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MoTtusauyun

KorunTueHble Hayku n maTematuka (Bcneg 3a TBY)
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MoTtusauyun

KorunTueHble Hayku n maTematuka (Bcneg 3a TBY)

» Gedanken ohne Inhalt sind leer, Anschauungen ohne Begriffe
sind blind (Kant, KRV)
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MoTtusauyun

KorunTueHble Hayku n maTematuka (Bcneg 3a TBY)

» Gedanken ohne Inhalt sind leer, Anschauungen ohne Begriffe
sind blind (Kant, KRV)

» KOrHUTMBHbLIE aCNEKTbI NOHSATUHOIO MbILUIEHUS.
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MoTtusauyun

Copepxatne:

MoTueayun

OnTrka MaTeMaTUYECKNX MOHATUN

Bknag Ditnepa B Tonosnornto

Tononoruyeckas ontmka
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OnTuka maTeMaTu4eckmx NOHATUIA

HE onTtuka

VYcnewHoe npuMeHeHne B HayKe MaTEMATUHECKNX MOHSTHIA,
KOTOpble paHee HUKAK He BbLIN CBA3aHbI C AaHHON 0bNacTbIO HayKu.

Cp. E. Burnep 1960: “HenocTuxnmas 3¢ppekKTUBHOCTL MaTeEMaTNKK
B €CTECTBEHHbIX HayKax'
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OnTuka maTeMaTu4eckmx NOHATUIA

Mysterium Cosmographicum 1596 (Ha ocHoge
resIMOLEHTNPUHECKOR cncTemsbl KonepHuka):
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OnTuka maTeMaTu4eckmx NOHATUIA

Astronomia nova Aitiologitis 1607:

MnaHetbl gBrXyTCs Bokpyr CosiHUA MO AINNTUHECKUM
TpaekTopusiM; ConHue HaxogMTcs B 0fHOM 13 hokycos (nepBsbiii

'

Circle Ellipse
Parabola Hyperbola
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OnTuka maTeMaTu4eckmx NOHATUIA

OCHOBHOE Ka4YeCTBO ONTUMKN MAaTEMATUYECKUX MOHATWI

YHuBepcanbHOCTb 0b30pa (BkItoHasi BHEMaTeMaTUYECKNiA
cbu3nyeckuii onbIT)
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OnTuka maTeMaTu4eckmx NOHATUIA

BazoBble 31eMeHTBI ONTUKM MAaTEMATUYECKUX MOHSATUIA
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OnTuka maTeMaTu4eckmx NOHATUIA

BasoBble aneMeHTbl ONTUKN MAaTEMATUYECKNX MOHATUN
(HaTypanbHOe) 4ucio n cyert
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OnTuka maTeMaTu4eckmx NOHATUIA

BazoBble 31eMeHTBI ONTUKM MAaTEMATUYECKUX MOHSATUIA

(HaTypanbHOe) 4ucio n cyert

prr—r——

W+e=

/,
[=]
2 + 1 = 3
) — o
.)+‘ -
3 + 2 = 5

BENNYMHA ([AeCTBUTENIBHOE YUCNO) U N3MEpPeHNe

A B

]
AC_h
AD

| 2 I

D C

Anppen Pogun OnTuka MaTeMaTU4eCKUX NOHATUIA U TOMOMOrMYECKUA aHan



OnTuka maTeMaTu4eckmx NOHATUIA

Eskn naoBa ONTUKa: 3NnMLUnKbl

Eiuclid, Elements, c. 300 B.C.
Ptolemy, Almagest, c. 140 A.D. : cw(ewv Tar pauvoueva
(cp. pasnoxerue B psg Pypbe)
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OnTuka maTeMaTu4eckmx NOHATUIA

Eskn naoBa ONTUKa: 3NnMLUnKbl

D. Park : In the midst of all this empiricism sat the ghost of Plato,
legislating that the curves drawn must be circles and nothing else,
and that the planets and the various connectiong points must move
along them uniformly and in no other way.
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OnTuka maTeMaTu4eckmx NOHATUIA

HbtoToHoBa onTuka: goitoaHTbl 1 ditoKCHm

HobtoToH JleitbHuuy 24 okT. 1676:

| cannot proceed with the explanations of the fluxions now, | have
preferred to conceal it thus: 6accd?13eff7i319n404qrr4s8t12vz
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OnTuka maTeMaTu4eckmx NOHATUIA

HbtoToHoBa onTuka: goitoaHTbl 1 ditoKCHm

HobtoToH JleitbHuuy 24 okT. 1676:

| cannot proceed with the explanations of the fluxions now, | have
preferred to conceal it thus: 6accd?13eff7i319n404qrr4s8t12vz

Pacwudposka Bannuca:

Data aequatione quotcumque, fluentes quantitates involvente,
fluxiones invenire, et vice versa.
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OnTuka maTeMaTu4eckmx NOHATUIA

HbtoToHoBa onTuka: goitoaHTbl 1 ditoKCHm

HobtoToH JleitbHuuy 24 okT. 1676:

| cannot proceed with the explanations of the fluxions now, | have
preferred to conceal it thus: 6accd?13eff7i319n404qrr4s8t12vz

Pacwudposka Bannuca:
Data aequatione quotcumque, fluentes quantitates involvente,
fluxiones invenire, et vice versa.

[MepeBog Ha COBpeMEHHbI MaTeMaTUYECKN A3bIK:
PewaTb andbeperymanbHble ypaBHeHnst (B TOM 4MCe B 4aCTHbIX
Npoun3BoAHbIX)!
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OnTuka maTeMaTu4eckmx NOHATUIA

HbtoToHoBa onTuka: goitoaHTbl 1 ditoKCHm

Newton 1671, onybnukoeano B 1736 nocne cmepTu asTopa!

Those Quantities which | consider as gradually and indefinitely
increasing | shall hereafter call Fluents or Flowing Quantities... The
velocities by which every Fluent is increased by its generating
Motion | may call Fluxions or simply Velocities or Celerities.
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OnTuka maTeMaTu4eckmx NOHATUIA

VpasHeHns Haebe-CTokca u nccnefoBaHus karmMaTa

no umenam C.L. Navier 1821 n G.G. Stokes (in 1840s).

2000 $1M Millenium Problem (oaHa n3 7): cywectsytoT an
“pasymHble”’ aHanUTUYECKNE pelleHns ast 3X-MepHOro
npocTpaHcTea?

Navier-Stokes Equations:

Cartesian Coordinates
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OnTuka maTeMaTu4eckmx NOHATUIA

HesakoHueHHbIi npoekT BoeBoackoro

BioSystems 204 (2021) 104391

Contents lists available at ScienceDirect

BioSystems

ELSEVIER journal homepage: http:/www.elsevier.com/locate/biosystems

Voevodsky’s unfinished project: Filling the gap between pure and e
applied mathematics

Andrei Rodin

Institute of Philosophy, Russian Academy of Sciences and Saint-Petersburg State University, Russia

ARTICLE INFO ABSTRACT

Keywords: In a series of lectures given in 2003, soon after receiving the Fields Medal for his results in the Algebraic Ge-
Pure and applied mathematics ometry, Vladimir Voevodsky (1966-2017) identifies two strategic goals for mathematics, which he plans to
""l’"v'a"“”"‘y“jv'“"‘ pursue in his further research. The first goal is to develop a “computerised library of mathematical knowledge,
Univalent foundations which supports an automated proof-verification. The second goal is to “bridge pure and applied mathematics.”

Topological data analysis ¢ N
polos v Voevodsky's research towards the first goal brought about the new Univalent foundations of mathematics. In

view of the second goal Voevodsky in 2004 started to develop a mathematical theory of Population Dynamics,
which involved the Categorical Probability theory. This latter project did not bring published results and was
abandoned by Voevodsky in 2009 when he decided to focus his efforts on the Univalent foundations and closely
related topics. In the present paper, which is based on Voevodsky's archival sources, I present Voevodsky's views
of mathematics and its relationships with natural sciences, critieally discuss-these views, -and suggest How
s can be further developed
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OnTuka maTeMaTu4eckmx NOHATUIA

Kak maTemaTuka CO34aHHaA B pa3HblE NCTOPUHECKNE SMOXN

NCNOJIb3YETCA CEroAHA B XXU3HW, HAaYKE N TEXHUKE (I'IO

Boesogckomy)

v

Elementary Mathematics (> 2000 y.) is integrated into the
everyday life;

» “Higher” Mathematics (since 17 c.) is integrated into most
sciences;

» “Modern” Mathematics (after 1850s) is integrated into some
sciences;

» Synthetic Mathematics (after 1950s) is very poorly integrated
(if at all).
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Bknap diinepa B Tononoruo

[NlepBbIli POCCUICKINIA HAYYHbIV XKypHan

" COMMENTARII
- ACADEMIAE
SCIENTIARVM

IMPERTIALIS

PETROPOLITANAE.

TOMVS VIL
AD ANNVM MDCCXXXVL

PETROPOLI,
TYPIS ACADEMIAE chbexit,
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Bknap diinepa B Tononoruo

Diinep: 3agada o Kenurcbeprckux mocrax

SOLVTIO PROBLEM ATIS
SOLVTIO PROBLEMATIS

GEOMETRIAM SITVS

PERTINENTIS.
AVCTORE
Leonb. Eulero.

6- I.
Tl anPRaeter iflam Geometriae partem , quac circa quan

titates verfatur, et omni tempore fummo fpdigr
eft exculta, alterivs partis etiamnum  admodum,
ignotae primus mentionem fecit Leibnitzius, quam Geo-
;msériam fitus vocauit. Ifta pars ab iplo in folo, find
determinando , fitusque proprietatibus ervendis occupata,
effe ftatuitur; in quo negotio- meque-ad quantitates - re-
{piciendum, neque calculo  quantitatam  veendum fit.
Cuiusmodi autem problemata ad Hanc firus Geomerriam -
pertineant, et quali methodo in iis refoluendis vii opor-
tear, noa fatis eft definitum.  Quamobrem, cum nuper
problcmatis cuiusdam mentio cffet fada, quod quidem
ad .geometriam pertinere videbatur, at ita erat com-
aratum . vt neque determinationem quantitatum regui-
Anppen Pogun
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Bknap diinepa B Tononoruo

Diinep: 3agada o Kenurcbeprckux mocrax

Kpome Toli 4acTu reomMeTpum, KOTOpast KaCaeTcsl KOJIMYECTB 1
KOTOpasi BCerga npueJeKkasa MHOMO BHUMaHWSA, eCTb Apyrasi, 4o
HeAaBHUX nop coBceM HeuseecTHast. O Heil Bnepeble YNOMSsiHYA
JleilbHuy n Ha3Ban ee reoMeTpueid NONOXKeHUst. DTa 4acTb
FEOMETPUN KACAETCS UCKIHOYNTENBHO OMPEAENEHUs NONOXKEHUS;
KOMIMYECTBA U BbIYMCIEHNS HE UrpatoT B Hell HMKakoii ponun. [o
CUX NOP HE BMOJIHE SICHO, KaKue 3afa4yl OTHOCATCS K 3TOM 4acTu
reomeTpun.
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Bknap diinepa B Tononoruo

Jiinep: 3agada o Kenurcbeprckux mocrax (1736 - 1741)

L;m;nnzz‘: Arad. St Don
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Bknap diinepa B Tononoruo

Jiinep: 3agada o Kenurcbeprckux mocrax (1736 - 1741)

MoTtpebosanock okono 100 net, 4Tobbl TONONOrMYECKaS
SKBUBAJIEHTHOCTb 3TUX [BYX U300pakeHuii bbina ocosHaHa!
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Bknap diinepa B Tononoruo

Diinep : Teopusa mHororpaHHukos 1750-1758

w33 0 Sefes | . 109

‘ ELEMENTA
DOCTRINAE SOLIDORVM.

AVCT. L EVLERO.

§ 1.

Q'lemadmodum Geometria it confemplitioe ﬁgurﬁl

' mum planarurh verfatur , et quae de lmexs et angu~
lis in ea traduntar, ad eus pLoIegomena ref'erenda fint;
ita Stereometria in’ contemplatione folidorum occupamr,
ct quae ibi de inclinatione planorum angulisque . folidis
explicantur , efus quoque tanquam prolegomem funt
fpectanda. ; ‘
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Bknap diinepa B Tononoruo

Diinep : Teopusa mHororpaHHukos 1750-1758
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Bknap diinepa B Tononoruo

Diinep : Teopusa mHororpaHHukos 1750-1758

§. 6. Ad ambitum autem cuinsque folidi ~ figuris
planis inclufi pertinent 170 ipfae figurac planae cis am-
bitum conflituentes , quae hedrae vocantur 3 299 binarum
hedrarm fecundum Iatetaconcurfus, quibus termini. li-
neares olidi oriuntur : hes terminos quoniam apad {cri-
ptores Stereometriae nuilam nomen proprium reperio’,
acies vocabo ; g'"° puncta , in quibus tres Plurerue hedrae
-concatrunt , quac puncta anguli folidi appellantur.
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Bknap diinepa B Tononoruo

Tononorus B pusnke 20 Beka: CNvH 37eKTPOHA

Timeline:

» ok. 1920: mogenb aTtoma Bopa cTaHoBuTCS 0bLLENpU3HAHHONM

» 1922: Stern & Gerlah: Mechanische Zweidentigkeit aka
duplexity effect

» 1925: Uhlenbeck & Goudsmit ans obbscHeHus sToro
achdbekTa NpeanoXunn NoHATUE CNnHA

» 1928: Paul Dirac: ypaBHeHne aist pensiTUBUCTCKNX SNIEKTPOHOB
C NONyLENbIM CMIMHOM.
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Bknap diinepa B Tononoruo

nnntoctpaumus Aupaka (nekunn 8 1930x)

Cp. cnyqaii Kennepa.
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Bknap diinepa B Tononoruo

cpepuyeckast rpynmna Koc
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Bknap diinepa B Tononoruo

Tononornyeckas npupoa CnmHa 3KCNANUNpPyeTCa B nociaenytoulem
pas3snuTnn KBaHTOBOIA TEOpUN nons:

Spinors & Twistors (Penrose&Rindler 1984),

TQFT (c koHua 1980x).

Anppen Pogun OnTuka MaTeMaTU4eCKUX NOHATUIA U TOMOMOrMYECKUA aHan



Tononoruyeckas ontuka

TOMONOrNYECKNA aHaNnN3 AJaHHbIX: NAes

ycToitumsble (nepcucteHTHble) romonoruu (Havano 1990x, Teopus
Mopca)
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Tononoruyeckas ontuka

CUMMANLMATbHBIA KOMMIeKC (0060BLLEHHBI MHOFOrPaHHIIK)

/N
A
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Tononoruyeckas ontuka

Y70 MOXeET CKasaTb O JaHHbLIX UX TOMONOrUYECKMIA
npoduns?

ToyHOro oTBETa, KaK MHE KaXKeTCsl, HU Y KOTO HET, HO SICHO, YTO
MHoro!
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NoruYeckas ontuka

crapbiii (“catokcun n atoeHTbI") U HOBLIN CTUNL Ha Brupxe

Anppen Pogun NTUKA MaTEMATUYECKUX NOHATUIA U TOMOMOrNYECKWNIA aHan




Tononoruyeckas ontuka

Helipobronorus kak napagurma byayuieii Haykm”?

INMCTEMOOrNs TOMONOMMYECKOrO aHaIM3a AaHHbIX: OT
koHHekTOoMa (rpadp, Nature 2019)

Hermaphrodite C. elegans Male C. elegans

. K MHOFOrpaHHMKaM BbiCLIMX pa3mepHocTeii. MacwTtabuposaHue
KOHHEKTUBHbIX CTPYKTYP.
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Tononoruyeckas ontuka

KoHew, Teopun?

The End of Theory: The Data Deluge Makes the Scientific Met... hitp://www.wired com/print/science/discoverie ine/16-0...

WIEED

<< Back to Article

WIRED MAGAZINE: 16.07
The End of Theory: The Data Deluge Makes the Scientific
Method Obsolete

By Chris Anderson  06.23.08

Hlustration: Marian Bantjes
"' All models are wrong, but some are useful."
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Tononoruyeckas ontuka

Chris Anderson 2008

The new availablility of huge amounts of data, along with
statistical tools to crunch these numbers, offers a whole new way of
understanding the world. Correlation supersedes causation, and
science can advance even without coherent models, unified theories,
or really any mechanical explanation at all. There is no reason to
cling to our old ways. It's time to ask: What can science learn from
Google?
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Tononoruyeckas ontuka

FO.N. Manwnn 2013

What can science learn from Google?: Think! Otherwise no Google
will help you.
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Tononoruyeckas ontuka

3akaoYeHns:

(1) Tononormyeckmnii aHaNM3 JaHHbIX 3TO 3aMe4aTENIbHOE HOBOE
n3obpeTeHune, 3a KOTOPbIM, OAHAKO, CTONT AnnHHas 300-neTHsis
NCTOPWSi Pa3BUTUSH TOMOJIOTUHECKUX MOHSTUA.

2) TA[ no kpaiiHeii Mepe 4acTU4HO pewaet npobiemy
noctassieHHyto BoeBoackum, ycTaHaBnMBasi NPOYHYIO CBA3b MeXAy
HEKOTOPLIMU BaXKHLIMU COBPEMEHHO 'abCTpakTHOIW MaTeMaTuku,
N NPUKNALHON MATEMATUKON, a TaKXXe KOMMbIOTEPHOW HayKOIA.
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Tononoruyeckas ontuka

3akaoYeHns:

(1) Tononormyeckmnii aHaNM3 JaHHbIX 3TO 3aMe4aTENIbHOE HOBOE
n3obpeTeHune, 3a KOTOPbIM, OAHAKO, CTONT AnnHHas 300-neTHsis
NCTOPWSi Pa3BUTUSH TOMOJIOTUHECKUX MOHSTUA.

(2) TALL no kpaiiHeli Mepe 4aCTU4HO peluaeT npobnemy
noctaeneHHyto BoeBoackum, ycTaHaBNMBasi MPOYHYIO CBSI3b MEXAY
HEKOTOPLIMU BaXKHLIMU COBPEMEHHOI 'abCTpakTHOIW MaTeMaTuku,
N NPUKNALHON MATEMATUKON, a TaKXKe KOMMbIOTEPHOW HayKOIA.
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Tononoruyeckas ontuka

3akaoYeHns:

(3) Heiipobronorns n KorHUTUBHAS HayKa AAlOT HOBble MAaTTEPHbI
“Tononornyecknx’ obbACHEHWIA, KOTOPbIE MOTYT OKa3aTbCsl
pefneBaHTHLIMU U B JIODBIX APYriX HayKax, UMELWnX Aeno Co
CNOXKHBIMMU CUCTEMaMMN 1 6obLMMKN ObbeMaMK AaHHbIX
(nccnepoBaHnst KIMMaTa, SKOHOMUKA U A4p.). TO NO3BOANT
FOBOPUTL O POXKAEHWUMN HOBOU “ONTUKK MaTEMATUYECKUX MOHATUIA
a NMEHHO TOMOJIOTUYECKO ONTUKM.
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Tononoruyeckas ontuka

3akaoYeHns:

(3) Heiipobronorns n KorHUTUBHAS HayKa AAlOT HOBble MAaTTEPHbI
“Tononornyecknx’ obbACHEHWIA, KOTOPbIE MOTYT OKa3aTbCsl
pefneBaHTHLIMU U B JIODBIX APYriX HayKax, UMELWnX Aeno Co
CNOXKHBIMMU CUCTEMaMMN 1 6obLMMKN ObbeMaMK AaHHbIX
(nccnepoBaHnst KIMMaTa, SKOHOMUKA U A4p.). TO NO3BOANT
FOBOPUTL O POXKAEHWUMN HOBOU “ONTUKK MaTEMATUYECKUX MOHATUIA
a NMEHHO TOMOJIOTUYECKO ONTUKM.

(4) MNepedppasupys Kanta: Berechnungen ohne Begriffe sind blind
(und also langweilig ®). VimeHHo maTemaTnyeckne noHsTHs n
nHTynumn (a BoBCe He rpybasi BbIYMCINTENbHAS MOLLb) AENatOT
TAL 3cbheKTUBHBLIM, UHTEPECHBIM 1 NEPCNEKTUBHBLIM METOAOM
paboTbl C AaHHbIMN.
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onorn4yeckas ontuka

CMNACKBO!
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