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IIpenucaosue

Hocssawaemces moeti arcene Mapune, demouram Muwe,
L'ane, Ceeme u HOpe, aobumvim Mame u Ilane,
a MAKHCE BCEM MOUM POJCMBEHHUKAM U IPY3vsm!

Ucropua nanucanusa 310l kHuru Takosa. [lojirme rogpl g e3muI 1mo
BCeii crpane ¢ jJeknuamu «MareMaTuka [1j1s 9KOHOMUCTOB» B Pa3HbIX
e€ BapuaHTax (TEOpPUA MID, MUKPOIKOHOMUKA MJIM TEOPUSA NPUHATUAL
pelIeHuii — BCe 9TU Ha NMEePBbIi B3IVIA PA3HbIE 10 COAEPKAHUIO JUC-
OMILJIMHBI O9€Hb OBICTPO MPEBPANIAJIMCH B IIPOCTOW MaTeMaTwdecKuit
simk6e3 mpenomaBaTeseil SJKOHOMUKH ).

[Tocremenno s MOHAJI, 9Y€M OTJIMYAETCA I'yMAHUTAPHOE MbILIJIEHUE
OT MBIIILJIEHU IPEICTABUTEJIEH TOUHBIX HAYK — IOHAJI HA TAKOM yPOB-
HE, KOIJIa «IIOHUMAHUE» [1€PEXOJUT B KAYECTBO LIPEIOJIABAHUA.

¢l cran mpemomaBaTh MareMaTHKy (MO BHIOM BCEX HTHX <IICEB-
JIO9KOHOMMK ») HECIIEHUAJIUCTAM TAKUM 00pa30M, 4TOObI KaK MOXKHO
CKOpee <«3alleNuTh UX 33 JKUBOE» W 3aCTABUTH HANPMKEHHO [IyMaTb
HAJ| CJIOKHBIMM Bemamu. [[punuiocs npuaymars (njim HAKONaTh B pas-
HbIX yueOHMKAX) Hesblil Pl AKOObI XKU3HEHHBIX CUTyalluil, KOTOPbIE
npu (popMasIM3aIuy JaBaJJIU HETPUBUAJIBLHOE UTPOBOE B3aUMOIEICTBIE;
[IpY [IOUCKE K€ PABHOBECHUS B COOTBETCTBYIOUIEH UIDE CiylIaTesid yxKe
ObLIU TOTOBBI PENIATH yPABHEHUA, U3y YaTh IOCTPOeHU: 1 rpaduKu, 3a-
9aCTyI0 BCIOMUHATH IIPOU3BOMAHBIE U MHTEIPAJIbI U T. 1. 1yBCTBO, 9TO
BCE 3TO MPOXO/IMJIU KOIMIA-TO B YHUBEPCUTETE TOJIBKO PAJM MYUITPbI U
3a3yOpuBaHU«A, MOCTEIIEHHO YXOIUJIO.

[lorom s moHAJ, YTO OrpAHUYEHUE TOJIHKO OKOJIO-9KOHOMUIECKUMU
croxeramu (M ayauTOpusd OpenojaBaresieil 9KOHOMUIECKUX TUCIUII-
JIMH) MHEe HAYMHAET, TAK CKa3aTh, Karb. Jlymra mpocusia 6oJblero —
a UMeHHO, Oecer, C MUPOKKUM KPYyrOM HEMATEMATUKOB, U IIPEXKIE BCErO,
ryMaHuTapueB (TexHapeil s BCerma CTOPOHHMJICH — OHH BCIOJY HILYT
KOHKDETUKY U [PUKJIAHOE 3HAUYEHUE).

W Bor s ckasan Mwuxamny BukropoBuuy IloBasisieBy, KTmTOpy”*

*«KTuTOp» — MO-rpevecKu «CTPOUTESb», TO €CTh Y€JI0BEK, HE IIPOCTO AAMOIUi
IeHbI'W Ha KaKOe-TO OeJsI0, HO I aKTHBHO B B 3TOM JeJie yIaCTBYIONIHii.
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VYuusepcurera Hmurpusa I[loxapckoro m OIHOBPEMEHHO IUPEKTOPY
Ouunmnosckoii IIkoser B MockBe, 910 X041y rie-HuOyab HCIIPOOOBATH
CBOM M€V OTHOCUTEJIbHO ITPEIOIABAHUA MATEMATUKHA I'yMAHUTAPUIM.
On upennoxus Beuepuue Kypceot Yuusepcurera lmurpusa [loxap-
CKOI'0.

N ryr Hayasiocs.

VY2xe Ha 1epBbIil 3allyCK 3AIMCAJIOCH OKOJIO 1aPbl COTHU CJLyIIATE-
seit, u3 koropoeix 30—40 perysigpuo xogusiu Ha 3andarud. Vaorma npu-
XOIMJIOCH TIEPEMENIATHCA B AKTOBBII 3aJ1 — BCE CJIyIIATENIM IPOCTO HE
[IOMEIIAJIUCH B OOBIMHBIX KJIACCHBIX KOMHATAX PUIIMIIIIOBCKO! IIKOJIBI.

Ho u a10 emg me Bcé. Yk He 3HAIO, YTO TYT CKa3aJIOCh — BEKOBOM
roJiof, TYMAHUTAPUEB II0 YEJIOBEYECKOMY IIPEIOIABAHUIO «BEJIMKON U
yxacuoi» [lapumpr Bcex Hayk, «capadaHHOe paguo» ujm Mod ¢a-
HaTUYHAA MAHEPa YTEHUd JIEKIUi, HO Yepe3 mapy JieT 3aluCaHHbIe U
BBIJIOXKECHHBIC B MHTEPHET BUIC03aITUCHU TOCETUJIO HECKOJIBKO JECATKOB
TBHICAY Y€JIOBEK.

Meue peasibHO Ka3aJI0Ch, 9YTO A yXBAaTWUJ «I'yMAHUTAPHOrO Ooray 3a
6opomy. Paszymeercs, TyT He Morsio o60iTuCh 0e3 KaKOi-T0 0COOeHHOM
yIa4du, «3BE311] 0COOOr0 CXOXKAECHUTS.

1 Bor, cnycra rom, mue 3Bonutr Kara Bormanosuy, yauresnb mare-
maruky B @ununmosckoit [IIkose, u roBoput: «JIéma, a BCE mepene-
cja Ha Oymarys. { omemms — 3710 ke Kakada pabora, BbIPE3aTh BCE
MOU CJIOBA-IIAPA3UTHI, [IEPEHECTU MOIO PBAHYIO PeYb C BUAEO3AIUCH HA,
Tekcr!

Hecomuenno, 6e3 s1ux 70 qacoB paboTsl (Kax MHe Ipu3HAJIACh Exa-
repunal) KHura Obl HUKOI[A HE CMOIJIA YBHIETh CBET — Yy MEHsd HU
B KaKOM 0003puMOM OyIoymieM He HOSABUIOCH ObI CTOJIBKO CBODOIHO-
'O BpEMECHU. BeI‘J'IO OporJId/IeB PYKOIIMCh U CHOBa ITOCOBETOBABIINCDH
¢ Muxanmom BuktopoBuiem lloBasigeBbiM, 4 TOHAI: HyKHO KIIPOILY-
CTUTDH>» KHUTY CKBO3b B3IVIAL UCTUHHOI'O 'YMAHUTAPUA, PA3 YK KHUT'A
[IpeIHA3HAYEeHA UMEHHO [JIF DTOR ayIUuTOPUH.

N g noupocus usBecruoro ucropuka, Ceprest Biuagumuposuya Boui-
KOBa, IPOYUTATH PYKOIIUCH U IIOMETUTH BCE MECTA, B KOTOPHIX MHE UTO-
TO Ka3aJI0Ch O9Y€BUIHbIM, HO TAKOBBIM HE 6bIJIO, nJjim rae nCruoJib3yroT-



CA TEPMMHBI, KOTOPbIE MOI'YT I'yMaHuTapus cOUTh C TOJIKY («TpaHC-
[EH/IEHTHOCTb» U KUPPAUOHATIBHOCTD®, HAIPUMED, KaK 0Ka3aJI0Ch, B
KUBHUA TOXKE UMEIOT KAaKWe-TO 3HAYEHUs, 0 Y€M 9 caM JI0 ODlIeHus C
Cepreem Bragumuposudem u He mogospesadt!).

ITocne »roro a nepemaJi pykomuch cBoemy mare, Biaanumupy Ba-
cuipeBudy CaBBareeBy, TOXKE MATEMATHUKY [0 0OPA30BAHUIO U IIPEIO-
JaBaTEJII0O MHOT'UX MaTeMaTU4YEeCKUX ITUCIIUIIJINH. TeKCT 6bIJ'[ um gopa-
foTaH CO BKJIIOUYCHHEM TaK HA3LIBAEMBIX «BPE30K» (MO mama MX Tak
Ha3BaJI) " MHOI'/Ta OTHEJIbHBIX a63aueB, BbIOCJICHHBIX KPACHBIM IIBETOM.
[Tama obpaboras sameuanunsa Ceprea BiagumupoBuda, a Takxke HAIIET
¥ UCIPABUJI MHOXECTBO HETOYHOCTEN U OUIMbOOK.

Kpowme Toro, orpomuyio pabory mpojesaJli BepcTajbinuk, Eprenuit
Usanos. Ornesibable HECYpa3HOCTU BbLIOBUJI Mol yuenuk Cama Ho-
BUKOB, KOTOPBIY IIPOYEJI PyKOIMCh HA, OOHOW M3 MOCJIEIHUX CTAHi ro-
TOBHOCTH, a TaK¥XKe MO JIPYT U KOJIJIEra, BEIY N CIEIUAIUCT [0 KOM-
OuHATOPHOU reomerpuu B Haureh crpane Anjgpeit Muxaitaosuu Paiiro-
POICKUIA.

Haxomen, camoe Gosibmoe cnacubo xody ckasarb moeit xene Ma-
puHe 3a KpaiiHe BHUMATEJbHOE BHIYUTHIBAHUE BCEil KHUTY, 8 TAKKE 33
MOPAJIbHYIO MOIJIEPXKKY B T€UYEHWE BCEr0 3TOro BpemeHu!

B urore, HecMoTpa HAa OKOHYATEJIbHOE HAIIE PElIEHUE OCTABUTH B
KadecTBe aBTOPa OJIHOrO MeHsd, (paKTUIEeCKU KHUTA, ABJIAETCA COBMECT-
HOM paboroit muorux Jiogeit! Pazymeercs, Bce ocraBuimecss omubKu u
HEOOYETHI IIPU 3TOM ¢ IEJIMKOM U IIOJIHOCTHIO Oepy Ha cebd.

Hapnetoch, 9T0 BCeM, KTO 9Ty KHUI'Y IPOYTET U mpopadoTaer, Mare-
MaTUKa yXKe HUKOTHA He OyIeT KasaTbCdA YeM-TO CKYJHBIM, HYJIHBIM
wiu orBjeuénabiM! [Ipusaraoro Bam arenus, apy3bs!

B mporecce paborbl HaL KypcoM JIEKIW, JIETTIUX B OCHOBY 3TOM
KHUTH, aBTOP HOJIydaJsl nomiepxky or Pycckoro douma comeicTBus
oOpasoBaHuUIO U HayKe, a Takke oT Munucrepcrsa obpasoBanuda u Ha-
yku Poccuiickoit Penepanum B pamkax rpanra llpasuresbcrBa PO
Ne 14.U04.31.002 ot 26 utona 2013 roga «sydenue pasaoobpasusd u co-
[MAJIbHBIX B3auMoeiicTuii ¢ pokycom Ha sxoHOMUKE 1 obiecTBe Poc-
cumn» (agmuaucrpupyemoro Poceuniickoit Dxonommueckoit [IIkonoii).



Pazmes |

((MaTeMaTI/IKy YxKe 3aTeM y49uTb HaJ0, 9TO OHa YM B IIOPAOOK IIPUBOOMAT

M. B. Jlomonocos



Jleknmusa 1

Anekceii CaBBareeB: 3iapascrByiire!

Aynuropus: 3npascrByiite!

A.C.: [l magasa g pacCKaxKy Koe-dTo o cebe.

B 1990-m romy g sakonumit 57-10 mkosry r. Mocksbl. MoxeT 6bITb,
KTO-10 13 Bac ee 3Haer. Torpa 310 OblIa MareMarnyeckasd UIKOJIA.
Ho B 1989-M romy mo mHWOMATWBE HAllell yINTEJIbHUIBI JINTEPATY-
pbt 3ou AsiekcanapoBHbl BIlOMUHOR OBLIIO IPUHATO peleHne HabPaTh
IYMAHUTAPHBIA KJ1acc, 4TOObl ypaBHOBECUTDH OI'PDOMHBIN IEPEKOC yda-
HIUXCA B MY>KCKYIO CTOpoHy B Haueill mkosie. f 6bw1 B 11-m KJjacce,
a nabpasiu 9-ii.

3adgem @ 06 3TOM roopro? Y MeHA B 'yMAaHUTAPHOM KJjacce 6bLia
OJIpyra, KOTOPOH st 00baCHsT MareMaruky. OmHax 1bl HaA0 ObLIO pe-

. 1
WHTh ypaBHEHKe THNA sinz = 5. A obsachan, 066scHAN, 00BACHAN,
: 1
a MOTOM Iepeniesi HeMOCPEICTBEHHO K PEMEHNIO yPABHEHHSA Siny = 5.

Omna rosoput: «Croit... Tam ke ObLT Sin z».

4 HaymHao OOBACHUTDH: «ITO 3aKPBITHIA TEPM, 3aMKHyTad Iepe-
MEHHAA, OHA YHUYTOXKUTCAD. HI/I‘leI‘O HE IIOHMMaECT, B IVia3aX YXKacC.
A mpomomxato: «Mbl MO/KHBI PEUINTh YpaBHEHUE OTHOCHTEJIHHO Y,
na’l»

— «HyxHno xe 6b1/10 OTHOCHTEJIBHO & PelIaTh, HY 3a4€M Thl <Y»
HanucaJs?’»

Y mena ciryunisica 3amuik, He Mory obbacHuTh 1 BCE. U Torna g 1o-
HeAJI, 9TO U3 MEH4A MOJIyIAeTCdA OYeHb IJIOXOW y4uuTesib. ¢l mpuBbIK ro-
BOPUTH CO IKOJIbHUKAMU, KOTOPbIC IPUXOAUJIN HA MATKPY2XKOK. A OHNn
HE 33/1aBaJIM TAKUX BOIIPOCOB.

Cuycra romer g 3akoungyusi Mexmar MI'Y u Poccuiickyio 9xonomu-
geckyto [Ikouy (POIII), nocse gero esmui no peruonam Poccuu, Bén
KYPChI TOBBIIIEHNA KBAJTU(DUKALINY JJIs IPETIOAABATES el SKOHOMUKH.
B MockBe cuntaJioch, 9T0 9KOHOMUKA — HAYKA COBEPUIEHHO MATEMa-
Tu3upoBaHHas u TouHadA. [1o kpaitneit mepe, u B POIIL, u B Bricuieit
[Ikosie DKOHOMUKHU 10 CUX IIOp BCAYECKHM HACAXKIAETCH, YTO MaTe-
MAaTUKQ — 9TO IVIaBHOE€ B 9KOHOMHMKE. B pernonax ™Mbl CTOJIKHYJIUCD,
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OJTHAKO, C IIPENOIaBATE/IAMU, KOTOPHIM ObLIIO TPYIHO HEPEMIATHY Th Y€~
pes3 Belu, IJid MaTeMaTukKoB odeBuauble. Ho yepes narh mgueit kypca
MHOTHE CJIyUIATeJI OKA3bIBAJIUCHh OYE€HDb CIIOCOOHBIMU MATEMATUKAMH.
[IpocTo B HEKOTOPOM MeCTE y HUX CTOAJI 3acJioH. Kro mosiesHo mpe-
0J10JIeTH BCEM, MO0 3TO — YaCTh MHTEJJIEKTYaJIbHOI KysbTypsl. [la-
K€ ecJid Bbl HUKOI/IA HE 33HMMAJIUCh MATEMATUKOR, HEKOTOPbIE BElu
3HATHh HAHO... TaK )K€ KaK g JOJ/DKEH 3HATh YTO-TO PO UCTOPUIO WUJIA
XUMMIO.

IlaBaiiTe Tenepb MOroBOPUM O CJIOBOCOYETAHUU «AOCOJIIOTHOE HOKA-~
3aTesIbCTBO». Ecsu BbI B 00IIEM U 1IeJI0M TOMeTe, YTO 3TO TaKOe, TO
3HAYUT, MbI HE 3D CErO[IHA MO3aHUMAJIUCH C BAMU.

Yro Takoe abCOIOTHOE [I0KA3aTEbCTBO, A 00bACHIO HA IPUMEDPAX.
Hagrewm ¢ urper B «1ATHAOIATH.

Caymaresns: [Iaraamku?

Caymaresns: [llectoamkn?

A.C.: Yrobsr MbI roBOpuIN 00 OMHOM M TOM K€, si OObsICHIO Tpa-
BHJIA 9TOU UTPHI.

B kBampare 4 X 4 mmeercda NATHAAIMATH OJWHAKOBBIX KBAIPATHBIX
duirek, mpounymepoBaHubix o 1 g0 15. Ux Hesib3d BRIHUMATH, MOXK-
HO TOJIBKO IEePeBUrarTh Ha, cBOOOogHOEe MecTo. CTaHIapTHAd NCXOMHAS
nosunma: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15 u mycToe Mme-
CTO, KOTOPOE UCIOJIb3yeTca AJjid nepensmkenus ¢umek. (Cum. puc. 1;
MOXKeET ObITh 33/IaHa U HECTAHIAPTHAA UCXOIHAA ITO3UIUA).

112|134
5|16 | 7|8
9 |10 |11 | 12
13 114 |15

Puc. 1. CranpaprHasi MCXOAHAS [TO3UIMSA UI'Pbl «IIATHAILATDY.

[Iycroe MmecTo MOXHO 'HATH IO BCEW UI'POBOI 30HE, T. €. PA3PewH-
Hoe deficmeue 1PU UIDe — NEPEBUKEHUE HA IIYCTOE MECTO OJHOM
13 COCEIHUX C HUM (pUILEK.

Urpy mpunyman roe-to 130 et Ha3an aMepuKaHCKUN MaTeMaTHK-
nonysasapusarop Com Jlioin. A ayrh moszxe o 1oobemias 00Jbmoni
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npu3 ($1000) Tomy, KTO mEpeBenET KOMOMHAIMIO C KAPTUHKU PUC. 2
B MCXOJHYIO MO3HUIAIO Ha puc. 1.

1123 4
5 |6 | 7|8
9 (10|11 | 12
13|15 | 14

Puc. 2. Ucxonnas no3uiiysi, KOTOPYIO U3MEHUJIM, IIOMEHSB MeCTaMu (DUILKU

14 u 15.

Takas Bor nerckasa urpa. enaiire, uro xorure (B paMKax yka-
3aHHOrO npasmia). lepensuraiite dumkn kak Bam yromuo. ToJibkoO
[pUBEIUTE UTPY B MCXOAHYIO nosuruio. Hagasca narnamednsiic 6ym.
[TpumeuaresibHO, 4TO HA, HTOT MOMEHT HAyKa aJiredpa B JIPyrou da-
CTH CBETa HAXOOWJIACh B OYEHDb IIPOABUHYTOM cocTodgHuu. Maremaru-
KU CKa3aJIi CBOE BECKOE CJIOBO, ITPEI0CTABUB aDCOIIOTHOE JTI0KA3ATE b
CTBO TOTO, YTO BBIUTPATh B TAKYIO MDYy HEBO3MOXKHO. 1em He MeHee,
AXKMOTAK C UIPOYW B MATHAUIKY TPOHOJIKAJICA €IIe MHOTO JIET — TaK
MHOT'O ObLIIO KEeJTAIOUIUX [IOCPAMUTH MATEMATUKY U «CPYOUTH» THICATY
J10J1J1aPOB.

Yro xe 03HaYAeT B 9TOI UTrpe «abCOTIOTHOE JOKA3ATEIBCTBO®» ! DTO
3HAUUT: Kakue Obl [IefiCTBUSA BbI HE COBEPUIUJIM, CKOJIBKO Obl BpEMEHU
M KAKUM KOJIMIECTBOM CIOCOO0B Obl He mmepenBuraJind (PUIIKA, BB Hu-
k0200, HU NPU KAKUL YCAOBUAL HE BEPHETECHh M3 MO3UIUU HA PUC. 2
B UCXOJIHYIO TO3UIIMIO HA puc. 1. B yacTHOCTH, €ciin KTO-TO IPENbABUIT
Takoe peurenue, 3HauuT oH — JiryH. OH, BUAUMO, B35J1, BbLApaJl (Dulill-
KU W3 KOPOOKM W PACCTABUJI MX B MPABUILHOM Mopsanke. ABCooTHOe
JI0KA3aTeJbCTBO — HTO TOYHOE, HACTOJBKO TOYHOE yTBEPXK/IEHUE, HA-
CKOJIbKO BOOOIIE 4TO-TO MOXKeT ObITh TouHbiM. Maremarnka — Hayka
TOYHBIX yTBepxjenuii. He «upumepno», He «Moxer ObIThb», HE «CKO-
pee Bcero, He HpUBEAETES, a HuK020a, KU NPU KAKUT YCAOBUAT HE NPU-
sedéme, Kaxue 6bi cnocobrocmu K 9mMol uzpe Yy 6ac HU OvLAU.

4 nocrapatocs jiokazars 3Ty Teopemy. Ho 410 3HAYUT «110CTAPAIOCH
nokasarb»! YUrTo BoODIIE O3HAYAET «ITOKa3aTb»! YTo 3HAYUT «d eé
nokaxy»? Kak Bbl 910 nonumaere?
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Caymaresnn: Mbr bynem ybexneHbl.

A.C.: Bor umenno. f maiiny cmocob Bac ybemmrs. Ho c mpyroii
CTOPOHBI, TO HE COBCEM TO, YTO HAM HYXKHO.

Pacckaxy takyio ucroputo. Oqusu pbiiapb 06bACHAT IPYrOMY Pbi-
napio maremaruky. [lepsoiit poiaps ObLI OY€Hb yMHBIA, & BTOPO# —
OYeHb IITynblii. BTopoil pellaph HUKAK HE MOT TOHATH JOKA3aTEeJIbCTBO.
M rorma ymublit peiaps roBopur: «Yecraoe 6s1aropomgHoe CJa0BO, 3TO
Tak». 1 BrOpoii cpady nosepmit: «Hy, Torma o yém pasroBop. MBI xe
¢ Bamu Jsiiogu Ge3ynpednoit gwecru, s, koneuno, Bam Bepio. { mosimo-
CTBI0 yOexaeu».

Y Hac pasroBop HOUWAET He 0 TakoM crocobe ybexgenusa. Vnea ma-
TEMATUYECKOro, abCOJIIOTHOIO JIOKA3aTe/bCTBA HE B TOM, YTO A JAM
YeCTHOE CJIOBO, & B TOM, UTO f, AlleJIIUPYd K BALIEMY PA3YMEHUL,
lepejilaM BaM KaKOe-TO 3HaHMe, KOTOPOE Bbl II0TOM CTOJIb XK€ CIIOKOM-
HO nepenmagute Jajbnie. Bel npunére u ckaxere: «Mbl 3HaeM, mode-
My B LATHAUIKY OECCMbIC/IEHHO urparb. Mbl 910 3HA€M COBEPIIEHHO
TOYHO, HAM 3TO JoKas3as Asiekceii. /I He mpocTo mokasaJsi mpu moMmo-
M KAKOTO-TO TaM IMAMAHCTBA, MOMAMAHI — MONIAMAHUII ¥ CKA3aJI,
9TO HeT pelleHUd 3Toi 3a7a49u. Mbl nosyumm Takoe 3HAHUE, KOTOpOe
CMOXEM BOCHPOM3BECTH W IOKA3aTh, UTO BHIUIPATH B UTPY MATHANIKA
HEBO3MOXKHO>.

Hacuér momaMaHHATL €CTh OYEHb IHOYUHMTEJIbHBIA SIU301 U3 KU3-
Hu MareMarukoB. B magasie 20 Beka xuj1 B Unguu maremaruk Cpu-
HuBica Pamanymxkan. Ha momeHnT Hadajia Halrei ucTopuy eMy OBLIO
26 sier. OH 3aBaJ/IMBaJI MUCHhMAMU JIOHJIOHCKOE MATEMATUIECKOe 001Ie-
CTBO, B KOTOPBIX ObLIH (DOPMYJIBI, CONEPKAIIUE TUCTIA KT» U «e» (MBI
C HUMM [103K€ NO3HAKOMMMCH) U CTPAIIHbIE GECKOHEYHbIE CYyMMBbI, KO-
TOPBIM 9TH BBIpaxKeHusi paBHbl. B JIoHmOHE IpOBEpPAIOT — BCE BEPHO.
A PamanypkaH npuchLIaeT BCe HOBbIE u HOBbIe nucbma. [Ipodeccop
MareMmaruku [ Xapmou Opurjaliaer ero mprexarb B AHIIMIO W pac-
CKa3arb, Kak OH BbIBOAMUT 9Tu (hpopMmyJibl. PamaHyKan oTBedaer, 4To
dopmyJibr coobiraer emy Bo cae boruaa Maxa-Jlakmmu. Xapnu, Ko-
HEYHO, [IOCMEsLJICHA, PELINB, 9TO HHIWEI He X0JeTCd IeJIUThCA CeKpe-
TOM. AHIJIMACKAH MATEMATUK MUIIET HOBOE IUCHMO, B KOTOPOM IIbITA~
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ercd 3aBepurh PaMany/pkana, 910 HUKTO HE Oy[er NMPEeTeH/I0BATH HA
ero orkpbitue. Takoe npemqnosioxenue ockopbiiger uaguiina. Ou orse-
9aeT, YTO COBEPUIEHHO HE JOPOXKUT TAKUMM BellaMM, KaK aBTOPCTBO.

B konne konmoB PamaHy/KaH Bce-Taku Ipuexasi B JIOHHOOH, rie
craJi npodeccopom yHuBepcurera. Muorue npucjianubie um (hopmysibt
oKa3aJuch BepHbl. Ho fajieko He Bce W3 IpeIIoKeHHbIX UM (POpMYJI
HA CEroIHsANHUN NeHb qoKas3aHbl. HeKOTophbie U3 HUXOCTAIOTCA OTKPO-
BEHUSAMM, KOTOpBIe OBLIU coobmeHsl Gormneit Pamamymkany. «Abco-
JIIOTHOE» MX JIOKA3aTe/IbCTBO IOKA HEU3BECTHO.

A tenepb 0THOXHEM, TOCMOTPUM Ha 3TOT (HyTOOIBHBIA Ma4 (puc. 3).

Puc. 3. Heyxro u 310€ch npsiuercs abCOJIFOTHOE J0KA3aTesibCTBO? Y BUAUM

Hmxe!

W3 dgero cocroutr mad? Ou cumT u3 JOoCKyTKOB. Bbl KOr/ma-aubynn
31y MbIBAJIUCH HAJ| T€M, KaK UMEHHO CjiejaH (GpyTOO/IbHBIA MAY, U 1O-
YeMy MMEHHO TakK! ITO — YHUCTO MaTeMarwudecKuil Bompoc. Bl moka
mofyMaliTe, rie ke TyT MareMaThuKa. A s IPUCTYman K MaTeMaThude-
CKOMY JIOKA3aT€JIbCTBY HEBO3MOXKHOCTHU BBIUI'DATH B UIPY «15>.

Haunewm ¢ ropasimo 6osiee mpocroii curyamnuu. Bozpmém mocky 8 X 8
(puc. 4) n pocrarouno GosibuIOR 3anac (3aBegoMo GoJbLIMIA, YeM HaM
MOXKeT [OHAJI0OUTHCHA) KOCTEeH JTOMHUHO (OfHA JOMUHOIIKA IHOKPHIBAET
J1BE KJIETOYKU HA JIOCKE).
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Puc. 4. Hocka 8 x 8.

Puc. 5. «Ypesannas» mocka 8 x 8.

Tenepp s aKKyparHeHHKO OTPE3aI0 y KBagpara 8§ X 8 mBa mpoTu-
BONOJIOKHBIX yrua (puc. 5). Ionyunnace durypa, KoTropas coOCTOUT
u3 62 xkBanparukoB. Ywucso, nengamieeca na 2. llosromy, mouemy Obr
HEe monpobOBaTh 3aMOCTATH e€e JoMWHOImKamMu. Ho eciim Bbl HavIHETE
BITATHCA CHEJIATh 9TO OWH, OBA, TPU, YETBIPE pas3a, y Bac He IOJIy-
qurca. 30 momunomex Bseser, a 31l-as — mer. Pusuk, KOLMA yBUIUT
aTy curyanuio, no3kcuepumentupyer 1000 pas u ckaxer: «9Kkcuepu-
MEHTAJIbHO YCTAHOBJIEH 3aKOH — HAPHUCOBaHHAdA (urypa He 3amMouia-
ercst qoMuHOMKAMHA 1 X 2». Pusuk™ TakXKe MOXKeT HAOJIOHATD 33 UI'PO
B (¢yrb0J MHOrO-MHOIO pa3 U CKa3arb: «IKCIEPUMEHTAJIBHO yCTAHO-
BJIEHO, YTO MAY NAJAeT BHU3, a TaK¥XKe, 3HAETE, BCE OCTAJIbHBIE TEJIA,

*9r1o obunHaa N1 (PUBUKOB AHAJIOTHSL.
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MOXOXKe, TOXKe MAIAI0T BHU3». Bce 3HAIOT, UYTO BCe Tesa magaioT BHAS.
D10 3KCepuMenTabHbIi pakT. Ho mokaszars 3ror pakT, B npuHIuie,
HEBO3MOXKHO. HUKTO Ha CBETE HE TapaHTUPYET, 9TO 3aBTPA ITOT 3aKOH
HE MpeKparutT neicrBoBarh. llpuaymaior kKakymo-uuby/ib IpaBHUIAILY,
1 BCE HOJIETUT HE BHU3, & BBEPX. IT0 — (PUBUIECKUN 3aKOH, OH HE MO-
xer ObiTh nmokaszaH. OH MoxeT ObITh TOJBKO IIPOBEPEH OYEHb MHOIO
pas. EHIe Xyxe C COUaJIbHBIMU U IKOHOMUYCCKUMU 3aKOHAMU, Ha-
[pUMEP, C 32KOHOM «CITPOC POXKIAET IMpEIJIOKEeHNe». Y DKOHOMUCTOB
MHOI'O TakuX 3akJuHauuii. VI onn ouenp yacro He paborator. Hacry-
[aeT KPU3ucC, HACTyIMaeT HoBadA (pasa pasBUTHULA HJIA COIUyMa — U BCE.
[lepecTator 6bITh BepHBIMU CTapble 3aKOHbI. ColnuaJ/bHasd PeaJbHOCTD
DOCTOAHHO JIOMaAET CTEePEOTUIIbl, KOTOPbIC CBA3AaHbI C eé nOBE€ICHUEM,
pasButueM, 3Bosiorueil. Pusnyeckas peajbHOCTb TAK HE JIeJIAeT, HO,
TEM He MEHee, JI0Ka3aTe/IbCTB B HEll TOXe HeT.

B wmamem cisiygae ¢ OOCKOR Mbl, B IpPHUHIUIE, MOXEM IOIPOOO-
Barh nepedparb BCE BAPUAHTHI U CIIEJIATh BBIBOI — HE MOJIY9HUJIOCH.
Ho ckosbko Bpemenu Ham HykHO Oyner morparuth?! llaBaiite npu-
MEPHO OIICHUM. CKOJII)KI/IMI/I CHOC06aMI/I MO2KHO IIOJIOXKUTDH IIEPBYIO 10-
MUHOIIKY !

Caymaresb: Tpems.

A.C.: (ITokasbiBag Ha j10cKe 8 X 8 pas/MyHbIE [IOJIOKEHUS KOCTH
nomuuo): Pas, nBa, Tpu, Yersipe, OATh, NIECTh, CEMb, BOCEMb, JI€BATb...

Cuymaress: jiByMd.

Cuymaress: TpUIIATHIO.

A.C.: Hy, rpunnarso — xopomio. A mouemy nByms?

Caymaresb: BeprukajibHo u ropu3oHTAJIBHO.

A.C.: 910 nBa criocoba eé paclosIoKeHud. A CKOJIBKO TOJIOKEHT I
Ha CaMOM JOCKe OHa MOXKEeT 3aHATH!

Caymaresnb: Ky4a.

A.C.: Ouenp-ouernb MHOrO. 30 — 3TO HOBOJIBHO XOPOIIUA OTBET.
Ha camom meste okosio 50. HaBaiire mcxomurs u3 50. Ha camom me-
Jge #e Baxuo, aro 30, aro 50, gaxe 10. Iloromy urTo mocsie Toro xax
MbI ITOJIOXKUJIU IEPBYIO TaKyIO (pUIeuKy, CKOJIbKO CIOCOO0B OCTaéTCA
JLJIsl BTOPO#?

14



Cuymarens: (n — 1).

A.C.: I'pybo rosops, 49. Emg, na camom Jiesie, HAJI0 YI€CTh OPA-
JIOK, B KOTOPOM MbI HOJIOXK U/ JOMUHOWKHU. HyXHO 110/1€/1uTh Ha ABA.
To ectb 50 ymuoxum ua 49 u nogesum Ha, [ABA.

JaJspine KJtaziemM TpeThio, IeTBepTyIo U Tak maJsee. VI xaxnplil pas3
JIOMHOXKAEM U JIOMHOXKAEM — KOJIMIeCTBO BapuanTos BCE pacrér. (ITo-
Ka3bIBAeT HA JOCKE BCE HOBBIE BAPUAHTEI).

Ecmo udes, wmo mamemamura cocmoum uz dopmya. B 1993-m zo-
dy, k020G s YHUACH HA F-M KYpPCE METMAMG, 5 exan HG Ypana K méme.
Co mrotli 6 Kyne exars mama ¢ marewvkot 4-aemuel dowkold. U dowka
eosopum: «Mama, a MoocHo novumamos dsduny rwruey?» Krnuea mos
Ha3veanacy «Aneebpas. Mama crxazana: «To 6 el nuveeo e nod-
MEWD, mam odnu popmyasvs. H nepedaro knuey u zosopro: «Hatidu-
me nepsyto dopmyay. Ha waroli ona cmpanuue?s Qopmys 6 xHuee
no anzebpe He 0YEHb MHOZ0, U CAMOE CINPAULHOE HE 6 UL KOAUYECTNGE,
a 8 MOM, MO OHU YIHCACAIOULUE, 6 HUT 00HU bYKkebl, dadce yudp nowmu
Hem. Imo ckopee noxoxce wa Kakol-mo dpesnud azvk. Cosepuernno
HEe MO 8 KHuze, 4Mmo JoANHCHO bbimb ¢ mouku 3penusn atodeti. Hdes,
YINO MAMEMAMUKA COCTNOUM U3 HOPMYA, CMOAL HCE 4YJOBUUHE, KK
MBICAD, 4O 68 TPAM AU 3a2003M, 4MobbL NPOCMO cosepuUUMD 00PJ,
nocmasums ceeuky. Mos dous zosopum, nanpumep: «Ilotidém, nocma-
8UM 020HbKUS. [las HEE aMO HOPMGALHO, OHAG Masekbkas. Mamema-
muka — 2Mmo 6ceaeHnasn, 6 komopol ecmv azwk dopmya. Ho cymo
HE 6 HEM, G 6 MOM, KaKue 2aybUHHbIE 3GKOHDL ECTMb 6 MAMEMAMU-
xe. 1 som amu 3aKoHb, 9MY BHYMPEHHIONW KPACOMY 5 NOCMAPAIOCH
BCKPLUMD.

[Tocsie Takoro ¢GuaocodCKOro OTCTYIJIEHWS BEpPHEMCs K HaIrei
JIOCKE.

[IponsBenmenme, KOTOPOE MOJMYIATCA yXKe depe3 20 yMHOXKeHni, mme-
eT NOPAJN0K KOJIMIECTBA, ATOMOB BO BCEJIEHHOU (Kak JIF0OAT roBOPUTH
B HAY YHO-NOIYJIAPHBIX KHUTAX ). BOT, ¢ 4€M CPAaBHUMO KOJIMYECTBO CIIO-
co00B, KOTOpbIE HYXKHO 1epebparb, YTOObl 3adBUTDH: «MbI IIEpedpaJIH
BCE BapUAHTHI, 331249y PemuThb HeJb3ay». Hamo npumymars 91o-10 mpy-
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roe. U To, aro mbl ceitaac npumymaeM — 310 abcosrommoe dokazamens-
€meo.

Moxer 6bITh, y KOTO-TO €CTh uien?

Cuymaresns: B3ars miona/ib Kax1oi Uik u pa3nesnTh Ha Heé
0o0ULyI0 IIOWAIb [IOJIH.

A.C.: Huuero me Boiiiger. O6mmas maomanb 62, y Kax o pumkm —
2, 3uauut nyxHua 31 momuHoOmKa, 310 MBI onumaem. Ho 30 ymeuraercs,
a 31 — mer. (puc. 6).

Puc. 6. Bunmanue! Ha mocke cjieBa yxke He KBAIPATUKM, & KKUPIHIU!

[Mocsienasis JOMUHOIIKA, PACIAIALTCA HA, [[BA KBAIPATUKA B PA3HBIX
mectax. VI aTo Obl BbI HU J1eJ1aJ14, OC/aeqHaAsd Oy1eT, KaK 3aKO0JI[IOBAH-
Had, PaclajgaTbCda HA BA KBAaJIPATUKA.

Terneps g I0KA3bIBAIO, YTO 3aMOCTUTH JOCKY JIOMUHONIKAMY HEBO3-
MOXKHO.

Benp nepen mamu, mo cyrtu, maxmarnada nocka. [lasaiite Bepuém
et e€é maxmarubiit Bun. Kiterkm ma Heit 6yayT To u€pHbIE, TO Oesbe
(puc. 7).

[locsie BbIpesanus BYyX YIJIOBBIX KBaJIPATUKOB, CKOJIBKO YEPHBIX
M CKOJIBKO DeJIbIX OCTaHEeTCs?!

Caymarens: Ogaux 6yner 6oJiblile, IPYyTruxX — MEHbIIIE.

Caymarens: OpHa JOMUHONIKA JIOJDKHA HOKPHIBATH U 0EJIyIo,
u 9épHyio, na?’

A.C.: Kro-To yxe Bcé moaumaetr (cM. puc. 8). Jliobasa qoMuHOMIKA,
yJIOXKEHHAd Ha 9Ty JOCKY, IIOKPbIBaeT u 0eJiyio, u 4€pHyio kierky. [To-
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Puc. 7. Tenepnb Bce «KUPIUYM» COEIAEM IBYIBETHBIMUA.

T

Puc. 8. Ceanc 4épHOii Marum 3aKaHIMBAETCS TOJIHBIM pasobiadernem!

aToMy, eci Obl PUTYpPy, KOTOPYIO si CeIac HAPUCOBAJI, MOXKHO OBLIO
Obl 3aJI0KUTH JIOMUHOIIKAMY, 9EPHBIX U OeJIbIX KJIETOK ObLjIo Obl O/u-
HakoBoe KoJsimdecTBO. Ho mbl Boipesasiu mse Gesbix. Ocrasiocs 30 Ge-
Jbix u 32 gepubie kJjietku. [IporuBopeune. VIx Ko/im4ecTBO HE PABHO
OpyT Ipyry. 3HAYUT, Hally (pUrypy HEJIb3d 3aMOCTUTH HOMUHOLIKA-
Mu. ABCOJIIOTHOE HOKA3aTEJbCTBO 3aKOHYEHO. He Ham0 Hudero mnepe-
O6uparh.

[ToTOpIO eme pas.
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4 B3ss1 ypesaHHylo C AByX CTOPOH HIAXMAaTHYIO H0CKy. Vcxomuas
raxMaTHadg JOCKA uMesia 32 depubie u 32 6esbie KieTkn. A B ypesan-
HOI maxmarHO# nockKe nponaJsiv ase Oesibie yryoBbie KJjaeTku. [1oaromy
crasio 30 Gesibix u 32 uvepnbix. Tenepb HNpPENIOSIOKUM HA CEKYHIOU-
Ky, 9TO MbI DEIIUJIN 3a0a1y, U BCEC KJICTKU 3aIIO/JIHECHbI JOMWHOIIKAMU.
Crenyer 3aMeTuTh, YTO KaxX/1ad JIOMUHOIIKA 0043aHA JIEXKATh OTHOM
cBoell 1moJIOBMHOM Ha 4€pHOM, a apyroi#t cBoeit mosioBuHOU HA Oesoit
KJIETOYKe, KaK Thl e€ nu kjaau. CiienoBaresibHO, €CJii Obl Mbl CMOTJIH
3aMOCTHTD 3Ty (DUIYPY JIOMUHOIIKAMK B KoJimaecTBe 31 mryku, 10 Obi-
Ja 6b1 31 uépnaga u 31 6esraa kjerka. Y Hac ke 32 uepuoie u 30 6es1bIx
KJIETOK. A 3HAYMT, 3aMOCTATH OOPE3aHHYIO JOCKY HEJIb3s. B aTOM 1 co-
CTOUT NPENAMCMEUE, KAK I'OBOPAT MATEMATUKH, IIPEIATCTBUE K Pelie-
HUIO 33/Ia9d. 3aMETbTE, YTO MbI IPOBOIMIIU JOKA3AMEABCINEO O NPO-
MUBHO20. ITO OYEHDb BAXKHBIN TPUEM. ¢ MPEITOJIOK I, ITO MbI 3319y
PELInJIA, U MTPUBEJ CUTYAIUIO K SIBHOMY IIPOTHBOPEYMIO.

[lepexonum k 6ojiee CIIOXKHOMY CIOXKETY — «Pas300JIadeHut0 UrPbI
B ITATHAOUIATH>».

Ceituac Bbl y3Haere TaiiHy, KOTOPYIO MOYTH HUKTO HE 3HAET: HOYEeMY
B MATHAIIKYA HEJIb3d BBIUTPATH, TO €CTh IEPEBECTU UTPY W3 MO3UIIUU
Ha pUC. 2 B UCXOOHYIO NO3ULIMIO HA puc. 1.

1123 4
b} 8
9 (10|11 | 12
13 |15 | 14

1, 2,3, 4,8, 7, 6,5, 9, 10, 11, 12, 14, 15, 13.
Puc. 9. Ha nocke BBIIUCHIBAEM KU3BUBAIOMLYIOCS 3MEIO».
I'nana \va puc. 9, Bemnunry ncia oT 1 1o 15 B imHeedKy, HO He TOI-

Psjl, & XUTPBIM CIOCODOM. 3a4eM s 9TO CIeJsar, OyIer SCHO HOTOM.
Bor onn:

1,2, 3,4,8,7 6,5, 9,10, 11, 12, 14, 15, 13.
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Tako#t HOpAIOK JBUXKEHUS JIPEBHUE I'PEKU HA3BIBAJIA «OyCcTPOdEnoH>»,
9TO B HEPEBOJIEC 3HAYUT «TAaK, KAK mamer Obik» (puc. 9).

C moMompbi0 TAKOTO ABIMKEHHUSI S 3aKOOUPOBAJI HHGMOPMAIHIO 00
AIPOBOM 110JI€ B BUJIE OHON cTpoku. OOparHO PACKOAMPOBATH TAK XKEe
IPOCTO, KAK U 3aKOAUPOBATE (C MOYHOCMbIO 00 HATOAHCIEHUA NYCTNO20
Mecma).

Ecnu, nanpumep, cusunyts 14 B yrosi, T0 npu KOIMPOBAHUU s I10-
JIydy TaKyi0 ke CTpouky, cMm. puc. 10. Boobie, Jjierko moHATh, 4TO
[IPaBUJIA UTPHI «15» MO3BOJIAIOT OBICTPO U YBEPEHHO IIEPETHATH IIyCTOE
MEeCTO Ha WTPOBOM TIOJIE HA JIIOOYIO KJIETKY U3 IMECTHAIIATH, IBUTASICE
OycrpoderoHoM.

IIpumeuanue. KonmupoBanmem HA3LIBACTCS TPOIELypa H300paxke-
HUASA JIEMEHTOB OJIHOIO MHOXKECTBA C HOMOUIHI0 JIEMEHTOB JIPYTroro
(06braHO GoOJIEE MPOCTOr0) MHOXKECTBA, KEJATEJHHO TAKUM 00pasoM,
4T00bI HE IOTEPSJ/IACHh HUKAKAA YaCTh MH(POPMALMU O [IEPBOM MHOXKE-

CTBe.
112|134
b} 718
9 (10|11 | 12
13 | 15 14

1, 2,3, 4,8, 7, 6, 5,9, 10, 11, 12, 15, 14, 13.
Puyc. 10. Ilycroe MecTo MOXKET IepEMEeNaThCsI BAOb «3Mems.

IIpm »TOM ecm mMycTOE MECTO HAXOOWJIOCH IOe-TO B IPYTOM MeCTe,
B CepelMHe, HAlIPUMED, BCENIIa, MOXKHO EPEABAHY Th (DUIIKY TAK, 4UTOOBI
OHO 0Ka3aJI0Ch B KOHIIE.

Tenepnb Mbl, HAYUHALA C TOJIOKEHUA PUC. 9, MOJKHBI KAKUM-TO 00pa-
30M MEHATH TO IMOJIOXKEHWE, I'OHATH IIyCTOE MEeCTO, 4TO0bI unpuiitu
K IIOCJIEIOBATEIbHOCTH, COOTBETCTBYIOMEN puc. 1:

1,2, 3, 4,8, 7 6,5, 9,10, 11, 12, 15, 14, 13.
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Kaxplit pas3, korja g 1HepecraB/idio IIyCTOe MECTO, Halld CTPOKa Me-

Hdaercd. ¢l xo4y mokasarb, YTO Kak Obl OHA HE MEHAIACH, KOE-ITO CO-

xpaHgercd. B maremaruke 910 Ha3bIBAETCA CJIOBOM UHBAPUAHM.
WNuBapuant — 9T0-TO, 9YTO HE MEHAETCH.

Ilonsite MHEHBapMaHTa — OIHO W3 KJIFOYEBBIX MATEMATHIECCKUX I10-
HATUHA.

Nrak, ecrb ¥mo-mo, 410 CBA3aHO C HAUIEH 110CJIE0BATEJIBHOCTHIO,
YTO IIPU BBIIIOJIHEHUY PA3PEIIEHHbBIX JIeficTBUil He OyieT MeHarbcd. UTo
9TO, YyrajlaTh TaK MPOCTO HEJIb3sd, MHAYE MUJIJIMOHBL JIIOHEH B AMepuke
u B EBpore He 3anumasucy Obl epyHIOM.

B nporiecce nepectaHoBOK CTpOKa OyIeT CUIIbHO MEHATHCA, BILIOTH
JI0 OY€HDb Cepbe3Horo nepememmBanng. Ho 9ro-1o menarbca ue bymer
HuKOrma. lapaiite HanmpaKEMCA U TOAMEM, 9TO 9TO TAKOE.

Paccmorpum Bce napwr uncest (umcesn Bcero 15). Crosbko Bcero
MOXKHO COCTABUATDH map?!

Caymarens: 7.

A.C.: Her. Bcex pasnuuanbix nmap. [lycts y nac ects 15 KpyK04K0B
pasHoro nsera. CKOJIBKO CylIecTByeT CriocobDOB BbIHYTh 1[BA, KPYyXKKa?

©eeY®
@@@g

®w
‘@@ @

Puc. 11. Hapucyewm 15 pasHbix KPyzKOYKOB C HOMEPAMHU.

Iloka 6ymeM cauTarh, 9TO MOPSIOK, B KOTOPOM MBI BEIHEMAEM KPY-
KOukHM, HaM BaxkeH. CKOJIbKUMU CrIocobaMu st MOTy B3ATh EPBBIA KPy-
XKOK?

Caymarens: 15-10.

A.C.: [larnagmarsio. [IpaBuiabHO.

Caymarens: 15 dakropuasi?
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A.C.: Her. 15 dakropuas — 39T0 MHOXKECTBO BCEX BO3MOXKHbBIX
CTPOK.

Ho Benp rymanuTapuu He 0043aHBI 3HATH CJIOBO «(DAKTOPHAJIS, O KO-
TOPOM MBI C Bamu roopuM. TepmuH paxTopmas HAM HOHAIOOUTCSI
B [IPYIUX TEMAX, IOTOMY I €r0 OIPEIEJIIO.

Ectb nexkoropoe aucso n. [Ipocture, a ynorpebsiio 6yKoBKy. Y MHO-
XKKUM N HA 1 —1, noTOM Ha n—2 ¥ TaK gaJiee, u, HAKOHEIl, yMHOXUM HA 2
u Ha 1. To, aro mosryuamsiocs, obosnagaerca n! (310 u ectb pakTOpHAT
qucJIa n):

nl=n-(n—1)-(n—2)-...-2-1

Hampumep, «15 dpaxTopuasrs:
15!=15-14-13-12-11-...-2-1.

Caymaresnsb: Mbl ceiiuac 910-T0 NpOACHUIIU !

A.C.: Her. bouio npousneceno csioBo «daxropuasr». U tenepn
A ero 00bACHIIO.

QakTopraJ — 3TO MPOUBBENEHUE MOAPAN, WAYIIUX, yObIBAIONUX
JI0 eJIMHUIbI HATY PAJIbHBIX Yucesl. B Haurel 3aqaue oH He MOHAI00UTCs
(momamoburcs B Ipyroit slexkmnmn).

[Tepsbiit kpyk0K BbI MOXkeTe BbIOparb 15-10 pasubiMu crocobamu.
Cxo0JIbKO OcTaérCcsd CrocobOB Jijist BBIOOpA BTOPOIro Kpyxka?

Caymaremnu: 14.

A.C.: 14. Uroro? Ecrh Takoe 3HAMEHUTOE TPABUJIO IPOU3BENECHUS.
Yucso ciocoboB BEIOPATH HAPY — 3TO IPOU3BEIEHUE KOJIUIECTBA CIIO-
co60B BbIOpATH MEPBHIA HA KOJIMIECTBO CIIOCO00B BhiOpaTh Bropoit. I1o-
qemy? Mbl BoiOpaJiu nepsbiii. [locmMoTpuM, CKOJIBKO ap MbI C HUM MO-
)KeM 1oJryaurh. Bropoit Beibupaerca 14-10 cnocobamu, 3uauur nap 14.
A remepb MBI BBIOpaJIH IPYTO#t TEPBBIi, C HUM TOXKE MOXKHO COCTABUTD
14 nap. 1 rax padgee. Ilonyuaerca 14 + 14 + 14... u rak 15 pas.

Orcrona u 6epérca npasuso npousseneHusd. 15 - 14 cnocobos.

Ho ectb ogaa xurpoctb. f xouy nocumrars mapbl HE3ABUCUMO OT 10-
panKa Kpyxko4koB. Utobbl naper (cMm. puc. 12) me pasymvaauch. dro
HAJIO CIeJIaTh C KOJIMYECTBOM CIIOCODOB?

Caymiarens: Pasnenvurs na nsa.
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Puc. 12. Dtu napbt [jis HAC HE PA3HbIE, & OJMHAKOBBIE.

A.C.: [Ta. Mbl ji00y10 TakyIio napy rnocauraJjiu asa pasa. OnuH pas,
KOI'Ja MBI CHAYAJIa B34JIM CHHUI KPYT, a IOTOM KpacHbIi. B npyroii pa3s
MbI [IEPBBIM B3sJIM KPACHBI KPyT, & BTOPbIM — cuHwuil. T0 €CTb MbI
Kax /1y napy nocumrasm asa pasa. [losromy orser (15-14) : 2 = 105.

Msr mocunTa u Iucao mMmenmuxcd map u3 15 smementoB — «l»
w3 15-tu mo 2», kak ropopar maremaruku. «l[3» o3nHagaer mepsyio
6ykBy cJsioBa combinaison (kombunamus). Cm. dbopmysty (1).

oz =140 =105, (1)

Maremaruku Jjirobar cuMmBoJibl. Ho 3ayem onu? 3arem, 4ro uHaye
[IPUAETCA O€Hb MHOIO MUCaTh. CUMBOJIBI U SI3bIK MATEMATUAKY HYXKHBI,
9T00BI COKpAINATh 3amuch. 1louemy jipeBHUME rpeKu u puMJIgHE HE H0-
[IJIK JI0 COBPEMEHHBIX BBICOT MareMaruku! [loroMmy, 9T0 oHE Tparmiin
OYEeHb MHOI'O BPEMEHM HA JIMHI'BUCTUYECKYIO paboTy IepeBoma mare-
MATUKH B CJI0Ba (M 0OpaTHO: CJI0BA B MAaTeMaTHKY). A BOT KOLJa Ma-
TEMATUKa [IEPENLIa HA CUMBOJIbI, HAYAJICS [IPOPBIB, O KOTOPOM o €Ié
PaCCKaxy.

Bepuemcs k naweii crpoke (dopmysa (2))*.

(1,2, 3, 4,8, 7,6, 5,9, 10, 11, 12, 14, 15, 13)

2

(1,2, 3, 4, 8 7,6 5 9, 10, 11, 12, 15, 14, 13) @)
Huist kax a0 napsl quces B Haumeil crpoke (a nap scero 105) mbi

CHPALIMBAEM: B IPABUJILHOM JIM HOPSAIKE HAIUCAHBI YUCJIA.
Caymaresb: HactuaHo 13, 9aCTUIHO HET.

*A Her i TYT map, B KOTOPBIX IIEPBOE YHCJIO OOJIbIIE BTOPOro? DTO HENOPIOK!
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A.C.: Bepno. Hanpumep, 1 u 2 B npaBuJibHOM MOPSIIKE.

Cuaymarens: U1 nocienyomas napa (2,3) — Toxe.

A.C.: Ha, u caenyomas, u ciaemaytomasa 3a ueid. To ecrs (4, 8).

Ciaymarenb: B cMbIc/ie «B IpaBUJIBHOM IMOPIIKE» !

A.C.: «B npaBusibHOM» HE 3HAYHUT, YTO UYUCJIA B [IAPE COCEIHUE:
B (2,3) win (2,7) yucsa B 1ape paciosIoKeHbl B IPABUIILHOM HOPSIKE.

Cuaymaress: [lo Bospacranuio.

A.C.: [1a, no Bozpacranuio. Bosibuiee ciiemyer 3a menbuimm. Ho,
Hanpumep, napa (15, 13) «Hapymaer mopsamok», IOTOMY 9ITO BHAYAJIE
uaér OoJIbIIee IUCIIO, TIOTOM MEHBIITEE.

[Tocyuraem KOIM4IECTBO Map, KOTOPbIE CTOAT B HENPABUJILHOM I0-
panke. To ecTs o yObIBaHUIO.

Caymaressb: [Ipocture, HO Bemp Mbl caMu BhIOpaJIA TAKYIO 3aIKUCh
B Bujie u3BuBamouieiica smeu. Mbl pasBe HE MOIJIM 3aIlUCATH KaK-TO
nHage?

A.C.: Moryiu. Moryin 3anucarh wHaYe, HO TOrIa MBI ObI He Ipeyciie-
JIM B JOKA3aTEJIbCTBE TOrO (paxTa, KOTOPHIX HAM HYXKEH.

Mamemamura daém noanyro ceobody uccaedosamento. Koeda on
nposéa paccysicdenue u ckadan: «Tenepv 6cé dokazaro», on onpasdoi-
saem 6cé€, wmo nocmpoua. Mamemamux cxaxcem: «Paccmompum mo-
mo u mo-mo». 3auem? Yorcac, zauem amo pacemampusamsv? A nomom
pa3 — u 6ce NOAYUUAOCH (Hes3upas Ha <«yotcacy). Mamemamuka —
camwvili c60600nviti pod 3anamut. Huxaxol modv, nem, nuvezo. Ecau
6v, JoKa3aau HeJoKa3aHHY0 2unomesy, mo 4em O0vl 6bl Hu NOAb306A-
auce, 6cé npowaemcs. Ilobedumenetd ne cydam (Ho unozda ux caezka
HCYPAN. 30 CAOHCHOBAMOE JOKAZAMEABCNEO).

Hmaxk, 30Mem 5 cHumaro napvl u NoYemy mar euinucan 3metixy,
noka ne 6ydem nomsmuo. Mo J02060puUAUCH O HEKOMOPOM NPABUAE.
Muvi umernno max swnucoeaem wucaa. Bam npudémes npumnsamo amo
Kok ecmv. A daavwe s CcHumarn KoAUNECME0 NaAp, KOMopve CMoAm
6 HenpasusvbHom nopadke. Pas, dsa, mpu, wemovipe, namov, wecmo...
(cm. puc. 13).

Mex iy rpyumnamu 1o 4 4ucjia HelpaBUIbHbBIX map He Oyer, ubo Jiro-
0oii BJIeMeHT U3 I'PYIIbI CJIEBA, MEHbIIE JII0O0T0O 3JIEMEHTa U3 I'PYIIIIbI,
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AN
(1, 2, 3, 4, 8, g, g, 5,9, 10, 11, 12, 14, 15, 13) )

Puc. 13. BouiaB/iuBaHne HeNpaBU/ILHBIX Hap B caMoM pasrape! axke mapa
(8,7) He ykpbLIaCh.

crodameil mpasee: y Hac rpynnsl oT 1 1o 4, ot 5 1o 8, o1 9 mo 12 mw ot 13
110 15. B nepnBoii u Tperbeii rpyiine BCE XOPOUIO, T0ITOMY CIUTATH Ha-
JI0 TOJIbKO OCTaBUIMECH [IBE€ I'PyIibl. Bo Bropoii 6 HenpaBuJIbHBIX map
(8,7; 8,65 8,5; 7,6; 7,5; 6,5). B uerBeproit ux 2. Mroro — 8.

CkOJIbKO HenpaBuJIbHBbIX nap B uCxomuoi nosuun? (CM. HUKHIOO
CTpOKy Ha puc. 14.)

(1,2, 3,4, 8,7, 6,5 9, 10, 11, 12, 14, 15, 13)
(1,2, 3,4, 8, 7, 6,5, 9, 10, 11, 12, 15, 14, 13)

@ /N
(1, 2,3, 4,8 7, 6 5 9,10, 11, 12, 14, 15, 13)

@ A
(1, 2,3, 4,8, 7,6 5 09,10, 11, 12, 15, 14, 13)

Puc. 14. B Bepxueii cTpoke — BOCEMb «OECIOPAIKOB», a B HUKHE cTpoke —

IEBATH.

Cuaymaresb: 9.

A.C.: Ha, 9. M naxomumcs Ha noacrynax K noununmanuio. Ceiiyac
4 HOKaxy, 4TO HUKaKue U3MEHeHUud IIyCTOI'O MeCTa He MEHAIOT 4Em-
HOCMYU KOJMIECTBA HENMPABMJIHHBIX map. CaMo KOJIMIeCTBO, KOHETHO,
MeH#eTCd. Y HAC OHO IOKa PaBHO 8, OHAKO, €CJIW IepeMelaTh BCe
dULIKY, COIVIACHO LIPABUJIAM UI'PbI «15%, TO KOJIMYECTBO HELPABUJILHO
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crodAmmx map udMenuTcs. Ho yuBuresibHbIi (axT COCTOUT B TOM, 9TO
Bbl HUKOIJA HE U3MEHUTE “EmHocms 3Toro KosimdectBa. Ono Oymer
[IPBITATh B CTOPOHY YBEJIMUEHUS WJIM yMEHbIIEHUsI, HO TOJIbKO Ha 2,
ua 4, a 6, ciiopom, nHa YETHOE gucno emunui.

Hauném nmokaspiBarh 3T0 yTBepkAeHue. [e-to ectsb mycroe mecTo
B KOpoOke 4 X 4 (nycrb koHdUrypanusa 9uces1, OKPyXKalouyx ero, ra-
Kas, Kak Ha puc. 15).

(6;/ 1234
\ 51678
9 11|12
131510 | 14

Puc. 15. I Bor namu nycroe nose. Ecrb pasrysarbes rue Ha Bose!

&;// 1] 2]3]4
516718
9 -4 1112
13[15]10| 14

Puc. 16. Burasp na pacnyrbe. [o kakoit xxe gopore nofiru?..

[Tycroe mecTo Moxer CABUHYTHCA B 4-x Hanpasjenuax (puc. 16).

HaBaiite paccmoTpum Bce 4 BapuMaHTa W TOCMOTPHUM, 9TO ITPOU30H-
IET CO 3MEUKOI.

YTo IpOUCXOMUT C BHITUCAHHON 3MENKOI YHUCesT, eCIIN g IEPEIBUTAI0
KJIETKY C 9ucyiom 11 maseBo?

Caymaresu: Hugero.

A.C.: IlpaBma. YTo mpouCXOIUT CO 3MEHKOM, €CJIU A MEePEIBUTAIO
KJIETOUKY C 9HUCJIOM 9 HaIpaso.

Caymaresu: Huuero.
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A.C.: OrBer Bepubiit. [IBa ipyrux BapuaHTa HEMHOIO DOJIEE CJIOXK-
HbIE, HO COBEPIIEHHO OIHOTHUITHBIE.

Yro mpoucxomur, KOrna KJeTKa IBUXKETCI CBEPXY BHU3 UJIU CHU3Y
BBEpx?

Cuymaresnb: Y HAC HOABJIAIOTCA HEIPABUJIbHBIE ITAPHI.

A.C.: [la, B JaHHOM CJIy4ae OHM MMEHHO MOABJAITCA (& MOrn
661 1 mpomaars). Bompoc, ckosbko Takux nap? OTBeT Ha 3TOT BOIPOC
3aBUCHUT OT TOI'O, IJIe CTOAJIO 1ycToe MmecTo. U BoT 311ech npuiércsa pac-
CMOTpPEeTH yxke 4 BapuaHTa, HO He JIJId UCXOTHON CTAHIAPTHOW 3MeiKH,
a 1151 A1000%. OT CaMbIX IPOCTHIX, B CTOPOHY CAMbIX CJIOXKHbIX. Hanpu-
Mep, MyCTh B TpeTheil crpoke mosryausioch «9, 10, 11, mycro» (a nomep
12 okazaJica B 4eTBEPTOIl CTPOKE 3a CUHET KAKUX-TO NPEIbIAYIIAX e~
pemenienuit) (cm. puc. 17).

1121]3 |4
5|16 | 7|8
9 |10 |11

~— i
131512 | 14 A“\

Puyc. 17. Cnenure TOJIBKO 3a BTOPOil U TpeTheil CTPOKOIA.
3anuceiBao (pparMeHT 3MenKu:
...8, 7, 6,95,9, 10, 11, mycto

Hac untepecyer ToJIbKO 9T0T (DparMeHT, HOTOMY YTO IIPU JIBUKEHUH,
KOTOpoe Oy[eT COBEPIIEHO, CJIEBA U CIIPABA B 3MeWKe HUYEro He u3-
MEHUTCs. Byjier MeHAThCHA TOJIBKO 9T10T Habop mudp. Pacmosioxkenne
OCTAJIbHBIX AP He MeHdgeTcdA. BHuManme: «8» IMOILI0 BHUS, IIyCTHIII-
Ka — HaBepx (puc. 18).

Kak reneps Oymer Boitvigners cepenuna smeilku?! Bor Tax:

... 7,6,5,9, 10, 11, 8 ...
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112]3 ] 4
516 |7
9 (10|11 8
13115 (12| 14

Puc. 18. «BocbMEpKa» U «IIyCTBIIKA» TOMEHAINCH MECTAMMA.

Yro npomsonwio? BocbMmépka u3 Hadasa IPyIibl CKaKHYJIA B KO-
mer. Kakme maper ¢Boé suadenume nmomensnu! ['pynma w3 mectu 9m-
cen (7,6,5,9,10,11) uesmkom coxpanuiack. OHa NPOCTO MOMEHAIACH
MEeCTaMU C BOCbMEDKOW. 3HAYNT, KAKWe TapPbl MIOMEHIN, KAK TOBOPAT
MaTEMATUKM, KCBOI THII MOHOTOHHOCTH», TO €CTh BO3PACTAHUE CMEHU-
JI0Ch yObIBaHueM (msim, Ha060poT, yObiBaHME — BO3pacTaHuem)?

Cuymarens: (8,7).

A.C.: (8,7). Buecn teneps (7,8); a emé?

Cuaywmaredns: (7,6), (8,5) ...

A.C.: [Ipz TOM OBUXKEHUH, KOTOPOE 51 IPOW3BES, TOMEHAIOT B3ANM-
HOE PACIIOJIOKEHUE YMCEJI TOJBKO T€ HaPbl, B KOTOPBIX yYaCTBOBAJIO
qucyo 8. [losromy 6 map msmenusiu Tun MOHOTOHHOCTU. Ecsu ObLim
BO3PACTAIONAMHA — CTAJIN YOBIBAIOUUME, M HAODOPOT.

Paccmorpum Kaxmayro mapy B OTOEJIbHOCTH.

Beumo (8,5) (umcina — B mopanke ybeiBanus), crasuo (5,8) — BO3-
pacranue. KomnaecTBo HEMpaBUJIBHBIX MAp W3MEHWIOCH HA €IWHUILY
BHu3. Bouio (8,10), crasno (10,8), KoM4ecTBO HENPABUJILHBIX 11AP W3-
MEHUJIOCH Ha, enuHuIly BBepX. C OCTAJIbHBIME MAPAMHU — TO XK€ CAMOE.
Kax ipiit pas3 mbrt 106aBsiem wiiu Berauraem equauity. He moxer ObiTb,
9T00OBI THEe-TO (BMECTO IJIIOC/MUHYC €IMHUIIBI) MOJIYYIUJICH HYJIb, TaK
KAK CPE/IM yKA3aHHBIX NIECTU YUCEJI HET BOCbMEPOK (BE/b KaXkK10€ 1u-
CJI0, HANUCAHHOE HA (DUIIKE, EIUHCTBEHHO).

Bre 3aBucMMOCTM OT 3HAKOB, KOJIMYECTBO M3MEHUBIIUX TUII MOHO-
TOHHOCTH map Bcerma détHo. VImeerca 64 crnocoba paccTaBuUTh 3HAKH,
HO B PE3yJIbTaTe BCETHA B KAYECTBE CYyMMbI HOJIYyYUTCA YETHOE TUCJIO.
Cocenmue mIi0C/MAHYC €IUHAYKA JTO0 HOOABAT K cyMMme 2, aubo [10-
GaBar (—2), smbO B3AMMHO yHUUITOKATCH, JIABAA HOJIb:

F1+1£1+£1+1+1
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B xax /10t nape coceiHux IUIOC/MUHYC €qMHUYEK 1oJryuntcs niu 0,
win 2 wiim —2. To ecth 0b1Ee U3MEHEHNE KOJTMIECTBA, «HEIIPABUIbHBIX
map» Moxer npousoittu wa 6, 4, 0, —2, —4, —6.

Usmenenusa mpoucxogdar Ha YETHYIO BEJIMIUHY, TOITOMY HCXOMHOE
KOJIM4ecTBO «6ecnopankos» (0HO ObLIO0 paBHO 8) MOIIO CTaTh M-
cjiom 14, ecsiv BCe €MUHUYKM OKA3aJIUCh ObI C IJIFOCOM, MOTJIO OCTaTh-
ca 8 (ecsm 661 6b10 +1, +1, +1, —1, —1, —1). Morsio crars 6, MoryIO
4 nnu 2. Ho HEMKaK He MOIJIO CTaTh HU D, HA 7.

B npunnune, na 3rom mecre s Mor Obl CKa3aTh «OCTAJILHOE IPOBEPH-
T€ CaMW», IOTOMY YTO B JIDYTUX CJIydadX IMepeIBUKEeHUd IIyCToi (du-
KU [IPOUCXOMUT POBHO TOT ke cambiit adpdekr. Ho, masaiire, njis akky-
parHOCTH, NPpOBEpUM YTO-HUOY b emg. Hampumep, BBEpX MOIJIO noiiTu
qucso 14 (Bmecto Toro, arober omycruts BHE3 duciio §) (cm. puc. 19).

1123 4
5 |6 | 7|8
9 |10 |11 | 14
13 | 15 | 12

Puc. 19. Emé onu ciocod «OCBOEHU» IIyCTOrO IMOJIS.

Yro mpousoiifer, rioe HaIaInCh m3Menenns ! TobKO B HUKHUX IBYX
crpokax. Beuto 1, 2, 3,4, 8, 7, 6, 5, a morom Bmecro 9, 10, 11, 14, 12, 15,
13 mb1 yBumesn 9, 10, 11, 14, 12, 15, 13. Hudero Boob1ie He U3MEHUIIOCH.

IaBaiire Tenepp MOCMOTPUM BHYTPEHHIOW mycTyio ¢dbumky. Cka-
x&eM, ecau 11 ¢ xpato, a 7 casurysnau Baus (puc. 20).

1123 4
5| 6 8
9 110 7 |11
13115 |12 | 14

Puc. 20. Cemépra «Imepecesmaach» ¢ 3-ro 9TazxKa Ha 2-if.

Boiuniem 3meiiky 110 TOro, Kak MOIBUHYJIA T:
1, 2, 3,4, (8 7, 6,5 9, 10, 11), 14, 12, 15, 13.
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Tenepp s nBuraro 7 BHU3:
1, 2, 3, 4,8, 6,5, 9, 10, 7, 11
Boiensaio B 3meiike rpyliiny, KOTOpas MEHAIACH:
1, 2, 3, 4, 8, (7, 6, 5, 9, 10), 11, 14, 12, 15, 13
1, 2, 3, 4, 8, (6, 5,9, 10, 7), 11, 14, 12, 15, 13,

6,5, 9, 10 nepeexaJiu B Ha9AJI0, a 7 Yepes Hux nepenpbiraysia. CKOJIBKO
6ymer msmenenwnii? Posao 4. Ilapbr onaTh noMeHsituch. [IpaBusibabIe
CTaJii HelpaBUJIbHBIMU, U HA000pOT. OudTh KaxK bl pa3 mMbl npuba-
BJIsieM Wiau oTHHMaeM emuauiy. VI Tak 4 pasa. A 4 Benp — dYéTHOE
9rCII0, BOT Hedagada. OusTh pesyJibrar MEHAeTCH Ha, YETHOE YUCJIO.

Yro mbl MoxeMm enié cuenarb? Mbr Morim BMecTo 7 MOABUHYTH 12
(puc. 20). Torma 12 npeiraysa 661 3a mapy (11, 14). Vsmensarcs poBHO
JIBE IaPBbI.

Caymiaresnb: To ecrb He4€THOE YUCI/IO TOABUTHCA HE MOXKET.

A.C.: Hu upu xakux ycsioBuax. Mbl yxe 3HAEM, 4TO JBUXEHHE
110 ropusonTasin — Oeccmbiciienno. [losiyuurca ta xe camasd 3meil-
ka. Ecsim Mbl iBUXKeMCa CBEPXY BHU3, TO KOJIMYECTBO HENPABUJIBLHBIX
nmap mensiercs jimbo ma 2, ymbo wa 4, ymbo ua 6, mbO HUUEro He me-
ndaercd. MoxHO yecTHO nepebparb BCe BO3MOXKHbBIE MEPEXOIbl CHUBY
BBepX. MOXKHO POCTO MOHATH, YTO HUKAKUX JIPYTUX BAPUAHTOB, KPO-
Me 49E€THBIX, HeT. 10 ecTh B MATHAIIKY BBIUTPATH HEJIb3d, IOTOMY YTO
B CTAHAAPTHON MCXOIHOW MO3UIMU KOJIMIECTBO HENMPABUJIbHBIX TP &,
7 U3MEHHUTDH €r0 MOXKHO TOJIPKO Ha YeTHOe IuCja0. A B Tpebyemoi mo-
3ULUK UMEeeTCH 9 HENPABUJIbHBIX T1AP.

Caymarens: W3 j11000i Jjin 103uuu BEIMTPATh HEBO3MOXHOT

A.C.: TTouemy? Ha camom jiesie U3 MOJIOBUHBI BCEX MCXOIHBIX I0-
sunuit. VI3 mMoJIOBUHBI HEBO3MOXHO, U3 MOJOBUHBI BO3MOXHO. [loToMy
9TO B «BBICOKOII» MATEMATHUKE ydaT, YTO IOJIOBUHA ITOCJIEIOBATEIHbHO-
creit mmeer 4ETHBIN MOKA3aTE/b HENPABUJIBHBIX AP, & IMOJIOBUHA, —
neuérubiil. [losromy mostoBuna BapuanToB OyneT coOMparbcsa B CTaH-
[MAPTHYIO MCXOOHYIO mo3uiuio. KCjim narHamkm KakK yrojiHo repemMe-
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IaTh, BHIBAJINB M3 KOPOOKMW M 3aT€M BCTABUB OOPATHO KaK MPHUIETCH,
TO IIEPECTAHOBKOM pulllek BCeria MOXHO mpuiitu Jubo K ciy4dano «13,
14, 15», nubo k ciy4gaio «13, 15, 14».

Yrob6b! MOHATH, MOXKHO JI IpUBECTU (PUIIKKA B (PUHAJIBHYIO IMO3M-
U0, Hy>KHO MMOCYUTATH KOJIMYECTBO HECIIPABUJIbHLIX IIAP B I/ICXO,ILHOﬁ
IIO3UIIUN. ECJ'H/I OHO HEYETHOEC — MNpuBECTU K CJIy4dald C OKOHYaHUEM
... 13, 15, 14 moxHO.

Caymarensb: Kakue 9ucjia MOXHO HOMEHATh MECTAMMY !

Jpyro# caymarenb: HanpumMep, | 1 3 MOXHO IOMEHATH?

A.C.: Ecsiz s mensio 1 u 3 mecramu (65110 1, 2, 3, — crasio 3, 2, 1),
KaK M3MeHuJIach 9€THOCTh? BbuIo oTcyrcrBue Gecriopaakon (To eCThb
0), craso Tpu 6ecnopsiaka. YéTHOCTD, CTAIO OBITH, U3MEeHUAGCH. Bammu
BOIIPOCHI OTHOCATCA K TMeEopul 2pynn, OCHOBE COBPEMEHHOU aJireOphl.
qTO n KaK MOXHO IIOMEHATD, ‘ITO6I)I I‘IéTHOCTb MEHAJIaCb — 9TOT BO-
[POC HAIPAMYIO K Teopuu rpyui. [louemy poBHO HOJIOBUHA MO3UITUI
UMeeT 4ETHOE KOJIMYECTBO OecrnopagkoB? DTO TOXKE CBA3AHO C HEKO-
TopbIM (hbakToM u3 Teopun rpymi. Celfgac g NpomosKy pasBUBATD TY
temy. Paccmorpum «kybuk Pybuka». Benrepckuit umxenep Pybuk mo-
CTOWHO MpOomo/iKuUII 11esio, Hadaroe Camom JLaoiimom.

HaBaiiTe pasbepem sToT KyOnK m cobepém obparHo.

Caymaresnb: [lo-moemy, ectp maxe Kakue-TO COPEBHOBAHUIA HA,
BTOT CYeT.

A.C.: Ha copeBHOBaHUsIX HaI0 COOpaTh TOT, KOTOPBIA Teopermde-
CKU BO3MOXHO cobparb. [Tom cioBoM «pasobpark» s moHUMaio Gosee
PAIUKAJILHYIO OIEPAINIO: «PA30IPATH».

Kaxk Tospko mue Kynnian Kyouk Pybuka, s cpasy ero pasompadt. [1o-
TOMY 4YTO MHE 6bIJ'[O MHTEPEeCHO, J'[IO6yIO JIN IIO3UTUIO0O MO2KHO IIPpUBECTU
K MCXO/IHOI. MHe 6bLJI0 5TO HACTOJIHPKO [0JIT0 UHTEPECHO, 4TO HA Mex-
mare MI'Y s pemmsi COOTBETCTBYIONLYIO 3aa9Ky B KA4eCTBE 3a4ETa.
BosmoxnO 12 pasHbIX pacloJIoKeHnid, He MePEBONANAXCA IPYT B IPY-
ra. B nmarmamkax — 2, a gia kybowka Pybwka — 12 curyamuit. 910
TOXKE CJIEMYEeT W3 TEOPUH TPYIH (10 KOTOPOW f M CIAaBaJl 3a9€T).

Ecom mepeBepuyTh yryioBoii Kyouk B Kybuke PyOuka myTém mpuny-
JUTEJIbHOI'O KPa3gvupaHnuA» M BOCCTAHOBJICHUA €10 (bOprI — €ro He-
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Jb3s Oymer cobpars. Eciu nepesepHyTh HeHTpaJIbHbI KyOUI€eK B pe-
O6pe — Toxe Henb3d. Ec/u moMeHaATh MecTamMu [iBa KyOMKa MaJioi
«JIMATOHAJIM» B JIFOOOW rpaHu — ONIATh HE HOJIyIUTCHA. DTU U3MEHE-
HAA ¥ BCE UX COUYETAHUA 33/IAI0T HAOOD PA3JIMYHBIX MO3UMi KyOuka
Pybuka, koropbie Hejib3d coOparb. ITO — TPyIHAA 3a0a4a.

A rtenepp onars upo maumk (puc. 3). To ecrb, KAk HM CTPAHHO,
OIATH PO MATEMATHUKY.

Mamemamuka cocmoum u3 08YT 6AHCHHLIT COCMABAANOWUT: MO
MaKoe 4ucao, u 4mo makoe doxazamenvcmeo. Mos cmapwas douka
HE MO2AG 8 C80E 8PeMs pewumd 3adavy: ecmd 3 aneavcuna u 2 sba0Ka,
cKoAvKEO 6cezo Ppyrmos? Ona COBEPWEHHO HE NOHUMAAG, KAK MOHCHO
CAONHCUND AOAOKU C ANEALCUHAMU. DO HCE COBEPULEHHO TPO PAIHOE.
Mmne wascemcs, wmo 3mo munuuxoe eymarumaproe mouwaerue. de-
A06EK POKYCUPYEMCA HA COOEPAHCAHUY 00BEKMNA U HE MOHCET, 0T HE2O0
ytmu. A eom cmapwud cot pewas amy 3adayy, Kozda emy Oviao dsa
¢ noaosurnoti 2zoda. H emy zoeopun: «Y mebs bvino 3 epyszosura u 2 see-
Kosywku. . . » — «Od, nan, dasat npocmo 3+ 2, — 3auem 6ce amo. ..
epyrda. . . L'osopu mpu u dea, u bydem craadvisamoy. Bom wmo makoe
wucao? Qucao — amo ymenue abcmpazuposamues om obsexma. 1'o6o-
PAM, 6 KAKUL-TNO TNAEHCHBIL KYALMYPAT, 20e-mo 0aneKo Ha 60CmoKe
Cubupu, umeromes, do cur mop pazkwvie wucsumesvhovie 0as 0603HaYe-
HUA, HANPUMED, Koauvecmea beavs medsedeli u Kosuvecmea depesves.
Y Hux Gopmasusayus wucaa 5 KaK 8biPAHCAIOUWEL0 00WHOCTG H-U Ae-
bedeti u 5-u cocewn, ewe He npouszownaa. Ha ocoznarnue moezo, wmo y 5
aebedeti u § cocen ecmv obuiee, YEAOBEHECMBO NOMPATIUAO MHOZO DL
caveaemuti. 1 6 mom momenm, Koeda amo 0co3HaHUE HACMAAO, HAYG-
AACH MamemMamukra. A va namams 00 amom npouecce 8 PYCCKOM A3viKe
do cuT Nop 2080pPAM KCOPOKS BMECMO KUEMBIPLJIECAMS, TOMS PAHLULE
MOAHCHO ObILAO CKA3AMG «COPOK COBONDUL WKYPOKS, HO He «COpok depe-
8bE6.

A renepnr paccmorpum mobsmxke dyrdosabubii Mmad. O cocrouT
73 MIECTHYTOJIbHUKOB W MATHYTOJHHUAKOB. 20 MIECTUYTOJILHUKOB U 12
ATUYTOJIBHUKOB.
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Bauem? [Touemy rak csaoxuo? Bor BbI, monycrum, nibére ¢pyrdoib-
HbIe MAYH, 9€M BaM HE YTOMWJIN MPOCTO MECTUYTOMbHUKu! Basm,
cumJim ux HO Kpagm. [JI0CcKoCTh, HanpuMep, OTJIMIHO 3aMOIIAETC THie-
CTHYTOJIbHUKAMHA.

Cuaymaresb: Ho oru, Moxer ObITb, B MAY HE CJOKATCS.

A.C.: aBaiite mompobyem CJI0XKUTH OrpoMHbIi Ma4. Bosbmure 200,
300 mecrryrosibHuKOB. I1jI0CKOCTB-TO 3J1eMeHTAPHO 3amomaercs? Bor
TaK, Kak 1 HapucoBaJsl. [luenuusre corer (puc. 21).

&
i

Puc. 21. TT9€7pl — OHU TOXKE MATEMATHKHU (CAMU TOTO He 3HAd. .. )

Caymaresns: OHu Ha CThIKAX He OyIyT COBIAIATD.

A.C.: Hy Tyr-10O, Ha ILIOCKOCTH, BPOIE BCE COBIAIaeTr. A morom
B3sJI, CBEPHYJI OY€Hb OOJIbUIONR KYCOK IJIOCKOCTU U IIOJIY YU M.

Caymaresb: He ocraérca mecra jijist TOro, 9robbl IPaBUJIbHO CO-
THYTh.

A.C.: 4 naxe He 30210, KAK BBIPA3UTH IPOCTHIM A3bIKOM Baiire mpa-
BUJIbHOC MHTYUTUBHOEC 3aME€YaHUEC. HO MaTeMaTnu4ieCKad TeOpud 3TOoro
BOIIpoca HeyMmoJjuMa. V3 1mecTuyroibHUKOB Heab3s coOparb IMOBEpX-
HOCTBH mHapa. Boolie, HUKaK, HUKAKUM CIIOCOOOM — [JaxkKe eCJIM WX
HAPUCOBATH HA IMOBEPXHOCTH IIApa B CJIETKA UCKPUBJIEHHOM BHUIE.

Caymaresb: A U3 DATHYTOJIbHAKOB?

*Apcennro AKONAHY 3TO yAAJI0Ch; CM. paboTy «...». O6parure BHUMAHUE HA JATy
myGiukanun :-)))).
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A.C.: Ceiiuac MbI POSACHAM CUTYAIUIO, CBABAHHYIO C HATUYTOJIb-
Hukamu. Bo-nmepBriX, TaBaiiTe JOrOBOPUMCHA O TOM, UTO CIIABATH HAIO
TaK, 9TO0bI B KaXK /10U BEPIIMHE CXOIMUJIOCh TPU CTOPOHBI 00Pa3yI0MMX
IIOBEPXHOCTh MAYa MHOTOYTOJIBHUKOB. DyZieM Ha3bIBATH 3TO — pPeEry-
sigpHasg cuimBka. Cpasy CKaxy, 9T0 HUKAKOW, peryssapHO Jiu, He pery-
JISIDHOM, HUKAKOW CIIMBKOI M3 HMIECTUYTOJIbHUKOB HEJIb3sl CIIUTH (DyT-
Gouibubiit Mmad. Ho nasaiite ceituac paccMoTpum moapoOHO peryJisipHbie
cuimBKu. BosbMmeM BceBo3MOXKHBIE (hyTOOJIBHBIE MAUH, JTIOOOIO pasMe-
pPa, KOTOPbIE COCTABJIEHBI U3 MATUYTOJIbHUKOB U IECTUYTOJIbHUKOB.

Heoxunnanuasa teopema:
Eciu noBepxHOCTH mIapa «CuimTa» peryJadapHbiM 00pa3oM u3 HEKOTO-
poro KosimdectBa X MIECTUYTOJBLHUKOB X HEKOTOPOIO KOJIMYECTBA Y
[IATAYTOJIBHUKOB, TO Y 00sa3aresibHO paBHo 12.

Cioymaress: B sobom cayaae?

A.C.: B 06om. Kak oz KCIepuMEHTHPY, ITO HU Iesaii, yeMmy Obl
z vu paBaasoch. £ = 200, x = 300, ... Ho y = 12. Posno 12, e 12 000,
me 120. Or pasmepa MAYa HE 3aBUCHUT, OT pa3Mepa JIOCKYTKOB HE 3a-
BUCHUT, OT TONO KaK CHIMBAEIIb HE 3aBUCHT. ITO — MATEMATUIECKAA
TeopeMa.

Caymaresnb: HeseposTHo. . .

A.C.: Ectp abcosroTHOE [T0KA3aTEJILCTBO 3TOM TeopeMbl. Ecau Bb
xorure CuTh PyTOOJIbHBIN MAY U3 NATHYTOJbHUKOB U HIECTUYIOJIb-
HUKOB, IATUYTOJILHUKOB 00s3aTesibHo Hyner posuo 12.

Caymarens: Kakoit quamerp?

A.C.: He BaxHo: Hu Iuamerp, HU pa3Mep JIOCKyTKOB, HU TO, KaK
curmBaTh. Bol HUKOTHA HE combére HU4Yero apyroro. Kakue Obl npuka-
3bl HE M3aBaJia... Hy, cKaxem, dpabpuka «CrnoprunBerrapb». Cka-
XKeM, IpUAET K BJACTU HOoBad pyrbosibHad naptud u ckaxer: «OTHbI-
HE CIIUBATh MAYHU TAK, 9TO0bI B HUX ObLIO HOPOBHY IECTUYTOJbHUKOB
7 OATAYTOJbHUKOB». Torma ux obaszarespao bymer 12 x 12.

Caymaresnb: To ects Takoe Toxke Moxer ObiTh! [Ipamo 12 x 127

A.C.: [la. A 3naere, kak eme moxer 0bitb? Hosib mectuyrosibam-
KOB 7 12 naTHyroJbHUKOB. Hu OMHOrO MIECTUYroJIbHUKA, ONHU MATHU-
YIOJIbHUKH.
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Coayuiaresb: A 3a9eM TOrIa MECTUYTOILHAKA

A.C.: Bugumo, mjst Toro, 9robsl Msa 0611 rutagaruit. Hoss mrectu-
yTOJMBHUKOB — 12 natuyroabENKOB. 200 mecTnyroJbHIKOB — BCE paB-
HO 12 mATHyTOJIbHUKOB.

Coaymarenn: CkaxuTe, a BOT 3Ta TeOpeMa IOABHUJIACH yXKe I0CTIe
dyrbospaOro Maga? Wsm dyrbosIbHBI MAY MOABAIICA paHbie?

A.C.: OyrbosibHbIE MAY HOABUIICH «UyTh-4yTb» panblue. Eciun
JeCTHO, TEOPEMY 3Ty MOJTHOCTBIO OCO3HAJIM IpuMepHO 150 seT mHa3as.
Ho sror pesysnbrar, Kak u O9€Hb MHOTHE APYTHE, IOJKEH ObITh OTHECEH
K Jityiepy. Jleonapmn Ditjiep xus1 6oJibie moJioBunbl XkXu3au B [lerep-
bypre u moxoponen B JlaBpe Asnekcamnpa Hesckoro. Ou BBET B MaTe-
MATHUKY MOHATHAE UHGAPUGHMA. DRJIED MOKA3aJI, 9TO €CTh B MATEMATH-
K€ TaKue Beld, KOTOpbIe He MEHAIOTC, UYTO Obl Thl HU nesaJj. U macto-
ANAA MATEMATUKA — 9TO MOUCK TAKWUX Beleh. Jijiep mokaszas moTpsi-
CaOILyI0 10 KpacoTe GpOopMyJIy, ceiidac s1 ee HAPUCYIO, 8 MOXKET ObITb,
maxe nokaxy. Kcraru, ectp Takoit apxurekTypubiii 00bekT «Monpe-
asibckada buocdepasy uim reonesuydeckuii KymoJ, cosganias Puaapmom
@ysutepom Bakmuncrepom. 'uranrckuit cermenT mapa, 9yTh OoJibine,
Y€eM IOJIyHIap, COCTABJIEHHBIA U3 MAJIEHbKHX IIECTUYTOJIbHUKOB. £, KO-
rma ero ysupesi, ckasasr: «Her. Her. Her... Bor ne npassi, Tam mne mo-
KeT OBITH BCE U3 IECTHYTOJbHUKOB, JTNOO OH CHJIHbHO UCKPUBJIEH, JILOO
TaM, IJIe-TO XKUBYT MATUYrobHUKH. Uiures.

Mue roBopar: «AJiekceit, kak Bbl 910 y3HaJm! Mpl Hauwm 5-
YTOJIbHUKW». ITa KOHCTPYKIUA HE [TOJIHBII mIap, mosromMy B Hell e 12,
a npumepuo 10 naruyronpaukos. Kak xe g ysuan? Teopema, marema-
tuka. OHa XKe yHuBepCcaJbHAs [Jid BCero. 1o abCoOJIIOTHO OIMHAKOBO
B Poccun, B Kanane u B Amepuke? Tosibko MaTeMaTuka.

Caymarens: [losioxenue 3Tux nATHYrOJIbHUKOB, OHO TOXE OIlIpe-
JIeJIeHO?

A.C.: Her. MoxHO ux BCe ClenuTh B OHHOM MecTe. ToJbKO moJIy-
YATCH CUJIBHO MCKpuBJIEHHAsA dopMma. Jlydlie narnyroJbHUKY pasHe-
cru. [Tarnyrospauku orBevalor 3a uckpusJjenue. Ha camom nesie, sty
TeopeMy MOXKHO J0Ka3aTb coBceMm Oe3 reomerpuu. Ho 310 reomerpu-
geckuit paxT, yaIo0HO 9TO NPUHATH BO BHUMaHUE. bepy 3eMHO# map
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U pUCYIO HA HEM TPEyroJbHUK (puc. 22).

Puc. 22. Ceitgac Mbl 3aKOJIIyeM 3TOT TPEYTOJIbHUK Ha cdepe, m y HEro BCe

TpH yrJyia OyayT HPAMbBIMUA.

Ha 3emuom miape ecrtb rie pasBepayThCsi. OHy U3 BEPIIUH BO3b-
mém Ha CeBEepHOM MOJTIOCE, NIBE ApPyTUe — Ha 9KBATOpe. A cTOpoHAMHT
TPEYrOJIbHUKA, KAK U IOJIOXKEHO B TeOMeTpuu, OyJIeM CIUTATh OTPE3-
KU [IByX MEPHIAAHOB U OTPE30K PKBATOpPA (BEIb MO HUM U3MEPAETCI
KparJaiiniee pacCrosHue Mex,ly TOYKaMU Ha 3€MHOI nosepxnoctu!).
Bor u nostyamsicst y Hac paBHOOENPEHHBIA TPEYTrOJIBHUK, y KOTOPOrO
oba yrjia mpu OCHOBAHWU npsamvie. A yros mpu CeBepHOM TOJTIOCE —
soboit. Tax pasaiite Bo3bMéM ero toxe npambim!ll).

Y »TOro TpeyroJbHMKa BCe YIJIbI IpAMble. Takoro me ObIBaeT HA
IJIOCKOCTHU. DTO T€OMETPHUS 1apa, 9T0 reOMeTprus OBEPXHOCTH HIAPA,
“ BOT C 9TOi reomerpueil cBa3aH paccMmarpuBaembiii Hamu daxt. OH
OTKPBIBAET OUYeHb IIyOOKYI0 Teopruio — mudHepeHuabHy0 TeoMe-
TPUIO, 4 TAKXKE TEOPUID PUMAHOBBIX MHOIOOOpa3ui.

Caymaresnb: Kparen s © aemy-aubymn?

A.C.: «z» MoxeT OBITH PABEH UeMy YTOIHO. A BOT «y» 00A3aTEIILHO
pasen 12.

Caymiaresnb: To ecrb u€rHOE, HEYETHOE — HE BAXKHO.

A.C.: AbcomoTHO.

Cuaymaresns: To ectb Mbl MOXeM ciiesiarh map u3 130 mecTuyrosib-
HUAKOB 7 12 naTryrosibHUKOB, uin u3 131 u 127

A.C.: 1a, Hasi0 nogymMars U aKKypPaATHEHHKO BKJIEUTD.
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Caymaresb: A CBA3aHO JiM 9TO C KOJMUYIECTBOM CTOPOH B IIATH-
YTOJIbHUKE U B IIECTUYTOJIbHUKE?

A.C.: Besycnosno. { gyTh mosxe 310 noKaxy. Jleonapn Ditnep 0b6-
HapyX)ui ciaenymuid gakr. Yro Takoe MH0202paHHUE, KAXKIbIA 110-
Humaetr. JI1060if MHOrOrpaHHUK — TO KakK Obl M3JIOMAaHHAA IIOBEPX-
HOCTBh IIapa. JWjep HApUCOBAJ MHONOTDAHHUK HA IIAPe: CIPOEKTH-
poBaJi pEOpa U BEepUIMHBI MHOTOTDAHHUKA, JIEXKALIETO BHYTPU UIAPA,
Ha MMOBEPXHOCTH mapa. (CI0BO «CIPOEKTUPOBAII» 03HATAET HE «CO3IAJ
MPOEKT>», & CJEMYIONLYIO IPOIELYPY: PACITIOJOKUII BHYTPH CTEKJIAHHO-
ro 1urapa MakeT MHOTOIDAHHUMKA, CIEJIAHHBIA U3 IIPOBOJIOYEK, U 3AXKED
B LIEHTPE 1apa MaJieHbKYyIo jiamuouky. Ha nosepxuocru mapa Oyuayr
BUIHBI T€HU OT PEOEp — 5TO U €CTh mpoeknuu pedep).

Puc. 23. TloBropsisa myTh Jiijiepa, HAPUCYEeM HA IMape MHOTOIPAHHUK.

W ¢ momompio 3TOro mpméMa HOKa3aJI 3aMEeIaTesbHYI0 Teopemy
C COBEpPIIEHHO yAuBUTEJHLHOUW (hopmysupoBkoii. HasbeiBaercs: reopema,
«@opmyJia Diinepa Jjid MHOTOTPDAHHUKA .

IIycts y mmororpamuuka Oymer: B — kosimgecTBo Bepmmum, P —
KoJIM4ecTBO pebep, I' — KoJsimuecTBO rpaHeil. Iru KoaMdecTBa MOXK-
HO HEIOCPENCTBEHHO MOACYUTATD, IVIA/A HA MOMIEJ/Ib MHOIOIDAHHUKA.
Torpa obs3arespro Oymer

B-P+TI'=2.

HesaBucumo or Toro, Kakoit Mbl B3s/11 MHOIOI'PaHHUK. Teopema BepHa
u g kyba, u g rerpasapa (puc. 24), u mis a1060ro APyroro MHO-
rOrpaHHUKA, CIPOEKTHPOBAHHOTO HA IIOBEPXHOCTH Imapa. Bcerma Oymer
JIEBOE BBIPAXKEHUE PABHO 2.
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Puc. 24. Coilea — xy6 (HeBuIUMbIE JIMHUU HE U30OPAKEHbI), CIPABA — Te-

TPadIp U3 MPOBOJIOKM.

Terpasap — 370 Jr06ast TpeyroabHas nupamuna. Panbiie B Taxoit
dopme festau MoJiouHbe nakersl. JlaBaiite mocauraemM y MOJIOYHOTO
MaKeTa KOJWIEeCTBO BepiinH, pédep u rpaneit. CKOJIBKO BEPIIUH Y MO-
JIOUYHOTO makera?

Caymiaress: 4.

A.C.: B = 4. Ckosibko p€bep y Haurero rerpasiapa’

Caymiaresn: 6.

A.C.: bes comuenusi. A rpaneit?

Caymiaresn: 4.

A.C.: Bepna dopmyaa? 4 — 6 + 4 = 2. Bepna.

A renepp paccMOTpIO APYryl0 MUPAMUIy, — YEThIPEXYTOJIbHYIO
(pmc. 25).

Puc. 25. Cxema 4-yrosibHOM nupamMupl.

Y meé 5 Bepu, 8 pebep u b rpaneit. Popmysia Bepua: b —8+5 = 2.

Cirymaresb: A KoIMIecTBO BEPIINH U IpaHeil BCerma COBIAIAET?!

A.C.: Her, uu B koem ciyqae. [lapaiite mocmorpum Ha Ky6 (puc. 24,
cjesa).
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Y 06branoro ky6a — 8 Bepun, 12 pebep u 6 rpaneii. (BoiBator emé
1 HeOOBbIYHbIE KYOBL. . . HAIpUMEp, 4-MepHbIE).

CuoBa nosiyvaercsa asa: 8 — 12+ 6 = 2.

Huxkyna ot s1oit dopmysibl Hu neHeumbcd. ymato, 9ro 110 Ditnepa
5Ty 3aKOHOMEDPHOCTb TOXE KTO-TO 3aMedaJi, HO BaXKHO He IEPBBLIM 3a-
METUTh, a TPOMKO 00 9T0M 3asBuTh. Tak cKka3arh, JI0BECTH J10 CBEJICHUSA
UIMPOKHAX MACC.

He 6yny ceronust auaero 60Jibine g0Ka3bBaTb. A pacCKaxKy BMECTO
BTOrO elié OJHY BOJIHYIOULYI0 UCTOPUIO U3 UCTOPUU MATEMATUKHU.

Hasaiire BcnomauMm GpopMyJIy [1Jid pelieHud KBaJIpPaTHOrO ypaBHE-
HudA ¢ Ko dunmenramu a, b, c:

o —b+ Vb2 — 4ac

2a

Ha camowm feste He o4eHb BaxKHO, KaK KOHKPETHO OHA BBINJIAIUT. Bax o
TO, YTO DTO — YHUBEPCAJIbHBIA METOH, PellleHnsd KBaJPATHOIO ypPaBHe-
uus. Kakue 6b1 ouu nu Obwin, 311 a, b u ¢, eciu fgeiicrBue npousBecTu,
BBI [TOJIyYIUTE KAKOE-TO IUCJIO.

Tyr ecrp jnBe TOYKM 3peHud Ha 3Ty curyauuoo. Ecsiu nanwuca-
Ha, HEKOTOpad (POopMyJia, TO OHA MOXKET CJIyYalHO OKA3ATHCA BEPHOM
JIJ1e1 KAKUX-TO YKCeJI @, b, ¢, TO ecrb Jlyid KAKOro-T0 KBaJpPaTHOIO TPEX-
qieHa. g ogHOro ciaydaiiHO OoKasaJiach BEPHOM, NJid JIpyroi oka-
3aJ1ach BepHOM. CKOJIBKO pa3 HYyXKHO MPOBEPATH, 9TOOBI TOYHO CKa-
3aTh, YTO OHA BCeryga BepHa! BeckonedyHoe kosum4uecTBo pa3. Ho moxmo
cneJiath mHade. MOXHO B34Tb 3Ty (POpPMYJIy, IMOJCTABUTH B MCXOJIHOE
ypaBHEHUE

ax’ +bx+c=0

u ybedumovbcs B TOM, 9TO BCE COKPATHUTCH, U BMECTO CUMBOJIOB @, b, ¢
CJIEBA, BOBHUKHET HOJIb. DTO U OyJIeT 03HAYATH, €CJIM Mbl BEDUM B A3bIK
CUMBOJIOB, 4TO (popMmysia BepHa. Y HAC BCE COKPATUJIOCH, B JIIOOOM
ciaydJae, Kakue Obl a, b, c He B3s/IH.

Caymaressb: [Ipocture, a mjs wero HyxHa sta popmysta?

A.C.: Ina gero ona uyxua? Hy, g 661 ckasas tak. Jluano niia mena
oTBeT TaKoi: i Kpacorbl. s Toro, arobbl ObITH yBEPEHHBIM, 9TO
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MATEMATUKA, MOXET JIaTh 4YTO-TO yHuBepcasibHoe. Celdac, KOHEUYHO,
KOMIIBIOTEDDI PEIIA0T 3a0a491 [TOCJOXKHEE HTOT0 YPABHEHUA, HO PAHb-
uie oHa, ObLIa HYXKHA /15t OBICTPOr0 BHIYUCJIEHUS.

Beor pacripeniesisiere 3eMesibHbIE yYACTKU, U3MEpPAETe KaKue-TO Mps-
MOYTOJIbHBIE KyCKH, y BAC MOJIyIaeTCd KBaAparHoe ypasuenue. MoxHO
M€JIJIEHHO MPUKUIBIBATD, KAK 3TO CHEJIATh, & MOXKHO OBICTDPO OJIYIUTh
OTBET.

Caymaressb: To ecTb IpaKTUIeCKOe IpUMEHEeHNe KaKoe-TO ObLIo?

A.C.: Hy, panbme — ma. Hasbuie sra umjes pa3sBuBaJjach Tak.
A dro0, ecniu 1 HAWITY ypaBHEHUTE:

az® +bz? +cx+d=0.

Mory g Hanucarhb yHUBEpPCAJbHYIO (hOPMYJIy, C IIOMOIIBIO KOTOPOi
MOXHO Bbrauc/mTh 7 [Ipu 910M paspeniaercs CKIabBATh, BBIYUTATD,
YMHOXAaTb, [IeJIUTh U JIaXKe U3BJIEKATh KOPHU, IPUIEM JTI000# crernenu.
Ho 6oJibie augero me paspeiraercs.

Caymarens: Ot Kyba 1 JaJjblie TAKOro CIeJarh HeJIb34.

A.C.: Moxmno; H0 3Ty dopMyJy He m3ydaior B mkose. Popmysia
J1J1e KyOuueckoro ciy4vad Oblia npujlymMana B 1epsoit nosiosuse 16-ro
Beka. Heckosibko MmaremarukoB paborasu HaH 3Tol 11pobsiemMoii ofiHO-
BpemenHo. Ceituac dpopmysia vHocur umsa xuposamo Kapaano, HO on
He MpUAyMaJl ee, a OmyOJIMKOBAJI METON IPYroro MareMarwka (T.e.
«I'POMKO 00 9TOM 3asBUII).

Yrobbl BhIKACATH 3Ty (POPMYJTy, MHE HOHAIOOUTCHA Iesasd JOCKA,
o9TOMY A He Oyily 9TOro jesarb. Kak TOJIbKO MOHAIM MEXAHU3M pe-
ueHus KyOM4ecKoro ypaBHeHH, CPa3y HpuiyMaJiun popMyJsly IJid pe-
HnieHusi ypaBaenus derBeproii crenenu. Ona Obuia emié crpamraee. Bpi-
BeJ1 ee yuenuk Kappano, o pavusnu @eppapu. Bee 910 npoucxomusio
B 16-M Beke, KOrja MareMaTwuKu yxke cBOOOIHO oOpamaJsuch ¢ OykBa-
MH, 1109TOMY ObLI COOPMYJIMPOBAH CaMblit 00mi Bopoc. MOXHO Jiu
HanucaTb (POPMYJIy IJid PElIeHUs yPABHEHUA ITPOU3BOJIBHON CTEleHu:

anz” + ap_12" 1+ ... +ap=0

(Gp,ap—1,... — w3BecTHBIE 4Yncsa. Tak 0603HAYAOT AJA ymoOCTBa.
A Bapyr me xBarut OykB ajdasura g ux 0003HAYEHU ).
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IIycrs oma 3aiimér 10 mocok, mycrs oua 3aiimér 100 nocok. Iloronsa
3a 9TOM (hopMysIOit TPOHOIKAIACH IO KOHIA 18 Beka. A B camom Ha-
qaJjie 19 Beka npo3peHue CIyCTUJIOCh HA HECKOJIbKHMX YEJIOBEK Cpa3y,
73 KOTOPBIX CAMBIM IVIABHBIM A CYUTAI0 (DPAHILY3CKOrO MaTeMaTuKa
OBapucra Lajiya. Bbuio nokaszaHo, 910 HUKaKad KOoHedHas (hopmy-
Jia HEe MOXeT OBbITh pelleHrneM ypaBHEHUA ITPOU3BOJIbHOM cremnenu. Ta-
KO popmyJibl He cymecTByer. He moTtomy 4dto Jifoim eme rrynbie ujm
e Bce (popMyJIbl mepebpaJin, Wik, MOXKeT ObITh, OHU HE TaK CTABUJIN
kopuu. Hukakoe BbIpaxkenue, COmepKaliee IIloC, MUHYC, YMHOXHUTD,
pas[iesuTh U U3BJEYb KOPEHDb JIIOOOU CTeleHu HEe MOXKET IpU MOJICTa-
HOBKE B ypaBHeHHe ¢, 2" + a,_ 12" ' + ...+ ap = 0 MOJTHOCTHIO COKpa-
TUTHCHA. ITO — MATEMATUIECKH CTPOrUi pe3ysibrar Hadasa 19 Beka.

Emé odenp uszBectna teopema Pepma. [lokasaresibCTBO TeOpeMbl
®epma — 310 nmpuMepHO 120 cTpaHUWI] TPYTHOTO TEKCTA OJIA OYEHb
HOCBAILIEHHOI'O 4€JI0BEKA.

[Ipo Hee mMbI OrOBOpUM IOTOM, & ceiidac mpocTo 3anuiiem eé ¢op-
MyJiupoBKy. OHa 0YeHb IPOCTAA.

HI/I JJIA KaKUX 1EeJIbIX YUCeJI Ty Y, £, OTJIMYIHbIX OT HYJIA, 1 HUKAKOT'O
HATyPaJIbHOIO 71, HOJIBIIErO 2, HE MOXKET BBIIOJIHATHCH PABEHCTBO:

" +y" = 2"

D1y Teopemy mokasbiBasiu ¢ 1637 mo 1994 ron. Buocsiencrsuu 6b11u
pellleHbl emé ABe WJIA TPU BeJIMYailime MareMaTudecKue mpodJIeMbl
nponutbix BekoB. Celivac MareMaTuKa MOXWHAET I1JI0/Ibl BCEIO CBOEro
CyIIECTBOBAHU.

Caymareb: IT0 CIeJaH0 ¢ [MOMOIIBI KOMIBIOTEPOBT

A.C.: Her. EguacTBennoe, 9T0 COe/ajd C IIOMOIIBIO KOMIIBIOTE-
pa — 3TO TakK HA3bIBaEMadA «pobseMa derbipex Kpacok». 20-it Bexk —
[POPBIB B aBualuu, B kocmoce. Ho camblit 60J1b1110# TIPOPBIB B 3TO Bpe-
Mda Obw1 B mMaremaruke. B Heil nmepeBepHysin BCE BBEPX IHOM: CHSAJIN
Kydy CUIIOTEe3, IPEBPATUJIU UX B TeopeMbl. Ha Moeil namaru cuanu me-
CKOJIBKO ITPO0JIEM, KOTOPBIE CTOSJIM BEKAMU, ECJIN HE THICAIECJIETAAMMA.

Coymarens: A 310 mpasma, 910 y Teopembl Pepma HET TPAKTH-
YECKOr0 MPUMEHEHU |
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A.C.: A k10 ero 3naer? 9ro uMeer HEKOTOPOE OTHOIIEHUE K (PU3U-
qeckoit Momesim Mupa. Ha camom meste, mocsemaee, 9T0 MHTEPECHO Ma-
TEMATUKY, 9TO TO, KAKOE Y TEOPEMbI MPAKTUIECKOE puMeHeHue. Ma-
TEMATUKA, B KAKOM-TO CMBICJIE, CDOJIHYA HACTOAIIEN PEJIUTANA. DTO Belllb
B cebe. Ecju ona KkOmMy-TO 110MOraer, MareMaTuKOB 3TO HE NWHTEPECYET.
JItoqiu, KOoTOpble 3aHUMAIOTCS MPUKJIAIHOR MATEMATHKON, UMEIT CO-
BEPILEHHO [IPYroe HACTpOeHue. D10 — npyrue Joau. Kak, Hampumep,
pasHATCA MeXIy coboit yumresss m ynHOBHUKH. T0 XKe camoe ¢ mare-
MarukaMu. JesioBeK, KOTOpbii hOpMyJly UIIET, U Y€JIOBEK, KOTOPbIH
XO9I€eT C IMTOMOIIBIO HEE ITO-TO CIEATh — 3TO ABA PA3HBIX TEJIOBEKA.

Ha sTom mbl 3akoHUMM mepByio Jieknuio. Ha ciemyroniem 3ansaran
MbI OyJIeM JI0Ka3bIBaTh Teopemy npo (yrbosibHbIE MY u HOpMyJLy
Ditnepa.
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Jleknuya 2

Ceromasa ™Mbl 3afiMEéMCa TeM, 9TO Ha3bIBaeTCd monoaozuel. MHuO-
rUe CYMTAIOT €€ MEeHTPAJIbHOI HAayKo# B Maremaruke. Maremaruka —
9TO LIEHTPAJIbHAA HaYKa BO BCEX HAayKaX. TOHOJIOFI/IH noJIyvdaeTcd KaK
UEHTP BHYTpH NEHTpa», TO €CTh camad rjaBHada guctuiiuaa. Ona
copmupoBasiach B Hadasie 20-ro BeKa, U IMOCTEIEHHO CTaJI0 sICHO, 4TO
OHA JIEXKUT B cepile maremaruku. Ha mpocTtoMm d3bike, TOMOJIOTHA —
9TO reOMEeTPHS IJIFOC AHAJIN3. A MOXKHO CKa3aTh U HO-APYyTrOMY: TOT, KTO
XO4YeT MOHATH CaMble IJIyOOKME W BaKHbIE 3aKOHOMEDHOCTHU U TeOMe-
TPUU, U MATEMATUICCKOIO aHAJINA3A, JOJIKEH U3ydarb 5TU HAYKU C TO-
[IOJIOTUYECKOI TOYKYU 3pEHU.

100 sier Ha3a/ TOMOJIOIUSA YyXKe JIOCTATOYHO XOPOHio 0ghopMuJIach,
a HaJaJlach oHa, HaBepHoe, ¢ Diutepa. (Toro camoro ditnepa, dop-
MyJly KOTODOrO MbI CErojgHsa Oyiaem ¢ BamMu usy4dars). bBbuiu cdop-
MYJIMPOBAHbI OIIPEJIeJIEHNA BaXHEAINX 00bEeKTOB TOMOJIOTUU: AUHUS,
noeeprHOCMb, 006EM, MHO20MEPHOE NPOCMPAHCME0. Buiao ocoznano,
YINO Y MONOACZUYECKUL 00BEKMO8 UMEEMCs 8aMHCHOE C80TUCME0: Paad-
meprocmsb. Hanpumep, quans — 310 O1HOMEPHbIH 00bEKT (ero MOX-
HO paccMaTpuBaTh B 1-MepHOM IPOCTPAHCTBE, B 2-MEPHOM, B 3-MEPHOM
U Jaxe B TaK Ha3bIBAEMOM «4-MepHOM mnpocrpancrses). IloBepx-
HOCTb — JIByMEPHbI# 06beKT (OH MOKET PACCMATPUBATHCA B 2-MEPHOM
OPOCTPAHCTBE, B 3-MepHOM, 4-MepHOM u Tak maJjiee). Teso, numeromiee
MTOJIOXKUTEJIbHBIT 00bEM — 3TO 3-MEPHBIH 00'bEK T, HO OHO MOXKET PACITO-
JararbCd B 3-MepPHOM, 4-MepHOM, H-MEPHOM. .. IpocTpaHCcTBax. Himxe
BCE 310 Oymer pacCMaTpuBaTbCa B CAMBIX IIPOCTHIX CJIYYaAX, TOCKOJIb-
Ky CBOHCTBA TOIIOJIOTMYECKUX OOBEKTOB, JieKamux B 4-MepHOM, 5-
MEPHOM, 6-MEPHOM. . . IPOCTPAHCTBAX HENOCTYIHbI HENOCPEACTBEHHO-
My T€OMETPUYECKOMY BOCIPUATHIO UesioBeKa. Moxer ObITh, 9TO XOPO-
110, YTO YEJIOBEK HE MOXKET COBEPUIUTH J1axKe HEOOJIBILYIO 1 KOPOTKYIO
[0 BpEMEHU IPOTYJIKY B «IOAJIMHHOE» 4-MepHOe mpocTpaHcTBo. Bep-
HYBUIUCH W3 TAKOW HPOryJIKu, 3TOT OemHdAra MOr C yxKacom obHaApy-
KUTb, YTO CEPALE y HEro Tenepb HAXOAUTCA He C JIEBO’, a C IPaBO’ CTO-
poHBI (K eMy, KpOMe TOr0, IPUAETCA IPUMUAPHUTHCA C TeM (haKTOM, 9TO
OH Teneps JieBla (xors panee on um He 6bw1)). Tak 4o ¢ 4-MepHbIM
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OPOCTPAHCTBOM nryTku mjioxu. Ho u B 3-mepHOM npocrpancrse (Ka-
3aJ10Ch ObI, TAK XOPOIIO HAM 3HAKOMOM) TOIIOJIOTUS CyMeJsa OOHApy-
KUTh Pl COBEPIUIEHHO cHOrcurmbaresibHbix (hakros. [Ipucrynum xe
K €€ u3ydueHnio (KOHETHO, Ha ODIEONUCATEIHbHOM YPOBHE, HE JOCTHUIAI
CTONPOLEHTHOM CTPOrOCTH U3JIOKEHUH ).

Homycrum, y Bac ectb rmobyc, mwim pyTOOIbHBIN MaAd, mim apOys.
O10 00BEKTHI 1O CyTH pasHbie, a 10 ¢opme onu oaumuakosbie. Kak
FOBOPUTCH Ha KXKUTEUCKOM fA3bIKe, 3TO Tesa B «dopme mapay. Omaa-
KO C TOYKHM 3pEHHusi TOnoJioruu apbys pes3sko oryimdaerca or rjiodbyca
u o1 dyrdOJBHOrO MaYa: apdy3 BHYTPHU 3AIOJIHEH BEHIECTBOM, 4 TJIO-
Oyc u Ma49 BHyTpHU mycrbie. Pa3yMHO cYuTaTh, 9YTO TOJMIMHA KAPTOH-
HO# moBepxHOCTH 1JI0OyCa M TOJINUHA ODOJIOYKU MAYd, UMEIOT HyJle-
Byto ToJinuuy. Torma riaobyc u Mad ABJIAIOTCA ABYMEPHBIMU OObeEk-
Tamu, a apby3 — rpexmepubiM. HO MOXKHO MBICJIEHHO PACCMATPUBATDH
[IOBEPXHOCTH apOy3a — MOJIyIUTCH «IBYMEPHBIA 00bEKT, OrpAHUINBA-
fomnit nCXOMubI TPExMepHbI apOy3». Huxke Oyimem roBopurb mpocTo
0 HOBEPXHOCTHU miapa (HEBaXKHO, KAKOro aumamerpa). domycrum, 9ro
maa umeer guamverp 20 cm, noBepxHOCTh apbysza — mmamerp 50 cwm,
a iobyc — 200 cm. g jyduiero nIOHMMAHUA, YTO TAKOE TOMOJIOTHUS,
paccMmorpuM Takxke Kybuk co croponoit 20 cm, ckJieeHHbll n3 Oyma-
'Y, ¥ TAKUX XK€ Pa3MePOB KyOuK, C/IeJIaHHbI U3 KyCOYKOB IIPOBOJIOKH,
ULy nux BIOJib pébep Kyba. Vtoro y nac numeercs narb 00bekToB. C 06-
IICKUTEHCKOM TOYKM 3PCHUA UX MOXKHO Pa3le/UATh HA JBE IPYyIIIbl —
«Kpyribie» (3 wr.) u «ky6oobpasubie» (2 mr.) C TOUYKHU 3peHus desioBe-
K&, IPUBBIKLIEIO BCE U3MEPATH CAHTUMETPOM (HAIPUMED, IIOPTHOIO),
X HAJIO PA3NEJIUTh HA J(BE IPYIIIBI [0 IPYTroMY IPUHIUILY: KIpPeqMe-
ThI ¢ pazmepamu nopaaka 20 cm» (3 wr.) u «6osiee KpynHbe npeame-
Th» (2 mWT.) A ¢ TOUKH 3PEHUsA MATEMATHKA-TOIOJIOTA, 30eCh UMEIOT-
¢ yerbipe aOCOJIFOTHO OOMHAKOBBIX IPEIMETa U OIUH OCODEHHBIH
(a mmenuo, mpoBoJiounslii Ky6). VI Tomosior maxe mact obocHOBaHUE,
no4YeMy OH TaK CHUTACT: IIEPBbIC Y€TbhIPE O6'beKTa ABJIAIOTCA OBYMED-
HBIMH, & TOCJIeqHni 00beKT — omHOMepHbI. Takum 00pa3oM, TOImOI0-
I'Ud HE TOJIBKO HE BUIUT PA3HUIIBI MEXK Y MOBEPXHOCTHIO HIAPA, JUAME-
pa 20, 50 mau 200 cM, 1o u He sudum PasHUYbL MedHcdy NOBEPTHOCTILIO
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Kyba u noseprrocmovio wapa! Ntak, ronosor HajieBaer Ha ceda «BOJI-
mebHbIe 0YKW», KOTOPBIE HE TO3BOJISIOT ONPEIeSIUTh HU pa3sMephl, HA
dopmy npenmeroB. Uro ke OH TOrHa Yepes HUX MOXKET PA3IJIAAETH!
On cymeem pasessdemo camoe eayburHoe OMAUYUE NPeJcMasaeHHbIT
emy npedmemos dpye om dpyza, ux, Mak Cra3ams, xoncmpyxyuro. Ha-
npuMep, 100aBUM K 3TUM IIATH IpeaMeTaM eiié u 0yO/uK ¢ BHENIHAM
muamerpom 20 cm, u OyjieM mHTEpecoBaThCs He camum 0yOJsimkom, 3a-
MOJTHEHHBIM TECTOM, & TOJIBKO €ro IMOBEPXHOCTHIO. A Takxke mobaBAM
0OBIKHOBEHHOE KOJIbIO U3 1PoBOJIoKK (amamerpom 1 cm). Uro craxer
rorga Tomosior? «C TOYKHW 3peHmsi pasMEepHOCTH 37eCh WMEeTCd IBa,
Tua 00bEKTOB: AByMEpHbIe 1 ogHoMepHbie. Ho moBepxnocTs 6yOimKa
PE3KO, IPUHIUANMAJIBHO OTJIMIAETCH OT HOBEPXHOCTH mapa. TOUHO Tak
e TPOBOJIOYHBIR KYyOMK PE3KO OTIIMIAEeTCA OT KOJIbIA W3 IMPOBOJIO-
ku. VITak, 3/1€Ch NPEICTABJIEHB Y€THIPE PA3JIMIHBIX TOMOJIOIMIECKUX
THUIIA: TOBEPXHOCTH mapa (4 mpenmMera), HOBEPXHOCTH OyOiuKa, OKpy K-
HOCTb, [IPOBOJIOYHBIA KyOUK».

Bpeska 1. Ynpaocnenue das caywameneti (neobasamenvroe; Ho
OmeeM NONEZHO NPOUECTND)

Bo Bpemena dammcrckoit I'epmanum B Helt nponperasiu ydEHbie-
urapJsiaradbl. OIUH U3 HUX HA MIOJIHOM CEpPbE3e YTBEPKIAJ, UTO BCE
KOCMMYECKOE IIPOCTPAHCTBO BOKPYT 3eMJIM 3al0JIHEHO. . . JibaoM. (To
€CTb, IYTO MEYTaTh O KOCMHUYECKUX HoJéTax Geccmbicaenno). Hy, mo-
IyCTHM, 3TO TaK M ecThb. XM. PaccmMoTpum Torma Tpu OObBEKTa: IO-
BEPXHOCTh 3€MJIM, BHYTPEHHOCTh 3€MJIM U HAPYXKHAs YaCTh 3eMJIH,
CcOCTOAIALA, XM, U30 Jibjia. Kax Ha3bIBAIOTCA 3TU O0OBHEKTHI HA A3BIKE
ronosiorun? OQUHAKOBBI JIX C TOYKYU 3PEHUA TOMOJIOIMH BTOPO# 1 Tpe-
Tt 06bexT?

OTBET. 1 wacmws omeema. 1lepBblit 06 beKT: IByMepHbI, TUIA Ce-
pbl. He numeer rpaHUYIHBIX TOYEK.

Bropoit obbekT: 3-mepubiit, Tuna mapa. Ero rpanudnbie To9Ku —
BCE TOYKU [MOBEPXHOCTU 3EMJIH.

Tperuit 06bexT: 3-MepHBI, TUIA IAPOBOTO CJiod. I'panudmbie TO4-
KA — BCE TOUYKH [TOBEPXHOCTHA 3EMJIH.
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2 wacmb omeema. Bropoit u rperuii Trm TOOJIOrMYECKr PA3JIUIHbI,
TaK KakK IapOBOii CJI0# CYyIEeCTBEHHO OTIIMIAETCA OT Iapa. I'pannaabie
TOYKM y HUX, T€M HE MeHee, OTUHAKOBBI.

3 wacmo omeema. He ciienyer rooputh, 94ro Tperuii o0bekT «bec-
KOHEYIHBI IO pa3MepaM>», TaK KaK B TOIIOJIOT'MW HEBA2KHO, KAaKOBbI
pasmepbl 00bekToB. Hanpumep, eciin B34Th OBEPXHOCTD C(HEPHI U BbI-
KMHYTb U3 He€¢ ONHY-eJUHCTBEHHYIO TOYKY, TO IO KWUTEeHCKUM IIpemd-
CTABJIEHUSIM 3TOT O0BEKT «KOHEYHbIA 110 pazMepams», B TO BpeMs KaK
IIOCKOCTDh «Oeckoneuna». [lo mpaBusiaMm ke TOMOJIOMrUIECKOTO UCCJIE-
JloBaHusA, cepa ¢ «BBIKOJIOTOW» TOYKON UMEET TOT XKe TOHOJIOrrYe-
CKWI TUII, YTO U IIJIOCKOCTb.

Bosbmem m u302HEM, U30OMHEM, pacmsHem TTOBEPXHOCTH MIapa, HO
HUTIE HE NOPEeM, U He CKACUM HAKAKUE ABe TOUKH B OIHY. MBI MOXKEM
u3 Heé TakuM 00pPA30M NOJIyuuTh, HApUMep, Kyb (T0 ecTh, ecrecTBen-
HO, He caM Ky0, a ero moBepxXHOCTb). UTOOBI HOHATH, KAK HTO [IeJIa-
€TCd, HOKaAXKEM, KaK U3 Kpyra, U3roToBJICHHOI'O U3 PE3UHbI, IIOJIy1IUTDH
kBaapar (pa3Mepbl KBajapara HeBaxHbI). g 9T0ro Ham0 B 4eThIPEX
PABHOYIAJIEHHBIX MECTaX TPAHUILI KPYyra MOTAHYTb HAPYKY PE3HUHO-
BbIM CJIO#, OKA OH He mpumer hopMy KBajpara. B 4acTHOCTH, TOYKHU
CPAHUIBI KPYTa MPEBPATUJINCH B TOUYKH IIEPUMETPA KBAIPATA.

MoXHO MHOrO 49ero CieJiaTh U3 PE3MHOBON KaMepbl CIyToro ¢hyr-
6osibHOrO Msida. Ho ecTb unmyuyus, KOTOpas MOACKA3bIBAET, ITO aB-
TOMOOMJIbHYTO (MJIM BEJIOCHIIEIHY0) KaMepy u3 Kamepbl (hbyT60IbHOrO
MAYA CIeJarTh OyJIeT 3aTPYAHUTESIbHO, JIAXKe UCIOJIb3ys Te IUPOKUE
BO3MOXKHOCTH, KOTOpbIe IPEeHoCTaBJIgeT HaM Tomojorus. Ky0, asim-
ncoust (TO €CTh CxKarad MOBEPXHOCTH Cdepsl), A0J10K0, apby3 — mo-
KaJsryiicta, a Bor OyOJsiMK u3 mapa He COeJiaellb, He IIOPBaB ero, Jimbo
HE CKJIEUB MeX 1y coDoit HeKoTopbie To9ku. COryiaCHO CKa3aHHOMY Bbl-
e, HaJ0 pas/IMdarh [IBe pasHble 3amadn: 1) M3 zanoanennozo wapa
cdeaamv 3anoanennvili 6yoaur u 2) M3z noseprrocmu wapa cdesams
noseprrocmo 6ybaura. llepBasa 3agada penieHa B MOANMKUCH K puc. 26.

W Diinep 3amascsa BOIPOCOM, a MOXKHO JIK 9TO YTBEPKIECHHUE 0K~
3arb? Bpoge Obl MHTYUTUBHO OHO COBEPIIEHHO NOHATHO. HO Maremaru-
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Puc. 26. CneBa — mapoBoii KyCOK TecTa, cupaBa — Oy0Juk u3 tecra. lle-
Kapb B3sJI JIEBBIIl KyCOK TECTa, PACKATAJI €r0 TaK, YTOOBbI U3 HETO IOJIYIHI-
Csa y,[LHHHéHHbIﬁ OTUJIAHID (B TOIOJIOTUH 3aI0JTHEHHBINI OUJINHOP HEOTJIMYUM
OT 3aII0JIHEHHOIO LIAPA), COPHYJI €r0 M CJIelUsl KOHILbL 9TOr0 uujuuapa. Bor

u nostyuaunsica us mapa 6y6suk. .. Cron-cron. Cremisars (TO eCTh CKJIEMBaTh

rouku) Hesib3s! Tun obbexra u3MEeHuIICs.

Ka CTAaBUT 33JJa49U IIEPEBECTU OYCBUIHOE HA A3BIK CTPOrO HOKA3aHHO-
ro. Benp ecsin Mbl OTKpOEM HMUBHIA3ANMIO, KOTOPAS, HAIIPUMED, XKUBET
Ha, [JIOCKOCTH, Ui ee XKuTeJsiel OyneT He 04eBuIeH PACCMATPUBAEMbIi
namu dakrt (cM. Bpesky 2). A ¢ mOMOUIBI0O MATEMATUKYU Mbl CMOXKEM
[epenarh UM copepxkanue reopemMbl. K yemy g KJI0HO?

Bpeska 2. 9HHIITEHH — O TOMOJIOTHH.

Opnaxapl A. DiHIITEHA TOIPOCAIM COBCEM KPATKO, HA IIOHATHOM
J_[IO6OMy A3bIKE, TOACHUTHb, B 9eM COCTOUT CyTb CIOEJIaHHbIX UM OTKDPbI-
tmit. OH OTBETUJI: BCE MBI, JIIOIM, CJOBHO MAJICHHKHE XKYy9KH C 3aBdA-
3aHHbIMU IJIA3aMHM, ITOJI3AI0IUE 110 IIOBEPXHOCTHU 6OJIbHIOI‘O MdAd4Ya U BO-
obpazkaliompye, 9T0 IBATAEMCH II0 IJIOCKOCTH. S1 XKe IepBhIi MOHA, ITO
MUD, B KOTOPOM s XKUBY, UCKPUGAEH. Ho moka HE COBCEM NOHATHO, KK
uMeHHO OoH uCKpuBi€H. (To ecTh, «mo-HAYIHOMY», KAKOB TOIIOJIOTHIE-
CKMii THII KOCMOCA).

A Bor k uemy. Heckosibko Jrer Hasaj maremaruk [. Ilepesibman
YCTAHOBUJI IOXOXK UM (DAKT, HO TOJIBKO B IPOCTPAHCTBE DOJIBUIUX U3ME-
pennii. PakT po GUrypbl B 4€THIPEXMEPHOM MIPOCTPAHCTBE, KOTOPHIE
npencTaBiigior coboit kak Obl MCKPUBJIEHHOE TPEXMEPHOE IIPOCTPAH-
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crB0. Mbl KUBEM B TPEXMEPHOM IIPOCTPAHCTBE, Mbl Y€TBEPTOIO M3Me-
peHusa He BUOUM U HE dyBCTByeM. MbI MOXEM TOJIBKO pacCyXk/IaTb,
4TO YeTBEPTOE M3MEPEHUE — 5TO BpeMsd, HO 00bATh 9TO BCE B30POM
ne moxeMm. [losromy MbI HE MOXKEM TrOBOpUTH TaK CIOKOHHO u ybe-
XKJIEHHO, 9TO CHEJATh W3 MIapa TOP B HPOCTPAHCTBE OOJIBIIAX U3Me-
penuit Hesb3a. (Benp B 4-MepHOM HPOCTPAHCTBE, KaK YKA3bIBAJIOCH
Boime, MO2KHO, He nHapyuias npaBuj TOHOJIOIUU, IPEBPATUTH HE3A-
METHBIM 00Pa30M Y€eJIOBEKA C CEpP/IIEM, PACIIOJIOXKEHHBIM CJIEBa, B Ue-
JIOBEKA C CEPILEM, PACIIOJIOKEHHBIM CIPABA).

Hawm myxeH g3bIK, HA KOTOPOM 3TO MOXHO J0Ka3aTh. VI BOT 114 TO-
ro, ITOOBI 9TO MOKHO OBLIO HOKA3BIBATD, [IJIA TOIO ITOOLI Iepe3 MHOTO
ser [lepesbman cmor pokasarb «runoresy Ilyankapes» (mocse Toro
KakK ee J0Ka3aJid, OHA BMecTO rumnoTesnl [lyankape crasa Ha3bIBATHCA
reopemoii [Tepesibmana wim Ilyankape-Ilepesbmana), Diisiep nauas
6ouib1Ioit yTh. OH IEPEBEJT TO, YTO MBI C BAMU CUMTAEM OYEBUITHBIM,
B TOYHOE, KeJIe300eTOHHOE MaTeMaTuIecKoe paccyxkienue. Kak xe on
a1o cuesnasi! OH HAPUCOBAJ Ha MOBEPXHOCTH LIapa, Ma4a, ap0y3a, IJ10-
Oyca, J11060ro Kpyryioro oobexTa HeKOTOpyio Kapry. Nabivu cjoBamu,
HEKWil UCKPUBJIEHHBIH MHOTOrpanuuk (puc. 27).

Puc. 27. Hayasio 60JIbIIOrO Iy TH B TOIOJIOTHUIO.

C TOYKHM 3peHHsA TOMOJIOTHH, JIIOOOW MHOTOIPAHHHK — 3TO TOXKE
map. Terpasmp — 310 map, kyd — 210 mwap, oKTadziap, Jodok na-
paJsutestenuiies; — 310 Bcé mapsl. Ho mo pabor Ditsiepa enié we 66110
«TOUYKH 3PEHUs TOIMOJIOIMUS>, TAK KaK He ObLJIO0 U CAMOU TOMOJIOIUH.

Diistlep «IyBCTBOBAJI», UTO BCE 3TH OOBLEKTHI odunarosvie. B 1ém
uMenHo? I kak »T0 00bACHUTH OCTAJIbBHBIM Ji0aaM? B ocobennocru
€ro MHTEPEeCOBaJl BOIPOC: KAK JIOKA3ATh, YTO MOBEPXHOCTH MAPa, IO-
BEPXHOCTDH OyOJIMKa, MOBEPXHOCTHh KpeHIeds weodunakosve? B orBer
Ha nepBblil Bonpoc nosxe Buéc acuoctb Aupu [Tyankape (nmocsae ro-
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ro, kak Ortocr Komu BHEC HO/DKHYIO SCHOCTH B BOIPOC, UTO TAKOE
«HemnpepbiBHag Qynkuas). Onaako Jitnep cpasy obparusica KO BTO-
poii 3anade (0 J0KA3ATEBCTBE HEOIMHAKOBOCTH JIBYX HOBEPXHOCTE),
u OJtecTsIe pemmn eé.

Diiiep cuestad cienytonee. OH HAHEC HA MOBEPXHOCTH IIAPA MHO-
TOrPAHHUK — KAPTUHOYKY «CTPAH®», IPUIEM CTpaAHbI HEODA3ATEIHHO
rpeyrosibabie, puc. 28. (Ecsm roBopurh 0 «CTpanax», TO HAJI0 IOMHUTD,
9TO PACCMATPUBACTCH «3EMHOM IIap», He COoIepXKamii Mopeil u okea-

@\q;

Puc. 28. A Bbl He npoboBaJ/iu XKUTh HA «3EMHOM LIape» B (popMe OrpOMHOIO

HOB).

OyOsmmka? A samerusn Obl KUTEJIM, YTO DTO HE LIAP, ecju Obl HEDO Bcerna

OBLJIO 3aKPBHITO OECIIPOCBETHBIMU TYYaMU !

['maBHOe, 4TOOBI KaxKmasi CTpaHa ObLIa MPOCTBIM ILJIOCKUM OObEK-
TOM, O€e3 IBIPOYeK, — KaK KPyr miim KBaapar. V masee oH cresast To
XKe caMmoe C BeJlocunenHoir kamepoii. Hanéc takoit MHOTOrpaHHUK, KO-
TOPBIA ABIAETCHA KAK Obl «OCTOBOM®» KAaPETHOrO KOJIECA, (MAIIMHHBIX
KOJIEC B 9T0 Bpems emé e 6bw10!). [Ipm aTOM BOBCe He 06sA3aTENIBHO,
9TO0OBI KOJIMYECTBO W BUJL IPAHEN, 8 TaKXKe KOJIMIECTBO BEPINUH U PE-
6ep TOro MHOTOTPAHHUKA, [IJId MAPA U /19 KOJIeca ObLJIX OOUHAKOBEI.
BOJIee TOro, OHM M HE MOryT 6bITb OAVHAKOBbBIMN (KaK Mbl yBUJUM
HITKE).

A IOTOM CTaJl CHUTATH y 9TUX MHOI'OIPDAHHUKOB 3ﬁﬂepOBy Xapak-
TepucTuky: Beanauay B — P + I,

YHucsio Bepuina MunycC 9ucsio pédep mitoc umucso rpaneit. Kax Obi
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Mbl HU MsJIM U HU U3THOAJIM LIAp, HALIU I'PAHU — CTPAHBI» OT 9TO-
ro #e meagorcd. (Ho, koneuHo, HesIb3d TaK CMATH CTPAHY, ITOOBI OHA
BCH IPEBPATUJIACH B OTPE30K. TAKOro j1axe BO BpeMs HAIIOJIEOHOBCKUX
BoOitH He mpomcxomuao! A ecaum TOBOPUTH CepbE3HO, TO OTPE30K — Ofl-
HOMEDHBI 00bEKT, a cTpana — aBymepHbiit). To ectb BepuuHb OCTA-
I0TCA BeplImHaMu, pébpa — pébpamu, a rpand, KakuMmu Obuim (Ha-
UpUMEpP, U30THYTHIM HATHYTOJIBHUKOM UJIM TPEYTOJbHUKOM), TAKUMU
u octayich. A snaqurt, Besimanna B — P + 1" we menserca. Teneps cun-
TAEM 9Ty BEJMYMHY Ha KoJiece (110 HAayKe NOBEPXHOCTb KoJjeca (uiu
6ybsuka) naspiBaerca ciaoBoM «TOP». A Top, 3amosnennbiii BHYTpH,
Ha3BIBAETCA «IOJIHOTOpUit». [loBepxHOCTD XKe mapa HAa3bIBAETCH, KaK
u3BecTHO, «cdepoit»). U ecau cdepa moxer nepeiitu B TOp, TO KAPTUH-
Ka Ha uape mnepeiiger B KapTuHKY Ha KoJiece. Vl, sHaquT, ux sitjepoBa
XapPaKTEePUCTHUKA, JIOJDKHA, ObITh OIIMHAKOBA.,.

Iokaxem, OIHAKO, 9TO Yy JII000# (buryphl, HAPUCOBAHHON HA KOJIECE,
sitlyiepoBa xapakTepuctuka pasua (0, a y Jioboit dpurypsl Ha mape —
pasHa, 2.

Caymaress: A ecsiu Obl TIOJIy9UJIaCh OHA U T4, XKe 1udpa, 10 9ro?

A.C.: MbI He cMmorymm Obl Cliesarb U3 9TOr0 HUKAKOIO BbIBOAA. Mbl
Obl HE CMOIJIU CHEJIATH BBIBOM, YTO OHU OOUHAKOBBIE, HO HE CMOIJIU ObI
cHeJIaTh W BBIBOIL, 94TO OHU pasubie. HO Benp ecrb U Apyrue momaxosbl,
kpome dopmysibl itiepa. g 6osiee CI0KHBIX CJLyIaEeB.

Caymaredssb: [lonsarno.

Ciaymiaresnnb: A Kak B3aMMOCBA3aHbI KAPTUHKY HA, TOpe U Imape?

A.C.: To ecrb, KaK UMEHHO OHU APYT C Apyrom coorHocarca?! Hu-
kak. Kaxasa us KapTuHOK, HE3aBUCUMO JIPYT OT JApyra, ABJIAETCI KaK
OBl «CeThIO», HADPOMEHHO! HA, TAHHY IO HOBEPXHOCTD. ITY CETh IIPH Ke-
JIAHUYM MOXKHO CHEJIATh COCTOAIIER U3 TPEyroJibHbIX d4deek. Torma oHa
HA3bIBAETCHA «TPUAHTYJIAIUENH TTOBEPXHOCTUS.

Caymaresnb: A He MOXeT ObITh TAKOrO, 4TO OyIer TO XKe camoe
KOJIMYECTBO BepinuH, pébep u rpameil, HO npu TOM KapTUHKA Oymer
npyras?

A.C.: Cmorps, 9TO MOHUMATDH MO CJOBOM <«apyrasy. OHa MoxKer,
0e3yCJIOBHO, HEMHOI'O MHAYE BBINJIAAETH: PEOpPA MOryT ObITH IJIMHHEE
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wiau kopoue. Ho mue mocrarouno Toro, 4robbl MMeJIOCh TO K€ CaMoe
KOJIMIECTBO BepInuH, pébep u rpaHeil. A mpu m3rumbax, pacTaKEHUIX
n CKaTudx IMOBEPXHOCTHU 9TO 6y,ILeT NMEHHO TaK.

Caymarens: A. ..

A.C.: Urak, ecji1 Bbl IOBEPUJIH, YTO HE M3MEHUTCA HU KOJIMIECTBO
BEPIIUH, HA KOJUYIECTBO pEOEp, HU KOJIMYECTBO rpaHeil, BCE ocTaJsib-
HOE JIOKAXKY, COBEPIIEHHO CTPOro. $ MpoIeMOHCTPUPYIO, YTO BEJIUINHA,
B — P+ 1 na wape u Ha TOpe pasHad: HA aBTOMOOMJILHOI KaMmepe OHA
pasua 0, na cdpepe — pasha, 2.

Caymaresb: A ecii HPemioIOKUTh, YTO IbIPKA, Yy TOPA UMEeT
IOk HOJib. [lo-pexxHemy aucso diepa — 07

A.C.: A 910 3HAYUT IJIOUAJIb JBIPKU» ! DTO 3HAYUT, 4TO OyOIUMK
CXOIIUTCH B O[HOU TOYKE — B CEpEnuHKe?!

Caymarens: [la.

A .C.: Her, sitniepoB unnekc B—P+1' 6yner npyroit. @urypa, KoTo-
pad moJjiydnTcCd, HE yCTPOEHA KaK O6bILIHaﬂ IJIOCKOCTb B OKPECTHOCTHU
J11060i#1 cBO€li TOUKM, HOTOMY UTO B OKPECTHOCTH CEPEIUHKHY, TJIE IbIPKa,
CXOIIUTCHA C PA3HBIX CTOPOH, OHA yCTPOEHA OYE€Hb CJIOKHO.

Yro6bl MOHATH 9TO, PACCMOTPUM CeYeHME TOPa (C 3aKJIEEHHOM Jibl-
poii) BepTUKAJIBHON IJIOCKOCTHIO, IPOXOAANICH B CTOPOHE OT TOUKH 3a-
KJIEK¥W, a TakKXKe IJIOCKOCTBIO, IIPOXOAAIIEi depe3 TOYKY 3aKJICHKH.
PaCCMOTpHM JABE€ 3aMKHYTbBIC KPDUBbIEC, IIOJIyYUBHINECA B CCHYCHUAX.

[lepBasg kpuBasi yCTPOEHA KAK OKPYkKHOCThb, OKPECTHOCTBH JIFOOOM
€e TOYKM — IPOCTO WHTEPBAJI, & BTOpad KpHUBasg YCTPOEHA HHAYE
(puc. 29). IToromy 4t0 B s11060H MUKPOCKOL OKPECTHOCTH TOYKH II€-
peceveHusa BUAUTCA KaK KPECT, a He Kak orpe3ok. To xe camoe ¢ To-
poM — ¢ aBroMOOMJIbHOM Kamepoit. C Touky 3peHus TapakaHa, KOTO-
pBIil 0 Heil mosI3aer, 5TO TPOCTO ILIOCKOCTD (eCsu, KOHEYHO, ABIPKA
B TOpe He Oblia 3akjeena). Ho u mwap ¢ TOYKM 3peHMs TAPAKAHA —
TOXE IJIOCKOCTD (BeIb OH B KaXKIblii MOMEHT BPEMEHU BUIUT TOJIHKO
MaJIEHbKUII KyCO4YeK «y cebs 1o HOCOM®», a OH mo4uTu Iiockuit. To
€CTh CMOTpHUTE, 9TO npoucxomuT. TapakaH, KOTOPbI# MOJI3aeT M0 TO-
py ¥ 1O mapy, He MOXET MOHATb, YTO TO pasHble 00beKThl. MbI Ta-
KME XK€ TApPaKaHbl, Mbl XKMBEM B TPEXMEPHOM HPOCTPAHCTBE, Mbl —
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TpEXxMepHbIE TapaKaHbl. Vbl 3HAEM, 9TO BOKPYT HAC €CTh OKPECTHOCTD.
OkpecTHOCTH — 3TO 0OBIYHOE TPEXMEPHOE ITPOCTPAHCTBO: €r0 OIpee-
JIAIOT 3 B3aMMHO MEPIEHIUKYJIAPHBIX OCu. 10 €CTh s BUXKY TPEXMEp-
HYIO OKPECTHOCTh BOKPYT ce0si, HO d He 3Hai0, KaK YCTPOEHa BCS BCe-
JIEHHAA [EJUKOM. ¢l HE MOry MMeTh TAaKOrO IPEICTaABJIEHUA. 1aK BOT:
TOIIOJIOrUs MPUOTKpPbLIA 3Ty Taiimy. ['mmoresa Ilyankape Kak pas mpo
TO, K&K YCTPOEHO HPOCTPAHCTBO, IJIe Mbl XKUBEM. Mbl BUIUM, 9TO BO-
KPYT HAC BCE TPEXMEPHO, HO MBI HE 3HAEM BHY TPH KAKOTO Poaa 00 bEeKTa
Mbl XKUBEM. T0 Jin MBI XKUBEM B OOBITHOM OECKOHEYHOM TPEXMEPHOM
IIPOCTPAHCTBE, TO JIX MBI XKMBEM HA ITIOBEPXHOCTH TPEXMEPHON, M3BUHU-
Te, cdepbl, KOTOpasi OrpaHnINBACT YeThIPEXMEpHbIN map. He moxem
MbI DTOr0 MOHATH, IIPOCTO MOCMOTPEB BOKpPyT cebsa. Bemp paguyc ta-
KOt «TpExMepHOii chepbl» MOXKET paBHATHCH, CKaxkeM, 100 MA/IJTMOHOB
CBETOBBIX JIET. A Ha TakKue PACCTOAHUA IVIa3 HOCMOTPETh HE CIIOCODEH.

I

Puc. 29. CsieBa — npocras 3aMKHyTast KpuBas (He nepecekaer cama cebst).
CrpaBa — 9TO-TO BPOIE JOPOTrH C MEPEKPECTKOM. Tomoornueckuii Tum 3Tux
JIBYX OIHOMEPHBIX OObEKTOB PA3HbIA.

Bpeska 3. Fwé odno ynpascrerue dasn caywameneti. Huorce onu-
caro cmparroe nymeuwecmeue Hexuxr xocmuveckur Mazeanarnos. Mo-
240 AU MaKoe bumb 6 Kocmoce?
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... Bce acrponombr 3emiin B 3333 roiy Haiel spbl Obiu B ri1y0o0-
koM HepoyMenuu. OJIMH U3 HUX, HAIPABJIAL CBOU TEJIECKOI B pa3HbIE
ToYKK HeDEeCHO# cdepbl, umesr npuBbaky GororpadupoBaTb HE TOJIb-
KO eé, Ho u (nepeiinga B gpyroe nosmyurapue 3emin), ¢pororpaduposarsb
TAK2KE NTUaMeTPaJIbHO MTPOTUBOIIOJIOKHY IO ei TOYKY. HaKOHI/IB n3p4dn-
HOE KOJIMYEeCTBO Takux map ¢ororpaduii, OH TPUHAJICA UX U3yIaTb.
W Bapyr — cropipus: Ha ofHOU u3 1ByX (pororpacuit mapbl oH yBUIEI
MaJIeHbKO€, HO BIIOJTHE PA3JIMIUMOE CO3BE3IINE B BUIIE NPAGUALHOZO N~
muyzoavhukra. Beauko xe ObLIO ero u3yMJjeHune, KOoriua, Ha, 1pyroi ¢o-
rorpacdun mapsi on ysumena TAKOE 2KE cossesmue, Toit ke Besimannbt
1 Tol ke aproctu! Besmko OBLITO U yIUBIEHEE BCEX OCTAJIBHBIX aCTPO-
HOMOB, KOT/Ia, OHU yCJIBIIAJIA 9TO COODmEeHne (M HEMEIJIEHHO IPOBEPH-
sz ero). U ckopo 06 3TOM y3HaJIM BCe XKUTeIu 3eMiid. Bbuio penreno
OOHOBPEMEHHO BBICJIQATH [ABE KOCMHUYCCKUX IKCIICOUIINUA (Ha npeamMmer
[IPOBEPKH, HE MOCKHLJIAIOT JIX HA 3€MJII0 CUTHAJIBI BHE3EMHDIE [[UBUJIA-
3a]_[I/II/I)Z OJHa 9KCIIeAUIA — IIPAMO B IEHTP NEPBOro NATUYIrOJIbHUKA,
BTOpad — B IEHTP AUAMETPAJbHO ITPOTUBOIOJIOKHOIO MATUYTOJIHbHU-
Ka.

Lonro JieTesii KOCMOHABTBI B TY ¥ B APYT'YIO CTOPOHY C OIMHAKOBOM’
«cybcBeToBOit» crkopocthio — mesibix 10 sier. I BCE 10 Bpemst 3a ux
pakeramu HAOJIIO/IAJIM 1y TKHUe MpubOopbl aCTPOHOMOB. BApyr B menTpe
[IEPBOIO H-YTOJILHOIO CO3Be3ausd Obla 3a]puKCUpOBaHa ApKasd BCIIBIII-
Ka HenpaBuJibHOU ¢dopmbl, u nepBad pakera NCHE3JIA. AcrpoHoMbr
pelInsii B3IJIAHYTh, BAIIHA JIM BTOpad pakera. K cBoemy yxacy, onm
yBuae/ii, 94TO pOBHO B TOT K€ MOMEHT C JUAMETPAJIBHO IIPOTUBOIIO-
JIOKHOM cTOponbI 66112, 3adukcuposana scupimka TOV 2KE ®OPMBI,
1 BTOpas PaKeTa TOXe MCIe3JIa.

MorJio sz Takoe ObITBH?

OTBET. Mozao. Ecau 65 moavko Kocmoc, 6 KOMopuli noepyarcera
3emasn, 6via He OECKOREYSHLM TPETMEPHBIM TLPOCTIPEHCIMEOM, ¢ 0YEHD
b60avwWoti, HO KoHeuwHOT MPETmepHotl cPhepoi.

Yro0bl Jiydlile HOHATH 9TO, HpENCcTaBbTe cebe, 4To Halla, 3emJid
CILJIONIb TIOKPBITA MAPOBBIM OKEaHOM, HA KOTOPOM HMeeTcs (Ha SKBa-
TOpe) TOJIbKO omuH Hebosbmoit octpoB Bpome Kpura. [ToBepxnocTsb
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9TOr0 OKeaHa, ABJIAETCHA JBYMEpHO# cdepoil, HO CBOHCTBa y HEE mo-
XOXKU HA CBOUWCTBA TpéxMepHO#l cdepbl. VI BBIIIIBLIK C 3TOr0 OCTPOBA
/1B OJJMHAKOBBIX KOpabyis (B OMH M TOT K€ MOMEHT BPEMEHHU): OJIMH
[IOIJIBLJT POBHO HA 3aI1aJI, [IPYTOil — POBHO Ha BOCTOK. llyibisin oxu 6bI-
CTPO, U IOTOMY OY€Hb CHJIBHO CTOJIKHYJIUCH (B TOUYKE, TMAMETPAJILHO
IPOTHUBOIOJIOXKHOM ocTpoBy Kput). OT CTOJIKHOBEHUSI OHU MOTJIA B30-
pBarbca. [locsie oTmibiTus IpoYre JIIOAKM CIAEOU/IN 33 HUMHA, TOCHLIAT
BCJIE]T, PAJMOBOJIHBIL (& OHU, KAK U3BECTHO, MOTYT OrubaTh MOBEPXHOCTD
Bemuin). Ha skpane panapa u Ha 3anae, u Ha BOCTOKE BCE Bpemd ObLl
BUECH KAKOH-TO CTpPAHHBIN MPABUJIBHBIA NATHYTOJIBHUAK (0OKA3aJI0Ch,
4TO 3TO — PAJUOMAAK U3 IATU HUCTOYHUKOB, IOCTPOEHHBIA KeM-TO
Ha, TPOTUBOIOJIOKHONK TOYKE MOBepXxHOCTH 3emyiu. KopabJin B30pBa-
JIUCh KaK Pa3 B [EHTPE 3TOr0 HATHYroJbHUKA. B3pbiB 6611 3adukcu-
POBaH OJIHOBPEMEHHO M 3aIIQJHBIM, 1 BOCTOYHBIM PAJIAPOM.

CBepxy u3 HaIIEro TPEXMEPHOIO MHUPA Mbl BUIUM, 9TO TOp u ce-
pa — pasubie 00bekThl. Ho riazamu gepBsi, KOTOPBIH OJI3a€T 1O JIBY-
MEpPHOIl ITOBEPXHOCTH, HTOTO HE BUIHO, BCE OIMHAKOBOE. Bompoc: kax
Ke JI0OKA3aTh 9€PBIO, YTO MOBEPXHOCTU PA3HbIE?

Homycrum, 9410 y YepBs €CTh MbIIJIEHUE, OH MOXET BOCIPUHATH Ma-
TemMaTuIeckoe paccyxaenune. Kak s mory nepemars emy 3unanue? A BOT
Kak. ¢ emy roBopio: «'I'pl MOXelllb, 9KCIEPUMEHTAJIBLHO UCII0JI3aB Ce-
Py, IIPOBEPHUTH, CKOJIBKO 3j1ech Bepmuu?» O rosopur: «Hy, KoHeuHO
Mory. ¢l mocTenenHo Bce ux 00MOJI3ai0, MOCTABIO METKY, HAULY aJro-
PUTM, KOTOPBIM 1 TOCYUTAI0 KOJIUIECTBO Bepmuuy». Torma s crupoury:
«Moxenrp jin THI MOCYUTATH KOJUIECTBO pédep?» — «Hy, xomeuno,
MOr'y» — roBopur OH. «A rpaneit?» — «Toxe mory. Her npobJjiem Hu-
Kakux. Kax/iplii pas mepexojid u3 IpaHd B I'PaHb, 3aJIMBAIO €€ BOHONA.
B cnenytommit pa3 s x meit npumy, a OHA yXKe MOKpas, 3HAYUAT, A €€
yxe nmocuurasry. [lonarHo, 410, HAXOIACH HA IBYMEPHOM IOBEPXHOCTH,
HE BBIXO/A B TPEXMEPHOE IMPOCTPAHCTBO, MOXHO IMOCYUTATH, CKOJIBKO
pebep, Bepuimn u rpaneil. Teneps, eciu a nepecaxy 4epBd HaA, TOP,
OH IOCYUTAET BEPUIMHBI, 'paH u pebpa u ybemurcd, 4TO MHAEKC Iid-
Jiepa umeer jpyroe 3nadeHue. Ha cdepe — 2, a wa tope — 0. Tyr
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A eMy U CKaxy: «Tereppb Thl [IOHUMAELIb, YTO [IOBEPXHOCTU aDCOJIIOT-
HO pa3Hble, OHM C HAIlleil TeJIoBe9eCKOi TPEXMEpPHOI TOYKW 3pEeHud
abcosttoTHO pasubie. OHK ¢ TBOEH TOYKU 3pEHUSA OJMHAKOBBIE, IOTOMY
9TO THI BUIUIND JIOKAJBHO, & C HAIEHl TPEXMEPHOW — OHU pasHBIE».
To xe camoe npoucxomuT C Halrel TPEXMEPHON BCEJEHHOU, C TOYKH
3peHrsl IeTHIPEXMEPHOTO MPOCTpPaHCTBa. Halmre mpocTpaHCTBO MOXKeT
ObiTh ycTpoeno mno-pazuomy, Ho [ Ilepesibman mokasasr teopemy, Ko-
TOpasi OTPAHUIUBAET KJIACC TOTO, 9TO HAM HYXKHO IIPOBEPATH, KOTIA
MbI BbIACHAEM, I1e )KI/IBeM

Coymarens: A kak Diljiep TpUIIég UMEHHO K 3T0# popmye?

A.C.: YecTHO roBOpsA, g HE 3HAIO, HO OH BOOOIIE ObLI reHumit. I'o-
BOPAT, 9TO y HEr0 HUKOIMA He OBLJI0O MATEMATHIECKUX OMMOOK U He-
BepHbIX yTBepxkieHuit. Jlaxke He cOBCeM 0DOCHOBAHHBIE PACCYXKJICHUSA
Ditnepa (mocsie uX OYEBUAHON KOPPEKINH) OBLIN BIOCIECICTBUM IO~
TBEPXKIeHbI. BUIMMO, OH HACTOJILKO BEPHO IyBCTBOBAJI CUTYAIMIO, KAK
OyATO BHYTPH HETO HAXOMUJIIC «6apOMeTp MpaBUIbHOCTA®, C KOTOPHIM
OH TIOCTOSIHHO CBEPSLIICS.

MaremaTuka — 310 mpo3penne. Bol uiére mo mapky, BOKPYT JUCTh
HIeJIecTdaT, 6ax — W BbI BCE IMOHSJIU. DTO HE OT BAC, 9TO KAK Obl CBEPXY
UIET.

Ceituac g Oymy J10Ka3biBarh, 4T0 HA cdepe UHIEKC Jitjiepa paBeH
2, a Ha Tope ou pasen 0, u, moxer 6bITh, BaM OyeT ACHO, KaK Jiyiep
K 9TOMY IPUIIE.

Homyctum, a yxe chopMUPOBaJI «CETh», MOKPHIBAOILYD chepy,
u «cerb» g Topa (puc. 30).

Crupaio ommo pebpo na cdepe (morom Oymy crupars pébpa u Ha TO-
pe). Uro mensiercs BOT B 910M HaleM Boipaxenuu (1o ecrb B—P+1")7

Caymaresb: Munyc oo pebpo.

Ciymaresnsb: Munyc onHa rpafb.

A.C.: Buauur, soipaxenue B — P +I' ne usmenniiocs (puc. 31).

Kakue em@ oneparuum s Mory cuesarb ¢ 9ToW KapruHkoi! Mo-
ry y6parb emé omuo pebpo (puc. 31). Ousarb HMYEro HE U3MEHUTCH.
Ho B kako#-TO MOMEHT MeHsT yHapsaT M0 pykKaMm. HekoTopbie BepmnHbI
MOI'YT CTaTh CTPAHHBIME (9TO-TO BPOJE KyCKa 3a00pa B YMCTOM 1OJIE).
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Puc. 30. HakumpiBaem «CeTb» u3 pPEOEpP U BEPIIWH HA, BEPXHIOK MOJIOBUHY
cdepbl U Ha HEOOJILIIOW KYCOK moBepxHocTu Topa. Huxuss dacrs cdepbl
MOXKeT TPAKTOBATbCS KaK OHA TMIAHTCKas IpaHb (IpaHu HE 00A3aTeIbHO
JoJKHBL Ob1Th Tpeyrosibubivu). Ocrasuuiica kycok ropa HE MOZKET cuu-
TaThCS «TPAHBIO®», TAK KAK TPAHb HE MOXKET BBINVIANETh Kak TpyOka. Hamo sty

1TpyOKy nonpasburb Ha Gosiee MeJiKue YacTu (Ha TPEyroJIbHUKU, KBAIPATUKU

uT..).

Puc. 31. YrpyuHsaeM «CTPAHbI» 33 CYET yHaJeHus y4acTKoB rpanuu. Haqu-

HaTh yJaJIeHIe MOXKHO C JIIo0Oro pebpa.

MoxeT moJyInThCA «BUCAYAA BEPIINHA» — OHA CBA3AHA C €IUH-
CTBEHHbIM DPEOpPOM (MOXKeT ObITh M HECKOJIBKO TAKMX KYCKOB, CM.

puc. 32).

Puc. 32
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HaBaiite mpeBparum BoT TaKkoe pedbpo BO 4T0-HUOYIH 9€JI0BEIECKOE
(TosbKO He B UesioBedeckoe pebpo!). Hro mira sroro Hamo caenars?

Cuaymaresnb: Boinpamurs.

A.C.: [la. YiauThb BepUIMHY U BRIIPAMUATH TpaHUILy, yOpaB HEHYXK-
HbI# «KYCOK I'PAHAIBE. ITO U3MEHUJIOCH !

Cuymaresns: Munyc Bepmusa.

Caymaresb: Munyc pebpo.

A.C.: Munyc pebpo, mOTOMYy YTO U3 ABYX COCETHUX PEOEp CTaJIo
01lHO. 3amerbre, 4YTo B Boipaxkenuu B — P + I' ousarb Huvero ne usme-
ausock. Urak, s 6yay yopomars KapTUHKY JaJiblie (CM. puc. 33).

Puc. 33. OnHa u3 cTpad SIBHO CTAJIa «AMIIEepuei»!

Yo mpoucxoout, KOroa s CHUMY eine pebpo?

IIycrs BO3HEKHET €mE OHA AHOMAJIMA TAKOrO XK€ THUld. BO3HUK-
HET BepIlrHA, U3 KOTOpOil TopuuT pebpo, u Ha JIpyroMm KOHIE pebpa
Bucur nycrad sepumHa. Ho no-upexunemy B — P 4+ I' rakoe xe, kax
Ob110 pambine. Y10 # Temepbp MOry Cresarb C 3TOi BEPUIMHOR u 3TuM
pebpom? Crepersb ux neukom. I1pu 3T0M KOJIMYECTBO U BEPIIUH, U pe-
6ep ymenbunrca Ha 1 (puc. 33). 3HaunT, BbIpaXkeHUE OUATH HE U3Me-
HUJIOCDH, 3 «CETb» Ha IIOBEPXHOCTHU CTAJIA IPOIIIE.

4 3mauuresibHO yBesimuusl rpanb, g yOpasi BCe BHyTpHU HEe, a Bbl-
paxenue He MeHAI0Ch. «(eTb» cBeslach K JBYM I'DAaHAM, OXBaTbI-
BafouuM chepy «CBEpXy U CHUBY», PA3HEJIEHHBIM 3aMKHYTOW JIOMa-
HO; B Hell KOJMYEeCTBO BEPIINH PABHO KOJUYECTBY pebep, TO ecTb
B-P+I'=I=2.

g cdepnr popmysia Ditiepa TeM caMbIM JOKA3aHA.

Bonpoc: «B kakoii curyarnuu Jioruka 3THX pPacCyXAEHuit HE MO-
xker ObITh 1poBeneHa’» Maremaruk BCerga m3ydaer, B KAKOM MeCTe
€ro paccyxjeHue He TpoiRaeT. A He mpodeT oHO, HATIPUMED, HA TOpE.
Ha rope 6epém Bepuuny u 2 pebpa (puc. 34).
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Puc. 34. Pebpo Bokpyr Oybsiuka u pedpo BOKpyr ablpku or Oybsiuka (1 onHa
BEPIIUHA).

K rakoit kaprunke (puc. 34) npuBoguTca cHumanuem pedep Jiobas
«cerb» Ha Tope. llovemy ke Hesib3d CHATH emie onHO pebpo? 3mech
4 B3bIBAIO K MHTYyUIMHU Caymaresieii. Ecsim Mbl paspexem TOp 10 3TuM
pebpam, a MOTOM pa3BepHEM, TO MOJIyInM KBaapar. UToObI Jsrydiine ce-
0Oe BCE 9TO TPENCTaBUTh, MPOMEJIAEM JAHHBIE ONEpAlnd B 0OpATHOM
MOPANIKE: BO3bMEM OOBIYHBIN KBAIpPAT W3 TMOKON PE3WHBI M W30THEM
ero Tak, ‘ITO6bI ABE€ IIPOTUBOIIOJIOZKHbBIEC CTOPOHBI KBa/dpaTa COBIIAJIA
(1 3aTeM CKJIEMM 110 COBIABIIMM CTOPOHAM).

[Mosryumstace TpyOka (nBe ocraBmmecs CTOPOHBI KBAJIpaTa, MpeBpa-
TUJIUCH TIPU 5TOM B JIBa Kojedka). Vsoruém TpybKy Takmm obpasom,
9TOObI 9TU KOJIEYKM TOXKE COBIAM (U CKJeuM ux). Bor u nosyunics
3 KBajapara Top. Ilo MecraM CKJIeeK BOCCTAHABJIMBAEM, LIE HA 3TOM
TOpE PaCHOJIOKEHBI /1Ba, pebpa U OfHAa BEepIIUHA (A3 IE€THIPEX BEpPIINH
kBaapara nojyuamitack OJJHA Bepmuna na tope).

OcTaoch MOACHATH TOJLKO ONWH BAXKHBIA BOIIPOC: TAK BCE-TAKH,
MOXKHO MJIM HeJIb3s [IPY M3YyYEeHUU TOIIOJIOIMU JeJsaTh CKJEeHKU, pas-
PBIBBI ¥ HaJIpesbl?! BbIle roBOPUIIOCH, YTO IPH HTOM MOXKET H3MEHUTh-
¢ TOIIOJIOIrMYECKUH TUI 00beKTa. SHAUUT, €CJIM Mbl XOTUM COXPAHUTD
TOMOJIOrMYECKMiA TUII 00bEeKTa, STOro JeJarh Heb3d. Ho MoxHO Ges-
60JIE3HEHHO JIeJIaTh MHOIOE JIpyroe: pacTsKeHue, CKarue, lepemMele-
HHUE, IOBOPOT OOBEKTAa, YBEJMYCHUE €ro B HECKOJIBKO pas. JTH OIle-
pauyy 03BOJIAIOT PEICTABUTh U3Yyd4aeMblil 00bEKT B CAMOM IPOCTOM
N1 IOHMMaHuA Bue. Hanpumep, KOHyC (3aII0JTHEHHBI BHY TPH) MOXK-
HO IIPEBPATUTH B HIAP.

OnHAaKO, €CJIM MBI XOTUM U3MEHUM G TOIOJOTTICCKTI TUII, TO MOXK-
HO (M J@aXxke HyXKHO) JIeJIaTh Pa3pPe3bl U CKJIEHKU. DTU ONEepPAIUU TAK
YACTO IIPUMEHAIOTCA B TOIIOJIOIMM, YTO [IaXKe HOCAT CHelUaJIbHOE Ha-
3BAHUE: «MONO0A0ZUYECKAS Tupypeus». Bosee Toro, IpakK THIECKH JIIO-
Goii MHTEpeCHbI /i U3ydeHus OOBEKT MOXKHO CKJIEUTh W3 BECbMa
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npocThix KyckoB. CKaxem, TOPUUIECKYIO MOBEPXHOCTh MOXHO IOJIY-
YATH CKJIEHKOI HECKOJIbKUX TPEYroJIbHBIX KYCKOB. A Korma CKJeika
Oyler 3aKOHYEHA, MECTA CKJIEEK DY/1yT OlPEUEJIATh HEKOTOPYIO KCETh»
Ha Tope. «CeTh», COCTaBICHHAA U3 TPEYTOJIHHUKOB (€CTECTBEHHO, KPH-
BOJIMHEWHBIX), HA3bIBAETCA <«Mmpuakeysayuels. [Ipocreiiman «cerns
Ha TOope (puc. 34) He ABJIAETCA TPUAHTYJIANUEH, TAK KAK OHA IOJIY-
Y€Ha HE U3 TPEYrOJIbHUKOB, & M3 KBaJAPAaToOB... TOYHEE, U3 OIHOI'O-
eIUHCTBEHHOrO KBajipaTa. Ho 3toit HGeme j1erko momMoub: KOrga Mbl BbI-
uie JieJiaJii ouepanuu B 00parHoM HOpdAjiKe, HaJI0 OblJIO HA MCXOIHOM
KBaJ[paTe HAPHUCOBATH [IMATOHAJb (TO €CTh BMECTO KBaIpaTa HaJiee
PacCMATPUBAIOTCA «IBA CKJICEHHBIX TPEYroJabHuKa» ). [loce nByx BbI-
MEONMMCAHHbIX CKJICEK U3 I9TOr'0 KBaJdpaTa HOJIyIUTCA TPUAHTYJIATUA
topa. OHa cocTOUT (XOTA B 9TO M TPYIAHO MOBEPUTH) W3 JABYX IDAHEi,
TPEx pebep u OHOI BEPUIMHDI (K KOTOPO’ NOJXOAAT BCE IeCTb KOHIOB
9TUX TPEX pébep!).

MoOXHO TOPEeKOMEHIOBATH CJIYIIATEISIM KYIHUTh CBEXKEACICIEHHBINH
OyOJiMK C MAaKOM, U, IPEXKJIE YEM €r0 ChbeCTb, BHUMATEJIbHO OCMOTPETH
M MOHATH, KAK UMEHHO MPOXOAT [0 €ro HOBEPXHOCTU PEOpa JIAHHOM
Tpuanryssinua. Ho cienuasimcr-romosior MoXeT NpefacTaBuTh cebe 3Ty
TPUAHTYJIALIMIO JIaXKe C 3aKPbIThIMU LyIa3amMu!

[IpoBepbre, Bo3bMHUTE JTIOOYI0 HEHYXKHYIO BEJIOCHIIETHYIO KaMepy,
paspexbTe U MHoImbITaliTech pasBepuyTh. Coxpanurca ToT PakTt, ITO
I'PaHb BbIVIAOUT KaK KBaJApaT WJIX KaK KPyTI, TO €CTb OHa, KaK I'OBOPAT
MaTEeMATUKH, MON0A02UYECKY MPpusuaibHa. OHa BBITJIAIUT MOYTH KAaK
obbranas miaockas ¢gurypa. A BoT ecsia Mbl cHAMEM pebpo (T. e. COTpEM
€ro C MOBEPXHOCTH TOPA) U IIOTOM Pa3pexkeM 110 ocTaBuieMmycs pebpy,
y HAC BOBHHKHET Hempusuasvhas durypa B Bume Koiba. (Kcrarm,
CJIOBO <<TpHBHa,JIbeIﬁ>> BOCXOOUT K CJIOBY «TPUBUYM>, TO €CThb HaYaJIb-
HBII yPOBEHb 0OPA30BAHUA B CPEIHEBEKOBLIX YHUBEPCUTETAX ).

Komneuko ma mrockoctu (puc. 35) He ABJIAETCH TOMOJOIHIECKH TPH-
BUAJIBHBIM, y HEr'O BHYTPU [bIPDKa. HOJIy‘IaeTCH, YTO HaM 3allpeuieHo
ybuparp 310 pebpo, HOTOMY YTO MbI U3MEHUM TPUBHAJIBHBLIA OObEKT
Ha HeTpHWBHAJbHBIA. MaTremarnka mpouwia JOJITUil Iy Th Opexkie, IeM
OHa CMOLJIQ O6'bHCHI/ITb, nmo4yeMy KBaJdpaT OTJIMIaCTCA OT KOJIbIa.
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Puc. 35. Pebpo, oxBarbiBatolee «IpIpKy oT Oybmka», ctépau. Bmosb ocras-

merocs pebpa paspesasu. [losyguennyio Tpyoky pasoraysau. CuiabHO yBesn-
9B PAIUYC OMHOIO U3 KOHIOB TPYOKHU U MPUKAB €€ K ILJIOCKOCTHU, IOy IAIN
n3 HEE KOJIbIIO.

Ho ecjiz Mbl iprMeM K CBEIEHUIO 9TOT Iy Th, TO CMOXKEM BOCIOJIb30-
BarbCcd ero pesysjbraramu. CMoOXeM CKa3aTh, YTO MOXHO CHUMATDH pe-
O6po Torga M TOJIBKO TOIIA, KOrma 0ObeKT, KOTOPbIA BO3HUKAET, Oymer
TOIOJIOTUYECKH TPUBHUAJIEH, TO €CThb OyIIeT MOX0X Ha KBAJPAT IO CBO-
eif Tomosiornueckoit crpykrype. VIMEeHHO 1109TOMYy # HE MMEIO [IPAaBA
cruparb Ha TOope pebpo. Bemp miaiiba coBceM He MOXO0XKa HA KBAIPAT
(naxe ecsu B3aTH MIAK0Y KBaaparHOit hopmb).

Urak, wemy pasuo B — P + ' myia mameit kapruaku? (puc. 35).
CKOJIbKO y HAC BepIuH?

Caymaremnu: Ojnna.

A.C.: I'paneit?

Caymaressb: 47

A.C.: Her, ouna rpanb. 91a ogHa M Ta ke rpadb. IlocMmorpure,
u3 JI000# TOUKY IPAHM s MOTY IIPOWTH B JIIO0YIO APYTYIO, HE [epeceKkast
pebpa. A 910 3HAYUT, YTO I'PAHb OJHA.

Ha Tope ceiivac Bcero omgua rpanb, OQHA BEPIIUHKA U JIBA pebpa.
[Tosromy B—P +1T'=0.

N Bcerna nuia Topa Oymer HOJIb.

A k wemy s mpumy Ha cdepe, KOTHA CHAMY BCE BO3MOXKHBIE pe-
6pa u Bepumubl! Kakoit o6bext mosyuaurca? (To ects Mbl HE XOTHM
OCTAHABJIMBATHCA HA CETU B BUJIE [BYX I'DAHEN, OXBATHIBAIOMUX ChepPy
CBepXy # CHEU3Y (CM. BBIIIE), a XOTUM CIOEJIATh eé emeé mpoiie). Y TBep-
KJAI0, YTO B UTOTE OCTAHETCH POCTO roJias cdepa ¢ OMHON BEPIIMHOM.
Bce pébpa 6ymyT CHATHI.

Coymaresns: U kax nosyantca nsa’?
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A.C.: Bor kak. ¥ Bac oiHa BepIIWHA, OIHA I'PAHb U HOJIb PEOEp.
1-0+1=2

[Touemy s me mory caaTbh u Touky Toxe? [Toromy aro, ecjiu g ee cHU-
My, ocTaneTcd cepa, KOTopasd TOIMOJIOTMIECKH He MT0X0XKa Ha KBAJPAT.
A Bor, ecsiu s cepy TpokoI0JI. .. HUTO mpoucxoguT ¢ Kamepon msva,
KOTOPBII TPOTKHYJIX UrosKoi? OH CoyBaeTca U MpPeBpaIaeTcs (ecsu
CUJIBHO YBEJIMYUTh MECTO IIPOKOJIA M HAJIOKUTH HA IJIOCKOCTH) B JIO-
ckyT — B miockyio ¢urypy. Cdepa omimyaercsa oT MJIOCKOTO KyCKa
TOJIBKO OfHOU TOYKOU. OUeHb XOPOIIO 9TO MOHUMAIOT I'PY3UHbL U Oy-
parsl. Onu gestaor 6oJbIIMe ITeJbMEHN XUHKAJIM UJIU [TO3BI.

Puc. 36. Cdhepa 3axara Mexily ABYMsi KPYLJIbIMU IPpasaMu ([epeiHsis, MaJiast
u 3anuss, 6osbwasn). UIx pasuessier n-yroinbuuk (B HéM, Kak ObLIO CKA3aHO
BbIlIe, n pé6ep u n Bepiun). CTpaHHO TOJIBLKO, 410 1t = 1. Kak 510 nonumars,

0bCyKIaeTcs B JIEKIIAMN,

Kak ux nesnaror? BepyT Kycok Tecra, MOIHUMAIOT 33 Kpasd, CJIeILId-
for, 1 nosydaercd cdepa. Tak 910 B TONOJOrMKA MOXKHO CKa3aTh, 9TO
cdepa oTyImIaeTcda OT Kpyra BCero ofHo# roueukoit. Orcrona u Bo3HU-
KaeT OJ[HA TOYKA W HOJIb PEOEP.

Hasaiite x ommoit Bepmmue mobasum omHo pebpo (puc. 36). Hro
u3menusioch? J1obaBuiioch 0HO pebpo u omHa rpab. 10 ecTh y HaC
OJlHa BepiiuHa, 0HO pebpo u aBe rpanu. CTpaHHO CMOTPUTCA 3aMKHY-
Toe pebpo Ha puc. 367 [lasaiite Torma nocraBuM emie OJHY BEPUIMHY
(pmc. 37).

Uraxk: 2 Bepumnsbl, 2 pebpa, 2 rpanu: 2 — 2 + 2 = 2.

He 6biBaer nByrpannukoB? [la enié oOpasoBaHHBIX IBYyMHA <IIBY-
yrosibHuKamMu» ! Xopouro. Yrob He ObLI0 COMHeHul, 100aBuM elie 1Be
Bepmimbku. [Tosryanrca kBagpar Ha cdepe, 1o ectb n = 4.

4 sepwunnt, 4 pebpa, 2 epanu: 4 —4 4+ 2 = 2. Ynopro nosyuaemcs
3HaUEHUE «2.
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Puc. 37. Cayuait n = 2 (Ha30BEM 3TO «IIBa JBYYTOJIbHUKA).

MoxHO OCTAHOBUTHCA B JIIOOOH MOMEHT, MOCYATATH KOJIUIECTBO
BepuruH, pédep u rpaneit. Ho BbI 0J/KHBI HOHUMATH, 9TO BCETIA MOXKHO
[IPUBECTU K CATYallud, B KOTOPO# ocTanercda omHa BepinuHa. [loaTomy
y J000#t KapTuHKu HA cepe PUIepoBa XapAKTEPUCTUKA, PABHA JBYM,
b0 3Ty KAPTUHKY MOXKHO CBECTU K IIPOCTEUNIEMY CJIydai0 «O/IHA BEp-
UIMHA, OIHA I'PAHb, HYJIb PEOEP>.

Mpr mostywaem mporuBopeune. Ha Tope Bcerma mosb, a ma cdepe
jaBa. 2 e paao (. 3HAYUT, HTO PA3HBIE TOMOJIOTUIECKUE (DUTYDBI, UTO,
BIIpOYEM, KaXKJIblil n3 Bac u Tak 3uaJl. Ho Bompoc ne B ToM, 4T06bI 10-
Kazarb 0YeBHIHBIA BAKT, & B TOM, 4TOObI HAPADOTATH A3BIK, KOTOPHIH
[IOMOXeT HaM 3T0T (HaKT 3aMETUTh B APYIUX IPOCTPAHCTBaX. B dact-
HOCTH, B IPOCTPAHCTBE OOJIBIIEr0 4MCJIa u3MepeHuit. A B GoJibieM
9HCJIe U3MEPEHUH BEPHO B TOYHOCTH TO XK€ CAMOE, TOJIbKO IMOABIAETCA
TO, YTO HA3BIBAETCH «TPEXMepHbIE rpanu». U mosrydaercs ciemnyomee
BBIpaXKEHUE:

B-P+T'-T.

3nech T — kosmmuecTBO TpExMepHbIX rpaHeit. Tak BbiyIgauT HjI€epo-
Ba XapaKTEPUCTUKA JJIf YeThIPEXMEPHOIO IPOCTPAHCTBA, B KOTOPOM
JIEXKUT TPEXMEPHBI 00bekT. B obmiem caydae y popMyJIbl TOT XK€ BUI,
B—P+T —-T+ ... u tak gajiee, B n-MEPHOM ITPOCTPAHCTBE, KOTO-
pO€e HOBOJILHO CJIOXKHO HPENCTABUTH. HKCIU M3yduTh, 9TO ITPOUCKXOMUT
[IpU CTUPAHUM BepUIMHbI, pebpa, rpanu, TpexMepHoii rpanu, Oymer 00-
HapyXKWUBATHCHA, 9TO 3HAUYEHME HAIIErO BhIPAXKEHUEe He u3MeHuTcd. Bor
OCHOBBIBASACH Ha, IPUMEPHO TAKUX BELaX, HO ropas3iio 06oJiee CJA0XKHBIX,
ObL1a yCcTaHOBJIEHA, CIIPABEIIUBOCTD rurnoTesbl [lyankape.

B 2002 romy, xorma noxasasu runoresy [lyankape, razera «/3se-
crugy» Hamedarasa o Heit crarpio. [lomaurca, 8 CCCP 6b110 2 ocHos-
mbix raserhl: «IIpaBma» m «UsBectusas. VI Bce 3HaAMM, pas HAMUCAHO
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B razere «/3Bectus», 3uaant dakr. Ho B 2002 romy «UssBectus» or-
CTYNIHUJIA OT DTOr0 3aMeYaTeJbHOTO IPABUJIA, HAIIMCAB MaTeMaTude-
ckyto (opmysupoBky runoresnl [lyankape B TakOM BuE, B KOTOPOM
oHa #BJAga coboit mosHyio uymib. OHU HE Yy/IOCYXKUJIUCH [TO3BOHUTD
MaTEeMATHKy ¥ O9€Hb CUJIBHO OMO30PUJIACD.

A rtemepnr — obemmanHOe B MEPBOW JIGKIUH JTOKA3ATEHCTBO TOTO,
q10 B (pyTOOSIBHOM Mside POBHO 12 HMATHYTOJIbHBIX JIOCKYTKOB.

Pucyem na cdepe kapruny dyrbosbaoro maga. OH 10/KEH coCTo-
ATH U3 HIECTUYTOJIbHBIX U NATUYTOJIbHBIX JIOCKYTKOB. B JIIO60ﬁ Bepuiun-
HE JIOJDKHBI CXOMUTHhCA POBHO 3 pebpa. B ocrasibHoM oH MoXkeT ObITH
COBEPUIEHHO ITPOU3BOJIbHBIM.

Hasaiire 0603Ha4YMM 32 T — YKUCJIO LIECTUYIOJIBHUKOB, 3a Y — 4YM-
CJIO HATUYTOJIbHUKOB.

CxOJIbKO TOra I'PaHEl, y HAIEro MHOTOTPAHHUKA, HAPUCOBAHHOTO
Ha cdepe, T0 ecTb HA PyTOOIHLHOM MATIE.

Caymarens: ['paneii?

A.C.: Ia.

Caymarens: z + y.

A.C.: IlpaBusibHo. POBHO CTOJIBKO, CKOJIBKO B CyMME KOJIMYECTB
mecCTu- U NATUuYIroJIbHUKOB.

I'=z+vy

(I' — koumuecTBo rpaneit).

Yemy paBHO KOJIMYECTBO BEPUIMH U YEMY PABHO KOJIMIECTBO pEbep?
[Tocuanraem HamBaO. CKOJIBKO BEPIIUH Y IMECTAYTOJIHHUKAT

Caymarenu: 6.

A.C.: 6. Bcero z mectnyroJbHUKOB. 3HAYUT, Y BCEX IMECTUYTOJIb-
HUKOB BEPIIUH. . .

Caymarens: 6.

A.C.: A y natuyroabauKkoB?

Caymarens: 5y.

A.C.: Buauur, mumem 6z + Sy, HO PTO HE COBCEM TO, YTO HAMIO.
Obosnaunm mostomy He «B», a «M>»

M = 6z + 5y.
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A.C.: Tlouemy 10 HE TO, YTO HAIO?!

Coaymaresnu: [loroMmy 9T0O BEpHIMHBI COBIAIAIOT.

A.C.: Ecjiu mbI paspexem Ma4d HA JIOCKYTKHU WJir, HA000POT, HE HA-
9HEM CIIUBATH, TO CTOJIBKO Oy/eT BEPIIUH y BCEX JIEKAIUX HA CTOJIE
JIOCKYTKOB? A KOrJia MbI COIIbEM, HEKOTOPBIE BEPIIUHBL COBOAILYT. 1TO
Ha0 CHEJIATh C DTUM YUCJIOM, 9TOOBI MOJIYYUTH HPABUJIBHOE UUCJIIO
BepiuH?

Caymarens: Pasnenurs Ha 3.

A.C.: Ha. [IpaBusibHO, IOTOMY 9TO POBHO, — HE OOJIbIIE HE MEHb-
1Ie, a POBHO 3 PA3HBIX T'PAHU CXOAATCA B KAXKJIOW BeplInHe:

M 6x 4 by
B=%=—3=.
3 3
Cxouibko pébep? Ilepsblit Bompoc; CKOJIBKO pébep, A0 TOTO, KAK MBI
cuuuBaJiun?

M = 6z + 5y.

Y 1106010 MHOrOYTOJIbHUKA BEPUIMH U pEOEp OIMHAKOBOE KOJIUIECTBO.
A na uro nesmrn?

Caymaresu: Ha 2:
6z + by
—5
Kaxmoe pebpo mbl cunTasim poBHO [ABa Pa3a.

Tenepn Mbl BocmosibdyeMmca (opmyoit Ditnepa. Popmysa Ditaepa
yreepxkiaer, 4o B — P + I = 2. TlogcraBum B He€ BhipaxkeHus qepes
«T» U <Y»:

P=

6z +5y 6z + 5y
3 2

Henb aroit popmysbr — morasars, uro y = 12. lasaiire pemars.

+z+y=2.

6z : 3 = 2z,
6z : 2 = 3z,
20 =3z +x = 0.

Nxcot yumu. Octasioch ypaBHEHHE OTHOCUTEIIHHO KIY»

oy 9y _
?—7-1-3;—2.
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VYwmuoxum Bce ypaBuenue Ha 6, 91006l n30aBUTHCA OT 3HAMEHATEJIH.
YMHOXUM ¥ IIpaByio u JieByio dacthb. Crpasa Oymer 12. Ciesa 6yner:
10y — 15y + 6y. Orcroma

y = 12.

Yyneca, ma? I HuKakKOro MonieHHUIeCTBa!

Cuaymaresb: Uto-To TyT ecTh OT POKyca.

A.C.: Kypc «Maremarvka nJig ryMaHuTapueB» — 3TO KypPC 9€pHOi
MAaruy ILTIOC e€ pasobsiadenme. B wém 3mech dokyc? Ilpupoma doky-
Cca B TOM, 4TO COKPATU/IMCH BCe niectuyrosibHuku. [lojrygaercs, oHu
HU HA 9TO He BJIMAIOT. MOXHO JIF0O0€ KOJMIECTBO MECTUYTOJbHUKOB
BKJIEUTh [OMOJTHUTEJILHO B J000M (PyTOOSbHBIR MAY, TAK KaK BCE &
COKPAIAIOTCA. A ¢ «y» Bbl HE MOXETE CIIeJIaTh HUYEro, MOTOMY 4TO,
CKOJIBKO ObI IATUYTOJIbHUKOB HU OBLIIO Y HAC B 3aI1aCe, UX KOJIMIECTBO
JIOJDKHO YJIOBJIETBOPATH yPABHEHUIO. A MATEMATUKU ele 3 ThICA YN JIeT
Ha3a/l HAYYUJIUCh PellaTh JIMHEHbIe ypaBHEHUA. Y 3TUX YpaBHEHUI
B HOPMAJIbHOU CUTyalMu BCEra OHO pelnenue: y = 12 — enuHCTBEH-
HOe pelleHue Halero ypasuenusd. [loaTomy ckosbko ObI BaC HE ITPOCH-
s cuutb Gy TOosbHBIA Msid u3 11 NATHYrOJIbBHUKOB — HE IOJLY YU TCS.

Caymaresb: A eciyu OATHyroJbHUKOB Oymer 247

A.C.: Bor combére nsa dyrdosibHbIX MaAda. OIUH HE COIIBETCS.
Ine-to 6ynyr Topualiue, HEe CIIMBAEMbIE YACTH.

LaBaiite Tenepb mocMoTpuM HaA 0OBIYHYIO OECKOHEYHYIO BO BCE CTO-
ponbl 110CKOCTb. C OHOM CTOPOHbBI, 310 HoJiee HPOCTOR 0ObEKT, YeM
cdepa, HO, C Apyroii CTOPOHBI, OHA OECKOHETHA BO BCE CTOPOHEI. bec-
KOHEUHOCMD — ITO TAKOU KPAEyroJbHbI KaMeHb MareMaruku. M kak
C Hell MOXHO OBbITh «HA ThI» — HTO OYEHb BaxHad TeMa. Kaxercd,
IJIOCKOCTh, OHA U €CTh IJIOCKOCTh, MOCMOTPEJI BOKPYI' — Be3JIe ILJIOC-
kocTh. Ho Benmp oma Geckoneunasd... A Kak, KCTATW, MOXHO MOHATH,
9TO 3eMJIA HE TJIOCKASA !

B upunnume, kak g HOHMMAIO, TO YTO APEBHUE JIIOAM CUUTATIU 3€-
MJIIO [JIOCKOW — 970 CKas3ku. JIfoju Bcerma 3HaJIM, 9TO OHA HE ILJIOC-
kad. Korma mo mopro uner kopabJib, CHaYaJa, HA, TOPUBOHTE IOsIBJIsA-
orca napyca. Kax emé, kpome Kak UCKPUBJIEHUEM, MOXHO 3T0 00bC-
HUTDH?!
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Caymaresns: Moxer ObiTh, 3eMJisi HE POBHAA UMEHHO B 9TOM Me-
cre. . .

A.C.: Ot Toro, 9T0 THI BUOMIND IIAPYCA, I0 MIOHAMAHUS, ITO 3€MJIA
MOXKeT ObITh yCTPOEHA KaK map, yxke, B 00IeM, HeqaJIeKo.

Jlronm, HA camMoM iejie, B IPOIILJIOM COBEPIIAJIM U 0OJIee BEJNKUE
OTKpBITHsA. 3HAETEe, KOIa B MepBbId pa3 (mo Kpaiimeil mepe, TOKy-
MEHTAJIbHO) Oblia BBICKA3aHA MJEA O KOHEYHOCTU CKOPOCTH CBeTa?!
B 1676 rony marckuit actponom Twuxo Bpare crasi nabsiiomars 3arme-
uua cunytaukoB Onurepa. U 3amerns CTpaHHOCTH B UX HMEPUOIMIHO-
CTH: TO OHM Yallle HACTYIAJIM, TO pexe. Torma OH PeJIoKMuI COBEP-
LUIEHHO HeBepodaTHOe obbacHenue. OH MPEIIOIOKUII, YTO TAKOE MOLJIO
Obl ObITH, ecjim Obl CKOPOCTH CBeTa ObLIa KOHeYHa. Tak Kak 3emiid
u Onwurep To npubsimkaorca aOpyr K Apyry, TO OTHAJIAIOTCH, Mbl BU-
M O0'bEKT, KOTOPbIN OJIMXKe, PAHbIIe, YeM TOT, KOTOPbIA HAXOIUTCS
JIaJiblre. 3a CY6T TOT0 W BO3HUKAET HENOJHAA IEPUOJIMIHOCTH B 3a-
tvenuax. Ho Torna nyxuo 66110 1pU3HATH, 9TO 3HAYEHHUE ITOU CKOPO-
CTH HACTOJIbKO BEJIUKO, YTO OHO IIPEBOCXOIUT BCAKOE HAIlle BOoOpaxKe-
uue. I Bpare onenust ero kak 225 Thicad KujioMeTpoB B cexyHny. On
Ha3BaJl BEJIMYUHY, KOTOpad paBHa 75% or BepHoro suadenus. Ho To-
r1a yI€HbIid MUp ObLT elE He TOTOB K TAKUM CMEJIBIM UIIEAM, U K STOMY
[IPEJIIIOJI0KEHUIO OTHEC/IUCH C DOJIBIIUM COMHEHUEM.

WNnu npyras ucropus.

VY Bac B CyMKe, HABEPHOE, XKXUBET 3apAaKa 0T TesedoHa njim Hayi-
uuku. B kakom onu OymyT cocroguuu? OObIYHO MOy 9aeTCA CTPAUTHBIH
3aIly TAHHBII IIPOBOM.

Bonpoc: mMoxHO Jim €ero Kak-TO pacuyTarb, €CJId Bbl €lle W KOH-
bl [IPOBOJIA, CBsXKETe, 4TO0bl OH CTAJl 3AMKHYTHIM, KAK OKPYXKHOCTb!
YT00bI OH CTAJI IIOCJIE DTOr0 PACIYThIBAHUA HOPMAJILHOI, UI€aJIbHON
OKPYXKHOCTBIO?!

Ciiyniaresib: HejIb34.

A.C.: NHorna MOXHO, MHOILA, HEJIb3sd. DTO — 3aa4a U3 TEOPUU
y3s10B. Kakne-T1o Buiibl y3J/I0B MOXKHO PACILyTarb, KAKWe-TO HEJIb3.
Ceiiuac a pacckaxy HUCTOPUIO, KOTOPad MOXKET OKa3aTbCA HEIPABIIOi.
4 cabiragt ee Ha Jieknuu npumMepHo 13 Jier Hasa. 3HAMEHUTAs MPo-

65



OsieMa, y3JI0B, TOMOJIOTMYECKUX THUIOB y3JIOB, BCTAJIa B MEPBBIA pas
Ha KopabJie nupara peiika B xoune 16 Beka. Onun u3 MaTpocoB 3TO-
ro Kopabuig Toxe 3aHUMAJICH y3jamu. OH 3aBA3bIBAJI MHOI'O PAa3HbBIX
MOPCKHUX y3JIOB M 3aMETHUJI, YTO HEKOTOPbIE U3 HUX — IO CYTH OJIWH
7 TOT XK€ y3esi. Hajmo npocTo B O{HOM MeCTe MOTAHY Th, B JIPYTOM IIPUC-
[yCTUTH UIHYP, ¥ U3 IEPBOTO y3J1a MOJIy IUTCS BTOPO (MMeeTcs B BULY,
9TO IPU 9TOM KOHIIbI y3JIa HOJI2ZKHbI OCTaBATbCA CBHBaHHbIMI/I). TaKHe
y3JIbl HA3BIBAIOTCH «IKBUBAJIEHTHBIMU». Vl IUpary B roJiOBy HpUIILIA
ujes KJaccuuIMpoBarh BCe BUAbI y3J10B. Kakue apyr B jpyra mnepe-
BonATca 6e3 paspesanud, a Kakue HeT. EMy 9T0 He yHaJjioch.

ITponwto 400 Jier. Y1 To1bKO COBCeM HEMABHO ObLI craesiaH OOJIbIIOH
[POPBIB B pelrerun 3aa4u 06 ysnax. Cruenasu ero maremaruku Mak-
cum Konnesrnya n Bukrop Bacuiibes.

Wpea pewennsa B ToM, 9T0 OEpPYyT JBa y3Jia, HALUIYT AJIA HUX HEKO-
TOPBIE UHTErPaJIbl (MHTErPAJI — 3T0 OECKOHEUHAA CyMMa), U €CJIM OHU
pasHbIe, TO y3JIbl TOXKE PA3HbIE.

Bepuemca k miockoctu. «lIpocroit» Bompoc: Kakmmu MHOIO-
YTOJIbHUKAMU MOXKHO 3aMOCTHUThH ILJIOCKOCTD !

Yr0 3HAYUT «3aMOCTATH MHOIOYTOJIbHUKAMU» ! 1 uMero B Buy cJie-
nymomee. Bor 3axonure B Marasud u BboiOupaere cebe napker. llompa-
BUBIIEHACHA BaM IIAPKET COCTOUT U3 OAUMHAKOBBIX JIOUIEYEK TaKO# (op-
MBI (puc. 38).

Puc. 38. 3ambiciioBarast IapKeTHAS [LIUTKA.

Kro-10 B crpammom cHe npujgymas takyi dopmy. U takux m0-
HIeYeK y BaC HEMbICJUMOe KoJsimdecTBO. Bompoc: «MoxHo Jjin cobparhb
u3 #Hux napker? Wiau oHu npu cOOpKEe BXOHAT B IMPOTUBOPEYUE CAMEU
c coboit?>».

Caymaresnb: Hy,ckopee Bcero, mentp, eme moJiyaurcsa, a BOT 110
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KpadgM KOMHaThl OyayT 11pobJiembl.

A.C.: Boi, naBepHoe, yXe BUIUTE, UTO HE BCAKUMU ILJIUTKAMYA MOXK-
HO 3aMOCTUThH I1JIOCKOCTbD.

Ho mokasarb, 9T0 KaKOH-TO KOHKPETHON IJIMTKON HEeJab3d 3aMO-
CTUTh — JIOBOJIBHO CJIOKHAdA 3aja4a. Ha camom pesie, 1o cux 1op
He KJIacCU(pUIMPOBAHDI [IaXKe BCE BUJIbl MATHYTOJbHUKOB, KOTOPBIMH
MO2KHO 3aMOCTUTDH IIJIOCKOCTD. HaﬁneHo HECKOJIbKO IATUYT'OJIbHUKOB,
KOTOPBIMHU MOXKHO 3aMOCTUTH IJIOCKOCTb, HO HEM3BECTHO, €CTb JIU JIPY-
rue. Orkpoitas nupobsema. Ho, tem He menee, merogamu Jleonapma
Diiyepa MOXHO [I0Ka3aTh CJEIYIOILYI0 TEOPEMY.

Teopema. He cymecTByeT HE OTHOTO BBITYKJIOTO 7-yTOJbHUKA, KO-
TOPBIM MOXKHO 3aMOCTHUTH ILJIOCKOCTh. BoJjiee Toro, BOCbMH-, JIE€BATH-,
[IECATU- U T.]I. yTOJIbHUKA TOXKE HE CyIIECTBYET.

A gro Takoe «BBIIYKJIBIH»? Beinykiaaa durypa — 310 Takasa ¢pu-
rypa, y KOTOPO#, ecsiu Bbl BbiOpaJiu JiioOble jBe €€ TOYKHU, TO BECh
OTPE30K MEXJy HUMHU JIEXKAT BHYTPU ITOH (DUTYPbI, HE BHIXOIUT 33 €€
[IPEIEJIBL.

Puc. 39. CreBa — HeBbinyKJIasA ¢purypa, CrpaBa — BBITYKJIAS.

Berimyksocts — 011HO 3 ByHIIAMEHTAJIBHBIX HOHATU MATEMATUKH.
Takoe mpocToe orpefiesieHue, a Ha, HEM HOCTPOEHA, OrPOMHAA CJIOXK HE-
uiasg Teopusi ¢ 3y0ompobuTesIbHbIMU TEOPEMAMMU.

[Touemy xe Teopema Tpebyer BoimykJioctu?! IlpemncraBpre cebe map-
ckyto kopony (puc. 40). ITapkeruna takoit Gpopmbl XOTa U ABJIAETCH
7-yroJIbHUKOM, HO OH He BbINYKJIbId. Hike Mbl yBuIMM, 9YTO TaKUMU
napkerusamu MOZKHO 3amocTuth 11J10CKOCTh. 3HAYUT, €CJIM HE TPe-
0oBaTh BBIIYKJIOCTH, JOKA3ATh YKA3AHHYIO BBIIIE TEOPEMY HEJIb3Hd —
OHAa IPOCTO HeBepHa. Hesib3s orysibHO yTBEpXK1aTh, UTO IAPKETOB U3 7-
yroJjibHuKOB He ObiBaer. He ObiBaeT TOIBKO 13 BBIMYKJIBIX.
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Puc. 40. Jo mapckoit KOPOHBI CTPAIIHO JAXkKe HAJIbIEM JOTPOHY ThCst!

Cxoutbko yryios? Cemb. O[1HAKO TAKO# IIIUTKOM MOXKHO 6€3 mpobiiem
3aMOCTHTH I[LJIOCKOCTb.

[TepeBopauuBaem (pUrypky u BCTaBjIgeM KOPOHY B KOPOHY, & HOTOM
em@ pas, asa... (cm. puc. 41)

Puc. 41. ... m mojyumjiach crpaimHas 3ybacrtas macts! [Ipomosmxaem eé

110 0ECKOHeYHOCTH BIIpaBO U BJIEBO.

Caymaresb: A B KoHIle Kak?

A.C.: Io 6eckoneunoctu. Mbl ke roBOpuM O OECKOHEYHOH 1J10C-
koctu. [losiocy crmesarh y HAC MOIydUsIoch... (6eckoHednyio B 0be
croponst). Hy, a eciiu MOXKHO 10OJI0CY, TO Mbl €€ PA3MHOXKAEM HEOIDa-
HAYEHHO BHU3 W BBEpPX, U BCE. Mbl «3anapKeTuiu» BCIO ILJIOCKOCTb.
A renepb g HAPHUCYTO BBIMYKJIbIH ceMuyroabauk (puc. 42).

Anpuopu CcOBepIIeHHO HE MOHATHO, MOYEMY UM HEJIb3s 3aMOCTHTH
mwiockocTh? Ilogemy s1o Tak? Ilouemy HMKAKOro CeMUYTOJLHUKA HE-
JIb34 NPENJIOKUTh B KadecTBe olnedku uid mapkera’ Bol Bumenu
KOTa-HuOy /I ceMmuyrosibHbll mapker? Her, He Bujeau, noTromy 49T0
ero He ObIBaeT. IT0O — MaremMarudyeckas Teopema. Bbl ux He BUIEJH,
MOTOMY 9TO WX He MOXeT ObiTh. Ceffyac MBI JOKaXkKeM 3Ty TEOpeEMYy.
" B sTOM noKasaresibCTBE y HAC B MEPBbIA pa3 BO3HUKHET OECKOHEY-
HOCTb «BO BeChb pocT». Kak T0Ka3bIBAIOTCA TEOPEMbI HE CYUIECTBOBA-
Hus gero-1o? Kaxoih npuém nokasaresibCTBa, TAKUX Teopem?..
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Puc. 42. A BOT 5THME HEJIb3sl 3aMOCTUTH [LJIOCKOCTD!

Caymarens: Ot npoTuBHOTO?

A.C.: Touno. Ilpenmosioxkum, 4TO CyHIECTBYET BBIIYKJIbIA ceMu-
YTOJIbHUK, KOTOPBIM MOXHO 3aMOCTHUTH ILIOCKOCTL. He 3HAaI0 Kaxoii,
HO KAaKOW-TO ecTb. llpenrosioxkumM, U IpUBEIEM 3TO IPEMIIOJIONKEHUE
K nporuBopednio. Itak, moCMOTPUM Ha ILJIOCKOCTb, KOTOPAs 3aMOIIE-
Ha 3TuUMHU cemuyrosbaukamu. [locmoTrpum Ha He€ B «mrepeBepHy ThIi Ou-
HOKJIb» M YBUJIMM 4YaCTh IIJIOCKOCTU KakK Oyaro oueHnb 60JIblIYIO0 KBap-
tupy (cMm. puc. 43).

ﬂ npenynpexiar, TaKUuMU [J0Ka3aTeJIbCTBaMU T'OHAIOT HA HOYb
qepreit. [IpuroroBbTecs.

Hayuém c Toro, uro momnpobyeMm mocuuTarb, CKOJIbKO B KBapTHUPE
MHOT'OYroJIbHUKOB. I[aBaﬁTe UCXoOouTh U3 TOr0, 9TO HAlll CEMUYTOJIbHUK
uMeetT [JivHy 1 MeTp, a pasMep KBapTUPbI — IPUMEPHO 1 KM.

)

Puc. 43. «Heprorou» B camoMm pasrape. s cnpaBoK MOXKHO TOYUTATh Pac-

cka3 H. C. JleckoBa ¢ TaKuM K€ Ha3BAHUEM.
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Ha camom nesie, e BaxkHO, KAKOro 4T0 pasmepa. Baxmno, arobbi
BTOpasd BEJIUYUHA OBbLIIA HEUIMEPUMO OOAbULE, TEM TIEPBA.

B nmamnom cirydae «igmmaa» cemuyrosibauka B 1000 pas menbiie
«JIJIMHBI» KBAPTUPHI.

Caymaresb: Y10 Mbl cunTaeMm NJIMHOR 7T-yroJIbHUKA WUJIM KBAPTHU-
pbI?

A.C.: Hanpuwmep, camyto OOJIbUIYIO JAAIOHAJIb. DTO HE OUYE€Hb BaXK-
mo. Tyr maremarmka HEMHOXKO HamoMuHaeT ¢usuky. HyxHo Hecy-
HIECTBEHHbBIE [ETAJIM HE 3aMedYaTb, & Ha CyUIECTBEHHbIE — 0OpalaTh
BauManue. Korma y ¢pusuka ecTb HITOUKA, OHA OOBITHO MMEET TOJIIIH-
Hy HOJIb. Ha camoMm pfejie y Hee, KOHEYHO, eCTh TOJIIUHA, HO (PU3UKAM
OHa He BaxHa. Bor m HaMm He BaxHO. Bo3bMmeM Kakoe-TO m3MepeHue
ceMmyroJIbHUKa (HAampumep, JiIoOyI0 U3 ero CTOPOH UJm JI00YI0 auaro-
HaJib). Beap Bce aru mamepenua HAMHOI'O MEHDBIIIE, yem «ayuna,
KBapPTHUPBI» — 9TO ObI MBI HU IMOHUMAJIA IO 3TO# myuuoi. Ha mosty
KBApPTUPHI B HOPMAJIBHOW CATYallMd NOMEIIAETCA O9€Hh MHOTO ITApPKe-
tuH. PopmMa moJia KBAPTUPHI TOXKE HEBAXKHA, [IOTOMY OymeM CIUTATh
ero xpyrom pajmyca R (rme R moxer ObITh KaK yrojgHO BEJIMKO).

He 3abbiBaiite, 9T0 HaM NMPUKA3aHO 3AMOCTHATH HE TIOJT B KBAPTHUPE,
a BCIO OECKOHEYHYIO IJIOCKOCTb.

A Teneps maBaiiTe MOCMOTPUM, CKOJTBKO IPUMEPHO CEMUYTOJIbHIKOB
TAUTCHA BHYTPUA BOT 9TOr0 OrpoMHOro kpyra? C TOYHOCTHIO 110 MOPs/I-
ka! Eciam y mac mmamerp Kpyra B ThICATY pa3 OOJbIOIe, 9eM IAATO-
HaJIb CEMUYTOJIbHUKA, CKOJIbKO CEMUYTOJIbHUKOB IIPUMEDPHO IIOMECTHUT-
cda B Kpyr?

Caymaresns: Mujinon?

A.C.: Mwuimon, mpaBuiibHO. IIpasusvhoili dusuveckuti omeem.
Musmmon. He Baxuo, aro 310 Oyner 700 000 wyu 5 musiinonos. B paii-
oHe MUJLIMOHA. [IOpsAM0K BEJIMIUHBI TAKOH. ITO MTPUMEPHO MUJIJIMOH.

Caymaress: [louemy mumimnon?

A.C.: [loromy 41O y MHOIOYrOJIbHMKA pa3MepoM 1 merp IJjio-
b comsMepuMa ¢ 1 M2, — MoxeT GbITh, TyTh MEHbIIe, TIyTh GOJTb-
ute. ¥ Kpyra, y KOToporo juamerp 1l Kujiomerp, HJoma/jb HOPAIKa
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1000000 m?. Buauutr, B KPyr BJIE3AET IPUMEPHO MUJIJIMOH CEMUYIOJIb-
HUKOB.

BamanuMm Tenepb cienyiomuit Bonpoc. CKOJIBKO TPUMEPHO CEMH-
YTOJIbHUKOB <XKHUBET» B paliOHE TPAHUIBI HTOr0 Kpyra (TO eCTh 3a-
HEIUIAeT 33 TPAHUILy Kpyra)?!

Caymaresns: 6000.

A.C.: [Ha, noxoxe. 27rr = 6000. [Topsnok 3Toro umcja — He MAJI-
JIMOH, & ThiCA4Ya. 10 ecTb BHYTpPb BXOIUT B pailoHe MUJIJIMOHA CEMU-
YIOJIBHUKOB, & HA I'PAHMIE MX HECKOJIbKO ThICsid. A rTemnepb — BHU-
manme! ¢ cTmpai BCe MHOTOYTOJIBHUKHW, KOTOPBIE HE JIEKAT B 3TOM
Kpyre. 3areMm Oepy IJIOCKOCTb U, KaK I'PDY3UHCKUI XUHKAJIU, CKUMAIO

eé B cepy (puc. 44).
\T

Puc. 44. Kax 10o15K0 mpodheccop CKaJI BCIO TIJIOCKOCTh B chepy — 9epTHu BCe

1 pa30eKaIuch!
Hestato s 910, 9T00BI BOCHOJIB30BATHCs (HPOPMYJIOi Ditsiepa:
B-P+I'=2.

['py6o roBOpst, BMECTO KPyTa €CTh TOBEPXHOCTH OTPOMHOTO MIapa, ¥ KO-
TOPOrO BEPXHHAA IMAINOYKA (IIOYTH IJIOCKAs) BCHA MCIELIPEHA CEeMU-
yronpaukamu. Ho myra kapruakm Ha Bceil 6osbmioii cdepe Bepra dhop-
MyJIa Dijepa:

B-P+I'=2.

IlaBaiiTe oneHMM IPUMEPHO, CKOJIBKO y 3TOi Kaprunku Oymer Bep-
umH, pébep u rpameii? OpHa OorpoMHad rpaHb CHU3Y, & HABEpPXY IIO-
PAIKa MUJLIMOHA rpaHeil B Buie mapkerud. [lonsarHo, 9To omHa rpaHb
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morojibl He JiesiaeT. bojiee Toro, Tak Kak Mbl ceifuac Oyjiem umerh jie-
JIO C BeJIMYMHAMH MOPAAKA MUJLJIIMOHA, TO 2 B (popmyJie Jilsiepa, niu
(0 — Toxe coBepuIeHHO HEBAXKHO. fl MOry HAIKUCATH IPUMEPHO PABHO
gyii0. B — P + I' npumepro = 0. Unu B +I' = P. 'pareit — mopanka
vusimona. ' = 1000000.

Cxoutbko Bepmuu? 7000000 — 3T0 BepuInH y BCEX MHOTOYTOJIbHU-
KOB; U B Ka)K,IIOﬁ 13 BEpUIMH CXOOUTCA KaK MUHUMYM 3 MHOTr'oyroJibHu-
ka. Moxer ObITh u GoJiblile (HAIPUMED, €CJIA y HAIIETO 7-YTOJIbHUKA
ectb octpbeiit yrosi B 30 rpagycoB, u B BepUIMHE COULIMCH 12 3THX
OCTPBIX YIJIOB), HO He MEHbWe — 3TO TOIHO (POBHO [IBA yIJIa HE MO-
IyT CO BCEX CTOPOH OKPYKHUTb BepUIMHY, n0O KaXAblil U3 HUX MEHbIIE
180 rpamycos). IlosTomy Bepumn «me 60Jbie» (MEHbIIE WM PABHO),
gem 7000000/3. Ha camom nesie st He y4€i1 BEPLIMHBI, KOTOPbIE ABJIf-
0TCA BepumaaMu 60s1b1noit Huxk el rpann. CKOJIbKO X nIpuMepHo?

Caymaressb: 6000.

A.C.: [1a. [Tostomy mamo mpubasuth eme 6000. Ham me xanko!

7000000/3 + 6000.

Ho myTtka mararanmsa s3akirodaercda B ToMm, aro 7000000 m 6000 —
HE COM3MEPHUMBDI 110 BEJIMYUHE, TaK KaK IIepBad BEJIMINHA 3HAIUTECIJIbBHO
GoJIbIIIe; TAK UTO MPO THICSIH MOXKHO 3a0bITh. [losydaercs:

B < 7000000/3.

Teueps o pédbpax. Pebep 6yaer 7000000/2. IIpuuém nesaum 6 mournocmu
Ha 2, 6e3 BCAKMX MEHbIIEe UJIA PABHO, IOTOMY YTO KaxI0e pedpo MbI
[IOCYUTAJIN POBHO 2 pa3sa.

P = 7000000/2.

Caymaresb: A noueMy Mbl Kaxk10e pedpo HoCYrTa M POBHO 2 pa-
3a?

A.C.: Iloromy 4TO Mbl INIMTOYKY K IJIMTOYKE IIPUKJIAIbIBAEM,
6e3 BCAKMX 3a30pOB (MBI BEOb MPEINOJIOKMUIN, ITO MOHCHO YIIOKUTD
6e3 3a30poB), cM. puc. 45.
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Puc. 45. Ilnurouka k maurouke! Pebpo k pedbpy! Bes 3azopos!

Caymaresns: [louemy B Teopeme B3a10 7 cTOpoH 1 Hosiee?

A.C.: [Toromy 9TO IECTHYTOJBHOE 3aMOIIEHUE JABHO U3BECTHO, HA-
HpUMED, €ro 3HAIOT HAIIN JIPY3bd MYEJbl. [[ATHYroJIbHOE MOXKET ObITH
TAKUM: MOCTABUJI JOMUKHU PAIOM U CBEPXY TAKHE K€, HO BBEPX HOTAMU
(cm. puc. 46). [Tomukwm, B Omimaue OT HAPCKOW KOPOHBI, KOTOPYIO MbI
B CAMOM HadaJIe PUCOBAJIM, BBITYKJIBIE,

Puc. /6. 3amvomenue miI0CKOCTU 4-yrojibHUKAMM, a8 TaKKe HEKOTOPBIMU 5H-
yroJibHUKamMu u 6-yroJibHUKaMu BO3MOXKHO.

A yx xBagparamu, TPEyroJbHUKAMHI 3aMOCTHTH — 3TO COBCEM JIEr-
KO. HIO6I)IM ‘IeTpreXyI‘OI[bHI/IKOM MO2KHO 3aMOCTUTH IIJIOCKOCTHb U JIIO-
OBIM TPEYIOJILHUKOM — TOXKe. A BOT KAKMMU IATHYTOJIbHAKAMEI MOXK-
HO — 9T0 CJIOKHa4d 3a/la4va. I/I HpO BbIHyKJIbIe IHeCTI/IyI‘OJ'[bHI/IKI/I TOXKE
He cpa3y OOHATHO. Ho KaKMMM-TO MOXKHO. A BOT CEMHYTOJbHUKAMUI
y)Ke HUKAK HEJIb3d4d.

HaBaiiTe BCé-Taku JTOBEOEM 10 KOHIA JOKA3aTETbCTBO.

Y HaC ecTh paBEHCTBO

B+I'=P.

OmHo roBOpUT HAM, YTO KOJMUIECTBO pEdep HOJIKHO OBITH TOrO XK€ ca-
MOT'O IMOpdaKa, 9TO U KOJIMIECTBO BEPUIVH IIJIIOC KOJIMIECTBO I‘paHeﬁ.
HOILCTaBHM Halll1 3HQYCHUA.

700g000 ~ 1000000 -+ 700g000.
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Puc. 47. IlapkeTbl U3 «TOMUKOB», KBaJIPATOB U MPABUJIbHBIX TPEYTOJILHUKOB.
B IIEPBOM U3 HUX K BepumuHaMm nogxonar jiubo 3, smbo 4 pedbpa. Bo Bropom —

TOJIbKO 4 pebpa. B Tperbem — TobKO 6 pEdep.

Ecim mocumrarb, COKparwB HA MUJIJIMOH M YMHOXWUB Ha 0, paBeH-
crBa He nmosnydaerca. Odens 3ameTHo He nosydaercs! [loromy, aro 21
me pasuo 20. Tax uro HHKakas mobaska ciaaraemoro tuma 6000 mesa
He cuacér. A Benp mbl Morsin B3aTh He R = 1000 kM, a R = 20000 xm.
Torma 6br mporenTHoe Bimsinme m00aBku Tuia «6000» craso 661 ro-
pasmo menbiure. To xe camoe, ecreCTBeHHO, OyaeT C BOCbMU-, IE€BATU-
M IPOYUMHU «MHOIO-MHOIO-yTOJIbHUKAMI». A BOT IJIsi IIECTHYTOJIbHU-
KOB KaK pa3 MOJIyvIaeTCs

6000000/2 = 6000000/3 + 1000000
3000000 = 2000000 + 1000000 (upwu Jirobom 3HaueHun R).

TouHOe paBEHCTBO HOJIYyYAETCHd HOTOMY, 9TO HIECTUYTOJIBHOE 3aMOIIE-
HUE YCTPOEHO TaK, YTO B KAXKJIOW BEpUIMHE CXOIUTCA POBHO 3 pebpa.
A BoT yxke 5-Tr yrosibHOE 3aMoleHre yecTpoeno unade. Vuorma 3 pedbpa
cxXomuTCd, a mHOTHA — 4. Y KBagpaTa Beslle CXOOATcd 4, a y IpaBUJIb-
HBIX TPEYroJIbHUKOB — 6 pébep (puc. 47).

To ectp 3amonieHue 6HIBAET TPEYTOJIIHBHOE, YETHIPEXYTOJIHOE, [TATH-
yIOJIBHOE, MIECTUYTOJbHOE. A HUKAKUX JAPYyTIUX HE ObIBAET.

Caymarenb: A Kakas IpaKTUIECKas [I0JIb3a7

A.C.: Hy, nasepnoe, ecrb kakas-10. Maremarnk HUKOIIA HE Y-
MaeT O MpaKTUIecKoi mnosib3e. pyrue 3a mero mymaror. [locmorpur
KaKOW-HuOy1b crpouresib: «O, 3HAYAT HE HAMO JAaXKe JIyMarThb O TOM,
I‘ITO6I)I UCIIOJIb30BATHh CEMUYT'OJIbHDLIC IIJIMTKU». A JId MaTEMATUKU HET
TAKOr'0 BOIIPOCA. ITO K€ COBEPIIEHCTBO. ITO BCE PABHO, UTO CIIPAIIU-
BAaTbh, KaKad [IPpaKTUIECKAA I110JIb3a y MOJIUTBBIL. Ta,K K€ 1 MaTEeMaTUukK,
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OH IIPOCTO IOKA3bIBACT: HEJIb3d, — YypPa, BOT KaKad MHTEpECHAA TEO-
pema. A mosb3a? HaBepHaKa Kakasi-TO MOJb3a €CThb. Y JIIOOOTO Kpa-
cuBOro (pakra ecrb L0JIb3a.

Bpeska 4. Hu ogun u3 ciymaresneit He cupocus y MeHsd: «A rie
)Ke B J0Ka3aTeJIbCTBE TEOPEMbI UCIOJIb3yeTca TOT (PaKT, ITO UCXOJI-
HBIf CeMUYTOJIbHAK OBLI BBITYKJIBIM?» Vl maxke CII0XKUIIOCH TPEBPAT-
HOe BIleYaTJIEHWe, YTO [IJid IIPOBENEHUA JTI0KA3ATETHCTBA BbIMYKJIOCTD
7-yrosibHUKa BoobOmie He Hyx)HA. HOo oHa myxua! Bens mnadte mosyan-
JIOCh OBI, YTO MBI 320/THO JOKA3aJI4, YTO HJIA HEBBIITYKJIOIO CEMUYTOJIb-
HUKa TOXKE HEJIb3d NPUAYMaTb 3aMOINEHUE IJIOCKOCTU TaKUM KyCO4-
KOoM. Bpbime, onHako, IpUBENEH NPUMEDP, YTO 7-yTOJIBHBIM KYCOYKOM
TUIA «UAPCKAA KOPOHA» BIIOJIHE MOXKHO 3aMOCTHUTD I1JIOCKOCTb.

Ha camom gesie BbiyKJIOCTH Obljla, HE3AMETHBIM 00PA30M HUCIIOJIb-
30BaHa, Korga Mbl nojesimim gucsao 7000000 mvenno wa 3. Toutb-
KO /[IJ1d BbBIIIYKJIOI'O 7-yI‘OJ’[bHI/IKa MOXKHO OIMpPaATbCd Ha YHUCJIO 3
Ha puc. 41 napker COmepXUT [ABa TUIIA BEPIIWH: TIOE CXOIATCH TPHU
IUTATKY TapKeTa (1 Ha ofgHOM u3 Hux umeerca yroa BOJIEE 180 rpa-
,leCOB), U e CXOUATCd veTbipe ILJIMTKU (I/I B KaxXJOU U3 HUX yroJl
pasen 90 rpamycos). [losromy omuparbca 37eCh HYXKHO He HA THCIIO 3
(1 He Ha umcso 4), a HA KAKOe-TO IPOMEXYTOYHOe YUCJI0 (HaM Hens-
BECTHOE).

Caymarenb: A KaK 9T0 K 6ECKOHEIHOCTH OTHOCUTCS !

A.C.: [eyio B TOM, 9TO €CJiK KOro-TO HE yOEemsT THICATIH U MIAJI-
JimoHbI, Hamo Oymer ckasarp cieayomee. Eciau xpyr B n pa3 Oosibine
o pasMepy, 9eM ILJIUTOYKA, TO KOJMIECTBO IpaHeil, BepmuH u pedbep
MMEIOT IMOPAI0K n2, IOTOMY, YTO OHU CBA3aHbI C IIJIOIAAbIO. A TO, 9TO
B paiiome GOJTBIION OKPYKHOCTH «KWBET», UMEET TOPIIOK 7, TTOTOMY
9TO BOIPOC CBA3AH C JJIMHON 00Jibiioro xkpyra. VI ecsiu Bbl uccjiemy-

2 > _ m? | o
€T€ HEKOTOPOE BHIPANKEHUE MOPIKA N°, HAIPUMED, —5— > 5 + n*,
7 TPH 5TOM BO BCe CJaraeMble MPUMENINBACTCA MeJI0UYb MOPAIKA, 1

2n, 3n, 6n, 1 Tak J1ajee, MATAHAJIN3 PA3PEIIAET €€ CTEPETDH, MOTOMY
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410 N U N «PA3HOrO HOPAAKA POCTay. U Hepasencrso Oyner BepHBIM

pu JI0O0M 71, HaduHAs C HeKOTOporo Mecra. (A mMeHHO, ¢ TOro MecTa,
koryia n? craHer nogas/Aone GoJIbIIMM 10 CPABHEHUIO C 7).

B maranasnm3e eCTb OCHOBHOII IIPUHITUIL: €CJIM BBl IPO KaKOe-TO JIH-
CJIO IOKAa3aJI¥, YTO OHO MeHbIle CKOJIb YI'OOHO MAaJIOr'o II0JIOXKHUTEJIb-
HOI'O YMCJIA, TO BbI JOKA3aJIM, YTO OHO PABHO HYJIIO (€C/M OHO M3HA-
9aJIbHO He OBLI0 OTPUIATEIbHBIM). BOT BBI Oy 9u/IH KAK0e-TO 9UCIIO,
BbI XOTUTE JIOKA3ATh, YTO OHO PABHO HYJIIO. [lokaxy Tunuvnbiil mpuem

Maranasmsa. Llycts ects umcsio a. Paccmorpum Takoe uumciio, Kak %,
U MOKAXKEM, UTO HAIIE YUCJIO MEHbIIIE YeM % Hormyctum, 310 MBI J0KA-
3aJim [Jis JiIoboro marypaJspbaoro 3uadenud n. Hus 1000, mya 1000000,
ma 1000000000. .. Ecmm BB yMeeTe MOKa3aTh TAaKOe HEPABEHCTBO
ILJ1s JII0OOrO 1, 3HAYUT BbI yMeeTe J0KA3aTh, YTO ¢ PABHO HYJIIO.

Bor B »TOM, cOOCTBEHHO, BECh LIPHMHIUII MaraHaJm3a. Bcé ocrasib-
HOe, 9TO €CTh B MaTaHAJIU3e: MHTErPaJIbl, IPOU3BO/IHbIE — He OoJiee
YeM yIpaXKHEHUdA C ITOU JIOTMKO (MATeMaTuKu roBOPAT B 9TOM CJLy-
9ae: «IIPUMEHUM TEXHUKY PAOOTHI ¢ HOPAIKAMA OECKOHETHO MAJIBIX ).

W cawmpbrii mocyiequauii nmpuMmep. MHe pacckasaJj ero mamna, KOoraa
g emé naxe B mKoJy He xommJ. [lana B3sas a6/10K0, oTpesast or Hero
[OJIOBUHKY U TOBOPHUT: «ITO CKOJIBKO OT f0s0Ka?» — «1/2» — cka-
3aJI s1. — «A ecsm Teneph A K 3TOH MOJIOBUHKE TPUOABIIIO TOJIOBUHKY
OCTaBIIEHCs OJIOBUHKHU, TO 3TO YTO 37I€CHh HAHNO HAIUCATH?»

Cuymarens: 1/2 + 1/4.

A.C.: A eciu s npogesiarn 310 beckoHedHoe KosmdecTBo pas? To-
[a, 9TO A MOJIydy?

Caymaresnb: Houb.

Hpyro# chaymarens: Eqununiy.

A.C.: 4 nosyuy 4ucsio ojut, HIPUIEM 8 MOYHOCTIU YUCJIO 1.

[Togemy B Tognoctu? I[loromy 4TO KaX bl pa3 9mMCIIO MOy IAJIOCH
He DOJIbllle €IUHULBI, 9T0 OYeBUIHO. JHAYUT, Mbl He MOXKEM HOJIyIHUTh
qucJio bosibiie enuHutbl. Ho Kakoe 6bI MaJIEHBKOE IHUCJIO MBI HE B3N,
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1
B KOHIIe KOHILIOB = craHer MeHbuie ero. Ha camom nesie y nac B 3na-
MeHaTeJle BMECTO 1 CTelleHu OBOUKM: 2, 4, 8, 16, 32, 64, 128, 256, 512,

1024, 2048, 4096, 8192. ..

Onn odenp OBICTPO PACTYT, TOITOMY 2% — O4eHb OBbICTPO yMEHb-
mwaercd. VI B urore odepenroe pacCTOTHUE 0 YUCIIA «1» CTaHET MEeHb-
uie Jiro00ro HANEpEn 3aMAHHOTO YUCJIA. 10 eCTh OHU yXOHAT B HOJIb.
[Tostygaerca, 910 Hallla CyMMa HEOIDAHUYEHHO TpUOINKAETCA K equ-
HUIE, U BOT TOrHa MaremMaruk rosoput: «CJienoBaresibHO, OHO PABHO
enunuiie». Bcé. Bor o npedeavroiti neperod. Iro To, 4emy ydar B MaT-
aHaJm3e Ha JiioboM dakysprere Ji000ro Bysa. Bosibire nuaero B Hém
HET.

Coymaresb: A ecin 371€Ch MPOCTO BKJIIOYATH KUTEHCKYIO My-
JIPOCTH W IMOJIyMaTh, 9YTO Mbl OTPE3aJIU OT OJIHOIO IEJIOT0 A0JIOKA !

A.C.: [la. B manaom ciydae moxuO. Ho Xureiickas MyapocTb —
OHA, TaKad MTYKa, ITO OHA MHOTIA He paboTaet. laBaiite pemmm Takyio
3a/1a9y.

1
Kysmeunk cHagasa mpeiraeT Ha OOWH METpP, & IMOTOM HA 5 Merpa,

1 1 1
a IOTOM — HA %, a HOTOM — HA —, & HIOTOM — Ha =, U TaK JAJIee...

37 47 57
Bor ou mpeiraer u npsiraer. Ecrp jim mpemest Toro, Kyia OH MOXKET
JOIPBITaTh !

1,1,1 1 1
l+5+5+t7+s+=z+...
2 3 4 5 6

Caymiarens: [a.

A.C.: Ilpu zHamBHOM ©OIXOIE KAXKETCH, YTO €CTh, MOTOMY YUTO
«IIAXKW BCe MeHbllle u Menbie». Ho, Tem He Menee, py3bsd MOU, BbI
Oynere CMeATbCA, WU YAUBIATHCH, UJIU OPAKATHCHA, UJTU BO3MYIIATH-
csl, HO

1,1 .1, 1,1
I+5+5+7+s+z+...=+00

2 3 4 5 6

(T. e. 9Ta CymMMa paBHA GECKOHEYIHOCTH).

Her murakoro npenesia ToMmy, Kyiaa MOXKET HOUTH 9TOT Ky3HEUHUK.
Huxaxkoro. Ou moxer noiitu no Jlyusr, moxet goiitu go CostHia, u na-
Jee, upamo B Kocmoc!
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B npouwiom npumepe y HacC maxiKu ObLIM BCE MEHbBIIE U MEHbIIIE,
OHU CTPEMUJIACH K HYJIIO, HO B CyMMe IOJIY9UJIOCH YUCJI0, PABHOE €U~
HULE. A 9TU WAXKMW, XOTA U TOXKE BCE MEHbIIE M MeHblIe, HO yiru
STUMU HIAXKKAMU MOXKHO 0 OECKOHEYHOCTH, BOT TAKAdA 3arajlKa Mpu-
pompt. XOTHUTE, TOKAXKY modeMy ?

Caymaremnu: la.

A.C.: Bor cmorpure, ceifgac si C Ky3HEUMKOM CIEJIAI0 CTPAIIHYIO
HITYKY, 9 Ceifidac ero 3aMeHIO Ha Ky3He4YnKa, KOTOPBIi maraeT euie mMe-
JjIeHHee. A MMEHHO, Ky3HEeYuK 9TOT Oyfer marars CJenynoumm obpa-
30M.

1,1,1

l+5+5+7

TO €CTh BMECTO OHOW TpPeTH, OH LIaraer Ha OIHy YeTBepThb. He mpasnga
JIM, TAKO# Ky3HEYHWK Oy[eT OTCTaBaTh OT IIepBOrO?

Caymarens: [la.

A.C.: A remepb BMECTO OIHOI IATON si Cpasdy OMHY BOCHBMYIO IIO-
crapiio. To ecrb HEPBbI Ky3HEYMK HA OfHY HATYIO LIAraeT, a MOM,
BTOpPO#i — OH cpasdy mpaMmo pas, u Ha OmHy BocbMyio. U tax 4 pasa
IO OIHO# BOCHMOIA:

1 ,1,1,1,1,1,1
1+§+Z+Z+g+g+g+g.
A BMecTO OHOI NEBATOR s HAIMILY 9TO?
Coaymarenu: Omgay mectHaauaryo?
A.C.: IIpaBusbro. OnHy HIECTHAAUATYIO, M TAK HOBTOPUM 3TY I0-
b6aBky 8 pa3. A masibure st yro Hanumy? Bmecro ogHOM ceMHAIIATON?
Caymarens: OgHa TpuIaTh BTOPad.
A.C.: Oany rpunnars Bropyo. Owmmano. Y nosropum eé 16 pas!

1,1,1,1 1,11
l+g+z+3+tg+tgtgtgt

1 1 1 1 1 1 1 1 1
A T T TR T T TS TS TR VAL
IToxoxe, aro BTOpO#t Ky3Heumk BCE Bpems orcraér or nepsoro. He-
60Chb, OH COBCEM OTCTAHET OT HEro: BEIb IEPBbIi yCKadyeT Ha 6ecKoHed-

Hoe paccrositame. Her, camoe cTpalHOE 31eCh BOT 9TO. XOTh BTOPOM
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u orcraér, Ho o TO2KE yckader Ha Geckoneunoe paccrosuue. Yemy

paBHa CyMMa 1 + 1 (IBYyX paBHBIX CJIATAEMBIX)?

4 4
Ciymiaresb: 1

A.C.: Oriruno. A takad:

1,1 ,1,1
Caymarens: Onaa Bropad.

A.C.: Toxe ogna Bropas! A s MIECTHAAUATHIX 10JIei?
Caymaresnb: Toxe ogna Bropas.

A.C.: Tenepb Bbl HOHAJIN, IOYEMY OH JIORIET 10 OECKOHEUHOCTH !
Caymaresns: Her.

A.C.: [Toromy 4r0o ™Mbl Kaxblil pa3 Oyiem 1oJiydarb B Cymme %
3uauuT, oH BCE cHOBa u CHOBA oTX0omuT Ha 0,5. A Takux «odhur 6mo-
pur»-T0 DeckoHeyHoe KosimdecTBo uiTykK. Bor o u yitnér na Gecko-

HEYIHOCTD.

1 1 1
4 4 2’
1, 1,1,1 1
8§ 8 8 8 2
1 1 1 1 1 1 1 1 1
E+E+E+E+E+E+E+E 2’

7 TaK maJiee.

Ho camoe neoxumannoe s npubepér na konen. (Bepém 6 pyku msy
u deporcum e2o nad noaom). YPOHHM €ro U IMOCJIYIIAEM, CKOJIBKO pa3
OH YHAPUTCH.

Caymiaresb: BbecKOHETHOCTD.

A.C.: IlpaBusibno. Beckoneunocts, HO oHa Oymer «OCBOeHa» 33 KO-
HeJIHOe BpeMsA. 3aKOHBI (PM3UKK ITO MOATBEpHAT. EamHcTBEeHHOE, UTO,
K COXKAJICHUIO, B ATOMHBIX Pa3Mepax 3aKOHbl (pu3mku MeHanTca (Ha-
JI0 IPUMEHATH KBAHTOBYIO MEXAHUKY ), U 9TA UINJIJIASA IPEKPANIACTCH.
Ho, ecsim 661 HBIOTOHOBCKAA MEXaHWKA, ObLIa BEPHA 10 CAMOTO KOHIIA,
10 JiI0OO# MY, eCJim ero OTILyCKAIOT, 33 KOHEYHOE BpeMs JeJiaJl Obt 6ec-
KOHETHOE IMCJIO IOJICKOKOB. 10 eCTh OH yCTPOEH KaK 33J1a4a C a0J10-
koM. [Toromy 4T0o KaxK i Cemyommi OACKOK, 110 3aKoHaM (DU3BUKH,
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COCTABJISIET IO BBICOTE HEKOTOPBIM HPOIEHT OT rpebiyiiero. Ho npo-
[EHT OT JIIOOOU MOJIOKUTESHHOR BEJTUIUHBI — 3TO TOJIOKUTEJTHHA
BesimunHa. [109TOMYy KaxKIblil CJIey oMUl TOJICKOK — 9TO TOXKE MOJIO-
KUTEJHbHAA BEJIMIWHA, a 3HAYUT, UX OymeT beckomeunoe qucao. Ho onm
CyMMUPYIOTCH IO BpeMeHU. Bpemsi MOJICKOKOB CyMMUPYETCH, & CyMMa,
CTPEMHUTCS K HEKOTOPOMY YMCJIy. BpeMeHHbIe TpOMEXKYTKH OyIyT BCE
KOPOY€e U KOpOUe u, rpybo roBops, 33 2 CEKYH/ Il Msid yKe OECKOHETHOE
YUCJIO PA3 MOMIPBITHET U JIFKET HA 3€MJII0 TUXO. 33 KOHEYHOE BPEMA
OecKOHEYHOE KOJIMIECTBO IIPHIKKOB. . .
o Bcrpeun B nekrun 3!
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Jlexmua 3

A.C.: B npouuibiit pa3 s ycries 1moroBoputb 1po 6€CKOHEIHOCTbD.
YmMmenue paborarh ¢ 6ECKOHEYHOCTHIO, YyMEHUE Yepe3 HeCKOHETHOCTD Tie-
peliaruBarb, yMeHre pas3Jjindarh pasHbie 6ECKOHETHOCTH — HTO OCHOB-
nas pabora B maremarunke. Kak Moryt ObITh pasubie OECKOHETHOCTH?
Kaxercss, aro mbo 9T0o-TO KOHEedHOe, Jimbo Oeckomeunoe. Ho mer.
Ha camom mesie Geckoneunoctu ObiBaior pasubie. Ha mpomwioit jek-
MM MBI TOBOPUJIU IIPO CXOMAANIMECA U pacxopdiimecd panbl. 1o ecTb
pacCmarpuBaJii CyMMBbI C 6eCKOHe‘IHbIM KOJINYECTBOM CJlIalr'a€MbIX.

1,11

Hampuwmep, cymma 1+ =4 5 + = 4. . ., KaK BBIACHUIIOCH, CTPEMUTCHA

2 3 4
K 6eckoHevHOCTH. T0 eCTh CTAHOBUTCSsT OOJIBIIIE JIFOOOTO HATEPEN 3aaH-
noro auciia. Ckaxwure eit: «bymp 6ospme 1000». Torma Hy>KHO B34ATH

MHOI'O CJiara€MbIX.

Bosbmenm 2109 yjienos. OxaseiBaercs, Torna ux cymma, 6ymer 60.1b-
me 1000. Ckaxere: «Bymp 6osbme 1000000». Torma Hy:KHO B34Th

21000000 «jrepop. x cymma Gymer Gosbire MusanoHa. V Tak magee.
A Bor 10T pam: 1+ % + % + % + ..., TOXe cocTouT u3 BECKOHETHOIrO

9HCJIa YJIEHOB, HO €r0 CyMMa HUKOLJIA He cTaHeT 6oJiblie, YeM JIBOHKA.

Temepp emé omaa mHTEpEcHas 3agada. Haamem m3pmasieka. B 2000
rofy, IJie-TO 3UMOii, MBI OBLITH B Jiecy B paitone PamumeBa, mpasmHoBa-
Jiu 9eit-To j1eHp poxaenusd. Bokpyr ObLI0 09€Hb MAJIO CyXuX J€PEBHEB,
BCe CIUJINJIA [0 HAC. BBIJIO TOJIPKO OrpOMHOE, COBEPIIEHHO CyX0e Jiepe-
BO. VI 910 gepeBo OrpoMHOr0O pasmepa CTOsJIO U 04EHb HAC 3aMaHUBA-
Jjo. Y Hac ObLIa OBYpy9IHAA MUJIA, W MBI HAYAJIM OAIATH. [lmamim-
WJInJin, NUJINJIN-1nmuJjinjim unu HOOIINJINJIN. ):[epeBO caeJiaJjio <<TIJ,yK. LoD
7 ceyio Ha Hamry mwiry. llmma ocrasiach BHYTpH, & IIOJIHOCTHIO CIIH-
JIEHHOE JIEPEBO CTOUT M 1aJarh He cobupaercs (puc. 48).

Ho crour momyrth Berpy, m oHO ymamér. B Kakyio CTOpOHY OHO
yIagér — COBEpPIIEHHO He mpeickasyemo. dro gesrarb? Hamo wiim
BCTaBaTh " yXO,ILI/ITb, HalluCaB CO BCEX CTOpOH <<BHI/IMaHI/Ie, BHUMaHUE
o OJImKaimero BeTpa Ciofa He MOOXOIWTb®, WX MBbITATHCA YPOHUTDH
nepeBo. Mbr peminiu ¢ HuM 1000poThCsi. B3siim BcomoraresibHOE je-
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Puc. 48. llanbuem cjerka TOJKHEM 3TO IEPEBO. . .

PEBO U MPUCJIOHUJIX €T0 K CIIMJICHHOMY II€-TO Ha& BBICOTE HECATU ME-
tpoB. HaBasmucs, u ono mogmasocs (puc. 49).

AN uﬂ,
@v

/ \ —m

Puc. 49. IepeBo ¢ KOHTPGOPCOM.

Bouio Bummo, Kak JepeBo Hadaso nagarb. Ho ckopocth Obuia dy-
JIOBUIIHO MEIJIEHHAA: HECKOJIbKO CAHTUMETPOB B CEKYHILY, €1Ba-€l1BA.
I'me-To MUHYTY MBI XK[JaJ11, TIOKA OHO MEIJIEHHO HAKJIOHAJIOCH, X TOJIb-
KO I[IOTOM OHO HA4YaJI0 yCKOPATHCA U Yepe3 HECKOJIbKO MI'HOBEHU PyX-
HYJIO CO CTPAUIHBIM rpox0oToM. [Ipuinés g momoit u Hanucasr ypaBHeHune
najenud epesa. B ¢pusuke TpaeKTOPUIO IBUKEHUA CUCTEMbI 11OJ], Jeii-
CTBHEM CHJI MOXKHO BBIIUCATh B Bujie ypasHenuii. Takue ypaBHenus
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Ha3bIBAIOTCA JuPPeperyuarvHuMu. DTO 03HATAET, 9TO CKOPOCTh W3-
MEHEHUs CKOPOCTHU, TO €CTb TO, UTO HA3BIBAETCHA YCKOPEHUE, 3aBUCUT
OT CHJI, KOTOPbIE AEHCTBYIOT HA TEJIO. ITO — OJMH U3 OCHOBHBIX 3aKO-
HOB (DUBUKH, OH TIO3BOJIAET CBECTU BCE, YTO €CTh B ODBIYHON, HE KBaH-
TOBOI, MexaHWKe, K cucremMam ypaBHenuil. MOXHO BBIIUCATH TAKOE
ypaBHEHME U JJid HaLIero gepesa. V K cBoemy y/I0BOJIbCTBUIO, UCCJIE-
[OBAB 9TO yPAaBHEHME, d4 UPUUIEJ K BBIBOJLYy, YTO, €CJU HATh JEPEBY
TOJIYOK OY€Hb MAJIEHHKOW CHJIbI, OHO HAYUHAET HAJATH OUYEHb, OYEHbD,
O4Y€Hb MEIIJICHHO.

4 maumnaao paccyXkAarTh, YTO AEPEBO — HTO HPOCTO BEPTUKAJIHHAS
naJika, 6e3 rostmuabl. OHA CTOUT COBEPIIEHHO BEPTUKAJIHLHO, HO 00JIa-
Jaer maccoit. MaccuBHas BepTUKaJibHAA HaJka. KTo-T1o ToJIKaer ee
CBepxy. YIapuT UesIOBeK — maJika magaeT (ckaxem) 1 mumyty. IIpo-
jgerut rosrybn, 3amener — Oyger magars 10 munyr. Hagasibaas cko-
pocrb BepxHeil rouku Oyaer, ckaxewm, 1 mm/c. U ouensb 1104110 cKOpocThb
mo4uTH He OymeT MeHATLCA. A ecjiu BpeXeTcd MyXa, TO MaJika Oymer
[13/1aTh 9aC. Y PABHEHUE BbIIAET YIMBUTEJILHBIN PE3ysIbTar: HA CAMOM
JleJie HeT HUKAKO| IpaHuIlbl HA BpeMd HAJEHud JIepeBa, Boobie HuKa-
KOH.

Paccmorpum nmoxoxyio 3ajady. Ecrs Baronduk, B KOTOPOM HA mIap-
HUpE YCTAHOBJIEHA TOHKAad XKeJie3Had BEPTUKAJIbHAA MaJiKa. 1yTb —
qyTh BIPABO UJIA BJIEBO — OHA MAJIAET, TaK XKe, KAaK U PACCMOTPEHHOE

BbIII€ OEPEBO.

Puc. 50. Tlaparomiee nepeBo eneT B BaroHe. . .

Teneps npencrasbre 0bparuyio 3aja4y. Bol Oepére yxke ymaBuryio
WJTU TIOJT, HEKOTOPBIM YIJIOM BucdInyto nmaJky. [locsie yero npumaére eit
HEKOTOPbIl UMILyJIbC — TOJIKaeTe ee CHudy BBepx (puc. 51).

Kakwue Bo3mOxHBbI BapuanTbl! Bo-nepBbix, TOJYO0K MOXKeET ObITh
CJIMIIKOM MaJieHbKuit. YTo mpomsoiinér ¢ maskoit? Ilomusiace u yoa-
sa obparuo. Teneps, momycrum, mogomes1 Kakoi-uubyip byrait. Babax
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Puc. 51. Cnea — cj1abblit yaap 10 crepzxuio (on yuauer obparto). Cupasa —
cuJ/IbHBIN ynap (CTep:KeHb ymauer ¢ Apyrofi CrOpoHBI OT TOYKU MPUKPEILIe-

HUsL).

o »1oit nmaJsike. OHa p-pa3 — u nepeJieresia Ha Ipyryio cropony. lloa-
XOIUT KTO-TO HEMHOXKKO 60Jiee CH/IbHBIR, UeM 51, HO caabee dem Oyraii.
Toskaer maJiky, a OHA BCE PABHO MMAJAET.

Ber kagasmuch Ha Kadesiax-nmepesBeproimax?! Moe mercTBo oTdacTé
mpoxoausio B ropoge Mmencke. VI B mapke tam Obljia Takas 3aKpPbIBa-
OIAsICA U3HYTPY KaOMHKA C IPOTHBOBECOM HABEPXY, KOTOPYIO PAaCKa-
YUBAEIIh, PACKAINBAEIIb, PACKATUBAECIIH, M OHA, KIIEPEBOPATIBACTCA:
IPOTHBOBEC OKA3BIBACTCA BHU3Y, & KaOUHKA CBepxy (HO Garomaps cBo-
ObonHoMy mojBeCy KaOMHKA, [IPU 3TOM BBEPX HOTAMH HE IIEPEBOPAIUBA-
erca). f 3amedasr, 9TO HABEPXy OHA AOJIIO JBUXKETCA C Dojiee-MeHee
[TOCTOSIHHOI CKOPOCTBHI0. MBI 3HAEM, UTO C IOCTOAHHOW CKOPOCTDHIO IBU-
KYTCH TeJa, HA KOTOPbIe He JeicTByioT cuyibl. Ha KabuHKy Criibl, KO-
HEJHO, HeACTBYIOT, HO BEPTUKAJILHO BHI3. B MOMeHT, Korma KabWHKA
[IPOE3KAET BEPXYIIKY, CAJIA, HEPIEHANKYJIAPHA, JUHUU IBUXKEHUSI, 110~
TOMY CKOpPOCThb IIOUTH He MeHsieTcsd. Vl ecyim aKKyparHO BBIBEPUTH
JIBAKEHME, TO KAOMHKA TPAKTUIECKU OCTAHOBUTCH HABEPXY.

Bepuemca k mameit masike n mapucyem rpadguk. [lo ropmsonTasn-
HOIl ocu — Ccmula yJiapa, 10 BEPTUKAJIbHON — pesysibrar (puc. 52).

Ecim 8ol ynapusiu counrkom cjiabo, TO pesyJspbrar Oyier — maJjka
ynaaét obparno. Ecian o9eHnb CHIIbHO yIapUTh, TO PE3YJIbTAT — MAJTKA
epeBepHETCA Ha JIPYyryio cropoHy. W ecth pOBHO OjiHA CUJIa ylapa,
OITHO BENIECTBEHHOE UUCJIO, KOTOPYI0 HYXKHO NMPHUIATH TAJKE, ITOOBI
OHA, OCTAHOBHUJIACH BepTUKaJIbHO. Borpoc. CKOJIBKO HYXKHO BPEMEHU
B HWIEAJHPHOM MHpPE, B KOTOPDOM HET BO3MyXa, TPEHWsI W TaK [IaJjiee,
9T00BI MAJIKA, 3aHAIA BEPTUKAJBHOE TOJI0XKeHne?

Caymaressb: CMOTps 10j1 KAKUM YTJIOM ObLJIO U3HAYAJIBHO.
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pe3ynbrar

MIepPEeBEPHYIIOCH

ynano cuia yaapa

Puc. 52. Tlocrpoenue rpaduka CTYyneHIaToro Buaa («OTKJIMK Ha, yIap»).

A.C.: Her. Ot Toro, mox KakuM yrjIioM ObLJIa M3HATAIBHO MMAJIKA, 33~
BHUCHT TOJIBKO TO, C KaKO# CHJIOi HAM HAIO TOJKHYTDH MAJIKY. A Bpeme-
Hu nouanoburca 6eckoneunoe KosimdecTBo. Crporasg MareMarudecKas
GeckonevnocTh. T0 €CTb, ec/iu maJike MPUJIATh TAKYIO CHJy, KOTOPAd
B TOYHOCTHU JIOCTATOYHA [JIA TOrO, YTOOBI OHA OCTULJIA IIOJIOXKEHUS
BEPTUKAJIBPHOIO PABHOBECHUsI, TO BpeMs, 33 KOTOPOE HaJiKa, OyJjer Ho-
CTUTaTh 9TO MOJIOXKEHUE, PABHO 1JI0Cc beckorneynoctu. B ycioBuax 3a-
a9, KOr,Ja Mbl TOBOPpUM 06 I/I,ILeaJ'[bHOﬁ MaTeMaTukKe, Mbl, cCTCCTBECHHO,
HE yYUTHIBAEM, YTO BOKPYT MEHAIOTCA 00CTOATEesIbCTBA. B nieasbuoit
cuTyamnuu Bpems paBao 6eckoneunoctu. {4 nmocumrast sce 310 B 2000 ro-
[y, TIOTOM paccKasaJi (pusukKaM, a OHU CKa3aJd, 9TO 3TO OYEBUIIHO,
¥ BCE OHHM TO JIABHO 3HAJM. HaBepHoe, KoMmy-uuOyab HE XOYETCH Be-
pUTh, 4TO oTpedbyeTca HecKOHEeUHOe KOJIMYeCTBO BpeMeHu. ¢l nam enié
oiHO o TBepKIenue. laBaiite Bepuémcd K Tesiexke. [lycts aTo 6ymer
BaroH, BHYTPU KOTOPOI'0 HAXOOUTCHA Hallla IIaJIKa Ha HIapHUDE. BaI‘OH
emer o mapmpyty MockBa—Ilerepbypr. I mue coobmmiim, C TOIHO-
croio 10 100% (rak, kaxk y maremaTrukoB ObIBAET, & B XKU3HMU HET) WH-
dopmammio o ckopoctu, ¢ KoTopoit Baron Oymer gsurarbca (puc. 53).

Yreepxaenue. CyniecTByer Takoe MOJIOKEHUE NAJIKU, TAKOH yroJ,
B KOTOPOM A MOTY €& BBILYCTUTb U3 PyK B HAYAJILHBIA MOMEHT Bpe-
MEHU, 9TO OHA He yHaJIET B TedeHue Bceit goporu. CyimecrByer Takoim
yroJ1 aJsiba, 9To, eCM A NPUIAM XKEJIE3KE HA IAPHUPE STOT yroJl, TO
OHA, BCIO Aopory Oymer 6oJITaThCa TyAa-CIOma, HO HHKOLIA HE YIAAET.
O6ocHoBaHue 310ro pakKTa U3JI0KEHO HUKE.
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CKOpPOCTh

CTOAHKA CH6
B boiorom

MockBa

Puc. 53. I'pacduk wmsmenenus: ckopoctu noesma MockBa—Ilerepbypr: cko-
pPOCTh, C KOTOPOI HOE3[1 BBIE3XKAELT, CHAYAJIA CJIETKA YBEJNIUBACTCS, IOTOM
JIOCTUTAeT MAKCUMyMa, 1 Jajiee 00palaercs B Hyjib (OCTaHOBKA 10oe3na B Bo-
siorom). ITocsie sTOro ckopocrb cHOBa pacrér, 4robbl He ObLIO OLO34AHUS
B MIYHKT HA3HAYEHUS.

D1a 3ajada pasobpaHa B KHHATE, KOTOPYIO s BCEM PEKOMEH/IYIO:
P. Kypanr, I'. Pobbunc, «Hro takoe maremaruka?»

Unes penienust 3T0#f 3342891 — HMCHOJIB30BAHUE HENPEPHIGHOCAU.
Mpur onmH pa3 yxe ¢ Heil CTOJKHYJIUCH B OPENbIIyIIeld 3a7ade: ecTh
TAaKOil MMITYJIbC, IOJIyYUB KOTOPbBIN, aJIKa HE yIaJieT HA HAalpaBo, HU
uHaJsieBo. OHa BCTAHET BEPTUKAJILHO, HO Yepes HecKOHeduHOe BpeMd. 3a-
Ja4qa IIPpO BaroH, B KOTOPOM JIBUXKETCA JKeJIe3HbI’ CTEP2XKEHb Ha HIapHU-
pe, HAIIpAMYIO OTHOCUTCH K mpenbiayueit. dasaiite mocmorpum. Ecim
MaJIKa, yXKe JIEXKUT, TO OHa Oyner Bcerma Jiexarb. OHa HUKOTIA HUKY-
Ila, He BCTAHET. A Temeph pacCMOTPUM TS KAXKIOTO HAYAJBHOTO YIJIa
[IOBOPOTA ITOU MAJIKHU, B KAKOE HOJIOXKEHUE OHA B KOHETHOM CUYETE JIsi-
JKET: HAIIPaBO WJIM HAJIEBO. A eCJIM OHA OCTAHETCS BUCETh, 3HATUT, MBI
HalLJIX TO, 9YTO HAM HY2XKHO.

Ecin nanka jiszker, TO OHa, JISKET B OHO U3 HTUX JIBYX OJIOKEHUA.
[Ipudem ypaBHeHNA OBMKEHNAA TAKOBBI, ITO €CJIA Iy Th-IyTh IOMEHATH
yTOJI, COBCEM 4yTh-4yTh, CTOPOHA, NAJEHUA HE U3MEHUTCH. Ecium masi-
Ka I1ajJaJia HalpaBO, TO UyTb-4yTh W3MEHUB YIOJl, Bbl HE U3MEHUTE
pesyabrara. Ona eéce pasno ynadem wanpaso. Tem cambiM, ecau B Of-
HO IIOJIOXKEHWE OHA MAIAJIA, 3HAYUT, U B OJIMBKHAX IOJIOKEHUAX OHA
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TOXKE IOJDKHA HAJATh B TO XK€ MoJiokeHue. 10 ecTb, KaK roBOpAT Ma-
TeMaTUKH, MHOXKECTBO IIOJIOXKEHU, B KOTOPBIX OHO yIIaJIET HAIIPABO —
omxpvimoe MHoxrcecmso. «OTKPbITOE» — 3HAYUT BMECTE C KAKOUW-TO
TOYKO# comepKuT Bce 6siuskue et Touku. Kciim u3 Kakoro-To mosioxe-
HUA [TAJIKQ [AJIAET, TO U3 BCEX JIOCTATOYHO OJIM3KUX IMOJIOKEHUH OHA
ynajger B Ty e CTOPOHY.

NuaTynTiBHO NOHATHO, YTO MBI MOXKEM BCEIJIa MPUIIOMHATH MAJIKY
HACTOJIBKO MAJIO, 9TO OHA HempeMeHHo yuauer obparno. Ho npu ma-
JIOM OTKJIOHEHUHU OT 3TOr0 IOJIOXKEHUs OHA ToXe yrajer. laBaiite me-
OJIEHHO U3MEHATH 9TO IIOJIO2KECHUE. B KaKHnX-TO IHOJIOZKEHUAX OHO 6y—
JIeT Ta/IaTh HAIPABO, & B KAKUX-TO — HAJIEBO. JHAYMUT, IJIe-TO €CTh
[epexol, yroJj, TAKOW, 9TO BCIOAy CIIPABA OHA MAIAET HAIPABO, BCIOJLY
cyieBa — HaJIeBO. UT0 ke 310 3a yron? EquncrBenublit (haxT, KOTOPDIi
MbI MOXKEM COODIIUTDH PO 3TOT yroJi, 3TO UTO JIJIA TAKOTO YIJIA MAJIKA
e ymua et Boobuie. Hugero npyroro npo mero me mssecruo. [Tapamok-
casbao, HO 570 (akt! Ecsim BBl B 9T0 moBepusu (a a4 Bac He obma-
HBIBAIO), TOLJA B TOM, YTO B GJIMBKOM K BEPTUKAJIBHOMY IIOJIOKEHUIO
[aJIKa MOXET HAXOMUTHhCA CKOJIb YTOMIHO I0JIr0, Bac yOemuT cjemyio-
mee coobpaxenme. Ha crosake B Bosiorom moesm moxer croarh 10
MUHYT, & MOXeT — jdac. V B TedeHue 3Toro daca naJika e ymnaJa. Ona
Belb HE I13/1aJ1a BCIO JIOPOTY, B YaCTHOCTH, OHA HE YIAJIa U B T€ICHUE
croguku. Y10 XKe OHA HeJiasia B 9TO BpeMdA?!

Caymaresns: lsurasacs.

A.C.: Ona 6bL1a 0YeHb OJIM3KO K BEPTUKAJIBHOMY MOJIOXKeHuio. 11o-
TOMY 4TO, €CJiu Obl OHA Yy Tb-4yTh OT HEI'O OTKJIOHUJ/IACH, OHA PYXHYJIA
6b1. [looTOMy BO Bpemsi CTOSHKM OHA, ObLIa OYE€HL OJIM3KO K BEpPTH-
KaJIbHOMY IIOJIO2KEHUIO. A TaK KaK CTOAHKA MOXKeET 6bITb CKOJIb YyIomn-
HO [OJITO#, W3 STOr0 CJIEIyeT, U9TO MaJiKa B pailoHe BEepTHUKAJIHHOTO
MTOJIOXKEHUA MOXKET HAXOIMUTHCHA CKOJIb YIOMHO 10Jr0. [loaToMy-10 OHA
OymmeT MOMHUMATHCS B HEr0 DECKOHETHOE BPEMs.

DTO — Hallle BTOpOe 3HAKOMCTBO ¢ beckoneunocTbio. Ceiiuac Oyner
TpEThE.

Caymiaressb: ['Bo3np nporpammabi.
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A.C.: BeckoneunoCcTh — 3TO I'BO3/1b IpOrpammsbl, 6e3ycsaosuo. I1o-
TOMY 9TO O€CKOHETHOCTb — 3TO MEHTPAJIbHOE IIOHSATHE B MATEMATHUKE.
Maremaruka — 910 war yepe3 beckonednocrb. OcBoeHue mareMaru-
KW — 3TO, KOIJIa Bbl CTAHOBUTECH C DECKOHEYHOCTHIO «HA Thi». U dem
60ﬂbHIe Bbl <KHa TbI» C 6eCKOHe‘IHOCTbIO, TEM Jly4dll€ Bbl IIOHUMAECTE
MaTeMaTuKy. IT0 — HayKa o beckoneunoctu. B srom cmbicse, mare-
MaTUKaQ U PEJIUTUA JOOIOJIHAT APYT OApyra. PeJII/IFI/IH — 9TO 3HaHUe
0 OECKOHEYHOCTH, MATEMATUKA — 3TO HAyKa O DECKOHEYHOCTHU. ITO
JIBE MIIOCTACHA OBITHUSA.

Ceiiuac Mbl IOrOBOPUM 0 DECKOHEYHOCTH B HEKOTOPOM JIPYTOM pas-
pese, TeOMeTPUIECKOM.

[lomuwuTE JIM BBI, YTO TAKOE KBaJIpaTHbIA KOpeHb? Kopenb KBapat-
uprit 3 100 — sto 10. IToromy wro 10 x 10 = 100. A Bor uTO TakKoe
KOpPEHDb KBAJIPATHBIA W3 ABYX — 9TO HE TAK MOHATHO. A 9ITO Takoe
paruonaJibaoe uucsio? Ecyim Bbl He 3Haere, He crpaimuo. Ho uro ra-
KOe IeJIoe 9MCJI0, 3HAI0T Bce. llesble uncsia — 3TO HOJIb, OOUH, [IBA,
TPH, YETbIPe, UATh, UWIECTh U TAK [AJIE€E B IOJIOKUTEJIbHYIO CTOPOHY,
HO, TaKXe, MUHYC OJINH, MUHYC [IBA, MUHYC TPH, MUHYC Y€TBbIPE U TaK
J1aJ1ee — B OTPUILATEJIbHYIO. Y jpeBHux 66113, 00Jibirasa npobsema ¢ 0T-
pULATEJIbHBIMA YucIaMu. 1ucsio, 6eCKOHEYHOCTh, ypaBHEHUE — 3TO
BCE, TO C Y€M MATEMATUKU BCE BpeMs UMEIOT J1ej10. dT0 Takoe Iucjio?
Luta npeBHUX YUCJIO — DTO TO, YeM MbI cumTaeM mpenmvernsl. Hoap —
5TO JIJId APEBHUX yKe ObLIO YTO-TO CTpaHHOoe. UUCIIO Wijin HEe IUCIIO?!
Houtb — 910 orcyrcrBue nmpemmeroB. OrcyTcTBHE — 9TO KOJIUIECTBO
win Her? CKOJIbKO KPOKOIUJIOB B Haleih komuare?

Caymaresnb: Houb.

A.C.: Brauur, BbI CuuTaETE, YTO HOJIb BCE-TAKU HATYPAJIBHOE 9M-
cJi0*. A oTpunaTesbHBIX YUCEs Y IPEBHUX I'PEKOB He ObL10. Bot, econ
Ob1 Maremaruka HadaJsiach B Poccum, 1O 11pobsiem C 31umM HE ObLIO ObI.
IIoromy uto —1, —10 — 3TO0 MOpPO3, cHer HAET. Bcé morATHO — HA yiu-
[Ie OTPUIATEJIbHAS TEMIIEPATYPA.

*B Poccum HaTypasibHBIE YHCJIA [0 TPAIUIME HAYMHAIOTCA C equHUUbl. TO ecTh
HOJIb SIBJISIETCS TEJIBIM YHCJIOM, HO HE SBJIAETCS HATYPAJIHHBIM.
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KOI‘)Ia, A yduJjiCd B HIKOJIE, K HaM KaK-TO IIpUEXaJii aMECPUKAHIIbI.
W onum ckasasim, 9T0 ypOBEHb YMCTBEHHOI'O PA3BUTHHA IIKOJbHUKOB
B Poccuun u B Amepuke pasziimaarorca kak #e0o u 3emJisa. Ha aro g 3ame-
THJI, 9TO BCE OU€Hb TPOCTO. B AMepuke peiko ObIBAIOT OTPUIIATEIHHBIE
TEMIIEPATYPbI, U [I09TOMY y IIKOJIbHUKOB €CTh 1IPpOOJIeMa C HOCTUXKe-
HUEM OTPHUIATEJbHBIX 9HCeI. AMepHKaHel CHJIbHO 3aayMaJjcd (Tem
Gostee, uro y Hac — rpagycet Llenbcus, a y aux — Dapenreiital).

LleiicTBuTesIbHO, y HAC M TPEXJIETHHE AETU 3HAIOT, YTO TAKOe —H
u —3. ITO KOryia CHEr, © MaMa, Ha TOJIOBY IIANKY HAJIEBAET.

2

Puc. 54. Hapyxublili TepMOMeTp — HMHCTPYMEHT [1Jisl OCBOEHUS OTPULIATE b~

HBIX 9HCeJI.

910 BOT Baw rpajgycHuk (puc. 54).

Hymesasa temmeparypa. A moxer, 1, 2,3, —1, —2, —3 ... Tpamycos.
Ho mex iy HUME TOXKE UTO-TO €CTh.

Caymiaresns: [la.

A.C.: 4 xe mory ckasarb, 94T0 ceidac aBa C MOJIOBUHOUW rpaiyca
BBIIIE HYJIS?

Caymiaresns: [la.

A.C.: Unu tpu u Tpu derBepru rpaiyca.

Caymiarens: [a.

A.C.: To ectp a mory HasBarhb mosu. VX cefidac maxe B meTcay
PacCMaTpPUBAIOT.
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[Tpunwio ko mue Ha genb poxenue 15 mereit. U, nomycrum, y mens
ectp 23 sabsioka. ¢ B3s1 HOXK W AKKyparTHO paspes3ati A0Jiokm Ha 15
paBubiXx dacreil kaxmoe. Kaxiomy pebenky mocranercs % a0J10K A,
TO €CTh II0 23 IOJIbKH.

ODTO — 9YHUCJIO MEXKYy eIUHUATEH U TBOMKOI:

23
1< E < 2.
Takue yucsa mpeBaue OTAMIHO 3HAJU. Mbl X HA3BIBAEM PAUUOHAAD-
HOLMU, 8 OHM HX HA3BIBAJIX APOOSMH WJIX IIPOCTO Yncjaamu. Pammo-
HAJIBHOE YMCJI0 — DTO YMCJIO, KOTOPOE MOXKET BBIPAXKATHh KOJIMIECTBO
sA0JI0K, pas3mesléHHOe HA KOJMIecTBO mereit. Ilpumio BoT K Bam «n»,
[eJI0E HEHYJIEBOE YUCJIO HeTel, a y BaC UMEETCs «In» — [eJI0e HEeHY-
JeBoe aucyio stoJ10K. [losytaem panuoHaIbHOE 9HCIIO % Yucaureab
JIpobu MoxkeT ObITh MEHbIE HYJIH.

Hy, ckaxewm, y Bac 6pw10 —5 #buiok, u npuuwio 7 nereil. Kaxmaprit

LHOJLy 1AL — A0JI0K.

Caymaresb: bemnubie geru. . .

A.C.: Nnu 8ol mo3Basiu 30 rocreii Ha OeHb POXKACHUA U CKA3AJIH: <Y
mens (—700) Toicay pybuieil, B cmbiciie, g gosnken 3a ksaprupy 700 Thi-
cad pyOuteit. CKkuHbTECH, HMOXKAJYHCTa, MOPOBHY». BoT BaM um mMuHyC:
. Korpa BbI roBopure 0 Taxux Benax, Kak J0JIH, TO CPa3y BbLIe-

30

3aI0T OTPUIATE/bHBbIE YKCJa. 1 mpenjiaralo BaM MOHATH, YTO BCE 3THU
9HCJIa KUBYT IIe-TO Ha IUCI0BOU mpamoil. Yucio % XKUBET IIIe-TO Me-

Ky HysJaéM u enumuuneit (puc. 55). laBaiiTe HadHEM Iararb MO OCH

maraMuy B Oy COTYIO. MbI, Ha HalI B3IVIAL, HEJIMKOM 3aMOCTUM HaIly

211 © 135 .

100° 100

| | | | A ——————
-3 2 - 0 1 2 3 4

IPAMYIO.

Puc. 55. laru-1o N0JIy9n/IMCh MEHbBIIE, 9eM TOYKa, OT MeJIKa!

1 s3amocTuTh BBI MOXKETe CKOJIb yrogao IIJIOTHO, MOXKHO B€Ib IIa-

T'me 661 Bbl HU cunesnn

n

1 1
1000 ™™ 1000000

raThb HmiaraMuv, paBHBIMHA
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HA IUCJIOBOH OCH, TIe-TO PSIOM C BaMHU, OY€Hb OJIM3KO XKUBET TUCJIIO
BH[IA %

MaremaTuku ynorpebsIaiOT B TAKOW CHTYAIMH CTPAITHBIA TEPMUH
«BCIOTY NAOMHOE MHOHCECTNE0». ITO TaKOe MHOXKECTBO, B KOTOPOM,
Kyga Obl Bbl HU CyHYJIUCbh, B JiIOOON Osim3octu or Bac OyayT TOYKM
9TOr0 MHOXKeCTBAa. PanyoHasbHBIE Yncja 00pa3ylOT BCIOLY IIJIOTHOE
MHOXKECTBO Ha 9MCJIOBOM ocu. Bpome Kak BCA npsaMas MMU 3aM0THEHA.
Broonmse MoxkHO 0bLIO OBl 0XKIATH, 9T0 HAKAKUX YHCEJI OOJIbIIE HET.
9TO JIOTUYHO, HO 3TO Henpasna. [lpeBHue oOHApYXWUIIK, IYTO €CTh UU-
cJia, 3aBEIOMO HENPEICTABUMBIE B BUIIE %, HU TIPA KAKUX TEJIBIX 1
u n (Bpeska b).

Bpeska 5. «IIpuunHa cmepTH — KOpPEHb U3 aByX!»*

Cosopar, uro nudaropeitupr (yyenuku saamenuToro dusocoda
u maremaruka l[lmdaropa) cHavana Bepusiu, 9TO AJIA BBIYUCICHAR
BIIOJIHE XBaTa€T IIOJIOZKUNUTEJIbHBIX PAIUOHAJIBHBIX YMCEJI, 1 9YTO B 9TOM
posABJigeTca ODOXKEeCTBEeHHAA TapMOHMA OKpyKamouero mupa. OmHako
«HE B Mepy crocobHbiii» yuenuk [ludaropa nomymaJicss g0 Toro, 4to
crporo nokaszajg HEU3MEPUMOCTD nuaronanu xsaupara (¢ emnu-
HUYHOU CTOPOHO#) C MOMOIIBIO PAMOHAJIBHBIX ducesi. [ludaropeiinbt
B rpoOOBOM MOJIMAHUM BBICJIYUIAJIN €0 JI0KA3aTEJbCTBO U HE CMOLJIA
€ro OMPOBEPrHYTh. ['apMOHMsA MUpPa 0Ka3aaach 1o, yrpo3oii! [Toatomy
ObLJIO IPUHATO PEIIeHre: HUKOMY [P0 TO HE PACCKA3bIBATDH, & HAPY -
TeJid MUPOBOW rapMOHUU HAKA3AJIU. .. yTOIJIEHMEM B PeKe, Ha Oepery
KOTOPO# BCE 9TO U MPOUCXOAMJIO. K CIACTHIO OJIsT MATEMATUK U, CTIHA,
IIOTOM BCE PaBHO «BOCCHSJIA>.

Bor @ u yTBepXKOar, 9YTO KOPEHb U3 ABYX — HMEHHO TAKOe 9M-
cs10. Bosbmém 4 kBagpara co CTOPOHOU enmHMYKa. VI cocTaBuM M3 HEX
HOBBII KBajpar (puc. 56).

Kakoii miomanym onrH MaJIeHbKA KBAOPATHK !

Caymiaresns: 1.

*3a TOCTOBEPHOCTH 3TOIl UCTOPUY ABTOP KHUTM OTBETCTBEHHOCTU HE HECET.
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Puc. 56. Hapyumuresn MupoBoii rapMoHuu — 3a pabOTOM.

Kakoit mjomaau Oyier nosryauBniasca gpurypa?

Caymarensb: 4.
A.C.: Tenepp a menaio ciemyiomiee. £ mpoBoxXy amaroHasu (Cm.
puc. 57) u cupalmBalo Bac, YeMy PaBHA ILJIOIAb [IOJIy YMBIIETOCHA BHY-

TpHU KBajpara’

Puyc. 57. Bayrpenuunii KBaJIpaT — BIBOE MEHbIIE MO TIJIOMAIN.

Cuaymaresb: 2.

A.C.: Ilouemy? IloTomy, 9TO B KaxK/OM MAJIEHbKOM KBaIpAaTHKE
POBHO ITOJIOBUHY B3dAJIU, & IIOJIOBUHY HE B3AJIA. I/ITaK, COBEpPUICHHO O4€e-
BUJIHO, YTO ILJIOMAJIH 9TOI (pUTrypbI BIBOE MEHbIIE, YeM DOJIBIIOrO KBa-
npara. C npyroit CTOpOHBI, MBI 3HAEM, UTO €CJIM Y KBaJAPaTa CTOPOHA,

@, TO IJIOWIAJb €r0 PABHA a4 - ¢ = a°.
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Hawm nyxHO HajiTu CTOPOHY KBaJpara C IWIOWAAbI0 2. A 910 u ecrb
KOpeHb U3 ABYX. SHAIHUT, €CJIN y KBaJpaTa CTOPOHA 1, TO ero muaronaJb
uMeeT JJIMHY «KOpeHb u3 aByx» (puc. 58).

1| V2

Puc. 58. Cropona BHYTPEHHEIO KBaApaTa PABHA KOPHIO U3 ABYX IO JABYM IIPU-
quHaM: aJredpanmveckasi MPUYnHa, — OINPEIEe/IeHNe KOPHS; TeOMETPUIeCKast
[IPUYKUHA — COOTHOUIEHUE ILJIOLIA/Iell HapYZKHOI'O U BHYTPEHHEI'O0 KBa/IparoB
PaBHO OBYM.

A.C.: I3 mikosbHOIO Kypca Bbl 3Haere teopemy I[ludaropa.

Caymaresu: [a.

A.C.: Teopema Iludaropa roopur, 410 KBaJAPAT IUIOTEHY3bI Pa-
BeH CyMMe KBaJipaToB kKareToB”. [laBaiiTe 4 moKaxy [10Ka3aTeIbCTBO
aroro 6e3 emuuoit dpopmyJibl. Teopemy [Mudaropa He HyRKHO HOKA3bI-
Barh (popMysiaMu, €€ HyKHO IIPOCTO y3PeTh, YBUAETH, OHA BUIHA. BOT
cMorpure, s 6epy BOT Takoe paseHcTso: a’ + b? = c?.

MHe HyKHO €ro AoKas3arb JJjid JIFOOOro MPsAMOYTOJIBHOTO TPEYTrOJib-
HUKa CO CTOPOHAMH a, b, ¢ (puc. 59).

bBepy nBa xBagpara co cTOpoHO#’ a + b.

Onu GymyT OMHAKOBBIE, HO A WX HO-PA3HOMY pas300bI0 HA YaCTHU
(puc. 60).

2

[Lirouta b BHY TP JIEBOIO KBARJIPATA, PABHA, C°.

*I'unoreHy3a — CTOPOHA MPAMOYTOJIBHOIO TPEYTOJIbHUKA, JIEXKAIIAs HAIPOTHB
mpPsIMOro yryia. 9T0 caMas JJIMHHAs CTOPOHA B IPAMOYTOJIBHOM TpeyrosibHuke. Ka-
TeT — CTOPOHA IPAMOYIOJIbHOI'O TPEeyro/IbHUKA, [IPU/Ieralmas K IpaMoro yriy. B
NPAMOYTOJIbHUM TPEYTOoJIbHIKE UMeeTCsa OBa KaTeTa U OgHa I'HIOTeHy3a.
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b

Puc. 59. 11 Takoro TpeyroJbHUKA MBI HUXKE Hokaxem teopemy lludaropa
MeTonoM «B3srisinn Ha 9epTéx — M3 HEero BCE sACHO».

a b a b

b a a b

Puc. 60. CiieBa u cupaBa BUAeH KBAaApaT co cTopoHoii a + b. Ou no-paznomy
pasduUT Ha YAaCTH, HO U TaM, U TYT MbI BUAUM 4 OQUHAKOBBIX TPEYTOJIbHUKA
(ux cropoHbl yKazaHbl HA puc. 59). YOupas 911 Tpeyro/ibHUKY, CJIEBA BUILUM
KBaJpaT TUIIOTEHY3bI, a CIpaBa — CYMMY KBaIparoB KareroB. Bor m Bcé
TTOKA3aTEIbCTBO.

I[Lromamu KBaapaToB BHYTPHU IIPABOIO KBAIpPATa PaBHBL a° u b

Teneps cmorpure, npaBbiii KBagpar cocrouT u3 4 TPEyroJIbHUKOB
7 OBYyX KBaJIpATOB, a JIEBBII — M3 UEThIPEX TAKWUX XKe TPeyTOJbHUKOB
u ogHOrO KBagpara. Ho BHenrHme KBagpaThl MMEIOT OIMHAKOBBIE TLIO-
maau. M3 moomany mepBoro KBaJipaTa d BbIYes 4 OIMHAKOBBIE ILIIO-
WAL M M3 IJIOWIAAM BTOPOIO KBaapara Te ke 4 IJIomaiu. SHAYUT,
IJIOMAIb OCTABIIErOCs MOJIKHA OBITh OMUHAKOBOI. B ommoMm ciydae

ocraerca ¢, B 1pyrom — cymma a? + b%. 3uaunr,

a’ + b =2

Teopema Iludaropa mokaszana. Ho 910 661710 HEGOIBIIOE OTCTYILJICHTE.
4 xores ckazarb, 9TO AUATOHAJb KBaJgpaTa CO CTOPOHOH 1 mo Teopeme
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[Mudaropa paBHa KOPHIO W3 ABYX, Hy U 10 TOMY, YTO A HAPHUCOBAJI,
OHA W B CAMOM [Iejie 9TOMY paBHA. /|peBHWE HUYIEro He MOTJIA C HTUM
9HUCJIOM TojesIarh. [loToMy 4TO, eciiu OTJIORHUTh OTPE30K, PABHBIIA HA-
el TMaroHaJIl, OT HYJIsl, TO BBI TOMAAETE B TOUKY, KOTOPAs 3aBEIOMO
HE PaBHA, HUKAKOMY YMCJLY BUIA % Hu npu kakux m u n. Ber nepe-
OGepére BCe TeJIbIe YUCTA, U B YUCJIUTENE, U B 3HAMEHATE e, U HAKOTIA
HE TOJIyIUTEe IUCJI0, KOTOPOE B TOYHOCTU COBHALET C KOPHEM U3 JIBYX.

Ecrb oueHb MHOrO pasHbIX [0KA3aTEJIBCTB 3TOr0 (hakrta, U OILHO
W3 HUX COBEPIIEHHO IreoMeTpudeckoe. Mbl xKe pacCMOTPpUM HUXKE a.26-
bpauseckut nodrod.

Mgl ceiluac mpuayMaeM HEKYIO IPOIENyPy, KOTOPYK MBI IIpHAMe-
HUM K JIIOOOMY PAIMOHAJBHOMY YUCJIY, U OHA BCEra Oyner KOHEeIHOH.
A pasnpme, g BaM MOKaXy, YTO Ta XKe caMasd MPONENypa JId IHCIA
«KOPEHb W3 OBYX» HUKOIIA HE IMPEKPAIACTCd, TEM CAMbBIM 9TO YU-
CJIO HE MOXKET OBITh PAlMOHAJbHBIM

Caymaresb: To ectb 3T0 HECymeCTBYOIIEe IUCIO?

A.C.: CymecrByioniee, HO He B 9TOM Kpyre MO[03PEBAEMbIX JIUIL.
DTO IHUCJIIO CYNIECTBYET, ¥ OHO OYEHb HEPBUPOBAJIO 'PEKOB, OHU HE XOTe-
Jin ,ILOHyCTI/ITb, 9TO OHO CyIlIeCTByeT. O,JIHaKO OHU OTJIMYHO 3HaJIH, qTo
OHO HYXKHO [JIs BBHIYMCJIEHUI, HO HE BBIPAXKAETCA B BUIE OTHOIICHWS
nesibix uncesi. OHM HE TOHMMAJIM, 9TO JieJiarh. Bpoje daucso He cyiie-

CTByeT, & OHO-TaKu eCcTh. OHO He JTOJKHO CyUIECTBOBATH, HO OHO CYIIe-
m

CTBYET. T‘II/ICJ'[a,, KOTOpPBIC HE IIPEACTABJIAIOTCA B BUIE n

Ha3bIBAIOTCHA
UPPAYUOHANDHBMU.

Yro takoe BoOOIIE «uppanmoHaabHOCTh»? Hejiormanocrs. Hepa-
3yMHOCTB. VIppamnuonaJsipbHoe moBefenue, nanpumep. Ho B maremaruke,
B omymaue ot (pusiocodpuun, ecrh COBEPIIEHHO KOHKPETHbIE O0bEKTHI,
MPPAIMOHAJbHBIE YUCJIA. ITO TAKUE UUCJIA, KOTOPbIE HE IIPEICTABJIA-
0TCH B BUJIE % Tem He mMeHee, oHu BIOJIHE ce0e JIOTMIHBIE U OYEHb
J1aXKe pasyMHbIE.

Caymarenb: A aucaa m u n, OHA mejble?

A.C.: Ilesnie. Henpemenno nesbrie uucsa. Vppauuonasibabie 4u-
cJ1a, 9TO YUCJIA, KOTOPbIE HE ABJIAIOTCA OTHONIEHUEM ABYX IEJIbIX Y-

ces1. PamnmonasibHOE 9MCJI0 — DTO OTHOIIEHUE JIBYX IEJIBIX.
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Ectb emg oHo TPy IHOIPOM3HOCUMOE CJIOBO, OHO TOXe B (puitocod-
CKOM CMBICJIE KOe-aTo o3HadaeT. CiioBo «mpancyerdenmuos. Uto xe
TO OHO 03HAYAET B KUTEHCKOM (HEe MATeMarndecKoM) CMbIC/Ie?!

Caymaresb: Haxonurca 3a npenesamu.
A.C.: 3a upegesramu yero Ob TO HE OBLIO.

Caymaresb: To ecrb nppanuoHaJJIbHOE TOBEAEHUE — DTO MOBEIE-
HEE CTPAHHOE, HO BCE Ke B KAKUX-TO PAMKaX. A TpaHCIEHIEHTHOE, 3TO
9TO-TO 34 MPENEJIAMYU [IOHUMAHUA OKPYyKAIOUINX.

A.C.: B maremaruke mparcyendenmuoie 4UCAG — HTO TOXKE OIPe-
nesieHabIil TepMuH. VM 1pOTHBOIOCTABIIAIOTCH AA2E0PAUUECKUE YUCAQ.

Buyrpu muoxkecrBa asireOpamvecKux 4mMcesI KUBYT KaK BCE palu-
OHAJIbHDBIE, TAK U KOpHU JIIOOOW CTElneHu U MHOTO, MHOTO Yero emig.
O‘IeHb MHOTI'O Ppa3HBIX YHCEJI. I/I BOT TPAQHCHEHIOCHTHbIC — 9TO TE 4Yu-
cJia, KOTOpbIE HE ABJIAIOTCA aJirebpandeckumu. Boigymars neasirebpa-
MYECKOe 9HCJI0 JOCTATOYHO TPyaHO. CHAaYaa HyMaJjid, 9TO BCe IUCIIa,
anrebpamdeckue. A B 19-M Beke mpom30mésT B3pbiB B MaTEMATHKE, ObI-
JI0 OOHAPYKEHO OrPOMHOE KOJIMYECTBO HEAJIreOPamvecKux ducesr —
HO 310 ObLIO yxke B 19 Beke. [Ipumepom TpaHCHEHAEHTHOrO YHUCJIIA,
ABJIACTCA 3HAMCHUTOC YUCJIO «IIU» — [JIMHA OKPY2XKHOCTU C [JUaMe-
TpoM, paBHbIM 1. JloKa3aTejbCTBO TPAHCIEH/IEHTHOCTU OJIHOTO €IUH-
CTBEHHOTO 4HCJIa «Ou» 3aHUMaeT 10 jgekmuit Ha 4-0M Kypce MexMaTa
MI'Y. Ecrb ouenb Majo Hapoiay Ha 3emJie, KOTOPbIE 3HAKT 9TO JOKA-
3aTEJILCTBO. ITO — TPYyAHEHIasa TeopeMa. A BOT PO KOPEHb U3 JIBYX
BCE O4Y€Hb ITPOCTO.

4 npencrassio Bam 1Ba Pa3HbBIX JI0KA3ATEILCTBA: OJIHO OyIeT JIJInH-
HBIM, HO TEOMETPUIECKUM (1 OHO OyIeT HOJIE3HO IS U3y IeHU APYTUX
TEM), BTOPOE — KOPOTKOE CTAHIAPTHOE JIOKA3ATEHCTBO.

¢ pacckaxy HEKYIO TPOLELYPY; HY, CIIEJIaJl 9TO HE 4, & HE KTO UHOM,
kak EBkmun 2,5 teicaum ser Hasan. HaswpBaerca sTa mpomemypa —
anzopumm Fexauda. PazaoBumuocTs asroputMa EBKJMma Ha3bIBAET-
ca yennot dpobvro. llennas npobs — 310 odenn mpocro. JIroboe aucsio
MOXKHO Pa3JIOXKUTh B HenHyo apodb. Huxke a mokaxy, 4To 4ucsa Bu-
it} % B LENHYyI0 Apo0b PACKJIAIBIBAIOTCI KOHEYHbIM 00pa3oM, a KO-
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PeHb W3 IBYX B IENHYIO JpO0b PACKJIAJBIBAETCH TOJIBKO OECKOHEY-
HBIM 00pa30M.

[Ipuseny npumep: 1pobb %

IaBaiiTe mocMOTpuM, KaK MPEBPALIATH 3TO YUCJIO B HEIHYIO JIPO0b.
Borenum us a1oit 1pobu nestyo yacTb. Mex 1y KakuMu JIBy M [eJIbIMU
qUCJIAME OHA PACIIOJIOXKeHa,?

Caymarens: Mexay 1 u 2.

A.C.: IIpaBujibHO. 3HAYUT OHO PABHO | IJIFOC CKOJIBKO?

Caymaresnb: Mue 1pymao u3 21 Beraects 13.

A.C.: Huuero. 4 Bbrury.

Caymarens: 8, na?

A.C.: IIpaBusapHoO, na.

21 ., 8
B=1lt33

Ho 310 He BCE, uTo a1 X0Tes ckazarp. [loromy aro a manunry tax. Onun
IJTIOC OJIUH PA3/esIUTh HA TPUHAINATH BOCBMBbIX:

21 1 _ 1
ﬁ_1+E_1+1+§'
8 8

9toT (HOKyC C mepeBopadnBaHUEM ApOOM «BBEpPX HOTaMW» W BbIIeJIe-
HUEM [eJION JacTh h3 3HAMEHATEJIA Mbl Oy/IeM HOBTOPATH JI0 TEX IOP,
MoKa, OymeT BO3MOXKHO. A BO3BMOXKHOCTH 3TOr0 OyIeT 1m0 Tex mop, MOKa
HA OYEPEIHOM HIAry MOCJIE BBIIEJICHWS NEJIOW 9acTu ApobHAsS 9acTb
MPOCTO OKAXKETCA paBHA HyJ0. ECam 3TOro HUKOTHA HE CIIyIUTCHI,
TO MCXOMHOE UUCIIO OKAXKETCH PA3JIOKEHHBIM B OECKOHETHYIO MEMHYIO

Ipo0Bb.

WTak, IpomoKuM Pas3JIoKeHne IUCIIA % B IEMHYI IpO0b:
1+L5 =1+#1 =1++1 =...= 1++1 =
1+ 3 1+ 3 1+ —3 1+ — 1
H 1+ 3 1+ ———

14+
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=1+
1+

14— 1L

1
1
14 =
2
Crou, mamuna. ITocsie Bblue/IeHUs LEJI0i YacTu U3 4uciia 2 apodbHasd
9aCTh PABHA HYJIIO. SHAUNUT, JAHHOMY IUCJIY «CYXKIEHO» Pa3JIararbCs
B KOHEYHYIO Henuyio npobb. Ecjim KT0 HE Bepur, MOXKeTre yIupoCTUTH

o1y «0-3TaxXKHYI0» Ap0o0b, cliesiaB u3 Heé obbikHOBeHHY0. Koneuno, ona

1+

Oyuer pasHa 3
Bor rakas onepamusa. Eskimy e€é npumymasi. HaspiBaerca «uemnnas
npobn». Obparnure BHHManue. Ha mocsieiHeM mrare Ml IOMAJIA B [IEJI0

1
9UCJIO TIpH epeBopaunBaHum apobu =. Ha sToM Bce 3akamamBaercH,

2

TaK KaK U3 [eJIOT0 YUCJIA HE YJIACTCA BBIYAUTH APOOHYIO YaCTh.
Hpyroit npumep:

OnsTh TpUIIIM K [IEJIOMY 9HCITY. Y Pa. SAKOHIUJIN.
EBkunz yTBEpK g1, 9TO 114 J11000i 1pobu 33 KOHETHOe TUCIIO MIa-

IOB MbI IIPHJIEM K TieJIoMy ducity. [lonpobyro a1o nosgcautb «6es3 dop-
17284

3415 -

MyJ1». Bol 6epére Kakyro-10 o4eHb 60JIbIIYI0 Ipobb, HAIIPUMED,
[Ipomecc Toxke 3aKOHIUTCS HA KAKOM-TO IIare.

Yro npoucxomur B mpouecce, npenyioxessom Eskimimom? Mt po-
CTO HECKOJILKO pa3 [IeJUM C OCTAaTKOoM, m BCE. Ha kaxmom mare Mol
noJIydaeM «HEYTO>» ILJIIOC YTO-TO MeHbllee, 94eM TO, Ha 9YTO MbI JEJINMM.
Uness B TOM, 9TO HA KaXKJAOM IMIAry IuACJa OyOyT yMeHbIIATHCH. du-
CJIMTEJIb Y 3HAMEHATEJb — LEeJIble YNCJIA, U OHU OyJIyT YMEHBINATHCH.
Ho mesioe amciio, si060e mostoKuTEeIbHOE 11eJI0€ IUCJI0, He MOXKeT 6ec-
KOHEYHO JOJII'O yMEHbIIATHCA, OHO B KOHIIC KOHIIOB «3AKOHYIUTCA>. OHO
npui€T K HYJIIO 38 KOHEYHOE YMCJIO IIAroB.

To ectp Jsr060E pAIMOHAJILHOE IUCJIO HETPEMEHHO MOPOXKIAET KO-
HEYHYI0 HEmHyIo Apo0b. A Tenepb s BO3bMY U HOKAaXY, 9TO KOPEHb
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73 IBYX MOPOXKIAET OECKOHEUHYIO HEmHYyI0 AP00b.

Bot astor dokyc-nokyc. Eciu «KOpeHb U3 ABYyX» — paIldOHAIIb-
HOE 9HCJI0, TO IMPOUELYPa, KOTOPYIO s TOJBKO YTO MPOBOIMJ, TOJIKHA,
3aKOHIUTHCA. BepéM KOpeHb u3 nByx. Mex1y KaKuMW TEeJIbIMA 9h-
CJIAMU OH PACIIOJIOXKEH?

Mexuy 1 u 2 (cm. puc. 61).

Puc. 61. JloBuch, npobHasi 4yacTb — OoJibliasi U MaJieHbkas! BumHo, dro

IMaroHaJsib 00JIbLIE CTOPOHBI, HO MEHbIIE CyMMbI CTOPOH.

Bnauur, KOpeHb U3 AByX = 1 + npobuas wactb (OHA paBHA
1,4142 —1).

Yro a coesnan? [IpubaBusi enuHUIly U OTHsI enuHUILy. Bosibine Hu-
4qero me mesiaJsr. To ecTb si BbIIeJInI HEJIyI0 9aCTh U3 KKOPHS U3 ABYX>»
(mpobHas e JacTh 3ammcana B CKOOKax; oHa pasHa npumepno 0,414).

V2 -1

Puc. 62. BoineseHHBII OTPE30K U €CTh «KOPEHb U3 ABYX MHUHYC OIIAH».
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Iuia nosiydeHust qpoOHOM YaCcTu A B3dAJ OKPYXKHOCTH pajuyca 1,
OPOBEJT €€ [0 MepeceveHus C IUArOHAJbIo, U BCE (cM. puc. 62). Dra
qacTh, 0€3 COMHEHUsI, MEHbIIIe enuHanibl. Jlajee 1jia KpaTrkocTu 000-
3HAYNM «KOpeHb u3 AByx» depe3 K. A Boipaxenune K — 1 obosHauuM
C. Buauur, C < 1. [Tosromy Oyjiem 9Ty 4aCTh «IEPEBOPAIUBATH !

_1_ 1
C_l K+1
C
[losicHiO, TOYEMY é npesparuiaochk B K + 1.

¢l BosbMy umcsMTesIb U 3HAMEHATe b U JIOMHOXY Ha OJHO U TO Xe
IHUCII0 (TO He M3MEHUT 3HaYeHusd 1podn). {1 aucsimress 1 3HaMeHATEITH
YMHOXKY BOT Ha Takoe uucjo: K + 1.

HaannaeM oTkpbIBaTh CKOOKH:

1_ (K+1)-1 _ K+1 _K+1
C (K+1)-(K-1) K-K-1 2-1

A Temepn, mo obIIEMy TIPABUITY, BBIIEIAEM MEIYIO IaCTh.
Mesx /1y KaKUM [IBYyMs IEJIBIMEA 9UCIAME HAXOMATCH /2 + 17
Cuaymaresb: Mex 1y IBOWKONW W TPOUKOIL.
A.C.: Koneuno. IToaromy, ecsim s o npasuiy EBksinna BbliIesiaio
13 Hero MeJsyio 4acTb, TO OHA paBHA?
Cuaymaressb: 2.
A.C.: 3uauur, a4 10JKEH HAIKUCATH TaK:

_ 1 _ 1
V2a=1+ 2 + HOBad Ap00.9aCTh L+ 2+0414..."

=K+1.

He npaBma jiu, Mbl yKe CTAJIKUBAJIMCH BBIIIE ¢ TAKOH JIPOOHOR YacThiO?
Cuaymaressb: U tak mo 6ecCKoHEeIHOCTH OyIeT IMOBTOPATHCA !
A.C.: U rak 10 6€CKOHEYHOCTU. 3HAYUT, UCXOLHOE YUCJIO — HE pPa-

[UOHAJILHOE.

MpbI nostydum beckoneuHnyto NEMHy0 Ipo0b:

1

1
1

K=1+

2+
2+

94 1

2+...
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TosibkO GecKOHEYHOE YUCJIO MIArOB IIPUBEIET BAC K YUCJLY, PABHO-
my K. Ho He KoHeuHOE, — a 3Ha4uT, yncyio K — mppanmoHaIbHO, ITO
u TpeboBaJIOCh /10Ka3arh. Tenepb Bbl 3HAETE, 9TO €CTh TAKUE YUCJIA,
CTpalIHbIe YUCJIA, KOTOPbIE HE IPEJICTABAIOTCA B BUIE KKOJMIECTBO
ADJIOK TMOMIEJINTh HA KOJIUIECTBO IOCTEH».

OcraBuryrocd 4acrb 3aHATAA Mbl OylIeM WUIpaTb C Pa3JIOKEHHEM
B nenuyoo npobb. B Hell npaderca nctuHHadg GECKOHEYHOCTD.

A renepp mauM CTaHAAPTHOE KHUKHOE HOKA3ATEJIbCTBO TOrO, 9TO
KOpPeHb U3 [IByX — YHUCJIO He paruonaJsbaoe. OHO — OT MpPOTUBHOIO.

[IpenmosoxuM, 9TO

K="1 (3)

Torna, eciiu MOXHO, cOKpaTuM 3Ty npobb. To ecth, ecsim m menut-

Cd HAQ 3 U N JNEJIMTCA HA 3, HOJEJMM U YUCJIUTEJIb, U 3HAMEHATEJIb

ma 3. Ilocsie Toro xkax MbI COKpaATUJIM BCE, YTO TOJBKO MOXKHO, OIHO

u3 guces obaszaresibHo Oyer neuérubiM. Moxer ObiTh, 00a HEYETHDIE,

HO 110 KpaiiHeit Mepe ofgHO U3 HUX TOYHO HeuéTHoe. [loTomy |To, ecim

006a yérHble, 3HAYUT MOXKHO OBLIO elle pa3 COKPATUTh HA 2.
Paccmorpum kBagpar pasencrsa (3):

N

2=m—2.
n

[Mosyuum m? = 2n?.

DTO 3HAYUAT, 9TO €CJIM HA CETKE HAPUCOBAH KBAJIPATUK C IIEJIOYU-
CJIEHHOU CTOPOHO#, B HEM KOJIMYECTBO €IMHUIHBIX KBAJIPATUKOB TAKOE
)Ke, KaK YIBOEHHOE KOJMYIECTBO KBAIPATUKOB KAKOr0-TO JIPYroro KBa-
Jipara C 1eJOYUCJIeHHOH croponoit (puc. 63).

Bnauut, ecsim K — panmonassuoe uucio, ro m? = 2n? — sepuoe
pasenctBo. Torma m — 4ucsio 9éTHOE, IOTOMY YTO OHO JIEJIUTCH Ha, 2.
Ho ecaim m mesmmrcest Ha, 2, T0 910 3Ha9UT, 910 M = 2k. Torma m?2 = 4k2.

[Toncrasum B m?2 = 2n? snavenue g m?2. IToygum 4k% = 2n2.

CokparuMm Ha 2, nosyunrca 2k? = n?.

Ho rorma n roxe pesmmrcda Ha 2. A 3HauWT, MBI B HAYaJE ITOIO
rporiecca Heocokparusim. Ho Mbl ke JI0roBOpUIINCh JI0OCOKPATUTH BCE,
9TO BO3MOXHO. B 9T0M 1 3aKJII09AETCs ITPOTUBOPEIUE.
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Puc. 63. Yro-10 He mosiydaercs HAPUCOBATH ABa TaKuX KBaapara. U sro —

HecIpocTal

m

To, aro V2 nukorna ue LPEACTABIIACTCH B BUJIE -, HA CAMOM JleJie
O3HAYaeT TO XKe caMoe, UTO PABEHCTBO m? = 2n° Bcerma HEBEPHO.
Hukorma me mosiyuurca B3ATH ONWH KBAJPAT C MEJIBIMU CTOPOHAMMU,
YMHOXKMUTD €T0 IIJIOMAIh HA ABA U MOJIyIUTh IPYTOil KBAAPAT C MEeJTbIMA

croporamu (yaBoeHHOU mromanu). Hu niis KaKux mesIbix ducedr.
[lompobyem KOIHYTH 3TOT BOIIPOC MOLIyOKe.

A moxer jin ObITh TAK, YTO OHU HOYTHU OYJ/LyT PABHBI, HAIPUMED,
m? =2n?+17?

B,IprI‘ MBI CMO2KEM B34Tb KaKI/Ie—HI/I6y,11b OI'POMHBIC YUCJIA, BO3BECTHU
X B KBaJlpaT, YMHOXUTHh OHO M3 HUX HA J(BA W BBIACHUTH, 4TO pe-
3yJibTarhl orymyarorcs Ha 1. Moxer jim takoe Obirh ujin Her? U ecim
MOXKeT OBITH, TO HACKOJIBKO JaCTO 3TO MOXKeT ObITh BooOme? V1 MOxKHO
JI TIOJIHOCTBHIO OIMCATH BCE UMCJIA, KOTOPHIE YJIOBJETBOPSAIOT ypaBHE-
muio m? = 2n? + 1?7 Bompoc, KOTOpBIil CTaBU/ICA enié APeBHIME — OH
HasbIBaeTCd «peurenne JJuodanmosoir ypasrenud B TMEJBIX IUCTAXS.

InodanT xus1 B AstekcaHapuud B 3-M Beke Haiel spbl. OH ocTaBmI
nocjie ceba 13 ToMOB maremMarmvyecKux W3bICKaHuit, 6 w3 HUX XymHo-
OenHo, HO JIONLIM 10 HAC, 7 — IOJHOCTHIO OE3BO3BPATHO MOTEPSHBI.
6 TOMOB ero M3bICKAHUI 10 CHX IIOP IMUTAIOT YMbI MaTeMATHKOB. lmo-
danT nucasr Bce caoecHo. Ilpumepno rak: «Moxer jin ObITh TaKoe,
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YTO OJIHO YUCJIO, Oy/lydu B3ATOE TO KE CAMOE IMCJIO pa3 (To ecTh 1+ n)
U emg CToJIbKO Xe pa3 (To ecTb 2n - n) OWIMIaIoCh Obl OT IPYyroro
4YKUCJIA, B3ATOrO JIPYroe Ke 4YucJo pa3 (To ecrb m - m) BCEro JiMiib
Ha equanily 7» Tak OH 3aIMCHIBAJI ypaBHEHHIE

om? =m?+1.

MoxHO i1 TaKoe ypaBHEHUE PEUIUTH B IEJIbIX Yuciax mim Her! Mbr
[AIEM CHUMBOJIAMU, [IOTOMY [IAJIEKO HPOIABUHYJIUCH B MATEMATHUKE.
Ho Bce nmen 6ykBasibHO, OYKBAJILHO BCE IMOAPs OBLIM B 9THX IIECTH
Tomax. Ecjm gero-to B Hux #e 066110, BUAMMO, OHO ObL/IO B IIPOITABIIKAX.
Ho wmbl yxxe ne y3naem 3Toro.

Hurodant — desoBeK, OCTABUBIINN (PAHTACTUIECKOE HACIEOUE.
B 1651 romy IIbep @epma gurast xkaury lunodanrta mo messoqucaeHnoi
apudmeruke. Untam m KOMMEHTHPOBaJ e€ Ha moJssax. A cera Pepma,
7W3/1aJ1 KHUT'Y C KOMMEHTapusaMu CBoero orna. Ha mosiax Obi1 kjiaaes3nb
MaTeMaTUIeCKuX COKpoBull. B 4acTHOCTH, B OHHOM MecTe ObLIO CIIey-
jomee. Y duodanra pemasiocs B HeJIbIX YUCIaxX ypasuenue a’+b? = c2.
To ectb OH HBITAJICA BBIACHUTH, MOXKET Ji ObITh TaK, 9TO BCE UHUCJIA
ueJbie? IIpeBHuM ObL/IO XOPOLIO U3BECTHO, 4YTO TaKoe Moxer Obirh. Ha-
npumep, auciaa (3, 4, 5), ¥ MHOrO-MHOTO [IPYTUX IPUMEPOB.

ITepBoe pemnerne nMeJI0 MPAKTUIECKOE TPUMEHEHHE 2,5 THICAIHN JIET
naszaj. bepem Bepésky, mesium ee Ha 12 paBHbIX YacTeil, 3aBA3bIBAEM
y3eJIKU B MecTax geJierud. [locsie yero cBa3piBaeM BEPEBKY B KOJIBIO
7 JIeJIaeM U3 HeE TPeyroJibHUK TaK, 9T0Obl HA OHMHOUW CTOpOHE OBLIO 5
y3€eJKOB, Ha Apyroi 4, HA TpeTheil 3.

W BOT BBI MOJIyYM/IM OPAMOR YroJl KyCTAPHBIME CPEICTBAMU. IDTO
OYeHb BaXKHO.

3emsiemepy sroro xBarut. Beé. Y Hero BepéBka ¢ 12 ysjiamu eCrb,
u Bcé. Ho maremaruk Bceryma xoder moiitu no Konma. Bce BapuaHTbI
Haiitu, BCe meJibie a, b, ¢, — Taxue, YTO MOJIyIAETCHA IPAMOYIOJIbHBIN
TPeyroJibHUuK. 3a1a4a jipeBHeiiinaa. OTBeT ObLII U3BECTEH €l JPEBHUM
urrycaMm. «[IudaropoBsr Tpoiiku» — BOT KaK HA3BIBAIOTCH 9TU Pelle-
nug. VlHTEepecHo TO, 9TO B TOM MECTEe CJIEBA, HA, MOJIAX ObLIO HAIU-
cano pykoit @epma nmpubsmsuTesbHO cieayolee: « Bmecrte ¢ Tem, He-
BO3MOXHO Pa3JIOKHUTh HUKAKON KyD B CymMmy ABYyX KyOOB, HUKAKYIO
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9eTBEPTYIO CTEIeHb B CYMMY JIByX Y€TBEPTBIX CTeneHnei u Boodiie Hu-
KaKyIo IIPOU3BOJIbHYIO CTEIIeHb YUCJIa B CYMMY [IBYX TaKHUX XK€ CTelle-
Heit. f Hamés sromy GaKTy MOUCTUHE YAUBUTE/IBHOE JIOKA3ATEbCTBO,
HO HA IOJIAX OHO HE MOMECTUTCA». ITO — HAYAJIO UCTOPUM BEJIAIAM-
nieit 3aragku maremaruku — TeopemMbl Pepma.

®epma yTBEpKIAET, 9TO 1Ipu 1 6OJIbIIEM, YeM 2, ypaBHEHUE

HE UMEEeT pelleHud B IeJIbIX ducyax. 1o ecTb, KOHEYHO, MOXKHO B3ATh
xr =y = z = 0. Wnu, ecsiu Mol nocrasum ¢ = 0, TOr[a y u 2 MOLyT
ObITh JIFOObIMU OaMHAKOBbIMU. HO 910 BCE HemHTepecHo. A BoTr ecjiu
HOJIb 3alPETUTb, TO €CJIA MbI UUIEM CPEIU NOAOHCUMEALHOLL TIEJIBIX
qucesI T, Y, Z PEelleHns 3TOr0 ypaBHEHHH, TO uX HET, BooOme Her. Hu
OIIHOTO, HY OIHOH TPOiiKY (Z,Yy, z), HU 1JIA KAKOro 7, 6oJIbLIero uem 2,
TO €CTb HY 1pu N = 3, Hu nupu N = 4, HU TPU KAKOM 7.

DT1a 3arajika O6bLIa CTPAIIHO MOIMYJIAPHOA Cpequ MIUPOKUX MACC Ha-
cenenus — yx GOJIbHO pocTo (bopmyupyerca sra reopema (fa enté
KaKOI-TO 4yaK 3aBelaJ KPYIHYIO CYMMYy TOMY, KTO CIIPABUTCH C 10~
kasarejbcrBoM Teopembl Pepma). Ho u oubirhbie maremaruku Gbiin
osazadensl. [lesio B ToMm, 9TO BCe yrBepK AeHusd, kotopbie Pepma ocra-
BuJ1 6€3 N0KA3aTEe/IbCTBA, OKA3AJIMCh NPABUJILHBIMU (MX BCE J0KA3aJ11
1oCJIe €ro CMepPTHu), a C HTUM TBOPUJIOCH YEPT 3HAET YTO: HAYAJIM BCE
CXOIIUTH C yMa, IIOTOMY YTO BCE KaXKETCdA MPOCTO, U XOUYETCA B3AThH
PY4YKYy 1 Ha4aThb IUCATD. BOT Bbl MHE HE IIOBEepUuTe, HO KOI'’la MHE 6bIJIO
10 stet, g 3TuM 3anuMaJcd, vectHo. Ho BcE 310 He3ymue mpoiosnKaioch
ToJIbKO 00 1994 rona.

B 1994 romy oma ObLjia IMOJTHOCTHIO [IOKA3aHA HAIIMM C BaMU CO-
BPEMEHHUKOM MATEMATUKOM IHipIo Yaisicom. Ha camom nene emy
npenuiectTBoBasiz 30 pasHbIX UMEH, KOTOPBIE [IOJITO B PA3HBIX MECTax
nojicTpanBaJi 0oOJIbIIOE 3HaHKe. A OH TPOCTO MOHSAJI, B KAKOM MECTE
HY>KHO CUIUTH TO, YTO yXKe u3BecTHO. B wactaocTu, 6€3yCioBHYyIO BaxK-
HOCTbH 3H€CH ChII'PaJIa MOCKOBCKA MKOJIA aJIre0panviecKkoil reoMmerpuu.
ITocnenuum Obw1 Yaitjic, HO B IPUHIKAIIE 3TO — BCEMUPHOE TBOPEHUE.

Ceiivac mokasaresibcTBO €€ BxomuT B kumry A.A. [lamunmmkwumna,
0. 1. Manuna «BBejienue B COBpEMEHHYIO TEOPUIO duces». ToscTen-
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Has CJIOXKHEHas KHUrA [0 TEOPUM UUCEJ, 7-asd IJIaBa [EJUKOM I10-
cBamena Teopeme Pepma. Hy a rTemepp dokyc-mokyc, aagao? A To
JICKIIUA y2KE€ KOHYaeTCA.

Bepewm namry nennyo gpobb HJid «KOPHHA U3 JIBYX»:

V2=1+ L
2+

1
1
1
2+...

2+

2+

O6pybaem, nojrygaem npubJIMKEHHOE 3HAUCHHE JJIT KOPHS U3 JIBYX:

1
1

24—
2+ 1

1+
2+

Taxyio npobb MOXKHO PEBPATATH B HEKOTOPOE PAIMOHAJIBHOE YUCJIO,

TO €CTh HEKOTOpOe oTHourenue AByX mesbix. Ceiivac npesparum. [lo-

41

JIy9aeTCs = .

yHAeTER 99

Bcé orsmmano.

A BoOT Temepnr OGepure KAJILKyIATOp, moXKaJyhcra. U Bo3BommTe

B kBajapar 41 u 29. He 3abymabre, aro 29 B KkBajipare npu 3TOM yMHO-

Kaere Ha 2, <10 mpockbe HumodanTas:

41? = 1681,
29% = 841,
841 - 2 = 1682.

Ypal! Oum oTiM9IaOTCA HA, €OUHUILY. DTO TE€ CAMbBIE PEIICHUsI HAIIETO
YPaBHEHUA
m? =2n% + 1. (4)

MpbI Hann peirerue »Toro ypapHenus. [Ipuaém HerpuBraJibHOE.

Teopema, KOTOPYIO # JI0Ka3biBaTh HE Oyy (OHA CJI0XKHA), TJIACUT:
I'de 6v 6o wu 06pybusy dannyto uyennyro dpobs, eceeda noayuaemcs
pewenue JuoPharmosa YpasHeHUs.
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Caymaresb: JIioboe ducsio passioxy B nemHyio gpodb, 06py0Jiio
1 IOJIydy pelreHue?

A.C.: He mja jroboro. g jirob0oro umcia, He ABJIAIOMErocs KBa-
JIpaToM.

Hanpumep, m? = 9n? £ 1 He no/1y4uTCa PEmuTh TAKUM CIIOCOBOM.
Ho raxux gmcesn goBoJsibHO MaJjo. UTo ke g MOry HOACTABUTH BMECTO
«2» B ypasuenue (4): 3 — mory, 4 — He MOry, Tak KaK Ksaapar; 5, 6,
7, 8 — mory, 9 — me mory, 10, 11, 12, 13, 14, 15 — mory, 16 — He Mory,
¥ TaK jaJjee. Y paBHEHrEe TAKOTO BUIIA HOCUT Ha3Banue ypasnenue Ilen-
ss. VI, kak 06b19H0 310 ObIBaeT, [lesiip He nMeeT K HEMY HUKAKOTO OT-
Homenuda. B Mmaremaruke ouenb MHOTO (pakTOB HA3BAHO MMEHAMU JIIO-
Jiefl, KOTOpbie HUKAKOIO OTHOLIEHUs: K 9roMy dakry He umesin. [Ilyrku
paju 3TO ABJIEHHE MaTEeMaTUKU TOXe Ha3BaJu «Teopemoii». Bot, mo-
JIy9HJIOCh TaK, UTO 3Ty TeopeMy HaszBaju rteopemoir Apuosbaa. Ona
camonpumerumas (TO ecTb APHOJIBM, He ABJIAETCA aBTOPOM HTOM Te-
opemnbi). HlyrnuByto «Teopemy Apnosnbua» npumymas Huxonait Hu-
KOJIaeBUY KOHCTAHTMHOB, W Ha3BaJ TeOpeMO# APHOJbIA CIEeNuaIb-
HO, 94T00bI OHA ObL/IA CAMOIPUMEHUMOM, YTOOBI OHA TOXKE HA3BIBAJIACH
HE MMEHEeM 4YeJIOBeKa, KOTOPbIi €€ BhIIyMaJ, a ApyruM. Maremaruku
MBICJIAT JIOTHIECKH, JIAXKe KOTIA OHU Iy TsT!

HaBaiite, Bcé-Takm, 4T0Obl Bac ybemuThb, moobpybaem 3Ty mpobb
B pasubix Mectax. Cmorpute. 1 — 3710 Benp «1 pasmesnurs Ha 1». Ecim
nojcraButh B ypasuenue (4) m =n =1, 1o 4ro nosyunrca?

1°=2-12-1

(To ecth (4) BBITOSTHAETCS).
Obpybaem masibiire. Byner %

IloncraBasgem: 9 =2 -4 + 1.

Obpybaem eme pas. [oayaaem % [ToncraBsiem.

49 =2-25—1.

Bol BuguTe, 9T0O TEopema BepHA.
I'ymanuTapuio yxe He HAJ0 JOKA3BIBATb TEOPEMY, OH YK€ «BUIUT>,
410 OHA BepHa. HO mMaremarvky HyXHO €€ JI0Ka3aTb, HyKHO yCTAHO-
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BUTbh, 9TO ITO jieficrBuTesibHO BCeraa Oymer Tak. MaJio Toro, okasbiBa-
ercs, 9YTO BCe Takue 0bpybaHusd HaJIyT BAM pPEUIeHNUs STOr0 ypaBHEHU ],
v Apyrux peuienwuii B 331a49€ Her. BooOie HUKaKux.

Caymaresns: Hy, win Mbl IpocTo HE HANLIH?!

A.C.: Her. Hoka3zasiu, aro 6oJibliie HE CyIIECTBYET.

Hy, nocsaenuuit pokyc-nokyc. Ho 6eperurech, o crpaniabiii. 3Hae-
TE JIX BbI, YTO Takoe Ounom Huvromona? 910 — mpaBujio, 10 KOTOPOMY
PACKJIaJbIBAIOTCA BBIPAXKEHUs, B KOTOPBIX Bbl MHOI'O Pa3 YMHOXKUJIU
onny ckobky Ha ceba. B mkose upoxonar (a+b)(a+b) = a®+2ab+b?.
Eute npoxomar: (a + b)(a + b)(a + b) = a® + 3a%b + 3ab? + b>. Ho ectn
Hekad GpopMmyJia, KOTOpad BepHA BCErna, [1Jid JII0O0ro KOJnIecTBa CKO-
6ok. Cumraercs, uro eé npumaymas HeooToH, HO, Ha caMoM JeJie, e,
CKOpee Bcero, 3HaJim u 110 Hero. I[Ipocto ou ee orsacmi. Tak Bot, O6u-
HoMm Hprorona roxe nomoraer uckarb penieHus ypasaenus (4).

Hmxe mbl cHOBa 3a K 0603HAYMM KOpEeHDb U3 JIBYX.

Bosbmy (1 + K)? = 1+ 2K + 2 = 3 + 2K. Pemenuem Gyzer napa
(m =3, n =2), u MBI yKe Bbllle BcTpedaauch ¢ uuMm. Ho, moxer, 310
CJIy9a#HO TaK COBIAJIOT

BosBenenune B Ky0 Bac mo/nKHO yxKe ybenuth. Vmeem:

(14+K)>=1+3K+6+2K =7+ 5K.
He mpaspa Jiu, 910 Ccjemyrolnee pelieHne Hauero ypasuenud?! 3ech
m="7,n=>5.
Bosseném B derBepTyio cremenb. A 910 BCE pABHO, YTO BO3BECTHU
IBa pa3a BO BTOPYIO, B HEE MBI YK€ BO3BOIUIIN.

(1+K) = (3+2K)? =9+ 12K +8 = 17 + 12K.

[IpoBepsaewm:
17% = 289,
122 = 144,
144 -2 = 288.

[Tomygaerca: 289 = 288 + 1.
D10 paboraer!
Ho BcTpeun B jeknyuu 4.
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Jleknusa 4

A .C.: Ha npouwuioii jlekuu s CKa3aJi KOe-4To PO pelieHue ypaBHe-
mug suna 2 — 2y? = £1. Teneps Koe-uro yrounum. MoxHO 3amucarh
ero B Gostee obieM Bume: 2 — my2 = =+1.

B npunnuie, o4ty HUYEro He U3MEHUTCA B OOIIEM X0/ pelleHud.
EnuucrBenuniit BapuanT, mpu KOTOPOM OyIIyT pas3jidvusi, 3TO KOTHA
M OPEACTABJIAETCA B BUIE KBaJpaTa HaTypasabHOro umcsaa (4, 9, 16,
25...), — Torma Takoe ypaBHEHHE [0 HEKHM OUYEBUIHLIM HPUIXHAM
HUKAKUX peuienuit, kpome ¢ = £1, a y = 0, He umeer.

B camom gnesne, nonpobyem nalitv HETPUBHAJILHBIE PEUIEHUAA YPaB-
mennd 22 —9y? = £1, o ectb z-z = (3y)-(3y) £1. Ilpu «y», He paBHOM
HYJIIO, TOJIyYaeTCs, 9TO KBAJPATHI JIBYX HEJbIX YUCEJI KT» U «3Y» OT-
Juvaiorca Ha equauiy. Tak masio onu orsinaarbeca HE MOI'YT. [laxe
KBa,IPAThl COCEIHUX LEJIbIX HEeHyJIEBbIX uncest (ckaxem, M u M + 1)
OTJIMYAIOTCA OoJIbIe, 1eM Ha 1, 8 UMEHHO: OTJInIne uX paBHo 2M + 1,
npuiém M ue pasuo 0.

L1 Bcex oCTaJIbHBIX 17 MPUEM, KOTOPBIM MbI IOJIb30BAJIUCH paHee
[Ipy peleHnn 3Tok 3aja4u, cpabarbiBaer. A npuém 10T ObLI TAKO:
HYKHO KOPEHb W3 17, PA3JIOKUTD B HENHYI0 Apobb. To ecTh BbieidaeM
LEJIYIO 4aCTh, IOTOM KIIEPEBOPAYMNBAEM» OCTABIIYIOCH JIPOOHYIO 4acCTh,
[OJIyYaeM YHUCJI0, DOJIbIIEe €OUHUIIBI, B HEM ONATH BBIJEJIAEM IEJIYIO
9aCTh, U TAK JaJiee:

V2=1+

2+

1
_ 1
24...

2+
2+

4 ckazas B Jieknum 3, 9TO JIA NOJIyYE€HUs] PEUICHUS yPABHEHUS
Mbl MOXKeM 0OpybuTh 1pobb B JII0O0OM MecTe, MPUBECTU K BUILY <IIE-
JI0€ YHCJIO PABMIEJIUTH HA TEJIOe», U IUCJA, KOTOPHIE TOJIyIaTCA B UU-
csuresie u 3HameHaresie, OyayT HamnMmu peuteHuavu. U i m = 2
5TO HEHCTBUTEJBLHO MOXHO HeJiaTh Ha Jiobom mecrte. Ho ecsim 3T0
yTBEpXKACHUEe IPUMEHUTD JJ1d APYTUX 3HAYCHUA 1M, TO IOJLYy YUTCH, ITO
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A HemHoro obmanyJs Bac. Ecre teopema, nokaszannaa 2K. JI. Jlarpan-
KeM, KOTOpasd YTBEPKIAET, UTO €CJIM MbI PA3JIOKUM KOPEHb U3 IUCJIA,
HE ABJIAIONIErOCA KBAAPATOM, B HENHYIO Ipo0b, TO mennasa apobb, Ha-
YMHAA C HEKOTOPOr0 MECTa, HAUHET MOBTOPAThCA. IlogBurca mepuom,.

Bpeska 6. O Geccunun «HabMIOOeHUA» 0€3 «O0Ka3aTesib-
cTBa».

[Tousitue mepmoma IMOCJIENOBATEJIBHOCTA HE TAKOE IMPOCTOE, KAK
xoresioch Obl. Bosiee Toro, »To mondaTme IeMOHCTpUpyeT Oeccusine
[PUKJIAJHON MATEeMATHKHU IJId yCTaHOBJIeHUA (PAKTOB UUCTON Mare-
maruku. Hampumep, nomycrum, 910 MPUKJIAILHON MATEeMaTWK U3Yda-
€T IOBEJeHre CJIEYIONell MOC/IeI0BATEIbHOCTH JEeCATUIHBIX nudp:
2223222322232223. .. Uro ckaxer 1mpu 3TOM «COBCEM IIPOCTOIH HAOJIIO-
nmaresb»? To, 4ro umeercd nepuon «2223», cocroauuit u3 4-x mudp.
Boutee «yronuénnplit HabJI0qaTE/Ib» BO3PA3UT: HE OyIE€M CIIEUIUTD, [0~
HabJTIOAAEeM JAJIbIIe 33 MOBEIeHuEM 3TuX mudp Xorsa 061 10 34-ro0 Me-
cra. CKa3aHO-CIE/IAHO: TOJIY YUJIn

22232223222322237  22232223222322237 . ..

Yro, ybemuiucs?! Ilepuon-ro umeer JyinHy He YeThIpe, 8 CEMHAIATH!
Ho obwxkennblii «mpocToit HAOJIIOIATE b BO3PA3UT: HOTOIUATE PAJIO-
Barbcd. [lonabstiomaem remeps xors Obr 10 cororo mecra. U yBuesn,
aro Ha 69-M Mecre (mocse cemépku na 68-M mecte) crout He mudpa 2
(kak onu 06a oxugasn), a nudpa 0. Bor Tyr-10 OHM 1PU3ALYMAIKCE. . .
A ectp 5 BoOOIIE TIepwon y 3TO# mocsienoBaresnbaocTu?! U MoxeT u
«IIpoCTOE HADJIIOAEHHME> Aarb OOOCHOBAHHBIA OTBET HA 2TOT BOLPOCT
KOHEYHO, HET! — ckaxer um aucTeiit Maremaruk. Ecim y HaC B pe-
3yJIbTaTe HAOJIIOAEHUS OABUIACH TUIIOTE3A, YTO [epuos paseH 2223,
TO HAJ0 OCTAHOBUTBHCHA, IPOBEPUTH, €CTh JIM HAYYHbIE MPEIIOCHIIKI
JUIs OKA3aTesIbCTBA, 9TOro (b0 i1 ONPOBEPKEHUHA ITOr0), U IPO-
JIOJKATh UCCJIenoBanue jiaJibiire. VI ecu BO3MOXHYIO JIJIMHY HEPUOJIA,
HE yHAJIOCh OIPENEUTh UJIA OIPAHUYUTH CBEPXY HUKAKUMM «HADJIIO-
JICHUSAMI», 9TO BOBCE HE O3HAYAET, UTO IMOCJIEI0BATEIbHOCTh HEIIEPUO-
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auaeckas! 9To 03HAYAET, 9TO HOKA YTO YMCTOMY MATEMATUKY HE yIia-
JIOCH PEUInTh 3Ty MpobsieMy (MOKET, HOTOMY, 9TO OH IIJIOXO €€ PelaJ).

DT0, KOHEYHO, HE O3HAYaeT, Oy/r0 Obl Mbl HE HOKA3aJHd, 9TO
L7141 PA3JIOKEHUA «KKOPHA U3 IBYX» IEPUOJ HAYUHAETCA CPa3y, U [IJIUHA,
€ro paBHA EIUHUIIE, & CAM [IEPUOJ], paBEH «2». B laHHOM Ciiydae He 1mpo-
CTO MOBTOPAIOTCS YUCTA 2222. .., HAYUHAA CO BTOPOTO MECTA, a IIOBTO-
PAIOTCA YCAOBUS JIJIsi TIOBTOPEHUS TOro 4mcJja. Huxke mbr He Oynem
yIIyOIAThCA B 3Ty PUIIOCO(CKYIO IpodIIieMy, a IIPOCTO IIPEIIIOJIOK UM,
9TO yXK€ «KKEeM-TO>» JOKA3aHO HaJIMIUEe UMEHHO II€epuoaa TaKOI JJINHBI,
¥ MMEHHO W3 TAKUX IUCEJI.

MbI packJIaplBa/i JJid CAMOrO IPOCTOrO CJydasd, U B HEM Cpa3sy
ronIesI MEPUO;: TeJible YaCTU CO BTOPOrO MEeCTa PaBHBI 2, 2, 2, U T.]I.
Ecnu 661 g mesan rak g Jirodoro m, s coBepiim Obl ommbKy. A Ha ca-
MOM Jiejie 0bpybarh HYy>KHO POBHO B KOHIIE IEPHUOAA, TO €CTh B TOM
mecre, riue Hauunaercda nosropenue. (Mmeiite B Buy, 4T0 HAYAJIO 11€-
puoma — 3To He caMoe bostbiioe gucsio. Ilepuom moxer ¢ Jr0b0oro 9m-
cJa HauMHATHCA ). Hanpumep, B uaymeM HUXKEe IPUMEPE Mbl JI0XOIUM
o 4 u obpybaem. B caenyromuii pa3 moxem oOpyOUTH MMOCJE BTOPOA
4EeTBEPKU, U T. JI.

2+

1+
4+

2+

1+ 1

44+ L

Hanpumep, 6piBaeT, 9TO IOBTOPEHUE HAYHETCA HA 7 WM § CTyIEHbKE
mapobn, mim emé magbiie. Yuciso 61, cpemn mepsbix 100 wuces, ca-
MO€E HEIpUATHOE B HaIleM cMmbicsie. OHO OYeHb JIOJIT0 PACKJIAIbIBAETCS
B LEIHYIO JpO0b, II0KA HE NOBMOPAMCH YCA0B8US, ODecHednBaoIme Hu-
KJIMYECKOE IOBTOPEHUE BCEX BbIIC/IACMbIX 1aJIee IEJIbIX JacTei. I/I I10-
5TOMy CaMble MaJIeHbKHe pellleHus ypasHenuda 2 — 61ly? = +1 Gymyr
Goviblie MUJLIUADHA.
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B kocTpomckoit 00J1acTu KaxKIble [MOJIr0a IPOBOMUTCH KOJIA, AJIS
CHJIbHBIX IIKOJIPHUKOB. BOT OHE y HAC Ifie-TO 3a JaCWK 3TOT KOPEHb
u3 61 packsagpBasu. U morom enié MuHy T J1eCATH CBOPAYUBAJIN JIPOOD,
¥ Ha BBIXOIle MOJYyYaJIM IBA JIUCJIA NOopdnKa Mmiuimapna. Koropsle,
€CJIM TIOJICTABUTDL B HAIlE yPABHEHUE, YyJeCHBIM 00pa3oM [Ial0T penie-
Hue ypaBHenuda [lesid.

ennas qpobp (msm asropurm EBkiinna, KOTopbiil €€ 10poaus) Mo-
*keT ObITh U3JI0XK€eHa reomerpuieckum obpasom. [losiesno snars, Kakas
reomerpud 3a 3tumM crout. Huxe s e€ nzobpaxy.

Hewmuoro yrounio reopemy Jlarpamxka, 94ro npubjam3ut HAC K TEP-
MUHY aszebpaudeckue wucae. Iro Takoe panumonasibHOe ucso? Mbr
JIOTOBOPMJIMCh, YTO 9TO KIEJIOE JAEJIMTh Ha 1eJ10e» (TO eCTh %) Mox-
HO HANKCATH W HO-Ipyromy. PamuonasbHOe 9UCI0 — HTO KOPEHb (TO
ecTh pemienue) ypasaeuusa m — nx = 0.

Hanpuwmep, %7 — kopenb ypasaenus 17 — bx = 0. Ilomcrasbre

T = 17 U IpOBepbTe 3TO.

5

K gemy mbr npuxomum? K 6ostee mmmpokomy momxomy. Pammonasis-
HbIC YHUCJIa — 9TO KOPHH BOT TaKHX JIMHEITHBIX ypaBHeHHﬁ, TO €CTb
ypaBHEHUIA epBOil cTenenu C nejbiMu Kodddunuentamu.

KOpHeM KaKOro ypaBHEHUHA ABJIACTCA YUCJIO KKOPEHb U3 [OBYX>»
(o6o3maumm ero mpocto K)? HyxHo namucarh BbIpaxKeHHE C MKCOM,
y KOTOPOro 1eJibie KOa(hUIUEHThI, TAKOE, YTO [PU MMOJCTAHOBKE IO~
nyuaurca 0. Bor ono: 22 — 2 = 0.

Omno 2-oii crenienu. Bor a u rosopro mnosromy: K — wuucsio ue paru-
onaJibHOe. Benp 310 ypaBHenue nesjimHeiinoe, OHO BTOPO# CrereHu.

A ecom g mamumy: z'% — 3 = 07

Yo a monyuy Ha Bbixojse! Kopenb 10-it crenenu us 3. Hucsio ue pa-
LIMOHAJIBHOE, YJIOBJIETBOPLAIOIEE yPABHEHUIO, € CJIEBA CTOUT MHOI'O-
wiIeH ¢ UeJibiMu KoaghhuimenTamu.

Hamumem npoussoJibHOe ypasaenue 2-oi cremnenu: az’ + bx +c¢ = 0
(TyT, KOHEIHO, «a» HE PABHO HYJIO).

Taxoe ypaBuenue Bbl, 6€3 comuenusi, uzydaJsm B mikose. Ho Bbr us-
y9IaJd ero Ui MPOW3BOJIBHBIX a, b, ¢. A MbI OymeMm paccMaTpuBaTh
moavKo yeavie. TO ecTb MHOI'OYJIEH, B KOTOPOM II€JI0€ YUCJIO Pa3 B3d-
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Thl enquHuIa (im0 MUHYC €IMHUNA) — IOJLYYUJIOCh KC», IIOTOM LEJI0e
IHCJIO pa3 B3AT  (C T€M WJIM MHBIM 3HAKOM) — 9TO Oymer «b», u 1e-
JIoe 4mcJio pas B3aT T2 (310 — «a»). Pemaem ksajparioe ypasHeHue
10 U3BECTHO# (popmyJie:

” —b £ Vb? — dac
- 2a '

MpsI mostyunsin BeIpazKeHne, UCIOJIb3YIONIee [IPU CBOEM TTOCTPOEHUHT
orepanuio nu3BJjiedeHns KOPHs oguu pa3. Tak Bor, reopema Jlarpamxa
3BYUYUT TaK: €CJIU & ABJIAETCA pellleHueM ypaBHeHUd

ar’ +br+c=0

¢ nesibiMu KoaduimenTaMm, T0 TOrHA ero nemHas gpobb oyner jaubo
KOHEYHOH (ec/iu BAPYT pelleHre OKaXKeTCd PAMOHAIBHBIM), Jubo 1Ie-
puomuunoii. Bepuo rakxke obparnoe yrsepxaenuve. Eciu nennas 1pobnb
yCTpOEHa TaK, 4YTO y Heé, HAYMHAA C HEKOTOPOrO MECTa, BOSHUKAET IIe-
PUOJIMIECKOE TOBTOPEHUE [EJIbIX YACTeR, TO OHA YI0BJIETBOPAET TAKO-
MY YPABHEHHUIO C IEJIBIMU KO3(DDUITTEHTAMMA.

A BoT Teneps, onupasich Ha, ATy TEOPEMY, A MOI'Y BaM JATh OCHOBHOE
ompesiesienue. Yuciio Ha3bIBAETCA a.A2e0PAUYECKUM, ECTTU OHO ABJIAETCA
KOPHEM XO0T# Obl O[[HOTO yPaBHEHUsI C HeJIbiMu KO DUIMEHTAME 1IPO-
W3BOJIbHOW myiuabl. He oba3aresibHO KBaAPATHOrO, KAK y HAC, & IPO-
U3BOJIBHOTO (MHOTOUJIEH JIIO00H cTemnenn).

A mparncuendenmmoe wucao0 — DTO YUCJIO, KOTOPOE HE ABJIAETCHA
anrebpaumveckum. C sTuM cBaszana nosirad uctopud. Croan Bompoc,
CYWIECTBYIOT JIM TPAHCIEHIEHTHbIE 4mcCjia BooOmie. [IpeBHux rpekam
ObLII0 U3BECTHO, UTO [IJIMHA [IMATOHAJIU KBAJIPATA HE ABJIAETCA PAIUO-
HAJIBHBIM YUCJIOM. ITO ObLJIO 0YeHb Heya00HO apeBauM. Ho, ¢ mpyroii
CTOPOHBI, OHA YHAOBJIETBOPAET 3JIEMEHTAPHOMY KBaJIPpATHOMY ypaBHE-
HUIO, TO €CThb dABJIACTCHA a,JII‘e6paI/ILIeCKI/IM YUCJIOM. BOSHHKaeT BOIIPOC.
Bce sin amncna anrebpamueckue? Orser — uer. Maremaruk 2K. Jlu-
YBWJLJIb, XKUBIIKUA B cepenubue 19-ro Beka, IpOCTO BBINKUCAJ KOHKDET-
HOE YHUCJIO U JIOKA3aJI, YTO OHO He ABJIgeTCs aJiredpamaeckum. C 910ro
BCce u Ha4as0Cch. Ha camom pesie asirebpanvecKux 4uces HEM3MEPUMO
MEHbIIIe, YeM He a,JII‘e6paI/ILIeCKI/IX, TO €CTh TPaHCHECHOCHTHDBIX.
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I'py6o roBopst, ecjiu Bbl B34JIM BEHIECTBEHHYIO OChb W CJIydaiiHO
BOTKHYJIM B Hee OyJlaBOUKY, Bbl IIPAKTUYECKM HABEPHAKA IOMAJETE
B HeaJiredpamv4ecKoe Iuc/Io.

Mpbi ¢ Bamu B 3 JieKmu KaKyIO-TO 33/a4dy pemaJim ¢ KaKoi-To xe-
JIe3KOi (momuMTE? — KOTOPYIO HAJI0 KYIJA-TO OTIPABUTH, ITOOBI OHA
BCTaJIa B BEPTUKAJIBHOE 1OJI0KeHue). Ecau Bbl 9Ty XKeJjle3Ky Hayrajy
B3JIU [JIe-TO, CO CBAJIKH, YCTAHOBUJIU HA NIAPHUP U CTAJIA OTIPABJIATD
POBHO C TO¥ CuJIOit, 9T0OBI OHA BOT POBHO 33 3TO DECKOHEYHOE BPEMS
BCTaJIa B BEPTUKAJIbHOE IIOJIOXKEHWE, TO CHUJIa, HAyraJ, B3dTad, Oymer
TpancuesieHTHada. Ha camom siesie cama xesie3ka Toxe Oyjer TpaHc-
LEeH/IeHTHO 1o cBoeil nyune. Ecth camaa 6osibinad 3arajika, KOTopad
OOBIYMHO COBEPIIEHHO HE IMOHATHA, JIIOJIAM, HE 3aHUMAIOIUMCH MATEMa-
tukoii. Kak aro — beckoneunocmu mozym bvimo pasuvie? Bor Kak
MOXHO [PENCTaBUTh, 9T0 Oeckoneunoctu pasubie? Bpome Geckoneu-
HOCTb, OHAa U eCThb 0eCKOHEeYHOCTb. OHU BCE OIUHAKOBBIE. DTO OLUH
HAWBHBINA B3I, pyroii HAMBHBIA B3IVIAM, HA BEIMA COCTOUT B TOM,
410 OeckoHedHOCTH pasHble. BoT, ckaxxeM, BO3bMEM MHOXKECTBO BCEX
HaTypAJIbHBIX YACEJ ¥ MHOXKECTBO BCEX IEJIbIX yucesi. Kakux 6oJibire?

Caymaressb: Llesbix.

A.C.: «B nBa pasa Gosibuie», ecji Bbl JlyMaeTe «B HAUBHOM KJIIO-
4qe» o beckoneunoctu. Vi, Tak ke HAMBHO: «duces, KOTOPbIE JIEJIAT-
csa Ha 3, B 3 pasa MeHbIIe, YeM BCeX HATYPAJbHBIX Yucea». A m Tex
u npyrux — GECKOHEeIHO MHOTO.

OxkasbiBaeTcd, MaTeMaTuKa JaéT 6€3KaJI0CTHBIA OTBET, COBEPIIEHHO
0e3KaJIOCTHBII: MEeJIbIX YhCesl CTOJIBKO K€, CKOJIbKO HATYPaJIbHBIX.
Kax rosopust onua myrauk, « Ha aror Bompoc ecrs [1Ba MHEHU ST — OJIHO
u3 Hux Moé, a npyroe — Hesepmoes». B ormyimine or 0OBITHOTO Iy THU-
Ka, C KOTOPBIM MOXHO M IIOCIIOPUTH, C MATEMATUIECKUMU KIILY TKAMUI>
HE TOCIOpPHIlh, 100 OHU 0OOCHOBAHBI CTPOTUMHU [I0KA3aTEIbCTBAMMU.

Caymarens: Kcratu, u anrebpandecKux IUCEsI CTOJIBKO XKe.

A.C.: I asirebpanyecKux 4ucesl TOXKE CTOJIbKO XK€, CKOJIbKO HATy-
pavibabix. VI pamuoHaIbHBIX YUCEJI CTOJIBKO K€, CKOJIBKO HATYPAJIb-
HBIX, [IOTOMY 9TO €QUHCTBEHHBII IPABUJIBHBIA CIIOCO0, eIMHCTBEHHBII
HEIPOTUBOPEYIMBBIA CIIOCOO MPUIATH 3HAYEHUIO «CTOJIPKO KEe» KaKOii-
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TO HAy4HbBIH CMBICJ — 9TO YCTAHOBUTH MEXKJLy JABYMS MHOXKECTBAMU
B3aMMHO OfIHO3HAYHOE COOTBeTCTBUE. T0 eCTh KakOMy HEJIOMY COLO-
CTaBUTH HEKOTOPOE HATypaJsbHoe u Haobopor. Cuenars 910 11 MHO-
KECTBA [EJIBIX ¥ JIJIs MHOXKECTBA HATYPAJbHBIX YUCEJI BECbMa IPOCTO
(puc. 64)

ey =B, —4, =3, =2 —1,0, 1,2 3, 4,5, ...

1,2 3 4,5 6,7 8,9, 10, 11, ...

Puc. 64. HarypaJibHBIX 9HCEJT XBATAET, YTOOBI MEPEHYMEPOBATH BCE IEJIbIE
qUCIIA.

To ecth BBI CMOXKETE BCE IEJIBIE YHCIIA TIEPEHYMEPOBATh. ¥ BaC Ka-
KJI0€ TeJI0e YUCJIO B KOHIE KOHIIOB IOJIYYUT OJMH OJHO3HATHO OIIpe-
IesieHHbIR HoMep. [la, KakeTcs, 9To MesbIX 9rucesT BOBOe DOJIbIne, 9eM
HATypPaJIbHBIX, HO 9TO HEIPAB/A, HA CAMOM JeJie WX OIUHAKOBOE KO-
JimaectBo. Mbl ux nepecunrasu (1 HU OgHOrO HE npomycruau). [py6o
rOBOp4, IeJIble YUCJIa MOXKHO IIepPecYuTarhb. Bce mesibie TOYKHU M1I0CKO-
CTH TOXKe MOXKHO IepecanTardb (puc. 65).

Puc. 65. Hauném ¢ Touku (0,0) u Gymem 00XOAUTH €€ MOCTENEHHO PACIIUpSI-
omuMucs oboporamu. Kaxkaomy u3 y3/0B Opu 5TOM IPUCBAUBACTCH KAKOI-
HuOyb He nopropsromuiica Homep: Touke (0,0) — nomep 1, rouke (1,1) —

HOMED 2, 1 TaK HaJjiee.

Hauunaro ¢ touku (0,0) — 210 Gyner moa l-ag Touka, u gaJibuie
o compaJsm. VI B KOHIE KOHIIOB BCe MeJIble TOUYKM IIJIOCKOCTHU MOJIyIaT
CBOW OfMH €IMHCTBEHHbIH yHUKAJbHBIE HOMED. Bce nomepa OymayT 3a-
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HATBI, BCE LEJIbIEe TOYKHU IIJIOCKOCTHU 6y}1yT nepeducCJIeHbl. HpeﬂCTaBbTe
cebe, 9TO y Bac €CTb KOMHATA, B KOTOPOil OECKOHEYHOe KOJIMIECTBO
CTYJIBEB, U B HEE 3aX0NUT DECKOHEIHOE KOJIMIECTBO YIEHUKOB, KAK 110~
HSATH, 9TO 3TO OIWHAKOBOE KOJIUIECTBO?!

Cirymaress: [locaanTh yIeHUKOB HA CTYJIbSI.

A.C.: U, ecnmu oum 3aiiMyT BCe CTYJIbsl, KAXK/bIA YICHUK CHUIUT
Ha OAHOM CTyJie, BCE CTYyJibdA 3aHATHI, U CTOAIIUX YYEHUKOB HET, TO
BBl KOHCTATUpyeTe TOT (PAKT, ITO CTYJHEB W YICHUKOB OTUHAKOBOE
KOJIMIECTBO.

Bpeska 7. Kak KarTop pa3smMblmiisaig 0 «B3aUMHO-OTHO3HAY-
HBIX» ITPOIIeCCax.

Borre 66110 /10Ka3aHO, 9TO yYEHUKOB POBHO CTOJIBKO, CKOJIBKO
CTYJIbeB» (IIPUTOM ¥ T€X, U IOPYIUX — OECKOHEYHOE KOJIMIECTBO).
Ho Benp Tem ke cnocobom a cefiuac mokaxy, 9T0 y4eHukos (1o Ounib,
narypasbabix duces) BOJIBIIE, gwem crysabes (1o 6uiib, e 109ucIeH-
HBIX TOYEK HA IJIOCKOCTH). B camom nejie: yuennka Homep 1 s BooGmie
OTIPABJIIO IOMOU «KaK JIMIIHErO», Ha IEPBBIX CTyJ HNOCAXKYy yICHHUKA
Ne 2, ma Bropoit — yuenmka Ne 3, u tak masee. Utak, a4 mokasaJ e
B3aMMOUCKJIIOYAIOIMX (haxTa: 1) 9T0 y4EHUKOB U CTYJIbEB OIUMHAKOBOE
kosmaectBo; u 2) uro yuenukoB BOJIBIIIE, gem crymbes. A 3axores
661 — mokaszast 661 u uro 3) crysbe BOJIBIIE, uem yuenukos. Tak
9TO XKe, 11 OECKOHEYHBIX MHOXECTB, UTO JIM, B IPUHINIE HEJIb3S
CKa3aTb, KAKOe U3 HUX «boJibuies?!

Ipyroit 661 yuénbiit Ha Tom u ycnokowuJica. Ho reanasibaocts Kan-
TOpa MO3BOJIMJIA €My HaiiTu BEpHYIO Iopory B 3ToM mpake. OH crpo-
cust ceba: A kak ObUIO C PTUMU TEOpeMaMu [Jid KOHEYHBIX MHO-
xkectB? LJig KOHEYHBIX 9TU TPU TEOPEMbI HECOBMECTUMBI APYT C NIPY-
rom, u Jii00adg W3 HUX MOXKET ObITh HMCIIOJIb30BAHA [IjIsi BHIACHEHU,
KaKOe W3 MHOXECTB OOJIbllle: YIeHWKOB WJIM CTYJIheB. A Kakoil xe
13 TPEX HAO LI0JIb30BATHCHA AJIs CPAaBHEHUs OECKOHEYHbIX MHOXKECTB?
Okazajioch, 910 1Jid OECKOHEYHBIX MHOXKECTB HAJ0 B3ATh 3a OCHO-
By cmocob 1: ecim XOTh KAKUM-TO 00Opa3oM yHAJIOCh yCTAHOBUTD
B3aMMHO-OJHO3HAYHOE COOTBETCTBUE MEXKJYy yIEHUKAMU U CTYJIbAMHU,
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3HQ4YIUT, TOPXKECTBECHHO 00bsIBJISIEM HTHU ABa MHOXKECTBa <PaBHOMOIIIL-
HBIMH» U He HomaaéMcdA HE Ha KaKye IPOBOKAIMU TUIA «cHocoba 2»
miu «crnocoba 3». TosibKO TaKk MOXKHO HOCTPOUTH HENPOTHBOPEIUBOE
cpaBHeHHe MHOXKECTB II0 MOIIHOCTAM. «B Hakasanues» 3a 3ro Kanropy
IPULLIOCH OOKA3aTh HECKOJIbKO TPyJHEHMUX Teopem, KOTOpble, K CO-
JKAJICHUIO, He TOJIBKO HeJIb3fd KIIO-IIPOCTOMY» IIOACHATH I'yMaHUTapH-
AM, HO M Jaxe y Oy/lynmx MareMarukoB (CTyJIEHTOB 2-r0 Kypca Mex-
mara MI'Y) c monmmanmem umx IOKa3aTesbCTBA BOSHUKAIOT DOJIbLIE
npobsiembl. Ho x0Tt ux TPYZHO HMOHATH U BOCIIPOU3BECTH, UX yXKE HE-
JIb3A «3alPETUTDb» IMOJO00HO TOMYy, Kak Hmudaropeilpl XoTen «3ampe-
TUTb» HPPaIUOHAIbHBIE YUCTIa — Bemb KanTop Bcé 060CHOBAJI CTPOro
MaTeMaTUiecKu, a [IPyrue ¢ 3TUM COIVIACUIIUCH.

Coymarens: A ecnm y HAC, IOMyCcTHM, ABe ChEpbI, MAJCHbKAS
u Oosibmas?

A.C.: Kak MHOXECTBO TOYEK 3TO OfHO U TO )e. OObACHIO HA MpH-
mepe okpyxuocTell (BMecto cdep). YCTaHOBUM B3aMMHO OJIHO3HAYHOE
coorBercrsue (puc. 66).

Puc. 66. IlpoBoms siyun u3 oOIIEro MEHTPa ABYX OKPYXKHOCTEH, yCTaHABJIIN-
BaeM B3aUMHO-OIHO3HAYHOE coorBercrBue Mexay ux roukamu. (Bosiee Toro,
OHO K€ OTBEYAeT BAXKHOMY YCJIOBHIO: OJIM3KUM TOYKAM OIHON OKPYXKHOCTHU

COOTBETCTBYIOT BJIM3KUE TOYKU IPYLOit).

[IxonpHEUK MaTKJacCca y3HAET BCe 3TO, CKaxkeM, B 9-oM KJjacce.
M Bor TyTr y Hero, kak u y Kanropa, BO3HMKAaET MbIC/Ib: & MOXKET,
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J11000€e DECKOHEYHOE MHOXKECTBO MOXKHO nepecunrarb? Torma Bce Hec-
KOHEYHbIe MHOXKECTBa OrHaKoBbie. Bosbmem orpesok [0, 1] u nepectn-
Taem ero. [Tosrygar jim Bce ToO4YKHM OTpeska HOMepa?

Her. 11 510 MmoxHO popmasibro nokasars (Kamrop cmesas sto). [le-
pecunTarb TOYKMA OTPEe3Ka HEBO3MOXKHO. U Tak Kak BHyTpU OTPE3KA
3aBEIOMO YKUBaeTCA HECKOHEYHOE YUCIIO TOUEK, TO MBI TOBOPUM O TOM,
9TO OTPE30K UMEET KaK OECKOHEYHOE MHOXKECTBO DOJIbUIYIO MOIIHOCTD,
oH 6oJsiblile KaK OECKOHEYHOE MHOXKECTBO, UeM MHOXKECTBO HATYPaJib-
HbIX gmces. Ha orpeske, Ha OKPYXKHOCTH, Ha IJIOCKOCTH OOJIbLIE TO-
4ek, CTporo 60Jibliie, 9YeM HATYpaJIbHBIX dnce. 'ne-1o B kouie 19 Beka
I". KanTop moHAsI, 9YTO beckoneuHocmu 6bieatom pasHoie.

Ceituac a1 10KaxKy, 4TO MHOXKECTBO, JIIOO0E MHOXKECTBO (Kakoe Obl
OHO HU OBLI0, KOHEYHOE Ui OECKOHETHOE), U MHOXKECTBO €ro MOJAMHO-
xecTB — He omHakoBbl. (Bropoe muoxecrso OBA3BATEJIBHO 6yner
6oJTbIIIE TI0 MOIIHOCTH).

Cuagasia BO3bMEM KOHETHBIH citygaii. [TycTs y Hac ecth MHOXKECTBO.
Omno cocrour (mampumep) u3 Tpéx guces: 0, 1 u 2. IlommuOXKECTBO —
9TO KaKadA-TO KOMIIaHUA, COCTABJICHHAA W3 HUX. KaKHe moryT 6bITb
kommanuu? Bo-nepBbix, MOXeT ObITh KOMIIAHUdA, B KOTOPOH HET HU
onnoro uucaa. Hy, kax rosopar, nycmoe mroxncecmeo. «Hukoro B Hém
HeT» Ha3biBaercd KoMmmnanuda. Ho maremaruku Hukak e MmoryT 6e3 31o-
ro 0DOUTHUCH, OHM IIPOCTO HE MOTYT. Bes HyJid u 6e3 mycToro MHOXKEeCTBA
maremMaruka e xkKuBeT. dro 3uaunt «Ha nensp poxiaenusa mpuuiio my-
CTOE TOIMHOXKECTBO TOCTEN»? DTO 03HAYAET, YTO BbI HAKPHLIU CTOJI,
W HUKTO He ABWJICS. Maremaruk ckaxer: «Ko MHe Ha JIeHb POXe-
HUAA [IPUILJIO [IyCTOE MHOXECTBO rocreit». [loToM, BO3MOXHO mpuimést
ToJ1bKO rocuomaua (. VI cpasy MHOXKeCTBO Hepectaso ObITh myCTbiM!

[Ipomosikaem «HpuiyMbIBaTh «KoMunanuums». Tak ckasarb, Kamna-
Hus no Haroxtcdenuro komnarut (nryrka). BosmoxkHO, B roctn npumé
e 0, a 1, mym 2. Bor BaM yXKe meJspIX 9eThIpe KOMIAHUN: OMHA IyCTad,
¥ TPU U3 OHHOIO «YEJIOBEKA». DTU MOCJEIHUE MOTYT JaxKe nobeceio-
BaTb. .. CaMu C CO0O0il («C yMHBIM Y€JIOBEKOM U ITOTOBOPUTH IPUATHO ).

0 (mycroe muOXecTBO),

{0}, {1}, {2}

117



Kaxkue ewé BapuanTbi?

{0,1}, {0,2}, {1,2}.

Bce BapuanThI nnepeuncanian’
Eme morsim mpuiitu Bce. itoro — 8 pasHbix KOMIaHMIA.

{0,1,2}.

W takad 3anada. Bel HavaibHUK rpynmnbl. M BBI XOTUTE KOT'O-TO
HarpaauTh. CKOJIBKUMEU COOCODAMY BBl MOXKETE PEUIMTDH 3Ty 33139y’
BbI MoxKere Ha,I‘pa,,III/ITb O,ILHOFO, MOXKeEeTe He Ha,I‘pa)K,H,aTb HHUKOTIO. MO—
JKeTe HArpaJguTh IBYX, MoxkeTe Bcex Tpéx. CKOJIbKO y Bac CIIOCOOOB
peuuTb 9Ty 33349y’ Y Bac 8§ BAPUAHTOB, IOTOMY, YTO 8 MOJMHOXKECTB.

Tak BOT, HU J/I1 KAKOTO (HU KOHEYHOTO, HA GECKOHETHOr0) MHOXKE-
CTBa HEJIb3d4d HepeC‘lI/ITaTb HO}IMHO}KeCTBa, I/ICHOJIb3yH 9JIEMEHTbHbI UC-
XOIHOTO MHOXKeCcTBa. [logMHOXKECTB ropasmo OoJiblIe, IeM 3JIeMEHTOB.
Y HaAC 3JIeMEHTOB BCEro 3, a MOAMHOXECTB OKasaJsoch 8. He xBarwmt.
Ecnu ssiementoB 66110 5, TO noaMmuoXkecTB Oymer 32 mryku. g xo-

HEYHbIX IIOHATHO — HE HepeC‘lI/ITaeHIb. H XO‘ly CKaSaTb, 9T0O TAKOro
He MOXKeT ObITh HU IJIsd KaKUX BOODIIE MHOXKECTB. IT0 nokasaJs I'. Kan-
TOP.

Cwmorpure. Kak Mbl MOz ObI JIOKA3BIBATH TEOPEMY O TOM, 9TO MHO-
JKECTBO U MHOXKECTBO €ro HOJAMHOXKECTB He OIMHAKOBDI.

Paccmorpum muoxkecTBo narypaJibabix aucest 1,2,3,4... . I muO-
JKECTBO BCEX IOAMHOXKECTB 3TOT0 MHOXKECTBA, HAIIPUMED, BCE YETHBIE,
WM BCE IeJAmuecd Ha, 3, ujim BCe KyObl umcesi, HAYMHAs C THICAYH,
U T. 1.

Vcnonb3yem J10Ka3aresibCTBO OT MPOTUBHOIO (HO B HECKOJIBKO HE-
obbranoit obcranoske). IIpenmosioumM, 9T0 MBI CMOIJIU [IE€PECIUTATDH
MHOXKECTBO IIOJIMHOXKECTB. HOILMHO}KGCTBO ‘IéTHbIX quceJ1 11oJ1y1uJjio,
ckaxeM, HoMep 15. IIomMHOXKECTBO HEUETHBIX — IOJIYINJIO HOMED J.
[TonmuoxecrBo «Bce uérubie, HaunHAsA C JECATKU», MOJLyIUJIO HOMEDP
156. Hucna, nesasumecs va 3, KAK MHOXKECTBO, TOJ1yYnjin Homep 1376,
OT/IEJILHO B3ATOE IMOAMHOXKECTBO U3 UKUCEJ, KOTOPbIE MEXIY CTa U ThI-
CA4bIO JiexkaT, moayuunsio nomep 1000000 u 7. 1.
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Honycrum, mbl iepecaunTajim Bce noamuoxectsa. [IpuBeném 310 no-
IylieHue K IPOTUBOPEYHIO.

PaccMorpuM Bce HATypaJsIibHbIE YUCIIA, JIJI9 KOTOPBIX «HAX» IIOIMHO-
KECTBO (TO €CTh NOJIMHOXKECTBO C TAKMM HOMEDPOM ) HE COIEPIKHUT 3TO-
ro IHuCJIA.

CkaxeM, 4€THBIE YKUCJIA TOJSydusu HOMep 15, 15 — HedeTHOE Yu-
CJI0, 3HQYUT MOJIMHOXKECTBO, EMY COOTBETCTBYIOIIEE, €10 HE CONEPKHUT.
3uagnt, 15 — 3T0 Kak pa3 HyKHOE HAM 9HCJIO.

A ecisin, Haupumep, HOAMHOXKECTBO cocrour u3 umces {101,102,
103,...,200} u mosryumsio momep 195, oHO HAM HE MOIXOIUT, TAK KAK
195 JiexkuT BHYTPHU CBOErO MOAMHOXKECTBA. JHAYUT, HATYPAJIBLHOE UU-
cjio 195 HaM He OIXOMHUT.

Iamee Karrop chesralr mar K CJIeayonemMy 3Tally paccyxaeans. OH
paccMOTpesI BCe TaKue 9mcJjia, coOpaJi ux B Kydy u 00O3BAJI HTO IMOL-
muaoxecTBoM B. [louemy ne A? Ila noromy, uro s1o npocro JIKOBOE
IIOJIMHOXKECTBO HATYPAJIbHBIX YMCEJ — MHOXKECTBO A.

[TogmuOXKeECTBO XKe B He a0b0e, a BIOJHE KOHKPETHOE — 3TO BCe
qucJia, OJjid KOTOPbIX OHO CaMO HE BXOOUT B IIOAMHOXKECTBO C UX HOME-
pom. To ects 15 Bouwio B B, 195 — me Bouwto. U Tak masiee. 9romy
IIOAMHOXKECTBY B TOXe moJKeH ObITh NPUCBOEH HEKUil HATYPAJIbHbBIN
momep b. 9to ke mogmuOKecTBO. HO ecsim KaxaoMy MOIMHOXKECTBY
npUCBOEH HOMED ([0 HAIEMY HPENIIOJIOKEHUIO), TO TAKOMY OJAMHO-
JKEeCTBY TOXKe IpucBoeHn nomep. Borpoc. Yucsio b Bxonut Jji B mogMHO-
xkectBo B? C kakoit BEPOATHOCTHIO Bbl BCTPETHUTE KPOKOJIMJIA HA, YIIUIE
(ecou BBI He 3HAETE BOOOIIE, YTO TAKOE KKPOKOIUJI»)?!

Caymaresu: 50 ma 50.

A.C.: la, upaBuibHo, neBymiku jgoporue! Bor 910 Bbl mpaBujIbHO
roBopurte. JIubo Bcrperute, 1ubo He Bcrperute. llpasna? 3uauut, HO-
mep b yinbo npunamiexur nogMuoKecTBy B, imb0 HEe HPUHAIJIEKUT.
Ceituac a moKaxy, YTO HE MOXKeT ObITH HH TOro, HA Apyroro. 1o
eCTh cefvac g JIOKaxKy, 9TO Bbl HE MOXETE HU BCTPETUTh K POKOIUJIA, HU
e Bcrperuthb. Hu 1o, HU npyroe ne moxer npousoittu. I 1o Oymer To
caMoe MpPOTHUBOpeYre, KOTopoe Oyler ycTaHaBjuBaTb TOT (aKT, UTO
COOTBETCTBUS MEX/y MHOXKECTBOM M MHOXKECTBOM €ro IMOJMHOXKECTB
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ue 6biBaer. [loromy 4T0 OHO BBIBEHEHO, UCXOMA U3 TOrO, YTO «eCJiu Ob
MBI CMOIJIH YCTPOUTh TAKOE COOTBETCTBHUE.

[Toexasu. ¢l yTBepxkai0, 4TO «MHBEHTAPHBIA» HOMED IMOIMHOXKE-
CTBa, KOTOPOE COCTOMT U3 TAKUX HATYPAJIbHBIX YKCEJI, IYTO MX COD-
CTBEHHOE TOAMHOXKECTBO UX HE COIEPXKUT, HE MOXKET HU COHMEPKATHCI
B B, uu ne conepxarbcd B B. [Ipenmosioxum, aro Homep b comepxruTca
B B. 9T0 3HAYUT, YTO OH HE MOXKET BXOIUTHh B MHOXECTBO T€X UUCEJI,
KOTOPbIE B CBOMX MHOXKECTBAaX HE COHEPKATCH.

Caymaresb: U1 3naqut, o0 HE COOEPKUTCA BO MHOXKECTBE B.

A.C.: U 3uagut, oH He comepXKuTCsA B B. A Temepb mpencraBbTe
cebe, 4TO OH HE copepxkuTcd B B.

Caymaresb: Ho torma on mospKeH COHepKarbCda, MOTOMY 9TO OH
3JeMeHT B 110 ompeneseHnio MHOXeCTBa B.

A.C.: [a. Torma ou momken comepxarbea B B. To ects ecytu oH co-
JIEPAKUTCSH, TO OH HE COLEPKUTC, 8 €CJIU OH HE COUEPEKUTCH, TO COLEP-
xurcsa. Teopema mokKazaHa METOIOM «OT IPOTHBHOIO», MO0 MBI IpHU-
HIJIX K YUCTO J'[OI‘I/ILIeCKOMy HpOTI/IBOpe‘lI/IIO.

Bor ona, maremaruveckad Jsioruka. [1o6po noxasoars! Kax iprii
6-o0if jloTWK, KaK TOBOPAT, CXOOUT ¢ yMma. Kaxnprii 6-0if maremarude-
CKUil JIOTUK CXOIUT C yMa, €CTh TaKas CTATUCTUKA. DTO MHE TOBOPHUJT
yUUTEJIb, OH TOXE MATeMaTUYECKUi JIOrMK (He 1ecToii).

Hesraem magapHEWmmit BBIBOL — STO MHOXKECTBO ITOIMHOXECTB
GouibIie, YeM CaMO MHOXKECTBO. 3aMAHIUBOM SIBJIAETCHA MBICJIb, ITO
3TO HE TOJIBKO JIA IMOAMHOXKECTB HATYPAJIbHOIO PAJIA IUCEJI CIIPABEL-
JauBo, HO 1 Boobuie i mogmuoxectB JIKOBOI'O mmoxecrsa. Ho mo-
HATHUE «JII000€ MHOXKECTBO®» TaK BIOXHOBUJIO HEKOTOPHIX MATEMATUKOB,
9TO B XOJI IIOIILJIM COBEPIIEHHO YXKAaCAIOIIIEe MHOXKECTBA TUIIA «KMHOXKe-
CTBO BCEX MbICJIMMbIX MHOXKECTB». (Vyn, Hanpumep, MHOKECTBO ILJI0OX0O
COBMECTHMBIX CJIOB «OTOpOi», «OysmHa», «KmeB», «asampKay U3 u3-
BECTHOM 110roBopKu). VI BO3HUKJIM KDyIIHbIE MATEMATUIECKUE IPODJIE-
MBI C TakuMu MHOXKecTBaMu. Ho Teopusa KanTopa BbizepxkaJia 910 Ha-
miecTBrue «0e3yMHBIX MHOXKeCTB». IIpocTo mpunuioch BHeCTH HEOOXO-
JIUMbI€ yTOYHEHUA B HEKOTOPHIE UCXOMHDBIE [TOHATHUS.
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Bor euié ogun apkuit 06pa3zdauk «6e3yMHBIX MATEMATAIECKAX 00b-
ekTOB». Paccmorpum nekoropsrii map. Hampumep, dbyrbonbubI M.
Ecrb cnocob pas3burh 3TOT map Ha KOHEYHOE YHUCJIO KyCKOB, M3 KO-
TOPBIX ITOTOM MOXKHO OyHeT COCTaBHTh POBHO OBA IIAPA TAKOTO XKe
pasmepa. To ectb Bbt Oepére by TOO/bHbBIN M54, Oepére HOXHUIBI, PA3-
pesaere MAY HA HECKOJIBKO KYCKOB, OHF COBEPIIEHHO OE€3yMHO yCTpPO-
eHHble, HO BCE-Takm Kycku. IloToM KXxX... m y Bac aBa (GpyTOOJIHHBIX
Mada. Bcé. Maremaruky — Takue BOT (DOKYCHUKH.

Caymarens: Takoro xe pasmepa?

A.C.: AGCoJIIOTHO TAaKOro XK€ pasmepa.

Hpyro# Cuymaresns: Ho 510 B Teopuu BO3MOKHO?
Cirymaresns: Tombko B Teopun u BO3MOXKHO. A Ha mpakTuke?

A.C.: A na nmpaxTuKe, HOXHUIBI JOJKHBI OBITh YCTPOESHBI «HEM3Me-
PUMbBIM 06Pa30M», TaK CKa3aTh. ITH KyCKM HE MMEIOT 00beéMma. [Ipe-
cTaBjieHHEe OOBITHOrO TEJI0BEKa O TOM, UTO Jiobas obbéMHAA duUrypa
nmeer 06bEM, HE COOTBETCTBYeT peasibuoctu. asieko ue y jir000it npo-
CTPAHCTBEHHO# (UTypbl MOXKHO mocuuTaTh o0béM. lasieko He y Jiio-
00t I0CKO# (pUrypbl MOKHO BBIYUCJIUTH IJI0MAA6. HO BbI HE MOXKe-
Te mpecTaBuTh Takyio ¢gpurypy. Ux Boimymasun maremaruku. Ourypot
9TH CTPAIHbIE, U OHU HUKOIJIA, HE BO3HUKHYT HM B KAKOH peasibHO-
cru. Ho B Teoperndeckux moCTpOeHUsiX OHU €CTh, U 0€3 HUX BOT HUKY-
na. (A B mporecce obydenus Takue «6e3yMHbBIE» MIPUMEDBI MO3BOJIAIOT
JIydiie MOHATH, KakK ycrpoenbl okpyxatoume nac PEAJIBHDBIE npen-
metsl). Ha npsamoit, nanpumep, eCTb 00bEKTHI, y KOTOPHIX HET NJIMHBbI.
VY kax ot pusMIecKoi TeOpun eCTh apeaJsl, B KOTOPOM OHA, PUMEHU-
ma. MexaHvka npuMeHuMa, [IJ1d Pa3MEPOB MOPA/IKA HAC C BAMU, HO OHA
He MPUMEHNMA, JIJI PA3MEPOB MOPIKA ATOMA, TaM OHA, HE PaboTaer.
Tam coBepurenno npyrasa ¢pusuka. B 9KoHOMUKE MaKpOCHCTEMBI, KO-
TOPbIE T€HEPUPYIOT TAKWEe Belmy Kak WHIAnmsa, 6e3paboTuna m Tak
J1aJiee, OHU abOCYPIIHbBI JIJI MHOXKECTBA U3 ABYX, TPEX desioBek. M mMoé
dustocodpckoe MHEHUE, MOKET ObITh, OHO COBEPIIEHHO JIMJIETAHTCKOE,
9TO y MATEMATUKHU TOXKE €CTh apeaJi, HO OH HAXOMUTCI B MO3TY 9€JIO-
Beka. Tam BcesieHHAsdA COBEPIIEHHO NIPyrasd, TaM HET BO3MyXa, IIPUBbHIU-
HO#t armocdepsbl Her. Maremaruka Toxe OrpaHuYeHHO [IPUMEHUMA, OHA
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HE YHUBEPCAJIbHA, OHA COBEPIIEHHO B JIPYTO# 00JIaCTH KUBET, IOITOMY
B JIpyroii obJiacT Hy>KHO UCKATh OIPAHUYEHUS.

Caymarenb: Kak HasblBaercd HAIPABJIECHUE B MAaTeMATUKE, LIIE
MOXKHO pa3pe3arb Iapbl TAKUM HEBEPOATHBIM 0Opazom?

A.C.: Teopus mepsoi. To, 9T0 MbI HA3bIBAEM ILIOMAIBIO U 00BEMOM,
MaTeMaTUKHU HA3bIBAIOT Mepoil. CoBEpIIeHHO CTpallHble 00bEKThHI 1M0-
JIy9arOT MEpY, & HEKOTOPbIE HE MOJIyYalOT. ITO OYEHb CYyIIECTBEHHO.
He ni060e MHOXECTBO MOXHO M3MEPHUTHb. B 3TOM KpOIOTCA TDAHUIBI
TOrO, 9TO TOBOPUT Haia uHTyunusa. OHAa rOBOPUT PO OYE€Hb HPOCTHIE
Belld, PO MHOI'OYTOJIbHUKK, MHOTOIDAHHUK U, Chepsl, mapsbl. [Ipo uro-
TO, JIOCTATOYHO IPOCTO YCTPOEHHOe. Y {Yero BCEeria MOXHO M3MEPHUTH
00béMm, mwromaab. Eciau paspesarb pyTdOJIBHBIT Msid HA HOPMAJIbHBIE
«4eJI0BeYeCKue» KyCKU HOPMAJIbHBIM «49€JI0BEYECKUM» HOXKOM, TO BbI,
KOHEYHO, HUKOIJIA He HoJydure JByX (HyTOOJIBHBIX Msiuel, MmpocTo
u3 coobpaxennii 06béma. To ects umesa B ToMm, 910 06bEMA y TEX KyC-
KOB, KOTOPbIE y4aCcTBYIOT B Teopeme, ner. Hukakoro. Hu nyJsieBoro, vu
[IOJIOXKUTEJIbHOIO, HUKAKOro Her. Ho Korja KyCKu 3TU CJIOXKAT BMe-
cre, y MHOJIy9EeHHOIO MAYa MOXET ObITh BIOJIHE ONPENesIEHHBbIR 00b-
ém. («Obbenunenne IByX HEM3MEPUMBIX KYCKOB MOXET ObITh U3MEpH-
MbIM> ).

A temepb s BCE-TaKM pacCKaxky BaM IIpO ajaroputMm EBkimma B reo-

MeTpudecKux repmutax. lasaiire Bo3bMeM gpoOb 17 " npesparum eé
B IEIHY0 IpOOb:
S=o+l =0+ —to=or—L
== 44 = 4+ ——
3 3 1+1
2 2

A renepb cMoTpUTE, UTO A JEJIAI0 TEOMETPUIECKU. Bepy npsaMoyroJib-
HUK 3 X 14 (puc. 67).

Orpe3salo or npamoyrosibuuka kBaaparst (puc. 68). Ocraerca ups-
MoyrosibHUK 2 Ha 3. Orpesato or mero kBagpar. Ocraerca 2 KJIETKH.
Bot orn u ecth Hamu niesibie 9acTu. 4 60abmuX, 1 MOMEHbIIE U 2 COBCEM
MAaJIEHbKUX.

910 u ecthb asroput™m EBksmga. Taxoit KpacuBblil, reOMeTpUIECK i
c110co0.
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Puyc. 67. Vlcxonublii TpsAMOYTOJIGHUK pasMepa 3 X 14.

Puc. 68. Pexxem nupor meronom EBkimaa.

Kak nokasarb Ha KapTHHKE, YTO PAIMOHAJIBHOE IUCJI0 00A3aTeJIbHO
PACKJIabIBAETCH B KOHEUHYIO [EIHY 0 1pobb? ParuonasibHoe anciio —
9T0 KaK Obl IPAMOYILOJbHUK Ha KJerdaroil cerke. [loromy, 4To y Hero

BEpPX M HU3 LEJIbIC.

Bor ckaxem 105 5TO npaAMoOyrosbHuUK 105 B mupuny u 13 B BBI-

coty. 105 m 13 — 3TO mesble YnUCIA, TO €CTh y HAC IEJI0e KOJIMIECTBO
KBaJIPaTUKOB. Ter[epb Mbl HAYMHAEM Halll FeOMeTpI/I‘leCKI/Iﬁ AJITOPUTM
EBksmmma. OTpesaem, moka MoxkeM, OrpOMHbBIE KBaipaThl 13 X 13, mpo-
BOIMM 3[€Ch I'PAHUILY — HTO HAUIA MEeJIad 9acTh. ['panuna naér no me-
JIBIM KJIETKAM, IIOTOMY YTO OTPE3aJIH IeJI0€ KOJIMIECTBO KBAAPATUKOB.
OcraBuiasicsa purypa — HeJI0UUC/IEHHBIT TpsaMOyroJibHUK. OTpesaem
kBaJipaThl oT Hee. OcTaércd emé MeHbluit IpaAMoyrosibHuK. [lorgarno,
9TO 33 KOHEYHOEe Bpemda BCE Oyier Boipe3ano. Kaxapiih pa3 MuHUMYM
O/IMH KBaJIpATUK yaaJigercs. [loaromy B KaKOi-TO0 MOMEHT KBaIPATUKHU
sakonudarcda. Ho tak Oymer He Bcerma.

Teneps mocmorpum (OKyC-1IOKYC, KOTOPbIA s HPOBEJI BBILIE C 9U-
CJIOM «KOpeHb 13 AByX» (Toumee, ¢ uucsoM V2 + 1, cm. puc. 69).

V2+1

Puc. 69. llpsamoyronbaukn, ga He Te. .. CTOPOHBI UX HECOU3MEPUMBI.
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Hauunaem pestare poBHO 1O ke camoe. OrTpesaem KBaJparuk
(puc. 70). IToromy 49TO MBI WIIEM, CKOJIBKO pa3 €OUHUNA yKJIAAbIBA-
ercd B «KOPHE W3 ABYX ILUIOC ofuH». OHA YKJIAIBIBAETCS POBHO JIBA
pasa. Kakue okasbiBaioTca y ato#t komdurypamuu croponbsi! Torma
npamoyrosibiuk ABCD nopoben BCD'A’.

V2+1

A B
1
D C

D’\/§_1

Puc. 70. Ha ropusoHTasibHOM NPAMOYIOJIbHUKE BbIIEJIEHbI [1BA KBAJIPATa,
OCTaJICS KyCOYeK, NOAOOHBIN NCXOMHOMY HMPSIMOYTOJIbHUKY.

To ecrb ecsiu Mbl nepesepuém u ysesuuum BCD'A’ B nexoropoe
KOJIMIeCTBO pas, To nosyanm ABCD. [okasarenncrBo myxmo?! Cefi-
qac bymer. Hro Takoe nomobue? D10 — «CUJIbHAA MOX0KECTh» (uryp.
yFJ'[bI y HUX OAWHAKOBbLIEC, HE XBaTaCT HNPONOPHUOHAJIBHOCTU CTOPOH.
Ananusupyewm, ects sz ona. 1 : (K + 1) pasuo su (K — 1) : 1?7 «mamo-
muHaeM, 910 K — 310 KOpenn u3 maByx».

B npouwtstii pas Mbl JOKa3bIBAJIM, 9TO 9TO OAHO u 1O Xke. [lomobue
umeer Mecto. Uro xe npousoinér masbme? Ecim Mbl HAYHEM Hasib-
me OTpe3arTb KBaJAPATUKW, Mbl OIIATb IIOJIy1IUM HO}IO6I/I6, N TaK 6yﬂeT
1o Geckoneunocru (puc. 71).

Puc. 71. «¥Y nona 6bu1a cobaka, on eé jiobust. OHa cbesia KyCOK Msica, OH €8
yousr — B zemutro 3akomaJi, kameHb mosioxus. Ha kamue Hanucas: «yY morma
ObL1a cobaka...u Tak gaJiee 10 DeCKOHeIHOCTHUY.
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Teopema jokazana: Mbl u3-3a 10100us Oymem 310 HeCKOHEYHOE KO-
JIMYECTBO Pa3 MPOJIEJIbIBATh, a 3HAYNAT, HUKAKON «KBaJIPATUK CTOPOHON
1 pazpgesuTh Ha N» HE TOJIyYUM.

Yro-T0 9TO MHE HAaIOMUHAET. . . B nercrBe y mens O6bi1a kaura. Oua
HasbiBaercda «Bor tak ucropusi!». Tam 061 Masibuuk. OH yKacHO cebs
BEJ1. Bce Obiyiv BocnmTannbie, a oH ObLT HeBocnuTaHHbIA. VI BOT 3TO-
ro MaJlb4MKa OTIPABUJIM B HEBOCHUTAHHBLIA ropop, re y HEro cpasy
CTapUK OTHHAJI KPOBATh, BHICHAJI €0, CTAJ CIarTh B 3T0# kposaru. [lo-
TOM HQ MOMIYIIKE KPOBATH BBIPOCJIO HEBOCIUTAHHOE JIEPEBO, CTAPUKA
pasbymuiio. MaJsibuuka Bce crajii 00MKaTh, HA YJIUIE BCE TOJIKAJIUCD,
u on nompocusica obparuno. [Ipocro merckuit Tpusiep, ma u TOJBKO.
Ha obsioxxke »Toii KHWIH, OMHAKO, ObLIa M300paxKkeHa HEeTPUBUAJILHAA
KapTuHa.

Puc. 72. Ha obstoxxke kuuru cunest aen. Ha kostensix cumest Buyk. Bayk mep-
JKaJl TaKylo K€ KHUI'Y, KaK MCXOOHAA, HO IOMeHbIIe. A Ha e€ 00JI0KKe CHIET
nen (moMeHbIIe), Ha KOJIEHsIX BHYK ([IOMEHbIIE), JepiKaJjl KHUrY (emé MeHb-
we). A na obsioxkke aen (ewé MeHblle. .. ) , U TaK naJiee.

¢ ma HEE Ky, TISIKY.... 9TO OBLI MOMEHT, KOTIA MOR marma
IIOHAJI, YTO d MATEMATUK. H TOrga HUYEro He 1mOHAJI, A 6bIJ_[ CcCOBCEM
MaJIeHbKHMM. ¢l IPOCTO IMOCMOTPeJsI Ha KapTUHY, HA KOTOPOU CHIUT Jie-
JIyIIKA, HA KOJIEHAX Yy Hero cujiesi BHyK. U nenynika yuras BHyKy 3Ty
KHHTY. A Ternepb npencTaBbTe Ha CEKYH/LY, YTO 9TO 03HAYAeT? ITO 3HA-
YUT, YTO HA MAJIEHbKOU KHUXKKE HA KapTHUHKE W300paxKeHbI JIIyLIIKa,
Y BHYK M Y JIGIYUIKM B PyKaXx Ta XK€ KHUI'A, HA KOTOPO#l M300pakeHbl
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penyuika u BHyK. f rosopro: «[lama, tak 910... 910 ke no OGecko-
HETHOCTH MOBTOpAETCA! DTO XKe MOBTOP, & 3HAUAT, TO JOIKHO OBITH
1o Geckoneunocru, pa?» B npamoyronbaukax (puc. 71) — 10 xke ca-
MoOe.

C »1uM cBA3aHa emé omHA MHTepecHad 33jada. EcTh mBe KaprTsl
ropoza, passHoro macmraba. Opgna kapMmanHad, apyrag — OoJsibuias
HacTeHHadA Kaprta. llpenmosioxxmm, 9TO KTO-TO B3dAJ, COPBAJI CO CTe-
Hbl OOJIBIIYIO KAPTy M KUHYJ Ha Hee maJjenbkyio. (Kaprbr 10mo6Hb
o ¢opme) (cm. puc. 73).

Puc. 73. Huuto He mnpensemaJio nosBjeHusi K€ BesmmyecTtBa beckoHedHO-
CTH...

Jloka3arb, YTO MOXHO B3ATb UTOJIKY W IPOTKHYTH 3TH JIBE KAPThI
B OIHOW ¥ TO# X)e TOUKe m300paxkaeMoro MMu IIPOCTPAHCTBA.

D10 Bpojie Kak urpa. ¢l 6epy BOT 3T JIBE KapThl U AyMal0, Kak Obl
MHE IIOJIOXKHTH BEPXHIOI HA HIDKHIOK, & BbI IIPUXOIUTE U UTJIOW IIPO-
TBHIKAETE, [ 3aX0TUTE; €CJIU BbI IPOTKHYJIU UIJIOW OIHY U Ty XK€ TOUYKY
(mom 37 mo ymune IIpodcorosnoit), 3Ha9nT, BB BHIUTPAJIA, & €CJIA HET,
TO BeIUIpaJi . Teopema yTBEpXKIAaeT, YTO B DTOI UIPE IPOUTDLIBAET
TOT, KTO KJIJIET Kapry. 10 ecTb, KaK Obl HE MOJIOXKUTH KAPThI, BCETHA
MOXKHO YKa3aTh HyXKHYIO TOUKY.

Jloka3aresibCTBO — B OOHY CTPOYKY. MeToIOM «B3TJIAHU — W IIOM-
MEIIb>».
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Hapucyem na masienbpkoit kapre Ty TEpPUTOPUIO MECTHOCTHU, KOTO-
pyIo Ha GOJIBIIOH KapTe 3aKpblia MAJICHbKAA KapTa.

Tenepp HapuCyeM Ha HAPUCOBAHHOW Kapre Ty TEPPUTOPHIO, KOTO-
PYIO OHA 3aHMMAET HA MAJIEHbKOH (puc. 74).

Puc. 74. I 3aBepresiuch KapThl FOPoOIa ax A0 OecKOHedHOCTH!

HaJjibe onu OyayT BepreTbesd J10 OECKOHETHOCTH, HO B IIEPECeYeHun
BCexX THUX KapT OymeT Touka. B Hee n HATO BOTKHYTH HUTOJIKY.

A renepp HEMHOXKKO CJlOXKHee: g 0epy [Be abCOJIFOTHO OJIMHAKO-
BBbIE KApTHI TOpOfa. BEpXHIOI CHAMAIO, CKUMAI, KOMKAI0, CKJIAIbI-
Baio, HO He pBY. Tenepp KuMIA0 HA OCTABUIYIOCH JIEXKATH KAPTYy TaK,
9T0ObI BEPXHHAS HE BBLIE3JIa 33 MpeIesibl HimkHel (puc. 75).

Puyc. 75. Unmoctpanua k TeopeMe Bpayapa.
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Teopema. Bcé paBHO, MOXKHO IPOTKHYTH WIOJIKOW 3TH JIBE KAPTHI
B ogHOM Mecte. Bcerma, 1ro Obl BbI 37eCh HE Jesasid (€IUHCTBEHHOE
TOJIBKO — HeJIb3s pBarh). EC/m Bbl KapTy MOPBaJIM, TO MOXKHO J100UTh-
Cs1 TOTO, 9TOOBI MPOTKHYTH OBLIO Herme. A BOT eCJiu MBI HE PBAJIH, TO
Bcerga Haineércd oduas TOYKa, WHOLIA UX OyJIeT HECKOJIbKO, HO OHA
Haiinérca obasarenvno. llpu ycnoBuu, 4to cMaTadg A0 HEy3HABAEMO-
ctu (M CIJIIONIEHHAsT) BEPXHAA KAPTA HEJMKOM JIEXKUT HA HUKHER. Dra,
Teopema odeHb 3ddekrrHa. Ha camom mesie, oHa yTBepXKIaeT HEUTO
PO [IPOU3BOJIBHOE HENPEPBIBHOE OTODpaxkeHue 00bekTa B cedA. Ira
TeopeMa, He OYeHb [IPOCTad, g €€ PACCKAa3bIBAaI0 Ha KypPCe «MaTeMaTUuKa,
1715 9KOHOMUCTOBY» U B IIKOJIe aHaJm3a nanubix fAunekca. HaspiBaerca
oua Teopema Bpayapa.

Ha camom nesie, noka ona e ObLia [I0Ka3aHa, B HEE HE OYEHb Be-
puwm. JIo6oe HenpepbiBHOE OTOOpaxkeHue (MOXKHO BCE, KPOME Pa3pbi-
BaHU#A) 3aMKHYTOTO BBIMYKJIOro o0bekTa (B Teopema Bpayspa roso-
pUTHCA O 3aMKHYTOM wmape) B ceba Bcerma 06J1a1aeT HenomBUKHOR
To4KOii. To ecTh TOUKOI, KOTOpPadA HUKYHA HU CABUHYJIACH. BbI 4T0-TO
pacrarmbaere, YTO-TO CKMUMaeTe, YTO-TO CKJIQJbIBAETe, HO Bbl HUKOI'A,
HUKOITIA HE H0OLETECh TOro, YTOObI 6ce TOYKMA U3MEHUJIU CBOE II0JIO-
KEHUE. DTOT0 HEAL3SA CHLJIATh. ITOMY €CTh MATEMATUIECKOE HPEIsiT-
CTBHe, ¥ OHO HA3BIBAETCHA «TeopeMa Bpayspa 0 HEMOmBUKHON TOUIKE.

X 3k %k

Bepnemcsa k 3ajiade, KOTOPO#l Mbl 3aKOHYMJ/IM MIPEIbIAYULYIO JIEK-

[AIO.

(1+v2)2, (1+V2)3 ... 1+V2)"

— 9TH BOT BBIPAXKEHMS ITOYEMY-TO TOXKE IIOMOTAJIM HAM PEIIaTh YPaB-
nenue Ilesis.

Ceiigac Kkax pa3 camMoe BpeMs OTKPBITh CEKPET. 3A0IHO IIOCMOTPHAM
emé OfHO onpasaanue usydarb ypasaenwue [lesiis:

w2 — 2% =1.

I'peku mbicsiniu reomerpuaeckumu obpasamu. Crapajuch yBUIETh Y-
cJ10, yBuzieTh Teopemy lludaropa. ¥ Hux 6bLTH «KBaAPATHBIES U K TPE-
YTOJIBHBLY YMUCJIA.
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Hanpumep, 4 mim 9 — 310 kBagparube duciaa (puc. 76).

OO0 00O
OO 00O
OO0

Puc. 76. I3 4-x unn u3 9-u KPyzKKOB MOMXKHO CJIOZKUTH KBAJIPAT.

Yro Takoe TpeyrosbHoe 9ucs0? DTO KOTIa U3 TAKOTO KOJIMIECTBA
KPY2KO4YKOB MOXKHO TPeyroJibHUK cobpars. 3, 6, 10 — uucia Tpeyrosib-
uele (cM. puc. 77).

O QO
QO

OO O O
OO0 00O

OOQQOQO

Puc. 77. llepen maguajoMm mapTud B OWIIHApPH MIAPHI YKJIAIBIBAIOT B «TpPe-

YIrOJIbHUK>».

Caenytomiee 10, morom 15. Kax it pa3 npubasiigem Ha 1 boJibie,
9eM B IpEeIbIayInuii pas.

Cam coboit BozHukaer Boupoc: bBusaem au max, wmo odHo u mo sce
wucao u keadpamnoe, u mpeyzoavroe? To ecTh KOJMIECTBO puIIEK
TaKOBO, 9TO MOXXHO COOpATh W3 HUX KBAIPATHUK, 3 MOXKHO II€PEeMEIIaTh
n cobparb TPeyroJibHUK.

Caymaresnb: Yucsio 1 u takoe, u Takoe.

A.C.: BesycsioBao. YesioBeKk, KOTOPbI rOBOPUT «49uCI0 1, obaga-
€T MaTeMaTU4YeCKMUM MBbIINIJIHUEM. He OponyCTUTH Haxe HpOCTefHHeI‘O
CJIydas. ITO O9eHb BAXKHO.

Onnax et st exast B noesgie u3 Upkyrcka B ropos Tysys. U co muoi
B IJIAIKAPTE €XaJia XKEHIUHA, C JOYKOi JjierT naru. Mama aBHO He ma-
TEeMAaTHK, HO [IPH 9TOM XOUET IOYKY UEMY-TO HAyIuTh. VI OHA cIpairun-
Baer: «Bor, cmorpu. Y 1ebs naTh KykKos. Kak nx MOXHO PasJjioRuTh?
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3 u 2» — «Hy, ma», — «A em@ moxHO Kak-HUOYAb?» ¢ ¢ mHTEpECOM
mabsmiogaro. Tyt nmouka u roBopur: «Moxno. 5 + 0».

4 BckakuBalo C MOJIKM, CIyCKalOCh W rOBOpIO: «Bamra nous umeer
HETPUBUAJIbHBIE, OYEHD XOPOIIUE MATEMATUIECKHAE CIIOCOOHOCTUS.

Mama HEMHOXKKO MOMOJTYAJIa, & IIOTOM coryiacujachk. Ho ona He mo-
uasa. Benp vaszsars 5 4+ 0 MoxkeT TOJIBKO 9€JIOBEK, Y KOTOPOrO IETKO
pa3BUTA JIOTUKA, JIPYTOM YeJIOBEK HE HA30BET, 5TO HETPUBUAJILHBII Ba-
pUAHT.

Bepuemcsa K TpeyrosibHbIM U KBaJIpaTHBIM ducjaM. Kakoe ciemyro-
miee, mocse 17 Ciemyroniee «i Takoe, ¥ TAKOe» IUCJI0 — 3TO 306.

OO0000O
00000
00000
O0000O
00000
OO000O

OO0O000O0O00O OOOOOO

Puc. 78. Yucno 36 — «aBazK bl YEMIINOH» CPEIU HATYPAJIbHBIX IUCEJT.

HaBaiite Hainém oburyo popMysTy IJisd BCEX IUCE TAKOTO POLA.

Coayuiarens: 36 ma 6, ny, 36 na 36 yMHOXUTH?

A.C.: [laBaiire, Bo-1iepBbIX, BbiBeleM (DOPMYJLY JIJIsi TPEYTOJIbHBIX
aucesi. To ecrb, rpybo roBops, ectb popMyJia IJId BCEX KBAIPATHbBIX:
n?. Iloncrapiigere Joboe YUCII0, HOJTydaeTcs KBaapaT. A BoT Kax Ha-
nucarb 00y dopmyday g ducesa 1, 3, 6, 10, 15... Bor uro Hyx)HO
CHEJIaTh C 1M, 9TO0BI MOJIYYUTDh TPEYTOJbHOE YUCIIO?!

Yro nosyuaerca? 1 +2+3+4+ ... +m.

HyxHno nocuurars taxkyio cymmy. Bor OHO, TpeyrosibHOe 4HCJIO.
Kak nocanrars takyio cymmy? EcTh 3HaMEHUTAA UCTOPAS PO TO, KAK
laycc 6picTpo B yMe mogcauTas cymmy cra qucest. (Ho aro, mue kaxer-
ca, bajika.) Masenbknii Dayce yunsca B mkosie B 3-m ksacce. B mkosie
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K yUYUTEJIIO WJIM K yIUTEJ/IbHUIE HpI/IIHéJ'[ 3HAKOMBII. y‘lI/ITeJ'[bHI/IHa pe-
UIUJIA 1ATh 33249y TAKyI0, 9TOOBI [IETU 3aHAIUCH HA BECh YPOK. «/leTu,
a renepsb nocuutaiite 1 + 2 + 3+ u rak masiee o 100». U ynra no-
BoJibHAdA. Boiberaer masienbkuii l'aycc depes 5 muuyT, roBoput: «f1
mocaurad. 5050».

— «A kak TbI mocumTas! A THI MOXKemb AoKa3aTh!» — «Hy, xo-
meano mory. Cmorpure. { nuimy nBe cTpoxwm:

1+2+3+...+ 100,
100 +...+3+2+1.

[To-npyromy mpocto nepenymeposasi. Cymma BHU3Y Ta ke camas Oy-
ner. [Iycrs ona pasua x. I cBepxy ¢ u causy .

1+2+3+...4100 =z,
100 +...+3+2+1=a»

Hasaiite Tenepb cjioxkuM CTpouku 1o crosibukam: 1 + 100, 2 4 99,
3+98, ...

Caymaresns: Beerna nostyuurca 101.

A.C.: KoneuHo. A CKOJIBKO IITYK?

Caymiaresns: 100.

A.C.: 100. 3uauuT, yIBOEHHOE 3HAYEHNE HAIIETO BHIPAXKEHU PABHO
101 ymuoxwuts Ha 100. OTKyna, mocsae COKpaleHns Ha, 2 eCTECTBEHHO
u mostydaeTrcda £ paBHO 50 ymHOXUTH Ha 101.

2z = 101100,
22 = 10100,
OTCIOJIA
x = 5050.

Bor I'aycc u ckazaJt 5050. U 6b11 coBepIIeHHO IPaB, HUYIEro He CYu-
TadAd. MaTeMaTHKa — 9T0 UCKYCCTBO JICHU. MaTeMaTI/IK — 9TO TOT, KTO
HUKOTIA He OymeT [esarb pyTUHHBIX AefCTBUi, OH BCEra MPUIyMaeT
4TO-TO MamMHHOE. BOT BbI 1103HAJIM KAKOW-TO PyTHHHBIA MeTon. Bcé.
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Bbr renieps Ha HEM HE 3aNMKJIMBAETECH, HA HEM Oy/IeT 3AIUKJ/IMBATHCA
kommbioTep. KoMIibioTep HUYEro He BBIAYyMAaeT, & MATEMATUK, OH CBa-
JIUT HA KOMIIBIOTED BCIO PyTUHY U Haliger 3akonomepuoctsh. B Bpayn-
mBelire ['ayccy crouT mamaTHUK: BpoH30BBII 17-TH yroJbHUK HA KO-
TOPOM CTOMT MareMaruk. A moyemy oH croutr Ha 17-TM yrosibHUKE?
IIorom uto 'aycc mpuaymasi, Kax CTPOUTH MPABUJIBHBIN 17-yroJbpHIK
uuMpKyJem u juneikoit. «IIpaBusibublit» — 3HaYUT C PABHBIMU CTOPO-
HAMU U YIJIAMHU.

Lo Hero 3Ty 3a/1a4y HE MOIJIU MOHATH. MO0XHO ITOCTPOUTH [IPABUIb-
HbI Tpeyrosibauk, 4-yrosipauk. Ha camom mesie, ecyiu Bbl ymeere CTpo-
UTh MHOTOYTOJIbHUK C IIPOCTBIMU CTOPOHAMH, TO OCTAJIbHOE JieTKOo. 10
€CTb HAJ0 CTPOUTH: IPABUJIBHBIA TPEYrOJIbHUK, D-TU YrOJIbHUK, (-1
YyTOJbHUK. A 7-W yroJibHUK HUKTO CTPOWTH HE ymeeT. Bce mydmiauch
n gymaan: «9ro x takoe? Kaxme-to mbr ruymbie, Hapepuoe. [Toge-
My MbI HE MOXKEM IIOCTPOUTH HMPABUJIbHBIA 7-MH YTOJIbHUK IUPKYJIEM
1 JIMHEHKOU >

A norom npumést Nayce u craszasr: «91o HeBo3MOxkHO. Maremaru-
qeckr HeBO3MOXHO». U mokasas sro. Tak Ke, Kak HeJb3d IOCTPO-
uTh npaBusbHbiit 11-tu u 13-tu yrospauk. Ilomuure, 51 pacckasbiBaJ
npo teopemy l'asya? IIpo To, 9ro mJis ypaBHeHusi BbIie 4-ii creme-
HU HeJIb3si Hamucarb o0uyo ¢popmysy KopHeit. 3mech Ta xe carTya-
[, BBl MOXKETE B3ATDH [MUPKYJIb U JIMHEHKY, BOOPYKUTHCA UMU U XOTb
BCIO XW3Hb CTPOUTH KAKWE-TO IyI'H, UYTO-TO [EpPECeKaTb, HO BbI HU-
KOI'JI3 HE MOCTPOUTH HPABUJIBHBINR 7-u yrosibHUK. ['aycc mokasaJi 31o.
U »ra xe TeopeMa 1ajia BO3MOXKHOCTH ITOCTPOUTDH MPABUJIBHBIN 17-TH
yrosibHuK. Kakas ciemyomasa purypa CrponTcs HUpKyJaeM u JMHeh-
KO¥i u3 mpaBUJIbHBIX MHOTOYT0osIbHUKOB? [locse 17-tu yrosibuuka? Oxa-
3bIBAETCs, 65537-MU yroJIbHUK. DTO OYEHD JOJIIO U CJ0KHO, HO MOKHO.

Bepnemcs K TpeyrosibHbIM YHCJIAM.

[lonsaTHO Temeph Kak MBI OymeM BbIBOOUTH 00Iryo dhopmysay? Mbi
sanuireM BCEé HaobopoT. Mbl 3mech 3anuiem

1+243+4+...+m=uz,
m+(m—-1)+m-2)+...+1=uz.
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Tenepb CJA0KUM U TOJLYIUM 177 9K 3EMILIAPOB KAKOTO 9UCIA!
(m+ 1)m = 2z.
[Tosromy dopmysia BoT Takasd:

m(m + 1)
—

Tenepb MOXKHO MOACTABJIATL BMECTO 11 JIIOObIE HATYPAJIbHBIE UHUCJIA
U [IOJIyYaTh TPEYrOJIbHbBIE.

A Bot Temepsn 3amaérca Bompoc. VITak, YUCTO ABAAETCA TPEYTOJb-
HBbIM, 3HQYUT OHO MMEET TAKOU BUIL

m(m + 1)
—

C apyroif CrOpOHbI, OHO KB3APATHOE, TO €CTh UMEeT B N2,

[Tosryqaerca 3aMevaTesIbHOE yPABHEHNE JIJIs PENICHUs B [EJIBIX Th-
cotax
m(m +1)/2 = n?.

A temeps cmorpuTe? MoxkeT OBITDH, BBl IOMHHUTE, ITO TAKOE JeAUument
uucya? eauresib 4uCjia 6 — 9TO TAKOE YUCJIO0, HA KOTOPOE G AEJIMTCH
(6e3 ocrarka).

m u (m + 1) — aBa cocemuux Umcsa. 3HAYUT OJHO U3 HAX TOTHO
YEeTHOE, & 3HAUUT AesnTcd Ha 2. 3uaaut m(m—+1) : 2 — npoussenenne
IBYX TEJIbIX aucesi. 1ETHoe Mome/IMTCA Ha, 2, 8 HeIETHOE He ITOHe/TUTCH.
Baxmo tak ke, 4TO y COCEHUX 9UCEJI HE MOXKeT ObITh 00muX Aesmre-
Jieii.

15 penurcs vHa 3, 16 mer. Ha 3 mesmmrcsa Kaxmoe TPEThE THUCJIO.

16 nenurca Ha 2 m Ha 4, HO Ha 3 HE NEJIATCA.

Caymarens: A equuaunna?

A.C.: la. Eguauna. Ho emumunily Mbl 33 OeJIUTEsIb HE CUATAEM,
Ha Heé BCE nesmrcd. Kine npumep. 28 nesurces wa 7. Coemyoiee 9uciio,
KOTOpOE nesurcd Ha 7 — 35, a npenpiayuee — 21. 3uauur 27 Ha 7
ue pesimrcd. To ects m u (m + 1) ToO9HO HE UMEOT OONMX AETUTEIICH.

C Apyroit CrOpOHbI, HAIIEr0 yPABHEHUS HAIIMCAH KBAJIpaT: n’.
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Ero moxno pazsioxurs Ha muoxuresau. Y kaxapiit Mmuoxuresnb Oy-
ner B KkBajpare. Hanpumep, ecou n mesmrcs na, 5, 10 n? mesmrces na 52.

BHaunt, 4TOOBLI BBIIOJHAIOCH Hale paBeHcTBo, m(m + 1) : 2 roxe
nomxHO mesuthea Ha 52, To ects ma 25. Ho m u (m + 1) He umetor
o6IIMX JlesiuTesieil, 3HAYNT OIHO M3 HUX JeJIUTCA Cpasy Ha 5.

U 310 Gyner BepHO /1 KAXKIOTO [IEJIUTESA JUciia 1. VIHbIMuU cJio-
BAMU HAllle PABEHCTBO BO3MOXKHO, TOJIKO €CJIM KaxkAblit u3 m u (m+1)
ABJIAETCA KBAJIPATOM.

4, mex sy npounm, B 3T0M Jiekiur 0001IEs] OJIHY TOHKOCTH, KOTOPA
HA3bIBAETCA OCHOBHAs Mmeopema apuPmemury. B mkose ee Toxe
0bxomdar. 3By4yuT oHa Tak: JIoboe wucao o0no3HaAUHBIM 06pA30M pac-
xaadveaemes Ha Muodcument. IIIkoIbHUKOB 0OMAHBIBAIOT, TOBOPST:
«Hy, aT0 0oueBumHO». lleliCTBUTEIBHO OYEBUIHO, €CJIU BBl IIOCUJINATE,
KakK #, U [opackJajpiBaere Bce yucja ot ogHoro 0 1000 na mHOXu-
TeJIu, TO Bbl, KOHEYHO, YOEIUTECH B HTOM.

[TosTomMy, ecim BepUTH B 3Ty TEOPEMY, HOJIYIAETCH CJIELYIOIIEE.
Ecoum n genmrca, ckaxem, na 11, To n? menurca ma 112, na 121. 3ua-
anr u m(m + 1) memarca na 112, Ho 11 we mMoxer BXoguTb u B M
u B (m+1). JIubo m nemmrca ma 11 B xBagpare, smbo (m + 1) memwmr-
cqa Ha 11 B kBajspare.

Dra BaXKHAdg WCTHHA TOBOPHT O TOM, 9T0 ecaum m(m + 1) : 2 = n?,
10 60 m = a? u (m + 1) : 2 = b% 310 B CayUAe ecsE M — HEUETHOE,
a (m+ 1) — uérnoe, 6o naobopor m + 1 =b? um: 2 = a.

Orciona yxe oquu mar fo ypasnennd Ilemna 2 — 2y = 1.

B nepsom ciiyuae nosiydaem:

m=a®> u (m+1):2=0"=m+1=20%

a Tak Kak m u 'm -+ 1 cocenuue uucna, To a® — 2b% = —1.
Bo Bropom ciiyuae nosiydaem:

m+1=0 uw m:2=a>=m=2d>=b>—2a%>=1.

O6a, pasa Mbl HpUILIKA K ypasHenuio 2 — 2y = 1.
To ecTb, pelrasg 310 ypaBHEHHE, Mbl OyeM MOJIydaTh KBaOpPaTHO-
TPEYTroJIbHBIE YKCJIA.
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PebéHoK, KOTOPBIIt UTPAET B 9TU KOJIEIKHA U XOIET COCTABUTDH OITHO-
BPEMEHHO KBAJIPATHOE U TPEYTOJIbHOE YUCJI0, BBIHYKIEH PellaTh ypPaB-
uenue [lesis.

Hasaiite nocmorpum. Kakue y nac 6butu pemenua? 41 u 29.

412 —2-29% = —1.
CulenoBaresbHO
(m+1):2=292 m=41%, n?=29%41?, n=1189.

Kro 6b1 mor nomymars, 9ro KOrna-auby/ib MAJIbYUK BBLJIOXKUT TAKON
TpeyrosbauK. B Hem mosnkua Ob1Th 1681 crpoka. Ilpencrasnsere, ka-
KYIO IUIOMIAJIb 3afMET 9TOT TPEyroJbHUK!

Ho a BCé yXoxXy OoT oTBeTa IIpo (\/5 +1)2, xora u obemas Ha Hero
OTBETUTD.

Nrak. [louemy xe, HE3aBUCUMO OT CTEIEHU, Y HAC BCELJIA IOJIyda-
JIOCh PElIEHUE yPABHEHUA

2 —2y? =17

BosBoxy, manpumep, B 4-yio crenensb. (Ha camom mesre, MOXKHO BO3Be-
cTH B JI00YIO0).

(1+vV2) = (1+V2)(1 +V2)(1 +V2)(1 +V2),
(1-v2)t=(1-v2)(1-Vv2)(1-V2)(1-V2).

910 kJaccudeckuit bunom Hpiorona. Yrobbl packpbiTh BCe 91U CKOD-
KI, HAM HyXKHO KazKIbIii pa3 n3 KaKIO#i CKOOKH B3ATH b0 /2, Jiu-
60 1. Ilpencrasbre cebe, Kakue U3 3TUX ONEPALMIA TALYT LE0€ TUCIIO,
a Kakme OymyT HaBaTh YucCAO ¢ KOpHeM U3 06yx. Bo-IepBBIX, 1eJI0€e mo-
JIy9aeTcs, ecJi 9 OTOBCIoONy B3dJ1 equandky. C 1pyroit CTopoHbl, eciim
A U3 2-X CKODOK B3sJI KOPEHb U3 MIBYX, a M3 2-X €IWHUIKY, TOXKEe 0y-
ner nesioe. Ecam g u3 4-x cCkODOK BO3bMY V2 — roxe nesoe. A Bor
ecsim u3 3-x CKOOOK B3ATh MJIM U3 OMHOH’, TO MOJIyIUTCH IUCJIO C KOP-
mem. Ul mmocsie TOro, KaK s CJIOXKY, y MEHsI IIOJIy IUTCS BhIPAKEHNE BAIA
m +nv/2.

135



B m cupar Bce criocobbl packpbiTus CKOOKH, rie s 6epy ¢ KOpHeM
IETHOE TUCJIIO Pa3, & BCE OCTAJIbHBIE PA3bl IUHUIKY. A B n — BCe, B KO-
TOPBIX s B37AJI C KOPDHEM HEYETHOE KOJIMIECTBO Pa3, a B OCTAJIbHBIX —
EIUHUYIKY.

A Tenepnr mocMoTpuM Ha CKOOKY ¢ muHycoMm. [lomydutcsa To xe ca-
Moe, 3a OfHMM HCKJodenneM. Korma s Bo3pMy /2 HEYeTHOe 4mciio
pas, y MeHd HOJIyIUTCA 4ucjo ¢ munycom. [losromy mocse Toro, Kkax
MBI BCE CJIOXKHUM, y HAC MOJIY9HTCS 1M, — 1Y/ 2

m+nv2=(1+V2)(1+v2)(1+V2)(1+V?2),
m—nv2=(1-v2)(1-v2)(1-v2)(1-V2).

A Tenepb naBaiiTe MEpEeMHOXKUM JIBE HAIIM CTPOYKH.
(m 4+ nv2)(m —nv?2) = m? — 2n2.

Hanomunaer ¥Ypasuenue [lesuis, ve npasga Jjiu?

A renepp nepeMHOX UM IpaBble CTOPOHbI ypaBHeHUi. ¢ He 3pd Bam
tyt npo [aycca pacckaspiBasi. OT mepecTaHOBKM MHOXKUTEJEN Beb
HUYEero He MeHdercd. H03TOMy A MOry B MOEM IIPOU3BEICHUU II€PEM-
HOXKATh CKOOKHM B JitoboM mopsanke. [lepeMHOXKY uX 1Mo cTosiOmam:

(1+v2)(1-v2)=1-2=-1.
Hy u Torma y HaAC mOJIy9aeTcs MOcJie MEePEeMHOXKEHMS 10 CTOJI0IAM

(1+V2)(1+v2)(1 +v2)(1 +V?2),
(1-Vv2)(1-v2)(1 - V2)(1 - V2),

4r0 B orBere Bbixomut (—1)(—1)(=1)(-1).

A uro nostyunrcs, ecom (—1) ymuoxaerca Ha cebsa mHoro pas? 1
win (—1). To ecrs, xKorma Mbr Gyaem Bossomuth (1 + V/2) B wemmnyo
crenenb, Oyuer (+1), a B wewémnyro (—1).

Ho ¢ npyroii cTopons! ypaBHeHnd y Hac cToaino m?—2n?. [Tosyaaem
m? —2n* = £1.
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To ectb MbI j0Ka3a/m, 4To B JE060H crenenn (1 + v/2)" apjgerca
pelienueM Haurero ypasaenus [lesus.

Tenepr HECKOJIBKO BOIPOCOB [0 CJISMyIOUIEHl JIeKIuu.
* ok

1. Ber 3asesnu Ha Bepumay XuOMHCKHX rop. BeicoTa mx mpumep-
o 1 km. VI nocmorpesu Buasib. A ram — joma. Bam nomepeiusiocs,
nau 910 Mypmanck? Morsm iz Bel yBumean Mypwmanck? Ha ckosbpko
KHJIOMETPOB BJIaJIb MOXHO YBHUIETHh C KUJIOMETPOBO#l ropsi? Obparu-
Te BHUMAHME, 3eMJisi KpyIJylas, [09TOMY CUJIBHO JIAJIEKO HE yBHJIUIIb.
Ha ckosbko kusomerpoB BugHo ¢ 9Bepecta? C 20-tu sTaxHoro moma?
Ecnau xro-uubynp, namnpumep, rooput: «f tyr mposerast n3 Tousu-
cu B Henu u MockBy Ha ropusonrte Buies». OH BpET MU BO3MOXKHO
Takoe? ITo 3a7a9a, KOTOpas BOZHUKAET, KOTHA Bbl UJETE B TOPHI.

2. Bor crasmm acrporomom. U mabmronasm 3a 3Bésmamvu. Haburona-
Jii, XKuBA B roposie MockBe, a MoToM 10 CeMeRHbIM 00CTOATETHCTBAM
nepebpasiuck B Cankr-IlerepOypr. Bor obrapyxuju kakue-HuOy b HO-
BbIe 3BE37bI, KOTOpble U3 MockBbl He BuiHO! Kak yCTpoeHbl MexmIy
coboit Ba MHOXKECTBA 3BE31 9TUX ABYX ropomos? (Muoxecrso 3BE31,
KoTopbie BuAHbI u3 [lerepbypra, 1 MHOXECTBO 3BE3[1, KOTOPbIE BUIHBI
u3 Mocksbt). Ciuryuusioch costnednoe 3armenue. Jlernum nuém B Mo-
CKBe CTaJId BUIHBI 3BE3MbI, KOTOPbIE HUKOIIA HE BUAHBI JIETHUM JTHEM
B MockBe. 910 — HOBbIe 3BE311bl, HanpuMmep, «KOxHbIT KpecT», uim
9TO Te 3BE3JIbI, KOTOPHIE BbI yxe Buie i Hal MOCKBO#?

3. Bl unére ma JgpDKax 22 mapra. HaumHaeT TeMHETH, M BBI BCIIO-
MuHaeTe, 910 22 nekabps, KOra Bbl HIJIA HA, JIbRKAX, U COJIHIIE 3AILIO0
33 TOPU3O0HT, BbI ycresau nobexarh 10 JepeBHU MOpO3Ku H0 IOJIHOM
TeMHOTBI. Bbl uére B TOM XKe caMOM MecTe. YCIeeTe Jid Bl 100exXaTh
110 gepesan Moposku ujin Her? Tor ke Bompoc npo 22 uioHst, 22 Mapra,
22 cenTsiOpsi, 22 moHs u 22 nekabpsa. Korma 6picTpee Bcero HaCTymaer
TEMHOTa MOCJIE 3aX0a COJIHIIA, KOTIA Menjennee?

4. Bor nomouwin ¢ Bauieil MaJieHbKOW AByXJIeTHER [I0YKO# K mer-
ckoit mwromagke. VI obHapyKum TaM HEKOTOpPOe KOJIUIECTBO Kadesieit
Pa3HOI0 BUIA.
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Kaprunka: kauesm, paccauraHubie Ha qBoux gerei. Opuau ¢ pyaKkoit
IIJIsl PYK, APYTHE C PYyYKOM [JId HOI. A TakiKe COBCEM IIPOCThbIE Kadesn
B Bujie OOBIYHOM JOCKU. DTH KAPTUHKMU CM. B JIEKUuUM 5!

Kakue kagenu B mopsanke(To eCTb B FOPU30HTAILHOM COCTOSHWIM),
a Kakue KadeJM Bbl yBHUIIEJIM, CKOPEE BCEro, B MEPEKOUIEHHOM COCTO-
anu?! Kak 9T0 3aBUCHUT OT PACIOJIOKEHUS CIUHKH !

Bor omsTh npunuin m o yBujesin, 9TO KadeJiM yCTPOEHbI Kak abco-
JIIOTHO ILJIOCKaA mocKa. IIpocro obrécammoe ¢ mByX CTOpOH OpeBHO,
n 6OJIbIIIe HUYEro. HO OOHU Ka4YeJIn B IMOJIOZKCHUU PABHOBECUA BUCAT,
BTOPBIE BCE BpeMsI CKATBhIBAETCA HADOK.

5. Tak. Anwmca Jietur ckBo3b 3emurto. [loMHHTE ClOXeET KHUIH
JI. KappoJta «Asuca B crane qyiecs?

Asnca srleruT CKBO3b 3eMJIIO U IyMAeT, YTO OHA K aHTUIIOIAM IIPH-
Jgerur. B camom nenrpe 3emiiu BbiOeraer rHOMUK U JIAET el IMHOK TaK,
9TO yBEJMIMBAET CKOPOCTH e€ moséTa Ha 1 Merp B cekyHmy. Bompoc.
Ha kakoe paccrosHue OHa BBIJIETUT U3 3eMJIU BBEPX 0J1aroaps 2ToMy
JIOITOJTHUTEJIbHOMY METPY B CEKYHy 7

6. B simre demnmonos B rpynmy mnonasu 4 xomasmbl. Onm urpa-
0T KaXIadA ¢ Kaxmoil. [lpuaém Kaxmasi ¢ Kaxmoil urpaer u y cebs,
¥ B roctax. 10 eCTb B KaXKJIOW IPyliie MexXIy KaxKI0i napoit KoMaH,I
IIPOM3OUIET POBHO 2 Mar4da. B citydae HUYIbell KaxXa0ii KOMaHIe JTAI0T
1 ouko. Tor, kTo mobemuii, mosrydaer 3 ouka. llpourpaBuuit — HOJIb
04k0B. A renepb — BuuManue! C KaKMM MUHUMAJIbHBIM KOJIMYECTBOM
OYKOB elIé MOXKHO IIOIIACTh B Cjemyonmii payan! B ciaenyrommuii payHm
MO IAIOT 2 KOMaHIbI 13 4-X. Bl MOJDKHBI IPUBECTU KOHKPETHBIN pac-
kaan. Kto ¢ kem urpasi, kakume 6aJIIbl IOJTY TrJI.

7. KakoBO MaKCHMaJIbHO BO3MOXHOE KOJIMIECTBO POJHBIX ITpaIpa-
babymrek?

ObcyxieHue OTBETOB — B JIEKIAK 5.
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Jlekiiua 5

Cravasia obcynuMm 3anadu, 3aJaHHbIE HA JOM B KOHIE JieKnuu 4.
OHI/I HE ABJIAIOTCA O6H3aTeJ’[beIMI/I n HUYIEero He nmpoBepdroT (B OTJIN-
que or EI'D). IIpocTo oHE MOKa3BIBAIOT OCOOEHHOCTH MATEMATHIECKO-
IO IIOoAXOHOa B PA3JIMYHbIX 2KU3HEHHBIX CUTyalUAX. BCGI‘O 3a0a4 6bIJ'[O
cemb: 1) OB630p okpecrrocreil ¢ Bepumnbl ropsr; 2) Habmonenue mo-
CKOBCKUX 3BE311 BO Bpema 3armennst; 3) CKOPOCTh HACTYIJIEHUS TEMHO-
THI B pas3sudnble quu roga; 4) CtpanHoe moBenenne JeTCKUX Kadesiei;
5) Ionér nesouku Asmcer k antunonam; 6) Maremaruka hyr60BHOTO
geMnuoHara; 7) A CKOJIBKO y desioBeka mpamnpababyuiek?

Anexkceii CaBBareeB: Bce pazobpasinch, CKOJIBKO y «CpeI-
Hero 4eJsioBekay npanpababymek? (Hecpenmum gemosekom Oynem
HA3BIBATH TAKOr0, y KOTOPOrO [Be npanpadadyliku MOryT COBHALATH
B omuoM Jmre. A aro? Takoe BmostHe moxer ObiTh. Hampumep, ms-
y4eHUue POCIUCU PYCCKUX ABOPAHCKUX POAOB IIPUBOJUT K BBIBOJLY, YTO
y A.C. Ilymkuna u H. A. Pomanosa (to 6umb, Hukomas 1) 6eumm 06-
e NpeIKn).

npa...

0alymku
U IEAYIIKA

MamMa mara

s

Puc. 79. «lepeBo» 6abyumek u npadabyuiex.

C KaK/IbIM KOJICHOM Y/IBaMBa€TCA KOJIMYECTBO KaK [HCAYyLICK, TaK
u 6abymex (cMm. puc. 79). Ilama onun, Mmama ongma, genyuiek msa, 6a0y-
HieK JiBe, IPAJIEAyleK yKe JeTbipe, u npadadyliek Toxe Jerbipe, Hy,
a mpampababyirek, COOTBETCTBEHHO, IIOJIYIaeTCsI BOCEMb.

Teneps pazbepem 3amaay npo dyr6os (puc. 80).
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C KakuM MHUHUMAJIBHBIM KOJMYECTBOM 0AJIJIOB MOXKHO BBIATH W3
rpynnsl B caenyomuii payan? Humke npusenén npumep, Korma 3o Ko-
JIMYECTBO paBHO derbipém (puc. 80, cupasa).

AB |C|D A|B |C|D
AP ADX]2:1]2:0[1:0
B| [X B0:3><[2:2{0:0
C > Cl2:5/33<]1:1

D D D|1:4(0:0(1:1 [ X

Puc. 80. Cnesa: Marun koman camux ¢ coboil ne umeror cmbicja. Cupasa:

OYKHU B MaTdax, rae A Bcex mo0emusi, B TO BpeMsi KaK MPOYNe UTPhI ChITPAHbI

BHHUYbIO.

Utak, «A» BBIMTPBIBAET BCE UTPBI. Bce OCTAIbHBIE MATIN CHITPAHBI
BHUYBIO.

[Tostygaercs, 9T0 BBIXOOUT W3 PPYIIILL B CJEMLYFOIIANA PayH/I JIy IIIasd
KOMaHOa «A» u eme ogHa w3 KoMaHz ¢ 4 basiamu. f1 He 3HAIO, OBLIO
JIX TAKOE B JIMIE€ YEMIIMOHOB, HO C 6-10 0aJ/lJIaMU TOYHO BbIXOIMJIA.

Bcraer gpyroit Bonpoc. Kak mokasarb, 4ro ¢ 3-mMa GasijiamMu Bblii-
i Heavss? Komeuno, Moxuo 66110 661 nepebpars sce 32 Bapuanrtos
po3bIrphINIeil Mardei (160 umeercsa 12 HE3aMOJTHEHHBIX MECT, U HA Ka-
KJIOM MecTe MOKeT ObITh 3 pa3iuunbix ucxoaa). Ho xoresiocs 6b1 31010
n3bexarb. JlaBaiite mompobyem popmMasibHO paccyxkaarh. Kak Mbl Oy-
jem 910 gesiarb? Or nporushoro. ITpemsuosioxum, 410 Kakag-T0 KOMaH-
J1a BBILLIIA C 3-M4a basstamu. Kakue B 9TOM cirydae KosimdecTBa 6aJsioB
MOTYT OBITH y BCeX KOMaH[I! BbIeykasanublii BAPUAHT JIsT KOMAH]T
A, B, C, D 6bur 18, 4, 4, 4. Ecoim kakas-TO KOMAHIA BBINLIA B CJIETY-
oumit paysj ¢ 3-ma OajiamMu, 3HAYUT, KAK MUHUMYM Y JIBYX KOMaH/L
JIOJDKHO OBITH TOXe He Oouibire 3-x 6asimoB. [loromy 4yro mHade mama
KOMAHJIa He BBIILIA Obl U3 rpymmbl. Pa3 oHa BbIILIA, CJIEIOBATEIHHO,
y ABYX JIpyrux KomaH[ 6aJi/i0B MeHblIEe 1jiu PaBHO 3.

Bompoc: ckoJibKO 0AJJIOB Y KOMAaHIBL, KOTOpasi OOJIbIIE BCEX Ha-
opaJia?

140



B kaxpgom marde paspirpblBA€TCA CyMMApPHO wmju 2, wim 3 Dasia
(amabsa maér 1+ 1, nobena maér 3+ 0). IlosTomy 3a Bce mardu BCe KO-
MaH/ibl MOI'YT HaOparh MUHUMYM 2 - 12 = 24 Gasijia, €csiu BCe ChirpaJin
HAYBIO, MAKCUMYM — 3 - 12 = 30, ecoiu Kaxaplil MaTd ObLJT BHIUTPAH.

B mamteit curyanuu Tpu Komauasl HabpaJsiu ue 6osee, gem 1o 3 6aJi-
Ja, B cymme 9, 3HAUMAT y 4YeTBEpTOM KOMaHAbl HE MeHbme 24 — 9 =
= 15 baJsioB.

3Ha4UT, OHA, BBIMI'PAJIA [TOYTH BCE MATIH.

Hasaiite yrounum, Kak KOMaHIa MOTJIa Habpars 3 6aJuia. Ona jubo
TPU pasa ChIlpaJia BHUYBIO, ubO OIUH pa3 BuIUIpaJia. bBoJjbiie cro-
coboB Her. Onna 1m00ema u b npourpsinieil. 3 HUIbUX U 3 MPOUTPHIIIA.
O6o3HaYMM 3TO TaK:

Bap. 2.000 — — —

Ciymaresb: 910 3HAYUT, 9T0 18 0YKOB B PO3BIIPHIIIE.

A.C.: Paccmorpum Bap. 1. B 6-u mardax 6pu10 passirpano 18 ou-
KOB, 3HAYUT, B OCTaBIIUXCHA 6-u MaT4dax Oymer He Menee 12 6aJ110B, Tak
KaK B KaXJIOM MaTde pas3bilPbIBAETCH HE MeHee 2-X 0aJlIoB. 3HAUUT,
B CyMMe moJjiydaercda He Menbine 30-tu 6aJ110B. 3HAYUT, Y YETBEPTOi
komamupl He meree 30 — 9 = 21, gero ObITh HE MOXKET, TAK KAK MAKCHU-
MaJIbHBII pe3yJsibTar Jiroboit KoMaH bl paBeH 18, To eCTh BCe BLIUIPAH-
HbIE MATYH.

Nrax, BapuaHT C OQHUM BBIUIPHINIEM OTHAIAET. PaccMorpum apy-
roif BApUAHT: TPU HUYBH.

Bap. 2. HerBepraa komanaa nabpaJsia ve menbuie 15-tu 6as1108 (Mu-
HUMAJIbHOE KOJim4ecTBO 24, Tpu KOMaHabl HaOpaJsu B cymme 9, mosry-
qaem 24—9 = 15). 3naunr, ona onepxasia 5 nobern. (Memnpure He MoxeT
ObiTh, Tak Kak Bcero 6 marueit. Haxe ecsm 4 nobenpt u 1 Hudbd, 100-
ayuanrcea 4 -3 +1 < 15).

[Tosiygaercsa MuHMMYM, KOTOPBI KOMAH bl MOTJIM HAOPATH BMECTE:
He 24, a 29. 3uauur y yerBeproi komauabl 29—9 = 20 6aswios. 20 > 18,
re 18 — mMakcumaJsibHO BO3MOXHOE KosmdecTBo 6asinos. IIporuBope-
que.

141



Ipyroit Boripoc, Tak ckasarb, «oOparHbiii» k mnepomy. C Kaxum
MAaKCUMAJIbHBIM KOJUIECTBOM OYKOB MOXKHO He Guilimu W3 TPYIIIbI
B cJienyomuit paysi?

Cuaymaresnb: 12.

A.C.: [la. 1 xak mosnkHA ObITH yeTpoeHa Tabsmuna? Omaa KoManma
(ckaxem, komanaa D) Bcem npourpasia — 0 oukos. Ocrasibabie 3 KO-
MaHIsl BeIUTpbiBasn mo Kpyry: A y B, By C, C y A. Torma y Tpex
komam Oyger o 12 oukoB. I onna w3 mux gospkHa Oyner mOKWHYTDH
IEeMIIMOHAT.

[Mouemy Heavss we svitimu B ciemyonuit sran ¢ 13 oukamu? [Ipes-
[TOJIOXK UM, ITO BbI HaOpaJim 13 myu 60JibIle OYKOB, IIOYUEMY BBl TOTHO
3HAETE, YTO BBl BBINLIM B CJIEIYIOUANA STAII!

ITomckaska. Ecam 661 kT0-TO ¢ 13-10 Gasiamu HE BBINIEJ, TO IBE
KOMAH/IbI, KOTOpbIE BBIILIX, ©MeJn Obl He MeHbIe, dem 13.

Temnepp MOroOBOPUM O TOM, C KAKOU rOphI HA CKOJIBKO KHJIO-
MeTPOB BHUIHO.

4 3ases ma XubuHCKWE TOPBI, MOTY Ji s BUAeTh MypMaHCK, KOTO-
pbiit Haxomurcea Ha paccrosiauu 100 km o rop? OTBeT: HA rOPUBOHTE —
CMOTYy.

Ceityac Mbl TOJIyYUM TOYHYIO (OPMYJIy JIfd MAKCUMAJILHOW BUIU-
MOCTH.

VYiKe mepBble HIATUM BBEPX OT 3€EMJIM Cpa3y HAIOT OYe€Hb OOJIBIILYIO
BUJIMMOCTb.

C noBepxHocTu Hrdero He BuiauHo. Houtb, o u ecTh HOJIb. 'opu30HT
CIAHYJICA B TOYKY. UyTh-4yTb BbllIe HYyJid HOAHAJUCH, HA 10 canTu-
METpPOB, U Cpa3y BUMLHO, IPUMEPHO, HA KMJIOMETD (9TO ecyid 3eMJrst —
uneasbubiil map). Obos3HaduM BICOTY TOpHBI 3a h. Paccrognue no nen-
Tpa 3emsin 0003HauuM R = 6400 kM. Ira 4mMC/I0OBasd BEJIMYMHA HAM
MPUTONMTCS, KOTMIA MBI OyIeM penraTh 3a1ady mpo Asmcy.

I[Tocmorpum ma puc. 81. {d xouy 3marp, yemy paBHO L, TO ecTb,
Ha CKOJIBKO KM BHIHO?! 3IeCh €CTb OIHa TOHKOCTb.

Bpmasu 6ymer ropusont. A BOT ecJiu ¢ IPYyroii CTOPOHBI (38 TOPU30H-
TOM) UMEeTCs TaKasd XKe ropa BbICOTHI i, TO €€ BUIIHO rOPa3/0 JIaJIbIIe.
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Puc. 81. 3emuist B pazpese. Paccrosinue or neHTpa 10 Bepuiusbl 1opbl R + h,
PaCCTOSTHHUE OT TEHTPA I0 TOUYKN Kacauusa K. Yepes L 0003HATEHO paCCTOSHIE

OT BEPHIMHBI 1O TOYKU KaCaHu:d.

A ecsim TaM ropa BBICOTHI ﬁ, TO BCE paBHO ropasgo JaJiblie, YeM IPOCTO

1o ropusonTa (puc. 82).

|

Puc. 82. «Bsrisan 3a Topu3oHT».

Onwun pas npu mue Ha BaiikaJjie BuiHbIli y9EHbII COBEPUIUIT JETCKY O
omubKy. On ckaszaJji: « Mbl HUKaK HE MOX€EM BHUJIETh rOPbl, KOTOPHIE HA-
XOndATcdA B paiione YimaH-Ym». He moxeMm, moToMmy 9TO...» — U OAJb-
e puBeJI BbluucjeHus 1o popMyJie, KOTOPYIO Mbl CEAYaC BbIBEIEM.
4 rosopro: «Tbl He yUYUTHIBAaENIb, 9TO MBI CaMu ceiiuac He Ha BalikaJie,
a Ha cuJibHOM BO3BbilieHUU». — «O...», — roBopur: «Koneuno, 310
Bcé ynBauBaer». Ha Baiikase odenb 3M0poBO HAOIIOIATH, 9TO 3EMJIS
kpywiaga. [liaemena, koropsie xuiu na bBalikase, HaBepHAKA W3IABHA
3HAJIM, YTO 3eMJId KPyrJjiad.

[TomuuTe Teopemy Iludaropa? ¥ mac obpasyerca npamMoyrobHbIMA
TPEYroJIbHUK C runorenysoit R + h u kareramu R u L. 3uaqwnr,

(R+ h)? = R? + L2,
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Temnepp packpoeMm CKOOKU:
R*+2Rh + h* = R* + L.

Crpamnas BesimauHa (KBAIPAT paanyca 3€MJIU) COKPAIIAETC, U OCTa-
ércs:

L? = h? + 2Rh.

3/1ech HYKHO OBITH HE TOJIBKO MATEMATUKOM, HO U (PUBUKOM — [1J1d TO-
ro, 4robbl CKa3ars, 4ro h%, B 06IIEM-TO, PABHO HYJIIO.

IToromy 9TO 1O CPABHEHHUIO C [BOMHLIM PaIUMycOoM 3emjm h’ —
OYeHb MAJIEHBKOE YHUCJIO. ITO — BEIIM HECOM3MEPUMBIE, B TOM CMBbI-
cJjie, 9TO 1epBad mopasJsomnie Oosibme, dem Bropasd. [losromy, 1Tobb
6e3 JIMITHUX YCUJIANA 0UyeHUMb, HA CKOJIBKO KUJIOMETPOB BUIHO, JOCTa-
TOYHO HOJIOKUTD, 4TO h? HOJIb, U HAIUCATD:

L = V2Rh.

Yro 31€Ch BaXXHO HOHUMATh! 2R — BeJIMYMHA MMOCTOAHHAS, KOPEHb
3 meé pasen 113. A ecom coBcem rpy6o — mpocto 100.
Ectp takas onenounasa dopmysia:

L = 100v/h,

Vh — sra GyHKIMA, KOTOPasa CHAYA/IA 0UeHb BBICTPO BO3PACTAET, & 110~
cJIe OTXONA OT HyJis yBEJIMIABACTCA MEIJIEHHO (cM. puc. 83).

L = V2Rh ~ 100vh

h

Puc. 83. «O! Yxe xopomo BugHo! A HaUX JIBDK YTO-TO HE BUJIHO. . . »
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YyTb-4yTh h OTJIMYHO OT HYJIA, IPAMO CAMYIO MAaJIOCTh, a KODEHb
yxe odenb Oosipuioit. [losromy u mosrydaercsd, YTO Bbl 4yTh-4yTh HOI-
Heau 1oJ10By 0T 3emuin u: «O! Yke xopowro Bujiao!» laBalite HEMHOTO
HOKPYTUM 3Ty (POpMYJTy.

Bor npu h = 1 xm ¢ Xubun Bugmno wa 100 kM, a Gosiee TO4UHbBIH
pes3yJsibTaT, meiicTBuTesibHO, — Ha 113 xmomerpos. 113 xmomeTpos
BIIOJIHE JIOCTATOYHO, 4T00bI yBuaerh Mypmanck ¢ XubuHCKUX 1OP.

Caymarens: To ectp na onun rpajyc, a tounee, na 1,0128 rpa-
jLyca.

A.C.: [a, na onun rpajayc. C kujgomerpa BUAHO HaA 1 rpamyc.

Hpyro#i ciaymaresb: Bel cxajarypuiim.

A.C.: I'ne?

Caymaresnb: Paccrosane mexy Xubunavu u Mypmanckom. Bui
cunMTaeTe 1o nNpAMOi. A Ha caMoOM JieJie Ha0 CUYUTATh JJIMHY JIyTU.

A.C.: [la. Paguuna 6yger npumepHo omHa coTad mporenta. Ona
[IOYTH PABHA HYJIIO.

Caymarenb: A npu [Ixxomosyarme?

A.C.: Byner, upumepno, 10 uaum 15 merpos. lasaiire emé dqro-
aubyap monrynaeM. KoMoJiyHIMa, Kakas BbICOTA !

Caymaresb: 8848 meTpos.

A.C.: [a. 8848. Okpyriaum 110 9 KUJIOMETPOB.

h=9, L =300.

3amerbre, 9T0 BepumHa J[XKOMOJyHIMbI — 9TO TO, HA KAKOU BBICOTE
JIETUT CAMOJIET, MMOPTOMY C CAMOJIETa BBl BuauTe npuMepHO Ha 300-
350 kwmaomerpos. Ecim Jjiererns us Ilerepbypra B MockBy, 1O, [m-
CTO TeopeTwdecKm, mpojerad DBosoroe, mMoxHO yBuOeThb u MOoCKBY,
n Cankr-Ilerepbypr, npaBna, I 3TOr0 CaMOJIET JOJIKEH PA3BEPHY Th-
cqa. Ho ecoir KTO-TO TOBOpUT, 9TO OH Bues TamkeHT, JeTda u3 MoCKBbI
B Ilurep, on Bac obmanbiBaer.

Korna BbI steTuTe Ha «rarapmHCKO# BBICOTE», HA BBIcOTE 100 KM, CO-
orBeTcTBeHHO, Bbl BuuTe Ha 1000 kusiomerpos. C 40-meTpoBoii BbIIIKU
BuaHO HA 20 KrjiomerpoB. YT0, KOHEYHO, TOBOJIBHO MHOIO.

A Beimka B 10 meTpoB mgact o630p ma 10 KHIIOMETpPOB BO BCE CTO-
poubl. Beiika ymensummsiace B 4 pasa, a 003op B 2. Ecin yBesmmuanThb
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BbIKY B 9 pa3, 0030p yBesmmuurcsa B 3 pasa. ObOparure BHUMAHUE,
He JIMHEeWHAas 3aBUCUMOCTD, & KOpHEBasl.

Ilepexomum k AJjmce.

D10 — mpUMEp TOro, Kak He paboraer Hamla MHTyMiud. Bor oHa
uHOTIA paboraer, a uHOra, ... Celyac s BaMm pacckaxy 4ducro ¢husu-
9ecKyIo Bemb. VTak, maBaiiTe ciesiaeM Ciemyoiee.

Puc. 84. Anuca nadunnaer nagarh B maxrty. Ho BeI He BOJTHY#iTECH, OHA HE NO-
rudHerT. [IlaxTa poBHAS, MPOXOINT BCIO 3€MJTI0O HACKBO3b, 3€MJIsT HE PACKAJIEH-
Hasi BHYTpHU, & caMy AJIMCY MOXKHO CYUTATH MATEPUAJIbHON TOYKOH Macchbl
40 kr. Eé yxe xayT Ha TOil cTOpoHe amepukaHCKue pebaral A or €€ mMacch

B 9TOH 3a/1a49€e BOOOIIE HUYEro HEe 3aBUCUT.

Yro npoucxomur? Asmca mamaer (puc. 84). Y Heé Mensercs CKo-
poctb. C Kako# CKOpoCTBhIO MeHserca e€ ckopocrb? To ecrh, Kakoe
y Amucer yexoperue? OHO B mepBbIe MOMEHTHI PABHO YCKOPEHHUIO CBO-
GomHOro majsenus g; oo, rpy6o rosops, Takoe: g ~ 10 m/c? (tounee,
9,81).

To ecTpb 3a OfHY CeKyHIY TOJIETA TAIAIOMIANA TEJIOBEK YBEJIMIABACT
ckopocTh Ha 10 M/c KaxkIyio CeKyHIy.

Caymaresb: A y Heé 100Ku mapycsar, 970 HUKAK HE BJIUAET?

A.C.: Bauser. [losToMy myCTh HE HapyCsT.

Caymarens: B Bakyywme. . .

A.C.: [Ta, »ro Bakyymuas Asmuca. [loromy 9o, ecjim ectb COpo-
TUBJIEHUE BO3/LyXa, TO HA HEKOTOPOH CKOPOCTH MPEKPANAETCH BCAKUI
pocT CKOpocTH (HAampuMmep, IJisi HApAIIOTUCTa, MaJaiomero 6es ma-
paurora, CKOpoCcTb OBICTPO CTAbUJIM3UPYETCA HA 3HAYEHUU TPUMEPHO
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50 m/c). Bor. IToaromy mycrs y naweit Anucer ne napycar. U Boo6-
me... OHA Belb OPOCHJIACh B IIAXTY BHU3 TOJIOBOi, ITOOBI ymoOmee
OBLIIO BHLIETATHh W3 HEE HA APYTO# cTOpoHe 3emin.

Ho ectp onna Baxxuas ¢pusnaeckas TOHKOCTh. [Ipobiema B ToM, 9TO
KOTIJIa Bbl HAYMHAETE MAJIATh B TAKOIO POHA «KOJIOIEI», y BaCc ¢ Ha-
YMHAET MEHATHhCH. YCKOPEHHME CBOOOMHOIO MAJIEHUA TEM MEHbIIE, 9eM
O6JimKe BBI K TIEHTPY. B meHTpe Bama CKOpOCTh HE MEHSEeTCS BOODIIE,
nbO TaM CUJIbI TATOTEHU B CyMMe JIal0T HyJIeBOi BeKTOp. KeTh Takoi
dusnaeckuit 3aK0H, KOTOPBIi yTBEPKIAET, ITO YCKOPEHUE CBOOOIHO-
r'0 MAJEHUS ITPOIOPIMOHAJIBHO PACCTOSHUIO JO EHTPA, IJIAHETHI, €CIIN
JIOTHOCTH mianeTsl nocroguna. (To ects, ecsm ocrasiocs mposeTersb
JIOJTIO0 «Z» OT MOBEPXHOCTH JI0 HEHTPA, TO YCKOPEHWEe CBOOOMHOTO Ia-
nenud 6yner pasuo gz. [Ipu = 1 6yner npocro g, upu « = 0,1 6yner
9/10).

Yckopenue ¢

Yckopenne || T - g

Puc. 85. A ecioin orBaxHast Ajiuca JIeTUT HE CKBO3b 3eMJIIO, a CKBO3b IOmnu-
tep? Y mHero pammyc B 11,2 pasa 6osibime 3emuOro. U1 oHa yxke mposieresia
110 rrybunbl B 9 3emubIx pagmycos. Torma Bcio maccy HOnurepa MoxHO 10-
[IeJIUTh Ha JIBE YaCTH: BHYTpEHHUil map paguyca 9 (3eMHBIX DAIUyCOB) U Ha-
Py2KHbIfl 1WAPOBOI cJ10fi Tosnuubl B 2,2 (3emubix paauyca). Tounblit mare-
MATUYECKUil MOACYET IIOKA3BIBAET, YTO CyMMapHAas CUJIa, C KOTOPO mapo-
BOIi CJI0ii npuTsAruBaer K cebe Jieraumyio Aaucy (na Bbl MHE BCE PaBHO BElb
ne nosepure!..) PABHA HVJIIO. A Buyrpenuuii wap, yepes xoropbiit Asuce
0CTaJIOCh MPOJIETETh, MPUTATHBAET €€ K cebe Tak Ke, KaK MPUTATHBAJIA ObI

eé Kk cebe TOYKA, paBHAS MACCE HTOrO HIAPA U HAXONAMASLCT B UEHTPE HIapa.
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ITosicueHue u JIUPHUYECKOE OTCTym/IeHnEe «0 (pyTbdoste HA JLy-
He». Hanpumep, pamuyc FOmurepa B 11,2 pasza 6osbire pagnyca 3eMiin
(puc. 85). Yckopenme csobomuoro majgenus na Knurepe B 2,52 pasa
Goutbmre, ueM Ha 3emiie (OHO, KPOME PAINYCa, 3ABUCUT U OT MACCHI [IJTa-
nerst). Paguyc xe Jlyubl menbine paguyca 3emuin B 3,67 pasa, u Ha neit
B 6,05 pasa MeHblle yCKOpeHue CBOOOHHOrO majienud. 1 mpencraBuJt
cebe JryHHbIH Dy T0OJI, 9TO, JTOJKHO OBITH, COBEPIIEHHO 3aMEYATEJIbHO.
Orpomubie BopoTa BbIcOTO# 12 MeTpoB u mupunoit 40 MeTpoB, 1 B HUX
MeJIJIeHHO JieTafouuit Bparaps. Ho ObI0T-TO 110 Ms4dy C TO# Ke CUJION.
JosmKHO OBITH, O9eHb HHTEpecHO. ¢l He 3HaI0, MOXKeT ObITh, B OymyimemM
KOrma-audyap Oymer JiyHHbIR dyTOOIT.

VY Hac yCcKOpeHue I0J1y4aeTcsa TakKoe: ¢ = —¢gT, U HAJ0 LHOACHUTD,
4TO O3HAYaeT 3HAK «MHUHYC».

CHa,‘IaJ'[a, HOIIBITACMCA ITOHATH, KAaKO€ ABMXKECHUE COBEpLIaJIa 6bI
Asmca B maxTe, TpOCBEPJIEHHON IO qUAMETPY 3€MHOTO Iapa, eCan Obl
B neHTpe 3eMJin HUKAKOI 'HOMUK HE TOJKAJ Obl €€ B CIIMHY [IJId yBe-
smmaenus ckopoctu. Ona mosteresia 661 «BHU3» (OlLyenue y Heé ObLI0
Obl TaKOE XK€, KAK y 4eJI0BEKa, ynasuero B kosomaen). [1o momenrta 1mo-
CTIKEHUs MEHTPa 3eMJId CKOPOCTH BCE BpeMs HapacTaJsa Obl (B 9Toit
3a/1a4€ CYUTACTCHA, ITO CONPOTUBJIEHUE BO3[yXa OTCYTCTBYET); MAaK-
CUMaJIbHAA CKOPOCTH Oyer nmpu npojére yepes uentp 3emuiu (B 910k
touke Asnnca G6ymeT JeTeTh Mo HHePIUH, TaK KaK CUJIa TATOTEeHus 00pa-
TUTCHA B HyJIb). 3ATE€M HAYHET IPOABJIATH CeOA CUJIA TAKECTH, HAIIPA-
BJeHHad npoTuB AsmkeHuda. Ona OGymer MOCTENEeHHO HAPACTATh, BCE
CuJIbHEE yMEHbIIasd CKOPOCTh moJjiéra, Asucel. Ké ckopocrs craner Hy-
JIeBOI KaK pa3 B TOT MOMEHT, KOTHa AJTHCa MPOJIETUT BCIO 3eMJIIO Ha-
CKBO3b. Ternepp Crmiia TAXKECTU HAIPABJIECHA B MPOTUBOIIOJIOKHYIO CTO-
pouny. U 3arem BCE OyjieT mOBTOPATHCA. 1TaKoe ABMKEHUE HA3BIBAETCS
«koJsiebaresbHbIM». d10ObI OHO MOIVIO BOSHUKHYTb, TE€JIO JOJIKHO HC-
IBITHIBATH JIEMCTBUAE TAK HA3BIBAEMOR 6036pauLatoweti cuabl. ITa CUIA
BCEr/Ia HAIIPABJIEHA B CTOPOHY NOA0HCEHUA PasHosecus (B 91Ol 3a1a1ue
TOYKOIl paBHOBECUSA ABIAETCA UEHTD 3emJu). [lpu pacuérax uMeHHO
HEeHTp 3eMJiu yA00HO BHIOPATHh 33 HAYAJIO KOOPDIUHAT, a OCh UKCOB Ha-
NPAaBUTH BAOJIb MIAXTHI OT HAYAJIA NIAXTHI (MECTO BbLIETA) K €€ KOHILY
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Ha, JAPYrom Kparw 3emyiu. VIMEHHO pu TaKux yCJI0BUAX U ObLiaa HAIU-
cama dopmysia a = —gx.

B aroii dopmysie 0 < z < 1 (mosis myrwm, ocraBuiagcs 0 MoJIo-
xKenus pasHoBecusi). Ho o0braHO B Teopuu KoseOaHwii 5T0# OyKBOit
0603HAYAIOT OMKAOHEHUE OT TIOJOKEHNS PABHOBECUdA (TO €CTh OT Hy-
ss1). B aroMm ciyuae mosiBsienue 3HaKa «MUHYC» CTAHOBUTCH IOHAT-
HBIM: BO3BPAIIAIONIAA CUJIA ITPOTUBOIIOJIOKHA, HAIIPABJICHUIO OTKJIOHE-
HUsI, ¥ OHA TeM OOoJIbIne, deM HOIbIIe OTKJIOHIIACH TOYKA OT IMEHTPA.
Ona 11ox0xa, 1o CBoeMy AeHCTBUIO Ha 3aD0TJIMBOrO macTyxa: 4eM 00Jib-
IIIe OBI[A OTKJIOHMJIACEH OT JIYXKAWKM C TPaBOit, TeM CUIIbHEE OH TOHUT €8
obparuo. CKOpoCTh u3MeHeHuns Kakoi-uHubyab pu3mIecKoil BeJIMInHbI
«T» 0003HaYaeTCsA B yueOHUKaX (PU3UKM TOYKOW BBEPXY &; a yCKOpe-
Hue (TO eCTh «CKOPOCTh W3MEHEHWs CKODOCTH») — IBYMsA TOIKAMU
Z. Ilpu pacuere j1r060r0 IBMKEHMSA TOYKM BIOJIb NPAMOM (B TOM qu-
cie u KosrebaresIbHOr0) MATEMATUKY 3aUMCTBYIOT U3 (DUBHKU 60Ot
3axon Hvtomona: «cmyia paBHA Macce, YMHOXKEHHOW HA yCKODEHHUE>.
Eciu «z» osmadaer (kak B Hamell samgade mpo Asmcy) OTKJIOHEHUE
OT Ha4YaJla KOOPpAUHAT, TO yPABHCHUE NBU2XKCHUA MaTepI/IaJIbHOﬁ TOYKU
“MeeT BT

rJIe m — Macca TOIKH, f(2) — 3aKOH M3MEHEHUS CHJTbI, yIIPABJIAIOMEi
IBIKEHNEM TOYKW, IPU W3MEHEHUN e€ MOJIOXKeHUd «r». lIpocreiinee
KoJ1e6aTe/IbHOE IBUXKEHME («TAPMOHUIECKOE KOJIE0AaHUE ) II0J1y 4aeTCH
npu

flx) = —kx

(yiuHelinas Bo3Bpamaom@aa Cuiaa). B 3ToM ciaydae 3aKOH [BUKEHU
x(t) (vme t — Bpems, npowemnee ¢ MOMEHTA HAYAJIA, JIBUKEHUA) Bbl-
paxkaeTcsa CyMMOW CHHYCA W KOCHHYCA, C HEKOTOPBIMEH KO3 purimen-
Tamu (OTpaxkamuuMu nHGOPMAIMIO O HAYAJIBHOM OTKJIOHEHUU TOYKU
OT NEHTpa U O HAYAJIBHOU CKOpOCTH ABMKeHud Toukw). To, uro du-
3UKHU HA3BIBAIOT «CKOPOCTHIO», MATEMATAKN HA3BIBAIOT «IIEPBO# MPO-
U3BOHAHOW». A 1O, 4T0 (PUBUKYU HABBIBAIOT «YCKOPEHUEM»>, MATEMATHU-
KM HA3BIBAIOT «BTOPOi Tpom3BOmHON». MaTeMaTukum MMeoT B CBOEM
«apcenaJjie» OOJIBUION 3aITaCc MATEMATHIECKUX METOHOB JJIsl PEIICHUsT
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pasJIMYHbIX ypaBHeHui aBuxenus. B yacrHocTu, camoe npocroe KoJie-
GaHre ONKCHIBACTCA C MOMOUIBIO U3MEHEHUS 3HAYCHUN KOCUHYCa (Uiu
CUHYCA).

Ecuin ycropenue Touku, NBUKYEACT BIPABO, OTPULATE/ILHOE, 3HA-
IUT, OHA TOPMO3HUT, yMEHbIIA CBOIO CKOPOCTH. Moxker ObITh TaKOe, 9To
[IPY HEM3MEHHOM YCKOPEHUU TOYKA, JIOCTUIHET HYJIEBOI CKOPOCTH U 3a-
TEM, HE OCTAHABJIMBAACH, OyIeT JABATATbCA B OTPHUIATEJHLHOM HAIPAa-
BJICHUU. AHAJIOIMYHASA CUTYyalMst MOXKeET ObITh UPU ABUKEHUU TOUYKHU
BJIEBO ¥ BO3LEHCTBUYU HA HEE NOAOHCUMEALHO20 YCKOPEHUH.

Caymaresb: A «r» B KaKuX €IUHUIAX U3MEDPACTCH !

A.C.: Boupoc 0 euauniax 04eHb BaXKHbIA U ipaBoMepHblii. MoxHo
U3MEepATb £ B METpax, MOXKHO B KujoMmerpax. Pemenvem ypaBHenud,
OIUCHIBAIOIIErO MOJIET AJIMCHI OT MAJEHUA B MIAXTY U 0 JOCTUXKEHUSA
[EHTPa 3eMJid, HA CAMOM JIeJie CJyKUT OOBIYHbBIH KOCHHYC.

Onnako cjemyer MMeTb B BUAY, UTO ObIBAIOT 3a0a49U U C Opyrum
A3MEPEHAEM NIEPEMEHHOR «T>.

Hampumep, ecim «x» o3madaer samac OeHsmHa B 0ake aBTOMO-
Ousia (OH M3MEHAETCA C TEYEHUEM BPEMEHHM), EIMHUIEH u3MepeHus
Oymer JATP, a CKOPOCTHb pacxoma OeHsmHA OyeT TOrma M3MepATbCI
B surp/4ac. Ho maremaruku BCE paBHO HasbiBaJu Obl CKOPOCTH pac-
xona OEH3WHA, «IEePBOU MTPOU3BOITHOWS.

Bragaste koopnunara 6ymeT MEHATHCA MEJIEHHO, TTOTOM Asuca Oy-
Jere HAOUparh BCe OOJIBUIYIO W GOJIBIIYI0 CKOPOCTb, YCKOPEHHUE XKe
Oyier ymenbinarbcda. Ajimca CcHadasa HOJIETAT JI0 HEHTPa, a HOTOM
U JI0 TIOBEPXHOCTH 3eMJIH C ApYroil cropousl (puc. 86), mpeomoseBas
HAPACTAIONLY IO CUJIy THKECTH («BO3BPALIAIONLY IO CHJLY ), HOTOM OIAThH
[IOJIETUT O0OPATHO, U TaK 10 HECKOHEYHOCTH.

Tak Bot. CupammBaercs, Kakad CKOpocTh B 1eHTpe 3emsu? Cko-
pOCTh B IEHTPE 3eMJi OYeHb CepbEé3Had. TaM MHOrO, MHONO METPOB
B cekyHmy. (Bbraucsenus ¢ moMOnpio KOCHHYCA MIOKA3BIBAIOT, 9TO 5T
CKOpOCTH (HE3aBUCUMO OT Macchl Tesia Asucer) cocraisger 7910 m/c).
Yro xKe mpoucxXoauT ¢ dHEepruei B nojere To ryia, To obparao? Ecre
TaKoli 3aKOH coxpaHeHus 3Hepruu. llorennuasnbHaa sHepruda me-
PEXOIUT B KMHETHIECKYIO, 1 Haobopor. Ha moBepxHocTu 3emimm ecTh
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Puc. 86. Bor tak BoT Asiuca MUHOBaJIa IEHTP 3eMJIM U moJjieresa a0 Ame-

puKU.

TOJIbKO IIOTEHIIUAJIbHAA, B HEHTPE — TOJIbKO KMHETUIECKadd. B monére
K INEeHTPY Semiin HOTEHIAJIbHAA 9HEPTUAd NOCTCIICHHO yMEHbIIACTCHA,
a KHHETUYIECKad — Ha TaKYIO XK€ BEJIMIUHY YBEJIUINBACTCA.

[Toxa aTo MBI 0OCYX)HaeM OCODEHHOCTH TOJIETA AJIMCHI, HE YCJIOXK-
Hes €ro HOdABJIEHUEM 'HOMUKA, KOTOPbIi TOJIKHYJI AJTHCY BIEpEr, B IeH-
Tpe 3emJiu.

mv2

Kunerngeckas sueprusi umeer dpopmyay: £ = 5

POCTDH B ILaHHbIﬁ MOMECHT.

, e v — CKO-

['roM mobGassiger 1 M/c, TO €CTh KHHETHYECKAA SHEPTUA AJTUCHI CTa-
m(v +1)?
—

DTO MO/EKHO KOMIIEHCUPOBATHLCA TEM, YTO AJIMCA BBLJIETHT BBEDPX
HA HEKOTOPYIO BBICOTY, YTOObI IPpuOaBKa, MOTEHIMAJIbHOW SJHEPI YU KOM-
EeHCHPOBaJIa yOABKY KMHETUIECKOI SHEpPrum.

Hosurcd: F =

[Morennuasibaas sHeprus 3anucbiBaercs popmysioit E = mgh.
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[Ipn ymasrenum ot noBepxHOCTH 3eMutn ¢ OyIeT HEMHOTO MEHSTHCS
[I0 CPaBHEHMIO cO 3HaUeHWeM 9,81, — HO He OUeHb CHJIBHO.
llaBaiiTe mocMOTpUM HA PA3HUILy PTUX JIBYX KUHETUIECKUX DHEP-
mv?+20+1) 2
2 2

muv?
2

yBeJIMYEHNE SHEPIUU 10C/Ie IPUOABKHY.

ruit. = — 110 upubaBKu B CKOPOCTH,

Enunuity mbl, Kak BOIUTCH, UTHOPUPYEM, OHA OYE€Hb MaJIEHbKAd,
2v ocraércd. B urore pasHuIg moJiy1aercss paBHOR mu. 1ol pasHUIe
1 JOJKHA OBITh paBHA NOTEHIUAJIBHAA YHEPIrUA B TOUYKE MAKCHUMAJIb-
HOTO MOIbEMa AJIMCHI HA JIPYTO# CTOPOHE 3eMJIn:

muv = mgh.

Macca coxpamaercs, To €CTh Macca AJIMCHI 371eCh HUKAKOTO OTHO-
nieHnd K nesty me mmeeT. CoBceM, Ka3aioch Obl, He BAXKHO, KOTO ITHYJT
raom. OHAKO CJenyer OTMETUTh, YTO XyAeHbKON Ajmmce raomy Oymer
Jlerde HEOXMUIAHHO MpHUIATh Jimmaui 1 M/c, dem yBecuctoit Ammce.
Bupouewm, 310 npobsiembl rHoMa, & HE HALIW. . .

Ocraérca dpopmyda: v = gh. To ectb h paBHO g (ecou nocumrars,
nostyqaerca 805 merpos). Hobassenne 1 M/c B neHTpe 3emiin jaer
BBLJIET BepxX u3 ObIpbl npuMepHO Ha 800 MeTpoB.

A wro roBoputr mama waTynnusa! He mapymma ju Ham THOM 3a-
KOH coxpanenus suepruu! Her, me mapymwmii. [Ipocro rHomy Oymer
HE TaK-TO JIETKO yBeJMIUTh CKOpocTh Amucel Ha 1 M/c. EMy npunércsa
CO CTpAUIHOW CUJIOI pa3sMaxHyThCA KYJIAKOM, 9TOObI KyJIaK IPUOOPEJT
ckopoctb Asucnt (7910 m/c) nuoc em@ 1 m/c. Mbt 661 ¢ Bamu 31010
HE CMOIJIA cAeJiaTh. A IHOM, KaK CyHmIeCTBO BoJimieOHOe, MOxKeT!

IIpoBepum 3an0a4y npo 3Be3Ipl.

Ilepsoe, wmo Hado oco3namuv: Te 3BE3MbI, KOTOPHIE Bl HE BUIUTE
JHEM U3-33 COJIHIIA, MOXKHO OyJIeT yBUJIETH 4Yepe3 10Jroaa (KOHEedHO,
HO9b10). CM. cxemy puc. 87.

H03TOMy TO, 9TO Bbl BUAUTE BO BpEMA 3aTMEHUA, Bbl y2KE€ BUIECJIN
HOJITOJIA HA3AJ M YBUIUTE OIATH Yepe3 IOJIrofa BIEpEn (ecsn sTomy
HE [IOMENIAIOT TY4YH U T.II.).
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Puc. 87. 3emuisi, He MeHsIsI HAKJIOHA CBOEH OCH K IIJIOCKOCTHU 9KJINITUKA, BPa-
waerca Bokpyr Cosinua (cupasa — na 3emJie Jsiero, u ocsewgnnoe Cosin-
[IEM CeBEpHOe MOJTyIapre He MO3BOJIAET JIIOIAM PA3JINIUTh 3BE3II; CJIeBa —
Ha 3emJie 3uMa, HO4b). 1 cupasa, u cjieBa 0Cb 3eMJIM HAILIPABJIEHA B OJHY U TY
Ke TOYKy HebecHO cdepbl, 109TOMY BUAHbLI OJHM U T€ XkKe 3BE31bl. BaxkHo,
YTO PACCTOSTHUE MEXKJY YKA3AHHBIMU IBYMS MOJIOKEHUSIMU 3eMJIA HAITOK-
HO MaJIO 110 CPABHEHUIO C paccrosinueM Ao bumxaiux (we cuuras CosiHua)
BUIUMBIX Ha HeDe 3BE3II.

Bpeska 8. Koe-uto 0o nebecHol cdepe

Kocwmoc Benuk u neobbaren. Emy, B 06mem-To, HET j1eJ1a, 10 HU9ITOXK-
HOH UBLIMHKY, HA3BIBAEMOU «IjlaHeTa 3emJisi». Ho Ha Hell npoxusa-
€T MHOTOYMCJIEHHOE IIJIeMsi JIIoAeil, KOTOphie B CBOOOmMHOE OT pabOThI
BpeMsi He IPOYb MOPA3MBICIUTh HAJ, BOIPOCAMHU «9TO Takoe Kocmoc»
u «BjusgeT ju Kocmoc Ha XKu3HL desioBekas. [lo moBomy mepBoro Bo-
[IPOCa, 10 CHX [OP CIHOPAT yUIEHbIE — JIAXK€ HE CMOIJIU 10 CUX IO I0-
HATH, orpann4dex Jjim KocMmoc 1mo pasMepaM, WM He OrpaHudeH. A mpo-
CTbIE JIIO[Y AyMaIOT TAK: €CJIA U OrPAHUYEH, TO BCE XKE OH TAK BEJIUK,
9TO ero BCE paBHO 00JIeTeTh HeJib3sl. 1aK KaKoe HaM 0 9TOro HeJio?
Ha Bropoit BOpoc MHOTrWE JIIO[AM CKJIOHHBI OTBETHTHh TAK: HABEPHOE,
Kocmoc kak-To BanseT Ha KHU3HD JIIOIEH — HO ropas3mo MEHbIIIe, IeM
Kypc doasapa! Kocmoc, KOHEIHO, MOXKET PEHOJHECTH HAM IOIAPOK
B BUJIE OIPOMHOI'O METEOPUTA, KOTOPbIA COTPET XKUBHb HA 3emJjie —
I1a Bemb 9To Korma emé byner! Moxer, B 9T0O BpeMs M JI0JIJIAPOB YKe
ue Oyer.
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Tem ne menee, ObLJIO penIeHO, YTO HA BCAKU cirydait 3a Kocmocom
HAJ0 CJIENUTH C MOMOIIBIO CIENUAJTHLHOTO BOOOPAKAEMOIO «TEJIEBU30-
pa» co cepudeckum skpanoM. 1o u ectb HEBECHA A COEPA. Tue
K€ HAXOOWTCs MEHTP 9TOi BooOpaxkaeMoil cdepbl m deMy paBeH eé
paguyc? Iljisg orBera Ha TOT BOHPOC HAHAO HOHATH, YTO XKE ABJIAET-
CA CaMbIM BaXKHBIM [1JId XKU3HU Y€JI0BEYeCKOl nuBmymsanuu. Koneano
xKe, «3eMHas cepay, TO eCTb MOBEPXHOCTh emJin. [losromy u meHTp
unebecuoit cdepbt 661 BbIOpaH B HEeHTpe 3eMJd, C YIETOM «3€MHOTO
srousmay Juoneit. (Haseproe, eciiu Obl 3emiigane n mapcuane xKujiu Obl
B BHUE €IWHON MuBMIN3ann, eHTp HebecHoit cdepsbr 6611 ObI BHIOpaH
He B neaTpe 3emutn, a B mentpe Cosmna). Yro xe KacaeTca paamyca
nebecHoit cepbl, T0 ero Hamo BoIOparh nobosibuie (UTOOBI 1A Che-
pa HAXOIWJIACH JAJIEKO OT 3eMJIH), HO He CJIMIIKOM O0sbiuM (IT00bI
BHYTpU 910l cdepbl HE Okazamch Oumkaiimme (ne cuuraa CosHna)
3BE31bI). KoHKpeTHOE Xe 3HAaUeHne paiyca HAKOrO OCOOEHHO He WH-
TepecyeT — JMiib ObI MBI Ha 9TO# cdepe CyMesn pasrisigeTb BCe
mompobuoctr u3 xkum3Hu Kocmoca. Vrtak, semuas n HebecHas cdepa
ABJISIOTCA Konyenmpuveckumu. Ha 3eMHON — MMEIOTCA 1Be BaXKHbBIE
JIJId 3eMJIAH TOYKU: CEBEPHBIA M I0XKHbBIN 1moJfoc. Yepes HUX MpPOXOIUAT
BaxKHas [JIA 3€MJIAH OPAMAA — 3€MHAS OChb. 3€MJIs BPAUIAETCH BO-
KPYT 2TOit ocu ¢ mepuosiom 24 Jaca. A BOT # KaBEepP3HBIA BOMPOC: MOTe-
My 247 OrBer (HeyOGenMTENbHBINR): TOTOMY, 9TO TaK PEIIWIN JPEBHUE
actporoMbl. Ho Beib 910 ObLIO mAPY THICAY JIET HA3al. 3a 9TO Bpe-
M3 CTAPYIIKa-3eMJIsi MOTJIa MPATOPMO3UTH CBOE Bpamienme. A Hy Kak
BAPYT 11€puo eé Bpauenud renepb pasen 24,37 waca? Orser (nesioruy-
HBI): 9aCOB-TO IMO-IpexXHEeMy 24, HO caM 9ac CTaJl HEMHOIO [IJIMHHEe.
HenoruarocTh €ro B TOM, 9TO HaM BCE PABHO HAJO 3HATDH, IMPOUCXO-
AT JIU 3aMejienne (M, CKaXkeM, YCKOPDEHUe) — HEBaXKHO, KAK MbI
9TO HA30BEM — YIJIMHEHUE TIEPHUOJIA NN yIJInHeHne 9aca. K caacTpio,
ceiivac (pusuKyM MOTYT OLPEHESIATD JJIUTETHbHOCTD IIPOMEXYTKA BpeMe-
HU HE3aBUCUMO OT BPAIEHUHA 3eMJIM, HPUIEM C BBICOKON TOYHOCTHIO.
W nukakux Opu3HAKOB M3MEHEHUA IIEPUOJIA BPAIIEHUS 3€MHOIO HIapa
me obuapyxkemno. [loka me obHapyxkeHo. A 3aBTpa MPUJIETUT KaKOii-
HUOY/Ib YKPYIHEHHBI METEOPUT M BPEKETCA B 3EMJIIO. . .
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Curenyroniye Ba BaXHbBIX TEPMHUHA, — 3€HUM U Hadup. 3eHuT —
9TO TOYKA, JieKamasa Ha HebecHOil cdepe MpAMO HAJM TOJIOBOI HAa-
OJito1aTe I, HAJMP — TOYKA, JIEKANAA HA, IIPOTUBOIOJIOXKHON CTOPO-
ue uebecHoi cdepsl (To ecTh Mo HOramMu HaBJIOAATENA, TAK 9TO OH
u Habuogars-To eé He cmoxer). Bbl uyBCTByere, Kakoil mogBox ecrhb
B 9TOM ompenesennu! 3eMyd y HAC OfHA, a Habsomareseir Ha e
MOXeT ObITh OUE€Hb MHOIO — W HA CylLIe, U HA MOPE. SHAYMUT, U TOIEK
3eHnTa OymeT oueHb MHOrO. Yl mazxke KaKme-To IBa HAOJIIOOATEIS MOTY T
CHJIBHO TIOCIIOPUTH 10 TOBOY OMHOU 1 TO’ XKe TOUYKM HA HeDEeCHO cde-
pe: OMH CKAaXKeT, YTO 9TO «3€HUT», APYroil — 4To 3T0 «Hagup». Hamo
KaK-TO OrPAHUYIHUTD IIEPCOHAJILHBIN srom3my» HabJomaresst. [losromy
Ob1JI0 00bABJIEHO, 9TO BCEe 3TH HAOJIIOIATES M «BOCIIOMOIATE/IbHBIES,
KpPOMe JIByX «OCHOBHBIX». OnuH n3 nByx HaOJIIOIaeT HA CEBEPHOM II0-
JIFOCe, JIPyro — Ha rokHOM. Kceraru, a KakoW uM3 HOJIIOCOB HA3BATH
CeBEpHBIM, & KaKoii — 10oxXHBIM! Benp m 3mech, u TaM OYeHb XOJIOII-
HO... IDTOT BOLUPOC HE OYEHb BAXKEH, HO BCE XKe PelmeHo ObLI0, 4To
HAJI CEBEPHBIM IIOJIIOCOM HAXOIWTCs 3€HUT, 8 HAJ, IOXKHBIM — HAIUP.
1 ocrasica TOIbKO OfuH «OCHOBHOI» HAOJII0/IaTE/Ib — TOT, y KOTOPOTO
HaJ1 TOJIOBOI 3eHUT. Yepes ceBepHBIA M I0XKHBIU TOJTIOC TIPOBEJIN ITPS-
MYIO ¥ [POJIOJRKUJIM €€ 10 nepecedenud ¢ HebecHolt cdepoit. U masiee
CTaJIM MMEHOBATh 3Ty MPAMYIO HE «3eMHAsd OCb», a «OCh MHUpa». Bor
Tebe 1 pas! [la Kkakoe xe IpaBo UMeeT MaJIeHbKas, COBCEM HE3aMeT-
Has B Macimrabax Kocmoca mianera 3emJis, yKa3blBaTh, KaK JIOJDKHA,
ob1Th Hampasiaeaa OCb MUPA? 910 — tunuaneiimmii npuMep «3eMHO-
ro srousmay. [lorogure, gasbme emg u He rakoe dymer!

Nrak, crour na CeBepHoM moJifOoce HADJIIIOIATE b, CMOTPUT B HEDO,
u cosepuraer (BMecTe Co BCeM 3€MHbIM HIapoM) oauH 060poT 3a 24 vaca.
A emy Kaxercs, 9TO 1 OH, 1 3eMJIsi CTOAT HA MECTe, a BECh OTPOMHBIH
Kocmoc, co Bcemu ero 3séznamu u komeravu (na u ¢ namum Costanem
TOXKE), MEIJICHHO BPAIAETCA B IAPYryI0 cTOpony. V1 arobbl ybenurses
B 9TOM, JIOCTATOYHO MONJIAAETH JOBOJILHO JIOJINO HA YKPAH TOTO «TeJie-
BU30pPa», Yepe3 KOTopbiil 3emyisine Habuonator Kocmoc (1o ecrb Ha He-
6ecuyio cepy). Ocranocs coBceM HEMHOTO, YTOOBI CHIAME 3eMJIAH [10-
crpourh aada scero Kocmoca kocmuueckyio cucremy koopaunar (B KO-
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TOPOH, CMexa Pajiv, CINTACTCH, IYTO 3eMJid aOCOIOTHO HENOIBUXKHA,
a BCcé ocrasibHOe (B ToM umcse u CouiHie) Bpamaercs BOKPYT Heé).
Paccmorpum 1J10CKOCTH, NPOBEAEHHYIO Yepe3 3eMHOM skBarop. [Ipo-
JIOJDKUM e€ 110 niepecevenud ¢ nebecuoit cpepoii. [losryunrca «muposasa
9KBATOPUAJIbHAS ILJIOCKOCTh® JIJIA BCEr0 KOCMUYECKOTO IIPOCTPAHCTBA.
Bel, HaBepHoe, nymaere, 4To uMeHHO B Heil naxomgurca CoJiHile u Bpa-
uaoTed Bee apyrue mwianerbl! Hudero nomobuoro! CostHie u nrane-
THI HAXOHATCHA B JIPYTOil IJIOCKOCTH (OHA HA3BIBACTCI «IKJIAITUKON).
O6e 911 1JI0CKOCTHU IEPECEKAIOTCA B HEHTPE 3eMyin (TaK 4TO 9Ty TOUKY
HA3BIBAIOT «HAYAJIO KOOPAMHAT MUpa»). KoHedHo, y 3Tux ABYX MJIOC-
KOCTEll eCTh U Jpyrue TOUKH [HepecedeHus (OHN IepeceKaroTCs 1Mo mpsi-
Moit). TIJI0CKOCTD 9KIMIITUK Y NEPECEKAELT IKBATOPUAJIBHY IO ILJIOCKOCTD
oz yrsom 23,5 rpajiyca. 3eMHAdA OCh HAIIPABJICHA B 3€HUT (zenit), mo-
9TOMy €€ M Ha30BEM «0Ch Z». OCTajoch yKa3arb B 9KBATOPUAJIBHON
IJIOCKOCTH, KaK [POBECTH Yepes3 IeHTp 3emuin ocb X u och Y. las-
HOE — 9TO 33JIaTh HAIpaBJEeHUE Ocu UKCOB. Jlyig »Toro Ham0 HalTH
Ha 9KBaTOpe (€CTECTBEHHO, HA 3€MHOM, a HE HA HEOECHOM) HYy.ae60l
mepuduan. Ha sror cuér mmeercs, Kak MUHUMYM, JiBa MHeHUusd. AH-
DU CIUTAET, 9TO HAO TAKOBLIM CUMTATh ['DUHBUUCKUI MepumouaH,
a Poccust — uro Ilynkosckuit mepuauan. (A kakag-uuOyib HMBUIM3A-
st w3 co3Besqud Tay Kura, cauraer, 910 eHTp Mupa BooOIIe He 10JT-
JKEH HAXOAUTHCA B eHTpe 3emutn). B nesnax yuudukanuu obuieseMuoR
CuCreMbl KOCMUYIECCKUX KOOPpAMHAT MO2XKHO IIPOBECTU OCb MKCOB B Ha-
mpaBieHnu, Hamnpumep, I'puaBwdaa. Temepb yxe MOXHO OIpeIesTUTh
JUIA KQXKI0M TOUKM HA MOBEPXHOCTH 3emuin (a Takxke u j1s JI0O0i To4-
ku Kocmoca) nse koopnuuarer: doazomy u wupomy. Hyxna emé Tpe-
Thd KOOPIMHATA, — PACCTOSAHUE OT MEHTPA 3eMJIM [0 MHTEPECyouei
HAC TOYKHU. [{J1 TOUKM HA MOBEPXHOCTH 3eMJIA (CIUTACMON «WI€AJTb-
HBIM IIAPOM») 9T KOOPAMHATA PABHA YCPEIHEHHOMY PAAUyCy 3eMJiu
R (paBmomy 6371 xm). [lna sBesmst B Kocmoce (kak 6bI masieko oHa
HE HAXOMUJIACh 0T HEOGECHOM cdepbl) B KaueCTBe TPEThell KOOPIMHATHI
Hao 6parh paguyc HebecHO# cdephl, HOTOMY UTO BCE TH 3BE3HBI HAIO
CIIpOeK TUPOBaTh u3 6e3qubl KocMoca Ha 9KpaH «TeJIEBU30pa» /14 Pas-
rgabiBannsa Kocmoca, 1o ecth Ha HebecHyIo cdepy. Tak kak paguyc
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910#t cepnl He yrounsgercs, T0 B KocMoce ucnosb3yorcs TOJIBKO JBE
(yrsIoBbIE) KOOPAMHATHI: JOJIT0TA ¥ IIKPOTA JIyda, HAYIIEro U3 NeHTPa
Bemuin B 1aHHYIO 3Be311y (MJIM KOMETY, MJIM METEODHUT. . . )

Nmesa cucremy KoopamHAT Ha HEOECHOU cdepe, MOXKHO yKe COCTa-
BJIATH KApTy BCex co3pe3muil. B »10if cucreme CouiHLe onuchIBaeT
o HebecHoit cpepe 3aMKHYTBIA MyThb, IPUIEM OHO IIPU HTOM OTHIOJb
HE BUJIHO B Bujle TO4kM (momymaidire, nouemy?). [Toaromy HEobxomumo
rOBOPUTH He PO «yTh COHIAY, & PO IIyTh HEHTPAJILHOR TOYKH COJI-
HEYHOI'O JMCKa Ha HebecHOM cdepe. Ha 10T 1myTh y COTHEYHOrO IUCKa,
YXOMUT POBHO OnuH rof (To ecth mpumepno 365,25 cyrok). Hecmorps
Ha HEyI00CTBO TAaKO! CHCTEMbI KOOPIUHAT 110 CPABHEHUIO C CUCTEMOM
Konepuuka, B Heil ycmemmno paccauTtasnu (He HOJB3YACHh 1aKe KOM-
npioTepaMu!) B Kax10i TOUKe 3eMJId BOCXOIBI 1 3aX0abl COTHIIA 1 UX
aumresibHOCTh. (CM. 1asiee OCHOBHOM TEKCT).

[IpuBenénnas Boie Bpe3Ka [Jid YTeHUA HEOOA3aTe/IbHA, XOTI OHA
MAET MEePBOHAYAJILHBIA 0030p TPyIHOCTEH, CBA3AHHBIX C BHIOOPOM 00-
HIEKOCMHUIECKON cucrembl KoopiauHar. Te, K10 x0oTdar riiy0xe MOHATDH
TO, 9TO CKa3aHO BO BPE3KE, MOI'YT HOIPODOBATH OTBETUTH HA BOIPOC:
BEPHO JId, YTO HabJomares b Ha CeBepHOM IOJIfoCe, TUIANANi BepTH-
KaJIbHO BBEDPX, yBUIUT, 9TO B TOYKE «K3CHUTA» HAXOAUTCA HOJIHpHaﬂ
sBesna’ BAPVMAHTLI OTBETOB: 1) On yBuaur Tam HEHTD CO3BE3-
nusa «Oxubiii kpecr»; 2) B reyenune HOYM OH yBUIMT B 9TOH TOUKE
pasuble 3B&3apl; 3) Ilomspras 3Besna Haxonurcd OJIU3KO K 3€HUTY,
HO He coBrajaer ¢ uum; 4) Tax kax paumyc nebecnoit cdepbr e onpe-
JIEJIEH, a PacCTOAHUE JI0 TOJIAPHON 3Be3bl (B IPUHIINAIE) OIPEIEJICHO,
TO DTOT BOIPOC OECCMBICJIEHHBIN.

Ha camom mese, njis pelleHus 9Toi 3a0a9l IPABUJILHON MOIEJIBIO
apjgerca onuHokaa (1o ectb 6e3 CosHua u nyianer) 3emyis B 4EPHOM
crpamrHoM Kocmoce, KoTopas BEPTHTCSA BOKpYr cBoeir ocu. JIromsam,
DJISAIANUIM HOYbIO HA, HEDO, KAXKETCs, YTO 3eMJIsd CTOUT HA MECTE, & BCE
3BE31HOE (BUIMMOE UM) HEOO MEIJIEHHO BPALIAETCHA B NPOTUBOIIOJIONK-
Hyio cropony Bokpyr llossiproii 3Besnsr. (Iloka, B «names» spems. He-
pe3 ThICATY JIET ONPEIEJIATh UEHTD Bpamenus Oyuer dpyeas 3Be31a).
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Bompoc. Uro u orkyna BuiHO 9TuM HAOJM0OmammM Jiogam?! OTBer.
[leTepbypr ormyimvaercda or MOCKBbBI CEeBEPHOI KOOPAMHATON HIUPOTHI.
OcraJibHbIE KOOPIMHATHI ([10JITOTA), B JAHHOM CJIydae, HAM HE BasKHbI.
Y1066l MOHATH, KTO BUAUT Ha HEOe Gosbine 3BE3M (MOCKBUYM WM IIe-
TepOypKIIbI), PACCMOTPUM CHAYaJIa HAOJIIO/IEHUE U3 JIBYyX OCOOEHHBIX
TOYEK: C HKBATOPUAJIBHON ToUKY (J11060# u3 9TUX TOUeK) 1 ¢ CeBepHOro
noJitoca. Yro Bugno ¢ Ceseproro noJitoca? Kparkwuii orBer: TOJIBKO TO,
110 «cBepxy». Ho rie xe B Kocmoce Bepx, u rie aus? Cpasy 11 Bcero
Kocmoca Bpsin jiv MOXHO pa3yMHO OTBETHTH HA 3TOT Boupoc. Ho Jito-
60it KOHKpeTHbI HabII0ATEh 3EMJIM MPEKPACHO OTBETUT HA HETO:
«To, 9T0 y MeHsi mom HOTAMH — 3TO «HHU3». A ocTajpHOE — 3TO
«Bepx». ¢ ceffuac cTOI0 HA MJIOCKOCTH, OTOEJIAIONEH BEpX OT HM3A,
¥ IOTOMY ¢ BUXKY 3BE3IbI TOJBKO MOJIOBUHBI HebOecHOU cdepbrs». He-
JIOBEK, UMEIOIIMHA YUCTO MATEMATHIECKOe 00pAa30BaHUE, HE yMEDPAEMOE
30paBBIM CMBICJIOM (bU3HMKA (MJIM ACTPOHOMA), CPa3y XKe 3aIlajbIrBO
BO3pasuT 3ToMy Heyuy (no ero muenuto): Hukakas 910 HE MJI0OCKOCTD,
a cpepuyeckasd MOBEPXHOCTD, U HA HEW TOJIBKO MBICJIEHHO MOXKHO IPU-
PUCOBATH KACATEJIbHYIO IJIOCKOCTh, MMEHHO B TOW TOYKE, TJ€ CTOUT
amom Heyyw. — A BOT u HET! — OUYEHD PA3YMHO OTBETUT «HEYI»: S BU-
Ky TOJIbKO KYCOK 9TOR IOBEPXHOCTHU OT MOUX HOI' 1 10 T'OpU30HTA.
A ropuszoHT mpuMepHO B 4 KHJIOMETPAX OT MEHs, OTOMY BUIAMBIQ
MHOIO KYCOK CHJIbHO IIOXOX Ha IJIOCKOCTb — Belb 4 KM OYeHb MAJIO
no cpasuenuto ¢ 6400 xm (To ecrtb ¢ pamumycom 3emu). U sra mioc-
KOCTb CUJIbHO MEIIaeT MHE yBHJIETb 3BE3IbI HA BTOPOW IOJIOBUHE He-
becuoit cepor. I B 910M 0H Oyner abcositorHo npas. Kopode roBops,
€CJIM MBI XOTUM IIOHATDH, KAKyo 9acTh HebecHOi chepsl (¢ Mepraonm-
MU Ha Heil 3Bé3,II,aMI/I), BUJIUT TOT WJIA WHOW 3eMHOU HAOJIIOIATE b, HATO
Yepes IMOJIOUIBBI 3TOr0 HAOJII0IATEIA TPOBECTU ILJIOCKOCTDb, KACATEJIb-
HyI0 K 3eMHO# noBepxuoctu. OHa pasiesur HebecHyo cdepy Ha 1Be
paBuble yactu. OH BUIUAT Ty, KOTOpad y HEro Haj roJioBoit. Eciau 6
crapyika-3emJisi ObLIa TPO3PAYHOM, OH Obl yBmjIes y cebdA oM HOra-
MU M BTOPYIO IacTh. Ecsu 66l 9TOT HAOJIIOOATEh BHE3AIIHO BHIPOC ObI
JI0 Pa3MepoB. .. Hy, CKaxeM, [[ZKOMOJIyHIMbI, OH ObI yBUJIEs, YTO IO,
HOTaMU y HEro He IJIOCKOCTh, 4 9aCTh 3€MHO# cdepbl, u OHa, UCKPU-
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BJIASICH. MEIIAET €My yBUIETh NEJIMKOM BCIO HebecHyio cdepy. Omnako
1ipu 3ToM OH, KoHeuyHo, Buaesi 6o1 BOJIBIITE [TOJIOBUHDBI nosepxno-
cru HebecHOU cepbl, a MeHblad ero 4acTb OblIa Obl €My He BHIUMA.
A eciiu OBl OH M emé «HEMHOXKO» IOOPOC — 4YTODBI €r0 POCT «XO-
T OBI» CTAJI PABEH PACCTOAHMIO MO0 Osmkaiimmx 3BE3m, — Torma Obl
OH CMOT HAbJIIONATH MOYTH BCE 3BE3MBI HEOeCHO cdepbl (MasieHbKasd
crapyiika-3eMiis y HEero mo, IpaBbiM Ka0JyKOM [IOYTH HE MENIAJIa, Obl
eMy usydarhb 3BE31b1). Ho MbI, 3emHbBIE JTI0/1M, HE MOTA ObI OBITH Ta-
KNUMU T'MraHTaMU — HaC 6]31 pa3naBuJia HalA CO6CTB6HHaﬂ TAXKECTb.
[Tosromy wesioBeKy HAJIO OBITH OYEHb CKPOMHBIM U CYUTATH CeDA Ma-
JIEHbKOI He3aMeTHOW TO4YeduKoil Mo cpaBHEHUIO C 3eMHbIM mmapom. O-
HaAKO I10 1OBO1y CKa3aHHOI'O BbIIIEC MO2KHO 6bIJIO 6]31 3a0aTh IBa KOBAP-
HBIX Bompoca. ¢l sydme ux cam cpasy chopmynupyio. 1) Homycruwm,
Ha 3emuie He ObLI0 Obl rop u okeanoB. Torga Jirogu xKuJjiv ObL BO BCex
Mectax 3eMHOi cdeppl. VM mo modam mabmaomaan 661 Hebo. Tak daTo
XKe, B 9TOM CJIy4dae BCIO 3eMJII0 [PULLIOCH Obl MOKPBITh KACATE/IbHbI-
mu tiockocTamu? OTBET. IlpencraBbre cebe, MMEHHO TaK U HEJIAIOT
HaCTOAUIINE MATEMATUKU. I/I TO, 9TO IOJIydaeTCd, Yy HUX [Jd2KE€ HOCUT
CIIENMAJIbHOE HA3BAHUE: «KACAMEAbHOE paccaoerue 0as chepory. U mo-
TOM yCIHEIHO M3y4atoT nojydenubiit oobekt. 2) Cron. Tosbko 4o GbI-
JIO CKa3aHO, YTO JJid KaXKJIO0r0 HAOJIIO[ATe ] BUIHA POBHO IIOJIOBHHA
3Bé3m HebecHoit ceprl. A BoT m mer. [laBaiitTe BO3bMEM OBYX OuUa-
MeTPaJIbHO IIPOTUBOIIOJIOKHBIX HabJogareseit 3emun. g Kax0ro
U3 HUX IIPOBEIEM KACATEJIbHYIO IIJIOCKOCTh. Belb 3T ABe IJI0CKOCTH
OynyT napaJuiesbHbl? A JiBe HMapaJslIesIbHbIE ILJIOCKOCTH JIEJISAT ITPO-
CTPAHCTBO, B KOTOPOM MBI XXUBEM, HA TPHU 4acTu. Kak xe MOXeT Ka-
Kb U3 ABYX 9TUX HaOJIOIATE el BUIETh NOJOBUHY HeDeCHO# cde-
pbi? Kaxaplil u3 HEX Jo/DKeH Bunerh Menbire moJjioBuabl! OTBET: «c
TOYKU 3PCHUA 3Bé3,}1>} HE TOJIPKO YeJIOBEK SABJIAETCSI HUYTOXHOM TOY-
KO, Ho 1 maxe 3eMJid — HUYTOXKHAA TO4YKa. VI ¢ uX TOYKHU 3peHud
3a30p MEXKJLy JABYMs I1apaJlIeJbHbIMU IJIOCKOCTAMU (PaBHBIA auame-
Tpy 3emun) npeHeOpexxumMo Mas. To ecTh BMECTO ABYX ILJIOCKOCTEd
OHU «BHUIIAT» KaK Obl OJIHY CJMBIIYIOCH ILJIOCKOCTh. U ecsim Kaxada-To
3BE3/1A OKAXKETCH HA, 9TOUW IJIOCKOCTH, OHA MOrObl HE JIeJIaeT. Y MHbIE
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MaTE€MATUKU B TAKUX CJIydadX JIIO6HT TrOBOPHUTH ‘ITO—HI/I6y,11b ycnokou-
TEJIbHOE, TUTIA: MHONMCECTNBO UL 36630 umeem mepy wyas. Curyanus
TYT IPUMEPHO TaKad, KAK IPU CPABHEHWHU MEXK 1y CODOit IByx umces:
1000000,098 u 999999,978. Hy na, mepBoe 4mMCI0 9yThb-4yTb OOJIbIIE
BTOPOIO, HO C TOYKH 3peHusd (PpusuKa MONKHO (I/I Hy)KHO) npenedbpedn
3TOU pas3HuLEeld W CKa3aTh, 9TO SKCIEPUMEHT C BBICOKOU TOYHOCTBHIO
LHOATBEPAMJI UX COBLAJEHME. A He COBLAJIM OHU ILOJIHOCTHIO, IIOTO-
My YTO BO BpeMd M3MepeHuil Ha 3emJie KTO-TO HEOXUIAHHO UMXHYJI
ma Mapce. ..

Wrak, Kaxplii 9ej0BeK B JIFOOOW MOMEHT BPEMEHU BUIUT 3BE3IIHI
TOJILKO TOJIOBUHBI HeGecHO# cdepni. pyrasa mosoBuHa He BUIHA, €8
3aropaxuBaer 3emuid (XOTd OHA BOBCE HE 3aHUMAET IIOJIOBUHBI IIPO-
crpancTBa). PakTHIECKH, MOIE/h CATYanuu (Ipu HAOJIIOACHAN U3 KOC-
Moca) Takasi. Bbl nupmkumaere K 3emiie UI0CKOCTh B J1I060H TouKe —
xoruTe, B MockBe, xorure — B [luTepe, n Habsriogaere e€ mostHbIix 060-
pot BmecTe ¢ 3emuiéit. B 9To# mIockocTr 0OTMETHM MPAMYIO, KACATEIb-
HyI0 K MEpuuaHy B BbIOpanHoil Touke. B mporecce mosopora 3emiin
BOKPYT' MOJIAPHOR OCH 3Ta, mpAMasd OIUIIET TOBEPXHOCTh HEKOTOPOrO
KOHYyCa, KOTOPOTO B KaXKJIbIii MOMEHT KacaeTCs MJIOCKOCTh (0CTaBadACh
0py 9TOM KACATEJbHOU U K II0OBEPXHOCTH 3eMuin (II0TOMY, 9TO 3eMJisd
OKa3bIBAECTCS BIUCAHHOU B 9TOT KOHYC)). BOoT Temeps Mbl, HAKOHEI-TO,
IO0OpaJIiCh M0 M3YyUEeHHUsI ABYX OCOOBIX HabOJIOIaTesel: SKBATOPUAIIb-
HOro ¥ noJIAPHOro (cm. puc. 88). A tam, rigauib, u ¢ Toukoit «Mo-
CKBa», u ¢ TOUKoi «Ilerepbypr» cramer curyarus mouatHoi. OHu xe
Bellb TOYKM 110 CpaBHEHUIO ¢ 3emJiei, npasna?

Puc. 88 mokaspiBaer, Kakue 3BE31bl yBAAAT HAOIIOMATEIIN, HAXOIA-
mmecs va mmpore (0 rpamycos (skBarop) u ma mupore 90 rpaiycos
(moutioc), ecu ouu GymyT B Tedenme 24 9acoB HAOJIIONATH 3BE3IHOE
He6o (1o ecth noka 3emuisa coBepuT noJiHbIi 060por). Ilonarno, uro
B nHeBHOE BpeMs cBeT COJIHIIA MOMEIMIAET BUIETH 3BE3MIbI (& ecou Ciry-
YUTCH IIOJTHOE COJTHEYHOE 3aTMEeHue, TO BCE ke yBunar). Ho ecrb takue
yUIaCTKU 3BE3MHOIO HEDA, KOTOPbIe HAOJIIOAATE/Ib B IPUHITUIIE HE CMO-
xKer yBunerh. Hampumep, nabiiomaresb Ha 9KBATOpE HE YBUAWT (HA
B KakKOe BpeMs CyTOK) Tex 3BE3s Ha Hebecnoil cdepe, Koropbie Jie-
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Puc. 88. Tlosepxuocrb 3emiin ¢ yKazanueM 3KBaropa u CeBepHOro moJioca
(HuKHsA 9acTh PUCYHKA). BeprukaJsibHble JuHuu — 00pasyolme 6ecKoHed-
HOIl B 00€e CTOPOHBI MUINHAPUIECKOH moBepxaocTu. st ynobcTBa BoCIpusi-
THUS BEPXHAA 9aCTh [UJINHIPUIECKON TOBEPXHOCTH CPE3aHa TOPU30HTAJIBHON
IJIOCKOCTbIO (BepxHss JinHus — Kpaii cpesa). Ornenbrasa Touka — 910 Ce-
BepHbIil nosioc. Hepes Hero mpoBefeHa ropu30HTAIbHAS [JIOCKOCTb, KACAIO-
mascs 3eMin. 9Ta MJI0CKOCTh CXEMATUYeCKH M300paxkeHa B BUE MapaJijie-

Jiorpamma.

KAT 6HYMpu yusundpuseckoti noseprrocmu. (IlosloBuna HeBUAMMBIX
3BE3]I JIEXKUT «BBIIIE CEBEPHOIO MOJIFOCA», Apyrasd XKe MOJIOBUHA «HU-
xKe 10KHOro»). Habumomaresns ke, naxonamuiica za CeBepHOM IIOJTIO-
ce, HEe yBUIMT (HU B KAKOE BPEMHA CyTOK) 3BE3J «HMKHEH MOJIOBUHBI
nebecuoit cepor». Ho 3aT0 3BE3MbI «BEepXHEil MOJIOBUHBI» OH YBHIUT
HE NOCTENeHHO B Teverun 24-x dacos, a Bce CPA3Y. Ileso B ToM, 410
rOpu30OHTAJIbHAS KacaTesbHadA IJIOCKOCTh Ha, puc. 88 10 Mepe Bpalie-
HuA 3eMJid XOTd U OyJ/ieT MOBOpPAYMBATHCA, HO OHA BCE BpeMda Oymer
COBHAIATh cama ¢ coboi. Eciam Mbl paccMOTpUM TOJIBKO HAOJIIOmATE-
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Jielf M3 CeBEPHOTO MOJIYMAPHs, TO MOXKHO C(DOPMYyJIMPOBATH TAKOE J10-
CTaTOYHO IPOCTOE IPABUJIIO:

«BunHO BCE, KpOMe BHY TPEHHOCTH KOHYyca». Uem Gumxke K ce-
Bepy HAXOIUTCA HAOJIIOHATEN b, TeM DOJIee IJIOCKUI» IM0JIydaeTCa KO-
HYyC, U T€M MeHblIE 3BE3j] BUIHO. Uem OJimke K KBATOPY OH HAXO-
nuTcd, TeM 6oJiee «OCTPBId» MOJIy9IaeTCa KOHYC (a Ha DKBATOpPE €ro
BEPIIMHA OKA3bIBAETCA YHAJEHHON /10 OECKOHEYHOCTH; HA IIOJIIOCE XK€
€ro BepHInHA COBIAIAET ¢ caMuM mosrocom). Cum. puc. 89.

Puc. 89. Illupora Mocksbl (56 rpan.) menbuwe wupors IlerepGypra
(60 rpaj.), moTOMY KOHUYECKas HOBEPXHOCTb, BHYTPU KOTOPOH pacrosiara-
FOTCS HEBUJIMMbIE 3BE311bl, 1151 MOCKBbI umeer 60J1ee 3HAYUTE/IBHY O BBICOTY
Ha/I [IOJIFOCOM, HO YI'OJ1 PACXOXKIEHUS JIEBOrO U IIPABOrO JIyda U3 BEPIIMHbI
Menbine, dem mjia llerepOypra. I[losromy w3 MocCkBbI BUOHO 6osbwe 3BE3N,
(ecoiu nabsonenue Bectu 24 yaca). (Pekomenigyem MbICJIEHHO Bpawarb 10T
PUCYHOK OTHOCHTEJIBHO OCH CHMMETPHH — IIyHKTHPHAS JIMHUS 00pasyer To-

Ia CeBEPHOE 1oJIylapue 3eM/id, & CILJIOUWHBIE — KOHYCbl HeBUIMMOCTU ).

[Hostomy m3 Canxt-Ilerepbypra Bumao menbire 3831, dem u3 Mo-
ckBbl (puc. 90). A ma skBarope me BuaHO HU [losiApHOll 3Be3mbI, HU
FOxnoro Kpecra (na u cocenaux ¢ aumu 386311 Toxe He BuiaHO). K co-
JKAJIEHUIO, TIOCJIE/IHEEe YTBEPKIEHNE ABJIAETCA CTOJIb XK€E CXOJIacThYIe-
CKMM, CKOJIb M CPEIHEBEKOBasd 3a/a4a 00 olpelesieHnn KOJIMYEeCTBa
gepreil, KOTOpble MOTYT pPa3MeCTUTbCA Ha OCTpue OyJIaBOYHON roJIOB-
k. YT00OBI MMOHATH ITO, MPENCTABbTE cebe, ITO MUJIUHIPAIECKAA I10-
BEPXHOCTD, M300paxkEéHHAd HA pucC. 88, MPOHOJLKEHA BBEPX [0 Iepe-
ceuenud ¢ HebecHoit cdepoit. Torma wa sroit cdepe nosydurca Jiu-
HUS [I€pEeCevYeHrs B BUIE OKPYKHOCTH, PAAUYC KOTOPOU MOYTH PaBEH
6400 xkmstomerpoB (910 — pamuyc 3emun). A pamumyc mebecHoi cde-
Pbl, KAK YKa3aHO BbIIE, IPUMEPHO PABEH PACCTOAHUIO 10 Osimxkaiiureit

162



3Be3upl (He cuurag CosiHna). D10 paccrosHue Hemsmepumo GoJiblie,
geM 6400 kM. Tak 9TO maxke ¢ MOMONIHIO CAMOTO MOITHOI'O COBpEMEH-
HOro TeJieckona Oymer mpobJIeMATUYHBIM IIOHATH, KAKUE XKE 3BE3IIbI
nonaJiu B «06J1aCTh HEBUIUMOCTH» /I 9KBATOPUAJILHOIO HaOJIIOIA-
TeJjid!

Puc. 90. CemelicTBO IPsAMBIX, KACATEIbHBIX K MEPUIMAHAM.

3anadya npo 22 masi.

B ¢dopmysupoBke 3amadm yIOMUHAIOTCH TaKUE W3BECTHBIE JIATHI,
KaK «JIETHEe COJHIECTOAHNE» (22 UIOHA) M «3UMHEE COJTHIIECTOTHIES
(22 nexabps). 3nech yxe 6e3 Cosnna nukyma! B srom ciyvae, ka-
3aJ10Ch OBbI, HAO HCIOJIb30BATH I'eJIMOIEHTPUIECKY0 Momeasr Komep-
HUKA, HO BriojiHe paboraer u mouesb [Itosemesi, B koropoit Costaie
Bpalaercsa BOKpyr 3emuid. B aToii Momesu, Kak 00bsICHEHO BO Bpes-
Ke, 3eMJId MPECIOKOWHO CTOMT Ha MECTe, HECMOTPH HA BO3MYIIEHUE
JIPYTHX MHUPOB, HACEJIEHHBIX MBICJANMMA CYIIECTBAME (COIJIACHO IIO-
caosuie «Bces pora maraer He B HOTY, TOJIBKO MOPYYUK — B HOLY>).

Yo XK€ MpoMCXOOuT B Hallell 3eMHOi cucreme Koopauaar? B 3aBu-
CAMOCTH OT BPEMEHU TI'0J1a, COJIHIIE BCXOIUT M 3aXOIUT B PA3HOE Bpe-
ms. Ho BocXomuT/3aX0muT OHO MO/ PA3HBIM YIJIOM, IO9TOMY MEHAETCS
CKOPOCTh BOCXoma u 3akara. Korma macrymaer remuora? Korma Cosn-
e JOCTATOYHO HU3KO «3aJieraers mof yposueM ropusonta. (II0XC-
HEHHUE. B amom Mmecme 8 acmpoHOMUIO BMEUUBAIOMCH. . . 20Cydap-
cmseennvie 3akouv. Hado damv ropuduveckoe onpedenerue, wmo maxoe
«cymeprus. Bedv ¢ nacmynaenuem cymeper 20cydapcmeo JoarcHo no-
MPAMUMBCSA Ha OC8eWeHue 006eKMO8 YUBUAU3GYUU. Bom u nossusuce
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Ha ceeme d6a 8uda cymeper: «2PaHCOGHCKUE CYMEPKUS, HAYUHAIOULUEC-
ca ¢ eaybunnt 3anezanus Coanya 6 6 epadycos, u «aCMPOHOMUYECKUE
CYMEPKU», — k0200 1A Hebe MONHCHO PA3AUNUMD NPAKMUYECKY 8CE GU-
dumvie 36€30b, — HawuHaowuecs ¢ eaybunv 6 18 epadycos). B nam
paBrojieHCTBrUs COJIHIE YXOMUT HEPIEHIUKYIAPHO K JIMHUU TOPU30H-
Ta, MOTOMY TEMHEET OUYeHb OBICTPO. A B IHU COJTHIIECTOSHUS — YTOJI,
10/, KOTOPBIM 3aXO[UT COJIHIE — HAMHOrO 6oJibiie, yem Y0 rpaiycos,
MOPTOMY TEMHEET W CBETACT MEJJICHHO.

B BBICOKMX IMPOTAX CEBEPHOTO NOJIymapusa (PABHO KAK M B HU3KUX
mMpoTax IXKHOro) 3ameren 3hdEKT, KOTOPbIil MOKHO HA3BATH «(aJib-
MIUBBIMEU CyMEPKAMU», — WUJIH, O0JIee MOITUIHO, «OETBIMU HOTAMIT .

CoJiHIle HAYMHAET HUCXOIUTH 3a MOPU30HT HOJ MAJIBIM YTJIOM, HO
OYeHb OBICTPO BBIXOIUT HA yrOJI emg MEeHbIui, ITOObl «ycuerh Obl-
CTPO BBICKOYUTH 00parHO», ub0 mupoTa 3TOr0 MECTa TaKOBa, UTO €Ul
HEMHOI'0, U HAYHETCH CIJIOIIHON MOJIAPHBIA [eHb, 6e3 BCAKUX CyMepPeK.
B urore emé He KOHYMJIMCh BEYEPHUE CYMEPKH, KaK [OPa yXKe IOTO-
BUTBHCA K paccsery. M uro ke nosrygaerca?! He Tosibko HE MOCTUTHYTA
«rybuna 3aseranusa Cosinna» B 18 rpagycos (acrpoHomuveckue Cy-
MEpKH), HO ¥ [JaXKe He JOTAHYJIH 10 6 IpasycoB (rpaxkgaHCKue cyMep-
K1). 3HAYUT, IPAJOHAYAJIBHUK HE BKJIIOUUT OCBEUIEHUE, U NPUIETCH
nam ynonobursca A.C. [Iymkuny («koeda s 6 xommame ceoeli nu-
wy, wumaro 6e3 aamnado. .. »). Bor B [lutepe yxe 3amerer stor s¢-
dekT — TamM LIpPOCTO HUKOLLA HE TeMHeeT A0 KOoHua. Ilaxke BOT 310
paccroznue 1o Ilossiproro kpyra (9T0 paccrognme OpUMEpHO 7 Trpa-
nycoB B [Imrepe) — OHO Takoe, UTO HE TEMHEET NPOCTO, Ja U BCE TyT!
7 rpaycoB MOJi TOPU30HTOM IIO3BOJIAET MOJYyYATh OT CIIPATABIIETOCH
Couttila BroJiHe J1octarounyto noacserky. Bemnp [Turep — s10 60-5 ma-
paJsutenb, a 66° u 33 munyT (66,5622°) — 310 [lostsipHblil KpyT, rOe yxe
cBersio, — rae Costaie npocto cusger Bcerma. U3 sToro, B gactHoCTH,
cjemyer, 4To0 B MypMaHCKe HA CAMOM JieJie 3UMOI HEMHOTO CBETAeT,
moromy uro 69 mapaJsuiesib owimdaerca or 67-if Bcero ma 2 C Jiumi-
HUAM TPaJlyca, HOITOMY Ha CaMOM Jiejie 3uMoii B Mypmancke B 3 ujm
4 gaca Bmosine cebe csersio, npocro Costana et [loromy uro ecsm
O6b1 Tam 6bLI0 TEMHO, TO Tem Dosiee Obwio 661 TemuO HOYBIO B [lerep-
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O6ypre Jsierom. Ho 310 Benp me tak. Jlerom B Ilerepbypre mocrarouno
cBeTJsI0, a yXx TeM bosiee Ha CostoBkax, 64-bit rpagyc. CosoBku u Myp-
MaHCK cuMMeTpudHbt orHocuTeabHO [lossipaoro kpyra. Iloaromy, ecom
22 wurona Ha CoJIOBKaX MOXKHO IPOCTO YUTATH rasery B 4ac HOUYH, TO
3aauut, 40 B Mypmancke 22 nekabpsd B 4ac AHdA TOXKE MOXKHO Oy-
JIeT YUTATHh Tas3eTy, 9T0 Oy/IeT TO )Ke caMOoe COCTOSHUE CBETOBOIO IHI.
OTO HAHO MOHUMATH, OTOMY YTO KOIJIa BaM IOBOPAT, 4T0 TaMm, B Ho-
puiibcke uinu MypMmaHCKe, HUKOIJIA HE CBETaeT B TEYEHHUE IMOJIyrOda,
910 cKas3ku npocro. CBeraer, KaxIpli A€Hb, HO COJIHIIE HE BOCXOJIMT.
A Bot ma Hukcone, ga. B mopre ukcon na mmpote 73,5 TpajiycoB co-
crosHme «22 meKabpsi B 9aC OHA» TaKoe ke, Kak B MockBe «22 HIOHSA
B 4YaC HOYM», TO €CTh NPAKTUYECKU TEMHO, 1odroMmy yxe B [lukco-
He, HAIIPUMEp, HUKAKOro BaM He Oy[er «paccBera» B TE€YeHHe Mapbl
MecsaneB nonapan. Bor. Yyarure 310, Korma Oynere MJIAHUPOBATH BAIIX
nyremrecTBud. Bee 3araku OTTa aHbI.

Caymaresnb: Her. He obcymuim mpo kaesn.

3amada mpo KadeJiu.

Nrax. Haauém ¢ npocroro. Kauesiu, KOTOpbie yCTPOEHBI KAK MTAJIKA,
u cunenue (puc. 91). Kakue y HUX yCTORIUBBIE TOJIOKEHUSA PABHOBECU S
u moyemy?

Puyc. 91. Tlouemy 9Tu Kade/u HE TOIIAIOTCS YPABHOBEIIUBAHUIO?

[Touemy mosnoxkenune ypashosemusBanus (puc. 92) He aBjserca
ycroiiausbiM? [Ipenmonoxum, 9ro Kadesad IyTh-IyTh MOKAIHYJIUCDH
or Berepka. Ouu nepeuwu B ciemyouiee cocrosinue: (puc. 92).

Puc. 92. Ilpocaenqum-Ka MbI, 9TO MPOU3OIILIO C MEHTPOM TIKECTH CACTEMBI
&OOCKA~+CIUHKI».
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Bugno, 4ro ommo msiedo pbrdara mocjie mOBOPOTA yMEHbIIUJIOCH,
a Opyroe yBeJimIusioch. [loaToMy Kadem HaKJIOHATCA B CTOPOHY 0OJIb-
niero mJieda. I a1o moxuO nmokasarb maremarudecku. Ho me HyxKHO.
9TO MABHBIM-IABHO yKe CHEJIAHO B MEXaHWKe, IpUIEM B BuAe oOmiei
U OYeHb LIPOCTOH TeopeMbl: YTOOBI XKECTKas CHCTEMa COXPaHsJIa
PaBHOBECHE, HEHTP TsKECTHU ITOU CHCTEMbI HOJ/DKEH JIEXKATh
HHXKE TOYKH OMOPHI.

A Temepp paccCMOTPUM CUTYaIIMIO, KOTOA y KadeJsiell BMECTO CIMHOK
ecTb nepxaJjku yid Hor (puc. 93).

Puc. 93. llenTp TsxecTu HUKE TOYKU OLOPHI.

[Iyctpb onarh oy 1 Be4epoK, U Kadesau HaKJIOHUIMCh. Oudarh usme-
HUJIACH ILJIEYU, TOJIbKO YBEJUYHUJIOCH TO ILJI€Y0, KOTOpoe cBepxy. llo-
5TOMY KadeJid MOTAHET BHUA3, 00pATHO K TOPU30HTAJILHOMY COCTOSAHUIO
paBHOBecusi. A ej10 B oM, 9r0 Tenepb nenrp raxecru HU2KE rouku
OLOPBI (3TO JIETKO MIPOBEPUTH).

Ho camoe unrepecnoe, nouemy kadesu 0€3 CIMHKY U TOMHOXKKU BCE
PaBHO HAXOIATCsS B HaKJOHEeHHOM Buae?! 3mech m 6e3 TeopeMbl sICHO.

lesio B ToM, 4TO ¥ 1OCKU ecTh TosuuHa. Y korna Kxavuesim HaKJI0HA-
I0TCS, OHO [JIEYO HOJLY YAeTCH HA MAJICHBbKUI TPEYrOJIbHUYIEK 00JIbIe,
geMm apyroe (cMm. puc. 94).

Puc. 94. Uenrp Tsxectu JOCKUA HOHU3UJICH.
OH-TO 1 mepeBenuBaeT Kadean B CTOPOHY.
* ok K

A renepr — HepemeéHHBIE MPO6JIEMBI IIKOJBLHOU MaTeMaTH-
ku. Ho mpex e s X049y pacckasarb O TOM, KaK MBICJIAT MATEMATUKH,
KaK OHW pemaroT 3a7a9u. EcTh Takoi anrymitckuit npmanmn: « Think
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out of the box», 1o ecrb «llogymail, He BBIVIAHYTH JIM 3a [IPEIEIbI
HCXOIHOro AmuKa». lapajiTe mocmorpuM, Kak oH paboTaer.

Sazaga:

Ha IJIOCKOCTU HOaHbl TPpU Pa3JIMYHbIC IO pPaguyCaM OKPYXKHOCTHU,
He Iepecekalomueca Apyr ¢ npyroMm. K kaxmoil mape oxpyzxHOCTeil
IPpOBEICHA ITapa BHEUIHUX KAaCAaTCJIbHBIX, 1 OTMEYCHa TOYKa UX IIepe-
cegennd (cMm. puc. 95). Jlexxar sim Tpu OTMETIEHHBIX TOUKK HA OIHOI
IpAMO!

Puc. 95. Pucynok-myrka. (II3-3a Hapounto HEOPERKHO HAPUCOBAHHBIX [AD
KacaresbHbIX ynTaresio nerraiorca Baymuts HEBEPHBIU BoiBOm 0 TOM, JTe-
KaT JIM TOYKU [ePeCcedeHns ap Kacare/bHbIX Ha OIHON npsMOii).

OTBET: Touku nepecevenus xacamesvrovir aexrcam wa 00not npsa-
Mo,

A kak xe ObiTh ¢ puc. 957 On uro, nac oomanbBaer? [lalll C pu-
cyHkKamu 3T0 4acTo ObiBaeT. [losromy mesiarh BBIBOIBI HAJIO HE IIOCJIE
Oersioro B3IVIAIA HA PUCYHOK, a MOCJIE CTPOTOr0 MATEMATUIECKOTO J10-
Ka3aTeJIbCTBA (MJIA CTPOTOTO OIMPOBEPKEHMUS).

LokaszaresnbcTBO cocTouT B cJjemymomeM. PaccMorpum Tpu moJty-
cdepbl, KOTOPbIE MEePEeCEeKaloTCA HAlleH MIIOCKOCTHIO MO CBOUM OOJIb-
umM okpyxHocTaMm. Ilpencrasbpre cebe 3 chepuyeckux Kyrosia 60JIb-
[IOTO, CPETHET0 U MAJIOTO PAIAYCA.

Otu 3 cdepbl CBepXy HAKPBIBAIOTCHA HOCTEIEHHO OILyCKAIMERCst
BHHU3 FOPU30HTAJIBHON IIJIOCKOCTHIO, IIOKA HE HPOU30UIET KacaHue ca-
moro 6osibmoro kynovia. (Takas niockocrs posao onna). Teneps (ruis-
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19 Ha PUC. 95 U MBICJIEHHO BBIXOJIA 38 MPEIEJIbl UCXOMHOM I1LJI0CKOCTH )
OyleM «BepTeTb» IOJIYIHMBIIYIOCHA IIJIOCKOCTH O TeX IOp, IIOKa OHA,
OCTaBAACh KACATEJbHOW K OOJILIIOMY KYIIOJIy, HE KOCHETCSI CPEIHEro
KYIIOJIa; 3aT€M BEpTUM e€ JaJiblie (He Tepsasd TOUYEeK KacaHud C 60JIb-
IIMM ¥ CPEIHUM KYII0JIOM ), IIOKA OHA HE KOCHETCA MaJIoro KynoJa. Ta-
Kad «TPUKOBI KacaTeJbHAadA IIJIOCKOCTb®» TOXKE POBHO OfiHa. TakK BOT.
ITocste oveHb TPOCTHIX COOOPAKEHNH CTAHOBATCA OYEBUTHO, ITO HAIIA
OTMeYeHHbIE TOUYKH JIEXKAT B TOU HOBOI IIJIOCKOCTH.

(TOSCHEHUE. Cuuras, aro puc. 95 HapucoBaH HE Ha, IJIOCKOCTH,
a B IPOCTPAHCTBE, COHEPKAIIEM UCXOOHYIO IJIOCKOCTb, IIPEICTABHTE
cebe, 9TO BMECTO [MAPhI BHEITHUX KACATEJbHBIX Mbl HAPUCOBAJIA KOHYC,
BHYTPU KOTOPOI'O «CIIPATAJIUCDH®» KaCAIOIAECA 3TOr0 KOHyca C(ephl.
Taxux romycoB Oymer TPU. Bepumna kaxkjoro m3 HEUX HAXOIUTCHA
(KaK HAM IOJICKA3BIBAET IIPOCTPAHCTBEHHOE BOOOPAXKEHME») KAK Pa3
TaM, [JIe HAXOOATCHA OTMEICHHBIE B YCJIOBAU 3TN TOUKH).

HO OTMEYECHHbIC TOYKU TAKXKE JIC2KAT U B I/ICXO,ILHOﬁ IIJIOCKOCTH. BHa-
YUAT, OHU JIEKAT HA NPAMOT nepeceverus smux naockocmed. Teopema
JIOKa3aHa.

4l ceitvac mogacHMII, KaK AyMAOT MATEMATUKU. DTO 33/1a49a HUKAKAM
OPOCTbIM METOIAOM HE pelraeTCA 683 BbIXO/1a, B IPOCTPAHCTBO. BbIXO,II
B IPOCTPAHCTBO peliaeT eé B ojiuH npocTo xom. Tak mpoucxomut ¢ mMa-
remarukoit. Unesa — ewtimu 3a npedeavs moeo, umo y eac daro. Ma-
TEeMaTUKa — HTO BBIXO[ 33 Ipejiesbl. Bce Besimkue OTKpbITHSA, BCE Be-
JIMKWE NOKA3ATEJIbCTBA CBA3AHbBI C OKUIAHUEM IPENEJIOB U3y Y€HHOTO,
[IPENEJIOB JTAHHOTO U TpeOyeMoro B 3aade.

Hepeménnabie MaTeMaTHYeCKHAE MPOBJIEMbI

Camaga crapasd — U3 U3BECTHBIX MHE, — HEPEUIeHHAA MAaTeMaTHe-
ckas upobsema. 'oBopsit, Obi1 Takoit B Cupakysax mapb WM BEJIbMO-
JKa, KOTOPBI 3aHUMAJICA CTPAHHBIM BHIOM JedaresibHOCcTH. OH OpaJt
HaTypaJibHOE YuCJI0. Ec/m 0HO ObLjI0 9€THOE, OH JIEJIUJI €r0 Ha 2, TOKA
ono me craumer meuérabiMm. Hampuwmep, ecsu 910 6610 umcso 12, ono
[IPEeBPAIIAJIOCH B 3.

12 -6 — 3.
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A BoT KOIJ1a, OHO CTAHOBHUJIOCH HEYETHBIM, OH YMHOXAJI €10 Ha 3 U [PU-
6asssan equauity. To ects 3 on mpesparwi 661 B umcsio 10. A 107 Cra-
qaJia B 5, morom B 16. 16 B 8, 4, 2, 1 u B urore B 4.

12—-6—2+3—-10—-5—=-16—-8—=4—2—=1—4.
Kaxk BuauTe, MBI ceiidac NpUILIA K ITUKJIY:
4-52->1-4-2—>1—-4—-2—1...
Iasaiite Bo3pMEM enié kakoe-uuby b ancso. Crkaxem, 13 BozbMEM.
13—+40—-20—-10—-5—-16—-8—=4—=2—=1—4.

Ongarp HaYMHAETCA TaKoi xXe mukJl. Bosbmem 17.
17—+52 —+26 -13 —-40 20— 105 - 16 -8 -4 —2 > 1 — 4.

3amerbre, 9To 0T 17-TU yXKe JI0BOJIBHO JIAJIEKO 0 MOBTOPAONENRCc Ja-
cru. Cupakysckuii nappb nepebpadsi mepsyio 1000 ducesr u obHAPYKMIT,
9TO BCE OHM NPUXOOAT K OAWMHAKOBOMY KOHILY, UX BCEX }KILeT ITUKJI
«4 — 2 — 1». Ilpu 5TOM NJid HEKOTOPBIX YHCEJT MENOYKH TOJTYIAI0T-
Csl OYEHb JIJIMHHBIE, ¥ YUCJIA, B IPOIECCE TPeodPa30BaHUN JOCTUTAIOT
oueHb Oosbimux 3HadYeHuit. Yucao 27 mocturaer 9232, mpuxoguT K mMu-
kJ1y 3a 112 maros. Bompoc: sroboe i aucio npunér K mukiay? Orser
6b11 HemsBecten 2500 Jier HA3al, W 00 CAX HOP HEeW3BeCcTeH. KoHeIHO
e, KOMITbIOTEPHI [JABHO 3AIIYUIEHDI, U YUCJIA, IABHO IIPOBEPEHbI 10 Be-
smrannbt nopaaka 1012, Kommsiorep nponosnkaer paborars. Ho see un-
cJia nepebparpb Hesib3d. Y maxe ecsiv 661 KOMIBIOTED HE JOBEJI KAKOe-
TO YMCJIO 0 IUKJIA — 9TO HE JIOKA3BIBAET, UTO HTOrO CIIEJIATh HEJIb34.
BosmoxHo, 1menodka mpocTo OYeHb JiiMHHAdA. UTO B 9TO# mpobiieme
unrepecuo? Benomuum reopemy ®Pepma (iy1a HEE TOXKE 10JyUAIACH
BCE DoJiee IIMHHASA [EIMOYKa CTeeHel «7», [IJIsi KOTOPBIX OHA BEPHA) .
Ho eé mokaszasm ayis si1060ro «n» 6e3 nomomu KoMnborepa (B npuHim-
e, ecjiu Obl KOMITBIOTED IIPEJJIOKUJI TPU YUCIIA L, Y, Z U CTEIEHb <1,
KOTOpBIe ornpoBepryin 661 Teopemy Pepma, oH Obl penrus mpobsemy).
A B HalleM CJlydae KOMIIbIOTED HUYEro HEe MOXKET.
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B 1994 rony y Vaiisica nauim ommbky B J0OKA3aT€/IbCTBE <BEJIM-
Koit Teopembr Pepmar, KOTOpasd OKA3aJIACh HECYHUIECTBEHHON u ObLIa
UM mcopasieHa. A 1-ro ampesisi eMy NPHILIO 3JEKTPOHHOE MHMCHMO,
B KOTOpPOM MAaTeMaTHUK, U3BECTHBIH YaiJicy, mucaJsi, 4To, IMOJIb3ysICh
ero meromamu, ou onpoBepr teopemy Pepma. B nucbme npuBogumucy
YMCJIa U OIPOBEPXKEHUE, COAEpKallee MAJEHbKYI0, HE3AMETHY O OMIMO-
Ky... ¥ Yaitica 61 mok (on 3ab6bu1 npo 1 anpess). K cuacrpio, ara
UIyTKA OKAa3aJ1aCh HE CMEPTEJIbHOM.

Ho teopemy ®epma B wrore moJrux yCuJidii J0Ka3aJjid, a paccMa-
TpuBaemylo Hamu — Het. Yxe 2500 ser rpebyerca yenosex (amnpesie-
YyCTOWYIUBBIiX), KOTOPBIA 5TO JOKAXKET.

Curenyronasa 1o caoxHOCTH IpobsieMa — Toxe npoctasd (mo hopmy-
JimpoBKe, KoneuHo). OHa nocraBjiena CpaBHUTEIbHO HegaBHO. U g co-
BEPIIEHHO YBEPEH, 9TO €€ CKOPO PEeLIaT.

Iasaiire paccMOTpuM IPAMYIO JIMHUIO. MOXKHO Ji1 PACKPACUTH [IPs-
MYIO JIMHUIO B [IBE KPACKU TaK, YTOObI TOYKU HA PACCTOAHUY EIUHUIIA
BCETTIA, TIOJTY YAJIUCH PASHOIBETHBIMIA !

fAcHo, 9T0 OMHOTO MBETA HEHOCTATOYHO, & B IBA I[BETA PACKPACHUTDH
MoxHO. Hanpumep, BCIO HpAMYyO0 MOXKHO pa3bUThb Ha IOJYOTPE3KH
JymHbl 1 ¢ OTOPOUIEHHBIM TPABbIM KOHIOM. V 9T 1moJiyoTpesku 1o-
OYepEIHO 3aKPAIIMBATH TO KPACHBIM, TO CUHUM I[BETOM.

[Tosromy mJid TpaAMOii MUHUMAJIbHOE KOJIMYECTBO I[BETOB, KOTOPOE
tpebyercsi, 9To0bl JII0ObIe JB€ TOYKM HA paccTosuuu 1 ObLiv pasHo-
[BETHBIMH, PABHO IBYyM. COOTBETCTBYIOIIEE YUCJIO I/ JIOCKOCTU Hii-
KOMY He U36eCmHO.

LaBaiiTe paccMOTPUM HEKOTOPHIE HAYAJBHBIE COOODAKEHUSI.
Ha nsiockoctu ecth paBHOCTOPOHHUN TPEYTOJIBHUK CO CTOPOHOM 1
(puc. 96). BakpamuBas BCIO IJIOCKOCTb, Mbl, KOHEYHO, 3aKPACUM U BCIO
IJIOUIA[Ih HTOTO TPEYTOJIbHUKA, U BCIO €r0 I'PAHUILY — B YACTHOCTH, 32~
KPAaCUM U BCE BEPIIMHBI 9TOI'0 TPEYIOJIbHUKA.

CKOJIbKO HaM HYKHO [IBETOB?

Caymarens: Xorda 6bI 3. ..

A.C.: [la, nByx yxe Hemoctarodto. Vlnade us Tpéx BeplInH HA pac-
crosiaum 1 JIpyr or Jpyra JiBe OKaXKyTCd OIHOIBETHbIMU. Benb 3Tor
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1

Puc. 96. Boibupaem camblii TpyIHBIN OJIA 3aKPAMIMBAHUA TPEYTOJIbHUK.

TPEyTOJIbHUK CIIEIUAJIBHO B3sIT TAKUM, ITOOBI IJIMHBI €r0 CTOPOH ObI-
JIA «3AIPEIIEHHBIMUA .

[TosTomy Hy)HO XOTs1 GBI TPH pasHbIX IBera (craxkem, K — kpac-
uoiit, C — cunnit, 3 — senénsiit). [Ipencrasbre cebe, uTo ¢ Tpéx cro-
POH K 3TOMY TPEYTOJIbHWKY [IPUPUCOBAHLI TAKWE K€ TPEyTrOJIbHUKHM,
3aTeM elié u el MPUKJIEMBAEM MHOXKECTBO TAKMX «0COD0 TPYHHBIX»
TPEyroJIbHAUKOB, ITOKA BCA IJIOCKOCTh HE OKAXKETCs CILJIONIb ITOKPLITON
umu. (Maremaruku B 3T0M CJlydae rOBOPAT TaK: PACCMOTPUM Ha, ILJIOC-
koctu TPEYTOJILHBIN ITAPKET). Packpacus npaBuibHbIM 00pa-
3oM sToT mapker nBeramu K, C, 3 (ecou 6bI HAM 5TO yAaJIOCh), MBI
Obl [MOJIHOCTHIO PENIMJIM HOCTABJIEHHYIO 33[a4dy IJIA IJIOCKOCTH. BbI,
KOHEYHO, JIOTabIBACTECh, UTO HAM HE YHACTCA ITOTO CHeJaTh (MHATE
6b1 5Ty 33121y JABHO Obl y2K€e penmJim OubiTHbie Maremaruku). Ho mMbr
BCE ke mompobyemM 3TO CHeJiaTh — BO3MOXKHO, OT TOr0 PACIIUPUT-
Cd ropusoHT Haumx 3Hanuit. CHaYa 18 PACKPACUM IIPABUJIbHBIM 00pa-
30M TOJIBKO GEPUWUHbL 3-Y20AbH020 NAPKEMaA. ITA BEPIIMHBI 00pa3y-
I0OT TOPpU30HTAJIbHBIC PDANBI Ha IIJIOCKOCTU; B KA2XKJIOM DALYy BEPHINHDI
CMEINICHDbI HA 5 MO OTHOWICHHMIO K NPEbLILYHIeMy (u mocsremyomemy)
pany. Ipengraraercsa Tako#t cnocod pacKpacKu BEPUIMH B 9TUX PAlaX

(puc. 97).

K C 3 K C 3

Puc. 97
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Kax Bbl BugurTe, Kaxjble Tpu OJIMKAKIIME BEPUIMHBI 3aKPalICHb
Pa3HBIMU IIBETAMM, KaK M JOJIKHO OBITH IO yCJoBuUIO. Bemp paccros-
HUE MEX/ly HUMM KakK pa3 paBHo 1. Obparure BHUMAHUE, 9YTO TPETHH
Pl PACKpacOK COBIIAIAET C IEPBBIM, BTOPOH — C TpPeTbUM, U T.I.
10 6eckoneunoctu. B ganHoM ciyuae (KOrma Mbl UCIIOJIb3YEM TOJIBKO
TPH PA3HBIX [IBETA) TO HE CJIyIAHHOCTb — TO MOXKHO CTPOTO TOKa-
3arb. B camMoM jejie — paccMOTpUM HOYEPKHY ThIE€ BEPUIMHBI B JIEBOM
BepxHeM yriry. OHE COOTBETCTBYIOT JIBYM IIPUMBIKQOIIAM APYT K IPYTY
TPEYTrOJIbHUKAM C «3aUPEmEHHOR» jijimaoi cropon. Mbl yxke ucnoJsib-
soBaJiz Bce Tpu nBera K, C, 3 mjs BepminH BEepXHEro, a [jisd BEpIln-
HBI HIDKHErO IOHEBOJIE MPHUIETC HCIOJIb30BATHL CHOBA OMUH U3 ITHUX
useroB. Ho nu «C», Hu «3» mcnosnb3oBars Hesb3sa (NOICKaxuTe, 1M0-
gemy?), a «K» — moxmo.

Broxuossi€énnbie ycrneurnoit pacKpacKoil BEpUIMH, IPUCTYIIUM K Pac-
KpacKe CTOPOH TPeyroJbHUKOB. Bcriomunas, Kak Mbl yCIEUIHO PACKpa-
Cu/M NpAMYIO B J1Ba 1Bera (Mbl packpacuiiu 1mojayorpe3ok 0 < o < 1
OITHUM IIBETOM, MOJIyOTpe3oK 1 < = < 2 Ipyrum, MOJIyoTpe3ok 2 < = <
< 3 — CHOBA NEPBBIM IIBETOM, U T. J1.), IONPOOyeM PaCKPACUTH 110 ITOM
METOIUKE U CTOPOHbBI KAXK 0 MapKeTHOU inTKu. K MbICJIeHHO Cco-
€IMHUTH OTPE3KAMU BCE COCEIHUE BEPIIWHBI TPEYyrOJbHUKOB HA, yKa-
3aHHOI BBIIIE CXEME, TO IOJIYYMM TPU CEMEWCTBA MapaJsiyieSIbHbIX PaB-
HOYIAJIEHHBIX MPAMBIX: FOPU30HTAJIbHbIE, HAKJIOHEHHBIE TIOf, yIJIOM
60°, nakaonénnnie nox yraom (—60°). Ina onpenenénnocru (4robbr
JIydllle TOHATHh OXUMAIONME HAC TPYAHOCTH) BHIOEPEM TaKWe HAIIPA-
BJIEHUA JIBUKEHUHA 110 OTIEJIbHBIM KyCOUYKAM 9THX HPAMbBIX (y KOTO-
PBIX [IMHA paBHA 1, a mocJemHdAs TOYKa OTOpPACBIBAECTCH): AJIA TO-
PU3BOHTAJIBHBIX — CIPABA HAJIEBO, /A IIPOYUX — CHU3Y BBEpX (1o
HYKHBIM YTJIOM).

Huist Takoit cxembl paCKpPacKu, KaK JIErKO IIPOBEPUTH I'€OMETpHUIe-
CKHM, B Kax/Oi Bepiinae OymayT HAOIIOOATHCA TPU CTPEJIKHU, BbLLO0s-
wux w3 BepuHbL (1, CTaj10 ObITh, 3AKPALIEHHBIE TEM XKE IBETOM, 1TO
u s1a Bepmuna). [Ipoune tpu crpenkm Gynyr 6xodums B BepuIMHY;
UX OKpacka Oyer olpenesarbca cocenueir Bepurnuoit. Onuako B 3T0M
CUTYyallUU W3 TPEX CTPEJIOK OJIHOTO ILBETA, BBIXOAAIIMX W3 BEPUIMHBI,
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HalljlyTCA [BE CTPEJIKU, PaclojiokeHnnbie noj yrjiom 120°. A Ha Hux
JIETKO YKa3aTh JBEe TOUKN, PACCTOTHUE MEXK.Yy KOTOPBIMA B TOUHOCTH
pasuo 1, 9o 3anpemeno no ycsosuio. Vltak, jjaxe Ha ypoBHE 3aKpaliu-
BaHUs CTPEJIOK HAC IMOCTUIJIA Heynada (a Bemb HaM elé HaJo pacKpa-
CUTh U CaMU NAPKeTHbIE IuTKu!) Dra Heyjada He ABIAeTCH CJ1ydali-
HOIl (M3-3a HEBEPHOTO IIOXOIA K 3TOU 3a7ade), & ABJIACTCA CIICICTBUEM
rakoit (yxe mokasannoit) reopembr: JIjis NpaBMJIBHOrO 3aKpallIH-
BaHWs IIOCKOCTH 3aBEOOMO HE XBaTHUT TPEX Kpacok. llokasa-
HO U 1oJie3uoe n0baBJIeHNE K ITOU Teopeme: Jijisi yCIEIHOro 3aKpa-
mmBanuga 3aBenomo xBarur CEMMU pasubix kpacok. Takum obpasom,
B HACTOSAIIEe BPEMsI U3BECTHO CJIEMYIOIee: MITHUMAJIbHOE KOJIMIECTBO
KPACOK [IJIA 3aKPAIIMBAHUA IIJIOCKOCTU PaBHO Jinbo 4, anbo 5, jmbo 6,
Jmbo 7.

[TepByto u3 3TUX TEOPEM MOXKHO HO0KA3ATh BIOJIHE IIKOJIbHBIMU BbI-
YUCJEHUAMM, U MBI DTO CIIeJIaeM — JKAJKO ObLjI0 Obl HE MMO3HAKO-
MUTbH BAC C TAKMM 3JIETAHTHBIM JI0OKa3arejbctBoM. (Ero npumymasn
6parba Mosepsr. IIpocTo B3anu u npenbaBui 7 KOHKPETHBIX TOYEK
HA, IJIOCKOCTH U J0KasaJju, 4ro naxe sru 7 royek HEJIB34 zakpa-
CUATH TpPEMdA PA3HBIMM I[BETAMU. SHAYUT, BCIO IJIOCKOCTb ¥ IOHABHO
HEJIb3s UMW PACKPACUTH. ITH CEMb TOYEK 00PA3yIOT 3aMBICJIOBATYIO
KOHCTPYKIIAIO, [TOXOXKYIO Ha [IBA BEpeTeHa, HUKHUE KOHIBI KOTOPBIX
COEJ/IMHEHbI, a IPOYKE J[BA KOHIA CBA3AHbI BEPEBOYKON JjiuHbl 1 (Ho—
HATHO, modemy 17). C Tex mop B KaproHe MaTEeMAaTHKOB MOABUJIOCDH
3By4HOe BhIpaxkeHue « Bepereno 6parres MoszepoB».

Ceiiuac g moKaxy, 4TO HA CAMOM JieJie HyKHO X014 Obl 4 1BeTa.

[Tpemmosioxum, 9T0 MbI MOXKEM PACKPACUTDH IJIOCKOCTH B 3 IBETA.
Torna 1060# TPaBUIBHBIN TPEYTOJIBHUK OYAET PA3HOIBETHBIM (B CMbI-
CJle OKPACKM CBOUX BEDIIUH), & 3HAYMUT, y POMOa U3 ABYX TAKUX TpPe-
yroJibHUKOB (puc. 98) /1Be NPOTUBOIIOJIOKHBIE BEPUIMHBI OKAZKYTCH Ol
HOTO T[BeTa. BOT M MOydIrsIoch mepBoe BepeTeHo!

[ToBepuem pomb BOKpyT OHOI W3 BEPIIXH POBHO HACTOJIHKO, ITOOBI
paccTogHue MeXKJy BTOPOi BEPUIMHOW U MEX/Iy HOBBIM IIOJIOKEHHEM
BTOPO# Bepimubl cTas10 pasabim 1 (cm. puc. 99).
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K

Puc. 98. Bot n nepsoe Bepereno. bByznem Bpamars ero BOKpYT HIDKHeil TOU-
ku «K».

K

Puc. 99. Hnuna Bcex pédep pasua 1. KoucTpykuus comep:kut 7 BepIITHH
(rOYKM KazKyLerocs 1epeceveHus Ha ocu cuMmerpun (BepxHue) BepiiMHaMu

He SABJISIIOTCA).

Ha puc. 99, crporo rosops, pébpa Ham BoOOIIE HE HYKHbBI, 8 HYKHbI
TOJIbKO 7 Bepuina. PEOpa HAPUCOBAHBI TOJBKO [JIA JIyYIIEr0 MOHUMA-
HAA UOEU JI0Ka3aTesbCcTBa. PackpacuM BepUIMHBI IIPABOTO BepeTeHa
¢ nomompio neros K, C, 3 (Mbl Ipeanosokmim 0T npOTUBHOIO, 4TO
TpeMd [BETAMHU MOXKXHO IIPABUJIBHO PACKPACUTH BEPIIMHBI «IBOXHOTO
Beperenay) (cm. puc. 98). Koncrpykuus tak XuTpo npuiyMaHa, 4To
HIDKHAA BepuinHa obaszana ObiTh okpameHa mseroM «Kx». Ho Torma
¥ IPOTHUBOIOJIOKHAA BEPIIMHA JIEBOI'O BEPETEHA JI0JIKHA, ObITH MOKPa-
miena 1Berom «K». Tak kak ropmsonrasibHOe BepxHee pedpo HAPOIHO
BBIOpPAHO TaK, YTO JJIMHA €ro paBHA 1, HAPYUIAETCA OCHOBHOE yCJIOBUE
sakpacku. Teopema /10Kka3aHa OT IPOTUBHOIO.
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YeJi0Be4eCcTBO HAYYUJIOCh KPACUTH IJIOCKOCTH B 7 I[BETOB; HU B 6,
HE B 5, HU B 4 OHO KPACHATh IJIOCKOCTh HE YMeeT U He 3HAeT, BO3MOXKHO
JIM TAKOE.

Anpnpeit MuxaitsioBua Pafiropogckuit, KOTOpblii 04eHb JIIOOUT 9Ty
pobJieMy, CIMTAET, 9TO BO3MOXKHO IOKPACUTH IIJIOCKOCTH B 4 IBeTa.
Ho 310 noka Hukakum 10Ka3aresibCTBOM HE HOJTBEPXKIEHO.

Yrob6bl nokpacurs B 7 useros, nenaerca (puc. 100) 6-yrosbaoe 3a-
MONIEHHE TIOCKOCTH (IeCTHyroIbHBII mapker). [lonbupaerca pasmep
6-Tu yroJIbHUKA ¥ MPEIbAB/IAETC AKKYypPaTHad PACKPACKA.

C »roii 3apadeil cBa3aHa ewg ogHa npodbsema. Ilocmorpure Ha
puc. 99 He KaK Ha CXeMy COCNWHEHWs BEPUINH «IBOWHOTO BepeTeHa»,
a KaK Ha KapTy HEKOEro H-yroJibHOIO OCTPOBA, HA KOTOPOM PACIO-
JIOXKUIUCh 9 pasaumunbix rocygapcrB. Crasio ObiThb, HA reorpadude-
CKOIl KapTe 3TOro OCTPOBAa KAaXKJI0€ U3 TIOCYyAapCTB HAJIO ObLI0 ObI,
MO-XOPOIIEMY, 3aKPaCATh CBOUM COOCTBeHHBIM 1BeToM. Ho rocymapcrs
Ha, CBETE MMEETCHA YKACHO MHOTO, & KOJMIECTBO [[BETOB, PA3JIAIAEMOE
9eJIOBEKOM, OrpaHnIeHo. [la u npu m3roToBIeHNE KAPThI TOJUTPADH-
cThl x0Ty Obl MMETh CUJIBHO OrpaHMYEHHbI HAOOP UBETOB (PE3KO
OTJIMIAIONMXCA APYT OT Apyra). BosHWKaer 4mcTo MareMarwdecKuit
BOIPOC («11pobJieMa YeThIPEX KPACOK S ):

MoxHo Jiu 1100y10 KapTy Ha IJIOCKOCTU pacKpacuThb B 4 1BeTa Tak,
9T00bI CTPaHbI, UMEoNre OOUIYI0 I'PDAHUILYy HEHYJIEBOU JIMHbBI, Obljin
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pasubix useros? Wium nmyxno 5 useros? (To, uro 3-x mBeros mauio,
JIOBOJIBHO OBICTPO MOKA3LIBACTCA HA IPUMEDE).

Bonpoc: moxHO Jin Kapry 5-yroJibHOrO OCTPOBA PACKPACHTH 2-Md;
3-ms; 4-ma useramu’! (cMm. puc. 99).

[Ipobsiema 4-x kpacok pemrena B 1976 romy. Ilyrém nuunneiture-
ro KOMIIHIOTEPHOro 1mepebopa, KOTOPLIf yBEeHYMBAJI [IJIMHHOE MaTe-
MaTU4YeCKOe paccyxjeHue, ObLIo JO0Ka3aHO, 4To 4-X IBETOB XBaTa-
er A Joboi KapThl Ha IIockocTd. Maremaruku (KOTOpBIE B Iylne
medrasu 0 6osiee M3AIHOM JI0KA3ATEJIbCTBE), CTUCHYB 3y0bl, 3acesu
[IPOBEPATH MHOTOCTPAHUIHYIO PACHEYATKYy KOMIBIOTEPHBIX HCCJIEHNO-
BaHU, — ¥ HUKAKUX OUIMOOK HE HAILIH.

Caenytoumii Habop npobJieM CBA3aH ¢ TPOCTHIMH YUCJIAMH U C JIe-
JIEMOCTBIO.

Yro rakoe mpocroe auciao? [Ipocroe amcsio — 910 Takoe nesioe mno-
JIOKUTEJbHOE YUCJI0, KOTOPOE [IEJINTCSA TOJIbKO HA [IBA YUCJIA: HA CeDd
u Ha eguuauny. [Ipocreie uucsa: 2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37,
41, 43, ...

Ewé EBksup 30as1, 910 MPOCTHIX Yncesl OECKOHETHOE KOJIMIECTBO.
Ho, TyT ectb omHO «HO». 3aMeTUJIM, YTO MMPOCTHIE YUCJIIA JIIOOAT IO-
ABJIATHCA mapoukamu depes oaud. Hanpumep, 11 u 13, wym 41 u 43.
Takue umciaa HasBaiau «OmumsHemamum». (Hucoa 2 m 3 «bumsHena-
MW» HE HA3BIBAIOT, [IOTOMY YTO MHTEPECEH TOJIbKO CJIydail, Korma oba
«bsim3HENA» — HEYETHDBIE).

Hepemennas mpobsiemMa 3aKI0UACTCA B TOM, ITO HUKTO HE 3HAET,
OECKOHEUYHO JIM MHOXKECTBO HPOCTHIX «OJIM3HEI0B» !

Ecnu mb1 nepebupaeM mopgps IpOCTbIe YHUCJA, TO BCTPEYaeM Iia-
pbt GsimsuenoB. Tak BOT, HUKTO HE MOXKET JI0KA3aTb, UTO KaKasd-TO
KOHKpEeTHAad rnapa «bOJIu3HEenoB» MOCeqHdAd, UM 9TO TaKux nap bec-
KOHEYHOE KOJIMYECTBO.

C ymasreHIeM OT HyJIsi IPOCThIE TUCJIa BCTPEIAIOTCA BCE pexke U pe-
xke. B xounne XIX Beka Apamap u Basute-Ilyccen jjokasasiu 3akK0H pac-
[peesieHns MPOCThIX aucesi. COrIacHO 9TOMY 3aKOHY, Y IIPOHU3BOJIb-
HOI'O 4MCJia OT 1 [0 M IWAaHC 0Ka3aTbCs UPOCTHIM PABEH ——.

Inn
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OyuKIUs «JI0rapudms» MOCTENEHHO PACTET, IIOITOMY JIAHHAA P00
rocrerenno yboiBaer, crpemsach K (, TO eCTh BEPOATHOCTH BCTPETUTDH
MIPOCTOE 9HCJIO TMATAET.

I[TIPUMEP. Ilycts n = 20. Torma maHC BCTPETUTHh IPOCTOE UUCIIO

cpenu nepsbix 20-u HATYPAJIBHBIX YUCEJI PABEH 9TO IPUMEPHO

1
In20’

paBHO = 0,3338. Bnauur, oxugaercs, 94ro cpeau nepsbix 20-u

1
2,996
quces npocteix 6ymer 20 -0,3338 = 6,676. Ha camom nesie ux poBHO 8.

A BoT npocThie «OJIMBHENBI» BCTPEYAOTCH HE PEryJIapHO — OoJjiee
HEPpEryJdpHO, 4Y€M CaMu IIPOCTbhIE 1uCJIa. Pa3prB MEXK/1y HUMU TO Ma-
JIeHbKuii, To 6osbIIoit. Bompoc: crpeMuTcs Ji K HyJII0 MAHAMAJTbHBIN
paspeiB? B 2013 romy ObuI0 HO0Ka3aHO, 9TO HET.

Curenyromaa npobsiema. Eciau Bbl nmepebupaere 4€THBIE YUCIIA, TO
nX MO2XKHO pa36HTb Ha IBa CJlara€MbIX:

6=3+3 8=3+5 10=3+T.

Bcerna noJiydaercd npeacraBuThb 9YETHOE YHCJIO B ByuaEe CYMMBbBI [IByX
IIPOCTBIX:

22=11+11, 36=19417, 66 = «ganummre camMu, KaKue,

1 TaK J1aJIee.

[loka Bce uérHbIe YMCJA, KOTOPbIE CMOI IIPOBEPUTH KOMIIBIOTED,
YIAJIOCh PA3JIOKUTH B CyMMy AByX npoctbix. ['mnoresa V. M. Bumo-
rpaJIoBa COCTOUT B TOM, UTO JIFODOE “emHoe TUCIIO MOXKHO IPEICTABUTD
B BUJIE CyMMbI ABYX IPOCTBIX 4uCesl. BUHOIpasoB J10Ka3aJi, YTO JIIO-
6oe HEYETHOE YUCJIO MOXKHO IPENCTABUTH B BUIE CYMMBI 3-X IIPOCTBIX
qucesi. A 6om npo wemmuuie, noka He Mozym Jokazamo.

CoBepilleHHbIE YHCJIA

CKOJIBKO COBEPUIEHHOJIETHH B KU3HU 1desioBeKa! MHOTmE myMaior,
aro omao — 18-nerme. CoBepireHHOIETHH B XKU3HU UeI0BeKa — mnBal
910 «b-s1eTue» u «28-nermes. [loromy 9To0 9mcsIa 9TH — «COBEPIIEH-
HbBIE».

Yro ke Takoe cosepuwenHoe wucao? COBEpPUIEHHOE YUCJIO — 3TO
YKCJI0, KOTOPOE PABHO CyMMe CBOMX JleJiMTeJsiell, MEHbIIUX, YEM CAMO
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a10 uucjio. Kaxue nesuresin y auciia 6, caurast equHUILY, HO HE CIUTAA
ero camoro? 1...

Ilonckaszka u3 aymuropun: 1, 2, 3.

A.C.: Msbi Bugum, aro 1+ 2 + 3 = 6. Kakue nenuresnu y auciia 287
1,2, 4,7, 14. Bcé. I crOBA BBIIOJTHAETCA PABEHCTBO TAKOTO XK€ THIA:

1+2+447+14 =28.

B xwusHu yesioBeka pOBHO 2 COBEPIUIEHHBIX BO3PAaCTa, IOTOMY YTO CJie-
JIyIoliee COBepUIeHHOe YuCJI0 paBHO 496.

Y MaremMarukoB €CrTb TOCT Ha coBepineHHoJsierue. OHu, upasia,
npasmayor 28, a He 18 srer. Tocr Bcerma Ttakoii: «41o6 Tebe mo-
KHATH JI0 CJIEy0IIero cosepurennoserusay. Ho, Bpome kak, HUKOMY emgé
HE Y/IaBaJIOCh.

Tak, a B uém ke 3arajka’ Apruopu COBEpUIEHHBIMI YUCJIAMA MOTY'T
OBITH KaK IETHBIE YNCJIA, TAK U HeIETHBIE. Bostee Toro, Bce Y€THLIE yXKe
OIIUCaHBbI.

Hayt srum norpymuiiuce Eexaud u Iaep. [lepsblit oOparus BHUMA-
HUe Ha cJeyonyio uzaunyio dopmysy: 2P~ (2P — 1) (npomsnocurcs
OHA BeCbMa CBOEOOpasHO: «dséa 6 cmenenu (no munyc oduH) YymHO-
aocumo wa (dea 6 cmenenu na) munyc odun». Byksa «is» o3Hauaer
HEKOTOpOe IpocToe 4ucsio. llepBoiii MHOXHUTEHL MOXKHO Pa3gpoOUThH
Ha CaMbl€ MEJIKNE U3 BO3MO2KHbBIX MHOXKUTEJIN (paBHbIe ,ILByM) A BTO-
pOii MHOXKWTEJb XOTeJIOCh Obl B3ATh TAKUM, ITOOBI €ro BOOOINe He-
Jib34 ObLI0 pa3apobuTh, TO €CTh B Buae npocToro uuchaa. (1 mymaro,
EBkuing paccyxas umenHo tak. Eciu xorma-Hubyab MOBCTPEYaoCh
C HUM, HENpPEeMEHHO cupoury ero 06 srom). Bor u Bbickasan EBksmn
TAKyIO THIIOTE3Y:

Ecsin aucsio (2P —1) mpocroe, To aucio 2P~ 1(2P —1) — cosepuennoe.

N 4aro eI gymaere? Tak oHO 1 0Ka3aJs10ck! A IOTOM 3a J1€J10 B3AJICA
Diiyiep u A0Ka3aJl TEOpEMY IIOCJIOXKHee: JII0D0e YéTHOe COBEpUIEHHOE
YHUCJI0 MOXKHO 3aIUCATh B TAKOM Buie. UT0ObI BAC HEMHOIO IIOILY-
rarb», jaBaire mposepum dopmysry Esksmmpa npu p = 13. [omyuaer-
ca aéruoe qucso 33550336. Crpanubie nudpsl, npasna? Kro e Bepur,
YTO HTO YMCJIO COBEPIIEHHOE, ITPOBEPHTE.
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A ¢ meuerHbiMu He Bce Tak xopomo. Korma g yumscd B MaTkJacce,
y Hac ObLIM JIUCTOYKU C 33madamu. U eom wa odnom aucmouke Oouia
3adava ¢ mpems 36e3douramu: «lokaxure, 9T0 HEIETHBIX COBEPIIEH-
HBIX TUCEJT HEe CYIECTBYET».

4 mocupest noma nenék, npyroii. [Ipumén B mKkosy u roBopio y4du-
TeJI10: « T0-T0... g HEe MOT'Y JIOKa3aTh, YECTHO. .. » A oH MHe 6 omeem:
«A...da, aT0 HEKTO He MOXeT mokasarb! Sl Ha Bcakuil ciydail maJ.
Bupyr kro-uuby/ip peuur. . . ».

Bot Takas mpobstema! CymecTByoT jin HEIETHBIE COBEPIIEHHBIE TH-
cia? Komnpiorepbr nmoka nepebupator BapuaHThbl. EC/u KOMIBIOTED
HAKAET, TO MpobeMy CHUMYT. A ecyiv He HAWIET, TO HAJIO TOKA3bIBATH,
4TO UX He cyuiecTByer. B koHue Toif Tembl f X04y 3a/arb 3a1a4y-
myTKy (a pelieHne — He UIyTKa): ObIBAIOT JIM COBEPUICHHBIE YUCIIA,
KoTOpbie B 10-4HOU cUCTEME 3a0UChIBAIOTCH OJIHUMU CeMEpKamu?

Hanocaenok, nBe peniéHHble HETABHO 3a0a4u.

BosbMéMm mH020-MH020 00unarosvr mapos. Hauyuém npucraBiars
ux dpye % dpyay C PasHbIX CTOPOH (B MPOCTPAHCTBE).

CKOJIBKO 00UHAKOBVIT MAPOB MOXKHO IPUCTABUTH BILJIOTHYIO K OfI-
HOMY IIApy TaKOTO e pasMmepa’ ITo Ha3biBaeTcda 3agadeir Hpiorona.
Heroron ouens posiro mepenuceiBaJsicss ¢ 1. I'peropu. Hwuromown ObLI
YBEPEH, ITO M0XHCHO npucmasums 12 wapos, a I'peropu yTBepxKOAT,
qro 13. B pesysibrare mokasasiu, aro 13-it map wymo-4ymo He BJje3a-
er. Hy, pasymeercs, BO3HUKaET eCTECTBEHHBII BOIIPOC, & B 4-X MEPHOM
[IPOCTPAHCTBE CKOJIBKO mapoB BJjeser?! 3agada pemena B 2013 romy
HammM cooredectrBeHHUKOM O. Mycunbim. OH emg )XuB 1 BIOJIHE Ce-
6e B pabouem nHactpoenuu. To ectb B 4-X MEPHOM IPOCTPAHCTBE OHA
peuieHa, a B 5-Tu MEPHOM, KAXKETCH, €elle HeT.

A reneps, nakonen, I'nnoresa Ilyankape.

Yro mbl 3HaeM 0 Hamem Mupe? Bo-nepBbix, 9to OH 3-X MepHbIi. Bo-
8MOpLIT, Y He2o Hem kpas. Kpas B TOM cMbICTIE, B KOTOPOM €ro BOCIpH-
HUMAET TAPaKaH, HOJIN0JI3ad K Kpaio crosia. Mup eesde odurarkoswil.
To ecrb Tapakan noJser 1o cdhepe uJjmu 110 OECKOHEYHON IJI0CKOCTH.
A smonm «most3aoTy Mo TPEXMEPHO# cdepe wiu Mo GECKOHETHOMY MTPO-
CTPaHCTBY (& IJIe UMEHHO — HAJI0 Obl yTOYHUTD).
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A ewe naw mup opuenmuposartsili. To ecThb, 910 OBI BB HA OEJTAJIN
B 9TOM 3-MEpPHOM MWpE, BAIIA IpaBas HOTA HAKOTMA HE CTAHET JIEBO.

[Tocnenawe nccaenoBaHMs HAMEKAIOT HAM, YTO MUP KoHedeH. Ecth
Uesi, ITO 3BE3MbI, KOTOPhIE BUIHBI CIIPABA U CJIEBA OT 3EMJIU — 3TO
oIHU ¥ Te XKe 3Be31pl. U, Moxer ObITh, Mol cModHCeM yeudemv Ha Hebe
3emat0, yaeTasi OT Heé BEPTUKAJBHO BBEPX, IOJITO-IIOJITO JIETS W BO3-
BPALIAZCh HA 9Ty XKe 3eMJII0 C APYyroi eé cropoHbt! ITO TPYIHO IIpes-
craBuTh. Halre mpocTpanCTBO, BO3ZMOXKHO, OU€Hb CHJILHO UCKPUBJIIEHO,
B KaKOM 6]31 HaIlpAaBJICHUU MbI HU IIOJIETEJIN. I/I nocJsiegaee, 4TO HaM
HYXKHO 3HATH IMPO MUP, — MOXKET JIi K HEMY OBITH IIPUMEHEHA, TUIO-
tesa Ilyamkape, mokasannas Ilepenpmamom. Eciim st 6epy Kamepy ot
kosieca (puc. 101), npomeBai B HEr0 HUTKY M 3aBA3BIBAIO, A HUKOTIA,
HE CMOTY ee CHsTh. A eciim f 3aBaAXKy HUTKY Ha cdepe, S CHUMY ee
6e3 npobsiem. OnucaHHOe CBORCTBO MOBEPXHOCTH — ChEpbI, HO HE Ka-
Mepbl! — HOCHUT Ha3BaHUE 00HOC8A3HOCTU.*

=

Puyc. 101. Tlycts mam Kocmoc mmeer dopmy «OyOsimka», TOJIBKO HE [BY-
MEpPHOTO, & TPEXMEPHOr0, PACIOJIOKEHHOTO B MMPOCTPAHCTBE HOJIee BBICOKOIT
pasmeprocru. Kak 661 MOrn noarsepaurtsb 510T PAKT 36 MHbIE KOCMOHABTHI?

ITo HaIM9MIO «IBIPBI» B 9TOM OyOJIHKe.

Tax eom, ecau naw, MpermepHoll MUp 00HOCBA3EH, O Mbl NOTA-
daem 6 ycaosus meopemuv, Ilyanxape—Ilepesvmara. VI torma ou o0s-
3aTEJIbHO ABJIAETCA 3-MepHO# chepuIecKoii TOBEPXHOCTHIO 4-MEPHOTO
[IPOCTPAHCTBA-IAPA.

O6branas cdepa paguyca 1 sagaerca ypasaenuem: o2 +y° + 22 = 1.

A 4-x mepnag roro xe paguyca: 2 +y? + 22 + k% = 1.

Pambmie sto 6p1ma rumoresa [lyankape, ¥ OTHOCHIACH OHA TOJIBKO
K TonoJjioruu. Tereps 310 — Teopema [lyankape—Ilepenbmana. U re-
mephb eé CMeJIO MOXKHO TPUMEHITh B KOCMOJIOTHH.

“Ha camMoM f1eJ1e OpUEHTHPYEMOCTD IIOBEPXHOCTH, U BOOOLIE JTIO00r0 TOMOI0rnYe-
CKOTI'O IPOCTPAHCTBA, ABJISIETCS CJIEICTBAEM OSHOCBSI3HOCTH, HO 9TO yXKe CJIOXKHEee.
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Pazmes 11

«3HaHUe reOMEeTPUN APTUIIJIEPUCTY U UHZKEHEPY HEOOXOIUMO, & KazxKIOMY,
KTO TOJIBKO 4eMy-HUOY/Ib yYUTHCS XO4YEeT, HyKHO. ITa HAYKA €CTb UCTUHHOE
OCHOBaHWE BCEM HayKaM B CBETe, OHA HAY9IAET HAC 3[IPABO PACCYKIATH, BEPHO
3aKJII0YATh U HEOMPOBEPTAEMO [OKa3biBaTh. OHA COXpaHsIeT HAC OT MHOTHUX
3a0J/IyK IeHuiT, OO TeOMETPUCTY TPYyHHEee KaKOe-HUOY b MPeI/IOKeHne JOKa-
3aTb OOMAHYMBBIMU JTOBOAAMHU, Hexkes Guiaocody. IBKIUAOBBL DJIEMEHTbI
CyTb OCHOBAHME 3TOI HECDABHEHHOI HAyKu — HEOOXOMMMO y4YaIuMCsl [IPeI-
JlaraTh JIOJIKHO U CTapaThCs, 9TOOBI OHU UX 3HAJIM COBEPIIEHHO».

Bcenoddanetiwuti doxaad eenepan-geavduetizmeticmepa epaga I1. . I1ly-
644060 00 YupeHcIEHUY NPU APMUALEPUY WAATEMHOZ20 KAJemcK020 KOPNYCa
¢ Kaaccom eoennol nayrku (1757 2.)



Jleknmusa 1

Ceiiyac MbI pacCMOTPUM HECKOJIBKO CIoKeToB. HekoTopbie MbI pas-
Oepem cpasy, a HEKOTOPbIE — OCTABUM, U MOTOM K HUM BEPHEMCH.

[Tepsbiit croxker HasbiBaeTCA (POTOCHEMKA.

Hasaiire npepcraBum cebe Takyio CHTyaluiO: Ha HPAMOR j1opore
PaCIIOJIOKEHO HECKOJIBbKO KOHTpOsIbHbIX myHnkToB (KII). Han stum or-
PE3KOM JI0POru HEnpepbIBHO uietr aspodorocbemka (puc. 102).

1. DoTtocnemka

-0—0 o—
KII-1 KII-2 KII-3

Puyc. 102. Y4acToK yCUJIEHHOTO HAOJIIOIEHUSI.

U BoT ommaxapl CBepXy 3aceksu mmouoHa (puc. 103).

00BEKT

—O0—0—e—0—
KII-1 KII-2 KII-3

Puc. 103. «Bossie camoii rpanuiist oBpar. Moxer, B Jalle CKpbiBaeTcs Bpar!»

Tpebyercs nousarsh, rje KOHKPETHO OH HAXOMUTCH Ha, gopore. U3 Bu-
3yaJIbHBIX cooOpaxkeHuit acHo, mexay Kakumu asyma KII maxomurca
UITTMOH, HO HAM HyXKHA TOYHAA KoopauHara. Mbl BuguM T0JbKO HOTO-
cHUMOK. MbI MOXEM 3aIPOCUTh HEKOTOPOE KOJIMIECTBO MH(pOPMAIUH,
HaIlpuMep, MbI MOxeM 3anpocuTh kKoopmuHarhl KII. Bompoc: ckosib-
KO KOODIMHAT HAM JIJIS 3TOTO JIOCTATOIHO 3aMPOCUTH. 33494, BIIOJIHE
npaktuieckad. PoTochbeMKa — JOCTATOYHO CJIOKHOE Ipeobpas3oBanme,
OTHOCAILEECH K NPOEKMUBHHIM.

Yro sro takoe? Hasaiire nemuoro pasbepemcsa (cm. puc. 104).

[Tpu dororpadum TpoUCXOAUT NEPEHOC KAKIOW TOYKU MECTHOCTH
BIIOJIb JIyYeil 10 HAPABJIEHUIO K TOYKe CbeMKU. [IpsimMasi, KOHEeIHO, 1ie-
PEXOIUT B MPAMYIO IIpM TaKOM IpoenupoBannu. Ho BoT cooTHomenns
OTPE3KOB-PACCTOAHUN CTAHOBATCH IPYTUMHU.
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Puc. 104. Cxema aspodorocbémku. [[Ba 9eThIpexyro/ibHUKA — 3TO 00JI1aCTh,
caumaeMast Ha POTONVIEHKY (BHU3Y) U IDaHULbL Kaapa POTOLIEHKY (BBEPXY ).
9TH IBe MJIOCKOCTHU, KaK MPABUJIO, HE MapaJiyIesIbHbl APYT APYTy. V3-3a 910-
I'0 MCKAaXKaIOTCA COOTHOLIEHHU: PACCTOAHUNA MEXKIY TOYeHYHbIMHU ODbEKTaMU.
[Ipamas BHU3Y — OXpaHAeMas JOpora, Ha KOTOpoil pacmosioxkensl Tpu KII
(mocraro4yno masnexko Apyr or apyra). UépHblii KPyKOK yKa3blBaeT Ha Me-
CTO ODOHAPYKEHUS MOJ03PUTEIBHOT0 TOUYEYHOTO 0O0bekTa. [IyHKTUpHbIE JIU-
HUAY 1300PAKAIOT JIy4d CBETA, UCXOIALIME OT TOYeYHbIX OObEKTOB HA [I0pOre

u puKCcUpyemMble HA Kaape NJIEHKY.

fAcro, 9T0 onmEHOU KOOpOWHATBHI HemocTaToIHO. POKYyC B TOM, UTO
JIByX TOXE HEeIOCTAaTOYHO. A BOT TpHM KOODIAMHATHI — B CAMbBIA pas3.
[Toromy uto y 3TOrO0 NpeobpasoBaHud — y IPOEIUPOBAHUI — €CTb TO,
4TO MATEMATUKU HA3BIBAIOT KUHBAPUAHT.

Ecsin Bkpariie ckasaTrh, «0 9EM» MATEeMATHKa, TO OHA O TOM, ITOOBI
BbIABJIATH MHBAPUAHTHOCTH CUTYAllUU. TO €CTbh KaKue-To COOTHOLIe-
HU$, KOTOPBIE OCTAIOTCA HEM3MEHHBIMU. BOT BBl Tak msmepusu (pac-
croaumna mexy KII), rak cdororpaduposasu, srax chororpadupo-
BaJIM — HEKOTOPOE COOTHOUIEHWE KOOPAMHAT TOYEK Ha, BCEX CHUMKAX
Oymer oiHO U TOXe. ¢ ceffgac mMpOCTO HAINMUIILY, YTO OCTAETCA HEU3MEH-
ubiM. Ha caMom j1es1e 9T0 MOXKHO CTPOrO J0Ka3aTh.
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Ha Bcex ¢dororpadusax, miis a00bix ¢oroammmaparoB HEU3MEHHO
TaK HasbBaeMoe Jeolinoe omuowenue «IIBOT» derpipéx Touex (Tpu
u3 Hux — koopauuarsl K11, yersépras — xoopmuHara momo3peBaemMo-
ro B mmwmonaxe). OHO BeIpaxaeTcs GhopMyJIoi

(z —x) _ (t—z)
(z—y) (t—y)

OOt = (cm. puc. 105). (5)

X y z t

Puc. 105. Paccanraim 9uciio «z», U MO KYCTOM C TaKOi KOODAWHATOW BBI-

JIOBUAJIM IIOAO3PUTEJIbHOI'O I'PazKIaHNHA.

Ecnum we smaemb, HE 3a 9TO He yragaenib! 9To 9mcsio, KOTOpoe
MOXKHO B34Tbh U nocuautarsk. OHO OyAeT OMHAKOBBIM U JIJIA MECTHOCTH,
u s pororpadun. [losromy s 3amponry koopawaarsl Tpex KII, morom
BBIMUCJIIO cOOTHOUIEHUE Ha (hoTorpaduu (Ha KOTOPOH OTPAKEHbI 1 110~
soxennsa KII, u pacuosioxkenne Hem3BECTHOTO 00bEKTA), PUPABHIIO
€ro K BBIPAXKEHWIO C PEAJIbHbIMU KOOPIWHATAMHU, U TOYHO OIPEHEIIIO
peaJsibHy 0 KOOPAMHATY UCKOMOrO 00beKTa (4 MMEHHO, YuCJIO Z).

Bpeska 9. Kak arear dBOT ji0OBUT IINHOHOB.

Ob6o3Haunm uepes z, y, t koopauaarbl Oymxkadmux KII, B paitone
KOTOPBIX OBLJT 3aMeYeH IIHOH.

Ho rorma Hajmo orBeTuTh HA JBA BOIPOCA: TE HAXOMUTCH Hada-
JI0 OTCU€TA, U Kakad Oymer enuauna n3mepenus nimuabl! Orser: 9TO
HE UT'PAET POJIN. B camom pgesie, ABOMHOE OTHOIIEHUE KOOPLUHAT
(dBOT) He W3MEHUTCH, €CJIM OT BCEX YETHIPEX KOOPAMHAT OTHATH OfI-
HO W TO XK€ YHCJI0; OHO HE U3MEHHUTCH TAKXKe, €CJIM BCE KOOPIUHATHI
YMHOXKUTH Ha OMHO W TO Xke unciio. [lormanure Ha dopmyry IsOT
(dopmysta (5)), u Bbl cpady noitmére, mouemy 310 npoucxoautr. Vrak,
JIABaiTe 3alPOCUM KOOPIUHATHI TOYEK I, Y, {, N3MEPEHHBIE B KUJIOME-
Tpax mo Osmmkaiiureit morpamsacrtasbl. Homycrum, onu pasubl 17, 23,
32 coorBercrBenno. A kak xe mbl Haiiném [1BOT, eciim «z» HaM Heus-
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BecTHO? A BOT Tak:

(z—m) (t—z) (2—-17) (32-17)
O = )y T ) (2-m)

A renepp BHUMATEJBHO U3yduM KaJp adpodorochbémMKu, rae Obi-
sm 3apeructpuposanbl Tpu KII u ompua 11 (mnwon). Vx koopauHaTs
Oymem Bbipaxkarb B muJinMmerpax, a mnepsoe KII Oymem cumrars Ha-
qaJioM 0TCuIéTa (I8 pocToThl). OGO3HAYMM THU YeThIpe KOOPIUHATEI
3a A, B, C, II (rue, kak mbl peummsin, A = 0). IIpoune (nenysiesbie)
KOOPIMHATHI MbI IIPOCTO U3MEPHAEM C MOMOIIHI0 MUJLJIMMETPOBOR Jiu-
HeWKY, IpUIoKeHHo# K porocHuMKy. [lomycTum, Mbl IOy YUJIM TUCTIA,
(0, 13 mm, 16 mm, 31 mm). CaenoBarenbno, mbl moxeMm Hajitu IOt
yxe He B Bujie (bOPMYJIbL, & B BUAE IUCJIIA!

(16 —0) (31 -0)
(16 — 13) * (31 — 13)

IO = = 3,097.

[TpupasauBas OykBenunoe Boipaxkenue [[BOT K ero 4mcjaoBoMy BbIpa-

JKEHUIO, IOJIyIaeM ypaBHEHNE [IePBOil CTEIeHN [IJId HAXOXKICHAT «2»:
z—17 9
— - = =3,097.
z—23 15

Orcrooma nonydaem z ~ 24,4 xm.

[Tocsie wero arear Ot coobmiaeT HAYAJILHUKY IOTPAH3ACTABBI,
9TO TMOMO3PUTEIFHOIO YEJIOBEKA, MMEET CMBICJI MOUCKATh Ha, PACCTO-
aann 24 kM 1 400 M ot 3acraBbl. e oH 1 ObLI HAlOEH CIANIAM IO,
KYCTOM, ITOOBI, JOXKIABIIACH HOIM, HAIATh CBOIO AEATEIbHOCTD.

CsoiictBa [IBOT cTanyTr noHdTHee, eCJU PACCMOTPETDH CJIELy IO
npumep (puc. 106).

31ech Tpou3BOMUTCA «OmHOMepHas» (porochbémka auauun O RST w3
rouku K Ha «jumauio Kajapa» OM N L. Koneuno, B peajibHO# cuTyamnuu
Oyner He JIMHUS, & TJIOCKOCTh KAJIPa, U JIEKATH OHA OyIeT 3HATUTEIb-
Ho Oimmke Kk Touke K. Ho cyrh pmasbHeiiniero mcciieioBaHUA MOXKHO
M3JI0KUTHh U HA TAKOM YCJIOBHOM PHUCYHKE.
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Puc. 106. 306paxkén npsiMmoyroJibHbiil paBuobenpenusbiit tpeyroiabauk KOT.
Inwra karera pasua 4 enumuunbl. U3 mpsamoro yriia omymiena Bbicota OL
Ha runorenysy. 13 Bepxueil Bepuinabl Tpeyrosibuuka K 1poBeneHsbl 1Be 11y HK-
tupsbie Jiuann KR u KS, mensimue OCHOBAHWE HA OTPE30YKH IJIMHON 1,
1 u 2 en. OcHoBaHue TPEyroJibHUKA JIEKHUT HA I[JIOCKOCTH, KOTOPYIO (oTo-
rpadupyer camosier (puc. 104), Bepumaa K — MeCTONOJIOKEHNE CAMOJIETA,
a Bbicota OL nexur B IJIOCKOCTH, B KOTOPOH HAXOMUTCS KaJp (POTOIIIEH-
Ku (BTOpas NJIOCKOCTb CJIy4YaiiHO MOXKET OKa3aThCs NapaJljiesibHOl epBoii;
HO [OPA3/0 4Yaule 310ro He ciy4daercs). Touku nepeceyenus junuit KR u KS
¢ Beicoroit OL obosuagenst 3a M u N, coorBercTBenno. Ha mpsamoit OM N L

BbIOpan Apyroii macmrab, HO3TOMY HMCTHUHHBIE [JIMHbI OTPE3KOB DABHBI HE

6,4,5, a 6a,4a, 5a, COOTBETCTBEHHO, [1Ie ¢ = (1151 TIOJTHOTHI KAPTUHBL!).

15

[Ipex e Bcero ormerum, 4To ecijim Obl JUHAA KaJipa ObLIa mapaJi-
JejipHa dororpadpupyemMoit JIMHUK, TO COOTHOUIEHUE PACCTOAHUN Me-
xay Toukamu O, R, S, T u toukamu O, M, N, L 61510 6bI OIMHAKOBBIM
(u paBupiM 1 : 1 : 2), 1 HUKAKOIO «IBOHHOIO OTHOWIEHUS» HAM Obl
HE [IOHa1001JI0Ch.

B cayuae xe, Korja 1napaJsuiesibHOCTH 1IJIOCKOCTeH Het, Hpou3oiuér
HACKaXeHNe 3TOr'0 COOTHOIIEHU.

BobraucimMm, HACKOJIBKO CHJIBHBIM OHO Oymer. Y paBHEHUsT MPAMBIX
KR, KS serko nojiyuurb 110 GopMyJie «ypaBHEHHE B OTPE3KAX»:
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% % =1(KR)u % —|— % =1 (KS).* YpaBHeHue xxe BbICOTHL ¥ TOIO

IIPOIIE — OHO I/IMeeT BUJI <Y = Z».

[IosToMy MBI JIETKO HAXOMUM KOOpOWHATBI TOouek M, N:
M(4/5,4/5) u N(4/3,4/3), a rakxe 06bl9HOE TPOHHOE OTHOLICHHE OT-
peskoB OM : MN : NL=6:4:5 (ame 1:1:2, kak ObLJIO «HA MECT-
HOCTH»). MOXHO Temepb BBECTH KOOPIMHATHI Ha mpaMoi OL takum
obpazom, uro Touka M nosyqunT Koopmuuary 6, rouka N KoopmuHaTy
10, a Touka L koopmuuary 15. [Ipu aTomM nomensgerca macuitadb, HO OH
Ha, JIBOWHOE OTHOUIEHUE YE€ThIPEX TOYEK BJIMAHUS HE OKA3BIBAET.

Tenepn mbl yoemgumcs, aro «IBO1br» g rouek O, R, S, T u pjiz
rouek O, M, N, L 6ynyr COBIIAIIATD, HecmoTpst Ha TO, 9T0 OObIY-
HblE€ OTHOIIEHUS [IJIsi HUX HE COBIIAJIU.

B camom gene, nia rouek O, R, S, T IsOr = 3:(1) ;1_—[1) = %
_10-0_15-0 _3
Lz rouek xe O, M, N’L'H‘BO::*IO—G =6~ 2

Tenepb BTOPO#M CIOXKET: NOCTPOEHUA HUPKYJIEM U JIMHEHKOIN.

(B 11 uracce 7 Ha 9K3aMeHE [0 T€OMETPUH [TOJIY IHJI TAKOE 33IaHUe,
9TO JIAXKEe U NUPKYJEeM I0JIb30BaThCA ObLIO HeJsib3da. Tperwmil croxer,
KOTOPBII MBI PACCMOTPHM: IOCTpOEeHne OOHOI JimHekoi. [lupkyiis ot-
MeHgercda. Kerb TosibKO JimHelKa. 3iech Bce emé Becesee. Pacckaxy
PO OJHY KOHKPETHYIO O9eHb KpacuByio 3anady. Ho 06 sTom — nmxe).

[TomumTE JiU BBI O MOCTPOEHUAX HMPKYyJeMm u JimHeiikoi! [TocTpo-
€HNd IAPKYJEM U JIMTHEHKON BBIBOIAT BeChMa CJIOXKHBIE MaTeMaTHhIe-
CKue 3aKOHOMEPHOCTH. T‘]:TO MbI yMeEEM CTPOUTH ILUPKYJIEM U JIMHE-
K0i#? MoxHO mocTpouTh paBHOOEIPEHHBIN TPEYTOJIbHUK, €CJTU U3BECT-
HBI [JIMHA, OCHOBAHUS U JJINHA DOKOBOI CTOPOHHBI.

Hy, ckaxewm, ocuoBanue 10 cMm, a 60KOBble CTOPOHBI — 1O 13 cM.
JIuneiikoit mpoBoauM J1100YI0 NPAMYI0, IUPKYJIEM JI€JIAEM HA HEH B JIIO-
6om mecre 3aceuky. Llupkysnem xe usmepsiem ocaosanwue (10 cm), u me-
JIAeM HA NPAMOR BTOPYIO 3aCEYKY, IMPEIBAPUTE/ILHO YCTAHOBUB WIJIY

*¥Y6enurbca B TOM, 9TO ypaBHeHus npameix KR u KS umeior Taxoii Bum, MOX-
HO C IIOMOIIBIO IIOACTAHOBKH B ypaBHeHus Koopauuar todek K, R u K, S, coorBer-
crsenno. Kak u3BecTHo, IpAMasd ONHO3HAYHO OLPEIesIAeTC 110 JII00bIM IBYM CBOUM
Pa3J/IHIHBIM TOIKAM.
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UMPKYJid B 1epBy0. Bepém pacTBOp LUPKyJid PaBHBIM JlJiMHE GOKOBOWM
croponsl (13 cM) U crTaBuM WIVIy HUPKYJIs CHAYAJA HA JIEBBId Kpai
OCHOBaHUA, IPOBOAA JOCTATOYHO NJIMHHYIO OyTy B BEPXHEH! IOJIyIJI0C-
KOCTH, a 3aTeM — Ha IPaBblil Kpail (K OIpOBOAMM HYTry [0 mepecede-
HUA C NEPBOi myroit). B3as Jimneliky, coenuugeM TOUYKY NepecedeHmst
Iyr CHAYaJa C JIEBOH TOYKON OCHOBAHUSA, & 3aT€M — C IpaBoil (CM.
puc. 107).

Puc. 107

B obmiem, Bcé 910 OpICTpEE CligsIaTh, YeM onuchiBaTh. Ecymm Bor ycra-
Ji4, BOT BaM 3amadka. OuH WKOJIbHUK IepernyTaJ, 94To Takoe 10 cm —
ocHoBanue ujim 00KoBasdg cropona. VI usz-3a 31oro mocrpous He TOT Tpe-
yIroJIbHUK, 4TO ObL10 Hy2kHO. Kak Bbl jlymaere, 4TO Cu/ibHEE MCKA3U-
JIOCH (B MPOIEHTAX) W3-3a PACCEAHHOCTH: IJIOMAIL TPEYTOJIbHUKA U
ero nepumerp? (OrBer: wiomans usmeHnsIach 6osibue, yem ua 15 mpo-
[EHTOB, & IepUMeTp MeHee, 4eM Ha 10 mporeHTos).

MoxHO mocTpouTh KBagpar. A BOT MOXHO JIM IOCTPOUTH Ipa-
BUJIbHBIA MATUYTOJIBHUK C JAHHOW CTOpPOHOI? DTO HE OYeHb MPOCTO.
Ho moxmno. Iludoropeittipl yxxe ymenn CTpouTh MPABUIIBHBIA MTATH-
yroJibHUK. Hpa,BI/IJIbeIﬁ mMeCTUnYroJIbHUK moCTpouThb COBCEM IIPOCTO:

CTporo OKpYyKHOCTD C paJliyCOM, PABHBIM 33/IAHHOI CTOPOHE IIeCTH-
yrosibauka. Tenepp mesaio noapsam 6 3acedex Ha OKPYXKHOCTH OKPYyK-
HOCTBIO TOrO ke pajuyca. O 14yno, mecrasd nomnaaaeT IpaMo B TO MECTO,
OTKy 13 Mbl Hadasu. Tak yx ool lasee npukjiaapiBaeM JIMHEHKY
K IEePBBIM [IByM 3aC€YKaM WM IIPOBOAUM OTPE30K, MX COEMUHAIONIUI.
I[Torom 1O *Xke mesiaem [Jjid CJIEMYIOMUX BYX 3aCEY€K, U T.II., HOKA
He 110J1yuuM Bce 6 cropoH mectuyronbauka (cm. puc. 108). Mrax, mie-
CTUYTOJIbHUK IOCTPOUTH MPOCTO. 1peyroibHUK — TPUBUAJIHHO, KBa-
AparT — O4Y€Hb IIPOCTO, HNATUYI'OJIbHUK CJIO2KHO, HO MO2KHO. BOHpOC.
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MoxHO Jirt TOCTPOUTH CEMUYTOJIbHUK ! [[peBHIE CIIOMAJIA MUJIJIMOH KO-
oM B CIIOpax U MOTPATHJIM Kydy IaCOB, MBITAsICh PELINTH 3Ty 33134y,
HO pelieHa oHa ObLiIa ToJIbKO B 19 Beke!

Puc. 108. O, gayno! [lecras 3acedka coBnasia ¢ nepBoii BepuHoi!

Ha camom nesie, kpome 9T0¥ 3a1a49u, IPEBHUE OCTABUAJIM HAM €IIE
TPU U3BECTHBIE HPODOJIEMBI.

1. Tpuceknua yrsa. Jan kako#i-to yros Ha MJIOCKOCTH, PA3Ie/IUTh
€ro Ha TPU PaBHbIE YACTU. JHAMEHUTAS IPOOJIEMa, IPEBHUX; TPUMEPHO
B TOM XK€ HAJYaJe IeBATHAIIATOTO BeKa OBLIO TOKA3AHO, 9TO TPUCEK-
UMA yIJIa C TOMOIUIBIO IUPKYJId U JUHERKHN HEBO3MOXKHA.

2. KBajyiparypa kpyra. Yro sHauut «kBajiparypa kpyra»? lax kpyr.
Hyxno mocrpourh KBajgpar ¢ Takoil xke momanbio. [lycts pammyc
Kpyra T paBeH eQuHMIE, TOrIa ero mwiomanas S paBaa 7 (no dopmy-
ae S = mr?). 3HaunuT HYXHO MOCTPOMTH KBAJPAT CO CTOPOHOM, pas-
HOI /7. DTO 3a7a9a YKBUBAJIEHTHA [IOCTPOSHUIO THUCIA . ITa 331294,
Toxe OblIa peueHa (JoKa3aHa HEBO3MOXKHOCTb TAKOrO MOCTPOEHUs ),
HO TOJIbKO B KOHIIE JIEBATHAATOTO Beka. [louemy ona 6biia pemrena
MO3Ke, IeM APYTue 333491, OCTaBJIeHHbIe HaM ApeBaumu’ [loromy aTo
JIIOY OY€Hb JI0JITO He MOHUMAJIA CTPYKTYPY uucia 7. B Hadasie neBar-
HAJIIATOTO BEKa OBLIO JOKA3aHO, 9TO MOXKHO IMOCTPOUTH T€ W TOJIHKO
Te TOYKH IIOCKOCTH, y KOTOPBIX 00€ KOOPAUHATHI MOTYT ObITH IOJIY-
9€HbI W3 EIMHUIIBI 33, KOHETHOE TUCJI0 OMEPAINH [JII0C, MAHYC, YMHO-
KUTh, PA3/IEJIUTh, B3ATh KBaJIpaTHbIA KopeHb. bepere enunwniy. Bam
paspelaercd ee CKJaJbiBaTh ¢ coboii camoii. Tak nosiyuarca Bce Hary-
pavibabie gucJa. Eciu Oymere Boraurarb — Bce orputiaresbabie. Pac-
cMoTpuM apobu. [lpobu MareMaTuku HA3BIBAIOT CHENUAJIHBHBIM TEPMU-
HOM — PAIMOHAJIBHBIE 9uCiia. 10 eCTh 3TO YUCsIa, KOTOPhIE TPEICTa-
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BJIAIOTCA B BHIE <IEJI0e HeJIMTh Ha mesioey. Hampumep, ducio 2 —

pAIMOHAJIbHOE, TAK KAK MOXET ObITh IPEICTABJIEHO, KaK % imi7t % To
€CTh BCE IIeJIbI€ YNCJIa TAKKE ABJIAIOTCA PAIMOHaJIbHbIMU. [laBaiiTe mo-
CMOTPUM, 1€ Oy/1yT XKUTh TOYKU KLEJI0€ YUCJIO 110110J1aM». Bo-11epBbIX,
OyayT KHUTb B IEJIBIX, HOTOMY UTO JII0DOe 11eJsi0e, 3TO KaK Obl «yIBOEH-
HOE 11eJ10€ 110110J1aM». Bo-BTOpPbIX, OHU OyyT KUTH [I0CEPEAUHE MEXK 1Y

coceqaumu nespiva (puc. 109).

-1 0 1 2 3
o—|—0o—|—0o—|—0o—|—0

-05 0,5 1,5 25

m ..
Puc. 109. Nsobpaxenne umcen suna - upu n = 2. Ecau n wérao, nomy-
9aloTCsa Hesble ducsa (0003HavYeHbl KpyxkKamu). Bece npoume gucsia Takoro

BHUIA M300PaKeHbl BEPTUKAJIbHON IEPTOIKOI.

A ecau 51 eme pas pasmestro nomnojiam? fl Mory HapucoBaTh, TIE XKu-
BYT 9HCJIa, IOJIyIeHHbBIE U3 MEJIBIX TeJIeHneM Ha 3, Ha 5, Ha 1000 u T. 1.
Ho ynuButesibubiM (haxTOM, KOTOPBIA ObLI U3BECTEH yXKe IPEBHUM,
ABJIAETCA TO, YTO HE BCE UMCJIQ, MOXKHO IPEICTABUTH B BUIE HAPOOU.
Hanpumep, a nmocrporo kBajpar co CTOpoHOI 1 U BO3bMy ero jimaro-
HaJsib. Hu omHa 0OBIKHOBEHHAA OAPOOH HE paBHA JJIMHE AUArOHAJIM KBa-
JIpara. 3aMerbTe, YTO YUCJIO, PABHOE [IMATOHAJIM KBAJIPAaTa, CTPOUTCS
OUPKYJIEM ¥ JIMHEHKOW, TaK KAK MOXKHO ITOCTPOUTH CaM KBapar.

Ho ono ne sBjsterca pamuoHaJbHBIM 9UCJIOM. T0 €CTh MbI yMeem
Ternepb CTPOUTH KBAJIPATHBIE KOPHHU, IOTOMY YTO JUATOHAJb KBAIPATA
BBIPAXKAETCH KBAJPATHBIM KOPHEM.

JIr060€e pamuonaIbHOE YUCII0 MOKHO TOCTPOUTH IIUPKYJIEM U JIMHENR-

.. . 11
koii. laBaiite, Hampumep, mocTrpoum - 3HaK MUHYC IIPOCTO O3HAYA-
er, YTO YUCJI0 HAJI0 OTKJIAAbIBATH HE BIIPABO OT HYJIA, & BJIEBO. dT00bI
11
HOCTPOUTH -, JOCTATOYHO HOCTPOUTD = U OTJIOKUTD 9TOT OTPE3OK
1 .
11 pa3. A 9T00bI TOCTPOUTH =, UPUACICA UCIOJIL3OBATH OYEHb ymo0-

nyto meopemy Paseca (koropasa msyqaerca B mkosie). Celiuac Mbl €10
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BOCIHOJIb3YEMCH.

Teopema Pasjieca (B mpocreiimein dopmynuposke). Ecau
HG 00HOT U3 08YLT NPAMBIL 6 TLAOCKOCTIIU OTAOACUIIL TLOCAJOBATEND-
HO HECKOALKO PASHBIT OMPE3KO8 U “epe3 UL KOHUbL NPOBECNU NAPAA-
ACALHBLE NPAMDBLE, MEPECEKANOULUE BTNOPYIO NPAMYIO, MO OHU OTNCEKYM
Ha emopoti npamoti paswwvie ompesky (puc. 110).

Puc. 110. OBe upsimbie (rOpU30HTAIbHAS U HAKJIOHHAS) BBIXOIAT U3 HAYAIIA
KOODJIWHAT U TepecevdeHbl CUCTEMON MapaJlyieSIbHbIX NpaAMbIX. Eciin va omHoit
1“3 [PAMBIX Mbl OTCEKJIM PAaBHbIE OTPE3KHU, TO HA JIPYroil npamoil orpe3ku
Toxe OymyT paBubl Mexkiy coboii (Teopema Pasieca).

Mue nan enuaraHBIT OTpe30K. OTIIOXKY €ro Mo rOpu30HTAIBHOR OCH
OT HAYAJ/Ia KOODAMHAT U IIPOBE/LY IIPOM3BOJIbHYIO HAKJIOHHYIO HPAMYIO
(roxe u3 Hagasa koopaunar) (puc. 110).

Ha s10il npaMOil 0TJIOKY OT HAadYaja CeMb PABHBIX OTPE3KOB (He-
BAXKHO, KAKOM [IJIMHBL) U KOHELL IOCJIEHEI0 OTPE3KA COEIUHIO C KOHIIOM
€IUHUIHOTO (TOPU30HTAIBHOTO) OTPE3KA.

ITocJie 51010 HPOBOKY LPAMBIE, HAPAJIIEJbHBIE TOH, YTO COSAUHIIIA
KOHIIBI TOPU30HTAIBHOIO (EAMHUYIHOIO) OTPE3KA ¥ HAKJIOHHOTO OTPEe3-
Ka, ¥ IIPOXOIIINe YePe3 KOHel LHPEIIOCJIEHEr0 U3 CEMH OTPE3KOB;
3areM — 4Yepes KOHeI| IPE-IIPEJIIOCTEIHEr0, U TaK JaJlee.

ITo Teopeme Pasteca MOJIyIAETCH, UTO BCE IOJIYyIUBUIAECH HA TOPU-
30HTAJIbHOM €IVHUYIHOM OTPE3KE KYCOYKM DPaBHbLI APyl Opyry — TO

€CTb, MbI [IOJIyUYWJIA = .

7

Kopensp crpouTca HEMHOXKKO CcI0XKHee. Bepy Ipom3BOJIbHOE THUCIIO
a, KOTOpOe 4 yXKe HOCTPOUJI IUPKYJIEM U JIMHEUKOU, u U3 KOTOPOro
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a XOoTeJ1 6bI N3BJICYDb KBa,)Ipa,THbeI KOPEHb. OTKJIa,ILbIBa,IO CIipaBa OT HE-
ro eQUHUIHBIA OTpe30oK (puc. 111; mis mpuMepa pacCMOTpeH Cirydaii
a =b).

-4 -3 -2 -1 0 1 2 3 4

Puc. 111. OTpe3ok a = 5 OTJIOKEH MEXKIY & = —3 U & = 2; eIUHUIHBII OTpe-
30k — Mexiy ¢ = 2u x = 3. Crpoum nosyOKpy2KHOCTD paauyca 3. [IpoBonum
MEPIEHINKYJIAD U3 TOYKA & = 2 10 TOYKU TIePECEICHNs C OKPYKHOCTHIO. ITO
¥ eCTh OTPEe30K A/mHEbI /5. Bee Tpu Tpeyro/ibHIKa — IPAMOYTOJIbHBIE, i BCE
OHU MTOIOOHBI APYT APYTY.

Teneps a paccMaTpuBalo HOBBI OTPE30K JJIMHEI ¢ + 1 KaK JuaMeTp
okpyxHocTu. Jleo ero nomosiam (9T0 Mbl JI€JIaTh yMeeM), U CTPOIO
BEPXHIOIO [TOJIyOKPYKHOCTb.

U3 roukn z = 2 (ornensmomeit orpe3ok «a» or orpeska 1) Boccra-
HABJIMBAIO HepreHaukysadap. [losydaro oTpe3ok ¢ KOHIIAMU HA OKPYXK-
HOCTHU U OTPE3KE.

TeopeMa: JAuUHG NOAYHEHHO20 OMPE3KA PAGHA \/5.

HoxkaszarenbcrBo. Obo3uadum 3a A u B KoHIBI quamerpa, 3a M
u C — KOHIBI NPOBENEHHOTO HaMu neprnenaukysiapa (C uuxe, yem M).
Tpeyrosmpauk ABM monoben tpeyrosbauky CAM, Tak Kak y HEHX
OCTPBIE YIJIbI COBIAIAIOT, & OUH U3 yIJIOB — HPAMO#. JHAYUT, U TPe-
ThHU YIJIBI paBHEL 110 Toi ke npuunne u TpeyrosibHuK AM B nomoben
rpeyrosibauky CBM. 3Ha9uT MOXKHO 3a[KACATh OTHOIIEHUE KATETOB
MaJIbIX TPEYTOJIbHUKOB

1_z
r - a’
(cme «z» — AJMHA TPOBEIEHHOTO HAME HEPICHIUKYJISIPA); z? = a,

x = \/a, 9r0 1 TPebOBAJIOCH TOKA3ATD.
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Tenepp MbI ymeeM CTPOUTH BCAKHAX CTPAUIHBIX «MHOTOITAXKHBIX
KpOoKomauJioB». JIroboe BbIpakeHue, KOTOPOe ABJIAETCA Pe3yJIbTATOM
KOHEYHOI'0 YMCJIa Ollepaluii mJIoc, MUHYC, YMHOXKWUTD, JIEJIUTh U B3ATh
KBaJIPAaTHBII KOpeHb, MOXXHO TOCTPOUTH IMUPKYyJieM u JimHelikoii. Ha-
pumep,

1+ 3—x/§_
V5

OcHoBHasi TeopeMa O IIOCTPOEHHUAX INHUPKYJIEM U JIHHEHKOU
YTBEPXK/IAET, YTO BEpPHO U OOpATHOE: TO €CThb €CJU KaKyI-TO TOYKY
YaJ10Ch OCTPOUTH UPKYJIEM U JIMHEHKOR, TO KOOPDIUHATHL 9TOA TOY-
KM JIOJDKHBI OBITH IOJIy9€HbI C MOMOMIHI0 KOHEYHOIO YUCJA Olepa-
uuil WII0C, MUHYC, YMHOXHWTH, PA3JIEJATh U B3ATh KOpeHb. Ho ecrb
TOYKM HA MPAMOM, KOTOpble TAKUM O0Pa30M He BBIPAXKAIOTCA, & 3HA-
YUT U HE CTPOATCHA IIPU HNOMOIIU TUPKYJIA U JIMHEUKH. TaK, qucJIO T
HE ABJIAETCS PE3YJIbTATOM KOHETHOTO IHMCIIA TAKUX OMepalui (Hi MuJI-
JIMOHA, HU MUJLIMAPAA!), U, CJAEI0BATEILHO, HOCTPOUTD €r0 HEBO3MOXK-
uo. [lokaszarenbCcTBo 3TOr0 baKkTa IPUILyMaJsid TOJIbKO B KoHile 19 Beka.

Torpa xe mpuoymajyd ITOKAa3aTeJBLCTBO 33Ja9M O HEBO3MOXKHOCTHU
TPUCEKIUU yIJIa C MOMOIIBIO IUPKYJs u Jimueliku. Vnea ero rakas.
Ecsin moxuO pasnenuth Jir000i yros Ha TPU YACTU, TO MbI MOTJIA ObI
HOCTPOMTH YroJl B AECATh IpajycoB(rak Kak yros B 30 rpajycoB Mbl
noctpoutb MoxeM). Ho Torma, konewano, Mbl Moryin 661 HOCTPOUTD OT-
PEe30K, mJImHa KOTOPOro pasHa sin 10°.

sin 10°

Puc. 112. sin 10° nocrpours Hesib3si. ITO BaM He KaKOU-uubyb sin 72°!
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Ho nokasano, uro 310 uucso nmocrpouts Hesb3d. (Ecsm BbipasuTh
sin 10° gepes sin 30°, To monyunrca Kybudeckoe ypaBHeHUe, a [JId 10-
CIPOEHUA €ero peuleHus HeoOXOIMMO yMerTb CTPOUTh KyOuueckuil Ko-
penb. K coxasienuio, ¢ MOMOIUILI0 MUPKYJISd U JIMHERKHU 3TOrO CHEJIAThH
HeJ1b3s1). Mbl DU K TPOTUBOPEYUIO, 3HAYUT, 3312y O TPUCEKIIMU
yIJIa PEUIUTh HEBO3MOXKHO.

3. Tperbsa Besukad 3a7ia4a APEBHOCTU — yaBoenue kyba. Bam man
kybuk. HyxHo nocrpours KyObuk Bisoe Oosibliero obbema.

Ecnu y wucxomsoro kyb6a cCTOpOHa e€quHHUIA, TO KaKad CTOPOHA
y yasoennoro kyba? Obbem mcxomaoro kyba pasen 1, 3Ha9nT, y yIaBO-
ernoro on paseH 2. Ilo dopmyre V = a3
nospkna 66t /2. [TosroMy 3asada, HA CAMOM J€JI€, OY9CHb HPOCTO

[IOJIy9IaeM, 9TO CTOPOHA Kyba

dopmyaupyerca. [locrpours Kopenb KyOuueckuii us IByX.

Cpoesiarh 9TO MUPKyJIeM U JIMHEHKO#W HeBo3Mmoxuo. [lo Tem ke co-
obpaxenusiM, 1109eMy HeJIb3d npousBectu Tpuceknuio yria. (Kax nu
CTpAHHO, YHCJI0 V2 NUPKYyJIeM H JAHEHAKOH mocTpouts MOxHO! Yra-
naiire, kak?). Jler cro Hasa emé Tak MaJio ObLIO U3BECTHO O YUCJIAX,
9TO MATEMATHKH HE WMEJU OTBETa Ha CAMbIE OYEBHUIHBLIE BOIIPOCHI:

HallpUMEP, UPPALUMOHAJIBHO JIA YUCJIO \/ﬁ\/g?* [Tpuxonumocy 4ayThb Jin
HE 10 OT/IEJIbHOCTH [1epeduparh TakKue YucJja U pasduparbCcs C HUMH.

Ho cambiM TpymHbIM 0Ka3aJI0Ch YHUCJIO T, IOTOMY 9YTO JI0 KOHIA
JIEBATHAIIIATOIO BEKa He ObLJIO MOHATHO, KAK OHO YCTPOEHO.

4. Y derBeproif Besukoil pobsiembl, KOTOpad ObLiIa OCTABJIEHA
JIpeBHMMM, OCOOEHHO MHTepecHad cyipba. Kakxue npasusvHole MHO20-
YONbHUKY cmpoamcs yupkysem u aunelrxot? 11po Hee mMbr TOBOpMIIH
Ha IPEIblIyIuX JIEKIUAX U ceiidac ele HEMHOro moroBopum. [lpes-
HUE yMEJIM CTPOUTDH IIPABUJIbHBIE TPEYT'OJIbHUKY, YETbIPEXYTOJIbHUKH,
OATAYTOJBHUKY, MECTUYTOJbHUKA W WX IIPOW3BOmHBIE». Hampumep,
AEeCATUYTOJIbHUK WJIN NABECHAIIATUYTOJIbHUK. A BOT CEMHAAUATUYTOJIb-
HuK He ymesu. Ero mocrpowst B 1796 rony 19-sernuii (obparure BHEMA-

*To, 9TO ITOT BOIPOC «OUYEBUIHBIII», KOHETHO, sIBJIAETCA UIYTKOW. Bompoc aror
(B csierka yCJIOXKHEHHOM BHUJIE) COCTABJIAET ONHY W3 23-X 3HAMEHWTHIX MpOOJIeM
Tuibbepra, chopmysmpoBanubix um B 1900 rogy. Orser: 910 4UCII0 ABJIAETCA UP-
PaIrOHAJIBHBIM.
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nue!) Kapa @punpux Caycce. IIpouenypa mocrarouno ciaoxnasa. He Oy-
Iy CKpbIBaTh. HEKOTOpPBI CeKpeT COCTOUT B TOM, ITO MOCTPOCHUE He-
JIb3d IPpUAYyMaTh, HE 3HAA, YTO TAKO€ KOMILJICKCHbIC 11CJIa. KOMHJIeKC-
HbIE YMCJIA — ITO TAKAA BOJIEOHAA MMAJIOYKa. Y MAMAHOB ecThb OyO6-
HbI, & Y MaT€MAaTUKOB — KOMILJIEKCHbIC YUCJIA. STO TaKad 4YucCJjioBad
CTPYKTypa, KOTOpasd MOMOTAET HA ypa PeIlaTh 3aJIa9M, KaXkKyIIUecs
HepeuraeMbIMU. Hy, opu 9eM 34eCb KOMIIJICKCHbIE YUCJIa, KOTJa MbI I'O-
BOPHM O ceMHImATHyroabanke? Tem He MeHee, CeMHAIIATAY TOJIbHIK
CTPOUTCA TOJIBKO C IPUMEHECHUEM KOMIIJICKCHBIX 1UCEJI. Faycc, KpomMme
TOTO, BBIABUJT KPUTEPHUI BOBMOKHOCTH MMOCTPOEHU HEKOTOPOTO KJTACCa,
[IPaBUJIBHBIX MHOTOYTOJbHUKOB. OKa3bIBAETCA, CTPOATCA TOJIBKO Ta-
KU€e [PABUJIbHBIE P-YTOJLHUKK (D€ P — HPOCTOe YUCJI0, TO €CTh Jie-
JIATCS TOJIBKO HA EOUHHUILY W HA cebs1), NI KOTOPBIX «P» MOXKeT OBbIThH
3aI1CAHO B BHE

22" 11 (tue k=0,1,2,3,...).

Hampuwmep, npocmoe aucsao 17 orBedaer 3Toit dopmysie, eciii B3ATb
k= 2.

B sakJmiogenue 1amMm BaM IpOCTyIO 33J1a9y. JloKaxXuTe, 9T0 eCJii eCTh
HEKOTOPOE MPOCTOE YMCJIO P W MPOCTOE UUCJIO ¢, ¥ MOXKHO ITOCTPOUTH
P-YTOJIBHUK M (¢-yTOJBHUK, TO MOXHO ITIOCTPOUTH U PG-yTOJIbHUK.

TpeTuii CroxxeT, KOTOPBIA MBI PACCMOTPHM: Nocmpoerue 00Hoti au-
netixoti. Lupkynb ormensiercda. Ecrh ToJIbKO JinHElHKa. 311eCh BCE emg
Becesiee. Kaszasioch Obl, C JIMHEKO MHOIOro He [MOCTUTHENIL: OHA, MO-
XKeT JIMIIb COEIMHATH JBE yXe JlaHHble TOukM npamoi! A Bemp ects
nebe3bpIHTEepECHBIE 33a49K. Hamprmep: Ha IJIOCKOCTH HaHA HEPABHO-
bounasa Tpaneumsa. C HOMOIIBIO OJHONA JIMHEHAKU Pa3/e/dTh IIOL0JIaM
BepxXHee 1 HIKHee OCHOBAHME 9TOi Tpamenuu. 31eCh, KaKeTCsd, COBCEM
HE 33 9TO yxBaruThCs. Hy, npoBeném jiBe quaroHaJjiy B 3TOi Tpamenuu.
Hy, npomosnknm 60KOBBIE CTOPOHBI TpaIlenuu 0 mnepecedenus. Ilosry-
qmMIM JIBe HOBBIX TOYKU. Hy, coequuum ux Toxe. A jjasbiie — 9107

OkasbiBaercsd, Doibiie Hudero. [locaennsasa U3 HOCTPOEHHbIX LPs-
MbBIX aKKypaTHO OeJUT 00a OCHOBAHHs IOMOJIaM. la TOJBKO KakK 3TO
[OKA3aTh !
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Hokaxem 310 «meronom ekapra. Pazmectum a1y Tpamnenuio B n0-
CTaTOYHO yIOOHOH cucTeMe KoOopamHAT Ha IIocKocTu (puc. 113).
14
12

10

0 2 4 6 8 10 12

Puc. 113. [Ina pemenns: 3a0a9u MTPOBEOEHBI & OUEBUIHBIX MPAMBIX, TTOCIEI-
HsIsl U3 KOTOPbIX (IlyHKTUPHAs) KAK Pa3 U pas3aesint 006a OCHOBAHUSL OIIOJIAM.

Kak cienyer monmmarh BbIpaxkenne «ymobmas cucremas?! Hy, ma-
[pUMeP, TaKad: BECb OOBEKT [IEJUKOM JIEXKUT B IIEPBOM YeTBEPTH, KAK
MOZKHO 60ﬂbHIe BEPUIMH JIE2KaT Ha OCHU UKCOB, a OJHA U3 HUX ABJIACTCA
toukoit (0,0). Cam 00bEeKT 3a1aH IIPY HTOM HECKOJIbKMMU [1APAMeTPa-
MM, Yepe3 KOTOPbIE JIETKO BBIPA3UTD PA3JIMIHbIE YACTU 00HEKTA, & TAK-
)K€ MOXHO OTPA3WTh HEKOTOPbIE OCOOEHHOCTH PACIOJIOKEHUS dacTeit
00beKTa.

B Hamem CJrydae y,ILO6HO HV2KHUM OCHOBAHUEM CIUTATH TO, KOTOPOE
numHHee (2 paBHBIME OHU OBITH HE MOTYyT — MOXyMaiite, modemy?).
st mpumepa, CKOC Tpalleluy HAIIPABAM BHYTPb [IE€PBOi YeTBEpPTH.
BokoBbie cTOpoHBI HE MOTYT OBITH MapaJiIesbHbIME (HoYeMy?). 3amarh
BepUIMHBI Tpanenuu (T0 eCTh 4 TOUYKU) MOKHO YeThbIPbMSA IIapaMeTpPa-
Mu (x0T BCcero KoopauHar Oymer 8). Itu mapamerpsl 0603HATUM a, b,
¢, d. A uMeHHO: @ — CMelnleHue JIeBOW BepxHel BEPUIMHBI BIIPABO; b —
CMeEIleHUEe IPABOYA BepXHe# BepIIMHBbI OTHOCATEJBHO JIEBOH; ¢ — pac-
CTOsdHUE MPABOY HIKHEN BEPUIMHBI OTHOCUTEILHO HAYAJIA KOODIUHAT;
d — BBICOTA TPAIEIWH.
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Kax cisiemyer usz puc. 113, i nosicHeHUsi XO[Ia PEHIEHUT B3ATO
a =95,b=3, ¢c=10, d = 4. Mbl gokaxxem KOpPEKTHOCTb HAIIErO
HOCTPOECHUA MMEHHO B 9TOM CJly4dac. MO}KHO IpoOBECTU PACCYXKICHUA 1N
B GoJiee obIeM Bue, MOJIb3ysICh OyKBeHHbIMEU Obo3Hadennsamu. Hame-
TUM IIJIaH PACCyXKI€HUA.

O6osnagas touky (0,0) 6yksoit O, a mpoume BepuMHbI OyKBaMu S,
N, M (uporuB 4acoBoil CTpeskm), HA30BEM NOKA €ulé HEM3BECTHYIO
TOUKY TepecedeHnsi Iuaronaseir OykBoi L, a Oymymuiyo TOUKy mepece-
YeHMsi NpoIoJKeHuni 60KkoBbIX cTOpoH — OykBoit K (cm. puc. 113).

Torma moxmno mHamucarb koopmmuarsl Bepmui: O(0,0), S(10,0),
N(8,4), M(5,4).

Jlerko nouATh, 4T0 ypaBHenue npamoir OM wumeer Bup y = z

5
a upamoit ON — Bug y = % Ypasuenns xe upaMmbeix SN, M S MoxHO
moJiyunuTh 10 (POpMyJie «ypPaBHEHUE HPAMOH 10 JIBYyM TOYKAM», YTO
OpH aKKypaTHOM HcIoJiHeHnd (mposepbre!) mact:

SN :y+2x=20; MS:4z+ 5y = 40. (6)

Pemaa ogmoBpemenno nBa ypaBHeHud, 3ajatoniue npambie ON u
M S, nojtyvaeM KOOPAMHATHI TOYKHU IIE€PECEeYEHust TuaroHasei, To ecTb

80 40

Touku L : | 5,5

(13’ 13

Henuit, 3agaonux upsambie OM u NS gact HaM KOOPIAMHATHI TOYKHU

i (30, 40)

\rrv)

Tenepp BCE roTOBO /151 HAXOXK AEHUS yPABHEHUA UCKOMON «IITPUXO-

BaHHOI nipamoii» K L. ITosmyvaerca ypasuenue 8x — 3y = 40, koTopad

pu noacranoBke y = 4 u y = 0 gact abCIuUcChl MOCTPOEHHBIX TOYEK.

Onu okaxyrca paBHbIMU 6.0 # 5, COOTBETCTBEHHO, U PA3LEIAT 00a

), B TO BpeMs KaK OJHOBPEMEHHOe pelleHue ypas-

OCHOBAHWHA HAIEH Tpanernuu akKKypar nomoJam!

Paszobpannas BbIIEe 3a7ada KOTMIA-TO [ABAJIACH HA UIKOJIBHBIX
OJIMMITAAJIAX ITPUMEPHO i 7 KJacca. Ho korma «mmporue mMacchbl
aOUTYypPHEHTOB W PENETUTOPOB®» MO3HAKOMUJIUCH C METONOM €€ pellre-
HUsI, KTO-TO JIOIyMAJICH, KAK €€ «CJIeTKa U3MEHUTD» U JaTh myig 10-ro
KJIACCA.

3adava. Hana nepaBHobouHasa Tpamnenuda. C MOMOUIHIO OHOR Jim-
HEWKU Pa3Ie/InTh HUXKHEE OCHOBaHUE HA 41 paBHYIO 4aCTh.
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Pemenwve sToit 3ama4um TeCHO onupaeTca HA PEUIeHUEe IPebILy niei
¥ BIIOJIHE MOXeT ObITh HalMIEeHO IKOJIbHUKOM 7 KJjacca. lemum oba
OCHOBAHUA TIOII0JIAM, 3aTEM TEM XK€ MEeTOAOM — Ha 4 paBHbIE YACTU.
A morom ma 8 paBHBIX YacTel, W T.II., TOKa He MOJydInM 64 paBHBIX
yacTu (M HA BEPXHEM, U HA HUXKHEM OCHOBaHum). [locsie vero mesa-
€M 3aMevaTeJIbHbII TPIOK: HA BEPXHEM OCHOBAHWM OTCUYUTHLIBAEM POBHO
41 gwacrb u3 64-x, u nposonum Jmuaeiikoir HOBY KO BOKOBYIO JIU-
HUIXO. Ilosyuumacy HOBadA Tpalelusd, y KOTOpOil BepxHee OCHOBAHWE
AKKyparHo pasjieseHo Ha 41 paBayo dactsb. CoequHsieM TOUKH JieJie-
HUAA BEPXHErO0 OCHOBAHUA C TOYKOH mepecedenusa OOKOBBIX CTOPOH HO-
Boii Tpamenuu. [losyaurca 40 npaMbIxX JIMHUHA, TPOHOJIKEHUT KOTOPBIX
aKKyparHo nesar xa 41 paBHyIO 9aCTbh HUXKHEE OCHOBAHWUE.

Bunure, xkakue BOJI4bU AMBI HAM IOTOBAT Ha osimMmnuagax. Ho mue
JIocraJiach emg xyamad. B meit maxke me ObLJIO TO4YEK, depe3 KOTOPbIE
MOXKHO IpoBecTu mnpsambie. lIpavbie Ha0 OBLIO TPOBOMUTL HAOOYM,
HO OTBET IIPU 3TOM HOJIyYATh HE KHA0OYMHBII», & BIOJIHE KOHKPETHBIN.

Pacckaxy 1po 3Ty odenb KpacuByio 3a71a4dy. f mosryans ee Ha 9K3a-
MEHE 110 TeOMETPUM B OIMHHAIIATOM KJiacce mKoJibl Ne 57. Moit yuau-
TEJIb JIaJI MHE 33JIa9y: HUPUCOBAHA OKDYHCHOCTIL U 0AHG TROYKG GHE
okpyarcrocmu (puc. 114).

Puc. 114. Benu npsimble «Tyia, HE 3HAIO Ky/Ia» U IOCTPOI KAaCATEIbHYIO.

Hocmpoumdv ¢ nomowvro AUHETKU KACAMEALHYIO K OKPYIHCHOCTIU,
npoxodauwyro wepes dannyto mowky. JaJiblie ciiydusoch CJieyomee:
s HAPUCOBAJI, KaK 9TO JIeJIarh, HO, IO HEKOTOPOW IMpUYIMHE, JI0KA3AThH
e cmor. (O mpuumbe s BaM CKaxKy MO3XKe, 5TO OyIeT HAeTeKTUBHAA
ucropus). ¢ nosyvaro 3a sk3amen tpu Oasuia, a yduTesb ajareOpbl
rosopurt: «Her, HaBeproe, y CaBBareeBa ObLJIO TOMpadeHue. . . maBaiire
TeTHIPE MMOCTABUM.

IaBaiite mocMoTpuMm.

198



Iana JmHelKka, OKPYyKHOCTh 1 TOYKa. d10 nesiarb? MoxHO npoBe-
CTH MHOTO IIPSAMBIX. £l IPOBEJ TPH HPsIMbIE «IIOYTH HAOOYM, ITOJTY TUIT
HIECTh TOYEK HA OKPYXKHOCTU. 3ATEM UX HAKPECT COSIMHUIL U Oy IUJI
eme nBe Toukm (puc. 115).

Puc. 115. I Ty menst o3apuJiol..

HaJibuie st CoequuusI 3TV TOYKW, U MHE KBHYTPEHHUI IoJI0C» 1O/I-
CKAa3bIBAET, YTO TOYKHU, KOTOPbIE MOy IMJIUCH HA OKPYKHOCTH, KaK pas3
n eCTb TOYKU KaCaHUu4d.

la, — roBopuT MHE PK3aMEHATOp, — TO HpPaBUJIbHAA KOHCTPYK-
must. J[okaxu. Jlokaxu, 970 9TO — TOYKU KACAHUS.

Yro Takoe Kacamme B TepMuHax reomerpum! Kacamme mpamoii
M OKPY2KHOCTU B TE€PMUHAX HIKOJIbHOA I'eOMETPUM 03HA4YAET, 4YTO Ipd-
mas U (II0JIHAs) OKPYKHOCTb II€PECeKaloTcss B 0nHO# Touke. meror
onuy obiryio touky. Kak xe 910 moxuo nokaszars? Ceityac a Bam 1o-
KaXxy Takoe JI0Ka3aTeJIbCTBO, YTO y BAC OT HEro HOWMLYT 1O KOXKEe MYy-
pamku. Ho, Bo-1iepBbIX, HA 9K3aMEHE 4 €ro He J1aJI; & BO-BTOPBIX, HAJIO
Cl1eJ1aTh npeaBapuTe/IbHble NOACHEHUA, YTO TAKOE KIIPOCKTUBHBIE IIPe-
obpaszoBanus» (He Bxomamme B 061meobpasoBaTeIbHbI KypC OOBITHOM
cpenneit mkouibt). Hy u, kcraru, 910 ke 060cHOBaHME MOXKHO ObLIO Ci1e-
J1aTh OOBIIHBIM «MeTofoM [lekapra» (TO ecTh, pACCMOTPEB HEKOTOPYIO
cucTemMy IPAMOYTOJIbHBIX Koopauuar). [Ipasma, npu 3moM oCTaHeTcs
«3a KOpPMO#i» UCTUHHAA KPACOTa PEIIeHus STOi 33/1a4u.

Bpeska 10. IIpoekTuBHas reoMeTpus — HOBBIH MHUP Mare-
MaTHUKH

YTo TakKoe «IPOEKIUA», 3HAIOT MHOTUE. DTO — TEHb, KOTOpasd OT-
OpachiBaeTCd HA IJIOCKOCTDH IMPEIMETOM, OCBEIIAEMbIM TOYEIHBIM WC-
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TOYHUKOM CBETa — JIMOO HAXONANMMCH HEJAJIEKO (M TOrma JIydu CBe-
Ta, UCXOMAIINE U3 HETO, PACXOIATCH ), JIUOO JIeXKAAM Ha HECKOHETHOM
paccrosnuu (TOrna Jiyum CBeTa mapaJiiesibubl). [Ipumep misa nepsoro
cjiydad — CBeT HeDOJIbUION HACTOJIBbHOM JlaMiibl. [lyig BToporo — cosi-
Heunbli cBer. OJIHAKO TEHb OT HEIPO3PAYHOrO MPEIMETa MOXET HpU-
BecTu K 3abiryxkpaenuio. Hampumep, MOXKHO M3rOTOBUTH TAKOW IIPE-
MeT, OT KOTOPOr0 TeHb, OTOpachiBaeMas BIIOJIb ocu X, umeer Hopmy
KBaJpaTa, BIOJIb ocu Y — GOpMy Kpyra, a BIOJIb OCH 4 — PaBHO-
OepeHHoro TpeyroibHuKa. ATo0bl M3rOoTOBUTH TAKOH! MpeimMer, BO3b-
MUTE IePEBAHHBIA TUINHID (C BBICOTOU, PABHOU AWAMETDPY) U AKKY-
paTHO CTENmIUTe TOIMOPOM C JBYX CTOPOH JI€PEeBO TaK, YTOOBI CHU3Y
ocTaJiCd KPyI, & CBEpPXy OH upeBparmJcd Obl B OTPE30K, 10 HJIMHE
paBHBII nuaMeTpy Kpyra. [losTomMy mpm mpakTHIeCcKOM TpUMeHEHHHN
[IPOEKTUBHOW reoMeTpuu BO3HHUKAET MpobJieMa, KAK PUCOBATH IIyHK-
TUPHBIE JIMHUU, YTOOBI JIydlle MOHATH CTPYKTYPY HU3ydaeMOro IIpPe-
METa U B TO XK€ BPEMdA HE CUJIBHO 3aIPOMO3/IUTDH YEPTEXK HTUMHU JIMHU-
AMU.

Korma maremarvkum monbiTajnch marb cebe Oosiee gCHOe mpencra-
BJIEHHE O TOM, YTO YK€ TAKOE E€CTh IPOEKIUA», OHU yKACHYJIUCH.
Oka3a/10Chb, 9TO TEHBID OKPYXKHOCTU MOXKET IOJIyYUThd HE OKPYXK-
HOCTb, & JUIMNC (KCIUIIOIEHHAA OKPYXKHOCTb») U JAXKe MPOCTO OTpPe-
30K. U mummHa 3TOro orpeska MoxeT ObITh OOJIbIIE JUaMeTpa OKPYK-
nocru. Ho 910 6bum emié Tosibko uperodku. OKas3asioch, 4T0 HPOEKIu-
eil aJUIUICA MOXET OKAa3arbCd... DeCKOHeuYHasd KpHUBAad, HA3bIBaeMasd
«BeTBb runepbosibry. Takum 00pas3om, moHaTue MpoeKmun Hem3Oex Ho
BKJIIOYAJIO B cebs Oeckonewno ydanénnoie mowky (M OHE CIIOKOHHO MO-
IJIM NePexoauTh B 0ObIMHBbIE TOUKH, 1 Ha0bopor). Ho Torma Bo3uuk BO-
IIPOC — B KAKOM XK€ «MHUPE» Mbl U3y9aeM ITPOEKTUBHYIO I€OMETPHIO:
Ha, OpAMO#, Ha MJI0CKOCTH, B npocrpancrse? OTBer: HE Ha NPAMON,
a Ha npoexmueHot npamold. OHa nosydaercd u3 0ObIYHOR NpAMON [10-
GasJieHueM OJHOM HOBOM TOUKM: Oeckoneuno ymanénnoit. Kasasocs Obr,
oT »TOro [o0aBJIEHWHA HpsAMas 0Ka3aJiach «ele bojiee DECKOHEIHO»
(Bemp ona 6blia Geckoneunoit u 6e3 mobasienus HOBOM Toukm). Ho,
KaK BBISCHUJIM TOIOJIOTH, [TOJIyYE€HHBIH OO0bEKT 1O CBOMM CBOWCTBAM
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COBHAJAET C OOBIYHOW OKPYXRHOCTHIO. A Benb €€ Mbl HE cumTaeMm Oec-
KOHEYHOM!

Bropoii Bonpoc: a xak tenepp ObiTh C 1wiockocthio? OTBET: ne
C IJIOCKOCTBIO, & C NpoexkmusHol naockocmoro. OHA 1OJIydaercd
73 OOBITHOM IIJIOCKOCTH «IIOAKJIEMBAHUEM» K Hell «O0ECKOHEYHO yIAIEH-
HOI IPAMOI», COCTABJIEHHOW U3 PA3JIUIHBIX OECKOHEYHO yIAJEHHBIX
touek. Tak ona, HaBepHoe, beckoneunas! Her, ne 6eckoneunas. Ho
o4YeHb HeOObIYHAsA. ['yJIds 110 IPOEKTUBHON IIJIOCKOCTH, MOXHO COBEp-
IIEHHO HEe3aMeTHO IePedTu C OJHOR CTOPOHBI IJIOCKOCTHA HaA OPYTYIO.
Tounee rosopa, Ha Heilt HET «oma0ii» 1 «/Ipyroit CTOPOHBI» — CTOPOHA,
y Heé ToJIbKO onHa. [lomymaiite Hat 9tum! [lomycrum, rysistjmm mo 9Toi
IJIOCKOCTH [IBa COBEPIIEHHO OMMHAKOBBIX OJim3Hera: Alexey Savvateev
u Astekceii CaBBareeB. KT0-10 U3 HUX OCTAJICH CTOATH HA, MECTE, & JIPY-
roifi TemM BpeMeHeM OBICTPO MPOOEKAJICA IO MPOEKTHUBHON MJIOCKOCTH
7 OKa3aJICd C JIPYyro#l CTOPOHBI — KAaK Pa3 MOJ IEPBBLIM U3 OJIM3HEOB.
[Ipencrasssiere, KaK OHU KECTOKO IOCIIOPUJIA — KTO U3 HUX CTOHUT
HOpMaJIbHO, & K10 — BHU3 roJioBoit? [IOJICKA3KA. Pas onu xusyr
Ha 9TOM IJIOCKOCTH, TO UX POCT (KaK M TOJINIMHA IJIOCKOCTH) DABEH
0 cMm.

Hacuer npoexmusnozo npocmpancmea. Bbl yxKe moragamch, ITO
IJI €r0 NOJIyYeHUsi HAJA0 K OOBITHOMY IIPOCTPAHCTBY <IIOJIKJIEATH®
GECKOHETHO YIAJIEHHYIO IJIOCKOCTD, COCTOAILYI0 M3 OECKOHEIHO yha-
JIEHHBIX TOYEK. BO BCex Ciiydasx Hpu OPOEKTUBHOM IpeobpasoBaHuu
BHOBbD [100aBJIEHHBIE TOYKH MOTYT CIIOKOWHO IIEPEXOIUTh B CTaphIe TOI-
K¥, 1 Ha000poT. OHU HUKAK HE OTJIMYAIOTCA OPYr OT Apyra. Ber cka-
xkere: «Takoro He moxer ObITh, IIOTOMY YTO HE MOXKET ObITh HUKOIIIA/!
Kak xe MOXHO ofgHy mepenyTars ¢ apyroii? Benp mpexnne Toukn ObI-
au OJIM3KUM K HAM, a 9Ta CBA3aHA ¢ OECKOHEIHOCTHIO, TO €CTh OYEHb
HaJIeKasd».

Tax Bor. B mpoektuBHO#l reomerpum HET takux momarwmii, Kak
«byuskwmit» u «pasiekuity. K€ Boigymasm mjia apyrux meseit. Tak qro
BCE TOYKM (B LpE/esIax MOHATUI 91O HAYKM) OAMHAKOBBL. 3aT0 B HEil
€CTb CBOU BaKHBIC IIOHATHUA: IpAMAad, IIJIOCKOCTh, TOYKA, OBOWHOE OT-
HOIlIEHWE, I'APMOHMYECKOe OTHOLIeHue u MHOroe jpyroe. Hanpumep,
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ecrb Takoe noustue kak KOHUKA. Yo 910 3a 3Beps? I10 HE OnuH
3BEPb, & CPa3y TpU — B Halell OOBIYHON reOMEeTPUU OHU HA3BIBAJIUCD
«IILIAIICY, «Tunepbosia» u «mnapabosias. A B 910 reomerpuun onu HE-
PA3JIMYUMMBI.

U B 3ak/I0vU€HME MOJIE3HO COODIUTH BAXKHY0 MH(MOPMAIIWIO U BaXK-
HYIO TEOpemy.

Ungopmayus. 1lpu mpoeKTUBHOM OTOOPAKEHUU OIIHON HMPOEKTUB-
HOW IJIOCKOCTH HA, APYTYIO MPOEKTUBHYIO IJIOCKOCTH JIFOObIE TPU TOY-
KW, JIeXKaBIIue Ha OHOU MpaAMOi, npesBpardarca B Tpu Touku, TO2KE
Jiexxalue Ha OJIHOU IPAMOM.

Teopema. st mobbix 1Byx yeTBEPOK todek A, B, C, Du M, N,
P, @ (B kax0it u3 4eTBEPOK JIIOOBbIE TPU TOUKHM HE JIEXKAT HA OITHOH
PsAAMOM) CyIIECTBYeT POBHO OIHO IIPOEKTUBHOE HpeobpasoBanue f,

sz koroporo f(A) = M, f(B) =N, f(C) =P, f(D) = Q.

A renepr kaxk HAJIO 6110 penrars 3ty 3agady (1I0CTpouTh Kaca-
TEJIbHYIO W3 TOYKHU K OKPYKHOCTHU OIHOM JIMHEHKO#, cM. puc. 114).

IIpex e Bcero, Mbl BBIXOAUM W3 IIJIOCKOCTH B IPOCTPAHCTBO. BhiOu-
paeM Tam eué OJHy IJIOCKOCTb. f mpoenupyro Ha Heé MO0 KapTUHKY
(puc. 116) u3 nekoropoit touku A. [Tpuuem rtouka A m HOBasg 1J0C-
KOCTh PACIOJIOKEHBI TaK, 4T0 mpamas AQ # 3Ta MIOCKOCTH MapaJi-
siesibhbl. (O — 9TO TOYKA, B KOTOPOil IEPECEKAIOTCA TPU IIPOU3BOJIHLHO
[pOBEAEHHbIE MHOIO IPAMBIX, & TAKXKe KacaTesbHad, II0Ka eNlé MHOIO
HE [I0CTPOEHHA).

Mosa touka O yiimer ma 6€CKOHEYHOCTH, TAK KaK eii He HaWIETCA
mMecTa Ha HOBO# m1ockocTu (1 Toro mbl u 6paau AO mapaJienbHoi
HOBO#i IIJTOCKOCTH ), OKPYZKHOCTb [IPEBPATUTCS B 3JIJIAIIC, & BCE IPIMBIE,
npoxoausinue yepe3 1ouky O — B napaJiiesibabie npambie. Ix tog-
Ka IepeceveHnd yurjaa Ha OECKOHEYHOCTh, IPAMbIE HE IIePeCceKaloTCd,
a 3HauuT, B reomerpuu EBkinna, onn mapaJsiensast. (Mue, KOHeuHO,
HE MOIJIM JATh 3Ty 334349y Ha IKOJIbHOM 3K3aMeHe B PAMKAX HEEBK.AU-
dosoti reomerpun).

A Tenepn cMoTpuTe, KaK Bce mpocTo. Hamra oKpyKHOCTH C TPAMBI-
MU 1epenia B cienyionlyo Koucrpykuuio (puc. 117). Ha neit myqok
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Puc. 116. Ucxonnast KADTUHKA C TUIIOTETUYECKUM IIOCTPOEHUEM KACATEIbHOM
PAaCIIoJIOKEeHa, B «JI€BOIT» MJI0CKOCTH. Touka mepecedenns BCEX MPAMBIX Ha
ueit obosuadena 3a «O». Touka A emg sesee. [Ipamas AO napasuiesbHa
MIPaBOil MJTIOCKOCTH, U B HEil MBI BUAUM Ty CAMYI0 KAQPTUHKY, KOTOpPas BCE U

00'bsICHSET.

yl AN

N

<)

Puyc. 117. Ha HOBOII MJIOCKOCTH KapTUHA MPOSACHsAETCsA. Bee maTh NpsaMbIX Te-

LIepb EePECeKaIOTCs B 6ECKOHEUHO YA 8HHOM TOYKe (T0 eCrb, O-IIKOJIbHOMY,
He nepecekatorcs). OKPYKHOCTD IpPeBpaTuach B 3/unc (a Morjia Obl npe-
BPATUTHCS 1 B napabosly; HO HAM 3T0ro He HyzKHO). TOYKM KacaHust HAXOMAT-
cd B caMoii BepxHeil m B caMoil HKHell Touke 3sumnca. « Kpecter» Ha 3TOM
PUCYHKE CTaJjld CUMMETPUYHBIMU, I109TOMY fACHO, YTO UX LEHTPaJibHble TOY-
KU, 8 TAKXKE TOYKN KACAHUS, JIEZKAT HA OMHON mpsMoii. 3HAYUT, 1 mpoodpas3bl
HTUX TOYEK JIKAJIM HA OJHOU HPSMOR. DTO U ecTb 0DOCHOBAHUE TOTO METOIA
pelreHnsa, KOTOPBIA A UCIOJIb30BAJI B 3TOI 3a1a4e.
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[MapaJIJIeJIbHBIX IIPAMbBIX CEIET 3J1uIiC. T pedyercs nocTpouThb MpaMy o
TOTO XK€ IydKa, KacareJapHyo K symncy. Ouesumno (1 nompobuo o6-
OCHOBAHO B NOACHEHUM K PUCYHKY ), UTO IOCTPOEHUE, AHAJIOTUTHOE CJ1e-
JIAHHOMY MHOMU, pelaeT JTAHHYIO 331a9y.

Ho cBoiicTrBO KacaHusi COXpaHsA€ICs UPU LIPOEKTUPOBAHUM, — Pa3
OpsAMAasd C 3JIJIMICOM HMEET OIHY TOUKY IepecedeHusl, 3HAIUT, Ha, IPO-
obpase (TO ecTb, HA MCXOMHON IJIOCKOCTH) TOXKE JIOJIKHA ObITh OHA
obmiasg touka. CiemoBaresibHO, 9TO TOYKA Kacamms. Teopema moKa-
3aHa.

Hamo rosibko BeiiiTu B mpocrpanctso. I[Ipoekrupyere, npespaiaere
B [MapaJIJIEJIbHbBIA [TOTOK, U BCE OYEBUIIHO.

[Touemy xe s HE TpuUyMaJI B IIKOJIE TAKOE IpocToe pemenue? esio
B TOM, YTO B OJMHHA/IIATOM KJacce, B KOTOPOM HU3Yy4aJIUuCh IIPOEKTUB-
Hble 1peobpas3oBanud (a 9T0 — NPOEKTUBHOE MPeodpa30BaHME), HALIA,
YUIUTEJHHUIA TUTEpATYpbl 30s AnekcannpoBaa BiroMuHa penruia Ha-
Oparb rymaHuTapHbiil Kjacc. Uem OoTiMm9aercs ryMaHUTAPHBIA KJIaccC
oT Maremarmdeckoro kjacca? KoHedHo ke, KOJIMYECTBOM JEBYUIEK.
[TousTHO, 9TO BCA MaTEMATUKA, [AJI OQUHHAIIATOrO KJIAcca ObLia OT-
MeHeHa sABOYHBIM mopsamrom! Bce Geram K ryMaHUTapHOMY KJIACCY,

1100oJITarh. £ BCIO HPOEKTUBHYIO I'€OMETPUIO IIPOLYJIII.
* ok ok

llaBaiiTe HEMHOXKO pas3baBUM IPOEKTUBHYIO reomerpuio. B mare-
MAaTUKE €CTbhb HEKOTOPOE€ KOJIMYCCTBO HEOXKMUJAHHO ITPUKOJIbHBIX 3aﬂ,a‘1!
Omnu npocro manator ¢ ueba. ¢ nmomuO ogHy 3a7a4y, KOTOPYIO MHE [1a-
JIM HA, OJIMMIIAAJE B CEIbMOM KJIACCEe. 3aa9a MPO yIeHUKA, KOTOPHIT
cbexaJi C ypoKa U IJIABaeT B KPyrJjioM Oacceiine. Y4yuresb ero obua-
pyxwui B Oacceiine, mogxomuT K rpauuie dacceilna ¢ po3ramu B pPy-
Kax u roBoput: «41 rebe ceituac Bebiio. Ceilgac Thl TOJIBKO BBIAIEIIH
n3 bacceitna, u a tebe Bebo». A ydaenuk orBedaer: «Her, Bor xe
He yMmeere 1o 3emJie berarh ObicTpee mens. Ilo semsie s or Bac ybe-
ry>». — KOHe‘IHO, Thl OT ME€HA y6e}KI/IIHb, HO ThbI 2Xe€ r1e-TO JOJIZKEH BbI-
CaUTHCHA U3 BOJIbI HA, 3eMJIIO, paBujibHO? Bor TaM-10 g Te€bsd u cxBady
33 HMIMBOPOT U BBINOpIO posramu. — Hy na, ecoim Bol cmoxere mena
[IEpEeXBATUTh B MOMEHT, KOrya = Oy/1y Bblie3ars u3 dacceiina, 1o — na.
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4 Bbuiesy B takom mecre, riue Bac me Oyner. — Her, nudero y teba
He BbIineT. — Hert, BoIiizeT.

Ycaosus 3adauu caedyrowue: mo 3emsie ObicTpee Oeraer ydeHUK;
a IOKa OH B BOJIEe, €ro CKOPOCTh V B 4YeThIpe pasa MeHbIe CKOPOCTH
Gera yuuresia W, re. V = %

Bonpoc. Kto nmobemur? Crporoe pemnienue, KOTOPOE A HIPUILYyMaJI
Ha, OJIMMIOUAMIE, COCTOUT B ciienyomeMm. HaMm 1aHo, 970 CKOPOCTh yue-
HHUKA B BOJIE B 4YeThIPE pPa3a MEHbIIe CKOPOCTU yUUTesd Ha Oepery.
IlaBafite HapuCyeM OKPYXKHOCTb B YeThIpE Pa3a MEHBILIErO PaJInyca,
qem GacceiiH. Y4YeHUK 1O 9TOW OKPYKHOCTU ILJIBIBET POBHO C TAKOH xKe
YIJIOBOI CKOPOCTBIO, C KOTOPO# yumresb Oeraer no Gepery (puc. 118).

YUUTCIIb

YUEHHK

Puc. 118. Y4uresb UbIXTUT, yIEHUK ILJIBIBET HE TOPOIIACD.
Ecnu s emie 9yTb-4yTh yMEHbBILYy OKPYXHOCTb, YIJIOBasi CKOPOCTb
y4aenuka Oymer 60Jible yIJI0BOW CKOpPOCTH y4auTessi. Torma gepes He-

KOTOPOE BPEMS MOXKHO JODUTHCH TOrO, YTO yUMTEIb U yUYEHUK OyiLyT
HA [IPOTUBOLOJIOXKHbBIX CTOpoHax (puc. 119).

YUUTEIb

O

YUEHUK

Puc. 119. Bor rak u cnaccst yaeHuk. A ecyin 661 bacceitn ObIT KBAIpATHBINA?
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B »ror-ro mMoment yuyenwk u psBaner kK Oepery. Emy namo mpo-

3

IUTBITh < pajuyca, a yYUTesio Ipobexarb 7 MeTPOB. 3arpadeHHoe

4
0,75 0,75 E

HaA 9TO BpeMdA PaBHO =4. JJISl YYEHUKa U
W Y W

Ho 4-0,75 = 3 < . 3Ha4uT, y9eHuK Cracércs.

IJIA yIUTeJ1d.

Kak, kcraru, MoxHO m0Ka3arTh, yro m > 37 Ecim a mokaxy, 3Ha-
qUT, yIEHUK MOXKeT yoexarb. UTo takoe «mu»? ITo JJIMHA [TOJIOBUHBI
OKPYXKHOCTHU €IUHUIHOIO pauyca. Kak MOXHO 9Ty [JIMHY [OILY1aTh?!

Bout takoit gpeBuuit rpexk Esksmmg. O chopmysimpoBast HECKOJIb-
KO IPUHIMIOB PaboThl ¢ reoMerpueil — 1uarb nocmyaamos (To ecrsb
OpaBUJ, CIPAaBEIJIMBOCTH KOTOPBIX O4YeBHIHA). BoT deTpipe w3 HEX:
1) Mexy aByMs JIIOOBIMU TOYKAMU MOXKHO OPOBECTU NPAMYTO, 2) JIIO-
Oyi0 IpAMYI0 MOXHO HEOTPDAHUYEHHO IIPOIOJIKATL B JIFOOYIO CTOPOHY,
3) u3 J11060it TOUKY JIIOOBIM PAJIMYCOM MOKHO HAPUCOBATH OKPYXKHOCTD,
4) Bce mpsAMBIe yIuIbl paBHbL. B (opmyauposke ymorpebisgercs CJIoBo
«pasenctBo». Hecmorpss HA TO, 9TO OHO TAK IPOCTO 3BYYHUT, ITO —
YPE3BLIYANHO CJIOKHAA MATEMATHIECKAS KOHIEIIIUSI.

IlepBoie mBammarb BoceMb TeopeM Kuuru EBkamma «Hawasia» Obr-
s chOpMyJIMPOBAHBL U JIOKA3aHbI TOJBKO C UCIOJIb30BAHUEM YEThI-
pex mocrysiaroB. OH 4yBCTBOBAJI, YTO C MATHIM IIOCTYJIATOM YTO-TO
me Tak. Ceitaac s ero chopmMysmpyio: uepesd A00Y10 MOUKY, He AeHCA-
wWyro Hwa 0aHHot NPAMOT, MOAHCHO NPOBECTIU NPAMYIO, NAPALAACADHYIO
darnoti, u moavko odny. To ectp npsimyio, koropas He bymer nepece-
KaTh JAHHY. Y 3TOTO MOCTYyJIaTa IJINHHIOMAA WHTEpEeCHeUIIada nCTo-
pus.

Bepuemca x uucity m. OKpyKHOCTH — 9TO KpHUBas, COSHUHAIONAA
IBe TOUKU. Tak BOT, IO OIHOU W3 aKCHOM EBKJWIA, OTPE30K MpPAMOi,
KOTOPBI#l COeMHSAET JIBE TOYKHU, KOpOUe JiI000H KPUBOit, UX COEMUHATIO-
meit. PaccmorpuM BomcaHmbBIM mecTryrosbHUK. Kaxnaa cTopora mpa-
BUJILHOIO HIECTUYTOJIbHUKA PAaBHA, Paauycy, TO ectb 1 (puc. 120).

On naer HUXKHIOI OLEHKY [jid ducjia 7. ducso m Gosblie CyMMbl
TPeX CTOPOH HIECTUYTIOJIbHUKA. A 9T0 Kak pa3 Tpu. Tak 4r0 ydeHuk
TOYHO CHACETCA OT YUUTesd-IpecaeqoBaTesId.

Yr00bI TOYHEE OIEHUTH 3HAYEHUE T, [IOCTATOYHO IPUBECTHU B IIPH-
Mep KakKoi-uubyib mIpaBU/IbHBI BIMCAHHBIA MHOTOYTOJIBHUAK, Y KOTO-
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Puc. 120. Ilouemy 7 60JIbIIE TPEX.

pOro CymMMma MmOJIOBUHBI CTOPOH euié 0oJibiie, HAIPUMED, IPABUJILHBIN
8-yrosibauk. Ceitvac mMbl Hainém cymmy ero 4-x cropon. Torma camo
9UCJIO T JOJRKHO ObITh enié 00JIbIle MOJIy YEHHOIO 3HAYEHU.

[IpaBunpHEBII 8-yroabHUK, BOWCAHHBIA B KPyr pammyca l, mMoxer
ObITh pa3buT HA 8 ONMHAKOBBIX PABHODEIPEHHDBIX TPEYTOJbHUKOB C €11~
HUYHBIMU OOKOBBIMU CTOpOHAMU u C yrjom 45° mexay aumu. OTCio-
13 JIETKO IMOACYUTATH, 9YTO CTOPOHA 3TOr0 8-yroJIbHUKA UMEET IIJIMHY
V2 — /2. 3rHaunr, cyMMa 9eThIpéx ero cTopoH pasHa A 3,0615. Cie-
J0BaTEJIbHO, TOYHOE 3Ha4YeHue m npesocxomut 3,0615.

A nyrs Toro, 9T00bBI OIEHUBATH YUCJIO T BCE TOYHEE U TOYHEE, HYKHO
«YBEJIMYUBATH YUCJIO CTOPOH 10 OECKOHETHOCTH.

Paccmorpum enie onma npumep beckonednocrtu. Bymem cymmupo-
Barh OOpaTHbIE KBAAPATHI HATYPAJIbHBIX UUCEJI:

1,1 1

1+ 1 + 9 + 25 + ...
DTa cyMMa KOHEYHAd [0 BeJuvrHe, HO OeCKOHEeYHAd [0 KOJIMIECTBY
cJjlaraeMbIX. (B oTJIM4Me OT CyMMbI 14 % + % + i +..., KOTOpad HeOorpa-

HWIEHHO BO3PACTAET II0 BeJIMUWHE IO Mepe YBeJWIeHUdA KOJUIECTBA
caaraempix). B npuHnmne u To, M Apyroe yTBEPKIAEHUS COBEPUIEHHO
HEOUeBUIIHBI, TAK KAaK MBI HE 3HA€M, KAaKUM IIPABUJIAM MOTINHAIOTCA
CYMMbI C HCOI'DAHUIEHHBIM KOJIMYCCTBOM CJlalra€MbIX. Cel‘/i‘{ac a JOKa-
XKy, 9TO CyMMa OOPATHBIX KBAJPATOB HATYPAJbHBIX UUCEJ HE MOXKET
IIPEBBINIATD YUCIIA K2

Paccmorpum kBazpar co croporoit 1. Ero miomanp Takxke paB-
na 1. Tenepp paccMOTpPUM KBaJIpar CO CTOPOHOM l, a IJIOIAJIHIO %
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(puc. 121). Tlnomanp caemyeniero KBaapara o CTOPOHO % paBHa, %

Ol

1
4

DNO[—

Puc. 121. I'eomeTprdecKnil CMBICIT HCXOTHOR CYyMMBI.

1
HaMm myXHO cjlaraemoe =, HO s BO3bMYy C 3alacoM. BmecTo KBa-

.1 .
Jipara co CTOPOHOR 3 PACCMOTPIO KBAIPAT CO CTOPOHOH . W, snaquwnr,

3

1 s
C IJIOWAMIBIO 7. [Touaruo, 4To ecju HOBadA cymMMa OyaeT KOHEIHOU, TO
¥ UCXOJ/IHAA TOXKE KOHEYHAd, IOTOMY 4YTO f YBEJUYUJ TPEThE CJIarae-

Moe.
L = = = — -
Yro a1 caeJiaro gaJibuie ! 16’ 25’ 36° 49 BCe 3aMCHIO Ha 16 Ot sT0

IO CyMMa, OIIATH YBEJIMIUTCA. A 9TO Takoe OmHa HiecTHaguarasa? ITo

.1
IJIOIA/Ib KBA/IPaTa, CO CTOPOHON 1 ITosnyuaem 4 xkBamparuka, TaKk Kak

1
MbI [OMEHFAJIM UETHIPE NPERKHUX CIATACMBIX HA UETBIPE Pasa MO e
(puc. 122).

1 1

1111

2| 4 4

i 1/16|l/16 l/l6|1/16
Puc. 122. Teomerpuveckuil cmbics1 yBesmdeHHOU cymmbl. Kak wusBectHO,
R e R At
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Curenyonye BOCEMb CJIAraeMbIX f 3aMEHIO Ha, . U onu 3zaiimyrt

elle OfiHy MOJIOCOYKY, BIBOE MEHbUIEH NIMPUHBI, qe1914npenbmymaﬂ.

Culenyiomue WECTHAAUATH CJIANAEMBIX — €IIe OHA [OJIOCOUYKA
u tak jgajee. Vitoroas cymMma BCs, IEIUKOM, OyIeT MEHbIIE, YeM ILII0-
WAAb ABYX M3HAYAJIbHBIX KBaAparos. IJoromy 4ro Kaxpas cJenyro-
as HOJIOCOYKA 110 IIMPHHE BIBOE MeHbIue npeasinymei. [Tosromy Bes
cymma He Gosibiie aByx (puc. 122).

Ho xotesock 661 y3HATD, IeMy OHA Ha CAMOM [ejie paBHa. He mocun-
taJs Jleonapy dityiep. Ouud U3 BejiM4afilinx MaTEMaTUKOB B UCTOPUK
qesioBedecTBa. OH BBIICHUJI, 9TO CyMMa ODPATHBIX KBApPATOB PABHA,
%2 ~ 1,6449. N nokaszaJ 310 ¢ nmomoinpio guddepeHnabHOr0 U WH-
TerpaJibHOro ucuucjieaud. uddepennuasibioe u uHTErpajJbHOE UC-
qUCIJIeHUs coBepuiatoT dymaeca. [loromy aro muddepennmaabaoe u wH-
TErpaJibHOE MCUYUCJIEHUA — DTO CHOCOD IMPOCTOr0 HEPENIATUBAHAA Ue-

pe3 6eckoneunoctb. Kak ycrpoeno moxasaresibctBo? [lpemmosioxum,

9TO CyMMa MEHbIIEe 7T_ Tor,ua OHO ME€HbIIC Ha HEKOTOPYIO BEJIMYINHY.

6

Ho sT0oro 66ITh HE MOXKET: MBI MOXKEM B3sITh MHOTO UJIEHOB 3TOR CyM-
MBI, 9TOOBI pas3sHUIA ObLIa MEHBIIE JIF0OOTO HAIEpe 3aaHHOTO IUCIIA,
B TOM 9YHCJIE U 9TOi Besmauubl. [Ipo 6eckonednyo cyMMy OOBITHO ITO-
Ka3bIBAIOT, 9TO OHA HE MOXKET OBITH O0JIbIIE KAKOTO-TO IUCJIIA, II0 OMHAM
coobpaxkenusiM, u MeHbie — 1o apyrum. Ha camom pgesie B j1okasa-
TeJIbCTBE UCIIOJIB3YIOTCSI HAMHOIO 60JIee CJIOXKHBIE COOOpaXKeHUs, CB-

3aHHbIE C MAaTEMAaTUYECKUM AQHAJIN30M, KOTOPbIE€ M IIOKA3bIBAIOT, 9YTO
2
9Ta CyMMa B TOIYHOCTH paBHa ﬂ——

6

Ipyraa norpgacaiomasg CTpaHUIA PA3BUTUA MATEMATUKU CBA3AHA
¢ mareiM noctysarom EBkimma. EBkiui chopmysimpoBas mdarh
noctysaroB. Ho MHOrme Teopembl OH H0Ka3aJi, HE UCIOJIb3Yd IIATOTO
rnocrysiara. V3-3a 3TOr0 reoMerpol CTaJiu IyMaTb, YTO UATHIA MOCTY-
JIaT Ha CAMOM JleJie He MOCTYJIAT, & TEOPEMA, U OH JOJKEH CJIEI0BaTh
3 npeabyrymux derbipex. C aHTUYIHBIX BPEMEH 10 CEPEIUHBI JIEBAT-
HA/IIATOr0 BEKA, YUYEHbIE IbITAJUCH 10Ka3aTh 970. CHaYaJ/a IbITAJIUCH
BBIBECTH DTOT IMOCTYJAT W3 JAPYTHUX, & IIOTOM IOULJIXA OT IIPOTUBHOIO:
ponycrum, 5-it nocrysaar HEBEPEH. Yro us sToro Oyuer ciaemnoBars?
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HekoTopbix y4€HbIX MHTEPECOBAJI BOIPOC: MOXKET ObITb, HAM TOJIBKO
KazKeTCd, 9TO Yepes3 JAHHYI0 TOUYKY MOXKHO IIPOBECTH TOJIBKO OJIHY IPs-
MyIO, HAPAJUIEJbHYIO0 JAHHON. A Ha CAMOM HeJie, €CJIM PALOM 4Yepes3
9Ty K€ TOYKY HAPUCOBATH €IlIe ONHY IPAMYIO (IOYTH HEOTIMIUMYIO
OT 1epBoii), OHa Toxke OyneT HapaJliesibHa JAHHON (TOJIBKO MBI 9TOr0O
He MOXKeM pasmianers) (puc. 123).

Puc. 123. Dror ngThiii IOCTYJIAT JAJ UM BCEM HPUKYPUTH!

BHa‘lI/IT, eCJIn TaK, TO HOJIZKHa 6bITb KaKad-TO HEIIPOTUBOPEYINBAA
reoMeTpus, B KOTOPOW MATHIA mocTyaar Oy/ieT 3aMeHeH Ha GAbMmepHa-
mueroili. Hanpumep, 9ro depes JTaHHYI0 TOYKY MOXHO HPOBECTH KAaK
MHUHUMYM [IB€ IIPAMbIE, HE MepeceKalouue ncxoquyo. Y BoT ydeHbie
HAYWMHAKOT ObITATHCA IIPUBECTU K JIOTUYECKOMY IIPDOTUBOPEYUIO TAKOE
npenmnosiox)enue. VI Kaxpiii u3 HuUX, OOHAPYXKUB KaKHe-TO HEOObIU-
HbIE CJIEJICTBUsI, TOBOPUT: Hy a 3TO yxKe mnoJjubiii abcypn. Hampuwmep,
[ATBIA OCTYJIAT 3KBUBAJIEHTEH YTBEDPKIEHUIO, YTO CyMMa, YIJIOB Tpe-
yrosibauka pasaa 180°. U, ecsoim narbiil mocrysiar HEBEPEH, TO B TAKOH
reoMeTpuun He CyneCTByeTr HU OJJHOI'O TPEYIrOJIbHUKA C CyMMOfI yriios,
pasuoit 180°. Hy, 9To ke abcypn! 3Haunt, — roBOpUJIn yIeHbIe, — BCE
J0Ka3aHo. HukTo He 3ameqalt, aro abCypi HACTY AT UCKJIIOIUTETbHO
M3-32 HEIPUBBIYHOCTH HTUX CJIEICTBUM, & HE KAK JIOTUIECKOe MPOTHU-
Bopeuue. Bosbmure chepy u nocmorpure, Kakas Oyner cymma, yrjioB
y Tpeyrosbuuka Ha cdepe. Ona scerna BOJIBIIE 180 rpaaycos. 9tor
IpUMeEpP HOKA3bIBAET, YTO JIOTMIECKUX [POTUBOPEYU B TaKOM (hakTe
HET.

Caenytommii mar paboTbl MATEMATUKOB ITPUBEJ K 9KBUBAJIEHTHO-
CTH UATOrO IOCTYJATa W YTBEPKIEHUd, UTO CYHIECTBYET xoms Ovi
dsa nodobrouir, Ho He paskuir dpye dpyey mpeyzoavhukrae. Oudarh xe,
Ha cdepe HeT TaKoro MOHATUA, KaK «nomobue duryp». Abcostor-
HO HETPUBHUAJIBHOE YTBEpPXKIEHWE IPO IOBEPXHOCTh HAIIEl IJIaHe-
toi. Hapucyem nBa TpeyrosibHMKA HA IJIAHETE, HAIPUMED, TPEyTrOJib-
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muk Mocksa-JTongon Upkyrck u rpeyrosbauk (Hpro-Iopx)—(JToc-
Anmxesnec)—(Puo-me-2Kaneiipo). Eciiu MbI moMepuM yIuIbl y 9THX IBYX
TPEYyTrOoJIbHUKOB U OOHAPYXKWMM, YTO OHA HOMAPHO PABHBI JIPYT IPYTY,
TO ¥ CAMU TPEYTOJIbHUKHU OKAXKYTCA PABHBIMHU, TO €CTh COBMENIAIONIH-
MUCH ABMXKEeHUEM C(hepbl — IOBOPOTOM, OTPAXKEHUEM UJIM UX KOMIIO3U-
nueit.* A Torma m COOTBETCTBYIONME CTOPOHBI y HUX OyyT paBHBIMH,
TO €CTb IOoIapHbIC PACCTOAHUA MEXK]Y IOpogaMu OKaAXKyYyTCA OAUHAKO-
BoiMu! (Pasymeercsa B npuBenEHHOME BBIIIE IPUMEDE 3TO HE TaK.)

Takum o6pasom, Ha chepe cupaseniius Ilpusnak paBeHCTBA Tpe-
YTOJIbHHKOB II0 TpéMm yriam. Ha cdepe, B 4aCTHOCTH Ha NOBEPX-
HOCTH 3eMiiu. DTO MOKHO J10Ka3arh coBepmenno crporo. ([louemy xe
JIIOIM, — JaXke Takme, Kak EBksjmm, — sToro me samedasu?! Iloro-
My, 49TO UX KM3HEHHbIN’ I‘eOMeTpI/I‘leCKI/Iﬁ OIIbIT OrpaHUYIMBAJICA Ha-
6J'[IO,IL6HI/IeM MaJIbIX y49aCTKOB IIOBEPXHOCTU BeMJII/I — Y OHU Ka3aJIUCb
mockumu). Ha cdepe Boobie muoro aynec. Hanpumep, miomans Tpe-
yroJsibHuka Ha cdepe pammyca | paBHa cymme yrjios (B paJMaHax) Mu-
myc 7. Bor takaga BOT Teopema. 9TO BCe 0YEHDb KPACUBBIE PE3YJIHTATHI
chepuueckoii reomerpun. To ecrb B «abbl-Kak 3aaHHOA reOMEeTpUn»
BCe IIPUBBIYHBIE HAM YTBEPXKIeHUA He 00A3aTesIbHO BEpHBI. Bblia pas-
paﬁoTaHa neJiad HayKa, O6'be,ILI/IHeHHbIMI/I yCniimaMu MHOI'MX YYE€HbIX
OBLIIO0 BBIBENEHO Jsaduyamsd yTBEPXKIEHNUH, 9KBUBAJIEHTHBIX IATOMY II0-
crysary. Ho Hukakoro npsamoro (JIOruueckoro) mpoTuBopednsi B €ro
orpunianuu He 6n110. B Havase nesarnasamnaroro Beka ['ayccy mamucast
[IMCbMO BeHrepckuii maremaruk fuowm Boiisgu. On nucasi, yro paspabo-
TaJI reOMeTpurIo 0e3 mATOro NOCTyJIaTa, HE BUIUT B HEW HUKAKUX IIPOTU-
BOpednii u cupanmBaJ, 9To emy mesarb. A [aycc otBerm, 9To 3HaeT,
9TO TaM HET HPOTUBOPEYUil, HO CKAa3aTh 9TOI0 BCJLYyX HEJIb3sl, IOTOMY
9TO «MBI PA3BOPOIIAM OCHHBIA yiieil, W HAC WCKYCAIOT OChI». A mo-
TOM BeJimKuii pycckuit maremaruk Hukostait sanosuu Jlobauesckuit,
pekTop Kaszanckoro yamsepcureTa, B 1829 romy mammcalr: «reoMeTrpud,
pazpaborannas MHOIO, HE TOJIBKO HE IIPOTUBOPEYMBA, & HA CAMOM JIe-
Jie Bce MMEHHO TakK ¥ IpoucxonuT Bo Beestennoii». Korma ayce ysnad,

*Ha caMoM jeJie MOXKHO IOKa3arb, 4T0 At060e npuxenue cdepbl apsigercd jubo
TOBOPOTOM, JIN0O OTPAKEHUEM.
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4yro Jlobauesckuil He n1060ssICA M OlYOJIMKOBAJI CBOM PE3YJIbTATbI, OH
cpasy npensoxuii Beibpars Hukonasa VBanoBuya B MHOCTPAHHBIE UJI€-
HBI TEPMAHCKOI aKaIEMAN HAYK U IEPECTAJI CKPBIBATH CBOM PA3padoT-
K1 B 9T0i obsractu. JlobaueBckuil mocTpons reoMeTpuio C OrPOMHBIM
KOJIMIECTBOM TeOpeM. B 1acTHOCTH, OIHA U3 TEOPEM [JIACHJIIA, 9TO CYM-
ma yrioB B JIKOBOM tpeyronbuuke memnbiie 180 rpamycos! On maxe
ObITAJICA MEPUTH YIJIbl MEXKJly 3BE3HaMu, ‘ITO6bI 10Ka3aTb, 94TO CyM-
Ma YIJIOB TPEYTOJIbHUKA XOTh 9yTh-4yTh, Ja MEHbIIIE CTa BOCHMUIECI-
TU rpaaycoB. B omHolt n3 COBpeMEHHBIX KOCMOJIOIMI BCE MMEHHO TaK
U yCTPOEHO (HO JJIsl IIPOBEPKH TOrO HAMIO [I€JIATh 3aMepbl HE B Mac-
mrabax 3emuid, a B ropasno Gosbmmx Macmrabax). Vrak, y so6oro
rpeyrosbHuka B reomerpuu Jlobauesckoro cymma yriios menbiie 180°.
W nnomagp TpeyroJbHUKA paBHA CTO BOCEMBIECAT I'PAYCOB MUHYC
cymma yioB. To ecrs chepuueckas reomerpusi, Kak Obl BbIILYKJIad,
a JlobaueBckoro — BoruyTtad. CoBpeMeHHAA TOHNOJIOIUS MHOIUM 004-
sana JlobaueBCKOMy, TOTOMY YTO OH OTKPbBLJI 3TOT «AUMK [lanmopsry.
Hodsedém umoz «NOYMHERUAD YEAOBEHECTNEA 6 PE3YAbMaAME UCCALTO-
sanutll 5-20 nocmyaama Eexauda.

Bosmoxubl Tpu THIA «reomerpuii»: 1) reomerpusa EBksimma (cywm-
mMa yrsoB Jio6oro rpeyrosibauka pasaa 180°); 2) reomerpus TOro -
na, KOTOpBId uccsenosBas Jlobadesckuil (B Heil uepes TOUKY, B3ATYIO
BHe npamoit, npoxogur MHOI'O npambix, He mepecekanmx JaHHYO;
B JII0O6OM TPEYTOJIbHUKE CyMMa yrjioB Menbuie 180°); 3) reomerpus To-
ro THUIla, KOTOPbIi uccsrenoBas Puman (depes TOUKY, B3ATYIO BHE Mps-
moit, ne npoxomur HU OIHOW npsmoii, He nepecekaomeil JaHHyo;
B JII000M TpeyroJibHUKE CyMMa yrjioB 6osbie 180°).

WU Bce o1 reomerpun JIOTMIECKU HEITPOTUBOPEIUBHI!
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Jleknua 2

Ceituac mbl Bepaemca Kk EBkiuny. O ObLJ1 HE TOJIBKO T€OMETPOM,
HO TaKXKe elle AJ0Ka3aJ 3aMedare/ibHbli (pakT u3 Teopuu duces. A
MMEHHO, YTO NPOCMHLL 4uces — OeCKOHEYHOE KOAUYECTNEO.

IaBaiite cHa1YaJ 14 [IOTOBOPUM O TOM, KaK YCTPOEHO MATEMATUIECKOe
JI0KA3aTeIbCTBO, U 10 KAKMM KAHOHAM ero MOXHO cozmasarh. Ceiidac
OylleT IPOBEIEHO KJIACCHIECKOE PACCYXKIECHME OT MPOTUBHOIO. 10 Ta-
KOe «OT nporuBHoro»? IlapaiiTe npeiacTtaBuM, YTO HAIIE yTBEPXKICHUE
— nesBeproe. Uro rorua? Torma KoM4uecTBO HPOCThIX YUCEJ KOHEYHO.
Ho ecnu ux KoHE4YHOE KOJIMYECTBO, UX MOXKHO IIPOCTO HEPEUUCIUTD.
Kaxkoe mepBoe mpocroe auciio?

Caymaresb: Houb.

A.C.: Her. Hosp He saBasterca npocTbiM aucaom. Hosb Boobme uc-
KJIIOYAIOT [IPU PACCykAEHUAX O mesimmoctu. Ha HOuib He Jobdar me-
JIMTD. HOTOMy 9TO, €CJIM Bbl JEJINTE HA HOJIb 9YTO-TO OTJIMYIHOE OT HY-
Jisi, y BaC HE MOJIYIATCA HUIEro. A ecyiu BbI e TUTE HOJIb HA HOJIb, TO
Yy BaC HOJIYYUTCA «KCPa3y BCE>.

Yro Takoe «pasmesnThy» OMHO JYucsio Ha apyroe?! Ckaxem, 9TO Ta-
Koe pazgesurb 6 Ha 37 D10 3HAYMT HAUTU TAKOE YKCJIO0, KOTOPOE
Ipu yMHOXKeHUH HA 3 maéT 6. 9ro umcao 2. A ecou Bl b pasmesn-
Te Ha 3, HOJIYyYUTCHA JAPOOHOE YUCII0, CPENU LEJIbIX IUCEJI €r0 HE HAUTH.
ConepxaresibHaa TEOPUA TEJTUMOCTHU, B YACTHOCTHU IMOHATHUE IIPOCTOTO
YUCJId, OTHOCUTCA TOJIBKO K IEJIBIM Y1UCJIaAM. ECJII/I BbI paCCMaTpUuBaeTe
BCe mpobu, HesimMocTh coBepirenHo beccmbicsienna. [loromy 4ro Jito-
Oyro 1pobb MOXKHO pa3nesinTh Ha J00YI0, rJlaBHOe TOJIbKO HA () He 1e-
siutb. Ho eciu Bbl (hopMasibHO mOIIpodyeTe pas3nesinTh, HAIPUMED, D
Ha 0, TO BBl OJDKHBI HAUTU KAKOE YHUCJIO, KOTOPOE IPU YMHOXEHUU
na voJib nact b. Ho BbI aBHO He mpeycrieere B 3TOM, IOTOMY 49TO, Ka-
KOe ObI BBl YUCJIO HU B34, pu ymuox)enunu Ha 0 ono mact 0. [loatomy
5 na 0 pa3gesiuTh HeJib3sd B npuHnuie. A MoxHO Jiv pasgesntb 0 ua 07
Hyxno nafitu Takoe 4mucso, KOTOpOE MPU yMHOXEHUM HA HOJIb TA&T
HOJIb.

Caymaresb: Houb.

Hpyro# Cuymarens: Jlwoboe.
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A.C.: Jlwoboe. To ectb HOJIb HA HOJIb, (DOPMAJIBHO TOBOPH, MOXKHO
pas[iesuTh, HO B PE3yJIbTATE MOJIYIUTCs JIFOOOe YMCJIO0, 3TO MaTeMa-
TUKAM TOXKE€ HE€ HPABUTCHA, IIO9TOMY DEIIWJIN HOTOBOPUTHCA TaK, ITO
HA HOJIb Npocmo He deasm. A HOTb MOXKHO pas3aesuTh Ha, ITO-HUOYIH !

Caymaresb: Ha Bcé, kpome myJid.

A.C.: a. W aro mosyuntcs?

Caymaresnb: Houb.

A.C.: Toapko mosb. da. Hostb MOXHO pasmesiuTh Ha, 9TO YTOMHO,
Kpome HyJsid. B orBere Bcerma Oyner HOJIb.

Teneps uucno enuauia. Eaunuiny toxe HE CIYUTAIOT MPOCTHIM YH-
CJIOM, TIOTOMY 9YTO HA E€OUHHUILY [IeJuTcd Jboe uucso. Taxue «obpa-
TUMbIE» YKMCJIA HE PACCMATPUBAIOT KAK IIPOCTHIE.

Urak, nepsoe mpocroe yucsio — 2. OHO mesimTca TOJIBKO HA Ce-
O0a u vHa enumauily. Bosibliie YETHBIX MPOCTBIX YUCEJ HET, IOTOMY 9UTO
BCe OCTaJIbHbIE YETHBIE YUCTa Aesiarca na 2. Crienyoliee npocToe du-
cio — 310 3, 3areMm 4ucjio 5. Bor Kak BBINIALAT UEPBBIE IPOCTHIE

qucJIa.
P =2 P,=3, P;=5,

a maJjiee
7, 11, 13, 17, 19, 23, 29, 31, 37, 41, 43, ..., Py.

Ecsnm yrBepxnenwe EBksimma He BEpHO, TO €CTh €CJIU IPOCTBIX H-
CeJl KOHEYHOE YUCJIO, TO B KAKOW-TO MOMEHT BBIIPBITHET II0CJIEHEe
npoctoe wuciao. Ob6osHaanm ero 3a Py. [lomygaercsa, 9To KosmIecTBoO
mpocThix aucesa = N.

Ecsnm EBkimn Hempas, TO 3HAYHUT CyMIECTBYeT IIOCJIELHEE IPOCTOe
YHCJI0, & KAXKJIOE U3 CJIEAYIOUMX YUCEJI JAEJIMTCA HA KAKOe-TO U3 Ipe-
IBIIYIIAX IPOCTHIX ducesI. IlIoToMy 9T0 ecitu 9ucsio neuTcs Ha Kakoe-
TO YMCJIO, TO OHO M HA LPOCTOE YUCJIO TOXKE JICJIUTCH, IPOCTO HYXKHO
IIeJIATh, TEJIUTh — [I0Ka He Aoinere mo npocroro. JlaBaiite temepsb co-
craBuM npoussenenue: 2-5:7-11-13-. . .- Py (T04Ka — 3HAK YMHOXEHUS).

Ecsim N umeer nopsijiok, HalpuMep, HECKOJIbKMX MUJLJIMAPIAOB, TO
B 5TOM [IPOM3BEIEHAU CTONT HECKOJIbKO MAJIJINAPIOB MHOXKHUTEJIEH, KO-
TOpbIE HYXKHO APyl Ha apyra ymHoXkuTb. Ho HarypasibHblilt psj rak
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YCTPOEH, 9TO K JIFOOOMY, CKOJIb YTOIHO OOJIBIIOMY YHUCJIy MOXKHO HpU-
caBuTh 1.
Tak 4ro maBalite MOCMOTPUM Ha CJIEAYIONEE HATYPAJIBHOE UUCIIO:

2:3:5-7-11-13-...- Py + 1.

OHO HE MOXKET NCJIMTHCA HU Ha KaKO€ U3 IIPEAbIAYIUX ITPOCThIX YUCEJI,
[IOTOMY YTO Hallle [Ipou3Belienre oT 2 no Py nesimTca Ha BCe Ipelibl-
IyIlue, a eCJu €Ul eqUuHNIKY TpubaBuTh, TO JIEJIMMOCTb Cpa3y yHaeT.
Ecawn aro-to, HATPpHMED, HA 3 IEeIUTCH, TO CAeayIollee IUCIIO yXKe Ha 3
e nenurcd. [losromy, uucyio 2-3-5-7-11-13-...- Py + 1 3aBeqomo
He MOXKeT [eJINThCA HU Ha 2, HU Ha 3, HU HA O U TakK maJjee... 10 ecTpb
OHO BCera AT octarok 1 mpwu jeseHun Ha Bee npoTbie aucya. OHO Ha-
[IeJI0 HU HA 9TO HE pPas3[IeJUTCA. SHAYUT, OHO mpoctoe. [IporuBopeune.
CirenoBaresibHO, IPOCTHIX YUCES BECKOHEUHOE KOJIMIECTBO.

Hekoropoe Bpems#, npasia, HEIOJIr0, yIEHBIE yMaJd, UYTO TAKAM
00pa3oM MOXKHO MOJIYYATDH PEHENT U3rOTOBJIEHUA IPOCTHIX UUCE.

2 4+ 1 — mpoctoe 9uCIIO.

2.3+ 1 — mpocroe,

2-3-5+4+ 1 — mpocroe,

2-3-5-74+ 1 — mpocroe,

2-3-5-7-114 1 — upocroe,

2-3-5-7-11-134+1 — yxe ne upocroe (30031), rak KaK OHO JEJIUTCS
Ha 59.

Pemtenit e pabotaer.

MpbI 3HaEM, 9TO TPOCTHIE YUCJIA B HATYPAJIBHOM Py YUCEJ BCTPE-
9ai0TCA B OECKOHETHOM KOJIMIeCTBE. A Temepb BOIPOC, KaK OHU pac-
Hpe}leﬂeHbI? MO)KHO JIM TYT KaKHUE-TO 3aKOHOMEPHOCTU YCTAHOBUTD.
Hackos1bKO 9aCcTo MjiM PEIKo OHM BCTPEYAIOTCHA?

Paccmorpum Takoe nipousBenenue

1-2-3-4-5-...-100 = 100! (maspiBaemoe «CTO (HAKTOPHATS).

100 ¢paxmopuan — 9TO MpoU3BeNEHNE MOAPAL UAYIIAX HATYPAJIbHBIX
guceJs1 or 1 mo 100.
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DTO — OIPOMHOE YHUCJIO, €I0 HEBO3MOXKHO cebe Jaxe 1IPeaCcTaBuTh,
HO BCE-TaKM, [IIe-TO B HATYPAJIbHOM pAdy OHO ecTb. Ciiemyroriee 33 HIM
qucsio 100! + 1, morom 100! + 2. D10 umcsio Oymer neaurbCd Ha, 2.
IToromy uro 100! memurca Ha 2, u 2 pgesmrca Ha 2. 10043 menurca
na 3, 100! + 4 nesurca va 4 u va 2, 100! + 5 geaurca na 5.

N rak mo 100. 100! 4+ 100 6ymer nesmurbesa wa 100. Tomygarcsa aro
nernouka ot 100142 mo 100!+ 100 — u3 99 HaTypaIbHBIX YUCEJT MOMPL
npocmur wucea 6 cebe He codeporcum. MOKHO Jiu CKOHCTPYUPOBATH TO
xe camoe, Ho i 1000 momps uiyumx HenpocTbix uncesa?! KonedHo.
Bepére 1001!, To ecth mpomssenmenne Bcex umcest or 1 mo 1001, mpuba-
Bagere 2, 3, 4 u taxk masee no 1001. Bor Bam 1000 mompsn wmaynimx
9HCesI, Cper KOTOPBIX HET IPOCTHIX. SHAYUT, PEryJIsiDHOCTH B IIPO-
SABJIECHUM HPOCTBIX YHMCEs OXUIATh HeJib3d. [[poMexyTku Mexy Co-
CEIHUMHU IIPOCTBIMU IHUCJIAMH MOTYT OBITH CKOJIb YTOOHO OOJIBIIMMU.
MoxkHO Ji CKa3arb YTO-TO PO TO, HACKOJILKO MAJIEHbKMMU OHU MO-
ryT OBITH?

Caymarenb: Equauna — MUHUMAJIBHBIA [IPOMEXK Y TOK.

A.C.: Eguanna. Ho ona BcTpedaercs TOJIBKO B CAMOM HAdaJie, Me-
Koy 2 u 3.

[ToTomy 4TO W3 OBYX COCEOHUX 4HCEJI OOHO 00A3aTEJIbHO YeTHOE,
a 3HauMT — HE npocroe (kpome ciayuad 2 u 3). [losyuaercs, 4ro Munu-
MaJIPHOE PACCTOAHUE MEXKIY COCEIHUMU IIPOCTBIMU INCJIAMU, HATHHAA
C 4mucia 3, paBHO 2.

Bradasie Mbl 0OU€Hb MHOTO BHIUM HTUX «JIBOEK» (TO €CTh IPOCTHIX
quCes1, WIYUIMX 9€pe3 OJHO), IOTOM OHM CTAHOBATCH BCE PEXE U pe-
JKe, ¥ BOSHUKAET BOIIPOC: & KOHYATCH JIU 3THU «IBOUKU» KOrma-HuOyIb.
Byner sin MOMEHT HATypPaJIbHOI'O PAllA, MOXKET ObITb, Y2KACHO JIAJIEKO
OT HAC, KOIJIa MOABUTCH MOCJIENHAA IBOMKA COCEMHUX MPOCTHIX YUCET,
oTJIMUAOUMXCA Ha 2 equHuibl! Takue duciia, KCTaru, HA3bIBAIOTCA
6musuenamvu: 29 u 31, 41 u 43, 71 u 73, 101 u 103. Byner su mo-
MEHT, KOIJIa, Mbl BCTPETHUM IIOCJIEMHUX OJIM3HSANIEK, & MEXJY OCTaB-
UIMMUCA LPOCTHIMU YHUCJIAMM PACCTOAHME Bcerja Oyner He MeHblie
Tpex (Ha caMOM [eJie YeThIPeX, IIOTOMY YTO OHU 3aBEIOMO 00a HEIET-
HbIE).
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ODT0 — HEpemEHHAsd MAaTeMaTuIecKasd 1podbJieMa.

4 Bam pacckaxy Ipo OOHO MAaJIEHBKOE «HO», KOTOPO€ IO3BOJIAET
OITUMUCTAM Y TBEPKJIATH O HEKOTOPOM IIPOTIPECCE B PEUIEHUU DTO# 1TPO-
6s1embr. 1106l BBI Cpasy MOYyBCTBOBAJIU, OMHAKO, HACKOJIbKO AHEKI0-
TUYEH 9TOT HPOIPECC, BBICIIYIUIANTE TAKYIO NPUM™MY.

B onmoit cTpane nomnbiTasmch J0Ka3aTh TeopeMy: Y kaocdozo myorca
doadtcrho bumv He boaee mpPET scén. [Losro e ymaBasioch e€ HUKAaK 10~
kazarb. Hakomer, neso ciBuysoch ¢ MEPTBO# Touku. Bhlia jokasana
Osim3kasd K Heit reopema: Y xasrcdozo myoca dosdrcHo buimv He bosee
MPET MUAAUOHOB HCEH. Y TIEHBIE TPOOOIKAIOT PA3ZMBIILIATH HAM 3TOM
rpobJIEMOTA.

Tak Bor. CruenuasucTsbl M0 TEOPUU HUHMCEsI PEUINJIA B3TJIAHYTH HA
«1pobsiemy GJIMBHENOBY» MO TOXOXKKUM, TaK CKa3aTh, yIJIOM.

Moxer 6bITb, MOXKHO CKa3aTh, YTO BOT XOTA ObI HA KAKOM-TO [IPY-
rom paccrosaum d (NPEBBINAIIEM JIBOWKY) YK€ MOXKHO rapaHTUpPO-
BaTb, 4T0 OGECKOHEYHO MHOTO pa3 mnodaBarcd cocemuue mpoctbie? To
€CThb 4TO paCCTOAHUE MEXK1y COCEIHUMU IPOCTbIMU HE 6y,ueT yxXoouTb
B 6eckoneunocts? o 2013 rosa 310 0CTaBaJIOCH OTKPBITOR IpobJsIeMOii
jaxe B takoit dpopmysiuposke. B 2013 rony maremaruk Wran Yxan
(Yitang Zhang) — xuraen, paboratomumii B CIITA (kak 310 1acro ciy-
JaeTCHA C KUTAWaMn), J0Ka3aJl, 9T0 CyIeCTByeT GECKOHETHOE MHOXKe-
CTBO MPOCTBIX YUCEJ OJIM3HEINOB HA PACCTOAHUU, HE MPEBBIMIAIONMM
Hekoroporo umciaa d > 2. [lokasaresibCTBO MpPOBEPUJIU: MPABUJILHO,
ectb Takoe uucyo d. Ho enuacrsennoe, 9To npo HEro m3BECTHO, — 9TO
ouo ue mpesbimraer 70000000 (cm. Beimieykasamunyio npurdy). Kak ro-
BOPUTCH, XOTEJU PACCMATPUBATH IIPOCTHIE YMUCJIA IePe3 OKOIIKO JIJIu-
HOll B Tpu emmuunbl (2-rpadaper) — He HOOUIUCH TOJIKY. A morom
B3asm1 Tpadaper nobosbme (70000000-rpadaper), n nosayuunsocs. Ta-
KUM 00pasoM, 3/1eCh IIPOCMATPUBAETCA HOBOE IOHATHE «OOOOIIEHHBIE
mpocThie ducya-oansHennr». Tak 910 ObBatoT 2-06/m3HENnbI, OBIBAIOT 1
6-6stmsHensl, ..., 70000000-6smm3Hensr. [Ipobiiema pacmnasace Ha Oec-
KOHEYHYIO CepUIO IpobJIeM, i C KaKOro-TO MecTa (TO eCTh ¢ KaKOro-TO
uucsia d) oHa OKa3asach PENIEHHON NOJIOKUTESILHO.
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Benp uro takoe tpadaper? 9o rakasa pamouka. Bor g bepy rpada-
pet nauaoit B 70000000, 1 B OKOIIEYKO pacCMATPUBAIO HATYPAJIHbHBIN
pell, IBUTAACH BIOJIb Hero. PuKCUPYI0 MOMEHTHI, KOTIa BHYTPHU DTOrO
IPOMEXYTKA BCTPEYAIOTCA mpocTbie ducia (6osee omuoro). Tak Bot
nx Oymer GeCKOHEYHOE KOJIMIEeCTBO, HTUX MOMEHTOB. KAHT JI0KA3aJI,
9TO IOCTATOYHO B3ATh Tpadaper myuHoi B 70000000, yrobbl moiimarh
0eCKOHEYHOE KOJIMIECTBO MPOCTHIX 0000mEHHBIX On3HenoB. KoneaHo,
ecsim g cresaio d = 70000001, Tem Gosiee moiimaio GeCKOHEYHOE KO-
JIMIECTBO TUX ODOOIMEHHBIX OJIM3HENOB. A eciim BO3MY 4yTh MEHbIIE,
Hanpumep, 60000000, To yXe TOYHO CKa3aTh HUIETO HEJIb34.

910 — O6ompmioit mpopeiB. [lotomy uro B 1896 romy Amamapom
u Basue-Ilyccenom Ob110 m0Ka3aHO, 9TO 4YACTOTA MOABJIEHUS IIPOCTHIX
qUCesT yMeHbIIaeTcst. PacckaspBaroT, 9T0 AmamMap MOSBUIICST B 9TOT
JieHb B Kade u cusasl Kak Meaabiit rpout. [lpysbs cupocusiu ero: « 4ro-1o
y TebsA Takoe XOpollee HACTPOEHUE, KaK OyITO ThI JTOKA3aJI aCHMIITO-
TUYECKUil 3aKOH PACIPENesIeHNs TPOCThIX YUCe». A OH m OTBevaeT:
«Bbr 3HaeTE, BBl HE MOBEpUTE, HO 1 MMEHHO 3TO W CIEJIAJI, ¥ IMEHHO
C 9TUM ¥ CBA3AHO MOE XOPOIIEee HACTPOCHUE .

«/a mamHO», — roBopart. [loToM mpoBepusm m 0Ka3aJIOCh, ITO MIO-
Ka3aTeJbCTBO BEPHO.

ITouemy 310 morpsicaer m nouemy 310 yOeIUTEebHO TOBOPUT O HE-
PEryJIsipHOCTY TOABJIeHNA TPOCThIX ducesn?! [Toromy uro 3akon Baste-
[Tyccena u Anpamapa roBopuT, 9T0 MEXKLY COCEIIHUMU IPOCTHIMU IUCIIA-
MU (B pailoHe HATYpPaJHHOTO YHCJIA 1) B CPEIHEM PACCTOAHUE PABHO
Inn (namypaavroit sozapudm wucaa n). Ira GyHKIMA OUEHD MEJIEH-
HO pacTer, HO, TEM HEe MeHee, CTPEMUTCHA K DECKOHEYHOCTH C POCTOM
qUCIIA N.

[Torom 105170 MBITAIUCH MPUALYMATH POPMYAY 047 POCNOZO YUCAG.
Ee NCKaJIN OYEHb [10JII'O U B KaKOHi-TO MOMEHT NePpeKJII0InNJINCh Ha O0-
Ka3aTeJIbCTBO TOTO, ITO €€, B MpuHIUIe, ObITh He MoxeT. A B 1976 romy,
Ha, OCHOBe pelreHus poccuiickum maremarukom FO. B. Mamuscesuuem
pecaroit npobsiembr ['minbepra ObI HaMCaH KOHKPETHBIM MHOIO-
wieH 25-0ii crenenu ¢ neapiMu Kodddunentamu oT 26-TU IepeMEHHbIX.
(B dopmyisie ucnosibzoBanbl Bce OyKBbl aHIMACKOrO asidasura: a, b,
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¢, d m Tak jmaJgee ;10 T, Y, z). [Ipo 10T MHOTrOUJIEH YIAAJI0Ch JI0KA3aTh,
9TO €CJIM MOACTABUTH B HEro BMECTO OYKB IleJIble HEeOTPHUIATE/IbHBIE
YHCJIA U BBIYUCJIUTH [I0JIY Y€HHOE 3HAYEHUE, TO, €CJU pe3yJibTar dyner
[IOJIOXKUTEJIbHBIM IHCJIOM — OHO 00s3aTeIbHO OyIeT IMPOCTBIM.

Bostee Toro, mo JIKOBOI'O mpocroro 4ucsiia «MOXHO H00paTbCa»
C IIOMOIIBIO KAKOI'O-TO 3HAYCHUA UMEHHO 9TOI'O MHOTI'O4JI€HA. STOT MHO-
FOYJIEH HE MOXKET B IIOJHOM CMBICJIE CJIOBA CUUTATHCA «(POPMYyJIOi
JUISL N-1'0 HPOCTOIO YUCJIA», HO ABJIAETCH XOpouwed (M HeOXuIaHHO)
3aMEHOI 9TOi HOPMYJIBI.

Ho na sTom mesno we 3axkonuwmsocsk. B 2013 romy orkpbuiach oxora
Ha xkoncmanmy Yorcana.

DTO TaKOE IUCJIO, IIPO KOTOPOE yKe YIAJIOCh JOKA3aTh, ITO HA TPa-
dapere COOTBETCTBYONIENR BEJMIUHBI, €CJIU €r0 JIBUTATH 110 HATYPAJIb-
HOMYy pdamy, Oymer BCcTpedarbca OECKOHEYHOe KOJIUYIECTBO IIap IIpo-
croix. Bor me mosepure, Ho K koHity 2013-ro roma 70000000 3amenu-
gu Ha wnciio 300, maxke Ha 246. Tak ckasaTp, emé He HOKA3aJIU, ITO
JOJDKHO OBITh HE Oostee 3 XKEH, HO JI0KA3aJIM, 9TO UX HE bosee 246.

N Bot a stum 246-Tpacdaperom eny 1o HATYpaJIbHOMY paAiLy, u 6ec-
KOHEYIHOE€ YHCJIO Pa3 CYUTBIBAIO IIPOCTHIC YHCJIa, KOTOPbIC II0IIaJIn
B Hero. Bosiee TOro, mpu ycCJIOBHHU JOKA3aTEIbCTBA HEKOTOPOro hax-
Ta, B KOTOPBIA BCE BEPAT, HO €lIE He JI0Ka3aJiu, Tpadaper COKPaTdaT
mo 12, a tam u 10 MCXOmHOU mIpobJsieMbl dncea-6sim3HenoB mobepyT-
cd... 2500 Jsier JIf0/M HUYErO HE 3HAJIUA [IPO MUHUMAJIBHOE PACCTOAHUE
MEeX Iy IPOCTHIMHU, IIOJITOPA IO HA3AT IIPOPLIBHON PE3yJIbTAT, CHUKE-
HHUE 9TOU rpaHunpl. M Temepps rumoresa mpoCThIX OJM3HENOB TPEIUT
110 BCEM IIBAaM.

Ewme memuoro mpo npocreie uucsa. asaiite paccMorpum ps, KO-
TOPBIA MOXO0XK HA PAIbI C OECKOHETHBIM UHCJIOM CJIATaeMbIX, KOTOPbIE
MBI y2K€ PacCMaTpPUBAJIA:

4 6ymy cymmupoBars ducsia, odparabie K npocTbiM. Kak ropopar mare-
MAaTUKM, «KCXOIUTCA 3TOT pAn mim pacxomurcas»?! Koneunasa msm Gec-
KOHEYHAd CYyMMa IMOJIyYuTCs! YIMBUTEJbHBIH OTBET COCTOUT B TOM,
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qr0 OECKOHEYHAsA. IT0 OTKPhLIX B Hadasie XIX Beka.

1 1 1 1 1 _
§+§+5+7+H+...—+OO.

Kakoe 6b1 uncsio K Bbl HUA B34AJM, MOXHO YKa3aThb TAKOE HATYPAJib-
HOE 9HCJIO N, 9TO, AOWs /10 4/IeHa C HOMEPOM N, CyMMa, psaia Oymer
IIPEBOCXOOUTH dnucyio K.

A ecsm cymmMupoBaTh TOJBKO 00paTHBIE K MPOCTHIM OJIU3HEIaM, TO
cymMma Oy/ter KOHedHAa. ITO 3HAYNAT, 9TO TPOCTHIX OJIM3HENOB 3aMETHO
MeEHbIIIe, YeM BCEX IMPOCThIX uucesi. [loromy uro ecsim cocraBuTh P
3 0OpATHBIX MPOCTHIX, TO OH OAIEeT B OECKOHEYHOCTh, & €CJIU COCTa~
BUTDH PAN U3 OOPATHBIX ITPOCTHIX OJIM3HENOB, TO OH OyIeT KOHEYHBIM.
W nukTo HE 3HAET IIOKA, HIPOUCXOMUT JIU HTO [IOTOMY, YTO OH IIE-TO 3a-
KOHYUTCA U (PAKTUIECKHU 3T CyMMa Oyler KOHEYHOW, NIk U3-3a TOrO,
9TO MPOCTHIX OJIM3HENOB OECKOHEYHOE KOJMIECTBO, HO 3a30Pbl MEXK LY
HuMu 6bICTPO pactyT. Bce maremaruku, KOTOpbIE 3TUM 3aHUMAIOTCH,
BEpAT, 9TO HPOCTbIe OJIM3HENbl HUKOIMA He KOoHdarcda. Ho moka 3To
BCE-TaKU OCTAETCA THIIOTE301i.

Pacckaxy 3aomHO PO emé OfHy HEPENIEHHYI0 MaTeMaTUIeCKYIO
npobJsiemy. 3HaeTe JiM Bbl, UTO TAKOE COBepIneHHbie uuciaa? YrTo o3Ha-
YaeT «MHE UCIOJHUIIOCHh COBEPIIEHHOE YUCJIIO JIET» !

Caymaresb: «910 18-jerues.

Hert, a10 BoBCce me 18 ser! 18 — wmcao mecoBepinennoe, a BOT 6
n 28 — cosepiiennbie gucial Ilosromy coBepuiernnOSIETHIT B XKU3HA
KaXK/IOro 4eJioBeka ObIBaeT POBHO [Ba — 3TO KOIJIA YEJIOBEKY HCIIOJI-
Hgercd 6 Jier, u 3areM — KOoria ucrosngercd 18.

[Toromy 4TO COBEpIlIEHHOE YUCIIO — 3TO TAKOE YUCJIIO, KOTOPOE PaB-
HO CyMME BCEX CBOMX meJuresielt, kpome cebsa camoro. Hampuwmep,
6 =14+2+3,28=142+4+4 7+ 14. Crenyroiiee coBepuieHHOE
qucsio — 496, HO 10 TOrO Bo3pacra HUKTO (Kpome Gubseiickux mep-
conaxeil) emé e JOKUII.

Ui 9eTHBIX COBEPIIEHHBIX YUCEJI eCTh 0bmas popmyJia:

2]€(2k+1 _ 1)

[IpaBma, 9uCJI0 TAKOrO BHIA COBEPUIEHHOE TOTNA W TOJBKO TOT/A, KO-
ria (2841 — 1) — upocroe aucio. [pu k = 1,2, 4 nosyuaiorcs Kak pas
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coBepiieHHbIe aucsa 6, 18,496, a npu k = 3 — uucsio 120, coBepien-
HBIM He ABJIAIONIEeCH ([IOTOMY UTO TUCJIO 2k+1 _1 = 15 B aTOM Ciryuae
HE IPOCTOE).

Tem me MeHee HUKTO HE 3HAET, DEKOHEYHO KOJMIECTBO UETHBIX CO-
BEPHICHHBIX YHUCEeJI UJIN HEeT. HOTOMy YTO HUKTO HE 3HAET, 6eCKOHe“IHO
4pcsio mpocTeiX uncest suaa (287! — 1) wiu koneurno.

Orta 3amada HasbIBaeTcd npobsiemoir Mepcenna, a camMu MpPOCTbIE
YUCJIa TAKOro BU1a — HTPOCTBIMU YUCJIAMUA MepceHHa. ECJII/I MBI IIOME-
HsI€M 3HAK MUHYC Ha ILJTIOC, TO MOJYYNM TAKXKe BECbMa WHTEPECHYIO
1 BaXHYIO, KaK Mbl YBUIUM HUXKE, 3a/1a1y — a4 UMEHHO, KaKUue U3 4u-
cent suma (28 — 1) apnarorca npocreivu? K 3T0i 3a1aue MBI BepHEMCS
HIKE, & MOKA f PACCKAXKY KOe-9TO elE PO COBEPUIEHHBIE TUCJIa, —
KOHKPETHO, PO HewEmHoie COBEPIIEHHbIE TUCITA.

Posno 28 ster Hazazn (coBepureHnoe ncsio!)” a4 MO3HAKOMMUJICH, & [0-
TOM ¥ HOCTynuJI B H7-10 mkosty. Ha ypokax crenuaJibHOil Maremaruku
MBI PEIaJId 33IA9KN U3 TaK HA3BIBAEMBIX AUCTOYKOS, B KOTOPHIX TPH-
BOOUJIMCH TOJIBKO OIIpEOE/ICHUA MATEMATUICCKUX HOHATHAN 1 O6'beKTOB,
a BCEe CBOUCTBA OOBHEKTOB yK€e MbI CAMU JIOJIKHBI OBLIU TOKA3ATh.

Tak Bot, B Jsucrouke HOomep 6 (cosepurennoe uucyiol), B 3ajaue
nox, mHomepoM 6 (sic!) pedp mura 0 CoBepIIeHHBIX YUCJIaX. BBLIO maHo
ux onpenesenue, a 3arem chOPMyJIMPOBAHBI TPU IIyHKTA: IyHKT 6(a)
MPEJIATaJT IOKA3aTh, ITO JIIOO0e IETHOE IUCIIO BBIMEYKAZAHHOTO BUIA
ABJIETCA CoBeplIeHHbIM, ecou uncio (251 — 1) mpocroe; mynkt 6(6)
wéJr co 3BE3MOYKON u B HEM TpebOBAJIOCH H0KA3aTh, YTO IPYyIUX em
JETHBIX COBEPIICHHBIX JHCEJI HEe CyIIECTBYEeT, U HAKOHeIl, MyHKT 6(B)
wén ¢ rpema (!!) 3BE3m0ukaMu U B HEM NIPEIJIATAJIOCH NOKA3ATH, UTO
HEIETHBIX COBEPUICHHBIX YHMCEJT HE CYMIECTBYET.

Hukorga 1o Toro Hu B OIHOM JIMCTOYKE HE OBIIIO 3a[a9€K C Tpe-
Ms 3BE3MOUKaMu. Penkue 3a0a9IKu ¢ ABYyMs 3BE3MOYKAMUI BBI3BIBAJIN
HE3I0POBYIO0 KOHKYPEHIUIO MATEMATHIECKAX CAMIIOB B HAIIEM KJIACCE
3a TO, KTO OBICTPEE PENIUT OYEeHb CJIOKHYIO 339Ky W MOKPACYEeTCs
mepen, HEMHOTAMUA, ¥ MOTOMY OCODEHHO IPATONEHHBIMU JJIS HAC OIHO-
KJIACCHULIQMMU.

*Ira sekuus 6buTa nmpountaHa B 2014 romy.
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VBujes 3a1a9Ky ¢ TpeMs 3BE3/I0UKAMU, 51 OPOCHUJI BCE U ABA BBIXOJI-
HBIX TOAPS] MBITAJICA €€ PenaTh.

S1 mcumcast e obume rerpaau (KTO mocrapuie — HOMHUT, YTO 9TO
takoe!!l). B monemesibHUK # WE B WIKOJIY C OIYIIEHHOU TOJIOBOH, yKe
npencrasiiaa ceda Pomy Bespykasuukosa, Camy Cupoposa mim Ca-
1ry CTOSIHOBCKOTO y TOCKY B3aXJIEO pACCKA3BIBAIONINME PEIIeHUe STOR
3319 U.

Wntepnera B Te romsl He ObL10. [105TOMY HEYIMBUTEBHO, ITO BCE
npuHUMAJIOCh 33 umnctyio monery. Cama [lenn (onun u3 moux yqure-
Jieil B mKose 57) CTossI y CTOJa, HAPOH HO-THXOHBKY cobupaJsicd. Sl
MOIONIEST K HEMY, IIBLIPHYJI HA CTOJI CBOW TETPAnKd u ckazas: «Crma-
HOCH>».

«Hwaero ynusuresnmoro», orsermsi Camra, — 9TO MOKa 9TO He-
peliéHHas MareMarudeckad npobsiema. Mbl j1ajim Ha aBOCh — BAPYT
KTO-HHOYOb W3 BAC M3JIOBUMTCA U PEHInT?..

C rex nop upounio 28 JieT, a BO3 U HbIHE TaM — JI0 CUX LIOP HEU3-
BECTHO, CyIIECTBYIOT JIM HEYETHBIE COBEPIIEHHBIE YWCJIA, WU UX HET
coBceM. [Ipumepa HET, HO U JIOKA3ATE/LCTBA HECYIECTBOBAHUA — TO-
ke Hetr. Koneuno, kommbiorep repebupaet yxe Jiet 50-70 omgHo 3a mpy-
UM U [IPOBEPSET, HO K AOCOAOMHOMY JOKA3AMEALCMBY TAKast IPOBEP-
Ka O6ymIeT uMeTh OTHOIIEHUE TOJIBKO B TOM CJIydae, eCJI BAPYT KaKOe-TO
HEIETHOE IUCIIO U BIPAMBb OKAXKETCH COBEPIICHHBIM.

Bepnémcsa reneps x npobseme Mepcenna — Tounee, Kk e€ «bsmsne-
my». I[Ipo aucna Buga (Zk + 1) (xoTopbIe, KCTaTH, UCIIOJIB30BaJ ['ayce
npu nocTpoenusix!) U3BECTHO JOBOJILHO MHOTO.

DOKyC COCTOUT B TOM, ITO TAKOE IUCJIO MPOCTHIM MOXKET OBITH TOJTh-
KO, ecJit k ToXe siBjisiercd crenenpio apoitku! U cefiuac g 910 mq0Kaxy.

Teopema. Ecau wucro (2811) — npocmoe, mo k = 2'. To ecmo
uczodnoe wucao umeem eud 22 + 1.

HokaszarenbcTBO. [ljia mokasaresibCTBa HaM HOTPEOyeTCH OiuH
¢akT U3 MKOJBLHON MPOrPAMMEBL:

2?4+ 1= (x+1)(2? —z+1).
BmecTo 2 MOXKHO mofcraBuTh Jiroboe aucio. 23 + 1, 33 + 1, 43 + 1 pac-

KJIQJIBIBAETCA Ha Takme MHOXnTesn. Ha camMoMm jiesie pacKJIaibIBaeTCsa
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sobas HeuyeTHas crelenb, Hanpumep, z° + 1:
P +1=(z+ 1)zt + 22—z +1).

A dqérHOE — He MOJIyIHuTCH.

[Ipenmosioxkum, aro K He ABJIFAETCHA CTENEHBIO IBOUKMU. DTO O3HA-
9aerT, 9TO Y HEero eCTb HEYETHDBINA IPOCTON [1eSUTesb. ¥ KaXJI0ro IUCsa,
€CTh KAKMe-TO IPOCThIE JIeJinTesin. Y HEKOTOPbIX YNUCEJI ECTh HEYETHDIE
[IPOCThIE NEJIUTEJH, Y HEKOTOPBIX HeT. Ecsiu y Koro Her He4€THBIX ITPOo-
CTBIX JEJIUTEJIEH, 3HAUYUT, HTO HUCJIO HEJIMTCHA CPEIM LPOCThIX HnCest
ToJsibKO Ha 2. IloToMy 4TO BCe ocTajibHBIE IPOCTBIE YUCJIA HEYETHBIE.
Ho ecsu qucsio nenurca cpeiy NpocThIX TOJIBKO HA 2, TO OHO, OYEBHU/I-
HO, €CTb CTeneHb ABOWKu. Eciu ke y Hero xors Obl OIMH MHOXUTEJb
Oyner HeYETHBIN, TO A CIIEJIAI0 C HAM CJIEYIOIIee.

[IpenmosioxkuMm, 9To K He ABJIAETCA CTENEHBIO 2, TOTIa K paBHO He-
KOTOPOMY HEYETHOMY YUCJIy P YMHOXUTH HA Kakoe-10 yucJo t: K = pt.

Yro xe Takoe remeps 25 4 17

2K p1=o2Pt p1 =2y +1=
= 2L+ 1)((2HPD — (2H)P=2D L 2HP=3) ).

1 pasmoxmn 28 + 1 ma Muoxurenu, oueBuaHo oTIMUHBIe OT 1 U Haxe
IOJIOZKUTEJIbHBIC, 3HAYIUT, IPOCTBIM OHO 6bITb HE MOXET.

[Tosromy umcsio 28 + 1 Moxer 6bITh mPOCTBIM, TOJIBKO ecou K =
=9l — crenenp nBoiikm.

[Ibep ®epma nosiarasi, YTO BCE TAKUE YUCJIIA IIPOCTHIE. ITO ObLIIA, TH-
nore3a @epma. OH HAMCAJ B CBEl TETpaJIKe «MHE KAaXeTCHd, 9TO BCE
otu qucsa npocrbie». Ou He ObLI yBEpeH, eMy TOJIbKO Ka3aJioch. lle-
POBOE TAKOE YUCJIO: 2241=5— upocroe. Cuemyromee: 241 =17—
npocroe. Hanpme, 2841 = 257 — npocroe. 2'64-1 = 65537 — mpocroe.

OnHako yX)e CJIeyIoniee YUCII0 TAKOT0 BUAA 0KA3aJI0Ch COCTABHBIM.
®epma ommbes. Ho, Boobme, Pepma 00brHO He omubaJica. Ecth Takoi
upunnuil, «Pepma vHu pasy ue obmanysas. Bece yrsepxkaenus, KOTopbie
OH CIeJIAJI C MOMETKOU «39mo ydaaocst cmpozo 0oKa3amb», BIOCIIEN-
crBun ObuIM jOKa3aHbl. OH HE OCTABJIAJ JIOKA3ATEJIHLCTB, IIpejaras
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OBEPUTH €My Ha, ¢JIoBO. OnHAKO, B 9TOM KOHKPETHOM CJIydae OH Ha-
mmcast: «MHe Kazkercay. U taku met. 232 + 1 pacK/apIBaeTCs Ha, MHO-
2KUTEJIN. E}II/IHCTBeHHbIM UCKJIIOYECHUEM U3 IIPABUJI 6bIJIa BEJINKad TEeO-
pema Pepma, ee HUKAK HEA MOIVIU J10Ka3arh. Ho moTrom ona Toxe mepe-
craJia ObiTh uckJyouenuem. E€ roxe mokazasu. I[Ipobsema Tos1bK0 BOT
B 1ém. [Ipobsiema B TOM, 4TO TO JI0KA3aTEJIHLCTBO, KOTOPOE ceiiuac cy-
meCTByeT, HA IPU KaKUX yCJIOBUAX HE MOT BblIlyMaThb CaM q)epMa. OHO
COJIEPKUT HACTOJIBKO CJIOKHYIO MareMaruky, koropyio Pepma He mor
saarb. Ho Benp moryio 6biTh, uro Yaituc (moxasasmmii Besmkyo Te-
opemy Depma B 1993-1994 romax) «exas u3 Mocksol B Ilurep gepes
Kuen», a @Pepma exaJs HAIPAMYIO.

HaBaiite Bepuemca kK gyucaam n = 3,5,17,257,65537,... . Ux na-
3BaJIA npocmuimu wucsamu Pepma. OHE 3aMedIaTEHHBI TEM, ITO Ta-
KUE IPABUJIBHBIE N-yTOJIBHUKK CTPOATCH IUPKYJIeM u juHeikoit. Tou-
mee, Kaps @punpux [aycc mokazasi ciaemyiomyio obmyio Teopemy:
MPABUJIbHBINA N-YTOJHHUK MOXKET OBITH TMOCTPOEH C MOMOIIBIO IUPKY-
JId W JIMHEUKW B TOM U TOJIBKO TOM CJIy4ae, €CJId €ro PasJjioKeHue
HA [POCTBIe MHOXKUTE N (equHCTBeHHOE, B cuiy OcHoBHO# Teopembr
Apudmerurn!) BXonaT TOJBKO CTEIEHN IBOWKY, 8 TAKIKE MPOCTHIE K-
cma @epma: n = 2¥pipy ... p,, TIe BCe HPOCTBIE UHCIIA P; UMEIOT BH
p= (2% +1).

Droit Teopemoit ['aycc BIJIOTHY IO 110j100paJiCs K COBPEMEHHOMY pas3-
JieJly MaTeMATHUKM, KOTOpas HA3bIBAETCA «Teopud moJjeit». Maremaru-
KU O4YECHb J'[IO6HT TaKNE MHTEPECHbIE O6'beKTbI: noJid, 'pylnbl 1 KOJIbLA.
Kaxmoe 3 9TuxX CJI0B HOCAT CTPOTHH MATEMATHIECKUI CMBICT, COBEP-
HIEHHO HE TOT, KOTOPbI OHU HOCAT B PyCCKOM s3bike. Eie ectb Tepmun
«HUJiear», U JaXKe TaKOe MOHATHE, KAK «KOJIbIIO IJIABHBIX UAEAJIOBY.

A ceitqac 6ymer maTepecHas npobsema. Oua ommcana lwodamTom
B OJHOM M3 HICCTU COXPAHUBIOIUXCA TOMOB €10 HpOHSBeILeHHﬁZ HaﬁTH
BCE NPSAMOYTOJIbHBIE TPEYTOJIbHUKY C LEJIBIMA CTOPOHAMHU.

VTtak, ecTb IpAMOYTOJILHLIA TpeyroJbHuK. OTHONEHNS MEXKILY €ro
croponamu 3aaanbl popmyiioit: a? + b? = ¢? (cm. pasuen 1).

[Ipexne yem npucTynuTh K PEeHuio 3Toit 3a1a4u, 1aBaiTre HEMHO-
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a

Puc. 124
IO OTBJIEYEMCS U BCIOMHUM (DOPMYJIYy COKPAIEHHOTO YMHOXEHUS

a’ —b* = (a—b)(a+b).

HaBaiiTe nokaxeM TOXIIECTBO a? + b = ¢? PeOMEeTPUYICCKU.
Hapucyio xkBazpar co croponoit a. VI Beipexy u3 HEro KBaiparuk

CO CTOPOHOIA b.

a? - v = (a—b)(a+0b)
a a—0b

a+b

Puc. 125. ®opmysia COKPALIEHHOIO YMHOXKEHUS «B KAPTUHKAX».

¢l xo4y ysHarb, yemy paBHa ocralomascd mwiomaab? na sroro
s OTpesaro MpPsAMOYTOJbHUK M MPUCTABJIA ero cHu3y. [losrydato mps-
MOYTOJIBHHK CO CTpoHaMu @ — b u a + b u mromanso (a — b)(a + b).

Urak, c oqHOI CTOPOHBI OCTABIIAACS ILJTOMALb PABHA a?—b%. C Apy-
roii croponbl (@ —b)(a+b). 3uaunt, a? —b? = (a—b)(a+b). Toxmecrso
JIOKa3aHO.

A 9o Takoe npamoi yros?

Caymiaresns: 90 rpaiycos.
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A.C.: Ecau kro-to npuseres ¢ Mapca, kak emy 00bsICHUTH, 9TO
3HAYIUT KIIPSIMOI yros»?

Ecth besynpednoe onpepesieHre mMpamMoro yrja. 9To TaKOoH yroJi,
KOTOPBIiA, €CJIX BBIPE3aTh ero u3 OyMaru u HpucTaBUTh K caMoMy cebe,
JAaCT pasBepHyThiil yroa (puc. 126).

t |

Puc. 126. CneBa — UCXOMHBIN yroJI, CIpaBa — MPUCTABJIEHA K HEMY KOIHA

9TOrO yIJIa, BHIPE3AHHOIO U3 OymMaru. A BHU3Y [OJIYYUJIACH CILJIOMIHA HPsi-
Mas jimHuA. Kax roBopurcs, ACHO Jazxke MapCHAHUHY. . .

PassépuyTsiit yros — sro npamasd. [Ipamoit yrosr — 310 mosioBuna
Pa3BEPHYTOrO yryia. ITO BHIBOAUT HAC HA OYE€Hb MHTEPECHbIH BOIPOC:
9TO UMEJI B BUILY EBKJ'[I/I)I, Korga mnmucaJi, 4T0 BCE NIpAMbIC YyIVIbl DABHbBI
Mexay coboii? Uro takoe «paBHbI»? ECTh OIHO OYeHb BaXKHOE IIOHSI-
tue — deudrcenue. Bmxenne — npeobpaszoBaHue, KOTOPOE COXPAHAET
paccTodHNe MeXy mapaMu TOYeK. Mbl BCerga MOXeM IMOMEPUTH Pac-
CTOAHUE MEXK]Y TOYKAMMU Ha IMJIOCKOCTH. HOTOM MBbI MO2KEM I1IJIOCKOCTb
[IOBOPAYUBaTh, OTPaXKaTh, [ABUTATH — [JIABHOE, YTOOBI pacCCTOIHUE Me-
KAy TOYKAMU HE MEHAJIOCH. TaK BOT «PaBHbI» — 9TO BCEraa O3Ha4vaeT
«COBMENAIOTCH J[BUKEHUEM.

B 1872 romy 3maMmenuTbIil HeMenkuii MareMaTuk Penvkc KireitH BbI-
CTYIIHUJI C TAK HA3BIBAEMOU « DPJIAHIEHCKO# nporpammoits. OH ckasadl,
9TO T€OMETPHUA — 3TO HAyKa O TOM, KaKue CBOWCTBa (puryp He MeHd-
I0TCH 1IPU «Pa3penieHHbIX npeodpas3oBaHuax». B 4acTHOCTH, HIKOJIb-
Had PeOMeTpus — HTO HAyKa O TOM, KaKue CBOiCTBa (puryp He MeHd-
forcst npu asmxkenusx. Ho npeobpasosanus ObiBaior u 60siee obmero
pona: pacraxenue, nHBepcud. ECTh MHOrO pasHbIX Mpeobpa3oBaHUIA.
N Bbicokas reomerpus, reomerpus JlobaueBckoro, cepuieckas reo-
MeTpud — 3TO BCE MPUMEPBHI TOrO, KAK MbI CJIEJIyeM IPJIAHTEHCKOMI
nporpamme Kuieitna. To ecrb reomMerpuio MOXHO OXapaKTEpPU30BATH
KaK HAyKy O CBOMCTBaxX (puryp, KOTOpbl€ HE MEHAITCH [pU Ipeodpa-
30BAHUAX.

H X0TeJ1 OXapaKTepu3oBaTlb HNPAMOYIOJIbHbIE TPEYT'OJIbHUKU. STa
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33/1a4a, HECMOTPHA HA TO, 4TO €€ IIOJIHOCTHIO PelInJiu elé B aHTUIHOM
Mupe, — He caMad npocTad. Bel ObICTpO HaliileTe HECKOJIbKO IPUMEPOB
LeJIBIX CTOPOH, JJis KOTOPLIX Bepuo ¢ = a? + b?. Hy, ckaxem, BoT
a=3,b=4,¢=25:

9416 = 25.

Hapaiite HOCMOTpHM, CMOXEM JIM MBIl yrajgarb emé Kakue-HuOympb
tpoitku? [locMoTpuM Ha KApPTUHKY, KOTOPYIO TOXE HOJDKHBI U3YIaTh
B mKOJIe (B IpeBHErPEYIeCKOoil mKose ona Opural).

12,
11]
10 |
9] _
81 9
=T
S & 9
4 7
3,

5
2_
14 13
1) E— A ‘
01 2 34567 8 91011121314

Puc. 127. CupaBa — CTOJIOUKM Pa3/IMYIHON BBICOTHI (IO-IPEYECKU KTHOMO-
Hbl»). Bbicora usmepsiercss 4ucsioM KJeroyex, NOMEeIaomuxcsi B CroJI0UK, 1
yKasaHa BHyTpu HuX. Kakapiii THOMOH, HaYWHAA CO BTOPOrO, «3aBOPAYNBA-
em» na 90 rpanycos (csesa). Bor u nostyumsioch 10KasaresbCrBo 3ameda-

TesibHOI Teopembr: «CyMma HEYETHBIX unces oT 1 u 1o 2n — 1 paBHa ns.

Kaprunka wa puc. 127 momoraer moHATb TOT (PaKT, 4TO CyMMAa
1+34+5+7+9+ ... Ha g000M mIAare BBIYUCICHUI TAET KBAIPaT
HaTypaJbHOro yucsa. OIHOBpEMEHHO 9TO — CIOCO0 YBHUAETH, 9€M OT-
JIMYAIOTCS APYT OT JAPYTra JIBa COCENHUX KBaJpara. A MMEHHO, 1Ba CO-
CEIHUX KBAJAPaTa BCErIa OTJIMYAIOTCHA HA HEYETHOE TUCJIO.

Ho meuérabie yucsia toxe WHOrIA OBIBAIOT KBAJIPATAMU, HAIIPUMED,
9 — 310 3.
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3HAYUT, B MOMEHT, KOIJIa, MEXJYy COCE[IHUMU KBAJIPATAMU CJIOU CO-
crosiyi U3 9 KBAJIPATUKOB, Y HAC OYEBUIHBIM 00PA30M MOABUJIOCH pe-
HIeHUe COOTBETCTBYIONIEro ypasHeHus: Jlunodanra.

[Tomo6ubBIM xKe cITocob0M MOXKHO ITOJTYIUTh OECKOHETHOE MHOXKECTBO
takux Tpoek. Bee 3ty Tpoiiku OymyT uMers ciemyonmii CrienuaJibHbIi
Buf: (a, b, a+1). 3mecy b — meuérroe ducso, 06IATAONIEE TEM CBOW-
CTBOM, YTO B M30THYTO’ IMOJIOCKE MEXKly KBAJPATOM pa3Mepa @ Ha a U
KBaJipaToM pasmepa (a+1) Ha (a+1) ymemaerca poBHO b? MaTeHbKIX
KBaApaTukoB (cm. puc. 125).

To ects mexnay a® u (a + 1)?, MexTy >THME KBajpaTaMm, HHOT/IA
pasuuia Oymer ABaAThCA KBajparom. VI umenno torma, Kormga HEIET-
HOe 9HCJI0 OyZeT CJIydaiiHO OKa3bhIBATHCA KBaIPATOM, OY/IET MOABIIATH-
Cd HOBasd TPOiKa pemenuii ypapaenus: [lnodanra.

Kakoe cienyroiiee neyernoe qucso Oymer kBajparom? 25. laBaiite
IIOCMOTPHM, Y€MYy PaBHA TOLA PA3HUIA MEXK/]ly COCCIHUMU KBaIpaTa-
vu. Ha ckosbko kierouek ormmdaforca a® u (a + 1)2? Ha 2a + 1.

a?+ b =c?
a
c=a+1
b=2a+1
(a+1)%2 = a® + 2ab + b*
a+1
(a,b,a+1)
Puc. 128

Teneps mMbt xoTuM, 9T0661 20+ 1 OBLJIO PABHO 3TOMY HAIEMY YUCJLY
52, To ecth 25,

20+1=25 a=12.
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Mrax, Mbl mOJIyun HOBYIO Tpoiiky: 122 4+ 52 = 132, Bes comuenus,
Benp 144 + 25 = 169.

Caenytomuit Heyernsiii kBajgpar — 49. [Hogasurca pemenne 7, 24
u 25.

Kro-Hubyp u3 Bac CpocuT MeHs: «MOXeT ObiTh, 970 BCET» Mbl
1oJTy uni 6eCKOHEU b pa, pemennii ypapaenus a2 +b? = ¢ B 1eIbIx
yucsax. Ho onu Bce ycrpoennl ojuHakoso. ['unorenysa orsinuaerca
ot Gosbiero karera Ha 1.

Bonpoc: a ectb kakue-uubyp gpyrue penreausd? Orser. Ha. Oduens
MHOTO Ipyrux cepuii. Bor Bam oguo n3 mux: 84, 187, 205.

Obmas dpopmyJsia 1Jid BCEX 3TUX PEUIEHUN — HTO OTIEeIbHAA UCTO-
pus.
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Jlekmusa 3

Ceituac mbr HeMHOTO BepHeMcst K Teopeme Pepma u [Tuodanty ¢ ero
TpuHaAIATHI0 ToMamu. lllecTh coXpaHUBIIMXCA TOMOB, KaK 4 yXKe pac-
CKa3bIBaJI, ObL/IM W3/1aHbI, 110CJe 4ero nonaJm B pyku Pepma. Depma,
qurasi Tpyn Hduodanra m ocraBsigs 3amMevaHud HA MMOJIAX KHUT. Tak
BOT, B TOM MecTe, rie HuodaHT noJHOCTHIO pa3dupaer KaaCcCuIeCcKyio
33149y O IPAMOYTOJbHBIX TPEYTrOJbHUKAX, pyKoit Pepma ObLiia HA MO-
JISIX CHeJIaHa 3aMeTKa: «B To ke Bpemsda, HUKaK HeJIb3d PA3JIOKUThH KyD
B CyMMy ABYX Ky0oB». Ha Haliem g3blke 9TO 3By4YdT TaK: ypaBHEHUE
Buga 0 + y3 = 2% ne umeer peuieHud.

®epma He UMeJT B BUY TPUBHAJIbHBIE cyyan, Korma = 0, ay = z.
Hasiee y @epma crouT 3angrasi, u OH mpomaopkaer: «Hukakyio de-
TBEPTYIO CTeleHb — HAa CyMMY JBYX Y€TBEDPTHIX CTeleHel, u BooOiie
HUKAKYIO (bI/IKCI/IpOBaHHyIO creneHb — B CyMMY [IBYyX TaKHUX 2Ke CcTene-
ueir». [lajiee oH muuieT HOMCTUHE BOCXUTUTEbHYIO (pasy, 3a KOTO-
poii maremaruku rousauch 357 jer. On nuuier: «f Hamer nmoucTuHe
YIUBUATEJIHHOE JIOKA3ATEIbCTBO 9TOMY (haKTY, HO IOJIA HTOW KHUTHU He-
JIOCTATOYHO IIMPOKHU, YTODBI €10 BMECTUTH». ITa 3a1uch pykoir Pepma,
6bL1a B 9K3eMIuIape TpyaoB Hduodanra. Iror KommenTapuit 6611 enuH-
CTBEHHBIM CJIy9Ya€M B UCTOPUH, KOria yrBepxkaenue Pepma He ynaJioch
JI0Ka3aTh 3a pasyMubii nepuos spemenn, ciycra 20-30 jer. Onun pas
@®epma ommbes, HO OH HE YTBEPKOAJ ompenesenno. B ciaydae ¢ mpo-
CThIMU <K4YUCJIaAMU CDepMa>> OH HaIIMCAJI KIIO-BUINMOMY, OHU IIPOCTHIE>.
B ciygae ¢ paccmarpuBaemoit Hamu TeopeMoit Pepma HamucaJi, ITO
Halres nokasaresjibctBo. OH ynomsanys 00 srom B 1637 1., a B 1994 1.
ee nokasasiu. Mbl cunesiu va cemunape o ajrebpe. [lpuinesn npemnoma-
BaTEJIb U CKA3aJ: Y MEHs JJIS BAC MOTPACAIONIAS HOBOCTh — JIOKA3aHA,
teopema Pepmas. Bce pemusiu, 910 9TO pO3BITPHILI, HE MOXKET TAKOTO
6bITb. MbI yauMCd Ha MeXmaTe, 1 Ipyu HAaC IIPOUCXOAUT UCTOPUIECKOE
cobbrtre. Eciu 6b1Th TOYHEE, Teopemy nokasaJsim B 1993 . Ho B mo-
KazaresbCrBe ObL1a HalimeHa ourmbKa, KOTOPYIO UCIHPABJISLIIU [TOJITOMIA.
ITosromy okomuaresibuo Teopema bbuia mokaszana B 1994 romy. Heko-
Topoe BpeMd Oblu comuenud u B 1996-97 rr., e Bce 6Gbuiu ybexe-
HbI B TOM, YTO 9TO CBE€PHIXJIOCH, TAaK KaK IIOHATH 3TO JOKA3aTCJIBCTBO
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MOIJIO KpaiiHe MaJjio MmareMarnkoB. CerogHa MOXKHO yTBEPXKIATH, 9TO
MIOHUMAIOT [I0KA3aTeJbCTBO 3TOU TeopeMbl desioBekK 500 B mupe, Ie-
tasibao — okoJio 100 gesioBek. Exy momarno, uro @epma nomobuoro
JI0Ka3aresbCTBa BhiAyMarh He mor. CuienoBaresibuo, uiu Pepma oguu
pa3 omubCsi, WM MbI JI0 CHX IIOP HE 3HAEM IIPOCTOrO JOKA3ATEJbCTBA
9T0il Teopembl. MaremMaruku MpemovnTaoT CONJIAUIATHCA C IHEPBBIM
yTBepXKieHueM, nb0 BTOPOEe — IO30PHO [ijIsi BCErO YEJIOBEIECTBA.

®epma HE OCTABUII JOKA3ATEIBCTBA OOIIErO CJIydas, HO COXPAHU-
JIUCDH 3AIMUCH U3ALHOIO JIOKA3ATEJIbCTBA, IS YaCTHOIO CJIydas, HJIs
n = 4. (z* + y! = 2! He umeer HeTPUBMATLHBIX pelTeHWl B TEJTBIX
IHUCJIaX).

41 me Oyy NPUBOAMTH YTOTO JOKA3ATEJIbCTBA, XOTA OHO M HE OYEHD
caoxuaoe. OHO UCIIOJIBb3yeT MPUEMBI JIEJTMMOCTH, YTO BO3BPALIAIOT HAC
K Hameil nepsoii 3amaqe (Haiitn Bce nudaroposbl TPoiiknm).

Urak, reopema ®epma: z" + 4" = 2" He umeeT pemenuii B HaTy-
pavibHbIx uncsax. [lasaiiTe moCMOTPUM, KAKUM MOXKET ObITH 9UCJIO 7.

DTO YUCIIO MOKHO PA3JIOKUTH HAa MHOXKUTEU. KCTh Takasd Teopema,
HA3BIBAETCHA «OCHOBHAA MEOPeMa GPUPMEMUKU>, KOTOPAS YTBEPKIA-
er, 4To JiI000e HATYpPaJIbHOE YHCJIO MOXKHO €IWHCTBEHHBIM 0Opas3oM,
C TOYHOCTBIO [0 IEPECTAHOBKM MHOXKWTEJIeH, pa3jiokKnuTh B IIPOU3BeE-
jenue npoctbix auces. Cmorpum, jenurca Jjim n Ha 2. lesum, moka
[EeJIUTCs, MOJy9IaeM 2 B KaKOH-TO CTEleHW W OCTABIIMMCS HEYEeTHBIN
MHOXUTEJb. Ecanm ocraBmmuiicas MHOXWTEIb HE MPOCTOW, TO MBI pac-
KJIa[bIBaeM ero JaJibllle, IOKa He I[OJIy4YUM IIPOU3BEIeHUe ITPOCTBIX
quceI.

Hanpuwmep,

n=2"nny =2°-17-7 = 3808.

[Touemy mporiecc pasJioKeHnA HA MHOXKUTEIN HEe MOXKET TPOIOJIKATh-
cs1 no beckonevnocTu? Kax ipiil pas, KOria Mbl pACKJIAIbIBAEM Ha, MHO-
JKUTEJIU, 9MCJIa, CTAHOBATCA BCE MeHbIe u MeHbine. Hesp3a 6eckoned-
HO JIOJITO YMEHBIIATH HATYPAJHHOE TUCITO. ITO akchmoma Apxumena,
HO IJIF 9eJIOBEKa PAa3yMHOTO 3TO IIPOCTO OYEBUIHOE YTBEDXKJICHUE.
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IIepenmenyem npocrbie muoxuresiu B p. Maremaruku Jiio0aT HA3BI-
BaTh IPOCTHIE 9uCJIa OYKBOH p OT aHIJIMIACKOro prime

n = 2"pipap3 ...k

HekoTopbie u3 MHOKHATEIEH MOTYT BCTPEIaThCs HECKOJIBKO pas3. A mo-
XKer ObITh, y M €CThb KaKMe-TO JIPyI're MHOXMTEJIM, KOTOPbIE 3/ECh
He IIepPevYUCJIeHbl, U B pe3yJbTaTe OHO OJHOBPEMEHHO PABHO KAKOMY-TO
IPYTOMY IIPOU3BENEHUIO:

n=2"p1pap3 ... Pk = q142G3 - - - Gk-

Moxer jim Takoe ObITh, ITOOBI OMHO W TO XK€ YNCJIO PACKJIAIHIBAJIOCH
HA MPOCTBIE MHOXKWTEJU «CYHIECTBEHHO MO-PA3HOMY» (HECYIIECTBEH-
HOE oTyImaue — Hanpumep, 2-3-5 u 3-5-2). VaTynnusa mofcKas3piBaet,
9TO HET, U WHTyWIus npasBa. Ho j0ka3arb 3TO aKKypPaTHO [HOBOJIb-
HO CJIOXKHO. MBI B 9TO MPOCTO MOBEpHM U HE OyIeM MIPOXOIUTH ITY
TEepHUCTYIO mopory. UTo ke cienyer n3 equHCTBEHHOCTH PA3JIOKEHUT
HA, IPOCTHIE MHOXKUTEJIH !

Ecrp nBa Bapuanrta. JIubo y n ecrb xora Obl OIMH HEYETHBIH 1IPO-
CTOM [IeJIuTesb, TO €CTh B 3AIIUCH:

n=2"pipap3...pk

xoTa Obl OHO p — HedeTHOoe. Bropoit BapuaHT COCTOMT B TOM, YTO
HU OJHOI'O HEYETHOI'O 4YucCJia HET. T‘]:TO MOXKHO CKa3aTb IIPO 7T B 9TOM
cay4ae? To, 910 n ABJsIeTCA CTeneHbio ABoiKu. Ecau n = 2, MbI moJty-
qaeM 3aa4y npo [Tudaropossl Tpeyro/ibHUKM, KOTOPYIO CKOPO PEInM
B 9T0i Jreknuu. Ecsm n # 2, To oHO mpencTaBuMo B Bue 4 - k. Boicmasa
crenenb BOUKU — 310 b0 4, mbo 8 = 4 - 2, aubo 16 = 4 -4 u Tax
nadtee. [losrygaem citenyromee ypaBHeHUe:

2 gt — Sk

HO, KaK U3BECTHO,



OTKY/la 110JIy4daeM

Ecau 661 MOXHO ObLJIO pemuTh 3TO ypaBHEHUE, TO TPU HATYPAJIbHBIX
auca zF, y* u 2F 6putn 661 pemennem samaan @epma 4yt = 24,

Ho ®epma mgokasas, 9To Takoe ypaBHEHUE HE UMEET PEIleHui B 1e-
JIBIX YUCJIAX.

[Tosromy ciryuait Teopembr Pepma, 11t 9UCEST 1, ABJIAIONUXCA Ka-
KOI-TO Cremenbio ABOHKM, cBoguTcda K n = 2. B npyrux ciayvaax pe-
meHuit HeT. BcmoMHMM, KaKoil cirydail MBI ellle He pacCMOTPEeIn: 1 —
COIEPXKUT HEYeTHbIH npocToit mesurens p, n # 1 (r.e. He apigerca

cremnenpio ABoiikn), n = pk. Torma:

[lostygaerca, 9T0 ecjiu y 1 €CThb MPOCTOW HEYETHBIA HEJIUTEIb P, TO
HeCyuleCcTBOBaHue peuieHus ypasHeHud Pepma C noKasaresieMm 1n CBO-
JIUTCA K HECYNIECTBOBAHUIO PEUICHUS YPABHEHUSA CTEIIEHU p.

To ectp Teopema Pepma CBOAUTCA K UCCIEHOBAHUIO yPABHEHUA [IPO-
croii crenenu. U, ecjiu Mbl 3HAaEM, 9TO HU IIPU KAKOM IIPOCTOM 7 yPaB-
HeHue 2" +y" = 2" He UMeeT pellleHud, TO OHO He UMeeT DelleHNsd U HU
pu KaKOM JIPyroM 7.

Teopema @epma dopmynupyercda, HaYuHadA C 7 = J, TaK Kak
IIpU N = 2 UMeeTCd 1eJI0€ MHOXKECTBO PEIIEHUA.

Ynpaorcrnenue (Oasn orcenarowur). JJokasars, 4ro ypaBHEHUE

219 4 19 = 19

Ipu & = Y HEe UMEET PEUICHUN B HATYPAJIbHBIX YUCJIAX.

A renepb — ucropus BOLpPOCA.

[Ipo ypaBHuenue BTOpoii crenenu ObLJIO W3BECTHO yKE JIPEBHUM WH-
mycam. Y paBHEHHE TPeTheil CTeleHr OKa3aJioCh DoJjiee CJI0XKHBIM. [1o-
9TU HOJIHOE PEIleHre, KOTOPOe MOTOM JIOBEJIU JI0 KOHIA, ObLIO MOJIY-
qeno Jleonapnom Ditsiepom. B Jiekiuu 4 g paccKaxy, KaKuM W3sAHER-
LIKM IIyTEeM OOKA3bIBAETCA TEOPEMa HECYNIECTBOBAHUA JIA HEKOTOPO-
ro ypasHeHus Tperbeil crenenu (He CBA3aHHOIO HANPAMYIO C TEOPEMOi
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®epma), HO CHAYAJIA PO MATYHO CTENEHb:

z° +y® = 2"
HepaspeuumocTs ypaBHEHUA HATON CTENEHM B IEJIBIX YUCJIAX ObLIA
jokasana B 19 Beke. Ilorom crasin yBesimuuBarh 11oKa3aresu u JOKa-
3BIBATH PO CEObMYI0, OMUHHAIIATYIO, TPUHAIIATYIO cremneru. o,
npuMepHo, 10 cothu. Ocobo oTyimaun/uch KenumHa-maremaruk Codu
2Kepwmen, a takxke Kymmep, norparusmnii Ha reopemy @Pepma qobpyio
[IOJIOBUHY KU3HU.

IIpu peutennn ypasuenus Pepma BbLIEIAIOT ABA PA3HBIX CJLydad:
PeryJIspHbIi U CIeNUabHbIA (HeperyJ IspHbLii).

Perynsapubiit ciayvaii: Hu OgHO W3 4YuCes T, Y, 2 HE HEJIUTCH HA P.
CrenumasibHblil caydaii: ogHa u3 nepeMeHHbIX AeJIUTCA Ha P, & [IBE JIpY-
rue — ner. (Ecau nBe nepemennbie nearca Ha p, TO U TPEThHA MEPe-
MenHada 0bA3aTesbHO HesmmTca Ha p. Hamnpuwmep, ecom  u y mendarcsa
HA P, TO B JIEBOI 9aCTH P BHIHOCUTCS 32 CKOOKY U 2 TOXe Oyner He/iMTh-
ca. Torga MOXKHO COKpaTuTh 00€ YacTH ypaBHEHUA HA MAKCUMAJIHHY O
CTEIeHb YUCJIA P U [OJIy9IUTh KAKOU-HUOY b U3 JIBYyX OMUCAHHBIX CJIy-
9aeB).

Codu 2KepmeH j1asieKo TPOABUHYJIACH B peryJiapHoM ciydae. OHa
JI0Ka3aJia, 9To ypaBHeHue perysgapuoro tuna zP + y? = zP ue umeer
peLIeHusd I BCEX TaKUX MPOCTHIX p, UTO 2p + 1 — TOXKe mpocToe.

Becs 19 Bek mymnach 60pbba 33 pasHBIE IPOCTHIE IOKA3ATET, U Me-
TOJMIOJIOT U JIOKA3ATEbCTB ObLiIa TUITOBAA. BhipaxkeHus packJiaiblBan
HA, MHOXUTEJIA THUIIA

343 = (z —i—y)(ay2 — :vy+y2).

Ecom BBl He noMauTe 5Ty (POPMYJIy M3 NIKOJIBI, MOXKETE €€ IPOBEPUTD,
packpbis ckoOku. Hanbme nesagaua: (r2 — zy + y?) Ha MHOXKUTEN
He PaCKJaIbIBACTCHA, — IO TOM XK€ NpUIMHE, I0 KOTOpPOil HE pacKJa-
npiBaerca r2 4+ y2. A kax 6bwI0 6bI XOPOLIO PA3JIOKUTL €r0 U B OIHY
crpouky nojyuuth pemenue! Ho 9T0 BOBMOXKHO TOJIBKO ¢ KOMILJIEKC-
HBIME 9UCJIAMH, & C JeACTBUTEIbHBIMA, IIPABBIYHBIMEA HAM — 3TO He-
BO3MOXKHO. Bce 10poru, KOTopble BEIyT B HACTOSAILYI0 MATEMATHKY —
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HIyT 9epe3 KOMIJIEKCHBIE TUCIIa. DTO CJIOXKHO, HO MHTEPECHO W KPa-
CHBO.

Ceituac st X041y H0Ka3arb MATEMATUIECCKH, YTO JIBA BBIIIECYTOMAHY-
TBIX BBbIpaXKEHUA r? + y2 u 2’
Ha muoxwuTe u. [[y1g 3TOro # MCHOJIB3YIO CJIOXKHBIA, HO HAIJISAIHBIA
IIyTh Yepe3 BBENEHUE B ajaredpamdecKyo reoMeTpuio.

— 2y + y? He MOryT GBITH Pa3JIOXKEHbI

Hoxaxem HEPA3/10KUMOCTD 2 +y2. IJoIyCTIM, 4TO €ro MOXKHO pas-
JIOXKUTD!

o* +y* = (e + By) (yz + 0y).

Paccmorpum, Kakre MHOXKECTBA Ha, IIJIOCKOCTH 3a4AI0T 1IPABALA U JIeBadA
4aCTU YPaBHEHUS:

224+4y2=0 u (ax + By)(yz + dy) = 0.

[Tocsie pabor [lekapra Mbl 3HAEM, UTO T U Y MOXKHO CIUTATH KOOPIIU-
HATaMHI Ha ILIOCKoCTH. YpapHenme x° + y? = ( 3a7aeT HaM TOJBKO
onuy touky (0,0). TTouemy? Iloromy, uTo KBagparbl HE MOIYT ObITH
oTpunareibHbIMU. Eciim 0fHA U3 IepeMeHHBIX IIOJIOXKATEIbHA, TO BbI-
paxeHue OoJibllle HyJId, HO KBaJpaT BTOPOU IlepeEMEHHO — He MeHb-
1Ie HyJId, CJIe10BaTesIbHO, cymMa Oyier bouibie nyJsia. He nosyyaercs.
Ecsm cymma paBHA HyJIIO, 3HAUUT « U Yy 008 PABHBL HYJIIO.
Paccmorpum BrOpOe ypaBuenue:

(az + By)(yz + dy) = 0.

Ono 3agaer HaMm jBe npsiMmbie. THOIA, OHM MOTYT COBIAIATH.

> +y* =0 (az + py)(yz + 0y) = 0.

Puc. 129. lyis s1€eBOro ypaBHEHUs IOy Ya€TCs BCEIO O[IHA TOYKA, [IJIs [pa-
BOTO — WJIN ABE MPAMBIX, UJIA OTHA.
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[Mostyuaercs, 4To ¢ OMHOM CTOPOHBI y HAC JIBE NpAMbIE (B CJydae
UX COBIAJICHUSA OHA), & C IPYroil CTOpOHBI — To4Ka (CcM. puc. 129).

Ecom 651 22 +y? pacKIaapBaioch Ha MHOXKHTEIIH, TO BTOPOE yPaB-
HEHME MOJDKHO OBIJIO OBl OIIPENEsIATh TO XK€ MHOXKECTBO HA, MJIOCKOCTH,
qro u nepsoe. Ho Tak Kak 3TM MHOXKECTBA, HE COBHIAIAIOT, TO CyMMY
KBa/IpaTOB HEJIb3A PA3JIOKUTH HA MHOXUTEJIN.

Bor BaM mpuMep MeTOIOB KJIACCHIECKON ajredpamdecKoii reome-
TpUH. ECJII/I A 3aX041y uU3y4daTb ypaBHCHHE OT TPEX NEPEMEHHbIX I, Y
7 z, TO TOJIYIATCS yXKEe TPEeXMEpPHOe MpPOCTPAHCTBO. A ecsom y MemHst
26 nepemennbix? Ham nonamoburca 26-meproe npocrpanctso. Hyx-
HO UMETH BOOOpaXKeHre W XKUTh B MHOIOMEDPHOM TpocTpaHcTBe. IIpen-
CTaBbTE, YTO BbI BHIXOAUTE HA, YJIMILY U HEPEXOIUTE JOPOTY Ha KPACHDII
cBetT. Bac moxer cOnTh MammHa, HO CTOUT BaM EPERTU B YeThIpEXMED-
HOE MPOCTPAHCTBO, U BaM CTaHyT 0e3pas3JitdHbl BCe CBeTO(MOpDI, TaK
KaK Mauuubl OyyT mpoes3xkarb CKBO3b BaC, W jiaxke He OymyT 3ame-
9aTh 9TOTO. A Beb BBI CIEJAJM TOJBHKO OWH MIAT MO IeTBEPTOR och
KoopauHar!

Hewmmuoro ciioxnee nokasarb, 9T0 HE PACKJIAIBIBACTCA &
Honycrum, aro

2—:vy+y2.

2? —zy +y° = (az + By) (vz + dy).

2

[locmoTpuM Ha MHOKECTBO &2 — zy + 32 = 0.

YwmuoxuM Bce Ha 4, 3aTeM mnpeobpasyem:

4o’ — 4oy + 4y° = 0,
4z —dzy +y? + 3y* =0,

Csepuem 422 — 4zy + y? = (22 — y)? 1o dopmyse Bunoma Hprorona.
Homyanm (22 — y)? + 3y? = 0.
Ecsim cymma kBagparos paBaa (), 3HAYAT KaXK/blii U3 HUX DPABEH
0. 3nauut, Bo-nepsbix, 3y = 0, ro ectb y = 0. 20 —y = 0, z = 0.
To ecrb 310 ypasuenue 3anaer rouky (0;0). Ho (az + By)(yz + dy)
3a/1aBaJjio JaBe npaMble (B Kpaiinem ciydae, onay). MHOXecTBa onaTh
HE€ COBIIQIAXOT. 3Ha,qI/IT, Pa3J/I0OKUTh Ha MHOXUTEJIN HEJIb34.
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3auyem mbl 310 gestaem? £ cHOBa Caesalo mepexom, OT UCTOPUU K Ma-
TEeMAaTHUKe.

Bepuewmca x 22 + y? = z?. PaccMOTpUM HECKOJILKO CHOCODOB pere-
HUsI 9TOH 3aIa49MH.

[Tepsoiii criocob pemenunsa HA3BIBAIOT «(POPMYJIONH MHYCOBY, T. K. HO-
JIArafoT, YTO emle JAPEBHUE WHIYChl 3HAJIM 9TO PEIIEeHneE,

Hapaiite mocMoTpuM, Kakue OBIBAIOT BAPUAHTHI [IJIS YETHOCTU UJIN
HEYEeTHOCTH %, Yy U z! Hciam dmcio gerHoe, oHO mMmeer By, 2k, TOrHa
€ro KBaAPaT UMEEeT BULL (2/€)2 = 4k? u on mesmrca Haneso ua 4. (B ne-

KOTOPBIX KHHUTax (PaKT HeJMMOCTH n300pazkaercs tak: 4k 4.)
Ecau gncsio HegeTHOR, TO €r0 MOXKHO IIPEICTABUTH B BU/IE BHIPAKE-
Hust 2k + 1 [1j19 HEKOTOPOro MEJI0T0 k. W TOTma

(2k +1)2 =4k* + 4k +1=4(k* + k) + 1.

4(k?+k)+1 — e mpocTo HeYeTHOE THCIT0. DTO THCIT0, KOTOPOE TIPH Jie-
sennu Ha 4 umeer ocrarok 1.

Kakwe 6p1BatoT ocrarku npu gesiennu Ha 47 1 u 3 y HEYeTHBIX YuceJt
u 0 u 2 y gernbix. Tax BOT, BiBeneHHbIE (POPMYJIbI MOKa3biBaroT, 1TO
y KBaJIparoB Bcerga ocrarku jubo 0, subo 1. Hanpumep,

TO eCTb HOJIb IpH Aesienuu Ha 4, nagee — 9, 16, 25, 36, 49 (c gepemo-
BAHUEM OCTATKOB 1 u O npu aesienun Ha 4).
Tyt ectpb enie omun Hosiee rTybOKuit «HOKYC-IIOKYyC»:

2 k(k+1
(2k+1)2:4(k2+k)+1:8%+1:8¥+1,
k(k +1)
roe —5 Bcerga 1eJjioe 9ucjo. B ducimresie cTOAT OBa MOIPA]T

uaynmx quciaa. OHO W3 HUX BCEr[Ia YETHOE, 3HAYUT 3TO BbIPAXKeEHUe
LOIEJIUTCA Ha, 2.

[Tosiygaercsa 3amegaresbaad Beb. KBagpar j000ro HE4eTHOrO Yu-
cJia J1aeT ocTaroK 1 mpu mesieHuu Ha 8. ITO — OYEHDb BAXKHBINA (HaKT.
Ho B namewm ciiygae BaxxuO nesienue Ha, 4.
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Bepnemcsa x namemy ypaBHEHUIO
:U2 4 y2 _ ZZ (7)

(rak kak 310 — (opmysupoBka Teopembr [Iudaropa, T0 Takue nps-
MOYTOJIbHbIE TPEYTOJbHUKH CO CTOPOHAMU I, Y, Z, TOE T,Y, 2 — IeJIble
YUCJIA, HABBIBAIOT <IU(ArOPOBBIMUS).

IIpexne Bcero, cokparum Bce HA 2.

Henum na 2 BCE TPHU YHUCJIA, TOKA OHU CUHXPOHHO OYILyT HEJIUTHCH.
3areM, 3a0/(HO, PA3IEJIMM BCE TPU YUCJIA HA BCE UX IIPOYUE ODIIUE IIPO-
CThI€ MHOXUTEJIN. TaK MbI OnIIIeM HE BCE TPEYrOJIbHUKU, a TOJIbKO
Ka9eCTBEHHO pa3HbIEC. HOH.CHI/IM CKa3aHHOE, BOCIIOJIb30BABIINCH IIOHA-
THEM OH00UA TPEyTrOJIbHUKOB.

Ecom nBa rpeyrosibnuka momo0HbI, TO TPOWKM MX CTOPOH IPOIOP-
[UOHAJBHBI APYT Apyry. VIHTepecHO B KaXXIOM CeMelCTBe MOTOOHBIX
apyr apyry IMudaropobix Tpeyro/ibHUKOB HARTU CAMBI MaJICHbK U
TPEYTOJILHUK C IeJbIMH CTOpoHamu. IIoToM MBI CMOXeM YMHOXWTH
Haiinennoe pemenune (x,y,z) Ha Ja000e ducsao. TpeyrojsbHuk yBeJn-
YUTCH, HO OCTAHETCA NUu(AropOBBIM.

VY 3T0r0 CaMoro MaJIEHbKOTO TPEYTroJIbHUKA He Oyaer 4eIMMOCTH HU
Ha OHO IIPOCTOE UHCJIO Y BCEX TPEX CTOPOH OTHOBpeMeHHO. Ho m mBe
JJIMHbI CTOPOHBI HE MOL'YT HEJIMTbhCHA, HallpUMEDP, Ha 2, HNHa4Ye OJINHAQ
Tperheil CroOpoHbI TOXKE OyieT 00s13aHa, JEe/IUTHCA HA, 2, TAK KAK BHITIOJI-
usaerbesa paserctso (7). Ecau messarcs coraraembie, TO JEJIUTCA U CyM-
Ma, 3HAQYUT, MOXKHO COKPATUTh.

To ecTb y MUHIMAJILHBIX TPOEUEK U3 DTUX 3-X IUCEJ HA 2 MOXKET Jie-
JIUTHCH TOJIBKO OJIHO. AHAJIOIMYIHO U HA JII0D0E JIPYroe mpocToe Iucio
MOXKET JIeJINThCA [IJInHA He DoJiee OIHON U3 TPEX CTOPOH.

[Touemy He MOAXOMUT BaApUAHT, KOTHA L, Y, 2 — HedeTHbie?

IIpenmoIo:KuM, 4To BCe UMCJIa, HeYeTHble. 2 — HedeTHoe, y° —
neuerHoe. CjrenoBaresibHO, 2 — dYeTHoe. Tak Kak CyMMa HEYeTHBIX
qHCeJI BCeTIa JeTHA.

3HaUYUT, BCE-TAKU OIHO U3 L, Y, Z JOJIKHO HEJIMThCHA Ha, 2.

A moryr z m y ObiTh HederabiMu?! Her, moTtomy 4to y KBamparoB
npu mesieHun Ha 4 Oymer octarok 1, a MX cymMma HACT 2, HO z — UeT-
HOE, I09TOMY €ro KBaJpar Hpu aeseHnu Ha 4 J0/IKHO HATH B OCTATKE
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0. Buauur, B J11000#t 1udaropoBoit Tpoiike 1mocje €€ BO3MOXKHOIO CO-
Kpauenns z — HederHoe. (s npumepa BozbMéM Tpoiiky (30,40, 50).
Ona cBopures x Tpoiike (3,4,5)).

Ocraerca Topk0 onun BapuadT. OIHO IUCII0 U3 & U Y TOJIKHO OBITH
9eTHBIM, [PYTroe — HEYETHBIM.

A Temeph HAUMHAETCS KJTIOYEBOI MOMEHT JOKA3aTEIILCTBA, HE OUCHD
CJIOXKHBIW, HO KpailHe BaxHbI#, TaK KakK OH pabOTaer mpu pemeHuu
MHOI'UX JO(hAHTOBBIX YPABHEHUA.

[Iyctp & — 4gernoe uucso, rorma £ = 2k. B arom ciy4dae ypasuenue
6ymer umers Bun 4k + y? = 22

[lepexuny y? mampaso: 4k% = 22 — y?, 10 ecTb

k2 — Z-Yyzty
2 2 -
Tak xKak z U y — He4YeTHbIE YUCJIA, TO UX PA3HOCTHh U CyMMa — 4YeTHbIE
z— z+y
qucJia. [losTomy 9 U5 — UeJble YHCIa.

[Tostyumsiocs, uro k? paBHO [POM3BENEHUI0 HEKOTOPBIX LEJIbIX Ui-
ceJI.

A remepb cMOTpHTE, MBI JOTOBOPUIUCH UCKATH TAKWE TPOUKY, B KO-
TOPBIX HM y KaKO# napnl Her 0bumx gesmreseit. [loaromy y u 2 ne nme-
0T OOIIWX MHOXKHUTEJER, Y = P1P2pP3 -« . Pa, Z = 19243 - - - {p, & TU HAOO-
PBI IPOCTBIX Yucesi pasubie. Kak roBopaT MareMaTuKku, B 3TOM CJIydae
Yy ¥ 2z B3auMHO npoctbl. CaMu OHUM [IPU HTOM COBEPUIEHHO HEe 00s3a-
TesibHO TpocThle. Hampumep, 15 = 3 -5 u 22 = 2 - 11, ciemoBaresabHO

15 u 22 — B3aMMHO HPOCTbHIE YUCJIA.
z—sz+y
2 2
TO €CTb, He UMEIOT HU OJHOro obmero muoxuress. [loaemy? [Ipenmo-

Teneps s yrBEepK 1210, 9TO TaKXKe B3aUMHO IPOCTHIE,

JIOXKWM, 9TO y HMX eCTb o0mwmit mesuresib. Hampumep, onu pesarcsa
Ha 3. Torma, mx cymMMa M pasHOCTDb TOXE HEJIUTCA HA J.

zZ—1 z+y

5 T =&

E-Yy _zty _
2 2
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[Tosywaerca y : 3, z : 3, T0o ectb 9T0 Y, 2 064 deasmes ua 3). Mer

z — z+y
[PUILIA K IPOTUBOPEYUHIO. SHATUT, Y 5 u 5 TOXKE HeT o0IMX
neJresieii.
BepHeMmca K HalieMy BBIpaXK€eHUIO
k2 — Z=—Yyz+y
2 2

YUwucna crpaBa COCTOAT W3 PA3HBIX MPOCTBHIX HesmTeneil. B kaxmoe
W3 YHUCEJI IPOCThIE MHOXKUTEJIA MOI'YT BXOAUTH XOTh MOOAUHOYKE, XOTb

z— Z +
B CTENEeHAX, HO IEpECEUYEeHN I MEX Ty Pa3JI0XKEeHUAMEA 5 y n— y HeT.
Hanpuwmep,
2=y 2.3
9 — PiPap3---Pk:
Zty 5 7
2 = W1WW3 ... Wy,

C npyroii cropomsr, k* = ¢7q3 - . . ¢}, mo3TOMY

7

CoryiacHO OCHOBHOM Teopeme apudMETuKu, CyIecTrByer eIUHCTBEH-
HOe pa3JIoXeHNe HaTypPaJIbHOI0 YKUCJIa Ha IPOCTble MHOXKUTEJIH C TOY-
HOCTBIO JI0 MOPSAIKA COMHOXKUTEEH. SHAIUT, 110 00€ CTOPOHBI OT 3HAKA,
paBeHCTBA CTOAT HAOOPHI OMHAKOBBIX MPOCTBIX YHUCes. B yacTHOCTH,
q? paBeH NPOU3BECHUIO [IBYX YMCEJI U3 MPABO# 9acTu.

Tak kak nepecedenuii B Habopax MpOCTHIX MHOXKHUTEJE B HAOOpax
Ply---, Pk U W1, ..., Wy, HET, TO ITOT KBAAPAT HEJIMKOM KCUIUT> B OJI-
HoMm u3 HaboposB. Ho To ke camoe MOXHO CKa3arh W PO BCE MPOIUE
kBagparsl! [losromy Bce mpocThie umcita HAOOpaA p; BXOMAT B PasJio-

—Y
2
nabopa w;. Cienobare/bHO,

2KEeHHEe YHCJIIa B YJETHBIX CTEelIeHAX, U TO K€ CaMO€ BE€pHO IJId

Z—Y

5 = PIPIPs - - P
" zZ+

2y :wlwgwg...wzn
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SABJISAIOTCA KBaIpaTaMH.
STO O4Y€Hb CUJIbHOEC YyTBEPXKJ/ICHUE (HOTOMy 9TO KBaAPAaTOB OY€HDb
MAaJIO CpeIy HATypaJbHbIX umcedn). 1,4, 16,25,36,49 ... — onu BcTpeda-
IOTCSI BCE PExKe.
Bsemem HOBBIE 0003HAUYeHMs. Tak KakK HAIIM BhIPAXKEHWS — KBa-
IPaThl, TO 0003HAYINM:

Zgy:nz,
Z;‘y:m;
Torna
2 ZEyz—;-y: 22,
~ z;?J_FZ‘sz:m2_i_n27
y:Z‘sz_Zgy:mQ_nz.

Bcmomunm, aemy pasen x: ¢ = 2k.

Bungmo, aro k = mn, ciemoBaresbHO, T = 2mmn.

Nrax, mbl 10Ka3aJiu, 9TO €CJIU T, Y, Z ABJIAIOTCH [EJIBIMU CTOPOHAME
[IPAMOYTOJIBHOTO TPEYTOJIbHUKA, TO CYIIECTBYET Mapa HEJIbIX YUCEJT 71
¥ M C TAKUM CBOMCTBOM, UTO T PABEH yABOEHHOMY IIPOM3BEIECHUIO DTUX
9HCeJI, Y — PA3HOCTU KBAJIPATOB 3TUX YUCEJ, & 2 — CyMMe KBaJIpaTOB
TUX GUCEJI. ITO — 00A3ATETIHHOE YCIIOBHUE:

x = 2mn,

— 2 2
y=m —n-,

=m? + n?.
Ocraercs BOIIPOC: MOXKHO Ji OpPaTh 11 U 71 IPOU3BOJIBHBIM 00paszom?
Bo-nepBbix, 910061 «Yy» ObLIIO ITOJIOKUTEIbHBIM YUCJIOM, HY2KHO ITO-

6bI BBIIOJIHATIOCH HEPABEHCTBO 1M > 1 («Y» — CTOPOHA TPEYTOJIbHU-
Ka, OHA HEe MOXKeT ObITh OTPULATEILHBIM YUCJIOM). BO-BTOPBIX, M U N
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JOJIXKHBI OBITH B3ANMHO MPOCTHIMHU YHUC/JIAMHU PA3HOW Y€THOCTH,
9T00OBI X, Y, Z MOJIyIUJIUCh B3AUMHO IIPOCTHIMH.

IlaBaiiTe mpoBepuM, ocTaHeTC JiM BepHA HaIma tTeopema [ludaropa
JIJ1 JIIOOBIX JTOIYCTUMBIX 170, 11

2? +y? = 4m*n® + m' —2m*n® + nt =m! + 2m°n® + 0t =
= (m? +n?)? =22

MsI BuauM, 9TO Halra (POPMYJIa BCELIA HAET «IH(AropoBbI» TPOH-
KW, HO HE Bcerja B3auMHO npoctbie. Obmasa GopMyJia COIEPKUT JIBA

IIPOM3BOJIBHBIX Iapamerpa. [l HAMIEJHOCTH [OCTPOUM —CETKY
(puc. 130).

-2

Puc. 130. 3nech cupsitajiuch Bce nudgaropoBbl YACIa)

B cerke — Boibepem Touky ¢ koopauaaramu (0;0) u ocu: m — Bopa-
BO, . — BBepx. bynem Gparb TOukM ¢ KOOpauHATaMu (1M; 1) U NOICTA-
BJIATH uX B Hauty (opmysy. Hanpumep, Bosbmem Touky (2;1).

r=2mn=2-2-1=4,
y:mZ—n2:22—12:3,
=m?+n?=22+12=5.
JaBaiiTe Bo3sbMeM UTO-HEHOYHb Oosiee cioxkuoe. Hamommio, 94ro HaM
MMOAXOIAT TOJILKO M > 1 > (0 ¢ pa3HOil 4eTHOCTHIO.
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Bosbmewm (5;2), nonyuum x = 20, y = 21, z = 29.

[Ipm mogcTaHOBKE MBI YBUOWM, ITO Y HAC HOABJAIOTCA PA3HbIE BAIBI
TPEYIrOJIbHUKOB. Y3KHUE BbITAHYTbIE TPEYI'OJIbHUKHU, Y KOTOPbIX Karer
¥ TUTIIOTEHY3a OTInIaoTcA Ha enuHULy: 12, 5, 13. Tpeyrospauky; y Ko-
TOPBIX KaTeThl nO4TH paBHbl apyr apyry: 20, 21, 29 (puc. 131).

29
13
5‘>
12 21
Puc. 131
O6parure BHUMaHUE, YTO B KAXK/OH LEJJOYUCJIEHHON TOYKE IJIOC-

KocTH OylleT BO3HUKATh HOBBIA BapuaHT [ludaroposa tpeyrospauxa.
Bosbmem Touky (10;3) u nocMoTpum, Kakoi TPEYrOJbHUK 110JLY YUTCS

z =060, y=91, 2z=109.

Bapada peurena merogom Jlumodanra. Mbl mojiyamnsin onucanue Beex
mrharopoBbIX TPEYTOJLHUKOB.

Bropoe perierne 3anadu 0 mudaropoBbIX TPEYTOJIbHUKAX

Ajirebpanueckasi reomerpus — 9acThb 2.

Ectp ypaBHeHme, KOTOpOe HYyKHO PEIIUTb B MEJIBIX IUCJIAX, MTOHU-
Mas, 9TO 10 a0COJIOTHON Besmauue ¢ 6osibme ¢ u ¢ 6osibme b:

a® + b =2

a b
Bsenem nHoBble 0603HAMEHUA T = ¢, Y = ; U Da3/e/uM HA c?:

&)+ (2) =1

Ob6e ck0OkM — 4YmCJIA PAIMOHAJIBHBIE, T. €. IpPOo0H.
Kakasa ¢urypa Ha IJIOCKOCTH OIUCBIBACTCH ypaBHenueM: z2 4 y? =
= 17 OKpPyXHOCTb EIUHUIHOIO PALUYCA.
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A renepp — uyji0. 3aja4a, KOTOPYIO MbI PEIIaeM — HAlTH HA HTON
OKPYKHOCTHU BCE pAI[MOHAJIbHbIE TOYKU. BOT Kak 3BydYnT Hala 3a7a4a
[pA BTOPOM TOAXOME K PEUICHUIO.

Kakyio ToUkKy Ha OKPYyXKHOCTH HACT HAM TPEyroiabHuk 3, 4, 57
Touxy (3/5;4/5). Croponst 20, 21, 29 nopousr Touky (20/29;21/29).
Lt s1r060i TouKM, KOTOpadA HOMAIAET HA OKPYXKHOCTD, CyMMa, KBapa-
TOB KOOpIAMHAT HOJDKHA ObITh paBHa enmaune. Ho He Jiobas u3 stmx
TOYEK PAUUOHAAOHA.

Hyxmo naiitu Bce Takue Touku. BosbMeM OIIHY OYEBUIHYIO PAIAO-
HAJIbHYTO TOUKY ¢ KoopmuuaTaMm (0, —1). [laBaiiTe mpenmosioRuM, 91o
eCTh eme O/Ha panuoHaJbHad Touka (x,y). Torna upsamas, Koropad
[IPOXOJUT Yepe3 HTU JIBE TOUKHU, UMEET yYpaBHEHHUE C PAIUOHAJIbHBIMU
koaddunuenramu (cm. puc. 132). Hokaxem 3ro.

Yy
(3/5,4/5)
a? 4+ b =2
g + 9 =1
C X
72 +y2 —1
(07_1)

Puc. 182. llpamas, npoxonsamas depes Touky (0, —1) u emg onHy panuoHaib-
HYIO TOYKY, O0JIa/IaeT paloOHAIbHBIM K03 UINEHTOM HAKJIOHA.

HaBaiiTe mocMOTpUM, KaK BBIIVIAIUT ypaBHEHUE 3TON MpAMOii, IIpo-
xonawmeit yepes (0,1) B obuem ciyuae. Benomuaum, uro y = kx +b —
ypaBHEHHE HMPAMON «C yIJIOBBIM K03 (pUIUEeHTOM 1 CBOOOMHBIM CJIa-
raeMbIM>.

Ecnu ona mpoxonut depes touky (0, —1) To, €Cau Mbl MOACTABAM
z =0, y = —1 B Hale ypaBHEHUE, TO Mbl JOJDKHbBI [IOJIyYUTh BEPHOE
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pasencrBo. IlogcraBum: —1 = 0k + b, orkyma b = —1, To ecrp Haure
ypaBHenue umeet Bum: y = kx — 1.

Mbr nostydmsim oOummit Bup npaAmoil, NpOXOuAmuMii Yepes TOUKy
(0; —1). Ilpu pasubix k Mbl OymeM HOJIydYarb OpsAMbIE C PA3HBIM Ha-
KJoHOM (puc. 133).

Y

T/ (3/5,4/5)

(07 _1)

Puc. 133. Obparure BHUMAHUE HA BCIOMOIATEJIbHBIN IPAMOYTOJIbHBIH Tpe-
YIOJIbHUK cupaBa ¢ Bepuuuoil B rouke (0, —1).

Ecau rouka (x,y) paumonasnbua, 10 k — TOXKE palMOHAJILHOE UH-
cno (k — 910 Tanrenc yrsa maksona npamoit). Cm. puc. 133, karers
BCIIOMOI'aT€JIbHOTI'O TPEYyIroJIbHUKA.

Beprukasnpablil KateT paseH y + 1. ['opu3orTanpabtil pasen . [lia

TOYKHU (%, %) st gucsa pasasl 9/5 u 3/5. Ilonygaerca orHomenwne

kareros k = 9/5: 3/5 = 3. Hama npavas nmeer Bum: y = 3z — 1.

Wrak, Ha 3TOM NpUMEpPE IPOAEMOHCTPUPOBAHO, YTO €CJIM KAKAA-TO
TOYKA MMEET PAINUOHAJLHBIE KOOPOUHATEI, TO YroJI HAKJIOHA IPAMOIL,
npoxonsameit uepes nee n yepes touky (0, -1), Gyaer panmoHabLHBIM
YHCJIOM. DTO CJEIyeT U3 TOro, 94TO 00a KATeTa BBIPAXKAIOTCA B 3TOM
C.Hy‘lae PanmyOHAJIBHBIMUA YUCJIaMU, & OTHOLOICHUE ABYyX PanOHAJIbBHBIX
qUCeJI dBJIACTCA PAIUOHAJIbHBIM YUCJIOM. FOBOpﬂT, YTO panuOHAJIbHbIC
qpciIa, «o0pasyioT MOJIe», TaK KaK CyMMa, Pa3sHOCTD, IIPOU3BEICHUE
7 9aCTHOE JIpo0ei ABIAIOTCS APOOBIO.

245



Urak, eciaum TOYKa palMOHAJIbHASA, TO HAKJIOH OyIeT paluoHAJIb-
HBIM 4ucJioM. Temnepb BO3bMEM U JOKazKeM 00paTHOE: eCJIi B (DOPMYJLY
y = kz — 1 BmMecTo k noacraBurh J1i000€ PalrOHAJILHOE YUCIJIO, TO MbI
BCer/a MOJIyIMM B IIEPECeYeHru C OKPYKHOCThIO aBe Toukm: (0;—1)
7 KaKyIO-TO PaIlMOHAaJIbHYIO TOYKY.

Kak HaliTi TOUKy mepecedeHrnd NpamMoi y = kxz — 1 ¢ OKPYKHOCTHIO
r?+y? =17

Hy:xHo peumnrs cucremy ypasBHeHuUit

y=kr—1,
2?2 +y? =1
[loncraBum 3Hadyenue y U3 MEPBOrO YPABHEHUS BO BTOPOE,
o+ (kz —1)% =1,
nostygaem 6maOoM Hbroroma. PackpbiBaem CKOOKuU

22+ k2% —2kz +1 =1.

Yuopormaem:
z? + k*2? = 2kz.

MozxkeM COKpaTuTh HA ¥, TAK Kak ciaydail £ = () HaM He UHTepeceH —
OH jacT yxe 3nakomyio touky (0, —1).

T+ K2z = 2k.
Boipasum Tenepn x u y gepes k:

(1 + K% =2k 2 =2k/(1+k?),

2 2 _
y = LZ 1= %
1+k k“+1
W3 s1ux dopmyst BUgHO, 9TO €cyiu k — PAIUOHAJIBHOE YHUCJIO, TO Y

7 T — TOXe paluOHAaJIbHBIE. PannoHaIbHBIE YUCIIa — 9TO UHUCIIA, C KO-
TOPBIMU MOXHO [IPOU3BOIUTE JIEACTBUA aprudMETUICCKOR IPUPOIHI —
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ILUIIOC, MUHYC, Pa3HeJ/IUTh, YMHOXUTh. ParuonajbHble 9uC/a OT 3TO-
rO OCTAIOTCH PAIMOHAJBHBIME (TO €CTh 9TH ACUCTBUSA HE BHIBOAAT HAC
38, IPeIesIbl MHOKECTBA PAIMOHAJIBHBIX YUCE).

Yro 3Ha9YUT «k — panuoHAJIbHOE YUCIIO» T DTO 3HAYUT, 4TO k = %
[TomcraBum BMecTo k mpobn %, CUATAS, ITO M, N — MOJOKUTETHHBIL:

2

3

-1
~ m? —n?

m2—l—n2

2
_ an7 y =

‘310 :w‘

+11

3, ‘
3[\7

OcraJsioch BCIOMHUTDB, 4TO B MCXO/HOM ypaBHeHMU T = a/c u y = b/c.
[lostomy a = 2mn, b = m? —n?, ¢ = m? + n?. Ongmuo u3 pemenwuit
[OJIy YaeTCA CPasdy, a MpOYue eMy MPOHOPIUOHAJIBHBI.

[Tonygaem TOT Xe OTBET, 9TO W MpPHU TMEPBOM CIIOCOOE PEIIEHUsI.
Bremne gBa MeTojia, KOTOPbIME Mbl PEIIAJIA 9Ty 331449y, COBEPIIEHHO
HE CBA3AHBI APYT ¢ ApyroM. KoopamHATH! M OKPYKHOCTH HAM MOKA3bI-
BAIOT, KAKME MHOXKECTBA BBICEKAIOT HA IJIOCKOCTU T€ WUJIM WHBIE aJire-
Opandeckue ypaBHeHHs. A B mepBoM crocobe ObLIa, 1eJIMMOCTD K OCHOB-
Has Teopema apudmeruku. OHa, ABJIAACH UCKJIOUYATEJIBHO apudmMeru-
9EeCKUM IIPUEMOM, He IMeeT HUKAKOTO OTHOIIeHns K reomerpun. CTouT
CKa3arb, 9T0 ecjim Obl MATEMATUKU TPUXOAUJIM K PA3HBIM PEe3yJibTa-
TaM, peuias OfHy U Ty XK€ 33/1a9y Pa3sHbIMUA METOIAMU, TO MATEMATUKA,
e OpL1a ObI Haykoil. Ha meste ke maremaruka — 9TO OmHO OOJIBIIOE
3HAHUE, CBA3BIBAIONIEE PA3HBIE METO/bI MEXK 1y COOOM OJIHMM U TEM XKe
OTBETOM.

Kaxk Bupgum, nudaroposbl Tpoitku HaMmu pasbUThl «B IyX U Ipaxs,
HO ecTb onmHa Hesamada. [lpw k = 0 mosmygaercsa npsiMas, mapaJiieib-
Hag ocu z (cM. puc. 134).

W Bropast Touka mepecedeHus OKA3BIBAETCS PABHOW MEpBOM. ITO,
Kak pa3s, u orpaxaer sdpderr kacanus. AjirebpaudecKue reoMerpsbl,
KOTJI[a TOBOPSIT O KACAHUH, BCEINIA MMEIOT B BUY KPATHBIA KOPEHb, TO
€CTh KOPEHb, B KOTOPOM COBIIAJIM BMECTE HECKOJIbKO OBIBIIMX HEKPAT-
HbIX PelleHu.

Ectb em@ ommn m060mbITHEIH MOMeHT. ECTh enié omma parnnonaib-
Has TOYKA, KOTOPYIO Mbl HE 3amermsin Ha OKpyxHoctu. Touka (0,1).
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Puc. 134. CoBuajieHue AByX TOYEK IEPECEYCHUS.

DTO pellleHue MOABUTCA Y HAC Ipu k = 00.

Ecsmm MBI XOTHM Napamempuzosams OKPYKHOCTb C IMOMOIIBIO Pa-
[UOHAJBHBIX YUCEJI, Hy’KHO, YTOObI KAXKIOMY PalMOHAJIBHOMY YUCJLY
COOTBETCTBOBAJIA OJIHA, W TOJIBKO OJIHA TOYKA HA OKPYXKHOCTU. Y HAC
2Ke 1oJiydaeTrcd TaK, YTO Ha OKPY2KHOCTHU €CThb JIMHNIHAA TOIKaA, KOTOPpAA
HU OHOMY pallMOHAJIbHOMY k He coOTBeTCTByeT. B Takom ciydae ma-
TEMATUKHU PACCMATPUBAIOT HE OOBIYHYIO IPAMYIO, a npoexmusHyto. Mbi
yXkKe CTaJIKMBAJIUCh C MPOEKTUBHOW reomerpueii. B 3anade na mocrpo-
€HHe C IIOMOIUIBIO JIMHEHKU y HAC TOYKA HePeCeYeHUd IIy4Ka HPAMBIX
yXOnusa B OECKOHETHOCTbD.

Taxum obpasom, Meronpl aredpandeckoil reOMeTpuu 9acTo CBA3A-
HBI C IPOCKTUBHOI reoMeTpueit.

A renepp Tperuii MeToOm penieHuA TOR XKe 3a0a9U — KOMILJIEKC-
Hble Yucsa. Mbl pasbepeM ero Ha CJaenyomel JieKuu, a ceidac —
HeOOoJIbIIOE BBEEHUE.

Ouenn x04eTcs pas/oKuTh HA MHOKUTEN T2 + y2. Mpsbr ymeem pac-
KJIQJIBIBATh PA3HOCTh KBaJipaToB. [lonpobyem mpencraBuTh Haly CyM-
My B BHJIE PA3HOCTH:

2

Ecim 661 g1 MOr m3BJIeYb KOPEHb U3 —Y*, TO CMOr Obl PA3JIOKUTH 3TO
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BbIPaXKEHUE CJIELYIOMmUM 00pa3om:
2,2 2 2y _ .2 2y _

wty =z" - (—y) =3" - (-1y°) = (- V-1y)(z + V-1y).
B obbranoit K u3HT KOpeHb n3 —1 He W3BJIEKAeTC s, HO C TTIOMOIIHIO KOM-
IIJIEKCHBIX 9YMCEJI 9TO BO3MO2KHO. HOKa MbI UCXOIUM U3 KEJIAHUA 1TOJIY-
9ATh KOMILJIEKCHOE 9HMCJIO HAmboJiee eCTeCTBeHHBIM 00pa3oM. Mbl xo-
TUM Pa3JIOKUTh CyMMY KBaJAparoB Ha muoxwuresau. lasafire caurarn,
9TO eCTh TaKoe 4ucJjo y/—1, obosaadum ero 3a 4. v —1 = . Torma
2 2N 2 2.2 : .
—(—y7) =2 —i%y" = (¢ —yi)(z + yi).
ODTO KPUTHUYECKHM BAaXKHO JIJisi MHOI'MX 33Ja4. Hampumep, i 3aga-
97 O TOM, KaKue MPOCTBIE UUCJIA, PACKIIAMBIBAIOTCA 6 CYMMYy O8YT
keadpamos. Hucsio 41 — mpocroe. OHO ABJIAETCA CyMMOR IBYX KBa-
nparos: 25 + 16; 41 = 52 + 42, Ecim MBI yMeeM pacKJIabIBaTh Ta-
KYIO CYMMY Ha MHOXUTEJIN, TO y HaAC IMOJIydaTCA JIIO6OHBITHbIe Bemiu:
41 = (5+44)(5 —44). MbI monazeM B 3HAKOMYIO CUTYAIHIO, CBA3AHHY 0
¢ pasJjioxenHueM ducia 41 Ha MHOXKHUTEU, TOJBKO TENEPb 3TU MHOXKU-
TEJTM — 9YHUCJIA HOBOW MPUPOJIBL.

qI/ICJIO Z — HE ABJjIdeTCd BEIIECCTBEHHbIM U, €CJIM Mbl HAPDUCYEM BE-

:v2+y2=:r

HIECTBEHHYIO OChb, OHO OyJeT HAXOIMTHhCHA Tie-TO BHE Hawmel ocu. Mbr
MOXKeM BbIOpaTh CaMi, TIe ero HOMECTUTh. Y00Hee BCEro IMOMEeCTHTh
i Ha BEPTUKAJIBHOM OCH, BBIOPAB HEKOTOPYIO ILJIOCKOCTh, COIEPKAILY IO
OOBIYHYIO BEIECTBEHHYIO OCh (cM. puc. 135).

—1 0] 1

Puc. 135. Bor roe mputanioch 3araf09HOe IUCIIO 4.

Torma mostyaurcs, 9o Jir0doe 9uciio T + Yt «KUBET HA IMJIOCKOCTH>
B TOUKe ¢ KoopauHaramu (z,y). Ecaum Mbl XOTUM BBECTH B paccMOTpe-
HUE HEKOTOPYIO HOBYIO CYyHIHOCTb, KOTOpad B KBa/JApaTe [TacT MHUHYC
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€IMHUILY, TO HAM HYKHO YMETb 3TO UHUCJIO YMHOXATHh HA JIOObIE Jieii-
CTBUTEJIbHBIE YucJsia. V Takue npousBeeHus yi = z HUKOTIA HE MOIYT
ObITh OOBIYHBIMU YUCJIAMU, MHAYE CAMO i = Z/Y LPEBPAIAJIOCH Obl
B OOBIYHOE IUCJIO. A MBI 3HAEM, UTO i — HMEET COBEPIIEHHO IPYTYIO
upupomy. Kpome T0ro, Mbl JOJIKHBI yMETh BBIIOJHATD HEHCTBUAA CJI0-
JKEHUA U BBIYUTAHUA MEX/IYy OOBIYHBIMU YUCJIAMUA U TUCJIIOM 4.

Hasaiite mocmorpum. Bepy BeuiecTBeHHbIE YUC/IA U COCTABJISIO BbI-
paxKeHus:

(x + yi); (z + ti).

Bompoc, B KaKOM ciIydae 9T IBa BBIPAXKEHWA 33a0AI0T OTHO W TO Xe
qucsio? [lonpobyem meficTBOBaTh [0 MPUBBIYHBIM IIPABUJIAM.

T+ yt =z + i,
T —z =1t —y1,

x—z=1i(t—y).

Ecnu t = y, T0o u3 mocsienHero paBeHCcTBa UMEeeM & = 2.
Ecsmm t # y, T0 mostygaem BbIpaxkeHue

P
=iy

z
— BEIIEeCTBCHHOE 9nCio. A 4u-

DTOro He MoxHcem Ovimb, TAK KaK atc_
cno ¢ — HE Bemecrsennoe. IIporusopeune. 3uauur, £ + yi u 2z + ti
PaBHBI TOIIA U TOJBKO TOrNA, KOLIA £ = z U t = iy OMHOBPEMEH-
HO.

W3 sroro ciemyer, 9To KaxKAOW TOYKE ILJIOCKOCTH COOTBETCTBYET
€IUHCTBEHHOE KOMILJIEKCHOE IUCJIO.

[Tpomosmkenue B ciemyiomieit Jiekuu (To ecTh B Jeknuu 4 qacru 2).
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Jlexknua 4

Ceromaga Mbl Oy/ieM 3aHUMATHCA KOMILIEKCHbIMEU dncaamu. Ho s
HAYAJIa MHTEPECHAS 3aPUCOBKA U3 Teopuu BepostHocTel. Ecsu 661 Hac
6b110 desoBek 30, g Obl mOCTaBUJI D MOPOXKEHBIX K 1, 9TO y ABOUX U3
3[€Ch MPUCYTCTBYIOIIMX COBHAILYT IHM mX poxienHusa. Ha camom me-
Jie, TPAHUIA TPOXOOUT HA unucie 23. KEcim B aynuropuu 23 desoBeka,
TO BEPOATHOCTH COBIIQJIeHUA XOTdA Obl ABYX JHEN POXKIEHUIT TPUMEDPHO
pasua 50%. [IpaBma cOBIAIyT TOJBKO MECHAI M YUCJIO POXKJIEHUsI, HO
ue 0bsa3aresibuO rof. s someit, koropbie 00 3TOM He 331y MbIBAJIUC,
9TO COBEPILIEHHO yAuBUTEIbHBIA (pakT. Bpose 661 Bcero 23 1, HO He 00s-
3aTeJIbHO TOfl. €JI0BEKa, KakK e Takoe moxeT O6biTh? Ho maremaruka
OTKPBIBAET 3TOT CEKPET.

EIIIe OouH HHTepeCHbeI CIOKET: [IBa Y€JIOBCKQ PEUInJIN BCTPETUTHCA
B MeTpo Ha crauiuu Kponorkunckada. Ho B0 TaK, 9TO OHU HE [10T0-
BOpHJIKCH O Bpemenu. VI3BecTHO Jiutib, 4T0 0HU CBOOO1HBI Mex 1y 9 u 10
yrpa. Crparernss y HUX TAKasd: 9EJIOBEK MPUXOMUT U XKIAET 15 MUHYT.
Ecim me noxmascd, yxonuT. Bormpoc: Yo BeposaTHER, BCTPETATHCA UIN
pasmunyThCa? HYemy paBHA BEPOATHOCTH TOTO, YTO OHU BCTPETATCH?!

Teopusa BeposaTHOCTH HA 9Ty TEMy roBoput ciemyiomee. lasaiite
PACIOJIOKUM BCE HTO HA, MIJIOCKOCTH.

ITo ocu x Gymem OTKJ/IAABIBATH MOMEHT IIPUXO/IA, [IEPBOTO, & 0 Y —
Broporo (B munyTtax mocije 9 wacos). [losyuuBumiics KBagpar HA3bI-
Baerca @paszosum npocmparncmeom sadawu (puc. 136). Ecau nepsbrit
MOXET MOABUTHCA B JiI0Ooit moment or 9 mo 11 wacos, To ¢dasosoe
IPOCTPAHCTBO OylieT HE KBaJAPATOM, & HPAMOYTOJIbHUKOM. TakK Kak
Y MOMEHT IOABJIEHUd [IEPBOr0, ¥ MOMEHT IIOABJIEHUS BTOPOTO COBEP-
IIEHHO HEeNpencKas3yeMbl B paMKax mpomexyTka ¢ 9 mo 10, ciemyer
npencTaBiaaTh cebe, uTo u KBaapar (Cjesa), u NPAMOYTroJIbHUK (Clpa-
Ba) MOKPBITHl PABHOMEPHOH CEThI0 W3 GOJIBIIOr0 KOJIUIECTBA TOUEK.

Teopus BEpOATHOCTH MOCTOAHHO OIEPUPYET C MOHATUEM K3aBUCH-
MOCTHU» U KHE3aBUCHUMOCTHU>» HECKOJIbKHUX Cﬂy‘laﬁHbIX BEJIMYUH. 3ﬂ,pa—
BBIi CMBICJI DOOCKa3bIBACT, YTO HAIIN CO6bITI/IH. (TO €CTb IIPUXO/ ].-I‘O
u mpuxof 2-ro) Hesasucumble. Torma Bce UCXOmpl, T.e. Mapbl (Bpems
NpKUXOIA IEPBOrO U BPEMHA NPUXO[A BTOPOrO) — PABHOBEPOATHBI. Mbl
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10 10

9 10 9 11

Puc. 136. [IBa pasubix ¢$Ha30BbIX TPOCTPAHCTBA.

ceiivac HAPUCYEM 30HY, B KOTOPO# JIPYy3bs BCTPETUIIMCH, U IOCMOTPUM,
Kakas y Heé mwiomaap (s jieBoit yactu puc. 136).

Eciin onu npuiiv B 0/ivH © TOT K€ MOMEHT, TO U3 TAKUX TOYEK MbI
[OJIy UM JIMATOHAJIb — OJIMHAKOBBIA MOMEHT MpUXona. fICHO, 4TO OHM
Berperarca (u Bpemsa oxupanus Oyner pasuo ).

A ecsiv OHM HEMHOXKKO OTKJIOHUJIMCH OT JMATrOHAJIM BJIEBO/BIPABO?
Torma ToXe BCTpETATCH, OTOMY YTO OQUH U3 HUX MPUIIEST HEMHOXKO
paHblIe IPyroro, u moxjaJjcd Broporo. Hamo nonars, Ha xKakoe ca-
Moe OOJIbIIOe YHUCJI0 MUHYT MM MOXKHO OTKJIOHUTHCA APyl OT JPyra
[0 BpEMEHU IPUX0fia, 9T00bl BCTpeda eie npousonwia?! Ha 15 munyT.
Ha onny gerBeprb uaca. Unade Oyjier Kak B u3BECTHOM mecHe™.

Mpbr moJty9unsiu rpaHUIbl 30HBI BCTPEYu. UTO MPOMCXOIMUT HA I'Pa-
uune? Ilepsoiit npumésn, manpumep, B 9 gacoB 50 mMuHyT, a BTOpOIi
B 9:35. Torma BrOpoit, KOTOPHBIA NpUIEs B 9:35, yxe cobupaJsica yxo-
JIUTb, X TYT MOABUJICH IIEPBBI.

Tenepp HAIO HOCYATATH IIOMALH «BCTPEIn» (TO €CTh yIaCTKa KBa-
JIpara, OMUCHIBAIOUIErO APHl MOMEHTOB IIPUX0/Id, TP KOTOPBIX BCTPE-
9a mpousoiiner) u momesuTh €€ Ha obmyro miromanb (GaszoBoro mpo-
crpaHcTBa. Boraucsimm cHagasia miIoua b OCTaBUIeACT 9aCcTu JJ1st CLy-

vyag kBajpara (puc. 137).
_ (3 _ 9
=(3) =16

— IJIOmAAb OCTaBIIelicss JacTu, S = 12 = 1 — mwromaap BCEero Kpa-

* [ToroBopmyInch MbI Ha 3aBTpa: «Ha ToM xe mecre, B ToT XKe dac!»
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para,

— ILJIOLIA/Ib «BCTPEYU>.

EapMaHT, KOrAa 06a NPUXOAAT
7 i E OAIIHAKOBOE BpeMA

15'

Puc. 137. DBcrpeda BO3MOXKHA TOJBKO BHYTPH HIECTHYTOJIBHUKA
(15" = 0,25 qaca).

T 4yTb-4yTb MEHbUIE % To ectb xuyTr Bcero 15 MunyT, a BEpOAT-

16

HOCTb BCTpeun bimska x 50%.

Ynpaocnenue. A kaxoit 6ymer orBert, ecsim (pa3zoBoe MPOCTPAHCTBO
HE KBaJparHoe, a npamoyrosbaoe (puc. 136, cupasa)?

[Ipo Teopuio BepoATHOCTEH MOXKHO TOBOPUTH OYEHD HOJIr0. DTO OT-
JeJibHast, O9eHb O0JIbIIas, MHTEPECHAS HAYKA U JIJId UIKOJIBHOW IIpOo-
I'pPpaMMBbl, 1 [OJI4 HIOILeﬁ, 3aHUMAIOUNIUXCA APYTUMU HAYKAMU. B Teopuun
BepoATHOCTEH ecTh cBou mpobsembl. Hampumep, manubie mpo 60Jib-
uio#t ropos; tuna MOCKBbBI BXOOAT B OY€Hb Pe3Kuii KOHTpacT ¢ 6a30-
BBIMU IPENIOJIOKEHNAMY TeOPUU BepoaTHOCTel. PaccmoTpum coctoga-
HHUE Hp060K Ha Joporax. OHO CKJIaIBIBAETCA U3 MUJIJIMOHA, CJIyYalHbIX
OTJIEJIbHBIX pentenuit jiojieit. Kaxaplil, y Koro eCTb MallnHA, PEIIAET,
oexarh JIM HA MalllMHE WJIW Ha ODIECTBEHHOM TPAHCIOPTE, TO €CTh
IIPUMEPHO MUJIJIMOH 4YeJIOBEK OJJHOBPEMEHHO pellaloT 3a1ady, Ha 9eM
M €eXaTb. I/I TUIIOBOE IPEAITOJIOK CHUE TeOPprunu BepOﬂTHOCTeﬁ O TOM, 4YTO
BBIOOPBI JIIOJIEll HE3aBUCUMBI APYT OT [IPYTa, IPeICKa3biBaeT abCOITI0T-
HO OOUHAKOBBIE HpO6KI/I Ipu OJUHAKOBBIX METCOPOJIOI'NYIECKUX yCJIOBU-
ax. Ecyiu namra Teopust BEpHA, €CJIM PEIIeHU HE3aBUCUMbIE, TO HOJIK-
HbI OBITh MIEHTUYHbBIE JOPOXKHBIE CUTYAIMN IIPU OJUHAKOBBIX YCJIOBU-
ax. ABapuum yuecrs TpymHo. Ho ofiHa, jBe MeJIKUX aBapuu HE CUJIBHO
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BusAOT Ha Tpaduk. Maremaruku 04eHb MaJIO 3HAIOT PO TPAHCIIOPT.
Ho camoe rimaBHOE — eCTb CTOHKOE OITyIEHNe, ITO HTA MOIETb HEBEP-
Ha. Jl1oau npyr ¢ ApyroMm Kaxum-ro 00pasom cBa3anbl. OHU pearupyor
Ha daspr Jlywabl, marna za CoJtHIE WM HA YTO-TO €llle U IPUHUMAIOT
onunakosbie pemenus. (Hanpumep, eciau ux npocar Ha3BaThb U3BECT-
HOTO PYCCKOrO [M03Ta, BCE KaK onuH ropopar: [lymkumn). 910 — enun-
CTBEHHOE O6'bﬂCHeHI/Ie, nmo4dyeMy 1pu a6COJIIOTHO UOCHTUYIHBIX YyCJIOBUAX
OBIBAIOT IMAMETPAJIBHO IPOTUBOIOJIOXKHBIE TI0 CTPYKType 1pobku. Ce-
TOITHS TOPOJ], €IIET, & 3aBTPA — CTOWT.

Haso npusnarp, ¥To HaM He BCe u3BeCcTHO. ¢, HA camoM feJie, CUu-
TAI0, YTO PO COUMUAJIbHBIE HAYKU (COIMOJIOTHUIO, IOJIMTOJIOTUIO, SKOHO-
MUKY) HaM BOOOIIE [MOYTU HUYEro HEM3BECTHO. MaremMaTuku BpyT, KO-
[J13 TOBOPAT, YTO OHU Pa300paJsiuCh B TOM, KaK (DyHKIMOHUPYET COIU-
yM. Mopesiy npuMuTUBHbBIE, HUKOLTIA HAYEro He IpeiacKasbiBaioT. VHo-
ra 00bACHAIOT TO, 9TO OBLIO BYEpA.

C reorpacueii nesra obcroar ny4ire. Paccesenune mengaeTcs MejieH-
0. Peko ObiBaeT Tak: ¢ yrpa He C TOi HOI'M BCTAJI U C JIOCAAbI OKA3aJI-
ca ue B Mockse, a B VIpkyTcke. 9TaJOHOM HAyKHU HOJKHA ObITH (pusu-
Ka — HayKa 0 HexuBoil npupone. Ona paspaboraHa B TaKOW cremeHwu,
B KOTOpOW HMKAKWM WHOIIAHETAHAM, HABEPHOE, HE CHUJIOCH. V ecim
¢ Gu3uKoit CpaBHUBATHL HAYKW O CONMYME, TO MATEMATHUIECKH OJIOK
COIMAJIbHBIX HAyK MPAaKTUYECKu He pasBuT. llosTomy Bcem «rypy»,
KOTOpbIE NMOABJIAIOTCA «Ha IHOJIAT.PYy>», B KBCAOMOCTAX>»> WJIM IIPOIUX
U3HAHUAX, BOOOIIEe BepuTh Heab3d. OHM [1e1al0T MPOTHO3BI, & Yepes
HEEJII0 yXKe BCE mo-yipyromy. ¢l BmxKy, 0 KaKMX MOJEJIAX OHU TOBO-
psAT, U MOHUMAIO, 9TO TaM OOMaH B KaXIOM CJIOBE. A B Maremaruke,

B JINHTBUCTUKE, B APYTUX HE CONMUAJIbHBIX HAYKAX HET MeCTa MOOBOXY.
% % ok

BepHemcs K KOMIJIEKCHBIM 9uCaaM. £l XOTesI pacckas3arh O TOM, KaK
qyIeCHBIM 00Pa30M C IIOMOIIBIO KOMILIEKCHBIX UMCEJT PEIIAI0TCA HEKO-
Topbie ypaBaenus. Ha npouwsioi jiekiuu Mbl PENIUJIU, 9T0 XOTUM UMEThH

TAKOEe HEBEIECTBEHHOE YUCJIO 4, UTO i = —1. U xax 0¥ TOYKE 1JI0C-
KOCTH COIOCTABUJIM HEKOTOPOE KOMILIEKCHOE 9UCJIO: (T,Yy) — T + yi.

OKaSbIBaeTCH, 9TU YUCJIA HOAINHAIOTCA IPUBBIYHBIM MAaTEMaTUICCKUM
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HefCcTBAAM: IJIIOC, MUHYC, YMHOXUTb, pasnejmTb. Maremaruku [10-
BOJIBHO DOJIBIIYIO YacCTh BPEMEHH KHUBYT B CHCTEMAaX, KOTOpBIE Ha-
3bIBAIOTCA noasmu. 1losie — 310 Takoe 0000umeHue OObIYHBbIX YUCeJI.
DTO TaKWE CUCTEMBI «IUCEIT», B KOTOPBIX MOXHO COBEPIIATH OEPaIun
IJTIOC, MUHYC, YMHOXHWTh 1 PA3IEJIUTh 110 HOPMAJIHbHBIM OOBIYHbBIM
npasusiaM. To ecTh BBI HUIIETE KAKOE-TO AJIredpanIecKoe BEIPAKEeHNe,
pacKpbIBaeTe CKOOKHM, mesnTe, cokpamaere. Bcé, 94T0 MOXHO CHe/IaTh
C OOBITHBIME IEHCTBATEIHHBIMYI YUCTAME, MOXKHO CIEJIATD U C 3JIeMEH-
TaMu JIFOOOro 1oJisd. A 110Jis ObIBAIOT OYEHb Pa3HbIE, U UHOLLA COBEP-
MIEHHO HEOXKUIAHHO BBITJISIAT.

Mp1 XOTHM, ITOOBI MHOXKECTBO KOMILTEKCHBIX THUCEJT CTAJIO MOJIEM,
TO €CTh, 9TO0bI B HEM MOXKHO OBLIO J1e/1aTh BCE, YTO MbI IPUBBIKJIA 1€~
JIATH C IEHCTBUTEJIHHBIMYA YUCTIAME, B YACTHOCTH, YMHOKATH U JIEJIUTh.
M 06 3Tom mbI ceituac moroBopum.

Bouto mokasano, 9to T + yi = z + ti MoALKO 8 MOM CAYuGe, eCTn
AMEIOT MECTO PABEHCTBA L = 2 U y = t.

To ecTb, ecsiu 9TO MPOCTO OJIHA U TA KE TOYKA HA ILJIOCKOCTU. A pas-
HBIE TOYKHU JIAIOT PA3HBIE KOMILJIEKCHBIE YUCJIA, [0ITOMY KOMILJIEKC-
HBIE YUCJIA 33aHAMAIOT KAK MHHUMYM BCIO ILJIOCKOCTH. A W3 cTpemuie-
HUAd K MUHUMAJIN3MY MbI IIOCTAPAEMCA OrpaHUuInTbCA TOJIBKO TO4YKa-
MM TJIOCKOCTH. laBaiiTe yIUTHCsS CKJIANBIBATH, BHIYUTATD, YMHOXKATH
n JeJinTb TO4YKMU IIJIOCKOCTU.

Yemy 6ymer paBua cymma (z + yi) + (z + ti)?

Mpbl HOJIKHBI MOJYIATh KAKOE-TO KOMILJIEKCHOE YHCJIO. J3HATUT,
y Hac Oyzer JacTh C ¢ u 9acTb 6e3 ¢. I3 mpaBusia cjio)enus BEKTOPOB
nostydaercd, 4ro (z + yi) + (z + ti) = (v + 2) +i(y + ).

Hasaiite nocmorpum, modemy Tak mosydaerca (puc. 138).

Touku (z,y) u (z,t) 3aua0T HAM Ba BEKTOPA HA [IJIOCKOCTH, BBIXO-
MAIIE U3 HAIAJIa KOOPAWHAT. ECiin CJI0XKUTH ABa BEKTOPA, MOJTY IATCS
BEKTOP C Koopaunaramu (z + 2,y + t).

B mikoJsie 910 HA3BIBAIOT IPABUJIOM APAJLIEJIOIPAMMA.

CyMmmMma OByX TO4YEK IJIOCKOCTH CTPOHWTCs Tak. BepeMm Bek-
TOPBI, HOPOXKOAEMbIE HAIMIMMHA TOYKAMH, M CKJIAOBIBAEM HX
[0 MPaBUJIy HapaJijIejiorpaMma.
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(z+2z,y+1t)
(2,1)

(z,y)

Puc. 138

BquHTaHHe OT CJIOXKEHUA NPAKTUICCKU HUKAK HE OTJIMYACTCA:
(x+yi) = (z+ti) = (x+yi) + (=2 —ti) = (x — 2) +i(y — t).

Bekrtop, mopoxmaemblii TOUKOU (z,t), MOBEpHETCA B JPYTYIO CTOPO-

HYy, — TyJ/a, [Je JOCTPOEH CMEXHbIA napaJuiesorpamm (puc. 139).
(2,1)
(z,y)
(ZII — %Y t)
Puc. 159

Nrak, onepanyuyu MJIFOC 1 MHHYC OlLIPDELEJIEHBI U BCELIA OCY LECTBU-
Mbl. Takxke BUIHO, 9TO y KAXKJIOT0 YUCJIa €CTh IPOTUBOIOJIOXKHOE K He-
my: (¢ + yi) u (—z — yi). C TOYKM 3PEHUHA CJIOKEHUA U BHIYMTAHUSA
cuCTeMa yKe 1mocTpoeHa u Benér cebda odeBuiabiM oOpasom. Tenepn
mepexouM K ropasmo Oosiee MHTEPECHOR TeMe. A MMEHHO: yMHOXKe-
HHE U JeJjIeHue KOMIIJIEKCHBIX YHCeJl.
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Ymnuoorcenue u deaenue.
4 Xouy ysHaTb, KaK JOJKHO BBIJIAOETh YMHOXKEHUE

(x + yi)(z + ti).

Bynem nosib3oBarbca pacipeneuTe/IbHbIM 3aKOHOM, KOTODbIA mare-
MaTUK¥ Ha3bIBAOT ducmpubymuersim. 1lpomie roBopa, paspenraercsa
packpbiBarh ckobku: a(b + ¢) = ab + ac (kak yuuwim B mikoJie).

A raxxe, (a +b)(c+d) = ac + bc + ad + bd.

[IpaBusio aucTpuby TUBHOCTH BBIHYXKJaeT HAC TaK yMHOXaTb. I1o-
TOMY 4TO TaK JIeJIaeTCA B BElleCTBEHHBIX Yucaax. laBaiiTe monpobyem
[IEPEMHOXKUTD 1B KOMIIJIEKCHBIX 9UCJIA

(z + yi)(z + ti) = x2z + xti + 2yi + yti’.

Teneps gasaiite BCIOMHUM, 4TO 2 = —1,

(z +yi)(z + ti) = x2 + ati + 2yi + yti® =
=zz+ ati + zyi — yt = (vz — yt) + («t + yz)i.

MI)I HAYy1IUJINCb YMHOXATh. HpOI/I3BeILeHI/IeM TOYCK C KOOpOAUHATAMMA
(x,y), (z,t) cayxuT TOYKA Ha NJIOCKOCTH C KoopmuHatamu (rz — yt,
xt+ yz).

Ho »Toro mjis mac maJio, mOTOMy 9TO MbI HE BUIWM, LIE «XKUBET>
Ha IIOCKOCTH TOYKA C TAKMMM KOOpAMHATAME. MBI JIOJKHBI yBU-
IeTh €€, NOHATHh, KaKk e€ nocrpourhb. Kak mnosiyaurb €€ u3 BEKTO-
POB, MOPOXAAEMbIX TOYKamu (z,y), (z,t). Kakue y stux BeKTOpOB
xapakTepuctuku?! Y HMX €CThb JIJIMHBI M YIJIbI OBOPOTA (0MKAOHE-
Hus) or ocu . [osIb3ysCch 9TUM, HAM HYKHO IIOJIY IUTH HOBBIA BEKTOD
(xz — yt, xt + y=z).

Ham HyKHO IIpOBECTH HEKOTOPOe UccJenoBanue. [Ijid 9Toro paspa-
boTaeM TEPMUHOJIOTHUIO.

Y KOMILJIEKCHOIO YMCJIa — TOYKHM HA IJIOCKOCTH — IEpBasd KOOp-
JIMHATA, HA3BIBAETCA GCULECTNEEHHOT “aAcmblo, a BTOpasd — MHUMOT.
MHHMOﬁ €€ Ha3bIBAIOT IOTOMY, 4YTO, KOI'/ld HAYMHAJIN C KOMIIJICKCHDBI-
MU 9HMCJIAMEU OOMATHCH, CIMTAJIM, 9TO YUCTA | He cyunecrByer. Cyiie-
CTBYIOT TOJIbBKO BEIIECTBEHHBIC YUCJIA. OCTaJIbeIe HE CyIEeCTBYIOT, OHU
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B BoOOpaxkenuu, imaginary numbers. C Tex mop y KOMILJIEKCHBIX YACEJT
€CTh [efiCTBUTEJIbHAS U MHUMAHA IACTH.

Paccmorpum enie Taxyio koncrpyknumio. g kaxmoro BekTopa
pHUCyeTCsi BEKTOpP, CUMMETPUYHBIH OTHOCUTEJIbHO BEIIECTBEHHOHW ocu.
Touka (z;y) mepeiimer B Touky (z, —y) (cm. puc. 140).

(z,y)

(z,—y)

Puc. 140. BexTopbl, CHMMETpUYIHBIE OTHOCUTEIBHO OCH UKCOB.

Yuciy £+ yi ecrecTBeHHbIM 00Pa30M COIIOCTABJIAECTCH YUCJIO T — Y1,
KOTOPOE JIEXKHUT 110 JPYTYI0 CTOPOHY OT BeIleCTBEHHO# ocu. Yncsia Buia
(x +yi) u (z — yi) HABBIBAIOTCA CONPAHCEHHMU. 1eMy DABHO IPOU3-
BEIICHUC 9TUX IUCCJI!

(z + yi)(z — yi) = 2% + y°.

Ymo taxoe 22 +y? B reoMeTpuIecKoM cMbICIe? DTO — IJIMHA BEKTOPa.
B KkBagpare. KBagpar HJIMHBI KOMIIJIEKCHOTO 9HUCJIa, PACCMATPUBAEMO-
ro KaK BEKTOD, PaBeH IIPOU3BEIEHUIO er0 CAMOI'0 U €My COIPAXKEHHOI0.

1 eme omna BeikjanKa. HTEPECHO, 9TO HOJIYYUTCHA, €CJIU I IIEPEM-
HOXKY BEKTODBI, CONPKEHHbIE K HAIIUM MCXOJHBIM BEKTOPAM:

(x — yi)(z — ti) = (zz — yt) — (xt + yz)i.

BemeCTBeHHaH JaCTb HE U3MEHMJIACh, a MHHUMad IIOMEHAJIA 3HAK.
Bouio (zz — yt, zt + yz), crano (zz — yt, —zt — yz). llomywaercs, aro
ecyiu Mbl DEpPEM IMPOU3BENEHHUE NBYX CONPSXKEHHBIX, TO IOJIY-
4aeTcsi CONPSAXKEHHOE K uX npousBeneHuro (puc. 140).

Xorenoch 6bI yMETh JEJUTL OfHY TOYKY HA IIOCKOCTH HAa IpY-
IyI0 TOYKY. DTO TOXKE COBCEM HE CJIOKHO, €CJIM, KOHEYHO, HE JEJIUTh
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Ha HOJIb. HO Ha HOJIb MBI U paHbIIE HE MOIIU AejiuTh. Tak 410 HU-
9ero yAUBHUTEJIHHOTO B TOM, YTO MbI He OyneMm nenuth Ha 0, HeT. 3Ha-
quT, Tak. [lonpobyem pasmenurh HA YUCJI0, KOTOPOE HE PABHO HYJIIO.
Ucnosib3yem OCHOBHOE CBOUCTBO Apobu: dpobv He UMEHUMCA, ecau
U YUCAUMEAD, U 3HAMEHAMEND YMHONCUMD HA O0HO U MO HCE YUCAO.
B kagecTBe TAKOTO IUCIIa MBI BO3bMEM UHCJIO, COMPKEHHOE K 2 + ti:

zt+y  (z+yi)z—ti)
z+ti (z4t)(z —ti)
(zz +yt) + (yz —xt)i  zz+yt  yz—at.

= = 1.
22412 2+ 2242
Wrax, MBI MOIyINJIN KOMIIJIEKCHOE TIHCJI0 B CTAHIAPTHOM BUIE: BeIlle-
Tz + Yyt yz — xt
CTBEHHAHA ———— ¥ MHUMAf ~—H—— IaCTH.
22+t zZ2+t

Bcé. Temepnb mbl ymeeMm [euTh, yMHOXKATh, CKJIAIbIBATH U BbIYU-
TaTh — BCE KaK C OOBIMHBIMU [AeACTBUTETbHBIME drCTaaMu. OTHAKO MBI
[I0Ka HE BUJAMUM, KaK I'€OMETPUYECKH TO BBINVIAINT, & 3TO OYEHb BAXKHO
7 O9YEeHb IOJIE3HO.

Iasaiite xxe Bcé-Ttaku 310 noimém. g 3Toro nepemuoxum

(x 4+ yi)(z + ti)(z — yi)(z — ti).
Ecau g 6yny mepeMHOXAaTh MOYJIEHHO, TO MOy IATCS
(z+yi)(z+ti)(x—yi)(z—ti) = [(xz—yt)+(st+yz)i][(xz—yt)— (zt+yz)i].

O6paTHTe BHUMAaHUE, NOJIyYUJIMCb COHIPAXKEHHbIC KOMIIJICKCHbIE YU-
CJia, — 3HAYUT HUX IIPOU3BEICHHE PABHO:

(x +yi)(z + ti)(x — yi)(z — ti) =
= [(wz—yt) + (st +y2)il[(z2—yt) — (st+y2)i]) = (v2—yt)*+ (zt+yz)*.

A ecomm a BCIIOMHIO, 9TO OT II€pEMEHDbI MECT MHOXKUTeJIei IIpou3BEeOCHNE
HE MEHAeTCd, 1 1epeCcTaBJIIO CKO6KI/I, TO IIOJIY1y

[(@ +yi)(z — y)][(= — t0)) (= + ta)] = (&% + y*) (z* + £7).
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Ho mbr e ymMHOXKAJIM OMHO ¥ TO XK€, 3HAUUAT, PE3yJIbTATHI COBIAIAIOT:
(22 + %) (2% + %) = (22 — yt)? + (zt + y2)*

DT0 TAMHCTBEHHOE MPABUJIO HHOLJA M3Yy9aeTCA B LIKOJE KaK OIHO
U3 LPAaBUJI COKPALIEHHOIO yMHOXeHMs. HO CMBIC/I ero CKpbiBaeTcs.
MoOXHO YeCTHO pPACKDBITH BCE CKOOKM M IIOJIyYUTHh BEPHOE DaBEH-
crBo. CoBepiueHHo 4ecTHO, 6e3 BCAKMX KOMILIEKCHbIX duces. Ho ecsin
BBL clesiaere 310 6e3 KOMIJIEKCHBIX YUCeJ, IPUpOJa ABJIeHu:A Oymer
HE BU/IHA M HEHOHATHA. A C HOMOWIBIO KOMIJIEKCHBIX YMCEJI MbI I'0-
BopuM, 910 (22 — yt)? + (2t + yz)?2 — KBaApaT IUIMHBI BEKTOpa, KO-
TOPBIl ABJIAETCH NPOU3BEIEHUEM UCXOIHBIX BEKTOpPOB (z,y) u (z,t).
A (22 +y?) u (22 + t?) — KBaJpATHI IJTHH CAMIX HCXOTHBIX BEKTOPOB.
Ecisin s u3BjIeKy KOpEHb U3 9TUX JJIMH, TO II0JLy YUTCS, Y4TO

JJynHa BeKTOpa NPOU3BENEHUS PABHA IIPOU3BENCHUIO JIJIMH
HCXOOHBIX BEKTOPOB

\/(:v2 +y2) (22 +t2) = \/(:vz —yt)? + (2t + yz)?.

Mpr y3HAIH, 9TO IIPU NEPEMHOXEHUH KOMIIJIEKCHBIX YHUCEJI UX
JJIMHBI IepeMHOoXKaTca. OCTaioch BBIACHUTD, Kya OylleT HaIpa-
BJIEH BEKTOD Npom3Benennsa. Bompoc, 9To XKe MPOMCXOAUT C yIrJIaMu
[IOBOPOTA KaXJIOTO U3 COMHOXUTesei?

Ceiiqac 4 MOry TOJIBKO CKa3aTb, UYTO MO€ IIPDOU3BEHNEHUE JIEKUT
[JIe-TO HA OKPYXKHOCTH PAIAYCa, PABHOTO TPOU3BEHEHUIO JJIMH HANIMX
BekTOpoB. Ho rme mmenno? Ceitvac Mbl pacCMOTPUM IIPe0Opa30BAHIE
mwiIockocTu. [laBaiiTe HaHeCEM Ha HAIIM OCH KOODIWHAT €IWHUIHYIO
okpyxHoCcTb. Ha 3T0#1 OKpyxHOCTH <«XKUBYyT» TOukuM 1, —1, 4 u —1¢
(puc. 141).

Kak sammcarp KoopmwHATHI TOUYKM Ha OKpyXKHocTH! Kakoe KOM-
IJIEKCHOE 9WCJIO XKUBET B TOUKE €IMHUIHON OKPYKHOCTH, €CJIA BEKTOD
HOBEPHYT Ha yroi ¢ (cMm. puc. 142)7

Touyka HaHHOW OKPYKHOCTH ONPEHEJIAETCS YIJIOM, HA KOTOPBIH Mmo-
BEPHYJICA BEKTOp eOWHWYIHON nymHbI. KocumHyc — 3TO KOOpImHATA
110 OCU Z, CUHYC — 110 ocu Y. B ydeOHumkax nuinyT, 4T0 KOCUHYC —
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—1

Puc. 141. EnyanvHaas OKPYXKHOCTb HA KOMILJIEKCHOI TIJIOCKOCTH.

(cos @, sin @)

Puc. 142. Hmxanil kaTeT paBeH COS , TPaBbIl paBeH Sin ¢.

9TO OTHOIIEHWE IPUJIEKAIIET0 KaTeTa K runoTenyse. Ho 3gech rumore-
Hy3a umeer jjiuny 1. [Tosromy Kocunyc paseH npocTo ropu30HTaAJIbHO-
My KaTeTy. A CHHyC — 5TO OTHOIIIEHWE APYroro KaTera K THIOTEHY3e.
IMunorenysa umeer jjiuny 1, u CUHYC — 3TO LIPOCTO BTOPO# Karer.

A Temeps s coBepiry obemannoe MpeodpPa30BAHME: YMHOXKY BCE TOY-
KM IJIOCKOCTHM HA KOMIIJIEKCHOE YMCJIO COS ¢ + % Sin .

Hamowm#to, 1TO Ipr yMHOXKEHUN KOMIIJIEKCHBIX UHUCEJT JJINHA TOJTY-
9aeMOTr0 BEKTOPA PABHA IPOU3BENEHUIO NJIMH IEePEeMHOXKAEeMbIX

V@2 +y2)(z2 4+ 12) = /(w2 — yt)? + (2t +y2)2.

[ToncraBum cieBa B poOpMyJIy COS ( U Sin @ BMeCTo z u t

\/(3;2 + 42)(cos? p + sin? @) = \/(a;z —yt)? + (zt + yz)2.
Ho cos? ¢ + sin? ¢ = 1 (0CHOBHOE TPUIOHOMETPUUECKOE TOXKIECTBO,
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caencrsue reopembl [Tudaropa). [osmyuaem

V@2 +2)(1) = [ (az —yt)? + (at + y2)2.

MBI JOMHOXKA€EM Ha €IUHUILY, & 3HQYIUT, IJINHA BEKTOPA HEC U3MCHACTCHA.

[Tostyqaercs, 94ToO npyu YMHOXEHUU HA YUCJIO COS ¢ + 4 Sin g Jrroboe
KOMILJIEKCHOE YUCJIO OCTAETCs Ha, TOU XKe OKPYRHOCTH, HA, KOTOPOH OHO
JIEXKAJIO.

KoMiiekcHoe 4mMcio «xkKuJjio», Halupumep, B Touke A, Ha paccro-
auun /22 4+ y2 or Touku (0,0); mocsae npeobpasosanus OHO Oyuer
«XKHTh» Ha TOU XKe caMOil OKPYKHOCTU B KaKOH-TO Apyroii Touke B,
HO Ha ToM xke paccrosinuu or (0,0) (cm. puc. 143).

[Toxoxum 06pas3oM MOKA3BIBAETCH, UYTO IJIA JIIODBIX OBYX TOYEK
MJIOCKOCTH yMHOXEHHE HA COS (01 Sin ¢ He H3MEHUAT PACCTOAHUSA
MeX1y HHUMH.

B4 A

NI

Puc. 143. B=A - (cosp + isingp)

WMubivu ciioBaMu, yMHOXKEHUE HA 9UCJIO COS (01 Sin ¢, IPUMEHEHHOE
KO BCEM TOYKAM ILJIOCKOCTH, ABJIAETCA JSUHCEHUEM NAOCKOCTIU.

HaBaiiTe monmpobyem MOHATH, YTO Ke 3TO 33 JABUXKEHUE.

Ju1st TpOCTOTHI M3JIOKEHUS 110 XOMMY JIeJ1a, TOYKHU IJIOCKOCTH o OyLy
HA3bIBATH KOMIIJIEKCHBIMU YUCJIAMH, & KOMILJIEKCHbIE YUCJIA, — TOYKA-
MM ILJIOCKOCTH. ITO MO3BOJIMT CTEPETh HEKOTOPBIA HAJIET K MHUMOCTHU,
OCTAIOUTUICA B BBIPDAXKEHUH KOMNACKCHOLE YUCAG.

IIycts 1 = = + yi, @2 = z + t¢ — OBa KOMIJIEKCHBIX 9HUCJIA, BTO-
poe U3 KOTOPBIX HE PABHO HU HYJIIO, HU €IWHUIIE, HO [P ITOM JIEKUT
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Ha e}IHHH‘IHOﬁ OKPY2KHOCTU (TO €CTb uMeeT MOyJib, WJjin JIJIMHY, PaB-
Hyio enunure). Bropoe 4qucisio, ¢y, MBI HA BpeMs BCErO PACCyXKICHUS
saukcupyeM, a epBoe YucCIo ¢ OyieM «mepeduparb», MOACTABJIIAA
BCEBO3MOXKHbBIE KOMILJIEKCHbIE 3HAYEHUS.

C nomortipio GopMyJIbl ¢1¢2 MBI CKOHCTPYHPOBAJIM HEKOTOPOE IIpe-
obpasoBaHMe TOYEK IJIOCKOCTH: JIIO0AA TOIKA ¢ IIPU DTOM IIpeodpaso-
BAHWUM [IEPEXOHU B TOUYKY (9. KJloueBoe yTBEpXKIeHUE COCTOUT B TOM,
9TO y 9TOr0 1peobpasoBanus OyIeT TOJIBKO O[HA HEITOIBIKHAA TOUKA:
g1 = 0 (10 ecTh TOIBKO OHA TOUKA OCTAHETCHA HA MECTe).

[IpoBeném jrokaszaresibCTBO 3TOr0 yrBepxaenusa. [lonycrum, kakasa-
TO TOYKA ] OCTAJIACh HA MECTe. ITO O3HAYAET, 9TO ¢ = ¢1¢2. llepe-
HecéM 00a BbIPAXKEHUHA B JIEBYIO 4aCTb, [I0JIYYUM:

qi(g2—1) =0.

Msi goroBopusuch, 9ro o # 1, a Torga go — 1 # 0, u Ha 3TOT
MHOXKUTEJh MOXKHO COKPATATH 00e dacTu paBeHctsa. CirenoBaTesbHoO,
q1 = 0, 9To m yTBepXKIaIoCch. Takum obpas3oM, Hale Mpeodbpa3oBaAHTE
NJIOCKOCTH ABJIAETCA NBMKEHMEM (9TO ObLIO yCTAHOBJIEHO BBILIE), U
OCTABJIAET HA, MECTE POBHO OIIHY TOUKY.

Onun u3 TPUMEPOB ABUKEHUA IIJTIOCKOCTH POBHO C OITHOW HEITOIBIK-
HOI TOYKOH XOPOLIO U3BECTEH: 9TO — IIOBOPOT HA HEKOTOPBLIA yTI0OJI
OTHOCUTEJILHO HEMOMBIKHONA Touku. Ho, MoXkeT ObITh, OMHAME TTOBO-
poTaMu [EJI0 HE ONPAHUIUBACTCA! DTOT BOIPOC UCCIIEN0BAJ (DPAHILY 3-
ckmit maremaruk M. [llanxs. Oraszasock, 910 HEIEro, KpOME MTOBOPO-
TOB, B 9TOM ¢ uryanuu ObiTh He MOXKeT. [[puHuMas ero uccjaenoBanus
Ha Bepy,” IesaeM BBIBOM, UTO M3ydIaeMoe MpeodPA30BAHUE SBJISIETCS
[TIOBOPOTOM.

Uraxk, sTo nemkenne — moBopoT. OcTaeTcsa BOIPOC, HA KAKOH yroJt
™Mbl oBepHyJu? Ilyig oTBeTa Ha 9TOT BOIPOC BCIIOMHUM, YTO YUCJIO §2
JIEXKUT HA OKPYKHOCTH, TO €CTh PABHO COS (¢ + 4 Sin (0 TpH HEKOTOPOM
3HAYECHUU yIJIa (.

* [Joxka3are/ibCTBO JAHHOIO yTBEPKICHUA HE TAK YK WM CJIOKHO, HO yBenéT HaC B
CTOPOHY.

263



H yTBEPK/I1a0, 9TO HalI€ [IBU2KECHUE ABJIACTCA IIOBOPOTOM MMEHHO
Ha yroJi . [loromy 4To Touka ¢; = 1 mepeuwia B TOUKY ¢1g2 = COS ¢ +
+4sin. A pas eqMHUIA B HEE [TEPENLIIA, 3HAYUT, Mbl [IOBEPHYJIH I1LJIOC-
KOCTb Ha yroJ . Benp komiutekcuoe uucsio q; = 1 4 0¢ umesio B Ha-
9aJIbHBIA MOMEHT HYJIEBOU yroJl mOBOPOTA.

Takum obpasom, jr0basg TOYKA MEPEXOAUT B TOUKY, KOTOpAd HOJIY-
9aeTCs IMOBOPOTOM HA yTOJI (0 COOTBETCTBOBABIIETO HMCXOIHON TOUYKE
BEKTOpA.

B ugacrmocru, ecsiu s 6epy HEKOTOPbBI BEKTOP M yMHOXKAIO €ro
Ha BEKTOP COS @ + ¢Sin, TO OH MEPEeXOHUT B BEKTOP, ITOBEPHYTHIM
Ha yrosi @. Ocobblif BaXXHbI{ Ciiydail — 5TO yMHOXEHHE HA BEKTOP
cos /2 + isinm/2, T0 €CTh IPOCTO HA YUCJIO 5. Y MHOKEHUE BEKTOPA
Ha ¢ IPUBOIMUT K TOMY, YTO 3TOT BEKTOP moBopaumBaerca Ha 90°.
DTO 0COBEHHO BAXKHO /IS TEX TEXHUIECKUX By30B, rue mdydaior TOID
(TeopeTHIeCKre OCHOBBI SJIEKTPOTEXHUKMY ). 3JIbIe A3BIKY JAXKe yTBEep-
XKJIAI0T, YTO LEPel, OCHOBHBIM 9K3aMeHoM 110 TOD ram npousBogurcsd
IpenpK3aMeH: y CTYIEHTa, 3aCHYBIUIErO Ha JIEKIUU, HAJ yXOM CTpe-
JIFAI0T XJIOMYmKO# u rposuo cupamuBaior: Y MHOXKEHUE wa 47 On
nosked cpasy orserutb: [IOBOPOT HA 90! (puc. 144).

A

N

Puyc. 144. YvHOXKeHUe Ha ¢ — 3TO MOBOPOT Ha 90°.

N okonuarespno. Ilpum yMHOXEHHMHM KOMIIJIEKCHBIX YHCEJI
YIVIbI CKJIQIBIBAIOTCH. DTO [IPABUJIO, KOTOPOE MbI BBIBEJIH, TO3BOJIA-
er HaM YBUJIETh BCe apudMETUIECKUe Olepalud Hall KOMILJIEKCHBIMUI
quciaMu. A UMEHHO, IPU CJIOXKEHUM KOMILJIEKCHBIX YHMCEJI CKJIA IbIBA-
eM WX KaK BEKTOpa — II0 IPaBWJIy mapaJiiesorpamma. Ilpm ymHoXe-
HUU — [JIMHBbI BEKTOPOB NEPEMHOXKAIOTCH, & YIVIbI IOBOPOTOB CKJIa-
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apiBarorcst. Cjlerka modyecaB B 3aTbLIKE, MOXHO JaXe CKa3arbh TAK:
ITpu nesteHUY KOMMOJIEKCHBIX YHUCEJI UX OJIMHBI OEJIATCS, & yIJIbL
MOBOPOTA BHIYUTAIOTCA IPYT U3 OpPyTa.

Ceitqac 6ymer 6onyc. HakoHer-To Mbl 3aIlOMHHM [IBE 3JIOBPEIHBIE
dopmyJIbL.

llaBajiTe BO3bMEM ellle OIHY TOYKY, JIEXKAIIYI0 HA EITUHUIHOR
okpyxuocTu: cos + ¢siny. Kyma oma mnepeitner npu ymHOXKEHUU
Ha COS ¢ + i sinp?

Ono nepefijier B TOYKYy TOW Ke OKPYXKHOCTH, HO IHOBEPHETCS HA
yroJt ¢. To ects cymmapusblit yros mis npoussenenus 6ymet (1 + ¢).

Hoaywaemcs, 910 Tpou3BeIeHIE

(cos ¢ + isiny)(cos + isin)

paBHO cos(p + 1) + isin(p + ).
Terepp packpoeMm CKOOKH:

(cos @ +ising)(cosh 4+ isiny) =

= €08 pcosY + cos @i siny + isinw cos P + i sin i siny =
= (cos pcostp — sinpsinip) + i(cos psinip + sinp cos ).

C apyroii croponsl, 310 nmpousBenenue pasHo cos(p + 1) +isin(p + ).
[Tony4gaercd, aTo

cos(p + 9) +isin(p + 1) =
= (cos p costp — sin psin) + i(cos @ sin 1) + sin p cos ).

Ho ecsin nBa KOMIIEKCHBIX YHUCJIA4 PABHBI APYT JPYTY, TO Bemle-
CTBCHHAA 9aCTh PaBHA BEIIECTBEHHON, & MHAMAA — MHUMOMA:

cos(¢ + 1) = cos pcos ) — sinpsin 1,
sin(p + 1) = cos psiny + sin p cos .

ITO U €CTh T€ «3JIOBPEIHbIE» (DOPMYJIbI, KOTOPHIE JOCTABJIAIIA BAM
roJioBHYTO 60JIb B HIKOJIE, BCEM MOroJsioBHO. OHU OYeHb JIETKO BBIBOIAT-
CHA C UCHOJIb30BAHUEM KOMILJICKCHBIX YMUCEeJI.
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Hekoropbie cooOpakeHHsI O TpEnomaBaHHH MAaTEMATHKHU
B IIKOJIE

Y Kax[0ro 4eJioBeKa ecTh Hekue OGe3yMHble ujier, B KOTOpbIE OH
CBATO BEPUT. ﬂ CBATO BEPIO B TO, YTO HIKOJIbHAA MaTE€MaTUKa JOJI2KHA
OBITH YCTPOEHA, CIJEAYIOMAM 00PaA30M.

[Ipenonasanue mMareMaTuKM HAYMHAETCA C OBUXKEHWH, npuuém
Cpasy ke BBOIUTCA IOHATUE I'PYINbI IBWXKEHWA — CIepBa MpAMOi
¥ OKPYXKHOCTH, 3areM Iuiockoctu. JlaBaiite 6e3 0OMHAKOB 3TO HA3BI-
BaTh CBOMMU HMMEHAMHU — 2pYynna Jeuxcenutd usy4aemozo obsexma.
ITorom cienyer nosiHas xapakTepus3alus STUX CPYIIN [IBAXKEHUA [e-
pe3 TO, CKOJIbKO Y TeX WJIM WHBIX [IBUKEHUN MMeeTCs HENOJBWXKHBIX
TOYEK.

Ectp Takag TeopeMa «O TPEX IBO3maxy». Kciam 3 TOUKH IJIOCKOCTH
OCTATCA HEIIOABUXKHBIMU 1IPDU IBU2KCHUU, TO IBUXKCHUC ABJIACTCA TO-
XKJIECTBEHHBIM ITPE0Opa30BaHUEM, OHO BOODIE HUYEro He mendet. s
IpAMOR U [Jid OKPYKHOCTUA MMEIOTCH OYEeBUJHBbIC aHAJIOTH ITOH Teo-
PEMBbI, KOTOPbIE €IIE MPOIIIE.

SaBepiiuM BKpATIE KJIACCUDUKAIMIO IBUXKEHUH 1JI0CKOCTH. Ecim y
JIBUKEHUSA UMEIOTCH [[BE PA3JIMIHbIE HEIIOABKHbIE TOYKHU, TO HEIIOIBU-
XKJIHOT OKaXeTCsd U BCA pAMasd, X COSIUHLAIONAA, a CaMO Ipeodbpaso-
BaHUe OYIET SIBJATHCI OTPAXKEHUEM OTHOCUTEJILHO 3TOH NPAMOM.
ECJII/I y ABrXKEHUA POBHO OHA HEIIOABU2XKHAA TOYKA, TO 9TO [IBUKECHUEC
ABJIAETCA MOBOPOTOM. KCJiM HENOIBMXKHBIX TOYEK HET, MbI IIOJIy4a-
€M J1Ba, BUJIQ JBVKEHNA: MAPAJIJICJIBHBIN MEePEHOC U CKOJIb3AIIAsI
CHUMMETPpHUA. BOJ'IBHIe HUKAKUX ,H,BI/I}KeHI/Iﬁ IIJIOCKOCTHU HET.

910 — reopema [lajis, Koropas NO/KHA BXOIUTH BO BCE IKOJIb-
Hble nporpammbl. [locsie TOro, Kax 3TO HpOULIM, HYKHO HPUCTYIIATH
K KOMILJIEKCHBIM uucJjaM. Hajo cpady ckasarb, 9TO IJIOCKOCTb —
5TO KOMILJIEKCHBIE YKCJIa, 0Opasyoiue moJie. Bce ocHoBHbie ajirebpau-
YeCKHUe IIOHATUA JOJI2KHbBI 6bITb BBCIEHDbI IIPAMO B IIE€TCKOM Caly, IOTOM
B LIKOJIE YK€ MOXHO Oparbcsd 3a j1es1o.”

*Bmecy Ocramna monecso. Ho B mes1oM, ec/in Mbl 3aMEHUM JETCKUN Ccaj Ha MJIal-
Iyio mKOJIy, TO BCe aJiredpamvecKyue MOHATHS A B CAMOM [IeJIe MOXKHO BBECTH HA
npuMepe CUCTEM OCTATKOB OT [IeJIeHUs Ha HEKOTOpoe (pUKCUPOBAHHOE 1EJI0e IUCIIO!
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[Tocsie BBONA KOMILJIEKCHBIX YUCEJ BHIBOIUTE IIPABUJIA, YMHOKEHUS
U Cpa3y MepexofguTe K TPUrOHOMeTpuu. Tpuzonomempus — 3mo npo-
CMO ONEPAYUY € KOMNAEKCHUMU YUCAAGMU, AEHCAUUMY HE OKPYHCHO-
cmu.

A panbuie MOXKHO IEpexXoIMTh K 00JIEE MHTEPECHBIM BEUIAM, HAIIPH-
Mep, K auohaHTOBBIM YPABHEHUSIM.

O6cyum, npu 4éM TYT KOMILJIEKCHbIE ducia (koropbix modant
He 3Has1) W AuodaHTOBBI ypaBHenwsi? Ha BemecTBeHHOil ocu ectb
YMCJIa, CIENMAJIBHON IPUPOIbI, HA3bIBAEMbIE UeabiMu. OHU «KUBYT»
Ha OIIMHAKOBOM PACCTOsAHUY B 00e cTopoHbl 0T 0 10 6eckonednoctu. 0,
1, 2, 3, 4 u tax pajee. Mex 1y HUMEU «KUBYT» BCAKHUE [APyrue UnCJIA,
KOTOPBIE HAC TIOKa ceiiaac uarepecoBarsb He Oyayt (puc. 145). duodan-
TOBbI yPABHEHMS — ITO yPaBHEHUsI, KOTOPbIE HAI0 PENIATh B PAIMO-
HAJIBHBIX JIUOO B IEJIBIX YUCTAX. Mbl OPpaAaHUIMMC [EJIbIME PEIIeHU -
vu. Ha nponwioli jieknum Mbl paccMarpuBaJiv CJIELYIOIEE yPABHEHUE

z? +y? =27
Mpt ero penmujiv By M« CIIoCO0aMu: C IIOMOUIHI0 AHAJIN3A A€ TUMMOCTHI
B OOBITHBIX MEJIBIX UMCJIAX U C IHOMOIIBIO aJredpanmvIecKoil reoMeTpun.
Ecrb emé u Tperuii crocob.

-3-2-101 2 3

Puc. 145. Pemérka nesipix 4ucesi Ha YUCJIOBOH OCu (TAKOrO poja PeméTKu

ObIBAIOT U HA [LJIOCKOCTH).

[Tomobuo ToMy, KaK Cpeiu BEIECTBEHHBIX YMCEJ MOXKHO BBIIEJIATD
3aMedaTesIbHOEe CeMeRCTBO IeJIblX, MOXKHO BBIOEJIUTH HE MEHee 3aMeda-
TeJIbHBIE CeMeUCTBa U Cpeqy KOMILIJIEKCHBIX JHCeJI. eM IeJible Jucsia
NPUHIUIIMAJIBHO OTJIMYAIOTCA OT BeuniecTBeHubix? B Hux (BO MHOXKe-
CTBE TEJIBIX YUCeJT) HeJIb3s HesIUTh. VIHOTIa MoIydaercs pasaesuTh,
a MHOTrA — HeT. AHAJIM3 TOrO, YTO HA 9TO [AEJIMTCH, HIPUBOIUT K COIEP-
XKaTeJIbHOU KpacuBOU HayKe: K IIPOCTBIM 4ucCJlaM, K OCHOBHOH TeopeMe
apudMeTuKu 1, B KOHEYHOM CUETE, K PElIEHUI0 HTOr0 CAMOr0 ypaBHe-

Hus 2 + y2 = 22,
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Terneps Mbl XKUBEM Ha IJIOCKOCTH, U XOTEJIOCh OBl ClIeJIaTh 9TO-
HnbOynb MmomoOHOe BO MHOXKECTBE KOMILJIEKCHBIX duces. [laBaiiTe mo
AHAJIOIMU PACHPOCTPAHUM IEJIbIe YMUCJIa HA ILJIOCKOCTh. Kak OyiyT BbI-
IJIAIeTh TeJIble 9UCJIa Ha, MmTocKocTr! CKaxy IO CeKpeTy, Ha, ILJIOCKO-
CTH MMEETCH OIPOMHOE KOJMIECTBO IMCJIOBBIX CHCTEM, KOTOpPbIE 0000-
IAIOT ¥ HIPOIOJIKAIOT [eJsible InCja. MOXKHO IIOCTPOUTH INUCJIOBBIE CH-
CTEMbI PA3HbIMA CHOCO6aMI/I, n OHU BCe ‘IpeSBbI‘la,ﬁHO Ba2KHBbI 1J1d MHO-
rux auopaHTOBBIX ypaBHeHHi. Paszymunbie nuodaHTOBLI ypaBHEHHI
TpebyIOT Pa3JIMIHbIX YUCJI0BBIX cucremM. Ho camoe mpocroe — 910 pac-
CMOTpPETh KOMILIEKCHBIE IHCJIA, Y KOTOPBIX MPOCTO 0be dacTu (1 Bemie-
CTBEHHAs U MHUMAs) ABJIATCHA [esIbIMu ducyiamu (puc. 146).

2

1 14+12(2414

Puc. 146. 3aramovHbie rayCCOBBI YUCJIA: CPEOU HUX €CTh «IIPOCTHIEY, HO KaK

pa3 OHU-TO U OKaA3aJIMCb CaMbIMU 3aradO041HbIMHA.

V31bI TO# CETKU U €CTh «IIEJIbIe TUCIa» HA MJIOCKOCTHU. [IepBbiM ux

paccmarpuBaJs ['ayce, Mbl Ha3oBeM ux Z[i|. Z — 3HAYUT <IEJI0E>,
[i{] — KOHKpeTHOe KOMILJIEKCHOE YHCJIO, IPHCOBOKYIIJIEHHOE K
LEJIBIM.

OH K 1eJibIM 9UCJIaM NPpUOABUJI YUCJIO ¢ U CHPOCHJI ceDd: a Kakue
TOIJIA JOJIKHBI ObITh uncsia emé B3aAThbl? Ecyu Mbl B3d/M ¢ U B34JIH
1, TO MBI HOJDKHBI, KOHEYHO, B3ATh ux cymmy — 1 + 4. [Toromy [ro
MbI JIOJZKHBI yMETh CKJIAbIBATh, BLIYUTATH U YMHOXKAThH (€CJIM XOTUM
neficTBOBAaTh 10 MpaBWJIaM OOBIYHBIX HEJBbIX 4ducest). fcro, 4ro stu
TpeboBaHMA HAC B KOHIIE KOHIIOB [IPUBELYT KO B3ATUIO IPOU3BOJIbHBIX
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LEJIbIX KPATHBIX YUCJIA, §, CJIOKEHHBIX C JIIOObIMU HEesbiMU (OOBITHBIMY )
YUACJIAMUA.

Yucuia Buna a+ bi, rue a, b — uesibie 9ucia, Ha3bIBAIOT IayCCOBBIMU
qucaami. CKJIAIbIBATD X BBIYUTATH KX MOXKHO «IIOKOMIIOHEHTHO», TO
ectb (a + bi) £ (c+ di) = (a £ ¢) + (b= d)i. IIpu 910M «HA BBIXOIES
[IOJIYYAOTCA CHOBA 1'ayCCOBBI 4MCJIa, IOTOMY YTO CyMMa M PA3HOCTD
IIEeJIbIX YucCeJl BCerga ABJIAI0TCA IEeJIbIMU YUCJIaMU.

Ho ngns mosmomnenHoit paboThbl C HOBBIMH UHCJIAMK HYXKHO YMETh
X APYTr HA JIPYyra yMHOXKAaTb. Uyg0 COCTOMT B TOM, YTO IPU IEPEM-
HOXeHnn ['ayCCOBBIX 49mCesT IO OOBIYHBIM IIPABUAJIAM I[IE€PEMHOKEHMS
KOMIIJIEKCHBIX 9MCEJI «HA BBIXOJIE» CHOBA IOJIyYaloTCH ['ayCccoBbi, TO
€CTh TeJible KOMILJIEKCHBIE, YUCJIa. UUTaTesf0 KHUTU OCTABHT YIO-
BOJIbCTBHE CAMOCTOATEJIbHO IIEPEMHOXKHUTH JIBA [ 'ayCCOBBIX 4uUC/Ia, 9TO-
Obl yBUIETD, 9TO MEJIOYUCJIEHHOCTH BEIECTBEHHON u MHWHOW dacreit
pe3yJibTaTa yMHOXKEHUA COXPAHACTCH.

Kpome Toro, HoBbie 9ucjia yIi0BJIETBOPAIOT BCEM TEM XK€ IPUHIM-
[aM YMHOXEHUH, BBIYUTAHUA U CJIOKEHUA, KOTOPbIE BEPHBI J1J15 00bIU-
HBIX 1I€JIBIX YUCEJI (IOTOMY YTO HOBBIE YUCJIA — DTO KIOJAMHOKECTBO»
KOMILJICKCHBIX IHCEJI, & MOCJICIHAE STUM IPABUIAM MOMIAHAIOTCH ).

B 10 ke Bpem# u3-3a TOro, 4TO Mbl AKUEHTUPYEM BHUMAHUE HA UX
«UEJIBHOCTH, TO €CTh LEJIOYUCICHHOCTH, ¥ HAC IOABJIAIOTCH HETPUBHU-
AJIbHBIE MOMEHTbI, CBA3AHHBIE C UX JIEJMMOCTBIO APYT Ha aApyra (aHa-
JIOTUYHO TOMY, KaK B CHCTeMe OObIYHBIX IIEJIBIX IHCeJ paspabarbiBa-
€TCH TEOPUS [I€JIMMOCTH, IPOCTHIX YUCEJ U PA3JIOKEHUT HA HPOCTHIE
MHOXKUTEJIH).

B ugacrHOCTH, MOXHO OIIPELEJIUTH [IOHATHE NPOCMO20 2GYCCO8G HU-
caa.

Tax BOT, OKa3bIBAETCsI, YTO BCE, UTO Mbl 3HAEM IIPO LEJIBIE TUCIIA, —
JIEJTAMOCTD, IPOCTOTA, OCHOBHAA TEOPEMA, ApUMDPMETHKHA — YIUBUTEJIb-
HbIM 06pas3oM nepenocurcs Ha Z[i], 1o ecrb Ha cucremy ['ayccoBbix
quceJi. JI106oe 'ayccoBo a+ b ¢ nesibivu ¢ v b eAUHCTBEHHBIM O0Opa-
30M PACKJIAJIBIBAETCA B IIPOUBBEIEHNE MIPOCTHIX YUCEJ, KOTOPhIE yiKe
HU HA 9TO HE JAEJATCH.
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Heboubuioe 3amevanwue: ua gucsa 1,4, —1 u —¢ menarcs sce [ayc-
COBBI YHUCJIA, TAK XK€, KAK B IEJbIX YUCJIAX HA MPAMOU BCe HEJIATCHA
na 1 u —1. Hanpumep, (a + bi) : i = b — ai. 910 4yTb-4yTh yCJIOK-
HAET CUTYAIUIO, IOTOMY YTO OJHO3HAYHOCTH PA3JIOKEHHUA HA IPOCTHIE
MHO2KHWTEJIX BbIIOJIHACTCA JIMIIb C TOYHOCTHIO O yMHOXKEHUA U J1eJIe-
Hudg Ha 1,4, —1 m —4. [loToMy 9TO, C TOUKH 3peHUA TEOPUU NEJTUMOCTH,
(a + bi) u (b — ai) — 9TO OAMH U TOT XK€ NPOCTON MHOKUTEJIb.

i nesiblx 4ucesi Ha KOMILJIEKCHOM 11JIOCKOCTH BOODIIE 110ABJIAET-
cA MHOTO (DOKYCOB, KOTOPBIX HE OBLIO [IJId [EJIbIX YUCesT Ha MPAMOM.
Hampuwmep, ancso 2 nmepecrasio 66ITh mpocThbiM. V160 0HO pacKJiaipIBa-
erca Ha MHoxureau 2 = (1+14)(1—1i). Kcraru, us reomerpun 310 roxe
cnenyer (puc. 147).

1+

1—1

Puc. 147. Bot uyneca-1o: cymma uucest (1 +4) u (1 — i) paBHa ux npousse-
neruio! Ho obbranoe gucso 2 moxurpee Oymer: 2+ 2 =22 = 22,

HO npaBuJly yMHOXKEHUA Mbl JOJI2KHBI IIpOU3BEINCHUE NBYX [IJIAH
B34AThb. smna BexkTopa 1+ ¢ paBHa njune BekTopa 1 — i, u obe paBHbI
\/i, TaK KdaK 9TO I'MIOTEHYy3a IIPpAMOYTOJIbHOTO TpeyroJibHUKa C €ou-
HAYHBIMU KATETAMH. JHAYUT, Y IIPOU3BEIIEHUSA [IOJDKHA ObITH [IJIUHA

V2-V2=2

[Tocmorpum, uTo npousoiger ¢ yrsamu. [Ipu ymHOMNKEHUM yTJIbI
ckJtaIbBaOTCa. HOo OHM y HAC OPOTUBOMOJIOKHBIE [0 3HAKY, 3HAUMT,
npu ciaoxenun nosryuurca 0. To ecrb npu yMHOXKEHUM MBI 110J1y 9UM
BEKTOP JJ/IMHbI 2, HanpasJjennbiid no ocu X . Obparure BHUMaHUe, 4TO
Mbl HEB3HAUAN HANILIM OHO W3 PElIeHUll ypABHEHUS B KOMILJIEKCHBIX
qucsax: z +w = zw (nopnuck x puc. 147).
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Kaxkue ewg uucaa nepecraior opirh npocrbimu? Hamnpumep, yncio 5.
Teneps 5 = (2 +14)(2 — i) = 22 + 12, A 4ucs0 3 MOKHO Pa3IOKUTD HA
MHOXUTE M, i Her? Ecrh jin TyT Kakoe-To obuee npaBuiio?

OkasbiBaercs, ectb. bojiee TOro, OTBET Ha 33JIAHHBIA BOIPOC TEC-
HeiimuM 06pa30oM CBA3aH C BOIPOCOM IIPO OOBIYHBIE® IEJIbIe IUCJIA,
a UMEHHO: KaKMe [MPOCThIE YMUCJIa MOXHO HPENCTABUTH B BUIE CyMMbI
IBYX IOJIHBIX KBAIPATOB — TO €CTb, IBYX UMCEJI, U3 KOTOPBIX MOXKHO
HAlIeJI0 U3BJIeYb KBajgparHbli Kopenb! Ilorpacaiommm obpasoMm 31oT
BOIIPOC pemIaeTcs BBeIeHneM 1'ayCCoOBBIX IncesI u u3yIeHneM ux apud-
METHUKMU.

OkuHeMm ewg pas B3LJIALOM HAlIM [IOCTPOeHUsi. Mbl BBEJIM KOM-
ILJIEKCHBIE Jucsia. [[oToM B HMX BBIAEJIHJIM CEMEUCTBO «IIEJI0IUCICH-
HBIX» KOMIIJIEKCHBIX YUCEJI, U HA3BAJIM MX rayccoBbiMu. Tam pasBu-
JIX OeJIUMOCTh, HAYIMUJIUCH JEJUTh C OCTATKOM, obHapyxmuan « OCHOB-
HyIO Teopemy apudmerukm». 3adem? OTBET TAKOB: HEKOTOPBIE BOIIPO-
Cbl U3 apudMeTuKd OOBITHBIX IEJIbIX UMCEeJ MOXKHO PELIATH TOJIBKO
qepes rayCCOBbI IHUCJIA.

Kakwe nipocrbie umcsia mpeacTaBidiorca B BUAE CyMMbI JIBYX KBa-
nparoB? Drta 33a7ada IPe3BbIYANHO BaxKHAd B TEOPUU KOJUPOGAHU.
(3mech MOI CJI0BOM «KOAMPOBAHME» NOHUMAETCH 3alucCh uMHMOPMA-
UMM B TAKOM BHUJE, YTOObI €€ He CMOIVIM IPOYECTh HOCTOPOHHUE JIU-
ma. A «IOCTOpOHHHKE JIAIA®» OOBIYHO OYEHb MHTEPECYIOTCS METOMAME
«B3JI0Ma» UCIOJIB30BAHHOIO KOa). TeJI0BEK, KOTOPbI 9TO-TO 3HAET
PO KOAWPOBAHUE / IEKOAUPOBAHAE, MOXKET B3ATh U PA3PYyIIUTh CACTE-
my [Tenrarona B n1Ba weka Mbiinm (BOT BAM U FOTOB MEXK /1y HAPOJIH I
KOH(DJIUKT).

Bompocskl MmareMarnIeckoro KOqupOBaHUA — 9TO BOIPOCHI IIPAMED-
HO TAKOr0 XKe THUIla, KaK W 33J[a49a O PA3JIOKEHUU [IPOCTOr0 IHUCJIa,
B CYMMYy JIBYX KBaApaToB. V BOT MOJITOXXIAHHBIN OTBET HA IIOCTABJICH-
HbIA BblllIE€ BOIIPOC:

Teopema (Hacrb Teopembl npo jesieHne Ha 4 NPUHALJIEKUT HE
layccy, a Pepma. [lepBoe onybIMKOBaHHOE TOKA3aTEILCTBO ITOU Ta-
CTU TEOPEMbI NPUHAIJIEKUT DHJIEDPY).

«ObbiuH0es NPOCMoe YUCAO (HE KOMNAEKCHOE) D ABAAELMCH CYMMOT
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deyxr weadpamos, mo ecmv p = 12 + y? (r u Yy — obviuHbe UYeave
wucaa), moeda u moavko moeda, Kozda p nepecmaém Goimb NPOCMbLM
6 2ayccosoli cucmeme wucea Z[i|. M npoucxodum smo moeda u moao-
Ko moada, xozda aubo p = 2, aubo wucao«py umeem ocmamor 1
npu deaenuu wa 4, mo ecmv, p =4k + 1.

D10 — KOpoJieBCcKasd Teopema [aycca. ¥ Taycca HECKOIBKO «Iap-
ckux» pesyJsbraroB. OH Ha3bIBaJ UX pasHbiMu uMeHamu. Hampumep,
eCTh HEeKUii 3aKOH Ipo noBEeaCeHUEe OCTATKOB IIPU ACJICHUW OAHUX YUCEJI
Ha npyrue, ['aycc HA3BaJI €ro «30JI0TBIM Pe3yJIbTATOMS , €30JI0TO pe-
syJsibTar ['ayccas. A mama Teopema MOXKeT ObITH Ha3BAHA KOPOJIEBCKO
teopemoii ['aycca. IIpocToe 41uCJI0 B OOBIYHBIX HATYPAJIBHBIX YH-
CJIaX SIBJISIETCHA CyMMOU OByX KBaApPATOB TOTIA U TOJIBKO TOTIA,
KOI'Ia OHO MMEET OCTATOK 1 mpu mejieHWH Ha 4. IT0 MIHOBEHHO
BBRIIHUCIAeMad XapakTepuctuka. Hampuwmep, 97. Ilpu nenennn ma 4 na-
er ocrarok 1: 97 =96+ 1 = 4-24 + 1. Buauur, no reopeme ['aycca oHO
JIOJDKHO IPEICTABJIATHCA B BUIE CYMMBI JIBYX KBagparoB. Tak u ecTs:
97 = 81 + 16 = 9% + 4%

[louemy @ rosopio o komupoBanuu! BosbMuTe YUCIIO, B KOTOPOM
25 uudp. [IpoBepurb, 4T0 OHO MMeeT OCTATOK 1 upu JjiejieHun Ha 4,
odenp mpocto. llpoBepuTh, YTO OHO MPOCTOE, HEMHOXKKO CJIOXKHEE,
HO TOXe€ He O4YeHb A0Jiro. Tak BOT, ecyin Bbl y3HAJIU, 9TO OHO IIPO-
CTO€, U BBIYUCJ/INJIA, YTO OHO MMEET OCTATOK 1 opu OeJIeHUU Ha 4, TO
BbI MOXETEe CIIOPUTHh Ha JII0OyI0 cymMmy cC JiioObiM HeBepytoumm PDo-
MOH’, 4TO €CTb JIBa YUCJIA, CYMMOI KBaJPATOB KOTOPBIX UCXOJHOE YUCIJIO
apigercda. HUKakoro moJrHoro J10KasaTesbCTBa 3TOW TEOPEMbI, KPOMe
KAK 4epe3 rayCCoOBbI YMCJIA, MHE HE U3BECTHO (CyIIECTBYET, rOBOPAT,
10 KpaiiHeil Mepe 6 JOKA3aTEIbCTB).

Iasaiire Bepaemcs K nmudaroposbeim rpoiikam. [Tudaroposst Tpoiiku
OYeHb KPACHUBO HAXONATCH C IIOMOIIBIO IayCCOBbIX umces. [Ipemmosio-
KWM, €CTb TPOUKA &, Y, # OOBIYHBIX HEJIbIX YUCEJI, KOTOPbIE ABJIAIOTCS
CTOPOHAMHM MPAMOYTOJILHOTO TPEYTOJIbHUKA, TO ECTh

2+ y2 =22
Onarb paccMOTpUM MPAMOYTOJIbHBIA TPEYTOJIbHUK, HAUMEHbIINH B ce-
meiicrse. NubivMu cjioBamu, x, Y, Z [MOMAPHO B3AUMHO HPOCTBI, Y HUX
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Her 00mux gesmmresieit. Torma M0BOILHO IPOCTO NOKA3aTh, UTO (L + Y1)
u (T —yi) — TaKke B3aMMHO IIPOCTHI (9TO CJIEAYET U3 PA3HOU IETHOCTH
T uy).

To ecTb, y rayccoBa 49ucJjia U CONPKEHHOTO €My TayCCOBa THCIIA
HET 00IUX NeJIuTeJIeH.

Benommmraem mponwiyto Jexmuio: (z + yi)(x — yi) = 22

[IpousBenenre paBHO KBajpary HEKOTOPOTO YHUCJIA. JHAYUT, BCE
(CayccoBbl) MpPOCTBIE MHOXKUTEJU YUCIA Z BXONAT B HErO B YETHOM
CTEneHu. ITO O3HAYAET, YTO B JIEBOH YACTM yPABHEHUS CTOMUT, C TOY-
HOCTBIO 710 OOPATUMBIX MHOXKHUTEJIElN, IPOU3BENEHUE ABYX KBAIPATOB.

ITOT NPUEM NPUMEHAETCA BO BCEX IIOXOKUX CTPYKTypax, HE TOJIb-
KO B IayCCOBbIX 41uCJIaX. ECJII/I MbI MO2XKE€M [NO0Ka3aThb OCHOBHYIO TE€OpE-
My apudMeTuKn, TO OyIeT BEPEH U STOT 3aMEYaTeJIbHBIA pe3ysbTar:
€CJIM IPOU3BEJIEHUE JIBYX B3AUMHO IIPOCTBIX YUCEJI PABHO KBaJIpary, TO
KAaKJIblii M3 9TUX IUCEJI ABJIAETCA KBAJAPATOM C TOYHOCTHIO 10 yMHO-
XKeHus Ha obparumbie uucaa 1,7,—1 u —i (nua rayccosbix guced),
UM 10 YMHOXKEHHs JIIOOble JIpyrue o0paruMble Yuca (ecju mesbie
YKUCJIA — HE IayCCOBbI).

BameTasa «1mof, KOBEP» UCCJIEIOBAHKE JONOJTHUTEBHBIX O0OPATHMBIX
MHO}KHTeJIeﬁ, eJjia€M BbIBO, ITO

(z 4+ yi) = (m +ni)* = m? + 2mni — n? = (m? —n?) + 2mni.

Komuiekcubie auciia, PaBHbI B TOM U TOJIBKO TOM CJly4dae€, KOorma ux
BEIIEeCTBEHHbIEC I MHUMbIC YaCTU PAaBHDbI:

z=m?—n? y=2mn.
Orcroma yxe HeTpYAHO BbiBecTr u (POpMyJLy ijisi runorenysbl [luda-
ropoBa TpeyroJbHuKa: z = m? + n’.

Bor mbr u nostyansiu «dopmyay uaaycoBs. Hepes rayccoBbl duca
OHA BBIBOJUTCHA IIOYTU B OHHY CTPOUKY.

Teneppr — mapa csoB npo Besiukyio teopemy Pepma. Takwue me-
TOABI, KAK TOT, KOTOPBLIA MbI ceiidaCc pacCMarpuBaJivd, Pa3BABABIINC-
cqa Bechb XIX Bek, He IpHUBEJW K pEINIEHUIO BEJUKON Teopembl Pepma
IJig Bcex mnokasareJsieit. IIpusesio cosepiienno npyroe coobpaxkenwue.
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Coobpaxenue Takoe: ecsiu Obl CyIecTBOBaJIA TPOWKA ¢, b, ¢ Takasd, 910
a+b" = ", o cymecTBoBaJia ObI HEKOTOPASL, IAAUNIMUYECKAA KPUCAA
¢ HaDOPOM CBOMCTB, KOTOPBIE IIPOTUBOPEYAT €€ MTPUPOIEL. ITO — HOKA-
3aTeJILCTBO BeJKOil Teopembr Pepma B omuoit dppase. [Ipasma, K sToit
«oHOM dpase» npuuérca gobasurb ppasd 20-30, 4robbl XOTh CJErKa
MOSICHATH, ITO HTO 33 3BEPb TAKOW — SJIJIMITHYIECKAT KPUBAdd, W,
IJIABHOE, KAKOE OTHOIIEHUE OHA, uMeeT K BeJiukoi reopeme Pepma.

Hy m mocsiienauit croxer.

IuodanT penras campie pasHbie ypaBaenus. Hekoropsie ou chop-
MyJIIPOBAaJI, HO OBLIT HE CIIOCOOEH PeluTh. A TOUHee, peleHns HEKOTO-
PBIX U3 HUX He HAUIEHBI B epBBIX 6 ToMax. MbI HAIero e 3uaeM mpo
OCTABUIMECH 7 TOMOB, U S HE yIUBJIIOCh, €CJIM B HUX ObLIO BCE, 94TO 1O-
tom otkpbiBasiu B XVII, XVIII, XIX Bekax. B wactuoctu, Ditnep craJ
paccMarpuBarh OJIHO U3 TeX ypaBHeHuit, koropbie luodant He pemmi.
Mootcem au 6vims maxk, 4mo K6adpam HEeKOMOopo2o HAMYPAALHOZO -
CAQ OMAUNAEMCHA OM KYba dpYy2020 HAMYPAALHOZO YUCAG HG eduruyy?
To ecTh, penuTh B MEIBIX YUCTAX ypABHEHUE

a’ =0+ 1.

To, ¥TO0 KBAIpAT OMHOTO WHUCJA MPOCTO PaBeH KyOy Ipyroro, ovueHb
JIErKO npencrasuth cebe, eciu a = ¢ u b = ¢?, 1pu HEKOTOPOM ILIEJI0M

c. B camom 1ieste, Torma
a2 — (03)2 — c6 — (02)3 — b3.

Bosbmem, manpumep, ¢ = 3. Torma a = 27,b = 9: 272 = 9% = 729. Tax
9TO 9Ta 3aaada He mHTepecHa. [Ipapma, umcso 729 HamoMwHAET MHE
OIUH Pas3TOBOP.

Onnax bt 1Ba MareMaTuka becenoBasu B Kade. OmuH a1pyromy ro-
BopuT: «Ha cBere HeT HE OMHOrO YUCIIA, KOTOPOE He OBLIO OBl IeM-TO
YIMBUATEJIBHBIM, [IPOCTO HU OMHOrO». A BrOpo#t orBeuaer: «Hy, kax
xke? Hy, a Bosbmy naBckuaky 1729. Hro unrepecuoro B uucse 17297»
A BrOpOI mocmoTpesr Ha HEro U CKaszas: « Ikl CaM HE JI0ra iblBaelb-
Csl, HACKOJIBKO YAUBHUTEJIFHOE YMCJIO Thl HA3BaJ1! DTO mepBoe u3 HaTy-
PAJILHBIX 9HCEJI, KOTOPOE J8YMs PA3HUMU CNOCOOAMU TTPEICTABIISIETCS
B BUJIE CYMMBI JIByX KyOOB».
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[Tanbuem B HEOO TKHYJI B ucsio 1729. U Bor uro okasaJsock. [leit-
creuTesipHo, 1729 = 9% 4102, u 1729 = 123 + 13. Bropoii Maremaruk
OblJ1 CPAXKEH ITUM APr'yMEHTOM.

Taxk BoT, 6pI1BaeT Jjiu, 97006l Ky0O 1 KBaApaT OTJIMIAJINCH HA SIMHATI-
Ky?

Homyctum, Bam pebénok urpaer B Kyouku. OH CIIOXK M U3 HUX O0JIH-
uoit Ky0, a Bbl yKpaJsin y Hero oaut Kybux. Torma pebenox B3, pas-
BautuJI Ky0, u cjioxus 60JIb1I0# orpoMHubIid KBagpar. Moxer Jjin Takoe
6bITh? Diisiep noJHOCTBIO pemm o1y 3ajady (a? = b® 4+ 1).

Peutum TO15KO 0/1HO ypaBHEHUE U3 JIBYX, IOTOMY 9TO BTOPOE OYEHb
caoxnoe. a? = b® + 1 — cioxnoe,a a’? = b> — 1 mpocroe.

B 0boux cirygasix MOXKHO BBIIACATH OTBET B ABHOM BHUIIE.

Y BTOpOro ypaBHEHHMS pEUIEHUl HET, KpOMe TPUBUAJIBHBIX: ¢ = ()
u b= 1. MbI 9710 ceifuac jjokaxkeMm. A y nmepBoro, Kpome TpUBAAJIBHBIX

(a =1mb=0), — peurennem aBgoeca mapa 2 1 3. Bemp 32 = 23 + 1.
Ipyrux pemenuii HeT. Dijiep U TO HOKA3AJ, HO BEChMA CJIOXKHBIM
IIyTEM.

Pabepém npocroit BapuaHT:
a? =0 -1, a*+1=0% (a+i)(a—i)="b"

Moryr sin y (a +7) u (@ — i) Goirb 06uMe Muoxureau? Ilycrs (a + )
u (@ — 1) mendarca HA KAKOe-TO MPOCTOe rayccoBo umcio. Torma mx
pasHOCTDb

(a+i)—(a—i)=a+i—a+i=2i

TOXKE Ha, HEero JeJINTCH.

IIpocThIX TayCCOBBIX YHCEN, KOTOPBIE NEJIAT YHUCJIO 2%, BCETO OIHO:
(1 +4). Ecrb eme 1 — i, HO 9T0 «TO K€ caMOe IIPOCTOE YUCJIO», ubo
1 —¢=(—%)(1+4%) 0- onHO mosyIaercsa U3 OPyroro yMHOXKEHHEM HA
obpartHoe.

Buaqnt, Hamu guciaa (a+i) u (@ —14), ecyiu OHK He B3ANMHO IIPOCTEI,
MOT'YT JIEJIMThCA TOJIBKO HA, (1 —I—i). Ho Torma nx mpousBeneHune neanTCs
na (144)% = 2i. 3nauur, b mesurcs na 2, a b3 — na 8. Ho Torma a? 6yzer
MMeTh OCTATOK 7 IpH JeJIeHHM Ha 8, Tak Kak a’ + 1 = b3. A smaunr,
OCTATOK 3 1pu feJieHuu Ha 4. A, KaK Mbl BbISCHUJIM HA ITPEIbLILy e
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JIEKIINU, TAKUX KBAJIPATOB HE cyuiectByer. [Ipu mesrenun na 4 kBagpar
nmaér B ocrarke Jimbo 1, subo 0. [losTomy Takoro ObITH HE MOXKET.

Buaunt, HU omHOro o6mero mesmrens y umcesa (a + i) u (@ — 1)
Her. VX npousBeneHne siBaseTCd IMO3TOMY KyOOM HEKOTOPOIO TayCCoBa
qucsia. CoryracHO OCHOBHOW Teopeme apudMeTuKu, u3 TOro CJIENyer,
9TO KaX/I0€ U3 HUX CaMO ABJIAeTCA KyboM rayccoBa 4mcia (CHOBA C
TOYHOCTHIO 0 YMHOXEHUs HA, obparumbrii ssiement 1,4, —1 uiwm . Ho
BCE OHM TOXe€ KyDObl, TaK 4TO C(HOPMYJIMPOBAHHOE YTBEDKIEHUE BCE-
taku Bephoe!): ckaxem, a + i = (m + ni)3.

Baywmaliitech, 9o MbI crienasn. Mbl B3 0ObIMHOE ypaBHEHHUE B IIe-
JIBIX YHCJIaX. 3a9eM-TO IEpPENLI B TayCCOBBI UMCJIA, U BHYTPH Tayc-
COBBIX 4YMCeJI PA3JIOKUJIN JIEBYIO 4aCTh Ha MHOXuUTe u. [locse gero,
JXKHBSA BHYTPH I'ayCCOBBIX YHCEJI, MBI CKA3aJId, ITO TOLHA

a+i=(m+mni).

IIpu sTO0M @ — mesnoe He rayccoBo uucyo. ['ayccoBo wmcio (a + 1)
)KI/IBéT Ha OJHYH IIarl BbIINIE OCHU T .
DTO YUCJIO JOJIKHO OBITH paBHO KyOy HEKOTOPOrO raycCcoBa, YUCJIA.
Teneps BctomanM hopMysry Kyba CyMMBI 1 PACKPOEM CKOOKM:

a_H':(m-|-m')3:m3+3m2ni—3mn2—n3i:

= (m3 — 3mn?) +i(3m?n — n?).

KomMiuiekchable auciia, PaBHBI, 3HQAYUT PABHbI UX BCIIECTBECHHAA U MHU-

Mad 9aCTH:

a=m’— 3mn2, 1 =3m?n —n?.

¢l BepHyJICHA U3 rayCCOBbIX 4uCesl B 00bluHbIE mesbie dncia. C nomo-
HIHIO0 TAyCCOBBIX YMCEJI f CHEJIAJ BBIBOI, KOTOPbI HUKOTA B XKU3HU
He chesian 6b1 6e3 Hux. U3 a? = b — 1 g mosydmi, aro

3m?n —n?® =1.
Terneppb yxe BCE MpoCTO:

3min —n3=1, n(B3m?-n?) =1,

276



2

n 1 3m? — n? — ueJible YUCIIA. HBa uwmcia gaioT B mpousBeneHun 1

TOIJIa ¥ TOJIBKO TOLJA, KOTJA OHU OJHOBPEMEHHO paBHbI 1 mym —1.
n==+1, 3m?—n?=+l.

Bbr 3amerwnsiv, «eOUHUILY MOXHO PA3JIOKHUTh HA MHOXHUTEJM COUH-
cmeennoim crocobom: simbo 1 ymuaOXKRHMTL Ha 1, MO0 —1 yMHOXKUTH
—1». Bropoit ciocob He OTJIMYHUM OT IIEPBOT0, TAK KaK BTOPOE pere-
HEE MOXHO COKPATUTh Ha «obparumoe umciio» (—1). Tax aTo BTOpOI
CJly4dall KaxeTCd HeHY2XKHbIM JIJI1 PACCMOTPEHUA — BPOME KaK IOJIy Ya-
ercsa uzbbrrounasa aprymenranua. Ho, kak Oy/er BuaHO HUXKE, BTOPO
CJlydail OTHIOOb HE JIMIITHWMA.

Moii yuuresib Camra Illenb pacckasbiBas 3aMe9aresbHY 0 HCTOPUIO,
KaK OH CTaJI MATEMATUKOM «M3-3a U30BITOYHON aprymenrtaruus. Emy
nogasu peidy, dbuste (a cam ouennb goaro, Jer 10 30, gymas, aro du-
Jtle — 310 HasBaHue pbiobl). Tak Bor. Emy nomanu dwue, u ou crazam:
«Mawma, my Tyt KOCcTH! TBHI MOXeENIb BEIHYTH KOCTH?» A Mama mpume-
HUWIA CJENYIOMWil 3aMedaTeTbHbIN JIOTHIEeCKUii IPuEM, MMOCTABUB €ro
Ha jopory maremaruka. OHa ckaszaJja: «Tax! Caia, BO-IepBbIX, 9TO
dusie, u Kocrelt B HEM OBITH HE MOXKET. A BO-BTOPBIX, TIe THI BUIEI
poidy 6e3 kocreit?s». Canra HACTOIBKO OBLT MOTPACEH TAKOU «XKeJIe30-
OeTOHHOI» JIOTWKOM’, YTO IIOCJIE HTOIO CTAJ MATEMATUKOM.

Nrak, pasbepém Hamm Ba ciaydad. XOTd OHU OJUHAKOBBI C TOUKH
3peHnd €eJUHCTBECHHOCTHU PA3JIOKCHUA HA MHOXKUTEJIM, HO OHU HE OOU-
HAKOBBI C TOUKW 3PEHUS HAJUIUSA perrennii!

[epseiit coayuait: n = 1, 3m? — n? = 1, caenosaresbuo, 3m? = 2.
Ho m — uenoe uucsio. 3uaqut, TaKoro 66ITh HE MOXKET.

Bropoit cayuaii: n = —1, 3m? —n? = —1, caenosarensno, 3m? = 0.
[Tomygaem m = 0.

a+i=(m+mni)=(0—i)= (i) =i.

Tak xkak a + i =i, 10 a = 0. Ho b®> = a® + 1, 3nauur, b = 1.

9TO — EIMHCTBEHHOE PEIIeHMe MCXOMHOro ypasHenud. [losydaer-
Cs, YTO KpPOME€ TPHUBHUAJBHBIX PEIICHW, IPYIUX pPElIeHUui ypaBHEHUS
a’> =0 —1 Her.
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W3 »r0oit Teopun MOKHO CIE/IATH CAEHYIONUA TPAKTUIECK U BHIBO/I.
Ecnu y Bac ¢ peGEHKOM BBINLIA TAKAA CUTYAIUA, YTO OH CJIOXKUJ U3
Kybukos 6oJibuioif Ky6, Bbl yKpaJin y Hero KyOuk, u OH CJIOXKUT KBa-
IIpaT, 3HAYUT YTO-TO HE TaK. SHAYWUT, OH KyOUK «yKpaJr 06paTHO» (1 ux
6bL10 729 ckopee Bcero!). Bel moxere ckasarb: «Tak, Thl noxurusa y
MeHs KyOuK!»

— Kaxk, nama? Kak o1 910 yBuen? Toi, HaBepHOE, BCEBUIAIIMA. . .

— Her. 4 upocro ymero pemars quodaHTOBbI ypaBHEHU S, CHIHOK.
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