ToHu Kpunnu. Matematuka. 50 ugei, o KOTopbix HYXKHO 3HaTb

Bcto MaTemMaTUKy He Mo, CUAY 3HATb HUKOMY, OHA CAULIKOM MHOroobpasHa, HO OCHOBHble UAEU, YTO
onpeaenunun v onpeaenatoT Haly XM3Hb, HaA0 3HATb BcemM. KHUra «MaTemaTmKa» BbIxoamT B cepum «50
naen, o KOTOPbIX HYXKHO 3HaTb». BOT HEKOTOpPbIE MAEN, U3NOKEHHbIE B KHUTE: CUCTEMbI YMCEN, YNCAA
dunboHayuu, TpeyronbHUK MNackana, ¢ppakTanbl, Xxaoc, Teopua balieca, KpMBas HOpPMabHOIO
pacnpeaeneHusn, wWudpobl, Teopua Urp, Bennkaa teopema Pepma...

KHUry K npoyYTeHU0O MHe pekomeHaoBan MapTuH.

ToHu Kpnnan. MaTtemaTtuka. 50 ngen, o KOTopbix HYXKHO 3HaTb. M.: ®aHToMm lMpecc, 2014. — 208 c.
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MATEMATHKA

Kynutb undposyto KHury B JIutPec, bymaskHyto KHury B Ozon unm JlabupuHTte

Hysb

MpUMeHATb CMMBOJ1, 0603HAYAOLWLMIN KHUYTO», HAYaIM, KaK MPUHATO CYUTATb, TbICAYM NeT Ha3a4,. Bnepsble
HYyNb Cpeau Ymcen BBeN MHAMNUCKNIM matemaTuk VIl Beka BpaxmarynTa. Ha 3anage nHao-apabekyto cuctemy
ymnces, BKIOYABLUYIO HY/1b KaK YMCA0, pacnpocTpaHma JleoHapao MusaHckuii — ®ruboHayuu; e oH
noceaTun ceon Tpya, 1202 roaa «Liber Abaci» («KHura abaka»; abakom ®nboHayum HasbiBan
apudmeTUYecKkmne BbluMCNeHUA). B AecaTUUYHOM cucTeme Hyib CIYKUT CUMBOIOM-3aMN0JIHATENEM U
NO3BOJIAET Ham OonNepunpoBaTb U OFPOMHbIMN YHUCNaMU, U HUYTOXKHO Ma/ibiIMU.

CucTteMbl yrcen

LLymepbl 1 BaBunoHAHe okosio 4000 neT Ha3zad, NPUMEHSIM B ObITY NO3ULMOHHYIO CUCTEMY cuYUCaeHMA. Mbl
Ha3blBaeMm ee TaK, MOTOMY YTO OHa MO3BOJIANA ONpeaenATb K4UC0» NO PACMNONOKEHUIO CUMBOIOB.
EanHuueln cumcnenma oHm nonaranm 60.

OCHOBHble CUMBO/IbI, TPUMEHABLUMECA pUMAsHaMK, — «aecaTkmny (I, X, C u M) 1 ux «nonosuHbl» (V, L u D).
Yncna B pMCKOM cucTeme COCTaBAANCD MO NPUHUMNY «nepea 1 nocae». Hanpumep, 3HayeHue
MMMCDXLIII cTaHOBUTCA NOHATHO TO/NIbKO MNOC/AE MbIC/IEHHOM pacCcTaHOBKM ckobok: (MMM)(CD)(XL)(I11), n
TOr4a MOXKHO MpoyecTb 370 Yncno Kak 3000 + 400 + 40 + 4 = 3444.

COBpEMEHHbIVI I'IOSVILI,I/IOHHbIlZ ,El,eCFiTI/I‘-IHbIﬁ MeToL, obo3HauyeHus npuwien K Ham 13 BaBunoHa, a noTom ero
ycoBepLleHCTBOBAIN MHAMﬁubI. HPEMMVLIJ,ECTBO 3TOro MmeToga — BO3MOMKHOCTb 0603HayaTb KaK 04YeHb
ManieHbKUe, Tak U rpomagHblie Ynucna.

Jlpo6u

MaTemMaTUKK Ha3bIBalOT AP06Kr «paLMOoHaNbHbIMU YACAAMWNY, MOTOMY YTO OHUM CYTb COOTHOLWEHMe (ratio)
ABYX uncen. PauMoHasbHble YMCia APEBHUE FPEeKN HasbiBaM «mepammuy». ErMnTaHe Bo BTOpOm
TbiCAYENETUM A0 Hallel 3pbl OCHOBbIBANU CBOKO cUCTEMY Apobeit Ha uepornmdax, 0603HavaloWmUx 40M
eanHUT, T.e. Apobu c uncautenem, pasHoim 1. Hanpumep, 5/7 — He 08 eANMHULbI, HO MOXKET 6bITb
3anucaHa B A0NAX eANHULbI:

5 1 1 1 1

73 4 8 168
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Yucio

TU — eCTb AJINHA OKPY!KHOCTU, AeNeHHasa Ha anameTp. Apxumes Cupakysckuii B 250 . 4o H.3.
annpoKCUMUPYET Tt Kak 22/7. depanHaHg ¢oH JinHaemaHH B 1882 roay npoaeMOHCTPUPOBan, YTo T —
TPaHCLEHAEHTHO, T.€. HE MOXET ObITb pelueHnem anrebpanyeckoro ypaBHeHUs (KOpHEM MHOFOY/1eHa C
uenbimm koadduumeHTamm). JIMHAEMAHH 3aKPbl BONPOC «KBaApaTypbl Kpyra». 3aaya cOCTos/1a B TOM,
4yTOObI A5 NPEANOKEHHOIO Kpyra BbICTPOUTb KBaAPaT TOM e naowaam. JInHaemaHH f0Kas3an, u4To 3To
npoaenatb HEBO3MOXKHO. HbiHe «pelueHne 3a43a4m KBaapaTypbl Kpyra» — 3sdemmam, 0603Havatowmii
HeBbINOJIHUMOE, 6e3HaaeKHoe aeno.

CyLLecTByeT MHEMOHWYECKOE NPaBMIO0, MOMOratoLLee 3aNOMHUTb HECKOJIbKO 3HaKOB B GopMyie Yncna Tt
«KaK 5 xouy v }enato HagpaTbCa A0 YepTein NOCae CUX TYMbIX BONPOCOB, HAaBOAALLMX TAKENYHO
aenpeccuto!»

Yucso e

€ — YNCNO, OKPYr/IEHHO paBHoe 2,71828. BoobpasnTte roanyHblii MHTEPBa BPEMEHMU, CTaBKY
KpeamToBaHuA B 100% m cTapToBbIN KanuTan B 1 GyHT. B KoHLe roga y Hac byayT 2 ¢yHTa. Tenepb
npeanonoXum, YTo KpeAUTHAA CTaBKa cTana BaBoe meHblue, T.e. 50%, HO paccunTbiBaeTCA Kaxable
nosrofa otaenbHo. B nepsble nonroga mbl 3apabotaem 50 neHCOB, K KOHUY NePBOro NoAyrogmsa oowmi
Kanutan npu atom coctasuT 1,5 dyHTa. Torga K KOHUY rofa y Hac Ha pyKax OKa*KeTcA 3Ta Cymma MJIoC ele
75 neHcoB goxoaa. MToro Hawe ctaptoBoe BAOXKeHUe B 1 pyHT BbIPOCNO K KOHLY roga fo 2,25 ¢yHral

byaeT v Haw KanuTtan pacty 6eckoHeuYHo? Ecam npogomkum apobutb rog Ha BCe MeHbLUMe nepuoabl
(puc. 1), Mbl yBUAUM, UTO «B Npeaeie» CYMMapPHOE KOMYECTBO 3apaboTaHHbIX IeHer ycTpemaneTcs K
NOCTOAHHON BeINYNHE — qyucny e.

Kanuranuaupyem OO6uian cymma,

KaXabin... (yHTOB

rog 2,00000
nonroga 2,25000
KBapran 244141
mecay 261304
Heneno 2,69260
IeHb 2,71457
yac 2,71813
MHHYTY 2,71828
cekyHay 2,71828

Puc.1.4Yucno e

ToYHOE 3HaYEHUNE e MOXKHO NpeacTaBUTb GopmyioNn

1 1 1 1 1
e= 1+ﬂ+z+§+a+a...
MecTo 06uTaHUA e — pa3HOOBpa3HbIi POCT Yero YroAHO, HanpPUMep, SKOHOMUYECKMI POCT U POCT
HaceneHumsa. KpMBble, onucbiBaoLWwme npouecc pagnoakTnMBHONO pacnaga, TakxKe CBA3aHbl C 3TOM
KOHCTaHTOW. B cTaTUCTUKe 3HaMmeHUTas « KOﬂOKOﬂOO6pa3Haﬂ » KpuBaAa TOXe He O6XOAMTCH bese
(noapobHee cm. HopmanbHoe pacnpegeneHue):

1.X-u2
e2Cs )

f(X - V21o

Yucna GuboHauyuu
MNoapobHee cm. Anbdpes PeHbu. Yncna PrboHayum

30J10ThbI€ IPONOPLUHU

Bosbmem nuct bymaru A4, 210 mm No KOPOTKOM cTopoHe 1 297 MM — MO AJIMHHOM, COOTHOLLIEHME CTOPOH
297/210, uto npnbansmTensHo pasHo 1,4142. dopmyna, onpeaensaiowias pasmepbl 6ymar A, npuaaeT stTum
pa3mepam KpaliHe None3Hoe KauyecTBO, KOTOPOro HeT y Bymar npom3BoabHOro pasmepa. Ecam 6ymarkHbii
JINCT CKPOEH NO cucTemMe A, TO ero CN0XKEHNEM NOMNOAM Mbl MOIY4aeEM AB8a NPAMOYrO/bHMKA MEHbLUETO
pa3mepa, NponopunoHanbHbix bonbwemy (puc. 2).
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Puc. 2. bymara popmara A

KaK Mbl y3Ha/In, YTO MMEHHO cooTHolleHne 1,4142 nact Ham Takoe 3amevaTtesibHoe CBOMCTBO? CAoXMMm
JINCT Bymaru, HO Ha 3TOT pa3 BO3bMEM TaKOM, B KOTOPOM Mbl He 3Haem AJIMHY 60/1bLLel CTOPOHbI.
Jonyctum, WrpuHa NpAMOYro/ibHMKa paBHa 1, a A IMHY 3anuliem Kak X, Toraa COOTHOLWeHMe A/UHbI K
WwnpuHe noayuntca x/1. Tenepb CAOKMM 3TOT NPAMOYFO/IbHUK NOMNOAAM, U TOF4a COOTHOLLIEHWNE A/IUHbI K
wupuHe — 1/%x, nan 2/x. Cytb pa3amepos B cucteme A B TOM, YTO 3T [Ba COOTHOLLEHUA AO/IKHbI
PaBHATLCA OHOMY M TOMY K€ YMCAY, M NO3TOMY nosyyaem ypaBHeHue x/1 = 2/x, oTkyaa x% = 2. Takum

06pasom, 3HaYEHUE X = V2, uto npumepHo pasHo 1,4142.

30/10TOM NPAMOYTO/IbHUK CKAaabIBaeTcs no MHUKM RS (puc. 3) TaK, utobbl dpurypa MRSQ 6bina KBagpaTom.
KntoyeBoe CBOMCTBO 30/10TOTO NPAMOYTO/IbHMKA B TOM, YTO NPAMOYro/ibHUK RNPS nponopuunoHaneH
NCXOA4HOMY NPSAMOYTONbHUKY, T.€. NOCAE BblAENEHUA KBaapaTa OCTaBLIMNCA NPAMOYIObHUK O0/KEH BbITb
MWHU-PENIMKoM 60nbLLOTO.
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0
Puc. 3. 30n0TOM NPAMOYroNbHUK

KaK 1 paHee, ycTaHOBMM, WMPUHA 6onbloro npamoyrosnbHMka MQ = MR v pasHa 1, a 4nvHy 6onblueit
cTopoHbl MN 0603HauYMMm KaK X. COOTHOLLEHME ASIUHbI K LWMPUHE B60NbLIOro NPAMOYrobHUKA, Kak U B
npeablayuiem caydae, — X/1. Ha aToT pas wmpmHa meHbliero npamoyronsHmuka RNPS ectb MN — MR, T.e. X
— 1, n TOrga CooTHOLEHME CTOPOH 3TOrO NPAMOYrObHMKA paBHO 1/(x — 1). MpupaeHaB 06a COOTHOLWEHMS,
NoAYy4YUM ypaBHeHuUe:

X 1 ) 1=0
I—HI/IJH/IX—X— =

KopHM KBaApaTHOro ypaBHEHUA:

-b + Vb2-4ac 1+ ,/1-4-1-(-1) 1++5
2a B 2 2

CMbIC/1 UMEET NNLLB KOPEHb CO 3HAKOM MOC. ITO YUC/IO U eCTb 3HAMEHUTOE 30/10TOE CEYEHMUE,
0b603Havyaemoe rpeyeckoit byksoi «pu» — ¢:

1++/5
¢=——

Tpeyronbnuk Ilackana

TpeyronbHuK Mackana 3HAMEHWUT B MaTEMATUKE CBOE CUMMETPUYHOCTBIO U CKPbITBIMM
B3aMMOOTHOLLUEHUAMMU MEXY YMCNaMU B HEM. TpeyroibHUK Mackana CTpoUTca CBEPXY BHU3. Pacnonoxkum
B BepLUMHe 1 M pasmecTm No eAMHULLE CIEBA U CNIpaBa B CAedytolem pagy. [JanbHelwme pasbl CTPOUM,

X12 =

= 1,6180339887 ...



BCAKMIA pa3 BNUCbIBas eANHMLbI MO KPasaM, @ BHYTPU pALa YNCNa 06pa3yoTCA NYTEM CIOXKEHUA TEX, YTO
pacno/ioXKeHbl Bbille YPOBHEM MNpaBee 1 ieBee 0T UCKOMOM (puc. 4). Ecam cnokuTb uncia B Ntobom psaay
TpeyronbHMKa Mackana, nonyuutca creneHnb 2. Hanpumep, s natom pagy 1+4+6+4+1 =16 =24,

¢
1 1

1 (A i
L QD
1 4 € 4 1
Puc. 4. TpeyronbHuk Nackana

MepBoe 1 camoe o4eBUAHOE CBOMCTBO TPeyrosibHUKa Mackans — B ero cummeTpun. Ecam nposectu
BEPTUKA/IbHYIO IMHUIO Yepes cepenmnHy, IeBas MU NpaBas ero NoA0BMHbI OKAXKYTCA «3€PKa/ibHO
CUMMETPUYHBI». Blaroaapa aToMy MOMKHO FOBOPUTb M O «AMArOHaNAX» 3TOTO TPEYrosbHWKA, MOCKObKY
CeBepo-BOCTOYHAA AnaroHasnb byaeT MAEHTMUYHa ceBepo-3anagHoi. Moa AMaroHanbio U3 og4HUX eaAnHUL,
YBUOMM AMaroHanb HaTypanbHbix uncenl, 2,3,4,5, 6, ..., a HMXKe — TpeyronbHbix Yncen 1, 3, 6, 10, 15, 21,
... (4nmcna, KoTopblie MOXKHO cObpaThb B TPEYrO/IbHUKM U3 ToYeK). [lanee — AmaroHanb TeTPasApUYECKnX
uncen: 1, 4, 10, 20, 35, ... 3TK YnCNa MOMKHO OPraHU30BaTb B TETPA3APbI («TpeXMepHbIe TPEYTroNbHUKNY
WK, €CAU YTOAHO, B TOPKM NYLLEYHbIX AAEP C/OMXKEHHbIE TaK, YTOObl B OCHOBAHWUK BbIN TPEYTroNbHUK).

1 5 10 W 5 L
1 6 15 20 1§ 6 K
1 7 21 35 35

Puc. 5. lnaroHanu TpeyronbHUKa Nackana

B TpeyronbHuKe Mackans MOXKHO 3aMeTUTb Y30Pbl U3 YNCEN — B 3aBUCMMOCTM OT TOFO, YETHbIE OHU UK
HeyeTHble. ECNM 3aMeHUTb eANHULAMM YETHDIE YNCA, @ HYJIAMW — HEYETHbIe, NoNy4YuTCA y30p (puc. 6a),
MOXOXKMI Ha 3aMeYaTesibHbIi PppaKTan, N3BECTHbIN KaK TPeyrosbHUK («candeTka») CepnmHcKoro (puc. 66).
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Puc. 6. dpakTanbHble CBOMCTBA TpeyroabHKMKa Mackana

Anrebpa

MaTemaTrKa nepekuaa cepbesHble NepemeHbl, nepeinasa ot apudMeTUKM K HayKe CMMBOJIOB — anrebpe.
Anrebpa 6bl1a 3aMEeTHOM YacTblo TPYA0B apabckux mbicanTenel IX Beka. Anb-Xopesmu Hanmcan yuyebHuK
MaTeMaTUKK, CoAeprKaBLInii apabckoe cnoBo «an-axkabp». Pelwan npakTMyeckme 3a4aqmn B TepMUHAX
JIMHEMHbIX U KBaApaTHbIX ypaBHEHWIA, Aflb- XOpe3mMu Ha3Baa «HayKy ypaBHEHMIA» CIOBOM, OT KOTOPOTro
npoucxoaut «anrebpanr.

Benunuaiwan pabota [kmMponamo KapaaHo no matemaTtuKke, onybankosaHHana B 1545 roay, ctana
NOBOPOTHOM TOUKOM B TEOPUM YpaBHEHMIA — OHa OKa3anacb borata Ha peLleHna ypaBHEHWNI TpeTbel 1
ueTBepTON CTeneHei, T.e. coaepxawmx x3 n x* (noapobHee cm. Axunponamo KapaaHo. O Moei Xu3Hu).



http://baguzin.ru/wp/?p=12760

Ha npotaxeHun 500 neT anrebpoii 0603HaYann «Teoputo ypaBHeHNM», Ho B XIX Beke aeno npnobpeno
HOBbI 060pOT. JlloAN 0CO3HANN, YTO CUMBOIbI ANrebpPbl MOFYT NPEACTaBAATL AA/IEKO HE TOIbKO YMCAa, A U
«BbICKa3blBaHMAY, @ 3HAYMT, anrebpa MorKeT HbITb CBA3aHA C IOTUKOMN.

Anroputm EBkinzia

JonycTm, Ham HYXXHO HaWTK Hanbonblnin obwmii genutensb (HOA) aByx uenbix uncen 18 n 84. CHavana
Mbl pa3bunm oba umcna Ha ux genmntenmn: 18 =2x3x3mn84=2x2 x3 x 7. A3arem oTOMpaem TONbKO
obuwue. B Hawem npumepe — 2 n 3. UToro nonyyaem HOZ, = 2 x 3 = 6. A MOXKHO 11 KaK-TO M3bexKaTb 3TOM
BO3HU C genutenammu? Takol nyTb ecTb. Anroputm EBKAMAa npusoautca B «Hayanax», kHura VI,
npeanoxexue 2: «laHbl ABa YMCNaA, HE KPaTHbIe APYT APYrY; HAUTU X HAaMBOoNbLIYO 06LLYI0 Mepy».

Anroputm EBKAMAA aneraHTeH, 3pPEKTUBEH M NO3BOAET IETKO U36EXKaTb YCUNIA NO BbIABAEHMUIO BCEX
Aenntenein npocTbiMm oTOpacbiBaHMeM. [laBaliTe NOCMOTPUM, KaK OH paboTaeT. 3agavya — Hatn d =
HO/A(18, 84). HauHem ¢ aeneHua 84 Ha 18. Haueno pasaenntsb He Noayuntca — BbiiaeT 4 n 12 B ocTaTke:

84=4x18+12.

MocKonbKy d A0MKHO AennTb 1 84 1 18, OHO A0MKHO AennTb 1 12. 3HauuT, d = HOA(12, 18). MosTopMM
npouecc geneHna — tenepb 18 Ha 12:

18=1x12 +6.

Monyynm B ocTaTKke 6, cnegosatensHo, d = HOA(6, 12). 12 aenntca Ha 6 6e3 ocTatka, a d = HO/(O, 6). 6 —
Hanbosibllee YNC/I0, Ha KOTopOoe AensaTca n 6, u 0, BOT Mbl M MOSYy4YNN OTBET.

Ecnum BbluncanTb Takmm cnocobom d = HO1(17640, 54054), nocneaoBateNbHO NOAYYMM OCTaTKU OT
aenenua 1134, 630, 504 n 0, oteeT d = 126.

Jloruka
MNoppobHee cm. bynesa forvka.

TpagMLUMOHHAA IOFMKA OCHOBbLIBANACh HAa MHOMKECTBAX UK Fpynnax aHHbIX: Mbl ONepUpoBanu
MHOXeCcTBaMM crnaHuenei, cobak, 06 bEKTOB KOPUYHEBOTO LBETA. B 3TUX C/ly4anx y HAaC HET COMHEHWI B
TOM, YTO BXOANT B MHOXECTBO, @ YTO — HeT. Ec/iv Ham nonaaeTcs YUCTOKPOBHbIM POLAE3UACKUIN puaK6ekK,
Mbl HaBepHsKa cpasy NOMMeM, YTO 3TO KMBOTHOE TOYHO HE U3 MHOMKECTBa CNaHMenemn.

Teopua HEYETKMX MHOXECTB UMEET Ae/10 C MHOMECTBaMMW, HE OMpeaeNeHHbIMMN TOYHO. MO0XKUM, Y Hac
€CTb MHOXECTBO TO/ICTbIX ClaHueiei. HacKo/IbKo TOAICTbIM A0/1KeH BbITb CNaHune b, YTO6bl Mbl BKIOYMAN
€ro B 3T0O MHOXecTBO? HeueTKMe MHOMeCTBa AOMYCKaloT rpaaaLmm YIeHCTBa, U rPaHuLLbl, OTAenAWwmne
Y/IeHOB MHOXECTBA OT BCEX OCTa/IbHbIX 06BEKTOB, Pa3MbITbl. MaTemaTKa NO3BOASAET HaM TOYHO
onpeaenaTb PasmbITOCTb.

MHo>KecTBa

Hukona bypbakm — nceBAOHMM rpynnbl GpaHLYy3CKMX YHEHBIX, NOXENaBLUNX KNPaBUIbHO» NepenncaTtb
MaTeMaTMKy OT CAMOr0 UCTOKa. Mx cmenioe 3asAB/IeHWe COCTOAIO B TOM, YTO BCe A0/IKHO 6a3npoBaTbeca Ha
TEOPUN MHOXKECTB. AKCMOMATUYECKUI noaxoa 6bin MPUHAT MMM 38 OCHOBHOM, M BCE B HAMMUCAHHbIX MU
KHUrax NpuaepK1Baaocb MaTeMaTUYECKOM CTPOTroCTH «onpeaeneHne, Teopema, A0Ka3aTeIbCTBOY.

BpuTaHckuii punocod bepTpaH Paccenn chopmynmpoBan KOHLENLMIO MHOXKECTBA S, BK/IlOYatoLwero B cebs
BCE MHOKECTBA, KOTOpbIe He BKJIOYalOT cammx cebs. CUMBOJIMYECKM 3TO 3aMMCbiBaeTcs Tak: S = {x: X & x}.
[Hanee Paccenn 3agaet Bonpoc: S € S — BepHo m 3T10? Ecim Aa, To S B TaKOM Cayyae A0KHO
YA0BNETBOPATb YTBEPIKAEHWNIO O TOM, YTO CAMO OHO He Coaep»KuUT ceba, 1.e. S & S.

C Apyrom CTOPOHbI, eCnun HET, TO S € S, a 3HauUuT, S He COOTBETCTBYET ONpeaenatoWeMy yTBepKaeHuto S = {x:
X & x}, a3Haunt S € S. CyTb NnapagoKkca Paccenna ceoguTca K cneaytowemy: S € S Torga M ToNbKo Toraa,
Koraa S & S. Y aToro napajZiokca ecTb M Apyroe Ha3BaHWe — «napafokc 6pasobpesar»: cenbckuin bpangobpel
06bABAAET, YTO byAeT HPUTb BCAKOro, KTO camM He bpeeTcs, n He BpuUTb TOro, KTo bpeeTtcs cam. Bonpoc: KTo
nobpeet 6panobpea? Ecan oH cam He BpeeTca, To A0MKeH BpUTb cam cebs, a ecnm bpeeTcs cam, To He
[ONKeH ceba 6puThb.

Moao6HbIX NapafoKCOB, BEX/NBO Ha3biBAEMbIX «aHTUHOMUAMMNY, cneayeT nsberatb. 419 MaTemMaTUKOB
HeAoMyCTUMO UMETb [1e/10 C CMCTEMaMU, MPOU3BOAALLIMMM NPOTUBOPEeUUs. Paccenn pa3smn TEOPUIO TUMOB
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M B Hell co3aan no3sosieHne a € A b NPU YCAOBUK, YTO @ — OBBEKT HUZLLIETO MO OTHOLLEHMIO K A
nopAaakKa, Toraa yaacrca nsbexaTb BbiparkeHnin spoae S € S.

ABCTpUIMCKNIA maTemaTuK KypT Méaenb HOKayTUPOBaA XKenatLWmx yapaTb OT NapagoKcoB B popmasbHbie
aKcMomaTuyeckune cuctemol. B 1931 roay Féaenb goKasan, UTo Aarke B NpocTenmnx GpopmasibHbIX CMCTEMAX
CYLLECTBYIOT YTBEPKAEHMUA, UCTUHHOCTb UM NOXKHOCTb KOTOPbIX HE MOXKET ObITb BbiBeAEeHa B pamMKax
AaHHOM cuctembl. [MoNpoCTy roBops, CYLLECTBYIOT YTBEPXKAEHUSA, A0 KOTOPbIX aKCMOMbI A@HHOM CUCTEMbBI HE
moryT gobpatbcsa, T. . HEBbIBOAUMbIE YTBEPXKAeHUs. [loaTomy Teopema Iéaens 1 Ha3bIBaeTCA «TeopPeMoi
0 HenosiHoTe» (noapobHee cm. dpHecT Harenb, xkerimc Poit HotomeH. Teopema [éaens).

Ucuucnenue

UcuncneHme — cnocob nponsseseHUs pacyeToB, U MaTeMATUKKU MHOTAA MOMMHALIOT «JI0rMYecKoe
NCYMUCNEHME Y, KBEPOATHOCTHOE UCUYUCAEHME» U T.N. cuncaeHne — LeHTPaNbHbIM NPUHLMN MaTEMATUKW.
Maso KTO 13 y4YeHbIX, MUHXEeHEepPOoB UM SIKOHOMWUCTOB HE CTA/IKMBAJICA C UCYUC/IEHMEM, CTOJb LLUMPOKMU ero
o61acTn NnpumeHeHua. UcTopryeckmn ero accounmpyroT ¢ Mcaakom HbtoToHOM U ToTdpuaom SlenbHuuem,
npousseawmnmn B XVIl Beke nepsble M3bICKAHUA B MAaTEMATUHECKOM aHanm3e. Y 060Mx BO3HUKAN NOXOXKME
TEOpUMn, N faxe CAYYUACA CNop, KOMY NPUHALEKUT NPaBO NepBONPOXoALa MaTeMaTUYeCKOro aHaauns3a.
Ha camom gene 06a yyeHbIX NPULLAN K CBOMM BbIBOLAM HE3ABUCMMO ApYT OT ApYra, U MeTOAbl UX
[O0BOJIbHO CU/IbHO Pas/IN4yanmnCh.

OCHOBHble BMApbI UcuucieHnin: anddepeHumnanbHoe n nHTerpanbHoe. Mpybo rosops, anddepeHunpoBaHue
CBA3aHO C U3MEPEHUEM U3MEHEHWA, @ UHTETPUPOBAHUE — C U3MEPEHNEM NAOLLAAM, HO KEMUYKUHA B
KOPOHe MaTaHann3a ecTb GpaKT UX eAUHCTBA.

BoobpasuTte, 4TO Mbl CTOMM Ha MOCTY HaZ INyBbOKUM yLienbeM U cobrupaemca BpoCUTb BHU3 KAMEHb.
TouHan dopmyna, coeanHAOLLAA NPONAEHHbIA KAMHEM MYTb Y U BpeMA X, NOTPebHoe A5 NPOXOXKAEHNUA
aTOro nyTu, 6bina npeanoxkeHa Fannneo fanuneem: y = 16*x? (koapduumeHT 16 BOZHMKAET NOTOMY, YTO
n3mepeHua NpoBoaaTca B pyTax n cekyHAax). Mpu sTOM CKOPOCTb B MOMEHT BpemeHM X: v = 16*2x. Takos
apPpekT anddepeHUMpoBaHNA — Nepexos, oT U = X2 K nponssoaHoi U = 2X. HbloToH HasbiBan U = 2X
«pNtoKCUen», a nepemMeHHyo X — GII0EHTOM, MOTOMY YTO MbIC/IUA B TEPMUHAX TEKYYMX MaTePUit. HbiHe Mbl
4acTo 3anucbiBaem GYHKLUMIO U = X%, @ ee NPoM3BOAHYI0 Kak du/dx = 2x. Takas 3anucb 6blna NpeasiosKeHa
JleitbHMLEeM 1 coXpaHMNACh B 3TOM BUAE, YTBEPAMB NPEBOCXOACTBO «d»-U3Ma HaZ TOYKamMKn HbtoToHa.

B 06Lem cnyyae NpomnsBoAHaA NOy4aeTcd YMHOMKEHNEM HA CTENEHb UCXOAHON QYHKLUMU U YMEHbLLUEHUEM
cTeneHn UCXoAHOM QYHKLMU Ha eanHULY (ecan GyHKLMA — MHOTFoYNEH; puc. 7).

u |du/dx
X 2x

x| 37
x' | 4%
x| Hxt
x® |nxo-!

Puc. 7. NpounssoaHble GyHKLNIM

NcTopuyeckun nepsoe NPUMEHEHNE UHTErPUpPoOBaHMA — U3MepeHue naollagei (puc. 8). MamepeHue
naowWwaam NoBepxHOCTU NoA, KPUBOM MOXKHO MPOU3BECTU anNPOKCUMUPOBAHNEM ee NPSAMOYTObHbIMM
dparmeHTamm, Kaxablih U3 KOTOPbIX UMEET WKPUHY dx. M3mepas naowanb KaxKaoro Takoro
NPAMOYIO/IbHUKA W CKNaAblBas X BMECTE, MOJYYMM KCYMMY» UX NIOLLLaAel, KoTopasa 1 pasHa obuiei
naowaan. Cumeon S ob6o3HayaeT cymmy 1 6bin BBegeH JleiMbHuuem B BbITAHYTOM Buae — [. Maowaab
KaK4oro NpAmMoyronbHUKa paBHa udx, 1 Torga naowaab A nog kpusoii ot 0 o X:

X

A=judx

0
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Puc. 8. MNpumeHeHMe MHTErPUPOBAHUA ANA U3MEPEHMA Naowaam durypsl

KaK v B c/lyyae ¢ Npon3BOAHbBIMM, Y MHTErPabHbIX PYHKLUMIA eCTb 3aKOHOMEPHOCTU cTeneHel X (puc. 9).
Ecam anddepeHumposaTb HTerpan A = x3/3, noayumm ucxogHoe u = x2. ECiM MHTerpupoBathb
npoussoaHyto du/dx = 2x, Toxe NoNy4nm ncxoaHoe u = X2, AnddepeHumposaHme o6paTHO
WHTErpuMpoBaHuio, 1 3TO HabloAeHWe N3BECTHO, KaK OCHOBHAasA TeopeMa MaTeMaTUUYeCKoro aHaaunsa u
ABNAETCA OAHOM U3 BaXKHEMLLMX B MaTeMaTHKe BoobLLe.

x
u [udx
)
x2 /3
x x*/4
x! /5
X0 /6
& | /(n+ 1)

Puc. 9. UHTerpanbl pyHKLMIA

TpeyroJsibHUKHU

Bennyainwen Teopemon 0 TpeyroabHUKax ABAAETCA, KOHeYHo, Teopema Mndaropa — oHa No-npexHemy
CyLLeCTBYeT Nnoj, 3TUM Ha3BaHMEM B COBPEMEHHOM MaTEMATUKE, XOTA €CTb HEKOTOPblE COMHEHUSA, YTO
MMeHHo Mundarop nepsbiM caenan 3To OTKPbITUE. MAaMATU. CyLLECTBYHOT COTHU A0Ka3aTeNbCTB 3TOW

Teopembl. BapuaHT B ayxe bxackapbl Il (X1l Bek) nonynspHee EBknnaosa (300 Ao H. 3.). ITo AOKA3aTENbCTBO

— «6e3 cnos». Ha pucyHKe KBaapaT co CTOPOHOM a + b MOXHO pasgenuntb Asyma cnocobamu (puc. 10:
BBEPXY C/eBa WM cnpasa). [ToCKONbKY YeTblpe paBHbIX TPEYroNbHUKA (BblaeneHbl TEMHO-CepbIM)

04MHaKoBbI B 060MX KBagpaTax, UX MOXKHO U3bATb 63 M3MEeHeHNA OCTaBLIMXCA Naowaaen. BarnaHem Ha
NAowWaamn ocTaBwmxca Guryp —yBmMaMm 3HaKOMOE BblpaxkeHue: a’ + b? = c2.

a D b a
a aa b
b b b a
a [} a [}
a
¢
al a . &
. &
0 |b

Puc. 10. K pokasaTtenbctsy Teopembl Mudaropa

®pakTasibl

B Hauane XX B. WBeAcKkuii matematuk Hunbc PabuaH Xenbre ¢poH Kox noctponn Kpmsyto B popme
CHEXXMHKMU — paKTU4YeCcKn nepsyto GppakTanbHyo Kpmsyto (puc. 11). OHa nonyyaeTca npu obpalLeHnm ¢
OZHOW N3 CTOPOH TPEYro/ibHUKA KaK C e AMHUYHbBIM 3BEHOM, KOTOPOE AENUTCA Ha TPU paBHble 4acTu, U
cpeaHas YacTb NpeobpasyeTca B HOBbIN TPEYroabHUK (puc. 12). /ltobonbITHOE CBOMCTBO KpMBOW Koxa



COCTOMT B TOM, YTO 3TO KOHEYHas 061acTb, MOCKOJIbKY OCTaeTcA B Npegenax HeKOTOPOro Kpyra, OAHaKo Ha
KaXkaoW CTaauu NpUpaLLeHnn 41MHa 3TON KpMBOM yBeandmsaetca. Takum ob6pasom, Noay4HaeTca Kpusas,
OrPaHMUYMNBAIOLLAA KOHEYHYIO NI0LWaAb, HO NPU 3TOM CaMa OHa MMeeT «6ECKOHEUHYIO» AnHY !
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Puc. 11. CHexXXnHKa Koxa

Puc. 12. 3BeHo KpuBoi1 Koxa

CBeXui B3rnaa Ha pa3aMmepHOCTb NPOCTPAHCTBA NPea/IoKUI HeMeELKUI maTemaTuk Penmkc Xaycaopod. Ero
npeacrasieHne CBA3aHO C MoKasaTtesem cteneHn. Eciv yBenmunTb oJIMHY oTpesKa BTpOe, OTPEe30K
CTaHOBUTCA B TPK pasa bonblue ncxoaHoro. MockonbKy 3 = 31, pasmepHOCTb IMHUM cUMTaeTCa pasHoM 1.
ECAu 3aMKHYTbIN KBagpaT yBEAUYMTb BTPOE, ero NaoLiaib NpoTMB UCXOAHOMN yBennunTca 8 9 pas, 1.e. 3%, a
3HaYMT, pa3MepHOCTb nonydaetca 2. Ecam Ky6 yBennumTb aHanormydHo, ero ob6bem sospacret B 27 pas (33)
— pasmepHocTb 3. Ecv anemeHTapHOE 3BeHO KpMBoM Koxa macluTabupoBsaTb BTPOe, OHO CTAaHOBUTCA B 4
pasa AnvHHee ncxogHoro. NpmumerHnm xaycaopdosy pasmepHocTb D K npuseaeHHom cxeme: 4 =3P, D =
log4/log3, uTo 03HavaeT pa3mepHOCTb A1A Kpueoi Koxa npubansntenbHo pasHa 1,262.

®paKTanbl yKe NPUMEHAIOT K ONMCaHMIO POCTa MOPCKUX OPraHM3MOB — Kopanaos M rybok. PaspactaHue
COBPEMEHHbIX FOPOA0B, 0Ka3a0Ch, TOXKE NOX0XKe Ha ¢ppaKTanbHoe. ECTb U nccneaoBaHus GppakTaabHOCTH
ABWXKEHWI LieHHbIX Bymar Ha mexayHapogHbix GoHA0BbIX BupKax (noapobHee cm. beHya MaHaenbbporT.
(He)nocayuiHble pbiHKK: dpaKTasbHan pesooumsa B duHaHCax).

Xaoc

B Hauane XIX B. MNbep-CuMoH ae /lannac, onyb61MKoBan COYMHEHWNE O AeTEePMUHUPOBAHHOW BceneHHoi:
ec/n 6bl HaM CTaNM U3BECTHbI BCE PACNO/IOKEHUS U CKOPOCTM BCEX 0OBEKTOB BO BceneHHOMNM, a TakKe Bce
CWAbl, BO3AENCTBYIOLLME HA HUX B 334aHHbIA MOMEHT BPEMEHMU, MOXKHO Bb1N0 Bbl TOYHO paccymTaTb BCE 3TU
3Ha4YeHMA Ha Bce JanbHenwee Bpems. BceneHHas n Bce ee 06BbEKTbI OKazancb bbl NOIHOCTbIO
onpegaeneHbl. Teopua xaoca NoKasbIBaeT, YTO MUP 3aTelnBee 3Toro npeanosoxerHns (cm. Nbep CMMOH
Nannac. OnbIT dnaocodumn Teopmum BEPOATHOCTEN).

B XIX B. BEpuU, UTO HEBObLLME N3MEHEHUA HaYabHbIX YC/IOBUIM Mano MeHSIoT U pesynbTaT. Teopus
Xaoca He OCTaBMa OT 3TUX NPEeACTaBAEHUI KaMHA Ha KaMHe. Hebonbluoe n3meHeHUe UCXOAHbIX YC0BUIA
HEeKOTOPOro ABMEHUA MOXET MPUBECTU K pe3ynbTaTam, CUIbHO OTINYAIOWMMCA OT OXMUOAEMbIX, — B 3TOM
cocTouT adpdpeKT 6abouKu.

OTKpbITHe addeKTa 6aboukm B 1961 rogy npomsowsio caydyanHo. Meteoposor 3asapg, JlopeHy, 13
MaccayyceTTCKOro TeXHO/I0rMYeCKOro MHCTUTYTA yLlen BbINUTb Kode M 0CTaBu CBOM LONOTOMHbI
KOMMbIOTEP 3aHUMATLCA NOPYYEHHBIMM eMy rpadUKamMK, a Koraa BEPHYJICS, 0OHapYKUI HeYTo
HeoXnaaHHoe. YueHblit cobrnpanca NOCTPOUTbL KOe-Kakne MHTepecHble NoroAHble KpMBble, a pesynbTaTt
OKa3a/icA CoBepLUEHHO He y3HaBaem. CTpaHHoe Aeno, J/lIopeHL, BBE/ Te e UCXOAHbIe 3HAaUYEHUA U OXKUAaN
MOEHTUYHOM KapTMHKM Ha BbixoZe. MoxKeT, npuwwna nopa n3baBuTbCA OT CTaporo KOMMNbIOTEPa U
063aBeCTUCb YeM-HNBYAb NOHagexKHee? O64yMaB NONYYEHHbIV pe3yibTaT, JIopeHL, TeM He MeHee
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0OHapYKMA PasHULY B UCXOAHbIX AaHHbIX: MPeXKae OH BBOAWU BCE LUMdPbI C TOYHOCTbIO A0 LECTOro 3HaKa
nocse 3anaToi, a TyT BAPYr NOAEHUACA M BBEA Wb NO TPU. BO3HMKLIEe pacxoxaeHue B pe3ybTaTax OH U1
Ha3Ban «apdeKTom 6a6oUKM». [Tocne 3TOro OTKPLITUA €r0 MHTENNEKTYaNbHble MHTepPeChbl CMECTUNCH B
MaTemaTmdeckoe none (cm. xkermc Mneik. Xaoc. Co3gaHne HOBOM HayKu).

XapaKTepUCTUKa Xxaoca COCTOMT B TOM, YTO AETEPMUHMPOBAHHAA CUCTEMA MOXKET BECTM ceba ciyvaiiHbim
o0bpasom. PaccmoTpum npumep — UtepaLmMoHHyto, opmyny a x p X (1 - p), rae p — pasmep nonynauumm,
n3mepsembli B BuAe nponopunn B npeaenax ot 0 go 1. 3HayeHme a AoNXKHO bbiTb mexay 0 1 4, 4yToObI
cobntocTn ananasoH 3HadYeHui p ot 0 go 1. Cmoaennpyem nameHeHMe YNCAEHHOCTU HaceieHma npu a = 2
(cm. npunoxkeHHbI Excel-daitn). Bosbmem HauyanbHoe 3HayeHue p, gonyctum, 0,3 (B MOMeHT BpemeHu 0),
TOrzia B MOMEHT BpemeHu 1 nonydaem, 0,3*%2*(1-0,3) = 0,42. B MOMeHT BpemeHU 2 3HavyeHue p = 0,4872.
[OBONbHO CKOPO p CTabmansupyetca Ha 3HaveHun 0,5. Takasa ctTabunmnsayma npoucxoauT Bceraa npu

3HaYeHMAX a MeHblue 3.

Bo3sbmem Tenepsb a = 3,9, 3HaueHue, 6M3K0e K MAaKCMManbHO JOMNYCTUMOMY, @ 338 Ha4Ya IbHYHO TOYKY
NPUMeM TO Ke 3HauyeHue p = 0,3. B aTom cnyyae cTabmamsaumm He NPOUCXoaUT — 3HAYEHUA KoebatoTea B
LUMPOKOM AManasoHe. ITO OTTOro, YTO 3HAYEHME a OKa3bIBAETCA B «XaOTUYECKOM 061aCTU» — 3TO
OManasoH 3HavyeHui a 6onblue 3,57. bonee Toro, ecnn BoIbpaTh APYroe HavyaibHOE 3HAaYEHNE YNCAEHHOCTH
HaceneHus — K npumepy, p = 0,299 (oyeHb 61M3Koe K 0,3) — POCT YNCAEHHOCTU NMOHAYaNY OYEHb NOXOXK Ha
npeAblayLinin, HoO BCKOpe CTAHOBUTCA NOJIHOCTbIO OT Hero oTanyeH (puc. 13). Takoe noseaeHUe 3TUX

rpaduKkos otmeTnn 3aB8apa SlopeHu B 1961 roay.

Puc. 13. lMHaMMKa nonynsumm B xaoTu4eckon obnactu

AxkcrvoMa napaJuiesIbHOCTH

EBknnpgosa reomeTpma — 13 KHUr «Havan», HanncaHHbix B 300-x rogax 4o H.3. EBKAngosa reometpma
6a3unpyeTcs Ha NATM NOCTYaTax, NOCAEeAHUI N3 KOTOPbIX BbI3Ba NoseMuky 2000 fieT cnycTa nocie
nossnexHun «Hauan». B 1795 roay AoH Mneindap npeanoxkunn Gopmynnposry 5-ro noctynata, obpeTiuyto
NonyAAPHOCTb: A8 IMHUK [ U TOUKK P, He nexkalien Ha AMHUK |, eCTb e4MHCTBEHHAA NPAMAas, NPOXoaALLLas
yepes P v napannenbHasn I. MpopbiB yaanock ocyuiectsuTb Kapny ®puapuxy fayccy, AHowy boliau mn
Hukonato MBaHoBMYy JlobaueBcKkomy. Maycc cBoto paboTy He onyb61MKoBan, HO, MOXOXKe, BbIBOAbI CAeNaN
eue B 1817 roay. boisan nspan ceoii Tpya B 1831-m, a JlobaueBcKkuiA, He3aBUcMMoO OT aycca n boian, — B
1829-m, B pe3ynbTaTe Uero mexay Asyma NocneaHUMU BO3HUK AUCNYT O NepPBEHCTBE OTKPbLITUA.

boiaun n JlTobayeBCKNM NOCTPOMAN HOBYIO FROMETPUIO, AOMNYCTUB, YTO ANHWUIN, NPOXOAALLUX Yepes TOUKY P u
He nepeceKalrLWmxcs ¢ [, MoxeT bbiTb 601ee ogHOW. boiaun n JlobaueBCKU NPeaioXKMAN HOBbIW BUA,
reomeTpun, He noanaaatowWwmii noa EBKANA0B 34paBbilt cMmbicA. [0 CyTU, UX HEEBKIUAOBY reOMETPUIO
MOHO NPeACTaBAATb, KaK FeOMETPUIO Ha UCKPUBNEHHOW NJI0CKOCTU, KOTOPYIO eLle Ha3biBaloT

ncesaocdepoit (puc. 14).
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Puc. 14. NMcegocdepa

NiobonbITHOE CBONCTBO HEEBK/INA0OBON FEOMETPUM 3aK/HOMAETCA B TOM, YTO CYMMa BCEX YI/10B B
TpeyrosbHMKe MmeHblie 180°. Takytlo reoMeTputo HasbiBatoT rmnepboanyeckoi. lpyran anbTepHaTnea
NATOMY NOCTyNaTy FNacuT, YTo Ntoban NNHKUSA, Npoxoadllas yepes P, nepeceKkaetcs ¢ I. UHbIMK cnoBamu,
yepes P He NpoxoanT HX OAHOW IMHUK, «napannenbHoi» I. F[eomeTpus aTa oT/IM4aeTca OT reomMeTpun
Boiaun 1 JTobayeBCKOro, HO TeEM He MeHee 3TO camas HacToALan reoMmeTpus.

OfHa u3 mogenen — reomeTpus Ha NOBEPXHOCTM cdepbl. B npeaenax sTon reomeTpun 6onblune Kpyru
(paBHble No gAnHe camoit chepe) UrpatoT Posb NPAMBIX INHUI €BKAUA0BON reomeTpuun. B aToi
pPa3sHOBMAHOCTU HEEBKANAOBOM rEOMETPUN CYMMA BCEX Y108 B TpeyrosibHMKe 6osblue 180°. Takan
reomMeTpmA Ha3blBAETCA //IMNTUYECKON reoMeTpUei; ee CBA3bIBAIOT C UMEHEM HEeMELLKOro MmaTemaTrKa
.®.6. PumaHa, 3aHMMmaBLerocs eto B 1850-x rogax (nogpobHee cm. JleoHapa MaoamHoB. EBKANAOBO
OKHO).

['padnbi

Kenurcbepr — ropog 8 BoctouHoi Mpyccun, 3HaMeHUTbI CeMbio MOCTamm Hag, pekoi Mperens (puc. 15).
MoKHo i1 0601TK Becb KeHnrcbepr, npowaras no KaxkgomMy MOCTY nuLb ogHaxapl? B 1735 roay JleoHapz
JliNep NPeanoXun pelleHue 3Tol 3agadn. dnep 3aMeTu, YTo CNocobCTBYET ycrexy Takoli NPOryaku.
Korza mbl BCAKUI pa3 nepexoamm TOT UM MHOW MOCT M OKasbiBaeMca Ha bepery, Heo6XoaMMO NOKUHYTb
3TOT 6eper No paHee HeXoXeHoMy MOCTY. MepeBeaA 3Ty MbIC/lb B aBCTPaAKTHbIN PUCYHOK, MOXKEM CKa3aTb,
YTO IMHUM, NEepPECEKatoLLMECs B TON UIN MHOW TOUYKE, AOMKHbI BbITb NapPHbIMU. MOCT MOXKHO NepenTn
TO/IbKO B TOM C/ly4ae, eC/IM B KaXK40M TOYKE CXO0AUTCA YETHOE KONIMYECTBO IMHUNA.

Puc. 15. Moctbl KéHurcbepra

YMCN0 IMHMIA, BCTPEYAIOLLMXCA B OA4HOWM TOUKE, Ha3blBAETCA KCTEMEHbIO» 3TOMN TOUKK (BepLUMHbI). Teopema
diinepa rnacuT: MocTbl ropoZa MOXKHO NepeinTn B TOYHOCTU NO OAHOMY pasy, eciv Tpu u bonee Toyek
MMEIOT YeTHYIO cTeneHb. [Naas Ha rpad, onucbkiBatolwmin KeHurcbepr (puc. 16), mbl BUAUM, UTO KaxKaasn
TOYKa MMEET HEeYeTHYIo cTeneHb. 3TO 03HaYaeT, YTo B 3TOM ropoe 060lTN Bce MOCTbI BCEro Lb No pasy
He NoyuYnTCA.

Puc. 16. M'pad, cooTBeTcTBYIOWMIA MOCTam B KEHurcbepre


http://baguzin.ru/wp/?p=8071
http://baguzin.ru/wp/?p=8071
https://ru.wikipedia.org/wiki/%D0%AD%D0%B9%D0%BB%D0%B5%D1%80,_%D0%9B%D0%B5%D0%BE%D0%BD%D0%B0%D1%80%D0%B4
https://ru.wikipedia.org/wiki/%D0%AD%D0%B9%D0%BB%D0%B5%D1%80,_%D0%9B%D0%B5%D0%BE%D0%BD%D0%B0%D1%80%D0%B4

Ecnv nocTpouTb elle ABa MocTa (puc. 17) rynsTb MOXKHO OTKYZa YroAHO U AaXKe BEPHYTLCA B TO Ke MecCTo,
MOTOMY YTO B 3TOM C/y4ae y BCeX ToUeK ByaeT YeTHan cTeneHb.

B
Puc. 17. [1Ba AONONHUTENbHbIX MOCTa

Teopusa baieca
MNoapobHee cm. Naeun Baeca ans meHeaxkepos 1 Popmyna Baieca.

Pacnipenenenus

Bnagucnas BopTkeBUY M3yyan cmepTHble caydaun B MNpycckol apmum oT bpbikauBbIX nowagen. OH cobpan
3anmncK o 4ecATU KaBasfepuicknx Kopnycax 3a 20 feT, noayy4ns gaHHble o 200 kopnyc-rogax. OH oueHuA
UYMCNO CMePTEN M YMCNO KOPMYC-NET, 33 KOTOPbIE MPOU30LWAN 3TU cMepTh (puc. 18, BepxHASA YacTb).
Hanpumep, oKasanocb, 4To B 109 Kopnyc-roaax He cay4maocb HM OAHOM CMepTH, a B OANH Kopnyc-rog —
Lenbix YeTbipe.

CobGpaHHble AaHHble

Yucno cmepTten 0 1 2 3
YacroTta ncasaexua 109 65 22 3 1
CpeaHeBs3BelleHHoe 3Ha4YeHue 0,61

TeopeTuyeckue AaHHble

Yucno cmepTten 0 1 2 3 4
BepoaTHOCTL, p 0,5434 0,3314 0,1011 0,0206 0,0031
Oxupgaemoe yucno cmepren, 200 * p 108,7 66,3 20,2 41 0,6

Puc. 18. OnbITHblE U TEOPETUYECKME AAHHbIE

Hanbonee noaxogaiian TeopeTMyeckas MeTOAMKA MOLENNPOBAHUA YaCTOTbl BOSHUKHOBEHUA PeaKMX
cobbiTun — pacnpeaeneHue lMNyaccoHa (nogpobHee cm. Pacnpeaenexue MNyaccoHa):

e X

PX) ==

roe P(X) — BepoATHOCTb X ycnewHbIX UCNbITaHU, A — OXKMAaemoe KO/IMYECTBO YCNexoB, e— OCHOBaHMWe
HaTypasnbHoOro siorapudma, pasHoe 2,71828, X— KOANMYECTBO YCNEXOB B €4UHULY BPEMEHMU.

BuaHo (cpaBHM ABa Habopa AaHHbIX Ha puc. 18), uTo TeopeTMyecKoe pacnpeaeneHune BnoaHe coBnagaeT C
3KCMNepMMeHTasIbHbIMWN AaHHbIMKW, COBpPaHHbIMKU BopTKeBMYeMm.

CM. TakxKe 3aKoH beHdbopaa nam 3akoH nepsoint umndpbl M 3akoH Unnda n dpakrtanbHaa npuposa
COLMA/IbHbIX M1 SKOHOMUYECKUX ABNAEHUN.

KpuBast HopMasibHOT0 pacnpefiesieHus

I'Iop,p06Hee cM. HopmanbHoe pacnpegeneHue. MNoctpoenune rpadurka B Excel. KoHuenuma wectu curm,
HopmanbHoe pacnpegeneHue.

CBsiI3aHHbIE JaHHbIE

Koppenauma onpeaenseT, HACKONbKO XOPOLLO ABa KOJIMYECTBa — Hanpumep, BEC M POCT — CBA3aHbl ApYr C
Apyrom. Perpeccuio MOXHO NPUMEHATL B NPeACKa3aHUM 3HAYEHMI O4HOTO KavecTsa (4onycTum, Beca) B
3aBMCMMOCTM OT ApYroro (B Hawwem caydyae — pocTa). TepmuH «koppensuma» seen B 1880-x rogax PpaHcuc
FanbToH. KoadduumeHT Koppenauunm MNnupcoHa, HazBaHHbIM B YecTb buorpada u npotexe NanbToHa —
Kapna MNupcoHa, namepsertcs no wkane ot —1 o +1. Ecam yncneHHoe 3HavyeHue 3Toro KoappuumeHTa
BeNMKO (gonyctum, +0,9), 3To 03HAYaET, YTO KOppenALmua Mexay nepemeHHbIMU cuabHan. KosdpouumenT
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Koppensaunn onpeaenseT TeHASHUMIO AaHHbIX pacnonaraTbca BAoAb NPAMO. Ecim KoadduumeHT 61n30K K
HY/10, KOPPEeNALMKM NpakTMyeckn HeT. OgHaKOo, ecnu MmeXay ABYMA nepemeHHbIMU 0bHapyKeHa
Koppenaums, 3To elle He 03HayaeT NPUUUHHO-CNeaCTBEHHOW CBA3M.

B 1880-x ®paHcuc MNanbToH NOCTaBM/I SKCMEPUMEHTbI, B KOTOPbIX CPAaBHWUA POCT B3POC/bIX MONOAbIX toael
C pocTom ux pogutenen. Ana cpeaHero pocta 205 poauteneit n 928 NOTOMKOB OH O6HapPYKWUA cpeaHui
pocT B 173,4 cm, 1 3TO 3HaYeHMe Ha3Ban NocpeacTBEHHOCTbIO. OH 06HapYKWA, YTO AETU OYEHb BbICOKUX
«ycpegHeHHbIX» poautenen obbiYHO Bbille, YeM NOCPEACTBEHHOCTb, HO HE HAaCTOIbKO POC/Ibl, KaK MX
YyCpeAHEHHbIV POANTENDb, TOTAA KaK NPU3EMUCTbIE AETU OKA3aNCh Bbille CBOUX YCPEAHEHHbIX poguTenen,
OZiHaKO HUKe NoCcpeacTBEHHOCTU. MHbIMM CN10BaMM, POCT AETEN perpeccmpoBan K NocpeacTBEHHOCTHU.
Perpeccusa — moryyas mMeToamKa WNPOKON NPUMEHMMOCTU (nogpobHee cm. [pocTan MHenHana perpeccus
n Perpeccus, Kak MHCTPYMEHT KOHTPOMPYEMOTO MCKYCCTBEHHOIO UHTENNEKTA).

3ajaya o AueTe
Cm. PelleHue 3a434mM IMHENHOTO NporpammupoBaHma B Excel n JinHenHoe nporpammmposaHue B Excel.

Teopusda urp
MNoapobHee cm. ABuHaw Aukent, bappu Hennbadd. Teopus urp.
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