9. George A., Velleman D. Philosophies of Mathematics. Oxford: Blackwell, 2002. P. 190.

10.Halbach V., Visser A. Self-Reference in Arithmetic | // The Review of Symbolic Logic. 2014.
Vol.7. N. 4. P. 671-691.

11.Kreisel G. On the Problem of Henkin // Proceedings of Netherland Academy of Science. 1963.
Vol. 56. P. 405-406

12.Smorynski C. The Development of the Self-Reference: Lob’s Theorem // Perspectives on the
History of Mathematical Logic / ed. T. Drucker. Berlin: Birkhauser, 1991. P. 110-133.

13.Smorynski C. The Development of the Self-Reference: Lob’s Theorem // Perspectives on the
History of Mathematical Logic / ed. T. Drucker . Berlin: Birkhauser, 1991. P. 110-133.

14.Smorynski C. Review: Peter Smith. An Introduction to Godel’s Theorem. Cambridge:
Cambridge University Press, 2007 // Philosophica Mathematica. 2010. Vol. 18. P. 122-127.

PUJTOCOPUS MATEMATHUKH B 5110OXY HEPEMEH: IOBOPOT K
MATEMATHYECKOM NPAKTAKE YU OPUEHTAILAS HA ITPUJIOKEHUS®

Bnaoucnae Anexceeguu Illlanownukog
Kanouoam gpurocogpcxux nayx, doyenm,
Mocxkosckuii eocyoapcmeennsiii yHugepcumem um. M.B. Jlomonocosa

Lenp HacTOAmIEro MOKNaAa NPEAJIONKHUTh OOIIMA B3MISAJ HAa COBPEMEHHYIO
cutyarmio B ¢Quimocopun marematukd. Ocoboe BHHMaHWE TPH 3TOM  yIEICHO
MPOMCXOXKIECHUI0O W HBIHEIIHEMY CcTarycy (uiocohuu MaTeMaTH4ecKOoW MpPaKTHKH.
[lokazaHo, 4YTO MMEHHO IJIsi JMOXM TEXHOHAYKH €CTECTBEHHO YCWJIGHHE HHTepeca K
npoOGJieMe MPUMEHEHHsI MaTeMaTHKH 1 K (prtocoduu mpukiIagHOil MaTeMaTHKH, a TaKKe
K TeM TpaHchOpManysIM MaTeMaTHYeCKOH IPAaKTUKH, KOTOpHIE BbI3BAJA K JKU3HU
IUQpOBast PEBOIOLIUSI.

Knrwouesvie cnosa: dunocopust Hayku; ¢uiocopus mareMatuky; ¢uiocodus
MaTeMaTHYeCKOH MPaKTHKY; TEXHOHAYKa; I(poBast peBOTIONHSL.

PHILOSOPHY OF MATHEMATICS IN THE TIME OF CHANGE:
THE PRACTICE TURN AND AN APPLIED-MATHEMATIC CENTERED APPROACH

Vladislav A. Shaposhnikov
CSc in Philosophy, Associate professor
Lomonosov Moscow State University

The objective of this paper is to suggest a bird’s-eye view of the contemporary
situation in the philosophy of mathematics. My primary concern is to analyze the origins
and the present status of the philosophy of mathematical practice within broader fields of
the philosophy of mathematics and the philosophy of science and against the background
of the era of technoscience. It is shown to be no coincidence that one of the recent trends
in the philosophy of mathematics has been to promote special interest in the applicability
problem and philosophy of applied mathematics, as well as in the transformation of
mathematical practice due to digital technologies.

Keywords: philosophy of science; philosophy of mathematics; philosophy of
mathematical practice; philosophy of applied mathematics; technoscience; digital
revolution.

HUctoputo coBpeMeHHO# (ritocodpun MaTeMaTHKH NPUHITO HAuMHATH ¢ padot ["otioba dpere
1870-80-x romos [Aspray & Kitcher, 1988: 3]. Jlmst mydirero moHMMaHHs TOTO, YTO MPOUCXOIUIIO B
9TOH 00acTH B 1eJIOM, JJis1 0030pa ee, Tak CKa3aTb, «C BBICOTHI NTHYLETO IOJIETa», MOKHO YCIIOBHO
pa3aeNnuTh €€ UCTOpPHIO Ha Tpu dTama. [lepBeIi 3Tam CBsi3aH C paclBETOM YHMCTOM MAaTeMaTHKH H
HanOoJiee WHTEHCHUBHBIMH CIIOpaMH BOKpyr mpobiem ee obOocHoBaHUSA. CHMBOJIMYECKUM

HccnenoBanue BbIMOMHEHO NpH (uHAHCOBOH mojuepkke Poccuiickoro QoHna QyHIaMeHTaIbHBIX
nccaenoBauuit (PODU). [Ipoekr Ne 17-03-00257 «OHTONOTHUS M STUCTEMOJIOTHS B KOMIIBIOTEPHOH KYJIBTYpPE».
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3aBEPIICHUEM €0 CIYXKHUT mosiBiieHne B 1930 T. 3HAMEHUTHIX OTPaHUYUTENBHBIX pe3yibTaToB KypTa
I'énenst. Bropoit sranm oxBarbiBaeT cieayromue mojiBeka (1930-1970-e roael). MuHorma oH
BOCIIPMHMMAETCS Kak mepuo] 3actosi B punocoduu maremaruku [Mac Lane, 1981: 462; Tymoczko,
1986: iX], oqHaKo, BpsI I MOKHO TMPH3HATH TAaKyIO OLCHKY aJeKBAaTHOM. B 3TOT meprox nocTeneHHo
dbopmupoBanach anpTepHatuBa «hyHaamentanusmy» (foundationalism) B monuManuu renei u 3amxaq
¢unocopnmn martematuku. [locieanee OBIIO BBI3BAHO HECKOJNBKUMHU IPUYMHAMH. Bo-TIepBBIX,
(opMHpOBaHHEM M TOCTENICHHBIM YIPOYCHUEM TIO3WIHH IOCTIO3UTUBUCTCKON Quinocodpun u
COLIMOJIOTHM HAayKh. Bo-BTOppIX, [H(POBON peBoMIONMEd W CTPEMUTENBHBIM  Pa3BUTHEM
KOMITBIOTEPHON TEXHUKH. B-TpeThux, mepexonom cHavdaza K OONBIION HayKe, a 3aTeM U K TeXHOHAyKe
[Jamison, 2011]. B 1980-¢ roas! npoiiieHHBIN (UIOCOpHEH MaTEMAaTHKH 3a MMOCJICHUE MTOJIBEKA My Th
cTan mpenMeToM peduiekcun. B pesynbrarte, ObUIO ACKIapUPOBAHO TMOSBICHHE, HApSAy C BEPHBIM
YCTAaHOBKaM IIEPBOTO JTalla «MarucTpaIbHBIM HampaBlIeHHEM B (QWIOCOPHH MaTeMaTHKI
(mainstream philosophy of mathematics), anprepnaTuBHOrO Hampasmenus (maverick tradition)
[Aspray & Kitcher, 1988: 16-17]. «MbdBepuKku» NPOTHUBOMOCTABHIN MPOOIEMe OCHOBAHMMA
¢unocogpurio mamemamuyeckou npaxkmuxy. Kax mmcan Tomac THMOIKO, «3a HCKIIOYCHHEM
bynnamentanuctckoit mudonorun (the foundational mythology), y dwuiocobun Her wuHOTO
OIIpaBJiaHHs, YTOOBI TPOJIOKATh UTHOPUPOBATH JACHCTBUTENBHYIO TIPAKTUKY MaTeMaTHKH». VIMEHHO
9Ta MPaKTUKa, KaK OH ToJiarai, U «I0JbKHa CHabkaTh (PUI0COPHI0 MATEMAaTHKH, KaK Mpo0OIeMaMu, TaK
¥ TAHHBIMHE 111 UX pemenus» [ Tymoczko, 1986: xvi].

Crnenyer mpu3HaTh, YTO «MIBEPHKAM» HE yJAJIOCh BBITECHHTh MCTEOJIMIIMEHT W 3aHSTH €ro
MECTO, B JIy4IlIeM Cly4yae OHH HECKOJBKO PAaCUIMPHIM IpaHuibl ¢priocodpun MareMaTuku [Mancosu,
2008: 5]. Jlemo B TOM, 9TO CIIOPBI BOKPYT OCHOBaHHA MaTEMATHKH TaK)Ke MPEACTABIISIOT COOON JacTh
MaTeMaTHYeCKOH MPaKTUKH, TA€ KU3Hb UAET CBOUM 4depenoM. J[ocTaToyHO oOpaTHTh BHUMaHUE Ha
noabeMm B 1980-¢ rojpl U coBpeMeHHY0 NomysipHocTh Heonorunusma [Cook, 2007; Tennant, 2013;
Ebert & Rossberg, 2016], a Take Ha pacpoCTpaHEHHE KATETOPHOTO MBIIUICHHS U HEAaBHHIA MPOEKT
YHUBAJICHTHBIX OCHOBaHWi Marematuku [Pelayo & Warren, 2014]. B mocneanee Bpems madoc
KOH(JIMKTa U COTIEPHUYECTBA MEXIY IBYMs TPaIUIMsIMU Bce OOJblIe cMeHseTcsl nad)ocoM MHUPHOTO
COCYIIIECTBOBAHMS M OOOIOAHO BBITOAHOTO coTpyanumdectBa [Horsten, 2012: section 6]. MbaBepuk-
TPaAWIMsd YMEpHIa CBOM aMOWIIMM M TO3MLIHOHHUPYET ce0s KaK CYIIECTBYIOIIYIO psa0om C
TPaJUIIMOHHO MTOHUMAaeMOl (uitocodpueld MaTeMaTHKA M JIMIIb CTPEMUTCSI OTBOEBATh U pa3padoTaTh
CBOIO COOCTBEHHYIO HUINY. B 3TOH CBsI3M, Hapsay C TEepMHHOM «puiocoduss MaTeMaTHKH»
3aKpernuiIcs TepMHH «puaocodust Mmaremarideckoit npaktukm» (PMP — philosophy of mathematical
practice). C 2009 r. hyHKIHOHHPYET MEXIyHapoaHasi opranu3anus “Association for the Philosophy
of Mathematical Practice” (APMP). CornacHo wuHbpopmaluu, pa3MEIICHHONH Ha caiTe 3TOoi
opranuzaimi, PMP — 310 «mmmpokuit u opueHTHpoBaHHBIA BoBHe (Outward-looking) momxonm k
¢unocopur MaTeMaTHKH, KOTOPBIN 3aHUMAeTCs MAaTeMaTHKOH, KaKk OHa CYIIECTBYeT Ha IPaKTHKe
(mathematics in practice)» [APMP]. PMP unrepecyert, Kak MaTeMaTHKa JICIACTCS U OI[CHUBACTCS, TIPH
9TOM Ui Hee BechMa Ba)KHA OpPHUEHTAIMS HAa MEXIUCIHMIUIMHAPHOE B3aUMOJCHCTBHE, KOTOpOE
BKJIFOYAET BOIPOCHI UCTOPHHM MaTEeMAaTHKH, NMPWIOKEHUH MaTEeMaTHKH, NPENoJaBaHHUs MaTeMaTHKH,
KOTHUTUBHOM HaykKH T.4. Py ucciengoBaTeneil yaaeTcsi yCIEUIHO OCYIIECTBIISITh JEATEIbHOCTh «HA
nBa (poHTa»: mMucaTh PabOTHI, KaK B CTHJIC KJIacCUYeCKOW (puiocopuu MaTeMaTHuKy, TaKk U B CTUJIC
PMP. Onnako, HECMOTps Ha yTBepxkaeHue cosnateneit APMP, uro otHocumbie k PMP momxozsr B
nocyienue roapl «muporeraoT» (have been thriving), Henpu3HaHHEe «MAIBEPHKOB» CO CTOPOHBI
«HACTEOTUIIMEHTAY BCE ellle ocTaeTcsi 00le3HeHHON TeMOol. B kauecTBe mpuMepa MOXKHO COCIIaThCs Ha
JUYHYIO MCTOPHIO M €€ HHTEPIPETalHIo, ¢ KOTOPBIX HAYMHACT CBOIO HEAABHIOI KHHUTY OJAWH W3
uynenoB APMP Poii Barnep [Wagner, 2017: 1-6].

Eme onHa xapakTepHas 0COOCHHOCTh MOCIEIHET0 dTana — 3T0 GOpMUPOBAHUE U BEHIJICIICHUE B
ocobyto obmacts «hunocodhuu npumeHenuss matemaruku» (philosophy of applied mathematics; the
applicability problem) [Lamommuukos, 2014]. MHTepec k 3Toi 00JacTH BO MHOTOM OOBEAMHSET
«MIBEPUKOB» U «MEHHCTpuUM». [IpudeM pedb HIET He TOJBKO O TOM, 4TO (WIOCO(BI, HAKOHEI,
3aMETHJIM, 4YTO TMPaKTUKa IMPUKIAJHON MaTreMaTHKH IOPOXKIAeT CBOM 0coObie (uaocodckue
npoOJIeMbl, KOTOpbIE HE BO3HUKAIOT NPU PAacCMOTPeHUH 4YucToi Marematuku [Pincock, 2009].
HccnenoBarenn 3aroBOpHiId O TOM, 4TO Oojiee aAeKBaTHOE IOHMMAaHUE IPUPOABI MaTeMaTHKH
JOCTHUTAETCS IPU PACCMOTPEHHUHU B Ka4eCcTBE UCXOHOTO ()eHOMEHA He YUCTOM, a Kak pa3 MpUKIaTHON
matematuku [Franklin, 1988: 81; Vincenti & Bloor, 2003: 496]. «9T0 XBOCT, KOTOPBIA BHIISIET
cobakoiiy, kak ckasain emie B 1978 1. o uncroii marematuke Kyaitn [Quine, 1981: 151], a eme panbiie
(1930-1940-¢ rr.) Gmuskue coobpaxkeHust pasBuBan Butremmreitn [Vincenti & Bloor, 2003: 494].
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O0ocobneHre 4uCcTOW MaTeMAaTUKU U TONbITKA IOHATH NPUKIAIHYI0 MaTeMaTHKy 4epe3 YHUCTYIO,
OKa3aJUCh XapaKTepHBIMH OCOOCHHOCTSAMH OIPEIEICHHOW 3I0XM. JIoXa 3Ta CTaja IOCTEHNEHHO
YXOJUTH B MPOILIOE BMECTE C OCIa0JIEHHEM BIUSHHS TPaHCLUCHICHTAIN3Ma W HEOMO3UTHBHCTCKON
¢mrocopun Hayku, a TJIaBHOe — TpaHcopMalmeld MaTeMaTHYecKOil MNpakTHKH B KOHTEKCTE
TEXHOHAYKH.

BrionHe ecrecTBeHHO, 4TO (Quiuocodus HAyKH H3MEHSETCS B COOTBETCTBHUHM C M3MEHEHHSIMU
camoii Hayku. «Harypanuctudeckuit mosopor» [Callebaut, 1993; Illeddep, 2010] u hopmupoBanue
MEXTUCIUTUTMHAPHOMN cephl «HccieJoBaHui HAyKH U TeXHOIOrun» (STS) KoppensaTUBHBI IU(GPOBOH
PEBOJIIONNYU U Mepexony K TexHoHayke. dunocopusi MaTeMaTUKK CIABUTCA CBOUM KOHCEPBATHU3MOM,
OHAKO M OHA Ha HAIIMX TJla3aX Bce OOJblIe BTATHUBACTCA B OOIIME MPOLECCHl, MPOUCXOASALINE C
¢unocodcekoit pedaekcuell HayKu U TeXHUKH. Onucanuvie evluie UsMEHeHUs 00bACHAIOMC UMEHHO
smum. Ocoboro oOCyXJEeHHS W OCMBICIEHHS (C ONOpOoH Ha HOBEHIIME TEHASHIMH B O0OmIei
¢mrocopun M COUUOJOTMM HAyKH) B O3TOW CBSI3M TpeOyeT poiib LUGPOBOH PEBOIIOLHMH B
(dopmupoBaHUH coBpeMeHHOTo o0nmka dunocopun matemaruku [Llanomnukos, 2017]. Hanpumep,
«TOBOPOT K MarepuaimbHOMY» [Baxmaitn, 2006: 8] mo3BONS€T 1MO-HOBOMY OIEHUTHh 3HAUYCHHUE
MPOMCXOSIIETO ceifuac B MaTeMaTH4ecKON MPaKTHUKE MEPEX0Aa OT Mela U JOCKU K IEPCOHATIbHOMY
kommbpioTepy [Barany & MacKenzie, 2014; MacKenzie, 2001].

Jlumepamypa

1. Baxmrraiin B. (pen.) Conmosnorus Bemeit. M.: Tepputopus Oymymero, 2006. 392 c.

2. lHamomuukoB B.A. ®@unocodus mpuMeHeHHS MaTEeMaTHKH: KOH(HTyparws oco0oil obmacTu
uccnenoBanus? / baxanoB B.A., Kpuueen A.H., llanomnnkoB B.A. (pen.) Martematnka u
peanbHOCTB. Tpymsl MockoBckoro cemuHapa 1o ¢uiocodpun marematuku. M.: M3parenbcTBo
MockoBckoro yauBepcurera, 2014. C. 15-52.

3. IamomuukoB B.A. LludpoBas peBomroIys, MyTH TpaHCHOpMAIUK MaTEMATHYECKOW PAKTHKH
u ¢unocodpus maremaruku / Sdctped H.A. (pen.) @unocodus Hayku U TeXHUKH B Poccuu: BBI3OBBI
nH(GOPMAITMOHHBIX TexHoJorui. Bosorna: Bomoronackuii rocynapctBennsiii yausepeuret, 2017, C.
366-368.

4. Meddep, XK.-M. Koneny uyenoBeueckod wuckimountensHocT. M.: HoBoe nutepaTypHoe
o0o3penue, 2010. 392 c.

5. APMP — Association for the Philosophy of Mathematical Practice [Dnexrponnsiii pecypc].
URL.: http://www.philmathpractice.org/about (nara o6parenus: 30.08.2017).

6. Aspray W., Kitcher P. (eds.) History and Philosophy of Modern Mathematics. Minneapolis,
MN: The University of Minnesota, 1988. 394 p.

7. Barany M.J., MacKenzie D. Chalk: Materials and Concepts in Mathematics Research //
Coopmans C., Vertesi J., Lynch M., Woolgar S. (eds.) Representation in Scientific Practice Revisited.
Cambridge, MA: The MIT Press, 2014. P. 107-129.

8. Callebaut W. (ed.) Taking the Naturalistic Turn, or How Real Philosophy of Science is Done.
Chicago, IL: University of Chicago Press, 1993. 576 p.

9. Cook R.T. (ed.) The Arché Papers on the Mathematics of Abstraction. Dordrecht: Springer,
2007. 491 p.

10.Ebert P.A., Rossberg M. (eds.) Abstractionism: Essays in Philosophy of Mathematics. New
York, NY: Oxford University Press, 2016. 368 p.

11.Franklin J. Mathematics, the Computer Revolution and the Real World // Philosophica. 1988.
Vol. 42. P. 79-92.

12.Horsten L. Philosophy of Mathematics (2012) / Zalta E.N. (ed.) The Stanford Encyclopedia
of  Philosophy [Dnextponnsiii  pecypc]. URL: https://plato.stanford.edu/entries/philosophy-
mathematics/ (nara oopamenus: 30.08.2017).

13.Jamison A. Knowledge Making in Transition: On the Changing Contexts of Science and
Technology / Nordmann A., Radder H., Schiemann G. (eds.) Science Transformed? Debating Claims
of an Epochal Break. Pittsburgh, PA: University of Pittsburgh Press, 2011. P. 93-105.

14.Mac Lane S. Mathematical Models: A Sketch for the Philosophy of Mathematics // The
American Mathematical Monthly. 1981. Vol. 88. No. 7. P. 462-472.

15.MacKenzie D. Mechanizing Proof: Computing, Risk, and Trust. Cambridge, MA: The MIT
Press, 2001. 439 p.

16.Mancosu P. (ed.) The Philosophy of Mathematical Practice. New York, NY: Oxford University

49



Press, 2008. 459 p.

17.Pelayo A., Warren M.A. Homotopy Type Theory and Voevodsky’s Univalent Foundations //
Bulletin (New Series) of the American Mathematical Society. 2014. Vol. 51. No. 4. P. 597-648.

18.Pincock C. Towards a Philosophy of Applied Mathematics / Bueno O., Linnebo @. (eds.) New
Waves in Philosophy of Mathematics. Basingstoke: Palgrave Macmillan, 2009. P. 173-194.

19.Quine W.V. Success and Limits of Mathematization / Theories and Things. Cambridge, MA:
Belknap Press of Harvard University Press, 1981. P. 148-155.

20.Tennant N. Logicism and Neologicism (2013) / Zalta E.N. (ed.) The Stanford Encyclopedia
of Philosophy [DnekTponHsiii pecypc].

URL: https://plato.stanford.edu/entries/logicism/#NeoFre (nara oopamenus: 30.08.2017).

21.Tymoczko T. (ed.) New Directions in the Philosophy of Mathematics: An Anthology. Boston,
MA: Birkhduser, 1986. 341 p.

22.Vincenti W.G., Bloor D. Boundaries, Contingencies and Rigor: Thoughts on Mathematics
Prompted by a Case Study in Transonic Aerodynamics / Social Studies of Science. 2003. Vol. 33. No.
4. P. 469-507.

23.Wagner R. Making and Breaking Mathematical Sense: Histories and Philosophies of
Mathematical Practice. Princeton, NJ: Princeton University Press, 2017. 250 p.

GROPING TOWARD LINEAR REGRESSION ANALYSIS:
NEWTON’S ANALYSIS OF HIPPARCHUS’ EQUINOX OBSERVATIONS

Ari Belenkiy
Simon Fraser University
E-mail: ari.belenkiy@gmail.com

Eduardo Vila Echagiie
IBM (Santiago, Chile)

In February 1700, Isaac Newton needed a precise tropical year to design a new universal
calendar that would supersede the Gregorian. However, 17"-Century astronomers were uncertain of
the long-term variation in the inclination of the Earth’s axis and were suspicious of Ptolemy’s equinox
observations. As a result, they produced a wide range of tropical years. This uncertainty led Newton to
choose the ten equinox observations of Hipparchus of Rhodes as the most reliable among those
available. Averaging the autumnal and vernal sets separately, he combined the results with
corresponding Flamsteed’s equinox observations, joining each pair with a line whose slope gave a
deficiency of the tropical year versus the Julian year. Averaging the two, he corrected Flamsteed’s
year. Though Newton had a very limited sample of data, he obtained a tropical year only a few
seconds longer than the average one between his and Hipparchus’ time. As a by-product, Newton
spotted, alongside Flamsteed, an error in the position of Hipparchus’ equatorial ring, which was a
matter of concern to later science.

Newton wrote down the first of the two so-called ‘normal equations’ known from the ordinary
least squares (OLS) method. In that procedure, Newton seems to be the first to employ the mean
(average) value of the dataset, while the other leading astronomers of the era (Tycho Brahe, Galileo,
and Kepler) used the median. Fifty years after Newton, in 1750, Newton’s method was rediscovered
and enhanced by Tobias Mayer.

Remarkably, the same regression method served with distinction in the 1920s when the
founding fathers of modern cosmology Georges Lemaitre (1927), Edwin Hubble (1929), and Willem
de Sitter (1930) employed it to derive the Hubble constant.

Introduction: the dawn of regression analysis
“The only thing which is surprising is that this principle [of the Least Squares], which suggests
itself so readily that no particular value at all can be placed on the idea alone, was not already applied

50 or 100 years earlier by others, e.g., Euler or Lambert or Halley or Tobias Mayer, although it may
very easily be that the latter, for example, has applied that sort of thing without announcing it, just as
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