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Crpesia 3eHOHA — J/1eTHUT!

(pelreHue anmopum)

Mepuyanos B.JI.

AnHoTtanusa: [lonbITKM pellleHUs] 3arafku 3eHOHa, C(GOPMY/IMPOBaHHON B amopuu
«Ctpena», cpejCcTBaMM YaCTHBIX HayK, I[IpeKJe BCero MaTeMaTUKW, MpeArpUHUMaBLIMeCs
2,5 ThICAUH JIeT, K HACTOSALLEMY BpeMeHM TaK U He MpUBeHU K ycriexy. [IppunHa 3TOro 3akaroyaeTcs
B TOM, UTO W3 TIOJS 3PEHUs 3TUX HAyK BbINAJaeT BaXkKHelilllee cOObITHe, Oylarofapsi KOTOPOMY
coBeplIaeTCs I0JieT CTpesbl. B caMoM fiesie, ee 1o0JieT MOXKHO OIpefie/IuTh KakK W3MeHeHue BO
BpeMeHU ee TI0JIOKeHUs B npocTpaHcTBe. Ho kak nmpoucxogut 310 n3meHeHue? [lycTe B JaHHBI
MOMEHT Mbl (PUKCUpYyeM ee B JaHHOM MecTe. MrHOBeHHe — U BOT ee y)ke B 3TOM MecTe HeT. OHa
vcye3na! 3aTo TyT XKe TMOsIBAseTCS Tam, rie ee He Obuto. [IpuueM B MecTe, OGmkaiiiem
K MpefibiaylieMy. A uTo 3TO 3HauuT — ObUla W ucue3na? Kak BO3MOXKHO MCUe3HOBeHUe
¢u3nueckoro Tena? YTo NpOMCXOAUT C HUM B 3TOT MOMEHT? A BO3HMKHOBEHHE B COCeJHEM MecTe?
Ee 3mech He 6b110. Ho nosieuiack! Kak? TTouemy? U3 uero? Ka3anoch Obl, 3TO «JIeTCKHE», HAUBHbIE
BOTMIPOCH, HO 0e3 OTBeTOB Ha HHUX OOBSICHUTH TiepeMeleHre CTpPelbl HEeBO3MOXKHO.
MaremaTtuueckasi JIoTMKa, B paMKax KOTODOM Bcerja Tpek[e BeJiCsl MOWCK pelleHusi aropuw,
OTBETUTh Ha HUX 3aBeZloMO He criocobHa. OHa aXke He MOXKeT yKa3aTb TO «Omkaliliiee MecTo»,
B KOTOpOe, UTOObl He HapyLMTh HENpepbIBHOCTH CBOETO TI0JieTa, IepeMeIaeTcsi CTpesia.
MaTemaTHKa MO3BOJIsSIeT CKOJIb YTOHO TOUHO OIKCATh MPOLeCC ABUKEHUS], HO He OOBSICHUTh ero.
3aTo ArasieKThyecKasi IOTMKa Clioco0Ha BHATHO OTBETUTH Ha 3TH BOIPOCkl. CriocobHa MOTOMY, UTO
B TIPUPO/Ie BCSKOe COOBITHE AWANeKTHYHO, a OHAa KaK pa3 U CJIY)KUT WHCTPYMEHTOM aHaJv3a
«BHYTDEHHEro MexaHu3Ma» COObITHs. [ToKa3aHO, UTO [AWaneKTHKa eCTb JIOTWKAa MBbILUIeHUs, He
MeHee CTporasi, TOUHasi U JJoKa3aTeJ/ibHasi, To/UMHeHHasi BceM TpeOoBaHUSIM (hOpMabHOM JIOTUKU
(bnarozmapst uemy dhopmanu3yemas), He>KeId JIOTUKAa MaTeMaThueckasi. A BbIBOJBI, TTO/TydeHHbIe Ha
OCHOBaHMHM aHanu3a arnopuu 3eHOHa, Ha CaMOM /Jiefle ClpaBeZ/IvMBbl [l IOHUMaHUsl TIPUPO/bI
[IBV)KEHMS], COBePLLIAOLIEerocss BO BCeM MUPO3ZaHUH.
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HesHaHue 0sudtceHust Heobxoo0umo enevem 3a coboll He3HaHue NpuUpoObl.

Apucmomens [3. C. 103]

dunocogus 0ondx#cHA, KOHEUHO, HAOesIMbCA,

umo ydce He 6yOym cuumamb CmMo/b CMPAHHbIM, eCAU OHA CHO8d,
npedicoe 8ce2o 8 c8oell HenocpedcmeeHHol obaacmu, 6ydem
Hacmaueams Ha cgoell UCMUHHOL Yeau U, noc/e mo20 KaKk OHa
onycmuiacb 00 Ypo8Hsl Opy2UX HAyK N0 C8OUM Npuemam

U omcymcmeuro 3auHmepecosaHHOCMu 8 ucmuHe, 6yoem HO8b
cmpemMumbCsi NOOHSAMbCS K 3moli yenu.

I'.B.®d. I'ezemn [8. T. 3. C. 8]
BBeaeHue

dunocodusi — 1japulia HayK.

[IpaBga, TO/IBKO KOr/la OHa caMa — Hayka.

K coxanenuto, eme B XIX Beke, rocse I'eresnsi, punocodckast Hayka OTIpaBU/Iach Crath.
Het, He ymepsa, Kak WHOIJa yTBep)KJarmT HeKoTopble. OHa He MOXeT ymepeTb, IOKa eCTb
nMoTpeOHOCTh B Hel, MOTpeOHOCTb B OTBETAX HA Te BOIPOCHI, BayKHEHIIMe [ijisi BCIKOW HayKH, Ha
KOTOpble HUKTO, KDOMe Hee, OTBeTUTb He MoxKeT. HampumMep, rmoueMy BellM CYILIECTBYIOT KaK Belly
Y 1ouyeMy OHU pasHble? UTO Takoe MPOCTPAaHCTBO U BpeMs? POpMbI CYLIECTBOBAHUS MaTepUU?
A uro Takoe «(opMa CyIeCTBOBaHMS», [ja U CaMO «CYylLeCcTBOBaHMe»? V rouyemy y maTepuy,
KOTOpasi BO BCeM /IeMOHCTpPUpYyeT OeckoHeuHoe MHOroobpasue, 3Tux ¢opMm TosbKO Be? (BoT Beapb
KaKoe CTpaHHOe YMCJI0 U CTpaHHasi CKYAOCThb npupojpl!) IToTomMy, UTO TOABKO UMUK OTrpaHUYeHa
HalllA CITOCOOHOCTh BOCIIPUSITUST JEMCTBUTEBHOCTH? A Ha CaMOM [iejie X TOXXe OeCcKOHeuHO
MHoro? Kakux? Kak ux oOHapyKUTb U Kakasi Hayka, KpoMme duiocodumn, criocobHa 3To cjenath?

BripoueMm, 10/1006HBIe BOMPOCHI HaBepHsSKa TOKA)KyTCS KOMY-TO B3JODHBIMU, €C/IU He
beccmbicienHbMU. Ho BOT peanbHast mpobnema — mpoOsiema fBrkeHHs.. Kak coBepuaeTcs
JBkeHre? [IoHATHe «BUKeHHEe» eCTb KpaeyrosbHoe, PyH/jaMeHTa/bHOe TOHSTHE BCSIKOW HayKu
Y BCSIKOM, He TOMBbKO MaTepuaaucTuueckou, ¢punocoduu. Ecmu He Bce, TO HEKOTOpbIe U3BECTHLIE
BU/IbI IBWDKEHUS B TIPUPO/Ie, KaXKeTCs, MCC/IeZIOBaHbl M OTMTMCAHbI YK€ MCUepIThIBalOIM 00pa3oM.
Ho 00bsICHUTB, KaK COBEPIIAETCS /layke caMoe MPOCTOe U3 HUX, HUKaKasi HayKa He B COCTOSTHUH.

Camyto cyTb 1pobsiemMsbl 2,5 ThICSUM JieT Ha3a chopMy/nrMpoBan 3eHOH J/eliCKUi B cBoel
3HaMEeHUTOW aropuu O CTpeJjie, KOTOpash CBOJUTCS K IPOCTOMY Bompocy: «JleTsmasi crpena
B KaXbIi MOMEHT TosieTa MoKouTcs. Kak >xke mosiydaercs, 4yTo OHa JABwkeTcsi? UTO ecThb ee
JBUKeHHUe?» [1o CUX Iop 9Ta 3arajika He Hallla OTBeTa.

Ee pellileHreM MblI U 3aiiMeMCsl.
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Ctpena 3eHOHa

JIememb He modicem!

Y amopum 3eHoHa obumpHas 6ubmorpadus (cm. [1] — [20] u ap.). Ho MbI He cTaHem
B Hee TIOrpy»KaTbcsl. [IpuBeeM NUIlL HECKOJIBKO COOOpaykeHUM, 110 MPUYHHEe KOTOPBIX ariopus 0
CUX T1Op He Hallvla CBOEro pa3pelieHusl.

KamMHeM npeTKHOBeHUS [I/is ee pa3ra/iKu SIB/ISeTCS OTCYTCTBUE «baudcatiueli mouKku».

OOBIYHO /IBM)KEHHE CTPeJIbl CBOZST K JIBM)KEHHIO TOUKU T10 TPAaeKTOPHUH ee TosieTa. Takoi
rprieM HUCKOJILKO He obsierdaeT 3afiauy, OH MO3BOJISIET JIUIIb YITPOCTUTH U3/I0’KeHHE PacCyKIeHUH
aBTopa. Bocrionb3yemcsi UM U MBI

IIlycTh TOYKAa, CHMBO/M3UPYIOU@AS cTpeny (HasoBeM ee «T»'), B CBOEM JBUKEHWH
riepeMeIraeTcsl U3 MyHKTa X; B TMYHKT X,. «X;» U «X;» — 3TO ee KOOPAWHATHI Ha JIMHUU JIBUKEHUS,
KOTOpbIe BBIPA)KAIOTCS [1eHCTBUTeMbHBIMUA unciamMu. Hampumep, «1» u «2». Wnd, mo BeIOOPY
ynrtarens, J0ObIMU Apyrumu. [pearonaraercs, uto T mepeMelaeTcsl HEMPEPLIBHO, T. €. B CBOEM
JBVDKEHUH TIPOXOZHT uepe3 BCe TOUKH, JIeXKallpie MeX/y X; U X,°. Clle/joBaTe/bHO, YCTPeMUBIIHC
OT X; K X, Hama T Jo/pKHA CHauasa MPUHSATh KOOPAWHATHI TOUKH, Omikaliiedt K x;. HazoBeM 3ty
TOUKY Xg,. KakiM yC/0BHSIM OHa Ji0/DKHA OTBeuaTh? Bo-mepBbIX, OHA J0/KHA OTIMYAThCS OT X;
(vHaue BeJb CTpeJia MPOCTO OCTAHETCS] HA MeCTe), T. €. X; # Xg,. VI, uTo TO )Ke camoe: X; — X5, % 0.
U, BO-BTOpBIX, MEX/y HUMU He [O/DKHO OBbITh HUKAKOH IPOMEXYTOUHOM TOUKHM (MHAue Xs, He
Oyner «Omkaiiineii»), T.e. x; — Xg; =0. Ho TOUukH, OZ/HOBPEMEHHO OTBeuaroIliell 000MM 3THM
YC/IOBUSIM, CPeJU JeCTBUTENbHBIX UMCeJI, B TOM UMC/ie TIPUHA/IIEXKAIMX TPAeKTOPHUU CTPeJIbl, HeT
1 He MoXeT ObITb! OJHO U3 HUX UCK/TIOYaeT Apyroe! BeixoauT, A/ist Halllel CTpesibl HEeT TOM TOUKH,
KyZla O6bI OHa MOTIJIa CMeCTUTBCSI Ha TIyTH OT X; K X,. OHa He MOJKeT Jla’Ke HauaTh CBOETO /IBUKeHUS,
He MOJKeT MMOKUHYTb PacrioyioyKeHUsl B TOUKe X;.

Ho, momyctrM, oHa BCe yKe KaKUM-TO HeBOOOpa3UMbIM 00pa30M CIBUHY/IACh C MECTa U JlaxKe
JIOCTUT/IA Xp, TIPUHSIB TI0 TYTH BCe TPOMEXYTOUHble KoopAuHaThl. CKo/bKO ux? HeTpyaHo
yOeIuThCsl, UTO Jit000M OTpe30K HerpephIBHOM TPaeKTOPUHU CTPesbl CO/IePKUT KOJIMUeCTBO TOUEK
(xoopzuHaT T), SKBUBA/JEHTHOe KOJIMUYECTBY BCeX JeHCTBUTENBHBIX umcen’. A nx 6GecKOHeuHo
MHOro. Takoe MHO)XeCTBO MMEHYeTCSI KOHTUHYyMOM. VM TyT HauMHAKOTCA 4yAeca KOHTHUHYyyMma.
Hama T 0/oKHa Gbita Gbl 3aHSTH OJHO 3a PYTUM GeCKOHEeYHOe uMciIo” MecT (KOOpAMHAT), UTo6bI
J00paThCsl 10 TOUKHM X,, ZIO/DKHA Obula Obl TIpeofiosieTh GecKoHeuHOCTh. Ho 3TOT myTh Aaxke Ha
KOHEYHOM OTpe3Ke He HMMeeT KOHI[a. BeCKOHeUHOCTh, UTO aKTyajbHas (laHHOe OeCKOHeuHoe
MHO>KeCTBO B cMbicjie I'. KaHTopa, HampuMmep, Ta ke 6@CKOHEUHOCTh JIeMCTBUTETbHBIX KOOPJUHAT
TPaeKTOpPHUU CTpeJibl), UTO MOTeHI[MalbHas (CKa)keM, Kak mpejies (DyHKLIUM), TI0 OTNpe/ieJIeHUI0 He

' B10 Mmobast TOUKa Ha MOBEPXHOCTH WM BHYTPH CTPeIbl, T0JI0XKeHHe KOTOPO#i B KaXK/IbIii MOMEHT BpeMeHH Mbl MOXKEM
3aMKCHPOBaTH.

> B mpupojie, B YaCTHOCTH, B KBAaHTOBO-MeXaHHIEeCKUX MPOLIeCCax, M3BeCTHbI PUMeph! 0HOMOMEHTHbIX M3MeHeHHit
COCTOSTHVSI WM KOOPJMHAT 00BeKTa, 3TaKVX «CKauKOB», HO B CJIydae ToJleTa CTpeibl OHU He Hab/moaroTcst. IToatomy
JAHHOe TpeZINoJIOXKeHNe MOJKHO CUMTaTh HaZleXXHO 0OOCHOBaHHBIM. BripoueM, Kak BCKOpe YBUUM, BEDHO OHO WIA
HeT — He UMeeT HUKaKOTO 3HaueHVs.

® [pocTeiimye 1 Har/s/HbIe CTIOCO6BI yOeUTHCS B 3TOM HETPY/IHO OTHICKATh B MHTEPHETe.

* BeCKOHeUHOCTb He MMeeT KOHeUHOTO UMC/IOBOTO BBIPKEHHs, UTO 0UeBHHO. Kak MoHATHe «6eCKOHeUHOCTh» CITyMKHT
o0603HaUeHHeM OJHOM 13 XapaKTepPUCTHK TOTO MaTeMaTHUeCKOTrO SIBJIeHVsI, KOTOpPOe HMeHyeTCsi MHOKeCcTBOM. Ho
BhIp&KeHHe «OeCKOHeUHOe UKC/I0» BIIOJIHE KOPPeKTHO. B KauecTBe mprMepa MO>KHO NPHBECTH UHCTIO T, [ia YHATATesb
Y CaM MOJKeT ero u300pasurhb, pUcys B Psifi OFHO 3a JPYTHM BCsIKUe Uuc/ia 6e3 HaMepeHus KOr/1a-/ibo MpeKpaTUTh 3T0
3aHsATHe.
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MOJKeT ObITb HU [JOCTUTHYTA, HU 3aBeplleHa, HU HMcuepriaHa. [IpuueM, CKOJIBKO Obl pa3 Mbl HU
JIeJTAIA OTPe30K (X; — X»), JUCTAHLIMS OT X; A0 OivKaiIe TOUKY BHYTPY HETO OCTaHEeTCsS TOM e,
yTo U /10 X; — OeCKOHeuHOW. A ec/iii ydecThb, uTo r000e mepemernieHre T OT TOUKH K TOUKe
TpeOyeT BpeMeHH, XOTs Obl OJJHOTO MTHOBEHMs, TO Ha OeCKOHeUHOe MHOXXEeCTBO TepeMeIleHHH
MoHa[o0unock Obl U GeCKOHeUHOe UKCI0 MrHOBeHUM, OeckoHeuHOe Bpems. bosnee Toro, B
HEKOTOPOM CMBbICJIe, JIMILIEHHOM, BITPOYEM, BCSKOTO CMbIC/Ia, Ha TipeojiosieHne 0GeCKOHeuHOTro
MHOKeCTBa IMPOMEXXYTOUHBIX KOOPAWHAT OeCKOHEUHOTO MHOXKeCTBA TeX 4yacTell myTu T, KOTOphbie
MOJYUM/IMCh Obl B pe3ysbTare po0sieHus oTpe3ka (X; — Xp), TIPHULUIOCH OBl TIPEOZOJIETH
OeckoHeuHOe MHOXXeCTBO O@CKOHEUHBIX ITepeMellieHri, 3aTpaTUB Ha 3TO OeCKOHEeUHOe MHOXXECTBO
BPEMEHHbIX OeCKOHeuHOCTeli — OeCKOHeYHOe MHOKECTBO BEUHOCTeH. YyKe OTCH/la OUeBHIHO
(mpyrux [0OBOJIOB W He HaJ|0), UTO Hallle MpeJIo/io)KeHrue 0 ToM, uTo T, fJake KaKUM-TO
BOJIIIEOHBIM 00pa3oM W30erHyB «OJMDKaMIeH TOUKW», CMoOr/a Obl JOCTUYL X,, COBEPIIEHHO
abcypaHo. OHa He MOXKeT U3MEHHUTDb CBOETO TI0JIOXKEHHSsI, IBVKEHUSI /ISl Hee He CYIIeCTBYeT.

O™ coobpakeHHs [JaBHO W XOPOIIO W3BECTHHI. B TOM WM WHOM W3/I0)KEHUU UX MOYKHO
BCTPETUTh BO MHOTUX UCTOUHHKAaX. JIOrMueCcKy OHU BeCchbMa BbIBepeHbI, B HUX HeT u3bsiHa. Ho 3T0
3HAUUT, YTO HET W3bSHA U B BbIBOJIE O HEBO3MOKHOCTH [IBW)KEHUSI CTpesbl 3eHOHA. JTa CTpena
JleTeTb He MoXeT!

Ho ona netur! Kak 3710 00BsicHUTH? KaxkeTcsi, 0 JIOTWKY NpHUBEJEHHBIX PaCCyXJeHUN
pa3buBaeTcst BCsiKasi HaZie)kKla HAuTH ykeslaHHOe oObsicHeHHe. Ho Komb cTpena /IeTUT, 0ObsiICHEHUST
3TOMY He MOXeT He ObITb! OHO eCTb, eCTh HETIPEMEeHHO, XOTsI MbI €T0 10Ka U He BUJUM.

Kak HM yiMBUTEbHO, OHO JIEKUT TPSIMO Tepe/ r1a3aMu.

Cmpena nemum!

Wtak, HaM HY)KHO OOBSICHUTH, KakuM oOpa3om T miepemelniaeTcss M3 X; B X, T.e€. Kak
TPOUCXOJUT CMeHa ee pacrioyioXKeHUsl, CMeHa ee KOODJWHAT Ha TPaeKTOPUU ee [BUKeHUs, T. e.
ripeBpallleHre X; B Xo.

Huuero He rnipepmnosiarasi, 6yziemMm 1pocTo GUKCUPOBATh TO, UTO TTPOMCXOAUT C TOUKoU T B ee
JIBIDKEHUH.

T He MOXKeT HAaXOUTBCS OJHOBPEMEHHO U B TOUKE X;, U B TOUKe X,°. Ee mepemelneHne 13
TepPBOi BO BTOPYIO TIpe/CTaB/sieT co0OOM Mpoliecc, B X0/l KOTOPOrO OHA ZIO/DKHA YTPaTUTh CBOO
KOOpZIMHATY X; U 00pecTH KOOP/IMHATY X,. YTpaTa KOOpJWHAThl OYKBa/lbHO O3HAYaT MpeceueHue ee
ObiTHsT ¥ oOpaieHre B HeObiTHe. A obpeTeHHe KOOpAWHATHI — 0OpaTHOe coObiTre. OO03HAUNM
«OpITHE» JsUTepol «b», a «HebObiTMe» — «H». Torma dpasa «T He MOXKeT HaAXOJUTHCS
O/THOBPEMEHHO M B TOUKE X;, U B TOUKE X,» MOXXeT ObITb KOPOTKO 3arucaHa B BH/ie BbIpaXkKeHUSs
BTx; = HTx,. To ectb HamuuHoe ObITie T B TOUKe X; eCTh (DakT ee HEOBITHS B TOUKE X..
dopmanu3sais 3Tod (Gpas3bl HUUETO He MEHSIET B ee CO/IepP’KaHuH, HO yl00Ha TeM, UTO TO3BOJIsIeT
COKDaTUTh €e CJIOBeCHOe BbIpakeHWe. Mbl OyzieM TI0/Ib30BaThCsl 3THUM TIPUEMOM W [laJibIlie.
[TocKO/IBKY Ke peub UJeT O JBM)KeHUU TOUKUA T, Mbl MO’KeM BBIHECTH ee «3a CKOOKH» KaK HeuTo
ro/ipa3yMeBarollieecs, ¥ Torja Haiia popmysa npumeT BuJ: bx; = Hx,.

[NobaBuM eitle mapy hopMasbHbIX 3/IEeMEHTOB B Halll TEKCT. «BbITHe» SIBsieTCs OTPULIaHUeM
«HebbITUsI». VI HA06OPOT: OHO CAaMO OTPHIIAeTCS «He-ObITHemM». OO03HAaUMM CIOBO «OTPHULIAHHE»

> Harmomunm: T — TouKa, NpUHA//Ie)Kalias cTpesie, a mo6ast X; — 3T0 TOUKa, TPUHA//IeXKallas TPAeKTOPHH JBIDKEHUS
ctpesbl. B cBoem aBwkervn T rociiejoBaTe /IbHO MPUHUMAET 3HaueHusl ToueK (KOOPAVHAT) X;.
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CHUMBOJIOM «—», TOT/Ia, KOJIb CKOpO bx; = Hx,, OTHOIlIeHWe HallMX TOUeK KOOPAUHAT MPUMeT BU/;
«bx; — Bx,». Ilepexoy T oT ofHOM K Apyroy (mpeBpalleHre OJHOM TOYKU KOODJAMHAT B APYIYI0),
PaBHO KakK U Tepexofi 3TUX TOUeK W3 COCTOSHHS OBbITHS B HEObITHE, BbIPA3UM CHMBOJIOM « — ».
B utore apwkeHue T OT KOOpAWHATHI K KOOpJWHATe, KOT/A TepBasi U3 HUX yTpauMBaeT ObITHe,
a BTopasi oOpeTaeT, 1oJiydaeT BbIpa)keHHe B BU/le CUCTEMBI:
{Bxl - Hx; =Bbx, )
HX2 — BX2 = HX1

Ho Tyr OpocaeTcs B r/a3a siBHas HETOJHOTA BXOJSAIIMX B 3Ty CHCTEMY YTBEPXKIEHWM.
KoHeuHo, HeObITHe X;, KaK Y TOBOPUJIOCH paHbllle, pean3yeTcs B HATMUHOM ObITHU X, (Hx; = BXp).
Ho Begp He Tonmbko B HeM! B Kakyio Obl TOUKy TpaeKTOpUuM HM mepemecTwnach T, ee
JeNCTBUTeNIbHAsE KOOpJWHATa X; OyJeT BOIJIOImATL B cebe HeObITWME X; TOUHO TakK e, Kak
BOILJIOIIAET ero B cebe X,. IHbIMM C/I0BaMU, Ha caMoM Jiejie HeObiThe x; (Hx;) HaX0JUT BbIpa)kKeHHe
B OBITHHY He OAHOM JUIIH X, (BX;), a B ObITHYU Kad 0ol TOUKU TpaeKTOpuu T, BO BCEM WX MHOXKEeCTBe
{x}:

Hx; =B{x} (2)

W sToT (aKkT faeT ocHOBaHWE [Ji1 HEKOTOPLIX MHTEPEeCHBIX BbIBOJOB. Bo-mepBbIX, 0 TOM,
UyTO «HeObITHe», 0 KOTOPOM H/IeT 3/leCh Peub, 3TO BOBCE He «HUUTO», He OTCYTCTBHE KaKOro-11bo
«HEUTO», He TO, O UeM HeJib3s1 ObUT0 ObI HUUEro CKa3aTh U Uero Heslb3sl ObLUIO ObI Ja’Ke TTIOMBIC/TUTh.
Takoro B3/J0PHOTO «HEOBITHs» B TIPUPO/IE MPOCTO He CYIeCTByeT. B Hero, KOHEUHO, MOYKHO BEPUTh
(MMeHHO U TOJILKO BEpHUTh), KaK 3TO JleJlaloT HeKoTopele ¢unocodrl. Ho uro-mibo 3HaTh 0 HEM
3ampeleH0 y)Xe caMUM ero orpejereHueM. A MOCKOJAbKY Hac WHTepecyeT 3arajka peasibHOro
10JIeTa peasbHOM CTpeJibl, peasibHOe 00BbSICHEHUE 3TOM 3araJjKu, (haHTa3|uHM TAKOTO PO/la OCTaBUM MX
JFOOUTEISIM.

Hame «HeObITME» camMo ompesenwio cebs Kak HeUTO BIIOJIHE TI03HABaeMoe,
JIeNCTBUTENIbHOE, a UMEHHO — KakK «ObITHe» HeUTOo Opy2020. B HameMm ciydae — BHauasie Kak
ObITHe WHOM KOOP/WHAThI, HeXXeJTH JaHHas1, a Terepb — Kak ObITHe MHO)XeCTBa KOOpIMHAT BMeCTO
e JUHUYHOIA.

Kak «xoopauHaTbl» BCe KOOpJAMHAThl TPaeKTOPUM CTpPebl TOXKJECTBEHHBbL X; U Xp
TOXK/]eCTBEHHbI B TOM CMBbIC/Ie, UTO OHU — KOOpAWHAThL. Pa3/iuuaroTCs OHU TOJLKO CBOMMU
3HaueHUsMU. ITO 3HAUUT, UYTO B OJJHOM CMBIC/Ie OHU TOXKJECTBEHHBI, a IPyrOM — pa3/uuHbl. JTU
CMBIC/TbI OTPaKalOT 0OBEKTUBHOE Ha/IMuKe B HUX 110 MEHBIIer Mepe [IByX orpeziesieHHOCTel. Toi,
O/arolapsi KOTOPOM OHM Hepas3/IWuMMbl (KaK KOOpPJWHATHI BOOOINE), M TOM, KOTOpasi Ae/laeT HUX
OTIMUHBIMU ~ APYr OT jpyra (cBoedi BenuuumHOW). [lepByro HazoBeM abcmpakmHoll
OTpe/ie/IeHHOCTBI0 KOOpAuHaThl (AX), BTOPYIO — €e KOHKpemHolU oripefie/ieHHOCThI0  (KX).
[Tonyunm: Ax; = Ax, = Ax; 4, e 1 # 1, to Kx; # Kx;. HeTpyiHO mOHATH, UTO 3TU [Be
orpe/ie/IeHHOCTH HaxOJSATCS B OTHOLLIEHWM B3aUMHOTO OTpuljaHus. [IprueM Takoro oTpuULiaHUs,
KOTJla OZIHO He eCThb JIPyroe, HO BMeCTe C TeM U He CYIIIeCTBYeT, U He MbICUMO Oe3 zapyroro. He
MokeT T UMeTh KOOpAUHATy (KOOpAMHATY BOOOIIE), He TIPUBS3aHHYIO K KaKOW-TO KOHKpDeTHOMU
TOUKe CBOEro T0JjieTa, Kak He MOKeT OHa UMeTb KOHKPeTHOr0 3HaueHHsl B 3TOU Touke, He Oyayun
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KoopauHaroi T. OTpuljaHue, CBs3bIBalOlljee TaKuM 00pa3oM /iBe B3aUMOUCKIIIOUAtOIie CTOPOHHBI,
MIMeHyeTCs duasekmuueckum®.

[uanekTrueckoe OTpULjaHKe CBS3bIBaeT U ellle [iBe OMpe/ie/IeHHOCTH, KOTOPble Mbl HallUTH,
paccMmaTpuBasi IBUXKeHUe X; — Xp. Kaxzas u3 HUX — eduHuyHas KoopauHata. Ho B ponu xp, Korja
3aMKCUpOBaHa X;, MOXKET BBICTYINAThb Jit0Oasi Apyrasi Touka Tpaektopuu. [IpaBaa, posib 3Ta yxke
vHOro poga. Ecim x, BbICTynaeT B pOAM MpeJCTaBUTE/NsT BCEX MX, BCEM COBOKYMHOCTU TOUYEK
TPaeKTOpUH, T.e. KaK {X;}, TO 3Ta COBOKYIHOCTb CIYXUT OTpULI@HHEM He KOHKPETHOCTH X;
(COBOKYITHOCTb He HMeeT KOHKDETHOTO 3HaueHWs KOOpJAWHAThl), U He ee abCTPaKTHOCTH
(COBOKYITHOCTb He SIBsSIeTCS KOOpAWHATOW), a ee eduHuyHocmu. HeT HUUero eguHUYHOro Oe3
MHOdCecmseHHo20'. PaBHO Kak HeT M HHMUYeTO MHOXKECTBEHHOro 0e3 06pasylonpx ero
egquHAYHOCTeN. [Tomyuaem: x; — {x;}.

Kazanoch Obl, moc/ieiHee BhIpayKeHHe CTpaBe/yIiBO JIUIIb TIPU YCJIOBUH i # j, T. €. JOJDKHO
Trpe/irosiaraTh, YTO MHOKECTBO KOOP/IMHAT KaK OTpULjaHUe eJUHUUHOW KOOPAUHATHI JIO/KHO ObITH
«BBIKOJIOTBIM», He JIOJDKHO COjlep)KaTh caMoW 3Toi KoopauHathl. Ho 310 He Tak. Eciu 6b1 0OHO
ObII0 «BBIKOJIOTO» B OTHOIIEHWM OTPUIIAEMON KOOPAWHATBHI, TO, TIOCKOJBKY OHO CJIY>KUT
OTpULIAHWEeM KaX[|0OW W3 HUX, OHO ObUIO ObI «BBIKOJIOTO» CILIOIIL, 06e3 ocTaTKa, [0 MOCIeJHero
cBoero 3jieMeHTa. Ero — MHOXecTBa — He Obuto Obl BoBce. Ho OHO, MOBTOpPIO, BBLICTYIAeT
OTpHULIaHHeM He KOHKPeTHOCTH UM abCTPaKTHOCTH TOM MJ/TM MHOW KOOPZAWHATHI, a ee eIMHUUYHOCTH,
OTpULIaHWEM eJMHUYHOCTH KaXKA0W M3 00pa3yropX 3TO MHOXKEeCTBO KOOpJAWHAT, B TOM UHCJIe
Y TOM, OTHOCUTE/TbHO KOTOPOM MBI €r0 pacCCMaTpUBaeM.

[ToBeneM NpOMeKyTOUHBIN UTOT.

Kak npoucxogut nosiet crpesbl? OHa, a B HallleM C/lydae TOYKa CTpesbl T, rmepeMelnaeTcs
0 CBOel TPaeKTOPUM M3 TOUKH X; B TOUKY Xp. UTOOBI Takoe mepeMeltieHHe COCTOSIOCh, T 10/DKHA
CHauasa yTpaTUThb ObITHe B X;, a 3aTeM 00pecTH ero B X,. YTpaTa ObITUsS B KaKMX-TO KOOpAMHATax
eCTb yTpaTra 3TUX KOOpAMHAT, T. €. TOT IIPOLieCcC, KOTOPBIM BbIllle ONMCaH B cucteme (1).

IIpu 3TOM IPOUCXOUT CefyroLLee.

Bo-repBbiX, yrpaTa ObITMs He O3HayaeT TpeBpallleHWss B HUYTO. B peasibHOM Mupe OHa
COBepIIAeTCsl 3a CYeT yTpaThl CBOeM OMpeJe/IeHHOCTH KaK J[JaHHOIrO sBJeHUs. Ay Hallero
SIBJIEHUSI — TOUKM «X» — STHUX OIpe/ieJIeHHOCTel, KaK BbIICHWIOCH, Lie/bIX yeTblpe! V3HauanbHO
OHa — KOHKpeTHasl eOUHUYHds TOYKa Ha CBOel Tpaektopuw. U Gmikaiiliee mpeBpaleHue,
MPOUCXOJdlllee C HeM, 3aK/uyaeTcss B TOM, 4YTO OHa yTpauvMBaeT CBOK eJAMHUYHOCTb. Ee
eIMHUYHOCTh TIOJBepraeTcsi otpulilanuto. Ee Oosbie HeT. Ho oTpullaHue eJUHUYHOCTH Bji€UeT
CTaHOBJIEHHWE TOTO, 3a CYeT UYero OHa TpeTeprieBaeT 3TO OTPHUIlaHWEe — ee MHONMCeCMBEeHHOU
orpeJie/IeHHOCTU. MHOKeCTBO TOUeK TpaeKTOpUM, T.e. caMa TpaeKTOpUsl ee JIBWKeHHs,

® MojuepkHeM: abCTpaKTHasi OTpe/ie/IeHHOCTh TOUKM He eCTh HeUuTO YMO3pHUTe/lbHoe. AGcmpakmHoe ecmb obujee,
omesneueHHoe om pazauuHo2o. OHo TpefiCTaB/sieT OO0 TO 0b6uUjee BceX TOUeK (KOODPZMHAT TOUEK), 3a CUET KOTOPOTO
OHM CBSI3aHbI BOE/IMHO U 6/1aro/1apsi KOTOPOMY UMEIOT BO3MO>KHOCTh TIPEBpaIlleHys OfiHa B pyryto. OHa — To obwee,
KOTOPOE C/Iy)KUT OCHOBOM B3aUMOJIEMCTBUS CTOPOH, KakoW ObI TPUPOABI OHM HU ObLIM, 00ecrieurBaeT €UHCTBO
MaTepuaibHOTO Mupa. OHa TpUHAZJIEXXWT CcaMoMy 3ToMy Mupy. Ho B HemM He cymlecTByeT abCTpaKTHOM
orpe/1e/IEHHOCTH BHE ¥ MOMHMO KOHKPETHOM, KaK He CYI[[eCTBYeT ¥ KOHKPeTHOI BHe 1 IOMHMO abCTpakTHOM. U yiviiib
KOT/Ia MbI MBICJIEHHO OTJe/IsIeEM O/IHYy OT APYTOH, MOJb3YsSICh WX JHAEKTHUECKHAM Pa3/IMuUeM, CO3/IaeTCsl WUTHO3US,
OyATO «abCTpPaKTHOE» — 3TO JMIIb TUI0/, YMO3PeHUs, a He 00heKTHBHAsi CTOPOHA OTPe/ie/IEHHOCTH TOUKH, CTOJIb JKe
TPUHA/JIe KaIlfast e caMoi, Kak 1 ee «KOHKPETHOCTb».

IOaxke Korja peub WIeT 00 «yHUKAJbHOCTW», T. €. OTCYTCTBHM TO00MsS uemMy-ubo Apyromy, To 00s3aresibHO
T0/[pa3yMeBaeTCsl HUIMUKE 3TOT0 MHOXKECTBEHHOTO «IPYTOro.
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yTBep)KaeTcsi. VI Mbl Har/IsiAHO co3epijaeM 3TOT ()akT B TOM, UTO M OKa3aBILMChb B TOUKE X,, OHa
JIBIKETCS K TOU JKe 1[e/h, K KaKol ZIBUranach B TOUKE X;.

AmnanornuHoe mpeBpallieHre COBEPIIAeTCS U C KOHKpemHOoCmbio Hailieli Touku. OHa TepsieT
Ty ONpeJie/IeHHOCTb, KOTOpasi OT/IMYaja ee OT APYrux Touyek TpaekTopuu. OHa oOHapy)KuUBaet
000pOTHYIO CTOPOHY CBOeii KOHKDETHOCTH, Ty, KOTOpasi Obia TIPUCYIIA el U [0 TIPOUCXOJSIIEro
TipeBpallieHysl, — TO, YTO OHa KOOPOUHAMA, YTO OHA KaK 37IeMeHT MHOKeCTBa TOueK, 00pa3yroIpx
TPAeKTOPUIO, TIPUHAJJIEXXUT CBOEH TpaeKTOpWH. TO eCTh CBOKO HEOIpe/ie/IeHHY, abCmpakmHyro
ripupoZly. B 3ToMm TmipeBpailleHUM eAUHWYHAsi KOHKDeTHas TOUKa, B KOTOPOM B /IaHHbII MOMEHT
BpeMeHU MbI 3actaeMm ctpeny (y Hac — T), yTpauMBaeT U eAUHUUYHOCTb, W KOHKDETHOCTH,
yTpaurBaeT TO ObITHe, KOTOpOe MbI (DMKCHPOBa/M HW3HA4ya/JbHO, HO 3a CYeT 3TOro Kak pa3
1 oOpeTaeT ObITHE TpaeKTOpHs ee JBW)KeHWs KaK e[iiHas COBOKYITHOCThH ee KoopAuHat. OHa —
HCXO/JHAsi TOUKa — oOpalaeTcs B HeObITHe, HO 3TO ee HeObITHe M03BOJIET HAM BUJETh, OTKYAA
Y KyJa OHa JIeTUT (pa3Be MOIJIA MbI CyIUTb 00 3TOM, HaO/OZAast ee B TOUKe ee ObITHsA, B OJHOM
Touke?) HeObiTHe eAMHUYHOCTH W KOHKDETHOCTH TOUKA (KOODAMHATBI «X») €CTh
JIeCTBUTENTBHOCTB, OBITHE ee TPaeKTOPHH, eCTh TaKasi )Ke PeaslbHOCTb, KakK CTpesia B PyKe.

[ToguepkHy: 8 peanbHOM Mupe Hem HUUYe20 KOHKPemHOo20, umo He umeno Obl ceoell
060pomHoll cmopoHoll abCmpakmHo20; Hu4e20 eOUHUUYHO20, UMO He CAYHCUAO Obl 8blpadceHuem
MHOJcecmeeHHO20. He cyimecTByeT peaslbHOCTU Y€TrO-TO OJJHOTO — KOHKDETHOW peasbHOCTU Oe3
abCTpaKkTHOM, peanbHOCTH MHOXKECTBEHHOW 0e3 eJUHWUYHOM. PeasbHOCTh BCSKOTO HEUTO eCTh
eJMHCTBO CTOPOH €ro orpefie/ieHHOCTU. T0 eJUHCTBO, B KOTOPOM 3TU CTOPOHBI BBICTYIAOT
OTpUIIAaHWEM OJIHa [JpPYyroi, B KOTOPOM ObITHe OAHOH eCTh [JeMCTBUTeNbHOe HeObITHe APYrow,
1 HaoOopoT. Tak yCTpOeH MUP U TaKUM OH OTpPakaeTCs B HallleM CO3HAaHUU, KOTa MbI CO3HAeM 3TO
€r0 YCTPOMCTBO, ero AuajeKTuKy, O6sarofapss KOTOpOi OH IpeObiBaeT B HEMPEPHLIBHOM ABM>KEHUH,
0CTaBasiCh B TIOKOe.

Bor u B Hamem ciydae, TOBOPS O AMAJeKTHUYECKHX IPeBpAILEHUsAX OIpe/ie/IeHHOCTH
KOODZMHAT CTpe/ibl, MbI HUUET0 He TPUAyMbIBaeM OT ceOsi. MbI MpocTo (UKCUPYyeM TO, UTO Ha
HaIlMX IJ1a3ax MIPOMCXOAUT B CaMOM TPUPO/ie, B XO/le ee PeajbHOro MoJeTa.

W Temepb, C yueTOM CKa3aHHOTO, BepHEMCS K MCXOJHOMY BOIIPOCY: TaK UTO >Ke Takoe
TPOUCXOAUT C Hailledt Toukoid T, UTO T03BOJIsSIeT el JBUTAThCS, BBICTYMAsi TO KakK X;, TO KakK Xy,
a HaM — co3epliaTh ee JBU)KeHUe B TI0JieTe CTPeJibl U TIOHUMAaTh ee [IBHKeHue?

Hwuuero, kpoMe TOro, uro oHa cymectByeT. OHa ecTb. OHa MIPUCYTCTBYET B OOBEKTUBHOM
MHpe KaK HeuTO BIOJIHE OrpefiesieHHOoe. A ee OrNpe/ie/IeHHOCTh, KaK U OMpeZie/IeHHOCTh BCSIKOTO
00BEKTUBHOTO HEUTO, eCTh MOJI0XKeHHe ee rpaHul]. OHa — Touka. Touka B TPOCTPaHCTBe, a He UTo-
mibo uHoe. «He MHOe» — 3TO ee TiepBas rpaHuiia, b6yarofiapsi KOTOPOi OHa JeMOHCTPUPYET CBOE
OTJINUME OT BCETO, UTO He SIB/ISIeTCS TOUKOMW. V, BMecTe C TeM, CBOel HeOT/IMUMMOCTBIO OT APYrUX
TOUEK OHa JIeMOHCTPHPYeT CBOIO abCTPaKTHYIO Ompe/iesieHHOCTh (Ax). A UToObI HAUTU CBOE MECTO
Cpeay IPYrux TOUEeK, CTaTh CaMOM COOOM, OHA JIO/DKHA TI0JIOXKUTH TPAHUILy MEXIY CO00M U UMH,
JIOJDKHA TIPO/IeMOHCTPUPOBAaTh CBOIO KOHKpeTHOCTb (Kx). Ho u fmeMoHCTpalusi KOHKPeTHOCTHU
BO3MOJKHA JIMIIb TOT/Ia, KOT/la OHA Orpe/ie/ieHa KaK KOHKPeTHOCTh Uero-To, B HallleM Ciyyae —
KOHKDETHOCTh TOYKH, TOUKU «BOOOILE», KOHKPeTHOCTb CBoel abcTpakTHocTH. VHaue roBops,
obpeTeHue OMpezie/IeHHOCTH — 3TO He eJUHOXK/bI COBEpINAeMbIM aKT, a HEeNpPepbIBHbIM MPOLIeCC,
B KOTOPOM T'PaHUILY Ka)KJ0l CTOPOHBI OMpe/ie/IeHHOCTH TOUKHU K/a/leT Apyrasi CTOpOHa, B KOTOPOM
3TH B3aMMOOTPHUIIAKOIIME CTOPOHBI BOCIIPOM3BOASAT ce0si yepe3 CBOKO MPOTHUBOIMOIOKHOCTh. JTOT

TIPOL[eCC UMEeeT BUJL:
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> Kxp - A =Ax - K - Axp =Ax, - Kx3 - ... (3)

AmnasornyHble TpeBpallleHUsi TpeTeprieBalOT W [iBe Jpyrue CTOPOHBI OIpe/ie/leHHOCTU
Touku. Ee eauHuuHOCTh (0003HaumMm ee OykBoW E: «Ex») HaXOAWT CBOW TIpefiesl JIMIIb BO
MHO>KeCTBe TOUeK, KaK OZIUH U3 3/IeMeHTOB 3TOro MHoKecTBa. OHa TOUKa eCTb TOJIBKO ITOTOMY, UTO
ecTb Apyrve Toukd. He Oyab ux, He Oyap BOOOIIe HUKAKUX APYTUX TOueK, He Oblia Obl TOUKOM
1 oHa cama. YeM yrojjHo, HO He TOUKOM. To/IbKo BO MHOKecCTBe (0603HaunM « Mx») oHa obpeTaet
CBOIO eJUHUYHOCTb. HO 1 MHOKeCTBO OIpe/ie/ieHO /UL 3a CUeT OMNpeZie/IeHHOCTH ero eJUHUUHBIX
3/IEMEHTOB, 3a CYeT HaJWuyusl WX ONpeJe/ieHHOCTH KakK eJUHUUHBIX. OTOT TIpoLecc
B3aKMMOTI0/IaraHusi CTOPOH OTIpeZie/IeHHOCTH TOUKH uepe3 UX B3aMMOOTPULIAHE MOKHO M300pa3uTh
ceayronpM obpa3oMm:

..Ex; - Mx={x} - Ex; - Mx - Exz3 - Mx -»... (4)

A Ternephb cziesiaeM nocaefHUH ar — o6beuHUM Gopmyiisl (3) U (4) B oHY:

MK MK
... EKx, —»{EA;((—»EKXZ q{EA;:—»EK&, (5)

,HETEU'IBHEG OHa MOJKeT BbII'VIANEeTb TdK:

_ (BMKx  (HMKx
... BEKx;, » HEKx, = {BEAX . {HEAX
EKX; ... (6)

Ora QopMyia OCTaHeTCS CIpaBeIiBOM M B TOM C/ydae, eC/Id KaXAyi JauTepy «bB»
3aMeHUTb Ha «H», a «H» — Ha «b».

BMKXx . {HMKX

= BEKx, - HEKX2={BEAX HE A

[lepes Hamu 1Ljerouka Tex IIpeBpallieHWi, KOTOpble TMpeTepreBaeT To4yka I B CBOUX
KOOp/IMHATax X;, UTOObI OCTaBaThCS OIpeJe/IeHHOW TOUKOW, a 3HauMT, YToOBI CyiiecTBoBaTh. Ho
3TO He coBceM OOBIUHBIE TIpeBpallleHUs. B camoMm [ene, BOT eAWHWYHAs KOHKpPETHas TOYKa X;
MPeBpaIliAeTCsl BO MHOXXECTBO KOHKPETHBIX «X» WM B eJUHUUHYIO aOCTPaKTHYIO «X». Kakoe
paccTosiHMe OHa Jo/bKHa OyzleT TMpOWTH B XoJle 3TOro TpeBpailleHUs? Bompoc pgaxke 3BY4dT
abcypsHO. AGCTPaKTHOCTb «X» eCTh 0OOpOTHasi CTOpOHa ee KOHKpeTHOCTU. OHa TaM e, T[e
Y KOHKPETHOCTb. Mely aOCTPakKTHOCTbIO ¥ KOHKPETHOCTBI) TOYKM HET HHKAKON

MPOCTPaHCTBEHHOM AUCTaHIMU. To >Ke MOXKHO CKa3aTb U O ee eIMHUUYHOCTU U MHOKeCTBEHHOCTH.
Kx

EAx
b0 TiepeMelieHusI B TIPOCTPAHCTBe, OHA MTPOMCXOUT BHE TIPOCTPaHCTBA. MOXKHO CKa3aTb — 0e3

Tak uyTo 3Ta mepBasi uTepaius mnpespaileHus: Touku (EKx; — { ) coBepimaetcs 6e3 Kakoro-

MK
rnpocTpaHcTBa. HO TOUHO Tak »ke COBepIlaeTCsl U BTOpasi UTeparjus: — EKx,. OHa TOXe He

X
EAx
MMeeT HUKaKOW MPOCTPaHCTBEHHOW MPOTSHKEHHOCTH.

A CKOJTbKO BpeMeHH 3aHUMaeT Kaxkjast U3 HUX? OTBeT AUKTYETCS TEMH )Ke COOOpakKeHUsSIMH.
Mexay CTOPOHaMU OIpefie/IeHHOCTA TOYKM HeT HUKAKOr0 BpeMeHHOro uHTepBasia. OHU [aHbI
TOUKE B OJINH U TOT >Xe MOMEHT BpeMeHH. [103TomMy 00e 3TH UTeparyiy OCYLIECTBIISIOTCS He TOJIBKO
8HE NpOCMPAHCMBd, HO VI BHEe 8PeMEHU.

B 3TOM 0C0GEHHOCTH [JUaNeKTUUeCKUX TIpeBpallieHuid. Mbl He MO)KeM HMX HabJo/jaTh
BOOUMIO, KaK HabJ/r0jaeM Jiro0ble Jpyrue TpeBpallieHys B TIpupoie. VIMeHHO MOTOMY U He MOXKeM,
YTO OHU TIPOTEKAIOT BHE TIPOCTPAaHCTBA U BpeMeHU. OO0 UX CYITIECTBOBAaHUM MbI MOXXEM CYAWUTHb
JIMLLb TI0 UX pe3y/abTaTaM, BUJs, HallpuMep, UTO TOuka I B KOOpAMHATe X; MCue3aeT, HO TYT Ke
Y BO3HMKAaeT B KOOpJuHare X,. Kyza oHa ucyessna, OTKyza Bo3HMK/IAa? KaHyna B HUUTO U U3 HUUTO
nosisuiack? BoBce HeT. B moOoM MecTe W B /1000 MOMEHT, TZie M KOIZld MBI €€ MOXXeM
00Hapy>KUTh, OHA CYIIIECTBOBasa, T. €. C Hel MPOUCXO/WUJIO TO, UTO OMHchkiBaeTcs popmynamu (5)
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v (6), oHa— mpeBpaliaiack. I[IpeBpainanack, 4ToObl OcCTaBaTbCs TOUKOM T, ocCTaBaThCS
JIeMCTBUTEIbHOM, peaibHONW TOUKOW. (MbI TTIOMHUM, UTO «TOUKa T» JIMIIL CUMBOM3UPYET COOOH
JIeCTBUTEIbHYIO, peasibHyl0 CTpejy; ee TIpeBpallleHuss — 3TO CUMBOJMUYECKOe OTOOpakeHue
MpeBpallieHuid caMmol CTpesibl.) MaTepuan AJisi «MaTepuanu3alun» X, ObT JaH oOpaieHueM
B HeObITHe X;. Ee HeObTHe (HEKX;) 06epHynock ObITHEM BCErO MHOXKECTBa KOHKPETHBIX 3HaUeHU !
Touek rpoctpaHcTBa (BMKX), 13 KOTOpOro X, MOXKeT TeTiepb PUHSATE TF000e, MprUyeM MPUHSThH Kak
eIMHUYHAs. CBOOOJIHAsE OT KOHKpeTHOCTU Touka rpoctpaHcTtBa (BEAx). OHa BO3HHMKaeT He W3
«HHAYEro», a U3 3TOr0 peajbHO CYIIECTBYIOIIEr0 MaTepuasna, KaK OTpULlJaHHWe MHOKeCTBEHHOCTH
nro0oi TIpUHaIeXaIlel el e JMHUYHOCTBIO.

OTu GopMyJibl TTO3BOJISIIOT MOHATH, YTO MPOMCXOAUT C T B TOT MOMEHT, KOT/Zla OHa MeHseT
CBOe TIOJIO)KeHWe Ha TPAaeKTOPUM CBOEro ABWKEHUS. A HaM TO3BOJISIIOT OOBSCHUTH 3Ty TTepeMeHy,
He Tepsil CBA3M C DeaJlbHOCTBbIO, He CO03/aBasi HUKAKWX TMIIOTe3, OCTaBasCh Ha MoOuBe (PAKTOB
Y OTIepUpYs TOBKO UMHU.

Ho ecnmu ¢opmyna (5) onuckiBaeT nepemeirieHue T U3 TOUKU X; B TOUKY Xp, TO 3HAUUT JIU
3TO, YTO 3Ta (popmysa onuckiBaeT JBrkeHHe? CosepieHHO BepHO! dopmyna (5) — 3To U ecThb
¢opmyna OeudceHusi. Tlpuuem, BoOOIIe TOBOPS, BCIKOTO TMPOCTPAHCTBEHHOTO JBWKeHUs, Oosiee
TOTr0, BCSIKOT'O KOJTMYeCTBEHHOI'O MU3MEeHEeHMUSI.

BripoueM, [uaneKTWKy CTOPOH OMpe/ie/IeHHOCTH BCSKOIO SIBJIEHUSI TIPUPOJbl MOXKHO
OMUCaTh He TOBKO TakK, KaK 3TO CZieJs1aJu Mbl 3/leCb. OTU CTOPOHBI OCTaHYTCSl TEMH JKe, BCe Cyllee
oripe/iesisieTCsl TeMU >Ke KaTeropusiMu — eOUHUYHOCMbIO Y MHOX®CEeCMBEHHOCMbIO, KOHKPEMHOCMbIO
U abcmpakmHocmblo, B WX Obimuu W HebObimuu,— HO u300pasUTh WX AUAEKTHYECKOe
«B3aUMO/IeliCTBMe» MOXKHO W WHaue, B BUje HMHOUN (opmynbl. Beskasi popmyna cyiiecTBoBaHHUS
BCSIKOT'O MIPUPO/THOTO sIBeHUs OyzeT v (hopMysiol ABHMIKEHHSI.

OpHako rze ke BCe-TakW 3/iech /iBMKeHHe? Mbl 06bsicHUIN niepeMeltieHue T U3 X; B X, HO
OTOBOPDWIM, UTO OHO COBepIlaeTCs BHe IIPOCTPaHCTBA W BpeMeHU. Komu Tak, camMo 3TO
repeMeltieHue Mbl He Moryd Obl HabmogaTh. HO MBI BUZMM, UTO CTpeJia JIeTUT, PUYEeM Kak pa3
B MIPOCTPAHCTBe U BO BpeMeHH, Mbl BU UM ee BikeHue! Tak uro mbl BUuauM? Kakum ke obpazom
HaM yJlaeTCsl ero BUJETh?

[TomHMTE, B Hayaje CTaTbH Mbl TOBOPUIM O «Oyrkaiiiuedi Touke»? OHa [o/bKHa Obta
OTBeuaTh O/[HOBPEMEHHO JIBYM YCJIOBUSIM: X; # X, (T. e. Xx; — Xo # 0) u: x; — x, = 0. A Takoi napsl
TOUEK C JeWCTBUTE/NIbHBIMU KOOpAWHATaMH, €C/IU CYyJUTb O Hell C MO3ULUK MaTeMaTHuyecKou
JIOTHKH, B TIPUPO/ie He cyilecTByeT. M TeM He MeHee «OsKaiiiliasi Touka» Hanviace! [la ere Kak!
Beab x; U X, TI0 YCTIOBUIO — TOUKU U JeWCTBUTe/bHBIE, U pa3Hble. [IpyueM cOBepIlieHHO HEeBa)KHO,
HAaCKOJIbKO pasHble. BennurHa UX pa3nvuusi yCIOBUSIMA He OroBapuBaziach. B MaTemaTtuueckoi
JIOTWKe UX pa3HOCTb HUKAK He Morjia Obl ObITb paBHa Hy/M0. Ho MbI Hallyk, UTO, TIPU BCEM MX
pa3MuMM, UX BOOOIe HUUTO He pa3fiefisieT, UTO X, MOJHOCTHIO OTBEUAeT YCIOBHIO OvyKauimei
TOUKH K X;. OHU 0e3 «3a30pa» MPUMBIKAIOT APYT K JPYIY, TakK TJIOTHO, UTO MeX/Iy HUMHU HeT MecTa
JU1s1 TIPOMEXXYTOUYHBIX ToueK. OHU pa3Hble, HO MX Pa3HOCTb TOXKJECTBEHHO paBHa Hy:mt. U npu
3TOM OHM — JitoOble Touku! OKa3asoch, UYTO Ha caMOM fiejie OJiyKakIel TOUKOH ITPOCTpPaHCTBa
K JJaHHOU siB/isieTCs1 Jito0ast ipyrasi, CKOJIb YTOAHO OT/ja/ieHHasi OT Hee TOouKa! OTOT BbIBOJ| Ka KeTCs
KaKMM-TO TOJIOBOJIOMHBIM, CJIMIIKOM 3K30THUYECKHM, UTOObI CUeCTb ero UCTUHHBIM. Ho Be/ib OH He
Oosiee  TOMIOBOJIOMEH, UeM YTBep)K/IeHWe O BHEMPOCTPAHCTBEHHbIX U BHEBPEMEHHBIX
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TpaHC(hOpMALUAX OINpee/leHHOCTeil Bcero cymero®. My BO BCAKOM CTydae OH MOXKET ObITh
VWHTepeceH TeM MaTeMaTHKaM, KTO 3aHUMaeTCsl pa3raIkoil TMPOTUBOPeUYMsl JUCKPETHOCTU
Y HeTpepLIBHOCTH B TEOPUU MHOXKECTB.

Ho Tyr ectb ofHa «XUTPOCTb», KOTOpas MPUMMPsieT Hac C BBIBOJJOM MaTeMaTU4eCKOu
JIOTUKU O HEBO3MOYXHOCTH CYIIIECTBOBaHUS «OsvyKaiileld TOUKu». BCrTOMHUM, UTO X, BO3HUKAeT
BC/Ie/ICTBHEe oOpalteHusi B HeObITHE Xx; (cM. dopmyssl (1), (2)). OHa AeMCTBUTE/NbHA JIUIIb TIPH
YCTIOBUM YTpaThl CBOeH [JeMCTBUTENbHOCTH TOYKOW X;. Wau, roBops HHaye, X, CTaHOBUTCS
HaCTOsAILel, peaibHOWM TOUKOM JIUIL TOT/QA, KOTJa BLICTYNaeT OTPULiaHUEeM HacCTOsILIeH, peaibH OU
TOUKU X;. OJHOBpeMEeHHO Tapbl TaKWX TOUYeK B peajlbHOCTU, KakK W ObLIO CKa3aHO, HeT, HO
peasbHOCTh KaXK/I0M M3 HUX CO3/JaeTCs 3a CUeT OTPULIaHUs, oOpalleHHsi B HeObITHe peasibHOCTH
apyroii. B cBoro ouepear W COOCTBEHHYIO peaslbHOCTh TOUKA Xy TIOJTBEP)K/IAeT JIUIIb B aKTe
rpeBpallleHHsi B X3, B KOTOPDOM Telepb W OHa Jviaercs ObiTusi. Kakgas U3 3TUX TOdek
TOTEHIMABHO, elle He WMesl OBbITHS, COAEPXUTCS B ObITUM TmpeecTByoileii: bx; = Hx,.
W cTaHOBUTCS [1eHiCTBUTETLHOM, KOT/Ja /1eliCTBUTeTbHOCTDb TepsieT Mpe/iliecTBoBaBilas. Hukakas u3
HUX He BO3HUKAeT U3 «HUYero», a Ipe/CcTaB/sieT CO00 B CBOeM ObITUM pe3y/bTaT IpPeBpalleHHOTO
(BcsieacTBUE yTpaThl KOHKDETHOCTH) OBITHSI TIpe/llecTBOBaBlIero 3jeMeHta. OTyero camo ee
CyILIeCTBOBaHHE eCTb He UTO MHOE, KaK npoyecc — TMPOLIeCC CTAHOBIEHUS U MTPeX0XK/eHUSI.

IMpuposa kak OyaTO WrpaeT ¢ HaMu. «Bbl XOTHUTE TIONYYUTh O/IMIKAMIIYIO TOUKY,
beckoHeuHO TpubO/MKasi K Held Apyryro? He crapaiitech, Tak y Bac HUUero He royiyautcs. Takas
TOYKa, KOHEYHO, ecTb. Ee He MoxeT He ObITh, Oe3 Hee He ObIIO ObI HUKAKOTO ABM)KEHHUS. A Kak ee
HaWtu? [la MpOCTO BLINTU M3 MPHMUTUBHOIO TMpe/CTaB/le€HHs O MPOCTPAHCTBE KaK O ueM-TO
CTaTUYHOM M 3aCThIBIIEM, KaK O TOM, UYTO MO>KHO MePUTb py/leTKou. /laTb cebe OTUET B TOM, UTO
OHO eCTh B JleliCTBUTe/NbHOCTU. U Torzla Bbl YBU/WTE He TOJIbKO 3Ty TOUKY, HO U TO, UTO BCe
TPOCTPAHCTBO CIVIONIL COCTOUT M3 OJHUX JIUIIhL «OIMDKaUIIIMX TOUeK», UTO JPYTHX TaM BOBCE HET,
YTO OHO Bce — OmKaiimast K cebe Touka. [IoToMy-ToO B HEM BCe U HeINpepbIBHO, /IaXKe TO, UTO
JUCKPeTHO. M 3TO TpW TOM, UTO BCe /0 eIUHOW 3TH «OmKakle TOUKW» — pa3Hbie. TakoBa
MO/IJIMHHAs PealbHOCTh, & He TOJIbKO ee BUAUMOCTb, ,,JaHHAs B OLIYILIEHUSIX “».

Ho BepHeMcs K peasibHOCTH, JOCTYITHOW BOCTIpusATHIO. [la, mepexo X; — X, He TpeOyeT HU
BpPeMeHH, HY TIPOCTpaHCTBa. U mepexog x; — x3. U x3 — x4 1 T. 1. JIt060# 13 HUX COBEPLIAETCS BHE
M3BECTHBIX HaM «(OpM CyIIIeCTBOBaHUSI MaTepU».

A niepexop x; — x3(cm. @. 5)?

Mexxy 3TUMM 3/iIeMeHTaMU YyKe BK/JIMHUBAETCsl MPOMEXYTOUHbINA X;. 3a CUeT 3TOro Mx
pasHHLIa y)Ke He paBHa Hym0. TouHee, He paBHa HY/IO pa3HUL]a KOHKPETHBIX OIpe/ie/IeHHOCTel

® Curyaups, xorza OTKpbITHe HAyKM OTPMIAZIOCH TOJBKO NOTOMY, YTO MPOCTO He MOMEILJAoCh B BOOGpaKeHHH,
CKJIafibIBasiach He pa3. B Hauase mpomioro Beka Ka3ajJoCh HeBO3MOJKHBIM, UTOOBI MaTepHa/ibHasi UaCTHLA (HarpruMep,
37eKTPOH Wi ()OTOH) ObUTa OJHOBPEMEHHO U KOPITyCKY/OH, W BOMHOW. [la WM camu aBTOPbI NOJOOHBIX OTKDPBITHIA
HepeJKO OTKa3blBU/IM VM B I0CTOBepHOCTH. M. ITaHK, BBe[IIMii B NpeACTaB/IeHsT (GV3VUKY Hel0 KBaHTQ, He BepWl
B ero peajbHoe cymecTBoBaHve. OHO OBUIO TIO3Ke JOKa3aHo A. DHHIITEHHOM, OOBSCHUBIINM Ha OCHOBAHMH 3TOH
ugen sienende ¢orto3ddekra. Ho korma crycts Bpemsi uM, BMmecte ¢ b. Ilogosbckum u H. PoseHom, Obut
chopmymipoBaH JITP-rapajoKc, TOCTYKIBIIMIA Yepe3 TOALI OCHOBOI TeOPHH 3allyTaHHOCTH YacTHL] (YCTaHOBUBILIEH,
YTO VBMeHeHUe IlapaMeTpOB KBAHTOBOTO COCTOSIHWS OZHOM UacTMII B/leueT MTHOBEHHOe, He 3aBHCSIee OT
pacCTOsTHYS, M3MeHeHHe KBaHTOBOTO COCTOSTHUS IPYTOM WM HeCKOJILKUX JIPYTHX UacTHL, HAXOZSIUXCS B COCTOSTHAN
3alyTaHHOCTH C TIepBOM), OH caM OBUI yBepeH, UTO €r0 COOOp&KeHWs MMEIOT WCK/IOUHMTeNTbHO YMO3DHTEeTbHbINA
XapakTep, TOCKO/BKY «(¥BUKa [0/DKHA OTPOKATh PealbHOCTh BO BPEMEHHM M IPOCTPAHCTBe, 0e3 TpH3pauHbIX
JaTbHOJeMCTBII». B HacTosiiee BpeMst ufesi 3allyTaHHOCTU SIBSIETCS] (yHIAMeHTaIbHBIM TIPYHLAIOM KBAHTOBOM
(0763712478
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3TuX KoopaumHaT: Kxz — Kx; = Kx;. AOCTpakTHBIE K€ OCTAlOTCSl TOXAECTBEHHBI JPYT APYTy
(BcmomHUM: AX; = Ax; = Ax;). ToXeCTBeHHBI He B KOJIMUECTBEHHBIX 3HaUeHUsIX — abcTpakTHas
OTIpe/ie/IeHHOCTh He BBIPAYKAETCS B KAaKUX-TMO0 UMC/IaX WA BeTMUHMHAX, KOTOPhIE TIO3BOJISTA ObI
CpaBHUBATh €e 3JIEMeHThI U HaXOAUTb UX PaBHBIMU WM pa3nvMuHbiMU. OHa — 0OOpOTHAst CTOPOHA
MX KOJMYeCTBeHHOW KOHKpPeTHOCTH. OHU TOXKJeCTBEHHbI B TOM CMBIC/e, B KAaKOM BCSIKast
KOOp/IMHATa «X» — KaK «KOOp/JMHATa» — TOXK/eCTBeHHas BCIKOM Jpyroi Kak camoii cebe. Kak
ey Obl peub IIyla He O Tpex (KakK B ZIAHHOM CJiydae), a 00 O/[HOM W TOH >Ke KoopAuHaTe «AX».
W BOT 3Ta ofHAa KOOpJWHATa B CBOel abCTPAaKTHOW OMpeJe/IeHHOCTH 3a CUeT BKIMHWBAHUS X
OKa3bIBaeTCsl «HOCHUTEeeM» [IBYX Pa3/MUHBIX U pa3/ie/IeHHbIX KOHKPeTHbIX 3HaueHuit. Ho Touka T
He MOXKeT MMeTb OZHOBDEMEHHO /IBa KOHKDETHBbIX 3HaueHHUs CBOel KoopjauHaTel! Bciencteue
3TOro ojHa abcTpakTHas KOOpJWHATa, OCTaBasChb TOXAECTBeHHONW cebe, OKa3bIBaeTCs
MPOTUBOCTOSIIIIEM cebe BHemmHMM oOpa3oM. He Kak «cBoe wHoe» y [erens, He Kak
MPOTUBOIIO/IOKHOEe cebe, a KaK «camo uHoe». BKIMHWBaHWe KOHKDETHOTO 3HAueHHUs X, MEXIY
KOHKDETHbIMH 3HAUeHUsSMU X; M X3, OCTABaBIIMMHUCS BHe BpeMeHHM W IPOCTPAHCTBA
Heorpe/le/IeHHBIMM B CBOEM TIPOCTPAHCTBEHHOM TIOJIOKEHWU, Terepb CO37aeT 3Ty WX
oripe/ie/leHHOCTb. [lpyueM TaM, Tj[le BK/IWHUBAaeTCsd OJWH, BKIMHUBAeTCs U OeckKoHeuHoe
MHOXXeCTBO. Mexxly HUMH (X; U X3) BO3HUKaeT oducmaHyus. VMl oHa CyThb He UTO WHOe, Kak
npocmpaHcmeeHHass — OUCmaHyusi,  TPOTSDKEHHOCTb.  YuWThbiBasi  MOIIHOCTb  MHOKeCTBa
MIPOMEXXYTOUHBIX 37IEMEHTOB, OHa MOXXET ObITb CKOJIb YrO/IHO Be/IMKA. Y JUBUTE/NbHO: Ha HaIlMX
rya3ax Oyzaro Obl M3 HUYEro poxcdaemcsi camo npocmpaHcmeo! PoxkaaeTcst He Kak «BMECTUJTHILIE»
BCETO CyIero, a KakK CJe/ICTBUe CYIIeCTBOBAaHWS BCSKOTO  CYINEro, CYIIeCTBOBAHUS,
COBEpLIAIOIIETOCS B AWAJeKTUYeCKOM [IBIDKEHUU. BepHO, UTO «ZBWKEHHE COBepIIaeTCs
B IIPOCTpPaHCTBe». HO BepHO Takke W TO, UTO M CaMO TPOCTPAHCTBO BO3HMKAeT B ABW>KEHUH,
a UMEHHO — B [JBW)KEHWH, TIpe/ICTaBleHHOM KOJMUeCTBeHHbIM H3MeHeHHWeM. B Hux —
KOJTMUECTBEHHOM /IBW)KEHWHM W TPOCTPAHCTBE — HET TePBUYHON CTOPOHBI, OZHO €CTh MpUYKHA
Jpyroro, TeM CcaMbiM U camoro cebs. Bcsikoe MrHoBeHUe, BCsSKasi TOYKa, KOTOPbIE
B MaTeMaTUUeCKOW JIOTMKe PHUCYIOTCS 3aCThIBIIMMH, MePTBbIMU («B JIaHHBIA MOMEHT JaHHas
TOUKA...») B CaMOW TIpUpO/ie TIPe/ICTaB/ISIOT COOOM MeCcTO KWIMeHHUs [JUaleKTUKH, MeCTO
«B3auMOIIpeBpallleHUsi» CTOPOH TIPOTHMBOpEeuMsi, B KOTOPOM M CO3/1aeTCs OMpejie/IeHHOCTb 3TOro
MOMEHTA, 3TON TOUKH, B KOHEUHOM CueTe — BCSKOro HeuTo. U coBepiliaeTcsi 3T0, Kak HETPYJHO
TIOHSATh, He TOJIBKO CO CTpesiol, HO co Bceli BceneHHoM, co BceM Mupo3iaHueM. CoBepliaeTcst BHe
BpPEMEHU W MPOCTPAHCTBA, a 3HAUUT, C OECKOHEUHOW YacTOTOM Ha JIFoOOM OTpe3Ke BPeMeHU WU
MIPOCTPAHCTBa.

Msbl BO3BpalljgeMcsi B TOT MHpP, B KOTOpPOM MeTaMOp(o3bl Hallled TOUKM CTAHOBSITCS
3puMbIMH! B MUD MIpOCTPaHCTBA, B KOTOPOM CUSIIOT JjajieKue 3Be3/ibl, yOeraeT 3a TOPU30HT A0pora,
MIPOCTUPAIOTCSA MOPSl, B KOTOPOM TpeObIBaeT BeCb M3BECTHBIM HaM MWD W Mbl CaMU C HalllMM
yOOTMM TIpe/iCTaB/IeHHEM O MPOCTPAHCTBE KAK O 3aCThIBILEH MYyCTOTe, CTATUYHOM BMECTHJIMIIE.
PoxkzaeTcsi TakuM, KakuM MbI ero 3HaeM! (Ha camom Jiesie yaUBISITBCS TYT CJIeyeT TOJIBKO TOMY,
KaK MaJio Mbl 3HaeM O TIOAJIMHHOM YCTPOWMCTBE MHUDO3[aHus.) BoT B 3TOM mpocTpaHCTBe
u aBvkeTcs T, IeTUT cTpesia 3eHOHA, KOTJja MbI ee BUIUM.

Wtak, Mbl pa3rajand 3arajKy JApeBHero rpeka. Temepb BCSKHMM Ha Borpoc «YTo ecThb
JIBUYKeHUe ?» CMOXKeT MpeabsBUTh (hopmyiny (5), OTBeTUB: «/IBU>KeHUe B POCTPAHCTBE eCTh TO, UTO
COBepIIAeTCS YKa3aHHbBIM 3TOU (popmMysiol criocobom».

BripoueM, K cka3aHHOMY HEOOX0MMO /100aBUTh O/IHO Ba)KHOE YTOUHEHHE.
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Msbl paccMOTpe/iu ABW)KeHWe TOUKH B TIpocTpaHCTBe. Ho OHO coBepimiaeTcsi ¥ BO BpeMeHH.
BpeMsi B Haiem paccka3e Kak OyATO M TIPUCYTCTBOBaJio — Mbl TOBOPUJIM O «IIpOLieccax»,
«TIPeBpaILeHUsIX», O «IIPe/IIeCTBOBAHUN» U «CJIe/JOBaHUN», T. €. O COOBITUSX, TTPOTEKAIOUX BO
BPEMEHU, — HO TPUCYTCTBOBAJI0 B KAaKOM-TO 3/MMWHMPOBAHHOM BH[e: BCE€ 3TH COOBITHS
COBepIIA/ICH «BHE BpeMeHM»' . IToueMy ke, pa306paB MepeMelleHKe CTpeibl B IIPOCTPAHCTBE, MbI
octaBu/u Oe3 BHUMAaHUs ee repeMellieHre BO BpeMeHH?

[lesio B TOM, UTO Pa3roBOp O BpeMeHHU BbiBesT ObI HAC /Ja/IeKO 3a PAMKH ITOCTaB/IeHHOMN B 3TOU
cTaThe 3aZiaud. MOMEHT BpeMeHM, B KOTOPOM MbI HaOJOZamu CTpeny 3eHOHa, 3TO MOMEHT
BpeMeHU He CTpeJibl, a BCero Myupo3jaHus. Touka Ha cTpesie, 0 KOTOPOi1 1iU1a peub, MpUHajJie Kana
cTpesie, HO MOMEHT BpeMeHH, B KOTOPbIM Mbl ee (DMKCHpOBa/M, MPUHAJIe)Kal He TOMbKO ei, HO
U HaMm, ee HaOmofaTensiM, U BCeMy HallleMy OKpY)KeHWI0 — Bcell BcesnenHoil. Kpome Toro,
oOpailjasicb K BOMpPOCY O TpPUpOJe BpeMeHW, HaM TMPUIIOCh Obl 3aHATBCS yXKe He
KOJTMYeCTBeHHbIMH, a KaueCTBeHHBIMHU TIpeBpallleHusMU B Tipupofie. Ho co cTpesioii HMKaKuX
KaueCTBeHHbIX MeTaMopd03 He TTpoucxousio. [To3ToMy ux 0ObsiCHeHUsI HaM ObUTH M He HY)KHBI.

KoHeuHo, MOXHO ObUIO OBbI, [ TIOJIHOTHI KapTHUHBI TI0JIeTa CTpefbl, [100aBUThH
K CKa3aHHOMY M aHa/u3 [UaleKTUKU BpeMeHM ee TosieTa. Sl He cTan 3TOro JiesiaTh He TOJIBKO 3a
OTCYTCTBHEM B 3TOM HeoOXOAMMOCTH, HO U TIOTOMY, UTO yiKe JaBHO CZe/la/l 3TO B JPyroM MecTe .
A MOCKOJIBKY 3Ta KapThHA MHe 0osiee UM MeHee sicHa (B TOW Mepe, pa3yMeeTcs], B KaKOi OHa, Kak
Y KapTWHA JeMCTBUTEIBHOTO CYIIIeCTBOBAHHS TIPOCTPAHCTBA, BOOOIIE MOXKET ObITh SICHa KOMY-TO),
1o3Bosit0 cebe yTBepX/JaTh, UTO pacCKa3 O BPeMeHM HWUero He W3MeHUs Obl B OKOHUATeTbHOM
BbIBOZIe, cdopmynvpoBaHHOM B dopmyse (5). Ota Qopmyna, Y4YUTbIBaeTCsi /AU B HeH
JlelicTBUTeNIbHOe BpeMsi WM HeT (T. e. YUMThIBAeTCs /i B Hell KaueCTBeHHasl OIpe/ie/IeHHOCTb
CTpeJibl Kak (PU3NUYecKOro Tesa), OCTAeTCs BepHOW B TOM 3HaueHWH, B KAKOM OHa IpejcTaB/ieHa
3/1eCh, @ IMEHHO — Kak (hopMyJ/ia BCIKOTO KOJTMUECTBEHHOTO [IBUKEHUSI.

Hakonel], MO>XXHO ellle 3aMeTUThb, UTO, CTYIMB Ha 3TOT MyTh — COBEPILMB Tepexof OT
aHa/M3a KOJIMUeCTBeHHOU orpe/ie/ieHHOCTH (UCC/ie[JoBaHUS JuaeKTUKU MPOCTPAHCTBA) K aHATU3y
oripe/ie/IeHHOCTH KaueCTBeHHOH (MCcieZJoBaHUIO IMalleKTUKK BpeMeHH), Mbl, Bce 0ojiee «HaroMHSIs
JKU3HBIO» BO3HUKAIOLIYI0 KapTUHY, JO/DKHBI ObUTM Obl, BUAUMO, C/lefiaTb W CIeAyHOLMd Iar —
00paTUTLCST K OMpeJe/ieHHOCTH BelHOW (0 ¢opMe abCTPaKTHOTO CYIECTBOBAaHUSI KOTOPOU
y dunocodry HeT Ja)ke HavyaJbHOTO TIpe/CTaB/ieHus). UV Torza repes HaMU OTKPbLIach Obl
OeckoHeyHasi [jopora OT OIpeJie/IeHHOCTU K ONpe/eseHHOCTH, BeAylas B TaKyl [Jajib, KyJa
HUKakKasi CTpeJia He 3ajieTasa.

W nocnegnee.

9
Pa3ymeeTcs, 3TH TepMUHBI — «COOBITHE», «IIPOTEKaHHEe», «IPeBpallleHHe» HT.I. — He CjeAyeT TOHAMATh

B KOHTEKCTe JaHHOHM cTatbu OykBambHo. Ho Apyrux (Kpome, MoXKaayd, KaTerOpud «OTPHULIAHWE» B TeresieBCKOM
CMBICJIE) [I/I OTIMCaHKsI OOHAPY)KEHHBIX HAMH «TPOIIECCOB» HH B KAKOM si3bIke HeT. [Toka HeT. Ho 3T0 [1e/10 HaKUBHOE.
(Ckaxem, Mbl HAlLM, 4YTO [BIDKEHME CTpe/bl OOBSCHAETCS COOBITMSIMY, TIPOWUCXOASILIVMU «BHe BpeMeHH
W TIPOCTPAaHCTBa», BHe W3BECTHOW HaM YYBCTBEHHO [aHHOW (HENOCpeACTBEHHO WIM OINOCPeJ0BaHO) peabHOCTH.
ABuem? B Hekoell «cybpeambHOCTH»? HO Takoe HaMeHOBaHWe CO3/jaeT BrieuaT/ieHde ee BTOPUYHOCTH, TOT/A Kak Ha
CaMoM [iejie OHa MepBUYHA OTHOCHUTE/ILHO PeallbHOCTH, B KOTOPOH MbI NMPUBLIK/IM JKUTh M B KOTOPOI HET 00bsSICHeHUSI
JBIDKEHMIO CTpesibl. Ee Be/ib HaZl0 Kak-TO Ha3BaTh, OHA HE MeHee peaylbHa, UeM NMPUBbIUHAs HaM, HO Jpyras. A Kak?)

10 Komy mo6orbITHO, cM. «[IpoHCX0sKIeHHe BpeMeHH 1 TIpocTpaHcTBa», URSS (JlenaHn), 2018.
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3akJ/iloueHue: iBe JIOTUKHU

Mbl Havaau € TOTO, YTO €C/IU TIOJOMTH K arnopuu 3eHOHa C TMO3WLUU MaTeMaTU4ecKou
JIOTUKH, TO MPUXOJUTCS 3aK/TIOUUTh, UTO 3Ta rpobsieMa pelieHUs] He MeeT. Mbl OTOIBUHY/UA 3TY
JIOTUKY B CTOPOHY M PEeILM/IH TTPOCTO MMOBHUMATe/IbHee TTPUCMOTPETHLCS K TOMY, UTO Ha CaMOM Jiejie
MIPOMCXOJUT C TOUKOHW CTpesibl B ee TojieTe. B 3To Hab/mojeHe Mbl HUUETO He TPUBHOCU/IUA OT
cebs1, a /ML TPOTOKOJUPOBAMU TO, uTO Bujend. CKakeM, Mbl BUJE/H, UTO, KOrja CTpena
HaxOJUTCS B OAHOM MecTe, ee HeT B IpyroM. Tak u mucanu: «bbITHe CTpesbl B TOUKE X; €CTh ee
HeObITHe B TOuke X, (BX; = Hx,)». UTOo Kak#as ee TOUKa, MeHsisi CBOe MeCTOTOJIOXKeHUe, He
repectaeT ObITh ee TOUKOM, T. e., 0Opalasich B HeObITHE B OJIHOM MeCTe, OHA yTpauMBaeT JIIIb
KOHKDETHOCTb CBO€H OIpe/le/IeHHOCTA B 9TOM MeCTe W 00peTaeT HOBYIO KOHKPETHOCTb B JIDYTOM
MecCTe, OCTaBasiCh BCe TOM >Ke TOUKOM. Tak u nucanu: Ax; = Ax, u Kx; # Kxp. U T. 1. 1 oka3anocs,
YTO ITOT TIPOTOKOJI OMHCHIBaeT HEUTO TaKoe, YTO HUKAKOMY 3peHUI0 HeZoCTyrHO. OrnuchbiBaeT
O0uaneKmuky TI0JIeTa, er0 «BHYTPEHHIOK MEeXaHUKY».

B mpupoge Bce auanekTuuHo. Kakjasi ee yacTulla U KaK[blli MUT ee CYIeCTBOBaHUS
repernojiHeH [JuanekKTUKol. Tol [uaneKTUKOW, KOTopasi, IMpUHSB B HallleM CO3HaHUU BUJ
TeOpPeTUUYeCKOro BO33peHHs], COCTaB/iseT camy nayuy ¢unocopuu. ([yily, yBbl, YCHYBILYIO
c yxogom [erensi.) Henb3si MOHATH HU OJHOTO Tpoliecca B MPUPO/ie, eC/Id TMOIb30BaThCsl TEMU
Cpe/iCTBaMH TO3HaHUs, KOTOPbIe T03BOJISIOT Ui OMUCHIBaThL UX. duocodckas AuanekTuKa —
3TO He HabOp B3aMMOMCK/IFOUAIOIIMX T€3UCOB. DTO CTPOHAs M CTpOrasi HayKa, He MeHee CTporas,
yeM MaTeMaTWKa, U CTOMb >Ke JIOTWUYHas, CTO/b >Ke B CBOel Jiorvke QopmanusyeMas, Kak
Y MaTeMaTukKa.

BoT /Be noruku: MareMaTtuueckasi U quanekthueckas. [lepBasi — cyxasi, 6ecripucTpacTHas
U Ge3ku3HeHHas. [lepen 3aragkoii 3eHoHa OHa OeccusibHa. BTopasi 1MonHa KWU3HU, YHEPrUH, ee
IJIaBHOE TIPaBUJI0 — «HET HUYEro, UTO He HaXoAwIo Obl ce0Os B CBOel MPOTUBOMOIOXHOCTH». Ha
3araiky 3eHOHa OHa OTBeuaeT C JIETKOCThIO.

Kakast u3 Hux nyuie, ni100TBOpHee?

Ha Bomnpoc «YTo Takoe JBH)KeHHEe?» TlepBasi OTBETUTh He ymeeT. BTopasi oTBeuaeT, 3a0HO
coo0ITasi MHOTO 4Yy/IeCHBIX TOAPOOHOCTe 3Toro mporiecca. Ho Beab Hac, Korja Mbl BUAWM
NeTSIIyI0 CTpe/y, UHTepecyeT He TOJIbKO BOTPOC O TOM, TIOUeMY OHa JIeTUT. «A KyJa OHa JIeTUT?
C Kakol CKopocTbio? [lasieKo M 3a/IeTUT U CKOJBKO Oy/eT AJUThCS ee TojieT?» TyT BbIXOAWUT
BIiepe/, mepBasi U [laeT OTYeT/IMBble OTBeThL. A BTOpasi TOJMLKO Pa3BOAUT pykamu. OHa — He [1si
ornvcanus nporiecca. OHa — /17151 OOBSICHEHUSI.

[Be noruku: mateMaruuecKas (BK/IOYasi KJIaCCUUECKYI0) U AuasieKThuueckas. U u3 HUX
nyuitieli HeT. Kakgasi Ge3ympeuHa ¥ Xopoia To-cBoeMmy. O6e He0oOXOAWMBI AJIi TOTO, UTOOBI
MPaBUJIbHO TIOHUMATh JIeMCTBUTEBHOCTE. [IOHUMAaTh, HAIIPUMED, UTO BCSKWW MPUPOJAHBIA 00BEKT
MMeeT U KOHKPEeTHYI0, U aOCTPAKTHYIO CTOPOHBI OTIPe/Ie/IeHHOCTU. UTO BCIKOMY SIBJIEHUIO HeObITHE
00BEKTUBHO TIPUCYILle B TOU ke Mepe, Kak U Obitue (['eresb: «bbiTHe ecTh HeObITHE B CYLLHOCTU»
[9. T. 2. C. 16]). IToHuMaTh, UTO 3aCTHIBIIETO B HAJIMYHOW JAHHOCTH MHOXXECTBA [IeMCTBUTE/TbHBIX
yncen (Ha/JIMYHOTO KOHTHMHYyMa B CMbIc/e KaHTopa), COCTaB/sIIOIIEr0 MpeJjMeT MaTeMaThuuecKou
JIOTUKU, HU B KaKOWi MOMEHT BPeMeHU B MIpUpo/ie He cyilecTByeT. (OTUero kak pa3 v He yAaBaioCh
HUKAK HAaWTH OTBET Ha 3arajKy 3eHOHa: Hesib3si OOBSICHUTD JeHCTBUTEIbHOE COOBITHE, UCXO/IS U3
JIO’)KHBIX, HEeCYILECTBYIOLIMX ITOChUIOK.) UTO BCSKMM MOMEHM eCTb He HMelolljee BpeMeHHOU

MPOTSDKEHHOCTH [TUATIEKTHUeCKoe cobbimue npeepaujeHusi KOJMUYeCTBeHHOW (B HalleMm Ciydae)
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ornpeJeneHHOCTU. U BMecTe ¢ TeM IpeBpalleHUsI UMEHHO TOW KOJIMYECTBEHHOW OIpe/ie/IeHHOCTU
(uTO MIMEHHO TpeBpallAeTcsi?), KOTopas B HallleM BoOOpakeHWH (UKCHUPYeTCs KaK Ha/TMYHO JJaHHOe
MHOYKECTBO /JIeHCTBUTE/BHBIX unce B cMbicae KanTtopa''. M 5ToO HABOAWT Ha MBIC/IB: @ HE COCTOST
M CaMM 3TU [iBe JIOTUKM B OTHOILIEHWW MPOTHUBOIOJIOKHOCTeU? He SBASIOTCA M OHU CaMu
B3aMMOOTPULIAIOIIIMMH K B TO >Ke BpeMs B3auMOIO/IararmlliMU CTOPOHAMU TOM MbIC/IUTETbHOU
JlesiTeJTbHOCTH UesioBeKa, KOTopasi UMeHYeTCsl TIPOLIeCCOM TT03HaHUs U B KOTOPOU TipeHeOpe)xeHue
mo0bo¥ 13 HUX KajeunT 3TOT rnpouecc? [TopoaHuTs apudMeTHKy ¢ AManeKTUKONW — pa3Be 3TO He
yBJleKaTe/lbHas 3ajava?

Ecmu Tak, TO Hajo nepecMarpuBaTh BCIO HAllly TEOPUIO IM03HAHMS, BCHO THOCEOJIOTHIO.
Hy)KHO 3aHOBO OIpe/Ie/IUTh ee TIPUHIUIBL [lepeoripe/ieiuTh TIpe/CTaB/leHHe 00 WCTUHHOCTH
Y PONU TIPaKTUKY, MTepeCMOTPeTb MeTOZ0JIOIUI0, KPUTepUU HAyYHOCTH, [OKa3aTeJbHOCTU U T. [.
W pnd sToro B 1iepByro ouepelb...

Bnpouewm, cton! Kyzna 310 MbI?
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Zeno's arrow is flying!
(aporia solution)

Mertsalov V.L.

Annotation: Attempts to solve Zeno's riddle, formulated in the Arrow aporia, by means of
private sciences, primarily mathematics, undertaken for 2.5 thousand years, have not yet led to
success. The reason for this is that the most important event, thanks to which the flight of the arrow
takes place, falls out of the field of view of these sciences. Indeed, its flight can be defined as the
change in time of its position in space. But how is this change happening? Let us fix it in this place
at the moment. A moment — and now she is no longer in this place. She's gone! But immediately
appears where she was not. Moreover, in a place closest to the previous one. And what does it

mean — was and disappeared? How is the disappearance of a physical body possible? What
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happens to him at that moment? And the occurrence in a nearby place? She wasn't here. But it
appeared! How? Why? Of what? It would seem that these are "childish," naive questions, but
without answers to them it is impossible to explain the movement of the arrow. Mathematical logic,
within the framework of which the search for a solution to the aporia has always been conducted
before, is obviously not able to answer them. She cannot even indicate the "nearest place" to which,
in order not to disrupt the continuity of her flight, the arrow moves. Mathematics allows you to
describe the process of movement as accurately as you like, but not explain it. But dialectical logic
is able to clearly answer these questions. It is capable because in nature every event is dialectical,
and it just serves as a tool for analyzing the "internal mechanism" of an event. It is shown that
dialectics is a logic of thinking, no less strict, accurate and evidential, subordinate to all the
requirements of formal logic (due to which it is formalized) than mathematical logic. And the
conclusions obtained on the basis of the analysis of Zeno's aporia are actually true for understanding
the nature of the movement taking place throughout the universe.

Keywords: Zeno, dialectics, movement, being, non-being, logic, continuum, space,
continuity, discreteness.
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