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nasa 1

FTOCNOXA YAAYA

IlpencraBrTe cebe, UTO BB KUBeTe B OOJBIIOM TOpPOJiE, TAKOM
kax Bepnur uau 'amMOypr. Bul efere B aBTOGyCce U 3aMeuaeTe,
YTO OAWH ITaCCAYKMP BbINIeJ, 3a6bIB 30HTHUK. Bhl Gepere ero
u co0npaerech, BepPHYBIIUCH JOOMO#, HabpaTh CIaY4YaMHBIN
Tesie(pOHHBIH HOMep: BAPYT IOBe3eT M TPYOKY BO3BMET XO3ANH
30HTHKA?

9T0, KOHEYHO JKe, HaJyMaHHasd HCTO-
pHs, M B peasIbHOH KHUBHHU TaKOH ILIaH
ocMeAan OBl Kaxk COBEPUICHHO HAWB-
Helii. Ho He cMeliTech paHbIlle BpEMEHHU:
MUJUIMOHB! HAUIMX COTPaMXIaH KaXKIAYIO
cy660Ty OTMeUaloT 4HCia B JoTepeiiHoM
6unere ¢ HaZexmON yrajaTh OPaBUJIbL-
HbIe, XOTA BEPOATHOCTH VyCOexa IPU
3TOM COCTaBJsieT Toapko 1/13983816.
Ilamckl mpm 3TOM euie MeHbLIIE, 4YeM
OTBICKATh XO3AWHA 30HTHKA, JEHCTBYA
COIVIACHO ONMHCAHHOMY ILIAHY: BeIb CJIY-
YafHBIX HOCHeOBATEILHOCTEH M3 ceMH
nudp «BCEro JUMb» AeCATh MUJIJIMOHOB.

Muorne yuacTHUKM JOTepem BooOpa-
JKaIoT, OyATO OHH MOTYT OOMAaHYTH YAady,
BEIOMIDAsA YHCJIA, KOTOPHIE PEAKO BLIIA-
IajJi B IPOULIOM. JTO GecCMBICIEHHAA
cTparerus: y CJay4aifHOCTH HeT HaMATH.
Haxxe ecam, Hampumep, unciaa 13 He
OBLIO JAaBHO, HIAHCHI HA €ro BBINAJEHHE
Takye Ke, KaKk U y ApPyrux uuceya. Hexo-
TOpHIe YYACTHHUKHN paspabaTniBaioT COOGCTBEHHBIE XUTPOYMHEIE
cucTeMBI, 4T00BI TOGEAUTH caydail, HO Bce TaKue IOIBITKHA —
TOJILKO HANpacHad TPaTa CUJI. YK€ HEeCKOJIBKO AeCATHJIeTHit
TOMY HasajZ ObLIO HOKA3aHO, YTO HHU OZHA CHCTEMA He MOMKeT
o0OMaHyTh IOCHOXKY yAady.




12 Tnasa 1. Tocmoska ygaua

Hamocjenox XoueTcs €KasaTh XOTHb YTO-TO IIO3UTUBHOE.
Koe-uTo0 y4YacCTHHK JIoTepeud BCe Ke MOMKeT IIPeNNpHHATH,
a WMEHHO, OH MOJKET BBIOpaTh TaKyl0 KOMOWHAIIHIO YHCeJI,
KOTOPYIO BpAZ Ju BbIOepyT OOJIBIIMHCTBO HIrpoKoB. Torzpa
ecly Y3 OH KaKHM-TO YyAOM MOOEeIuT, TO €My CKOopee BCEero
He Ipujaerca HeJHTb BRIAIPHINI co MHoruMu. OgHAKO CKas3aTh
Jierde, 4eM chenath. B mociegHee BpeMsa OPa3UTEJIBHO MHOT'O
VYACTHUKOB BRIOMPAIOT YMCJa, PaACIOJIOKEHHBIe Ha KapTodKe
«KPECTUKOM».

B marematuke HeT HuU OAHON (OPMYJBI, IIO3BOJIAIOIIEH
BBIPA3UTH CJAaJKOe YYBCTBO IIPEABKYIICHUA I'PAAYIINX ILJIAHOB
HA TO, KaK HOCTYIATh ¢ GACHOCJOBHBLIM BEINIDHINIEM. YIauu!

NOYEMY UMEHHO 13983 816?

Kak »xe MaTeMaTUKMN BBIYKUCIHIN TOY-
Hoe uucyo 13983816 Bcex BO3MOXK-
HBIX KoMOuMHammii B Jotepee? Bribe-
peM xaBa uHcJIa, OGO3HAYUM HX N
U k ¥ IpefmoyIoRuM, 4To n Gonbire k.
CxOJIBKO pasauuHbIXx &K-3JIeMEeHTHBIX
TOAMHOMKECTB COAEPKUTCA B MHOMKE-
cTBe u3 n o6BLeKToB?

XoTa Ha nepBHIil B3IVIAL 5TA 3a7a9a
Ka)KeTcA MaTeMaTHdecKu abCcTpaxT-
HOii, OHa WMMeeT HeIoCPEeICTBEHHOE
OTHOILIIEHHWEe K BOIPOCY O JoTepee,
MOTOMY dYTO, 3aMoJHAA JoTepelnblit Oumier, Bel BHIOHpaeTe
6 umcen nm3 1, 2, 8,..., 49, Tak 4TO0 B 3TOM ciaydae n =49,
k=6.

B xH3HM MBI CTAJIKHMBaeMCA U C JIPYI'MMH NIIDHMepPaMH.

o IIp n=32 u k=10 peusr mAeT O UHCJEe BO3ZMOKHBIX
packiaaioB B mpedepance.

o B coBemanum mnpuHAIN yuyactue 14 udesoBeKk, M, IIpo-
mafachk, BCe MOManIuW Apyr Apyry pyxu. CKOJBKO BCero
OsL7i0 ipu aToM pykomnmokatuii? 3zeck n=14 u k=2.

A Temeps BepHeMcA K oOmeit sagaue. Ee o7
BeT BuIpaxKaeTcsa (OpPMyJIOM, YNCIUTENb KOTOPOH paBeH
n-(n—-1)---(n—k+1), a sHameHaTenr paBex 1:2-...Fk.



Tnasa 1. Tocmoxa ymaga 13

HeuckynieHHOMY YHTATENI0O YHUCIUTENb MOXKET IOKA3aThCH
HECKOJIBKO YCTPAINAIOINM, HO 9TO NPOCTO Ipou3BejieHue k
HeJbIX YHCeJ, U3 KOTOPBLIX IEepBOe I, a KAXKAOe CJIemyIollee
Ha 1 membmie mpeasiaymero. (Tor, KTO XoueT y3HATBH, Kak
noABMAACH 3Ta (QOpMYyJa, MOKeT ob6paTHThcA K rii. 29.)

B mamux npmMepax IOJNYYAIOTCSA TAKHE DPe3yJIbTaThi:

o B 3asaue o JoTepee HyKHO pa3neauTh 49:48:47-46-45-44
Ha 1-2-3.4.5.6. Tax u noasmiaoch umcao 13 983 816.

e B 3azade o umcie packiaJoB B IpedepaHce IOJyda-
eTrca yacTHoe uncen 32:31.30.29.28.27.26-25-24-23
u 1-2.3-4.5.6-7-8.-9:10, T.e. Bcero B mnpedepanHce
Bo3MokHO 64 512 240 packaazos. (Ecam yuYuTHIBATH
PacKnaabl AJIA BCEX HMIPOKOB M MX OYEPEeSHOCTb, TO
3TO YHUCJIO CYIIECTBEHHO BO3pPACTET.)

e 3azauy O PYKOIIOMKATHAX MOXKHO DeIuTh B yme: 14:13,
menendoe Ha 1:2, mact 91.

KONOAA KAPT BbilLUHOW B YETHIPE KU/IOMETPA

Oco3HATH, HHUYTOXNHOCTHP NIAHCOB HA JIOTEPEHHBIN BBLIMTPHIII
moMoraeT He TOJLKO maes HabGupars Hayraj TtenedOHHEIH
HOMep HeadHaxKoMua. ECTh W Apyrme HarfIAfHbIE aHayoru.l
BenoMHEMM, 9TO TOJNIIAHA KOJIOABI KAPT COCTABJIAET OKOJIO
oxHoro captTumMerpa. Yrober co6pars smecte 13 983 816 xapr,
notpebyerca npubnusurensso 437000 xonox. Ecam mx ciao-
JKHATH B OJ[HY CTOIKY, €ée BEICOTa OKa)KkeTcd nmpumepHO 4,37 kM.
Teneps NTPEAIIONIONHUM, YTO POBHO OIHA U3 3THX KAPT OTMEYEeHA.
IIamcrl BHIGpPATE 3TY KAPTY HAYTAMA U3 YETHIPEXKHUJIOMETDPOBOM
KOJIOABI TAKHe e, KaKk MAHCHI BHIUTDPATH B JIOTEpPeEIO.

DEme ogHYy HIIIOCTDAIMIO JTOH MAaJOit BEPOSTHOCTH MOXKHO HalTH
B . 83.
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BONILLEBHAA MATEMATHUKA:
TbiICA4YA U OAHO BOJNLUEBCTBO

S nmpepnaraio mourparth B <«yragaiiky». 3aaymaiiTe TpexsHad-
HOe 4YHCJO M 3aluIINTe ero JBa pasa noapAx. Hanpuwmep,
ecnu BB 3agymanu 761, sanumure 761 761. Urpa saumHaercs
C TOro, YTO BBl AeJINTe MOJYIYEHHOEe IIeCTHU3HAYHOE YHCJIO
Ha 7. OcraTOK OT 92TOro eJeHHA U CTAHOBUTCA BallIM
CHaCTINBBIM uucjaoM. OHO MOXKeT OBITH PaBHBLIM TOJBKO O, 1,
2, 3, 4, 5, unn 6, NOCKOJBKY IPYIHMX OCTATKOB IpU AeJIeHHUU
Ha 7 He OniBaer. Temepr samuiMTe BAallle HMCXONHOE YUCIIO
M OCTATOK HAa OTKPLITKE M OTIPABLTE B PENAKHHUIO Ta3eThl
Die Welt. PegaxkTopy HYKHO Ballleé CYACTIMBOE YHCIO, UTOOBI
MMeHHO cTOJbKO OaHKHOT B 100 eBpo BBICJATE BAM IIOUTOBBHIM
IepeBOOM.

Ecau BaM He moBessio M Ballle CYACTINBOE YMCJIO
76176117 paBHO HyI0, BHI OKA3ANHCh B XOpOIIe#l KOMIAHUH,

7 o
66 IIOTOMY |TO 3Ta y4YacCTh OXHIAAET BCEX UHATATEJIEHn

6 rasetrsl Die Welt. (IHaue wuszaTelb HUKOIZa He

61 coriacuica Obl omyOJIMKOBATH 3Ty CTaTbIO.)

56 IIpuyuna »TOT0 ABJEHHA KpPOETCA B XOPOMIO

57 3aMaCKHPOBaAHHOM CBOMCTBe HeJBIX  YUCel.
56 A muMeHHO, 3amHCcaTh TPEX3HAYHOE YHUCJIO IOAPAX
16 ABaXIbl — BCe PABHO YTO YMHOXKHTEH ero Ha 1001.
14 ITockonexy 1001 genurca Ha 7, IIecTH3HAYHOE
21 qyucJo ToxKe OyAeT AennThcd Ha 7.

21

Jra uxes roguTcA i MaJIeHbKOro ¢Goxyca
0

B HeOoapmION KoMmanmu, a obenianue OGaHKHOT
B 100 eBpo MOXHO 3aMEHHTL HA HpPEICKa3aHMUe OCTATKA.

Mexnay mnpoumM, MaTeMaTHYecKHe (aKThI HAXOXAT cebe
MecTO B nuisamne GOKYCHUKA He TaK V3K peako. HyxmHo Toasko
HaiiTM NPOTHBOpeYAamNil TOBCEAHEBHOMY OIBITY MaTeMaTHue-
CKUil pe3yabrar, O0OCHOBAHHME KOTODOro IMIy6OKO 3anpsaTaHo
B HEKOTOPOH TEeOpHH.

IIpurcaymaiiteck K coBeTy: BONIIEGCTBO — KaK AYXM, yia-
KOBKa IIOYTH CTOJIb K€ BalKHA, KaK COAep:KaHue., XoOTd
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'

ymHOXKeHe Ha 1001 b>KBMBaJIEHTHO 3aIMCLIBAHUIO YHCJIA
OBasKJIbl, HUKOMY He HIOJDKHO HOPHHTH B I'OJIOBY, UTO TaKoe
YMHOXX€HHEe NIMeeT MeCcTO, HHaue (POKyC CTaHeT TPUBHAJILHLIM.
JIro6uTenn pasHOOOpasuA MOTYT BMecTO 7 B3ATH 11 uiu 13, rax
kax uucyo 1001 packnaapiBaeTcss Ha NPOU3BEAEHNE HMEHHO
9TUX Tpex MHOoKHUTedeil. TOJIBPKO OCTATOK BBEIYHCJIHUTL OyIeT
HECKOJIBKO CJIOJKHEE. . .

UHbIE BAPUAHTDBI: 1001, 100001, ...

IIoueMy HYXHO 3aAyMBLIBATH HMEHHO mMpex3HauHOe YHUCIO?
Mosxer ObITH, moOAOiileT ABY3SHAYHOE WJIH YeThIpEX3HAUHOE?

BosbMeM [ABY3HauHOE YHCJIO 1, 3allicaB €ro B BHAE XY.
Ecau MBI 3amuimmeM 3TO YHCJIO ABA pasa HOOAPAM, TO IMOJAYUYHUM
YeTBEIPEeX3HAYHOEe YMCJIO XYXY, YTO 9KBHBAJIEHTHO YMHOMKEHHIO
ucxoguoro uncjaa Ha 101. Ho umncno 101 — mpoctoe, Tak uTo
JeJIUTeNAMN uYuciaa xyxy asaaiorca xy U 101. Ilockoabky
B 3TOM (OoKyce PO YMCJIO XY He M3BECTHO HUYErO, HYJIEBOMH
OCTATOK MOJKHO rapaHTHPOBATH TOJIBKO IIpu fejeHuu Ha 101.
K cosxkanernmio, npocsba 3aHATHECA AeneHneM Ha 101 yOmBaer
BOJIIIEOCTBO MJIM IIO KpailHell Mepe 3aCTaBIAET 3aIOLO3PUTH,
4YTO 37eCh 4YTO-TO He Tak. Kpome Toro, aAenedme Ha 101
MOJKET OKAa3aThCA CJAMIIKOM CJIOMKHBIM [Jisd BalMX Apy3seii
M 3HAKOMBIX. Tak 4YTO HaUMHATH C ABY3HAYHOrO YHUCJIA — He
caMad ynadHaaA Hiaes.

YeTbipex3HadyHbIe YHCJIA IIPUBOAAT HAC K YMHOMEHHIO
Ha 10001. 910 4uKcrHO He ABJAETCA IIPOCTHIM: Belb
10 001 =78 -137, u 06a 3THX COMHOKUTEA MTPOocThI. IloaToMy,
€CJIX BBl 3AIMHUINKTE YETHIPEX3HAYHOE YMCJIO MBA pasa moapAn,
OJIYYUB BOCBMH3HAYHOE, MOXKeTe OBbITh YBEPEHBI, UTO Pe3yJib-
rar geaurcda Ha 73 um 137. Ho KoMy xouerca meauTh Ha 73?7

Y uucma 100001 Toxe TOABKO ZBAa IIPOCTBIX AEJIUTEJT —
101 u 9091, gesUTh Ha HUX HEYAOOHO, HOITOMY HATH3HAUHEIE
YucJia TOKe He BIIOJIHE MOXOAT AJia Hamero ¢doxyca. Y rak
Janee. HaxoHeln, Mbl HaxXoAMM MaJIeHbKMEH fgejuTesib y 4ucJa
1000000001 (omo genmrca ma 7). Ho cTomT Jiu HaYMHATDH
BonineOHBIe (GQOKychl ¢Gpasoil «3agymaiiTe [OeBATH3HAYHOE
YHCJIO ¥ BANUIINTE €ro ABa pasa MOAPAA, 4YTOOBI IIOJYYHTH
BOCeMHaANaTH3HauHOoe»? Tak 4UTO COBETYIO0 IPUAEPKUBATLCS
NepPBOHAYAJBHOTO BapHMAaHTA.
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Bor 'raﬁ.nnna Pa3jIOKEeHHA Ha IIPOCThIe MHOKHUTEJIHN HEeCKOJIb-

KHMX mepBBiX uucesa Buaa 10... 01:
Yuero Paznoxkenne
Ha IIPOCTBIE MHOXHUTEJIN
101 101
1001 7-11-13
10001 73-137
100001 11-.9091
1000001 101-9901
10000001 11-909091
100000001 17.5882353
1000000001 7-11-13-19-52579
10000000001 101-3541-27961
100000000001 11-11-23-8779-4093
1000000000001 73-137-99990001

Tem, KTO XOueT GOJbIle y3HATH OO OTHOIIEHHMAX MEMXIY
MareMaTHKOM ¥ BoamebCTBOM, COBETYI0 OGpDATUTHLCHS K KHUTE
Mapruna Tapanepa «MaremaTudeckme uymeca M TaifHbBI» D).

B oaroii xHHMre MaTeMaTHuecKHe (DOKYChHI omMcaHbl B II. 24
u 86.

DMusncxk: CoBpemerHoe c¢Jj0BO, 2011.
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CKOJIbKO NIET KAMNUTAHY?

MareMaTHKa, UTO COBEPIIEHHO CIPABEIJIHNBEO, CUMTAETCS TOY-
HOM Haykoil. Ee crporue Jjormyeckue KOHCTPYKIIHH CJIY-
SKHUJIM MOZENbIO IJIA JAPYIr'MX HayK, KAK eCTeCTBeHHBIX, TakK
U TYyMaHWTAPHBIX. J3HAMEHUTBLIN NOPHMep — IVIABHBIF TPYXA
HNcaaxa HweloroHa <«MaremaTudeckye Hadajia HaTypaJbHOH
bunocodbun», KOTOPEIA HAYMHAETCS C OCHOBHLIX OIIpeZle/ICHUI
M aKCcHOM O Mupe (UTO Takoe cumja? 4To Takoe Macca? KaKOBBI
OCHOBHBIE€ 3aKOHBI MEXaHUKN?), U U3 HUX BLIBOAUTCHA — CTPOI'O
BeOIyYKTUBHBIM 0O0pa3oM — MOJAeJb MHUPAa, KOTOpas IIpPou3BeJia
PEBOJIIONII0O B HAyKe.

Ilocsie HploTOHA BOSHUKJIO IPEACTaBJeHME O IIO3HAHWH,
KOTOpDOE CerofHs Ka)keTCsd HaM HEeCKOJBKO HaWBHBIM: BCE
ABJEHUA JOJKHBEI OBITH CBeAeHBI K BO3MOXHO Oojiee ImIpo-
cTOM MexXaHHMUYeCcKON Mofean. MHorme M3 Hac IO CHX [OD
HCHIBITBIBAIOT 0c000€ KOBEPHE K YTBEDPIKAEHUAM, BhIDAKEHHBLIM
B MaTeMaTHYECKHX TepMMHaX, a elle Jydile — 3aIMCaHHBIM
B BHUJe MareMarmdeckux dopmyn. OgHaxo mepegxo GrIBaer
HYKHa 370pOBas J03a CKeINTHUNN3Ma, IIOCKOABKY IIOJe3HbIX
Pe3yJILTATOB MOYKHO OKMATDH TOJBKO TOTZA, KOTAA B UX OCHOBE
JeKaT YeTKHe MOoHATHsd. Tak, Bce MBI COIVIACHBI ¢ OIpefeJie-
HHUEeM <«CKODOCTH», TOrZa Kak «KoMdbOopTHasT TeMIepaTrypa» —
Bce Ke cyOmeKTHBHOe NHOHATHe. W mostoMy ¢dopmyna aiasa
koaddunmuenTa Komdopra, HaIpHUMeEp, 3TO IIPOCTO YJIOBKA;
OfHY HaXO#AT ee 3a0aBHON, a APYyrue — BO3MYTHUTEJILHOM’.

Hrak, HyYXKHO Bcerga IOMHHUTL O CYIIeCTBOBAHWH €cCTe-
CTBEHHBIX OrpaHHUYEHUH NpUMeHeHUuA MaTeMaTuKu. Bae zaBu-
CUMOCTH OT TOTO, CKOJBKO HHTEJJIEKTa 3aJelCTBOBaHO, U3
HeJocTaTOYHOH wHpOpManuWM HeJIB3A IOJAYYATH Pa3yMHBIX
pesyarraToB. HOrAa «pe3yabTaT» COBEPIIEHHO HEBO3IMOKHO
BBIBECTH M3 yCJIOBUI 3a/1a4l, OHA BOCIIDHHUMAaeETCA KaK IIYTKA:
«[Inuaa Kopabiaa 45 merpoB, a mupuHa 3. CKOJIBKO JeT
KanuTany?»

B rakoii cuTyanuu Bce MOHHMAIOT, YTO NOZOOHEIE BOIPOCHI
6eccMmbiciieHHBI. OZHAKO YaCTO CIHPAIIWBAIOT UYTO-TO BpoAe
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«KakoBa BepOATHOCTH TOTO, 4T0 'epManud CTaHeT YeMIMOHOM
Mupa?» A KaK MOYKHO BEIYMCJIUTH IIAHCHI BEIUTPATH B JIOTEpPEE
MMPOU3BOAUTEJISA IIHBa, €CJN HUKTO He 3HAET, CKOJBKO BCEro
OPHU30B M YYaCTHUKOB JIOTEpPem?

KO3I®DOULIMEHT KOM®DOPTA U EN0 POACTBEHHUKH

Onua u3 (PopMyJ, II0 KOTOPOHM BBIUNCAAIT KOMGOPTHOCTH
MOrofsl, BBIVISAUT TaK:

T, =(0.478 4+ 0.237/0 — 0.120)(T — 33),

rome T — peanbHad TeMIiepaTypa B rpagycax mno dapeHreiry,
a U — CKOPOCTH BeTpa.

9r1a PopMysia — IPEKPACHBIH IMPUMEpP JIOKHO MOHMMaeMOH
TOUHOCTH. BCe cormacarcs, YTO KOTAa AYVeT IIPOHUBBIBAIOIMI
BeTep, HaM XxojiogHee. Ho TpyaHo HaWTH IBYX 4YeJOBEK, AJA
KOTOPBLIX <«BOCOPMHMMAEMAasds TeMIeparypa» mOpu —5 rpazny-
cax mo PapeHrefTy M CKOPOCTH BeTpa 7 KM/4 COBIALAET
C TOYHOCTBHIO O YeThIpeX 3HAKOB. Temmepartrypa, KOTOPYIO MbI
OIIyll[a€M, 3aBHCHUT OT YYBCTBUTEJbHOCTH BAINETO OPraHN3Ma,
OfleXKABI, B MHOKeCTBa ApPYyrux (haKTOpOB.

Opnako dopmyasr gnsa rospdpunmenta

KoMdopTa, CJenJeHHbIE N3 pPaJIHMYHBIX

h=Q(12+38/ 8) IapaMeTpoOB, JalOT TeMIeparypy TO4YHO,
o uwerbipex 3sHavammx nudp. KoHeuno

Puc. 3.1. lloosiTka Ke, CIEAYyeT OXUAATH MOHOTOHHOCTH: 4eM
MaTeMaTUYEeCKOr0 CHJbHee BeTep, TeM HIKe KajKeTcd TeMIle-
I0MOpa: oNTHMaib- patypa. Ho xak Obl TO HHU OBLIO, BMECTO
Hasg BBICOTA AaMc- ¢opmMysabl Jy4umie 6b110 GbI DPHUBECTH IPY-
KOTro Kabnydura Kak Gy Tabnauuy 3HAYEHHH, IIOCKOJBKY ¢op-
GYHKIMA OT KOMU- Myja OPHBOOUT K aOGCOJNIOTHO HEBEPHOMY
1eCTBa BBINUTBIX preygTIeHNIO, YTO 3AeCh MBI MMEEM JeJIo

HAUTKOB ¢ TO4YHOI HayKOM.

Tem BpeMeHeM Ha ClieHe TOABJISIOTCA TOJIIIEL IToApakaresei.
Hamnpumep, CyLIECTBYIOT (POPMYJBI AJIA BHEICOTHI Kabiayka (cM.
puc. 3.1) m ypoOBHA <«HAIPAKEHHOCTH» IIPUKIIOUYEHYESCKOI0
pomana. Takme <«HAy4YHBIE IONBITKHA» UYACTO IONANAIOTCH
B raserax B paaszgeie «Cmech». Unras rasery 3a yTpeHHeil
Yamkoil Kode, MBI ImopakaeMcs, KaKOH JKYTKHH B3JOp NIbITa-
IOTCS MOPO# 060CHOBATH MaTeMaTHUYeCKHMH GopMysIaMu.
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FONOBOKPY>XUTENIbHO BONbLUIUE
MPOCTDLIE YHUCNA

Komeuno e, HeT uYmMceJ OpOLe HATYPAIBLHBIX, T.e€. TeX,
KOTOphLIE MBI HCIIONIL3yeM Ipu cuere: 1, 2, 3, ... Hexroropsle
M3 3TUX YHcea 00JIaaaoT 0cOGHIM CBOMCTBOM: MX HeJIbL3s 3allu-
caTh B BHJe IPOM3BEACHUSA MEHLIINX YHCEJ. ITO OTHOCHUTCA,
Hanpumep, K 2, 3, 5, ¥ 101 u gaxxe 1234 271. Takue uncja
HasbsIBAIOTCA NPOCMbIMU; OHHU IIPUBJEKaNN K cebe BHUMaHME
C CaMoOro BO3HHKHOBEHHSA MaTeMaTHUKH.

Kax Besuku 6GreiBaroT mpocrteie uncia? BDoiee AByX THICSY
Jer Has3ak EBKINI AOKA3aJ, UTO IPOCTHIX YKUCEJ OECKOHEUHO
MHOTO, a4 3HAYUT, OHM OBIBAIOT CKOJb YrOAHO OGoibmimmu.l)
B ocHoBe 3HaMEHHTOrO AOKA3ATEILCTBA JIEKHUT CJICHVIOas
njea. EBKIujA OMUCHIBAET UTO-TO BPOLEe MAIIMHBI, B KOTODYIO
3aKJIaJLIBAIOT HEKOTOPhIE IIPOCTHIE UYHCJIA, & OHA B OTBET
BBIZIA€T IIPOCTOE YHUCJO, OTIMYHOE OT BCEX 3AJTOKEHHBIX. JTO
HOATBEPIKAAET, YTO IMPOCTHIX YUCET OeCKOHEeUHO MHOTrO.

CrnemcTBusa U3 9Toro axkra 3aMeUYATEJbHBI M JAa’Ke T'OJIOBO-
Kpy:kureabubl. Hanpumep, pesynbraT EBKiIMAa rapanTupyer,
YTO CYHIECTBYET HACTOJHKO GOJILIIOE IIPOCTOe UHCJIO, UTO JAJIS
ero sammcu morpeGoBanock ObI Gosibllle YepHMJI, YeM OBLIO
IIPOU3BEAEHO 34 BCIO MCTODHIO YeJIOBEUEeCTBa; KOHEYHO JKe, HaM
HHAKOTA& He YBHAETE 3TOT'0 MOHCTPa Boouuio. B caMoM Goabmiom
ussecTHOM Ha JaHABIA MoMeHT (2006 r.) umcie mOYTH LECATH
MmwuinoHoB nudp?. (Utobnl npeicraBUTh cebe, HACKOIBKO
BEJIMKO 9TO YMCJIO-PEKOPACMEH, BOOOPA3UTE, UTO BhHI PEIINIH
HamedyaTaTh ero B KHUTe — IJaA 3Toro norpeGoBanock OBl
6osiee 800 crpaunu.) Bosabline IIpoCcThIe YKCJIA UCIIOIL3YIOTCH

1B rn. 54 pacckaseiBaercs, K4K B Hallle BpeMA HAXOJAT «0UEHB GONLIINE»
IIPOCThIE€ YHCJIA.

DHanGoNBUIEM U3BECTHBIM ITPOCTHIM UHMCJIOM IIO0 COCTOSHHIO Ha (eBpaib
2011 r. seaserca 243112608 _1  Ogmo comepsumr 12978189 mecATHUHBIX
nudp U ABIAeTCA HpOCThHIM uuciaoM Mepcerna. Ero mamnm 28 aBrycra
2008 roga Ha MaTemaruyeckom daxyiabrere yHuBepcutera UCLA B pamkax
NIPOeKTa IO pacHpefeJIeHHOMY HOMCKY TPOCTHIX umcen Mepcemna GIMPS.
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B Kpunrorpadmuu, a MaJEHbKMMH CUYKUTAIOTCA YHCJA BCEro
TOJBKO C HECKOJBKUMM COTHAMU LIUDD.

Onra mM3 BaKHEMIMNX 3ajad pasfesa MaTeMaTHKU — Mmeo-
puu Hucen — PaCKpPBIBATH CEKPETHI IIPOCTHIX YHCEN, B O3TOMY
Beankuii matrematux Kapn ®puzapux I'ayce HassIBag Teopuio
4uces «KOPOJIEeBOH MaTeMATHKH».

MALIUHA EBKIWAA

Temepp omumeMm, Kak QYHKIUOHHDPYET MANIMHA IPOCTHIX
ancen Esxanza. IIycTe AaBBI n IPOCTBIX YHCEN, KOTOpPHIE
0603HaYNM P, Py, - - . » P,,- ECIM 3TO BAM KaXKeTCA CIUIIKOM
abCTpaKTHBIM, TO IPOCTO BO3BMHUTE JAJA NOpPUMEpa 4YeThIpe
mpocTeix umeaa 7, 11, 13, 29, B srom cayuae n=4, p, =7,
py=11, p;=13 u p,=29.

Tenepr npubaBuM 1 K IpON3BeJEHUIO 3THX IMPOCTHIX YHUCEJI.
Pesyabrar o6osmaunm m. Takum oGpasom,

m=P1'P2"'Pn+1-

B paccmorperHOM mpumepe m=7-11.13.29+1=29 030.

¥ xaxporo umucia, a 3HaUUT, 1 Yy M, €CTh IO KpaliHell Mepe
OAMH IIPOCTOM JeJuTeNb, 0603HAYMM €ro p. 3aMeTHM, UTO OH
He MOXeT OBITh PaBeH HU OJHOMY M3 UHCEH P, Pgs -+« + 5 Pp-
JeficTBHTENIbHO, €CJIM M pPasfeJNUTh Ha ONHO M3 3THUX YHCE,
noay4yuTca ocraTok 1. (B HameM npumepe MBI MOMeM BRIGpaTH
p=95—nmnpocroit gerurens uncaa 29 030. IIpu srom uucao 5
He paBHO 7, 11, 13 mau 29.)

Hrax, MBI BUAUM, YTO AJIA HPOMU3BOJBLHOIO HaAGOpa DpPOCTHIX
4YUCeN Py, Pys - - -5 P, MOJYIaETCHA HOBOE IPOCTOE UHCJIO,
KOTOpOro He OBLJIO CpeAH BBEZEHHBIX. 3HAYHMT, MHOMKECTBO
IPOCTHIX YHCeJ He MOXeT ObITh KOHEYHBIM, IIOCKOJIBKY J1060i
KOHEeYHEII HaGop IpPOCTHIX YHCEJ, BBEJAEHHEI B MAaIINHY,
IIPUBOSUT K IPOCTOMY YHCJY, OTIMYHOMY OT BBEJEHHBIX.

Ha puc. 4.1 npuBezieHBI HECKOJIBKO HOMOJHMUTENLHEIX MIPHU-
MepOB, B KOTOPBHIX HA BBIXOZE HAIOTCH 6Ce IPOCTHIe AEJIHATEJH
9HCHaa Py - Py * * - P, + 1. OOpaTure BEUMaHMe Ha BTOPOii 1 Tpe-
THH OpPHMepPHI: BBOAWMBIE IMPOCThIE YMCJIa He 06s3aHB! OLITH
pa3HBEIMH,

" T'egepupyer am manmimea Esxampa 6ce npocteie auciaa?
HmeeTca B Buay ciaefyiomee: MBI CIUTAEM H3BECTHEIM, UTO 2 —
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3,7 — 3.7+1=22 — 2, 11

2,2,5 —= 2.2-5+1=21 3,7

2,2,2,2,2 — 2.2.2.2.2+1=33 —3 N

7,11,13,29 — 7-11-13-29+1=29030 — 2,5,2903

Puc. 4.1. EBxknunosa MallvHAa AJS MeHEPUPOBAHUS NPOCTHIX YUCENA
B OJeMCTBHU

IpocToe 4MCiIo. BBoAMM ero B MalIMHY, KOTOpas HA BBIXOAE
gaeT 4ucego 3 («IpousBefeHHMEe» OMHOTO UHCJIA — 3TO CaMo
YKCJIO, ITI03TOMY BEIBOA paBeH 2 + 1). Temeps MBI MOXeM BBECTH
B MamuHEy uymciaa 2 w3, IOJYYMB HIPH dTOM 7, TaK UTO
Tellepb MBI MOXKeM paforaTh ¢ yuciaamMu 2, 3 m 7. OTU TpH
Yuciia — BO3MOYKHBIE BBOALI, M MBI He 003aHEI BBOAUTH X BCE
ONHOBPEMEHHO, K TOMY K€ OFHO MJIA HEeCKOJIBbKO M3 HUX MOLYT
OBITH, HMCIOJL30BAHEI OOJBIIE OJHOrO pa3a. Bo3HMKaeT TAKOM
BOIMPOC: KaXKI0oe JU IPOCTOEe YMCJIO BO3HUKHET HA BBLIXOJE H3
3TOil MaluHbl EBkaunma?

OTBeT MOJOKHUTENbHEIN, IIOCKOJBKY AJA KaXKIOTO IPOCTOTO
umena p 4YHUCA0 p—1—3TO0 mpom3BeleHMe HECKOJIbKHX (He

0053aTeIBHO PA3JINYHEIX) IPOCTBIX HUHUCENI Pg, Pgs -+« 5 Ppe
ITlosToMy mpH BBOAE Di, Py - - - » P, HA& BBIXOAE MOJYUUTCS
IIPOCTOE YHCJIO P, BeAb Py * P, * * * P, +1=p. 910 paccyxnenue

MOXeT OBITh WCIOJB3OBAHO JMAJIA [JOKas3aTeJbCTBA METOJOM
MaTeMaTH4YeCKOoil HHAYKIIHM YTBED/KJIEHUA O TOM, UTO BcCe
IMpOCTEIEe YNCJIa, He IPeBhINIaIoNe HeKOTOPOro YHCa 11, MOT'yT
OBITHL NMOJYYEHLI Ha MamuHe EBKAMAA, KakuM Gonbmmum Obl
HHU OBLIO 4YuCIO N.
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NPOUIPbLIW + NMPOUIPLILL = BbIUIPbILL

Maremaruka, 1 B 0COOEHHOCTH TEOPHS BEPOATHOCTEI, IOJHA
yauBHTENBLHBIX ABIeHHH. Korga kaxoii-To pesyabraT PpesKo
KOHTPACTHPYeT ¢ O0IMMY OKUAAHUAMU, OH HA3LRIBAETCA NAPA-
doxcom. He tax paHO ucmaHckuii ¢msuk Xyan Ilappomzpo
MOMOJIHWJI 3BEePHHEI TAKHX HapaJOKCOB HOBLIM IIPMMEDOM.

PaccMoTpuM aBe caydaiiHble
Wrpel, B KOTOPBIX WUIPOK IIPOUT-
pBIBAeT UTOPHOMY OOMY B Cpef-
HeM HeOoabpmyo cymMmy. WUrpox
NOJIEeH 3allJIaATUTh HeOOJbIIoH
NMepBOHAYANBHBIN B3HOC, YTOOBI
OPUHATL YUACTUE B UTDE, & 3aTeM
¢ BEpPOATHOCTHIO % BBIMT'DEIBAET
MJIN TPOUTPBLIBAET OLWH €BPO
B KaXKJOM payHAe urpsi. B npy-
roil Urpe IIAHCH Ha n0o0eay 3aBu-
CAT OT NpeasIaAyulero xoma urpel. EcTek OGosee mnau MeHee
GraronpusaTHbIe payHAbI, HO B CpeJHEM IIMaHCHI BCe DPaBHO
cocraBasior 50 Ha 50.

®Poxyc BOT B Ye€M: €CJIH Iepel KaKAbIM pPayHAOM IIOX-
6paceIBaTh MOHETKY, YTOOLI OIpeNeinTh, UTPATh IEPBYIO HJIN
BTOPYIO HI'DY, TO ¥ UTDOKA €CTh BBIUT'DHINIHASA cTpaTerusa. Ecin
UIPOKY IIO3BOJIUTH MrpaTh JOCTATOYHO HOJITO, TO MOMKET CTATh
CKOJIL yrozuo GoraTeiM. Ilocne oTKpbITHA mapagoxca Ilap-
POHIAO CTAJIM IMOABIATHCA COOOIIEHUS, UTO TEMEPh CYIIECTBYET
MATeMaTHYeCKad TeopuUsd HOJIS BCeX BO3MOMKHBIX CUTYAIUH,
B KOTOPBIX Jii0G0e KaKyleecsi IPOUTPHINTHBIM IIPEAJIOKeHUe
3aKAHUYMBAETCS BBIUTPHIIIEM. ¥ KaXKAOro OBLI TAKOM OIEIT.
Hanpumep, B ImaxmaTax BBl MOMKETE€ IIOXKEPTBOBATH IIOYTH
nw0by GuUrypy U BCce pPaBHO IIO0€LHUTH.

Koneuno e, TaKoi Teopum He cyuiecTByeT. OnHAKO
MHTEePEeCHO, UTO BCE MaTeMaTHUYeCcKHe DpesyJbTaThl, KOTOpbIe
MpOCAaYMBAIOTCA CKBO3b CTEHBI aKaJeMHuecKodl OGamrHn wus
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CJIOHOBOI1 KOCTH B e)XeHEBHBIE I'a3eThl, IIOUTH BCEIZa BCEJIAIOT
B yurarejlell HeoOOCHOBaHHBIE HANCKIBI HA rpaHIMO3HBIHN
ycrex. Kak MHOrme MOMHAT, TaK CJAYYHIOCHE ¢ (paxTanmamMu
u ¢ Teopmeil xXaoca. A BOT y mnapaaokca IlappoHno o0Ha-
PYX®JI0Ch HECKOJBKO HHTEPECHLBIX HIpuiokeHuii. Hampmmep,
OH 00bACHAET, KAK MHKDOODTraHHU3M MOJKET UepeZOoBaTh [ABE
XMMHUECKHE peaknuu, YTOObI ILIBITH IIPOTHB TeYeHUSH.

TOYHbBIE MPABWIIA BTOPOH WUIPbl

Ilpasuna mnepBoit urpsl IlappoHmo y)xe OBLIH OIHCAHBHI.
IIpaBuia BTOPO# UIpPHl HECKOJIBKO CJIOMKHEE.

Ecau cyMMa BRIMTPHIIIA K JAHHOMY MOMEHTY JeJIUTCH Ha 3,
TO IIAHCHLI HeONArompHATHBI: ¢ BepoATHOCTHI0 9/10 wmrpox
TepseT OOUH €BpO, a ¢ BepOATHOCTHIO 1/10 — BRMTpHIBaerl.

Bece He Tak ImLIoX0, KOrha CyMMa BBIUTPHIIIA HE AEJIUTCS
Ha 3. Torma HUrpoxk BBIUTIDBIBAET C BepOATHOCTHIO 3/4 m mpo-
HIpRIBAET C BepoATHOCTHIO 1/4.

Taxum o0pasoM, IJid UTPOKA CHTyalusa OJarorpusaTHA MJIHA
He6IarolpusaTHA B 3aBHCHMOCTH OT TOr0, AEJUTCA cyMMa
BRINTpBIINIA Ha 3 MM HeT. MOXKXHO IIOKasaThb, 4YTO Ta Mrpa
abcomorHo uecrHada. OmHAKO wM3-3a TOro, uTo Tpebyercsa
NepBOHAYAJLHBIA B3HOC, B JIAHHOM CePHU 9TO IPOUTDHINTHAA
urpa.

NAPAZOKC!

B pasHBIX pasfesax MaTeMATHMKHU MMEIOTCA CBOW MapaJoKChl.
Kax OpaBmio, UX CleAyeT OXKUIaTh IPH ONWCAHWM ABJICHHH,
HeIOCTYIIHEIX HAIIEMY IIOBCEJHEBHOMY OIBLITY: OuUeHb OOJIbIINe
WM OYeHb MaJjible YHCja, OeCKOHEUHBIe MHOMKECTBA M T. 4.2

HeCKOMBKO YAWBIAET, UTO IapajoKChl TAK YaCTO IMOSBJIA-
JOTCA B TEOPUM BEPOATHOCTEH: Belb B XOJA€ HBOJIONMHMH MBI
pPasBHIIN CIIOCOGHOCTH YYBCTBOBATE MHOTHE ACIEKTHI Cydaii-
Hoctu. Hampmmep, MBI HafledXHO yMeeM OIEHWTH HACTPOCHHE

DHanpumep, M3 AecATHKAPTOYHON KOJOABHI MOMKHO HAYAAYY BHIHHMATH
omny. Ha pgeBaTH Kaprax HANUCAHO «Bsl TOJNBKO YTO IPONUTPANH OJUH
eBpol», a Ha OAHON — «Bel BHIMI'DAJM OZUH eBpoO!»

2)0 HeKOTOPHIX Tapafoxcax GecKoHeuHoCTHM rosopurcs B ri. 15 um 70.
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cobeceHMKA, OCHOBBIBAACH JMIIb HA BBIPAKEHUU JHIA,
M HEIJIOXO0 yMeeM OLUEeHHBATh PUCKH.

Xopowo HM3BECTeH HAPAAOKC AHEH POXKAeHUs, OMHCAHHBIM
B ri. 11. Eme oguH Xopomo M3BeCTHHIN mpumep — napadokc
nepecmaroeox. YenoBeKk mumier AeCATh MHUCEM M HAAIUCHI-
BaeT MNeCATH KOHBEPTOB. 3aTeM OH pPACKJIAALIBAET INUCHMA
0 KOHBepTaM B ciayuaiiHom mnopaake. Ilomamer am xorsa
ObI OZHO NHCHBMO B COOTBeTCTBYWOIWHA KoHsepT? Hausnble
MpeACTABICHNA FOBOPAT O TOM, YTO BEPOATHOCTH 3TOT0 KpaiiHe
mana. Ha camom gese, COrIacCHO TEOPHM BEPOATHOCTEH OHa
cocraBuasgerT oxono 64%. IlompoGyiite cammu! (Ilox mackoit
BeIOOpA apTHepa B UT'Pe 3TOT MAPAJOKC IMOABIAETCA B IVI. 29.)



hasa 6

UHTYUALUUA NOABOAUT HAC,
KOraA PE4Yb UAET O BOJbLWIKUX YUCNIAX

Hcropusa desoBedecTBa ILJIOXO IIOATOTOBMJIA HAC K HeJaBHUM
OTKpRITUAM B (usuke u Maremature. C TOuKH 3peHHA
NPOJAOJIKEHUA poAA ¥ BBIKMBAEMOCTH WHTEDECHBI TOJBKO
TaKue BelllH, KaK CPeJHAS CKOPOCTb, PACCTOSAHUA — He OYeHb
Oosplline W He OYEHb MAaJIeHbKHE, — BOOOIle, CPAaBHUTEJLHO
HebGoubmine uyuciaa. I1oaTOMy €JI03KHO YCBOUTH COBDEMEHHEIE
B3IVIAALI HA IIPUPOAY BCEIEHHOM, rae Mpu GOJBIINX CKOPOCTAX
BO3BHUKAIOT YIANBUTEJbHEIE SABIeHHS. MOXKHO CKasaTb, UTO
B Hac BCTpPOeH 0aphep, KOTOPBIM MeIIaeT BOCIPHHUMATH
HEKOTOphle MaTeMaTHYeCKHe HCTHHBI.

Ilorosopum, Hampumep, o0 OoabIIMX uYHMcaaX. B dwusuxe
BCe K€ CYIIeCTBYeT BO3MOKHOCTH IPEACTABIATH PACCTOAHU,
JaJeKo BBEIXOZSIINE 38 PAMKHM IIOBCEIHEBHOIO OIBITA M MHTYU-
UK, ¢ MOMOIILIO0 MOAXoAAIero Mmaciuradba. Hampumep, MOXKHO
IpeICTABUT: MHUHHATIODHYIO Mozenb COJHEYHOH CHCTeMBI,
B xoropoii CoslHIIe CiKaloCh O pPasMepoOB anenbcuHA. B Marte-
MaTHKe TAKUX BO3MOMKHOCTeH MeHbIle, X HaIIX CIOCOOHOCTH
BOOOpPasHUThb, YTO HPOMCXOAUT, OBICTPO TAIOT.

Ocob6eHHO CJIOKHO OCO3HATH BKC-
OOHEHIUAJbHBIA pocT. MHEOrMe cibi-
IHaJIK ODPUTYY O PHCOBOM 3€DHBIMIKE.
H3zob6peraTens maxMar obpaTuics
K CBOEMY IIPABUTEJIO ¢ MIpock0oil, HA
mepBoif B3MJISAA HEOOPeMEHUTEILHOM.
OH xoTel, Ka3ajaochb, HEMHOTO PHCY,
HO CYMMUPOBaHHOMY TaK, YTOOBI Ha
IepBOH KJETKe HIaXMAaTHOHM [AOCKH
JIeKAJIO OAHO 3E€PHBINIKO pHca, Ha BTOpOH — BABOe OoJjblile, HA
TpeThell — ewje BABOe OoJiblte, u T. 1. OKasajaoch, UTO depesd 64
mIara 4YuCJO 3epeH MIPEB30HMIeT KOJHNUYECTBO IIPOU3BENEeHHOTO
pHca BO BCEM MHpe 3a TOf.

KoxeuHo Xe, pacKJaJblBAHME PHCa Ha MIAXMATHOH JOCKe
He OTHOCHUTCSH K IIOBCEeJHEBHLIM 3aHATHeM. [[pyras aHajgorusd,
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bostee OIMBKAA K PEANILHON KHM3HH,— 3TO <«IIUCHMA CUACTHA».
HMonycTyM, BhI HOJYYNIV NUCHMO — OLHO M3 IfeIH pacIpocTpa-
HAIOIUXCHA, — B KOTOPOM CKa3aHO, YTO BBl JO/UKHEI PA30CIaTh
ero KoMK JecATH 3HAaKOMEIM, YKa3aB CBOM UMA M ajpec.
IlpegnosnaraeTcsa, 94TO OHHM HOCTYNOAT Tak e. Kamaomy, dbe
MMs OKa)KeTCsA HIKe YPOBHA HATH IIOKOJeHWi, mojaraercs
nseTHadA OTKphITKA (Miam 100 eBpo, mam eme uYTO-HUGYAB).
Ha nepBrifi B3IIAZ -— 9TO BeJIHUKOJIENNHAA HAeS, W HAWBHbBIE
JI00Y BEPAT, YTO OHA JOJIKHA MPUHECTH BLITOAY (BHIPAKEHHYIO
B OTKPBITKAX MJIH €Bpo). YTOOhI COXPAaHUTE KN3HECTIOCOOHOCTD
CHCTEMBI, IIOCHLIAA OJHY OTKPBITKY, B Pe3yJbTATE BbI JOJKHBI
MOJIYYUTh OTPOMHYIO KOP3HHY NOUYTHI (Ha CAMOM AeJie KOP3UHEI
He XBaTUT — eCJIM BCEe HIPOKH CZeJaioT TO, YTO OT HHX
Tpebyercd, BaMm gocraHerca 6ogee 100 000 orkpriTok). OnHarko
9Ta HUrpa BCEeTAa NpeKpaliaeTcsa eilje Ha PaHHUX 3JTalax,
HOCKONBKY CIHIIKOM MHOTO JIIOJeH MONy4aioT CAUIIKOM MHOI'O
IHUCeM OT CANIIKOM HONBUIOTO Ymesa Apyseit ¢ TpeboBaHUEM
BBICJIATh JECATH MHUCEM,

MareMaTHKM WUCIBITBIBAIOT O0coBoe OraroropeHue mepen
9KCHOHEHIMAJBLHBIM DPOCTOM. 3aJadd, CTENeHb CIIOMHOCTH
KOTOPBIX DPacTeT SKCIOHEHIMANbHO OTHOCHTEIbHO pasMepoB
BXOZHBIX JQHHBIX, CUHUTAIOTCA OCOOEHHO CJOMHBIMKU. Tak,
HaIpMMep, ObITalOTCA IOKAas3aTh, YTO 3a4ada B3J0MAa Iporie-
IypH WHUAPOBAHUA SKCIOHEHIUAJIBLHO CJIOMKHA.

3KCMOHEHUMUANBbHbLIA POCT I: PUCOBbIA MnoTOnN

CKONBKO K€ BCero PHCOBBLIX 3€DPEH B NpHUTYe O PHCOBOM 3ep-
HeImKe? YTOOL! OTBETUTH HA HTOT BOIPOC, HYKHO HANTH CYMMY
1+2+4+.--+2% Takue BeIUMCIEHUST YIOGHO IPOBOAHUTE IIO
dopmyisie zeomempuueckoii npozpeccuu:

+1 _
l4g+@+- +qr=L 1

T npu g1 un=1,2,....

B mamem ciayuae
%4_——11 =18 446 744 073 709 551 615~ 18- 1018,

Tax MHOrO pHcal
Korma peus maer o Takmx OONBINMX 4uMcJaax, Hauia
MHTYANUA 0oABoAWT Hac. W npasfa, Aae 4YeTBIpHALIATH
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MUWLIHOHOB PasjINYHbIX KOMOHHADW B JIoTepee KPYyKaT HaM
rosioBy. HapaiiTe XOTh NoHBITaeMCs NpPEACTAaBUTH cebe Takxoe
KoamdecTBO puca. I'pybo roBopsa, pucoBOe 3€pHBIIIKO — 3TO
muauEap aupaMerpoM 1 MM m guamao# 5 Mm. Takum obpasom,
B KyOM4eCKOM caHTHMeTpe nomemaerca 200 pucoBbix 3epen V.

Tenmepr MOMKHO 3aHATHCA MareMaTuroil. Ecim B xyOm-
geckoM canTuMmerpe 200 3epeH, TO B KyOHMUeCKOM MeTpe
ux 200-1002=2000000, a B Ky6udecKOM KHJIOMETpE —
200 - 1002 - 10003, IToaToMy, pasieauB Uucio 3epeH Ha 2 - 1017,
MBI BBEIUVCJUM O0BEM PHCOBOM Ky4YHM B KyOMYeCKHX KHJIOMET-
pax. OkashIBaeTCa, YT0 MX HOJYYHTCA OKoJo 92 kM3,

Yrob6el npeacraBUTH cebe 3TOT 06beM, chesaeM TakK. ILio-
mazns lepmanmu — 360000 KBajgpaTHBRIX KUJIOMETPOB; €CJH
pacmpeneuTs DPHC, TpeOyInWiicA MO YCJIOBUAM 3aJadMl, HO
Bcel 3TOi TEepPPUTOPHH, OH IIOKPOET ee CJIOEM TOJUINHON B 25
carTuMeTpoB (25 cm ato 1/4000 xm; 360 000/4000 = 90 xm3).

He Bepure? A TOKe He BepuJ, mOITOMY IOIpolOBAJ caMm.
Tax nossuauck puc. 6.1, 6.2 u 6.3.

Puc. 6.2. . . . HO TOTOM BCe mOuLIO GhICTpee, YeM IPeAloJaraiIoch. . .

Dfame Gosbine, ecad MX MOMKHO ONTHMAJNLHO YIAKOBaTh, HO B BTOH
OpPATYE OHM DASMEINAIOTCS KAK IOIaslo.
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Puc. 6.3. ...u B KOHIe KOHLOB A CHaJICHA

3KCNOHEHLUAJBHBIA POCT II: CKONIbKO PA3 Bbl CMOXETE
CNOXWUTb JIUCT BYMATU?

IIpexpe wem uuraTs fgajibllie, OTBETHETE HA OAMH BOMNPOC: Kak
BBI JyMaeTe, CKOJILKO Das MOKHO meperubaTh JuCT OGymaru
momonaM, dYTo0bI MOJAyumJach Terpanka? BoiabimuHeTBO He
MOTryT yrajaTh ¥ TOBOPAT O CJAHIIKOM OOJBIIOM KOJHYECTBE
paa.

Tlepernbas, Hy:XKHO YYHTHIBATH ABA MOMEHTa. Bo-IepBBIX,
TONINHA TEeTPaIKM SKCIOHEHIMAJLHO pPACTeT, VIBaWBasgch
nocle Kaxgoro neperubda. Ilocie maru neperubor CA0XKEHHBIHN
JUCT cTaHeT B 32 Dpasa TOJIIe HKNCXOZHOTO JIHWCTA, Beab
2:2:2.2.2=32. 910 cocraBjifeT NPHMEPHO OAWH CAHTU-
meTp V), 1 ecsiut GBI BBI CMOTIVIN CJIOMKUTS elrie 5 pas, TO MOJYIUIN
6b1 TONMIMHY 32 caHTHMeTpa.

Ho »T0 HEBO3MOKHO. KOTa HECKOJIBKO CJI0€B PACTIONIOKEeHE]
OAWH HAJ APYTMM U WX TOJIWHA COCTaBjiAeT d, TO CUTYAIMK
pasindaloTcA AJA BEPXHEro — T. €. JJd BHYTPEHHEro IocJe
CKJIAJABIBAHUA — CJIOA U AJA HHXHero. A MMeHHO, HUXHUI
HYXHO pPacTAHYTEH, YTOObI OH JaJl HOAYKpyr paguyca r. Huauaa
OKPDYKHOCTH BRIUmcidercd 1o dopmyne 2ar, moaToMy Ham
noHazobmrea piamua nr. HampmMep, ecnam Iocjie MATH CRJIa-

DPeur, mper, BHAMMO, 0 JHMCTe GyMaru, TOJIIMHA KOTOPOLO COCTABIIAET
1/32cm, T.e. ~0,3 MM. [na rtakoro smcra 5-¢ cKIAALIBAHUE OBLIO GBI
OKOHuaTeNbHBIM. OOBIuHEIA MuCT THcYed GymMaru umeer Tonmmay ~0,05 MM,
¥ OH BHIJIePKMBAaeT MAKCUMyM 8 ckiaanbiBanuit, — IIpum. ped.
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LBIBAHMIT IOJyYaeTCA TOJIUHA B OGUH CAHTHIMETD, TO HMKHMHA
CJIOH IOJIKeH PacTAHYThCHA Ha m/2x=~3, 14 caEHTHMETDOB.

Ilocne eme HECKOILKHX CKJIAABIBAHUN pacTATUBaHNE
6osbIIe HeBO3MOXKHO. IIpaKTnka IIOKa3hIBaeT, UTO NIpexnes —
BoceMb ckiaaaeipaHuii. (Ha omgHoil OepanHCKOH pagMoCTaHIUHK
peluwIu 3T0 npoBepuTh, U 12 centadbpa 2005 roaa 6sLTO
IpoBefieHO My6GaMUYHOE CKIaABIBaHUE JucTa Gymaru pasmepom
33 ua 49 dyros. VI B aTOM ciayuae yCHeNIHBIMYU OBLIH TOJBKO
BOCEMb CKJIANBIBAHMNI.)
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KNoY K LWW®PY — B TEJIE®OOHHOW KHUIE

MHOro BeKOB JIIOZM MeEUTAlOT O TAaKOM MeTO/ie OTIIPABKM
CEXPETHHIX COODIIeHN, 4TOOLI OHM AelCTBUTEIBHO OCTABAJINCH
cexkperrbiMu. Peannsanusa sTofl MeuTHl oA Ha3BAHWEM KDUn-
mozpagusa cTaja BETBBIO MaTEMaTMKM, B KOTOpPOil cerogHs
BeAyTCH WHTEHCHUBHbLIE HCCJIEZOBAHUA.

WNnTepecHO, 4TO pasBUTHE KPHI-
TorpadmyecKuX MeTOAOB 3aCTABUJIO
HEKOTODEIE MATEMATHYECKHE CIie-
DHUAJbHOCTH IOKHMHYTL OaliHM u3
CJIOHOBOM KOCTH ¥ CIIYCTUTBHCHA
K JdogaM. Bospmem Teopuio umcedn,
TOYTEHHYI0 O00JIacTh MAaTeMATHKH,
KOTOopas M3yuaeT OOBIYHbIE UMCJIA
1, 2, 3,.... B nocxnennue jecs-
THJIEeTHS BHE3aIlHO BO3POC KOMMEp-
YyecKU{l WHTEpeC K IIPOCTLIM YHCIAM, IOTOMY UTO HOBLIE
pe3yJbTaThl OKasaJUCh YpPE3BHIYAWHO KpPacHOPEYMBLIMHM H
HeMAaJio ToBeflany 0 0e30IIaCHOCTH Hmepefaun 3amudpPoBAHHLIX
IaHHBIX.

Kpuororpagpusa sBcerna Guizia BepHBIM UCTOYHHMKOM 3pesunl-
HBIX cIOpnpu30B. Bce Hauasioch Torma, xorna OGHapYXHJIIOCH,
4yTO OOJIBIIE HET HYXKIALI XPaHWUTE WHAOPMAUWIO, HCIOIL-
30BAHHYIO IPH KOAWPOBAHUM M JeKOAMPOBAHUM CEKPETHEIX
csegennii. Ilox HasBaHMeM xpunmozpagua € OMKPbLLMbLM
KJI0%0M 3Ta uJes IpouU3Besa peBomxionuio. Temepsr Gesomac-
HOCTh 3aBHCHT OT BIIOJIHE KOHKpPeTHOM 3afa4m O IPOCTHIX
qpCciiax: BCAKHH, KTO CMOMKET Da3jIoKHTL Ha MHOKHUTEIHN
60JIBIIIOE YHICJIO, PABHOE IPOUBBEAEHUIO ABYX IPOCTHIX, CMOKET
IpoYnTaTh 3amudpoBanHoe coobmeHue. Jlerko BuAeTh, UTO,
HalpuMmep, 35 pPaBHO IIPOU3BEACHHIO JABYX IIPOCTBHIX yucen 7
u 5, HO ana uymcaa 49402601 (omo paBHO IPOM3BEIEHUIO
npocteix wucen 33223 m 1487) Bce ropasgo CIOXKHee.
Onrako B cepbe3Hoil Kpunrorpahuu paccMaTpHBAiOTCA UHCIA
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¢ coTHamMu mudp. OGBIYHO CYMTAETCHA, UTO HE CYIeCTBYeT
OpoOUEeayPsl, TO3IBONAWINEH YCTAHABINBATE MHOMKUTENN TAKUX
GOJBIIMX 4YKCEeJ HAaCTOJBKO OBICTPO, 4YTOOBI B3JaMBIBAHUE
mudpa HaBay0 IPaAKTHUECKYI0 MOOJb3y. Tak, MHOro mymMa
IIPOM3BEJO OTKPBITHE, CAEeIaHHOEe HEeCKOJBKO JeT TOMY Hasal:
a0b0e pasyioKeHHEe Ha [ABA MHOXXWTeNsaA OLLIo OBl JIETKO
BHIIIOJIHUTE H& KBAHTOBOM KOMILIOTEpE, €CJH ObI ero Korja-
HuUOYAE n306pesn. A mokKa Kpunrorpadsl MOryT pacciaaburncd,
XOTA OHM UYBCTBOBaau OBl ceba ropasgo yBepeHHee, eCiu
65l MOKHO GBIJIO OKOHYATEJBbHO JOKAa3aTh, UTO HCIOJL3yeMbIe
HBIHEe CHCTeMbl JelicTBHTEeNbHO OesomacHbl. HecMoTpa Ha
OrpOMHBIE YCHJAHSA, 3TO JO CHUX IOD He CAeNaHo.

CNYYAHWHDBIE K/IOYU BE3OMACHDI!

Bosee 1osHOe omMcaHMe B3aMMOOTHOIIECHUH MKy KPUIITO-
rpadueil B MPOCTHIMU YHUCJIaMH MOKHO HaiTu B . 23.

Jaxxe He HCIONb3Yyd ILIPOCThHIE YHCAA, MOXKHO NIPHUATH
K abcoarorHO Oe3zomacHBIM MPOLEAYPAM KOZWPOBaHUS, IPH
YCJOBHM UTO MBI TOTOBBI JOMYCTHTE He(OJIBLIOE HCKayKeHUE.
Bor camasa m3BecTHad U3 aTHX npoueayp. IllogGpocsre MoHeTy
MHOro, cxa)xeMm 10000, pas, u 3anumuTe pes3yJjbTAT B BHJE
nocJjefoBaTeIbHOCTH HyJedl M eawunn. (Ecam BBI CAWIMIKOM
JeHHMBEI M He XOTHTEe CaMOCTOATEeJ]bHO 6pocaTbk MOHETKY,
HOpPYYHUTE KOMIOBIOTEPY CHesaTh 3TO BUpPTyanbHO.) Ilociexosa-
TeJILHOCTE Oy/leT BBHIMIAAETH, HAaIpHUMep, TaK:

00101111011011100000. .. .

Temeps ee MOXHO HCIOJB30BATS AJIA KOANPOBAHUSA COOOIEHNA.
Jlng mpocrorsl GyZeM CUMTATH, YTO OHO TOXe IIPEACTaBJIAET
co6oil mociefoBaTeIBHOCTh Hysel m emuHmI D,

Tax 4TO NOPEAIOJONKHM, UTO 3aKOAHPOBAHHOE COOOUIeHHe
HaYMHAEeTCA KaK-HUOyabL Tak:

10111001100000011000. .. .

IIpu xoxupomanuu GyaeM JgeficTBOBATH CIeAyHOMWIMM oOpa-
30M: CHayaJa HAJ IepefaBaeMbiM cOOOIIeHreM 3anulneM

D3roro MomxHO HOGMTHCS, HANpUMED, 3AKOAUDOBAB OYKBHI M ApyTrme
BasKHBIE CHMBOJIBI ITOCJIC/IOBATEJBLHOCTAMM M3 HATH HyJet u exguwHMIL:
A =00000, B=00001 u 1. A. ITockomuky 25 =32, Taxum o6pasoM MOXKHO
3aKogupoBaThk 32 cUMBOJA.
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CJIY'I&fIHYIO nocJjexoBaTeJIbHOCTD:

00101111011011100000 . . .
10111001100000011000. .. .

ITocTpouMm TpeTsio mociegoBaTenbHOCTH. Korna apyr Han ADY-
oM PACIIONIOMKEHBI OJUMHAKOBbIe NUPPHI (HYaIH HJIN eXUHUIBI),
3alMnIeM HOJb, & €CJIM pasHble — eAUHHNY. B HalmeM ciydae
HOJYYHUTCA TAKON pesyJbTaT:

10010110111011111000... .

Temleps 3TO 3aKOZMPOBAHHOE COOOIeHME MOMKHO Iiepena-
BaTh. A IPUHUMAIONIETO, 00JAJAIOUIETO CEKPEeTHBHIM KJIO-
yoM, pacmiidpoBKa He IpeAcTaBiaseT TpyaHocTreii. Ecan
HAIIpUMep, IIePBLIH CUMBOJ B KJiO4e HOJb, & B 3aKOAMPOBaH-
HOM COOOIeHNY — eAWHUIIA, TO UCXOJHOE COOOIIEHNE JOJIKHO
HAUYHHATBECA C eIHHUILI (a HOJIb IpUBeJ OBI K HYJIO).

9ra nponeaypa abconroTHo 6esonacHa. IIpuunEa B TOM, 4TO
Bce 10 000 BO3BMOMKHEBIX 3aKOAUPOBAHHBIX COOOIIEHHMH IJIMHBI
10 000 paBHOBEPOATHO IIOPOKAAIOTCA OIMCAHHOMN IPONEAYPO.
K comanenuio, y aToro MmeToza KOZMPOBAHUA €CTh JBa cephes-
HBIX HeAoCTATKA. IlepBEIH — IMOoNy4YaTenb HNOJKEH 00JIanaTh
CeKPEeTHHIM KJIOYOM, a BeAb Ji000H KaHAJ nepefadM IIOJ-
Bep:keH aTaxkaM. BTopoil HefoCTATOK — KJIOY MOKHO HMCIIOJNB-
30BaTh TOJBKO OAHA&MABI. ECIM ero MCIojJb30BaTh HECKOJIBKO
pas, TO ero JIETKO B3JIOMATH MOCPEACTBOM YACTOTHOTO aHANH3A.

MaremaTnueckne MeTOZBI OTKPBHITOTO KJKYA HE CTPAagaioT
3THMH IIOPOKAMH M IIOTOMY INMPOKO HCIIOJNB3YIOTCA B HAINW JHU.

KPUNTOrPA®UA: HAYKA TAWH

Kpunrorpadusa — 310 ob6nacTs MareMaTHKH, B KOTOPO# MHO-
TVie OTKDBITHA HE CTaJM JNOCTOSHHEM 0O0IecTBEHHOCTU. Bask-
Hasl 9aCTh COBPEMEHHBIX HCCJIELOBAHUI OTHOCUTCS K BOIPOCY
O BOCCTAHOBJICHUH DAa3JIOKEeHUS Ha MHOMHTEJIH YNCIa, KOTO-
poe fABJAeTcA MNpousBeAeHUeM IpocThix. Ha sTOM BoOIpoce
3WEKIEeTCA 6€30IIaCHOCTP MHOTUX AJTOPUTMOB KOAWPOBAHUA.
B HeKOTODBIX YaCTHBIX CJIYYasdX pasjiOoKeHHe Ha MHOMKHU-
TeJN IPOBeCTH HecJoxHO. Ho 3apaHee HemM3BECTHO, B KaKuUX
HMMEHHO YACTHBIX CJIy4YadX MCCJIeNOBAHMUS MOKA3BIBAIOT, YTO
pasjo’KeHre Ha MHOMKUTEJIN He CcOCTaBideT TpyZa. Ilosromy
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Te, KTO MCHOJB3YIOT OOJbIINEe IPOCThIe YMCJIA IS KOAHpPOBa-
HUs, Bcerga npeGbIBalOT B HEKOTOPOH HEYBEpEHHOCTH.

Yr0o6bI TOACHATL CKA3aHHOE, IIPUBEAEM NpuUMep, UAed KOTO-
poro BocxozamuT eme K Hekapry. Ilpeamoso:xmm, MBI HALIM
6oJblIoe mpocToe uucao p. Hauas ¢ Hero, cpeau AaIbHEHINHX
MBI OyZleM HMCKaTh cleAyiouiee mpocroe aucio q. To ects Gymem
CUYUTATh, YTO ¢ =p+ Rk AJIA HEKOTOPOTO <«MAaJIOTO» IeJyioro k.

B xauectBe nmpumepa paccMoTpuMm ciaydait p =23 421 113,
g=23421 131. Ilpu stom k=18.

B peasnbHBIX NPHJIOKEHUAX UCIOJB3YIOTCA YMCIA C HECKOJIb-
KHUMM coTHAMHU nudp, HO naesa dexapra paGoraeT yke B HalleM
npuMepe. Mbl BBIUMCJIMM IPOH3BEeAEHUE M =p- (g, NOJYIUB
n=>548 548 955 738 803. MoxxkHO N1 BOCCTAHOBUTH P M ¢ IO
JagaOMYy n? Ecam Kakercsa COpaBeIJIMBBIM, 4TO ¢ =p + kB Jada
He cJHUIIKOM OoJabIoro k, To MOXHO CXHTPUTH BOT TaK.

Scuo, uTO UMCIO B — YeTHOe, TaK Kak oba p U ¢ — Heuer-
Hble. 3HAYUMNT, MOKHO 3anucath k=2 -1. YUncyuo p + I, nexamee
POBHO MOCPEAVHE MEXKAY YHUCIaMu P U ¢, OyZeT UIPATH BAXKHYIO
poJb B HaleM pacckasde. O6osgauum ero r. IIpu satom p=r—1
u q=r+1. Kpome toro, n=(r—1)-(r+1)=r?-12, u mosromy
n+12=r2, Urax, ecau K 4HUCIy n ZOGABHUTHL TOUHBIH KBagpaT
HeOGOJBIIOro 4MCJja, TO ONATH MOJYYUTCA TOYHBIA KBajpar.
Ito HalMoAeHHe NOACKA3bIBAeT CJIeRYIONUIYIO CTPATEeTrHIO.

Bymem npu6aBisTe K 7 TOuHBIe KBaapater [2=12, 22,
32 ... u xaxAelii pa3 NIpPOBepATH, He ABIAETCA JH YHCJO
n+ 12 Tounsim xBagpatoMm. KommbioTep crenaer sTo 6BICTDO.

IlonyuuB HYXHBIH pesysbTaT, 3amuimeM, uTo n+ 12
paBHO r?. OcraeTcsi 3aMeTHTh, YTO MCKOMBbIE MHOMKHTENIH P
u q s3agaiorca dopmynamu p=r—-l u g=r+1.

B wHamem  KOHKPeTHOM OpHMepe HYXHO  IIDOBe-
puTh, HeT Jau cpexu umcen 548 548 955 738 803 +1,
548 548 955 738 803 +4, 548 548 955 738 803+9, ... Tou-
Horo KBajzpara. Ha ZeBATOH IOMBITKE — IIOCJI€ HECKOJBKHUX
MILULINCEeKYH] BEIYMCIeHUI Ha KOMIIbIOTEepe — HAac KIeT yAada:

548 548 955 738 803 + 92 =23 421 1222,

Ocrajnock Toapko npubasuts 9 Kk 23 421 122, a 3areM BBIYECTDH
9 u3 23421122, yrob6bl MONYYNUTH HYKHBIE MHOMKHTEIH.

2  MareM. HATHMHHYTKH
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NEPEBEHCKWHA LWPIONbHUK, KOTOPBIH
CAM CEBSl BPEET

He Tak MHOro HeMeIKHMX MaTeMaTHKOB M3BECTHHI 3a IIpeje-
Jammn csoeii Hayku. Ho I'eopr KauTop, OCHOBaTeibh TEOPUH
MHOJKECTB, HECOMHEHHO, OAmH u3 HuX. Ilodemy Teopus
MHOKecTB BaykHa? IToueMy ee Ha3BIBAIOT «MaTEMATHYECKUM
paeM» U ImodeMy MaTeMaTuka Ges Hee HepoaMmoxkHa? V) Ilpuunna
B TOM, UTO 3TAa HayKa IIO3BOJHJIA NMOCTAaBUTL MATEMAaTHKY Ha
CTpOroe [eIyKTHBHOE OCHOBaHUE.

Puc. 8.1. I'eopr Kautop u Beprparn Paccenx

Ha nmosepxHOCTHEIN B3INIAN, TEOPUS MHOKECTB COBEPIIEHHO
OezobnpgHa. ColmpaloT BMecTe HEKOTOPBIE IpeJicTaBJIAIOIINE
HHTepec 06'bEeKTHI M IIOJY4YalOT HOBBEIM OOBEKT IIOA HA3BAHUEM
MHOXecTBO. IlocTpoeHMe MHOMKECTB IIPOMCXOAMT M B IIOBCe-
nueBHOM xusnan. IloHATHO, HAIPUMED, YTO HEKOTOPhIe CTPAHBI
o6pasoBan MHOXKECTBO «EBpomeiicKkuii coo3», a HEKOTODEIe
JernapTaMeHTh — MHOMKECTBO <«(deJlepajIbHOe NMPABUTEIBLCTBOY.
OpnHaKO eclIH JONYCTUTH 00pasoBaHne HOBLIX 00BEKTOB 6e3 BCA-
KX KpHUTEpHMeB NPOBEPKU, MOTYT BOZHMKHYTH HEIIPUATHOCTH.
PesynbraT OKaskeTcs GeCCMBICTEHHBIM, Kak OBLIO IOKa3aHO

DIIo cnoBam Bermkoro maremaruxa Hasupa MmanGepra.
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CTO JIeT TOMY HAa3aZ OPUTAHCKNM MATeMaTHMKOM H (PHIOCO-
dom Beprpanom Paccemom. Ero paccyxaeHHs OCHOBAHBLI Ha
JIOTHYECKOM IapajoKce, N3BECTHOM C IPEBHUX BPEMeH: KoIia
paspemaercs, YTOOLI YTBEDPKAEHHUSA OTHOCHUJINCHL caMM K cebe,
BO3HMKHOBEHHE JIOTMYECKUX IIPOTHBOPeunil HemaOeKHO.

B xopouio uaBecTHOM BapHAHTE 5TOTO IMAPANOKCA Pedb UAEeT
O JepeBEeHCKOM HIUDPIOJbHHKE, KOTODPBIH OpeeT TOAbBKO TeX, KTO
He OpeeT ceba caM. A Kak Ke HacyeT CaMOro HUDPIOJLHHKA?
Bpeerca gm o8 caMoCTOATENbHO? ITOTO HEe MOMKeET OBIThH, Beab
oH OpeeT TONBKO Te€X, KTO He MOMKET moOpuThbca caM. A ecam
mer? Torma ero cieayeT OTHECTH XK UYHNCAY TeX KJIHNEHTOB,
KOTOpLIe He GperoTcsa caMoCToATeabHO. BEI MOXkeTe BepTETh 9TO
BBEICKa3BLIBAHNE TAK U CAK; 3TOT BOIIPOC MCKJIOYAET JIOTHUeCKHH
OTBeT.

3anpeTHB CcCHLIAIONIMECA Ha ceba MHOMKecTBa, Teopusa
MHOYKECTB HEeMHOI'O OIPABUJIACDH IIOCJIEe LIOKA, IIPON3BEIEHHOr0
napanoxcoMm Paccena, ¥ CerogHsi OHa CUMTACTCH GECCIIOPHBIM
dyHAaAMEHTOM MAaTeMaTHKMH.

TEOPUA MHOXECTB B AETCKOM CALY

Crapiiee IOKOJIEHHWe 4YuTaTeseill IIOMHHT, 9TO okKojgo 1960 r.
B I'epmanum Ob11 Hacroamuii 6ym Tteopum MHOKeCTB. IIpmum-
HO# Obl7IO moTpsiceHue: B 1957 r. CoBerckuii Coio3 3anmycTui
IePBHIiI HCKYCCTBEHHBIM CHYTHHK 3eMJIH. 3anaj, OTBETU]
CEPHE3HBIMM YCHWJIMSAMHU II0 YJIYUINEHHI0O 00pasoBaHUA Ha BCeX
YpOBHAX, OT HETCKOro cajga xo yausepcureTa. K HecuacTwvio,
yIOpasjieHIE B 06gacTy 00pa3soBaHUsA IIO3BOMMIN Y6euTh cebs,
YTO AJIAd NOHUMAHHSA MATEeMATHKU HEOOXOAHMMO 3HAHUE TEODHH
MHOXecTB. B pesyibTaTe ZOWKOJIBHHUKH CTDOHJIM <«Iliepecede-
HUSA MHOXKECTB 3€JIeHBIX (PUTYPOK M KBaJPATHBEIX (QPHUTYPOK».
Haxe 6e3 TeOPETHKO-MHOMKECTBEHHOI'O SA3BIKA OGOJIBIIMHCTBO
meTeil TOHUMAJNU, YTO 3TO O3HAYAJO KBaJpaTHbIC 3€JIEHbIe
burypxu. , v
Teopusa MHOKecTs B I'epMaHMM OKasalach KPaTKUM SIIH-
30g0M. ONHAKO HAET IOCTOSHHBIN IOMCK CIIOCOGOB YJIYYIINTH
MaTreMaThuecKoe oGpa3oBaHMe B IUKOJaxX, IOCKOJLKY B Halle
BpeMs GOJIBIIMHCTBO YUYEHHMKOB 3aKAHYHMBAIOT IIKOJIY C IIPOY-
HOIA HEHABMCTBI0O K MAaTeMaTHKe M IIOYTH HHUKTO H3 HUX He
IIOHUMAET, O UeM OHa.
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LUEPNOK XO/MMC B 3AMELUATENLCTBE

Yro6el pasobpaTbcs ¢ mapagoxcoM Paccesia, Hy:KHO TOJBKO
NOHUMATDL BBIDAXKeHUE <X SBJsAeTcA axeMeHToM M», rone M —
MHOxecTBO. OHO BCEro-HaBCero 03HA4aeT, YTO X IPHUHAAJIEKNT
mMHOXecTBy M. Tak, Hanpumep, «14 saBadgeTcAa DJIEeMEHTOM
MHOXKeCTBa YEeTHRIX 4yHcena» U «11 ABjsercda 3JeMeHTOM MHO-
JKecTBa HeUeTHBIX UVCEN» — UCTUHHEBIE YTBEP:KAeHus, a «3/14
ABJIAETCS JJIEMEHTOM MHOMKECTBA IeJbIX YHCEeJ» — HeT.

Paccen paccMoTpesl MHOMECTBO TeX MHOMKECTB, KOTOpbBIE
He HBJIAIOTCA 3jJeMeHTaMu ce0a. OkasbIBaercs, 3TOT 00b-
eKT, ob6o3HauuMm ero £, ob0JagaeT HEKOTOPHLIMUA CTPAHHBIMU
cBoiicTBamu, Hanmpumep, MOMKHO 3aJaTh HAWBHBIN BOOPOC:
apasgerca A snemeHTOM MH? Ecrth aBa BapHaHTa OTBeTA.

OTBer «ma» o3HaAUaJa OBI, YTO MHOMKECTBO £ o0jagaer
CBOMCTBOM, XapPaKTEePUSYIONIUM dJIEMEHTHI : OHO He ABJIAETCH
2JIeMeHTOM cebsi, U I09TOMY M3 «Ja» CJeAyeT <«HeT».

Ilonpo6yeM Temeps OTBETUTL <«HeT». OTO O3HAYUAET, YTO
MHOMECTBO 4 He 00JamaeT CBOMCTBOM, XapaKTepH3YIOINM
anemeHTsl 4 (a MMeHHO, OLITH sneMeHTOM ceba). Ho ecau
A He ABAAETCA 3JIEMEHTOM ce0s, OHO JOJKHO BXOAMTH B .
Tak 4TO OTBeT AOJKEH OBITL «JZar.

Taxkasi 3aMbIcJIOBaTad ¢GopMa PacCCYXKAECHUA IIPEBOCXOTUT
BO3MOJKHOCTH JIOTHMKHM B IIapcTBe TeOpHMM MHOMKecTB. CJIIOBHO
B XOAe paccilelJOBaHUA IIPeCTYIUIeHWuA, KOTRA M3BECTHO, 4YTO
OpecTYOHHK — OFUH U3 ABYX HepcoHaxkeit A4 um B, Illepsok
Xoame mpHiIes] K cAeXyIOIIUM BhiBogaM. Eciu OpeAIIoIoKUTD,
YTO MPECTYIHHKOM SBJIAETCA A, TO B IPECTYIJIEHUHU CJefyeT
0OBMHUTL B; a ecJu OPUHATH I'MIOTe3y O BMHOBHOCTH B, TO
mpecTynHHKOM oKasniBaeTca A. Ho Bexpr Taxk He Gniaer!

Ilapagoxc Paccena okasajca 6OJbIIMM NOTPACEHHEM IJIst
MaTeMaTH4YecKoro coobmecTtra. Cerogns, coycrs 6osee cTa Jer,
TAaKHX TpoTHUBOpeuwnii o0bIyHO M36eraioT, s3ampelnad camope-
depenTHLIe onpeseneHus. Takye ompejiesieHUsA CCHLIAIOTCA Ha
onpepeisaeMbIi 00BEKT, CJI0OBHO OH yiKe HM3BECTEH.
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YWUAHU, NOKA Tbl BNEPEAU

IIpencraBrTe cebe asapTHYIO UIpy, B KOTOPOl BhI IPOUIDEIBA-
eTe CTAaBKy C BEPOATHOCTHIO 1/2 1 moaydaeTe ABOMHYIO CTABKY
C TOH Ke BePOATHOCTHIO. Hampumep, BEI MOKeTe MoAOpachBaTh
MOHETKY, IPOUTPHIBAA, €CJIH BBINIAZLET «OpeJi», ¥ BLIUTPHIBAdA,
eCIM BBINAJET <«pellka». 9T0, KOHEYHO JKe, CIpaBeaInBasd
urpa, Ho MOXKHO Jiu nobexuts yaauy? Moxuo samu pasborareTb
Ha Takoii urpe? B npuHnOUDE, IJA 3TOr0 €CTh HECKOJIBKO
crmoco6oB. IlepBBIA IPOCTBIM CMEDTHHIM HENOCTYIEH: eclIH
OBl MOXKHO ObLIO 3ariAHYThL B OyZylllee M 3HATL PE3YyJIbTAT
nmoAGpaceIBAHMA MOHETHI, TO AOCTATOYHO OBIJIO GBI IIPOCTO
NPpUHMMATHL YYacTHe B HTPEe TOJILKO TOTHAA, KOTAA OXKMUAAaeTCs
BRIMTDHIII. B cpegHeM OH ciaydaeTcda B IIOJIOBHHE WUTD, TaK YTO
MOKHO HEIJIOXO ODOTATHTHCA 3a ONWH TOJBKO Beuep.

Bropoii croco6 ropasgo ciaox-
Hee U BOBCE He TAaKOW IPHUOBIIb-
Hblil. OH X0OpOIIO U3BECTEH BIPO-
ram. Hpess mpocra. IlocraBeTe
ofuH eBpo. Eciu BBLI BEIUTI'DAETE,
TO CTaHEeTe Ha OJUH eBpo Goraue.
3axaguynBaiiTe UIrpy H CcTyHnaure
nomoii. Ecam BBl npourpaere, TO
B CJIeAYIOIIUY pas MOCTaBETE ABA
espo. Ecaum B sTOT pas yxaua
Oyzer ¢ BamMm, TO BBl MOXKeTe
OTIIPABAATHCA MAOMOM C UYHCTONH NPHOBLIBLIO B OZUH €BpO
(JeTLIpe BBHIMI'DAHBELIX €BPO 3a BBHIUETOM TPEX NPOHUTPAHHBIX).
Ho ecsu BBl mpomrpaiy M B 3TOT Pa3, CTaBbTe UETHIPE €BPO.
W omATh, ecay BhI BHIMTPAETe, TO CTaHeTE Ha OLAWH eBpo Gorade.
CrpaTerust COCTOUT B TOM, 4TOObI IIPEKpAaIaTh UIPY B cjaydae
BBIAIDBIIIA ¥ YABAUBATH CTABKY B cjydae IIPOHUIDHIIIA.

VY sroro mMeTona ecTh ABa HENOCTATKA. BO-IIEPBHIX, IPEAIIO-
Jaraercs, 4To Bailu (GUHAHCOBHIE pecypchl Ge3rpaHWYHEI (Ha
TOT CJIy4ail, eCJM BAM MPEACTOUT GOJIHIIOE YHCIO MPOUTPHINIeH
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mepen TeM KAy Bbl HAKOHEI-TO BHIUT'DAETE) U UTO UTOPHBINA AOM
OPUHEMAET CKOJb YrOZHO OoJbline cTaBKu. Bo-BTODEIX, ¥ Bac
6yayT GosbLIMe IIPOGIEeMEl, €CHN IIOCPEJN CePHU HPOUrphINIEH
KpylIbe B3LyMaeT OOBABUTH BBIXOAHOM.

Hneun o HEBO3MOKHOCTH IIPeACKas3aTh Oyjgymiee U 0 9eCTHO-
CTH MOXKHO CHOPMYJIHPOBATE C MaTeMaTHUEeCKOHR CTDPOrOCTbHIO.
Torxza MGXXHO CTPOTO JOKa3aTh, YTO B CIydae OrpaHHUYeHHOCTH
qucia MrP WM pasMepa CTABKY BHIMIDBHINIHON CTpaTeruym He
cymectByer. Tak 4TO BCe NpeAJiaraeMsle CHCTeMBI m00eInTh
yaady JOCTOBEPHO HHUYEero He croAT. Hu oauH (YeCTHBIN) UTPOK
He MOXKET CTaTh OOraThIM, €CJIM TOJBKO eMy He IIoBe3eT.

Al BbIUIPbIBAIO NMOYTU BCETAA

Temeps nopa SOGABUTHL HECKOJBKO ONpPeAesIeHNil, YTOOEl TOYHO
chopMyJINpOBATH, YTBEDPKAEHNE NPeNBIAYHIETO pasfiesna — Teo-
peMy O MOMEHTEe OCTAaHOBKKM. B mpocreiimieM BapuaHTe OHa
KacaeTcss cnpaeednuevix uzp, T.e. Urp, B KOTOPBIX moOeasl
¥ OPOMIPHINHE c6alaHCHPOBAHEI. BcmomHHTEe 00 HMrpe ¢ Moj-
GpachIBaHEEM MOHETBHI: €CJIM BHIIafaeT repb, BBl BRIUTDEIBAETE
OAVH €BPO, & ecJM pelllKka — IPOUrpeIBaeTe.

Ham Tpebyercs emfe mIpaBHMJIO, KOTOpPOe OIpelenseT, KOTAA
MBI TIpeKpalliaeM urpy. BoT mpumeph! TaKWX MPABHJI:

3aKOHYHUTH IIOCJEe AEeCATOro Kpyra.

3akorunTs, BeiurpaB 100 espo.

3aKOHUYHNTEL IOCJE TPeX IIPOUrpHINIeH.

CiezyeT HOHHMATH, UTO TAKHX NPAGUJ. OCMAHOE6KU CKOJb
yrogao MHOro. (MaTeMaTHKM TOBODAT O MOMeHMAxX ocma-
HO6KU — 3TO TEPMWH, OJWH K3 BaKHEHINMNX B COBDEMEHHOMH
TEOPUH BEPOATHOCTE.)

ITocne TOTO Kak OPaBUJIO OCTAHOBKHN BHIGpPAHO, MOKHO OyaeT
OIIPEeHeIuTb CPedHIo npubbiiib: €CJIU UI'PATh B COOTBETCTBUU
¢ 5THM IIPaBHJIOM MHOTO pas, TO NpUOGHELIE OyAeT IPUMepHO
TaxKoM.

TeopeMa © MOMEHTE OCTAHOBKM IVIACHUT, UTO CcpedHAsn
npubvLiis 6 MOYHOCMU PABHA HYJAI, 6HE 3a8UCUMOCMU Oom
cnoxcHocmu npasuaa ocmanosexu. Ilo xpaiiHeit Mepe, Tax
obcroAT gAesia, ecau AONMOJMHHUTENBHO CHAEJATHh DealMCTHUYHOe
IIPeAIc0MeHHe, UTO pasMep CTABKKM He MOXKeT OBITH Heorpa-
HUYEeHHBIM.
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Ecnu oxxuaaemMyio mpuGEITE ¥ HEJIb3A H3MEHHUTD B YbI0-JI160
MOJIBL3Y, MOYKHO N3MEHUTH YDPOBEHb oWyuiaemolt yodauu, 4To6ul
B OOJBLIIMHCTBE CJIYUaeB BHIXOAWTh M3 KA3WHO C BBEIMI'DHIIIEM
B KapMmaHe. BoT mpocras cTpaTermsa MOCTIKEHHUS 3TOHM Iesu:

ITpudeprcuesaiimecy cmpamezuu ydeoeHus cmasok, onu-
CAHHOU 6biwe, u uzpailme Jaubo 00 mex nop, noka He
noayxume oO0uH eépo npubviau, AU60 NOKa He docmuzneme
6epxHezo npedena cmaeokr, JoONYcmMumozo UzopHviM GOMOM.
3amem npexpamume uzpy u cmynaiime 00moii.

Yrobbl mpoaHANM3UPOBATL ITY CTPATETHIO, PACCMOTPHUM
onvH npumep. [omMycTMM, MaKCHUMAJBLHBLIN pasMep CTABKH
cocrasiaser 1000 eBpo. B HecuacTIuBLIH Beuep MBI Ge3yCIIEITHO
crasum 1, 2, 4, 8, 16, 32, 64, 128, 256, 512 espo. HecaTs pas
HoApAZ HaM He IIOBE3JI0O B UTPe C NMATHAECATUINPOIEHTHLIMHU
HIaHCAMM Ha BBIUTDHIII. BepoATHOCTE TaKOTO MmEeYanbHOTO
cTedeHuA obcToaTenseT pasHa (1/2)10, mpubrusurensHo ofHa
THICAYHASA. B IIPOTHBHOM cJydae, IMOYTH BO BCeX CJIy4aax
(a uMmeHHO, npubauauTeabHOo 999 pas wu3 TRICAYUHM), MBI
MOKUJaeM KasWHO ¢ YHUCTOM NpuOLLILI0 (XOTA W He Taxol
BHEYATIAONEH, KaK IPOUTPLILI, BeAb IPUOGLLIL BCera COCTaB-
jser oguH eBpo). KoHEeYHO Ke, MOMET CIAYUHTHCS, UTO MBI
IpOUTrpaeM, M IIPOUTPHIUI IIPM BTOM OyAeT BelIMK, TaKk UTO
YTBEpKAEHNEe O TOM, YTO B CpefHEM 4YMCTAasd NpUOHLIL paBHA
HYJIO, CHpPaBeIJINBO ¥ B 3TOM CJIyuae.

P. S. Becuoit 2006 r. 66abpimas dvacTs TeNeayAuTOPUH HMeJa
BO3MOXXHOCTh Y3HATH O MATeMATHYECKNX peajNaX, CBA3aHHBIX
c reopemoit ocranoBku. Ha Stern TV B nporpamme T'ronrepa fyra,
NIPUHAJ y4acTHe HeKTo I-H I., KOTOpHIA yTBep:KAaJy, 4To 06jJagaer
HajexHON cTparermeil urprl. eiicTBUTENBHO, OH AECATh Pa3 BEHIIIEJ
U3 Ka3uHO ¢ BRIUTPHIIIEM B KapMmaue. Ho, KOHEYHO Ke, 3TO HUYEro He
JOKa3bIBaeT, Bellb, KK TOJBKO YTO MBI BUAEJH, MOXHO YCTPOMUTh TaK,
YTOOBI HIAHCHI HA BHIMIDBHII COCTABJIAIHA OBl HOYTH CTO IPOLIEHTOB.
T'-a I. He 3axoTen B3aKJIIOYUTH IHapu U YOEAUTHCH, UTO €ro CHCTeMAa
npoiifer crporyio nmpoBepky. (CraBkoit Gbl1 poxAecTBeHCKUil GoHyC
aBTOpa 9TOH KHHTH.)



MnaBa

MOXET /I OBE3bAHA CO3[4ATb
BEJIUKOE JIUTEPATYPHOE NPOU3BEAEHMUE

HaumeM ¢ MBICIEHHOTO SKCIIEpUMEHTAa. Ballla rojosajias JOUKa
YCTPOWJIACE 38 KOMIIBIOTEPOM M KH3HEPAJLOCTHO HAKIMAET
HAa KHONKHM KJaaBuarypel. Ecim paspeumuTbh el 3aHMMAaThCA
5TUM JOCTATOYHO OOJII'O0, BpeMs OT BpeMeHU OyayT HabpaHbI
OCMBICJICHHbIe ¢JI0Ba. MOMKHO JU CcKasaTh, YTO Ballla JOUKa
yMeeT muCaTh?

9toT BOmpoc KacaeTca ¢puiiocodckoil mpobiieMbl, KOTOPOMH
VAENAJOCH MHOTO BHUMAHHUA BO BpeMeHA 3apOKACHUA TEOPUU
BepoaTHocTeii. Torxa eme He 6bIJIO NEPCOHAILHBIX KOMIIBIOTE-
POB 1 monyJaApeH 0511 06pas 06e3bAHBI 3a MEYATHOM MAIIWHKOHN
(puc. 10.1). MoxHO CTPOro ZOKa3aTh, UTO ecJu 00e3bsHe IaTh
[OCTAaTOYHO BpPEMEHHW, TO PaHO WM IO3AHO OHA HaledaTaer
aw0bo0e JIUTepaTypHOE IPOM3BeleHWe, Korga-aubo yBHAEBIIee
cBeT. JTo O0OYCJIOBJIEHO TEeM, YTO B IIOCJIE€AOBATEILHOCTH
cIyYafHBIX 9KCIIEPHMMEHTOB MOMKET CIYUHTHCA JI000e coOhITHe
C IOJIOMHUTEJLHOU BEPOATHOCTHIO: BCE, UTO MOJKET CJIYUYUTHCS,
o6asaTensHo cayuurea (iumms GBI BpeMeHu OBLIIO JOCTATOYHO).

JlaBaiiTe B kauecTBe mpumepa Bos3pMeM II. 10, KoTopyio
BBl ceiiuac umuTaeTe. Jlaike oOHa 0083aTEJIHFHO BOZHUKHET

Puc. 10.1. Tlooma? Poman?
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KakK cayda¥HbIN IPOAYKT 00e3bsHBEH eATeJbHOCTH. Bompoc
B TOM, CJEAyeT JH U3 3TOro (axra, UTO 00e3bAHEe MOMKHO
OPHINCATE HEKOTODPYIO CTEeNeHb TBOPUYECKMX CIocoGHocTeri?
Ilpocroro oreeTa 37leck HeT, BeJb B KOHIIE KOHIIOB 0oGe3bsaHa
JefiCTBUTENIFHO HAalleuaTaeT NJAHHYIO IIaBy, Hanwuiiner «®Payct»
U IepefoBUILY CETONHSIUIHeR TraseTs.

Ecte aABe npUYMHBI yTBEPKAATh, YTO CJIYYAllHOCTE He
3aMEHHUT YejoBedeCKoe TBOpuYecTBO. llepsas — Bpems. Kaxas
oJk3a B YBEPEHHOCTH, UTO BEJUKHE TBOPEHHSA HCKYCCTBA
paHo WM IO3AHO YBUAAT CBET, €CNU Hake rpybas NpUKHIKa
IOKAa3pIBaeT, UTO JJd BJTOT0 TOTPeOyroTca GecumciieHHBIE
anoxu. Ilensie apMun nmevaralomux 06e3bAH, THICAYETICTHAMU
He MNOKHJAIONINE KJIaBHATYpBI, IIOYTH HABEPHOE HE OCHJAT
Jaske mepByro uacTh «®aycra». Ho pemaiomas mpuuwHa —
npyrag. Kro BosBectuT: «CBepmuioch!» Korga HaAKOHeI
NOABUTCH CTOAIME TekcT? Des yuacTuda OpoHHIATEILHOrO
pasyMa HeKoMy OyJeT OTCesaTh OCMBICIEHHbIE IPOM3BEIEeHUA
OT I'op caydYadHBIX JAaHHBIX. Beab M BBI, CKOpee Bcero, He
3HaeTe, He HamedaTasJa JM Balla No4Yb GaCHIO HA CyaxHJH.

CKOJIbKO BPEMEHHU HY)XXHO OBE3bAHE?

IlonpoGyeM OIleHHUTH, CKOJBLKO HANO JKAATh, IIOKa u3 o00e-
3bAHBUX JKCIIEPUMEHTOB He NOABUTCA HEUTO OCMBICJEHHOE.
Hagnem c opgHoro pesyinsTara Teopum BeposaTHOcTel. Eciam
BEPOATHOCTb TOTO, HUTO CcJydaiiHoe cOOBITHE OCYIIeCTBHUTCH
C NepBOH IONBLITKM, paBHA p, TO B cpeiHeM HYXHO 1/p
MOMIBITOK, YTOOBI 3TO coOBITHMe mnpousounto. Hampumep, Ml
OKHJlaeM, YTO OSUH Da3 u3 52 HayraJ BEIHYTAS U3 CTAHAAPTHON
KOJOoAbl KapTa oOKaskeTcsa KopoJjieM Tped. Takum oGpasom,
BpeMA oxupanua obparsHo 1/52, a mmenHo, paBHO 52.
IlpegnososkuM, YTO MBI JKAEM, IOKA IOABUTCA CJOBO
«PYKA». Yro6sl 06neryuTp BBIYHNCJIEHUS, IIO3BOJIHUM o00e-
3bAHKE HalleyaTaTb 4dYeThHIpe CHMBOJA. 3arTeM IIPOBEepPUM,
nonyuymnoch Jsm ciaoBo <«PYKA», m ecau Her, 3sanpaBum
B IedaTalolilee YCTPOMCTBO HOBBIN JmcT Oymaru. Ecam obe-
3bAHA HAKNMaeT TOJBKO KJABUINKM ¢ OYKBaMM, M MBI He
JenaeM pasjInduA MeXAY CTPOYHBIMH M MIPONNCHBIMH GYKBAMM
(«pYKa» sacumrhbiBaeTcsa Kak ycCIiex), TO AJS KaJOro yaapa
0o KjaBUImaM uMeeTca 32 BO3MOKHOCTH. YeThlpe yaapa mo
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KJIABHOIAM MOrLYT AaTh ofHo u3 32:32-32-32 BO3MOMXKHBIX
«cJoB». Beero ux 1048 576, Tak 4TO BEPOATHOCTh HalledaTaThb
cnoBo «PYKA» pasma 1/1048576, a oxnjzaemoe dUMCIO
nonbIToK paBHo 1048 576. 910 OpHEeHTHPOBOUHAA BeJIWYHWHA,
KOTOPY¥O MBI MOKeM YYMTHIBATH AJA INIAHWPOBaHUA, HO 3TO,
KOHEYHO e, TOIBKO CpelHee 3HadeHue. B AelicTBUTEIbHOCTH
YHMCJIO IONBITOK MOXKET OKa3aThCA U ropasgo OoJibiie, M ropaszio
MeHbIIIe,

Jro sT0o o3HauaeT? Ecnm naBath 06e3bAHE HOBYIO CTPABUILY
KadKAble JeCATb CEeKYHI, OHAa CMOXKeT MejaTh 6 IIONBITOK
B MHHYTY, T.e. 360 momeiTok B uac miam 8-360=2880 za
pa6Gounii geHn. Temeps HyxkHO pasfenutrs 1048576 ma 2880,
4TO0BI HOJYUUTE O3KUIAEMOE YHCJIO JHeH M MoJyIeHUd CIoBa
«PYKA». Pesyaprar paBeH npubsusureabuao 364, Tak 4To
HYXKHO KAATh OKOJIO T'0Ja.

Ho Bens caoso «PYKA» He Takoe y:K CJIOKHOE. A 4TO, ecau
Mbl Gymem xaare ¢pasel «CEMb CUMHHWIL B PYKE»? B melt
17 cumBoioB. Teneps MBI JOJKHBI YUUTHIBATE emie U IIpobe,
TaK 9T0 IJIA KaXJO0r0 yaapa 0 KJIaBHIIAM eCTh TPHAIATL TPH
pasHbIe BO3MOXKHOCTH, ¥ BEPOSATHOCTH KaXKAOT0O MCXOAA PaBHA
1/33. TloaToMy BepOATHOCTH TOr'0, UTO CEMHAALATH yIAapoB
manyr «CEMBb CUHHUII B PYKE» paBua

1 _ 1
3317~ 65273511648264442971824673 °
a OKHJaeMO€e WHCJIO HOMBITOK DaBHO

65273511648264442971824673,

4TO cocraBiasfer mpubiamsuTensHo 2 x 1022 jer, mpu yCIOBHH
BOCHBMHUYACOBOI'0 pafouero JHA M HOBOH IONBITKM Kaskgsle 10
cexyrn. He moxosxke, uTo 00esbAHA OOKUBET O yclexa.
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NMAPAZIOKC AHEW POXAEHUA

Mser y:ke ropopmyin B 3TOH KHHUIe O TOM, YTO UYeJIOBEUECKAS
UHTYUINSA He 0COo0eHHO XOpoIlno mnpucmocobieHa AJs OBJa-
JeHUsa MaTeMATHUeCKMMM HCTHHaAMHM. B xoae 3BOJIOIMU HaAM
TpeGOBAJIOCH OCBOMTL TOJBKO cCaMble 3JieMEeHTapHBEIe (PAKTHI,
OTHOCHAIIMECHA K <«IIPOCTPAHCTBY» H <«UHUCIHYy». ITO ocobeHHO
BEepHO B OTHONIIEHHH TAKOH# MaTeMaTHUYeCKON JHCIIMILINHEL,
Kak meopus eepoamHocmeli, Tie HAII¥ OXMHUIAHUA H Mare-
MAaTHYeCKHe (PaKThl YacTO IPOTHBOPEUYaAT APYr APYTY.

OnuH 13 IPUMEPOB 9TOT0 ABJICHNA U3BECTEH IO/l Ha3BaHHEM
«IapajoKc aHeill poxaeHus». Ilpeamnosoxmm, YTO Ha Bede-
PHHKe co0painch ABaANlaTh MATh YeIOBeK. KaKOBBI IIAHCHI HA
TO, YTO ¥ ABYX M3 HUX JHU POXKJAEHUSA coBrnaganT? BepoaTHOCTH
3TOr0 COOBITHA BBIUMCJHUTH HEe TAK YK CJIOKHO, M KaK 3TO HH
VAUBUTEJILHO, OHA cocTaBiigerT mpubiausurensHo 0,57.

Ecan mocrasuTh 3TOT BOIPOC AN NPOM3BOJLHONO YHCJA
n YYaCTHHUKOB BEUEDHHKH, TO OKaXKETCH, UTO BepPOATHOCTH
COBNAJIEHUA AHEH POKACHNSA ¥ ABYX N3 YIACTHHKOB CTAHOBUTCS
JOBOJIBHO BeJHMKA IIPYM CPAaBHUTEJIBHO HEGOJIBIIUX N. A YHUCIO
23 urpaer B 3TOM CJIydae 0COOYIO POJib. ITO caMoOe MAJCHbLKOE
YHUCJIO W3 TeX, AJA KOTOPHIX BEPOATHOCTL COBHANEHHA IBYX
nHell poxjaeHus 6oasme 0,5. ITOT pPe3yNLTAT NPOTUBOPEUYUT
Hamell MHTYWHMH. BOJBIIMHCTBO JIoOZeil momararor, uro 50-
NPOIEHTHAA BEPOATHOCTh JocTuraercs mpu 183 yuacTHHKAaX,
YTO NPHUOAMBUTESIHHO PaBHO IIOJIOBHMHE OT 365.

Te, KTO He 0coGeHHO AOBEepAET MaTeMaTHKe, MOI'YT IIPOBECTH
Heboabmoe uccienosanue. Ecim y Bac ecTh peOeHOK HIKOJIb-
HOI'0 BO3PAacTa, BaM JOCTATOYHO IIOCMOTPETH KaJleHAaph nHei
pOxAEHUI Kjacca BO BpeMd CJeAYIOIHNEro pOAuTEeNIbCKOTO AHSA.
Ecau xora ObI Y ABYX IMIKOJILHUKOB AHM DOMKJAEHNUS COBIAAaloT,
3TO CKOpee IPABUJIO, a He HCKJIOUEHHE.

MdopmMann30BaTh NapPaJIoOKC JHeH POXICHUA MOYKHO, BBEIUMC-
JAB BEPOATHOCTHL TOr0, UTO CpeAd 7 CJIYYAlHO BHEIOPAHHBIX
yucea or 1 mo 365 xora 6Bl nBa coBmazaioT. Ecam sMecTo
365 B3ATH Apyroe YMcJ0, TO 3ajada CJIOKHee He CTAHET, HO
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IOABATCA HOBBLIC MHTEPECHBIEe ee MHTeprperanuu. Hampumep,
BEpPOSTHOCTH TOTO, UTO B CIAYYAHHO MOPOKIAEHHOM CEMH3HAU-
HOM TeneOHHOM HoMepe XOoTA Obl opma unubpa mIoBTOpAETCS
aBaxkael, cocraBiaser 0,94. (B sToM ciydae ceMb PadIWUHBIX
uudp seibuparorca us MHOXKectBa 0,1, ..., 9.) Moxer 6rITh,
aTO mojoMAeT AJsA 3aKaiouenHuns HeGosbmoro mapmu? Hampwu-
Mep, 5 MOy IocHopuTrh — 6e3 0coboro pucka, — UTO B BaleM
TesieOHHOM HOMEDe XOTA GbI OHA IHU@PpAa [OBTOPAETCH ABAMKABI.

KAK BbIHUCNAIOT BCE 3TU BEPOSATHOCTHU?
Chopmynanpyem sazauy B obIieM ciaydae.

HaHbt n 06sexmos; évibepem u3 amozo Habopa r pas nayoa-
uy no odnomy ob6sermy. Bce o6serxmuvr mozym 6bimb 6bL0PAHDL
C PABHbIMU 8EPOAMHOCMAMU, U 0N n106020 He UCKAIOYEHO,
Ymo OH Mmodcem Owvimb guvibpan Oonee 00HO20 pasa.

Opumep 1. Juu poxcdenus. 3xechk 066€KMblL — BO3MOMNK-
Hble JHYU POXAeHUs, T.e. n = 365. Torga r — 4nciio y9acTHUKOB
BEUEDHMHKH, 8 pacmpefesieHHMe THEH pOKAEHUS HMHTEPOPETH-
pyeTcs Kax 6bi00p U3 803MONCHBIX OHel poNcderun.

Mpumep 2. Cnosa. Eciu manmeuarars Hayrajn r-6yKBeHHOE
CJI0OBO, TO 3T0 MOMKHO (GOpMYJHPOBaTh KaK 3ajady Beibopa
Ons caydasa n=32.

Ilpumep 3. Homepa menedoros. 3TOT IPUMED COOTBET-
cTByeT cay4daio n =10 (IOCKOJIBKY Iudp BCEro AecATb) U r="17
(ana ceMU3HAUYHBIX HOMEPOB).

BosHuKaeT 3a7ja4a: BEIUMCJIUTH BepPOATHOCThL TOTO, YTO BCE
BEIOpaHHbBIE AJIEMEHTHI pasnuuHbl. Ecim oHa M3BeCTHA, TO JIETKO
HaiiTM U BePOATHOCTH TOT'0, UTO XOTA ObI ABA U3 HUX COBIAZAIOT:
IJIsT HTOr'0 HYXKHO TOJBKO BBIUECTh U3 €JIHHHUIBI BEPOATHOCTH
TOro, 4TO OHM BCe pasHble. Hampumep, eciid BepOATHOCTEL TOI'O,
uTO BCE AHH POMKIACHHS BCTPEYAIOTCA TOJABKO II0 OJHOMY pasy,
pasHa 0,65, TO BepOATHOCTH TOro, 4YTO ecTh XOTA OBl ABa
cosmazeHud, pasHa 1-—0,65=0,35, r.e. B 35% cayuaes.

s perrennd 3agauy MbI 06pATHMCA K CHERAYIOMIEMY HPHH-
MUY

BEPOATHOCTL = OTHOILIIEHMEe YHCJIa 6JIaPOHpKHTHBIX cay4daeB
K YHCJIy BCE€X CJIyYuaeB.
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OTOT HPHHIMI BCTYyHNaeT B HrPY BCAKHI pa3, Korga Bce
BO3MOJYKHBIE O0OBEKTHI BBIOMPAIOTCA C OJHHAKOBOM BEPOATHO-
CThI0. YHMCJIO BOBMOMKHEIX CIyJaeB, T. €. YHUCJIO BCEBO3MOKHBIX
croco6oB BEIGOpa, PABHO n” — IPOM3BEACHUIO M XN X+ + X1
(Bcero r pas). O6BbACHAETCA 3TO TE€M, UTO IJA KaMAOTO W3 r
06BbEeKTOB HMeeTcH 7 BO3SMOXKHOCTeIH,

IlepeiizeM x «OmaroupuATHBIM» caydaAaM. CKOJBKO TaKux
HaGopoB, 4TO Bce OOBEKTHI B HMX pasiauuHbl? Ilpu BBEIGOpe
nepeoro o6mkexkTa €CcTb N BO3MOMKHOCTeil. Bri6upas BTOpOIf,
MBI HE MOJKEM B3ATH TOT, YTO OBIJI BBIODAH IEPBBIM, TaK
YTO Temepb €CTh TOJBKO 71— 1 BO3MOKHOCTEH; a BCero s
IePBBIX ABYX 00BEKTOB y Hac n - (n— 1) BosmoxkuocTei. Hoba-
BUM TpeTHil, MIOMHS, YTO /iBa 060bEeKTa Teleph IO 3alpeToM,
u nonyuuM n(n — 1)(n — 2) BapuaHTOB BEIGOpPA TpPEX 3JEMEHTOB
6ea3 OBTOpeHUS.

Takx Bce M mpogoynkaercda; AJsA r o0BEeKTOB eCThb

nn—1)Yn-2)---(n—r+1)

crioco60oB umx BEIOpaTh. IlosToMy uTOOGBI HANTHM OMHOWEHUE
wucna 6GAazONPpusMHBIX CAYUAe8 K HUCAY 8cex cayiaes,
HYXHO BBEIUHCJINATHL APOOL
nn—-1)n-2)...(n—r+1)
n" ’
KOTOPYIO MOMKHO Iepenmcarh B Bupel

1.(1_%)...(1_%)...(1_%;).

Tenmepp AOMMKHO OBITH SICHO, KAK OBLIIM ITOJIYYEHBI OIMCAH-
Hble BBIIIE peayasTaThl. IloABIeHHMe umcaa 23 B mapagoxce
OHEH POXACHUA O0BACHAETCS TEM, YTO BEPOSATHOCTH COOBITHSA
HU 00HO020 co8nadeHus Oas r uenoeéerx BIEPBbLIe ONYCKaeTcs
Huxe rpagnnsl 0,5 gna r=23. JleiicTBUTENAbHO, YHCIO

L }... (1--2 —22 \_
(1 365) (1 365)"'(1 365) 0,493

I)MH BOCIIONB30OBAJNCH CTIENINAJIBHBIM IIPDHUMEPOM: 3antcaay ADOGB B BHAE

IIPON3BEJCHNA n.n—1,,. n-r+1
n n n ’
a 3aTeM YIPOCTHIM KaMXAbIL M3 COMHOMKHTeNel, BOCIOJIb30BABIINCH COOT-

x—
HOIIEHUEM ry_ 1- ¥ .
x x
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Menbiie 0,5, a uuciIo

1 21
(1—3%)-(1—%) e (1—3—6—5)

passHO 0,524,

ITockoasky 1 —0,493=0,507, mancos Ha TO, YTO XOTSA OBI
y OBOWIX U3 ABAJLATH TPEX rocTeil Ha BeUepUHKe COBIAJAOT
IHH poxjeHus, cocrasasger 50,7%. Ilocmorpum, uto Oyzer,
ecJM rocreil eme OoJbiie: AJsA TPUAUATH TOCTEN OHM PaBHBI
71%, paa 40 — y:xe 89%, a ana 50 — mensix 97%.

Illancel pactyT OblcTpee, ueM NOACKA3bIBAaeT HAM HHTYyU-
musa. [ia wurocTpanuy 3TOr0 SABJIEHUA MBI HOCTPOHIH [BE
TaGIUIEI.

1 2 3 4 5 6 7 8 9 10
1,000{0,900(0,720{0,504|0,302{0,151|0,060{0,018; 0,004 {0,0004
0,000{0,100|0,280|0,496|0,698|0,8490,940{0,98210,9964|0.9996

B mepsoit Tabuauiie naetr peus 0 coénadenuu yugpp. Yemy
paBHa BepPOSITHOCTHL TOTO, YTO CPEAN © Hayral BbIODAHHBIX
nudp Xorsa Ovl ABe oamHaxkoBble? B mepBoM cTpokKe IIpuUBe-
IeHbl 3HaUYeHuA r. Bo BTOPO# — BEPOATHOCTL TOTO, YTO BCE 7
BBIOpAHHEIX Hayrajk nudp pasjndHbBl, 8 B TPETHEH — YTO XOTHA
OBl Be M3 HHUX COBIAAAIOT.

Ecim BBl 3axoTuTe y3HaTh, CKa)XeM, BeDOATHOCTH TOI'O,
YTO B CceMH3HaYHOM Tele)OHHOM HOMEpe ecTh JBe OfHWHAa-
KOBBIe UM(PpHBI, KOCTATOYHO IIOCMOTPeTh B CcTOJGer; r="7: aTa
BEPOATHOCTh IIOPASUTENILHO BeJuKa: oHa paBHa 0,94.

Cunegyromas Tabiauna OTHOCUTCH K IapaZIoOKCy AHeH poxie-
HUsA. B mepBoll CTPOKe 3aIMCaHO UMCJIO TOCTed; BO BTOPOM —
BEPOATHOCTHb TOT'0, YTO YV HUX Yy BCEX pal3HbIe JHU DOXKAeHHd,
a B TpeThell — MONOJHUTENbHAA BEPOATHOCTL (TOr0, UTO XOTA
6Bl Y ABYX rocreil OHU POMKACHUA COBIAJAIOT).

1 2 3 4 5 6 7 8
1,000 | 0,997 | 0,992 | 0,984 | 0,973 | 0,960 | 0,944 | 0,926

0,000 { 0,003 | 0,008 | 0,016 | 0,027 | 0,040 | 0,056 | 0,074
9 10 11 12 13 14 15 16
0,905 | 0,883 | 0,859 | 0,833 | 0,806 | 0,777 | 0,747 | 0,716
0,095 | 0,117 | 0,141 | 0,167 | 0,194 | 0,223 | 0,253 | 0,284
17 18 19 20 21 22 23 24
0,685 | 0,653 | 0,621 | 0,589 | 0,556-| 0,524 | 0,498 | 0,462
0,315 | 0,347 | 0,379 | 0,411 | 0,444 | 0,476 | 0,507 | 0,538
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HUYTO HE NOBTOPAETCA?

Xouercsa ckasaThb 00 OGHOM YacCTHOM cJydae napajfoxca SHeH
poxaenua. Ecau BHIOHPAaOT n O0BEKTOB M3 N-3JI€MEHTHOI'O
MHOYKECTB&, TO BEPOSATHOCTL TOTO, UTO KAMKIABIHA dJIeMeHT
BBIODAH POBHO OAHAMALI, paBHa n!/n”, (Hanomuum, uro n! —
3TO COKpAalleHHOe o0o3HaueHue 4 npousBeneHuda 1-2 .. .n.)
9TO YHCIIO MOJYYMJIOCH OBI, ecjii B NpeABIAYIINX MpUMepax
opats r=n.

IIpumep 1. Ecam u3 Habopa 1,2, ..., 9 nesarh pas BuiGu-
paloT I[eJIoe YWCJO, TO BEPOATHOCTH TOrO, UTO BCE 3TH AEBATH
4KCces] OKaKyTCs PasinYHLIMKH, paBHa

9! _ _ 362880 _
o9 = 387 420 489 0,000936 ...,

T. €. MEHbIIE ONHOHM THICAYHOM.

IIpumep 2. Eciay 0ZHOBPEMEHHO GPOCHUTEH IIECTH UI'DAJIBHLIX
KocTelf, TO BePOATHOCTH TOT'O, UTO Ha HUX BEIIAAYT pa3HbIE
4uciia, BLIpAMKaeTcA APOOBIO

6! _ 720 _
66 — 16 656 =0,0154 ...

ITourm ¢ Taxkoil sKe BEePOATHOCTBHIO B JIOTepee MOYKHO yrajaTthb
Tpu HOMepa (cM. mi1. 40). Tak uTo B cpefHEM MOXKHO OKHIATH
6 pasmbIX umcesa Ha 6 KocTax B 1 Gpocammm mus 657,

P. S. B seMenkoii HauuoHanbHOH cbopuoit mo pyréoay B 2006 r.
65110 23 yeOBeKa — HEIJIOXHE NIAHCHI Ha ABONHOM JIeHb POMACHUS.
U npaBma, Murk Xanxke m Kpucrodp Mernenpsep OpaspHyOT CBOM
JHU DOMIEHUA 5 HOAGDA.

DEcan BepoOATHOCTh yCIlexa CAYYaHHOrO COGHITHS PABHA P, TO OKHIae-
MO€e YMCJIO TIONBLITOK AAA OCYINECTBIEEHS 3TOro COGHITHA PaBHO B CPpefHEM
1/p, a 1/0,0154 - . - =65,
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HORROR VACUI

CTyfeHTBI-MaTeMATUKY ¢ OOJBUIMM VBaKEeHHEM OTHOCATCA
K IOHATHIO ¢«HHYTO», 10 KpaiiHell Mepe B Haudajie y4ueObr. ITO
He YAUBHUTEJBHO: BeAp JJiA TOTO, YTOOLI YHCJIO HYJbL BCTAJO
B OJHMH PAZA ¢ TAKMMH YHCJIaMM, KaK ceMb WJIU OANHHAAIATE,
moHazo6MIuCE cToaeTHA. UTO6EI IHOHATD, ITOUEeMY 9TO 65110 TaK
CIIOMHO, HYKHO BCIIOMHHUTBL, YTO TEOPUA MHOMKECTB, IIOCTDO-
eanaa T'eoprom KanropoMm, craja OCHOBaHHEM COBpPeMeHHOMN
matematukn. CornacHo Teopun KamTopa MHOMKECTBO — 3TO
HabOp pasJInWYHBIX OGLEKTOB, O0pasyoIuil HOBBIHA OOBEKT.
9T0 NOHATHE MNPUBBIYHO M HeMmareMaTuxkaMm. OHH Xe oco-
3HapT, Hanpumep, 4yto CIIIA — 3TO0 MHOMXKECTBO, COCTOALIlEe
U3 OATHAECATH PAasJUYHBIX LITATOB, MJIM 4To EBpomeiickuii
Co103 — 3TO MHOXKECTBO, B KOTOpPOE€ BXOAAT ABAAIATH CeMb
rocyAapCTB—4JIeHOB COIO3a.

Bcee cioHee, KOrZia Mbl CTPOMM HA00p, B KOTOPLIH HUUYEro
He BXOJHT, HAIIPEMep, MHOKECTBO BcexX rpaxkjgaH l'epmanunm,
pocToM BEIlIE Tpex MeTpPOoB. He Tak-TO JIETKO OCO3HATH, 4TO
oIpeleIeHHLIM TakuM o6pazoM OOBEKT COBIAJAaeT C TeM, YTO
3a7aH ycjaosueM: «Bce yKpamHCKUe IUAHUCTEI, KOTOPbI€ MOI'YT
ceirpaTs Baabc-MuuyTKy lllomena sa aBaznath cekyHA». O6a
STHUX MIpHMepPa OIUCHIBAIOT NYCMoe MHONCeCmeo.

Jlia Teopun MHOMKECTB IIyCTOE MHOKecTBO (0Go3HauaeTcs <)
UIpaeT Ty e POJb, YTO HYJIb AJg Hedbix uucesa. IIycroe
MHOKECTBO MOXKeT ObITh N06aBJIE€HO K IPOU3BOJILHOMY MHO-
JKeCTBY M pasMep IIOCJefHero IPH STOM He HN3MEHUTCH; 9TO
KJIIOUeBOe CBOMCTBO MYyCTOro MHOXKeCcTBa. BClo MaTeMaTHKy
MOXKHO IIOCTPOMTL, HCXOAA U3 IIyCTOro MHOKecTBa. Hampumep,
HeJple YHCI4 BO3HUKAIOT, €CJIH B3ATh IIYCTOE MHOMKECTBO
B KaUyecTBe HYJId, a 3aTeM JJid yucia 1 B3ATh MHOKeCTBO, eJUH-
CTBEHHBLIM 3JIEMEHTOM KOTOPOTO SABJIAETCH IIYCTOe MHOYKECTBO.
HOnsi GoNpIIMX 4YHMCes TaKol cHocod IIOCTPOeHUA OKAa3bIBaeTCs
HECKOJIbKO HEYKJIOKMM, OZHAKO IIPHHIIMII BCe TOT Ke.

ITonaTs, 4TO Ke Takoe IIyCTOe MHOMKECTBO, HM B KaKoi
Mepe He O3HAYAeT «paspelluTb Bce 3aTpyjAHeHus». MareMa-
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THKY, M3y4as CBOMCTBa MHOJKECTB, OOJBINIYIO POJEL OTBOLAT
VTBEDKIEHUAM BHJAA <«BCE DJIEMEHTHI TAKOTO-TO MHOMKECTBAa
obiamaoT TaKuM-TO cBolicTBOM». OOGBIYHO IIOJAraroT, YTO AJIA
MyCTOTO MHOMKECTBA BCE TaKMe BBICKA3BIBAHNA HMCTHUHHLI.

B GonpuimmeTBe ciaydaes AOCTATOYHO PYKOBOICTBOBATHCH
3apaBeIiM cMEBIcioM. Hampumep, eciu HeKTo moobeinas JaBaTh
OATh €BpPO KaXKJOMY BCTPETHBIIEMYCA B OIpEeJeeHHBIHA JeHb
HHUIIEMY, TO OH BBIONOJHHUT ofelllaHue, JAaXKe €CJIM He MOBCTpe-
YyaeT B 3TOT AeHb HH ONHOI'O HUIIEIO.

NYCTOE MHOXXECTBO NOXOXXE HA HYJb

Ceifuac MBI XOTHM IOSICHHTL, YTO IIOHMMAETCs II0f YTBEp-
JKICHUEM: nycmoe MHO¥Cecmeo coomeemcemaeyem HYyaw. Bo-
HepPBRIX, HAAO 3HATH, UYTO 005eduHeHuUe NBYX MHOXecTB A u B
COCTOMT N3 BCeX DJJEMEHTOB, BXoAAmNMX B A mau B B
(BosmoxkHO, B 0Oa cpasy, cm. pmc. 12.1). Hanpumep, ecau
MHOMKECTBO A cOCTOMT M3 ajeMeHTOB 2, 5, 6, a MHOXecTBO B
COCTOUT H3 3JIeMeHTOB 6 um 8, To oObeamHenmue A m B —
9TO MHOXKECTBO, B KOTOpPOE€ BXOAAT BdJieMeHTHl 2, 5, 6, 8.
Ente nmpumep: ecanm A obosHauaer xureneii I[lapuxa, a B —
¢dpaHIy30B-0JIOHIHHOB, TO 00BEeIUHEHNE 3TUX ABYX MHOXKECTB
BEJIIOYAET, CpeAud IIPOYHX, NapriKaH-OPIOHETOB M DPBIXKUX
HapyMKaH.

| v B A r
AUB ANB
Puc. 12.1. Tax mosxkHo npeacra- Pme. 12.2. ...a Tak — nmepeceye-
BUTHL cebe oObegMHEHMe. . . HHue

O6beauEeHNe ABYX MHOXecTB 0003HaYaeTCsad CHUMBOJIOM
AUB. Tlpu aToM AJSA KaKAOT0 MHOMKECTB& A BBIMOJHAETCS

COOTHOIIEHNe
AUug=A,

TaK Kax IIyCcTOe MHOXKECTBO He J00aBIfgeT HUKAKNX 5JIeMEHTOB
B 00beuHeHNe. Ecau paccMaTpuBaTh 00befMHEHNE MHOMKECTB
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KaK aHaJOr CJOXEeHMs, TO COOTHOIIeHUI0 AU J =A coorBer-
cTByeT coOoTHomeHue x +0=x gas uuces.

J1s MHOMKeCTBa 3JeMEHTOB, COAEPKAIIUXCA ONHOBPEMEHHO
B A n B, umeerca ob6osmauenve ANB (B onucaHHOM BHIIIE
[IpuMepe 3TO MHOKECTBO NMapU:KaH-GIOHAUHOB, cM., puc. 12.2).

BoipaxkeHue ANB unrtaeTca <«IepecedeHHe MHOXKECTB
A u B».

ITocKoJIBKY B IIyCTOM MHOYKECTBE HET 3JJIEMEHTOB, BBIIOJ-
HSeTCS COOTHOUIeHUe

ANg=43d.

Ecau cunrars 06beUHeHe MHOKECTB aHAJIOTOM CJIOKEHNUS, TO
IlepeceyeHHe MHOKECTB — aHAJIOT YMHOKeHuA. UHaye rosop4,
3TO COOTHOIIIEHHE COOTBETCTBYeT mpaBuiay x -0 =0 gna umnces.

JlaTuHCKOEe BBhIpaseHnue <horror vacui» osHavaer «00A3HB
OyCTOTHI». DTO MOHATHE BO3HWKIO B JpeBHeH HaTypdmio-
copuu, rame ObI NPHHAT UPHUHINI <«IPUPOJA HE TEPIUT
yCTOTBI», O3HAYABIIWIY, UTO IIYCTOE MECTO HE MOJKET Cylme-
CcTBOBaTh. VM [elicTBUTEJBHO, XOTA BaKyyM MOMKET CyIIe-
CTBOBATh M CYIIECTBYET, OH CTPEMHTCS «BCACBIBATH» Ta3bl
B KHIKOCTH.
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AOCTATOYHASI CNOXXHOCTb
MATEMATUYECKOU NNOT'MKU HEOBXOAUMA

B oT0it rmaBe 6yzeM TroOBOpHTHL O CIOCOOHOCTH K JIOTHYe-
CKUM 3akaoueHnaAM. KasIblil eHbL MBI MCOBITBIBAEM MHOI'O
BHOeYATIEHNH, B 4TOOBI KAK-TO WX YIOPAKOYUTh, IBITAEMCHA
BBICTPOUTH HEKOTOPEIE JOTHUECKHe COOTHOIIeHus. PaccmoTpum
HAIpUMeD, O4YeBUIAHO BepHOe yTBepikaeHue: «Ecau ceromms
PosxpnecrBo, moura He paGoraer». HuMKTO He mepemyraer ero
¢ obpatHbIM yTBepiKAeHueM: <«Ecaum moura He pabGoraer, TO
cerogHa PoxxpecTBo». Bee ke uCKylleHNe IyTaTh TaKHAe Mapbl
YTBEPKAEHUN OYeHb BEJIMKO. BCIOMHUTE TOJILKO BBICKA3BI-
BaHNe: <«OJeXkJa KPACHUT dYeJIoOBeKa». DBorarbie JIIOAU MOIYT
HO3BOJIUTH cebe AOPOro OAEBATHCS, OMHAKO MBI HEe MOMKEM II0
ofieiJie JeJIOBeKA C YBEPEHHOCTBHIO CYAUTH O ero GaHKOBCKOM
cuere.

A Bce cramoBHUTCA ellle caoxHEe B Oosiee abCTPaKTHBIX
CUTyanuax. B 5ToM OTHOEHNH BCHOMHHAETCS «IIPOTHBOpedne
¢ Tpanenueii». B 2003 r. Bca cTpaHa 3azaBaJach BOIPOCOM,
KOTOpHI#I BO3HMK B wurpe «KrTo xouer crars MUIINOHE-
POM»: MOXHO JM CUHTATh IIPAMOYTOJBHUK Tpamenueii? Eciau
OPUHATH OIpefesieHUe «Tpalelusd — 3TO UYeThIPEXYroJbHUAK
C JAByMs mNapaJjlieJIbHBIMM CTOPOHAMH», TO BEPHBIA OTBET
JOJIKEH OBITh «Ja». ITO OBLJIO CJOKHO OOBACHUTEL YBAKAEMOMY
rPaKJaHUHY, PeaKluu KOTOPOTO BapbHUPOBAJIUCH OT 3JIO0GHEBIX
J0 arpeccHBHBIX: «Kak MoMeT MaTeMATHK YTBepXKAaThb, UTO
Kaxzaa Tpamenusa — IpaMoyroasbank?» Ho Beas 3TOro HUKTO
He yTBep:Xjas. . .

Jdna mosHOTH HYXHO A00aBUTH elle Koe-uro. Ecam mias
JBYX YTBEDXKAEHUWHN P W q Bcerga BBHINIOJHAETCHA <«¢ CJAELYyeT
U3 p», TO MaTeMaTHKH TOBOPAT, 4TO p docmamouno 0na ¢,
a TakXKe UTO @ Heobxolumo Oaa p. ITH ABE WU JIErKo
coyTtath. W1 mpapfia, MOMKeTe JIU Bbl OIPEINEJHTH HCTHHHOCTH
yTBepikaeHuA: «Irobnr dhurypa 6bura Tpamenueii, OCTaTOYHO,
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gT0o6sI OHa ObL1a npaMoyroabEuUKoM»? IIpaBHIBHBEIN OTBeT
HIIUTe B CHOCKe BHU3yD.

TPANEUUA WU HE TPAMELUA?

Y1065l B CHOPE O TPamenuy JeJI0 He JOILIO A0 PYKOIPHUKIAN-
CTBa, cJeAyeT NMPH3HATb, UTO YIYEOHMKN U CIIPABOYHUKNA U B
" caMOM jejie MOT'YT BBOAWTL B 3abnyskienue. [leiicTBUTENBHO,
B OIpeflejieHHe Tpalely YacTO BBOAAT yCJIOBUE, UTO B Hell
He JOJKHO ObITh IPAMBIX YIJIOB,

C MarTeMaTHUeCKOl TOUKH 3DEHHsI B 3TOM OTpaHWUYEHHUN
HeT HUKAKOr'0 CMAICJA, IOCKOJNBKY OHO OUeHb HEIKOHOMUYHO.
PaccMoTpuM, HAIPHUMEpP, YTBEPXKIEeHHNE, UYTO CyMMa YIJIOB
Tpanmenuu paBHa 360°. IIpexmosoxuM, 4YTO MBI ybeauIHCH
B HEM C IIOMOIIBIO CTPOrOrO0 IeOMeTPUYeCKOro JoKasaTesb-
crBa. Teneps MBI IEPEXOAMM K NOHATHIO <«IPAMOYTOILHMEY»,
Ecam Mbl Beled 3a BCEMH MaTeMaTHKaMM OyaeM CUHUTATh
OpAMOYTOJLHAK YACTHBIM CJHYYaeM Tpamnenuy, TO CMOMXKeM
HeMeIJIeHHO IIPOBO3IVIACUTL TEOPEMY: CYMMA Y2n08 NPAMO-
yzoavHuka paséna 360°, TaKk KaK 3TO IPOCTO YACTHBIM CIydai
6osiee OOIIEro, yiKe NOKA3aHHOTO HaMM pesyJjbrata. A BceMm
OCTAJIPHBIM IIPHUAETCS IIPOBOAHUTH AOKa3aTeILCTBO C CAMOTO
Hayana. U To e caMoe OTHOCHUTCA KO BCEM YTBEpPKAECHUAM
0 Tpanenudx.

OGBIUHO B IIKOJABHBEIX Y4eOHHKaX Tpamenuio H306pakaroT
npuMepHO TaK, Kak Ha pwuc. 13.1. Ho Ha pwuc. 13.2 Toxke
N300paKeHbl TpaNeIruH.

Puc. 13.1. «TunuuHaa» Tpamemus

DHa camom aene yTeepwaeHme «bHIypa ABIAETCA NPAMOYTOJILHUKOM»
IOCTATOYHO JJIS CIPABEAIHBOCTH YVTBEPXKAeHUA «burypa smiafercd Tpale-
nueti» .
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Puec. 13.2. [Ipyrue npumMepsl Tpamenuii

MbICIAT N1 COBAKH JNTIOTUYECKH?

Ha puc. 13.3 BoI BuguTte o0bpsaBaenne «Ecau cobaka jaeT, oHA
He kycaer. Hama cobaka He naer». Komeuno ke, 0HO BHUCHT
Kak nopeayunpexaesme. Ha camom Jesle 37ech M3 «p BIIEYET
3a coboit ¢g» («jaer» BiuedeT 3a coGOll «He KycaeT») chesaH
BBEIBOZ, «He p Bjeder 3a coboii He g» («He JjlaeT» BJedeT 3a
coboil «xycaer»). 9TOT BLIBOJ, HENL3A HA3BATH JIOTUYECKHM,
omHaAKO Xe o0baABIeHME paboTaer.

£OBAKA AT, OH #10 KyCaeT.

a cofiaka we Aaet!

Puc. 13.3. Brr 6n1 BOmIM?
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MEHATb UWIW HE MEHATDL?
NAPAJOKC MOHTHU XOJINA

Teopus BepoATHOCTelH OGoraTa mnapafOKcaMu: B HeH MHOTO
VTBEeD:K/eHW, OPOTHBOPEYALINX <«3APABOMY CMBICTIy»>. He-
CKOJIBKO JeT Hasaj IIHNPOKo#l mybianKe CTal M3BECTEH Tak
HassIBaeMBIll napadoxc Monmu Xoana.

Ecam BBl 1I03abbInM, TO A HAIOMHIO, O 4YeM pedb: BeRy-
M HDomyJAAPHOrO HMIPOBOrO IOy IpejjaraeT (QUHAIHACTY
BHIOpPATE OJHY M3 Tpex ABepeil. 3a OZHON M3 HUX HaAXOAHUTCA
Gonbumioli MPU3 — HOBHIM aBTOMOOHUIB. 3a JByMSA APYTHMU —
no GonsaHYMKY B (Qopme Kosaura. JlomycTuMm, UTpalonIHit
BoIOpan zaBeph nox HoMmepom 1. Ilocime »roro Bexymuit
OTBOpSHET [PYI'YIO ABEPb, CKa)XeM, HOMEp 3, u 3a Heil cTOUT
xosnux. Mer gobpanauce xo rimaBHOro. Urpory mnpeaiaraercs
M3MEHUTL CBOM BBIGOD, B MJAaHHOM CcJaydyae ¢ HoMmepa 1
Ha 2. Creayer 1M eMy UPHHATH npejioxenue? B moneay
HeIIpUATHA T'OBOPHT TOT (PaKT, YTO MeCTO OGOJBIIOrO IpHU3a
He MeHSeTCs, Korma OTBopAloT Aeeps 3. C gpyroit cTOpOHEI,
OTBOPUEB JBEPb, BeAYIMUi MeHAET cCUTyauuio. Bonpoc nmopoamui
CHOPHI CpeAM CIEIHAJICTOB B PASHBIX 00JacTAX MaTeMaTHKHU.
Bagaua momajia B BeAyliMe raseThl M HoApoOHO obcyXxAasack
Hemarematukamu. Ilaprua A m nmaprua HET ocmeusann
HuAeu Apyr APYyra Kak HaWRHEBIE/TPUMHUTHUBHLIE/CMEXOTBOPHEIE.
V npob6aempl OOHAPYXUJICA B I'eHAEPHBIH acIeKT.

OzuuM ¥M3 IepBBIX 3alUTHUKOB
Uled NPUHATL IPeAJIoKeHNe CMEeHUTh
IBeps OblIa aMepPHKaHCKas JKypHa-
aucTtka Mspuaul Boc CaBaHT, 3HaMe-
HUTAsd CBOMM HEOOBIKHOBEHHO BEICO-
KkuM IQ. B mareMaTHueckoM cooOIe-
CTBE pasfaBaJiOCh HEMAaJIO TOJOCOB,
COBETOBABIIUX el OpPOCUTh 39Ty TeMy
¥ He 3aHMMATLCA BOOPOCaM¥, KOTOPhIe
JKeHIIMHEe BCe PaBHO HEJOCTYIIHEI.

Kro xe 6n11 mpaB? Oxassisaercs, npasa 6oita Mapunus,
yTBEpP#AAA, UTO HIPAIOINI AOJKEH COIVIallaThCs HA CMEHY
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OBEDH, IIOCKOJBLKY INIAHCHI HA BBIMIDHIINI IIPH 3TOM MIOBBIIIA-
I0TCS C % bi (o) % Celiuac Mbl BCce OOBACHUM.

AHANW3: NOYEMY CAEARYET MNPEAMNOYECTD
APYFYIO ABEPb?

YrTBepxAeHNEe, UTO CMeHa BbIOOpa ABEpH IIPEAIOUYTUTEIbHEe, —
3TO TOJBKO IepBoe Hpubiam:KeHHe K ucTuHe. MBI mpegiaraem
HOAPOGHBINM aHAJIN3 3aJadUM, TAK 4TO 3TO YTBEP:KIECHUE CTAHO-
BUTCA MOHATHEE U BCA CUTyallusa ONposcHserca. Jlopora K aToit
LeJu He TaK IMPOCTa, MOCKOJABKY B IIYTH MOHAKAIOTCA HOBOJILHO
CJIOYKHBIE SABJICHUA.

BEPOATHOCTb

Baavyane ciegyer 03HAKOMUTHLCA C HEKOTOPHIMHU ITOHATHAMW
Teopuu BepoATHocTed. K cuacTeio, HAM He HYKHO pasdu-
patsca ¢ duiaocodpcKkMMH acmekraMu Boipoca «YTo Taxoe
BEPOATHOCTB? ».

IlpeacraBsTe MpoleAYPY T€HEPUPOBAHUSA CIYUAMHBIX COOBI-
tuii. Hanpumep, 6pocaHme UTPaJbHOM KOCTH WM H3BJICUEHUE
KapThl U3 XOPOILIO IIepeTacOBAHHOI KogoAbl. Ecim moBTropATh
TaKo¥ IIPOIECC MHOTO Pa3, TO MOXKHO O0HADYKHUTH HEKOTOPEIE
«reHgeHInN». IlpuMepHO B opHOI mIecTol yacTu Opocammit
KOCTH BBIIIaJAaeT UYeTBEpPKa, W NPUMEPHO B OAHOH uUeTBepTH
clyuyaeB U3 KOJIOABI M3BJEKAIOT KapTy uepBer. s onmcanusa
9TOr0 HABJIEHUSA I'OBOPAT, YTO B CJydae MUIPaJIbHOM KOCTH
BEPOATHOCTH BbBINAAEHUS UYETBEPKH paBHA OMHOI IIIeCTOlf,
a B ciy4dae KoJiofbl KapT BEPOSATHOCTL WS3BJIEUEHMSHA KapPThI
yepeeii paBHa ogHO# ueTBepTu. VI BOOOLIE:

¢ BeposaTHocTs BO3MOXKHOIO pesyiapTata E B caydaiiHom

BEIOOpEe paBHA YHCIY p, 00IajaiomeMy CJaeTYIOI[UMH
CBOICTBAMU: €CJIM CAYyUAUHBIA BHIOOD MOBTOPATH MHOI'O
pas, TO B YaCTH p cJydyaeB OymeT HojiyueH pesdyJsTaT E.
XoTs1 9T0 COOTHOIIEHHNE BBINOJHAETCA TOJLKO IIpHGiIn-
BUTEJbHO, OHO CTAHOBHUTCH BCe 6ojiee M Oojlee TOUHBIM
¢ yBeIWYeHUeM uucyaa ucnelTaHuii. CooTHOIMEHWe 3aru-
ceiBaroT B BHAe P(E)=p, W UUTAIOT «BEePOATHOCT:E E
pasHa p» D,

DBykpa P HanmoMuHSeT O CIOBe «BEPOATHOCTHY, MO-aHITHHACKH
probability, a mo-@panuyscku probabilité.
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e B mamux npumepax P (BelIajaeT 4deTBeDKa) u

1

6’
P (BhImazaer KapTa dYepBeii) = i— ITockoasky dYacTs
IeJOoro BCerga IIpUHMMaeT 3HAadYeHWA OT HYyJd [0
eIUHUNBI, TO Ke CaMOe MOYKHO CKa3aTh O BEPOSTHO-
ctsax. Kpome »Toro, omnpejeneHue BEPOATHOCTH MO3BO-
JsIeT YCTAHOBUTE HEKOTOPbIE APYrue HPOCThie CBOMCTBA.
Hanpumep, ecau pesyabrar K Bcerga ofecnedumBaer
BBIIIOJIHEHUWE YCJHOBHM ANsa Apyroro pesyiasrara F, To
sepoaTHOCTh F He MeHpuie BepoaTHoctm E. OHa mpo-
cTO HUKAK He MOKeT oKasarbcsA MeHbile., Hampumep,
TOCKOJIBbKY 4 — YeTHOe YUCJIO, HeYAUBUTEJBHO, YTO OpPH
6pocaHUM KOCTH BEPOATHOCTH BHINAJEHUA YETHOTO YHCIa
(ona pasma 0,5) Gonpille, yeM BEPOATHOCTH BHINaJEHNS
YeTBEPKH.

B nmapazokce Moutu XoJijia BCTpeualoTCa HECKOJIBKO BEPO-
araocteit. Hanpumep, uaTepecHo 661710 OBI 3HATH BePDOATHOCTH,
C KOTOpBIMHU 60JbINOH npus (HOBBIH aBTOMOGHIL) OOHADYXU-
BaeTcsd 348 pasHBIMU JgBepAMU. MoOXXHO am crm'ra'rb, YTO 3ITH
BEPOATHOCTH paBHHI AJSA BCeX Tpex fABepedl (mo 3)? Wonu
IJsi TOH gBepH, UTO GJMiKe K BBIXOZY Ha CIleHY, BEPOATHOCTH
6onpime? (B KoHIle KOHIIOB, HEe TAK-TO JIETKO NOJHATH Ha CHEHY
fonpmoit aBTOMOOGUIIE.)

YCNOBHbIE BEPOATHOCTHU

Temepsr o6CYyAMM BajKHBIM IPMHOUI <«HHGOPMAIUA MeEHSAET
BE€POSTHOCTE»., BoT mpumep. BepoATHOCTL BBINANEHHA UeT-
BEPKH IpH OpoCAHNY HUTPAJIBHON KOCTH paBHA ONHON INECTOil.
IIycte Temeps y»ke IOcjie TOrO, Kak BBl OPOCHJIM KOCTB, HO
eille 1O TOr0, KAK YBUAEJM YHCJIO HA Heil, BaM CKa3aad,
4TO BBIDAJIO YeTHOE YMCao. Temephb Bhl IOHHMMaeTe, YTO HA
KOCTHM MOMEeT OKa3aThCHA TOJBKO OBa, YeThIPe MJIM MIEeCTh,
¥ IIO3TOMY BEpPOSITHOCTH BBLINAJIeHUSA UYeTBepKU IIOBHIIIaeTCA A0
OZHOM TpeTH. IM¥ JOMYCTHM, BBl MOJYYUIN AOIOJHUTEIBHYIO
uH(POPMAIINIO, YTO BHIDAJO HeueTHoe umMciao. Torma aro ABHO
He ueTBepKa, X BepPOATHOCTH €€ BhINAJEHUT CHMKAETCHA 0
HYJIA.

Hrax, ecim BBl NOJYIHUTE AOIOJHUTENLHYIO UH@oOpMaIuio,
C BEPOATHOCTLI0 MOXKET IPOM3ONTH UTO YroAHO; OHA MOKeET
YBEJIUYUTHCSA, YMEHBIIUTLCA WJIM OCTATHCA HEMSMEHHOII.
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Mer cramxkuBaeMca ¢ 3THM HABJe-
HUEM B moBcenaHenuoi xnsan D, IIpesn-
IOJIONKHUM, YTO KaKIBIA pabouuii JeHb
BBl e3UTe II0 OGHOM M TOli Ke Jopore.
B neBoii mosoce MamuHBI ABUTAIOTCA
HECKOJIBKO ObICTpee, M BBl XOTHUTE
TyAa cMecTHTHCH. ITosTOMY MHTEDECHO
8HaTh, He co0uMpaeTcsa JIH aBTOMO-
6unbp mepesy BaMM Ha CHeAYIOUIEM
IepeKpecTKe CBePHYTH HaseBo. (Ecimu
Ja, TO BaM cJIeIyeT CMEHHUTH II0JO0CY,
IOCKOJBKY BBI CODMPaeTech ABUIaThCA
upsamo.) Ipeanonoxum, uTO omMH U3
IPUMEPHO JIBAJllaTH BOAHWTEJNieH Ha 3TOM MHEpeKpecTKe IIOBO-
paynBaeT HaJIEBO, TAK UTO BhI OLIEHMBAETE BEPOATHOCTH TOTO,
9TO aBTOMOOMJIE BIEPeAu IIOBEPHeT HaneBo, kKax 1/20. Ho
aBTOMOOHJIBHBIE HOMEPA HECYT MHGMOPMAILHIO O TOM, B KAKOM
ropojie 3aperdCTPHUPOBAH aBTOMOOUIb, M MOXKET CIYUUTHCHA
TaK, YTO HOMEP aBTOMOOMJIS BIEpeAM YKasbIBaeT Ha TO, UTO
OH 3aperucTpUpPOBaH B TOM TrOPOAE, A0 KOTOPOTO MOMKHO
moOpaTbcd, CBEPHYB HajeBO. B TakoM ciyuae BEpPOATHOCTH
TOTO, YTO ABTOMOOGHJIE ITOBEPHET HAaJeBO, KOHEYHO JKe, YBe-
JUYNBAETCH.

Brino 651 mosiesHO cHOPMYIMPOBATE BCe 3TO TouHee. ITycTh
E — mexoropoe cobriTue; o6osHauum P(E) ero BEpOATHOCTS.
N ecam F -— ponosHuTenbHasa wHbopmanud, 6yaem o6Go3HAa-
yaTs Kak P(E|F) HOBYIO BEpOATHOCTEH TOI'O, 4UTO CO6BITHe E
ocyulecTBUTCA ¢ ydeToMm F. Yuraerca «BepOATHOCTH COOBITHS
E npu ycrosum F», a yucno P(E|F) HaspIBaeTCa <«yCIOBHOI
BEPOATHOCTBIO COOBITHA E mipm ycaoBum F».

B mepsom npumepe E 0603HayuM BbINAJeHHE UYETBEPKH,
a F — naEdopManuio o0 TOM, UTO UHCJIO YeTHOe. Kak MBI yiKe

sugeau, P(E|F)= 3
B obiem cniyuae nporneaypa Takas. BHayajie HaXoAAT Beu-

yuHbel P(F) (BepoataocTs cobuitus F) u P(E u F) (BepoATHOCTL
TOrO, uTO OocyulectBsaATcA E u F). Torma P(E|F) onpepensercsa

DA ocmemoch Aae IPEANOTORKUTH, UTO CIHOCOGHOCTDH KOPPEKTUPOBATH
BEPOATHOCTE UPH IMOJYyYEHHH HOBOH MHQOpPMALUHU ChIrpajia BAXKHYIO POJIb
B XOAe 5BOJIIOIMH pPOJa YeJOBEYeCKOI'0 M B MTOre CTAJIA HEIOCPEACTBEHHO
BCTPOEHHOIT B MO3I.
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caenyomuM ob6pasom:
: _P(E u F)
P(E|F):= —FE -
IIposepum oty dopMysy Ha HalleM IpuMepe. ¥ Hac

P(F)= 3> TOCKOJBKY B IIOJOBHHE 6pocanuil BhITafaeT UeTHOE

uncno. CobOvitue «E um F» o3HadaeT, 4TO BLIMABIIEe UYUCJO
YeTHO ¥ PABHO YETHIPeM. JTO MOYKET IIPOMB3OUTH TOJBKO TOIAA,

1
KOTZa BBINAJAET YeTBepKa, Tak uro P(E n F)= 5 ITosromy

PEF)=PEBF _1/6_1

B crnepymooineM npuMepe pedb nuia ob
U3BJIEUEHHNH KapThl Hayraj M3 CTaHAApPT-
HOHU KoJiogbl B 52 nucrta. BeposATHOCTEH
cob6ertua E (usBieuema Jpgama Oy6eH)
pasHa 1/52, Begs B KoJIOZE TOJABKO OXHA
Takas KapTra. OgHAKO eCciaIM KTO-TO IIOA-
CMOTpeJl U3BJEUEHHYIO KapTy U coo0LInI
BAM, UTO 9TO JaMa, TO BEPOATHOCTE TOIO,
yro 310 Jama GyGeH, Bospacraer o 1/4.
Ecau F — pnama, 10 P(F)=4/52=1/13

(B xonone uerThipe gamel) u P(E u F)= 53 (mama O0y0eH TOJBKO
ongua). Uraxk,

_P(EnBnF _1/52_1
PEIF) = PP  1/13 4

®OPMYNIA BAHUECA

3aMeuaTelBLHO, YTO YCJIOBHBIE BEPOATHOCTH B KaKOil-TO Mepe
MoryT ObITh oO6pamiensl. [lJIa 3TOro WMCIOJNL3YIOT GQOpMYaY
Baiieca. Bor peanbHBI#l nipuMeD.

Bckope mocie BHSHTA Apy3ell BBl 3aMETHJIH, YTO McYe3 Baml
aobuMerit DVD. Bel snaete, 4TO OAMH N3 BalllUX ApPY3el mMeeT
OPUBBEMUKY TO M AEJIO OJAKWBATH NUCKHK, He NpeAyIpexRIas
06 strom. Koro Bam ciegyer momospeBaTh?

Ana Hamux meseil aydiie BCero MCIOJb30BaTh (hopmynay
Baiieca cnegyomum o6pasom. PaccMoTpuM cirydaiiHbI# sKCIe-
PHEMEHT, B KOTOPOM K&KJABLIA MCXOJ MOYKHO OTHECTH K OZHOMY
U3 Tpex Kaaccos: B,, B,, B;. BaxH0o, 4YTO 3TH KJACChl He
IepeKPLIBAIOTCA.
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B npuaMepe ¢ 6pocaHneM KOCTH 3TH KJIACChbI MOMKHO 3a44aTb
TakK:

B, — Brinaja eIUWHHIA WM ABOHKA;
B, — BrImajna TPOHKa WIU UETBEPKa;
B, — shimana mATePKa WM NOIeCTepKa.

Paccmorpum Temeppr BO3MOMKHBIM De3YJIBTAT HAIIETO 3KC-
nNepuMeHTa, KOTODHIH MBI o00o3HaumM A. Hampumep, Msl
MOJKEM HHTEpecoOBaTbCA COOBITHEM A — BBIIAJIO IIPOCTOE
gucno. Ecnu H3BecTHHI ycJoBHBIe BeposaTHocTu P(A|B,),
P(A|B,), P(A|By), a Taxxe BepoaTrocTH P(B,), P(B,), P(B,),
TO MBI MOKEeM MOJIYYHTH «00paTHBIe» YCJOBHBIE BEPOATHOCTH

P(B,|A), P(B,lA), P(BylA):

_ P(A|B,)P(B,)
P(B\|4) = BB PB,) T FAIB,)P(B,) + PLAIB,)P(E;) ’
_ P(A|B,)P(B,)
P(B4lA) = BAB)P(B,) + P(AIB,)P(B,) + PLAIE,)P(B,) ’
P(B,J4) = P(A|Bg)P(B,)

P(A|B,)P(B,) + P(A|B,)P(B,) + P(AIB,)P(B,) '

9ro u ecTs dopmyasl Baitecal).

Mi1 He coOmpaemcs JOKasHBaThL 34ech 3Ty GOPMYyJIy.
Opguako A WLIIOCTPAIMKA TpusBefeM npumep. Kiacchr
B,, B,, B; ocranyTcsa npexHUMHU: B, — BuInaja eJUHUIA UK
ABoiika; B, — Beinasa Tpofika mim YerBepKa; By — BeImaja
OATepKa WJIKA IIeCTEPKA.

A B EKauecTBe A B03pbMEeM COOBITHE «BBIOAJO YMCJIO
OoJbile Tpex». BEINONHUB ONIMCAHHLIE B IIPEALIAYIIEM pasjesie
BBIYUCJICHHUSA, MOJYYHM

P(A|B))=0,
PAIBy)=1,
P(A|By)=1,

1
n, pasymeerca, P(B,)=P(B,)=P(B;)= 3

DEcan 6b1 BMecTO Tpex KJaccoB MEI BHIOpanu n, T.e. By, By, ..., B,,
T0o ¢opmyna Baiteca npunana Ol BUJ
P(B,|A)= P(A|B;)P(B;) ,
L4 P(AIBI)P(BI) + P(A|B2)P(Bz) 4+t P(AIBn)P(Bn)
rIe CMMBOJ i MOMKHO SaMEHHTh HA OLUH M3 CHMBOJOB 1,2,...,n.
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HonmyeTumMm, KOCTh OpolreHa, ¥ B pesyibrate cobbiTme A
mpomsouao (BeIIajIo umejo Oonbine Tpex). Uemy Toraa paBHa
BEPOATHOCTD, CKaxxkeM, cobwprtus B,? [lna orsera HA 3TOT
BOIIpOC BocmoJb3yemcsa ¢opmynoit Baiieca:

P(A|B,)P(B,) _
P(A[B,)P(B,) + P(AIB,)P(B,) + P(AIB,)P(B,)

= (1/2)-(1/3) 1
0-(1/3)+(1/2)-(1/3)+1-(1/3) 3 °

Amnaroruuno, OOonb3ydach ToH ke dopmysoit Baiieca, MokHO
2
noxyauts ), uro P(B|A)=0 u P(B,lA)= 3

P(B,lA)=

NYYLWIASA CTPATErMsi B NAPAAOKCE MOHTHU XONNA:
CTAHAAPTHbIM BAPHAHT

Ilocoe Bcex aTux IIpPII‘OTOBJIeHHﬁ MBI, HAKOHEeI], MOKEeM BBIJC-
HHUTbH, BBII'OJHO JIN CMEHUTH ABEDL. HauneMm c Bepoa'rnoc'rei«i,
OTHOCANIMXCA K ABepdAM, 3a KOTOPBIMH CIIpATaH aBTOMOOMIIE.
Mge1 ncnonnzyem ciaeaymlinue o00o3HaueHN:

B, — aBTOoMOGUIBL 3a ABEPHIO 1;
B, — aBToMO6uNIE 3a ABEPBHIO 2;
B, — aBTomMo0u1bL 3a ABEpbio 3.

Mpr 6ymeM CUNTATh, YTO BCE€ STH BapHAHTHI PABHOBO3-
MOXKHBI, TAK UTO

P(B,)=P(B,)=P(By)=1.

IIyeTe 9TO HECKOJBKO HAWBHO, HO €CJIHM HeT HUKaKUX
JOBOZOB IPOTHB, MBI MOKeM IIPHHATL 3TO IIPEAIIOJIOMKEHUeE.

Tenmeps Mbl IOJOMIJIA K BaXKHOMY IIYHKTY — IIOpa IPUHHU-
MaTh pemtenue. Urparomuii BLIOpas ABepb 1, Begymuil OTKPHLI
KO3JIHKA 3a ABephio 3, M He ACHO, YTO AeJIATh — CMEHHUThH JIN
mpenmouTeHue ¢ gBepu 1 Ha aseps 2. Temeps amanms.

Cob6nITHE <«BeAYI[UH OTKPBHLI KO3JHWKA 34 OBEPhI0 3» MBI
obosHauuM A. Mwl XoTMM, HONBL3YsSCh 3TOH MHGMOpPMameii,
OTBETUTL HA BOIIPOC, e paBionoxo6Hee HAXOAUTHCS aBTO-
mobmao: 3a aBepnio 1 miaum 3a gBeppio 2?7 C yueroM 3THX
obozHadeHuii, Mbl XOTHM 3HATHh COOTHOILIECHHE MEXKAY YHCIAMH

DB sroM ciayuae mpomle NPOBECTH TMPAMbIE BLHIYMCIGHHS, HO PE3YJILTAT,
pasyMeercs, 6Bl GBI TOT JKe.
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P(B,|A) u P(B,|A). Ectu oHM OZMHAKOBBI, TO MEHATHL JBEDH
HeT CMBICJIa, HO €CJIM BTOpOE€ M3 HHUX OOJIbllle, TO CJeHyeT
CMEHUTD.

B oTo#t cuTyanmmm ecTecTBeHHO IpH-
MeHUTHb (opmyay DBaiteca. Ho uToOBI
ee IPUMEHHTH, HAAO 3HATH BEJIHUYUHEI
P(A|B,), P(A|B,), P(AIB,).

Yemy paBHaA YCJOBHAS BEPOATHOCTD
P(A|B;)? HNuaye roBOpA, €CINU aBTOMO-
6uap 3a OBepbl0 1, TO ueMy paBHa
BEePOATHOCTH TOr'0, YTO BEAYIMHU OTBOPHUT
asepb 3?7 Koneuno e, oH Mor ObI OTBO-
PHTE IBepb 2 (HO TOJILKO He ABeph 1). Mul
OyeM CUNTATDL, YTO BEAYIINH ¢ PABHLIMA
BEPOATHOCTAMH OTBODSET ABepH 2 U 3,
u nosromy P(A|B,)= %

Eme npome sbruuciauts P(A|B,). Ecim aBTroMoOMIb 3a
ABEPBIO 2, C KaKO#l BepOATHOCTHI OyAeT OTKPHITA ABEPhH
3? Pasymeercs, OHa paBHa 1, Tak KakK BeAYIIHH He MOMKET
OTBOPUTBL ABeph 2 (3a Heit aBTOMOOUNBL), ABEPhL 1 TOXKe IIOA
3aIpeTOM, IIOCKOJBKY MMEHHO OHa BBIOpAHa HI'PAIOIIHM.

Tax e serxko BeuucanTh P(A|B;). 9Ta BEPOATHOCTE PaBHA
HYJ10, IOCKOJBKY BeZyuuii He OyZeT OTBODATH JBEph, 34
KOTOPO# CKpPEHIT aBTOMOoOMaL. MTak,

PAB)=1,
P(A|By)=1,
P(A|B,)=0.
U Teneps mokHO npuMeHsATH (opmyny Baiteca:
_ P(A|B,)P(B,) 3
P(B,lA)= P(A[B,)P(B,)+ P(AIB,)P(B,) + P(AIB;)P(B;)

_ (1/2)-(1/3) _1
1/2)-1/3)+1-(1/3)+0-(1/3) 3

P(A|B,)P(B,) _
P(A|B,)P(B,) + P(AIB,)P(B,) + P(A[B,)P(B,)
= 1-(1/3) -2
1/2)-(1/3)+1-(1/3)+0-(1/3) 3 °

P(B,lA)=
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Mg o6osnaunnu P(B,;|A) BepoATHOCTD BBIUIPATH, IPUHAB
eTpaTeruio <«He MeHATs BBIGOD», a P(B,|A) — BepOATHOCTH
BEIMNTPATH CO CTpaTervieil «MeHAThH», TAK UTO pacueTs! IOKa-
3BLIBAIOT, UTO CMeHa JBepH YABaWBaeT IIAHCHI Ha BBIUIDBIII.

BCA NPABAA O NAPAAOKCE MOHTU XOMNA

EcJyn BeI BHUMATENBHO O3HAKOMIJINCH
C NpeAbIAYIIEM aHAJIU30M, TO 3ame-
THJIN, YTO AJA BHIBOJA «CMEHaA IBEDH
Jqydmie, 3TO YyABaWBaeT IIAHCHI Ha
BRIMI'DBIII», HAM NOTpeGoBaJiOCh Clie-
JIaTh HECKOJbKO monynleduii. Hampw-
Mep, MBI MOJIOMKHJIH P(AIBI)=%. Ho
ecTh U JApyrue BapuaHTbl. Mowker
CAYYUTHCH TaK, YTO BEeAYINWH TOJIBKO
TOTga OTBOpAEeT JBeps, 3, Korja
3TO BO3MOXKHO (T.€. ecJiMm 32TO He
BHIZAET MECTOIOJIOMKEHUST  AaBTOMO-
6mna). YrobGel wuccaenosaTh 6Gosee
obwmumit caydait, Mbl moaokum P(A|B,)=p, rae p — HEKOTOpoe
4uCIIo MeXAY HyJdeM u exuHunei. Torga ananms paer

P —_1

P(BA)=~1E=, PBA=11.

Ilockoaprky p<1, mepBoe M3 29THX 4YHCeJ BCeTAa MeHbIIe

BTODOro, TaK 4YTO MBI BHAMM, YTO MEHATH BEIOOD BeCerga

BBIFOJIHEE, XOTH BBEIMTPEIII B BEPOATHOCTH MOKET ObITh
He0OJIBIITITM.

K aroif 3amade MoxeT GBITH M Apyroi moaxoxl). Crparerus
UI'palomier0 MOMeT He YUYHWTHIBaTh HaMepeHu# BeAyllero
U 3aKJI0YaThCSa OPOCTO B IlepeMeHe BbIOopa. [loBoAanI Takue.

Bo Bpems InepBoHAYAJIBHOTO BpIGOpPa (M 9TO BBINOJHAETCA
BHE 3aBUCHUMOCTH OT TOI'O, H3MEHHUTCSA OH B KOHIE HMJIHN HET)

MOXHO BBIUI'DATh aBTOMOOUIDL C BEPOATHOCTBIO 3’ IIOCKOJABKY

aBTOMOGUIIL MOJKET C PABHBIMY BEPOATHOCTAMH OKa3aThCH 3a
nio00¥i ABepHIO.

D$] Gmarogaper upodeccopy Hurepy Ilymme ma Deitzennbepra sa Ty
uneswo.
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IIpu cMeHe BLIGOPA BBIUIDHINI CIYYAETCS HMMEHHO B TOM
caydae, KOIZia IepBOHAYAJIBHBIN BBIOOD ObLIJI HelpaBHJIBLHBIM,

T. €. C BepOATHOCTHIO §

9TH KOBOABI MOXHO yTo4HUTL. IIyeTs p,, Py, P; 0603HAUAIOT
BEPOATHOCTH, ¢ KOTOPBIMY aBTOMOOGHUJIL CTOUT COOTBETCTBEHHO
3a gamepbio 1, 2, 3. Torma ecam BrIGpaHa ABeph 1, Bepo-
ATHOCTb BHIAIDATH ABTOMOOHTL 06e3 CMeHBI ABEPH paBHA P,
a BEpPOATHOCTH BBIMUIPAThL ABTOMOOMJIb, CMEHHMB JBEpb, pPaBHa
Dy +DP3-

BO0O3MOXKHO, UTO HEKOTOPBLIE UMTATENH O3afZadveHb! takKToM,
YTO BO BTOPOM DAaCCYKJAeHWN AeHCTBUS BeAyIlero He HMIrpaloT
poau. Cienyer paccMOTpeTh 3TY CJIOKHOCTH BHUMATEJIbHEE,
4yToOBI YOEIUTHCH, YTO 004 PacCyKAeHUA BepPHHI.

B mepBoMm paccyxaenmH cuTyanpa Obla 3aJaHa COeLyIO-
mumM obpazom. BriGpana aBephb 1, 1Beph 3 (3a KOTOPOI KOBJIMK)
orBOpeHa. VI Bce BepOATHOCTH BLIUMCIAIMNCH MCXOAS U3 DTOH
CUTyaIum.

Bo BTropoM paccyxaeHAM cuTyanmusa nHas. [elicTBua Beny-
Iero pOJAM He MrpamwT, X B JIOGOM ciaydae cileiyerT MeHATH
BbIGOp. OAHaKO MHTYHUTHBHO CJIOKHO IIOHATH, YTO BTA pasHasd
HHpOpMANVA OTBETCTBEHHA 33 Pa3Hble BEPOATHOCTH.
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B OTENE T'MNIbBEPTA BCETAA ECTb
CBOBOZIHbIE HOMEPA

MareMaTUKaAM YACTO MPUXOAHTCA MMeTh Hejio ¢ G6eCKOHedHO-
cTsi0. OOIenpH3HAHO, YTO B I@apcTBe OECKOHEUHOCTH Hei-
CTBYIOT 3aKOHBI, KOTOpHIE O4Y€Hb OTIMYIAIOTCA OT IPHBBIYHBIX
HaM.

B rnanbHeiimeM Mel OyZeM pacCMaTpPUBATh IIpOCTeHIIee
6eCKOHEUHOEe MHOJKECTBO, 8 MMEHHO MHOXMXECTBO HAaTypaJdbHBIX
gucen 1, 2, 3, .... Bemuxkmit Tajgumneo B cBoem TpyAe
«Discorsi» (1638 r.) mopaskancs YAMBUTEJILHOMY $HABJIEHUIO,
KOTOpO€ CBA3aHO ¢ 9THM MHOKecTBOM. OkasmsIBaeTcs, HATY-
PaJbHBIX UYMCEJ CTOJIBKO JKE, CKOJBKO WX KBajparoB, T.e.
gncena 1, 4, 9, 16, . ... JleiicTBUTENbHO, MOXHO 3anucaTh 06e
HOCJIEAOBATEJILHOCTY ONHY IION JPYTO#¥ TakK, UTO MEKAYy HAMHK
YCTAHOBHUTCA B3aWMHO OJHO3HAYHOE COOTBeTCTBHe. Maremaru-
yecKas IIOJOIJIEKa TaKoBa: ecJy yOpaThk uacTh GECKOHEUHOTrO
MHOXKECTBa, OCTATOK IIOJNYYAETCS TOrO Ke «pasMepar», UTO
MCXOAHOE MHOMKEeCTBO.

Puc. 15.1. Oresns I'manGepra

Maremartuk Hasuzn I'nanbepr (1862—1943) npunymas nHTe-
pecHoe onMCcaHNe STOro ABJECHMSA, M3BECTHOe IIOJ Ha3BaHUEM
«Orens M'manbepra». IlocmorpuTe Ha puc. 15.1. B srom otese
6eCKOHEUHO MHBOIO ATIAPTAMEHTOB, 3aHYMEPOBAHHBIX YUCJIaAMN
1, 2, 3, .... U BOoT, B BLIXONHOI AeHBL OoTeNb IOJOH. Ilo3gHO
BeuepoM npmbriBaeT rocts U Tpebyer Homep. Ecau oGBIUHBIN
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OoTeJIb HOJIOH, TO B HEM HET CBOGOAHLIX HOMEPOB, HO B OTeJie
T'unasGepra Bce mHAYe. 374eCh YV 3TOM IIPoGaeMEl eCTh pemenne!
Tocts u3 HOMepa 1 mepe6upaercsa B HOMep 2, rocTh U3 HOMEpPAa
2 mepebupaerca B HoMep 3 m T. A. Temeps HOMep 1 cBOoGOAEH,
M MeCTO [JIfd HOYJIera HaXOAHTCsH AJdA Bcex. Ho morom B orensn
npubsiBaeT meabli aBTOOYC ¢ BOCEMbIO OTALIXAIOIGUME, U BCEM
HYKHO MecTo. M 3Ty mpo6ieMy MOMKHO PeIINThL: Teneph I'OCTh
u3 HoMepa 1 ormpaBmTCcs B HOMep 9, u T. 4.

CucremMarydeckoe M3yueHne GeCKOHEUHBIX MHOMKECTB Haua-
JIOCh TOJIPKO B JEeBATHAAIIATOM BEKe C IIMOHEPCKO# paboThl
Teopra Kanmtopa (1845-1918). Ona sBCcTpeTHMJIa XOJOKHBIN
npueM y MHOT'HX €ro KoJuUler, yOeXJeHHBIX B TOM, uTO
MaTeMaTHKA JO/IKHA OrPAaHHYNBATHCA N3YUeHNEM KOHKPETHBIX
H KOHCTPYKTHUBHBIX Benieii. B Hame Bpema KaHTop mOIHOCTHIO
peabuINTHPOBaH, X 6ECKOHEYHOCTDh BXOAUT B UHCJIO IIOBCEAHEeB-
HBIX MaTeMaTHYeCcKHMX OO0BeKTOB, TAaKMX KakK IeJsle UucJa,
reoMeTpuueckne GpUrypsl 1 BEpPOATHOCTH.

CYMATOWHASA HO4Yb

Bypras Houp B oTene T'unnbepra emre He 3aKOHYMJIACD,
HAM eCTh ellle 0 4YeM pacckasarTb. Ha GImKaifimyio CTaHIIHIO
TpUOBLT TOE3X, B KOTOPOM GECKOHEYHO MHO0Z20 TACCAKHDOB,
U KaKAOMY M3 HHUX HY:KeH Homep. Bce oHm ycTaam, M Bce
OHN 3a0pPOHMpOBAJIN HOMEpa 3apaHee.

Ho orens momon. Yto xe penars? PelreHue €cThb. ABTO-
MaTHYeCKas CHCTeMa I[IpeAmuchIBaeT I'oCTI0 u3 Homepa 1
nepeéparbscsa B HOMep 2, TOCTIO M3 HoMepa 2 B HoMep 4, rocrio
u3 HEoMepa 3 B HOMep 6, M T. A.; KAKABIA TOCTH IIepeesskaer
B amapTaMeHTHI ¢ HOMepoM BABoe Gonpule yem Onii. Tenepn
BCEe amapTaMeHThl C HEYeTHEIMU HOMEpaMHM CBOOOAHBI, M BCE
yCcTaBUIXe IyTEUIeCTBeHHUKH MOT'YT PasdMeCTHTHCH.

To, uro MBI omHMcaiam, — He 0ojiee YeM MBLICJIEHHBIN 32KC-
NEePHMEHT, WJJIIOCTPUDYIOUINH HEKOTOphIe SBJIE€HHUA, CBI3AH-
Hple ¢ 0eCKOHEYHBIMH MHOMECTBaMW, ONHAKO MBI JOJIXKHBI
YIIOMAHYTh HEKOTOPbIE NMPAKTHYECKHE HEAOCTATKH, IMPUCYIIHE
ONNCaHHOMY $ABJIeHUIO. [OCTE n M3 HOMepa 7 IIepees3’aeTr
B HOMep 2n. Jlisa MaJbIX 71 9TO HECJOKHO, HO IpH GOJMBLIINX N
NPHUAETCA IIPEOJOJETH GOJLIIOE PACCTOAHWE MEXKAY CTapBIM
M HOBBIM HOMepaM¥. Ecam OpeANoOSOMNHTH, YTO IIOCTOAIBIBI

3  MareM. IATUMIHYTKH
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orens I'misbepra MOTYT XOAUTH TOJBKO C OrPaHHUEHHOM
CKODOCTHIO, TO CMEHA HOMEPOB He CMOMKeT OCYIIEeCTBHTHCH
38 KOHEYHOE BpeMs.

Ho sTa npobieMa yxe H3HAUATEHO ObLIa 3a7I0K€HA B CUTYya-
uuio. Ecaum Beex rocrtefl mpexaynpeskaaioT o PPAAyINeM epeesfe
OAHOBPEMEHHO, TO BCé cpaGoTaer: Bce MOTYT HepeexaThb cpa3y
JKe M 4Yepe3 JEeCATh MUHYT BOIApUTCA TOKOH. HO HOCKOIbKY
uHPOpPMAIMA He MOXKET IyTeINlecTBOBATh OLICTPee CBETa, MOCTU
13 AaJbHHX KOMHAT IMOJIVUAT CHUTCHAJI TOJIBKO dHepe3 JOoJroe
BpeM4.
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3TO YAUBUTENBHOE YUCINO x

Y uncna 7 (IPOU3HOCAT «IH») €CTh BCE LIAHCHI 3AHATH MEPBOE
MECTO B JII0OOM CIIOpe MATeMAaTHKOB O CAMOM Ba’XHOM YHCJIE.
XopoImo H3BECTHO €Tr0 3HaUeHHEe B reoMeTpuu, u (GopMynasnl,
BPOZAE <«JJIMHA OKPYKHOCTM DaBHA 7, YMHOEHHOMY HAa
A¥aMeTp», 3HAIOT BCe MIKOJBHHUKH.

Ho »3T0 umcio nDOABASETCA IIOYTH BO Bcex obsacrtax
MaTeMaTHKH, Jake B TeX, Ife OKPYKHOCTAMHM H He IIaXHeT.
OHO BayXHO [N TEOPUHM BEPOATHOCTEH, M 5TO HAILIO CBOE
OoTpasKeHHe Ha OAHKHOTE, NOCTOMHCTEOM B AeCATh HeMeUKHUX
Mapox (cMm. I, 25), IMe WIIOCTPUDYETCA BKJIAJ BeEJIHKOI'O
mareMmatuka I'aycca.

Y uwucna a7 ecTh MHOI'O 3aMeuaTeJNbHBIX CBoiicTB. Eciau
HYXHO HCHOJL30BATh €ro B KOHKpeTHON (opmyse, CRaxkeM,
AJIA YHCJIa CeMAH, TpeOyoIHMXcd, YTOOLI 3aceATh KpyIvioe
TIOJIe, MOYKHO HCHOJb30BaTh NPHUOMMKeHHEe ¢ MAJNBLIM KOJH4e-
CTBOM [EeCATHYHBIX 3HAKOB; CKaKeM, 7~ 3,14. OgHako MOxXHO
JOKa3aTh, YTO TOYHOTO 3HAYEHUA 77 He MOKET JaTh HUKa-
KOe KOHEUHOe YNCJO0 JAeCATHYHBIX 3HAKOB. WX moTpebyerca
6ecKoHeYHO MHOI0. HeHCTBUTENBHO, ST — MPAHCUeHIeHmHOoe
YUCN0, & K HUM OTHOCATCS caMble TPYZHBIE€ B MepapXnu 4uce,
3ror ¢GakT O6BLI NOKA3aH B JAEeBATHAANATOM BeKe, H TaKHM
obpasom Onljla peleHa APeBHAA 3a7ada O KBaJpaType Kpyra
(B 1. 33 06 aToM pacckassiBaeTCA HOApoOHee).

Ecnm Henb3a BHINHCAThL BCe HNUGPHI TOcje 3anATol,
noueMy OBl He 3aITMCATh UX KAK MOXHO Goabire? HexoTopsie
maremMaTukd u 1T-crenumanucTsl COPEBHYIOTCA — KTO OOJBINE,
HCIOJIL3YA KOMIIBIOTEDPLI ¥ TOHKME TeOpeTHYeCKNe pe3yIbTaTh,
monydas Bce Qojbllie M GOJIbIIIE 3HAKOB.

W naxowneil, ciaegyeT cKasaTh, 4TO 77 IPOU3BENO HEKOTOpPOeE
CMATEeHHMe H cpead HeMaTeMaTukKoB. CyIIecTBYIOT KJIyObl
daHaTOB UMCIA T, a HECKOJLKO JIET Ha3aJ [IOABUICA QHUILM MO
HasBaHueM «». Jla mIpocTo, HaKOHel], HACTPOEHHE, KOTOopoe
JapuT TyaJieTHas BOZa 77 OoT JKMBaHIIU.
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YUCNO » B BUBIUU

Te, KTO yMeeT YUTATH MEXK/JY CTPOK, MOTYT HaiTu CCBLIKY Ha
yucao # B Bubaun (Tperbsa kmmra Ilapers, 7.23):

H cdenan aumoe [usz medul] mope, —om kpas ezo 00
Kpasa ezo Oecsimb JOKMEL, — COBCEM KPYSA0€, BBIULUHOIO
6 name noKmell, u CHYPOK 8 mpudyams Jaoxmeil oOHUMAN
ez0 Kpyzom.

3Hecs <«JHTOe MOpe» — 3TO COCYyJ AN CBATOM BOZEHI,
ycTaHOBJIEeHHBIH mepexs xpamoM CosomoHa. MEI IpeAcTaBIgeM
ero cebe KpymibIM, Tak 4YTO u3 DBuOiInKM MOMKHO BBIAEJUTH
CJACAYIONIYI0 MHMOPMAIHIO:

IJINHA OKDPYKHOCTH, AeJeHHas Ha AUaMeTp, paBHa 3.

9ro Hemnaoxoe nNpubIMKeHwe uucaa . BasBuiaoHAHe
U ernmnTdHe DONL30BAJNCH rOpasfo JYUHIIM OPUOINIKEeHHeM
n~22/7T=38,142.... IlpaBaa, HeTOYHOCTL MOIKeT OOGBAC-
HATHBCA TeM, YTO COCYy[A H3MepAIM He Yy caMoro kpasd,
a HEeCKOJbKO HHKe.

MPUBAUSUTEARBHLIE OLLEHKU YUCNA «

HexoTrophle GakTsI 0 YUCIE 7 MOKHO O0BACHUTE U 6e3 GONBIINX
HOo3HaHUN B MaTemaTuke. [looyeTuM, eCTh KPyr, BOMCAHHBIA
B KBajparT, Kak Ha puc. 16.1, caesa. Eciu 651 HaM B3AYMaIoCh
OyTenecTBOBATh BAOAL KPYyra, Hauas B TOUKe, IZle OH Kacaercs
KBazpaTta, ¥ 3aKOHUYHEB B IIPOTHUBOMIOJIOKHON, MBI ObI IIPOEXaIn
paccrosiHne, PaBHOE IMOJIOBMHE NAWHEI OKpy:KHOCTH. IloaTomy
OHO PABHO I[IOJIOBMHE IIPOM3BeJEHUA AUaMeTpa H 7, T.e€.

5" 2r-w=m-r, toe r — paguyc (IOTOMY 2r — zauamerp).

2
N/

Puc. 16.1. 7 Menbine yerslpex M GoJbliie TpPex
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A BOT ecaM MeXIY TEeMH e TOYKaMH Mbl IIyTellecTBO-
BaJK OBl BIOJHL KBajpaTa, TO Ipeomoaenm ObI PaccToanRNe
4.r. Bugsgo, 4ro m#-r MeHbie 4-r, U €CJOU MBI DasHESHM
3TO HEpaBeHCTBO HA I, TO HOOAYYUM, YTO 7 MeHbiie 4.
AHaJormyHO MOXHO YyOenquThcsd, uro o Oonpme 3. Ilnsa
TOT0 HYXXHO OIMCATHL OKPYKHOCTH OKOJIO IIECTHYrOJILHUKAE
(rak Ha pwuc. 16.1 cnpasa). Temeppr OyTP MeXAY ABYyMSA
MIPOTHBOMOJIOXKHEIME TOYKAMHU KOpOie, €CIM IIyTelleCTBOBATH
BOJE CTOPOH HIeCTHYroabHukKa. Hy:xHO 000#iTH TPU CTOPOHBI,
KOKIaA JJWHBI I, ¥ 3TO IIOKA3LIBAET, YTO 3-r MEHbINe -T.
IToaromy uucao 3 HOKHO OBITH. MEHbBIUE 7.

Pucyaxu jgajor HaM JOIOJHUTEIHHYIO KOJHUUIECTBEHHYIO
uAdOpMALM0; IIYThH BAOJL KBaapaTa zopa3do JinHHee, YeM
BHOJIb OKPYKHOCTH, & BOT IIYThH BAOJE IIECTUYTOJBHUKA TOJILKO
yymouky Kopoue. ITO 03HAYaeT, YTO UMCJO 7T AOJKHO OBITH
ropaszgo Ommxe K 3, ueM K 4.
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BbIYUC/TAEMAA CNYYAHHOCTb

Vmaga — 9TO 4TO-TO TaKOoe, YTO He MOKeT ORITh BBIYNMCJIECHO
3apaHee: Jaxke caMbiil OyiecTAINUii MaTeMATHK MOXKET TOJILKO
MOACYNUTATE BEPOATHOCTH IPOUIDHINIA M BLIMI'DLBIIIA.

Ho 3TO TOJMBKO YACTEL Bceil MpaBAbl, IMOCKOJbKY HETOIHOCTH
CTaHOBHUTCS MEHBbIIEe M MeHBIIe C POCTOM HYHCJA CAy4ailHBIX
Bosgedicteuii. IIpesncraBeTe cebe MOHETY, KOTOpas C PABHBIMU
BepoarHocTaMH (o0 50%) magaer opsom unu pemkoii. Ilogbpa-
CLIBAA TAKYI0 MOHETKY, BBl IpHHUMAaeTe pellleHUe <«Ja» MIH
«HeT» CTPOrO Hayraj, Benb De3yJbTaT 3apaHee NpeACKAa3aThb
HeBOo3MOxHO. OAHAKO ecam BBl HoAOGpocHTe ee AECATH paas,
MOACYMTAETEe YHNCJIO OpPJIOB M clejlaeTe TaK HECKOJIBKO pas,
TO <«cpeZHHEe» 3HaUeHWA OyAyT HIOMafaThCcid Tropasfo dJarie.
Topasno BeposaTHee, YTO B Pe3yJjbTaTe OKaKeTCA POBHO IIATH
opios (25%), a ue opuu (0,1%). Ecam yBenrwuHuTs HHCJIO
6pocanuii, TO TeHAEHNHUA CTAHET elle SBCTBeHHE, YHUCII0 OPJIOB
¢ HOIBUIOH BEPOATHOCTHIO GyAeT KojefaThcA B Y3KOM KOpUAope
OKOJIO TOJIOBUHEI 4ucjaa GpocaHuii.

B ocHOBe 5TOro sBJCHHMS JIEKUT OAHA K3 BaXHeNMIHNX
npefeJbHEIX TEOPEM TEeOPHHM BepoaTHOCTeil. To TeopeMma OIM-
CbIBAET CABHI' OT HEIIPeACKA3YEMOr'0 K JeTepMUHHDPOBAHHOMY.
9tor (PaKT HHTEpeceH He TOJBKO C TEOpEeTHYECKOH TOYKH
apeHus. Hampumep, MOXXHO BCIOMHHUTBH, YTO B COOTBETCTBUH
¢ IPHHIHNAMHM KBAHTOBOW MeXAaHMKH B HaHoMacmTabe Mup
yIOpaBjseTcs cAydalHeIMH IponeccamMu. W1 Toabko cymepio-
3uNus HeBooOpasuMo MHOIHMX CIYYaWHBIX cOObITHMII AaeT HaM
HMJLIIO3MIO TOI'0, UTO MBI JKMBEM B JETEPMUHUDPOBAHHOM MUpe.
Tor ke npuHnunm pabGoTaeT, JaBasgd BO3MOXKHOCTBH IIpefCcKa-
3pIBATL PE3YJbTAT MPEe3UAEHTCKUX BLIGOPOB IIOCJTE TOTO, KaK
CTAHOBHUTCS M3BECTEH MAaJbIf IIPOIEHT TIOJIOCOB, IIOCKOJBKY
IpaBAoNOAOGHBIH pPe3yJbTAT MOYKHO IIOJIYUYHTH HA OCHOBAHHU
MaJIoil caydaiiHoit BRIGODKH.

M maxkoHen, Ha LOpeAeJIbHBIE TEOPeMBI IOJAraiOTCA IIOKY-
mareqs B CETH CyIIepMapKeTOB W yIpaBisiouume oO0IMecTBeH-
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HEIM TpaHcHmopToM. COBepIeHHO HEIpPaBAONOAOOHO, YTOOBI
BHE3aIHO BCe MOKYIATEJU HCILITAJIM HOTPeGHOCTH B IOKYNKe
MeKapcKoro MopoliKa UJIW Bce Te, KTO KMBET BO3JIE OJHOI M3
MPUTOPOAHELIX CTAHIMH, PEIIUIN OTIPABUTHCS moesgoM B 8.50
K IeHTPAaJbHOMY BOK3aJy.

HAYHHUTE CBOM COBCTBEHHbIH BU3HEC

IlpenenbHBIX TeopeM — MeJbId 3oomapk. Bce OHEH roBoOpAT
0 TOM, UTO C POCTOM UHCJIa CAYYANHEIX BO3AEHCTBUIA ocTaeTca
BCe MeHbHIe MecTa AJA caydaiiHocTHu. JJomycTuM, BBl PEIIMIH
OTKDBHITH HIOPHOE 3aBejeHUe Ha CceIbCKOM spmapke. lia
OpocTOTHl OyJeM CUHTATB, 4YTO IIOCeTHTENb Opocaer OLHY
UrpajbHYI0 KOCTh. Ecau BhIDAZET UIECTH OYKOB, OH BBIUI-
peiBaer 30 eBpo. B mporusHOM cayuae — Huuero. ITosTomy 3a
KaXKIYI0 UIPYy BaM IPHIETCA C BEPOATHOCTHIO % BBLIILJIATATEH
nocerutresio 30 eBpo, TAK YTO CpPeAHAS BERIILJIATA COCTABUT
% - 80 =5 eBpo.

IloaToMy 3a IpaBo MIpaTh cjeAyeT B3MMAThL XOTs OBl Ty
CYMMY: BBI JKe He XOTHTe MOTepATh AeHbru. lIpeamonosxmm,
YTO BXOIHAd ILIaTa cocTaBiseT 7 eBpo. CKOJIBKO TOTHA BHL
nosyauTe ¢ ogHOro KauenTa? C BeposSsTHOCTHIO % BBI IIOTEPSETE

238 eBpo (BHIIJIATUTE TPHALATH 34 BEIMT'DHIII W BO3BMETE CeMb

3a BXOJ), & C BEPOATHOCTLIO g BaM ocramercs 7 espo. IToaromy

Ra&RJIbIIu'I KJIMEHT B CpefHeéM IPHHOCHUT

-1, 5,7-228+35_
5 23+6 7 3 2 eBpo.

Ecau B yaauHblil feHb K BaM npuayT 300 KiIneHTOB, MOXeTe
paccunTEIBaTL Ha opubeiis B 2-300=600eBpo. A B cOOT-
BETCTBHUH C IpefelbHBIMH TEOPEMAMM TEOPHH BepPOSTHOCTEl
C TAKYM YHCJIOM UI'PDOKOB BBl MOXKeT€ OBITH YBEPEHHBIM B 3THX
600 eBpo mouTm HapepHsaKa. CoBepIIeHHO HENMPABLOMORXOGHO,
qT0o6Bl BAPYT IOBE3JIO CTOJE GOJILHIOMY YHUCIIY HUIDAIOIIHUX, UTO
B Kacce oKasaaock MeHee 550 eBpo. K coxxanenmio, HeT NOYTH
HUKAKOI HajeaAbl HoJAy4YuTh Gosee 650 eBpo.

MCYE3AIOWAA BEPOATHOCTD

B »roMm pasfenre MBI PACCMOTPUM HUCAEHHbL npumep,
CBS3aHHBIM C IOpeleILHBIMH TeopeMaMu. BHayasme Gpocum
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NIpaBHIBHYIO MOHETY JeCATb paas. Cnep;ye'r OXHuIaTh, 4TO IIpN
9TOM BbINALZET IATH OPJIOB. TouHble 3HaYEeHUS BGpO&ITHOCTeﬁ
TaKOBbI:

Ywucso BeIMageHwil opsnoB | BepoaTHoCTh

PosHO 5 24,6%
Or 4 no 6 54,2%
Or 3 mo 7 77,4%

Teneps nog6pocUM MOHETY CTO pas:

Yncno Brinagenuii opnos | BepodaTHOCTH

Posro 50 7,95%
Ot 45 no 55 72,9%
Ot 40 mo 60 96,5%

U maxoHen, ThicAYy pas:

Yucno BeinageHU#d opaoB | BepoaTHocThm

Posuo 500 2,52%
Or 490 no 510 49,2%
Ot 480 m0 520 80,6%
Ot 470 go 530 94,6%

Hrak, XoTA M HenmpaBAOUOZOGHO IIOAYYHUTH POBHO MATHCOT
OpJIOB, MOMXHO PACCUNTHIBATHL HOUTH HABEPHSAKA, YTO OTKJO-
HeHHe OT 3TOro umcja coctaBuT He Gomee 30, T.e. 6% oT
ypcJia Opocamumii.

WcuesHoBeHMe BIMAHUA CIYYailHOCTH MOXKHO CJejaThb
OYeHb HAIMAAHBIM. I[IpeanosoXMM, Ballia HPHUATEILHUIA
Mapusa urpaer B UIpy M ¢ PaBHBIMU BEPOATHOCTAMHU BHIMIPEI-
BaeT WY NPOUTPLIBAET OAUH eBpo. Pe3yNbETaThI OTAEHIBHBIX UT'D
MBI 0003HAYUM X, Xy, . .., & PE3YJBTAT IOCJEA0BATEILHOCTH
urp Oyger BeIIVISIAETHL mpumepHo Tak: 1, 1, -1, 1, -1, . ...
CiioxuB 1mepBhle 71 YHCEJ 3TOHM IOCIeAOBATEJILHOCTH, MBI
IOJIYYUM YHUCTYIO MPUOBLIbL MIN MPOUTPHIII IOCIe N-TO payHIa.
B mamem npumepe sTH pesysbTaThl anA n=1,2,3,4,5—
aro ymena 1, 2, 1, 2, 1. A Teneps, 4T0o0BI HaliTH cpedHuil
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BBINTDHIIN, Pe3yJILTAT IIOCJEe 7M-T'0 ara Hy;XHO pasfeJauTh Ha 7,
uyto pmact 1,1, %, %, %, e

3aMeTbTe, UTO 9TH BEJIMYUNHBI CTPEMATCA K HYyJ0. Ha
puc. 17.1 wusobpakeHR rpadHK OSTHX CpeHUX 3HAYEeHHUH
AJIA OTHEJBbHOH IIOCJIeNOBATEeJLHOCTH UID. B Hauame ypauda
U HeyJaua 4epeAyIOTCS, 3aTeM HAeT YepHas II0JIoca, a IIOTOM
rpaduK HauMHaEeT NMOHEMHOTY pactu. Ho B JIMHHOI cepuu
BBIMTPHIINHA M IPOHUTPHIIN 8cez0a CPABHUBAIOTCA, H CPegHUMH
BHIMTPHIII CTPEMHUTCA K HYJIIO.

AAAM
vvy

"W

Puc. 17.1. Cpeguuil BLIUTDHII CTPEMHATCA K HYJIIO
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MUIIJIMOHHAA HATPALA:
KAK PACNPEAENEHDBI NMPOCTbIE YACNA?

B sroit rmaBe mbI cHOBa OyaemM oOCYKAaTh HPOCTHIE YHCJA.
OHM HUYYTH He pPACTEPAJH CBOET0 OYapOBAaHWUA 3a Te [ABe
THICAYM JIeT, 9TO JIoAY ux uayuaior. (HamoMEuM, 4TO IIpoCThIie
gyypeyaa — 3TO0 Nejble 9KCja, KOTOphle HeNnb3a TpeJCTaBHTh
B BHe IPOU3BEJCHMA MEHBUIMX IIeJbIX YKCces; TaK d4To,
Hanpumep, 7 ¥ 19 — mpocreie uwciaa, a 20 — mer.) Oum
upusiexanun ngaxke HKapna ®Ppupgpuxa Taycca, omgsoro mus
BesiMUAMIINX MaTeMaTHMKOB Bcex BpeMeH. OH xXoTes y3HATD,
KaK IIPOCThIE€ UMCJA PaclpefiefieHbl cpeau Lejbix. MOoXXHO Ju
3HATh, CKOJBKO IIPOCTHIX YHCEJ HAXOAWUTCA B-0-0-0-H TaMm?

JBa ¢akxTa M3BeCTHLI TOYHO. BO IepPBBHIX, IIPOCTBIE UHCIA
BEICKAKMBAIOT KaK rpuUGHl B Jiecy, 6e3 Bcsakoro npasmiaa. Eciau
Bbl OTMETHTE IIPOCTHIE UHCJIA CPeIV TepBOH COTHH IIOJIOMKHU-
TeJILHBIX IeJIbIX, BEl YBHAWUTE, UTO B MX PaCIOJIOKEHHU HET
HUKAKOro mopagka. Kpome Toro, sicHO, 4T0 ¥y O0JBIIOTO YMCIa
MeHbIlle IIaHCOB OKA3aThbCA IPOCTHIM, YEM Y MAJIEHBKOTO, Belb
y GOJIBIIOr0 IOTEeHOUWANBHBIX AesinTeseil Ooabuie.

Taycc peiicTBOBaJ MparMaTMdHO, 3aHUMAaACh TEM, YTO
Cerofiisd MBI Ha3BIBAEM <«3KCIEPHMMEHTAJILHOH MaTeMaTHKOM»
(v ucmoab3yeM Ijs sTOro Komobiorepbl). OCHOBBIBasich Ha
KOHKPETHBIX BLIYHCJIEHHAX, OH BHICKa3aJl TUIOTE3Y, KOTOPYIO
B Hallle BpeMA Ha3BIBAIOT TeopeMoi o menvix yuciaax. Hoxasa
MPOCTHIX YHCEJ, MEHBIINX 3aAaHHOTO YHCIa, MOXKeT OBITh
xopomio npubamxesa. yia uyueaa ¢ kB nudpamMm oHa IOUTH
Touno pasHa 0,43/k. (Hum:xe MBI AaguM TOUHYIO (OPMYJIY.)
Takum ob6pasoMm, B npezenax 1000, rme k=3, moayuaercsa
0,43/3, T.e. oxono 0,143 uam 14,3%. B mpeaenax 1000000
JOJIA IPOCTHIX 4Yucea paBHA Toabko 0,43/6, mnan 7,2%.

T'aycca maBHO yiKe He OBLLIO, KOTZIa YAAJIOCH CTPOrO JOKA3aTh
€ro TunoTe3y. B KOHIle AeBATHAAIATOrO BEKa HE3aBUCUMO JIPYT
OT Apyra 3To chenany MateMaTnku JC. Azamap u II1. 7K. Banne
Ilyccemn.

Ho sTo BOBCce He Komern mcropumu. C TexX IOp NOABHJINUCH
OIIMCAHUA DPaCIpeAesIeHNs IPOCTBIX UHCeJd, Iopasfo TOodHee
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rayccoBckmx. 3a pelleHNe OHOIO M3 acHeKTOB dTOM 3ajauu
B 2000 r. 6p11a HasHaYeHA NPeMHUs B MMJIJIVOH JOJIJIAPOB.

TEOPEMA O MPOCTbIX YHCNIAX

Ha puc. 18.1 mamagHo IpeACTABJEH POCT IPOCTRIX YHCEJ.
I'padpmk HaumHaeTcs cJeBa, k-# oTpesox wusobpamxaeTr E-e
mpocroe 4Hca0 Ha BpicoTe k. Hampumep, deTBepTHII OTPE30OK
(Ha pUCYHKe OH BBIJeJIeH) H3006paskaeT dyeTBeproe mejioe YUCo,
T.e. 7, u mosToMy abcmucca 3TOTO OTPe3Ka HaYMHAETCA B 7
U 3akaHuyuBaercad B 11, — Ha ciieAyomnieM HIPOCTOM YHCIIE.

Puc. 18.1. PacnpenesieHne IPOCTHIX YUCEN

TeopeMa O NPOCTHIX HYHCJAAX TOBOPDUT O TOM, UTO JJd
GONBIIMX X BHICOTa TpadMKa, N306pAIKAIONIET0 KOJIMYECTBO
IPOCTHIX UMCEeJI, He IIPEBIMIAIOIINAX X, OY€Hb XOPOIIO AIIPOK-
cuMupyeTca KpuBoM x/ In x.

YroGHl IOHATH 9TO YTBEPIKJeHNe, HY'KHO 3HATH, UTO TAKOe
In x — HaTypanbHBI# Jorapudm umcna x. Dro TO uHMCIO Y,

DCMm. rn. 36.
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JJIA KOTOPOTO 3HAYeHWe
(2,71828 ... )

paBHO x. VYuopomas, MOKHO CKasaTh, 4YTO Jorapudm
k-3HAYHOrO 4YMCJIa MOXKHO Upubiausurs uucaom k/0,43
(Hanpumep, 3HaueHue Jiorapupma 8000 pasmo 8,987 ...,
a 4/0,43=9,302...).

Yrobsl yOequThbcs B TOYHOCTHM ANNPOKCHMAIUH, PACCMOT-
PHM HeCKOJIbKO mpuMmepoB. [na x =100 000 000 cyuiecTByer
5761455 mpocTeix umcen, meHsHIHX x. OrHomienme x/In x
OTJIMYAETCA OT 3TOr0 3HadYeHHs Ha 332 774, Taxk uro ommbKa
COCTAaRJISIET OKOJIO IecTH IponeHToB. Ilpm x =10 000 000 000
cymiectByer 344052511 mpocThIX umMces, MEHBIINX X. A Teo-
peMa O HPOCTHIX YKCJIAX JaeT OLEeHKY Ha ABaaIlaTh MIJIJIMOHOB
HPOCTBHIX YHUCEJI MeHbIIe. ITO OOJbIIOe DpAaCXOXKAeHHe, HO
omubKa JHIIb CJIEeTKa IPEBGLINIAET YeThipe HPOIEHTA.

XoTs B ONpeapIayieM o0CYKIeHNH Mbl YIIOTPEeOJIANAHN CJIOBA
«OYeHb XOPOIIO anllpOKCHMHpyeTcA», Oojiee nMoxpoOHBIA aHAa-
I3 TOKAa3bIBAET, UTO MOMKHO IpHAyMaTh 0oJjiee CJAOMKHEBIE
u Touysble hopmynsl. CaMble JyUIINE B3 HUX AAIOT KOJIUYECTBO
TIIPOCTBHIX YMCEJI, MEHBIIMX X, ¢ OYEHb BEICOKOH TOUHOCTHIO.

Hanpumep, cymecrByer  dopmyia, KoTopada  Auad
x =100 000 000 omubGaerca Toasko Ha 754, U ommbra cocras-
JISeT OKOJIO OgHO# coroii mpouenTa. A aas x =10 000 000 000
oHa omubaerca Toapko Ha 3104, ¥ ommnOKa MeHblIe OAHOM
TBICAYHOMA HIPOIEHTA.

OpxHako, 4TOOBI CTPOTO OLEHNTH BEJINUYNHY OIMHUOKH, Tpely-
eTCcs PEeNIUTh OJHY U3BECTHYIO HEpEIlleHHYIO 3aaady, sunomesy
Pumarna. Imenno 3a ee perreHne MareMaTHYeCKH MHCTHUTYT
Knsa oGemaer MuiImoOHHOe BoOsHATrpaykieHme (moapobHocTH
MOXKHO HaiTHl Ha caiite http://www.claymath.org).
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NATUMEPHbIA TOPT

B mocienHee BpeMs, HAIpUMED B peneH3MAX Ha (PHIBMEI
W KHWATY, Oa ¥ B OBITOBOH peud, KaKk HeORoOpHTeJLHBIH
SIUTET yHoTpebasercs BhIPAKEHUE <«IJIOCKHH» HIW JaKe
«IIpaMoJavHeiiabIii» . IMeeTca B BUAY, YTO [IPEMET OCYKACHUA
NPUMHUTUBEH, Ge3 caoKHBIX oTBerBieHmii. Ho uro B nedicru-
TeJILHOCTH O3HAUAIOT CJIOBa OJAHO-, ABY-, TpexMmepHBIiX? YTO
JKe TAKOe pPasmepHocmsv?

ToBopa mOmpOCTy, PasMEpPHOCTH IeOMETPHYECKOro o0sb-
eKTa — 5TO UYHCJIO IapaMeTpoB, TpeOyoInuxca AJs 3afaHudA
TOYKK 3Toro obbexra. BossMemM, HAIpuMep, OPAMYIO JIMHHUIO.
Bapurcupyem Ha Heii Hexoropylo Touky P. Torma mrobyio
APYI'YIO TOYKY MOKHO 38JaTh OAHHM-EJUHCTBEHHBIM YHCJIOM:
IOCTATOYHO YKA3aTh PACCTOAHME OT Hee N0 TOYKH P, ncnoansys
HOJOKUTeIbHbLIEe BEJIUUYMHLI AJNA TO4eK cmpasBa oT P m orpm-
naTeJabHble — NI TOYEK cjeBa. llosTomMy mpamas ogHOMEpHA.

TouHO TaK »Ke MOMHO HOKA3aTh, UYTO TOBEPXHOCTH 3eMJIH
aBymepHa. Haunpumep, m00yi0 TOUKY Ha Hel MOMHO 3aJaTh
mupoToil m jgonroroii. B npocrpascTBe moTpebyercA yixe
TPHM YHMCJA, 4 eCJAH HYKHO OIPEAENNUTh TOUKY OJHOBPEMEHHO
B MPOCTPAHCTBE M BPEMEHU, TO MOHAJOOHTCH Y:Ke UeThIpe
YKCJIa — OHM 3aA4l0T TOUKY B IIPOCTPAHCTBE-BPEMEHH TEOpUH
OTHOCHUTEJILHOCTH.

MatemaTnKu udacto paGoraroTr m ¢ 0ojsee BBHICOKMMM Das-
mepHOCTAMHU. YT06HI pa3obpaThcsa B TOH MJIM MHOM CHUTYaUWH,
OGLIYHO JIOCTATOYHO PACCMOTPETh [BY- WIH TPEXMEeDHBIN
npuMep, BKAKYAKIOIMA CAMbIe BaKHBIE€ ACHEKTHI CHUTYalluu;
TOYHO TaK e KaKk II0 AByMepHo# dororpadpuyu BO3IMOMKHO
BOCCTAHOBUTDH TPexXMepHbLIi opurnHan. Takum oGpasom, mATH-
MepHOe, HAIPUMEpP, HPOCTPAHCTBO -— 3TO IIPOCTO MHOMKECTEO
TOYeK, AJA 3aJaHus KOTOPHIX Tpebyercs IATH UMceJ.

ITO Bce MOMET 3By4YaTh CJOKHO M abcTpaKTHO, ONHAKO
ecThb Iapajiiesy ¢ HAallUM HoBCcefHeBHEIM onbiToM. Hampumep,
peuenTt TOPTA MOXeT OBITE 3aJaH KOJIMYECTBOM pasiwd-
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HBEIX MHCpEAMEHTOB B rpaMmax. Ecam 3anmcaTh Kojaude-
CTBA MYKH, caxapa, Macja, fHuIl] U PasphIXJINTe]Ii B BHUJIE
(200, 100, 80, 20, 3), To Takoe HpeacTaBieHue OyJeT comep-
KaTh CAMYIO BAXKHYI0 HHpopManuio. B sToM, KOHEYHO Ke,
HUYEero 3aXBaThIBAIONIEr0 HeT, HO HAa CAMOM jejlle B ISATH
M3MEePEeHNAX TOXKe HeT HHUYEro CJIOKHOTO.

CKAYOK B NATOE U3MEPEHUE

Y wMaTeMaTHKOB TaKHe K€ M3BHIHHLEI B KOpe TI'OJOBHOTO
Mo3ra, Kak M y JAPYTHX Jiofgei, IIO9TOMY OHHM He MOLYT
n306pasnTh 6ojsee Tpex usMmepeHwii. OgHaKO OHEM Oe3 TpyZa
paboraioT ¢ 06LEKTaMHU BRICOKMX pagMepHocTell. BaskHa TOJIBKO
CcII0cOOHOCTh BHSYAJIM30BATH BasKHBIE ACIEKTHI 3aJaYM B IBY-
WA HA XyAOoH KOHeI| TPeXMepHOH KapTuHKe. EcIM BaXHBI
PACCTOAHHSA, TO KAPTHHKA AOJKHA BOCIPOM3BOAHUTE PAaCCTO-
AHHA MeXAYy TOYKAMHM aKKYPaTHO: TOYKN, PaBHOYAAJICHHBIE
B JeiiCTBUTEJIbHOCTH, AOJIKHBI OLITHL PABHOYAAJCHHBIMHA M Ha
KapTuHKe # T.A. PaKTrdyecKHu sra pabora HanmoMuHaeT paGcoTy
coCTaBUTeJNEl KapT; OHM ToXKe M300pakajoT HA KapTaX TOJBLKO
caMple BayXHBIE aCIEKThI PeajIbHOCTH.

IocMoTpuM, Kak MaTeMaTHKHM IIOLXOOAT K W3YUEHUIO
yeTBepTOro mnamMepeHud. CHauajla NOYyOpaKHAEMCH B TpexX
nsMeperRuax. Kax oOBACHUTHP UTO Takoe IIOBEPXHOCTL Kyba
(TpeXMepHOr0) CyINEeCTBY, KOTOPOE€ 3HAKOMO TOJBKO C ABYMSA
nameperuamu? Haurem c¢ pue. 19.1.

C

Puc. 19.1. [IsyMepHOE CYIECTBO ABHIKETCHA IO 9TOH TOBEPXHOCTH
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3necs wusobpaxkeHa passeprka Kyb6a. Ilomectum Hartie
IByMepHoe cymecTBo (6ysaem 3BaThb ero PepANMHAHAOM) HA
pasBepTKy ¥ OTIpaBMM B IIyTeulecTBue, morpeboBaB coliro-
HEHHUA CICAYIOUNX YCJIOBMIL:

e ITo HOBEPXHOCTH MOMKHO IePeMeInaThCcsi CBOGOAHO, HO
MOKUAATL ee HeJb3d.

e Ecim y TeGsa BOSHHMKJIO BIEYATIEHHWE, YTO THI CIOJ3
¢ buryps, Ha caMoM Jejie ThI TOTYAC e BepHYJCA Ha
Hee, BOHAA C ADPYro# CTOpOHLI. Bojiee TOYHO, €CAU ThHI
MIOKWHYJI IOBEPXHOCTE HA CTOPOHE A, TO ThI BOLIE] B Hee
Ha cropoHe B, a eciam IOKMHYJ ee Ha cropoHe C, TO
sBourea Ha cropore D, u T.x.D

Tax DPepAnHAHK MOMKET IIPpH-
BEIKHYTh K IIOBEPXHOCTH KyO0a,
yTo [AJA HAC He NOpPeXCTaBIAeT
HUKaKUX ciaoxHocreii. OH Bsame-
TUT, HAKOHeN, 4YTO0 Yy IOBEepX-
HOCTH T'PAHMUI] HET, OHAa HHKO-
rga He 3axkaHuupBaerTcda. OHAKO
IOBEepXHOCTh KOHEUYHA; €€ MOKHO
OKpacCUTh OTDAHMYEHHBLIM KoJnde-
cTBOM Kpacku. OcBousmucs, Pep-
AVHAHL OOHAPYKHUT HEKOTOphIe
JpYyrHe XapaKkTePHCTHKN IOBepX-
gHoctu. Hampumep, KasKaoi TOUuKe
COOTBETCTBYeT Apyrad TO4YKa, Hau-
fosnee yhajeHHas OT IepPBOMH.
B TpexmepHOM MHpe ITO TOYKH-
AHTHUIIOABIL.

Temeps IOBTOPMM ONBIT B 0oJiee BHICOKOH pPa3MEpPHOCTH.
Telleph MbL — TPEXMEpPHBIe CYIIECTBa, JKeJIalomMe O3HaKO-
MHTBCS C UeTBepPTHIM HN3MepeHmeM. MEI XOTHM pasBHTh
B cefe CIOCOGHOCTH IPEACTABUTHL TPEXMEPHYIO IIOBEPXHOCTH
yeTeIpeXMepHOro Kyba. s »Toro MbI pasMecTHMCA Ha
COOTBETCTBYIOIEM N306pasKeHNH, Ha 00beKTe, HAITOMHUHAIOMIEM

Dfpyrue mpasmina o6ycnoBieHHl TeM, 4YTO (HUIypa NIpeNCTABIAETCA
CJIOKEHHOH B NOBEPXHOCThL Ky0a; OHM OIIMCBHIBAIOT TEepeMeUleHHsa IO
CMEXHBEIM CTODOHAM.
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NeTCKHH CHApAL AJAA JjgaszaHbs. ¥ HAC €CTb HHCTPYKIHA
C «IPaBHJIaMH JIA3aHbSI»:

e Henpsa moKMAATHL CHAPAL.

e Eciym y TefA BO3HHKJIO BIeYaTIeHHe, UTO THI CIIOJI3
¢ durypsl, Ha caMoOM jJese Thl TOTUAC Xe BEPDHYJICA Ha
Hee, BOHMAA C ApPyroil cropousl. Hampumep, HOKMHYTH
BEpPXYIIKY — BC€ PABHO UYTO BEPHYTHCA CHHUIY.

EcTo enie Koe-xaxkwe mpaBmia, 346eCh He ONHMCAHHELIE.

TaxkuM 06pasom AeHCTBATENIHLHO MOXKHO USYUUTL CTPYKTYDPY
reoMeTpUUYecKOro o6beKTa, HeJOCTYIHOI'0 HEeNOCPEACTBEHHOMY
BOCIPHATHIO.

3aKOHUMM YIIOMHHAHHEM O TOM, 4YTO XYAOKHHK CanbBanop
Hamu (1904-1989) o6eccMepTna 3TOT TuUNEepKyd B cBoeil
kaprtute <«Pacmarume. Corpus Hypercubus». BosmoixxHO, OHa
CHMBOJIM3UPYET TOT GUIOCOPCKHUHA JOrMAT, YTO HOHATH MOMKHO
TOJILKO HJel0 Bora, HemOCPeACTBEHHO OH HEHMOCTHMKHM.



Masa 20
KA3HUTb HENb3A NOMUNOBATDL

B MartemaTiiKe TEPMUH KOMNO3UUUS UCHOJIb3yeTca i TOTO,
yTo0bI 00603HAYATH HOBBIH OOBEKT, KOTODHIH BOBHHKAaET KAak
pe3yasTar AeiiCTBHA HAJA HEKOTOPLIMH JABYMSA JIPYIHMHK O0B-
extamu. Hanpumep, m3 JBYX YMCe] X H [ MOXHO IIOJY4YUTH
X CYMMy X-+Y WJIHM NpouspejeHHe X-Y. B pyccroM s3blke
M3 JBYX CJIOB MACO U KomOuHam o0pasyeTrcss CJIOBO MACO-
kombGunam. TouHO TaK 3Ke U3 CIAOBOCOYETAHMH CKJIAJBIBAIOTCA
OCMBICJIEHHEIE TIPEAJIOMKEHM.

Ecau, umesa aeno ¢ KOMIO3MIMAMN, MBI XOTHM paboTaTh
He C JOByMA, a C TpeMsa »dJleMeHTaM{, BO3ZHHKaeT ORHA
npobrema. CriaagblBad 4YHCIa, HOIOYCTUM X, Y M 2, MOYKHO
BHa4Yajge IIOCTPOMTh CYMMY X-+Y, a 3areM NOpubaBUTH 2.
C apyroii CTOpPOHBEI, MOXKHO X NIpuOAaBUTH K CcyMMe Y+ 2.
CUMBOJIMYECKH 3TH CYMMBI TPEX CJIaraeMbIX MOYKHO 3alucaTh
B Bujie (x+y)+2z win x+(y+2). Eciu oba coocoba Bcerna
OPHBOAAT K ORNUHAKOBBIM pe3yJjIbTaTaM, TO TOBOPAT, UTO
KOMIIO3UIIUA QCCOUUAMUBHA. DTO O4YeHE BasKHOE CBOHCTBO;
OHO IO03BOJIAET HAM HE YTOHYTH B MOpE€ CKOOOK.

Xopomo M3BECTHO, YTO CJHOKEeHHMe U  YMHOMEHHe
ACCOUMATUBHLI. OTO O3HA4YAaeT, UYTO BepPHHI pPaBeHCTBA
1+2)+3=1+(2+3)u(3-4)-5=3-(4-5). OgHako AajJeKo He
BCe Ba)KHbIE IIPaBUJIA IOCTPOEHUA KOMHOZUIUI 061aKal0T 9TUM
3aMeyaTeJbHBIM cBoitcTBoM. Hanpumep, ecnm u3 uncesa x u y
MOCTPOHUTEH YACTHOE X/, TaKas KOMIIOSUIHA ACCOMHATHBHON
He ABaAeTcss. B 3ToM MOXHO y0egUTLCS, CPaBHWB YaCTHBIE
(20/2)/2 n 20/(2/2): oEn He COBHEJAIOT, TAK KaK IepBoe
paBHO 5, a BTOopoe paBHO 20.

K cuyacTeio man Her, A3LIK Hall HE ACCONMATHBEH, BeIb OT
NOPALKA, B KOTOPOM MBI CKJIAALIBAEM CJIOBA, 38BHCHUT CMBICJ
npeanoxenus. Hanpumep, MOXHO HO-PA3HOMY IOHUMATH, KTO
KOI'0 3allfMIaeT, IPOUYNTaB Gpasy «CyAbl 3alUNIAIOT 3aKOHBI».
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Eme ouH npHMep ONNCAaH B JETCKOH sHIUKjomezuml).

HNana dpasa: ITucema 3narxomol us Kuesea He 3amenam
gomozpaguu ezo awb6umoli u munoi dovepu Mapuu.

B ycnoBHMM JaHO IHPOCTOE IPEAJTIOKEHHE CO CKa3yeMBIM,
BBIDA)KEHHBIM IJIaroioM 3amensam. Ilpm HeM o00sa3aTesbHO
JOJIKHBI OBITH BEIPAXKEHBI IIOAJIeKaIee 1 IIPAMoe AOIOJIHeHue,
KpOMe TOro, BO3MOXKHO K KOCBEHHOE JOTIOJIHEHHe CO 3HaUeHNeM
agpecaTta: 3ameHam KOMy-Aubo. AppecaT MOMKeT BBIUJIe-
HATHCA CEMbIO CIIOCOO6aMu, BKJIIOUAS HYJEBOE ero BhIDasKeHUe:
(ezo (nro6umoii (u munoii (Gouepu (Mapuu))))) uan 3rarKomol
u3 Kuesa ...

CieBa oT CKas3yeMoOro COAEep:KaTcd HEOZHO3Ha4YHbIe code-
TAHUSA CJOB ABYX THIOB: 1) nucema 3Harxomoil (4bm? wan
komy?); 2) nucema u3 Kuesa wnu 3Harxomoll us KRuesa.
B uacTu mpejJioKeHHA CIPaBa OT CKasyeMOro MOXKHO BbIAe-
JHUTH CJAeAYyIoNe HeOXHO3HaUYHbIe cloBocodYeTanus: 1) dovepu
Mapuu — Odouepu (uneii?) Mapuu wnnm douepu no
umenu Mapus; 2) nwobumoii u munoii douepu — (ar06umoil
u munoil) Oouwepu umm (Awbumoiil) u (munoi Odouepu);
3) cI0BO ez0 MOXET OTHOCHUTBCA TOJILKO K OmmKaiimeMy cJIOBy
AO6UMOTL UIIM KO BCell mocaenyroiiei rpylIrie cjI0B; KOHCTPYK-
nus ¢omozpaguu X uMeer TpH cMmbicaa: a) pororpadmm,
xoropele cpenan X, 6) dororpadum, xoropele Hnmeer X,
B) dororpadum, Ha KOTOPHIX uzob6paxkeH X.

BCE XOTAT C3KOHOMUTDL (XOTA Bbl HA CKOBKAX)

AcconnaTuBHBEI 34KOH IIO3BOAAET HAM CI3KOHOMHTH Iapy
cko60K. OZHAKO B OTCYTCTBHE ACCOIMATUBHOCTH HEOJHO3HAU-
HOCTDb, BBIBBAHHAA OTCYTCTBHEM CKOOOK, MOXKET CKA3BLIBATHCH
oueHp cuiabHO. OHa GBICTPO pPACTET C YBeJMUYEHMEM 4YHCJa
ajieMeHTOB. ECIM 3J1eMEeHTOB TpPH, CKaXeM a, b u ¢, TO
OPUXOANTCA KCIIOJAb30BATH CKOOKH, UTOOBI OIpele/NTh, KaK
clefyeT HDOHMMATL 3amucCh aoboc: Kak (@ob)oc wim Kak
ao(boc). 3geck CHMBOJI © 03HAYAET KAKYIO-IN60 KOMIIO3HUITHIO.
s yeTBIpexX 3JIEMEHTOB €CThb YyiKe dUeThIpe BO3MOYKHOCTH:
nosmMarsk gu aobocod wak (aob)o(cod), (ao(boc))od,

Dounurmonegus ana gereii. T.10. fAssikosmanme. Pyccxkuil aarik. — M.:
Asanta+, 1998. — C. 227-229. — ITpum. nepes.
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ao((boc)od) mim ao(bo(cod)). CroOKku Heo6XOOMMEI, Tak
Kak KaMJoe M3 STUX BBIPAKEHHUI MOXKeT HMeTb paSJIH‘!HLIPI
CMBICJI. :

Bes 3akoHa acconMaTHMBHOCTH XH3HL Oblia Gm ropaszio
cioxxkHee. DBe3d Hero HamM npuimiaock OBl 00XOZHTHCS 0es
MHOTHUX 3JIeMEeHTaPHBIX KOHCTpYKIuii. Hanpumep, mpexge uem
HCIOJMIL30BaTh ob6osHaueHUe a? fnis BeIpaXkeHMA aoaoaoa,
crenyerT yGefuUThCH, UTO NOCJENHEe OIpeNe]eHO OAHO3HAYHO.
Kax MoxkHO 6bLI0 GBI ONIpENeNMTH BHIpaXKeHWe a®, ecam 6kl
CMBICJI BBEIDQXKEHUS @ 0@ 0@ oa 3aBHCEJ OT NOPAAKA CKOGOK?

Hanpumep, MBI MoOmIMm OBI pPacCMOTPETh KOMIIO3HITUIO
a o b= a® gna marypansHBIX gdncesn. OHa He aCCONUATHBHA, Beb
IOYTH JJIS BCeX 3HAUEHHWH @ AaKe TAKOEe IIPOCTOE BHIpaKeHHe,
Kak @aoaoa, 3aBUCHUT OT mopAAKa ckobox. Hampmmep, mpu
a=3 Bepunl paBeHcrsa (33)2=729 u 3B =19683. Iia
GONBIINX 3HAUYEHMI 4 OTIANUYUS eme pasuTenbHeii: B umncie
(9%)° «ronpko» 77 mudp, a 8 9°9°) — mMEoro MmmmHOHOB. DTO
caMoe G0JIbIlIOE YMCJIO0, KOTOPOE MOKHO 3AINCATH C IOMOIIBIO
TpexX IEeBATOK.

KAXKOAA CENEAKA — PbiBA, HO HE KAXAAA PbIBA —
CENEAKA

Kpome accommaTuBHOCTH, KOMIIOBHUIIMM MOI'YT 06JajaTh elme
OJHWM CBOMCTBOM, KOTOPO€ MATeMATHKHK CUMUTAIOT OUECHL BaK-
HBIM: KOMMymamueHocms. TOBOPAT, YTO IIPABHIIO KOMIIO3H-
IAY KOMMYTATHBHO (BBHIIIONHSETCA 3aKOH KOMMYTATHBHOCTH),
ecay IOPAAOK 3JIEeMEHTOB He MMeeT 3HAYeHHMA; MHAYe I'OBOp4,
€CJIM BCerzna BbINOJHAETCA COOTHOeHHe aob=boa. Xopomo
U3BeCTHHlEe IIPUMEPHI KOMMYTATHBHBEIX KOMIIO3HUIUNA — CJIOMKe-
HMe M YMHOXKeHHe. A BOT JejleHWe He KOMMYTATHBHO: 4,
JejieHHOe Ha 2, BOBCe He TO JKe caMoe, UYTO 2, fejieHHoe Ha 4.
Komnosunua a’, KoTopyio MbI TOJBKO 9TO PACCMOTPE/HN, TOKE
He KOMMYTATHBHA, TIOCKOJABKY 2%, Hampumep, He paBHO 52,
(Ha camoM pesie B 3TOM KOMIIO3HIUY YHCJA IOUTH HUKo020aQ
HeJIBSH MEeHATHb MecTaMu. KOHEUYHO e, ecTh OJHO UCKJIIOUeHUe
=42, Ho Apyr¥X ABYX PasHBIX HATYpaJbHBIX uuces] a u b,
IAnA KOTOPEIX a’=b%, He cymlecTByer.)
B poTHBOIOJIOXKHOCTh ACCOLMATHBHOCTH, KOTOPAas TOYTH
BCeTJa MPEeAIOoJATAeTCHA BLINMOJHEHHOH, BO MHOTUX BaXXHBIX
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CHTyanUuAX KOMMYTATHBHOCTL He uMMeeT MecTa. llpuxozurcs
pa6oraTh ¢ OGBEKTAMH BpOLEe HEKOMMYMAMUBHLIX 2zpYnn
B HEeKOMMYyMamuéHsix anzebp, a 5TO HE TaK-TO JIETKO.

B mameMm sA3bBIKe KOMMYTATHBHOCTb, KaK M acCOIMATHB-
HOCTH, HE BBINOJHAeTcA. MeHAS NOpAAOK OYKB, moaydyaeM
pasHBIe CJIOBA: <«PBICAK» — BOBCE HEe TO JKe caMoe, UTO
«Kpbica». J[la ¥ mapy CJ0B B HPEANOXKEHNN IOMEHATH MECTAMHK
MOKHO He Bcerfja. Ene kanntad BpyHresab ¢ MCKIIOYNTEILHON
TOYHOCTBLIO YCTAHOBHJI, UTO KaKJas cejiegka — peiba, HO He
Kaxkaas ppIba — cesenxa.

Ecte u apyrue dopmanbHbBle napasinenu. Moxxer OBITH,
BBl IIOMHHMTE M3 IIKOJBHLIX YPOKOB MaTE€MATHKM, YTO CYIe-
cTByeT OJucmpubymuéHslili 3aKOH, KOTOPHINI NO3BOJSET pac-
KpeiBaTh cKoGku. Hampumep, Boipaxkenue a-(b-+c¢) Bcerza
paBHO a-b+a-c. 9ToMy 3aKOHY €CTh aHAJOT M B DPYCCKOM
ASBIKE: «JEeCATH- M TATHUAECATUDYOIEeBble OAHKHOTEHI» 03HAUAET
«ecATUPYOJIeBbIe U UATHAECATHPYOJIeBble GaHKHOTHI».

W me 3abbIBaiiTe mpo s3anaThie! 3aros0BOK 9TOI IVIaBEI CTa)
yiKe XpecTOMATHHHBIM mpuMepoMm. A KakK ObI BbI pacCTaBHJIN
sansiThle B JETCKOM CTHXOTBOopeHHmu B. Baxomepal)?

O4yeHb-OUEHb CTPAHHLIN BH:
Peuxa 3a OKHOM TrOpUT

Yeit-TO0 10M XBOCTOM BHJISET
ITecux us py:xpa crpenaser
ManpuuK yyTh HEe CJIOHAJ MBIIIKY
Kor B oukax yuTaeT KHWIKKY
Crapeiil jmen BJieTeJI B OKHO
BopobGeit cxBaTua sepHo. . .

DB. B. Baxogep. HsGpannoe. — M.: Jlerckas Jurteparypa, 1981.—
ITpum. nepees.
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BO3bMU MEHA HA NIYHY

O6GBIYHO MaTeMaTMKH PpearupyioT pasfpa)XeHHo, ecJu cobe-
cegHUK, y3HaB o0 ux mnpodeccuu, copammusaer: <«A pasBe
B MaTeMaTHKe eCTh UTO-HN0yAbs HOBOe, He OTKpEIToe?» IToxoxe,
YTO IIWPOKOH ITy0JMKe HEM3BECTHO, YTO MAaTeMaTHKa — 9TO
3axBaThHIBAIOLIEE IIPUKJIIOYEHNEe, KOTopoe TpebyeT OTrpOMHEBIX
TBOPYECKMX CIIOCOGHOCTelH M 3aBepmIaeTcid KOHKPETHBLIM peliie-
HUeM NPHUKJIaAHBLIX 3azad. I10aTOMYy cerogHsa MBI IIOCTapaeMcs
co3JaTh IpaBHONOAO0HEI 06pas, 3arjIAHYB MAaTEMATHKY dyepes
Iwjieyvo.

Yrobbl mOHATH HaWIy 3a7a4y, BooOpasuTe TODHYIO IIelb,
IIOKPBITYIO TOJICTBIM CJIOEM CHUSAIOIero JbAa. ECJIM BBl XOTHTE
nepebpatbca ¢ OZHOT'O NMKA HA [APYro#, ToH iKe BHICOTHI,
TEOPETHUYECKH HYKHO TOJIBKO YTOYHHTH HAIPAaBJIEHWEe H CKa-
TUTHCA ¢ T'OPHI: I'PABUTALUA AACT BAM YCKOPEHHe, a YHepruu,
HaOpaHHOII BO BpeMs CIIYCKa, XBATHT HA IMOABEM A0 CIEAYVIO-
HIero IHKa.

Amnanornunas, XoTa U 0oJiee CAOMKHASL CUTYAIINA BOZHHUKAET
B KOCMWYECKHX IyTelmecTBHUAX. Tak Ke, KaKk B IIpAMepe
C TOPHBIMH IINKaAMH, MEXAY HEeKOTOPHIMH NYHKTAMHA B KOCMOCE
CYIIECTBYIOT HOYTH, II0 KOTOPBHIM MOJKHO IepeMelnaThca 6es
3aTpaT dHEePruM, €cJN PasyMHO BOCHOJIL30BATHLCA I'DABHTAIH-
oHHBIM nputskeHumeM ConHna, JIyael um nnaHer. U peiicTsu-
TeJbHO, KOCMHYECKHE IIYTEINeCTBHA ILIAHHUPYIOTCA ¢ YUEeTOM
TaKUX TEXHOJIOTH.

Koneuno xe, BHauane TpeGyeTcA BLIYMCIUTE KOOPAHHATEI
HYJKHBIX TOYEK, & TaKKe HalTH MHHHUMAJbHBIE KOPPEKIUH
Kypca, HeoOXoZmMble AJA IOAKEDIKKHN IPABHUJIBHOIO HAIDPAB-
Jeruda. MaremaTudeckne TpebOBAHUSA ANA TAKUX BBIYNCICHUH
OTPOMHBI, ¥ BIIOJIHE MOYKHO CKa3aTh, YTO 0e3 pasBHTHA Teope-
THYECKOH M NPAKTHYECKOH MaTeMATHKH IMOCHENHHUX AEeCATHJIe-
Tl 1 06e3 HEeBEepOATHON IIPOM3BOAUTEJIbHOCTHA COBPEMEHHBIX
KOMIIBIOTEPOB TaxKue BBIYMCICHUA OBLIN OBl HEBO3MOKHEL.
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Y 5T0 TOABLKO OJHO M3 MHOTHX MaTeMATHUECKHX IIPHUJIONKE-
HUiI, 0 KOTOPHIX MBI MOIIx Obl PAcCKa3aThb.

MATEMATUKA CO CKNAZA

Ha npoTaxeEUH CTOJETHH MaTeMaTHKa HaKOIWIa OIPDOMHBIN
3almac METOAOB M peayJbTaTOB, KOTODHIE CTOAT HAa IOJKAax
TOTOBBIMH K yHmoTpebieHHi0 M HCIIonb3oBauHio. KoHeuHO Xe,
GONBLUIMHCTBO Pe3yJbTATOB IOCHAESHUX CTOJETHH IOABUINCH
HOTOMY, UYTO IIOAOILIEKA 3aJajd| IIpeCTaBifdjla HeKOoTopoe
oyapoBaHMe AJA MATEMATHUYECKOTO yMa, a BOBCE He C IeJbl0
KOHKPEeTHBIX IIPUJIOKEeHUH.

OfHAaKO 4acTo ObIBaeT TAK, YTO M3 IPAKTUIECKHX IPHUJIO-
JKeHnil BOSHUKAIOT 3a/lad¥, KOTOPLIE MOMKHO DEINUTH, IIPUCIIO-
coOHB ysKe CYIIEeCTBYIOUIVE MaTeMaTHYeCKHe NHCTPYMEeHTSHI.

VI3BeCTHBIM IIPUMEPOM TOMY MOTYT CAYXHTb KOHUYEcCKUe
ceueHUusa. DTO KpHUBBie, KOTOPLIe BO3HHKAIOT IIPU pPa3pe3saHUn
KOHYCA OCTPBIM HOMOM, — OKPY’KHOCTH, BJIJIHIICHI, MapaGont
u rumep6onsl. 00 3THX KPUBEIX MHOTrOoe GLLIO HM3BECTHO eIle
B Jlpesueit I'penun, u ofHoil u3 mnepBeIX paGoT mo 3ITOM
Teme okoso 200 ner mo Hamreil apsl craix TPyA «Hommueckme
ceueHus» AMOJIJIOHUS.

CeMHAAIIATE CTOJETHI CIIYCTS NOCJe Pas3Bajia BUSAHTHUICKOMN
HMIOepHuu, MareMarudeckue 3HaBudA [IpesHeil I'penuu cranu
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BHI3BIBaTh UHTepec B IlenTpanbuoit Espone. Ograrko Goasinoe
YNCJO IEepPeBOJIOB M KONMHA IPHBENO K TOMY, 4TO 3a BeKa
HAKONHJIOCHh MHOTO omubox. Jlyumme MaTeMaTHKH IIeCTHA-
AIIATOTO U CEeMHAAUATOrO CTOJIETHIl 3aHAJNKCH pecTaRpanue,
HACKOJILKO 3TO OBLIO BO3MOXKHO, OPHTMHAJIBHEIX TeKCcTOB. Tak
pabora ANOIIOHHA CTajla M3BECTHA B YYEHBIX Kpyrax.

Tpyn AnonnoHua ObLY Kpaiide Ba)kKeH [AJIA acTPOHOMA
Horanma Kennepa, KOTOPBII NBITAJNICA HPUBECTH KOCMOTOHHIO
KonepAEnka B COOTBETCTBHE C pesyjbTaTaMy HaOIIofeHuil.
Komepaux mosarajy, 4To ILIaHETH BpamaoTca Bokpyr CoiaHna
IO KpYroBpIM opOHTaM, HO B HaYaje CeMHaJUaToro BeKa
TOYHOCTh H3MEPEeHHil IO3BOJIJIA YCTAHOBHTH, UYTO 3TO He
tak. Ilosromy Kemnep pemnn mepedTH OT KPYroBbIX Op6uT
K 3unTudecknM. Bcee, uTro eMy HysxHO ObLIO 3HATHL 00
JJIIUIICAaX, OH Ipoues y AIOJNJIOHUS.

Takux OPHUMEPOB MHOMECTBO. TeopHsi OTHOCHTEIBLHOCTU
AiirmTeifaa (HavaJio ABAAIIATOIO BeKa) HeMbIcamMma 6e3 mud-
depeHnuanbHOii reomerpum Pumana (cepeguHa aeBATHAANA-
TOro BeKa). A MaTeMaTHMKa KOMIBITEpHO# ToMmorpadum —
pasBuToii B 1960-x romax TeXHHKM pPEKOHCTPYHDOBaHWA
TpexXMepHOro o0beKTa N0 H3MEDEeHMAM 3aTyXaHHS Jydeil,
IPOXOANIAX CKBO3b 9TOT OGBEKT B PA3HEIX HAOPABJIEHUAX, —
6blIa NOJHOCTHIO paspaldoTaHa 3a HOJIBEKA AO 3TOTO.

Ho Bce sT0 mcrmiouerns. Kak mpaBmio, Teopus, HeoO-
XoAMMAaA [ YCHEeUIHOro pelleHna IpHKIajHON 3akadu,
IOJKHA OBITH pPA3BHTA C MOMEHTa IIOCTAHOBKH 3ajadu. JTO
B3anMofieicTBHE MHTEILIEKTYAIbHON NPUTATATEIBHOCTH ! BO3-
MOXXHOCTH pelleHMA KOHKPETHBIX 3a4a4 fejiaeT MaTeMaTHKY
CTOJIb NPUBJIEKATEIBHOI.



Masa 22
OCTATKU CNAAKHU

Ecam BBl mnpusHecere aomoii 81-ro MapMeNlagHOTO MUIIKY
(puc. 22.1), 9To65! pasgaTh BAIINMHU HATEPHIM AETAM, M IONBI-
TaeTech PasfeluTh UX MOPOBHY, TO KAMALIN peGeHOK ITONIYydYuT
O INeCTHAANATHh MTYK M OAMH MHINKA ocTaHerca (mpuaerca
BAM €ro yKpajgkoil cbecTb). MaTeMATHMKM ONMCBIBAIOT B3TO
ABJIeHNE, 'OBOPA, 4TO ocmamok om 81 no modynio 5 pasen 1.
Boobme, ocTaTOK YHMCJIA M IO MOAYJIO 1T — 3TO OCTATOK NpPH
JeJIeH¥H YUCJIa M HA 7. BEIUHCIEHENs «II0 MOAYJIIO» UrparoT
BAXKHYIO POJb BO MHOTHX 00/IacTAX MATEMaTHUKH.

Puc. 22.1. 81 mo moxpyno 5 paBHo 1

HemaTeMaTHKH TOXe JIEMKO MOTyT paboTaTh B 3TOH TEXHHUKE
BO MHOIMX KOHKDETHBRIX curyanuax. Hanpumep, ecau BbI
3aXOTUTe 3HATH, KAKOH JeHb He/ieJn HACTYIHUT uyepe3 39 nHeid,
MHTYHUIAA BIOJHE NPABUJALHO IIOACKaKET BaM BBIYHCIHTH
ocTaTor oT 39 mmo moayaw 7, T.e. 4. Ilosromy uepes 39 nHeir
fyzeT TOT e JeHb HeAeJaH, 4TOo M depe3d 4. A KOTODHIiA yac
6ynet uepes 50 uwacos? Jlerxo! Brrumciasiem ocraToxk or 50 mo
Mozyaio 24, noaydaem 2, sHagur, yepes 50 wacoB GyOUIBHUK
HOKaXkeT TO Ke BpeMs, UTO M uepes 2 uaca.
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Puc. 22.2. Ceftuac. .. u cunycrs 50 uacoB

Jdo cux mop HHuYero oco0eHHOTO MBI HE CKAa3ajIH, 8 TOJNBKO
BBEeJM TEPMHUHE JJsi OLHOTO XOPOIIO M3BECTHOTO MeTOAA
BelunciaeHuii. OfHAKO MaTeMaTHKH BUAAT NOAOIIEKY 3TOi
TEPMHHOJIOTHMN, H MHOTHe YAWBHUTEJbHbIE CBOMCTBA YHCeJa
ayume Bcero GopMyINpPOBATE B TEPMHHAX MeOPUU CPABHEHULL
no modynro. Paccmorpum oawe mpumep. Ilycts n — mpocroe
YHCI0, a kB — 1meaoe ancao Mexay 1 u n— 1 (BKIIOIHUTESIHHO).
Yro npoumsoiifer, eciu kK yMHEOXKNATH Ha ceda n — 1 pas? Kaxk sto
HY YAUBUTEJLHO, HO Pe3yJIbTAT, B3ATHIN IO MOJLYJIO 7, BCETAA
pasex 1. B npuMepe ¢ MapMeJagHBIMH MHEIIKaMH y Hac 6GbLIO
n=>5 (KoamdecTBO JeTeit — mpocrtoe yucyio). Bossmem k=3,
rorna k (=3), ymHoxKeHHOe Ha ceba n— 1 (=4) pas paer 81 —
upeao muniek. To, uro 81 mo mopynio 5 pasHo 1, cimexmyer
u3 obIero yTBepKAeHHA, KOTOpoe MBI CHOPMYJIHPOBAJIN.

Tor ¢akT, uTO B CJy4Yae IIPOCTOr'0 YWCJIA ONKCAHHBIE
BBEIYMCJICHHS 110 MOAYJIIO BCerJa WPHMBOAAT K 1, ObLI M3BECTEH
¢ JaBHUX NOp. B ceMHaAaTOM BeKe ero OTKPHII dpaHITy3cKuil
mateMatuk IIlvep depma. B mame Bpemsi sToT harT OKasayicsa
0COGEHHO BaKHBEIM B KpHNTOrpadgtiecKHX IIPUJIOKEHUAX, TIe
HCHOJBL3YIOTCS MPOCTHIE YMcaa ¢ coTHAMM Iudp (Oosnpnie o6
3TOM MOXKHO HIPOYHTATh B Ivi. 23).

LWWECTbIO WECTb — OAUH

Octratku (r.e. umena 0, 1, ..., n—1) Bexyr ceba Kax
OOLIYHBIC UHMCA IIPH CJOXKEHHH U YMHOKEHUMU, IIPH YCJIOBUH
4TO pesyJeTAT BCeryia OPHUBOAUTCA K OCTATKY IO MOAYJINO TIt.
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Hanpumep, npu cpaBHeHMH 1O MOAYJII 7 IIPOM3BEIEHUE
3 m 5 paBmHo 1, mockoibky 3:5 mo momyaw 7 pasuo 1.
Amnajormyno, 4 maoc 6 pasHo 3, Tak Kak 6+4 mo Moayiio
7 pasHO 3.

IlostomMy apudMeTHKa IPH CPABHEHMH II0 MOAYJIIO OYEeHb
nmoxosa Ha OoOBuHYIW apudmerury. Ilapannenu ocobGeHHO
mopaskaloT, Korga n — npoctoe gucao. Torma xasxzgoe 4HCIIO
(kpoMe HYJIS) MOXeT OBHITH YMHOMEHO HA HEKOTOPOE YMCJIO,
npuueM B peayiabTaTe noxyumrca 1. B kauecrBe mpumepa
BO3bMEM dYMCJIO 10 MoZyJjaw 7. IlepeGpaB mOcJeqoOBaTeNbHO
npousseseHus 1-6, 2.6, 3-6, 4-6, 5.6, 6-6, Mb1 HoTyIHM
ocraTtku 6, 5, 4, 3, 2, 1 u ybegumcsa, uro 6.6 paBHO 1.

9TO CBOMCTBO HE BBIMIOJHAETCS QA YUCe], He ABASIONMUXCA
npocteiMu., Hanpumep, ecau B3ATh n =12, To TmeTHs 6yAyT
MOMBLITKY HAWUTHM 4YMCa0 X, obmazaroliee TeM CBONCTBOM, |UTO
4 .x paBao 1 mo mozyaoo 12. 3To o6ycJIOBJIEHO TeM, UTO IPH
permenum 4-x Ha 12 Bcersa mosiyyaerca OZWH U3 OCTaTKOB 0,
4, 8.

Taxoe GorarcTBo apudMeTHUECKHX CBOMCTB HaBOAWUT Ha
MBICJIb O MaTEeMaTH4YeCKOM B3HAYEHUYW TEOPHUW CPaBHEHWI IO
mopayiio. Hampumep, BBHINOJHAETCA CBOIMCTBO KOMMYMamue-
HOCmu CJOXeHNd, T.e. a + b Bcerga paBHo b + a Ipu! CI0KEHNN
IO HEKOTOPOMY MOAYJIIO Nn.



Masa 23
COBEPWEHHO CEKPETHO!

IIpocTele umMcia ysKe MOABISANNCH B droii kHuUre. Ceitdac Ml
pacCKaykeM O TOM, Kak Oosibllnue IIPOCTHIE YHCJIa PEeBOJIIOUU-
OHUBHUPOBANIU Kpunmozpaguio, HAYKYy O CEKPEeTHBIX KoJaxX.

IlpeanososkuM, 4TO Bhl YyCTaHOBMIH
IOPOCTOTY ABYX OuYeHb OONBIIMX YHUCET
(0603HaYUM HUX P U ) U 3TO H3BECTHO
TonbKo BaMm. CioBo «fospmime» O3HAa-
yaer, YTO B 9THX YHUCJIAX OO HECKOJBKO
coten umpp. 3areM BBl BLIUMCINIH
npousBefieHue p -, MOJIYIYUB B De3yJIb-
Tarte n.

Yucna p U ¢ CUPATAHBL B 4ucae n,
KaK UTOJKH B CTOre ceHa, B 4acTHOCTH,
He CYLIECTBYeT MeTo/la HailTu MHOMH-
TeNW p U g, 3HAA UX NPOM3BeJeHME N,
34 pasyMHOE BpeMsA: JaXke CaMBLIM GBICT-
PHIM KOMIIBIOTEDAM HYKHO JJA 3TOrO
mpopaboTaTh HECKOJIBbKO THICHUEJIeTH.

Nmenno »ror daxkr uncnoansyer
coBpeMeHHas  Kpunrorpadua.  Yike
HECKOJILKO BeKOB M3BeCTHa TeopeMa U3
TEOPHU YHCEJ: MOMKHO OCYIIeCTBUTH
pPAA MaHUNYJIAUH HAA YHCJIOM N
TaKHM 00pa3oM, YTO 3STOT IpoIecc
OymeT o6paTHM, TOJBLKO €CJIM MSBECTHBI p.. 931, Kiaccmde-
muONHTeNd p U q. IloaToMy, €CIM (wag xpunrorpadms:
Bamia OpHUATeILHNIAa Mapus X04YeT  yamuma «DHHTMAa»
OTHIPAaBHTL BaM CEKPeTHoe cooOIieHNe,

BaM JAOCTATOYHO COOOIUTL eH 4YHCJIO0O 7N U OINCATh,
KaK ero HCHOJIb30BAaTh J[JA KOAUPOBAHUA ee COOOIIeHu,
NpeACTaBJEeHHOI'0 B BHAe Oosbiioro nenoro umcia. Omna
IlepelnjeT BaM pPe3yJLTAT 9TOr0 NpeoOpasoBaHUA U Telepb
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HUKTO, KpOoMe Bac, He CMOKeT pasobpaThcd B 3aIIN(DPOBAHHOM
CcoOO0IIleHNH, a Bbl, 3HASA P ¥ ¢, C JIETKOCThIO €TI0 pacumiudpyere.

PeBononnonHasa 0cob6eHHOCTH 3TOr0 MIpoIlecca B TOM, 4YTO
OH IIPOXOAUT, MOXKHO CKa3aTh, Ha IVIa3aX V IIHNPOKOI NyOJINKH.
Kro yrogmo MokeT 3HATH UHCJIO N, IIPOLEAYPY KOAMPOBAHMWSI,
u sakogupoBaHHOe cooOmeHue. IlosTromMy rosopar o xkpunmo-
zpaguu ¢ omKEpPuLLMbIM KAIOLOM.,

C MaTremaTHuecKO¥ TOUKH 3PEHHUA eABa 3aTPOHYTas 37eCh
IIponesypa KOAUPOBaHUS ¢ UCIIOJbB30BaHUEM UHCJIAa 1T OCHOBaHA
Ha apudmMeTuKe CPaBHEHHUS II0 MOAYNIO, ONMCAHHOW B IIpeAbI-
nyuteii raase. llake MaTeMaTHMKOB YAHUBJSET, UYTO TEOPHHA
CpaBHEHHHA HCIIOJb3YyEeTCA MUJIIMOHBI pas KasKAblil NeHb AJIA
OTIIDaBKM 3amn@poBaHHOK wWHOMOPMAUWH, HAIpPUMep, uUepes
Hurepser.

LWUOPOBAHUE C UCMOJIb3OBAHUEM ANITOPUTMA RSA

Yro6pl pasobparbcd, UYTO OOHMMAIOT II0J KpHITorpadmeit
C OTKDHITBIM KJIOUOM, HYIKHO MITO3HAKOMHTHBCA C HEKOTO-
PHIMH TEPMHWHAMY ¥ OCHOBHBIMHM MaTEeMATHYECKHMH (haKTaMH.
B npuHnume, Tak HaseiBaeMeli anropurM RSAYV paGoraer
ciaenyomum obpaszom.

Ocuosuble NpuHIMIEL. OCHOBHAS HIeA 3aKJII0UAETCA B TOM,
yTOGH HCIONBL30BATH apH(MMETHKY CpDaBHEHHMS II0 MOZAYJIO,
onmcanHyo B DI 22. HysxHO, HampumMmep, 3HATH, IIOYEMY
paBeEcTBO 211 mod 100=11 xoppextrso?. U ecam y Bac
eCTb KOMIBIOTEP, BhI MOMKETe YOEAUTHCH, UTO

265 252 859 812 191 058 636 308 480 479 023
mod 1 459 001 =897 362.

Daxroi

B 11. 22 MBI YOOMAHYJIHM DOPASHTENBHBLIN (akT: ecaum n —
IIpOCTOE YMCJO, a k — memoe 4Yucyo mMexay 1 u n—1, To

D3ry mpomenypy B 1977 r. paspaboranm Tpoe yuensix Rivest, Shamir
u Adleman; nepssie GykBhl ux paMuNHil Aaau HazBAHHE AJTOPHTMA.

A3necy sammer 211 mod 100=11— coKpameHue AJd BHICKA3BIBAHUA
«211 mo mogynio 100 paBHo 11». Ilanee mMb1 Gypem umcmonbaoBaTh Gosee
KOMIAKTHYIO 3aIlNCh.
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BCeryia BHITIOJIHAETCA COOTHOIIEHHE
k"1 mod n=1.

MareMaTHKH HA3BIBAIOT BTO YTBEPXKIEHHE MAJOLU Meopemoii
Pepmal. Eciu ymmOMUTH 006e yacTu ypaBHeHua Ha k, TO
TTOJIYIHM

k" mod n=k.

Mz1 He cobupaeMes 37ech KOKa3LIBATh 3TOT Pe3yJIbTaT, a JUIIb
NCIIOJIb3yeM €ero B AanbHelineM 00CYKIeHWH.

B xauecTBe MiIIOCTpanuM TPHUBEAEM UMCJIEHHBIA IpuMep.
Eciu n=T n k=3, o k"=38"=2187. U geiicTBUTEILHO,

2187 mod 7=3.

Ham nomazoburcsa o6obmerne teopemsl Pepma and vuced,
KOTOpBIE MOrYT He OBITh IPOCTHIMH; BIEDBBIE OHO OBLNO
mokaszaHo MartematukoMm JleoHapaom itmepom (1707-1783).
Y1066l cHOPMYJIUPOBATH ITOT pPE3yJabTAT, HYXKHO 3HATb, 4UTO
03HAYAET TEPMHUH «B3aWMHO IPOCTHIE YHUCJHa»: JBa YUCa M U n
HA3bIBAIOTCS B3aMMHO IPOCTHIMH, €CIM eIWHCTBEHHOE UHCJIO,
KOTOopoe JelIuT m m, U n, — 970 eauHuna. Taxkum obGpasom,
yuciaa 15 m 32 BsamMHO HIpoCTHI, & udmceaa 15 m 12 — mer
(Begp y HUX ecTh o6Gwumil gesurens 3).

Oas mONOKUTENBHOrO YHCIa N onpefenuM QyHKHuio ¢(n)
(uuraerca «PU OT PH») — KOJUUECTBO IEJIBIX YMCEJI MEXAY
1 u n (BKAIOYHTEJBHO), BBAMMHO IMpPOCTHIX ¢ n. Hampuwmep,
I n=22 uunciaa

1,3,5,7,9, 13, 15,17, 19, 21

B3aMMHO IIPOCTHI ¢ 22, moaromy ¢(22)=10.
Teriepsr MBI MOKeM CHOPMYJIHPOBATH PE3yAbTAT JijIepa.
Ecau wucna k u n 63aumno npocmwt, mo

E*™ mod n=1.
Hna «aposeprku» Bo3bMeM n=22 u k=13. IIpu sToMm

Eom) = 1310 =137 858 491 849,
a 137858491 849 no moxnyno 22 medcTBUTENLHO PaBHO 1.

DBonsmasn reopema @epMa OTHOCHTCA K ropaszo 6ojiee cI0KHOMN 3agaue —
BBICHUTE, CYIIECTBYET JH ypaBHeHme BuAa a® + b" = c" ¢ HeTpUBHATBHBIMK
HeapIMM pemreBUAMY aasa n>2. CM. mi. 89.
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TeM, KTO OpeAnOYUTAET HPHMEPHI, B KOTOPBIX MOKHO BCe
BBIUHMCJIEHNUS IIPOBECTH B yMe, COBETYEeM MOIpo6oBaTh 1 =6
u k=>5. Torma ¢(6)=2 u 52 mod 6=1.

Cienyer oTMeTHTH, 4TO Majiad TeopeMa Pepma — YaCTHBIHR
cayudaif Teopemsnl Jitnepa. To ecTs ecau p — IpocToe IHUCJIO,
TO Yy Hero HeT OOIMMX geauTeiedi HU ¢ OZHHM MEHBIINM
HeJBIM YMCJIOM (3TO 10 OIIpeAesIeHHIO M O3HAYAEeT IIPOCTOTY P).
IlosToMy Bce menrle umciaa 1,2, ..., p—1 B3auMHO IPOCTHI
¢ p, Tak uTto P(p)=p—1; B sTOM cayuae TeopeMa Jirepa
npeBpaljaerci B MaJylo Teopemy Pepma.

AJITOPUTM RSA

Huasa Hadana Ham norpebyerca HaliTH gBa OGOJBIIMX IIPO-
CTHIX 4YHCJAa p U ¢, A4 BaTeM BEMUHUCIUTE NIPOUIBEAEHUE
p-q=n (HAIIOMHMM 4YWUTATEJIO, UYTO <«GOJBLIINX» O3HAYAET
C HEeCKOJBKUMH coTHAMH Oudp). Ham morpebyercsa eme aBa
JOMOJIHUTENBHBIX Yucja kB U | Takux, UTO npousBeienue k-1
pasgo 1 mo mopymio ¢(n). ExamHcreBeHHbie umcaa mMexnay 1
u n, KOTOphle He B3AWMHO IIPOCTHI C 711, 3TO P U ¢, HOCKOJBKY
OHH IIPOCTHI, M moaToMy ¢(n)=(p—1)-(g—1).

Hanpuwmep, B cayuae p=3 u ¢=5 MBI noixydaem n=15.
Mexay 1 u 15 ecTh caenyionne B3aHMHEO IPOCThIE ¢ 15 uncna:
1,2,4,7,8,11, 13, 14,

T. . ux posHo 8=(3—1):(5—1). 3uaunr, ¢$(15)=8.

Mbge1 3axoHUNIIH BCe IPUTOTOBJIeENA. Yucaa p, ¢ 1 | JOJKHEL
OBITH CKPBITHI 38 CEMbI0 3aMKaMM, 4 YHCIa n U B MOryT
OBITH AOCTYIHEI AJIA BCeX 3aMHTEPECOBAHHEBIX CTOPOH. Temeps,
ecay KTO-Jub0 3axodyeT OTHPABHTH coolllleHme, ero cHadaja
cJefiyeT IepeBeCTH B CTPOKY uUHces (HampuMmep, HCIONb3Ys
craHZapTHEIH Kom ASCII). 3aTeM CTpOKY AeasaT Ha 6i0KwH,
ckaxeM mo 50 mudp.

Teneps MOXHO IPOBOAWUTH KogupoBaHme. Ilpeamosio:xum,
Mapusa xodeT OTIIPABUTH 3aKOAVMPOBAHHOE COODIIeHHEe CBOEMY
6pary Hsany. Ecam 6Jiok upeacTaBiIser 4uUCIO M, TO OHA
DOJKHA BEIYHCIATE m* mod n (MBI 0603HAYUM pe3yabTaT r).
OHa B COCTOSSHMHM CHEJIATL 5TO, INOCKOABLKY 71 M kB M3BeCTHHI
BceM. Mapusa BLINONHAST BHMHCACHUE IJIA BCeX OJOKOB
u oTpaBiisgeT UBany pesyasTaT (uucia r). 3aMeTsTe, BCe JKeJa-
Ionie MOryT IIPOYECTh NepemaBaeMyI0 IIOCIeNOBaATEeJIBHOCTL.
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JekoanpoBaHue OCYIIECTBAAETCA CJeZYIOWHM 00pasoM.
Wran oTkpeiBaer ceiid, B KOTOPOM XpaHWJ dYHCIa P, ¢
u I, u Berumcaser r' mod n. Ilpm asrtom rl=(m*) =mk,
a mpousBeaenne k-l pasmo 1 mo wmogyaio  ¢(n). ITosTomy
CyIIeCTBYeT LeJIoe YICJ0 8 Taxoe, uro k-l=s-¢(n)+ 1. Torga

r' mod n=m* mod n=m**™*"! mod n=m-(M*™) mod n.

IIo Teopeme Diimepa MOKEeM BaKJIIOUUTH, UTO umcao mé™
(103TOMY ¥ S-f CTeIeHb ITOTO UMCJa) PaBHO 1 mo MomyJio n.
Hraxk,

r' mod n=m mod n=m,

T@e mOCJeAHEE pABEHCTBO BEePHO B CHJIy BhIOOpa 4Ymcia
m<n. Urax, MBI JefCTBUTEJILHO MOMeM BOCCTAHOBHTEL I
M0 NyGJIMYHO IIEepPeJaHHOMY COOOIIEHWI0 I.

Ho 3TO BOCCTAHOBJIEHHE MOYKET BBINOJHUTH TOJBKO TOT,
KOMY H3BeCTHO 3Hauemme ¢(n), T.e. (p—1) (g—1). Kaxnasiii,
KTO CMOr' YCTAHOBHUTH YHMCJA P U ¢ WO N, TOXe CMOXeT Ipo-
ynTaTh coobmenune. ITo aToil npuumme 3amava GparToOpMsaAUU
IpPUBJIEKJa TAK MHOTO BHUMAHHUA B IOCIeIHHE TOABID.

31eck MBI PACCMOTPHM KOHKPETHBIH IIPHMeED ¢ HeOOIbIImuMu
yucnamy (B Cepbe3HBIX NPHIOKEHMAX HCIONB3YIOTCA ropasno
6onbinme wuuciaa)., Msel BeIOpanm umena p=47 m g=>59,
u onyb6iuxoBasm mnpomaBefenne n=47-59=2773. Teneps
HYZHO BRIOGpaTh uwucaa kB u [. Msl BozbMeM k=17 u [=157.
Hockoasky ¢p(n) pasHo 46-58=2668, a 17-157=2669
¥ nosTomMy paBHo 1 mo mopynaio ¢(n), Ham BBIGOD BIIOJIHE
ynosaerBoputesen. Yucna 2773 u 17 ob6rapomosaHb:, HO 47,
59 u 157 coxpaHsIOTCA B IOJHOM CeKpeTe.

Hacrynaer aran xoxmpoBauus. IIpegmonokum, 9ro cool-
mMeHWe npeBpameHo B unciao 1115. Mapus 3acrariaseT
KOMObIOTEeD BBHIYHCJIHUTH IJIA Hee 3HAUEHUE 1157 mod 2773;
pesyasTaTr paBeH 1379. OHa nmimeT 9TO YHCJIO Ha OTKPBITKE,
¥ Ha CJHeAYIOIIMHM JeHb 9Ta OTKPHITKA YK€ B IIOYTOBOM
amure MBana. Ero xoMIploTep BRIUMCAAET Ajs Hero 1379157
mod 2773. HeCkoJbKO MHJUIMCEKYHJ — U pe3yJIbTAT TI'OTOB:
1115. Ecam sakuaaroil nmoapyre Mapuu, snoBpexHos Mapro,
yAAacTCsi CeKPeTHO CKOIMPOBATH COAeDMKAHNE OTKPBITKHM, OHAa
BCe PaBHO He CMOMKET ero pacmucdposarsb.

UCm., ranpumep, Io1. 43.



Fhasa 24

BOJILULEBHAA MATEMATUKA:
nOPAAOK CPEAU XAOCA

«Ilopagox cpefu xaoca» — IOAXOAAUINN AEeBU3 I/ MATEMATH-
YecKOro BoJLeOHOTO QoKyca, 0 KOTOPOM S X0UY paccKasaThb
B 3TOif IaBe. Bam moTpefyerca KOJ0ZA HIPAJBLHBIX KapT,
B KOTODOIf KPACHBIX M YePHBIX KapT moposHy. Crampaprhas
KoJsioza B 52 nucra BOoaHe mogoiizer. s Hauasia BBl JOJIKHBI
PacmoJIOKHUTh KAPTHL TaK, 4TOOBl IIBeTa YepeAOBAJINCH, KaK
HOKa3aHO Ha puc. 24.1.

Puc. 24.1. Tak HYXHO IPHIOTOBHTH KapThI

A Temeps MBI IIO3BOJHM CJIYYAK TPHMKIABI BMELIATHCS
B 5TO pacnojioKeHHne Kaprt. Ha mepBoM Iare KTO-TO CHAMAET
Kojioxy mpubiausutensHo mnocpexmsHe. Ha sropom mare Kro-
TO JApPYroii cTacoBBIBaeT 006e IIOJIOBHMHBI BMecTe. HMuornma
B KHHO MOKa3bIBAIOT, KAK 9TO AejaloT npodeccHoHaIbHbIE
MT'POKHM; OHM Aep:KaT B KaXJoil PYKe IO HOJOBHHE KOJOLLI K
MOCTENIeHHO OTIIYCKAIOT M IIPOJHUCTHIBAIOT KOHIBI KapT obenx
nadyex TakK, 4TOOBI OHM HEPEeMEIIWBAJINCH, YEPERAYACh MEKIY
coboii. VI HakoHell, TPeTHUH YYACTHHUK AEJUT IOJYUYUBIIYIOCH
KOJIOAY Ha JABe YacTH TakK, YTOOBI pasfeIeHHBIMHM OKAa3aJNCh
ABe KapThl oxHOro neera (puc. 24.2).

YacTu KIagyT OAHA Ha APYTYIO M OTAAOT BaM. Hawmennii
4eJIOBEK MOAyMas ObI, YTO »TH TpH CJAYUYaMHBEIX MODpornecca
IPHBOAAT K X8O0THYHOH CMECH KapT, CMEIIaHHBIX COBEPIIEHHO
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Puc. 24.2. ... cABUHDLTE, CJOXKUTE, CABAHBTE €IIe paa. ..

cnyuaiino. Ha mepshiil B3raag tak U kaxerca. Ognako umeer
MecTo 3aMedaTejibHOe ABjeHne. OKa3nIBaeTCs, 4TO Kaprhl 1 1 2
pasHOTO IBeTa, KapThl 3 B 4 — ToXe, ¥ KapTel 5 u 6, u T. A.
Teneps BB MOMKETe Kax HaCTOAMUN BOJIMEOHHK ITOJIOMKHUTH
KOJNOAY KAapT MOJ MNOKPLIBATO, HPOGOPMOTATE MUCTHYECKHE
3aKJIMHAHUA a4 3aTeM BLIHYTh HAphl KapT pAas3HBIX IBETOB
C/IOBHO IO BOJIIEeGCTBY, XOTA HA CAMOM Jeje HYKHO OpaTb
X N0 MOPAAKY cBepxy BHU3 (puc. 24.3).

Puc. 24.3. ... Hu pasnoxuTe HOOapHO

V¥V sToro ¢okyca MHTepecHas MaTeMaTHUecKas IOJOILIEKA.
KoMOuMHATOPHBEIMHA METOZAMH MOXKHO JOKasaTh, YTO ©ocie
ONMCAHHBIX TPeX CJAyYalHBIX MAaHUOYAAOUi Kaptel OyAyT
PacHOJIOKEeHBl IIapaMM PasHONBETHBIX KapT, M 3TO CBOHCTBO
MaTeMaTHKK Ha3bLIBAIOT UHEAPLAHMOM OTHOCHUTENBHO IIDPOU3-
BeZeHHBIX MaHunyasouit. Iloxoske, uTo doxycHuk JxunG-
peiiT, KoTopblii M300pes STOT TPIOK B Ha4Yajie IPeABIAYIIEero
CTOJIETHH, cheJaj] dTO MeToAoM mnpob u omumboK.

BAPUAHT ®OKYCA

Ilna Tex, KTO XoueT A0GAaBUTH 9TOT (POKyC B CBOHl perepryap,
OIMIIEeM ellle OAHY €ro pasHOBHUAHOCTH. HamomMHHM, dUTO
B OpUTHHAJE IPOIEecC HUAeT TaK.

4  MareM. NATHMHHYTKH
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e IIpuroroBbre KonoAy xapr (4eTHOe UMCJIO KapT ABYX
yepeAYIOIINXCA IIBETOB).

e CHHMHTE KOJIOAY M cTacyiiTe obe uacTu BMecCTe.

e CHuMuTe KOJOZAY B TOM MeCTe, Ie €CTb JBe KaDThI
OZHOTO IBEeTa M IIOMeHsiiTe ofe yacTH MecTaMu.

Toraa xapTel B Kaxaoi mape (xaprel 1 1 2, 3 u 4, 5u 6
u T. 4.) OYAYT Pa3HBIX I[BETOB.

A Temephr pasHOBHAHOCTH. IIpHUTrOTOBBTE KOJIOAY KapT Tak
JKe, Kak B IIepBOM CJiyuae, M To)Ke cuuMmure ee. Ilpemynpe-
JKAEHNe: B 3TOT pasd HYKHO KaK-TO BBIACHUTH, OJHOI'O IIBeTa
HIPKHHME KapThl B KAKI0M IOJOBMHE MY Pa3HOro., JTO MOMKHO
cleyaTh, nepefasasd KapThl AJdA TacoBanusa. Ciaenylommpii mar
TOXKe coxpaHsdeTcsa: ofe IOJOBMHLI HY’KHO CTACOBATH BMECTE.
ToabKo B 3TOT pas3 He HYKHO CHAMATHL KOJIOAY IIOBTOPHO.

IIpeumyiecTBO HepeX NEpBBIM BAPHAHTOM B TOM, UTO HE
HY’KHO IPOCUTH KOr0-TO CMOTPEeTh ¥ CHUMATH KOJIOAY B HYKHOM
MecTe — Ifle  COCENCTBYIOT OBe KapThI OfHOro msera. Torga
HUKOMY ¥ B TOJIOBY He TIPHUAET, UTO UYepHble U KpacHbIEe
KapTHl pacnpefelieHbl Goee PeryasipHO, YeM B caydae XOpPOIIo
CTAaCOBAHHOM KOJIOOBI KapT.

Mo:keT ocyIiecTBUTLCS OAUH U3 ABYX cly4daeB. B mepsom
cayuae JBe HMKHYME KAPTHL PAa3HLIX I[BETOB, HUKAKUX NOMPABOK
IIpH 3TOM He TpebyeTcA, KapThHl ViK€ PacCIOJIOMeHBI Kak Halo:
B KaKJO¥l mape OHHM pasHOTO LBeTta. Bo BTOpOM ciydae ABe
HIDKHUE KapThl 00e KpacHble uin o0e uepHEbie. Bece cTaHOBHUTCA
HECKOJBKO cJoxHee. IIoKa BB IIDOM3HOCHUTE 3aKJINHAHNA,
IIepeiBMHLTE BEPXHIOW KapTy BHU3 KoJjoAbl. Torma Bce paBHO
Bce mapsl OyAyT COCTOATH M3 KapT pasHBIX IBeToB. KoHeuHO
JKe, BBl He 00A3aHBl IEePeKJAALIBATL BEPXHIOID KapTy BHU3.
BmecTo sTOrO MOKETe COCTABMUTL IIEPBYIO Iapy M3 BepXHeH
U HIWKHEH KapT, a 3aTeM AeHCTBOBATL KAK paHbile. Yaadud
B Maruwm!

A rre e maremaTuxa? OHaA rapaHTHpPYeT, UTO TPIOK BCErLa
paboraer. MoxxHO doxa3zams, UTO PacmojiOKeHUe KapT Oyner
TaKUM, Kax mpeackazaHo. OZHaKo IJs 3TOro IoTpeboBaiach
ObI JOBOJILHO CJIOMKHASA TEOPHS, BHIXOAAUIASA 3a paMKH Hauleil
KHUTH.



Mnasa 25
KAK BCTYNMUTb B KOHTAKT C 'EHUEM

Kak pacmoosHaTh HCKJIIOUHTENbHOe fABiaeHue? Muorme cum-
raror Kapna ®puapuxa TIaycca (1777-1855) senmuaminium
MaTeMaTHKOM H3 BceX, Korga-ambo xuBmux Ha 3emie. o
BBeJIeHNS eBpo Ha OGaHKHOTe NOCTOMHCTBOM B 10 mMapok ObLix
n300pakeH ero IOPTPET, a TakKe rpadudeckoe M3obpakenne
HEKOTOPEIX ero moctmskenuii. Haupumep, Ha sroil GaHKHOTE
MOKHO BHJIeTh 3HAMEHHTYIO KOJIOKOJOOODas3HYI0 KPHUBYIO —
yKasaHEue Ha BKJIaj 'aycca B TeOpHIO BEPOATHOCTEH.

Bpax am HafigjercA XOTh ONWH MAareMaTHK, KOTOPHIA
C IIOJIHOI YBEpPEHHOCTBIO MOYKET YTBEP:KAATh, UTO OH BIIOJIHE
ocosHaer ¢eHomen I'aycca. Ero nyGiuKanmyu yCcTAHOBUJIN
CTaHAapT MaTeMATHUYEeCKHMX HCCJIEOBAHWII Ha AeCATHUNETHA,
a Belb OT NOYOJMHKAOWHN MHOTHX CBOHX pe3yJbTaTOB OH
orrazasncd. OT4acT OH Clejajl 3TO, IIOCKOJBKY IOJIaraj, 4To
COBpPEMEHHNKY He T'OTOBBHI BOCIPHHATH HUX, 4 OTYACTH B CHIY
TOT0, UTO CUMTAJ HEKOTOpble M3 CBOMUX OTKPBITHI, CerogHs
paccMaTpuBaeMbie KaK IIPODPHIB, HEJOCTATOYHO MHTEPECHBIMH.

Tak, HaIpuMep, OH Iojaraji (COBEPUIEHHO CIOPaBEeIJINEO),
4TO AJII HEEeBKJIWUAO0BOIl reoMeTpuu BpeMsA enle He IIPHIILIO.
Marematurn (1 duaocodrl, Takue xak KaHT) Ha OpOTSHKEHHN
ThicAYEJeTHI OBLIN YBEPEHBI, UTO BO3MOYKEH TOJILKO ONUH BHJ
reoMeTpUu, 8 UMEHHO TOT, KOTOpHIH mocrpoua EBkiaupn 3a ase
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Puc. 25.1. Topa Bpoker B Fapre

C NOJIOBMHOHM TBICAYM JIeT AO TOTO, — reOMETPHMH, Te CyMMa
YIJioB TpeyroiabHUKa paBHa 180°, a pia kamaoii npsaMoil yepes
TOYKY, eil He NPHHAAJNEKAILYIO, MOKHO IIPOBECTH TOJIBLKO OLHY
napajuleJIbEYI0 IPAMYIO.

T'aycc, ogmaxo, HMOHHMMAJ, UYTO EBK/JIU/0OBA I'€OMETDHS —
TOJBKO OfHA M3 MHOTI'MX BO3MOXXHBEIX reomerpuii. B 1821 r.,
u3MepAsa ymMbl GOJBIIOr0 TPEYroJbHHKA, OH 3KCIIepHMeH-
TANBHO IPOBEPAJ, YTO B HANIEM MWpE BELINOJHAECTCA HMEHHO
€BKJIHMJOBA IeOMeTpHA, IO KpaiiHe#i mMepe B paMKax JOIy-
CTHMOMH 3KCHEePHMEeHTANbHOM morpemrsocTn. Bepmmramu Tpe-
YroJbHUKA, YIVIBI KOTOPOrO OH HM3MepAs, ObBLIM TPH TOPHBIX
nuxa: Bpoxen B Tapne (puc. 25.1), Uncensclepr B Tiopuarun
u Bricokuii Xaren Hemopaneky or I'érrumnHreHa.

M Tonbko roAgpl CIOycTA CTAJ0 OOIENPHU3HAHO, UTO AJIS
ONMUCAHUA IPHPOABI MOTYT OBITH MCIONL3OBAHE! HEEBKJIHMOBEI
reoMeTpuu, Kak, HalupuMmep, B 00Ineil TEOPHMH OTHOCHUTENLHO-
ctul,

Bruto 6e HecmpaseanuBo mo oTHOmeHHIO K ayccy pac-
CMATPUBATL €T0 TOJLKO KaK MaTeMaTuka. HuuyTh He MeHee OH
HU3BECTEH CBOMMM JOCTHYKEeHMAMHU B ¢pusuke (II0 MAarHeTH3IMy)
M B AaCTPOHOMHU, TIe OH IPHUMEHSJ COBEePIIeHHO HOBEIe
MaTeMaTUYeCKHe METOABI s BBIYHMCICHMA HebGecHBIX op6uT.
O= npexackasan noxo:xkenme acrepouna Ilepepa, u aTo cuenano
€ro MMdA 3HAMEHUTHIM B Kpyre NpodeCcCHOHaNbHEIX ACTPOHOMOB
elje B MOJIOZOCTH.

DO meeBRIHAOBBIX reoMeTpuax HoapobHee HamucaHo B 1. 80.
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Cerogua Beamuue I'aycca mpozoinxaeT NOATBEDPXKAATH YIIO-
MHUHAHHNE €r0 MMEHH B CBA3M ¢ BAXKHBIMM HAYYHLEIMH COOBITH-
amu. He Ttak gaBHO ogHa M3 Haubojlee IpPeCTHKHBIX B MHpe
MaTeMaTHYeCKMX Harpax Oblja HasBaHA B €ro 4eCTh; & caMoe
BaXKHOE COOHITHE B HEMEIIKOM MaTeMaTHudecKoMm coobmecTse —
3TO, KOHEYHOe K€, I'ayCCOBCKAA JIEKIHA, KOTOPaA IIPOXOAUT
KaXALI cemecTp B pasHBIX YHHBEDPCHTETaX.

CEMHAALUATHUYTONIbHHUK

B wexmomM BOoceMHaaUATHJIETHEM BospacTe I'aycCc OTKpBLI
YAMBHTENLHYIO CBA3b MEXAY TeopHell umcesq M I'eOMeTpHEH.
Peur maer o mocTpoeHMH MHOTOYTOJBHHMKOB, Y KOTODPBIX BCe
yrasl paBEEYD. ITo ompeseseENIO Takue MOCTPOCHMA NOJIMKHBI
OPOBOAMTHCA TOJBKO IPH IIOMOIMHM IMPKYJIA M JUHEHKH.

Te, KTO HM3y4as TeOMETPHI0O B CTAPIIMX KJIACCAX, MOXKET
6LITh, IOMHAT, UTO TAKOE IIOCTPOEHUE OCYIIECTBUTEL HECJIOKHO,
KOrZa 4McJIo CTOPOH N paBHO 3. YTOOBI MOCTPOMTHL PaBHOCTO-
POHHHMI TPEyroJbHUK, HY:KHO IIPOBECTH OTPE30K, YCTAHOBHUTH
pacTBOp OUPKYJS DPABHEIM 3TOM OTPE3KYy, M HAYEPTHTEL IBe
OKPYKHOCTH € IIEHTPAMM B KOHIIaX NIPOBENEHHOIO OTPe3Ka.
JIro6aa U3 ABYX TOYEK IlepecedeHUs ITHX JBYX OKDYKHOCTeH
MoxKeT OBITH BhHIOpaHa B KaueCTBe TPETHEil BEPIIMHBI Tpe-
yroapHukKa. Cnydait n=4, T.e. KBaJpaT, TOXXe He CJIOXEH,
Beib UMeeTCA NPOCTad Ipoleaypa IOCTPOCHHA IIPSAMOro yria.
A UTO IIPOMCXOAUT IJIA APYrux 3HAUEeHUH n?

Eme B amTuuHOCTH OBLIO H3BECTHO, YTO C IIOMOINBIO
OUPKYJAA U JUHEHKH MOMHO HOCTPOMTH NPABHJBLHBIN IATH-
yroasHuK (n = 5) ¥ mecTuyroasHuK (1 = 6). MoXHO JH crelaTh
BBIBOJ, UTO MOHO IOCTPOUTH JI060ii MHoroyronsEuk? Her!
Baarogapa T'ayccy cerogHa TOYHO M3BECTHBLI 3HAYEHUA 1T, IJIS
KOTOPHIX TAKOe IOCTPOeHNEe NUPKYJIEeM W INHEHKON! BO3MOMKHO.
Yro6bl HANTH UX, HAUXHAIOT C HPOCTBIX YNCEJI, HPEeACTABUMBIX
B BH/le CTeIeHM ABOMKM, yBeamdeHHOIT Ha 1. Takme mpocTeie
yucsiia HaswIBapTCA npocmuimu yucaamu Pepma. Hanbonnb-
1Iee Takoe IIPOCTO€ YUCJIO, M3BECTHOE HA CETrONHAIIHUI NeHD,
paBHO 65 637; ecth 1 Apyrue mpuMeprl: 5=22+1u 17=24+1.
Ecam n — npocroe umcsao PepMa WJIH OPOM3BEAEHHE IBYX

I)Ma'rema'rmcn Ha3hIBAIOT TAKHE MHOTIOYrOJBHHKH NpasuJibHbiMU.
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Pa3iMYHBIX TAKWX IPOCTHIX uucen (OHO MOKeT OBITH eillle
YMHOXKEHO Ha IIPOM3BOJIBHYIO CTEIIEHD 2), TO COOTBETCTBYIOLUH
IPaBUJIBHBIN 71-YTOJLHUK IOCTPONTH MOMKHO. A JAAA APYrux
3HAYEHHI 71 3TOTO CAeJaTh Helb3A. Hanpumep, uucio 7 Henb3s
sanucats B Buge 2%+ 1, 3HaumT, OHO He ABASETCA HPOCTHIM
ypcgaoM Pepma, M I03TOMY HOPABHJIBHBIH CEeMHUYTOJILHUK
OUPKyJeM U JHHEHKOH HOCTpOouTh Henbas. (KomeuHo, Takoit
MHOTOYTOJBHUK MOYKHO IOCTPOUTH IPHUOJIM3HUTENBHO, HO 9Ta
3a/iaua HEWHTEpPecHA C MATEMATHYECKOH TOUYKM 3DEeHMA.)

<
F \

/ \

._.k | ;
b’ "
N 7

Puc. 25.2. 17-yroasHuk

NPEB3OMTU YUYUTENA

Jo Hammx gHeH AOIIJIO MHOTO PAaCCKa30B O BEJHKHX JIMU-
HOCTAX, uM Iaycc He cran uckiamoueHuneMm. Takme wucTopum
APKO OIKCHIBAIOT €r'0 XapakKTep, Aa'Ke eCJH OHM M He BIIOJHE
OmpaBJUBEIE WJIK BOBCe amoOKpudMUecKue.

OmuHE U3 caMBIX H3BECTHBIX AHEKJOTOB (PACCKA3RIBAIO €ro
B HaJeXxJe, YTO XOTA OBl HEKOTODHIE YWUTATENAW C HHUM elle
He 3HAKOMBI): Yepe3 HeCKOJLKO HeZelbh 0O0y4YeHUsS B IIePBOM
KJjgacce yumrenr laycca moHagoOMJIOCH BaHATH KJIacC, M OH
BeJIeJI JeTAM CJOXKUTH IIepBhIe CTO HATYPAJBLHBEIX YHCe], T. e.
BBRIYHCAUTE cymMmy 1+2+ .-+ 100.

Yepes mumyty laycc ckasan yuuTes o, 4YTO 3aKOHUMII,
¥ o6BaBHI NpaBMALHLIN oTBer 5050. BMecTo TOro 4T06HI, KaK
BCe OCTaJIbHbIEe INKOJBHWKH, YHBLIO CKJAALIBATL BCe IOAPSJK,
Taycc nmeperpynnuposas ciraraemeie: BmMecto 14+2+---+100
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OH BBIYMCJAN CyMMY
(1+100)+(2+99)+- - -+(50+51).

IIpeumyimecTBO OUEBHAHO, BeJjbh BCe cjlaraéMeie B CKOOKax
paBapl 101. OcraercAa Toapko ymHOMuUTE 101 mHa uwmeso
cnaraemoIlx (T.e. 50), ¥ ¢ JIETKOCTBIO IOJYIUTH pPe3yJbTAT
50-101=5050.

Kak u B gpyrmx o6iacTsax MATEMATHKH, b8 U PeaJIbHOH
JKMSHH TOXKE, BTOT IPUMeD MOKAashbIBaeT, YTO YACTO MMEHHO
IOAXOA K 3ajaude OIPENeJIfseT, IIPOCTAd OHA MJIN CJIOXKHAMA.



Fhasa 26

O NMNONYTOHAX U KOPHAX
ABEHAALATOU CTEMEHH

CymectByeT ycTofumBoe IOBephe, OyATO OBl MATEMATHKOB
oco0eHHO HpHUBJIEeKaeT MY3bIKa. OfHAKO OHO YTBEPAUJIOCH HE
BO BpeMsA oIpoca MaTeMaTHMKOB Ha OfHOI M3 MIOCIeaHMX
koH(pepeHnNii, YTO HABOAUT HA MBICJIb O TOM, YTO MaTeMATUKH
He Oosiee CKJIOHHBI K MYB3BIKe, YeM, CKaXXeM, AOKTOpa WJIHN
aABoKaTel. Bce e TecHada CBA3b MeXAY S3TUMU JABYMSA
001aCTAMHE — MATEMATUKOM M MY3BLIKOI — eCTh.

Bonee 2500 ser masam IIudarop smHanx, 4TO ABe HOTHI,
ChirpaHHBIE ONHOBPEMEHHO HA HATAHYTHIX CTPYHAX, OCOOEHHO
NPUATHO 3ByYaT, KOIMa [JIWHBI CTPYH MOONUUHAIOTCSA IIPO-
CTBIM MaTeMATHUYEeCKMM cooTHomeHuAM. Hanpumep, ecsan oxna
CTPYHa BJIBOE JJIHNHHEe APYroil (M OHM CHeNaHBl M3 OXHOTO
MaTepuana ¥ HATAHYTH OAWHAKOBO), TO KOPOTKAs CTPyHA
3BYYHT POBHO Ha OKTAaBY BHIIIE JIMHHOHM (M Kak Teleph 3HaeM
MEI, YACTOTa BEICOKOTO TOHA — YNCJIO KoJie0aHuil B CeKyHIY —
BABO€ BBIIEe, YeM HUSKOT0). [JIA KBHHTHI OTHOIIEHHE PABHO
2 x 3. Iludaropeiinsl MOCTPOMJIM HA HTOM IPHHIMIE BCHO
MY3BIKAJIbHYIO 'AMMY, HO JJIA HAC OCTAJIOCH HEM3BECTHBIM, UTO
pUBeJIO K OOHapy:XuBaeMoii BO BceX KyJIBTYpax CBA3SH MEXAY
OPOCTRIMUA MATEMATHYECKMMH COOTHOIIEHUAMHE M IIPEJIeCThIO
MYSBIKH.

K coxanenmuio, mnudaropeiickas raMma ¥ CBA3aHHEBIE
¢ Hell My3BIKATbHBIE CHCTEMEI 061aa0T OJHUM PelINTeJhLHBIM
HEJIOCTaTKOM: KOIZla MBI IIEePEeXOJHM N3 OZHOH TOHAJLHOCTH
B APYryi0, MaTeMaTHUYeCKMe COOTHOMIEHHS B HOBOM ramMme
HECKOJIBKO OTJIHYAIOTCH OT COOTHOIINEHHII B cTapoii.

M3 sroro HepocTaTKa pomuMiach WAES NEMOKDATHIHO pasie-
JAATE OKTaBy Ha 12 wacreii. OT OJHOI0O MOJYTOHA A0 COCEIHETO
YacTOTa YBEJIUUUBAETCHA B 132 pas, T.e. IpUOIUBNTENBLHO
B 1,059463094. . . pas. IIpuMepHO TPHCTA JET TOMY Hasaj OLLI
n3o0peTeH DaBHOMEDHO TEeMIIEPHPOBAHHEBIN cTpoil. B cBoem
npousBefieENN «XOpOIIO TeMINEPUPOBAHHEIA KiaBup» HoraHH
Cebactoaa Bax (1685-1750) mnpeacrasma cobpaHue mnBec
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(npemoaunii u pyr), HANMCAHHEIX B 24 MAKOPHBIX M MHHOPHBIX
TOHAJNBHOCTAX. OH TakuM 00pasoM IpPOAEMOHCTPUPOBAJ, UTO
MOJKHO HIpaTh B J000H TOHAJNLHOCTH, He NIepeHacTpauBas
HHCTPYMEHT.

910 nzobpeTeHre HU B KOeil Mepe He HCYEPIAI0 BO3ZMOXKHBIX
cBA3eH MeXAy MaTeMaTHKOil H My3bIKOi. B aBagmaTom
BEK€ MHOTHMEe KOMIIOSUTOPHI MCIOJNL30BAJH DasjIMYHBIE MaTe-
MATHYECKHEe COOTHOIIEHUS B CBOMX COUYMHEHUAX, HaYHHASA
C MeTofla HACTpaMBaHWA W 3aKaHYMBaA Oossniumu dbopmamu,
Hanpumep, komnosutop Aunc Kcenaxuce (1922—-2001) ncoosis-
30BaJl BEPOATHOCTHEIE METOABI, TEOPHUIO UT'P M TEOPHIO I'DYIII
B KaUeCTBe OPraHM3AIMOHHBIX HPHHIINIIOB CBOMX COUMHEHHH.

OgHako Kakoe BBICOKOE 3HaUeHMe MBI ObI HU NPHIABAIH
MaTeMaTHKe, HeBO3MOKHO BBIDA3HTH MaTreMaTwdecKuMu ¢op-
MyJaMH Hamy pagocTsh oT coHaT Illybepra mam Jo6umoit
IOIMYyJAPHOI HmeceHKH.

NMADATOPOBA UK XPOMATHYECKAA

Ilouemy B HameMm OOCYXAeHHWH BO3HHK KOPEHb ABEHAIANATOH
crenenu n3 2? IIpeamonoxmuM, UTO OKTaBy HYKHO Das3leuTh
Ha n yacreif, rae n — IeJgoe IOJOKHTEJNbHOEe 4McJo. I'mrap-
HOMY MacCTepy IPHAETCS PACIOJIOXKHTEL 71 JaJOBBEIX IIOPOMKKOB
Ha OfHOM mnonopuHe rpuda, mpudeM IOCTEAHHN HOPOKEK
OKa)XKeTCs POBHO IlocpefuHEe, 4YTOOBI JATh 3BYK Ha OKTaBY
BeImie (puc. 26.1). Ecau Bce MyshIKaJbHBIE MHTEPBAJILL OYAYT
OAHOrO pasMepa, TO OTHOIIEHWE YacTOT 3BYKOB, M3aBaeMBIX
cBOGOAHON cTPpYHOH M IMpMKaToi y IepBOro MOPOMKKA, SOJIKHO
OBITH TAKMM K€, KAK Yy 3BYKOB, H37aBaeMbIX CTPYHOMH,
IPUIKATON Y IEepBOro M BTOPOr'0 IIOPOXKKOB, W T. I.

Ecau ato orHONIEHNE O0GO3HAYUTL X, TO €T0 MOXKHO BBHIYNC-
aute npamo. Ecjau ogHOBpeMeHHO (CKa)keM, Ha JBYX OJUHA-
KOBO HACTPOEHHEIX I'HTapax) 3ByYaT ABe HOTHI, DasfesieHHbIe &
OJYyTOHAMM, TO OTHOIIEHHWEe MX YacTOT paBHO x*. B wactHocTH,
n-d HOTAa, 3BydYamias Ha OKTABy BhIIle, NOJKHA KMETHh YacTOTy
BABOEe OoJibllle, II03TOMY BHINOJHJETCS ypaBHeHUe x"=2,
IIpu paBHOMEPHO TEMIIEPUPOBAHHOM CTpoe n =12, u mosromy
212=2 wim x='%2=1,059.... Tagum obpasoM, y BOT C
n C-gues oTHouleHue dacTor pasHO 1,059 ..., TOo e camoe
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Puc. 26.1. OgnHaKOBO HACTPOEHHBIE MHCTPYMEHTHI

MOJKHO cKasaTh 0 Hotax D u C-gues, u T. . MOXKHO BEIYMCIHTE
OTHOIIIEHKE YacTOT MexAy Ji06oif mapoit Hor. Hampumep, aas
D n C oHO paBHO

D:C=D:CxC:C=1,0594-...-1,0594 ...=1,12246....

Crenyomas Tabimuna HOOKa3bIBAeT OTHONICHHME YACTOT A
ouharopoBoil U PaBHOMEPHO TEMIEPHPOBAHHON raMMmbl Ro-
Maykop.

Hora | Indaropasa PasrOMepHO
raMma TeMIIePADOBAHHAA
raMma

C 1 1

D 1,12500 1,12246
E 1,26563 1,25992
F 1,33333 1,33484
G 1,50000 1,49831
A 1,68750 1,68179
B 1,89844 1,88775
C 2 2

OTHOINEHUA YACTOT NPAKTHYECKH COBHAMAIOT, U HETPeHH-
pOBaHHOE YXO BpAA JH 3aMeTHT DpasHuIy. B nomyaspHO
My3bIKe PaBHOMEDHOE TeMIEepMpOoBaHME MOYTH YHUBEpPEAIbHO,
HO KOTrZa MY3BIKY HCHOJHAIOT HA CTAPUHHBLIX MHCTPYMEHTAX,
MYS3BIKAHTEI JacCTO CTapaloTcA AOOGMTHCA TAKOI'O JKe 3ByJYaHH,
KoTopoe OBII0O BO BpeMsl COUMHEHHA MPOM3BENeHUA.
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BEYHO S HE B TOA OUYEPEAM!

Tema 3T0ii CTATHEU — OOATH ICHXOJOTHA. BaM HHMKOTAa He
NIPHAXOAUJIA B I'OJIOBY MBICJL, 4TO APyrue odepeln B cymepMap-
KeTe MJM Ha IOYTe BCErNa NPOABHUTAIOTCA OBICTDEe, UYeM Ta,
B KOTOpoOii cromre BBI? MoxkeT GBITh, BAaM CTaHET Jerde, ecju
BBl y3HaeTe, YTO APYrHe AYyMAaiOoT TOYHO TaK e, M IPHIUHY
MBI BaM ceiyac o0'bACHUM.

IIpeacTasbTe cebGe IATHL ouepeseil Ha MOUTe IPUMEPHO OAHOM
JJWHBI; BaAM HYKHO BEIGpaTh OJHY M3 HUX. BepPOATHOCTH
TOro, 4TO BEI BhIGepere Ty, uTo GyzeT mMpoaBUTaTrscA ObICTpee
OCTAJIbHBIX, PABHA % uiau 20%. Aaaye ropops, ¢ BePOSTHOCTHIO

80% BBl CHOBA OKa)KeTeCh B HEIPABMJIBLHOH oudepenu. A eciau
Bbl UACTO OKa3BLIBAaeTeCh B TaKoi cuTyamum, TO Hens0eKHO
BO3HMKHeT BIleUaTieHHe, UTO CyALOA HecnpaBeAjnBa K BaM.

Hamwu oxugamnsa U JeicTBH-
TeJHLHOCTh M BIOPAMb YacTO pac-
XOAATCA U3-3a HELOCTATOYHO pas-
BHUTOIl MATEeMATHYECKOH HHTY-
unuu. Takoii HeZOCTATOK MBI
TIOTYYHMIN B XO[€ 3BOJIONHHN, U 00
3TOM Y&CTO HAET pedYh B HamIei
KHNre. Hanpumep, HeJlerko oco-
3HATH JKCIOHEHIIHMAJbHBIH pOCT,
a H IIpaBUJIBHOE WHTYUTUBHOE
pemenue mapajgokca Moutu Xosia (. 14) A MHOTHX Jiofei
OOYUTH HEBO3MOKHO.

K sajzave, ynOMSAHYTOI B Hauajie 3TOH IJIaBBI, MBI JOJIKHBI
IOGABUTH, YTO OXMHAAHWE B OUEPeNAX IOJBEPraIoch cepbes-
HBIM HCCJIEJOBAHMAM B TeUYEeHHE JOJIrOr0 BpPeMEeHH: TeOopHdA
ouepefieil (MM TeOpMA MacCOBOrO OOCTYKMBaHUA) — OAUH K3
KJIacCHUYEeCKUX paslesloB TeOPHN BEPOATHOCTEMH.

YV Teopum ouepefieii MHOro mnpuiIoKeHuil. Kak TOJBKO
3ajjaua ouepeseil COBEPHIEHHO HW3y4Ye€Ha, 3TO 3HAHUE MOMKHO
NPUIOKUTE K TAKMM PAa3HBIM CUTYaUMAM, KaK ONTHMAJIbHOE
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IIaHHpOBaHWe paboTEl CBeTOQOPOB M mepeAada IIAKETOB
JAHHBIX IO Y3JOBOH TOUKNM B HMHTEPHET-COeAMHEHWH.

OUYEPEQM

Kax MBI yXe ckasaan, Teopusi ouepejfeii — BETBbL TEODHH
BepoATHOCTEl. Ee TMOnUuHbIe pe3yabTaTH HPHJIOKHME! K O6u3-
Becy. IIpeacraBrTe cebe mnpeaumpuaTHe IO OOCAYKUBAHHIO
HaceJieHHA. KJIMeHTOB IpMHEMMAIOT, OOCHYKHBAIOT, M OHH
yXomAT. IT0 MOMKeT OBIThL pecTopaH, MeTAJJIODEMOHT — LA
4YTO YrogHO. B 3Ty Xe cxeMy ylcnanmnalo'rca myseil mam
TYPHCTHYECKHH ATTPAKIIVOH.

M= npuEEMaeM clefyion(He TPeAIIOJOKEeHUA.

KianenTsl mpuOBIBAIOT B caydaiiEble MOMEHTBHI BPpeMEHH. IIO
ogHomy. CiioBOo ¢cayuaiinsie» O3HAYAET, UTO HEJIbL3dA TOUHO
mpeACKasaTh, KOrga TpHOyAeT CAeAYIOmMMi KINEHT, W3BeCcTeH
TOJBKO CPeZHMH HMETEpBAJ MeXAYy npubeiTunamu. (Iiasa sToro
e€CTh Hay9IHEI TEPMHUH I3KCNOHEHUUAALHO pacnpedenerrbvie
MomeHmb. nocmynaerus.) CuHTaercs, 9YTO KIHEHTHI He
xopar rpymnamm D, OfHAaKO HaM H3BECTHO BpeMA OXHAAHHUA:
6 cpeOHem OJHH KJINEHT NpHOBIBaeT Kaykiwele K ceKyHZ.

Korga xameHT BXOAMT <«B JIABKY», OH OOGCIy»XHBaeTcCs
HeMeJJIeHHO (CIay)KaliX JoCTaTo4HO). BpeMsa obGcny:xuBaHHUA,
KaK M MOMEHTHI HNOCTYIUIEHHS, He MOTYT ORITE IpefCKA3AHEI
HaBEepHAKA, OMHAKO H3BECTHO OKHAAeMOe 3HAUEeHHe, KOTOpOe
MEI 0603HaunM L — cpefjHee YMCJIO CEeKyHJ, TPeOYIOMMXCA Ha
o6ciry:KMBaHHAE ONHOI'O KJIMEHTA.

B 3aBHCHMOCTH OT CUTYAIINH 3TH YCJOBHA Gojlee MM MeHee
TOYHO OTPaKalT AeHCTBUTEeNbHOCTh. OHHM BHOOJHE NOAXOAAT
AJIA KPYIHOT'O PecTopana ¢ GOJBIIUM IITATOM M HOCTATOYHBIM
KOJIMYEeCTBOM CBOGOAHBEIX CTOJIMKOB. WM ANA HMCTOPHYUECKOrO
cof6opa, MOCemaeMoro TYypUCTaMH, 9TH YCJIOBHS TOMe BBIIIOJ-
HAIOTCH.

ITapamerpst K ®m L He3aBHCHMEI, OHHM OIPeAeNAIOTCS
curyanmeii. Manoe sHaueHre K Jjs cofopa 03HAYAET, UTO €T0
IocelaeT MHOTO HApPOZa, a 60JbIIoe — YTO MOCeTUTeei MaJjio,
OHHM B3aXOJAT TOJbKO u3penka. Ilapamerp L cayRur Mepoii
npuBIeKaTeabHOCTH. IIpn Manbix L TypHUCT He TpaTUT MHOTO

D370 maxnagsiBaeT orpaHMYeHAE HA HAII UPHMED € TYPHCTAMH, TAK UTO
OpHUAeTCA IPEANOJIOKHTE, UTO BCe OHH IIYTEMECTBYIOT IOONHHOYKE.



IimaBa 27. Beuno s He B Toif ouepenu! 109

BpeMeHH Ha ocMaTpuBaHMe cobGopa, a Oosblime 3HaYeHHSA
TFOBODAT 0 JJHNTENbHBIX MOCELeHNAX (BCIIOMHHUTe O 6asmimke
Cearoro Ilerpa B BaTukasne).

Bajada B TOM, YTOOEI MPeACKA3ATh YMCJIO KIHEHTOB B J1060ii
MOMeHT BpemeHH. KauecTBeHHO curyanmsa fcHa: Goapmue K
n Majible L rOBOPDAT O TOM, YTO B cpefHeM B j1000f MOMEHT
BpeMeHHM KJueHTOB Oymer Mmasio. OmHaKo MBI XOTHM 3HATH
TOYHee, Yero OKHNAaTh: CKOJbKO JUBAHOB AJIA KIHUEHTOB pasMe-
CTHTE B IpeAnpuATHN MeTa/uiopeMoHTa? CKOJIBKO OQHIHAHTOB
HaHATH? OTBEeTHI Ha 3TH BOIPOCH! MO3BOJAET [JATh TEOPHA
BEepOATHOCTEH.

O6osHauuM A orHOmreHme L/K, CTOJBKO KJINEHTOB B CPeA-
HHEM HaXOAHTCA B JaBke B Ji000ii MoMeHT BpeMmeHH. Bepo-
ATHOCTh TOTO, 4YTO B JIO00Il MOMEHT HOPHCYTCTBYeT POBHO
k KIMEHTOB, 3afaeTcs (PopMyJioil

Ak

k! ’
rae k! (uuraerca <k ¢axropuan») oGosHavuaeT Nnpou3BeAeHHE
1-2-....k, a e=2,718... — nocroaHHaa Jiijepa, OCHOBA-

Hue HATYypaJbHEIX Jorapudmosl.

Hanpumep, K =60 u L =120. 3To o3uauaer, 4TO B cpegHEM
Kakasle 60 CeKyHA OPUXOAWT KJIMEHT #u 3aJep:KHBAeTCH
B cpefiHeM Ha 2 MHHYTH. 3fech A=2, ¥ MOXHO BHIUHMCIHTE
BEPOATHOCTL TOTO, 4TO B Ji060ifi MOMEHT BpeMeHH B JIABKe
6yaer poBHO k KiueHTOB. HexoTophnie 3HaUEHHA MBI ONPHBEAEM
B Tabiauie.

k 0 1 2 3 4 5
Beposrrocrs | 0,135 | 0,271 | 0,271 | 0,180 | 0,090 | 0,036

Tak uYTo ecaM Ha [OPEAUPHUATHH METAJJIOPEMOHTA
ecThb dYeThIpe MecTa [JA CHAEHWA, TO CTOAINEro KJIH-
eHTa TaM MOXHO OyJerT VYBUJAETL OYEHBb pPEJKO: BEpPOAT-
HOCTH TOTO, 4YTO KJHEHTOB He Oosee 4dYeThIpeX, paBHA
0,135+0,271+0,271 + 0,180+ 0,090 =0,947, a BepOATHOCTL
TOro, WTO0 WX HOATh wiam Oonbimme, pasua 1-0,947=0,053,
JHAMb HECKOJBKO Bhimre 5%.

DIloapo6Hee 0 HeM MOKHO TPOYMTATh B DI, 42.
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HE3ACNY)XXEHHO HEAOOLUEHEHHOE 4YUCJO

Yncaa — 970 abcTpaknuu. ¥ MHEHOMKeCTBA HATH I'PYLI X MHOMKe-
cTBa OATH AOJIOK ecTh OZHO 00Iiee CBOMCTBO, KOTOPOEe MOMKHO
O0HAPYKUTH U ¥ APYIHX MHOMECTB: OKa3aJIOCh OUeHb II0JIe3HO
BBECTH JI HEro CIemuaNbHBIH cHMBOJI. Takme abGerpakmun
BOSHUKAIOT BO BCeX YeJIOBEYECKHNX KYJIbTYpaXx, X AaKe MAaJIbIHIN
MOr'yT paboTaTs ¢ TAKMMH IPOCTHLIMHM YUCJIAMM.

A uTO MOXHO CKasaTh OpPO 4YHUCJI0 Hoab? Her HMUero
0cOOEHHOTO B TOM, WUTO B HEKOTOPBIX MHOXKECTBAX HeT
9JIeMEHTOB; OZHAKO IIPOILJIO HECKOJBKO COTEH JeT, IIoKa
He BOBHUKJIA HuAed O I0Jb3e IOHATHUA U CHMBOJA HOJb.
Hanpumep, B puMckoii HyMepauuu HYJAdA He ObLIO, W Ha
caMoM [Jiejie OHa COBEPIIEHHO He IOAXONUT OJfA IpPOBeNeHUS
aputhmMermueckux omepanuii. ¥ TOJBKO ¢ BBeJeHMEeM HYJIA
M IO3HIMOHHOM CHCTEMbBI CYHCJEHHA B3alHCLIBATL OOJLIIHNE
YpcJja CTaJ0 IPOCTO U BHINONHATE apudMernuecKue JefcTBUA
cTajo yaoGHO.

ToT, KTO BEIyYNA TAOIHIY YMHOMKEHUSI U YMeeT CKJIAAbIBATE
OZHO3HAUHBIE HMCJIA, MOMeT 0e3 TpyJa CIPaBUTHCA CO BCEMH
apudMeTHYeCKHMH OIlepaluAMN. 3[echk Yy HYJId BaKHedmas
posab. Hampumep, B 3anmcu umciaa 702 oH MCIONB3OBAH AJA
o6o3Hauerns Toro ¢axra, YTO B 9TOM UHCAE HET AECATKOB
(ronsko 7 coreH u 2 eguHUNBI). U1 yem Gosbuie HyJie#t B KOHIE
uypcaa, TeM OoJbIINe 3HAYEHHA BHIPAYKAOT HNUGPHI Iepexn
HUMH: eguHUna B uncae 1000 sHaumT Gosiblne, 4YeM B UMCJIe
10.

Buauasne B MHANACKON MOSHIMOHHOMN cHCTEME BMECTO HYJIA
OBLI TOJILKO CHeINAJIbHEI 3HAUOK, CBUAETEILCTBYIOMINIH O TOM,
4TO B 9TOM Mecre Huuero He sanucasHo. (Ilonyuanmocs MeHbIne
omuboK, yeM ecim OLI COBCEM HHYEro He OBLJIO OTMEUYEHO.)
Po6epr Kannau B kaure «Vcropus myns» D, koropas uuraerca
Ha OZHOM ABIXaHMM, IHUINET, YTO B TO BpeMa B VIHAWMH HOJb
«6b11 He umbpoili — He Gosiee YeM TOUKOM WM 3aMATOM».

Dpie Geschichte der Null, Campus Verlag, 2000.
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M ToapKo B HayajJ e MIECTHAALATOI'O CTOJETHA HOJL CTAaJ
HOJIHOIPABHBEIM YHCJIOM.

Has MaTreMaTHKOB pOJIb HYJA NPOCTHpaeTrcad Iopasfo
gajblle, 3a Opegensbl ydacTusa B 3amucu wuces. leiicteu-
TeJbHO, HOJIL — OAHO M3 CAMBIX Ba’KHBIX uHcej. Beab eciu
OpubaBUThH ero K KAKOMY-HHGYQEB APYIOMY YNCIy, OHO He u3Me-
HHATCSA, TO3TOMY HOJIb Ha3LIBAIOT HelmpanbHbiM 3LEMEHMOM
niIn eduHuyell no Caoxcernuro. B Mupe uuces OH HaXOZUTCA
B NEHTpe, KaK TOUKA DABHOBECHS MEXKAY NOJOKUTEIbHBIMUI
¥ OTpHUIATEJILHBIMY UHUCIAMM.

Haxe ceifuac poJb HyJs He BHIABJIEHA BIOJHE TOYHO.
B 2100 roay samonro go PoxaecTBa HaYHETCA OYKHMBJIEHHBIH
CIOp O TOM, KOTJa HMEHHO HaYWHAeTCH ABajuaTh BTOPOH
Bek. OTBeT Ha 5TOT BOIPOC 3aBHCHUT OT TOrO, KaK MPHUHATO
OTCUMTHIBATEL TOABI — HaumHaA ¢ 0 wiam c 1.

MOUCK BENIUKOINO HEU3BECTHOIO

Yro6sl NPOAEMOHCTPUPOBATH, KAaK HCIOJIB3YIOTCHA CBOMCTBa
HyJd HPHU BHEIYUCIEHUAX, PACCMOTPUM IPOCTYIO 3aJady CJIO-
sxkeHnd. MBI He GyZleM BBIXOAWTH 34 PAMKNM MHOJKECTBA MEJIBIX
4yucea, T. €. YHCeJ

cee,=2,-1,0,1,2,3,....

Bo-nepBHIX, HY:KHO yOeIWUTHCA, YTO, KAaK MBI yXKe CKasaiu,
ClOKeHHe ¢ HyJleM He MeHdeT 4Yucjio. BHe 3aBHCHMMOCTH OT
3HAUEeHUA I BCeraa BRITONHSETCS cooTHomeHue Y+ 0=y. Bo-
BTOPBIX, MBI BCErZa MOMKEM <«BEPHYThCS OGpPaTHO K HYJIIO».
910 osHAaUaeT, UTO [Jd JIO6Oro YMcia Y BCerja MOXKHO HallTh
Takoe YMCIO W, 4To Y+ w=0. Hampumep, MOKXHO BnIOpaTh
w=-5, ecqx gaHo y=95, a gaa y=-—13 HyxHO B3aTh w=13.

OGBIYHO MBI MCIIOJb3yeM OOO3HAUYeHME <«—Yy» NJA YHucjaa w
U Ha3bIBAEM YHCJIO W OOPAMHBLIM NO CAONEHUI UHACLY Y.
OTmeTnTe, UTO MBI YsKe BBISCHMIH, uro —(—13)=13. 3Bro
MOATBEPIKAAEeT MPABUJIO «MHHYC Ha MHHYC AaeT ILIIOC».

Tenmeps MBI TOTOBBLI peiiaTh anrebfpamvyecKkue ypaBHEHUS.
IIpeanos oK UM, HYKHO HANTH UYHCJIO X TaKoe, YTO BLIIMOJIHS-
ercs pPaBeHCTBO

x+13=4299.
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HeusBectHOoe umeso X MOXKHO HaWTH TaK: IPOCTO KOGABUTH
yucno —13, oOpatHoe mo ciaoxedmuio umeay 13, kK obeum
cTopoHaM ypaBHeHus. FicxogHoe ypaBHeHme IpeoGpasyercs
ciaenyiomumM obpazom:

(x+13)+(—13)=4299 + (—13).

JleByio wacts npeobpasyem K Bugy x+(13+(-13)); sro
MOKHO CIEJIaTh B CHJIY ACCOIMATHBHOCTH cioxkenusl. Cymmy
(13 +(—13)) moxxHO 3aMeHUTH HyJeM (MMEHHO AJIA 3TOT0 MEI
¥ npubaBAAIH 4YNCJIO, o6paTHOE IO CJIOMKEHHIO), & BMECTO
x+ 0 sanmeats npocto x (Beapb 0 — eAMHMIOA IO CIOMKEHHUIO).
Hrak, mpl monyumnau ypaBHeHme x=4299+(—13), kKoropoe
MOJYKHO 3aIlMcaTp B 0Oojlee IPHBLEIYHOM BHuZe X =4299-—13.
HaM ocTanoch BOCIOOJB30BATBCA MATEMATHKON HA YPOBHE
HAYaJbHON WIKOJBI, 4TOGBI yO0eamThcs, uTO X paBeH 4286.

Moskxer 1mOKaszaTeCH, UTO 3TH PACCYKIACHHSA CANIIKOM
CJOYKHEI JAJIi TAaKOro HE3aMBICJOBATOTO peayabrara. Jlame
MaTeMATHKH [POCTO BhHUMTAlOT 13 M3 oGemx dacredt ypas-
HeHHA X +13=4299. OgHaxo MBI IIOKa3aid TAKAM o00pasomM
PEHIAIONIYI0 POJIb HYJAA: MMEHHO ero CBOMCTBA MOSBOJAIOT
peHiaTh TakHe YpaBHEHUS.

DCm. . 20.



Fhasa 29
A MOBNKD CHUTATD!

Kom6uHaTODHKA — MOYTEHHASS M CTApWHHAS BETBh MaTeMa-
THKH, UIpaolas BasKHYIO POJIb BO MHOTHX ee obiacrsax. Ilep-
BOHAYAJIPHAA 3aja4a KOMOMHATOPWKH — IIOACYUTHIBATH UHCIIO
cnoco60B, KOTODBIMH YTO-IH00 MOMKET OCYIZECTBHTHCS HJIH
ObITh CIPYHNOHPOBAHO, NPHYEeM OOGLIYHO peuyb Hier o 60ib-
mux yucaax. Hanpumep, CKOJBKMMH CIOCO0AMH BE MOXKETe
BHIOpATE WIECTh YMCEN K3 COPOKa AeBATH B Ommxaitnrem
JOTEpEeHHOM PpPO3sIrphlme?

IIpencrasbre cebe 6apaban u B HeMm 49 mapos, IpoHYMepPO-
BAHHHIX YHuCJIaMH OT 1 0 49 ¥ XOpPOUIEHHKO IlepeMenIaHHbBIX.
Br: 6 pas omyckaere Tyha PYKY M BBIHHMAaeTe IIap — 9TO
M eCcTh BalllX JoTepeiiHbie HOMepa.

CKOJIBLKO Ke 37lechb BO3MOMKHOCTeii? B mnepsmiii pas
X COPOK JAEeBATh, HO BO BTOPOHl ViKe TOJBKO COPOK
BOCEMb, IIOTOM COPOK CceMb H T.JX. Bcero mmeercsa
49.48-47-46-45-44=10068 347 520 coocoGoB BHIHYTH
mecTs mapoB. Ho mnocrofiTe! Bce 5TH BO3MOMXKHOCTH He
OPHUBOAST K pasHsiM HaGopam. Ecim miects mapoB BBIHYTHI,
TO €CTh M ApPyrue cmoco0Ll BHIHYTH Te Ke IIapbl, BO3MOYKHO,
BeIOpAaHHEIE B ApyromMm nopsaxe. Hampumep, mocjiesoBaTelb-
HOCTE 2, 3, 34, 23, 13, 19 npnBoguT K TOMY Xe Habopy, 4TO
H TmocleRoBaTeanHocTh 23, 2, 34, 3, 13, 19. Ilects mapos
MOJKHO BEIHYTb 6-5-4-3-2.1 =720 pasnuunasimMu cmocobamu;
a MMEHHO, JJIf NepBOro mapa eCcTh MEeCTh BOSMOKHOCTEH, ANsa
BTOpPOI'0O — HATH, ¥ T. I. IlosTOMY MBI HaitZleM MCTHHHOE YMCJIO
pa3HYHAIX CHOCOGOB BHIGPATH YHCJIa AJIA JIOTEPEH, pa3fiesIuB
10068347520 na 720, uro maer 13983816 — umenHo sTo
YKCJI0 MBI BCTpedasd B . 1.

Eeam BB yMeeTe CUHTATh, BBl MOMKETe BHIYMCIATL BepPO-
ATHOCTH. ITOCKOABLKY TONBKO ognH u3 13983 816 BO3MOMKHBIX
caoco6oB BHIGpaTHL JNOTepeiiHBIe HOMepa AacT GOJIbHION BRINT-
PHIII, BEPOSATHOCTH YraJATh STHU BBINIDHINIEEIe HOMeDa PaBHa
1/13983816, — yBBI, oHa 00eCKypakHWBalolie Maja.
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YETbIPE OCHOBHbIE 3AHAYU MNMOACUYETA

TloxcuuTeiBasg, MBI BCErzja paccMaTPHBAaeM KOJHMYECTBO HEKO-
TOpeIX cIoco0oB BhIOOpa: Bceraa BeIOMpaeM k£ 3JI€eMEHTOB
u3 n. Ilpesxge deM ABUraThca Aajbllle, HYKHO OTBETHUTh Ha
JBa KJIOUEBBIX BOmpoca: 1) BakeH JHM IOPALOK, B KOTOPOM
BBIOMPAIOTCA JIEMEHTHI; 2) MOMKHO JIM OJ[MH M TOT XK€ 3JIEMEHT
BRIOpaTH GoJiee ORHOTO pasa?

CynjecTByeT IO [OBa OTBeTa Ha KaKABIM M3 3TUX JABYX
BOIIPOCOB, IIO9TOMY HY/KHO pasjHdyaTh UeThIPe CJOydad.

Cnyuait 1. Mopapok BaxeH, AONYCTHM
MHOTOKpaTHbli BbiGOp

Jlna npumepa IOAYyMaeM, CKOJBKO BCEro 4eThIPEXOYKBEHBIX
«CJIOB» (3[eCh CJIOBAMHM MBI HA3bIBaeM Ji00ble coueTaHusa OyKB,
BKIIouad GeccMuiciieHHble, Takue Kak bIVMBD). Ilopanok 6yks
paxked, Tak kKak JJAHH mosce me TO ke camoe, uro HAJS,
a DOBTOPHI JOIYCTHMBI, BeJb MBI HE HCKJIIOUAEM TaKHUX CJIOB,
kag AJLJIA wmm JINJISA.

Yucio BceX TAKUX CJIOB HOACUUTATDH HECJOXKHO. [Ina Ka ol
n3 k GYyKB ecTh n BO3MOXKHOCTEeH, MTOrO n-n-----n=nk,
IMocronbky B andasute n =33 OYKBHI, a B CJIOBaX, KOTOpEIE
MBI paccMaTpuBaeM, B =4 GYKBBI, BCEI'0 MMEETCH

383%t=1185921

YeThIpeXOyKBEHEIX CJIOB.

PaccMoTpHM elne oAMH npumep. Ecau mMbl 6yxeM BBIGHDATH
yerpipe nudpel wu3 mabopa 0, 1, ..., 9, To Doayumm
yeTbipexa3HayHoe umciaol)., OueBHAHO, 4YTO MOPALOK HMeEeT
3HAYEeHMEe M 4YTO OHA M Ta e Iudpa MOMXKeT NOBTOPATLCH
HecKoJbKO pasd. B srom caydae n=10 m k=4, TaK uroO
Bcero umeerca 10%=10 000 BoazmoskHOCTeit. (MBI NOTYYMIU
YUCJIO PASIMYHBIX MHH-KOJAOB JJisd 6aHKOBCKMX Kaprouek. OHO
He Takoe Y OOJbllloe, ecJH Y4YecTh, Kak MHOTro JIofeit
noassyercs 6aHKOMaTaMu. BO3MOMHO, B BallleM I'Opojie ecTh

DKoreuHo e, ecIn mepRasd BHIOpaHHAS HE(pPa OKa3a1ach HyJIEM, TO MbI
nonyunm uncaa BpoZe 0233 wiam 0003. Mir moskeM aubG0 ITOrOBOPHTHCA
pacCcMaTpUBATH U TAKHE YKUCJIa TOXKE, HIN MOACUATHIBATE KOJIMYECTBO IEeJIbIX
umuces, B KOTOPHIX YETHIPE WM MeHbvuie nudp.
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YeJIOBeK, IIMH-KOJ 0aHKOBCKOH KapTOYKM KOTOPOre coBHmagaeT
¢ Bamumb))

Y oToil 3azaum ecTh Ba)KHBIN BapuUaHT — KOTZAa HA pas-
JUYHBIX JTanax BbIOOpAa BO3HUKAIOT pasHbIe MHOMKECTBA.
Hanpumep, croapkmmMm cmoco6aMu MOMKHO 3aKasaTb olen
B pecTopaHe, ecJM IpezJjaraerca 5 3aKycok, 7 Omox m 3
Zecepra? Yrto6bl HONYYHTH OTBET, AOCTATOYHO IPOCTO COCTA-
BUTE npomusBeaenue 5-7-3=105. [JokaszaTeJabCTBO TO Ke, UTO
B IpeAbLIAYIIEeM IIpHUMepe.

Cnyuait 2. Mopsapok Ba)keH, MHOrokpatHbii BbiGop
He paspeluaercs

TunuuHslfl nTpuMep Takoit sagauu (npu n=20 u k=11)—
BEIOOD uieHOB (yTGONBHON KOMAaHABI U3 ABAALATH CTYAEHTOB
B rpymie.

Ilopagox BrIGOpa 3mech BaXkeH, BeOb €CJOH BpaTapb IIOMe-
HAETCA MeCTaMH C HanaJalolluM, KOMaHIa MOJYYHTCS COBCEM
apyroii. 1 aAcHO, YTO MHOTOKpAaTHEIH BBIGOD 3amIpelleH — OfUH
B TOT ’Ke UJeJIOBeK He MOXKeT OBITh OZHOBPEMEHHO BpaTapeMm
¥ HAIaJaloninuM,

Anasoruynas s3afadya BO3HHKAeT IPU BLIOOPE WUpaBIeHHA
KJIyba: mpesuieHTa, BHIle-IPe3HJeHTa, CeKpeTaps, KasHauesd,
ITopanox, xkoHeuHO ke, BaxkeH. Korma Mapusa — npesupenr,
a HBaH — cexperaph, 3TO BOBCe He TO K€ CcCaMoe, Korga
NBan — npesusenr, a Mapua — cexperaps. W cxHoBa oauu
4eJI0BEK He MOXKeT 3aHuMaTh 0Oojiee ONHOM [OOJIMKHOCTH, Tak
YTO MHOTOKPATHBIN BBIGOp He paspelnaercsd.

B sromM cay4ae BeIYHC/IeHUA He cJa0xKHBIe. IIepBBIH s/1eMeHT
MBI MOXeM BBIOpaTh 11 criocobamm, BTopoit — (n — 1) cnocoGamu
(moCKOJIBKY HEPBHIA 5J€MEHT YK€ He YYacTByeT B BhIGOpax),
TpeTuit —(n—2), u T.A., NOKa He OYyAYyT BHIGpPAHBLI BCe
k snemenrtoB. O6mLiee YMCJIO BO3MOYKHOCTEH pPAaBHO IpOH3Be-
JEeHUIO 4YHCJa BO3MOKHBIX CIHOCOOOB Ha KaKJOM Iare, T. €.
YUCTy

n-(n-1):--(n—k+1).

DCrporoe ZokasaTesnCTBO TOTO, 4TO 05GA3aTeAbHO HANAYTCA JIOLK C OIM-
HAKOBBIMH ITHH-KOJaMU, OCHOBHIBAETCA HA NpuHuyune Jupuxne, KOTOPBIA
MBI oGcymuM B 1. 62.
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O6paTHTe BHUMAHHE, YTO IOCJIEHHMI MHOXKUTEJIb CBUJETENb-
CTBYeT O TOM, YTO B HPOM3BEJEHHE BXOAUT k MHOXHTeJeH.

9ta dopmyna o3HauaeT, uTo GyTOOIBLHYIO KOMaHLY MOXHO
BRIODATH

20:19...(20-114+1)=20:19.--10=6 704 425 728 000

crocobamu.
U ecau ecTh BoceMb KaHNAATOB B YIEHLI IPABAEHNA KiIy0a,
To BRIGpAThL HIpaBiieHMEe BO3MOXKHO BCETrO

8:-7-6-5=1680
cnqcoﬁam«r.

Cnyuaii 3. Mopsagok He BaXkeH, MHOrOKpaTHbiid BMGOP
He paspewaercs

ATa cHUTyanus BO3HHKAET Yalle BCEero, U Ha CaMOM JieJe OHAa
y3Ke HaM BCTPEUAJIACH, KOrIa MBI 00CYy:KAaJn JacTHHIHM caydai
BpI6OpA IDECTM YHCEJ B3 copoKa JeBATH. EcTh m Apyrme
IpUMEPEHI.

o CKOJIBKO CYHIECTBYET pacKJaxoB B npedepance (10 xapr
us 32)?

e CKOJBKO PYKOIIOMKATHII CIYYHUTCHA, €CJIH BCE 1N y4acT-
HUKOB BCTpEUYM MOKMYT APYr APYry pykn? 3TO YHCIO
paBHO 4YHCAy cmocoGoB BRIOpaTh JABYX deJIOBEK M3 .
B srom cayuae k=2.

e Y Bac ecThb n =8 KHHT U BBl XOTHUTE B3ATb k=4 M3 HHUX
¢ coboii B oTnycK. CKOJABKMMHU CIOcof6aMm MOMXKHO 3TO
crenarnb?

MsI y:xe HaIIJIM pelleHUe 3TOil 3ajadmd, obcyxaas JIoTepero

B 3TO# miaBe, ¥ obmasa dopmysia BHEITIIATUT TaK:

n-(n—-1)---(n~k+1)
1.2... k& y

9ro BhIpaKeHNe TaK 4acToO BCTpPeuaeTCd B MaTeMaTHuKe, 4YTO
OJdA HEro BBeJH cIelnraJIbHoe ob6osEavyeHMe:

Ck__n-(n—l).--(n—k+1)
n— 1-2... & .

9ro cmMmBoa uumraerca «Ile m3 5H mo kKa» M Ha3bBIBaeTCH
OUHOMUANbHBIM KOIDPuyuenmom.,
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Teneps MBI MOXKEM IIPOBECTH
BBEIYHUCJIEHUA M3 HAIIHUX IPHMEpPOB:
cymectByeT 64 512 240 packiaanos
B mnpedepaHCe, a JABaAUATH 4YeJO-
BeK IOpH BCcTpede oOMeHMBAIOTCA
2 _20-19
Co0=

3 = 190 pyxomoskaTuaAMM.

Cnyvait 4. Mopapok He Ba)XKeH, MHOTOKpaTHbil BuiGop
paspelwlaercs

9TO0 XOBOJIBLHO penkuii caydaii. IIpeacrasere cebe, UTO HyKHO
pacupezeauTs k mapos 0o n amukaM (cM. puc. 29.1). BubpaTs
OAHO K3 N YHCeJ — 3HAYHUT, PEIINThH, B KAKOM SIMK IOMECTUTH
ouepepHoit map. B Jro6oM ammxe MOXeT oOKasaTbCca OoJee
OZHOTO IIapa, 9TO M O3HAYAET, YTO PA3PEIIAeTCH MHOT'OKPAT-
HeIid BBIGOp. VI He MMeeT 3HAYEHHHA, MOMECTHIN BHAUYAJNE OAMH
wap BO BTOPOM AmMuUK, a 3aTeM ZPYTroil — B YeTBepThHIA AUIHK,
WaIu cAejany 3To B obparHOM mopapke. Haiitu umeino Takmx
criocoGoB He Tak mpocro. OrBeT HMOJIYyYAeTCs TAKOM:

Cﬁ

n+k-1°

C5+21 Cz_—'“ 15

crroco0oB pacnpeneJiiTh ABa Hiapa 110 IATHM AIMKaM; & IIeCTh
mapoB o JeCATH ALMNKaAM MOXHO DPasJIOHTH

= _15.14-13-12-11-10 _
C‘lso+6—1 - C?5 - 6! = 5005

PasIVYHBEIMH crocobamm.

W makoHen, HYKHO OTMETHTH, YTO 9Ta 3ajJada, KOTOpas
HA IEepBHIA B3IMIAA KaKeTcd YHCTO aKaJeMHudecKoil, OdYeHb
Ba)XHA B IPUIIOKEHHNAX, HaOmpuMep B (H3MKe 3j1eMeHTAPHEIX
YACTHL, KOIZAAa HYKHO HAMUTH YHCIO CcI0cOo00B, KOTODEIME
MOYKHO DPAacCIpPelelnTh Rk 3JIEKTPOHOB MO n 000J0uKaM.

IIoaTomy ecTh

Puc. 29.1. [iza mapa B Tpex amukax: CZ,, ,=C3%=6 cmoco6os




lhasa

_ TEHWA-CAMOYYKA.
UHAWACKUA MATEMATUK PAMAHYDKAH

CymecTByer JM IPAMON OYTh K MATEeMATHYECKOH HcTuHE?
IIyrs, Bepyumuii K o3apeHWI0 0e3 YTOMHUTEJLHOIO OCBOEHHUSA
TeXHHUKH ¥ IOZpoOHOM mpopaborku gokasareascTB? Ilo-Bupm-
MOMY, B HMCKJIOUHTEIbHBIX CAYyYAfX 3TO BO3MOMKHO, U cyAnba
HIpnauBaca Pamanygxana (1887-1920) tomy npumep. Mer
ceifuac PacCKa)keM 0 ero APAMATUYHON MCTOPHUH.

Puc. 30.1. III. Pamanyzaxan u I X. Xapan

Pamanymxan Beipoc B 6Geamoil 1o2kHoit HMuauu. OCHOBLI
MaTeMATHKN OH OCBOMJI CAMOCTOATEJNLHO, pasdbupasick ¢ dop-
MyJaMH, IONaJaBIIAMM eMy Ha Iasa. bes ubeil-nubo momormu
OH OOHAPYXHJI 3aMeYaTeJbHbIe COOTHONIEHUA B TEOPHHU UMCEJI:
HEKOTOpBble M3 HUX OBLIY H3BECTHH! €BPOMENCKHUI YJEeHBIM,
HO OGOJBIIMHCTBO OBUIM HOBBIMM. ¥ Hero He OBLIO YHU-
BEPCUTETCKOT0 00pa3oBaHUA, M IOPTOMY OH HE MOr 3aHATH
MOJKHOCTB, COOTBETCTBYIOIIYIO ero crmocobuoctaM. Ho Bce xe
eMy YAAJOCH IPOOUTHCHA, U KAXKAYIO CBOGOAHYI0O MUHYTY, IIOKa
He 651 mobexieH GU3NYECKNM ¥ YMCTBEHHBIM HCTOIIEHHUEM,
OH NOCBAINAJI IIOMCKY MAaTeMaTH4eCKONH MCTHHBI.

ToabKO pAL CYACTIMBBIX COBIAJEHUII INPHBEJ] K TOMY,
yro Pamangy:xaH okasajcad B KeMODHMIXCKOM yHHBEPCHUTETE.
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OH HayaJ IIepenUCHIBATHCA ¢ HEKOTOPHIMH €BpPOIeHCKMMU
MaTeMaTHKaMM, X OOUH M3 HUX PAcCMOTpes IVTyOOKHe MCTUHBI
Ha WucHMcaHHBIX ¢opmynamu crparmnax. B Kem6Gpumxe
PamMangy:xaH IpoBeJl HECKOJIBKO YPE3BEIUANTHO IPOAYKTHBHBIX
JeT, pa6oTasgd ¢ BegymluMH cHoenumaiaucramu. Ho B cuay
9gpesMepHOH HATrPY3KH, HEOPHCHOCOOJEHHOCT K KJIUMATY
H apyrux o6cToATe N bCTB OH 3a6osen n B 1919 roxy BepHysicA
B Unawmio, roe Ha caeAyIOIMHii ron ymep.

Kakum vuyzecHniM oOpasom PamanymxaH IIOAXOZNJ
K HCTHHE, HaBCETAA OCTAJIOCH 3aTraK0ii, HO HCTOPHSA €ro KU3HU
3aMeyaTeJbHA IO APYrMM npmunHaMm. Hanpumep, MOMKHO
npeicTaBUTh cebe, CKOJIBKO paMaHYJKaHOB TAK M OCTAJINCH
6e3BeCTHBIMH, IOCKOJBLKY MX 00pasoBaHHe 3aBHCEJIO OT MeCTa
POXKIEeHHUA.

B HALUE BPEMA PAMAHY)KAHY NOBE3/10 Bbl BOJIbLUE?

Ina wmcropum MaTeMaTHKM OBLIO yZadeil, YTO aHIMHCKWHA
matematuk I'. X. Xapan (1877-1947) npusuan reausa B aBTope
po6xoro nucema us Maxum. ITucema or Pamamymxana moiry-
YaJu U Apyrue BhIAAIONIHeCA MATEMATHKH, HO He MOTPYAUJINCH
MX BHHMATEJIBHO IIPOYUTATD.

To ke camMoe BIIOJHE MOIVIO ORI CAYYHTHCH M CETOAHA., YHHU-
BEpPCUTETCKHMEe MATEMATUKH HEpeIKO IOoAydaloT IuchbMa HNIHn
3JIeKTPOHHEIE COOOINEHHA O CYIEepaKTyaJbHHIX OTKPBHITHAX,
KOTOpble HA IOBEPKY OKAa3BIBAIOTCS OIIMOOYHBIMHM HMJIM JABHO
n3BecTHRIMHA. OcO0eHHO HONYJISIPHEI HOBHIE ¢«NOKa3aTeIbCTBA»
3HaAMeHUuTOM mociegHeil TeopeMbl Pepma, KBagpaTypbl Kpyra
u runmoTesbl Tonbabaxal). M xapabiii pas, HEM3MEeHHO, B HUX
BCTPEYAIOTCH 3JIeMeHTapHble omH6KM. OgHaKo ommnOKa MOXKET
OBITH XOPOIIIO CIPATAHA, M Beerxa TpebyeTcs 3aTpaTHUTh BpeMs
¥ 3Hepruio, AJiA TOro YTo6hl yOeOUTH aBTOpa, YTO ero AoKasa-
TEJILCTBO He Ge3ynpedHo. A ecJIH IIPOCTO OTKA3aThCA OTBEUYATD,
TO mogHMMAaeTcA IKBaJ Gpamm: «OrHbIHe BBl JuuHO M Bam
VHHUBEPCHUTET IOJydYaeTe YePHYIO MEeTKY 3a T0, 4TO y Bac HeT H
CcIoCOGHOCTH, HH JKeJIaHHWA MPU3HATL 3HAYEHHEe 3TOH BasKHOM
paGorsi». IlosToMy MHOrMe yupe:;kAeHnsA, Hanpumep Académie
Francaise, mpuHANIM CTPATEruio IPOCTO MUIHOPHMPOBATH TaKHe
oHuchMa.

DCMm. . 89, 33 u 49.
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Opaaxo Ha 6Goxmee mpoctoMm, ueMm <«Depma—KBagparypa—
Tonppbax», ypoBHe OT HempodecCHOHAJIOB MHOTHA HCXOLAT
OueHbh HHTEpEeCHBble MEICIH. B IociegHHe AeCATANETHS He
MOABHUJOCh HH OfHoro PamMaHymkaHa, OJHAKO TO B JeJIO
BO3BHUKAIOT OPUTHHAJLHBEIE HJAEH, A0 KOTODBIX MOMKHO JONTH
u Ge3 ¢opmMasibHOrO 06pasoBaHuMA.

3akomuuM nuratoil Pamanymixana: «YpaBHeHUe I MEHS
HUYEro He 3HAYNT, eCJHM OHO He BhIpa)KaeT O00eCTBEeHHON
MBICJIH» .
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A TEPMNETb HE MOIY MATEMATMUKY,
BEAD ...

Hu pas Koro He cekKpeT, 4YTO y OOJBIIMHCTBA HAIINX
COBpPEMEHHUKOB OCTAJINCH OUEeHb HEIPHUATHHIE BOCIIOMMHAHUA
0 HAUYAJIbHOM M cpejHeM MaTeMaTHdecKoM obpasoBaHunm. lleru
MAYT B IIMKOJY, WNCIOJHEHHBIE 3HTy3mMasMma. VIM HpaBuUTCH
CUNTATL X OHH HE MOTYT JOKAATHCH, KOTa HAKOHEI[ Hay4JaTCH
CUMTATH N0 cTa. Ho rae-To Mexay 7 ¥ 9 kiaccaMu 5HTY3Ha3M
ucmapsercsd, HHTepec K MaTeMaTHKe IIPOIafaeT, M TOJbKO
He3HAYNTEJLHOE MEHBIINHCTBO HAXONHUT MATEMATHKY 34XBa-
THIBAIONIEH.

IIpuunHBl TaKOro IMOJOXKEHUS Belneil MHoroobGpasuel. OxHA
U3 HAX 3aKJYaeTcd B TOM, UYTO IOPEKAE [UYeM VYUEHUK
mobepercs [0 HHTEPECHBIX TeM, €My HYXXHO YCBOHTH 00Jb-
moit o0beM 3JieMeHTapHLIX 3HaHW. To Xe camoe MOXHO
CKa3aTh W IpPO Apyrue o0JacTH desIoOBeYeCKoro sHaHus. Bes
TPAMMATHKHA U CJAOBApDA — HUKAKHX (PaHIySCKUX POMAHOB,
6e3 raMMbl JO-MasKop — HuKaxkoi JIyHHoli coHambl. OgHAKO
B MaTeMaTHKe 0COOEHHO CHJIbHA OMACHOCTh TOT0, YTO YYEHHK
yBA3HET B TEeXHMKe, Kak ecJau Obl B MYS3BLIKAJBHOM HIKOJe
3aCTaBJsJIN CJAWMIKOM MHOrQ0 pafoTaTh HaJ raMMaMu M He
JaBAJIA 3aHUMATHCA MYBBIKOM.

Kpome TOro, ¢ mepBoro B3IIfjia TPYAHO IOHATL, DOUEMY
H3yUYeHHe MaTeMaTHKM 3a IpejAeaMy 3JIeMeHTapHo# apudme-
TUKH JejaeT Hac 6ojiee MPHACIOCOONEHHBIMHY K PEIIeHHIO TeX
3ajia4, KOTOpEIe Morix OBl cZesiaTh 3TOT MUp Jy4diie. B ogEOM
CAaTUPHYECKOM JKypHale OZHAMABI MIOABMJICA IIPEKPacHBIH
npuMep 3aJadyl H3 peaNIbHOHM JKH3HU:

ecau NONKYPUUbL CHeCYm NOA-AUya 3a NOAOHA,
mo CKONbLKO AUY wecmb Kyp CHecym 3a iembuipe OHA?

Hoporo#t umrarens! Tvl umTaeub 3Ty MIaBy no Ao6poii
BOJIE, M IOATOMY A He BEPI0, UYTO HEHABHAWINL MATEMATHKY
yepHO# HeHaBUCTBHIO. OxHaKo OLLIO Obl HMHTEPECHO 3HATH,
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MoYeMy TaK MHOI'0 HAIIMX COOTEYECTBEHHUKOB WCIILITHIBAIOT
rIy0OKYI0 aHTHOATHIO K 3TOMY Ipeamery. IlpumBercTByioTcs
BCe COOOpasKeHHMsI O TOM, KAk M3MEHHTH CHUTYAIHIO.

MATEMATUKA OTCTYNAET. NOCNECNOBUE

IIpepsipgymas KOJIOHKaA B raseTe BhI3Basia HeOOBIUaHO MHOIO
OTBETOB uyHTartejeii. PasOpoc MHenui#l Hesb3d, KOHEYHO JKe,
CUMTATHh CTATHCTHYECKHM IIPEJACTABJIAIONIMM BCe OOIIecTBo.
OpHako ciegyeTr OTMETHTb, HUYTO JABAa MHEHHUS BO3HHKAIN
0COOEHHO WAacToO.

e MareMaTuKky He JI00AT IIOTOMY, 4YTO 0OpazoBaHUE
CJNIIKOM IIPOABUHYTO. IOKa3arejbCTBA H JIOTHYECKHE
CTPYKTYPBI MaTEMATUKK BBOAATCSA CJAHUIIKOM PAHO M CTa-
HOBATCA IIeHTPOM BHUMAaHWA. BOJBIINHCTBO YYEHHKOB
B 3aMemiaTelbcTBe. J[[OBOJBHO YacTO 3TH 3aMedyaHNs
COOPOBOMIAIOTCA MOPHKUMHN BOCTIOMHHAHUAMH O IMHNY-
HBIX BBICKA3BIBAHUAX YUYHTeJell MareMaTHKHu 06 ypoBHE
KJIacca.

e Huxorga He OOBACHSIOT, AJS YEro 95TO BCe HYIKHO.
Msuorume uHTATEJU TOBOPAT, UYTO YYUTENA HHAYEro He
PaccKashIBAJIN O CBABH MATEMATHKU U peaJIibHOM JKU3HU.
B nyqmem ciaydae, OCTaiOTCA BOCHIOMUHAHNUSA 0 NPAATHOMH
MHTeJJIEKTYaJbHON HIDe.

BoaMoxHO, y MeHS CJHHIIKOM ONTHMWCTHWUYHBIA BIIVIAL
Ha BemM, HO, II0O-MOeMYy, HOABHJIACh TEHIAEHIHA K Gojee
HO3UTHBHOMY B3IVIAAYy Ha MaTeMaTnKy. OH TO u fAeno mpo-
ABNAETCA B pDeKJlaMe, M He TOJNBKO KakK Jexopaunus (CI0KHO!
TpefoBaTeabHO!), HO M KaK HHAWKATOP HHTEJIeKTYAJAbHBIX
npuTasaHuii. Y 1aBHO yiKe He CJABILIHO MOJUTHKOB MJIH Meaua-
3Be3], XBaCTAONINX, KAaK IJIOX0 OHHU YCIIEBAJIHN IO MATEMATHKE.
Mnuorue .oonu, paboramolye B IIKOJaX U YHUBEPCHTETaX,
BHIAT, UTO TaKasd TEHAEHIMA HapacTaer.

H BOT 4TO MBI TOJYIHIH:

|‘{eTBepo M3 Tpex HeMIEeB He 3HAIOT apmbme'mmd

(A3 o6paBneHus o HaGope B YACTHYIO HIKOJY)
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...H MOXHO BOOGDasHTL OTBeTHI B TecTax PISAD:

Haiiaure x B 3TOM IIPAMOYTOIBHOM TPEYTONBHHKE

Kapukarypuer Viru Illrtaiis usbpanx aTy TEMy npejame-
TOM CBOMX HAIIAZOK M IPOMJLIIOCTPUPOBAJ CJIEAYIOUIME IBa
aHeKJOTa B cBoeli kuure o PISA. ‘

Yuumenwo: 3T0 HOBOAUT MeHS IO OTUAAHUA. BoceMbhecsT
MPOIIEHTOB M3 Bac HUYEro He IMOHHMAIOT!

Yyenuk, obuxncenrno: Ho 3gech HET CTOJBKO IIPHCYTCTBYIO-
mux!

Oguyuanm: Bam nuumy paspes3aTh Ha UYeThHIPe MU Ha
BOCEeMb KYCKOB?

ITocemumensy: Ha uernIpe, nokajyiicra. Bocemp A He
ocuo!

DProgram for International Student Assessment.
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NYTELWECTBYIOWMUA KOMMUBOSIKEP.
COBPEMEHHASA OfIUCCEA

Y opgHo#i ¢dupMEI eCcTh HHTEPECHI B HECKOJBKHX HEMEeImKHX
roponax. Ee npexncraBuTes b BOKEH 00beXaTh BCE 9TH ropoja
Ha aBTOMOONJIE, YTOOBI BCIOAY IPEACTABUTL HOBHIHA ToBap. Kak
NPaBUJBHO CIUIAHMPOBATH Takoe IyTemecrsue? Pasymeercs,
TaK, 4TO0bl KOMMHBOSKEDP IIOCETHJI KaXKABIH ropof, IMpHYeM
POBHO OHAXIBI, M ILpOeXaJl KaK MOMHO MEHbIlee PaCCTO-
AHHe. 3amava OTHBICKAHUA TAKOr0 ONTHMAJBHOIO MAapIIpyTa
H3BeCTHa (cpegnm MAaTeMAaTHKOB) IOA Ha3BaHWUEM «3agada
0 xoMMuBosKepe». Haspanue HaBoAUT Ha (HEBEPHYIO) MBICIB
0 TOM, 4YTO peuyb HIAeT 00 oOueHb 4acTHOM mnpobGaeme. Ho
3TO He TaK, M BOIPOCHI, IOZHWMAeMble B OTOK 3ajadve,
IIPUJIOAKKMBI KO MEHOI'MM 3aJa4aM O IJIAHNPOBAHNM, HAIIPUMED,
ONTUMU3AIIMM TYTH AJA KOMIBIOTEPHO YIIPaBAsSeMOil IApesH
OPH IPOU3BOACTBE MOHTAMKHBIX ILJIAT.

Kasanoch Obl, pemieEne HOMKHO OBITH HECIOXKHBIM, BeXb
YKCJIO MapIIPYyTOB KOHEYHO, MOXXHO MX BC€ M3ME€PHUTH, CpaB-
HEuTh K BeIOpaTh KpaTuailmmnii. TeopermuecKnm 3TO BEpPHO.
OgHaKo UYHCIO BOSMOXMHBIX MADIIPDYTOB TAK BEJHKO, YTO
MPAaKTUYEeCKH DTOT IJIaH HEUCIONHUM. XO0TS B PeaJbHOMN KHU3HHU
3aaua KOMMHBOSXKEpa, KaK ¥ APYyTHe NPAKTHYECKHe 3aJaduu
IUIAHUPOBAHWSA, 3aKJII0Y8eTCA B OTBICKAHHY ONTHMAJBHOI'O
(MM mOYTH ONTHMAJBHOTO) MADIIPYTa 3a PasyMHOe BpeMd,
OCHOBHOI BOIIPOC OCTAaeTCA: HACKOJNBKO JKe CJIOMHA 3Ta 3azaua?
OHa He pemreHa IIOTOMY, YTO B HCTOPHH MATEMATHKH He
HAaIJI0Ch HUKOTrO0, CIIOCOGHOTO HAlTH 3 dEKTUBHEBIN AJIrOPUTM,
MJIH NOTOMY, YTO IIO CYWIECTBY CJIOMKHA M MHOPTOMY Hepaspe-
muma?

Xora Ansa KOMMHUBOSAXKepa, CTPaHCTBYIONIero mo 6eny ceery,
3TO MOKeT OBITh HEMHTEDPECHO, BaAM s DACKaKy, UTO 3ajgada
CJIOKHA II0 CYHIECTBY, M IIO9TOMY €€ OTHOCAT K KJIACCY
CJIOKHBIX 3aka4, BHKJIIOYAIOHIEMY Te, HAa KOTODHIX OCHOBAaHA
0e30maCHOCTL CHCTEM KOAMpPOBaHHMs. Bor mnoueMy 3a Hee
obemana Harpajia B MUJIJIMOH JOJIJIapOB.
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3AAYA P=NP

IIpenmogoKuMM, HYIKHO IOCETHTH IATHAECAT TOPOJOB, M pac-
CTOSHMSA MEXAY HUMHU 3a4aHbl Tabnumeii. Pupma, Kax Bcersa,
XO4YeT COKOHOMHTE ¥ HaliTH MapIIpyT IIOKopode. Byxranrepuio
UHTEpeCcyeT ellle W TAKOl BOIPOC:

CymlecTByeT JH 3aMKHYTHIH MapmipyT, Hpoxoasuinii depes
BCe ropoaa M He npessimatomuii 2000 Muns?

¥V sToro Bompoca ecTh JBa BajXKHBIX ACHEKTa.

Her srKakoi HageXAbl PELIUThL 3Ty 3a4ady, MPOBEPUB BCe
BO3MOJKHBIE MAPIIPYTHI. [JIA IOYHKTA OTIPaBJeHHA ecTb 50
BO3MOXKHOCTEM, AJIH BTOPOro roposa — 49, And Ciefyomero —
48, u Tak gayee. Bcero BO3MOXKHOCTEH CyIIeCcTByeT

50.49...2.1 =
=30414093201713378043612608166064768844377641568960512000000000000,

¥ aHaJIM3 UX BCeX 6pLa OBl HEe HOA CHJIY CaMOMy ObICTpoOZeii-
CTBYIOIEMY KOMIBIOTEDY.

Eciau HaM nmoBeseT, MEI BCe JKe CMOXXeM OTBETHTH Ha BOIPOC.
s sToro mpocTo BeI0epeM MapIIpyT, KOTODPBIH KaXXeTcHd
XOBOJIBHO KOPOTKHM, ¥ IPOBEPHM, He NIPEBBINIAET JH €ro
aanga 2000 muas. Ecau He IpeBHIIIAET, TO MBI AOGHINCH
ycnexa.

ApyruMu cjoBaMm, MBI CTOJIKHYJNCH C 3ajJadei, KOTOPYIO
MOMKHO pelINTh, TOJBKO €CJIM O4YeHsr noBeser. HuxTo =He
oxuzaer, uTo 6e3 yaauM pelleHHme MOKHO Oygmer HaliTu
6picTpo. TO €CTh HHUKTO He BepHT, YTO KT0-1nG0 MOXKer
OPUAYMATL IPOUEAyPY, KoTopas GyaeTr JaBaTh pellleHHe 3aJa4n
3a pasyMHoOe BpeMsa. Kak 3T0 Hu CKaHAAJIBHO, 0 CUX IIOP HUKTO
He CMOTr [OKa3aTh 3TO yTBepxJAeHWe. CrienmaiucThl TOBOPAT
o <«gamaue P=NP», rge cumsoa P osHauaeT, uro OrnicTpas
mpoueaypa cymecrsyer), a NP osHauaer, uTo peireHue
Haliferca npu 6oabHIOM BeseHAH. 3a pelieHue NPoGIEeMbI
«P=NP» mOpeznjioMeHa Harpaja B MWJLTHOH JOJIApOB2.

DTounee, cymiecTyeT croco6 HANTH pelmeHue 3a KOJMYECTBO BPEMEHH,
KOTOpOe IOJIMHOMMAJILHO 3aBMCUT OT BXOLHBIX AAHHEIX.
2)TfonpobHee 06 dToM HamwcaEo B DI 57.
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MNPUMEP

B cunenyiomeM mmpuMepe ABAALIATH «IOPOAOB» OBLIM CMOJEIH-
POBaHEI Ha KOMIBIOTEPE ¢ KCIOJIL30BAHUEM AJITOPUTMA PaHIO-
muzanuu. Ilocie 3Toro mpesnokeHHBIH MapmpyTr (puc. 32.1)
OBl MOCTPOEH IIPH INIOMOIIM OIHMCaHHOTO B 1. 60 Meroza
MMHUTAIIMH OT:KHTra.

Puc. 32.1. Ogux us MapmpyTOB KOMMUBOAXKEPa



Fhasa 33
KBAZAPATYPA KPYrA

Ilpuga n3 MaTeMATHMKH, BEIpaKeHHe <«KBaJApaTtypa Kpyra»
MOomajJ0 B IIOBCEAHEBHYIO pedb M CTaJo0 0003HAYATh IIOYTH
Hepaspemnmyio 3ajady. MaTeMaTHK, CJBIIIa 3TH CJOBA,
BCIIOMMHAET 3aXBATHIBAIONIYIO MCTOPHIO, IIPOAOIKAIOUIYIO Oo4Ya-
POBBIBATH MPO(ECCHOHANIOB M JIIOOHUTEJNIeH yiKe Gosblile ABYX
TBICAY JIET.

WUcropua sra Hauajmach B lipeBHeii I'pemuu, rame reomer-
pua ObLjla TocCTaBjieHa Ha TBepAylo ocHOoBy B <«Hauamax»
EBkinupna. lpeBHerpeueckre MaTeMaTHKH IIOTPATHJIM MHOTO
CHJI, BBLIAACHAS, YTO MOYKHO IIOCTPOUTE TOJBKO IHPKyJIEeM
U JUuHeHKoi#l. ITo orpaHWuYeHHe, KOTOPOe CErofHs Kaercs
JOBOJILHO IIPOU3BOJIBHBIM, OBLJIO 00YCIOBIEHO IIPECTaBIeHIEM
0 TOM, YTO IpAMAs M OKPYKHOCTL — COBeplIeHHBIe (POpPMEI.

Muormx m3 Hac yYHJIM B CTAPUIMX KJACCaX BBIIOJHATH
TaKkMe MOCTPOEHMA: KaK PAa3fesInTh YyroJj IIonojiaM, KaK IIOCTPO-
UTh NPABUJIBHBIN IMIECTUYTOJLHUEK KU JaiKe MPAMOYTOJLHBIH
TPEYTOJBHUK IO HAHHOU IM'HIOTEeHY3e, MCIOJIb3yA OKPYKHOCTHU
Pdajyeca, U T. 1.

HexoTopble M3 3aa4, NOCTABJIEHHBIX I'DEKaMU, OKA3aJIUCh
IOBOJILHO CJHOMHBIME. OAHA M3 HHUX — DOCTPOUTH KBaApar,
IJIOIAaAk KOTOPOrO PaBHA IJIOWIAAM Kpyra JaHHOTO paguyca.
9ra 3amauva, M3BeCcTHasd IIO4 HasBaHNeM Keadpamypa kpyeza,
He IOAJaBajach IOMBITKAM pelIeHMA Ha HPOTAXKEHUN ABYX
TeicAY JeT. U Toapko B 1882 r. 3amavya HaKOHeI CJajach,
M BOBCe He TeOMEeTPHH, KaK Bce OKujganm, a airebpe.

Ha nporamenuu crosietuii ajnre6paucTbl NPHJIEKHO aHa-
JUBVPOBAJIM TPUPOAY UYHCeJ M BBIACHWJIM TOYHBIA CMBICI,
B KOTODOM OLHM YMCJA <«JeTKHe», a Apyrue <«TpyAHbIe» D).
Voxe maBHO OBLIO M3BECTHO, UYTO TOJBKO HEKOTOPBIE «JIETKHUE»
YUCEJAa MOXMKHO IIOCTPOMTH € HOMOINBI0 HUPKYJIS WM JUHEHKN
M UYTO MOKHO TIOKasaTh, YTO KBaJApaTypa Kpyra CBOAUTCH

D06 arux umcnax, KOTOpble HABBIBAIOTCA COOTBETCTBEHHO ajreGpamde-
CKMMU M TPaHCIeHACHTHHIMH, NOoApo6Hee MOKHO IIPOYUTAThL B INI. 48,
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K ZOKa3aTeJIbCTBY «TPYAHOCTH» YKCJIa 7. MHOTHe MaTeMaTHKH
paborasn Hax sTHM BoupocoM, M B 1882 r. marematur Kapa
Jlyu ®epaunazn don JInnaemans onyGINKOBAJ OKAa3aTeILCTBO
TOrO0, 9TO 7T — JeHCTBHTEJBHO <«TpyAHOe» uucjo. Ero umsa
HaBCerJa CBA3aHO € 9THM pe3yJbTaTOM, a B OTVINYHe OT peajb-
HOM ’KM3HHN B MaTeMaTHKe «KBaJpaTypa Kpyra» AefiCTBHTEIHHO
HEBO3MOKHA.

NOCTPOEHUE LIUPKYIEM U JIMHEAKOWH

Msr nmompo6Hee  paccMOTPHM  HIOCTPOEHHSA - ITUPKYJIEM
u JguHeiikoi. Hamm HMHCTPYMEHTHI — JHCT GyMaru, IHUPKYJb
u JuHeiika, mpwWuYeM Ha JHcTe OyMarm mnso0pakeH OTPE3OK
equHUYHOM ananHkl. HeTpyano, HanpuMep, HA4E€PTUTH OTPE30K
aauHbl 2. IIna 3TOro HYMXKHO IIPOBECTH IO JHHEHKe NpPAMYIO
JIMHUIO, Da3BeCTH HOMKKH LIUPKYJS Ha INHUPHHY 3aJaHHOIO
eIMHUYIHOTO OTPE3KA, X OTMETUTH HA MPAMON ABE eIHHUYHBIX
aauHbI noapazn. IIpogoixan, TakUM 06pa3soM MOMKHO ITOJIYIUTH
OTpPesKH AJWHE 3, 4, 5,... . AHAJOrMYHO MOYKHO IOCTPOMUTH
cyMMy JIO0BIX JBYX Yie IIOCTPOEHHEIX OTPE3KOB, a ABHIafAcCh
B IPOTHBOIOJOKHOM HaIpaBJeHHU — UX PasHOCTD.

Teneps B HIPY BCTYIaeT OTHOIIERME CTOPOH IMOLOGHBIX
TPeyroJbHUKOB. PaccMoTpuMm ZBa Jydya ¢ of6ImuM HAYaJIOM,
mepecedyeRHEIX ABYMS IapajieJbHBIMEA ONpAMBIMHA (puc. 33.1).

/

/

Puc. 33.1. IlponopumoHannLHOE AejeHUE
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Ilo oGobmenHoii Teopeme Pajeca
Y_a

x b°
Ecam y o603HavaeT eAVHUYHYIO JJINHY, & OTPe3KH a u b yxe

TOCTPOEHEL, TO A/INHA X PaBHA —. 9T0 o3HauaeT, UYTO i JN060H
napsl ZOIYCKAIOIIUX IIOCTPOEHME OTDEe3KOB MOKHO IIOCTPOUTH
u nx yactHoe. To ke camMoe OTHOCHTCA M K IIPOMU3BELEHMIO,
IOCKOJLKY B KadecTBEe EIUHMYHON [JIMHBI MOMKHO B3ATH 4,
a B KadyecTBe y)ke MOCTPOeHHBIX uucenl — b u y. Torna x=5b-y.

C yueToM BceX MOJYUYEHHBIX COOTHOIIEHUWHM MBI JelaeM
BEIBOJ[, YTO MOKHO IIOCTPOMTH JII060€ YHCJIO, KOTOPOe MOYKHO
HOJYYUTh H3 YiKe I[OCTPOEHHBIX C [OMOIILIO onepanui
CNOXKeHUsA, BBIYUTAHWSA, YMHOMKEHUS U JeJIeHUA.

Ho »sT0 eme He BCe — MOKHO HIOCTPOMTH M HEKOTODHIE
Kopun. YT00nI B 2TOM Yy0emuThCcH, pPacCMOTPUTE IIPAMO-
YTOJNBHBIM TpeyroJdbHMK Ha puc. 33.2. Xopomio H3BeCTHO,
9YTO KBaApaT BHICOTHI DaBeH IIDOM3BEAEHWIO [BYX OTPE3KOB,
KOTOpHIe 9Ta BBICOTA OTCEKaeT Ha THIIOTeHy3e: hZ=p-.q.

p q

Puc. 33.2. B npamoyrosipHOM Tpeyronbuuke hZ=p-q

ITosroMy eciau IJAMHBI p M ¢ YK€ AAHBI, TO MBI MOXEM
MOCTPOUTL MPAMOYTOJBHEIN TPEYTONBHUK ¢ THIIOTEHY30H p + g
u BBICOTOH h TaK, Kax msobGpaskeHo Ha pwmc. 33.3.

BHauajle BOCCTABUM IIEPHEHINKYJIAP U3 TOYKH F K OTpPe3Ky
AB Tak, KaKk IoKasamo Ha puc. 33.3. 3BareMm HaiifleM TOUYKY
M — cepenuay orpeska AB — M HOCTPOMM IIOJIYOKDPYsKHOCTh
¢ I[eHTPOM B 5T0i1 Touke. ToUKy IepeceueHNnA NOTYOKPYHKHOCTH
M nepHeHAUKyaspa obosHaumm C. M3 kypca sieMeHTapHOH
reoMeTpHM HU3BECTHO, 4T0 ABC — npaAMOYyTOJIbHBII TPEyTOib-
HUK. IlosTOMY [ABa MEHBIUIMX TPEYTOJIBHUKA NOAOGHBI APYT
ApYTy ¥ GoapuIoMYy TpeyroabHUKY. V3 momobmsa MBI IIOJIydaeM

5  MareM. NATUMHHYTKH
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C

A B
F M
Puc. 33.3. M3BieueHre KBagpaTHOIO KOPHA C IIOMOIIBIO HOJOGHBIX
TPEeyroJILHUKOB

cooTHoIeHue h/q = p/h, u HecaoxHEIE anrebpanyeckne Opeod-
pasoBaausa aawoT h?=p - q. HTak, h paBHO KOPHIO KBaJpaTHOMY
u3 p-q. U ecanm B3ATHL p DaBHBIM €AVMHHUIE, TO HAM YZAACTCHA
TIOCTPOUTD +/q.

KoMbuanpys Bce chelaHHOe [0 CHX OOp, MBI MOXeEM
IOCTPOUTH [NOBOJBHO CJIOKHBEIe uKcia. Ha caMoMm fene —
BCe UHCJa, KOTOphble MOKHO IIOCTDOUTH u3 1, moab3ydAch
omepanusamMu +, —, *, +, ,/; HAIPUMep, IHUCJIO

.___.M + 6.
5

ITockoabKy KOpeHb KBAJPATHHIM M3 KODHA KBaJAPaTHOIroO — 3TO
KOpeHBb UEeTBepTOil CTeleHH, MBI MoXeM Oe3 TpyAa CTPOHMTH
KOpHH 4eTBepTOoii, BOCEMOI, IeCTHAANATON CTeNleH!, u T. A., —
aio6ple KOopHM creneHM [Boiiku. Ilpomexypsi, KOTOpble MEI
OmMCcaJH, IIO-BHAMMOMY, IIO3BOJISIOT CTPOHTH CKOJb YTOZHO
caoxable yucaa. Ordero ;Ke cpeZfM HHX He MOXKET OKal3aThCH
uymeso #? Otdero 6L1 He 3aIIMCATH €ro B BHAe KOMOMHAIIMH
OeJbIX YHCeJ U BHAKOB +, —, -+ +, 4/ nyckail Takas
3anmuch M 3alfiMer meayo crpaHuiy? Pesyibrar JlusgemanHa
HCKJIIOUAET TAKYyI0 BO3MOYKHOCTh. Bce umciaa, ARoOyCKaloIue
IOCTpOeHNe, I'opasfo <«Ipolle» UYnCiaa JI.

NOCTPOEHUE TONbKO LUMUPKYNEM U IMHEAKOW

VeioBHe ¢TOJIBKO MUPKYJIeM U JHHEHKOH» cilefyeT MOHMMATH
6yxksanpHo. Hampumep, ecau paspemuTh AeyaTh Ha JUHeiKe
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OTMETKHU, CUTYyanud U3MEHHUTCA KapAWHAJILHO. JTOOBI B 3TOM
y0eAuThCA, ¢ IIOMOLILIO JUHEHKNA ¢ OTMETKAMU MBI pasgelnM
yrojg Ha TPY paBHBle YacTH. ANre0pamyecKUMH MeETOAaMM
JOKa3aHO, YTO HEBO3MOKHO BBINOJIHUTH TaKOe IIOCTPOEHHe,
MOJB3YACH TONBLKO IUPKyJNIeM m JuHeikoiil.

Pacemorpum yroa CBA (puc. 33.4). Kak 06sruno, MbI 060-
3HAYaeM yroj TtpeMsa OyKBaMu, IpHUYEM CpefHAs o003HadaeT
BEpHIMHY YIVIA.

A

JUHeHKa

Q/

D

Puc. 33.4. Tpucexkiua yria

Mu1 co6upaemMcsa OCYIIECTBHUTH MPUCEKUUIO 3TOTO yIvia —
PaszesIuTh ero Ha TPHU paBHBIE YaCTH — IIPU ITOMOIIH JUHENKH,
HA KOTOpO# cpesaHb! 1Be MeTKH P 1 Q. Buadase MBI OTMETHM
aaury PQ ma nyue BA, HaumHasgs B ToukKe B. Ilogyuum
Touky O, KOTOpas IIOCHYXXMT IIEHTPOM OKDY’KHOCTH pajuyca
PQ. KoHeuHO e, 3Ta OKPYXHOCThL IPOIZeT uepe3 TOUKY
B. 3areM mOCTPOHM MIPAMYIO, IPOXOJAINIYIO deped TOUuky O
napasutensuo BC, u pacemotpum ayu OD.

Tenmeps HaM TTOHAAOOUTCA JHUHEHKA ¢ geneHusMmu. PacmooJio-
JKMM ee TaK, 4Tobhl OHA MPOXOAHJa uepes TO4Ky B, merka P
OKa3ajach HA OKPYKHOCTH, a MeTKa @ — Ha Jayue OD, xax
moxas3aHo Ha puc. 33.4.

Mg npaxriuecku 3akoguman. Octanocs yOeZUTHCA B TOM,
uyro yron POQ B TOYHOCTH paBeH ofHOU Tpetu yria CBA.

Yrobel AOKA3aTh 3TO, YAOOHO OOGO3HAYUTL & BEIMUUHY
yrima POQ. Buauanme 3amMeTuM, YTO BeawyuHA yria PQO
TOXEe paBHA a. ITO OOBACHAETCA TEeM, UYTO TPEYTrOJLHUK

DTaxune mocTpoeHHns — IMUPKYJeM M JuHeiikoii ¢ meSombmuMy Mopmbm-
KanusaMi — MHTEHCUBHO K3y4asiICh B CEMHAANATOM BeKe NOJ HasBaHHEM
«IIOCTPOEHUS METOLOM BCTABKU».
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OPQ paBHOGeApEHHBIH, BeAb cTOpoHBI PO m PQ paBHBI (HX
JJIMHLI PABHLI PAXUYCY OKPYKHOCTH), ¥ ITIO3TOMY PaBHBI YIVIBI,
Je)Kalue HaIpOTHUB DPABHBIX CTOPOH.

CymMma Bcex yrmos TpeyroabHuka OPQ pasua 180°, nBa
M3 HUX K3BECTHHI, U MMO3TOMY BeamuuHA yriia OPB ponxHaA
6LITH paBHaA 2a, mockoasky OPB u OPQ B cymme gator 180°.

Tpeyronsauk BPO Toxe paBHOOexpesnbiii: OP u OB
PABHEI pagnycy okpyxHOcTH. IlosToMmy yronm OBP Toxe paBeH
2a.

s mocaegHero mara JOKasaTeIbCTBA OCTAETCA 3aMETHTh,
uyto yron QBC paseH a. 3TOT yroj JOJLKeH OBITH paBeH YIUIy
OQB, Beir ORH ABJAIOTCA BHYTPEHHHUMU HAKPECT JEXKAIMMU
yriamu, oGpasoOBaHHBIMHE IpAMO (KpaeM JmHeilKH), Iepece-
Kamomel nBa nmapamieanHBIX ayda BC u OD. Iloatomy yroi
OBC, pasmbl cymme yrimoB QBC u OBQ, paBeH 3a. Irto
U O3HauaeT, 4To yron POGQ paseH omuOo#l Tperu yria CBO.

KYBATYPA COEPbLI

Kax MuI BHAenn, KBajpaTypa Kpyra HEBO3MOKHA, eCJIU Ipa-
BUAJIA UTPHI OTPAHWYKUBAIOT HAC TONBKO HUDPKYJIEM M JINHEMKO,
M TO3TOMY B OOLIIEHHOIH peYM CJIOMKHEIE 3a7a4uil HAa3bIBAIOT
KBaApaTypoi Kpyra.

B xorne 2005 r. B xo/ie 3aTAKHBIX IIEPETOBOPOB O COCTaBe
HOBOIi HEMEIIKOH mpaBAlned Koarnnuu n3bpaHHAs KaHIJIEPOM
Amnrena Mepkens, xejas ceslaTh 3adABJII€EHNe, CKa3aja rpecce,
YTO meperoBOphI OBLIM Jajke CJIOKHEee KBaApaTyphl Kpyra —
HaBEpHOe, MX CJAeAoBajo Obl CPaBHUTH ¢ Kyb6aTypoil cgepsi.
Buaumo, peus mLIa 0 3afade npeBpaileHns chepsl B KyO TOro

xe oopema. O0bpem chepsr paguyca r paBeH 37 r3, a o6bem

Ky0a co cTopoHoii [ paseH [3, mosToMy moJayuaeTcs ypaBHeHHE

4. ,.,3_]3
3 AT l

= 3‘14.
l=r 37

Opyrumm ciaoBamm, KyGarypa cdephsl TpebGyeT IOCTDOEHUA

HJIN, YTO TO XK€ camoe,

3/4
OTpE3Ka 3 7. Eciau 0 ONMCAHHBIMH HAMU METOJaMH MOMKHO
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6BLLIO IIOCTPOMTL KM OTPE3OK JI, TO IIOCJIE ITOTO KBajpatypa
Kpyra He IpPeACTABJsANa Obl TPYZHOCTE.

Onnako K KyGaType chepsl 3TO He OTHOCHTCA, IOCKOIBKY,
BooOIme TroBopsA, CTPOHUTH KyOWdecKHe KOPHH € IIOMOIILIO
IUPKYJA ¥ JAHeHKHN HeJb3s.

ITostomy Asmrena Mepkeab OBLIa COBEPIIEHHO IIpaBa,
roeopsa, 4YTO 3agada KybaTyphel chephl claoxkHee, uyeM 3ajada
KBaApaTypsl Kpyra (XoTsa MOKHO OBLIO GBI BO3pPa3UTh, UTO HET
CMBICJIA TOBODHUTL O CPABHEHHM CTEIleHEH CJIOKHOCTH, KOrAa
06a IOCTPOEHUSA HEBO3MOMKHBI).



Fhasa 34
LUAIN B BECKOHEYHOCTD

Kax moxu0 066ATE HeoOBATHOE? KaK 0Ka3piBaOT, BAIIDHMED,
4TO AJIA JA106020 IIOJOKUTEJIBHOTO UHCJA 11 CyMMA HEPBBIX N
HaTypaJbHBIX 4YHCeJ BCErAa paBHA —%» n-(n+1)? Jxa Hayaja
BBIACHUM, €CTh JH MNIAHCHI y 3TOTO YTBEPXKAEHUSA OBITH
HNCTHHHBIM, IIPOBEPHB HECKOJBKO uYHuceJ. Ecam n=4, TO
CyMMa NePBHIX 11 HATYpPaJbHEIX uuces paBHa 1 +2+3+4=10;

a IoAcCTAaHOBKAa n=4 B ¢opmyny %-n-(n+1) TOXKE JaeTr

% +4.(44+1)=10. Mpl MOKeM IIPOBEPATL M [APYyrHe 4YHUCJIA,

HO KaK MOKHO YJOCTOBEPHUTLCH, UTO GopMyJia BepHA 6cezda?l
Haxke A AecATUTHICAYE3HAYHLIX YUCeJ, AaKe ANA TeX, AJIA
3aIHCH KOTOPBIX YEePHUJIA HYIKHO HPOU3BOAHTH IEJbIH rox?

OTBeT, KOHEYHO Ke, He B TOM, UTOOBI IPUCTYNHUTL K IIPO-
BepKe Bcex uuces moapazn! Maxe eciay Bbl CMOMXKeTe COCIWHUTD
BCe KOMIIBIOTEPLI B MHDEe B OAHY CeTh, BaM He yJhacTcs
IPOABUHYTHCA Aajbille ABAANATH3HAYHBIX YVCEJI.

Tak Kak e OpITh? MaTeMaTHKHM JOKAa3bIBAlOT UCTUHHOCTH
5TOr0 M AHAJOTHYHLIX BHICKA3BIBAHWI, MCIOJIL3YS METOJ IIOJ
HasBaHueM UuHOYyryus. [[OKa3aTeJIbCTBO II0 HHAYKIHY COCTOHT
U3 IBYX marop. Ha mepBoM mare HYXHO IIPOBECTH BEIYHCJIEHUSA
¥ MOKAa3aTh NCTHMHHOCTD BhICKA3BIBAHUA MJIA HaUMEHBHIEro M3
JOMYCTUMEIX 3HAUEHUIH n; B HalmeM cjaydae aad n=1. 3ro
OpPOCTO, BEeb «CyMMAa» OTHOI'O YMCJA paBHa 1, ¥ IOACTAHOBKA
1 B pokaspiBaemyio GopMyay ToXxe Jaer % 1-(1+1)=1.
Ha BTOpoM miare Hy:KHO JOKa3aThb, UTO €CJAU YTBepXKJIeHue
HCTHHHO JIJA HEeKOTOPOTO YHKCJIA, TO OHO JOJMKHO GbITH HCTHHHO
OJsS CJOeRYIOUIEro II0 HIOpAAKY 4uYnchaa. (Brrumcnenmsa mida
HAIIero MpHMepa MBI IPOBEAEM HIDKE.)

ITockonbpky yTBepskAeHMe WMCTHHHO I n=1, B cuay
BTOPOTO IIara METOo[a OHO AOKHO OBITH MCTUHHO M IJd n =2,
A pas OHO BepHO I N =2, TO AOJKHO BBITIOJHATHCA IJA
n=3. A eciy OHO BHINOJHAETCA AJA N =3, TO JOJKHO. .. . BbI
HABEPHAKA BHAEJHM KOCTANIKK AOMHHO, BBICTPDOEGHHBLIE B pPAL
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TaK, 4YTO €CJHM TOJKHYTb IIEPBYIO, OHa TOJKHET COCELHIOIO.
Ecam mepByi0 KOCTAIMIKY YPOHHUTH, TO IIOOYEPENHO YHAAYT
1 BCE OCTaJIbHEIE.

CaMoe HHTepecHOe B HMHAYKIMKM B TOM, YTO B HECKOJb-
KHX CTPOKax JOKA3aTeJLCTBA MOYXHO YCTAHOBHTH HCTHHHOCTDL
6eCKOHEYHOI'0 UHCJA YTBEPKICHUI. DTO KJI0U IIOUTH KO BCEeM
MaTeMaTUYECKHM YTBEPKIACHUAM, KOTODbIe HYKHO NOKAa3bIBaTh
OJIsi OeCKOHEYHOrO UHCJA CIYy4YaeB.

HEAOCTAIOLWA WA WHAYKLWHA

3necr MBL IOpOBelleM TAaK Ha3bIBAEMBIH wWaz UHOYKYUU IJIdA
JOKasaTeabeTBa QPOPMYJE CYMMHUPOBaHMNA, KOTOPYIO MBI IIpH-
BeJN B Hayaje IJIaBEHI.

Hyxmo moxasars, dYro cymMma n+1 uwucen, T.e.
1+2+:-.4+n+(n+1), BeIpamxkaerca sroil dopmynoit, ecam
COIVIACHO NPednonoiceHu1o UHOY KU CyMMa IIePBBIX I YHACEN

1
3agaerca GopMyJIoi z N (n+1).
CoracHoO IIPEAIONOKEHUI0 UHAYKIUK

142+ +n+(@+1)=1-n-(n+1)+(n+1).

Ho mmocnenHee BbIpakeHNE PaBHO % -(n+1):(n+2) (Ha ocHOBe
mpocredmux ajrefpamdyecKux npeobpasoBaHMil), a 9TO U €CTh
dopmyna cymMupoBanna Aiad n+ 1.

Urak, MBI HOK&3aJ1, 9TO €CJIN IPEIOJOKUT, NCTUHHOCTD
dopMysiEl ANA n, TO OHA BepHa WM Aua n+1.

OTKYAA BEPETCA ®OPMYNA?

VEIyKIHa — «O0pHUIUaNbHBIN» cocof IpOBEpKH HEKOIr'o KOop-
PEKTHOCTH yTBEPRIAeHNUHA INJIA 0eCKOHEUHOrO KOJIWIECTBa HATY-
paygbHBIX uuces. Ho nmpexhe ueM NOKa3bIBATH YTBEPHKICHUE,
HYKHO 3TO yTBEpPMJeHHe Kax-To o6HapyxuTh! Kax npumymsr-
BAIOT TaKUe Belu?

9710 KpeaTHBHBIH acleKT maremaruku. Hyx#a mATyHnud,
OIBIT, YyJaua, & dYacTo elne OjecTamee yMeHHe COeNaTh
sanagy mHarnggHo#. ITocMoTpum, Kak sTo paboraeT B HalieM
KOHKPETHOM IIpHMepe — YTBEP:KAeHHA O CyMMe IEeDBHIX N
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HATYPAJIBHBIX YHCEJ:
n-(n+1)
— -
C moxasaTeJbCTBOM MBI YiKe 3HAKOMBI, 4 Temeph BELACHMM,
oTKyJza 6eperca dopmysa. CirocoGoB MOJAYUNTE €€ MHOTO, ¥ MBI
paccMOTpUM [Ba U3 HUX.

OxHa BO3MOYKHOCTEH — IIPEJCTABUTL CYMMY B BUAE CYMMEI
mwIomange, Kak ms3obpakeHo Ha puc. 34.1.

1+2+---+n=

n

7
7
/
/

O6mas
IIOIWAAL =

/ )

7

Puc. 34.1. Tax «Bpragur» Qopmyna 1+---+n=n(n+1)/2

Mel HayHeM C MaJIeHBKOTO KBajgpaTa B HIDKHEM JIEBOM
yriy pucyHka. CBepxy pasMecTHM eHle ABA KBajgpara, eife
BEHIIIEe — TPH, U T. .; B BePXHEM DALY OKAMKETCA N KBaAPATOB.
PesynbTraT moxosx Ha MOJOBHUHY WMIaXMATHON nocku. ILmomans
IOJIOBUHEI MIAXMAaTHON JOCKH pasHa 1 - n/2, HO MJIOMIAAL KBaj-
paTtoB Gosblile ee Ha TMOJOBMHY KBAAPATHKOB HA AHATOHAJIM.

1
IToaToMy mONIyueHHYIO BEMNYWHY HYKHO YBEIHUYHUTH HAa 3 N

B pesyarraTe mmeem: cymMa 1+ .- -4 7 gokHa GbITH paBHa
n-n/2+n/2. A sT0 BRIpaKeuue pasHoO n-(n+1)/2.

Ms1 mornu OB paccyXIaTh MHAUe, MPUMEPHO TaK, KaK 5TO
genan ManeHskui I'ayce B ucropun us . 25. Sanumem cymmy
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1+---+n B Buge (1+n)+2+(n-1))+..., crpyonuposaB
mepBoe M IOCJefHee cjaraeMble, BTODOe M IpejpnocJefHee,
u 1. 5. Kaxngoe crpyunmposaHHoe BLIpa)XeHHMe paBEo n+1,
a MX KOJWYECTBO cOCTaBisderT n/2, ecjim n 4deTHO. Ecam ke
n HeYeTHO, TO TAaKux cjaraemelx (n—1)/2, ma ele ogmHOKOE
caaraemoe (n+1)/2 B xKoHue.

Wrax, naas 4eTHBIX n cymMma paBHa (n+1)-n/2, a pnsa
HedeTHBIX — (n+1)-(n—1)/2+(n+1)/2, uro nocyie HebOIH-
mHX anrebfpamdecKux OpeoGpasoBaHMi TOXKe IPUHUMAET BUL
(n+1)-n/2. MbI nony4aeM ofHY GOPMyRy A9 CYMMbBI OEPBLIX
n uucesl BHE 3aBUCHMOCTH OT TOI'O, YETHO N HJIH HEUYETHO.

ELLE OQHO ROKA3ATENLCTBO NO UHAYKLIUKA

IlpuBenem ele OAMH IPHUMEpP YTBEPKACHUA, KOTOPOE MOYKHO
IOKAa3aTh M0 MHAYKIHUN: <71 OO0BEKTOB MOXKHO YHODANOYUTEH
1-2-3.-.ncoocobamu». TouHee, 3TO O3HAYAET, UTO Hpu n=1
eCTh TOJBLKO OOHH crocof; mpu n=2 ects 1-2=2 cmocoba;
u T. 4. 3aMeTuM elre, 4ToO Aad npousseZesusa 1-2.3 - - - n ecTh
cnenuankHoe oGosHaueHMe n! (umraerca «n daxropuan»)D.

Jina MaJeX n 9TO YTBEpIKAEHIE JIETKO OPOBEPHUTH HEHOo-
cpeacrBenHo. Hanpumep, Tpu o6sekTa a, b, ¢ MOXKHO yIIODS-
mouuTs Tak: abe, ach, bac, bea, cab, cba. 3TuX croco6oB
neiicreurensuo 3!=6.

«CTporoe» [0Ka3aTeJBCTBO 10 WHAYKIHAN MOIVIO OBbI BBITIIA-
AeTh NpUOIM3UTEIHLHO TaK. Bo-nepébvix, NMOKashpIBAaIlOT, UTO
yTBep:geHue BepHO npu n=1. 3T0 04eBUIHO, IMOCKOIBKY
OAMH 3JTEMEHT MOMHO VIOPAAOUNTL TOJIBKO OZHUM CIIOCOGOM.
Bo-emopbix, GUKCHUDPYIOT HEKOTOpPOe 3HAYeHHEe I, KOTOopoe
CYUTAIOT NPOM3BOJLHBIM HATYPAJbHBIM YHCJIOM, M IIOJaraior
(MHAYKTHBHOE MPEAIOJIOKEeHUe), UTO YTBEPXKAEHHE AT HEro
BBIIIOJIHAETCS. B-mpemvux, NOKa3LIBAIOT, YTO IPU BLIIOJIHEH-
HOM HMHAYKTHBHOM IPEATIOJNOXKEHUYN YTBEDPXKAEHUE BLIIOIHA-
ercsa niAa n+ 1 oO0BEeKTOB.

Ceityac MBI Taxk M chenaem. IlpeacraBuM, 4TO n O0BEK-
TOB — 5T0 n 6GeJblX WIAPMKOB, MPOHYMEPOBAHHBIX YHCIa&MH
or 1 mo n. A (n+1)#1 o06BEeKT — 3TO KpPACHBIH IIapukK.

DO chocobax ymoOpAAOUMBATE OGHLEKTHI MOMXHO HMOAPOGHEe NpOUUTATH
B 1. 29.
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YonopangounBasa 6ce n+ 1 IMapUKOB, IOCTYOHM CJAEAVIOMIMM
o6pazoM. BHauajie BbIOEpeM pacmojioKeHWe n GesbIX IIapu-
KoB, CornacHoO MHAYKTHBHOMY IIPEAIIONIOMKEHUIO 3TO MOXKHO
coenats 1:2.3-..n=n! coocobammu. Temepp NOCMOTPHM,
KyAa NTOJOXKHTHh KPACHBIA ImIapuK. Ero MOMKHO MOJOXKHUTH
B HAYaJi0, IIOCJIe IEePBOro 0exoro mapukd, Iocjge BTOporo,
Iocje TpeThero, M T. A.; MOCHeNHHI CI0C00 — MOJIOMKKUTE €ro
B KOHHe psaga. Tak 4To Aasi KPacHOro mapuka ecTh n+ 1
nosunui. 9t n+1 nosunumit BO3MOKHBI AJS 106020
pacrmosioKeHuss n OeJbIX NMIApUKOB, IIO3TOMY BCEro HMeEeTCsS
(n+1)-n! pacnonoxxenuit Bcex n+ 1 mapukros, mau (n+ 1)!.
B sTOoM u cocronmT aAOKas3pIBaeMoOE€ YTBep:KIAeHUEe Iax n+1
06 BEEKTOB.



nasa 35
MATEMATUKA B TBOEM CD-TJIEEPE

Cpeau BCeX TEXHHUYECKHX YCTPOHCTB, KOTODBIE MOYKHO HaTH
B OOBIMHOM JoMe, mMeHHO CD-mueep — caMbpIii MaTemaTHde-
ckuil. MaTeMaTnKa B HEM Ba)KHA B IBYX OTHOIIeHUAX. Bo-mep-
BEIX, MCXOXHEIII HenpepsIBHBIA CUTHAJ — HAOPHMEP, KOHHEpPT
B BepauaCcKo#l priapMoEuy — o POBRIBAIOT M IPEBPALIAIOT
B HaGop HyJe# u eguHUN. A 9TOro CUrHAJ AUCKPETH3UPYIOT
npumepso 44 000 pa3 B ceKyHAy; Ba:kHas Teopema o6 o06pa-
60TKe CHI'HaJa IJIACHT, YTO HA TAKOM YPOBHE AMCKPETH3aIUU
coOXpaHfeTcA BCe, UTO MOXKET YyJIOBUTH yejloBeuecKoe yxo. Ecau
OBl HaIl cJyX OBLI 3HAYMTENLHO Jydllle MIM Xyxke (B CMBICIE
BOCIIDMHHMAEMBIX 4acToT), To mapamMerpbl CD-mieepa OnLiu
OBl MHBIMH.

IOpyrue maremaTmueckue TpeGoBamma kK CD-mieepy o6y-
CJIOBJIEHEI TEM, YTO HM MpPOIECC CIKaTus, HU IIPOIECC BOCIIPO-
u3BeneHud He CBOGOAHBI OT OMMGOK: Ha AVUCK MOJKET IIONacTh
OBLIKHKA, WIN ero MOMKeT molapanaTrh KOIIKa. JTO cephes3Had
npobjeMa, Kax MOMKeT IOHATH BCAKH, KOMY CIyJaJoCh IOoTe-
pPATH KOMIBIOTEepPHBIE AaHHbIie (jpeg-usobpaskeHue, html-cait)
B pesyJbTaTe TOro, YTO CPeju nepefAaBaeMbIX MAJIMOHOB OUTOB
uHQOPMAINY IIONAJICA OSHUH HEeBEeDHBIIl.

Ecau 6BI KTO-TO HAfEsJCA JOCTHYhL COBEPINEHCTBA A
CD-nneepa, TO W ammapaTr, M AHCK OKa3aauch ObI CIMIIKOM
moporumu. Ho npoGiema GbLia peilleHa JPYTMMH CPeACTBAMM,
# KaodeBas (dpasa 3dech — meopus kodupoeanusV. Kax
MOKHO IepeiaTh cooblleHne, 4To0bI OPHMHUMAIONIAA CTOPOHA
MOIVI& ero MnpoYecThb, Ja:Ke ecJU OpH nepejgadyr ObLIH BO3-
MOKHBI OIIMOKK?

Kax nepenars AecaTubykseHHoe coobmenue a3bykoit Mopse
Tax, 9TOOLI eC/IM Jjake OHO OBLIO IIOBPEXJIEeHO H3-3a OIleYaTKH
HIH aTMOC(hEepHOro BO3AEHCTBH:A, BCce PaBHO MOXHO OBLIO
6bl rapaHTHPOBATH NPABMJILHOCTL ero mpoureHua? Ilepsoe,
YTO HIPHUXOAUT B TOJIOBY, — IEPeAaTh coolbileHue HeCKOJIBKO

DMz 6ymeM oGeyxaaTs ee noapobmee B 1. 98.
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pPas LOoAPAA, IOCJe Hero IPUHMMAIKIAS CTOpPOHA BeIGepeT Ty
BepCHIO, KOTopad Berpedaerca uame Bcex. uas CD-mneepa
Tako# cmoco6 Ol GBI CAMMIKOM TPOMO3AKHMM, U IIO3TOMY
OpUILIOCH PaspaboTaTh METOABI, MJIA KOTOPBIX <«HANEHKHAST»
BepcUA NEPeJaHHOrO CHUrHAJa He HAMHOrO [JMHHee OPUIH-

HaJa.

Tem BpemeHeM cunocof Iepexadu
CHrHAJIa CTAaJ HACTOJIBLKO YCTONUYHUB
K ommbKaM, UYTO KAYeCTBO BOCIIPO-
U3BeIeHUsI HE CTpajaeT U B Ccjydae
cepbesHLIX nomex. Hampumep, npasxe
CHJIBHO IOIAPANAHHBIA AUCK MOMKHO
cayumaTs, W HecOBepileHCTBA OymyT
HeouryTUMEI. sKanko, 4To Takue Tex-
HOJIOTMHA ObLLIM HEAOCTYIIHEI BO Bpe-
MeHA BMHMJIOBHIX ILIACTHMHOK. Torma OBLIO CHBINIHO KaXKIYIO
OLITHHKY.

TEOPEMA OTCYETOB

Ana roro urobhl Mysbika MAM KaxoH-HBOYAbR Ipyro axy-
CTUYEeCKH# CHrHAJI HAOLIM TYyTh OT WNCTOUYHMKA K Bameil
CTepeocucTeMe, NPEeAIPHHUMAIOTCA CJeAyIOIne Imaru. Bo-
IePBBIX, 3BYK oyudposviéaemcs, T.e. npeobpasyeTca B OUEHD
AIVHHYI0 CTPOKY HyJe# H eAuHHUI. ITO IpeobpasoBaHme
aHAJOTOBOT'0, UJIH HENPePHIBHOTO, CUTHANA B IudpoBoil, Uamn
AUCKPETHEIM, — pemalomuil I1ar, NOCKOJbKY TOJBLKO IIOCHe
onudpoBku MoxeT OBITH cosfaHa m nepexaHa 6e3 HOTeph
Ka4ecTBA KONMHUA CHI'HAZA.

Meron onudpoBKH OKasaJcsa yCcUemHLIM 6Iarofapsa HecCo-
BEPIIEHCTBY Y€JIOBEUECKOTO ciyxa. B Mupe, rie Ml CALIINAIIHN
OBl CKOJIb YTOZHO BEICOKHWE YacCTOThI, He OBLIO 6Bl KOMIIAKT-
auckoB. Ho B geficTBUTENBLHOCTH 49acTOTHl Beilie 20 xuiorepn
HeAOCTYIIHBl HAIEMY BOCHPHATHIO, W II03TOMY ONHPPOBKA
BOo3MOKHA. OHA IPOXOAWUT B ABa 3Taiua.

e Bravajge curHaj HOPOXORAT dYepe3d (QPUIALTP, B KOTO-
POM BCe YaCTOTHI BhIIIE HEKOTOPOIl HECJHBIINHON (Ham)
nofaBisAloTcA. MEI He BOCIIDMHMMAEM PAa3HUIY MEMXAy
IEePBOHAYAJILHBIM U YPE3aHHLIM CHTHAJIAMIH.
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o IloToM mOAB3YIOTCS TEM, UTO OTPAHWYEHHBIH IT0 YACTOTE
CHTHAJ MOKeT 6bITh OudpPOBAH M AKKYPATHO BOCCTAHOB-
JIeH, €CJIH IIePeJaeTCA JOCTaTOYHOe YMCJIO pas B CEKyHAY.

Mocneganii ¢daxT HM3BecTeH MHOZ HA3BaHHEM  Meopembl
omcyemod. Bor ee TouHaa GpoOpMYyIHPOBEKA.

Ecnu cuznan cocmoum u3 HECKONbKUX UYacmom He
évtwe [, mo yugpoeaoli cuznan moxcem bbtms 60cnpouseeden,
eciu NPOMeHYmKU 8pemenu mexcdy 3HAYEeHUAMU CUZHAN08
He npeswviwaiom 1/(2f).

Haopumep, ecaH caMad BBICOKA# dYACTOTa COCTABIAET
10 xunoreprn, To TpebyeTcss IIPOMEXKYTOK JUCKPETHIAINH
B 1/20 000, T.e. 20000 oTcueTOB B CEKYHAY.

Ecaum 3T0 KaeTcsa CIHIIKOM a0CTPAKTHRIM, TeOpeMy MOYKHO
IPOMJLIIOCTPHPOBAaTE, nHade. Ilpeacrasere cebe, ITO ¥ BAC eCTh
BHAEOKAMEpPa, (PUKCHPYIOIIAA HECKOJBKO KaJpOB B CEKYHAY.
Bamnr masnsinl Kauaercd Ha KadeJdX, U BBl XOTHTE €ro 3areuar-
ners. IIpr HOPMAJBEHON YacTOTe PACKAUYMBAHUA CIOKET MOMKHO
BOCIIPOM3BEeCTH peajucTuyHo. Ho ecam wacToTa CIHIIKOM
HU3KA#, BaC MOMeT IOCTHYL pas3odyapOBRaHMe: MOXKET OKa-
3aThCA, 9YTO COCEAHHE KaAPHI OTIMIAIOTCA TOJBKO HeOOIbIINM
CMeIIeHreM, XOTS Ha CaMOM Jejie IIPOU30UIes] MOUTH ITOJHBIN
OHUKJI, HO KaMepa He CMOIVIA e€ro BOCIIPOM3BECTH.

TeopeMy 06 OTcueTaX MOXKHO pacCMaTpUBATL KaK aHaJOr
PYKOBOACTBA MOJB30BaTeNsA: BBl MAOKHB BBIGDATh TaKyIO-
TO YACTOTY, 4TO6BI AKKYPATHO BOCIIDOM3BECTH PACKAYMBAHHA
C TAKOH-TO CKOPOCTHIO.
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JIOTAPUODM. BbIMMPAIOluEE NNEMA

YuraTeau CTapiiero HNOKOJEHHS BCIOMHAT — BO3MOYKHO,
C Y’K8COM — KaK OHH B IIKOJIe YYHJIHCEH paboTarh ¢ jorapud-
MaMy. 34ech MBI HAIIMIIEM HeKpoJior Jorapudmam. Koreuno
JKe, JorapudMBI OCTAIOTCS BAKHOM YACTHIO MATEMaTHKH, HO
B Cpejile MHIKEHEPOB M TeXHMKOB OHH MOCTEMEeHHO HCUe3aloT.

Yrolbl IMOHATH, OAA 4Yero OHMA HYKHEI, HAM IpHIETCA
BCIOMHUTH HEKOTOPHIE TePMHUHBI. Bo-mepBHIX, HYMKHO 3HATH,
KakKk MaTeMaTHKH 0003HAYAIOT CTEIEeHW: €CJIH @ U 7 — Ielble
Yuca, TO a® 0003HAYAET N-KparHoe HPOHU3BeeHHE MHOKHUTE-
ne#t a. Taknm ob6pasom, 3¢ o603HauaeT mpouspeseHne 3-3-3-3
(paBeoe 81), a 10% paBmo mMumarmomy. Ecam Hekoropoe
YHCJI0 YMHOXHTL HA ce0a n pas M IOTOM ellle m pas,
TO BCEero IONYHHUTCHA M + 1 COMHOMHTENed, 3TO HaOIIomeHHe
BEIpakaercss opmysaoit a™t"=qg".q™. DJTOT Ke 3aKOH IJIA
CTelleHell BBLINOJHAETCH, Aaxke eCJH onupele/UTh BO3BEIcHHE
B CTeNeHb [JJA IIPOU3BOJBHBIX, He 0043aTeJbHO MNeJbIX,
nokasareneii. Haupumep, KBaApaTHLIH KOpEeHb H3 @ MOXKHO
sanucaTth Kak al/2. ,

A remepp Ha CUEHY BBIXOZAT Jorapudmsl. IJIa mpocTOThI
MBI GysleM paccMmaTpusaTth Jorapudmer mo ocHoBanuio 10.
Jasa nosoxurensHOro umeaa b sorapugm b onpenesnsercs
KaK YHCJI0 m Takoe, uro 10™ =5, Brime MBI BUAEJAH, UTO
Jorapu(@M MUILIMOHA paBeH 6, a JgorapmudM THICAYM — 3TO,
KOHEYHO ’Xe, 3. BaKHO NOMHHTH, YTO KOTHAA MAONYCKAIOTCA
OpPON3BOJILHBIE CTEIEHH, y JIOO0T0 MOJOKHUTEJbHOIO YHCJIA
JorapudM ecTb.

KiioueBoit MOMEHT B TeMe «JIOrapr(pMbI»: COIVIACHO ONKCAH-
HOMY BEINIIe 3aKOHY JJdA CTeleHell Jslozapugm npouseedenus
pasen cymme n02apudmos mMHox3cumeJieii. ITo CBOMCTBO MO3-
BOJISIET IIEPEeXOIUTh OT YMHOMKEHNA K CJIOMeHn. Ecau HyXHO
BBLIYMCJNTh NPOM3BENEeHUe b - c, ToO MOKHO IO TabGauie HaHTH
Jorapu®dmsbl uynuces b M ¢, CIOKUTE [BA pe3yJabTaTa, a 3aTeM
BBELACHUTS, JIorapu¢M KaKoro 4icja PaBeH MOJYyUYeHHOH cyMMe,
9TO M ecTh IPON3Be/ieHE.
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B craponaBEue BpeMeHa, KOTra KOMIBIOTEPOB elle He 65110,
MMEHHO TakK dallle BCero M yMHOMan; Jjorapudmbl Obiau
JIOMOBOH JgOMIaABI0 BhIuMcIeHui. CiiojkeHme ropasgo Ipolle
YMHOMKEHMA, MOITOMY IlepPeXoj, OT OAHOIO THIA BBIYNCJIEHHH
K APYyromMy yIOpoOIaJ XW3Hb TeéM, KTO BeJ IOACHETHI Kapanja-
moM Ha OyMmare. ¥ 9TOH TEXHWKM €CTh AHAJOIM U B APYIrHX
ofjacTsaX Halledl KM3HM, INe 3ahaYy IIPUXOAUTCH IIPHBECTH
K APYromMy BHIY, YTOOBI MOXKHO OBLJIO €e pPenInuThb.

U elre ofMH HEKPOJIOT, OKOHYATEJIbHEIN 1 6eCIIOBOPOTHRIN.
IInsa MexaHmsanuyl Jorapu@MuuecKHX BBIUUCICHMN IOJB30-
B&JUCh JorapupMnyecKuMu JnHeiKaMU, B CBO€ BpeMs OHH
6eLIH OueHb YHOOHBIMH (puc. 36.1). A ceiiuac oHM HCUe3IH,
¥ HAUTH NX MOKHO TOJBKO B My3ee.

Puc. 36.1. Jlorapupmuueckas JuHeiika

TUMHUYHDbIA PACMET

HaBaiiTe paccMOTpMM MPHMEP BBIYNCIEHMH, OMMCAHHBIX
B HEKDOJOTe, Kax B3TO JAelNajiock B Te BpeMeHa, KOIfa
KaJbKYJIATOPH! elle He OLIM MIMPOKO PacIpOCTPAHEHEI.
IonmycTM, HY)KHO BBIYMCINTL IpomnseeseHue 3,45-7,61.
OTBeT HaM TOKa enle HeM3BEeCTeH, W MBI 0003HAYUM ero Xx:

x=38,45-7,61.

IIo 3akoHy cTemeHe# JiorapudpM x paBeH cyMMe JIOrapudmMos
yucen 3,45 u 7,61. MnI OyzeM ImoJIb30BATHCH JeCATHYHBIMH
JorapupmMaMu — TaK, KaK HEKOTOPBIE U3 HacC AEJAJH B INKOJE.
Hrax, norapucdm 3,45 pasen 0,53782, a norapudm 7,61 pasen
0,88138. DTu unucaa ciegoBaJio HAlTH B Tabanlle JorapugpmMos.
Ilostomy sorapudpm (A0 cuX HOp BCe ellle HEU3BECTHOTO)
4HCcJIa X paBeH

0,53782 +0,88138 =1,41920.
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Ilo onpenenennio norapupma 108 * =x, mosromy
x=10141920 - 96 25427,

ITocnexaee uuco ToXxke MOKHO HaliTH B Tabnune sorapudmos.
PesysnbraT BHONHE YAOBIETBODHTEJBHBIH, TAK KAK TOUHOE
3HaYeHHE PaBHO

3,45.7,61=26,2545.

ITosTroMy MOMXHO 3a6HITH 06 YMHOMKEHUN U AJnA BceX BBIYKCIE-
HUi HOJIB30BATHCHA CIOKEHUAEM, KaK TOJLKO 3afayua nepeBefieHa
B MHp J0rapu@Mos.



naea 37
MATEMATHUKA, ﬂOCTOﬁHAﬂ HATPAbI

Kak? Bpl He caplmaiy O Harpagax Mojiad MaTeMaTHKOB?
BoaMoxHO, 3TO 06BACHIETCA TEeM, UTO, KaK MPaBHIO, CYMMEI
HepesiukHu. [la u 6yab OHA OTPOMHBI, MaTeMaTHdecKHe JOCTH-
JKeHHA OOBIYHO TaK CJIOMKHO OOBLACHHTL WHIMPOKOHM IyOiamke,
YTO HOBOCTHBIE MeJHa U He GECIIOKOAT ee TAKMMM DacCKasaMHu.

Puc. 37.1. Camas npecTHKHaA Harpaja B MareMaTHKe —
Mepans Puagca

Mu1 BKpaTHe paccKaskeM O CaMbIX BAaXXHBIX Harpagax
3a JOCTH)KEHMA B MaTeMaTuKe. Jlio6oit maremaTuk, skeja-
OO 06eCCMEPTHTh CBO€ MM, AOJKEH cAesiaTh YTo-HHOYAb
ocof0eHHO BHeuYaTIfAiomiee, OyAyum eme [LOBOJHHO MOJOABIM.
Jlyume Bcero — asaanaTu ¢ yem-EU6yns xer. Torma ecTs BO3-
MOKHOCTE HOJYYINTE Mefaab Punaca, IpUCYXRIZAEMYIO KaXKAbIe
gerslpe roAa Ha MeXAyHAPORHOM KOHIDecce MaTeMaTHKOB.
Ora Harpajza He JeJaeT 4YejJoBeKa OOraTsIM — OHA COCTABJAAET
npubIHU3UTENBHO ABAZUATh ThICHY AoAIapoB. OZHAKO JiaypeaTt
npeMuu MoOKeT GhITh YBepeH B ¢BOeM (DMHAHCOBOM IIOJIOKEHUH
0 KOHIIA JHeMH, MOCKOJILKY eMy HaBeDHsSIKa IPeyioKaT JIydiine
HO3UIINM M 3aTOHNAT LPEeAJOKeHWAMH BbICOKOOILIAYMBAEMBIX
pospxHOocTeit. Mepmans Puiaca 9acTo HASLIBAIOT aHAJIOIOM
Hob6eneBckoil npemuu aas mareMarukos. OfHaKo aTa MeZanb
MOKeT OBITh HNPHUCYXKAEeHa TOJBLKO TeM MaTeMaTHKaM, KTo
eme He goctur coporametusa. (Mmemno moaromy B 1998 T,
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B Depimue OGOUIACOBCKYI0 Megalb He HOPHCYAWIH Boobmie
HHUKOMY, IIOCKOJBKY CaMoOe, IIO-BHANMOMY, IIOpasuUTEILHOE
OTKDBITHE IPEeJBIAYIUEr0 CTOJETHS B MaTeMaTHKe, [NOKasa-
TEABCTBO TeopeMbl Pepma, OBIIO CHEJAHO COPOKANATHIETHAM
JHAapio Yaiinsom.)

OzHaKO CYIIECTBYIOT H Harpajbl, BeCbMa BHYIINTEJLHEIE
B NeHEeXKHOM BbIpaskeHmmn. Hanpumep, B 2000 r. urcTuTyTOoM
Knss 6111 HasHadYeHBLI OPHUSHI B MHJLIMOH JOJLIAPOB KAaMKABIA
3a pellleHWe CeMM KOHKDETHBIX CJIOMKHEBIX 3ajadu. OHU Bce emme
HHUKOMY He IIPUCY:KJEeHBI, HeCMOTPA HAa TO YTO 34 HUX Opajiuch
MHOTHE U3 JY4YIIAX B MHUPEe MaTeMaTHdeCcKumx ymol.

B 2003 r. mosiBmiace mpemus Ha ypoBHe Ho6Generckoii.
AbleneBckaa nmpeMus PuHaHCHPYeTCA GOTATHIM IPAMIAHHHOM
Hopeeruu, u BO3MOXXHO, KOrIa-HUOYAL BCTAHET B ONWUH PAL
¢ HobeneBckoit u 6yZeT Bpy4yaThCA Ha €KErOXHOM IepeMOHHU
B IlIsenuu. IlepBriM oGnamaTeneMm sToii upemuu cran Ham-
IIvep Cepp, u unenam abesieBCKOr0 KoMuTeTa OBIIO HEIIPOCTO
O0BACHUTL HENOCBALIEHHBIM, 4TO Takoro caenan Cepp, uTo
s3acaysxun Harpagy B 600000 espo. BoaMoxKHO, 3TO 06BACHS-
€TCA TeM, UTO BCA HaAYKa CTajla Y3KOCHEeIHaJIN3NPOBAHHOMNM:
IIOMHHUTE JIM BhI, 38 4YTO ObLIa OPUCYXKIEHA ITOCIeTHAA
HoGeserckaa mpeMus o XuMumu?

PA3BOrATETb HA MATEMATHUKE: ECTb JIW WWAHC
Y NIOBUTENA?

CymiecTByer MHOrO MATeMaTHUYeCKHX 3aJa4, HaL KOTO-
PBIMH JEeCATHIETAAMH OBIOTCA JIYYIINE YMBI 4YeIOBe4YecTBAa.
O HeCKOJBKMX MBI pDaccKaseiBaeM B 3TO#H KHure (Ti. 18, 32,
49, 57).

3a pemieHWe HEKOTOPHIX M3 3THX 3a/ad MOMKHO, BI00aBOK
k OGeccMepTHO# cJjiaBe, MOJYYHTh MWIJINOH JOJAIapoB. EcTh
JA MIaHC Y CKJIOHHOrO K MaTeMaTHKe Joburena? B umcropun
MAaTEeMATHKY H3BECTHO HECKOJBKO SIMN30J0B, KOT[a CepPhe3HEIe,
Jajke BRIZAIOMINECA pe3YJbTaThl MNOJAYYUIHN Te, AJAA KOro
MaTeMaTHKa IpocTo xo66u. B aToit kHMre MBI paccKa3bIBaeM

DOgna us cemm sazauy — mpobnaema ITyamkape, — 6bLIA DemIeHa HamimM
cooreyectBeHHMKOM I'puropmem Ilepessmanom B 2002 r., HO OT npuaa oH
orkasanca (cM. ri. 93). — Ilpum. nepes.
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o AByX u3 HuX — 0 Bailece u Bioddore (ra1. 50 u 59). [la u cam
IIxep @epma (cM. 1. 89) 6611 mpnc'rom, a npodeCcCIOHATIBHEIM
MATEMaTHKOM He ObLI.

" OgHAKO COBEepIIeHHO HEBEPOATHO, YTOOBI IO-HACTOAILEMY
CHOKHYIO 3aIa4y PEHINJ JIo0nTeNb. YPOBEHS CJANIIKOM BBICOK,
B BCe OUeBHIHBLIE IIOAXOABI Yke MCHPOOOBaHEI.

B npyrux of6xacTAX MBI TOMXe He OXHAaeM BeJIHKHX
IOCTIKEHMH OT TeX, KTO He pafoTaeT TaM Ha BEICOKOM yPOBHe.
B VuMOJLOHCKOM TYpHHDEe HHUKOIZa He I0OeJHT TEeHHUCHCT-
ao6uTeNnh, BpeMs OT BpeMEHHM Hrpapomuili 1m0 BBIXOJHEIM.
A TOoMy, KTO He IIOTPaTHJ Irofbl Ha y4eby, HUKOIa He IIOpy4aT
poas 3urdpuza B onepe Barmepa.



naea 38
NOYEMY UMEHHO AKCUOMDbI?

Hetm B BoSpacTe OT Tpex [0 IIeCTH 4YacTO HaJOeRAI0T
POAMTENAM, NOCTOAHHO 3afiaBad HEBMHHBIE BOIPOCHI BPOJE
«Mama, kak paboraer asroMmo6mis?» Ho eciin He ncmoss308aTs
CJIOBA <«MOTOD», <«3aiKUraHME», <«XUMHUUIECKas pPeaKmua», TO
Jaske JKCIepTaM OCTAeTCA TOJBKO CKas3arTb: <«A BOT Tak!».
Kormen agucxyccumn.

TouHO Tak Ke ¢ MareMaTukoil. MoxxXHO 3a7aBaTh Bece BoabIie
u Oosbille BOIPOCOB O €€ OCHOBAHMAX, HO B HEKOTOPBIH
MOMEHT AWCKYCCHA CTAHOBUTCA OeCIJIOAHOM, M TOIZa IIPOCTO
AOTOBAPUBAIOTCA: «A BOT Tak». AKCHMOMEI B MaTeMaTUKe Tak
B BO3HHKAIOT.

IlepBaa cucrema axcmuom O6buia mocTpoeHa 6Gosee 2000
Jger Hasag Esxamgom (III Bek mo H.s.; pumc. 38.1). B ceoux
«Hauasax» OH IIOCTPOMJI aKCHMOMATHKY reomerpuu. Omnmcas
OCHOBHEIE TIOHATHUS, TAKWe KAK <«TOYKa» U <«IIpaAMadg», OH
3aTeM OIIpEZeJINJI HEKOTOPBIEe CBOHCTBA 3THX 00heKToB: «Uepes
J00ble ABE TOYKM MOPOXOAUT OAHA M TOJBHKO OJHA IIPAMAS»,
M T. I, '

B mame Bpemsa mouTu Bce 061aCTH MaTeMaTHKH aKCHMOMATH-
3uporaHbi. CyIMecTBYIOT AKCHOMBI O CAMEIX PA3HALIX O6BEKTax,
TAKAX KAaK 4UCJHa, BEKTOPHI H BEPOATHOCTH.

Puc. 38.1. EBxima B «Adunckoil mxoae» (Padasns, 1510)
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Iocie Toro Kaxk axCHMOMEBI YCTAHOBJIEHBI, MOYKHO OTIIPaB-
JATHCA B CBOOOJHEBIA IONCK BO3MOMKHBLIX clefcTeuii. BonbmmuH-
CTBO MaTeMaTHKOB CUMTAIOT, YTO 3TO I'Opa3fio MHTepecHee, HeM
0eCKOHEUHO CIIOPUTL M3-3a OCHOB.

Ho omgma Bemp ocraerca 3saragkoi. Kax mnosayuaercsa —
HanpuMep, B TIEOMETPUH, — YTO U3 HEOOJLIIOro KOJIMUe-
CTBA AKCHOM MOYXHO PasBUTh NPEeKpacHo GyHKIMOHUPYIOUIYIO
MaTEeMATHYEeCKYIO MOJe]b [JIA ONMCAHMS DpeajabHOro Mupa?
OrpoMHhbliil ycmex akCMOMATH4YECKOT0 METOZ8 HOABUTHYJ MEIC-
AuTeneil m3 APYyrux obnacrell weJOBEUECKOro 3HAHWSA Ha
NONMBLITKYA IIOCTPOUTH AKCHOMATHKY U IJdsd X HayK. B BeJIHKOM
Tpyne HpooToHa nOo MexaHuUKe (HecmpocTa OH HA3BLIBAETCA
«MaTemMaTmiyecKue Hayajga HaTypaabHo# (uiocodum») ecThb
[UIMHHEIE IACCAYKH, KOTOpble YUTAIOTCH KAK y4YeOHHK 1o
MaTeMaTHKe.

Ecin saMeHHT: €J0BO <«aKcHOMa» Ha <«OpaBUJja HIPBI»,
TO HOJYYHUTCH OUYEHDb IojesHas agajgorusi. IIpaBuna Mrper —
ImaxmaT, Hampumep, — GHKCHPOBAHBI, U MIPOKH HE TPaTAT
HHTEJICKTYAJNbHBIX YCUJWH Ha IONBITKM IPHAYMATh HOBHIE,
yAyullleHHELIe IpaBHUia. BMecTo 3TOro maxMaTHcThl CTAPAIOTCS
poaHaJIN3upPOBaTh, MOYKHO JIM B JAHHON CHUTyallu¥ IOCTABUTH
mar. ToyHO TaK e MATEMATHMKH XOTAT B3HATh, €CTh JIH
y Toil miaum HMHOR 3ajadd pelleHHMe B PaMKaX HEKOTOPOR
AKCHMOMATHKMN.

NPOrPAMMA TMNIbBEPTA

Xora mnepBoil axKcmoMaTHKe YVike Oojlee ABYX ThICAY JIeT,
TpuyMdbagIbHOE IIeCTBHE BJTOT0 IOAXOAa HAYAIOCH TOJBKO
cTo JeT ToMy HasaA. Benuxuii marematuxk Hasmpy I'mianGepr
HPEeANIOKII IOABECTH IIOZ MATEMATHKY HOPOYHOe OCHOBaHUE.
Tnasnas maes cocTosia B TOM, WTO 3THM AOCTHUTANHCh Cpasy
ABe Inean. Bo-mepBHIX, INOJL3YACH NPABMIAMH JeAYKIMH,
MOXKHO OyneT aBTOMATHYECKH BHIBOAWUTHL M3 DTHX AKCHOM
MaTeMaTH4YeCKHe TeOPDEMEI, 8 BO-BTOPHIX, MOXKHO OyAeT OIIATH-
TAKYM MEXAaHHWYECKH IIPOBEPATH WCTUHHOCTH MaTeMaTHUYEeCKUX
yTBepkaenuii. Haupumep, «aa» OyfeT OTBETOM Ha BOIPOC
«Cywmecrsyer ¥ TEJIOE YUCIO, KBaJpaT KOTOPOro paBseH
257?», a «mer» Gyzer caepoBath us «CylecTByeT NU peuieHne
ypaBHeHEUA x=x+1?»,
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Jra aMOMUMO3HAA NOPOrpaMMa 3aKOHUYWJIACH IIPOBAJIOM.
Jioruk Kypr T'égenr Jokasasn cBOM TeopeMBI O HENOJHOTE,
CMBICJI KOTOPHBIX B TOM, 4YTO B MAaTeMaTHYeCKO¥ TeopHM
BCEIZia MOJKeT CYIIeCTBOBATH YTBEePKAeHNE, KOTOPOEe Helb3sa HH
JOKa3aTh, HU OIPOBEPTHYTH. JTHU TEOPeMbI F'OBOPHAT €II[e O TOM,
9TO BCerfa CYIeCTBYIOT HCTHHHBIE YTBEDPYKICHHS, KOTOpbIe
HEJIB3S BBHIBECTH H3 aKCHOM.

AKCHOMbI — «3AKOHbl» MATEMATUKH

Kpome amajormm MexJy aKCHMOMAMM MATEeMATHKMA M IIaxMmar-
HBEIMM NPAaBUJIAMH MOXXHO HAWTH Iapajjeld U B IODUCIPY-
geanuu. ITocne TOro Kak 3aKOHBI YCTAHOBJICHEI, HEKOTODBIE
BeIIM MOXKHO JeNlaTh, He omacaAch HaxkasaHNda. A agBorkaTa
MOpaJIbHEIE CYKJeHHUA O TAKHX NeHCTBUAX HE TaK BAKHBI IO
CPaBHEHUIO ¢ BOIIPOCOM O TOM, HOIYCTHMEI I AeHCTBHA C IOPU-
JAMYEeCKON TOUYKM 3peHnd. TOYHO Tak Ke B MaTeMaTHKe TPYAHO
CKAa3aTh, KaK IpeiMeT PasOBbETCA U3 JaHHBIX akcuoMm. UHOrna
HEKOTOpPHIe 3aKOHBI IPUBOJAT K He)KeJlaTeJbHBIM PEe3yaAbTaTaM,
U B 3TOM CJy4Yae 3aKOHBI MOXKHO IE€PENUCATH WJIH M3MEHHTh.
To4uHO Tak ke B MaTeMAaTHKe MOXKHO MOANPHUUNPOBATD CHCTEMY
aKCHOM.

B OpOTUBOHOJOMKHOCTH HIAXMATAM, B IOPUCIPYAEHINNA
MOPAJBbHEIA acIeKT MMeeT 3HadeHHe, TO Ke caMOe MOKHO
CKasaTb U 0 MareMaTHke. MareMaTuuecKkre OTKPHITHA MOrYT
OBITh HMCHIOJIB30BAHEI KaK BO 0.1aro 4esJoBe4eCcTBa, Tak H c Oec-
YeCTHBIMY LeJaMu. TeopeMa ONTHMHU3ALAN, HAIIPHMED, MOXKeT
OBITH HCIIONB30BAHA AJA CO3RAHMA HE TOJIBKO YIYUIICHHBIX
yaobpeHnii, HO M GHOJIOTHYECKOro OpYKHA.
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KOMMbIOTEPHOE JJOKA3ATEJIbCTBO

Cerogusa MBI cobupaeMcst o6cyanTs oyt puirocodcekyo npo-
61eMy, ¢ KOTOPOil MaTeMATHKM CTOJKHYJWUCH B XOJ€e PasBUTHA
TEeXHOJOTMH: INPHM KAKUX OOCTOATENHCTBAX MaTeMaTHU4ecKoe
YTBEpKAeHHNe MOMKET CO BCell OoIpezeseHHOCTBIO CUHTATHCH
JOKa3aHHBIM?

B Teuenue mociegHHX ABYX THICAY JIET OBLIO AOCTUTHYTO
IOHHMAHHE TOr0, KaKMM JO/IKHO OBITH <«CTpOrOe JoKasa-
TEALCTBO» B HAYKE, OCHOBAHMS KOTOPOH y)Ke yCTaHORBJEHBI:
IOKA3LIBAEMOe VTBEPKICHHE JOJIKHO BBHIBOAUTHCS KODPPEKT-
HBIMM AeJYKTHBHBIMH pacCy)XAeHMAMU n3 GyHZaMeHTANbHBIX
HayuHbIX aKcumoMm. Taxk Gblia IIOCTPOEHA EBKIMAOBA TIeOMeT-
pus, Ja W MHOTHMe Apyrue oO0JacTH DPa3BHBAJIKHCh 1O NYyTH,
nposioxenaomy EBxauaom B ero «Hauamax». ITorpebosasocs
MHOTO BpEeMeHH, IJA Toro 4uro0bl Bce 06JacTH MaTeMaTHUKH
OBLLIM YCTAHOBJIEHBI Ha CTPOrHUil akcMoMaTudeckuii yugamMenT,
HO K cepeflMHe IeBATHAAILIATOIO BeKa OCHOBAHHA MaTEeMaTUKH
OBLIM BIOJHE AOGPOTHBIMM. BBIIO €IHMHOAYIINE MO BOIPOCY
0 TOM, UTO CHNTATL UCTHHON B MaTeMaTHKe. Bce coryamanmncs,
YTO 34 HOCTOBEPHOCTHIO JOKA3ATEJLCTB CJHELUT BCEe MaTeMaTH-
yecKoe coobIIecTBO; HCTUHHO TO, UTO IIOJYYMJIO GirarocioBeHne
SKCIIEPTOB.

B 1970-x rr. 3TH cTaEAapThHl OBLIM IIOCTABJIEHBI IIOK
BOTIPOC B XOAe pelleHnus 3HAMEHWTON 3amauyu O dYeThIpex
kpackax?. BmepBble B HCTODUM MAaTEMaTHUKN PELIAOIIYIO
pOJIb CBHITPAJIN KOMIIBIOTEDHI, ITIOCKOJBKY 3HAUHTEJIbHYIO YacTh
BBLIUMCJIEHU, TIPOBEJEHHBIX KOMIIBIOTEDOM, IIO-BHAMMOMY,
HEBO3MOXXHO BBINOJHUTE <«BPYYHYIO», Aa)Xe €CJIH IOTPATUTh
Ha 9TO BCIO KU3Hb.

TlonHOLIEHHO JIM 3TO AOKa3aTeJbeTBO? B MaTreMaTHmuecKOM
coobmecTBe MHEHHS 110 TOMY BOIIDOCY paszieunuck. MHorum
X0TeJ0oCh U36eKaTh KOMIBIOTEPHOTO A0KA3aTeJlbCTBA, W IIOCTE

DB sroit sajadye peur HAET O paCKpacKe KapThl; IOZPOGHOCTH 3AeCH
HeCYIIeCTBEHHEI; ¢M. 1. 99.
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ero IIOCTPOEHHWA 3HAUHTENbHBIE YCHUJIMA ObBLIM IOTPaYeHbl
Ha IOHCK <KJACCHYeCKOro» JAoKasarenbcTBa. WMHOMIa Takue
noucku OBIBAIOT IIJIOJOTBOPHBIMHM, HO BO MHOIMX CJIydadx
OPUXOAUTCA IOJAaraThbCAd HA IOTOK B3JIEKTPOHOB.

Y sToit mpobiieMbl €CTh €Ille OAUH AacIeKT: BeAbh B Halle
BpeMs MOKHO 3allpOrPAMMHPOBATE KOMITBIOTEPhI TAKUM 0o0pa-
30M, 4TO OHM GYAYT OTKPBLIBATH M MOKA3LIBATH CBOM COOCTBEH-
HBIE, XOTh M HEeCJIOXKHEIe, TeopeMbl. I TeXHNKa KOMITLIOTEPHBIX
JIOKa3aTeJbCTB MOKET Pa3sBUTHCA B TOM 2Ke CTENeHH, UTO U yMe-
HUEe KOMIILIOTEPOB KIpaTh B INaXMaThl. BHauasme 0HO OBLIO
caabeIM, M Jajke PALOBbIe UI'PDOKM OOBIrPHIBAJIM KOMIIBIOTEDHI,
a ceilduac M 4YeMIMOHBI MHpa He Bcerma mnobexpaior. Ecan
BCE TAK M IPOM3OHAET, Y MATEeMaTHKOB BOSHHKHYT Gosibmiue
npobiieMBl.

NEFKO BUARETb, 4TO...

Orser Ha Bonpoc <«IlOHONEHHO JIM 3TO AOKA3ATEJIBECTBO?»
38BHCUT He TOJIBKO OT TOrO, K YeMy OH OTHOCHTCH, HO MU OT
MareMaTH4YeCKoil moiroroBkm Geceayiomux. Hampumep, eciu
pedb HIeT 0 HATYPAJBHEIX umucjaax (r.e. uncaax 1, 2, 3, ...),
TO NOKA3aTeJbCTBA YacTo NpoBofAT mo mHAYKuuuY. Toapko
STOT METOJ IMO3BOJIAET HOKA3HIBaTh (haKThl 0 6€CKOHEUHOM.

Te, KOMy IO POAY CBOeil MaTeMaTH4YeCKOH HeATeILHOCTH
YacT0 MPHUXONUTCA WM IIOJL30BATHCA, IHIPEAIOUUTAIOT He
TPATHTL BpeMsa M SHEPrui0 Ha CTAHJAPTHHIE PACCYKAEHNS.
Tlosromy Hepenaxo momagarTca dpassl Bpoze: «Ilo muAyKIUN
OTCIOfla CJEAYET, YTO...», MIN gayke IONPOCTY IIPUBOSATCH
yTBED:KJAeHUA 0e3 BCAKMX KOMMEHTApUEB.

Taxue CUTyanUM BBLI3BIBAIOT y:Kac y HeopHTOB B MaTeMa-
Tnke., B Hauajie yueObl OHH QXKHAIOT MOJHBIX NOKA&3aTEJIbLCTB,
a DJKCIepTaM CKYYHO BBINHNCHIBaTH Bce moxpobmocru. Co
BpEMeHeM MATeMATHKH OPHUBBIKAIOT K IIPONMycKaM B HOKa-
3aTeJIbCTBAX. XOTA B COMHMTEILHBIX CHTYAlUAX I0APOGHO-
CTH >KeJIATeJbHLI, He CTOUT AOIIYyCKATH, UTOOBI TEeXHUYECKUe
JeTajJi, ¢ KOTOPBIMHM 4YWUTaTeNdh MAABHO 3HAKOM, 3aHUMAaJH
GOJIBIIYIO YaCTh HAYYHOHR CTATBH.

HCMm. ra. 34.
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CNOCOBHbI JiIh KOMIMbIOTEPbl K MATEMATUYECKOMY
TBOPYECTBY?

IIpesxae ueM MPUCTYIIATE K JOKA3aTEILCTBY, HY’KHO IIOHKHMATD,
YTO MMEHHO BBl XOTHTe JHoKaszaTh. Haupumep, ecam B5I
He MOAO3peBaeTe O TOM, YTO BeJWYMHA YIJia, BOWCAHHOTO
B moaykpyr (rakoro, kax yroua C Ha puc. 33.3), cocrasinsaer 90°,
TO He forazaerTech, KaKk AOKA3aTh 9TO yTBepxkAeHmel).

MaTeMaTHKN €ZUHOAVIIHLI B TOM, YTO KPEaTHBHEII ACHEKT
MaTeMaTHYeCKoTro mporpecca (OTKyxa GepyTca yTBEDKIACHUA,
KOTOpbIE€ HYMHO AOKA3bIBaTH?) BO MHOTHMX OTHOHIEHHMAX Tpe-
f6yeT GoJIbIIEr0, YeM YMEHV€ CTDOMTH [AOKa3aTeJbCTBA 3TUX
yTBepKAeHUH,

PaceMoTpuwm, HATIpUMep,
yTBEpXKACHHE o TOM, 4yTO n
cymma 1+2+4:-:-4n nepBBIX —
n HaTypaibHEIX ducen? pasHa ”:D:E —
n-(n+1)/2. IIpomau pgecsaTu-
JeTuda ¢ TeX 0OOp, Kak JIIogu I
HAYYMJINChL  BIIOJIHE  CTPOTO
[OKa3bpIBaAThL 9STO YTBEp)KAeHHE T l
mo wuEaykmuu. Ho po cmx / uiogians =
oop HEACHO, CIHOCODeH JiH L + n
KOMIIBLIOTEP OTKPBITE 3TOT (aKT / 2 2
caMoCcToATeabHO. MBI, cylecTBa d
MBICHANNE, MOKeM H300pPasuTh .
MMOJIOBHHY HMIQXMATHOM JOCKH, M S5TOT PHCYHOK IIOACKAMKeT
NpaBmibHEYI0 (Qopmyny. KoMopioTepel e MOTYT <«BHAETH»
TOJIBKO TO, YTO B HHUX BaJOKEHO IPOrPaMMoOii, M IIO3TOMY
MAaTeMATHKM yOeXJAeHbl, YTO KOMIIBIOTEPEI HUKOTAa He OT0epyT
y HHX CaMyI0 3aXBaTEIBAIONIYIO YacTh paboTEHI.

D310 Teopema Paseca, KOTOpPYo Mbi 6ydem obcyxpars B riL. 47.
AMloxpobuee 06 aToM cM. B T, 34.
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NOTEPEA. MAJIEHbKUE BbIUIPLILLIU

Korpa MmaTeMaTHKOB COPAIIMBAIOT O MIAHCAX BHIMTPATE B JIOTE-
pee, OOBITHO MHTEPECYIOTCA BEPOATHOCTHIO BBIUI'DATE J3KEKIIOT.
O6 5Toii BepOATHOCTH HLIA pPedb B IVI. 1, ¥ MBI BHAENHM, UTO
BEPOATHOCTH HeBeJinKa — Bcero-To 1/13 983 816. Ilokynasa mo
OgHOMY OMJIeTy B HeEJIIO, BLIMIDPLIIIA MOXKHO KIATH B CpeHEM
oxkoJio 270 000 snet. UTo6sl HALEATHLCH BBINTPATE AKEKIIOT XOTS
6B ONHAXKABI, NTPas B JIOTEPEIO0 eXeHeAeIHHO Ha NPOTAMEeHNN
70 mer, Ry:kHO HOKyHaTs OKojsio 4000 GmieToB B HemeIio.

BonsmuHeTBY M3 Hac ocraeTcss AOBOJIBCTBOBATHECS MEHDL-
WM, W MBI yTellaeMCd JAYYIIMME IIAHCAMHM HA BBIMTDBII
OZHOTO M3 MEeHBITUX NpH30B. Irpas B JoTEpelo, HYKHO yrafaTh
mecTsh 4yucesa oT 1 5o 49. JI'KeKnoT IpefHEa3HAYAECTCA TeM, KTO
yrajaj BCe IIeCTb HOMEPOB, HO €CTh IPHU3LI M IJIA TeX, KTO
yrajaJj TPH, YeThIpe WJIM HATh HOoMepos. IIlaHCH IPaBHMIBHO
yrazaTb TPpM HOMeDPA HEJIB3S HA3BATh KPOXOTHBIMM — OKOJIO
0,018 nam 1,8%. Bac MoxxeT, KOHEYHO, IIOCTUTHYTh HeyAada,
M BBl HU pasy He yrajaere xorda OLl Tpu HOMepa 3a roj,
HO, K CYACTHIO, BEPOSATHOCTH YIaJaTh TPH BEPHBIX HOMEpa
x0TA OBl OmHAMALI, UMeA 52 JoTepedHEBIX GUiIeTa, COCTABISET
oxono 61%.

YragaTe YeThbIpe HOMEpPa, KOHEUHO Ke, CJOKHee. Taxas
yAada BhIIAfaeT MpUOIN3NTEIHLHO HAa OAUH OGUJIEeT U3 THICAYH.
IlaTes mpaBMJIBHBIX HOMEPOB YTraAbIBAlOT B ABYX OMierax u3
cra TeICAY. KOHEUHO e, HYKHO eIlle pacCMOTpPEeTh HOMED-
GOHyC, KOTODBIH# AONOMHUTEILHO BEIOMpaerca m3 43 umcedn,
OCTaBIIMXCA II0CJe BHIGOpa IeCTH BHIUTrpBINIABIX. C HanmsHON
TOYKM 3peHHus, OOHYC Jo/KeH OBl B OrpOMHOM CTeIeHH
TOBBIMIATH IMIAHCHI HA BEIMIPLINI, HO MATeMaTUUECKHE PaCUeThI
OTPEe3BJAIOT. BepOoATHOCTL yragarh NIATL HOMEPOB U elie
OoguH OOHYCHHIH TOJIBKO B IIECTh Pa3 BhINIE BEPOATHOCTH
BEepHO yrajaTk IIeCTh HOMEPOB. A [Js [IAHCOB BEpPHO
yrajaTk dYeThIpe HOMEpPa cpasy HJIM TpW HOMEpa H OAUH
OOHYCHBIH CUTYyaAIINA ellle Xy»Ke. BeposaATHOCT: MeHSAeTCA TOJILKO
B 1,33 pasa.
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OgHaxko e, Kak BCerfa IOKyIlaA JoTepelHbii Ouier,
Bbl BBINTPLIBAETE B OCHOBHOM IIapy [AHeH, HOOCBAIEHHBIX
MedTaM 00 orpoMHOM GOraTcTBe, a elle MoJydaeTe MOPajbHOe
yIOBJETBOPEHNE OT TOr0, 4TO AEHBI'M, He BHIINJIaUeHHBIE Ha
BBIMIPEIII, TPATATCA HA 3HAYUTENbHBIE COIUAJIbHBIE IPOEKTHI.

MA/IbIE BbiUrPbiLLA. BbIYUCIEHUA

BsenenHple B 1. 29 HNOHATHA IO3BOJAIOT HAM BBIYUCINTH
GoJibllle, YEM IPOCTO BEPOATHOCTH BBIMIPATH OOJBINON mpus.
HamoMHMM, YTO HNMeeTCs Cﬁ (duTaeTca «Ile u3 9H IO
Ka») Ccmoco0oB BBIOpDATh k£ 2JIeMEHTOB H3 n-3JI€MEHTHOrO
MHOMKECTBa, H II03TOMY €CTh Cﬁg =13 983 816 pasaumuHbBIX
cnoco6oB 3aIlOJHUTH JIOTEpeHHbIi Ouner.

MaI XOTMM BBIUKCJIHNTE BEPOATHOCThL YrajlaTh POBHO TDH M3
mecTH HoMepoB. HMTax, CKOJBKO e CYIIECTBYET CIIOcO0O0B
BLIOpATE HIECTH HOMEPOB M3 CODOKAa JEeBATH TaK, YTOOBI
POBHO TPH H3 HHX OKa3aJUCh IPaBUIBHLIMU H TPH —
HenpaBumiabHBLIMU? Hy)xHO BBIOPATE TPM HOMEpa M3 MNIECTH
«CUACTIIMBBLIX», & TaKMe TPH HOMEpa M3 OCTABIIMXCSH COPOKa
Tpex <«HecUaCIMBLIX». WmMeerca Cg =20 cmoco6oB BHIOpaATH
TP OPaBMJIbHBIX ¥ 033 CIoco60B BHIOPATH TPH HEIIPABWJILHBIX
"omepa. IloaToMy Bcero mmeercs

C3.C3,=20-12 341 =246 820

pasjiMuHBIX cOOocoGOB Tak yrajgelBaTb HOMepa B Jiorepee,
YTO TPM N3 HHUX OK&KYTCH BEPHLIMH, & TPH — HEBEPHBIMH.
ITockoapky Bcero ects 13 983 816 croco60oB 3alOIHHUTE JIOTE-
peitHbIil 6HMIeT, BEPOATHOCTE YIaJaTh BEPHO POBHO TPH HoMepa
paBHa

246820 _ _
15083815 = 0-0176466 . . . ;

OHa HeMHOro He gorarusaeT 10 1,8%.

A demy paBHa BepPOATHOCTH He YrafiaTh HH OFHOTO HoMepa?
Bce mecTs HOMEPOB AOJIKHBI OBITh BHIOpaHBI M3 MHOMKECTBA
COpPOKa TpexX HEIpPaBUIBHBIX HOMEPOB, M COOTBETCTBYIOIAS
BepOATHOCTL paBHA

ct
43 _ 6006454 _
13983816 ~ 13083816 ~ 0»43887 ... .
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PesynpTaTsl BBHIYUCICHHI [aA /10060ro uymesaa yragaHHBIX
HOMEDOB OT HYJA [0 IIeCTH CBeZleHEl B TabauIy:

BepoATHOCTH NpPaBUIBHO yrajaTh
k HOMepOB

0,436
0,413
0,132
0,018
0,001
2.1075
7.1078

&

U W -=O

BOHYC

Kak usMeHAIOTCS IIAHCHI, €CJIM YYUTHIBATL GOHYCHBIN HOMEp?
JaBaiiTe mozcumraeM.

Bribpats 5 BepHEIX HOMepoB MoxHO CJ-Ci; =643 =258
cnocobamu. Ilosromy yragaTh 5 BHIMIDHINIHBIX HOMEPOB
B 258 pas BepoaTHee, ueM 6. UroGel oTMeTHTH B OHIETE
5 BepHBIX HOMEPOB M OAMH OOHYCHBIH, HYKHO NPaBUJIBLHO
yrajaTh OATH HOMEPOB M3 mmectH (9TO MOXHO chenats Ci
crocobamMm), a TaKke eAWHCTBEHHBIM OOHYCHBI HOMep (aTO
MOXKHO CHeJIaTh TOJIBKO OJHHM cmocobom). Becero momyuaerca
EeCTh BOSMOXKHOCTEH.

Bribpats ke Bce 6 BepDHBIX HOMEPOB MOMHO TOJBHKO OLHHM
croco6oM, ImOITOMY MOXKHO CKa3aTh, UYTO YragaTh 5 BepPHBIX
HOMEPOB 1 OfuH OOHYCHEIL B mIeCTh pa3 BepOATHee, UEM
yragats Bce 6 BepHBIX HOMEDOR.
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®OPMYJibl = KOHLLEHTPAT MbICJIU

@opMyJIBI — 3TO A3BIK MareMaTuku. Croxerm-
AMHA BBIPabaTHIBAJIHNCH CHeIHaJbHbIe 0003HAYEHUS,
4yToOBI 3HAIOI[HME JIOKA MOIVIM IlepeaBaTh CBOH
MBICJH, SKOHOMSA Ha 3anucAx. TOYHO TakKk IKe,
KaK 3amuch AeBAToi cuMpoHNM BerxoBeHa MOXMeT

15 E
nepeBecTH B MY3BIKY, 38AYMaAHHYIO KOMIIO3UTOPOM, E

HOBO3EJaHACKHII OpKecTp, MaTeMaruudeckne ¢op-
MYJbl MOHUM8EMBI B PA3HBIX KYJLTYDPaX.

Kak u HOTHasd 3amuch, MaTeMaTHdeckue HopMysbl — 13006-
perenue coBpeMeHHOe. HrpiHemIHUM CTyJeHTAM-MaTeMATHKAM
66110 OBl CJOXKHO H3BJEeYb MATEMATHUYECKOE COAep)KaHue U3
paborel Anama Puse, HanuCaHHON B ITeCTHAAUATOM BeKe.
Korga oH nmcan o6 anrefpe, OH He HCIOJL30BaJ GOpMYJ.
BmMecTo 3TOro BCe CBOM BLIYHCIEHHA OH BalHCHIBAJI <«IIPO-
30i», KOTOPYI0 HAM B JBaAUATH IE€PBOM BeKe YHUTATH OUYEHL
CIOXHO.

VTBepikaermne 0 TOM, 94TO COOTHOUIeHNE 3 - X + 5 = 26 BBIIOA-
HAETCHA IJIs HEeKOTOPOTro YNCIa X, B ONHON n3 KHMUr Puse
3AIIMCBHIBAETCH CJICAYIONIMM 00pasom:

Bosvmu uucno u ympoii ezo. 3amem npubasv 5
u noayduws 26. Kax eenuixo yucno?

HMnaTepecen um mpuBefeHHBIH MerTop pelmeHnsi. Puse Geper
Hayraj ABa DPAa3NUYHBIX 3HAYEHUA AJA X M MHOACTABIAET UX
B BRIpaJKeHMe, T.e. o6a pasa Berumciager 3-x+ 5. B sasu-
CHMMOCTH OT TOT0, MOJYUYWJIHCH JH CAHIIKOM OoJspllie HIM
CAUIIKOM MAJeHbLKHE De3YJBTATHI, U HACKOJBKO «CHIUITKOM»,
3TH yraZaHHbie 3HAUYCHHA WHTEPIIOJUDYIOTCA, YTOOBI IOTYIUTH
TOUHOe 3HAYEHUE X.

Hcnonn3oBaHue CIIOCO00B 3alIUCH, Pa3pabOTAHHEIX C IEJIbI0
nepesaBaTh WAEM, MOPUCYIe HEe TOJBKO MAaTeMaTHKe WK
My3biKe. Bo3MOXHO, KTO-TO 3HAKOM CO CIIeIUATIBHOM HoTarei
TAHOEBAJbLHOro IIara, CO CIOCODAMH 3alMCH HMIaXMATHBIX
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, XOHOB, XMMUYECKHMH (OpMyJIaMH KIH
¢ 0603HaueHUAMH Ha 4depTexkax. Te, KTO
'@ HONB3yeTCHA TAKMMH OGO3HauYeHMAMH,
COIVIaCSTCHA, YTO OHH YIPOIIAIOT KOM-
MyHuUKaAnuoo. laxke B mpouecce TBOpYe-

CTBa NIOJIE3HO MONUYEPKHYTH CaMoOe BaK-

HO€ CIeIUAJBHBIMH O0603HAUYEHUAMHA.,

KoneuHo e, HACKOJIILKO GRICTPO yoaeTcs
Bt

MOHATH, YTO UMEHHO BBIpAKaeT Ta MM
uHass ¢GopMyna, 3aBUCHT OT YPOBHSA
MAaTeMaTHYeCKOM IOATOTOBKM, HO TO e
caMoe MOXKHO CKasaThb M O MY3BIKAJIBHLIX 0003HAUEHMAX,
IIAXMATHBIX, ¥ T. 1.

N nmaxoHem, ciexyerT HOQUEPKHYTL, UTO HUKTO M3 MarTe-
MATHUKOB He CYHTaeT, 4TO (OPMYJH 3axkiaoualoT B cebe
OCHOBHOE cofepikanme mareMaTuku. OHH IIpOCTO CpPEACTBO
sanmucH U nepegaun naeil. TouHO Tak Ke AN MY3LIKAHTOB
CcOOCOBHOCTH BOCHIPHHNMATh MY3LIKY — BOBCe He TO Ke camoe,
YTO YMEHHE UHTATb M 3aIUCBLIBATH HOTEI.

AJITEBPA OCBOBOXXJAETCSA U3-NOA ONEKW FrEOMETPUU

Ilyre K coBpemeHHO#l cucTeMe O0GO3HAUEHWH B HCTOPHM
MaTeMaTHKH ObLI mocraTouHo xoaruMm. IIpexacraspre cebe, uTO
B CpefiHMe BeKa KOMY-TO MNOTPeGOBAJIOCH BEIPA3UTH MEICID,
YTO HYXHO HaiiTH Takoe umcao X, 4to x5 =5, mHampumep,
ecayn HYXHO 6bL1o HaliTH peGpo Ky6a obnemom 5. 3T0 MOMKHO
OBLIO cHesaTh TOABKO Ipo3oii: «Kakoe umceao, yMHOXKEHHOE
Ha ceba Tpmxkasl, maer 5?» Toarko BooGpasmTe, HACKOJIBKO
TPYAHO OBLNO BBIpaKaTh GoJiee M3OIIPEeHHBIE NeiicTBUA, Takue
KaK BBIYMCJIEHUA CJIOXKHBIX NPOIEHTOB.

IlepBrIii BayKHBII IAT K YIYYIIEHHOH cucTeMe 0603HadYeHUH
OBl cHeslaH BO BpeMs HTAIbAHCKOro Bospoxaerus. B Bocem-
HaAaTOM BeKe ObLI paspadoTaH CTaBZAPT, KOTOPHIM MBI
noabp3yeMced IO CHX mop. B To BpeMs ObLIM JaHBEI MMEHA CAMBIM
Ba)KHBIM MaTeMaTHWYeCKHM MNocToaHHbiM. B 1731 r. 3Jitnep
BBeJI CHMBOJI ¢ JJIA OCHOBAHMSA HATYPAJIbHEIX Jorapudmonl),
N3 Axroum npumnia #uges o603HAYATE OTHOINEHHWEe [IJIVHEBI
OKDYXHOCTH K AHAMETPY, HCIOJIL3YA CHMBOJ JI, BO3MOXMHO

DCMm. . 42.
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IIOTOMY, YTO rpedeckKasi OYKBa sI COOTBETCTBYeT JaTHHCKOI P,
KOTOpoil 0Go3sHadaioT mepumerpl).

N eme oxHa npobieMa cAepKHBaja Pa3BUTHE MaTeMaTwde-
ckux obozHauenmit. Jlo Halllero BpeMeHH IIOYTH BCE BBIUHCIE-
HUA OLLIN OPHMEHTHPOBAHEI Ha reOMeTpHIO. BhIparkeHus Bpoze
x% uam 2%+ x cumTanMch JMIIEHHBIMHM CMBICJA; IepBOe —
HOTOMY UTO He ObIBaeT HNATHMEPHBIX OOBEKTOB, BTOpPOE —
MOTOMY UYTO B HEM CKJIAALIBAIOT TPEXMEPHEHIH O00BeEM x8
M ONHOMEPHYIO IJUHY X, 4 3TO BCe pPaBHO, UTO CKJAIBIBATH
AOGJIOKY ¢ TpyIIaMH.

IIpu Jexapre MareMaTHKa Iiepectajia ObIThH paboil reo-
MeTpUUYecKMX HHTepoperanuii. Maremarnueckue pesyiabTaTsl
obpesu HOBbIEe HmpuMeHeHHA. B Hamm aHU 3aj7a4um bopmyau-
PYIOTCS M PeIaloTCA AJis THICAY IePeMeHHBIX, HanpuMep Ipu
onTMHN3anUY rpaduKa ABUMIKeHMd TpaHcmopra. W HuKOMY
Iaxke B TOJIOBY He IIPHUXORUT, YTO €Ille IIapy CTOoJeTHH Hasan
BhIpa)KeHue X° GbLIO CIOKHBIM AJIA HOHWMAHWA.

DInmpHa oOKpy:XHOCTM — 3TO CIIENMAJhHOe HAasBaHHWe [Js IepuMeTpa
Kpyra.
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BECKOHEUYHbIX POCT

HnBecropaM ceifuac TPyAHO, IIOCKOJBbKY HPOIEHTHBIE CTABKH
pexopaao Husku. IIpexcraBeTe cebe GaHK B GaHAHOBOI pec-
ny6nnke, npefnaramnnii 6aCHOCJIOBHYIO IPOIUEHTHYIO CTABKY
100%: uepes rox BRJAA B OJMH €BPO IIPEBPAIAeTCA B ABA.
Y Bameii moapyrum Mapum ecTh GinecTAmasd Haed — M3BJEUYb
BCIO BRITOAYy Hu3 Takoii cmryammml. OnHa CcHuMaeT CcBoit
BKJIaJ, Yepe3 Ioaroda, noiay4due 1,5 eBpo, M TOTYAC IKe
CHOBa BKJAALIBaeT 9TH nAeHbru. Eme uepes mnoaroza oHa
oHATH CHUMAaET BKJaX, M Teneps y Hee yxe 2,25 eBpo.
Ecam 6m1 Mapusa cHmMajia M IepeRJIazbIBAjIa BKJIaj uaile,
YeThIpe:xapl B I'Of, TO B KOHIE roga y Hee Oblna 61 Gojsee
BHymIuTeJpHasaA cymma B 1,25-1,25-.1,25.1,25=2,44 espo.
Mapun naTEpPECHO, KaK MHOTO MOYKHO IIOJIYYUTDH, €CJIN UTPATH
B UIpy C OePeKJagbIBAHNEM JeHET ele uale: exegdeBHo, Wil
eKeJacHoO, UM JaKe eKeCEeKyHJHO.

Kak Hu yauBuTeasHO, Bce 0oJiee 4acToe HepeKJajbIBaHUE
AeHer He UPUBOAUT K Oonbmieit dmHancoBoil BwuIroze. EcTh
mpezejl CYMMEI, KOTOpafd WMOXeT OLITH DOJAYYeHa TaKHM
oOpasoM. 3TO OpeJeJBLHOE UHCIO, OO KOTOPOIO MOMKET
YBEJIMUYNTLCA IE€PBOHAUAJLHBIA BKJIAZ, — 3HAMEHHUTOE YHCJIO
e=2,7182....

Ecnr ofObiBaTenm exXeAHEBHO CTAJKHBAIOTCA ¢ NUdpaMu
0,1,2,3,...,9, To MareMaTHKaM I[OCTOAHHO MONAaXaeTCA
YHCJIO €, HpUUeM B CAMEBIX HEOXHJAHHLIX MecTax. B mape ¢ &
3TO caMble BasKHBIE UHMCJIa B MaTeMaTHke. UHCIO e Bceraa
IPpAYETCs TIhe-TO PAAOM, KOTZA peyb ufAerT 00 5KCHOHEHI(H-
abHOM poCTe (BCIOMHHTe O OaKTepHAX) WJIH O CKOPOCTH
paaroakTHBHOTO pacoazaa (ypaH-235). OHO 4acToO BeTpedaeTcs
H B TeOPUH BePOATHOCTEeH, B dQopMyse MAJA 3HAMEHHUTOH
KOJIOKOJI000pasHoii KpHUBOI.

DMu cobupaeMca IpefHONOKATH, YTO OAHKM UPESBHYARHO JIOGESHBI
¢ KIMEHTAMH, ¥ TeM, KTO 3a6HMpaeT BKJIaJ AOCPOYHO, BHILIAYHBAIOT
COOTBETCTBYIONIYIO AOMIO IOJATAOIINXCA IPONEHTOE.
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KAKOIo XOATb ROXOAA?

Crnepyromas tabauua AeMOHCTPUPYET NOPA3HUTENbHBIH (PaxT,
YTO, XOTA YBEJHYEHHE dYacTOTHl NePEeKIaNbIBaHUA BKJIAKOB
BelleT K YBEJHMUYEHHIO AOX0AA, €CTh Ipeaesl CYMMBI, KOTODPYIO
MOYKHO - IOIYYUTH TakuMm obGpasoM. B mepBoil cTpokxe cTOHT
YKCJIO NEePHOAOB, HAa KOTOpbie PasGUT roj, T.e€. CKOJBKO
pa3 B roay IepekJaJbIBalOT BKJaJ, & BO BTOpO# — GanaHC
B KOHIle rofia; MBI IIPOAOKAaeM CUMTaTh, uTO OaHK mpexajiaraet
omeaoMaAmyio crasky — 100%.

Yucno n 1 2 5 10 50 100
y4yeTa NPOLEHTOB

Bananc 2,000 | 2,250 | 2,488 | 2,594 | 2,692 | 2,705
B KOHUE roja

C poctoMm n 6ajaHC B KOHIle rojfa NPHOIMIKAETCA K TUCIY
e=2,718281828459045 . . ..

JKCNOHEHTA

Yuciao e MOXHO MOJIYYUTh U Mo-Apyromy. OnucesIiBas mpocreii-
WIYI0O MOfiellb POCTa HaceJIeHWs, IPHUXOAAT K 3ajade: Haumu
dynryuio, obradarnwyio credyrouiumu Ceolicmaeamu:

e DOyHKNUA [ KOJKHA HMETh 3apaHee 3aJlaHHOe 3Ha4YeHHe
B 0. ITonxonameit HOPMHPOBKON MOMHO ZOOGMTHCSH, YTOORI
9TO 3HadeHue ObLIO paBHO 1.

o DyHKNUA AOKHA ObITH Juggepenyupyemoii. 3To o3Ha-
YaeT, UTO MOXKHO OZHO3HAYHO CYAUTH O CKOPOCTH pOCTa
byHKUU B Kaxaoi TOYKe, a Y ee rpaduxa He JOMKHO
OBITH HBJIOMOB.

Ecau ckopocTh pocTa GYHKIMHA B TOYKe X 0603HauuTh f’(X),
TO AOJIKHO BBHIHNOJHATHCH COOTHOIIEHHE

f'(x) = f(x).

B wuacTHOCTH, 9TO O3Ha4YaeT, YTO uUeM Oojbine B3HadYeHHe
dyuruun, Tem GuicTpee oHa pacreT (cMm. puc. 42.1).

Onsa Momeneil pocra HaceJeHHUs dTO COOTHOIIEHWE NOKHO
BBIIIOJIHATHCA, IOCKOJIBKY OKHIAETCH, YTO C POCTOM HaceJleHHA

6  MareM. NATUMHHYTKH
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Puc. 42.1. Oxcoouenra

CKOPOCTL €r0 pPOCTa TOMXe MAOLKHA pPacTH: Belb B Ooxabmieil
nonyaanuu GoJbIllle CIOCOOHBIX K BOCIIPOM3BOACTBY Iap.

3aMeuaTesbHO, YTO €CTH TOJBKO OfHA PYHKUUA, 06amaro-
IadA BCeMH 3TMMHM CBOICTBAMH, a MMEHHO GyHKIUA, KOTOpas
KayKJJOMY YHCJIYy X CTABUT B cooTBeTcTBUE . IloaToMy dumcno e
MOKHO 3aJaTh CJeAYIOIIMM oOpasoM:

e Ha mepsoM Imare yCTaHOBHTB, YTO ONMCAHHAS BBINIE
yEKUUA [ AefCTBUTEJBHO €NUHCTBEHHA.

e 3areM OIIpeJesINTh YMCJIO € KaK 3HaUeHne 3Toi QyHKIUN
B Touxke x=1. Ilockoasry f(l)=el'=e, MBI gAeiicTBH-
TeJIbHO IOJIyJaeM JKejlaeMoe UHCJIO.

IIpeumymiecTBO 9TOr0 MeToAa B3aKJIIOYaeTca B TOM, UYTO
Cpa3y JKe OTKPBLIBAETCA BajKHada 00JacTh HPUJIOKEHNN YHCa e.
Kax et pas, xorma MoeJHPYIOT IIPOIleCC PocTa WK yObIBAa-
Huda (bakTepuii, pagOaKTUBHOIO paciiajga M T. A.), BOSHHKAIOT
dbyeknun Bujza e**. 3aeck @ — YNUCIO MOJIOKHUTEIbHOE, KOTJa
IONYNAIIUA pPacTeT, B OTPUIIATEJIbHOE, KOTLa yMeHbImaeTcd.

Ha puc. 42.2 u 42.3 upepcraBieHBl ABa TUOWYHBIX IIPU-

mepa.

Puc. 42,2, ®yaxknusa e** npu a >0: pocT HaceleHuA
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Puc. 42.3. @yuxuua e npu a<(: pagHOaKTHBHBIHE pacnaz

B mepBOoM mnpuMepe pasMep IOOyJadnum (CKaKeM, UYHCIOo
JKUTeNeH HEKOTOPOM CTpaHbI) OIUCHIBAETCA KaK GYHKIHUS OT
BpeMeHH, & BO BTODOM MOZEIHPYETCH KOJWIeCTBO DaZHoOaK-
TUBHOI CYOGCTaHIMHU B PaJHOAKTHUBHO 3aPa’KeHHOM 3AaHWH.



Masa 43
KAK KBAHTblI BblYUCNAIOT?

Hecxonsko ser ToMy Hasaj OBLIO MHOT'O PasrOBOPOB O KBaH-
TOBBIX KOMIIBIOTEDAX, 4 IOTOM Ha 3TOM (poHTEe HACTYIINJIO
satumbe. Ecam 65l ygajioch caenaTh TakKHe KOMIIBLIOTEpPHI
JOCTATOYHO CJOXKHBIMH, OHHW, Ka3aJIOCH Obl, MOIVIM IIPOABIATH
HEeBEPOATHBIE Uyjleca B BerUMCIeHUAX. OZHaAKO ceiuac Kakoii
651 TO HM OBIJIO OITUMH3M B OTHOIIEHUM TAKHX KOMIILIOTEPOB
yrac.

Tem He MeHee IPOBOAHJINCH MHTEHCUBHEIE KHCCJIEIOBAHUS
BO3MOXXHOCTEM KBAHTOBBLIX BBIUMCIeHMH. CHUTyanus HAIOMH-
HaeT CJOXHUBIIYIOCA B NPeNBIAVIIEM CTOJeTHM, Korma mno
3aIlyCKa IIepBOIl KOCMUYECKOH pPaKeThl GBLIO MHOI'O PacCys-
JAeHu# O TOM, uTO OBLIO OBbI, ecay OBl 6bLIIM BO3MOKHBI
KOCMHUYECKHE IyTEeIIeCTBUA.

B ocHOBe KBAHTOBEIX KOMIBIOTEDPOB JIEKAT HEKOTODLIE
3aKOHBI HAHOMUDA, 3HAUNTEJHHO OTIMYAIOI{HEecs OT HAIIero
IIOBCEAHEBHOIO ONBITA. B UaCTHOCTH, COIVIACHO 3aKOHAM KBaH-
TOBOH MEXaHWKH IIPU B3aUMOAeMCTBUM KBAHTOBBLIX CHCTEM
BE€POATHOCTH TOT'O, UTO AOJKHO OBITH H3MEPEHO B KOHIIE, MOT'YT
HaXOZMTHCA B CyNepIIO3ULIMY KOHTPOJIUPYeMbIM o0pasom. Ecan
nmpeo0pa3oBaTh MaTeMATHYECKYIO 3aJauy TakK, 9TO pellleHUe
MOXeT OBITH IpEeJCTaBNeHO HA KBAaHTOBOM KOMIBIOTEpE, TO
MOKHO ObLIO0 OBl pPaboTaTh C PASIWYHBIMHU CYIEPIO3UITHSIMU
napajajieJbHO, TAaK KaK KOJHMYECTBO BO3MOXKHOCTEHl aKcrmo-
HEHIMAIbHO PacTeT C YMCJIOM CTPOMUTENLHBLIX KyOHWKOB, Tak
HAa3bIBAEMBIX K6AHMO6biX 6umod UIN Kyoéumos.

K coskaseHNIo, eCTh MHOI'O TPYAHOCTEH HA IIYyTH CO3JaHUA
KBAHTOBOTO KoMIbioTepa. Hampumep, camble 3aMedaTesIbHBIE
CBOIICTBA KBAHTOBOT'O MHUpPA MOTYT MCIIOJL30BATHCH, TOJBKO
€cJIM CHCTeéMa BechbMa Cephe3HO 3alluNieHa, Belbk HAPYIIUTL
BBEIUMCJIEHHS MOXKeT JI00as 3abiayamas yacTHIEg, HAIpUMep
sajiereBuIass uM3 KocMmoca. Kpome Toro, ecrhb, mO-BHEMMOMY,
HeIPeoJoJNMbIe IPOGJIEeMEI ¢ IIPOrPAMMUPOBAHNEM: €CJIH IIPO-
MEKYTOUYHEIE BBIUMCJIEHHS TPeOYIOT HEKOTOPOro pesyJbkTara,




Tnasa 43. Kax kBauThl Bhiumcasior? 165

OH BHauaJie JoJLkeH ObITh 3aKogupoBaH. Ho B KBaHTOBOM MHpe
KaXKJjoe H3MepeHue HM3MeHSeT COCTOSHNE CUCTEMBI, IpUYEM
MepBOHAYAJIBHOE COCTOSAHNE He MOKeT OBITh BOCCTAHOBJIEHO.
Tak 4YTO CyIlecTByeT JHIIb HeGOJbIIOE YNCIO0 HMHTEPECHBIX
MaTeMaTHYEeCKNX BOIPOCOB, K KOTOPHIM OPHMMEHMM AaHHBIH
Meron. OOBIYHO B MaTeMaTHKe TPeOyIOTCA OTBeThbl, KOTODHIE
HCTHHHEI BCEerha, a He ¢ OIpeZeeHHOH BepOATHOCTBIO.

OaHuM ¥3 IPHUMEPOB, KOTHA MOMKHO
NEITATHCA TOJAYYHUTH pelleHHne, fABJIAeTCH
pacmIn@poBKA CeKpeTHBIX KozoB. Jleii-
CTBUTEJBHO, HHTEpeC K KBAHTOBBIM KOM-
IbIOTEpaM BO3pOC, KOTZAa aMepHuKaHel
ITutep Illop (sT0 oH Ha dororpadun)
paspaboTaj KBaHTOBBIE aJITOPUTM JJd
pasioxkeHns GOJNBIINX YKCEJ Ha HPOCTHIE
MHOKHTEJNNU, KOTOpPBIH OBl O6BI mOJIE3€H
ana Baaoma kKoza RSAD. Ba ary paborty
B 1998 r. Ilurep Illop Obln Harpa)xieH
npemueit HeBaHJMHHBI HA MEXAYHAPOTHOM MaTeMaTHIECKOM
KoHrpecce B BepiauHne.

YTO TAKOE KYBHUT?

CaMoe BajkHOe IIOHATHE, CBA3AHHOE C KBAHTOBBIMM BhIYUCIE-
HUSMHU, — 3TO KBAHTOBBLIM OuT, mam KyOour. TepMUH AOJIKEH
HaATIOMHWHATh HAM O 06uTax OOLIUHBIX KOMIBLIOTEPOB, rie OHUT —
eIVHUIa XPaHEeHHA MHPOPMAINY, KOTOPas MOYKeT IPHHUMATD
OMHO M3 ABYX 3HAYEHMNH; OOBIYHO CUNTAIOT, YTO 3TO HYJIb U €JH-
HuNa. 1A DpOBeAEHUA CJIOKHBLIX BBIYHMCIEHHN 3afelCTBYIOT
MILIHAPALL OHUTOB.

Ky6ur — 570 KBaHTOBHII a”Hajgor 6uta. KyOuTr MoxHO mpen-
CTaBJIATL cebe KaK YepPHBIH AWK, KOTOPHINA, MOJIYIUB 3a0POC,
oTBeUYaeT HYJIEM WJIH eIuHHIe#. lVI3BecTHBI BepPOATHOCTH,
¢ KOTOPHIMH SIWK BO3BpalllaeT KakJoe M3 ABYX 3HaYeHHII.
B 3TOM cCMBICIE <«KRJIACCHYECKHMiII» OHUT — 3TO CHEIHAJILHBIHN
KyOuT, O KOTOPOM H3BE€CTHO HABEPHAKA, UTO IOJYYHUTCA HA
BBIXOJle — HYJIb WIN €JUHHUIA.

DO gpunrorpadmm ¢ OTKPBITBIM KJIIOWOM MOKHO IOYHTAaTh B IN. 7,
a B mI. 23 mMo:xHO HaliTH mogpobHocTH 06 anropmrme RSA.
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BepossTHOCTHOE oOmpefie/IeHHe OTpalKkaeT TOT (QaxKT, UYTo
HAHOMMD YIPABJAETCA BEPOATHOCTHIO, a4 HE NOCTOBEPHOCTEHIO.
N Tonbko M3MepEeHUA OnpeAensiorT, KOTOpoe M3 ABYX BO3MOXK-
HBIX 3HAYEHHN KOHKPETHO PeaJIA30BAHO.

Ongsako mn300pakeHme KyOHTA KaK UYEpPHOIO SIAKA He
MOAXOAUT IJIA OIMCAHUNA B3amMoOAeiicTBMil MHOMKecTBa KyOu-
TOB. Hna Gonee deTKo# KAPTHHBI MBI AOJIKHBI IPECTABUTH,
YTO BEPOATHOCTbL EJUHHUIBI WJIKM HYAA Ha BLIXOAE OImpe-
AeNfAeTCA Iapo#d CTPEJOK Ha ILTOCKOCTHM. KBajapar IIWHEL
CTPeNKu ¢ MeTKO¥ 1 JaeT BepOATHOCTEH TOI'O, YTO Ha 3aIpoc
Oyzmer AaH orBeT egmHMIA. Hampmmep, ecaIH AJNHHA CTPEIKH
¢ Mmerxoift 1 paBHa 0,8, TO BepoOATHOCTL eAUHHILI PaBHA
0,8:0,8=0,64. IIpu 5TOM BepOATHOCTH HYJd, pasyMeeTcsd,
paBHa 1-0,64=0,36, u gnuEa cTpeaku ¢ Merkoil 0 pomxHa
6p1Te paBHa 0,6 (mockoaeky 0,6-0,6=0,36). Ha pwmc. 43.1
n3o6pakeH KyOWUT, AJIS KOTOPOrO BEPOATHOCTH HYJISA U elu-
HHMIIBI IIPUMEPHO PAaBHBLI, TAK UYTO MOKHO CUYHTATh, 4YTO
OH IpeAcTaBaser coboit MoHeTy, KOTOpYyH© 6pocaioT, dTOGHI
onpeAesnTh, UYTO LOJIKHO ObITH Ha Bhixoge — O wmanm 1.

) '

0 1

Puc. 43.1

Ilpu B3auMoeiCTBHM ABYX KyGHMTOB MX CTDEJIKM CKJAIBI-
BAIOTCA II0 MpPaBHIy ciaoxeHus BekTopol. Tak, ABa Ky6mra
¢ OONBIIMMY BEPOSATHOCTAMM €JWHWIILI, HAIPaBICHHBIMHI

DEcnm npm TAKOM CJIOMKEHMH IIONYIAIOTCH BEKTODHI, CYMMa KBAJDATOB
JJINH KOTOPBHIX He PABHA €AWHUIE, TO OTH BEKTOPH HYMHO <«HOPMUPOBATL?,
TO €CTh YMHOMKUTE HA YHCJIO, YTOOHI NHO-IIPEKHEMY MOXKHO OBLJIO MHTEp-
NIPeTHPOBAaTH AJUHB KAK RepoaTHocTH. Hampumep, eciu cymMMa BEKTOPOB
AaeT mapy KyOGHTOB, MJIA KOTOPBLIX CTPEJIKH, cooTBercrBywomme 0 u 1,
nmeor gamAEs 0,83 m 0,4 CcOOTBETCTBEHHO, TAK 4YTO CyMMa KBaJpPATOB
paBHa 0,3-0,3 + 0,4 =0,25, npuserca YMHOXKATSL KaXK/ALIA BEKTODP HA YHCJIO
1/v/0,25=1/0,5=2. Taxoe RopMHUpOBaHue JaeT BEKTOPH AnuHoi 0,6 1 0,8;
u pe#crsurensno, 0,6-0,6+0,8-0,8=0,36+0,64=1.
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B pasHbLIe CTOPOHBLI, MOTYT JaTh B pe3yJjbrare KyOHT ¢ OYeHb
MaJIeHBKO BEpOATHOCTHIO BO3BpaTa €JUHUIBI.

Paccmorpum npuMep Ha puc. 43.2. CneBa n3o0paskeHBI ABa
KyOuTa, ¥ KOTOpBIX cTpesika (0 pacmosiaraeTcs BhINIe CTPENIKH 1,
HO cam# nudphl He YyKasaHBI, YTOOBI He 3arpoOMOMKIATH
pucyHOX. B peaynsTare CI0KeHMs mojydaeTrcs KyouT (copaBa
OT 3HAKa PaBEHCTBA), KOTOPBHIM IIOUTH HABEPHOE BO3BpallaeT
HYJIb.

: e

Puc. 43.2

VMeHHO 5TOT NPHUHUHUN JIEKHUT B OCHOBe pabornl (Bce eille
TUIIOTeTHYeCKOro) KBAaHTOBOrC KoMmmbioTepa. YToGH OTBETUTH
HA HEKOTOpPBIH BOIPOC, HYKHO 3aJaTh €r0o IPABWJIBHO 3alpo-
rpaMMHPOBAHHOMY KBAaHTOBOMY KOMIbIOTEDY. TeopeTHUeCcKH
fyaer mpousBeNeHO OI'POMHOE KOJHYECTBO BOSMOYKHBIX OTBE-
TOB, HO BEPOATHOCTH OTAEJILHBIX Pe3yJbTaToOB YCTAHABINBA-
IOTCSI TAKUM 06pa3oM, UTO BepOATHOCTD TOTO, UTO OygeT BEIOpaH
HYJKHBIA pe3yJbTaT, OUEHb BeJIMKa. Bce 3TO TeXHHMUYECKH
CJOXKHO, YW TaKWe 3ajadil BCE elle JajleKHM OT pelnleHns
¢ IOMOLIbI0 KBAHTOBBIX METOAOB.

OrpoMEBIe TOPALKH 3a/eHCTBOBAHHBIX BeJIWYWH IPOHCXO-
OAT OT B3aumope#cTBusa KyOouToB. JlomycTHM, 4TO MX ABa: @,
n Q,. Kaxaeni s HUX MoXeT NpUHUMATh 3HadeHHd 0 mwim
1, Tak 4TO BCero mMeerca deThIpe Bosmaxkuoctm: 00, 01, 10,
11. Ecaiu noEMMaThk @ ¥ @, KaK KBaHTOBO-MEXaHUYECKYIO
cHUCTEMY, TO MMEETCS 4embipe COOTBETCTBYIOIME BEPOAT-
HOcTHBIe cTpearu. Hampumep, ecim crpeaxa 00 ocobGerHO
KOPOTKA, TO BEPOATHOCTL TOro, 4To 06a KyOura ofHOBpEMEHHO
oKa)XyTcss B cocrogHum 0, KpaiiHe Maja. B peanucTHUHBIX
KPHOTOrpa@UUecKUX OPHUIOKEHUAX IIOHAJOOUTCA HECKOJIBKO
TBICAY KyOUTOB, KOTOPHIE JagyT KOJIAYECTBO COCTOAHMM, BRIpa-
JKAeMOoe UHCJIOM ¢ HECKOJIBKUMU Mblcatamu udp. ITO JaIeKo
IPEeBOCXOANUT COBPEMEHHBIE TEXHUUYECKHEe BO3MOYKHOCTH.
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KPAUHOCTM!

Kaxaa cxopocTh BpaljeHHs IDHBOZUT K HaMIydiiei pabore
motopa? Kak ciaeayer yCTPOUTH JBIKHBIM TPAMILIWH, YTOOBI
OpELKOK OBLT Kak MOKHO aauHHee? CTONETHAMH CO34aBajCcA
300IIapK METOO0B, ITO3BOJAIOIINX OTBEUATb HA TAKHUE BOIIPOCHI
npo «camoe 6oJBIIOe» HIM <«CaMO€ MajleHLKOoe».

B mpocreiimux caydyaax B 3a4a4y BXOAUT KOHeUYHOE,
CPaBHUTEJILHO HeGOJbIIOe YHCIO BapHaHTOB BbiOopa. Torma
MOYKHO IIPOCTO Iepemnpo0oBaTh BCE BO3MOMKHOCTM ¥ BRIGpATH
caMyr0 NOAXOAAIyIo. Bce cioskHee, Korga HYKHO ONTHMU-
3MPOBATh HECKOJILKO HEMPEPHIBHO MEHSIOUIMXCHA IIapaMeTpOB;
HaIpyMep, OPU H3YYEHNUS PACCTOSHHA, Ha KOTOPOe yJjeraer
MAY, B 3aBHCHMOCTH OT yriia OpocaHud.

Yurarenn, u3yvyaBIINe MAaTEeMATHUYECKHIl AaHAJNU3, MOTYT
BCIIOMHHTE, 4YTO YK€ BCTDPEUAJNCh ¢ TAKMMH 3afavyamu. Jiaa
UX pelleHus HYXHO OBLJIO B3ATHL NPOM3BOAHYIO IIOAXOASAINEH
¢dbyHKROUY, TPUPABHATL €e K HYJI ¥ pPeHIiuTh YpaBHeHUe
OTHOCHUTEJILHO HYKHOTO IapaMeTpa. 3aMeTHM, YTO 3TOT METO[
IIO3BOJIIET PEUIuThH 3aJav9y, B KOTOpOM OECKOHEYHO MHOTO
ciayuaeB (IOCKOJBKY OapaMeTp HN3MeHSeTcA HeIpPEepPbIBHO)
C IIOMOLILI0O OJHOI'0 TOJBKO YPaBHEHHS, U IOITOMY TpebyeT
KOHEUYHOI'0 BPEMeHH. JTOT YAUBHUTEILHBIH (arT ObLI OTMedeH
HECKOJIbKO BE€KOB TOMY Haszall; OH M NOATOJKHYJI Pa3BUTHE
JuddepeEnUAIBLHOIO U WHTErPaJbHOT0 HMCUMCJICHUM.

Ona coaydas, Korja ORHOBPEMEHHO pacCMaTpPHBAIOTCHA
HECKOJIBKO IIapaMeTpoB, IPHHIUINAJIBHBEIX OTINYMK Het. Bee
ONATH CBOAHUTCH K PeUIeHWI0 ypPaBHEHHI (XOTA Temepbp OHH
ciaoxkHee). C DODOMOIUBI0 COBPEMEHHBIX BBLICOKOCKOPOCTHBIX
KOMIIBIOTEPOB Telmephb MOMKHO CIPaBUTHCA C Tropasfno 6Gosee
CJIOKHBIMU 3ajadaMM, YeM HEeCKOJbKO JeCATHIETHH Hasaz.

Ho wmmOrga BOSHHMKAIOT COBEpIIeHHO HOBBIe Hiaen. He Tax
JaBHO B Moje Guln mMerox mmurtamuu orkural). IIpemcrasere
cebe, 4TO B TIyCTOM TyMaHe NYTEIIECTBEHHHK HINET CAMYIO

DCM. Tarxe ri. 60.
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BEICOKYIO BepUIMHY B okpyre. OH Bce BpeMs II0 BOBMOXKHOCTH
HaIpaBAsgeTcs BBEPX, HO UYTOOBI €ro IIyTeHIECTBHME He 3aBep-
IIXJIOCE HA HEBBICOKOM XOJIMe, OH HMHOTAA CIyCKaeTcs BHUS.

Hy:xH0 3aMeTHTh, UTO MaTeMaTHKe MOYKHO IIPEJOCTABUTH
pellleHHe 3aja4, HO He IOCTAHOBKY Nejeil. Pemenwne 3apauu
06 omTmMHzanuM paGoTLI MOTOPa B IEepPBOM IprMepe 6yner
3aBHCETh OT TOTO, Uero HY:KHO HOOUThLCsA: HY:KEH JIM CaMBbIi
MOIIHBIN, CAMBI 9KOHOMHMYHBLIA, MJIM CAMbI# SKOJOTHYHEIH
MOTOP.

TUMUYHAA 3AJAYA OB IKCTPEMAJIbHbIX 3HAYEHUAX

IIpencraBere cebe, YTO BBl OyTELIECTBYETE HA BeJIOCHIIEe Yepes
Tapr. Bol BeIes:KaeTe U3 oTeJIid PAHO YTPOM H BO3BDAIAETECH
BeuepoM. B HamBrIcHIeil TOUKe Ballero myTeHIeCTBUA BeJOCHU-
TeJi PaCIOJIATAETCS CTPOro IOPHU3OHTAJbHO. [leiicTBUTENBHO,
ecau ObI IepeaHee KoJieco GBLIJIO BRINIE 3aJHEr'0, BIepeAu ObLI
661 IOOBEM, a €CJU HUKe — TO CIyCK.

VIMeHHO Ha 9Ty M0 OUMPAETCA IMOAXOM K pelIeHuio 3amad
006 sKcTpeManbHBIX 3HaYeHnAX. Korma gocTuraercss MakKCUMyM,
TO KpyTH3Ha (MIM HaKJAOH) KPUBOH moMKHA OBITH paBHA
gymo. Iloap3ysack TepMuHOJOTHMEed T, 13, MOMKHO CKAa3aThb,
9TO HyJEeBOH HAKJIOH — Heo6x00umoe yCaAoBHE CYIEeCTBOBAHNUA
3AKCTPEMAJILHOTO 3HAUYEHNS.

Yrobsl BOCHOJAL30BATLCA JTUM 3HAHUEM IS NpaKmuye-
CK020 BBIUNCJICHHSA JKCTPEMAJTbHBIX 3HAUeHWIH, HYXHBI Qop-
MYJBI OJA BbIPAKEHNA HAKJIOHA KPUBOH. JTa HEOOXOAMMOCTH
OKa3aJIOCh ONHMM M3 CHABHEHIINX MMUYJIBCOB AJIA Pas3sBUTHA
COBpEeMEHHOW MaTeMaTHKH, a HMeHHO, MamemamuiecKozo
ananu3a, He3aBucUMO u3obpereHHOTO Jleitbrunem u HeloTo-
HOM.

PaccMoTpuM npumep: rae dyHkmusa —x? + 6x + 10 gocturaer
"Haubosapliumero sHayeHua? Ha pmuc. 44.1 Bupgho, uTo rpadux
GyHKINKY cHAaYajla MOZHUMAETCH, a 3aTEM ONyCKaeTcd.

Ho B Kaxoil ke TOYKe OH AocTuraeT makcumyma? Bocnoss-
30BABIIUCEH IPABUJIOM HAXOMKJIEHUS IPOU3BOAHOMN, KOTOPOE MEI
3gech OOGCY:KAaTh He GyaeM, ysHaeM, 4YTO HAKJIOH B TOUKE X
3ajlaerca BeIpayKeHumemM —2x+ 6. A oHO ofpalllaeTcad B HYJIb
B Touke x=3. IlosroMy MaKcmMalbHOE 3HAUYEHME TOXKe
pocruraercsa B 3Toi Touke. (Pemrasa rtakme zajaum, HYMXKHO
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Puc. 44.1. ®yurmus —x2 +6x+10=y

OBITh BHAMATENBHBIM, 9TOGBI CAYYaiHO He CIIyTaTh MUHHMYM
U MakKcHMMyM. B KOHIe KOHIIOB, BeJIOCHIE] pPacCIHIoJaraercsd
TOPH30HTANLHO He TOJLKO B HAMBLICHIEH, HO ¥ B caMOil HU3Ielk
TOYKE IyTelIeCTBHA.)
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BECKOHEYHO MAJIbIE?

BecroreuHo Majinie BeJNUHHB! pPacHBEYUBAIOT MaTeMaTHde-
CKUM Ieif3ad y)e HeCKOJbKO BexoB. OHM TeppPOpPH3MpOBAIH
BCeX, KTO CTPEMIJICA YCTAHOBHUTH BCI0O MATEMATHKY HA TAKOM
e IIPOYHOM OCHOBAHHMH, KaKoe 65u10 y anre6psl 1 reoMmeTpun.

BeckoneuHO MaJbie BeJWYMHLI YBUAEJH CBeT B CeMHaAHa-
TOM BeKe, KOrJa OHH NIOHAZOOMIMCHL ANSA Da3SBHBAIOIIUXCS
HHTErpaJspHoro u gudpdepeanuals-HEOro ucyuciaennii. HpioToH
u JIeiiOHMII He3aBHMCHMO pPa3BWJIH ABa MNOAXOAa, W HU OAUH
M3 HUX He Mor ofoiitTuch 6ez «GeCKOHEYHO MAJIBIX».

Ho 4ro OHH JOMXHEI ObLIM 3HauuTh? Heam uneno x
HOJIOKUTEJILHO, TO AOJKHO CYIIECTBOBATE ellle MeHbIIIee YHCJIO
(manpumep, %-x). IlosTroMy HamMeHbIIEro HNOJIOKUTEIHHOTO
guciaa He cymectsyerT. OZHAKO MOMKHO HOMTH IO HEBEPHOMY
OyTH, paccMaTpuBass Bce Goliee MesiKUe BEJIMYHHEI.

Hanpumep, pacCMOTPHM JIYIy OKPYXHOCTH. Ecau MBI
3adUKCHpPYyEM TOUKY Ha Ayre M PACCMOTPMM BKJIOUAIONIYIO 3TY
TOUKY YACTH AYTHM NIPH Bce GosblieM M GoaplieM yBeJHIeHHH,
aTa yacTh 6ymeT Bce Goibuie H Gonblle MOXOAUTHL HA OTPE3OK,
TAK 9TO 38X0UYETCH YAOCTOBEPUTHLCH, IPaBAa JH, YTO B Ipejee
OHA IIPEeBPATUTCH B OGEIKHOBEHHBIH IIPAMOJINHENHEIN OTPE30OK.
Torga MoXHO OBLIO OBl CKas3aTh, YTO HA YPOBHe OeCKOHEUHO
MAJEIX OKDY)KHOCTBL sA6Jiemcsa npamoil amaweii.

Nmenno Tax paccyxzaan JleliGHMN, Korza nepexomusl OT
KpHMBBIX K KacaTeabHbIM. HecMoTpa Ha TO 4YTO ero apry-
MEeHTAIINM HeHOCTABAJIO UETKOCTH, OH CMOT CAEJIAThE MHOTO
HETEPECHBIX ¥ IOJIE3HbIX BEIBOZOR, MHOrMe 13 MATEMaTHKOB —
€ro COBPEMEHHHKOB — CKENITHYECKN OTHOCHJIKCH K TaKUM
IIOCTPOEHUAM, M TOJBKO B JNEBATHAJAIATOM BEKe OCHOBaHHA
MaTeMaTH4eCKOT0 AaHaJIm3a OBLIM pasBUTBI B TaKoOil Mepe,
YTO CTAJIO BO3MOKHO OT6pPOCHUTh MOHATHE GECKOHEUHO MAaJoil
(n Gecxome4HO GONLINO) BeJIWMYWHEBI. 3AeCh BaXKHYIO DPOJb
chirpaj GepJIHHCKMH MaTeMaTHK (37ech MBI HO3BOJIHUM aBTOpPY,
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TOMNKE KHUTeJI0 DbepamHa, HPOABUTH MECTHBIH IIATPHOTHU3M)
Kapn Teozop Buasreasm Beitepmrpacc.

HNcyesHoBeHne 6GeCKOHEYHO MajbIX HUKTO He OILIAaKHBAJ.
B uacTtHOCTH, Telleph HOBUYKAM B MaTeMAaTHKE KUBETCA Jierde,
uM Oonplre He HYKHO OMNEPHPOBATD C TAKMMH TYMaHHLIMH
MOHATHAMM, OBJIafileBad OCHOBAMH MaTeMaTHUYECKOT'O aHaJIM3a.
XoTa HUKTO He OXHAAET peHeccanca OECKOHEUHO MAJNBIX,
HECKOJIBKO JIeCATHUJICTHH Haszaj] ObLla NPeAIPUHATA IIOUBITKA
TAKOI'0 peHeccaHca IO/, HABBAHUEM HeCImaHoapmmsti aHaaus.
Ho crporas mnpopa6oTka ero HNOHATHH emme CJOXKHeEe, UYeM
aiobo#i apyro#t mogxon K cekperaMm auddepeHIHMpPOBaAHUAA
¥ HHTerpUpPOBaHUI.

MWUP 3NCUNOH

Kax »xe maTemMaTuxu padoraior ¢ 6eCKOHEYHO MAJBIMU B HAIIKA
nEn? B kKadecTBe ImpHMepa PACCMOTPHM IIOCJELOBATEJIHHOCTH
ymcesa, oOpaTHBIX HATYpPajJbHBIM, T.e. 1, %—, %, ««. . AHTYNR-
THBHO ACHO, YTO 3TH OOpaTHBIE CTAHOBATCH «CKOJAbL YrORHO
MaJBIMH» WJIH <«OpubIHKAOTCA CKOJNb YrogHO OJuU3K0 K O».

Bo Bpemena Jleitbunna ckaszanm Obl, 4TO 3TH OGpaTHBIE
YHca «IOCTeHNeHHo o0palnarTcss B HYJIb», a CelOAHA TaKoM
0o6opoT peun Aaxke U3 YCT aGUTyPHeHTa 3aCay:KuJ OBl yIpeka.
Paccramem, Kak crporo GopMmyjaupoBaTh uAer0 6eCKOHEYHO
MAaJBIX (OCTOPOMKHO: HIIOKEHNE CTAHOBHTCH HECKOJNBKO Qop-
MAaJILHEIM).

3HAKOMCTBO C ¢

Ecan pama mociienoBaTeNIbHOCTL TIOJOMKHUTEIBHBIX

8 9UCeN Xy, Xy, X3, - - + , TO TOBOPAT, UTO OHU CMpe-
MAMCA K HYAI0, €CIH YHUCJIA MOCTEIIEHHO CTAHOBATCA

MeHbIIIe JI060ro IOJIOMKHTENIHHOIO 4YKCJIa, Kak Obl

Mané oHO HH Opwro. Toumee, niA JOGOr0 CKOJIL YTrOZHO
MaJIOTO 3aJaHHOI'O YHUCIA £ (9TO rpedecKas GyKBa «DIICHJIOH»)
CYLIECTBYeT HOMEP N TAKOMH, UTO HE TOIBKO X,, HO M X, 1, X, 0)
¥ BCe NOCJAeAYIoIme YNCja B IOCJHeAOBATEILHOCTH MEHBIIE £.
Yro6Bl yCTAHOBUTH TaKO#l (akT, HYKHO TOJLKO HAWTHM cmocol
YKa3bIBATh MOAXOAAIIEE 3HAYCHNE N IJIA JIOG0ro 3aJaHHOrO £.
B HameM mpuMepe MOMKHO IOCTYIHUTE TaK. IJiA 3aQaHHOrO £
HYXKHO HaHTH TaKoe 3HaYeHHe n, 4YTo n Ooasme 1/c.
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Hanpumep, ecaim £=1/1000, moxkso Baare n=1001. Ilo
IpaBuiIaM AeficTBHII ¢ HepaBeHCTBAMU IIDHM 3TOM N BeJIWYHHA
1/n (u tem 6omee 1/(n+1), 1/(n+2) u r.7a.) MeHbIle &,
Taxum o6pasom, MBI YCTAHOBUJIN KOPPEKTHOCTH YTBEDIKACHUA:
«Yncna, ofpaTHbIe HATYPANbHBIM, CTPEMSATCHA K HYJIO».

O61Ienpru3HaHHO, YTO 3TO ONpeliejieHIe IIJI0X0 YCBamBaeTCSa
¢ IepBOro IOAXOAa. OTO MHEHWEe OTHOCHUTCA KO BCEM, KOMY
IPUXOOUTCA YCBOUTE ero B IEPBOM ceMecTpe, rae 6b1 OoHM HHU
M3yYaJIA MaTeMaTHUKy. B aToM oIpefiesieHUN BayKHO TO, UTO OHO
mejlaeT KOPPEKTHBIM IIepBOHAYAJIBLHO TYyMaHHOe BasKHelilee
HOHATHE, M B CWJIY 3TOr0 JaJpHellline MaTeMaTHYeCKUe
YTBepKAeHAA MOKHO (hOpMYJIHMPOBATH CTPOTO.

HECTAHAPTHbIA AHANU3

B pasmesme mareMaTHKM IOJ Ha3BaHHEM <«HECTaHAAPTHBIN
aHanus», passuroil B 1960 rr., umcia TpPEeACTABIAIOT TAKUM
o6pasoM, UTO JI000€ «KJIaCCHUYECKOEe» UMCJIO OKPYKeHOo «obia-
KOM» IPYTHX Heu3MepumMo OJIM3KMX K HeMy unmcea. Yucia,
6n3KHe K KJAaCCHYECKOMY HYJII0, HA3bIBAIOTCA UHPUHUMeE3U-
MAJLHBIMU.,

B sTOM HOBOM I|apCTBE UYUCEJ BBINOJHAIOTCA OOBIYHBIE
NpaBUJIA: MOXKHO CKJIAABIBATE U YMHOMKATD, IIOPAJOK CJI0KEHUS
poip He urpaet u T. k. Hy>XHO TOJHbKO NPUBBIKHYTH K HEKOTO-
PBIM CTPAHHBLIM CBOMcCTBAM MOHATHI <«GOJBIIE» U «MeHBIIE»:
Telleph HE BEPHO, YTO KaXKAOE UYHCJIO MEHBIDe KaKoro-imbo
HaTypanbHOro umciaa 1,2,3,....

Ecau OpHBEIKHYTEH K 3TOMY HOBOMY MUDY YHCeJ, TO MHOrUe
Bely, ¢ KOTOPBIMM HOBMYKAM OGHIYHO CJIOXKHO pasobparncd,
CTAHOBATCSA OYeHb IpocThiMu. Harmpumep, HakJIOH QyHKIIAY —
5To GOJbllle He Ipeies, KaK 3T0 OOLIYHO CUMTAEeTCH, a IPOCTO
OTHOUIEHUE MPUIeraioileil ¥ HPOTHRBOIIOIOKHOI CTOPOH MHpH-
HUTE3NMAJBHOI'0 TPEYTOJIBHUKA, TaK JKe, KaK 9TO MPeACTaBJIAN
cebe Jleibnuir.

OfHAKO, HeCMOTPS HA TAKWe IPEeMMyIecTBa, HeCTaHAapT-
HBII aHaiu3 OCTAHeTCA HAa MOJAX HCTOPUU MAaTeMaTHKH.
Y106bI MOHATH, KAK 3TOT MOAXOH OCHOBBIBAETCH HA IIPOUYHOM
aKCHOMATHYECKOM (pyHAaMeHTe, HYXXHO HECKOJBKO JleT yueOhnl.
Ho umcnma um ux cBoiicTBa HE MOTYT JKJAATh TaK HOJr0: OHH
HY;KHBI yXKe B IepPBhie HeJeJ ! IIepBOr0 ceMecTpa.



nasa 46
MATEMATUKA B MOXXAPHOU YACTH

CerogHa MBI ellle pas YBHAUM, KaK MOMKHO MaTeMaTHUECKH
CMOJIeIIPOBATh MOBCEAHEBHBIA ONBIT. MEI PACCMOTPUM TAKYIO
s3ajauy: Kak m30e:xAaTh HEKOPPeKTHBIX peHieHuii, YCTaHABIH-
Bafg TpOIeAypy BHIOODAa BO3MOJKHBIX OTKJIHKOB HA OAHHYIO

CHUTyaIHIo.

TunuuHbI y4eOHBIH IpHMep
Opoueaypsl IPUHATHA PelleHusA
ONMCEIBAET JEeHCTBHA oIeparopa
MOXKAPHON YacTH, MOJYUUBILLEro
TeaedOHHLI 3BOHOK O TOM, YTO
ropur MecTHad mKojga. Cyga
o TOJIOCY, BBOHUBMUN G6bLI
nbaH. Kakue aeiicTBUA HOJIMNKHBI
OBITh NPENUPUHSATHI B IOMKAap-
HOM yacTu? IIpOgoIKUTL TAPTHIO
B JOMMHO, PHCKYdA, UTO LIKOJA CrOpUT AoTaa? Wam manpasuTs
YyeThIpe MOMKApHbIE MAaIMHBI, XOTA 3BOHOK OBLI OYEHH IIOXOMK
HA PO3BITPREIM?

AGcCTpaKTHAA TeOpUs, JieKalias B OCHOBAHUM ATOH 3ajaum,
3aKJI0YAeTCad B TOM, UTO B HAIIEM BOCIHPUATAH MHDPA MBI
aomyckaeM naBa Buaa omunbok. (MaremMaTHKM Ha3BIBAIOT HX
omunGKaMy epBOrO M BTOPOI'C Poja.)

(1) Mu1 BepHO BOCHpUHUMAaEM IPOMCXOAsSINee, HO AenaeM
HeBepHBIE BLIBOJEI.

(2) MBI cuMTaeM THUIIOTE3y BEpHOM, XOTA HA CaMOM Jeje
OHa HeBEPHa.

9To B3ByUYHT [J0BOJLHO abcTpakTHo. Ho xaxawiii geHs
B raseTax MM B IIOBCEAHEBHOW NPAKTHKE MBI BCTpEdaeM
CUTyanuM, KOTAa MIOJUKHBI M30ekaTp Takumx ommbox. Crout
J1 UTHODHPOBATh HOYBIO KPacHBIM cHUTHaJ cBerodopa (mpen-
TIoJIOXKEeHNe: Mo0au30CcTH HeT moauneiickmx)? Kax orHecTuch
K Hjiee HO3HAKOMUTEHCH C XOPOIIEeHbKOM AeBYIIKOH, SBUBIICHCA
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HA JUCKOTEKY C MOAO3PUTEIBHBEIM THUIIOM (IIPeAIOJiOXKeHNe: OH
mpuxoguTcA eif Gpatom)?

OBoNIONUs HaydWja HAac OIeHHBATHL TaKHe CUTyaluH 3a
noau cekyHABI. Ho oneBKHM 3T B GOJBILIOH Mepe 3aBHUCAT OT
HAIIero XapakTepa M KU3HEHHOTO OIILITA.

B MmaremMaTMuecKO# CTATHCTHKE IIpaBUJIbHOE OIeHWBAHUE
OomKOOK COCTABJIAET OCHOBY IIPOLEAYDP HNPUHATHUS PpelieHui.
MareMaTuKa He B CHJaxX IpeAyIpPeANTh BO3HNKHOBEHUE OLIN-
6ok o6oUX pOJOB, HO MOMKHO IOIBITATHCA TAaK ONpPeNeIUTh
IIOCJIeACTBUSI TPUHATHUA penieHuil, 4To6bl MHHHMHSHPOBATH
pucku. BoT mosToMy HOKapHbLIE YacTH OTBEUAIOT HA KaKIbIH
CUTHAJI, JAaXKe €CIM <«COBEpPIIeHHO ACHO», YTO OH JIOKHBIH.

BCE BECIUIATHO B TEATP

TIpuMep ¢ moMxapHOM YaCThIO — OOBIYHAA HJIIOCTPAIUS OIIU-
for aByx pogoB. Ho GoapimHCTBY U3 Hac OOBIYHO He
OPUXOAUTCSA CTAJKHBATHCS ¢ HOXapaMM WJIH C JIOKHBIMH
BEIZ3OBAMM, TAK UTO STOT IPUMEP MOXKET NOKA3ATHCA CJIIMUIKOM
aGCTPaKTHBIM KM HEXKHNSHEHHBIM.

ITosToMy XoueTcA MOKAa3aTh, K&K MbI BCTpedaeMcsd ¢ OIImO-
KaMM MepBOro M BTOPOro poxa B raserax. Hampumep, He Tak
ZaBHO TIOABUJICA PEHOPTAXK O TOM, KaK AernapTaMeHT IOJUI[HN
Bepimua npubbin B Hemenxwit TeaTp H3-3a NOAO3PEHUS
B MAacCOBBIX Gecmopsixax. A Ha caMOM Jejle €QWHCTBEHHON
npuuuHOH OGbLIa CTHIYKA IOABBHIIMBIIEIO 3aBCETAaTas TeaTpa
¢ znpyrum aspureseMm. IIpecca wusgesasachk: <«Ilonuneiickoe
rocyaapctrBo! Heysxenu um Gosblite HeueM 3aHATbea?!» Ilpen-
THOJIOMKEHNEe O MACCOBBIX OecmopsAKax OKasajoCh HEBEPHEBIM,
¥ ITOJTHITHIO OOBMHWIHN B omnbKe BTOporo poza. Ho uro ckasannu
6Bl KYPHAJMCTHLI, CJAydYHChL omIMOKa mepBoro popa: <«Jlroau
6pocanuck apyr Ha apyral Kyga cmorpur momunmsa?!».

Eme 6osee gpamarmdeckuii mpumep nmoaBmiacs 10 ampess
2006 roma B GepamHCKOH rasere «Daily mirror».

Onepamopst cayxclGv. cnaceHus He NPUHAAU 6Cepbes
360HOK nAMUJEMHeZ0 pebeHKa.

ITockonbKy 3BOHOK nsTujeTHero pebeHxa B cay:xby 911
NPUHAJIYN 3a WIYTKY, yMepJja ero Marb. MaJbpuMK HO3BOHWI
B cayx0y cmaceHmsi, Korga OHa mnorepsja cosHaHume. Ho
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pefeHKy BeJe/lHd IpPeKpardTh urpars ¢ rejedbomoMm. Korma
IOMOIIb, HAKOHeI], IMOJOCIIesNa, ObLJIO YKe IIO3IHO.

Jlaske B IuYHOHM JKHM3HH CJIOMKHBIE PEIlleHHA ITOABEePXKEeHbBI
omubKaM ABYX poaoB. OrHoCUTENBHO rHIIOTE3sl «MHe ciaexyer
HPOMNTH eXETOZHYI0 AUCIAHCEPUIANNI0» OIIMOKA IepPBOTO POAa
npuBeZleT K OTKa3y OT AUCIAHCEDM3aIHH B IIPEIIOJOXKeHNH,
4yTO OT Hee OosibIle Bpejia, UeM IOJbL3bI, XOTA Ha caMOM JeJe
ecau Obl BBl IIOCETUJIN JOKTOPA, TO MoK OBl HA pAHHEM JTame
BHIABUTH OosiesHb. OmMGKy BTOPOro pofAa BhI GBI COBEpPINHIIH,
ecan Obl, Oyaydm COBEpHIEHHO S3JOPOBBIM, OTOPABWIMCL Ha
AVCIIAHCEPU3AMHI0O M HANPACHO IOTEPsJIX BPEMS M AEHLIH.



nasa 47
NEPBOMY AOKA3ATEJIbCTBY YXXE 2500 NIET

Korna poamnace Maremarunxa? 9TO CJHOMKHBIA Bompoc. Bce
38BHCHUT OT TOr0, YTO MIMOHMMATH HOA MareMaTuroil. Eciu
UMEIOT B BHJAY CHOCOGHOCTH CIPABAATHLCA C IMPOCTEHIINMN
BLIYMCIMTEIBHEIMHA 3aKaYaMy, TO pPOXAEHHEe MaTeMaTHKHA
TepAeTCA TIJe-T0 B TEMHBIX /[JAOMCTOPUYECKHX BEKaX. VYiKe
Bo BpemeHa BasmnoHna u J[peBHero Erumra npoBOZHJINCEH
MNOBOJBHO H3OHI[pEeHHBIe BhruucaeHUs. CKOJIbKO cobpaHO mile-
gEunel? Kaxkum fomxeHE ObITh CKJIOH €TPOAMeHCA nUpPaMHABI?
9TY IUMBHUAMBAUYH pa3paboTany WMHCTPYKINUM, KaK BBIIIOJ-
HATHh BBIYMCJIEHHA, HeOOXOZHUMELIE [IJf OTBeTa Ha Takue
BoIpockl. Bouim paspaGoraHbl NpuUeMJIeMbie IPUOIMIKEHUA
YHCAQ 77, 2 TAKXKEe OTKDBLITO COOTHOUIEHNe JJIA IPAMOYTOJbHBIX
TPeyroJLHUKOB, HHIHE H3BecTHOe Kak Teopema Ilmdaropa.

HcTopuky MATeMATHKKH OOBIYHO OTHOCAT €€ MOosIBJIeHue
K cepeiuHe IIEepPBOrO ThIcAYeJeTHA M0 H.d3. Torga rpeue-
CKHMe MaTeMaTHKH IIePeCTaJ i AOBOJLCTBOBATLCA 3MIIMpHUe-
CKMMH 1paBmjaMu ¥ oOpasnaMu Berunciaenuit. Im xoresocs
no6paTrbca A0 CYTH Bemei, 4ToOBbl YCTaHOBHTL (uyocodcroe
OCHOBaHWe HCTHHBI. AMEHHO TOrZIa NOSBUJINCH IIepBEIEe AOKAa-
3aTejIbCTBA, OJHUM M3 CAMBIX PAHHUX TOMY IIPHMEPOB CIYXUT
Teopema Pajieca: ecjM BePIINHA TPEYTOJILHUKA DacIoIaTaeTcH
Ha MOJYOKPYXHOCTH TaK, 4TO JUaMeTD ee ABJIAETCS caMoM
OJUHHON CTOPOHOI TPEYroJbHUKA, TO TPEYrOJABHUK IIPAMO-
yronbHBIN (puc. 47.1). W1 aT0 Bcerma nupasza, UYTO MOXHO
OKa3aTh, OCHOBLIBAACHL HA MPOCTBIX MPEAIIONOMEHHUAX.

Tor crnoco6 paccy:KAeHWsa, KOTOPHI IIPUMEHSAJCHA IIpH
dopmyauposke Teopembl Pajeca, AOCTHUT HAUBHICIIEH TOUKH
B «Hauanax» EBxkaupga. B Epx 6plnu coOpaHbl BCe reOMeTpH-
YecKHe 3HaHUs, M3BECTHLIe B TO BpeMs, U ObLIa AaHa MOZEJh
MOCTPOCHUA HAYKH, BHI3BABIIAS MHOMECTBO INOAPaKaHMMA.
Brauajie UAYT OYEBMAHO MCTUHHLIE YTBEPKIEHUSA (AKCHUOMBI),
a y)Ke U3 HHX CTPOro JIOTMYEeCKM BBIBOAUWTCA BCe OCTAJBLHOE.
TouHO TaK Ke, Hampumep, nocrpoea ¢msuxka HeioToHA;
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A - B

Puc. 47.1. Teopema Pajyeca: yroa C pasen 90°

n gaxe KauT cauran Takoil NOAXOA AOCTOMHBLIM TOAPAMKAHNA:
«B m11060M YACTHOM YUYeHHH O IIPHPOAiE MOMKHO HANTH HayKu
B coOCTBEHHOM CMBICJI€ JINIUG CTOJBKO, CKOJIBKO MMeeTCa B Helf
matemaruku» (M. Kanr. «Kpurtuka umeroro pasymas).

Taxoil «/0Ka3aTEJHHEINI IIOMCK HCTHHBLI», BIEPBBIE OCY-
HIECTBJIEHHBIY I'DEUECKHMM MaTeMaTMKaMWM, HpPHBEN K 3aMeT-
HOMY ycuexy. B nmocseauue rogsl BEIACHUIOCH, UTO Bee Goabie
u Oosblle ABJIEHHH B HAIlEHM JKU3HM MOTYT OBITHL OMMCAHBI
daxTaMu, OTKDBITEHIMM paHee MaTeMaTHKaMu. Bo Bpemena
HeioToHa Bce OBLIO JOBOJBHO IIPOCTO: MOXKHO OBLIO Orpa-
HAYHUTHCA TOJIBKO BeKTopaMm M dymrumamu. OgHaro B Hanle
BpeMsA CHEIWaJHUCTHI He MOryT O00MTHCHL (€3 HCKPUBJIEHHBIX
IIPOCTPAHCTB, T€H30POB M BEPOATHOCTHBIX DPACIpeeIeHHII.

IloueMy Tak DPOUCXOAWUT — BOIPOC OTKPBITHIL. BeLa M
Tocuoas Bcemorymumit marematrukomM? Wam MBI B COCTOAHUH
MOHATHL TONBKO TO, UYTO NOSAAETCS METOAAM, HMEKIMMCH
B HallleM PacHmopsiKeHMH? ITH BONPOCHI BTOPOCTENEHHBI IJA
MaTeMaTHKOB. X mieHAIOT M YAOBIETBOPAIOT MOUCKH MCTHUH,
KOTOpBbIe OCTAHYTCA NCTHHHBIMH HaBCerZa.

NONYOKPY>XHOCTU U NPAMDIE YT bl

Teopema Paneca — NPeKPacHLI NIpPUMEp TOTO, KaK MOMKHO
NpOBEepUTh MATEMATHYECKYI0 HCTHUHY C JIETKOCTLIO, €CJH
IMOCMOTPETh HA CHUTYyanuIio HOA IPAaBUABLHBIM yrioMm. Ele pas
chopmynupyem Teopemy (puc. 47.1).
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Paccmompum  noayokpyrxunocms Had Ouamempon.
Konuybt Jduamempa ob6o3nawum A u B. Teneps, ecau
C — npous3eonvRas mMOYKA HA NOAYOKPYIHCHOCMU, MO
mpeyzoavhux ABC — npamoyzoavhuiii ¢ npamvim yeaom C.

JloKasarejabCcTBO HAYHEM C TOro, 4TO IIPOBEJAEeM BCIIOMO-
TATEJbHBIM OTPE30K, COEAWHAIIMWM ILEeHTP OKpy:KHocTH M
n Touxky C, Kaxk mMOKasaHo Ha puc. 47.2.

A

B

Puc. 47.2. Teopema Pajieca: NOKas3aTeJbCTBO

B TtpeyronsBuke AMOC 1aBe CTOPOHBI DaBHBI, HOCKOJBKY
AM u CM sasBasioTca pazuycaMu oOKpyskHocTu. IlosTomMy
B TpeyronbEuKe AMC yron A paser yrnmy C. Takas xe
curyauua ¢ TpeyroabHuKoM MBC: yron B paeem yray C.
ITosTomMy, Kak OTMeYeHO HA DuCyHKe, yroa C HCXOZHOTIO
TpeyroisHuka ABC paBeH a+ 8. Jlanee, cymMa yIioB A,
B u C tpeyroanuuka ABC nosmxpa ObiTh paBHa 180°, T. e.

a+ B+ (a+B)=180°,

a 3TO BRIPAKEHHEe MOXKHO YIPOCTHTE A0 2-(a+ f)=180°
win a+ S=90° Ilosromy Beamumua yriaa C paBma 90°, uro
U TpeGoBaJOCh HOKA3aTh.

¥V Teopems! Pajteca MHOTO IPHUJIOKEHUHA: HATTPIMED, MOMKHO
HOKa3aTh, YTO NPH NOMOINYM IUPKYJIA ¥ JIVHEHKM MOMKHO
IIOCTPONTE KBAaAPATHBIN KODPEHL HEKOTOPOT0 YHCIa. ITO
noApo0HO ommcaHo B Ii. 33.



Mhasa 48

B MATEMATUKE ECTb TPAHCLUEHAEHTHOE,
XOTA HET HAYETrO MUCTHUHECKOIO

MareMaTHKH 4acTO 3aMMCTBYIOT TEPMMHBI B IPYruX o6aacTax
U WCHOJB3YIOT MX TaK, UTO OT IEPBOHAYAJBLHOIO 3HAYEHUSA
HUYEro WM IIOYTH HUYEro He ocTaeTcsa. HemocBALIEHHBIX 3TO
03aauNBAaET.

Tak, 4acTO CUHUTAIOT, UTO TPAHCUEHAEHTHBIEC UHCJIA UMEIOT
KaKoe-TO OTHOIIeHWE K MHCTHKE ¥ CeKPeTaM HYMEepPOJIOTHH.
W xoHeUHO Ke, MHOTHMEe HeMaTeMAaTHKH OYapOBAHBI UMCJIOM JT
HNMEeHHO HOTOMY, UTO OHO TPAHCIEHAEHTHO.

YroGbl MOHATH, YTO TAKOE TPAHCIEHASHTHLIE UNCIIa, HYKHO
pasobparbesa ¢ 0a30BBIMI MOHATUAMY B mepapxun uncena. Ham

AJIA Havajia JOCTAaTO4YHO 06paTI/ITI:CH K leOﬁHM, TaKHM Kak 3

8
_T7§’ Takue yucja Ha3BIBAIOTCA PAYUOHANbHbIMU, & TEPMUH
3TOT MPOUCXOJAUT OT aHMMIHUHCKOro «ratio» — oTHolleHme (a He
OT JIaTHHCKOTO <«ratio» — pasym).

a1 OONBUIMHCTBA IOBCEAHEBHBIX 3aJaY PalHOHAILHBIX
ypcen aocratouHo. Ho ans Tex, KTO HMHTEpPECYeTcs TOYHO
MaTeMaTH4YeCKOil Teopueil, 6e3 TaKMX ymceJ, KaK 77 M KBaj-
paTHBIE KOPHU, He O0ONTHCH.

Yucna, KOTOPHIE HE SBJIAIOTCA PAUUOHAJBHBEIMH, HASLIBa-
I0TCS, Pa3yMeeTcd, UPPAUUOHANbHbIMU. MaTeMaTHKa IIOJHA
TakuMmy yuciiamu. HekoTophle M3 HUX OCOOEHHO IIPOCTO OITH-
carb. Onu HaA3BIBAIOTCH anzebpaureckumu. Kax maxe mecme-
HUAJKUCTYy BUAHO K3 Ha3BaHWUA, 3TH 4YUCIA KaAK-TO CBA3AHBI
¢ anrebpamyecKMMH OIEPALMAMU: CJIOXKEHNEM, BLIUHTAHHEM,
YMHOKEHNEM ¥ JeJIEHUEM.

Uncia, KOTOpBIE HE ABJIAIOTCA ajrefpanyecKuMu, HA3LIBA-
1oTca mparncyendermuvimu. OZHNUX anrebpanyecKUX MeTOJ0B
Ias paboThl ¢ TAKUMM 4YMCJIAMB HegoctarouHo. OHM YacTo
BO3BHUMKAIOT KAaK IpeJejibHble 3HAUEHHS B TeX WM MHBIX
MaTeMaTHYeCKUX KOHCTPYKIUAX.

N uro tenepnp? Ilogpo6Hoe wu3ydYeHMe HepapxXuHM 4YUCeJI
OpUBeJI0O K HAVIAAHBIM pe3yiabratam. Camblii M3BeCTHLIH
U3 HUX — 3TO, KOHEYHO Ke, JOKa3aTeILCTBO HEBO3MOMXXHOCTH

"
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KBagpaTypel Kpyra. JlOKasaTeahcTBO OCHOBAHO Ha TOM, YTO
¢ NOMOMILI0O INUPKYJIA M JHHEHKH MOYKHO IIOCTPOMTE TOJIBKO
OTHOCHUTEJILHO HpocThie (2 MMEHHO, HEKOTOphIe ajreGpamde-
cKMe) umpeiaa, a A KBaApaTypel Kpyra TpedyeTcsi CTDPOHTH
TpaHCHIeHAeHTHEIe. CaMO HX CYILeCTBOBaHUE He OBLIO JOKa3aHO
IO J[AEeBATHAAIIATONO BeKa, Tak 4YTO HEYAUBUTEIBHO, YTO
c 3aZadveil He MOIVIM CIPABHUTHCH ABE THICAYM JIET.

UEPAPXUA YUCEN

TpaHCIJ,’eHﬂeHTHBIe qucaa — camMble CIJIOKHBIE B Uepapxuu
yucej, KoTopas BCTpeUuaeTCd B HEKOTODBIX IVIaBax 3TOI KHWUTH.
3hech MBI OIUIIEM €€ CHUCTEMATHYECKH.

HaTtypaasusie umcia. JTO caMble OpOCTHIe 49mcjaa 1, 2,
3, ... . Eme B feTcTBe ycBaUBaETCA NOHATHE «UHUCJIO», U faKe
JOIIKOJATA CHPABIAIOTCS C IIPOCTEHINNMY BHIYUCICBHAMUA.

Cnedyem 3nambv:

(1) Ilpn axcHOMATHUYECKOM DOCTPOSHHMM HBaTyPaJbHEBIX
quces, B HAIUM JHHA OOBIYHO HauWHAKOT ¢ axcuom Ileano.
OHH TIIacAT, UTO B MHOMKECTBe HATYPAJBLHBIX YHCEd €eCThb
epBOe UHCIAO M UTO BCETJA MOKHO <«IIPOJO/IKHUTH CUYET».
OueHb BajkHa aKCHMOMA MHAYKIUN: BEepHO Jio0oe yrBepkaeHue,
KOTOpOe HCTHHHO JJd 3HaYeHWsa 1 M [ KOTOPOTO MOYKHO
IOKAa3aTh, YTO M3 ero WCTUHHOCTU [Js 3HAUEHUA N CcJAeLyeT
HCTHHHOCTh IJis 3Hauenuda n+1 (cMm. mi. 34).

(2) MHoO:xecTBO HATYPAJBLHBIX Unces oO0sraHo 0603HauaoT N
(ot cinosa Natural).

IMeasie uncaa. Eciau paccMoTpers Bece BOSMOYKHBIE DA3HOCTH
HaATYPAJIBHEIX YHNCEJ, TO IOJYYMM MHOMKECTBO UEabLX HUCe].
Tax, nDeasiMm uHcaamMu asjgiores 3, 0, —12, IOCKOJIBKY
MX MOXKHO MOJYYWUTH, HAIPHMep, Kak pasHocTu 5—2, 4—4
n 2—14. Ilensle uyMcia MOJE3HBI AJS HMPOCTHIX BhIUUCICHHH
B Om3Hece, IOCKOJLKY MO3BOJAIOT OyXrajaTepaM 3aIHMCHIBATH
u neber (oTpHUATEeAbHBIE YHCJIA) K KPeAUT (IOJN0XKUTEIbHbBIE).

Cnedyem 3nameo:

(1) MHoecTBO LeJIbIX unces OOLIuHO o0o3HaualoT Z (Z —
nepBas GykBa HeMeIlKOro ciosa «Zahl», uucio).

(2) Kaxpoe HaATypambHOE UHCJIO — Iejioe, HO ofpaTHoe
HEBEPHO.
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(8) CymmBI, mpom3BefleHMA ¥ PAa3HOCTH IeJBIX 4YHcesl—
ToxKe Ieable, Ho 0 YACTHBIX 3TOro CKa3aTh HeJb3H: XOTH
44/11 — nesoe umcao, 3/2 — HeT.

PanuonansHble uMcaa. Uwucio Ha3BIBAeTCA PAYUOHANb-
HblM, €CJHM €ero MOMKHO 3amucaTh B BHZe 4YacCTHOTO m/n,
rae m — nejoe, a n — HaTypansHOoe uucyo. IIprnmeprr: 33/12
u —-1111/44.

Cnedyem 3nameo:

(1) MHOXeCTBO PalMOHAJLHBIX YHCeJ OOB[MHO OO003HAa-
gyaioT Q (@ — nepBas GykBa aHIIHICKOro cjiosa «quotients» —
qacTHoe).

(2) Ecim m — neyioe 94MCJIO, TO €0 MOYKHO (XOTA BBITVIAJUT
3TO HECKOJBLKO MCKYCCTBeHHO) sanucaTb B Bune m/1. Ilosromy
IeJble 4HCJa ABASAIOTCH PAaUOHAJILHBIMHI.

Hppaunwonannasle uYHcaa. Ymcaa, KOTOpele He SBIA-
IOTCA PaIWOHAJBHBEIMM, HA3SHBAIOTCA UDPPAUUOHAJALHLIMU.
Jns JpeBHerpeuyecKMX MATEMATHKOB OBLIO DIOTpPACEHUEM,
KOrZja OHM OOHAPDYXHUJIN CYIeCTBOBAHHE TAKHMX uuces. CaMbrit
U3BEeCTHRIE IpUMep HPPANUWOHAJBHOTO YWCIA — KBAAPATHBIH
KOpeHb H3 2, 0 HeM MbI emle OyaeM rosopuTths B II. 56. laa
HPPAIMOHAJBHBIX YHCeJ HeT CHeIlHAJLHOT0 0003HAYeHHUA.

AareGpauueckue uucaa. IIpencrasere ceGe urpy. Ilepeniit
UrpoK, PepauHaH, BHIOHPaeT HEKOTOPOe YMCJIO X, a BTOpPO#,
N3zabenna, neiTaeTca cenaTh M3 HEr0 HYJIb, IOJB3YHCH
HATYPaJbHBIMH YHCJIaMHA ¥ CHMBOJIAaMH +, —, +, +. IIpu sToM
YHUCJIO X MOMKET BCTPEeYaThCA CKOJBKO yrogHo pas. Eciam
WNaabenne ypacTca aaTh NDoAXoAAmYyI ¢opmyay, Koropad
JaeT HYJb, TO OHA BBIUIDHIBEAET. B IPOTHMBHOM CJyyae OHa
OPOUTPLIBAET.

Bor HecxonbKO HmpPHMEpPOB.

o MepauHangy BeIGpan x=17. Hsalesna ¢ JETKOCTHIO
BBIUTPHIBAET, IPeAI0KUB popmyny x — 17 =0, Ha camom
nene, ecnn PepawHAH] BHIOMpaeT HaATypaJlbHOE YWCIIO,
Nzabenna Bcerna MoKeT BBLIMTDATh.

o Ha aror pas PepauHaH NBITAETCHA OCTAHOBUTEH V3abesry
¢ uncaom x=21/5. Ho MNsabenna He Ttepsercs. OHa
BeIgeT dopmyny 5:.x—21=0, u 3TO ZOKABHIBAET, YTO
X MOXXHO NIPEBPATUTH B HYJb COIMIacHO mpasmwiam. Wza-
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OeJsiia Bcerma MOMKET BRIMI'PATH, €CJIM X — PalMOHAJILHOE
YucJao.

o MepauHAjA [AOCTAET KOSBIPHYIO KapTy — upejjaraer
x=+v2. TlopasmbiciimB HemHoro, MHsaGesnsa BbLJaET
x-x—2=0—mxax pas To, uro Hago! Tar UTo uymcJO
x=1+V2 TOXe MOXKHO MPEBPATUTL B HYJb.

Yuena X, KOTOpble MOMKHO TaKMM 00pasoM IpeobpasoBaThb
B HYJb, HA3bIBAIOTCA anzebpauiecrkumu. MBI BHAEIU B UTpe
®epaunanaa u Wszabeysbl, 94TO Leisle, Jpobu M KBaJApaTHEIN
KOopeHb M3 2 — ajrebpandeckne dmcia.

TpancuengesTasie unciaa. W HakoHen, Te, KTO 3HAKOM
¢ anrebpanyecKMMY 4YMCIaMWu, JIETKo Dasdbepercd, UTO Takoe
TpaHCHEeHAEHTHble dYucaa. A  MMeHHO, UHCJIO HAa3bIBAETCH
mpaHcyeHdenmHbiMU, eCIN OHO He anreGpamdeckoe. Hrax,
YUCIO0 X — TpaHCHeHAeHTHoe, ecau HMzabenna (MIM KTO-TO
Opyroil) He B COCTOAHHM IPEeBPATUTE X B HYJb COIVIACHO
OIIMICAHEBIM BBIIIE IMPABUJIAM, KaKO#l Cja0KHON HM Oblia ObI
dopmya.

BaxXHO OTMETHTb Pa3HUIY MEXAY TeM, KaK NPHUXONUTCA
MOKasbIBaTh, YTO YHCJIO0 ajrebpawduecKkoe H UYTO OHO TpaHC-
neHgenTHOe. YTOOBI JOKAa3aTh, YTO YHCIO anarebpamndeckoe,
HYKHO IIpUAyMaTs GopMyay U JoKasaTh, YTO OHa IpeBpamaer
91CJI0 B HYJb. YTOOBI OKA3aTh, YTO YUCJIO TPAaHCHEHAEeHTHOe,
OPUAETCA OOKA3BIBATH, YTO HYJbh HUKAK HENb3A IOJYUUTH HU
¢ raxoii dopmynoil, KaKoil GbI CIOKHOI M AJIWHHONA OHAa HU
6bl7a, MPOTAHUCH OHa XOoTh Ao CourHnAa.

fleno, uro MOKAasaTh HECYIIECTBOBaHUE ropasfo CJIOMKHee
CYIIEeCTBOBAHUSA, U, AEHCTBUTENIBHO, TOJIBKO B CEPelHHE AEBAT-
HAAIATOrO CTOJeTHuA YAAJIOCH CTPOTO JAOKAa3aTh TPAHCHEHACHT-
HOCTh HEKOTOpPOTO UHCJA.

TpaHCIEeHAeHTHE HEKOTOPbIe OUeHb Ba)KHbIE UNMCJIA B MaTe-
maruku. CaMble H3BECTHRIE U3 HHUX — OCHOBAHHE HATYPAJIbHBIX
sorapnudmMoB e u umncio & (cM. 1. 16 u 42).
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KAXXAOE YETHOE 4YUCNO PABHO CYMME
ABYX MPOCTbIX?

B 5T0if KHMre MBI 4YAaCTO OHCAJM O MOPOCTHIX uYucaax (3To
ypcna 2, 3, 5, 7, 11, ..., KoTopele AeJdATCA TOJBKO HAa
ceba m Ha 1). XoTa 5T umMcjaa JerkKko ONHCAaTL, ¢ HUMHU
CBA3aHBI HEKOTOpPbIe O4YeHBb CJOXKHBIe 3agaum. OfHa w3 HUX
OCTaBajiaCh Hepa3peilleHHOM Ha HPOTAKEHWH CToJdeTHi. ITo
runoresa Ioasgbaxa.

Xpucruau lonsadax (1690—1764) 6L AUIIIOMATOM U HHTE-
pecoBajica MaTeMaTukoi. B 1742 r. oH coobuiinyI cBOIO 3aJavyy
BEJIUKOMY MaTeMaTuky OJitinepy. I'mmoresa Tonpgabaxa Jerko
dopMmyaupyeTcs.

Bepro nu, umo kaxc0oe uemnoe wucno, 6oavuiee 3, MONCHO
3anucame 8 eude cymmu. d8yx npocmoix wucen?

Pazbepemca, uro sro sHaymr. PaccMOTpHM dYeTHOe UHCJIO
30. [leficTBUTENBHO, €0 MOXKHO 3allMcaTh B Buje 7 + 23, u oba
yucyaa 7 u 23 npoctei. Ho uncao 30 MOKHO TIpeiCTABUTh B BU/E
CYMMBI ABYX IPOCTBLIX U Io-apyromy: 11+ 19. W rax obcroAT
Jlejia AJA BCeX YEeTHBIX YHUCes, IPOBEPEHHBLIX K HACTOAINEMY
MOMEHTY: UX MOYKHO 3aIMCaTh B BUIE CYMMBI ABYX IPOCTBHIX,
¥ A7 GONBIIMX YKCEJ 3TO MOXKHO CAEJATh MHOTMMM, MHOTHMH
cnocobaMu.

B cuny coBepinieHHO OYE€BHIHBIX SKCIEPUMEHTAJILHBIX CBU-
JeTeNbCTB Kas3aJioCh COBEPUIEHHO HEMPWJINUYHBLIM, UTO B Mare-
MaTHYeCKOM MHpPE O CHX IIOp HeT J0Ka3aTeJbCTBa 3TOoM
runoressl. KoHeuHO e, Takas TeopeMa He WMeeT Hemocpen-
CTBEHHBIX NPHJOMKEHHMI HU B Kakoil o0JacTH UpHUKJIATHOMN
maTeMaTukn. OZHAKO B 3TOM KHHWIe MBI yiKe IIOKasaJId, 4To
MaTeMaTHKH BKJIAALIBAIOT CBOYW YCUJINA HE TOJILKO B PA3BUTHE
MEeTOJ0B, HEOOXOAUMBIX JJIA IPUIOMKEHNA, HO M JJIS OTKPLITHA
o0IMX BaKOHOB B MHupe uUucesl, QUryp ¥ BepOATHOCTEI.

MareMaTHMKOB IJIEHAIOT 3ajady, AOJATOe BPEMsS He IoJja-
oliuecd peIeHuI0, KOTOphble GPOCHUIIM BBI3OB BEIHMKMM yMaM
npouutoro. He cTouT 3abbiBaTh M 0 INepPCHEKTHBE HEKOTOPOI
npubsIIM, IIOCKOJABKY 34 DelleHHe 5TOHM 3ajaul HasHadeHa
npeMus.
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BAXXHA JIU TUNOTE3A NONbABAXA?

Cpenun MaTeMaTHKOB HET COIVIaCHUSA B TOM, HACKOJNBKO BaKHa
runoresza lonnabaxa. OHa, KOHEYHO Ke, MHTEPEeCHa, IIOTOMY
YTO CKPHIBAET CBOIl CeKpeT y:Ke Ha IPOTAXEHUM HECKOJbKHX
BeKOB. PafiocTh OT ee pelleHHMA CPaBHMMa TOJIBKO C pajgo-
CTHIO IIEPBBIX IIOKOpUTesed DBepecTta MJIXd nepBoro beryHa,
npobexaBuiero CTOMETPOBKY MEHbIIe YeM 3a [[eCATE CeKYHI.

Y1066l 0OCO3HATH CKEIITHIIVM3M B OTHOIIEHUM 3HAYMMOCTH
TOI 3a7a4M, BAKHO NMOMHHUTH, UTO IIPOCThIe HHCIa OIpeje-
JAOTCA MYAbMUNJAUKAMUEHbIM CBOWCTBOM: IIPOCTOE UHCJIO
Helb3s 3allACATh B BUJAe IPOU3BEAEHMNA NBYX MEHBIIHMX YHCEJ.
Boisee Toro, camMsiii Ba)XKHBIH pe3YJIBTAT O IPOCTBIX UYHCJIAX
CBASAH ¢ YMHOXKEHMEM: KaXJoe HaTypajibHOe umcyol) MoxHo
PasjoKUTL Ha MPOCThIe MHOXKUTENH, U 3TH IPOCTLIE MHOMKH-
TeJIW OHPeNeNAIoTCA eJUHCTBEHHBIM 0o0pasoM. A B rumorese
Tonsabaxa peub MAET O CyMMe IIPOCTBIX Yuces. UTO, CIIPOCAT
KPUTHKH, 3[jeCh WHTEepecHOro?

3KCNMEPUMEHTAJIbHAA NMPOBEPKA

Ha puc.49.1 ropmsoHTanbHas OCbk HOPESCTABIAET UYeTHbHIE
yucaa 2=2,4,6,..., ¥ Hag KaXAbIM TaKAM YHCJIOM 2
OTMedYeHa TOYKA HA BBICOTE, KOTOPAasg COOTBETCTBYET YHCIY
cnoco60B, KOTOPBIMM Z MOYKEeT OBITH IIPDe/CTABJIEHO B BHJE
IByX npocteix. Hampumep, BhifelleHHAadA TOUKa B JE€BOH 9acTu
rpaduKa pacmoJiokeHa HaL 4ucaoM 14 Ha BbicoTe 2, TOCKOMABKY
ypcsao 14 MOMHO 3allACATh B BU/IE CYMMBI ABYX ITPOCTHIX YUCEN
oByMsa cmocoGamm: 3+11 u T+ 7.

Tunoresa Tonpabaxa sKBUBAJIEHTHA YTBEDPKAEHUIO O TOM,
YTO Ha TOPU3OHTAILHON OCH HET HY OJJHOTO YHCJIA 2 TAKOIO, 4TO
TOYKa HaJ HMM pacliojaraercsa mHa HyJeBoi#l Brpicore. Ilo Bunmy
rpaduKa MOMKHO IIPEAIIOJIOXKHUTH He TOJIBKO 3TO. XOTA y30p
U3 TOYEK NPeACTABIAETCS XAOTHUYHLIM, KaXKETCH, UTO Jae
IJIA TeX TUWCeN 2, ¥ KOTOPBHIX MAJI0 PA3JOXKEHWH Ha CyMMy
IBYX NpOCTHIX (T. €. COOTBETCTBYIONIME TOUKH PACIOJIararoTCs
pHH3y o6gaKa TO4YeK), rpaduK IIOHEMHOTY HOAHHMAETCH.
Nuaue rosopd, He TOABKO KaXXJ0e dYNCIO [JOMKHO OBITH
OPeACTABMMO B BHJE CYMMBI ABYX NMPOCTBIX, HO [aKe YHCJIO

D310 ypmena 1, 2, 3, 4, ....
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Puc. 49.1. T'unoresa T'oappbaxa: mepsele 240 3HauenuMit

TaKMX IOPEACTABJCHUN MOJKHO OBITH CKOJBL YFOZHO OOJHIIUM
AJA OOJNBIIUX Z.

«AOKA3ATENbCTBO» NNOTE3bl TONbABAXA

T'unioresa Toangbaxa — ofHa W3 TeX 3SHAMEHHUTHIX HOpobieM,
KOTOphIE IIPHUBJIEKANIM JoOuresneil MareMaTuku. OZHaKALI HA
axyabpTeT MAaTEMATHKH OFHOTO YHUBEPCUTETA IIPUIILIO IUCHMO
C TAKHM <«JOKa3aTeJbCTBOM».

Bo-mepBbIX, IPOCTHIX uHces] 0eCKOHe4HO MHOroD.

Bo-BTOpHIX, NpPH IOOADHOM CJOMEHHH IIPOCTRIX YHCeJ
nosydaerca OeCKOHEYHO MHOTO CyMM. OTO K [OKa3biBaeT
runore3y loabpGaxa.

K cokanenuio, 3TO J0KAa3aTeJbCTBO HUKAK HeJb3si Ha3BaTh
ucyepnelBaomuM. KOHEUHO e, COBEpPIIeHHO BepHO HAOII0-
IeHne O TOM, YTO OeCKOHEUHO YacTO UHMCJIa PACKIaAbIBAIOTCA
B CYMMY JBYX IPOCTBHIX, M 3TOT (PaKT AOKA3aH KAK HEJb3s
ayumie. Ho oTcioma gajeko o JOKasaTelbCTBa, 4UTO Ji000e
YKMCJIO MOYKET ObITh IpejCTaBJIeHO TaKuM oOpasoM. BoamoikHO,
aBTOp MHHCHMA HMeJ B BHAY CJAEAYIOIee: €CJIH OTMETHUTL
0EeCKOHEYHO MHOI0O 3JI€MEHTOB 0OECKOHEYHOro MHOXKeCTBa, TO

DCum. 1. 4.
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OHU ero ucdepnaroT. I/ KOHeYHLIX MHOKECTB 9T0, 6€3yCJIOBHO
TaK: ecJIu HEKTO MMeeT IMATh KOHBEPTOR M OH HAKJIEUT HOATH
MapoK HAa OATh pPasHBIX KOHBEPTOB, TO, KOHEYHO JKe, Ha
Ka)kK/JOM KOHBeEpTe OKamercs mno Maprxe. Ho y GeckoHeUHBIX
MHOJKECTB APYTHe 3aKOHBI, M N03ToMy rumoresa loabrnbaxa
JI0O CHX WOp AT CBOErc AOKasaTeJbcTBa (M NpenIoKeHHON
3a HEro Harpajbl).



Fnasa 50

NOYEMY Mbl HENMPABWU/IbHO OBPALLAEM
YCNOBHbIE BEPOATHOCTHU

IBONONUSA HEILIOXO MOATOTOBHJIA HAC K OIEHWBAHUIO BEPOAT-
HocTeil. MBI yMeeM 3a OOJMH CEKYHAL! OLEHHTh CHUTYAIIHIO
¥ PpelluTh: CHIrpaTh uau yzapare? COMBaTeE IJIaMfa WU
6e:xaTh B OezonacHoe MecTo? Mbl TakyKe BOCIHUTHIBaeM B ceGe
IOHMMAaHWEe TOT0, YTO HOoBasg MH@OpMaIUsa BO3AEHCTBYeT Ha
BEPOATHOCTH HEKOTOPHIX coObiTuii. Hanpumep, namxe eciu
Bbl He 3HaeTe, HHTEpecyeTcs JH KJIAaCCHUUECKOH MY3BIKOH
Balla HOBasg 3HaKOMas, BbI, CKOpee BCEro, OIeHUTE LIAHCLI
«3a» HMXe, ecaW OOHapy:xwuTe, 4yro OHa myraer IIllymana
¢ IITy6eprom.

9TH [OBOJBHO DpACILIBIBYATHIE HAEH MOMKHO BBIPDA3HUThH
MATeMaTHU4YeCKy TOUHO, MCHOJb3YA IIOHATHE YCJAO06MHOIU 6epo-
amuocmu. B KauecTBe MaTeMaTHM4YeCKOro IpHUMepa pPaccMOT-
PHM BePOSTHOCTh BEINIQ€HMS UETHOTO UHCJIA NpH OpOCaHHHU
HIpaBUJILHOM HUIpanbHOM KocTm. OHa, KOHEUYHO K€, paBHA 35
OzHaKO ecnM MU3BECTHO, UTO BBINAJIO IPOCTOE YHCIO, TO ATa
BEPOATHOCTL IajaeT 10 %, TaK KakK Mexay 1 m 6 TOJABKO Tpu
OpPOCTHIX YHciaa— 2, 3, 5— M TONBKO OZHO M3 HUX — 2 —
YeTHO.

B maremaruke umeercsa (opmylia, M3BeCcTHads HNOJA HasBa-
HUeM popmynsv. Bailieca, xoTopas IO3BOJIAET 06paIiaTh yCIOB-
HBle BeposiTHOcTH. [IpenacraBbre cebe GapMeHa, KOTOPOMY IIO
OHBITY N3BECTEH IPOIEHT IIOCETUTEel, OCTABIAIONINX YaeBble.
Honyerum, B cpegaeMm ato 40%, a AJMA TYPHCTOB 9TO ChemHee
yBeanuuBaerca 1o 80%. Iloaromy mudopmauua o Tom, 4TO
KTO-TO H3 IOCETUTEJIEH — TYDHCT, YBEIHYNBAET IIAHCHL HA
TO, YTO OH OCTAaBUT uaeBhie. ®opmyaa Baiieca mosBosaser
cejaTh M O0OpaTHBIM BBLIBOA: 3HAS, UTO OCTABJEHEI UaeBble,
MOKHO BBIUMCJINTE BEPOATHOCTL TOTO, YTO OCTABUBIINYN OBLI
TYPHCTOM.

Bupouem, Hejnb3ss CKa3aTb, YTO BBLIYHCJICHHE BEPOATHO-
CTH MOJYYHUTh dYaeBble — QYHIAMEHTAJIHLHO Ba)XHasd 3ajada.
Ozrako Te »Ke caMble METOALI HPUMEHMMBI K ropaszo 0oJjee
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BAXXHBIM BOIIPOCaM. 3HAMEHUTLIM IpUMep — 3PPEeKTUBHOCTE
MeIUIUHCKNX TecToB. YeMy paBHA BEPOSATHOCTH, UTO Yy MEHHA
ompenesieHHass OoJie3Hb, €CJIM DpPe3yJbTaT TecTa OKaslajcsa
nonoxuTeNbHEIM? Tex, KTO KMMeeT OIbIT IIOJYyYeHHSA II0JO-
JKUTEILHOTO pPe3yJbTaTa, MOMHO YTEeNINThL MaTeMATHIECKH —
3Ta BEPOATHOCTH TOPAasfi0 MeHbIIe, YeM IOACKA3bIBAaeT HHTY-
nOus. JBONONUA 3aIpOrpaMMHUpOBaia HAc OBITh CJIAHIIKOM
IIeCCMMHMCTHYHBIMKA B 3TOM cJydae.

TECT HA KOPb

Msr y:xe roBopusm 00 YCJHOBHBIX BEDPOATHOCTAX u Gopmyre
Baiteca B 1. 14 (mapagoxkc Montu Xonma). IlomueprHem
HEeKOTOpBIE CaMble BayKHbIE MOMEHTHI.

e Ecitm A u B —— Ba BO3MOXHBIX HCXOAA CJIydYaifHOTO
sKcmepuMenTa, T0 P(A|B) o0603HauaeT BepPOATHOCTH
OCYyIIeCTBJIeHNA A, €eciM Hu3BeCTHO, UYTO IIPOHU3OILIO
cobeiTne B. Haopumep, mycTh U3 CTAHAAPTHON KOJOLBI
B 52 nucra M3BIEKAOT Hayrajg kapry. O6osHauuM A
cobnITHE <«BajieT OHK», a B — «xapra nDuk». Toraa
BepoOATHOCTL A paBHa 1/52, HOCKOJIBKY BCErO €CTh
52 KapThH, ¥ C PABHBIMM BEDOATHOCTAMY MOKET OBITH
usBjedeHa J0ag m3 #HuUX. OJHAKO, ecJu H3BECTHO,
4TO M3BJIEYEHA KAPTA UK (OCYILeCTBUIOCH cobbiTHe B),
TO BEePOSATHOCTL BajeTa NWK yBeJawumpaercs no 1/13,
HOCKOJIBKY B Koyiofie 13 pasiudHLIX KapT UK.

e B mpocreiimmem cinyuae B dopmynay Baileca BXOZAT ABa
co6piTua, A 1 B. Cunraercsa, 4TO U3B€CTHA BEPOATHOCTH
P(B) Toro, uro mpoumaoiimer cobwiTne B, a Takke
M3BECTHHI YCJIOBHBIE BepoaTHocTu P(A|—B) u P(BlA)Y.
®opmysaa Baiieca mossonsger Beuucaurh P(B|A):

P(B|A) = P(A|B)P(B) .
P(A|B)P(B)+ P(A|-B)(1 — P(B))
Tereph MOXKHO YTOUHUTE, O YeM FMOBOPHUT HAIl MEeJUINUHCKHI
npuMep, B KOTOPOM pedh HAeT O JUATHOCTHKE PeJKoii
6onesuu. He Gyaem Bcmomuuath npo CITWI uiau pak, oycrhb

D3necs —B ofosuauaeT cobeITHe, AOMOJHUTENbHOEe K B (cobbiTme B He
ocymecTBiaerca). Tak 4ro ecaum cobeiTHe B — «xapTa HuK», To —B —
«Kapra uepseii, OyGen mau Ttped».
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ato Oyzer Kopb. OpHaXIBI yTpOoM y cebsd HA JHIE BEI
o0HADYKMBaeTe KPACHOBATYIO ChIlb M HEMEAJEHHO XOTUTE
Y3HaTh, He 3apasujuch JIX BBl KOphIO. JJOKTOp HasHadaeT
TECT HA KOPb, M €TI0 Pe3YJLTAT OKa3hIBAETCS IOJOKUTEILHBIM.
BosbHEI BB man HeT?

O6osnaunM A coOBITHE <«TecT HA KOPb IIOJOMKHTEJICH»,
a B —cobbiTiie <y MeHA KOpPb». YUT0OBI BOCHOJIB3OBATBHCH
dopmyioit Baileca, Ham HYXHO 3HATh BepoaTHOCTH P(B),
P(A|B) u P(A|-B). IlepBasg U3 HHUX — BEPOATHOCTL TOrO, 4TO
Y B3pOCJIOTO YeJIOBEKa €CTh Kopb. CpefiH B3POCIBIX 3TO peaKad
6osie3Hb, ¥ MBI MOXeM HOJOKUTh P(B)=0,05 nuu 5%.

VeioBHAaA BeDOATHOCTE OIMCHEIBAGT HANEKHOCTHL TeCcTa:
YeMy paBH& BEPOATHOCTh TOTO, YTO JAJA GOJLHOTIO 4YeJioOBEKa
TeCT JAaeT IOJOXKHUTEJNbHBLIN pesyiabrar? Ecam 6B TecT OBLI
COBEpIIEHHLIM, dTa BEPOATHOCTL ObLIa OBl paBHa 1,0 wuaum
100%. OpHaxKo Takumx TeCTOB He ObIBAET, M MOMKHO TOJBKO
HafeATbCs NPHOAM3UTECA K HAeany. Mbl ONTHMHCTHYECKH
TIOJIOXKKUM 3Ty BePOATHOCTH paBHOM 0,98.

W maxonen, By:xHO 3HaTsL P(A|-B) — BEpOATHOCTH TOTO, UTO
TECT AaeT IOJIOKUTENBHBIN Pe3yabTaT, HeCMOTPS HA TO UTO BBI
310pOBLI. Bbis10 661 XOPOMIO, YTOGH! 3TO 3HAYEHNE OBLIO PABHO
HYJIIO, HO TaKas IeJib HEJOCTHKHUMA. PealnCTUYHO IMOJOMKUTH
BEPOATHOCTb «(albIINBOrO IOJOXKUTEJILHOTO» pe3yJeTaTta
pasnoit P(A|-B)=0,20.

Tenmeps MOXEHO HpPHCTYHATL K BBEIYMCIEHHAM. MBI XO0THM
3HaTh P(BJA) — BEpPOATHOCTE TOTO, YTO IPH MOJOKHUTEILHOM
pe3yJabTaTe AeMCTBUTENLHO mnMeeTca 3aloseBaHMe. Bocmoias-
3yemca ¢opmysoil Baiieca:

_ P(A|B)P(B) -
PBIA)= 5By FB) + PA-BYA —F(B) ~
0,98'0’05 =0,205 s e .

~ 0,98-0,05+0,20 - (1-0,05)

BepoATHOCTH TOT'O, YTO BBl B AEHCTBUTENLHOCTH OOJIBLHEI,
cocrtaBisier orpagHsie 20%. Peayinsrar mopaskaer. Boabmua-
CTBO JIOZeH OKHIaeT, YTO OH OKa)KeTcA GoJiblie. ITO 00yCIoB-
JeHO TeM, 4YTO, OI[eHWBas BEPOATHOCTH, MBI HeJAOOIEHHMBAEM
uHEPOpPMALUIO O TOM, UTO caMa 1o cebe OoJie3HL BCTpeuaeTcA
OUeHb DEJKO.
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FEOMETPUYECKAA UHTEPNPETALMUA

Y706BI HOHATH, IIOYEMY MBI olInbaeMcs, OLIEHNBAA 3TH BepoO-
ATHOCTH, paccmoTpuM puc. 50.1. IIpAMOYroJbHIK CHUMBOJIN3U-
pyeT Bce BO3MOXKHBIE MHTepecyiolye Hac ucxoabl. MareHbKkuil
YepHBLIN KPY:KOUEK O3HauYaeT coObiTue A — «KOpb». Kpyxxouek
OoueHh MaJIEHBKMI, IMOTOMY UTO 3TO OYE€Hb pegKas OO0JIe3Hb.
Bropoit kpyr osmauaeT coOniTHe B — «TeCT NOJOKHUTEJeH».
Bropoit xpyr saxBaThIBaeT OOJIBIIVIO YACTL IEPBOTO, BeAb
B caydae OOJIe3HM TeCT IIOUTH BCErfla JaeT IIOJNOKHTeJb-
HBIH peayaprar. [loas Majoro Kpyra BHe OOJIBIIOTO MaJia,
MOCKOJBKY MBI CUHTAeM HHYTOKHBLIM UYHCJIO «(PaIbIIMBBIX
OTpUIIATENBHBIX» PE3YJIBTATOB.

Fr .}'I P,

e -
'@

| B B, #"

i s ks

Puc. 50.1

”

-,{‘ v

OfHaKO HpH BCeX THX YCJHOBHAX AONA Kpyra A, 3axBa-
YeHHOI'0 KPyrom B, HeBeJIMKa: IOJIOXKUTEJIbHBIA pe3yabTaT He
03HAYAET, UTO y Bac IOUTH HABEPHAKA KOPb.
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MUJIINUOHEP WU MUNINUAPLOEP?

B raserax m apyrux CMHU uyacTo BcTpeualoTcs OUeHL COJIbIIME
YKCJIA: COBOKYIIHEIHA BaJIOBBIA IIPOAYKT, HAITMOHAJIBHBIN JOJT,
B T. . MOXHO CUHTATh, YTO IIOYTH BCe 3HAIOT, UYTO OAUH
MHMJLIMOH — 3T0 €JHUHHAYKA C IIecThbio Hyasamu. Bexnre Ges aToro
3HAHHMA MBI He MOIVIE OBl ILIAHHUPOBAaTH, KAaK IIOTPATHTH
OrPOMHYIO CYMMY, KOTOPYIO HajeeMcA Ha CJIeRyIOoleil Hexmese
BBIMTPATh B JIOTEPEIO.

Yucja B MHJIMApAaX CJIOMKHO BOCIIPHHHUMATH, BO3MOJKHO,
ele ¥ HOTOMY, YTO IOJUTHKH MK OU3HECMEeHbI He O0BACHAIOT
BaXXHOCTH GOJIBMIMX YUCeJsI, KOTOPHIMH OHHM pas3bpachIBAIOTCH.
Ecau KTo 3abeui1: MHJIAApHA — 3TO ThicAua MUIAMoHOB. Tak
YTO MMIAINAPAEP MOKET OTHATh TBHICAYHYIO [HIOJIO CBOEro
COCTOAHMS HUINEMY ¥ IIPeBPATUTH TOI'0 B MHJIJIMOHEpA.

Yrobsl chesaTh Bce €IIe CJI0KHee, B pPa3sHBIX #A3BIKaX
GoNbIINe YKCJIa Ha3bIBAIOTCH MO-Pa3HOMY, & UTO ele XyxkKe —
OHO ¥ TO K€ CJIOBO MOXKET MMeTh PasHble 3HAaYEeHHS B PA3HBIX
crpaHax. B amepukaHcKoM aHIVIMHCKOM, a B IIOCJeJHee BpeMs
BCe dYallle U B OPUTAHCKOM CJIOBO <«OHJUIMOH» O3HA4YaeT TO
YHCJIO, KOTOPOe aHIVIMYaHe WM HeMIE ) HA3LIBAIOT «MKI-
auapaom». B CIIIA mocine MuanmoHa uaeT OWIIJIMOH, 3aTeM
TPUJUIHOH, KBaJAPWJILOR U Tak fajee. B 'epMannu MmLIrapas
¥ OHJIIUapAbl IyTaloTCA, CMasbiBasgd KAPTHHKY, U JIETKO BIACTD
B 3aMeliaTeJLCTBO.

K cuacTpio, HaM, HeMIaM, IIOBE3JI0 XOTdA OBl B TOM, 4YTO
B 'epmaruMM TepMHHOJOrHA ctabmianHa. Korga Mbl unTaeM IIpo
fosblIMie UMCIa Ha OPUTAHCKOM AHTIIMICKOM WM (QpaHIy3-
CKOM, HaIlpUMep, TO Jydulie 6bLi10 ObI BUAETh YMUCJia, 3aIUCAH-
Hble nudpamMu, a He CJIOBaAMU, OCOOEHHO €CJIH JIHUTepaTypa
crapas. JleficTBUTENRHO, KaKOe-TO BpPEeMA COCYUIECTBOBAJIN
ob6e cumcremMbl. B Hamm AHH Yy GpaHIYy30B TOXKE B XOAY
«MIJLINApA», KaK YV HEMIIEB, a GPUTAHIILI T'OBOPAT «OHJIINOH »
Bcien 3a amepukannamu. [loaromy O6yabre cKeNTHKaMH, €CJIHU

Dy poccusne. — IIpum. ped.
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BBl B HEMEIIKOM IIpecce YUTaeTe, YTO AMEPHKAHCKHI mOmI-
ugos — Omnarosep. Ilo-HeMelKK 3TO IPOCTO «MUJLINApIED».
B peanbHO#l XM3HM KBaApPMJILOHBI BpPSAJA JH BO3HUKAIOT,
IOCKOJIBKY BeCh HALIMOHAJNLHBIN BAJIOBOH IPOAYKT MOXKET OBITH
ucunciaeH TpuiimoHaMM. OgHaKo ecsi 6bI MBI XOTEJIW IHCATh
06 ofmieii cymMme, XpaHdauleiica Ha cuerax B I'epmaHmH, TO
peus MoIvia 6bI MATH O KBaApPHUILOHAX.

WHorga MaTeMaTUKOB CIPAIINBAIOT O HA3BaHUAX emye 6oab-
mux yucesa. OTBeT He OYeHb BOEYATIAET, IIOCKOJBKY OOBLIYHO
GoJIbIIIMEe YHMCJa BLIPAXKAIOTCHA MPOCTO KaK CTEIleHH NEeCATKH.
Ouenb HEMHOIMEe MAaTEeMATHKH BOCIOJIB3YIOTCH CJIOBOM <«OMJI-
JINOH», YTOGBI YKA3aTh Ha YWUCJIO, 3allHCHIBaOleecd eTUHUIEH
¢ neBAThbI0 Hyaamu. CKOpee BCEro, MPOCTO 3aMHUINYT HECHTH
B jemaroii crenenu (10%). U ecim B pasrosope saiier pedb
O JIeCATH B ABAAIIATON CTEIEeHH, TO COBEPIIEHHO He00A3aTeILHO
CHPaBIATLCA B JATHHCKOM CJIOBape O MOAXOAALEH IpHCTaBKe.

4YTO 3HAYAT ABA HYAA?

K coxanennio, mpupofa He cHabauIa Hac YMEHUEM BOCIIDHHY-
MaTh Gosbiue yncsia. KoEeuno ke, Bce 3HAIOT PASHULY MEXIY
IecAaAThI0 eBpo u Teicadeil. Ho korma MBI 4uTaeM, YTO CBET
npoxoxut 5 870 000 000 000 Muib (IOYTH IIE€CTH TPUJLINOHOB)
3a r'of, CIIOCOOHOCTh BOCIIPMHMMATD GOJIbIIIHE YUHCJIa TIOABOJHUT
Hac. Byap B aTOM umcie Ha ZBa HYJIA GOJbIle MJIH MeHBbIIE —
HUKAKOTO BIEYATIEHHA 9TO ObI He mpousBeyo. Taxkue Gosbinne
YKCJa IPOCTO <«HENOMEPHO» BEJIMKHU.

K HecuacTpo, OOMH M3 pe3yJjbTATOB TaKOMl HECIIOCOOHO-
CTH — TO, 4YTO HAM CJIOKHO OXBaTHUTL HEKOTOPHIE peann
IOBCEIHEBHOH IOJUTHYECKON KH3HU. 3aABjieHHe «JeduuuT
Bepiura cocraBiager 59 253 104 304 eBpo» D) jerue ocmsic-
JNTHb, €CAM MPOYHUTATH ero Kak <«Zebunur Bepinza odeHb
BeJIUK», a He HNBITATHCA IIepeBAPHUTh 3HAUEHHE KaKIOro M3
IIOUTH IDECTHUAECATH MUJLIMApAOB. TeM He MeHee JTO XKe
HIECTLAECAT MULINApAoB eBpo! Eciu 6b1 y Koro-Eubyabs Gblan
TaKue AeHBI'WM, OH MOT OBl MpEeBPATHTL B MIJIJIMOHEPOB BCeX
JKUTeNe cpefHero HeMeIKoro ropoja. A elme MOMXKHO OBLIO

DBepauncras rasera «Tagesspiegel» or 22 mapra 2006 roga.

7  MareM. IATHMEHYTKH
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OBl BAIlOJIHUTEH IIECTHCOT AUIMKOB 00HEMOM B KyOMYECKUH fApX
KyOiopaMH B CTO €BpPO.

Tor geHp, Korma Bce JIOAM B MHpe OYyAyT OAMHAKOBO
NOHUMATEL CJOBO <«MUJAIUADAY», HUKOTAA He Hacrynour. To
JKe caMoe OTHOCHTCA K IIpAaBOPYJBHLEIM U JIEBOPYJILHBIM
aBTOMOOMJIAM M K HIMPHHE XeJEe3HOJOPDOXXHOTO IIOJOTHa. Pa3s
VoK OOIecTBO NOKOJEHHAMH IPHUBBIKAJIO K ONpeReJeHHOH
CHCTEME, TO HAXOAUTCH THICAYN HOPUYHUH HUYETO He MEHATh.
B no6oMm ciydae, 3TO IPUBOAUT K HOpobieMaM TOJILKO IJisd
JKYPHAJNIMCTOB M IIEPEBONYMKOB. BCTPETUB CJIOBO «OHIJIMOHY,
MM IOIPUXOAUTCH YUUTBIBATh, KOTZA M IZe OHO ObLJIO HAIHCAHO.
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MATEMATUKA U LLAXMATDI

Brl ymeeTe urparh B IIaxXMaThl XOTh HeMHoro? Wim, nmo xpaii-
Helt Mepe, 3HaeTe npaBmiaa? Hexoropble aceKThl MaTeMaTHKH
mpouie oOBACHATH, NepeHoca uX B jgpyrme pamiu. Ceropusa
MBI cofupaeMcsa OTIPABHTHCA B MHUp HIaxMmart.

Buauaje paccMOTPUM IpaBHWJIa WIPHI.
OHU COOTBETCTBYIOT aKCHOMaM MaTe-
matuku. Cepbe3HLIX IONBLITOK mu3o06pe-
CTA HOBble MIpaBUJa WUIPHl B MIAXMATHI
He MNOpeAnpHHHMANIOCH. Bosblre ycmamii
HANpasjJeHO HA TO, YTOOBI HOHATH, KaK
MOJB30BATHCA CYUIECTBYIOIINMHK IIPABH-
JaMu, YTOOLI BBHIUTPBIBATH. TOUYHO Tak
JKe MaTeMaTHKH paboTaiT MecAllaMu,
Ia)ke rojgaMu, 4YToOBI Y3HATH, AOKazyeM
JHA HEKOTODLIA NpPaKTHUEeCKWil pes3yJbTaT
ompeneeHHON TEOopHH.

Kax napecTHO, miaxMaTHBIE ICTUHBI He 3aBUCAT OT KaKOU-TO
OTHEeJILHOM JOCKM UJIM OIIpeAeSieHHEIX NTPoKoB. Ecin B Kakoi-
TO HO3UIMH BO3MOYKEH MAT, TO €e MOYKHO 3alMcaTh Ha Gymare
(uaM IpH HeOOXOAMMOCTH OIIUCATH €€ CJIOBaMH), U HHYero
He mogenaeirb. TOYHO TaK Xe, MaTeMaTHUeCKHE De3yJILTaThl
He 3aBHCAT OT JHYHOCTEH, KHUT WJIH S3BIKOB. JIOKaim3oBaThb
MaTeMaTUKy AelCTBUTEeNBHO cHoKHo. IlmaTon monaras, 4To
OHa BeuHAa M HAXOAWUTcA B Mupe uzeii. Ipyrue dunocodsr
paccMaTpHBaJI¥M ee IPOCTO Kaxk Habop cieAcTBHI, KOTOpPEHIE
BBIBOAATCS M3 YCJOBJEHHBIX COIVIANIEHWIl ¥ KOTOpPhle MHOIAa
Mo CJAYy4YafiHOCTH HMEIOT MOJIe3Hble IIPUJIOMKEeHHA.

Teneps MBI IOZXOAUM K PENIeHHBIM N HepPelieHHbIM
sagadaM. Jlaxke HOBMYKH GBICTDPO YCBAWBAIOT, UTO B SHIUIIINJIE
KOpPOJE C HOZAEP:KKOH JalbH BBINT'DBIBAET IIPOTHB KOPOJA,
ocraBuieroca B ofuHOYecTBe. OxHAKO MBI, IIO-BHAWMOMY,
HHAKOI/IA He Yy3HAEM, eCTh JII BBIUTDHIBAIOWIAA CTDaTerns
y GesbIx B Hayajle UTPHI, BeAb OHA CIHINKOM cjoxHa. Touno
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TaK K€ M B MaTeMaTHKe eCThb MHOr0 HepelleHHEBIX 3ajad,
U HUKOMY He HM3BECTHO, MOYKHO JIM UX PEHInThL (0 HEKOTOPBIX
U3 HUX, HAIpUMep O rumorese Lompabaxa, MBI pacCcKasblBaeM
B 3TOI KHHUre).

OfHAKO MeMKIy MATeMATHKONM M max-
MaTaMM ecThb (YHZAMEHTANBHOE pasyu-
yue, OOBACHAOMIEe, IIOUYEMY B BeAYIIHUX
YVHUBeEpcUTETaX He ObIBaeT (QaKyJbTeTOB
urpsl B maxmariel. C mOMONIBIO IIaxMaT
HeJIb3 YCTAHOBUTH IIPOYHOCTH MOCTA MJIN
HIAHCH BBIUIDPHIIIA B JIOTEpeo. B ominm-
Yue OT MaTeMaTHKH LIaXMATHI HeIIpPHuJo-
JKMMBI K Hpo0JieMaM peanbHOCTH HeIo-
cpeacTBeHHO. Ilouemy :Ke <«KHUra IIpH-
POABI HaNIHCaHA A3LIKOM MATEeMATHKH»
(Tanmneil), HUKTO HA CaAMOM JeJie He 3HaerT.

KAK CHIEAYET YYUTb MATEMATUKY?

Ectes u gpyrre aHajsorvm MesxIy MaTeMATHUKOM M HIaXMATAMH.
PaccmorpuMm yHEBepCHTETCKOE MaTeMaTHuYecKoe o6pasoBaHue.
Kax mpaBuio, MaTeMaTHKy y4ar, peliad KOHKPeTHBIE 3aJadm:
«JJOKAKUTE, YTO UNCJIO X MPPAIUOHANBHO»; <«IOKAKHUTE, 4YTO
y Aamsoro auddepennuanbHOTO ypaBHEHUA OeCKOHEUHOMEp-
HOE€ TIIPOCTPAHCTBO PEINeHWA».

B maxmaTrax ToKe pemIaloT 3aAauM: <«YepHbLle HAYHMHAIOT
U BeIATPHIBaIOT» (cM. puc. 52.1); «Kakx 6esble MOTYyT AOGHTLCS
IpEeuMYIeCTBa, MMOKEePTBOBAB CJIOHA?».

Puc. 52.1. YepHrle HAYNHAIOT ¥ BHIMTPBLIBAIOT
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OfHAaKO KaKIbIM MIAXMATUCT SHAET, YTO HEeJb3dA JOOUThCA
COBEpPIIIEHCTBA, TOJLKO pelllad 3ajaud. Korga B peajbHOH
MIAXMATHOM IOBMIIUM BBI HIETe XOPOIIWii Xof, BBl He 3Haere,
€CTh JIK 3JleCh MAaT B TPH X04a M MOKeT Ju 3ddeKTHaA KepTBa
pemuTeJbHO0 M3MEHUTHL CHUTYAITMI0 Ha ROCKe.

Tak m B MareMaruke B IIpomecce OOyUYeHHS IIOJIE3HO
BKJIKOYATHCA B CHTyallu¥, KOTAA H3HAUaJBHO HESCHO, UTO
3/lecb MOYKHO AOKasarh. Tpebyercss TBOpUeCKoe Hadajo, ILJH
Toro 4uTOOBI peINTH, KaKie MaTeMATHIeCKUe MeTOALl MOTYT
OKa3aThbCs TMOJEe3HBIMH. Takme cUTyanum ropasno Oamxe
K TOMY, ¢ YeM IpPOdeCCUOHATILHEIE MATEMATUKH CTAJIKHBAIOTCA
B pafoTre, 4eM 3aJa4Yy THUIA <«IOKaXHTE, 9TO ... »
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«KHUTA MPUPOADI
HANMUCAHA A3bIKOM MATEMATUKH»

«KHMra OpupoAbl HaOMcaHa A3LIKOM MATEMATHKH», — ITHCAJ
Tasnunet moutm uwersipecTa Jer Haszahk. OH uMen B Buzuy,
49TO MHOTME ACIEeKTHI Hamed KU3AH MOXKHO € YCIexXoM
ImepeBecTH HA A3BIK MaTeMaTuku. BoobpasuTe, Hampumep,
9TO BBl DENIMIN MOOCTEJHUTH KOBPOBOE IIOKPEHITHE B HOBOM
roctuHOi. TOrEa BBl MOMKETE ONEHATH CTOUMOCTL HOBOIO
HOKDPBITHUA C IIOMOINBLIO 3JIEMEHTApHOH TIeoMeTpHu: HYMKHO
MPOCTO BHIYMCJHNTL ILIOIMAb IPAMOYTOJBHHUKA.

Ilpu BBIYMCIIEHMM CTOMMOCTH HEKOTODBIE ACIIeKTHI Balleit
peanbHO# IOCTHHOM OBIJIM BHIPAMEHBI MATEMATHUYECKUM SA3LI-
KOM. JTa e HJed HCIONb3YeTCs B HHMXEHEPHBIX MNPOeKTax
¥ eCTeCTBEHHBIX HayKaX: IIPe/CTABJSIOIHE MHTepec aCHeKThI
peanbHO 3aa9y MEePEeBOAATCA HA sA3bIK MaTeMAaTHKH, a 3aTeM
3aZavy pemailoT MaTeMaTHUecKuMu metogamu. Ilocaenyrommii
nepeBof HaA HA3BIK AefCTBUTENBHOCTHM MOJKEeH — MBI Haje-
eMcd — JZaBaTbh OTBET HAa JKU3HEeHHYIO 3ajady. IlouTm Bce
BETBM MAaTEMATHKH BKJIOYAIOTCSI B 3TOT IIpouecc: ajrebpa,
reoMeTpusa, dYHCJIEeHHbIe METOALI M TEOPUA BepoATHOCTeil.
Pemaemsle saZaum MOr'yT GBITH CKOJb YIONHO CJOMKHBIMH.

B XoHDe KOHIOB, 3TO HAIOMHUHAET CHTYAIMIO, KOTHA
unoctpauasiii Typuct B CHIA nepeBoaut Bompoc «Ine szmecs
6mmkaliliass 3anpaBxa?» Ha aHmImiickuit: «Where can 1
find a gas station around here?», a 3aTem Hazeercd, UTO
MeCTHBI JKuTeNb eMy oMoxkeT. Pelnernue, crkopee Bcero, 6yaer
NOJYyYeHO Ha AHIVIMHCKOM fA3BIKE, 8 HOTOM ero MOMXHO Oyzer
epeBecT Ha WUCXONHLIN A3BIK.

B mamre BpeMAa HHKTO He COMHEBAETCA BCEphe3 B IIpaBoOTe
TPannnesa. OgHAaKO RO CHUX TOP MAYT CHOPEI O TOM, IOYeMY
TaK IPOHCXOAUT. ITO TaiiHA, B KOTOPYIO MBI He MOXKeM
nporukHyTh? Winu locnogs Bor — marematuk? Unage rosops,
YCTPOEH JHM MHDP COIVIACHO MaTeMaTHYeCKMM IIPHHIUIIAM,
KOTOpBIe MBI IIOCTENIeHHO OTKpeIBaeM? HWMam 35T0 1mpocto
o0bryail, ¥ IIPUMEHHMOCT, MATEMATHKH HJLIO30pHa?
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Ha nporameAnn MHOMMX CTOJIETHH MaTeMaTHKH U (puio-
codbl cHOpUIM HaJ STUM BOIPOCOM, TaKk M He NOJIYYUB
YAOBJIETBOPUTEJLHOIO OTBeTa Ha Hero. MaJjio HaZelkAbI HA
TO, YTO OHM KOorga-iubo ero mosydar.

MATEMATUK KAK NEPEBOAYUK

Ilpumenenne MaTeMaTHKH K 3aJadaM DPEaJIbHOTO MHPA YacToO
ONMCHLIBAETCSA KakK IePEeBOJ: IepeBecTH CYTh 3agaun P B 3axauy
P’, monyunts pemermne L', a szarem chopmyampoBaTs olpar-
HBIH nepeBof L' B pemenmne L kark (BO3MOXXHOe) pelneHue
HCXOMHOM 3ajadm. JTOT mpollecc orobparken Ha puc. 53.1.

P | —» P

nepeBoy,

omuamad

o6paTHBIH mepeBOr

L= § L

Puc. 53.1. MaTtemaTnka Kak HCKYCCTBO IIEPEBOAA

9To Bce OueHL TIOXO)Ke HA JApyrHe MeToAbl IIEpeBoza
B MareMaTH4YeCKHe MOAEJIH U3 peajbHOro mmpa. Tak, B 1. 36
yKe T'OBOPHJIOCH, UTO CaMoOe IJIABHOE [JOCTOMHCTBO HKCHOJIb-
30BaHUA JOTapudPMOB B TOM, UTO OHM NIEPEBOSAT Iajaum Ha
YMHOMKEHNE B 3aJau¥ Ha cioxenue. A Oeabruern, npuOBIBIIAI
B aspomopr Ixoma Kenmmemu B Hro-Mopke, B mouckax
TaKCH NIPaBHJILHO ClejlaeT, €CJIM IIepeBeleT 3Ty 3ajady Ha
AHTIHUHACKUHA A3BIK, ¢ TeM dYTOOBI € HEH MOr' CcIpaBUTHCHA
aMepHMKaHell.

Harckuii matematuk Bara Jlyacraapa XamceH mso6Gpasmi
PONb MaTeMaTHKM Kak «MOCTa B MHUP» Ha IJIaKaTe, MOCBA-
mieHHOM MeXdcOyHapodnomy zody mamemamurxu 2000.

Ha nnakare usobpaxkeH moct Boabioil BeasT — caMmbiit
IOJIUHHBIN HIOABeCHOHM MocT B EBponme m BTOpPOH IO AJIHE
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B MHpe; ycTymnasa ToJabko MocTy Axacu-Kaiiké B Anonuu, on
coeguHAeT AaTcKue ocTpoBa PoH M 3enaHaud.

UYTOBbl PACTUTb CAll, COEPUYECKAA TPUITOHOMETPHUSA
HE HYXHA

HyxHO 3aMeTHUTh, UTO, CO3AaBAas MaTeMaTHYeCKHe MOZelu,
OpUXOAUTCA AeJaTh HEKOTOphIe YIIPOUIAIoINUE IIPeAIloioiKe-
aua. Ho ecam mMozenb mosyuaeTca CJAUIIKOM MPOCTOH, TO
pesyibrar OyJeT MaJOIPUMEHHM K MOJEJIMPYEMOH peabHOIH
CUTYaIlMM; 4 €CJIU OHa OVJeT CJHMIIKOM CJIOMKHOHR, TO BBIYUC-
JeHusd OyAyT CAMIIKOM CJIOMKHBI UJIH BOBCE HEBO3MOXKHEI IJIA
IPaKTUYEeCKOr0 NpuMeHeHuUA. MBI He MoJib3yeMcs cdepmye-
CKOUM TpHUroHoMeTpueill, pazbupas TpAAKH Ha oropoge. Mare-
MaTu4ecKasd TeOpHA II0JIesHa TOJBKO TOIZIA, KOIMa CTPOUTCH
OOOXOAANIASA MOJENb.

Basxmo eme, uTo mepeBoj Ha MaTeMaTHYeCKHUiT A3BIK —
TOJIbKO Hadayo. Ecin, HanpuMep, HYKHO OOPEIEeIUTh TOPMO3-
HOUM IyTh ABTOMOOMIIA, TPeOYIOTCA eilfe 3aKOHBI MeXaHUKH,
IIOCKOJBKY MMEHHO OHH OIIMCHIBAIOT COOTHOIIEHHA MEMXAY
MaccaMi, CHJIAMH UM ABHXXKEHHEM.

B croxHBIX cUTyanmuAxX MOXKET OKasaThCHd, 4To Tpebyercs
MHOT'O TeOpHil 0 mMpHpOJe MUPA, YTOOLI OPUNTH K KOHKPETHOMH
MaTeMaTH4YecKoil 3agade. U ecau pemreHume He COOTBETCTBYET
HaOIIOKeHUAM, TO MOMKET OLITh HEACHO, KAKYI0O M3 TeOpHil
IIpugeTca MOLZUMPUIINPOBATE.



Mhaesa 54
NMOUCK NPOCTbLIX YUCEN MEPCEHHA

Bam xoMmonrorep cKyuaer? BbI xoTHTe, YTOOGLI Balle UM OBLIO
BIMCAHO B aHHaNbl mcTopum Marematuku? Torma oropas-
AgiiTech Ha caliT www.mersenne.org. 3/ech BBl O0OHADYXHTE
KOMIObIOTEPHYIO C€Th, CO3JAaHHYIO C IeJbi0 HaWTH OYeHb
6onpInue IIPOCTLIE YHUCJIA.

HanmoMuuM, 4YTO NIPOCTHIMH WYHCJIAMHM HA3LIBAIOTCA T€,
KOTOpBIe MeJATCA TOJBKO Ha ceba m 1; K HUM OTHOCATCA,
"Hanpumep, 3, 11 m 31. HM3BecTHO, UWTO HPOCTBIX UYHCEN
6eCKOHEYHO MHOI'0, IIO3TOMY CpeAN HHUX MOMKHO HAWTH CKOJIb
yroguo Gonpmue. Ho 310 BOBCe He O3HAuUaeT, YTO IIPUMEPHI
TaKkux OOJBIIMX HPOCTHIX YHCEJ Jerko npusecTH. K zaznade
OTBICKAHUSA GOJBINUX IMPOCTBIX YKCEJ MCIOJb30BAJINCh Pa3HbBIE
HOAXOonbl, M caMoil 3hpeKTHBHOI OKaszajach cMeCh TeopeTuye-
CKMX IIOCTPOEHUH M OGIIMPHBLIX KOMIIBIOTEPHBIX BBIUHUCJIEHUI.

C wauBHOH TOYKM 3pPEeHHS MOKHO CUUTATh, YTO IIPOBEPKA
IPOCTOTHI 3aJAHHOTO OOJBLIIOr0 YHCJa HECcJOKHa U He 3aHU-
MaeT MHOT'O BpeMeH#. Hy:XHO IIPpOCTO IPOBEPUTH BCE MEHBIINE
qyucaa — He ABJIAIOTCH JU OHU AeauTenamu. K coxxamenwuio,
TAKOM IMOAXOJ OCYIIECTBUM TOJBLKO AJIA OTHOCHUTEJIBHO MAaJIbIX
gyuces. na GonbIINX YMceJ HA TAKyI0 IPOBEPKY HAUMHAET
TpeGoBaThbca Bce OOnbIe BpeMEeHHU, IO MOPAIKY CPaBHUMOI'O
C BO3pPacTOM BCEJIEHHOIA.

ITosTromy mpum mOmMcKe HAMGOJBIINX M3BECTHBIX IIPOCTBHIX
quceJl pPacCMATPUBAIOT TOJBKO KaHAMAATOB CIEIUaIbHOTO
BHUAA. OTH UWCJA BOZHUKAIOT IPHM MHOTOKPATHOM YMHOMKEHUHN
guciaa 2 Ha cebA U IIOCAEAVIOUIEM BHEUUTAHUY EIWHWUIHI.
Hanpumep, umcna 31 u 63 nomyuarores xkag 2-2-2-2.2-1
u 2:-2:2.2-2.2—-1, Taxkme uyMcya HA3BIBAXTCA UYUCAAMU
Mepcenna. Oum Tax HasBaHbl B dYecTh CB. orna MapuHa
Mepcenna (1588-1648), mopTpeT KOTOPOTO BBl BUAUTE Ha
chaefyIomell cTpaHnuIle. 3TOT YeJIOBEK CAY:XKMI Hayke n Ilepksu.

Yro6sl IpPOBEPUTL, HABJIAETCA JU HEKOTOPOE YHCJIO
MepceHHa IPOCTHIM, CYIIECTBYET CIIEIUATIbLHBIN TECT, KOTOPHIMH
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MOJKHO IIPOBECTH 3a PasyMHOe BpeMd,
Jajke ecJM YHCJIO OUYeHb BeJIUKO.
Hy:XHO TOJBKO IIPOBECTH IIPOBEPKY
Ha JeJMMOCTH OJA OYEeHB OO0JBIIOTO
gyucsgaa. Jlydme Bcero 310 [ears
C TIOMOWBI0 GONBLIION KOMNBIOTEPHOM
ceTH, M TecT MepceHHa 3aHMMAETCH
Kak pa3 TeM, UTO COIVIACOBBIBAET
paboTy pasHBIX YYACTHUKOB TaKOi
CeTH.

Bpemsa or BpeMeHEH OTKpPBIBAIOT
HOBOe PeKOPAHOe mpocToe uncao Mep-
ceaHa. B 2004 r. uyemnmoHa OTKPHUIM B HOoaAGpe. B Hem
610 Oomee mecTu MWLIHOHOB Iudp. IloBesso mexkoemy
Maiikny Illadepy —— MMeHHO Ha €er0 KOMIOBIOTEPE TEeCT MOKa3al
TIIOJIOKUTENbHBIN pe3yabTaT. Kak COOTKPEIBATENH COPOKOBOTO
yucysa MepceHHa OH HPOCJHAaBHJICA HApPAAYy C OPYTHMH IIPO-
deccHOHANMBHEIMHE MATEMAaTHKAMH.

PEKOPACMEHDI CPEAU NMPOCTHIX YMUCEN

Pexopapl B MHpe HPOCTHIX umced ObicTpo ycTapepaioT. Cko-
POCTH KOMIIBIOTEDOB DACTYT, CETH IIHUPATCH, AJTOPHUTMBI
CTAHOBATCH BCE U3OUIPEHHEee, ¥ I03TOMY OTKPBLIBAIOT BCe HOBhIE
mpocTsie yncia. Tak 4To HeyAWBUTEIbHO, YTO PEKOD, Ha BpeMa
THOSABJIEHUA 9TOM raszeTHoil cratpu B 2004 r. 6511 mpessoiifes.
Korga s mumry sTu cioBa, peKopAcMeHoM!) cumTaercss YHCIIO

225 964 951 __ 1.

Ecau BB XOTHTE O3HAKOMUTHCSA C COBPEMEHHBIM IOJIOMKEHUEM
Bellel, OTHpaBaAAgiiTech HA WWW.IMErsenne.org, Ha aTOM caire
BeleTCA KHHIa PEKOPAOB.

Yrobbl IPeACTABUTH cebe, HACKOJBKO OIPOMHLI 3TH YHCJA,
BcroMHEMM, uTo umcao 210 pasmo 1024. Wmaue roeops, 210
npubansurensHo paBHO 10%. AHamoOrMuHO, MOXHO CUYHTATS,
yro 2202106, 230~ 10° u rax manee. 1 BoOOmEe, umcio 27
npubau3uTEeTFHO DABHO YHCIY, KOTOpoe HaumHaercd ¢ 1
u B KoropoM 3-(n/10) myne#t (o kKpaiiHeil Mepe ecau

DCm. mpumeuanne Ha c. 19 (. 4).
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aTa aApo0b BEIpAKAET Hegoe 4Hcao). na Hamero npumepa
225964951 _ 1wy monywaem umcso 3-(25 964 951)/10, T. e.
B HEM OKOJI0 BOCBMH MHJIINOHOB nucdp. Ecau ormedaraTs 310
YHCJIO HAa TaKOM JucTe GyMare, Ha KOTOPOM IO IATHAECAT CTPOK
u B xaxpoll nu3 sux no 100 sgaxos — Bcero mo 5000 snakos
Ba jaucre, — morpebyercs 8 000 000/5 000=8 000/5=1 600
CTPaHAIL. YBECHCTHIA TOM.

NPOBEPKA HA MPOCTOTY

Kax 6mICTpO HpoOBEpUTL, ABJIAETCA JH HEKOTOPOE YHCJI0 7
npoctreiM? Hanpumep, npocto jgu ymeno 2 403 200 604 5877

CaMpIil IPOCTOAYIIHEIA MOAX0J — IIPOBEPUTEH BCE ducaa m,
MeHBIINE N, He ABIAIOTCA JU OHU AeJnuTedsMu n. [aa aroro
HYXHO OPHUMEPHO 7 BHIUHMCJIEHUH, U AJa GOJIBUINX YHCeJ 3TO
CIMIIKOM MHOTO.

IIopasMBICIUB, MBI MOKEM C3KOHOMHTH HEMHOTO BpeMEHH.
A ¥MeHHO, ecAM N — He MOPOCTOEe YHCIO M MOXeT OBITh
npezcTaBieHo B Buge n=4k:1l, To 0o0a uucaa k u I He mMoryr
GBITH GONbIIE KBaLPATHOTO KOpHs us n. (3 HepaBeHCTB k> /N
u l>+/n Opu HOMOIMM YMHOMKEHUS MBI cfeiaau OBl BBIBOJ,
yro k-1>+/n-rn=n.) llostoMy ecau B muTepBajse oT 2 IO
v/n genureneii HeT, TO MX HET BOBCE.

DKoHOMHS BO BpEMEHM pasuTenbHa. A yuciaa mopagka
MIJIJINOHA HAM NOHAfoOMI0Ch He MUWUIHOH BBIYNCJIEHMI,
a TOJBKO ThicAua. OXHAKO €CJIM B YHCJE 71 HECKOJbKO COTEH
nudp, TO MOJyYeHHAas SKOHOMHS BCe PABHO HeJOCTATOUHA
IJIS TOTO, 4YTOOBI METOJ CTaJ INIPaKTHYECKH MPHIOAHBIM:
KODeHb /7L HaCTOJNBKO BEJIHK, YTO AJif IPOBEPKH HA IPOCTOTY
noHamoOnaocs OBl HECKOJBKO COTEH JieT.

3HauuT, MBI AOJKEBEI HaiiTH apyroii nyrs. IIpoueaypa,
NpUMeHHMas AJA OTKPHITHSA HOBBIX DPEKOpPJAOB, IIPHMeHHMAa
TOJIBLKO K uucaaM Buja 2% — 1. Ona HassiBaeTca «tecToMm JIIoKa—
Jlemepa».

Beemem oGosmauenme M, =2%—1. Korma M, amiasgercs
npocTeiM yucaoM? MokHO 0Ka3aTh, YTO OHO IIPOCTOE TOJIBLKO
Torza, Korma umceiao kB camo mpocroe. IIpaBaa, us mpocrorst &
BOBCe He cJiefiyeT IIpocToTa camoro umcna Mepcenna M,.
(Hampumep, M, =211-1=2047=23-89.)
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IlosTomy BBIOMpAaOT MHPOCTOE YHCIO Rk M OIPEHeNsTIoT

gucna L,, Ly, ...,L,, HaswBaemsle uucaamu Jlworxa—
Jlemepa, cnepgyiomum obpasom: L,:=4, L,:= L% —-2=14,
Ly:= g—— 2=194, u 1. 1. Becerga BrImoNHAETCA COOTHOUIEHHE

L,, =L12 — 2. CnenosarensHO, M, ABIAETCA IPOCTHIM UHMCIIOM
pPOBHO TOTZa, Korma M, menmr L, ,.

ITocmoTpuM, Kax pabGoTaeT 3TOT MeTOA. BEIUHCIEM HepBbIe
HecKoNbKO uucen Jlioxa—Jlemepa:

4,14,194,37634,1416 317954, ...

fAcHo, 4TO YHCHIA B IOCIEeA0BATENLHOCTH OYEHEL OBICTPO PACTYT.
Onnako HaM HMHTEepeCHO JHIIb, JAeNATCA JH OHK Ha M,,
o3TOMYy AOCTATOYHO paccmarpusare L, mo moxymio M, D,

IIpumep 1. Bosemem k=5. Torma M,=25-1=31.
ITockonpry 31 — npocToe WHCIO, TECT HOJIMKEH OBITH ITOJIOMKH-
TeNbHBIM. Mbl gosxHBI HaliTH uucna L,, L,, Ly, L, u npoBe-
PHTL, BEJUTCH JH IocienHee n3 HUX Ha 31. Beruueassa ocraTen
3TUX YMCeNa NIPHU AesieHRH Ha 31, MOJTydMM MOCIeH0BATEILHOCTE
4, 14, 8, 0. Ilocaequee umcao 0, 3HAUNT, TeCT COPaBeNIHBO
TOBOPHUT HaM O TOM, uto 31 — mpocToe umcio.

ITpumep 2. Teneps nonpobyeM k= 11. MuI g0OKHEI IIpOBE-
purh uncio M, =2 047. Bor ocratkm uucen Ly, Ly, . . ., Ly,
npu genennu Ha 2047:

4, 14, 194, 788, 701, 119, 1877, 240, 282, 1736.

Ilocnegree m3 umces He paBHO HYJIO, H 3TO T'OBOPHT O TOM,
uro M,, He MOKeT 6BITE TpPOCTHIM uncyioM. (KcraTu, saMersTe:
9TOT MEeTOZA AOKashIBaeT, 4To 4ucjio M,, He IIpOCTOe, HO OH
He ZjaeT HM OAHOTO HEJUTEJIA HTOr0 dUucjia. OTO 0co0eHHOCTH
TecTa.)

DApudmerura mo mozymo obeyszaercs B TI. 22.



Fnhasa 55

BEPJIUH, XViil BEK: OTKPbITA CAMAA
KPACUBASA ®OPMYNA

Hecxonsko Jjier Hasal Cpegy MaTeMaTUKOB Obll mIpoBeleH
ompoc: «Kakas dopmyna camas xpacuBada?». Ilpepnaranmuck
dopmyapl u3 pasHbix obnacreil maremarmkmu, a nobezuna Ta,
uyro OplJIa OTKPLITA IIBEMIIADCKHM MaTeMaTUKOM JleoHapaoMm
OitepoM B BoceMHAANATOM Bexe. B 10 Bpemsa OJitmep 6nia
IMPUIBOPHBIM MAaTeMaTUKOM Ipu Asope Ppuapuxa Beiamkoro
B Bepaune.

Yrobsl MOHATE 3Ty (GOpMYJy, BCIOMHHM CaMble BajKHBLIE
ypcaa B MaTeMaTHKE. BecclopHO, K HHM OTHOCATCA HYJIb
¥ eAUHHIA, BeAb BCe OCTABHIMECS 4YNCIa MOMXHO M3 HUX
nocTpoutTh. KpoMme TOro, oHu nposBaaioT ocoGeHHBIe cBOiiCTBA
B OIlepanusax ¢ APYrAMH yncjaamu. JeficTBUTENBHO, HYIb ABIA-
ercs HeMTpaJLHLIM AJIEMEHTOM IO CJIOMKEHHWIO: IpubaBieHUe
HYJfA K APYTOMY YUcAYy He U3MeHseT Pe3yJbTaT, M AaHAJIOTHYHO,
eMHNLA ABJIACTCS HeNTPAJBHBIM JIEMEHTOM IO YMHOMKEHUIO:
s Jro6oro ymesia X BBITIOJHAETCA TOXIeCTBO 1-x=x.

Ham nomasobunresa enre uywceso . Jake IIKOJIBHUKM 3HA-
KOMSATCA C JTHAM YHCJIOM, BBIUKCIAA IUIOIAAL U AJHHY
OKPYKHOCTH II0 JaHHOMY pajguycy. A Ana ouucanusd HEKO-
TOPBLIX SABJIEHMII POCTA CYWIECTBEHHYIO POJIE HrpaeT YHCJIO
e=2,71828 ... . OxcroHeHUUANbHEIH pocT (bakTepmu) u 3KC-
NOHEeHIMA bHOe YyObIBaHue (paZMOAaKTHBHLIN pacrnajx) OTHO-
CATCA K OCHOBHBIM MAaTeMaTUYECKMM MOJeJaM, U B oboux
CJIyuasX BO3HMKAeT ducio e, VI HakoHel], yKe HECKOJBKO
CTONETUHM M3BECTHO, YTO MHOKECTBO YHCe], HEeOOXOIWMBIX
ISl peHleHds anre0pandecKHX YPaBHEHHUH, JOJIKHO BKJIOUATH
KOMNJIeKCHble YUCAa, BIA dero TpebyeTca ONpeAeNnTh YHUCJIO
i Kar MHUMbLE KoOopeHh u3 —1. ITM YHCHa HYKHB He
TOJIBPKO AJIA TEOPeTHUYECKUX HccefoBaHuii. lleiicrBurensno,
KOMILIEKCHBIE 4YMCJa BXOJAT B MHCTPYMEHTapuii MHOIHX
IIPAKTHKOB, HAIIPHMED WH:KeHePOB-3JIeKTPUKOB.

TlopasuTenprHO, HO CYHIECTBYeT TeCHAs CBA3H MEXIY UUC-
namu 0, 1,7, e 1 i. A UMEHHO, €CJIM K efuHHIE IpHuOaBUThH €
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B CTEIEeHN, DABHOMN IIPOMBBEAEHWIO 7 U i, TO HOJIYIUTCA HYJIb.
910 ¥ ecTs dopmyna Iiiaepa:

0=1+e™

Ora dopmyna mMmeeT ocofoe 3HaAYEHHE AJIA MATEMATHUKOB,
MOCKOJIBKY CUMBOJIM3HPYET €ZMHCTBO MareMaTHKH. ECTb 4To-
TO MHCTHYECKOE B TOM, YTO IOPCTKA YHCEJ, HCIIOJIb3YEeMBIX
¢ caMbIMHU DA3HBIMH LEJAMH, CBA3AHBI CTOJIb IPOCTHIM
COOTHOLIEHHEM.

BbIBOl CAMOH NMPEKPACHOW ®OPMY/ibl

B oroift KHWre MBI TPOACHHWIM DOJbL IIOYTH BCEX YMCel,
BxogAamux B hopmyny Dditaepa. B ri. 16 peus maa o uucae x,
B . 28 —0 HyJNe, BV1.42—o0 ¢, a B ™. 94 — 00 i. Kax xe
ditsep OTKPHLA cBOXO opmyy?

YTo6Bpl 3TO IIOHATH, HYKHO 3HATH HECKOJBKO MaTeMaThde-
ckux Gyrrnuil. BaxxHylo poss urpaet TOT PaxT, UYTO MHOIIA
CJIOXKHBIE BBIPAKEHMA MOTYT ObITH XOpPOMIO NPUOIMMKEHEI
npocreiMu. Hampumep, eciam umciao x docmamournHo mao,
TO IpUOIN3UTENbHOE 3HaYeHWe KBAJpPaTHOTO KopHA u3 1+ x
zaet cymma 1+ x/2. IlposepuM 5T0 yTBEpxkaeHue ana x = 0,02:

smauenue /1,02=1,00995 ouenr G6ausko K 1+ 0’—22— =1,01.

Ecan myxHa 0ojiee BBICOKAA TOYHOCTb, TO MOMKHO NOOaBHTD
cjaraeMoe, KpaTHoe x2; MOXHO JOGHTHCA ele Gojiee BHICOKOH
ToYHOCTH, NOoGAaBMB ciaraemoe ¢ x°.

Cefiuac HaM MHTepeCHa 3KCIOHeHIUMAanbHada GyHKOus. Iias
€ MBI TIOAYYMM Bce Jy4iiue NIpuOANKeHWs, B3AB JBa, TPH
uan Gojiee CJATAEMBIX B Pa3IOKEeHHM

2,22
1+z+5+5+. ..

(mamomeuM, uTo 2!=1-2, 3!=1-2-3 u 1. a1.) Omubka cra-
HOBUTCA BCe MeHBbIIe TI0 Mepe TOro, Kak OepyT Bce Oosblne
cJIaraeMBbIX, IIO3TOMY CIPaBEAJINBO BbIpajKeHHNE

2 3
2 4 2
e —1+z+—-—21+——3!+...,
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KOTOpPOe MBI NpPHBOAMM 0e3 jgoxasarenbcrBa. CymiecTByiOT
aHaJOrHYHbIe (HOPMYJIBI ;um q)ymcn;nf«i cuHyca M KOCHHYycCA:

Ssinz==z2-— 3! + 51 7! +. .
P
41 6!

Tenepsb BoCIOAb3yeMCs GOPMYJIOH AJIA €°, YTOOLI BHIPA3UTD
e*, rne i— mEpMas eguHuna. IloMHA O TOM, 4TO i2=-1
(cm. 1. 94), DosyuMM:

cos 2= 1——— 4+...

3
"=1+ix+(lg!) +(—;c!)~+---=
4 6
pxt 28
=l-gr+g-—&e*+ 7t
+i x—x +£ -’£+ =cos x+isinx
3T "B It y

A remepr BO3bMEM 3HAYEHME X =5 M BCIIOMHMM S3HAYEHHUA
HEKOTOPBIX TPHUIOHOMETDPHYeCKHMX GQYHKIWI Ajd 9TOro yria,
a uMeHHO cos #=—1 u sinz=0. Bor Temepr M MOTy4UaETCH
e =—1, a 370 M ecth (popmyna Diliepa.
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NEPBOE AEWUCTBUTENIbHO CNOXXHOE
4yucno

EeTh [Be OpWYMHBI, [MOUEMY dYHCIa, IpPeACTaBHMLIE B BHJE
Ipobu, — PAUUOHAAbHbIE YUCAAQ — OUEeHb BayKHLI. BOo-IEPBHIX,
UX OYeHb MHOI'O M OHH TAK ILJTOTHO PACIOJIOXEHbI CPEeIN BCeX
qyces, YTO IPAKTHUECKH KaXKJ0€ BalKHOe UHMCJI0 MOXKeT OBITH
XOopomio NpubGIMKeHO parMoHANBHEIM. Hampumep, MOMKHO
JOCTATOYHO TOYHO ONpPEeNeJUTh KOJUYECTBO CeMAH, Heobxomgm-
Moe IS 3aceBa KPYIVIOTO IIOJIf, MPUOJIMBHUB YUCJIO 7T APOOBIO
314/100.

A BO-BTOpBIX, ¢ ApoGsaMu jerxko paboraTk. Ilaxke AOBOJIBHO
MAaJeHBEKOMY peGeHKy HeTPYAHO OOBACHUTDH, UTO TAKOe Apobh
5/11. Iludaropefiner B [JlpeBueit I'penmm mnogaaranu, dYTO
BCe UHCIa B apudMeTMUecKHX ¥ TeOMeTPUYeCKHMX 3ajadax
JOJKHBI OBITh PANWOHAJLHBIMK. OJTOT IIPHUHIOUII ITO3BOJKI
nudaropeiinamMm onmucaTh MHOTO BasKHBIX sBjieHuil. Hanpumep,
OHHM BBEJH raMMy, OnHpasch Ha HabiiofeHUe, UTO HPHUATHEIE
CIYXY COOTHOINEHHUS MEKAY TOHAMH OMMCHIBAIOTCA MPOCTHIMU
npobamu L),

ITosToMy OKasajgoCch TAMKEJBIM yIapoM, KOraa
BBISICHWIOCh, YTO AAXe B CAMBIX IIPOCTHIX CHTya-
OUAX MOIYT BO3HMKATL UUCJIA, KOTODHIE He SABJIA-
I0OTCA PAalMOHAJBHLIMH. Takme 4YKcjia Ha3HIBAlOTCH
uppayuonansibimi. CaMblil HI3BECTHBINA IPUMED —
KOHEUHO e, KBaJpaTHEII KopeHp u3 2. OH BO3HHKaeT Kak
AAVHA AWATOHAJY KBajpaTa ¢ eXWHWYHON cropomoit. Te, xTO
3aHMMAIOTCH TeoMeTpHel, HeH30eKHO BCTPEYalTCa C 3TUM
YHCIIOM.

HokasaTeabCTBO UPPArMOHANBHOCTH HeJIb3sd HA3BaTh TPH-
BHAJBHBIM. KoMnbioTepsl M OCIIMPHBIE BBIYHCIEHUA Oeciio-
Jesupi. 3 TOro 4TO KOpEHDb M3 ABYX HEJNL3A 3alUCATh B BHIE
apo6u ¢ umcauTeneM ¥ 3HAMEHaTeJleM B MIJIINOHBI nudp,
BOBCe He cJeflyeT, YTO €ro HeJb3sd 3alIncaTh MHJLINADIAMU.

DCM. . 26.
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IlosToMy mpmpaercs DPOBOAUTL HEIPAMOE NOKA3aTEJILCTBO.
Jaxxe Ilepimox XosMC 4acTO U C YCIIEXOM IMOJbL30OBAJICA ITHM
MeronoM. Ecau BeI esiaeTe NpPeAIIONOKeHIE, KOTOPOe CUUTaeTe
HCTHUHHBIM, U M3 HEro JOJIKEeH CJAeKOBATh HEKOTOPBIM BBIBOZ,
Ha Jejie OKA3aBIIMICS JIOKHBIM, TO MCXOAHOE IIPEAIIOJIOXeHNe
TOMKe NOJIKHO OBITH JIOXKHBIM.

NmenHo Taxoii meronx paGoraer B Hamem ciaydae. Ceii-
yac MBI paccKaxem o006 »Tom mnozpoGaee, HO BHauaje —
HCTOpUA, CBfA3aHHAA C WPPaANMOHAJNBHOCTBIO KBaJpPaTHOI'O
KOpHA u3 AByX. OTKPHIB CYIIECTBOBAHME MPPAIMOHAJILHBIX
yuces, nudaropefinsl MOKJIAJINCh XPaHUTh BTO B CeEKpeTe,
a TepBOOTKpHIBaTeNb, HeKuil I'mmmocyc, 6vl1 KasHeH 3a TO,
YTO IIOTPAC OCHOBHI MaTEMAaTHKH.

MOYEMY V2 HENb3A NMPEACTABUTb B BUAE APOBU?

KBagpaTHelii KOpeHb M3 [ABYX — 5TO HOJOXHUTEIHHOE YHCIO,
KBagparT KoToporo pased 2. Jina KpaTKocTH 0003HAYNM
ero w. HeMHOro mMOKCIIEPEMEHTUDOBAB, MBI MOJKEM OIEHHTH
ero. Hampumep, ksaapar umciaa 1,4, r.e. 1,4-1,4=1,96,
MeHbIIe 2, ¥ IIO9TOMY UYMCJIO W AOLKHO OpITh Gonbire 1,4.
C ppyroii cTopoHsl, KBajgpaTt uucia 1,5 paBen 2,25, a aro
canmkoM MHoro. IlosToMy w, KOHEYHO ke, MeHbIme 1,5.

JIr060#1 xapMaHHBIN KAJNbLKYJIATOP IO3BOJIAET YTOYHUTHL 3TO
3HauyeHue. JIIs MHOrMX IPAKTUYECKUX Ilejieil AOCTATOUHO
noJab3oBaThcs npubmmxennem 1,414213562. Omo He TOuHOE,
IOCKOJILKY

1,414213562-1,414213562 =1,999999998944727844,

— JI0 ABYX He XBaTaeT CaMOil MAaJIOCTH.
Bompoc o ToM, IPeACTABUM JIH APoObI0 KBAAPATHBIN KOPEHb
U3 ABYX B BHAe ApoOn, BcTan Oojiee ABYX THICHY JIeT Hasan V.
Crnexpyiomee [OKA3aTeJbCTBO OIIMPAETCA TOJBKO HA TOT
daxT, 4To

xeaapam HeuemmHnozo HUucjia — mojce HedemHoe uuciio,
a rceaapam YemHoz20 Hucjia — iemHuoe.

D3amersre, uTo M1060€ THCIO, KOTOPOE JONYCKAET KOHEUHYIO LeCATHIHYIO
3aIlluch, MOKHO NIPEICTABUTHL B Buje Apobu. Hanpumep, uncio 1,41 MoxHO
zanmcats B BHAe 141/100. A uymciao, KOTopoe HeJIb3A 3amlUCcaTh B BHAE
0oOBIYHON APO6M, He MOJKET MMETh KOHEYHOH AEeCATHYHON 3amuCH.
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JokasaTenbCTBO HAUMHAETCA C TIPEAIIONONKEHHS O TOM,
YTO YHCJIO W MOXKHO 3alucaTh B Buje Apodu. 3areM MBI
6yneM BBIBOAUTH CAEACTBHAA M3 9TOT0 MPEAIOJOKEHHA, MOKa
He mpugeM K npoTtuBopeunio. (Tax paccyxkpan 6b1 IHlepisox
Xonme: ecau Onl yOmiina IOKHHYJ pecTopaH uepes KyXHIO,
ero Obl yBuaenun moBapa. OHM HHKOrO He BHJEJIH. SHAYUT,
yOmiina BhIIIET APYIUM IYTEM.)

WNrak, sanumem w B BUAe p/q, Tle p U ¢ — HATYPAJbHEIE
yucna. MoOXKHO cuMTaTh, UYTO MBI COKDaATUJIW B 39TOH Apob6m
Bce BO3MOXKHBIE OOIIVe Je/UTEJNH, TaK YTO XOTA OBl OZHO M3
YuceJl p U ¢ AOJKHO OBITH HEYETHBIM.

W3 cooTHOmEHUA w=p/q MBI 3aKJIO4YAEM p=1w - g. BosBe-
ZleM 5TO PABEHCTBO B KBAJIPAT, IIOMHS O TOM, 9TO W+ w = w2 = 2:
nosayuaeM 2 - g2 =p?2. IlosToMy p? — UeTHOe YMCJIIO; & KaK MBI
yiKe 3aMeTHJIM, 5TO MOMeT OBITh, TOJBKO €CJIM CaMO P YeTHO.
A pas 0OHO YeTHO, TO ero MOXKHO 3alucaTh B BuAe 2k, a zareM
moscTaBUTh B paseHCTBO 2-g2=p?. Oro maer 2.q%2=4.k2.
YMHOKHMB 00e 4YACTH paBeHCTBa Ha %—, mormyunm g2 =2. k2,
Takum obpasom, umciao g2, a 3HAYMT M ¢, deTHo. Ho aroro
He MOXKeT OBITh: MBI IPEAIOJIOMKHIN, UYTO COKPATHIM BCe
o0Iie MEOKKTENN YHCANTENA 1 3HAMEeHATENd P A ¢, a Teneph
OKAa3ajioch, 4TO 008 3TUX UYNCJA YETHBI.

Taxknm 0o6pasoM, MBI IOKA3aJiK, YTO KOPEHb W HE MOMKeT
OrITh 3ammcaH B BHIe apobu. daxke ecam OpaTb acTPOHOMH-
yeckn Goapmue umciaa. Haxe 3za 100000 ner.
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P=NP: HY>XHO JIu BE3EHUE
B MATEMATHUKE?

B 2T0if riiaBe MBI pacCKayKeM O 3ajade, 3a pellleHMe KOTOpOit
IpeJJiO:KeHAa Harpajla B MMJLIMOH OOJIJIapOB.

Ja Hagasia paccMOTPUM KJjaccu@UKaWio IponeAyp pemie-
Husa. Bee 3uaroT, 4TO CKIAALIBATS IIPOIE, YeM YMHOMKATL, OTHM
CJIOBAM MOXKHO IIDHJAATE 00Jiee TOUHBIII CMEICJ, €CJIM PacCcMOT-
PpeTh KOJn4YecTBO UMD B 3aJaHHBIX uHuciaax. IIpm cioxenmn
n-3HAYHEBIX 4Yuces TpeGyeTcA n BLIYHMCANTENBHBIX OIepaIuii,
a IIpy YMHOXXeHuu — n - n. Kak nmpaBuio, MbI 6yZeM IOBOPHUTD,
YTO AJIFOPUTMY TPebyeTcA NOAUHOMUANLHOEe épeMms pabombt,
ecJM YHCJIO Omepaluil He HpPeBLIIIaeT HEeKOTOPOH CTeleHH 71,
T. e. He Goablre n” IPH HEKOTOPOM (PHKCHPOBAHHOM I

OO6BIYHO CUMTAETCHA, YUTO TaKHe 3aJavyu peliaTh <«IPOCTOo»,
MOCKOJMBKY ¢ HAMM MOKHO CIPaBHUTLCS C NOMOIILI0 KOMIBIO-
Tepa, JaKke JAJAs CPaBHHTEJbHO Ooapmnx n. Ho BcTpeuarorca
¥ CYyIecTBeHHO OoJiee CJIOXKHEIE 3agadyu. Hanpumep, xopoio
N3BECTHA 3a0aua 0 KOMMUE0A)HCepe, B KOTOpPOil Tpebyercs
Ha#iTH KpaT4afmuii MapuIpyT, HPOXOAAIININ Yepe3 HEeCKOJbKO
touex V.

NHornma oTBeT «CJOOKHONM» 3aJadMl MOYKHO IIPOCTO yraiaTh,
AJaa uero tpebyeTcsa peakoe BeseHme. Hanmpumep, pasIOKHUTH
6OJIBIIIOE YUCJI0 HA MHOMKHTEIH — CJI0MKHAA 3axada, HO ecau
yAacTCHA yrajgarh OAWH U3 COMHOMMTeJell, TO HOKa3aTb, UTO
OH JAEeMCTBUTENbHO COMHOKHTENb, HETPYAHO.

Bcepnes, KoHeUHO Ke, HUKTO He AYMaeT, UTO TaKue 3afadu
MOJKHO CUMTATH IPOCTHIMH, IIOCKOJILKY YAAaWINBOCTE Tpebyerca
TaKas JKe, KaK s eXKeHeJeJIbHOIO yraAblBAHUA BBEIMTPHITHHBIX
JIOTEPEMHBIX HOMEPOB HA IPOTSKEHWUU BCel KU3HU.

IlopasuTensHO, HO HHKTO He MOJMKET [OOKAas3aTh, 4TO 0e3
yhaun 3xech AeMCTBUTENLHO He o0oliTuck. B mociemume
HeCATHJIOTMA MHOTO ycuaWH OO HANpaBIeHO HA pelleHHe
aToi 3amauun, a B 2000 r. Obl1a HazHAYEHA NPEMHUA B MHJIJIVOH
IOJLIapoB TOMY, KTO ee peinuT. Ho mpeskzge duem OpaThcs 3a

UCm. 1. 32.
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6yMary ® KapaHAall, BCIOMHHTE, YTO JIYUIINEe MATEMaTHUKHU
MUpa He CMOIVIM IIOCTPOHUTH AOKA3aTeJILCTBO.

Mpr OOKHBI 37€Ch MOAYEPKHYTH, YTO ONpPeAeIeHHBIN
HHTEpeC B PeIIeHUH 3TOM 3axaum o0yCcJOBJIeH TeM (GaKToM,
YTO OTBET MOKET B3HAUNTEJbHO IMOBJHATL Ha 0e30IacHOCTD
COBPEeMEHHBIX NIN(PPOBANBHBIX CHCTEM.

YTO XE TAKOE P- U NP-3A[AUN?

Yr06561 pazobparbea B 3aja4e, MBI JOJKHBI BHaUAJIe TPOACHUTDH
HEKOTOpPbIe TePMMHLI.

Yro takoe P-zapaya?

YTo6hI CI0KATEL ABA TPEXBHAUHLIX YUCJIA, HYKHO IIPOBECTHU TPHU
3JIeMEeHTapHBIX CJIO0MKEeHUdA; B oOIeM cjydae OJjsd n-3Ha4YHBIX
yuces morpedyercA n omepamuil ciaoskeHns. OOBIYHBIN MeTOJ
YMHOMKEHHA CJIOKHEee: MPUAETCA BHIIOJHUTH I :71 IIPOCTHIX
YMHOXKEHUII, ¥ IIOTOM €ellle HEeCKOJNbKO CJIokeHwmil. [las yMHO-
JeHHA norpebyerca He 6Gosee 2n? sreMeHTAPHBIX OIepAamMil.
ToBopAar, uTo 3afaua (Takas Kax «HAWUTH CYMMY» WJIH «HaWTH
OpoM3BeIeHNE» ) OTHOCUTCH K THITY P, ecsi BpeMA ee pelleHUs
C n-3HAYHLIMM YMCJIIAMH OTPAHMYMUBAETCH BhIDA)KeHNEM BHIA
c-n”, TIe ¢ B r— HEeKOTOpPhle (PUKCHUPOBAHHLIE IIOCTOSAHHBIE.
Byxsa P o3HauaeTr, UTO Takue 3aJadu MOTYT OBITH peIlleHBI 3a
NOJIMHOMHUAJIbHOEe BpeMsa. Hanpumep, eciu 3agada ¢ n-3HaU-
HBIMHM BXOIOHBIMU JAHHBIMM MOJKET OBITH pelleHa C ITOMOIIbIO
meree 1000 - n2° premMeHTapHBIX omepamuii, TO OHA OTHOCHUTCSH
K Tuny P.

Xopouo M3BECTHO, YTO 33JaYM 3TOTO THIA «CPABHUTEJHHO
IPOCTEI» M UYTO OOGBIYHO HX MOYKHO PEHIUTh ¢ MIOMOHIBIO
KOMIIBIOTEpa 3a pasymMHOe Bpems.l

Yro takoe NP-zapaua?

OgHako AJA HEKOTOPHIX B3aZauy TpeOYIOTCA OYeHb CJIOMKHBIE
MeTOoAbI pelieHnA. UToObI onpeseIuTh ONITUMAJIBLHEIN MapIIPyT

D310 TompKO sMmMpmueckoe npaBmio. EcaM OrpaHWUeHHWe HMeEET BHJ
1000 - n20, 70 ana pelIeHNA 3a/AYH C IATH3HAYHEIMHA YHCIAMY MOTpebyeTcs
95 367 431 640 625 000 onepamuiti. KoMmboTep He CHOpABATCA C TAKUM
KOJIMYECTBOM.
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B 3aj/iaue 0 KOMMUBOsMepe ¢ n ropojjamMu, TpedyeTcsa CpaBHUTH
1-2.83 ... n BO3MOXHBIX MapUIPYTOB, a 3TO YNUCJIO HE MOJKET
ObITE OrpAHHUYEHO BHIpAKEHWEM BHAa c-n’, KakKuMu OBl
6OJBIIMMH HU OBLIM YHCJA C U TI.

Ho ecau mombiTaThcA yrafaTh pellleHWEe, MOXKET IIOBE3TH,
U TOTZa 3ajadua pelmuTcsa OBICTPO: HYKHO JHIIb YyrajaTh
pellleHye M IPOBEPHUThL, 3aTPATUB He (oyiee n omlepamuii, He
CAVIIKOM JI¥ AJHHHEIN HMOJYYHJICA MaplIpyT.

B o6mem ciaydae, sazauy oTHocAT K Tuny NP (Hezepmu-
HHCTCKWUH IMOJHHOMUAIBHEIN), €CJIH METOAOM YraAblBaHUsa IIpU
BE3eHUHM ee MOXXHO CBeCTH K IOJHHOMHMAJBLHOI.

MaremMaTnkoB pasapakaeT, 4YTO A0 CHX IIOp HUKTO He
cMoOr JfoKasaTh uTo Kiaacc P-zagau m xjgacc NP-zagau =He
coenaznaioT. OcobeHHEBI HMHTEepeC BHIBHIBAET BOIPOC O TOM,
IpUHAAJIEXKNAT JU Kjiaccy P safava «HAlTH AeJUTENE LEJOro
yucaa» (Kax MBI yiKe TOBOPHJIH, K Kiaaccy NP, oHa, KoHeuYHO
JKe, orHOocHTcAa). B 1. 23 MBI oGcy:xmanu, Kak 6e3o0macHOCTH
cucTeM HIU@POBAHWSA 3aBHCHUT OT OTBeTa Ha 3TOT BOIpPOC.

3a pemenue zamaum «P=NP?7» MareMaTuueCKMHA HHCTUTYT
Kmasa masHAUNS Harpafzy B MMJUIMOH gojuapoB. IlogpoGmocTH
BBl MOJKeTe Ha¥iTH Ha caiite http://www.claymath.org.
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C npobnemamm Jjgyumie BCero pasbumpaTrbcd, €Cay NOXXOAUTH
K HHM C TOYKK 3peHUs ONTHUMANBHOCTH. ITO OTHOCUTCH
M K MaTeMaTHKe, TJe MHOI'0O YCHJHII TPaATHTCSA Ha CO3TaHUe
OrpoMHOI0 pasHoobpasusa CIoco00B IIPEeACTABUTE PACCMATPH-
BaeMble OOBEKTHI TaK, 4TOOBI MOKHO ObLLIO BHIGpPATH HOAXO-
AsiIpe MeTOABI, KOTJa BO3HHMKAET KakKad-nTmubo 3anaua.

Paccmorpum, Hampumep, uHensie umena. Msl TPUBLIKIN
3aIIMCHIBATh MX B XOPOIIO 3HAKOMOM [~ECATHYHOM CcHCTeMe.
910 O3HAYaeT, UTO MEI 3aJlaeM oONpejeIeHHOE YMCJIO, YKa3as,
CKOJIBKO HYKHO €JWHMHI], AECATKOB, COT€H, M T. ., YTOOEI ero
sanucarb. Tak, 405 — KpaTKkad 3amIUCh YUCJIA «YeThIPE COTHU
IIIOC HYJL JECATKOB ILIIOC HATh eNUHUIL.»

9T0 oueHbL OPaKTH4YHAA (HopMa IMpeACTABJICHHUSA, HOCKOJBKY
IMO3BOJISIET CJIOKHBIE BLIYMCJIEHMA CBECTH K IIPOCTHIM OIfe-
panuaM YMHOMKEHMA H CJIOMKeHus, Ha O00yUeHHE KOTOPLIM
B HAYaJBHOH NIKOJle YUEHHKH TPATAT TAK MHOrO BpeMeHH,

Ho mouemy cucrema 3anmcu necarnuHasa? KoHeuHo xe,
noToMy, 4TO y HAC Ha PyKax AecATsh Haibnen; 6ojee riry0oKoil
npuyuHe! HeT. CyIMecTBOBAIN KYJILTYPHI, KOTOpbIE HCIIOIb30-
BaJId CHCTEMY CUMCJIeHHA ¢ ocHOBanueMm 12. B rakoii cucreme
ABEHAALAThL CHMBOJOB-IMGP (0o6oznauum ux 0, 1, 2, 3, 4, 5,
6, 7, 8, 9, A, B), a uncia 3anuCHIBAIOTCA C NCIOJLIOBAHUEM
creneHel aBeHaznatu. HaMm mokasajochk ObI CTpaHHO paboTaTh
C IOAOOHBIMH YHMCJIAMH, HO B TAKOM cUCTeMe, HECOMHEHHO, €CTh
nmpeuMymecTBa. A MMeHHO, Y ABeHaIIATH GOJibine AeJUTeleH,
YeM y JAecATH, ¥ IIO3TOMY peXe BCTPEYAJIHCH Obl CHUTYALNH,
KOIZia YHMCJIO IPUXOAUTCH SAMUCKEIBATE APOOLIO.,

B Hame BpeMa KpoMe JECATHYHON CHCTEMBI IIMPOKO
pacIpocTpaHeHbl JUIIb CHCTEMBI ¢ OCHOBAHMAMM JBA M HIECT-
HaAlaTh: JBOWYHAS M IIeCTHaAnaTepuuyHasa cucremsl. Ofe
HNCHOJB3YIOTCA B KOMIbIOTEepax. J[BOMYHAA cucTeMa IIpak-
TUYHA, MOCKOJIbKY B Heil ToNLKO gBe mudpsl (0 u 1), u mostromy
YpCiia JETKO IPeCTABAATh B 9JIeKTPOHHOM BuAe (0a MM Hem;
8bLCOKOE HaANpAYCeHUe AN HU3Koe). A IecTHaAUATePUYHAA



T'naBa 58. Bam Bcero gumsb 32 roza! 215

cucreMa BO3HHKAET, KOINa KOMOMHUDYIOT YeThIpe IBOHMYHBIE
undpel B OLHY.

Hanpumep, unciao 50 3anuckiBaeTcA B IIeCTHAATATEPIUIHOM
cucrteMe Kaxk 32 (1. e. ZBAXJbl OAMH ILIIOC TPHMIKIABL IleCTHAa-
anats). Tak uro 50-i1 meHb poxAeHNS OpeBpalnaercs B 32-ii:
BCe 3aBHCHUT TOJHKO OT TOYKH 3peHHNA.

®OHTAH B HOBOX HALUOHAJIbHOW TANEPEE

CucreMa ¢ OCHOBaHMEM 3 IOJAYYWIA XYOOKECTBEHHOE Ipen-
cTaBjleENMe B DBepIMHCKOM HanmuoHaJAbHOH rajepee. PoHTaH
BO BHYTPEHHEM [ABOPHKe, pa3pabOTaHHBIH aMepHKaHCKHM
MIHUMaQJINCTOM YOTepoM pae Mapua, BKJIIOYAeT HECKOJIBKO
MajJeHLKHUX CTPY#, KOTOPhIe OBIBAIOT TpexX pasHBbIX GOpM.
Ecam s™1 ¢opMBEI WHTEPIDEeTHPOBATH Kaxk OHGDHI B TpOU4-
HOH cHcTeMe CYUCJEeHHA, TO MOMKHO HOJYYHUTH BO3MOMKHBIE
KoMOuHaIuY nudp, IpPeCcTaBIdIONNe BCe YUCJIa OT HYJS O
3:3:-3—1=26 B cucreMe I10 OCHOBAHHIO 3.

Puc. 58.1. Yucna B TpomMYHON cucTeMe CUYHCIECHHUA

KAK NMEPEBOAUTDL?

Te, KOMY HOHPaBMJIOCH II€PEBOJUTEL CBOU BO3PACT WM APyTrHue
YyKcJa B UIECTHAAIATEPUUYHYIO CHCTEMY, MOTYT HCIOJIb30BATH
cJenyIomyIo npoieaypy. JomycTuM, 3aaHo 4HCIO B IPUBHIY-
HOH HZecarwunolt cucreme. Hampumep, umeso 730.
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IIIaz 1. Pasgenum uucjo Ha 16 u paccMoTpuM BHadajge
noayumBIIniica ocTaToK. B Hamem npumepe 730, aereHHOe
Ha 16, paBHO 45, a ocraTok paseH 10. IIockoabKy B IecTHa-
anareprnuHoii cucreme ecth qudpe 0, 1, 2, 3, 4, 5,6, 7, 8, 9,
A, B, C, D, E, F, B paspafile eIUHHUI] B IIECTHAAIATEPUIHOM
npezncrasiaeEnH ynciaa 730 crout A. Ito camaa mpasas nudpa
B HOBOM IPEACTABJICHUM.

IIagez 2. Tenepb BO3LMEM YACTHOE OT AEJieHUdA, IpPOBEJEeH-
HOr'O Ha IIepBoM miare. 910 Obw1o umcao 45. C 3TuM 4UucjIoM
IOCTYNIUM TOYHO TaK JKe, KaK pauble ¢ unciaoMm 730. Pazgenrum
45 ga 16 1 3aIIOMHUMM YacTHOE M OCTATOK. 45 : 16 = 2, u ocTaToxk
paBer 13. OcraTok gmaeTr LuUPPYy HA MeCTe IIECTHALIATOK,
BTOpyIO Hudpy cupasa, ¥ HOITOMY 3TO AOJKHAa ObiTh Hudpa D.

IIponenypa nmponosxaeTcss B TOM e fyXe Bce JaJblie, ITOKa
B pe3yJIbTaTe JejIeHUA He HOJYUNTCA 4Yucjao MeHblie 16. Omo
cTaHeT niepsoi nudpoii. B HanieM TpuMepe XBaTHUJIO ABYX JeJie-
HUM, DOCKOJNBLKY BTOPOE YACTHOe 2, pasyMeercs, MeHbIe 16.
HWrak, MBI BBIACHHJIM, YTO JEeCATHYHOe yuciao 730 B ImecTHa-
AuaTepuuHOfl cucreme sanuceiBaerca Kax 2DAp, mrgexc H
YKa3bIBaeT Ha TO, UTO YHCJIO 3AMMCAHO B HIECTHAAIATEPHYHO
cucreMme. Bes nurAexca BO3MOKHBI HefgopasyMenns. Hampumep,
B MpeACTaBIeHUA HEKOTOPHIX dYuces, TakuX, Kak 50-i geHsn
pPOKIeHUsA, T. €. 32, He BXOAAT 0coOble IECTHAAIATepUIHEBIE
mudper A, B, C, D, E, F.
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UTNA BIODDOHA

Ceromua mbl BepHemca Ha 250 Jjer Hasasy M nepeceueM
dparmysckyio rpanuny. TaMm u Torza y HayKH ObLa BBICOKHMIt
colnuanbHBIA cratryc. [locneguuMy JOoCcTHKEeHUAME B 3apOMia-
IOIIMXCSA eCTECTBEHHBIX HaYKaX U MaTeMaTUKe HHTepecOBAJINCH
MHOI'ie ABOPSHE, M HEKOTOphle M3 HUX JOOHINCL 3HAUUTE]b-
HBIX pesyabraToB. Kaxkzomy yBakalomemy cebs apHCTOKpaATy
KpOoMe KOHIOIIIHY ¢ IOPOAMCTHIMY PhICAKaMH IIOJIArajioch NUMeThb
HayuyHyi0 JaGopaTopuio, u 060 MyTelIecTBYIOINUNE YUeHbIH
moJydaJsl PagyUIHBINR IIPpHUEeM.

OgauM N3 TAKHX 9HTY3UAaCTOB
Hayku Obn MHopx-Jlym Jlexnepk,
rpagp ge Biodbdorn; oH pomuics
B 1707 r., a ymep B 1788 r., 3a rog mo
@paHnysckoit pesosionuu. Cerogesa
MHOMKECTBO €ro 3JHIUKJIONeIUYECKHX
TPYAOB, B KOTOPHIX OBLIO coOpaHo
3HaHHE TOTO BpEMEHM, IIOYTH 3a0bIThI.
Onuako OH ofeccMepTHJI CBOE€ HMA,
BOI/[A BMeCTe CO CBOUMM 3HAMEHUTHIM
SKCIEPHMEHTOM B WUCTOPHIO MareMma-
THKH.

IIpencrasbTe cebe TIJIOCKYIO
IOBEPXHOCTh, Ha KOTOpPOil uepes
paBHEIE IIPOMEKYTKHM IIpOYepUeHBl MApaJIeJbHBIE IpPAMEBIE.
3710 MoKeT OBITL Pa3IUHOBAHHBIA JUCT OyMarm, JesKkamui
Ha CToJIe, HMJK JOIaThId II0J. B XoJe 5KcnepuMeHTa
moAGpAaChIBAIOT HIVIY TaKHM o0pasoM, 4TO OHa majaeT Ha
3Ty HOBEPXHOCTH. BeperTe HMJIM HET, HO MOXXHO BBIYUCIHUThH
BEPOATHOCTh TOI'0, UTO MIJIa IIepeceder OAHY U3 NapasylebHBIX
aunuit. Eine yausuTenbHee, YTO 3TA BePOATHOCTL BhIPAXKAETCA
Yyepe3 UHNCIO JT — OTHOLIEHWE JAJWHBI OKPYKHOCTH K e€e
aIuaMeTrpy. OTOT (QAKT IO3BOJSET BBLIUMCINTE 3HAUEHUE 7
SKCIePUMEHTaAbHO. IlJIA 3TOT0 HYKHO TOJNBKO IIOAOpacHIBATH
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WUIY [OOCTATOYHO JAOJNro, YTOOLI BLIUMCIWTL BEPOATHOCTH
mepecevyeHNs ONHOH JIMHHU LOCTATOYHO TOUYHO.

Metozn, onucannbiii BioddoHoM, M3BECTEH IIOYTH BO BCEX
obyacTaX MaTeMATHKHM IIOh HasBaHueM wMmemod Morme-
Kapnob. Kanpussl rocmoky ygady VKDOIEHBI KX KCIIOIb-
3yIOTCA [Jisl IIOACYETOB, BBLIUHUCIEHUS HWHTErpajioB M T. I.
Koneuno ke, HUKTO He OpocaeT HIVIBI B HAIlle BpEeMs, KOTAA
€CTh KOMOBIOTEPHI, IO3BOJISIONINE MOAEIUPOBATh MHJIIMOHBI
CIOy4alHBIX COOBITHII B MTHOBEHUE OKa.

Kax xaJxo, 94TO B Hallle BpeMA HayKa CTAJIA HACTOJBKO
CJIOKHOM, YTO Te, ¥ KOr0 MHOTO BPeMEHM H JeHEr, He MOTYT
pacnopaguThcsa UMH TaK, KaK yIAIoch KOTZa-TO Meche rpady.

POPMYNA ANA BbIYHUCNEHUA BEPOATHOCTHU MEPECEYDb
ANHHAI0

Jas Toro uToGbl BEIBECTH (POPMYJIY, CBASBLIBAIOLIYIO YHCIO 7T
H BepOATHOCTH IIepeceys JJUHUIO, HY;KHO IIOCMOTPETE HA 3844y
C NpaBUJBHOH TOYKU 3peHUA.

Brauasne BBefleM HekoTophle 0Go3Hauenusa. lIIupuny AOCOK
o6osHaunuM d, a AIUHEY UMbl — [. YTo0sl rapaHTHPOBATh, YTO
HUIVIa MOJKET Ilepecedds TOJNLKO ONHY JMHUIO, OyleM CUHTATh,
4yTo [ MeHbIIe d. JTa cuTyanus maobpaxeHa Ha puc. 59.1.

-—o,—>

/

Puc. 59.1. OKCHepuMeHT ¢ HIJIOH

ITopa nopwsrouats K padore ciayuaii. IlpeacrasbpTe mps-
MOYTOJBHHUK cO cropoHamMu 90 m d/2 B mepBOM KBajpaHTe

DCMm. raxsme 1. 73.
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IeKapToBoil cucreMbl KoopAmHAaT. Touky B 9TOM IpPAMOYIoJb-
HAKe MOJKHO 3aJ]aTh ABYMSA UHCJIAMHK, CKa)XKeM @ H Y, IpudeM
a nexunr Mexxay 0 m 90, a y —mexny 0 n d/2.

o(a,y) d% (a, y) cooTBeTCTBYET ‘70/

< 90 ——

Puc. 59.2. Cayuaiisomy GpocaHHiO. COOTBETCTBYET TOYKA B IIPAMO-
YTOJIbLHUKE

Yucsa a ¥ y MOKHO HCIOJB30BATE JJIA ONMCAHUA TOrO, KaK
MMEHHO uIVia ymaja Ha mojd. IIyers y o0o3HauaeT paccrosHUe
OT cepefuMHB HIVIBI A0 Ommxaitnielf mpaMol, a a— yroa
MeXKAYy HriaoM ¥ mpamoii. Jta curyanmA u3o0paskeHa Ha
puc. 59.2. Ecan yroa a MaJ, TO HIVIa IIOYTH NapaJijiesbHAa
npamoii, a ecam a=90°, To nmepuneEamKyiasapHa. flcHo, UTO
AN MaJBIX 3HaUeHu# y (Korma IeHTp MIILI OGJIM30K K OpA-
MOl1), ZJIA TOro 4ro0sl MIVIa IepeceKja IMPAMYIO, ZOCTATOYHO
MAaJbIX YIVIOB «&. HJisi TOYHOrO OHHCAHUA 3TOH 3aBHCUMOCTH
JOCTATOYHO 3JIEMEHTAPHON TPHUTOHOMETDHUM: UIVIa IepecexKaeT
OpsIMYyI0 B TOYHOCTH TOTAA, KOTIA BePTHKAJIbHAs CTOPOHA
n300paskeHHOr0 HA pPHUCYHKe TpeyrojgbHuKa Gonbimme y. Ho
IJIMHA 3TOH CTOPOHBI, AeJieHHAass Ha [/2, paBHa CHHYyCY yIa
a. Ilosromy Hrjia nepecexkaeT NPAMYKI) DOBHO TOrZa, KOTAa

%-sina fonpmie y. MHoXecTBO TOuek (Q, Y), AJIS KOTOPBIX

3TO BepHO, M300paykeHo Ha puc. 59.3.

BwmecTo Toro 4roGnl Ha caMoM Jene OpocaTrbh HIVIBI, MOXKHO
BRIOHpPaATh cay4YadHBIM 00pasoM TOUKH HE IIPAMOYTOJBHHKE
¥ MHTePNpeTHPOBATh UX KaK Pe3yJLTATE PealbHHIX Gpocanuii
urael. BepoATHOCTH TOro, YTO WHIVIa MHepecedyeT TPAMYIO,
MOJYKHO HATH IO PHCYHKY: OHA DPaBHA OTHOLIEHUIO ILIOIalH
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7

Pue. 59.3. Touxkm B 3aUITPUMXOBAHHON O6JACTH COOTBETCTBYIOT
«OOMANAHMIO»

3aIITPUXOBAHHOM QUIyphI MOA rpa(bmcom CHHYyCA K ILJIOINagK
BCEro InpAMOYTOJBHHKA.

9TH Dioman¥ MOMKHO BBIYHC/ANTHE, M TOTAA MBI HOJYYHM,
YTO BEPOATHOCTEH IlepeceUb IIPSIMYIO HA IOJY paBHA

2.1
7-d’

roe d — mupuHa Hocku .

KonmdecTBeHHBIe OIEHKH MOKa3BIBAIOT, YTO 3TA (PopMYia
UMeeT CMbICJ. BepodaTHOCT: JOMKHA OBITL Ooabmie MAJA
GonbIIMx BHAYEHWH [ W JO/KHA YMEHBIIATHCA C DPOCTOM
IMUPHUHBI AocKu d.

JoBonbHO Teopmii, HaumHaeM JKcmepuMeHT ¢ 1 Mt
noabpacsiBaeM BA3ANLHYIO couny (gamuoit 10 mgroiimos) 1000
pa3 m orMedaeM, CKOJIBKO pa3 OHA Ilepecekja mpamyo (Korma
nipuHa Jocku coctaBiaser 20 proiimoB). HomycTmm, MbI
poayuunu 320 mepeceueHHil. IT0O JaeT OLEHKY BEpPOSATHOCTH P:
OHA JOJKHA COCTABAATH npubmmaurenasxo 320/1000=0,32.
W ecnim MBI paccMOTPHMM BBHIBEAEHHYIO paHEe TeOPETHYIECKYIo

¢opmyny, a IMeHHO
p=2:10
20 ¥4

¥ BBIBEJEM U3 HEE 77, TO IOJIYyINM
-2-10 . _2.10 2
7=36.P ~30-0,33 — 5125
Taxum obpaszom, SKCHEPDHMEHT ¢ HUIJION IO3BOJMA IIOJYYHTH
TaKylo oueHky: 7~ 3,125. Ilo-BuguMoMy, 5Ta OlLIEHKA HE Tax
Y TOYHA, HO €CJHM BBl XOTHTE HOJYyYUTH OoJjiee TOUHEIH
pesyJibTaT, IIpocTo OpocailTe ULy moJabule.

U3ra ¢popmyna monyueHa HHTerpmpoBaHMeM. YHCI0 77 3XeCh BOIHAKAET,
NOCKOJBKY pajuaHHAS Mepa ymia 90° coctaBiaaer m/2.



lhasa 60

XXAPA U XOnoh: KOHTPO/NIUPYEMOE
OXNAXAEHUE KAK CNOCOB PELUEHHMA
3AAAY ONTUMU3ALIUHN

He Tax 7aBHO B MaTeMaTHKy M3 BHEIIHET0 MUPA IPOHUK TEXHU-
YyecKHil TepMuH. B mpomusBozcTBe CTEKJIa «OTXHUI'» — IIPOILECC
HOCTEeIIeHHOTO OXJAMKAEHUsI CTEeKJA C LeJbl0 YBEeJIHYUTH ero
TBEPAOCTh M CHATH BO3HUKINNE B HeM HaIpAMXKeHUd.

B mareMaTuKe «MMMATALKA OTKHra» CTANA YHUBEPCAJIBHBIM
MEeTOJIOM pemeHHs CJIO0KHBIX 3agad ontuMmmsanuu. Wiea
3aKJIIOYaeTcCA B TOM, UuTOOBI HANMTH TaKWe uUMCjIa, WX Iapa-
MeTphI, KOTOpBLIE MeJaloT MCKOMYIO BeJIWUMHY KaK MOYKHO
6onsbmre. CxayxkeM, BhIOpaHRI mapaMeTpbl HIMPOTa M HOJrOTa,
a MCKOMAas BeJIMUYMHA — BEICOTa HaJ YPOBHEM MODS B peruoHe.
3azadya COCTOMT B TOM, UTOOBI HAHTHM HAWBBICIIYIO TOYKY
B perumoHe (a MOMKET CTOATH IeJb HaHTH CaMyI0 HH3IKYIO
TouKy). B B3azady MOryT BXOZWTH HOPOIOPIMH Pas3JINYHBIX
BellleCTB B XMMHYECKOI peaxkIuu, MK JKe IIapaMeTpbl MOTOpa;
BO3MOIKHO, TpebyeTcs HAHTH MaTEepPuaJy ¢ 0COOBIMY CBOMCTBAMH
WJIN YCJAOBHA, rapaHTHPYIOIUe HAWBBHICIIYIO 3QGPeKTUBHOCTD.

Kiaaccuueckuil cmoco0 pellleHMA TaKWUX 3a]a4 — HUCIOJb-
30BaThL guddepennuanbabie ypaBHeHnsa. Ho raxoil momxon
4acToO He CpabaTbiBaeT, IIOCKOJLKY COOTHOIIEHUA MeXIy
HAYAJIbHEIMY 3HAUEHWAMM M IejdeBod GQyHKIuell 3aBefoMO
He HU3BeCTHHI MJHA OHH CJAWIIKOM CJIOXHBI I KOHKPETHLIX
BBEIYMCIIEHUHA,

B rakux o6CTOATENHLCTBAX IIOJIE3HO BOCIIOJIb30BATHCA MMH-
TamMedl OTYKUTra. OTOT METOol MOMKHO Oo0bLACHUTHL Ha IpHUMepe,
KOrZa IIyTEUIeCTBEHHWK MIIET HAWBBICIIYI0O TOYKY B XOJ-
mucTtoii mectHoctu. Ilpencrasbre cebe, YTO BOKPYr TyCTOH
Tyman. Kax malfiTi caMyio BLICOKyio TouKy? VIATm Bce BEILIE
u Brime? Torma MoMeT CHAYYHTHCA TAK, UTO BBl 3acTpAHeTe
HA BepIIXHE HEBBICOKOTO XOJIMHKAQ, XOTA MoOriau 0Bl JOCTHYL
Apyrux BeicoT. CyTh MeToga — GONBIIYIO YaCTh IIYTH ABUTATLCA
BCe BBIIIe, HO BpeMA OT BPEMEHH JejaTh IIar BHU3. IJTO
TO3BOJHUT HalTH [AelicTBHTENbHO HAWBBICIIYIO TOYKY. Bam
TOJIBKO HYXXHO yOeauThCH, UTO, JOCTUTHYB HAMBEICHIeH TOYKH,
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BBl He VijieTe OTTya. JTOr0 MOMKHO ZXOOHTBCS, IO3BOJIUB
TEHAEHIMH K COYCKY CTDEMHUTBHCA K HYJI0. 37eCh ¥ BBLIXOAWT
Ha CIeHY aHaJOTUS ¢ KOHTDPOJIMPYEMBIM OXJAKACHHEM.

B apyrmx sazavax nogxon npuOAM3HTENBLHO TaKoOH Ke.
Bmecto TOoro urolni GaypaTh B TyMaHe, BH NYTENIECTBYETE
B moje mnapaMmerpoB. Ecam none me 6GecxpaiiHee m y Bac
JOCTATOYHO BPEMEHM AJA BLIYMCJIEHHH, BLI CMOJMKETe PElINThH
Bally 3aJavdy ONTHMH3AINH.

NYTEWECTBYIOUHA KOMMUBOSRKEP

Ilpy rmocTaHOBKE ONTHMHU3ANUOHHBIX 3a4a4 YACTO MCIOJB3YIOT
aHaJOTUM ¢ nyTremecrBuaMn. Hanpumep, gaBaiiTe BCOIOMHUM
KOMMMTBOSKepa-OyTelIleCTBeHENKa m3 . 32. Cxa'xeMm, peub
MAeT O ABANUATH TOpojax M Tpebyercd HAWTH KpaTdyaliamii
OyTh, OPOXOEAUIUA Uepe3 KaKAbIl ropoi POBHO IO OXHOMY
pasy. IIpomymepyem roposa umcaamu or 1 xo 20 u Gyzem
3aNWCHIBATL MADIIPYT B HOpAAKe HocelleHua ropoaos. Tak,
IIOCJeA0BaTEeIHLHOCTD

6,1,19, 2,15,12, 3, 5, 20, 11, 16, 10, 7, 13, 8, 4, 9, 17, 14, 18

ofo3HauaeT MapuIpyT, HayMHAOWHUiicAa B ropoze 6, zareMm
Begymuii B ropox 1, B ropox 19, m r.x. Msr Gyaem
CUUTaTh, YTO B KOHNOE HY/KHO BEPHYTHCA B CaMblil TIePBHINA
TOpOZ,  IIO3TOMY NOCHAe MocelieHMa ropoza 18 ycrasmumit
KOMMHMBOSXKED OTIDABUTCA B ropoj 6, 3aBepIINE NyTeIIeCTBHE,

Yncao BceX BO3MOKHBIX MAapPIIPYTOB ACTPOHOMHYECKH
BEJIHKO. OJeMeHTapHasas KoMOmHaTropuka (cm. mi. 29) rosopur
o ToM, uro umx 2432902008 176 640000. Hepeanmcruuno,
Y1066l KOMIBIOTEP MOT BEIYHCANUTL MJIHUHEI BCEX 3TUX MAapil-
pyToB. ILiia TOro 9TOOLI MIPAMEHUTDL METOJ MMHUTANNM OTIKNATA,
MOJKHO ODEACTABUTH cefe KaXXAbIil BOBMOMKHBIA MapHIpyT Kax
TOYKY Ha XOJMMCTOH MECTHOCTH; IJIMHA MAPHIPYTa HPHU 3TOM
coo'me'rc'rnye'r BBICOTE HAJ YpOBHeM Mops, Hama nens—
HAATH CcaMyl0 HHSKYIO TOYKY.

IIpn umumayuu omoicuza Mbl MOULITAEMCA HAUTH pele-
HHe, HCXOAA W3 HEKOTOPOro MAapHIpyTa, CKaXXeM TOro, uTo
upusenu Beimwie (6, 1, 19, .. .). BeiGepeM Hayraj fBe MOSULONKA
B CIIHCKe U TOMeHAeM HX MecTamMu. Hanpumep, ecian BBIGpaHLI
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mosunuu 3 m 8, TO MOMEeHATCA MecTamMu ropoga 19 u 5, uro
JacT MapuipyT

6,1,5,2,15,12, 3, 19, 20, 11, 16, 10, 7, 13, 8, 4,9, 17, 14, 18.

Ecam Taxas mnepeMeHa MIpPHUBOAUT K Oojlee KOPOTKOMY
MapIIpyTy, TO 6yAeM HPOROAKATE IIPOIleCcC, BHIOMDAA KaMABIN
pas mHayrag mo JBe mo3unuu. B NpOTUBHOM ciyyae BepHeMCH
K OpeJuiAylieMy BapHaHTy M monpofyeM eine pas. OmHaro
eCThL emle OZHO MIpaBMJO. ByneM ¢ omnpejesieHHOH BepoAT-
HOCTBHIO NPUHHMAaTL MAPUIPYT HJAMHHee IpPeAbIAYyIero, u ara
BEPOATHOCTE B HAUYajie NPOIENYPHI BhIINE, YEM B KOHIE. ITO
rapasTHUpPyeT, 9YTO MBI He 3aCTPAHEM B JOKAJHLHOM MHHMMYyME
(1 B caMoM JeJie HailZleM caMyl0 HU3KYIO TOYKY, a He IIPOCTO
BIANWHKY IIOCPEAN ILJIATO).

PaccMoTpuM I1puMep, B KOTOPOM HCIOJIb30BaHA WMHTA-
oA ormxura. Ha pwuce. 60.1 caesa msobpaykena objacte ¢
OTMeUYeHHLEIMU Ha HeH aBaguaTeio «ropogamm». PaccrosuHus
MeXJy ropolaMM M3MEPAIOTCA mo mpsamMoi. B apyrux sagagax
PACCTOSHIA MOrYyT H3IMePATHCS HHA4Ye, HAIPHMep BROIb
CYIIECTBYIONMX JOPOr MJM B SaBUCUMOCTH OT CTOHMMOCTH
apuabunera. IIpeajioker HEKOTOPBI MapIIpyT, ¥ IIOCJIE 3TOI'O
MOMHO 3amycKarTh cJAydYaiiaplii mponecc BbiGopa. Pesyawrat
Takoro ciaydaitaoro Bnifopa msofGparxkeH Ha puc. 60.1 cnpasa.

Teneps NPAMEHUM S&JIFOPHTM HMHTanuy orTxura. Kax el
yKe CKasaH, TeKymuii MapmpyT BCe BpeMs BapbHpyercHd,
M, K&K IPaBIJIO, METOX OCTABJAAET TOJBKO 6ojiee KOpOTKHE

Puc. 60.1. I'opoga u cayuaitHeI# MapmpyT



224 Tnama 60. apa u xomon

N3 IPeNJIOMKEeHHBIX AJbTePHATHB. l1locje HECKOJBLKHX MWJLIN-
CeKyHJ{ BBIUNCJCHUH KOMIIbIOTEep Bhigas puc. 60.2.

Puc. 60.2. MapupyT, NOCTPOEHHBIA METOAOM MOJEIHPOBAHNA OTIKUTA

9ToT MapmpyT BBIMNIAZNUT MHOroofemaimome, W TO-BHAW-
MOMY, JYYIIero Mapurpyra He cyiecTsyeT. Hy:KHO OTMETHUTH,
470 HHKOTAA HEJb3:A ObITh YBePEHHBIM, YTO METOJ He Ipomyc-
KaeT HamwIyumuii MapmpyT. I'apanTua BpI6Opa HaWJIYYIIETo
Mapuipyra mnorpeboBajia 6bl TOpasgo OONBINUX 3aTpaT Ha
BEIUNCJEHNA ¥ 0Oojlee CJIOKHOI MAaTeMaTHUECKOH TeopHu.



Fnasa 61

KTO HE 3ANMNATHUN?

B mMareMaThKe HMHOrIA BO3HHUKAIOT TAKMKE CUTYalUMM, UTO
MOYKHO CTPOTO JOKa3aTh CYNIeCTBOBaHme o0beKTa, ofianaio-
Wero HeKOTOPLIMHM CBOMCTBAMM, OAHAKO HEBO3MOXKHO IOCTPO-
WTh HH ORHOrN0 KOHKPETHOT'O IMpPHMMEpPa TaKoro oObeKTa.
Takue NOKa3aTEJIbCTBA HA3BIBAIOTCS HEKOHCMPYKMUBHBIMU
foxasamenbcmeamu CYu,ecmeo8arus.

Hanpumep, paccMOTpUM KJACCHYECKMHE pe3YJBTAT O TOM,
YTO CyIecTByeT GeCKOHeYHO MHOro mpocThIXx uucen. Orcioga
cJaefyeT, HAIPUMeEpP, YTO CYIIECTBYET IPOCTOE HHCJIO0, B KOTO-
pom Oosiee 100 TpmimmonoB numdbp D, Opgmaxo MBI Kpaiime
maJeKH OT BO3MOXKHOCTH 3alucaTh TaKoe YMCJIO Ha Oymare.
PexopacMeH Cpefu OTKDPHITHIX IPOCTBHIX YHCEJ COCTOUT «BcCero
JUNIL» HN3 OPUMEPHO JAecATH MuUJiauoHoB mudp. W MbI
MO’KEeM CYHTATSH, YTO Ha NPOTAKEHUN Haluel 'KM3HU CUTYanns
3HAYUTEJBHO HEe M3MEHHUTCH.

IIyTe oT AOKas3aTeJbCTBA CYLIECTBOBAHMUA K KOHKDETHBIM
npuMepaM dYacTo OblBaeT JOJATHM ¥ MYYHUTEeJLHBIM — €CJIH
Taxoil npumMep BooGule MoxxeT 6biTh Havifen. Hanpumep, leopr
KauTop, coszaTenbh TeOpuUM MHOKECTB, LOKA3al, YTO CpeAu
BCeX 4Ymuces OGOJBIIMHCTBO <«KpaiiHe CJOMKHBI», T. €. MPAHC-
uerndenmnvt. Ho morpebGosanuch cephe3dbie YCUJINA, UTOOBI
JOKA3aTh, YTO KaKoe-TO OIIpeieIeHHOe YHNCJIO TPAHCIEHAEHTHO.
(A eme TpyAHee ObLIO AOKA3aTh, UTO TPAHCUEHAEHTHBI HEKO-
TOpBIE XOpOINO M3BECTHBLIE UNCIA; MaTeMAaTHUK, NOKa3aBIIMI
TpaHCIeHAeHTHOCTh 4Yuciaa 7, JImHaeMaHH, ofecmedms cebe
MecTo Ha Mmaremaruueckom Osmmme; cM. ri. 48.)

MoxkHO mOAyMaThb, UYTO Takpe 3ajayy He BO3HHUKAIOT
B <«PEaypbHOI» XH3HM, HO 5TO He TaK. 3a IPHMEPOM MOXKHO
OTIIPABUTELCA B Oammallmnii mkas-kay6. CoTHA 3aBcerfaraes
packauuBaloTcs B PUTMe My3bIKMm. Kaccup sameuaeT, 4TO 3a
BXOJl 3aIlIaTIJIM TOJLKO [OE€BAHOCTO uYea0oBeK. MOKHO OBITH

D0 6ecrOHEYHOCTH MHOKECTBA IPOCTHIX YHCEX MOMKHO IPOUYUTATE B II. 4.

8  Marem. nATHMHHYTKH
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YBEpEHHBIM, YTO [eCATh IMOCEeTHTEeNed Kak-To Npobpaanuck, He
3amJaTUB, HO KaK BbI OIpefeuTe, KTO MMEHHO?
KPONMIUKK U KNETKH

O,Z(I/IH H3 BaXHBIX METOANOB OOKa3aTeJIbCTBa — NPUHUUN KPO-
AukKo8 u kaemokx. OH 4acTo HCIIOJIB3YeTCA B MaTeMaTHYeCKUX
HEKOHCTPYKTHBHLIX A0OKal3aTeJIbCTBaX CyIlecTBOBaHUNA.

Puc. 61.1. IlaTh mapoB M TPU SAIMUKA: XOTA GBI B OJHOM SIGHKE
ABa mapa

HUpesa npocra. JomycTM, B KOMOJE €CThb N AIUKOB
u uMeercs OoJlee N IIAPOB, KOTOpbIEe HYXKHO B SAMMKAX
pasmectuTb. Torma xoTsa 6Bl B OAHOM AIMUKE OKAXKeTca IIo
MeHbIIEH Mepe ABa mapa. MoXHO GBITh YBEepeHHBLIM, YTO Tak
OHO M eCTh, Ja’ke HE OTKDHIBAS AIIUKU U He 3aAyMLIBAACD,
B KaKOM SAIIVKe MJM B KaKUX AMMKKaX 0oJee OZHOTO IIapa.

IIpnHEOUND sceH BCEM, MAaKe TeM, y KOI0O HeT OIbITa
B pacKJaJbIBaHMU IMapoB mo amukaMm. Hanpumep, ecam BbI
paccoBaJiu TPH HOCOBBIX ILIATKA IO ABYM KapMaHaAM, TO XOTA
65l B OTHOM KapMaHe OOHAPY)XHUTCA He MEHbIIe ABYX ILJIATKOB.

A Kak ke JOKa3bIBalOT CaM NPUHIUIO KPOJHKOB M KJIETOK?
3amedaTesBHO, UTO €r0 HeJb3A JOKazars npsmMo. [Ipuxogurcsa
JOKa3bIBaTH TO, YTO B JIOTHKe HA3BIBAETCS IIPOTHBOIOCTABJIE-
HueM, — 370 namwobiaeEHbiii meron Illepaoka Xoamca. Ecan
Mmuctep X — He TPECTYNHWK, TO MHCCHC Y J[OKHA ObLia
BuzeTh ero. Ho Mumccuc Y ero He BHJena, MOITOMY MUCTED
X gomxeH OBITH MPECTYITHUKOM.

B mamem caydae MBI foKaskeM ciexyioniee. Eciu B xamgom
sAmuke He 6oJjiee OAHOTO HIapa, TO B KOMOAe He Gojiee n 1Iapos.
Ho B xoMOze Gojsiee n mIapoB, W MO3TOMY YTBepXKAEHUE O TOM,
YTO B KaXKJOM AIMKe «He 0OoJiee OZHOIO IIAPa» HE MOXKET
OBITH MCTUHHEIM. .

THUONYHOE MaTeMaTHYeCKOe IPHIIOKEHNe MOMXKET BhITVIALETh
Tak. JlaHbl OAWHHAAIATE CIAYYAMHBIX HATYPAJILHBIX YUCel.
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i Torna sicHO, UTO N0 KpaWHeH Mepe ABa W3 HUX 3aKaHUMBAIOTCA
. Ha ofHy u Ty e uudpy. IIpocTo Hapucyiite B cBoeM BOOG-
¢ pakKeHHM TaKyi0 KapTUHY: AECATH SIIMKOB IPOHYMEPOBAHEI
. puppamuz 0,1,2,...,9, Kamaoe N3 OJUHHAAIATH YNCE]
IOMEIIeHO B SAIHMK, COOTBETCTBYIOIMI mocnenHeit mudpe.
Moxxuo mpezcTaBaaTh cefe n AMMPKOB, B KOTOPBHIX HYMKHO
pasmecTuth Gonee n kpouukoB. Torma mo KpaitHeil Mepe
B OAHOM fALIAKE OKAXKETCHA XOTdA OBl Iapa KpoJukorR. Buammo,
TOT, KTO Ha3BaJ <IPHUHIHIOM KPOJMKOB M SIIUKOB» 3TOT
MeTOon AOKA3aTelbCTBa, OBLT GOJIbIIMM JOOHTENEeM KPOJIUKOB.



MaBa 62
O YEM INOoBOPUT CTATUCTUKA?

ITour xampplii AeHb — U Ja)ke B CEPbEe3HBIX raseTax —
MOKHO HaUTH HHPOPMAUIUIO O IOCHESHUX CTATHUCTHYECKHUX
HUCCIEeIOBAHUAX: yUYeHbIe OTKDLLIM, UTO MATEMATHKN KHUBYT
Jojblie (QU3UKOB; KATAThbCS HA BeJOCHUIIE[e OmacHee, YeM
XONUTh MEIIKOM; M T. .

Orkyna OepyTcs Takme yTBepkIeHHA? YUTO CTATHCTHKA
MOXKET HaM CKasarb? YBHI, OTBET DPA30UYAPOBBIBAET, TAK YTO
JaBafiTe pPacCMOTPHUM KOHKDETHBIH mpHMep.

JdonycTuM, BBl OTIIDABHIUCH B JIOOMMEI MATA3MH TOBapPOB
AJA jocyra M KyOWIM IAapy WUTPajJbHBIX Kocreii. IIpoxa-
Bery y0exgaeT Bac, 4YTO KaxJjad KOCThL COBepHIeHHO cba-
JaHcupoBaHa. IIpmasa mgoMo#, BBI HMCHOBITHIBAIM 3TH KOCTH,
U OOHAPY)KHJIN, 4YTO IpH OPOCAHHMH OJHA KOCTh BCE BpeMaA
nagaeTr Tpoiikod BBepX. IloTpebGyeTe i1 BBl OOMEHATEH KOCTh?
Cb6anancupoBaHa Ju OHa?

Pue. 62.1. Huyero nogo3puTeabHOro?

IIpocToro oTBeTa Ha 3TOT BOIPOC HET, HOCKOJLKY C HEKOTO-
poii (BecEMa MaJioif) BePOATHOCTHIO Ha aGCOMIOTHO MIPABUJILHON
KOCTH MOJKET BBINIACTEH TPOMKA cTO pas noapsan. O6GhIYHO HUKTO
He OXKUJAeT OCYIIECTBJEHUS KpaliHe HEeBEePOATHBIX COOBITHIA,
U IO03TOMY HAEeHCTBYIOT ciexyiomuMm obpasoMm. Ilpexpge dgem
NIPOBEPATEL KOCTh, BBIOMpPAIOT MHOMKeECTBO M HCXOJ0B, KOTOpOe
OXKUJaeTcss ¢ BepPOATHOCTBIO, cKaxem, 99%, ecaIm KOCTb
6pocator 100 pas. Hanmpumep, M MoxKeT OLITH MHOMKECTBOM
HCXO0B, B KOTOPHIX 3 BhIIajaer He Gosee 40 pas. Torga ecnu
Balla HOBasg KOCTHh JaeT 3 CTO pa3 u3 cra (MIH Jaxke XOTs
651 TOTBKO 45), BEI MOMKETe CUMTATH, YTO KyNUIaH HedeKTHYIO
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Bemb. KoHeuHO ke, BBl MOKeTe omKOaThCsA, HO 3TO KpaiiHe
MasioBepoATHO (He Goabie 1%).

O6GBIYHO BCEMY 3TOMY YYAT C MCIIOJL30BaHHEM MaTeMaTHue-
CKHX TEePMHHOB BpOJE HYJIEBON IHIOTE3hI U JOBEPUTEJIBHBIX
MHTEepBaJIOB, HO O0Inas HAes Bcerga OHA: IIoJjlaraiiTe, UTO
HEBEPOATHBIE COOBITHA HE OCYUIECTBIAIOTCA.

KoneuHO ke, IPaBUJIBHOCTL KOCTH — JOCTATOYHO Oesolac-
HEBIA IpHUMep, HO GBHIBAIOT CUTYAILMH, KOIla B BOIIPOCAX HaLeMX-
HOCTH HA KOHY CTOHUT ropasno 6onabme. 3dhPHeKTHBHOCTS HOBOTO
. IEKapCTBa; BEPOSATHOCTD 3a00JIeTE PAKOM, KBS HENOAAJIEKY OT
BeTPOreHepaTopa; OMACHOCTH IIACCHBHOTO KYpPEHWHA — BCE DTO
OLIEHMBAETCA CTATHCTHYECKH HA OCHOBE TOrO ’Ke IPMHIMIA.

K coxanenmio, akkypaTHble # TIHATENLHO HpopaboTaHHBIE
hOpMYJMPOBKM CTATHCTHUKOB YTO-TO TEPAIOT B IIepecKas’ax
JKYpPHaJIHUCTOB. IIpUUYMHY JIerKo IIOHATH: TO, [UTO MOXKHO
YTBEPMKAATH YECTHO B TePMHUHAX AOBEDHUTEJHLHBIX WHTEDPBAJIOB,
PeIKO MOXKHO IPEACTABHUTL B BHE XJECTKON HOBOCTH.

MEHATb 1M MHE NOCTABLUHWKOB?

Jlns peaJnCTHYECKOro IIPUMepa CTATHUCTHUECKHX METO/IOB
BO3BMUTE Ha ce0s POJIb OIITOBOT'O IIOKYHIATENA pajuojeTasei.
TosnbKO YTO BaM JOCTABHJIM MapTHIO TPaH3UCTOPOR. IIpaBaa
JU, YTO TpPONeHT JedeKTHHIX TOBapoB MeHblne 3%, Kak
rapaETHpPYeT IPOU3BOANTENH?

Koneuno ke, Bbl MOXXeTe IIPOBEPUTH KasKAbIil TPaH3UCTOD,
HO, BO-IIEPBBIX, 9T0 3aHAJIO OBl CIUITKOM MHOIO BpeMeHH, a BO-
BTOPHIX, B IIpoOIecce MPOBEPKH TPAH3UCTOPHI YaCTO IIOJIY4aioT
noBpexjaenus. IlosToMy BB pelllaeTe IPOBEPUTEH ABaANATH
TpaH3UCTOPOB. PesynbTaT: ABa M3 HUX JeeKTHHI.

Temepb MOKyHaTelb paccy’kpaer Tak. Hackonbko BeposaTeH
TONy4YeHHLIN pes3yJeraT, ecau Jona AedeKTHBIX TOBapOB
He npeBbimaer 3%? OH uepruT TAGIMYKy BpoOZe TOM, 4YTO
u3obpakena HIKEe, B KOTOPOM YKasaHbl BEPOATHOCTH TOTrO,
4yTO u3 JABajanaTH TpaHaucropoB 1, 2, 3, 4 okaseIBawTCA
Ied@eKTHEIMHM, eCJIH IIPOLEHT AedeKTOB He IPEBHIIMIAaeT 3:

Yucao pedeKTHBIX U3aenuit 0 1 2 3 4
BeposaTHocTh : 0,55 | 0,33 | 0,10 { 0,02 | 0,003
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fAcHo, HanpuMep, YTO BePOATHOCTH ABYX JedEeKTHBHIX Aera-
Jdel u3 ABaAUATH NIpH AAaHHBIX yCcIoBHAX pasBHa 0,1, mim
10%.

Henn3a ckasaTh, 4TO 3TO KpaliHe HeBeposaTHoe colbiTHE,
TaKk UTO IIOKA HET CEePhEe3HBIX OCHOBAHMM JAJA OTKA3a OT
naptuu. Yersipe JgepeKTHHIX TPAH3MCTOPA — 3TO YiKe Tpe-
BOXKHBIH curgai. Komeuso xe, 3TO He BOBCE HEBO3ZMOMKHBLIHM
HCXOJ, IOCKOJBbKY MBI BCe ’Ke JAONYCKAEM TPHU IIPOLEHTA
AedheKTHRIX TPAaH3MCTOPOB, a 3TO TPUALATH LITYK M3 THICIYH.
Tak 4TO MOXKeT CIYYHTHCA TaK, YTO B BRIOOPpKEe M3 ABAALATH
TPaH3UCTOPOB MOJKET OKa3arThCA GOJbIe OXKHUAAEMOro YHCIa
OedeKTHBIX, HO BCe K€ NOJYYeHHBIH pe3yJsTaT BEILIAIUT
COBEDIIEHHO HEeBEPOATHLIM, ¥ IO3TOMY GoJibIlie HeJIb3A COoTyia-
LIATHECA C IPEeAIOJIOKeHNeM «AedeKTHHIX TPaH3HCTOPOB HE
Gosnee 3%».

YpoBeHb HeAOBepUS MOMKET OLITH BHIpAYKeH B umcaax?D,
Cnesyer MeHBIIE AOBEDATH NOCTABHIMKY, ANA KOTOPOro HET
MMOSUTUBHON MCTOPHMM COTpyAHMYecTBa. Jlaxe ¢ yMepeHHO
HEBEPOATHBIM HMCXOA0M ObLI0 6Bl IIPABUJIBHO HE IPHUHHMATH
napruio. Ho ecsiv Ha DPOTAXKEHNM MHOI'HX JIET ¥ BAC C HOCTaB-
KoM OBLIM AOBEpPUTEJBHAIC OTHONIEHWA, TOJBKO KpaliHe
HEeBEPOATHBIH DPe3YJLTAT MOMKET OBITE IIOBOAOM COMHEBATHCH
B 00bABJIEHHOM IponeHTe AePeKTHBRIX TOBAPOB.

UCymecTpyer rexumuecknit TepMUE A06epUmMenbHbLL UHMEPEATL.



Tnasa 63
APBUTPAX

OnHO 13 KIIOYEBHIX CJI0B B PUHAHCOBOM MaTeMaTHKe — apOum-
pax. O HeM HYXKHO 3HATH ABe Belnu. Bo-IepBrIX, OnpefesieHNe.
Ap6GuTpas — 5T0 BO3MOYKHOCTh MOJYYHTEH IPHOBIAEL 0e3 pHcKa
u 6e3 BiuoxkeHmil Kanurana. Hampumep, ecau 6ank A nponaer
monaaps: mo 0,9 eBpo, a 6ank B nmoxynaer nosnaps: o 1 espo,
TO cieayeT GBICTPO rae-HuGY AL 040KUTE 900 eBpo; IOTPATHTH
ux Ha nokymky 1000 pmoniapos; ToTuac ke IpOAaTh UX,
peipyuns 1000 eBpo; a 3aTeM BEpPHYTHL rmosauMcTBoBanusie 900
eBpo. Byana! — BeI moayuusiu upudsuis B 100 eBpo. Breino 6w
ele Jyunie, ecau 6pI BuI MOIVIA B3AThb Baaiimbl 9000 espo unu
paxe 90000 espo. ApOurTpask — 9TO KaK T'yCbIHA, Hecyulasa
30JI0ThbIe AMNIA.

VBLI, BTOpas Bellb, KOTOPYI0 HYKHO B3HATH PO apdur-
paxx, — uTo ero He ObiBaer. PyHJaMeHTAIBHBIN 3aKOH (pUHAH-
COBOII MaTeMaTHKH TOBODHUT O TOM K€, UTO U IOBCEJHEBHBIN
37paBblil -cMBICJa: GecliaTHOTO ceipa He OmiBaer. OgHAKO 2TOT
3aKOH He TakKoil CTPOrmii, Kak, CKaKeM, 3aKOHbI (H3uKU.
Ecnu, Hanpumep, oOMeHHBIH Kypc B 'OHKOHTe XOTH HEMHOI'O
omInyaeTcd OT Kypca Bo ®paHKGypTe, To GyAyT HepeMelleHEbl
KpYOHBIE CYMMBI, 4YTOOBI BOCIOJb30BAThCSA BO3MOMHOCTHIO
ap6urpaka. B mpomeHTax PasHWIA MOKET OBITH MHHWMAJIL-
HOIl, HO AJS MWAJUIMADAOB €BPO OHA CTAaHET O4YeHb 3aMeTHOI.
Mpr ¢ BaMu HUKOrza He pasforareeM TakKuM o0pa3oM,
MOCKONBKY OaHKOBCKHEe KOMHCCHOHHBIE IIJIATEKH OKAKYTCH
BLIIIEe IIPUOBLIN.

A renepn 3alimemcs MarematTukoii. IIpuHnun «GeciaaTHOro
cvipa He ObIBaeT» paboTaeT Kak 3aKOHHI JABH:xKeHHA Helo-
TOHA HMJM KAaK BTOPOH B3aKOH TepMoAMHaMuKM. Ero mesab-—
HocTPOUTh (GOPMYJIBI II€H [AJA BCEX BO3MOMKHBLIX OIIIHOHOB
(mogpobHee 06 3TOM HanmMcaHO B cienyiomei mrase). IIpuanun
ap6uTpaxka urpaer GOJBIIYI0O POJb B OIMIIMOHHOI TOPTrOBJeE.
OH ucmonb3yerTcs cHeAyOMHUM o06paszoM: TOJBKO Korga IeHa
3a HEeKOTOPBIM ONUMOH IpejIojaraeT HeKOTOpoe CIellHasIibHoe



232 Tnama 63. Ap6urpax

snadeHue, ap6uTpax mcuesaer. IlosTomMy aTO M ecTh IeHa,
KOTOPYIO CJIefyeT HA3HAYUTH 384 OIII[HOH.

Heckonbko JreT Ha3a[ 3a BEIYHCACHHUA — KOHEUYHO XKe, OUeHb
CJIOKHBIEe, — IPOBEZEHHELIE COIVIACHO 3TOMY HOPUHIUIY, GbLIa
npucyskreHa HoGenerckas mpemus. OHa crana Harpajgo# sa
BeIBOA, (hopmynasr Baska—Illoynsa, urparomieii GONBHIVIO POJIE
B IIeHOOOPAa30BAHUH OIIMOHORB.

APBUTPAXK KAK «3AKOH MNMPUPOADI»

IIpunnun <«apburpaka me OniBaeT» HUrpaer B (QUHAHCOBOL
MaTeMaTHUKe TAKYIO JKe POJIb, KaK 3aKOHEI NPUPOALI (Hanpumep,
cmjla paBHA IIPOM3BEJEHHIO MACCHI HA YCKOpeHue) B (H3UKe.
Ero mMoxHO HCHOAB30BAThL AJSA TOI'0, YTOGHI ZejaTh HOBBIE
OTKPBITHUA.

PaccmorpumM, Hampumep, [OTOBOP, COIVIACHO KOTOPOMY
B HACTYHAIOIMIEM I'OAY A MOJYYal0 FapaHTUPOBAHHYIO BBLIMLJIATY
B 100000 eBpo. IlzaTexx Momxer OBITH CBA3aH, HaIpuMmep,
C IEePEBOJOM CJIOKHOIO IOPT(esda aknuit, 3a KOTOPEIH rapas-
THPOBaHHO Oyzer moxyuena cymMa B 100000 eBpo B KoHIE
OroBOpPeHHOro cpora. CKOJIBKO A JOJYKeH 3alJIaTHTh 38 TAKOH
KOHTpPaKT?

ITpegnonoxum, 4To A MoOry B3ATb Kpemut mox 4% roxo-
Boix U, Ilpuanun ap6utpasa INIACHT, UTO CTOMMOCTE KOHTPAKTA
pasHa B Tounoctu 100 000/1,04 =96 154 espo. ! BoT nouemy.

e Yro 6n10 651, ecii GBI KOHTPAKT MOMKHO OBLIO KYIHUTH
Jeineriye, ckaxkeMm, 3a 90000 espo? Torma s 6B B3Ad
B Ganke B kpemuT 90000 eBpo u xymua 6bI KOHTPAKT.
Yepes rog s nonyuun b1 csom 100000 eepo. Bepmuyxa
651 kpeautr B OaHk: 90000 eBpo u elme 3a IIPONEHTHI
90 000- 0,04, Bcero 93600 espo. Y mensa 65l ocTajgoch
6 700 eBpo — abGcoaroTHO OGespuckoBaa npubGeLie! Ho
MOCKOJILKY ap6uTrpaxka me GbIBaeT, HUKTO He Ipejjaraer
Takux KOHTPakToB 3a 90 000 espo. Te ke paccyxaenus
rogarca aaa noboi meHsl Hmxe 96 154 espo.

e A uro mpomzomno Obl, ecau OBl TaKme KOHTPAKTHI
npofaBajnchk aopoxxe, deM 3a 96 154 espo, craxkem, 3a
98 000 eBpo? Torma s 6b1 caM ux npoxasai. IIokynaTtess

DY mu1 6ymeM cuamTaTh, YTO A MOTY NIOIYyINTh 4% HaKONJIEHHMI.
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miaatur mHe 98 000 eBpo. A xKnagy 96 154 espo B GaHK Ha
ZIeTIOBHUT, M ocTasiiaio cebe 98 000 — 96 154 = 1 846 espo.
ApbuTtpaxk! fI Jerko BBINOJIHAIO CBOM 00A3aTENLCTBA,
IIOCKOJNILKY B KOHIlE CpPOKa KoHTpakra Mom 96 154 espo
BeIpactyT g0 100000 eBpo, xoTophle A M BHILIAYY
CBOEMY KJIWEHTY.

Mopans takosa. Ilis men sbeime 96 154 espo cyniecTByeT

ap6uUTpask, M [MO3TOMY TakKWX HeH He OnIBaer.

Ects TonbKO ogHA Hena — 96 154 eBpo, — KoTopas He IpH-
- BOAUT K apbuUTpaKy, W NOITOMY 5TO U €CTh CIpaBeiauBasd
meHa KOHTPaKTa.



hasa 64
l'lPOll.l,Aﬁ, PUCK. ONUUOHDLI

Hpe,uc'raBLTe ce6e, 4YTO BBI BJajJeeTe BHHOI'PDAJHHUKOM, IJe
BbIpanipuBaeTe KaDRp;LII';I ronm OKOJIO JecATH TOHH BHHOI'paja.
Bur IIpogaeTre BeChb BHHOTrPaAd BHHOZAENY, IOCKOJILKY, XOPOIIO
pasﬁnpaacr. B BBIDAIIUBAHVWYW BUHOrpaga, He yMeere OAeNaThb
BHUHO.

K coskanenuio, BBl He MOKeTe 3HATh HABEDPHIAKA, CKOIBLKO
MMEeHHO BHHOTIpPaja MOXKeTe IIOCTaBHUTh Ha PHIHOK, cobpaB ypo-
xai. HTobbl rapaHTHPOBATD PA3YMHYI0 BBEIPYYKY, BBl XOTHTE
ofecreuuTh cefe UTO-TO BPOJE <«CTPAXOBOro MmojJauca». BEI
YCTaHABJAMBaeTe HAa CBOH BHHOrpaj mHeHy P, xoropas xKaskercs
BaM pasyMHO#, a 3aTeM OTIpaBjsgeTech HA IMIONCKH KOro-
HuOyIb, KTO TOTOB 3aKJIOUNTHL C BaMM OUEepPeIHON KOHTPAKT.
B niarure maprHepy onpezesreHHYIO CYMMY 3a NOAMHUCAHHE
KoHTpakTa. Ecau oceHpIo leHa Ha BUHOTpaJa Oyler MeHbie P,
TO IAPTHED BHIILIATHT BaM pasHMIly. ECa¥ IleHa HAa BUHOTPAL
OyzeT OoJsblie P, BB IIOJyYaeTe NOXOX W BAII IIapTHEP HUYEro
BaM He [OJKEH.

Taxme coryalieHNA 3aKJAIOYAIOTCA KaKIblil JeHbL JecsaT-
KaMU THICAY; OHH Ha3bIBAIOTCA ONUUOHAMU. ITO KOHTPAKTEI,
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HanpasJieHHbI€ Ha TO, 9TO0BI YMEeHBIINTH, WWIHN BOBCE HNCKJIIO-
YHUTb PHUCK HEOIIpEeAeJIEHHOrO HJoxXoga. 3&0TanOBaTB T&KHM
06pa30M MOMKHO IIOYTH BCe: PBIHOYHBIC II€HbBI Ha BHHOI'DaA,
caxapﬂm‘?’t TPOCTHUK H 30JI0TO; IE€HbI Ha JoJulaphbl, 3JIeKTpH-

' 4eCcTBO, aKI¥MH TeJIeKOMMYHHNKalNOHHBIX KOMIIAHUH H T. .

Onnuous! cTann Kpaiide yno6HBIM MHCTpyMeHTOM. Hanpm-
Mep, MEI MOJKETe OTOPABUTHCA B CBoil Gamk m mpuobpecTn
OMIIMOH HA MOKYIIKY JECATH THICAY AKIUM TeleKOMMYHHKa-
OuoHHOM Kommanum 3 oKTab6ps mo 20 espo 3a axnuio. Ecan
PBIHOYHASA LEHA B 3TOT AEeHb OKa)KeTcd MeHbIle, To 0ank Gyjger
JOBOJICH, ITIOCKOJBKY BEI He CTaHeTe HOKYNaTh aknuu. Ecan
peIHOUYHAA neHa OyAeT Bhiie, TO GAHK 3aIUIATUT BAM DasHUILY.
WA HuUKTO Jaxke M He CIPOCHUT, AEHCTBHUTENBHO JM BBl KyIIHMIHN
aKIUM MAM HOTPATHIN AEHBIMM HA OTIYCK.

3xech BCTymaeT B UIPYy MaTeMaTHKa, HOCKOJIBKY B TaKOM
KOHTPAKTe IapTHeD AO/KEH 3HATH, CKOJBKO KOHTDAKT CTOHT
Ins Bac., BerumcnAas 5To, HYKHO HOMHHUTHL IPMHIUD apOuT-
paska, O KOTOpPOM MBI TFOBODHJIM B IpeAbigymell TIiase.
A ¥MeHHO, BUKTO He MOMKET HOJYIUTh HpUGhLIb, He PHCKYH.
Mocne BBefenus HYKHBIX IAPAMETPOB — DPONEHTHBIX CTaBOK,
OXKHUIaeMbIX H3MEHEHHH Ha DHIHKe aKnyili, PHIHOYHBIX IIeH,
CPOKOB KOHTPAKTA — IEHY MOXXHO BRIUHMCIHTE.

Ha priake ecTs OrpoMHOE YKCJIO PASJIMYHBLIX OIIVOHOB,
M K&KIABIA AeHb NOABJIAIOTCA BCE HOBBIE, TAK YTO Y MaTeMa-
TUKOB MHOrO paborei. Bonbmime GaEKHM NpHIVIAINAIOT HX Ha
paboTy COTHAMM, A B YHUBEPCHUTETAX BELYTCA MCCICAOBAHUA
U paspafaTeIBalOTCHA HOBBIE MOZENIH, IO3BOJAOUINE IIOJAYyYATh
Bcé Gonee TOUHLIE IPEACKA3AHUA.

Ho my»XHO IIOMHNTL: ONIMOHHAA TOPTOBJIS O9eHb IPURJIeKa-
TeJlbHA, Belb €CJIM N0Be3eT, MOKHO YABOUTH CBOH BJIOXKEHUS 34
cuutTaHHebie Hegeau. Ho nHOTIA 06CTOATENLCTBA CKIABIBAIOTCA
He TakK, KakK XoTeJoch OB, W BBl TepAeTe CBOM [eHBLI'H.
IMosToMy Te, KOro IO BEIXOAHBLIM TSHET AejIaTh CTaBKH, MOTYT
NPeNIoYecTh IOCTABHTD HECKOJABKO €BDO B HAIMOHATLHON
JoTepee.

nyT UaM Konn?

MexayHapoauniii SA3bIK (GUHAHCOB — MOMKHO CKa3aTh <«pasy-
meeTcs» — aarnuiickuii. HexoTopsle TepMHHBI BBl BCTPETHTE
HOYTH HaBePHAKA.
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Ecan xoTaT 4TO-TO IpPOJaTh, TO MHTEPECYIOTCA ONUUOHAMU
nym. Tax ObLI0 ¢ BJajeJblieM BHHOTPDAAHHKA, O KOTOPDOM MEI
pacckaspiBanu. Hy’KHO JOroBOpuUTHCA ¢ GAHKOM O JAEeTaxax:
CKOJIBKO CJIeiyeT SBAIJIATHTH 3a BHUHOI'PAZ B KOHIE CpPOKa
neificTBUA KOHTPaKTA (310 6YeT BaKHO, KOHEYHO JKe, eCJIH IeHa
OKaKeTcs HMKe yKasaHHOII B KOHTpakTe)? JTo cmpalik-yeHa.
JloruuHo, uTO OO0Jiee BBICOKas CTPa¥K-IleHA JejiaeT OMNINOH
JTOpoXxKe.

HaubGoJiee pacupocTpaHeHb] OINIIUOHEL ABYX CTHJIEH — eBpo-
meiiCKMil ¥ aMepHMKAHCKUH ONNNOHBI myT. {ys eBpomeiicKoro
CTHJIA JaTa KOHTpakKTa GurcupoBaHa. Hampumep, pasmep
BBIILIAT MOMKET 3aBMCETh OT DPBLIHOYHOHM IIeHbI Ha BHUHOTPAZ,
31 okrabpa. Ecau oniuoH aMepHKaHCKHI, TO MOKHO OTIIPAB-
aaTbecss B OaHk B 0001 MOMEHT O ompefeseHHOM JaTsl,
CKa)keM, KOHI[a HIOJA, H IIOTACHTH KOHTpakT. Tax moctynaror,
eciy IIeHbl Ha BHHOIpPaj, 0COOEHHO HH3KH.

Ins Tex, KTO X04eT YTO-HAOY Qb KYIIUTH, MOAXOMAT ONULOHDbL
roan. Eciu 13 nexabpsi MHe moHagoOMTCA IATH TOHH caxapa,
IpH HOMOUIM ONIIHOHA KOJIJI A MOI'Y rapaHTHPOBATH IIeHY, CKAa-
sxeM, B 2000 espo. Eciu B fexabpe IeHBI Ha caxap BO3pacTyT,
U A JomxeH Oyny samiaaruth 2500 eBpo, To 6aHKY mpupercs
BeIIATATH MHe pasHuUIly B 500 eBpo. B sToMm ciyuae Toxe
eCTh JB€ Da3HOBHIHOCTH — AMEPHKAHCKHI N eBponeicKmil
ONIUWOHBI, M, KAK U paHbIe, YeM HHWXe I[[€Ha CAEeJKH, TeM
IOpPOYKe OIIIHOH.

C onmuoHaMu paboTAaOT Aaxe Te, KTO He HY:KAACTCA B IATH
TOHHAX caxapa, a IpocTo cobupaercsa pasborareTs IyTeM
yucThIX crmexkyaanuii. IlocTodHHO pacTyias A0Jaa OMITEOHHBIX
CHEJIOK CBf3aHa ¢ WX yaob6cTBOM.
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OTPAXKAET JIW MATEMATHUKA
PEANIbHbIU MUP?

«IIpasnapHas» au y Hac marematTuka? HausHel orser — na,
KoHeuHO xe! Benp MHOrme MareMaTuyecKue 3aKOHBI CKJIAJBI-
BAIOTCA U3 HAUIETO ONBITA B PeaJlbHOM MHpPe, 1 MHUD OTPaKaeT
-HAIlX MaTeMaTHYeCKHe 3aKOoHbI. Hampumep, abGcTpaKTHBIN
pe3yJIbTaT <«HEpaBEHCTBA MOJKHO CKJIAALIBATHL® TapMOHUDPYET
C HaAIlUM OMNBITOM, YTO JenaTh HOKYIKM B CylepMapKere
OelleBjie, 4yeM B OyTuke. [Tockonbky B cynepMapkere JgellleBJe
Kaykaad BeOlb II0 OTHEJIBHOCTH, OOGIMHI cuer Toxe Oyaer
MeHblIIe.

Ho ecnu nmepeiiTi OT OGEIYHBIX Ynce I K fosiee CIOKHBIM 00b-
eKTaM, OTBET CTAHOBHUTCHA He TAaKMM oueBMAHBIM. Hampuwmep,
HYJKHO 3HATh TO4YHBIE (QPYHIAMEHTAILHBIE 3aKOHBI QYHKIHIL,
9TO6GBI CTPOTO AOKA3aTh, YTO HENpeprIBHaA GYHKIMs oba3aHa
B HEKOTOpPO# TOUKe NPHUHATL HYyJieBOe 3HaUeHMe, €CJM OHa
NPUHEMAET U OTPHLATENbHBIE, U TIOJOXKUTENbHbIE 3HAYCHUA.
9TO MJOMKHO OBITH <«OYEBHAHO» BCeM, HO MaTeMaTHUKW He
JOBOJIbHBI, IIOKA He HANAYT BBIBEPEHHOrO I0KAa3aTeJabCTBA.
Enle crnoxHee moxasaTh, yTo Ha puc. 65.1 m060f nyTe us
TOYKH A B TOYKY B HOJMEH NepeceKaTh OKPYXHOCTb.

Puc. 65.1. Jlwo6oit nyTs u3 A B B nepecexaeT OKPY:KHOCTb

IeiicTBUTENBHO, BCE <«3HAIOT», YTO JOJ'KHA OBITH TOUKA,
B KOTOPO#l IyThL IIEPECEKAEeT OKPYIKHOCTb, OGHAKO YEeTKOTro
NOHMMAHUSA 3a/a4yu CO CTPOrMMH (POpMYJHMPOBKOH M JOKa-
3aTeJbCTBOM YAAJ0CH AOCTHYL TOALKO 150 sier Tomy Hasapm.
Bajzaua cocToMT M3 ABYX uacreii. Bo-IepBBIX, HYKHO paso-
6paThbCs, UTO e TaKOe IIyTh, COENHHAIONUI ABEe TOUKH, H KaK
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Kak BHIPA3UTh TOT (haKT, UTO HA IYTH HET <«paspeiBOB». Bo-
BTODPBIX, IIOCJIE 3THX YTOYHEHUH HYMKHO JOKa3aTh CYIIECTBO-
BaHHe TOYKN II€PECEUYEeHM.

Wnorna Mexay GOPMYyJIWpOBKOM 3afakuM W YAOBJIETBO-
PUTEeNbHBIM pelleHNeM IPOXOAHUT MHOI'0 BpeMeHH. XOpONIo
HU3BeCTeH MpuMep U3 Teopuu y3a0B ). Bxech Toxe Bce «3HAIOTY,
YTO HEKOTODhIe Y3Jbl pasBA3aTh Helb3sdA, KakKk HU crapaficd.
Ozuako oTpPe6oBaIOCH MHOT'O YCHINI, UTOGHI 3TOT OYeBHHBIH
daxT U3 Hamero NOBCEIHEBHOrO OIBITA O0Opes] CTPOrocTh
MaTeMaTHYeCKOH TeopeMEl.

@OpMYyJIUPOBKA M JOKA3aTEJbCTBO <«OUYEBHAHLIX» (PAKTOB
KaK MaTeMaTUYECKHX TeopeM HeOOXOAUMEI, IIOCKOJBKY MBI
He MOKEM BIOJHE JOBEPATh HAIIMM ONBITY ¥ WMHTYUI[HH.
M Bce CTaHOBUTCS elle CJI0KHEEe, KOIfMa MBI BTOpraeMcs
B ofsacTu, He NOAJAMIOIINECST YYBCTBEHHOMY BOCIDHATHIO.
BossmeMm, HanpuMep, HapcTBO 6ECKOHEUHOCTH. 3/1eCh OTKPHIBa-
I0TCA IOpPa3uTeNbHble 3aKoHbI. Hampumep, Ha OZHON CTOpOHe
OPAMOYTOJBHUKA NIOMEIIAETCA CTOJBKO JKe TOYEK, CKOJBKO
Ha BCEM IPAMOYTOJBHUKE, H 3STOMY YTBEDMICHHIO MOMKHO
UpPUAATE COBEPUIEHHO CTPOTHII CMBICI.

Kpome TOro, Ajd ONHMCAHHS HA COBPEMEHHOM HAYUHOM
YPOBHE TOI'0, YTO IIPOMCXOANUT HA KOCMUUYECKHNX UM MHKDOCKO-
NUYEeCKUX DPACCTOSHUAX, TPEOYIOTCS MaTeMaTHUeCKHe MOJeJH,
COBepIIeHHO HEeNOCTYHMHEIe Hempodeccuornanry. OJHAKO TOMBKO
TaKue MOJEeJH MOTYT OIHCATH YeTBIPeXMepHOe IIPOCTPAHCTBO-
BpeMsa u3 o0medi TeOpHMM OTHOCHUTEJLHOCTH MIM 3aKOHBI
KBAaHTOBOM MEXaHMKH.

B sTOM CMEBICIIe MATEMATHKA IPEJOCTABISAET «KOPPEKTHBIE»
cTpoWTeNbHbIEe HeTajllil, HO TOJBKO IIOCHe OOJTHX IIOMCKOB
CTAHOBUTCA MOHATHO, KaKHe MMEHHO M3 HUX CJEeAYeT HUCIIOIh-
30BaTh [AJIA MOJEJIUPOBAHWS HAIIEro MHpA.

YABOEHUE ANENbCUHA

,I[ame B MAaTeMaTH4YeCKOM OIHCAHWNM ABJECHHH, HEeJOCTYIIHBIX
HeImoCpeACTBeHHO HAaIlleMy YyBCTBEHHOMY BOCHPHATHIO, €CTh
CJIeACTBHAA, COIVIACYIOIIHUEeCs C OKHUAaHNAMN OOBIYHOrO UejIoBe-
YeCKOro pasymMma. Opuako HHOrga nNpuxoinuTca 0CO3HaABaATh, UTO

DIloapo6ree 0 TeopHH Y3JIOB MOMKHO HPOYMTATH B IVI. 76.
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CYIIECTBYIOT Pe3yJIbTATHI, COBEPIIEHHO HEOKUAAHHbBIE C TOUKH
3peHus HOBCeAHEBHOrO onbiTa. OGINEenpUHATOE IOHATHE PABEH-
cTBa OECKOHEUHLIX MHOMECTB TOBOPUT O TOM, UTO YHCJIO
3JIeMEeHTOB 0eCKOHEYHOro MHOXKeCTBa He HN3MEHHUTCH, €CJH
YAAIHTL W3 HET0 TPYM WIH JAaXKe TDU THICAYHM 9JIE€MEHTOB
(cm. . 78).

Curyanusa MOXKeT OKasaThCA M eme OoJjiee ApaMaTHIHOM.
B mpumepe ¢ 6eCKOHEUHOCTBIO MOXKHO YTeINIUTh ceba Tem,
YTO TaKWe NapajoKChl MOABIAAIOTCA B oOjacTaAx, K pabore
C KOTODBIMH B3BOJIOUHA HAC He mnozrorosuna. Ho OsiBaioT
M NapajioKchl, OTHOCAIIMECSA K CAMBIM 3JIEMEHTADHBIM IIOHS-
TuaM. SHaMeHHUTHI npumMep — napadokxc Barnaxa—Tapckozo.
B HeM rosopurca O TOM, YTO, HCIOJBL3YS OOIEIPHMHATHIE
MeTOAbI, MOXXHO PpasfejuTh IIap — HAIIPHMED, aleJIbCHH, —
Ha KYCOUKM TaKuMM o06pasoM, UTO M3 HUX MOJKHO CJIOXUTH
BaBOoe Gosnpmmit map. Cm. puc. 65.2.

Pue. 65.2. Boame6eTso?

Tpebyercsa THIaTEILHBIA aHANINS, YTOOKI YOEANTHLCA B HCTHH-
HOCTHM YTBED:KAEHHUA, KOTOpPOe Ha NIEPBHIA BIMIAA KaXKeTcH
noaasiM OGpenoM. BosMoOMHOCTL yABOEHHMs amnejancuHa O00y-
CJOBJIeHa TeM, UTO NP «pa3pe3aHum» chepsl Kpad KyCOUKOB
CTAHOBATCA HACTOJIBKO 3Ur3aroo0pasHBIMM, UTO HUKAK HEJIb3d
NPUIINCATL UM PA3yMHOTO HOHATUSA 00beMa. 1 mosToMy Henn3sd
BOCIIOJIB30BATLCA NOBOJOM O TOM, YTO KaK HM IIEPECTABIATH
KYCOUKH, 00'beM OCTAeTCs HEeM3MEHHBIM.

Ecam korza-EmOyas B OyAyINEeM MaTeMaTHUYECKHE METOAbI
OpHUBEAYT K pe3yjbTaTaM, <«HECOBMECTHMMBIM» C JeiicTBu-
TeJBHOCTBIO, TO TaK HMJINM HHadYe mnoTpedyercss IEpecTpoOiKa
OCHOBaHWI 3TONH HAYKH.



asa 66
MATEMATUKA, KOTOPYIO Cﬂbll.UHO

Cerogas mul pacckaxeMm o Hame Batucre Mozedbe PDypre.
B HauaJie AeBATHAANATOrO BeKa OH IIOCTPOMJI AHAJUS, KOTOPHIi
Mbl Ha3bIBa€M CeTrORXHsS aHaau3om Pypve. Ero xnasm Gulia
moJiHa coOBITHil, CBABAHHBIX ¢ MpaHNY3CKOH peBoJomueii.
IlomuMo mpouero, @yphe ydacTBOBAX B sKcmeaumum Harro-
Jeona B Erumer m Hammcan HayuHyio paGoTy, B KOTOpOIf
BIIepBble OBLIM CHCTEMATHSUPOBAHBI eTHNETCKAs MNCTOpHA
¥ KyJbTypa.

Ananns ®ypre — OAMH K3 IVIABHLIX MHCTPYMEHTOB paboThI
MaTeMaTHKOB M WHXKEHEDPOB. B ero OCHOBe JIEKHUT IIpO-
CTOe HpejicTaBleHMe KolebaTeabHBIX ABJeHwil. Msbl orpaHu-
YAMCHA MY3BIKAJIBLHBIMHA 3BYKaMH, T. €. 3BYKOBBIMU KoJieGaHu-
AMU. <«ATOMBI» TOH& — CHHYCOMAAQJILHEIE BOJIHBI PA3IHYHOMN
gactoTel (puc. 66.1). Ecau xorure, MoxeTe YCJIBINIATL TAKOM
3BYK OpAMO ceituac. IIpucBucTHHTE: TO, YTO BEI YCABIIINTE, —
TOYTH YNUCTAsA CHHYCOMAAJNBLHAS BOJIHA.

ANANANANAN
VVV VYV VYV VYV

Puc. 66.1. Cunyconga

CoryiacHO TeOpuM pAa3AMUYHBIE CHHYCOUABLI PpAasIMIHON
MHTEHCUBHOCTH JOMKHBI CKJIaABIBATHCA, YTOOBI JATH HYKHYIO
dopmy BosHBI. [IIA MysSBIKAJIBHBIX 3BYKOB HAUMHAKOT C CHHY-
comnJi OCHOBHO! YAacCTOTHI, HOOABAAIOT CHUHYCOUAY YIABOEHHOM
YaCTOTEI, BO3MOYKHO, KalleJIbKy YTPOEHHOH 4YacTOThi, M T. I.

Ham cayx mnosBonser ybGegumrsca B sToM. BoJsiHa, cocTo-
Amlad M3 CUHYCOMIBLI ¥ IIOPIHH YTPOEHHOH YacTOThI, —
Xopolilee MpUOINKEHNE K TaK HA3BIBaeMOI KBAAPATHOM BOJHE.
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Yro6pl MBI MOINIHM YCJABIOIATHE PA3HUIY MEXKAY CHHYCOHAOMR
¥ KBafpaTHOM BOJIHOH, YTPOE€HHaA 4acToTa AOJKHA MMONajaTh
B AHAIAa30H CIBIMIMMBIX 3BYKOB, AJIs OOJNBINNHCTBA YHATATEIEH
orpaHNUYeHHEIX 3HaueHueM 15 xuiaorepn. IlosToMy pasHHIYY
MEXAY ABYMA BUZAMH BOJIH MOYKHO YCJBIIIATH IIPH OCHOBHOM
gacroTe IO 5 KHJIOTEepII.

Insa sTOro Hy:KeH HAEAIBHBIN TI'eHEpATODP YACTOTHI (BO3-
MOJKHO, Y BAC €CTh IPHUATENL-UHXKeHep). A MoXkeT OBITh,
Yy Bac eCTh CHHTE3aTOp WM eme KaKkoW-HUOYAbL 3J1eKTPOHHBIN
My3HIKaNbHBIH MHCTPYMeHT? Torma mpocrto BeIOepuTe GMOPMEI
BOJIH «CHHYCOHAANbHAA» U «KBAApPaTHAA», K MOXKeTe HaUNHAaTh
SKCIIEpHUMEHT.

Te, KOMy OpHAETCA YAOBJETBOPHUTHCHA KaueCTBEHHOH IIpPO-
Bepko#l Teopun Dypbe, MOryT oOpaTHTH, BHUMAaHMeE HA rojoca,
KOTOpBIE MOSKHO YCJABINIATE Ha KaKoHi-HMOYAL BedyepUHKe.
Huskme MyMXCKHe ToJOCAa Iopasfo Jerde pasodpaTb, 4YeM
BBICOKNE KeHCKHe. ITO IIOTOMY, YTO V MYMKCKHX TIOJIOCOB
6onbllle OBEPTOHOB B CJBIIHIMOM AHAarasoHe, ¥ y Hac 6osbine
IIaHCOB DPA3JINYATL HX.

YEPHbLIA AWMUK

Eers M gpyrue MareMaTHYeCKHe pesyJbTaThl, B KOPPEKTHO-
CTH KOTOPDBIX BBl MOXKeTe YyOeAMThCA CBOMMH yllaMmul, IIO
Kpajimeii Mepe KauecTBEHHO. BooOpasuTe uUepHBIN SNIUK,
Ha BXOJ KOTOPOTO IIOAAIOTCA CUTHAJBI, OHM KaK-TO BHYTPH
AmuEa o6pabaThBAlOTCA M NHOJAIOTCSH HA BBIXOK. JloOurtenan
3JIEKTPOHUKM MOTYT NDEACTABUTH cefe KaKOH-TO CJIOMKHBLIN
SJIEKTPUYECKMH KOHTYP, B KOTOPOM CHIHAJI B OXHOM MecTe
nofaercs, a B ApPYyroM MmecTe mamepsierca (puc. 66.2).

NN YWWWWY

AN = e

Puc. 66.2. Tak paboraer <«4epHBIN SIIUK>
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YepHbiit AmMUK AOKEH O6GJafaTh CHACAVIOIMHUMH CBOMH-
cTBaMU.

e OH goyKeH OBITH <«JIHHEMHHBIM», TO ecTh eCli UHTEHCHUB-
HOCTH BXOZHOI'O CHUTHAJIa YABaWBAaeTCH, UHTEHCHBHOCTL
BBIXOJHOI'O TOMKE YABAUBAETCA; a €CJHM Ha BXOJ IIOKAETCHA
cyMMa ABYX OTHAEJbHBIX CUTHAJIOB, TO Ha BBIXOJE HOJIKeH
MOJYYUTHCA TOT JK€ DPe3yJbTaT, UYTO OT CJIOMKEHH:A
BBIXOJIOB 3THX CUTHAJIOB.

e OH noxeH OBITH «MHBAPMAHTHBIM IO Bpemenu». To ects
BBIXOA AJA JIOOOT0 3aJaHHOIO BXOLA CETONHS HOJMeH
OBITH TAKHMM JKe, KaKMM OBLI BuYepa.

s mobureneil 2JIEKTPOHUKM 5TO O3HAYAET, YTO B CXeMe
HeJb3A HCHONL30BATH TPAH3HCTOPHLI (OHM HEJIHHEHHBI), B BO
BpeMdA JKCIEPUMEHTA HeJb3d BHOCHUTh HUKAKWX H3MEHEHWIA.
IIpuperca OrpaHUYUTHCA PE3UCTOPAMH, HHAYKTOPDAMH M KOH-
JeHCATOPaMH, a CHJIa TOKA K HaNpsAKeHHMe He JOJIKHBI OBIThb
CIUINTKOM OOJBIIMMU.

XoTa Takue uepHbIE AMUKHN ONKUCHIBAIOT JOBOJILHO Pa3HbIE
CUTyallUHd, ¥ HUX €CTh OZHO ofIlee: CHHYCOHUALI-KUPIHUUKK
aHannza Pypbe MNPOXOAAT Uepes YepHLIM AINK, HOYTH He
usMeHUBIINCh. OHU MOTYT ociabeTh WJIHW BBIATH M3 (Pasel —
HO 3TO BCe, YTO C HUMH MOXKET IPOU30HTH.

W3 Bcero ckasaHHOTO cJieyeT, UTO (BBICOKOYACTOTHBIM
MJIN HU3KOYACTOTHHIN) OMIBTD AN aKyCTHYECKHX CUTHAJIOB,
KOTOPBIi MOKeT 6bITh OIMUCAH KAK YePHBIN AIUK ¢ JHHeHHBIMA
CBOIICTBaMM, He MSMEHAET XapaKTepa CHHYCOHLAJLHBIX BOJIH,
Ecamr B Tako#t ¢umiasTp CBHCTHYTH (2TO JaeT Xopoillee IIpH-
OaurkeHNe K CHHYCOUAAJIBLHOMY 3BYKY), HA BBIXOAE MOJYUYHUTCSH
CBHCT TOH ke dacroThl. C ApDyro# CTOPOHBI, 3BYK rojoca
OpU IIEHHM MOXKET COBEPIIeHHO M3MEHUTH CBOM XapakTep; OH
MOMKeT CTaTh ropaszio 6ojiee NPHUIVIVIIEHHBIM WJIH, HAIPOTHB,
IIPOHBUTEJLHBIM.

PELENT NEPUOAUYECKUX BO/IH: ®OPMYNIA ®DYPLE

CorsiacHO Teopuu Pypbe IJIA CHHYCOHUJ HMEPHOIMYECKHE KOJie-
6aHuA ckjIagBIBaloTCA. KaKOB Ke TOUHBIH PELENT, T. €. B KaKoiH
MIPOIOPIMH pPa3nuuHble GYHKIUN BXOLAT B Pe3yJILTAT?
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PaccMorpuMm, HaupuMep, oyHxmuio [, rpadur KoTopoH
nsobpakex Ha puc. 66.3.

AAAA AL A
INRERRRARRN

Puec. 66.3. Ilepunoguueckaa byHKUHA

Cymecrsyer uyucJo p (mepuojg) Taxkoe, 9YTO 3HadeHUe PyHK-
IIM B TOYKe X + p BCeI'Za COBHAZaeT ¢ ee 3HAUYEeHHEM B TOUKE X.
ITosTOMY HOCTATOUHO 3HATH 3HAUYEHHA GYHKIUU Ha HEKOTOPOM
uHTepsaie I NJIMHEBLI p, TAKOM, KaK OTPe30oK Ha puc. 66.4.

| e

Puc. 66.4. Tlepnox dbyHKnun f

DyHKNUU OOBIYHO HOPMUPYIOT H CYHUTAIOT, YTO IepHOJA
paBeH 27, TOrAa POPMYJABI MOIYYAIOTCA OCOOEHHO HPOCTBHIMH.
BTOro JIerko ZOOUTHCH, €CJHU IMOAXONAIHAM 00pasoM BbIGDATH
eIMHUYHBIN OTpe30K Ha ocH abcmumcc.

W HaxoHeN, HY’KHO 3HATb, UTO TaKoe unmezpan. gea npo-
cta. Ecau pyukuma g ompegeneHa Ha HeKOTOPOM HMHTepBaJe,
TO MHTerpays QYHKIHUHN g 110 9TOMy MHTEPBaXY paBeH ILJIOMagHn
obsacTy Mexay rpadpmxom GyHKUMH H OCblo abenmucc. Ilpm
3TOM CUMTAIOT, YTO J00aA YacTh obJacTy, Jeskalllad HUMXKe OCH
abcruce, UMeeT OTPHIATEeNbHYIO Iuiomanb. Hanpumep, ecan
06JacTe MEXIAY HOJOXKUTeJabHOM uYacThi0 rpadukra GyHKIHN
U ochio abcmmec paBHa 4, a IUIOHIAAL MEXIY OTPUIATEIbHOM
4acThi0 M OChI0 abciycc paBHa 3, TO 3HAYEeHHMe HHTerpaJja
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paBHO 4—3=1., A ecam 00e yacTH paBHEI, TO HHTErpaj paBed
gyaio. (Ha puc. 66.4 usobpakes rpaduk Taxoii GpyHKIUHN.)
Teneps MBI MOXKE€M BBIYHNCJIHUTH <«HHrpefueHTHI». Ecan
bYHKUHMA f DepPHOIHYHA C IEPHOAOM 277, TO €€ MOMKHO 3aIlNCaTh
B BUIE
S =ay+a, cos x+a, cos(2x) + az cos(3x)+- - - +

+ b, sin x + b, sin(2x) + b, sin(3x)+. . .,

e sin 1 cos 060o3HauaIOT PyHKIUK cUHyC ¥ Kocuryc . «Beca»
Q> g5 -« -5 by, by, . .., UCIONBL3OBAHHBIE JJIA IOCTPOEHHSA
byaRUME f, onpeneadAOTCA CIEAVIOIIHM 0GpasoM:
¢ KosddunuenT a, paBeH uHTerpany GyHKnuux f (Ha
uaTepBasie oT 0 7m0 2s), AeJIeHHOMY Ha 27;
e Ko3ddUUUEeHT a, paBeH MHTerpasy GyHKnum f(x) cos x
(1a mHTepBase or 0 go 27;), AeNeHHOMY HAa ;
¢ xoaddumuesT a, paBseH HHTErpany byHKIININ
S(x) cos(2x) (Ha umTepBasne or 0 po 27), mereHHOMY
Ha T3 ...
e Ko3dpdunuent b, paseH mHTerpany GyHrmuu f(x) sin(x)
(ga umrepBane ot 0 mo 2x), AeJeHHOMY Ha JI;
¢ KoabhdunumenT b, pasern uHTerpandy Gysrnuu f(x) sin(2x)
(aa muatepBane or 0 go 27), KeleHHOMY HA o) ...
WUrax, ecam Bel yMmMeeTe OpaTh WHTETPAJbI, BBl CMOMKETe
onpeZesINTh KOJIMYECTBA BCeX dYacTel, KOTOpPbIE COCTABJIAIOT
neprogudecKyo (pyHKInIo.

D®yurmus xocuHyc Ha caMOM jefie PABHA QYHKIMM CHHYC, CABHHYTOH 110
BpeMenH. IlosToMy B hopmMysie MONKHO OGOHATUCE OMHUMU TONBKO CHHYCAMH.
y 4
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CNYYANU-KOMIMO3UTOP

B . 10 MBI yKe OGCYRAANM TeMYy <«CIAydal-IIHIcaTeNb»:
MAapTHIIKA 3a HEYaTHOH MalIMHKOHM 3a HOCTATOYHO GosblIoe
BpeMs HaledaTaeT BCe leJieBPhl MMPOBON JUTEPATYPHI.

. B MysbIke ciayuail 3KCILIyaTHpPyeTcH
BIOJIHE peanbHo. MouapT (BBI BHAUTE
ero TOopTpeT) CHaOAMJ HAC MeTOoLU-
KOii COUMHEHHMS MY3BLIKWM IIPH IIOMOIIH
HIPAJIBHLIX KOCTEH, OCHOBAHHOH Ha CJie-
IYIOUWIAX Opasmjax. BpockTe ABe KOCTH
u moxcumTaiiTe ofiiee YHCIO BHITIAB-
mIMX OYKOoB. 3areM u3 HabGopa moz
Ha3BaHUEM <«HEPBBIH TaKT» BbIOepHTE
TAKT C COOTBETCTBYIOIIMM HOMEPOM H3
OfMHHAANATH 3K3€MILIAPOR, IepeHyMe-
posauHEIx oT 2 go 12. To xe camoe
npopenaiiTe IjA Takta 2, Ajad TaxkTa 3,
H T.I., IoKka He Habepere 16 TaxkToB.

Tereprs OCTaeTCA COELUHUTHL BTH TAKTHI OZUH 3a JPYTIHUM
M BOCIPOH3BECTH pe3yabraT. B noayduusmieiica Dbece He
YyBCTBYETCA, YBBI, pyKa MACTepa, HO ee BIIOJIHE MOKHO IIpH-
HATH 34 4acTh COHATHHEBI OJHOI0 U3 COBpeMeHHUKOB Moitapra.

IOns xammoro m3 16 TtakroB ectb 11 BosMOXKHOCTEId,
¥ IOTOMY JAOCTYIIHBI Bcero 176 TakToB; MX MOXXHO CKOMOMHM-
poBare B ogHy nbecy 1116 pasmumumwimm cmocoGamu. Opmako
HeKOoTOpble U3 176 TaKTOB MOTYT COBHOAAATH C HEKOTOPEIMHU M3
Apyrux 176 TakroB, MOCKONBKY MoIapT WHOTAA MCHOJb30BAJ
OOHM H® Te JK€ CTPOUWTENbHbIe KUPIWYMKKA II0 HECKOJABKY
pas. Tem me meHee octraetca 759 499 669 166 482 pasmauaHEIX
romuosunuii. IlosTomy mocite 6pocanusa Kocreil MOMKHO OBITH
NPAKTHYECKH YBEPEHHLIM, YTO MOJYUMBIIAACHA IIheca HUKOTAA
paHbIile He HMCIIOJHANACH.

B coBpeMeHHON My3bIKe ciydail UTpaeT eine Gosee BAXKHYIO
ponb. B myasixke Kcemaxuca, manpumep, caydail ompezeJisaer
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He TOJNBKO HOTHI M HOPANOK WX IPOUTPHIBAHMSI, HO M dopmy
BOJIHBI JJI BOCIPOU3BEAEHHA 3BYKAa.

Bosmosxuo, Myssika KceHaknca BBISBIBAET 3HTY3MA3M JIHIID
Y CPaBHUTEJLHO HEOOJBIION0 KOJNYeCTBa cayuraresneii. OgHaxo
MHTEPEeCHO 3aJaTh BOIPOC: KAKYIO POJIb CHITpaJI cJIyd4all B KJjac-
cuueckoil mysbsike? YUro moasmmio IllyGepra B mectom Takre
BaJIbCa JO-MayKop IepeiiTh B TOHAJIBHOCTHE Mu-Makop? Ilouemy
MonapT pemuy Hao#CcaTb B JA-MHHOPe pouao <«Typenrwit
Mapii» B ¢uHaNe COHATHI JA-MamKop? 9TO BOOPOC TI'E€HUIO,
KOTOpPBIH YepmaeT CBO€ BAOXHOBEHME B HHOM MHpE, HIH
pesyJasTaT paboThl HEKOTOPHIX HEHPOHOB B TOJIOBHOM MO3Te?

Mg 10 cux mop He MOKeM INIy0OKO IPOHUKHYTH B Y€JIOBEUe-
cxkuii Mosr. Ho Hac eme XAYT CIOPIPU3EBI: BeAb B MOCHeTHHUE
HECKOJIBKO JEeCATHJeTHH MBI y’Ke OCBOWJIHNCh C uaeeil, 4ro
caydaiiHble BO3HEHCTBUA MOTYT OKa3aTh IPOAYKTHBHOE H CTa-
OuIu3UpyIoIee BANAHNE HA Pe3yJbTaT.

MOLIAPT U3 KOMMbIOTEPA?

Y Toro, XKTo BO3bMeT Ha ceba TPYA COYMHHUTL MHOTO MObec
no Merony Monapra, dYepes HEKOTOpOe BpeMs BO3HUKHET
BHEYATIeHHUEe, UYTO BCe 3TO YiKe MOKHO OBLJIO CJABIIIATH
paHbIlle, ga)ke €CJHH 3TH HOTHI A0 CHX IOp e€Ile HHUKOIAa
He NPOUTrPHIBAINCH NMEHHO B TakoM mnopsjgke. Ilpuumma
B TOM, UYTO HAII MO3I' CHOCO0EH Y3HABATH MYy3bIKaJIbHEIE
CTPYKTYphl. Kakue cO3Byumsi HCIOJB30BAJIUCh M B KaKOM
nopaaxe? KaxmM HHTepBajiaM OKasbIBAETCA IpegmodTeHue?
Eciu TH acmexThsl COBIAAAIOT B ABYX COYHMHEHHAX, TO OHH
Ka)KyTCA HAM ITOXOXKHMH,

ITUM 3HAHHEM MOYKHO BOCIIOJB30BATHCA IJS TOI0, UTOOHI
mocje TIATEJILHOrO aHa u3a coumHeHmit Momapra win Baxa
3alPOTPaMMHUPOBATH KOMIILIOTED HA COUMHEHHEe MY3BIKH, KOTO-
pad BBYYHT Tak Xe. HYXHO IPOCTO BBEIWICHHTH BajKHEIE
aACMeKTHl MYSBIKAJIBHOM CTPYKTYPHI M C€O3JaTh YTO-HUOYAL
HOBOE C TAKMMHU Ke mapamerpamu. C Kakoil BepOATHOCTHIO,
CKasXkeM, B Ihece J[J0-MAKOop IIocje HOT COdb ¥ [0 HIer
cu? A c¢ kakoifi BepoarHocTbI0O MH? KoMnbiorep Moixer
y4ecTh 9TO 3HAHWE: €CJIH HOTHI COJb M A0 HMAYT IOCIeNOBa-
TeJbHO, TO C MPEANNCAHHON BEepOSTHOCTBIO 34 HHMH IOHIeT
CH WIH MH.
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s cpeaHero cayuiaTesis pesynsrar OyAeT 3BydaTh «Bpofe
Monapra» umam «Bpome DBaxa». Pasymeercs, HOBBIX wuzei
IpM 5TOM HET ¥ TaKyl0 MYS3BIKy HHUKAK HeJIb3d Ha3BaThb
BAOXHOBEHHOM.

OCHOBEIBAACHh HA 3TOM IOAXOoZe, Kommosutop Opm Pus-
HeHJaJlb paspaboTaj MeToJ CO3ZaHUA TI'MOPUAHBIX KOMIIO3H-
nuii. AHagusupyior nBe xommosumu A m BY m maummalor
ruSpuIHYI0 KOMIO3HIHIO ¢ napamerpaMu A. IHEIME cioBaMu,
BCe CO3BYYMs, PUTMBLI M PHUCYHOK MeJIOAWIM TaKHe Ke, Kak
B couuHenuu A. 3aTeM napaMeTpsl HAUMHAIOT NOCTEIIEHHO
MEeHSATE, U K KOHIY IbeChl BCE TapaMeTPhl CTAHOBATCH TAKNMU,
Kak B xommosmnuum B. B pesyabrate Ibeca HaYMHAETCA
B cTHie A, a 3aKaHUMBaeTcs B cruiae B.

759 499667 166 482 BO3MOXXHOCTH?

IIns mocnegHero TaxkTa B IIePBOM YacTH IIbechbl, CO3LAHHOI IO
metoay Mouapra, T.e. AJA BOCEMOTI'O TAKTa, €CTh BOZMOKHOCTE
BeIOpaTh M3 OAWHHAAUATH BapuaHTOB. OZHAKO Bce TAaKTHI
ngearuuHsl. ITosTomy TakT 8 3apaHee dUKCHUpOBaH. AHaio-
TW4HO, [Jisl CAMOro IIOCJIeZHero TaKTa, LIeCTHaAIATOro, TOXKEe
ecTh OAMHHAIIATL BAPDUMAHTOB, HO TOJBKO ABa AeHCTBUTEILHO
pasInUHBIX TakKTa. IS OCTABIIMXCA UYeTHIDHAAIATH TAaKTOB
¢ momepamu 1, 2, 3, 4, 5, 6, 7, 9, 10, 11, 12, 13, 14, 15
OellcTBUTENbHO eCTh BCe OQUHHAANATH BapHaHTOB, H IO3TOMY,
¢ y4eTOM TOr0, 4TO IJA OAHOTO M3 TAKTOB — BO3MOXKHOCTEH
TOJLKO IBE, BCETO PAa3JIMYHBIX IIbeC

1114.2="759 499 667 166 482.

MoXHO OTMETUTH, UTO PAaBINYHBIE IPOUBBEAEHUSA MOTYT
6BLITHL pealM30BAHLI C PASHBIMHM BEDPOATHOCTAMM. JTO CBA3aHO
¢ TeM, 4TO HOpU OpocCaHMH Mmaphl KocTrell cymmser 2 m 12
BCTPEUAIOTCS NOBOJBHO DEAKO: KaK[ad M3 HUX IOABJIAETCA
¢ BepodrHOCTHIO Jumb 1/36. Cpenaue 3HadeHHSA BBINAJAIOT
ropasfo yallle; HallpuMep, BEPOATHOCTH IOJXYYUTH B cymme 7
pasuHa 1/6. IlosToMy KOMIO3SHIWM, COOTBETCTBYIOIIVE OYEHBb
GOJBINM MM OYeHb MaJIbIM pe3yJbraraM 6pocaHmsa KOCTeH,
KpaifHe MaJIOBEDPOATHSHI.

Ddunnenans 3KCIepUMeHTHPOBA ¢ COUMHEHUAME KOMIIO3UTOPOB JI3K0C-
xuHa n Tecyanbpo.
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BbIBAET JIU UIPAJIbHBIM KOCTSAM
COBECTHO?

B Teopum BeposTHOCTe#l OBLIBAIOT Ype3BBIUANHO 3amyTaHHBIE
Tembl. JlonmyctuM, MHOro pas OpocaioT HIPAJIbHYIO KOCTb.
C oxHOHM CTOPOHBI, MBI YACTO CJIBIIIHMM, 4YTO IOCJde <«00Jb-
moro» yucaa 6pocanmii pasHblie YKCJIA BBINAKAIOT IPHMEPHO
ONUHAKOBO YacTo. Ho ropopAT eine, 4TO y caydas HET maMATH,
4TO HA KaKJOM OpPOCAHUM BCE€ BEPOATHOCTH OCTAIOTCA TEMH
JKe, KaKHMH OBM ObLIM B caMOM HaduaJe.

Kax Takoe Moxer 6piTh? Ecam rocth Opocamm MmHOTO pas
U IPH STOM He BbIOaja INIecTePKA, He HOJKHA JH KOCTh
IPUJIOKUTE HEKOTOPHIE YCHJIHA, YTOOBI BBINOJHUIOCH IIEpBOE
yCJIOBHE U YCPEeIHUTD pe3yabTaT? He JOKHBI JIU YBEeJIUIATHCH
IIaHCH HA BHINIaJeHUE IecTePKN? 34ech MbI BCTpeuaeMcs ¢ TOM
ske pumocodueit, KoTopas 3acTaBiseT HEKOTOPBIX BLIOHPATH Te
HOMepAa B JOTepPeHHBIX OMIeTaXx, KOTOphle JaBHO He BLIMANAH.

9TO IPOTHBOpEUNE CHEMAETCA 3aMedYaHMeM O TOM, YUTO
«paBHbIE BO3MOJKHOCTH» [JIS BCeX dYHCe] He o006a3aTesbHO
IPUBOAAT K OJHMHAKOBBIM pE3yJbTATAM: MBI OMXHIAEM, 4YTO
C OYEHH BBICOKOM BePOATHOCTHIO PAa3HBIX uuces Oyaer npu-
6rusumenvHo TOPOBHY. MOMKHO BBLIYMCIHUTbL, YTO B TAKOM
9KCIIEDUMEHTe NIaHCHI HA TO, UTO BCe IIEeCTh UHCeJa OGyayT
BBINIaIaTh HPHMEPHO ONMHAKOBO YACTO, COCTABJAIOT IIOYTH
CTO mpoieHTOB. OZHAKO MOMKET CAYUUTHCA (XOTA BEPOATHOCTD
3TOr0 MCcYe3alollle Majia) M HeuTo KpalHe HeIpaBAOMOAOOHOE;
HAnpuMep, BBITAAYT OAHU TOJBKO TPOHMKH.

IIpounnnrocTpupyeM cKazaHHOE CIeAYIOIUM oOpasom. Ilpexa-
craBbTe cefe OIpPOMHOE YHCJO MAPAJIIEJIBHEIX BCEJIeHHBIX,
B KOTOPBIX IPOXOAUT OAHMH M TOT )K€ dKCIEPHMEHT: UTrPAJHHYIO
KOCTb HOAOPacHIBAIOT MIECTHCOT pa3. B GOJLINWHCTBE MUPOB
BCe IIPOMCXOAUT TaK, KaKk U JOJDKHO OBLITHh: KaKJOe M3 YHCe
or 1 go 6 Brmmazaer mpmMmepuo mo 100 pas. Ho mHaiigerca
HECKOJIBKO MUPOB, B KOTOPBLIX pe3yJLTAT OKAaMKeTCA CcOoBep-
HIEHHO HeOoXHnAaHHbIM. Hamnpumep, BHIIAAYT OAHU TPOHKH
(mosnsa rakmx Mupos cocrasiaser 0,000 . .. 012, npuuem mepen
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12 uper 466 myneit). Unu He BRImAajZeT HU OXHOWN LIECTEPKU
(mossa raxux mupos pasaa 0,00 . .. 31, npruem nepen 31 uger
47 nynei).

- MopaJjib: urpajbHasa KOCTh HEeOAKYIIHA U y Hee HeT IaMATH.
Ecnu pesynasTaThl HeIpPaBAOMOLOOHBI, 3TO O3HA4aeT, YTO BEL
CTOJIKHYJINCh C SKCIEPHMMEHTOM B OUYEHL HEOOBIYHOM MHUpe.

HECOBEPLUEHHOE MOHWUMAHUE C/IYYAHHOCTH

OnucanHoe 37leCk HENOHMMAaHMWE IIPUPOABLI CJHAYyUaiHOCTHU
HIMPOKO pacIpocTpaHeHo. JleTAM, wurpamoliiiM B OaduCH,
COBEPIIEHHO fACHO, UTO €CJH IIeCTePKU AaBHO He OBLIO, TO
Telephb ee BHIMAAeHAs 0CoGeHHO cTOUT KAaTh. He 3abyaeM npo
TO MHeHue, uTo B KanudopHuu ciaenyer OKUAATH CEePhEe3HOIO
3eMJIETPACEHN A, IIOCKOJLKY C MOMEHTA IocIefHel kaTacTpodbl
nponuio GoJIblle CPeJHEro IIPOMeXXyTKa BPeMEHH.

B HamiemM HecoBepIIeHHOM NOHMMaHHMU IIPUPOALI CIydai-
HOCTH yOexxkaaeT HeGoOJbIION sKcImepuMeHT. Bo3bMuTe JHCTOK
6ymarn u, He Opocasd MOHETKY M He IIPOBOJAS eIlle KaKHX-
HUOYIbh SKCIIEPHMEHTOB B 3TOM JyXe, IpuAyMaliTe U 3alnuImuTe
TIOCJIeIOBATEIBHOCTh PE3YJIbBTATOB I'MIIOTETHYECKUX OpocaHmid,
o6o3HauaA peIIKy HYJIEM, a opeJ — eguHuIei. ¥ Bac moiy-
YUTCA YTO-TO BPOJE B3TOTO:

10011100101101000111010100101100101000111001011000101000.. .

Hacroamuii reHepaTop cayd4aiHBIX YHMCeJ AACT IOCJeRoBa-
TeJBHOCTH TAKOTO BHJAA:

11010100111010001111101111111100111101001011011010011000.. .

Buanre pasauny? B geficTBUTeNBbHO ciydaliHOM mOocjenoBa-
TEeJABHOCTH CJeAyeT OKUAATH JJIUHHLIX TOCJIefOBaTeJIbHOCTeil
peniex HMJH OPJOB. A KOrjla MbI CAMH CTPOHM CJy4YaiiHYIo
moCJIeIOBATENbHOCTh, 0ecco3HaTeNIbHO IMOJrOHAEM PpPe3yJbTar.
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KNYBHUYHOE MOPO)XXEHOE YBUBAET!

Tax IIPOMCXOAUT CO BCEMH 3KCIEPTHBIMU ZOKJIAZAMU: YTO ObI
Bbl HH NIBITATHCH AOKA3aTh, BCerAa Hallercss CTaTUCTHUKA,
KOTOpas IOATBEDXKJaeT Balle MHeHHe. BOT HECKOJIbKO Hpu-
MEpOB.

IIpennonoxum, BaM HY:KHO BRIICHUTE IIOCPEACTBOM OIIpoOCA,
caenyer gy nepecrarb cuurarb llomezenbrux Ceartoro Hyxa
NpasgHUYHBIM [JHEM M BMECTO 3TOTO CHAEJATh €ro OOBIYHBIM
paboyuM TOHEJeJbHUKOM. B 3aBHCHMOCTH OT TOTO, KAaK
chopMyJIUPOBAH BOIIPOC, MOYKHO OKHUIATL Pas3IUYHBIe HaGODPHI
OTBETOB.

C rTourm 3peHUA NOPOPCOIO30B, (HOPMYJIHUPOBKA JOJKHA
6BITH HMHOIM, YeM C TOUKH 3pEeHHA TOProBoil malarsl: OSHU
BO IVIABY YyIJIa CTaBAT CTAHZAPTHl JKWU3HU, a [Jpyrue —
NPUBJEKATEILHOCT l'epMaHUM [Jisi HMHOCTPAHHBIX MHBECTH-
uvii. BEUMaHNA 3acaAy;KHBAIOT TOYKM 3peHUs 00euX CTOPOH,
HO Tpu (POPMYJIHMPOBAHHHU BOIPOCA MAOJIKHO OBITH IPHUHATO
pellieHue, KOTOpPOe HUKOTZAA yKe Helb3a OyJeT HCIPaBUTL
MAaTEMATHYECKMMH METOLAMH.

WUnu npencraBeTe cebe pgupexropa Guimana, KOTOPBIM
HEePBHUYAET II0 IIOBOAY IPEACTOAINEH IPEe3eHTallu B IVIABHOM
opuce. B npouwioM rogy mpogasku soapocau co 100000 Toawsko
xo 101000 espo, T.e. HA OOUH XKAJNKUU npoueHt. Ecam ox
oTo0pasuT 9TOT POCT TaK, Kak Ha pwuc. 69.1 cmeBa, TO 3TO
OyZeT BRIIALETHL KaK 3aCTOH.

Ecry sm pemenne? EMy clexyer oToOGpasuTh TOJILKO
BeDPXYIIKY rpaduKa Tak, Kak n300pakeHo Ha PHUCYHKe CIpasa.
Cton0uK, COOTBETCTBYIOLIWIH IPOMIJIOMY T'OXY, IOJHUMA&ETCA
ot 90000 go 100000, a coorBeTCTBYIOMIUII ITOMY TI'OAY — OT
90000 go 101000. Temepsr BTOpOi#l croaburx Ha 10% BbIIE
HepPBOro, ¥ CUTYAIUA BBHITVIALUT I'OPa3fo JIydlie.

Eme ozve Meron aypauuTh Jwofeil — mogobparTh CHOMKHBIM
Habop CTATHMCTHUYECKUX AAHHBIX AJA HY/KHBIX YTBEPXKICHHIL.
Ecnu sayJyHoe uccelieJoBaHUE IOKA3ANIO0, YTO CAUIIKOM 60IbIIOE
norpebiieHne KIYOHNYHOTO MOPOMEHOTO CTAa0HIM3NPYeT Kpo-
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Puc. 69.1. 9r0 BOOPOC IPEACTABIEHHI. . .

BAHOE AaBJIeHHEe H BMECTe C TeM B ONACHOHR CTelleHU IOZHMMAET
YpPOBEHH caxapa B KPOBH, TO PeJaKTOPy NpHaeTcA BIOMpaTh
MeXAY AByMA 3aroxoBKamMu: «IIyTh K 340pOBBhI0 — KJIYOHUYHOE
mopoxenoe» mian «KnyOGHWYHOEe MOpOMKEHOe yOMBaeT Hac».

Mopane B TOM, 4TO OYTh K YCTAHOBJIEHHIO M TPAaKTOBKE
MCTHHLI YCeAH IOABOAHLIMKM KaMHAMH. M B caMoM Hadaje
y#e ecTb npobiieMa — KaK HalTH OOIIENIPUHATOE ONpefesieHue
«UCTHHEI», 3aTeM AOPOTY K HCTHHE OCAXKAAI0T Te, KTO IpecJie-
AyeT cBou colcTBeHHLIe HHTepechl. V1 ecam B KOHIe KOHIIOB
yaacTCA ROUTH A0 BOIPOCOB MATEMATHYECKOH CTATHCTHUKH,
TO MOKeT OBITh chHOpMYIMpOBAH Ge3yIpeYHEIl B3BeNIEHHBIN
OTBEeT, KOTOpBIA mnoToM OyZeT IIPOMHTEPHPETHPOBAH KeM
YrOJHO B COOTBETCTBHMH CO CBOMMM KejaHuamu: «Kay6HuaHOE
MOpOYKeHoe MOKeT yOuTeH Tebsal»

BOFATbIif WM BEAHDIN

CraTucTuKa IOeMCTBHTEJNBRHO HYXKIAETCS B 3aluTe OT TeX,
KTO BHUAMT B Hell jumb yAoOHBEIX CKJI&Z, B KOTOPOM MOXHO
TI0R00paTh pe3yabTarThi, HOAACPAKUBAIOIINE JINIYHbIC HHTEPECHI.
BoT eine HeCKOJBKO IPUMEPOB.

Bce fieno B onpefeneHuu

Koro moxuo HasBaTh GemubiM? IlocienHue HECKOJIBKO JI€T,
quTas razerHble COOOIMEHNs, MOMKHO ObIJIO COCTABHTHL MHEHME,
yro B Iepmapmwm pacTer oOHuIaHWe Haceaenms. Typucr,
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HE3HAKOMBIH C AeHCTBHTEJbHBIM IIOJOKEHUEM Beleil, oxuIa
OBl BCTPETHTH MAacCChI rOJIOAAIOUINX TPAKAAH, OLETHIX B JOX-
MOTbBA.

OgHako GOJBIIAA YacTh 3TOrO ABJICHHSA CYIIECTBYET TOJIBKO
Ha GymareD. IIpumunHa — B OnpefeeHUN HNOHATUA «GeIHBIH»,
COTJIACHO KOTOPOMY K OeZHEIM OTHOCAT Te€X, Y KOro JAOXOJ HIDKe
cpegHero no crpase. Ho 310 caMoe 3HaAMEHHTOE OIpeeICeHNe
GexHOCTH; MAKCHMYM, UTO OHO IIO3BOJISET, — IIPUOIUIUTEIHHO
O0BACHUTB, YTO TaKOe «4YYBCTBOBATH ceba OemumniM». MoskerT
OBITH, W IpaBJa HEKOTOpPhIe MOJIOALIE JIIOAU II0JIATAIOT, 4TO
IIePEeKUBAIOT JIUIICHNA, €CJIN Y HUX HEeT MOAHBIX JKHUHCOB MU
mMoOuabHOro TesnedOHa, HO pasBe 3TO O3HAUAET HACTOAIIYIO
OegHOCTH, TPEOYIONIYI0O HANPAKEHHOTO AeHCTBHA?

CnyuaitHoe paccesHHe

B sTux raBax MBI YaCTO FOBOPHJIN O KAIPH3aX T'OCIOAMHA CIIY-
yas. Yl TO4HO Tak ke, KaKk WHOrAa CIYIAeTCA MOJNYUYATh BCAKUIA
pas urecTh O4KOB, Opocas MIPaJbHYIO KOCTh IIATHL Pa3 MOAPAL,
HEKOTOpbIe COOBITHSA, IPOUCXOAAINNE HEe3aBUCHUMO B PasHBIX
MeCcTax, AalOT COBEPIIEHHO HEeOXKUIaHHbIEe COBIALeHUA.

IIpegnonoxumM, uTo B l'epMaHny perucTpupyorca sabosesa-
HUA pegkoil 605e3HBIO, IPUMEPHO JBE THICAYHM CJIYyYAE€B B I'OJ.
Ecau ana xamzoro ciyd4ad BOTKHYTH B Kapry GyJjlaBKy B TOH
MEeCTHOCTH, I'le OH 3aPEeTUCTPUPOBAH, B Pe3YJIbTaTe MOJYIUTCA
Habop, MOXOXKUil HA NMOPOKAEHHBIN I'eHEePATOPOM CIYYAHHBIX
yuces. HeyaAnBUTEeILHO, YTO TAM U CAM BOSHUKAIOT CKOILIEHUSA
OyJ1aBOK; IIOHATHO, YTO TAKO€ CKOILIEHHE MOKET IIOABHTHCS
1106IM30CTH OT INOCCEe, WM ATOMHOM B3JIEKTPOCTAHIINM, WJIH
ropozckoi ceanku. Torna-To 0OHO CTAHOBUTCA APryMEHTOM AJISA
IIPOTUBHUKOB CKOPOCTHBIX TPacC HMJIM ATOMHOU 3HEPreTHKH,
M BCE€ CTATHCTHUYECKHE JOBOALI NTHOPHPYIOTCSH.

DYro6ei m36GaBUTH HM3AATENAs OT I'HEBHBIX INMCEM, CKAXEM 3HeCh, TTO
B TepMaHuH, KaK U B SPYTHX CTPaHAX, GeJHEe, KOHEYHO e, CYIECTBYIOT.
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NMPOLUBETAHUE ANA BCEX

Mzr yxe roBopuiu paHbIle, YTO, KaK 3aMeTHJ Benumkui I'ajmn-
neo, OeCKOHEUHOCTHL MOJHA ciopupms3oB. Ceropmsa mnpoBenem
MBICJIEHHBIN 9KCIIEPMMEHT, PasocjaB B 6eCKOHEYHOCTh IINChMa
CUACTBA.

Waes mucem cuacThsi HpHBJIEKaTeabHA TEM, 4UTO ofelnaer
HeuTo (mouTw) gapom:D # OTHpABIAI0 OZWMH €BPO IO YyKa-
3aHHOMY afpecy M He Jal0 IENOYKe IIpepBaTbCs, pacchlLiasd
KOIINIO MUChMA JeCATH 3HAKOMBIM. Kakapiii u3 HMUX, B CBOIO
ouepenb, PACCHELIAET €€ JeCcATH CBOUM 3HAKOMBLIM, M Te TOXe
OUIIYT II0 AeCAThH muceM. BoT m HaGpamach TeICAYA UYEJIOBEK,
KaMKIBIM U3 KOTOPHIX AOJIKEH OTIPABUTL MHE II0 OJHOMY €BDO.
K cosxanenuno, sra yyjecHasa cXxeMa HapyliaeTcs, KOTJa HOBEIEe
3HAKOMBIE 3aKaHYMABAIOTCH M IINCATH OOJIbIIIE HEKOMY.

Ho B OGecxkomeunoM wMupe Bce He Tak. IIponymepyem
3HAKOMBIX uucjamu 1, 2, 3, 4, ... . Kaxagomy 4mcily cOOTBET-
CTBYET KaKOH-TO JeJIOBEK, a YMCJa MOIyT OBITH CKOJbL YTOJHO
GONMBIINMM,

W urpa maumnaercs. IlepBriii YeJOBeK OTHpaBASAET IIHUCHMO
CYaCThs CIAEAYIOININM AeCATH, ¢ HoMepamu oT 2 o 11. Kaxgprii
M3 HUX OHUIIET ele JeCATH INCeM, BKJIYasd urpokos 12—111.
Kaxaprit 13 cTa 4ej0BeK JOJKEH OTIPABUTH II0 AECATH MUCeM
Ias nojgydarenein ¢ Homepamu 112-1111; u . .

Tme-To B nmceMe cuacThbA €CTh (pasa <«OTHpaBb OAVH
€BpO UYeJIOBEeKY, MM KOTOPOTO CTOMT TPEMS <«IOKOJCHHAMII»
paHbile Te6A B uemouke.» WTak, IIEpBBII YeJOBEK IIOJIy4aeT
TBICAUYY IIHMCEM C IPHJIOXKEeHHBIM eBpo oT urpoxos 112-1111.
Homepa 2-11 Toxe mosyuaT IO OJHOMY €BPO, M KOIZLa Bce
3aKOHUYMTCA, BCe B MUpe CTAHYT 0 Kpalimeii mepe Ha 999
eBpo Goraue, nonyuus 1000 eBpo 3a OOMH-eJHHCTBEHHBIN, UMU
OTIPABJICHHBIN (HaumHasA ¢ Homepa 112).

Komeuno e, HHMKTO He MOKET 3alPeTHTh HAM MHIrpaTh
B 3Ty UI'Dy HE ¢ OJHHUM €BpPO, a C AECATHIO, ¢ IeJONH COTHeM

DO mucsMax cuacTba MBI y3Ke PACCKA3RIBAJIM B TUI. 6.
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unu paxke 6oabme. He ycrnieB OomOMHUTHCH, MBI BCE CTaHEM
MwLInonepaMu. MosKeT Ju Tak cayuuThea? [la, pasyMmeercs.
ITpomsoiigeT mpocTo CABUI AEHEKHBIX CYMM OT TeX, Yy KOI'O
HOoMep OoJsble, K TeM, Y KOro HoMep MeHbile. Ho mOCKOMBKY
HOMEepa CTAHOBATCA OeCKOHEUHO GOJNBIIMMH, BCE YYACTHUKHK
OCTAaHYTCsI IOOBOJIBHBI. Kax Kanb, UTO MHUP, B KOTOPOM MBI
sKupeM, xoHeueH. C dHHAHCOBOH TOUYKH 3peHUS O0ECKOHEUHBIH
Mup GbL1 OBI paeM.

CCYAUTb U B3ATb B3AWMbl OAQHOBPEMEHHO

Kax BapumaHT mmceM c4acTbd MOMKHO DPACCMOTPETH APYIYIO
cxeMy camooboramenusa. Kak u paHbIllle, IPOHYMEPYEM BCeX
rpaxkzaH uncnamu 1, 2, 3,4, ... . Ilepsomy 4denoBexy Hy:KHa
TeICAYA OOJJIAPOB, W MOITOMY OH OJAJUKHBAET 3Ty CYMMY
y Broporo. K HecuacTbio, 9TOT BTOpPOil — GAHKPOT, MO3TOMY OH
OTIPABJIAETCA K TPEThEMY, OepeT y Hero B3aiiMbl jB€ THICAYH,
U3 KOTOPBIX OJHY OTAAaeT IIePBOMY, a BTOPYIO OCTaBlfAeT cebe.
VBBI, KaIlUTANl TPETHETO I'pa’kAaHNHAa ToXe HeBeJUK. UTo0HI
CCYAUTH ABE THICAYH €8P0, OH OAAI’KMBAET YV UETBEPTOTO TPH
TBHICAYY U OZHY OcTaBasdAeT cebe, u T. K. Ecau 6bI B 370 emmouke
OBl moCJeNHWUIT YYaCTHHK, Ha HeM IIOBHC OBl YYJOBHMIHBIN
poar. Ho B 6eCKOHEYHOM MHpe BCe CYACTIMBLI M HOBOJILHEI,
a SKOHOMMKA JKYEWKHT HajIbIie.

Ecam 3aMeHHTH CJI0BO <«UEJIOBEK» CJIOBOM <IIOKOJICHHE»
M BMECTO THICAY €BPO B3ATh MIJLINAPALI, TO MBI IIOJIYYKUM
IOBOJILHO aKKypaTHOe ommcaHue ¢mHaHCOBOM moguTuku lep-
MaHHM (1 JPYIHX MHAYCTPHUAJIBHO PA3BHTHIX CTPaH) B IIOCJE[-
HHe JecATuneTna. HanumoHaJBbHEIM AOJr pacTeT Ha HOPALKH,
M CBA3L IIOKOJEHW# B OyAymIMX IIOKOJEHMAX 3aBUCUT OT
OPEeAIoNOXKeHNsT 0 MOCAeAYIOIIMX IOJIraX, BHIILJIATa KOTOPBIX
OTOABHIaeTCcA BCE AaJbille M Jajbllle B Gyaylee.

IlopounocTs 9T0if CXeMBI B TOM, YTO CCYALI IIPOCTO TaK He
Bpiialorcsa. IIpomedTsl mo KoJiraMm TOMKe NOJIKHBI OBLITH IIPO-
¢drHaHCHPOBAHEI 3a CUYeT AAJbHEeWMIMNX 3aiMOB. ITO NPHUBOAUT
K 9KCIIOHEHIUAJIHHOMY POCTY LOJITA ¥ OCTAeTCS YAUBIATHCA —
KakK Jmoaro (pMHAHCOBRIE DHIHKM OYAYyT comlamaThCeA AaBaThb
Bce OGosplie m OoJsbllle JeHer MAJA TOro, 4YTOOBI cHUCTeMa
byHKEUUOHUPOBATA.
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Takue TEXHOJOTHH YACTO HCIOJIL3YIOTCA HE TOJBKO IIpa-
BHTEJBCTBAMM, HO M OOBLIKHOBEHHBIMH MolreHHWKamMu. OHu
o06emaloT 0aCHOCJIOBHBIE IIPOIEHTHRIE CTABRKY M 0epyT HmepBbIi
MIJIJIHOH Y KaK MOJKHO OOJIBIIEro yucjia HeBHHHBIX JOBEPHTE-
neil. 3aTeM XHUBYT Ha BCIO KaTYIIKYy, OCTaBJAA JHUIIb CYMMEI,
JocTaTOuHble MAJd BREIIUIATEI B KOHINEe roga OaCHOCIOBHEIX
ABafUATH NpoleHTOB. I[IpoxoAuT CiayX, YTO HOpeanpusarHe
HajJexkHoe, U K MOIIEHHHKY TEKyT BCe HOBBIe MMJIJINOHEI,
LOCTATOUHBIE UYTOGBI BRILJIATUTH IIPOLEHTH HA CJeAyHoINeM
aTane M IYCTHTBCA BO BCe TAMKKUE. A KOIZa OOUH U3 IIEPBBIX
' KJIMeHTOB XOYeT OTO3BATH CBOIl KamuTajJ — u ¢ 4ero ObI? — Ha
3TO TOJKe XBaTaeT. Bce 3TO MOMKET AJHUTHCA NOBOJBHO ZOJITO,
MOKa B OLMH IIPeKPacHBINl JeHb BCA CXeMa He TEPHOHUT Kpax.
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HUKAKOIo PUCKA, CIMACHUBO!

HomyetuMm, B — gupeKTop Oamka. B Bam oduc Bxomur
KJIHMEHTKA ¥ O0BABISAECT, UTO XOUET 3aKJII0UYUATEH C BAMH ZOTOBOD
C IIepBOr'0 AHBAPA CJIEAVIOMIEr0 rofja Ha IOKYNKY IATHCOT
AN HEeKOM TeJeKOMMYHHKAIMOHHON KoMmmanuu. KiueHTra
nojaraer, 4To0 K TOMY MOMEHTY IleHa Ha akiuio He Oyzer
npesbimaTsh 20 eBpo, ¥ XoueT, 4T0O0L 6AHK BO3ZMECTIJI Da3HHUOY,
ecniu meHa OyZeT BhILIE.

B Hauie BpeMsa TaKue JOTOBOPEHHOCTU — BOBCE HE PEJKOCTh.
Ouu HassIBAIOTCA onyuoHamu. I'apaHTHUH, KOTOPHIE IIPEXO-
cTaBJIAeT KIWEHTKEe TAKOHM [Orosop, AOCTAIOTCA el He AapoM.
Tlocne ero mognmucadusA OHA HOKHA OyAeT BBIILIATHTH IIPEMUIO
Sanky. Kak Bam ciaefyeT HOCTYIUTD C STHMH JeHbIaMH, ITOOBI
1 sHBapsA BBHINOAHUTL 00A3aTeNbCTBA MO KOHTPAKTY?

Bonuie6HOe C€JI0BO, B KOTOPOM B3aKJIOYaeTCHA pelleHue
3ajaum, — xedxmcuposanue. B marematuke GbUHAHCOB XeNKu-
poBaHMe cleJIOK O3HauaeT MCKYCHOe CTPaxXOBaHHE OT PHCKOB.

B ocHoBe JexHT mpocTas M IpPoAyMaHHaA HiedA: K CyMMe,
NMOJYYEHHOM OT Bamiell KIAMEHTKH, Bhl AobGaBiifAeTre eHBIH,
B3SITBIC B AOJT NOJ PLIHOYHLIN IIPOIEHT, M HCIIOJIb3yeTe UX —
IeHbrY KJIMEHTKHM M OJOJIKeHHBIEe — IJIA IIOKYIKM aKIuil Toii
caMoil TeIeKOMMYHHKAITMOHHOHK KOMIIaHHKH.

s gero? Ecau aknuu BeIPAcTyT K 1 siHBapd, To oHU GyayT
JOCTATOYHO HEHHLIMHY, 4YTOOBI BhI MOIVIM CHEJIATH BHITLJIATHI AJIs
IOKYIATeJs ONIMOHA, M eille CMOYKEeTe BEPHYTHL B3ATYIO B JIOJAT
CyMMY ¢ IIPpOLIeHTaM#. ByZeT medajbHO, €CJIH aKIUKU YHagyT
B IleHe, HO TOIZ[A IIOKYyIaTejb OMNIMOHA HHYEro OT Bac He
morpebyer, ¥ IIOCJ€ NPORAYKU CBOEr0 IaKeTa BBl CMOXKETE
BEPHYTH JOJT.

HNrax, urobpl orpaanTrs cebA OT moreph B TAKOH CATyalnuu,
apuobperaroT NmakeT axnuii. BHe 3aBHCHMMOCTH OT DA3BHUTUSA
coOpITHH Balma cAesJKa paboTaeT M B cJydyae POCTA, B B ciydae
nageHuA IeH.

MaremaTuka BCTyIaeT B MDY, YTOOBI OIIpedenuTh, KaKoBa
cupaseAsiMBag [eHa OIIMOHA M CKOJBKO CJeJyeT KyIUTh
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axnuil. OCHOBBIBAYICh HA «ECTECTBEHHOM 3aKOHe (MDMHAHCOBBHIX
pPHIHKOB» (cM. . 63), a MMeHHO, uTO mpuOLLIN Oe3 pHCKa
He OBIBAaeT, MOKHO IIOCTPOHTH YpaBHEHHE, KOTOpoe JaeT
pelteHne 371oi 3agaum. CIOKHOCTh B TOM, UTO HYKHO CJIEAMUTH
3a PHIHOYHBIMM KypCcaMH /MO0 HNCTEYEeHHS CPOKa ONIIMOHA.
TlocKOMBKY LieHHI AKUWil ¥ IPOLEHTHHIE CTAaBKYU HM3MEHSIIOTCH,
HYXHO pellaTh, He NPOJATH JIA UACTh IIaKeTa WM He B3ATH
JA B JOJAI' AONONHHWTEILHYIO CYMMY.

XEQK ANSt ThICAYU AKLIMHA

PaccmorpuM xXemxupoBaHue Ha KOHKPeTHOM npumepe. Homy-
CTUM, ceifuac AHBapb. BBl XoTWTe NPHOOPECTH OMINOH HA
MOKYNOKY Thicauu axknuit IHTepranaxkrudeckoro Ilpeanpuarua
B KOHIEe rofa. Ecau mpuobpecTH HX CEerofHs, 3TO oboijercs
B 10000 espo. OmHaxkc 1leHA B KOHIE Ioja HEH3BECTHA.
Ouna wmoxer cocrasuth 16000 eBpo, mam Tonpxko 8000,
B 3aBMCHUMOCTH OT MHOXecTBa daxropoB. ([na mpocTorsl
MBI OyZeM CUMTATL, YTO B KOHIlE POZA OCYHIECTBHTCHA ORHA
W3 BTHX BO3MOXKHOCTEHl M 4TO MBI He OyAeM OCYIHECTBJATH
JOIOJIHUTEJIbHLIX CIEIOK B TeueHHUe roga.) B gexabpe B Bamem
pacnopsxenuu 6yner 12 000 espo, u ecan nexa cocrasur 8000
eBpo, To Bee 6yner B nopaare. Ho ecan neHa oxkaxerca 16 000
€BPO, TO BBI 3aXOTHUTe, YTOGHl GaHK BBIILJIATHJ BaM DasHUIY.
Cxronpko GaHK MOKeT IIOTPeGOBATE OT Bac 3a TAKYIO I'apaHTHIO
o 4TO OH OyZeT ZesaTh C JeHbIAMU, KOTOPEIE BHL eMy yIIaTuTte?

Caysxamuil 6aHKa, K KOTOPOMY BBl 00paTHINCH C IPeJJIoKe-
HUEeM O MOKYIIKE ONIUOHA, SBOHUT B OTHAEJ KPeZuTOB ¥ y3HAET,
4TO BHYTPEHHAA [PONEHTHAA CTaBKa cocrasiseT 6%: 3a To,
yro6bl monyunts E/1,06 eBpo ceromusa, nmpusieTcd BHINJIATUTH
E eBpo B KOHIE rofia. 9To#l MHPOPMAIUM AOCTATOYHO, YTOOBI
PacCUMTATS ONIMOHHBIN KOBTPAKT. B ynary 3a ¢cBou rapaHTHN

G6aHK Tpebyer oT Bac BeImIaTUTH 5000 — ‘—:11—08% ~ 1226 espo V.

Byl craBuTe B HYMXHOM MeECTe CBOIO IOAIWCH, M Aajblie
coBBITHA pa3BopauMBalTcsa Ge3 Bamero yuactusi. Kpeguraoe
mongpasfesaedue Tordac ke Bpyuaer 4000/1,06~3774 epo
6aHKOBCKOMY pabOTHHKY, ¥ TeIePsr B €ro DacnopaeHuH

D3ra cymMa He BKIOUaeT GaHKOBCKOM KOMHCCHM, 3[leCh MBI eeé HTHODH-
pyem.

9  MareM. IATUMHHYTKH
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1226 + 3774 = 5000 espo. Ha stu geusrm oH moxynaeT 500
axnmui u 3abpiBaeT IPO HUX A0 Aekalpsd.

HomycTuM, 9TO aKN@A¥ HOAHAJINCE B IieHe. B GaHKOBCKOM
noptdene oau ternepsh cToAT 8000 eBpo (HaIOMHMM, MBI IIDES-
MOJOMKHUJHE, YTO B CAyYae pOCTa LeH 3a THICAYY aKIMi JaioT
16 000 eBpo, a Gamx xynun Bcero 500). Bank BeIIIaYMBaeT
BaM ycaosyenable 4000 espo, u ¢ remu 12 000 eBpo, KOTODEIE
BBl BBIACIWUAM [JIsT TOKYIOKM, BbHI MOKeTe Telepb KYIHUTH
1000 axmuit Marepranaxruxy 3a 16 000 eBpo. ¥ 6aHKOBCKOTO
paGoranuka ocraercsi 4000 eBpo, KOTOpble OH BO3BpaIlaeT
B KPeIUTHBIH OTHEJI.

Ecan xe akumm ymajam, TO B 0aHKOBCKOM roprdene oHU
cocraBaT 4000 eBpO, — TOJBKO-TONBKO YTOOHI PACILIATHTBCH
C KpeIWTHBIM OTHEeJOM. BBl Ke, HOKynaTenb ONIMOHA, He
mojiydyaeTe BOBCe Hudero, Tax kax Bammx 12 000 espo BmosaHe
JOCTATOYHO MAJIA IIOKYIKHU aKI[Hi.

MopaJib: UCNOJL3YA CTPATETHIO XEKUPOBAHNSA, BBl CMOIVIM
sacTpaxoBaTh puck B 4000 eBpo 3a CPaBHUTEIBHO HEGOIBIIYIO
cymmy: Becero 3a 1226 eppo, Begr mmenHO 4000 BBl MoOIIH
HOTepATH, ecqii Obl aKIUK yIIaJyu B Ii€He.



Tnhasa 72
HOBENEBCKASA NMPEMUA B MATEMATUKE?

BriBaer sau Hob6enesckass mupemMus B wMareMmaruxe? Eme
HeCKOJIBKO JIeT Ha3ajl OTBETOM GBLIO ObI TBEPOE M ACHOE «HeT».
Y MaTeMaTHKOB eCTh CBOS IpecTH:KHas Mepmanb Puixca,
KOTOpPYI0O Bpy4armT pa3 B deTesIpe roza Ha MemxIayHapoJHOM
MaTeMaTHUYeCKOM KOHTpecce. XOTA BpydyaeMas CyMMa OUeHb
CKpOMHa, o6JafaTeny 3TOM HAIPAABI MOrYT OBITHL YBEDEHBI
B QPUHAHCOBO! CTA0HMJIBHOCTY, IIOCKOJIBKY HA HUX HUIIUBAETCS
IOTOK IpeAJIOKeHHI XoponIo oniaunBaemoli paborer. Harpana
JAydlIeMy MOJOAOMY MHO3Ty B ropofe BamH-Alikensr H TO
Oonbine.

Ho B mociegHne HECKOJBKO JeT BCe HU3MEHUIOCh, XOTA
IIpeABICTOPMA HATpaabl Havallach MHOTO MIJIJIMOHOB JIeT Has3ajl.
Torna reosorudecKde IIPOIeCCHl IIPHUBENX K OOpPa30BaAHUIO
HOGIM30CTH OT HOPBEMKCKHX OEperoB Iejoro Mopa HedTH;
OHO CIeJIAI0 O4YeHbh 60raToil 3Ty MAaJEHBKYI0 CTpaHy (Bcero
YeThIpe MHJUIMOHA JKHUTEIelt).

Muoro ner cnyersa mociae ob6pasoBa-
HuA sToro mopsa B Hopeernm poauincs
OOMH U3 CaMbIX OJeCTAINIMX MaTeMaTH-
KOB AeBAaTHaanatroroe Bexa: Hunbc Xen-
pux AbGens (1802-1829). Ero nenonrasa
JKH3Hb IIpolnia B OoJIe3HAX W HUIIETe.
Ilpeanoxenue akaZeMUYECKON NOJKHO-
ctyu (cregyer OTMETUThL, OHO KMCXOTUJIIO
He u3 poxuoil Hopeeruu, a us Bepiuna)
IPUULIO CANMIKOM no3guo. OH GbLT Tak
6osieH, YTO He CMOT' ero IPHHATH.

M TombKo mocae ero cMeprTH Ha
poIuHE NOPHU3HAJIN TIeHWAJIBLHOIO MarTe-
MaTuKa. YTo6pl IOYTHTH €ro maMaTh, B 2002 r. yupenuam
AbeneBckyio npemMuoo. Ee npucy:RAalOT VIEHBIM, OKa3aBIINM
ocoBGeHHO Gonbllioe BIAMAHME HA pasBuTHme Marematuru. IIpe-
MHA COCTABJSET OKOJIO MWJIJIWOHA JOJLIAPOB U IOYTH TAK XKe
BenukKa, xax HobeneBcras.
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Bnepsrie AbGexeBckyo mnpemuio npucyzuaun Kau-IInepy
Ceppy, aTo Osn10 B 2003 r. 3atem ee moamyumam c3p Malikna
Artba n Uaagop 3unrep (2004 r.), ITurep Jlakc (2005 r.), Jleu-
usaT Kapmecon (2006 r.) u Cpurnusaca C. P. Bapaaxan (2007)1,
BepanH ToXe mMeeT OTHOMIEHMWE K 3TOM IpeMuu: HOPBEKCKOE
IIOCOJIBCTBO JII00e3H0 MMHAHCHMPOBAJIO MOE3AKY Ha IEPEeMOHUIO
HarpaXAeHnsa KOMAaHNe, BBIMI'DABIIEN €XeTOAHBIN KOHKYDC
«leHp MaTeMaTHKH», KOTOPBLIA IIPOBOAAT JAJA GepAMHCKHX
CTYZeHTOB.

ABE/lb U YPABHEHUE NATOW CTENEHMU

3HaunTeJeH BKJIaL AGeid B pasIuuHble 06JIaCTH MAaTeMATHKH.
B kauecTse IpuMepa paCCMOTPHM €I'0 Pe3yALTATEI 10 PEIIeHNIO
MOJINMHOMHANBHEIX YPABHEHWMIA.

3adaua. MHOrMEe 3ajauM B MPHUJIOKEHHMAX MaTeMma-
THKHM CBOJATCA K 3afadye OTBICKAHUA BCeX YHCeN, YHAO-
BIETBODAIOMINX YPaBHEHHI0 Bpome x2—2,5x+3=0 mau
x7—1200x%+3,1x —7=0. (Hampumep, Takme 3afauy dGacTO
nonajgaTcda HHKeHepaM. ITo pacmosoKeHUIo peleHni MOXKHO
CYAUTH — OCTAaHETCA JI CHCTEMAa YCTOWUMBOH wmam Oyfer
pearmpoBaTh Ha MaJeimne momMexu.) OyHKIUK, KOTOPEIE 34eCh
nospasaorea (T.e. x2—2,56x4+8 m x7—1200x5+3,1x ),
Ha3bIBAIOTCA MHOZOUJEHAMU WUIU noauHomamu. B obmem
BHJe MHOTOUYJIEHEl 3alWUCBLIBAIOT TaK:

n n—1 . e e
anx + an_lx + + alx + ao,

e n — HEKOTOPOe HATypaJbHOE UHCJIO, 8 KO3@@OUUUEeHMmbL
a,,a, 4, ...,y — IDOU3BOJIbHLIE UKCJIA.

Camaa OGoJsbIasg CTedeHh B MHOTOU/JIEHE HA3BIBAETCH €ro
cmenensvio. B IByXx pacCMOTpEHHBIX HAMU IPUMEpPaX CTEleHH
MHOTOYJIEHOB pasBHbl 2 M 7, a CTemeHbh MHOTOUWIEHA OO6I[ero
BHAA anx"+an_1x"‘1 +-:++a,x+a, paBHa n. Mul cuuraem,
uro KoapdunuenT a, He paser Hymio. (Ecau 651 oH Gbla paBeH
HYJI0, MBI GBI IIPOCTO ONyCTHJIM cjaraemoe a,x".)

Pesynomamut, Tonbko B [AEBATHAAIATOM BeKe yAa-
JIOCh YCTaHOBHUTE, uTo y KaKJIoro MHOTOYJICHA

n n—1 ..
a,x + a, x + - + ax+ a, €CTb KOPHH. Ilockonsky,

DA ramke [Dxom Tommcon m Fax Turc (2008r1.), Muxamn I'pomos
(2009 r.). — ITpum. nepes.
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HanpuMep, y ypaBHeHuS x2+1=0 HeT JeHCTBHTENBHBIX
KOpHeil, HY)XHO IIOMCKATL pelieHue CcpPeau KOMILIeKCHBIX
gucen (u HadiT™H pemenua x=4+i). Ecim gOomycTHTBH
KOMILJIEKCHBIe KODHU, TO OK&)KeTcsd, 4UYTO y MHOrouJeHa
anx"+an_1x”‘1+---+a1x+a0 eCTh pelleHnsd, M[a’ke ecJH
caMu ero KoadduImeHTH — KoMIIeKcHble umcnal). Ho us
CYIIECTBOBAHUSA PEIIeHNIH BOBCEe He CIeAyeT, 4YTO CYIIeCTBYeT
npocrasgs ¢opMysa, DO KOTOPOM MX MOMKHO BBIYHCINTH.
Ha camoM gene Taxkas d¢opMmyJjaa CyUeCTBYeT TOJbKO [IJIf
OUYeHL «MAaJEHBKHX» CTeleHell MHOrowieHa. BoT HECKOJIBKO
IPUMEDPOB.
e IlepBas cremenp. 3ajaua 3AKIHOYAETCA B TOM, UTOOEI
HailTH YHCIO X Takoe, 4To a,X+a,=0, rae a, u
a, — 3ajiaHHble TocToRHHbIE. Takoe ypaBHeHHME OTHO-
CUTEJIBHO X YMEIOT pellaTh BCe, KTOo yumja aurebpy:
x=-ay/a,.
e Bropaa cremeums. Temeph CTOUT 3azada HAWTH Bce
3HAYeHUSA X TaKue, UTO BHINOJHSETCA PABEHCTBO

2 =
a,x +a,x+ay=0,

The a,, a,, @, 33anbl. IIOKOJIeHUs IIKOJIbHUKOB 3aydH-
BaJ¥ POPMYJy KOPHEHM KBaAPATHOTO YDABHEHUS; UX ABa:

_ ,/ 2_ _ _‘/ 2_
a, +1/ag 4a2a0 a, ai 4¢12a0

2a,

.

*1= 2a, ’ 2=
e Tperssa cTemenb. B aToM ciyuae fABHaa (opMyia ToXKe
€eCcTh, M Ha3LIBAOT ee gopmyaoi Kapdano, nmo mmeHn
3HAMEHHATOr0 HTAJBIAHCKOTO MaTeMarmka Juposamo
Kapgamo, ony6amkoeaBmero ee B 1545r. B cBoeM
TpakTate <«Ars Magna».
Y1065 BOCIOJL30BATECA €10, HYMKHO ¢ IIOMOIIBI0 JUHEH-
HOro IIpeoOpasoBaHMsA IPUBECTH YpaBHEHUWE TpeThed
CTeIleHu K BUAY
x3—ax—-b=0.

Torga pelleHne MOMKHO HaliTH mo QopmyJie

x=

DCMm. . 94.



262 TInasa 72. Hofenepckaa npeMHA B MaTeMaTHRe?

e Yersepraa cremeHs., M sgech ecTh GopMysia Aas penle-
HH#A, OHA CTPOMTCA IO KoabhdHuIMmeHRTaM C HCIONB3O-
BaHMeM B3HAKOB +, —, :, : H HSBJEUEHHEM KODHEeM:.
ta dopmyna Ovuia orkpsiTa JliogoBmxom Deppapu
(1522-1565), cospemenrnrxom Kapznamo.

A uto pansme? Ilouemy Henb3A HOCTPOMUTH IIYCTH AaxKe U
coKHBIe siBHBIe (GOpPMYyJBI ANA ypaBHeHWHE GoJiee BHICOKHMX
creneneii? VaTeHCHUBHEIE MONCKU TAKUX GoOpMyJ Havaiucs B
HMIECTHAAIATOM BeKe N 3aKOHYMJINCEH TOJLKO B AeBATHAALATOM,
Koria AGenb pemimji STOT BOIPOC Pas M HaBCEraa.

Teopema Abens o Hepa3pewlnMOCTH

B 1924r, (B oHOM Boapacre 22 ger) AGeas, mnoKasal,
YTO HENb3dA OXKHUAATL pPe3yJbTATOB, AHAJIOTMYHBIX TEM, YTO
NMEIOT MecTo Jas creneHe# 2, 3, 4. [leiicTBUTENBHO, AJIA
YPaBHEHHH HATOM cTemeHW Heiab3sa HalTu dopMyny — Kako#
OBI CJIOXKHOI OHa HU OBLIa, — BRIPAKAOINYIO pPelleHHe vepes
KO3 PpunmneaTsl.

C Tex mop MaTEMATHKH 3HAXOT, YTO BO MHOIMX CJIYYadxX
camoe GoJbIee, Ha YTO MOXKHO HAHAEATHCH, — HANTH BeJIUYHHY,
CKOJIb YrogHo GIUBKYI0 K DelleHuio.
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CNYYAHU-BbIYUCIUTENb:
METOZ, MOHTE-KAPJIO

Topon MomnTte-Kapao sHaMeHUT aBTOMOOMJIBHBEIMHM TOHKaMWU,
ofunueM 3HAMEHUTOCTEH W CBOMMM KasmHO. MaTeMaTHRH,
PasMBINLIAA 38 PYJETKOM HAA KAanpusaMM TOCIOXHN Yaadwu,
‘BeIOpasu TepMuH <«MeToh MouTte-Kapso» nis ogsoro cmocota
BBIUMCJIEHU, B KOTOPDOM CJIy4aii MrpaeT IVIaBHYIO POJb.

PaccmorpumMm, Hampumep, ciaoxpyio durypy F, jaexamyro
BHYTPH KBazpaTa co cTopoHo#l mnuebl 1. Kax HaiTh 1io-
mans F? Knaccuyeckuii MOAX0A COCTONT B TOM, YTO6GH! pa3buTh
uUrypy Ha MeHbUINEe, ILJIOMAAY KOTOPBIX MOXKHO BBEIYHCIUTH,
¥ IPOCYMMHPOBATH Pe3yJIBTATHI.

B merome Monrte-Kapiio uconbayercss COBEPHIEHHO APYyTroi
nogxon. Ero camasm ryaBHas COCTaBHAs dYaCTb — FeHepaTop
cay4aifHBIX YHCes, KOTOPBIN 3aJaeT cayyaiiHble TOUKY Ha KBaJ-
pate. Ilpu sToM Ba;KHO, UTO TI'eHEpaTOP B3ANPOTPAMMMPOBAH
TaKHM 06pa3oM, UTO AJs BCEX TOYEK KBaJgpaTa BEPOATHOCTH
6BITE CreHepUPOBAHHLIMY PaBHEI. Taxoe pacnpesiesieHNe TOYEK
HAa3bIBaeTcA <«paBHOMepHBLIM». CerogHa KOMIBIOTEDPHI MOTYT
reHepHpoBaTh MWLIMOHBI TAKMX TOUEK B CeKyHAY. B Takmx
NIPeIIO0MKEHUIX BEPOATHOCTH TOPO, YTO BhIOpaHHadA HAyTal
TOYKa momazer B o0xacTs F, NpONOpPUUOHAJIBHA ILJIOIIALH
mocaenHe.

Mertog MouTe-Kapao mo3Bosser sKCIepHMMEHTAJNLHO HANTH
mwiomans purypsl. Hanpumep, ecin 3 MUJIJIMOHA CreHEpUPO-
BAHHBIX TOueK PoBHO 622431 momanm Ha F, TO BEepPOATHOCTH
«IOMafaHusa» pasHa npuMmepHo 62,2%. IlosTomy maouaab F
MOJKHA COCTABAATEL mpuMepHo 62,2% oT miomagyu KBaapara;
NoCJefHAsA PAaBHA eJUHHIE, IO3TOMY B DE3YJBTATE JKCIEPH-
MEeHTa YCTAaHOBJEHO, uTo wiolmags F pasua 0,622.

VY aTOorO MeTOja ecTh U AOCTOHMHCTBA, M HeZoctarku. Camoe
IVIABHOE NOCTOMHCTBO 3aKJIOYaeTCsd B TOM, 4To MeTon MonTe-
Kapio nerxo npuMeHHM B KpaiiHe CJAOKHBIX H 3aIyTaH-
HEIX CHTYaIlBAX; COOTBETCTBYIOIIHME HPOTPAMMEI HamHUCaTb
HeTPyAHO, HOCKOJBKY caMad Ba)KHasg HX COCTABJIIIONas —
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TeHepaTop CaydafiHBIX YHcesI — BCTPOEHA IPAaKTHUECKH BO Bce
cylllecTByIomue HA3BIKKM IporpammupoBaHua. Ho, k coxa-
JIeHN0, He Bcerfa MOMKHO IojgaraThesd Ha ygpady. Mosker
CIAYIHTHLCA TAK, UTO CTeHEPUPOBAHHEIE TOUKH PACIOJIOMKATCA Ha
KBajipaTe He paBHOMEPHO, M TOI/a BHIYHCJIEHHAS BEPOATHOCTH
uxX nomajganua Ha ¢urypy F me 6yaer COOTBETCTBOBATL €€
ILJIONau.

B cuny taxoro sddexra pesyiabTarThl npoieaypsl MoHTe-
Kapio caemyer WHMHTepupeTHpoOBaTh aKKypaTHee, B JyXe
«c 99-poneHTHOH! BEPOATHOCTHIO TLIOINALb JIEKHUT B Ipejesax
ot 0,62 mo 0,63».

ITosToMy HeT HMYEro yAMBHUTENIHLHOIO B TOM, UYTO Mare-
MaTHKHM II0 BO3MOXXHOCTH CTapalOTCA NpuberaT K TOYHBHIM
nponeaypaM. A BbI XOTeJIH OBl €34UTh IO MOCTY, YCTOMUYUBOCTH
KOTOPOr0O rapaHTHPOBAHA TOJBKO C BE€POATHOCTHIO 99%?

BbIYUCNEHUE MNOWAAU NMAPABOIMYECKOH ®UIYPbI
METOAOM MOHTE-KAPJO

Paccmorpum, kKax meton MoHTe-Kapno Moxer ObITH HMCIIOJb-
30BaH [JA BBIUNCJCHUA ILIOIafK Ioa napabosgoit, Hailinmem
miomaab Gurypsel, orpaEndyeHHoM mapabosoil n ocbhio abcluce,
Korga x memserca oT 0 mo 1 (pue. 73.1).

Puc. 73.1. Yemy paBHa maomagb moj mapabosoin?

Jana sroll 3ajaum HeCJOKHO HAWTH M TOYHOE pelleHHe.
Bonpme aByx TheICAY JeT Hazang Apxume] Hameg (GpopMyJay,
KOTOPYIO ceiiuac BBIBOAAT B Kypce JJIEMEHTAPHOrO aHAJIH3a.
IIycre mapaGosna 3amaerca (ymrkmueit f(x)=x2, ee mepBoo6-
pasHas paBHA x°/3, U C yJ4eTOM BepXHHMX U HIIKHMX IIPeJeJIOB
nonydaeM ILIOIalb %



Tnapa 73. Cayuaii-BbIumcianreab: meros Momre-Kapmo 265

C meromom MonTe-Kapao BBl MOXKeTe 3a0BITH IIPO aHAaJIH3.
EcTh ABe pasHOBHLHOCTH 3TOH mIponemypel.

Memod nepeuwiii. Buauane durypy F, miomane KOTOpOH
HYXXHO BBIYHUCJINATH, NOMENUIAIOT B KaKOU-HUOYAb NPAMOYIOJib-
Enk R. B mameMm ciaydae MBI MOXKeM B3ATL KBaJpaT ¢ equ-
HUUYHOI CTOPOHOI. 3areM KOMIILIOTED TeHepupyeT <«MHOIO»
cAyJaiiHbIX TOYeK BHYTPH 3TOTO KBaJpaTa TaK, UTOOLI OHH
6bLJIM PABHOMEDHO pacIpefejieHbl. 3aTeM OCTaeTCH TOJBKO
HOJCYUTATH, CKOJBKO TOUYEK IIONAJI0 BHYTPL obsiactu F. onsa
aTHX TOYEK Cpeau BCeX BHIpaKaeT OTHOINeHWe Ijoimagu F
K miromasu R, mHOCKOJBKY TOYKM pacnpeleneHbl PABHOMEPHO.

Ha puc. 73.2 BB BUNTE TUONUYHLIN IPDUMEP paclpeeeHns
ToueK. Bcero umx 60, m 22 m3 HMX nomaau B 00JIACTBH
nmox mapaGosoii. IlosToMy mromazas 3Toi oOJacTH paBHA
npubausureabao 22/60, T.e. 0,366 . ..

Puc. 73.2. Berunciaesne miomagu merogom Moute-Kapio

9T0 HerLIOX0M pes3yJabTaT IJIA TAKOT0 HeGOJbINIOTO YHCJIa
Touex. KoMmpioTep JIErKO CreHepupyeT MHOTO pas Mo CTOJIBKO
TOYEK; IIPH STOM TOYHOCTh ¥ HAKEKHOCTH BBIUMCJIEHHH
TOBBICATCH.

Memod emopoii. ITOT MeTOJ OCHOBaH Ha TEOpPeTHKO-
BEpPOSITHOCTHOM MHTepnpeTannu. MckoMas NIIOWaAb paBHA
cpelHeMY BBLIUIDBHILIIY B UrPe, B KOTOPOH Hayraj BhIOMpaioTCa
rouka x w3 mHTepBasa [0,1] m BeIIAaumBaeTca cymma x2.
Yro6BI BOCIIONB30BATHECA 3TUM HaKTOM, MOXKHO HAINCATE KOM-
OBIOTEPHYIO IIporpaMmy. OOHYJIMM pDEerHCTD HaMSATH I' X 3acTa-
BHM KOMIILIOTED T€HEepUPOBATE COYyUYaMHbIEC YHNCIA B fHANas0oHe
or 0 mo 1. Kaxkmoe m3 3THX dYHCeJ BO3BOAUTCSA B KBagpar
n cymmupyerca B peructp r. (Hanmpumep, ecam creHepupo-
BaHO cayuatiHoe umcino 0,22334455, To 3HavyeHUE r HOJMKHO



266 Tiasa 73. Cayuait-seruuciamrenb: meron Morte-Kapio

yBennunrsca Ha 0,22334455.0,22334455=0,4988278801.)
dra omepamus MIPOAENLIBAETCS OYEHL MHOTO pa3, a 3aTeM
pesyabTarT AEeJNTCA HA UYHCJIO CTeHePHPOBAHHBIX CIYy4YalHBIX
unucesn (3mecy MBI o0osmaumMm ero n). Ha <nceBroxoze» aTa
OporpaMMa BBIIVIAAWT TaK:

n:=10000;

r:=0;

for i=1 to n do

begin y:=random; r:=r+y*y; end;
r:=r/n;

Korga nporpamma sakoHumT paboTy, B perucrpe r 6ynger
XpaHUThCA YHCJI0, OPUOIN3UTEIBLHO pasHOe IJIOUAAX IO
napabosoit. Mbr cBesmm B TaGmMuny pesyJabTaThl HECKOJBKHX
KOMIOBIOTEPHBIX HCIBLITAHMIA:

Yucno n mensrrarui | 10000 10000 | 100000 [ 100000
Peructp r 0,3338399 | 0,336283 | 0,33350 | 0,33304

3aMeuaTe)bHO TO, YTO MOYKHO IOJYYNTH 3HAYEHUE, JOBOJIb-
Hoe Onmskoe K mcTuHHOMY 00,3333 ..., me npuberaa K mHTe-
rpupoBaHMI0. Bech IIporecc 3aHUMAaeT AOJM CEeKYHALI, IpHYEeM
dyurknum Moryr OBITh Tropasao CjoKHee. EIMHCTBeHHLIH
MUHYC — HHUKOIZIa HeJIb3sd OBITHL HA CTO IMPOLEHTOB YBEPEHHBLIM
B pesyiasrare. TOJBKO 3HaA pe3yJbTAT 3apaHee, MOMKHO
CKas3aTh, HACKOJIBKO TOYHOH OKa3ajlach allIpPOKCHManud. A 6es
aToi mMHGOpMAaAUUH OCTAeTCA TOJBKO YIIOBAaTh Ha KOMIIBIOTEP
¥ 3aKOHBI TEOPHH BEPOATHOCTEH, U €CJIM Pedb HAET 0 BOIpOocax
KU3HHM WX (PUHAHCOB, HYIKHO CeMb pa3 OTMEPHTH, IIpeXie
4YeM OAWH pa3 OTpPe3aThb.
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HEYETKAA JNIOTUKA

CoBceM HegaBHO B peKJiaMe IbLIIECOCOB U CTHPAJILHBIX MalluH
rOBOPUJIOCH, UTO OHM OIEPMPYIOT C «HeueTKOoMH Jornkoii» . Maeio
Takoi jgormxkm B 1970 r. mpemyioxknn npodeccop MareMaTHKHA
" u uadopMaTuku u3 Bepkau Jlodru Ackep 3age. OH mocTponi
MaTeMaTHYeCKHe OCHOBAHUSA AJIA TOro crocoba paccyXaeHHi,
KOTOPBEIM MBI IOJIb3yeMCA B IIOBCEAHEBHON *KM3HMU.

MarteMaTHKY OGBIYHO HACTAUBAIOT HA CTPOI'OCTH, U IIO3TOMY
OJAA HAX €eCTh TOJBKO <«IpaBia» H «IoKb». Ilenoe umcio
MOXKeT WJAK OBITh IIPOCTHIM, MM He OBITh, M HET HHKaAKUX
MDPOMEXYTOUHEIX IOJOKEeHHHA MeXxAy STHMH ZByMH.

Ho B moBceaHeBHOM XKHU3HN MBI He OTPAaHHINBAEMCH TOJIBKO
YepHLIM u OeJsiM. B 3aBECHMOCTH OT JocTynHOM mEGOPManUH
HallH IOpeACTaBieHNs 006 MCTHHHOCTH HEKOTODOTO yTBepiKie-
HHUSA MOryT OBITH AOBOJBLHO DACIUILIBYATHIMA: Oe3omaced JM
BuI6panHsIi ciocol nepeaBmkerna? IlepcneKTMBHO JIX NaHHOE
opexupuaTre?

HeueTkas JIOTHKa IPHU3BAHA «0UYEJOBEUYHUTH» MATEMATHKY,
AomycKas, UYTO O CYXIGHMH MOXKHO CKa3aTb HE TOJBKO
«HCTHHA» NI ¢JOXbL», HO OHEHHUTH ero JI00FIM 3HAYEHHEM OT
1 (6eccnopuasa abcomrorHas ucruHa) 0 0 (Geccmopras abco-
noTHasA Joxkb). Hampumep, sravenue 0,9 MOXKHO IPHNHCATH
YTBEPKACHHIO, B HCTHHHOCTH KOTOPOTO MBI «IIOYTH YBEPEeHBI».

3amMeuaTesbHO, uYTO OOJBHIAs dYacTh TeopeM KJaccude-
CKOH JIOrHKH MOKeT OBIThL IEepeHeceHa B HEYETKHE DaMKH.
Hanopumep, HedeTKHe YTBeD)KAEHHS MOMKHO COEAUHATH: €CJIMN
YTBEPKAECHUA P U  NMEIOT BEHICOKWE UCTHHHOCTHLIE 3HAUEeHH T,
TO JKe caMOe MOYKHO CKasaTh M 00 yTBEPXKAEHUM «p U g». ITO
BHOJIHE COIIACYeTCH ¢ HAIEM ONBEITOM M II09TOMY IIpHBJIEKaeT
MHOTHX MaTeMaTHKOB.

AHaJOrHUHBIA TOAXOA MOXXHO HCIIOJAB30BATH AJA KOHTPO-
JAupoBaHns Gojee MM MeHee CJIOMKHBIX Ipoieccos. Ilpeamosno-
JKHM, pobOT ZOJKEH YPABHOBECHUTH JOCKY Ha MOPH3OHTAJILHOM
mnacrune. TouHoe MOLETMPOBAHNE TAKON CUTyanuu — KpaiiHe
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TOHKas Belllb, HO €r0 HECJIOKHO BTUCHYTH B PAMKM HeUYeTKOH
Joruku. MOXXHO COIIOCTaBMTL HEUYETKNE 3HAUYEHHA CTEeIeHAM
OTKJIOHEHUsA JOCKK OT BEPTHUKAJIHM — UTO-TO BPOAE «ZOCKA
HEMHOrO IOBEPHYTA BJIEBO», MM <«JOCKa CHUJILHO Pa3BepHYTa
BJIEBO», U Tak Jajiee. EcJIK cMelIeHUE BJIEBO COCTABJIAET, CKa-
sxeM, 10 rpaxycoB, TO 3HAUEHUE LIS YTBEDPKAEHUA «HEMHOTIO
BJIEBO» MOXKeT ObITh paBHBLIM 0,6, a IJId YyTBeP:KACHUSA «CHJIBHO
BiaeBo» — 0,4. (Ilockonbky Ham Kaskerca 4ro 10 rpagycos —
3TO CKOpee <«HEeMHOI0», UYeM «CHJILHO», — IJd <«HEeMHOIro»
HeueTkoe 3HaueHue Oonnuie.) KpoMe Toro, MOMHO HpeaycMOT-
peTh, KaK pPoGoT NOKEH PearmpoBATh B CUTYaLUM «HEMHOIO
BJIEBO» WM «CHJIBHO BJIE€BO»: UTO-TO BpOAE€ <«HOZBUHYTHL HA
OIOMM BIpaBo» MJM <«Ha TpHM JIOHMa BJIE€BO», HaIpuMep.
Ilocne aToro npoeoauTca HabofeHENe 3a HepeMelleHueM U ero
OLleHKA: YeEM <«HCTHHHee» IOJYUYHJICA pe3yJbrar, TeEM OoJiblle
yCTaHaBJIWBAETCA AOJA COOTBETCTBYIONEil peaKIHH.

Takasa mponeaypa IO3BOJISAET MCIOJL30BATh TAKHE dejioBe-
YecKUe 3HAHUA, KOTOPHIE He MOI'YT OBLITH BHIDAa’KEHBI MaTeMa-
Tdeckoil popmysnoit. OgHako 48 GONBIIMHECTBA MATEMATHKOB
HeYeTKaA JIOTHKA — KycTapHoe mafeane. A CBOMX MbLIeCO-
COB OHM Tpexmouny OBl TOYHYIO JIOIMKY, Jajke ecju 3TO He
CKAa3bIBAJIOCh OBl HA pe3yJabraTrax padoTshI.

HEYETKOE YNPABREHUE

Knaccuweckan meopus ynpaenienus — CIO¥HAA MareMaTH-
yeckad JAUCHUILIMHA. Bojbmoii BKJIag B ee pasBUTHe OBLI
cAeiaH aMePMKaHCKHM MaTtemMaTHkoM HopGeprom Bumepom
(1894-1964), mpmaymaBIImM cJOBO <«KuGepHeTHKa». Wges
COCTOWUT B KOHTPOJIE 3& ONTHMAJBHOH CHCTEMOM: JKeJaaTeJbHO
BoOUTBCA, UYTOOBI HEKOTOpble B3HAYEeHMA MOCTHUTAJIHCH KAaK
MOKHO ObIcTpee (MM [emieBne), HOpPM 3TOM JJIA YOpaB-
JIeHHsI TPOIeccoM MOXKHO MEHSTh HEKOTOphle IIapaMeTphl.
«Cucrema» MOMKeT HOpPEACTABIATH cOGOHM Menms XHMHYECKHX
peaxknuit Ha dapMmaneBTHUecKoil (abpuKe, JOMEHHYIO II€4Ys
HJINM BPa’KeCKyl0 paKeTy, KOTOPYIO HY:KHO cOuTh. MeTozbl,
paspaboTaHHEIE B 3TOM 00JaCTH, pacIpocTpaHeHbl HEHMOBEPHO
mwuHpoko. CuTyanus MoOKeT ObLITH HOBOJIBHO CJIOXKHOM: ITOJHAS
uHpOpMaALUA JOCTYIIHA He BCETNa, IIOCKOJbKY KOHTPOJIbL MOMKET
OCYIIECTBJISTHCA TOJBKO C 3a/IeD:KKO, UK cAydaifHbIe IOMEXH
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MOTyT MeHATh HpOIecC HenmpeackadyeMsiM o6pasom. Kax
NpaBuJIo, GYHKIUNM YIPABJIEHNSA 3aJaI0OTCs OUEeHb CJIOKHBIMU
YDaBHEHUAMM, X TOUHbIE PEIIeHUA AOCTYHHBI TOJILKO B HCKIIIO-
YHUTEJILHBIX CIIyJasx.

Kax MBI YyiKe TOBOPHUJIH, Hewem-
Koe ynpasaenue MOXET CIesJaTh KH3Hb
ropasfo mnpoie. 3a cucTeMoil HabxIo-
JaloT, a IOTOM OLEHHWBAIOT, B KaKoi
Mepe TeKyIas CHTYalus COOTBETCTBYET
PasIvuYHBIM clieHapuaM. Eciau ypaBHOBe-
muBaeMas JOCKA HAKJOHWJIACh Ha IMATH
I'PAfycoB BIEpeN, TO 3TO MOKET IDH-
BeCTH K CJHEAYIOUleMy pacupeneieHuIo
CneHapHes, ONNCAHHBIX paHee («CHJIBHO
OTKJIOHHTL HAa3an», <«He OTKJIOHATL»,
«HEeMHOTO HAKJIOHHUTH BIEpPER», «CHILHO
HaKJOHUTE Bruepen»): 0,0; 0,2; 0,8; 0,0.
3areM ONpaIIMBAIOT <«3KCIEPTOB», YTO
HY)XHO NPEeANpPUHATL B CcJiydae, eciu
JOCKa CHJIBHO OTKJIOHMIach Hasafn? OTKIOHMTE HEMHOI'O
Hasazn? m T. . Ecau cpeay npouero BHIACHUTCA, YTO HUYETO
NOpeAIPUHNAMATH He CJIeAyeT, KOTA OTKJIOHEHWs HeTl), u uTo
npu HeGOoJIBIIOM HaKJIOHe BIepel HY)KHO IOTBHHYTH JOCKY Ha
NATh AIONMOB BIepef, TO 9TH JBe PeaKnuu KOMOMHHPYIOTCH
OPOHNOPLUOHANBHO MX YYACTHIO B ONMCAHHOM HAMU CIEHADHUH:
«HH4Yero He jAenarb» — ¢ Koadpdunuentrom 0,2; «IOABHHYTH
JOCKY Ha MATL AofiMoB Bmepen» — ¢ koadduumentom 0,8.
B pesyanrare gocka Oyaer mepememiena Ha 0,8 -5 =4 mioiima.

TlopasuTeabHO, 4YTO TaK MOXKHO paboTaTe ¢ JOBOJIBLHO
CIOKHBIMH 3afadyaMH yIOpaBieHHA. PeleHne MoOMXeT HOTY-
YUTHCHA <«JlePraHHBIM» II0 CPABHEHUWIO C KJIACCHYECKHMM, HO
34TO «HEUETKOCTH» Iopasfo HpoIlle B HCIOJHEHUH.

DKoneuno e, Bhl MoOriam Gbl JorajaThcsa o6 aToM camm, He mpueras
K OOMOINM 3KCIEDTOB.
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CEKPETHbLIE NMOCNAHUA B BUBJTUU

Jna MaTeMaTHKOB 4YHCJa — 3TO OOBEKTHI, CBOMCTBA KOTOPBIX
HYKHO M3yYaTh M HUCIIOJb30BATh B BEIUMCJICHUAX. MaTeMaTuKy
He IPHUINCHIBAIOT YUCIaM HUKAKNX MHCTHYECKHX CBOMCTB.
OpHako ¢ JaBHUX IIOD CYIIECTBYeT TPajuIUs, M3BECTHAS ellne
ITudaropy, Bumers B umcaax Heuro Goabmee. Hanpumep,
YyucjaM MOTYT NPHIHCHIBATH HEKOTOPYIO 3HaUYMMOCTL (<«Iap-
HOCTh — KyHeJb H3MEHEeHUH», «TPOHKA I'OBOPUT O MYADPOCTH
U 3HAHUMY»), 4 3aTe€M MCIOJb30BATH 3TO KaAdYEeCcTBO B Xofe
OPUHATHA PelIeHui.

Crhenyer s MOKyIaTh JOM, €cJii cymMma nudp B azpece —
«HecuacTauBoe» uynciao? Koro-to Momxer cMyTUT: HOMep
HoJep:KaHHOM MAaMIMHBEI (HOKyIaTh WJAM He IOKYNaTb) HJIn
JaTta poskAeHusa OYAYINero cyupyra; 4ucja eCTh BCIOAY.

Oco6Goe pacupocTpaHeHMe MHICTHKA UHCEJ MIOIydYHJa
B /[eBATHAJIATOM BeKe. BBLIO Takoe MNOIYJSAPHOE 3aHATHE:
OyxkBam asdaBuTa NPUINCHIBAJN ONpeAeieHHbIe 3HAYEHHUIA,
¥ TakuM 00pasoM MOJYYATIH YMCI4, COOTBETCTBYIOIME HMEeHAM
aoneit. Ecau B pesysbrare nmoxydanock 666, — «qucsio 3Bepa»,
O KOTOpOM YIOMHHaeTca B Bubiaum, — TO 3TO, HECOMHEHHO,
LOJKHO OBLJIO YTO-TO O3HAYATH:

3aecs MyzApocts. KTO MMeeT yMm, TOT COYTH YMCJIO 3Bepd,
#60 THCIO 3TO YEJOBEUECKOEe; YHUCJIO €ro HIECTHCOT MIeCThAECAT
mrects (Cs. anocrosr Moamn, Ork.13:18).

Y sroro Meroma ecTh yasBumoe MecTo. CylliecTByeT Tax
MHOT'O CIOCO0OB CONOCTABHUTH OYKBaM IMMPHI, YTO Y HOACYUH-
TBEIBAIOLIET'O €CTh OIPOMHLIM IIPOCTOP, YTOOBI IOBIHMATE Ha
pesyawsrar. Hanmpumep, B pomanme Toicroro «BoitHa U Mup»
YAAJoCh CONOCTaBUTh Hamoneorny unciao 666, TOILKO ecau ero
NMsA 3aIIMcaTh He BHosgHe BepHOo Kak «Le Empereur».

Eme oaWH BCIUIECK YHCJIOBOTO MHMCTHUIHM3MA CJOAYYUJICA
B 1997r. mocae nybamkamum xHuru M. [Iposauua <Koz
Bubaun» (M. Drosnin. «The Bible Code»). ABTop npearosxn
TEOPHI0, YTO B OPHUTIHHAJIBHOH eBpelickoii 6ubimuu B samud-
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POBAaHHOM BHIe XPaHHUTCA MHOro MHGOpDMaUUU O COGBITHAX
mpouoro u Oyayuero.

Croopei  gofpanuck ¥ JXo IpodecCHOHANBLHBIX MAaTeMAaTH-
qeCKHX JKYPHAJIOB, IIOCKOJABKY BHauajie OBLIO HEACHO, Kak
TAKO€ OIPOMHOE KOJHYECTBO CTOJbL TOUYHBIX IIPeACKasaHui
JOATO MOTJVIO OcTaBaThbcid HensBecTHhIM. Ho okasanochk, 4TO
meTof HAposHrHA NPUBOAUT K AHAJOTMYHBIM pe3yJIbTaTaM JJId
J10060T0 TeKcTa, JHUIIb Obl TOT OBLN JOCTATOYHO IAJHUHHBIM,
HyXKHO TOJIBKO XOPOIUIO IIOCTAPATBLCH.

. Komeuno ke, TakMe Hrpbl He OrPaHWYHBAIOTCH ONHOU
ToApKO0 Bubnueil — cyliecTBYIOT U COBpPEMEHHBbIE BapHUAHTHI.
Hanpumep, mopunaresnnm kKommamuu Microsoft npu xenaHun
MoryT HaiiTu uucio 666 B umenu Bumnna Teiitca. Ias sroro
HYHO TOJIBKO «IIPABAJIBLHO» 3ammcaTh uMsaA Kak «B. & Gates»
u comocrtaBuTh OyxBaMm ASCII-komsr:

B . & | G| A | T|E| S | Cymma
ASCII-xox | 66 | 190 | 38 | 71 | 65 | 84 | 69 | 83 666

Ho 3T0 He enumHCTBEeHHBIH cImoco6 pasobmauuTh DBuiia
Teitircal?. Ero monHoe wumsa— Yuapam Dempm Teitre III,
no3ToMY J1060# BIIpaBe MOCMOTPETH, UTO OyeT, eCiIH 3alncaTh
ero Kak «BILL GATES 3», u Byanus:

B|I|L|L|G/A|T}|E ;S |3|Cymma
ASCII-xox |66 |73 (76 |76 | 7165846983 |3 666

Creayer HpH3HATH, YTO 3AeCh €CTh AOJNA KYJIbHUYECTBA.
Bo-nepBrix, ASCII-xon mudpst 3 paseH Bosce He 3, a 51.
A BO-BTOpBIX, IPOMyIIeH Ipobes Mexay UMeHeM U Qamuinei,
a ero ASCII-xox pasen 32. Ilpamoi#i mepeBosy uMeHu bBuiia
TeiiTca B wKcaa HM pas’y He oOHAPYXKMJ HUYEro 3BEPCKOrO.

MCTOKHU MUCTULIU3MA Y NUDATOPEMLIEB

Hcropuio 4YmHCIOBOrO MHUCTHLW3MA MOMKHO IIPOCIEAUTH [J0
rny6okoii apeBHOcTH. BriepBhle OH oGHapy:KuBaeTcs y nuda-
ropeiines, nociaenosateneit Ilugaropa (oxomo 500 r. mo H. 3.).

Doror cmocob B 1995 roxy mosBmica B sKypHaie Harper.
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B gppeBrmx muBmauszanuax Ermora m Mexaypeubs umciaa
OBITM BaKHBIM WHCTPYMEHTOM BBIUHMCJACHUH B acTPOHOMWUM,
apXUTeKType M HUKAKOro 0c000ro CMbIC/IA UM He OPUAABAJIU.
Coycra nBa Beka mnociae Ilmdaropa rpedeckme MaTeMaTHKHN
TOJKe He BHAEJM B HHUX HHYEro MHCTHYECKOTO; B OTPOMHOM
MaTeMaTH4YeCKOM KomIeHAuyme, «Hauanax» Esxamzaa, Her
TAKUX YHIOMHHaHWM.

ITocne sakara nmmdaropeiickoil INTKOJIBI YHCIIOBOH MICTH-
mu3M OBLI MOYTH 3abbIT [0 MOABJEHUA Heo-mudaropeines
B HayaJie Hamei 3pbi. Y ¢ Tex Iop OH IIPOYHO YAEeP:KHUBAET CBOE
MEeCTO B COKDOBHHIHHIE BCero umppanuoHajabHOro. OcobGewnHo
B TPYAHEBIE BpPeMeHA, KOTMA JIOAW HUIYT OOBLACHEHUA CBOMX
npobieM ¥ MOMOINY, 4 PEJUTHSA UM KayKeTcA HeJOCTATOUHOM,
BAPYI' OUATH CTAHOBUTCA BaxXHO, 4TO 1 — «Xopoluiee» UYHUCJO,
a 2 — «muoxoe».

XoTa )11 MaTeMaTHKOB BO BCeM 3TOM HeT HH MaJieiliero
CMBICJIa, HE CTOUT IIoJjaraTh, UTO Y HACTOAIIMX YYEHBIX OG-
3aTeNbHO €CTh MMMYHHTET IIPOTUB MHEHHH, KOTOpBIE B Hallle
BpeMS MHOTHE CUMTAIOT MppanuoHansbHbiMu. Morans Kemnep,
OTKPBIBIIMH, YTO ILJIAHETHI JBIMKYTCA II0 3JININTHIECKHUM
opbmuTaM, mBITAJICA BLEIBECTHM DACCTOAHUA OT Iaxer a0 CosHiia
Yepe3d COOTHOLIEHHUA MeXKIY BIHCAHHBIMH OZHO B JApyroe
ITnarormoBeIMM Tenamu (KyOoM, TeTpasapoM, OKTasApPOM, HKO-
casapoM, poAekasAapoM). A Benukuii HpIOTOH B IIOHCKax
CeKPEeTHBIX co00IeHmit, samundposadHEIX B Bubaun, npoBoam
OoJbllle BpeMEHH B CBOeH aJXuMWYecKOo# JaGopaTopuu, yeM
TpaTHJ Ha HamucaHme KHUrH <«Principia Mathematica», —
a Begb OHA TOPKECTBEHHO OTKPELIa HOOEJOHOCHOE IIIEeCTBHE
MaTeMaTHYeCKUX METOZOB B I[aPCTBO €CTECTBEHHBIX HAYK.

3AKOH «MAAbIX YHUCE/»

«MucTuyeckue» CBA3H HHOIZa BOSHHUKAIOT JHIIL IIOTOMY,
YTO UHCJIO MaJIbIX 4ducej Majo. MaTeMaTUK HasBaj ObI 3TOT
IPUHIMI «3aKOHOM MAJBIX YHCEJI».

MaremMaTuueckre pokxasaTeJbcTBa OeccropHbl. Kaskzaomy,
KTO XO4YeT pasSJOoXKUThL IATh IMapUKOB B 4YeThipe AIIWKA,
OpHUAETCSa IIOMECTHTH 6ojiee OZHOTO IMIapuKa XoTda ObI B OAWH
ANUK. MaTeMaTHKM Ha3LIBAIOT STOT MPHHIIHI «HPHHINIOM
Jupuxne» (0 posum 9TOr0 NPMHHMIA KaK MeToa MAOKa-
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3aTeJILCTBA MOXXKHO mpouymTaTh B Iml. 61). CormacrHo sTOMy
IPUHIUITY NPY BbIABJICHAN B3aVMOCBA3EH MeKIy HOHATUAMU
MaJIoe Uucjao Hem3be:xHo 6yeT MOBTOPATHCA NOBOJBHO HACTO.
Hanpumep, XOpolIo M3BeCTHBHI Takue TPOMKM:
e tpu rpanyu (Araas, Edpocurna u Tanus),
e Tpu mapsa (Kacmap, Measxuop m Banracap),
e Tpu MmMyumkerepa (Aroc, Iloproc m Apammc),
e TpH BpeMeHH (IIpONILIOE, HacTodAlllee M OyZxyIuee).
Taxoe coBIaJleHHe He O3HAYAeT BOBCE HUYETro, HO HYMepo-
JIOTH CUMTAIOT, YTO KOIAa B IPYIIIY BXOAAT TPHU dJIEMEHTa, —
9TO OUYEHb BaKHO.
Te, KTO MHTEPECYEeTCA STUM IIPEAMETOM, MOTYT IIPOYHUTATH
Be OUEeHL HMHTEpPEeCHbLIe KHUTH:
e Underwood Dudley: Die Macht der Zahl. Birkhéuser,
1999.
e Harro Heuser: Die Magie der Zahlen. Herder Spektrum,
2003.



Mhasa 76

HACKOJIbKO Y3/JIOBATbIM MOXET BbiITb
Y3ENNIOK?

Boo6pasure, uTo rme-To B UyJjiaHe V BaC €CTh JIEKTPUUSCKUN
IPOBOA-YANUHUTEL. BBl BKIOUaETe ero caMoro B ceds, T.e.
BCTABJIA€TEe BHJIKY B PO3ETKY HA APYrOM KOHUE VAJIUHHTE:
MOJIy4aeTcA 3aMKHYTBI KOHTYD.

Ecan mepeny Tem, Kak BB 9TO IPOAEJNANH, YAJAHUTEND
ObLT Gojlee MM MeHee SalyTaHHBIM, TO TENeph OH CTAHET
GesHaZe’KHO 3aysieHHBIM (puc. 76.1). MoxHO Ju pacmyTaTh
ys3eJ, He BEIHMMAsA BUJKY U3 poseTku? MHaue roBops, MOXKHO
J¥ TPeBPATHTL €ro B OOJBIIYIO OKPYRHOCTL? IloHmaTHo, 4To
HHOTIA STO MOXKHO CIeNaTh, a UHOTNA HeJb3s.

Puc. 76.1. MoxxHO S pasBA3aTh STOT y3eja?

Ho B KaKMX HMEHHO CHTyanufAXx? DTOT BONPOC 3aHAMAJ
MaTeMaTHKOB HECKONbKO crojeruii. KomeuHo ke, He Kak
TEOPUA VAJNHHHUTENEH, HO KakKk TeOpHs OOIMHX abCTpaKTHBIX
yanoB. Cpa3y ke BcraeT 3afada MOCTPOMUTL MOAXONALINMA
cioBapb A GOpMyIUpOBaAHUSA 3TOre Bompoca o6 ysmax. Ee
nocraBuy eme Jleii6HuN, HO YZOBJETBODUTEILHOE DpeHIeHHE
0B1710 OJTYUEeHO TOJIBKO B KOHIE AeBATHaANaToro sexa. Tounas
¢dopMyIMPOBKA KOCTATOUHO CJIOKHA, TAK YTO MBI OTPAHNUNMCA
MOJIeNIBIO C YAJIMHHUTEIEM.
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TlopasurensbHO, HO HOTPEGOBAIOCEH HECKOJILKO AeCATUIeTHH,
uyro6bl ORI IOJYYeH OTBeT HAa OAMH U3 CAMBIX IIPOCTHLIX
BOIpocax 00 ys3nax. PaKT, M3BECTHBHIA RaMIOMY, KTO XOTdA
661 pa3 mpofosas 3aBsA3aTh Yy3eJ, OBLI CTPOro JOKasaH
gumis B 1930 r.: HexoTOphle y3JBI DPa3BA3ATH HeJAb3dA, KaK
HU crapaiica. BoT mpocTe#iimil IpuMep TAKOrO yaja: JIHCT
KJeBepa.

3adaua knaccupurayuu ropasno cioxuee. Kak pasgenuTsb
Ha KaTeropuy OrPOMHOE MHOMKECTBO CAMBIX DPa3HBIX Y3J0B?7
Haj sTuM BOmpoCcOM MAaTeMAaTHEKH paboTaioT ceifuac.

PassuTie TeopHMHM y3J0B BaKHO AJs dusuxku. B 1867 r.
agrnuiickuit usur Yiapam Tomcomn (mosznee sopa KearBuH)
OPeNjIoKNSI HOBYH N OPUTHHANBHYI0 aTOMHCTHYECKYIO Teo-
PHIO, B COOTBETCTBUM C KOTOPOH aTOM IIPEACTaBIseTCA B BUAE
U3BHJIMCTOM JNHHUM B 3@Hpe; aTOMBI MOXHO HOpeACTaBJATH
cefe Kak mepenyTaHHBIe KoJbIla AbIMa. PasHooOpasue Bce-
BO3MOJKHBEIX ATOMOB TOTHA COOTBETCTBOBAJIO OBl Da3INYHBIM
6as30BBIM THIIAM y3J0B. Tak BO3HUKJIA 3a/lada KJIacCHPUKALAK
¥ HayaJlach CHCTeMaThdecKas paspaboTKa TeOPHMHM Y3JIOB.

B cospemernHoii (usuxe nresM HKerbBHHa MecTa He
Hamaoch., ONHAKO TeOpHMs Y3JOB CTaja JKM3HEHHO BajKHON
naa ¢usuxn o apyroit mpuwumHe. OHa HrpaeT BaKHYIO POJh
B Mmeopuu cmpyr, KOoTopas NbITaeTca OOBLACHMTL 0a30BYIO
CTPYKTYpPY MaTepHU.

WHBAPUAHTDI Y3J10B

IIpomno 230 jer ¢ GoOpMyAUPOBKH BOIIPOCA «CYINECTBYIOT JIN
y3Jbl, KOTOpBblE€ HeJIb3sl pasBA3aTh?» N0 ero IlepBoro permrie-
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Hua wMmartematTukoM Kyprom Paiiaemaiicrepom (1893-1771).
B 1932 r. 0H nDpeAnOKUI MCHOJIb30BATH UHBAPUAHMbL Y308,

Brauane o0BACHUM W€ MHBAPDUAHTOB Ha HPOCTOM MIpU-
Mepe.

PaccMoTpuM cienyroiyio mpocTyio «urpy». Ha crose mexar
JEeCATH KaMeNIKOB; XOJ HWIDHl 3aKJIOUYaeTcad B TOM, dYTOOHI
BBLJIOKHTE HA CTOJI CeMb KaMeIIKOoB (M3 HeOrpaHMUYEeHHOTO
3amaca) WJIH CHATH CO CTOJA CeMb KAMEIIKOB (ecau 3To
BO3MOJKHO).

3adaua. Moxer 1M B HEeKOTOPBHIM MOMEHT MI'DHI HA CTOJIE
OKas3aThCcsa POBHO 22 xKamemka?

Peuwienue. Her. Takoro OLITH HE MOXKET, H 3TO MOXKHO JOKA-
3aTh, UCIOJB3YA HECJIOKHBIA METOJ MHBADHAHTOB. B KaxabIi
MOMEHT MI'Dhl MBI PACCMATPHBAEM OCTATOK OT JeJIEHUA YHCJIa
KaMeIIKOB Ha cToje Ha cembl), Torma ACHO, YTO HOJKHBI
BBLIDOJIHATLCA TPHU BEHIH.

e B Hauajie HrpHI OCTATOK paBeH 3.
o JI1060it X0x B 3TOIl UI'De He MEHAET OCTATKA OPU JeJICHUN
Ha 7, MOCKOJIBbKY KaMeNIKHM Ha cTojie A0GaBISIOTCA WU
yOupaioTca mo ceMb IITYK.
o Jlna uumcna 22 ocTaTOK OT geneHuss Ha 7 paseH 1.
TakuM o006pa3oM, B XOJe OINMCAHHON IpoueAypPLl HEBO3-
MOXKHO IMOJYYHUTH Ymcjao 22.

A Temephr BepHeMcA K Teopuu YyanoB. Paiifemaiicrepy
OPUILIO B TOJOBY HCIOJNL30BATL AJIA Y3JI0B AHAJOIMYHELI
noaxos. BHauajle OH ompefeans TO, YTO MOMKHO OBLIO ObI
Ha3BaTh <«IOPOCTOH XOJ B MIPe C y3jJaMH». Bcero oxasaiocs
TP Pa3NNYHBEIX BHJA BroKeHNE PalizemaiicTepa». 9To
MaHUOYJIAIUN C Y3JIaMH /Zlfna «IIepeBUHYTL OJHY IIETIIO IIOJ-
HOCTBIO HaJ ApPyroii». BaHo, 4TO Mr06as MaHWIYJANUA HAN
Y3JIOM MOJKeT GBITH IpeACTaBIeHA B BIAE IIOCIEHOBATEIHHOCTH
ABMKeHME Pa#inemaiicrepa.

A 3zarem PailigemaiicTep ompemenus HHBAPHUAHT — TAKOE
CBOMCTBO y3Ja, KOTOpOE€ He MOXKET M3MEHHMTHCA IIPU 3STHX
ABrxennax. Ecau ysen obiazai aTUM CBOMCTBOM [0 JABHMKe-
HuUsa, To OymeT obnazars M mocie.

DTo ects, kax 6aLI0 ckasaEo B . 22, WIeM CpaBHeHHEe 3TOro YUCIA IO
MOZYJIO CE€Mb.
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K coxxaneHunio, MHBAPMAHT 9TOT CJI0KHEEe, YeM «OCTATOK IPH
JeleHuM Ha 7» U3 OMHCAHHOrO HamMu Opumepa. VIEBapmaHT
PaiinemaiicTrepa 3aKmoYaeTci B BO3MOMKHOCTH PacKpacuUThb
njiocxkoe m3obpaskeHme ysja onpelesIeHHBIM 00pasoM.

Cytp noaxona PaiinemaliicTepa B TOM, YTO MOXKHO JAOKa3aTh
caenyioue yTBeDXKIEHUA.

e NuBapuanT He MeHsieTcs Ipu [BHKeHnax Paiizemaii-

crepa.

e 3aMKHYTBHIH KOHTYp, T. €. HEe 3ay3JeHHLIN y3eJI, HeJb3d

 pacKpacuTh YKasaHHBIM o0pasoM.

o Hexoropsie y3ibl, TaKHe KaK JIUCT KJeBepa, PACKPACUTH

MOJKHO.

Orciofja cJjexyeT, YTO ys3eJ «JIHuCT KjIeBepa» pasBa3aTh
HeJb3s.

Hapmo 3aMeTHTh, 4TO 3TOT PE3YJILTAT BOBCEe HE RAeT OTBETA
Ha BCe OCTaBlIZXeCH BOIPOCEI. EcCJM ysesl MOXHO PacCKpPacuTh,
TO ero HeJb3s pacuyraTh. Ho o6paTHoe Heo0a3aTeIbHO BEPHO:
BO MHOTHX cCJy4asx 5TOT MeTOA He I03BOJIAET OIpeleJHUTh,
MOKHO JIM PacIOyTATh y3€JI, IIOCKOJBLKY CYUIIECTBYIOT Y3J]HI,
KOTOpEIE PACKPACHTH HEJIb3s, HO pacmyTark MokHO. IloaTomy
ocTaercs 3ajada HANTH APyrue WHBAPHUAHTHI, IIO3BOJAIOLNNE
OTIWYATH YV3JIbI, KOTOpEIE PacHyTaTh MOJKHO, OT TEX, KOTOPHIE
pacoyTath HEJB3H.

ITonck TakmX HMHBADHMAHTOB COCTABASET IpeAMET MHOTHX
uccxenosanuii. JJoarocpouHas meab — YHUEEPCANbHbLI UHEA-
puawnm, T.e. JIETKO IMPOBEPAeMOe CBOMCTBO y3J0B, KOTOPOMY
y3eq yAOBJIETBOPSAET B TOM K TOJBKO TOM CJydae, KOTrja ero
MOKHO pacoyTaTs. Ho moKa 5Ta IeJih KaKeTcs OUYeHb JaJeKOoH.



Tnhasa 77

CKONbKO MATEMATHUKH
HY>XHO YEJIOBEKY?

CKOJIBKO MaTeMATHKH HaM B AelfCTBHTeNbHOCTH HY:KHO? Ham
OpaBAa HYXXHBI KBaJApPATHBIC YDPaBHeHHA, rpaduxm QyHKrmit
U uHTerpanbsi? PasBe He JOCTATOYHO yMeTh CUHTATDL M 3HATH
Tabnuny YMHOMeHHdA, dYTOOBI 3HATH, CKOJLKO 3aIljaTUTh
B GaxaseiiHoil JaBKe M CKOJIBKO OCTABHUTL YaeBHIX B pecTopaHe?
HexoTropsnie roToBBI noiTH elle KaJjblle M IEPefaTh Jiaxe 3TH
BBIYHCJIEHHA KapMaHHBIM KaJbKYJAATOPaM, KOTOpDEIE Temeph
BCTPAnBAIOTCH B JNI000H MOOGUALHBIN TeedoH.

He cTonT BOCIpHHENMATE TaKKe PASNKANBHEIE IPEATOKECHN A
Bcephes. C TeM Ke ycmexoM MOMKHO 3alUINATH OTMEHY Ipe-
IoAaBaHMUSA POJAHOIC SIZHIKA (BeAbh eCTh NMPOrPaMMBI IIPOBEPKHA
npaBonucaHuA) uau reorpadpum (Ha 310 ecth I'yrim). Tem e
MeHee BIOJIHE IPABOMEPEH BOIIPOC O TOM, KAKNM JOJIKHO OBITH
MEeCTO MATeMAaTHKH B COBpeMeHHOH cucTeme o0pasoBaHM.

§1 monaraio, ecTb mpu MOMeHMaA, KOTophie 00yCIOBANBAIOT
IyOOKOoe H3YYEHHE IpeaMera B IIKOJbHOI nporpamme. Bo-
HEepPBBIX, HEJIb3A CHOOPHUTH C TEM, YUTO MATEMATHKA NOAE3HA
OIS PemeHHd KOHKPeTHBIX 3a7a4 peasbHOro Mmpa. Hauunas
C BBIYUCJEHHII B yMe Y ODHJaBKa B Oyjgo4uHOM, M mepexons
IIOYTH KO BCEM BeTBAM Hayku. JlioboMy CTyAeHTY, IJIaHH-
pyOLIeEMY CTaTh HHKEHEPOM, 3aHUMATBCS €CTeCTBeHHLIMH,
TYMAHUTAPHLEIMY, COLMAJBHBIMM HAYKAMH WJIH MEIUIUHOMN,
TpeGyeTcsl cepbe3Has MOATOTOBKA XOTA Obl IO OCHOBAM CTATH-
ctuxky. KoMOplOTEepEl He 3aMEHAT 3TO¥ MOATOTOBKM, KAKHMM
yao6usiMuM OBl HHM O6bliM TporpaMmbl. YesoBeK, KOTOPBIH
He B COCTOAHUHM MPOBECTH HIOPOCTBIE€ BBIYHUCIEHUT, UYTOOBI
NPOBEPHUTH PE3YJILTAT PaboThHI KOMIOLIOTEpa, He 3aMETHUT, eCJIH
Kaccup B CylepMapKeTe HeYagHHO BBe/leT HEBEDHYIO IIEHY,
OIIMOMBIINCE B TOJIOKEHMH 3amnsToi. M jgase caMuiil cosep-
HIEHHBI NOPOrpaMMHBIN IIaKeT He CHHMAaeT C IIOJL30BATENA
OTBETCTBEHHOCTH; TOJBKO IIOJb30BaTENb MOMKET IIPOBEDUTD,
HOZXOAUT J¥ JAHHBI HaKeT B JAaHHOM CUTYaNuH, TOJIBKO
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NOJb30BaTEb MOMKeT BBIACHUTH, HA KAKWe BOIPOCHI IO3BO-
JSIOT OTBETHUTH COOpaHHBIE JaHHBIE; TOJLKO HOJIHL30BATEJIb
MOXKET IIPOMHTEPIIPETHPOBATL pPea3yJabTaThl. Be3 MaTeMaTHKH
JIOOY OTHAIOT ce0s Ha MIJIOCTh OapHIIIHUKOB K CIEeKYJIdH-
TOB, & HAOJTOBPEMEHHBIE SKOHOMHYECKHE IIJIAaHBI, TaKue Kak
IOKYIIKa AOMa, IPEBPaIaloTCsa B ONACHYIO a3apTHYIO UrPY AJIA
TeX, KTO HE B COCTOAHUN OIEHHTH BEJNUVHY 3a8J0JI:KeHHOCTH.

Bo-BTOpEIX, MaTeMATHKA — HEBEePOATHO 3aXBaThIBalolllee
HHTEeJJICKTYaJbHOe HIpUKJIIOuYeHne. Pemenme 3agau Tpebyer
HACTOMUYMBOCTH M KpPEaTHBHOCTH — B IIpoIecce BOCHHUTAHUSA
3TUM KaYeCTBAM HEBO3MOKHO YAEJUTH CJIWUINIKOM MHOIrO BHH-
MaHuA. OTBeTCTBeHHEBIE 3a IIEPCOHAN B KPYIIHBIX KOMIIAHUAX
J100AT HOBTOPATH, YTO 3THU KAadeCTBa, KOTOPHIMH OO6JazaioT
CTYNeHThLI-MaTeMaTHKH, He MeHee Ba’KHBI, UeM TeXHUYecKasd
OCBEJIOMJICHHOCTh O Aedax ¢upmbel. MareMaTHK HOPHBBIKAET
BO3UTHCA ¢ 3afiadeil A0 TeX IOpP, IOKa He OyAeT MONYIeHO
pemrenne. Be3d coMHeHHA, 3TO Ka4deCTBO NEHNTCA BBICOKO
B J1000#1 mpodeccun.

W B-TpeThuX, HeJb3d 3a0LIBATh, UTO «HAI MHUpP TOCTPOEH
Ha MareMaTumueckmx npuHnunax». Co spemern lanmieo Ham
M3BEeCTHO, 4YTO KHHra NpUPOALl HaIKWcaHa Ha HA3bBIKe MarTe-
maTuku. [ToaToOMy BCAKWM, KTO JKeJaeT MO3HATE IVIYOHHHYIO
CYIIHOCTL MHUPA, AOKEH OBITH 3HAKOM C UHCJIAMH, I'eOMeT-
pUYeCKMMH O0BEKTaMH M BEpPOATHOCTBIO.

MareMaTHKa HIpaeT BaXKHYI0 POJdb BO BCex 0asHMCHBIX
KOHIEIIIINAX €eCTEeCTBEHHBIX HayK. Puiocod He ocMeanIca
65l Ha IOIBITKY BECTH pedyb 00 OHTOJIOTHH, He uMes 0a30BOH
MaTeMaTHUYeCKO# IIOATOTOBKM JJis HNOHMMAaHUSA TeOPUH OTHO-
CUTEILHOCTH U TEOPHU BEePOATHOCTEI.

K coxanenuio, o6yueHNe B MIKOJIE OOBIYHO OrPAaHUYUBAECTCA
TeXHUYECKUMH IIpreMaMu. s Toro 4To0p HOJIYIaTh XOpolnue
OLIEHKH, JOCTATOYHO 3aIIOMHUTEH HECKOJIBKO PElenTOR; TIOBTOMY
VIeHHKM C TaKofl MaTeMaTW4eCKOil NOATOTOBKONM Tak W He
OPHUKACAIOTCH K CyTH. 9TO CJIOBHO OBl y4HTE (DpaHIy3CKHH
fABBIK, OIPAHHYMUBUINCH HCKJIIOUNTENbHO IPAMMATHKON M He
IPOUNTAB HH OJHOT'O CTHXOTBOpeHus Boxanepa. Ho »sTo yxe
apyraa ucropusal.

DCmM. . 31.
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FAE O6 3TOM MPOYUTATL

BoaplInHCTEO IAB B 3TOM KHHI€ MOMXHO PACCMATPHUBATL KakK
HJLIIOCTPALHIO 9THX TPeX ACHEKTOB BAYKHOCTHM MATEMAaTHKH,
KOTOpbIe MBI CerofHs o0cy:kaany. BoT HEKOTOpEIE IPHMEPHI:
e «MaremaTka moJesHa»: ri. 1, 7, 9, 14, 21, 62, 63,
64, 71, 90, 91, 93, 98.
e «MaTemaTnka yBIexaTennHa»: va.4, 15, 17, 18, 23,
33, 48, 49, 76, 99.
o «MareMaTHKa — A3BIK UPHUPOABI»: ™. 38, 47, 51.



Mhasa 78
MHOIO, BOJIbLLUE, EWE BOJbLIE!

Ha psigke mpogaroT ABe KOP3HHLI A0JI0K, M BB XOTHTE KYIINTh
Ty, Toe a6nok Gonbme. Kak pemnts — xoropyio? Ilepsoe, 4To
[IPUXOIUT B I'OJIOBY, — IOACUNTATH AGIOKM B 00eMX KOp3WMHaX
H CPaBHHUTH PE3YJILTATEHI.

A ecnm BB IIOKa He yMeeTe xopomo cuurath? Bce paBHO
MOXXHO HPOBECTH CPaBHEeHHe, — IIPOCTO BRIHUMAaiiTe IO OFHOMY
AGJOKY M3 KaKI0H KOpP3WHBI, IOKA OfHA M3 HUX He OIyCcTeeT.
B Heit a6s10k OBLIO MeHbIHE.

TouHO TaK Ke MOYKHO CPAaBHHBATh PasMEPBI MHOXKECTB,
JasKe eCAM HET BO3MOMKHOCTH IOJCYMATATH KOJUYECTBO HX
2JIEMEHTOB. OTy HJEI0 OCHOBATENhL TeopMu MHoxkecTB Ieopr
KanTop ycneilHO IPUMEHWJ K GeCKOHEUHO OOJBLUINM MHOXe-
crBaM. Hy:KHO TOJILKO CJIETKA IOAKOPPEKTHDPOBATH IIPHMED
c #6ioxkamu. BmecTo TOro uro0Gbl BHEIHMMATh UX IapaMy,
AGNIOKKM M3 MepBOl KOP3MHBI PACKJAALIBAIOT B PAZ. 3aTeM
AGMOKM U3 BTOPOH KOP3HHBI TOMKE pPACKJIALBIBAIOT B DAL
MapajIeJIbHO IIePBOMY, TAK UTOGHI HAIIPOTHUB AOGJIOKA M3 OAHOMI
KOPSMHBI Jexano fA6goxko u3 apyroit. TouHoe cooTBeTCTBHE
PALOB YKaXKET Ha TO, YTO A0JIOK B KOP3UHAX IIOPOBHY, €CIIH Xe
TOYHOTO COOTBETCTBHA HET, TO 3TO OyzeT 3aMedYeHO Cpasy ixe.

Ms1r BocmonbdyeMcst 3aTHUM cmoco6oM, dYTOOBRI IIOKa3aTh,
YTO HEUYEeTHHIX 4YHCeJ <«CTOJBKO JKe», CKOJbKO YeTHBIX.
Hy:kHO TOIBKO PA&CCTABHTH 3J€MEHTHI MHO;KeCTB 2, 4,6, ...
ul,3,5,... «B IBe HIePeHIn», YTOOLI YETHOE UHCIO 2 OBLIO
HAIPOTHB HEYETHOTO 1, ueTHOe 4 — HANIDOTHB HEYETHOro 3,
yeTHOe 6 — HAMPOTHUB HEYETHOTO D, M T. J. KAXKJIOMY YETHOMY
gucay 6yZeT COOTBETCTBOBATH HeUETHOE, HA eJUHUNY MeHbIIIee.

KanTop o0HApPYRMJI HECKOJHKO YAWBHUTEJILHBIX ABJIEHWH,
CBA3AHHLIX C PAasMEpaMHK UYHMCJIOBBIX MHOXeCTB. Paccmorpum,
HAIIpUMED, MHOXKECTBO pPAUHOHAJBHBIX YHCEJI — HX MOXHO
OpPEeACTABUTL B BHAe APOOH, T.€. OTHOUIEHHA ABYX IIENBIX
gucen, Hanpumep 7/9 mam 1001/4711. B sroM MHOKecTBE
CTOJIBKO Ke 3JIEMEHTOB, CKOJIBKO B MHOXKeCTBE HATYpaJbHBIX
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ypcen 1, 2, 3, ..., — U 3TO BOBCe He oueBHAHO. Ha mepBhIii
B3MVIAJ KaKeTcs, UYTo Apobeil JOEHO OBITE TOpPas3ao «6oJbIne»,
YyeM IeJIBIX JHCcell.

KanTop Takxse IIOKa3aJl, YTO MHOMKECTBO APo6eil HUUTOMHO
MaJI0O II0 CpaBHEHHI0 C MHOXMKECTBOM BCeX uHcesa, — TeX,
KOTODEIe MOYKHO IIPeICTABUTE B Buje 6€CKOHETHOH AecATHIHOH
apo6u. IlociieqHUX TaK MHOIO, UTO HET HUKAKOM BO3MOKHOCTH
COIIOCTAaBUTh MX HATYpajJbHBIM umcaam 1, 2, 3 ....

Bo mMHOrmx oTHomeHMAX OECKOHEUHOCTH BeAyT cebsd Kak
o6pIunble umcaa. Hampumep, MX MOXXKHO CPaBHHBATH TakK, 4TO
0 MI00BIX ABYX OECKOBEUHBIX MHOMKECTBAX MOXMKHO CKasaTbh —
OHM OAHOTO pasMepa, WM OFHO M3 HMX Oojbime, «fecKoHed-
Hee» npyroro. Apudmernrka GeCKOHEYHHIX MHOMKECTB IIOJIHA
TOABOAHLIX KaMHell, IapafoKChl W HEOXKHAAHHLIE BHIBOALI
BCTPEYAIOTCA HA KaXKAoM mary. 1 mostoMmy 1o Gonbleil yacTu
B MaTeMaTHKe HMeIOT JeJI0 ¢ MHOXEeCTBaMH, KOTOpHIe <«He
CJIHIIKOM BEIHKH».

APOBEW U HATYPAJIbHbIX YUCEN NMOPOBHY

Ms1 yxe roBopmiu, UTO ApoGeil M HATYPAJIBHBIX UYHCEJI
TOPOBHY, M cefuac C IMOMOIILI0 PHCYHKA IOKAMKEM, IIOYEMY
9TOT yIOUBWUTENLHBIN ¢(akT Bepen. OLHaAKO BHaUYale HYXKHO
4eTKO OCO3HATL, YTO YTBEDKACHWE «B MHOXMecTBe M CTOJILKO
JKe 3JIEMEHTOB, CKOJBKO HATYPAJBbHBIX UWCEJN» O3HAYAEeT, 4YTO
Yyepe3 3JIeMEHTHl MHOKecTBa M MOYKHO IPOJOXKHUTEH TaKoM
MAapHUIPYT, UTO IO AOPOTEe BCTPETUTCA KaXAbIH 3JI€MEHT 3TOro
MHOKECTBA B TOUHOCTH II0 OJHOMY PAa3y. ITC BEPHO, HaIpUMEp,
IJIsT MHOYKECTBA YETHBIX umces. Ha n-M miare MBI momagaem
B umeao 2n, IPH 3TOM KasKAOe YeTHOe YUCJIO BCTpedaeTcs
POBHO OZHAMJALI; HanpuMep, uncjo 4322 — wa 2161-m mare.
Ho xak wmoxkHO o060iTH BCe Ipobu, UTOGBI IIOCETHTH
kaxayon? KaHTopy mpumiia B roJoBYy TakKasd maes. 3amuileM
BCe ApoOM B CJIeAYIONIEM, BIIOJNHE OIIPeJeIEHHOM, IMOpAIKe.
B mepBoi#l cTpoke 3arunineM Bce ApoOHM co 3HaMeHaTesgem 1:

0,1,-1,2,-2,38,-3,... .

3HAKH UYepeAylOTCS, TAaK YTO OTPHUIATEJbHEIE YHCIA TOMe
HOIAJAIOT B 3Ty CTPOKY.
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Bo BTOpOil cTpOKe 3amumieM Bce (HecoKpaTumebie) apobu co
3HaMeHaTeleM 2:

3 3 5 5

1 _1

2° 2°'2° 2°2° 2°°°°°
B cieayiomux CTPOKax samumem ApoGH co 3HaMeHarejaeMm 3,
4, 5, m T. I.

Ioayuum 6eckoHedHYI0 Tabuammy, B KOTopoii Bce Apobu
BCTpeYaloTca mo ogaoMy pasy. Hampumep, apo6er 12/1331
paxogurca B 1331-#i crpoke. Ocraercs TOJBKO IPOJOXHUTH
MAapIIpyT, OPOXOAAINUE depe3 Bce aTH gpobu. IIpHMuTHBHBIR
mogxon He cpaboraer. Eciu oTOpaBUTHCA BAOJIL IIEPBOM
CTPOKN, HUKOTA He yAacTca KoGpaThca A0 €e KOHIA, TAK 4TO
Ha 3TOM IIYTH HUKOIZA He BCTPeTHTCA aApobhr . POKyc B TOM,
gTo0bI NYTEIIeCTBOBATL BAOJBL AWAroHajell, Kax HOKa3aHO Ha
puc. 78.1.

D=t

-2 —3

ST

S

Puc. 78.1. MapimpyT, KOTOpEIlI IPOXOAHUT depes Bce npobu

Haunmascs B HyJIe, MapupyT IPOXOAUT depe3 4ducia
1, %—, %, ——12-, -1, ... . Xora Hexerko coodpasuTh, Kyna moma-
AeT NYTEIIeCTBeHHMK, CKAaXXeM, HA MeCATUTHLICAYHOM Imiare,
BCe iKe SACHO, YTO PaHO WJH IIO3RHO €MY BCTDETHTCA KaXaad
apo6p. VI mosTOMY HATYpaJBHBIX YHcesl M Apobeil moposHy.



Fnasa 79
BEPOATHO, 3TO BEPHO

B pocregHne AEeCATHIIETHA CTAJIO fACHO, YTO POJb CAyIas
3aKJII0YaeTcA He TOJIBKO B TOM, UTOGBRI BBIZLIBATEL HeEIIpeACcKa-
3yeMble paspyumieHnA. B . 73 MBI y:Xe roBOpPMIM O MeTOe
Momnre-Kapno, xorga cioxuble BEIYUCIEHNAA IOPYYAIOTCA CJIY-
yaiifHoMy mnpoueccy. CerogHs MBI pacCKaxkeM o OoJsiee (QyH-
JaMeHTAJBbHBIX BeNax — 0 TOM, KakK CJAYy4YaifHOCTh IIOMOTAEeT
yCTaHaBJIMBATL KUCTHHY.

Hanpumep, paccmorpuMm 60JIBIIOE YHCIO 71, B KOTOPOM
HeCKOJbKO coTeH nmudp. [naa kpunrorpadmdyecKuX OPHUIIOMKe-
HHUH MOKeT OBITH BaKHO 3HATH, IIPOCTO JU OHO. IIOCKOJBKY
4yucjo GoJbilioe, IIpAMEBIE METOABLI IIPOBEPKH HEMPHUMEHWUMEI,
¥ HYKHO HCKaTb JPyriue MOAXONLI K 3TOMY BOIIPOCHI.

W3 Teopuu 4nces N3BECTHO, UTO €CJIH YHCJIO 1T — HE IIPOCToe
(T. e. cocTaBHOE), TO 10 MEHBIIEH Mepe MOJOBHHA YUCE MEXIY
1 n n o6agaeT CBA3aHHEIM C 7l JIETKO [IPOBEPAEMbBIM CBOMCTBOM
P, a ecam n — IpocToe, TO YHCEJ C TAKMM CBOHCTBOM HET HHU
oguoro. (Toumaa mpupoza P 3xech AJNA Hac HECYIIeCTBEHHA.)
Temephs MOKHO IIPOBEPUTH YUCIO N HA MPOCTOTY, HUCIOAL3YH
TeHEePAaTop CIAYUANHEBIX Unces, KOTOPBIH BHIIAET UHCIAA X MEXKLY
1 u n, a 3aTeM nmpoBepser, 06JIaJalOT AU OHH CBOMCTBOM P.
IIpoBepka paeT OTPHIATENBLHBIN PE3YJALTAT B ABYX CIHYYAAX:
€CJIM YHMCJIO I IIPOCTOE W ecjH 7 COocTaBHOe, HO TAK COBHAJIO,
9TO HYHCJO X OTHOCHTCA K TeM, KOTOphble He o00jaamaior
cBoiictBom P. Eciu pesysnbTaThl MHOTOKPATHBEIX IIPOBEPOK
OKasaJnch OTpPHHATEeNBHBIMH, TO KpailHe HenmpaBAONoOAOOHO,
4yTo6BI YMCJIO 7 OKA3aJIoCh COCTaBHBIM. llocie aBajgIaTu
OTPUIATEJILHBIX TECTOB BEPOATHOCTh TOr0, UTO UHCIO N He
nmpocToe, pasHa npubausuTeabro 220, T, e. 0AHOK MUILINOHHOM.

Tax MaTeMaTHUKN MPUXOAAT K YTBEPKACHUAM BPOAE «C Olle-
JOMJIAIONIeH BEPOATHOCTBIO 9TO UYHCJO MIpocTo». Bo MHOruMX
NPUIOKEHNAX TAKHE <«IPAaKTHYECKH IIPOCTHIE» UINCJA BIIOJHE
OOOXOZAT. A €ClH KOro-TO TPEBOMKHUT, UYTO «IIPOCTOE YUCJIO»
C BEPOATHOCTBHIO OBHA MHJUIKOHHAA MOJKET OKAa3aThCHA COCTAB-
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HBIM, TO MOYKHO NIPOBECTH He ABAJAINATH, & COPOK IPOBEPOK,
H HOJYYHUTE «IIPOCTOE YHUCJI0», KOTOPOe ABISIETCA COCTABHBIM
C BEPOATHOCTHIO OAHA TPHJLINOHHAA. XOTA IIPOCTOTA TAKHX
qucell He AOKa3aHa MaTEMATHYECKY CTPOTO, UX BIOJIHE MOMKHO
HCIIONIB30BATh BO MHOTHUX IPUJIOKEHUAX.

Bonee Toro, B0 MHOTHX cCJydYaaX JaKe He HYXKHQ 3HATBH
TOYHYIO BeJHUUHHY omeaoMiasioneil sepoaraoctu. Eciau mero-
LUKa IMO3BOJIAET B3AaMBLIBATL KO C HATHIECATHIPOLEHTHOHI
BEPOATHOCTHIO, TO KOAWPOBIIUKY OCTAETCH TOJIBKO MOJMTBHCAH.
A BBI GBI CHOKOMHO CHAJIM HOYLIO, ecjau Obl y Bameil BXOZHOM
IBEpH CHapPY/KH BHCeJIa CBA3KA KJIOUeil, IOJOBKHHA U3 KOTOPHIX
OTKDLIBAET 3aMOK?

HyXH0 MOgUepKHYTb, UTO BO MHOTHX IPHJIOXKEHUAX BCE
JKe Jydnie HPHUAEDPHEUBATHCA KJIACCMUYECKUX METOAOB, KOInma
MOKHO MOJYYHTL TOUHOe pelieHUeE. [leiicTBUTENbHO, CTAIH
6b1 BBl TIOTHUMATECA HAa [AEeBAHOCTO HATHIA 3Tax 34aHUA,
YCTOMUYMBOCTE KOTOPOTO «JOKAa3aHa» ¢ BEePOATHOCTBIO NEeBAHO-
CTO JeBATH IPOLEHTOB?

B3/IAMbIBAHUE CEKPETHbIX KOZJOB C BbICOKOW
BEPOATHOCTbIO

B cBA3U ¢ H3J0KEHHBIM XO0YeTCs paccKaszaTh 00 aaropurme
TTurepa Illopa, KOTOpPBIM I03BOJAAJ ObI pacKJafbBIBATE HA
MHOMKUTEJIA 4YHMCIO, ABIAIONIEeCH IIpomsBefeHHMeM OGonbmnx
OPOCTEIX dYHCEJ, €caM OB CYIIeCTBOBAJIH KBAHTOBhIe KOM-
neoTepsl (cM. ™i. 23). Eme pas oTmeTHM, YTO COBPEeMeEHHBIE
MEeTOABbI IIUPPOBAHMA CUHUTAIOTCH 0e30MACHBIMU HMMEHHO M3-
38 CIOMHOCTH ¢axropmsamuy Gompmux umcenl. ITosTomy
B Kpumnrorpadpmueckom Mmupe anaroputm 1opa 611 momoGeH
6ombe.

Hrak, OpeamosIoxnM, YTO P B ¢ — GOJIbIIIMe IPOCThIe YHMCA:
ofosHAaYMM HMX OpoMsBelenme n: n=p-q. Ham moHagoOurcs
ele caydaiiHoe YMCJIO X M3 TPOMEXyTKa or 1 mo n,—
C 5TUM BHOJIHE CIIPABJIAIOTCH KJaCCHYeCKHe KOMIIbIOTEPHI CO
BCTPOGHHEIMM TeHepaTopaMm ciaydaiiasix uwmcea. MasecTHO,
YTO MHOMKHTEIM n JerKo Ha#¥TH, ecjH 3HATHL HEKOTOPYIO
XapaKTepHCTHKY 4YHCJIa X, Ha3HIBaeMylo nepuod, KoTopas

D3rtor Bompoc obcyszanca B . 23.
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obaanaer cBoiicTBoM P 1o KpaiiHeil Mepe B MOJOBHMHE CIYYaeB.
Torma XBAHTOBBII KOMILIOTEP MOMKHO 3AIPOrpaMMHUPOBATH
Tak, 4YTOOBI OH BBIUMCJAAJ NEPHOA C OUEHL BBLICOKOH Bepo-
ATHOCTHIO. CaM aJirOpUTM B3aKJII0YaeTcA B CJIEAYIOIEeM.

(1) CremepupoBaTh CHyualHOE YHCIO X N3 NOPOMEXKYTKA
or 1 fo n (a0 MOKHO OBICTPO CHENaTh U HA COBPEMEHHLIX
KOMIIBIOTEpPAax).

(2) BrruuenuTh KaHAMAATA S [MEePHOLA X HA KBAHTOBOM
KoMIbIoTepe (3T0 TOoke ObL10 GBI OGBLICTPO, ecay GBI KBAHTOBLIE
KOMIBIOTEPHI CYINECTBOBAJIH).

(3) Ilosropare mar (2), noxka mepHox x He OOGHAPYXKHTCA
HaBepHAKa (TaKyl0 NPOBEPKY MOMKHO OBICTPO BHINOJHUATL M Ha
COBpPEMEHHELIX KOMIIBIOTEpPax).

(4) Ilposepurh, obnamaer jgu mepmojp cpoiictBoM P (1 310
TOXKEe MOYKHO IOPYyYHUTH COBPEMEHHOMY KOMIIBIOTepY). Eciuu
pesyJbTaT oTpULAaTeNbLHBIH (uncio He obnanaer csoiicTBoM P),
BEepPHYTbCA K mary (1) ¥ B3ATH APyroe ciaydaiHOe YHCJHO X.

(5) Hcnonws3oBaTe YHCIO X, YTOOBI HaliTM p M ¢, IIOCJIe
yero 0es mpoGieM B3JIOMATL KOZ.

OrMmeTuM, 4TO caydaill urpaeT BaXKHYIO poab 0eaxcdst. Bo-
IePBHIX, IIepHOJ OnpedesseTcsa TOJbLKO C HEKOTOpPO BepoAT-
HOCTBIO, & BO-BTODHIX, TOJILKO IIOJIOBMHA (II0 MEHBLIEH Mepe)
qyuces X IIOZXOAWT [Js OIpelelsieHHs MHOUTeNeil ducia n.
B naHHOM npuiioxednn 3TO He TAKOM CepPhEe3HbIN HEeJOCTATOK —
BeJb He Tak YK BaXKHO, 3aiiMeT JM pacmudpoBKa 3aKOAUPO-
BAaHHOTO COO0IIeHUs HA HApy MHHYT OOJIbiile BPEMEHM WM
MeHbIIIe. ‘

B nociensee BpeMA pasrosophl 0 KBAHTOBBIX KOMIIBIOTEPAX
OOyTHUXJIX. Bo-IepBRIX, HHUKTO He B3HAeT, KAK CIPaBHTLCA
C OIrpPOMHBIMH TeXHHYEeCKHMH NOpobjieMaM¥, CTOANMMH Ha
OyTH NO-HACTOAINEMY HMHTEePECHBIX KpHITOrpad®HUYecKHX IPH-
JIOKEHNI. A BO-BTODPBIX, OKa3aJIOCh IOPA3UTEJBHO CJIOAHO
GopMyaHpPOBaTh MHTEPECHBIE 3aJaun TaK, 4TOOBI KBAHTOBBIM
KOMOBIOTED MOT JaTh UX DElIeHUA C BBICOKOM BEPOATHOCTHIO.



Masa 80
XUBEM JIU Mbl B CKPIOYEHHOM MWPE?

OnuH U3 NOHKOB pasBUTHA MaTeMaTHKW OPUXONUTCA Ha
BpeMeHa ABYXTHICAUYEJIETHEH JaBHOCTH, Korja EBKINA co3mast
CHCTEMHYIO KOMOWJIALNIO OCHOBaHMH NiaaHMMeTpuu. KaxKoBHI
COOTHOIHEHUA My yrylaMi, o0pa3soBaHHBIMH IIPSAMOii, epe-
CeKaIell mapy napajjiejabHBIX IpAMBIX? YeMy paBHa cyMMa
yriioB TpeyroabEuka? Tpamenuu? YTo 3TO 3HaYUT — IIPOBO-
IUTL MOCTPOEHHE MUPKYJIEeM M JHHEHKONH?

TouHOCT, NOAXOAA BIEUATIAET, HO B COIEPKAHHUM HET
HHYero yAHBUTEJILHOro. BCAKOMY SCHO, UTO Uepe3 JBe TOUKU
MOXHO IHIPOBECTH TOJBKO OAHY upsamyio. Wiam uro uepes
Touky P, He Jie:Kaulyro Ha OpAMOi L, MOKHO IIPOBECTH TOJIBKO
OfHY MapauIeJIbHYIO eil IpAMYIo.

HpyraMu ciaoBamu, akcuoMbl EBKJIHAa NPU3BaHBI BHECTH
TOYHOCTL B IIOBCEJHEBHYIO MAEUCTBHTENILHOCTH U BBIPA3HMTh
ee MaTeMaTHYeCKHU, II03TOMY €ro reoMeTpHs JO CepejHHbI
[eBATHAAIATOTO BeKa BOCHPHHUMAJACH Kaxk OeccrnopHad.

Ho moroM MaTeMaTHKH IIOCTABWJIM II0J COMHEHHE €BKJIH-
IOBYy TOYKy 3penus Ha wMup. Hanpumep, Beauruit Kapxa
®puapux laycc (cm. ra. 25) OpoBes BBIYHCIEHUA B OTPOMHOM
TpeyroJabHuKe, 06pasoBaHHOM NUKaMH BEICOKHX rop (Bpoken,
MNuzennbepr u Bricokuit Xaren), urobGni yOeguThcs, 4TO Ha
3eMmile cyMMa yIVIOB TPEYTOJbHHKA XEHCTBUTENBHO COCTABJIAET
180 rpanycos. B npegenax TOYHOCTH M3MepeHHMH eBKJIMIOBA
reoMeTpHUA JAJIa NPABHJIBHBIH OTBET; & NPHMeUYaTEeJIbHO 3LECh
70, gro I'aycc cumTan HeoOGXOZMMBLIM CPaBHHUTL TEOPHIO C Jeii-
CTBUTEJIBHOCTHIO.

B TpHAnaTeEIX rojax AesATHagnmatoro sexa Boitam ¢ Jloba-
YeBCKHUM He3aBHUCHMO OT laycca m Zpyr oT Apyra IIOCTDOMJIH
HEeBKJMAOBEI reoMeTpuu. ITO OBLIO cAedaHo (GopMajbHO,
B TOM e JyXe, 4YTO M eBKJIuzgoBa TreoMerpusa. Onpuaxo
B 5THX reOMeTPHUAX CyMMa YIVIOB TPEYTOJLHHUKA He00sI3aTeJabHO
cocraBaser 180°. 3arem B 1850 r. Bepuxapa Puman passma
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TEOpHIO, IIPEICTABHB OYEHb OOUIYI0 MoOAedb abCTpaKTHBIX
TeoMeTpHii.

Ha npora:xeHny HeCKOJBKHX JeCATHJICTHH 3TH uAen ObLIN
M3BECTHHI TOJBKO CHELHAJHUCTaM, HO IOJIYYWJIN IIHPOKOe
pacmpocTpaHeHHe, Korja o0mas Teopusa OTHOCUTEIbHOCTH
OHUHNITEeHHAa TPOJEeMOHCTPHPOBAJA, YTO CTPYKTYpa BCEIEHHOMH
Jyulie Bcero Mojequpyerca reomerpuedt Pummama. Ecan OnI
BCeJIeHHAA Oblia JBYMEDPHOI, TO ee MOYKHO OBLIO IIPEACTABHUTH
cefe BOJHUCTOM MOBEPXHOCTBLIO, KPUBHU3HA KOTOPOIl B K0
TOYKe OIIpejesigeTcsd Maccoil, COCPeZOTOYEeHHOH B 2TOM TOYKe.

91a HOBOJBHO abCTpPaKTHASA TeOpPHUsS IIPOBepseTcA SKCIepH-
MeHTaJbHO. VI3aMepeuHble KPMBU3HLI KpaiiHe MaJipl, MEHbIIE
olnn6Ky M3MepeHuil B sKcmepuMeHTe I'aycca ¢ TPeyroibHAKOM
B ropax. Ho pmaske cronp Masiad pasHHIlA MEXKIY €BKINIOBOI
N SHHIITEHOBOH reOMeTpPHMAMH MOMKET OKa3aThCd 3HAYMMOM
B Hamell nOoBCceOHeBHON xKu3HW. Hamnpumep, CHUHXpPOHH3A-
OUsA CIIYTHUKOB IVIOOQJBHOM HABUTAIIMOHHON CIyTHUKOBOIM
cucremsr (IJIOHACC) omupaerca Ha OOHmIyI0 TEOPHIO OTHO-
CHTEJILHOCTH.

TPEYFOJ/IbHUK C CYMMOH YIIOB 270°

HysxrO mnoguepkEyTh, 4YTO B CBOMX wH3MepeHMsax laycc
B JEHCTBUTEJBHOCTH MMeJ IeJI0 C TPEYTOJbLHUKOM, CTODPOHBI
KOTOPOI'0 — IPAMOJNHEHHBIE OTPE3KH, COeNUHAIONNE TOpHEIE
nuKu. B KOHIE KOHI[OB, AJIA H3MEPEeHMH OH NOJb30BAJICA
cOoGCTBEHHBIMU IVIa3aMM, & IIOCKOJIBKY B OJHODPOAHOI cpeje
CBeT PaCIpOCTPaHAETCA IO MPAMOil, B PE3YJLTATE IOJYUMICH
TPEYTOJbHUK C IPAMOJHNHEHAHBIMHA CTOPOHAMH.

Ogeaxo OoJabNINe TPDEYTOJBHUKH Ha 3eMJIe MOXKHO IOJNYYUTh
u mo-apyromMy. MOXHO IpeAcTaBUTH cele TPeyroJbHUK, KOTO-
PHIfi JEKUT Ha TOBEPXHOCTH 3eMJN M OIpefeisiercda TpeMsA
TOUKAMH, IOMAPHO COEAUHEHHLIMHM MAaPUIPYTAMH KpaTdaiiimeit
JJIMHBI 10 IOBEPXHOCTH; COKPAIIATE NIYTh, POA TYHHEIN CKBO3b
3eMHYIO0 KOpY, He paspelnaeTcs.

Kpatualimime nyTH MeXZy HOBYMA TOUKAMH Ha cdepe
Ha3pIBalOTCA Oyzamu 6onvuwiux kpyz06. OHU COEAUHAIOT TOUKH
BAONE KPYTI'OBBIX AYT, HEHTPH! KOTOPLIX COBHAAAIOT C IEHTPOM
chepsl. (BosMOXKHO, BH HMHTEDPECOBAJIUCH, IIOYEMY IIOJET M3
Hrro-Vlopka B Tomkonr mpoxomur Hajx CeBepHBIM MOJIOCOM,
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a mHe umax lasaiiamu, manpumep. Heno B Tom, uyro gyra
OONIBIIOr0 Kpyra, COeAWHAIONMIAS STH OABa ropojia, IIPOXOAUT
"Hemogaexy or CeBepHOroO moJioea.)

Puc. 80.1. IIpamoii yros u OIpAMOYTOJBHBIH TPEYTrOJBHUK Ha 3eMJIe

Ecam ayru Goabmoro Kpyra MHTEDOPETUPOBATH KaK IIPS-
MEbI€, TO HOJIYUHTCH Chepuveckas mpuzoHomempus, K apje-
HUSAM KOTOPOil HYKHO ellle IPUBLIKEYTE. Hanpumep, HECTIO0KHO
HAPHUCOBATH TPEYroJLHHUK, BCE TPH yIVia KOTOPOro paBHbl 90°
(puc. 80.1). Tax uro B OWINYMEe OT reOMETPHMH ILJIOCKOCTH
Ha codepe cymMMa YIJIOB TPEYroJbHHKA MOXeT OBITH paBHA
270 rpagycoB. UToObI HApUCOBATE TAKOM TPEYTOJILHUK, HYXKHO
HayaTs ¢ CeBepHOro moJII0Ca, JBUTATHCA BAOJIb 60JBIIOTO KpyTra
IO DKBATOPA, 3aTEM HOBEPHYTH HA 3AIIaj] WJIHA BOCTOK (IO BKYCY)
W HATH BAOJEL DKBATOpa OKOJIO IIECTH THICAY MWIL (TOYHee,
POBHO YEeTBEPTH OKPYKHOCTH 3€MJIM), IIOCJe Uero IIOBEPHYThL Ha
Cesep ¥ BAOJL AYTH OOJBIIOr0 Kpyra BepHYTbCa Ha CeBepHBIH
IOJIIOC.

10 MareM. DATUMHHYTKH



Thasa 81

BbbIBAIOT JIU B MATEMATUKE CTAHAAPTDI?

Brauaje 65110 cs10BO. Kak m B Apyrux o6aacTAX YeI0BeYeCKON
IeATeJbHOCTH, B MaTeMaTHKe O00O3HAUeHUS M COIVIAIIeHUA
UTPalOT BaKHYIO PoJb. lloueMy dYHCIIO, KOTOpPOE BBIpaXKaeT
OTHONIEHME JJIWHBI OKPYKHOCTH K AWaMeTpy, o0o3HayaeTcs
UMeHHO 7, U HuKak mHaude? IloueMy nBa B CTemeHM HYJb
paBHO exmHHIE?

EcTe MHOro ocHoBaHMM I Takux comramennii., MHorzna
OHU UOABJIAIOTCA B ONpeJeleHHbLII MOMEHT M OCTalTCH
B HCTOPHH pas U HaBCerJa, HO ropaszo Jalle COIVIallleHnA OTTa-
YUBAXOTCA IIOCTEIIEHHO C CAMBIMH IIPArMATHUYECKHMHU LEJIAMH,
Hanpuwmep, npu pabore ¢ COOTHOIEHUAMU MEXKIY 3I€MEHTAMU
Kpyra 9acTo BO3HHUKAET UUCJIO 7: AJHNHA OKPYIKHOCTH B 277 pas
fonbmie paguyca, TAe 51 NPUOIU3UTENLHO paBHo 3,149 ... .
Her M oaHO#l npMYMHBI, MO KOTOPOH HMEHHO 3TO YUCIIO,
a He Kakoe-nubo [Apyroe, ¢ HHM CBA3aHHOE, IOJYYWUIIO
cuenmanbHoe oOosHauenme. Mo;KHO OBLIO OB CIKOHOMUTH
MHOI'O YEPHHJI, ecju ObI COOCTBEeHHOE HMA IOAYIUJIO UHCJIO,
KOTOpOe BABOe Oosbmie 57, a nmenHo 6,28. .. . JlomyctuMm, ero
0003HauYnIN OBl W, U TOIIA B MCTOPHUIO BOIIJIO OBl IIPOCTOE
COOTHOLIEHME «JJIHHA OKPYXHOCTH B @ pa3 OoJbIIe paguycas.
B Bricmiei maTemMaTHKe ZBaXIBI 7T, T. €. @, BCTPEUAETCS ropasgo
yame, uyeM s7. Ho Temephr y»ke moszHO! ¥V IIOHBITKHM BBECTU
Takyio pedopMy B MarTeMaTHKe He OOJpIlle INAHCOB, YeM
Yy #Uaeu IIOBCEeMECTHOrO PaCIPOCTPAHEHUS S3BIKA 3CIEPAHTO
uaun y npeaiosxkerus Jxopaxa BepHapaa 1lloy 06 yrpomeHun
aHTINiCKOI opdorpadumn.

Curyamusa mnpoine, KOrga MaTeMaTHYeCKHe COIVIAUIeHNS
OCHOB&HBI Ha 1eJecOOODPa3HOCTH M BO3HUKAIOT B Pe3YJbTATe
IpoCcBelleHHoH JeHu. Tak, cornameHwme o0 TOM, 4TO Jiboe
HeHyJIEBOe UHCJIO a, BO3BEJEHHOE B HYJIEBYIO CTeIeHb, PaBHo 1
(a® =1), usbaBager or HEOOGXOZMMOCTH 3allOMHHATDH CJIOKHBIE
3aKOHBI DPabOTHI C SKCIOHEHTOH, C MHOMKECTBAMH YaCTHBIX
ciydaeB, TAK UTO HYMXHO BHIYUWTH TOJABKO ONHY (OpPMYyJy
u paboraTk ¢ Heii.
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B sToil cBA3M MBI pacCMOTPHM OIpelesieHHne mpane-
yuu. B mareMaTnke Tpamenueil HashIBAIOT YeThIPEXYTOJBHHUK
¢ mapoil mapajjeJbHBIX cTOpoH. OfHaAKO B IMIKOJIBHBIX y4el-
HUKAX Tpaleluud BCerga PHCYIOT TaK, UTO HAapasjIeJIbHBI He
BepTHKAJbHBIE HX CTOPOHHI (Kax Ha puc. 81.1 B mneHTpe),
a TOPH3OHTAJIbHBIEe (Ha TOM e DPHUCYHKe CJeBa), mpuueM
BEDXHAA Kopoue HMXKHeH. Mano Toro, y 3THUX Tpamnenmi
BCeTZla PO6HO O0Ha Tapa Iapa/IeBHLIX CTOPOH. ¥ IIPAMO-
YrOJBHUKA TOMKEe eCTh MapalijieIbHbIe CTOPOHBI — IleJIble JBeE
napei. Ho eciiy mpsMOyroJbHHK He CYHTATH Tpamemnueil, Bce
pe3yJIkTaThl, ViKe JOKasaHHLIe A Tpaneumuii, IPpUILIOCH OBl
mepefoKasslBaTh AJIA OPAMOYrOJLHUKA, a 3TO A0 KpaifHOCTH
HESKOHOMHYHO.

Puc. 81.1. Heckoannko Tpamemmii

Hurne B Mupe He ObIBaeT MaTeMATHUYECKHX CTAHAAPTOB.
Korma mpeajiararoT HOBBIe TepMMHLI MM 0003HAUEeHUSA, Mare-
MaTHYeCKoe COOOIecTBO €O BpeMeHeM uX HNPHHUMAeT HJIH
oTBepraer 6e3 0co00ro I1IyMa: OOBIYHO MATEMaTHKH TPAaTAT
CBOIO SHePruio Ha 6ojiee BasKHEBIe Bely. TeM, KOMy MaTeMaTHKa
Ka)KeTcs YeM-TO «IaHHLIM CBbIIIE», JOBOJBHO CJIOMXKHO IpeAcTa-
BHUTH KOMIPOMMCCHL B COIVIAIIEHHA, BOSHUKAIOIINE B MaTeMa-
THYeCKOM coolIiecTBe. B KOHIIe KOHIIOB, IPAMOYTI'OJBHUK TOXe
CUNTAETCA Tpameuueil B cuay OOINEeNPUHATOrO COIVIAIIEHUS —
y TpamenuH ecTb no KpailHeil mepe OAHA Tapa HapajljleIbHbIX
CTOPOH, a He PO6HO 00na mapa, — a He moroMmy, uro I'ocnoxs
Ha He(Gecax WJIM COBET MYAPEIOB BO BPEMS OHO IPHHAJIU TaKOH
3aKOH.

MOYEMY 1 — HE NMPOCTOE YHUCNO?

Ilocse TOoro Kak 3Ta crarbcs OpLIa omyOJHMKOBaHa B Tasere,
MoOe BHMMAaHHe 0o0paTHIM Ha TO, 4TO Ha caMoM geie B I'ep-
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MaHUM €eCTh IPYINOa Y4YeHBIX, KOTOpble XOTeaum OBl BBECTH
HOpMEI B Martemaruke Bpoae HopM DIN (Deutsche Industrie-
Normen — Hemeurue MHAyCTpUAJILHBIE cTanaaptel). Oxmaxo,
XOTA [JIs BBeAEHUS TAKUX HOPM €CTh BIIOJIHE BeCKHE OCHO-
BaHUA, YK€ MHOro JieT OONBIIMHCTBY HOpotdecCHOHANBLHBIX
MaTeMaTHKOB TaKHe HIPEAJIOKeHWS HEU3BECTHHI.

Tomy eeTs MHOKecTBO IpuunH. IIpexae scero, CKasbIBaeTca
VHEPIUA: JIOAY HPHUBLIKAIOT K TEPMUHOJOIrMM U O0O3HAaUe-
HHUAM, C KOTOPHIMHM IIOSHAKOMWIKCH eIle B IUKojde. A Kpome
TOIO, ecTh IPodJaemMa 3PAaBOro cMBICaa 1 yaobersa. Hanpumep,
eclIyN HY)KHO 3alucaTh YTBEPMKIeHHE «A — MOAMHOMXKECTEO B»,
KaK JIy4lre 3TO chejarhb: ACB unn A C B? Bropoe o6o3Ha-
YyeHHE MpeAcTaBidgeTcs 0ojiee pa3yMHBIM, MOCKOJILKY IIOHATHE
TTOAMHOMECTBA JOIYyCKaeT, YTOOhl 008 MHOMeCTBa COBIANANM,
U TI03TOMY CHMBOJI C, HOXOMHUN Ha cHMBOJA < («MeHbime
WM PaBHO»), Kaxercd OoJiee MOAXOLAIINM YeM C, KOTOPBIA
IOX0K Ha CUMBOJI < («cTporo mMeHbuie»). Ho aTH moBOALI He
CBITpaJIH HUKaKoii ponu. CHMBOJI BCTpeuaeTcd TaK YacTO, YTO
0603HauUeHe C OGLEIYHO YCTyIMaeT MecTo 0003HAUECHNIO C, H 3TO
3KOHOMHUT Kyuy Mecra Ha gocke. (Kommccusi DIN, xomeumo
sKe, BeIOpana ObI C.)

W makoHeI, CYIIECTBYIOT emle IPo6GJeMbI, KOTOPBIE CJeHo-
BaJI0 OBl HA3BATHL HUAEONOTHUecKUMHU. Tax, cMEICA cuMBojga N
BaBHCHUT OT TOTO, OTHOCAT HYJb K HATYPAJILHBIM UHCIAM WJIH
HeT. MHOrHe (HanmpuMmep, JIOTHKH) CUUTAIOT, 4To N 0003Havaer
MHOXecTBO 0,1,2,3,..., HO GOJBLINIMHCTBO MATEMATHKOB
CUHTAIOT, 9TO 3TO0 MHOXecTBO 1,2,8,... .

B utore He Tak BaXHO, KAKOe HMEHHO COIVIAIIEHUe IDUHATO,
HYXHO TOJIbKO BHHMATEJIBHO UYUTATH BBEJAEHWEe B MAaTEeMAaTH-
YecKHil TeKCT, 4To6Gb! 3HATH, YEero KJAATh Ha CJHeAYIONNX
cTpaHHIaX. Kak mpaBmio, BeIOMpAIOT Takue O0GO3HAYEHMUA,
KOTOpEIEe yHIPOMAT (GOPMYJIMPOBKM B MOBCeaHeBHOH pabore.

Ecnu onpeaennTs MPOCTOE YMCJIO KAK HATYPAJIbHOE YHCJIO,
KOTOpOe JeJIHTCA TOJAbKO Ha cebf M eguHHIy, TO caMy
eIUHHNIY IIPUAETCA CYHUTATH HPOCTHIM uymciaom. Ho 3a 3TO
MBI OBl 3aIlIATIJIH NMOTEPeiH YTBEPXKIEHMA O TOM, 4YTO Jroboe
neJioe YHUCJIO eAUHCTBEHHEIM CIOCO00M IIPEACTABIAAETCA B BULE
IIPpOU3BEAEHUA HPOCTHIX YHCeJ: BeAb Teleph CIPABEAJIHUBO
6ymeTr He TOJBKO pasyoxernue 2.3, Hou 1-1-2.3 — B mepsom
IBa <«IIPOCTHIX» MHOKHUTEJIHA, a4 BO BTOPOM — 4YeTEIpE.
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EaMHCTBEHHOCTh PpAa3IOMKEHUS HA MIPOCThle MHOMHUTENU
oueHb HY)XHA MaTeMATHKAM, HOJITOMY €JWHHIle He BBHIAAIOT
nponycka B ®Jy6G HIpocThIx udmcen. Tak uTO ompeneseHwUe,
MpOBEPEHHOe 00BIYaeM U II0JIe3HOCTHIO, BRITMIALUT TAK: IIPOCTOE
YHCJIO — 3TO HATYypajJbHOe umucjio Goasire 1, KOTOpoe AeIUTCA
TOJILKO Ha efuHHuNy u camo Ha ceGa. IloaToMy BO BCeM Mmupe,
or Tyemr mo Bamyary, or [y6auma no Jlo6nmua, 2 — Hau-
MeHbIIIee IIPOCTOE YNCJIO, YTO U FapaHTUPYeT eAMHCTBEHHOCTD
pAasJIoKeHnsd.



ThaBa 82
B3MAX KPbI/IbEB BABOYKHU

«Babouka B3MaxHyJIa KPuiIbAMEH B I'penmm, @ Bo Piaopume
IpoBeCcCAa TOPHAZO». JTO YTBEPWKAECHHE N3 MmMeopuu xaoca
XOpoWIO M3BECTHO INMPOKOHA mybJamKe, passe UYTO CJOBa
«I'perqusa», «Daopupa», «TOPHALO» BaMEHSIOTCA APYTHUMI
reorpad®HAYeCKMH HA3BAHUAMHU HUJIHM BHAaMH Oeactsuit. Yro
’Ke MMEHHO O3HadaeT 9TO yTBepxKueHHe?

Ecan tny0OKOo He KOnarhb, TO
OHO, KOHEUHO K&, BepHO, Belb BCe
«TaK WK WHAYe» 3aBUCUT OT BCero.
OpHako 3Ty B3aBUCHMOCTL HEBO3-
MOJKHO OIMCATH TOUHO, ITOCKOJBKY
TOUHOE 3HAHWE IBIKEHWS BO3AYXa
BOKPYr 0abouku Je:XUT 3a IIpene-
JaMH HAIIUX BO3MOMKHOCTEH.

Iloner 6a6oukm 4YACTO HCIIOJIbB-
3YIOT KaK MJIIOCTPAINIO SIBJIIEHUS, IPHCYLIIEro BCeM o0JAaCTAM
Hamre#l Ku3HU: HeGOJbIIOe M3MEHeHWEe HAYAJLHBIX 3HAYeHMH
HeKOTOPOro IIpoilecca MOJKeT 3HAYNUTEJNILHO HOBJUATE HA ero
pesyabraT. Jl1000#f Mrpok B OWIbAPA 3HAET, UTO Majelilree
N3MEHEHNe HalpaBJeHUA KHAA IPUBOAUT K ADPAMaTHUYECKHM
U3MEeHEHHUSM B DaCHOJIOKeHHH LIapoB HOCcje yAaapa.

Taxue yTBEPKICHUS UMEIOT CKOpee GHIOCOPCKUM, HexeIn
npakTHdecKuil cMbrcya. HauaabHoe HOTOMXKEHRe CHUCTEMbI MOMKET
6BITH HAM M3BECTHO TOJBKO C HEKOTOpPoM (HemabexHOit) oirmns-
KOli, W TOS9TOMY Mbl HMKOIJIJA HE JOCTUTHEM 3HAUNTEILHOrO
ycmexa B IIONBITKaX HOAPOOHO pasriagett OGynyimee. Temeps
HaM Ka)XyTCA HAMBHLIMH ONTUMUCTHUYHLIE HageXAwl IInepa ne
Jlannaca (1749-1827), xoropslii B Hauase XIX B. OmHCEIBAJ
Halml MHD KakK OrPOMHYI0 MAUIMHY ¥ BE€PHJ B BO3MOXKHOCTh
YCTAHOBUTL Bee OyAymivie U IPOILIbie COOBITHS MO M3BECTHOMY
COCTOAHUIO MHPaA B HACTOSAIHH MOMEHT.

OgHako HMHOIZA TAKOM <«UYBCTBHTEIBHOM 3aBHCHMOCTUA OT
HAYaJIbHOI'O COCTOSHUS» HE BOSHHUKAET: HAIIPUMED, IBMKEHHA
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IIAHET B OTHAJIEHHOM OyAyileM
MOKHO IIPEACKasaTh YpPe3BbIUailHO
TOYHO. A BOT ¢ OOT'OKOH, HAIPOTHR,
HayKa ObICTPO OPUXOAUT K NpPENeny
CBOMX IIpeiCcKaszaTeJbHBIX CIOCOOHO-
creit. Ecan BBl miaaHuMpyeTe CcBaapOy
B MIOHE, MOMKET CJIYUHTHCA TaK, UTO
BOIIPOC O TOM, IZie ee IIPOBOAUTH —
Ha yJulle WiH B HOMeleHnu — OyZieT pellaThCsa B NOCHETHIOH
munyry. He moxoxe, uro6bl B 3TOM OTHOIIEHHM YTO-TO
U3MEeHWJIOCh B Onmmaiimem OyaylieM: MbI He 3HAEM, KOTha
6a0ouke mpHUZET B I'OJIOBY B3MaxXHYThb KPBUILAMH.

NMUHEAHOCTb U HEAUHEMRHOCTDb

OGcyxaas TEOPHI0 Xaoca, YacTo NPUXOAUTCH YHOTPeOaATH
TEPMHMH <«JINHEHHOCTH» — OH IOABJIAETCA B CAMBIX PasHBIX
obiacTax, ¥ MOMET O3HAYATH pasHble Bemmy. Korga rosopsar
0 KOMIILIOTEDHBIX IIPOrpaMMax, <«JIHHeHHOCTh» O3HAYaeT,
4TO KOMAHZBl OOJKHBI BBINOJHATHCA MNOCAEAOBATEIBLHO, IIO
ofHOM. AJILTEpDHATHBOHN CJyXaT mapajijejbHble BEIUUCJICHUHA,
KOrja ZeCATKM WJIH TEICSYH IPOIECCOPOB paboTaioT BMecTe,
M MHOXeCTBO KOMAaH] BHIIIOJHAETCS OAHOBPEMEHHO.

Bonotre A0 HOCHEAHUX AECATHAETHH uHGpOpMamMio, TaKyIo
Kak B 3Tol KHUre, OOLIYHO BOCOHPHHHAMAAN «JIMHEHHO» ! YUTAINA
CTpOKa 3a CTPOKOI, HAuWHAA C SaroJIOBKa M B3aKaHUYNBasd
nmociegHeil crparuneii. Ho cerogas »To BCe YyiKe ycra-
peso — MBI HaYYMJINCH TOJy4aTb MHDOPMANHMIO HO-ZPYroMy.
JIro6oif myremecTBeHHUK 1m0 HMHTepHeTY MOXKeT mepeiTH Io
CCHLIKE K ApyromMy caiity, 4ro6nl pasobpaTbCa C KaKuM-
HUbGYAb HOHITHEM, A 3aTeM BEeDHYTHCS WU TPOJOJIKHTH CBOE
myTeniecTsue MO BCeMUPHOH IayrtuHe. IloxoKe, UTO Takoi
MeTOJ BOCIPUATASA WHPOPMAIMM JNYyYille BCErO COOTBETCTBYET
HameMy cHocofy MBIIIJIeHUS.

B matemaTuke m du3HKe CYHIECTBYET Apyroe, 6oiee y3Koe
MOHHMaHHEe TEPMHUHA: IPOHECC Ha3bIBAETCS «JIMHEHHBIM», €CJIHN
KOMOMHAIMS BXOAHBIX 3HAYEHMI NOPUBOAUT K KoMOMHamu.
COOTBETCTBYIOIINX BEIXOAHBIX. Hanmpumep, ecjiM cucTeMa BO3-
BpamaeTr sHaueHue F B orBer Ha Jf, u 3HaueHue G B OTBeT
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Ha g, To BXoA f + g Ha BeIXOZe npuBoguT K F+ G. IlpocTeiM
OpuMepoM CAYKHT (He CJINIIKOM CHJIBHOE) pacTATruBaHMe
npy:;xuHKu. Eciy npy:xuHa pacTATHBaeTcsa Ha 5 JIOMMOB HOJA
peiictBueM cuibl B 3 ¢yHTa, TO cmiaa B 6 (QYHTOB JOJKHA
OPpUBOIMTE K pacTsykeHHIo Ha 10 gioiimoB. B ecrecTBeHHBIX
HayKaX OYEHb BaXKHBI claefyiomue (paxTol:

e Muorue ¢Hu3HMYeCKHe NPONIECCHl JHHEHHBI B MAJbBIX
Mmacuitabax. 9tTo o0O0BACHAETCA TEeM, UYTO OGOJIBIINH-
CTBO €CTEeCTBEHHBIX MPOIECCOB OTHOCHTEJIBHO DPAaBHO-
MepHEI, 6e3 PEe3KNX CKAYKOB, U II03TOMY M300pakarorcs
HOBOJIBHO Iaaxumu rpadpuxkamm. HeGonbmroit yuacTok
TVIaKOH KPHBOH FOBOJHLHO XOPOIUO IMPHUOIMMKAETCS Mps-
MOl JuHMEH (KacaTeJbHOI), M IO09TOMY B MAJBIX
OKPECTHOCTAX MPOIECChl BHINIALAT JMHEHHBIMU.

e C gpyroi#l cTOpOHBI, B UPHpPOAe He OLIBAET IIPOIIECCOB,
KOTODpBIE JIMHEHHEI B CTPOrOM cMebicje. Ecau pacTauyTh
OPYXUHY CHJIbHEE HEKOTOPOTrO IIpefiea, AedopMalius ee
CTPYKTYDHl M HAOpSKEeHWEe MeTajijla IIPUBEIYT K TOMY,
YTO Hpolecc mepecraHer OBITH JUHEHHBIM; a €CIHM BBl
pacTAHeTe IPYKUHY 3a IIpefes IIPOYHOCTH, TO MOYKeTe
pacopomarsCcs ¢ JHHEHHOCTBHI0O HACOBCEM.

o JluneliHble TMPHOMIIKEHUA IPUBOLAT K 3HAYUTEILHOMY
VIIPOITEHUI0 aHAJIN3a. ITO O0BACHAETCA TEM, UTO MOMKHO
COCPEAOTOUYUTHCA HA 0COOEHHO MPOCTHIX PElieHuAX, a UX
xKomMOuHaNMK OYAYT gaBaTh HONOJHUTENbLHBIE PelleHHUd.
Hanpumep, 3ByK TPyOBI COCTOMT M3 IIPOCTBEIX KoJeba-
HUi, — U3 OCHOBHOM UacTOTHI M ee TapMOHUK. BoJee
BBICOKHE YaCTOTHI MOKHO VCJBINIATL, €CJYM M3MEHUTH
yacToTy amMOyliiopa: Tpy0a 3a3By4HT B OCHOBHOM TOHeE,
B OKTaBY, Ha [JBE€ OKTABHI BLIIIE OCHOBHOI'O TOHA, W T. A.

IToaromy HennHeiHOEe B IPHHIAIIE CIOKHEE, UYeM JHHelHoe,
1 TOMY B COBPEeMEHHO MaTeMaTHKe eCTh 0ecUeTHOe YHCJI0 IIPH-
MePOB: HeJIMHEHHble OIepaTophl, HeXumHelHble AuddepeHIn-
aJIbHBIe ypaBHEHNS B YaCTHBIX IIPOU3BOAHBIX, H IIPOY., ¥ IIPOY.
SlcHO, uYTO OGOJBHIMHCTBO UHTEPECHBIX MIpobjeM B HaIleM
Mupe, CBA3aHHBEIX, HaIpPHUMep, ¢ NOOTOHOH, XHMHYECKUMU
PeaKnuAMH ¥ DAa3BUTHEM KOCMOCA, HPUBOLAT K HEJHHEHHBIM
3azauaM. V uMMeHHO TakWe 3ajJauy 3aCTABJIAIT HAC MMETh
OeJIO C NOUCTHHE XAOTHMUYECKHMHW SBIEHUAMH.



Fnhasa 83
PA3BOIrATETb rAPAHTUPOBAHHO

Bam xorga-EHMOyAb CHHIHCH Belue cHBI? CKa)keM, CHHJIOCH
JIM, 4YTO BAM TIO3BOHMJIA TeTylIKa Moja, u Ha ciexyioliee yTpo
TeJe(pOH 3IBOHUT — BOT M OHa. MOXKHO JIM TaKWe SABJIEHUA
OOBACHUTEL OOBIUHBIMHM MHPOIECCAMH HJAM 34eCh 3aMelIaHbI
Boicmine cuabl? Takmue ciaydam BOBCe He OIPOBEPralOT OCHOBA-
HUA COBPEMEHHOM HAYKH, IOCKOJBKY IIPOCTO OOBLACHSIOTCH:
€CJIi 9KCIIEPUMEHT ¢ AOBOJBHO MAJIOH BEpPOSITHOCTBIO ycIiexa
HIPOBOAUTHL MHOI'O pas3, TO MOXKHO OMKHAATh, UTO HWHOTJAA BCe-
TAaKH YyCIeX OCYIIeCTBHUTCH.

Yrobpl JyUllle 3TO OCO3HATH, IPEACTABLTE
cebe KOMHATY, B KOTODOH MHOTO JIIOZeH.
Kaxaoro u3 OpUCYTCTBYOIHUX TIPOCAT 3axy-
MaTk uymcgo or 1 jmo 6, a sarem Gpocaror
HIPaJbHYI0O KOCTh. BHe 3aBHCHMOCTH OT TOTO,
KaKoe YMCJIO BBIIQJET, OKAaseTCd, 4YTO IpH-
MEepHO OJHa NIecTas dYacTh IPHUCYTCTBYIOHHX (Bce Te, KTO
3afilyMaJl BeIIIaBlIee YHCJIO) IPaBUJIBHO HpejcKasaiu Oyxyuiee.
M B cnydae co 3BOHKOM TeTyliky Mo NpHUMEpHO TO 3Ke caMoe.
Korga Takomy GOJbOIOMY YHCIY CISIINX CHUTCH TAK MHOIO
CHOB, PeaJbHOCTh U COH Heua0e:XHO KOrma-HuGyAb COBIIAAYT.

HNuorna noau HAXOLAT B CBOUX I'OPOCKONAX IPeACKa3aHus
Oyaymux coObITHII, KOTOPBIEe JeHCTBUTEIHHO OCYIIECTBIAIOTCA.
Korga mocrarouHo MHOTO JIIOAed IIPOYUTAIOT TAKOe IIpeJcKasa-
HHe (0COGeHHO eCclIM OHO PAaCILIBIBUATOE M MOMKET OTHOCHTBLCH
mouTH K Mi000MYy UYeNOBeKy), AJA HEKOTODBIX U3 HHUX OHO
006A3aTEeJIbHO OCYIIECTBUTCS.

Temepb MBI OIININEM TEOPETUYECCKOE ¥ IIPAKTHYECKOE IpYMe-
HeHue 3TOoro sABjJeHuA. (ABTOpD CHuMAaeT ¢ ceba BCAKYIO OTBET-
CTBEHHOCTL 3a IIPOHU3OMIeAIliee, €CJH KTO-TO HCHPOOyeT 3TOT
TPIOK Ha NpakTuke.) Pasomiure coollueHusA ThIcAde MHTEpe-
CYIOIIMXCA CKAYKAMN YeJOBEK C IIPeACKasaHHeM Pe3yJIbTATOB
ompeneseHHBIX CKaueK. JomycTHM, B HHX YYaCTBYET AECATH
Jomagel, Torja BaM HYKHO NpeACKA3aTh Iobedy KasKjgoil ua
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HMX B CTA OTKPHLITKAaX. BHe 3aBUCHMOCTH OT MCX0Ja CKAUEK CTO
mosiydaTesiefl Baliero coo0IleHus IOJydaT IpaBAWBOEe Open-
cKaszaHue. ITHM CTa BEI OTIPABHTE MIpEeACKA3aHUA Pe3yiahTara
CJIeAYIOIMINX CKAadeK; IpUUYeM AEeCATh aJApPecaToB y3HAIOT, YTO
nmoGequT IepBas JOMIAaAb; elle JecsTh — UTO mob0efuT BTOpAd,
u 1.0, Takum o00pa3oM, AeCATh YeJNOBEK JABaKABI MOAYUYaT
IIpaBuJbHBIE OpeAcKasaHus. Temepb HacTyIlaeT TpeTUH PAYHA:
BEI pacchLIaeTe NecATH CooblIeHuil ecaT agpecaTaM, OJHOMY
U3 HUX 00S3aTeNILHO IIOBE3eT, U OH YBePUTCSH, UTO BBl MOMKeTe
mpeasugeTh Oyayiiee.

Cropocure, CKOJBKO OH TOTOB 3aIUIATHTL 33 IOACKAa3KY
0 pesyJbTaTax cJefyiomunx ckadek. Ckopee Bcero, cymma 6yaer
6onplle, yeM BBl MOTPATHTE Ha IOYTOBHIE PACXOMABI.

Mopaxns TaxoBa. Kaxastii, KTo genaer GoablIoe 4YHUCIO0 Ipes-
cKazanmnii, Hem36eXKHO HMHOTAA OKasbpiBaeTcsa IpaB. M oruero
6Bl cpemu Bcex ThICAY Terymiek MoAg Ha cBeTe He HaWUTHCh
ONHOH, KOTOpas IMO3BOHUT IJIEMAHHHUKY CETONHA BeuepoM?

LUECT HA WWOCCE

fiBnenme, KOTOpoEe MBI OOCYKIAaeM B 3TOH IVIaBe, — ellle
OAHA WLIIOCTPALMA TOT'O, YTO MBI He B COCTOAHUM OOGBATH
HeoObATHO Gonpnive umcyja. Kakx eme MOXHO 00BACHATH TOT
dakr, 4TO, XOTs# BepPOATHOCTEH BBEIUIPATH B JIOTEpee OOJIBLINON
npus wucuesarome Mmana (1 us 13983816, wim npumepHO
OOHA YeTHIPHAAUATUMIIJINOHHAA), IIOYTH KAMKAYIO HEIEIIO
HaXOoAUTCA HOBBIM mobeaurtenn?

Yro6bI B 3TOM pa3odpaThCs, PACCMOTPHUM €llle OOUH IPHUMEDP.
IIpencraseTe yUacToR 1Iocce AINHHON 140 KHJIOMETPOB, — 3TO
NPHEMEPHO paBHO paccToaHuio oT MockBsl fo Tapyce:. B 140
KuioMerpax nomemaerca 140 - 1000 - 100 (ueTsipHaALATh MUJI-
JVOHOB) CAHTUMETDPOB. BEepOATHOCTEL TOr0, YTO KTO-TO YrajaeTr
OompefeieHHEIA yJacToOK B 1 A0MM, KOTOPEIA BEI IPUMETILIN HA
mocce, IPHUMEPHO PaBHA BEPOATHOCTH BBIUTPATL B JIOTEPEIO.
HomycTrm, BAIl IIOMOITHUK YCTAHABIMBAET WIECT AMAaMETPOM
B OOWH oM Ha miocce, coemmHAomeMm MockBy um Tapycy
(puc. 83.1), a BBl — pasymeeTcs, B KaueCTBE IIacCcasKupa —
C 3aKpBITBIMHU IVIA3AMH IIPOE3’KaeTe BCJEIYIO OT OFHOTO ropojia
xo apyroro. Kax Ber gymaeTe, momajeTe JIM BBl B HIECT, €CJIU
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no gopore GpocuTe M3 OKHA MOHETKY? ITO KaiKeTcsa KpailHe
HeIpaBAOnOAOOHBIM,

Puc. 83.1. MoxHo momacTe B 9TOT IecT?

Kaxayio Hejenio MHJJIMOHEI JIHOJEH BHIOpPACHIBAIOT CBOU
JeHbI'W Ha JoTepeo. B Hamell aHAJIOTUHU ¢ IIocce 3TO O3HAUAaeT,
4TO Ha NPOTAKEHHHW MHOTUX HeJedb CTOCOPOKaKUIIOMEeTpO-
BOe IMoCce 3amoJHEeHO aBToMoGmiaamu Oammep k Gammepyl,
M B K&XKIOM AaBTOMOOHJE B KAaKOH-TO MOMEHT IaccCa:kHup
BEIGpAcHIBaeT U3 OKHA MOHETKy. Temephb yike HeJIb3A CKas3aThb,
4TO COBEPIIEHHO HEBEPOATHO, UTOOHI OffHA MOHETKa M3 3TOr0
IIOTOKA MeASKOB He momaja Obl B IIeCT.

DIpa mMuanmoHa JoTepeiiHpIx GUNETOB M AJIVHA aBTOMOGHIA 5 MeTpOB
JaAyT cTo MusinoHoB MerpoB uau 100000 xunoMeTpOB — XBaATUT ABa pasa
o6BexaTh BOKPYT 3eMJH M ellfe OCTAHeTCS.



Cnaea 84
HE JJOBEPSIUTE TEM, KOMY 3A TPUJLLATH

YacTo roBopAT, YTO caMble KPYIHEBIE OTKPEITHS B MATEMATHUKeE
OBLIM CleJaHBI OYEHph MOJOALIMU JoAbME. Ho Tax Ju aro?

IIpaBma, uTO BeKaMM MAaTEMATHKY
JABUTANIY BIEepeA UeH COBCEM MOJIOIBIX
Jofe#, KOoTopble cerogHd Obiim OBl
CTyZeHTaMH HJIH Ja’ke CTaplIeKIacc-
Huxamn. dBapuct lanya (1811-1832)
moru6 Ha AY3JH B HEKHOM JIBaAIIaTH-
JIETHEM BO3pacTe BCKOpe IIOCJIE TOTO,
KaK cHeJaJl PEBOJIIONUOHHOE OTKPBITHE
B ajrefpe: Kax M0 BHAY IOJUHOMHUATb-
HOTO YPABHEHUSA OUPENEJUTH, MOXKHO
JY ero peuuTh IpH IIOMOIHM OObIY-
HEIX OIlepaiiuii CIOMEeHNA, YMHOMKEHNA
M HU3BJIeYeHUs KopHeil. MoXHO elne
BcooMEuTe Hunbca Iempura AbGend,
0 KOTOPOM MEI PACCKA3BIBAJIHU B TVI. 72,
JTOT HOPBEXKCKHI MaTEeMaTHK NMPOKHUJI TOJbKo 26 jer. Yepes
ABa AHA IIOCJe ero CMePTH IIPHILJIO IIHCHMO ¢ IpUIJIallleHVeM
3aHATH AOJIKHOCTL Hpodeccopa B BepiMHCKOM VHHBepCUTETe.
Abensa Ko cuX mOP CUNTAIOT CAMBIM BRIZAIOIIUMCSH HOPBEXKCKUM
MATEMaTHKOM, M HECKOJbKO JIeT HazajJ — ¢ OOJBIIMM 3amo3-
JaHMEM, K COMKAaJeHWIO — ObLia yupeskieHa IpeMHsA IIOYTH
B MMJUINOH €BpO, HOCALIAsA ero mMsa. Jta AGejIeBCKaA IpeMns
cunuTaeTcAa aHAJIOTOM AJsA MaTemMaTukoB HobGeneBckoil nmpemun.

CylecTByIOT ¥ COBPEMEHHEIe IIPUMeEpPHI, ¥ Ha a1060i 60Jb-
ol KoRdepeHUK MOPASUTEIBHO MOJIOALIe yUeHbIe AOKIaNbI-
BAIOT O CBOMX OY€Hb 3PeJILIX peayJbTaTax. CaMas IpecTH KHAA
MaTreMaTH4YecKas Harpajaa, Megaas Puiica, npeguasHadaeTcs
HMEeHHO TakuM JiogaM. Megpans Duaiaca MOryT HOJYINTH
TOJIBKO Te, KOMY HE€ HCIIOJIHHMJIOCh COPOKa JIeT Ha MOMEHT ee
nonyuenua. HarpaxaeHHELIe MOryT IpeTEeHIOBATH Ha JIyYIIHe
B MHpe MareMaTH4decKue Kadeapsl.
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MenaipHOMY KOMHMTETY HPHILIOCH COBEPINUTH HaJ co6oit
3HAUHNTEIbHOE YCHUNINe, YTOOLl Ha MEeXAYHAPDOSHOM MAaTeMaTH-
YyecKOM KoOHTpecce B 1998 r. marpaagurs MaTeMaTHra OHADIO
Vaiinzal). Bce cornamannch, 9TO OH CAeNa] CAMBIN BaMKHBIN
BEJIAL B MATEMATHUKY IIPOILIOTO CTOJIETHA — AOKA3aJl TUIIOTe3Y
depma, — HO eMy OBLIO yXKe JaJIeKO 3a COpOK.

ITosToMy He CTOHMT CJIUIIKOM YK
Cepbe3HO OTHOCUTHCS K YTBEDPKAEHUIO, UTO
B MaTeMaTHKe KakK, B CIIOpTe, YeJIOBEK
COBEpHIEHHO H3HANIMBAaeTCH, KOIKA €My
«3a TpUANATH» . MHOrO U3BECTHEHIX MaTeMa-
THKOB MPOAOJIKAIOT TBOPUECKYIO JesTeNhb-
HOCTHh Ha IIPOTAKeHUM BCell cBoeH AOroit
sKu3HM: Hanpumep, Kapa @puppux layce
(1777-1855 r.).

Bugumo, IpaBuibHee CPABHUBATH MaTe-
MATHMKOB C AUprKepamu: pafora ¢ 3axBa-
THLIBAIOI[MM MATEPHUAJIOM COXPAHSAET cephlé KJIETKH B IIPeKpac-
HOil dopmMe [0 IMOYTEHHOTO BO3pAaCTa.

DCM. . 89.



MnaBa 85
PABEHCTBO B MATEMATUKE

Yro B MaTeMaTH4eCcKOil 3azaue CYIIECTBEHHO, a UTO — TOJBKO
npunpapa? TouHnee, X0oTeJ0Ch ObI IOHATH, KOTIA ABE CUTYallH
MOYKHO CUHTATEH «PaBHBIMHU», YTOGBI OrpaHUYUTBECA PasGopoM
TOJIBKO ONHOM M3 HHUX?

Hrak, uro e B MaremMaTHUKe IIOHHMAaIOT IIOA paBeH-
crBoM? Kax HM yANBHUTENBHO — IIPUMEPHO TO Ke caMoe, 4To
B TOBCELHEBHOII IKH3HM, I'leé PABEHCTBO B CMBICJE IIOJHOMH
HIeHTHYHOCTH UTPAET Iropasfo MEHBIIYIO POJb, YeM PABEHCTBO
B OIIPEAEJIEHHOM OTHOIIEHHNH.

Yrob6pl HaIHCATh 3allUCKY, caldeTKa Tak ’Ke XOopolia,
Kak jguct Oymaru. ECIM CTOMT IeJbs IOMACTh 3TUM BEUepoM
B oIepy, HeGONbIMOH aBTOMOGHIb, JHUMY3MH H TaKCH OYyIYT
SKBUBAJIEHTHBI. ONHAKO KaK TOJILKO B MDY BKIOYAIOTCA IeHAa,
BpeMs B IIYTH, HIPECTHUIKHOCTH, OT 3TOH 3KBUBAJCHTHOCTH HE
ocTaeTcss W cJiena.

Hake B asreMeHTapHON MareMaTHKe Aesa 06CTOAT pubIn-
3UTENBHO TakK Ke. Eciau BbI XOTHUTE O0BACHUTL peGeHKYy, 4To
TaKOe <«IIATH», TO MOXKETe C OJMHAKOBLIM YCIIeXOM IIPHUBOAHTE
B OpuMep OATH AeTeil mam naTh A6J0K. OTHOCUTENABHO CyTH
«IATePUYHOCTH» OeTH M AGIOKYH SKBMBAJICHTHBI.

Beca npaBga mHemHOro ciaoskHee., Eciam B Hame BpeMs
XOTAT OOBACHUTDE, UTO MMEHHO O3HauaeT alGCTPAKIIMA «IISThb»,
TO OOBIYHO HAYHUHAIOT C <«35KBHBAJEHTHOCTH OTHOCHTEJLHO
uncia». IIpu 3TOM «IATEPUYHOCTH» — 3TO COBOKYIIHOCTE BCEX
00bEKTOB, KOTOPBIE SKBUBAJICHTHHI MHOYKECTBY MAJNbIER PYKH.

9TOT IPUHLKUI UIPOHUSBLIBAET BCI0 MaTeMaTHKy. B reomer-
PHU 1Ba TPEYroJbHUKA 5SKBUBAJICEHTHLI, €CJIH OSUH MOYKHO
HAJIOKUTH Ha APYTOH CABUIOM, IOBOPOTOM M, BO3MOJKHO, Iepe-
BOPOTOM. A B TeOpHH BEPOATHOCTEH COBEPIISHHO HEBAXKHO, UeM
IIONB30BATHCH — MPABWJIBHON MOHETOM WJIW KOCThIO, YTOGBI
OPURATH pellleHyNe, OCHOBLIBASCH Ha CIYYalHOCTH.

(Ecniu penlenre NPUHHMAETCA B 3aBHUCHUMOCTH OT TOTO,
yoajer MOHETA OPJIOM MJIM PEelIKOM, TO ero MOMKHO IIPUHMMATH
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B 3aBHCHUMOCTH OT TOIO, YeTHOe HJIKX HedeTHOoe, HaIpuMep,
YHCJI0 BBINAAET HA KOCTH.)

ToABKO OTHOIIEHHME 3SKBMBAJEHTHOCTH BHOCHT IIOPALOK
B HeU3MepPHMOe GOTaTCTBO MaTeMaTHYeCKUX 06meKToB. ToT xe
OPUHIHII AeHCTBYET B KaXKA0M A3bIKe, JUIIbL 001ee IOHMMAaHIe
TeX MJIM UHBIX 00HLEKTOB ZeyaioT ofineHne BO3MOXKHBIM. XOTH
IS PasHBIX Jrofgeil MOHATHA «I[BETOK» M «HEYTO IIPEeKPacHoe»
MOTYT pPasjindaThCcad, fA3LIK Bce Ke (QYHKIHMOHHDPYeT UMEHHO
6aromapa HMjee SKBUBAJIEHTHOCTU.



Fhasa 86
BOJIWLEBHbLIE UHBAPUAHTDI

Yro ocraerca HemsMeHHBIM? Ha UYTO MOXHO HOIOXKHUTHCA?
Ha nmpora:xeHMn CcTONETHI MaTeMaTHUKH MCKaJIW WHBAPMAHTEI,
WJIH, Opollle TIOBOpPA, — BeJWYHHBI, KOTOpble HE MEHSIOTCA
OTHOCHTEJILHO HEKOTOPHIX ONpe/ieIeHHBIX Omepalvii.

BossmuTe xosozy kapt. Korma Bl Tacyere ee, mmMmeercs
HEeCKOJIbKO HHBApHUAHTOB. PasyMeeTcsaA: He MeHdeTcd oO0iuee
YMCJI0 KapT, a TaKiKe YHMCJIO BaJIeTOB, faM, U T. . Curyamus
MeHAEeTCHd, €CJM BMECTO TACOBAHUS paspemraeTc TOJIBKO
paszbuBaTL KOJOAY Ha JBE UYACTH — BEePXHIOK M HUKHIOI —
M MEeHATh UX MecTaMu. Torma HeHM3MeHHBIM OCTAaeTCA ele
OTHOCHTEJILHBIA TOpPAAOK KapT. Ecau Tys mHK Haxowujacs Ha
TPU KapThl HMKE AMbl UepBeil, TO TaM OH ¥ OCTaHEeTCH.

KoHeuno e, MBI JOJKHEI IIPABUJILHO MMIOHUMATE CJIOBA «HA
TPHU KapThl HUKe». Bcam famMa depBeil oKasKeTcsi B CaMOM HU3Y,
TO Ty3 IHK JOJIKEH ObITh B KOJIOJe TpeTheil KapToé cBepxy.
To ecTh «HA TPH KapThl HUXKE» CJeAyeT IOHMMATh TaK, UTO
€C/IH BBl JOCUMTAJM OO CAMOrO HH3a, TO HYKHO IIPOAOIKATH
cueT CBEPXY.

9TOoT MHBApPHMAHT MOMKHO WMCIOJB30BAaTh A MPOCTOrO
doxkyca. BRIHETEe M3 KOJOOBI KOPOJel M JaM M PasjoKNTe UX
B pAk, Kak moxaszaHo Ha puc. 86.1. IIpu sToM BaXHO, UTOOBI
paccTossHMe MeXXKAY KapTaMy OJHON MacTu (KOPoab IHK U AaMa
MUK, KOpoab Tped u gama Tped, U T. A.) OBLIO B TOUYHOCTHU
paBHO ueTbipeM. Ecau BBl TOKa)KeTe 3TH KAPTHI 3IPUTENAM
MeJBKOM, TO WX PACIOJIOKeHHe IIOKaXKeTcA 0ojliee UNH MeHee
cayuaiigpiM. HuUKTO He 3amozo3puT Bac B JKYJILHHUYECTBE,
¥ ecyiZ Bl pa3obbeTe KOJOAY HECKOJBKO pas (puc. 86.2), Bce
TOBEPSAT, YTO KapPThl TIATeJbHO HepPeTACOBAHEI,

Br1 3HaeTe, UTO paccTosSHME MEXKAY KAPTAMM MHBAPHAHTHO!
Ha 4YeThIpe KapThl HIDKE IIEPBOM JIEKUT el COOTBETCTBYIOUIAI.
ITosTomMy Jserxo cocTaBUTHL Hapy, HKaKe ecJU KapThl IIoa
caydeTKOH MK IO CTOJOM; KOHEUHO Ke, HYKHO CAeJIaTh BU/I,
YTO BBl CTapaeTech M30 BCeX CHUJ. MOKHO IIOBTOPHUTEH IIPOIECC
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i

Puc. 86.1. IToaroToBjieHHbIE KapPTHI

¥ COCTABHUTE BTOPYIO napy (XOTA B 9TOT pa3 PacCTOSHHE CTAHET
PaBHBIM TpPEeM), 4 3aTeM U TPeThIO (KapThl B He#l paspiesieHbI
ABYMSI IPYTHMH), U 4eTBEpPTYIO.

@oKyCc OCHOBAH HA CYIIECTBOBAHUU HEKOTOPOTO IMOpAAKA
TaM, rOe, KAk Ka)keTcs, IApUT Xaoc. B MaTeMaTHKe IIOMCK
HEeHU3MEHHOro CTajJ JIeATMOTHMBOM B HcciegoBaumax. Kak
TOJBKO OIMMCAH HAOOp AOIMyCTHMEIX IIpeo0pasoBaHUil, HaUWHA-
eTCs CUCTeMaTUUEeCKHNH ITOMCK BeJIMUYUH, He MEHAIOUIUXCS HpPH
3TUX Npeobpa3oBaHUAX. IJTa HAed cTaja 0coOeHHO BaXKHOH
KaK 00beIMHAIIIMI IPUHIUI BO MHOTHX BETBIX reOMEeTPHH.
Ero B 1872 r. npemyoxnn marematTuk Penukc Kiaeiin u ¢ tex
IOp OH OKA3LIBAET OIPOMHOE BJIMAHHE Ha BCe MCCJIeJOBAHUSA.

Puc. 86.2. Pacxkiaa mocjie TaCOBaHUSA

11 MareM. nITUMHHYTKH
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NOAOMNEKA: UHBAPUAHT — PACCTOAHUE MO MOAYNIO

HUcmonbaya apudMeTHKY II0 MOAYJIIO, KOTOPYI0 MBI BBEJH
B I'VI. 22, MOXKHO JaTh 6o/ee YeTKOe MAaTEMATHIECKOe OMMCaAHNe
OpUHINIA, JIEMKAINEro B OCHOBe (QoKyca.

Ecnu B KoJIoAe n KapT U [Be U3 HUX HAXOLATCA B IMO3UIHAX
a u b (cunTtas ceepxy), To uucao (b — a) mo MoayJIi0 n ABIAETCA
umHBapuaHTOM. ITocie pasOuBaHMA KOJOABI J:000€ YHCIO pas
PasHHIA 3HAYEHUI MO3UOWHA II0 MOAYJIIO N He MEHSAeTCH.

Yr1obnl B 3TOM YOEAUTHCHA, HYXHO HCIOJL30BATEH BHEIUNCJIE-
HUA IO MOAYJIIO He TOJLKO AJA MOJMOKHUTEJLHBIX, HO M AJA
OTPHIATEILHBIX UMCeJ. B KOHIle KOHI[OB, KAK BCEM H3BECTHO,
HefeNI0 Has3aj OB TOT Ke [AeHb HeAeJ M, dUTO CeroxHsd,
a 13 pmeii Hasan OLLI BTOPHUK, €CJM CErOfHA IMOHEAEIbHUK.
MaremMaTiueckn MOKHO CKas3aThb, uTo —13 mo moayawo 7
paBHO 1.

HyxX#uo yunTeIBATH 3Ty TOHKOCTH, YTOGBI MPaBUJILHO IIOHHU-
MaTh mEBapuaHT. Celiuac MBI IpuBefieM IIPpUMED, B KOTOPOM
ucnonbzyeM ToT GdakT, uTo —7 mo Moxyaio 10 pasmo 3.
B kosome u3 gecaTH KapT Ty3 4epBeil u BaJeT 6y0eH HAXOAATCS
B mosunuax 2 u 5 cooreercrBenHo. PasHocTs paBra 3. Komony
pas6buBator B mosmnuu 2. Temepsr Ty3 uepBeil HaxoguTcs
B ZlecATOi MO3MIIMH — B CaMOM HHK3Yy, a BaJleT IepeMelaerca
B mosmnuio 3. PasHuma (mosumusa BTOPOM KapThl MHHYC
mo3UIMA IIePBOi) Temeph paBHa 33— 10=-7. Ilo mogyaw 10
3TO TO Ke caMoe YHCI0 3, uTo U OnLIO paHbiie.

PUCOBAHHUE HA PACTAIMBAIOLLEACSA NMOBEPXHOCTH

Ona BoxmebHEIX GOKYCOB MOAXOAAT HE TAK MHOI'O MaTeMaTH-
YeCKHX MHBapHaHTOB. VIX 3HageHue AJa 1060 TEOpHH B TOM,
YTO HHBAPWAHTHI OTAEJAIOT CYILIECTBEHHOE OT HECYIHECTBEH-
HOro. MBI mOKaKeM 3TO Ha HECKOJLKO HeOGB[YHOM IIpHMepe,
A 9ero morpebyeTca PHCOBATH HA IIOBEPXHOCTH, CAEJIAHHOMH
M3 BJIACTHYHOTO MaTepmajial).

Hapucyem uro-HUGYAL Ha 29T0H IOBEDXHOCTH — TPEYIOJIb-
HHK, KPYKOK, HECKOJBKO IPAMOYTIOJLHHUKOB — BCE PABHO YTO.

DBosmoxno, momoiAeT sIacTUUHAS JeHTA AJIA (PUTHecA.
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Temepr HauHeM Ae(OPMHUPOBATH IIOBEPXHOCTH — DACTATUBATH
ee UM CKMMATh B IPOM3BOJBHBIX HAaUpPaBJICHHAX, Kak 3abia-
ropaccyauTcsa. MajleHBKHB KPYMXOK MOMKET CTATh OOJBIINM;
OpAMOHM YroJl MOJKEeT CTaTh TYHBIM WJIH OCTDHIM.

IomycTum, ucxonHasa purypa obnagasa TeM CBORCTBOM, 4TO
n006b1e IBe TOYKH MOJKHO OBLIO COeAWMHUTHL KPHBOMH, KoTopasd
TIIOJIHOCTBIO COAEPKUTCS BHYTPHU Guryprsl. (9ro, HaIpuMep,
TPeyroNbHUK WM KPYXKOK, HO He HaGOp IPAMOYTOJIbHHUKOB.)
Torna MOMXHO 6yZeT czejaTh TO JKe caMoe M IIocje TOro, Kak
¢urypa MSMEHHUTCH: CEA3HOCMb MHBAPHAHTHA OTHOCHUTEJILHO
zedopmanmii.



Chasa 87
MATEMATUKA UOET B KUHO

BeiBaeT TaK, YTO0 MAaTEeMATHKA MOoABJdercd B KuHO. Mare-
MATHKK XOZAT Ha TaKme GIJILBMBI ¢ ONpegeJeHHOINH moJeit
HeZjoBepUsi, MOTOMY UTO OYeHB YACTO TO, HUTO IOABIAETCH
HA »KpaHe, — He 0ojee deM rmomyJjiApHble Kiaumie. OZHAKO
BCErla HHTEPECHO IOCMOTPEeTh, KaKHe ACIeKThHI CTaparTcs
NOAYEPKHYTH CHEHAPHUCTBHI ¥ PEXHUCCEPDI.

Beoomum  ¢umasm 1992 roma  «Sneakers».  Xopomwue
TapHU LoJ IpeaBoauTelncTBOM Pobepra Peadopaa nmeitaiorcs
oro6pars y miaoxoro napua (Bern Kunrciau) nmpubop, npuayMaH-
HBIM BHIZAIOI{MMCS MATEeMATHKOM AJIA B3JIAMBIBAHUA JHOO0OTO
CEKPEeTHOrO KoJia B MHUpe.

Hesagonro go y:xacuoil rmbesu maTeMaTHKa BHAENH Ha
KoH(pepeanun. TaM OH TOBOPHJ NPHUMEPHO TO, YTO OGBLIYHO
MOJKHO YCJIBIIIATH Ha TakuX coOpaBusax. Takoe BmedaTieHue,
YTO AJIA PasHOOOpaswWs CHEHAPHUCTHI M PErKUCCED HPojesasin
cepbe3HOe HcciefoBague. BricTynaomue qeficTBUTENILHO TOBO-
PAT TaK, YTO KaXKJBIH, M3YUaBIIUH MaTeMATHKY XOTA Obl OGWUH
CEMeCTp, MOXKET HOHATH uX. MareMaTmka B GHMILME BBIIVIA-
AUT IOOBOJBHO JOCTOHHO, XOTS BO3MOXKHOCTH MATEMATHKOB
MO PACKPBITHIO BCeX B MUpe 3amudpoBaHHBIX COOGIIeHMI
3HAYNTEIBHO MpeyBenmYeHbl.

IIpeysenuuenme apyroro poja BcTpedaercd B puiabMe ¢ IPO-
CTHIM HA3BIBAHUEM <«JI», CIOJKET KOTOpPOro CBA3aH C TIyGOKHM
MaTeMaTH4YeCKUM MucTunusMoMm. Higea B TOM, YTO MHOTHE
Taiigp!l 3amudpoBaEbl ¢ HOMOIIBI0 HUMP YHCTA 7T, U €CJAH HX
YNTATh B <«IOPaBUJILHOM» IOPAAKe, MHOI'ME IOpasuTebHBIE
ABJEeHUA IIOJIYYAT BAPYr CBoe oOBbAcHeHne. BoaMOXHO, 3TO
clefyer IMOHUMATH MeTaGOPUUECKH: AeiCTBHTEIBHO, YHCIO 7T
UrpaeT BajKHYI0 POJIb IIOYTH BO BCeX OOJACTAX MaTeMAaTHKH
M 0 CHX HODP HEKOTOpble TAWHBI 3TOr0 YHCJIA OCTAITCH
HEPACKPBITHLIMH.

Ecau 65l cpefu MaTeMaTHKOB INIPOBeJH OIPOC O CAMOM
J6uMOM (PHIbME HA MATEMATHYECKYIO TeMy, TO HEepPBBIM,
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HECOMHEHHO, OKasaycda 661 puasM «Hrper pasyma» ¢ Paccenom
Kpoy B muaBHO# poau. PHUJIBM OCHOBAH Ha Omorpaduu
cunenuanucta mo Teopum wurp Jkoma Homa, nHammcanHOM
CunpBueii Hazap. OMoIMOHANbHBIE ACHEKTHI MAaTEMATHKHU
B (uasMe mnepejaHbl oco0eHHO yjnauHo. Henpeogosmmoe
JKeJaHpe pPeHIuTh 3a7ady MOKeT CTATh BCEeIOoIVIOIAIoINM
U JaKe OMACHBIM IJId JKH3HU.

Mopans Taxosa. Jenaomue BCTynuTe B 6pak ¢ MareMa-
THUKOM HOJIKHBI OBITh TI'OTOBHI JKHATH C UEJIOBEKOM, KOTODBIM
YacTO YHOCHUTCH B Apyro#f mup. Pexkuit MareMaTHK yMeeT
OTBJIEULCA XOTH OBl Ha [eHL M OTIOXKHUTL CpakeHHe ¢ 3ajadeit
ZO BaBTpA.



laea 88
NEHUBAA BOCbMEPKA: BECKOHEYHOCTD

MaremarTukn paboTaroT ¢ GECKOHEUHOCTHIO NOCTOAHHO. OHa
HOABJSETCS B CAMBIX pa3HBIX obaumupax. Camas GeszobugHas —
Ta, YTO BO3HUKAaET mpy cyere. HauwHAIOT ¢ emMHNILI, 3aTeM
uxer ABOHKa, Tpoiika, u T. f. Kouna nHetr. Iayke camble KpH-
TUYECKN HACTPOEHHEBIE MCCAEAOBATEJN B OOJIACTH OCHOBaHUH
MaTeMaTUKU COTMIAMAKTCH, YTO ¢ Takoil GecKOHEUHOCTHLIO
npobieM HeT.

Bce craHoBUTCH CIOMKHeEe, ecnu ¢ OeCKOHeUYHOCTAMHU pabo-
TAlOT KAX C HOBBRIMHM MAaTEMAaTHYeCKHMMH oOhexkTamMu. Hmeer
JA CMBICJ TOBOPUTH O MHOMECTBE BceX IIpPOCTBIX dUmcesn?
Jaxe eciu HHKTO He 3HAET, KakK OINPeAEJUTh, ABJIAECTCA
JIF HEKOTOpOe AOCTATOYHO GosbIoe umcao npocTeiM? Ceituac
OPHHATO CUNTATH, YTO F'OBOPHUTEL O TAKOM MHOMKECTBE 3aKOHHO,
W YUCJIO IPOTHBHHKOB 3TOT0 MHEHUA YMEHBUIAETCS.

Jng Tex, KTO HHTepecyeTCA B OCHOBHOM MaTeMATHUYECKUMH
NPUIOKeHHAMH, TaKk¥e BOONPOCHI II0 OCHOBAHUAM MaTEMATHUKH
IpPeJCTaBAAOTCA BTOPUYHBIMH. J[Id HUX <«BGECKOHEUHLIN»
03HayaeT, UTO OJHA BeJWYMHA HEeU3MepHuMo OoJibllie APYIOH.
Macca Contua B HEKOTOPBIX CUTYaIIUAX MOMKET CUUTATBCH Gec-
KOHeYHO 0oabIinoiil mo cpaBHeHHIO ¢ Maccoili JIyasl. Cocrosaue
Busnna Teiitca 6eCROHEUHO BENMKO IO CPABHEHHIO C BAIIHUM
GaHKOBCKMM CUYETOM, M T. .

ITocTemerHO MPUBEIKAIOT padoTaTh ¢ 0ECKOHEUHBIMU BeJIH-
YUHAMM TaK Je JIeTKO, KakK ¢ KOHeunesIMu. Hanpuwmep,
CYLIeCTByeT IIPABHAO, UYTO <«0eCKOHEeUHOe IIII0C KOHEeUHOoe
paBHAeTcH OeCKOHEUHOMY», M OHO O3HauyaeT, B YaCTHOCTH,
yto Buan Tefitc He cramer Goraue, eciM BEI OTHAAUTE €My
Bce CBoe COCTosHMe. WM UTO BOeHHBIN KopafibL He cTaHeT
TAXKeJee, ecJU Ha ero nanyoly cazer 6joxa.

Jra uAeaA IMO3BOJAAET YIPOCTUTHL MHOTME BBIUMCIEHHS.
Ilourn narkcor ner Hasany KomepHHK paccMoTpes 3anady,
KOTOPYI0O MOKHO pPEIINTb, TOJIBKO OODaTHUBIINCH K wupiee
6eckoHeYHOCTH. YeM MOKHO 00BACHUTE, YTO MOJOMKCHIE 3Be3]
ocTaeTcAd HEHM3MEHHHLIM B TO BpeMs KaK 3eMJIs Bpallaerca
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Puc. 88.1. Tax npeacTaBiany OECKOHEUHYIO BCEJIEHHYIO
B CpeJjHHE BeKa

Bokpyr Comana? Konepuuk faj nopasUTeNbHO MIAUTHBIN
OTBET HAa 3TOT BOIPOC: PACCTOAHWE OT SeMJM Ao OamKaiimert
3Be3nbl OECKOHEYHO BEeJHMKO II0 CPaBHEHWI0O C JAHaMETPOM
3emHO# op6uTsl. [IpaBaa, Takoe 00bACHEHNE ABJIEHNA BEI3BAJIO
MHOXKECTBO TeoJorudeckux mpobsem (puc. 88.1). Buezanuo Bo
BceeserHOI He ocTasiocsk MecTa Ajd Bora, U 1lepKBH MOHAZOOU-
JOCh HECKOJBKO CTOJeTuil, YTOoOLl IIPUHATH KOIEPHUKOBCKYIO
Mozient COJIHeYHOM CUCTEMBI.

KAK PABOTATb C oo

Yro6sl o0603HaYATHL OECKOHEYHOCTH, MATEMATHKH MCIOJIb-
3YIOT «JIEHHBYIO BOCBMEDKY» — CHMBOJI CO. Ecan msobpaxaThb
«OGBIYHBIE» YHCNA B BUAE JWHAN, OECKOHEUHO yXomsalieil
BJAeBO (OTpMIlaTe/IbHBIE YHMCIa) M BOPaBO (MOJOMKMTENbHEIE),
TO CHMBOJ OO pa3MEIaOT CIIPaBa OT M300paKeHMA NPAMOH
(a —00 pasMemaioOT cJesa). ITO O3HauaeT, 4TO OO0 Oosbrae
J1060T0 «OOBIYHOTO» YHCJIA.

Xorenoch 6Bl M UPHBLIYHBIE MaTeMaTUYeCKHEe OIlepaluy
pacIpoCTpaHHTL HA 00JacTh GeckOHewHOTro. MBI yiXe TOBO-
PHUIM, UTO CJIOKEHHE OIpeRenseTca TAKHM 00pa3oM, YTO CyMMa

mo6oro uuciaa u GecKOHeWHOCTHM paBHA OeckomeunocTu .

1)BTO MOXHO 3anmpcaThb B Buie q + 00O =00,
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Ilpouseesenre OGeCKOHEUHOCTH H HOJOKHMTEJBHOTO UYHCIA —
TOXKe 0eCKOHEeYHOCTb. 3TO MOMKHO 3alIMCATh B BUJE PaBeHCTBA
a - 00 =00 (O HOJOKUTENAbHEIX a). OHO TOMXe IIpeACTaBAAeTCS
BrIONIHe mpaBaonomoOubiM: Buan leiiTc BCEe paBHO ocTaHeTcH
HensMepHMoO OoraT, ecim IO [JOCAZHOH OILNIOIIHOCTH €ero
COCTOSIHVEe YMEHBIINTCA HAIIOJOBUHY.

Opsaxko oInpejgesleHHas OCTOPOKHOCTL He IIOMeIIaeT,
TIOCKOJNBKY OT HEKOTOPBIX NPHUBLIYHLIX IPABUJ IPUAETCA OTKA~
3arbca. PaccMOTpUM, HaIpHUMep, IIPABUJIO, MTO3BOJIAIOIIEE IJIA
«OOBLIYHBIX» Y¥CeJI U3 PaBeHCTBA a+Xx=0b+ X melarp BBIBOJ
a=b. (9To abcTpaKTHOEe BBHIPAXKEHHE CAMOIO IIPUBBLIYHOI'O
ABJICHUSA: €CJIN [Ba UYeJIOBeKA NMpas3gHYIOT CBOH COPOKOBOII IeHb
POXKAEHVNA ONHOBPEMEHHO, TO OHH MOJKHEI OBLIM POAMUTHCH
B OOMH M TOT K€ [AE€Hb COPOK JIeT HAalaj.)

Ho xax TOJBLKO MBI JOroBapmpBaeMcd, UTO OeCKOHEUHOCTh
OpubaBiATL paspenlaeTcsi, 3TO IPABUJIO TEPAET CHUJIY: HAIDH-
Mep, 10+ 00=1000+ 0o (06e cymmMBI pasBHBI O0), HO OTCIOJA
HeNb3d, KOHEUHO Ke, 3aKJIIunTh, uto 10=1000.



Fnasa 89
nona KHUr AOMxHbl bbiTb LUHUPE!

B sToit KHure y)Ke He Dpa3 roBOPHJIOCH O TOM, UTO Pa3BUTHE
MAaTeMaTHKU He BcerZa HAIPABJIEHO Ha IToJIe3Hble HPUIIOKE-
HuA. Jlae KorJa HUKAKMX HPDHUJIOXKEHHNH He BUIHO, MBICJIH-
TeJS MOXKET MOTHBUPOBATH HEBEPOATHOE NHTELIEeKTYyaJIbLHOe
CBepIIeHHe, ecJH 3afada KayKeTcAa HeIPeoROoJMMOI.
3HaMeHUTHI npuMep — 3ajada
Depma. [Touru 400 ger Hazax B 1621 r.
dparmyscKnii MareMaTUK bBaie nepe-
Bea Tpya Hduodanta <«Apudmeruxrar
¢ IpPEYecKOro Ha JIATbIHB. JTOT Iepe-
pops, 1pouen IIbep Pepmd (1601-
1665), mopucT ¥ MaTeMaTUK-JIIO0HU-
Tellb, KOTOPOTO 3aXBATHWJI BOIIPOC
O BLICOKOpPa3sMepHLIX BApHAHTaxX nuga-
2opoevlx mpoex. ITO TaKHe IleJble
yucjaa a,b,c¢, UYro cymma Ksaj-
paToB IEPBHIX JBYX DaBHa KBaj-
paty Ttpersero (a?+b%2=c?). Taxux
Tpoek ©OeCcKoHeYHO MHOTO, W caMad
n3BecTHAR w3 Hux — 3, 4, 5 (geir- Puc. 89.1. Ilsep Depma
CTBUTENBHO, 32+ 42=9+16=25=52).
TpeyroabHUK, CTOPOHLI KOTOPOTO YAOBJETBOPAIOT 3TOMY COOT-
HOIIIEHHIO, — 00A3aTeJbHO TPAMOYIOJbHBIN, ¥ 3THM (aKTOM
MOXXHO BOCIIOJIB30BATBECA AJSA IOCTPOSHUS NIPAMBIX YIVIOB,
HanpuMep, pasbuBadg can.

@epMa 3aMHTEPECOBANICHA, UYTO MONYYHTCH, €CJHd CJIOBO
«KBajpaT» 3aMEHHTh HA CJOBO «KyG» (TpeThs CrTeleHb),
nau emje 6osee BBHICOKOU cremedbio. Hampumep, CyIIeCTBYIOT
W 1menble 4Yucjia a, b, ¢, KOTOphle YAOBJIETBOPSAIOT YCJIO-
Buio at+bt=c*? depma O6bl1 ybegeH, UYTO KpPOME€ TDH-
BUAJLHOI'O peIllleHHudA, Korga a4 B b DpaBHBI HYIIO, APYTrux
TaKUX UYHUCeJ He CYINecTByeT, W YyMeJ 3TO JAOKaszaTh I
gerBepToit crememm. Ilo-sBupmmomy, OH moJjaraj, 4TO 3TOT
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K€ MeTOJ TOAMTCA H [JIA JAPYruX CcremneHeil, IIOCKOIBKY
Ha CBOeM DJK3eMILIApe KHUTH AUO(PAHTOBOH <«ApHbMeTHKN»
Hanucas (Ha JaThIHM): <«§fI OTKDBII 3TOMY HOWMCTHHE Yyec-
HO€ [0KAa3aTeJbCTBO, HO IIOJA KHHTH OJA HEro CJIHLIKOM
V3KH».

Bonee Tpex croneruit maTematuru (u eme 6Gosbine JH00H-
TEIN) DNOHITAJINUCH OOKa3aTh runoresy ®epMa HWIN HANTH
KOHTPIpEMep. JTa 3ajayua cTajia, Io-BUAUMOMY, CAMOI HU3BECT-
HO#iI B mcTOpMH MaTeMaTUKH. OTpOMHBIE YCHJIMA IO IIOUCKY
JoKasaTesIbCTBa OOBACHAIOTCH, IO KpaliHell Mepe 0T4acTH,
CcBOeOOpa3HEIM COPEBHOBATEJBLHEIM AYXOM — XOTEJOChH BBINI-
paTh Ha HHTEJJEKTYaJlbHOM HMIDOBOM moJe: «CTojasr MHOTHE
OplTaauch U He Impeycneau. Ecam OB g pemmna ee... ».
C n#pyroii CcTOpPOHBI, OecTpelleTHHIA — M HA IPOTAKEHHUU
BEKOB HAIIPACHBIM — IIOUCK pPelIeHUsi IIPUBeJ K HEBEPOATHOMY
ycmexy B HalleM IOHMMAHUU aJIreGpHI.

Ceiiyuac Beck MHUP 3HAET, dUYTO
®epma 61 mpasl). B 1998 r.
aHIMMIMHACKNIL  MATEMATHK  OHAPIO
Va3 3aBepmIna JOKa3aTelIbCTBO,
HaJi KOTOpPHIM OH paboTaj MoYTH
BCIO CBOIO aKaJeMHUYECKYIO KH3Hb.
K coxkanenuio, MBI HHUKOrZa He
Yy3HAeM HaBepHAKa, yAaJloCh JH
®depma Ha caMoM feje HaMTH
IokasaTeabcTBOo. OAHAKO MeTOHNBI,
paspaboranHble [Jas [OOKAa3aTesb-
CcTBa ¥Yalij3oM W JAPYrHMH MAarTe-
MAaTHKaMH, CTOJb IJIYOOKM H Tpe-
OYVIOT TaKOro KOJOCCAJBLHOTO 00h-
eMa COBpPEMEHHBIX BBIUUCIHTEb-
Puc. 89.2. 9uapro Vaiinz HBIX CPEICTB, pa3paboTaHHLIX IIOCJE

depMa, UTO COBEpIIEHHO HeBepo-
ATHO, uToGhl PepMa geifiCTBUTENBHO HaNIe] BepHOE A0Ka3a-
TeJIBCTBO CBOEH T'MIIOTE3HI.

1)He B TOM, 4YTQO HaIIeJ AOKa3aTeJbCTBO, 4 B TOM, YTO He CYIIECTBYET
MHOTOMEPHBIX aHaJOI'OB HI/I(I)&I‘ODOBBIX TPOEK.
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METO/l BECKOHEYHOIO CITYCKA

3axaua Pepma — nmpeKpacHbIil o6pasel] TOro, HACKOJABKO pas-
JUYHELEL TIO CJOKHOCTH AOKA3aTEeJbCTBA BO3MOXHOCTH UTO-
TO CHeJaTh M JOKa3aTeNbCTBA HEBO3MOXKHOCTH 3TOro. Mhl
HoKa)keM 2To Ha npumepe creneHu 4. IIpexmosoxum, dYTO
Ha CAMOM Jejie CYL[ECTBYIOT TPH HaTypaJIbHBIX 4HcCiIa a, b, ¢
rakux, uro a*+b*=ct. Torga MoxkHO O6BLTIO 6BI HammcaThb
KOMIBLIOTEPHYIO IPOTPpaMMy ¥ HaAeAThCcA, YTO PaHO NN
MO3IHO 3TH 4Yucja Haliayrca. Ecam Obl KOMIBIOTED IeJIbIH
rox He MOr HaiiT# TakKHe 4YNCJIa, CTOWIO Obl 3aJXyMaThCH:
BO3MO’KHO, B TAKMX TPOMKAX YHCJIa ACTPOHOMHMUECKH BEJIMKH,
M TOI'Mia KOMIILIOTED OKAasKeTCs GecloNe3HBIM.

Ho ecium BB momospeBaeTe, 4TO peweHus Hem? Hu
B CTO3HAUYHLIX YHUCJAX, ¥ HA B TAKHNX, AJSA B3aINCU KOTOPBIX
HUKAKUX YepHWJI He XBaTUT? ITa s3ajada Topasfo CJIOMKHee.
Crparerns noKHa GBITH IIOXOXKA HA Ty, KOTODasg MCIOJIb30-
BaJach JJsA JOKA3ATEJLCTBA MPPAIMOHAJBLHOCTH KBaJApPaTHOTO
KOpHA u3 ABYX (cM. 1. 56): HpeAnosoxKuM, ITO yTBEPKAECHUE
JOKHO (T. €. 4YTO KBAAPATHHIH KODEeHbL U3 ABYX DPAIMOHAJIEH),
H HaliileM CJEeACTBUA, KOTOPLIEe IPHUBEAYT K IIPOTHBOPEYHIO.
Torga moxassiBaeMoOe YTBEDIKAEHHE NOJIKHO OBITH MCTHHHEIM.

B HeckoIBKO HN3MEHEHHOM BHJE OTa JKe HIed MOKeT
OLITH HCIOJB30BaHA MAJNA JOKasaTeabcTBa rumnoressl Pepma
B CIIEIMAJIBHOM cJIydae — KOrzia cremeHb pasHa 4. [na rtex,
KTO OCBOMJI OCHOBHBIE Pe3yJbTATHI TEOPHH THCEJ, JOCTATOUHO
6yner ogHoro GymaskHOoro Jucrrka. HasBaHue MeTofa IIOXOXKe
Ha MarvJyeckKoe 3akKjdHaHMe: «0eCKOHEUYHBIH CIYyCK».

Iokamxem, uro ecau Obl CyL[eCTBOBAJIM HATyDaJbHEIE
gncaa a, b,c rmaxkme, uro a?+bi=c?, TO mammmchr 65l
HaTypanbHBIe uHcaa d, e, f, obiajalomue TeM Ke CBOM-
ctBoM, T.e. di+el=f% ¥ eme OAHMM JOIOTHUTEIbHHLIM
cBoitcTBOM: f MeHbIne ¢, IHaue roBops, AJIs KasKAOU TPOIKH,
yaoBJleTBOpAIOHIeil ypaBHeHuio @®epMa UeTBEpPTOHl CTeNeHH,
ecThb JApyras TpOIKa, YAOBJETBOPHAIOUWIAA YPaBHEHHUIO IJd
MEHBIIero Yucja B npasoit uactu. Ho Takoro He MoKeT OBITH,
IOCKOJBKY IPEeAIoJaraeTcs cymecTsoBanmne 6ecKoHeuHo y6hI-
BaioIell IOCIef0BATE/IbHOCTH HATYypAaJBHEBIX 4HCe. YObIBad,
HATYpaJbHEIE 4YHCJa 3aKaHYWBAIlOTCA Ha eJWHUIEe, MOITOMY
¢ Kaxoro GOJBIIOro 4YMcia ¢ HH HAUYWHATh, B OGecKoHeuHO
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yOnIBaiomel IIocjef0BaTeIbHOCTH OKaXXeTcs He fosee ¢ yuce.
Hanpumep, nociemoBaTejbHOCTs HATYPAJIBHBIX UHCeJ, KOTO-
paf HauuHaeTCHa ¢ 5, MOXKeT BKIIOYATHL He fojiee IIATH umces: 5,
4, 3, 2, 1. A ecau "Hagars ¢ 100 000, To mocieRoBaTEILHOCTD
MOXKEeT HOJIYUYUTHCA IOAJMHHee, HO BCE PABHO IIOCTEIeHHO
OpujgeT K eJUHHUINE, TYT-TO BCe ¥ KOHUYHUTCH.

K coxanenuio, MeTox GeCKOHEYHOTO CIyCcKa B yPABHEHHH
depMa TrOZUTCA TONBKO NS HEKOTOPHIX creuneHei. JIloka-
3aTeJLCTBO Yaiiyiza OCHOBAHO Ha ropasgo 6osee rayGoxmx
pesyabTaTax M MeToZaX, MW B OeHCTBUTEJIBHOCTH TOJBLKO
TOPCTKA MAaTEMaTHKOB MOXKET BCephe3 YTBepkKAATh, 4TO OHM
pasobpayinck BO BCeX ero moapoOHocTaX.
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MATEMATUKA: YTO Y HAC BHYTPU

MaTeMaTUK¥ — KaX CBHIIMUKN, X 06 BTOM MBI y3HaéM emfe
B mKoxe. Hanpumep, X — HeM3BECTHAH BEJIMYMHA, IIPO KOTO-
PYIO M3BECTHO TOJBKO, 4T0 3x + 5 = 26. Illepaox Xoamc nmpuaer
Ha nomoms! Ecam 3x + 5 =26, 10 00A3aTe/IbHO BHIIIOJIHAETCA
cooTHomenne 3x =21, u Torna X AOJKeH OBITH pasBeH 7.

B xomnobioTepHO# ToOMorpadmy BO3HUKAIOT [OXOKHE
3a71auM, XOTA Ha Gojiee BEICOKOM ypoBHe. PaccMoTpum, Hanpu-
Mep, HeCKOJBKO IJIOCKHX (QHUryp, — Kpyr, 3JIHIC KU IIPAMO-
yroasHUK. OTIpaBEMCA K CTEKOJbIIUKY M 3aKa’XeM BBIPe3aTh
5T (QUIrypHl M3 CTEKJa, TOMIMHON B moagooiimal).

IocMoTpUM CKBO3BL TAKYIO CTEKJIAHHYIO QUrypy, pacmoio-
KHUB ee pe6poM K cBetry. EciaM 3To Kpyr, TO BBEpXy H BHHU3Y
CBEeTY CKBO3b HEro HY KHO IIpeo/iojieTh MEHbIee DAaCCTOAHNIE,
YeM B cepelHMHe, I'le HYXHO OPOHUTH IIyTh B IEJIBIH AuaMeTp.
TlosTroMy cepeiMHa HaM IDOKa)XeTcs TeMHOH (CKopee Bcero,
TeMHO-3eJIEHOH), 4 Kpad — CBeTIBIME. A HOCMOTpeB Ha pebpo
IPAMOYTrOJbHUKA MBI YBHAUM PaBHOMEPHO APKYIO IOJOCY.

Temmepp rWIaBHBINT BOIPOC: MOYKHO
Ju ompefenuTs (GOPMY CTEKJIAHHOH
GbHurypst, u3MepHB 1 CPaBHHUB ADKOCTD
cBeTa, KOTOPLIM IIDOXOAUT CKBO3L Hee
¢ pasHsIX Hanpasienuii? lal U B aTom
COCTONT uAed KOMOBIOTEPHOH TOMO-
rpagdun (caM ToMorpad BEI BHAUTE
Ha Qororpadun). ITOT METOH AMATHO-
CTUKM pemaeTr 3ajady, HOXOMKYI0 HAa
Hally 3ajady co cTekJbrmkamMu. Teao =
YeJIOBEKA C Pa3HEIX HANPABJIeHWH IIPOCBEYMBAIOT PEHTTeHOB-
CKUMM JIy4aMM, H3MEPHIOT MHTEHCHBHOCTH WX IIOIVIOIIEHHSH,
M 10 3TMM JAaHHBIM CTPOST TpexXMepHoe H3o0pajkeHHe oOmIpe-
JeJeHHOTO OpraHa, IJd KOToporo Tpebfyercd MeTUIMHCKOe
ncciefoBaHue.

DCrporo rosops, MBI DOTYIUM UUINHADH ¥ mapamienenunesn. — ITpum.
pea.
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910 TONBKO 00IaA mAed; TMOAPOOHOCTH KpailHe CJOMKHBI.
Yrobsl cosxaTh IPHMGOP, KOTOPBIA Temepp CTaJ OOBIYHBIM
B MEJUIOHUHCKOH MPaKTHKE, IIOHAJO00NIOCh 00 HeUHUTL HHKe-
HEpHOE MCKYCCTBO, MHMOPMAIUOHHBIE TEXHOJNOTHWH H Cephes-
HY0 MaTeMaTHKy. Yged sToro npubopa, BosHuKmaa B 1960 r.,
BOIJIOTMJIACH YiKe uepe3 HECKOJLKO JeT. OfHa u3 IpuduH
TakoM HezaMeIJUTENBHOCTH S3aKJiouajJack B TOM, YTO BCH
Hy)XHas MaTeMaTHKa ObLIa y»ke HM3BeCTHa, OHa Jelkalla Ha
HOJIKE B KJaZOBOM MHTENEKTYAJIbHLIX AMKOBHH M KAAJA
cBoero yaca. Iloutu cro ner Hazax Matemaruk HorarH Pajgon
(1887—-1956) mnpenyoxun npeueaypy onpejesieHus ¢GoOpMbI
OCBEIEHHBIX HPEeAMETOB IO AAHHLIM 00 MHTEHCUBHOCTM CBETAa.

KoMnrpoTepHbIli TOMOTrpad — 3TO He TOJHKO BHICOKHE TEX-
HOJIOTMH, HO M BBICOKAs MaTeMaTuka. MccieJoBaHUA IIPOJOJI-
JKAIOTCH, TAK KaK HYKHO NOBLICUTL 11 CKOPOCTH, W paspelienue.

OBPATHBIE 3AQAHH

3azavya KOMIbLIOTEPHOH ToMorpaduu — 9TO YaCTHHIM ciydait
obpamnot 3adauu. Takue 3afKauym BOSHUKAKT B PasAWYHBIX
npunoxennsx, Hanpumep, nsMepuB Kojie0aHUA 3€eMHOM KODPBI
B PasjINYHBIX TOYKAX, MOMKHO TOYHO OIIPENENHTh, I'le MMEHHO
IPOM3ONLIO 3eMJIETPACEHNEe M KaK0OBa er0 MHTeHCUBHOCTL, AHa-
JOT'HYHO, U3MEPEeHKE OTPAKEHHOHM BOJIHEI IO3BOJISIET PA3BEJaTh
MO0 EeHUe U 3aMachl MOA3E€MHBIX MECTOPOKACHUNH MUHEDAJIOB.

Y ofpaTHBIX 38JaY €CTh THIWYHBIE TPYAZHOCTH, IIPUCY-
myue B TOM UYMCJe M 3a/aYaM KOMIBIOTEPHOM ToMorpadpmum.
Hanpumep, 3aBUCHMOCTD PEIIeHUSA OT BXOAHBIX KAHHBEIX OU€Hb
9yBCTBHTEJIbHA: HeGosbinas ommOKa B M3MEePEeHHIX — a Belb
abCcoJTIoOTHO TOYHBIX H3MePeHH He OhIBaeT — MOJKeT HPUBECTH
K CeDPbe3HHIM IIOIPEHIHOCTAM B De3yJbTaTax.

Jna MTIoCTpaliuy| 3THX TPYAHOCTEH paccMOTpMM ypaBHe-
Hne 0,0001 - x=¢q. Bexuuuna a u3BecTHa, a X — HEHU3BECTHOE
6oapmoe uymcno. C MaTeMaTH4ecKoil TOUKM 3PEHUS PeIleHHe
aneMeHTapHO: x =a/0,0001. OgHAaKO B IPAKTHYECKHX IIPHJIO-
JKEHHSAX a4 MOXKeT OBITH HM3BECTHO TOJLKO HPHUGIH3HUTENILHO.
HomycTum, 9T0 QAMHA, X €€ SHAYCHHME M3MEPEHO C TOUHOCTBHIO
go 1 munnumerpa. Ho UpH BBIYHMCICHHH X HTO JAeT OMMHOKY
B 10000 pas Oojaplie, M KOMIBIOTEP BBIAACT peHIeHNe
¢ TOYHOCTBIO B mperenax 10 merpos!
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MO3I' BHYTPHU KOMIbIOTEPA

Marematuk-®Ppankenmreitn? Ha nporaxeHUN CTONETHN JIIOAN
JejesAn HAAEXKAY MepefaTh HEKOTopble N3 YeJIOBEYeCKHX
VHTEeNIeKTYAJbEBIX BO3MOMKHOCTEH wMammumuaM. HedporHbre
cern, cTasmue obbexToM maydenuda ¢ 1960 r., mpeacTaBIAT
c0603f CephEe3HYI0 MONAITKY BOCIIPOM3BECTH CTPYKTYPY UeJioBe-
YecKOTO MO3I'a U HEKOTOPhIe ACHEKTHI ero hyHKINOHUPOBaHN,
4TOoOBI CO3JATh HEUYTO, MOAOOHOEe YeJIOBEUEeCKOIl MBICIM.

KupnuyuukaMu Halllero MO3ra cily:xaT HelpPOHBI — KJIEeTKH,
NPOBOAAINME HMIYJLCHI U (GOPMUDPYIONIHE IEHTPAIbHYIO
KOMAHIHYI0O H KOHTPOJBHYIO CTPYKTYPY HEPBHOH CHCTEMBI.
VY 4desloBEKAa OKOJIO JECATH MHJLIAAPAOB TAKMX KJIETOK, COENH-
HEHHBIX JAPYT ¢ APYrOM TPHJIINOHAMM CBA3eH, WIN CUHANCOS.
KomIbloTepHbIii 3KBUBAJEHT HeHPOHA — JOTHYECcKas CTPYK-
Typa, YCUJIMBAIOIAs MM ocinabasmoniasd BXOAHON CHUTHAT HAa
OCHOBAHHH HEKOTOPBLIX KOHTPOJBHBIX CUTHAJOB. OTBET MOMKET
Koyie6aThCcA B OUEHBL IMHPOKMX TpexesaX B 3aBUCHMOCTU OT
peakIiM¥ HA KOHTDOJLHBIE CHTHAJBI; M YCTAHOBKOH pasind-
HBIX IIAPAMETPOB MOJKHO AOGHMTHRCHA 4Ype3BEIYANHO IMHMPOKOTrO
IValasoHa AJI8 BO3MOXKHBIX BapHaHTOB IIOBEJEHUS.

IIpu cBA3bIBaHAH TAKHX CTPYKTYD YHCIAO Bapuanuil pacTeT
BKCIOHEHIMAJLHO, U 0 TAKOM HaGope cBa3eil MOXKHO N'OBODHUTH
KaK 0 HelpoHHOI cemu.

Kax spiGuparor pasiuuHasie Dapamerpei? PaccMmorpum,
HaIpuMep, BOIPOC O TOM, KaK OaHK MOXeT IIPUHHUMATH
pernenne: oAoGpUTHL M Bally 3asBKY HAa KPeIUTHYIO KapTy,
ONnMpaAck HA AOCTYIHBIE CBeJEeHWS O Bac: BO3pacT, HOXOZ,
aKTHBLI, KpeAWTHaAsd HCTOPHA U T... B wujease HelipoHHasd
ceTh AOJKHA IPHHMMATE BCIO 3Ty MHGODMAaNMIO, a Ha BEIXOAE
IaBaTh OTBET «a» UJIM «HET» TAK, YTOOBLI 0f00PAANCH TOJBKO
KpexuTocrioco6HubIe 3aABUTEIN,

TIocse mocTpoeHHA ceTH ee «00ydaloT», mojaBas Ha BXOX
JaHHBIE, IO KOTOPLIM yiKe APYTMMH CchoocobaMu IIOXydeHO
peiieHue — OJOGPATH 3afABKYy WIN HeT. B Hjeajle HYMXHO
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HACTPOHTH MApaMeTpsl TAKMM 00pa3oM, YToGHI [JIA BCex aJje-
MeHTOR ofyuaomero Habopa ceTh BhIZjaBajia IIPaBNIbHOE penle-
Hre. Jns aroro tpeGyeTcsa MOBOJLHO CJIOKHAA MaTeMATHKA —
B HajekJe Ha TO, UTO, XOPOMIeHbKO O0yYMBINNCH, HEMPOHHAA
ceTs OyZer [gaBaTh IPABUJILHBIA OTBET Ha HOBBIE BXOJHBIE
NaHHblE, HEM3IBECTHLIE paHee HU GaHKYy, HYM KOMILIOTEpY.

Kiraccrueckada MaTeMaTHKa [JOBOJNBHO CKENTUYECKHM OTHO-
CHTCA K TAKUM MeToAaM: BeAb 4TOGBI MOJeJb COOTBETCTBO-
BaJjia AeHCTBHUTEIBHOCTH, MapaMeTPhl IIOATOHAIOT Ge3 BCAKOTo
TMOHNMAHUA B3auMocBAseil mexxgy Humu. Ho sesan HemssecTHo,
K YbeMy DeIleHWIO CIEAYeT OTHOCUTHCA ¢ GONILIINM J0BepHeM:
6aHKOBCKOIO CJIYJKAIEro MJIM X0pouro ofyueHHOIl HelpDOHHOI
ceTn.

NEPLENTPOH

Kaxr xe Bce-TaxKM KOMIIBIOTED MOLEIHPYeT KJIETKH dejJoBeye-
cxoro mosra? OfHa W3 IEPBBIX MOAEJEH — NnepuenmpoHn, ero
uaydeHne Hadanock B 1960 r. Ilpome Bcero ero mpeacTaBHThL
B BHJE YEPHOI0 AIMWKA, B KOTOPBIA € OAHOIH CTOPOHBI BXOAAT
HECKOJIbKO HPOBOIOB, & ¢ OGpaTHOE BHIXOAWUT TOJILKO OXUH
(pmc. 91.1).

Z1

a1
T2

g2
3 g3

Puc. 91.1. Ilepuenrpon

IlepuenTpoE 3aHMMaeTcsas TEM, YTO YMHOMKAET BXOXHBIE
CHUPHAJIBL Xy, Xy, . . . Ha B€CA W,, Wy, . . . , CKIAABIBAET IIPOUB-
BeIeHNA K IPOBEpPAET, He IPEBOCXONUT JH IOJTyYEHHAA CyMMa
W x; + WyXy+ ... HEKOTOPOro moporosoro 3Havenusi T. Ecau
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Ia, TO Ha BLIXOJ TONAeTCH eAWHUIla; TOBOPAT, YTO IIePHENTPOH
«cpearupoBajii». ECiIM HeT, TO Ha BBIXOJ II0ZAETCA HYJb.

PaccMoTpuM cayvaii, B KOTOPOM €CTh ABa BXOJa, MOPOTroBOe
sHayenue T ycTaHOBJAeHO paBHBIM 1, a 00a BecOBBEIX Koa(-
dunuenta pasaer 0,7. Eciu Ha oguH BXof mojaercs 1, a Ha
apyroit 0, To cymMMa npomusBeleHMII BXOJOB ¥ BECOB DaBHAa
0,7-1+0,7-0=0,7, 1 5TO0 MeHbIlle IIOPOrOBOTO 3HAYECHNI.
TakuM 0o0pa3oM, HA BBIXOJ| IIOAAETCHA HYJb, — IePIeITPOH He
pearupyer. OnHaxo ecim Ha 06a BXOZA MOAAETCA €IUHULA, TO
nonyuaercsa cymma 1,4, ¥ mepHenTpoH pearupyer.

B 3Toil cuTyanuH MOAXOLAUIMM BLIOOpPOM BECOB M IIOPOro-
BOTO BHAYEHMA MbI J00UINCH, YTOOBI IepHENTPOH MOZEIHPO-
BaJ Jormueckuil anmemenr «W» (puc. 91.2). '

Ty

0.7

0.7

Z2

Puc. 91.2. IlepuenTpor Kak cBfAsh <«H»

Ho meprenTpor cnocobGer Ha Goibinee. MHOrHe duTaTean
NIOMHAT W3 IDKOJBHOrO Kypca MAaTeMaTHKH, YTO MHOMECTBO
TOUEK ¢ KoopauHaTaMu (X, y), YAOBJIETBOPAIOIIMMI YPABHEHNIO
ax + by = ¢, obpasyer OpAMyI0 Ha AeKapTOBOH IJIOCKOCTH. Bee
Te mapsr (x,y), LIS KOTOPBIX cyMMa ax+by Ooxeme c,
3a7al0T TOYKH, JIEMKAIME IO OLHY CTOPOHY OT HpAMOM, Kak
n3obpaskeno Ha puc. 91.3.

Bepuemca kK mnepuenrpony. IIyers x, y —9T0 BXOAHbIE
3HAUeHHHA, @, b-—Beca, a ¢-—rpaHuHYHOe 3HaYeHHe. Takoi
TIEpUENTPOH YMEeT OINPeAeNATh, 0 KAKYI0 CTOPOHY OT IPAMOMR
JIEKUT 3afaHHAd TouKa. J06aBUB Jormdeckuii amemeHT <«H»,
MOHO COSQUHNTHL HeCKOJIBKO NePIEeNITPOHOB ¥ CMOAENINPOBaThL
MHUHHUATIOPHLIA MOS3T, KOTOPBIA BLIBOJUT €WHMIY, €CJIM TOUKA
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a-z+b-y=c

a-z+b-y>c
a-z+b-y<c

Pue. 91.3. IToxymiockocts ax+by<e

JIeUT BHYTPH 3aJaHHOI'O TPEYTrOJbHUKA, M HYJb — B IPOTHUB-
HOM ciaydae. Eciau Ha BXojx mOAAIOTCA KOOPAMHATHL TOYKH, TO,
KaK BHAHO M3 puc. 91.4, peanusanusa He NpeACTaBIAET TPYA-
Hocreii. Toura JIesKHT BHYTpH TpeyroanHuka ABC, ecau oHa
npasee npamoit G1, neBee nmpAmoit G2 u Bhime upsamoit G3.

Gl

G3
/A B‘ o

Puc. 91.4. Tax mepuenTpOH ONpENENfAET, JEXKUT AX TOYKA B Tpe-
YTOJIbHHUKE

B Oonee cepbe3HBIX NPUIOKEHHUAX COEXMHSIOT AIOMHHEL
MepHenTPOHOB, M pPeuyb HAET O HelpoHHOM ceTn. Beca ans
BXOJHBIX CHT'HAJIOB BHIGMpPAIOTCA METOLOM Ipo6 U omubok Tak,
9T00Bl HA BBIXOJE NOJNYYAJICA PEe3yJbTaT KaK MOJKHO GJIHKe
K IPaBWILHOMY B TeX CAy4aAX, KOrfa OH U3BeCTeH, B mpumepe
¢ KPeAUTHBIMM KAapPTaMU eCJIM BXOAHEIE 3HAUYEHUS JOXOAa,
BIafieHNA HEZBUKIMOCTHIO, BpEMEHH paGoThI Ha OJHOM MecCTe,
#u T. J., OJArONpHATHEI, TO HEeHPOHHAS CeTh LOJKHA NAABATH
Ha BBIxoJe 1 (xpemurocmocobeH), HO KAHAUAATOB C AAHHBLIMU,
VKa3bIBAIOI(MMI Ha DHUCKH, OHA OJIXKHA OTKJIOHSTD.



Masa 92
COGITO, ERGO SUM

Pene exapr (1596—1650) 6511 3aMedaTeJIbHBIM YEJIOBEKOM.
Emle B IOHOCTH OH peIIMJl HOCBATUTH CBOIO KHU3HL ITOUCKY
uctuHbl. B ero «Paccy:IeHuu O MeTOZe» COAEPKHTCA HE
TOJIBKO OCHOBaHUe ero ¢uaocodpunm (cogito, ergo sum —
MBICJIIO, CJIeIOBaTeJIbHO, CYUIECTBYIO), HO W BaKHble IPUJIO-
JKEHNA, TPU3BAHHLIE IIPOJAEMOHCTPHDPOBATH HOBBIM METOZX.

Puc. 92.1. Pene [exapr

B omHOM W3 3TUX MPHJIOKEHHI pedbh HAeT O TeOMeTPHUH.
B Hero BKJIIOYEHBHI IIOJOKEHHUS, KOTOPHIM CYMKAEHO OBLIO
mTy6OKO MOBAHUATH Ha passuTHe MaremaTuku. CaMoe BaskHOe
U3 HUX — 9TO coefUHeHMe anredpsl v reomerpuun. [lexapT o6ua-
PYKHJI, 4UTO reoMeTpuyecKWe 3afadll MOXXKHO IIEPeBOAUTL Ha
A3BIK anreGphl U 4TO, O6paTHO, pelleHne MHOrUX ajnreGpaude-
CKUX YpaBHeHMI JONIYCKAET reOMeTPHUIECKYI0 HHTEePIPEeTaAnHIO.
DTOT DOAXO] OKa3aJicd HEBEPOATHO IJIOAOTBOPHBIM, NOCKOJIBKY
3aJadM, KOTOpble HE PEHIaJHCh OAHNMH MeTOJaMM, YacTo yAa-
BaJIOCH pemuTh Apyrumu. HarnangHoe ToMy IoATBepKIEHUE —
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JIOKa3aTelbCTBO HEeBO3MOMKHOCTH KBaapaTyphl kpyral). Korma
YAANOCh IOKAa3aTb, UTO ST OTHOCHTCA K OCOGEHHO CIIOMHBIM
gHcJaM M YTO TOJBKO OTHOCHTEJIBHO <«IOPOCTHIE» UHCJIA
JAONYCKAIOT IOCTPOEHHE C IIOMOINBIO IUPKYJS ¥ JUHENKH,
CTAJI0 ACHO, YTO TAKOH# BHJ reOMETPHYECKMX IIOCTPOCHUU He
IO3BOJIAET NMpeolpa3oBaTh KPYr B KBAAPAT TOMH e ILIOLIALH.

Ogsaxo ansa [ekapra Bce 3T0 OBLIO JejioM Aanekoro Gyay-
miero. O uMciax ObBIIO M3BECTHO eIle CANIMKOM Mayo. Jlake Ha
OTPHIATENBHEIE YHCIA MOMVISAABIBAJIN C IMOJO3PEHNEM, 4 CpelH
peumreHU ypaBHEHHUI Da3/IMYaIN «MCTHHHBIe» H <«JIOMKHBIE» —
B 3aBHCHUMOCTH OT TOTO, OBLIM OHU IIOJIOKHTEJLHLIMH WU
OTPHIATEIbLHBIMH.

CrpeMuTeNbHOE Pa3sBHTHE €CTECTBEHHBLIX HAYK B CEeMHAAIA-
TOM CcTOJIeTHMH ObLIO OBl HEMBICIMMO 06e3 IIOATOTOBUTEJILHOMN
pabotbi, npogenaHHOM JlekaproM. TpyaHO NIIOBEepHTH, UTO
B MaTeMATHKe OH GBLJIO IIPOCTO «JIOGHUTENeM» M CaMOYYKOIi.

HyxHO ckrasaTh, 4UTO <«JAeKapToBa CHCTEMa KOOPAHUHAT»,
¢ KOTOpOIHl Bce 3HAKOMMIJIMCH B IIKoJe, B paGorax Iexapra
He BcTpeuaeTca. TOJBKO B BOCEMHAJIIATOM BeKe CTAJIO obIe-
OPU3HAHO, YTO TAKAA CHCTEMa MOIJVIa O0LEeAUHMTDL PA3IHYHBIC
reoMeTpUUYecKNe MOCTPDOEHNA, KOTOPEIe CTAHOBUINCH IIPHU 3TOM
IPOCTO OTAEJNLHBIMH YACTHBIMU CJIYYASMMU.

«NEPEBO» TEOPEMbI NMUPATOPA

ITepexon oT reoMerpum K ajirebpe — 4pesBBIYAMHO MOIIHBIH
MEeTON; HAIpUMep, AOKA3aTeJbCTBO Teopembl Iludaropa crano-
BUTCS OYEHBb IIPOCTHIM, €CJIM BMECTO reOMeTPHUYECKHX (Quryp
o0paTHThCA K ajre6pamiecKUM ypPaBHEHHAM.

Hy:xxH0 nokasarh, 4TO AJs IPAMOYTOJLHOTO TPEYrOJIbHUKA
CO CTODOHAaMH &, b, ¢ BEIIONHSAETCA cooTHomeHue a? + b2 =c2.
Mz=r 6yaeM cumTaTh, UTO €CJIM @ U b He paBHEI, TO b Gosablue a
(cM. pmec. 92.2).

Cexper nOKa3aTeJIbCTBA B TOM, YTOOLI PACCMOTPETH KBagpaT
CO CTOPOHOH ¢, B KOTOPBIL BOMCAHLI YETHIPE 3IKIEMILIApA
HAIIIETO TPEYrOJbHUKA.

ITu 4YeThIpe TPEYIOJRHHKA& He 3aIllONHAIT KBAApPAT IeJIH-
KOM: B LEHTpe OCTAeTCA elle MaJeHbKHil KBagpaTuk (Ha

UCm. ru. 38.
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Puc. 92.2. Teopema Iudaropa: a2+ b2 =c?

puc. 92.8 om 6emoro ueera). Ero cropoma paBHa b—a, 31O
BUAHO M3 pucyHKa. lloaToMy mmomans OOJMBIIOrO KBaapaTa
PABHA YUYETBEPEHHOH NJIOIagy TPEYTOJBHMKA HJIIOC ellfe ILIo-
manh MaJIeHBKOT'O KBAApATHKa cO cTopoHo# b—a. Ilnomags
IpAMOYTOJLHOTO TPEYroAbHMKA C KaTeTaMu a4 W b paBHa

2

2_4.2:0 —a)? J
?=4.22+(b—-a). \ \\\\‘E
Yy
\\\ /
(a-b¥2=a%-2-a-b+b2 .//;

=92.q- 2_9.q. 2__ 42 2
2-a-b+b*-2-a-b+a’=a"+b Puc. 92.3. Teopema

CY)KIeHAS TNPOCTHIMU ajirebpanmuecKHMH.
yamy. Hanporus, GOJBHUIMHCTBO 34TPOHYTHIX MM BOOPOCOB

Tenepsr feyo 3a anre6pamdecKUMHU TPIO-
MOKHO JOKA34Th, UTO \
D
Wrax, Ml mokasand, uro c?=a?+b%, TIugaropa: rax mox-
He ciegyeT CyAWTH IO JTOMY OpHUMepy M AyMAaTh, YTO
HACTOJIBKO MIIyGOKM, UTO M ceifuac — CIyCTs IIOYTH YeThIPecTa

—~ a-b, TAK YTO MBI HIOJIyY8eM COOTHOINEHHE
xKamMu. BcmoMHUB, uTO \

Y —
3aMEeHHB CJOXHBIE reoMeTprUueCKHe pac- HO ee 10Kas3aTh
JdexapT saHMmMajicd TOJBKO CPaBHHTEJBHO IPOCTHIMU 347a-
JIeT — MHOTHME MATEeMATHKM C TPYAOM MOIVIM OBl MX DPEmINTh.
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ECTb i B MUPE AbiPbl?

Maremarwueckuit mHCTHTYT K19 npemiaraer Harpajasl B OXUH
MUJUTAOH JOJIJIAPOB 3a pPelieHNe HEKOTOPHIX He IMOAAaIOMUXCsH
HUKAKIM YCUIMAM MareMarmueckumx sajgaul), Tenephr yueHbie
COIIJINCE BO MHEHMH, 4YTO HepBoi HOKOpMIach ruiIoresa
Ilyankape. Ee gorasarelncTBo crayo Hacrodmieil ceHcamuelr,
Belb yiKe HECKOJIbKO MOKOJEHUN MAaTeMATHKOB CKpeXKelyT
sybaMH B focafie HA TO, YTO HE MOCYT C Hel CIPaBUThCH.
Hdna runoress: IIyagkape Tpefyercs MOHMMATE, YTO TaKoe
«mpocTparcTBo». [Ipemxae ueM mepeiiTH K TpeM HM3MEPEHUAM,
MBI OCTAHOBMIMCH Ha ABYX — Tak OyJeT Jierde npencTaBUTh
cebe cuTyanumpo. Kakue IIOBEDXHOCTH MOJKHO HA3BATHL «Cylle-
CTBEHHO» pasHBIMH? MBI IpuMeM COIVIAIleHHEe O TOM, 4YTO
CYIIEeCTBEHHO DASHLIE MOBEPXHOCTU — 3TO TE€, KOTOPHIE HENb3sd
npeodpasoBaTh APYT B APyra HENPEPHIBHEIMU Ae(POPMAIIHAMI.
B osTroM cMpicjie IOBEPXHOCTH amejbCHHA II0 CYIECTBY He
OTJIMYAEeTCA OT HOBEPXHOCTH 3eMJIn Miau (QyTGOIRHOTO MAYA.
A BOT HIOBEPXHOCTEH CIIACATEJHLHOTO KpPyra COBCeM He Takas
(cm. puc. 93.1). Pabora Haj cocraBlieHUeM KaTajgora HOBepX-
HOCTeil Hauajach B AeBATHAANATOM CTOJETHH, U K HACTOHAIIEMY
MOMEHTY KjaaccuduKania HOBePXHOCTEH YCIeIrHo 3aBepiieHa.,

Puc. 93.1. IBe cymecTBeHHO pasHble IOBEPXHOCTH

A BOT TaKoii 2Ke BOIIPOC JJIA TPeX U3MepeHUH ocTaeTcs moKa
6es HameX AL Ha oTBeT. YT00BI 0OOLACHUTD, B YeM 3aKJII0UAETCA

DCwm. ™. 57 n 37.
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rumoresa IlyaHKape, HYKHO OCBOWUTLCA C TePMHUHOJIOIHeil,
a WMeHHO ¢ MOHATHeM ogHocBaAsHOcTU. lIpexcraBbTe cBOE
KUAHILE B IeYajbHOM IOJIOKeHUH — Mebesb BBEIHeCTH, MeX-
KOMHATHEIE [BEDH CHANH C IeTeNb, a BXOJAHYIO ABEPh 3aIlepiu.
BoabMuTe IUIMHHYIO BEPEBKY, DACTAHUTE €e 10 BCEM KOMHATAaM,
Kak 3a6JaropacCyauTcsA, a 3aTeM CBAXKHUTE Ba KOHIlA BMeECTe.
Eeny BB mOoTAHeTe 3a KaKylo-HHOYIbL IETII0, TO, BO3MOMHO,
BLITSHETE BCIO0 BEPEBKY, HO MOMKET CAYYHUTHCA U IIO-APYyroMy:
BepeBKa 3aleluTCA U He IMOAJACTCA, IOCKOJIbKY B BailleM JjoMe
€CcTh KPYroBoil IpoXoj[ 4Yepe3 KOMHATHI, Kak H3oGpaxceHO Ha
puc. 93.2 cupasa.

| 1T
Ll L

Puc. 93.2. OxgnocesasHa au Bama xKBaprupa?

A renepr omnpemenenme. OOJIaCTH, B IIPOCTPAHCTBe Ha3bI-
paeTcA O00HOCEs3HOIL, ecan (Kax u3o0pakeno Ha puc. 93.2
clleBa) BepeBKe HE 3a 4YTO B3alleNuTheA. (STO ompenesieHHE
NPUMEHHMO W K [BYMEpHBLIM IOBEPXHOCTAM. IloBEpXHOCTH
cdephnl, HAIpPUMep, OTJHOCBASHA, 4 HOBEPXHOCTH CIACATEIBHOIO
kpyra — Her.) lIyankape BrICKa3aj I'IHoTe3y, 4TO B IpOCTpaH-
CTBe eCTh TOJLKO OfHA ONHOCBA3HAA 006JacCTh, ¥ B HEKOTOPDOM
TeXHHIECKOM CMBbICJE OHA <«He CIHIIKOM BeJIHKa».

9ro 6pln0 mpuMmepHo B 1900 roxgy. C Tex mop AOCTUTHYT
OTPOMHBIH Iporpecc B IOHUMAHUN IPOCTPAHCTBa, HO IPO-
6JeMa OCTaBaJlaCh HEPENIeHHOH. OTO0 O4YeHb OropUYUTENLHO,
TIOCKOJIBKY B TO K€ BpeMsa ObLIM pelleHBl ApPyrue, IO Bceil
BUAMMOCTH 0oJiee CJIOXKHEBIE, 3aJauM M3 Jpyrux ob6racrei
maremaTuku. OZHAKO Teleph HAKOHEI-TO MOKHO CYHUTATh, YTO
runoTesa IlyaHkape AoKasaHa. JTo Hpousomnao Onarozaps
O3apeHHIo, IOCETHBUIEMY PYCCKOr0 MareMaTHKa Ipuropusa
Ilepennmana, KOTOPHIM DPeIIUJ 3TY 3ajaydy.

Venex ugeit IlepesisMalHa IpUBES He IIPOCTO K PelISHHIO
HCXONHOH 3aZauM., ¥ HAC Tenephb €CTh IIOJIHBIN KATaJIor apXu-
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TEKTYDPhl BCEBO3ZMOXKHBLIX IPOCTPAHCTB H HaKe KOHCTPYKTOPD,
YTO6bI IIOCTPONUTE JIIO60E M3 HUX V3 KUPOUUYKNKOB BCEI'0 BOChMU
PasJIMYHLIX TUIIOB, OTO HpPEACKas3bIBanl eule B 1970-x rogax
aMEPHMKAHCKKIH MATeMaTHK YuapaMm TEpcToH, HO HNKAKOIo
TPOABUMKEHUA 110 NPEeAJIOKEeHHON UM IIporpaMme He CAYIHI0Ch
o pabBoter Ilepennmana.

Mosker CayumThLCa H TaK, UTO MOKA3ATENBCTBO TI'MIIOTE3HI
Ilyankxape MOBJMSIET Ha Hallle 3HaHHe O CTPYKType Beenennoii.
TousO TaK Ke, KAK TeOpUA OTHOCHTENLHOCTH OMHINTeHHA
BBIMIDAJia OT YLAYOJIE€HHOrO NMOHUMAHUS TeOMeTpHM, JOCTUr-
HYTOrO B AeBATHAAIATOM BEKe, Taxk M mpeaBuzeHue Ilyamkape
MOXKET KOIla-HHOYAL CHIPAThL BAXKHYIO POJb HOPH OIMCAHUH
Bceenennoit 8 nemoMm. ITosxmeem — yBuamm. HM3ssectHo, uTo
BceesnenHas JIOKA/IBHO TPEXMEPHA, 8 TAKMKE CYIIECTBYIOT TeOPUHU
0 TOM, UTO OHa KOHeYHa, Ho Oesrpammyna. Ho mpencrour emle
MHOTO Pa6GOTBI, MDEeRAe UeM He[OCTAIONUEe MPeNIONOKeHU
0 HEAOCTAOWMX COOTHOUICHUAX MOATBEPAATCH TeOpeTHIYECKH
¥ 9KCIIEPUMEHTAJIBHO.
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TAK N1 CTPALLHbI KOMIMNMEKCHbIE YACNA?

Ecnu karoe-an0yab 0GRIYHOE YHUCJ/IO BO3BECTH B KBaJApaT, IOJIy-
YUTCA IOJOMKHTEABHBIA pesyJbTaT: TPWKALL TPH — JE€BATH;
MUHYC 4YeTBhIPpE YMHOKHTH Ha MUHYC UeThIpe — IIeCTHAAIATD,
TOME TIIOJIOKUTeNbHOe 4Yucjgo. IloatoMy TPyZHO BOOOPasMUTh
YKWCJIO0, KBAAPAT KOTOPOro OTPHIATENEH.

dra TemMa JOCTABHJIA MAaTeMaTHMKaM MHOTO TeYaay
HECKOJLKO CTOJIeTMH HAas3aj, KOIhma Hadajgack padoTa Haf
NONNMHOMHUAJILHBIMY YPaBHeHUAMH. Pemenue 3a1a4y COCTOATIO
U3 ABYX 4acTell — OOBIKHOBEHHOH 1 mopasutenbHOH. IloaToMy
BOBCE HEYAMBHTEJIBHO, YTO B Xoxe paloThl HaJL ypaBHEHUAMU,
KOTOpLIE HE peliajiiCh CTAPLIMH METORaMM, BO3HHMK HOBBIM
BUJ 4HCeN.

Bo3sMoxH0, YATATEIb IOMHUT YTO-TO TAKOE ellfe CO MIKOIb-
Holl ckampu. Jake Tex, KTO oBnajgen Tabauiiell YMHOXEHUS,
CTABUNA B TYIHK HEBO3MOKHOCTHL HAHMTH YNCIO X TakKoe,
yro x+3=1. IlpaBuiabHoe penrenme, a HMEHHO Xx=—2,
6LLI0 JOCTYIIHO TOJNBKO IIOCJE 3HAKOMCTBA C OTPHIATENb-
HBIMH ducJaMu. A BeAb YV OTPUHATEJBLHBLIX YHCe)] TOMKE €CTh
MpaKTHYEeCKHUHM CMBICJI: Ipu pabore ¢ gebeToM M KpPeIHUTOM,
¢ OTPUIATENLHBIMM TeMIepaTypaMd M BO MHOIUX APYTHX
OPHUIOMKEHUAX.

To xe caMoe ¢ KOMILIEKCHBLIMHK UnciaaMu. K oTpunaTeIbHEIM
YHCIaM IPHXOOAT, paccMaTpUBag YpPaBHEHUA, V KOTOPBIX
nHaue He GbLI0 OB KOpHEH, M KOMILIEKCHbBIE YHCJIa BOSHHKAIOT
B XOfe pellleEMA ypaBHeHuit Bpoze x2+1=0, xoTopomy
VAOBJETBOPAET YHCIO X, KBagpaT KOTOporo paseH —1.

ITopasurennHas yacTb BOT B YeM: 3TOT HOBBIH BUJ 4Y¥CeJI,
K KOTODPBIM OTHOCATCH KBaApaTHEIE KOPHHM K3 BCeX OTpHIIa-
TeJLHBIX YHuces, 00Ja7aeT OJHUM YAUBUTEJLHBIM M OUYEHB
IPHUATHBEIM CBOMCTBOM. B Hero BXOAAT pPeIIeHUA 6CEX IOJH-
HOMMAJBHBIX YPABHEHWI, ¥ I[I0STOMY €ro y:Ke He HpHBJAeTCH
pacliupATh IO Mepe TOro, KaK DelaeMbie HaAMH ypaBHEHUSA
CTAHOBATCA BCE CJIOMKHEE.
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Bce aTo cTano u3BECTHO B BOCEMHAJIATOM M AEBATHAALA-
ToM Berax. C Tex moOp MaTeMaTHMKH, HHMKEHEPHl M QUSUKH
FCHOJB3YIOT KOMILJIEKCHbIE YHCJIA TaK Ke Jerko ¥ NPUBBLIUHO,
KakK MbI, IIPOCThIe CMEDPTHEIE, HMEEM JAeJI0 ¢ YUCJIaMu Bpome 3
win 12. KoMnieKkcHbBIe YUCIa MOMKHO M300paXKaTh KaK TOUKN
Ha IUIOCKOCTH, W, B IPHHNUIE, ¢ HUMHU He Oonbliie mpobiiem,
YeM C 9HcJIaMM, KOTOpPble HY’KHBI HAM B IIOBCeAHEBHOM KU3HH.

Yro e B HHX Xopoumero? KommjiaexcHble dYHCIA Tak
JKe HYKHLI MAaTeMaTHKaMm, HHXeHepaM B (H3AKaM, Kax
OTPHUIATENbHBLIE YNCJIA — OyXrajrepaM.

Oxuako, uTo0BI pPAGOTATL C KOMIUIEKCHBIMY UYMCJIaMHK
cBobOmHO, TpebyercA cBoeofpasHas AKKINMATHIANUSA, K OT
HHAX HET HUKAKOIO IIPOKY B PEIIeHVH IIOBCeHEBHBIX 3azad.
Koumeuso ke, pelieHue HA3BATD UX «KOMILJIEKCHBIMU» M <« MHU-
MBIMU» OBUJIO IPOBAJMBHLIM € MAPKEeTHMHI'OBOM TOUYKH 3pe-
Hug. Taxkie HA3BAHUA NIPHAAIOT UM OpPEO] MUCTHYHOCTH,
COBepIIeHHO Hezacay:KeHHLII. Ho Te, KOro OHUM BBOAAT
B 3aMelllaTeJbCTBO, OK&XKYTCH B XOpollell KoMmaHuu. PoGepr
Mysuae B pacckase «The Confusions of Young Torless» rmax
OIHUCLIBACT Pa3ApakeHHe OT HMPPANHOHAIHLHOrO:

— Cnymaii, Thl 3TO BHOJHE TOHATI?

— Yro?

— 9Ty HCTOPHUIO ¢ MHWUMBIMM YucIaMu?

— Ha. 9To e coBceM He Tak TPyZHO. Hazao TOIBKO
38IIOMHUTDH, YTO KBaZPaATHBIA KOPEHb M3 MUHYC eJHHUIBI —
3TO ellle OJHAa BeJUYMHA IIPH BLIYNCJICHUH. ‘

— Ho BOT B TOM-TO Bce 1 Aeso. Takoro ke He CyIeCTBYET. . .

— Corepmienno BepHo. Ho mouemy Obl, HECMOTPA Ha 3TO,
He MONBITATHCS IPOUSBECTH HU3BJIEUECHME KBaJPATHOTO KOPHS
1 IPU OTPHULATEJIHHOM YHCJIE?

Ho xax e Tak, ecam ¢ MaTeMaTUYECKOH TOYHOCTLIO
3Haellb, YTO 5TO HEBO3MOMKHO?

YTO HA CAMOM AENE HY)XXHO 3HATbH
PO KOMIMAEKCHDIE YHUCHA

Brl BmonzHe pasfeperech C KOMILIEKCHBIMHM UHCJIAMU, €CJIH
ycBOMTE CHAeAyIOmMe TpH (pakTa.

o Vix mMoxHO M300paskaTe Ha HJIOCKOCTH.
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Ipencraspre cefGe TOUKY HA IUJIOCKOCTH ¢ OGBIIHBIMHI
NpAMOTyJIsEBIMH KoopauaaTamu. Ha puc. 94.1 otMeuena ogua
TaKas TOYKAa, ee KoopamHAaTsl (2,3).
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Puc. 94.1. KoMmieKcHAA MJIOCKOCTH

Teneps OT TOYEK HA IJIOCKOCTH IepeiifieM K KOMILIEKCHBIM
ynciaaM. Touke ¢ KoopauHaramMm (X, Yy) IIOCTABEM B COOT-
BeTCTBHE UHCJIO, KOTOPOe 3aluchiBaeTcd B BHAe X+ Y-i.
Takx, Ha puc. 94.1 mnzobpaxeno uymcno 2+ 3-i. Boamoxno,
5TO BBIVIAAHUT HECKOALKO 3ATaJlOYHO, HO CJOKHOTO HHYEro
HET, Ba)XHO JWUUIb, YTO JIOOYI0 TOUYKY MOMKHO 3aIMCATh
B Bujge uyucaa (mampumep, Touka (12,14) sanucwiBaeTcs
B Buae uuchka 12+ 14 -i), u, o6paTHOo, A0O0MY KOMILIEKCHOMY
YHCJIy COOTBETCTBYET POBHO OJHA To4ka (Tak, umecay 3+ 25-i
coorBeTcTByeT Touka (3,25)).

e C KOMIUIEKCHBIMH YHCJIAMH JIeTKO IPOBOAUTH BLIYHCIIE-

HUA.

Croxenne onpenenaserca ciueayoomum obpasom. Hanpumep,
y1o0BI CAOKUTE uBcHa 2+3-iu 7T+ 15 - i, J0CTATOYHO CIIOKUTH
«npeiicreuTenbHbIe» wacTH (6e3 i) u «MHUMBIe» (c i) TO
orzensHocTH. Ilosromy nmonyuaerca 9+ 18:i, Tak kak 2+ 7=9
u 3+ 15=18. Ananorugno, yucino —9+5,5+i aeagerca cyMm-
moit uucen —-6+3-i u —3+2,5-i. Hanbmeilmue OpuMepsI
6pLIm OBI yiKe M3JINIIECTBOM,

VMHEOXAOTCA KOMILIEKCHBIE UHCAa KaK MHOTOYJIEHE! ¢ Tol
JHIIL OTOBOPKOI, YTO NPOM3BelNeHUA i-+i HYXHO 3aMeHATb
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Ha —1. [laBaiire ymuOo:xuUM 3+ 6 -i Ha 4 — 2 - i, OGBIYHBIE BEIYHKC-
aenusa gaoTr pesyasTaT 12—-6-i+24-i—12i-i, u ¢ yuerom
npasuia i-i IONYY8EM, UYTO ITO IPOM3BEIEHUE PABHO

12-6-i+24-i+12=24+18.1.

3ameTyM, UYTO, IOCKOJBKY UHCJHO i, YMHOMXKEHHOE Ha cebd,
maetr —1, y ypaBHennsa 22 =-1 ects pemenuel).

e Temepr MOKHO pewmruTh Ja0060€ NOIMHOMHAJLHOE ypasB-
HeHMe — JnHeiiHOe, KBajpaTWuHOEe, KyOMYecKoe, u T. A.

9To 03HAYAET, YTO TeNeph HEe BAXKHO, KAKasd y MHOTOWIECHA
CTeneHb, KaKWe Yy Hero Kosh@dPunueHTH — AelCTBHTENbHEBIE
WY KOMILTeKCHbIe, — BCerja HaNZeTcA KOMILTeKCHOe YHCJIO
BHAA Z2=Xx+ 1Y, KOTOPOe YAOBJIETBOPAET ypaBHeHn0. Hanpn-
Mep, MOXXHO OBITH YBEPEHHBIM, UTO CYLIECTBYeT KOMILIEKCHOE
9@CII0, YAOBJIETBOPsIONee ypaBHeHMIO 210 — 428 + 9,22 — 7r=0.
Baxxmoers sToro ¢akrra HEBO3ZMOMKHO IepeoleHuth. Korma
HHKEHED M3YHaeT YACTOTHRIE XaPAKTEPHUCTHKH SJeKTPHYECKOTO
KOHTYpa HJM OTPOMHON DaJapHOil aHTEHHLI, BCerfa Halipercs
KOMIUIEKCHOE DellleHue, KOTopoe HMOACKAXeT, HeT JIM IOZo3pe-
HUAH B NOTE€pE YCTONYMBOCTH CHUCTEMEI.

IIpuEnNDMaNsHOEe 3HAUYEHVE KOMIIJIEKCHBIX YHCeJ 3aKJIIO-
YaeTCd B CYIeCTBOBAHUM PEIICHHS AJiA MPOU3BOJILHOTO ITOJH-
HOMUAJIBHOTO ypaBHeHusA., JTO CYIeCTBOBaHHUE IIpeanosaraiu
ellle B CEMHAAIIATOM BeKe, HO mePBOE CTPOroe ZOKa3aTeABCTBO
nan Besuruit Kapa ®puapux T'ayce B 1799 r.

DOrMeruM, uTO TPHBBIYHAA SANNCH 22 =22 BHITONHAETCH He TONBKO
AnA xeficTBUTENbHBIX 4MCes, HO ¥ AJS KOMIJIEKCHBIX.



(naea 95
JWEP U BECKOHEYHOCTDL

IenuTean HUSAMHBIX HCKYCCTB HOCTATOYHO XOJOZHO OLEHH-
BaiOT paboTel HUAEPAAHACKOTO XyZoXHUKa-rpadbuka Maypnia
Kopmenuca Omepa. Ho MbI B 3To#l riare He cobupaemcs
06CYHIATh, O KAKOM CTEeIIEHY BEPHO TaKkoe MHeHHMe. BeccnopHo
TO, YTO KaPTHHLI Jllepa MHTEPEeCHLl ¢ MATeMaTHIEeCKOl TOYKH
3peHHNs OO0 MHOTMM NOPMYMHAM, M BCE OHH I'eOMETPHIECKOI
HIPUPOALI.

IlepBasi uHTepecHAA reoMeTpudecKas TeMa — 3aAMOU,eHUA
naockocmu. llenb 3aMOIIEHMST 3AKJIOYAETCA B TOM, YTOOHI
3aKpLITh BCIO IUIOCKOCTE (UIrypamMu, KOTOPEIE COCTABJIAIOT
HOBTOPACIUUICA Y30p. JTOT NPUHIMII 3aMedaTeJbHO JEeMOH-
cTpupyioT napkersl. Eciam Bl HapucyetTe KBajpaT, ero MOKHO
OEeCKOHEYHO IMOBTOPATHL BO BCEeX HaNpPaBJEHUAX, KaK Ha
6eCKOHEYHOM INMaxXMaTHOH HOCKEe. JTOT y30p MOSKHO CZEeJaTh
WHTepecHee, €CJH HCKYCHO ero pacKpamuBaTh, YYHMTBIBATH
CHMMETPHIO, BHIpE3aTh KYCOUKH ¢ ONHON CTOPOHBI M IpH-
KJIafeIBaTh MX K JApyroii. BMecro kBagparoB MOKHO Opartb
TPeYroJLHUKY, I1apajlieJorpaMMBbl, Tpamenuy WIN IIecTH-
yroapHUKK. Tak 9TO MJIOCKOCTE MOXKHO 3aMOCTUTE CAMBIMM
pasHBIMK criocobamu.

Dmep mopomesa K 9TOHM 3amauye Kak Marematuxk, CKOJIBKO
CYIIeCTBYeT NPHUHIUIHANBHO DasHBIX CIOCOOOB 3aMOIeHUsH,
B Kak #X MoxHO onucarsk? XoTs B MaTeMaTuke OH ObLa
aobuTeiieM, eMY YAAJIOCH IOJYUIUTE IOMHYIO KiIacCHPUKAIIIO,
¥ Ha ero KapTUHAX u30o6pakeHbl BCe BO3MOXKHBIE BapHMAHTHI.
9To NpPOM3BEIO OrpOMHOE BIEYATIeHHe Ha MaTeMaTHKOB,
paboTaBmImX B 3TOI ke obiacTH. _

Eme 6oapine nopakaer ycmex dmepa B mzobpaxenun Gec-
KoHeyHOCTH. HeBaXHO, KAK BeJHK Balll XOJICT, — M300pas3uTh
MOKHO He IOJHOE 3aMOIIeHHEe, a TOJBKO ero 4acTb. Juep
HallesJ JBa pelmneHusa srol mpobiemsr. Ilepsoe — mcHoin30-
BaTh MOBEPXHOCTH 0e3 TPaHHIBI, OTIMYHLIE OT NJIOCKOCTH;
HATIPHUMeD, OH 3aMOCTIJ ITIOBEPXHOCTH chephl, IOIyUnUB y30PHI,
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ILUIaBHO IIepeTeKalonue IpPyr B Apyra. Bo BTopoM penieHun
HCIIOJIL3YIOTCA MAaTeMATHYEeCKHe OTKPBLITHA [AeBATHAAIATOrO
BEKA, O KOTOPHIX Jmepy coobmuna maremaTtunk I. C. M. Kok-
cerep. IMeloTca B BUAY HEEBKJIHIOBBI T'€OMETPHH, KOTODBIE
NO3BOJIAIOT MOJEJNHPOBATh 0ECKOHEUYHOCTH Ha 00jacTdAX, IJisd
KOTOPBIX HY’KHa TOJBKO YacTh €BKIHUAOBOM maockoctu. Tak
BO3HHMKJIM 3HAMEHHTHIE BJIIePOBCKHE MOTHBBI CO 3MeAMHU
u peibamMmn.

W makonel, HaJl0 PACCKA3aTh O «HEBO3MOKHEIX» KAPTUHAX
dmrepa, TAKUX KAK KOHEYHAs JIECTHHINA, KOTOPAA IIOCTOSHHO
BezeT BBepX. OTZeNbHBIE YUaCTKY KAPTUHBI BBIMVIAAAT BIIOJIHE
HPUBBIYHO, HO CBECTH 5TH JOKAJbHbIE BOCIPUATHA B OXHO
rmobaibHOEe HEBO3MOMXKHO — TaKO€ TpexmepHoe usofpaskeHue
OPOTUBOPEYUT JEeHCTBUTEILHOCTH.

Haxke ecam OBl MBI HCHOOJNB3OBAJM TEPMHHEBI <«JIOKAJb-
Hoe» H <«IVIo0aJibHOe» B MX MATEMATHUYECKOM CMBICJIE, BCE
paBHO ocTaBaJjicsa Obl HEOOBACHUMBIN aCMHeKT, OTHOCAIIHICA
K ICHUXOJIOTHY BOCIpUATHA. IIpU B3MIAZe HA KAaPTHUHLI JInepa
CTaHOBUTCA SACHO, UTO IVIa3 OOBIYHO JEHMCTBYeT KAK MOJYAJIH-
BB U HEHABA3UMBEINA HaGIoAaTes]b, OTHPABIAIOIUMI B MO3L
OpegBapuUTeJbHO 00paboTaHHBIE COOOIEHMS.

«CHAENAW CAM», KAK 3LUEP

XoruTe camMu CcJeJaTh 3lIEpPOBCKyio rpasiopy? Hampuwmep,
BaM Hy’KeH 3aloJHAIIMNIN IJIOCKOCTh y30p I 000eB WiIHn
obeprounoii Oymaru. HeT mnpeznesoB BO3MOMHOCTAM, JOCTYII-
HBIM IpPeJIPDUMMYUBOMY JIOGHTENI0, XOTA HYKHO CKas3aThb,
4TO y)Ke JaBHO M3BECTHO — MMEETCHA TOJBLKO ABAALIATH BOCEMb
CYIIeCTBEHHO PA3HBIX METOZOB IOCTPOeHM s (M BCe OHM NCIIOJb-
3yIOTCA B KapTHHaAX Juiepa).

3a OCHOBY BOSBMHUTE OTHOCHTEJIBHO IPOCTYIO KapTUHKY. Ha
JKaproHe NapKeTYNKOB OHa HasbIBaerca CCC 6as3o080z20 muna.
Y106BI ee MOJYYUTH, HALO IOHATH, IYTO Takoe C-runual. Dro
KpuBas, KOTOpas coefUHAET ABe TOUKK A u B rtaxum o6pasom,
UTO cepeiuHa OTpeska AB JeXHUT HAa KpPHUBOil, M MOBOPOT
KpuBoi Ha 180° BOKpyr aToii TOUKM HPMBOAUT K TOI Ke caMoit
kKpusoit. HekoTopsle IpuMepsl BhI BuAuTe Ha puc. 95.1.

DBykea C — coxpamenue ot «center» (HeaTp).
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Puc. 95.1. Tpu C-nunnuu

Teneps MOXHO JaTh BOJIIO CBoell ¢anTasuu. BospMHTe JHCT
fymaru, OTMeThTeé Ha HeM TpH Toukm P, @, R m mposexute
Hecroabko C-nuEuit: ogry us P B @, gpyryio us Q B R,
u TperThio u3 R B P. 9ro Moryr 65iTh Jiobsle C-IMHHH, ¥ NPU
mOCTpOeHHH (urypsl — obo3HauuM ee F, — orpanudesHOHR
3TUMM JUHNAMM, BaC CASPXIBAET TOJIBKO Ballla KPeaTHBHOCTb.
BameTbTe, YTO BBl MOXKETe 3aMOCTHTh IIOCKOCTL 0e3 3a30poB
¥ HaJIOKeHH KouusaMmu stoli ¢purypsl. ITonpo6yiire! Coenaiite
NIOKHHY SK3eMILIAPOB M BERIpeXkbTe mx u3 Gymarm. Ocraercsa
TOJHKO IOBOPAYMBATH UX M YKJAAALIBATH. BMeCTO TOro 4rodsnt
yuTaTh NOApoGHOE OoNnMcaHue, Jydiile OAMH Da3 yBHUAETH: Ha
puc. 95.2 ncoonssyiorea C-TUHHH.

Puc. 95.2. Ilpumep tuna CCC

Ecam Bam ypactest caenars urypy F B BUNE aHrena,
AbABOJA, PBIOBI, ITHI(EI — YEro YrogHo, — Ball mejeBp Oyzer
BRIVIS/IETh KAK I'paBiopa Jmepa.

Ecuu ga Bani BKyc Tun CCC cIHIIKOM CIIOKEH, onpobyiiTe
tun TTTTY. Haunwure ¢ napannenorpamma. O603HaYbTE €ro
pepinuubl A, B, C, D, HauaB ¢ JjesBoll HMMHel ¥ JBUrafch

DBykpa T osmauaer «translation» — napajsensHBIA mepeHoC.
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OPOTHUB YacoBoi cTpenku. Hapucyiite xakyio sam sabiaropac-
CyanTcd KPUBYIO, COEUHAIOMYIO TOUKK A u D, ¥ mepemMecTHTe
ee KOoIulo BOPaBo, 4T0o0bI Ta coenuuuia tTouxku B u C. Barem
HapuCy#Te IPOHSBOJLHYI0 KPUBYIO, COCNUHAIONIYIO TOUKM A
“ B u mepeMecTHTe ee KOUHMIO BBepX, coexuuamus Touxku D u C.
¥ Bac mosyumiack CBOETO POAa <«AueliKa», KOUWHM KOTOPOM
Tenephb MOJMKHO IIepeMelllaTh BJIEBO, BIPABO, BBepPX, BHUI,
4TOOBI 3aMOCTHTP MMM IUIOCKOCTb. II0 IIOCTPOEHMIO KOIuH
COMKHYTCA JpPyr ¢ gpyrom 0e3 3a30poB M HajgoxeHntr. Ha
puc. 95.3 BeI BHgUTE ABA HpUMepa 3aMOINEHUS TAKOTO THIIA.

Puc. 95.3. lIpumep tuna TTTT
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B HAYANIE EAMHULIA BCTPEYAETCA
YALLE ABOWUKH

3aMeuanu J¥ BEI, paccMaTpuBas TaOMUIly 4ynces, UTo GyHZA-
MEHTAJILHLI 3aKOH PABHOMEDHOCTH Hapyiuaerca? Kasasocs,
paszyMHO OBIJIO OBl IIPEAMOJIOMKUTBH, YTO UYUCIA, Y KOTOPBIX
nepsad mudpa 1, 2, m Taxk jgajiee, BCTPEUYAIOTCA OAMHAKOBO
gacTo. OxHako o66IYHO 3T0 He TaK. 06 a3TOM ropopuT 3aKkoH Ben-
dopaa, HasBaHHBIN Tak 0 uMeRu pmusuxka Ppanka Berdopaa
(1883—-1948). C10BO «3aKOH» He CTOUT BOCHPUHUMATH CJIHII-
KOM cepbesHo. OH He BHIIOJHAETCA TAK JKe HeOTBPATHMO, KakK,
CKa’XeM, HBIOTOHOBCKME 3aKOHBI HeOecHOH MeXaHWKH. 3aKOH
Bendopaa — cKkopee IONBITKA KOJIHYECTBEHHOI'O OGBACHEHHA.

Bnech MBI UMeeM [eJ0 C Bapuanueil Ha TeMmy <«ciaydait
3aMeTaeT CBOM cjaeabl». g Hauana npeacTaBbTe cebe IPOCTYIO
urpy B KocTH. «Jlocka» mjisA HMrpbl COCTOMT M3 IPHUMBIKA-
OIUX ApYyr K Apyry nojeil, IPOHYMEPOBAHHBIX YHCJIaMH
0,1, 2,....Bs crapryere B 0, a 3aTeM NpoABUTaeTeCh BIepes
HA CTOJBKO IaroB, CKOJBLKO OYKOB BBHINAJIO HA HTPaJbHON
Koctu. Ecay ma nepsbIx Gpockax Belmaau umeiaa 1, 6, 2, To
BBl IIepeABHTacTeCh Ha IIoje Homep 1, 3aTeM Ha 1mojie HOMED
7(=1+6), a sarem Ha mose =T+ 2).

HeBO3MOMHO OIpeNeUTh, IONAJIETe JIH BBl Ha OUpeneseH-
HOM Xofe Ha mone 101 ¢ Gonpimeil BepOATHOCTHIO, WeM Ha
nojie 201, HOCKOMBKY Takue <«JajieKHe» MOJA KaKyTcA paBHO-
BepoATHRIMHA. Jlake eCJ KOCTh HEIIPaBHUJILHAad, HEBOZMOXHO
cleJaTh NPEeAHoJIOKeHNEe O TOM, Ilie OKaKelIbCid.

A rTemepr BepHemca K 3axony DBendopza. B nHameil
urpe HMMeT MeCTO afJANUTHBHEIC caydaiiBble BausHuA. Kak
MpaBuJO, (GaKTOPHI, OKA3LIBAIOIHAE BJIMAHNE, MYJILTUILINKA-
tususl. (Hanpumep, yABoeHIE OCAXKOB HIPHUBOAUT K YABOEHUIO
KOJIMJYecTBA BOABI, NOCTYHHOW IjA opomenus. Ha 2 HyxkHO
YMHOATh, a4 He CKIaAbIBaTh.) ECTh TexHUYecKuil TPIOK, KOTO-
pBIH IpeBpamaeT YMHOMEHHE B CJIOMKEeHHe: Jiorapu@MupoBa-
gHue. OH IPUBOAUT K TOMY, YTO JIOTAPUMMEI BEJININH, KOTOpbIe
MYJABTUILIMKATHBHO 3aBUCAT OT BJUAIOIINX Ha HUX CIy4ailHbIX

12 MareM. DIATHMUHYTKH
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$aKTOPOB, AOJKHLI OBITH PACIpefeieHLEI PABHOMEpPHO. A AJA
CaMHX BEJHYHH 5TO 3HAYMT, uTo mudpa 1 B Havage ymcaa
IOJIKHA IIOABJATHCA TOPAa3f0 uyame, 4yeM 2, a T4, B CBOIO
ouepenb, 4alie, 4eM 3, M T. A.

ITouemy Tax mnpomcxoxzur? BosbMemM OBy3HAYHEIE YHCJ&.
Ecau pecaruunsie JorapudMbI YHuces JeXaT Mexay 1 u 2, To
camu uuciua jgexar mexnay 10 u 100. (Jlorapudm 10 pasen 1,
a Jjgorapudm 100 paBen 2.) Opmako Jgorapudbm 20 paBeH
npuban3uTeabHEo 1,3, TAK UTO MPUMEepPHO TPHANATH IIPOIEHTOR
JorapudmMoB MexAYy 1 u 2 coorBercTBYIOT uHcaam oT 10 mo 19.
Jlorapugpm 30 paBenm npumepHo 1,5, m0o3TOMY ABY3HAUHLIE
Yyucja, KOTOphie HAUMHAIOTCA ¢ IHQPBEl 2, OpeAcTaBIAIOT
npumepuo 20% (1,5-1,3=0,2) aorapudpmon. [HdobpaBiuce
a0 90, MbI OOHApPYKMM, UTO JOrapudM 3TOr0 UYNCJIa paBeH
npumepHOo 1,95, M moaToMy [ABY3HAUHBIE 4YMCJIa, HAYNHAIO-
muecsa ¢ JAEBATKH, COOTBETCTBYIOT TOJBKO HIPHUOIHU3HUTEIBLHO
2,0-1,95=0,05=5% mnorapudmos.

Ber Bce eme comHeBaeTech? 3aayMaiiTe UYeTBIPEX3HAUHOE
YACAO M OPHIOUIUNTE IIepel HUM enuHHNy. 3acTaBbTe Google
HaiTH aTo (mATmaHaAuYHOe) umcyao. IlpomenaiiTe TO ke camoe
C [BOIKOH, TPOIHKOI, M Tak jgajiee. Yucjgo pes3yJILTATOB
OygeT IOCTelleHHO yOBIBaTh, M 3TO JAOJMKHO YOeAUTh CaMbIX
3aKOPEHEeJILIX CKEeIITHKOB.

3KCNEPUMEHT C TYrnom

IIpoucxoxpenue sakona BeHdbopaa Jerko oOHApPYKHTH, pac-
cmarpuBasg Tabauny naorapudMoB B OHOJIHOTEKEe BAIIEro
ropoga. Taxkme TabGuUIBl HCIOJb3OBAJINCH IJA BBINOJHEHUA
CHOMXHBIX Bhrumcaenmiil). Berdopx szaMeTHsI, YTO CTPaHMIIBI
¢ Jorapudmamy, HAUWHAOIMUMHACA ¢ MAJEHLKHUX IUdp, 3amy-
COoJIeHE!I 6OJIbIe, YeM JApPYTHe. 3aWHTepecOBaBIINCH, Berdopz
noApoOHO MCCIEZOBAJ 3TO SABJEHMEe M BhIBeJ cBoif 3akoH. Kak
MBI y)Ke CKasajiy, 9TO He COBCEM «3aKOH», M MBI 3JIeCh €ro
He JOKas3bIBaeM, a TOJBKO MINEeM CHocOo0bl OOBACHUTH €ro.
Ho B ToM, 4TO OH AeHCTBUTENLHO CYIECTBYET, HET HUKAKNX
comuenwuii. IIpuBegeM pesyabTATHI SKCIEPUMEHTa, NPOBEEH-
Horo B pexabpe 2005r. c¢c mouckoBoil cucremoii Google.

DCm. 1. 36.



Pe3ynsTaThl 3KCHEPHMEHTA C IOCAEA0BATENRHOCTEIO IMucp 3972

Tabruya

Houck 13972 23972 33972 43972 | 53972 | 63972 | 73972 | 83972 | 93972
Peaspnoe umcao

DeayIHTATOR 389,000 | 232