IMPOI'PAMMHBIN PEAJIN3M B ®U3UKE U
OCHOBAHUA MATEMATHUKHAU

Yacrtsb 2: Hekiiaccnueckasi 1 HEOKJIACCHYECKAsI HAYyKA )

A.B. Poaun

Mamemamura  u uzuka na pyoexce 19-20 6exoe u npobrema Hay4Ho2o peanusma

Kaxk y>ke ObU10 Cka3aHO B Havase MepBOi YacTh 3TOM paboThl, PU3MKa U MaTeMaTHKa BTOPON MOJOBHHBI
19ro Beka mocTaBMIN KIIACCUYECKUI HAyYHBIN pean3M M0 BOIIPOC, KOTOPBIN JO CUX MOP MOKHO
CYMTATH OTKPHITHIM'. DTO OBLIO CBA3aHO MO KpalHE Mepe ¢ IBYMs pasHbIMHU 00cToATENbCTBAMA. Bo-
NIEPBBIX, HOBbIE CO3/1aHHbIE B 19-M Beke QyHIaMeHTaNbHble (U3NUECKHE TEOPUN TaKue Kak
3JIEKTPOMArHeTU3M U TePMOJMHAMUKA Y>Ke He ObUIH PeaTMCTUYEeCKHMMH B TOM K€ CMBICIE, UTO U
KJIacCUuecKasi MEXaHHKa; co3laHHas B Hadasie 20-ro BeKka KBaHTOBAs MEXaHMKA JIUIIb yCyryouia 3Ty
npoOiemy *. Bo-Bropbix, B 19-M BeKe MOSBUIMCH HOBBIE MATEMATHYECKUE TEOPUH, KOTOPBIE y7Ke HE ObLIH
HaIMPsAMYIO CBSI3aHBI C PU3MUECKON MHTYHUITMEH TIOMOOHO KITaCCUYECKOW eBKIIMIOBON TEOMETPHU U
apu(MeTHKE; B 3TOM OTHOIIEHHH 3HAKOBBIM COOBITHEM OBLIO CO3JaHKE M MOCIEIYIOIIEe Pa3BUTHE
HEEBKIIMIOBOM TeoMeTpur’. HamoMHIo, 9To npobiieMa “HEenoCTHRUMON 3(P(EKTHBHOCTH MATEMATHKHU B
€CTEeCTBEHHBIX HayKax ’ Oblia mocrasneHa Buraepom B 1960M rosmy y>ke B 3TOM HOBOM KOHTEKCTE.
[Tostomy knaccuueckoe pemieHue npodnembl Burnepa onucanHoe B epBOM YaCTH CTAThU SBJISETCS
aHaXPOHM3MOM M HE OTBEYAET HANPSAMYIO Ha BoIpoc BUrHepa, KOTOpBI OTHOCUTCS K MaTeMaTHKE U
¢usuke 20-ro Beka. OTCIONA, OJTHAKO, BOBCE HE CIEAYET, UTO TO KJIACCHUECKOE TTOHSITHE
peaucTHIeckoil HayuHOU TeOpUH, KOTOPOE 51 ChOpMYIIUPOBAI B IEPBOI YACTH MOJIB3YACh TOIBKO
KJIaCCHYECKUM MaTepualioM, 3aBeI0OMO HE MOXKET ObITh 3aHOBO PEATM30BaHO B COBPEMEHHON HAayKe
HOBBIMH CpEJICTBaMU. B 3T0M yacTH cTaTbu s MocTaparoch MoKas3arh, 4To, HAOOPOT, €CTh CaMble
Cepbe3HbIe OCHOBaHHS YTOOBI paccMaTpUBaTh HAYYHBINA peaqn3M B KauecTBE METOJOJIOTNUECKON HIeU
aKTyaJbHOM /7151 COBPEMEHHON (DPM3UKU M MaTeMaTUKu (HECMOTpPs Ha TO, YTO HAIH JIyYIlnue
(yHaMeHTanbHble (PU3NUECKIE TEOPUH Ha CETOTHAIIHNMN A€Hb HE SBISIIOTCS PEeaTUCTUYECKUMU).

OtnaBas naHp ucTopudeckoMy noaxoay B ammctemonoruu [PaitnGeprep 2010], [Crermn 2003] s Oymy
Ha3bIBaTh ATOT SMUCTEMOJOTHYECKHH IMPOEKT Heokaaccuyeckoll Hayko. B 3Toil cBA3M HeoOXoammo
clenaTh OJHO METOJOJOTHYeCKoe MOosACHEeHHe. SI MCXOXKy W3 TOro, yto Oyayliee HayKd SBIsSETCS
OTKpPBITBIM, a HHUKaKas MCTOpUYECKas TNEpUOAM3alMs B paMKax KOTOPOM MOXHO pa3inudarb
KJIaCCUYECKUH, HEKJIAaCCUUeCKU M JApyrue Nepuoasl B HCTOPUM MHPOBOM HAyKd HE MOXKET
IPETEHI0BaTh HA CTaTyC HMCTOPUYECKOIO 3aKOHA YIPABIAIOIIETO pa3BUTHEM ATOM Hayku. B aroii
CTaTb€ s TMOJIb3YIOCh MMOHSATHSIMHU KJIACCUYECKOM M HEKJIAaCCHYeCKOW HayKHM TOJIbKO B KadyecTBe
MIOJPYYHOI'O CPECTBA, KOTOPOE MO3BOJIAET JIETKO yKa3aTh HA TOT WM MHOW nepuoA ucropuu. ['oBops
0 HEOKJIaCCHYECKOM HayKe, S He MbITaloCh MpecKa3aTh Oyayliee HayKH, a MbITaloch chOPMYITHPOBATh
IIUPOKUN HAYYHBIA MPOEKT, KOTOPHI MOT ObI MOTHBHPOBAThH JANbHEWIIEE Pa3BUTUEC MATEMATHKU H
dbyHmameHTanpHOW (U3WKKA B OMpPENENCHHOM HampapieHun. UToObl 000CHOBaTh ATOT MPOEKT s
OMHUPAIOCh, C OJHOM CTOPOHBI, HAa (PaKThI U3 UCTOPUH HAYKU U aHAJIU3 TPEHI0B CETOHAIIHEH HAyKH, U C

* )  Pa0ota mojzeprkaHa UCCIIeOBATEIbLCKUM TpaHToM Poccuiickoro ¢hoHna GpyHIaMeHTaIbHBIX
uccienoannii (mpoekt Ne 13-06-00515). The article is written with the support from RFBR,
project No. 13-06-00515.



JPyTOi CTOPOHBI, HA HEKOTOPHIE HE3ABUCUMBIE SNUCTEMOJIOTUUECKUE apTyMEHThl. Mosl Ti1aBHas 3aJa4ya
B ATOM YacTU CTaTbU COCTOUT B TOM, YTOOBI YOEIUTh YHMTATENs, YTO COBPEMEHHAs pealucTUuecKas
¢u3uka Bo3MoxHa B npuHLuIe. Kak s mokaxy, peaausanys 3TOro npoekra TpedyeT 0CHOBATENbHOTIO
HIepecMOTpa OCHOBAHUI MAaTEMaTUKH, a HE TOJIBKO IEPECMOTPa OCHOBAHUH (PU3UKH.

Heoxnaccuueckas gusuka: Dunwmerin npomue bopa

B stoMm pazzpene s mpengiararo CBOM aHaJIM3 M3BECTHOM IMCTEMOJIOTHYECKOW JTUCKYCCHUHM MEXIY
OitHmreitHom 1 bopoM mo moBoxmy peamusma B (u3uke BooOule U B KBAaHTOBOW Teopuu B
YaCTHOCTH. Bepcus HaydHOro peann3ma, KOTOPYIO s NPEACTaBWI B MPEABIIYIIEM pas3lene CTaTbH, B
3HAYUTENBHOM CTENEHM MOTHUBMpOBAaHA ITO3MLIMENH OWHINTEWHA B 3TOM AucKyccuu. B cpoei
MHTEPIPETAIN pean3Ma DMHIITeHHa 1 B OCHOBHOM cienyto Daiiny [Daitn 1986].

Juckyccun 00 3MMCTEMOJOTMYECKUX IpobieMax KBaHTOBOM TEOpPUM HPOMCXOAWIH Mexy bopom u
OiHmrTeiiHOM B TeueHun Oonmee uem 20-tu neT HaumHas ¢ 1927-ro roma (5-1 ¢usuueckas
KoH(epeHus B ColBeeBCKOM HHCTUTYTE), B OCHOBHOM IPH JIMYHBIX BeTpeuax. OCHOBHOM MCTOYHUK,
Onarozmapst KOTOpoMy MbI 00 3TOM 3HaeM - 3TO paccka3 camoro bopa omyOnuKoBaHHBIN B 10OUIEHHOM
w3nanuu [unn 1949] ; B 3TOoM ke u3nanuu omyOnukoBaH “OTBeT KpuTHKaMm~  ODiHIITENHA, B
KOTOPOM OH 3aHOBO (hopmynupyeT cBoro mo3uiuio. C Hayana 1990-x rofoB cTanu MOSBIATHCS HOBBIE
HCTOpUYECKHE pabOThl, KOTOpPbIE MO3BOJIMIM TOUHEE PEKOHCTPyHpoBaTh coObitust 1920-x rO10B,
ONMpasACh IPU ITOM HE TOJIBKO Ha ciloBa bopa, HO M Ha APYTrHE HE3aBUCUMbIE MCTOYHUKU
[Kamunar 1994]. D10 no3Bosiser HaM CEerojiHs JIydllle MOHSATh apryMeHThl DHHIITeHa [ XoBapy
(B meuarn)| u Oonee KPUTMYECKH OTHECTHCh K TOW BIMATEIbHOM TOUYKE 3PEHUS] Ha HCTOPUIO
KBAaHTOBOU TE€OPHHU, KOTOPYIO BbIpazmi Jxammep [xammep 1966] npuHuMas B yka3aHHOM
criope ctopony bopa. HoBble ucropuueckue nccneoBaHus TaK>Ke CAENaId OYEBUIHON HEANEKBATHOCTD
paHee pacpoCTPaHEHHOTO KapUKATypPHOTO B3MMIAAa HA TOCICIHUN TEPHO TBOPUECTBA DUHIITEIHA B
[IpuncToHe Kak Ha o0pasel HAy4YHOTr'O peTporpajcTBa. B cBoeM M3I0KEHUHM COOBITHIA S MOJIBb3YIOCH
BCEMU 3TUMH UCTOYHUKAMMU.

B 1928-m roagy Illpemnmnrep Bhickazan bopy B muceMme criemyromee cooOpaxeHHe: HEPaBEHCTBO
(cooTHOIIEHHE HeompeneneHHOCTel) [eii3enOepra ykasbiBaeT Ha TO, YTO KJIACCUYECKUE TOHSTHUS
NPOCTPAHCTBEHHOTO TOJIOKEHUS UM UMITYJIbCa UMEIOT T'PAHUIIBI IPUMEHUMOCTH, U CJIEI0BATEIHHO
B KBAaHTOBOM TEOPUM 3THU MOHATUS HYKHO 3aMEHUTh HA KAKUE-TO JIPYTH€ HOBbIC MOHSTHS,
KOTOPBIMHU MOXXHO ObLIO OBI TMOJB30BaThCS TOYHO (MOAOOHO TOMY Kak IOHSITHS TOJIOKECHHS U
HMMITYJIbCA UCTIONB3YIOTCA B KJIACCHUECKOW (PU3UKE), a He MPUOIU3UTENBHO (TO €CTh TaK, Kak
TIOHATHS TIOJIOKEHUS W HUMITYJIbCa HCIOJb3YIOTCS B KBAaHTOBOM (DU3MKE B  CBA3U  C
OTpaHMYMTENBHBIM HepaBeHCTBOM [eiizeHOepra). C stum mpennoskenuem [lIpenunrepa bop pesko
He cortacwicsa. B KadecTBe MpUYHUHBI CBOETO Hecoracus bop BBICKa3ai TE3UC, COMTACHO KOTOPOMY
TOJBKO Kiaccuyeckue (pu3nmyeckue MOHATHS MO3BOJSIOT HAM KOOPAWHHPOBATH HAIl OIBIT TEM
croco00M, KOTOPBIN COOTBETCTBYET HAIIel MPUPOIHOM CIOCOOHOCTH K KOHIenTyanu3anuu [DaiH
1986].

ITocne Toro, kak IllpeauHTep MOIETUIICS CBOUMHU COOOpKEHUSIMU ¢ DUHINITEHHOM, DWHINITSHH
B cBoeM oTBeTHOM muchMe Lllpegunrepy cdopMynupoBan CBOK TO3HWIIMIO IO 3TOMY BOIPOCY
CIETYIOMUM 00pa3oM:

Baiie MHeHue, cornacHO KOTOPOMY HOHSITUSI UMITYJIbCA U MOJIOXKEHUS HYXKHO
OTOpPOCHTh B CJydYae, KOTJ]a OHHM HMEIOT TOJBKO ‘‘pa3MbIThie”’ 3HAUYCHWUS,
Ka)KeTCS. MHE COBEPILICHHO 00OCHOBAHHBIM. YCIIOKOMTENbHAs (uiiocopust - WIN
ckopee pemurus? - leizenOepra-bopa Tak XUTpO ycTpoeHa, UTO KaxaAOMy
HCTUHHO BEPYIOIIEMY OHa JaeT MATKYI0 MOIYIIKY, OT KOTOPOM €ro O4YeHb
TpyaHO otopBaTh. [loaToMy mydmie octaButh ero Ha Helt jexkars. (Llutupyro mo



[@aiin 1986], cTp. 19, nepeBon Moi)
BriocnenctBun OUHIITEHH YTOYHUIT 3Ty MO3UIIHIO:

ITo MoemMy MHEHHIO HUYETO HENb3s 3apaHee CKa3aTb O TOM, KaKUM 00pa3oM
HY>KHO CTPOUTH MOHSITHUS U CBA3BIBATh 3THU MOHATUS C APYTUMH MOHSITUSIMHU
U ¢ onbIToM. Heo0X0oaMM TOTBKO HEKOTOPBIA HAOOp TaKUX MPaBHI, MOCKOIBKY
0e3 mpaBWJI HEBO3MOXHO TPUOOpPECTH HHUKAaKoe HOBOE 3HaHHE. MOXKHO
CPaBHHUTh ATH MpaBWja C TMPaBUIAMH HEKOTOPOM HTIPBI, KOTOPBIE SIBIISIIOTCS
BIIOJIHE MPOU3BOJBHBIMU, HO 03 KOTOPBIX JaHHAs Urpa HeBo3MOkHa. OJIHAKO
TaKWe TpaBuia HE 3a/1al0TCS pa3 U HABCET/a, HO MPUMEHSIOTCS TOJIBKO B CTPOTO
omnpezieneHHslx paMkax. [ToaTomy [B Hayke| HET HMKaKMX OKOHYATEIbHBIX
kaTeropuii B cmbicie Kanra. ([Dinrredin 1954], ctp. 292, nepeox Moif)

U B JPYTOM MECTE:

MbI nmeeM 371ech €0 ¢ KaTerOpUsAMU WM CXEMaMH MBIIUICHHS], KOTOPbIE MBI MOXKEM
BBIOMPATh CaMH M KOTOPBIE MBI MOXKEM OIIEHMBATh TOJIBKO 110 MX BKJIAJy B MPOSICHEHHE
COJep>KaHMs HaIIero co3HaHus. [..] [loka MBI JBWKEMCS BHYTPH TakkuM 00pa3oMm
ouepueHHOM  cdepbl MbICTH, Mbl MbICIUM (usnyecku. IlockonmbKy (uzndeckoe
MBIIICHNE MO3BOJISIET HaM MOHMMATh OMBIT, Mbl PACCMATPHBAEM 3TO MBIIUICHUE KaK
“3HaHue peanbHOCTH . TakuM oOpazoM mon “peanbHOCThIO” B (PU3UKE HYKHO
IIOHMMATh YTO-TO BPOJE NPOPAMMbl, KOTOpAsl, OJHAKO, HE 3aJI0KEHA B HAC AllPHOPH.
([ 1949], ctp. 673-674, nepeBoa Moit)

Kondnukryromue mno3unmn bopa um DiHIITENHA B 3TOM CIOpe MOXKHO paccMarpuBaTh Kak pas3HbIE
mMomudukamuu noxxona Kanra. bop 3ammctByer y KaHTa ero moHATHE KIIACCHYECKOM AMIMPUYECKON
TEOPHH U CBSI3aHHOE C Takoil Teopuel nonsTHe (Ki1accuueckoi) 00bekTuBHOCTH. bop HacTanBaeT Ha TOM, YTO
“Bce [pusmueckue] HaOMIOMEHUS JOKHBI OBITH OTIMCAHBI C TIOMOIIBIO KIIACCHYECKUX TTOHSTHI, TOCKOIBKY
oH Bcren 3a Kantom cumTaer, 4to Tonbko Kinaccuueckue (mo KanTy - ampuopHbie) MOHATHS CHOCOOHBI
NPUIATh ITUM HAONIONEHUSIM CTaTyc OOBEKTHBHBIX (IKCIIEPUMEHTABHO MpoBepsieMbiX) (aktos. [Ipu atom
bop BUAUT, 4TO KIacCUUECKUE MOHATHS HEOCTATOYHBI AJI TIOCTPOEHHS KBAHTOBOM Teopur. Brixon u3 stoi
cutyanuu bop HaxomuT B TOM, 4TOOBI MCIOJIB30BATh KIACCHUYECKHE MOHATHUS (MMITYJIbC, TTOJOXKEHUE, U T.1.)
175 CUMBOJIMYECKOTO (a HE peaJMCTUYECKOro) ONMUCAHWS KBAHTOBHIX SBICHUI; Takue OMUCAHUS He
SBISFIOTCS OOBEKTHBHBIMU B KJIACCHYECKOM CMBICIE, HO TOMYMHSIOTCS “TIPUHIIUITY JOTIOTHUTENBHOCTH
COTJIACHO KOTOPOMY pa3inuyHble HECOBMECTUMBIE APYT C APYToM (B KJIACCHYECKOM CMbICTIE) OMMCAHUs OTHUX
M TeX 7K€ KBAaHTOBBIX O0BEKTOB SBJIAIOTCS, BOOOIIIE TOBOPS, OMYCTUMBIMU:

JlaHHBIE pA3IMYHBIX OKCIEPUMEHTOB HEBO3MOXXKHO CBECTH B
eMHY10 KapTuHy. [lo3TOMy X Hy»KHO paccMaTpuBaTh B KaueCTBE
JIONIOJIHUTENbHBIX MMes MPU 3TOM B BHAY, YTO TOJNBKO IOJIHAS
COBOKYIHOCTh BCEX SIBJIECHHMN HaOMIOaeMbIX B HKCIIEPHUMEHTAaX
[pa3nuuHBIX ~TUMOB] CONEPXKHUT TNONHYH HMH(pOpMaLHo 00
U3y4aeMbIX 00BbeKTax. [A]nexBaTHBIM UHCTPYMEHTOM
JIOTIONIHUTENBHOTO ~ OMMCAHMS  SBISETCS HMMEHHO (opMali3m
KBAaHTOBOM MEXaHHKH, KOTOpBIA MpEeACTaBIfeT COo00H YUCTO
CUMBOJIMYECKYI0 ~ CXE€My  IMO3BOJSIIOIIYI0  ONUCHIBATH U
NpeJCKa3bIBaTh ~ PE3ylbTaThl AKCIEPUMEHTOB B  TEPMUHAX
knaccuyeckux moHstuit. ([IIumm 1949], ctp. 210-211, nepeson
MO¥)



Takum o6pasom crtparerus bopa cocTouT B TOM, YTOOBI MPOJOKATh MOJB30BATHCA KIACCUYECKUMU
(u3rUYeCcCKUMH MOHATHUSAMH, HO IIPH 3TOM OTKAa3aThCs OT KJIACCHUECKOI0 AMHUCTEMOJIOTUYECKOr0 TpeOOBaHus,
COIIACHO KOTOPOMY (pu3nyecKas Teopust A0JKHA OBbITh PEaTMCTUYECKOM, M CYUTaTh MOTHOLEHHOM Teopueii
moOyr0 “dUCTO CHMBOJMYECKYIO CXEMYy MO3BOJISIONIYIO MPEACKA3bIBaTh PE3YJBTaThl AKCIIEPUMEHTOB .
HamomHto, 4To MOXO0XKYIO TOYKY 3peHus Ha mpupony ¢usudeckoil Teopuu B Hayane 20-ro Beka
BeicKaspiBai Jrorem [[rorem 1906]. DiiHmITeliH OTBEpraeT 3TOT MOAXOA HA3bIBas €ro ‘‘yCHOKOMTEIBHOU
unocodueir” (cm. [Daitn 1986], ctp. 19). Crparerus DiiHmITelHA, HAPOTHB, COCTOUT B TOM, YTOOBI
HOCTPOUTh HOBYI0 pEAIUCTUYECKYI0 TEOPUI0 C IOMOLIbIO BBEICHHS HOBBIX (YyHIAMEHTAIbHBIX
(u3nueckux noHATHH. VIMEHHO B 3TOM COCTOMT CMBICT “TIPOrpaMMHOIO peanu3ma’ DHHIITEHHA, KOTOpbIil
ABIISIETCS METOJI0JIOTHEN, a He MeTapU3MYeCKUM OCHOBaHMEM (Wi MeTa(u3MYecKoil MHTeprpeTalnuei)
usuky.

OCBATHUI BeCh TocneHuil nepuos cBoeit pabotst B [IpuncTone. ToT (akT, 4TO 3TH MOMBITKY HE MPUBENHU K H
Crparernto  DWHIITEHHA HE HYXHO IyTaTh ¢ Oonee CIEMMAIBLHOM MPOrpaMMOM TOHMCKA “‘CKPBITBHIX
IIEPEMEHHBIX ', K KOTOpOW OWHIUTEHH HUKOIZA HE MposBisul MHTepeca. CKopee 3Ty CTpaTeruio HyXkHO
CBS3aTh C MOMBITKaMHU DUHIITEHHA TOCTPOUTH OOILYI0O TEOPUIO TIOJIsl, KOTOPBIM OH NMEMEIICHHOMY YCIIeXY
HE MOXET CIYXUThb OCHOBAHHMEM M OTKa3a OT NPOTPaMMHOrO peaimsma. Tem Oonee HET HUKAKUX
OCHOBAHUM CUMTATh MPUHLIMI JOMOTHUTEIBHOCTH U IPYTUE 3IEMEHThI METOJ0JI0THueckoro moaxona bopa
YCTAHOBJIEHHBIMU U OOLIETPH3HAHHBIMU HAyYHBIMH UCTHHAMHU. Benb B TaHHOM cilydae peub HJIET He O
¢busmuecknx (akrax U He (PU3MUECKUX TEOPUAX, OOBACHSIOMMUX ATH (HaKThl, & O METOMOJOTHYECKUX
YCTaHOBKAX U QHIOCOPCKUX MHTEPIPETAMIX. DUHIITEHH COBEPLICHHO MPABHIBHO 3aMEYaeT, YTo pedb B
JTAHHOM CITy4ae UIeT UMEHHO 0 puocodun Gpu3mky, a He 0 PU3KMKE B Y3KOM CMBICIIE CIIOBA.

BBesenre B MareMaTU3MpPOBAHHYIO TEOPETHUECKYIO (DM3UKY HOBBIX (DYyHIAMEHTAIBHBIX (DH3HUECKHUX
MOHATHI Bcerna TpeOyeT MCHONb30BaHMS HOBOTO MAaTeMaTHYECKOro ammapara ¢ TOMOIIBbI0 KOTOPOTO
NpeJICTaBIAIOTC ATH MoHATUS. Korma HbIOTOH BBOAWI B CBOIO TEOPHIO MEXaHHWKH (DyHIaMeHTabHOE
MOHATHE YCKOPEHHs, OH caM CO3/aBajl TOAXOASAMIMI s 3TOr0 HOBBI MaTeMaTHYeCKHi ammapar
(muddepennmansHOoe U UHTETPATBEHOE McuucieHne). UToOsl BBeCTH HOBOE (PyHIAMEHTABHOE MOHATHE O
PETATUBUCTCKOM TPOCTPAHCTBE-BpeMeHHU B pamkax Oomieit Teopuut otHocuTensHOCTH (OTO) DifHmTeiin
UCIIONB30BAl  MOHATHE TEOMETPUYECKOTO MHOTO00pasus BBEAEHHOTO PuMaHOM — HECKONbKMMH
necsatwieTusiMu - panee [Puman 1867] (uto, pasymeercs, He o3HadaeT, 4yto co3manue OTO BoBce He
TpeOOBAJIO YHCTO MaTeMaTHUECKoi paboThl). Eciu cMOTpeTh Ha ATOT UCTOPUUECKHHA SMHU30/ CO CTOPOHBI,
TO €ro HeTPyIHO TPEICTaBUTh Kak ele OAWH ciy4yail HeoObICHUMOW A()P(PEKTMBHOCTH MATeMaTHKU B
¢usure. OnHako Gonee BHUMATENbHBINM aHamM3 padoT Pumana, JloGadeBCKOro M ApYrHX TBOPLOB HOBOW
reoMeTpud B 19-M Beke MOKa3bIBaeT, 4TO BCE 3TH MaTeMaTHKU C CaMOr0 Hayajga HMMEIH B BHUIY
BO3MOXKHOCTh (P3UUECKOTO MPUMEHEHHSI CBOMX T€OMETPHUECKHUX TEOPHH; 3TO COCTABIIIO BAXHYIO YacTh
¥X MOTHBaluM ‘. DT0 Mo3BoIseT MocMOTpeTh Ha cosganne OTO DHHINTEHHOM Kak Ha dTam oOIIEro
(M3UKO-MaTEeMaTHUECKOTO MPOEKTa, KOTOphId ObuT Hayar B 19-m Beke JloGaueBckum wu Pumanowm.
[IporpaMmHubIii peanusm DHWHINTEHHA MpeNCcTaBiseT cO00 MOAXOAANIYI0 METOMOJOTHIO MMEHHO s
MPOEKTOB TAKOTO POJIA.

[IpumeHeHre Takol METONOJOTMH CETrOJHS SABISETCS MNPOOIEMAaTHYHBIM, IOCKOJBKY BO3MOMKHbBIE
(u3nuecKkre MOTHBAllMM MaTE€MaTHYECKHX HCCIEIOBAaHUM HE WIpaloT HHUKAKOM PO B apXHUTEKType
maremMaTuku 20-ro Beka. JTa CTaHJApTHAs apXUTEKTypa MOTMBUPOBAHA HJEEH O TOM, 4TO MareMaTHKa
3aHUMaeTcsl cBoero poja “mpiciaeHHbIMU Mupamu” ([Kaccupep 1907] , ctp. 43-44), koTOpBIE TONBKO IO
CYACTJIMBOM ClyyallHOCTM WM OJarogaps BHEpPALMOHANbHOM “UHTYMIMM® MAaTeMaTHKOB WIHM, Kak
npennonaraer Burnep [Burnep 1960], mo Bone [IpoBumeHns WHOTIA OKAa3bIBAIOTCS B YEM-TO TOXOXKUMHU Ha
peanbHbIi MUP, KOTOPbIN (PU3MKK U3YHaOT C IIOMOLIBIO SMIMPUYECKUX METOJ0B. FIMEHHO 03TOMY BOMpOC
00 OCHOBaHMAX M apXUTEKTYpe MaT€MaTHKH S CUUTAI0 KIIFOUEBBIM JUISl HAYYHOTO (POTPaMMHOI0) peann3ma
B COBPEMEHHOM KOHTEKCTe. MoH 3HTy3ua3sM IO IOBOLY HAy4yHOIO peaju3Ma CBS3aH C HOBEHIIMMHU
HCCIIE/I0BAHUAMU B OONAaCTM OCHOBaHWH MAaTeMaTWKH, KOTOpble OOCLIAl0T H3MEHHTh CTAHAAPTHYIO
APXUTEKTYpy MaTeMaTHYECKUX TEOPHH M KOTOpBIE, KaK 5 cefyac MOKaXKy, MOTYT MO3BOJIUTh YCTaHOBUTH
Oonee MPOYHYIO CBSA3b MEXKAY MATEMAaTHUKOM M €CTECTBEHHbIMH HAayKaMM M TakuM 00pa3oM HPEIOKUThH



HOBOEHeoKIaccuyecko@elieHue npodnemsl Burnepa.

Heoknaccuueckas mamemamuka: eneped kK Eexauoy

ITonneiTka Bopa (a Takke €ro NpeAlleCTBEHHUKOB M €TI0 TMOocneaoBareneil) CTpOUTH
PU3HYECKYIO TCOPHUIO KaK “‘“dUCTO CHMBOIMYECKYID CXEMY  HUMEET MPSIMYIO
aHajJoruro B coBpeMeHHOM bopy wmaremarnke. OOcykmast ¢ Dpere CBOIO
aKCHOMAaTUYECKYIO Teoputo reomerpud [[mmsbept 1899], [Immpbepr 1923] Tumsbepr
XapakTepu3yeT MaTeMaTHYeCKyl0 TEOpHI0 KakK ‘‘CXeMy MOoHsTHui” °; B 6olee MO3AHEH
penakitmu 1934-ro rona [[mapbept m bepnaiic 1934-1939], [[TunsOepT u
Bbepnaiic 1979] Takass Teopus-cxeMa CTaHOBUTCSI IOJHOCTBIO CHUMBOJIMYECKOH, TO €CThb
IOCTPOEHHOM C TIOMOIIBK CTPOrO SA3bIKA CHMBOJHMYECKOM JIOTMKM. VIMEHHO Takoe IOHUMaHKe
aKCHOMATUYECKOW TEOpHHM SBISETCS HA CETONHAIIHUNA JEeHb CTAHIAPTHBIM M OOBIYHO HCIOJb3YEeTCS B
COBPEMEHHOW JIOTUKE M OCHOBaHMSX Mmarematuku [Ppenkens u bap-Xwmien 1966], [bap-Xwmnen,
®penxens, Jlesu 1973]. Oty ananormio Mexnay monstueM Tteopud y bopa um T'mnpbepra MoxHO
NPOJOIKUTD, €CITM NPUHATH BO BHUMaHKE TIOHATHE Modenu JaHHOW (HOpMaibHON TEOpHH, KOTOPOE UTPAET
IIEHTPAJIBHYIO POJib B mojxoe [uibbepra u B COBPEMEHHBIX OCHOBAHUSX MATEMATHKH °.

Kak ™Mbl y>xe Bunenu, bop cumraer, 4To 00bEKTHBALMS YyBCTBEHHOIO OMBITA BO3MOXHA TOJIBKO C
HOMOIIBIO KIIACCHUYECKUX (PU3NUECKUX MOHATHH, KOTOPBIE BKIOYAIOT B ce0sl KIIACCHYECKUE MOHSATHS
IPOCTPAHCTBA U BPEMEHU M, COOTBETCTBEHHO, €BKIIM/IOBY T€OMETPUIO U CTAHJAPTHYIO apHU(PMETHKY.
Ha Te HenemocTu, KOTOpblE BO3HUKAIOT MPH IMOMBITKAX IMOCTPOECHHS KBAaHTOBOW TEOPUM C TOMOIIbIO
9TUX KIACCUYECKUX MOHATUH (M KOTOpBIE CErOJHsS IPUHATO HAa3bIBaTh NApadokcamu KBaHTOBOH
MeXaHuKH), bop mpemnaraer pearmpoBarh creayromuM o0pa3oM. HyXHO OTKa3aTbCs OT TMOMBITKH
TaKOTO ONMHUCAHUs (U3NIECKON PeaTbHOCTH, KOTOPOe ObLIO ObI HE3aBUCUMBIM 110 OTHOIIEHHUIO K THIIAM
T€X JKCHEPUMEHTOB M HAOMIONEHHUH, KOTOPBIE MCIONB3YIOTCA IS NMO3HAHUS 3TOM PealbHOCTH; OTCHOZA
CIeyeT, YTO M caMo MOHATHE (U3MUECKOil pealbHOCTH OKa3blBaeTCs n3nuiHUM. HecoBmecTumbie apyr
C JIpyTroM (B KJIACCHYECKOM CMBICIIE) ONUCAHMS, KaXK/10€ U3 KOTOPBIX COOTBETCTBYET IKCIIEPUMEHTY WU
HAOJIOICHUIO TOJIBKO ONpEJIENCHHOTO THMA, CIEAYeT CUUTaThb OONOJIHUMENbHLIMU B TOM CMBICIE, YTO
KaXJ0e W3 HUX JaeT YaCTUYHOE ONHCAHWE JaHHOW ¢u3nueckoir cuctembl. ToT (akT, 4TO ITH
YaCTHYHBIE OIMCAHMsA HE CKJIAJIBIBAIOTCA B OOLIYI0 MHBApPUAHTHYIO (1O OTHOIIEHUIO K H3MEHEHHIO
TUNA SKCHEPUMEHTA) KJIACCHMYECKYI0 KapTHHY, N0 MHEHuo bopa oTpaxaeT NpUHIMIIHAIBHYIO
HEBO3MOXKHOCTh Ha KBAHTOBOM YPOBHE OTJIEIUTh HAOMIOAaeMbli (U3MUYeCKUil Mpolecc OT Mmpolecca ero
IMOUPUYECKOr0  HaOmoneHus (dKcrepuMeHTa). Bcesikas mombiTka TpeacTaBuTh cede (KBAHTOBYIO)
(u3nyeckyo peasbHOCTH B TOM BHJE, KaK OHAa CyLIECTBYeT cama IO cebe 0e3 BMeIlaTelbCTBa
YeJIOBEYECKOr0 (MM JPyroro MaKpOCKOIMYECKOIro) HaOmromarens, sABIsSETCS ¢ TOYKM 3peHus bopa
3MUCTEMOJIOTMYECKH HAUBHOM M TO3TOMY 0OpEYEeHHOM.

[Tonsitue momenu QopmanbHOl Teopun y [mnbpbepra u ero mocnemoBaTeNell MOTHBUPYETCS OUYEHb
MOXOXKEW HIEONOTUEH, KOTOpasi OMpaBIbIBaeT MUCIOIb30BAHIE CTAPBIX JOOPHIX KIACCHUYECKUX TMOHSITHIA
B HOBBIX HEKJIACCMYECKMX KOHTeKcTax. COrmacHO JTOW WJIEONOTHH, HEEBKIMIOBA TEOMETPHS
JloGaueBckoro u PumaHna, coBpeMeHHasi abcTpakTHas anredpa WM COBPEMEHHAs TEOpUs MHOYKECTB -
9TO  TPUMEPHl MaTeMaTH4eCKUX TEOPHUH, KOTOpBIE “BBIXOAAT 3a MPEAenbl” TPaJullMOHHBIX
IPOCTPAHCTBEHHBIX M BPEMEHHBIX HMHTYULUH, TO €CTh, JJII KOTOPBIX TAaKHME€ HHTYULUU Y>KE HE
peneBanTHl. [loaToMy mpu cTporom (opMasbHOM aKCHOMATHYECKOM IOCTPOCHUU TaKHX TEOPHUN
CJIElyeT OTKa3aTbCsl OT BCSIKOW IIOIBITKH >KECTKO CBSI3bIBATh OCHOBHBIE IOHATHSI ITHUX TEOPUH C
KakuMH OBl TO HHU OBUI0O WHTYUTHUBHBIMU TIPEACTABICHUSIMU BpOJAE OOBIYHOTO WHTYUTHBHOTO
NPEICTABICHUS O TOUKAX U IPSAMBIX B TPAJULMOHHOM TreOMETpUH. TeM He MEHee, Jaxke eClIM OTKA3aThCs
OT UJIeM O TOM, YTO 3TH HMHTYUTUBHBIE MPEACTABICHUS CBA3aHbl C MAaTEMaTHYECKUMHU TOHSITHSIMU
KECTKMM W OJHO3HAYHBIM CHOCOOOM, UMM MOXKHO IMPOAONIKAThH YCIEHIHO TOJb30BaThCsi B MOOELAX
(bopMabHBIX TEOPHUH.



Sl NOSCHIO JIOTMKO-MAaTE€MaTHYECKOE  IIOHATHE MOAENU C IIOMOLIBI0 MOMIYJSIPHOTO M HCTOPUYECKH
BaXHOTO NpHMEpa eBKIMAOBBIX Mojienel runepbonuueckoil mianumerpun JlobaueBckoro. Maest 3nech
COCTOMT B TOM, YTOOBl CHayajla IOCTPOUTh THUNEPOOIMYECKYI0 T'€OMETPUI0 KakK (OpMalIbHYIO
aKCMOMATHYECKyl0  TeOopuro L, a 3areM HalWTH MOAXOAALIYI0 €BKJIHJIOBY TI'€OMETPUYECKYIO
KOHCTPYKIMIO M (IOHMMAsi IIPU 3TOM €BKJIHMIOBY TE€OMETPHIO B TPAAULMOHHOM HE(POPMAIBHOM JyXe),
KOTOpasi o0najaeT chexyromuMu cBoiicTBamu. [logxonsmue sneMeHTsl M OOBSBISIOTCS 3HAYCHUAMU
OCHOBHBIX TEPMUHOB Teopuu L ( “Touka”, “mpsmasi”’, OTHONICHUE “JeKaTh HA' JJIsl TOUKH M MPSIMOU H
Ip.) TakuM 00pa3oM, YTOObI NPH STOM HHTEPIpPETAlHH TEPMUHOB BCE AKCHOMBI TeOpHU L OBLTH
UCTUHHBIMU (KaK TpeIoKeHHsT 0OblYHONW HedopManbHON €BKIMIOBON reomerpuu). B sTom ciydae
KOHCTPYKIMIO M Ha3bIBaIOT MOZENbI0 TeOpUH L. IMEHHO TaK yCTpOEHBI TaKHe MOMY/ISIPHbIE €BKIINIOBBI
MOJIEJIA TUIEPOOTNIECKO TeoMeTpun Kak modenv Konu-Knetina u mooens Ilyankape. O4eBUIHO, YTO
3TO 3HAYEHUE TEPMUHA “MOJIENb~ NPHUHATOE B COBPEMEHHON MAaTEMaTUUYECKON JIOTHKE HE BIIOJIHE COBIAIAET
CO 3HAYEHHEM 3TOTO CJI0BA MPUHATHIM B (DU3HKE U IPYTHX SMIUPUUYECKUX HAyKax (B TAKUX BBIPAKEHUSIX
Kak “‘MareMaTnyeckas Monenb siBiaeHus”). TeM He MeHee, KaK s ceifyac MOKaxy, B 000X CIydasx pedb
UJIET O CXOJHBIX BEIaX, 0COOCHHO €cii MOHUMATh (U3MYECKue MaTeMaTH4ecKue MOJIEIN UIMEHHO B JlyXe
bopa.

Ilo ananormn c (uU3KMKOM EBKINIOBY TIEOMETPUI0O MOMKHO Ha3BaTh KIACCUYeCKol TEopuen, a
HEEBKJIMJIOBBI TEOMETPUH - HeKAaccuyeckumu (XOTs Takas TEPMUHOJIOTUS M HE TIPUHSTA B MaTEMaTHKE).
Torna eBKIMIOBBI MOJENU TUNEPOOTMYECKON T€OMETPUN MOXKHO Ha3BaTh KIACCHUECKUMM MOJACISMH
HEKJIaCCUYECKOM Teopuu. AHAJOIMYHO TOMY Kak KBAaHTOBas MEXAHMKA II03BOJISIET HCIIONB30BATh
Kiaccuueckue (pusnueckue MOHATHUS Ul OMUCAHMS KBAHTOBOM PEAlbHOCTH, KJIACCUYECKHE MOJIEIN
HEKJIaCCUYECKUX  MaTeMaTH4yeCKUX TEOpUN IO3BOJIAIOT IONb30BAThCS B ATUX HEKIACCHYECKHX
TEOpUSAX TPAJULUOHHBIMM MaTeMaTHM4YeCKMMH HMHTyMUUsMH. B o0oux ciyuyasx 3a Takylo
BO3MO)KHOCTb IPHUXOJUTCS ILIATUTh OTKA30M OT KJIACCMUECKOr0 TMOHMUMAHUS OTHOUICHUH MEXIy
HOHATUAMM W WHTYUTUBHBIMU IIPEICTABICHUAMU JTUX MNOHATUH. Takum oOpa3om  HoOBas
aKCHOMaTHyecKasi apXUTEKTypa HEKJIAaCCHUECKOW MaTeMaTHKU IpeiodKeHHas B Hadasie 20-ro Beka
I'unpbepToM M aHTHpeaqMCTUYEeCKas HHTEpHpeTals KBAaHTOBOW TEOpUH Mpeasio>KeHHas bopom
OCHOBaHbl Ha OJM3KUX 3IHCTEMOJIOTHUECKUX uaeax. HecmoTps Ha 310 00cTOATENBCTBO (hOopMasbHas
aKCHOMaTH4ecKas pPeKOHCTPYKIMA moaxona bopa sBnsercs npobnematnuHoit. UyTh HUXKE 51 CKAXYy, B
YeM COCTOUT NPUHIHUIIHATIbHASA TPYIHOCTb TaKOH PEKOHCTPYKIIUU.

@opmanbHas akCHOMaTH4ecKas apXUTEKTypa CErofgHs SBIAETCS OOIIENPHHATON B JIOTHKE U
MaTeMaTuKe, HO MPaKTHYECKW He HCronb3yeTcss B (usmke. Kak s yrke roBOpWII B MEPBOW YacTH
CTaTbU, 3Ta APXUTCKTYpPa IUIOXO MOAXOAWUT IJId MNOCTPOCHUA HOBBIX PCAJIUCTHYCCKUX (I)I/I3I/I‘-I€CKI/IX
teopuid. Celiuac s mokaxky 6osnee mogpoOHO, TOYeMy 3TO MPOUCXOTHT.

B nmpunnune Hekoropas momxoxsmas GpopManbHas Teopus 1 MOXKET UMETh (PU3NUECKYI0 MOJieib P |
BCE 3JIEMEHTHI KOTOPOil OyayT mpeaMeTaMu BO3MOKHOTO ombiTa. [Ipu 3Tom 7 Henb3s OyleT Ha3BaTh
¢uzngeckoil Teopueil U TeM Oonee peanucTHUECKON (DM3UUECKOH TEOpHei, MOCKOIbKY 1 He CBs3aHa
JKECTKO C P 1 HE 3a1aeT HUKAKOTO OMpPEIEICHHOT0 Ki1acca “coOCTBEHHBIX 0Ovekmos. [lomumo monenu P
Teoprss 1 MOXET MMETh W JPYTHe MOJeNH, HE WMEIIINe HHUKAKOrO OTHOIICHWS K ¢u3uke. bomee
pa3yMHOE MpEI0YKeHHE MOXKET COCTOSITh B TOM, YTOOBI B KauecTBE pealrcTHYecKoi (uamyeckoit
TEOPHU pacCMaTpHUBaTh TEOPUIO I gmecme C ee (DU3MUIECKOH MOIENbI0 P WM BMECTe ¢ HEKOTOPBIM
KJIaccoM Takux Mmojeneil. iMenHo B 3ToM cwmbicie [MiabbepT u apyrue aBTOpbl OOBIYHO TOBOPAT O
BO3MOXKHOCTH TIPUMEHEHUS (HOPMATBHOTO aKCHMOMATHYecKoro Mmerona B Qusuke. OO003HAUUM IS
yI00CTBa TaKyl MHTEPHPETHPOBaHHYIO Teoputo TP . UtoOwl moctpouth 1 P mo penenty I'mibbep-
Ta, HAM HYXXHO OTJIETIbHO MOCTPOUTH 7 M COOTBETCTBYIOIIYI0 MoJesb (win kiacc moneneit) P . O tom,
KakK CTpoATcs GopManbHbIE TEOPUHM MOKHO MPOUYUTATH B TI0OOM COBpeMEHHOM yuyeOHuke Joruku. Ho
OTKy/a B34Th P ? XMHTHKKA OTBEYAET HA 3TOT BONPOC TaK:



Kmacc cTpykryp, KOTOpBIH TpeanonaraeTcsi CXBAaTHTh C
MOMOIIBI0 aKCHOM, MOXET OBITh JHUOO JaH WHTYHUTHUBHO,
nrub0 cB0OOAHO BHIOpaH, JTMOO BBEACH OIMBITHBIM ITYTEM.
([Xuntukka 2011], p. 83, nepeBon Moii)

[TockonmbKy MBI ceifuac TOBOPUM O (PU3MYECKONH TEOPUM, PENEBAHTHBIM JJISl Halled JUCKYCCHH
ABIISIETCA B NEPBYIO O4Yepeb UMEHHO 33/laHie Kilacca Mojelel “omnbITHBIM ImyTeM”. B uemM MMeHHO
MOXET COCTOSATH ITOT CNOCO0 MOCTPOeHH Mozeneld, XMHTUKKAa He yTOYHsAeT. YTOOBI MOMBITAaThCS
OTBETUTh HAa 3TOT BOIPOC €CTECTBEHHO BOCIIONB30BAaThCS I1APAJUTIMaIbHBIM IPHUMEPOM EBKIHMIOBBIX
MOZENEH HEEBKIMJIOBBIX TIeoMeTpuid. XOTS TaKhe MOAEIM MOXKHO JCHCTBUTENIBHO Ha3BaTb
UHTYUTUBHBIMHM, OHU HE “JaHbl” HaM B TOTOBOM BHJI€, @ CIEIUAJIbHO MOCTPOEHBI C IOMOIIBIO
cTapoil 100poil HeopMaIbHON €BKIMIOBOM T€OMETPUM M JPYTUX TPAJAULMOHHBIX He()OpMalbHBIX
MaTeMaTHYeCKHX  CpeICTB. OJTO  CpaBHEHHE TIIOKA3bIBAET, YTO HUKAKOW OecCBA3HBIA HAOOp
SMIMPHUYECKUX (PAKTOB M MHTYULMH caM 10 cebe HEe MOXKET MO3BOJIUTH MOCTPOUTH MOJXOASIIYIO
Mozienb P . DTO MOXHO CJenaTh, B YaCTHOCTH, C IOMOIIbIO Kiaccumueckod ¢usuku. OmHAKO
HCIONB30BaHNE KJIacCHYeCcKol (pu3MkM Ui moctpoeHus Mozenedl Teopun 7' OyneT o3Hayarbh, 4TO
VUMEHHO KJIacCHUYecKas (U3WKa WUrpaeT JUisi Hac polib (YHIAMEHTANbHOW (DU3MUIECKOH TEOPHH.
®opmanbHas Teopust 1 OyIeT CIyKUTh B 3TOM Clydae JMIIb JJIs TOTO, YTOObI BBIIETUTh HEKOTOPHIH
Kjgacc P kimaccudeckux (Qu3Mueckux mopenedl. PopManbHBIM aKCHOMATHYECKUN TTOIXO MOXKET
IPETEH/I0BaTh B OTOM CIy4ae TOJIBKO Ha POJIb BCIOMOI'ATENbHOTO MHCTPYMEHTA KOTOPBIN IOMOTET
NPOSICHUTH  (hOPMATBHO-JIOTHYECKYI0 CTPYKTYPY KIACCHUECKMX (U3MYECKHX TeopHuil. S ceifuac
OCTaBJIAK0 B CTOPOHE CIIOPHBIM BOIPOC O TOM, HACKOJBKO Takas CTPYKTypa SBIAETCS CYLECTBEHHOU
TSt hr3UKH.

[Tockonpky Hac ceifdac MHTepecyeT B NEpBYIO oduepelb HekIaccudeckas (U3uKa, HaM HEOOXOAMMO
paccMOTpeTh ciiydadd, Korma Teopust 7 HE MMEeT KJIACCHUECKUX (U3MUECKUX MOJeneil.
Axcuomarudeckass apxXuTeKTypa (OpPMAJbHBIX TEOpPUH JEHCTBUTENBHO HE MCKIIOYAET TaKylo
BO3MOXKHOCTh. O/IHAKO 3Ta apXHUTEKTypa He JaeT HAM HUKAKUX yKa3aHWi Ha TO, KaK CTPOUTh
Hexknaccuyeckue (usndeckue wmozpenu. Ilpumepom Teopum 7 HE MMEIOIMM KIACCHUYECKUX MoJeNeH
MOXET  ObITh  (DOpPMaNbHO-aKCMOMAaTHYECKHM  PEKOHCTPYHMpPOBAaHHAas  KBAaHTOBas  MEXaHHKA.
JlomoTHUTeIbHBIE KIACCUUECKUE OIMCAaHMsA B cMbICie bopa He SBIIAIOTCS MOMHOLEHHBIMU MOJAEISMU
3TOM Teopuu. B MpOTHBHOM cilyyae MOXKHO OBUIO OBl yTBEp)KJaTh, YTO BCE KBAHTOBBIE 3((EKTHI
MOXHO OOBSCHUTbH C MOMOLIBI HEKOTOPOIO KJIACCHUYECKOTO (PU3MYECKOr0 MEXaHU3Ma, YTO, KOHEUHO,
HE Tak. DTU JIOTONHUTENIbHBIE OMHCAHUS MOXKHO TIONBITAaThCA OMHMCAaTh (POPMATIBEHO C HOMOIIBIO
MOAXOAIEro ocnabiaeHnuss oOBIYHOIO MOHATUS O Mojenu (opMmanbHOil Teopur. Ho 310 3aBenomo He
MOXKET IOMOYb IIOCTPOUTH TP Kak cOJepIKATENbHYIO0 peanucmuyeckyio GU3NIeCKyt0 TEOPHIO.

Wtak, MBI BUAUM, 4TO CTaHJapTHas (opMmanbHas akCMOMaTUyeckas apXUTEKTypa COBPEMEHHOM
MaTeMaTUKU CO3/IaeT CYIIECTBEHHBIH pa3pblB MEXIy MaTeMaTHKOH M (PU3MKOH, M TakuMm 00pazom
TOPMO3UT Pa3BUTHE HOBBIX (PM3MUECKUX TEOPUH BKIIOYAs peanucTuyeckue Teopuu. C 3TUM BBIBOAOM
MOXHO TIOCIIOpUTH, YKa3aB Ha TO, YTO B COBPEMEHHOH MaTeMaTH4ecKOW MPAKTHKE (OpMabHBIH
AKCMOMAaTHYECKUH METOJ] He UrpaeT OOoJbIIOH PO, a MaTeMaTHKHU MO MPEKHEMY MHOTO M YCIIELIHO
paboratloT B obmacTu MareMarnyeckoid (u3MKH. JIeWCTBUTENHHO, HAa TPAKTUKE MAaTEMaTHKU Kak
NPaBUJIO M3JIaraloT CBOU Pe3yJIbTaThl 1 0OMEHHMBAIOTCS. HOBBIMU HICSAMU HE Y/enss OONbIIOro BHUMaHHs
BorpocaM (opmanbHOW cTporoctd. OAHAKO IMOCTOJIBKY, MOCKOJbKY MMEHHO TMJIBOEPTOBO TMOHSTHE
(GopMmanpHON aKCHOMAaTHYECKOW TEOPHUU OTOXKIECTBISAETCA C IOHATHEM CMPO2oli MaTeMaTH4ecKon
TeOpHH, (OpMATbHBIA aKCHMOMAaTUYECKUI METON MPOJODKAET MIPaTh KIFOYEBYIO AIHCTEMOJOTHYE-
CKYI0 pOlb B COBpPEeMEHHOH Maremaruke. YTOOBI M3MEHUTH 3Ty CHUTYalUI0, HEOOXOAUMO MPEAJIOKHUTH
aIbTEPHATUBHOE MOHATHE O CTPOrOM MAareMaTHuecKod TEOpUH, a HE IMPOCTO IBITAThCS IO MeEpe
BO3MOXKHOCTH WTHOPUPOBAaTh CTaHJApTHbIC TpeOoBaHUS (hOPMaTbHONH CTPOTOCTH HE Ipejsiaras HU4ero
OIPE/IEIEHHOT0 B3aMEH.



Teneps s ykaxxy Ha JBa BayKHBIX IIPUMEPA COBPEMEHHBIX MaTEMaTHYECKUX AKCMOMAaTHYECKHUX TEOpHI,
KOTOpbIE TOMOTYT MHE HAaMETUTb TAaKOro poia ajbTepHAaTHUBY. Sl MMEI0 B BHMJy aKCHOMATHYECKYIO
meopuio monocos [Jlasep 1970], [MaxJlaptu 1992] u ecomomonuueckyio meopuio munoe [BoeBonckuii
2013]. He uMest BO3MOXHOCTHU M3JIaraTh 37€Ch COEPIKAHUE ITUX TEOPHL, sI CKaXKy TOIBKO HECKOJBKO
CJIOB 00 MX aKCHOMAaTH4eCKOM YCTpoHcTBEe. MBI YBHIUM, YTO aKCHOMAarHyeckas CTPYKTypa 3THX
COBpPEMEHHBIX TEOPUH MoCTpoeHa He 1o MeToay [ nnbbepra, a ckopee o merony EBkinza (pasymeercs,
B INPHUHIUIMAIBHO HOBOH ¢opme 3Toro meropa). MIMEHHO mHOSTOMY S Has3blBal0 3TH TEOPHH
neoknaccuveckumu ', 3aTeM s IOKaXy, KAKMM 00pa3oM 5TH HEOKJIACCHYECKHE MATEMATHIECKHE TEOPUH
MOTYT OBbITh B HEPCIEKTUBE HCIONB30BaHbl (M y>Ke YACTUYHO HCHOJIB3YIOTCS) Ul MOCTPOCHHS HOBOM
peannucTHIecKoi PU3UKH.

B ormnnume or akcuoMarndeckod Teopur MHOXECTB Llepmeno-OpeHkens U Ipyrux CTaHAAPTHBIX
AKCMOMATUYECKUX TEOpUU akcuomaruieckas teopusi JlaBepa He Monb3yeTcsi HUKAKOM ‘‘TOTOBOIT”
JIOTHKOM, @ OIMCBIBAET TONOC KaK YHUBEPCYM, B KOTOPOM 3a/1aHbl OIIPEIEIECHHbIE ONEpaliii UMEIOIIHE
KaK JIOTUYECKYIO, TaK M T€OMETPUUECKYI0 MHTEpNpeTalnnto. [eomerpuueckas HHTEpIpeTanus 3THX
ormepanyii B HOBOW (popMe BOCIPOM3BOAUT MCXOJHOE MPEJAKCHOMATHYECKOE IOHATHE TOIOCA,
BBEICHHOE paHee B anreOpamyeckyio reomeTpuio A. ['poTreHaukoM 0e3 BCAKON CrenManbHON CBSI3H C
aoruxoi. CrienuduKalys CUCTEMbl JIOTHKH JIJIsl TCOPUH TOTIOCOB ITPH F'€OMETPUYECKOI HHTEpIpETaLN
JIOTUYECKUX TMOHSITHM TMpeBpalaercss B COeHUPUKALUI0 OCHOBHOTO OOBEKTa J3TOH Teopuu
(anemenTapHoro Toroca). Takoil Jorudeckuil popManu3M B TEOPUH TONOCOB HA3BIBAIOT GHYMpEHHel
noeuxol (maHHoro Tomoca). [loHsiTHE O BHyTpeHHeW JIOTHMKe T03BOJISET paccMaTpuBaTh TOIMOC He
TOJBKO KaK T€OMETPUYECKOE MPOCTPAHCTBO 0COOOT0 poja, B KOTOPOM MOXKHO CTPOUTH JajbHEHIINE
TeOMETPUYECKHE KOHCTPYKLIMHM, HO M KaK YHHMBECYM pAacCyXKICHUH, B KOTOPOM BBIIIOJTHUMBI
ONpE/IETICHHbIE JIOTMYECKUE oOmepanuu (IpUYeM KaKJOM JIOTMUECKOM OIlepaludl COOTBETCTBYET
ONpe/ieSIEHHOe TeOMETPHUECKOe MOCTPOEHHE). DTHM aKCHOMaTHyeckas TEOpHsl TOMOCOB HAllOMHHAET
reomerpuyeckyto Tteoputo “Hauan” Epxmmma [EBxmua 2011], [EBxmunp 1948], B koropoit
reOMETPUUYECKUE TIOCTPOEHHS TAKYKE UTPAIOT POJIb JIOTHYECKUX IIArOB JJOKA3aTeIbCTB.

OTa aHalorus ¢ TPaJULMOHHON TIeOMETpHEl CTaHOBUTCS elle Oonee OYEeBMAHOW B aKCMOMAaTH4YECKOM
meopuu 20MOMOnUY U3BECTHON TIO/T HA3BAaHUEM comomonuyeckou meopuu munog [BoeBonckuid 2013].
XOTs B TEOPHUHU TOIOCOB MPUHATO HEPOPMAIBEHO TOBOPUTH O PA3IUYHOTO POJia NOCMPOEHUsAX BOIIPOC
O KOHCTPYKTMBHOM WJIM HEKOHCTPYKTHBHOM XapakTepe 3TOM TEOpHUM SBISETCS Ha CaMoM Jiene
noBonbHO 3amyTaHHbIM [MakJlaptu 2006]. B sToM OTHOIIEHMHM CHUTyalusi ¢ TOMOTOITMYECKON
TeopHell TUIOB Tropas3no Oonee sicHas. B 3TON Teopuu NOCTUTAETCS TOUHOE COOTBETCTBHE MEKITY
CHHTAKCUYECKMMH KOHCTPYKIMSAMU KOHCTPYKTHBHOW Teopuu TuroB MaprunHa-Jlepa [Maprun-
JIéh 1984], ¢ omHON CTOpPOHBI, M DJIEMEHTApHBIMH OOBEKTAaMH TEOPHH, KOTOpPbIe HAa3bIBAOT
2OMOMONUYeCKUMU munamu, ¢ Apyro croponsl. C MOMOIIBIO 3TOIM TEOPHUH ee co3aaresb BoeBoackuit
NBITAETCA B HACTOSIIEE BPeMs MOCTPOUTH HOBBIE OCHOBAaHMS MAaT€MAaTHUKH, KOTOPHIE OH Ha3bIBAET
YHusanewmuolmMyu (MO0 WMEHHM EJUHCTBEHHOM JONOJHUTEIBHOW aKCHOMBI, KOTOpyro BoeBojckuii
nobapnser k Teopun MaptuHa-Jledpa.) Ecmm  Teopwro TumoB Mapruna-Jleha Bmecte C
JIOTIOJTHUTENIBHOM  aKCHOMOM  YHUBAJIEHTHOCTH JEHCTBUTENBHO MOXKHO CUMTATh YEM-TO BpOJE
YHHUBEPCAJIbHONW CUCTEMBI JIOTHKHU JUIsl BCeil MaTeMaTHKU (WM MO KpalHel Mepe NIl 3HAYUTEIbHOTO
(parmeHTa MaTeMaTWKH), TO MOCTPOEHHAs C MOMOILBI ATOM CHCTEMbI JIOTUKM T€OMETpHYECKast
TEOpHs TOMOTONHUII aBTOMAaTHMYEeCKH MpHoOpeTaeT Takoe >Ke (GyHAAMEHTAaJIbHOE 3HAYeHUe JUIsS
COBPEMEHHOM MAaTeMAaTHKH, KOTOPOE €BKIU0BA T€OMETpUs M apu(MEeTHKa MMela IS KIAaCCHYEeCKOH
MaTeMaTHKH.

[TombITKM MCHOMB30BaTh TEOPHIO TOMOCOB B (pM3MKe (BKIIOYAs KBAHTOBYIO TEOPHIO) HA4YalIUCh B KOHIIE
1990x ronos. Kparkuit 00630p 3Tux mombiTok MoxkHO Haiiti B [Pomun 2010]. Hopunr [dopunr 2007]
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ONHUCaHNE KBAaHTOBBIX ()EHOMEHOB OKa3bIBAECTCA B 3TOM CIyyae BO3MOKHBIM 0Jarofapsi MCIONb30BAHHUIO
BHYTPEHHEH JIOTMKHU MOAXOASAIIETO TONOCA, KOTOpas OTIAMYAETCS OT KJIACCUUECKON JIOTUKU MCTIOIb3yeMOn
B CTaHJAPTHBIX KJIACCHUYECKMX ONMCAHMAX pE3yNIbTaTOB KBAaHTOBBIX M3MEpeHMH. B camoe mnocnenHee
BpeMsi ObUIM TaK>Ke CJENaHbl NEpBbIC MONBITKA HCIONb30BaTh I'OMOTONUYECKYIO TEOPHIO THUIIOB B
KBaHTOBOM Teopuu noins [paiidep 2013].

3axnouenue

Eciu teopust TomocoB, romoronuyeckas TEOpUsS THUIIOB WM Jpyrasi (yHAaMeHTalbHas HEO-
KJIacCHYeCKasi MaTeMaTHuecKasi TEOPUsL CMOYKET J0Ka3aTh CBOIO A(Q(PEKTUBHOCTh B KAUECTBE OCHOBaHUSA
MaTeMaTUKU M MaTeMaTH4ecKoro OCHOBaHUs (yHAaMeHTalbHOW (PU3UYECKOU Teopuu, TO 3TO
OyzeT o3HauaTh MEPecTPOMKYy COBpPeMEHHOW (PU3MKHM WJIM IO KpallHel Mepe HEKOTOpOToO ee
¢dparmenTa mo (Heo)knmaccudeckomy oOpasily. [Ipu TakoMm TOJIOKEHWU Belledl OCHOBAHUS
MaTeMaTHK{ M OCHOBaHMA (PU3UKU OyayT MPOYHO CBSA3aHbI APYT C APYTOM, MOJ0OHO TOMY, KaK
5TO HMMENO MECTO B KJIACCHMYECKHX MATeMaTHUeCKUX U (QU3MYECKHX TEOpHUAX, a IPHEKTUBHOCTDH
MaTeMaTUKU B (U3UKe W JIPYTHX €CTECTBEHHbIX HayKax He Oyzer  Oonmblie Ka3aTbcCs
HEMOCTHXUMOM. DTO MO3BOJIUT UCIONB30BATh COBPEMEHHYI0 MAaTE€MaTHUKYy B (PU3UKe U JPYyrux
€CTECTBEHHBIX HayKax Oonee 3(deKTHBHO, 4eM 3TO MPOMCXOAUT B HacTosllee Bpems. Pasymeercs,
paziuuue MEXKJYy MareMaTHdyecKod ujaeanuzauued u  (U3HMUECKOU peanusanuen, MeEXIy
BO3MOJKHBIM U JIEHCTBUTEIBHBIM OIIBITOM, IIPH ATOM HUKYJ1a HE UCYE3HET U OCTABUT MECTO JJISI
HOBBIX PETYISITUBHBIX WHjeH, KOTopble obecredar AajdbHEMIINII Hporpecc B €CTECTBEHHBIX
HayKax.

Takasi mepcnekTuBa HEe fABISETCS HHM 4HMCTOM (aHTa3zued, HU NPOrHO30M OyAylIero pa3BUTHUS
coowiTHil. CKOpee 3TO mporpaMMa pa3BUTHSI HAYKH, KOTOpasi, C OJTHOU CTOPOHBI, OTIMPAETCSI
Ha BOCXOAALIYI0 K ODWHINTECHHY HIACK0 IPOTPaMMHOTO peaiu3ma, U C JAPYrold CTOPOHBHI,
IMPUHUMACT B pacucT HOBeUIINE HUCCIICIOBAHUS B 06HaCTI/I OCHOBaHMI MaTEMAaTHUKH.

Bompoc 0 TOM, SBIAIOTCA M T€ WM HHbIE TEOPETHYECKNE KOHCTPYKIIMHM peanbHbIMU (DU3U-
YEeCKUMU 00BEKTaMH HJTH K€ 3TO TOJIBKO YHO0OHBIE (PHKITUH BPOJIE MTONEMEEBCKUX DTTUITUKIIOB,
HE MOXXET OBITh pelleH C MoMoubio (Guiocopckoil CrEeKyIsIUU, HO MOXKET U JIOJDKEH B
KaKJOM KOHKPETHOM Cllyyae pemiaTbcsi METOAaMH SMIHMPUYECKOM HayKW. ODTO BHJIHO Ha
CIeNyIoIeM IpOoCTOM TIipuMepe. leorpaduyueckre MUPOTHI M MEPUAUAHBI  SBISIOTCS,
KOHEUYHO, yIOOHBIMI (DUKITUSIMH, KOTOPBIE MOJIC3HBI JJISI HABUTAINH U JPYTUX MPAKTUISCKUX
3aga4. OgHako FOxHBIM 1 CeBepblii [lomoca Ha1Iel miaHeTsl U e DKBATOP YKE HE SBISIFOTCS
(UKIMSIME B TOM K€ CMBICIIE CJIOBA, TTOCKOJILKY WX MOJIOYKEHHE Ha TOBEPXHOCTH TLIIAHETHI
onpezensercss GU3MIECKUMH CBOWCTBAMU 3€MJIH, KOTOpbIE HHUKAK HE 3aBHUCST OT 4YelOBEUYECKOil
JEATENbHOCTH. DTO pa3NMyie BOBCE HE SIBISCTCS CaMOO4YeBHAHBIM. UTOOBI €ro 000CHOBATH,
HEoOXOMMO CChUTaThCd Ha (PU3MYECKHEe 3HAHUs. DTHU 3HAHUS BKIIOYAIOT B cels CIOXKHYIO
CHCTEMY apryMEHTallul, B KOTOPOW HCIMOJIb3YIOTCSI KaK TEOpPEeTUYeCKUe apryMEHTBI, TaK U
IMIUPUYECKUE CBHUIETENHCTBA. 10 OOCTOATENHCTBO, YTO B COBPEMEHHBIX HE3aKOHYEHHBIX TEOPHAX
NPOBECTH TOYHYHO TpaHb MEXIY  peajbHbIM U (DUKTUBHBIM OKa3bIBAeTCS TPYAHBIM WJIH BOBCE
HEBO3MOXHBIM (TIPM COBPEMEHHOM ypOBHE 3HAHUSI), BOBCE HE O3HAYACT, YTO B COBPEMEHHOHN HayKe
3TO pa3jIMYUe MOTEPSIJIO CMBICI, U €ro 0oJbllie HE HYXKHO IbITaThbCs MPOBOIUTH. TeMm Oonee
HEyMECTHO, Ha MOM B3IVISIJ, UCTIOIb30BAaTh AJIA yX0a OT PELISHUS 3TO MpobieMbl Kakue-1uoo
¢dunocodckre MITM UCTOPUIECKUE OTTPABIAHHUSI.
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IIpumeyanus:



") Cm. B® N4 2015 r. Kak wu paHee 1moj HayYHBIM pPEajM3MOM 5 MOHMMAKO 3/€Ch HE
MeTapU3UUYECKYIO, a SMUCTEMOJOTHYECKYI0 JOKTPUHY, COITIACHO KOTOPOMl peamucTHYecKHe
TEOPUU TIPENICTABISIIOT co00i BhICHIYIO (hopMy (GYHIAMEHTAIFHOTO ASMIUPUYECKOTO 3HAHMS.
[ToHATHE pEamMCTUYECKONM TEOPUU S NMOHUMAKD B CMBICJIE OIPENENCHHUS JaHHOTO B IEPBOM
4acTH, pa3aen 3.

) Xots nociuenHuil  “kpu3uc ocHoBaHMI® B (pu3MKe OOBIYHO CBS3BIBAIOT C
dyHIaMeHTaTbHBIMU (DU3NYECKUMHU TEOPUSMH BBEACHHBIMH B HAy4HBIH 000poT y>ke B 20-M
BEKE - TEOpUEH OTHOCUTEIHLHOCTH M KBAHTOBOW Teopuei - B 1907-m romy Peit roBoputr o
“Kpu3uce COBpeMeHHON (u3uku”’ uMess B BHIY Toibko (u3uky 18-19-ro Beka BKIirOUas
TEPMOJMHAMUKY M Teopuio 3iekTpomarHerusMa [Pait 1907]. IlpumepHo B TO >Ke BpeMms
BBIXOIUT (pyHIameHTanbHbIl Tpyn rorema [[rorem 1906], B KOTOpoM peub TakyKe ele He
UJET HU O TEOPUH OTHOCUTEIBHOCTH, HU O KBAHTOBOM T€OpUHU. AHAIU3UPYS pa3BUTHE PUIUKU
B 19-m Beke [ltoreM mNpuUXOOUT K BBIBOAY O TOM, YTO 3aJa4ya MaTeMaTH3UPOBAHHOTO
€CTECTBO3HaHMS BOOOHmIE M (U3UKM B YACTHOCTU COCTOMT HCKIIOYUTENBHO B ‘‘CIIACEHUU
apnenuit” [[rorem 1908], To ecTh B TOM, YTOOBI CTPOUTH MaTeMaTHUYECKHE MOJEIH SIBICHUU
MO3BOJISIOILIME JIENaTh MpaBUIIbHBIE 3MIIMPUUECKHE IpeJcKa3aHus. Bompoc o cBsI3u Mexay
ABJICHUSIMU M PEAlbHOCTBIO U JpyTHUe MOJ00HbIE BOMPOCH! J[foreM CUMTaeT BBIXOASIIMMHU 3a
paMKy KOMIIETEHIIMH HAYKH U OCTaBIISIET UX MeTapU3UKe.

*) HezaBucumo ot J{rorema Paccen npuMepHO B TO Ke BpEMsl MPUXOAUT K AHAIOTUYHBIM B3IV aM
Ha MeTa(U3UKy ONHMPasCh HA COBPEMEHHYIO €My MAaTEMAaTHKY, KOTOpas IO €r0 MHEHHUIO HE UMEeT
HMKAaKOI0 MPsMOTr0 OTHOIIEHUS K (pU3MKe, HO 3aTO MMEET CaMoe HEMOCPEACTBEHHOE OTHOILICHHE K
noruke [Paccen 1903]. CBoro MeTadu3nUECKyt0 JOKTPUHY, KOTOpas CYLIECTBEHHO ONMUpAETCs Ha
HOBelIMe (Ha TO BpeMsl) pe3yibTaThl MaTeMaTH4ecKoi Joruku, Paccen HazpIBaeT “JIOTMYECKUM
aromuszmom” [Paccen 1918]. Kak u {rorem Paccen paccmarpuBaer 31ech MeTau3UKy B KauecTBE
JIOTIOJIHEHUSI K HayKe (B JaHHOM Ciy4ae - K JIOTUKE U MaTeMaTHKe), a HE B KayeCTBE MOCIIEAHET0
OCHOBaHMs Hayku. OnHAKO Takoe MOAYMHEHHOE IOJIO>KEHHEe MeTa(pU3MKH MO OTHOIIEHUIO K
Hayke y /[rorema u Paccena BoBce HE 03HA4aeT, 4YTO OHM 00a roBOPAT 0 MeTapu3UKe B KAKOM-TO
HOBOM CcMbICIe ciioBa. Kak ¥ B ciyyae TpaJWIMOHHOW MeTapU3WKU BOCXOINIEH K ApPHCTOTEIIO
pedb UAET O TMOMBITKE JaTh OTBET Ha BONPOC O TOM, KaK YCTPOEH PEajbHBI MHUP, C TIOMOIIBIO
HEKOTOPOM CHEKYJIATUBHOW JIOKTPUHBI, KOTOpas MOXET He(OpMaIbHO COIIACOBBIBATHCA C
(yHIIaMEHTAJIbHBIMU €CTBEHHOHAY4YHBIMM TEOPUSAMH, OOBIIIEHHBIM OIBITOM U €CTECTBEHHbIM
A3BIKOM, HO KOTOpasi IIPU 3TOM 3aBEIOMO HE JOIyCKaeT ONBITHOM NMpoBepKU. braronaps lroremy,
Pacceny W uX MHOrO4YMCIeHHBIM THocienoBarensiM B 20-M Beke MeTadu3MKa CTana BHOBb
pecrekTabenbHoi (rnocodckol MUCIMIUIMHONW, OCOOCGHHO B paMKax TPATUIIUN aHATUTHYECKON
¢unocoduu (cMm. Hanpumep [Tammant 2011]).

) ITompobHOE 060CHOBaHKE ITOrO TE3KMCA TPEOYET OTAEIBHOIO HCTOPHIECKOTO UCCIIEI0OBAHUS.

*) “[O]4ueBuaHO, YTO BCSIKAsi TCOPHS 3TO HE Oolee, YeM CXeMa MOHSITHI CBA3aHHBIX MEKIY COOOM
HEKOTOPbIMH HEOOXOIUMBIMH OTHOIIEHUSIMHM, M 4TO 0a30BbIE 3JIEMEHTbl, K KOTOPHIM IPUMEHSAETCS
9Ta cxeMa, MOTYT OBITh KaKuMU yrogHo. Eciu st Oyay TymMaTh O MOMX TOYKaxX Kak O MPOU3BOJBHOM
CHUCTEME Belllel, HallpUMep, KaK O CHCTEME COCTOSIIEN M3 JI00BH, 3aKOHA U TPyOOUHCTa, a 3aTeEM
UHTEPIPETHPYI0O MOM AKCHOMBl KAaK OTHOIICHUS MEXIY STHMH BEIIaMH, TO MOH TEOPEMBI,
Hanpumep Teopema Iludaropa, Oyaer HCTHHHOM 1 JUIs 9THX Bewell. ” (uuT. no [Ppere 1971], p.13,
TIepeBOI MOKA)

%) I'unb0Oept He MoNB3yeTCst 3TUM TEPMUHOM, KOTOPBIH CTajl OOLIENPHHATEIM B MATEMATHIECKON
JOTHUKE TOJBKO Tocie padbot Tapckoro [ Tapckuit 1941].

7) Bosee oGcToATENBLHOE 00CYIKICHIUE TEOPHHU TOMIOCOB U TOMOTOIIMYECKON TEOPUH THIIOB C
AKCMOMAaTHUYECKOM TOUKHU 3pEHHSI MO>KHO HalTH B Moeit MoHorpaduu [Pogun 2014] u crarse
[Pogun 2014a].



