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— Kopnyc maTemaTuku

Marematuka ectb IyTh. MaremaTrika He JOJIKHA IOHUMAThbCS
KaK TO, UTO SIBJISIETCS] OTBJICYEHHBIM U CI0KHBIM. Ceityac s X0-
TeJ1 OB CKa3aTh O MaTeMaTHKe, KOTOPYIO BBIPa3uII Obl Oe3 eIMHOM
opmysbl 1 1PEL, U Ha s3bIKe. M1 04eHb He XoTes Obl, YTOOBI
3TO cYUTAIH «prilocopreil MaTeMaTuKn», XOTeJl Obl, YTOOBI ITO
CUMTAIA «MaTeMaTUKOW» KaK HAyKOW, OTpAacibio 3HaHUs. Benpb
MBI BCe B IUIeHY 3a0myxaeHnidi. Ham BHyImaor, 4ro maremaru-
Ka — 310 1dpbl. Ho KTO cKazan, 4rto He MOXeT ObITh MaTema-
TUKU B CJIOBaxX U Ha ciioBax? VIMEHHO TaKOM MaTeMaTUKOU 5 XO-
TeJ Obl 3aHATHCS.

Tema: «BbruncieHne HakJIOHa TpapyKy YUCIa».

[Mon yncaoM ycaoBUMCS MOHUMATD JII0OOE 3HAKOBOE UJIH Ce-
MaHTUYECKOE BbIpaKEHUE, KOTOPOE UMEET IIPUPOLY €ANHUYHO-
CTH M KPaTKOCTH, a CJIE0BATEIbHO MOXET OBITh JACIEHHBIM HJIH
YMHOKEHHBIM.

Jlio60e uncino HakJIoHeHO. OObBIYHO CUMTAETCS B MOPSIIKE Be-
1IeH, 4TO YKclla UMEIT Ty WM uHylo ¢popmy. Ho Ha camom pe-
JIe HAKJIOH YMCJIa, HAIIPUMEp, €AVHULIbI WU MATH — 3TO HAKJIOH,
OT KaXJOW YaCTU KOTOPOTO MOKHO MPOBECTH BEKTOP, U (pUrypa
KOTOpasi OyJeT COeAUHATh OTPE3KU BEKTOpa 1 OyJeT Ha3bIBaThCs
rpauKoi yncna, KoTopasi OTpaxaeT COCTOSIHUE BEILECTBA.
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[Tonyyaetcs, 4To B3SIB YMCIO «5» (cM. puc.l), Mbl poBeIn
BEKTOPBI (OTPE3KM) OT BCEX KOHLOB uncia. 1 BersscHum purypy,
KOTOpasi 0003HAYaeT YUCIIO «5». DTa (purypa Ha3bIBaeTCsl «Be-
[IECTBO YUCTIA S5».

To ecth 4MCIIO «5» UMEET BEIIECTBEHHBIA aHAJIOT B KU3HU
Y NPaKTHUKE KU3HEAEATEbHOCTH JIIOAEH.

Kak Mbl BUIMM 13 3TOTO PUCYHKA, OHO UMEET 00BEM, TIOTOMY
YTO OT HM)KHEW OKPYIJIOCTU YMCNA UIET BBEPX Kak Obl.

Kto mpugyman 31o 4uciao U Ipyrue 4ucia MMEHHO B TaKON
rpacuke HakjoHa? Cyas o BceMy MMEHHO U3 NPUPOJbI U3HA-
YaJIbHO BBIBOJIMJIOCH YHCJIO, 4 HE YHUCIIO ObLIO CO3JJaHO U3HAYAIIb-
HbIM. U ceiluac, yepe3 Tako! aHajIu3 Mbl BOCCTAHABIIMBAET Kap-
TUHY YMCIA.

To ecTb, BCE ke YnCIIOBbIe U rpadruecKkre CiocoObl MbI OyieM
WCTIONIB30BaTh B 3TOM padoTe.

Yuciio 5 Ha 9TOM PUCYHKE MPEACTaBiIsieT cOOOM Takke Kak
TUIOCKUI PUCYHOK C OJIHOW JIMHUEN MepeceueHusl, HO TaKxke pU-
CYHOK OOBEMHBIH (TIPH XKEJTAaHUM MOXKHO TIPUIATh OOBEM YHMCITY,
€CJIM YCJIOBUTBCS YTO JIMHUS NIEPEeCeUeHt sl ECTh He MepecevyeHue,
a popma 06BEMHOCTH (PUTYPBI.

W Bce takoro pona ¢purypsl B mpupoae OyayT rmokazaTeieM
urypsl, koTOpasi UMeeT B cebe COCTOSTHHE «S».

Msbl npoBenu OT yucia 5 — MATh BEKTOPOB (OTPE3KOB),
HO OJIUH OTPE30K B [IB€ CTOPOHBI, UTO U JAJI0 HaM IOBOJ, TOBO-
pHUTh 00 OOBEMHOCTH M CJIOKHOCTHU TIATEPKHU.

Ecin B paMKax M3y4yeHHs] MCKYCCTBEHHOTO MHTEJUIEKTa MC-



MOJIb30BaTh TAKOE CUMCIIEHHE B KOMITBIOTEPE, TO MbI MOTY4UM
QITOPUTM MBIIUIEHUSI, KOTOPbIA OydeT yKa3blBaTh Ha OUYCHb
CJIOXKHYIO CTPYKTYPY, HO B MO3I'€ 3TO JIOJDKHO ObITh IMEHHO Ta-
KON (POPMBI YUCIIO «5».

[Momyyaercsi, 4TO MareMaTWKa He OTAENbHAsl OT TPUPOJIBI
Belllb. UTO M3HAYAIbHO OHA ObLTa BBIBE/IEHA U3 TTPUPOJIBL.

Ho uto MoxeT emni€ 3Hauut rpaguka (B JAHHOM ClIydae yucia
«5»). OHa MOXET 03Ha4YaTh, YTO BCE ke TIEPBOHAYAILHO MUP MBI
BUJIUM KaK HAOOp TUIOCKUX 1P, a BHYTPEHHE COIepKaTeTbHO
OH OoJTBIlIe U PAdOTAET OH CIIOKHEe HeKeJM HaM TPeCTaBIIseT-
col.

Benp ecnu 5 BBecTM B (DYHKIMIO WM ypaBHEHUE, U Cjie-
JIaTh BBIUMCIICHUE Yepe3 OKPECTHOCTH OTPE3KOB YHCEN, TO MbI
MIOJIyYUM OYeHb CIIOXKHYIO CTPyKTypy. Ho 310 M Oyner mpume-
poM MbITUIeHHs1 Mo3ra. lasbiiie Hajgo OyIeT MPOCTO YCTAHOBUTh
cMbicit. OIMH U3 CMBICJIOB Yuciia «5» — 3T0 ¢unocodus pury-
Pbl, KOTOPYIO MBI TIOJTYYMJIA — HEKasl MallIMHHAS HATTPABJIEHHOCTD
JEUCTBHS.



PNJIOCOPCKAA KOHIIENIINA
MATEMATHYECKON
PEAJIBHOCTH

JIJ1s1 MHOTHIX OCTa€TCsl HETIOHSITHBIM TTOYEMY Te WJIM UHbIE Be-
I IPOUCXOJAT C HUMU B KU3HU? [I[pUUMHHOCTY TTpenuchiBa-
eTcsl BOJIsI OOTroB MM BhICIiero AGcomoTa, uin (hakTopsl pusm-
9YeCcKOro Mupa, KOTopble MpoBoLUpYyOT fanHoe. [TocenHee B 00-
IIeM-TO ¥ TIPaBUJIBHO. TOJBKO OHO JICMCTBYET HE TaK, KaK IMoJja-
raioT, 3/1eCh HET MPUYMHBI YETKOM, TIOITOMY BEPOSITHOCTH 3200-
JIeBaHUSI — 3TO BCErJja BEPOSTHOCTb, U 3a00JIeBaHus 1)1 OJJHUX,
U He 3a00JIeBaHUe IS IPYTUX TIPU MIPOYMX PABHBIX YCJIOBUSIX.

Ilaxe Takue 3a001eBaHusl, Kak OHKOJIOTUX — 3TO BEPOSITHOCT-
Hble 3a0oneBanusi. Ho mpuynHa moOoro 3aboneBaHusi, T000ro
COOBITHUS B KHU3HHU, JTIOOBIX MTPOIIECCOB MUPA — 3TO IPUIMHA Ma-
TeMaruieckass. Becb MUp — 3T0 MUP, KOTOPBIN KHUBET 110 MaTe-
MaTUUYECKUM 3aKOHAM, TeM, KOTOpble HaM U3BECTHBI, U TEM, KO-
TOpbIe HaM He M3BECTHBI (II€ He OTKPHITHI). JII0Oo¥ mporiecc —
9TO MaTeMaTuka. Ml notomy perieHue Toi Wiy MHOM 3aau MO-
KET OBITh CMEPTHIO, ECJTU 3TO KOHEUHOE pellieHue, WIH MTPOJIO-
*KEHUeM, eclii 3Ta (PYHKIIMSI B TEOMETPUIECKOM MPOCTPAHCTBE
MOKET KOHTAaKTUPOBaTh.

Bcs mpoGnema B TOM, 4TO MBI BOOOIIEe TO BCE HE M3ydallH,
¥ TIOTOMY ITPUYUHHOCTH OT HAac CKpbITa. HeOoMbITIoi ycrex nmen



B 3TOoM Jlaruiac, Korjga ckasaj, 4To HaJo 3HaThb COCTOSIHUE B OfI-
HOU TOYKe 3eMJTH CO BCEMU XapaKTePUCTUKAMM, YTOOBI OITpe/ie-
JIMTh BCE OOBEKTH MUPA, HO JIEJI0O HAMHOTO CJIOKHEE U OOJTBIIEro
yCHIIUS TpeOyeT.

MaremaTuka B pupojie MOKeT ObITh IPUBE/IEHA HA TPUMEPE.
Hanpumep, 4T0 Takoe KOpeHb KBAaJPATHBIM U3 ABYX B KU3HU?
ITO YEThIpE B TEOPUM MATEMATUKHU. A B COLIUAJIbHBIX OTHOILLIEHU-
SIX — 3TO Hallle yBEeJMYEHUE KEeNIAHUI BABOE MO IEUCTBUEM (PaK-
TOPOB, KOTOPbIE PACHONATraI0T K 3TOMY, TO €CTh BHIUCAHHOCTH U3-
BJIEYEHM I KOPHSA KBAaIPATHOrO B MaTeMaTH4eCKoe pereHue. Ec-
JIM BITUCAHHOCTH HET, TO M3BJIeKaTh Heuero. MoxeT ObITh MOMBIT-
Ka CJIOJKEeHUsl, yMHOXEHUS, Jake eClI 3TO APoOb WU CJIOKHAs
KOHCTpYKLUS yncen. HyXHo e ypaBHEeHHEe WY YTO-TO MPeIo-
Jarapoiee pemenue. Iloromy, ecim Mel XOTUM ycriexa B )KA3HH,
TO HY/XHO COYETAHWE MATEMaTHUYECKUX CTPYKTYp, MOTOMY UTO
yclex B MaTeMaTWKe, a 3HAuuT U B )KU3HU — 3TO KOHLIEIIUS,
a koHuenuus, kak ['€gens (teopema o HenosHoTe) Uiy [lyanka-
pe (TOIOJIOrMK ) — 3TO 3aBEPIIEHHOE 3[JaHNUE, K KOTOPOMY JOJIKEH
ObITh HEMAJIBIH MyTh U HETIOHSTHO, KAK OHO MPUXOJUT, B )KU3HU
TOYHO TAKXKE.

OdeHb MHOTHE TIPOIIECCH MOTYT ObITh HEMOHATHBI. 3a0orie-
BaHUs MOTYT BO3HUKATh U3-3a COBIAJECHUS YUCE U COCTOSHUN
MaTeMaTUKH, KOTOpble HE UMEIOT pelleHus, MO0 UMEIT ero
B ILTIOC OECKOHEYHOCTH, YTO BO3MOKHO MOKET SIBJISITHCSI CMEp-
ThIO.

Maremaruka oueHb cnoxHas Hayka. Kak v kuszHb. [loatomy



pelnTh MpodeMy CYIIECTBOBAHMSI MOKHO C TIOMOIIBIO CBOETO
yMa, €CIM CyMeTb CTPYKTYpbl MaT€eMaTUKH BBIYUCIUTB. HO 31O
HEBEPOSTHBIN YCIIEX, 9TO ObIBAET pejiko. M yacTo Harm xeiaHus
MOT'YT ObITh MHUMBIMU YKCJIAMU, TO €CTh KOPHEM KBaJpaTHbIM
U3 MUHYC €TUHUIIBI ¥ HE TIPUBOIUTD K PEIIeHUsIM, JTUOO TPUBO-
JUTh TIPU YCJIOBHH PEIIeHUs runote3bl Pumana, rae 3tu uncna
HAJ/I0 HAWTH, @ 3HAYUT MIPU CBEPX OPUTMHAIBHBIX U HETPUBUAJIb-
HBIX XOJax.

DTO U €CTh peajbHOCTh. Maremarnuyeckass peabHOCTD.
Ho yuutsiBasi T0, 4TO OrPOMHOE YMCJIO KOHUENIUMI U UJIEW B Ma-
TeMaTUKe el He HaljeHBl, TO MPU COOTIONCHUM Jaxe BCeX
YCJIOBUIM TIPABUJILHOM JKU3HU, pe3ysbTaTa MOXKET He ObITh, JIU-
00 MO He IOHATHOMY JIsI HAC, HO MaTeMaTUYECKU BEPHOMY M-
PAIIOHAIBHOMY CTEUEHHIO OOCTOSITENTLCTB MOTYUUTCS OOJBIIIOE
JIOCTUKEHUE B KU3HU.

MBI 32J10KHUKM MaTEMaTU4E€CKOrO MUPA, a TO, 4YTO MUP Marte-
MaTUYEeCKU OOBSICHSIETCS U3 TOTO, YTO MaTeMaTUKa — 3TO €TUH-
CTBEHHBIN CIIOCO0 MOATBepKAeHUsT (PU3UKH, €CTECTBEHHBIX Ha-
YK ¥ 9KCTMIePUMEHTAIbHOTO N300peTaTenbcTBa. Maremaruka siB-
JISI€TCS TaKKe B TEOPUU HE BBISIBJIEHHOM CTPYKTYpOM, KaK IpakK-
THKa OHOBpeMeHHO. To ecTh OHa OOIIMpPHA W eC/Iv TIO3HAHKE
OECKOHEYHO, TO OYeHb MHOTO emI€ BCEro IMpeICTOUT TOHSTh,
Y BCE PAaBHO MPPALUMOHAILHOE OCTAHETCS, KaK HEMOHSTHO YKCIIO
«m» (3, 14...)

Mup — 3T0 OYeHb CJIOKHOE oOpa3oBaHue. Ecim Mbl TOBOprM
O TIONIUTHKE, TO JaJIeKO He TIOJIMTUKA M SKOHOMHKA pelaeT, Oy-



JIeM Mbl CYACT/IMBBI U PeaU3yeMCsl WM HET, JIeNo Ky/ia [iyoxe,
OHO B CTPYKTYpE MHpa JISXKHUT U YEJIOBEKY He camasi 3aBHIHAsI
poib oTBezieHa Bo BcéM 3toM. Ho ectb, IpaBaa, 0ueHb Xopornast
Belllb, KOTOPAsi COCTOUT B TOM, YTO YeJIOBEK MOXET ObITh He3a-
BHCHMBbIM caM B ce0e, ¥ Kak Obl CTPYKTYPHPOBATD TO, YTO B HEM
€cTh, M TOrza OyAeT Jydlle JIIoOoe peleHune, ImycKail 1 Heode-
BUJIHOE, ITyCKall U CKPHITOE MOJI CTPYKTYpaMU MaTeMaTUKH.



PNJIOCOPUA
N MATEMATHUKA b. PUMAHA

Ha moii B3 Puman nocraBui BoIpoc O peaiv3aluu To-
ro, YTO COMHMTEJIbHO KaK NepBOHauyalbHOE B mpupone. B yme
MBI IPE/ICTABJISIEM, YTO €CTh MUHYC €IMHUIIA U3 KOPHS KBaJApar-
HOT'O, YTO 3TO MHUMOE YHUCJIO0, KOTOPOE MOXKHO MBICIIEHHO IPO-
BECTU yepe3 KOOPAUHATHYIO MPSMYI0, KOMIUIEKCHOE YUCII0, KO-
TOpOe SBJISAETCS peabHbIM B MblllIeHMH. Ho Kak MOXXHO mipea-
CTaBUTh, YTO MHUMOE YHUCJIO CTAJIO0 YUCIIOM IMPOCTHIM, KOTOPOE
Ha rpadvKe IPUCYTCTBYET, B 3TOM BCsl (peHOMEHOJIorusI 1 madoc
PUMaHOBOW MaTeMATHKHU.

4 He moOuTenb rpedeckort aHTUYHON (hprtocoduu, HO 3/1eCh
koHuenuus [lapmenna o cylmecTBoBaHUM BCETO, UTO MPEICTA-
BUMO B MBICIISIX MOXKET OBITh COCTOSITeNbHOHN. M3 HOBOEBpO-
nierickoui (pmocouu Gosee BpasymutelbHbie mpruMepbl. Cytie-
CTBOBaHHUE TOT'0, YTO B TEOPUH €CTh, U UYTO MOTEHIIMAIBHO MOXET
OBbITh PEATU30BAHO Ha MPAKTUKE — 3TO KOHTEKCT pusiocodpuu .
['yccepns deHOMEHONIOTMS Tak U HE cTajla MPaKTUYECKON Hay-
KO 1 cTporoi pusiocodueil, Ho OHa MPEATNoaraeT HaJIMuue ye-
ro Obl TO HA OBUIO, YTO TEOPETUYECKU PEabHO M MPAKTUYECKU
MOXeET ObITh PeaTbHO, HO HEMOHSTEH MPUHIUIL.

Tak u Teopusi Pumana — 310 He TO, UTO MPAKTUYECKU MOXKET
OBITh WJIM HE MOXKET, 9TO 00s3aTeNbHAS MPAKTUUYECKAS peasib-



HOCTh MHUMBIX YUCJIE, HO HEMOHsITeH npuHIu. [louemMy kopeHb
KBaJPATHBIM U3 MUHYC eIMHULIBI ecTh? [loToMy uTO Ha rpaduke
Mpe/icTaBuMa €IMHUIIA, TIPeICTaBUMa MUHYC €/IMHULIA U TIpeJl-
CTaBMMO YBEJIMUYEHHUE Ha /IBa, HA MOPSAIOK, HA KOPEHb KBaJpar-
HBII, HO HETIOHSATHO Kak. XOTs KOPeHb KBaJpaTHBIA U3 MUHYC
€AVHULIBI — 3TO MUHYC equHUIa. HO Hajo BBIYMCIIUTB TO HA Ipa-
(puke (T.e. B IpUpoOJE), a MPUHIUI BBIYUCIIEHU S HETIOHSITEH.

Ho most 3agaua He B TOM, YTOObI CTaBUTh BOIPOC ¥ TOBOPUTH
TOJIbKO, YTO 3TO HEMOHSTHO, MOSI 33/1a4a U JaBaTh OTBETHI, MO-
TOMY YTO UCTMHHas (puyiocopus HE CIpalirBaeT, a OTBEYAET
O MPEUMYIIIECTBY.

«Bce HeTpuBHaAIbHBIE HYJIH J13eTa-(DYHKIIMU PaBHBI ¥2». D10
OYEHb CepbE3HOE U 3HAUUTENbHOE 3asiBjieHue b. Pumana! Hetpu-
BHAJIbHBIN HOJIb — TO KaK pa3 pelieHre MHUMOIO YKCiia, IIPUH-
LUII, TIOTOMY YTO HOJIb — CEPALEBMHA KOOPAMHATHOW MPSMOU,
a OfIHA BTOpPAsi — 3TO MPOCTOE YMCIIO, KOTOPOE NeNTUTCS Ha cels
U Ha JBa. U 3aech BaKHO, YTO MPOCTOE YMCIIO €CTh KJII0YEBOE
YUCJIO, IOTOMY YTO 3TO TOT MUHAMYM Y OJTHOBPEMEHHO OCHOBA
’KU3HU, KOTOPBIE CYIIECTBYIOT, TO, UTO JICJIUTCS Ha ceOsl, v Ha 1B
B HaIlleM JBOMYHOM MUpPE, TPU JBONCTBEHHOCTH CO3HAHU S, ITPU-
poznbl 1 (popM SA3bIKA €CTh TPUHIUITUAIBHBIN MOMEHT.

HeTtpuBuaibHbII HOJIb — HEOOBIYHBIN HOJTb. 3716Ch €CTh OYCHb
WHTEPECHBbII MOMEHT. UTOOBI penmTh 3Ty mpodaeMy, HaJIo To-
HUMatb, 4yto KoHuenuuu Ileano u I'énensa K., kotopeie coBpe-
MEHHAsl MaTeMaTUKa CUYUTAET MO (popMe MPUHLIMITAATBHO HYXK-
HBIMH IS PeIIeHusI TUTIOTe3b PUMaHa, sIBISIOTCS HEOOXOMMBI-



MU, HO CMBICJI 9TUX KOHLIEMIIUI MO UX (pOpME B TOM, UTO JIOJI’KHA
OBITH BBEJICHA TIepeMEHHAs1 HOBOTO TUTIA B PEIICHUY.

Opnax el 370 OBLIO cAeMaHo Tpu cozgaHuu auddepeHim-
QJIbHBIX YpaBHEHUI. DTO 0OYeHb 00OTaTUJIO KU3Hb. bblia co3nana
MPOCTO HOBasl MepeMeHHas, Hanpumep . 1 Bc€, Mup u3MeHuI-
Cs1, KaK CO3JIaHKe TEKTPUUYECTBA OBLUIO TaKKe BBOJIOM JIOTIONTHHM-
TeJbHOM nepeMeHHoi. C

[Tostomy, korma ™Mbl OepéM Onukaifiliee 4UCIO OT HOJS
10 eIUHMIIBI, TO 3/1eCh JOJKHA OBITh BBEJEHA IMepeMeHHasl.
W 310 MOKHO OBITH Pa3foKEHUE YKCNA: W HOJSL, U SIMHMUIIBL.
Ho 00 aTOM e1é ckaxem.

Cenyac xe nmogyMaeM Haji BOIIPOCOM O CYILIECTBOBAHUM WU
He cymecrBoBaHnM. [unoreza Pumana npusHaET cyiiecTBoBa-
HUE U CYHIECTBOBAHKE JIBYX THUIIOB, XOTS €CTh CKEIITUKH, KOTO-
pble MOJIAraioT, YTO MOXeT OBbITh M OMPOBEpPruyTa rumnore3a Pu-
MaHa, HE MMEET OHa PEeILlEHMs C UX TOYKHU 3peHus. O4eHb co-
MHUTEJIBHO, MOTOMY YTO CJIMIIKOM OYE€BUIHBI U JOKA3aTeIbHbI
BXOJIHbIC JaHHBIE ITOM MATEMATUKH.

Tak BOT, eciiu ecTh JBa YPOBHS, KOTOpble OOOCHOBAHBI, TO
B HallleW )KU3HU HAJI0 TaKKE€ BTOPOU yPOBEHb BBOJUTDH B IPAK-
THKY, @ HE BEpUTb ITPOCTO B HETO, ¥ MO3TOMY MeTahu3UuKa UMe-
€T IIPaBo Ha cyllecTBOBaHME. KBaHTOBAs MEXaHMKa BO MHOTOM
TaK’Ke 3aBUCUT OT PEllIEHUs] PUMAHOBOM 3a/1a4M M KBAHTOBBIE 3a-
KOHBI — 3TO B 00111eM-TO MeTahu3MKa, eclii MOHUMATh MO MeTa-
(puzukoil He Mu@ (JI0KHASI TPAKTOBKA), & OYEHDb CJIOXKHYIO0 (PU-
3UKY (TPAKTOBKA MO3UTUBUCTCKAS, MOSI).



PerieHure B pa3iokeHUn grciia. Yucio MoxeT ObITh pa3iioxe-
HO (J1I000€ YKCJI0) Ha IeCATh YKCe, C AEBATHIO [0 HEro, Mocle
HEro, WM B pa3HbIX MPONoOpLusix 10 U nocie. [lotoMy 4To mMbl
pelIM cuuTaTh B IpeBHeM Erurte u apaOCKOM MHpe B YHC-
noBo cymme 10, XOTs1, 3aMeTbTe, MOIJIO ObITh U MOXET OBITH
uHaue. 1 u 0, 370 Hamm BBeAEHHBIE NaHHble. HO B pamkax Ta-
KOM CTpaTeruy HajJo ONpeaesiuTh Yemy paBHO uncio. Cpasy sic-
HO, YTO PAaBHO TOJIbKO TaK:Ke EAMHUYHON 11EJI0OYMCIEHHON U3 TO-
Hatus 10 ucxonsiien JOKTpUHE Yuca.

Ecim MBI HalimEM 3HAUYEHME YHMCIa WA 3HAYEHW, TO 3HAUYUT
MbI CMOKEM BHECTH MUHYC €/IMHUILY B KOPHE KBaIPaTHOM U JIpY-
rve MHUMbIE YMcia Ha rpaduK Kak MOJ4yuciia, HO MOJYUCIO —
9TO YUCIIO BCE PABHO U €CTh pacHIMpeHre PyHKIUH.

Ot1o u Oymer ¢unocodueit BTOpoil mepemMeHHOW. Bropoit
ycioBHO. Ckopee IONOIHUTEIbHOM, TOTOMY 4YTO BTOpasi mepe-
MEHHasl — 3TO BC€ ke nuddepeHiranbHble CYUCIIEHUS.

PumaHoBa rurore3a MOXET JaTh OY€Hb MHOTOE JUIsl pele-
HUS TIPOOJIEMBI KOMUPOBAHUSI-IEKOJUPOBAHUS U UCKYCCTBEHHO-
IO UHTEJJIEKTa. DTO OYEHb MHTEpECHasl TeMa, MOTOMY UTO Ha-
11Ie MBIIIIJIeHHe padoTaeT He TI0 CUCTEME JIMHEMHBIX B3aUMOJICH-
CTBWIA, a IO QJITOPUTMY CJIOKHOTO JICUCTBHUSI.

dutocodckr BaXKHO CKa3aTh, YTO MATEMaTHKA IIEHHA caMa
1o ce0e, Kak LIeHeH caM 1o ceOe YeJIoBeK, eMy He Hajlo TOKa3bl-
BaTh BAXKHOCTb €T0 TeJla U CTPYKTYP TeJla, OH IIPOCTO €CTh, ITUM
paayeT v 4YeM-TO 3aHUMAEeTCs B )KMU3HU, TaK U MaTeMaTHKa ¢ (pu-
Jocouieit — 3T0 YHUKAJIbHBIE BEIIU CaMU T10 cede.



B rumoreze Pumana ectb oiiH KpaiiHe HEOOBIYHBIE MOMEHT,
0 KOTOPOM MBI elI€ TOAPOOHO He CKa3aJh — 3TO J13eTa-(DyHKIUS
Ha rpacduke. [I3eTa-pyHKIMS ONMCHIBAECTCS JYTol Ha MIOCKOCTH
KOOPAMHAT CTpEeMSIIIEICs K X ¥ CTpeMsIIeics K Y, 3Ta (pyHKIus
JlaHa B IBYX TOYKAaX, MPUMEPHO €VHUIIBI, & OMUCHIBAET CIUIOII-
Hylo OoJbIoro Macimrada 1 0 TUTI0C OECKOHEYHOCTH. TO To-
BOPUT O TOM, YTO B YHCJIAX 3aKJI0YeHa reoMeTpus. B Manom 3a-
KJIIOYEHO OOJIbIIIOe ONMMCAHKE U Pa3BUTHE, €CIIM 3TO MaJloe TOY-
HO, KaK TOYHA BCSl MaTeMaTHKa.

Yro Takoe maremaruka? 10 (popMa BBICHIETO MBIIICHNUS,
KOTOpasi UMeeT CBOEHl crelpuKol MHOTOMEPHOE MBbIIUIEHHE
(pukcaryu Ha pasHoro pozaa Bemiax. S Obl Jay Takoe orpenese-
HHE.

Buonorus, HeiipoMopdoIorus 4acTo ObIBAIOT MHTEPECHBI /IS
HaIreil OOBIYHONM KU3HHM, a MaTeMaTHKa MOXeT OBbITh M KpaiHe
SUTAPHOM, 2 TOTOMY He TaK MOIMYJIsIPHOM U B TO ke BpeMsl Kpaii-
HE UHTEPECHOM, €CJIA MbI TTOKaxeM depe3 (puaocopuio Ty KU3Hb
Y Halll MUP, KOTOPBIE B HEW 3aKJTI0OYEHBI.

dunocopuss — 310 popMa MaTEMATUUECKOTO MBbIIIUIEHHUS,
MMEIOIIEro CBOOOIHBIN BBIOOD aKIIEHTYAllM Ha TIpeIMeTax MHU-
pa. D10 yxe o ¢unocodun KoHkpeTHo. ['unoreza Pumana — s3to
MaTemMaThudeckoe u (puiIocopckoe yueHre o nepBoHavase, pac-
KpBIBa€EMOE Yepe3 J1Ba apryMeHTa peaibHOCTH.

dunocodcrBoBanne 06 odpaze KN3HH

Yro ectb 0oOpa3 xku3au? OcodenHo s ¢punocoda. BaxHo
YCTQHOBUTH, YTO 00pa3 JKM3HU €CTh MPE3EHTAIMs YEJIOBEKOM



camoro ceOs Il TeX, KTO BUAUT €ro Ha JJTMHHOW AUCTAHIIVU.
VY ¢unocoda npuHIMIUAAIEHO HE MOXKET OBITh IIOHSITHSI «PaCIIO-
PS/I0K», OH HE UMeeT rpaHull U rpaHei, u koraa M. Kant umm A.
[Monexraysp uMenu pactopsioK THs IKOObI, TO 3TO ObL1a (PUK-
1M, (paVK, 3TO OBUIO BHEIITHEE, HA CaMOM JieJie OHU ero HapyIa-
JIV ¥ BHYTpU ceOsl, ¥ BHEITHE, TIPOCTO CYIIECTBOBAJIA MPUBHIUKA
TOBOPUTD, UTO Y HUX €CTh PacTiopsAoK AHs. Pusocod 1ieHeH 11
MUPa TEM, YTO OH MOXXET ITPOKUTH )KU3Hb TIOJIHYIO HACAXKICHUS
MBICJTUTh ¥ TIPH 3TOM HE JeJlaTh HUYEero MPaKTUIeCKU BakKHO-
O JJIsi MUPA, 3TO 0OOCHOBBIBAET T'YMAHU3M M JOCTUKEHUS JIe-
MOKpPaTHH, [IMBUJIM3AIIMY U TIPaB yesioBeka B Mupe. Ho 0ObIdHO
MPAKTUKA MPUXOAUT, TOTOMY 4TO (prstocopus CITUIIIKOM HIHPO-
Ka 1 00s13aTeNIbHO KAacaeTcsl KAaKMX-TO MPAKTUIECKUX BOIIPOCOB
U peliaer ux.

O06pa3 xxu3HU — 3T0 00pa3 MblieHus. Korga yenoBek He MoO-
KET peluTh 3aJauy 00pa3a MbIIUICHU I U YyBCTBYET OTSTOIIE-
HHE OT MBICJIEH BOOOIIE, TO Mbl JJOJKHBI TOBOPHUTH JIMOO O Bpe-
MEHHOM 3aTpPy/IHEHUH, JTMOO O JIEHCTBUTEILHON CIIA00OCTH €ro
Kak MbicuTesns. O0pa3 )KU3HU M eIMHCTBEHHASI STHKA TSI TPEX
Kareropui Jiogei: gpunocoda, MaTeMaTUKa U T€HUs — 9TO I'eHe-
pupoBanue B ceOe cBoero f1. Hukakas He caMmonieHTA(DUKAIHA,
a reHepupoBaHue I, TO ecTh JTOOOBH K CBOMM JOCTOMHCTBAM
Y MIPEUMYIIeCTBaM, KaKk YMHOTO U CBEpX YMHOTO YeJIOBeKa. DTO
TIO3BOJISIET PACKPETIOCTUTHCS.

3pech Her O6uonornu. OHa €cTh Ha ypOBHE BHEIIHUX 0000-
HICHWI. A Ha YPOBHE JIEMCTBUTEJIBHOIO MBIIUICHUS 3/€Ch JIpY-



roe — ryMaHWTapHasi MaTpuIila JIMIHOCTH, BoJsiss Hutme u cBo-
6ona CriMHO3BI, YTO UMEET PABHOMPABHOE MECTO C OMOJIOTHeH
U (pU3MOJIorueil MpllieHUs1. PaBHONpaBHOE MOTOMY, YTO MUp —
9TO pa3HOe OIMCaHKe, HO HUKOT/Ia He MaTepusi, KOTopas eluHa.

dunocodcrBoBaHUE, BOT UHTEpeCHOE cI0BO. OHO ecTh. OHO
CYILIECTBYET M XapaKTepu3yeT coOOH BCeraa OqHy U3 YepT YHU-
BEPCAIbHOIO FeHUs1, TOITOMY Y:Ke TOJIBKO — 3TO JIUTAPHAS BEILIb.
Hnst mpocto ¢usnocoda — 310 x51e6, KOTOPHIM OH TTUTAETCS B CO-
3HaHuu. [Toatomy punococTBOBATh 3HAUUT YUUTHCS KUTh, TIe-
pedpasupys Monrtensa M.

Benp uto Takoe ectecTBeHHas1 HayKa? DTO OMMCAHUE pealib-
HOCTHU 4Yepe3 aKCMOMAaTHKY KOHKpeTHOI Hayku. Ho akcrnomatuk
MoxeT ObITh MHOTO. [ToaTomy (prntocodust kak camasi cBOOOIHAS
U3 BCEX BUJIOB MIO3HABATEJILHOM IEATEIBHOCTH CTPATErusl MOXET
BBISIBUTh CaMble BaKHbI€ OCHOBaHHUSI BE3/I€ U BO BCEM.

O6pa3 KU3HU — 3TO MOMEHT OIIYIIIEHUs UPOPUU CYITIeCTBO-
BaHusA. Ecmu Her skidopun, TO HET HUKAKOro odpasa KU3HH,
a ecTh JIMIIb TOMBITKA XUTh. HacTtosimee cymecTBoBanue oo
B 3iihopun Bpemsi OT BpeMeHH, JIMOO B TeHEpUPOBAHUM CBOE-
ro 4.

S — 31O ecTh KBagpaT, MHOTAA KyO YeJIOBeKa, MHOTa KOPEHb
KBaJIPAaTHBII U MbI JJOJKHBl yMHOXAaTh, YBEJTMIMUBaTh Mepy. [1pu-
YEM MOCTOSTHHO OOHYJISISI U OMSITh BO3BO/ISI B CTEIIEHb, 9TO MaTe-
MaTuyeckasi urpa ¢ 4uciom 4.

Korna pycckue ¢puitocodsl 1OpeBOTIOIUOHHOIO BPEMEHH T0-
BOPWJIM O CMBICJIE )KU3HU, UCTUHE, MTAX U HAIIPABJICHUSX Pa3-



BUTHSI UYEJIOBEKA, UCTOPUHU, TO OHU TOBOPWIM O YEM YIOIHO,
TOJIBKO HE O MbIIIUIEHUH. MBIIIUIEHHE XapaKTepU3yeTcs TEM, 4TO
OHO peaym30BaB ceOsl B mporecce 00CepBAIMOHHOTO KayecTBa
pediekcuy 0 4YEM yrofiHO, yke He BUAUT MPoOieMbl B OObEKTHUB-
HBIX Bell[ax, OHO YK€ B caMoM cebe pelieHre MpooIeMbl Yeio-
BEKa.

To, 0 uéMm s Uy — pa3MUHKa WK Oer JErKoi Tpyclon B pu-
Jocouu, MOTOMY 4TO TOBOPWJIA 0O 3TOM W JIpyrue, HO Belb
B MCTOPHUM BCE AAHO Cpasy, TOJIBKO MPOSIBISETCS OJHO, IPYroe,
TPEThe B Pa3HOE BPEMs [0 Pa3HOMY, YObIBAsI JTH YBEJIMUMBASIC,
Y BOT cefiuac BpeMsl 1Jisl MEHs OIATh MPOSIBUTh 3Ty TEMY, U 3TO
MOE€ OTKPBITUE, HUKAKUX NEPEOTKPHITUN HET, €CTb MOE OTKPBbI-
THE U OTKPBITUE ITOTO KE APYTUM.

[Toromy npeamet ¢unocopun — 310 napagokc. Punocodus
paboTaeT TONBKO C MapaJioKCaMy U UX cieAcTBusMu. Ecim Her
napajiokca, TO 3TO YK€ CJEeICTBHE KaKOro-TO MapajoKca WU
He JIoLIe/IIast 10 MapaJoKca MbICIb.

VctuHa B MBIIUIEHUM Napa/loKcaibHa MO OTHOIIEHUIO K HC-
TUHE CMbICJIA )KU3HU, TIOTOMY UYTO 3TO BCE PABHO, UTO MOLETYM
9KCIPOMTOM JIEBYIIKH, Ba)KHEE TEOPUU CEMEMHOM KU3HU U yXa-
JKUBaHMS 3TOMY IIPEIIECTBYIOLIETO.

Urak, punocodust ects 00pa3 xu3Hu ¢punocoda u 4acro re-
Hus. ['eHuit nonumaruyeckoro Tuna Beerga gpunocod. [ouemy?
[loroMy YTO OH B CBOMX Pa3MBIILIEHUSX UMEET CUIIy yMa, KO-
TOpasi peasiu3yer IaBHYI0 OTPEOHOCTh — JIMTAPHOCTb MBICTIEH
3a 1apoM.



HogBas Tabauna yMHOKeHU

Mmuoto n306peTeHa HOBasi TabnuIla yMHOXeHUs. [ OBOpHUTH
00 3TOM sI MOTY B CBOEU TEOPUM YMCENT MCXOIsl U3 TOro, YTO
B IPYPOJIE HET HUYETO0 HAYMHAIOIIETOCs U 3aKaHYMBAIOLIErOcs,
a Bcerja npucyTcTByeT mporiecc. [loatomy moboe Jucio — 31o
IIPOLIECC, @ HE KOHEUHBIN PE3YJIbTaT.

BozbméM umcio 1 u paznoxum ero. 1 —3to 0 (TO, 4TO NMpea-
miectByer) u 2 (to, yto nocnenyer). [lostomy 1 —3to u 0, u 2,
y ogHoBpeMeHHO 0, 2 u 1. [Ipy4€M MMEHHO Ha OJHY EAVHMILY
MBI JOOABJISIEM U ITPUOABJISIEM TTOCIE YUCTIA, TIOTOMY UTO €TUHH-
11a — 3TO Mepa MUHUMAJILHOTO 1IEJIOTO YKCIIOBOTO JUCKPETHOTO
nuddepeHupoBaHus.

Takske ¢ KaxapiM urciaom. [Ipuuém ymHOX)eHHe OyaeT CTpo-
UThCSI HA OCHOBAaHMM YMHOXEHUs Takoro tuma 2*2= 2 (1;3)
*2 (1;3) = (1*1) * (3*3) =1*9=9. To ecTb yMHOKXEHUE JJAHHOTO
BUJIa €CTh YMHOKEHHE TIOIUKCEN, a 3HAYUT CAMOTO MOAPOOHOTO
ornucaHus yrcna. Takum oOpa3oM mosydaercs, uyto 2¥2=9.

Kakou (prstocopcknii CMBICT Mbl MOKEM U3BJIEYb U3 IAHHOTO
petenusi? O4eBUIHO, 4TO 2*2=4 1o cpaBHEHMIO C 2*2=9 cTout
B OTHOIIeHUH Y2+1 (korma peus 0 2 B 2*2=4), nostomy Jirodoe
MaTeMaTUYeCKOe YTBEPKICHUE — 3TO MPUMEPHO TMOJIOBUHA MC-
THWHBI, €CJT OpaTh JIAHHBIA TTPUMED.

Korna Mbl roBOpUM O 4esioBEeKe, TO pedb UAET O TOM, UTO JIIO-
6asi IesTebHOCTh OPraHM3Ma — 3TO TO, YTO MPOUCXOIUT U TO,
YTO CTOMT 32 aHHBIM, U MOAUUCIIO AESTEIbHOCTH MO (DYHKLIKU
¥ 3HaYeHUI0 HaMHOTO OoJbire. [ToaToMy rimyOMHHAsT aHATOMMUS



1 (pU3MOJIOTHs YesaoBeKa U )KUBOTHBIX, a TaKke (pU3HMKa U XUMHUS
IIPUPOJIBI HAMHOTO CIIOXKHEE, TITyOke, UHTEPEeCHeH, 4eM TO, C 1eM
MbI UMEEM [IEJIO Ha TIOBEPXHOCTH MPOIIecca.

Ho Oymer u  mpaBWibHBIM  00a  YTBEpKACHUSI:
u 2*2=4 u 2*¥2=97? 4] nonaraio, 4To 3TO Oy/AET /1Ba MPABUIBbHBIX
pellieHus1, HO MEPBOE HEMOJIHOE, a BTOPOE MOJIHOE U KaK 3TO HU
napagoKCaIbHO, BTOPOE TaKXke JJis MPaKTUKU OyaeT ¢peHome-
HaJIbHO BaKHBIM.

Ecnu MbI BO3bMEM JIBe KOPOOKH C IMEeYeHbeM M YMHOKUM UX
Ha Jpyruie JBe KOPOOKH C MEYCHbEM, TO TIOIyYUM YeThIpe KO-
pPOOKH, HO TO, YTO MPEAIECTBYET KaX 01 KOPOOKE — 3T0 HabOp
KOpOOKH MeYeHbeM, TO eCTh | U peanu3alius evyeHbsi B HoTped-
JICHUY Mara3vHamu | JIOJbMU, TO €CTb 2, U MIOTOMY IOJHOE pe-
meHre OyeT IMEHHO 9, eclii IepeMHOKUTDb Bee (PYHKIMU KO-
POOOK.

MHoio npozienana padoTa 1o CO3JJaHuI0 BCell TaOMIIbl YMHO-
JKEHUS1, BBEJICHUIO B 00OPOT BCEX YHCEJl, KOTOPbIE MOTy4aloTCs,
KOI/Ia Mbl YMHOKa€M BCE MOJUMCIIA BCEX YUCE]T.

Ho ecTtb eni€ ogvH 04eHb MHTEPECHBI MOMEHT, KOTOPBIU 3a-
KJIIo4aeTcss B Tom, uTo 1-2-3-4-5-6-7-8-9- (1—0) — 310 gecs-
TUYHAS CO3JIaHHAS JIIOJIbMU CUCTEMA CUMCIIEHUSI,  MOXKET OBITh
Jpyrasi CuCTeMa CUMCIeHus, rjae Ha 10 He 3aKkaHYMBaeTcsl Ync-
JIOBOM LIEJIOYUCIICHHBIN PsII.

Oto Moxer ObiTh, Hampumep, 1-2-3-4-5-6-7-8-9-B-
p-1B-2p-3B-4p-5B-6p-7B-8p-9B-Bp-B1-p2-B3-p4-BS-p6-B7-p8-
B9-pB....H TaK Aajee.



B aTOM HanpasieH!M Ha/10 MPOAOJIKATh padoTaTh. Ty CUCTe-
MY CUMCIICHUS 5 PEJIOKII KaK aJIbTEPHATUBY, HO MOKET ObITh
eIlE crcTeMa CUMCIIeHUs], B KOTOPOW ell€ YTo-TO APYroe, U 3T
Oy/ieT 1aBaTh HaM COBEPILEHHO IPYroi B3IV HA MUP U Ha Be-
Y.

[omy4aercs, 4To 4MCIIO — ITO €IIE U YHUBEPCAJIBHBIA HE UH-
BApUaHT, TO €CTh HE MOCTOSTHHOE 3HaueHHe U TOJbKO (PUKCH-
pyemas BeianuvHa. Eciiu npennosnoxure, YTO Mbl )KUBEM B MU-
pe He JeCATUYHOTO CUMCIIeHUs, a U po-OyKBEHHOTO mepedo-
pa, Kak IpeaIoKuI 51, TO ITO MOBJIUSET U Ha U3yYeHHE LIMKJIOB
3emu (aCTPOHOMHMS), U Ha U3YYEHHE MO3ra (MCKYCCTBEHHOIO
MHTEJUIEKTA B YaCTHOCTU), U HA U3YYEHUE CAMON MaTeMaTHKH,
¥ 4TO CaMO€ INIABHOE TEXHUKH, TEXHOJIOTUI 1 N300peTaTeIbCTBRA.

duocodpcKku 3HAYMMO 37€Ch TO, YTO MOXKET OBITh HHOE B Ma-
TEMaTUYECKON TOIOJIOTMH, KOTOpYIo BBEN [lyaHkape u HEOqHO-
3HAYHOCTb CMBICJIOB.

Maremaruka co34aéT YTO-TO IS TOrO, YTOOBI OOJIBIIIE TO3HA-
BaTh Mup. Eciin Mbl roBOpUM, 4TO MatemMaThKa — 3TO TOYHas Ha-
yKa, TO Mbl TOBOPUM IIPaB[y, HO TOJIbKO C TOW OrOBOPKOMA, 4TO
9TO HayKa W MOTOMY TOYHBIE BBIUYMCJIEHUS PACIIAPSAIOTCS, YBe-
JIMYMBAIOTCSI, UX MHOTO U OHU MTOCTOSIHHO AOJIKHBI aKKYMYJIAPO-
BaThCsl HALUMMU YCUJTUSIMHU.

4l yOex/1€H Ha OCHOBAaHMM HAyUHBIX W3bICKAHWIA, YTO HAIll
MO3r paboTaeT Mo MaTeMaTu4eCKUM U TeOMETPUYECKUM CTpaTe-
TUsIM ¥ [IOTOMY BCSl MaTeMaTvKa B HEM, U BCE MTPUHLIUITBI JU-
(pepenLpoBaHus, K MPUMEPY, B TEOMETPUM, KOHEUHO, a HE YUC-



Jie, B BEIIECTBE TAPMOHMYHO OTPaXEHbI, TOTOMY JII0O0OE MaTe-
MAaTHYECKOe TIOHSITHE MOXKET ObITh TYMAaHUTAPHBIM SI3BIKOM OITH-
CaHO, KaK CMBICII.

MATEMATUKA n TEOMETPUS npoodpa3oBanus

3anava 1 OOHapyxeHHe YIUIOTHEHUI, KaK OHA BO3MOKHBI?

Permim Takyio 3agady: 1aHO 2 (PU3HYECKMX OOBEKTa pa3HOM
opmbl U ABa puzMUecknx 0O0BEKTa OAUMHAKOBOW (hOPMBI, ITO
JVCK Y TPEYTOJIbHUK U J1Ba KBajpaTa. HykHO BBIYMCIUTD C TOU-
KM 3peHHs] MpooOpa3oBaTeIbHOM MaTeMAaTUKH KaK 3TH OOBEKTHI
BJIMSIIOT JIPYT Ha JIpyra Py HaXOX/IEHUM Ha PaBHOM APYT OT Jpy-
ra pacctostHuM. [J1s1 pereHus 3a/1a41 MOKHO IIPUMEHSITh JTI0Oble
CrIOCcOObI ¥ METOIMKY BbIUMCIIEHU S, HO MOJIb3YsCh OHATHUIHBIM
si3p1koM [IpooOpa3a.

OtBer u pelenue:

KBagpatbl. ¥V kBagparoB mo uerblpe yria. Kaxipiii yron
HaIlpaBJIeH CBOEH HEPreTUYECKOM CUJIOM BO BCE BO3MOXKHBIE
CTOpPOHBI. BcenpuYMHHOCTD KakK MOHATHE O MPOIJIOM, HACTOS-
meM 1 OyAyIleM TakKe B 9THX MpeJMeTax MpooOpasyeT Ux Ho-
Bble KOH(pUTrypauuu B ObITHU (pparMeHTalK. TO HEMOBIACT-
Hasd HaMm TeMa. Ham e MoJBiacTHO peluTh B3aMMOIEUCTBHE
KBaJIpaToOB Ha OKPY:KalOIyl0 NPUPOLYy. A OHO TaKOBO, YTO OHU
U3JTy4aloT BCEMHU CBOMMH YETBIPbMsI MOBEPXHOCTSMU SHEPIUIo
BO BCEX BO3MOXHBIX HAIlpaBJEHUSX, OJHOBPEMEHHO CUMTHIBAS
MH(OPMALIMIO C IPUPOABI U € YeJIOBEKa (OB), ECJIM OHU TaM Ha-
XOIATCH.

KBazgpar o OTHOIIEHHUIO K KBaApaTy U3TydaeT KOMOWHAIIUH



noBepxHoctent 1—1, 2—2, 3—3, 4—4. Camu NMOBEPXHOCTHU
HE POBHBIE, TAK KaK B IPUPOJIE HET HUYETO POBHOTO M aOCOIIOT-
HO TOYHOTO ¥ MOTOMY OHM MOT'Y U3JTy4aTh ClIeAyoIre KoOMOMHA-
uu: 0,5- 0,5 wmm 1,3—1,4, 2—0,1, 3—1,5, 4- (-3). Kondwury-
paluy ¥ Bapraliy caMble pa3HOOOPA3HBIE U MOTHOCTHIO BHIUUC-
JIMTH OOBbEM KOMOMHAIIHI 1aXke B OOBIYHBIX KBAJIPATOB CPE/THEH
JIA0OPaTOPHOW BEJTMYMHBI HEBEPOSITHO CJIOKHO, @ TOYHEe OUCHb
TpynoéMkasi pabora.

Ho BbisicHsieTcsl vHTepecHasi AeTajlb, W3TyYeHHUE CTOPOHbI
KBaJpaTa, KOTOPYyI0 Mbl OepéM 3a (PUKCHPOBAHHYIO BEJINYM-
HY €CTh U3JIyYeHHUE MOJIOKUTEIBHOIO BEKTOpa 4 Ha BEKTOp -3.
Kak takoe Bo3MOxHO? (3TO OfHA U3 Bapualuid, 0003HAYEHHBIX
MHou) [lonydaercsi, 4To OTpULATENbHOE U3IIyuyeHHE, KOTOpOe
€CTh BHYTPEHHEE U3TyYEHUE CTOPOHBI KBaJpaTa HEMOIHAs Kap-
TUHA MaTeMAaTUYECKOrO B3aMMOJIEMCTBUS, A JIMIIb PACKPBITHE
noipoOHOCTH U3nydeHuil. To ecTb mpaBuibHast hopmyia JOIK-
Ha BHIIISZIETh Tak: 4—4 (-3), a eni€ Ooee npaBUIbHO (-3) -4-4-
(-3), HO 3TO cuMMeTpuYHas (popMysa, a HA CaMOM [IENE 3/1ECh
TaKxe OecurcIIieHHbIe Bapyaluu [ poBoro mpoodpa3oBaHusl.

Ho HaM HyXHO BBISICHUTH: @ YTO €CJIM AETAJIbHO MPOCUM-
TaTh MAKCUMAJTLHO OOJIBITIIOE KOJIMUECTBO BapUALIU U3TyYEeHUIA?
(TOJIPKO TOYHEE HE «IHEPIHU», a «IOTOKA M3MEpEeHUs»» (IU3-
Ma). [TonmyuuTcs pe3yapTar, KOTOPbIY MO3BOJIUT TOBOPUTH O MHO-
’KECTBEHHOCTU CTPYKTYyp MHUpPA KaK BHEIIHMX TaK U BHYTPEH-
HUX, 3T0 OyneT (haKTOJOrMUecKor cTopoHoW. UM Takske mpak-
TUYECKUI MOMEHT-CTOPOHA — 3TO MEPCIEeKTUBA HAIIybIBAHUS



B MPOCTPAHCTBE CTHIKOB, YIUIOTHEHUI W HAJIOKEHUI PABHOHA-
MIPaBJIEHHBIX W TOXKJIECTBEHHBIX BEJIMYMH C LIENIBI0 «ITPOrUOaTh»
MaTeMaTHYecKoe ObITHE W COBEPIIATh ABMKEHHE B 3TOM YIUIOT-
HEHUU C TIOMOIIbI0 TEOPUU BBIUMCIICHUS] U TPAKTUKU MEXaHU-
CTUYECKOTO MTPUMEHEHU 1 000pyIOBaHUsI (MAIITNH) 115 IEPEIBH-
skeHns B Oprmd. Ilog ObITHEM 0003HAYMM MAaTEMATHYECKUE BO-
TYHOCTU U TIporuObl. BHeITHMIT MOpsIoK e Onarogapsi BHYT-
PEHHUM BBIYUCIEHUSM. B 3TOM NMUOHEPCTBO MaTeMaTU4eCKOro
pooOpa3oBaHuUs.

Ho em€ B 3agaye y Hac CKa3zaHO O JMUCKE U TPEYIOJIBHUKE.
Jleso B TOM, 4TO 3/1€Ch €IIE JIerye HalllynaTh B3auMOJEHCTBUS,
TaK Ha3bIBa€Mbl€ CTHIKY Y YIUIOTHEHH I, TOTOMY UTO IMU3Ma 3/1€Ch
HE CUMMETPHUYHAsl, a CTPEMUTCS K PA3HOCTSIM 3HAYEHUH, a 3Ha-
YHT YIUIOTHEHUSI OYyT HA CTBIKAX OUeHb OUYCBH/THBI.

[TprmMepHO 3TO MOKHO B ITU(PPOBOM BHUE N300pa3uTh Tak: 1,
2,3,4,5,64+00 — 1, 2, 3, 4 (TUCK-TPEYTOJIbHUK) U B UTOTE CThI-
k1. Ho 3HaueHus Takxe 3aBUCAT OT (pOPMBI M1 MECTOITOJIOKEHHM S,
pPa3BOpPOTA U COCTOSIHUSI TIOKOSI WM JABMKEHUS TIPEIMETOB, MX
HAXOXJIEHWS B MOMEIEHUU WUJIM Ha TIPUPOJIE, BCE ITO JAET MU3-
MBI M TaKKe 00pa3yeT CTHIKM, Ha KOTOPBIX MOXKET MpOruoaThCs
MaTeMaTUIeCKoe ObITHE U OCYIIECTBIISATHCS IBUKEHUE.

B 0OBIYHBIX k€ YCJOBUSX MU3MbI MPAKTUUYECKU HE OITyIIa-
I0TCS1 HAMU, HO MPH KOHCTPYKTUBHBIX HAYYHBIX B3aUMOJICHCTBU-
SIX OHU OYyIyT SIBJISATH YIUIOTHEHUS M TEM CaMBIM JIaBaTh ajibTep-
HATHBHbIE UCTOUHUKU JIBUKEHUS U TOPIOYETO, IOTOMY UYTO MU3-
MBI HE TOJIBKO JAAI0T CIOCOOHOCTH JIBUTAThLCS, HO TIPU MTPABUJIHHO



0003HaYEHHBIX MaTEMATUUYECKUX KOH(UTYpAIHSIX €€ ITO IBU-
JKEHHUE U OCYIIECTBIISIOT.

Ho HyxHO pa3o0parbcs elié 1o KpaiHel Mepe B IBYX Belax
(ITpumeyanue)

Uro Takoe BcenpuuMHHOCTD B AAHHBIX KOH(UTYpaLUsX
n3m?

KakoB HanOosnee mpocTto OOMIMI 3HaMeHATeslb B3arMOJIEH-
CTBUI NU3M?

1.BcenpuunMHHOCTD B JIaHHBIX BBIYMCIIEHUSX MOXET UCIIONb-
30BaThCSl, a MOXKET U HE UCTIONB30BaThCsA. be3 He€ MOKHO 000M-
THCh, HO B TO € BpeMs €Clii €€ UCMOIb30BaTh, TO 3TO MOXKET
JaTh pe3yJIbTaThl AJ1s1 YCTAHOBJIEHUS TEJIETIOPTALIMH, IOTOMY UTO
B Teopuu U npakTuke [IpooOpasza Bpemsi HAXOOUTCS U TIpeIyra-
JIBIBAETCSI B OJJHOM TOYKE CYIIIECTBOBAHUS U B TO K€ BPEMsI CaMO
JBVDKEHUE TU3M BHYTPH TeJla MOXKET IMPHUJIATh eMy JIBMKeHUe Oe3
M3MEHEHMS1 BHEUIHErO MPUPOIHOIO, C MOMOIUIbIO TaKke CTHIKOB
BHYTPH TeJIa U BO3MOXHO HAJIOKEHUN MU3M.

2. OO0mui 3HaMeHaTe b MOXKeT ObITh HalJeH, HO 3TO Tpely-
€T KaK pa3 BbIUMCJIEHU OTPOMHOIO 4Mcia MaTeMatukoB. Cen-
yac XK€ MOXHO CKa3aTb, YTO MaTeMaTHMYeCKHUe TOXKIECTBA —
9TO OPUEHTUP K HAXOXKIEHUIO (PU3MUECKUX YIUIOTHEHUM MTU3M,
a Take reoMeTpUYECKUe Baphalluy yIJIOTHEHUN €CTECTBEHHO-
ro XapakTepa M MCKYCCTBEHHBIM IyTEM MOXET JaTh pe3y/ibTar
B [TU3Max.

[MN3MA - IIOTOK NU3MEPEHU A

(dyxkanos A.) Maremaruka moero punococKoro JUcKypea:



A —371eMeHT, KOTOPBII MOIPa3yMEBAET BCAYECKYIO IOTEHLIO
¥ HAYaJIbHOCTh, A SIBJISIETCS CYryO0O HauyaBIIMMCS, A SIBISIETCS
BCSYECKUM OTIPABHBIM YK€ AJIAIMMCS MaTEMAaTUYECKUM TepU-
0ZI0M, KOHCTaHTOM U NapaaurMou (Bcé Bmecte 31eMeHT [loten-
L1K)

b —311eMeHT OpraHn30BaHHOTO «OW», TO €CTh JTyaIn3Ma, KOTO-
phIii 0003HAYAET OPraHU3AMOHHBIE PSIIbI JIIOOro ypoBHS, b sB-
JIsieTcst BTOPHIM (DOKYCOM JII0O0M MaTeMaTHYecKOr Onepary —
OyasbHOCTBIO. OH MOXeET ObITh MpeacTaBuM Kak (1=2=4=8=b) —
npuMep Lyanusma, (2:2#b) — npumep He myanbHOro (pokyca,
IIPY KOTOPOM HET Pa3MHOXEHHS 1yalbHOCTH.

PS: BooOme n06asi MaremaTuyeckasi cUCTeMa CTPEMMTCS
K 000c0o0IeHHOCTH, TI000H pe3ynbrat (puHan UM unm matema-
TUYECKOE PEIIEHUE) — ITO BbIBEJCHUE «OAMHOKOIO YHMCiIa», TO
€CTb KpallHe Cy)KE€HHOM Pe3yJbTUPYIOLIEN (PYHKIIMU B PE3YJIbTA-
T€ MACIITAOHBIX BBIYMCJIEHUI U KOoNepaluil ypaBHEeHU .

B — anemeHT ynBoeHUs pe3yJbrara, camasi JJOrm4ecKkas J10Mu-
HaHTa, Koraa TpedyeTcs yBeIndeHne mocye TyaJbHOCTH Ha MPo-
NOPLIMOHAILHO IBOMYHBIN SK3UCTEHIMAJ, KOTOPBI OMHUCHIBAET
NPEAbIAYIIANA U OJHOBPEMEHHO JIPyroM, MOTOMY YTO €rO KOH-
CTaHTHl YBEIMYEHBI BABOE CUJION HapacTaHUs MOTEHLIMAIA U €ro
YTBEPXK/IEHUS B Cpefe.

(15—5=10#B), o 15—15, mu60 (15+15=30=B) — npumep
(pokyca ynBoenus B.

I' — anemMeHT MH(POPMALIMOHHOTO COAEPKATEIBHOTO CTOSIHUS,
eIUHUIA COAEPKaHMsI, KOTOpasi MOXET BKJIIOYATH JIIOOYIO Teo-



METPHYECKYIO COOOIITHOCTD.
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JlaHHbIe YeThIpe YKcia Ha3biBaloTCsl (PHIIOCOPCKUM MaTeMa-
TUYECKUM KBaJpaToOM, KOTOPbI 0Opa3yeT 3aKOHUYEHHBIN UK
JI000T0 JICHCTBUSA B MPUPOJIE, KOTOPOE TaK WJIM MHA4Ye 0003HA-
JaeT cofepKaresibHbie OCHOBAHHS HAIlIeH KU3HU, B JTIOOBIX BO3-
MOXXHBIX cpepax npu (PU3NIECKOM JTMHEMHOM MUPE U Pa3HOYT-
JIOBBIX BOCHPUATHUSX U aHAM3aX (OOKOBOM, BEpXHEM U CHHTe-
TUYECKOM )

MoxeT BOBHUKHYTh BOIIPOC O CMbIcJie MaTeMaTuku. U s cpa-
3y OTBEYal0, YTO OIMCAHUE, KapAUHAIbHBIE Y3JIOBbIE MOHSTHS
Y NPUHIMI Kak (peHOMEHAJTbHOCTh MAaTeMaTUYECKOrO TapreTh-
poBaHus HanboJsee BaXKHbIE, YUEM BBIUMCIICHUS BEIIIU, YaCTO BbI-
YKCIIeHN S BOOOIIIE JIEJI0 CYMTAIONINX, & HE MAaTeMaTHKOB (byH/Ia-
MEHTAJILHOTO TOIIUBA.

Il — ameMeHT TacoBaHMsI, OT KOTOPOTO 3aBUCUT CyOOpIMHa-
sl eqUHNLL UHGpOPMAIMK U UX 3apsA0B B COYETAaHUU C YUCIIO-
BBIMU HOCHUTEJIAME, YeM Ooutbiie [I, TeM 00bEMHEE MaTeMaTye-
CKasi MaTpulia copepkanuid. [Tpumep:

* ok ock ok
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Kaxk BuyiHO [I BeITOTHSAET (DYHKITUIO OMMCAHUS U 3aBEPIIICHNS,
a MIOTOM UM TeHepaJIbHOro Havyasia (pyHKIIMH, LIETbI0 KOTOPOU SIB-
JISIETCSI BBISICHEHUST CONICPKAHMIA.

Yro kacaercs ymcia, TO, C OMHOW CTOPOHBI, OHO HE HYXKHO,
MOTOMY YTO TJIABHOE — 3TO MPUHIIUI MAaTEMATUYECKON KOHIIETI-
IIUH, a C JPYTOi CTOPOHBI, pa3es MaTeMaTHKH JOJKEH OBbITh TT0-
CBSIIIEH YUCITY, KOTOPOE ObLJIO OTUYKAaeMO, CIIEIIUATIbHBIN pa3-
JIeJ, 1 ero MOKHO Ha3BaTh «YMCIIOBast MaTeMaTuKa», IIaBHbIM
MIPUHIIAIIOM KOTOPOU CITY’KUTh MOXET YUCTO YUCIOBOE KOHIIETI-
TyaJbHOE UHTETPUPOBAHUE, & HE BHIUMCIICHUE, OIISTh XKE.

20 40 55—/ nBuXkeHUE 4ucell, UX yBEJIUYEHUE B JBOWY-
HOM aKTe

3050 45— — 310 0OO3HAUEHUE JIBUKEHUS YKCEIl, UX YBe-
JIMYEHUS] U YMEHBIIEHUS] B TPOUYHOM aKTe

PesynbraT — 310 (DUKIMSA, MaBHOE pUHLMIL. [ npakTuye-
CKHUX HYX]] TPOMBIIIUIEHHOCTH WJIM SKOHOMUKH Pe3YJIbTaT TaKxkKe
HE UMeeT 3HaYEeHUsI, pe3y/IbTaT B CTApOM cMbiciie. B mopiuHHOM
HOBOM CMBbICJIE pe3YJIbTaT — TO BbISIBJIEHUE MPUHIIMIIA C HATy-
PAILHBIMU 0ObEMaMU XapaKTEPUCTHK.

2+2=4 — 310 (pUKIMA (HO KOe-I/e HyKHas, IJIs IeTeN Ha Ha-
YaJIbHOM 3Tare MOCTMXKEHUsI MaTeMAaTUKU U apuMeTuKu, Ha-
rpuMep)

2

+
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3 ajeMeHTa ¢ JAByMs MOXOKUMU XapaKTEPUCTUKAMU U OfI-
HOW CBA3YIOLIEH (+) XapaKTepUCTUKOM, KOTOPbIE TEOMETPUYECKU
«3aBUCAIOT», U CTPEMSTCS K CAaMO3aKOJIbLIOBAHHOW CTPYKTYDE.

B 3D BuaeHnu — 310 11aBamone npsiMOyToJibHbIE coaepKa-
HUsI, KOTOPbIE MOTYT CITY)KUTh KPEMKOU (PU3MUECKON HOPMHUPO-
BaHHOM CyOCTpaTHOM (DYHKIIMEN W YIUIOTHEHHUEM.

Maremaruyeckui peajansm

MBI AOJIKHBI YCTAHOBUTb, UTO YUCJIO UMEET BITMCAHHOCTD, UTO
YKCTIO HE SIBJISIETCS] HE3aBUCUMBIM apryMEHTOM, UTO YKCJIO €CTh
M3HAYaJIbHOCTb, KOTOPasi UMEET YKMCIIOBYIO MPETIONUIO U YUCIIO-
BbI€ CJIeJICTBUS (CJICACTBUE).

DTO O3HAYAET, UYTO JIIDOOE YHCIIO MOXET UMETh U JIOJKHO
UMETh PellieHHUe YK€ TOJIbKO MOTOMY, YTO OHO SIBJISIETCS Jei-
CTBUTEJIbHBIM YHCJIOM.

[Touemy mbl MOXeM 3HatTh, 4TO O ecTb -1 1 +1 pemenue? Ilo-
TOMY 4TO JIeMEeHTapHasl TaOJIUIa YMHOKEHUs, BCEMU TIPU3HAH-
Hasl UMEET TaKoe ke 3HAUeHUe eJUHUYHOTO COCTaBa, ITO CeIy-
€T U3 Toro, uro 1*2=2 umm 2*2=4, wiu 4*3=12. Yto nponsBo-
JAT 9T yMHOeHUs1? OHU MPOU3BOASAT ONEPalI0 JAHHBIX YH-
CeJI Ha IBUOYHBIN KOJ. 311ECh TOJIBKO JBA JICUCTBUS: COCTaB JIaH-
HBIX U OTepanusl.

Ho 310 oTuyx)aenue uncna. [Ioromy 4yTO yMHOXEHHE HE 5IB-
nsseTcsl 6a30BOM XapaKTepUCTUKOW MHpa. ba3oBoil xapakrepu-
CTHUKOM SIBJISIETCS CJIOKEHHe U BbluuTaHue. M moromy peasibHOE



YKCJIO U peaibHOE BbIYMCIIEHUE UMEET OMepalvio B ypaBHEHUU
VUJIA IPUMEPE CII0KEHMS JAHHBIX KA I0TO YMCIIA CO CIIELYIOIUM
HAapHBIM IO MOPSAKY YUCJIOM B YPaBHEHUHU WU MPUMeEpeE.

Peann3MoM Mbl 3T0 MO)eM Ha3BaTh IOTOMY, UTO MTOKa3bIBAET
JAHHOE PEaIbHYI0 OKPECTHOCTh PEIlIEHHs, KOTOPYI0 MOXKHO I1e-
PEHECTH Ha rpadpK KOOPIMHATHOU IIPSMOM U BBISIBUTH (PUTYPY.
It0 Tem Oornee BaKHO, TIOTOMY YTO TMO3BOJISIET HAUTH B (DU3M-
Ke, TeHeTHKe, MOP(OJIOrMU U OMOJIOTUU, U IPYTUX AUCIUILIIMHAX
MOABMKHYIO (DYHKIIUIO, @ HE TOYEUHOE CTATUYHOE YKUCIIO.

Tak:ke U3 reoMeTpuyeckux (pUryp MOXKXHO Y€ reoMeTpuye-
CKMM METO/IOM BbIBOIUTb JAHHYIO BIMCAHHOCTb U CJIEACTBUS
BITMCAHHOCTH.

Tak:ke MoxeT ObITh IpuMeHeHa 3D-MeTpus K T000My U3 BU-
JIOB MIEPEUMCIIEHHBIX MATEMAaTUUECKUX OIEePaIUi.

B MHpPOBO33pEHUYECKOM CMBICIIE 3TO O3HAYAET, YTO Mbl MOKEM
IIPOBOJUTH PELICHHUS TOJIBKO YK€ HaYaThle U TOJIbKO KOTOpBIE 3a-
KOHYATCS CJIeYIOIIMM aHAJIOTOBBIM MTPOIOJIKEHUEM.

Eciu Mbl roBopuM o nipuunHe bora, To JOIKHBI CKa3aTk, YTO
Ha SI3bIKe MaTeMAaTUKM OH BBIBOJUTCS KaK pa3 U3 peaibHbIX Bbl-
YUCJIEHUH, KOTOPBIE HE Cpa3y OYE€BUIHbI.

MaremaTika — 3TO HayKa, KOTOpas Terepb MOXET ObITh
B MPAKTHKE €CTECTBO3HAHMS ceOsI TPOSIBUTD.

O TpeTbel IEPEMEHHON B MaTeMAaTHKe

TpeTbs nepeMeHHast — 3T0 cleAyolas 3a NepBoi NepeMeH-
HOM, KOTOpasi €CTh OMKcaHue Tpoliecca B (popMax BHEIIHEN JIO-
TMKM MaTeMaTnka 110 17 Beka, B ToM uuciie EBKimagoBa reoMeT-



pusi, 10 HeloroHa-JleiiOHuIIa; cnemyomas 3a BTOpod MepeMeH-
HOU, KOTOpasi €CTh B 0000IMEHHOM cMbIciie TuddepeHIraIbHas
Y UHTErpajibHasi MaTeMaTuka, B Kotopon qudpepeHiman — 310
IPOCTBIE Ofepalyy 10 OECKOHEYHOTO MHOXKECTBA, a MHTerpa
CpaBHMBAETCSI C TIPOM3BOAHON U MIEPBOOOPA3HOM, a TaKkKe Jpy-
Tve CJOXHBIE CTPYKTYPBI, TO, YTO nomoro [anya co3path ani-
reOpy 1 BBEJIO BCSIKME ypaBHEHU 1, (PyHKIUH, rpapuKu 1 00Cy-
’KMBAIOIIYI0 MaTeMaTUKy COBPEMEHHOIO TUIIA; IEPEMEHHON ke
TPETHEro TUIIA SIBJISIETCS Takasl IEpeMEHHasi B MaTeMaTHKe, KO-
TOpasi MPOM3BOJILHO CO3/1aHa, HO JI0 KPAaTHOTO pa3Mepa BelnYM-
Hbl B TPU ONEpalluM, KOTOpble €€ XapaKTepu3yloT Kak Ha rpa-
(puke, Tak ¥ B YMCIOBOM BBIPAXEHUHU, KOTOpasl NOTKHA OBITH
0O0BsSICHEHA CpPE/ICTBAMU MaTeMAaTUKH TEPBBIX JBYX BHUJIOB. DTO
MIPOM3BOJIFHO TOBOPSI MOXET OBITh 2 B CTENEHU 2, B CTENCHU
2 u B crerneHu 2 (mpuMep JIETKOTO pelieHHsI), a MOXKET ObITh
TPOMYHOCTb JIPYTrOro CJI0KHOTO THIIA — ITPOU3BOJIbHBIN SJIUIIC,
KOTOPBI UMeET BHYTpHU ceOsl TPEYTOJIbHUK U ONUCHIBAETCS TPe-
M TOYKaMU BHE TPEYTOJIbHUKA W JUIMIICA CO 3HAYECHUsAMHU 34,
56, 76, 1 Hy’)KHO BBIYACINTH cOCTOsIHUE (pUryphl. Takon npumep
MOXET ObITh B3AT JJIs1 TOTO, YTOOBI MOHSTH MPUPOY reojie3nye-
CKOU JIMHUM OKPYXXHOCTH, HO Yepe3 BJIMSIHUE BHEITHUX (DaKTO-
POB Pa3HBIX BEJIMYMH BHE OKPYKHOCTH.

Tperblo nepeMeHHYI0 B MaTeMaTHUeCKOM JIMCKYypce TUCKYC-
CUBHOI'O XapakTepa MOXHO OTHECTH K pa3jesly MaTeMaTUKU —
aHamm3y. Teopusi aHanmM3a CIOXKHBIX CHUCTEM, €Ccid Oojee TO4Y-
Ho. Ho B TO ke BpeMs ecTh TpeThsl TiepeMeHHast Oy/leT BBejie-



Ha B TOIOJIOTUIO WK B TEOPUIO BapUaIIMOHHBIX YPaBHEHUM, ITO
Takxe OyJdeT mpuemseMo, Kak W JJis JI0OOW JIPyrodl TEOpHH.
O0o3HaueHne ke TpeThell MepeMEeHHON s Tpejylaraio Ciemylo-
mee — «T» (THREE).

Ecny MBI JOITyCTUM YETBEPTYIO MEPEMEHHYIO, TO OHA JIOJIXK-
Ha BBIYMCJIATBCA B Pa3Mepe YETHIPEX UYICHOB JAHHBIX, HO OHA
Oyzet To# ke T, moToMy 4TO cucTeMa TPOICTBEHHA: MEpPeMeH-
Hasi-HEU3BECTHASA-CO3JaHHOe (OOIIMI AUCKYPC) U HA MPaKTUKE:
TPU CO3/1AHHBIX [IEMICTBUS: IEPEMEHHBIE (B IAHHOM CJ1y4ae YeThl-
pe), UX CO3/1aHUE B IPOU3BOJILBHOM MOPAJKE U BBIYHACIIEHUE C ITO-
MOIIBI0 JAHHBIX JTIOOON CHCTEMbl MaTeMaTUKH (TPETHM IUKI).
MoxeT ObITb MSTh, IIECTh, CEMb IEPEMEHHBIX, HO TPH JTara pas-
JoxeHus oreparyii T.

B KW3HM MBI ITOCTOSAHHO YTO-TO CO37AEM, IIOTOM 3TO OIU-
cbiBaeM. B Maremaruke joiroe BpeMms ObLIO pelieHue MCXOAs
U3 HAKOIJIGHU s TAaHHBIX, MBI JKe IOJKHBI BOOOPa3UTh MpodiemMy,
CO3/1aTh €€ U UMEIOIIMMUCS TaHHBIMU PELUTb, YTO MPUHIIUITH-
QJIBHO JPyrov YPOBEHb MaTeMaTUYECKOrO TBOPYECTBA.

Mup cocTtout u3 Tpex KOHCTaHT. I eomerpusa EBkimaosa tu-
1a OINKChIBAJIa MUP HA CaMOM JIeJie TaKke TPeMsl KOHCTaHTAMU,
MIPOCTO OHM OBLTU CJIA00 MPOSIBJICHHBIMU B JIBYX CJTy4asiX U JIUIIIb
B JINHEMHOM ONPEIEJIEHUHA OT TOYKM J0 TOUYKH, OT MPUHIIMIA
K MPUHLUITY HauOoJiee sIpKO OMHUCHIBAEMBI.

HuddepeHumanbHble 1 MHTErpajbHble MCUMCIEHUs OKa3a-
JIUCh BTOPOW TE€PEMEHHOM, B CJIOXKHBIX BapUaHTaX HCUMCIIe-
HUIA K€ TPEThsl IepeMeHHasi OoJbllie BUIHA, HeXenn B EBkim-



JIOBOY F'€OMETPHUH BTOpasi, KOTOpasi, Kak CKa3aHO ObLIO, PUCYT-
CTBOBAJIA, KaK M TPEThSI.

BapuatimonHble ucurciieHrst BO3bMEM. BO3MOKHBI J1n BbIYKC-
JIEHU sl TPEThEU IIEPEMEHHON B YK€ UMEIOLIMXCA 33/1a4aX, Hallpy-
Mep, 3aJadax ¢ BapuallMOHHbIMU UCUUCIeHUsAMHU ? Takue Bbluuc-
JIeHUs1 BO3MOXKHBI, HO TIPY YCJIOBUM YTO CYIIECTBYET TPOUYHAs
TpaHcgopMalus onepatui, 10JKHO ObITh M0 KpaiiHel Mepe J1Ba
OUYEHb HE MOXOKMX (rpapuuecKoe M YUCIOBOE WM CTENIEHHOE
¥ OTpULaTesbHOe, U T.J.) B BeluucieHusax. Eciu ato Oyzmert, To
MBI TOBOPMM 4YTO YpaBHEHHE WJIM 3a/a4a (mpodiemMa, TeopemMa)
JAHHOTO BUJ1a uMmeeT peulenue T, eciiu ke He CylIecTBYeT TAKOro
pasrpaHuyYeHus, TO Mbl TOBOPUM, UTO YPAaBHEHUE JIAHHOTO TUIIA
apxamyeckoe «Ax», MOIYEPKUBAsl TPAJULIMOHHBII XapakTep pe-
IIEHNs], ¥ OHO He MMeeT penieHus T, Tak Kak He BXOOWUT B 00-
JIACTb ONpe/ieNieHN sl TPOMYHOM TpaHc(OopMalluK, IIPU ITOM UMest
TPOUYHBIE CUCTEMBI B CBOEM COIEPKAHUU, HO C1a00 BBIPAXKEHO,
YTO XapaKTEPHO IS BCEX PUMEPOB.

KoHKpeTHO BapuanoHHbIe HCUMCIIEHHS, S TI0NIaraio, ObIBAIOT
pasHble U U1 OJHUX ecTb penleHue T — Tura, a Ajs Apyrux Her
pemenue T — Tuna.

DKCKIIO3UBHOE COAEPKaHNe TAKUX PEIIeHUH 1 peoOpa3oBa-
HUM 3aKJII0YAETCS B TOM, YTO CYLIECTBYIOIIMN MHUP TPEXMEPEH,
HO TPEXMEPHOCTD KaK (pr3nuecKasi BEJIMYMHA COBCEM HE SIBJISIET-
cs mpu4rHOM ypaBHeHu! T-tumna, noromy uto T ypaBHEHHS OT-
paxaioT (PyHKIMK MOAOOUI TPEXMEPHOCTH, TO €CTh KaX/0e Ha-
111e JAENCTBUE, OCMBICIIMBAEMOE B MO3r€ UMEET TE3UC-aHTUTE3UC



1 cuHTe3, HO B T peleHnM 310 co3aHue (CMHTE3 KakK Obl BHA-
yaJie, Kak 9TO He MapajoKCaIbHO), a TOTOM Te3UC U aHTUTE3UC
WIM aHTUTE3UC M Te3UC (YTO TaKXke MapagoKCalIbHO), HO COOT-
BETCTBYET KBAHTOBOW MPUPOJE 3aIyTAHHOCTH CUMMETPUYECKO-
0 TUIA, IOTOMY He TPOTUBOPEUMBO U UMEET JIOKA3aTe/ILCTBA.

TpeTbst nepeMeHHasi B MaTeMaTHKe (1aJuM OTpe/ieieHUue-Bbl-
BOM): 310 nepeMeHHast T Tura, kotopas myomukyer T pazmepHo-
CTU B OKPECTHOCTHM HENPOTUBOPEUMBOCTH U [IOKA3bIBAETCS 00-
paTHbIMU 1aHHbIMU. (PykasoB A. B., 17)

OcHoBHbBIE MaTeMaTHYeCKHe MPOOJIeMbI

1.HaxoxaeHue pesyabraTa OKPECTHOCTH TOCTOSIHHOTO Ha-
KJIOHA BO BpeMsI epexo/ia OqHOM (PyHKIIUM B APYTYIO (DYyHKIIUIO
X TUIA.

2.0nucanue pacTsKUMOCTH Kak (DeHOMEHa MaTeMaTU4eCKO-
ro mpoiiecca B YUCiIoBoi popme Oe3 HATypasibHOM reOMETPUH.

3.Pa3Butue uaeu npocTpaHCTBEHHON MaTeMaTU4yecKou ajro-
PUTMU3AIMA JI0 YPOBHS OOBEKTUBHBIX MATePUATIbHBIX YHCIIO-
BBbIX KOHCTaHT.

4 HaxoxJeHue yriia mpernapupoBaHusi pu JIIoOoM Ture ¢Gu-
3MYECKUX ONepalvi 1 AeCTBUM.

5.00bscHeHne (hOPMATTBHOTO aKTa AESITEbHOCTH Yero Obl TO
HU OBLJIO KaK CUCTEMBI, KOTOPasi He yTpaunBaeT CBOEH IeJIOCTHO-
CTU 4Yepe3 JAUCKPETHbIE TIPOMEXYTKH, TO €CTh OTBET Ha BOIIPOC
00 00111ell He JeTepMUHUPOBAHHON HUTH Ay TEHTUYHOTO MOBEIe-
HUS TIpolLIecca.

6.0Onucanne (popMaIM30BaHHOTO TPEXMEPHOTO HAJIOKEHUS.



7.BbluniciieHre TeOpUU BEPOSTHOCTH TIOBEIEHUSI CyOBEeKTa
Ha OCHOBAaHWM JIAaHHBIX €AMHUIBI MOBEAEHUS, TO €CTh HAXOX-
JIeHUe KOHCTaHThbl €IMHUYHOCTHU U OIpeJiesieHre e€ CIeACTBUMA
JO YPOBHSI OTPaHUYEHMS 10 APYTOro JeJieHUs1 B KOHKPETHOM
00BEME cofepKaHUSI.

8.0TBerT Ha BOIPOC 00 aNropuT™Me, KOTOPHIA 3amyTaH cam
B ce0e, TO eCTb O TOM, YeM SIBJISIETCS] He CTPYKTYPUPOBAHHBIN
QJITOPUTM B YCJIOBHSIX BA)KHOCTU CUMMETPHHU /1J1s1 OTBETA B TOIO-
jorud. PackpeiTue He 3CTeTUYEeCKON MaTeMaTHUYeCKOW pe3yiib-
TUPYIOILEH JIJIs pELIEHUS ONPENEIEHHOr0 KJlacca 3a1ay.

9.060cHOBaHMEe MOMU(MYHKIIUM Yepe3 BIMCAHHOCTh 00BEMaA
J0O0ro THMA.

10.Co3anue ydeHus 0 He HyJIeBOM HyJIe M OrucaHue Tabnu-
1[I YMHOEHH S HA OCHOBE TAKOT'O HE HYJIEBOI'O PELICHHUS.

11.Coznanne yHU(UIIMPOBAHHOTO —OMpeAeieHHus 000
(pyHKIIMM, ypaBHEHUS U pellieHus] Yyepe3 OAUH OOO3HAYAIOIIHIA
Ha NIMCbME 3HAK, KOTOPBII PACKPHIBAETCSI HA MHOKECTBO MO/I3HA-
KOB 32 CUET (pUIIbTpALM T€OMETPUM 3HAKA, MHKJIIO3UBHAS CEH-
COpHasl MaTeMaTuKa B IEMCTBUU.

12.Pemenye 3aaun BbIYUCIEHUS TIOCIEA0BATEIBHOCTH KOM-
OMHUPOBAHUS peleHNs 0e3 HAaTypaJIbHOTO PelieHHUs], YTOOHI pe-
HIATh 3aJa4y MCXOAS U3 HAYaJIbHOTO apryMeHTa MaHUITYJISLUN
YHCJIOM.

OnpenenuTh CpeJHUI BAPUAHT PEUICHHUS], WCKJIOYAIOIINANA
MOJTHOE pEIlIEHUE U OTCYTCTBUE pellieHHe, TO €CTh CO3/AATh JII0-
6011 TPOU3BOJIBHBIN pelIaeMblii 00bEM (PYHKITHIA.



13.0Onucares npupoay B popmyliax v TeOMeTpUUecKy 3apuK-
CHpOBAaTh JAHHOE.

+00 B MaTeMaTuke

+00 B MaTeMaTHUKE WU -0 SABJISAETCA OUYEHb UHTEPECHBIM Ma-
TEMaTUYECKUM KOHCTPYKTOM. Camoe NepBoe — 3T0 KOHCTPYKT,
KOTOPBIM [UIs1 CAMOM TOYHOM HAyKM MATEMATUKM SIBJISAETCS Ca-
MBIM HE TOUHBIM. BeCKOHEUHOCTDb He SIBJISIETCS YeM-TO OIpe/e-
muvbiM. Ho MatemaTuka TpeOyeT Toro, ytoObl B HEll BCE ObLIO
CTPOro ¥ HOPMUPOBAHO U MBI TIOMBITAEMCS 3Ty Opelllb 3aKPbITh
M CKa3aTh O (POPMATM30BAHHOM TUTIOC ¥ MUHYC OECKOHEUHOCTH.

[MpaBuiabHO OyJeT rOBOPUTH O TOM, UTO «OECKOHEYHOCTb» —
9TO pacnpeneseHne (PyHKIUK (PyHKLUA Ke STO PaBEHCTBO Of1-
HOI'O pelIeHus C APYTMM, 4acTO B ypaBHEHMM) IO PAaCCTOSIHUA,
B KOTOPOM OJIHO MOBTOpsiIoleecs peleHue. beckoneuHocTs Ha-
J0 OMpe/IeNIuTh KaK KOJMUYECTBO MOBTOPOB, KOTOPBIE HE UMEIOT
3HAYEHMs, UMEIOT TIOHMMaHKUe, KaK HE UIPAoIIMe POJIXA OMHA-
KOBBIE JIUCKPETHOCTH.

[Toatomy +o0 ABiseTcsa (POPMOU YBEIMUEHUS ITOBTOPOB IPU
€IMHOM peIlIeHUH, a -00 sIBJIsIeTCS (POPMOI YMEHBIIIEHH S TOBTO-
pOB 1py euHOM pereHuu. Iomyvaercs Tak, eciu Obl ObLIO MHA-
Yye ¥ OECKOHEYHOCTh MMeJia Obl 3HAYEHHMSI CAMOT0 Pa3HOrO Po-
13, HO KOTOpBIe HEe BUHBI, TO 3TO MOIJIO ObI OTIPOBEpraTh Mate-
pUaTbHOE pellleHre, KOTOPOE Mbl BUIUM, YTO OMPOBEPrajo Obl
a priori UICTVIHY pPELLEHNs B BUJVUMOM BapHaHTe.

Yro Takoe ypaBHeHHe?

VpaBHeHue — 3T0 (popmMa YMCIIOBOIO BBIPAKEHHS PEIIECHMUS,



B KOTOPOM €CTh HEU3BECTHbIE, HO KOTOPOE STU HEU3BECTHHIE CBO-
JWT K PaBEeHCTBY 4Yaiie Bcero. To ecTb ypaBHEHHE — 9TO YTO-TO
HEW3BECTHOE, HO MPE/IoJIaraeTcsi, YTo OHO JIOJKHO OBITh pellie-
HO U MPeJIIoIaraeTcsi, YTo OTBET YpaBHSET HEU3BECTHBIE C TIPE/I-
NOJIaraéMbIM YKCJIOM U PEIeHUEM.

[ToTOMY HYKHO CKa3aTh, YTO PellleHHe ypaBHEHMs BHA X°
+y’=c? ecThb ypaBHEHHe, B KOTOPOM MOTYT ObITh MOJICTABJIEHbI
BEJIMYMHBI, IPU C=3, HAIIpUMeEP, a MOKET ObITh U HE MOJCTaBIIe-
HO HMYEro M TOTJa MbI MOJTYYUM MPOCTO (PpOpPMaJIbHYIO 3aIiCh
ypaBHenus1. Uto penko ObiBaeT B MateMaruke. Ho 107KHO OBITS,
MIOTOMY YTO ypaBHeHHe Oe3 Mpe/roaraeMbiX U3BECTHBIX BEJH-
YMH CO 3HAUYE€HHEM eCTh YPaBHEHUE, KOTOPOE ONpe/IesieT APYroi
ypPOBEHb OpraHu3anyu yncia. st MUpoBO33peHHsI 3TO 3HAYMT,
KaK )XMBOTHBIA MU (UMCTOE ypaBHEHHUE O€3 UMCIIOBOTO MOJICTAB-
JIEHWs1) U MUP JIIOAAeH, OAYIIEBJIEHHBIA MUP (C YPOBHEM 3Haue-
HUS1 OTJICJIbHBIX TIEPEMEHHBIX B BUJIE YHCIIA).

[TpuHIMI nepBoHAYaIbHOrO 00BEMA ISl TIPOU3BOJILHO BbI-
OpaHHOTO B MPOCTPAHCTBE 0OBEMA JIIOOOTO BUIA

Hpunyun «2apmowku» npocmpancmea

B 31001 pabote s1 xoTen Obl paccka3aTh O CBOMX PEIeHUSIX
poOJIeMBbI TTPOCTPAHCTBEHHOro 00bEéMa. [lesio B TOM, YTO CO-
BpPEMEHHas HayKa MCIOJb3YeT JII0Oble TeOMETpIUIeCcKre (PUTyphI
TUIOCKOTO TPOCTPAHCTBA M CTEPEOMETpUYEcKre (PUrypbl TPEX-
MEPHOT0 MPOCTPAHCTBA KaK a priori siBAsIiOmUMUCs (pUrypamu
JaHHOTO MpocTpaHcTBa. Ho ncTrHA COCTOUT B TOM, UTO 9TO BCe-
IO JIMIIIb BOJIBHOE MTPEANMCcaHne OObEKTY ero MPOCTPAHCTBEHHOM



XapaKTEPUCTUKH U METPUKU B TOM UJIF UTHOM KOOPAMHAIIMOHHOM
pacrosniokeHnH. B To Bpems Kak Kakablii OOBEKT MPOCTPAHCTBA
JOJIKeH ObITh 0OOCHOBAH He Kak CBOOOHO BbIOpaHHast ¢urypa,
a KaK MaTeMaTu4eCcKy BIHCHIBAIOIIASCS B JAHHOE MPOCTPAHCTBO
(urypa, KoTOpasi CTpOro anrOpUTMU3UPOBAHA B JAHHOM KOH-
KPETHOM IPOCTPAHCTBE.

Jlns Hayana Haslo cKasaTh, YTO Halle MPOCTPAHCTBO — 3TO
IIPOCTPAHCTBO, B KOTOPOM JTI0O0I MPOU3BOJIbHBIN 00bEM Oyner
VMMETb JBE XapaKTEPUCTUKU: MHOTOTPAHHOCTh TPEXMEPHOTO [le-
KapToBa MPOCTPAHCTBA IJIsI OOBEKTa M OAHOPOIHOCTh. MHOTO-
I'PaHHOCTh BKJIIOYAET JIOOble (DOPMBI MPUHSATHIE B TE€OMETPUH
Uit oToOpaxeHus: Ha JlekapToBO#l crcTeMe KOOpOWHAT, a Ofl-
HOPOJHOCTh B COOTBETCTBUU C IOKA3aHHOM rurote3oi [Tyanka-
pe — HaJIM4Me CTPOroi TPEXMEPHOH 3aIIOJTHEHHOCTH MPOCTPAaH-
CTBA TEOMETPUIYECKUMHU COEPKAHUSIMUA HACKOJIBKO $I 3TY THTIO-
Te3y U e€ 10Ka3aTesIbCTBO MOHMMAIO.

Ecmu Ob1 00bEMBI OB pa3HOPOIHBI B TpEXMepHOM Jlekap-
TOBOM IPOCTPAHCTBE, TO OHHU ObI HE TIOMECTIIINCH B [leKapTOBbI
KOOPZIMHATHI ¥ TIPEICTABIISIN Obl COOOW pa3HOPOIHBIE IUCKPET-
HOCTHU, 4TO He UMeJIo Obl HUKAKOTO TIOJIOKUTENIBHOTO MaTeMaTH-
YEeCKOro M (pU3MUECcKOro pemieHus. ITo s Ha3Baj Obl YCIOBHO
NPUHIIMIIOM «TapPMOIIIKH MPOCTPAHCTBa», IOTOMY YTO OH OTpa-
’KaeT 3aroJTHEHHOCTh U TEOMETPUYECKOe JIBUKeHUE JaHHbBIX KO-
OpIUHAT U UX IPOU3BOAHBIX MO MPUHIIMIIAM, KOTOPbIE BITUCHIBA-
I0TCSI TOJIBKO B OTHOPOIHYIO T€OMETPUIO HAIIIETO MUPA.

Eounuua Obwéma



JIio60#1 00bEM TOTKEH OBITh AITOPUTMU3UPOBAH, UHAYE ITO
JIVIIITH TIPOU3BOJTBHBIE BEKTOPA «YCIIOBHOTO» 00BEMA.

Korga Mbl iMeeM Hekylo (pUrypy B MPOCTPAHCTBE, KOTOPYIO
Ha3blBaeM OOBEMOM, TO MBI JOIKHBI YCTAHOBHUTh, YTO y ITOU
(purypsl, B 3aBUCMMOCTH OT TOT0O, KaKYyl0 4acTb €€ Mbl paccmar-
pUBaeM, €cTb KacaTeslbHasi OT KOTOpOW Haj0 MpPOBECTH Mps-
Mbl€ JIMHUM, KOTOPbIE OMUIIYT 3Ty KacaTeJbHYIO MepHeHIuKY-
JISIPHO BBEPX, MEPIEHANKY/ISIPHO BHU3, SKCTPAIOIUPYIOT ITTUHY
KacaTteJIbHOU BIepEN, C AByMS OTPE3KaMU, COEIUHSTIOIUMHU KC-
TPANOJIMPOBaHHYIO MPSIMYIO C KacaTelbHOM U JBYMsl IOIepey-
HBIMHM OTpE3KaMH, KOTOpPbIE CO3/1a/1yT HEMPEPHIBHOCTh BEKTOpPA
10 OTHOIIIEHUIO K AaHHOU urype. 1o u OyleT alropuTMHU3U-
POBaHHBIM OOBEMOM JIAHHOU KacaTelbHOM, KOTOPBIN OyleT co-
craBiATh 9/10 OTpe3KOB OT KacaTelbHOM, caMma K€ KacaTesbHas
1/10 ot 06BbEMa 1 OyJeT Ha3bIBaThCS SAMHUIICH 00bEMA.

JlaHHBIN OTPEe30K OyHEeT SIBJIATHCS OTPE3KOM MeCTa U Bpeme-
HU B UCKPUBJIEHHOM IPOCTPAHCTBE-BpEMEHM DWHIITENHA (WK
pocTpaHCTBe MUHKOBCKOIO, €CJIM paccMaTpUBaTh TOJIBKO Ie0-
METPUYECKYIO COCTABJISIONTYI0 Boripoca), 9/10 oTpe3koB Hayaib-
HOro o0béma OyayT TUIOIAIbI0 Yepe3 KOTOPYIO MPOU3OIILIO UC-
KpHBJIeHHE K JaHHOMY 00béMy. U Bce HauanbHbie OObEMBI Oy-
YT TOKAa3bIBaTh M3HAYATbHBIA BEKTOPHBIN PUCYHOK OTPE3KOB
VCKPUBJICHUSI.

a

cd (puc.1) b

Ymo obsscHsiem 3mo peuieHue



JlaHHOE MOXHO MPOBOJUTSH C JTIOOO0N reOMeTpUIecKoi (hpury-
poil 1 0OBEMOM | Uepe3 HEro Mbl BHIYMCIUM aJTTOPUTMHYECKOE
000OCHOBaHME MeCTa B TPOCTPAHCTBE JAHHOU Belu. Takxke OHO
MOKaXeT Kak Obl CTEMeHb «IIPOBAJIEHHOCTH» B POCTPAHCTBE UC-
XOJsl U3 TEOPUH OTHOCHTEIBHOCTH 00 MCKPUBJICHUN MPOCTPaH-
CTBa U BpeMeHU. VM HACKOJIBKO sI MPEICTaB/IsI0 B MaTeMaTUKe
nuddepeHIranbHble U UHTErpajibHbIe HCYKMCIIeHH I, KOTIa HaX0-
JIMTCsI TTPOM3BOJIHAS U TIEPBOOOPA3HBIE, UMEIOT 11EJIbI0 OIMCAHKe
JBVOKeHUsI, Kak nucai JIeWOHUIl ¢ MaKCUMaIbHO YBETMYMBAIO-
mmMcs aeneHreM otpe3koB f (X) A (y), 31ech ke Mbl UMeeM Je-
JIO C IBUKEHUEM BHYTPH MPOCTPAHCTBA ISl BHIYUCIICHUS TIEP-
BOHAYAJIbHOM, KOTOpasi AacT MOHMMAaHUe reOMETPUYECKOro aj-
TOpPUTMU3UPOBAHUS JIAHHOTO 00BhEMa B KOHKPETHOM IPOCTPaH-
crtBe. U monmyvaercss, 4To 0ObeKT ecTh Juib 1/10 ot HacTosIe-
ro MPOCTPAHCTBEHHOTO 00BbEMA, B KOTOPHIN OH BrucaH. U Bce-
raa Tonbko 1/10, u 9/10 HavanbHBIA 0OBEM, MOTOMY UTO JIECs-
TEPUYHOCTb SIBJISIETCS PElIEHUEM 3aKOHYEHHOTO 1IUKJIA JIeJIeHU S
Ha OTPE3KH MPOCTPAHCTBA B JJAHHOM TMIIOCTa3UPOBAHHOM IPO-
CTpaHCTBe.

KpaiiHe BaKHBIM SIBJISIETCSI TTIOHSITUE «KacaTeJbHON». Y Kax-
noi urypsl, 00béMa U BEIllM €CTh KacaTelbHasi, KOTopasi OT-
PE30K, KOTOPBIN W BIUCAH IPYTMMHU JIEBATHIO JAHHBIMU OTPE3-
KaMu HadajibHOro oobéma. Eciu Bcio urypy ornuceiBath 1ie-
JIMKOM BO BCEX OTpe3Kax, TO, Hampumep, y Kyoa 12 oTpe3KoB,
sHaunT OyzmeT (12*%10) =120 M3HAYAJIBHBIX OTPE3KOB, KaXJIble
9/10 13 KOTOPBIX OT KaXJOro OTpe3Ka OyayT MepBOHAYATBHBIMH.



OcobeHHBIM 00pa3oM OOCTOMT [IeJI0 C IapoM u cdepoi,
¥ JTIOOBIM IIAPOOOPA3HBIM HJTH JTUTICOMTHBIM 00BEMOM, TIOTOMY
YTO B CUJTy TOTO, YTO OH COCTOMT U3 OTPOMHOTO YKCJIa OTPE3KOB,
KOTOpbIE B CBOIO OY€pelb MOKHO TaKXke YUIMHATh U COKPAIATh
3a CYET COCETHUX AMCKPETHBIX BEKTOPOB, KOTOpbIe 00O03HAYe-
HBI OTpE3KaMHU, SIBJISIETCS CBepX (PUTYPOMt, KOTOpasi UMeeT B BH-
JIe UCKJTIOUEHHS OT BCEeX OCTaJIbHBIX (PUTYP TPUOIMKAIOIIUECS
K OECKOHEYHOCTH NIepBOHAYAIbHbBIE U ITOTOMY B (PU3MKE KOCMOCa
UMEHHO chepbl U JUTUIICH SIBJISIIOTCS TUIAHETAMU U TaK BIIMCA-
HBI B TPaBUTAITMOHHOE MTPOCTPAHCTBO, YTO OHU UMEIOT CyIepH-
CKPHBJICHH I, KOTOPBIE JAIOT UM CHJTY IBU)KCHUSI B SUHINITEHHOB-
CKOM IIPOCTPAHCTBE OTHOCHUTENIbHBIX CUCTEM OTCUETA.

(puc.2) Ha 3TOoM pucyHKe 1 MoKa3aj MpPOU3BOJLHO HEKOTO-
poe OOoMBITIIoe KOJTMYECTBO BEKTOPOB (OTpe3koB). Takum obOpa-
30M, CJIe/1yIOI1e BbIBO/IBI:

1). CymectByI0T 0ObEMBI B IPOCTPAHCTBE, KOTOPbIE JOJKHBI
OBbITH ONVCAHbI B AJITOPUTMAX, IOTOMY UYTO Y KaKIOr0 MECTOIO-
JIO’KEHHST TOJDKHO OBITH OOOCHOBAHHE.

2). IIpocTpaHCTBO OAHOPOJHO, HO TPEXMEPHO.

3). Co3naHue npsiMbIX, KaK CJIEICTBUI KacaTeJIbHbIX U UX OT-
PE3KH, KOTOPbIe UMEIOT 3aKOHUYEHHBIN UKJ (DUTYPBI €CTh Tep-
BOHavasbHble OOBEMA.

4). Equnnna o0béMa — 9T0O KacaTeJIbHasl.

5). Cepa, snmric, map — CTpeMsIImUecs K +0o epBOHAYaIb-
Hble OObEMa.

6). AropuTmMH3aLus BCEX KacaTeJIbHBIX JACT MOJIHYI0 KapTH-



HY BIMCBIBaHUS 00bEMA B HICKPUBJIEHHOM IIPOCTPaHCTBE-BpeMe-
HM DUHIITENHA.

PS: HyXHO cKa3aTh, 4TO Takke OTPE3KH HMMEIOT pPaBHbIC
110 JIJTUHE CTOPOHBI, U €CJIU IMTPOU3BOIUTH JBUKEHHE BO BpEMEHU,
TO 3TO MO3BOJIUT MPU TAKOM AJITOPUTMU3UPOBAHUM TaKKe IMOKA-
3aTh FEOMETPUIO UCKPUBJIEHUS YK€ HE B CTATUYHOM, a B Pa3BU-
BAIOIIEMCS U IETEPMUHUPYIOLIEM npocTtpaHcTBe. Ho Korma mbl
ONMUCAIA HAYAJIbHBIF O0BEM, 3TO 3HAUUT UYTO ITOT OOBEM yKke
caM He MOXET OBITh OINHMCAH Yepe3 aJrOPUTMHU3AIMI0, TTOTOMY
YTO B MO€H JIOTUKE HAYaJIbHOTO ApPTYMEHTA 51 TOKa3bIBal0, YTO €C-
JIM 4TO-TO OMUCAHO KaK MPEJesIbHOE PEIIEHUE, TO OHO HE MOKET
OBITh CAaMO PACCMOTPEHO KaK TO, YTO MOKET OBITh PEIlIEHO Uepe3
TaKoe XK€ pelleHre, TIOTOMY YTO TOrJla BO3HMKHET JIOrMKa Oec-
KOHEYHOCTH PEIIeHUi, KOTOpasi 00ECCMBICTIMBAET XOTh KAKOE-TO
TMOHMMaHHE.






Te3ucel

SA3bIK MaTtemMaTHKu — 3TO (pu3MKa ((pU3MKa 3ByKa U LIBETA),
NOTOMY YTO caMa MaTeéMaThKa He €CTh MaTeéMaTHKa B IOJIHOM
CMBIC/IE, TaK KaK OpyAyeT (PU3MYECKUMM KaTETOPUSAMM CIIOKE-
HUS1, BBIYUTAHU S, YMHOKEHU s, [ieieHus U Tak aanee. Ho ¢pusuka
110 3TOTO NOJIb30BAJIACH JIUIIb YACTUYHO MAaTEMaTUYECKUM, B TO
BpeMs Kak MOIJIa OMHCATh OO0 MPOLIecC Ha CIOBaX.

['eomeTpusi — 3TO TO, YTO AOTKHO OBITH MOAJIMHHBIM, ayTeH-
TUYHBIM BBIYMCJIEHMEM, OHa JA€T TOTOBYIO KapTUHKY. Panee
13 YKMCJIa BBIBOJWIN I'€OMETPUIO, TETNEPb TEOMETPUSA JOJIKHA Bbl-
BOJUTH TEOMETPHIO M3 caMou ceOsl.

dusrka M reHeTuKa, U Jpyrue ecTeCTBEHHbIE HAyKH JIMIIb
YACTUYHO OINKCHIBAIOT MUP, B €r0 Majol 4acTH, B TO BpEeMs
Kak J1e10 (PU3MKM MCCIIENOBATh CYIIHOCTU SIBJIEHWN (3BYKOB,
LIBETOB, PACCTOSIHUS, YMC/IA M OTHOILEHWH, W T.H.), MUCCIIENO-
BaTb KOHKPETHOE pAacCTOSHUS W JABUKEHHS, BPEMEHU U YIJIa,
Y T.J., JO 9TOTO UCCIEA0BAJIOCH JIMIIb BHEIIHEE (PE3YJIbTAThI Ye-
pe3 YpaBHEHM ), KOTOPOE €CTh YCIIOBHOE ONMCAHKUE, HO CYIIHO-
CTU B TOM HeT.

HeHenHss ke ¢pu3rka 1 MaTeMaThKa TOXKe XOPOIIY U B TOM
COCTOSIHMH, B KOTOPOM OHU €CTb, Y MIOTOMY HaZ0 MPOAOJIKATH
VICCIIE/IOBAHUSA U B 3TUX (popMax.

Yro takoe BblUMCIECHUE? YPaBHEHUE, UHTETPUPOBAHUE, BbI-
YHCJIEHNE TIPOM3BOIHON ? DTO MEepecKka3 B YMCIIAX TOTo, YTO MO-



JKeT OBITh OOBSICHEHO Ha CJIOBAX, a ECJIM HE MOKET OBITh OObSICHE-
HO, TO B TOM HET CYIIIHOCTH, a 3HAYUT ITO OTUYXKJEHHOE, HE UC-
TUHHOCTHOE BBIUUCJICHUE UM YPaBHEHHUE.

MaremaTtrueckoe 000cHOBaHKe (PU3NIECKUX 3aKOHOB TapaJi-
JIEJIBHOT'O OMOCPEIOBAHHOIO CMEKHOIO IMPOCTPAHCTRA.



NCTOPUS MATEMATHYECKHNX
NJIEU C TO3UIINN NOT
PARALLELISM OF SPACE

[Mpo6nema 1. Kiaccrueckast MrHeHas Kay3aJIbHOCTh Mapajl-
Jlenu3Ma B npezcTaBiaeHny EBKkimia Kak ucTopryeckas MateMa-
THYecKas (PUKIUS KOMOMHATOPHBIX M MOCTYJIATUBHBIX TalOyIsi-
1107178

MBI IOJKHBI YCTaHOBHUTH, YTO EBKJIMIOBA TEOMETPHS MMe-
eT B CBOMX Kay3aJbHbIX OCHOBAaHHS BO3JEHCTBUE M Ha COBpe-
MEHHYI0 MaTeMaTU9eCKyI0 MOJEIMPYIOIIYIO0 reoMeTpuio. EBkin-
J0oBa TeoMeTpusi He Obula M3kMTa Treomerpuein JloOaueBcko-
ro, HO JIWIIb TOJIBEPrHyTa HOBOM BepcuM Mapajienusma. Te-
3UC O TOM, YTO Mapaule/ibHbIe MepeceKaloTcsl WM He Tepece-
KalTCSl — 9TO OAHOPOIHAs cpepryecKasi JaHHOCTh IPOCTPAH-
CTBEHHBIX cucTeM JI06aueBCKOro Ha CaMoM JieJie IOTIOTHHUBIIHX,
a He U3MEHUBIIMX WM OMPOBEPTHYBIIMX MaTeMaTUIECKYIO TeO-
puto EBximnia.

AHTHYHBIX, apaOCKUX U CPEIHEBEKOBBIX MAaTEMATUKOB IPH-
TOM MBI JIOJKHBI BBIICIUTD, KaK JEHCTBYIONINX B MTHBAPUAHTHBIX
naropeficKux TOMUKAX MOJATBHOCTEN U MPOSKTHO-BBIYKCIIH-
TeJIBHBIX TpaHchopMmupoBaHusix. Jaxe dpunocodudeckas mare-
MaTHKa (PyHIaAMEHTATbHOTO OPIIMAIBHOTO 3HAUYEHH I KaK Mare-
marrka DBapucra [‘arya — 9T0 OCHBOAHHMSI, KOTOpPbIe HE U3KHIIH



nuparopensm, a ObUTM Bepcreid MaTeMaTHUKH JIMHEHHBIX TTPOIIeC-
COB MHBAPUAHTOB.

Eci Mbl BO3bMEM 3a YTBEPKJIEHUE UCTUHOCTHOCTU TMIIEp-
LIUKJIMYECKYIO (popmyty:

A—[—B=A (a+b+c+300.000x)

—[<B (-a+ (-b) + (-¢) + (300.000y) =

E (m+c?) =A (E (+m-c?) - J«<B (E (-m+c?), 10

Hannas ¢opmyna yxe OyaeT BbIpakeHUEM HeIMHEeHHOW Ma-
TEMATAYECKON KOMILUIEKCHOW OJHO3HAYHOCTH WJIN YHUCIIOBOMH TIe-
pedupunn, He AONMOJHUTENBPHOM KAa4eCTBEHHOM (hOpMallHen,
a TIPOIIECCOM TIO0 MEHBIIIe Mepe OIMPOBEpIKEHMS, 10 OOJIbINeH
Mepe — HOBOTO OJIOKOBOTO MOAAXOJa K MHBAPUAHTAM.

Jleno B TOM, 4TO 51 UCMONB30Ba 3/1eCh (hOPMYJTy HE mapali-
JIeNTbHOCTH, WCTIOJb30BAB SUHIIETEHHOBCKUE MPEe0oOpa30OBaHMs
B HEW Kak IpeIUIeCTBYIOIEE YCIOBUE, HO HE KOPEHHOE 3HA4U-
MO€ TECTUPOBAHUE MATEMATUUYECKOM UJIEW TaHHOTO THUIIA.

Knaccuueckas inHeliHast Ka3yalbHCOTb HE U3KUBAET ceOst J1a-
K€ B IUIOCKOCTH T€NEJIEBCKOM HETIOMHOTHI, IIOTOMY 4TO TEOpUS
Kypra I'€nens — 310 pe3epBHbId BApUAHT KPaHEro ciiyvas aHa-
JIMTUYECKOW TMCKYPCUBHOCTHU U OH MOJIBEPKEH MPABUITY UCKJIIO-
YeHHsl, KOTOPOE COCTOUT B 0OIIeM KOHTEKCTe TudhepeHIpo-
BaHWM, MHTETPUPOBAHUN M BEPOSTHOCTHBIX IMOAXOAOB JIOOOTO
MaTeMaTHYECKOrO YPOBHS TECTUPOBAHMUS.

Ecnu xe oOpatuthesi kK reoMeTpru Dilyiepa, TO MOKET TOKa-
3aThCsl, YTO JAHHBI MPOTHOCTULIN3M (hOPM TaK:KE SIBJIEHUE YIIO-
PAIOYEHHOE B JIOTUKY JIMHEMHOCTH, HO 3TO, KAK U BCE O BBIIIE



CKa3aHHOM C OJJHOM CTOPOHBI TaK, a C JAPYTOi CTOPOHBI TIOKA3bI-
BAeT OJIHOMOMEHTHYIO0 KOCHOCTb MBIIILIEHUS], TIOTOMY YTO MHAas
Bapualys Moaxojaa — 3T0 He COBEPIIEHHO HOBOE B KOOPAMHATAX
MPOCTPAHCTBA U aIreOpsbl, a MapaoKC U MPAKCUC CUCTEMBbI HHOM
reoMeTpum MbluUieHus. Y nmotomy Ditnep Onmke K HETUHEH-
HOCTH, Hexenn [€nenb K HeJTMHEeWHBI MpeoOpa3oBaHusIM Kak
CJI[ICTBUSI MHEPLIMAJIbHBIX BBIYMCIIEHUI €ro TEOPUHU.

[Tpumep mapanokca v Mmpakcuca MoKaszajd B CBOUX BbIYMCIIE-
HUSIX YETHOCTU, HEYETHOCTH . ..., HO COBPEMEHHAsI HAM MaTema-
THYecKast Hayka XX BeKa UMEHYeTCs MHOW HayKOW TMOIpoOu3-
Ma WM nogpoOu3aluu (MHTEHIIMOHAIBHBIN OKa3UsX YIUIOTHE-
HUSI MH(POPMAIIUM BOKPYT KapAMHAJILHO CTallMOHAPHBIX Oa3uc-
HBIX CTPYKTYp UHUCTIa U JINHUHN).

Ha camom nene nmineHue mareMatukd XX BeKa TOrO, 4TO
HaspiBajiock ancient philosophy (npeBHss ¢unocodus) — 310
aptehakT U3bITUS U3 MATeMaTUKU CTPYKTYpP UYUCIIOBOrO (PyH-
JAMEHTAJIbHOTO arpoOupBoaHus. «JlpeBHsIs» MaTeMaThka cTa-
JIa IOHUMATHCS KaK UCTOPU3M, KaK UCTOPUYECKas IMKBUAHOCTD,
B TO BpeMsl KaK JOJDKHA OblIa MOHUMAThCSl KaK albTepHATHUB-
Hasl MapajurMa MbIIUIEHHS, KaK est, HO HUKaK He KaK UCTOpH-
YeCKHM MHUHYBIIIEE TIO[Pa3yMeBaeMOe «XY/IIIIee», 3TO HEMHUHYEMO
TIOBJIEKJIO MPe0Opa30BaHMe IIIABHOM CYIITHOCTH MaTeMaTHIeCKO-
r0 B T€OMETPUYECKOe, INIaBHasl CYIIHOCTh — YUCJIOBasl MIPOEKT-
HOCTb U MHTEPUOPU3UPOBAHHOCTb CTajla OTUYKIEHHOMW CIIeIH-
(pvKOI MBIIUIEHUS] MAaTEMATUKa, YTO MPUBEJIO K (DOHOBBIM I10-
napodusmam. Eciu Obl unciio kak phenomenon coxpaHuio ceos,



TO cefvac, UCXOAs U3 1yaTUCTUYECKUX MPOHOCTUYECKUX UHTP-
IpeTaryii MOKHO OBbLIIO OBl CKa3aTh, YTO Mbl YBUIETH Obl MaTe-
MaTu4eckui cyocrpar.

CyIiHoCTh U OCHOBaHHME MHPA TaKOBO, YTO CyOCTpaT Mojyya-
€TCsl U3 COBOKYIHOCTU COAEP:KaHUIl (UMCIIOBBIX BepUpUKALIUIA
1 IIyKTyanum), a He U3 (pOpM YMCIIOBOTO MOBEAECHUS (JIETUTAM-
Has reomerpus K XX BEKy), HO MAaTEMATUKHA BCErO MUpa MoOBe-
PWIM UIMEHHO B TEOMETPUIO, & HE YHUCIIO.

Teopema ®epma, Kak OpeH/T TeOMETPHH CTajla CaMbIM SIPKUM
BBIPQKEHHUEM W OTIIPABHBIM (POP-TIOCT CHUMIITOMOM OYyayIIero
reoMeTpU3MPBOAHHOTrO noapodusma. Ho B reomeTpun Het TeM
HE MEHee HUYEro IUIOXOro, JIeJI0 B JPYrOM — FeOMETpPUsl MOT-
J1a Obl OBITH JPYTOM, KOHCTUTYITMOHAIBHO U KOHBEHIIMOHATIBHO
0003HaYeHHON community Yucia, ¥ ONIMO3UIIMOHHOM entre (hu-
Joco(pum ymuciia, a OCHOBBIBAsICh HA HEKOEW €IMHON Hay4YHOM Ia-
pagurMe c eIMHOro CTaHjapTa MaTeMaTUKaMU FeOMeTpusl SBU-
Jlach KOHCEPBUPOBAHHBIM M KAITUTYJIMPBOAHHBIM B CBOMX OCHO-
BAHUSX SIBJICHHEM.

[onoxenus: EBkinaa u JlobauecBCKOro B Takoil cUTyaluu
cTaju arnoeo3oM Majio CTPYKTYPHO U IMTPOCTPAHCTBEHHO OIpe-
JEeJEHHOUN padoThl. DTO OblTa 00STHEHHAS TEOMETPH S, BJIOXHOB-
JIABIIASA NAPaJOKCAIM3MAMU, HO KaK BUIAM, MAPaJOKCAIBHOCTH
He ObUIO, IOTOMY YTO CTEPEOMETPUYECKNE KOHCTAHThI, KOTOPbI-
Mu oneprpoBai JloOaueBCKUil B aHTOTOHUCTUYECKON TO3UINU
EBKJIMAy OKa3aJIMCh JIUIIb MyHKTYAJIbHOCTBIO €IMHOW JIUTU Je-
TePMUHUPOBAHMS OOETHEHHON YKCIIOM TeOMETPHUH.



Hcropuueckue cBefeHUs1 TOBOPAT HaM O TOM, 4TO EBKinj
HE TaK ¥ OTJIMYAJICS B MocTyyarax ot JIoGaueBCKOro, 4ro B €ro
MPWIOKEHUSIX K CBOEMY YUYEHHUIO B PA3HBIX BUJIAX CONEPKUTCS
Jlo6aueBckuid, a JIobaueBckuii BO MHOTMX CBOMX TOJIOKEHHSIX
noaTBepkaaeT aecpunui EBkiuaa. 3nech HET KOPEHHOTo To-
3UTUBHOI'O NIEPEIOMa CUMEHTUCTCKOW HAITPaBJICHHOCTH.

Maremaruka Hayasia X XI Beka BbIIBUTACT psiji MPOOIIieM, 0CO-
OEHHO SMUTAPHBIE CPEeU KOTOPBIX TEOPUU WP, BEPOSTHOCTEH,
YHCJIA «IIW>» U TaK Ha3bIBAEMBIE 33]Ja4t «Thicsa4eneThs». Ho naH-
HbIe MaTeMaTHUYeCKHe MPOOJIEMbI €CTh KOHCTPYKTHI JIJIsI BHIUUC-
JIEHWH, TTPOCTHIX KOMITUJISLIMA U PEBU3UU 3HAEMOI'O, HO HE HO-
BOTO.

B ucropum maremaTtvku HOBOE, HalpuUMep, MOKa3ajlu 3Je-
TaHTHBIE TIOAXOIBl K YMCIIOBBIM pasMepHocTsM Pobepra ['yka
(mudpdepentmpoanue), [ordpuna JlerOuuna (rorapudmup-
BoaHue), ThlopuHra (KuOpHETHMUYECKUE HOBAIlMM BO3HUKHOBE-
HUs) U KonupBoanue Hamma, a motom u ®Peiimana. Maremrtu-
Ka K€ CBOIWJIACh TEM BPEMEHEM TaKKE€ K BbIPABHUBAHMIO €/1U-
HOW reoMeTpuu cjioBa. MHOroBapuaHTHOCTh MOAXOJOB M JyXa
MaTEeMaTHKHU SIBJISUIACh HEITMCAHHBIMY [TPaBUJIAMU KU3HU HENTPA-
BuibHOU. [axke s3bik JleBu-CTpocc B CBOEM CTPYKTypaju3Me
HavaJl MOJBOIUTH IO/ MATEMATHIECKUI 0a3KcC, YeM 3aHUMAJIach
Takxe KpucreBa 1 MHOrve 1pyrue 1o CUxX Mop MoJiararoT 4To Ta-
KYIO CJIOKHYIO PEJIbHOCTb KaK I3bIK MOKHO CBETH K COBPEMEH-
HOW reOMEeTPU3MPBOAHHON MaTeMaTUYeCKOW KOPPesugd aKTOB
KOMMYHUKALIWH.



YyTb mo3zxe 51 xoTen Obl pa3oOpaTh U Te (POPMYJIbI, KOTOPbIS
y’&e OIyOJIMKOBAJ BbIIIE. A cefiyac cka3aTh O TOM, UTO JIETIO-
3UTHI Pe3yJibTaTa SIBJISJIUCH CJIEJICTBUEM JIESITEIbHOCTH Te€HUATb-
HBIX YMOB, Takux Kak Pene [lekapT B mepBylo ouepesb, U yxe
yIOMSIHYThIN DBapuct ['anya, XoTs 17151 JpeBHEro MUpa B COBep-
IIEHHO AJIbTEPHATUBHO PABHOLIEHHOM MO3UIIMK PaceThl apudme-
TUKU U aCTPOHOMUU B Buje nipeactaBieHui [Itonemes u [anu-
ned, HelotoHa u I'ajbToHA.

Erunerckas maremaTvika, UHAUKCKAs MAaTeMAaTUKa U BOOOIIIE
BOCTOYHAsI MaTeMaTHUecKasi TPAIAUIIUS, K CJIOBY, ObIa TOPHIBOM
K BEJMKOMY JIBMKEHHUIO JIyXa MBICIH B pyciie crelugpuieckon
KpaliHe UHTEPECHOM (PUTYpPaTUBHON CUMBOJIMYECKON BETBU Ma-
TeMaTHUKH, HO, KaK MHE KaxeTcs, OblIa 3ariylieHa CIOHTaHHbI-
MU TOJIUTUYECKUMU U UICTOPUUECKUMHU YCIOBUSIMU, U €CTb AJlb-
TepHaTHBA JJIsl pa3BUTHSI €€ KaK BETBU ceryvac.

[Tpu 3TOM 51 cOBCEM He YTBEPXKAI0 YTO HAYUHBII MUP, MaTe-
MaTUYEeCKU MUP JOJKEH OBbITh IUTIOPAJIbHBIM, M 3TO J0TMa, S
XOUy CKa3aTb, YTO IUIIOPAJIbHOCTh B HAyKE M MaTeMaTuKe — Jie-
JIO HEMHOTHX, U €10 IOJKHbI BOCHOJIL30BaThCs Kak (prstocodu-
el HeMHOTHe, ¥ 3HaueHue e€ JJIsl STUX HEMHOTMX U BCEro MH-
pa B pOJM MATEPHAIMCTKOTO TeHEPUPOBAHUSI, KOTOPOE COBCEM
He 0003HavaeT, uTo OyAeT Y3HaHO, CKopee 3TO OyleT MHTEJUIeK-
TyaJibHas1 aiopa, U B 3TOM HET HUYETO IJI0X0ro, IIIaBHOE YTOO
eIle OJHO 3HAUMMOE YCJIOBHE ObUIO BBHITIONIHEHO — HEMTPOTUBJIE-
HUE TUTIOPAJIbHOM MaTeMaTHKe.

Je va parle He TonBpKO OT ceOs1, HO KOr/a sl TOBOPIO OT ceOsl, s



rOBOPIO KaK MPEJCTaBUTENb YMCIOBOTO HANpaBJieHUs1 U OOpbObI
C OTUyXkJeHueM uucia. Hano noHumarse, 4yTo nosip3a MateMaTu-
KM YKC/Ia B TOM, YTO M3 HETO MOXET POAUTh BCsAKAsk BO3MOXKHAS
T€OMETpHsl, YEro He MOKET ObITh P BHIBEJEHUH YHCJIOBBIX Ma-
TEPUAJIOB JJIsl TeOMETpUH. YUCII0 pOKIAET «HM3», a TEOMETPHUs
«IUIsi», U B 3TO CYILIECTBEHHO CMBICJIOBOE U arperaTHoe pasBu-
THE METO/IOB MaTeMaTHUECKHUI TPaH3aKIMiA U OOPHOBI C TPUBH-
QIBbHBIMUA «KOHYCAMU.

Boicmas ¢puiocodpus u Beicimasi Texnuka

$I MOry ¢ YBEPEHHOCTBIO CKa3aTh O TOM, YTO U3yUYE€HHUE U I10-
HUMaHHE OrPOMHOIO MAacCHBa HAyYHOM JIUTEPATYPhl, (PUI0CO(-
CKMX KOHLETLIA, ICTOPUH, aBAHTAPIHBIX UJIEH OTKPBITHE, OITBIT
KU3HU U (PEHOMEHOJIOTUS1 COOBITUM, KOTOPBIE MHE JJaHBI Uy TKO-
CTBIO M MHTEJUIEKTOM OTKPbIBAIOT MHE I'PaH/IMO3HOCTh U BOCTOPT
Ku3HU. I B OOILIEM-TO yKe 3[1eCh 3Ta IPaHAMO3HAsl KU3HD 5IB-
JsieTcs BeIcIel marepueil npedsiBanus. Ho To, 4yto nocie xus-
HM HE TrapaHTUpPyeT HaM Ha3bIBAEMOE HaMH CIIOBOM «ITPOJIOJIKeE-
HHMe» (continuing), OTOMY YTO BCE TOBOPUT O TOM, YTO I'PaH/M-
O3HOE 371€Ch, & TaM, 3a I'paHbl0 (PYHKIIMH OpraHM3Ma — MOXET
HUYEro He ObITh, 3TO HU JIOKa3aTh, HA OIPOBEPrHYTh, CIUIIKOM
CJIOKHASI JIOTMKA JeicTByeT B Mupe. Ho ecth JaHHOCTH HacTo-
SILIEro JHS, ¥ MOXHO C/IeaTh MAaKCMMaJbHO MHOIO JJIsl TOrO,
4yTOoOBl HaIllM AHW UMEHHO ceiyac W cpa3y CTald OYeHb JJIMH-
HBIMHU, BO3MOXXHO B JIPYTOll MareMaTu4ecKoil KOOpAUHATe Bpe-
MEHH, U YTO CaMOe IJIABHOE — Il TOrO, YTOOBI MIMETh BO3MOK-
HOCTh (pritocoperBoBath (philosophyng). OcBoeHue nByx-TpeEx



TEXHOJIOTUI TIO3BOJIUT HAM KUTh. DTO HEJb3s1 HA3BaTh TPAHCTY-
MaHU3MOM, TIOTOMY YTO 51 TOBOPIO O TOM, YTO MOKHO H300pecTu
B TaKOM BHUJIe, B KOTOPOM yXe€ He BaXHO KUBBI Mbl WA MEPT-
BbI, YTO BOCCTAHOBUT U3 MEPTBOCTH, HE HAJIO CIIEINIUThH M YTO-TO
MPUMHUTHUBHBIM 00Pa30M 3aMOPaKMBaTh, KaK 3TO JIEJIAIOT TPaHC-
T'YMaHUCTBI C MO3TaMH, Hy’KHO BCEr0-TO CO3/IaTh MPUHIIATINAITb-
HBIX JIBE-TPH BeIlH, YTOOBI aKTUBU3UPOBATh ObITHE. Y 3TO TOJB-
KO JJIsl OHOM 1IeJTU — YTOObl MMeTh cYacThe (pruaocoCTBOBATh
(successful). [Toromy uro rapantuii Het. I naxe Gonee Toro —
UMETh KU3Hb, KOTOPAasi TIOCTOSTHHO TIOf] YTPO30i HEOBITUS — 3TO
camasi KpacvBasi M3 BO3MOXXHBIX KapTUH JKWU3HH, camasi Tparu-
YeCKM TMaxHyIlasi, HO ¥ camasi KpacuBasi U BO3MOXHO MPUpPoJa
9TOTO M XOYeT, YTOOBI Mbl OITACHO XOJWJIN U B UTOTE JEPKaJIHCh
Ha IJ1aBY, CTaBsl Ha KapTy BOOOIIE BCIO XW3Hb U BCE OBITHE.

Sl xouy ckazaTh, YTO MOW TPy OydeT OJHOBPEMEHHO Hayuy-
HBIM U (pusiocockum, 51 He pasfensio 3Th Bemu. M gaxe Xo-
gy 0Oojiee TOro CKaszarh, YTO TOpa yKe pa3BeHdYaTb Mud O TOM,
YTO MaTEMaTHKa SIBJISIETCS SI3BIKOM HAYKU M TOJIBKO C TIOMOIIIBIO
MaTeMaTUK/ MOXHO 3aHUMAThCSl TAKMMM HayKaMu Kak (pusm-
Ka, XUMUS UM acTpoHOMHMS. DTo Oosbiioe 3a0myxaeHue. Yro-
OBl YTO-TO TIOHSATH, YTOOBI UTO-TO U300PECTH HAIO ITO OOBSIC-
HUTB Ha CJIOBAX, 3TO OyJIeT MepBOe U caMoe TJIAaBHOE, TO eCTh Ha-
10 OBITh PUTOPOM — BOT TIEpBOE YCJIOBUE YUEHOTO (U JIpeBHUE,
U JIaXe TeOMeTphl M MaTeMaTUKM TaK W JieJIajin), CKOPOCTh 3a-
MHCH C MOMOIIBI0 (hOPMYJT — 3TO OTUYXKJECHUE TOHUMAHUS, 3TO
HAJI0 TMOHUMATh XOPOIIO — 3TO BTOpoe. To ecTh OTUyK/eHUe.



W Tpetbe, korma peub 3aXOAUT O HEMOCPEACTBEHHOM MPAKTUKE
HYKHO (necessary) COCTaBJIATb, KOHCTPYUPOBAaTh WIN SKCIIEPH-
MEHTAJILHO JOKA3bIBaTh YTO-TO C [IOMOUIBIO ITOAABJISIOIIETO YUC-
JIa JIoJIel, KOTOpble K 3TON paboTe, CKaxkeM MpsIMO «4EPHOBOM»
IPEIHA3HAYEHbl. 3HATOKM CYETA, YEPUEHHUS] U KOMIIBIOTEPHOIO
¥ MH(OPMALIMOHHOTO MPOrpaMMHUPOBAaHUs — 3TO KaK IUIOTHU-
KU U CTOJISIPBL, NIEKTPUKU U CTPOUTEIIN, OHU JIENIAIOT HETIOCPE/I-
CTBEHHO OOBEKTBHI, B TO BpeMsI KaK ceilvac 3aCTaBISIOT peabHbIX
(prs10copOB U yUEHBIX ITUM 3AHUMATHCSI, TO €CTh BBIYUCIISATH UH-
Terpaj, nupepeHnra, BO3BOAUT B IEPUO, MOIb30BATHCS IT0-
HATUEM OECKOHEYHO MaJIbIX, 3TO OFPOMHAasl OIMOKa. DTOro HU-
Yero 3HaTh HE HAJl0, 3TO JAEJI0 NPaKTUKOB. Bel nymaere 1luon-
KOBCKHI, KOTOPBIM MTPHIyMasl PaKeTHBIN JIBUTATEIb OBLI CIIOCO-
O€H ero CKOHCTPYMPOBATh, U PAKETY B LIEJIOM, UTOO €€ 3aIyCTHUTh
B KocMoc? Her. I apeBHue rpeku He co3aanu qudpepeHnnab-
HBIX M UHTETPAJIbHBIX YPABHEHUH TOJBKO MOTOMY, YTO TaM IO-
YTH He OBLIO «9ePHOPAOOUYNX» B XOPOIIIEM CMBICIIE TOTO CJIOBA.
[Toromy co3maBarh UIEIO — ITO yAET EAUHULL. A €€ peau3aius —
yzies1 OONBITMHCTBA. XOPOIIO JIM MOT DJMCOH, CO3/aTeNb JIeK-
TPOIBUIaTesisl, KaK Bbl JyMaeTe, YNHUTh PO3ETKHU, JIENaTh MPO-
BOJIKY WJIM CO3[aBaTh eKTpocTaHuu? OH co3aal MPUHIIUIL
Ay Hac Tak 3aMaji€BaHO BCE 3TO, YTO CUUTAETCSA BCEPHE3, UTO
0e3 3HaHWs MaTeMaTuku (pU3MK He (PU3MK, XUMHUK HE XUMHUK.
Brnpouem B 00pa3oBaHMU M HayKe KaK COLIMAJILHOM WHCTUTYTE
€I11€ MHOI'O Yero HaJl0 U3MEHSTh B JIyUIIyl0 CTOPOHY.

Mos ¢dunocodpuss B ToM, 4TOOB MPUHATH MEPHI K MPOAOI-



JKEHUIO Haiero ObITHsl paau (puiocoduu, 3TO HAyKa B CTUJIE
BeJIMKUX Mbiciutened. W cpa3dy «c mecta B Kapbep». Tenernop-
Tallisl U B UTOTE HEMPEephIBHBIE MEPEXO/Ibl B IPyrue MpOCTPaH-
CTBEHHbIE reorpaduyeckue Mecra, MaivHa Bpemenu, u B uto-
re HempepbIBHOE MPeObIBaHUE OTAEIBHBIX (PYHKIIUI OpraHn3Ma
B Pa3HBIX BpEMEHAX PaJiv IIOCTOSTHHOT'O JIOJITOJIETH S, KaK Obl BUO-
pUpYs U He cTapesi U COCTOSIHME MHpa Kak (pparMeHTaIllMOHHOE,
TO €CTh He JyIsiilieecss U He KOHEYHOe, 32 CYET 4Yero mpedbiBa-
HUE B CIOKETaX Pa3HbIX MPUSTHBIX MUPOB U OTCYTCTBUSI MICUXU-
YECKMX CJIOMOB — BOT TO, YTO HaM Hy*kHO. M Ha BCE 31O ecThb ro-
TOBbIE OTBETHI U pPellleHus. Yke ceiiuac MOKHO CKa3aTh O HUX,
U yXKe psj Belllell MHOI HanucaHbl. PUiI0cO(pCKU 3TO O3HAYAET
TO, YTO Mbl CHUMEM IICUXUYECKYIO JIEBUAIIMIO, IPOCTPAHCTBEH-
HYIO JIEBUAIIMIO Y BPEMEHHYIO JIEBUALIUIO.

Ceituac 910 MOXET KOPOOUTb, BbI3BIBATH COMHEHHUE, HO TOJb-
KO MIOTOMY, YTO Y€JIOBEK B TOM [IOTOKE BPEMEHH, B KOTOPOM OH
HAXOIUTCS, TPOXOAUT OOBIYHYIO SBOJIOIMIO YYBCTB, UAET Mepe-
(bopmaTrpoBaHUe TICUXUKH, Yer0 MOXHO M30eXaTh JIMOO MUJI-
JIMOHAMH JIET SBOJIOLUH, THOO (PMIIOCO(PCKH-TEXHUIECKU-HAY -
HO ¥ Torja ObICTpO U O6e3 O0JIe3HEHHBIX U JOJITUX JIET.

dutocod — 310 YenoBeK, KOTOPhI OTKPBIBAET IBEPU B HOBOE
(opening new horizons).

4l 3Hat0 Joz1Iel, KOTOpbIE HE XOTSAT JKUTh JIOJITO U AaKe BEUHO.
3t0 ux BbIOOP. f He HacTauBaio. §l roBopio po cedst ¥ CBOIO pe-
(pnexcuio, KoTopasi yKa3plBa€T MHE Ha TO, YTO I XOUYy, IOTOMY
4yTO B MMpe ecThb (pustocodpus. 1 g yxe 3Ha10, 4TO peabHO MO-



ry OBITh BOCCTAHOBJIEH, €CJIM YTO, TIOTOMY YTO YK€ €CTh 3HAHHE
00 3TOM.

A nymaio, 1axe XOpolo, YTO Mbl TAK MaJIO 3HAEM O MUPE, YTO
MBI TaK MaJI0 MOXEM, IOTOMY UTO YepPe3 3TO OTKPBIBAETCS HAllle
BCTpaviBaHUe B ObITHE HACTOSIIIETO.

4 OBl He XOTeNn Takke, YTOOBl MEHA OTOXKIECTBIISIIIA C KOC-
MUCTaMH, TakuMu Kak Pénopos, LlnonkoBckuii u BepHaackuu,
IIpU BCEM YBAXXEHUM K HUM U YK€ YIIOMSHYTOM PaHEE OJHOM
U3 HUX, TOTOMY YTO KOCMH3M — 9TO HaIllPaBJIEHUE B PYCCKOi (pu-
Jocopun, KOTOpOe IUIOXO Te€M, YTO HE KOHKPETHO. DTO OYEHb
pacIuIbIBUYaThie M OTBJICUEHHBIC, TTOPO J1aXke CKa304HbIe, a 3Ha-
YUT MJIA/ICHCTBYIOIIME PA3MBbIIIUIEHU ], KaK U UX TPOTUBOIIOJIOK-
HOCTh — TPAHCTYMAHU3M — KOTOPbIiI KOHKPETEH OuY€Hb, MOIILI0
KOHKPETEH, TO €CTh MpeaaraeT IPUMUTUBHYIO KOHKPETHUKY.

Hayka u ¢unocodpus HykAalTCA TaKkKe, KaK 3TO MOXKET
NOKa3aTbCsl, HU B KakoM HU cpeaHeM nytu Kondyumsa wim
Jlao-113b1, punocodusi ¥ HayKa, O KOTOPBIX 51 TOBOPIO JOJIKHBI
OBITH TIPOCTO WJICHTUYHBIMU (prstocoduert U HayKou, (rtoco-
(pus u Hayka olHA — HACTOSAIIIAS U peasibHas.

[ToTomy TpaguuMoOHaIM3M MM HAao00poT [locTMonepHU3M —
3710 (prtocopuu, Kotopsie pustocoduu, HO s TOBOPIO O HAYUHON
(punocopun, 3T0 prstocopun TOUHO, HE KaK KOCMU3M U TPaHC-
T'YMaHU3M, HO He Hay4HbIE.

A dunocodus 1 HayKa B OTHOM — 3TO camasi BbICIIasi CTETIEHb
HaTypajbHOCTU (pritocodun, MOTOMY YTO CaM MUP — ITO HayKa
U Martepusi HayKH, Kak mucai [erenb: Mup cam cedst OCO3HAET



Y TIO3HAET.

WTak, BCE 3TN Pa3MBIIUIEHUS OYEHb KOHKPETHBI 110 OTHOLIE-
HUIO K pacCMaTprBaeMbIM MHOW BOIIPOCAM, IIOTOMY YKe cerndac
4epe3 MeTo[] Mpoodpaza OOBACHSIOT TO, YTO OTKPBITHUS, IEpEUHC-
JIEHHbIE MHOW pabOTalOT Ha MpHUHIHIE clokeToB. HyxHO co3na-
BaTh CIOKET UICHTHYHBIA TOMY KOTOPBIN €CTh MJIH ObLI, C TIOMO-
HIbI0 CUHTE3a (PU3HOJIOTUYECKOTO MaTepralia U KOMITBIOTEPHOTO
TOYHOTI'O MOJIEIMPBOAHMS U B UTOT'E MOJIYYUTh MECTO UJIU YEJIO-
BEKa, KOTOBIPE Mbl XOTUM, IIOTOMY YTO B MPUPOJE HET Mapa-
JIeTbHOCTH, ¥ TIPY BO3HUKAIOIIEM Tapajuiein3Me OObEeKT Nepeii-
JET B MECTO TJie TapaJuiesIi3M BO3HUKAET, OyyYH HECTTIOCOOHBIM
OBITh Cpa3y B JBYX MecTax. Bce nepeunciieHHble CIOKETHI, U caM
['erens MoryT ObITh IOTOMY ¢ Hamu. Ho Korjia peds o Tenenop-
TalK HAaJO yKe CO3/1aBaTh KOMMIO HAC C BAMH, YTOOBI HAC TyJa
MIEPEHECTH, a KOT/Ia YeJIOBeKa BOCCTABUTh U3 YCIIOBHOTO «HEOBI-
TUS» MPOCTO CleNaTh (PYHKLMU €ro Kak OH €CTb B JI0JIM CEKYH-
Ibl XOTsI Obl, HO BCErO, MOTOMY YTO HA4aJlo M KOHEIl YeJOBeKa.
U BoOOIIIE YeTOBEK — 3TO CPEAOTOUME aHCaMOIsI BceX (DYHKITUIA
BO3MOKHBIX B HEM. I mOTOMY 4€JI0BEYHOCTDb U KU3Hb KaK CYa-
CTbE IIPOSABJIAIOTCS, KOTZA €CTh LIEJIOCTHOE MBIIIIJIEHUE WU LIEJIb-
HOE 3aHATHUE, [IOTOMY YTO 3TO UJEHTUYHOCTH YEJIOBEKA COOTBET-
CTBYET.

Korna e Mapkc nuiier o ToM, 4TO 4Y€JOBEK €CThb TO, 4TO
JeNaeT U3 Hero oOLIeCTBO M YTO B MPOTECTE MPOTHB YCTapEeB-
el (hopMaluM poXKIAETCs MPEOJOTICHUE OTUYXKIEHHUS, TO OH
IUILIET BCETO JIMIIIb BAPUAHT COLIMOJIOTMYECKOTO U IMOJIUTUYECKO-



0 €IMHCTBA, KOTOPOE MOXKET U HE PeaM30BbIBATHCS, ECJIH €CTh
VHIUBU/TyaJIbHAST KW3Hb CYOBEKTa MICTOPUU — YeJIOBEeKa IeJIOCT-
Horo (human subject).

[epeuncnenHoe MHOI OY€Hb JIETKO BBIYUCIUTH C MOMOIIBIO
TeXHUKH, JIsl 9TOTO HAJIO JIMIIIb CKOITMPOBATh Bce (DYHKIIUH, ClIe-
JaTh MH(OPMAIIIOHHYIO KapTy YeJloBeKa MM 00BbEeKTa M MOTOM
C 100aBJIeHUEM peasibHbIX (PUBUOJIOTUUECKUX CTPYKTYP Ha CBO-
OOHOM Kapkace M3 4ero-audo BOCIPOU3BECTH KUBYIO Mare-
pPUI0O ¥ KOMITBIOTEPHBIX I'€OMETPUYECKUd UMITY/IbC. Ecii pedb
00 yMepImx, TO Hy’)KHO CMOJEIMPOBATh YyBCTBA, SMOIMH TO-
ro yejoseka. To, 4TO Mbl MOTYYUM 3TOIO UMEHHO YEJIOBEKa,
a He TOro, KOTOPbIA MOXET MO OfHOW U3 (PU3UYECKUX TEOpHUU
O CJIOEHUU BPEMEH MPUITH U3 IPYTOro U3MEepPEeHUs UCKITI0YEHO,
MOTOMY YTO TaM BOCIPOU3BOIUTCS LIEJIOCTHOCTb TOJIBKO TOM KO-
OpIIMHATHI, B KOTOPOW YeJioBeK ecTh. Eciu Obl Bcero BOT 3TOroO
MBI HE JIeJlaJii, TO TEOPHsI CIOEHH S BpeMEH Obliia Obl [171s1 HaC yTe-
IIEHUeM, YTO YHUCTO THOCEOJIOTMYECKH MBI BEUHBI, IOTOMY YTO
CJIOEHME BO BpPEMEHAxX MpEAIosaraeT Bce BO3ZMOKHBIE CIOKEThI
’K13HU. HaroMHI0, 4TO 3TO yueHHe O TOM, YTO Y Hac OeCKOHEeu-
HOE YMCJIO BAPUAHTOB AEUCTBUI, HO BHIOMPAEM MBI UTO-TO OJIHO,
a BCE OCTAJIbHBIE BAPHAHTHI PEATTU3YIOTCSI B IPYTOM CJIO€ MOTEH-
I[UU, ¥ HE MOTYT HE PEaIU30BbIBATLCS, IOTOMY UTO CaMa FTHOCEO-
JIOTUS MX HAJTMYKS COBOKYITHA UMMAHEHTHO C UX 3arlOJIHEHUEM.

Wrak, Beicias ¢punocodus u Beicias TexHUKa pean3yioT-
csl B TIEPEUMCIICHHBIX MHOM Bellax. bosiTbcsi HaM Tenepbh BOOO-
111€ HEYEero, MOTOMY YTO Mbl TOYHO 3TO BCE peaan3yeM BO Bpeme-



HU B CBSI3M C T€M, UTO JIAaHHOE TO[afaeT Moj ofuH u3 QpyHaa-
MEHTAJIbHBIX 3aKOHOB — 1I€JIOCTHOCTHY 9KOJIOTMH, KOTOPbII BbIBE-
JIeH MHOM M TJIaCUT O TOM, YTO BCE €CTh MIPUPOJA, U KATaCTPObI
YHUYTOXXEHUS Mpupoabl, Beenennoii, Hanpumep, ObITh HE MO-
KET, MOTOMY YTO TPUPOJA €CTh U MTPOCTO eCTh U caMy ceOsl OHa
HE YHUYTOXaeT U He poxaaer. This is my special agreement on
science abilities with nature and future society.

PUJIOCOPUA MUHVMYMA

4 ceituac 6ymy roBoputh 0 (putocopu MUHUMYMa, HO B 00-
IEM-TO U O HayKe MUHMMYMa, IOTOMY YTO STH MOHSTHSI /1151 Me-
Hsl HepaszeabHbl. MUHUMYM — 3TO CTPOUTEJIbHASI OCHOBA BCETO
Haiero Mupa. [lesio B Tom, 4To Bce BOZHUKIIME HEKOTJa BU/IbI
MaTepyu, OPraHNnIeCKOrO BEIeCTBA M CTPYKTYPHBIE CBSI3U BO3-
HUKQJIA W3 MUHUMAJIBHOTO O0bEKTa, MUHUMAJIBHOTO 10 CBOUM
XapaKTeprCTUKaM 00bEMa 1 BO3JEHCTBUS Ha ce0s1 U Ipyrue 00b-
eKThI.

Bcé B npupone poxaaercs u3 MuHUMyMa. Eciii 4to-TO BO3-
HUKAET, TO OHO BO3HUKAET U3 MUHUMAJIbHBIX T10 CHJIE MPEATNOCHI-
JIOK. §I XOuy CKa3arh O TOM, YTO KOTJla My>KUMHA 1 JKeHII[HA 3a-
YMHAIOT peOEHKA, MPOUCXOAUT MUHUMAJIBHOE MepeMelliBaHie
KHUJKOCTEH, a JI0 STOr0 MUHUMAJIbHbIE (PU3UOJIOTUYEeCKUE TBU-
JKEHMS, a 10 STOrO MPOCTO MBIC/Ib U HEYJIOBUMAs TAra, a J10 3TO-
o pellieHre peajnu30BaTh BCE 3TO B MUHUMYME MHUHHUMOpYME —
MBICJTH.

Korna crpoutcs 3manue — 310 TO, YTO MPEANIeCTBOBAJIO EMY —
TIOMBICITMIIM O CO3/IaHnuu 00beKTa. U co3maresnb, MOMBICTUBIINX,



PYKOBOAUTEIIb (PUPMBI, CAM HE CTPOUT, CTPOSIT APYTHE, Y HETO XKe
ObLJTa MBICITb, ITYCKAl U B KOHTEKCTE IPYTHX MBICICH, APYTUX JII0-
Nei.

Jlio60e 3epHO Ja€T BCXO U3HAYAIIBHO SIBJISISICh MUHUMAJTBHOM
cymHocTbio. Ho Mbl onyyaem, Kak ¥ B Cllydae ¢ 3a4aTbiM 4YeJlo-
BEKOM Pa3BEPHYTOE CIIOKHOE OPraHMYECKOe CylecTBo. MuHu-
MYyM MPUXOAUT B TOJIOBY K MBICJUTEIO, ¥ TIOTOM POXKJAETCs 1ie-
Jlasi cucteMa, 11eJloe y4YeHrue, KOTOpOoe U3 3TOr0 MUHMMYMa JIUIIIb
Pa3BEPTHIBACTCHI.

Ho ™Mbl MpUBBIKIM BCE MEPUTh OOBEMOM M MAaCCHBHOCTBIO.
B 3ToM nipoGniema yenoBedeckoi MUBMIM3AMU (IIUBUIIM3ALIAN
B MOEM CMBIC/IE KaK OJHOM MOIIHOW COBPEMEHHOCTH) — €CJIU
YTO-TO CO3aTh I'PAHMO3HOE, TO U3 00BEMA MaTepUaJioB, eCiu
YTO-TO CO3/IaTh MOIIHOE, TUMA PaKeThl WM 3aBoJa 1O o0Oora-
IIEHUIO YpaHa, TO HYXHbI MOIIHbIe OOBEKTHI, CPE/ICTBA U Bpe-
Ms. Hukomy B ronoBy He NMPHUIET MBIC/Ib, YTO JOM MOXET pac-
TH, PABHO KakK Y 3aBOJI, KaK MOCESIHHBIN, KaK 3€pHO, pa3BUBASCh,
9TO COUTYT a0CYPAOM, HO Belb JJOM — 3TO YacTh OMocephl, Bce-
rO-HaBCEro M3MEHEHHbIE MaTeprallbl U MaTEPUU MUPA, HO HUKAK
HE UHOPO/IHBIE.

[TotoMy BBIBOJ TYT MHTEPECEH JJO BOCTOPra: Mbl MOXKET C I10-
MOIIIBIO MBIIIUIEHUS M KPATKHUX 3aITMCEN OPraHN30BbIBATh CO3/1a-
HUE OOBEKTOB, OTOMY UTO TaK MBI U jieJlaéM B OOBIYHOU TpU-
BBIYHOM KWM3HU, HO HE IPUHUMATh B 3TOM Y4acTUsl MACCUBHBIM
TPYAOM U MAacCCUBHbIMU cTporkamu. [IporpamMma v Tak akTUBU-
pOBaHa, OHa pa30BBETCS TMOO cama, TMO0 Yepe3 COBMaJeHUe Ha-



HIMX C HEN yCWIIMI. DTO BCE PaBHO YTO OTBETUTH HA BOIIPOC APY-
ra: «/la, uepe3 KuiIoMeTp oTciofa UayT rysiHbs». Y oo nose-
PUTH B 3TH TYJISIHbA, TMOO UITH U CMOTPeTh. PakT OMH — OHU
UJYT, IOTOMY YTO 3JI0KEHBI.

Hukakoit maruv Beib HET, HUKAKOM MeTau3uKu, ecTh pa-
6oTa ¢ MatepuanbHbIMK (pakTamu. Hedto moxoxkee, MOXeT 1a-
ke 00 3ToM y (PUM3BHMKOB U pevb, TOBOPUTCSA B HayKe O TaKxke
HEKHMX MUHUMAJIbHBIX ONPEAESISIONINX XapaKTePUCTUKAX B pa3-
BUTHUM YET0-TO, HO (PU3UKHU TaK CJIOKHO MUILIYT, HE MOTYT MOJI0-
Opath CJIOB M TIOTOMY TTOJTy4YaeTCsl KaBap/iak ¢ 9TOM WX KOHIIETI-
yen. A n1es10 npoiie, 1ej10 Jiydine. B )ku3HU cylecTByeT camblid
OOJIBIIION MUHUMYM — 3TO MBICIIb U TIPEAIIECTBYIONIEe el Hame-
pEHME B BUE BOOLYLIEBJIEHHUS (O CUle KOTOPOro ewg nucai Jlo-
penil K.), u Bce npou3BoaHbIE MaTEPUATIbHBIE (DAKTBI OT ITOrO
BOOJIyIIIEBJIEHUs U MbIC/IA. HO eciii MoCcTpouTh MBIC/b TaK, 4TO-
Obl OnMcaTh KPaTko co3/IaHre OOBEKTA TOTO WIIM MHOTO THMa 0e3
y4acTHsi CUJI M SHEPTETUUECKUX PECYPCOB, TO MO-UEe MaTepusi
JOJDKHA Pa3BEPHYTHCS, BAKHO YTOO 3TO OBUIO OMUCAHO HA T'pa-
MOTHOM CTWJIUCTUYECKOM HAyUHOM SI3bIKE W [0 METO/y Ipaja-
MM Pa3BUTHS CTPOWMKM WM MOsIBJIeHUs1 00bekTa. Beero, ¢ yem
Mbl XOTUM UMETD JEJIO.

Mpl opranusyem Mmpoliiecc, B €ro y3JIOBbIX XapaKTepUCTUKAX
U CO3JacTCsl OOBEKT, JIMOO Ha OCHOBE UMEIOIIUXCS KOH(UTrypa-
Uil B Mupe, 1100 (4TO ceiiyac HEBEPOSATHO MPEICTABUTD) BbI-
pacTer Kak Obl cam.

Ho torna MoskeT BO3HUKHYTh BOIPOC: 2 MATEMATUKA, BCE pac-



YETHI, (PU3NYECKHE BHIUMCIICHHU ], 9TOTO BCEro 4yto He Hajio? U ot-
Bevasi Ha STOT BOIPOC, 5 MOCTAPAIOCh MAKCUMAITLHO OBITh (hUIIO-
codom. [leno mpocro. MaTemarvka v BBIYMCIEHUST paJu Kpaco-
ThI U CBEICHUS K TOMY Y€Ir0 XOTUM 3TUX BbIYMCJIEHUS CYLIECTBY-
10T, HO HE pajiy BbiBeJleH!s1 UHOro. Eciu Mbl pocieaum Xo[ Bbl-
YKCJIEHW, TO TaK U OKaXeTcs. A B MpUpOJIe JIIOOOW OpraHu3M
pa3BHMBaeTCs U3 MUHUMYyMa 0€3 BCAKUX BBIUUCIICHUI U THITOTE3,
QITOPUTMOB U AKCHOM.

Korna Bo Bpems [TepBoii MUpOBOI BOMHBI ObLITH HAKMICHBI JIIO-
IM C IPOOUTHIMHU YEPETHBIMU KOPOOKAMH M CITyYallHO YCTaHOB-
JIeHa CBS3b MEXJY TMOJYIIapUsIMU TOJIOBHOTO MO3ra, ux 00ja-
CTSMU U MOBEJICHUEM YeJIOBeKa, TO ITO, He YAUBJISUTECh, Oblia
oriepaIysi CBe/IeH!sI 3HAHUSI, @ He OTKPHITUSL. UTOOBI MMOHSITH Kak
paboTaeT MO3r HY)KHO 3TUM MO3TOM OBITh (371eCh HaM TOBE3JIO,
MBI BCE€ MO3TH B KaKOM-TO CMBICJIE) U YK€ U3 ITOTO BHIBOAUTH
OCTaJIbHOE.

Ho o Munumyme, o ¢punocodckom Muaumyme. [eno mpocro.
OH cyuiecTByeT, 3T0 OrpomMHasi (pu3nyecKast «KOHLICHTPALWs»,
BBOXY 9TOT TEPMHUH, U OHA JIECTBYET B MPHUPOJE MOCTOSTHHO
B pa3HbIX (popmax. M eciiu yenoBek BAPYT 3ayMaeT NOMUPHUTh-
csl C TeM, KTO Ha Hero OOMXeH, Hy’KeH BCEro MUHUMYM STHUYe-
CKOTO YCHJIUSI, a €CJI 3aX0UeT OCBOMTh HAyKy, TOXE MUHUMYM.
Mup xe OTUykJIAeT CMBICI ITUX MOHATHUI U TOBOPUT O KAKUX-TO
00bEMaxX ¥ HEBO3MOKHOCTU M300peTeHus1 63 MaKCUMyMa CHJTbI
1 00beKTa Kak cpegoToursi marepud. Bot B uém neno. Ho ato
HE UCTUHHOCTHAS, 3 KOHBEHIIMOHAIbHASI YOEKIEHHOCTD, TIPOCTO



TaK pPelIniu.

Ho y MeHs HeT HMKaKuX KOHBEHLMI B MOBECTBOBAHUM U TO-
9TOMY s XOUy CKa3aTb O TOM, YTO OYEHb JaXXe aKTyaJbHO (/715
(punocoda no kpaitHerr Mepe) — ONpeAesATh UTO HAy4HO, a YTO
HE HAay4yHO, KTO YUYE€HBIH, a KTO HET? YUEHBIM CUMTAET 4Yeslo-
BEK C JAMIUIOMOM OMNPEAESIEHHOrO Npodusisi, BIaJCIOIUN Hay4-
HOW TEpMHUHOJIOTMEN U BEAYIIMI MCCIeAoBaHusA. JJuruiom mpo-
(puiis, BB HOHMMaeETe, pa3HOCTOPOHHEN JIMYHOCTH HE HYKEH, JIH-
00 HEBO3MOXEH M3-3a e€ OOIMMPHOCTH (KaKOW-TO JIPYroM M-
IUIOM €CTh, @ UHTEPECOB MHOTO), TaK YTO 3TO YKe TpyOeiras
omMOKa HayKd, BTOPOE — Hay4yHas TEPMHUHOJIOTUSI U COOTBET-
CTBYIOIIIME €l 3HAHWS — Yy TeHHUSI TOYHO MOXKET ObITh CBOE 000-
3HAYEHHUE TeX K€ BeIleH, a IJIsi CBOOOJHOTro YYEHOro CBOOOIHO
U3yyarb, CBOUM METOJOM aJbTePHATUBA U BO3MOKHOCTb HATU
6osbiiie. Beap 4yTO Takoe TEPMUHONIOTUS — 3TO MPUyMaHHbIE Ha-
MU MOHATHSA, a 5 IPUAYMAIO JPYyTUe, NO-APYrOMY, U YEM OHM XY-
xe? Moxer naxe nyuiie. Hy n nccnenoBanus, MHOTUME y4€EHbIE
6e3 auruioMa OosTbIle MOOAT AUCIUIUTIHY, YeM y4EHble TPou-
JIs1, KOTOpBIE JaKe MEHbIE eil yIeasiioT BHUMAHUS U KeJIaHUs.
[Totomy so0ast Bellb B IPUPOJIE MOKET ObITh CO3[aHa U3 MUHU-
MyMa BHE 3aBUCUMOCTH OT TOTO KTO 3TO, IJIABHOE, YTOO OH 3HAJI
Kak 3TO JIeJ1aTh.

Hpyroe neno, ecnu ganHoe Oynet MaccoBbiM. Hy nepoe — oHO
Oy/IeT MacCOBBIM HeM30eXHO. A BTOPOE — HUUEro CTPAIITHOTO TYT
He Oy/IeT, TaK KaK YCIOXKHSS JaHHYIO TIPOLIEAYpY pa3BUTHE 00b-
€KTOB Oy/IeT KpaifHe MOCTENeHHbIM 1 00YCIIOBJIEHHBIM COIUAITb-



HBIMU CJIOKHBIMH KOHTAKTAMHU.

A nodemy ke Tak ycTpoeHO? OT4ero B pupojae CylIECTBYET
BOT 3TOT phenomenon — MUHUMYM. Pa3mbIiuisis HaJy 3TUM BO-
IIPOCOM, 51 MIPUILEN K YCTAaHOBJIEHUIO, YTO TaK IMPOUCXOIUT IO-
TOMY, YTO YeJIOBeK U MpUpoa, BOOOIE OpraHMyecKash mare-
pys eCTb KpallHWW CIy4ald yHMBEpCaIu3Ma. JTO KpalHE yHH-
BepcaJibHble MOMEHTHI KU3HU. 3/1eCh HET HUYEro yAUBUTEIbHO-
0, pa3BUTHE KU3HU UMeeT yHuBepcaiu3M. Ho ectb punocods
B MCTOPUH, KOTOpbhIE CIIOPHIIM 00 YHMBEpPCAJIbHOM, OTBEprajiv
€ro B TIOJIb3Y PEAIbHOTO, HAIIPHMED, He pa30rpasi BCe 9TH CIIOPHI,
s CKaXXy JIMIITb, YTO YHUBEPCATIM3M He TIOOSIMM ¥ He TIPEOIONM
Kak cepa Teopru NMO3HAHMS, IOTOMY YTO OH BCeOObEMJIET JII0-
OyI0 CTOPOHY XH3HH, a BCE, YTO HE YHUBEPCAJILHO, 00513aTeIbHO
HecET Ha ceOe HeraTMBUCTCKYUE OUePTaHUsI, HEUTO UCKaXEHHOE.
Mepa ke yHuBepcan3Ma He3bl0JIEMO BEJIUKA.

Teopus Yciaosno Croiikoro IIpocrpancrsa

Be3ycoBHO 3HAYMMBIM SIBJISIETCS TO, UTO COBPEMEHHBIN MPU-
POIHBIN MUP JOKEH ObITh TIOIBEPKEH aHATM3Y. DUHIITENH, KO-
Topeiii io3aumcTBoBasl E=mc?2 y Ilyankape, u JleiiOHuIa, KO-
TOpBIM CelYyac CYMTaeTcs main stream COBpPEMEHHOM (PU3MKU
MOXET el€¢ ObITh TIOIBEPKEH PEBU3UHU M YTUIM3ALUU B CBOMX
TEOPETUYECKUX OCHOBAHUSIX, TAK KAK BPEMEHU C CO3JaHUS ero
TEOpUU MPOIUIO OYEHb HEMHOro, 3TO KoHel 20 BeKa, MUHU-
MyM U MUHUMOPYM B UCTOPUYECKOM ITporiecce. f Xxouy cka3arb
0 TOM, 4TO, €CJIU Mbl IPUHUMAEM KAKYIO-TO UEI0, TO OHA IPUHU-
Maetcs (B CUTy UICTUHHOCTH) B MPOJOKEHUH OTPOMHOIO YMC-



Ja JieT, a He cpaszy, TO, YTO MPUHUMAETCS MPAKTHUYECKU Cpasy,
HE eCTh Pa3BEPHYTHI B UCTOPUM TIPOIYKT, a TIOTOMY JIOKHBIN
(peHOMEH.

4 b1 ckazaj, yTo DUHIITEHH HE TpaB, IOTOMY YTO OH pac-
CMaTpUBAET MPOCTPAHCTBO-BpeMsI (3TO TiepBast yke Cpasy OImmo-
Ka, TaK KaK MPOCTPAHCTBO — 3TO CJI/ICTBUE, & BPEMSI — TO MHO-
rOBapyaHTHasi KOOpAWHATA CIeIU(PUKU) KaK UCKPUBJIEHHOE —
TO €CTb JJIs1 HETO CYIIECTBYET HEBUAUMOE IJ1a3y UCKpPUBJIECHHE.
OH 0bUI OJIM30K XOTh K KAKON-TO MCTUHHOCTH, HO Ha CAMOM [€e-
Jie ecqi ObI TTPOCTPAHCTBO M BPeMsl ObUIM VICKPHUBJIEHBI, TO MBI
olIyIaau Obl B TeUeHHe KU3HU CMEHY BUICHUIN MUpPa, OObeK-
TOB MHUpa, NMOJOOHO TOMY, KaK OIyl[aeM U3MEHEHUs B JIaH/-
magrax, B pyciax pek, BUIUM KaK U3MEHSIOTCS Hall Onn3-
KHe, cTapest WM POXAasich M Tak Aajiee, HO OTHOCUTENILHO TPO-
CTPAHCTB ¥ BPEMEHM MBI TAKOTO He HaOomaeM. A 1o ujee 3To
JOJDKHO OBbITh, TIOTOMY YTO HET HMYEro He pa3BUBAIOIIErocs,
HE MPOSIBJISIIONIETOCs, He AETEPMUHUPYIOIIETO U He KOPPeIupy-
fortiero. M mpocTpaHcTBO MOMKHO MeHsThes. [lo-cyTtu, eciu Obl
SitHmTeiH 6601 ipaB (1 [lyaHkape), To Mbl Ob1 HAOMIOAATH CMe-
HY 3pUTEJILHOTO BOCIIPUSITUSI TEOMETPUUECKUX (POPM MTPUPOJIBL.
Ho mbI 3TOr0 He HAOMIOIAEM.

Ecnu e npuHSATh 32 UCTUHY TIOCTYJIAT O TOM, YTO MTPOCTPaH-
CTBO €CTh HE pa3BUBAIOIIASCS, WINA JJI HAC Pa3BUBAIOMIASCS
KpailHe Me/IJIEHHO, B CUJTy €r0 OrpOMHOM NPOTSKEHHOCTH JI0 a0-
COJIIOTHOCTH, TO €CTh ISl HAC KaK Obl CTaTUYHOE, TIOTOMY 4TO
€ro MHOTO ¥ OHO He (pMKCUpyeTcs JIJIsl HAC B IBUKEHUH, TO Ha-



111e BOCITPUATHE MOXET ObITh YaCTUYHBIM WJIH IIEJIOCTHBIM, WA
PUOIMIKAIOIIUMCS K TIEJIOCTHOMY. $1 MMero BBUJY TO, UTO TPO-
CTPAHCTBO JIsl HAC YCJIOBHO HEJABMXHUMO, M MOXET TI0 Pa3HOMY
BUJIETHCS, B 3aBUCMMOCTH OT HaIlllell CLIOCOOHOCTH €ro BHUJIETh,
a 3Ta CIIOCOOHOCTH 3aKJII0YAETCS B TOM TEPPUTOPHATIBHOM 30HE,
B KOTOPOU MBI OOMTaeM.

U ¢ HaBbIKamMK HeKoel reorpagruieckoit 30Hbl Mbl MOXKEM BH-
JIETh €ro yke B Jpyroil 3oHe TOYHO Takxke. Ha mpumepe, 310
OyZIeT TO, YTO HEKOTOpbIE JIIO/IA, KOTOPBIE JIONrOe BPeMsl KUBYT
B TOW WJIV MHOM cpefie (OTM3KOM K BO3IYIITHOM, WY MTOA3EMHOM )
MHaue pearupyioT Ha reomeTpuio Mupa. Ho Takux mpumMepoB mMa-
JIO, MBI BCE K€ )KMBEM B MUPE MPSIMOYTOJILHOTO.

MBbl kMBEM B MUpE MPSIMOYTOJIbHOTO BUJIEHUSI, IOTOMY 4TO
3eMHasi peajbHOCTh — 3TO BEKTOPHOE, IPEPHIBUCTOE, JIMHEHHOE,
JMCKPETHOE, KBAHTUPyeMOe 00beKTaMH MPOCTpaHCcTBO. OHO Jiu-
HENHO. 3emisl Kpyryiasi, HO Mbl )KMBEM BOCTIpMHMMAsi He cpepu-
YECKH, a JJMHENHO, IOTOMY UYTO )KUBEM Ha MOBEPXHOCTU 3EMIIU.

To ecTb, BEpHO CKa3aTh, YTO MPOCTPAHCTBO-BPEMsI HE WC-
KPUBJIEHBI, & B OTJAEJIbHOM KOCMHUYECKOM MPOCTPAHCTBE UHBIE
JU1s1 BOCIIPUSITUS, HO TIO CYTH IIPOCTPAHCTBO U BPEMSI OJTHO, pa3-
BUBAIOIIIEECs], HO MUMeloliee OMM3KYI0 K aOCOTIOTHOW TPUPOLY
Y TIOTOMY JIJIs HAC HEIBUKUMO (PAKTUYECKU B CHITy CBOETO Mac-
mrada.

du3MKM MOTYT MHE CKa3aTh, YTO s JOJKEH OOOCHOBATh 3TO
popmynamu. Ha 4TO A CKaxy, 4TO MareMaTU4eCKHe PacyeEThl
u (pOpMYJIMPOBAaHUE OTBETAa HA TEOPHUIO — ITO «4EpHasi pado-



Ta», KOTOPYIO JOJKHBI BBIIOJHATh CYETOBOABI, U HAYETO ILIO-
XOTO B TOM HeT. A KpUTepUil UCTUHHOCTH (3a0yabTe TIpo IIap-
JaraHa ot Hayku [lornnepa) 3HaHMsI B €r0 apryMeHTaluu JIEKCU-
yeckuMu cpeactBamu. JlioOas ke MaTeMaTvka MOXeT Kak IMoj-
TBEpPIUTb, TAK U 3aMyTaTh, 1 YCOMHUTH B UCTUHE. BooOIe 3a1a-
Ya MaTeMaTHKU B TOM, YTOOBI BBIBOAUTH T€OMETPUIO 3 OTHOIIIE-
HUH, 2 HE BBIYUCIIATD (HO 3TO OTAEJIbHBIM Pa3roBop, 3TO MOU Ma-
TEeMaTUYECKHUE TEOPUH).

Ho Bcé ke MOXHO [1aTh HEKYIO apXandeckyio (popmyily ToMy,
0 4éM 5 ropopro: E=x*L, E=x*L2, E=y*xL, E=y*xL2, E=x*I,
E=y*1, rne E- sHeprus, Xy- BOCIIpMHUMAIOIIMI PEAJIbHOCTS, L1 —
BU/bl PEAUILHOCTH B 3aBUCUMOCTH OT BOCIIPUHMMAIOIIETO Peaib-
HOCTb.

KoneuHo, 310 o4enb kpatko. OueHp yciaoBHO. Ho Mbl 10k-
Hbl U3BJIEYb TAKXKE OTCIOa (PUIOCOPCKYIO CyTh. A OHA 3aKJIIO-
Yyaercs B TOM, YTO JJIsl Y€JIOBEKA Ba)XKHO MOHUMAThb OKpPYXKalo-
HIyI0 AEWCTBUTEIBHOCTh UCXO/sl HE U3 JIAHHBIX OIbITA, & UCXO-
I U3 TaHHBIX BCEBO3MOKHBIX TpaHC(POPMALMK OMbITA MOJ ACH-
CTBMEM CMeHBbI ToJIoKeHUs1 HaOmonenusa. Ho u To cMeHsl, Ko-
TOpas J1acT pe3y/ibTaT TOJIBKO Yepe3 BpeMsi, IOTOMY UTO YeJlo-
BEK JIOJDKEH HaBBIKHYTh UMETh JIPYIrOil B3IJISIA U APYroe BUie-
HUE, IPYrylo popMy BOCIIPUATHS BOCIIUTHIBAIOT, HO MO CYTH MbI
MMeeM JIeJI0 C YCIIOBHO He JBHKMMOM CyOCTaHIEH.

DitHmTeliH He ObuUT (puocodom, ciegoBaTesIbHO a priori
Ha 50 POIIEHTOB, Ha TIOJIOBUHY KaK MUHUMYM OH ObUI HE TIPaB.
Jlio6oit yuéHblii He ¢mnocod He mpaB (HakTOM TOro, YTO OH



He ¢unocod Ha 50%, noromy uto prsiocod — 3TO YENOBEK, KO-
TOPOTO CYIIHOCTHOE OTJMuKe 3a00Ta O MPUPOLE, 3HAHUE O TIPH-
pozie, OH M €CTh YaCTh 3TOM IIPUPO/BI.

VYCI0BHO CTOMKOE MPOCTPAHCTBO, BOT TO, C YEM Mbl JIOJIK-
Hbl UMeTh Jeno. Korpa e Mbl TOBOpUM O CKOPOCTH CBETA, TO
MBI JIOJKHBI CKa3aTh, 9TO JOCTHKEHHE CKOPOCTH CBeTa (IIpuOu-
’KEHHE K CKOPOCTH CBeTa), OE3yCIOBHO SIBJISIETCS ISl MaTepu-
QJILHOTO OObEKTa Pe3aHMPOBAHMEM C MPOCTPAHCTBOM U IOTO-
My He BpeMs 3aMeJIsieTcsl, a OObEKT HAUMHACT JBUTaThCS ykKe
HE JIMHEMHO, a IO HApacTaloUIey CIUPAIU, LUKJIOM, U Jpyrou
TUI IBUKEHUS SIBJISIETCS OTOOpaKeHMEM W3MEHEHMsl OTHOIIe-
HUS K IPOCTPAHCTBY MaTepualibHOTO 0ObekTa. Takke Kak B MO-
el (pu3KMKe OOBEKT, KOTOPBI CTPEMHTCS K cujie AOCOIIOTHOTO
[Tokos (MOCTOSIHHO ycuiIMBaeMasi TMIIMHA U KOHCEpBalus Telia),
HauMHAET PEe30HMPOBATh MHOTIOHAIIPBJIEHHBIM B Pa3HbIE IUIOC-
KOCTH OJHOBPEMEHHO B3pPBIBOM, JIMOO MPU MUHUMATIBHOW M30-
JIALMU JBUKEHUEM LIMKJIMYECKOrO Pa3BUTHSI, UTO MPOUCXOAUT
C YEPHBIMU JbIpaMHU.

Ecim Ham MHTepeceH BOIIPOC O COCTOSIHUU MTPUPO[BI, O TOM,
€CTb JIA MHOTOMEPHOCTb IPOCTPAHCTBA, TO HAJ0 CKa3arb, YTO
€CTh HE TPEXMEPHOCTb, HE YETBIPEXMEPHOCTD, & MEPHOCTD, CTPE-
msIasics K aOCOMOTHOM, TIOTOMY 4TO TEOMETPUYECKOe pa3Ho-
oOpasue BeJUKO, U MpPU MPEOA0JICeHUH CKOPOCTH CBETa JI0 CKO-
POCTH B IBa pa3a OoJIbllle CKOPOCTU CBETa OOBEKT Yke OyleT pe-
3yOHMPOBaTh CBOMM HaBBIKOM K CpeJie 10 JPyroMy U B Jpyrou
T€OMETPUH.



B 3TOM Her HUYEro CI0KHOro, MHOTOMEPHOCTh K a0COJIOT-
HOCTHU SIBJISIETCSI BCEro-HAaBCErO COCTABHOM YacThi0 BCEOOIIEH
9KJIEKTUKM MHUpPa, KOTOPYIO Halle CO3HaHWE YIOpsJA0YMBAaeT.
Ho o Bpemenu. Bpems, B oinuue OoT NpoCTpaHCTBA /1J1s1 HAC U3-
MEHSIeTCSl B BOCIIPUSITUH, KQXKETCsI TEKYIIUM ObICTpee UM Me/l-
JIEHHee, U MOTOMY BpeMsl — 9TO KaTeropusi, UMMaHEHTHasi HaM
caMuM, Il YesaoBeKa BaKHO 3HATh, YTO CKOPOCTh MPOTEKAHUS
BPEMEHHU B HEM HE 3aBUCHUT OT HETO, HO MOBJIUATh HA HEE MOXKHO
JIMIITh HAYYHO, MOJETUPYS CBOE BpeMsl, uTo jieso Oymayiero. To
ectb M. KaHT o BceM cTaThsiM He IIpaB, BpeMsl U POCTPAHCTBO
HE B CO3HAHMH, BpeMsl B YeJIOBEKE KaK CJIEJICTBUE, a MPOCTPaH-
CTBO B MPUPOJIE KaK CIIECTBUE, U OHU pa3ZesieHbl, a CO3HAHUE
MX KOHCTUTYUPYET B CHJTy FApMOHUU, 3aJI0)KEHHOU B HETO.

Ycnoao Crouikoe ITpocTpaHCTBO, MOKHO JIM €r0 OLLYTHTh
B 1uHaMuKe JBrkeHus? [Ipuban3uThest K CKOPOCTH JBUKEHUS
npocTpaHcTBa. f BooOIIe He BEpI0 B OTBET TAKOTO TUMA: «HET».
KoHeuHo ke MOXHO, HO IJIsl 9TOTO HaJo JIMOO CMOJIEUPOBATD
IIpocTpaHCcTBO M TOrAA yraaars € €ro (PyHKIMOHAIBHBIMUA XapaK-
TEpUCTUKAMU Y MO 3aKOHY HE TOXJECTBAa MaTepUasIbHOTO Ieo-
METPUYECKOTO MUpa COWIEHUTbCS C HUM (HO 3TO HE JIy4IlUH
NyTh B JAHHOM CJIydae), JIMOO MPOBECTU HEKOEe IMpHIIETUICHNE
K YcioBHo Croiikomy [TpocTpaHCTBY, B pe3yJibTaTe 4ero Mbl Oy-
JIeM JIBUTAThCSl C €r0 CUJIOW M CMOKeM 00O03pETh €ro CYIIHOCT-
Hoe Besinume. Ho 11s storo npuiiensienus k Hemy, HykHO Ha-
Opatb X0Ts1 Obl MUHUMAJIBHYIO (hOpMY 00bEMA EJUHUIIBI OObEK-
Ta JIBUWKUMOW 3TUM [IpoCcTpaHCTBOM, HYKHO MPUHSATH OOBEM,



KaK aToM, KOTOPbI ecTh elMHuIla 3Toro [IpocTpaHcTBa, U TaKUM
00BbEMOM OyJIeT B MEPBYIO OUYepe/lb raMMa reOMeTpUil, KOTOphIe
MOT'YT OTpakaTb MOJHOTY MUPA, HO BBISIBUTH UX JIEJIO JIATENb-
HOE U B UCTOPUHU JOJIKHOE ObITh PA3BUTHIM.

Teopusa Maremaruxku. ®opmy.asl bbeiTus

Crannonaphsie hopMyJibl

MaremaTueckue MOAEIM — 3TO TOXKAECTBA HA YHUKAJIbHbIE
ObITHIHBIE (POPMYJIBI MHUPO3/IaHHS, KOTOpbIe BOCIPOU3BOISAT
anpUOPHYIO KAPTUHY XKU3HU B TOM WJIM MHOM Y4YacTKe 3eMJIU,
M CIIOCOOCTBYIOT TIOBTOPHOM MaTeMaTUIeCKOW OMepaliu C Iie-
JIbI0 (PUBUYECKOTrO aHAIM3a IPUPOJIBI U BCETO 3eMHOTO, KMBOTO,
SHEPrOEMKOIO.

Takum 06pa3oM Mbl 6epEéM TOUKY a — 9TO OyJIeT HeKasl TOMO-
JIOTMsl MaJIoro pa3Mepa, CTallMOHapHasi, AJisl KOTOPOil HaM HaJlo
BBIYMCIIUTH (pOpMYITYy (MpaKkTHUECKasi MaTeMaTHKa)

[Tyckait 3Toit Tomosoruer OyeT B — YesloBeK 1, c- JeoBek
2 u z — peub. [IpencraBum, 4to B cripammbaer c: «OmiMyHas
norofa?», ¢ orBevaer B: «Tak Teruio Oyaer u 3aBTpal»

MblI B354 peyb JBYX JIIOAEH, MPOU3BOJIBHYIO pedb, HO OCO-
OEHHOCTD 3JIeCh KaK pa3 B IPOU3BOJIBHOCTU, ITO HEKasi BEPOSIT-
HOCTHas1 Oece/ia, CIOHTAHHO BO3HUKAIOIIAS Y 3HAKOMBIX JTIOJCH.

Teneps 0003HaUUM (POPMYJION UX PEUb, IOTOMY YTO B TEOPUU
BcenpuunHHOCTH BaxkHO Kaskjaoe cioBo. (Teopust Beenpuumn-
HOCTHU — 3TO TEOpHsl, KOTOpasi OOBSICHSIET BCE B MUPE HATTUYMEM
CBSI3aHHBIX Y BO3JEVCTBYIOLIMX JIPYT HA Ipyra MpU4urH, KOTOpbIe
CKPBITO WJIH SIBHO, HO JJOJDKHBI TIOJIABATHCS JIOTHIECKOMY 00b-



SICHEHUIO )

C=0_P?;B=T_t _B2_1_72!

, 20e

O-«oTnyHas»,

_-«CBSI3Ka»

P- «moroma»

T-«Tak»

{- «TEerIo»

B2-«0OyzeT»

72- «3aBTpa»

I - «u»

Ho uro Takoe cBsi3ka? bonee npaBuibHOE 0(poOpMIIEHUE OTHO-
IIEHW peYr MOXHO BBIPA3UTh Yepe3 NMOHMMAaHWe HaKOIIJIeHUS
vMH(pOpManuu, TO €CTb CyMMUPOBAHHUS, TOJIBKO CYMMHPOBAHUE
JAET pe3yJbTar U peakiuyio. CMOTpuM:

C=0+P?; B=T+t +B2+I1+Z2!

Takke BaXKHO MOHSATH: a YTO OyIeT BMECTO SIBBIKOBOTO «;»?
Ecnm Mbl Bc€ 310 cBOAMM B equHYI0 (hOpMYTy OBITHS JaHHOM
TOMOJIOTMH BOMPOCA U OTBETA, TO S JIyMalo, 4To OoJiee pa3yMHO
9TO Oy/IeT BBIMJISIIETh TaK:

C=0+P— B=T+t +B2+I+Z2!

TO €CTh «—» — 3HAK CJIEJICTBUS1, KOTOPBIA CTUPAET I'PaHb MEX-
1y BOIIPOCHUTESIbHBIM M YTBEPOWTENILHBIM B TOMOJIOTMU OOIIIe-
HUs M HACTaMBaeT Ha CJIeICTBUU peur Boooiie. Torma» !» mpocTto
YIPA3AHAETC.

C=0+P— B=T+t +B2+I+7Z2



Wrtak, MBI 1Al MaTeMaTU4ecKoe OMMCAHWE peud Kak (pak-
Ta, U TeIeph Yepe3 OCHOBHOE YpaBHEHHUE MUPO3IAHUS, JOJIKHBI
CIIPOEIIMPOBATh U3 BPEMEHHOW JBHKUMOM TOYKH OBITUS JAHHOE
ypaBHEHHE BO BTOPYIO PEIbHOCTB (TIOKA YCIIOBUMCS Ha IBYX pe-
QJTBHOCTSIX.

OCHOBHOE ypaBHEHHUE OBbITHS: 01— <[

CriejoBaTeNIbHO MOJICTABIISIEM 3HAUCHUS 10 3ePKAIbHOMY Me-
TOAY:

Sfe

To ectb popmyria 3epKaIbHO OTOOPA3UTCS, HO B UHOM Ma-
TEMaTHUYeCKOM M3MEPEHUH YCIOBHO Mbl €€ 0003HAYMM MOJ KO-
peHb, KaK OCOOEHHYIO U TOJTYYHTCS, YTO B U C, OOLIAIOIINeCs
HE €CTb IVIABHbIE IEMEHTHI ObITHSI, HO ITPUPOJIA CIIOB €CTh TIJIaB-
Hasl JIOMUHAHTA MaTeMaTH4eCKOro MOJETUPOBAHHUSI

BeiTHEe BO BTOPOM M3MepeHUH OyjIeT HachIIICHHee B JIBa pa-
3a, 00OpaTHO MPOTHUBOIIOJIOKHO 3aKOHAM MPUPOBI BO BPEMEHH,
HO MMeIoIIee TaK:Ke KHU3Hb B ce0e. A clIoBa — 3T0 BOOOIIe camMoe
IJIABHOE B MOJIEJIMPOBAHWH, TAK KaK OHM 3aKJI0YAIOT YYBCTBO,
pasym, JIyX ¥ pe3yJibTar YejoBeKa Kak MpoaylupyoIero oomie-
HUe U ObITHE.

Ho He obs3arennbHO u3MepeHuit Oynet 2, BO3MOXKHa emie Ta-
Kas hopmya, eciu OpiTre OyeT B Tpéx n3MepeHusix. Ha 3emie
BCEr/a B OJIHOM, a TaM OHO CYMMHMPYETCS IO MHOTUX 3HAYCHUIA:

Sfe

C momorpio norapudmMa Ipezena Mbl IPUXOOUM K Mak-
CHMAaJIbHOMY 3HAUCHUWIO0 CBS3KHM, HEMHOrO a0CTparupysch



oT octasibHOro. Ho BaxkeH TOT (hakT 4ToO caMoe Majio 3HAUMMOoe
Ha BUJ HECET CaMyI0 BBICOKYI0 MH(DOPMATUBHYIO HArPYy3KY.

Takum 00pa3oM MBI HAallUTA HADISITHOCTh. HO HaM Hazio BbI-
YUCIUTh CMbICA. Eciu Mbl 1aéM HauMEHOBaHMSI U CO3JAEM,
a TouHee oToOpakaeM (DYHKIMIO, TO B HEE Mbl YUTAEM 3aKOIIM-
POBaHHBIE CMBICIIBI Oyj1yIiero ObiTrsl. Y B TU1aHe Te0I0rnaecKon
MIPOBEPKM HAM HYKHO YSICHUTD TOJIOKUTEIbHBIE U OTPHUIIATE b~
Hble SK3UCTEHIMAJIbI, YTO AACT HaM MOBOJ MOPAJIbHO OIIEHUTD
JAHHYIO TOTIOJIOTHIO U €€ OBITUIHBIA U BEUHBI CMBICIT (CMBICITBI).

Bo-niepBBIX, HaO CKa3arh, YTO MbI TTPOMOJIEIUPOBAIN JIBE
(pasel, 1 310 cranoHapHoe MojeupoBanue. Ho Moxer ObITh
AKTHBHOE MOJIEIUPOBAaHME HE CTAIIMOHAPHOW TOIOJIOTMYECKOM
CHCTEMBI U TOor[ja MHOTOE n3MeHuTCs. [Toka sxe MBI JOIKHBI CKa-
3aTh €IIE O TOM, UTO CJIOBO MI'PAET IJIaBHYIO POJib, HO TaK¥kKe CH-
CTEMOU TOTOJIOTHYECKOTO BH/Ia MOKET OBITh U YEJIOBEK, HO TOJIb-
KO B KOHTEKCTe MbllieHus1. Camo 1o cebe Teso HUYero He 3Ha-
guT O€3 IMPOIIECCOB MPOTEKAWIIMX B HEM M IJIABHBIM 00pa3oM
MbllIeHHs1. HO BEepHEMCS K MOPAJIbHOM Harpys3kKe.

CranmoHapHasi popMyJia MPUBOIUT HAC K T€OMETPUIECKOMY
noHUMaHui0. Tak, MONIOKUTENBHO JI0 +00 U OTPUIIATEIbHOE JIO -
00 3aIMCHIBACTCS:

co+=— [ = +c0

Ha camom Jiernie cymecTByeT, TakuM 00pa3oM OTpHIIaTe IbHAs
SHEPrusi, PaBHO KaK U MOJIOKUTENbHAsI SHeprusi. Y mobasi cBsi3ka
C,B,0O,PuT,ZutMoxer OHITh TaK)XE BTSIHYTa B + U — COCTO-
sare. Kak BUIUM TIporiecc OYeHb CIIOKHBIN, Jake ISl CTaIfo-



HAPHBIX MOJIeJiel ObITHS, HO €CJTU CBECTH €ro K 0oJiee MpoCcToMy
3aKJIIOYEHHIO, OMSATh K€ Yepe3 OCHOBHOE ypaBHEHHUE OBITHS, TO
TIOJTYYHTCSI CIIeyIoIIee:

o(—>f<—ﬁ: 004=+=+00=

= arati— [ «irratio= o/r— [«p/ir= o— [P

I'ne r- panioHasIbHBIA BEKTOP, 1 () — UppaAllMOHAJIbHBIN BEK-
TOp

3epKasibHbII METOJ1 — 3TO Yepe3 BUIeHHEe PaIlMOHAIBHOTO TO-
HSTHO BBIYHCIIEHHE UPPALIMOHAILHOTO HETIOHSITHOTO, TI0 (POpMY-
Jie pPaBHO HATPBJICHHBIX BEKTOPHBIX SHEPTHIA-CHII.

Ecnu Bocnonb3oBaThCcsl TeOMeTpUer, TO MOXHO B ¢opme
cdep wim 00bEMHBIX TpauKOB 00O3HAUUTH HAIIPABJIEHHOCTU
Y CO3/IaHMS MOJIOKUTETIbHOM U OTPUIATENIBHON SHEPIUH, MaTe-
puIo poaynupymoIei B Obitue 2, OpiTrie3, ObiTue 4, ObITHE 1. ..

PS s uucroit matemMaruku: Takum 00pa3oM BasKHBIN BBIBOJL
MaTeMaTUKH 3aKJII0YaeTCsl B TOM, YTO Ha JIaHHbIII MOMEHT eCTb
TPY TIOJIOKUTENILHBIX CUJIBI B 9TOM HAyKe: CJIOKEHNUE, YMHOXKEHHE
¥ JIeJIeHne, U OTpUIIaTesIbHAS — BHIYMTAHUE, 2 HA CAMOM JIeJie MO-
KeT OBITh elE N0 KpaitHe! Mepe JIBe OTPHIIATEIbHBIE CHITHI pa3-
MHOXEHUE U yeJIeHue, IJie pa3MHOKEHUE — 9TO OTPULIATENIbHbIN
9KBUBAJICHT YMHOXEHUSI, BHITIOTHSIONINN (DYHKITUIO pa3MHOKe-
HHSI YMCeT 10 OOIMX TOHSITUN U KOHCTAHT, a yIeJIeHHe — OTPH-
IATeJIbHbI SKBUBAJICHT JICJICHUsI, KOTOPBIN MPUBOAUT K TOHSI-
THSIM HACTOJIBKO JETMMBIX YMCesI, HACKOJIBKO BO3MOKHbBI HOBbIE

OpraHu3an 9YruCJIOBBIX PAOOB.
*



+

2)

** pa3MHOXKEeHUe

.. yIesneHue

H nazeanue ons smux cnoco6os cuucaenus — Obpamuposarue
UAU OOPAMUBHASL MAMEMAMUKA.

[Tpumepsl 0OpaTUpOBaHUS:

2%2=4 — yMHOXEHUE

2¥FD= 1F1*1*1+1*1*1*1= 2*2=4 — ynpomEéHHoe pa3MHO-
KeHue

4:2=2 — neneuue

4:2=4"2=-4:-2= +4:42=4:2 — ynpoleHHOe y/IeJeHUE

Vienenue MIneT Bce MOXOXKKE BapUalliK, TJIABHBIM 00pa3oM
yepe3 OTpUIlaTeIbHble TPUMEPBI, 4 Pa3MHOKEHUE BCE BO3MOXK-
HbI€ PaCKJIaJIbl 1IEJIOT0, HACKOIBKO OHO Pa3oKKUMO JI0 MoA00us
W3HAYAIbHOU (DOPMYJIBI.

Tu npuMepbl HeOOXOAUMBI JIJ1s1 TIOHUMAaHU T (PU3NIECKUX SIB-
JICHUH B TUIaHE OTPUIIATEIbHON SHEPTUM.

Wtak, Ham npumep peweH. CTalMOHAPHOCTD JIETKO OIKCHI-
BaeTcs. Ho ecim cucrema He craioHapHa, TO B KaKUX 00bEMax
IIPOBOIUTH (POPMYJIMPOBAHKE, TO €CTh ONMUCAHKUE (popmynamu?
OTBeT Ha 3TOT BOMpoc Aa€T Kak pa3 OOpaTupoBaHHAsI MaTeMa-
TUKa. HacKoJbKO BO3MOXKHOpPa3MHOXEHHE, B TAKUX €IMHUIIAX
U BelETcs (popMain3aliysi, a IOTOM OIUCHIBAETCS CYMMHPOBA-
HUE ¥ BBIYUTaHUE JJO OECKOHEYHOCTEH M ¢ KOHKPETHBIMY YHCIIO-



BBIMU KOHCTaHTaMu. HacKkosbko BO3MOXHO (yxe OepéM cTepro-
MMETPHIO U CMOTPUM Ha 4uciioBou psg B 3D ¢opmare) ynene-
HHE, TO €CTh CBOIMMOCTbH K MOJOOUSAM M IONOOHBIM (DYHKITHSIM,
yepe3 MPOBEPKY Ha TOXKAECTBO (POPMYJIbl, HACTOIBKO U AEJIUT-
cs1 Tonosniorvst. To ecTb B OOJBIION TOMOJIOTUH MBI BbIUJICHSIEM
camble BO3MOXHBIE MAJIbIE TOMOJIOTUU. JTO HE 3HAYUT YTO APY-
TYX TOIOJIOTHIA HET ¥ He MOKET ObITh (MaJIbIX ), HO MBI paboTaem
C TeM, YTO MOJBJIACTHO HAIIeMy YMY, XOTsI B Oy/yIlleM KOMIIbIO-
Tep MOXET U JIEIUTh TOTOJIOTHIO Ha 0oJiee MeJIKMeE TOMOJIornye-
CKHe 00pa30BaHMI-(hOPMYJIHL.

a—>f<—[:’> — (hopmyJia OCHOBHOT'O MPUHIIUIA (DYHKIIMOHUPOBA-
Hud beitus.

Omna npeanonaraeT OTPULIATENILHYIO SHEPIUIO B (PU3UKE U OT-
punatenpHoe (0OpaTHMBHOE) MCYMCICHHE B MaTeMaThke. 3ep-
KQJIbHBIA METOJ, — Ha TYMaHUTAPHOM s3blke. BCE 3epKasibHO.
Mup — 3T0 3epKaJIbHOCTh — Ha SI3bIKE (prIIOCOPUH.

BeiBOI: cTalMOHapHbIE CUCTEMbl B MUPE MOTYT BBIYMCIISATh-
cs1 (popMynamMu 1 MOKa3bIBaTh (POPMYITBI THOTO OBITHS2, CTAITNO-
AQHPHOCTb — 3TO TOUYKA (POTOPUKCAIIMA MATEMATUYECKUM METO-
JIOM, HO 4TOObI TIOHSITh YTO €CTh KU3Hb, HY’KHO MEPENTH K aK-
TUBHBIM, TO €CTh HECTAlIMOHAPHBIM, 4 ABMKMMBIM TOIOJIOIH-
aM-popMyJiaM MaTEMaTHYECKUM U (PU3UIECKUM OOOCHOBAHU-
am. [Ipu 3TOM CIOBO M YMCIIO OAMHAKOBO KOIMPYEMBI U HECYT
CMBICJI.
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MATEMATNYECKOE

Ms1 paboTaeM B AByXMEpPHOH MaTeMaTHKe + U -, Terepb Mbl
JOTIOJIHSIEM BYXMEPHOCTh CBOEH TOAJIMHHOCTBIO Yepe3 oOpa-
TUBHBIE YIeJIeHUE U pa3MHOxeHne. Ho Ha camom niene marema-
THUKA TPEXMEPHA U YETHIPEXMEPHA, a, BOBMOXHO U MSITUMEPHA.
Ho mbI moka Oynem padoTarh ¢ YeThIPbMsI U3MEPEHUSIMHU.

3-e u3MepeHrue MaTeMaTUKU

Ecnu nepseie 2 usmepenus — 310 + u 1+, — u 1-, KoTopbie
oOpasyiot * u:, ** u ", 10 310 IIpsimass u OOpaTuBHas npsmas
MaTreMaTHhKa

3 — e mmepeHne — 310 OO6bEMHasE U 00paTHO OOBEMHAs
MaTeMaThKa, KOTopas MpeCTaBJseT cOOOW ONMUCaHWe CHCTEM
Y X TOXJIECTBA-COOTBETCTBU S, TMOO HECOOTBETCTBUSI, HO CUCTe-
MBI-TIOHATHS. 4-€ u3MepeHue OyneT (PU3NIEecKrUM, KacarolMes
opmyin ObiTHS, a 3-e OyneT BKJI0oYaTh B ce0sl CIAEAYIOIIe Ore-
paryu:

1.016upanue (SKBUBAJCHT BBYUTAHME) = — 01— [ P

2.Jlo0aByieHre (9KBUBAJIEHT CJIOKEHHUE) = + a—>f<—B

3.0OcBsileHUE (IKBUBAJIEHT YMHOXKEHUE) = * a—>f<—[3

4 .BriBefeHue (SKBUBAJIEHT ACJICHUE) =: oc—>f<—[3

5.Co3nanue (3KBUBAJIEHT pa3MHOXEHUE) =** a—>f<—[:’>

6.IIpuMupene (SKBHBAICHT ye/ieHne) =~ o— P

A cama (yHKIMS 0— [« MOXeT ObITb MPEICTABICHA Clle-
OYIOIUMHA (PU3NYECKUMHU BeIMYMHAMK ((pU3MKA, MaTeMaTHKa



Y TEOMETPUSI B CUHTE3E JIAI0T MPAKTUYECKYI0 MAaTEMaTUKy U Ieo-
METPUIO+ HOBYIO aJalITUBHYIO (PU3UKY BCETPUUNHHOCTH)

a—J—p = El+—[—BE2-

rae E1+ — nonoxutensHast sHeprus 1, a E2- orpuiiarenbHas
SHeprusi 2 M NocieAyolue MOCIeACTBUS UX B3aMMOIEHCTBUI
B BUJIE CO3/IaHUSI HOBBIX MaT€pUM M TOMOJOTMU-CUCTEM. A f -
CWJIa POKAAIONIASACS U3 UX B3aUMOJECHCTBUSA U BJIEKYlIasi HOBbIE
CIOCOOBI CYMCIICHHUS.

Hons (0) B MaTemaTuke

CoBpemeHHblE MPEICTABICHUSI O HOJIE B MaTeMaTuke, KOTO-
pble UMEIOT KOPHHU eIllé B apaOCKOW U eruneTCKOi HayKe, He SIB-
JISTIOTCSL MCUepIbIBaolIe MpaBuibHbIMU. Honém cumtaercs ot-
cyTcTBHe Yero Ol To H1 ObUT0. HO B mpupose He cyiecTByeT OT-
CYTCTBUS 4ero Obl TO HU OBLJIO, HO CYIIIECTBYET BCEI/Ia MPETIOANS
yuciia ¥ NOCT(aKTyM YHMCIA.

DTO 03HAYaeT, 4yTo 3HaueHue HoysA ecTb 0 (-1;+1), uMeHHO
B KOJIMUECTBE OJHOM €IMHUIIBI CIEAYET TaHHOE CUUTATh, [IOTOMY
YTO €IMHMIIA — 9TO KATeropus yCIOBHOM 1poOHO# HOpMBL. [ToTo-
My yxe onuH Oyaet: 1 (0;+2), nea Oyner: 2 (1;+3). U tak nanee.
[lepBoe 3HaUeHUE MPETUUCIIO, BTOPOE 3HAYEHUE MOCTUUCIIO.

B cyry60 MupoB033peHUIECKOM CMBICIIE 9TO O3HAYAET, UTO JIIO-
OO HaIll aKT, ONKMCHIBAEMbIII MATEMATUIECKH, €CTh aKT, Y KOTO-
pOro ecTh MPENOChUIKA K OBITHIO U aKT, KOTOPBIN Takxke Oyaer
HECTU TOYHOE CJIEJICTBUE CaMOro ceOsl.

0 — He mycToe 3HaYeHUe, PABHO KakK JII0O0e YMCIIO — 3TO 3HA-
YEHUE U3 TPEX KOHCTAHT: «IPEJ», MOCT» U «KOHCTAHTBI».



JIBOMYHBINA KOJ MaTeMaTHYEeCKUX Onepanuil

Mpl IOJKHBI YCTAHOBUTD, YTO YUCJIO UMEET BIMCAHHOCTb, UTO
YUCJIO HE SIBJISIETCS] HE3aBUCUMBIM apryMEHTOM, YTO YMCJIO €CTh
M3HAYaJIbHOCTb, KOTOpPAasi UMEET YUCIIOBYIO MPETIOIMIO U YUCIIO-
BbI€ CJIeJICTBUS (CJICACTBUE).

DTO 03HAYAET, YTO JIOOOE UMCIO MOKET MUMETh U HOJLKHO
UMMETh pElIeHHEe yXke TOJbKO MOTOMY, UTO OHO SIBJISIETCS Jeu-
CTBUTEJIbHBIM YKCJIOM.

[Touemy mbl MOXeM 3Hath, 4TO O ecTb -1 1 +1 pemenue? Ilo-
TOMY 4TO JIeMEeHTapHasl TaOIUIa YMHOKEHUs, BCEMU TIPU3HAH-
Has UMEEeT TaKoe K€ 3HAYeHUE €IMHUYHOIO COCTaBa, 3TO CleIy-
€T U3 Toro, uro 1*2=2 umm 2*2=4, wiu 4*3=12. Yto npounsBo-
JAT 9T yMHOXeHUs1? OHU MPOU3BOASAT ONEPalI0 JAHHBIX YH-
ceJl Ha IBUOYHBIN KOJI. 3/1€Ch TOJIBKO JIBa JIEMCTBHUS: COCTAB JaH-
HBIX U ONepalusl.



Konen 03HaKOMUTEJLHOI'O
¢dparmenra.

Tekct npegocraBieH OO0 «Jlurpec».

[IpounTaiiTe STy KHUTY LIEJIMKOM, KYIIUB TOJIHYIO JIETATbHYIO
Bepcuio Ha Jlurpec.

Be3ormacHo oriaTuTh KHATY MOKHO OaHKOBCKOH KapToit Visa,
MasterCard, Maestro, co cuyera MOOMJIBHOTO TesiehOHa, C TiIa-
Te)KHOro TepMmuHaia, B cajoHe MTC wmm Cesa3HoOHM, uepe3
PayPal, WebMoney, Aunexc./lensru, QIWI Komenek, 60Hyc-
HBIMU KapTaMu WK APYTUM YI0OHBIM Bam crioco6om.
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