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NMpepucnoBue

Jletom 1666 roga B AHIIMM CBUpENCTBOBasa yyma, KeMOpUIK 3akpbliy, U ABALLATH-
TPEXJIETHUY BBINTYCKHUK 110 MMEHM Vcaak HpIOTOH yexas nepexxugarb dMUIEMHUI0 B Ma-
TepUHCKOe roMecTbe. TaM, 110 ero CO6CTBEHHOMY MO3IHENIIEMY paccKasy, OH NpoJiesial
BBIYMCJIEHME, KOTOPOE CTOUJIO LI€JION SIIOXU.

JlyHa IpUMEPHO B IIECThIECSAT Pa3 Aajblle OT LieHTpa 3emiy, yeM s16710H4 B cany. Eciu
cuJla TSDKECTU cy1abeeT Kak KBazipaT pacCTOsIHMS, TO HA JIYHHOM OpOUTe OHA B TPU C M0JIO-
BUHO THICSIYU Pa3 ciiabee 37enrHei, 1 JIyHa 3a KXy CEKyHAY JO/DKHA OTKIIOHSATHCS OT
[IPSIMOY JIMHUM BCETO HA 0JITOPAa MUJIIIUMETPA. HbIOTOH CpaBHUII 3TO YK CJIO C HACTOSILEN
op6uToii JlyHsl. COIIJIOCh — IO €T0 CJI0BaM, «JIOBOJIbHO OJIM3KO».

I[Be TBICAYU JIET OO 3TOT'O He60 1N 3€EMJIA CHUTAJINCH paSHbIMI/I MI/IpaMI/Ii TaM — BEYHOE,
COBEPLIEHHOE, ABWXKYIIEEC I10 KpyraM; 3[1eCb — TJIIEHHOE, Tpy0oe, najatouiee BHU3. [Tocie
9TOrO pacuyé€Ta BhIICHUJIOCH, YTO MUP OJIUH, a GOopMyJia, KOTOPasl UM yIIPaBJIsSeT, [IOMela-
€TCs B IIOJICTPOKU.

3a ;BanLaTh C JIMMIHUM BeKOB 110 HpioToHA, okosio 500 rosa oo Hamiel spbl, yeaoBeK
u3 mKoJbl [Tndaropa B3ss1 KBaipaT CO CTOPOHOM B OJIMH JIOKOTh U 3aXOTeJ Y3HATb, 4Ye-
My paBHa JuaroHasb. 3aaJda BbIlJIsesia PpyTUHHON: U3MEPUTD IIOTOYHEE, B3ITh €AUHULLY
[IOMeJib4€e — IS, Tajiell, HOTOTb, — U PaHO WJIY MO34HO AUaroHajb YJIOKUTCS B LeJI0e
4YMCJIO BTUX eIuHUL. Tak paboTano BCEé NU3MEPHUMOE Ha CBETE.

OH He Hamén TakoM eguHULbL. M — 3TO KyZja BaKHEe — [I0Ka3all, YTO €€ He CYLIECTBYET.
He «MBbI 110K HE HAIJIW», HE «HY)XHbI IPUOOPHI IIOTOYHEE», a: HUKAKas ApoOb, HU OJHA
13 6€CKOHEYHOTr0 MX MHOXKECTBA, HE PaBHA 3TOU guaroHanu. OTPe3oK, KOTOPhI MOXKHO
HAQYEePTUTD IAJIKOM Ha I1€CKe, 0Ka3aJO0Ch HEYEM UBMEPUTb.

OTO [BE pa3Hble UCTOPUM TOJILKO Ha NEePBLIN B3IJIAL. Ha camMoM fesie 3To OflHa U Ta XKe
MCTOPUS, paCCKa3aHHas C IBYX CTOPOH.

du3suka pas 3a pa3oM OOHApY)KMBaJa, YTO /IBE BEIIM, CYATABLINECS] PA3HBIMU 110 IPU-
poze, — ofiHa U Ta Xe Bellb. Heb6o u 3emid. Ternso u ABUKeHNE aTOMOB. DJI€KTPUYECTBO,
MarHetusm u cseT. BosiHa u yactuua. [IpoctpancTtBo u Bpems. KaxXabiil pa3 MUp 1ocie
9TOrO CTAaHOBUJICS MIPOLIE, Ye€M ObLI J10.

MaremaTurKa pa3 3a pa3om yIpasaach B CJI0OBO «<HEBO3MOKHO» — U KK bIM pa3 OKa3blBa-
JIOCh, YTO HEBO3MOJKHOT'O HE CYIIECTBYET, IPOCTO MUP Yuces1 60blle, 4eM gyMmanu. Yucia
MEHbIIIE HYJIS TPUCTA JIET Ha3bIBAJIM JIOXKHBIMUA. KOpeHb 13 MUHYC € JMHMILIbI Ha3BAJIM MHU-
MbIM — B HACMEUIKY, 1 Ha3BaHME 32 HUM OCTaJIOCh. Besm4yuHy, KOTOpas OgHOBPEMEHHO
MICYE3AET Y HE UCYE3AET, ENMCKOIl bepKi BhICMET KaK IIPU3PaK YMEPIIEN BEJIUYMHbI —
1 OBbLJI COBEPUIEHHO IIPaB, 2 MaTeMAaTHKY TI0JIb30BAJIMCh €10 €IlI€ [10JITOpa BeKa. beckoHeu-
HOCTb CYUTAJIA OGHOM — I10KA HE BBISICHWJIOCH, YTO UX MHOT'O Y1 OHY Pa3HOro pa3mepa.

O6benyHeHre Y HEBO3MOKHOCTh — 9TO OJHO JBIKEHUE: CTeHA OKA3bIBAETCS ABEPHIO.
OTcroja 1 Ha3BaHWE KHUTH.

EcTb 1 BTOpasi npuyMHa pacckasblBaTbh 3TO BMECTE, Kyza 6ojiee NpakTudeckas. Mare-
MaTHKa — He CJIY>KeOHBII annapar (pU3KuKu U He €€ YKPaIIeHUE; B [I0JIOBUHE CJIy4aeB €€
IIPUAYMaIu POBHO 3aTEM, YTOOBI OIMCATh YTO-TO (PM3UYECKOE, U PA3AEIATh UX — 3HAUYUT
IBaXIbl OOBSICHATb OJJHO U TO Xe. HbI0TOH U300p€s1 MPOU3BOJHYIO HE 7151 yueOHMKa aj-
re6pel, a 4TOOBI 3anucaTh najgenue. Pypbe pasnoxusl PyHKLUIO HA CUHYCBI, pa3dUpasich C
pacrnpocTpaHeHueM Terla. KOMIJIEKCHbIE YMCIIa, TPUCTA JIeT ObIBIIME MAaTeMATUYeCKUM
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KyPbE3OM, OKa3aJINCh ECTECTBEHHBIM SI3bIKOM [IEPEMEHHOTO TOKA U KBAHTOBOW aMILJIUTY-
Ipl. PUMaHOBa reoMeTpusi, KOTOPYIO NIPUAYMBIBAIA KAK YMCTOE YIIPAKHEHUE BOOOPaKe-
HU$1, 4epes [10JIBEKA I0HA00Mach DIHIITENHY. [I03TOMy B 3TOI KHAT€ MaTeMAaTUYECKUM
anmnapar MOsIBJISIETCS TaM, I/I€ OH MIOHAI00UJICS, — U HU OJIHOM IJIaBOY paHbIIE.

Bocemb yacTeil uayT B TOM MOPSIJIKE, B KAKOM YI0OHEe BCEro YYMThCS: YUCIIO U U3Me-
peHUe; IBIDKEHME BMECTe C HadyalaMu aHajin3a, IOTOMY 4YTO 3TO OfHA MCTOpus; OyKBa,
CUMMeTpus U Teopema Hértep, u3 KOTOPOU BUIHO, YTO CUMMETPUS U 3aKOH COXPaHEHUs
— OJJHO U1 TO X€; BCE, 4TO K0JIeOJIeTCSsl, — OT TPUTOHOMETPUH J10 CBETA; CJIyyai, y KOTOPOTo
€CTb 3aKOH, — BEPOSITHOCTb U DHTPOIMNS; N10JIe, BEKTOP U KBAHT; IPOCTPAHCTBO, BPEMS 1
Bcenennas. U nocnenHss 4acTh — PO TPAHULIBL: TO, YTO OCTAJIOCh HEBO3MOXKHBIM HABCE-
raa.

Hu oz pasfes 1ByX IpeMETOB He OCTaBJieH 32 60pToM. KHura He 3aMeHUT 3a/1a4HUK,
HO O0O€IlaeT gpyroe: 1nocje Heé B 3TUX HayKax He OCTAaHETCSl MECT, PO KOTOPLIE Bbl HE
3HaeTe JJake, YTO OHU CYLECTBYIOT.

Knura HanucaHa 1151 B3pOCJIOoro, KOTOPbIN peuns pa3oopaThCsi caM — MOXET ObITh, BO
BTOPOM pa3 B ku3HU. OHa He TPEOyeT HUYEro, KpoMe MIKOJIbHOYM apU(PMETUKA ¥ TOTOBHO-
CTU MHOTJA [OCYMTATh Ha Oymare; BCE, 4YTO CJIOKHEE, IOMEYEHO CJIOBOM «(PaKyJIbTaTUB-
HO».

Y 060uX NPEIMETOB €CTb aBTOPBI, KOTOPbI€ OOBSICHSIOT UX JIy4lle, 4YeM KTO Obl TO HU
ObLJI0, U Y KaX0T0 371eCh CBOs paboTa. PeitHMaH JOBOAUT 10 MHTYULIMU — IO COCTOSI-
HUSI, KOTZIa 3aKOH Ka)KETCSI €JUHCTBEHHO BO3MOXXHBIM. ABMMOB TIOMHUT, KTO M Ha KaKOU
OIIMOKE J10 3TOr0 3aKOHA AOWEN. JIEBUH NPEJIIOYUTAET U3MEPUTD, U TaKOE JIydlle OAUH
Pa3 yBUIETD: €T0 JIEKLUU CTOAT B KHUTE CCBIJIKON 1 QR-KomoM. [lepesibmaH JIOBUT Ha 31pa-
BOM CMBICJIE: €T0 33/1a4¥ YCTPOEHBI TAK, YTO UHTYULIUS AAET YBEPEHHBIN U HENIPABUJIbHBIN
oTBeT. KyH He Ja€T ynTaTh NaCCMBHO — OOJIBIIMHCTBO PACYETHBIX 3a/1a4 ero. KypaHt u
Po66uHC mepskaT KapKac MaTeMaTUKU LeJTMKOM. ['apiHep AaéT roJI0BOJIOMKU: B KaXKI O
IJIaBe CTOUT OJIHA €ro, BMECTE C ero e pazbopom. CTporail yMeeT O0bsICHUTb OLHY UZEI0
3a pa3 U OCTAaHOBUTHCS BOBpeMs, DiieHb6epr u bessioc nokasplBaloT, Iie MaTeMaTHKa JI0-
BUT Bac B KU3HU, XopmTaATeP BEAET 110 Teopeme ['énesst, XokuHr u Kpaycc nokassiBaroT
TOPU30HT. A K KJIIOYEBLIM TIOBOPOTAaM KHUIa XOJUT K IIEPBOUCTOYHUKY: Y ['anmnes, EBKim-
Ia u KaHTtopa BUIHO, KaK Y€JIOBEK AyMaJl, a HE TOJIKO TO, K Yemy Npuést. Yy>Koi royuoc
BCETJja BbIHECEH B PaMKY U MOJNUCAH, BCE IPOBEPSEMOEe CHAOKEHO CChLJIKOW BHU3Y TOM
JK€ CTPaHMIIbL, @ B KOHLE€ KHUTH JIEXKUT CIIMCOK TOTO, YTO CTOUT IIPOYECTD LIETTUKOM.

OpHo npaBusio yteHust. OTBETHI K 3aJlayaM HUKOTIa HE CTOSIT PSIOM C BOIIPOCOM — OHU
BCEr/la Ha CJIeAyIolell CTpaHuIie. DTO IPOTUB TOTO, YTO I71a3 YUTAET OpICTpee, YeM roJIoBa
IyMaeT: YBUIEB OTBET, BbI [IOUTH HaBEPHSIKa pelInTe, YTO CaMU IIPULLIY 66l K HeMy. He rie-
peBopayMBaiTe CTPaHMUILy, 1I0Ka He CPOPMYIMPOBAIM OTBET BCJIyX WK Ha Gymare. Jlaxke
HEIIPaBUJIbHBIN OTBET, TPOU3HECEHHBIN [0 MOATISABIBAHNUS, YYUT OO0JIblIE, YEM IIPABUIIb-
HBIi1, IPOYNUTAHHBIN Cpa3y.

3a7a4u 371ech He TPOBEPKA,  UHCTPYMEHT: He COIIEJICSI OTBET — 3HAUUT, B 9TOM MECTe
00BSICHEHUE Bac He yOeaus0, BEpDHUTECh Ha CTPAHUILy Ha3al,

U nocnenHee, 0 4€M Y€CTHO CKa3aTh B Hayase. DTa KHUra HalMcaHa BMECTE C MCKYC-
CTBEHHBIM MHTEJIJIEKTOM: OH YUTAJl CO MHOU UCTOYHUKU, CIIOPUJI, CYUTAJI, TPOBEPSLI BbI-
KJIQZIKY ¥ BEPCTaJI 9TU CTpaHUIbl. OTBEYalo 3a pe3ysIbTaT s1 — a 3HAYUT, OIINOKY TOXKE MOHU.
leqmee, YTO MOXET C]Iy'-II/ITI)CFI C KHI/ITOﬁ, KOTOpyIO HI/IIIIYT Ha rjia3ax y qyurTaTtesis, — 1-ITO6I)I
UX MOMMaJsy paHbllle, YeM OHU 3aTBepeloT. [ 9TOro ecTh OTKPbIThIN YatT: @gfazzzchat
B Tesierpame; QR-koz — Ha nocsieHel CTpaHuLe.
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MNPOJIOI
OnbIT M poKa3saTeNnbCTBO

[IpencraBbTe cebe criop, B KOTOPOM 06e CTOPOHBI yBepeHbl. He criop o BKycax, TZe CIIOpUTh He
0 4eM, a CIIOp O TOM, KaK YCTPOEH MUP: 1alaloT JIA TSDKEJIble Tesla ObIcTpee JIETKUX, KOHe4YeH JIn
CITMCOK ITPOCTBIX YKCEeJI, IOMOTAET JIM JIEKapCTBO. YBEPEHHOCTb €CTh y 060UX. KaK BBISICHUTD, KTO
npas?

Y yesnoBevyecTBa €CTh Ha 9TO POBHO Ba HaTEKHBIX OTBETA, U OHU YCTPOEHBI COBEPIIEHHO I10-
Pa3HOMY.

I[TepBblil OoTBET — (PU3MYECKUIL: TIOCTAaBUTh OIBIT. B3sTh Ba Tesa, ypPOHUTH, IOCMOTPeTh. Hu-
KaKye pacCyXAeHUs, HUKaKasl peryTalys, HUKakasi CTPOHOCTb T€OpUU He MMEIOT Beca IPOTUB
M3MepeHUst. DTO MPABUJIO TOSIBUJIOCH TT03/IHO, OHO CTOMJIO HECKOJIbKUX BEKOB YCUJINI, U OHO pa-
6oTaer.

BTopoii OTBET — MaTeMaTUYECKU: 10Ka3aTh. He «IIpoBepuTh ThICSUY pas, U BCETia CXOIUIIOChH»,
a 110Ka3aTh, YTO UHAUE 6blMb He Modcem. H1 OTHOTO OTIBITA IPYU ATOM He CTaBUTCS. Hu 0yH 00bEeKT
He n3MmepsieTcs. 11 Tem He MeHee BBIBOJ, IoJIydaeTcs: 60siee MPOYHbIM, YeM JII0O0H dKCIIepruMeH-
TaJIbHBIN: JOKAa3aHHAs TEOPEMa He yCTapeBaer.

DTa KHUTA — MPO JIB€ HAYKH, KOTOPBIE ITPOBEPSIOT Ce6s1 STUMU JBYMsI CIIOCO6aMU, U TIPO TO, YTO
OTIMCBHIBAIOT OHU TPU 3TOM OJIUH U TOT Xe MUP. HauaTh CTOUT C CaMUX CIIOCOOOB: YTO KaXKAbIN 13
HUX YMEEeT, Yero He yMeeT U Ie KaXabli jomaeTcs. Jlajypine BCE€ ocTasbHOE OyleT ONMpaThCsl Ha
3Ty TJIaBYy.

0.1 EQMHCTBEHHbIA CyabA

HaumnHaetcs Bcé, BipoueM, He C [IPOBEPKY, a € Boripoca. Hukakoi MeTos He paboTaeT, [10Ka HEKOMY
CIIPOCUTB: a I0YEMY, COOCTBEHHO, TaK? Al13eK A3MMOB CUMTAJI 3TO IIEPBBIM U IJIaBHBIM CBOMCTBOM
4Y€JIOBEKA — Y 3aMETUJL, YTO OHO, B OTJIMYME OT [IPOYMX HAIIMX CBOMCTB, HUKAKOV O4E€BUHOM I10J1b-
3bl HE [IPMHOCUT U TEM HE MEHEE HE MCUYE3aeT.

Anzek A3uMoB lyTeBoauTe/b M0 HayKe

M3 BCEX >KUBBIX CymeCTB TOJIbKO 49€JIOBEK IIPOSBIISIET JIIOGOIBITCTBO K B€IllaM, KOTOPbLIE HE
MMEIOT OTHOLIEHMS K €TO0 BbDKNBAHUIO.

Janplie HayMHaeTcs padoTa. [IBe ¢ JIMIIHUM ThICSUYU JIeT (PU3MKa Obla pasnesiom puiocopuu, u
pelanay B Hell pacCy>KI€HUeM. ApUCTOTEIb [TNCAJL, YTO TSDKEIOE TeJIO MalaeT 6bICTPee JIETKOro, U
3TO BBITJISZEJIO HACTOJIBKO OYE€BUJIHO, YTO ITPOBEPATH HUKTO HE COOUPAJICS: KAMEHD MafaeT ObICT-
pee 1nepa, IOCMOTPUTE CaMU. YTBepKAeHNe ITPOJIePKajloCh NEBITHAALATh BEKOB.

CioMasn ero He 3KCINEPUMEHT, @ MBICJIEHHBI SKCIIEPUMEHT — U 3TO OTHEJIbHO IOYYUTEJBHO.
lanunei paccyxpai Tak. I[lycTb TsDKEoe nagaet 6bicTpee JETKOro. CBsDKEM TSKENbIA KAMEHb C
JIETKUM BepéBKOU 1 6pocumM. C OTHOU CTOPOHBI, JIETKUM JOJKEH TOPMO3UTH TSKENBIN, U CBS3KA
ynagér MeJJIEHHEee, YeM TSKETIbIN KaMeHb OTAENbHO. C IPYroil CTOPOHBI, CBS3Ka TsDKeJee JH0060r0
13 KaMHel, 3Ha4uT, JoJKHA yIacTs ObicTpee. OHO U TO Xe yTBepXKAeHre Na€T 1Ba B3aUMOUCKIIIO-
YAIONIMX BbIBOJIA — 3HAYUT, OHO HEBEPHO. HUKAKOM GalIHU 111 5TOTO HE HYKHO.!

1 Tanuneii I. Becespl 1 MaTeMaTHYeCKUE I0Ka3aTeIbCTBA, KACAIOIMECs [[BYX HOBBIX oTpacJeil Hayku (1638) // Tamuineit
I'. I36pannsle Tpynpl. T. 2. M.: Hayka, 1964.
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OAHO U TO )K€ — U MeaJieHHee, U bbicTpee
TAKENbIN NErkuii

® g @ o [

napaet bbicTpee? NErKNA TOPMO3UT TSHKENbIN: CBfA3Ka Tsxenee obounx:
MelJsieHHee TSXXENoro 6bicTpee TsXENOro

Puc. 0.1. MbicneHHbI onbIT Manunes. Ecnn Tshkénoe nagaeT ObiCTpee NErkoro, To CBsA3Ka ABYX KaMHel obsi3aHa
nagaTb U MedJieHHee TsHKENoro, n beicTpee ero. NMpoTuBopeymne noayyveHo 6e3 eguHoro 6pocka.

PoHsan nu Fanunen 4to-HMGyAb c NMusaHckon GalHu

Ckopee Bcero, HeT. ENMHCTBEHHBIN UCTOYHUK 3TOM UCTOPUM — KU3HEOIUCAHUE, COCTABJIEH-
Hoe BuH4yeH110 BuBnaHnu, yueHUKoOM ['anuiesi, yepes MHOrO JIEeT II0CJIe €r0 CMepTH; caM ['a-
JIijIeil O TAaKOM OIIbITE HUTZE He MUILIET, a OH ObI He U3 TeX, KTO CKPOMHMYAJ. 3aTo Y HEro
MOAPOOHO ONMCAH HAKJIOHHBIN XXE1060 — NpUOOp Kyja 60jee CKyuHBll HAa BUJ, U KyJa 6osiee
NIPUTOJHBIV [JIS1 U3BMEPEHUS: lIap HA HEM KaTUTCSI MEJIEHHO, X BDEMSI MOKHO 3aC€Yb.

Vponuu TyT fBOMHas nopuus. Camasi M3BeCTHas JIeTeH/1a O TOPKeCTBE OIbITa HaJl aBTOPUTE-
TOM — CaMa IEPKUTCS Ha aBTOPUTETE €IMHCTBEHHOTO IepecKa3yrka. [[poBepbTe eé TeM ke
Croco60M, KOTOPOMY Y4UT 9T IJ1aBa: CIIPOCUTE, OTKYZA MBI 9TO 3HAEM.

WcTounmk. Cooper L. Aristotle, Galileo, and the Tower of Pisa. Ithaca: Cornell University Press, 1935.

Ho uTo6k!I y3HATB, KakK TeJja MMajaloT Ha cauom dese, pACCY>KIeHNUs yKe He XBaThiio. [ToHamo6uics
HAKJIOHHBI JXEJ100, BOJSIHbIE YaChl U HECKOJIBKO JIET U3MEPEeHUil — 06 3TOM Oy[eT IJ1aBa cebMasl.
MbIC/IEHHBIN 3KCIIEPUMEHT YMEET JIOBUTh IIPOTHMBOpeYmre. HacTosmuin — oTBe4aTh Ha BOIIPOC.

Puyapn ®enHMaH XapaKkTep (h13n4ecKoro 3aKoHa

Ecmiu TEOPUA PACXOOUTCA C IKCIIEPMMEHTOM, OHA HEBEPHA. M HEeBa)KHO, HACKOJILKO OHA Kpa-
CHB4d, HACKOJIBKO Bbl YMHBI U KaK BdC 30BYT.

B aToi1 popmysupoBKe BaXHO KaK[0oe oTpuliaHue. He BakHa KpacoTa TeOpUU — a KpacoTa ypes-
BbIYAllHO ybenuTesbHa, U PU3UKY Pa3 3a pa3oM Ha Heé Iokynanauck. He BakeH aBTOpUTeT — a
ApucroTenb NeBsITHaJLaTh BEKOB ObLT aBTOPUTETOM. He BaXkHO, CKOJIBKO JIIOJIel COTJIacHbl, — CO-
I'JIACHBI OBbLJIU BCE.

Yosnrep JleBuH, YnTaBmIN BBOAHBIN Kypc Ppusuku B MIT copok JieT, ZOBEN 3TOT IPUHLMII 10
IemoHcTpauuu. OH MOABEUIMBAJI K TOTOJIKY JIEKLIMOHHOTO 3aJj1a TSKEJIbIN Iap Ha AJIMHHON IIPOBO-
JIOKe, OTBOZUJI €70 B CTOPOHY, IPUKUMaJl K COOCTBEHHOMY I10J00POJIKY U OTIIyCKaJl — He TOJIKasl.
[lap yxonuii B JaJibHAM KOHEL, ayIUTOPYHU, BO3BPAILAJICS 1 OCTAHABJIMBAJICS B CAHTUMETPE OT JINLA.
3aKOH COXpaHEeHMsl DHEPTUM OOELIAEeT, YTO MasITHUK HE MOJHUMETCS BbIIIE TOYKU, OTKYla €70 OT-
nycTuiu. JIeBUH CTaBUJI Ha 3TO OOellaHre CBOU 3y0bl — 1 OOBSCHSJ CTYIeHTaM, YTO Bepa B PUBUKY
NPOBEPAETCS UMEHHO Tak.?

2 Jleun VY., osmbamredis V. ['1azamu ¢usmka: ot Kpas pajgyru K rpanuie Bpemenn. M.: ACT, 2017.
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MpoBepbTe cebn

Ha crosie 1Ba 0AMHAKOBBIX C BUAY KYPUHBIX SIALIA: OJHO CBIPOE, APYrO€ CBAPEHHOE BKPYTYIO.
Pa36uBaTh Hesb3s, B3BEUIMBATL HEYEM, [IPOCBEYMBATh HEUEM.
Kax 3a n4Th CEKyH[, ONIPEENNTD, KAKOE U3 HUX ChIpOE?

0.2 OnbIT, KOTOPbLINA TOXKEe MOXKeT owunbaTbea

Pa3 omeIT — Ccyzbs, CTOUT Cpa3y CKa3aThb, YETO OH HE MOJKET.

[lepBoe: namepenune HuKorga He gaét yncsia. OHo Ja€T YnCiIo ¢ nozpewHocmyio. «InrHa crosa
1,5 M» — 9TO He pe3ysIbTaT U3MEPEHHUs], 3TO Pe3yabTaT UBMEPEHNS, U3 KOTOPOTO BEIOPOCUIIN TI0JI0-
BUHY nH@popmauuu. Pesynbrat — «1,502 + 0,002 m». Be3 BTopoii 4yacTu repBast HU4ero He 3HAYUT:
HETIOHSITHO, OTJIn4YaeTcs Jiu oHa oT 1,504 uiu HeT, a BeCh BOITPOC OOBIYHO NMEHHO B 3TOM. JIeBUH
Ha4yMHaJl CBOH IEPBBI KYPC C 3TOM MBICJIM M IIOBTOPSLI €€ IIOTOM BECh CEMECTP: U3MepeHUe 6e3
YKa3aHUS MOTPEIHOCTU GECCMBICIEHHO.

Bropoe: y BCSIKOI BEJIMYMHBI €CTh PAa3MEPHOCTD, U OHA 00s13aHa CXOUThCs. CiieBa U cIipaBa OT
3HAKa PaBEHCTBA JOJDKHbBI CTOSITh OJMHAKOBBIE €IVMHULIBI — METPbl C METPAMU, CEKYH/IbI C CEKYH-
JaMu. DTO 3BY4UT KaK 3aHYICTBO, HO 3TO camad Jeuépas IpoBepKa U3 CyLIECTBYIOIUX: OHA JIOBUT
OIIe4aTKy B (POpMyJIe 3a [I9Tb CEKYH/, U He TpebyeT HU 3HAHUS [IPpeMeTa, HU KaJIbKYJISITOpa.

MpoBepbTe cebsn

BaM coO6LIAIOT, YTO Nepuo, KouiebaHui MasTHUKA JJIMHOU | paBeH

T — S|
l
I7ie g — YCKOPEHUE CBOGOIHOTO MajieHus, 0Koyo 9,8 m/c?.

He 3aryisapiBast HU B KaKou CIIPABOYHUK U HE CTAB4 OIIbITA, IIOKAXKUTE, YTO (bopmyna HEBEPHa.

125 MUJIJIMOHOB [0J1J1IapOB Ha (PyHTaX U HbIOTOHAX

23 ceHTs6ps 1999 ropa cranuus Mars Climate Orbiter, neteBmas kK Mapcy eBsITb C TIOJIOBU-
HOU MECSILIEB, BOILIA B aTMOC(epy NaHeThl Ha 170 KUJIOMETPOB HIKE PACYETHOM BBICOTHI U
paspymunaace. [I[pyunHa: nporpamMmma, CYMTaBLIAS MMITYJIbC IBUTaTeI€N KOPPEKLIUY, BbIIaBa-
Jla pe3yJibTaT B PyHT-CUJIaxX Ha CEKYHy, 2 IPMHMMAIOIIAsi CTOPOHA YUTaJla €ro KaK HbIOTOHBI
Ha ceKyHay. MHOXXUTeb 4,45 KOIUJICSL OT KOPPEKLMU K KOPPEKLMY 1E€BSITh MECSILIEB.

Hu opHoit ommbku B ¢usuke. Hu ogHOM ommbku B apudmernke. OHA HECOrIaCOBaHHAS
€IVHNIIa — 1 CTaHIIUM HET.

WcToyHmk. Mars Climate Orbiter Mishap Investigation Board. Phase I Report. Washington: NASA, 10 November 1999.

TpeTbe, 1 camoe HEMPUATHOE: OIBIT MOXKHO MOCTaBUTh HEMIPABUJILHO, U MOHATb 3TO 10 CAMOMY
OTIBITY HeJlb3sl. [1710X0 OTKaIMOPOBAHHBIN IPUOOP NAET CTabUIIbHBIE, BOCIIPOM3BOIMMbIE, KPACHUBO
JloXKalyecs Ha KPUBYIO U COBEPLIEHHO HeBepHble pe3ysbTaTel. OTClo[a [IPaBUJIo, KOTOPOE OTJIN-
YaeT HayKy OT €€ MMUTALMU: U3MEPEHUE [IO/DKHO ObITh BOCIIPOU3BENEHO APYTMMU JIIOAbMU, Ha
Ipyroil yCTaHOBKE, JKeJlaTeJIbHO TEMU, KTO 3aMHTEPECOBAH MOJIYYUTh TPOTUBOIIOJIOKHBIN OTBET. K
DTOMY MECTy Mbl BEPHEMCS B KOHLIE IJ1aBbl, KOT/Ia peyb IIONUIET O TOM, KaK OIbIT 0OMaHbIBAET.

3 Lewin W. 8.01 Classical Mechanics: Bugeokypc. MIT OpenCourseWare, 1999. OduimanpHblii KaHa:
youtube.com/@lecturesbywalterlewin.they9259
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OTBeThl

PackpyTtuTe 06a Ha CToJie, KaK BOJIYOK. Bap€Hoe pasroHsieTcs JIerKo M KPYTUTCS [IOJITO; ChIpOe
UNET BSIJIO U OBICTPO BCTAET.

Emé HarsnsgaHee BTOpO NPUEM: PACKPYTUTE U0 U HA MTHOBEHUE MIPUKMUTE MaJIbLIEM, TYT K€
OTIYCTHUB. Bap€HOE 0CTaHOBUTCSI HACOBCEM — OHO TBEPZ0€, Bbl OCTAHOBUJIM €r0 1eJIMKoM. CrIpoe,
MIOCTOSIB [IOJII0 CEKYH]Ibl, CHOBA IIO€/IET: CKOPJIYITY BbI 33/I€PoKaJId, a )KUIKOE COLlepP>KUMOE BHYTPU
MIPOI0JDKAJIO BPALAThCSI U ITOTSIHYJIO CKOPJIYITy 32 COOOM.

[Tpuém n3 «3aHumarensHou pusuku» [lepenbmana. O6paTuTe BHUMaHUE, YTO BbI CEMYac cuesa-
JIW: TIOJIy4MJIA CBEJIEHMSI O BHYTPEHHEM YCTPOMCTBE 3aKPBITOrO 0OBEKTA, HU Pasy €ro He BCKPBbIB.
PoBHO 3THM 3aHUMaeTcs Ppu3MKa — OT OIpeJiesIeHUsI CTPOEHHUS 3eMJIU T10 CEICMUYECKUM BOJTHAM
IIO ompeneieHns CTPOEHU aTOMa I10 PACCESHUIO YaCTULL,

WcTounuk. [lepenpman S. V. BanumaresnpHas ¢pusuka. Ku. 1-2. M.: ACT, 2019.

OTBeTbI

[IpoBepbTe padamMepHOCTb. Y g OHa M/C?,y [ — M, BHAYUT, g/l u3amepsietcsi B 1/c?, a KOpeHb 13 ITOrO
— B1/c. Tlosyunsnace BeJIMYMHa, OOpPaTHAsI BpEMEHH, TO €CTb YacToTa. [leprof Tak n3MepsThCs He
MOXKET.

IIpaBunbHas popmysa — T = 27/l /g: 107 KOPHEM M JIeJIUTCS Ha M /C?, ocTaéTcs c?, KopeHb Naét
ceKkyHzbl. CXoOouTcsl.

3aMeTbTe, 4YTO Pa3MEPHOCTb He NOATBEPANIIA GOPMYJTY, @ TOJIBKO HE OITPOBEPIJIA: MHOKUTEIb 27
OHa I10VIMaTb HE MOJKET, €r0 Pa3MEPHOCTb — €JUHNULA. [IpoBepKa pa3MepHOCTBIO PabOTAET B OJJHY
CTOPOHY, 3aTO MTHOBEHHO. Bo3bMuUTE €€ B NPUBBIYKY: KXKABIIA pa3, moaydus GopmyJly, CHa4yana
ITOCMOTPUTE Ha €JIMHUIIBI, @ YK€ IIOTOM Ha YMCJIa.

MocmoTpeTsb. Kypc 8.01 YonTepa JleBnHa B MIT — Knaccrka »aHpa; Ha ero opuumasbHOM
KaHaJsie BblJIOXKEHbI MOJIHbIe MAeNANCTLI. K 3TON rnase — nekuusa nepsas: eauHULbI, pas-
MEpPHOCTU, OL,eHKa MOPAAKOB M MOrpewHoCTb. TaM e OH u3mepseT COBCTBEHHbIN pPoCcT
néxa 1 cTost n 0bHapy>XMBaeT pasHULY B CAaHTUMETP.

https://www.youtube.com/playlist?1list=PLyQSN7X0ro203puVhQsmCj9ghlFQ-As8e

0.3 MopAanoK BeJINYUHDI

Mexny «He 3HAI0O» U «3HAI0 TOYHO» €CTb [IPOMEXYTOYHOE COCTOSIHHE, KOTOPLIM (PU3MKU T10JIb3Y~
IOTCS IIOCTOSIHHO, & BCE OCTAJIbHBIE [TI0YEMY-TO HET: 3HATh OTBET C TOYHOCTBIO O MHOKUTEJIS B
HECKOJIbKO Pa3. DTO HA3bIBAETCS OLEHKOM 110 MOPALKY BEJIMYMHEL, Y 3TO CaMblil HELOOL,EHEHHBIN
VHCTPYMEHT B 3TO KHUTE.

Knaccuyeckuil npumep npuayman 9Hpuko Gepmu, crpalivBaBLUIMi CTYyJE€HTOB: CKOJIBKO Ha-
cTpoiuukoB ¢oprenrado B Yukaro? CrpaBoyHMKA HET, I'yIJIUTh He4Yero, yragaTb HEBO3MOXXHO.
3aTo MOXKHO paccyxuarh. B Uukaro npyMepHo Tpyu MUJLIIMOHA KUATEJIEN, 3TO IPUMEPHO MUJIJIMOH
ceMell; popTeNnuaHo eCTb, CKaKeM, Y OJJHOM CEMbU M3 IBAJILATH — ISIThIECAT ThICSIY MHCTPYMEH-
TOB. HacTpauBaloT Ux IpUMEPHO pa3 B rojl. HacTpoMIuK ycrieBaeT 00CIy>KUTb MUHCTPYMEHTOB IS Th
B [IeHb, paboTaeT IBECTU JHEN B rofly — ThICSIYAa HACTPOEK B TOJ HA YeJI0BeKa. 3HauMT, HaCTPOi-
IIMKOB OKOJIO TATUIECATH. PeasibHOE YMCII0 — HECKOJIBKO JIECATKOB.?

O6paTuTe BHUMaHue, 4YTO Ipou3o1so. Kaxkzoe oTfesibHoe IIpeIo/I0KeH e MOLJIO ObITh HEBEP-
HBbIM BJIBOE B JII00YI0 CTOPOHY. HO OLIMOKY B IPOM3BEAEHUY HE CKJIAbIBAIOTCS], @ YACTUYHO racsT
IpYr Apyra, U pe3yJbTaT OKa3blBA€TCSI BEPHBIM I10 NOPSAKY. 113 HUuero, 3a MUHYTY, 6€3 €IUHOTO

4 von Baeyer H. C. The Fermi Solution: Essays on Science. New York: Random House, 1993. (O1eHKH 110 OPSIKY BeJr-
YUHBI.)
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CIIPaBOYHUKA [OJIYYEHO YUCJIO, C KOTOPBIM y>K€ MOXXHO pabOTaTh: €CJM Obl BBIIJIO MSTh Ha-
CTPOMIIMKOB WJIM MSTh THICSY, 9TO 03HAYaJIO Obl, YTO B PACCYKIEHUU YTO-TO YCTPOEHO MPUHLIN-
[IMaJIbHO MHA4e, YeM BBl [yMaJjiH, — U BOT 3TO Y)Ke I10BOJ, pa3drpaThCsl.

Takas npuxkugKa — IepBoe, YTO CTOUT JiesIaTh C JII0ObIM YKCJIOM, KOTOPO€e BaM HazblBaloT. OHa
He 3aMmeHsieT pacy€T. OHa OTBeYaeT Ha 60Jjiee BaXKHBII BOIIPOC: TPaBIONOL00€H I OTBET BOOOLIE.

[IprBbIUKa 3Ta OKYIAETCS JAJIEKO 32 NpefesaMyu Ppu3uKu. Bam coobIaloT, 4To Ie-TO CrOpeJio
«MUJIJIMOH TE€KTapOB JIECa»; TeKTap — 3TO CTO Ha CTO METPOB, MUJIJIMOH T€KTAPOB — MIECATb Thl-
CS4 KBaJIpaTHBIX KUJIOMETPOB, KBAJIpaT CTO HAa CTO KAJIOMETPOB. MHOTO 3TO Ui Mano? CMOTp4
C YeM CpaBHUTH: oAb MOCKOBCKO 06J1aCTh — COPOK CEMb ThICSY KBAJIPATHBIX KUJIOMETPOB.
3HauuT, peyb Mpo ISTYI0 YacTh 06sacTU — udpa 60sblIasl, HO NpejcTaBumMast. Vnm: 3arosoBoK
obelaer 6aTapero, KOTopas «3apspkaeTcsl 3a MUHYTY». ABTOMOOUIIbHAS 6aTapest XpaHUT IPUMEPHO
60 KMJI0BATT-4aCOB; YTOOBI BJIUTh UX 332 MUHYTY, HY)KHa MOIIHOCTb 3600 KMJIOBAaTT — 3TO KaK TPU
TBICSTYU BJIEKTPOYAHUKOB, BKIIIOYEHHBIX B OVH ITPOBOJ,. 3HAYUT, pedb MO0 He TTPO MOJIHBIN 3apsiy,
1160 11po UHPPACTPYKTYPY, KOTOPOI HeT. Bc€ 3To — apudmeTuka Ha NoJIsix, TpUALATh CEKYH], U
OHa OTCEMBAET OO0JIbllle EPYHIbl, YEM JII00asT FPYAULMSIL.

3aMeTbTe ellé OJJHO: TPaBUJIbHO OLIEHEHHBIN MTOPSA0K BEIMUMHBI CaM MTOCKA3bIBaeT, Kakas pu-
3MKa TYT I71aBHas. Ecim oLleHKa pacxouTCs C PEAIbHOCTBIO B THICSIYY pa3, 3HA4YUT, B 3a7a4e pado-
TaeT YTO-TO, Y€TO BbI HE YYJIH, — U 9TO «UYTO-TO» OOBIYHO U €CTh CAMOE NHTEPECHOE.

MpoBepbTe cebsn

IOt Llesaps ymep B 44 rony 10 Hawei apel. [lepes cMepThIO OH, Kak BCSKUH Y€JIOBEK, CLIE-
JlaJl IIOCJIEIHUM BBIIOX — IIPMMEPHO I10JI-JINTPA BO3AYyXa.

C Tex nop 3TU MOJIEKYJIbl PA30LULINACH 10 Bcel atmocdepe 3emn. OLeHUTe, CKOJIBKO MOJIe-
KyJI U3 [ToceqHero Beigoxa Lle3apst Bbl BpIXaeTe MPSIMO Ceryac, fieJiast OObIYHBINA BIOX.

Ymo nonadobumes: macca atMocdepsi 0ko1o 5- 1018 kr, cpesiHsis MOsIsIpHast Macca Bo3ayxa 29
r/MoJIb, B MOJIE 6-10%% MOsIeKyJI1, 06bEM BIoxa 0KoJ1o 0,5 J1, MOJIb Ta3a Py OObIYHBIX YCIOBUSIX
3aHuMaeT 22,4 J.

0.4 TManka, TeHb U pasMmep 3eMJu

[Tpeskge yeM MepexoAuTb KO BTOPOMY CIIOCOOY ObITh YBEPEHHBIM, CTOUT [IOCMOTPETh Ha CJIy4ai,
rge oba paboTaloT BMeCTe, — IIOTOMY UTO pajiy TAKUX CJIydaeB 9Ta KHUTA U HAllMCaHa B OJIHY, a He
B JIBE.

Oxono 240 roga mo Hamel spbl DpaTocdeH, 3aBelOBaBIINI AJleKCaHIPUIICKON 6HOIMOTEKOH,
3HaJ JI060MNBLITHBIN PakT r1po ropof Cueny Ha 1ore Erumnra: B 1oJ11eHb JHs JIETHETO COJIHIIECTOSIHUS
COJIHIIE TaM CTOUT TOYHO B 3eHUTe. OTBECHBI! LIECT He OTOPAChIBAET TEHU BOBCE, a THO IJTyOOKOro
KOJIO/IIIa OCBEIAETCS LIEeJIMKOM.

B AnexcaH[puM B TOT K€ CaMbIii MOMEHT T€Hb €CTb. DpaTocPeH eé N3MepUJI: MECT OTKIOHSI-
Cs OT HallpaBJIEHUS Ha COJIHLE NIPUMEPHO HAa OJHY MSATULECATYIO MTOJHOTO KPyra — OKOJIO CEMU
rpagycos.

Janbme — yucras reomerpust. CoJHIE AANEKO, €ro JIyYr IPUXOOST IPAKTUYECKU MTApaJIIeb-
HBIM IIyYKOM; 3HAYUT, PA3HMLA B HAKJIOHE TEHEN — BTO HE CBOMCTBO COJIHLIA, & CBOMCTBO 3€MJIN:
YToJI MEXIY IBYMSI TOYKaMU €€ MOBEPXHOCTH, €CJIM CMOTPETh U3 LeHTpa. Pa3 aTOT yros paBeH
OJIHO¥ NIITUZECSITOM IIOJIHOTO 060POTA, TO U PACCTOSIHUE MEXKY TOPOJIaMU COCTABJISIET OJIHY IISITU-
IleCSITYI0 OKPY>KHOCTU 3eMJi. PaccTosiHUE 3TO 6b1JI0 UBBECTHO — IIPUMEPHO MSITh THICSY CTAJIUEB,
VX OTMEPSJIY LIaraMU CIIELMaJbHO O0yYE€HHBIE JTI0AM. YMHOXKAEM Ha ISAThIECST: IBECTU S ThIECIT
TBICSTY CTaAMeB.”

5 Kieomen. O KpyroBom nprkeHun Heb6ecHbix Tedl. Ku. I, . 10. (EquHCTBEHHOE NOAPOGHOE UBJIOKEHUE UBMEPEHUS 3EM-
1 DpaTocPeHoM.)
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OTBeTbI
OKOJI0 IByX MOJIEKYJL.

CuutaeM B iBa xo7a. Mosiekys Batmocdepe: 51018 kr pasmenuts Ha 0,029 kr/MoJb — 970 1,7-102°
MOJIE, TO €CTb IIPUMEPHO 1044 MOJIeKyJl. MoJsieKyJsl B OGHOM Bbifoxe: 0,5/22,4 = 0,022 MoJis, TO
ectsb 1,3 - 1022 MoJIeKyL.

3uHauuT, 10Jis1 MoJiekya Llesaps B atmocdepe — 1,3 - 1022/10** ~ 10~22. B Baiuem BOX€e CTOJIEKO
K€ MOJIEKYJI, CKOJIbKO GBLIIO B €r0 BbIOXE, — YMHOXKaeM: 1,3 - 1022 x 10722 ~ 1,3. [Tapa MOJIEKyJI.
OTBET IEPKUTCS HA TPEATIOIOKEHNH, UTO 32 [IBE THICSIYU JIET BO3/YX [IEPEMENIAIICS PABHOMEPHO,
— 17151 TpoTiocdephl ATO BIIOJIHE Pa3yMHO. Y OH opa3uTesieH caM 10 ce6e: IBE ThICS YU JIET CITYCTS
BbI (DMBUYECKY CBSI3aHbI C YEJIOBEKOM Yepe3 IBE MOJIEKYJIBI B JIETKUX. HO Mopa3utesbHee apyroe
— YTO TaKyo Belllb BOOGIIE MOKHO COCYMUTATh Ha casideTKe, 3Hast YEThIPE YNCIIA.

WcTouHwnk. von Baeyer H. C. The Fermi Solution (ykas. cod.).

nyyun ConHU@ NapannesbHbl

| |

\ TOT Xe yron

AnekcaHppus
wecT CueHna
\ TEeHW HEeT, OHO
TeHb 5000 crapueB konopgua oCBeLIEHO

7,/2° — opHa naTUAECATan Kpyra

LeHTp 3emMn

Puc. 0.2. Kak dpaToceH nsmepuna 3emnto. Yroa Mexay LecToM 1 JIy4oM B AfleKCaHAPUN PaBeH Yrily Mexay ABYyMSA
ropofgamu, ecaim CMOTPeTb U3 LeHTPpa MjaHeTbl, — MOTOMY 4TO Jiy4n CosHua NMPUXOAAT napassieflbHbiM MyYKOM.
OfHa naTupecaTas Kpyra Ha 3emJsie o3HavyaeT OfHY MNATUOECATYIO0 BCEN OKPY)XHOCTU. Yron Ha PUCYHKe yBennyeH
BTpoe: HacToswme 7,2° ganu 6bl TeHb, KOTOPYIO HA TaKOM KAaPTUHKE He pasrisaeTh.

HackoJsibKO TOYHO OH IOIaj, CKa3aTb YECTHO HEJIb3S1 — U 3TO OTHEJbHO MOyYuTenbHO. CTaguil B
Pas3HbIX MecTax paBHsICs To 157, To 185 MeTpam, U Kakoil UMeJl B BULly DpaToceH, HEU3BECTHO.
[Tpu nepeom nosrydaercst 0koJio 39 400 kuoMeTpos, pu BTopoMm — 46 000. Hacrosimast okpyx-
HOCTb 3emiu — 40 075 kunomeTpoB. To ecTs B JIydlIeM ciiyyae omndKa MEeHbIIE IBYX IPOLEHTOB,
B XyJIlIEM — TISITHAALIATD; PEMNyTalys «TOYHOCTU B OIUH IIPOLIEHT», KOTOPasl XOJUT 32 3TOW UCTO-
pue€il, IepKUTCA Ha BbIGOPE CTazivs, a BHIGOP HaM HensBecTe .

Ho cymecTBeHHO 31ech He uncilo. CyIeCTBEHHO, UTO YeJI0BEK C [aJIKOM, TEHBIO U 3HaHUEM I10-
DIIOOHBIX TPEYTOJIbHUKOB M3MEPUJI IIJIaHETY, HU Pa3y He BBIWIS 32 IIPeJesibl CBOeN MPOBUHLIMU. V13-
MepeHne caMo 1o cebe gano Ovl IJIMHY TeHU — Oecrosie3Hoe 4ucilo. [eomeTpus cama o cebe He
Jasa 6bl HUYETrO: OHA yMeeT CBSI3bIBATh BEJIMUMHBI, HO He 3HAET, YeMy OHU paBHbL. BMecTe oHM nanu
pasmep 3eMin.

6 Engels D. The length of Eratosthenes’ stade // American Journal of Philology. 1985. Vol. 106, N23.
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MpoBepbTe cebn

B paccyxpeHun 9patocdeHa ecTb yciaoBue, 63 KOTOporo oHO He paboTaeT: CueHa u Ajek-
CaHJpUst OJDKHBI JIEKATh HA OHOM MEPUIMAHE, TO €CTh CTPOrO HA CEBEP U 10T IPYT OT Ipyra.
[Touemy? UTo cioMaeTcs, eCiv Topojia OKaKyTCsl, CKaskeM, Ha OGHOU INPOTe — CTPOro Ha
BOCTOK U 3araj?

0.5 Y30p, KOTOpbLIA COMasNCH

Teneps apyras nos0BMHA KHUTU. [lepexoium OT TOro, KaK IIPOBEPSIIOT (PUBUKY, K TOMY, KaK IIPOBE-
PSIOT MaTEMATUKY, — M HAYHEM C 33244, KOTOPYIO MOXKHO pelaTh KapaHJaluoMm Ha candeTke.

Hapucyiite OKpy>KHOCTb U ITOCTaBbTE€ HA HEM HECKOJILKO TO4YeK. COeAMHUTE KKAYI TOUKY C
KKIOM MPSAMOM JIMHUEN. JINHMK pa3pexkyT Kpyr Ha yacTu. CocynTanTe 4YacTu.

OpHa ToYKa — KpyT LeJl, OGHA 4acCTb. JIBe TOUKM — OJIHA XOPZa, ABE YaCTU. TpU TOYKU — Tpe-
YTOJIbHUK, YETBIPE YaCTU. YEThIPE TOUKU — BOCEMB YacCTe. [I9Th TOYEK — MIECTHANLATS.

Y30p BUJEH HEBOOPY>KEHHBIM TJa3oM: 1, 2, 4, 8, 16. Kaxkaplil pa3 BABoe 6oJblle. 3HAYUT, 175
IIECTH TOYEK OyneT 32.

LIECTYI0 TOYKY
nocTaBbTe CaMu

3 To4kK: 4 4 TOo4kn: 8 5 Tovek: 16

Puc. 0.3. TOYKM Ha OKPY>XHOCTW COeAMHEeHbl BCEMU XOpPAAMU; CHMTAeM 4YacTu, Ha KOTopble pa3pesaH Kpyr. Tpu

Kpyra HapucoBaHbl, 4eTBEPThI — 3a BaMMU.

MpoBepbTe cebn

HapucyiiTe mecTb Touek Ha OKPY>KHOCTH (PaCIIOJIOKUTE UX HECUMMETPUYHO, UHAYe TPU XOP-
IIbl IIEPECEKYTCS B OJIHOM TOYKE U BbI IOTEPSIETE KYCOUEK) ¥ YECTHO COCUUTANTE YACTHU.

OTcropa npaBuso, KOTOPOE OTJIMYAET MAaT€MaTHKy OT BCErO OCTaJILHOTO Y€JIOBEYECKOTO OMBITA:
CKOMBKO Obl NPUMEPO8 HU COWLLOCH, OHU HUUe20 He doKa3bliearom. [1aTb COULIUCD, MATHIECAT CO-
IIJIMCB, [ISTh MUJIJIMAPA0B COIJIMCh — CJEAYIOIMUIA MOXKET He COUTHCD, U HUKAKasl CTAaTUCTHKA 00
3TOM He NpeynpenuT.

31ech CTOUT OCTAaHOBUTLCS U 3aMETUTh, HACKOJIKO DTO MPABUJIO CTpaHHOe. B dusuke poBHO
Hao0OpOT: €CIM U3MepEHNEe BOCIIPOU3BENY IATh THICSAY pa3 B ABAJLATU JIAOOPATOPUSIX, BOIIPOC
CYMTAETCS 3aKPBITHIM, U 3TO PAa3yMHO. B 0OBIYHOM XU3HU TOXKE: €CJIH JIEKAPCTBO IIOMOTJIO ThICSYe
4yeJIoBeK, Bbl OyJieTe ero NpUHUMaTh, He OKUAAsICh JOKa3aTelbCTBA. MaremMaThKa — eIMHCTBEH-
Hasl 06J1aCTb, I'7l€ KOJIMYECTBO IO TBEPXAEHUI HE KOHBEPTUPYETCS B yBEPEHHOCTb BOOOIIE HUKAK.

NMpoBepeHOo A0 YeTbIpEX MWIJIMAPAOB MUIJIMApPAO0B — U BCE eLLé He A oKa3aHo

B 1742 ropy Xpuctuas ['osnpgdax Hanucan Dityiepy NMCbMO C MPEJIIOJIOKEeHNEM: JIIo60e 4ET-
HOE 4YUCJI0, 60JIblLIee ABYX, ECTh CYMMA JIBYX NPOCTBIX. 4 = 2+2, 6 = 3+3,8 = 3+5, 100 = 3+97.
C Tex Mop TUIOTE3Y MPOBEPUIIN KOMIIBIOTEPOM J1JIs1 BCEX YETHBIX YMCE IPUMEPHO 110 4 - 1018
— BTO YeThIpe MUJIIMAP1a MUJJINAPIOB IIPOBEPOK, BCE 10 OAHOM yCIemHble. 1715 110601 apy-
rO¥l HAyKy TaKOU pe3yJIbTaT O3HavaJ Obl ITOJIHYI0O M OKOHYATEeJIbHYIO NT0beny. B maTemaTuke
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OTBeTbl

CrnomaeTcs CBS3b MEXIY YIJIOM U paccTossHUEM. TeHb u3MepsieT yroj B HallpaBJIeHn! cesep—1oe:
COJIHIIE B MOJIZI€Hb CTOUT BhIIIIE WJIM HUKE B 3aBUCUMOCTH OT MIMPOTHI. ECIM 1Ba ropoia iexxat Ha
OJIHO1 MINPOTE, COJIHIIE B MECTHBII MOJI1eHb I0JHUMAETCS B HUX Ha OJIHY U TY >K€ BbICOTY, TEHU
OJIMHAKOBBI, PA3HOCTD YIJIOB — HOJIb. A paCCTOSIHME MEKY FOpPOJjaMu NPy 9TOM Jito6oe. V13 Hys
rpaziyCoB U MSTUCOT KUJIIOMETPOB OKPYKHOCTb 3€MJI HE BBIYMCIIUTh.

Crporo roBopsi, CueHa u AjieKcaHapusl JieXXaT Ha OJJHOM MepUAuaHe JUIlb IPUOIU3UTENTbHO —
PaCXOXIEHME OKOJIO TPEX IPajlyCoOB IOJITOTBI, — M 3TO OAHA U3 IIPUYMH, 10 KOTOPBIM TOYHOCTb
pPE€3yJIbTaTa HE CTOUT MPEYBEJINYNBATS.

O6paTuTe BHUMaHUe Ha 0611yI0 GOPMY PaCCYKAEHHUS: Mbl HE CYMTAJIM, & NCKaJIH, KaKOe YCIIOBUE
ZleJIaeT BbIBOJ, BO3MOKHBIM. TaKO# BOIIPOC — «YTO 371eCh HA CAMOM Jiejie PaboTaeT?» — OObIYHO
noJsie3Hee, YeM caM OTBeT.

OTBeThI
Yacrei nonyyaercs 31. He 32.

[TaTh COBMaieHUI MOAPSIL — U HA MIECTOM Iare BCé pa3BanuBaeTcs. Jlajbiie CTAaHOBUTCS TOJIBKO
xyxe: 57, 99, 163. Hukakoro yiBoeHUs HET U He 6b1710; GopMyJia, KOTOpas Ha CaMOM JieJie OIUCHI-
BaeT 9Ty MI0CJIEIOBATE/ILHOCTD, COLIEPKUT YETBEPTYIO CTEIeHb YKCIa TOYeK U ITPOCTO CIY4aitHO
COBIIAZAET C IBOMKAMU Ha MEPBBIX MATH MIarax.

3anoMHUTE 3TO YYBCTBO. [I9Th NOATBEPXKAEHUN NTOAPSIM, — U BbIBOJ, HEBEPEH.

NcTounnk. Conway J. H., Guy R. K. The Book of Numbers. New York: Springer, 1996. (3agaya o penenun Kpyra XopAamu.)

OH He 3HaYUT POBHO HUYETO: runoTesa ['osbi6axa 1o Cux MOop He 10Ka3aHa, M HUKTO He 3HaeT,
BEPHA JIM OHa.

Wctoynmk. Oliveira e Silva T., Herzog S., Pardi S. Empirical verification of the even Goldbach conjecture and
computation of prime gaps up to 4 - 10'® // Mathematics of Computation. 2014. Vol. 83, N2288. P. 2033-2060.

0.6 4710 TaKOoe pokKa3aTeJsibCTBO

Pa3 npumepsl He TOAATCS, HY’KHO YTO-TO Ipyroe. BOT KaK 3TO BBITJISAUT.

[TpocToe 4ncyio — 3TO YMCJI0, KOTOPOE IEJIUTCS TOJIBKO Ha cebsl U Ha efuHuny: 2, 3, 5,7, 11, 13,
17...YeM panblle 10 YMCJIOBOMY pAAy, TEM pexke oHM mnomnagairca. Mexny 1 n 100 npocTeix aBa-
Juarh 1a1b, Mexny 1000 u 1100 — mecTHaAuaTh, MEXAY MUJJIMOHOM U MUJIUJIMOHOM CTO — HIECTb.
EcTecTBeHHBI BOIIPOC: He KOHYATCSI JIM OHU BOBCe? MOKeT, eCTb caMoe 60JIbIIOe IIPOCTOE YNCIIO,
I10CJIe KOTOPOTr'o MX HET?

OtseT man EBking npyvMepHO 3a TPUCTA JIET [0 Hallel 3Pbl, U JOKa3aTeJIbCTBO €r0 YMEIAETCs
B ab3ail.
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[TpenmnosoxxumM NpOTUBHOE: IPOCTHIX YUCEJI KOHEYHOE YUCIIO. TOrga ux MOXKHO BCE BBIIIMCATh
B CIIMCOK: P1, P2, . .., Py — W IIOCJIEIHEE B CIUCKE OyJIeT CAMbIM OOJIBIIMM ITPOCTBIM.

[lepeMHOXXUM HX BCE U IPUOABUM EIVHULLY:
N=pi-p2-...-pp+ 1
910 yncso N Ha j11060€e U3 HalluX MPOCTHIX MEUTCS C OCTAaTKOM 1 — Besib Mpou3BeeHne

IIeJINJIOCh HALIEJIO, & Mbl JOOABUJIM JIMIIHIO eOUHULY. 3HAYUT, HY OJHO IIPOCTOE U3 CIIMCKA
He ABJIIeTCs nenureaem N.

Ho y Bcsikoro yuncsia, 60J1pmero eJMHULIbL, €CTh XOTs Obl OOUH IPOCTOH AEIUTENb. 3HAUUT, ¥
N ecTb MPOCTOY AENUTENb — U €TO HET B HAIlleM CIIUCKE.

Cnucok, B KOTOPBI¥ MBI BBIITMCAJIU 8Ce TPOCTHIE YMCIIa, 0Ka3aJICs HEMOJIHbIM. [IpoTuBOpEYME.
3HAvYUT, UICXOJHOE MPENIOIOKEHNE JIOKHO, U TPOCTHIX YHUCEJ 6ECKOHEYHO MHOTO.

Nctounuk. EBkna. Havana. Kauru VII-X. M.; J1.: TUTTJI, 1949. (BeCKOHEYHOCTb MHOXKECTBA IIPOCTHIX YMCET — MPei-

noxenne 20 kauru IX.)

[TocmoTpuTe, 4TO 37€Ch MPOU30ILIIO. MBI HE IPOBEPUJIM HU OJHOTO YKCja. Mbl He HalllJId HU Of1-
HOTO HOBOTO IIPOCTOr0. MBI BOOOIIE HE CUMTalu. 11 TeM He MeHee Telepb Mbl 3HaeM IIPO 6ce Yrciia
— BKJIIOYasl T€, KOTOpPble HUKTO HUKOI/Ia He 3alMIIeT, — HEeYTO OKOHYATeJIbHOE. DTOMY J10Ka3aTesIb-
CTBY IBa/iLIaTh TPU BEKa, 1 32 3TO BpeMsl B HEM He HAlllJIM HU OJJHOM TPELIUHBI.

CpaBHUTE C CaMbIM HaAEXHBIM (PU3NYECKUM PE3YyJIbTaTOM, KAKOM CMOXETE BCIIOMHUTH. Me-
XaHUKa HbloTOHa Tpu cTOsEeTHSs Obla BEPUIMHON TOYHOTO 3HAHMS U MOATBEPXKAANACh KaXKIIbIM
pacyéTom OpOUTHl — a MOTOM BBISICHUJIOCH, YTO Ha GOJIBIINX CKOPOCTSX OHAa HeBepHa. Hu onHa
¢dusryeckas Teopus He 3alluieHa OT TaKOU cynbobl B npuHuune. Teopema EBKauza 3amuiieHa.

U emeé onHO, YTO JIETKO YIIYCTUTh. XOpollee [10Ka3aTeJbCTBO HE TOJIbKO yIOCTOBEPSIET, YTO
VTBEP>KJ€HE BEPHO, — OHO OOBSICHSIET, nouemy. V13 paccyxnenus: EBkinga BUIHO, 32 CYET YEro
IIPOCTBIE HE MOTYT KOHUMUTbCSI: CKOJIBKO ObI X HU OBLIO BBIIIMCAHO, U3 CAMOTO CIIMCKA U3TOTaBJIMBa~
€TCS YMCJI0, KOTOPOE HY Ha OJHO U3 HUX He IeJIUTCS. DTO IOHUMAaHUe OCTAaETCs C BaMU M PabOTaeT
IIOTOM B JPYTUX 33/1a4aX, a «IIPOBEPEHO [0 YeThIPEX MUJINAPOB MUJJINAPIOB» HE NA€T HUYero,
KpOMe YBEpeHHOCTU. Pa3HuIa NpUMEPHO KaK MEXIY «3TOT MOCT CTOUT — s [10 HEMY XOJIWJI» U
«3TOT MOCT CTOUT — BOT PACUYET HArpy30K».

Xop «IpennonosKuM NPOTUBHOE U MOJIYYUM ITPOTUBOPEYNEe» Ha3bIBAETCS J0KA3aTEIbCTBOM OT
[IPOTUBHOTO. DTO CaMbIi MOIIHBIM NHCTPYMEHT B MaTEMaTHKe, 1 Mbl OyZieM T10J1b30BaThCS UM BCIO
KHUTY.

MpoBepbTe cebn

[IpoBepuM HoKa3aTeNbCTBO EBK/INAA HA MaJIEHBKOM CIIMCKE. BO3bMEM IEPBLIE WECTh IIPO-
CTBIX YMCEJI U CAEJIaeM POBHO TO, YTO OH BEJIUT:

N=2-3-5-7-11-13+ 1 = 30031.

a) ITpocroe su uncno 30031? (ITodckaska: nonpodyiime nodeaumsw €20 Ha 59.)

6) Eciii OHO OKaskeTCsl COCTaBHBIM — 3HAYUT JIM 3TO, YTO EBKINA Oomubes?

0.7 OnpoBeprHyTb npoLue, 4eM AokKasaThb

Y acuMMeTpuu MeXay IpUMepaMu 1 JJ0Ka3aTeJlbCTBOM €CTh 00paTHAasl CTOPOHA, U OHA MPUSITHAS.
YT0OBI ONpoepeHYyMb YTBEPKIEHNE 000 BCeX YMCaX, [OCTATOYHO OJHOTO-eJUHCTBEHHOTO YUCIIa,
Ha KOTOPOM OHO JjioMaeTcs. He Teicsaun. OpHoro.

[Teep ®epma, ayumnii B XVII Beke crieluaaucT 10 YyucjiaMm, 3aMeTUI, 4TO Yucja BUaa 22" 41
II0JIy4aIOTCsl MPOCTBIMU: 3, 5, 17, 257, 65537. [1sTh pa3 moApsi, — U OH BbICKa3ajl OCTOPOXKHOE IIpeji-
MIOJIOKEHUE, UTO TaK OyJieT BCerya.
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OTBeThl

a) He mpocroe: 30031 = 59 x 509.

6) Her, 11 B 9TOM BCSI TOHKOCTb. EBKJIIL HE yTBEepKAas, 9To N 0653aHO ObITh TPOCTHIM, — OH YTBEP-
KOai, 9To y N eCTb IPOCTOH AeINTesb, KOTOPOro HeT B crucke. Tak u Bbimio: 59 u 509 — npo-
CThbIe, 1 0O0MX B HAIEM CITMCKE U3 MEeCTU Yrcesl He 6b110. JIoKka3aTeIbCcTBO CPaboTayio POBHO Tak,
KakK 00e1aso.

MHorure nepeckasplBaloOT 3TOT ApIyMEHT HETIPaBUJIbHO — «IIEPEMHOXKMM BCE ITPOCTbIE, IPU6aBUM
€IVHULLY, U TIOJIyYUTCS HOBOE IpocToe», — U Ha yucie 30031 takoi nepeckas pa3BajavBaEeTCSl.
DTO XOpOUM MOBOJ, 3aIIOMHUTB: B JJOKA3aTEJIbCTBE BAXKHO KAXKJ0E CJIOBO, M «MMEET IIPOCTON
JIEJIMTEJIb BHE CIIMCKa» — COBCEM HE TO K€ CaMO€, UTO «SIBJISIETCSI [IPOCTBIM».

Yepes neBsHOCTO JieT JleoHaps Diiep B3sI Clefyiolee YnuCiIo U3 3TOro psiaa, 232 + 1 =
4294967297, u pazmenun ero Ha 641. Paznenunoce Hauesno. ['unortessl ®epma He CTalo — OAHUM
neseHueM, 6e3 BCSIKOU Teopuu.’

NMoyemy uMmeHHo 641

Diiniep He nepebupasl AeauTenu noapsy — nepedop no 641 3aHst Obl y YesoBeKa C epom
nepenu. OH cHaYasa MOKAa3aJl, YTO JEJIUTENh TAKOTO YKCIIa, €CJIU OH €CTh, 003aH UMEThH CO-
BepUIEHHO OTIpeeEHHBbIN BUM; 64k + 1. DTO 0CTaBWIIO [J1 IPOBEPKU Juib 193, 257, 449, 577,
641...— necsaToK KaHI1UIAaTOB BMECTO COTHU. [19ThIi MOOOIIET.

DTO CTOUT 3alIOMHUTH KaK 06pasell: MPeXae 4eM YTO-TO UCKaTh I1epe6opOM, IIOCMOTPHUTE,
HeJIb3sl JIM CHavasla [JoKasaTh, I7le UCKaTh He HyXKHO.

PoBHO Ta ke acuMMeTpus paboTaeT B Ppu3NKe, 1 MMEHHO OHA JejiaeT e€ HayKol. Hukakoi skc-
[IEPUMEHT HEe MOXET [JOKa3aTb TEOPHIO: CKOJIBKO Obl IIPeJICKa3aHUil HU COBLIIOCH, CIIEyIOIIee MO~
JK€T He COBIThCS. 3aTO OJIMH-€IMHCTBEHHbIN HAa/I€>KHBIN SKCIIEPUMEHT MOXKET TEOPUIO youTh. Kap
[Tonnep chenan u3 3TOro HabJIOEeHUsl KPUTEPUIL: HAyUYHbIM CJIeyeT CUUTaTh YTBEPKIEHUE, 1S
KOTOPOT'0 MOKHO YKa3aTh, KAKOU IMEHHO PE€3yJIbTaT OIIbITA €T0 ONIPOBEPTHET. ECJM TaKOro pesyJsib-
TaTa HeT — €CJIM YTBePXKAeHHe COTJIacyeTcs C JIIOObIM MCXO0JOM, — TO OHO, MOXET ObITh, ¥ BEPHO,
HO HAyKOW He sByisgeTCs.®

DTO 3BYYUT CYypPOBO, HO UMEHHO TaK (U3MKa 1 XXUBET. O611ast TEOPUsI OTHOCUTEJILHOCTH Mpe] -
CKazaJia, YTo JIy4 3Be3fbl, mpoxonsamuil y kpast CoJHIa, OTKIOHUTCS Ha 1,75 yriloBOW CEKyHIbl —
POBHO BBOE€ CUJIbHEE, YEM CJIENOBAJIO U3 TeOpruM HbIoTOHA. 3HaY€HME IPOBEPSIIIA BO BPEMSI T10JI-
HoTo 3aTMeHus 1919 rona; pesysbTaT 00bSIBUIY OATBEPKIEHNEM, M DIHIITEH HAyTPO CTaJl 3HA-
MEHUT. YeCTHOCTH PaJiyl HAZJO0 CKa3aTh, YTO TOUHOCTh TeX (POTOIIACTUHOK ObljIa HA TPAHU: CIIOP O
TOM, HaCKOJIbKO JJaHHbIe 1919 roga geiCcTBUTENIBHO PAa3Indajiu ABE TEOPUM, UAET 1O CUX Hop.9 ITo-
XOpOIIEMY BOIIPOC 3aKPbLIU TOJIKO Yepes M0JIBeEKa — pafluOuHTEPPEpPOMETPUEiL, a TOTOM HU3Me-
peHusiMu anmnapara «KaccuHu», rie To )Ke OTKJIIOHEHHUE [TOATBEPIMUIIOCH C TOYHOCTDIO [0 ThICSTYHBIX
noseit nporenra.l’

Tak uTo u 3mech y GU3MKM HET MOMEHTA OKOHYATe IbHOU 11o6epl. ECTh TOJIbKO BCE 6oJiee y3Kue
paMKH, B KOTOpble TeopUsl 06s13aHa MONaAaTh, — U KaKJ0e HOBOE U3MEPEHUe JIMO0 OCTaBIsIeT eé
B >KMBBIX, OO HET.

7 Euler L. Observationes de theoremate quodam Fermatiano aliisque ad numeros primos spectantibus // Commentarii
academiae scientiarum Petropolitanae. 1738. Vol. 6.

8 Tlonmep K. Jloruka Hay4HOTO UccenoBaHus. M.: Pecry6inika, 2004.

9 Dyson F. W., Eddington A. S., Davidson C. A determination of the deflection of light by the Sun’s gravitational field //
Philosophical Transactions of the Royal Society A. 1920. Vol. 220. P. 291-333. « Earman J., Glymour C. Relativity and eclipses:
the British eclipse expeditions of 1919 and their predecessors // Historical Studies in the Physical Sciences. 1980. Vol. 11,
Ne1L.

10 Bertotti B., Iess L., Tortora P. A test of general relativity using radio links with the Cassini spacecraft // Nature. 2003.
Vol. 425. P. 374-376.
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A ecnn npoBepuUTb HEeYEeM

Kpurepuii [Tonnepa cTaBUT HeyJ0OHBIN BOIIPOC, KOTOPBIl B COBPEMEHHON (PU3KKE CTOUT B MO~
HBIi1 POCT: 4TO [1€JIaTh C TEOPUEH, 1711 KOTOPOH OIBIT HE TO YTOOB! HE [TOCTABJIEH, @ HE MOXKET OBbITh
[IOCTAaBJIEH IIPU HBIHEIIHEN TEXHUKE?

CaMbIi1 M3BECTHBIN Cily4yall — Teopus CTpyH. OHa IpejiaraeT CYUTaTh JIEMEHTAPHbIE YaCTULIDI
He TOYKaMH, a KOJIe6aHUSIMU KPOLIEYHbIX IPOTSDKEHHBIX 00BEKTOB, U OOEIIAET B [IEPCIEKTUBE TO,
yero (pusMKa XOYeT yKe CTO JIET: OJHO ONMCAHUE JIJIsl TATOTEHUS U KBAHTOBOM MEXaHMKM Cpasy.
MaremaTn4ecKu 3TO OYEHb COIEpIKaTesbHass KOHCTPYKLHUS; U3 HEE BBIPOCIIM PE3YJIbTAThbl, KOTO-
pble LIEHST U Te, KTO B He€ He BepUT. Ho XapaKTepHbI MaclTad, Ha KOTOPOM Pasyinyusl JOJIKHBIL
[IPOSIBUTHCA, JIEXKUT Ha MHOTO ITOPSAIKOB JaJblLIe TOrO, YTO JOCTVKUMO Ha YCKOPUTENIAX, — U IIPO-
BEPSIEMOTO NPeICKa3aHusl, KOTOPOE OTJINYAJIO Obl TEOPUIO CTPYH OT CONEPHMUL], 3a AECSATUIETUS He
[I0SIBUJIOCK.

Janpliie MHEHHUSI PacXoIsTCs, M1 00€ CTOPOHBI 3aC/IY)KMBAIOT TOTO, YTOObl MX M3JIOXKUJIA YECT-
Ho. Kputuku — cpenu Hux Jlu CmosnuH u Iutep Boitt!! — roBopat: pa3 onpoBepruyTh HEb3s,
IIOIIIEPOBCKOTO CTaTyca y TEOPUU HET, & OTPOMHBIE CUJIBI YXOLAT B HAIIPaBJIEHUE, KOTOPOE MO-
JKET 0Ka3aThbCsl TYNUKOM. CTODOHHUKHU OTBEYAIOT: «HEIIPOBEPSIEMO CETOIHS» U «HEIIPOBEPIEMO B
NPUHLINATIE» — Pa3HbIE BELIX; aTOMBI I0JIBEKA CYUTATIMCh YI,00HOM PUKIMEN, @ HEUTPUHO NpeiCcKa-
3aJIM 32 YETBEPThb BEKA O PETMCTPALMM; TEOPHS, AAIOIAs CBSA3HYI0 MAaTEMATHKy TaM, e MHa4ye
T0JIy4aeTCsl GECCMBICIIUIIA, 3ACTY>KUBAET MIPOJOJIKEHMUS, IAXKE ECIIM PEMIAIONIUT OTIBIT HE BUIEH.?

Kro npas, 31ech He pemaercs. BaxxHo apyroe: criop ugéT He 0 pOopMyJIax, a MUMEHHO O KPUTEPUN
— O TOM, YTO CYMTATh HayKoi. CTOUT 3alIOMHUTL 3Ty Pa3BUJIKY, [IOTOMY YTO B IIOCJI€JHEN YACTU
KHUATY MBI IPUAEM K ITOXOKEMY BOIIPOCY C APYrO¥ CTOPOHBIL: TAM OK&KETCs], 4YTO M B MaTEMaTUKE
€CTb YTBEP>KIEHMS, [J151 KOTOPBIX HET IPOLIEAYPhl IPOBEPKU. [IpM4€M B MaTEMATHKE ITO JOKA3AHO.

0.8 [doka3aTb, 4YTO Yero-tTo He ObiBaeT

OcCo6€eHHO LIEHHO [10Ka3aTeJIbCTBO TaM, I'7le OHO YTBEP>KJaeT HEBO3MOXKHOCTL. TyT nnepebop 6eccu-
JIeH B IPUHIUIIE: HE HaliNs pelleHus 3a HeJeslio, Bbl He Y3HAeTe, HET €ro WJIM BbI [1JI0XO0 UCKAJIMN.

X

D] KOCTO4YKa OOMUHO:
ABe cocegHMNe KNeTKn

X

nepeyépkHyTbl OTpe3aHHbIe yribl

Puc. 0.4. [locka 6e3 AByX NpOTUBOMOMOXHbIX YrnoB: 62 kKneTkn, 31 kocTo4yka. MecTa xBaTaeT POBHO.

NMpoBepbTe cebsn

Y maxmaTHOU OCKU 8 X 8 OTpe3ajv [B€ IIPOTUBOIIOJIOXKHbBIE YIJIOBLIE KJIETKA — OCTAIOCh
62 xneTky. EcTp 31 KOCTOUKA IOMUHO, KK[1as HAKPbIBAE€T POBHO JIBE COCENIHUE KIIETKU (I10
TOPUBOHTAJIM WU 10 BepTUKainu). Kietok 62, koctouek 31, MecTa XBaTaeT TOYHO.

3aMOCTUTE STUMU KOCTOYKaMU O0OPE3aHHYIO IOCKY — MJIN JOKAKUTE, YTO STO HEBO3MOXKHO.

CnoBo «VMHBAPUAHT» CTOUT 3AIIOMHUTH MIPSMO cenyac, IIOTOMY 4TO 3TO TOT cambll MOCT, pajiy1 KO-
TOPOTO HaIlMCaHa 3Ta KHUTA. I/IHBapI/IaHT — 9TO BEJIMYMHA, KOTOPasa HE MEHSETCA, YTO ObI Bbl HU

11 Smolin L. The Trouble with Physics. Boston: Houghton Mifflin, 2006. « Woit P. Not Even Wrong: The Failure of String
Theory. London: Jonathan Cape, 2006.
12 Dawid R. String Theory and the Scientific Method. Cambridge: Cambridge University Press, 2013.
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OTBeTbl
HeBO3MOKHO, 1 OKA3bIBAETCS TO B OJHY CTPOYKY — €CJIM [IOCMOTPETD HA LIBET.
Kaxkpast KocTouka OMMHO, KaK €€ HU KJIaJj, HAKPBIBAET JIBE COCEHUE KIIETKH, & COCEJHUE KIIET-
KU/ Ha IIaXMaTHOM JOCKE BCErga pa3Horo IBeTa. 3HA4uT, Jil00as yKiaagKa HaKpbIBAET IIOPOBHY
6esbIX 1 YEPHBIX.
Ho npoTrBOII0JI0KHbIE YIJIBI JOCKK — OJHOTO LBeTa. OTpe3aB ux, Mbl OCTaBUIM 30 KJIETOK OJTHOTO
useta u 32 gpyroro. [IopoBHy He BLIIET HUKOTAA.
ObpatuTe BHUMaHUE, YETO 3[1€Ch HET: Iepedopa. Mbl He MPO6OBay YKIaAblBaTh JOMUHO BOOOIIE
HU pasy. Mbl HAlllJIM BEJIMYUHY — PAa3HOCTh YKCJIa 6eJIblX 1 YEPHBIX KJIIETOK, — KOTOpasi IpU JII0601
yKJIafiKe 00s13aHa ObITh HYJIEM, U [I0KA3aJI1, YTO Ha HTOM IOCKE OHA paBHA [IByM. Takue BeJMYrHbI
Ha3bIBAIOTCS MHBAPUAHTAMU.

UcTouHuk. l'apgHep M. Maremarnyeckue gocyru. M.: Mup, 1972.

Iesiany. B MaTemaTyke MHBApUAHT [10Ka3blBa€T HEBO3MOKHOCTD: Pa3 OH 00sI3aH ObITh HYJIEM, a
OH rH,BOI/UIKa, — 3aJijdada PpE€UI€HUS HE UMEET. B CI)I/IBI/IKC VHBAaPpUAHTBI HA3bIBAIOTCS 3dKOHAMU COXPaHE-
HUSI — U pabOTaIOT TOYHO TaK Ke.

Bospmure sHepruio. OHa COXPaHSIETCS: CKOJIBKO ObLJIO B 3aMKHYTOM CHUCTEME, CTOJIbKO M OCTa-
JIOCh, KaK e€ HU nlepeksiapiail u3 Gpopmsl B popmy. OTCI0[]a MTHOBEHHO CJI€[lyeT HEBO3MOXHOCTD
BEYHOT'O JIBUTaTeJIsl — MallIMHbI, KOTOPasi paboTaeT BeYHO, He I1oTpebIisis Hudero. He «moka He rpu-
IyMayn», HE «HY)KHbI MaTE€PHUAJIbl II0JIY4IIEe», a HEBO3MOXXHO POBHO B TOM K€ CMBICJIE, B KAKOM
HEBO3MO>KHO 3aMOCTUTh OOPE3aHHYIO JOCKY.

MaTeHT, KOTOpI:Iﬁ He CTAHYT YUTaThb

@paHIy3ckas akagemus Hayk ¢ 1775 roga nepecrasa pacCMaTpUBaTh IIPOEKTHI BEYHOT'O IBU~
raTesis, ¥ BCJle, 3a Hel 9TO IIPaBUJIO IIPUHSIIN IATEHTHBIE BEJOMCTBA I10 BCEMY MUDY. 3asdBKy
OTKJIOHSIOT, HE BHUKAS B CXEMY.

C BuAy 9TO BbICOKOMEpHE: KaK MO>KHO OTBEpraTh n3obpeTeHue, He pa3obpasirch? Ha nesne
3TO BKOHOMHUS. OmunbKa B CXEME €CTb 00513aTeJIbHO, IOTOMY UYTO 3aKJ/II0YEHHE O HEBO3MOX-
HOCTH [IOJIy4€HO He U3 Iepedbopa CXeM, a U3 UHBapuaHTa. Vickats e€ — paboTa nusobpeTares,
a He dKCcIepra.

UcTouHuk. Opa-XbioM A. BeuHoe aBkeHue. Victopus ogHoit HaBg3uuBoil ugen. — Ord-Hume A. W. J. G. Perpetual
Motion: The History of an Obsession. London, 1977.

«WN TaK Be4HO»

77N
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CrnpaBa MOJIOTOYKM
OTKUHYTbI Hapy>XXy
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\’
cneBa Npr>XaThbl

K 06oay /. T \.

\

Puc. 0.5. Koneco n3 anbboma chpaHLy3CKOro apxmtektopa Bunnapa e OHHekypa, Xl Bek. CxeMa BOCMpon3Boau-
Nach WeCTb CTONETUN, N HA OAUH NMOCTPOEHHbIN 3K3eMnnap He 3apaboTan.
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MpoBepbTe cebn

Koseco Ha ropr30HTaNIbHOM OCH; 10 0601y MAPHUPHO 3aKPEIJIEHbI TSKEIIble MOJIOTOYKU. C
[IpaBO¥ CTOPOHBI MOJIOTOYKM OTKUIBIBAIOTCS HAPYXKY, C JIEBOW — NPWKUMAIOTCS K OCU. 3Ha-
YUT, CIIPaBa OHU AEHCTBYIOT Ha 6OJIbLIEM I1JIe€Ye, MOMEHT CIIpaBa 00JIblle, KOJIECO KPYTUTCS
BIIpaso. U Tak BEYHO.

OmmobKa 31ech ecTb. HaliguTe €€, He paccykjas IIpo SHEPTUIO.

NcTouHmk. Opa-XbioMm A. BeuHoe [BIKeHue (YKas. cou.).

0.9 Nne noMmaeTcsa poKa3aTeNibCTBO

JlokazaTesibCTBO — II€Tlb, ¥ OHA He KpeITye cIabeiimero 3BeHa. Pa3 ysK Mbl COGHpaeMcCsi €My BEPUTb,
II0JIE3HO OJIMH Pa3 YBUTETb, KAK OHO IO 1EJIbIBAETCS.

NMpoBepbTe cebsn

Huxe «gokazaHo», yto 2 = 1. Haiinure omunoKy.
[lycTb a = b. YMHOXMUM 0Ge 4acTH Ha a: a® = ab.
Borytem u3 o6eux yacrei b%: a? — b? = ab — b2.
Paznoxum Ha MHOXUTENU: (a + b)(a — b) = b(a — b).
Cokpatum Ha (a — b):a + b =b.

Ho a = b, 3Ha4uT 2b = b, OTKyza 2 = 1.

v BBIKJIQOKM XOTS OBl €CTb TO AJOCTOMHCTBO, YTO €€ MOXXHO NepeInTaTb NOCTPOYHO U MOMMAaTh MO-
,H,OBPHTCIIBHBIVI mar. Fopas,uo OIMaCHEE, KOT/la «IOKA3bIBAET» PUCYHOK: I'J1a3 IIPOBEPAET MTHOBEHHO,
COTJIalIa€TCAd CPpa3y U HE YMEET O6’bHCHI/ITb, [IOYEMY COry1aCujICH.

/

8 X 8 =64 13 x5=65

Puc. 0.6. Keagpat 8 X 8 n IpAMOYrofibHUK 13 X 5, CNIOXKEHHbIN U3 TeX XKe YyeTblpéx YacTen. Hu ogHa He noTepsanach

1 HX ofHa He pobaBunack.

MpoBepbTe cebn

KBazpar 8 x 8 pa3pesasi Ha YeTbIp€e YaCTH — [Ba TPEYTOJIbHMKA U [IBE TPAIIELIUN — U CIIOXKUIIN
13 HUX IIPSIMOYTOJIbHUK 13 x 5. YacTu Te XXe camble, HU OJHA HE MOTEPsIaCh U HU OJHA HE
no6aBuach. Beisio 64 KiaeTku, crajo 65.

OTKyza B3s1ach JIMLIHAS KJIETKA?

0.10 ne noMmaeTcs onbIT

C aKCIIEPUMEHTOM [1€J10 OOCTOUT POBHO TaK K€, TOJbKO MOJJesIKa [TOIy4aeTcs yoequrenbHee —
[IOTOMY 4TO IO JI€/IbIBAET €€ OObIYHO He MOLIEHHUK, & YECTHBIN YeJIOBEK.
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OTBeThl

MoMeHT cIipaBa [eiCTBUTEIIbHO 00JIblIe — Y Kaxc0020 0MoeabH020 MOJIOTOYKa. HO MOJIOTOYKOB
CITpaBa IIPU 3TOM MeHbUe.

OTKI/IHYTBIC I'PYy3bl pa3be3IKAOTCA 10 Oyre mMrupokKo, MPUKaTbl€ K OCU co61/1pa10Tcs1 Ky4HO, — U
Ha HpaBOfI TMOJIOBUHE NX OKa3bIBA€TCS POBHO BO CTOJIBKO pa3 MEHbIIE, BO CKOJIBKO 0OJIBIIIE TIJIE-
40. [TostTHBIE MOMEHTBHI CPaBHUBAIOTCA TOYHO. Koneco IIOBOPAYMBAETCA Ha HECKOJIBKO I'PalyCOB,
MPpUXOOUT B IIOJIOKEHME PAaBHOBECHS N OCTAHABJ/IMBAETCS — YTO U IMPOUCXOONJIO CO BCEMU I10-
CTPOE€HHBIMU 9K3EMILJIIPAMMU.

O6paTuTe BHIMaHMeE Ha YCTPONCTBO OIIMOKY. V306peTaresib I0CYnTal OJHY BEJIMUMHY (I1J1€4Y0) U
3a6bLJ1 IOCYUTATh BTOPYIO (UMCJIO IPY30B), IOTOMY UTO II€pBas Obljla BUAHA HA YepTeXe, a BTopast
HeT. Tak yCTpO€HO 6OJILIIMHCTBO BEUHBIX JBUTATEJIEM: HE HarJblil 0OMaH, a YE€CTHBIN MOACYET
11010BUHbI 9dPeKTa.

U cpaBHMTE [1Ba IIyTU K OAHOMY OTBeTy. Yepes 3aKOH COXpaHEHUs — JB€ CTPOYKU U HUKAKUX
yepTekel, HO Bbl He y3HaeTe, I/ie MUMEHHO omubKa. Yepes psmoii pa3dbop — [I0Jblile, 3aTO BUTHO
MEXaHUKy. B KkHure pmasjpine 6yeT MHOTO TaKWX I1ap, U IIOYTH BCETA M0JIE3HO MIPOUTH 000MMU
My TSMMU.

OTBeTbl

OmmubKa B COKpaleHnu Ha (a — b). MBI ¢ caMoro Hayasa MoJIOKWUIN a = b — 3HAYMT, a — b PaBHO
HYJIIO, I MBI Pa3fie/IiIv 06e 4acTy Ha HOJb.

JlenuTb Ha HOJIb HeJIb3s He TIOTOMY, YTO KTO-TO 3allpeTHuJI, a IOTOMY, YTO JieJieHHe — 3TO 06paTHOe
IeICTBUE K YMHOXKEHUIO: «Pa3lie/InTh Ha ¢» 3HAYUT «HAUTU YUCJII0, KOTOPOE IIPU YMHOKEHUU Ha
¢ Jaét nucxogHoe». Ilpu ¢ = 0 Takoro yucia Jubo HeT BOBCe, b0 roautcs aoboe. CTOUT OIyH
pas3 M03BOJIMTh 3TO IEMCTBUE — U [JOKA3aTb MOXKHO BCE UTO YrOIHO, BKJIOYast 2 = 1.

[Tone3Has MpUBLIUKA: YBUMIEB B BBIKJIAJIKE COKPAIIEHUE, CIIPAIINBANTE CE0s, HE MOXKET JI COKpa-
I[A€MOE OKa3aTbCs HYJIEM. POBHO Tak BBIIJISAAT IIOYTU BCE MaTeMAaTUYeCKUEe (POKYCHI.

OTBeThI

Huortkypa: e€ HeT. YacTy He IPUMBIKAIOT APYT K APYTY BIUIOTHYIO — BJOJIb AJIMHHOW JUAroHajau
MPSIMOYTOJIPHMKA OCTA€TCs 1ieJlb, OYEHb Y3KMI M OYE€Hb JJIMHHBIN MapajesnorpaMm. Ero mio-
a/1b POBHO €JMHUIIA, U UMEHHO €€ Mbl IPUHUMAEM 32 JIMIIHIOO KJIETKY.

Illenp HE BULIHO, IIOTOMY YTO Y TPEYrOJIbHUKA HAKJIOH 3/8 = 0,375, y Tpaneuuu 2/5 = 0,400, a y
HaCTOsIIe! AuaroHaau npsiIMOyroibHUKa 5/13 ~ 0,3846. Tpu pa3HbIx HAKJIOHA, Pa3InYaloIecs
B TPETHEM 3HaKe, — IJIa3 MX He PA3/IMYaEeT, a KapaHJall [IPAYET Pa3HULY B TOJIIVHE JINHUM.

Yucsa TyT He cayvaiiHeie: 2, 3, 5, 8, 13 — noxpsan unymuye yrciaa GuboHav4y, a y HUX €CTh CBOM-
CTBO 5 - 13 — 82 = 1. [loaTomy POKyC OIy4aeTcs C 060N TaKOi TPOMKOM, U JINIIHSAS KIETKA TO
MOSIBJISIETCS, TO IPOIAIAET, CMOTPS 10 TOMY, PaCXOJASTCS YaCTU WUJIN NTEPEKPLIBAIOTCS.

[Tapagokc nogpo6HO pa3obpaH y MaprtuHa 'apgHepa, KOTOPBIN 3a04HO MOKa3as, YTO OH — He
ciyvanHsii okyc, a ciuencraue cBoicTsa yncen PuboHau4yy, ¥ IOTOMY BOCIIPOU3BOAUTCS HGec-
KOHEYHOV Cepuen.

Mopasb Ta Xe, 9TO U C JejieHUEeM Ha HOJIb, TOJIBKO 3Jjiee. Tam OmMOKYy MOXKHO ObLIIO HAWTH, Ie-
peYUTaB CTPOYKH. 371eCh YUTATh HEUETO: PUCYHOK IIPeIbsIBIsIET Ce0sl LIeJIMKOM U Cpasy, U eIuH-
CTBEHHasl 3alUTa — [I0OCYMUTATh HAKJIOHBI, TO €CTh HE IIOBEPUTD IJI1a3aM.

WcTouHuk. l'apgHep M. MatemaTryecKue rojloBOJIOMKY Y Pa3BiedeHusl. 2-€ u3fl., Ucnp. u gom. M.: Mup, 1999.

B 1903 rogy ¢dpanuysckuii pusuk [Ipocnep BaoHa0, ClIenUanucT C IPeKpacHoy penyrauuei,
€O061MJT 06 OTKPBITUM HOBOTO BUIa U3JydeHusl — N-Jy4yeil, Ha3BaHHbBIX B YECTb €r0 POJIHOTO FOpPO-
na Haucen. Jlyuu Npoxonuiy CKBO3b METAJLI, 33[1€P>KUBAJIMCh BOJIOW U CJIETKA YCUJIMBAJIY CBEYEHUE
9KpaHa; HabJII04aTh 3TO yCUJIeHNE IPUXOAUIIOCH I71a30M, B TEMHOM KOMHATe, [TocJIe IoJyJyaca
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MPUBBbIKaHMSL. 3a rof, BBILIJIO OKOJIO TPEXCOT paboT 1o N-iydam. Vix Habmonany 0ecsiTKyu UCcie-
nosateseil Bo OpaHunu.

B 1904 romy x Biionzsio npuexan amepukanckuil ¢pusuk Pobept Byz. Bo Bpems meMoHcTpanuuy,
B TEMHOTE, OH HE3aMETHO BbIHYJI U3 YCTAHOBKU aJIlOMUHUEBYIO NPU3MY — AETajb, 6€3 KOTOPOi
Jlyyei ObITb He MOIJIO. BiIOHZJI0 MPOMOJDKal YBEPEHHO ONHUCHIBATh HAO/IONaeMYI0 KapTuHy. Ha
5TOM uctopus N-jy4ert 3aKOHYUIach. 3

Hukakoro o6maHa 37ech He ObL10. Bbljl 4esl0BeK, KOTOPBIiA 3HaJI, 4TO JOJ/DKEH YBULETD, U IJ1a3,
KOTOPBIN Ha Mpejiesie Pa3IndYMMOCTH BCETIa TOTOB MTOMTU HABCTPEYy O>KUIAHUIO. VIMEHHO MO3TO-
MY B COBPEMEHHOI HayKe UBMEPEHNS CTapaIOTCs [IeJIaTh TaK, YTOObI HA6GII0JaTENb HE 3HAJI, KAKOM
pe3yabTar <<HI:)aBI/UII)HI:;II‘/)I>>7 — OTCIOJa CJIEIIbIE N ILBOI?IHbIC CJIETIbIE OIIbITHI.

VcTopuio NprUHATO CYMTATh KYPhE3OM U3 HAMBHBIX BpEMEH, HO OHA MOBTOpseTcs. 23 mapTa 1989
rojla IBO€ yBaXKA€MbIX 3JIEKTPOXMMUKOB, MapTuH ®neiimman u Crannu IloHC, 06bSBUINM — HA
npecc-KoH(epeHIUH, 40 BCSIKON My6IMKALUY, — YTO MOJIYYUIIN SIAEPHBI CUHTE3 B CTEKJISIHHON
6aHKe Ha JJabOpPaTOPHOM CTOJI€: NAJIJIaIu€EBbIN ATIEKTPO, TSHKENas BOJla, KOMHATHAs TeMIlepaTypa
1 M36BITOYHOE TEII0, KOTOPOTOo He OO0BICHUTbh xuMueil. HoBocTb obomia Mup 3a cyTku. Yepes
HECKOJIBKO MECSILIEB BBISICHUJIOCH, YTO N30BITOYHOE TEIJI0 HE BOCIIPOU3BOIUTCS, @ HEUTPOHOB, KO-
TOPBIE TIPU 3aBJIEHHOM CUHTE3€ 00513aHbI GbUIN Obl JINTHCS TIOTOKOM, HET.

Pa3bupaTb TYyT CTOUT HE MOTUBBI, @ yCTPOICTBO OMINOKU. MI3MEPSIIOCh HE «€CTb CUHTE3 NI HETY,
a Pa3HOCTb JBYX OOJIBIIMX YUCEJ — BJIOKEHHO! U Bblle/IMBIIENCS dHeprun. Takoe nusmepeHue nc-
KJIIOYNUTEJIbHO YYBCTBUTEJIbBHO K CUCTEMATUKE: HeboJIbIIas Hey‘{TéHHaH M€JIOYb B KaJIOPUMETPUUN
IAET pOBHO TOT 3(Q(PEKT, KOTOPBIN UILYT. A TIOPSIOK IEMCTBUI — CHaydasa lpecc-KoH(epeHuus,
[IOTOM INIPOBEPKA — JINLINWJI aBTOPOB €AMHCTBEHHON 3al[UThl, KOTOPasl y SKCIIEPUMEHTATOPa €CThb!
Yy>KUX PYK, IOBTOPSIOIIMX OIBIT IO TOTO, KK ThI yCIIeJl My6JIMYHO IOCTAaBUTh HA HETO UM

Hayka CaMOJIETONOKJIOHHUKOB

B 1974 rogy Puuapg ®eiiHMaH Ha3Bajl 9TO «HAYKOW CaMOJIETONOKIOHHUKOBY» — 10 UMEHU
KyJIbTOB Ha OCTpoBax THUXOro okeaHa, IZi€ MOCjie BOMHBI CTPOUJIMN U3 COJIOMBI B3JIETHBIE IO~
JIOCBI U BBILIKY, HAaZIesCh, YTO CAaMOJIETHI C IPy30M BepHyTcs. Popma cob6it0eHa II0JIHOCTEIO,
a CaMOJIEThI HE CasATCS.

['1aBHOE KauecTBO yu€Horo, 1o PefHMaHy, — 0co6ast YeCTHOCTb, COCTOSIIASI B TOM, YTOOBI
130 BCeX CUJI UCKaTh, Y€M Thl CAM MO3KEIlb OKa3aThCsl HENPaB, U COOOIIATh 00 3TOM MEPBBIM.

NcTtounnk. Geitnman P. Bel, KoHeuHo, mytuTe, muctep ®eiinman! M.: ACT, 2016. (FnaBa «Hayka caMOI€TOMNOKIOHHU -
KOB» — peub B Kanrexe, 1974.)

NMpoBepbTe cebsn

B pexsame jiekapcTBa cka3zaHo: «B Hamem nccnenosanuy 90 % NanyeHToB, IPUHUMABIINAX
MIpenapar, MOJHOCTHIO BhI3IOPOBEIU B TEUEHUE HELETIN».

YTBepkaeHue — 4ucTasl IpaBja, UCCieloBaHue MPOBEAEHO JOOPOCOBECTHO, YUCIA HE T10/1-
nesaHbl. Kakoll eIMHCTBEHHBIN BONIPOC HY>KHO 33/1aTh, YTOOBI IIOHSITh, CTOUT JIA STOT PE3YJIb-
TaT 4YEro-HUOyIb?

0.11 Yero He pAéT HM TO, HU gpyroe

Ocraoch cKaszaTh, 4ero y o6erx HayK HeT, — MHaye KapTUHA BbIIET CIUIIKOM [100eIHOM.

13 Wood R. W. The n-Rays // Nature. 1904. Vol. 70. P. 530-531. * Klotz I. M. The N-ray affair // Scientific American. 1980.
Vol. 242, N25.

14 Fleischmann M., Pons S. Electrochemically induced nuclear fusion of deuterium ,// Journal of Electroanalytical
Chemistry. 1989. Vol. 261, N22. » Huizenga J. R. Cold Fusion: The Scientific Fiasco of the Century. Rochester: University
of Rochester Press, 1992.
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OTBeThl
«A CKOJIbKO BBI3[IOPOBEJIO CPENU TEX, KTO IPEMNapar He IPUHUMAaII?»

be3 koHTponpHOM rpynmsl Yyuciao 90 % He 3Ha4YUT HUYETO. Ecm mpocTyga cama MpoXOAuT 3a
Hegemo y 90 % o€, TO JIEKAPCTBO HE CHEJIAJI0 POBHO HUYErO — U BCE IIPUBELNEHHBIE JAHHbIE
MpU 3TOM aGCOTIOTHO BEPHBIL.

DTO camasl paClIpOCTPaHEHHAs OIIMOKA B OOPAIeHNY C JAHHBIMY, M OHA HE PO apu(PMETHKY, a
MIPO JIOTHKY: YTBEPXKIEHUE «II0CJIE NIPUEMA BBI3IOPOBEIN» IIOJMEHSIET YTBEPKIEHUE «BBI3LOPO-
BeJu 61arogapst npuémy». OTAENNTb OJHO OT APYTOro MOKET TOJIbKO CPABHEHME C TEM, UTO ObLIO
Ob1 6€3 BMELIATE/IbCTBA.

3ameThTe, 4TO 9Ta 3a7ja4a — U pu3nYecKas, 1 Mmarematuieckas cpasy. Pusndeckas: oHa 1po To,
KaK IPaBUJIbHO IIOCTABUTH OMBIT. MaTeMaTnyeckasi: OHa IPO TO, YTO U3 TIOCBUIKY HE CJIeJIyeT Bbl-
BOJl. B KHUTe Takux 33jjay 6y/ieT MHOTO — COOCTBEHHO, Pa/iv HUX OHA U HaIlMcaHa B OJHY, a HE B
IIBE.

Y MareMaTuku 10Ka3aTebCTBO BeILéT OT ITOCBLJIOK K BbIBOY U HUYETO HE T'OBOPUT O CaMUX I10-
cplsikax. Ecyiv B OCHOBaHUE MOJIOKEHbI aKCUOMBI — YTBEPXKOEHU S, IDUHATHIE 6e3 JOKa3aTEJIbCTBA,
— TO U BC4 HOCTpOﬁKa BEpPHa JiMlib HACTOJIbKO, HACKOJIbKO BEPHbI OHU. A MMPOBEPUTH aKCUOMBI 13-
HYTPU MAaTEMATHKU HEJIb3A: 9TO y>K€ BOIIPOC HE NOKA3ATEJIbCTBA, d Bbl60pa.

Puxappn KypaHT u lepbept Po66uHC YTo Takoe maTemaTuka?

rHCIL/'ICTBI/ITeJIbHO CYyHI€CTBEHHbIMU U MEIOIIVUMU HEMMOCPENCTBEHHOE KACATEIbCTBO K «IIPO-—
BEPSIEMBIM» Q)aKTaM SBJIAIOTCS CTPYKTYpa U B3aUMOCBSA3U MEXAY STUMU 00BbEKTAMHU.

VIHpIMM CJIOBaMU, MaTeMaTHKa He OTBeYaeT Ha BOIIPOC, YTO TaKOe YUCJIO «Ha camoM pese». OHa
OTBEYaeT Ha BOIIPOC, KaK YKCJIa ce6sl BEYT.

Y ¢dusuku nosioxkeHrne o6paTHOE U MO-CcBoeMy 6oJiee rievanbHoe. E€ yTBepKIeHus MpOBepsoT-
CSI OTIBITOM — HO NUMEHHO IT03TOMY HU OJJHO M3 HUX HE OKOHYATEeJIbHO. Besikas pusndyeckast Teopust
MMeeT 006J1acTb IIPUMEHUMOCTH, U IPaHUIly 3TON 06JlacT OOHAPYKUBAIOT, Kak IPaBUJo, TOTTA,
KOTJa 3a He€ y>xe BblIM. MexaHrka HbloToHa He 6blj1a OTMEHEHA TeopUueil OTHOCUTEIbHOCTY; BbI-
SICHUJIOCh, YTO OHA — MPUOGIIVDKEHNE, OTIMYHOE TIPU MaJIbIX CKOPOCTSIX U HETOJIHOE TIPU GOJIbIINX.
TakoBa Xe, BEpOSITHO, CyAbba BCEro, YTO HATIMCAHO B 3TON KHUTE Jjajiblle TJIaBbl COPOKOBOM.

Puyapn ®erHMaH LIeHHOCTb HayKku

To, 4TO MbI Ha3bIBAEM HayYHBIM 3HAaHHUEM, ECTh COBOKYITHOCTb YTBEP>KIEHUI Pa3HOIi CTEeNeH!
IIOCTOBEPHOCTHU: HEKOTOPbIE COBCEM HEHAIEKHbI, IPYTHe IOYTH JOCTOBEPHBI, HO 26COJIIOTHO
MIOCTOBEPHBIX HET HU OJHOTO.

3aTo y IBYX CIIOCOO0B €CTh CBOMCTBO, KOTOPOTO HET y KXIOr'0 [0 OTAEJbHOCTU: OHU CTPaxXyioT
IpYr Opyra, 4 I0YTY BCEra B pa3Hble CTOPOHBL. OMMOKY B BBIKJIA/IKE JIOBUT Pa3MEPHOCTb — TO €CTh
Cl)I/IBI/IKa JIOBUT MaTeMaTI/IKy. OIIII/I60‘{HYIO Cl)I/IBI/I‘{eCKYIO I/IHTYI/IILI/IIO JIOBUT O0KaA3aTEJILCTBO: BAM Ka-
XKETCH, 4YTO TSDKETIOE JOJIDKHO I1aJaTh 6bICTpee, a cBs3aHHble KaMHU ["anuieda ITTIOKAa3bIBAIOT, YTO 3TO
MIPEIOJIOKEHNE CaMO CEOE TPOTUBOPEUNT, — MATEMATUKA JIOBUT (PU3UKY. Jlasibllle B KHUTE TaKUe
rapbl 6y,ILYT BCTp€YaTbCA IIOCTOAHHO, U CTOUT B3ATb 3a IIPABUJIO ITPOBEPATH HOBOE yTBepxmeHMe
000MMU CIIOCOOAMU: TTOCYUTATH NopsAAOK BEJIMYMHDBI U TIOCMOTPETD, HE cnenyeT JIU U3 HETO Yero-
HUOYb 3aBEIOMO JIOKHOTO.

1 ocraércd BOnpoC, Ha KOTOPBIM HET OTBETA HUA Y TOW HAYKU, HU Y IPYTOM: TIOYEMY MaTeéMaTHKa
BOOOI1IE paboTaeT B pusuke. Eil 970 He 06513aH0. Yncia NpuAyMbIBaJY, CYMTas OBEll; KOMIIJIEKCHBIE
qucsa — pemniasi Kyoruueckue YpaBHEeHUs Ha CIIOp; PUMaHOBY FeOMETPHUIO — M3 YUCTOTO JIIOOOIIBIT-
CTBa, 4TO OyJleT, ecId OTMEHUTD ISIThIi 1ocTyat EBkinaa. Hu B 04HOM 13 3TUX CJlyyaeB HUKTO He
IlymaJl o Ipupoje. A IOTOM pa3 3a pa30M OKa3bIBaJIOCh, YTO FOTOBAS MATEMATUYECKas KOHCTPYKLIMSA
B TOYHOCTU OIIMCBIBACT q)I/ISI/I‘-IeCKOG SABJIEHUE, O KOTOPOM eé dBTODP IMOHATUSA HE UMEJL.
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®usuk FOmxuH Buriep Hanucasn 06 TOM CTAThIO C TOBOPSIIIMM Ha3BaHUEeM — «HenocTukumast
5P PEKTUBHOCTL MATEMATUKM B €CTECTBEHHBIX HAYKAax»!> — 1 4ECTHO 3aKOHYMJI TEM, YTO OOBACHE-
HUg y 9T0ro HeT. PopmysnpoBKa BurHepa CTOUT TOro, YTOOB! €€ 3alIOMHUTB: 3TO Aap, KOTOPOro
MBI He TOHMMaeM U He 3aCIy>Kuiu. Bes manbHeiimast KHUra — B HEKOTOPOM CMBICTIE TIOJIPOOHBIH
pacckas o0 TOM, KaK 3TOT Jap paboTaeT, 6e3 eJMHOI IOIbITKY OOBbSICHUTb, OTKY1a OH B3SJICSL.

0.12 Kak ycTpoeHa 3Ta KHura

Ocranoch 0OBbSICHUTD YCIIOBHBIE 3HAKMU.

Bpesku — 4dyxxue rosoca. Bc€, 4T0 CTOUT B paMKe C UIMEHEM aBTOPa M Ha3BaHUEM KHUTHY, HaIlK-
caHo He MHOM. OcTasbHOM TEKCT — MO, M OTBeYalo 3a Hero 4.

CHOCKU 8HU3Y CMPaHuubl — oaTsepxaeHust. OHU CTOSIT TaM, I'Zi€ YTBEPKIEHUE MOKHO U CTO-
UT [IPOBEPUTH: 1aTa, YUCJI0, 0OCTOSITENbCTBO. UNTaTh UX HE 00s513aTE€JIbHO — TEKCT Ha HUX HUTLE
He ONMPAETCsl, — HO €CJIM YTO-TO I10Ka3aJI0Ch HENPaBAOIIOL00HbIM, Bbl CPa3y BUAUTE, OTKYZA 3TO
B351TO. Bo Bpeskax, Iie CHOCKa Mellasa Obl, MICTOYHUK YKa3aH CTPOKOI BHU3Y CaMOU Bpe3KUu. MHe
9TO NPABUJIO JUCLUILUIMHUPYET PYKY: 32 KOKAON TAKOM CCBIJIKOM CTOUT MECTO, e sl 00513aH ObL
CBEPUTHCS, & HE BCIIOMHUTb.

Cnucok «4Ymo vumamov dasbuwie» B KOHLE — COBCEM JIPyTroe: He II0ITBEPIKIEeHUS, @ KHUTH, KOTO-
PBIE CTOUT NPOYECTb LIEJIMKOM, C IIOSICHEHUEM, 3a4€M KK asl.

Baoku «IIpoeepvme ceba» — 3a1a4u; OTBET K HUM BCEIla HABEPXY CJIeYIOLIEll CTPaHULbl, U He
paHble. 3a4eM Tak CIEeJIaHO, CKa3aHO B [IPEIKCIIOBUU. 3alauy B K&XKIOM I1aBe IByX COPTOB: OfHA
YTO-HUOYb CUUTAET WJIM U3MeEpseT, Ipyras TpebyeT AoKa3aTh WY JIOBUT HA MHTYULIUU. DTO He
yKpalleHue, a pabodee IPaBUjIO KHUTU: Y K&KI0M CTOPOHBI CBOSI IPOBEPKA HA IIPOYHOCTb.

Pamxu c QR-xodom BeLlyT Ha BUJI€0 — B OCHOBHOM Ha JieK1juu Yositepa JleBUHa U poJIMKY KaHasla
3BluelBrown. HexoTopsle Bely Mpole OA4UH pa3 yBUAETb B IBUXKEHUU, YEM [IPOUYUTATD IIPO HUX
CTpaHULy.

Pasdenvt ¢ nomemxoll «pakyapmamueno» comepXaT BbIKJIAIKU, KOTOPble MOXXHO ITPOIYCTUTb
6e3 roTepu HUTU.

MocmoTpeTb. KaHan 3BluelBrown NpaHTa CaHAepcoHa — nyyllas MaTeMaTn4eckas aHu-

EEII B I;ﬂ Mauunsa U3 cylecTByoWwmx. K aTon rnase 6amxe Bcero ero pasbop 3agayv o AeneHumn
i‘it £ ke Kpyra: TaM BUAHO, OTKyna 6epéTcsa 4eTBEPTas CTENEeHb U MOYeMy MNepBble NATb YJIEHOB
oot o

E;ﬁEEEE E — 4ucToe coBnafeHve.

ol oFaie, |

https://www.youtube.com/@3bluelbrown

A TEINEPb — IIE€PBAA 4aCThb. OHa HauYMHAETCsI C CaMOI'0 OOBIYHOT'O Jeia: Jrioan 3aX0TEJIN YTO-TO 10—
cyuTtath. Y mouytu Cpaidy BbIACHUIIOCH, YTO ITIOCYUTATh N USMEPUTDL — PA3HbIC BEIIU.

15 Burnep E. Henoctmkumas 3G PpeKTUBHOCT MATEMATHKY B €CTECTBEHHBIX HayKax // YOH. 1968. T. 94, Boir. 3. C. 535-546.
— Wigner E. P. // Communications on Pure and Applied Mathematics. 1960. Vol. 13, N21. P. 1-14.
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YACTb | « TTTABA 1
CyerT: oTKyna B3fJIUCb YUCIA

B 1937 rozy Ha packKomkax B MOPaBCKOM cejieHnHU JlospHU-BecToHUIe Hau 06JI0MOK BOJIYbEN
KOCTH C 3apyOKamu. 3apyOoK ISIThAECAT IISITh, OHU CTPYIIIIMPOBAHBL 110 MATh, & [IOCJE ABAALATh
TATOM C/le/IaHa 3AMETHO JJIMHHEE OCTaJIbHBIX. KOCTH OKOJIO TPU/ILIATH THICSY JIeT. !

MEI He 3HaeM, YTO CcuUTall €€ BIafesel: AHY, ToObIvy, JoAel, ¢pasbl JyHbl. 3aTO TOYHO 3HAEM
KO€-4TO APyroe: oH He ymeJsi cyuTath. CJIOB I YMCEN Y HETo, CKOpee BCEro, He Ob110. OH Aesnan
€IJMHCTBEHHOE, YTO OBLIO AOCTYIHO, — KJIaJl 3apyOKy 3a KaxKAylo Belp. [ BCE e IyimHHas 4ep-
Ta [I0CJIe ABAALATY IISITU O3HAYAET, YTO OH y>Ke HallyIas IJIaBHbIN MPUEM: CIUTATD IIPOIE He 10
O HOMY, a TPyIIIaMHu.

C aT0M1 KOCTU ¥ HaUHEM. Ynciia — Belllb HACTOJIBKO IIPUBBIYHAS, YTO KAXKYTCSI YACThIO IPUPOLbI,
BpoZe KaMHel U Bojbl. Ha camoMm Jesie ux NpUIsIoch U300peTaTh, U 3TO 3aHSJO0 Y YEJIOBEYECTBA
HECKOJIbKO IECSITKOB ThICSY JIET.

A 6s11Ke K KOHILY IJ1aBbl BBISICHUTCSI BTOPast [1I0JI0OBUHA TOH K€ UCTOPUM: YMCJIa, KOTOPIMU CUM~
TaloT, 1 YNUCJId, KOTOPbIMU U3MEPAIOT, — HE OJHO U TO K€, 1 pa3HULIA Me>1<;1,y HYMU Ba’)KHEE, YEM
KaXkeTcsl.

1.1 «CtonbkKo Xxe» be3 uucen

[IpencraBbTe nacTyxa, KOTOPLIM HE 3HAET HUA OLHOTO YMCJIUTEIbHOTO. YTPOM OH BBITOHSIET CTA[I0,
BEeUepOM 3aroHsieT oopatHo. Kak emy y3HaTh, BCE JI1 OBLbI BEPHYJIACH?

Crioco6 ecTb, 11 OH paboTaeT, He Tpebysl BOOO1Ie HUKAKOTro CYETa. YTPOM Ha KKIYIO BBIXOTSIIYIO
OBIy IIaCTyX KJIaNET B MEIIOK KaMellleK. Bedepom Ha KaXyio BXOISLIYIO BBIHUMAET 10 KaMelIKY.
Memok onycres — BC€ B nopsuke. OCTasncs KaMeIeK — OJHOW OBLBI HET.

O6paTuTe BHUMaHME: 1ACTyX TaK 1 He y3HaJl, CKOJIBKO y Hero oBell. 1l eMy 5To He T0Ha[061I0Ch.
OH cpaBHMJI JB€ COBOKYIIHOCTHU, HU pa3y UX HE COCYMTAB, — IIOCTABUB Ka)KJOU OBILE B COOTBET-
CTBUE POBHO OJJMH KaMelIeK.

TS

KaMelwkKun . . . . .
Ka>X[0/ oBLle — POBHO OOWVH KaMellek, N HaOﬁOpOT

Puc. 1.1. B3aMHO-04HO3Ha4YHOe COOTBETCTBME. [MacTyx He 3HaeT, CKOJIbKO Y Hero oBelLl, 1 He cobnpaeTcs y3HaBaTb:
€My [OBOJIbHO TOr0, YTO MELLOK ornycTesn. TeM e npuémom B rnase 51 6yayT cpaBHMBaTbL HE€CKOHEYHOCTMU.

[Tprém Ha3pIBaeTCsl B3AMHO-O/JHO3HAYHBIM COOTBETCTBHEM, U 9TO camasl IIIyOboKast ujest BO BCcei
3TOM r1aBe. 113 He€ BLIPOCIIO IIOHSITHE YUCIIA: IIECTh» — 3TO TO 06lIee, YTO €CTh Y BCEX COBOKYITHO-
CTeil, ME>KIy KOTOPbIMU MOYXHO YCTaHOBUTb TaKOE COOTBETCTBUE. IllecTb pbIOOK, IECTh KAMEIIKOB,
[IeCTb MMHIBUHOB — OJHO U TO KE IIECTh.

CtuBeH Ctporay, YnososibcTBYE OT X

1 Ifrah G. Histoire universelle des chiffres. Paris: Robert Laffont, 1994. (Pycckoro nsziaHust HET; €CTb aHIJIMICKUIT IEPEBO;
The Universal History of Numbers. New York: Wiley, 2000.)
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Yucno wectb 6onee acheMepHo, 4EM «LIECTb PbIOOK», — UMEHHO NMOTOMY, 4TO OHO YHUBeEp-

cayibHO. lIlecTb MOXKET OBITH YETO YrogHo: MECTb TapEJIOK, MECTh IMHTBUHOB, IECTDb PA3 ITPO-—
M3HECEHHOE CJIOBO «PbIOKa».

CToUT OTHEJIbPHO OLEHWTb, HACKOJIBKO 3TO HEOYEBUAHBIN mar. YToObl HOZYMAaTbCs OO 4YMCIIA
«II€CTb», Hy)KHO 3aMETUTh, YTO Yy LIECTU PbIOOK U IIECTU JHEI HET POBHO HUYETO OOILIET0, KpOMe
OJHOTO CBOVCTBA, — 1 YTO MMEHHO 3TO CBOMCTBO CTOUT BbIIEJINTh, HA3BaTh U U3y4aTh OTHAEJILHO OT
PBIOOK U iHel. [lepBas B ucTopuu abeTpakiys Takoro posa. Bcé€ ocranbHOe B 3TO KHUATE — BKJIIO-
Yasi 110Jis, KBAHTbl U O€CKOHEYHOCTU Pa3HOro pa3Mepa — CIEJIAHO TEM K€ IIPUEMOM: BbIIEJIUTD
ob1iee, 3a0bITh IIPO OCTAJILHOE.

1 ewmé: 3anoMHUTE I1aCTyXa ¢ KaMelIKaMu. bivke K KOHIY KHUTY Mbl IDUMEHUM POBHO 3TOT
pUEM K 6€CKOHEYHBIM MHOKECTBAM — U MOJIyYMM CaMblil yAUBUTEJIbHBIN PE3yJIbTaT U3 BcexX. OKa-
3bIBAETCS, CPABHUBATD «CKOJILKO» MOKHO M TaM, IJI€ COCYUTATh HEJIb3Sl B IPUHLMIIE.

MpoBepbTe cebsn

HaCTyx, HE YMCIOIHI/Ifl CYUTATh, XOYET Y3HATh HE «BCE JIX OBLBI HA MECTE», a APYroe: 4€ro y
Hero 0oJibllle — oBel uiun Ko3. Kak €MY 9TO BbISICHUTD, IIO-TIPEXKHEMY HE cyuTasa?

Kameluek, KOTOprﬁ CTaJ BblYUCJIEHUeM

JlatuHCKOe calculus o3HavYaeT «kKameniek». PUMJIsHe cuuTasu, nepeKiaibBas KaMenKy 110
JKeslobKkaM CYETHOM JOCKM, — U OT dTHUX KaMELIKOB MPOM3OIIJIMN CJIOBA «KAaJIbKYJISITOP» U
«KaJIBKYJISIIUS». BpauebHoe «KaMeHb B II0YKE» — TO K€ CaMoe€ CJIOBO, JOCTaBLIEECs] MeAU-
LIMHE IO NPSIMOMY 3HaueHMI0. Tak 4To, BKJII0Yasl KaJbKyJsTOP, Bbl OYKBAJIbHO TOBOPUTE «Ka-
MEIIKOCYET.

WcToyHmk. Menninger K. Number Words and Number Symbols: A Cultural History of Numbers. Cambridge (Mass.):
MIT Press, 1969. (AHrmiickuii mepeBoi HEMELKOro opurnHana «Zahlwort und Ziffer».)

1.2 OpwuH, pBa, MHOIro

CrnoBa 1151 YMCeJ MOSBISIIOTCS HE CPa3y U He BCeE.

B s3pike nupaxa, Ha KOTOPOM FOBOPUT HEOOJIBIION Hapo, B 6acceiiHe AMa30HKHU, TOUHBIX YMC-
JINTEJIbHBIX, ITO OIIMCAHUSIM pa60TaBm1/1x C HUM JIMHTBUCTOB, HET BOBCE. EcTtb cy10Ba co 3HayeHUEM
[IPUMEPHO «MaJIO», «[1000JIbLIE» U «MHOTO» — U Jla’ke TO, KOTOpOe NEPEBOJAT KaK «OJUH», B Pa3-
HBIX CUTyalMsIX 03HAYaeT TO OLHY Bellb, TO ABe. Korma uccienosaresny npenjaraai HOCUTEISIM
SI3bIKa BBIJIOXKUTb CTOJIBKO K€ OPEXOB, CKOJIBKO UM I0Ka3ajd, 0 TPEX WITYK CIPaBJISIUCh BCE, a
Jajbllle TOYHOCTD OBICTPO Iajiajia — MPY TOM YTO HUKAKUX IIPOGJIEM C MHTEJIJIEKTOM Y JIIoZlel HeT.
HpOCTO B X )KM3HMW HE BO3HUKAET 3a1a4, I'’1€ HY)KHO OTJIMYUTH BOCEMB OT IrHCBHTI/I.2

Crenibl 5TOY CTYIIEHUM OCTAJIMCh U B HAIIUX SI3bIKAX. PYCCKUE «OIMH» U «IBa» CKJIOHSIOTCS NHAYE,
YeM OCTaJIbHbIE YUCJUTEJIbHBIE, U TPEOYIOT 0COO0¥ (POPMBI CYIIECTBUTEIBHOTO: «7Ba JOMa», HO
«TISITH TOMOBY». AHTTIMHACKOE pair, brace, couple; TBOMCTBEHHOE YKCIIO, ObIBIIEE OTAEIbHON rpaMMa-
TU4YecKol (OpMOIl B IPEBHUX SI3bIKAX, — BCE TO MaMsTh O BpEMEHax, KOIjia JBOIKa elé He Obla
«IIPOCTO OJHUM U3 YHCEJI».

Crnioco6HOCTb pas3inyaTh HebOJIbIINE KOJIMYECTBA, CYAs 110 BCEMY, CTaplle YejoBeKa. BOpOHbI
Y TosIyou HaAEXXHO OTJIMYAIOT ABa OT TPEX U TPU OT YETHIPEX; MUESbl, KOTOPBIX YUMUJIU JIETETh K
4YeTBEPTOMY OPUEHTHUPY, HAXOMST €70 U B HOBOM PS/LY; JIbBULIBI 10 YMCJITY YCJIBIIIAHHBIX TOJIOCOB

2 Everett D. L. Cultural constraints on grammar and cognition in Piraha // Current Anthropology. 2005. Vol. 46, Ne4. P.
621-646. » Gordon P. Numerical cognition without words: evidence from Amazonia // Science. 2004. Vol. 306. P. 496- 499.
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OTBeThl

BeIrOHATH UX MapaMu: OJHA OBLIA — OAHA K033, OJIHA OBIla — OJHA K03a. KTO KOHUNTCS MEepPBbIM,
TOTO U MeHblle. Eciii KOHYMINCh OJHOBPEMEHHO — [IOPOBHY.

Hu opHOro 4ncia onsiTh He MOHAL00MIIOCh. 3aMEThTE, YTO 3L,ECh MBI Y>)K€ CPAaBHUBAEM HE C MEIll-
KOM KaMeIlIKOB, a [iB€ HACTOSIIIE€ COBOKYITHOCTY MEXy COOO0I, — 1 [10JIy4aeM /1Ba OTBETA: PaBHO
WJIM HET» U «4ero 60Jblie». DTO pOBHO TOT UHCTPYMEHT, KOTOpbIM KaHTOp B r1aBe 35 6yzeT cpaB-
HUBaTb 6ECKOHEYHOCTH: TaM OKaXKETCSI, YTO YETHBIX YMCEJI «CTOJIbKO SK€», CKOJIbKO BCEX I[EJIbIX,
MIOTOMY YTO UX MOKHO BBICTPOUTb TAKMMU MTapamM.

pelaoT, BCTYNAaTh JIM B PaKy ¢ 4y>KuUM mpaigom. [llnmnanze Aiomy, KOTOporo B KHOTCKOM yHU-
BEPCUTETE YYWIM PaboTaTh C [UppamMy Ha dKpaHe, 3a[IOMUHAET PACIIOJIOKEHNE AEeBITH YUCeT 3a
JI0JIV CEKYH]IbI — GBICTPEE U TOYHEE GOJIBIINHCTBA JIOEi.3

Hu 0HO 13 9THX KMBOTHBIX HE CYMTAET B HAIIEM CMBICJIE: OHU HE CTPOST Psifl, HE IPUOABIISIOT
€IIMHUILy, He 3HAIOT, YTO II0CJIe OeBITU UAET necsaTb. OHU OLLEHUBAIOT KOJIMYECTBO — MIPUMEPHO
TaK ke, KaK Mbl Ha I'J1a3 OLleHMBaeM, KOro 60Jiblile B IByX KOp3uHax. Pa3Hulla MexXy 5TOH OL€HKOM
Y HACTOSIIIMM CYETOM — Ta K€, YTO MEXIY «Ha IJ1a3 TyT MeTpa I10JITOPa» U JIMHENKO.

JII060TBITHO, YTO U Y HAC CAMUX CYET YCTPOEH JIBYXCTyNEeHYaTo. [0 YeThIPEX NMPeIMETOB YeJI0-
BEK OIpeieJIsieT KOJMYECTBO MTHOBEHHO, HE CIUTAs], — 9TO HA3bIBAETCS CyOMTH3aLMel U paboTaeT
JIaXe y MyIaJieHLIeB 1 y ITyll. HaunHas ¢ Ty BKJII0YAETCSI COBCEM JPYrOil MEXaHU3M: IIPUXOIUTCS
[IepeCcyYnThIBATh [10 OAHOMY. ['paHuIIa MEXXTY «BIIKY, YTO UX TPU» U «CUUTAIO: pas, 1B, TPU, YETbIPE,
MSTh» — 9TO, I0-BUIMMOMY, Ta K€ Camas rPaHULIa, YTO U B A3bIKe nupaxa.*

1.3 TlMouemMmy pecaTb

I[a]IbIHe HY)KHO KaK-TO HAa3bIBaATh 6OJ1LIHI/IC KoJsinyecTtBa, 1 TYT YE€JIOBEYECTBO HE3aBNUCUMO B paBHLIX
MeCTax MPUILJIO K OGHOMY PELIEHUIO: CYUTATD IPYIIIAMU.

Pasmep rpynmnsl — OCHOBaHME CUCTEMBbl — BbIOPAH HE U3 MaTEMaTUYECKUX COOOPaXKEHNUH, a IO
AHATOMMYECKUM. JIeCATb — IIOTOMY UTO MAJIbLEB AECITh. [IBafUaTh — IIOTOMY YTO BMECTE C IaJlb-
LJaMU{ HOT. [IBafilaTepUyHBI CUET IO CUX [IOP TOPUYUT U3 (PPaHIy3CKOTO SI3bIKA: BOCEMbIECST 10~
(dpaHLy3cKu — quatre-vingts, «4eTbIpe ABaALATKU». B TaTCKOM elé npuyyaarBee.

JBeHafaTh — MOTOMY YTO Ha YETHIPEX Majbliax PYKU ABEHaALATh (ajiaHr, U UxX yIoOHO Cuu-
TaTh OOJIBIIUM MaJblieM TOUN K€ PYKHU; OTCI0/IA NIOKMHA, AI0>KUHA I0KUH (TPOCC) U JBEeHaAaTh
MecsILeB. A MeCThAECAT — IIOTOMY YTO DTO IISITh pa3 110 JBEHaLaTh: O4HA pyKa OTCYMTHIBAET (a-
JlaHTH, Apyrasg — natépku. lllecTuaecaTepruyHbIi CYET BABUJIOHSIH MBI HOCUM Ha 3aIISICThE O CUX
HOpZ MeCTbaeCcAT CCKYHIL B MI/IHYTeY IMeCTbIECAT MI/IHyT B 4ace, TpI/ICTa MeCTbOeCAT I‘paﬂyCOB B
OKPY>KHOCTH.?

31eCb CTOUT CKa3aThb BCIIYX BELIb, KOTOPAsi IPUTOAUTCS Y€PE3 HECKOJILKO pasfesios. OCHOBaHUE
CUCTEMBI — YUCTbIN NPOU3BOJ.. OHO HMYErO HE FOBOPUT O YMCJIAX, OHO FOBOPUT O pyKax. Yucio
IBEHAALATh HE CTAHOBUTCS APYTMM OTTOrO, YTO BbI 3aIIMCAJIM €0 KaK «12», «C» unu «1100». PoBHO
TO K€ CaMOoe ITPOU30UIET C eIUHNLIAMU U3MEPEHUS: METP HE CBOMCTBO IIPOCTPAHCTBA, & CBOVICTBO
IIOrOBOPEHHOCTU. Pa3nuyaTs, rjie KOHYaeTCs PUpoa U HAaUMHAEeTCs Halll BbI60p 0603HAaYeHUH, —
OJVIH U3 IJIaBHBIX HABBIKOB, KOTOPBIM YUUT 3TA KHUTA.

Mouyemy B Kpyre umeHHo 360 rpaaycos

[ToTromy 4TO BaBUJIOHSHaM 6bL7I0 y06HO. Yucso 360 nenutcs Ha 2, 3, 4, 5, 6, 8, 9, 10, 12, 15, 18,
20, 24, 30, 36, 40, 45, 60, 72, 90, 120 u 180 — nBanuaTh YeTbIpe HenuTesns. Kpyr MoskHO

3 Dehaene S. The Number Sense: How the Mind Creates Mathematics. Rev. ed. Oxford: Oxford University Press, 2011. ¢
McComb K., Packer C., Pusey A. Roaring and numerical assessment in contests between groups of female lions // Animal
Behaviour. 1994. Vol. 47. « Inoue S., Matsuzawa T. Working memory of numerals in chimpanzees // Current Biology. 2007.
Vol. 17, Ne23. P. R1004-R1005.

4 Dehaene S. The Number Sense (ykas. cod.).

5 Ifrah G. Histoire universelle des chiffres (ykas. cod.). ¢ Menninger K. Number Words and Number Symbols (yka3. cod.).
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HapesaTb Ha paBHbIE YaCTH IIOYTH KaK YTOJHO, HU Pasy He BCTpeTuB fpobu. Y uyucia 100 ne-
JIATEJIel BCEro AeBATb. Mbl I10J1b3yeMCsl BABUJIOHCKHAM BBIOOPOM Y€TBIPE THICSYM JIET IO ST,
NIPUYEM OJJHOBPEMEHHO C AECSATUYHOU CUCTEMOM, — U HUKOTO 3TO HE CMYIIAET.

WcToyHmk. Heiirebaysp O. Tounsle Hayku B ipeBHOCTH / 1iep. ¢ aHriL. E. B. Toxman. M.: Hayka, 1968. — Neugebauer
O. The Exact Sciences in Antiquity. 2nd ed. Providence, 1957.

NMpoBepbTe cebsn

Sanumute yucio 2026 Tak, Kak 3anycai 6bl ero BaBUJIOHSHUH, — B HIECTUECITEPUIHON CU-
creme. To ecTb HAUIUTE, CKOJIBKO B HEM LI€JIBIX IIECTUNECITOK Y CKOJIBKO OCTa€TCS CBEPX
HUX.

1.4 No3uuusa n HOJb

VmeTs Ha3BaHUA 114 Yucesl — nosnesna. 'opasno BakHee, KaK UX 3alliChIBATD.
Pumckas 3anuch yCTpoeHa Mo NMPUHLMITY «CJIOXKU TO, 4YTO BUgulb»: XLVII — 310 «6€3 mecaru
[IATbIECAT, A IITh, 1A ABa». YUTATb MOKHO, CKJIa[IbIBATh C TPYLOM, YMHOKATb [I0YTU HEBO3MOXKHO.

MpoBepbTe cebn

He nepeBojs B npuBbIuHbIE LUPPBI, YMHOXbTE XLVII Ha XIX. [laiiTe cebe Ha 3TO NSITb MUHYT
— He pajy OTBETA, a paAy OLIyLIeHNS.

BbIxo/, — MO3ULIMOHHAS 3alIMCh: 3HaUYeHue UUpbl 3aBUCUT OT TOTO, HA KAKOM MECTe OHa CTOUT. B
yuciie 333 TpU OAMHAKOBLIX 3HAaKa 03HAYAIOT TPU COTHU, TPU [ECATKA U TPU eAuHuLbl. Takad 3a-
IMCh Cpasy AA€T NpaBUJia JeiCTBUN CTOJIOMKOM, KOTOPBIE B LIKOJIE KKYTCsl CKYYHON MEXaHUKOM,
— a Ha CaMOM JieJIe 3TO OJHO U3 BEJIMKUX U300pETEeHNI1 4eI0BEYECTBA.

ThICAYN COTHN [ecAaTKn eqnHnLUbI

acnmenms 3 3 3 3
Tomme MMM CCC XXX I

OZIHO N TO »Xe Yyucnao — 3333

Puc. 1.2. CneBa HanpaBo — pa3pAanbl; B obenx CTpOKax 3anncCaHo O4HO 1N TO XXe YncJo. Y Hac 3HaK BO BCeX pa3panax
OOVH 1N TOT )K€, @ 3HAa4YUT OH TO, YTO 3HAYUT €ro MecTo: oTCtoda CToNbuK, nepeHoC N CKOJIbKO YroaHo pa3psanos. y
puMnAaH BeC BLWUNT B CaM 3HakK, U pa3pdanbl KOHYalOTCA BMeCTe C 6yKBaMVIZ M — 3TOo ThiCA4a, @ MWIJIMOH 3anuncaTb

y>xe HeyeMm.

Ho y no3uijoHHOM 3anucu eCTh LieHA: HY>KEH 3HaK [J1s1 IIyCTOro paspsia. bes Hero 33 u 303 Hepas-
JIMYMMBL. DTOT 3HAK — HOJIb.

CHauasia OH ObUI IPOCTO 3aIllOJIHMUTEJIEM: BAaBUJIOHSIHE CTaBUJIM B IIyCTOM Paspsifiec 0COOYIO M0~
MeTKy. YucsioM HoJib cTan B Miuguu. B 628 rony bpaxmaryrnra BliepBble OIMCall €ro Kak IOJHOIPaB-
Hoe uncso® u chopmymMpoBa npasuia JENCTBUN C HUM: 9TO TIOJIYYUTCS, ECJIU K HYJIIO IPUGABUTS,
13 HYJISl BbIYECTDb, HA HOJIb YMHOXKUTb. [IpO esieHne Ha HOJIb OH TOXE Hamucal — U omubces; Ha
Paszbop 3TOro MecTa yIIJIO ellé ThICSYY JIET, 1 Mbl K HEMY y’Ke BO3BpallaJIMCh B IIpoJIore, pa3drpas
[O0Ka3aTeJabCTBO TOrO, 4TO 2 = 1.

6 Bpaxmarynra. Bpaxmacnxyracugnxanra. 628. « Ifrah G. Histoire universelle des chiffres (ykas. cou.).
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OTBeThl

2026 = 33 x 60 + 46, TO €CTb TPUALATH TPU MIECTULECATKYU U COPOK LIE€CTh. BaBUIIOHSIHMH 3amucail
ObI 5TO IByMSI TPyIIIIaMU KJIMHBIMIKOB: «33, 46».

CaepbTe cebs TeM Xe MPUEMOM Ha MPUBBIYHOM Marepuasne: 2026 ceKyHI, — 3TO 33 MUHYThHI 46
CEKYHZ, BBI TOJIBKO YTO II€PEBEJIN YHCIIO B INECTUNECITEPUIHYIO CUCTEMY, U I€JIA€TE 3TO BCSIKUN
pas, Korjia CMOTPUTE Ha 4achl.

OTBeThI
OtBeT: DCCCXCIII, To ecthb 893.

Ho 1njeHHOCTh 3a5ja4ul HE B OTBETE, a B OLIYIIEHUH 6€CIIOMOIIHOCTY. B pMCKOU 3anucu HeT pas-
PSNOB, @ 3HAYUT, HET U MPaBUJ CTOJIOUKOM: IIudpa He NMeeT COOCTBEHHOTO Beca, e€ 3HaYeHUe
3aBucuT oT cocezell (I nepen X — 3To MuHyC onuH, I nocsye X — Mi0C OfyH). YMHOXAaTb IIPU-
XOAWJIOCH He Ha OGymare, a Ha CUETHOM JJoCKe, IIepeKyIaiblBasi KAMEUIKY, — U 3allAChIBATh TOJIBKO
pe3yJIbTar.

limeHHO noatomy c4€T B EBporne 6b11 npodeccueil. YenoBek, yMEINW YMHOXaTb, CTOUJL 1€~
HET — U, MEXIY IIPOYNM, ell€ B XVI BEKe DOIUTEISIM COBETOBAJIM OTHABATh ChIHA B UTAJIbIHCKUI
YHUBEPCHUTET, €CJIN TPeOYeTCsl, YTOObI OH OBJIAJIEN JeJIEHUEM.

Wctounmk. Ifrah G. Histoire universelle des chiffres (ykas. cou.).

Kak 3T uudcdpbl nonasam K HaM

3HaKu, KOTOPBIMU MBI [TMIIE€M YMCJIA, HA3bIBAIOTCSI MHA0-apabCKMMU — 1 Ha3BaHME TOYHO OIUCHI-
BaeT MapupyT. [Ipuaymanu nx B IHgum, yepes apabCKUX MaTEMATUKOB OHU 10T1aJIA B MyCYJIbMaH~
ckyio Vcnanuto u CeBepHyto AQpuKy, a B EBpony ux npusés Kyreueckuil cbiH U3 [1n3bl.

Jleonapmno IuzaHckui, u3BeCTHbIN Kak GUOOHAYYM, BEIPOC B AJDKUpE, Ie OTell BEJT TOPrOBbIe
Zesia, M Hay4dmIICsl CYMTATh y apabCKUX CYeTOBOZOB. B 1202 rozy on BbimycTui «KHury aGaka»,’ B
KOTOPO¥ OOBSICHSII €BPOIeNiaM HOBYIO 3allMCh — C HYJIEM, Pa3psilaMy U NIPaBUJIaMU CTOJIOMKOM
— ¥ Y€CTHO II0Ka3bIBaJl, HACKOJIbKO OHA Yy 00Hee [JIsl TOPrOBbIX PACU€TOB. (MeXIy AeJI0M TaM XKe
CTOUT 3a/ia4a [P0 Pa3MHOXXEHKE KPOJIMKOB, U3 KOTOPOM BbIPOCJIA IT0C/IEN0BATENILHOCTD €T0 UMEHU,;
MBI K Hell BepHEMCSI, KOT7a OUIEM 110 PSITIOB.)

[IpuHsIIM HOBUHKY He cpa3y u 6e3 Bocropra. B 1299 rony nex meHs1 Bo QiopeHIuN OCTaHO-
BUJI, YTO CYMMBI B KHUTaX CJIeJyeT [ACATh HE COKPAIIEHHO, a CJI0BAMU, IIOJIHOCTbIO. CMBICJI ObLII
OyXraJaTepCKUii: COKPALIEHHYIO 3alIMCh JIETKO IOJIIPABUTh — HOJIb JOPUCOBBIBAETCS [JO MIECTEPKU
WU JEBATKY, €UHULIA 10 CEMEPKU, — a IPONUCHIO HE CMOLIEHHUYAEIb.

DTy UCTOPHUIO CTOUT PaCcCKa3aTh €€ U TOTOMY, YTO C HEY CJIyYUJIOCh HEYTO NIOYIUTEIIBHOE. 3a
XX BEK JIOKaJIbHOE 1I€XOBOE TPABMJIO PAa3pOC/IOCh B NepecKasax 10 «PiopeHnys 3anperusia apab-
CKUe Uu@pbI», a 3aTEM U 10 «LI€PKOBb 3alpelana 6€COBCKAE 3HAKU» — YTBEPKIEHUS, KOTOPOro
CaMy JOKYMEHTHI He coZepKaT BoBce. Pa3bopy 3TOro NpeppalleHus NOCBseHa OThebHas pabo-
Ta.8 MBI B 11poJiore o6ewany CrpammBaTh, OTKY/Ia YTO U3BECTHO; BOT CJIy4ail, KOTZa BOIIPOC AET
HEOXXUJaHHBIN OTBET.

JIBa Bexa B EBpoIle cocyllecTBoBaIn «abalCThl», CYMTABIIME HA IOCKE KaMelIKaMH, U «aJro-
PHUCTBI», CUMTaBIINE [IEPOM Ha Oymare; Ha rpaBlopax Hauyasa XVI Beka Ux Ja’ke u300paxkajlu COpPeB-
HYIOIMMHUCH.

[Tobeanin anropucTsl, U OHATHO [TOYEMY: TOCKA JA€T pe3ysbTar, a ymara — eué 1 mpoBepsi-
€MbII1 X0, BLIYMCJIEHUS. 3aMEeTbTE, YTO 3TO POBHO TOT XK€ [O0BO/, 10 KOTOPOMY B HAYKE LIEHUTCS U
OTBET, U TO, KaK OH I10JIy4Y€EH.

Y Hac nepexop cayuuscs emé nosxe. Jlo Ierpa I Ha Pycu ynciia 3anuceiBany 6yKBaMy KUPUJI-
JIALBI — «a3» OblIa €OUHULIEN, «BEIU» NBOMKOM, «IJIaroJib» TPOMKOM, — CTaBsl Hag, OyKBOI OCOOBIN

7 Sigler L. E. Fibonacci's Liber Abaci: A Translation into Modern English of Leonardo Pisano’s Book of Calculation. New
York: Springer, 2002.

8 Nothaft C. P. E. Medieval Europe’s satanic ciphers: on the genesis of a modern myth // British Journal for the History
of Mathematics. 2020. Vol. 35, N22. P. 107-136.
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3HAUYOK, TUTJIO, YTOOBl OTJIMYMATBH YUCJIO OT cjoBa. CUCTemMa 3Ta yHacjae[LoBaHa OT IPeyecKoi
U CTPala€T TEMU XK€ OOJIE3HSIMU: Pa3psLOB HET, HyJIsl HET, YMHOXATb CTOJIOMKOM HedeM. Apao6-
ckue uu@psl BBOLUINCH YKa3aMU BMeCTe ¢ 6pafobputueM U accambiesmu, U IepBblil pyCCKU
y4€GHUK, 10 KOTOPOMY YYMJIMCh CYMTATh II0-HOBOMY, — «Apudmerrkay Marauikoro 1703 ropa® —
IIPpUIIJIOCH ITNCATD IIOYTHU C HYJIA.

«Uuncdpa» U «<HOJb» — OLAHO CJIOBO

Apabckoe cugp 03Ha4YaeT «ITyCTOM» 1 ObLJI0 Ha3BaHUEeM 3HaKa /1J1s IIyCTOro pa3psza. B maTteiHu
OHO IIPEBPATHUJIOCH B zephirum, OTKyla UTAJIbSHCKOE zero U Hallle «3epOo»; a 110 IPYroy BETBU
— B cifra, oTKyza «uudpa.

To ecTb CJI0BO, KOTOPbIM MbI Ha3bIBa€M JII060U YMCIOBOM 3HAK, U3HAYAILHO 03HAYAJI0 UMEH-
HO HOJIb — 3HaK, KOTOPBI [OJIbIlle BCEX HE IIPU3HABAIN YUCIOM. Ciiebl 3TOTO OCTAJINCh B
S3bIKE: «MU(P» U3 TOrO e KOPHS, a BBIPAXKEHUE «ITYCTOEe MECTO» PO YesioBeKa — I0YTU
TOCJIOBHBIY I1€pEBOI,.

Wctoynmk. Ifrah G. Histoire universelle des chiffres (ykas. cou.). * Menninger K. Number Words and Number Symbols
(ykas. cou.).

Puxappn KypaHT u lepbept Po66uHC YTo Takoe maTtemMaTuKa?

«bor CO34aJ1 HaTypaJIbHbI€ 9YMCIIA, BCE Ipo4ee — MEJI0 PYK YEJIOBEKA». DTMu caoBamu Jleo-
T10J1b 1, KpOHeKep OIIpenesinia TOT HpO‘{HbIﬁ CIJy'HJ_IaMeHT, Ha KOTOPOM MOXET OBITb IIOCTPOEHO
30aHNE MaTEMATUKMU.

Kponekep umer B BUly pOBHO TO, O Y€M 3Ta KHUTA: BCE OCTAIbHOE — IPOOU, OTPULIATE IbHbIE YUCIIA,
KOPEHb 13 MUHYC €IMHUIIbI, 6ECKOHEUYHOCTH — JIIOAU AOCTPanBa/Id CaMU, KaKIblil pa3 yrupasch B
ouepeniHOe «TaK He OblBaeT». HaTypasbHble yncia — €IUHCTBEHHOE, YTO OCTAJIOCh HAM JJAPOM.

Mo3uuua 6e3 NMCbMEeHHOCTH

[To3uunoHHasA 3anKCh KaXKETCs N300pETEHNEM, KOTOPOE TpebyeT GyMaru 1 pa3BUTON MaTEMATUKU.
OTO He TaK, U JyYIIMil TOMY [IPUMEP — MHKMU.

[TMCbMEHHOCTH B HallIEM CMBICJIE Y HUX He ObL710. 3aTO Obla cucTeMa y4éTa, Ha3blBaeMasl KUILY:
CBs3Ka LIHYPOB, Ha KOTOPbIX 3aBs3aHbl y3JIbl. Y3JIbl CTPYIIIMPOBAHbI 110 YPOBHAM BIOJIb LIHYPA, U
YPOBEHb O3HAYAET Paspsifi — €IMHULBI, NECATKYU, COTHU, ThICSYM; TUII y3/1a KOJUPYyeT uudpy, my-
CTOM ITPOMEKYTOK — HOJIb. TO €CTh HACTOALIAA NeCATUYHAS IIO3UI[MOHHAsA CUCTEMA, BKIIIOYAd 3HAK
[IyCTOTO paspsja, — TOJbKO HE HalKMCaHHAas, a 3aBI3aHHasl.

rNaBHbIN LWHYP

ThiCAYN

$ COTHM

nycTo:

4 NEeCcATKN
3TO HOJb

® eanHNLbI

207 1304 521

Puc. 1.3. Kuny nHKOB: y3/bl Ha LWHypax. MecTo y3/a BAOJb LWHYpa 3a4aET paspsai, NyCcTol NpoMe)KyToK 03HavaeT
HOJMb. HacTosALasa AecaTUYHas No3nUnoHHasa cucteMa — 6e3 eMHON HanucaHHoOW LUNgpbI.

9 Maruuukuit JI. @. Apudmernxa, cupeds Hayka yucauTesnbHas. M., 1703. ¢ Jlenman W. §1. Uctopus apudmeTuxu. M.: Va-
nearus, 1959.
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Kuny Besnu cnienianbHO 00yUY€HHBIE CUETOBOIbI, U TI0 HUM JIEp>Kasu Y4€T rojaTen, ypoxkas, Hace-
JIEHUS U CKJIaJ0B MMIIEPUH, KOTOpasl TSIHYJIaCh HA YEThIPE THICSYU KUJIOMETPOB. Uncia YuTaoTCs
HaEKHO — 9TO YCTAaHOBJIEHO; UAIET CIIOP O TOM, KOAMPOBAJIOCH JIM HA KUITY YTO-TO, Kpome uucer.!”

Mopasb 371eCh POBHO Ta e, YTO C OCHOBaHMEM CHCTEMBI: TIO3UIIMOHHOCTh — 3TO HUes, a He
3anuck. E€ MOXHO BOIJIOTUTh YE€PHUJIAMH, KJIMHBIIIKAMU Ha [JIMHE, y3JlaMU Ha BepE€BKe WU Ha-
NIpsPKeHNEeM B TPAH3UCTOpPE, M OT 3TOTO OHA He UBMEHUTCS HU Ha HOTY.

1.5 OcHoBaHue MOrJjo ObiTb JIOObLIM

CToUT IPOrOBOPUTH BCJYX TO, YTO U3 IIPEABIAYIIMX PA3eJIOB CIeIyeT, HO BhITJISIAUT HETPaBIOIO-
IOOHO: IecsaTka He MMEeT K YMCJIaM HUKAKOTO OTHOUIEHHUS. DTO MPO PyKH, a He MIPO apuPMETUKY.
[TpaBusia IeNCTBUI CTOJIGMKOM OJAWHAKOBO XOPOIIO PA6OTAIOT MPHU JIIO6OM OCHOBAHUU — IIPU JIBE-
HA/ILIATH, IPY MECTUIECATH U IIPU JBYX.

OCHOBaHMe 3anuck Yucna 100 4YTO 3TO 3HAYUT
necaTb 100 1-100
nBa 1100100 64+32+4
" 10201 81+2-9+1
ABeHaguaTb 84 8-12+4
wecTbaecaT 140 1-60+ 40

HYNCNO OAHO N TO XKE — MEHAETCA TOJIbKO ﬂ,OFOBOpéHHOCTb O TOM, 4eMy paBeH Cﬂe,ﬂleLLLVIIZ pa3pan

Puc. 1.4. O4HO 4MCNo B NATU cUCTEMax. Y BaBUJIOHAH OCHOBaHUe LLIeCTbAeCAT, U «yngpa» Tam — cama o cebe
OBY3Ha4YHOE€ 4MUCno: oTCcioaa npo6en MexXxnay pa3pagaMn n BeHHad nytaHuua npun 4TeHnmn Tabnuyek.

JIBoiika — camoe MaJleHbKOE U3 BO3MOJKHBLIX OCHOBaHuUii: n1udp Bcero nse, 0 u 1. [Ipugymanu eé
33/10JITO JI0 BCSIKOM TEXHUKH; BCEPbE3 €10 3aHsIcs JIeiGHuL], ¥ He U3 IPaKTUIECKUX COOOPaKEHUH.
Hosb ObLI 11711 HETO CUMBOJIOM HEOBITHS, €IUHNIA — CUMBOJIOM OBITHS, 1 TO, YTO JII0OO0OE YKCJIIO
Ha CBETE 3aIMCBIBAETCA TOJIBKO OTUMU JBYMS 3HAKaMM, OH CUMTAJI JJOKA3aTEJIbCTBOM YCTPOMUCTBA
mupa.ll

MapTtun NapaHep MaTemaTn4eckne roioBOJIOMKU U pa3sBriedeHuns

Co BpeméH Jleii6HM1IA U BIIJIOTH [I0 HEJIaBHEr0 BpEMEHU JBOUYHYIO CUCTEMY CUMATAIN He 60-
jlee 4eM 3aHSITHBIM KypbE€30M, JIMIIEHHBIM KaKOH 6bl TO HU ObLJIO NPAKTUYECKO LIEHHOCTH.
Ho BOT MOSBUJIMCH BHIYMCJIUTEIBHBIE MAIIIMHBI.

Teneps IBOUYHAS 3aNIMCh — 3TO BOOOIIE BCE, UYTO MPOUCKXOIUT B KOMIIbIOTEPE, U 3a04HO JIY4IIIUil B
mupe POKyC AJIs1 ToKa3a IETIM.

10 Ascher M., Ascher R. Code of the Quipu: A Study in Media, Mathematics, and Culture. Ann Arbor: University of Michigan
Press, 1981. » Urton G. Signs of the Inka Khipu. Austin: University of Texas Press, 2003.
11 Leibniz G. W. Explication de l'arithmétique binaire // Mémoires de '’Académie Royale des Sciences. Paris, 1703.
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MpoBepbTe cebn

BoT 1n4Th KapTOYeK:

[

135791113151719 2123 25 27 29 31

II

2367101114 1518 19 22 23 26 27 30 31

I

456712131415 20 2122 23 28 29 30 31

I\Y

891011121314 15 24 25 26 27 28 29 30 31

A%

16 1718 19 20 21 22 23 24 25 26 27 28 29 30 31

[Tonpocute KOoro-HUOYAb 3a4yMaTh 4UCIo OT 1 1o 31 1 OTHATh BaM T€ KAPTOUKU, HA KOTOPBIX
OHO €CTb. bosiblie Bbl HUYETO HE CNPAIIMBAETE — U CPa3y Ha3hIBAETE 3ayMaHHOE.
Kak 310 menaercs u noyemy 3To paboTaer?

A ocHOBaHUe He 00s13aHO OBITh OOJIbIIE €JUHULIBI BO BCEX CMBICJIAX, K KOTOPbIM Mbl IIPUBBIKJIU:
1uQpbl, HAIPUMEP, MOTYT ObITH OTPULIATEIbHBIMU. 3BYYUT AUKO — I10KA HE YBUIUIIb, 3aYEM 3TO
HY>KHO.

MpoBepbTe cebn

Y Bac yalieyHsle BeChl 4 YeThIpe rupu. Hy>kHO yMeTb B3BECUTb JII0O0I LieJIbli Ipy3 oT 1 1o 40
KWJIOTPAMMOB — 10 OJHOMY pa3y, CTaBs TUPU Ha JIIOOYIO YallIKYy.
Kaxkue yeTnipe rupu B3sATh?

1.6 CocuuTaTb — He TO XKe, YTO U3MepUTb

JJo cux nop BCE, YTO MBI JieJsiau, 61710 CYETOM: OBLIbL, 3apyOKU, pa3psipl. Ternepb — BTOPast I0JI0-
BUHA IJIaBbl, 1 OHA IIPO TO, YEM M3MEPEHME OTINYAETCS OT CU€Ta. Pa3HUIA BRITJIIIAT MEJIOYBIO, a
Ha feJsie 9TO rpaHulia MC)KI[y ABYMA pa3HbIMU BUJaMU YUCEJI, U Ha Hel CIIOThIKAITCS Jame, 4eM
Ha 106011 popmyre.

Cyér pgaér uesoe 4uciio, 1 OHO ToYHoe. OBELL B 3aTOHE POBHO CEMHA/ILIATh; HE «IIPUMEPHO CEM-
HaJILIaTh», HE «CEMHAILATh IJTIOC-MUHYC OOHA». MeXy IEeCTHAILIAThIO M CEMHAIIAThIO HET HUYEe-
IO — HET OBLHI C NI0JIOBUHON. Takue BeJIMYMHBI Ha3blBAIOT JUCKPETHBIMHU, M C HUMU HATyPaJIbHBIX
YuCeJ XBaTaeT MIOJTHOCTHIO.

Vi3amepenue He JaéT 11eJI0T0 Yrcya HUKoraa. [InHa cTosa — He «I10JITOpa MeTpay, a «IoJITopa
METpa C TOM TOYHOCTHIO, C KAKOU 51 YMEI0 MEPUTb». BO3bMETE JIMHENKY [10JTyYllle — [OSIBITCS] HOBbIE
3HAKU TOCJIE 3alsITON, M OHM He KOHYarcs. Takue BeJIMYMHBI HA3bIBAIOT HENPEPBIBHBIMU, U BOT
IJIS1 HAX HATypaJbHBIX YMCEJI Y’)KE€ HE XBATAeT: MEXIY MOJyTOpPa U OJHAM METPOM IIOMELAETCs
0€CKOHEYHO MHOTO JIPYTrUX JJIMH.

OTclona cnenyioT Be Bellld, O KOTOPBIX CTOUT CKa3aTh CPasy.

[lepBasi: UBMEPEHHOE YUCJIO BCErAIa UAET C MOTPEUIHOCTBIO, U 3TO He NIPU3HAK IJI0OXOU paboTHl,
a CBOWCTBO camoro gerctsust. O6 3TOM Obll pa3roBOp B IIPOJIOTE, M OH IIOBTOPUTCSI €1lé MHOTO pas.

Bropast: y u3MepeHHOro uuciia o0s3aTesIbHO €CTb eAUHUIA, U 6e3 He€é oHO mycToe. «Tpu» —
3TO HE OTBET Ha BOIIPOC «KaKoBa JIJIMHAY». Tpu MeTpa, TpU PyTa, TPU JIOKTSI — TPU pa3Hble JIJIMHBL
CocyuTaHHOE YMCJIO €IUHUIIBI HE TPEOYeT: CEMHAAIIATh OBEL, — 9TO CEMHA/ILIaTh, U HUKAKOI'O «CEeM~-
HaJlllaTb Yero-To» TYT HE HY)XHO, OBLIbI y>K€ Ha3BaHbl. IMEHHO MO3TOMY B (pu3MKe 32 eIMHULAMU
CJIeIST KaK 32 CAMMMM YMCJIaMU — POBHO 3Ty IIPOBEPKY MBI JI€JIajId B IIPOJIOTE, JIOBSI HEBEPHYIO
dhopmyIry MasTHUKA.
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OTBeThl

CriouTe nepsble YMCJia BO3BPALEHHBIX KapTovyek. Eciu Bam otganu I, [Il mu V — 3amymano 1 +4 +
16 = 21.

[lepBble yncia kKapTouek — 310 1, 2, 4, 8, 16, TO €CTb CTeNneHu IBOUKY. YMCIIO II0MIAJI0 HAa KAPTOYKY
TOTZA U TOJIBKO TOTJA, KOTJA COOTBETCTBYIOIIASL CTEIIEHb BXOAUT B €TI0 NBOMYHYIO 3AIUCh: 21 =
101012 = 16 +4+ 1. OTgaBas KapTOYKHY, YEJIOBEK IIONPOCTY JUKTYET BaM 3Ty 3alMCh — I10 OLHOMY
IIBOMYHOMY paspsily Ha KApTOUKy, — He I10[103peBasi 00 3TOM.

PaboTaeT pokyc moToMy, 4TO pasyioeHune 110 CTeIIeHSIM JBOMKY eIUMHCTBEHHO: HUKAKUe JBe pa3-
Hble CTOIIKM KapTO4Y€K He AaAyT OJHY U Ty Xe CyMMy. POBHO 3TO CBOWCTBO M O3HAuYalOT CJIOBA
«TIO3UIIMOHHAS CUCTEMA C OCHOBAaHUEM 2.

[Iat KapTOYeK xBaraeT Ha yucia 1o 31, mectyu — 1o 63, necatu — no 1023. Kakpas ciaenyomas
KapTOUKa y/IBauBAET 3aI1ac: 3TO [1epBas B KHUTe BCTPEYA C TEM, KaK ObICTPO PacTyT CTEIIEHU JBOM-
k. OHa He nocIeqHsIsl — B IJ1aBe 16 U3 3TOro BBIPACTET BCE, YTO HA3BIBAETCS SKCIIOHEHIVAJIbHBIM
POCTOM.

OTBeThI
1,3, 9 u 27 KunorpaMmoB — cTerneHu Tpoku. Cymma ux Kak pas 40.

CexpeT B TOM, 4TO I'MPIO0 MOKHO KJIACTh HAa MY Jice YalIKy, 4TO U IPy3, — U TOIJIa OHA paboTaeT co
3HaKoM MuHyc. Hanpumep, 5 kr = 9 -3 -1: Ha of1HY YalKy rpys, rupu 3 1 1, Ha Apyryio rupio 9. A 11
=9+3-1,a240=27+9+3+1.

DTO TPOUYHAS CUCTEMA, B KOTOpou uudpsl He 0, 1, 2, a -1, 0, +1: Kaxkgas rupst 1160 JIEKUT C TPy-
30M, 1160 MIPOTUB HETO, JIUO60 HE y4acTBYeT. Tpu cocTosiHUS — TpU LUUQPBL. POBHO TaK Xe, KaK
B (pOKyce ¢ KapTOYKaMu Kak7as KapTOYKa OTBeYasa 32 OJUH ABOUYHBIN Pa3ps, 3/1€Ch KaKzas
TIPS OTBEYAET 3a OJJMH TPOUYHBIN.

3agauy nocrasui Knop Bawe B 1612 rozy, 1 oHa 10 CUX IIOP JIyYIINI CIIOCOO [109yBCTBOBATD, YTO
OCHOBaHUE CUCTEMbI — 3TO MHCTPYMEHT, KOTOPbII BBIOMPAIOT 101 3a7a4y. C IBOMYHBIMU FMPSIMU
(1, 2,4, 8,16, 32) Bbl TO>XKE B3BECUTE BCE 10 63, HO TMPb [IOHAI0OMUTCSI LIECTD, & HE YeThIpe, — IOTOMY
YTO BBl HE T10JIb3YE€TECHh BTOPOU YALIKOW.

Nctounnk. Bachet C. G. Problémes plaisants et délectables qui se font par les nombres. Lyon, 1612.

Yucna, KoTopblie HUYEro He usMepsroT

EcTb 1 TpeTuil COpPT 4ucesl, KOTOPBIN B 9Ty Mapy He MOMNafaeT BOBCe, — 4YUCJIa-spJblkiu. Homep
IOMa, HOMep MaplIpyTa aBTobyca, Homep TeseQoHa, Homep B nacrnopre. OHM 3anKMCaHbl LUPPaMU,
HO He OTBEYAIOT HU Ha BOIIPOC «CKOJIbKO», HU HA BOIIPOC «HACKOJIbKOY.

[TpoBepka mpocTas: MonpodyiTe ¢ HUMU 4TO-HUOYb crenatb. CIOKUTh JOM HOMEpP 5 U IOM
HOMep 7 — 6eCCMBICINLA, ToMa HoMmep 12 u3 aToro He nostyunrcs. CKaszarh, YTO MapuIpyT 34 «BIBOE

6ospiie» MapuipyTa 17, — To>ke. EIMHCTBEHHOE, UTO C TAKMMU YK CJIaMU 3aKOHHO JleJ1aTh, — CPaB-
HUBATb Ha PABEHCTBO: 3TOT HOMEP TOT K€ CaMblil UJIU JAPYLOA.

VHoTa MOpsIIOK BCE-TaKU €CTh, a apuPMETUKU BCE paBHO HET. MecTo B 3abere: epBblil Ipu-
€SI paHblIe BTOPOro, BTOPOY PaHbllI€ TPETHETO — MOPSAOK HAacTosAmui. Ho pasHuna Mexnay nep-
BbIM U BTOPBIM MOXKET OBbITb B COTYIO JJOJIIO CEKYHIbl, 2 MEXY BTOPbIM U TPETbUM — B MUHYTY, U
«BTOPOM ILJIIOC TPETUMN» MTO-TIPEKHEMY HUYETO HE 3HAYUT.

OTtpesnpHas 1 BeyHas 6eja TIOPSIAKOBBIX YMCEI — C KaKoro MecTa HauuHaTh. Hosist B mopsigke
HET: [1IePBbII, BTOPOW, TPETHUI1, — a «HYJIEBOTO» HE ObIBAET, IOTOMY UTO CUMTATh HAUYMHAIOT C TOTO,
4yTO yXe ecTb. OTCI0a ITyTaHNUIA, KOTOPAsl HE KOHYAETCs HUKOTA.

B Poccnu u Amepuke aTax, Ha KOTOPBIN Bbl BXOAUTE C YJIMLBI, — IIE€PBBIA; B O0JbIIEN YaCTU
EBpoIb! OH HYJIEBOH, a IIePBbIil — CJIeyIomuil. BeKoB 5To KacaeTcs emé odbugHee: HyJeBOro roja
HET, 3a IIEPBBIM T'OJOM 10 HalIeH 3Pbl Cpa3y UAET MEPBLIM rOJ, HALIEH, I03TOMY ABaALATh IIE€PBLIN
Bek Hayasica He B 2000-M, a B 2001-M, — 1 BeCb MUP OTIPA3JAHOBAJI Ha roj, pPaHblle, [IOTOMY YTO
KPacHBOE YUCJIO 0Ka3aJioch yoenurenbHee apudMeTUKU. [IporpaMMUCTEI, Y KOTOPBIX HyMepalus
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2JIEMEHTOB HQUMHAETCS C HYJIS, a HE C €JUHUIIbI, BOIOIOT C OIINOKOMN «Ha €IJUHUILY» CTOJIBKO, CKOJIb=
KO CYILECTBYET IIPOrPAaMMUPOBAHUE.

Huuero pyHIaMeHTaNbHOTO B 3TOM HET: IJle HAUMHATh OTCYET — BOIIPOC COTJIAlIeHUs, POBHO
KaK OCHOBaHME CUCTEMBI CYMCJIEHU U KaK IJIMHA MeTpa. Ho cormnamenus Hago 3HaTh, TIOTOMY YTO
IIprupo/Ja 3a HUX HE OTBEYAET — U OIHI/I6Ky Ha €JVMHNIY HE UCIIPABUT.

Paznnuarh 3TH copTra — He nenaHTyu3M. [1oJI0BMHA IIyNIOCTEN, KOTOPbIE AEJAIT C JAHHBIMU,
COCTOUT B TOM, YTO HaJ YUCJIAMHU-SIPJIbIKAMU IIPOU3BOIAT apUPMETHUKY: YCPEIHSIIOT HOMEpPA M0~
JIMKJIVHUK, CKJIAJbIBAIOT KOJbl PETMOHOB, CIUTAIOT «CPENHUI 6aja» TaM, rae 6aiyl — 3TO MEeCTO
B TIOPSIKE, a HE KOJn4ecTBO. K aTOMy pasroBopy MbI BEPHEMCS BCEPbE3 B ryase 31, KOrga pevb
MONMIET O CTaTUCTUKE,

MpoBepbTe cebn

Bo3pMute JIUTP BOJBI U JIUTP YUCTOTO CIIMPTA U CJIeNTe BMecTe. CKOJIBKO MTOJTyYUTCS XKUIKO-
ctu?
OrtBet «1Ba uTpa» HeBepeH. CKOJIBKO Ha CAMOM JieJle€ — U, TJIABHOE, II0YEMY?

NMpoBepbTe cebsn

U emé oHO «OAMH IUIIOC OMH». Ha CyXOM CTEeKJIe JIEXKUT Kaljlsl BOJbI; Bbl aKKyPaTHO MOLBO-
IUTE K HEM BTOPYIO TaKyIO XKe€.
CKOJIbKO TOJIy4YUTCS Kalelb?

Korpa npupopa cama BbibupaeT uesnbie 4ucna

Kaskercs, 4TO fesieHre Ha CYETHOE 1 HEIIPEPBIBHOE YCTAHOBJIEHO Pa3 U HABCETA: IPEIMEThI CUU-
TalOT, BEWECTBO MEPSIOT. B XX BeKe BLISICHWIIOCH, YTO IPAHULA IIPOXOLUT HE TaM, TIe AyMaiu, —
Y B CaMbIX HEOXKUIAHHBIX MECTaX [IPUPOJA CUUTAET cama.

DJIeKTpUYeCKUil 3apsi], He ObIBaeT KaKuM yrogHo. OH Bcerja KpaTeH OJHOM U TOM JKe MOPLUU —
3apAly 5JIEKTPOHA; TIOJIOBUHBI 3aps/ia He CyIEeCTBYeT.? 3aps 1, KOTOPbIN BBITJISIUT HENPEPHIBHOM
BEJIMYMHOM (MO>KHO K€ 3apsIUTh TeJIO CUJIbHEE UJIU CIabee), Ha CaMOM Jiesle CUETHBINA: BOIIPOC
«KaKo¥1 3apsi» Ha IJyOOKOM YPOBHE O3HAYAET «CKOJIBKO DJIEKTPOHOBY.

To e c sHeprueu 3eKTPOHa B aTOMe: OHA MPUHUMAET He JiIo0ble 3Ha4eHUs], a TOJILKO 3Haye-
HU$ U3 OIIpeJie/IEHHOTO CIIMCKA. ATOM HE YMEET «HEMHOT0» IIePENTH MeXAY YPOBHSIMUA — OH JINOO
MepenphIruBaeT LeJUKOM, 1160 HeT. OTCIoa, MEXy TPOYUM, 6EPYTCS CIIeKTpasibHble IMHUY, TIO
KOTOPBIM B IIPOJIOTE YUTAJIU COCTAB 3BE3,.

VIMeHHO 3TO — GYKBaJIbHBII CMBICJI CJIOBA «KBAHT»: IIOPLMS, KOTOPYIO HEJIb3sl Pa3fesinTh. Bes
yacTb VI KHUTM OyJeT IIPO TO, KaK BbISICHUJIOCH, YTO MUP Ha MaJIEHbKUX MaclITabaxX yCTPOEH CKopee
KaK 3apyOKMu Ha KOCTH, Ye€M KaK BEPEBKA, — U UTO BEJIMUMHBI, KOTOPbIE MbI IIPYBBIKJIU U3MEPSITH,
MIPUXOLUTCSI CUATATD.

1.7 Otkypa 6epyTca eguHULbI

Pa3 6e3 eIMHUIbI UBMEPEHHOE YUCJIO MYCTO, CTOUT CIIPOCUTD, OTKYla €IUHULIbl 6epyTcs. OTBET
00€CKyPaKABAIOLIMI: X HA3HAYAIOT.

[TepBble eguHUIIBL Opajy C Tesla — JIOKOTb, [s]1b, IaL0Hb, (YT, mar. 9To yaobHo (MepKa Bcerga
¢ coboi1) 1 HUKyZA He TOAUTCS (MepKa y KaXAoro cBosi). Jasblle eJuHULY TIPUBSI3bIBAIM K Ty
HayaJIbHYKA: aHIVIMMCKUM P/, 10 IIPEIaHnI0, — PACCTOSIHUE OT HOca KopoJist ['enpuxa I 7o koH4YrKa
€ro BBITSIHYTOTO Nasbla. [loka TOPryoT B Mpefesax OJHOH JepeBHH, 3To paboraeT. Kak ToibKo
HAUMHAETCS HayKa, IepPecTaéT: IBa YeJ0BeKa He MOTYT CPABHUTD Pe3YJIbTaThl, €CIM Y HUX Pa3Hble
JIOKTH.

12 Millikan R. A. On the elementary electrical charge and the Avogadro constant // Physical Review. 1913. Vol. 2, N°2.
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OTBeThI
[Tosryaurcs okosno 1,93 nurpa. CMech paBHBIX OObEMOB BOJbI U CIIMPTA AAET NIPUMEPHO Ha TPU
C [I0JIOBUHO MTPOLIEHTA MEHBIIE, YeM CYMMA, — 3(PEKT U3BECTEH KaK KOHTPAKLMS 1 JIETKO Ha-
6J110/1a€TCS JOMa B MEDHOM CTaKaHe.

[Tpr4ymrHa B TOM, YTO MOJIEKYJIbI BOJIbl 3aMETHO MeJIb4e MOJIEKYJI CIIMPTA ¥ YaCTUYHO 3a0UBAIOTCS
B IIYCTOTbI MEX[y HUMU, — IIPUMEPHO KaK BeJpO I1€CKa, BChIIIaHHOE B BeApO IIe6Hs, He NaéT
IByX Bénep cMmecu. Jl06aBIIsIET U TO, YTO BOAA U CIUPT NPUTATUBAIOTCS APYT K APYrY CUJbHEE,
yeM Kakjast JKUAKOCTb caMa K cebe.

Ho untepecHee o6muii BeiBos. O6BEM — n3MepsieMast BeJIMYMHA, U CKIIaJbIBaTh 00 BEMbBI HUKTO
HaM He obewasn: aAJAUTUBHOCTb — 3TO (U3UYECKOE CBONCTBO, KOTOpPOE JINOO €CTh, MO0 HET,
Y TIPOBEPSTH €r0 HAJl0 OINBITOM. MaccChl CKIaApIBAlOTCS BCETAA (Ba JIUTPa AaAyT POBHO CYMMY
macc). O6bEmbl — HET. TemrepaTypbl — TeM 60Jie€ HET: CMemaB JUTP Bojibl B 20° 1 iuTp B 40, BbI
nosydure 30, a He 60.

ApudmeTnKa TYT HU IIpU 4€M U He ommbaeTcs: 1 + 1 = 2 ocTaércsi BepHbIM. HeBepHBIM 6bLTIO
MPEATNOJIOXKEHNE, YTO CKIAbIBATh HY’)KHO UMEHHO OOBEMBIL.

NcTounnk. CRC Handbook of Chemistry and Physics. 100th ed. Boca Raton: CRC Press, 2019. (TT10THOCTY BOGHOCTIMPTOBBIX
PacTBOPOB.)

OTBeThI

OpHa. Kanim cimMBaloTcsl — MOBEPXHOCTHOE HATSDKEHUE CTATUBAET KUAKOCTh B €JUHBINA 00BEM,
Y1 HUKAKOM TPAHULIbl MEXKIY «IIEPBOM» 1 «BTOPOI» HE OCTAETCH.

IIlyTka crapas, HO 3a Heil CTOMT COJep>KaTesbHasl Belllb: YTOObI ITPeIMEeThl MOXKHO ObLJIO CUMTATh,
OHU JJOJDKHBI OBITH 0maesumbl IPYT OT gpyra. OBLbl OTHEIMMBL, KallJId — HET; [I03TOMY OBell CYM-
TaloT, a BOAY UBMEPSIOT. BOIPOC «CKOIBKO 374,€Ch BOAbI» OCMBICTIEH TOJIBKO B (DOPME «CKOJIBKO
JINTPOBY» UJIU «CKOJIbKO TPAaMMOB», TO €CTb C €JUHUIIEN.

Orcrona, KCTaTu, BUJHO, I0YEMY CUETHOE M HETIPEPBIBHOE — HE CBOMCTBO YKMCEJI, & CBOMICTBO TOTO,
0 4yém roBopsT. OfgHa U Ta Ke BOJA: KallJIi — CYUTaeM, OOBEM — U3MEPSIEM.

B 1791 rony ¢ paHIy3sl pemuiu 3Ty Ipo6eMy paiKalbHO: IPUBA3ATh €IUHUILY HE K YeJIOBEKY,
a K Iy1aHeTe. MeTp onpenenuiy Kak OJiHYy IeCSITUMUJIJIMOHHYIO YacTh paccTosiHus oT CeBepHOro
I10J1I0CA JI0 9KBATOPa, OTMEPEHHOI0 10 MEPUANAHY, ITpoxoasmemy dyepes [Tapik.

Vnes mpekpacHasi, HO € HyKHO OblJI0 MCIIOJTHUTD — TO €CTh U3BMEPUTH 3TOT MEPUMAH. 32 1eJI0
B3s1JIMCh acTpoHOMBI JKaH-Batuct Jlenam6p u [Ibep MerieH: nepssbiii mén ¢ ceBepa oT [JIOHKepKa,
BTOPO¥ C 1ora oT bapcesionsl, 06a BeJiu TPUAHTYJISIUIO — LENIOYKY TPEYTroJIbHUKOB OT BEPLIMHBI K

BepLIMHE, — U 003 3aHUMAaJIUCh 3TUM CEMb JIET, B Pa3rap PeBOJIOLMU U BOVHBI, PETYJISIPHO 00b-
SCHSISI BOOPYKEHHBIM JIIO/ISM, 3a9€M OHU JIE3YT HA KOJIOKOJILHIO C HETTOHATHBIM TPUGOPOM. 13

13 Alder K. The Measure of All Things: The Seven-Year Odyssey That Transformed the World. New York: Free Press, 2002.
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CeBepHbIl NoJI0C
U3MEepPUJIN TONbKO 3TO!
[oHKepk — BapcenoHa,
CceMb JIeT TpuaHrynaumm

3KBaTOp
4YyeTBEepTb MepupaunaHa:

10 000 000 MeTpoOB MO 3aMbIC/y

N3MepeHHY0 HYaCTb pacrnpoCcTpaHnUIN Ha BCKO HeTBePThb

Puc. 1.5. MeTp 1791 roga — oAHa AeCATUMWIJIMOHHAs YeTBepTU MepuanaHa. [lenambp v MeweH npownun Tpu-
aHrynsaumen yyactok oT [ioHKepka Ao bapcenoHbl, ocTanbHOe gocynTanu; otcioda n bepérca Ta camas owmnbka B

0,2 munanmeTpa.

Mepunuas onu uamepuiu. C He6osbIIoN omnbKoi — MemeH noaydns B BapcesoHe cierka pac-
XOIIMECs Pe3yJIbTaThl AJIs1 IIMPOTHI, IPOMYYMJICS C STUM [0 KOHIIA KU3HU U, KaK CYATAIOT UCTO-
puKH, 0T9aCTU U3-3a 9TOI'O YMEP, — 1 B UTOT'€ METP BbILIEJI YyTh KOPO4€ 3aAYMAHHOI'O.

NMpoBepbTe cebn

MepuaroHanbHas OKPY>KHOCTb 3eMJIM (TO €CTb IO O0JIBIIOMY KPYyTy Yepes MOJI0Cca) paBHa
npumepHo 40 008 kumoMeTpam.

3asyMaHHbIM METP — 3TO OAHA IECATUMUIIJIMOHHAS YETBEPTU STOM OKPY>KHOCTU. HacKoyibko
MOJIyYUBIINIACS y PPAHIYy30B METP OTJIMYAETCS OT 33JJyMaHHOTO U B KaKyl0 CTOPOHY?

Jasnblie UCTOPUS €VHUL, CTAHOBUTCS UCTOpUel Bcé 6osiee 3aHyZHOU TOYHOCTA. OTMEPEHHBIN
METp OTJIMJIU B IUIATUHO-UPUANEBOM OPYyCKe, II0JIOXKUIIN B [10Bal MeXayHapOoHOTO 610p0O Mep 1
BecoB B Cespe nop Ilapmkem, cresnany KOIUKM U Pa3ociay 110 cTpaHaM. To Xe chesanu ¢ KUio-
rPaMMOM.

V1 TyT BBISICHWJIACH HENPUSITHOCTh. DTAJIOH — (PU3NYECKUI NTPEeAMET; OH >KUBET, 1japanaercs,
cobupaert rpssb, TepsieT 1 HabupaeT aTombl. Kusorpamm B CeBpe 3a CTO JIEeT Pa3omésics CO CBOMMU
K€ KOMUAMU MPUMEPHO HA MATHIECAT MUKPOrPaMMOB? — 1 HUKTO He MOT CKa3aThb, KTO U3 HUX
M3MEHMUJICS, [IOTOMY YTO CPaBHUBATh ObLIO HE C YeM: 110 OIIPeIeJIeHUIO 3TAJIOH BECUJI KUJIOTPaMM
BCErjia, YTO Obl C HUM HU ITPOUCXOAUIIO.

BbIxO[, HalIM TOJIBKO B KOHILE XX BEKA, I OH U3SIIEH: [IPUBI3aTh €IUHULIBI HE K [IPEIMETaM, a
K KOHCTaHTaM IIPUPOJbl, KOTOPbIE OLVHAKOBBI BCIOAY U BCETA.

Kak onpepesieHbl eauHULUbl cerogHsa

CexyHda (c 1967 roma) — aTo 9 192 631 770 1epro0B U3Iy4eHMs, KOTOPOE NAET IePexo] MexK-
Iy IByMs OTIpeIeJIEHHBIMU YPOBHSAMU aTOMA Lie31s1-133. ATOM 11314 OJIMH U TOT K€ Ha 3eMJie
Y B IPYIrOM TajIaKTUKE.

Memp (c 1983 roza) — paccTosiHie, KOTOpPOe CBET IPOXOIUT B BakyyMme 3a 1/299 792 458 oo
CEKYHJIBL. 3aMETBTE, YTO TEIEPb CKOPOCTb CBETA HE U3MEPSIOT: OHA CTajla TOYHBIM YHCJIOM
T10 ONPELEJIEHNIO, & U3MEPSIOT — PACCTOSHUA.

Kunoepaum (c 2019 roga) — onpefnesnéH yepes NOCTOsIHHYIO [11aHka, KOTOPO ITPHUCBOEHO
TOYHOe 3HaveHue 6,62607015- 10734 [Ix-c. CeBpCKasi rupst C 3TOTO [HS — MYy3€iHbIi 9KCIIOHAT.

14 Girard G. The third periodic verification of national prototypes of the kilogram (1988-1992) // Metrologia. 1994. Vol. 31,
Ne4.
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OTBeThl

YeTBepTh Mepuarana — 370 40 008/4 = 10002 kM, To ecTb 10 002 000 M. Pa3nennm Ha AECATb MU~
JINOHOB: «ITPABUJIbHBIN» METP MOJIKEH ObL1 661 paBHATHCS 1,0002 HBIHEITHETO MeTpa.

3Ha4UT, HAall METP Kopoue 3agymaHHoro Ha 0,0002 m — Ha 0,2 MUIIIMMETpPA, UM HA [BE COTHIX
MPOLIEHTA.

OmubKa HUYTOXKHAS IO OBITOBBIM ME€pPKaM M OTPOMHAsI 10 HAyYHbIM: Ha PaCCTOSIHUU OT MOCKBBI
1o [TerepOypra oHa 1aéT JUIIHUX CTO C JIMIIHAM METPOB. 1 3aMeTbTe, YTO IIPOM30LLJIO Jajlblle —
MEHSTb OIpeJieIeHre He CTau. MeTp OCTajiCsl TAKMM, KaKUM ero otMepuiu Jlenam6p u MeteH,
a CBSI3b C MEPUAMAHOM TUXO OTOpocuiu. EnnHUIIa — 3TO IOrOBOPEHHOCTD, U yI00CTBO BaXkKHEE
KPacCOThbI [IPOUCXOXKIEHUS.

Jloruka BO BCeX TPEX CIIyYasix OgHa: B3SITh BEJIMUUHY, KOTOPYIO GU3UKA CYNTAET HEU3MEHHOM,
00BSBUTH €€ 3HaYeHNEe TOUHbIM — U OIIPeNesIsTh Yepe3 He€ eInHULLY.

WcToyHmk. Bureau international des poids et mesures. The International System of Units (SI). 9th ed. Sevres, 2019.

Baszosbix egunHuL B cucreMe CU cemb: CeKyHIA, METP, KUJIOTPAMM, aMIIEP, KE€JIbBUH, MOJIb 1 KaHT €~
s1a. Yuesio aTo ToXXe He cBsiTo. Kanpmena — cusa cBeta — BOOOIIE OIpefiesieHa ¢ OIJISIAKON Ha YyB-
CTBUTEJIBHOCTb Y€JI0OBE4eCKOro I71a3a, TO €CTh Ha yCTPONCTBO Hallell ceTyaTKy; Oy[ib y HacC Apyrue
rjasa, Obl1a Obl Apyrast enuHULA. A GU3UKU-TEOPETUKY, KOTOPbIM ObITOBbIE Pa3MEPBL HE HYXKHBI,
paboTaloT B CUCTEMAX, IJle CKOPOCTb CBETA U NTOCTOsIHHAS [171aHKa TONIPOCTY paBHbI €AUHNULIE, — U
TOTZA BPEMS U PACCTOSHUE UBMEPSIOTCS OOHMM U TEM K€, [IOTOMY 4YTO, KaK Mbl YBUIVM B YaCTU
VII, 310 11 ecTb 0gHO U TO Xe. CTOUT 3aepP>KaTbCsl HA TOM, UTO 34,€Ch [IPOU3OILIIO, [IOTOMY YTO 3TO
KpacuBo. PaHblie efMHULY XPaHUJIM B [10J]BaJjle, @ KOHCTAHThI u3Mepsiiu. Terepb KOHCTAHTh 00b-
SIBJIEHBI TOYHBIMU, A I/ISMepH}OT BC€ ocTasibHOe. Hu OJHa N3 3TUX BEJINYUH OT Hepeonpe,ueﬂem/m HE
M3MEHUJIACh — U3MEHUJIOCH TOJIBKO, YTO CUUTATH JAHHBIM, @ YTO UCKOMBIM. POBHO 5TUM NIPUEMOM
— «IIOMEHSTh MECTaMU, UTO IAHO, @ YTO UILEM» — MBI OyIEM T0JIb30BAThCS Jajbllle TOCTOSHHO.

V1 3ameTbTe, 4ero B 3TON UCTOPUM HeT. [Ipuposia HUTje He COOBImMa, YTO MeTP JOJDKEH ObITh
MMEHHO TaKoH 1yiMHbl. OHA COOOIIMIA TOJIBKO, YTO CKOPOCTh CBETA BCIOAY OJHA U Ta XK€; BCE

OCTaJIbHOE — Hall BbI60p, HpOIl,I/IKTOBaHHbeI TEM, 4YTO OT CTapOI‘O MeTpa 6LI]IO JKaJIKO OTKa3bI-
BaTbCs. Yuncia, KOTOPBIMU Mbl U3MEPSIEM MUP, HaIlOJIOBUHY COCTOAT U3 MUPa U HAIOJIOBUHY U3
HAIIMX IOTOBOPEHHOCTEN, U ITOJIE3HO BCErHa IOMHUTD, T€ IPOXOAUT LIOB.

EAMHULBI, O KOTOPbIX TaK U HEe O,0roBOPUJIUCH

MeTpuyeckas cuctema odennsa o4YTU Be3fe, HO «IIOUTH» 3[1eCh CYIIeCTBEHHOE, U KUBYT PSLIOM
C HE! BellX JOBOJIbHO NPUYYIJIVBbIE.

BeicoTy noséra caMosIETBI B 6OJIbIIEN YaCTX MUAPA OTCYMTBIBAIOT B (PyTax, a pacCCTOSIHUE — B
MOPCKUX MWIAX. [IpryrHa He B yIIPSMCTBE: MOPCKas MUJISL — 3TO OJHA yIjIOBas MUHYTA IyTU Me-
puAMaHa, TO €CTh €IMHUIIA, TPSIMO CBS3aHHAas ¢ reorpapuieckumu KoopanHaramu. llItypmany,
paboTaloleMy C KapToil, B HEMl CYUTATh €CTECTBEHHO: OJjHA MUHYTA IIMPOThl — OJIHA MUJISL, U HU-
KaKuX NepeBOJHbIX KoapPuiueHToB. C 1929 roga e€ JOroBOPUIMCh CYUTATh POBHO PaBHOM 1852
MeTpam'® — 1 06paTUTe BHUMAHMKE, 9TO STO ONATH Ta JKe camas uies, 9To y Jlenambpa ¢ MemeHoMm:
€IMHULLY [IPYBA3AJIA K Pa3MepPy 3EMIIN.

ACTPOHOMBI MEPSIIOT PACCTOSIHUSI B CBETOBBIX I0J1aX (CTOJILKO MPOXOJUT CBET 3a I'0Jl — OKOJIO
9,5 - 10'> meTpoB) 1 B mapcekax, a GU3NKH, U3y4alolyie YaCTULbl, — B 3JIEKTPOHBOJIbTAX, IPUYEM
B 3JIEKTPOHBOJIbTAX Y HUX U3MEPSETCS W SHEPIUS, U MacCa, U Jaxe Temrieparypa. Kaxnaa Takad
eJIMHM1Ia BO3HMKJIA ITIOTOMY, 4YTO B CBOEM 06JIaCcTH OHA JAéT yucia yAOOHOro pa3Mepa: pacCcTosi-
HUe [10 GJvbKaiilel 3Be3bl — «4eThlpe C HEOOJbIIMM CBETOBBIX IOZja», 4 HE «COPOK C JIMIIHUM
KBaIpUJIJIMOHOB METPOBY.

31ech CTOUT 3allOMHUTB [IPOCTOE NIPaBu0. EAMHUIY BEIGMPAIOT TaK, YTOObI MHTEPECYIOLINE BaC
4uca NoJIyvaauch OJIM3KMMU K €MHALIE. DTO HE 3CTETUKA — 3TO 3alllUTa OT OWMOOK: C YACJIOM

15 BIPM. The International System of Units (SI). 9th ed., 2019.
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4,2 yesnoBek He omubaercs, a B 4,0 - 1016 nerko morepsaTh win O06aBUTH MOPSAOK. POBHO O3TOMY
B cucteme CU ecTh IpUCTaBKH, a B K&KI0M HayKe — CBOs JII0OMMast eIMHUILA.

NMpoBepbTe cebsn

Cpeny GU3MKOB XOJUT MHEMOHUKA: B TOZY IIPUMEPHO 7 - 107 CeKyHI,
[IpoBepbTe, HACKOJIBKO 3TO BEPHO, — U PELINTe, TOAUTCS JIM TaKasi TOYHOCTb [J1s1 OLIEHOK T10
MOPSIKY BEJIUYMHBI.

1.8 OueHb OOoNbLUME YUCHA

Octasoch pa3obparbCsi € OLYIIEHUEM, UTO Te-TO YMCIa KOHYAI0TCS. DTO OllylleHue peBHee U
CTOMKOE: «[1IeCUMHOK HE COCUUTATh», «3BE37, 63 UKCIar».

ApxuMme[, pelns1 110Ka3aTh, YTO 3TO HEINPaBAa, M HANKCAJl COYMHEHNE, KOTOPOE TaK U Ha3blBa-
ercst — «[IlcaMMuT», TO ecThb «lcuncieHre necynHoK». OH OCTaBUJI cebe 3a7a4y: Ha3BaTh YUCIIO
[IeCYMHOK, KOTOPOE 3aI0JIHUIIO Obl BCIO BeeseHHylo. [Ipryém BeesieHHyIo B3sy1 caMylo GOJIBIIYIO
13 00CYKIABIINXCS TOT[A — IeJIMOLeHTPUYECKYIo, 1o Apructapxy CaMOCCKOMY.

['peveckas cucrema CUUCIIEHMs] KOHYAIach HA MUPUAZEe — OECATU ThiCsA4YaxX, — U MUPUALE MU~
puaj, To eCTh Ha CTa MUJIJIMOHAX. Jlajiblile CJI0B He 6b110. ApXHMe[, IOCTPOMJI CBOIO CUCTEMY pa3psi-
IIOB, KOTOPasl yXO[i1Jla HECPaBHEHHO JaJiblile, TOCYUTAJ — U [TOJIYYMJI, YTO IECUNHOK ITOHAT00UTCS
MeHblIe, yem 106316

Cyl1eCTBEHHO 3[1€Ch HE CAMO YMCJIO, A CAEJIAHHBIN BbIBOJI: HET TAKOT'O KOJIMYECTBA, A1 KOTOPO-
ro He XBaTuio 6bl yuces. CKOJIbKO Obl Bbl HU HACYUTAJIU, K Pe3yJIbTaTy BCEra MOKHO IIPUOABUTh
enuHuLYy. Psj HaTypasIbHBIX YKMCEJI HE KOHYaeTCs — U 9TO, MEXKY IIPOYMM, TOXKE YTBEPKIEHUE,
Tpebymlee L0Ka3aTeIbCTBa, a He HAOJII0eHNSL.

TbMa, NermoH m Kosioga

FpequKoﬁ Mupuane — OeCATU ThiCAd49aM — B IPEBHEPYCCKOM CY€TE COOTBETCTBOBAJIA «ThbMa.
Bblpa)KeHI/Ie «TbMa HAPOAYy» N3HAYAJIbHO O3HAYAJI0 HE TEMHOTY, 2 KOJIMYECTBO: NECATD ThICAY.

Janpiie 10 «BEJIUKOE YMCIIO»: JIETUOH — ThbMa TEM, JIEOAP — JIETUOH JIETMOHOB, BOPOH —
JIEOZIp JIEOAPOB, U HAKOHeL] Koyioga. [Io omHOMY U3 BapMaHTOB CYETA KOJIOJA NOXOIMUJIA IO
10%9, 11 0 HE MPSIMO MUCAITH, YTO «60JIEE CETO HECTD YEIOBEYECKOMY YMY PadyMmeBaTi». POBHO
Ta K€ TPaHMIIA, B KOTOPYIO YIEPCs ApXUMeZ, — U POBHO TOT K€ CII0CO0 €€ NepeiTu: Npumiy-
MaTb HOBBLIM pa3psl.

WcToyHmk. Jenman WM. 5. Mcropus apudmeTnxu (ykas. cod.). © Ifrah G. Histoire universelle des chiffres (ykas. cou.).

NMpoBepbTe cebsn

[IprKUHBTE B yMe€, CKOJIbKO IIECYNHOK IIOMECTUTCSI B KyOUYECKOM METpe, €CJIY AUaMeTp [ec-
YMHKY OKOJIO NOJNyMUInuMeTpa. CpaBHUTE pe3ysbTaT C YMCIOM APXUMETA.

3anuchiBaTh TaKMe YKCIIA CJIOBAMU HEBO3MOXKHO, U (DUBMKA IABHO TOJIb3YETCS CTENIEHSIMU JI€CSI-
TH. DTO HE COKpAIlleHNE PAJiM JIEHH, a CIIOCO6 BULETh CyTh: 1053 1 1027 paznunvaoTcs Ha TPUALATS
HIeCThb I‘[OpﬂﬂKOB7 1 9TO BUJHO C OOHOTO B3IJIdg4a, A «KCEKCTUJIJINOH» N «OKTOOECUNJIJIMOH» HE T'OBO—
PSIT HUYETO HUKOMY.

OTciofia e MPUCTaBKU, KOTOPhIE BCE 3HAIOT U MaJI0 KTO YYBCTBYET: KUJIO — ThICSYA, MEra —
MWIJIMOH, TMTa — MWIJIMAP[, TeEPa — TPWIJKMOH; B IPYIYIO CTOPOHY MUJLIIM, MUKPO, HAHO, ITUKO.
MexXy HAaHOMETPOM U METPOM — NEBATH TIOPSAIKOB, POBHO CTOJILKO K€, CKOJIbKO MEXKY METPOM

16 Apxumep. Ilcammut (Vicuncnenue necunHok) // Apxumes. CounHenus. M.: @uamarrus, 1962.
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OTBeThl
B rogy 365,25 x 24 x 3600 = 31 557 600 CEKyH[, TO €CTb 3,1558 - 107. A7 - 107 = 3,1416 - 107.

PacxoxneHue — MeHblle IOJIOBUHBI MIPOLEeHTa. [IJ1s1 MPUKUIOK 3TO POCKOIIb: OOBIYHO B TaKUX
OlleHKaX MbI COTJIACHBI 1 HA MHOXKUTEJIb JIBA.

CoBnafieHne yncTas Cay4alHOCTb — HU CEKYH[IQ, HU IOJl HE MMEIOT OTHOIIEHUSI K YUCIIy T; Ce-
KyHJIa POJMJIaCh M3 EJIeHUs CYTOK Ha 24, 60 u 60, a rox — u3 gewkeHust 3emiu. [Ipocro nsa
MIPOU3BOJIbHBIX BIOOPA CJIOKUJIUCH TaK, YTO PE3yJIbTAT OKA3aJICs PSANOM C U3BECTHOU KOHCTaH-
TOM. [10/1b30BaThCSI STUM MIPUATHO U COBEPIIEHHO 3aKOHHO: CUUTATh B yMe 7 - 107 mpoiie, yem

31557 600.

TlompoGyiiTe camu: CKOJIBKO CEKYH[, Bbl mpoxkuiu? Tpuanats jet — 210 30 x 3,16 - 107 ~ 10°.
Munnnuapn CeKyHI, — 1 BOT BaM €lI€ OJHO YUCII0, KOTOPOE CTOUT OJHAKIbl OCO3HATh.

OTBeThI

B onHoM meTpe ykiagpiBaeTcs 1/0,0005 = 2000 necYyuHOK B psif. B Ky6e, 3Ha4uT, 0K0JIO0 2000° =
8 - 10% — BoceMb MWJIJIMAP/IOB, MOPsIOK 1010,

Tlo apxumemoBbix 105 oTcioma — emé naTbaecsaT TP nopsiika. YToGs! MOIyBCTBOBATH IIPONACTb:

BCEX MECYMHOK Ha BCEX IUISKAX 3€MJIM OLIEHMBAIOT BEJMYMHOM mopsiaka 102, yncio atoMoB B
YeJI0BEYECKOM Tejie — OKOJIO 1027, a 3BE371 B Hab I0jaeMoit BeesieHHou — nopska 1022, Apxumer
MOCYUTAJl HEYTO, YTO OOJIbIIE BCETO ATOTO BMECTE B3SITOr0, — 1 0001IENCS 6e3 eIMHOro Mpubopa,
OJIHOM TOJIbKO CUCTEMOU 0003HAYEHUI.

3aMeThTe MOIYTHO, YTO BbI CeYac Jesialn: Ty CAMYIo OLIEeHKY I10 IOPSIKY BeJIMYMHbI U3 IIPOJIOTa.
Hacrosimas yrakoBka IeCYMHOK HEIJIOTHAs1, GopMa X HelpaBUIbHAsI, OTBET MOXKET OTJINYaThCS
BIIBO€ — U BTO COBEPUIEHHO HEBAXKHO, IOTOMY YTO BOIIPOC ObLI PO MOPSIOK, a HE IPO YUCIIO.

1 PacCTOSIHMEM, KOTOPOE CBET IPOXOJUT 32 TPU CEKyHIbl. [IpuBbIUKa [1€PEBOAUTL IIPUCTABKY B
CTeNeHb JeCsITU U CPAaBHUBATh CTENEHU — ellé OJIUH JIEeIEBBIN CII0CO0 HE CKa3aTh IJIYNOCTb.

Fyron M ryronnsekc

B 1938 rony amepurKaHCKUM MaTeMaTrK SaBapz KacHep cripocuil AeBSITUIETHETO IIIEMSIHHY -
Ka, Kak ObI TOT Ha3BaJl €JMHULLY CO CTa HyJISIMUA. MajIburK OTBETHUIL: «TYroj». Tak 3TO CJI0BO U
OCTaJI0Ch B MaTeMaTUKe — a IIeCTbIECST JIET CITyCTS C OIIeYaTKOil [IepEK0YeBasIo B Ha3BaHUe
MTOMCKOBOI CHCTEMBI.

T'yron — 1019 — yike Gosible Yricsia aTOMOB B Habmoaemoit BeenenHoii (mopsiaka 10%0). A
TyTOJIIIJIEKC — BTO €AVHMIIA C [YTOJIOM HyJIel; 3aIIMcaTh ero AecsITUIHbIMY 1 paMu HEBO3-
MO>XXHO B IIpUHIMIIE: BO BCcesieHHOI He XBaTUT MECTa Ha HyJIH, layke €CJIM TUCAThb I10 OJHOMY
Ha aTOM.

WcToyHmk. Kasner E., Newman J. Mathematics and the Imagination. New York: Simon and Schuster, 1940. (CiioBo

«TyTOJI».)

MocmoTpeTb. KaHan 3BluelBrown — nyyiwiasa MateMaTu4yeckas aHMMaLuna U3 CyLLecTBY-
|:l|| §E| 5] owmx. K aTon rnase 6amxxe BCEro ero pojvkn 0 CUCTEMaXx CHUCSIEHNS N O TOM, KakK Bbl-
r; b rAaanT CYET B pasHbIX OCHOBaHWMAX. Janblle No KHUre npurogatcsa cepun «Essence of
[;ﬁ EI: i calculus» n «Essence of linear algebra».

"

https://www.youtube.com/@3bluelbrown


https://www.youtube.com/@3blue1brown
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1.9 A yTO TaKoe, COOCTBEHHO, YUCJIO

OpuH BONIPOC MBI BCIO IJIaBy OOXOIWIIM. MbI BRISICHUIIM, KaK YKCJIa ITOSBUJINCH, KAK UX Ha3bIBAJIH,
3aMKMChIBAJIM U 10 KaKMX BEJIMYUH NOBOAWIN. HO UTO TaKoe YMCJIO — TaK M He CKa3aJiu.

Jonroe Bpemsi 3TOT0 1 He TPeOOBAJIOCh: HAaTypaslbHble YKMCla Ka3alUCh HACTOJIBKO OUE€BUIHBIMH,
YTO OTIPEJeISITh UX ObLJIO Ob CTPAHHO, BPOJIE KaK OIMPeEsiTh CI0BO «Bellb». KpoHekep, KOTOPOro
MBI YK€ LIMTUPOBAJIN, UMEHHO 3TO U UMEJI B BUIy: OHU JaHbl, BCE OCTAJIbHOE CTPOMM CaMMU.

K xonny XIX BeKa BBISICHUJIOCH, YTO «IAHBI» — CJIMIIKOM PACILIBIBYATO IJIs1 MAaTEMATUKU, KO-
TOpast Kak pa3 TOr/a B3slach IeperpoBepsiTh COOCTBeHHble OCHOBaHuUs. [xysenrie [leaHo B 1889
roay!’ mpenyioKui ONpeNeuTh HaTypasibHble YUCIIA HE YEPES TO, YTO OHU TAKOE, a YEPES TO, KaK
OHU ce0s BellyT, — MATbIO IIPaBUJIAMU:

a) EquHnna — HaTypasibHOE 4KCIIO.

6) Y KaXX/10r0 HaTypaJIbHOTO YKCJIA €CTh CIIeAyIollee 3a HUM, M OHO TOXKe HaTypajibHOE.
6) EnuHuIa He cienyeT HU 3a KaKUM YMCJIOM (OHA IIepBasi).

2) Ecsin y IByX ymces OGHO U TO Xe CJIeyIoliee — 3TO OHO U TO JKe YHCIIO.

0) Ecsiu HeKOTOpO€e CBOICTBO €CThb y €IMHULIBL U, OyIy4X Y UMCIIA, IEPEXOIUT K CIIeAYIOLIEMY,
— TO OHO €CTb y BCEX HATypaJbHbIX YUCEL

Hudero numnero, 1 HUYEro 1po To, «4TO TAKOE €MHNMIIA HA CAMOM JieJie». Yucia onpenesieHbl Kak
LIe[I0YKa: €CTh HavyaJso, y K&KIOro 3BEHA €CTh CJIEIyIOLIEe, 3BEHbSI HE CKJIEUBAIOTCS U HE 3aLIUKIIN-
BaloTcs. [IaTO€ IMpaBMIO — 3TO MaTemMaTUYeCcKas MHAYKIMS, TOT CAMBIM IIPUHLMIT JOMUHO: €CJIN
naziaeT rnepBasi KOCTSIIKA U KKasl POHSIET CeAYIOIY0, yIanyT Bce. Mbl 6yZieM 110J1b30BaThCs UM
[TIOCTOSHHO.

CTOUT OLI€HUTD, KaK JaJIEKO 3TO OT BOJIYbEH KOCTU. TpuALaTh ThICSY JIET OT 3aPyOKHU [0 IOHU-
MaHHs, YTO YUCJIO — HE IPEJMET U HE CBOMCTBO IIPEJIMETOB, & MECTO B IienoukKe. M, 4To xapakrep-
Hee BCETO J1JIs1 3TOM KHUTH, MCTOPUS Ha 9TOM HE KOHYMJIACh XOPOIIO: UMEHHO apU(PMETHKA, CaMoe
IIPOCTOE U OYEBUJIHOE, YTO €CTh B MATEMATHUKE, OKa3aIach TEM MECTOM, rae ['énesib yepes nossexa
HaIEs NPUHLUNNAIBHYIO ObIpy. O6 3TOM — IJ1aBa 52, IOCIeqHSsIsl U3 HEBO3MOKHOCTEI.

1.10 4YT10 MBI HA CAaMOM pgeJie caesnanam

CTOUT NOJBECTU YEPTY, IOTOMY UTO 32 IPOCTHIMU BEllAMU TYT CIIPATaHa BCS KOHCTPYKLIUSI.

Mgl Hauasnu ¢ 3apy6OK — TO €CTb C TOTO, YTO KaXKIOH BEIU CTAaBUTCS B COOTBETCTBHE OJIMH 3HAK.
[ToTom 3ameTnsy, 9YTO COBOKYITHOCTH MOYXHO CPaBHMBATh, BOOOIIE HE CUUTAs], — Ye€pPe3 B3AUMHO-
OJJHO3HAYHOE COOTBETCTBUE. 113 3TOTO CpaBHEHUS POAUIIOCH CAMO MIOHATHE YUCJIA: TO 0blIee, YTO
€CTb Y BCEX COBOKYITHOCTEN OJIMHAKOBOro pa3mepa. [ToToM Mbl HAy4MJIUCh HAa3blBAaTh YUCJA TPy~
NamMu — U MOJIYYUJIM OCHOBAaHUE CUCTEMBL. [IOTOM Mpuaymany no3uluio U HOJIb — U TOJIY4YUJIU
BO3MOYKHOCTb CYMTATh Ha Oymare. [IoTOM y6equnch, 94TO Yrcia He KOHYAIOTCS.

V1, HakoHe1l, 0GHAPY>KMJIN, UTO BCE 3TO OTHOCUTCS K CUETY, @ U3MEPEHNE YCTPOEHO UHAYe: Y HErO
€CTb €IMHUIIA, €CTh MTOTPENIHOCTD, U LIEJIBIMUA YMCJIAMU OHO HEe 0OXOIUTCSI.

Bcé, 4To MBI IIOKa MOJIyYUJIM, — 3TO HaTypajbHble uyncia: 1, 2, 3, u Tak ganee 6e3 KoHua. Vimu
MOJKHO COCYUTATh UYTO YTOIHO.

Ho cocuutath — He TO e caMo€, YTO UBMEPUTH, U TENEPD MOHITHO, To4eMy. CTOUT BaM B3SThb
BEPEBKY U IOMBITAaTbCA Y3HATh, CKOJIBKO B HEM JIOKTEH, KaK BBISICHUTCS, YTO LIEJIBIX JIOKTEN B HEE
YKJIQJpIBA€TCS TPH, A JAJIbLIE OCTAETCS KYCOK. [IJIS1 3TOro KyCcKa HaTypasbHbIX YMCEJI HE XBATaET.

Tak nosiBsiTCS ApoOU — U CJefylolias IaBa Npo HUX. A ell€ 4epe3 TPHU IJIaBbl OKKETCS, YTO
Jaxe Apobeil XBaTaeT He Ha BCE: HANAETCS OTPEe30K, KOTOPBIN HE M3MepsIeTCsl BOOOIe HUKAKOM
IpoOBIO, — U C HETO HAYHETCS IIepBasi U3 HEBO3MOKHOCTE!, BHIHECEHHBIX B Ha3BaHNE KHUTH.

17 Peano G. Arithmetices principia, nova methodo exposita. Torino: Bocca, 1889.



YTO YyMTaTb AaJsibLUue

DTOT CNIUCOK YCTPOEH He TaK, KaK CChLJIKA BHU3Y CTPaHUL. Tam — MOATBEP>KIEHNUS: OTKYa B3SITO
KOHKPETHOE YMCJIO, 1aTa NI OOCTOSATEILCTBO, YTOObI YATATEN b MOT IPOBEPUTD, €CJIU HE IIOBEPUJL.
371ech — KHUTH, KOTOPBIE CTOUT ITPOYECTh LIEJIMKOM, U KOPOTKOE ITOSICHEHNE, 3aUEM.

[TouTu KaKgas U3 HUX HaMKCaHa JIy4dlle, YeM Ilepeckas B COOTBETCTBYIOIEH IJIaBe: y MeHsI OblJI0
IIOJITOPBI CTPAHUIBL, Y aBTOpa — TpUCTa. EC/iM Kakoi-TO CIOXKEeT 3alernuJl, IPaBUJIbHbII CIeayi0-
LM War — He UCKaTb B UHTEPHETE, a B3SITh OTCI0J]A KHUTY.

[Tpo s3bIK CKa3aHO 4ecTHO. ['le ecTh pyccKoe M3JaHue, KHUra Ha3BaHa [O-PYCCKY; I/le €0 HET
— 9TO yKa3aHO B KOHIE MOSICHEHMUS], YTOObI HUKTO HE MCKAJ BITYCTYIO.

dusuka

Qeitaman P., Jletiton P., Canpc M. QeitnmaHoBcKkue sexkuuu 1o ¢usuke. T. 1-10
['maBHBIN y4eOHUK XX BeKa U IO CUX [IOP HENPEB30UAEHHBINA. UNTaTh HE NOAPSH, a 110 TEMaM:
IIOYTH B KXKIOU JIEKLIMU €CTh MECTO, II0CJIE KOTOPOTO 3aKOH KaXKETCH €IMHCTBEHHO BO3MOXKHBIM.

QeiiaMaH P. Xapakrep (pU3U4eCKOro 3aKoOHa
IlecTp 1€KLMI1 HE IPO KaKOM-TO KOHKPETHBIH 3aKOH, a IIPO TO, KAK 32aKOHBI BOOOLIE YCTPOEHBI 1
royeMy MaTeMaTuka B HUX paboraet. Ecnu 6pats y QeliHMaHa OffHy KHUTY — 9TY.

QeiiamaH P. Bri, KoHEuHO, myTute, Mucrep PeitHmaH!
He n1po ¢u3uKy, a npo T0, Kak yCTpoeH (PU3NK: JI0O0IBITCTBO, HEOBEPUE K aBTOPUTETY U IIPU-
BBbIUKA BCE MIPOBEPATh pyKamu. OTTya ke peyb «Hayka camOIETOIIOKIIOHHNUKOBY.

AsumoB A. TlyTeBouTE L IO HAYKE
Bca ecTecTBeHHas HayKa OJHMM CBSA3HBIM PAaCCKa3oOM, C UICTOPUEN BOMIPOCA U Y€JI0BEYECKUMU
o6crosTenbcTBaMu. Jlyqiee 4TeHUe 11 TOro, KTO XOYEeT YBUAETh KAPTUHY LIEJIMKOM.

Jleun V., Tonpmmreiin V. ['nazamu ¢pusuka
Tot camblil JIeBHH, KOTOPBI [IPOBEPSLII 3aKOH COXPAHEHMS SHEPruu co6CTBeHHbIMU 3ybamu. Pu-
31Ka KaK 3peJIMile 1 KaK MU3MEPEHME; XOPOLIO YUTAETCSI BMECTE C €T0 BUIEOKYPCOM.

nepe]’[hMaH 4. . BanumarenbHas (l)MBPIKa; 3aHuMaTeNbHasA MEXaHUKa
CronetHue KHWXKHU, KOTOPbIE€ HE YCTAPEJIN, IOTOMY 9TO YCTPOECHDBI XUTPO: ITIOYTU Ka’K,asd 3aavda
nouo6paHa TakK, YTOOBI UHTYUL YA Oajia yBepeHHbII/uI n HeI'IpaBI/I]IbeII"/I OTBET.

Kyn K. @. ®dusuka: HadyanbHbIH Kypc. CaMOy4duTeNb
CKy4YHOBATBHIM CHApPYKM U OYEHb IOJIE3HBIM BHYTPU CAMOYYUTEJb C PACYETHBIMM 3afadyaMU.
BoabmMHCTBO 3a4a4 «Ha I[IOCYUTATh» B 9TOU KHUTE — OTTyJa.

XoxkuHr C. Kparyaiimas uCTOpusi BpEMEHU
['OpU30HT: NPOCTPAHCTBO, BpeMs], YEPHBIE AbIPbI, HAYa/I0 BecesieHHOM — KOPOTKO U 6€3 popMyJL.

Kpaycc JI. Crpax ¢usuku. Chepuyeckuii KOHb B BaKyyme
HpO TO, KaK Cl)I/IBI/IK Ha CaMOM [I€JI€ NYMAa€T: HpI/I6]II/I)KeHI/IH, OLI€EHKM Ha caJcheTKe U YMEHUE OT-
OpOCUTD JINIIHEE.

MaTemaTtuka

Kypanr P., Po66usc I'. UTo Takoe MareMaTuKa?
Jly4mas kapTa IpeiMeTa LeJIMKOM: OT YKCeJI O TOITIOJIOTHH, YECTHO U 6e3 pakiskeHus. Tpeby-
€T BHUMaHUSI, HO OKYIlaeTcst 6oJiblie JII000M APYroil KHUTM U3 CIIMCKA.

Crporar C. YI0BOJBLCTBUE OT X

40
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O6pasel; TOro, Kak OOBSICHUTb OJHY UIEI0 32 Pa3 U BOBPEMS OCTAHOBUTHCS. XOPOLIO YATATh
[apasulesbHO C 3TOV KHUTOM — MHOTHE CIOKETBI COBIIAIAIOT.

I'appHep M. MaTeMaTnyecKye roJIOBOJIOMKH U pa3BiiedeHuss; Marematuyeckue focyry; OT Mo3ank
[TeHpoy3a K HaAEXHbIM mMppam

['0710BOSIOMKY C ITOJIHBIMU pa3bopamiu, TToJIBeKa KOJIOHKHU B Scientific American. B kaxoii riaBe
9TOV KHUTY CTOUT OJiHA 3a7ja4ya ['apjHepa — eciy NOHPaBUJINCh, 3[1€Ch UX COTHHU.

AsumMoB A. Yucia: ot apI/I(l)MeTI/IKPI oo BBICIIEN MaTEMaTUKHU
OTKyﬂa B34JIMCh YUCJIa U [IOYEMY OHU BBIIVIALAT KMEHHO Tak. HpHMOC IIPpOAOJIKEHNE HCpBOI?I
r'J1aBbl.

Besnoc A. Kpacora B kBasipare
F,ue MaT€MATHKA BCTPEYAETCA BaM B OOBIYHO JKU3HU U I[I0YEMY BbI 3TOI'O HE 3aM€E€YaJIn.

Onnen6epr k. Kak He omubaTbest. Cuna MaTEeMaTUYECKOro MbIIIJIEHUSI
[Ipo TO, Kak Ha MaTEMATHUKE JIOBST: CTATUCTUKA, BbIOOPKY, JIOKHBIE BbIBOJbl U3 BEPHBIX YMCEJL
[Tpuropurcsa Kk yactu V.

MnopuHoB JI. (He)coBepieHHast CIy4aliHOCTD
[IpOBOJHUK IO CJIYYaMHOCTU: TI0YEMY UHTYULMAS B BEPOSITHOCTHU ITIOYTU BCETIA BPET.

Xogmrazgrep [I. ['€nensb, Dmep, Bax
[Tpo camocchiKy, opMasibHble CUCTEMBI M HENOJHOTY — K yacTtu VIII. YuTtaTh MenjieHHO U He
Mo PsJ; KHUra cama YCTPOEHa KaK TO, O YEM PaCCKa3bIBAET.

Bo6pos C. Bosme6HsblIi1 BYpOr

CoBeTcKas [10BECTb-TTyTEeUIECTBHE 110 MATEMAaTHKe: IIKOJIbHUK, BOJIIEOHBIN CITYTHUK, TIPUKJIIIO-
YeHMs U [IpeJMeT I7ie-TO MeXAy HUMU. HammcaHa Jij1s1 TOgpOCTKOB, M (OpMa DTOTO He CKPBIBAET
— B3pPOCJIOMY OHa AAa€TCs TSDKEJI0, JaXKe KOorjia cofiepskaHue HpaBuTcsl. bepure, eciu Takas mojada
BaM 6JIM3Ka UJIM €CJIA KHUATA Hy)KHa PEOEHKY; €CJIM HET — T€ K€ CIOKEThI M3JI0KeHb! y KypaHTa u
Po661HCa, TOJIBKO 0€3 CKa3KMU.

CasBareeB A. B. MaTeMartuKa [iji1 ryMaHUTapHeB: KUBbIe Jiekiuy; CO0pHUK 337a4 K Kypcy «100
YPOKOB MaTE€MaTUKI»

Korpa 3axovercst TpyzHOro. COOpHUK 3a7ja4 — HACTOsIIAsl JIECTHULIA; OTBETOB B HEM HET, U 3TO
YeCTHO: UX IIPUXOJUTCS 1OOBIBATb.

Savov I. No Bullshit Guide to Mathematics. No Bullshit Guide, 2020

[1710THBIM KOHCIIEKT BCEM HIKOJIbBHOV MAaTE€MATUKU U Ha4yajsl aHayIu3a JJIs B3POCJIOTO, KOTOPbIN
BO3BpallaeTCcs K IpeIMeTy: MHOXeCTBa, QyHKIMY, alredpa, TPUrOHOMETPUS], BEKTOPbI, IPOU3BOJ, -
Hasl, UHTErpajl — C yIPaKHEHUSIMU U OTBETAaMU K HUM. POBHO TO, 4ero 3Ta KHUTA He [1eJ1aeT: 34eCh
OOBSICHSIOT, OTKYZA UTO B35JI0Ch, @ TaM Q0T HAOUTb PYKy. [lo-aHTIniiCKY.

Savov I. No Bullshit Guide to Linear Algebra. Draft, 2016

To >xe camoe, HO L1eJIMKOM I1PO JIMHENHYIO ajre6py: BEKTOPBI, MATPULIbL, COOCTBEHHbIE 3HAUEHMUS,
NpUIoKeHUs. EcTecTBeHHOE MPOJIOJIKEHME TJI1aBbl 39, €CJIM 3aX04YEeTCsl HE TOJIbKO IMOHSTh, HO U
YMETb CYMTaTh. [10-aHIIMIICKU.

OTKyAa 4TO B3AJIOCb: UCTOPUSA NMOHATUNA

Ifrah G. Histoire universelle des chiffres

Kak uesioBeuecTBO TPUILUATb THICSY JIET U300peTano UA@Pbl — OT 3apybOK Ha KOCTU [0 HYJISL.
['71aBHBIN NCTOYHMK UCTOPUYECKOM 4aCTH MePBOH r1aBbl. [10-(paHIly3CKY; pyCCKOTrO N3aHUsI HeT,
HO ecTb aHmuiickuil nepesoy — The Universal History of Numbers.

Menninger K. Number Words and Number Symbols
To >xe camoe co CTOPOHBI A3bIKa: OTKYld B34JIMCh CaAMU CJI0BA [J1 YK CEJ U CIIE€AbI CTAPBIX CUCTEM
c4€Ta B COBPEMEHHBIX $13bIKaX. [I0-aHIINIICKY ([IepeBOJ;, C HEMELIKOI'0), PyCCKOT0 U3JaHuUsI HeT.

Jenmas U. 1. Uctopus apudpmeTnku
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pYCCKaH KJjIaCCUKa >XaHpa; OTAEJIbHO LI€HHA IJIaBaMU IIPpO CJIaBIHCKUM CYET U «TbMY C JIETNO-
HOM».

Boyer C.B., Merzbach U. C. A History of Mathematics
CrnpaBOYHUK, K KOTOPOMY UIYT 32 [aTON, UMEHEM U IOPSAKOM COObITUil. [To-aHIIniicKy; no-
PYCCKHU MTOXO0XYI0 C1yKOy cocay>kut CTpoiik [l. «KpaTkuil 04epK UCTOpUN MAaTEMATUKI».

Heiire6aysp O. TouHsle HayKu B ApeBHOCTH. M.: Hayka, 1968
BaBusion u Erumner: 0TKya B3SJIMCh IECTbIECAT MUHYT B 4aCe M TPUCTA LIECThIECAT IPAlyCoOB
B Kpyre. [lepeBoj, cTaphlil, HO KHUTra HE yCTapea.

Dehaene S. The Number Sense
qYBCTBO qyucia:. 94To YMeIOT MJIaOEHIIBI, BOpOHbI 1 IMMMIIaH3€ U '€ KOHYaeTCsd (<BI/I)Ky, 4YTO UX
TPpU» Y HAaYMHAeTCs CUET. [lo-aHTIUICKY.

Alder K. The Measure of All Things
Cemb JIET, IBa ACTPOHOMaA, PEBOJIIOLUA U BOWHA — HUCTOPUA O TOM, KdK U3MEPAJIN MEPNIIAH,
YTOOBI [TOJTy4UTb METP, ¥ YTO [IPX 3TOM IOMIJIO He TaK. [10-aHIINIACKY.

Ascher M., Ascher R. Code of the Quipu
V3enkoBasg apl/lq)MeTI/IKa MHKOB: ITO3NIIMOHHAA CUCTEMA 6€e3 MMCbMEHHOCTHU. [10-aHTINICKU.

Opz-Xbiom A. BeyHoe gBmxeHne. VicTopust OlHOM HaBsI34MBOW UIEU
[IlecTbCOT JIET MOIIBITOK IIOCTPOUTH BEYHBIN NIBUraTe b, [loIe3Hee, yeM KaXKeTCsl: IIOYTH KaxKast
cxema — II0Y4YUTeJIbHbIN 00pa3el, 4eCTHOrO NOICY€éTa I10JI0BUHBI 3pdeKxTa.

Huizenga J. R. Cold Fusion: The Scientific Fiasco of the Century
Pa360p UCTOpUHU XOJIOIHOTO CUHTE3a U3HYTPU — KaK HayKa OIIN6AEeTCsI TyGIMYHO U KaK BbIIIPAB-
ssiercs. [To-aHrmmincku.

Conway J. H., Guy R. K. The Book of Numbers
Yuca Bcex COPTOB U MPOUCXOXKAEHUI, C pUCYHKaMU U 6e3 3aHy i cTBa. [10-aHIIMICKMU.

Kasner E., Newman J. Mathematics and the Imagination
Kuura 1940 roga, nogapusiuas MUPY CJIOBO «IYyroj», U IO CUX IOp INpeKpacHoe yreHue. [To-
AHIJIMVICKU.

Cnop o meTtone

[Tonmep K. Jloruka HayYHOT'O UCCJIENOBAHUSA
OTKyza B3sJ10Ch TpeOOBaHME OIPOBEPKUMOCTU Y MTOYEMY OHO 0KaszajoCh TaKUM YAOOHBIM U
TaKUM CIIOPDHBIM.

Buruep E. Henoctrokumast 3¢p@QEeKTUBHOCT, MAaTEMATUKU B €CTECTBEHHBIX HayKax // YOH. 1968.
T. 94, Bbi11. 3

CraTbsl Ha [IeCSITh CTPAHUL], CTaBsIIAsl IJIaBHBIN BOIPOC DTON KHUTU: [IOYEMYy MaTeMaTHUKa BO-
o6uie pa6oraeT B pusuke. OTBETa B HEW HET — U HTO YECTHO. Pycckuil nepeBo, eCTb B OTKPBITOM
apxuBe «YCIIeX0B (PU3NIECKUX HAYK».

CmonuH JI. HenpustHocTH ¢ dusnkoii * Woit P. Not Even Wrong ¢ Dawid R. String Theory and the
Scientific Method

TpI/I KHUT'M1 O TOM, CHUTATh JIN HaYKOIu/I TEOPUIO, KOTOPYIO HEYEM IIPOBEPUTD. HepBbIe OBE — IIPpO-
TUB, TPETbA — 3a; YUTATb CTOUT BMECTE, [IOPO3Hb KaXKasl CJANIMKOM y6em/1Teana. CMoOIUH nepe-
BeNIEH Ha PYCCKUH, JIBE IPyrue — HeT.
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MepBOUCTOUYHUKHM

Eskinp. Havana
JlokazaTesnbCTBO O 6ECKOHEYHOCTU ITPOCTHIX ynces — npepjoxeHue 20 kuuru [X. JIBaAnaTh Tpu
BEKQ, U HY OIHOM TPELIVHDL.

Apxumep. [lcammur (VcuucieHre NeCYNHOK)
[lepBbIil B UICTOPUM TEKCT, I7le KTO-TO CTPOUT CUCTEMYy OO03HAYEeHU CIIelUasbHO IJIsl TOTO,
YTOOBI IOTSIHYTHCS 0 OU€Hb OOJIBIIOTO YUCIIA.

Tamuneii I'. Becensl 1 MaTeMaT4deCKye JOKA3aTeIbCTBA
Jlnasor, B KOTOPOM PYIIMTCS APUCTOTEJb. BUIHO, KaK 4eJI0BEK IyMaeT, — CO BCEMU OTCTYILIE-
HUAMU U CIIOpaMU C BOO6pa)KaeMbIM OIITIOHEHTOM.

Marauukuii JI. . ApudpMmeTHKa, cupedsb HayKa yucauTenbHast (1703)
[lepBblil pycCcKull yueOHUK HOBO apu(PMETHKY; I10 HEMY y4ujlach BCs IeTpoBckast Poccust.

Leibniz G. W. Explication de I'arithmétique binaire (1703) » Bachet C. G. Problémes plaisants (1612)
* Peano G. Arithmetices principia (1889)

TpI/I KOPOTKUX TEKCTA, IIPSAMO MCII0JIbSOBAHHLIX B HCpBOfI rjiaBe: IBOMYHas CUCTEMA, 3a7a4a O
TUPSX U ONpeieJIeHNe HaTypPaJIbHOIO YUCIa.

Bupeo

Yonrep JleBuH. Kypc 8.01 «Kinaccuyeckast MexaHuka», MIT
[TosnHble 3anucu leKUui Ha opULMaIbHOM KaHase aBTopa. CMOTpeTh paiu JeMOHCTPALUIA: TO,
4TO B KHUTE IIPUXOOUTCA OIINCBIBATH CJIOBAMU, TaM IIPOUCXOIUT HaA I'Jla3aX.

3BluelBrown (I'pant CanmepcoH)
Jlyymasi maremaruyeckast aHumauusi us cyuectsyromux. Cepun «Essence of calculus» u
«Essence of linear algebra» — x yactsm Il u VI

U nocnegnee. KHUTY MUIIYT Ha I71a3aX y YUTATEJIS, U JIy4dllee, YTO C HeH MOXKET CITyYUThCSI, — YTOOBI
omuMOKy IOMMay paHblile, YeM OHA 3aTBEepJeeT.

O6cyputhb. YaT KHUrKM B Tenerpame: @gfazzzchat. NMuwuTte Npo owmbku 1 oneyaTku,
npo MecTa, rae obbscHeHMe He cpaboTasio, 1 NPo 3afayn, OTBET K KOTOPLIM He COLLENCS:
nocneaHee 0CO6E€HHO LIEHHO — 3HAYWT, rflaBa HeJoroBopua.

https://t.me/gfazzzchat
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