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1. BBengenue

TepMmun «HecTaHIApTHBIN aHaIn3y» BO3HUK 50 jeT Hazaxa. Tak ObLIa O3aryiaBiaeHa CTAThs
Abpaxama Pobuncona (1918-1974), B KOTOPOii OH J10KA3aJI, 9TO HPEJCTABICHNs 00 aKTyaJlb-
HBIX OECKOHEYHO OOJIbINX M OECKOHEYHO MAJIbIX BEJINYMHAX HUKAK HE MPOTUBOPEYAT COBpPE-
MEHHBIM MaTeMaTHYeCKuM Bo33penusiM. B camom komme 2011 r. B m3marennctBe «Haykas
BbinIa KHura «MHpuHUTE3nManbHbINl anan3: u3dbpaHHbIe TeMbl», HamucanHas E. W. Top-
noroM, A. I'. Kycpaeeim u C. C. Kyrarenajze, orpasuBiiast psiji MOCJIEIHAX HUCCTIE0BAHUIT
9TOM HOBOI MaTeMaTUYeCKON TEXHOJIOI'UHU.

Kuaura cocrout u3 uerbipex riaB. B riaBe 1 mam 9KCKYPC B UCTOPHUIO MATEMaTUIECKOTO
ananuza. Otpaxkenb! nojymaable Bo33penus: [. B. Jleiibnuna u V. Heiorona, JI. Ditrepa,
Jx. Bepkmu, 2K. /I’Anambepa u JI. Kapuo, B. Bosbmano, O. Komu u K. Beitepmrpacca,
H. H. Jlysuna u A. Pobuncona. B rmase 2 maercss OpHeHTHPOBAHHOE HA MaCCOBOTO UHUTATE-
JIT M3JI0ZKEHNEe HAWBHBIX OCHOB MH(MOUHUTE3UMAJIBHBIX METOJOB. B riaBe 3 Ha cOBpeMEHHOM
YPOBHE CTPOI'OCTHU JIAHBI OCHOBHBIE TEOPETUKO-MHOXKECTBEHHBIE (DOPMAIM3MbI HECTAHIAPTHOTO
aHaJIn3a — TEOpHUsl BHYTPEHHUX MHOXKeCTB HejibcoHa, Teopuu BHEITHUX MHOXKECTB, HECTAH-
JlapTHAsT TEOPUsi KJIACCOB M TEOPHs] OTHOCUTEIBHO CTAHIAPTHBIX MHOXKECTB. IJTH TJIABBI CO-
CTaBJISAIOT TIOJTHOE U HE3ABUCHUMOE BBeJIEHNE B METO/IBI HECTAHIAPTHOTO aHAIN3a KaK Ha HAWUB-
HOM, TaK ¥ Ha CTPOTOM JIOTHIECKOM YPOBHSIX.

OcrajibHasi 4aCTh KHUT'H [TOCBSIIECHA IPUJIO2KEHUSAM NUHPUHATEINMATBHBIX METOJIOB K PSIJTy
COBPEMEHHBIX IIPOOJIEM APYIUX MaTeMaTUdecKuX auciuiind. [J1aBa 4 mocBsinena MOHAIAM
B 00r11eit Torosiorun. [iaBa 5 3HAKOMUT C UCIOJIb30BaHUEM HWH(MOUHUTE3UMAJILHBIX METOJIOB B
cybmuddepennuaibHOM UCIUCICHUN W MaTeMATHIECKOM IporpaMMupoBanuu. [yaBer 6 u 7
[IOCBSIIIIEHBI HOBEUIIEH TEXHUKHU TUIIEPAINIPOKCUMAIUH, T. €. H3yUEHUsS OCCKOHETHOMEPHBIX
[IPOCTPAHCTBA U YPABHEHUN B HUX C MOMOIIBIO MTOT'PYKEHNUS B KOHETHOMEPHBIE ITPOCTPAHCTBA
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b6eckoHeIHO 6OJIBIION pasMepHocTr. Ocoboe BHUMAaHUE YJIEJEHO TeXHUKE TUITEPAIIPOKCAMa-
MUY B TAPMOHUIECKOM aHAJIHI3E.

3aBepIiaeT KHATY TJiaBa 8, B KOTOPO# COOpaHBI YIIPaKHEHUs] W 3aJIa9d JIJIsT CAMOCTOSI-
TEeJIbHON pabOThI YNTATEIA, & TaAKXKe CPOPMYIUPOBAHBI HEKOTOPBIE HEPEIIEHHbIE ITPOOIEMbI 1
TEMbI JIJIS JAJIbHEHIINX UCCIICIOBAHNI.

2. Peabunuraiius n gemuctudukamus
MHQPUHUTE3NMAJIbHBIX METOI0B

Hecrannaprubiit anan3 HAIUX JHEi 9aCTO BOCIPUHUMACTCS KaK HOBAs JUCIIUATLINHA, TTPe-
TEHIYIOINAas 3aHATh MeCTO JTudHEepeHIInaIbLHONO U HHTEMPAJILHOIO HcunucaeHue. B 31oit cBs3u
YaCTO 3ByYaT CYXKJIEHHUS O TOM, UYTO HECTAH/IAPTHBIN aHAJU3 HAUYErO0 HOBOI'O B HAYKYy HE BHEC
[0 CPABHEHUIO C KJaccuueckuM anajn3oM. [loj kjaccuueckuM aHaJIM30M TOHUMAIOT IIPHU
9TOM TOCIIOJICTBYIOIIYIO B IIPEIOJIABAHUN €r0 SICUJIOH-/IeJIbTa Bepcuio. VIMEHHO ¢ Helfl CBSA3bI-
BAIOT PEBOJIIOIMOHHBIE TIepeMeHbI eBporeiickoro muposoz3penus: X VII-XVIII BB., cBazanmbie
¢ orkpoitusivu Heioron u Jleitbuuma. IlomobHble BO33peHUsi OCHOBAHBI HA HEJIOPA3YMEHHH.
Hecranmaprabiii anajan3 — mpsiMoil HaCJAEIHUK MHMUHATE3IUMAJILHOTO aHAIN3a, OH peabuIu-
TUPOBAJI U JIEMACTUDUITUPOBAJ AKTYAJIHHYI0 OECKOHETHOCTh B MATEMATHKE U €CTECTBO3HAHUM,
BEPHYJI MHOT'E WHTE/JIEKTYa IbHbIE TOCTIKEHUS IIPOILIOr0 B HAYKY HAIIUX JIHEIH.

Bek Ilpoceerienusi — 31moxa MUKPOCKOIIA M TEJECKOIa, 0DUTEIb HECKOHETHO OOJIBIITNX U
OECKOHEYTHO MAaJIbIX BEJIUYNHO, TOUCK CJIJIOB O0KECTBEHHOI'O ITPOMBIC/IA B JIyUIIIEM 13 MUPOB.
Maremaruka IIpocBerniennst — nHGUHNTE3NMATBHBIN aHAIN3, OCHOBAHHBIH Ha CBOOOIHOM CHH-
Te3€e aKTYAJBHBIX U MIOTEHIIUAIHHO OECKOHEUHBIX BEJIMYIUH U IIPOIIECCOB. Y IIPOICHHBIN B3IVIST
Ha MATEMATHUKYy, OCHOBAHHBIA Ha, SICUJIOH-IEIBTH3ME, 3AIPETU/I UCIOJIb30BATh AKTYAJIbHYIO
b6eckonedHOCTh. Tem caMbiM MaTeMaTwKa ObLIa O0OE/HEHA, OTOPBAaHA OT CBOEH UCTOpUHA U
[IPOTUBOIIOCTAB/IEHA ITPAKTUKE €CTECTBO3HAHUSI.

Metosbr Ditepa 00bsIBJIEHBI HECTPOIUMU UJIU JayKe HEBEPHBIMU. BpeMeHHbIe TPYIHOCTH
B 000CHOBaHWMM OBbLIH abOCOTFOTU3UPOBAHBI U JOCTHXKEHUs Diijiepa CTajll TPaAaKTOBATH KaK Ie-
HUAJIbHBIE, HO HEJOKA3aHHbIE O3apeHusi. MareMaTuk — TOT, KTO OTJIUYAET JIOKA3aHHOE OT
HEJIOKa3aHHOrO. Taby Ha MH(PUHUTE3NMAJIM BBIBEJIO Diljlepa U3 ducjia MaTeMaTukoB. PakTu-
YecKu Dilyiep KaK MaTeMATHK ObLT PeabMIMTHPOBAH TOJBKO B paMKaxX HECTAHIAPTHOI'O AHAJIU-
3a. BrurtoueHnue Hacjequs Diljiepa B COBPEMEHHYIO HAPaJIUTMy MATEMATHKU — BbIIAFOIIIIICS
BKJIa/J] HECTAH/IAPTHOTO aHAJIM3a HAINX JHEH.

3. Bo3poxjaeHne MOHA 0JIOTUHT

Hecrannaprubiit anain3 mopoau HECTAHIAPTHYIO TEOPUIO MHOYKECTB, OCHOBAHHYIO HA HC-
[I0JIb30BAHUU HOBOT'O TIEPBUYHOIO HEOIPEJE/ISIEMOr0 MPEINKaTa — CBOMCTBA O0BEKTA M3yUe-
HUs OBITH WM He ObITH cTanmapTHbiM. PDakTHYecKun MaTeMaTUKa BEPHY/IACh K CBOUM aHTHY-
HBIM HUCTOKaM, B KOTOPBIX OHa 0a3MpPOBaJIaCh HA JBYX IMEPBUYHDLIX MOHITUAX — TOYKU U MOHA~
gapl. Ilpu aToM HecTaH ApPTHBIN aHAN3 0DOraTU/I TEXHUKY MATEMaTUIECKUX JTOKA3ATETHCTB
OPUHITUIAMEA UICAJTU3ANNNA W CTaHIAPTU3AIuU. TeXHOJOIu: HEeCTAHIAPTHOIO aHaIu3a CYIIe-
CTBEHHO YIIPOIIAIOT JIOKa3aTeJIbCTBA, TaK KaK COJEPKaTh aKCHOMBI, ITO3BOJIAIONIE MEHATH
KBAHTOpHbBIE NpucTaBKu. Ha 3TOM myTu BO3HUK/IA COBPEMEHHAS MATEMATUYIECKAsT MOHAJI0JI0-
rusl.

Ucrounukom umeit JIefibuuiia cryKuan reoMeTpudecKne BO33PeHus aHTUIHOCTH, KOTOPbI-
MH OH BocTopraJicd ¢ merctBa. Monana EBkinia — MaTeMaTwdaecKuii MHCTPYMEHT HCUHUCTIE-
HUs, TAPHBIH aToMy reomerpun — Touke. Martemarnka EBkimma — mpousseseHune yejoBede-
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ckoro myxa per se. Monanpr Jleitbuuiia, BckopMm/ieHHble ero MeuToit o calculemus, — yuusep-
CAJIbHBIN MHCTPYMEHT TBOPEHHU, ITO3HAHNE KOTOPOTO IIPHUOOIIAeT IeI0BeKa K O0KECTBEHHOMY
IPOMBIC/TY B CO3JIAHUU JIYUIIEr0 U3 MUPOB.

Touka u MoHaJa B JIPEBHOCTU — HE3aBUCHUMbBIE (DOPMBI, IIPEJICTABICHUs O HEJIEIUMbBIX Ha~
gayiax uryp u uncesi. Obe niien MpoIHO BCTPOEHBI B KOHIIENIINIO YHUBEPCATBHOTO ATOMU3MA.
B ocHoBe mepBuYHOIO mpeICTaBIeHNS O MPSIMO ¢ CAMOIO HadaJIa, JIEXKUT ee JIBOMCTBEHHAsT —
JIMCKPETHO-HEIPEePhIBHAS — MPUPOJA. JIeiOHuUIl npugasl IpeBHell TeOMeTPUUIECKOil njee yHU-
BepcajibHOe 3HAYEHNEe, YBUIAEB B Hell OOKECTBEHHBIN ITPOMBICEII.

[To Onpenenennto I Kauru VII «Hauan» EBkimia monana — «ectb [To] gepes aro kaxioe
13 CYIIECTBYIOMMX cunuTaerca eauabiMy. Oupenenenne 11 rracur: «Ywuceso ke — MHOXKECTBO,
COCTaBJIEHHOE M3 MOHAaI». B M3BeCTHBIX Imepepoax TpakTaTa EBK/IMIa BMECTO TEPMUHA «MO-
HaJa» HCIOJb3YETCsI CJIOBO «EIUHUIIAY.

CoBpeMeHHOMY YHTATENI0 TPYJHO MOHSATL, HmodeMmy Bblaaformuiica ckentuk III B. Cekcr
OMIIMPUK IPU U3JI0KEHUU MaTeMAaTUYECKUX BO33PEHUN CBOUX IPEIINECTBEHHUKOB IIUIIET:
«IIudarop roBopmi, 9T0 HAYAJIOM CYIIETrO SIBJISAETCA MOHAJA, IO MPUIACTHOCTH K KOTOPOI
KaXxKJ0€ U3 CYIIero HasblBaeTcs oauumM». U jgasee: «Toduka yCTpOeHA IO TUITY MOHAJIBI, BEIb,
KakK MOHAa/Ia €CTh HEUTO HeJIeINMOoe, TaK U TOUKa, U, KAK MOHAJIa eCTh HEKOe HAavuaJjI0 B YUC/Iax,
TaK U TOYKA €CTh HEKOEe HAYAJIO B JIMHUAX». A BOT elle CyKIEHHe TOIO YK€ poja, KOTOpPOoe
COBCEM HE CJIO2KHO MIPUHATH 3a 1uTaTy u3d «Monajgomoruny Jlefibuuia: «eauHoe, MOCKOJIbKY
OHO €CTh eJUHOe, HeJeJTUMO, M MOHAa/a, ITOCKOJIbKY OHA €CTh MOHaJa, He JenuTcs. Viam ecim
OHA JIEJINTCA Ha MHOI'O YacTell, OHA CTAHOBUTCI COBOKYIIHOCTBIO MHOTHX MOHAJ, & yKe He
[rpocTo| MoHaI0m05.

CrouTr MOSICHUTD, YTO JPEeBHUE MOHUMAJIM OCOOBIN CTaTyT HadaJa cdera. /[ljisg Toro 9ro-
OBl [IEPEYNC/IATH, HAJ0 000COOUTDH MIEPEUNC/IsTEMbIE CYIHOCTH M TOJBKO IIOTOM COIOCTABUTD
UX C CHUMBOJIMIECKUM PSIJIOM UHUCJIUTEIbHBIX. MBI IPUCTyIIaeM K CUYEeTy TeM, UTO «MHOI'Oe
JesaeM ennHBIMy». Ocobasi pojib aKTa Hadaja cUYeTa HAIllIa OTPAyKeHWe B MOYTU ThICAIe/IeT-
HEM JIICITyTEe O TOM, CUUTATH €JMHUILY (M MOHJLy) HATypaJbHbIM uncjaom uin Hetr. Ceiiuac
HaM KayKeTCsl 9pe3MepPHOi 0cobast MEeNeTUILHOCTD B BBIIEJICHUN CIIEINAIbHON POJIN €IMHUIbI-
MOHAJIbI KaK aKTa Hadaja cuera. Mexk 1y TeMm Tak ObLIO JaJIeKO HE BCErJA.

MaremaTuieckas MOHAIOJIOIUsSI BO3HUKIIA B paborax B. JliokcemOypra, mpeioyKuBIIero
HOBBII ITOIXO0J, K 001Ieit Tonosorun. LlenTpasbabiM B Teopun JI1okceMOypra sBJIsieTCs ITOHSI-
THE MOHA/IbI CTAHIAPTHOIO (PUILTPa — BHEITHEI'O MHOYKECTBA, IPEICTABJISIONIEr0 Iepecede-
HIe BCeX CTAHIAPTHBIX 3JeMeHTOB PuabTpa. [Ipn 3ToM nCXomaHbIi (PUIBTP BOCCTAHABINBAET-
cs KaK CTaHIapTH3alldsl BHEIIHENO MHOXKECTBA HaIMHOXKECTB CBOeil MOHaIbl. MOHaI0I0THsA
[TO3BOJISIET WHIWBUIYAJM3UPOBATL BAXKHEHIIEe TOMOJIOruYecKue moHsTus. Hampumep, Bo3-
HUKAET MOHSITHE OKOJIOCTAHIAPTHON TOYKH, T. €. JIEMEHTa MOHAbI HEKOTOPOH CTaHIapTHON
Touku. [Ipm 3TOM CTaHIZAPTHOE MHOXKECTBO OKA3BIBAETCS KOMIIAKTHBIM B TOM U TOJIBKO B TOM
clydae, ecld KaXkKIasd €ro TOYKa OKOJIOCTaHIapTHa. PaBHOMEpHAs CXOAMMOCTH BO3HHKAET
KaK IMMOTOYEUHAs CXOAMMOCTH B KaXKJI0H TOYKE CTAHIAPTHOIO MHOXKECTBA, UTO PACKPBHIBAET
HaM UHTYUTHBHBIE IpejcTaBeHust Kol o crpoeHn KOHTHHYyMa.

4. TeHOeHIIUU U MEPCHEKTUBDI

Ob6o3peTh pacipocTpaHeHne Wil HECTAHIAPTHOIO aHAJN3a HE MPEJCTABJISIETCST BO3MOXK-
HBIM, POBHO TaKXKe KaK HEBO3MOXKEH 0030p HpujioKeHuil quddepeHInalbHOro U UTErpaib-
HOT'O UCYUCJICHUS WA TeOpuH BepogTHocTeil. PobuucoHoBCKuil (hopMaim3M HCIOIbL3YETCs B
MaTeMaTUYeCKO KOHOMUKE, MEHEe/[ZKMEeHTe, I'MJIPOJIMHAMUKE, MOJIEJIUPOBAHUH, IIPOrpaMMU-
posanuu, ontuMusaiuu. Gopmaan3M Teopun BHyTPEHHUX MHOKecTB HesibcoHna cyIecTBeHHO
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pacmupu U 000raTua METOMOJIOTUIO U cdepy NPUIOKEeHUH HecTaHmapTHOro aHajn3a. Ho-
Basl HapaJirMa CBsI3aHa C [IEPEMEHON TOYKM 3PEHUsT Ha KJIACCHYECKUH KOHTHHYYM. B Teo-
pun HeJIbCOHa I/IHCI)I/IHI/ITGSI/IM&.HI/I KUBYT BHYTPU €IMHUIHOTI'O MHTEPBaJia, a HE B €ro HECTaH-
JapTHOM pacinupennn. Heb3st He OTMETHTH peabu/IMTallni0 YaCTOTHOIO Moaxoda Mmseca,
OCyIIeCTB/IEHHYI0 HeJIbCOHOM B €ro KOHIIEIIUU «PaIUKaJIbHON 9JIEMEHTAPHON TeOpUU Bepo-
arHocreily. Teopun BHEMTHUX MHOXKeCcTBa XpbOadeka n Kapanm pacimupuin BhIpa3suTeIbHBIE U
TEXHUIECKHE BO3MOXKHOCTH HECTAHIAPTHOIO aHAIN3a, O0bEINHIB JOCTOMHCTBA (POPMAaIU3MOB
Pobuncona n Hembcona.

MaremaTnka 00si3aHa OCTOSTHHO IIPUCIOCAOJMBATDL ceOsT K OOIUM IapajurMaM HayKH.
Hecranmaprablit aHa/M3 3aBepiiaeT JOIMATHIECKAN STall Pa3BUTHUS neil IpeBHEro MaTeMa-
THYIECKOI'0 aTOMU3Ma, TI0JI00HO TOMY, KaK BooOpazkaemas reomeTpus JIo0aIeBCKOTro 3aBEpIIIIa
,ILOI‘M&TI/ILIGCKI/II.;I 9Tall Pa3BUTUA eBKHHﬂOBOﬁ reomMeTpun.

XX BeK 03HAMEHOBaH OCBOOOXKIECHUEM YEIOBEYECTBA OT JIOIMATH3Ma M THPAHUH €IUHO00-
pasus. Hanosinenuslit rpemyyeil cMechio TpuyM@OB I'€HUsl U 3JI0eCTBa, IPUCYIIUX ITOIYJIs-
nnn home sapiens, XX BeK 0CTaHETCsSI B ICTOPHUM HE 3IIOXO# JIFOTON HEHABUCTH W KAHHUOAII3-
Ma, a IePUOIOM OCBODOXKIEHUST UeJIOBEUECTBa OT (aTaan3Ma, KATerOPUIHOCTH, aOCOIOTH3MA
1 JoMuHUpoBaHus. HecTanmapTHBIA aHaIN3 — IPOAYKT M UCTOYHUK CBOOOIIBI.

YeroBewecTBO HUKOIA HE PACCTAETCS CO CBOMMHU HHTEJIEKTYAJIbHBIMA COKPOBUIIAMIU.
TlosToMy HecTammapTHLIN aHAIN3 B TOW min WHOU (hopme OyIeT «aHAJIU30M OYIyIIEro», Kak
npejckasbiBagl ['éers. Ho y Hac Her ocHOBaHwMit caurarh, 9To ucauciaernne Hoorona u JIeio-
Hutia OyIeT UrpaTh KJIIOYEBYIO POJIb B (DOPMUPOBAHUU MUPOBO33PEHUS OYIYIITUX ITOKOJJEHUN.
Tenepemmuune pusndeckne B3Il KMEIOT MaJIo OOIIEro ¢ AaTOMU3MOM JIpPeBHUX. MBI BoCcIIpu-
HUMaeM 3aKOHbI MUKPOMHPa B paMKaX KBaHTOBOI MeXaHUKHU U IIPpUHITUIIa HEOIIPpEeAeJIEeHHOCTH,
qy2KJIBIX apUCTOTEJIEBO JIOTWKe. BesmecyIuM craj MpoIece AUCKPETH3alud U KOHCTPYK-
TUBU3AIUN TPUKJIATHON MaTEMATUKH, MOPOXKJICHHON TEXHOJOTUAMU OMHAPHBIX (PU3MIECKIX
YCTPOMCTB.

Cnabasi BoCTpeOOBAHHOCTH COBPEMEHHOI'O MH(MDUHUTE3UMAJILHOIO aHAJIM3a CBA3aHA HE
TOJIBKO C HEXBATKOM HOBBIX YYEOHMKOB M KOHCEPBATH3MOM M HEBEXKECTBOM IIPEIOIaBaTE I,
Kopoue rosopst, mpobjema 3/1ech B cTaTyce KJIaCCHIECKOr0 MCUYHMC/ICHHSsI, 8 He B COBPEMEHHBIX
[IOJIX0/IaX HECTAHJIAPTHON TEOPUU MHOXKECTB.

HecranmaprHbplii aHa/Jm3 BO3POXKIAeT HA HOBOM 3Talle JUAJIEKTUIECKUE ITPEICTABICHUST
JAPeBHUX O CTPOCHUU MaTeMaTHUYICCKUX O6'beKTOB, BO3BpalllaeT HaC K U3BE€YHBIM HpO6JIeMaM
MBIIIJIEHUS, OCBOOOXKIAET OT JOIMaTH3Ma M 3a3HaiicTBa. B 5ToM ero Hem3ObIBHAs I'yMaHU-
CTU4YeCKasd IMEeHHOCTD.

Cmamwvsa nocmynuaa 11 mapma 2012 e.
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This is a short invitation to nonstandard analysis on the occasion of the publication of the book
“Infinitesimal Analysis: Selected Topics” by E. I. Gordon, A. G. Kusraev, and S. S. Kutateladze.
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