETALMM NOrMYECKUX MOHATUIA NpeBpallaeTcs B creumdukauunio
OCHOBHOro obbekTa 3TON Teopuwn (3nemMeHTapHoro tonoca). Takon nornyeckun opmannam B TeOpUM TOMOCOB
Ha3bIBalOT 8HymMpeHHel so2ukol (gaHHoro Ttonoca). MNoHATUe O BHYTPEHHEN fornke no3BonsieT paccmarpuBaTtbh
TONOC He TONbKO Kak reoOMeTpUYecKoe MPOCTPaAHCTBO 0coboro poga, B KOTOPOM MOXHO CTpPOUTb AaribHeunwmue
reoMeTpuyeckme KOHCTPYKUMWU, HO W KaK YHUBECYM PacCCyXOEHWW, B KOTOPOM BbIMOSIHUMbI OMNpeaeneHHble
nornyeckne onepaumm (NpUYem Kakgon NOrMYeckoln ornepauumn COOTBETCTBYET OMNpefereHHOe reoMeTpuyeckoe

vphil.ru/index2 .php?option=com_content&task=view&id=1160&pop=1&page=0&Itemid=52 7/12



06/06/2020 Kypnan "Bonpocsl punococpun” - [IporpammHblii peann3m B (hU3KMKe 1 OCHOBAHMS MaTEMAaTUKHI

NMOCTPOEHME). DTUM akcuomaTuyeckas Teopusi TONOCOB HanOMUHAET reomeTpuyeckyto Teoputo “Hauwan” Esknunaa
[EBknng 1948], B kKOTOPOW reoMeTpu4ecKkme NoCTPOEHUS Takke NrpatoT posb NOrMYeCcKMX LWaros AokasaTenbCTB.

OTa aHanorusi ¢ TpaguMUMOHHOW FeOMETPUEN CTAHOBUTCH elle Oonee O4YEBUAHOW B aKCMOMaTUYECKOM
meopuu 20MOMOnuUuU, U3BECTHOW Nof HasBaHWeM eomomornudeckol meopuu muros [Boesoackui 2013]. XoTa B
Teopuu TOMOCOB MPUHATO HedopMarnbHO roBOPUTL O Pas3fNMYHOrO poaa rMoCMPOEHUsIX, BOMPOC O KOHCTPYKTUBHOM
NN HEKOHCTPYKTMBHOM XapakTepe 3TOM Teopuu SBMSIETCA Ha caMOM Jerne [OBOMbHO 3anyTaHHbiM [MaknapTtu
2006]. B aTtom OTHOLUEHUN CUTyauMs C FOMOTOMMYECKOM Teopuen TMnoB ropas3go bonee scHas. B aton teopum
OOCTUraeTcsl TOYHOE COOTBETCTBME MEXAY CUHTAKCUYECKMMW KOHCTPYKUMSMM KOHCTPYKTMBHOW Teopuu TUMOB
MapTtuHa-llécpa [MapTtun-Jlécp 1984], ¢ OOHOM CTOPOHbI, U 3MEMEHTAPHbIMM OObLEKTAMU TEOPUW, KOTOPbIE
HasbIBalOT 2oMomonuYyeckuMu murnamu, ¢ gpyron. C nomoLLbo 3TON Teopun ee cosgatens Boesoackui neitaetcs
B HacTosllee BpPeMsi MOCTPOUTbH HOBbIE OCHOBaHWSA MaTeMaTUKW, KOTOpble OH HasblBaeT yHusaneHMmHbIMU (Nno
UMEHN eOVUHCTBEHHOW OO0MOMHUTENbHOM akCMOMbI, KOTopyto BoeBoackuin gobaeBnsieT k Teopum MapTuna-fléda).
Ecnn Teopmio tunoB MapTtuHa-J1épa BmMecTe C [OONONHUTENBHOM aKCMOMOW YHUBANEHTHOCTU AENCTBUTENbHO
MOXHO CYMTaTb YEM-TO BpoAe YHMBEepCcarlbHONW CUCTEMbl MOMMKM ONS BCeW maTtematuku (unu, no KparHen mepe,
ONS 3HauMTenbHOro pparmeHTa MaTemMaTtukn), TO NOCTPOEHHAasA C MOMOLLbKO 3TOW CUCTEMbI NTOMMKM reoMeTpuyeckas
Teopus roMOTONUI aBTOMATUYECKM NpuobpeTaeT Takoe ke (pyHOaMeHTanbHOe 3HadYeHue AN COBPEMEHHOM
MaTemMaTUK1, KOTOPOe eBKIMAOBA reOMeTpUs U apudmeTrka umena ansa Knaccuyeckom MateMaTuki.

MonbITKM NCNonb30BaTb TEOPUIO TONOCOB B (hm3mke (BKMOYad KBAHTOBYO TEOPUIO) Ha4anuckb B koHue 1990-
X . Kpatkun o630p aTUxX NOombITOK MOXHO HauTu B [PogmH 2010]. OépwuHr [OépuHr 2007 web] cneumanbHO
nodyepkusaetT “HeopeanuCTUYECKUA” XxapakTep TOMOCHOro noaxoda, KOTOpblM MO3BONSAET OTKasaTbCA OT
cTangaptHon KoneHrareHckon wHTepnpeTauMmM KBaHTOBOWM Teopun. Peanmnctnyeckoe OnvMcaHue KBaHTOBbIX
(PeHOMEHOB OKasblBaeTCsl B 3TOM Cryyae BO3MOXHbIM Onarogapsi UCMONb30BaHUKO BHYTPEHHEN FOrvKu
noaxofsiLero Tonoca, Kotopas OTNNYaeTCsl OT KIacCU4eckom normkn, UCNonb3yeMomn B CTaH4aPTHBLIX KNacCU4ecKnx
ONUCaHNSIX pPe3ynbTaToB KBAHTOBbIX M3MepeHun. B camoe nocnegHee Bpems Obinu Takke caenaHbl NepBble

MOMbITKN MCNONb30BaTb FOMOTOMMYECKY TEOPUIO TUMOB B KBaHTOBOW Teopun nong [LLpandep 2013 web].

3aknovyeHue

Ecnu Teopus Tonocos, roMmoTonuyeckas Teopust TUMOB Unu apyraa pyHOaMeHTanbHasa Heoknaccuyeckas
mMaTeMaTnyeckas Teopust CMOXEeT [oKas3aTb CBOK 3((EKTUBHOCTbL B KayeCTBe OCHOBaHWS MaTeMaTuku U
MaTEMaTU4YECKOro OCHOBaHMS (yHOAMEHTanbHOW (U3MYecKon Teopun, TO 3TO OydeT O3HayaTb MNepecTpPomnKy
COBpeMeHHON U3MKN Nnn, N0 KpamHen Mepe, HEKOTOPOro ee parMeHTa no (Heo)knaccmyeckomy obpasuy. MNpu
TakOM MOMOXEHUN BeLle OCHOBAHWUS MaTemaTukm U OCHOBaHUSA (buanku ByayT NpoYHO CBA3aHbl APYr C OPYroMm,
nNogoGHO TOMY Kak 3TO MMENOo MECTO B KINACCMYECKMX MaTeMaTUYECKNX U PU3NYECKNX Teopmusix, a 3pHEKTUBHOCTb
MaTeMaTukm B U3nKe N Opyrmx eCTeCTBEHHbIX Haykax He ByaeT 6onblue ka3aTbCs HEMOCTMKMMON. OTO NO3BONUT
MCMONb30BaTb COBPEMEHHYIO MaTtemMaTtuky B usmKe 1 Apyrmx eCTeCTBeHHbIX Haykax bonee adheKkTMBHO, YeM 3TO
npoucxoauT B HacToswee BpeMs. PasymeeTtca, pasnuyune Mexay maremMatMyeckon naeanusaumen n pusmyeckon
peanusauuen, mexagy BO3MOXHbIM U AeNCTBUTENbHLIM OMNbITOM NPU 3TOM HWKYAa He MUCYE3HET U OCTaBUT MECTO
ONSA HOBbIX PErynATUBHbLIX MAEW, KOTOpble obecnevaT ganbHENLWMIA NPOrPect B €CTECTBEHHLIX HAyKax.

Takasi nepcnekTMBa He SBNSAETCS HWU YACTOW dhaHTasmen, HM MpPorHo3om Oyayliero pasBuTMS COOBLITUN.
Ckopee 31O nporpamMma pasBUTUA HayKW, KOTOpasi, C OAHOW CTOPOHbI, ONMPAETCA Ha BOCXOASALLYI K QVHLUTENHY
naer NporpaMMHOro peanvama u, ¢ Opyro CTOPOHbI, MPMHUMAET B pacyeT HOBeNlMe uccnegoBaHus B obnactu
OCHOBaHUN MaTteMaTuKu.

Bonpoc o Tom, ABRSATCA N Te€ UMM UHbIE TEOPETUYECKUE KOHCTPYKLMKW pearnbHbiMU (HU3NYECKUMU
06BbEKTAMU UMK XKE 3TO TOMbKO YAOGHbIE (PMKLUMU BPOAE NMTONEMEEBCKMX 3MULMKIIOB, HE MOXET ObiTb pELUeH C
MOMOLLbI0 PUNOCOMCKON CNEeKynALMM, HO MOXET U JOIKEH B KaXXOOM KOHKPETHOM Cryyae peluatbcsi MetTogamu
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AMNUPUYECKON Haykn. DTO BMOHO Ha criegytollem npocTtom npumepe. [eorpaduyeckme WMPOTbl U MepuanaHbl
SABNSAOTCH, KOHEYHO, yOOOHbIMM (PUKUMSIMW, KOTOPbIE MOSIE3Hbl AMS HaBuraumMm M Opyrux nNpakTU4ecKkux 3apaud.
OpHako HOxHbIM 1 CeBepHbIN NoMtoca Hallen NNaHeTbl U ee 3KBATOp YXKe He ABNATCSA (PUKUUAMM B TOM Xe
CMbICINE CNOBA, MOCKONbKY MX MOMOXEHME Ha MOBEPXHOCTWU MnaHeThbl onpeaensieTcss un3nyYecKMMy CBONCTBAMM
3emnu, KOTOpble HMKAK HE 3aBUCAT OT YENnoBEYECKOW AeATENbHOCTW. 3OTO pas3nMunme BOBCE HE SABMSiETCH
camooyeBuaHbIM. YT0Obl ero obocHoBaTb, HEOOGXOOMMO CCbiNaTbCA Ha (U3MYECKNE 3HAHUSA. AT 3HaHUS
BKITHOYAIOT B CeDSA CMOXHYIO CUCTEMY apryMeHTaL MK, B KOTOPOM UCMONb3YHTCH Kak TEOPETUYECKNE apryMEHTbI, TakK
N aMNMpUYeckme CBUAETENbCTBA. To OOBCTOATENBLCTBO, YTO B COBPEMEHHBLIX HE3AKOHYEHHbLIX TEOPUSX NPOBECTU
TOYHYIO TpaHb Mexay peanbHbiM M (PUKTMBHBIM OKa3blBaeTCs TPYAHbIM WM BOBCE HEBO3MOXHbIM (Mpu
COBPEMEHHOM YPOBHE 3HaHWUS), BOBCE HE O3HAYaET, YTO B COBPEMEHHOW HayKe 3TO pasnuyne noTepsno CMbICn n
4YTO ero 6orbllue He HY)XXHO MbiTaTbCs NPOBOANTL. TeM Bonee HeyMeCcTHO, Ha MOW B3rfs4, UCNONb30BaTh ANd yxona
OT peLLeHnst 3Ton Npobnembl kakme-nmbo dunocodckmne nn NCTopnYeCcKMe onpasaaHuns.
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[1] Kak n paHee, nog Hay4YHbIM peannu3MmoM 9 NoHMMal 34ecb He MeTauanyeckyto, a
3MNUCTEMONONMYECKYIO JOKTPUHY, COrfacHO KOTOPOW peannuctudeckne Teopumn npeactaBnsoT cobom
BbICLUYO hOpMYy (PyHOAMEHTASNTbHOIO AMNNMPUYECKOro 3HaHUS. O NOHATUN peanucTUYecKon Teopum
CM. HWXe, NpuMm. 4.

[ii] XOTa nocnegHuin “Kpmanc ocHoBaHM” B (hm3amke 0ObIMHO CBA3LIBAKOT C
dbyHOaMeHTanbHbIMU PUNYECKUMN TEOPUAMU, BBEAEHHBIMU B HayYHbI 060POT yke B XX B. —
Teopuen OTHOCUTENBHOCTU U KBaHTOBOW Teopuen — B 1907 r. P3 roBopuT 0 “Kpu3nce COBpeMEHHON
dunsunkn”, nmes B Buay Tonbko pusmnky XVIII-XIX BB. BKIto4aa TepMOANHAMUKY N TEOPUIO
anekTpomMmarHetusma [Pa 1907]. NpumMepHO B TO e BpeMsi BbIXOAUT (PyHOAMEHTarbHbIN TpyA
Hiorema [diorem 1906], B KOTOPOM peyb TakkKe eLle He UOET HU O TEOPUM OTHOCUTENBHOCTN, HU O
KBaHTOBOW Teopuun. AHanuanpy4a passutne gpusunkm B XIX B., [llorem NpuxoamT K BbIBOAY O TOM, YTO
3afada maTemaTM3MpoBaHHOIO eCTeCTBO3HaHNS BoobLLE N (PM3MKN B HACTHOCTU COCTOUT
NCKMNYMTENBLHO B “cnaceHnn aenennin” [diorem 1908], T.e. B TOM, 4TOObI CTPOUTL MaTemMaTU4eckme
MoZenn aBrneHnin, N03BoNsLLNeE AenaTh NpaBuilbHbIE AMNNpUYEcKue npenckasanunsa. Bonpoc o
CBSA3N MeXAY SABMEHNAMM U pearnbHOCTbIO 1 Apyrine nogobHble Bonpock! [orem cuntaet
BbIXOOSALMMM 32 paMKM KOMMNETEHLIMN HAYKN U OCTaBASET UX MeTaduauke.

[111]] He3aBncumo ot [Qiorema Paccen npymepHOo B TO e BpeMs NPUXOAUT K aHaNnorMyHbIm
B3rnsgamM Ha meTtagusnky, onmpasiCb Ha COBPEMEHHYO eMy MaTeMaTuKy, KoTopas, Mo ero MHEeHUIO,
He UMeEeT NPSIMOro OTHOLLEHUS K dU3KKe, HO 3aTO UMEeET CaMOe HenocpeacTBEHHOE OTHOLLUEHNE K
noruke [Paccen 1903]. Ceoto meTacdmanyeckyto AOKTPUHY, KOTOpasi CyLLEeCTBEHHO ONMpaeTcs Ha
HoBeKLwne (Ha TO BpeMS) pesynbraTbl MaTeMaTUYEeCKoOn Normkn, Paccen HasbiBaeT “nornvyeckum
atomuamomMm” [Paccen 1918]. Kak n Jiorem, Paccen paccmatpuBaet 3gecb MeTadom3nKy B Ka4yecTBe
AONOMHEHMSA K HayKe (B JaHHOM Crlydae — K JIorMke 1 MatemMaTuKe), a He B KayecTBe NocnegHero
OCHOBaHUA Haykn. OgHaKo Takoe NoAYMHEHHOE MOMOXEHNE METaU3NKN MO OTHOLLIEHMIO K HayKe Y
Hiorema n Paccena BoBce He 03Ha4aeT, YTo OHM 06a roBOpAT O MeTadmarke B KAKOM-TO HOBOM
cMmbicne crnoBa. Kak n B crniydae TpagvunMoHHON MeTadu3nKu, Bocxogswen K ApucToTento, peyb naet
O MonbITKe AaTb OTBET Ha BOMNPOC O TOM, KaK YCTPOEH pearbHbl MUP, C MOMOLLbIO HEKOTOPOW
CMEeKYNATUBHOW JOKTPUHBI, KOTOpPas MOXeT HepopMarbHO COrfacoBbIBaTbCS C (PyHOAMEHTalbHbIMU
€CTBEHHOHAaYYHbIMU TEOPUAMMU, OObIAEHHBIM OMbITOM M €CTECTBEHHBIM S3bIKOM, HO KOTOpas Npu
3TOM 3aBeJOMO He JonyckaeT onbITHOW npoBepku. bnarogaps Oioremy, Pacceny n nx
MHOrOYMCIEHHBIM nocnegoBaTenam B XX B. MeTadpuaunka crana BHOBb pecnektabenbHom
dunocodpckon ancLMnIMHON, oCOB6EHHO B pamKax Tpaauumm aHanntnyeckom gunocogum (cMm.,
Hanpumep, [Tannant 2011]).

vphil.ru/index2.php?option=com_content&task=view&id=1160&pop=1&page=0&Itemid=52 11/12



06/06/2020 Kypnan "Bonpocsl punococpun” - [IporpammHblii peann3m B (hU3KMKe 1 OCHOBAHMS MaTEMAaTUKHI

[1v] HanomHIo onpeneneHne peannucTuyeckon Teopum, KoTopoe Gbino UCMoNb30BaHO B NEPBON YacTy
ctaTbu. A Ha3biBao uU3NYeckyro Teoputo T peanncTuyeckor No OTHOLLIEHWMIO K YHUBEPCYMY U, ecrnuv BbINOMHEHbI
cnegyoLme Tpu ycnoBus:

(a) T onucbiBaeT Bce 06beKTbI yHMBEepcyma U Kak npeaMeTbl BO3MOXHOIO OnbITa;

(6) T onncbiBaeT hmsnMYecKnin MexaHU3M Nosly4eHns COOTBETCTBYHOLLEro onbiTa (HabnoaeHns,
OKCNEPUMEHTHI, M3MepeHVIF|) Ha OCHOBaAHUUN TeX Xe O6LL|,I/IX NPUHUMNOB, KOTOPbIE NCNOJ1b3YHOTCA NPy OnNUcaHnn
nobbix Apyrmx usnyecknx npoueccos B U;

(8) T He BKktoYaEeT npoLecc NpuobpeTeHuns onbiTa (M YeNoBEYECKOEe CO3HAHME MOCTOSbKY,
MOCKOMbKY OHO npeanonaraeTcs 0bbIYHLIM NOHATUEM OMbITa) B YNCNO TeX PyHAAMEHTanbHbIX
doM3n4eCKMxX NPOLIECCOB, KOTOPbIE NieXaT B OCHOBE BCeXx ApYyrux dusmyeckux npoueccos B U.

[v] MogpoGHoe o6ocHOBaHMe 3TOro Teanca TpebyeT OTAENbHOIO NCTOPUYECKOTO
nccnenoBaHus.

[vi] “O4eBngHO, YTO BCSKasa Teopusi — 3TO He Bornee, Yem Cxema MOHSTUI, CBA3AHHbIX MeXay
cobo HEKOTOPbIMWN HEOBXOAMMbBIMU OTHOLLEHUAMMU, N YTO BA30BLIE ANEMEHTHI, K KOTOPbIM
NPUMEHSAETCSA 3Ta cxema, MoryT ObiTb Kakumu yrogHo. Ecnu a 6yay agymatb 0 MOMX TOYKax Kak O
NPOM3BOSIbHOM CUCTEME BELLIEW, HAaNpUMep, Kak O cucteMe, CocTosiLLen 13 nobeu, 3aKoHa n
Tpybouncra, a 3ateM MHTEPNPETUPYIO MON aKCMOMbI Kak OTHOLUEHUS MeXay 3TMMK BELaMu, TO MO
Teopembl, Hanpumep, Teopema Nudgaropa, 6yayT UCTUHHBIMU U AN 3TUX Bewen” (unT. no [Ppere
1971, 13))

[vii] TMnbbepT He Nonb3yeTcs 3TUM TEPMUHOM, KOTOPLIN CcTan ObLLenpuHATLIM B
MaTeMaTM4eCcKom Normke Tonbko nocne padot Tapckoro [Tapckuin 1941].

[viii] Bonee obcTosiTenbHoe 0bCyXaeHne Teopmn TONOCOB U TOMOTONMYECKOW TEOPUN TUMNOB C
aKCMoMaTU4YeCKON TOYKN 3peHNA MOXHO HanTu B Moen moHorpadum [PoguH 2014] n ctatbe [PoanH
2014 web].
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