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— Kopnyc maremaTuku

Maremaruka ectb myTb. MateMaTuka He JI0JKHA MOHUMAThCS KakK TO, UTO SIBJISIETCS OTBJICUYEH-
HBIM U clIOKHBIM. Celiuac 51 XoTesn Obl CKa3aTh O MaTeMaTHKe, KOTOPYIO BhIpasiI Obl 6e3 einHOM (hop-
MyJIbI ¥ UPBI, 1 Ha s13bIKe. W oueHb He XxoTes1 Obl, YTOOBI 3TO cunTam «(puocopreil MaTeMaTuKn»,
XOTeJN Obl, YTOOBI 3TO CUMTAIIM «MAaTEMAaTHKOW» KaK HAyKOM, OTpaciibio 3HaHWsI. Besib MbI Bce B IIeHy
3abmyxaeHnii. Ham BHymmaor, 4to MateMarika — 310 nudpsl. Ho KTo ckasan, 4yto He MOXeT OBbITh
MaTeMaTUKM B CJIOBaX U Ha ciioBax? VIMEHHO Takoil MaTeMaTUKOW 51 XOTes Obl 3aHAThCA.

Tema: «Brruncnenue HakjI0Ha rpapUKy YUCTIa».

Mo uncioM ycIoBUMCSI IOHMMATH JII000E 3HAKOBOE MJTH CEMAaHTHUECKOE BhIpaKeHHE, KOTOpPOe
MMeeT NPUPOAY €TMHUYHOCTU U KPATKOCTH, a CJEJ0BATEIbHO MOKET OBbITh IEJIEHHBIM MJIM YMHOKEH-
HBIM.

Jlio6oe uncino HakjoHeHO. OObIYHO cUMTAeTCs B MOPSAAKE BEIel, YTO YUCiIa UMEIOT TY WK
uHyo (opmy. Ho Ha camom jene HAaKJIOH 4Mclia, HalpUMep, €AMHMLBI WM HATH — 3TO HAKJIOH,
OT Ka’k/IOM 4acTH KOTOPOr0 MOKHO ITPOBECTH BEKTOP, U (pUrypa Kotopas OyleT COeqUHATh OTPE3KU
BEKTOpa 1 OyAeT Ha3bIBaThcs IpahMKOM Yucia, KOTopas OTpaxaeT COCTOsTHUE BEleCTBa.

5

Puc.1

[Tonyuaercs, 4To B3B YUCIIO «5» (CM. pUC. 1), MBI IPOBEIN BEKTOPHI (OTPE3KH) OT BCEX KOHLIOB
yucina. Y BeIsSICHUIN (PUTypy, KOTOpasi 0003HAYAeT YMCIIO «5». DTa (purypa Ha3hIBaeTCsl «BEIECTBO
ymcia S».

To ecTb uncio «5» UMeeT BEIIECTBEHHBIN aHAJIOT B JKM3HU U MPAKTUKE KU3HEIEATEIbHOCTH
JIIOIEN.

Kak MBI BUIMIM U3 3TOTO PUCYHKA, OHO UMeeT OOBEM, MOTOMY YTO OT HMKHEW OKPYIJIOCTH
YuciIa UAET BBEPX Kak OBbl.

Kro npumyman 1o uncno u gpyrue 4nciia UMEHHO B Takou rpaduke HakoHa? Cyas 1o Bcemy
MMEHHO M3 TMPHUPOIBl M3HAYAIBHO BBIBOIWJIOCH YKCIIO, @ HE YKCIIO ObLJIO CO3/IaHO M3HAYAJIBHBIM.
U ceituac, yepe3 Takoil aHaJIM3 Mbl BOCCTAHABJIMBAET KAPTHUHY YHUCIIA.

To ecTb, BCE ke UMCIoBblE U Tpadprueckre crocoObl Mbl Oy[eM MCHOIb30BaTh B 3TOM padoTe.

Yucino 5 Ha TOM pHCYHKE MPEACTABISAET COOOM TaKkKe KaK IUIOCKUI PUCYHOK C OJJHOW JIMHHEH
niepeceyeHusi, HO Takke PUCYHOK OOBEMHBIN (MPU KeJTaHUM MOXKHO MpUIaTh 00BbEM YHUCITY, €CU
YCJIOBUTBCS UTO JIMHUS TIEPECEUeHusI eCTh He NepeceueHue, a popma 0ObEMHOCTH (PUTYPBI.

U Bce Takoro popa ¢urypsl B npupoae OyayT rmokasareneM (pUrypsl, KOTopas uMeeT B ceoe
COCTOSTHHE «5>.

MBI nipoBesM OT YKcna S5 — NATh BEKTOPOB (OTPE3KOB), HO OIMH OTPE30K B JIBE CTOPOHBI, YTO
Y JJaJI0 HaM TOBOJI TOBOPUTH 00 0OBEMHOCTH U CJIOKHOCTH MATEPKU.

Ecnu B pamkax U3yueHrst HICKYCCTBEHHOTO MHTEJIEKTa UCIIOJIb30BATh TAKOE CUMCIIEHHE B KOM-
IBIOTEPEe, TO MBI MOJYYUM QJITOPUTM MBIIUIEHHUSI, KOTOPBIA Oy/leT yKa3plBaTh HA OYEHb CIOKHYIO
CTPYKTYpPY, HO B MO3I'€ 3TO JI0JKHO ObITh MMEHHO TaKOU (POPMBI UUCIIO «5».

[Monmyyaercs, 4TO MaTeMaTMKa He OTHebHAs OT MPUPOAb Bellb. YTO M3HAYaIBHO OHA OblLIa
BBIBEJICHA U3 MTPUPO/IBL.

Ho 4ro moxer eme 3Haunt rpaguka (B JaHHOM cilydae umucia «5»). OHa MOXKeT O3HadaThb, 4TO
BCE K€ IEPBOHAYAJIbHO MUP MbI BUAUM KaK HaOOp IJIOCKUX LU(P, a BHYTPEHHE COAEPXKATEIbHO OH
OoJIbIle U pabOTAET OH CJIOKHEE HEKEN HaM TPECTaBIISETCS].

Benp ecin 5 BBeCTH B (DYHKLIMIO WM YPAaBHEHUE, U CAEJIATh BHIYMCIECHAE YEPE3 OKPECTHOCTU
OTPE3KOB YHCEJT, TO MBI IIOJTyYMM OYEHb CJIOKHYIO CTPYKTYpY. Ho 3T0 1 OyneT nprumepom MbIILIeHHST
Mo3ra. [lasnblie Haj1o OyeT MPOCTo YCTaHOBUTh CMBIC. OIIMH U3 CMBICIIOB YKCIa «5» — 3T0 (pusioco-
(us purypsl, KOTOpyI0 MbI MOTYYHIIN — HEKasl MallIMHHAS HAIPaBJIEHHOCTh JEVCTBUSI.
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OUTIOCOPCKAS KOHIIENINA
MATEMATUYECKOW PEAJIBHOCTH

JI7151 MHOTMX OCTa€Tcsl HEOHATHBIM [I0YEMY Te WJIM MHbIE BEIY TPOUCXOAAT C HUMU B )KU3HU?
[TpYMHHOCTH TPEANUCHIBAETCS BOJIsI OOTOB MJIM BhICIIEro AGcomoTa, Win (hakTopsl (pU3N4IecKoro
MUpa, KOTOpble TPOBOLMPYIOT JaHHOe. [locneanee B 001eM-TO 1 MPaBUIIbHO. TONBKO OHO IeHCTBYET
He TakK, Kak I0J1araioT, 3JeCh HeT MPUYMHBI YETKOW, TIO3TOMY BEPOSATHOCTb 3a00JIeBaHUs — 3TO BCe-
I71a BEPOSITHOCTD, U 3a00JICBaHUs JUTSl OfHHX, W HE 3a00JIeBaHUe sl APYTHX MPH MPOYMX PaBHBIX
YCJIOBUSIX.

Jasxe Takue 3a00neBaHMs, KaK OHKOJIOTMH — 9TO BEPOSTHOCTHBIE 3a0oseBanus. Ho nmprunHa
mo6oro 3ab0seBaHus, TOOOro COOBITHS B )KU3HU, JIIOOBIX IMPOIIECCOB MHpPa — 9TO MPUYMHA MaTeMa-
THYecKas. Becb MUp — 3T0 MUp, KOTOPbIN KUBET 110 MaTEMaTUUYECKUM 3aKOHaM, TeM, KOTOpble HaM
W3BECTHBI, U TEM, KOTOPblE HaM He U3BECTHBI (€111€ He OTKPHITHI). JII060ii mporecc — 310 MaTemMaTHKa.
U notoMy pelieHre Toi WM MHOM 33124l MOXET OBITh CMEPTBIO, €CJM 3TO KOHEYHOE pellieHue, WIn
MPOJOJIKEHUEM, €Cl 3Ta (PYyHKIMS B FEOMETPHUUECKOM ITPOCTPAHCTBE MOXKET KOHTAKTUPOBATb.

Bes npo6Giema B ToM, 4TO MBI BOOOIIE 3TO BCE HE M3y4ald, U MOTOMY MPUYMHHOCTD OT HAC
ckpbiTa. Hebomnbi10ii yeriex umen B 3toM Jlariac, korga ckasall, YTO HaJlo 3HaTh COCTOSIHUAE B OJHOW
TOYKE 3eMJIM CO BCEMHU XapaKTePUCTUKAMU, YTOOBI OIIPE/IENIUTh BCE OOBEKTHI MUPA, HO JIEJI0 HAMHOT'O
CJIO’KHEE U OOJIBIIEro YCHIIs Tpedyer.

Maremaruka B pUpojie MOXET ObITh IpUBEJEHa Ha rpumepe. Hanpumep, 4To Takoe KOpeHb
KBaJPaTHBII U3 IBYX B )KU3HU? DTO YETHIPE B TEOPUU MATEMAaTUKHU. A B COLIMAIBHBIX OTHOLIEHUSIX —
3TO Hallle yBeIMYeHHE KeIaHUi BABOE MOJ AeHCTBHEM (PAKTOPOB, KOTOPBIE PACIIONAraloT K TOMY, TO
€CTh BIIMCAHHOCTH U3BJIEYEHU 1 KOPHS KBaJIpaTHOTO B MaTeMaThyeckoe perenue. Eciam BnucanHocTu
HET, TO U3BJIeKaTh Heyero. MoxeT ObITh MOIBITKA CJIOKEHHUS, YMHOKEHHS, JJaXe €ClI 3TO JpoOb
WU CJIOXKHAsA KOHCTPYKLMSA urcesl. Hy)XHO e ypaBHEHHE WM YTO-TO MPEAIoNarailiee peleHue.
[ToTomy, eciy Mbl XOTUM ycTieXa B KM3HU, TO Hy)KHO COUETaHUE MaTeMAaTUYECKUX CTPYKTYp, IOTOMY
YTO YCIIeX B MaTeMaTHKe, a 3HAYUT U B )KM3HU — 9TO KOHLETILMA, a KOHLENMs, Kak ['€nens (teopema
o HeroHOTe) Wi I[lyaHkape (TOMONIOTMM) — 3TO 3aBEPUIEHHOE 3[]aHUe, K KOTOPOMY JIOJKEH OBbITh
HEeMaJIbli MyTh ¥ HETIOHATHO, KaK OHO IIPUXOJUT, B )KU3HU TOUHO TaKXke.

OueHb MHOTME IIPOLIECCH MOT'YT OBbITh HEMOHATHBL. 3a00/1eBaHusl MOTYT BO3HUKATh U3-3a COB-
NaJeHUs1 YUCesl U COCTOSTHUI MaTeMaTHKH, KOTOpbIE He UMEIOT pellieHus], JMOO UMEIOT €ro B ILTIOC
OECKOHEYHOCTH, YTO BO3MOKHO MOKET SIBJIATHCS CMEPTHIO.

Maremartuka o4eHb cioxHas Hayka. Kak u ku3Hb. [loaToMy pents npodiaeMy CylecTBOBa-
HUS MOXKHO C MIOMOIIBIO CBOETO YMA, €CJIU CyMEThb CTPYKTYPbl MAaTEMAaTUKH BBIYMCIUTB. HO 3TO HeBe-
POSATHBIN ycreX, 3To ObiBaeT peako. M yacto Hamm kenaHust MOryT ObITh MHUMBIMU YHCIIAMU, TO
€cTb KOPHEM KBaJIpaTHBIM M3 MUHYC €AMHHUIIBI M HE TIPUBOAUTD K PEIICHUSIM, JTMOO TIPUBOAUTD TIPH
YCJIOBUM pellieHus runoTe3bl PuMana, e 3Tu 4nciia HaJlo HaiiTH, a 3HAUUT IPU CBEPX OPUTMHAJIBHBIX
Y HETPUBUAJIBHBIX XOAX.

370 U ecTb peasibHOCTh. MaTeMarnyeckas peajabHOCTb. Ho yunThIBas T0, 4TO OrpOMHOE YHCIIO
KOHIIENIIMI 1 U/ieil B MaTeMaThKe elié He HalIeHbl, TO TIPHU COOMIONCHNH JIaKe BCEX YCIIOBHIA Mpa-
BWJIBHOM JKM3HHU, PE3yJIbTaTa MOKET He ObITh, JIMOO MO HE MOHATHOMY JIsl HAaC, HO MaTeMaTHYECKH
BEPHOMY MPPALIMOHAIIBHOMY CTEYEHHIO OOCTOATEBCTB MOTYUUTCSA OOJBIIOE JOCTHKEHHUE B )KU3HU.

Mbl 32JI0KHUKM MaTeMaTH4ecKOro MHpa, a TO, YTO MHUpP MaTeMaTHYeCKUi OOBSICHSAETCS
U3 TOTO, YTO MaTeMaTHKa — 3TO €JMHCTBEHHBIN CI10cO0 NOATBEPIKIeHN s (PU3UKH, €CTECTBEHHBIX HAYK
Y SKCTIEPIMEHTAJIbHOTO M300peTaTesibcTBa. MareMarrka sIBJIsieTcsl TAKXKe B TEOPUHU HE BISIBJICHHON
CTPYKTYpPOH, KaK MPaKTHUKa OfHOBpeMEHHO. TO ecTh OHa OOIIMpHA W eClH MO3HaHWEe OECKOHEYHO,
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TO OYEHb MHOTO eIII¢ BCETO MPEACTOUT MOHSTh, M BCE PaBHO UPPAIMOHATBHOE OCTAHETCsI, KaK Herlo-
HATHO 4ucio «au» (3, 14...)

Mup — 3T0 O4eHb cI0KHOe 0Opa3zoBaHue. Eciii Mbl TOBOPHM O MOJIMTHKE, TO JAJICKO HE MOJH-
THKA U SKOHOMUKA pelraer, OyeM Mbl CYaCT/IMBHI U peasiu3yeMcsl WM HeT, JeJ0 Kyaa riyoxe, OHO
B CTPYKTYpe MUpa JISKUT U YeJOBEKY He camasl 3aBHIHAs pOJb OTBelleHa BO BCEM 3ToM. Ho ecTb,
MpaB/a, OYeHb XOPOIlasi Belllb, KOTOPasi COCTOMT B TOM, UTO YeJIOBEK MOXET ObITh HE3aBUCHMbIM CaM
B ceOe, 1 Kak Obl CTPYKTYpUPOBATh TO, UYTO B HEM €CTh, 1 TOT/Ia OyeT JIydllie JIo0oe pelieHne, IycKaim
Y HEOUEBUJIHOE, TTYCKall ¥l CKPBITOE IOJ] CTPYKTYpaMU MaTeMaTUKH.
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PUT0COPUA U MATEMATHUKA b. PUMAHA

Ha moii B3risg Puman nocraBui BOIpoc 0 peain3aliy TOro, YTO COMHUTEIHO KaK MepBOHa-
YaJibHOE B MpUpoze. B yme Mbl pecTaBisieM, YTo eCTh MUHYC €IMHULIA U3 KOPHSI KBA/IPaTHOTO, YTO
3TO MHHMMOE YHCJI0, KOTOPOE MOKHO MBICJIEHHO IIPOBECTU Yepe3 KOOPAMHATHYIO MPSAMYI0, KOMITJIEKC-
HOE YUCII0, KOTOPOE SIBJISAETCS peabHbIM B MbllIeHnH. Ho Kak MOXHO MpeACTaBUTh, YTO MHUMOE
YHCJIO CTAJIO YUCIOM IPOCTBHIM, KOTOPOE Ha rpaduke MPUCYTCTBYET, B 3TOM BCsl (PEHOMEHOJIOTUS
1 napoC pUMaHOBOM MaT€MaTHKHU.

Sl He moOuTenb rpeyeckoll aHTUYHON pustocopun, Ho 3aech KoHuenuus [Tapmennaa o cyie-
CTBOBAHMM BCErO, YTO MPEACTAaBUMO B MBICJISIX MOKET ObITh COCTOSATENIbHOM. V3 HOBOEBponenckon
unocopun Gosnee BpasymuTenbHble pumepbl. CylleCTBOBAaHUE TOTO, YTO B TEOPUM €CTb, U UTO
MOTEHIMAIBHO MOXKET OBITh PEAM30BAHO HA MPAKTUKE — 3TO KOHTEKCT ¢uiiocopuu . I'yccepns
DeHOMEHOJIOTUS TaK U HE CTajla MPaKTUYEeCKOM HayKOW U CcTporou ritocouent, Ho OHa Mpearnosa-
raeT HaJlm4ye 4ero Obl TO HU OBLIO, YTO TEOPETUYECKH PEabHO U MPAKTUIECKH MOXET OBITh PEAIbHO,
HO HENOHATEH NMPUHLMIL

Tak u Teopust Pumana — 310 He TO, YTO MPAKTUIECKH MOXET OBITh MJIM HE MOXET, 9TO 00s13a-
TeJIbHAs IPAKTHUUYEeCKasi PealbHOCTh MHUMBIX YMCJIe, HO HEMOHATEH NpuHLMIL. [ToueMy KOpeHb KBaJ-
paTHbIl U3 MUHYC equHUIbl ecTh? IloToMy 4uTO Ha rpaduke mpeAcTaBUMa €AUHUIIA, NTPEeACTaBUMA
MUHYC €IMHULIA U MPEJICTABUMO YBEJIMUEHHE Ha JjBa, Ha MOPSI0K, Ha KOPEHb KBaJIPaTHBIN, HO HEMo-
HATHO KakK. XOTsl KOpeHb KBaJIPAaTHBI U3 MUHYC €IMHULIBI — 9TO MUHYC equHuia. Ho Hago Beraumc-
JIUTh 3TO Ha rpaduke (T.e. B IPUPOJIE), a IPUHLIMIT BHIUMCIIEHHUS HEMIOHATEH.

Ho most 3aga4a He B TOM, YTOOBI CTaBUTh BOIIPOC U TOBOPUTH TOJIBKO, YTO TO HETOHSATHO, MOSI
3aJa4ya 1 JaBaTh OTBETHI, IOTOMY YTO UCTUHHAs (pmiiocodus He CIpalIMBaeT, a OTBEYaeT Mo Mpe-
MMYILECTBY.

«Bce HeTpuBHAIbHBIE HYJU 13eTa-(DYHKIIMU PABHBI ¥2». DTO OUeHb CEpbE3HOE U 3HAYUTEIIHHOES
3assnenue b. Pumana! HerpuBuasibHbIil HOMB — 9TO KakK pa3 pelieHrue MHUMOIO 4YMCIia, IPUHLIMI,
MIOTOMY YTO HOJIb — CEPALIEBUHA KOOPAWHATHOM NPSAMOM, a OJIHa BTOpasi — 3TO MPOCTOE YUCIIO, KOTO-
poe nenuTcs Ha ceds 1 Ha J1Ba. U 31ech BasKHO, UTO IMPOCTOE YUCIIO €CTh KJII0YEBOE YUCIIO, TOTOMY UTO
9TO TOT MUHMMYM M OTHOBPEMEHHO OCHOBA XXU3HH, KOTOPBIE CYILIECTBYIOT, TO, UTO AEIUTCS Ha cedsl,
Y Ha /IBa B HAllIeM JABOMYHOM MMpe, IIPU JABOMCTBEHHOCTH CO3HAHM S, PUPOLIBI U (POPM SI3BIKA €CTh
[PUHLIMITNAJIbHBIA MOMEHT.

HerpuBrasibHbIiA HOJIb — HEOOBIYHBINA HOMb. 37€Ch €CTh OYE€Hb MHTEPECHBII MOMEHT. UTOObI
peIImMTh 3Ty MpodIeMy, HaJlo MOHUMaTh, uTo KoHuenuun [leano u ['€nens K., kotopbie coBpemeHHast
MaTeMaThKa CYMTAeT 1o (popMe NMPUHLIMIUAIBHO HYKHBIMU /IS pellieHus TuroTe3sl Pumana, sBns-
I0TCsI HEOOXOOMMBIMU, HO CMBICII 9TUX KOHIIEMIIMIA 10 uX (popme B TOM, YTO JOJKHA OBITh BBE/ICHA
riepeMeHHasi HOBOT'O TUIA B PEILIEHUH.

OnHaxap! 3T0 OBUIO ClIeTIaHO NIPH co3/1aHnK T depeHInaTbHbIX YPaBHEHUI. DTO OUeHb 000-
raTWjIo >kU3Hb. Bbljla co3gaHa mpocTo HOBasl epeMeHHas, Hanpumep . Y BCE, Mup n3MeHuIcs, Kak
CO3/JaHUE MEKTPUYECTBA ObLJIO TaKkKe BBOJOM JIONOJIHUTENILHON nepeMeHHol. C

[Mostomy, Korma Mbl OepéM OrmKaiiliiee YuciIo OT HOJS 10 €AMHHMIIBI, TO 3[eCh JOJKHA ObITh
BBeJeHa nepeMeHHas1. U 3To TOMKHO OBITh pa3sioKeHHe Yrciia: U Hosl, ¥ eimHUIpL. Ho 06 aToM ermé
CKaKeM.

Cenyac xe nmogymMaeM HaJl BOIIPOCOM O CYILECTBOBaHMM WIM HE CyllecTBoBaHMM. ['mroresa
PrumaHa npu3HAET cyliecTBOBaHME U CYIIECTBOBAHME JBYX TUIIOB, XOTS €CTh CKENTHUKH, KOTOpBIE
TOJIAraloT, YTO MOXKET OBITh M ONPOBEPrHyTa rnnore3a PruMaHa, He ©MeeT OHa pelIeHusI C UX TOUKU
3peHuss. O4eHb COMHUTEIIBHO, IIOTOMY UTO CJIMIIKOM OYEBHUIHBI Y JOKA3aTeJbHbI BXOIHbBIE TaHHbIE
9TOW MaTeMaTUKU.
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Tak BOT, eci ecTh IBa YPOBHsI, KOTOpPbIe 0OOCHOBAHBI, TO B HAIIIEH )KU3HU HAJI0 TaKKe BTOPO
YPOBEHb BBOAWTH B MPAKTUKY, & HE BEPUTh MPOCTO B HETO, U MOITOMY MeTa(pu3rKa UMeeT MpaBo
Ha cyliecTBoBaHue. KBaHTOBas MeXaHMKa BO MHOTOM TaK ke 3aBHCHUT OT PellieHrsi pPUMAaHOBOH 3aJaur
Y KBaHTOBBIE 3aKOHBI — 9TO B 00IIeM-TO MeTahu3nKa, eCii IOHUMATh 1oj] MeTapu3uKon He Mud
(JIO)KHasl TPAKTOBKA), & OUYEHb CIOKHYIO (PU3UKY (TPaKTOBKA MO3UTUBUCTCKAS, MOS).

Pemmenue B pasnoxenuu uymuciaa. Yuciao MoxeT ObITh pa3iiokeHO (JoOOe YMCIIO) Ha JecSTh
Yrces, ¢ JeBATHIO IO HEro, Mocje Hero, Wiv B Pa3HbIX MPOIMOPLUUAX 10 U mocie. [IoToMy 4To Mbl
pelIv cuuTath B ipeBHeM Erunte u apabckoM mupe B unciioBoit cymme 10, X0OTs, 3aMeThTe, MOTJIO
OBITH ¥ MOKET ObITh MHaue. 1 u 0, 3To Haly BBeIEHHbIE 1aHHble. HO B paMKax Takoy cTpaTeruy Haio
OIpe/IeuTh YeMy paBHO unciio. Cpasy sICHO, 4TO PaBHO TOJBKO TaKXke eJUHUYHOM I1eI0UMCICHHON
u3 noHsATUs 10 ucxonsieit TOKTpUHe YUCa.

Ecnu Mbl HaiiIEM 3HaUYEHME YKCIIa UM 3HAUYEHHUs], TO 3HAYUT MBI CMOXEM BHECTH MHUHYC €/1U-
HUILy B KOpHE KBa/IPATHOM U APYTMe MHUMBbIC YKcia Ha TpadhuK Kak MOAUYMCIA, HO MOAYUCIIO — ITO
YKCJI0 BCE PaBHO U €CTh paciiMpeHue PyHKIIMH.

Oto u Oyger rtocodueit BTopoii nepeMeHHOU. Bropoit ycnoBHo. CKopee JOMOTHUTEBHOM,
MOTOMY 4TO BTOpPasi MepeMeHHas — 3TO BCE ke AuddepeHnanibHble CUUCISHMS.

PumanoBa rumnoresa MOXeT 1aTh OY€Hb MHOTOE IS pellieH s PoOIeMbl KOIMPOBAHUSI-IEKO-
IUPOBAHUS M UCKYCCTBEHHOTO MHTEJIJIEKTAa. DTO OUYE€Hb MHTEPECHas TeMa, MOTOMY UTO HAIlle MbIII-
JieHre paboTaeT He 0 CUCTeMe JIMHEHHBIX B3aUMOJICHCTBHI, a 10 aITOPUTMY CJIOKHOTO JACHCTBHSI.

dunocodcku BaXHO CKazaTh, YTO MaTeMaTHKa IIeHHa cama 1o ceOe, Kak IIeHeH caM 1o cede
YeJIOBeK, eMy He HaJI0 I0Ka3bIBaTh BAKHOCTD €TI0 TeJla ¥ CTPYKTYP TeJla, OH MPOCTO €CTh, ITUM PaIyeT
U Y4eM-TO 3aHUMAETCs B XKU3HU, TaK M MaTeMaTuka c (puiocopuein — 3T0 yHUKAJIbHBIE BELU CaMU
1o cebe.

B runore3e Pumana ectb onuH KpaiiHe HEOOBIYHBII MOMEHT, O KOTOPOM MBI €€ MOAPOOHO
HE CKa3aiu — 3TO 13eTa-(pyHKIUs Ha rpaduke. [[3eTa-(yHKIIMS ONMUCHIBAETCS AYTOM Ha MIOCKOCTU
KOOpIMHAT CTPeMSILIENCsl K X U CTpeMsIIeics K Y, 3Ta (PyHKIMS JaHa B JIByX TOYKaX, IPUMEPHO
eIMHUIIBI, 2 ONKCHIBAET CIUIOIIHYIO OOMBIIOr0 MacIiTada v 10 IUI0C OECKOHEYHOCTH. DTO TOBOPHUT
O TOM, YTO B UHMCJIAX 3aKJII0YeHa reoMeTpus. B Majiom 3akioueHo OOMbIIoe ONKMCaHue W pa3BUTHE,
€CJIM 3TO MaJIoe TOYHO, KaK TOYHA BCS MaTeMaTHKA.

Uro Takoe maremaTrka? 1o (hopMa BICILIETO MBILIUIEHH 1, KOTOpasi UMEET CBOEH CrieliupUKOn
MHOTOMEpPHOE MBIIIIEHUE (PUKCcalMy Ha pa3HOro pofa Bemax. S Obl Jaj Takoe onpeesieHue.

Buonorus, HeiipoMopdoorus 4acTo ObIBAIOT MHTEPECHBI 151 HAIIIEH OOBIYHOW KU3HH, 2 MaTe-
MaTUKa MOXET ObITh M KpaiiHe JIMTAPHOM, a IIOTOMY He TaK IMOIMYJISIPHON U B TO K€ BpeMsl KpaiHe
MHTEPECHOM, €CJIU MBI ITOKaXeM uepe3 (pUIocopuio Ty KM3Hb U HAIll MUP, KOTOPBIE B HEH 3aKJTI0UYEHbI.

dunocodus — 310 dopMa MaTEeMaTHUECKOTO MBIIUIEHHS, UMEIOIIEro CBOOOTHBIN BHIOOP
aKIIEHTYallUU Ha TIpeIMeTax Mupa. ITo yxe o prtocodpun Kok petHo. ['unore3a Pumana — 3o mate-
MaTuveckoe u (puocodckoe yueHue o epBoHavase, pacKpblBaeMoe Yepe3 ABa apryMeHTa pealib-
HOCTH.

dunocogcrpoBanue 06 odpase KU3HI

Uro ecth 00pa3 xu3Hu? OcodeHHo a1 ¢punocoda. BaxkHO yCTaHOBUTD, YTO 00pa3 )KU3HU eCTh
MIpe3eHTaIMs] YeJIOBEKOM caMoro cedst ISl TeX, KTO BUIMT ero Ha JJIMHHOM AucTaHmn. Y ¢usocoda
MPUHIIMIINATIBHO HE MOXKET ObITh OHSTHS «PacliopsiIoK», OH HE UMeeT I'PaHuIl v rpaHel, U koraa M.
Kanr nmm A. Hlonenraysp uMenu pacnopsaoK JHS SIKOOBI, TO 3TO Oblta (puKIMs, (IUK, ITO OBUIO
BHEIITHEe, Ha CaMOM JIeJie OHM €r0 HapyIllaid U BHYTpH ceOsi, M BHEIITHE, TPOCTO CYIIeCTBOBAJIA IIPH-
BBIYKA TOBOPHTH, YTO y HUX €CTh pacnopsaok JHs. Puocod HEeHeH Uisi MUpa TeM, YTO OH MOXKET
MPOXKUTH KU3HD MOTHYIO HACTAXIEHUSI MBICTUTD U TIPU STOM HE JIeJIaTh HUYEro MPAKTUYECKU BakK-
HOTO JJIsI MUPA, 9TO OOOCHOBBIBAET TYMaHM3M M JOCTMKEHUsI AEMOKPATUH, IIMBUIM3AIMHA U TIPaB
yesioBeka B Mupe. Ho OOBIYHO MpaKTUKa MPUXOOUT, TOTOMY YTO (PUIOCO(US CIUIIKOM IIHMPOKA
1 00s13aTeIbHO KacaeTcsl KAKMX-TO MPAKTUYECKUX BOIPOCOB U PeIIaeT HX.
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O6pa3 xu3HI — 3T0 00pa3 MbllUIeHHs1. Korma yenoBek He MOXKET pelnTh 3a1a4y oOpa3a MbIII-
JIEHW S WM 9yBCTBYET OTSATOIIEHHE OT MBICJIel BOOOIIIE, TO MBI JOJIKHBI TOBOPHUTH JIMOO O BpEMEHHOM
3aTpyAHEHNH, THOO O IEUCTBUTEIILHOM CJTA00CTH ero Kak MbicauTesis. O6pa3 )KU3HU U eJMHCTBEHHAS
9THKA JUIs TPEX Kareropuil monei: ¢punocoda, MaTemMaTiKka U reHusl — 9TO TeHepUpOBaHue B cede
coero /. Hukakas He caMonieHTU(DUKAISA, 2 TeHepUpOBaHue S, TO eCTh TI0OOBh K CBOMM JJOCTOHMH-
CTBaM M IIPEMMYIIECTBaM, KaK YMHOTO U CBEPX YMHOTO YeJIOBeKa. DTO MO3BOJISAET PACKPETIOCTUTHCS.

3nech Het 6uonornu. OHa ecTh Ha YpOBHE BHEITHUX 0OOOIIEHUI. A Ha ypOBHE JEHCTBUTEIb-
HOT'O MBIIJICHUS 3[€Ch JIPyroe — r'yMaHUTapHasi MaTpHLa JTMIHOCTH, BoJsl Hurte u ceobona Criu-
HO3BI, YTO MUMEET PAaBHOMPABHOE MECTO ¢ Ouosorueit u pusnosnorueit MuluieHus. PaBHonpaBHOe
MOTOMY, YTO MUP — TO pa3HOE OMMCaHKe, HO HUKOI/Ia He MaTepusi, KOTopasi enHa.

dunocodcrBoBanue, BOT UHTEpecHoe c1oBO. OHO ecTb. OHO CYyIECTBYET U XapaKTepU3yeT
co0oii Bceraa OHy M3 YepT YHUBEPCAIBHOTO T'eHHsI, TIO3TOMY YKE TOJBKO — 9TO IUTAPHAS BElllb.
Jns mpocto dpunocoda — 310 xJied, KOTOPLIM OH MUTaeTcs B co3HaHuu. [Toatomy dunocodcTBoBath
3HAUUT YUYUTHCS KUTb, iepedpasupys MonteHs M.

Benp uto Takoe ecrecTBeHHasi Hayka? DTO OMMCAaHWE PeaTbHOCTH Yepe3 aKCMOMATUKY KOH-
KpeTtHo Hayku. Ho akcrmomatuk Moxet ObITh MHOTO. [ToaTomy (punocodus kak camasi CBOOOTHAS
U3 BCEX BUJIOB IMO3HABATENILHOM AEATETBHOCTU CTPATETHSI MOKET BBISIBUTh CaMble BaKHbIE OCHOBAHUSI
BE3JI€ U BO BCEM.

O0pa3 XW3HU — 3TO MOMEHT OIyIIeHus Siopuu cyriectBoBaHus. Eciv HeT siicopun, TO HET
HUKaKoro oopasa ’KM3HH, a €CTh JIMIIb MOMbITKA KUTh. HacTosiee cyiecTBoBanue oo B aiiopunt
BpeMsl OT BpeMEHH, JTMOO B TeHEpUPOBAHUU CBOETO 1.

S — 310 ecTh KBapaT, MHOT/IA KyO YeIoBeKa, MHOT/Ia KOPeHb KBaJPATHBIN 1 MbI JOJKHBI YMHO-
XKaTb, yBeJIMUUBaTh Mepy. [IprnyéM NMOCTOSHHO OOHYJISISI U ONSITh BO3BOJISI B CTENEHb, 3TO MaTeMaTH-
yecKas urpa ¢ 4uciom .

Korga pycckue ¢punocodsl 1opeBOTIOIMOHHOTO BPEMEHU TOBOPUIIM O CMBICIE KU3HU, UCTHHE,
MYTSX U HANPaBJICHUSX Pa3BUTHS YeJIOBEKa, UCTOPUM, TO OHU T'OBOPWIM O YEM YTOHHO, TOJBKO
HE O MbIIUIeHNH. MBIIIUIEHHUE XapaKTepu3yeTcsl TeM, YTO OHO pean30BaB cedsi B mporecce odcep-
BaI[MOHHOTO KauecTBa pedpieKCUM O YEM YTOIHO, YKe He BUAMT MPOoOIeMbl B OObeKTUBHBIX BEIIax,
OHO y’e B cCaMOM cebe pelieHre mpooJieMbl YesioBeKa.

To, 0 4éM $ MUy — pa3MHUHKA WK Oer JIETKOM Tpyclon B (puIocopuu, OTOMY YTO TOBOPHIIH
00 3TOM U Jpyrue, HO Bellb B UCTOPUM BCE JIAaHO Cpa3y, TOJIBKO MPOSIBIISETCS OAHO, PYroe, TPeThe
B pa3HOe BpeMsI IO pa3HOMY, YObIBasi UJIM YBEJTMUMBASCh, M BOT CefiUac BpeMs JIIsl MeHsI OIISITh MPo-
SIBUTH 3Ty TEMY, U 9TO MOE OTKPBITHE, HUKAKHMX MEPEOTKPHITHIA HET, €CTh MOE OTKPBITHE U OTKPHITHE
3TOTO K€ APYTUM.

[Motomy npeameTt ¢utocoum — 310 mapagokc. Punocodust paboTaeT TOIBKO ¢ MapPaTOKCAMU
1 ux crnenctBusiMu. Eciii HeT mapajokca, TO 3TO yKe CIeICTBUE KaKOTro-TO MapagoKca K He JOIIe]-
1m1ast 10 NMapaiokca MbICITb.

VctrHa B MBIIUIEHUH TIapafioKcaibHa 10 OTHOLIEHHUIO K MCTHHE CMBICA KU3HH, TTOTOMY YTO
9TO BCE paBHO, UTO MOLIETYH SKCIIPOMTOM JEBYIIIKH, Ba)KHEE TEOPUH CEMEMHON KU3HU U yXaKUBaHUSI
3TOMY IPEALIECTBYIONIETO.

Nrak, ¢punocodus ects 06pa3 xu3Hu dunocoda 1 9acto reHus. [eHuil moImmMaTnyeckoro
trna Beerga punocod. [Mouemy? [Totomy YTO OH B CBOMX pa3MBIIUIEHHUSIX UMEET CHITY yMa, KOTOpast
peau3yeT IaBHYI0 MOTPEOHOCTh — AMUTAPHOCTH MBICIIEH 32 IAPOM.

HoBast Tad/una yMHOKeHHS

MmHoi0 n300peTeHa HoBast TaOIMIIA YMHOXeHUsI. | OBOpUTh 00 3TOM 51 MOTY B CBOEH TEOpUH
YKCes UCXO/Isl U3 TOTO, YTO B MPUPOJIE HET HUYETr0 HAYMHAIOIIETOCs M 3aKaHYMBAIOIIETOCs, a BCeraa
npucyTcTBYeT mpotiecc. [ToaTomy modoe Yrcio — 3TO MPOIecc, a He KOHEYHBIN pe3y/bTar.

Boszbmém uuciio 1 u paznoxum ero. 1 —3t0 0 (TO, 4TO MpeaiecTByeT) 1 2 (To, YTO MOC/IEAYET).
[Mostomy 1 —310 M1 0, U1 2, 1 omHOBpemeHHO 0, 2 u 1. [IpuuémM MMEeHHO Ha OJHY €MHUILY MBI 100aB-
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JIsieM Y TIpUOaBJIsSieM IOCIIe YMCia, TIOTOMY YTO €AMHUIIA — 9TO MEépa MUHUMAIILHOTO 11EJIOT0 YUCIIO-
BOT'0 JIMCKPETHOTO TuhepeHIIMPOBaAHUSI.

Takske ¢ KaxapiM yrcioM. [Ipuuém ymHOKeHHe OyleT CTPOUTHCS Ha OCHOBAHUM YMHOXEHUSI
takoro tumna 2*2=2 (1;3) *2 (1;3) = (1*1) * (3*3) =1*9=9. To ecTb yMHOXXEHHE JAHHOTO BU/A €CTb
YMHOKEHHUE TIOJUMCE, & 3HAYUT CaMOTr0 MOAPOOHOTO ONMMCaHMs Ynciia. Takium oOpa3oM MomyJaercs,
yTO 2%2=9.

Kakoit ¢utocopckuii cMbici Mbl MOXKEM W3BJIeUb W3 JIaHHOTO peieHusi? OueBUAHO, UYTO
2%*2=4 110 cpaBHEHHMIO ¢ 2*2=9 CTOUT B OTHOIIIeHNH Y2+1 (Koraa peus o 2 B 2*2=4), nosromy jodoe
MaTeMaTUIecKoe yTBEepiKIeHHe — 3TO IPUMEPHO TIOJIOBUHA VCTHHBI, €CJI OpaTh JaHHBIN ITPUMED.

Korzaa Mbl roBOpUM 0 YesioBeKe, TO peub UIET O TOM, UTO JT00as AeITeIbHOCTb OpraHu3Ma — 3TO
TO, YTO TIPOMCXOAMT U TO, UYTO CTOUT 32 JAHHBIM, Y TIOMUYHCIIO ACSITELHOCTH 10 (DYHKITUY U 3HAYCHUIO
HaMmHOTO Oosbine. [ToaTomy rmyOuHHas aHaTOMUS U (PU3HUOJIOTHS YeJIOBEKA M KMBOTHBIX,  TAKkKe
(u3rKa U XMMUS TPUPOBI HAMHOTO CIIOXKHEe, TITy0ke, MHTePEeCHeH, YeM TO, C YeM Mbl UMEEM JIeJI0
Ha IOBEPXHOCTH IpoLecca.

Ho Gyner nmu npaBuibHBIM 002 yTBepKIAeHU: U 2*¥2=4 u 2*2=97? {] nonaraio, 4to 310 OyHeT
IBa TIPAaBUJIbHBIX pelIeHHs], HO MEPBOE HEMOIHOE, a BTOPOE MOJTHOE M KaK 3TO HU Mapa/IoKCaJIBHO,
BTOPOE TaKKe ISl MPAKTUKY OyaeT (DeHOMEHATLHO BasKHBIM.

Ecmu Mbl BO3bMEM IBe KOPOOKU C TIEYCHbEM M YMHOKUM UX Ha JPYTHe JBe KOPOOKH C reve-
HbEM, TO TIOJIyYMM YeThIpe KOPOOKH, HO TO, YTO MPEIIIECTBYeT KakJAO0H KOpoOKe — 3T0 Habop
KOpOOKHM TIeueHbeM, TO eCTh | U peanu3aius NeueHbsl B IOTpeOIeHUN Mara3uHaMu M JIIOIbME, TO
€CThb 2, ¥ IOTOMY TIOJTHOE pelnieHre Oy1eT UMeHHO 9, eciii IepeMHOKUTh Bee (DYHKITMH KOPOOOK.

M=Hoio npoyiesiaHa padoTa Mo CO3JaHUI0 BCell TaOIuUIIbl yMHOKEHHsI, BBEJCHUIO B 000POT BCEX
yucell, KOTOpbIE MOTy4YaloTcsl, KOIjla Mbl YMHOKA€M BCe TIOIUYKCIIA BCEX YUCEl.

Ho ecth em€ onuH OYeHb WHTEPECHBI MOMEHT, KOTOPBIA 3aKJ04aeTcsl B TOM, YTO
1-2-3-4-5-6-7-8-9- (1—0) — 310 IecATUYHAS CO3JaHHAs JTIOAbMU CUCTEMA CUMCIICHHS, a MOXKET OBITh
Jpyrasi cuctema cuucienus, rjae Ha 10 He 3akaH4YMBaeTCsl YMCIOBOU 11eJI0OYMCICHHBIN Psijl.

3710 MOXeT ObITh, HarIpumep, 1-2-3-4-5-6-7-8-9--p-1B-2p-3B-4p-5B-6p-78-8p-9B-Bp-B1-p2-
B3-p4-B5-p6-B7-p8-B9-pB....H TaK gajee.

B 3TOM HanpagieHnM HaIo MPOJOJIKATh padoTaTh. DTy CUCTEMY CUMCIICHUS 51 TIPEIOKUIT KaK
JIbTEPHATHBY, HO MOXET OBITh €I CUCTEMa CYMCIICHHsI, B KOTOPOH eIlE YTO-TO JPyroe, ¥ 3To Oyner
JaBaTh HAM COBEPIIIEHHO JIPYTroy B3IJIs HA MUP U Ha BEIIIH.

[Mony4aetcs, 4TO YKUCIIO — 3TO €IE U YHUBEPCAIbHBIM HE WHBAPUAHT, TO €CTh HE MOCTOSH-
HOE 3HAYCHUE U TOJBbKO (pUKCHpyemasi BelnunHa. Ecv MpeanonokuTh, YTO MBI KUBEM B MUpE
HE JIECATUYHOTO CUMCIIeHUs, a IU(po-OyKBEHHOTO Mepedopa, Kak MPeJIoKUII 5, TO 3TO MOBIUSET
Y Ha U3yYeHHUe IIMKJIOB 3eMiiu (aCTPOHOMHUSI), ¥ HAa U3yUYEeHUE Mo3ra (MCKYCCTBEHHOI'O MHTEJIEKTa
B YaCTHOCTH), ¥ HA M3yYCHUE CaMOW MAaTEMAaTHUKH, ¥ UTO CAMOE IJTABHOE TEXHUKH, TEXHOJIOTUH ¥ U300-
peTarenbCTBa.

dunocodcku 3HAYUMO 37€Ch TO, YTO MOKET OBITh MTHOE B MATEMAaTUYECKOM TOIOJIOTHHU, KOTO-
pyto Beén IlyaHkape 1 HEOTHO3HAYHOCTh CMBICJIOB.

Maremaruka co3gaéT 4To-To AJIsl TOro, 4ToObl OOJIbIIE MO3HABATh MUP. ECi MBI rOBOpHM, YTO
MaTeMaTHhKa — 3TO TOYHAsI HAyKa, TO Mbl TOBOPUM ITPAB/Ly, HO TOJIBKO C TOM OTOBOPKOM, YTO 9TO HayKa
Y TIOTOMY TOYHBIE BBIUMCIICHUSI PACIIIUPSIIOTCS, YBEIUIUBAIOTCS, MIX MHOTO ¥ OHU TTOCTOSTHHO JOJIXKHBI
AKKyMYJPOBATHCS HAIIIMMU YCUTHSIMHU.

51 yOex1€H Ha OCHOBAHWUY HAYYHBIX M3BICKAHWIA, YTO HAIl MO3T paboTaeT Mo MaTeMaTHIeCKUM
Y TeOMETPUYECKUM CTPATETHSM U ITOTOMY BCSI MAaTeMaTHKa B HEM, U BCe TTPUHITUITH TUhepeHITpo-
BaHUS, K IPUMEPY, B TeOMETPUU, KOHEYHO, a HE YHCIIe, B BEIIECTBE FTAPMOHUYHO OTPAKEHBI, TIOITOMY
mo0oe MaTeMaTUYeCKOe TIOHSITUE MOKET ObITh T'YMaHUTAPHBIM SI3bIKOM OIHCAHO, KAK CMBIC]L.

MATEMATUKA u TEOMETPUS npoodpa3zoBanust

3anaua 1 O6HapykeHHe YIUIOTHEHHI, KaK OHA BO3MOXHBI?
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Pemum takyio 3agady: qaHo 2 (pU3HYECKUX 00beKTa pa3sHor (pOpMBI U [Ba (PU3UUECKUX 00b-
€KTa O/IMHAKOBOU (hOPMBI, 3TO AUCK U TPEYTOJIbHUK U J1Ba KBajapara. Hy)kKHO BBIYHUCIUTD C TOUKU 3pe-
HUS TPOOOPA30BATEILHON MAaTEMATHKHU KaK 3TH OOBEKTHI BIUSIOT APYT HA ApYyra MpH HaXOXKJCHUH
Ha PaBHOM JIPYT OT JIpyra paccTOsSHUM. [{71s1 pereHus 3aJaul MOKHO MPUMEHSTh JI0ObIe CIIOCOObI
Y METOIVKH BBIYKCIICHHsI, HO MOJIb3YsCh NOHATUIAHBIM si3bIkoM [IpooOpaza.

OrtBer u perieHue:

KBagparsl. ¥V kBagpatoB no yersipe yria. Kaxplil yron HarpapjieH CBOEH SHEPreTU4ecKon
CUJION BO BCE BO3MOKHBIE CTOPOHBI. BCeMPUUMHHOCTD KaK IOHSATHE O TPOIILIOM, HACTOSIIIEM U Oyy-
IIEM TaKXe B 3THX MPeIMETax MpooOpasyeT uX HOBble KOH(UTYpaluK B OBITUH (PparMeHTaIH. DTO
HenoJB/IacTHasl HaM Tema. HaM jke MoaBiacTHO pelmTh B3aMMOJEHUCTBUE KBAJAPaTOB Ha OKpPYXKalo-
LIyI0 IPUPOAY. A OHO TAaKOBO, YTO OHU U3JTy4alOT BCEMU CBOMMMU YEThIPbMS IOBEPXHOCTSIMU SHEPTUIO
BO BCEX BO3MOKHBIX HAIlPABJIEHUSIX, OTHOBPEMEHHO CUMUTHIBASI MH(POPMALMIO C IIPUPOLBI U C YEJIO-
BeKa (OB), €CJId OHU TaM HaXOJsTCH.

KBajpar 1o oTHOIIEHHIO K KBaIpaTy U3JlyyaeT KOMOUHAIUY roBepxHocTed 1—1, 2—2, 3—3,
4—4. Camu MOBEPXHOCTH HE POBHBIE, TAK KaK B MPUPOJIE HET HUYETO POBHOTO M AOCOMIOTHO TOYHOTO
Y TIOTOMY OHHM MOTY M3JIy4arth clienytomue komounamuu: 0,5- 0,5 wm 1,3—1.,4, 2—0,1, 3—1,5, 4-
(-3). Kondurypanmu u Bapuanyu camble pa3HOOOpa3HbIE U MOJIHOCTHIO BHIYUCIUTD 00BEM KOMOWHA-
WA JaXe B OOBIYHBIX KBAJPATOB CpeiHe 1ab0opaTOpHON BEMUUHBI HEBEPOSATHO CIIOKHO, a TOYHEEe
OYeHb TPYIOoEMKas padoTa.

Ho BwisicHsieTCsl MHTepecHasi AeTajlb, W3JydYeHHe CTOPOHBI KBajpara, KOTOPYID Mbl OepéM
3a (PUKCMPOBAHHYIO BEJIMUMHY €CTh U3JIyUeHHeE MOJIOKUTEIBHOrO BeKTopa 4 Ha BeKTop -3. Kak Takoe
BO3MOXHO? (3TO OHA U3 Bapuaruii, 0003HaYeHHBIX MHOW) [Tomydaercs, 94To oTpuIiaTeIbHOE U3ITY-
YeHue, KOTOPOe €CTh BHYTPEHHEE M3JIyYeHHE CTOPOHBI KBajpaTa HENoJlHasl KapThHa MaTeMaTruye-
CKOT'0 B3aMMOJIEHCTBYSI, & JIUIIb PACK PHITHE OAPOOHOCTH M3my4yeHuil. To ecTh mpaBuibHast hopmysia
JOJDKHA BHITJIAAETh Tak: 4—4 (-3), a emé 6osee nmpaBuiIbHO (-3) -4-4- (-3), HO 3TO CUMMETpPUYHAS
dopmyra, a Ha camoM Jiesie 3[ech TaKkke OecurcIeHHble Bapraliy 1 poBOro mpoodpa3oBaHusI.

Ho Ham HyXKHO BBISICHUTB: a YTO €CJIM JETATBHO MPOCYMTATh MAKCUMAJIBHO OOJBINOE KO-
YECTBO Bapualuil u3jiaydyeHui? (TOMBKO TOYHEE HE «IHEPruM», a «IMOTOKa U3MEepeHHus» (Mu3Ma).
[Tonyuutcs pe3yabrar, KOTOPBIN TO3BOJIUT FOBOPUTH O MHOKECTBEHHOCTH CTPYKTYP MUpa Kak BHEUI-
HUX TaK U BHYTPEHHHUX, 3TO OyzeT (haKTONOrnIecKor CTOpoHOM. U Takske MpakTUYecKUil MOMEHT-
CTOpOHA — 3TO NEPCHEKTHBA HAUIYNbIBaHWSI B MPOCTPAHCTBE CTHIKOB, YIUIOTHEHUW U HAJIOKEHUM
PaBHOHAIIPABJIEHHBIX M TOXJECTBEHHBIX BEJIUYHMH C LIEJBIO «IIPOrndaTh» MareMaTudeckoe ObIThe
Y COBEpUIATh JBMKEHUE B 9TOM YIUIOTHEHUH C ITOMOIBI0 TEOPUU BBIYUCIIEHUS U TPAKTUKU MEXaHU-
CTUYECKOro NMpUMeHEHHsI 000pyIoBaHMsI (MAIUH) 1151 NiepeBrkeHus B Obitun. [lox GpiTneM 0060-
3HAUYUM MaTeMaTHYecKre BOI'YHOCTH W MPOruoObl. BHemHuid mopsaok aen Onaronapsi BHyTPEHHUM
BBIYMCIICHUSIM. B 3TOM NIMOHEPCTBO MaTeMaTHIECKOro MpooOpa3oBaHusI.

Ho em€ B 3agaye y Hac Cka3aHO O JUCKE U TpeyrojbHUKE. [leo B TOM, 4TO 3[€eCh ele
Jlerye HalllynaTh B3auMOJIEHCTBUS, TaK Ha3bIBAEMBIE CTHIKM U YIUIOTHEHM S, TIOTOMY 4TO ITM3Ma 3/1eCh
HE CUMMETpPHYHAsI, & CTPEMHUTCSI K Pa3HOCTSM 3HAUCHUH, & 3HAYMUT YIUIOTHEHHs OyIyT Ha CTHIKAxX
OYEHb OYEBU/IHBI.

[TpumepHO 3TO MOKHO B IM(PPOBOM BUjIe M300pa3uTh Tak: 1,2, 3,4, 5, 6+00 — 1,2, 3, 4 (auck-
TPEYTOJIbHUK) U B UTOre CTHIKUA. HO 3HaYeHus Tak:ke 3aBUCAT OT (POPMBI U MECTOMNOJIOKEHUS, pa3BO-
POTa U COCTOSIHU I ITOKOSI UJIM IBUKEHU S IIPEIMETOB, MX HAXOKAEHUS B IOMELICHUH WX Ha IPUPOJE,
BCE 9TO JAa€T MU3MBI U TaKXke 00pa3yeT CTBIKM, HA KOTOPBIX MOKET MPOrudaThCsi MaTeMaTHUecKoe
OBITHE W OCYIIECTBIISATHCS IBUKEHHE.

B 0OBIYHBIX € YCOBHUSIX MU3MBI MPAKTUYECKU HE OIIYIIAIOTCS HAaMH, HO TIPH KOHCTPYKTHUB-
HBIX HAay4YHBIX B3aMMOJIEHCTBUSX OHHM OyIyT sIBJISATH YIJIOTHEHWsI U TEM CaMbIM [1aBaTh ajbTepHa-
THBHBIE HICTOUYHUKH JBMKEHHS ¥ TOPIOYEro, IOTOMY UYTO MU3MBI HE TOJIBKO JAl0T CIIOCOOHOCTH JIBH-
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raTbCsl, HO TPH MPAaBWIBHO OOO3HAYEHHBIX MATEMATUYECKMX KOH(PUTypalusx eme 3TO JBUKECHHUE
Y OCYILIECTBIISIOT.

Ho nyxHO pa3zoOpatbcs eré 1o kpaitHeit Mepe B qByx Bemax (I[Ipumeuanue)

UYro Takoe BcenpuuMHHOCTD B JAHHBIX KOH(PUTYpaIUsIX Mu3M?

Kakop Hanbosee mpocto oOmuii 3HaMeHaTe b B3aUMOJICHCTBUH MU3M?

1.BcenpuynHHOCTD B JAHHBIX BBIYMCICHUSIX MOXKET UCTIOIb30BAThCS, @ MOKET U HE UCTIONb30-
BaThcs. be3 He€ MOXKHO OOONTHUCH, HO B TO ke BpeMsl eciid e€ KMCIOIb30BaTh, TO 3TO MOXKET JIaTh
PEe3yJIbTaThI /151 YCTAHOBJICHUSI TeJIENOPTALlUK, TIOTOMY 4TO B TeOpuH U npaktuke [IpooOpasza Bpems
HAXOIUTCS U TPEIYyTaJblBAeTCsl B OJHOW TOUKE CYIIECTBOBAHUS M B TO K€ BPEMsl CaMoO JIBUKECHHUE
MU3M BHYTPHU TeJla MOXET IPUIaTh eMy JBIKEHHE 0e3 U3MEHEHHs BHEIIHETO MPUPOIHOTO, C TIOMO-
IIBIO TAKXKE CTHIKOB BHYTPH TeJla M BOZMOKHO HAJIOKEHUH TIH3M.

2. OO0mmii 3HaMeHaTeIb MOXKET OBITh HAMEH, HO 3TO TPeOyeT Kak pa3 BRIYKMCIEHUN OrPOMHOTO
yrcia MateMaTukoB. Ceifuac ke MOXKHO CKa3aTh, YTO MATEMATHUECKHE TOXAECTBA — 3TO OPHEHTHUD
K HaXOXKJIEHUIO (PU3MYECKUX YIUIOTHEHMH MHU3M, a TaKKe TeOMEeTpUYeCKUe Bapualliyl yIUIOTHEHU
€CTECTBEHHOIO XapaKkTepa U UCKYCCTBEHHBIM ITyTEM MOXKET AaTh Pe3y/IbTaT B MU3Max.

[MN3MA - IIOTOK U3MEPEHUM A

(dykanoB A.) MaremaTtnka Moero ¢gpuiocodckoro Auckypcea:

A — 271eMeHT, KOTOpBI MoApa3yMeBaeT BCAUECKYIO MOTEHLMI0 U HAYaJIbHOCTh, A SIBIISIETCS
Cyryo0 HayaBIIMMCS, A SIBJISIETCS BCSTYECKMM OTIIPABHBIM yKe IJTSAIIMMCS MaTeMaTHUeCKUM Tepro-
JIOM, KOHCTaHTOU U MapagurMoi (Bcé BMecte sieMeHT [loteHmm)

b — sneMeHT OpraHM30BaHHOTO «OW», TO €CTh Jyaln3Ma, KOTOpbId 0003HAYaeT OpraHu3ally-
OHHBIE PSJIbI JIIDOOTO YpOBHS, b sIBNisleTcsl BTOPhIM (pOKyCOM JII0OOM MaTeMaTHUECKON Orepaiy —
ayanbHOCTBhIO. OH MOXET ObITh MpeAcTaBUM Kak (1=2=4=8=b) — npumep nyanusma, (2:2#b) — npu-
Mep He yasbHOro (hoKyca, py KOTOPOM HET pa3MHOKEHHS IyaJIbHOCTH.

PS: BooO111e 106ast MaTemaTiyecKasi CucTeMa CTPEMHTCS K 000COOTIEHHOCTH, 000 pe3ysbTaT
(punan UM i mateMaTUyecKoe pellieHre) — 3TO BhIBEJICHUE «OJIMHOKOIO YKCIa», TO €CTh KpaiiHe
CY’KEHHOU pe3yJIbTUPYIOIIel (DYHKIIMYU B pe3yJIbTaTe MaCIITAOHBIX BEIYUCIICHUH M KOOTIEpAIUi ypaB-
HEHUIA.

B — anemeHT yaBoeHus pe3ynbTaTa, camast JIorndeckast JOMUHaHTa, Korja TpedyeTcs yBenuye-
HHE T0CJIe TyaJIbHOCTU Ha MPOMOPIHOHATBHO JIBOMYHBIN SK3UCTEHIIMA, KOTOPBIN OMUCHIBAET MPE/Ibl-
AYIIUIA ¥ OTHOBPEMEHHO JAPYroM, MOTOMY 4TO €ro KOHCTaHTHI YBEJIMUEHBI BABOE CHJION HApaCTaHUS
MOTEHIMAJIA U €T0 YTBePK/ICHUS B Cpelie.

(15—5=10%#B), Ho 15—15, 60 (15+15=30=B) — npumep ¢okyca yaBoenus B.

I' — snemeHT MH(POPMAIIIOHHOTO COAEPKATEIBHOTO CTOSIHUS, €IMHULIA COCPKaHuUsI, KOTOpast
MOYET BKJTIOYATh JTIOOYI0 TEOMETPHUECKYIO COOOITHOCTb.

I'= +++++ {

————{

**% {KITACCUYECKASA MATPULIA

:: {COOEPKAHUN

= {

JlaHHBIE YeThIpe YMCiIa Has3bIBAIOTCS (PUIIOCO(PCKUM MaTeMaTHYECKUM KBaJpaToOM, KOTOPBIH
oOpa3yeT 3aKOHYEHHBIN IMKJI JI0OOro JEHCTBUS B MPHUPOJE, KOTOPOe TaK WM MHAaYe 0OO3HAYaeT
cofepskaTesbHble OCHOBAHH S HAIlIeW KU3HU, B JIIOOBIX BO3MOKHBIX chepax mpH (pU3NIeCKOM JIMHEH-
HOM MHpE Y pa3HOYIJIOBBIX BOCHIPHUATHSAX M aHAIM3ax (OOKOBOM, BEpXHEM M CHHTETHUECKOM)

MosxeT BO3HUKHYTh BOITPOC O CMBICIIE MaTeMaTuKu. U 51 cpa3y oTBevalo, 4To OnMcaHue, Kapau-
HaJIbHBIE Y3JIOBbIC MOHATHUS U MPUHIMIT KaK (PeHOMEHATbHOCTh MATEMAaTUYECKOTO TapreTUPOBAHUS
HanOoJsiee BaKHbIE, YeM BBIYMCIICHUSI BEIIM, YACTO BBIYMCIICHUS BOOOIIIE €10 CUMTAIONINX, 4 He MaTe-
MaTUKOB (DYHIAMEHTAJILHOTO TOIINBA.
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J1 —21eMeHT TacoBaHus1, OT KOTOPOTO 3aBUCUT CyOOpAMHAIINS eTUHUL MTH(POPMAIIUHU U UX 3apsi-
JI0B B COYETAaHUU C YMCJIOBBIMU HOCUTEISIMH, YeM Oosblie [I, TeM oObEMHee MaTeMaTniecKkasi Mat-
puna conepxanuii. [Tpumep:

+H+++ -+
% sk ok sk

2222

T=(+(5) = (@ = () - (03) (222" =1

Kax BuHoO 1 BBINONTHSIET (DYHKIIMIO OTMCAHUS U 3aBEPIICHHUS], a IOTOM U TeHepaIbHOTO Havasia
(byHKIIMM, LIESTBI0 KOTOPOH SIBJISIETCS BBISICHEHU S COAEP/KAHUI.

Uro kacaetcs yucina, To, C OHOM CTOPOHBI, OHO HE HY’KHO, IOTOMY YTO IJIaBHOE — 3TO MPUHLIMIIT
MaTeMaTUIeCKOW KOHIICTIIINH, a C JIPYroi CTOPOHBI, pa3[esl MAaTeMATUKHU JIOJKEH OBITh MOCBAIIEH
YHCITy, KOTOpOe OBUIO OTUYXAAaeMO, CIICHIMaIbHBIN pa3/ieN, ¥ ero MOKHO Ha3BaTh «YucnoBas mMare-
MAaTHKa», [JIABHBIM MPUHLIMIIOM KOTOPOM CITY’KUTh MOXET YMCTO YMCJIOBOE KOHLIENTYaJlbHOE MHTE-
IpUpOBaHKE, 2 He BBIYMCIICHUE, OIISTH XKe.

20 40 55— nBUKEeHUE YKce, UX YBEJIUUEHUE B TBOMYHOM aKTe

30 50 45—, — 310 00O3HAUCHUE IBMKEHUS UKCENl, MX YBEJIMUSHUs U YMEHBIIIEHHS B TPO-
WYHOM aKTe

Pesynbrar — 310 (DMK, TIABHOE MPUHIMIL. [[J1s1 MpaKTUYECKUX HYX ]| IPOMBIIIITIEHHOCTH WJTH
SKOHOMMKM PE3YJIbTaT TaKKe HE UMEET 3HaYEeHUs1, pe3y/IbTaT B CTApOM CMBICIIE. B OIIMHHOM HOBOM
CMBICJIE PE3YJIbTAT — 3TO BBISIBJICHUE MPUHIIHIA C HATYPATbHBIMU OOBEMAMK XapPaKTEPHUCTHUK.

2+2=4 — 310 UKL (HO KOe-TJie Hy)KHas, U1l AeTel Ha HauaJIbHOM 3Tarle MOCTUKEHUs MaTe-
MAaTUKHU 1 apu(pMETUKH, HAIPUMED)

2

+

2

3 37emMeHTa ¢ IByMs OXOKMMU XapaKTEepPUCTUKAMH U OJHOI CBS3YIOILEH (+) XapaKTepUCTu-
KOI1, KOTOpBIE TEOMETPUUYECKH «3aBUCAIOT», U CTPEMSTCS K CaMO3aKOJIbLIOBAHHOU CTPYKTYpeE.

B 3D BuaeHnu — 310 nu1aBaolye npsAMOyroJibHbIE COAEpKaHusl, KOTOPbIE MOT'YT CIIyKUTb KpeTl-
KOW (pU3MYEeCKON HOPMUPOBAHHOW CYOCTpaTHOW (DYHKIIMEH U YIJIOTHEHUEM.

MaremaTrueckuii peajiizm

MBI 10/KHBI YCTAaHOBUTD, YTO YHCIIO UMEET BIIMCAHHOCTh, UTO YUCJIO HE SIBJISIETCS HE3aBUCH-
MBIM apryMEHTOM, YTO YMCIIO €CTh M3HAYAIbHOCTh, KOTOpasi UMEET YMCJIOBYIO MPETIOUI0 U YHUCIIO-
BBIE CJICJICTBUA (CIICICTBHE).

ITO 03HAYAET, YTO JTIOOO0E YMCIIO MOKET UMETh U IOJKHO UMETh PEllieHre yKe TOJIBKO IOTOMY,
YTO OHO SIBJISIETCS JEUCTBUTEILHBIM YHUCIIOM.

[Mouemy mbI MOxeM 3HaTh, uto O ecth -1 u +1 pemenne? [lotomy uTO nMeMeHTapHast Tad-
JIMLIa YMHOXEHM 1, BCEMU IPU3HAHHAs1 UMEET TaKOe K€ 3HAUE€HHUE €IMHUYHOIO COCTaBa, 3TO CJeIyeT
U3 TOro, uro 1*2=2 wm 2*2=4, unu 4*3=12. Yro npou3BoasT 3tu yMHO)eHUs1? OHU MPOU3BOIST
OIEPALMIO JJAHHBIX YMCEJ Ha IBUOYHBINA KOJ. 3/1€Ch TOJIBKO [1BA JAEUCTBUS: COCTAB JaHHBIX U ONepa-
Hsl.

Ho 310 oTuy)naenue uncna. [Toromy 4to yMHOXeHHE HE SIBJIsSETCS 0a30BOW XapaKTepHUCTHU-
KOl Mupa. Ba3oBoii XapakTepuCTUKON SABJISAETCS CIOKEHUE U BeluMTaHue. Yl moroMmy peasbHOE Yuciio
U peaJIbHOE BBIUMCJICHUE UMEET OIEPalvIo B YPAaBHEHUH WM NIPUMEPE CIIOKEHUS JaHHBIX KakKI0TO
yKcia Co CJeLYIOIMM MApPHBIM M0 MOPSIKY YMCIOM B YPaBHEHUU WM IIPUMEpE.

Peannsmom Mbl 3TO MOkeEM Ha3BaTh IOTOMY, UTO ITOKA3bIBAET JAHHOE PEajIbHYI0 OKPECTHOCTD
pelleHus], KOTOPYI0 MOXHO MEPEHECT! Ha rpaduK KOOPIMHATHON MPSMOU U BbISIBUTH (PUTYpPY. DTO
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TeM OoJiee BaKHO, TOTOMY UTO IMO3BOJISIET HAUTH B (pU3MKe, reHeTuKe, MOp(OJIOTHHA U OMOJIOTUH,
Y IPYTUX JUCIUILIMHAX TTOABMKHYIO (DYHKITHIO,  HE TOUEUHOE CTATUYHOE YHMCIIO.

Takske U3 reoMeTpuYecKux (PUryp MoXHO yXke TeOMETPUUYECKUM METOJJOM BBIBOIUTH JIAHHYIO
BITMICAHHOCTD U CJIEJICTBUSI BIMCAHHOCTH.

Takske MoXkeT ObITh TpuMeHeHa 3D-MeTpust K I0OOMYy M3 BUJIOB MEPEUMCICHHBIX MaTeMaTu-
YECKHX OIeparyil.

B MHpOBO33peHYECKOM CMBICIE 3TO O3HAYAET, YTO MBI MOXKEM MPOBOAUTH PEUICHUS TOJBHKO
yXe HauaTble U TOJIbKO KOTOPbIE 3aKOHYATCS CJEAYIOIIMM aHAJIOTOBBIM MPOIOTKEHUEM.

Ecnmu mMbt roBoprM 0 nipuurHe bora, To I0JIKHBI CKa3aTh, YTO Ha SI3bIKe MaTeMAaTUKU OH BBIBO-
JWTCS KaK pa3 U3 peabHbIX BBIYHUCIICHHI, KOTOPhIe HE CPa3y OUYEBU/IHBL.

Maremaruka — 3TO HayKa, KOTOpasi Terepb MOXET ObITh B MPAKTUKE €CTECTBO3HAHUS ceOsI PO-
SIBUTb.

O TpeTbell MepeMEeHHOIN B MaTeMaTuKe

TpeThbst mepeMeHHasi — 3TO CleyIolIasi 3a MepBOi MepeMEHHOM, KOTOpast €CTh ONKCaHUE MPOo-
recca B (popMax BHEIIHEW JIOTMKM MaTeMaThka A0 17 Beka, B ToM uucie EBkimnioBa reomerpus,
1o HelotoHa-JleiiOHMIIA; ceayromias 3a BTOPOU MepeMeHHOM, KOTopasi €CTh B 000OIEHHOM CMBICTIe
muddepeHIranbias 1 MHTerpajibHas MaTeMaTuka, B KOTopoi quddepeHiman — 3T0 IpocThie ore-
paiuu 10 GECKOHEUHOTO MHOKECTBA, a MHTErpajl CPABHUBAETCS C MMPOM3BOAHON U MIEPBOOOPA3HOM,
a TakXke Jpyrue CJIOXHbIE CTPYKTYpbl, TO, U4TO MoMorio [aimya co3marh anredpy M BBEJO BCSKHE
ypaBHeHus1, (PyHKIMHU, TpapuKku U OOCTYKMBAIOLIYI0O MaTeMaTUKy COBPEMEHHOTO THUIIA; MepeMeH-
HOM K€ TPEThEero TUIIA SIBJISIETCS TaKasl epeMeHHasi B MaTeMaTHKe, KOTopasi POU3BOJIBHO CO3/IaHa,
HO /IO KPaTHOTO pa3Mepa BEJMUYUHBI B TPU OINEpalliK, KOTOpbIE €€ XapaKTepu3yIoT Kak Ha rpaduke,
TaK M B YKCJIOBOM BBIPaKEHHWHU, KOTOpasi JOJKHA ObITh OOBSICHEHA CPEeJCTBAMU MaTeMaTUKU Tep-
BBIX JBYX BHUJOB. DTO MPOU3BOJIBLHO TOBOPS MOXKET OBITh 2 B CTENEeHH 2, B CTEIeHW 2 U B CTETNICHU
2 (mpuMep JIETKOTO pelieHus ), @ MOKET ObITh TPOUYHOCTD JAPYTOro CIOXKHOIO TUIA — IPOU3BOJIBHBIH
9JUIMIIC, KOTOPHIA UMEET BHYTPH ceOsl TPEYTOJIbHUK U OMHUCHIBAETCS] TPEMsI TOUKAMHU BHE TPEYTroJib-
HUKA ¥ 3JIJIUIICA cO 3HaueHusiMu 34, 56, 76, 1 Hy>KHO BBIYMCIIUTD COCTOsTHUE (pUryphl. Takoi nmpumep
MOXET ObITh B3AT AJIS1 TOTO, YTOOBI MOHSITH IPUPOY TEONe3NUECKON JIMHUU OKPYKHOCTH, HO Yepe3
BJIMSTHUE BHEITHUX (DAKTOPOB Pa3HBIX BEJIMYMH BHE OKPYKHOCTH.

TpeTbio NepeMeHHYI0 B MaTEMaTHIECKOM JIMCKYPCe TUCKYCCUBHOTO XapaKTepa MOKHO OTHECTH
K pazfeiy MaTeMaTuKy — aHanu3y. Teopus aHamM3a CJI0KHBIX CUCTeM, eciti 6osiee TouHo. Ho B TO ke
BpeMsl eCTh TPEThs NlepeMeHHasi Oy/ieT BBeJeHa B TOIMOJIOTHIO WIIM B TEOPUI0 BAPHAIIMOHHBIX YpaB-
HEHUI, 9TO TaKxke Oy/leT mpueMJieMo, Kak | s JiioOoi apyroi teopun. OO03HAYCHUE ke TpeThen
nepeMeHHou s npeiarato cneayiomiee — «» (THREE).

Ecnu MBI 101TyCTUM YETBEPTYIO IEPEMEHHYIO0, TO OHA JJOJIKHA BEIYKCIIATHCS B pa3Mepe YeThIPEX
YJICHOB JIaHHBIX, HO OHa OyreT Tou ke T, MOTOMYy UTO cHCTeMa TPONCTBEHHA: TIepeMeHHAasI-HEM3BECT-
Hasi-co3/1aHHOe (OOIIMIA JUCKYPC) ¥ Ha ITPAKTHKE: TPU CO3JaHHBIX ICHCTBUS: IepeMeHHbIe (B JaHHOM
CIy4ae 4eTblpe), X CO3/IaHKe B TPOM3BOILHOM MOPSIIKE 1 BHIYMCIICHHE C TIOMOIIBIO JaHHBIX 000
CHCTeMbl MaTeMaTUKH (TpeTud 1UKI). MOXeT OBbITh MSTh, IIIeCTh, CEMb MePEeMEHHbBIX, HO TPU JTara
pasnoxenus onepauuii T.

B 13HM MBI IOCTOSIHHO YTO-TO CO3/aéM, TIOTOM 3TO OIUChIBaeM. B Matematuke nonaroe BpemMs
ObLIO pellieHre UCXO/sl M3 HAKOTUIEHUSI JAHHBIX, MBI JKe JOJKHBI BOOOPa3HTh MpodiemMy, co3arh eé
Y UMEOIIUMUCS JAHHBIMU PElINTh, YTO MPUHIMITMAIBLHO APYTOl YPOBEHh MaTEMAaTHUECKOTO TBOP-
YecTBa.

Mup cocrout u3 Tpéx KoHCTaHT. ['eomerpusa EBkimgoBa Tuna onmchlBajla MUP Ha CaMOM
esie TakKe TpeMsl KOHCTAaHTaMH, IIPOCTO OHU ObLIH ¢1a00 MPOSIBICHHBIMH B IBYX CIyYasiX M JIMIIb
B JIMHEHHOM OTIpeJie/IeHNH OT TOUKH JI0 TOYKH, OT MPUHITUIA K TIPUHITUITY HanboJjiee sipKo OIMUCHIBA-
€MBl.
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HuddepeHunanpHble ¥ UHTErPaIbHbIE NCUUCIIEHHUS] OKA3aJIMCh BTOPOW NEPEMEHHOM, B CJIOK-
HBIX BapUAHTAaX UCUKCIICHUH e TPEThs IIepeMeHHas1 OoJbllle BUIHA, HeXesn B EBKIINI0BOI reomeT-
pum BTOpasi, KOTopasi, Kak ckazaHo ObUIO, IPUCYTCTBOBANA, KAK U TPETHSI.

Bapuarmonssie ncurcieHnst BO3bMEM. BO3MOXKHBI J11 BBIYMCIIEHUS TPEThEW IEPEMEHHON B yke
MMEIOIIMXCS 33/1a4ax, HalpyuMep, 3a/layax ¢ BapuallMOHHBIMU McuuciaeHussMu? Takue BblYMCIEHUS
BO3MOXXHBI, HO TP YCJIIOBUM UTO CYIIECTBYET TPOMYHAS TpaHcopMalus orneparyii, J0JKHO ObITh
10 KpaiiHel Mepe [1Ba OYEeHb He MOXOKUX (rpaduueckoe 1 YUCIOBOE WM CTENIEHHOE U OTPULIATENb-
HOE, ¥ T.J1.) B BeIuMcIieHusix. Ecii 3o Oyaer, To Mbl TOBOPUM UTO YpaBHEHHUE WM 3a1a4a (mpodiema,
TeopeMa) JaHHOTO BUJa UMeeT peleHue T, eciiM ke He CYIIECTBYET TaKOrO pa3srpaHu4eHusl, TO Mbl
TOBOPHM, UTO YpaBHEHHE JAHHOTO TUIIA apXamuecKoe «A», MOMYEPKUBast TPAJUIIMOHHBIN XapaKTep
peleHys, ¥ OHO He UMeeT pelieHus T, Tak Kak He BXOOUT B 00JIaCThb Onpe/esieH!s] TPOMYHOM TpaHC-
(opmarum, Mpyu STOM UMesl TPOUYHBIE CUCTEMBI B CBOEM COZIEPXKaHWHU, HO C1ab0 BBIPAKEHO, 4TO
XapaKTepHO ISl BCEX MPUMEPOB.

KoHkpeTHO BapHraliMOHHBIE HCUMCIICHUS, I TIosIaraio, ObIBAIOT pa3HbIe U 1JIs1 OTHUX €CTh pellie-
Hue T — tuna, a 1 gpyrux Het peuienue T — tuna.

DKCKJTIO3UBHOE CONIEpKaHME TAKMX PElIeHU M MpeoOpa3oBaHUI 3aKJI0YAeTCsl B TOM, UTO
CYILECTBYIOIIMI MUP TPEXMEPEH, HO TPEXMEPHOCTb KaK (pU3MUecKast BEIMYMHA COBCEM HE SIBJISETCS
NpUYMHON ypaBHeHU# T-Tuma, motomy uto T ypaBHEHUsI OTpakaioT (PyHKIIUH TOJOOUH TPEXMEPHO-
CTH, TO €CTb KaXJ0€ Halle AEWCTBUE, OCMBICIMBAEMOE B MO3I€ UMEET TE€3UC-AHTUTE3UC U CUHTES,
HO B T perieHun 310 co3gaHue (CUHTe3 Kak Obl BHAYasIe, KaK 3TO He NMapaIoKCAIBbHO), a TIOTOM Te3UC
Y aHTUTE3UC WM AHTUTE3UC U TEe3UC (UTO TaKKe MapaJOKCAIbHO), HO COOTBETCTBYET KBAHTOBOU IPH-
pozie 3allyTAHHOCTU CUMMETPUYECKOrO THIA, [IOTOMY HE IPOTUBOPEYMBO M UMEET JJOKA3aTeIbCTBA.

Tperps nepeMeHHass B MaTeMaTHUKe (JaJAuM OIpelesIeHUe-BbIBOA): 9TO nepeMeHHas T Tuna,
KoTopasi myonukyetr T pa3MepHOCTH B OKPECTHOCTH HEMPOTHUBOPEUYMBOCTH M JIOKA3bIBaeTCsl 0OpaTt-
HbIMM J1aHHbIMU. (Pykanos A. B., 17)

OcHoBHbIE MaTeMaTHYeCKHe NPOo0JieMbl

1.HaxoxeHue pe3ynbTaTa OKpPECTHOCTH MOCTOSIHHOTO HAKJIOHA BO BpeMsl Mepexona OTHON
(yHKIIMM B OpYyryI0 (DYHKLMIO X THIIA.

2.0nucanue pacTssKUMOCTH Kak (peHOMeHa MaTeMaTH4ecKoro Mmpoiiecca B YUCI0OBOM hopme
0e3 HaTypaJIbHOW TEOMETPHH.

3.Pa3Butue waen MpPOCTPAHCTBEHHOW MaTeMaTW4YeCKON aJITOPUTMU3ALINY JI0 YPOBHS OOBEK-
THBHBIX MaTepHaIbHBIX YUCIOBBIX KOHCTAHT.

4.Haxox/JieHre yriia mpenaprupoBaHus Py JTIOOOM Turie (PU3NIECKHUX OTeparuii U JeUCTBHA.

5.00bsicHeHre (POPMATIPHOTO aKTa AESITeTbHOCTUA Yero Obl TO HU OBbLJIO KaK CHUCTEMBI, KOTO-
past He yTpauMBaeT CBOEH LIEJIOCTHOCTH Yepe3 JUCKPETHbIE IPOMEXKYTKHU, TO €CTh OTBET Ha BOIPOC
00 0o0IIIel He IeTepPMUHUPOBAHHOW HUTH ayTEHTHYHOTO MTOBEICHHS IpoIiecca.

6.0mnucanue GopMaIM30BaHHOTO TPEXMEPHOT'O HAJIOKEHUS.

7.Bpruncnenne Teopur BEPOSITHOCTH TMOBE/ICHUsI CYOBbeKTa Ha OCHOBAaHWU JAHHBIX €JMHUIIbI
MOBEIECHUS1, TO €CTh HAX0XKAEHNE KOHCTAHTHI €IMHUYHOCTH U OIIpEJEsIeHUE €€ CeICTBUI 0 YPOBHS
OrpaHUYEHHM s JI0 IPYToro AejIeHHs] B KOHKPETHOM OObEME CONlepKaHusI.

8.0TBeT Ha BOMpoc 00 aIrOpUTMe, KOTOPBI 3aIyTaH caM B ceOe, TO €CTh O TOM, YeM SIBJISETCS
HE CTPYKTYPHPOBAHHBII AJITOPUTM B YCJIOBUSIX BaXKHOCTH CUMMETPUU 1Sl OTBETA B TomojIoruu. Pac-
KPBITHE HE CTETUYECKON MAaTeMaTUYeCKON pe3yJIbTUPYIOLIEH /1J1sl pelleHs] OIPe/IeIEHHOrO Kiacca
3ajau.

9.0060cHOBaHMe NOMMMYHKITUH Yepe3 BIMCAHHOCTh 00bhEMA JTI0O0TO THTIA.

10.Co3nanue yyeHus 0 He HyJIeBOM HyJIe M OITUCaHKe TaOIUIIbl YMHOKEHHSI HA OCHOBE TaKOTO
HE HYJIEBOTO pEIleHUs.
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11.Co3nanue yHU(UIIMPOBAHHOTO OINpeaesieH s JIIoO00H (PYHKIMU, YpaBHEHHUS] U pPeIleHUs
yepe3 OAMH 0OO3HAYAOIIMI Ha MUChME 3HAK, KOTOPBIA PacKphIBAETCSI HA MHOXECTBO IOA3HAKOB
3a Cu€T (PUIIbTpALIMU TeOMETPHH 3HAKA, MHKJIIO3MBHASI CEHCOPHAsi MAaTeMaTUKa B IEHCTBUM.

12.Pemenue 3a/1a4u BEIYHCIICHUSI TIOCIIEA0BATEIbHOCTH KOMOMHMPOBAHUSI pellieHrst 6e3 HaTy-
PaJIBHOTO pelieH s, YTOOBI PEIIUTD 33129y UCXO/s U3 HAYaIbHOTO apryMeHTa MaHUITYJISIIIAU YUCIIOM.

Ornpenenuth CpeJHUN BapUaHT pelleHus], UCKJIIOYAIONIUI TOJTHOe pEeIllleHUue U OTCYTCTBHE
peleHre, To eCTh CO3/1aTh JIOOH MPOM3BOIBHBIN peraeMblil 00bEM (DYHKIIUT.

13.0Omnucars npupony B popMysiax ¥ reoMeTprUIecKH 3apUKCUPOBATh JaHHOE.

+00 B MaTeMaTuke

+00 B MaTeMaTuKe WM -0o SIBJISIETCS OYEHb MHTEPECHBIM MaTeMaTHYECKHUM KOHCTPYKTOM.
Camoe niepBoe — 3TO KOHCTPYKT, KOTOPBIN IJIsI CAMOW TOYHOW HayKW MAaTeMaTHKH SIBJISIETCS CaMbIM
HE TOUHBIM. BecKOHEUHOCTh He sIBIsieTcsl yeM-To onpeneanMbeiM. Ho matemarrka TpeGyer Toro,
YTOOBI B HEW BCE OBUIO CTPOTO M HOPMUPOBAHO M MBI TOTBITAEMCS Ty Opelllb 3aKpbITh U CKa3aTh
0 (hopMaTM30BaHHOM TUTIOC ¥ MUHYC OECKOHEUHOCTH.

[IpaBwibHO OygeT TOBOPUTH O TOM, YTO «OECKOHEYHOCTb» — 3TO pacrpeneseHue (yHKIUH
(pyHKIMS 5K€ STO paBEHCTBO OJJHOTO PEIIEHHUSI C IPYTHM, YaCTO B YPABHEHUM ) IO PACCTOSTHHMSI, B KOTO-
POM OIHO MOBTOpSIIOIIEeCs pelieHre. BeCKOHEUHOCTh HA/I0 ONPEeUTh KaK KOJMYECTBO MOBTOPOB,
KOTOpbIE HE UMEIOT 3HAYEHUS1, UMEIOT IIOHMMAaHUe, KaK He UTPAaIoIHie PO OIUHAKOBBIE AUCKPETHO-
CTH.

[Toatomy +oco gBnsiercss opMOii yBEIWYEHUs TOBTOPOB IIPU €JMHOM PEILEHUH, a -00 SIBJISI-
ercst popMOIl YMEHBIIIEHHSI TIOBTOPOB IMpY eAMHOM penienn. [lomydaercs Tak, eciy Obl ObLIIO MHAYE
1 OECKOHEYHOCTh MIMesia Obl 3HAUEHUSI CaMOT0 pa3HOro pojia, HO KOTOPbIE HE BUHBI, TO 9TO MOTJIO Obl
OIpPOBEpraTh MaTepUAILHOE pelleHre, KOTOPOe Mbl BUIUM, YTO OMPOBEPrano Obl a priori UCTHHY
peleHrs B BUAVMOM BapHaHTe.

Yro Takoe ypaBHeHue?

VYpaBHeHue — 310 (popMa YKCIOBOTO BBIPAXEHUS PEIlleHUs], B KOTOPOM €CTh HEM3BECTHBIE,
HO KOTOPOE 9TH HEM3BECTHBIE CBOAMT K PAaBEHCTBY vailie Bcero. To ecTh ypaBHEHHE — 3TO UTO-TO HEM3-
BECTHOE, HO TIPEINOIAraeTcsl, YTO OHO AOJDKHO OBITh PEIIEHO M MPEIIoNaraeTcs, YTo OTBET ypaBHSIET
HEU3BECTHBIE C MPEIIoaraeMbIM YHUCIIOM W PEIIEHHEM.

T[ToToMy HYHO CKa3aTh, 4TO PellleH’e YPaBHEHHs BUA X°+y’=C’ eCTh ypaBHEHHE, B KOTOPOM
MOT'YT OBITh TIOJICTABJICHBI BEJIMYHMHBI, TIPU C=3, HAIIPUMEP, & MOXKET ObITh U HE MOACTABIEHO HUYETO
Y TOI/Ia MBI TOJYYUM MPOCTO (hOPMAJIbHYIO 3aMiCh ypaBHEHHs. YTO peaKo ObIBaeT B MaTeMaTHKe.
Ho 1omxHO ObITh, TOTOMY UTO ypaBHEHHE O3 TpeIoiaraéMbIX M3BECTHBIX BEJIMUMH CO 3HAUCHUEM
€CTh ypaBHEHHE, KOTOpPOe OIpeAesieT JPYroil YpoBeHb OpraHu3aliy Yucia. [1Jjis MUpoBO33peHus
9TO 3HAYMT, KaK KMBOTHBII MHp (YMCTOE ypaBHEHHE Oe3 YMCIIOBOTO MOACTABICHUS) U MUP JIIOZIEH,
OZIyIIEBJIEHHBIA MHP (C YPOBHEM 3HAUCHHUS OT/IEJIBbHBIX TIEPEMEHHBIX B BUJE YKCIIA).

[MpuHIMN IepBOHaYaIbHOrO 00BEMA J1J1s1 IPOU3BOJIBHO BHIOPAHHOTO B MPOCTPAHCTBE 00BbEMA
J000ro BUIa

Hpunyun «2apmowku» npocmpancmea

B 3101 padoTe 51 X0Tes Obl pacckas3aTh O CBOMX PELICHHSIX MPOOIEeMbl POCTPAHCTBEHHOTO 00'b-
éma. [lesio B TOM, YTO COBpEMEHHasi HayKa MCIOJb3YeT JTI0Oble reOMeTpruIecKie (pUryphl mIoCKOro
IIPOCTPAHCTBA U CTEPEOMETPUUECKUE (PUTYPbl TPEXMEPHOTO MPOCTPAHCTBA KaK a Priori ABJISAIOLIM-
Mucs (pUrypamMy JaHHOTO MPOCTpaHCcTBA. HO MCTHHA COCTOUT B TOM, YTO 3TO BCETO JIMIIb BOJIBLHOE
MpeArucaHre 0ObEKTY ero MPOCTPAHCTBEHHOW XapaKTEPUCTUKKY U METPUKH B TOM WJIA UHOM KOOp-
JAMHALIMOHHOM pacroIoKeHUH. B TO BpeMs Kak KaXablii OOBEKT MPOCTPAHCTBA JIOTKEH OBITh 000C-
HOBaH He Kak cBOOOIHO BhIOpaHHas (purypa, a Kak MaTeMaTU4YeCKU BIMCHIBAIOIIASCS B JAHHOE MTPO-
CTPaHCTBO (purypa, KOTopasi CTporo ajJropuTMU3UPOBAHA B TAHHOM KOHKPETHOM IPOCTPAHCTRBE.

JI1s1 Havasia HaJo CKa3arTh, YTO HAIlle MPOCTPAHCTBO — 3TO MPOCTPAHCTBO, B KOTOPOM JIIOOOI
MIPOU3BOJIBHBIN 00BEM OyZIeT UMETh JIBE XapaKTEPUCTUKU: MHOTOTPAHHOCTh TPEXMepHOTro [lekaproBa
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MPOCTPAHCTBA 1JIs1 00bEKTa U OMHOPOAHOCTh. MHOIOrPaHHOCTh BKJIIOYAET JTI0Obe (POPMBI TIPUHSI-
Thle B TEOMETPUM IJIs1 OTOOpaxeHus Ha [leKapToBO# crcTeMe KOOPOMHAT, a OQHOPOAHOCTb B COOT-
BETCTBUM C JOKa3aHHOW rurote3oi [lyaHkape — Hajauuue CTpOrod TPEXMEPHOW 3aroIHEHHOCTU
MIPOCTPAHCTBA TEOMETPUYECKUMU COZIEPKAHUSIMUA HACKOJIBKO 51 9Ty TMIIOTE3y U €€ JOKa3aTelbCTBO
MOHUMAIO.

Ecnmm 661 06bEMBI OBUTM PA3HOPOAHBI B TPEXMEPHOM [leKapTOBOM MPOCTPAHCTBE, TO OHU ObI
HE TIOMECTUJIUCH B JIeKapTOBBI KOOPAMHATHI ¥ TIPEICTABIISIA Obl COOOM pa3HOPOJHBIE AUCKPETHOCTH,
YTO HE UMEJIO Obl HUKAKOTO MOJOKUTEIBHOIO MaTeMaTUYeCKOro U (pU3NYECKOro peuieHus. 1o s
Ha3BaJl Obl YCJIIOBHO MPUHITMIIOM «TapMOIIKU MMPOCTPAHCTBA», IOTOMY YTO OH OTpakaeT 3arlojTHEH-
HOCTb ¥ TEOMETPUYECKOE IBUKEHUE TAHHBIX KOOPAMHAT U UX MTPOM3BOIHBIX O PUHIIMIIAM, KOTOPBIE
BITMCHIBAIOTCS TOJIBKO B OJIHOPOIHYIO TEOMETPUIO HAIIIEro MUpA.

Eounuya O6séma

JIio6oi1 00bEM NOMKEH OBITh AITOPUTMHU3UPOBAH, WHAYE ITO JIMIIb MMPOU3BOJIbHBIE BEKTOpa
«YCJIOBHOTO» 00BEMA.

Korga Mbel mumeem Hekylo (urypy B HpPOCTPAHCTBE, KOTOPYIO Ha3blBaeM OOBEMOM, TO MBI
JOJIKHBl YCTAaHOBUTD, YTO Y 3TOM (PUTYpHI, B 3aBUCUMOCTH OT TOTO, KaKylo 4acTh €€ Mbl paccMar-
puBaeM, ecTb KacaTelbHasi OT KOTOPOU HAJI0 MPOBECTH IMPsSIMble JIMHUM, KOTOPBIE OMHUIIIYT 3Ty Kaca-
TEJIbHYIO TIEPIEHAMKYJISPHO BBEpPX, NEPINEeHIUKYISPHO BHU3, SKCTPANOIUPYIOT JJIMHY KacaTellb-
HOU BIIEpEN, C IByMsI OTpPe3KaMH, COSAMHSIONIMMYI SKCTPAIOIMPOBAHHYIO MPSAMYIO C KacaTeabHOM
Y JABYyMsI TIOMIEPEYHBIMU OTPE3KaMH, KOTOPbIE CO3JaAyT HEMPEPHIBHOCTh BEKTOpPA MO OTHOIICHUIO
K JaHHOU (urype. D10 U OyAeT aIrOpUTMU3UPOBAHHBIM OOBEMOM JaHHOW KacaTelIbHOM, KOTOPHIH
Oynet coctaBiATh 9/10 oTpe3koB OT KacaTebHOM, cama ke KacarenbHass 1/10 or o6béma u Oyner
Ha3bIBaThCS €IUHUIICH 00BEMA.

JlaHHBII OTpe30K OyAeT SBISTHCS OTPE3KOM MecTa U BPEMEHU B MCKPHUBJIEHHOM IPOCTpaH-
CTBE-BpeMEHM DUHINITEIHA (MM IPOCTPAHCTBE MMHKOBCKOI0, €CJIM PACCMATpPUBaTh TOJIBKO FEOMET-
PHUECKYIO COCTABJISIONTYI0 Borpoca), 9/10 oTpe3koB HAYaIbHOTO 00bEMa OyIyT TUIOMIAIBI0 Yepe3
KOTOPYIO IMPOU3OIILIO UCKPUBJIEHUE K JaHHOMY 00béMy. U Bce HauanbHbie OObEMBI OyIyT MOKa3bI-
BaTh M3HAYAJIbHBIA BEKTOPHBI PUCYHOK OTPE3KOB UCKPHUBJICHUSI.

a

cd(puc.1) b

Ymo obwvsacHsem s3mo peuterue

JlaHHOE MOHO MPOBOIUTH C JOOON reoMeTpudeckoil (purypoii u oObEMOM U uepe3 Hero
MBI BBIUMCIIAM aJITOPUTMHUECKOe OOOCHOBAHME MECTa B MPOCTPAHCTBE JAHHOH Belu. Takke OHO
MOKaXeT Kak Obl CTereHb «ITPOBAJICHHOCTH» B MPOCTPAHCTBE UCXOMS U3 TEOPHUH OTHOCUTEILHOCTH
00 UCKPUBJICHUH IIPOCTPAHCTBA M BpeMeHU. V1 HACKOMIBKO $1 TPEICTaBIISIO B MaTeMaThke auddepen-
[[MaJIbHbIe U MHTETPaJIbHbIE NCUMCIICHHS, KOT/Ia HAXOAUTCS MIPOU3BOIHAS U TIEPBOOOPA3HbIE, UMEIOT
LEeJIbI0 OMMCAHUE BIIKEHMS, Kak mucan JIeHOHMII ¢ MaKCUMAaJIbHO YBEIWYMBAIOIIMMCS JIeJICHUEM
orpe3koB f (x) M (y), 31ech ke Mbl UMEEM JEJI0 C IBUKEHUEM BHYTPU ITPOCTPAHCTBA /17151 BBIYMCIICHUS
NepBOHAYAJIBHOM, KOTOpasi JACT MOHUMAaHKMe TeOMETPUIECKOTr0 alrOPUTMU3MPOBAHUS IAHHOTO 00b-
€Ma B KOHKpPETHOM IpocTpaHcTBe. U nmomyvaercsi, 4to 00beKT ecTh Juib 1/10 oT HacTosImero npo-
CTPaHCTBEHHOTO 00BEMa, B KOTOpHIM OH BhucaH. U Bcerga tonbko 1/10, 1 9/10 HauasibHBIN 00BEM,
MOTOMY YTO JECATEPUYHOCTH SIBJISIETCS PellIeHNeM 3aKOHUEHHOTO IMKJIA JIeJICHUsI Ha OTPEe3KHU IMpo-
CTpPaHCTBA B JAHHOM I'MITOCTa3MPOBAHHOM IPOCTPAHCTBE.

Kpaiine BaXHBIM sIBJISIeTCS IOHATHE «KACATEJIBHOW». Y Kak/10i (pUrypsl, 00bEMa U BEIIU eCTh
KacareJibHasi, KOTOpasi OTPE30K, KOTOPbIN U BIIUCAH JPYTMMH AEBATHIO JAHHBIMHU OTPE3KaMy Hauallb-
Horo oowéma. Ecim Bcio ¢urypy onuchBarh IEJIMKOM BO BCEX OTpe3Kax, TO, Halmpumep, y KyOa
12 orpe3koB, 3HaunT Oyzet (12*10) =120 n3Hava IbHBIX OTPE3KOB, Kakable 9/10 13 KOTOPBIX OT Kak-
JI0ro OTpe3Ka OyayT NepBOHAYATIHHBIMHU.
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OcoOeHHBIM 00pa30M OOCTOUT JIEJIO C IIapoM U chepoi, U JII0OBIM IIIAPOOOPA3HBIM WU JTUTI-
COMIHBIM OOBEMOM, TIOTOMY UTO B CHJIY TOTO, YTO OH COCTOUT U3 OTPOMHOTO YHCIIa OTPE3KOB, KOTO-
pbie B CBOIO 0Yepelb MOKHO TaKkKe YITMHSATH ¥ COKPAIIATh 32 CYET COCEIHMX TUCKPETHBIX BEKTOPOB,
KOTOpble 00O3HAUeHbl OTPE3KaMH, SIBISIETCS CBEpX (PpUrypoid, KOTOpas MMeeT B BHJE MCKIIOue-
HUSI OT BCEX OCTAJIBHBIX (PUTYp MPUOMKAIOIIMECS K OECKOHEUHOCTH TEPBOHAYAIBHBIE U TIOTOMY
B (pM3MKE KOCMOCA UIMEHHO C(hephl U JUIHIICH SBJISIOTCS IJIAHETAMU U TaK BITMCAHBI B IPABUTALIMOH-
HOE TIPOCTPAHCTBO, YTO OHU UMEIOT CYMEPUCKPUBJICHHSI, KOTOPBIE JAIOT UM CHUJTY JABMKEHUS B SWH-
IITEHOBCKOM MPOCTPAHCTBE OTHOCUTENIBHBIX CHCTEM OTCUETA.

(puc.2) Ha sToM pucyHke s oKa3aj IpOU3BOJIBHO HEKOTOPOE OOJIBIIIOE KOJIMYECTBO BEKTOPOB
(otpe3koB). Takum 0Opa3oM, CIIeTYIONTIe BHIBOIBI:

1). CymecTBYIOT 00BbEMBI B TIPOCTPAHCTBE, KOTOPHIE JOJIKHBI OBITh OMKCAHBI B aJITOPUTMAX,
MOTOMY UTO Y KaJIOT'O MECTOMOJIOKEHUSI I0JKHO OBITh 0OOCHOBAHHE.

2). [IpocTpaHCTBO OMHOPOAHO, HO TPEXMEPHO.

3). Co3nmanue npsAMBIX, KaK CJIEACTBUM KacaTeJIbHBIX U UX OTPE3KU, KOTOPbIE UMEIOT 3aKOHYEH-
HBIA UK (pUrypsl ecTh nepBoHavaibHbie O0bEMa.

4). Equnuiia o00b€Ma — 3TO KacartebHasl.

5). Cdepa, ammnmric, map — cTpemMsIpecs K +0o epBoHadaibHbie O0béMa.

6). AnropuTMH3aIus BCeX KacaTeIbHbIX JACT MOJTHYI0 KAPTUHY BIUCHIBAaHKS 00bEMA B UCKPHUB-
JIEHHOM MPOCTPAHCTBE-BPEeMEeHU DUHINTEHHA.

PS: Hy’XHO cKa3aTh, UTO TaKKe OTPE3KU MMEIOT PaBHBIE 110 JIMHE CTOPOHBI, U €CJIU MTPOU3BO-
JUTH JBIKEHHE BO BPEMEHH, TO TO MO3BOJIUT MTPY TAKOM aTTOPUTMU3MPOBAHUY TaKKe TOKa3aTh reo-
METPHIO UCKPUBJIEHHS YK€ HE B CTATUYHOM, a B Pa3BUBAIOIIEMCS U JIETEPMUHUPYIONIEM ITPOCTPaH-
crBe. Ho Korna Mbl ormucany HadyaJibHbI 00BbEM, 9TO 3HAYUT YTO ITOT OOBEM yXKe caM He MOXKET OBbITh
OIMCAaH Yepe3 aIrOPUTMHU3ALMIO, [IOTOMY YTO B MOEH JIOTMKE HauyaJbHOI'O apryMEeHTa sl I0Ka3bIBaIo,
YTO €CJIM YTO-TO OMKMCAHO KaK MpeebHOE pellieHre, TO OHO He MOXET OBITh CAMO PACCMOTPEHO Kak
TO, YTO MOXET OBITh PEIEHO Yepe3 TaKoe JKe pellleHre, TIOTOMY UTO TOTIa BOSHUKHET JIOTUKA OecKOo-
HEYHOCTH peleHuit, KOTOpasi 00eCCMBICIMBAET XOTh KaKOe-TO MOHMMaHHE.
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Te3ucekpl

SI3pIk MateMaTuku — 3T0 pusuKa ((pusMKa 3ByKa M IIBETa), MOTOMY YTO camMa MaTeMaTHKa
HE eCThb MaTeMaTHKa B MOJHOM CMBICJIE, TaK KakK OpyayeT (pU3MYeCKUMH KaTeropusMH CIOXKEHHUS,
BBIYUTAHUS, YMHOXEHHUS, JIeJIeHus 1 Tak aajiee. Ho pusmka 10 3Toro nosb30Baiack JHUIIb YACTUYHO
MaTeMaTU4YeCKKM, B TO BpeMs KaK MOIJIa OIMCaTh JII0OO0H MPOoLIece Ha CJIOBaXx.

['eomeTpust — 3TO TO, YTO JOKHO OBITH MOJIMHHBIM, AyTEHTHYHBIM BBIYMCIICHUEM, OHA JA&T
TOTOBYIO KapTUHKY. PaHee M3 uucia BHIBOOWIM F€OMETPHIO, TENIepb N'€OMETPUs JOJIKHA BBIBOAUTD
reOMETPUIO U3 caMoi ceOsl.

dusuka ¥ reHeTuka, 1 Apyrue eCTeCTBEHHbIE HayKH JIMIIb YACTUYHO OIMUCHIBAIOT MUP, B €I0
MaJIO YacTH, B TO BpeMs Kak 110 (PU3UKH UCCIIEI0BATh CYILIHOCTH SIBJIEHUH (3BYKOB, LIBETOB, pac-
CTOSIHUS1, YKCJIA U OTHOLIEHUH, U T.JI.), UCCIIEA0BATh KOHKPETHOE PACCTOSIHUSA U IBH)KEHUS, BpDEMEHU
1 YIJ1a, U T.J1., 10 9TOTO UCCIEI0BAJIOCH JIMIIb BHELITHEE (Pe3yJIbTaThl Yepe3 ypaBHEHH ), KOTOPOE €CTh
YCJIOBHOE OIMCAHKE, HO CYIIIHOCTH B TOM HET.

HeHemnss ke pusrka 1 MaTeMaTuKa TOXe XOPOIIY U B TOM COCTOSIHUM, B KOTOPOM OHU €CTb,
Y NIOTOMY HaJI0 MPOJOIKATh UCCIIEJOBAHUS U B 9TUX (popMax.

UYro Takoe BbluKcieHne? YpaBHeHNEe, UHTErpUPOBaHKE, BBIYMCIEHUE TPOM3BOAHOM ? DTO nepe-
CKa3 B YMCJIaX TOTO, YTO MOXKET ObITh OOBSCHEHO Ha CJIOBAX, A €CJIM HE MOXET ObITh OOBSICHEHO, TO
B TOM HET CYLIIHOCTH, a 3HAYUT TO OTUYKXAEHHOE, HEe ICTUHHOCTHOE BbIUMCIICHUE UM yPABHEHHE.

Marematuyeckoe OOOCHOBaHHME (PU3MUYECKUX 3aKOHOB MapasuleJIbHOIO OMOCPEJOBAHHOIO
CMEKHOT'O ITPOCTPAHCTBA.
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NCTOPUA MATEMATUYECKUX UIEN
C MO3UIINU NOT PARALLELISM OF SPACE

ITpoGnema 1. Krnaccuyeckass jMHeWHas Kay3aJbHOCTh MNapajlielvd3Ma B IPe/CTaBJICHUU
EBK/MAa Kak McTopuyeckas MateMaThyeckas (pUKLMs KOMOMHATOPHBIX U MOCTYJIATUBHBIX TaOyIIs-
LIU.

MBbI JOJIKHBI YCTaHOBUTB, 4TO EBKJIM/I0BAa reOMeTpUsi UMEET B CBOMX Kay3aJIbHbIX OCHOBAHUS
BO3/ICICTBME M HA COBPEMEHHYI0 MaTeMaTUYeCcKyl0 MOAEIUpYIOIIyI0 reoMeTpuio. EBKMaoBa reo-
MeTpusi He OblTa U3KHuTa reoMerpuei JJobaueBCcKoro, HO JIMIIb MOIBEPrHyTa HOBOW BEPCHUM Mapa-
nenu3Ma. Te3uc o ToM, 4To napaJulesibHble MEPECeKaloTCs MM He TIEPEeCceKaloTCsl — 3TO OIHOPOJHAS
ceprueckasi JAHHOCTDb MTPOCTPAHCTBEHHBIX crcTeM JIo0auyeBCKOro Ha caMoM Jielie IOTIOJTHUBIINX,
a He U3MEHMBUIMX WM ONIPOBEPrHYBILIMX MaTeMaTHYecKylo Teopuio EBkinaa.

AHTHYHBIX, apaOCKMX U CPEJHEBEKOBBIX MAaTEMaTHKOB MPUTOM Mbl JOJKHBI BBIIEIUTh, KaK
AENCTBYIOIIMX B MHBAPHAHTHBIX H(aropeicKuxX TOMMKaX MOJAIBHOCTEN U IPOEKTHO-BBIYUCIIUTEb-
HBIX TpaHchopmupoBaHusX. axe punocopuyeckas MateMaTuka (PyHAAMEHTAJIbHOTO MOpLUaIIb-
HOI'O 3HAYEHU KaK MaTeMaThka DBapucra ['anya — 3T0 OCHBOaHM s, KOTOPBIE HE U3KWIN Ndarope-
U3M, a ObLIM BepcUel MaTeMaTUKH JIMHEWHBIX MTPOLIECCOB MHBAPUAHTOB.

Ecnu Mbl BO3bMEM 32 yTBEpkKIEHUE UCTUHOCTHOCTH IMIIEPLIMKJINYECKYI0 (DOpMYITy:

A—J—B=A (a+b+c+300.000x)

—JB (-a+ (-b) + (-¢) + (300.000y) =

E (m+c?) =A (E (+m-c?) —>f<—B (E (-m+c?), 10

HanHast hopmyna yxe OyaeT BbpakeHUeM HeJTMHEHON MaTeMaTHYeCcKOi KOMITIEKCHOH OJTHO-
3HAYHOCTH WJIM YUCJIOBOM Nepeduprunm, He JONOJIHUTEILHON Ka4eCTBEHHOM (popMaliien, a mpouec-
COM 10 MEHBIIIEH Mepe OIpPOBEPKEeHN s, TI0 OOJBIIIEH Mepe — HOBOTO OJIOKOBOT'O MOAXOa K MHBAPH-
aHTaM.

JleJio B TOM, 4TO 51 MCIIONB30BaJI 3[eCh (POPMYITy He NapajiebHOCTH, MCIIOJIb30BAB SMHILETEN-
HOBCKHe IPpeoOpa3oBaHusl B HEW Kak MPEALIeCTBYIOIIee YCIOBUE, HO He KOPEHHOE 3HAYMMOE TeCTH-
pOBaHUE MaTeMaTUYECKOW MU JAHHOTO THIIA.

Krnaccuueckast nMHeiliHast Ka3yaJbHCOTh HE M3KUBAET ceOs Jaxe B IJIOCKOCTH TENENeBCKOM
HETOJIHOTHI, oToMy uTo Teopusi Kypra I'€nenst — 310 pe3epBHBI BapyaHT KpaiiHero ciyvasi aHalu-
THYECKOH AMCKYPCUBHOCTH 1 OH MOZIBEPKEH MPABIJTY UCKITIOUEHH S, KOTOPOE COCTOUT B OOIIIEM KOH-
TekcTe AU depeHIMpOBaHNi, UHTETPUPOBAHUI U BEPOSTHOCTHBIX MOIXO/I0B JIDOOro MaTemMaTrhye-
CKOIO YPOBHS TECTUPOBAHMSI.

Ecimu ke oOpatuTbesl K reoMeTpur Diliepa, TO MOKET MOKa3aThCsl, YTO JAHHbBINA MPOrHOCTHU-
113M (hOpM TaKxke sIBJIEHHEe YHOPsAJOUYEHHOE B JIOTHKY JIMHEHHOCTH, HO 3TO, KaK U BCE O BbILIE CKa-
3aHHOM C OJIHOW CTOPOHBI TaK, a C JPYroil CTOPOHBI MOKa3bIBAET OJHOMOMEHTHYIO KOCHOCTb MBbIIILIE-
HU, IOTOMY YTO MHAasl Bapyalys MOJX0/1a — 3TO HE COBEPIIEHHO HOBOE B KOOPMHATAX IPOCTPAHCTBA
1 anreOpbl, a MapaIoKC U MPAKCUC CUCTEMbl MHOW TeoMeTpuu MblluieHus. I motomy Ditnep Omike
K HEJIMHEHHOCTH, Hexenu [ €1esb K HeJIMHEeHbIA TpeoOpa3oBaHUAM Kak CJIEACTBUS UHEPLIMAIbHBIX
BBIYHCJIEHUI €r0 TEOPHH.

[Ipumep nmapajiokca ¥ Mpakcuca MoKa3ajl B CBOUX BBIYMCIEHHUSAX YETHOCTH, HEYETHOCTH ....,
HO COBpEMEHHasl HaM MaTeMaTh4ecKasi Hayka XX BeKa MMEeHYeTCsl MHOM HayKOH MoapoOu3Ma i
noapoou3ayy (MHTEHIMOHATBHBIN OKa3UsIX YIUIOTHEHHS MH(OPMALMA BOKPYT KapIUHAIBHO CTa-
LIMOHAPHBIX OA3UCHBIX CTPYKTYP YMCIA U JIUHUM).

Ha camowm nene ymmenue matematuku XX BeKa TOro, YTo HasbplBajioch ancient philosophy
(npeBHss dunocodus) — IT0 apredakT U3bATUA U3 MATEMATUKU CTPYKTYP YMCIOBOIO (pyHIAMEH-
TaJILHOTO anpoOMpPBOaHUs. «/IpeBHssA» MaTeMaTHKa CTaja MOHUMAThCSl KaK UCTOPU3M, KaK UCTOpPH-
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YyecKasl JIMKBUIHOCTh, B TO BpeMsl KaK JIOJDKHA ObUTa TIOHUMAThCs KaK ajlbTepHATUBHAS Mapagurma
MBIIIIJIEHNS], KaK est, HO HUKaK He KaK MCTOPHYECKH MHUHYBIIEE MOAPa3yMEeBaeMOe «XYIIIee», ITO
HEMUHYEMO TOBJIEKJIO MPeoOpa30BaHue ITIABHOM CYNIHOCTH MAaTeMaTUYeCKOrO B F€OMETPHUYECKOe,
IJ1aBHasl CyLIHOCTb — YMCJIOBAsl POEKTHOCTh M MHTEPUOPU3UPOBAHHOCTh CTajla OTUYXKIEHHOM CIie-
IU(UKON MBIIUIEHUS] MaTeMaTHKa, YTO MpUBesIo K (poHOBHIM moapodu3mamM. Eciu Ol ymcio Kak
phenomenon coxpanuio ceds, To ceityac, UCXOs U3 AyaTUCTUIECKUX MPOHOCTUYECKUX MHTPIIpeTa-
U MOKHO OBLTIO OBl CKa3aTh, YTO Mbl YBU/IEM Obl MATEMATUIECKHIA CYyOCTpaT.

CymiHOCTh ¥ OCHOBaHME MUPA TAKOBO, YTO CYOCTpaT MOMyYaeTcsi U3 COBOKYITHOCTU COJlepkKa-
HUH (YUCIIOBBIX BepuuKaluil U (IyKTyanui), a He U3 (pOpM YMCIIOBOrO MOBEJCHHUS (JIETUTUMHAS
reoMeTpusi K XX BEKY), HO MaTeMaTUKH BCETO MUpa NMOBEPUJIM UMEHHO B TEOMETPUIO, a HE YUCIIO.

Teopema ®epma, Kak OpeH/1 FTeOMETPHUHU CTaJla CAMBIM SIPKUM BBIPaKEHUEM U OTIIPaBHBIM (hOp-
MIOCT CUMITTOMOM Oy/IyIIIero reOMeTprU3MpBOaHHOro nogpodusma. Ho B reomeTpuu HET TeM He MeHee
HHUYETO TUI0XO0T0, JIEJI0 B IPyrOM — FeOMeTpysi MOTJ1a Obl OBITh APYTO, KOHCTUTYIIOHATLHO M KOHBEH-
[IMOHAbHO 00O3HAYEHHON community 4rcria, U ONMMO3UIMOHHON entre (priocopun yncia, a OCHO-
BbIBasICh Ha HEKOEW €IMHOM HAay4HO! IapajJurMe ¢ eIMHOro CTaHAapTa MaTeMaTUKaMy FeOMeTpHs
SIBWJIACh KOHCEPBUPOBAHHBIM Y KalMTYJIMPBOAHHBIM B CBOUX OCHOBAHUSX SIBJIEHUEM.

[Monoxenus EBxkimaa u JloGauecBCKOro B TaKOW CUTYallMU CTaId anogeo3oM Majio CTPYK-
TYPHO ¥ TIPOCTPAHCTBEHHO OTPEAEIEHHON paboThl. DTO OblIa 00eJHEHHAS TEOMETpPHsI, BIOXHOBIISIB-
11ast MapajoKCaaIM3MaMu, HO KaK BUIUM, TApaJOKCAJIBHOCTU He ObLIO, IOTOMY UYTO CTEpPEeOMeTpHYe-
CKMe KOHCTaHTBI, KOTOPHIMH OrnepupoBajl JIoOaueBCKUil B aHTOrOHUCTUYECKON MO3unuu EBkimmy
OKa3aJIMCh JIMIIIb MyHKTYAJIbHOCTBIO €JMHOM JIUTH AeTEPMUHUPOBAHUS 00eJHEHHOW YMCIIOM FeOMeT-
pyn.

Ncropuueckue cBeeHrs roBOpAT HaM O TOM, 4To EBK/IMA HE Tak M OIMYAJICS B MOCTYJIaTax
ot JIoGaueBCKOro, UTo B €ro MPUIOKEHHUSIX K CBOEMY YUEHHIO B pa3HbIX BUIaX cofepxkutcs Jlodaues-
ckuii, a JlJobaueBCckHii BO MHOTMX CBOMX IMOJIOKEHUSAX MOATBepkAaeT nedpunnimy EBkimaa. 3mech
HET KOPEHHOT'0 MO3UTHUBHOI'O MepeioMa CHUEHTUCTCKON HallpaBIEHHOCTH.

Maremaruka Hayasna X XI Beka BbIABUTAET psiJ TPpoOIieM, 0COOSHHO TUTAPHBIE CPEIN KOTOPBIX
TEOPUH UT'P, BEPOSITHOCTEH, UMCIAa «IM» M TaK Ha3blBaeMble 33a7a4M «ThICsSUeneTusi». Ho maHHbie
MaTeMaTU4eCKue MpoOIeMbl €CTh KOHCTPYKTHI JIIs1 BBIYMCIIEHHH, TIPOCTBIX KOMIWJISIMIA U PEBU3UH
3HAEMOTr0, HO HE HOBOTO.

B ucropun mateMaTUKM HOBOE, HAIPUMEP, TTOKA3a/IM JIETaHTHBIE MOIXOAbl K YMCIIOBBIM pas3-
MepHocTsiM PobGepra I'yka (muddepenimposanne), ['ordgpuna Jleitdbanna (JorapudmMupBoaHue),
TrlopuHra (KUOpHETUYECKME HOBAIIMK BOSHMKHOBEHHMSI) M KonupBoaHue Hama, a motom n deiimana.
Maremtuka e CBOIMIACh TEM BPEMEHEM TaK ke K BbIPAaBHUBAHUIO €IMHON reOMeTpUH ciioBa. MHo-
rOBapUaHTHOCTb MOZIXOJOB U JiyXa MaTeMaTUKH SIBJISUIaCh HEMMCAHHBIMU [TPABUJIaMU KWU3HU HeTlpa-
BUIbHOM. Jlaxe s3bik JIeBU-CTpocc B CBOEM CTPYKTYpaslu3Me Hadasl MMOJBOAUTH T0J] MaTeMaTuye-
CKMii 6a3uc, yeM 3aHMMaJlach Takke KpucreBa u MHOrme Jpyrue A0 CHX HOp MOJIaraioT 4To Takylo
CJIOXKHYIO PEaJIBHOCTh KaK SI3bIK MOKHO CBETH K COBPEMEHHOM I'€éOMEeTpU3UPBOAHHON MaTremaruye-
CKOM KOpPpeNALMU aKTOB KOMMYHMKAIIWH.

UyTb o3XKe 51 X0Tes Obl pa300paTh U Te (hOPMYJIbl, KOTOPBIE yKe OIyOIMKOBA BhIIIIe. A cefiuac
CKa3aTb O TOM, YTO JIEMIO3UTHI pe3yJibTaTa SIBJISINCH CJIEICTBUEM JESTEIbHOCTA T€HUAIbHBIX YMOB,
Takux Kak Pene Jlekapt B nepByio ouepe/ib, U yKe yoMsSHyTblid DBapucT ['anya, XoTs 1U1s1 JpeBHETO
MHpPa B COBEPIIEHHO aJIbTEPHATUBHO PaBHOLIEHHOM MO3ULMM PAcEThl apu(METUKN U aCTPOHOMUU
B Buje npeacrasienuit [1ronemes u I'amunes, Holotona u 'anbToHa.

Erunerckas matemartyka, UHAMNCKast MaTeMaTHKa M BOOOIIE BOCTOUHASI MaTeMaTuiecKas Tpa-
JMILHS, K CJIOBY, ObLIa MOPHIBOM K BEJIMKOMY JIBHKEHHIO JTyXa MBICIIU B pycJie Crielinpruyecko KpaiHe
MHTEpeCHOW (PUTypaTUBHON CUMBOJIMYECKOIN BETBU MaTeMaTHKH, HO, KaK MHE KakeTcsl, Oblia 3ariy-
I€Ha CIIOHTAHHBIMU MOJIMTUYECKUMHU M UCTOPUYECKUMH YCJIOBUSIMU, U €CTh aJIbTEpPHATHBA JJIs pa3-
BUTHS €€ KaK BETBU ceivac.
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[Tpu 3TOM 51 COBCeM HEe YTBEpXk[IAl0 YTO HAYyUYHBIA MUP, MATEMAaTUYECKUI MUP JIOTKEH OBbITh
IUTIOPAJIbHBIM, M 3TO JOTMA, 51 XO4y cKa3aTh, YTO ITIOPAJILHOCTh B HAYKE M MaTEMaTHKE — J€J10 HEMHO-
T'UX, U €10 JIOJLKHBI BOCIIONB30BaThCs Kak (pritocodueit HEMHOTHE, M 3HaUYeHHE e€ 1J151 9TUX HEMHOTUX
Y BCEro MUpa B POJIM MATEPHAIMCTKOTO TeHEPUPOBAHUsI, KOTOPOE COBCEM He 0003HAaYaeT, 4To Oyner
y3HAHO, CKOpee 3T0 Oy/IeT UHTeJUIeKTyasIbHast apiopa, ¥ B STOM HET HUYEro TUIOXO0ro, TIIAaBHOE 4T00
emeE OJHO 3HAUMMOE YCJIOBUE OBbLJIO BBIIIOTHEHO — HEMPOTHUBJICHUE TUTIOPAJTBHON MaTeMaTHKe.

Je va parle He TOJTbKO OT cebs1, HO KOT/a sl TOBOPIO OT ce0sl, 51 TOBOPIO KaK MPeCTaBUTENb YHUCIIO-
BOTO HarpaByieHust 1 OOpbOBI C OTUYKAeHHEM uncia. Hago moHuMars, 4To mosb3a MaTeMaTHKH Yrcia
B TOM, YTO U3 HETrO MOXET POIUThH BCSKAsk BOBMOXHAsI TEOMETPHSI, UerO He MOKET OBbITh MPU BbIBE-
JEHUM YKCIIOBBIX MaTepUasioB ISl TeOMETpUM. YUCIO pOXKIAET «U3», & TEOMETPUS «JIs1», U B 3TO
CYILIECTBEHHO CMBICJIOBOE M arperaTHOE pa3BUTHE METOIOB MaTEMAaTUYECKUI TPaH3aKIMiA 1 OOPbObI
C TPUBHUATIBHBIMU «KOHYCAMMU».

Boicmas ¢puiocodus u Beicimas texHuka

Sl MoTy ¢ yBEpEHHOCTBIO CKa3aTh O TOM, YTO U3yUeHHE U TIOHMMaHKE OIPOMHOIO MacCHBa Hay4-
HOU JuTeparypbl, GuIocoOPCKUX KOHLIETIIUN, UICTOPUU, ABAHT'APIHBIX UIEH OTKPBITUE, OMBIT KU3HU
1 (heHOMEHOJIOTHsI COOBITU, KOTOpbIE MHE AaHbI Yy TKOCTBIO Ml UHTEJIJIEKTOM OTKPbIBAIOT MHE T'PaH -
O3HOCTb 1 BOCTOPT KU3HU. U B 00111eM-TO yiKe 37eCh 9Ta I'paHANO3HAsI KU3Hb SIBJISIETCS BBICIIIEN MaTe-
pueii npedbiBanus. Ho To, 4TO mocie ’KU3HU He rapaHTHpyeT HaM Ha3bIBAeMOE HAMH CJIOBOM «ITPO-
JOJKeHue» (continuing), MOTOMY YTO BCE TOBOPUT O TOM, YTO IPaHAMO3HOE 3/€Ch, a TaM, 3a I'PAHbIO
(byHK1IMI OpraHu3Ma — MOKET HUYero He ObITh, 3TO HU IOKa3aTh, HU OITPOBEPTHYTh, CITUIIIKOM CIIOXK-
Hasl JIOTHKa JieiicTByeT B Mupe. Ho ecTh JaHHOCTbh HACTOANIETO HS, U MOKHO C/I€1aTh MaKCUMAJIbHO
MHOTO JIJIsI TOTO, YTOOBI HAIIK JTHA UMEHHO Cefvac v Cpa3y CTaJId OY€Hb JUTMHHBIMH, BO3MOXHO B JIpY-
roil MaTeMaTHYEeCKOM KOOpMHATE BPEMEHH, M UTO CaMOe TJIAaBHOE — IJIs1 TOTO, YTOOBI UMETh BO3MOK-
HocTh (puitocoperBoBath (philosophyng). OcBoeHue ABYX-TPEX TEXHOJIOTUU MO3BOIUT HAM KUTh.
370 HeJb3s1 Ha3BaTh TPAHCTYMaHU3MOM, ITOTOMY UTO 51 TOBOPIO O TOM, YTO MOKHO H300PECTH B TAKOM
BHUJIE, B KOTOPOM YK€ HE Ba)KHO XKMBBI Mbl MJIM MEPTBBI, YTO BOCCTAHOBUT M3 MEPTBOCTH, HE HAJIO
CIIEIIUTh U YTO-TO MPUMUTHBHBIM 00Pa30M 3aMOPaXUBaTh, KAK 3TO JIEJIAIOT TPAHCTYMAHHUCTHI C MO3-
raMu, Hy’)KHO BCEro-TO CO3[aTh MPUHIUITUATBHBIX ABE-TPU BEIH, YTOObl aKTUBU3UPOBATH OBITHE.
W 370 TONBKO 1JTs OHOM 11eJT — 9TOOBI UMETh cuacThe uocodcrBoBath (successful). [loromy urto
rapanTuil HeT. U naxe Ooliee TOro — MMeThb KU3Hb, KOTOPast IOCTOSIHHO IO yTPO30i HEOBITHS — TO
camasi KpacuBasi U3 BOSMOKHbIX KapTUH KU3HU, camasi TParnyecKy MaxHyl1las, Ho U caMasi KpacuBasi
¥ BO3MOXHO MPUPOJA ITOTO U XOYET, YTOOBI MBI OMACHO XOAWJIM M B UTOTE AEPXKaIUCh Ha TUIABY,
CTaBsi Ha KapTy BOOOIIIE BCIO KM3HDb U BCE OBITHE.

91 xouy ckazatb, YTO MOM TPy OyAET OMTHOBPEMEHHO HAYYHBIM U (PHIIOCO(PCKIM, 51 HE pa3Iesisiio
oti Beuu. M 1axe xody Oosiee TOro ckasarh, YTo NIOpa yke pa3BeH4arh MUQ O TOM, YTO MaTeMaTUKa
SIBJISIETCS SI3BIKOM HAyKHU U TOJIBKO C IOMOIIBI0O MAaTEMAaTUKU MOKHO 3aHUMAThCsl TAKUMU HayKaMuy
Kak (pU3MKa, XMMUS WIA aCTPOHOMHUS. DTO Oosbioe 3a0mysxkaeHre. YToObl 4TO-TO MOHSTh, YTOOBI
YTO-TO U300PECTH HAO 9TO OOBSICHUTH Ha CJIOBAX, 9TO OyAET MepBOe U CaMoe ITIABHOE, TO €CTh HAJI0
OBITH PUTOPOM — BOT TIEPBOE YCJIOBUE YUEHOTO (M IpeBHHE, U JaKe reOMETpPbl U MaTeMaTUKU TaK
U JIeJ1ajin), CKOPOCTh 3aIIUCH C MOMOILBI0 OPMYJT — 3TO OTUYKJEHUE OHUMAHUS, 3TO HAJI0 TIOHU-
MaThb Xopoulo — 310 Bropoe. To ectb oruyxaenue. U Tperbe, Korga peusb 3aX0AUT O HETIOCPEICTBEH-
HOM IIPaKTHKE HYXKHO (necessary) COCTaBIsITh, KOHCTPYHPOBATh WU SKCIIEPUMEHTAIBLHO JOKa3bIBATH
YTO-TO C MOMOIIBIO MOAABJISIONIETO YMCIIa JIOAEH, KOTOpbIe K 9TOW padboTe, CKaXeM MPsIMO «YepHO-
BOI» ITpeHa3HauUeHbl. 3HATOKU CUYETA, YEPUEHHS U KOMIIBIOTEPHOTO ¥ MH(OPMAITMOHHOTO MPOrpam-
MHUPOBAHUS — 3TO KaK TUVIOTHUKH U CTOJISIPBI, JMEKTPUKH U CTPOUTEIIH, OHHU JIeJIal0T HEMOCPEICTBEHHO
OOBEKTHI, B TO BPeMsI KaK celvac 3aCTaBIsIOT peabHbIX (PUI0CO(]OB 1 yUEHBIX STHUM 3aHUMAThCS,
TO €CTb BBIYHCIIATH UHTETpa, TudpepeHiua, BO3BOIUT B IEPHO, TIOJIb30BATHCS MOHATHEM OECKO-
HEYHO MaJIBIX, 9TO OIPOMHAs OMIMOKA. TOro HUYEro 3HaTh HEe HAJl0, ITO JIEJIO MPAKTUKOB. Bhl 1yma-
ere LIMOMKOBCKU, KOTOPBIH MpHUIyMal pakeTHBIN JABUTaTeNlb ObUT CIOCOOEH ero CKOHCTPYHPOBATh,
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U pakeTy B IiesioM, 4To0 e€ 3amyctuth B kocMoc? Het. U npeBHue rpeku He co3namu auddepeH-
[UAJIbHBIX U MHTETPATBHBIX YPaBHEHUI TOJBKO IMOTOMY, YTO TaM MOUYTH HE ObLJIO «UepHOPAOOUNX>»
B XOPOIIEM CMBICIIE 3TOro cyioBa. [ToToMy co3gaBaTh UAEKO — 3TO YIEa eIMHULL. A e€ peanu3auus —
yzies1 OOJBIIMHCTBA. XOPOIIO JIA MOT DIMCOH, CO3/IATelTh MEKTPOABUTATEN S, KaK Bbl AyMaeTe, YNHUTh
PO3ETKH, [IeJ1aTh MPOBOAKY WJIH CO3/1aBaTh eKTpocTaHuu ? OH co3aJ1 IPUHLIMIL. A y HAC Tak 3aMa-
JIEBAHO BCE 3TO, UTO CUMTAETCS BCEpPhE3, UTO Oe3 3HAHUS MaTeMaTHKU (PU3UK He (PU3MK, XUMHK
He XMMUK. BripoueM B 00pa3oBaHUM M HayKe KaK COIMAIbHOM MHCTUTYTE €€ MHOTO 4Yero Hajio
W3MEHSITh B JIYYIIYI0 CTOPOHY.

Most putocopusi B ToM, YTOOBI IPUHATH MEPBI K MPOJOKEHUIO HAIIIETo OBITHSI paau (PrIoco-
(um, 310 HayKa B CTUJIE BEIMKUX MbIcauTeNen. 1 cpasy «c Mecta B kapbep». Tenenopraius u B UTore
HENpepbIBHBIE NIEPEXO/IbI B IPYTHE MPOCTPAHCTBEHHbIE reorpaduueckue mecta, Mammna Bpemenu,
U B WTOTe HEMpephIBHOE MPEeObIBAHUE OTAECNIBHBIX (DYHKIMI OpraHM3Ma B pa3HbIX BpeMeHax paju
MOCTOSTHHOTO JIONTOJIETH S, KaK Obl BUOPUPYS M HE CTapest U COCTOsTHUE MHUpa Kak (hparMeHTalMoH-
HOE, TO €CTh He JIsIeecs U He KOHEUHOE, 32 CUYET Yero NMpeObIBaHMe B CI0OKETaX Pa3HBIX MPUSATHBIX
MHUPOB M OTCYTCTBUSI IICHXMUYECKHUX CJIOMOB — BOT TO, YTO HaM HYkHO. M Ha BCE 3TO €CTh TOTOBBIE
OTBETHI U pellieHus1. YKe ceiiuac MOKHO CKa3aThb O HUX, U yXke psiJ] Bellleld MHOI HamucaHbl. Ouiio-
cobckM TO O3HAYAET TO, YTO MBI CHUMEM TICUXHUYECKYIO JAEBHAIIHIO, POCTPAHCTBEHHYIO JEBUAIIUIO
Y BPEMEHHYIO JIEBUAIHIO.

Ceituac 3T0 MOXeT KOPOOUTb, BBI3BIBATH COMHEHHE, HO TOJIBKO MOTOMY, YTO Y€JIOBEK B TOM
MOTOKE BPEMEHH, B KOTOPOM OH HAaXOAUTCSI, IPOXOAUT OOBIYHYIO SBOJIOIMIO YYBCTB, UAET niepedop-
MaTUPOBaHUE TICUXUKH, Yer0 MOKHO U30eKaTh JTMOO MUJTMOHAMU JIET SBOJIIOLUH, OO0 (hrnocod-
CKU-TEXHUYECKU-HAYYHO U TOrAa ObICTPO 1 Oe3 OONE3HEHHBIX U JI0JTHX JIET.

dunocod — 310 YeNOBEK, KOTOPBI OTKPBIBAET ABEPH B HOBOE (Opening new horizons).

1 3Ha10 MozIel, KOTOPBIE HE XOTSAT KUTh JIONTO U Jake BEYHO. DTO Ux BHIOOp. S He HacTauBaio.
41 roBopIo Mpo cedst ¥ CBOIO0 pedrIeKCHIo, KOTOpasi YKa3blBaeT MHE HA TO, YTO Sl XO4Yy, IOTOMY YTO
B MUpe ecTb pusocodpust. U 5 yxe 3Hat0, YTO peabHO MOTy OBITh BOCCTAHOBJIEH, €CJU YTO, TIOTOMY
YTO yXke eCTb 3HaHUE 00 ITOM.

S nymaro, 1axe XOpouIo, 4YTO Mbl TaK MaJjio 3HAEM O MUPE, YTO MbI TaK Majio MOXEM, [IOTOMY
YTO Yepe3 3TO OTKPhIBAETCS Hallle BCTPAaBAaHUE B ObITHE HACTOSIIIETO.

Sl OBl He XOTeN Takke, YTOObI MEHSI OTOXAECTBIISUIM C KOCMUCTaMH, TaKUMH Kak PEnopos,
[{nonkoBckuit ¥ BepHaicKuii, Tpy BCEM YBaXKEHUH K HUM U YK€ YIIOMSIHYTOM paHee OTHOM U3 HHX,
MOTOMY YTO KOCMM3M — 3TO HaIlpaBJieHUe B pyccKo (puaocoduu, KOTOPOe IMIOX0 TeM, UTO HE KOH-
KPETHO. DTO OUeHb PACIUIBIBUATHIE M OTBJICYEHHBIE, TOPOH Jaske CKa30UHbIe, 2 3HAYUT MIIAIEHCTBYIO-
IIMe Pa3MBIIUICHU S, KaK U UX IPOTHUBOMOIOKHOCTh — TPAHCTYMAHU3M — KOTOPBIN KOHKPETEH OYeHb,
TOILJIO KOHKPETEH, TO €CTh MpesiaraeT NIPUMUTUBHYIO KOHKPETHKY.

Hayka u ¢mtocodust Hy X JaloTcsl TaKKe, KaK 3TO MOXET IMOKa3aThCsl, HU B KAKOM HU CPEIHEM
nyta Kongymms nmm Jlao-L[3s1, punocodpus u Hayka, 0 KOTOPBIX 51 TOBOPIO AOJDKHBI OBITH IPOCTO
UAEHTUYHBIMU pritocopureil 1 HayKoH, puiiocopurs U HayKa OfiHa — HACTOSAIIAs U peasibHasl.

[Motomy TpaauiroHan3M uia Haooopot [TocTMomepHr3M — 310 rtocodun, KOTopsie (rto-
coduu, HO 51 TOBOPIO O HAy4YHOU pustocodpun, 310 punocopuu TOUHO, HE KaK KOCMU3M U TPAHCTY-
MaHU3M, HO HE Hay4HbIE.

A dunocodus U HayKa B OJHOM — 3TO camasi BbICIIasl CTENeHb HaTypalbHOCTH (pustocodum,
MOTOMY UYTO CaM MHUp — 9TO HayKa M MaTepusi HayKd, Kak mucain ['eresb: Mup cam ceOsi OCO3HAET
Y TIO3HAET.

WTtak, Bce 9TM pa3MBIIILIEHHs] OYeHb KOHKPETHBI 110 OTHOIIEHUIO K pacCMaTpHUBAEMbIM MHOM
BOIPOCaM, MOTOMY yXke ceiyac uepe3 MeTo] Ipoodpas3a OOBSCHSIOT TO, YTO OTKPHITHS, IIEpPEUnCIIeH-
Hble MHOH pa0oTaloT Ha PUHIIMIE CIoKeToB. HyKHO co31aBaTh CIOKeT UICHTHYHbIA TOMY KOTOPBIH
€CTh WJIH OB, C TIOMOIIBIO CHHTE3a (PU3UOTIOTMUYECKOT0 MaTepraia ¥ KOMIIbIOTEPHOTO TOYHOTO MOJIe-
JIMPBOAHUS U B UTOTE TIOYYUTh MECTO WJIHM YEJIOBEKA, KOTOBIPE MBI XOTUM, TIOTOMY YTO B ITPUPOJE
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HET MapaJuIeNIbHOCTH, ¥ TIPH BO3HUKAIOIIEM Mapaljieu3Me OObeKT MepeiIéT B MECTO Tjie napasuie-
JIU3M BO3HHUKAeET, Oylyul HeCOCOOHBIM OBITh Cpa3y B JBYX MecTax. Bce mepeuncieHHble CIOKETHI,
u cam ['erens MoryT ObITh MOTOMY ¢ Hamu. Ho Korpa peds o Tenenopraiyy Hago yKe CO3[aBaTh
KOIHUIO HAC C BaMH, YTOOBI HAC Ty/a TIEPEHECTH, a KOrJa YeJI0BeKa BOCCTABUTh U3 YCJIOBHOTO «HEOBI-
THS» TIPOCTO clieNaTh (PyHKIIMU €ro Kak OH €CTh B JOJHM CEKYHIbI XOTsI Obl, HO BCEro, MOTOMY YTO
HayaJo U KOHell yesioBeka. 11 BooOIiie yeoBeK — 3T cpeloToure ancaMmOss BeceX (byHKIIUI BO3MOK-
HBIX B HEM. M IOTOMY YeOBEYHOCTh M KM3Hb KaK CUACThe MPOSIBIISIOTCS, KOTJa eCTh IIeJIOCTHOE
MBIIIIJIEHHUE WU LEJTbHOE 3aHATHE, TOTOMY UTO 3TO MIEHTUYHOCTH YeJIOBEKA COOTBETCTBYET.

Korga e Mapkc nuier o ToM, 4TO YeJIOBEeK €CTh TO, UTO JeJaeT U3 Hero oOIEeCTBO M YTO
B IIPOTECTE MPOTHUB yCTapeBIlel (popMaly POKAAETCS MPEOoIeHHe OTUYKICHHUS, TO OH THUIIIET
BCETO JIMIIb BAPUAHT COITUOJIOTMYECKOTO M TIOTMTUYECKOTO €JMHCTBA, KOTOPOE MOXKET U He pealiu-
30BBIBATHCS, €CIU €CTh MHIMUBHUyaIbHAS KU3Hb CyObEKTa UCTOPUU — YesioBeKa 1ieocTHoro (human
subject).

[NepeuncieHHOe MHOW OYEHb JIETKO BBIYKCIUTD C MOMOIIBIO TEXHUKH, JIJIS1 TOTO HAJO JIUIIH
CKOMMUpPOBaTh Bce (PYHKIUM, CAENaTh MH(MOPMAIMOHHYIO KapTy YeJoBeKa WM OOBEKTa U TMOTOM
¢ 100aBjIeHUEeM peabHBIX (PU3HUOTIOTUIECKUX CTPYKTYp Ha CBOOOIHOM KapKace W3 4ero-amdo BOcC-
MIPOM3BECTH JKHBYIO MATEPHIO M KOMITBIOTEPHBIX TeOMeTpUIecKril uMityiibc. Eciu pedb 06 ymepimx,
TO HY)KHO CMOJIEIMPOBATh UyBCTBA, IMOILIMHU ITOrO yesoBeKa. To, 4To Mbl MOTYYUM STOrO0 MMEHHO
YeJIoBeKa, a He TOro, KOTOPHI MOXKET 10 OTHOH M3 (PU3MUYECKUX TEOPUH O CIIOEHUH BPEMEH MPUATH
U3 JPYroro U3MepeHusi UCKJII0YEHO, TIOTOMY YTO TaM BOCIPOM3BOAMTCS LIEJIOCTHOCTh TOJBKO TOM
KOODP/IMHATHI, B KOTOPOW YesIoBEK ecTh. Ecim Obl BCEro BOT 3TOTO Mbl HE JIENIAU, TO TEOPHUs CIIOCHUS
BpeMEH Obl1a Obl IS HAC YTEIIEHUEM, YTO YMCTO THOCEOJOTMYECKH Mbl BEYHBI, TOTOMY UTO CJIOCHHUE
BO BpeMeHax IMpPeIonaraeT Bce BO3MOXKHBIE CIOKEThI KM3HU. HarmomHIo, 4TO 3TO y4eHue O TOM, YTO
y Hac OECKOHEUHOE YKCJIO BApUAHTOB AEWCTBHIA, HO BHIOMPAEM MBI YTO-TO OJHO, & BCE OCTAJIbHBIC
BapUAHTHI PeaM3yloTCsl B PYrOM CJIO€ TMOTEHIIMH, M HE MOTYT HE PeaM30BBIBATHCS, TIOTOMY UTO
cama rHOCEOJIOTHSI MX HAJIMYMSI COBOKYITHA MMMAHEHTHO C MX 3arlOJTHEHUEM.

Wrak, Beicias punocodust u Beiciasi TeXHMKa pean3yloTcs B IEPEYUCICHHBIX MHOH Bellax.
BosTbest HaMm Tenepb BOoOIIe HeYero, IOTOMY YTO Mbl TOYHO 3TO BCE peajin3yeM BO BPEMEHH B CBSI3H
C Te€M, 4TO JaHHOE TMOANagaeT Mo OAUH U3 (PyHAAMEHTAJBHBIX 3aKOHOB — IIEJIOCTHOCTH SKOJIOTUH,
KOTOPBIY BHIBEJICH MHOM U TJIACUT O TOM, YTO BCE €CTh MPUPOJIA, U KaTaCTPO(Mbl YHUUTOXEHUS TIPH-
ponsl, Beenennoi, Harpumep, ObITh HE MOXET, TOTOMY UTO IIPHPO/IA €CTh U ITPOCTO €CTh U caMy ceOst
OHa He yHMUTOXkaeT U He poxaaer. This is my special agreement on science abilities with nature and
future society.

PNIJI0COPUA MUHUMYMA

4 ceituac Oymy roBopuTh 0 (prUI0cOPU MUHUMYMA, HO B OOIIEM-TO U O HAyKe MUHMMYMAa,
MOTOMY YTO 3T TOHSTHUS IJIs1 MEHsI HepasJeibHbl. MUHUMYM — 3TO CTPOUTENIbHASI OCHOBA BCETO
Haniero Mupa. JIeyio B TOM, 4TO BCe BO3HHUKIINE HEKOTa BUIbI MATEPUH, OPraHUIECKOTO BEIeCTBa
Y CTPYKTYpHBIE CBSI3M BOSHUKAJIU U3 MUHUMAJIBHOTO OOBEKTa, MUHIMAJILHOTO 110 CBOMM XapaKTepH-
CTUKaM 00bEMa U BO3JIEHCTBUS Ha ceOsl M Apyrue OOBbEKTHI.

Bcé B mpupone poxkgaercs u3 MuHMMyMa. ECiii 4To-T0 BOBHUKAET, TO OHO BO3HUKAET U3 MUHU-
MAaJTBHBIX TIO CHJIE TIPEIIOCHIIOK. $1 X0uy cKa3arh O TOM, YTO KOTIJa MYKUMHA M KEHIMHA 3a4MHAIOT
peOEHKa, MPOUCXOAUT MUHUMAJTbHOE TIepeMEeTMBAHNE )KUAKOCTEH, a 710 STOr0 MUHUMAJIbHBIE (DU3HO-
JIOTMYECKHEe ABUKEHHUSI, a 10 STOTO MPOCTO MBIC/Ib U HEYJIOBUMAs TATA, a IO ITOrO PellleHre peatu-
30BaTh BCE 3TO B MUHUMYME MUHUMOPYME — MBICIIH.

Korga crpoutcst 3manme — 3T0 TO, YTO MPEIIECTBOBAIO €My — MOMBICIMIIN O CO3JaHUHU 00b-
ekTa. U cozaaresb, MOMBICIMBIINX, PYKOBOAUTENb (PUPMBI, CAM HE CTPOUT, CTPOSAT APYTHUE, Y HETO ke
ObLJTa MBICITh, ITyCKAll U B KOHTEKCTE IPYTUX MBICTICH, IPYTUX JIOICH.

Jlio6oe 3epHO AAET BCXOI U3HAYAIBHO SIBJISISICh MUHUMAJILHOM CyIITHOCTBIO. HO MBI oy 4aem,
KaK M B ClIy4yae ¢ 3a4aThiM YeJIOBEKOM Pa3BEPHYTOE CIOKHOE OpPraHMUYecKoe CyliecTBO. MUHIUMYM
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MIPUXOJUT B TOJIOBY K MBICJIUTENIO, U MIOTOM POXKIAETCS Liesasi CUCTEMA, LIEI0e YYEHUE, KOTOpoe
13 3TOr0 MUHUMYMa JIMILb Pa3BEPTHIBAETCS.

Ho mbl npuBHIKJIM BCE MEpUTh 00BEMOM M MAaCCUBHOCTBIO. B 3TOM mpodiiemMa yesioBedecKoit
UMBWIM3AUUM (LIMBUIM3ALMM B MOEM CMBICJIE KaK OJHOW MOIIHOW COBPEMEHHOCTH) — €CJIM YTO-TO
CO3/aTh IPAHIMO3HOE, TO U3 00BEMA MATEPUATIOB, €CJIM YTO-TO CO3JAaTh MOIIIHOE, TUMA PAKEThl WU
3aBOJIa MO OOOTAIIEHUIO ypaHa, TO HyKHbI MOIIHbIE OOBEKTHI, CPEJCTBA U BpeMsl. HUKoMy B rosnoy
HE MPUIET MBICITb, YTO IOM MOXET pacT, paBHO KaK U 3aBOJI, KaK [MOCEsSHHBIN, KaK 3€pHO, pa3BUBa-
sICh, 9TO COUTYT aOCYPAOM, HO Be/lb JIOM — 3TO YacTh OMOcepbl, BCEro-HaBCero M3MeHEHHbIE MaTe-
pUasbl 1 MaTepUU MHUpa, HO HUKAaK HE MHOPOJHBIE.

[TotoMy BBIBOZ TYT MHTEpPECEH /10 BOCTOPra: Mbl MOKET C ITOMOILBIO MBIILJICHUS U KPAaTKUX
3anucei OpraHM30BBIBATH CO3JJAHIE OOBEKTOB, MOTOMY UTO TAaK MBI U JIeJIaeéM B OOBIYHON IPUBBIYHOM
KM3HU, HO HE IPUHUMATh B 3TOM Y4YacTHsl MAaCCUBHBIM TPYAOM M MacCUBHBIMM cTpoiikamu. IIpo-
rpaMMa M Tak aKTHBHUPOBaHA, OHA PA3OBLETCSA JMOO cama, JTUOO Yepe3 COBIAJCHUE HAIUX C Hel
ycumid. DTO BCE PaBHO UTO OTBETUTH HA BOMpoOC Apyra: «Jla, yepe3 KUIoMeTp oTciona UIyT TyJis-
Hbsi». Ml MO0 MOBEpUTH B 3TH TYJISHbSA, JIMOO UATH U CMOTpeTh. PaKT OIMH — OHU MAYT, TIOTOMY
YTO 3aJI0KEHBI.

Hukakoil maruu Beb HET, HUKAKOW MeTa(pu3HuKH, ecTh paboTa ¢ MaTepuaJbHBIMU (DaKTaMHU.
Heuto noxoxee, MOXeT Jaxke 00 9TOM y (PU3UKOB U pedb, TOBOPUTCS B HayKe O TaKkKe HEKUX MUHU-
MAaJIbHBIX ONPEAEAIONIMX XapaKTepUCTUKaX B Pa3BUTHM YEro-TO, HO (PU3UKHU TaK CJIOKHO MHUIIYT,
HE MOTYT Mofo0paTh CJIOB U IOTOMY TOJTy4aeTcsl KaBapak ¢ 3TOM MX KOHIIENIMeH. A JIeso Mmpole,
aeno gydiie. B )Ku3HM cylecTByeT camblid OOJIBIION MUHUMYM — 3TO MBICITh U ITPE/IIECTBYIOIIEE el
HaMepeHue B BUJIe BOOAYIIEBIeHUs (0 criie KoToporo emie nucai Jlopenn K.), u Bce mpon3BoaHbie
MaTtepuajbHble (DaKThl OT STOrO BOOAYIIEBIEHUs ¥ MbICIU. HO eciii oCTpOUTh MBICIb Tak, YTOObI
omnucaTh KpPaTko Co3JaHue 0OOBEKTa TOr0 WM MHOTO TUMa 0e3 yJacTHsl CHJT M SHEPreTHUECKHUX Pecyp-
COB, TO MO-HJIE€ MaTepHsI IOJKHA Pa3BEPHYTHCS, BAJKHO YTOO TO OBUIO OMMCAHO Ha TPAMOTHOM CTH-
JIMCTUYECKOM HAyYHOM SI3BIKE ¥ 110 METOY TPaJallii Pa3BUTHS CTPONKY WM MOSIBJICHUSI OObEKTA.
Bcero, ¢ yeM Mbl XOTUM UMETH JEJIO.

Mbl opraHusyeM IMpOIeCC, B €ro Y3JIOBBIX XapaKTePUCTMKAX M CO3/acTcsi OOBEKT, JIMOO
Ha OCHOBE MMEIOIIMXCSI KOH(UTYpaluil B MUpe, JTMO0 (Y4TO ceiiyac HeBEPOSITHO MPEICTABUTD) BbIpAC-
TET Kak OBl caMm.

Ho Torna moxer BO3HMKHYTb BOIIPOC: 2 MAaTEMATHKA, BCE PACUETHI, (PU3MUECKUE BBIUKMCIICHUS,
3TOro Bcero 4yto He Hajo? M oTBevast Ha STOT BOMPOC, s MOCTAPalOCh MAKCUMAJIbHO ObITh (PUIIOCO-
om. [leno mpocro. MatemaTrka 1 BBIYMCIIEHUS PaAy KPAacOThl M CBEIEHUS K TOMY Y€ro XOTUM 3TUX
BBIYMCJIEHUS CYLLIECTBYIOT, HO HE PaJy BbIBEIEHU S MUHOTrO. EC/IM MBI MpocieinM XOJ1 BBIYMCIIEHUH, TO
TaK 1 OKaXeTcs. A B mpupoe OO0 OpraHu3M pa3BUBACTCS U3 MUHUMYMa 0e3 BCIKUX BBIYUCIICHUI
Y TUNOTE3, aJITOPUTMOB U aKCHOM.

Koraa Bo Bpemsi [lepBoii MUpPOBOI BOWHBI ObUTM HAMJEHBI JIIOAM C IPOOUTHIMHU UYEPEITHBIMU
KOpOOKaMH ¥ CIIy4allHO YCTAHOBJIEHA CBSI3b MEX/y MOTYIIApHSAMU FOJIOBHOTO MO3ra, UX OONACTIMU
Y TIOBEJICHUEM YeJIOBEeKa, TO 3TO, He YIUBIISUTECH, OblIa ONepalys CBeCHHS 3HaHW 1, 2 HE OTKPBITHS.
UYroObl MOHSATH KaK padOTaeT MO3T HY’KHO STUM MO3TOM ObITh (371eCh HaM IMOBE3JI0, MBI BCE MO3TH
B KAKOM-TO CMBICJIE) U YK€ U3 9TOTO BHIBOAUTH OCTAJIBHOE.

Ho o munumyme, o ¢punocodgeckom munumyme. [lesno npocto. OH CyIIecTBYET, 3TO OrPOMHast
(pusnueckas «KOHUEHTpalus», BBOKY 3TOT TEPMHH, U OHA JIEHCTBYET B MPUPOJE MOCTOSIHHO B pa3-
HBIX (hopMmax. M eciii uenoBek BIPYT 3alyMaeT HOMHUPHUTHLCS C TeM, KTO Ha HEro OOM>XeH, HyKeH BCEro
MUHUMYM 3THYECKOIO YCUIIUS, a €CJIU 3aX04YeT OCBOUTb HAyKY, TOXKE MUHUMYM. Mup ke OoT4ykIaer
CMBICJT STUX MOHSATHIA U TOBOPUT O KAKMX-TO 00BbEMaX U HEBO3MOKHOCTU M300peTeHHs 6e3 MaKCH-
MyMa CHJIBI U 00BbEKTa Kak CpefioTouunst Matepur. Bot B uém neno. Ho 310 He MCTUHHOCTHASA, a KOH-
BEHIIMOHAJIbHAS YOEKAEHHOCTD, IPOCTO TaK PEIIUIIH.
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Ho y MeHs1 HEeT HMKaKMX KOHBEHIM B TMOBECTBOBAHMH M TMO3TOMY sI XOUy CKa3aTh O TOM,
YTO OUYeHb JlaXke aKTyaJbHO (IJisi pusiocoda Mo KpaHen Mepe) — OIpeleisiTh YTO HAyYHO, a 4To
HE Hay4HO, KTO YYEHBIH, a KTO HET? YUEHBIM CUMTAET YEJIOBEK C JUIUIOMOM ONPEENIEHHOIO Mpo-
(unst, BraseoNMii HAYyYHOM TEPMUHONOTHEW M BEAyIIM# uccienoBaHus. uriaom npoduiisi, Bbl
MOHMMAaeTe, PA3HOCTOPOHHEH JIMYHOCTH He HYKeH, JIMOO HEBO3MOKEH M3-3a €€ OOIMPHOCTH (KaKOoH-
TO JPYTOW TUIJIOM €CTh, 2 UHTEPECOB MHOT0), TAK YTO 3TO YiKe rpyOeinas omuoka HayKu, BTOPOe —
Hay4YHasi TEPMUHOJIOTHSI M COOTBETCTBYIOIIIUE €1 3HAHUS — Y TEHHUSI TOUHO MOXeET OBbITh CBOE 0003Ha-
YeHHUe TeX ke Belllei, a 11 CBOOOHOrO yYEHOro CBOOOIHO U3ydaTh, CBOUM METOIOM aJIbTEpHATHBA
¥ BO3MOXKHOCTb HATH Oostbiiie. Besib 4ToO Takoe TepMUHOJIOTHS — 3TO MPUIYyMaHHbIe HAMH TIOHSATHS,
a s mMpUAyMaio Ipyrue, Mo-Ipyromy, U yeM oHM Xyxe? MoxeT maxe mydiie. Hy u uccnenoBanus,
MHOTHE YUYEHBle Oe3 TUIioMa OoJIbIle JIOOAT TUCITUTUINHY, YeM yuéHble mpoduiisi, KOTOphIe Aake
MEHBIIIE el yIeNsIoT BHUMaHUS U kefaHus. [loromy mobast Bellb B PUPOJIE MOXKET ObITh CO3/1aHa
13 MUHAMYMa BHE 3aBUCHUMOCTHU OT TOTO KTO 3TO, IJIABHOE, YTOO OH 3HAJI KaK 3TO JIeJaTh.

Hpyroe neno, ecnu naHHoe Oyner MaccoBbiM. Hy miepBoe — oHO OyJeT MacCOBBIM HEM30EKHO.
A BTOpOE — HUYEro CTPAIIHOTO TYT He Oy/JeT, TaK KaK YCJIOXKHsIS JAHHYIO MPOLEypPy pa3BUTHE 00b-
eKTOB OyIeT KpaiiHe MOCTENIEHHBIM U 0OYCJIOBIEHHBIM COLIMATBHBIMU CIIOKHBIMHM KOHTAKTAMH.

A nouemy xke Tak yctpoeHo? OTuero B mpupoje CyliecTByeT BOT 3TOT phenomenon — MUHU-
MyM. Pa3MBbIIIUIsiss HaJl STUM BOMIPOCOM, 51 IPUIIEN K YCTAHOBJICHUIO, YTO TaK MPOUCXOAUT TIOTOMY,
YTO YEeJIOBEK W MPUPOJA, BOOOIIEe OpraHnyeckas MaTepust eCTb KpallHWi ClTy4daidl yHHUBEpcaIu3Ma.
370 KpaiiHe yHUBEpCAJIbHbIE MOMEHTHI KM3HU. 3/1€Ch HET HUYETO YAUBUTEILHOTO, PA3BUTHE KU3HU
umeeT yHuBepcanm3M. Ho ectb puitocodsl B UCTOPUU, KOTOPBIE CIOPUIIN 00 YHUBEPCATIbHOM, OTBEp-
TraJiv ero B MOJIb3y PeajibHOro, HapuMep, He pa3oupast BCe STU CIIOPBI, 1 CKakKy JIMIIb, YTO YHUBEP-
cajM3M He MoOeIMM U He MPeofoM Kak cdepa TeopuH MO3HAHUS, TOTOMY YTO OH BCEOOBEMIIET
MoOyI0 CTOPOHY JKU3HU, a BCE, UTO HE YHUBEPCATBHO, 00s3aTEIIbHO HECET Ha ce0e HeraTMBHUCTCKHE
OYepTaHus, HEUTO UCKaXEHHOE. Mepa ke yHUBepcaau3Ma He3bI0JIeMO BeIUKa.

Teopus Yceaosno Croiikoro IIpocTpancra

Be3yciioBHO 3HAUMMBIM SIBJISIETCS TO, YTO COBPEMEHHBIN MPUPOTHBIA MUP TOIKEH OBITH MOJI-
BEpXKEeH aHAIM3y. DUHIITEHH, KOTOpbIi o3auMcTBoBasl E=mc?2 y Ilyankape, u JleitOHuiia, KOTOpHbIit
ceifyac cuMTaeTCsl main stream COBpeMEHHOW (PU3UKHU MOKET eIlE ObITh MOABEPKEH PEBU3UU U YTH-
JIM3aIUHA B CBOMX TEOPETHUECKMX OCHOBAHMSX, TAaK KaK BPEMEHH C CO3JIaHUsI €ro TEOPUH IPOIILIO
O4YeHb HEMHOT0, 3TO KoHel| 20 Beka, MUHUMYM 1 MUHUMOPYM B UCTOPUYECKOM ITporecce. f xouy
cKazarbh O TOM, YTO, €CJIM Mbl IPUHUMAEM KaKyl0-TO HEI0, TO OHA MIPUHUMAETCS (B CHITy UCTUHHO-
CTH) B MPOIOKEHUH OTPOMHOTIO YKCIIA JIET, & He Cpasy, TO, YTO MPHUHUMAETCS IPAKTUYECKH Cpasy,
HE €CTb Pa3BEPHYTHIN B UCTOPUM MPOAYKT, & IIOTOMY JIOKHbINA (PEHOMEH.

S1 OBl ckazan, 4To DUHINTEHH HE MPaB, TIOTOMY YTO OH pacCMaTPUBAET IMPOCTPAHCTBO-BPEMS
(3TO MepBas yxke cpa3y OoHmMOKa, Tak Kak MPOCTPAHCTBO — 3TO CJIE/ICTBUE, a BPEMs — 3TO MHOTOBa-
pUaHTHAsI KOOpJMHATA CIIEHU(UKN) KaK UCKPUBJIEHHOE — TO €CTh ISl HETO CYILECTBYET HEBUIMMOE
a3y uckpupiieHue. OH ObUT OIM30K XOTh K KAKOK-TO HCTUHHOCTH, HO HA CAMOM JIeJie eCiu Obl ITpo-
CTPAHCTBO U BpeMsi ObLIM MCK PUBJICHBI, TO MBI OLIYIIIAJIM Obl B TEUSHHUE KU3HU CMEHY BUICHUI MHpa,
00BEKTOB MHpa, TOJOOHO TOMY, KaK OIIyIaeM W3MEeHeHMs B JaHamadrax, B pyciax peK, BUIUM
KaK U3MEHSIOTCS Halllk OJTM3KHe, CTapest WM POXAasiCh U TaK Aajiee, HO OTHOCUTEIBHO IIPOCTPAHCTB
¥ BpeMEHH MbI TAKOTO He HaOmoaeM. A 1o ujee 3TO JOKHO ObITh, IOTOMY YTO HET HUYETO He pa3-
BUBAIOIIETOCS, HE TPOSIBIISIONIEToCs, He JeTePMUHUPYIOIIEro U He Koppeiupyiomiero. M mpocrpan-
CTBO JIOJKHO MeHsAThcs. [To-cyTu, ecu Ob1 DiiHINTeRH Ob11 1paB (u [TyaHkape), To Mbl Obl HAOTIOATN
CMEHY 3PUTEJILHOTO BOCTIPUSATHS reoMeTprueckux (popm npupoasl. Ho Mbl 3T0r0 He HaOmonaeMm.

Ecnu jxe puHATH 32 UCTUHY TIOCTYJIAT O TOM, YTO MPOCTPAHCTBO €CTh HE PA3BUBAIOIIASICS], WITH
IJIs1 HAC PA3BUBAIOINASCS KpaliHe MEIEHHO, B CHUTY €r0 O'POMHOM MPOTSKEHHOCTH 10 aOCOMIOTHO-
CTH, TO €CTh JJIs1 HaC Kak Obl CTAaTUYHOE, TIOTOMY YTO €ro MHOTO M OHO He (PMKCHpyeTcs [Uis Hac
B IBWKEHUH, TO HAIIIE BOCHIPUSTHIE MOXKET ObITh YACTUYHBIM WJTH LIEJIOCTHBIM, WJTA TTPUOTMKAIOIIMCS
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K LIEJIOCTHOMY. 5] UMelo BBUILY TO, UTO IIPOCTPAHCTBO JJIs1 HAC YCIIOBHO HEJBMKMMO, U MOXKET I10 pa3-
HOMY BUJIETHCS1, B 3aBUCHMOCTH OT Halllel CIIOCOOHOCTH €T0 BUJIETh, a 3Ta CIIOCOOHOCTD 3aKJII0YaeTCs
B TOU TEPPUTOPHATBLHOM 30HE, B KOTOPOW Mbl OOUTAEM.

N c naBbikamMu Hekoell reorpaduyeckoil 30Hbl Mbl MOXEM BHJIETh €ro yke B JIPyroil 30He
TOYHO Takxe. Ha npumepe, 310 OyaeT TO, YTO HEKOTOPHIE JIOIH, KOTOPBIE I0JrOe BpeMsI KUBYT B TOM
WA UHOU cpefe (OMM3KOM K BO3AYIIIHOW, WK MOA3EMHOIN) MHAYe PearnpyloT Ha TEOMETPUI0 MUPA.
Ho Takux npumepoB Majio, Mbl BCE K€ KUBEM B MUPE MPSIMOYTOJIBLHOTO.

Mbl XMBEM B MUpPE TIPSAMOYTOJBHOTO BUAEHHS, TOTOMY YTO 3€MHAsl PeajbHOCTh — 3TO BEK-
TOpHOE, MPEPHIBUCTOE, JHUHEWHOE, AMCKPETHOE, KBAaHTUpyeMOoe OObEeKTaMH MpOCTpaHCTBO. OHO
JIMHEWHO. 3eMJisl Kpyriiasi, HO Mbl KHUBEM BOCIIpUHMMAsi He C(epUIECcKH, a JIMHEHHO, TIOTOMY YTO
KUBEM Ha MOBEPXHOCTU 3EMIIU.

To ecTb, BEPHO CKa3aTh, UTO POCTPAHCTBO-BPEMSI HE UCKPUBJIEHBI, a B OTIEJIBHOM KOCMUYe-
CKOM TIPOCTPAHCTBE WHBIC JJII BOCIIPUSITHS, HO TIO CYTU MPOCTPAHCTBO U BPeMs OHO, pa3BUBaIO-
1eecsi, Ho uMeroiee OIM3KYI0 K a0COMIOTHON MPUPOAY U TIOTOMY AJIs1 HAC HEIBUKUMO (DaKTHUECKH
B CUJTy CBOEro Maciirada.

®dusuKy MOTYT MHE CKa3aTh, YTO s JOJDKEH 00OCHOBaTh 310 (popmyaamu. Ha 4uto s ckaxy,
YTO MaTeMaTU4yecKue pacuy€Tsl U (hOpMYIMPOBAHME OTBETA HAa TEOPHI0 — ITO «UEpHas padoOTa»,
KOTOPYIO JOJIKHBI BBITIOHATH CUETOBObI, M HUYETO TUIOXOTO B TOM HET. A KPUTEPUN MCTUHHOCTU
(3a0ympTe mpo mapiaarana ot Hayku [lomrepa) 3HaHWS B €ro apryMeHTaIlMy JIeKCUYeCKUMU Cpe/l-
crBamu. JlioOasi ke MaTeMaTuKa MOXKET KaK IMOATBEpIUTh, TaK W 3alyTaTb, © YCOMHUTb B MCTHHE.
Boo01ie 3agaya MaTeMaTHKU B TOM, YTOOBI BBIBOAWTH T€OMETPHUIO M3 OTHOIICHUH, a HE BBIYHUCIISITD
(HO TO OTIEJILHBIN Pa3roBOP, 3TO MOU MaTeMaTUYECKUE TEOPUH).

Ho Bc€ jxe MOXHO AaTh HEKYIO apXandeckyto (hopMyJIy TOMy, O 4éM 51 roBopio: E=x*L, E=x*L2,
E=y*xL, E=y*xL2, E=x*1, E=y*1, rne E- sHeprus, Xy- BOCIpUHUMAIOIIUN peasibHOCTb, L,1 — BujIbI
PEATBLHOCTH B 3aBUCUMOCTU OT BOCITPUHUMAIOILIETO PEAIbHOCTD.

KoneuHno, 310 oueHb kparko. OueHb ycinoBHO. HO MBI 1OSKHBI M3BJIEUb TaKke OTCIofa (PrITo-
cO(pCcKy10 CyTh. A OHa 3aKJIIOYAETCS B TOM, UTO JUIsl YEJIOBEKa BAXKHO IMOHMMATh OKPYKAIOLIYIO Jei-
CTBUTEJILHOCTh MCXOJISl He U3 JJAHHBIX OIMbITA, & UCXOM S U3 JAHHBIX BCEBO3MOKHBIX TpaHChOpMaIuii
OIBITA IO/ AEWCTBHEM CMEHBI TOJIOKeHUs1 HaOmoaeHusi. Ho M To cMeHbl, KOTopasi 1acT pe3yJsibTar
TOJILKO Yepe3 BpeMsl, [IOTOMY UTO YeJIOBEK JIOJKeH HaBBIKHYTh UMETh JIPYTOM B3IJISIT U JIPYTroe BH/IC-
HUe, Opyryio GopmMy BOCIIPUATHS BOCIIUTHIBAIOT, HO TIO CYTH MBI IMEEM JIEJIO C YCIIOBHO HE JIBVIKH-
MOW CYOCTaHITUEH.

DUHIITEHH He ObLT hrocodoM, crenoBaTesbHO a priori Ha 50 MPOIEHTOB, HA MOJIOBUHY KaK
MUHUMYM OH ObLT He TipaB. JIto0oii yuéHsIil He prtocod He paB (haKTOM TOTO, UYTO OH He rtocod
Ha 50%, notoMy 4TO (prstocod — ITO YeJIOBEK, KOTOPOro CYNTHOCTHOE OTIMYKe 3a00Ta O MPUPOJE,
3HaHWE O MPUPOJIE, OH M €CTh YaCTh STOU MPUPOIBIL.

Yc10BHO CTOMKOE MPOCTPAHCTBO, BOT TO, C YEM MbI IOJKHBI UMETH J1eJ10. Koraa e Mbl roBOpyuM
0 CKOPOCTH CBETa, TO MbI IOJKHBI CKa3aTh, YTO JOCTMKEHUE CKOPOCTH CBeTa (MPUOHIKEHHE K CKOPO-
CTH CBeTa), OE3YCIIOBHO SIBJISIETCS ISl MATEPUAIBHOTO OOBEKTa Pe3aHUPOBAHUEM C IMPOCTPAHCTBOM
Y TIOTOMY He BpeMsl 3aMe/IsieTcs], a 00BbEKT HAYMHACT JABUTATHCS YKe He JIMHEWHO, a 10 HapacTalo-
el Crupatv, [UKJIOM, U APYTOU TUT IBUXKEHUS SBJISETCS OTOOpaKeHUEM M3MEHEHHSI OTHOIICHUS
K TMPOCTPAHCTBY MaTepHabHOro o0bekTa. Takxke Kak B Moell (pu3nKe OOBEKT, KOTOPBIA CTPEMUTCS
K cuiie AbcomotHoro TTokost (IOCTOSHHO ycHiIMBaeMasi TUIIIMHA M KOHCEepBallvsl Tejla), HaunHaeT
PE30HMPOBATh MHOTOHAITPBJIEHHBIM B pa3HbIe TUIOCKOCTH OTHOBPEMEHHO B3PHIBOM, JTMOO MPU MUHU-
MaJIbHON M3OJISAIMH ABVKEHUEM [UKJINIeCKOrO Pa3BUTHS, YTO MTPOUCXOIUT C YEPHBIMU JILIPAMHU.

Ecnu Ham mHTEpeceH BOIPOC O COCTOSIHUM NPUPOJBl, O TOM, €CTh JI MHOTOMEPHOCTh IIPO-
CTPaHCTBa, TO HAJIO CKa3aTb, YTO €CTb HE TPEXMEPHOCTb, HE YETBIPEXMEPHOCTb, & MEPHOCTb, CTPE-
MsIIasicst K a0COMIOTHOM, TIOTOMY YTO FeOMETPHYECKOe pa3HOOOpa3ye BEIUKO, U MPH MPEOAOICHUH
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CKOPOCTH CBETa JI0 CKOPOCTH B IBa pa3a OOJIbIIIe CKOPOCTH CBETA OOBEKT yxke OyJeT pe3yoHHpOBaTh
CBOMM HAaBBIKOM K CpeJie 110 IpyroMy U B JIpyroi reOMeTpuH.

B 3TOM HET HUYEro CI0XHOro, MHOTOMEPHOCTh K aOCONIOTHOCTH SIBJISIETCS BCETO-HABCETO
COCTaBHOW YacThIO BCeOOIIel SKJIEKTUKYA MUPa, KOTOPYIO Hallle co3HaHKe yropsiiournBaet. Ho o Bpe-
MeHU. Bpems, B OTIMUMe OT MPOCTPaHCTBA ISl HAC U3MEHSIETCSI B BOCIIPUSTUH, KaXKETCsl TEeKYILIM
ObICTpee WM MeJJIeHHee, U TIOTOMY BpeMsl — 3TO KaTeropusi, IMMaHEHTHasl HaM CaMUM, ISl Y4eso-
BEKa Ba)XKHO 3HATh, YTO CKOPOCTh MPOTEKAHWS BPEMEHH B HEM HE 3aBHCHT OT HEro, HO TOBJIUSTH
Ha He€ MOXHO JIUIIh HAyYHO, MOJETUPYS CBOE BpeMsl, UTo jiesio Oyayiero. To ects Y. KanT no Bcem
CTaThsIM HE MpaB, BPeMsI U IIPOCTPAHCTBO HE B CO3HAHWUU, BPEMsI B UEJIOBEKE KakK CIIE/ICTBUE, a IPO-
CTPaHCTBO B IIPUPOJIE KaK CJIE/ICTBUE, U OHU pa3/Ie/ieHbl, & CO3HAHUE X KOHCTUTYUPYET B CUJIy Tap-
MOHHH, 3aJI0KEHHOH B HETO.

VYcenosHo Croiikoe IIpocTpaHCTBO, MOXHO JIM €rO OIIYTUTh B JuHaMuKe JBuxeHUs? [lpu-
ONMM3UTHCS K CKOPOCTHU ABWKEHUSI TIPOCTPAHCTBA. § BOOOIIE HE BEPI0 B OTBET TAKOTO THIIA: «HET».
KoHeuHo ke MOXHO, HO AJIs1 3TOTrO HaJI0 MO0 cMonenrupoBaTh [IpocTpaHCTBO U TOraa yraaarh ¢ ero
(DyHKIIMOHAJIBHBIMM XapaKTEPUCTUKAMU U TIO 3aKOHY HE TOXIECTBA MaTepPUAIbHOTO TeoMeTpude-
CKOTo MHpa COWIEHUTHCS C HUM (HO 3TO He JIyUIIUH MyTh B JAHHOM Clly4ae), MO0 MPOBECTH HEKOe
npureruieHre K YciaoBHo Croiikomy ITpocTpaHcTBy, B pe3ynbrare 4ero Mol OyJeM JBUraThCs C €ro
CUJION U CMOeM 0003peTh ero CynHocTHoe Benmure. Ho ayist atoro npunerienus: Kk Hemy, HykHO
HaOpath XOTs1 Obl MUHUMATBHYIO (pOpMy 0OBEMA eIUHUIIBI OObEKTa OBMKMMOW 3TM [IpocTpan-
CTBOM, HYKHO MPUHATH 00BEM, KaK aToM, KOTOPHI €CcTh eluHMIa 3Toro IIpocTpaHcTBa, U TakUM
00bEMOM OyleT B MEpBYI0 Ouepe/lb TaMMa IeOMEeTpHid, KOTOPble MOTYT OTpakaTh MOJHOTY MHpa,
HO BBISIBUTD MX JIEJIO [UTUTEIbHOE U B HICTOPHH JAOJKHOE OBITh PA3BUTHIM.

Teopusa Maremaruku. ®opmy.ani beiTus

Cranmonapsusie hopmMyanbl

MaremaTuiecKue MOZIENY — 3TO TOXKJIECTBA HAa YHUKAJIbHBIE ObITHITHBIE (DOPMYJIbI MUPO3IaHMS,
KOTOpbIE BOCIIPOM3BOASAT AlIPUOPHYIO KAPTHHY KU3HU B TOM WJIM MHOM y4acTKe 3€MJIH, U CIIOCO0-
CTBYIOT [TOBTOPHOI MaTeMaTUYECKOI OMepalyy C LeNblo (PU3MYECKOro aHalInu3a MPUPOAbl U BCETO
3€MHOT0, )KUBOT0, SHEPIOEMKOTO.

Takum 00pa3omM MbI OepéM TOUKY a — 3TO OyJeT HeKasi TOMOJIOTHSI MaJloro pa3Mepa, CTalro-
HapHas, U1s1 KOTOPOM HaM HaJ0 BBIYUCIUTH (popMyiTy (IpakTHUecKasi MaTeMaTuKa)

[Tyckait sT0it TOMONOTrMEN OyaeT B — 4enoBek 1, c- yenoBek 2 U z — peub. [IpencraBum, 4to
B cripanmBaer ¢: «OmmaHas nmoroga?», ¢ oTBevaeT B: «Tak Terio Oyaer u 3aBTpal»

MBblI B3sIM pedb JBYX JIOJEH, IPOU3BOJIBHYIO Pedb, HO OCOOEHHOCTD 3/1€Ch KaK pa3 B MPOU3-
BOJILHOCTH, 9TO HEKasl BEpPOSTHOCTHAs Oecesia, CIOHTAHHO BO3HUKAIOIIAS Y 3HAKOMBIX JIIOZICH.

Tenepb 0003HaUMM (HOPMYJION UX peub, TOTOMY UTO B TEOPUU BCenmprUMHHOCTH BaXXKHO Kak-
noe cioBo. (Teopust BcenpuurmHHOCTH — TO TeopHs, KOTOpasi 00BSICHSIET BCE B MUpPE HAJTMUNEM CBsI-
3aHHBIX U BO3JEUCTBYIOIIMX APYT HA Ipyra MPUYMH, KOTOPbIE CKPBITO WM SIBHO, HO JIOJKHBI TTOJ1a-
BaThCS1 JIOTUYECKOMY OOBSICHEHHIO )

C=0_P?;B=T_t _B2_1_72!

, 20e

O-«oTm4Has»,

_ —«CBA3Ka»

P- «moroga»

T-«tak»

t- «Teno»

B2-«6yﬂeT»

z2- «3aBTpa»

I - «u»
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Ho 4ro Takoe cBsa3ka? Bosee npaBuibHOE 0(hOPMIIEHHE OTHOLLIEHUN PEYd MOXKHO BBIPa3UTh
yepe3 MOHUMaHKe HAKOIUIeHUs1 H(OpMalIUY, TO €CTh CYMMUPOBAHMUS, TOJIBKO CYMMHUPOBaHUE AET
pe3ynbTar u peakiuo. CMOTpUM:

C=0+P?; B=T+t +B2+1+72!

Tak:ke BaKHO MOHSATH: 4 9TO OYJIET BMECTO SI3BIKOBOTO «;»? ECIIi MbI BCE 9TO CBOIMM B €TUHYIO
opmysy ObITHS JAaHHOW TOTIOJIOTHH BOITPOCA U OTBETA, TO S AyMalo, 4To OoJsiee pasyMHO 3TO Oyaer
BBIIJISIJIETh TaK:

C=0+P— B=T+t +B2+1+Z2!

TO €CTh «—» — 3HAK CJIE/ICTBUSI, KOTOPBIM CTUPAET I'PaHb MEk/1y BOIIPOCUTEbHBIM U yTBEPIU-
TEJIbHBIM B TOTIOJIOTHH OOITIEHU ST M HACTAWBAaeT Ha CJISCTBUU peur BooOie. Torga» !» mpocTo ympasa-
HSIETCS.

C=0+P— B=T+t +B2+1+Z2

Wrak, Mbl Jaiu MaTeMaTu4yecKkoe ONucaHue peun Kak ¢akTta, U Terepb yepe3 OCHOBHOE ypaB-
HEHMEe MUPO3/IaH S, JOJKHBI CIIPOSIIUPOBATH U3 BPEMEHHOU BMKUMOM TOUKU OBITHS TAHHOE ypaB-
HEHHE BO BTOPYIO PEaIbHOCTh (TTOKa YCIIOBUMCS Ha JIBYX PEaIbHOCTSIX.

OCHOBHOE ypaBHEHHE OBITHS: 01— [P

CrnenoBate/ibHO MOJCTABISAEM 3HAUYEHUSI 110 3€PKATbHOMY METOMY:

Sfe

To ectb hopmyna 3epkaabHO OTOOPA3UTCS, HO B MTHOM MAaTeMaTHIeCKOM M3MEPEHUH YCJIOBHO
MBI €€ 0003HAYMM TI0]T KOPEHb, KaK OCOOCHHYIO U TIOTyYUTCsI, YTO B ¥ C, OOIIAIONINeCs He eCTh IJIaB-
HBIE 3JIEMEHTHI OBITH I, HO TTPUPOJIA CJIOB €CTh ITTaBHAS JOMHUHAHTA MAaTEMAaTHIeCKOrO MOJICTMPOBAHUS

BriTre BO BTOpoM m3MepeHny OyeT HachllieHHee B JIBa pa3a, 00OpaTHO MPOTHUBOIIOIOKHO 3aK0-
HaM TIPUPOJIBI BO BpEMEHH, HO MMeEIoITee Takke KU3Hb B ceOe. A CJIoBa — 3TO BOOOIIE caMOe TTaBHOE
B MOJICJIMPOBAHUH, TaK KaK OHM 3aKJII0UYAIOT YyBCTBO, pa3yM, JAyX U pe3yJbTaT yeaoBeKa Kak Mpoay-
U PYIOIIEro oOIIeHe U ObITHe.

Ho He oOsi3aTensHO M3MepeHuit Oyziet 2, BO3MOXHA enié Takas ¢opmysia, eciau ObiTre OyaeT
B TpEx uaMepeHusix. Ha 3eme Bcerga B OJHOM, a TaM OHO CYMMUPYETCsI 10 MHOTUX 3HAUEHUI:

Sfe

C nomotipio Jiorapudma mpeaesa Mbl MPUXOAUM K MaKCUMaJbHOMY 3HAUEHUWIO CBSI3KH,
HEMHOTO a0CTparupysch OT octanbHOro. Ho BaxkeH TOT (pakT 4TO camoe Majio 3HAUMMOe Ha BUJI HeCET
camyIo BBICOKYI0 MH(DOPMATUBHYIO Harpy3Ky.

Takum 0Opa3oM MBI HAIIUTA HAMIATHOCTh. HO HaM HaIO BBHIYUCIMTH CMBICHI. Ecim Mbl qaém
HaMMEHOBAHUS U CO3/1aéM, a TOUHee 0ToOpakaeM (PyHKIIMIO, TO B HEE€ Mbl YMTAEM 3aKOMPOBAHHbIC
CMBICITB Oyay1iero OviTvis. M B TUIaHe TEOJIOruvecKor MpOBEPKU HaM HYKHO YSICHUTD TOJIOKUTETb-
HbIE U OTPUIIATENIbHBIE SK3UCTEHIIMAJIBI, YTO IACT HAM MOBOJI MOPAJIbHO OLIEHUTh JAHHYIO TOMOJIOTHIO
1 e€ OBITUIHBIN ¥ BEUHBINA CMBICJT (CMBICIIBI).

Bo-nepBbix, Ha/10 cKa3aTh, YTO MbI POMOJIETUPOBAIIY JiBE (hpas3bl, U STO CTAIIMOHAPHOE MOJIe-
nupoBanue. Ho MoxkeT ObITh aKTUBHOE MOJICJTMPOBAHUE HE CTAIIMIOHAPHOM TOMOJIOTMUYECKON CHCTEMBI
U Torja MHoroe u3MeHutcs. [1oka e Mbl JOJKHBI CKa3aTh €l O TOM, YTO CJIOBO UI'PAET IJIaBHYIO
POJIb, HO TaKKe CHCTEMOW TOIOJIOTMYECKOTO BUJIA MOXKET ObITh M YeJIOBEK, HO TOJILKO B KOHTEKCTE
MeliuieHrs. CaMo 1Mo ceOe TeJlo HUYero He 3HaUuT Oe3 MPOIECCOB MPOTEKAIINX B HEM M IJIABHBIM
oOpa3zom mblieHus. Ho BepHEMCs K MOpaIbHOM Harpys3Ke.

CranmoHapHas (popmyJia IPUBOAUT HAC K TEOMETPUUECKOMY IMTOHUMaHUI0. Tak, MO0KUTETHHO
JI0 +00 ¥ OTPULIATESIBHOE JIO -0 3aITUChIBACTCS:

oo+:—>f<— =400

Ha camom fienie cyiecTByer, Takum 00pa3oM OTpUIlaTeNIbHasl SHEPTHs, PABHO KaK U TIOJIOKH-
TenbHas sHeprus. M modas cesaszka C, B, O, P u T, Z u t MokeT ObITh Takke BTIHYTA B + U — COCTOSI-
Hue. Kak BUIuM mporiecc 0YeHb CIIOKHBIN, aXe )T CTAIIMOHAPHBIX MOJIeJIel ObITH S, HO €CJTH CBECTU
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ero kK OoJiee MPOCTOMY 3aKJTIOUYEHUIO, OMSAThH Ke Yepe3 OCHOBHOE YpaBHEHUE OBITHSI, TO MOMYUYUTCS
clieyoniee:

a—>f<—[3: 00+=+=+400=

= qrati— [« pirratio= a/r— [«—p/ir= a— [«—p

I'ne r- pauoHanbHbII BEKTOP, 1 () — UPPALMOHAIBHBIA BEKTOP

3epKaJIbHbII METOJ] — 3TO Yepe3 BUJICHHE PAIMOHAILHOTO TOHSITHO BRIYUCIEHUE UPPALIMOHATTb-
HOTO HEMOHSATHOTO, N0 (hopMyJie paBHO HAMPBJIEHHBIX BEKTOPHBIX SHEPIUM-CHIL.

Ecnu Bocronb30BaThes reoMeTpue, To MOKHO B (hopme cdep mimi 00bEMHBIX rpadpuKoB 000-
3HAYUTDh HAMPABJIEHHOCTHU U CO3/IaHUsI TIOJIOKUTEILHON W OTPUIIATEIbHOM SHEPTUU, MAaTePUIO TTPOLY-
upyloiei B ObiTue 2, 6biTie3, ObiTre 4, ObITHE ...

PS ms yncroit matematrku: Takum 00pa3oM BaxKHBIN BBIBOJ] MATEMATHKH 3aKJII0UAETCS B TOM,
YTO Ha IAHHBI MOMEHT €CTb TPH MOJIOKUTEJIbHBIX CUJIBI B 9TOM HayKe: CJIOKeHUE, YMHOKEHUE U eJie-
HUe, U OTPHIIaTeIbHAS — BBIYMTAHUE, 4 HA CAMOM JIeJie MOXKET OBbITh elI€ 10 KpaliHel Mepe IBe OTPH-
LaTebHbIe CHJIbl PA3MHOXKEHUE U Yy/IeJIeHUe, I1le Pa3MHOKEHUE — 3TO OTPUIATEIbHBIA SKBUBAJICHT
YMHOEHWU 1, BHITOTHSIONINN (DYHKITUIO PAa3MHOKEHUST YHCeNT 10 OOIIMX TIOHSATHI U KOHCTAHT, a y/e-
JIEHUE — OTPUIIATEIbHBIN SKBUBAJICHT JI€JICHUsI, KOTOPBIN MPUBOJUT K MOHSATUSIM HACTOIBKO JETUMBIX

YHrCEJI, HACKOJIbKO BO3MOKHBI HOBBIC OPraHrU3allil YUCJIOBLIX PAOOB.
k)

+

2)

** pa3MHOXKEHHE

.. yIeJieHne

H naszeanue ons smux cnocoboeé cuucnrenus — Obpamuposarue Uiy 00pamueHas Mamemamuxd.

[Tpumeps! 0OpaTUpOBaHUS:

2*2=4 — yMHOXEeHUE

2¥#2=1*1*1*1+1*1*1*1= 2*2=4 — ynpomEHHoe pa3MHOKEHHIE

4:2=2 — nenenue

4:2= 4"2=-4:-2= +4:42=4:2 — ynpoui€HHoe yJeJeHe

Vienenve uieT Bce MOXOKUE Bapyalliy, TIIaBHBIM 00pa3oM 4epe3 OTpHLIATENIbHbIE IPUMEPHI,
a pa3MHOXEHHE BCE BO3MOKHBIE PACKJIAJIbI II€JI0T0, HACKOIBLKO OHO Pa3IOKUMO 10 MOfoOHs U3Ha-
YaJIbHOU (POPMYITBI.

T IpUMepbl HEOOXOIMMBI ISl TIOHUMaHUsI (PU3NYECKUX SIBJIICHUH B IJIAHE OTPUIIATEIbHOM
SHEPIUu.

Wrak, Ham npumep peméH. CTalmoHapHOCTB JIETKo onvchiBaeTcs. Ho ecm cuctema He cranu-
OHapHa, TO B KaKUX 00BbEMaxX MPOBOAUTH (POPMYIMPOBAHKUE, TO eCTh onucanue popmyinamu? OTBeT
Ha 3TOT BOMpOC AT Kak pa3 OOparupoBaHHas MaTeMaTHKa. HacKOMbKO BO3MOXKHOPAa3MHOXKEHHUE,
B TaKUX €IUHUIAX U BeAETCs (hopMasn3aliysi, a MOTOM ONKCHIBAECTCS CyMMHPOBAHUE U BRIYMTAHUE
10 OECKOHEYHOCTEH M C KOHKPETHBIMH YMCJIOBBIMU KOHCTaHTaMK. HacKombko BO3MOKHO (yke Oepém
CTEPUOMMETPUIO M CMOTPUM Ha urciioBol psii B 3D popmare) yneneHue, To eCTb CBOAUMOCTh K MOJI0-
OUsIM U TOJOOHBIM (PYHKITHSM, UYepe3 IPOBEPKY Ha TOKIECTBO (POPMYIIbI, HACTOJIBKO U JIETUTCS TOTIO-
norusi. To ecth B OOJBIION TOMOJIOTMH Mbl BHIWIEHSIEM CaMble BO3MOXHbBIE MJIble TOTIOJIOTUH. DTO
HE 3HAYUT UYTO JPYTUX TOMOJIOTUI HET U He MOXKET ObITh (MaJIbIX ), HO MbI padOTaeM C TeM, 4TO MOJ-
BJIACTHO HAIlIeMy YMY, XOTsI B OyIyIlleM KOMITBIOTEP MOXET U JEJIUTh TOMOJIOTHIO Ha Oojee MeJIKue
TOMOJIOTUYECKUe 00pa30BaHU-(OPMYJIBL.

0— P — (hopMy’Ia OCHOBHOTO MPUHIHIA (DYHKIIMOHMPOBAHKS BHITHS.

Omna npernonaraet OTPUIATeIbHYIO SHEPIHIO B (PU3UKE U OTpUIIATENIbHOE (0OpaTUBHOE) UCUHC-
JIEHUE B MaTeMaTHKe. 3epKalbHblil METOJ, — Ha T'yMaHUTapHOM s3bike. Beé 3epkanbHo. Mup — 310
3epKaJILHOCTD — Ha si3bIKe (prstocopuu.
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BbiBOs1: cTanmoHapHbie CUCTEMbI B MUPE MOTYT BHIUUCIIATHCS (pOPMYJIaMU U TIOKa3bIBaTh (pop-
MYJIBl UHOTO OBITHSI2, CTalMIOAHPHOCTb — 3TO TOYKa (POTO(UKCAUM MATEMATUYECKUM METOIOM,
HO 4TOOBI ITOHATH YTO €CTH KU3Hb, HY’)KHO HepeﬁTI/I K aKTUBHBIM, TO €CTb HCCTAIUOHAPHLIM, a JIBH-
’KUMBIM TOOJIOTHAM-(POpMy/IaM MaTeMaTHYeCcKuM 1 (pu3ndeckuM o0ocHoBaHuAM. I1pu 3TOM c10BO
Y YKCJIO OIMTHAKOBO KOJUPYEMbI M HECYT CMBICIL.
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C=0+P - B=T+t+62+1+272

J2Z+I+2B+t+T=B  P+O=C
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C=0+P - B=T+t+62+1+272

V’IZZH max xe “+2B+t+T=B — P+0=C

O0<x<1

Vi

C=0+P -5 B=T+t+62+1+22
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(2Z+Im ax xe *+2B+t+T=B . P+0=C

O<x<1

=

Vi

C=0+P - B=T+t+62+1+272
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(2Z+Imaxxe *+2B+t+T=B  P+0=C

O0<x<1

=
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MATEMATNYECRKOE

MBpI paboTaem B IByXMEpHOI MaTeMaTUKe + U -, TeTlePb Mbl IOMOTHSIEM JBYXMEPHOCTh CBOE
TMIOJIJTMHHOCTBIO Yepe3 0OpaTHBHBIE ylielieHue U pa3MHoXeHre. Ho Ha camoM Jiesie MaTeMaThKa TpExX-
MepHa U YeTBIPEXMEpHa, a, BO3MOXKHO U nsiTuMepHa. Ho Mbl oka Oyziem paboTath ¢ YeThIpbMSI U3Me-
PEHUSIMU.

3-e u3MepeHre MaTeMaTUKU

Ecnu nepBeie 2 n3MepeHust — 310 + U 1+, —u 1-, Kotopsle 00pa3yoT * u:, ** u ", To 310 [Ipsimast
u Ob6paruBHas NpsiMasi MaTeMaTrKa

3 — e usmepenue — 310 OObEMHAsE U 00paTHO 0OBEMHASI MaTEMaTHKa, KOTOpasl MpeICcTaBIIseT
cO0OM OMMCAHUE CUCTEM U MX TOXIECTBA-COOTBETCTBHS, JTMOO HECOOTBETCTBUS, HO CUCTEMBI-TIOHS-
THS. 4-¢ u3Mepenue Oynet (PU3NIECKUM, Kacaomumcst (popmyIt ObITHS, a 3-e OyIeT BKJTIoUaTh B ceOst
CJIeIyIoIe ONepaluu:

1.016upanue (3KBUBAJIEHT BBIYUTAHUE) = — a— [P

2.JloOaBieHne (3KBUBAJIEHT CIOXKEHUE) = + oc—>f<—ﬁ

3.0OcBs11eHne (3KBUBAJIEHT YMHOKEHUE) = * a— [P

4 BoiBenieHue (SKBUBAJICHT JICJICHUE) =: a—>f<—|3

5.Co3pnanue (SKBUBAJIEHT Pa3MHOKEHHUE) =** o— [P

6.TIpuMupenne (SKBUBAJICHT yjesieHne) = = a— J«—f

A cama yHKIMSA oc—>f<—[3 MOXET ObITh TIPEJICTABJICHA CJCAYIOIUME (PU3UIECKUMU BEJTMYM-
Hamu ((pu3MKa, MaTeMaThKa U TeOMETpUsI B CHHTE3€ 1AI0T IPAKTUYECKYI0 MAaTeMaTUKY U TeOMETPHIO+
HOBYIO aJJANITUBHYIO (PU3UKY BCEPUUMHHOCTH)

a—J—p = El+— [«—pE2-

rae E1+ — monoxurensHas sHeprusi 1, a E2- orpuinatenbHas sHeprus 2 U nocjegyromiye
TMOCJIE/ICTBUS UX B3aUMOJICVICTBUI B BUJIE CO3[aHU I HOBBIX MaTEpUIl M TOMOIOTUA-CUCTEM. A f— cuia
POXKIAIOIIASCS U3 UX B3AUMOJCUCTBUS U BJIEKYIasi HOBbIE CIOCOOBI CUUCIICHHUSI.

Hons (0) B MaTeMaTuKe

CoBpeMeHHBIe MPe/ICTaBIeHHsI O HOJIe B MaTeMaTHKe, KOTOPbIe UMEIOT KOPHU elé B apaOCKOii
Y eruIeTcKol Hayke, He SIBJISIOTCSl McueprbiBaolle MpaBuibHbIMU. HoléM cunTaercst oTCyTCTBHE
yero Obl TO HY ObLI0. HO B mpupo/e He CyIecTByeT OTCYTCTBUS 4ero Obl TO HU ObLIO, HO CYILIECTBYET
BCerja Mpeoaus Yucia v nocThakTyM YHUCa.

TO0 03HayaeT, uTo 3HadeHue HousA ecTh O (-1;+1), MMEHHO B KOJIMUECTBE OJHOU €IMHUIIBI CJIe-
AyeT JaHHOE CUUTaTh, MOTOMY UTO €JUHHUIIA — STO KaTeropus ycIOBHON ApoOHON HOpMbI. [ToTomy
yxe onue Oyznet: 1 (0;+2), nBa Oyget: 2 (1;+3). U Tak nanee. [lepBoe 3HaYeHUE MPEAUHNCIIO, BTOPOE
3HAYEHUE TTOCTUHCIIO.

B cyry60 MuUpOBO33pEHUYECKOM CMBICIE 9TO O3HAYAeT, YTO JIIOOOH HAIl aKT, ONMCHIBAEMBIN
MaTeMaTU4eCKU, €CTh aKT, Y KOTOPOTO €CTh MPEIIOChUIKA K OBITHIO M aKT, KOTOPBIA Takxe OymeT
HECTH TOYHOE CJIeJICTBHE CAMOro ceOsl.

0 — He mycToe 3HaYCHUE, PABHO KakK JII000E YUCIIO — ITO 3HAUSHUE U3 TPEX KOHCTAHT: «IIPejl»,
MOCT» U «KOHCTAHTBD».

JIBOMYHBIN KOJ MaTeMaTHUeCKHX oreparuii

MBI I0/KHBI YCTAHOBUTD, YTO YUCIIO UMEET BIMCAHHOCTh, YTO YUCIIO HE SIBJISIETCS HE3aBUCH-
MBIM apPryMEHTOM, YTO YKCJIO €CTh M3HAYAILHOCTh, KOTOpasi UMEET YUCIIOBYIO MPETIOHIO U YHUCIIO-
BBIE CJIEJICTBHA (CIIEJICTBHE).

ITO O3HAYAET, UTO JIIDOOE YUCIO MOKET UMETh U I0JI)KHO UMETh PElIeHUe yxke TOIbKO OTOMY,
YTO OHO SIBJISIETCS JICHCTBUTEILHBIM UHCIIOM.

[Mouemy MBI MOeM 3Hath, uTo 0 ecth -1 u +1 pemenue? [lotomy uTO 3MEMeHTapHasi Tad-
JIMLIa YMHOXEHM I, BCeMHU MPU3HAHHAS UMEET TaKOe ke 3HAUeHHe eIMHUYHOrO COCTaBa, 3TO CleayeT
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U3 TOro, 4ro 1*2=2 wmm 2*2=4, umm 4*3=12. Yro npousBoasT 3t ymMHOXeHUs1? OHU POU3BOIAT
OIEPALMIO JJAHHBIX YMCEJ Ha IBUOYHBINA KOJ. 3/1€Ch TOJNBKO [1BA JAEUCTBUS: COCTAB JaHHBIX U ONepa-
usl.
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasinen OO0 «JIutpec».

IIpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB II0OJHYIO JIETaJIbHYIO Bepcuio Ha JluTpec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
coOom.
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