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lanuneo Nanunero npuHaiexar cnoBa: «KHUra npupobl HaNMcaHa Ha sI3bIKe
MaTeMaTuku». CIyCTsI MOUTH YEThIPE CTOJIETUSI Mbl HE YCTA€M YIUBIISATHCS TOMY,
YTO MaTeMaTUYECKUE METO/IbI MPEKPACHO MOAXOIAT JJIs1 ONUCAHUS HAIIETO

mupa. Eiie 6osnbliiee n3ymiieHre BbI3bIBAIOT €CTECTBEHHOHAYYHbIE OTKPBITHS,
clielaHHbIe HA OCHOBE MaTeMaTHUecKoro aHanu3a ypaBHeHuid. Co3aanue J1o0oit
CJIO’KHOU KOHCTPYKIIMU — OT XUTPOYMHOM JOPOKHOM Pa3BI3KH /10 KBAHTOBOTO
KOMITBIOTEPA — COMPSIKEHO C MaTEMaTUUECKUMU pacdyeTaMu. [{71s1 MoJTHOLEHHOro
MOHMMAHUS IEUCTBUS TPABUTAIIMM WJIM KBAHTOBBIX SIBJIEHUI HAM TaK:Ke He
oOoiituch 6e3 MmareMaTuku. Ho 3To KakeTcsl TAKUM CJIOKHBIM U 32Ty TaHHBIM!

Kak nepecrats 605Thcs1 popMya U nosoOuTh MaTeMaTuky? I[louemy oHa Tak

3 eKTUBHA B €CTECTBEHHBIX HayKax? EcTb i1 3TOMY TIpesen, Ui, Hao0opoT,
11s1 OoJiee TTyOOKOTo MOHMMAaHUS TTPUPOABI MPUIETCS CO3aBaTh MaTeMaTUIeCcKue
KOHCTPYKIIUH, YK€ HE YKJIQABIBAIOLIMECS B TOJIOBE YesioBeka? Bee 3Tu Bompockl
3aTparvBaloTCs Ha CTPAHULIAX KHUTH, a UX XYI0KECTBEHHOE OCMBICTICHUE
MPEJICTABJIEHO B CEPUM PUCYHKOB XyHoxkHMKa Pocrana TaBacueBa. Ha mHorme

U3 HUX HEBO3MOKHO HAaTH OKOHYATEIbHbIE OJJHO3HAUHbIE OTBETHL. HO MbI
MPOJIOJKAEM OOCYKAATh MX U MBITAEMCSI TIOHSATh, KaK YCTPOeH 3TOT Mup. [ atoro
MOHAI00UTCS MPEOONIETh pa3/iefieHne Ha «IBE KYJIbTYPbl»: «'YMaHUTAPUEB» U
«@CTeCTBEHHUKOB». [lonpoOyem crenarh ele OAUH IIar B 3TOM HarpaBJIeHUH.

© IMonos C. B., 2019
© Anprmmna Jumxurtain, 2019
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Bce npasa zawuuervl. /Jannas 31eKmpoHHAs. KHU2A NPEOHA3HAYEHA UCKAIOUUMENLHO ON5
UACMHO20 UCNOAL30BAHUSL 8 MUUHBLX (HEKOMMEPUECKUX) UeAsIX. DNeKMPOHHAS KHU2aA, ee uacmu, ppaz-
MEHMbL U INeMEHNIbL, BKAIOUASL MEKCH, UZ00PANCEHUSL U UHOE, He NOONEHCAN KONUPOBAHUIO U MH0OO0OMY
OpY20MYy UCNONL308AHUIO Oe3 paspeutenust npasooonradamens.. B wacmunocmu, zanpewero makoe
UCNOABL306AHUE, 8 Pe3YAbmame KOMopozo 3NeKMPOHHAsL KHU2d, ee 4acmb, Ppazmenn Ual S1eMeHm
CMAaHym OOCMYNHbIMU 0ZPAHUMEHHOMY UM HEONPEOeNCHHOMY KpYey AUul, 8 MOM YUCAEe ROCPEOCEOM
cemu uHmMepHenl, He3A8UCUMO OM Mozo, Oyoem npedoCmaAsimbCs OOCMYN 3a NAAMY uau 0e3603-
Me30HO.

Konuposanue, socnpouzsedenue u unoe ucnonb308anue NeKmpoHHOLL KHU2U, ee uacmeli, gppaz-
MEHMO8 U INEMEHMO8, 8bIX00sIUee 34 NPedeabl YaACMHO20 UCNOAL308AHUSL 8 MUUHBIX (HEKOMMepUe-
CKUX) Ueasix, 6e3 coenacusi npagoodoNadamenst si8ASeNcs He3AKOHHbIM U 81euen YeoroeHyr, aOMu-
HUCIPAMUBHYIO U 2DANCOAHCKYIO OMBEMCIEEHHOCHTb.

%k % %
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IIpeaucaoBue aBropa

Mens Bcerna ynupisiid ¢pasbl, B KOTOPHIX BCTPEYAJIOCh BBIPAKEHUE «HAYKA U KYJIbTypa».
3BYUUT KaK «JIUTepaTypa U KyJIbTypa» WIM «HCKYCCTBO M KYJIbTypa». Takoe pasiesieHue U aaxe
MIPOTUBOIOCTABJIEHHUE JIMIIIEHO CMbICTIA, Bellb, 0€3YCIIOBHO, HAyKa — HEOTheMJIeMasi 4aCTb COBPEMEH-
HOM KYJIBTYpbl. Takke MeHsl BCer[ia pacCTpauBasio MPOTUBOIIOCTABIEHUE «JIByX KYJIbTYP» — I'yMaHU-
TApHOW M €CTECTBEHHO-HAYYHOM, 0 KOTOpoM muca emie Yapib3 CHOY B CBOel 3HAMEHHUTON padoTe.
Kaxercs, 4to Takoe pasjeneHre — a OHO JI0 CUX MOP 3aMETHO — OCHOBAHO B MEPBYIO OUYepe/Ib Ha B3a-
MMHOM HEMOHUMAaHHWU, CBOWCTBEHHOM MHOTHM JIIO/ISIM U C TOW U C IPyrod CTOpOHbL. UTOOBI JTyuliie
MOHSATH JPYyT JIpyra, Hajgo Oosblie obmarbess. OTyacTy mpejiaraeMasi YuTaTeio KHUra SBIIsIeTCs
MIONIBITKOM Takoro oOimeHust. COOTBETCTBEHHO, OCHOBHOM e ajipecar — YeJIOBeK, CUMTAIONINI ceOsl B
OoJIbIIIeH CTENIeHN «T'YMaHUTapUeM», YTO B TIEPBYIO OUepe/ib Mojipa3yMeBaeT HeI0OOBb KO «BCSIKUM
popmynam».

B HekoTOpOM cMbICTIe KHUra COCTOUT U3 TPeX YacTel, M BaKHEWIasi U3 HUX CBsA3aHa ¢ Ha0o-
POM WJLTIOCTpalui, co3iaHHbix PocranoM TaBacueBsiM. C camoro Havasia ujesi IpoeKTa Bpalajiach
BOKPYT BU3YaJIbHBIX 00pa30B, KOTOPbIE MOIIIU OBl TIO-CBOEMY BBIPA3UTh POJIb MATEMATUKHU B TIO3HA-
HUM U ONMCAHUU MHPA, a TAKKE €€ CBSI3b C IPyrumMu noaxoaamu. [103ToMy MLTIOCTpAaTUBHBIN psJ —
HE MPOCTO JIONOJTHEHUE K TEKCTY, a CaMOCTOsITeIbHASL CYIIIHOCTh, Y KOTOPOM €CTh CO3JaTellb, CBO-
VMU METOIaMH BBIPAXKAIOLINIT COOCTBEHHYIO TOUKY 3pEHUsI Ha MBICIIU M 00pasbl, PeICTaBIeHHbIC B
OCHOBHOU — TEKCTOBOM — YaCTH KHUTH.

B 15 rnaBax, cocTaBisONIMX 3Ty 4acTh, (hOpMyJ MpakTHUecKu HeT. Llenpio ObuT pasroBop o
MaTeMaTU4ecKOM METO/Ie OMMCAHUSI MUPA C TOYKHU 3PEHHs] yUYEHOro, KOTOPhI UM aKTUBHO MOJb3Y-
eTCs1, HO CaM €ro He pa3BUBAET, CO3[JaHNe HEKOETO BHATHOTO 00pa3a, MOJAKPEIUICHHOTO pasHoo0pas-
HBIMU aHAJIOTUSIMU (C KOTOPBIMH, pa3yMeeTcsl, MOKHO He COIIAIAThCS) U MPUMEpPaMU, KOTOpbIe 1
OpaJ1 B mepByio ouepenpb U3 (pU3MKU U acTpopu3uku. MHe XOTenoch, YTOObl YUTATENb MOHSI, YTO
MaTeMaTHhKa — He CIIoco0 BCe 3aIyTaTh, & EIUHCTBEHHAsi BOBMOXHOCTb MOHSTh OUeHb U OYeHb MHOTOE
13 TOTO, YTO MBI Y3HAJIM U Y3HAEM O MUpE, B [IEPBYIO OUepe/ib B pe3yibTate (PU3NUECKUX UCCIIe0Ba-
Huil. Kpome Toro, MateMaTrvka — METOJI He TOJILKO (M HE CTOJIbKO) MIPEACTABJICHUS] U ONUCAHUS, HO
elle 1 UCCIIeOBAaHUI TPUPOLIBI, IIOCKOJIBKY OKA3aJI0Ch, YTO MHOKECTBO HOBBIX PE3Y/IbTATOB YIAeTCs
BHAuaJie MOIyYUTh C MOMOIIIBIO aHAIM3a YpaBHEHUH (2 MHOT/IA AaXe CO3JaHusI HOBOrO MaTeMaTruye-
CKOTO armapara), a 9KCIIepUuMEHT WM HaOJI0IeHUs BIOC/IEICTBUM MX JIMIIIb TIOATBEPKIAIOT.

OaHako MHOTMM NPOIBHUHYTHIM YMTATEsIM MOKAXETCs, YTO CJIOB HEAOCTAaTOYHO, — HAA0 U
ypaBHEHUsI BBIMCHIBATh. PacckasbiBaTh O MaTeMaTHMUECKUX MeToAax B (pusuke 0e3 momorru ¢op-
MyJI — BCE PaBHO YTO TOBOPUTH O KMBOMHWCU O€3 WLTIOCTpAIMid WM TMOKa3a KapTud. [lostomy
MOSIBUJIACH TPEThSl YaCTh KHUTH — MPUJIOKEHUS, Ky/la BbIHECEH D]l IPUMEPOB, MPU3BAHHBIX HETO-
CPE/ICTBEHHO MPOJEMOHCTPUPOBATh, KAK MaTeMaTHUKa MpUMeHsieTcsl B (pusKke U acTpoHoMuUu. Tam
(bopmyibl PUCYTCTBYIOT B OOJIBIIIOM KOJIMYECTBE, MPaBAA, CIOKHBIX BbHIPAKEHUN Cpeid HUX HeT.
dakTHUeCKH TPUIOKEHUS — 3TO PsiJ] HE3aBUCHMBIX HAy4YHO-TIOMYJISIPHBIX CTaTe pa3sHOro oObema,
MOCBAIIEHHBIX CAMbIM Pa3HbIM METO[aM, Iiporieccam U oObekTaMm. CTaHIApTHOTO Kypca HeTeXHUYe-
CKOTO By3a TI0 BBICIIICH MaTeMaTtuke W (pu3uke (MM Ja)ke eCTeCTBO3HAHMIO) OyleT BIOJIHE J0CTa-
TOYHO, YTOOBI BO BCeM pa3oOparhbcsi. He BOZHUKHET CIIOKHOCTEH M Y CTapIIeKJIACCHUKOB U3 (PU3HUKO-
MaTeMaTUYeCKUX IIKOJ UM ACTPOHOMUYECKUX KPYKKOB.

OCOOHSKOM CTOSAT ABa MOCAETHUX OOJBIIUX MPUIOKEHU S, OTHO U3 KOTOPBIX MOCBAIIEHO TUIO-
Te3aM B acTpOpU3UKeE, a BTOPOE — MPAKTUIECKOM MMOJIb3e (hyHIaMEHTATbHBIX UCCIIEIOBAHHI BOOOIIE
Y aCTPOHOMHYECKHX B YACTHOCTH. YUTaTEIb, BCE-TaKH KeNAIIUI (popMyt u30exkaTh, MOXKET, ITPo-
MYCTHB TIEPBbIC JEBATh MPUJIOKEHHIA, CMEJI0 OpaThCs 3a JiBa TOCJEAHUX, He 00sICh CTOJIKHYTBCS C
«MaTEeMATUYECKUMU MOHCTPAMU>».
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IIpeaucaoBue XygoKHUKA

[Ipennoxenne Cepres IlonmoBa wIOCTpUpPOBATH KHUTY MPO MaremMaThyeckue (hopMyJibl
3actano MeHs Bpaciiox. Kak wimoctpupoBath To, 4ero He noHumaenib? Ho s pemmn 1oBepuThest
ynuButenbHoMY napy Ceprest BoprcoBruya 0OBSICHITh HETOCTHKUMOE.

B mikone mup nudp kazacs yxacHO cKyuHbIM. KieTKy B TeTpaau BOCOPUHUMAI KaK CPEICTBO
OrpaHUYeHus1 CBOOOBI BooOpaxeHus. M 6oposics 3a 3Ty cBOOOY 3arofHsIs TETPAJAKH PUCYHKAMH.
PucoBas 1 B yueOHMKaxX, BU3yaTU3UPYs YCIOBUS 32124 M YKpaliiasi OyJeHHOBCKUMH yCaMU MOPTPETHI
BEJIMKUX MATEMATHKOB.

W BOT Tenepb MOM PUCYHKU CHOBA BCTPETHIIUCH C MATEMATUKOW HA CTPaHUIIAX ITOW KHUTU.
[Tono3pesato, 4TO CTANT TEM MAKCUMAJIBHO HE MOATOTOBJIIEHHBIM «I'YMaHUTAPUEM», HA KOTOPOM aBTOP
TECTUPOBAJI CBOM TeKCT. Ecii MoMMET 3TOT XyHI0KHHK, TO, BEPOSTHO, U JPyrre TOXe MOUMYT.

N3nateisCTBO MOMPOCHIIO MOSICHUTH B 9TOM KOPOTKOM BCTYIUIEHUH, KaK YCTPOEHBI MJLTIOCTPa-
umu. OHU COCTOAT U3 TPEX OCHOBHBIX JIEMEHTOB: KJIAKCA, YepTeX (MM KapaHJAIIHbI PUCYHOK) U
opHameHT. Kiisikca, ciieq] majieHus1 Karjii akBapesid Ha OeJioM JIMCTe, — eCTeCTBeHHOe (hru3ndeckoe
sByieHre. YepTek 9TOM KIISIKCHI — MOMBITKA YeIOBeKa U3MEPUTh U IOHATH 3TO (PU3UUYECKOE SIBJICHUE.
OpHaMeHT — OIMH U3 MEPBBIX JIOCTYIHBIX YEJIOBEKY CIIOCOOOB OMKCATh Yepe3 PUCYHOK U PUTM OKpY-
KAIOIIANA MUP.

CoOpaHHbIe 13 TUX JIEMEHTOB WILTIOCTpaIwu st oTripasisut Cepreto BopucoBuuy Ha 6rarocsio-
BeHHe. B oTBeT nosyyan HacTaBUTEIbHbIE KOMMEHTAPUH U UCTIPABIIsLT pUCYHKU. Tak, 1Iar 3a arom,
MPUOMIKAJICS K TIOHMMAHUIO CMBIC/IA KaK/I0M IM1aBbl. Ternepb 3Ta KHUTA y Bac B pykax. M BbI gaxe
yke MPOYUTAIIH MPEeTUCTIOBHE.

Pocman Tasacues
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Yacte 1
HoBbIn SI3bBIK

A.3AKOHAMM ITPPO/1bl Mbl HA3BBIBAEM HAIE’KHO YCTAHOBJIEHHBIE 3AKO-
HOMEPHOCTH, OIINCBIBAIOIIME ITPOLECCHI B PEAJIBHOM MUPE. MATEMATHNYE-
CKUE METOJbBI TIOMOT'AIOT HE TOJIBKO YETYE ®OPMVYJIMPOBATD 9T 3AKOHbBI, HO
N UCIIOJIb30BATDH ITPOBEPEHHBIE AJI'OPUTMBI 1 ITPABUJIA KAK JJISA PACYETOB
PE3YJIbTATA UX JEMCTBUS, TAK 1 [IJI4 IIOJTYYEHWSA HOBBIX COOTHOIIEHU, T.E.
HOBBIX 3AKOHOB ITPPO/IbI.

b. <HEIIOCTNKUMAS{ 9P PEKTUBHOCTb MATEMATHUKIN» COCTOUT B ITEPBYIO
OYEPEJb B TOM, YTO 3AKOHbI U ITPABUJIA, CPOPMYJIMPOBAHHbBIE 1 TIOKA3AH-
HBIE [UIAA NIEAJIBHBIX MATEMATUYECKNX OBBbEKTOB, OKA3BIBAIOTCA C BbICO-
KO TOYHOCTBIO ITPUMEHNMEI K PEAJIBHBIM OB BEKTAM U ITPOLIECCAM.

_'A' 1) \pi _;i' {? 7l pd P2 pdpd e’ r2) p—; 7 /-3 () (} ,v) z? (J f‘?
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I'naBa 1
P opMyJIbI U 3AKOHbI IPUPObI

Campblii 17100aJIbHBI TIPOLIECC — PACIIMPEHUE BCEJIEHHOM ! — omuchiBaeTcsi (popMyInoi Bcero
JIMIIb U3 TPEX CUMBOJIOB: Vv = Hr. D10 3aKk0oH Xa001a. 31ech 7 — Tak Ha3bIBAeMOe COOCTBEHHOE PacCTo-
sIHUE 10 00beKTa («HOPMAJIbHOE» PACCTOSIHUE «B METPax» B IAHHBII MOMEHT BPEMEHH ), V — CKOPOCTb
M3MEHEHHsI 9TOr0 COOCTBEHHOIO pacCTOSIHUSI CO BpEMEHEM 10 yacaM HaOmoaatess (Tak Ha3biBaeMoe
cosmic time), cBsi3aHHas ¢ pacimpenneM. HakoHell, H — nmoctosiHHas Xa606ma. 1o koagpuimeHT
MPOTIOPIIMOHAIBHOCTH, XapaKTePU3YIOIIHA, HACKOIBKO OBICTPO MPOUCXOIUT PACIIUPEHUE B TAHHYIO
anoxy. 3akoH XaO01a MOXHO chOPMYTMPOBATh U CJIOBaMH (BOOOIIe, YeM MpOIle YpaBHEHHE, TEM,
Kak MpaBUJIo, JIerdye 3TO CesaTh): CKOPOCTh yAaJIeHHs TATAKTUKH 32 CUET pacIIMpeHHs BCeJIeHHOM
MPSIMO TIPOTIOPIIMOHAIIBHA PACCTOSIHUIO 10 Hee. OTHAKO BeCh KOHTEKCT JIydIlle TIPOSIBIISIETCS IMEHHO
npu (POPMYJIBHOM 3aIUCH AaXe B TAaKOM MPOCTOM ciiydyae. M cam 3aKOH BBIBOAMTCS C OYEBHIHOM
HEen30eKHOCThIO UMEHHO Ha si3bIKe (popMyt (cM. mpusioxkeHue 1).

3akoH Xa00ma ObLT MOMYyYeH Ha OCHOBE aHaM3a JaHHBIX HaOmoneHud B 1929 r., HO eine B
1922-m Anekcannp @punmMan 1 He3aBUCUMO OT Hero B 1927-m Kop:x JlemeTp BbIBE/IM COOTBETCTBY-
I0I1le€ COOTHOIIIEHUE U3 PEIIeHUN YpaBHEeHUI DUHINITENHA ISl OJHOPOAHON M U30TPOITHOM BCEJICH-
HOW>.

HaGmonenust o3BOJISIIOT IPOBEPATh 3aKOH Xa00:a. [IJ1s He CIMIITKOM JIaleKMX TalakKTHK UX
CKOPOCTb MOHO C XOPOIIEH TOYHOCTHIO ONPEIETUTh M0 KPACHOMY CMEIIEHHIO, UCTIONb3Ysl 3aKOH
Horutepa (XOTsI KOCMOJIOTUYECKOe KpacHOEe CMEIIeHHe UMEET IPYTYIo MPUPOLLY, TEM He MEHEee MOKHO
MOKa3aTh, YTO BIUIOTh JJO PACCTOSIHUIA B HECKOJIbKO MUJIJIMAPIOB CBETOBBIX JIET JIOTUIEPOBCKast (hop-
MyJia JaeT JOBOJIBHO MPABMIIBHBIN pe3yabTar). s 6onee 1anekux rajlakTuk CKOPOCTh PaCCUMTBIBA-
ercsl B paMKax 3a/1aHHOM KOCMOJIOTMYECKON MOJIEIH.

VAUBUTENBHBIM 11 MHOTHX (DAKTOM SIBJISIETCS TO, YTO CKOPOCTD B 3aKOHE Xab0s1a MOXET pe-
BOCXOIMTH CBETOBYIO®. PaccTosiHie, Ha KOTOpPOM 3TO MPOMCXOAUT, COOTBETCTBYeT chepe Xadona. [Jo
Hee ceifyac BCEro JIMIIb OKOJIO 14 MJIpA CBETOBBIX JieT. Mbl HaOMoaeM rajlakTUKK, HaXOSAIIHECs
B JIAHHBIII MOMEHT 0oJiee YeM BJBOE Jajiblile, T. €. MOKEeM yKa3aTh Ha CHUMKE (Harpumep, B Yib-
TpariayOokoM mojie Xa0071a — Ha n300pakeHNH HeOOJIBIIIOrO yJYacTKa Heba pa3MepoM MEeHbIIe JFCKa
JlyHBI, IOlyYEHHOM B pe3y/bTaTe JAJIMTEeIbHBIX HAOMOIeHUH ¢ roMoribio Kocmuueckoro Teneckona
nMeHn Xab0sa) 0ObeKT, CKOPOCTh YIaJIeHUsI KOTOPOTro OT HAC B HACTOSIIIUA MOMEHT IPEBOCXONT
300 000 xkm/c.

B aTOM npumepe XopoIo WUTIOCTPUPYIOTCS KJII0UYEBbIE TPEMMYIIECTBA MATEMATHUECKOTO MOJI-
XoJa B pU3MKe (U APYrUX HayKax):

— BBIBOJI KJIIOYEBOTO 3aKOHA MPUPOJIBI U3 YETKO C(POPMYIUPOBAHHBIX MPEATIONOKEHUN TTyTeM
MPUMEHEHU S IPOBEPEHHOIO armapara (MaTeMaTuka);

— KOMITAKTHAs, SICHAas 3aNMCh (OTKPHIBAIOIIAS TaKkKe MyTh K HATJISJHOW BU3yaIM3aIUU IIyTeM
MOCTPOEHU s IPapUKOB);

— BO3MOXHOCTb pacueTa CJAeACTBUM (UTO MO3BOJSIET, B YACTHOCTH, CPABHUBATH MPECKA3aHMS
TEOPUH C HAOMIOICHUSIMH).

' Beenennas ¢ MPOMNKCHO# GYKBBI — 3TO BCe cyliiee, HadmoaaemMoe 1 HeHa0moaaeMoe. Mbl He 3HaeM CBOWCTB BeelleHHOI, TTOCKONbKY
Ha0JmoiaeM JIMIIb BeesleHHY10. BoT ee napameTpbl Ham GoJiee I MeHee N3BECTHbL. VIMEHHO o Heil 31ech peub. FIHBIMU CIIOBaMH, KOTa
MBI TOBOPUM O MYJIBTUBCEJIEHHBIX, TO 3TO BceneHHas, coctosnast U3 MHOKECTBA BCEJIEHHBIX, B OfIHOW U3 KOTOPBIX MBI KUBEM.

2 WnrepecHo, uro B 2018 r. Ha ['eHepanbHOI accambiee MexkayHapoZHOTO aCTPOHOMHYECKOTO col03a ObLIa IPUHSITA PE30JTIONHS,
TIPU3IBAIOIIAS PEKOMEHJOBaTh UCIIOIB30BaTh Ha3BaHNeE «3aKkoH Xaboma — Jlemerpar.

3 Cwm, HanpuMmep, cTaThlo «CBepXCBETOBOE pa3OeraHue rajlakTHK U FOPU30HTHI BeelleHHOI: myTaHuna B TOHKOCTSX» Ha caiTe
«Acrponer» (http://www.astronet.ru/db/msg/1194830).
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VIMeHHO ¢ HayaIoM KCTIOb30BaHUsI MATEMaTHUECKUX METONOB (pr3MKa cTana ObICTPO pa3BU-
BaThbCs, BeIb O€3 3TOro TOUHbIE IKCTIEPUMEHTAIbHbIE JaHHBIE 10 HEKOTOPOU CTETIeH! ObUIN He BOCTpe-
O0BaHBI (pa3yMeeTcsi, BEpHO M OOpaTHOE: MPUXOJ MATEMATUKU OTYACTH CTUMYJIMPOBAH MOSIBJICHUEM
TOYHBIX U3MEPEHUI HaOmogaeMbIX mapaMeTpoB). To ke caMoe MOXKHO CKa3aTh MU O MHOTUX JPYTHX
HayKax. 3aMeHa KaueCTBEHHBIX OMMCAHWI U MTOCTPOSHUI Ha KOJIMYECTBEHHbIE PACUEThl, OCHOBAHHBIC
Ha Pa3BUTOM MaTeMaTHYECKOM ammapare, MO3BOJIWIIA BHIATH HA HOBBIN YPOBEHb.

PeTpocrnekTHBHO OKMbIBasi B3OPOM Pa3HOOOPa3HbIE OMBITKY YeJIOBEUECTBA IOCTUTHYTh CYTh
BeIIIeH, MBI BPsIJI JIU CMOKEM IMPEACTaBUTh, YTO BO3MOKHA KaKasi-TO aJIbTepHATHBA MaTeMAaTUIECKOMY
ONMMCaHuI0 (PU3MUECKUX 3aKOHOB. bornee Toro, 1yisi HaC Tenepb caMo WX MOHMMAaHUE O3HAYaeT, IO
CYTH, OCTPOEHHE KOINYECTBEHHOW MOJIEITH, TIO3BOJISIIONIEH YCIEITHO OMUCHIBAThH JaHHbIe HaOoae-
HUI ¥ 9KCTIEPUMEHTOB, a TaK:Ke MpeICKa3bIBaTh UCXOAbI OyayIux onbIToB. be3 hopmyi aTo cnenarhb
HEBO3MOXHO. VIMEHHO MO3TOMY HEKOTOpbie (PU3MKHU (& TaKkKe XUMHKH, MOJIEKYJISIpHbIE OUOJIOTH U
MHOTH€ JIpyTHie yUeHble) HEMHOTO CBBICOKA B3MPAIOT HAa T€ HAYKH, TJle YPOBEHb UCTIONB30BAHUS MaTe-
MAaTUKH ropas3zio HUXKeE U I1e MHOTO KaUeCTBEHHBIX (HE CHHOHHMM CJIOBA «XOPOIIIMX>») CJIOBECHBIX pac-
CY)XIAeHUI. 3HAYNT, Ka3aJoCh Obl, BCSIKUH JIIOOO3HATEIBHBIA YeJIOBEK, CTPEMSIIIUIACS TIOHATh, KaK
yCTpOEHa MPUPO/IA, IOTKEH IMBITAThCs YSCHUTD Bee Ha s13bIke (hopmyit. He TyT-To Ob10! POpMyIbHBII
SI3BIK, 110 BCEW BUAMMOCTH, CIIUIIIKOM «HEECTECTBEHEH». YeloBeKy Kak BHIY HECKOJIBKO MUJIJIMOHOB
7eT, a (OpMYJIBI MBI UCTIONB3YeM B THICSUY pa3 MeHbIlle BpeMeHH. [la M IPUMEHSIIOT-TO MX JajieKo
He Bce. Harr Mo3r pa3BuBasicst He 1J1s1 TOTO, YTOOBI MCTIONB30BaTh (hopMyJbl. A xajb. O Mo3re, crie-
[IUAJIBHO ISl HUX MPUCTIOCOOJICHHOM, MBI ITIOTOBOPUM B TocieqHel r1aBe. [Toka ke orpaHuaumcs
COBPEMEHHBIM YeJIOBEUECKHM BOCIIPUSITHEM.

UYestoBeK yke CTAIKHMBAJICS C PACIIMPEHUEM TPUBBIYHOTO BOCHIPUSTHS MHpPa, OrPaHMYEHHOTO
HammMu opraHaMu 4yBcTB. CHauasia B X VII Beke ObUTH M300peTeHbl TeJIeCKON U MUKpOocKorl. Oka-
3aJI0Ch, YTO M Ha MaKpoO-, © HA MHKPOYPOBHE «eCTh MHOToe Ha cBeTe, npyr [opaimo, 4to U He
CHWJIOCH HAIIMM MyJperam». HeoXnaaHHO BBISICHUIOCH, YTO HAIIM OPraHbl YyBCTB HEJAOCTATOYHO
COBEPIIEHHBI IS TOTO, YTOOB! YBUIETh MUPUAJIBI 3B€3/, U3 KOTOPHIX cocToUT Mieunsiii I[1yTh, u
MeJTbuaiIve KUBble OPraHU3Mbl B Karjie Boibl. [1o3xke cTano sICHO, 4TO CyIIeCTBYIOT BUIbI JIEKTPO-
MarHUTHOTO M3JTy4YeHHsl, HEAOCTYITHbIE YEJIOBEYECKOMY Ia3y. 3aTeM BhISICHUIIOCH, YTO M KOCMOC,
OKpYy’Kalolllee Hac MPOCTPAHCTBO MPOHMU3BIBAETCS MOTOKAMH YacTUI] (Hampumep, HEUTPHHO), KOTO-
pble MBI He 3amevaeM. Ternepb K ToMy HaOOpy PUOABIIIMCH TPABUTAIIMIOHHBIE BOIHBI. Kaxercs oue-
BU/IHBIM, YTO HAIIMX BPOXJEHHBIX CBOWCTB HEAOCTATOYHO JIsI aleKBATHOTO MOCTHKEHUs MUpPA —
HU C TOYKM 3peHUs HAOMIOICHUH 32 HUM, HH, BEPOSITHO, C TOYKHM 3PEHMSI TOJTHOTO €r0 OCMBbICIIe-
HUsA. OHAKO, TaK K€ KaK TEJIECKOIbl U IETEKTOPbl Pa3HOOOPA3HBIX U3TyUEHUI TIO3BOIMIIA OOJIbIIe
U JIydllle «BHJETh», MaTeMaTHKa IMOMOraeT HaM JIy4llle ONHCHIBATH U TIOHUMATh, XOTSI MHOTAA 3TO
CTaHOBUTCSI OUY€Hb HEMPOCTOMN 3aauei.

Ckobko mmofieit 6outcst popmyin! B cBSI3M ¢ 3TUM 9acTo pa3aaoTcs MPochObl paccKa3aTh O YeM-
TO (KOCMOJIOTMH, YEPHBIX JIbIPaX, 'PAaBUTAIMOHHBIX BOJHAX) «COBCEM-COBCeM Oe3 hopmyi». MHorma
YUEHBIN WM TOMYJISIPU3aTOP YyBCTBYET ceOsi BpauoM (HarpuMep, CTOMATOJIOroM), KOTOPOTO MPOCST
MIOMOYb, HO «TaK, YTOOBI He ObLIO O0IbHO». Bilaromapsi cyiecTBeHHbIM ycriexaM B cpepe aHeCTe3ur
CEerofiHsI MOXHO, Harmpumep, 0e3001e3HeHHO YaUTh 3y0. OOBSICHUTh OCOOEHHOCTH CIIEIMATBbHON
TEOPUH OTHOCUTEIBHOCTH, HE TIOJb3YsICh (hOPMYJIaMH, 3aMeTHO cliokHee. TyT gaxe oO1mmM HapKo30M
Jeny He TMOMOXeIllb. BceM mamMsTHO yTBepkaeHne pegakropa, padorasiero co CTuBeHOM XOKHH-
T'OM, O TOM, 4TO O/IHO YpaBHEHHE YMEHBIIIAeT MPOIAKH HAYYHO-TIOMY/ISIpHON KHUTHY BBoe. OHAKO,
YTOOBI KaK CJIEAyeT B YeM-TO pa3o0parbcsi, (popMysibl HEOOXOAUMBI (M XOKHHI HE CMOT OOOWTHCH
6e3 E = mcz).

MOXHO BBIJIETUTH TPU OCHOBHBIX CiTydasi IpUMeHeHUs (hOpMyJI, KOTOpbIE MPU STOM MOTYT
CYILIECTBEHHO OTJIMYAThCS 110 BHEIIHEMY BHUIY U CyTH: (DOPMYJIbI B YMCTOW MaTeMaTHKe, (popMyJIbl
TSI 3aTIMCH 3aKOHOB TTPUPOIIbI, XUMHUUECKHE (DOPMYJIBL.
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[MepBeiit THIT OPMYIT — 3TO, TIO CYTH, JIEMEHTHI 0OCOOOTO S3bIKa, 0COOOTo crocoda OMUCaHUS
CTPYKTYPBI, KOTOPYIO MbI BBISIBJISIEM (OTKPBIBAEM ) JIUIIb IOCTENIEHHO, HA TPOTSKEHUH MHOTUX COTEH
net. CyliecTBEHHO, UTO €€ 3JIEMEHThl OKa3bIBAIOTCS CBSA3aHHBIMU JPYT C IPyroM (MHOIIA JA0BOJIBHO
«4yJEeCHbIM», T. €. IPUUYUIMBBIM 1 HEOKUIAHHBIM, 00pPa30M) OIpe/ICICHHBIMH 3aKOHAMH U TIPABH-
JIaMH, KOTOPbIE TAKXKe BBISIBJISIOTCS JIMIIb MO XO/y BBISIBJICHHS CBOWCTB CTPYKTYPHI.

Bropoii tin ¢gopmyt — cocod onvcaHus MUpa, B IEPBYIO odepeb peabHoro. OqHako, Kak
MBI YBU/IUM TO3%e, padoTa ¢ TUNoTe3aMu (KOTOpble B OCHOBHOM OKAa3bIBAIOTCS HEBEPHBIMU B TIPH-
MEHEHMU K HaOIoJaeMoy MpUpOJie) NPUBOAUT K TOMY, UTO (pu3MUecKre (pOpMYJIbl CIIyXKaT U s
OINMCaHUs1 BO3MOXXHBIX MUPOB, OTJIMYAOIIKXCs OT Hamtero. Cuia BTroporo Bujaa opMysl COCTOUT B
HAJIMYUK UX TIepBOTrO THra. MHaue roBopsi, K 3aKOHaM MPHUPOJIBl MOKHO MTPUMEHSTh METOIbl MaHU-
MYJIMPOBaHMS, yKe pa3paOOTaHHble MATEMATHKAMH ISl aOCTPAKTHBIX CTPYKTYP.

OCOOHSIKOM CTOAAT XMMHUYECKUe (DOPMYJIbI, OMHCHIBAIOIINE CTPYKTYPbl MOJIEKYJ M PEaKLUH
Mesx1y HuMu. HaBepHsika MMeHHO Ta Wiv uHast (popMa 3aruc CTPOSHHU T KaKOH-HUOYIb MOJIEKYJIbI —
NepBOe, YTO MPUXOAMUT B TOJIOBY MHOTHM JIOASM TPH YIIOMUHAHUM CJIOBA «(opMyna» (3TH acco-
LMAllMU UCTIONB3YIOT B peKJlaMe, paccKasbiBasi 0 HOBOM MOIOIIEM CPEACTBE WA MOTOPHOM Macie).
B niepByio oyepenp popmyIbl — OueHb YAOOHBIH CIIOCOO BU3yasM3aluu. B JaHHOM cilyyae OHM He
MMEIOT OTHOLIEeHUsI K MateMaThke. COOTBETCTBEHHO, MOILIHBIE METObI 3TON HAYKU HENPUMEHHMBI
JUTSl MAHUITYJISIIUEA ¢ XUMUYeCKUMU popMysiamMu. OIHAKO Y XUMUKOB €CTh CBOM METO[IBI, J1a U MaTe-
MaTh4yecKue (popMyJibl OHU TOXKE aKTUBHO UCTIOJIB3YIOT.

OTaenbHO MOXKHO BBIAEUTH YETBEPTHIN TUI (POPMYJI, CBSA3AHHBIN C JUarpaMMaMu, COOTBET-
CTBYIOILIMMH pEaKkLMsM B CaMbIX pa3HbIX HayKax. DTO WM CXEMbl, WIM OHA U3 pOpM MaTeMaTH-
YECKOH 3alKcy, T. €. OHU BBIIEJSIOTCS cKopee Mo (hopMe, YeM IO COIEPKaHUIO, U AEMOHCTPUPYIOT
3aMeTHOe pa3HoOOpasue, eclii UX He COPTUPOBATh 10 MOJKJIaccaM. B nepByto ouepenp 3/1ech CTOUT
Ha3BaThb Juarpammbl PeitHMana. B jaHHOM cityyae pedb UAET He MPOCTO O BU3yaIu3alliu, a O METOJE,
YIPOLIAIOIIEM BbIYMCIEHHS. TaKk YTO ¢ HEKOTOPHIMM OTOBOPKAMHM MOXHO CUMTATh 3T JAUarpaMMbl
MoABUJOM (pOPMYJT BTOPOI'O TUIIA.

Hac B nepByio ouepenp OynyT uHTEpecoBaTh (hOpMyJbl B (pu3rKe (3aKOHBI PUPOJIBI) U CTOSI-
Imast 32 HUIMJA MaTeMaTuKa, 0OecTieunBaloIias armnapar MaHUITyIupoBaHus. BMecte 310 cTpamHas
cuia. Kak numer Muxaun ['poMoB, «matemaTyka 3aloyIHsI€T CBOMM OTHEM BCe, UTO 30BeTCs (pU3U-
YEeCKMMH HayKaMu: 00JaKa, CKPBIBABILKE OT HAC TO, YTO TEMepb MbI MUILIEM KaK 3aKOHBI MTPUPOIbI,
paccenBaloTCs B JIydax TaKOW (PU3HKI»*.

Cama njiest 3aKOHOB ITPUPObI I0OBOJIHO HETpUBHasibHa. Ha nepBom 1iare peus UeT o ToM, YTo
MBI MOKEM BBISIBUTH B TIPUPOJIE CTPOTO BHIMOIHSIOMUECS 3aKOHOMEPHOCTH, KOTOPbIE MOKHO 3aIl-
caTh B BUJIE MATEMAaTHUECKUX COOTHOIIEHUI. OTCIoa OIMH IIar 10 BOCIIPUSATHS MUpa KaK MAITUHBI
C YEeTKOM Mpe/ICKa3yeMOCThIO BCeX OyayIux coObTuil. IHTEpecHo, 4To AaibHeIee ABUKEHUE «TOW
K€ TPOTOW» MPHUBEJIO B UTOTE K OTKA3y OT CTPOTOro JIeTepMHUHMA3MA MEXaHUCTUUECKMX Mojiesiel Ona-
rofapsi, HarpuMep, CO3IAHUI0 TAKUX TEOPHid, KaK XaoTHUecKas IMHaMHUKa M KBaHTOBasi MEXaHHKa.
Ho B Hauasie myTy CTPOroro MaTeMaTu4ecKoro Onrcanust mpupos (6e3 60KeCTBEHHOTO BMEIIATE b-
CTBa, HAIIPUMEP) MBI BUIUM UMEHHO JIETEPMUHU3M.

Kax ObI TO HU OBUTO, MOKHO CKa3aTh, YTO HACTOSIIIAS HAyKa MOSBUJIACH, KOTIA yUeHbIe HAYaIIH
MPEANPUHIMATD TIOTIBITKY BBISIBUTh MMEHHO 3aKOHBI IIPUPO/IBL. DTa KOHIENIHs TpeOyeT Bepsl B TO,
YTO €CTECTBEHHbIE MPOLIECCHI IIPOUCXOST 110 HEKUM HEM3MEHHBIM IIPaBUJIaM, T. €. YTO Mbl HE )KUBEM
B MUpE CJIydyaliHOCTel U 1yaec (BOZMOKHO, C OTOBOPKOM, UTO HEUTO, KaKyIlleecsl B TaHHBI MOMEHT
YyJI0M, HAJIET CBOe OOBSICHEHUE B paMKax Oojiee 0OIIero 3akoHa mprupoisl). Ecm uexoauTts U3 3Tou
TOYKH 3pEHHMS, TO OIHUM M3 TepBbIX yueHbIX sBnsiercs Epnokc Kuunckuii (IV Bek 10 H. 3.)°. Emy

4 ‘pomoe M.I". KonbIio TaiiH: BCeIeHHas1, MaTeMarrka, Meicib. — M., MITHMO, 2017. - C. 3.

3 HpHMepHO Ha IoJITopa CTOJETUA paHbLIE HI/ICl)aFop " €ro YUY€HUKU TaKKE BBIABUIIN HECKOJIBKO BaXKHbBIX 3aKOHOMepHOCTeI71.
OZlHaKO 3TOM IIIKOJIE SIBHO Mellal YpEIMEPHO HI[eOHOFH3HpOBaHHBIﬁ oAXoH, T. €. HEKOTOpada KOHLETITYa/lbHAA 3allIOPEHHOCTD B T101-
X04€ K UBYUYECHUIO NPUPOIHBIX SIBJICHUT.
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MIPUHAJICKUT TIepBasi Cephe3Hast MOMBITKA CO3AaTh MoJesb «BceneHHoi» (B ToM 00beMe, B KAKOM
ee BOCIIPUHUMAJIM APEBHUE TPEKU), T. €. MPEeACTaBUTh JBMKeHue HeOecHbx Ten (Comnua, JIyHsl,
MATH BUIMMBIX HEBOOPYKEHHBIM IJIa30M IUIaHET) B BUJE HaOOpa KOHLIEHTPUYECKUX Chep, MOKHO
CKazarh «IIeCTepPeHOK». VI pedb He UIET O TOM, YTOObI OrPaHUUYMTHCS CJIOBECHBIM onrcanueM. Llembio
EBnokca Kauackoro ObI0 IMEHHO CO3[aHME YETKOW KOHCTPYKIIMH, MO3BOJISIONIEN PACCUUTHIBATH
TPAEKTOPUH HEOECHBIX 00bEKTOB. Takyio MoIesh IPH KeJIaHUU MOKHO BOIUIOTHTH B METAJUIE B BUIE
MEXaHUYECKOTO YCTPOKMCTBA, €CII OBl 3TO MO3BOJISUIM TEXHUYECKHE BO3MOXKHOCTH TOTO BPEMEHH.
Torma MOkHO ObLIO Obl, «Bpaliasi pyuKky», MPOKPYYMBaTh JBMKEHUE TUIAHET B Oydylliee WU Mpo-
IJI0€, JEMOHCTPUPYS MX KOH(DUTYpalrIo B 1000 MOMEHT BpeMeHH. [Ipu 3ToM 04eBHIHO, UTO BCe
9T0 OECKOHEYHO Aajieko oT Maruu. EBnokcy Kuuickomy He MOTJIO Obl IPUIATH B TOJIOBY, YTO, CO3JaB
MPaBUJIBHYIO MOJIEJb ¥ BOIUIOTHB €€ B OPOH3€, OH CMOXKET «IOIKPYYHBaTh» IIECTEPEHKH, MEHSIsI TEM
CaMbIM JBMKEHUE CBETWJI. MIHBIMU ClIOBaMu, 3aKOHBI IIPUPO/IBI MPEACTABISIIUCH TPEYECKOMY Yue-
HOMY HEKOW OOBbEKTUBHON PEaIbHOCTBIO, CYIIECTBYIONIECH HE3aBHCUMO, a TIOTOMY He TOIBePKeHHOM
Maru4eckoMy BO3JEVCTBUIO.

[IpencraBnenre o Mupe Kak O TMTAHTCKOM YaCOBOM MEXaHU3ME, C OJHOU CTOPOHBI, OUEHb BJIOX-
HOBJISIIOIIIEE, & C JPYTrOi — OTYACTH NeccuMucTrdeckoe. Caenaem HeOobIIoe OTCTyIUieHre. B Ham
JHU TIPOrpecc B MaTeMaTHKe 3aMETHO OTJIMYAETCSl OT Mporpecca B eCTeCTBEHHbIX Haykax (Oynem
1Tl OTIPENICSICHHOCTH TOBOPHTH O husnke). B (pusuke Mbl MOHMMAeM, YTO MPAKTUYECKU JIIOOOM
(byHIaMeHTaNIbHBIN TEOPETUYECKUI PE3Y/IbTAT B TOM WJIM MHOW CTENIEHU HEOKOHYATEJIeH, HEMOJIOH.
Ms1 Bcerga padotaeM ¢ MpUOTMKEHHBIMU MOJEISIMU, 00Jagas HegoctatouHor uHpopmarmein. Ha
CMEHY HbIOTOHOBCKOI MEXaHHUKEe MPUIILIY TEOPUSI OTHOCUTEIBHOCTH (J1axe [1Be!) M KBaHTOBas Mexa-
HuKa. Hazmeemcsi, IX CMEHMT KaKOW-TO BapUaHT KBAaHTOBOHM rpaBUTAIMU. Byner jm 3T0 «OKOHYa-
TeJIbHOM Teopuei»? Mbl He 3HaeM, Mbl COMHeBaeMcsl. B MatemaTuke, eciiv Teopema JJoKa3zaHa, TO
OHa JIOKa3aHa. JTO pe3y/bTaT Ha BeKa. 3aMEHUTbh MOXKHO TOJIBKO MAaTEMaTHKy LEJUKOM (1a U TO
BCE CTapble Pe3yJIbTaThl OCTAHYTCS] BEPHBIMU B PAMKAX MCXOHOW KOHUEILMH, KaK IaXMaTHbIE KOM-
MO3ULIMK, €CJIM BAPYr NOMEHATh MpaBwia Urpbl). BepHeMcss K MEXaHMCTUUECKOM KapTHHE MHUpaA.
[IpencraBnsercs, 4To oulyleHus yueHbIX, 3anuMaBiuuxcs ¢usukoil B X VII-XVIII Bekax, ckopee
MOXO/IMJI Ha OIIYIIEHUs] MATEMATHKOB, TOJBKO ObLIM ITI00ATbHEe, TOCKOJIBKY OHH, YTO OYEBUIHO,
HETIOCPEICTBEHHO CBSI3aHBI CO Bcel OorbInoi Beenennoii. PaboTasiive B Te BpeMeHa (pU3MKH BIIOJHE
MOTIJIY TPEJCTABIATh, YTO HAMPSIMYIO MOCTUTAIOT UCTUHHYIO CTPYKTYPY MUPa, O0KECTBEHHBIHN 3aMbl-
cen (ecm UM ObUIa HY)KHA 3TA THIOTe3a). 3aKOHBI IPUPOAbL, €CIIM OHU MPECTABIISUIMCh HA/IEKHO
YCTQHOBJIEHHBIMM, BBIIVISI/IENI OKOHYATEIbHBIMU U HE MOAJIEKAIMMU IIEPECMOTPY.

Wnes 3aKOHOB MPHUPO/IBI, MOAYUHSIOMUXCS MAaTeMaTHYECKUM 3aKOHOMEPHOCTSM, ellle Oosee
HeTpuBMajibHa. VIMeHHO Ha 3ToM ocHOBaHO yTBepkaeHue lOmxuHa Burnepa o Hemoctuxumon
3(ppeKTUBHOCTH MaTeMaTHKHU®, K KOTOPOMY Mbl OyeM HEOJHOKPATHO BO3Bpamarhcs. Benp ogHO
eJI0 — MPOBECTH IKCIIEPUMEHTHI WM HAOJIOIeHHsI, 2 3aTeM Ha UX OCHOBE C(hOPMYJIMPOBATh 3aKOH
B BHJIE MAaTEMaTU4YECKOTO BbIPAKEHHUSI, 1 COBCEM JPYroe — B3ATh MAaTEMaTUYECKyl0 (pOpMYJIUPOBKY
3aKOHa, 100aBUTh HOBbBIE TMITOTE3bI, IIPOBECTU HEKOTOPHIE MaTeMaTUYECKUe ONepaliuy 1 MOTYYUTh
HOBBIM, J10CEJIe HEU3BECTHBIM 3aKOH MPUPO/bI, KOTOPBIH MIOTOM MOXHO IPOBEPUTH U HAWTH TOJIHOE
COBIIQJIEHUE TEOPETUUYECKOTO MPeJCKa3aHUsl C IKCTIEPUMEHTAIbHBIM Pe3y/IbTaToM !

3/1ech HAUMHAET MPOSIBIATHCS OJJHA U3 «MarmuecKux» OCOOEHHOCTEN MaTteMaTndecKkux ¢op-
MYJI B POJI 3aKOHOB MPHUPOJIBI. YTO-TO TaM HamuMcaB Ha Oymare (T. €. TpojiesIaB MAaHUITYJISIIUH C MaTe-
MaTUYECKUMM CUMBOJIAMH), MOKHO IPEACKa3aTh MOJOKEHUE HEU3BECTHOM IUIAHEThl U HEKOTOpbIE
U3 €€ CBONCTB, @ MOKHO — CYILIECTBOBAHUE JIEMEHTAPHOIN YaCTULIbl, ONPEIEINUTh, U3 YETO COCTOSAT
YaCTHIIbl, Ka3aBLIMECS IEMEHTAPHBIMU. DTO JAET OLYLIEHUE YAUBUTEIBHOTO €IMHCTBA MUPA, MOJ-
YUHSAIOUIETOCS] OTHOCUTEJIBHO MPOCTHIM, 110 KpaliHEeW Mepe MOCTUraeMbIM, ITpaBUJIaM, YTO YAUBIISIO

® Crarbs 10. Burnepa «Henoctikimas 3 peKTHBHOCT MATEMATHKH B €CTECTBEHHBIX HAYKaX» JOCTYIIHA B IEPEBOJE B KypHAJIC
«¥Ycnexu ¢pusnyeckux Hayk» 3a 1968 r. Cwm.: https://ufn.ru/ru/articles/1968/3/f/
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u camoro DiiHmTelHa: «CaMoe HENOCTUAKUMOE B 3TOM MUPE — 3TO TO, YTO OH MOCTHKUM». s
TeX ke, KTO He IOCTUraeT MUP MOCPEACTBOM MaTeMaTUYECKU C(POPMYIMPOBAHHBIX 3aKOHOB, BCE ITO
BBITJISITUT KaK BOJTIIEOCTBO, & yUeHble BOCIIPUHUMAIOTCS Kak Mard. To i JoOpbie, TO JIn HeT.

Wrtak, MHOTHE MIOAM OOATCS (POPMYIT M CUUTAIOT UX YEM-TO CPOJHU MAruw, a oTomMy, He TIOHU-
Masl CMBICJIa, OTHOCSITCS K I1€4aTHOIM CTPaHUIE, UCIIMCAaHHON MAaTeMaTUYECKUMU BBIPAKEHUSIMH, CO
cneuupuyeckuM yBaxeHrueM. CTarhsl MO TEOPETUUYECKON (PU3MKE MOKET BBIIVISIIETH ISl HUX Kak
HEKWI CTpaHHBIN apTedakT, MPUHIMINAIGHO OTIMYAIOIIMICA OT CTPAaHMIBI OOBIYHOTO TEKCTa Ha
HETOHSATHOM SI3bIKE.

A. B UCTOPUN PU3NKUN ECTb HEMAJIO ITPUMEPOB TOI'O, YTO OITMCAHUE
PAIA ABJIEHNI, KABABIIXCS HE CBA3AHHBIMU JIPVT C IPYTOM, VIAJIOCH ITPO-
BECTU B PAMKAX OBIIEI'O [TIOAXOOA. ®PUSNYECKAA PEAJIbBHOCTD ITPEJCTABJISA-
ETCS EIMHOW CTPYKTYPOH, SJEMEHTEI KOTOPOI ®YHKIIMOHUPYIOT IO EJIU-
HBIM ITPABUJIAM. JAJIEKO HE BCE B3AUMOCBS31 BHYTPU 3TOM CTPYKTYPBl HAM
N3BECTHbBI. OTHAKO PABOYAA T'MIIOTE3A COCTOUT B BO3MOXHOCTU ITOCTPOE-
HI EMMHOM TEOPUU, 3 KOTOPOI 3AKOHBI J111 BCEX KOHKPETHBIX 3ABUCHMO-
CTEN MEXJY ®U3NYECKMMU BEJJMYMHAMM MOT'YT BBITh BBIBEJIEHEI C TTOMO-
b0 MATEMATNYECKUX METOJIOB.

b. UCIIOJIb3OBAHME MATEMATHUKU [TO3BOJIAET HA OCHOBE VY’KE BbISIBJIEH-
HBIX B3AUMOCBSA3EN MEX Y PA3JIMYHBIMU I[TPOLIECCAMU U IBJIEHASIMU OBHA -
PY)KUBATH PAHEE HEM3BECTHBIE CBOVICTBA ®U3NMYECKUX OBBLEKTOB, ITPE]I-
CKA3BIBATD [IOKA HE HABJIIOJABIIMECA ABJIEHUA, A TAKKE ®OPMVIIMPOBATD
HOBBIE 3AKOHbI [TPUPO/IbI.
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I'naBa 2
Tpu nocku

[pencraBum ceGe TpU JOCKU B YHUBEPCUTETCKOHN ayqUTOpUM. Bce OHM IUIOTHO 3ariONHEHbI
(bopMysiaMH, HO OTJIMYAIOTCS TI0 CMBICJIOBOM Harpy3ke. OJIHAaKO /11 MHOTUX HEMCKYIICHHBIX 3pUTe-
JIeH 3TH JIOCKH BBIIJISIAT PAKTUIECKH OJMHAKOBO. [Ie10 B TOM, UTO OMpe/IenThb, B KAKUX HAITUCIX
€CTh CMBICJI, B KAKMX — HET, a Ha KaKOH JJOCKe OTpakeHa HeKasl e[MHast Uiesl, MOXeT ObITh 3aTpy/-
HUTEJIbHO.

B manHOM ciiyuae mepBasi JIocka 3arojiHeHa a0comoTHoW abpakanadpoi. Ha Heli HamvcaHbl
HecyiecTByomue (hopMyJibl — CTyJYaliHble COYeTaHWsI MaTeMaTHUECKUX CMMBOJIOB M OYKB JIATHH-
CKOTO ¥ rpedeckoro ayidaButoB. Ha BTopoii n300pakeHbl U3BECTHBIE YPaBHEHHSI, HUIKOMM 00pa3oM
HE CBSI3aHHbIE PYT C APYTOM, U TPYIHO MPEICTABUTh ceOe KOHTEKCT, B KOTOPOM OHH CTaJIU Obl 3J1e-
MEHTaMHM e[IHOTO ClokeTa. HakoHell, mocieqHsis T0CKa COIEePKUT MOCIIe0BATEIbHBII BBIBOJ HEKO-
ero 3aKOHa, T. €. K&X/I0e YpaBHEHHUE CBS3aHO C MPEbIAYIIMM U B UTOTE MBI II0JTy4aeéM OCMBICJICHHBIH
Y BaXHBIN pe3ysbTar.

JlaBaiiTe cpaBHUM 4yBCTBa, BOHUKIIIE MIPY B3IJIsi/Ie HA 9TU TPH JJOCKH, C OIIYIICHUSIMH, KOTO-
pble TOSIBUIKCH Obl Y HAC B CITy4ae, eclid Obl OHU OBUTH 3aIOJIHEHbl TEKCTOM HA HEM3BECTHOM SI3BIKE.
CHoBa ofiHa JocKa ObLIa OBl UCTIMCAHA CITyYailHBIM HAOOpOM OYKB (pa3yMeeTcsi, C COXpaHEeHHEM pa3-
OueHMs Ha CJIOBa, CHHTAKCHCOM U T. I1.), BTOpast cofiepkaiia Obl peasibHble CJIOBA, HO TEKCT BBITJISI-
nen Obl Kak Opef, a TpeThsl MpeJCcTaBisiyia Obl COOOM CBSI3HBIN paccKka3. BrieyaryieHus: OT JIOCKH ¢
(opMysiaMH M OT JIOCKH C TEKCTOM, KaK MpPaBUJIO, Pa3MyHbl. TEKCT He BIEYATNISIET, Mbl CIIMIIKOM
K HeMy MpPUBBIKJIM. TOJMBKO yTBEpKICHUE, YTO OH MUMEET JeJO C JPEBHUM sI3bIKOM MCYE3HYBIIEH
UBWIM3ALUK (TS JTIOOUTENCH 9K30TUKU — C MHOIUIAHETHBIM SI3bIKOM) MJIM CEKPETHBIM IU(pPOM,
MOXET 3aCTaBUTh CPETHErO YeIOBEKa BIVIS/IBIBATHCS B Kapakyiu. TeM v npuTsararejieH MaHyCKPUIIT
Boitnnua’. Tem u kpacuB koaekc Cepacdunu®. Mbl gymaeMm, 4To TaM CKPBIT KaKOKW-TO OCOOBIN CMBICT
(maxe 3Has1, uto y CepadrHu ero HeT, a CKopee BCero, HeT U B MaHycKpurite Boitnuya®). [Ipumepno
TaK e Ha MHOTHX JICHCTBYeT CTpaHuia (hopMyIl.

OHU MOT'YT OBITh IPOCTO KPACUBBIMU. Y OOJIBIIMHCTBA JIIOJICH CaM BHJI CJIOKHBIX KOMOMHAITUI
HETIOHATHBIX CMMBOJIOB BbI3bIBACT YILICBHBINA TPEMeT U ollyleHue TaiHbl. Marus. .. Ho ¢opmyrna —
He 3aKJIMHaHUe. DTO BhIpaKEHUE BIIOJIHE ONPE/ICNICHHOM CBSA3U MEX/1y KOHKPETHBIMU MapaMeTpamMH.

Ectb (popMyIibl 0O4eHb U3BECTHBIE (TaKUe Kak E = mc?), ecTh MeHee y3HaBaeMmble. HekoTopble U3 HUX
BBIPAXAIOT HanOosiee (pyHJaMEeHTaIbHbIE 3aKOHBI, JIeKallle B OCHOBE COBPEMEHHOI0 IIOHMMaHu (a
3HAYUT, U ONUCAHUS) MUPA.

Crpanuna, ucrimcanHasi popMyJiaMu, BBI3BIBAET OypIO CaMbIX pa3HbIX accourarmii. OmHOBpe-
MEHHO MOKHO BCIIOMHMTb U TO, KaK TPYAHO YTO-TO AABAJIOCh B IIKOJIE WJIM MHCTUTYTE, U YEPHBIE
IBIPBL, ¥ aTOMHYI0 00MOY. MBI (MHOTHE, BOBMOXHO, ITOJICO3HATENILHO) TOHMMAEM, YTO HAIll MHUP CTOUT
Ha (popMyJiax, MOCKOJIbKY OHHM JIeXKaT B OCHOBE TEXHHUKH, a KyJa BceM HaM Oe3 Hee. CTpaHHO CJIbIIIATh

7 WnmocTprpoBaHHbIN KOZIEKC, HAITICAHHBIA HA HEM3BECTHOM $SI3bIKE HEN3BECTHBIM aBTOPOM MPEANoIokuTeIbHO B XV Beke. Pac-
g poBath TeKCT He yaaeTcs. Ckopee BCero, 3To ¥ HEBO3MOKHO, MOCKOJIBKY OH HE UMEET CMBICIIA.

8 Komexc Cepacunn (Codex Seraphinianus) — MLTIOCTPUPOBAHHBIN KofieKe, co3maHHbil B 1970-e rr. apxutektopom Jlymmxu
Cepacunn. [Ipencrapisier co60ii BHIMBIIUICHHYIO MJLTIOCTPHPOBAHHYIO SHIMKJIONEAIO HECYIIECTBYIOIero Mupa. s ee co3ganus
aBTOp MpUAyMaJl crienaabHoe MUcbMO. OJHAKO TEKCT He MIMEET CMBICIIA, OH HE SIBJIAETCS pe3y/IbTaToM UG POBKY WU UCTIONb30BAHNUS
HCKYCCTBEHHOTO SI3bIKa.

? Ormernm, uto PeryJIsipHO MOSIBJIAIOTCS 3asBleHUs O paciudpoBke koaekca BoitHuya. IlocnenHee (Ha MOMEHT HalMCaHUS
KHUTK) nosteuiock B Mae 2019 r., korna [xepapn Yenmp u3 Yausepcutera bprcrons 3aseui o ceoeM yenexe (cM.: https://indicator.ru/
news/2019/05/15/rasshifrovan-manuskript-vojnicha/). OmHako 1 OHO cpa3y ke NOABEPIIIOCh KECTKOM KpUTHKE (CM.: https://nplusl.ru/
blog/2019/05/15/diditagain) 1 Bckope ObLIIO OTO3BaHO.
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PO HU3KUI aBTOPUTET HAyKH, KOrJa OJHUMU U3 CaMbIX JIEICTBEHHBIX PEKJIaMHBIX CJIOTAHOB CIIyKaT
CJIOBOCOYETAHUS: «HOBasi (hopMyia» u «popMya ycrexar 10,

OpHaKo BaXXHO OTMETUTb, YTO (pusrueckue popMyIibl (BKJIIOUYAsl caMble U3BECTHbIE U (pyHIa-
MEHTAJIbHBIE) CYHIECTBYIOT HE CaMH T10 ce0e, a KaK 4acTh OOJBIION CTPyKTypbl. OHM B3aUMOCBSI3aHbI
APYT C IPYTOM, U B 3TOM CMBICI TpeTbel nocku. [lytem npeoOpa3oBaHuil (CleqyIOMIMX Onpe/esieH-
HBIM ITpaBWJIaM) U3 OIHUX (POPMYJI MOKHO NOJIy4aTs apyrue. U 31o He sBJseTcs TaBTONOTHEN: caMO
oOHapyKeHHe HEKOTOPBIX CBS3EH SIBJISETCS HAYYHBIM OTKPBITHEM.

B XIX Beke okazajioch, 4TO IEKTPUYECTBO M MAarHETU3M — JIB€ CTOPOHBI OJIHOW MeAasiu.
[NosiBunack Teopus MEKTPOMAarHUTHOro mnojisi. B Havasie XX croneTus 1esblo cTano o0beAHEHUE
ajiekTpoMaruetTusma ¢ rpasuraruent. Kazanocs, Teogop Kanyia u Ockap Kieiin Hanrynaiu nepcrek-
TUBHBIN NIofxoa!!. AspOepT DUHIITENH TOke MOCBATHI MOCIIEAHUE TO/Ibl CBOEH KMU3HH TIOMCKaM BO3-
MOXHOCTEH ISl TAKOTO OOBEUHEHHUs], OOHAKO U3 3TOTO, K COXAJIEHUIO, HUUEro He BBHIILUIO. 3aTo
OoOHapyKeHHOe TMOo3Ke c1adoe siiepHOe B3aMMOJCUCTBHE 1> yIaioch YCHeNHO OObEeMHUTH C JJIeK-
TPOMAarHUTHBIM B TaK Ha3bIBaEMOE JIEKTPOCIadoe B3auMopeicTBre. D10 ObUIo cienaHo CTUBeHOM
Baita6eprom, [lenmonom Jlu ['mamoy u Admycom Castamom 6osee monyBeka Hazal. A yxe B 1980-e
IT., koraa B LIEPH 6butn OTKpBITHI ¥ M3y4YeHbl W- 1 Z-0030HBI, CTAJIO SICHO, YTO TIOTyYeHbI HaJIeKHbIC
9KCIEPUMEHTAJIbHBIE IOATBEPKACHUSI BEPHOCTH MPEIJIOKEHHOW UMU MOJEJIH.

Her Gonbimx coMHeHUH, 4To B OyaylieM yaacTcsi 10OaBUTh B €IMHOE OMMCAHKWEe U CUIIbHOE
sIIEpHOE B3aMMOJIEHCTBHE, a TaKXkKe MPOBEPUTH ITO SKCIIEPUMEHTATIBHO MJIM C TIOMOIIBIO HaOIo/1e-
Huil. Takas Teopust moyunia HauMeHoBaHue «Benkoe ooObeauueHne» (Grand Unification Theory —
GUT). AxkTtrBHBIE pabOTHl B 9TOM HarpaBieHuu Beaytcsi ¢ 1970-x rr. [IponomkaioTcst ¥ ONBITKA
0oObeIMHEHM S BCEX YeThipeX (PyHJaMEHTaIbHBIX B3AaMMOAEHCTBHIA B O0IIIyI0 MOjielTb. IT0 yxe «Teo-
pus Becero» (Theory of Everything — TOE). Teopus cTpyH, koTopasi cefiuac y BCex Ha ClIyXy, Kak pa3
ABJISAETCS OOHUM U3 IToaxonoB K cosmanuio TOE.

B Hacrosiiee Bpemsi cCuMTaeTcs, 4To 0ObeAMHEHUE B3aUMOJICHCTBHIA TIPOMCXOINT TPH BHICO-
KMX SHEPIusxX B3aMMOIEHCTBYIOIIMX YacTHIL] (HATpUMeEp, ITO MOIJIO UMETh MECTO B HOBOPOXKIEHHOM
BcesieHHOH). [TomyynTh npsiMbie SKCIiepriMEHTAIbHbIE TAHHBIE B 9TOM 00IACTH MPAKTUYECKU HEBO3-
MO’HO. A IOTOMY €/IMHBIE TEOPUU — BOTYMHA TEOPETUKOB, M OCHOBHBIE HA/ICXKIbI [TOKA CBSI3aHBI KaK
pa3 Cc TeM, YTO Ha OCHOBE M3BECTHBIX 3aKOHOB, 0a3MPYIOIIMXCS] HA HAJIS)KHBIX SKCIIEPUMEHTAIBHBIX
JAHHBIX, UCIIOJIb3Ysl HOBbIE TUIIOTE3BI M BCIO MOIIb MAaTEMAaTUUECKOI'O anmnapara (HepeaKo AJisl TaKuX
LieJIel IPUAYMbBIBAIOT HOBbIE MaTEMaTUYECKHE KOHCTPYKIIMH ), MOKHO ITOCTPOUTh BHYTPEHHE HENPO-
THUBOPEUMBYIO TEOPHIO, KOTOPAsi, C OMHOM CTOPOHBI, OYJET JaBaTh BEPHOE OMMCAHUE IS YKE U3BECT-
HBIX SIBJIEHUH, a C IPYTroM — MPeJCcKa3bIBaTh HOBbIE 3(P(EKTHI.

Takum 06pa3om, BO3MOKHOCTh BBIBOZIA HOBBIX (DOPMYJT U3 YK€ CYIIECTBYIOIIUX JEMOHCTpPU-
PYET €IMHCTBO CTPYKTYPbl OMUCAHU S, B3AUMOCBS3b MEXK/y Pa3HBIMU IMOHATUSIMU U SIBJIEHUSIMU, TIPO-
LileccaM¥ M 3aKOHaMu. B To ke BpeMsi MaHUIy/IMpoBaHKe ¢ opMyJIaMH, KOTOPOE Clie/lyeT MaTeMaTH-
YEeCKUM IPaBUJIaM, MOKET TPUBOAUTH K HOBBIM OTKPBITHSIM, U 9TO BaKHAsI CTOPOHA «yTUBUTETBHON»
3(ppeKkTUBHOCTU MaTeMaTuKU B (pusKKe. B ucropun Tomy ectb MHOKECTBO CBUIIETENIBCTB.

Knaccuueckum npumepom 3¢h@PeKTUBHOCTH (M MOATBEP:KACHUEM NPABUIBHOCTUA) HBIOTOHOB-
CKOHM MEXaHUKH cuuTaeTcst oTkpbitie Hentyna. HamoMumM, 4To Ha OCHOBE HaOMIOAABIIIUXCS OTKJIO-

10 ToGonsiTho, uto B nanHOM clly4ae, BUIMMO, B CO3HAHMH CITYIIAIONIEro CTPAHHBIM 00pa3oM HEpPeruIeTAloTCs: MaTeMaTHYeCK1e
u xumuueckue opmysiel. HaBepHsKa, ecim MpoBeCTH TECT U Cpasy Mocye MPOCTyLINBaHUS PEKJIAMbI CO CIOBAaMH «(DOpPMyJIa ycriexa»
TMOMIPOCUTh HAITMCATD JII0OYI0 (hopMYITy, TO MOTYUUM 4TO-TO Bpone E = mc2, 3akona OMa W1 OCHOBHOTO TPUTOHOMETPHYECKOTO TOX-
JecTBa, a He OEH30JIbHOE KOJIBLO WK (hOpMYITy BOIbl. A B Cllyyae peKjaMbl CO CJIOBAMU «HOBast (hOpMyJia» B IPUMEHEHHHU K KaKOM-
HUOYb KHAKOCTH — HA0OOPOT.

11 o

B 1921 r. Hemenxwuii matematik Teogop Kamyma npezcraBui Moziesb, 0OBbEIMHSIONIYI0 TPABATALMIO M IEKTPOMArHeTU3M B

MIATEMEPHOM NpocTpaHcTBe MUHKOBCKOTO. B paMkax sToro mozpxona u3 ypaBHEHHI 0OIIIeil TEOPHH OTHOCHTEIBHOCTH YAAJIOCH MOJTY-
YHTh KJIACCUUECKUe ypaBHeHUs1 MakcBesa.

12 TepBbie cepbestbic TeOpeTHUECKHE MOIEIH B 9TOM 061acTH nossimck B 1930-¢ IT., koraa DHpuko depmut Hauas padoTarh
HaJl OIMCaHueM OeTa-pacraja.
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HEeHuH B IBrkeHnU YpaHa [lxkony Anamcy u YpoOeny JleBepbe yanoch paccunTaTh MOJIOKEHNE HOBOM
6onbI10# 11aHeTs CoMHEYHOM cucTeMsl, U B ceHTsI0pe 1846 r. 310 HeGecHoe Teso ObLI0 0OHAPYKEHO
acTpOHOMaMHM OEPIIMHCKON 00CepBaTOPUH.

B cnyvae otkpeiTust HertyHa peub uer He 0 TOM, YTO C MOMOIIIBI0 MaTeMaTUIeCKUX Mpeod-
Pa30BaHUI MOTyYEeHbl HOBbIE 3aKOHBI TIPUPO/IBL, & O TOM, YTO OblIa TPUyMQaIbHO MPOAEMOHCTPH-
poBaHa IpejcKa3aresibHasi crujia TeOpuu (B JaHHOM CJIydae — HbIOTOHOBCKOW MEXaHMKHM U TEOpUU
rpaBUTAIINN), KOTOpasi K TOMY BpeMeHH ycIiesa 003aBeCTUCh MOIIHBIM MAaTeMaTHYeCKUM arapa-
TOM. YacTUYHO HOBBIE MaTeMaTHYECKHe METOIb PA3BUBAIMCh UMEHHO JIJIs1 pElIeHHs 3a/1a4 HeOeCHOM
MEXaHUKHU. DTO OIUH U3 NIEPBBIX SIPKUX MIPUMEPOB B3AMMHOTO 0OOTalleHUsT (PU3UKH U MATEMATHKH:
MaTeMaTUKH pa3padaThBAIOT METOIBI — (PM3UKH UX MPUMEHSIOT, Y (PU3MKOB BO3HHUKAIOT 3aIPOCHl Ha
peleHre MHTEPECHBIX aKTyaIbHbIX 3a/a4 — MaTeMaTUKH pa3padaThiBAlOT HOBBIE MeTobl. HeynuBsu-
TEJIbHO, YTO CITYCTSI HECKOJIBKO JeCATHICTHI aHATN3 HeOeCHO-MEeXaHMUECKHX 33/1a4 MTPUBEJT K HOBBIM
MOpa3UTENIbHBIM PE3y/IbTaTaM Cpa3y U B (PU3MKe, U MaTeMaTHKe.

B konue XX Beka, paccMarpuBas HEKOTOpPbIE BapHaHThI 3ajaun Tpex Tei, AHpu Ilyankape
MOy HEOKHUJaHHbIe pemieHusi. OpOuTsl Besu ceOst Hepery sipHbIM oOpasoM. Ilpenckasars Tou-
HOE TMOJIOKEHUE TeJla OKa3blBAJIOCh HEBO3MOXKHBIM JIa)K€ IIPU HUYTOXKHOU HEOINPENEeICHHOCTH B
HAYaJIbHBIX YCIOBUSIX. DTO ObLIM MEPBbIe XaOTUYECKUE PElIeHHs B TUHAMHUYECKHUX CHCTeMax 2.

Takoe monoxeHue nef CUIbHO yauBWiIo Obl Mapku3a [Teepa-Cumona Jlammaca — omHoro us
OTIIOB HeOeCHOW MeXxaHWKH. EMy NpuHaAIekuT KpacuBas ujesi BOOOpaxaeMoro CyIiecTsa, Moiy-
yuBLIero ums /emon Jlanaaca, KoTopoe, 3Hasi MOJOXKEHNE BCEX YaCTUI] BO BCEJIIEHHOM, MOIJIO Obl
MIPEe/ICKa3bIBaTh CKOJIb YTOAHO OTAajieHHoe Oymyiiee. OKa3anock, 4TO 3TO HEBO3MOXKHO YK€ B pam-
Kax OOBIYHON HEOEeCHOW MeXaHWKH (T03%e KBAaHTOBAas MeXaHWKa BHECJa CBOM BKJIAJI B HEMpeICcKa-
3yeMocTb). CKOJIb YTOIHO MaJjible HEONPEAEIEHHOCTH B HAYaJIbHBIX YCJIOBUSIX MOTYT MPUBOAUTH K
CKOJIb YTOHO OOJIBIIIM OTKJIOHEHHSIM B MapaMeTpax CUCTEMBI B OyaylieM. DT0 KpacuBEHIIHIA pH-
Mep OTKPBITHS, CAETAHHOTO YUCTO TEOPETUUECKMMU METO/IaMU aHAJIM3a yPaBHEHUIA.

Ecmu ¢ nerepmuamamMom Jlariac mpocuuTanics, T0 B APYroM UM ObLIO CAENAHO MHTEPECHOEe
Mpe/ICKa3aHue, KOTopoe cObLIOCH, IPaB/ia, CHOBA HE COBCEM TaK, KaK 3TO MOT ceOe Mpe/ICTaBUTh Map-
ku3. Peub 0 uepHbIx gpipax. B konue X VIII Beka Ixxon Muuen B bputannu u 4yTh nossxe (HO He3a-
BucrMoO) Jlartac Bo ®@paHIMyY NPUIILIY K HJIee CYIIECTBOBAHUS TEMHBIX TeJI, Y KOTOPHIX KOMOMHAIIMS
MAaccChl ¥ paJiyca TakoBa, YTO CKOPOCTh yOeraHus Ha MOBEPXHOCTH (BTOpasi KOCMUYECKasi CKOPOCTh)
paBHa CKOPOCTH CBETa WJIM MPEBOCXOAMT €€.

Nnes BIDISAUT KpaiiHe TPOCTON. YAMBUTEIBHO, YTO, HANIpUMep, eile HbioToH He Hanucall o
M0/1I00HOI BO3MOKHOCTH, TeM OoJiee YTO OH MPUAEPKUBATICSA KOPIYCKY/ISIPHON TEOPUU CBETA, BIIOJIHE
pasymHO# B ero Bpems. CyIiecTBoBaHHe TeMHBIX 00beKTOB Muvesuia — Jlaruiaca cienyer u3 gop-
MYyJIbI, KOTOPYIO B Hallle BpeMsI KaX /bl IMKOJIBHUK 00s13aH y3HATh JieT B 15-16.

Ceituac Omaromapst oOIIeil TEOPUM OTHOCHTENIBHOCTA MBI MpeJcTaBisieM ceOe YepHbIe bIPhI
COBCEM He Tak, kak Muyesut u Jlarnac. Ecmu uist HUX 310 OBLTM TTPOCTO Tesia ¢ Oojiee UM MeHee
HOPMAJILHOW MOBEPXHOCTHIO U IUIOTHBIMU CIUIOIIHBIMM HEAPAaMH, TO AJI HAC, B paMKax reoMeTpH-
YEeCKOW MHTEPITPETALINH TPABUTAINH, YePHAS JIIPA — 9TO 00JIACTh MPOCTPAHCTBA, OKPYKEHHAs TOPH-
30HTOM, TPEJICTABJISIONIMM COOON HEKUI aHAJIOr MeMOpPaHbI, MPOHULIAEMON JIUIIb B OMHY CTOPOHY.
[TpocTpaHCTBO Tak «CBEPHYTO», UTO Jake CBETOBBIC JIyUl HE MOTYT BBITH U3 OOJIACTH, OTpaHUYEH-
HOU TOPU30HTOM COOBITHI, HapyXky. IlomaB o ropu3oHT, BEMIECTBO (32 UCKIIOYEHHEM HEKOTOPBIX
OYEHb IK30TUYECKUX CITy4aeB) JBMKETCS K CUHIYJISIPHOCTH (KOTOpasi MOXKET UMETh HETPUBUAJIbHYIO
dbopmy U cTpyKTYypy), rae opMaabHO CKUMAETCS 10 OECKOHEYHOU IJIOTHOCTH, YTO B PEasIbHOCTU
O3HAYaeT Mepexo]] B COCTOsIHUE, KOTOPOE Mbl HE MOXKEM OMNKCATh B paMKaX M3BECTHOW Ha JTaHHBIN
MOMEHT (pu3uKu. M Bce 3T0 — BBIBO/IBI M3 TEOPETUYECKON Mozeu. [IpoBepuTh npeackazaHus o TOM,

13 HeranbHee 00 OpOMTATIPHOM Xaoce MOXKHO INpodecth B 8-i miaBe kHuru MsHa Crioapra «Bemuuaiimme maremMaTtidyecKkue
3agaun» (M.: AnbliiHa HOH-(pukiH, 2019).
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YTO MPOUCXOAUT TIOJ] TOPU3OHTOM, U JJaKe JOKA3aTh €ro CyIIEeCTBOBAHKE y KaKOTO-HUOY/Ib OObEKTa
C TTOMOIIIBI0 HAOMIONEHUI MBI TIOKA HE MOXKEM.

VY acTpoHOMOB €cTh MHOKECTBO KaHUIATOB B YEpHbIE JIbIpbl. B OCHOBHOM 3TO WM YepHbIE
JbIPBI 3BE3HBIX Macc, BO3HUKIINME B pe3yJbTare KoJUlarca sSiep MacCCUBHBIX 3BE3M, WM CBEpXMac-
CHUBHBIE YepHBIE IBIPHI B IEHTPaX ralakTHK, KOTOPBIE MOCTENeHHO HaOMPaJi Maccy, TIOKa He BRIPOCIU
B TUTAHTOB C MACCOM, JOXOMSIIEH NHOTA 10 AECATKOB MuLHapaoB Macc ComnHiia. Bee 3Ti 0ObeKThI
MaCCHBHBIE U KOMITAKTHbIE HACTOJIBKO, YTO MBI HE MOXEM OOBSICHUTh UX CBOWCTBA B PAMKaX M3BECT-
HOU (pu3uKU Oe3 MpUBJICUCHUsI UAEU O YepHOU JpIpe. Bce OHM HE AEMOHCTPUPYIOT MPUCYTCTBUE
Kakoi Obl TO HU OBUIO TIOBEpXHOCTU. POPMAIIBHO UX MIPUXOAUTCS Ha3bIBaTh KaHIUIATAMU B YE€PHBIC
IBIPBI, HO, TIO CYTH, ITO YEPHBIE JBIPBI C acmpogusuueckoti mouku 3perusi. Pazodpasimch ¢ HaOmo-
JaTeTbHBIM CTaTyCOM TUX OOBEKTOB, MOKHO 3aHUMATHCSI BOITPOCOM O TOM, KaK OHH YCTPOEHBI, T. €.
BBISICHSITD, YUMo makoe uepHvle Oblpbl ¢ MOUKU 3perust pusuros. Takue I 3T0 0OBEKThI, KAKUMU X
pucyer ceituac o01as Teoprsi OTHOCUTEIBHOCTH, WM €CTh KaKMe-TO OTJIMYHMS, TOKa He3aMeTHBIE BO
BpeMs1 HaOJTIO/ICHHIA.

C OTKpBITHEM I'PABUTALIMOHHO-BOJHOBBIX CUTHAJIOB OT CJIMBAIOIIMXCS KaHAWAATOB B YEPHBIE
ObIPBl Mbl TIOJIYYWIIH, TIOKAIIYH, CamMble HAJEKHbIE Ha CETONHSIUHUIA JIeHb CBUIIETEIbCTBA B MOJIb3Y
TUTIOTE3bI O CYIIECTBOBAHUM OOBEKTOB € TOpr30HTOM. [1o Mepe pa3BUTHS rpaBUTAITMOHHO-BOJTHOBBIX
aHTEeHH OyIyT TOJy4eHbI elle Ooree CHIIbHBIE apryMeHThl. Kpome Toro, paguoHa0moneHus moMo-
raioT YBUIETh TaK Ha3bIBAEMYIO TE€Hb YEPHOW ABIPHI MPHU HAOMIOAECHUSIX IIEHTPAIBHBIX MACCHUBHBIX
00BEKTOB. ITO yKe yIaJaoch caenarh B ranaktuke M87 B coze3nuu [leBbl 4. MOXHO HaJIeAThCS, UTO
KOE-YTO YAACTCs TIONYYUTh TIPU HAOMIONEHUSIX YE€PHOU ABIpHl B IleHTpe Haiel [anaktuku. B Hena-
JIeKOM OyIIyIlieM K 3TOMY CITUCKY MOXKET J100aBUThCS IIEHTPAIbHBI MACCUBHBINA 0OBeKT B TymaH-
HOCTH AHApomenbl. Eciii 1 3Toro nokaxercs: Majio, TO y Hac €CTh €l HalekJa Ha JIpyrue noj-
XO[Ibl, HAIIPUMEP YBUJIETh BCIIBIIIKH, CBA3AHHBIE C TIOCJIEHUMU CTaIUsSMU UCTIAPEHUS YEPHBIX JIBIP.
310, HABEpHOE, Oy/IET CaMbIM HaJIeKHBIM JJOKA3aTEILCTBOM TOTO, UTO TAKUE YIUBUTEIIbHbIE OOBEKTHI
CYILECTBYIOT M Mbl KQUECTBEHHO MPAaBWJIbHO MOHMMAaeM UX (pU3UKY (MCKIII0Uasi MOBEICHUE BEIECTBA
B CUHTYJIIPHOCTH).

Bo3sBpamasice K TpeM J0CKam, Mbl BUAUM, YTO BaXXHO, YTOOBI U B (DOPMYJIBHOM H3JIOKEHUH
ObL1 cloxkeT. Tak, HauaB TSIHYTh 32 HUTOUKY, CBUTYIO erie HeloroHomM, Muuernt u Jlaruiac BeITSHYIH
UJIEI0 HEBUIUMBIX OOBEKTOB, KOTOPBIE Mbl CUMTaeM HEKUM MPooOpa3oM YepHbIX JbIp. Pasoupasich ¢
arHamMuKou Te B COTHEUHOH cMCTeMe B paMKax HeOeCHOW MEXaHUKH, CO3JIAHHOU B CYITIeCTBEHHOM
Mepe U Tpyaamu Jlamaca, yueHble CTOJKHY/IUCh C NMApaJoKCOM CMeEIIEeHUs nepureans Mepkypus.
OOBSICHUTH AaHOMAJIHIO, UCTIONB3YSI UJIEIO e11ie OTHOM TUIAHEeThI, KaK B ciyvae ¢ YpanoMm u HerryHow,
HE MOJTy4rIoch. Pasrajgka Oblla HaiiJieHa TOJIbKO C CO3JaHMeM OOIIel TeOpUr OTHOCUTETbHOCTH. U
Toraa, yxe B XX Beke, BHauase Onarogapss padoram Kapna Baprimiibaa, a 3aTeM U MHOTUX JIPY-
rux yJyeHsix (Bkimouas [laBuna @unkenbinreiina'®, CTuBeHa XOKWHra ¥ MHOTHX APYTHX) BO3HUKJIA
COBpPEMEHHAs KOHLEMLMSI YePHbIX Jblp. BOT Takol 3aKpy4eHHbIH CloxkeT!

A. MATEMATUYECKHUE METO/Ibl B IIPUMEHEHINU K ECTECTBEHHbBIM {ABJIE-
HUAM — 9TO HOBBIN A3BIK OIMMCAHUA W OBCYKIEHUSA ITPUPOJIBI, TAIOIINMN
BO3MOJKHOCTD BBISBJIATH 1 OCOZHABATH PAHEE HEM3BECTHBIE CBOMCTBA U

4B arrpesie 2019 r. 6bUTH ITpeCTaBIeHB! N300 pakeHN s IIEHTPaIbHON YacTy rajlakTuKy M87, omydeHHsIe ¢ momornibio Tereckona
TOPU30HTA COOBITHI. YanoCch paccMOTpPETh JIMH3UPOBAHHOE N300paxeHHe (POTOHHOU chepsl IIEHTPaIbHON CBEPXMACCHBHON YepHOIT
neipsl. Habmonars yepHylo qpIpy B Hamtei ['aakTrke ¢ ITOMOIIBIO 9TOI CUCTEMBI TEJIECKOIIOB FOPa3zo CIOXKHee, TaK KaK Hallla yepHast
IBIpa TIPIMEPHO B THICSTY pa3 MeHee MAacCHBHA, a 3HAYUT, BO CTOJIBKO ke pa3 MeHbIe ee pa3Mep. M3-3a 3Toro nepeMeHHOCTh JlaH-
HOTO 00beKTa ropasjio 6osee ObICTpast, YTO He MO3BOJISIET MOMYUHTh YETKYI0 KapTUHKY IIPU JJIMTENBHBIX HaOmoaeHusx Ha Teneckorne
TOPU30HTA COOBITHH, MPOAOJIKAIOIIMXCS] HECKOJIBKO YacoB. BO3MOXHO, paiKaIbHBIM BBIXOJOM SIBJISETCS JIUIIb CO3IAHUE CHCTEMBI
KOCMUYECKHUX TEIECKOIOB, paboTAIOIMX Kak HHTep(epoMeTp B MIITIMMETPOBOM JIMIAria30He AJIUH BOJH.

15 Brnarogaps pabote K. dunkenbinTeiiHa, HarmrcaHHOH B 1958 1., BO3HUKIIO COBPEMEHHOE IOHUMAaHHE CBOMCTB TOPH30HTA YepHON

JBIPHI.
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[MPOLECCBHI. KPOME TOI'O, 9TOT A3bIK MOJXET BbICTPO PA3BUBATLCA, COBEP-
IMEHCTBOBATLCA.

b. C TOYKU 3PEHUA PUBNKA, MATEMATUKA BBITJIAIUT KAK HABOP XOPOIIO
VYIIOPAJOYEHHbBIX N HAJEXHBIX B3AUMOCBA3AHHBIX IPYI C IPYT'OM METO-
JIOB, TIO3BOJIAIONINN MCCJEJIOBATH B3AMMOCBA3U MEXIY ®U3NYECKUMMU
ITAPAMETPAMMU 1 BEJINUYNHAMMU.
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I'naBa 3
Kiay00oK HUTOK

Ha npoTsikeHnH ThICSUeNeTHI YeJIOBEUECTBO MBITAETCS JaTh ONpeaeieHre, YTo e TAKOe Yesio-
BeK. To 11 3TO «AByHOTrOE O€3 MepheB», TO JIM «CMEIOIIeecs] )KUBOTHOE», TO JIM MEPeTPyUBIIAsICS
00e3bsiHa. Y HaC IPOTUBOIIOCTABJICHHBIN OOJIBIIION Masiell ¥ KPYIHBIN (TIPY HAIIIel Macce Tesa) CIOK-
HBIl MO3T, y HAC 3aTSIHYBIIEECs ISTCTBO U HeT mmepcTu. Jliofe BhiesieT Takke U TO, YTO OHU Ofie-
BaIOTCS ¥ KCHIONB3YIOT (hopMyJtbl (3aechk [uoren CuHonckuid Mor Obl iponsHecTH (pasy: «Marema-
THKH caeasaT 3a Connuem u JIyHOH, a He BUAAT TOTO, YTO Y HUX TOJ HOTaMU» — M CKMHYTh C ceOs
OCTaTKH OJ€K[IbI, YTOOBI MPEABSIBUTH IIMHIUYHBIA KOHTPIPUMED).

TeMm He MeHee ofiek/1a — BaXKHasl OTIIMYMTEIbHAst OCOOEHHOCTD UeJIOBEKa. 3/1eCh BCIOMUHAETCS
u ['ynimBep B cTpaHe 'yUrHT'HMOB, M MU O rpexonaaeHny. MOHO co3/1aBaTh OfIEK /Y U3 €CTeCTBEH-
HBIX TIPUPOJHBIX IEMEHTOB, HAaprUMep JIUCTheB. IMeHHo Tak, cornacHo Kuure Beitus, mpuiuioch
noctynuth Agamy 1 EBe. MOXHO [iesiaTh ofiekay U3 LIKYpP, YTO HECKOJIBKO MpakThuuHee. OHaKo Bce
PaBHO TaKUM CIIOCOOOM YAAETCsl CO3/AaTh JIMIIIb IOBOJIbHO PUMUTHBHBIE BEIIIH.

HampammBaertcst aHanorust Mexy Crioco0aMu YKpbITh ceOsi, YTOOBI 3alIUTUTh OT BHEITHETO
MUPA, U TeM, KaK YeJIOBEK ONKCHIBAET STOT MUP. PaHO BO3HUKAIOIINI €CTECTBEHHBIN S3bIK HATIOMHU-
HAET TOMBITKY JIeNIaTh OJEkK/ly HETIOCPEACTBEHHO U3 OKPYKAIOIIMX MPEAMETOB, IMOABEPrasi UX JIHIIb
MUHUMaJIBHOW 00paboTKe. [ToBsi3Ka M3 JIMCTHEB, MIKYpa XUBOTHOTO... Takas ofexaa MpUKpbIBaeT
HAroTy M XOTh KaK-TO 3allIMIIAET OT XOJIOAA, T. €. YIOBJIETBOPSET MPOCTEHIINE HYX/Ibl, HO KaK ke
Jajieka OHa OT COBPEMEHHOM OfIEKIbl BO BCEM €€ MHOrooopasuu (0T JU3aiiHEPCKOTO KOKTEHIBHOTO
TUIAThS1 10 KOCMHUYECKOTO cKadaHpa, OT CIOPTUBHOTO KOCTIOMA JJ1sI Oera Ha KOHbKAaX JI0 ITyJIeHeTpo-
ouBaeMbIx xmiieToB)! TOUHO Tak ke M paHHHE BEPCHUH €CTECTBEHHBIX SI3bIKOB, YIOBJIETBOPSIS TIPO-
CTeHIIe KOMMYHHUKAIMOHHbIE TIOTPEOHOCTH, CYIIECTBEHHO OTPAaHUYEHBI C TOUKH 3pEHHUsI TOYHOCTU
M OXBaTa ONKCHIBAEMBIX OOBEKTOB U sIBJIEHUI. KOHEUHO, SI3bIKM Pa3BUBAIOTCS, TOTOMY JIAIOT BO3-
MOKHOCTb BBIPa3UTh IIMPOKYIO FAMMY UYBCTB M C(hOPMYTUPOBATH MHOKECTBO UEH. YKe Y JPEeBHUX
HApOJIOB MBI HAXOOVM TPEKPaCHbIE JIUTEpATypHbIE MAMATHUKU U TIyOOKHe (PUIOCO(CKUE MBICIH.
ITO MOXHO YHOJOOUTH KPACHBOM OfIEK 1€ U3 Iopororo mexa. EcrecTBeHHbIE S3bIKH MO3BOJISIOT IPO-
W3HOCHUTH MIPOHUKHOBEHHBIE PEUH, MOAHUMATD JIIOJIeH BJOXHOBIISIOIMMHU Jo3yHramu. Ho B cMbiciie
OINMCAHMs1 MUpPa OHM HE MOTYT BBIMTH 32 pAMKH TOT'O, YTO Mbl HAXOIUM B noaMe «O Mpupoje Belei»
Jlykperwms. YenoBedecTBy MOHAI00MIICS HOBBIM THI SI3bIKA, KAK ¥ TPUHITUITHATBEHO HOBBIH MTOAXOM K
M3rOTOBJIEHHIO OJICKIbI, T7Ie OPOMHBIM IIIArOM BIIEPE/L CTAJI0 U300peTeHre HUTEeN 1 TKAHEH U3 HUX.

W3 HuTel MOXHO TKaTh, BSI3aTh, IJIECTH, IIUTh U JaXe BBIIMBATH. [IepBble MaTepraibl BBIXO-
JWJIH I0OBOJIBHO TPYOBIMH, HO 3TO OBUIH €I1le ¥ He HACTOSIIINE HUTH, a JKUJIbl, YTOOBI CKPEIUISATh UMU
HIKYpbl U CZIENIaTh YTO-TO HEECTECTBEHHOE, 3aTO MOIXOAsAIIee AJIsl YeJIOBEYECKOro Telsa, WM Iule-
TEHHbIE M3 BETOK Belld. X MOXHO cpaBHUTH ¢ (pritocopckuM si3bIkoM. OH Bce OOJIbIie OTXOAUT
OT €CTECTBEHHOT'0, B HEM TOSIBJISIOTCS] HOBbIE BHIPAKEHHSI M KOHCTPYKIMH, HO BCE-TAKU HCIIONb3Y-
I0TCSI CJIOBA, a 9TO HE camble JIyJIllFe MHCTPYMEHThl B OYeHb MHOTHX CHUTYalUsIX. MaHUIYJISIUN C
€CTECTBEHHBIM SI3bIKOM TPYAHO aJITOpUTMHU3MpoBaTh. Co3/1aHNE CUCTEMBI MATEMAaTUUECKOIO OIUCa-
HUS TIPUPOJBI CPOIHU TIOSIBJICHUIO TKayecTBa. MBI Teriepb He MPOCTO OMKCHIBAEM MHUP C IIOMOIIBIO
€CTECTBEHHBIX CJIOB SI3bIKa, & MOXEM, 0Opa3HO TOBOPsI, COTKATh, CITUTh MAaTEPHIO, KOTOPAast UIEaTbHO
JISKET Ha CJIOKHYI0 (pOpMY MHpa, T. €. CHOCOOHBI CO3/1aTh OIPOMHBIN roO€eJIeH, KOTOPbI He CeaTh
U3 IIKYP U JIUCTHEB.

EcrecTBeHHBII S3bIK OCHOBAH Ha HEMOCPEACTBEHHOM OITbITE. SI3BIK OTpakaeT OCHOBHBIE OCO-
OEHHOCTH MBIIIIJIEHHS YesioBeKa (COOCTBEHHO, OHM pa3BHUBalOTCs BMecTe). Hatr onbiT onpenensercs
pa3MepamMH UeJIOBEUECKOTO Tesld, BO3MOKHOCTSMU BOCIIPHUSITUS U OOCTOSITEILCTBAMU, HATIPUMEP
cuctemoit orcuera. Mel BuauM, uto ComnHile, JIyHa v 3Be3/1bl BCXOASAT U 3aXOASAT, a ceOsl ollymaeM
HaXOJAIIMMUCS Ha HETIOABMKHOM 3emJie (KOTopast BOBCE He KaKeTCs HaM IapoM, a TeM OoJiee reo-
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uaom). [lnaneTs cmemaTest Ha (oHe 3Be3/. Bee oObIuHBIE Tela majalT BHU3 (BO BpeMeHa ApH-
CTOTEJIsl He ObLIO ellle IMApUKOB C TeeM), M YeM OHH TsDKesee, TeM ObICTpee JOCTUTAIOT 3eMJIH.
Jls1 Hac OYEBMHO, UTO, €CIIU CIBUHYTH IIPEIMET, OH PAHO WJIU MO3HO OCTaHOBUTCA. U T. 1. M T. 1.
Tenepb Mbl 3Ha€M, YTO MUP YCTPOEH HE COBCEM TaK, Kak HaM IpeAcTasisiock. Ho as storo noHa-
IOOWIJIOCHh CO3MAaTh JPYTOM S3bIK U HAYYUTHCS TIOMYYaTh APYTod OMBIT. DTO MPUBEIO M K U3MEHEHHIO
THIa MBIIUIEHU (110 KpailHEN Mepe, Y HEKOTOPBIX ).

OTune MaTeMaTWKU OT €CTECTBEHHOIO sI3bIKa B TOM, YTO OHA BHE3AITHO MPOSBISETCS B
peanbHOM Mupe. Henb3si, Openst mo Hen3BeAaHHBIM 3eMJISIM, BIPYT TOHSTH: Mbl BUJUM, YTO «JIbIP
Oy BLT» %, paBHO KakK M YTO «yOelI Iyp CKyMm». A BOT OCO3HATh, UTO KoJieOaTe/IbHbIe MPOLIECChI
yIOOHO OMHUCHIBaTh B TEPMUHAX KOMILUIEKCHBIX MEPEMEHHbBIX, — MOKHO. PaBHO Kak ¥ MOHSATH, YTO
I'PaBUTAITUIO M TPOCTPAHCTBO-BPEMSI JIyUIlle OMMCHIBATh TEH30paMu .

[Ipenects MaTeMaTUUYECKOro SI3bIKa B TOM, YTO MaTeMaTWKa aKTUBHO pa3BuBaercs. ['opaszno
ObICTpee, YeM eCTeCTBEHHbIE SI3bIKH, IMTOCKOJbKY OHM B OCHOBHOM OTKJIMKAIOTCS Ha MEJICHHBIE U
HE CTOJIb YK MHOTOUMCJIEHHbIE U3MEHEHHS BO BHEIIHEH cpele (10 KpallHel Mepe, UMEHHO Takue
M3MEHEHHs Yallle OCTAlOTCs B SI3bIKE, €CJIM CPABHUBATD UX C IKCTPEMAJIbHBIMU MOITUUECKUMU IKC-
nepumMeHTamn). axe OpicTpee, yeM HykHO. MaTeMaTHKy Kak Obl HETTPEPbIBHO CBUBAIOT BCE HOBBIC
Y HOBBIE HUTH C Pa3HBIMH CBOMCTBAMH, U3 KOTOPBIX MOXHO JIeJIaTh TKAHU ISl CAMBIX HEOOBIYHBIX
npumeHeHui. [Tpy 3ToM camu 3TH PUIIOKEHUs ellie HeU3BECTHBI 8.

[lepBble HUTH U TKaHU CO3/1aBATUCh U3 €CTECTBEHHOI'O ChIPbSl — JIbHA, IIEPCTH, XJIOMNKa. .. Ho
MOCTETIEHHO MPUIIUIO BPEMSI CUHTETUYECKUX TKaHEeW, 1 HEKOTOpbIE U3 HUX UMEIOT COBEPIIEHHO YIU-
BUTEJIbHBIE CBOMCTBA. Henb3s caenath KocMUYecKuil ckadaHap M3 NabMOBBIX BOJIOKOH U QHIOp-
cKoil mepctu. [laxke Ha 3emMiie MOCTOSIHHO HYXKHBI TKAHU C YHUKATbHBIMU XapaKTePUCTUKAMU, YTOOBI
MCCIIEIOBATD BYJIKAHbBI UJIM HBIPATH HA OOJIBIILYIO TTyOUHY, 32KUBJISTH PAHBI WII CTABUTH CIIOPTUBHBIE
pexopapl. 111 HOBBIX 1I€/Iel M HOBBIX MUPOB HaM HYKHbI HOBblE MaTeprabl. il OnKrcaHusi HOBBIX
OTKPBITUI HAM TaK’Ke HYKEH HOBBII SI3BIK.

10 JTpIp Gyt MBI 1 <yGel! 1typ CKyM» — ITATHI 13 CTHXOTBOpeHns A. Kpyuerbix. ITpuMep Tak Ha3blBAEMOrO 3ayMHOTO SI3bIKA.

17 o

Tenzop — MareMaTiuecKnii 00beKT. TeH30ph! yIOOHO MPEACTaBIATh KaK MHOTOMEpPHBIE TaOMHIbl (MATPHUIE). DTO OTIMIAET

UX OT GoJiee MPUBBIYHBIX CKAJISIPHBIX BETMUHH (OIHO YHCIIO) M BEKTOPOB (OHOMEPHBIH MAaCCHB YHCEN), XOTS MOXKHO pacCMaTpHUBaTh
BEKTOPHI U CKAJISIPBI KaK YacCTHBIE CTyYal TEH30POB.

18 Hanplxlmep, TaKHe€ 4ucCjla, KaK CEAEHUOHBI, TI0OKa HE HalllJIM HIMPOKOIro NpUMEHEHUA B Cl)I/I3I/IKe. OLLHaKO TEOPETUKMU TIBITAIOTCA
l'[pl/ICl'IOCO6I/ITL ux s pa6OTbI HaJg KBaHTOBOM FpaBHTaHHeﬁ nu Teopneﬁ BEJIMKOI'O O61)6)11/IH6HI/IH. Munanmue 6paTI)ﬂ CECAECHUOHOB, OKTO-
HUOHBI, TOXKE ITOKa HE CJIMIIKOM BOCTpe6OBaHbI Cbl/I3I/IKaMI/I.
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasieH OO0 «JIutPec».

[TpouuTaiitTe 3Ty KHUTY LIEIMKOM, KYIHB IIOJHYIO JIeraabHYI0 Bepcuio Ha JIutPec.

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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