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IIpenucaosue

IHocsauwaemes moeti scene Mapune, demoukam Muwe,
Lane, Ceeme u Kpe, amobumvim Mame u [lane,
a maxdce cem moum podcmeenruram u dpysvam!

Ucropus nanucanus 3Toit kauru rakosa. osirue rompl # e31ui1 10 BCeil
cTpaHe ¢ JeKnmamn «MaremaTnka [jid 9KOHOMUCTOB» B PA3HBIX €€ BapUaH-
Tax (reopus Urp, MUKPOIKOHOMUKA, MJIM TE€OPHsi IPUHATUS DEIIeHUi — BCe
9TU HA NEPBBII B3IJIAI PA3HBIE IO COMEPKAHUIO TUCIUILINHBI O9€Hb OBICTPO
[IPEBPAIIAJINCH B IIPOCTOI MaTreMaTudecKuil TukOe3 1171 mpernogaBaresaeit aKko-

HOMUKHM).
ITocrenenuo s MOH:A, 4EM OTIMYAETCA IyMAHUTAPHOE MBILULIEHUE OT Mbl-
[IJIEHUA [IPEICTaBUTEsIel TOYHBIX HAYK — MOHSJI Ha TAKOM yDOBHE, KOTIa

«TIOHUMAHUE» MMEPEXOIUT B KAYECTBO MPEIOJABAHNSA.

S crasn npenomaBarb MareMaruky (IO BUIOM BCEX DTUX «IICEBIOIKOHO-
MUK») HECIeNuaucTaM TakKuM 0o0pasoM, 4ToObl Kak MOXKHO CKOpee «3alle-
[UTHh UX 33 KUBOE» U 3aCTABUTDH HAIPIKEHHO [1yMaTb HAJ CJIOXKHBIMU BELa-
mu. [Ipumiocs npuaymars (M HAKOLATH B PA3HBIX y4eOHUKAX) UeJblil s
AKOOBI KU3HEHHBIX CUTYAIUil, KOTOpbe pu (hOpMaJIN3aIuu JABAJIU HETPU-
BHAJIbHOE MTPOBOE B3AMMOMEHCTBHUE; TP MOUCKE K€ PABHOBECUS B COOTBET-
CTBYIOIIEH Urpe CJIyIIATe N y2Ke ObLIM TOTOBBI PEIIaTh YPABHEHUs, N3yJaTh
nocrpoerusi U rpaduKu, 3a9aCTYI0 BCIIOMUHATH IPOM3BOMAHBIE U UHTEIPAJIBI
u T.1. YyBCTBO, 94TO BCE 3TO HPOXOIUJIM KOIJA-TO B YHUBEPCUTETE TOJIHKO
pagyu MymTpbl 1 3a3y0OpUBaHUs, [IOCTEIIEHHO yXO4UJIO.

ITorom s noH#AJ, YTO OrpaHUYeHrEe TOJIBKO OKOJIOOKOHOMUYECKUMU CIOKe-
ramu (M ayIuTOpHs MpenojaBaTesieil S9KOHOMUYECKUX IUCIUIIMH) MHE Ha-
YUHAET, TaK CKa3aTh, Xkarh. lyma mpocuia 60Jbiiero — a WMeHHO: Oecer,
C WUPOKUM KPYI'OM HEMATEMATUKOB, U IIPEXKJE BCEIO I'yMaHuTapues (rexHa-
peil s Bcerga CTOPOHUJICS — OHM BCIOJY HUILYT KOHKPETHUKY U [PUKJIAIHOE
3HAYEHUE).

1 Bor a1 ckazas Muxaunsy Bukroposuay IloBassieBy, kruropy™ Yuusep-
cutera Imutpusa Iloxapckoro m omHOBpeMeHHO mupeKTopy PuammmnoBCKOi
Ixoser B MockBe, 910 X04y rae-HuOyIb MCIpOOOBATH CBOU UIEU OTHOCH-
TEJIbHO NpenojaBanus MareMaruku rymanurapusm. On npemgioxus Beuep-
uue Kypcor Yuusepcurera Imurpusa [loxapckoro.

1 Tyt mHagasocsk.

*«KTuTOp» — MO-rpevecKu «CTPOUTESb», TO €CTh Y€JI0BEK, HE IIPOCTO AAMOIUi
IeHbI'W Ha KaKOe-TO OeJsI0, HO U aKTHBHO B dTOM JeJie YIaCTBYIOUIMiA.
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Vke Ha MEpBBbIil 3aIIyCK 3aMMCajioCh OKOJIO Mapbl COTHU CJIyIIaTesiel,
u3 KOTOpbIX 30—40 peryssipHO XOmW/aM Ha 3aHATHA. VIHOTIA MPUXOIMIOCH
MePEMEaThCsi B aKTOBBIN 3a/1 — BCE CJIYIIATE/M MPOCTO HE MOMEMIAJINCH
B OOBIYHBIX KJIACCHBIX KOMHATAX PrInMnnoBcKoOil MIKOJIbI.

Ho u 310 eme He BCE. YK HE 3HAIO, 9TO TYT CKA3aJI0Ch — BEKOBOI TOJIOT
IYMAHUTAPUEB 110 Y€/I0BEYECKOMY IIPENOJABAHNIO «BEJIMKON u yxacHoi» [la-
PHUIIBI BCEX HAYK, «capadaHHoe pAauo» Uin MOst (DAHATAIHAS MAHEDPA ITEHUS
JIEKI[HiT, HO Yepes mapy JIeT 3aIMMCAHHBIE U BHIJIOKEHHBIE B HHTEPHET BUIEO-
3AMMUCH TOCETUJIO HECKOJIBKO IECATKOB THICAY UEJIOBEK.

Mue peaJibHO Ka3aJI0Ch, UTO 1 YXBATUAJ «I'yMAHUTAPHOTO Oora» 3a 60pomy.
Pasymeercs, ryT ne morsio oboiituch 63 Kakoii-t0 0coOeHHOl yinadu, «38e31,
0COoD0r0 CXOKICHUI.

1 Bor cuycra rox mue 3BoHunT Kara BormanoBud, yauresb MaTeMaTruku
B @usunmosckoii [lIkoste, u roBoput: «JI€mra, s BCE mepenecsia Ha Oymary».
4 omemms — »T0O Ke Kakas paboTa: BBIPE3aTh BCE MOU CJIOBA-TIAPA3UTHI,
MEePEeHeCTH MO0 PBAHYIO PEYb C BUIEO3AINCH HA, TEKCT!

Hecomuenno, 6e3 »rux 70 wacoB paborbl (Kak MHe npusHajach Exare-
punal) kuura Obl HUKOIJA HE CMOLVIA YBUIETb CBET — Y MEHs HU B KAKOM
0603puMoM OyIyIeM He MOsIBUJIOCH ObI CTOJIBKO CBOOOIHOTO Bpemenu. bersio
MIPOTJISAEB PYKOIUCh ¥ CHOBA MOCOBETOBABIIMCH ¢ Muxanaom BukropoBuuem
[ToBasisieBbIM, 51 MOHSAJI: HYKHO IIPOITYCTUTh» KHUTY CKBO3b B3IJIfAI HCTUHHO-
IO TYMAHUTAPHUsI, Pa3 YK OHA MPEIHA3HAYCHA UMEHHO [IJIs 9TON ayIuTOpPUN.

N s mompocun usBectHoro ucropuka Cepres Biamumuposuua Boskosa
[IPOYUTATH PYKONUCH U IIOMETUTH BCE MECTa, B KOTOPBIX MHE 4YTO-TO Ka3a-
JIOCh OYEBHUIHBIM, HO TAKOBBIM HE ObL/IO, MJIU TIE€ KUCIIOJIb3YIOTCA TEePMUHbI,
KOTOPbIE MOLYT I'yMaHUTapusi COUTH € TOJIKY («TPAHCLUEHIEHTHOCTHY U «UP-
PaIUOHAIBHOCTD», HAIPUMED, KAK OKA3aJI0Ch, B XKU3HU TOXKE HMEIOT KAKUe-
TO 3HAYEeHUs, 0 4eM s cam 10 obmenust ¢ Cepreem BramumupoBudem u He
nozgo3zpesad!).

[Tocsie aToro g nepenast pykonuch csoemy marme, Biraauvupy BacuibeBuay
CaBBareeBy, TOKE MATEeMATUKY 1O OOPA30BAHUIO U MPEHOJABATEJI0 MHOIHUX
MaTEeMaTUIeCKUX TUCHUILINH., TekcT ObLT uM J1opaboraH ¢ BKJIIOYEHHEM TaK
HA3BIBAEMbBIX «BPE30K» (MOIl mama X Tak Ha3BaJjl) U MHOTLIA OTIEIbHBIX ab-
3aIIeB, BBINEJIEHHBIX Kypcusom. [lama obpaborast sameuanus Cepres Biragn-
MUPOBUYA, & TAKKE HAIIEJ U UCIPABUJI MHOXKECTBO HETOYHOCTEH U OmmnbOK.

Kpowme Toro, orpomuyio pabory mpomdesiaa Bepcrasbimk Esrenunit sa-
voB. Orgesibable HecypasHocTu BbL1oBuII Mol yuenuk Camra HoBukos, Koro-
pblil IpOYesT pyKOINUCHh HA OJHOI W3 MOCJIEIHUX CTAAWIl TOTOBHOCTH, & TaKKe
MOl IpyT W KOJLJIera, BeAyMuil CrenuasimcT M0 KOMOWMHATOPHOW reoMeTpun



B Hameil crpane Anmpeit Muxaiisiobua Paiiropomckuii. Hakoner, mesukom
OT HaYaJIa W OO0 KOHIQ OOHY n3 (PUHAJBHBIX Bepcuii KHUTH npodsia [lapbs
OpemenkoBa, cekperapb YHuBepcurera dmurpus [loxapckoro, n «BbLIOBH-
J1a» HECKOJIbKO [IOIOJIHUTEJIbHBIX CIIOPHBIX MECT.

Bcewm, k1o MHE nomorast B npouecce paboThl HAJL KHUI'OI HA PAa3HBIX CTa-
[INAX, 51 X049y 37€Ch BBIPA3UTH CBOIO TIyOOYAUNIyIO MPU3HATEILHOCTD 1 OJ1a-
rOIAPHOCTh — BAINK MOMIEPXKKA U IMOMOIIb ObLIA DECIeHHBI, KHUra 0e3 Bac
Obl HE BBINLIA HUKOTIA!

Haxkonen, camoe 6osibmioe cracnbo x04y ckazarb moeil xene Mapume
3a KpaiiHe BHUMAaTe/bHOE HEOIHOKPATHOE BEIYNTHIBAHUE BCEIl KHUI'M, 8 TAKKE
33 MOPAJIbHYIO MOJJIEPXKKY B T€YEHUE BCErO 3TOr0 BpeMenu!

B wmrore, HecMOTpsI Ha OKOHYATE/ILHOE HAIIE PEIIEHNE OCTABUTH B Kade-
CTBE aBTOPA OTHOTO MeH:A, (DAKTUIECKYN KHUATA SIBJISIETCS COBMECTHOI paboTOi
muorux Jiogeit! Pazymeercst, Bce ocraBuuecs omnbKu U HEIOYEThl [IPU HTOM
A MEeJIMKOM U IOJIHOCTBIO Oepy Ha ceds.

Haneroch, 4ro Bcem, KTO 3Ty KHUATY HPOYTET U HpopaboTaer, MaTeMaTUKA
yKe HUKOIIIA He OyHeT Ka3aTbCd YEeM-TO CKYJHBIM, HYIHBIM WJIA OTBJICYEH-
ubiM! [IpusitHOrO BaM dTeHust, Ipy3bsi!

B mporecce paboThl HAM KypCOM JIEKIHiA, JIETIINX B OCHOBY 3TOW KHWUTH,
aBTOP MOJIy4Yasl HOAepxkKy or Pycckoro donna conefictBus 06pazoBaHuio
7 HayKe, a Takxke or Munucrepcrsa obpasoBanus u Hayku Poccuiickoit Qe-
nepauuu B pamxax rpanra [Ipasuresnscrsa PO Ne 14.U04.31.002 ot 26 utons
2013 roma «!3ydenne paszHooOpa3msi U COMUAIBHBIX B3amMomeicTBuii ¢ ¢do-
KyCOM Ha 9KOHOMuKe u obmectse Poccuns» (anmunucrpupyemoro Poccuiickoit
Okonomugeckoit IlIkooii).



Pazmes |

«Maremaruky yzke 3areM y49uTb HAJI0, YTO OHA YM B IOPSIOK [IPUBOIUT.

M. B. Jlomonocos



Jleknmusa 1

Anekceii CaBBareeB: 3iapascrByiire!

Aynuropus: 3npascrByiite!

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

B 1990 rony s 3akonuwms 57-10 mkosy . Mocksbl. MoxeT 6bITh, KTO-
TO U3 BaC ee 3HaeT. Torua 1o Obliia MareMarndeckas mkoJia. Ho B 1989
rOMy TIO MHUMAATUBE HANIEH YIATETLHUIBI JIUTEPATYPhl 30U AJTeKCAH-
IpoBHBI BirioMuuO# ObL/I0 TPUHATO pelieHne HADPATh I'yMaHUTAPHBIR
KJIaCC, YTOOBI YPABHOBECUTDH OTPOMHBIH IIEPEKOC YIAUMXCA B MyKCKY IO
cropony B mHamei uikose. f 6ot B 11-M xJtacce, a mabpaJsm 9-ii.

Badem s 006 910M roBopio? Y MeHd B 'yMaHUTAPHOM KJacce ObLIa
[oJIpyra, KOTOpoii g 06bacuas maremaruky. OmHax bl HAJA0 OBLIIO pe-

. 1
WKUTH ypaBHEHUe TUIA SINT = 5. A obsachan, obsachsns, 006ACHAN,
. 1
a IIOTOM IIepellesl HEIOCPEICTBEHHO K PELIEHUI0 YPABHEHHS Siny = =

Ona rooput: «Croii... Tam xe ObL1 sin z». 2

¢ HauMHAIO OOBACHATH: «ITO 3AKPBITHIA TEPM, 3aMKHYyTad HEpe-
MEHHadA, OHA YHUITOXUTCH». Hudero He monmmaer, B Iyiazax yxKac.
A npomosmxkaro: «Mbl JI0JDKHBI PENIUTh yPABHEHUE OTHOCUTEJIHHO ¥,
na’»

— Hyxm#no xe 0bUIO OTHOCHTEJIBHO T PEelaTb, HY 3a9€M Thl <Y>»
HanucaJs?

Y MeHd cIIyduscd 3amuik, He MOTy 00bacHuTh u Bcé. U Torma g mo-
HAJI, 9TO W3 MEHs IOJIy9aeTCs OYEeHb IJIOXOW yuuresib. f npuBbiK ro-
BOPHTH CO MKOJbHUKAMHI, KOTOPBIE TTPUXOIMIN HA MATKPYXKOK. A oHn
HE 33/1aBaJI1 TAKUX BOIPOCOB.

Cuycra rogpl s 3akoHumI mexmar MI'Y u Poccuiickyro 9xoHOME-
geckyio lkosy (POILI), mocse gero esmu mo permonam Poccuu, Best
KYPChI TOBBIIIEHUS KBAJIU(DUKAIMY JJIS IPETOfaBATe e Y9KOHOMUKHY.
B MockBe cuATAJIOCH, 9TO YKOHOMUKA — HAayKa COBEPIIEHHO MaTeMa-
Tu3upoBaHHasA u TouHadA. 110 kpaitneit mepe, u B POIIL, u B Beicuieit
[MIkojie DKOHOMUKU 10 CUX HOP BCAYECKHM HACAXKAETCH, YTO MaTe-
MaTUKa — 3TO IJIABHOE B PKOHOMHKE. B permonax Mbl CTOJIKHYJIUCD,
OIIHAKO, C IIPENOIaBATE/IAMU, KOTOPHIM ObLIIO TPYIHO EPENIATHY Th e~
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pes Bemu, JijIs MATEMATUKOB oueBmmaHbie. Ho dyepes nmarh gueit Kypca
MHOI'HE CJIYIIATEJX OKAa3bIBAJIMCh OYEHb CIHOCOOHBIMU K MATEMATHKE.
[IpocTo B HEKOTOpPOM MeCTE y HUX CTOSJI 3aCJIOH. Kro mosiesuo mpe-
0J10J1eTh BCEM, UDO 3TO — YaCTh WHTEJJIEKTYAJbHOI KyJbTypbl. la-
JK€ eCJIU Bbl HUKOIJIA HE 3aHUMAJINCh MATEMATUKO!, HEKOTOPbIE BEly
3HATH HAHO... 1aK )Ke KakK g JOJKEH 3HATh YTO-TO PO UCTOPUIO UJIH
XUMMIO.

LlaBaijiTe Terepn MOroBOPUM O CJIOBOCOUYETAHUU «ADOCOJIIOTHOE JOKA-
3aresibcTBO». Kcim Bbl B 001meM u nesiom mnoiimere, 910 310 TaKOE, TO
3HAYUT, MbI HE 3D CErO[IHA MO3aHUMAJIUCH C BAMU.

Yro Takoe abCOIOTHOE [I0KA3ATEbCTBO, A 00bACHIO HA IPUMEDPAX.
Hagmnem c urpbl B «IATHAIATD.

Caymaresns: [Iaraamku?

Caymaresns: [llectnamkn?

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 IEPeBUrarh Ha, cBoOogHOEe MecTo. CTaHIapTHAA UCXOMHAS
nosunma: 1, 2, 3, 4, 5, 6, 7, 8,9, 10, 11, 12, 13, 14, 15 u mycToe Mme-
CTO, KOTOPOE UCIOJb3yeTca njd nepensmkenns dumek. (Cum. puc. 1;
MOXKeT ObITH 3a/IaHa U HECTAHIAPTHAA UCXOIHAA MO3UIHA. )

1 12|34
5|16 | 7|8
9 (10|11 | 12
13 114 |15

Puc. 1. CranmapTHasi UCXOIHAS O3NS UTPHI B KISATHAIIATH.

[Iycroe mecro MOXHO rHATH IO BCEil UI'POBOI 30HE, T. €. Pa3peuwet-
Hoe deficmeue TPU Urpe — IMEepeNBKEHUuEe Ha IIyCTOE MECTO OIHOM
13 COCEIHUX C HUM (pUILEK.

Urpy npunyman roe-to 130 et Ha3an aMepuKaHCKUN MaTeMaTHK-
nonysasapusarop Cam Jlofin. A ayrs nosxe oH moobeias 60JIbIoH mpus
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($1000) romy, k10O HEpeBeseT KOMOMHALMIO C KADTUHKY PUC. 2 B UCXO/I-
HYIO ITO3UIUIO Ha puc. 1.

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

Puc. 2. Ucxonnast no3unyst, KOTOPYIO HOJIYYUIIU, IOMEHSIB 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 UCXOMHYIO mosuiuio. Hadasica nacrodmumii narua-
meunbiit 6ym. [Ipumedaresibao, 9TO HA TOT MOMEHT HAyKa ajredpa
B JIPYrO#i 4acTu CBeTa HAXOIMJIACH B OYEHDb MPOJIBUHYTOM COCTOAHWH.
MaremMaruku CKas3aJjid CBOE BECKOE CJIOBO, IPEIOCTABUB aDCOJIFOTHOE
JI0KA3aTeJIbCTBO TOrO, YTO BHIMIPATh B TAKYIO UTPY HEBO3MOXKHO. Tem
HE MeEHee€ aXKMnoTax C HI‘pOfI B IMATHAUIKX IIPOOOJIKAJICA €lie MHOTO
JIeT — TaK MHOro ObLIIO XKeJIAloIUX [IOCPAMUTH MATEMATUKY U «CPY-
6UThb» THICAYY [10JLJIAPOB.

Yro xe 03HaYAET B 9TOI UTrpe «abCOTIOTHOE MJOKA3ATEIBCTBO®» ! DTO
3HAQYUT:. KaKue 6]31 ,ILeﬁCTBHﬂ BbI HE COBepUInJIix, CKOJIbKO 6]31 BpeMeHu
M KAKUM KOJIMIECTBOM CIOCOO0B Obl He mepenBurain (PUIIKA, BB Hu-
K020a, HU NPU KAKUT YCAOBUAL HE BEPHETECH U3 MOBWIMKA HA PHUC. 2
B UCXOJIHYIO TO3UNMIO HA puc. 1. B yacTHOCTH, €ciin KTO-TO IPENbABUIT
Takoe peurenue, sHaunT oH — JiryH. OH, BUAUMO, B35J1, BbLApaJl (Uil
KU W3 KOPOOKM W PACCTABUJI MX B IMPABUILHOM Mopsanke. ABCooTHOe
JI0KA3aTeJIbCTBO — HTO TOYHOE, HACTOJBKO TOYHOE yTBEPXK/IEHUE, Ha-
CKOJIbKO BOOOIIE 4TO-TO MOXKeT ObITh TounbiM. Maremarnka — Hayka
TOYHBIX yTBepKAeHuil. He «npumepnos, He «MoxeT ObITb», HE KCKOPee
BCEro, He IIpUBE/IeTEY, & HUK020a, HU NPU KAKUT YCAOBUAT HE Npuse-
deme, xaxue 6, cnocobrocmu K Mot uzpe Yy 6ac Hu ObLAU.

4 nocrapatocs jiokazarsb 3Ty Teopemy. Ho 4T0 3HAYUT «110CTAPAIOCH
nokasarb»! YUrTo BoODIIE O3HAYAET «ITOKa3aTb»! YTo 3HAYUT «d ee
nokaxy»? Kak Bbl 910 nonumaere?
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Caymaresnn: Mbr bynem ybexneHbl.

A.C.: Bor umenno. { nmaiiny cnocob Bac ybenurs. Ho ¢ npyroit
CTOPOHBI, TO HE COBCEM TO, YTO HAM HYXKHO.

Pacckaxy takyio ucroputo. Ogus pbiiapb 06bACHAT IPYrOMY Pbi-
mapo MareMaruky. IlepBolit poIraph OBLIT OY€Hb YMHBIA, & BTOPOX —
OYeHb rJIynbiii. Bropoit ppiaps HUKAK HE MOT IOHATH JOKA3ATEJIbCTBO.
W Torma ymHBIR phITaph rOBOPUT: «ecTHOE 6JIArOPOLHOE CJIOBO, 3TO
tak». VI Bropoii cpasdy nosepus: «Hy, Torma o wem pasrosBop. Mbr xe
¢ Bamu srroqu 6e3ynpedmnoii decTu, u s, KonedHno, Bam Bepro. 4 mostmo-
CThIO yOexaen».

VY mac pasrosop mnoiiger He 0 Takom crocobe yoexgenns. Vnesa ma-
TEeMATU4IeCKOro, abCOJIIOTHOrO [I0KA3aTeJbCTBA HE B TOM, UTO A JIaM
9eCTHOE CJIOBO, a B TOM, YTO f, aleJIIUpPyd K BalIEMY pa3yMeHuIo,
lepejlaM BaM KaKOe-TO 3HaHMe, KOTOPOE Bbl II0TOM CTOJIb XK€ CIIOKOM-
HO mepenagure paJjbiie. Bol npunére u ckaxere: «Mbl 3naeMm, mode-
My B “ngrHaimku”’ 6eccmbiC/ieHHO urparb. Mbl 910 3HaeM COBEpIIEHHO
TOYIHO, HAM 3TO J0Ka3aJl Asekceii. U me mpocTo mOKa3a/I IpU TTOMOIIA
KaKOI'0-TO TaM IIIAMAaHCTBA, HOIIAMAHUJI-IIOIIAMAHUII U CKA3aJ1, YTO HET
pelieHus y 3Toi 3amadu. Mbl nosiydusin Takoe 3HAHUE, KOTOPOe CMO-
K€M BOCIIPOM3BECTH U [I0KA3aTh, YTO BBHIUTPATH B UIPy “IATHAINKHA’
HEBO3MOXKHO».

Hacuer momamanuTh €CTb O4Y€Hb [MOYyYUTEJbHBIA 31M30M, U3 KU3-
uu maremarukoB. B nadasie XX Beka xwui B Unnuu maremaruk Cpu-
nusBaca Pamanypxkan. Ha momenT nHavaJsia Haueir ucropuu emy ObLj1o
26 sner. On 3aBaJ/iMBaJI MUCHbMAMU JIOHJIOHCKOE MaTeMaTuIecKoe obie-
CTBO, B KOTOPBIX Oblyin (hOPMyYJIbI, COIEPKAIIUE TUCJIA KT» U «€» (MBI
C HUMM [I03XK€ MO3HAKOMUMCSH) ¥ CTPAIIHbIe OECKOHETHbIE CYMMBI, KO-
TOPBIM 3TH BbIpaxkeHus pasubl. B Jlonmone nposepsaior — BCE BEpHO.
A Pamamymkan mpucbLtaeT BCE HOBbIE M HOBbIe muchbMma. [Ipodeccop
maremaruku 1. Xapiay npurjiaiaer ero npuexarb B AHIJIMIO U pac-
CKa3arh, KaK OH BBIBOAUT 3Tu (hopmyJibl. Pamanympkan oTBedaer, 4To
dopmysibl coobuaer emy Bo cue boruaa Maxa-Jlakmmvu®. Xapmu, Ko-
HEYHO, [IOCMESAJICH, PEIINB, YTO UHILYC HE XOUET JIEJIUTHCH CEKPETOM.

*Ilo npyrum cBemeHuam, 310 Oblia Ooruns Hamakkam.
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Anryniickuit MaTeMaTuK MUIIET HOBOE MUCHbMO, B KOTOPOM IBbITAETCHA
3aBepuTh Pamanymkana, 4TO HUKTO He OyIeT IpeTeH/0BaTh Ha €ro
orkpbitre. Takoe npemnosioxkenue ockopbiiger urmayca. On orBevaer,
4TO COBEPIIEHHO He JOPOXUT TaKUMHU BelulaMH, KaK aBTOPCTBO.

B konne kounmosB Pamanymxkan Bce-raku npuexas B Jlommon, rme
craJi npodeccopom yuusepcurera. Muorue npucianubie uM (popmyJibt
OKa3aJiuCh BepHbl. HO Hajieko He Bce u3 PejIoKEeHHbIX UM (POpMYJI
Ha, CErofHANIHUA HeHb JI0Kas3aHbl. HekoTopble M3 HUX OCTAIOTCA OT-
KPOBEHUAMU, KOTOPhIe ObLjin coobuieHbl bornneit Pamanypkany. «Aob-
COJIIOTHOE» UX [I0KA3aTeJbCTBO IMOKA HEM3BECTHO.

A tenepb oTmOXHEM, TOCMOTPUM Ha 3TOT (hyTOOIBHBIA Ma4 (puc. 3).

Puc. 3. Heyxk10 u 31€Ch npsidercsa abCOII0THOE 10Ka3aTe/IbCTBOT

W3 dgero cocroutr mad? Ou cumT u3 JOoCKyTKOB. Bbl KOr/ma-aubynn
3a/1y MbIBAJIUCh HAJI T€M, KAaK UMEHHO CiiesialH Gy TOOIbHBIA MAY U 110~
€My UMEHHO Tak?! ITO — UMCTO MaTeMaTwdecKuit Bompoc. Bl moka
nojyMmaiire, rjue x)e Tyr MareMaruka. A s IpucTynal K MareMarude-
CKOMY TOKAa3aTEeJIbCTBY HEBO3MOXKHOCTU BBIUTPATH B UTPY «15».

Haunewm ¢ ropasimo 6osiee mpocroii curyamnuu. Bozemem mocky 8 x 8
(puc. 4) n pocrarouno GosibuIOR 3anac (3aBegoMo GoJbLIMIA, YeM HaM
MOXKEeT IMOHAJI00UTHCsI) KOCTeil JOMUHO (OIHA TOMUHOIIKA TOKPBIBAET
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 kBagparukoB. Yucsio, nengmieeca wa 2. [losromy mouemy Obr
HE HOHpO6OBaTb 3aMOCTUTDb €€ NJOMMHOIIKAMMHA. HO €CJIn1 Bbl HAQ4YHETE
IBITATCA CIEJaTh DTO OJIWH, [IBA, TPU, YEThIPpE pasa, y BaC HUIETO
ne byner nosyuarbcd. 30 momwmuomek Bseser, a 31-a — ner. Pusuk,
KOI[Ia yBUOUT 3Ty cuTyanuio, noskcunepumenTtupyer 1000 pa3 u cka-
KeT: «IKCIEPUMEHTAJIbHO YCTAHOBJIEH 3aKOH — HapuCOBaHHasd (du-
rypa He 3aMOIaeTcsa AoMuUHOmKaMu 1 X 2». Pusumk® Takxke MOKET
HabJII0aTh 33 Urpoit B (yrbOJ MHOIO-MHOTO pa3 M CKa3aTh: «IKC-
[IEPUMEHTAJIBHO YCTAHOBJIEHO, YTO MY [AAET BHU3, & TAKXKe, 3HAETE,

*9r1o obunHaa N1 (PUBUKOB AHAJIOTHSL.
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BCE OCTAJIbHBIE TeJjIa, IMOX0XKEe, TOXKE MAaloT BHU3». Bce 3HaOT, 910
BCe TeJia MMAIAI0T BHU3. DTO dKCHepuMeHTabHbIi pakT. Ho mokasarn
sror dakT, B UPUHIMIE, HEBO3MOXKHO. HUKTO Ha cBere He rapaHTu-
pyerT, 9TO 3aBTPa TOT 3aKOH HE IPEKPATHUT AeiicTBoBaTh. llpumymaior
KaKyIO-HUOY/Ib I'PABUIAILY, K BCE IOJIETUT HE BHU3, & BBEPX. 910 — (du-
3UYIECKUil 3aK0H, OH He MOXeT ObITh qJoka3aH. OH MoXKeT OBbITH TOJIBKO
OpoOBEPEH OY€Hb MHOT'O pas3. EIlIe XyxXke C COMaJIbHBIMU U 9KOHOMUYEC-
CKUMH 3aKOHAMH, HAIIPUMEP, C 3aAKOHOM <CIIPOC POXKIAET IPEeIJIoXKe-
HUEe>». y YKOHOMMCTOB MHOI'0 TAKMUX 3aKJIMHAHUIA. I/I OHU OYE€Hb YacCTO
me paboraror. Hacrymaer kpusuc, HacTymaeT HOBadA (pa3a pa3BUTHUL
cormyma — u BcE. Ilepecraior 66ITh BepHBIMEU CTapbie 3aKOHBI. Coru-
aJIbHAA PEAJIbHOCTh MOCTOAHHO JIOMAET CTEPEOTHIIbI, KOTOPbIE CBA3a-
HBI C ee MOBENeHNEM, PA3BATHEM, dBOJONuel. Pusnieckasi peaabHOCTD
TaK He JIeJIaeT, HO TeM He MEHee J0Ka3aTeJIbCTB B HEl TOXKEe HeT.

B mamem caydae ¢ mOCKOW MbI, B IIPHHIAIIE, MOXEM IOIPOOO-
Barb nepedparb BCE BAPUAHTHI U CIIEJIATHh BBIBOI — HE IOJIY9HUJIOCH.
Ho ckonbko Bpemenm HaMm HyxHO Oymer morparuTh! [laBaiite mpu-
MEPHO OIICHUM. CKOJIBKI/IMI/I CHOCO6aMH MO2KHO IIOJIOXKUTDH IIEPBYIO 10-
MUHOIIKY !

Caymaresb: Tpems.

A.C. (nokasbiBag Ha AOCKE 8 X 8 pas3/MUHbIE NOJIOKEHUA KOCTH
nomuuo): Pas, nBa, Tpu, Yersipe, OATh, IIECTh, CEMb, BOCEMb, JI€BATb...

Caymarenb: [IByms.

Caymaresnsb: Tpuanarsio.

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

Caymaresb: BeprukajibHo u ropu3oHTAJIBHO.

A.C.: 910 nBa criocoba ee paclosIOKeHud. A CKOJIBKO TOJIOKEHT I
Ha CaMOM JOCKe OHA MOXKEeT 3aHATH!

Caymaresnb: Kyway.

A.C.: Oyenpb-ouernb MHOrO. 30 — 3TO HOBOJIBHO XOPOIIUA OTBET.
Ha camom meste okosio 50. IHaBaiite mcxomurs u3 50. Ha camom me-
Jge #e Baxuo, 1ro 30, aro 50, gaxe 10. [loromy 4urTo mocsie Toro xax
MBI TOJIOKUJIN [IEPBYIO TAKyIO (PUIIEUKY, CKOJIBKO CIIOCOOOB OCTAETCH
JLJIsl BTOPO?
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Cuymarens: (n — 1).

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

HaJsibie KJ1aeM Tperhbio, 9eTBepTyIo U Tak nastee. VI Kaxapli pas
JOMHOXKaEM M NJOMHOXaeM — KOJIMYECTBO BapUaHTOB OYCHDb 6bICTpO
pacter. (IlokaspiBaeT Ha TOCKe BCE HOBBIE BAPUAHTHI. )

Ecmo mug, b6ydmo mamemamura cocmoum uz gopmya. B 1993 zo-
dy, k020G s YHUACH HA F-M KYpPCE METMAMA, 5 exan HG Ypana K meme.
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-
Mmewb, mam odny popmyasvs. A 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. 9Imo, ckopee, noxoxce na Karxol-mo dpesnut asok. Cosepuenno
HEe MO 8 KHuze, 4Mmo JoANHCHO bbimb ¢ mouku 3penusn atodeti. Hdes,
YINO MAMEMAMUKA COCTNOUM U3 HOPMYAL, CMOAL HCE 4YJOBUUHE, KK
MBICAD, 4IMO 68 TPAM AU 3a2003M, 4MobbL NPOCMO cosePUUMD 00PJ,
nocmasums ceeuky. Mos dous zosopum, nanpumep: «llotidem, nocma-
8UM 020HbKUS. [las Hee IMmO HOPMGALHO, OHAG Maserbkas. 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 yMHOXKeHMi, mme-
eT NOPAJN0K KOJIMIECTBA, ATOMOB BO BCEJIEHHOU (Kak JIF0OAT roBOPUTH
B HAYIHO-IIOIYyJIAPHDbIX KHI/IFaX). BOT C 9YeM CPpaBHUMO KOJINIECTBO CIIO-
co00B, KOTOpbIe HYXKHO 1epedparhb, 4To0bl 3adBUTh: «Mbl nepebpaJiu
BCE BapUAHTHI, 331249y PemuThb HeJb3ay». Hamo npumymars 91o-10 mpy-
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roe. U To, aro mbl ceitaac npumymaeM — 310 abcostommoe dokazamens-
€meo.

Moxer 6bITh, y KOTO-TO €CTh uien?

Cuymaresns: B3ars miona/ib Kax1oi (UK u pa3nesnTh Ha Hee
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. Baumanue! Ha mocke yxke He KBaJIpATUKU, 8 «KAPOUIH»!

[Mocsienasis JOMUHOIIKA, PACIAIALTCA HA, [[BA KBAPATUKA B PA3HBIX
mectax. VI aro Obl BbI HU J1eJ1aJ1, OC/AeqHaAd OyIeT, KaK 3aKO0JII0BAH-
Had, PacClaJaThbCda HA BA KBAaJIPATUKA.

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

Benp nepen mamu, mo cyrtu, maxmarnada mocka. [lasaiite Beprem
et ee maxmarueiit Bun. Kiterkm ma Heit 6yayT TO depHbIe, TO Oesibie
(puc. 7).

[locsie BbIpesanus IBYyX YIJIOBBIX KBaJIPATUKOB, CKOJIBKO YEPHBIX
M CKOJIBKO DeJIBIX KJIETOUYEK OCTAHETCH !

Caymarens: Omgaux 6yner 6oJiblile, IPYyTrUX — MEHbIIIE.

Caymarens: OpHa JOMUHONIKA JIOJDKHA HOKPBIBATH U 0EJIyIo,
1 9epHylo, na?’

A.C.: Kro-T0o yxe Bcé monumaer (cm. puc. 8). Jlrobasa momunomI-
Ka, YJIOXKEHHAs HA Ty JOCKY, HOKPBbIBAET 1 OEJIYIO, U YEPHYIO KJIeT-
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Puc. 7. Tenepnb Bce «KUPIUYM» COEIAEM IBYIBETHBIMUA.

T

Puc. 8. Ceanc yepHO#l Marum 3aKaHIMBAETCS TOJIHBIM pasodiadernem!

ky. lloaTomy, ecsiu 6b1 puUrypy, KoTopyio g ceiidac HaprCOBaJI, MOXKHO
Ob1JI0 ObI 3aJI0KUTH [OMUHOUIKAMU, YEPHBIX U O€JIbIX KJIETOK ObLIO
661 ommHAKOBOE KosimdecTBO. Ho MbI BhIpesasiu aBe Oesibix. OcTasioch
30 Gesibix u 32 uepnbie kjerku. [IporuBopedne. Kosimaecrsa gepubix
u OeJIbIX KJIETOK HE PaBHBI APYT APYrY. JHAYUT, HAILY (DUTYPY HEJIb3T
3aMOCTUTDH JIOMUHOIIKAME. AGCOJIFOTHOE [IOKA3ATEJIbCTBO 3aKOHYEHO.
He mamo amaero mepebupars.

[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 BCE KJICTKU 3aIIOJIHECHbI JOMWHOIIKAMU.
Crenyer 3aMeTuTh, YTO KaxX/1ad JIOMUHOIIKA 0043aHA JIEXKATh OTHOM
cBoell 1oJIOBMHOU Ha 4YepHOU, a Apyro#t cBoeit mosioBuHON HA Oesoit
KJIETOYKe, KaK Thl ee Hu Kjaau. CiienoBaTesibHO, €CJiu Obl Mbl CMOTJIH
3aMOCTHTD 3Ty (DUIYPY JIOMUHOIIKAMK B KoJimaecTBe 31 mryku, 10 Obi-
Ja 6b1 31 yepnasa 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 BAXKHBII pueM. ¢ mpernosioKmi, 9T0 Mbl 3319y
PELInJIA, U IIPUBEJ CUTYAIUIO K SIBHOMY IIPOTHUBOPEYMIO.

IIepexonum K Gosiee CJIOKHOMY CIOXKETY — «Pa300JIade€HUIO0 UT'PbI
B MATHAIIATH .

Ceituac Bbl y3Haere TaiiHy, KOTOPYIO MOYTH HUKTO HE 3HAET: HOYEeMYy
B IATHAUIKY HEJIb3S «BBIUTPATH», TO €CTh IEPEBECTU UIPY U3 MO3UIUU
HA puC. 2 B UCXOHHYIO no3unuio ua puc. 1. [locmorpum Ha nsmeHenuyio
[TO3UITUIO:

1123 4
) 718
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 BBITUCHIBAEM «U3BUBAIOILYIOCS 3MEIO».

Inana wa puc. 9, Bpinumy duncsa ot 1 10 15 B jiuHeedky, HO HE TOJI-
P4, & XUTPBIM CIIOCOOOM. 3adeM ¢ ITO CleJiai, Oy/eT fCHO IOTOM.
Bor onu:

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 HEPEBOJE 3HATUT «TAaK, KaK mamer Obik» (puc. 10).

>
>

A

Y
-~

Puc. 10

C 1OMOWIBIO TAKOrO ABMXKEHUs f 3aKOAUPOBaJ UHPOPMALUIO 00
WTPOBOM IIOJIE B BUJie OfHOM cTpoku. Ob6paTHO pacKOOUPOBATH TaK Ke
npOCTO, KAK U 3aKOMMPOBATE (¢ MOYHOCMbIO 00 HATONHCIEHUS NYCTNO20
mecma).

Ecim, ranpumep, cnisuayTh 14 B yrosi, To Ipu KOJIUPOBAHUU A ITO-
Jlydy Takylo ke crpouky (cm. puc. 11). BoobGuie, jierko moHsaTh, 4ro
[IpaBUJIA UTPHI «15» MO3BOJIAIOT OBICTPO U YBEPEHHO IEPETHATH IIyCTOE
MECTO Ha UT'POBOM II0JIE HA JO0YIO KJIETKY U3 HIECTHAIIATH, [IBUTAACDH
OycrpoderoHoM.

IIpumeuanne. KonupoBanuem HasbiBaeTCs mporemsypa n3obpaxe-
HUsA 9JIEMEHTOB OIHOIO MHOXKECTBA C HOMOUIBIO 3JIEMEHTOB JIPYrOro
(06braHO GoJIEE POCTOr0) MHOXKECTBA, XKEJATEJBHO TAKUM 00pas3oMm,
9TOOBl HE MOTEPAIACh HUKAKAA CYIIECTBEHHAHA YaCTh HHMOPMAIUN
0 EPBOM MHOXKECTBE.

1 12|34
b} 718
9 |10 | 11 | 12
13 | 15 14

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

Puyc. 11. IlycTroe MecTo MOXKET IEPEMENAThCsI BAOb «3MEms.
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[Tpu sTOM €ciu mycToe MecTo HAXOMUJIOCh THE-TO B JIPYTOM MECTe,
B CepelyHe, HAIpUMep, TO BCErIa MOXKHO IEpPENBUHYTH (DUIIKH TaK,
9TOOBI OHO 0OKAa3aJI0Ch B KOHIIE.

Termepb MbI, HAUWHAA C [TOJIOKEHUA PUC. 9, MOJIKHBI KAKAM-TO 00pa-
30M MEHHATHh TO IMOJIOKEHWE, TOHATH IIyCTOE MEeCTO, 4TO0bI upuiitu
K I0CJIEIOBATEIbHOCTH, COOTBETCTBYOMER puc. 1:

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

Kaxplit pa3, korja g 1HepecraB/idio IIyCTOe MECTO, Halld CTPOKa Me-
Hdaercd. fl xo4y mokasarb, 9TO KaK Obl OHA HM MEHSJIaCh, KOE-UTO CO-
xpaHgercd. B maremaruke 910 Ha3bIBAETCA CJIOBOM UHBAPUAHM.

WNuBapuant — 9T0-TO, YTO HE MEHAETCH.

[lonaTue mHBapUAHTA — OIIHO U3 KJIIOYEBBIX MATEMATUIECKUX IO-
HATUMA.

Urak, ectb 4mo-mo, 9T0 CBA3aHO C HAlIEH IOCJIEIOBATEILHOCTHIO,
9TO [IPY BBIIIOJIHEHUY PA3PEIUIEHHBIX JeiCcTBuil HEe Oy1eT MeHAThCst. I T0
9TO, YTraJIaTh TaK MPOCTO HEJIb3sd, MHAYe MUJIJIMOHBI JTIoAel B AMepuke
u B EBpore ne 3anumaJsivcey Obl €pyHIION.

B nporecce nepecranoBok CTpoka Oyaer CHjbHO MEHATHC, BILJIOThH
JI0 OYEHb Cepbe3Horo nepememnBanud. Ho 4ro-1o MeHaThCA HE OyneT
mukorna. lasalite HanpskeMcs u moiiMeM, 94TO 9TO TAKOE.

Paccmorpum Bce mapsr gucesnt (wmcest Bcero 15). CkobpKO BCero
MOXKHO COCTABUTH Hap?

Caymaressb: 7.

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

[loka 6ymem cuuTarh, 9TO MOPAIOK, B KOTOPOM MbI BBIHUMAEM KPYy-
KOIKH, HAM BaxkeH. CKOJIbKUMU CIIOCO0AMU f MOI'Y B3ATb IIEPBBIT KPYy-
KOK !

Caymarens: [larnagnarsio.

A.C.: ITaraagnarsio. [IpaBuibHO.

Caymarens: 15 ¢pakropuast?

A.C.: Her. 15 dakropuas — 3TO MHOXKECTBO BCEX BO3MOXKHBIX
CTPOK.
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Puc. 12. Hapucyewm 15 pasHbix KPyKOYKOB C HOMEPAMHU.

Ho Benp rymanuTapuu He 0093aHbBI 3HATH CJIOBO «(DAKTOPHAJIS, O KO-
TOPOM MBI C BaMu roBopuM. Tepmun «daxTopras» HaM MOHAIOOUTCI
B [IPYIUX TEMAX, IOTOMY I €r0 OLPEIEJIIO.

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 na 1. To, uro nosyuusocs, obosuauaerca n! (910 u ecrb dhakropuasn
qUCIIA N):

nl=n-(n—1)-(n—2)-...-2-1.

Hanpumep, «15 dakropuass:
15!'=15-14-13-12-11-...-2-1.

Cuaymaresb: Mbl ceiiqac ITO-TO IPOACHUIN !

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

QakTopraJ — 3TO MPOUBBENEHUE MOAPAN, WAYIIUX, yObIBAIONUX
JI0 eJIMHUIbI HATY PAJIBHBIX ducesl. B Haurel 3a1ade oH He MOHAI00UTCs
(momamoburcs B Ipyroit slexkmnmn).

[lepsbiit kpykOK Bbl MOXere BbiOparb 15 pasmbimu crocobamu.
CxoJIbKO OcTaeTcd crocobOB [ijis BEIOOpa BTOPOro Kpyxka?

Caymaremnu: 14.

A.C.: 14. Uroro? Ectb TakOe 3HAMEHHTOE [IPABUJIO IIPOU3BEICHUI.
YHucJio criocoboB BeIOpATH Mapy — 3TO MPOU3BEAECHUE KOJIUIECTBA CIO-
co00OB BhIOpATH NEPBBIN €e 3JIEMEHT Ha, KOJUIECTBO COCOOOB BbIOPATH
Bropoii. [Touemy? MuI BoiOpaJsin nmepsbiii. IlocMoTprM, CKOJTBKO map MbI
C HUM MOXKEeM M0JIy4duTh. Bropoit Beibupaerca 14 cnocobamu, 3uadur
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map 14. A renepb Mbl BbIOpaJiu JIPYyro¥ NEPBbIA, ¢ HUM TOXE MOXKHO
cocraButh 14 map. U tax masee. [losygaerca 14 + 14 4+ 14... u Tax
15 pas.

Orcropa u 6epercs nupasuJio upousseaerus: 15 - 14 cuocobos.

Ho ectb ogna xurpocTs. £ X041y nmocuuTarh mapbl HE3aBUCUMO OT I0-
pAKa KPyKOUkoB. dT0o0bl BOT Takue mapbl (cMm. puc. 13) He pasiuua-
Juch. YTo HaOo cruesarb ¢ KOJIMYeCTBOM CIIoCO00B?

O O
© O

Puc. 13. Dtu napsl [jis HAC HE PA3HbIE, & OJMHAKOBBIE.

Cuymarens: PasgenuTs Ha 1Ba.

A.C.: Ta. Mbr 00y Takyio mapy nocuaurtau jBa pasa. Onumn
pa3, KOrga Mbl CHAYAJIA B3AJIM CAHUI KPYT, a moToM OeJsibrii. B mpyroii
pa3 Mbl [IepBbIM B3siyiu OeJsiblit Kpyr, a BTOpbiM — cuauit. To ectb Mbr
KaxIyIo mapy mocuaurasd asa pasa. [lostomy orser (15-14) : 2 = 105.

Msbr mocunTa u Ircao mMmenmuxcd map u3 15 smementoB — «l»
u3 15 1o 2», kak ropopar maremaruku. «1I3» osnavaer nepsyio OykBy
cjaoBa combination (kom6unauus). Cm. dopmyay (1).

oz =144 105, (1)

Maremaruku Jjirobar cuMmBoJibl. Ho 3ayem onu? 3arem, 4ro uHaye
[IPUAETCA O€Hb MHOIO MUCaTh. CUMBOJIBI U SI3bIK MATEMATUAKY HYXKHBI,
9T00BI COKpAINATh 3aucCh. [louemy jipeBHUME rpeKu U PpUMJIAHE HE H0-
[IJIK JI0 COBPEMEHHBIX BBICOT MareMaruku! [loroMmy, 9T0 oHE Tparmiin
OYEeHb MHOI'O BPEMEHM HA JIMHI'BUCTUYECKYIO paboTy IepeBoma mare-
MaTUKKM B CJI0Ba (1 0OparHO: CJIOB B Maremaruky). A Bor xorma ma-
TEeMAaTHUKa MEePEeNLTa Ha CHMBOJIbI, HAIAJICS [IPOPBIB, O KOTOPOM $ eIle
pacckaxy.
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Bepuemcsa x nammm 3meiikam (popmyaa (2))*. Ilepas us nux co-
OTBETCTBYeT U3MEHEHHOW MO3UIMHU, & BTOPAs — MCXOIHOM:

(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)

Mot kaxkmoit napel dmces B Kax1oi crpoke (a map Bcero 105) mbr
CHPAIIMBAEM, B TPABUJILHOM JIM MOPAJKE HAMUCAHBI YUCJIA.

Cirymaresns: HacTuaHo O3, YJACTUIHO HET.

A.C.: Bepno. Hanpumep, 1 u 2 — B nIpaBuJIbHOM IIOPSIIKE.

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

A.C.: [a, u cnenyomas, u caemyomas 3a ueid. To ecrs (4, 8).

Ciaymarenb: B cMbIcie «B IpaBUJIBHOM IMOPIIKE» !

A.C.: «B npaBunbnoM» He 3HAYAT, 9TO UUCJA B MMAPE COCETHUE:
uB (2,3), u B (2,7) — uucja B nape pacloJIOKEHbl B NPABUJIHHOM
MOPATIKE.

Ciorymaress: [lo Bospacranmio.

A.C.: [a, mo Bospacranuo. bosibiee ciemyer 3a menbmmMm. Ho,
nanpumep, napa (15, 13) «Hapymaer mopsaok», 10TOMy YTO BHAYAJIE
umer OoJIbIIee IUCIIO, TIOTOM MEHbIIIEE.

[TocanTaem KOJIMIECTBO map, KOTOPbIE CTOAT B HENMPABUJIBHOM MO-
pauke. To ecrb 110 yobiBanuio.

Caymaressb: [Ipocture, HO Bemp Mbl caMu BhIOPaJIA TAKYIO 3aIUCh
B BHUE M3BUBAOIEHCA 3Mer. MblI pasBe HE MOIJIM 3aIUCATH KAK-TO
nHage?

A.C.: Moryiu. Moryin 3anucarb uHade, HO TOrIA Mbl Obl HE Ipeycie-
JI B JOKA3aTEJIbCTBE TOTO (PAKTa, KOTOPHI HAM HYXKEH.

Mamemamura daem noanyro ceobody uccaedosamento. Koeda on
nposen paccysrcdenue u crkasan: «Tenepo ecé doxasarno», — on onpas-
dwsaem 6cé, wmo nocmpoua. Mamemamux craxcem: «Paccmompum
mo-mo u mo-mo». 3avem? Yorcac, 3auem amo paccmampusams? A no-
MOM Pa3 — U 6CE NOAYHUAOCH (HEB3UPas Ha «yxHcacy). Mamemamu-
Ka — camoili c60600rbil pod sanamud. Hukaxol modv, nem, nuvezo.

*A Her i TYT Hap, B KOTOPBIX IIEPBOE YHCJIO 6OJIbIIE BTOPOro? DTO HENOPIIOK!
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Ecau 6w dokazasu nedokasartyro 2unomesy, mo wem 6vk 8bt HU NOAB3O0-
sanucs, 6cé npowaemces. Ilobedumeneti ne cydam (Ho unozda ux caezka
HCYPAN, 3G CAOHCHOBAMOE JOKAZAMENLCNEO).

Hmax, 3a4em s cuwumar napove U nouemy makx 6unucan 3melry,
noka He 6ydem nowamno. Movi 0020680pUAUCH O HEKOMOPOM NPAGUAE.
Mol umenno max sunucueaem wucaa. Bam npudemces npunamv amo
Kax ecmvb. A daavwe s CUUMA KOAUYECTBO NAP, KOMOPHIE CMOAM
6 HenpasusvHom nopsdke. Pasz, dea, mpu, uemwvipe, namo, wecmo...

(cm. puc. 14).

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

Puc. 14. BolnaBiuBaHue HEIpaBUJILHBIX AP B caMOM pasrape!

YcsioBHO paszobbeM Hall pan u3 15 umces Ha 4 rpynnbl B COOTBET-
CTBUU C HOMEPpOM CTPOKH. PaCCMOTpI/IM JJ1d HavdaJla IIapy, 9JIEMEHTbI
KOTOPO#l ITPUHAJJIEKAT PA3HBIM I'pynnaM. flcHo, 4To Takad mapa obgd-
3aTeJIbHO OyIIeT «IIPABUJIbHON», TaK Kak JIIOOOH 3JIeMEHT W3 I'PYIIIbI
cjIeBa MeHbIIe JII0O0ro 3JIeMeHTa U3 IPYIIbl, CTOAUIE] mpasee: y HAC
rpymnsl ot 1 10 4, ot 5 10 8, ot 9 mo 12 u ot 13 o 15. 3uauut, «Hemnpa-
BUJIBHBIE®» HAPHI CJIE[yeT MCKATh BHYTPHU rpyii. B 1nepsoit u rperneii
IpyIIe BCE XOpOIIO, IO3TOMY CUYATATh HAHAO TOJBKO OCTABIIMECH I[BE
rpyunbi. Bo Bropoit rpynne 6 nenpasusibabix nap (8,7; 8,6; 8,5; 7,6;
7,5; 6,5). B guerBeproii rpynme qucesn (a1 3MefKa, COOTBETCTBY IONIEH
M3MEHEHHOH 1103u1uK) HenpaBu/bHbIX map — 2. Uroro — 8. A ckoJib-
KO HEMpPAaBWJIbHBIX map B ucxomuoi mosuruu?! (CM. HUXKHIOIO CTPOKY
Ha puc. 15 nim B dopmyie (2) Bbiue.)

Caymarens: 9.

A.C.: Ha, 9. Mbr Haxomumcst Ha nofgcTynax K nonunmanuio. Cefiaac
4 MOKaXy, YTO HUKAKWE W3MEHEHUd IIyCTOrO0 MECTa HE MEHHAIOT 4ern-
HOCMU KOJMIECTBA HEPaBUJIbHbIX map. CamMo KOJIMYeCTBO, KOHEIHO,
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A /A

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

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

Puc. 15. B Bepxueil crpoke — BoceMb «OeCIIOPAIKOB», a B HIZKHEIl CTpoKe —

HOEBATD.

MeHsdeTCdA. Y HAC OHO IOKa PaBHO 8, OHAKO, €CJIW IepPEeMeENIaTh BCe
dUUIKK, COIJIACHO IIPaBUJIAM UIPbL «15», TO KOJIMYECTBO HEUPABUJIb-
HO croAumX nap usmenurcda. Ho ynusuresbubiii (paxT cocrout B TOM,
9TO BBl HAKOTIA HE U3MEHUTE %eMmHOCMY FTOT0 KostmdecTBa. Camo KO-
JIMYeCTBO OyIeT UpbIraTh B CTOPOHY YBEJIMYEHUS UJIA YMEHbIICHUS,
HO TOJIBKO Ha 2, Ha 4, Ha 6, cioBom, nHa YETHOE uucsio enunwui.

Haunem mokasbiBarh 910 yrBepxkiuenue. [ie-1o ecTb mycroe MecTo
B KOpoOke 4 X 4 (mycTb KOH(MUrypanus Iucest, OKPYKAalOl@X €ro, Ta-
Kasd, Kak Ha puc. 16).

(ib/ 1234
\ 51678
9 11|12
131510 | 14

Puc. 16. 1 Bor namu mycroe noJje. EcTh pasryaarbes rae Ha BoJe!

[Tycroe mecTo moxer CaBuHYyThCA B 4 Hanpasjenuax (puc. 17).

Lasaiite paccMoTpum Bce 4 BapUAHTA U IOCMOTPUM, YTO IIPOU30M-
OEeT CO 3MEUKON.

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

Caymaresu: Huuero.

A.C.: [IpaBma. A 9T0 IPOUCXOOUT CO 3MERKOM, €CIIN A HEPEIBUATAO
KJIETOYKY C IUCJIOM 9 HAmpaso?
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6:/ 1] 2]3]4
516718
9 -4 1112
13[15]10| 14

Puc. 17. Burasp na pacnyrbe. [To kakoit xxe gopore nofiru?..

Caymaresu: Huuero.

A.C.: OrBer BepubIit. [IBa npyrux BapuaHTa HEMHOIO OOJiee CJI0XK-
HbIC, HO COBEPUHICHHO OOHOTUIIHBIC.

Y10 mponCXOnuT, KOTIA KJIETKA IBUKETCS CBEPXYy BHU3 UJIA CHU3Y
BBEPX !
Cuymaress: Y HAC HOABJIAIOTCA HEIPABUJIbHBIE ITAPHI.

A.C.: [a, y sac sub0 HOABIAIOTCS, JIUOO MPOMAIA0T HEIIPABUIIH-
Hble Tapbl. Bompoc, CKOJIbKO TaKuX Map HOABJISAETCH U CKOJIBKO IIPO-
mamaer? OTBeT HA TOT BOIPOC 3ABHCHT OT TOIO, TI€ CTOSJIO IIy-
croe mecro. I BoT 3mech mnpumerca paccmorperb yxke 4 BapuaHTa,
HO HE [IJIs MCXOJHOM CTaHIapTHOW 3Meiiku, a mjst 410600. OT caMmbix
IIPOCTBIX B CTOPOHY CaMbIX CJOXHBIX. Hampumep, mycTb B TpeTbheid
crpoke nostyunaoch «9, 10, 11, mycro» (a momep 12 okasasca B ue-
TBEPTOil CTPOKE 3a CYeT KAKUX-TO MPEIBIIYIUX MepeMelennii) (cm.
puc. 18).

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

~— i
131512 | 14 A“\

Puyc. 18. Cnenure TOJIBKO 32 BTOPOil U TpeTheil CTPOKOIA.
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BanuckiBaio pparmMeHT 3smeiku:
...8, 7, 6,5,9, 10, 11, mycto

Hac unTepecyer TOIbKO 5T0T (DparMeHt, MOTOMY YTO DU JBHXKCHUH,
KOTOpOe Oy[eT COBEPLIEHO, CJIeBA U CIIpaBa B 3MeiKe HUYero He u3-
MeHHUTCHA. Byner MenaThCA TOJIBKO 10T Habop mudp. Pacnosoxenue
OCTaJIbHBIX IIap HE MEHACTCHA. BHI/IMaHI/Ie: «8» momwnio BHU3, IYyCTbIII-
kKa — HaBepx (pmc. 19).

1 12|34
516 |7

9 (10|11 8
13115 (12| 14

Puc. 19. «BocbMmepka» U «IIyCTBIIKA» TOMEHAINCH MECTAMMA.

Kak reneps Oyuer Boirigaers cepennna 3meiiku? Bor Tak:
mycro, 7, 6, 5, 9, 10, 11, 8 ...

Yro mpomsomnwio? BochbMepka m3 Hadaga TPYHIObl CKAKHYJA B KO-
Hel. KaKI/Ie Iapbl CBOE€ 3HAYCHUEC HOMeHHJII/I? prHHa n3 mecru 4um-
cen (7,6,5,9,10,11) uesmkom coxpanuiack. OHa MPOCTO MOMEHAIACH
MeCTaMH C BOCbMEpPKOW. 3HAYNT, KAKWe Tapbl MIOMEHIN, KAK TOBOPAT
MaTeMaTUuKu, «CBOI THII MOHOTOHHOCTHU>», TO €CThb BO3paCTaHUEe CMEHU-
Jtoch yobiBanueM (miim, HA060pOT, yObIBaHNE — BO3pacTaHUEM ) !

Cuymarens: (8,7).

A.C.: (8,7). Bueco Temeps (7,8); a eme?

Caymaredns: (8,6), (8,5) ...

A.C.: [Ipu TOM nBUXKeEHUE, KOTOPOE 51 IPOW3BEJ, TOMEHAIOT B3aNM-
HOE PACHOJIOKEHNE THUCEJI TOJHKO T€ MAPbl, B KOTOPHIX YIaCTBOBAJIO
qucyo 8. [losromy 6 map wsmenusim Tun MOHOTOHHOCTU. Ecsu ObLim
BO3PACTAIONMMU — CTaJId yOBIBAIOMMME, 1 HA0DOPOT.

Paccmorprum xaxiyio mapy B OTIEJbHOCTH.

Bewio (8,5) (qucsa B mopsanke yopiBanus), craso (5, 8) — Bospacra-
HHUe. KOJ’[I/I“IeCTBO HEIIPAaBUJIbHBIX IIap U3MEHUJIOCh HaA €OWHUILY BHU3.
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Bouio (8,10), cramo (10,8), KoJM4IeCTBO HENPABUJIBHBIX NAD U3MEHMU-
Joch Ha enuaAIy BBepX. C oCcTaIbHBIME TIApaMu — TO xe camoe. Ka-
Kbl pa3 mbl j100aBiiseM uJjim BhrauraeMm equnuily. He moxer ObiTh,
9T00OBI THE-TO (BMECTO IJIIOC/MUHYC €IMHUIIBI) MOJIYYIUJICH HYJIb, TaK
KAaK CPE/IM yKA3aHHBIX HIECTU YMCEJI HET BOCbMEPOK (Be/b KaXkK10€ 1u-
CJI0, HATIMCAHHOE Ha (DUIIKE, EIUHCTBEHHO).

Bre 3aBHCHMMOCTH OT 3HAKOB, KOJMIECTBO M3MEHUBIIUX THUII MOHO-
ToHHOCTH map Bcerma derno. Vmeercs 64 cnocoba paccraBuTh 3HAKH,
HO B pe3yJibTaTe BCEra B KAYECTBE CYMMBI MOJIYIUTCS IETHOE TUCJIO.
Cocennue wioc/munyc epuandaky jinbo nobasar k cymme 2, ymbo J1o-
HaBar (—2), mbO B3AMMHO YHUUTOKATCH, 1ABAA HOJIb:

+F1E+£1£1+£1+£1+1

B kaxnoit mape COCETHUX IJIIOC/MUHYC €IMHUIeK Mosaydutca uin (),
nin 2 nan —2. To ecTh 001IeE N3MEHEHNE KOJIMIECTBA K HEMTPABUJIbHBIX
map» MOXeT npousoiitu Ha 6, 4, 0, —2, —4, —6.

W3menennsi MpOUCXOMAT HA UETHYIO BEJMIWHY, IIO3TOMY HCXOIHOE
KOJIM4ecTBO «6ecnopankos» (0OHO ObLIO paBHO 8) MOWIO CTaTh M-
csiom 14, ecim BCe eMHUYKY OKA3aJIMCh OBl C IJIFOCOM, MOIJIO OCTATh-
ca 8 (ecioum 6b1 66110 +1, +1, +1, —1, —1, —1). Morso crars 6, MoruIo
4 mym 2. Ho HuKax HE MOIJIO CTaTh HU 5, HA 7.

B npunnune, aa 3rom mecre s Mor Obl CKa3aTh «OCTAJILHOE IPOBEPH-
T€ CAMHU», IOTOMY 9TO B APYTUX CJYUasX MEPEIBUKEHUS MyCTON (ui-
KU IIPOUCXOJUT POBHO TOT ke cambiit adpdexr. Ho masaiire jia akky-
PATHOCTH TIPOBEpUM ITO-HUOYIH emte. Hampumep, BBepX MOIJIO mOATH
qucsio 14 (Bmecro toro, 4robel omycrurh BHu3 uucio 8) (cm. puc. 20).

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

Puc. 20. Eme ogua criocod «OCBOEHUST» ITyCTOTO IMOJIA.
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Yro npousoiiner, riue Hava mch n3MeHeHusi? ToJIbKO B HUKHUX JIBYX
crpokax. beino 1, 2, 3, 4, 8, 7, 6, 5, a morom BmecTo 9, 10, 11, 14, 12, 15,
13 Mot yBumesn 9, 10, 11, 14, 12, 15, 13. Hudero Boobiie He n3MeHuII0Ch.

Llasaiite Tenepp mpencraBuM cebe BHYTPEHHIOIO HyCTyO (puuiky.
Ckaxewm, ecjii B mo3unuu Ha puc. 18 kjerouky 11 cuBuny M K Kparo,
a 7 coBumysu BHU3 (puc. 21):

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

Puc. 21. Cemepka «Iepecesmmiach» ¢ 3-ro 9Taza Ha, 2-if.
Boruniem 3meiiky 10 TOro, Kak MOIABAHYJIA T:
1, 2, 3,4, 8 7,6, 5,9, 10, 11), 14, 12, 15, 13.
Teneps @ qBurar0 7 BHU3 U [I0JIy9al0 BOT TaKOU (dpparMeHT 3smeikum:
1, 2, 3, 4,8, 6,5,9, 10, 7, 11 ...
Boigesisio B 3Melike rpyminy, KOTOpas MEHAIACD.

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

6, 5, 9, 10 mepeexanu Ha IIar JieBee, a 7 Uepe3 HUX MEPENPHITHYJIA.
Cxosbro O6yner namenennii? Posro 4. [Taper onars nomenssmcs. [Ipa-
BUJIbHBIE CTAJIU HEIPABUJIbHBIMU, U HA000pPOT. ONATh KaXKAbIA pa3 Mbl
npubaBJisiem ujin oTHuMaeM equuuiy. U tak 4 pasa. A 4 Benp — deTHoe
9rCJI0, BOT He3amada. Oudarh pesyJsibTar MEHAETCd Ha, YeTHOE YUCJIO.

Yro mbl MoxeM enie cienarb? Mbr Morim BMeCTo 7 MOABUHYTH 12
(puc. 22). Torma 12 upsiraer 3a napy (11,14). Usmensrcsa posHO 1Be
[aphbl.

Caymiaresb: To ecrb HeYeTHOE YUC/IO TIOMEHATHC HE MOXKET.
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1 2 3 | 4

) 6 7|8

9 |10 |12 |11

13 | 15 14
Puyc. 22

A.C.: Hu npu xakmx ycJjioBuax. Mbl yxke 3HAEM, YTO JBUXKEHUE
110 ropusonTasin — Oeccmbiciienno. [losiyuurca ta xe camad 3meil-
kKa. Ecsim Mbl iBUXKeMCe CBEPXY BHU3, TO KOJMYECTBO HEIPABUJIBHBIX
map mensiercs jimbo Ha 2, ymbo wa 4, smbo ua 6, mbo HUUEro He me-
Hdaercda. MoXHO YecTHO mnepebparb BCe BO3MOXKHbBIE ITEPEXOHbI CHUBY
BBepx. M0OXKHO IPOCTO MOHATH, YTO HUKAKHUX JIPYTUX BAPUAHTOB, KPO-
Me 4YeTHbIX, HeT. 10 ecTh B MATHAIIKY BBIUTPATH HEJIb3d, IOTOMY YTO
B CTAHJIAPTHONW MCXOMHOUW MO3UIUU KOJIMIECTBO HENPABUJIbHBIX AP 8,
Y U3MEHUTH €r0 MOXHO TOJIBKO Ha YeTHOe 9ucjio. A B Tpebyemoi mo-
3UIUU UMeeTCa 9 HeNpaBUIbHBIX Tap.

Caymaress: V3 jit000i Ji M03UIUK BEIUTPATH HEBO3MOXHOT

A.C.: ITouemy? Ha camom jiesie U3 TIOJIOBUHBI BCEX MCXOIHBIX [TO3H-
nwii. VI3 mosIoBUHBI HEBO3MOXKHO, U3 HOJIOBUHBI BO3MOXKHO. [loTomy dTo
B «BBICOKOI» MareMaTuKe ydar, 9TO MMOJOBUHA MOCIEIOBATEIBHOCTER
MMeeT YeTHOE YMCJIO HEIIPABUJIbHBIX AP, a [OJIOBUHA — HEYeTHOe .
IToaromy nosioBuHa BapuanToB Oyler cobuparbCA B CTAaHIAPTHYIO MC-
XOIHYIO TO3ULIUIO. ECJII/I IATHAUIKYA KaK YIOJHO nepeMeniarb, BbIBAJIUB
13 KOpPOOKM M 3aTeM BCTABUB OOPATHO KaK IMPUIETCA, TO IIEPECTAHOB-
KO dulnek Bcerya MOXHO npuiitu jimbo K ciydaio «13, 14, 15», jimbo
K caydaio «13, 15, 14».

Y100bI TOHATH, MOXKHO JIX IPUBECTH (DUUIKU B UCXOJIHYIO O3UIIAIO,
HY2KHO IOCHYUATATb KOJIMIECTBO HECIIPABUJIbHLIX IIapP B 3MeﬁKe, COOTBET-
CTBYIOIEN M3ydaeMoit mcxoqHoi nosunuu. Ecom oHO HeveTHOE — MpH-
BECTHU K I/ICXO,H,HO]‘{i II03UII MO2KHO. ECJ'H/I YEeTHOEC — TO HEJIb3d.

Caymarensb: Kakue 9ucjia MOXHO HOMEHATh MECTAMMY !

Hpyro# caymarens: Hampumep, 1 1 3 MOXHO TOMEHSTH !

*910 yrBepKAeHHE TPEOYET NJOKA3ATEIbCTBA U IBJIAETCS JAJTEKO He OYEBUTHBIM.
TyT Kax pa3s MOMOXKET «UCKYCCTBO UIPhI B MATHAUIKY ».
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A.C.: Ecsin a menso 1 u 3 mecramu (6bu10 1, 2, 3, — craso 3, 2,
1), TO KaK U3MEHUIACH YeTHOCTh! BbLo oTcyTCTBHE Gecmopankos (To
ectb (), crano Tpu Gecnopanka. deTHocTb, CTaa0 ObITh, UBMEHUAACD.
Tax 9TO MOMEHATH B UTpe «IMATHAANATH» 1 W 3 MecTaMu, COXpaHAA
OCTaJIbHbIE (l)I/IIHKI/I Ha CBOUX MeECTaX, TO2KE HEBO3MO2KHO. BaHII/I BOIIPO-
Cbl OTHOCATCHA K TMEoput 2pynn, OCHOBE COBpeMeHHOU ajrebpbl. UTo
1 KaK MOXHO INOMEHATDH, ‘ITO6bI YEeTHOCTHb MEHAJIAChb — I9TOT BOIIPOC
HapAMYIO K Teopuu rpyui”. [lodemy poBHO MOJIOBUHA MMO3UIUI UMe-
er YeTHOEe KOJIMIEeCTBO DecnopaakoB? IT0 TOXKE CBA3AHO C HEKOTOPHIM
daxkTom u3 Teopunu rpyii. Ceildac g IpPOIOIKY PA3BUBATH 3TY TEMY.
Paccmorpum «kybuk Pybukas. Berrepckuii nixenep Pybuk moctoitHo
npomosKmII gesto, nagaroe Camowm Jlodimom.

JaBaiiTe pasbepem 3TOT KyOUK 1 cobepeMm ero ooparHo.

Caymarensb: [lo-moemy, ectbh maxke Kakwe-TO COPEBHOBAHUS HA,
9TOT CYET.

A.C.: Ha copeBHOBaHHUsIX HaI0 COOpaTh TOT, KOTOPBIA TeOpeTmde-
CKHM BO3MOXHO cobparb. [lom ciioBoM «pasobparb» d nmoHuMar Oosiee
PAOUKAJIBHYIO OIIEPAIMIO: «PA30IPATH».

Kax Tospko mue xynusu xkybuk Py0Ouka, s cpa3y ero pasompaJi.
[Toromy 4T0 MHE OBLIO MHTEPECHO, JIIOOYIO JIM MO3UIMI0 MOXKHO IIPU-
BECTW K MCXOMHOU. MHE OBLIO TO HACTOJBKO AOJITO WHTEPECHO, UTO
Ha Mexmare MI'Y a pemms COOTBETCTBYIONIYIO 33Ja9Ky B KATECTBE
3adera. BosmoxkHO (ecsin MHE He U3MeHsieT MaMATh) 12 pasHbIX pac-
[IOJIOXKEHUH, HEe NEPEeBOAAIMXCA APyl B jpyra. B marmamkax — 2,
a nya Kybuka Pybuka — 12 curyanuit. 910 TOXeE CJIEIyeT U3 TEOpUH
rpynn (110 KOTOPO#t &1 U cuaBaJl 3a4er).

Ecnu nepeBepryTh yriioBoit KyOuk B KyOuke Pybuka myrem mpumy-
AUTEJIBHOIO KPa3gvupaHnuA» M BOCCTAHOBJICHUA €I'0 (l)OprI — €ro He-
Jb3d Oymer cobparb. Ecin mepeBepHyTh HEHTPAJIbHBIA KyOUTIeK B pe-
6pe — Toxe Hesib3d. Ecsu 11oMeHdAThp Mecrtamu JjiBa KyOuka maJioi
LOIUaroHaJim» JIIO60ﬁ rpaHu — OLIATb HE IOJIy4InTCHA. STI/I N3MEHEHUA
¥ BCE WX COYETAHUA 3aJAI0T HADOP pas3JIMIHBbIX mo3uuii Kybuka Py-
Ouka, KOTOpble HeJib3sd coOparb. OIHAKO 9TO — TPYIHAA 33/1a94.

*Ero MOXHO 3a/[aBaTh HE TOJIBKO /IS UTPHI B IATHAIIATH.
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A renepp morosopum npo mau (puc. 3). To ecrb, Kak HU CTPAHHO,
CHOBA, IIPO MATEMATHUKY.

Mamemamuxa cocmoum u3 08YT GAHCHOIL COCMABAAOULUL: 4INO
maxoe wucao, u 4mo maxoe doxazamesvcmso. Mos cmapwasn doura
HE MO2AG 8 CB0E BPEMA peuums 3adayy: ecms 3 aneavcuna v 2 abaoxa,
cKoavKo 6ce2o Ppyrmos? Ona co8ePUEHHO HE NOHUMANG, KAK MOHCHO
CAOACUMD AOAOKYU C ANEALCUHAMU. MO HCE COBEPULEHHO NPO PASHOE.
Mmne xaotcemes, wmo amo munusHoe 2yMaeHumapHoe molusierue. de-
A08EK PoKYyCUPYemcs Ha CoIePpHCAHUU 00BEKMaA U HE MOHCEM OM Heeo
ylimu. A eom cmapwudi corn pewan amy 3adavy, xozda emy 6vLao dea
¢ noaosurot 2oda. A emy eosopuns: «Y mebs 6wvia0 3 epysosura u 2 aee-
xosywry. .. » — «Of, nan, dasati npocmo 3+ 2, — 3avem 6c€ amo. . .
epynda. .. T'osopu mpu u dsa, u 6ydem craadvisamsvy. Bedv wmo maxkoe
wucao? Yucao — amo ymenue abecmpazuposamuvcs om obsexma. 1'oco-
PAM, 8 KAKUT-MO MAEHCHOT KYALbMYPAT, 2de-mo 0aAek0 Ha B0CMOKE
Cubupu, umeromces 0o cux nop pasHsie wucaumenvroe 0as 0603nave-
HUA, HANPUMED, KOAUYECTNEa beavx medsedeli u Koauvecmsa Jepesnbes.
Y nux popmasudayus wucaa 5 kax 6uipastcarouie2o 06UWHOCG NAMU
medsedetdi u namu cocen eue we npousowaa. Ha ocosnanue mozo, wmo
y 5 medsedeti u 5 cocen ecmvb obujee, weA08EUECMBO NOMPAMUAO MHO-
20 muicavesemuti. M 6 mom momenm, K02da 2mo 0CO3HAHUE HACTNAAO,
HAYAAACH MAMEMAMUKG. A HA NAMAMD 00 IMOM NPOUECCe 8 PYCCKOM
asvike Jo CuT nop 2060PAM KCOPOKP BMECTO KHETOIPLIECAN, LOMSA
PAHDULE MOHCHO OBILAO CKAZAMYH KCOPOK CODOADUL WKYPOKS, HO HE «CO-
pok depecobess.

A renepnr paccmorpum mobsmxke GyrdbosipHbI Msia. OH cocrouT
73 MECTAYTOTbHAKOB U MSITHYTOJIbHIKOB: JBAIIATH IMECTAYTOTbHUKOB
Y [ABEHAJIATU IATHYOJIbHUKOB.

Sagem? [louemy tak caoxuo? Bor BbI, momycrum, ubere ¢pyrbosnb-
HblE€ MAYIU, Y€M BaM HE Yrogujin mnmpocTo HIeCTI/IyI‘OJIbHI/IKI/I? B3HJII/I,
CIIWJIA WX TI0 KpasaM. [[T0cKoCTh, HATIpUMED, OTJIMIHO 3aMOIIAETCSI TITe-
CTUYT'OJIbHUKAMU.

Caymaresb: Ho onu, moxer O6b1Tb, B MAY HE CJIOKATCH.
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A.C.: [TaBaiiTe nompobyem cjiokuth orpomubiit mad. Bossmure 200,
300 mectuyrosibaukOB. [liockocTh-TO ss1eMenTapHo 3amomaerca? Bor
TaK, KaK s HapucosaJl. [Tuesunbie corsl (puc. 23).

)
i

Puc. 23. Tlgesipl — OHU TOXKE MATEMATHKH (CAMH TOTO He 3HAd. .. ).

Coymaresnb: Onu Ha CTHIKAX HE OYyIyT COBIAIATD.

A.C.: Hy Tyr-10O, Ha ILIOCKOCTH, BPOIE BCE COBIAIaeT. A morom
B34JI, CBEPHYJI OYEHDb OOJIBIION KYCOK IJIOCKOCTH W TOJIYIMJI M.

Caymiaresnsb: He ocraerca mecra myist Toro, 9ro0bl IPpaBUJIBHO CO-
CHYTh.

A.C.: d naxe He 30210, KAK BHIPA3UTH IIPOCTHIM A3bIKOM Baiire npa-
BUJIbHOE MHTYHUTUBHOE 3aMedanne. Ho Maremarndyeckas Teopusa 3Toro
BOIIPOCA, HEyMOJIMMA. V3 MIeCTUyroJIbHUKOB HeAb3s COOpaTh OBEPX-
HOCTH mapa. Boobine, HUKAK, HUKAKAM CIOCODOM — [IaXKe €CJId UX
HapUCOBATHh Ha HNOBEPXHOCTU IIapPa B CJIETKA MCKPUBJICHHOM BI/I}Ie*.

Coymaresb: A u3 naTnyroJibHIKOB?

A.C.: Ceiiqac MbI POACHUM CHUTYAIUIO, CBA3ZAHHYIO C MATUYTOJIb-
nukamu. Bo-niepBbix, j1aBajite 10roBOpUMCs O TOM, 9TO CIIUBATH HAIO0
TaK, 4TOObl B KaXKJI0i BEpUIMHE CXOMUJIOCH TPHU 0OPa3yIOUINX IOBEPX-
HOCTb MAYa MHOI'OYI'OJIbHUKA. By,ueM Ha3bIBAaTh TaKYIO CHIUBKY peey-
asprot. Cpasy cKaxy, YTO HUKAKOW, peryJsiapHoii Jin, He PeryJIdapHOil,

*Apcenunto Axonsny 1o ynasocn; cm. http://pub.ist.ac.at/ “edels/hexasphere/.
Obparure BEUManwe HA ATy mybukanmu :-)))).
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HUKAKON CIMMBKOM M3 MECTUYTOJbHUKOB HEJIB3 CIIUTH (DyTOOIbHBIR
Mmad. Ho nasaiite ceifqac paccMOTpuM NOOPOOHO perysiapHble CIIUBKY.
Bosbmem BceBo3MOxkHBIE (DYyTOOJIBHBIE MAYH, JIFOOOIO pasMepa, KOTO-
pbI€ COCTABJICHBI U3 NATUYTOJbHAKOB U NIECTUYTOJIbHUKOB.

Heoxnnaunas teopema:
Eciin noBepxHOCTH 11apa «CumTa» peryJigpHbiM 00pa3oM U3 HEKOTO-
poro xosimieCTBa r HeCTUyro/JIbHMKOB 1 HEKOTOPOTO KOJIMIECTBA Y 11d-
THUYTOJILHUKOB, TO Yy 00A3aTeJIbHO paBHO 12.

Cuaymaresb: B aobom ciayaae?

A.C.: B 06om. Kak oz 9KCIepuMeHTHpPYi, ITO HE Iesaii, yeMmy Obl
x uu paBaasiocs. £ = 200, z = 300, ... Ho y = 12. Posuo 12, e 12 000,
ve 120. Or pasmepa M#A4Ya HE 3aBUCHUT, OT pa3Mepa JIOCKYTKOB HE 3a-
BHUCHUT, OT TOrO, KaK CUIMBAThL, HE 3aBUCHUT. ITO — MaTEMaTUIECKAT
TeopeMa.

Caymaresnb: Heseposarho. . .

A.C.: Ectp abcostoTHOE I0Ka3aTeJIhCTBO 3TOI Teopembl. Ecian BbI
xoTuTe CIinTh PYyTOOJIHBHBIA MAY U3 NATUYTOJIBHUKOB U HIECTUYTOJIb-
HUKOB, IATUYIOJIbHUKOB 00a3aresibHO Oyner posHo 12.

Caymaresnb: Kakoit nmamerp?

A.C.: He BaxHo: HU I@aMeTp, HU pasMep JIOCKYTKOB, HU TO, KaK
cmuBarh. Bol HUKOTIA HE courbere Hudero npyroro. Kakue Ob1 npuka-
3pl HEe W37aBaJjia... Hy, ckaxem, dpabpuka «CrnoprunsBentapb». Cka-
KEM, IPUIET K BJacTu HOBast pyTOoIbHAA mapTud u cKaxer: «OTHbI-
HE CIIUBATH MAYHU TAK, 9TOOBI B HUX OBLJIO HOPOBHY IIECTUYTOJIbHUKOB
¥ OATHYTOJbHUKOBY. Torma ux obazaresbuo Oymer 12 x 12.

Cuaymaresb: To ectb Takoe Toxe moxer ObiTh? [Ipsmo 12 x 127

A.C.: [la. A sHaere, KakK eme MoxeT ObiTh? Hostp mectuyrosbam-
KOB 1 12 nsruyrojibHuKOB. Hu OfHOrO mecTuyrojibHuKa, OIHU IIATH-
YTOJIbHUKH.

Caymaresb: A 3a4eM TOrIA MIECTUYTOJbHUKY !

A.C.: Bugumo, mjst Toro, 9robbl Mad Ob1 ruragakuii. Hosp mectn-
yTOJMBHUKOB — 12 natuyroabEIKOB. 200 mecTnyroJbHIKOB — BCE paB-
HO 12 maTHyTOJIbHUKOB.
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Coymaresnb: Crkaxnre, a BOT 9Ta TEOPEMa, MOABAJIACH YKE TMOCTIE
dyrboabaOro msaaa? Manm pyTOOJAbHBIR MAY MOABUJICS pPaHbIIe?

A.C.: Oyr6osbHBIE MAY MOABUJICH «UyTh-4yThb» paHblne. HEciu
9eCTHO, TEOPEMY 3Ty MOJIHOCTHIO OCO3HaJM npuMmepHO 150 Jser mHazas.
Ho stor pesysnbrar, Kak u 09eHb MHOTHE JIPYTHUE, [I0JKEH ObITh OTHECEH
K Oityiepy. Jleonapn Ditiep xuu1 6oJibie moJioBunbl Xku3au B [lerep-
Oypre u noxopoHeH TaMm xke Ha CMOJIEHCKOM JIIOTEPAHCKOM KJIaI0UIIIE.
On BBeJI B MATEMATUKY MOHATHE UHGAPUAHMQA. DUIEP MOKA3AJ, ITO
€CThb B MAaTEMaAaTUKE TaKNE BCIIU, KOTOPbIC HEC MEHAIOTCA, ITO 6bI Thl HU
nenaJsi. I Hactodmasa MaTeMaTrKa — 3TO MOUCK TAKUX Beleid. Ditiaep
JIOKA3aJI TIOTPACAIONIYIO IO Kpacore HopMyJy, cefidac s ee HAPUCYIO,
a MoxeT ObITb, Jaxke HoKaxy. Kcraru, ecTb Takoil apXWTEKTYpPHbBIH
00bekT «Monpeasbckast buocdepay mim reojesudeckuit Kymos, co-
3paHabil Puaapnom @yminepom BakvuucTepoMm. ['mranTckuit cermeHT
rapa, IyTh OOJIbINE, 9eM TOJIYUIaP, COCTABJIEHHBIN N3 MAJICHbKUX IIe-
CTUYTOJBHUKOB. {1, Korma ero yBumes, ckasan: «Her. Hetr. Her... Bor
HE IIpaBbl, TaM HE MOTYT 6bITb BCE MECTUYIroJIbHUKU, JII/I6O OH CHUJIBbHO
WCKPUBJIEH, JIMOO TaM THEe-TO XKUBYT MATUYTOJIbHUKA. Vnures.

MHe roBopar: « Ajiekceir, Kax Bbl 9710 yrajgaan?! Mbl HAILIU 5-yroJib-
HUKW». ITa KOHCTPYKIUA He ITOJIHBII HIap, I03ToMY B Hell He 12, a npu-
MepHO 7 naTuyrojibHuKoB. Kak xe g y3Haga? Teopema, maremaruka.
Omna xe yauBepcaJsibHada AJid Bcero. Uro abcomorao omuaakoso B Poc-
cuu, B Kanaue u B Amepuke? TojibKO MmareMaruka.

Caymaress: [losioxenre a1ux nATUYIrOJIbHUKOB, OHO TOXE OIIpe-
neJieHo?

A.C.: Her. Moxno ux Bce cuenurb B OgHOM MecTe. TOJIbKO mOJIy-
YUTCA CUJIBHO MCKpuBJieHHAA dpopMma. Jlydlne narunyroJbHuKu pasHe-
cru. [IarryrosibHUKY OTBEYAIOT 33 UCKPUBJIEHUE. A 9TO TaKoe UCKpU-
siieaune? Bepy 3emuoii map u pucyio Ha HEM TPEyroiabHUK (puc. 24).

Ha 3emmom mape ectsb rme pasBepHyThCsi. OOHY U3 BEpIIXH BO3b-
mem Ha CeBepHOM MOJIIOCE, [ABE Apyrue — Ha 9KBarope. A cropoHaMu
TPEyroJIbHUKA, KAaK M IIOJIOXKEHO B reoMerpuu, OyaeM CIuTarh OTPes3-
KU [IByX MEPHIAAHOB U OTPE30K PKBATOpPA (BEIb IO HUM U3MEPAETCH
KparJaiiniee pacCrosHue Mex ly TOYKaMHu Ha 3€MHOI nosepxnoctu!).
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Puc. 2. Ceitaac Mbl 3aK0JIIyeM 9TOT TPEYroJbHUK HA cdepe, u y HEro Bce
TpU yriia OYAyT NPSMBIMUA.

Bor 1 mosryumiica y HAC paBHOGENPEHHBIA TPEYTOJILHUK, Y KOTOPOTO
oba ymia npu ocHOBaHUU npsmoie. A yros npu CeBepHOM moJioce —
goboit. Tak mapaiiTe BosbMeM ero Toxe mpsaMbiM!!!

y HApPUCOBAHHOI'O HAMU TPEYI'OJIbHUKA BCE YTIJIbl IDAMbIE. TaKOFO
He ObIBaeT HA IJIOCKOCTH. DTO I'e€OMEeTpHUd LIapa, IOBEPXHOCTH IIapa,
1 BOT C 9TOH reomerpueil cBa3aH paccMmarpuBaembiii Hamu daxt. OH
OTKPBIBAET OUYeHb MIyOOKYyI0 Teopuio — mudbepeHnnabHy 0 reoMeT-
pUIO, & TaKXKe TEOPUI0 PUMAHOBBIX MHOroobpasuii. Bepuemca k yr-
60JIbHOMY MAYY, COCTOAIIEMY U3 T IECTUYIOJbHUKOB U Y IIATUYIOJIb-
HUKOB, U K Halleil «KHEOXKUOAHHON TeopeMe».

Coaymarens: Kparen sn ¢ vemy-aubynn?

A .C.: «z» MoxeT OBITH PABEH Y€MYy YTOIHO. A BOT «y» 00A3aTeILHO
pasen 12.

Caymaresb: To ecTp YeTHoe, HEYETHOE — HE BAXKHO.

A.C.: AbcomorHo.

Cuaymaresb: To ecrb Mbl MOxkeM cresiarh map u3 130 mectuyrosib-
HUKOB U 12 nATUyrosibHUKOB, uiu u3 131 u 127

A.C.: [a, saji0 noaymMarb U aKKyParieHbKO BKJIEUTh 3TU HAIA 12
OATAYTOJIbHUKOB.

C.nyma're.nb: A cBA3aHO JIM 9TO C KOJMIECTBOM CTOpPOH B IIATH-
yroJibHUKE " B HIeCTI/IYI‘OJIbHI/IKe?
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A.C.: Besycnosno. Tepiienue, nokasbiBarb 910T (pakT Mbl Oyaem
nosxke. [loka 9ro HaM HyXHa MOArOTOBUTEsbHAA paboTa, HMpOHEJIaH-
Has MAaTEMATHKOM Ditstepom. Jleornapn Jitstep obHADYXKMIT CItemy 10Tt
dakt. Uro Takoe wmrozozpanHuk, Kaxaplii monumaer. JIoboit MHOrO-
IPAHHUK — 9TO KaK Obl M3JIOMAHHAA IOBEPXHOCTH HIapa. Jijiep Hapu-
COBAJI MHOTOTPDAHHUK HA IIApe: CHPOEUpoBaJl pedbpa U BepIInHbI MHO-
rOrpaHHMKA, JIEKAIEr0 BHYTPHU 1Iapa, Ha nmoBepxHOCTh miapa. (Cs1oBo
«CIIPOEIUPOBAJ» 03HAYAET CJISLYIOILY IO IPOIEYPY: PACIOJIOKUA BHY-
TpHU CTEKJIAHHOI'O IIapa MaKET MHOI'OT'PAHHUKA, C}IeﬂaHHbIﬁ n3 1poBO-
JIOUEK, U 3a)Ker B IEHTpe Mapa MaJIeHbKYIo jJaminodky. Ha moBepxmo-
cTu mapa OyayT BULHBI TEHH OT pebep — 9TO U €CTh IpoeKImu pebep. )

Puc. 25. TloBropss nyTh Jityiepa, HApUCYEM HA IIAPE MHOIOIPDAHHUK.

N ¢ momomipio 3TOr0 mpHeMa JI0Ka3aJ 3aMedaTeSbHYI0 TEOpeEMY
C COBEPIIEHHO yauBUTEJIbHOU (popmysmmpoBroit. HaseiBaerca Teopema
«®PopmyJia Diijiepa J1Jid MHOTOTPDAHHUKAS.

IIycts y muororpannuka 6ymer: B — kostmaecrBo Bepmwma, P —
KoJmm4ecTBo pebep, [' — KosMuecTBo rpaHeil. 9Tu KOJIM4ecTBa MOXK-
HO HEINOCPEICTBEHHO MOACYUTATH, IJIAAA HA MOJEJb MHOTOTDAHHUKA.
Torma obasaresipuo Oymer

B-P+TI=2.

Hesasucumo ot Toro, Kaxoit Mbl B3s/in MHOrOrpannuk. Teopema Bepaa
u 1uta Kyba, u g rerpasapa (puc. 26), u i arob0ro Apyroro MHO-
FOI'PAHHUKA, UMEIONIET0 I'PAHUIENR «U3JIOMAHHYIO IOBEPXHOCTH MIAPA».
Bcerma s10 Bhipaxkenue Oyier pasBHo 2.

Terpasap — »r10 J0bad TpeyrojbHad nupamMu/ia. Panbiie B Taxoi
dopme festasu MoJiouHbe nakersl. JlaBaiite mocauraemM y MOJIOYHOTO

37



Puc. 26. CneBa — xy6 (HeBumumble JuHUKM HE U30DPAKEHDI), CIIPABA — Te-

TpadIp U3 IPOBOJIOKH.

MaKeTa KOJMIEeCTBO BepiinH, pebep u rpameit. CKOJBKO BEPIIAH Y MO-
JIOYHOI'O TaKeTa?!

Caymarensb: 4.

A.C.: B = 4. Ckosibko pebep y Haiero rerpasiapa’

Caymaresu: 6.

A.C.: bBes comuenusi. A rpaneit?

Caymarenu: 4.

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

A remepp paccMOTPIO APYrYH MNUPAMUIY — 9YE€ThIPEXYTOJbHYIO
(pmc. 27).

Puc. 27. Cxema 4-yrosibHOM nupamMupbl.

Y mee b Bepuiul, 8 pebep u b rpaneit. Popmysa Bepua: 5 —8+5 = 2.

Ciymiaresnb: A KOJMIECTBO BEPIIVH W IPaHEll BCETIa COBIATAET !

A.C.: Her, azm B koem cay4dae He Bcerma. llaBaiite mocmMoTpum
Ha Ky6 (puc. 26, ciesa).

Y obbranoro kyba — 8 Bepuu, 12 pebep u 6 rpamneii. (boiBator emre
1 HeOObIuHbIE KyObl. .. HAIpUMED, 4-MEPHBbIE. )
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CHoBa nosiydaem gBa: 8 — 12+ 6 = 2.

Huxkyna ot sroit dpopmysibl e penenrbca. lymaro, 94ro mo Ditiepa
9Ty 3aKOHOMEPHOCTH TOXKE KTO-TO 3aMedaJll, HO BAXXHO HE IEPBBIM 33~
METHUTD, & TPOMKO 00 3TOM 3aABUTE. TaK CKa3arh, TOBECTH 10 CBEICHUST
IIUPOKUX MAaCC.

He 6yny ceromms audero 6oJibie MOKA3LIBATH. BMECTO 3TOTO s pac-
CKaKy O HEKOTODPbBIX BEJIMKUX MATEMATUYICCKUX 3araJKaX IIPOIIJIOro.

HaBaiite BcoMHUM (hOpMYITy IJisi pellieHnsi KBAIPATHOTO ypaBHE-
Hud ¢ Koaddunmenramu a, b, c:

o —b+ Vb2 — 4ac‘
2a
Ha camowm jieJie He ouenb BakHO, KAK KOHKPETHO OHA BbIIVIAANT. BaxxHo
TO, YTO PTO — YHHUBEPCAJIbHBIA METOM, PellleHnd KBaIPATHOIO ypaBHE-
nus. Kaxue 6b1 ouu nu 6bwin, 311 a, b u ¢, eciiu neiicrBre NpOU3BECTH,
BbI [TOJIyIUTE KAKOE-TO IUCJIO.

Tyr ecrp aBe TO4YKM 3peHud Ha 3Ty curyauuio. Ecsu nHanwmca-
Ha HEKOTOpad (PopMyJia, TO OHA MOXKET CJIyYalHO OKA3ATHCA BEPHOM
J1J151 KAKUX-TO YUCEJI G, b, ¢, TO ecTb Jyid KAKOro-TO KBaPATHOIO TPEX-
wieHa. Jjsa ogHOro cirydaiiHO OKasaJiaCh BEPHOMU, [JId JIPYroro OKa-
3ajach BepHOi. CKOJIbKO pa3 HYKHO MPOBEPATDH, YTOObI TOYHO CKa-
3aTb, 9TO oHa Bcerna Bepua? Beckomeuanoe kosmaecTBo pas. Ho moxuO
chesiaTh uHade. MOXHO B34Th 3Ty (PopMyJIy, MOJICTABATH B UCXOMHOE
ypaBHEHUE

ar’ + bz +c=0

u ybedumovcs B TOM, 9YTO BCE COKPATUTCs, U BMECTO CUMBOJIOB @, b, C
cJIeBa BO3SHUKHET HOJIb. DTO U OyIeT 03HAYATH, €CJIA Mbl BEDUM B A3BIK
CHMBOJIOB, 4TO (bopmysia BepHa. Y HAC BCE COKPATUJIOCH, B JIIOOOM
cjaydae, Kakue Obl a, b, ¢ MBI HU B3JIH.

Caymarens: [Ipocrure, a g yero myxHa sra dopmysia?

A.C.: [lsia gero ona nyxua? Hy, a 661 ckazas tak. JludaHo mjsa me-
HS OTBET TAKOMU: /i1t KpacoTbl. s Toro, 9robbl ObITH YBEPEHHBIM, 9TO
MaTeMaTUKa MOXKET JaTb KaKUE-TO yHUBEPCaJIbHbIE DEIICIThI BbIYUCJIe-
unii. Ceifgac, KOHEYHO, KOMITBIOTEDDI PEIIAIOT 33/Ia9H [TOCJIOXKHEE HTOTO
YpaBHEHUA, HO PaHbIIE OHaQ 6bIJIa HY2XKHa OJIA 6bICTpOI‘O BbIUYUCJICHUA.
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Bel pacripesiesigere 3eMesibHbIe yYaCTKU, U3MEPIeTe KAaKUe-T0 [Mps-
MOYTOJIbHBIE KYCKH, Y BAC HOJIyYaeTCd KBaIparHoe ypasuenue. MoxHO
MEJIJIEHHO [TPUKUIBIBATH, KAK 9TO CHEJIATH, & MOXHO ObICTPO HOJLYy YUTh
OTBET.

Caymaress: To ecTb HpakTUIECKOE IPUMEHEHUE KaK0e-T0 ObLI107

A.C.: Hy, pampme — pga. Haspine s1a miaes pasBABAJIACh TaK.
A wro, ecoin g HanMIy ypaBHEHUE:

az® +bz? +cx +d =07

Mory st Hanucarb yHUBEPCAJIbHYIO (DOPMYJIy, C MOMOIIBI KOTOPOM
MOXKHO BeruucsimThb 7 [lpu aT0M paspeniaerca CKIaIbIBATDH, BHIYATATD,
YMHOXKaTh, AEJIUTh U JIAXKe U3BJIEKATh KOPHU, IIPUYIEM JII000# crernenu.
Ho 6osbuie auvero #e paspeuraercd.

Caymaresb: Or Kyba 1 JaJibllie TAKOro CIIeJIATh HEJIb3s.

A.C.: Moxmno; Ho 3ty ¢dopmysy He m3ydarorT B mikose. Popmy-
Ja i KyOmdueckoro cjiydasi ObLjia HPUyMaHa B IIEPBOW HOJIOBUHE
XVI Beka. Heckosibk0o MareMarwukoB padoTajim Hal 3TOR mpobiiemoi
onunoBpemenno. Ceituac dhopmysia mocur uma [xuposramo Kapmano,
HO OH HE NpUyMaJl ee, a OIyOJIMKOBAJI METOIl APYyroro MareMaruKa,
(T. €. «<TPOMKO 00 HTOM 3aABUIT).

Yro0bl BbIMCATD 9Ty (DOPMYJIy, MHE HMOHAIOOMTCH LEJIAsA JTOCKA,
mo3TOMYy f He Oymy 3TOro fesiarb. Kak TOJIbKO MOHAIU MEXAHU3M pe-
HIeHus KyOM9IeCcKoro ypaBHeHus, Cpasy npuryMasin pOpMyJIy Ui pe-
UIeHUd ypaBHEHUA deTBepToii crenenu. Ouna 6bL1a emie crpamrnee. Boi-
Bed1 ee yuenuk Kappano, o pavusnun @eppapu. Beé 910 npoucxommsio
B XVI Beke, korjga MareMaruku yxe CBOOOIHO oOpalaJuch ¢ OykBa-
MH, 1109TOMY ObLI COOPMYJIMPOBAH CaMblit 00IMi Bopoc. MOXHO Jiu
Hanucarb (POPMYJLy IS PEUICHUs yPABHEHUS [TPOU3BOJIBHOW CTEIEeH]:

-1
" +ap_12" "+ ...+ay=0

(Gn,ap—1,... — u3BecTHBIC Yncaa. Tak 0b6o3HAYAIOT 1uid ymobcTBa. A
TO BIpYTr HE xBaTuT OyKB asdasura 11 ux obosnauenusa?)?

IIycrs oma 3aitmer 10 mocok, mycrsb ona 3aiimer 100 gocok. Iloro-
Hsl 32 9TOH popmysmot mpomomxkasack mo kouma X VIII Beka. A B ca-
moMm HadaJtie XIX Beka npospeHue CIryCTU/IOCh HA HECKOJIbKO YeJI0BEK
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Ccpasy, U3 KOTOPBIX CAMBIM IJIABHBIM $ CUATAI (PPAHILy3CKOr0 Mare-
Maruka IBapucta ['asya (XOTs MEepBBIM CHTyaluio B OOIUX YepTax
ocosuan 2Kosed Jlyn Jlarpanx). Beuio nokasano, 4ro Hukakad Ko-
Hednad (popMmyJia HE MOXKET ObITh pelleHreM ypPABHEHUA ITPOU3BOJIb-
HO# crenienu. Takoit ¢popmyJibl He cyniectByer. He noromy, 4ro Jirom
ele IJyIble nin He Bce pOpMyJIbl mepebpasin wiim, MOXeT ObITh, OHH
He TaK CTaBusiu Kopuu. Hukakoe Bbipaxkenwue, CoepKaliee 1miioc, Mu-
HYC, YMHOXUTH, PA3IEJIUTh U U3BJEYb KOPEHb JII000i CTereHu He MOo-
KeT OPU HOACTAHOBKE B ypasHeHue a,z" + an_ 1" '+ ... +ag = 0
[IOJIHOCTBIO COKPATUTHCA. ITO — MATEMATHIECKU CTPOTUU PE3yJIHTAT
nagaJsia XIX Beka®.

Eme ouenn msBectHa Teopema Pepma. [[oka3aTesbCTBO TEOPEMBI
®epma — 210 npumepuo 120 crpaHul] TPyAHOTO TEKCTA [JIA OYEHD
[IOCBANIEHHOTO YEJIOBEKA.

[Ipo Hee MbI IOrOBOPUM MOTOM, & Ceifuac npocTo 3amuiieMm ee (hop-
MyJimpoBKy. OHa O0YeHb [POCTad.

Hu nj1a kakux mesibix 9ucest &, Y, 2, OTJIMIHbBIX OT HyJId, I HUKAKOTO
HATypPAJIbHOIO 71, HOJIBIIErO 2, HE MOXKET BBIIOJIHATHCH PABEHCTBO:

Ity Teopemy nokasbiBasm ¢ 1637 o 1994 rom. BriocsencrBuu 66111
PELIEHbI ellle ABEe WU TPU BeJMJailine MareMaTudecKue mpodJIeMbl
npouuibix BekoB. Celluac MareMaruka MOXMHAET ILJIOJbI BCEr0 CBOEro
CyIIECTBOBAHUS.

Ciymaresb: 910 CIeJaHO C TOMOIBI0 KOMITBIOTEPOBT

A.C.: Her. EquaCcTBEHHOE, YTO CHEJAJM C MTOMOIIBIO KOMIbIOTE-
pa — 3TO Tak HasbIBaeMad «IpobsiemMa deTbipex Kpacok». XX BeK —
[IPOPBIB B aBuanuu, B Kocmoce. Ho campiit 60s1b110# 1popbiB B 3TO Bpe-
Mg ObLT B MaremMaTruke. B meil mepeBepHyJiM BCE BBEDPX [IHOM: CHIJIA
Kyd4y CUI0Te3, IPEBPATU/IU UX B TeopeMbl. Ha Moeil namaru cuanu me-
CKOJIBKO TTPO0JIEM, KOTOPBIE CTOSAJINM BEKAMU, ECJIM HE THICAIECJIETAAMMA.

*Boutee Toro, Hukakaa GopMysia He MOXKET JaTh YHUBEPCAJTIHLHOIO OTBETA, IAXKe
ec/iu He TpeboBaTh «OYKBEHHOTO COKPAIIEHUT»!
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Caymaresb: A 910 npasia, uro y teopembl Oepma HET MPaKTU-
9ECKOr0 MPUMEHEHU !

A.C.: A k10 ero 3naer? Ona (TouHee, METOH, €€ NOKA3ATEHCTBA)
MOXKET HMEeTh HEKOTOpOe OTHOIIeHWE K (PU3UIECKON MOomesm Mupa.
Ha camom gesie, nocjemHee, 4o MHTEPECHO MATEMATUKY, 9TO TO, Ka-
KO€ y TeOpEeMbI MPAKTHIECKOe TpuMeHeHne. MareMaTnka B KaAKOM-TO
CMBICJIE CPOJIHU HACTOAIEH pejiurun. D10 Bellp B cebe. K ona komy-
TO MTOMOTAET, MATEMAaTUKOB 3TO 0CODO He mHTepecyeT. JIomm, KoTopbe
3aHAMAIOTCA IPUKJIQIHON MareMaTuKoOil, UMEIOT COBEPIICHHO ApPyroe
HACTpOEHWe. ITO — Apyrue jgiogu. Kak, HampuMep, pasHsaTCsad MEXKILY
coboit yanrena m unHoBHUKHU. To XKe camoe ¢ MareMaTukKamu. Heso-
BEK, KOTOPbIH (pOpMYJIy HIIET, U YEJI0BEK, KOTOPBIA XOUET C MOMOIIHIO
HEee 9TO-TO CIIEJIATh, — HTO [IBA PA3HBIX IEJIOBEKA.

Ha srom mbl 3akoHYMM 1IE€pBYIO Jeknuioo. Ha ciemyomem 3ansaTun
MbI OyZmeM [I0Kas3bIBaTh TeopeMy mpo (hpyTbosbHBIA MAI © HOpMYITy
Diiepa.

42



Jleknua 2

A.C.: Cerogusa Mbl 3afiMeMCs TE€M, 4TO HA3BIBACTCA MON0A02uel.
Mpmuorue cyuTaioT ee HeHTpaJbHOI HayKo# B maremaruke. Maremaru-
Ka — 9TO IEHTPaJIbHAaAd HAayKa BO BCEX HayKaX. TOHOJIOI‘I/Iﬂ noJiydaerT-
cd TOrna Kak Obl «IEHTPOM BHYTPHU HEHTPa», TO €CTh CAMOI [JIaBHON
guctuiymmaoit. Ona chopMupoBasiach B Hadasie XX BEeKa, U MMOCTEEH-
HO CTaJIO fCHO, YTO OHA JIEXKWUT B cepale maremaruku. Ha mpocrom
A3BIKE, TOMOJIOTAA — HTO PEOMETPHSA IJIFOC aHa u3. A MOXHO CKa-
3aTh U MO-JIPYTOMY: TOT, KTO XO4Y€eT IOHATDH CaMble TJIyOOKMe U BaXKHbIE
3aKOHOMEPHOCTH W M€OMETPUU, U MATEMATUIECKOIO AHAJIN3A, JOJIKEH
M3y9aThb 9TU HAYKU C TOIOJIOTMYECKOU TOUYKU 3PEHUI.

100 sier Ha3a.; TOMOJIOIUSA YyXKe JIOCTATOYHO XOPOHio 0ghpopMuIIach,
a HadaJach OHA, HaBepHOe, ¢ Jitimepa (Toro camoro Disepa, ¢dop-
MyJly KOTOPOrO MbI CErojgHsa Oyjaem ¢ BamMu usy4darb). bBbuiu cdop-
MYJIIPOBAHBI OIIPEJieJIEHNA BaXHERIIMX 00bEKTOB TOMOJIOTUU: AUHUS,
nogeprHOCcmMb, 006EM, MHO2OMEPHOE Npocmparcmeo. Bwvwio ocosnaro,
YINO Y MONOAVZUYECKUL 00BEKMO68 UMEETCA 6ANHCHOE CBOTUCMEO: PA3-
Mmeprocms. Hanpumep, iuausa — 310 OqHOMEPHbIH 00bEKT (ero MOX-
HO IIPU 3TOM IOMECTUTHh B l-MepHOe IpPOCTPAHCIBO, B 2-MEpHOE, B 3-
MEPHOE M JaXe B TaK Ha3blBaemoe «4-mepnoe mpocrpascrsos). [To-

BEPXHOCTb — JBYMEPHbII 00bEKT (OH MOXKET pacuojararbCa B 2-
MEpHOM IIPOCTPAHCTBE, B 3-MepHOM, 4-MepHoM U Tak nasee). Teso,
MMEIONIEE TOJIOKUTEJIbHBIE 00bEM — 310 3-MepHbIil 00bEeKT; HO OHO

MOXKEeT paCIIOJIATATLCA B 3-MEPHOM, 4-MEePHOM, H5-MEDPHOM. . . IIPOCTPAaH-
creax. Hwmxke BcE 310 Oymer paccMarpuBarbCA B CAMbBIX IIPOCTHIX
CJIy4adX, MOCKOJIbKY CBOWCTBA TOIOJIOTMYECKUX OODBEKTOB, JIEKANUX
B 4-MepHOM, 5-MEpPHOM, (-MEPHOM. .. MPOCTPAHCTBAX HEHOCTYIIHBI HE-
IIOCPENCTBEHHOMY TeOMETPUIECKOMY BOCIPHUATHIO desioBeKa. Moxer
ObITb, TO XOPOLIO, YTO YEJIOBEK HE MOXKET COBEPUIMTH HaxKe HeDOJIb-
IIyIO ¥ KOPOTKYIO II0 BpEMEHU IPOTYJIKY B IOIJIMHHOE 4-MepHOe Ipo-
crpancTBo. BepuyBmmch u3 Tako#t mporyskm, 3ror OemHaAra Mor Ob
C yXacoM 0OHAPYXKUTb, YTO CEPLE Y HEIrO Telepb HAXOAUTCH He C Jie-
BO#, & C IpaBoil CTOPOHBI (M €My, KpOMe TOrO, IPUHAETC IPAMUAPATHC
¢ rem HaKTOM, YTO OH CTAJI JIEBIIOH, XOTdA paHnee um He Obui). Tak
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9TO C 4-MEPHBIM IPOCTPAHCTBOM Iy TKH 110xu. HO 1 B 3-MepHOM 11po-
crpaHcTBe (Ka3aJoch Obl, TAK XOPOIIO HAM 3HAKOMOM) TOIIOJIOTULA CY-
MeJia OOHAPYXKUTH PsAjl COBEPIIEHHO CHOrcumbaresibabix pakTos. [Ipu-
CTYNIAM Xe K ee M3y9eHuIo (KOHeYHO, HA O0DIIeOonncaTeIbHOM yPOBHE,
HE J0CTUrasg CTOIPOLUEHTHOW CTPOrOCTH U3JIOKEHU).

Homyctum, y Bac ectb riiodyc, miu GpyTOOTbHBIN MaAd, miau apOys.
D10 0O'BEKTHI 110 CYyTH PA3HbIE, a 110 (popme oHU omuHAaKOBbIe. Kak roBo-
pUTCA Ha XKUTEHCKOM dA3bIKE, 3TO TeJIa, KOTOpble UMeIoT (popmy mapa.
OnHako ¢ TOYKM 3PEHUA TOHOJOrUK apdy3 PEe3KO OTJIMIAeTCHd OT TJIO-
Oyca u or (hyrbosibHOrO M#A4Ya: apOy3 BHYTPH 3allOJHEH BEIECTBOM,
a i00yCc U MAY BHYTPH IyCThle. Pa3syMHO cYUTaTh, 9TO TOJIIMHA Kap-
TOHHOM IIOBEPXHOCTHU I‘JIO6yca n TOJIINIUHA O6OJ’[O“IKI/I MAYa UMEIOT HY-
Jesyto Tosmuuy. Torma rimobyc u Mad ABIAI0TCA JIBy MEPHbIME 00bek-
tamu, a apbys — rpexmepubiM. HO MOXKHO MBICJIEHHO PACCMATPUBATH
[MOBEPXHOCTHh aply3a — HOJyYUTCA KIBYMEDHbBI 00BEKT, OrpaHUYu-
BaOIIMii UCXOnHbI Tpexmepubiit apOy3». Huxe mbr Oymem roBoputhb
IPOCTO O TIOBEPXHOCTH apa (HeBaxKHO, KAKOro quamerpa). Jonycrum,
qro Mma4 umeer guamverp 20 cMm, noBepxHocTb apdy3a — nuamerp 50 cm,
a riobyc — 200 cm. jia sydinero moHUMAaHuA, 9TO0 TAKOE TOIOJIOTH,
paccmorpuM Takke Kybuk co croponoit 20 cm, ckjieeHHbIH u3 Gyma-
I'U, ¥ TAKUX K€ PA3MEPOB KyOuK, C/IeJIAHHbBII U3 KyCOYKOB IIPOBOJIOKH,
UIyUmx BIoJib pebep kyba. Vtoro y nac numeercs uarb 06bektoB. C 06-
MEXUTEHCKON TOYKY 3pEeHud UX MOXKHO Pa3lle/iMTh HA JiBe I'PyIIbl —
«Kpyriabie» (3 wr.) u «kyb6oobpasubie» (2 mrt.). C TOYKH 3peHus 1esio-
BEKA, NPUBBIKIIErO BCE UBMEPATHh CAHTUMETPOM (HAIIPUMED, IIOPTHOIO),
UX HAJIO PA3NeJIUTh HA JIBE TPYIIIBL [0 IPYTrOMY IPUHIMILY: KIIPEIMe-
ThI ¢ pazmepamu nopaaka 20 cm» (3 wr.) u «6osiee KpynHbe npeame-
Thl» (2 mT.). A ¢ TOYKM 3peHUs MATEMATHKA-TOMOJIOra, 3[€Ch UMEIOT-
cd Jerbipe aGCOIIOTHO OMMHAKOBBIX IIPEJIMETa U OfUH OCODEHHBIH
(a mmenno, mpoBosiounblil Ky6). VI Tomosior maxe mact obocHOBaHWE,
mo4YeMy OH TaK CHUTACT: IIEPBbIC Y€TbhIPE O6'beKTa ABJIAIOTCA OBYMED-
HBIMH, & TOCJIeqHnit 00beKT — omHOMEPHBIH. Takum 00pa3oM, TOImoI0-
I'Ud HE TOJIbKO HE BUIUT PA3HUIIBI MEXK Y [TOBEPXHOCTHIO LIAPA JraMe-
tpa 20, 50 mau 200 cM, 1o u He sudum Pa3HUYBL MedHcdY NOBEPTHOCTILIO
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Kyba u noseprrocmuro wapa! Nrtak, Tonosior HajieBaeT Ha cedsa «BOJI-
mebHbIe 0YKW», KOTOPBIE HE MO3BOJISIIOT ONPENESINTh HU pasMephl, HI
dopmy npegmeroB. UTo ke OH TOrHA Yepe3 HUX CMOXKET PA3TJIAAETh !
On cymeem pasessdemo camoe eayburroe omauwue npedcmasaeHroir
emy npedmemos dpye om dpyea, ux, Max Cra3ams, Koncmpyryuro. Ha-
puMep, 100aBUM K 3THM MSTH IpeaMeTaM eine u 0yOJrnK C BHENIHAM
muamerpom 20 cm m Oynem umHTEpEecoBarbCcd He camum OyOJsimkoMm, 3a-
MOJTHEHHBIM TECTOM, & TOJIBKO €ro MOBEPXHOCTHIO. A Takxke mobaBaM
0OBIKHOBEHHOE KOJIbIO U3 1poBoJIoKK (amamerpom 1 cm). HUro ckaxer
torma TomoJor? «C TOYKW 3peHmsi pasMEpHOCTH 37IeCh WMEeTCd IBa,
Tuna 06bEeKTOB: AByMEpHbBIe 1 ogHoMepHbie. Ho moBepxnocTs 6yOimKa
PE3KO, IPUHIUANUAJIBHO OTJIMIAETCH OT HOBEPXHOCTHU mMapa. TOUHO Tak
Ke TPOBOJIOYHBIN KYyOMK pPE3KO OTJIUYIAETCA OT KOJIBIA W3 MPOBOJIO-
ku. VITak, 3/1€Ch MPENCTABJIEHBI YETHIPE PA3JIMIHBIX TOMOJIOIMIECKUX
THUIA: TOBEPXHOCTH mapa (4 mpenmMera), MOBEPXHOCTH OyOiuKa, OKpy K-
HOCTb, IPOBOJIOYHBIA KyOUK».

Bpeska 1. Yupaxxuenue i cirymaresiei (Heobs3aresbHOE;
HO OTBET IIOJIE3HO IIPOYECTH)

Bo Bpemena dammcrckoit I'epmannu B Hell npounBerasiyd ydeHbie-
wapJaradbl. OQUH U3 HUX HA MOJIHOM CEpbe3e YTBEPKIAJ, UTO BCE
KOCMMYECKOE IIPOCTPAHCTBO BOKPYT 3€MJIM 3aI0JIHEHO. . . JibaoM. (To
€CTh, IYTO MEYTATh O KOCMUIECKUX mosierax Geccmbicienno.) Hy, mo-
IIyCTHM, 3TO TaK M ecThb. XM. PaccmMoTpum Torma Tpu oObeKTa: Io-
BEPXHOCTb 3€MJIM, BHYTPEHHOCTh 3€MJIM U HAPYXKHAs YaCTh 3eMJIH,
cocTodAm@adg, XM, U30 Jbaa. Kak Ha3bIBalOTCA 3TU OOBEKTHI HA A3BIKE
ronosiorun?! OQUHAKOBBI JIX C TOYKU 3PEHUSA TOIOJIOIMU BTOPO# 1 Tpe-
it 06bexT?

OTBET. Ilepsas wacms omeema: MepBblii 0ObEKT — IBYMEPHDIH,
tuna chepbl. He umeer rpaHUIHBIX TOYEK.

Bropoit obbekT: 3-mepublii, Tuna mapa. Ero rpanudnbie TOYKU —
BCe TOYKU [MOBEPXHOCTU 3EMJIH.

Tperunit 06bexT: 3-MEPHBIH, TUIIA HIAPOBOTO CJIOd. I'panu4dnbie TOY-
KM — BCE TOYKM [MOBEPXHOCTHA 3EMJIH.
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Bmopas wacmv omeema: BTOPOU 1 TPETHUH TUIT TOMOJIOTTIECKH Pa3-
JINYHBI, TaK KAaK NIApOBO# CJIO# CyHNIECTBEHHO OTJIMYACTCA OT IIapa.
FpaHHque TOYKHU y HUX TE€M HE MeHee OOUHAKOBBI.

Tpemvs wacms omeema: He CJELyeT TOBOPUTH, YTO Tperuit obb-
ekT «beckoHedHbIil 10 pasmepaM», TaK KaK B TOINOJOTMM HEBAXKHO,
KaKOBBI pasMepbl 06bekToB. Hampumep, eciiu B34Th TOBEPXHOCTD Ce-
PBl ¥ BBIKAHYTH U3 HEE OOHY-COUHCTBCHHYIO TOUYKY, TO IIO XKATCHCKUAM
[IPEJICTABJIEHUAM 3TOT OOBEKT «KOHEYHBI 10 pasMepamM», B TO Bpe-
M4 KaK IJIOCKOCTh «beckonedyna». [1o nmpaBuiaMm ke TOMOJIOrXIECKOTO
uccIeioBanus, ¢epa ¢ «BBIKOJIOTOW» TOYKONA MMEEeT TOT ¥Ke TOIOJIO-
TMYCCKAR THUII, YTO U IIJIOCKOCTD.

Bosbmem u usoenem, uzomuem, pacmsHeMm MOBEPXHOCTD MAPA, HO
HUTIE HE NOPGEM, U HE CKACUM HAKAKUE ABe TOYKA B OIHY. MBI MOXKEM
u3 Hee TakuM 06pPa30M NOJIyunuTh, HAnpuMep, Ky6 (To ecTh, ecrecTBen-
HO, He caM Ky0, a ero moBepxHOCTb). UTOObI HOHATH, KAK 3TO [IeJIa-
ercs, MOKaXeM, KaK U3 KPyra, U3rOTOBJIEHHOINO W3 PE3UHBI, HOJIYyIUTh
kBaapar (pasMepbl KBajpara HeBaxHbI). [j1g 9T0ro Ham0 B 4eTbipex
PABHOYIAJIEHHBIX MECTaX IPAHUILI KPYyra MOTAHYTbh HAPYKY PE3UHO-
BBl CJIOH, OKa OH He npumer GpopMy KBagpara. B gacTHOCTH, TOUYKH
FPAHUIBI KPYTa MPEBPATUJINCH B TOUKH IIEPUMETPA KBaIPATA.

MoXHO MHOIO 4ero CAeJiarb U3 PEe3MHOBON KaMmepbl CIyToro ¢yr-
bostbHOrO Mstda. Ho ectb unmyuyus, KOTOpasi MOOCKA3bIBAET, ITO aB-
TOMOOMJIbHYTO (MM BEJIOCHIEHYI0) KaMepy u3 Kamepbl (pyT6oIbHOrO
MAYA CIeJarh OyJIeT 3aTPyMHUTEJBHO, JIAXe UCIOJIb3Yysd Te IMUPOKUE
BO3MOXKHOCTH, KOTOpBIE IPENOCTaBJIgeT HaM TomoJorusa. Ky0, aJim-
ncomns (TO €cTh Cxarad NOBEPXHOCTH cdepbr), A0J0K0, apby3 — mo-
XKaJsryiicra, a Bor OyOJsiMK u3 IIapa He COeJsiaellb, He IMIOPBaB ero, Jimbo
HE CKJIEUB MeX 1y coDoit HeKoTopbie To9ku. COrIaCHO CKa3aHHOMY BbI-
e, HaJ0 pas/Iudarh [Be pasHble samadn: 1) Mz zanoanennozo wapa
cdeaamo zanoanennul 6ybaux u 2) U3 noseprrocmu wapa cdesams
noseprrocms 6ybauka. IlepBaga 3amada «penrena» B HOAIUCK K puc. 28.

N 9Diisiep 3apasca BOIPOCOM, a MOXKHO JIU 9TO YTBEDKEHUE [T0Ka-
3arb? Bpose Obl MHTYyUTUBHO OHO COBepIeHHO nouaTHoe. Ho marema-
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Puc. 28. CireBa — mapoBoii KyCOk Tecra, cripaBa — 0yOsiuk u3 tecta. [lekapn
(usin J1ekTOp?) B3l JIEBbIl KYyCOK TecTra, packaraJsl ero Tak, 4robbl U3 Hero
TIOJIYy 9UJICA y,[LHHHeHHbIﬁ OTUJIAHID (B TOIOJIOIUH 3AII0THEHHBIN OUJIMHIOP HEe-
OTJINYUM OT 3aIlIOJTHEHHOI'O H_Iapa), COrnyJi ero u CJiernuJi KOHIbl 9TOI'0O UUJINH-

npa. Bor u nostyumsica us mapa 6yosuk. .. Cron-cromn. Cremnsars (To ecthb

CKJleuBarb T04KM) Hesib3s! Tun obbekra u3MeHuICsH.

THAKa CTABUT 33029y [IEPEBECTUA OUYCBUIHOE HA A3BIK CTPOTrO JOKA3aHHO-
ro. Benp ecsiu Mbl OTKpOEM HMUBHIA3ANMIO, KOTOPAS, HAIIPUMED, XKUBET
Ha IJIOCKOCTH, JIJid ee XKuTesiei OyneT He 04eBUIeH PACCMATPUBAEMBII
Hamu dakrt (CM. Bpesky 2). A ¢ mOMONIBI0O MATEMATUKYU Mbl CMOXKEM
[epenaTh UM cojepxkanue reopeMbl. K yemy g KJIoHO?

Bpeska 2. 9HHIITEH — O TOIOJIOTUHA

Opnaxapl A. DiHIITEHA TOIPOCAIM COBCEM KPATKO, HA IIOHATHOM
JIIO6OMy A3bIKE, TOACHUTH, B 9eM COCTOUT CyTb CIEJIaHHbIX UM OTKPbI-
tuit. OH OTBETUJI: BCE MBI, JIIOJM, CJOBHO MAJICHBKHE XKYy9KH C 3aBdA-
3aHHbIMU IVIa3aMM, IIOJI3AI0INUE 110 IIOBEPXHOCTU 6OJIbHIOI‘O MdAd4Ya U BO-
obpazxalommye, 9TO JIBATAEMCH 10 IJIOCKOCTH. S1 Ke IepBhIi MOHAJ, 9TO
MHD, B KOTOPOM s XKUBY, UCKkpusieh. Ho moka HE COBCEM NOHATHO, KK
uMenHo on uckpusiieH. (To ecrb, «mo-HAYIHOMY», KAKOB TOIIOJIOTHYIE-
CKMii TMII KOCMOCA.. )

A Bor kx uwemy. Heckosibko jier Hasan maremaruk 1. [lepenbman
YCTAHOBUJI TOXOXKUHI (PaxT, HO TOJIBKO B MPOCTPAHCTBE DOJIBIIMX W3-
mepenuit. PaxT mpo purypsl B MHOTOMEPHOM IIPOCTPAHCTBE, KOTOPbHIE
JIOKAJIbHO TIOXOXKM HA MCKPUBJIEHHOE TPEXMEPHOE ITPOCTPAHCTBO. MbI
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KUBEM B TPEXMEPHOM IIPOCTPAHCTBE, Mbl Y€TBEPTOrO U3MEPEHUA HE BU-
MM U He 9yBCTByeM. MbI MOXEM TOJIBKO PACCYKIATH, YTO YETBEPTOE
“3MEepeHue — 3TO BpeMs, HO 00baATh ero B3opom mHe moxem. [losro-
My MBI HE MOXEM I'OBOPUTH TaK CIIOKOWHO U YOEXIEHHO, YTO CHEJIATh
U3 mapa TOp B NPOCTPAHCTBE OOsIbIIMX n3Mepenuii Hesb3sa. (Benp B 4-
MEpHOM IIPOCTPAHCTBE, KaK yKasbiBaJioch Boime, MO2KHO, ne mapy-
HIasi IPaBUJI TOMOJIOTHH, IPEBPATUTH HE3AMETHBIM 0DPA30M YeJI0OBEKA
C CepilieM, PaCIIOJIOKEHHBIM CJIEBA, B UEJIOBEKA C CEPMIEM, pacCIOJIO-
JKEHHBIM CIPABA. )

Hawm nyx)en a3bIK, HA KOTOPOM 3TO MOXHO JI0Ka3aTh. VI BOT 114 TO-
ro, ITOOBI HTO MOXKHO OBLIO HOKA3BIBATD, [IJI TOIO ITOOLI 9epe3 MHOTO
Jsier [lepesibman cmor gokasarb «runoresy [yankapes» (nocse Toro kak
ee I0Ka3aJid, OHA BMECTO runoresbl [lyankape crasa Ha3bIBaTbCA Te-
opemoii Ilepenbmana nin [Tyankape — Ilepenbmana), Diyiep Hauas
60s1b110# yTHh. OH IEpeBeJs TO, 9TO MbI C BAMHU CUMTAEM OYEBHIHBIM,
B TOYHOE, XKeJIe300eTOHHOE MaTeMaThnIecKoe paccyxk ienue. Kak xe on
s10 caesnasi! OH HAPUCOBAJI HA MOBEPXHOCTH MIApa, Ma4da, apbysa, TJio-
Oyca, J11060ro Kpyryioro 06beKTa HEKOTOPYIO Kapry. UubivMu ciioBamu,
HEeKWii UCKPUBJICHHBIH MHOrOrpanuuk (puc. 29).

Puc. 29. Ha4yasio 60JIbIIOrO Iy TH B TOIOJIOTHUIO.

C TOYKHM 3peHUs TOMOJIOTHH, JIIOOOW MHOTOIPAHHUK — 3TO TOXKE
map. Terpasap — 310 map, Kyd — 310 mwap, OKTasIp, J00H mapaJi-
JIeJIENNIIe]], — 9TO BCE mapbl. HampuMmep, MoToMy 9TO €CJii X BBIIIOJI-
HUTHh U3 PE3UHBI U HALYTh, TO MOJIYyIUTCHT DyTOOIBHBIR M, TO €CTh
map. Ho mo pabor Jitsiepa emre He OBLIIO «TOYKH 3PEHUsT TOIOJIOTHI,
TaK KaK HE 6bIJ'[O u CaMOiI TOmOJIOruH.

Dijiep «IyBCTBOBAJI», YTO BCE 9TU O0BEKTHI 00uHarosvie. B uém
nMenHo? U kak 5TO0 0OBbACHUTHL OCTAJILHBIM JOHaAM! B ocobennocrtu
€ro MHTEPECOBaJI BOIPOC: KAK JI0KA3ATh, YTO IMOBEPXHOCTH MAPa, I0-
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BEPXHOCTH OyOJIMKa, MIOBEPXHOCTH KPeHe d Heodunakosue?* B orser
Ha MEpBBII Bompoc sicHOCTh mosxke Buec Ampu Ilyamkape (mocse To-
ro, kak Ortocr Komu BHEC HO/DKHYIO SCHOCTH B BOIPOC, UTO TAKOE
«HenpepbiBHag Qynkuas). Onaako Jitnep cpasy obparusica KO BTO-
poit 3amaqe (0 I0Ka3aTe/IbCTBE HEOIMHAKOBOCTH JIByX HOBEPXHOCTEN)
7 OJIeCTsIIe peln ee.

Ditnep chesadt cienyioniee. OH HaHEC HA MOBEPXHOCTH IAPa MHO-
FOTPAHHUK — KAPTUHOYKY «CTPAH», IPUYEM CTPAHbI HEOOA3ATEIbHO
tpeyrosapube (puc. 30). (Ecsu roBoputh 0 «cTpaHax», TO HAHO IO-
MHUTb, YTO PACCMATPUBACTCA «3EMHOM 1Iap», HE COAEPKAILUA MOpei
u okeaHoB.) IIpu 5TOM BCA MOBEPXHOCTH MIAPA TOJIKHA OBITH IMOKPHITA

MHOT'OYTrOJIbHUKAMMU.
@ \q 5

Puc. 30. A BBl He pobOBaJIN KUThH HA «3eMHOM Iape» B (pOpMe OrPOMHOTO

Oybsimka? A samerusin Obl KUTEJIM, YTO DTO HE LIAP, ecjiu Obl HEDO Bcerma
ObLJIO 3aKPBHITO OECIIPOCBETHBIMU TY4aMu?!

I'naBHOE, 9TOOBI KaXk1asdg CTPaHA ObLIA MPOCTHIM ILJIOCKUM OObEK-
ToM, 6e3 IBIpodeK, — KakK KPyr Wad KBaapar. VI masiee oH cmesas To
)K€ caMoe C BeJsiocunenuoi kamepoit. Hanec rakoit muororpannuk, Ko-
TOPBIN ABIAETCHA KaK Obl «OCTOBOM®» KaPETHOrO KOJIECA, (MAIIMHHBIX
KoJtec B TO BpeMms emie He Obwio!). Ilpu sTOM BOBCe He 06s3aTEsIBHO,
9T00bI KOJIMYECTBO W BUJL IPAaHEll, a TaKkKe KOJIMIECTBO BEPIIUH U Pe-
6ep 3TOro MHOTOTPAHHMKA [JIs MIAapa U IJIsi KOJIeCa, ObLIM OMUHAKOBEL.

*MpbI HE MOKEM 3HATHh 3TOr0 HABEPHAKA, HO MHE KaKeTCsd, Dilep mpocTo He Mor
OPOATH MEMO TAaKOro BoOmpocal
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BOJIee TOro, OHM M HE MOryT 6bITb OAVHAKOBbBIMN (KaK Mbl yBUJIUM
HIKE).

A morom cTaJs CIUTATH Yy ITUX MHOTOTPDAHHWKOB SMJIEPOBY Xapak-
repucTuky: Besimuuny B — P + T

YHucyio Bepuina MunycC 9ucsio pedep mitoc gmucso rpaneit. Kax Obi
Mbl HU MAJU U HA W3rubaJju map, HAUIM I'PAHA — «CTPAHBI» OT 3TO-
ro ue mengaworca. (Ho, koHeuHo, HEJIb3d TaK CMATH CTPaHy, YTOOLI OHA
BCA NPEBPATHUIIACH B OTPE30K. TaKoro /1axe BO BpeMs HAIIOJIEOHOBCKUX
BOIH He npoucxoamso! A eciiu roBOpuTb CEPLE3HO, TO OTPE30K — OJI-
HOMEpHBI 00BbEKT, a cTpana — AByMepHbIid.) To ecTs BepmuHbl ocTa-
I0TCA BepummHamu, pebpa — pebpamu, a rpaHu — KakuMu Oblau (Ha-
npumMep, U30rTHYThIM IATUYTI'OJIbHUKOM WJIN TpeyFOﬂbHI/IKOM), TaKUMUN
u octayiich. A snaqur, Besimanna B — P + 1" we menserca. Teneps cun-
TAEM 9Ty BEJMYMHY Ha KoJiece (110 HAayKe NOBEPXHOCTb KoJjeca (uiu
Oybauka) HaspBaerca ciaoBoM «TOP». A Top, s3amosinennbiii BHyTpH,
HA3BIBAETCA NoAHomMopuem. IIoBepXHOCTD XKe mapa HA3BIBAETCH, KaK
u3BeCTHO, cepoti). U ecim cepa Moxer mepeiitu B TOp, TO KAPTUHKA,
Ha UIape nepeiger B KapTUHKY HA KoJsiece. VI, 3madur, ux sijieposa
XapaKTEPUCTHUKA HOJIKHA ObITH O[IMHAKOBA.

Hokaxem, ogHAKO, ITO y JiI000it (pUryphl, HAPUCOBAHHON Ha, KOJIECE,
silyiepoBa xapakTepucTuka paaa 0, a y Jj000#t durypsr Ha mape —
paBHa 2.

Caymaress: A ecsiu Obl Oy YUJIACH OJIHA U T4, XK€ udpa, TO 410’

A.C.: MbI He cMmorymm Obl CieJiarb U3 9TOr0 HUKAKOIrO BbIBOAA. Mbl
ObI HE CMOIJIU CHEJIATH BBIBOM, YTO OHU OJUHAKOBBIE, HO HE CMOIJIU ObI
CaeJiaTb M BBIBOH, YTO OHM Pa3HbIE. HO BEIb €CTb U ONPYyrue 1nmoaxo/1bl,
kpome hopmysibl Jitsiepa. g 6osiee CIAO0KHBIX CIIyIaEeB.

Caymaress: [lonsarHo.
Ciymaresnb: A Kak B3aMMOCBsI3aHBI KAPTUHKY HA TOpE U mape?

A.C.: To ectp KaK MMEHHO OHH APYT C Opyrom cooruHocarca?! Hu-
Kak. Kaxgasa n3 KapTUHOK, HE3ABUCHAMO JIPYT OT IPYTa, sABJISETCH KaK
OBl «CeThIO», HAOPOMEHHO! HA, IAHHY IO HOBEPXHOCTh. ITY CETh IIPH Ke-
JIAHUH MOXKHO CIEJATh COCTOAIER M3 TPEYTOJIbHBIX ddeek. Torma oHa
HA3BIBAETCH «TPUAHTYJIANMENR TTOBEPXHOCTH.
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Caymaresnnb: A He MOXeT ObITh TAKOrO, 4TO OyIer TO XKe camoe
KOJIMYECTBO BepinuH, pebep u rpameil, HO npu TOM KapTUHKA Oymer
npyras?

A.C.: Cmorps, 9TO MOHUMATDH IO CJOBOM <«apyrasy. OHa MOXKer,
0e3yCJIOBHO, HEMHOI'O MHAYE BBINJIAAETH: pedpa MOryT ObITh IJIMHHEE
niau kopoue. Ho mue mocrarouno Toro, 4robbl MMEJIOCHh TO K€ CaMOe
KOJIMIECTBO BepINnH, pebep u rpaHeil. A mpu m3rubax, pacTaKeHUIX
7 CKATUAX MOBEPXHOCTU 3TO OylIeT MMEHHO TaK.

Caymarens: A. ..

A.C.: Urak, ecsiu Bbl IOBEPUJIA, YTO HE U3MEHUTCA HU KOJIAIE-
CTBO BEpIIWH, HU KOJMIECTBO pebep, Hu KOJIMIEeCTBO I'pPaHeil, To0 BCE
OCTaJIbHOE ¢ JIOKAXy COBEPUIEHHO CTPOro. ¢l mpogeMOHCTPUPYIO, UTO
Besqimaubaa B — P 4+ I' Ha mrape m Ha TOpe pasHasd: Ha aBTOMOOWJILHOM
kaMmepe ona pasua 0, Ha cdepe — paBHa 2.

Cirymaresab: A ecin TpemmoOIOKUTD, ITO IBIPKA Y TOPA HMEET
wionab HoJib. [lo-ipexxuemy aucso Jitsiepa — 07

A.C.: A 910 3HAYUT IIOMAIH IBIPKUS>! ITO 3HATUT, ITO OYOIUK
CXOIUTCH B OJIHOU TOYKEe — B cepemuHke?

Caymiaresns: [la.

A.C.: Her, sitsiepos unnekc B—P+1' 6yner gpyroii. @urypa, KkoTo-
pad MoJIy9uTCd, HE yCTPOeHA KaK OObIYHAA IIJIOCKOCTh B OKPECTHOCTH
J11000#t CBOEl TOYKH, TOTOMY YTO B OKPECTHOCTHU CEPEIUHKU, 1€ JIBIPKA
CXOIUTCHA C PA3HBIX CTOPOH, OHA YCTPOEHA OYEHb CJIOXKHO.

Yr06bl MOHATH 9TO, PACCMOTPUM Ce€YeHue TOpa (C 3aKJIEEHHOMU J1bI-
poii) BepTUKAJIBHON MJIOCKOCTHIO, IIPOXOAANICH B CTOPOHE OT TOUKH 3a-
KJIeKHW, a TakK¥XKe IIJIOCKOCTBIO, IIPOXOAAIIEi depe3 TOYKY 3aKJICHKH.
PaccmoTpuMm 1B 3aMKHYThIE KPUBbIE, [I0J1y YMBUIMECH B CEIEHUAX (CM.
puc. 31).

[lepBas kpuBasg yCcTpoeHa KaK OKPYXKHOCTh, OKPECTHOCTH JII00Oi
ee TOYKM — IPOCTO WHTEPBAJ, & BTOpPad KpHUBasg YCTPOEHA WHAYE
(puc. 32). IToromy uro B J11060 MUKPOCKOII OKPECTHOCTH TOYKH ILie-
pecedenns BUAMTCSA KAK KPECT, a He KaK orpe3ok. To xke camoe C TO-
poM — ¢ aBToMOOMIIbHOM Kamepoit. C Touku 3peHuda tapakaHa, KOTo-
pbiil 0 Heil mosI3aer, 9TO0 NPOCTO IJIOCKOCTh (€CJM, KOHEYHO, ABIPKA,
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/ /
Puc. 31

B TOpe He Oblia 3akseena). Ho u map ¢ TOYKYM 3peHHs TapaKaHa —
TOXKE IJIOCKOCTDh (BEIlb OH B KaX/Iblii MOMEHT BPEMEHU BUIAUT TOJIHKO
MaJIEHbKUI KyCOUeK «y cebs mMof HOCOM», a OH modrd miockuii). To
€CTh CMOTpHUTE, 4TO HpoucxomuT. TapakaH, KOTOPBIi IOJI3a€T MO TO-
Py ¥ IO miapy, He MOXKET IOHATh, YTO ITO pa3Hbie 00beKThl. Mbl Ta-
Kr€e XK€ TapaKaHbl, Mbl XKMBEM B TPEXMEDHOM IIPOCTPAHCTBE, MBI —
TpPeXMepHbIE TapaKaHbl. Vbl 3HAEM, 9TO BOKPYT HAC €CTh OKPECTHOCTD.
OxkpecTHOCTH — 3TO 0OBIYHOE TPEXMEPHOE ITPOCTPAHCTBO: €r0 OIpee-
JISIOT 3 B3aMMHO HEPIEHIMUKYJISIPHBIX OCU. 10 €CTh s BUXKY TPEXMep-
HYI0 OKPECTHOCTDb BOKpPYT cebs, HO A HE 3HAI0, KaK yCTPOEHA BCH BCe-
JIEHHAA [EJIMKOM. ¢l HEe MOry MMeTb TAKOro MPeNCTaB/IeHuA. TaK BOT:
TOMOJIOTUS MPUOTKpPbLIA 3Ty Taliny. I'unoresa Ilyankape kak pas mpo
TO, KAK YCTPOEHO HPOCTPAHCTBO, IJI€ MbI XKUBEM. MbI BUIUM, 9TO BO-
KpYT HAC BCE TPEXMEPHO, HO MbI HE 3HAEM BHYTPU KAKOr0 POHa 00beKTa
MBI XKuBeM. T0 Jin MbI XKUBEM B OOBITHOM OECKOHEYHOM TPEXMEPHOM
[IPOCTPAHCTBE, TO JIM MbI )KMBEM HA, [IOBEPXHOCTU TPEXMEPHON, U3BU-
Hute, chepbl, KOTOpasd OrPAHMYUBAET YeThipexMepHblii map. He mo-
K€M MBI 3TOr0 MOHATH, IPOCTO HOCMOTPEB BOKPYT cebsa. Benp pamguyc
TaKOil «TpexMepHOii chepbl» MOXKET paBHATHCA, CKaxeMm, 100 Mum-
OHAM CBETOBBIX JieT. A Ha Takue PACCTOAHUA IJIa3 IOCMOTPETH HE CIIO-
cobem.
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Puc. 32. CyrleBa — npocTas 3aMKHyTasi KpuBas (He mepecekaer cama cebs).
CupaBa — 9T0-1T0 Bpoe A0poru ¢ nepekpecrkom. Tomosorndeckuit Tuin 3rux
IBYX OIIHOMEPHBIX O0bEKTOB PA3HbIIA.

Bpeska 3. Eme onHo ynpaxkHeHue njisi ciaymaresieid. Huxke
OMHMCAHO CTPAHHOE ITyTENIECTBHE HEKUX KOCMHYECKHX Maresi-
jganoB. Moryio siu Takoe ObITh B KOCMOCE?

... Bce acrponombr 3emuin B 3333 roay Hamei 9pbl Obljin B ri1y00-
koM Hepoymenuu. OIMH U3 HUX, HAIPABJIAA CBOU TEJIECKOI B PAa3HBIE
TOYKHU HeOecHOU cdepbl, nMesT IpUBLIYKY (PoTorpadupoBaATh HE TOJIb-
KO ee, HO u (nepeitaga B gpyroe nosymapue 3emu), pororpaduposars
TaKXke [IMaMeTpPaJIbHO IPOTUBOIOJIOKHYIO el Touky. Hakomnus uspsan-
HOE KOJIMYeCTBO Takux nap ¢ororpaduii, OH NPUHAJICA UX H3ydaTh.
N Bapyr — cropupus: Ha omHO# u3 AByX (pororpaduil mapbl oH yBUIE
MaJIEHbKOE, HO BIIOJIHE PA3JIMIAMOE CO3BE3IHNE B BUIIE NPAGUALHO20 Nisi-
muyzoavruka. Besmko xe ObLI0 ero udymMmsenue, Korjaa Ha apyroi ¢o-
rorpaduu napst on ysunes TAKOE 2KE cossesiuue, 1ol x)e BeJIMInuHbI
7 ToM ke apkoctu! Besmko OBLITO U yIUBIEHEE BCEX OCTAJIBHBIX ACTPO-
HOMOB, KOT/Ia, OHU yCJIBIIIAJIM 9TO COOOmeHure (1 HeMEJJIEHHO IPOBEPH-
s ero). U ckopo 06 1om y3Hasm Bce Kureau 3emiin. Bbuio penieHo
OHOBPEMEHHO BBICJIATH [IBE KOCMUYIECKUX SKCHCIUINU (HA MPEIMET
IIPOBEPKU, HE ITOCBJIAIOT JIX Ha 36MJIIO CUI'HAJIbl BHE3EMHBIC IITUBUJIN-
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3a1Mu): OJIHA FKCIEAUIUA — IPAMO B HEHTP MEPBOTO MATUYTOJIbHUKA,
BTOpad — B IEHTP AUAMETPAJIbHO IPOTUBOIOJIOKHOIO IATUYTOJIHbHU-
Ka.

IoJsiro Jierejiv KOCMOHABTHI B TY ¥ B APYT'YI0 CTOPOHY C OJIMHAKOBOM
«cybcBeToBoit» ckopocTbio — mesbix 10 Jier. VI Bcé aT0 Bpemda 3a ux
pakeramu HAOJIIOMAJIM Ty TKHE IPUbOPBI aCTPOHOMOB. Bipyr B menrpe
[IEPBOIO H-YTOJILHOIO CO3Be3aus Obla 3a]pruKCUpOBaHa ApKasd BCIIBIII-
Ka HenpaBuJibHOU dopmbl, u nepBad pakera NCHE3JIA. AcrpoHoMbr
pelInsii B3IJIAHYTh, BAIIHA JIM BTOpad pakera. K cBoemy yxacy, oHm
YBHJIEJIA, YTO POBHO B TOT K€ MOMEHT C JIMAMETPAJIbHO ITPOTUBOIIO-
JIOXKHOM cTOponsI 6bL1a, 3adukcuposana scupimka TOW 2KE ®OPMBI,
1 BTOpasd PaKera TOXe UCIYesJia.

MorJio jin Takoe ObITh?

OTBET. Mozao. Ecau 65t moavko Kocmoc, 6 KOMopuli noepyarcera
3emasn, 6via He OECKOHEYSHLM TPETMEPHLIM TLPOCTPEHCIMEOM, ¢ 0YEHD
b60avwWoti, HO KOHeUHOT mpermepHotl cPhepoi.

Yro0bl Jiydlile HOHATH 9TO, HpeNCcTaBbrTe cebe, 4To Halla, 3eMJId
CILJIOIIb HOKprTa MI/IpOBbIM OKeaHOM, Ha KOTOpOM nMeercd (Ha 9KBa~
TOpe) TOJIbKO onuH Hebosbioit octpoB Bpome Kpura. [ToBepxHOCTh
DTOr0 OKEeaHa siBJIsieTCH JIByMepHO# cdepoi, HO cBOcTBa y Hee 1o-
XOXKM Ha, CBOKCTBA TpexmepHOil cepbl. VM BBIILJIBLIM C 9TOr0 OCTPOBA
ABa OIVMHAKOBBIX KOpa6JIH (B OOUH 1 TOT XK€ MOMEHT BpeMeHI/I)Z OouH
[IOILJTBLJT POBHO HA 3amak, APYroii — pPOBHO Ha BOCTOK. lLiblim oHm
6bICTpO n HOTOMy O4Y€Hb CUJIbHO CTOJ’[KHyJ’[I/ICB (B TO‘lKe, ILHaMeTpaJIb—
HO MPOTUBOMOJIOKRHOK ocTpoBy Kpury). OT CTOJIKHOBEHUSI OHU MOLJIH
BSOpBaTbCH. HOCJ'Ie OTIJIBITUA HpO‘lI/Ie JIOOU CJlegunJin 3a HUMU, I1OCbI-
Jiasi BCJIEZ, PaJMOBOJIHBI (& OHU, KAK W3BECTHO, MOTYT OrMOATh HOBEPX-
Hocrh 3emJin). Ha skpane panapa m Ha 3amajie, u Ha BOCTOKE BCE Bpe-
M ObLT BUAECH KAKOUW-TO CTPAHHBII IIPABUJIbHBII MATHYTOJIBHUK (OKa-
3aJI0Ch, UTO 3TO — PAJAUOMAAK W3 MIATH UCTOIHUKOB, OCTPOCHHBIN
KEM-TO Ha IPOTUBOIIOJIOKHOM TOouke nosepxuoctu 3emuin). Kopabiu
B30pPBAJICh KaK pa3 B IEHTPE ITOr0 MATHYTOJIbHUKA. B3pbiB ObLI 3a-
GUKCUPOBAH OMHOBPEMEHHO ¥ 3AIAJHBIM, 1 BOCTOYHBIM PAJIAPOM.
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CBepxy U3 HAIEro TPEXMEPHOIO MHUPA Mbl BUAUM, 9TO TOp u cde-
pa — pasubie 06bekThl. Ho ryiazaMu uepBs, KOTOPbIH OJI3a€T 1O IBY-
MEPHO# MOBEPXHOCTH, ITOrO HE BHIHO, BCE onmHakoBoe. Bompoc: kak
)Ke JIOKa3aTh YepBIO, YTO MOBEPXHOCTH pas3Hble?

Lomyctum, 4T0 y YepPBA €CTh MbIIJIEHUE, OH MOXET BOCIPUHATH Ma-
TemMaTuIeckoe paccyxaenune. Kak s mory nepemars emy 3unanue? A BOT
Kak. f emy roBopio: «T'bl MOXeEIIb, 9KCIEPUMEHTAJILHO UCIOJI3aB Che-
Py, IIPOBEPUTH, CKOJIBKO 31ech Bepmuu?» Ou rosoput: «Hy, Koneuno
Mmory. fl nocrenenHo Bce ux o010J13a10, IOCTABJIIO METKY, HAM/Ly aJjiro-
PUTM, KOTOPBIM f IOCYUATAI0 KOJMIECTBO Bepuima». Torma g cupoury:
«Moxenib Jim ThI IOCYUTATH KOJUIECTBO pebep?s» — «Hy, koneuHo,
MOI'Y», — TOBOPUT OH. «A rpaneii?» — «Toxe mory. Her npobJiem Hu-
kakux. Kaxpiii pas nepexois u3 rpanu B I'PaHb, 3aJ/IUBAI0 €€ BOION.
B crenyromuit pas a4 x Hell npuy, a OHa yXe MOKpad, 3HAYUT, 9 €€
yxke nocuurasry. [lIonaTHo, 94T0, HAXOMSACH HA BYMEPHOH! ITOBEPXHOCTH,
HE BBIXO/A B TPEXMEPHOE IIPOCTPAHCTBO, MOXHO IIOCYUTATDH, CKOJIBKO
pebep, Bepuimn u rpaneil. Teneps, eciu a nepecaxy 4epBd HaA, TOP,
OH MOCYMTAET BEPUIVHBI, TPAHU U pebpa u yOemuTcs, 910 WHIEKC Iid-
Jiepa umeer npyroe suadenue. Ha cdepe — 2, a ma tope — 0. Tyt
A eMy U CKaxy: «Tereppb Thl IIOHUMAELIb, YTO [IOBEPXHOCTU aDCOJIIOT-
HO pa3Hble, OHM C HAIIEil YeJOBEYEeCKOU TpexMepHOU TOYKUW 3PEHUd
abcostorao pasabie. OHU ¢ TBOEH TOYKM 3pEHUs OMUHAKOBBIE, TOTOMY
9TO Thl BUAUIIb JIOKAJIBHO, & C HAlIel TPEXMEPHOW — OHU pas3HbIES.
To xe camoe npOUCXOIMT C HAIIEH TPEXMEPHON BCEJIEHHOU, C TOYKHU
3peHud YeThIPEXMEPHOTO MpocTpaHcTBa. Halme mpocTpaHCTBO MOXKeET
ObiTh ycrpoeno no-pazuomy, HO . Ilepesibman mmokasaJsr reopemy, KO-
TOpasg OrPaHUYMBAET KJACC TOrO, YTO HAM HYXKHO IIPOBEPATDH, KOTHA
MBbI BbIACHAECM, I'1€ 2KNUBCM.

Ciorymaresns: A xkak Dilsiep mpumesr IMEHHO K 3TO# dopmyste?

A.C.: YectHo roBopsi, 1 He 3HAI0, HO OH BOOOIIe ObL1 rermit. ['o-
BOPAT, 9YTO Yy HEro HUKOrma HE 6bIJ'[O MaTEeMAaTN4YE€CKUX OIHI/I6OK n He-
BepHbIX yTBepXkieHuit. Jlaxe He cOBCeM 0DOCHOBAHHBIE PACCYXKJICHUSA
Ditnepa (mocse uX OYEBUAHON KOPPEKIWK) ObLIN BIOCIEACTBAN MO~
TBEPXKIeHbl. BUIMMO, OH HACTOJIBKO BEPHO IyBCTBOBAJI CUTYAIMIO, KAK
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Oy r0 BHYTPH HEro HaxoiuJica «0apoMerp 11paBuIbHOCTA», C KOTOPbIM
OH IIOCTOSHHO CBEPAJICA.

Maremaruka — 510 mpo3penue. Bol unere 1o nmapky, BOKPYT JIMCTbA
HIeJIecTdAT, 6aX — W BbI BCE IMOHSAJIU. DTO HE OT BAC, 9TO KAK Obl CBEPXY
UJIEeT.

Ceituac a bymy 110KasbiBaTh, 410 Ha Ccepe UHIEeKC Jiyiepa paBeH
2, a Ha Tope OH paseH 0, u, Mmoxer ObITh, BaM OyeT sACHO, KaK Jijiep

@\q;

Puc. 33. HakunpiBaem «cerb» u3 pebep u BepUIMH HA BEPXHIO OJIOBUHY
chepbl u Ha HEOOJIBIION KYCOK MOBEPXHOCTH TOopa. Huxuasa dacte cdepbr

K 3TOMY [IpUIIEJI.

MOXKET TPAKTOBATbCHA KAK OQHA I'MIAHTCKAs I'PaHb (I'DaHU HE 00s3aTesIbHO
IOJIZKHBL ObITH Tpeyrosbabivu). Ocrasumiics kycok Topa HE MOZKET cuu-
TATHCA «IPAHBIO», TAK KAK ['PAHb HE MOXKET BBIIVISIeTh Kak Tpyoka. Hamo sty
TpyOKy monpasourh Ha GoJiee MeJIKUe YacTu (Ha TPEYrOJIbHUKHU, KBAIPATUKI

u o).

Homycrum, s yxe cHOpMUPOBAJ «CETh», HMOKPBIBAIILYD cdepy,
U «CeTb» I Topa (puc. 33).

Crupato onmo pebpo na cdepe (morom Oymy crupars pebpa u Ha TO-
pe). Uro mensiercs BOT B 910M HaweM Boipaxenuu (1o ecrb B—P+T")7

Caymaresb: Munyc omguo pebpo.

Caymaresb: Munyc ongma rpatb.

A.C.: Buauurt, Boipaxkenue B — P + I ne usmennsiocs (puc. 34).

Kakue eme omepanum g MOry coesiaTh ¢ 3TOi Kapruukoii? Mory
ybparb emie ojiH0 pebpo. Ousre Hudero ve uzmenurcsa. Ho B Kakoi-1o
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Puc. 34. YKpynHaAEeM «CTPaHBI» 33 CUeT yIaJeHNs yIaCTKOB rpannt. Hadn-

HATHh yJIaJI€HHE MOXKHO C JII000TO pebpa.

MOMEHT MEHdA yaapar 1o pykam. Hexoropbie BepHmIMHBI MOTYT CTaTh
CTPAHHBIME (ITO-TO BpOJIE KyCKa 3ab0pa B IHCTOM IIOJIE).

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

puc. 35).

Puc. 35

[laBaiiTe mpeBpaTuM BOT Takoe pebpO BO 9TO-HUOYIb IET0BEIECKOE
(rosibkO HE B uejioBeveckoe pebpo!). Hro mia sroro Hago caenars?

Cirymaresb: BeimpsaMuTs.

A.C.: [la. Y1aymTh BEpUIMHY U BRIIPAMUATH I'PAHUILY, yOpaB HEHYXK-
HBI «KYCOK I'PAHAIBE. ITO U3MEHUJIOCH !

Caymiaresnb: Munyc Bepiiuna.

Caymaresnb: Munyc pebpo.

A.C.: Munyc pebpo, moromy 9TO U3 AByX COCeqHuUX pebep CTaJio
oniHo. 3amerbTre, YTO B Bbhipaxenuu B — P + I' omars nudero ne usme-
Hu0Ch. Urak, s Oymy ynpouarb KapTuHky naJibuie (cm. puc. 36).

Yro npoucxomuT, KOrua d CHUMYy eme pedbpo?

Hych BO3HUKHET €lle OJHA aHOMAJIUA TAKOI'O K€ THUIla. BOBHI/IK-
HET BEpIINHA, W3 KOTOPOU Topuur pebpo, u HA APYyroM KoHIE pedpa
BUCHUT IrycTas Bepiumua. Ho mo-npexnemy B — P + [ takoe xe, Kak
Ob110 pambire. Y10 # Tenmepbp MOry Ciesarb C 9TOi BEPUIMHON u 3TuM
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Puc. 36. Onna u3 cTpad SIBHO CTAJIa «AMIIepuei»!

pebpom? Creperb ux neukom. IIpu 910M KOJIMIECTBO U BEPIIUH, U Pe-
6ep ymenpimurca Ha 1 (puc. 36). 3HAUMT, BhIpaXKeHUe ONATH HE U3Me-
HUJIOCDH, 3 «CETb» Ha IIOBEPXHOCTHU CTAJIa IPOIIIE.

¢ 3HAYMUTENIPHO yBeJIM4uJI rpaHb, g ybpaJi BCE BHYyTpH HEe, a BbI-
paxenue He MeHA0Ch. «Cerb» CBeJIaCh K JIBYM I'DAHAM, OXBATbI-
BaonuM cepy «CBepxy U CHU3Y», PA3NEJIEHHBIM 3aMKHYTOW JiOMa-
HO#l; B Hell KOJIMYeCTBO BEPUIMH PABHO KOJMUYECTBY pebep, TO ecrb
B-P+I'=I=2.

g cdepsr popmysia Ditiepa TeM caMbIM JOKA3aHA.

Bompoc: «B kakoil curyanum JIOTMKA 3THX PACCYyXKJEHUU HE MO-
xer ObITh 1poBeneHa’» Maremaruk BCerga m3ydaer, B KAKOM MeCTe
ero paccyxjeHue He Tpoimer. A me mpo#eT oHO, HATIPUMED, HA TOpE.
Ha rope 6epem Bepuuny u 2 pebpa (puc. 37).

Puc. 37. Pebpo Bokpyr 6y6smka u pebpo BOKpYT AbIpKU OT OyO/mKa (1 omHa

BEPLIKHA).

K rakoit kaprunke (puc. 37) npusomurca cHumanuem pebep Jiobas
«ceTb» (Hmocrarodno obmero Buga ) Ha Tope. [louemy xe Hesp3s CHATDH
enle oHO pedbpo? 3Hech A B3bIBAI0 K MHTYWIMU CJymaresei. Ecjm
MBI PA3pEKEM TOP IO ITUM pedpam, a MOTOM pa3BEepHEM, TO IIOJIyINM
kBagpar. Yrobbl jiydnie cebe BCE 3TO MPENCTABUTD, ITIPOIEJIAEM TAHHBIE
omneparun B 00paTHOM MOPAAKE: BO3bMEM OOBIIHBIN KBaIpaT n3 ruOKoi
PE3WHBI U M30THEM €ro TaK, IYTOOBI ABe IPOTHBOIIOJIOXKHBIE CTOPOHBI
KBa/IpaTa COBHAJM (M 3aT€M CKJIEMM 110 COBIIABIIUM CTOPOHAM).
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[Mosryumstace TpyOka (nBe ocraBumIMecs CTOPOHBI KBAJIPATa, PEBPa-
TUJIUCH TIPU 5TOM B JIBa Kojedka). Vsormem TpybKy Takmm obpasom,
I‘ITO6]31 9T KOJIEYKHN TOXKE COBIIAJIN (I/I CKJIEUM I/IX). BOT 1 1OJIyInJICA
u3 kBaJjpara Top. Ilo Mecram ckJjieek BOCCTAHABJIMBAEM, IJI€ HA HTOM
TOpE PACHOJIOKEHDI JIBa, pebpa 1 OfHa BepIIMHA, (M3 YEThIPEX BEPUIMH
kBagpara mosyamitack OJJHA Bepummna ma Tope).

Ocrajioch MOACHUTH TOJIPKO OMH BAXHBIA BOIPOC: TAK BCE-TAKH
MOXKHO WJIA HeJIb3dA IIPU U3YUYEHUU TOIIOJIOTUM AeJiaTh CKJIEHKH, pas-
PbIBbI 1 HaJIpe3bl! Bbiilie roBOPUIIOCH, 9TO IIPU HTOM MOKET U3MEHUTh-
Csl TOMOJIOMMIECKUI TUIT 00bEKTA. SHAYUT, €CJIM Mbl XOTHM COXPAHUTH
TOIMOJIOTHYECKui Tuil 00bekTa, 3TOro fesarh Hesib3d. Ho moxuo Ges-
00JIE3HEHHO J1eJIaTh MHOIOE JIPYTOe: PACTKEHUE, CKATUE, [TIepeMelle-
HUe, IOBOPOT OObEKTa, yBeJUWYEeHWe ero B HECKOJbKO pa3. ITH Ole-
panuu MO3BOJIAIOT IPEACTABATH M3Yy4aeMblil OObEKT B CAMOM IIPOCTOM
[T moHuMaHus Buie. Hanpumep, Konyc (3a00/HEHHBIH BHYTPH) MOX-
HO IIPEBPATUTH B LIAP.

OnHako, eciiu Mbl XOTUM U3MEHUIMb TOMOJIOTUIECKUHA THIL, TO MOXK-
HO (M JaXke HyXKHO) JIeJIaTh Pa3pPe3bl U CKJIEHKU. DTU ONEepAlUU TAK
JaCTO MPUMEHATCA B TOIMOJIOTUH, ITO JaXKe HOCAT CIIeNUAJIbHOE Ha-
3BAHUE: «MONOACRUNECKAA TUPYP2us». Bosee TOro, NIpakKTUIECKHU JII0-
0oif mHTEpPECHBIN Jij1 U3ydeHusi 0OBEKT MOXKHO CKJIEUTh W3 BECHMA
IpocThIX KyckKoB. CKaxeM, TOPUYECKYIO MOBEPXHOCTb MOXKHO IOJIY-
YATh CKJIEHKON HECKOJIBKUX TPEYroJIbHBIX KYCKOB. A KOrja CkJeika
OyIer 3aKOHYEHA, MECTA CKJIEEK DY/IyT OMPENEeIATh HEKOTOPYIO «KCETh»
Ha Tope. «CeTb», CoCTaB/IeHHAA U3 TPEYTOJIbHUKOB (€CTECTBEHHO, KPU-
BOJIMHEHHDIX), HA3BIBACTCA <«mpuaneysayuely. Ilpocreiimasa «cerh»
Ha Tope (puc. 37) He ABIAETCA TPUAHTYJIALMENH, TAK KAK OHA IIOJLy-
UeHa He W3 TPEYTOJIbHUKOB, a W3 KBAJApPATOB... TOUHEEe, W3 OIIHOTO-
€IMHCTBEHHOTO KBapara. Ho 31oit beme jierko momModb: KOrmaa, Mbl BbI-
uie eJsiaJii Ouepaluu B 00paTHOM HOpdAJiKe, HAJIO ObLIO HA UCXOMHOM
KBaJIpaTe HAPUCOBATH JIMATOHAJIb (TO €CTh BMECTO KBAJIpaTa HAJIee
PaCcCMaTPUBAIOTCH «J1BA CKJIEEHHBIX TPEYroJibHUKa» ). [locsie nByx BbI-
IIEOTTMCAHHBIX CKJIEEK U3 DTOr0 KBAApATa MOJIYIUTCA TPUAHTYJIAIAA
ropa. Ona cocrout (XOTS B 9TO M TPYJHO IIOBEPUTH) U3 JBYX I'DAaHEH,
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Tpex pebep u OiHO| BepumHbL (K KOTOPO# NOAXOIAT BCE NIECTh KOHIIOB
9TUX Tpex pebep!).

MOoXHO TTOPEeKOMEHIOBATD CJIYIIATEISIM KYIHUTh CBEXKEACICICHHBIH
OyOJiMK ¢ MAaKOM U, IIPEXKJIE YEM €0 CheCTh, BHUMATEIbHO OCMOTDETH
1 MOHATH, KAK MMEHHO MPOXOIAT MO ero MOBEPXHOCTH pebpa TaHHON
Tpuanryssinua. Ho cienuasmer-romosior MoXKeT MpefacTaBuTh cebe 3Ty
TPUAHTYJIALIMIO JIAXKe C 3aKPbIThIMU LyIa3amMu!

[TpoBepbre, BOo3bMUTE JIIOOYI0 HEHYKHYIO BEJIOCUIIEIHYIO KaMEpPY,
paspexbTe U MOmbITaliTech pasBepuyTh. Coxpanurca ToT PakTt, ITO
I'PaHb BbIVIAOUT KaK KBaJApaT WJIX KaK KPyTI, TO €CTb OHaA, KaK I'OBOPAT
MaTEMATUKH, MON0A02UYECKY MPpusuaibHa. OHa BBITJIAIUT MOYTH KAK
obbranas miaockas ¢gurypa. A BoT ecsin Mbl cHAMEM pebpo (T. e. coTpem
€ro C MOBEPXHOCTH TOPA) U IIOTOM Pa3pexkeM 110 ocTaBuieMmycs pebpy,
y HAC BOBHUKHET Hempusuasvhas durypa B Bume Koibra. (Kcrarm,
CJIOBO <<TpHBHaJIbeIﬁ>> BOCXOOUT K CJIOBY KTPUBUYM>, 0603Ha‘1a10me—
My Ha4aJIbHBIA ypOBEeHb 0OpA30BAHUA B CPEIHEBEKOBBIX yHUBEPCHUTE-
Tax.)

Kouseuko va muiockoctu (puc. 38) He ABJISETCH TONOJIOIMYECKH TPU-
BUAJIBHBIM, y HEI'O BHYTPU bIPDKa. HOJIy‘IaeTCﬂ, YTO HaM 3allpeuieHo
youparp 310 pebpo, HOTOMY YTO MBI U3MEHUM TPHUBHAJIBHBIA OODHEKT
Ha HETPUBHUAJIbHBINA. Maremaruka npouwia JOJruil myTh, IPEXIE IeM
CMOIJIa MTOHATH, YeM (POPMAJIHHO KB3/IPAT OTJIMYAETCA OT KOJIBIA.

>

Puc. 38. Pebpo, oxBaTbIBaloIee «IbIpKy OT OyO/mkas, crepsun. Bmosb ocras-

urerocst pebpa paspesasiu. [losydennyio Tpyoky pasornysiu. CUjibHO yBesiu-
9UB PALAUYC OIHOTO U3 KOHIOB TPYOKHU U MPUXKAB €€ K IJIOCKOCTH, MOJIY IIIN
u3 Hee Kojbo. (MOXKHO cTeperh BMECTO 3TOr0 Apyroe pebpo: ybeaurech B

TOM, YTO [OJIY4UTCS TO K€ CAMOE, JIazKe HAIJILIHO npoue!)
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Ho ecsiu Mbt ipumem K CBEIEHUIO 3TOT Iy Th, TO CMOXKEM BOCIIOJIB30-
Barbcd ero pesysjbraramu. CMoX)eM 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
CTHpATh HA TOpe pebpo.

Urak, yemy paBuo B—P+TI" nyis nameit kaprunkum (puc. 38)7 Ckouib-
KO y HAC BepInwH’

Caymaremnu: OjHa.

A.C.: I'paneit?

Caymarens: 47

A.C.: Her, ogna rpanb. 9ta ogHa u Ta ke rpadb. llocmorpure,
u3 J1i000it TOYKM rpaHu f MOTy IPOiTH B JII00YIO IPYTYIO, HE HEPECEKAT
pébpa. A 3TO 3HAYUT, YTO IPAHD OTHA.

Ha rtope ceiiuac Bcero omna rpasb, OIHA BEPUIMHKA U ABa pedpa.
[Tostomy B—P +1'=0.

N Bcerma st ropa Oymer HOJIb.

A k wemy s mpumy Ha cdepe, KOTHA CHAMY BCE BO3MOXKHBIE pe-
6pa u Bepmunbl! Kakoii o6bext nosyunrca? (To ects mMbl HE xOTUM
OCTAHABJIUBATHCA HA CETU B BUJIE [ABYX I'DaHell, OXBATHIBAIOMUX ChHepy
CBEPXy U CHU3Y, KaK BBIIIE, 8 XOTUM CIEJIaTh ee eule npouie.) 51 yrsep-
XKJAI0, YTO B UTOTE OCTAHETCH IPOCTO roJiad cepa C OTHO| BEPUIMHOM.
Bce pebpa OyiyT cHATHI.

Caymaresns: U kak mostyaurcsa mBa?

A.C.: Bor kak. ¥ Bac oiHa BepIIMHA, OHA I'PAHb W HOJIb pedep.
1-0+1=2 (cm. puc. 39).

Puc. 39

[Touemy s He mory cuarh u Touky Ttoxe! [loromy 4ro, ecsiu a ee
CHUMY, ocTaHercs cdepa, KOTopas TOHOJOIMYECKH He TOX0XKa Ha KBa-
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apar. A Bor, eciin s ¢cdepy HPOKOJIOJ. .. UT0 TPOUCXOAUT ¢ KaMepoi
MAYa, KOTOPbI MPOTKHYJIX Uroskoit! OH CHyBaeTcda U IPEBPALIAETCI
(ecaM CUJIBHO yBEJMYMUTD MECTO MPOKOJIA M HAJIOKUTH HA IJIOCKOCTD )
B JIOCKYT — B IJI0cKY10 urypy. Cdepa orimuaercsa oT mI0CKOro Kyc-
Ka, TOJIBKO OfHOU TOYKOU. O4eHb XOPOIIO 9TO MOHUMAIOT I'PY3UHbIL, OY-
parsl 1 TyBunnbl. OHE gesraor 6osbIIne IeJIbMEeHd (XUHKAIIH, TO35bI 1

Byy3bi).

Puc. 40. Cdepa 3axara MexK Ly ABYMsI KPYTJILIMU PpaHaMu ((epeaHsis, MaJias
u 3anuss, 6osbwasn). UIx pasuessier n-yroinbuuk (B HéM, Kak ObLIO CKA3aHO
BbilIe, n pebep u n Bepmun). CTpaHHO TOJIBLKO, 9410 1t = 1. Kak 510 nonumars,
00CyK1aeTcs B JIEKIUN.

Kak ux nesnaror? BepyT Kycok Tecra, MOIHUMAIOT 33 Kpasd, CJIeILId-
0T, 1 moJiydaerca cdepa. Tak ITo B TOMOJIOIMU MOXKHO CKA3aTh, ITO
cdepa oTyIMIaeTCd 0T Kpyra BCero ofHo# roueukoit. Orcroga u Bo3HuU-
KaeT O[HA TOYKA M HOJIb pedep.

Hasaiite x onnoit Bepumne mobasum onHo pebpo (puc. 40). Uro
m3mennaock? lobaBmioch omao pedbpo u omHa rpanb. To ecTh y HAC
OJlHA, BEPIUHA, OHO Pedpo u jBe rpanu. CTPAHHO CMOTPUTCS 3aMKHY-
toe pebpo ua puc. 407 [lasaiiTe Torma mocraBUM €mie OHY BEPUIMHY
(puc. 41).

Puc. 41. Cny4ait n = 2 (Ha30BeM 3TO «IBa JBYYTOJIbHUKA).
Uraxk: 2 Bepummnsbl, 2 pebpa, 2 rpanu: 2 — 2 + 2 = 2.
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He ObiBaer nByrpannukoB? [la emnie 0Opa3oBaHHBIX ABYMS <IIBY-
yroapaukaMu»? Xopomro. Ytob He ObLIO cCOMHEeHnit, 100aBuUM ele aBe
Bepmmaku. [losryanrca kBagpar Ha cdepe, 10 ectb 1 = 4.

4 eepwunol, 4 pebpa, 2 epanu: 4 —4 4 2 = 2. Ynopro noayuaemcs
3HAYEHUE «2».

MOXHO OCTAHOBUTHCHA B JIIODOOH MOMEHT, MOCUYATATH KOJIUIECTBO
BepinuH, pebep u rpaneit. Ho BbI J0/KHBI IOHUMATH, 9TO BCETIA MOXKHO
[IPUBECTH K CUTYallMd, B KOTOPOH OCTaHeTcs ofHa BepiinHa. [loaromy
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, HOJIb Pedep».

Mpsr mostygaem mporuBopedne. Ha tope Bcerma mosib, a Ha cdhepe —
aBa. Ho 2 wme paBuo 0. 3HauuT, 910 pasHble TOMOJIOrMYECKue hury-
PbI, 9TO, BIIPOYEM, KAXKbIA U3 BaC ¥ Tak 3HaJ. HO Bompoc He B TOM,
9TOOBI JOKA3aTh OUYEBUIHLIA (DAKT, & B TOM, ITOOBI HAPAOOTATH sI3bIK,
KOTOPbIH MOMOXKET HAM 9TOT (PAKT 3aMETUTH B JPYTUX TPOCTPAHCTBAX.
B wactrHoCcTH, B IpOCTpaHCTBE HBOBIIET0 IUCITa u3MepeHuii. A B 60J1b-
nieM 4uCJie M3MEPEeHU#l BEPHO B TOYHOCTH TO XK€ CAMOE, TOJIBKO I0-
ABJIAETCSA TO, YTO HA3BIBAETCH «TPEXMepHble rpanus. Y mosrydaerca
CJIe/IyIOlIEE BbIPAXKEHUE:

B-P+I'-T.

3nech T — kostmyecTBO TpexmepHbIX rpaHeil. Tak BoItignuT 3itaepo-
Ba XAPAKTEPUCTUKA, JJIA YEThIPEXMEPHOIO IPOCTPAHCTBA, B KOTOPOM
JIEXKUT TPEXMEPHBI 00beKT. B obmiem caydae y hpopMyJIbl TOT XK€ BHI,
B—P+T —-T+ ... u Tak gajiee, B n-MEPHOM ITPOCTPAHCTBE, KOTO-
pO€e HOBOJIBHO CJIOXKHO MPENCTABUTH. HKCIU M3y4UTh, 9TO ITPOUCKXOMUT
[IPU CTUPAHMAM BEPIIWHLI, pebpa, rpaHu, TpeXMepHoi rpanu, Oymer 00-
HAPYXKUBATHCH, YTO 3HAYECHUE HAUIETO BBIDAXKEHUSA HE U3MEHUTCs. Bor
OCHOBBIBAACH Ha, IPUMEPHO TAKUX BELIAX, HO ropasfio 60Jiee CJ0XKHBIX,
ObLjIa yCTaHOBJIEHA, CIIPABEJIMBOCTD runoresbl [lyankape.

B 2002 romy, xorma noxasasu runoresy [lyankape, razera «/3se-
crugy Hamedarasa o Heil crarpio. [lomaurca, 8 CCCP 6b110 2 ocHos-
mbix raszerhl: «IIpaBma» m «Us3Bectusas. VI Bce 3HAMM, 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
HU OJHOMY TI'DAMOTHOMY MATEMATUKY U OY€Hb CUJIbHO OIIO30PpUJIUCH
(BmpoveM, MaJIo mepes KeMm).

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

Pucyem na cdepe kapruny dyrbosibHOro Mmada. OH JI0J2KEH COCTO-
ATh U3 HIECTUYTOJIbHBIX U MATUYTOJIbHBIX JIOCKYTKOB. B s11060it Bepuiu-
HE JIOJDKHBI CXOMUTHhCA POBHO 3 pebpa. B ocrasibHoM oH MoXkeT ObITH
COBEPINEHHO TPOU3BOJIHHBIM.

Hasaiire 0b03Ha4YMM 38 T — YKUCJIO LIECTUYIOJIHUKOB, 3a Y — 4YM-
CJIO HATUYTOJIbHUKOB.

CxouibkO TOTZIA I'paHell y Halllero MHONOIDAHHUKA, HAPUCOBAHHOTO
Ha cdepe, 10 ecth HA hyTOOSIBHOM Msiue?

Caymarens: ['paneii?

A.C.: a.

Caymarens: z + y.

A.C.: TIpaBusbao. PoBHO CTOJIPKO, CKOJIBKO B CyMME KOJIMYECTB
UIECTU- U NATUYTOJIbHUKOB.

P=z+y

(I' — konm4aecTBO rpaHeit).

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

Caymaresu: 6.

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

Caymarens: 6.

A.C.: A y nuaTuyrosbauKkoB?

Caymaress: 5y.

A.C.: Buauur, mumem 6z + Sy, HO PTO HE COBCEM TO, YTO HAMIO.
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O6o3Haunm osromy He «B», a «M>»,
M = 6z + 5y.

A.C.: Tlouemy 10 HE TO, YTO HAIO?!

Caymiaresu: [loromy 4To Bepimubl COBIAIAIOT.

A.C.: Eciiu MbI paspexkeMm MAd Ha JIOCKYTKA WJIA, HA00OPOT, HE Ha-
YHEM CHIMBATh, TO CKOJIBKO Oy[eT BEPIIMH Yy BCEX JIEKAIIUX HA CTOJIE
sockyTkoB? Vmenno crosibko, 62 + 5y. A Korma Mbl collbeM, HEKOTO-
pble BEPHIMHBI COBIAILYT. UTO HAJO CHEJIATH C ITUM UUCJIOM, ITOOBI
MOJTyIUTD MTPABUIBLHOE UUCIIO BEPIIWH?!

Caymarens: Pasnenurs na 3.

A.C.: [a. [IpaBuyIbHO, IIOTOMY YTO POBHO — HE DOJIbIIE HE MEHBIIIE,
a POBHO — 3 pa3HbIX I'PAHU CXOIATCA B KAXKJIOW BEPIIUHE:

_ M _ 6z+dy
B—?)—i3 .

CkoJibko pebep? IlepBblii BOIPOC: CKOJIBKO pedep [0 TOro, Kak Mbl
curmBasin?! CTOJBKO XK€, CKOJILKO OBLJIO [I0 CIIMBAHUA BEPIIUH:

M = 6z + 5y.

Y 1106010 MHOTOYTOJIbHUKA BEPUIMH U pebep 0IMHAKOBOE KOJIUIECTBO.
A na uro nesmrn?

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

Tenepn Mbl BocmosibdyeMmca (opmyoit Ditnepa. Popmysa Ditaepa
yreepxkiaer, yro B — P + I = 2. TlogcraBum B Hee BbIpaxkeHus depes
KT» U «Y»:

P=

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

Hesp aT0it popmysiel — mokasarhb, aro y = 12. [lasaiite pemars.

+z+y=2.

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

Ukcor youmu. Octanoch ypaBHEHWE OTHOCHTEJIBHO «iY»:

oy oY 9

32"V
VYwmuoxum Bce ypaBuenue Ha 6, 91006l n30aBUTHCA OT 3HAMEHATEJIH.
YMHOXUM ¥ TIpaByio, u JeByio dacTb. Crupasa Oyuer 12. CiieBa 6yner:
10y — 15y + 6y. Orcroma
y = 12.

Yymneca, na? VI HUKAKOrO MOIIEHHHYIECTBA!

Cuaymaresb: Uto-To TyT ecThb OT POKyca.

A.C.: Kypc «Maremarvka nJig ryMaHuTapueB» — 3TO KyPC 9epHO
MAaruy ILTIOC ee pasobsiadenme. B wem 3mech ¢okyc? Ilpupoma doky-
Ca B TOM, 4YTO COKPaATuUJIMCb BCE€ HIECCTUYTI'OJIbHUKMU. HOJIy‘IaeTCﬂ, OHNn
HU HA 9TO HE BJMAIOT. MOXHO JI060€ KOJMIEeCTBO IECTUYTOJIbHUKOB
BKJIEUTD JOMOJTHUTEJIBHO B JiI000# (DyTOOIBHBIN MA9, TAK KAK BCE &
COKpAIAIOTCA™. A ¢ «y» BBl HE MOXETe CHeJATh HATEro, MOTOMY 9TO
CKOJIBKO 6]31 nATUYTOJIBHUKOB HU 6BIJIO Yy HaC B 3anace, uX KoJam4eCTBO
JOJI2ZKHO yOOBJIETBOPATDH YPABHECHUIO. A MaTEMaATUKU elie 3 ThICAYU JIET
Ha3a/l HAYYUJIUCh PellaTh JIMHEHble ypaBHEHUA. Y 3TUX YpaBHEHUI
B HOPMAaJIbHO# CUTyalluM BCETIA OJIHO peuleHue: y = 12 — enuHCTBEH-
HOe pelllenue Halero ypasuenusd. [loaTomy ckosbko ObI BaC HE ITPOCH-
s cinth Gy TOosbHbIM MY U3 11 MATUYTOJILHAKOB — HE TOJLY 9ATCH.

Coayuiaresnb: A eciau nATHYTroJbHUKOB Oymer 247

A.C.: Bor combere gsa dyrbosibHbIX Mada. OIOUH HE COIIBETCA.
[ne-to 6ynyr Topualiue, HECHIUBAEMbIE YACTH.

LaBaiite Tenepb mocMoTpuM HA 0OBIYHYIO OECKOHEYHYIO BO BCE CTO-
ponbl 110CKOCTh. C OHOM CTOPOHbBI, 310 HoJiee HPOCTOR 0ObEKT, YeM
cdepa, HO, C Apyroii CTOPOHBI, OHA OECKOHETIHA BO BCE CTOPOHEI. bec-
KOHEYHOCMD — DTO TAKON KpaeyrosibHbll Kamenb maremaruku. U kax
C Hell MOXHO OBbITh «HA ThI» — HTO OYEHb BaxHad TeMa. Kaxercd,

*CTporo roBops, 3T0 yTBepXKIEHNE TPeOyeT HOKa3aTeIbCTBA.
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IJIOCKOCTb, OHA M €CTh IJIOCKOCTh, IOCMOTPEJI BOKPYI' — Be3JIe IJI0C-
koctb. Ho Bemp oHa GeckoHedHas... A Kak, KCTaTW, MOXHO IIOHSTH,
4TO 3eMJId He I1JIOCKAA!

B upuHiune, Kak g HOHUMAI, TO 4TO APEBHUE JIIOAU CUYATAIU 3e-
MJTIO IIJIOCKOI — 9TO CKa3Ku. JIogu Bcerma 3HaJIu, 9TO OHA HE ILJI0C-
kasdA. Korga no Mopro uuaer KkopabJib, CHa4YaJ1a, Ha FOPU3OHTE IOABJIA-
oTcd napyca. Kax eme, KpoMe Kak UCKPHUBJIEHAEM, MOXHO 9TO 00bsiC-
HUTBH?

Caymaresns: Moxer ObiTh, 3eMJisi HE POBHAA UMEHHO B 9TOM Me-
cre. . .

A.C.: Ot Toro, 9T0 THI BUIUIIH IAPYCA, 10 HIOHUMAHULA, YTO IEMJIIA
MOXKeT OBITh yCTPOEHA KaK HIap, yXKe, B 00IIEM, HETAJIEKO.

Jltonu, HA camMoMm [ejie, B IpOULIOM COBepinasii u Oojiee BesuKue
OTKpBITHSA. 3HAETEe, KOIa B MepBbId pa3 (mo KpaiiHeil mepe, TOKy-
MEHTaJIbHO) Oblila BBICKA3aHA MJIed O KOHEYHOCTH CKOPOCTH cBera’
B 1676 romy marckuit acrponom Tuxo Bpare cras mabsionars 3arme-
HUA CIIyTHUKOB IOHI/ITepa. I/I 3aMEeTnJI CTPaAHHOCTU B UX IIEPUOIUIHO-
CTH: TO 3aTMEHHUsd HACTYHAJIU I03XKEe MPOTHO3UPYEMOr0 MOMEHTA, TO
PaHblIC. TOI‘ILa OH IPEaJIOKNJI COBEPIHICHHO HEBEPOATHOE O6'bﬂCHeHI/Ie.
OH 1penmosoXuii, 9To TaKOe MOIJIO Obl OBITH, ecjii Obl CKOPOCTDH CBETA
Oblia KoHevuHa. Tak kak 3emJist u Oumurep 10 npubsmvkaiorcs apyr
K JIPYTy, TO OTIAJIAIOTCA, Mbl BUIUM OOBEKT, KOTOPBIA OJinkKe, paHb-
e, YeM TOT, KOTOPbIA HAXOMUTCH JAJIbIIE. 33 CIeT 9TOr0 U BOSHUKAET
HEIOJIHAA [MEPUOIUIHOCTD B 3arMeHuax. Ho rorma nyxHo ObLiio npu-
3HATH, YTO 3HAYEHUE HTOW CKOPOCTH HACTOJIHKO BEJIUKO, YTO OHO IIpe-
BOCXOIMT BCsIKOE Hale BooOpaxenne. VI Bpare onenunst ero kak 225 Thi-
CAY KUJIOMETPOB B cexyHy. OH Ha3BaJI BEJIMIUHY, KOTOpasd paBHa 75%
oT BepHOro 3uadenusi. Ho Torma ydensiit mup ObLI elie He roToB K Ta-
KHUM CMEJIBIM UJIEAM, U K 3TOMY IPEIIIOJIOXKEHUIO OTHECJIUCH C OOJIbIINM
COMHEHUEM.

WNnu npyras ucropus.

VY Bac B CyMKe, HABEPHOE, XKUBET 3apAaKa 0T TesedoHa njim Hayi-
uuku. B kakom onu OymyT cocroguauu? OObIYHO MOJIy9aeTCA CTPAUTHBIH
3aILly TAHHBII IIPOBOM.
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Bompoc: MOXHO Ji €ero Kak-TO paciuyTarb, €CJd Bbl €me U KOH-
[BL IPOBOJA CBsIXKeTe, YTOObI OH CTAJI 3aMKHYTBIM, KaK OKPYXKHOCTb!
Yrobbl OH CTAJI MOCJIE HTOr0 PACILY THIBAHUS HOPMAJILHOH’, MIIeaJIbHOM
OKPYKHOCTBIO?

Caymaresnb: Hesbss.

A.C.: NHOorma MOXKHO, MHOTIA HEJIb3sd. ITO — 3a71a49a U3 TEOPHH
y3Ji0B. Kakne-T1o0 Buiibl y3J/I0B MOXKHO PACILyTarb, KAKWE-TO HEJIb3.
Ceiiuac s pacCKaxKy UCTOPUIO, KOTOPAd MOXKET OKa3aThCH HEIPABIIOH.
4 chpimrast ee Ha jeknuu npumepHo 13 Jjer Hazan. 3HAMEHUTAA IIPO-
Osrlema y3JI0B, TOIOJIOTMYECKUX THUIIOB y3JI0B, BCTAJIA B IEPBbIA pa3
Ha KopabJie nupara lpeiika B konre X VI Beka. Onua u3 MaTrpocoB 310-
ro Kopabuigd Toxe 3aHuUMAJICH y3jamu. OH 3aBA3BIBAJI MHOI'O PAa3HbBIX
MOPCKHUX y3JIOB ¥ 3aMETHUJI, YTO HEKOTOpPbIE W3 HUX — IO CYTHU OJIMH
7 TOT XKe y3esi. Hamo npocTo B O{HOM MeCTe MOTAHY Th, B JIPYTOM IIPUC-
[yCTUTH UIHYP, ¥ U3 IEPBOTrO y3JIa MOJIy IUTCS BTOPO (MMeeTcs B BULY,
9TO IPU 9TOM KOHIIbI y3JIa HOJI2ZKHbI OCTaBATbCA CBH3aHHbIMI/I). TaKHe
y3JIbl HA3BIBAIOTCH «IKBUBAJIEHTHBIMU». Vl IUpary B roJiOBy IpULILIA
ujed KJaccupuIMpoBarh BCe BUAbI y3J10B. Kakue npyr B jipyra mnepe-
Bogsrca Oe3 pazpesanus, a Kakume HET. KMy 3TO HE yaaJioch, B 9e€M,
AKOObI, OH YECTHO MPU3HAJICA.

[Ipomwto 400 ster. V1 TOJIBKO COBCEM HEIABHO OBLIT COEIaH OOJIBIION
[IPOPBIB B perierunn 3a1a9u 00 y3Jjrax. Cesiaiu ero ore4ecTBeHHbIE Ma-
remaruku Makcum Konnesud, Buktop BacuinbeB u Muxawnn ['ycapos.

Wpea pemennsa B ToM, 9T0 OEpPYyT JBa y3Jia, HALUIYT AJIA HUX HEKO-
TOPbIE MATEMATUYICCKUEC BbIDA2KCHUA, U €CJIM OHU DA3HbIE, TO U y3JIbl
TOXKE pa3HbIE.

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

YT0 3HAYUT «3aMOCTUTH MHOTOyTOJIbHUKaMu»? ¢l uMero B BuLy ciie-
myfouiee. Bor 3axonure B marasun u BoiOupaere cebe mapker. [lonpa-
BUBIINICS BaM APKET COCTOUT U3 OJIMHAKOBBIX JIOIIEYEK TAKOK (DOPMBbI
(puc. 42):

KTo-TO B crpamsom cae npuiaymast takyio ¢gopmy. U takumx mo-
HIeYeK y BaC HeMbICJuMOe KoJmmaecTBo. Bonpoc: «Moxuo Jjim cobparn
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Puc. 42. 3ambicioBaTast mapKeTHAs IJINTKA.

3 HuX napker?! Vau oHE mpu cOOpKe BXOOAT B IPOTHBOPEYHE CAME
C coboi?»

Cioymarens: Hy, ckopee Bcero, NeHTp ellle IOJIyIUTCA, & BOT IIO
KpagM KOMHaThl OyayT 11pobJiembl.

A.C.: Boi, naBepnoe, yxe BUIUTE, 9TO HE BCAKUMU IIJIATKAMU MOXK-
HO 3aMOCTUTbH IIJIOCKOCTb.

Ho mokasars, 910 KakKOi-TO KOHKPETHON MJIMTKON HEJAb3s 3aMO-
CTUTb — JIOBOJIBHO CJIOXKHAd 3ajada. Ha camom pesie, mo cux mop
HEe KJIACCU(PUIMPOBAHBI JIaXKe BCE BUJIbl IATHYTOJbHUKOB, KOTOPbIMHE
MOXHO 3aMOCTHUTDH IJIOCKOCTh. HaliJieHO HECKOJIbKO HATUYTOJIbHUKOB,
KOTOPBIMHU MOXKHO 3aMOCTUThH ILJIOCKOCThH, HO HEU3BECTHO, €CTD JIU IIPY-
rue. OrkpoiTag npobsema”. Ho Tem He menee meromamu Jleonapma
Ditljiepa MOXKHO JIOKA3aTh CJEIMYIOILYI0 TEOpeEMY.

Teopema. He cymecTByeT HE OTHOTO BBITYKJIOTO 7-yTOJbHUKA, KO-
TOPBIM MOXKHO 3aMOCTUTDH IIJIOCKOCTb. Bo.nee TOro, BOCbMu-, 1eBATU-,
[IECATU- U T.]I. yTOJIbHUKA TOXKE HE CyIIECTBYET.

A uro Takoe «BBIMYKJIbI»? Beimykitaa durypa — sto takas du-
r'ypa, y KOTOpOii, ecyin Bbl BbIOpaJsiu JIIOOBIE [IBe ee TOYKH, TO BEChH
OTPE30K MEXIIy HUMU JIEKWUT BHYTPU 3TOI (DUTYDHI, HE BHIXOMUT 34, €€
[IpeesIbl.

*VYxe nocse urenus srux Jjeknuit, B 2015 romy, 6b11 1300peTeH HOBBIH BUM, BbI-
MYKJIOrO MATUYTO/JIbHUKA, TOMHBIN JIJIs 3aMOUIEHUS JIOCKOCTH!
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Puc. 43. CneBa — HeBbinyKJIasA purypa, CrpaBa — BBITYKJIASI.

Beinyksocts — oniHO u3 PyHIaMEHTAJIbHBIX TOHATUI MaTEMATUKH.
Takoe mpocroe onpeeseHue, a Ha, HEM TOCTPOEHA, OTPOMHASA CJIOXK HEH-
mias Teopus ¢ 3y0ompobuTesibHbIMU TEOPEMAMMU.

[Ioguemy xe Teopema tpebyet BrimykaocTu! Ilpencrasbre cebe map-
ckyto kopony (puc. 44). Ilapkeruna taxoii GOpmMbI XOTA U ABAAETCA
7-yroJIbHUKOM, HO OH He BbINYKJbIA. Huxke Mbl yBuiuM, 94TO TaKuMu
napkernnamu MOZKHO 3amocTurb 11J10CKOCTb. 3HAYUT, €CJIM HE TPE-
60BaTh BBIMYKJIOCTH, JOKA3aTh YKA3AHHYIO BBIIIE TEOPEMY HEJIb3H —
OHA IPOCTO HEBepHA,. Hesib3s oryJibHO yTBEPXK IATH, YTO HAPKETOB U3 7-
yroJibHUKOB He ObiBaer. He ObIBaeT TOJIBKO U3 BBINYKJIBIX.

&

Puc. 44. o mapckoit KOpOHBI CTPAIIHO JaXKe MaJIbIeM JOTPOHYThCs!

Cxkombko yrio? Cemb. OnHako Tako# mimTKOi MOXKHO 6e3 mpobiiem
3aMOCTHUTD ILJIOCKOCTb.

[TepeBopauuBaem (pUrypky u BCTaBjigeM KOPOHY B KOPOHY, & HOTOM
eme pas, aBa. .. (cMm. puc. 45).

Caymaresb: A B KoHIe Kak?

A.C.: Io 6eckoneunoctu. Mbl ke roBopuM O OECKOHEYHOH 1J10C-
koctu. [losiocy crmesarh y HAC MOIydUsIoch... (6eckoHednyio B 0be
croponst). Hy, a ecjiu MOXKHO 10OJI0CY, TO MBI €€ PA3MHOXKAEM HEOIDa-
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Puc. 45. ... u nonydusiace crpamnnas 3ybacras nacts! IIpomosnkaem ee
10 OECKOHEYHOCTH BIIPABO U BJIEBO.

HAYEeHHO BHU3 W BBEpPX, W BCE. MBI «3allapKETH/IN» BCIO IIJIOCKOCTb.
A rTenepb s HAPUCYIO BBINYKJIbIA ceMuyroibHuK (puc. 46).

/‘KJ/

Puc. /6. A BOT 5TUMU HEJIb3sl 3aMOCTUTH ILJIOCKOCTD!

Anpuopu COBEpPUIEHHO HE MOHATHO, MOYEMY WM HEJIb3sl 3aMOCTUTH
mwitockocth?! Ilodemy sro Tak? Ilouemy HMKAKOro ceMuyrosibHUKA He-
JIb3S MPEIJIOKWTL B KadecTBe jouiedxu s mapkera? Eciam Bamra
meBecta mpocut Bac: «Mmutblii, s Tak XO9y BBIMYKJIBIA CEMUYTOJIb-
HBIf TapKeT B HAIly BaHHY!», — TO 3TO BaApUAHT «BEXKJIMBOIO IOCHI-
J1a» — nbo Takoro 66Th He MOXKeT. Celfaac MBI JIOKAXKEM 5Ty TEOPEMY.
U B TOM [10Ka3aTEILCTBE y HAC B HEPBBIA Pa3 BO3HUKHET OECKOHEU-
HOCTH «BO BECh poCT». Kak OKA3bIBAIOTCS TEOPEMBI HE CYIIECTBOBA-
uud dero-to? Kaxoii npuem /10Ka3aTeIbCcTBa TAKUX TEOpeM!’ ..

Caymarens: Or nporuBHOTO?

A.C.: Touno. [Ipenmosioxkum, 4TO CyIIECTBYeT BBIILYKJIBIH CeMu-
YTOJIbHUK, KOTOPBIM MOXXHO 3aMOCTHTH IIOCKOCTh. He 3maio Kakoi,
HO KAaKOW-TO ecTh. [IpenmosiokvM u mpuBemeM 3TO MPEIIOJIOXKEHNEe
K nporuBopeunio. VTak, moCMOTpUM Ha IJIOCKOCTH, KOTOPAA 3aMOIIe-
HA 9TUMHU CEMUYTOJIbHUKAMHU. [loCMOTPUM HA Hee B «IIePEeBEPHYTHIT
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OMHOKJIb®» W YBHIMM 4YaCTh IIJIOCKOCTH, KaK Oyaro odeHb OOJIbUIyIO
kBapTupy (cm. puc. 47).

S npemyupexal, TAKUMH JIOKA3ATEJbCTBAMU TOHAIOT HA HOYb
qepreit. [IpuroroBbrecs.

Haumem ¢ toro, 9to mompobyeM MOCUYMTATh, CKOJIBKO B KBAPTHPE
MHOI'OYTOJIbHUKOB. JlaBaiiTe HCXOMUTh U3 TOrO, YTO HALI CEMUYTOJIbHUK
nMeer numHy 1 MeTp, a pa3Mep KBapTUPbI — MpuMepHO 1 KM.

)

Puc. 47. «Heproron» B camom pasrape. jia cipaBoK MOXKHO MOYUTATh Pac-

cka3 H.C. JleckoBa ¢ TakKuM K€ Ha3BAHUEM.

Ha camom mesie, He BaxKHO, KAKOrO 9TO pasmepa. Baxkmo, ITOOBI
BTOPAsA BEJIUIUHA ObLIIa HEUSMEPUMO OOAbULE, TEM IIEPBAL.

B mamHoM caydae «pymmHa» cemumyrosibHuKa B 1000 pas3 mMeHbime
«JIJTUHBI» KBAPTUPBI.

Caymaresb: Uro Mbl cauraeM JyIMHOR 7-yroJIbHUKA WJIA KBAPTH-
pbI?

A.C.: Hanpuwmep, camyio O0JIbUIYIO TAATOHAIIb. DTO HE OYE€Hb BaXK-
HO. TyT Maremaruka HEMHOXKO HanomuHaer dusuky. HyxHo Hecy-
LIECTBEHHbBIE JETaJIi HE 3aMevaTb, & Ha CyUIECTBEHHble — 0OpaliaTh
BHUMAaHUeE. KOI‘ILa y (1)1/131/11(& €CTb HUTOYKa, OHA O6bILIHO nmMeerT ToJIIIn-
Hy HOJIb. Ha camom pnesie y Hee, KOHEYHO, €CTh TOJIIAHA, HO (DPU3UKAM
oHa He BaxHa. BOoT u Ham He BaxHO. Bo3bMeM Kakoe-TO m3MepeHnue
CeMUYyTOJIbHAKA (HAIPUMED, JIIOOYIO M3 €ro CTOPOH UJIH JI00YIO Juaro-
HaJib). Beap Bce atu mamepenua HAMHOI'O MEHDBIIIE, yem «ajuna,
KBapPTUPBI» — 9T0 Obl MbI HU IMOHUMAJIH TIOJ 3TO# mymuoit. Ha mosry
KBapTUPBHI B HOPMAJIBHOW CATyaIuu MOMEIIAeTCA O9eHb MHOTO ITapKe-
tua. Popma 1018 KBAPTUPHI TOXKE HEBAXKHA, [I09TOMY OyIeM CauTarb
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ero xpyrom pajmyca R (rme R moxer ObITh KaK yrojgHO BEJIMKO).

He 3abbiBaiiTe, 4T0 HAM MPUKA3aHO 3aMOCTUTDH HE II0JI B KBAPTHUPE,
a BCIO OECKOHEYHYIO ILJIOCKOCTb.

A temepsb maBaiiTe MOCMOTPUM, CKOJTBKO IIPUMEPHO CEMUYTOJIbHUKOB
TAUTCA BHYTPU BOT 9TOr0 OrpoMHOro Kpyra? C TOYHOCTBIO 110 MOPsiI-
ka? Ecsu y mac guamerp Kpyra B ThiCA4y pa3 6oJjiblie, €M Juaro-
HaJIb CEMUYTOJIbHUKA, CKOJIbKO CEMUYTOJIbHUKOB IIPUMEDPHO IIOMECTHUT-
cd B Kpyr?

Caymaresnsb: Musmon?

A.C.: Mwinon, npaBmwibHO. IIpasusvhoili dusuveckuti omeem.
Munmon. He Baxuo, uro 310 6ymer 700 000 uin 5 musinonos. B paii-
oHe MUJIHOHA. [lopAnoK BeJIMIUHBI TAKO#. ITO TPUMEPHO MUJIJIMOH.

Coymaresns: [logemy musmon?

A.C.: [loromy 4YTO y MHOrOyrOJIbHHKA pa3MepoM 1 MeTp ILJIo-
wap conocrasuma ¢ 1 M2 — Moxer GbIThb, 4yTh MEHbILIE, YyTh 6OJIb-
me. Y Kpyra, y KOTOporo muamerp 1 KujioMerp, IJIOmAa[b MMOPAIKa
1000000 m?. Buauut, B KPyr BJIE3AET IPUMEPHO MUJIJIMOH CEMUYIOJIb-
HUKOB.

BamanuMm Teneph 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 sToro umcjia — He MAJI-
JIMOH, & ThiCA4Ya. 10 ecTh BHYTpPb BXOIUT B pailoHe MUJIJIMOHA CEMU-
YTOJILHUKOB, & HA T'PAHUIE WX HECKOJIBKO THICAY. A Temeph — BHE-
manwme! f cTuparo BCe MHOIOYIOJIBHUKH, KOTOPbIE HE JIEXKAT B HTOM
Kpyre. 3areMm Oepy IJIOCKOCTb U, KaK I'PY3UHCKUI XUHKAJIU, CKUMAIO

ee B cdepy (puc. 48).
HeJstato g 310, 9T06BI BOCIOJIB30BATHCA (POpPMYJIOi Ditsiepa:

B-P+TI=2.

I'py6o roBopsi, BMECTO Kpyra €CTb [IOBEPXHOCTH OIPOMHOIO 1Iapa, y KO-
TOPOrO BEpXHdAA NIANOYKA ([MOYTH IJIOCKAs) BCA HUCIEIIPEHA CEMHU-
yrosibHukamvu. Ho jyia kapruaku Ha Beeit 6osibiioit cdepe Bepra dop-
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Puc. 48. TIpodeccop c:kaJ BCIO TIOCKOCTh B cepy, U 4epTu pasbexasnch!

MyJia Diiiepa:
B-P+TI'=2.

LlaBaiiTe oneHUM MpUMEPHO, CKOJIBKO Y TOi KapTuHKU Oy/IeT Bep-
uiH, pebep u rpaneii? OpHa OrpOMHAs I'paHb CHU3Y, & HABEPXY IO-
pAllKa MUJLJIMOHA rpaHeil B Buje napkerud. [lougarno, 4ro omHa rpaHb
orojibl He Jiesiaer. Bosiee Toro, Tak Kak Mbl ceifuac Oyjiem umerb Je-
JIO C BeJIMYMHAMH MOPAIKA MUJLJIMOHA, TO 2 B (popmyJie Jilsiepa, niu
(0 — ToXe COBepUIEHHO HEBAXKHO. 1 MOr'y HAIMCATH «IIPUMEPHO PABHO
gymo». B — P + I' npumepro pasro 0. Umm B + I' = P. I'paneit —
nopstiaka Musimona. ' & 1000000.

Cxoutbko Bepmuu? 7000000 — 3T0 BepuIMH y BCEX MHOTOYTOJIbHU-
KOB; U B KaXKJI0# U3 BEPUINH CXOIUTCA KAK MUHUMYM 3 MHOTOYTOJIbHU-
ka. Moxer ObiTh 1 GoJiblle (HAIIPUMED, €CJIM y HAIIETO 7-yrOJbHUKA
ecTb OCcTpbIil yrosi B 30 rpagycoB, U B BEpUIMHE COILIUCH 12 3THX
OCTPBIX yIJIOB), HO HE MEHbWE — TO TOYHO (POBHO [1BA yIJIa HE MO-
YT CO BCEX CTOPOH OKPYXKWTb BepuiuHy, u60 KaxKblil 13 HUX MEHbIIe
180 rpamycos). TTosromy Bepumn «ne Gosibie» (MEHbILIE UM PABHO),
gem 7000000/3. Ha camom meste 1 He ydes1 BEPUIMHBI, KOTOPBIE ABJIfA-
0TCH BepimmHaMu 00J1bInoi HuxkHelH rpann. CKOJIBKO X nHpuMepHo?

Caymarens: 6000.

A.C.: Ha. [Tosromy Hasio npubasurs eme 6000. Ham ve xasko!

7000000/3 + 6000.

Ho myTtka maramanmsa s3akirodaercda B ToMm, aro 7000000 m 6000 —
HE COIIOCTAaBUMBI 110 BEJIMYMUHE, TaK KaK II€epBad BEJIMYNHA 3HAIUTECIJIBHO
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Oovibie; TAK YTO PO THICAYU MOXKHO 3a0bITh. [losrygaercs:
B < 7000000/3.

Teneps o pebpax. Pebep Gymer 7000000/2. IIpuuem pesum 6 mournocmu
Ha 2, 6e3 BCAKMX MEHbIIE UJIA PABHO, IOTOMY YTO KaxKi0e pedpo Mbl
IMOCYUTAJI POBHO 2 pa3sa.

P = 7000000/2.

Caywmaresab: A moyemy Mbl Kax0e pebpo MOCYUTAJHM POBHO 2 pa-
3a’

A.C.: IloroMy 9T0 MblI IUIMTOYKY K ILJIATOYKE MPUKJIAIBIBAEM,
6e3 BCAKMX 3a30POB (MbI BEb NPEIIIOJIOKUIM, ITO MONCHO YJIOKUTD
6e3 3a30poB), cM. puc. 49.

Puc. 49. Ilnurouka k maurouke! Pebpo k pedbpy! Bes 3azopos!

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

A.C.: [Toromy 9TO IECTHYTOJIBHOE 3aMOIIEHUE JABHO U3BECTHO, HA~
HpUMED, €ro 3HAIOT HAIIN JPY3bd ITYeJIbl. [[ATHYrOJIbHOE MOXKET ObITH
TAKUM: MOCTABUJI JOMUKHU PAIOM U CBEPXY TAKHE K€, HO BBEPX HOTAMU
(cm. puc. 50). Tomukwm, B Omimuue OT HAPCKOH KOPOHBI, KOTOPYIO MbI
B CAMOM HadaJIe PUCOBAJIM, BBITYKJIBIE,

Puc. 50. 3amomenue maockoctu 4-yrojibHUKAME, & TAKXKE HEKOTOPbIMU D-
YTOJIbHUKAMU U 6-yTOJIbHUKAMIA BO3MOXKHO.
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A yx xBagparaMu, TPEyroJbHUKAMU 3aMOCTUTh — 9TO COBCEM JIET-
KO. JI100BIM IeThIPEeXyroJIbHIKOM MOXHO 3aMOCTUATD ILJIOCKOCTD U JIFO-
ObIM TPEYTOJIbHUKOM — TOXE. A BOT KaKUMU HATUYTOJIbHUKAMU MOXK-
HO — 9TO CJIOXKHAA 337a49a. V 1Ipo BBIIYKJIbIE HMIECTHYTOJIbHIKA TOXKE
JIAJIEKO He BCE m3BecTHO. HO KaKMMu-TO MOXHO. A BOT BBIIIYKJIBIMU
CeMUyTOJbHAKAME YK€ HAKAK HEIb3d.

Puc. 51. ITapkersl u3 «I0MUKOB», KBAJAPATOB U [IPABUJ/IbHBIX TPEYIOJIbHUKOB.
B nepBoM u3 HEX K BepIImHAM TOAXOMAT 00 3, b0 4 pedbpa. Bo Bropom —
ToJibkO 4 pebpa. B tperbem — Tosibko 6 pebep.

Iasaiire Bce-raxu J10BelleM J10 KOHUA JI0KA3aTEJIHCTBO.
Y Hac ecTh paBEHCTBO

B+T'=P.

Omo roBopuT HaM, YTO KOJUIECTBO pebep MOJEKHO OBITH TOro Xe ca-
MOT'O HOpAdKa, YTO XU KOJIMIECTBO BEPUIVH IJIIOC KOJIMIECTBO FpaHeﬁ.
HOﬂCTaBI/IM Halll1 3HaYECHUA.

7003000 ~ 1000000 —+ 700(?:000.

Ecnu mocuurarh, COKpaTuB HA MUJIJIMOH W YMHOXWB Ha 6, paBeH-
crBa He nmosnydaerca. Odens 3ameTHo He nosydaercs! [loromy, aro 21
me pasuo 20. Tax uro HmKakas mobaska ciaaraemoro tuma 6000 mesa
He cnacer, ubo 3ty mobasky Toxe npuierca gesmuth va 1000000, u ona
CTaHeT ucyesaioue MaJioi. A Beab mbl Moriu B3arh He R = 1000 kM,
a R = 20000 kM. Torma O6bI IpOIEHTHOE BIWAHUE TOOABKW THIIA
«6000» craJjo 661 ropasno menbuie. To xke camoe, ecreCTBeHHO, Oymer
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C BOCbMMU-, NEBATU- U IIPOYUMU KMHOI'O-MHOI'O-yTI'OJIbHUKAMMU>. A Botr
OJ1d NIEeCTUYTOJIbHUKOB KaK pPa3 IIOJIyvdaeTCA

6000000/2 = 6000000/3 + 1000000
3000000 = 2000000 + 1000000 (mpu sr0b0oM 3HAYeHun R).

TouyHOe paBEHCTBO TOJIy9aETCH MOTOMY, YTO IECTUYTOJIbHOE 3aMOIIE-
HHE YCTPOEHO TaK, YTO B KAXKJIOW BEpIUIMHE CXOIUTCA POBHO 3 pebpa.
A Bor yxke 5-yrosibHOE 3amoleHue ycrpoeHo uHade. MHorma 3 pebpa
cxonuTed, a nHOTHA — 4. Y KBajpara Be3fe cxogdarcd 4, a y IpaBUiIb-
HBIX TPEYroJbHUKOB — 6 pebep (puc. 51).

To ecrp BbiyKJIOE 3amoleHue ObIBAET TPEYIroJIbHOE, HYeThIPEX-
YTOJIbHOE, MATUHYTOJIHHOE, IMECTUYTOIbHOe. A HAKAKUX APYTUX HE OBbI-
Baer.

Caymarensb: A kakad NpakTudecKasd m0Jab3a7

A.C.: Hy, naBepuoe, ecrb kakas-10. Maremarnk HUKOIIA HE Y-
MaeT O MpaKTUIecKoi mnosib3e. pyrue 3a mero mymaior. [locmorpur
KakOW-uuOy 1b crpouresib: «O, 3HAYAT HE HAMO JAXKe JIyMarTh O TOM,
9TOOBI UCTIOJIH30BATH CEMUYTOTbHBIE IUTUTKAS. A 1719 MaTeMaTuKa HeT
TAKOr0 BOIPOCA. ITO XKE COBEPIIEHCTBO. ITO BCE PABHO, UTO CIIPAIIU-
BaTh, KaKasd IPAKTUIECKad [I0JIb3a Y MOJIUTBEL. Tak ke u MareMaruk,
OH IIPOCTO IOKA3bIBACT: HEJIb3d, — YypPa, BOT KaKad MHTEpECHAA TEO-
pema. A mosb3a? HaBepHaKa Kakasi-TO MOJb3a €CThb. ¥ JIOOOTO Kpa-
cuBOro (akra ecrb HoJIb3a.

Bpeska 4. Hu onun w3 chaymareseli He CIPOCUIT y MeHs: «A Tme
Ke B J0KA3aresIbCTBE TEOPEMbl UCHOJIb3yercd TOT (PAKT, 9TO UCXO/I-
HbBIIA CEMUYTOJIbHUK ObLJT BBIMYKJIBIM?» Vl 1axe CJI0XKUJIOCH IIPEBpAT-
HOE BHEYATJICHUE, YTO OJIdAd IPOBECACHUA NO0KA3aTEJIbCTBA BBIIIYKJIOCTb
7-yrosibHEKA Boobme He HyxkHA. Ho oHa Hyx)Ha! Benp muate mosyan-
JIOCh 6bI, 9TO MbI 3a0/1HO IOKa3aJIu, 9YTO [IJId HEBBIIIYKJIOI'O CEMUYT'OJIb-
HUKa TOXKE HEJIb3d NPUAYMaATb 3aMOINEHUE IJIOCKOCTU TaKUM KyCO4-
KoM. Bplmme, ogHAKO, IpUBEOEeH HTPUMEDP, UTO 7(-YyTOJBHBIM KYCOUYKOM
TUIA «UAPCKAA KOPOHA» BIIOJIHE MOXKHO 3aMOCTHUTD I1JIOCKOCTb.
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Ha camom jiesie BbIIyKJIOCTH ObLIa HE3AMETHBIM O00PA30M HKCIIOJIb-
30BaHa, Korma Mbl nogesimum gucsao 7000000 mmenno wa 3. Toutb-
KO /[IJid BbBIIIYKJIOI'O 7—yFOJIbHI/IKa MOXKHO OIMUPATbCA Ha YUCJIO 3
Ha puc. 45 mapkeT COmepXKUT TakKWe BEPUINHBI, TIe CXOOATCA TOJIBKO
JBE IUIMTKU napkera (1 Ha opHO# u3 Hux umeerca yroja BOJIEE 180
rpaaycos). [lomobuoe sBIEeHEE, OMHAKO, BO3SMOXKHO TOJIBKO JIJIsi HEBBI-
IIyKJIbIX IJIMTOK: JIIODO# BbIIYKJIbI MHOI'OYIOJIBHUK COULEPKUT B cebe
TOJIBKO yIJibl MeHee 180 rpajycos.

A.C.: Craxy HanocJsienok BoT 4to. Eciyim Koro-to #e ybenar Thica-
4y M MUJIMOHBI, HAJI0 OyjieT ckasarp cienyioulee. Eciu kpyr B n pas
6oJibllle TIO pa3Mepy, YeM IJIUTOYKA, TO KOJUIECTBO I'paHel, BEPUIMH
1 pebep UMeeT IOPAIOK 12, MOTOMY 9TO MX KOJIMYECTBO CBA3AHO C ILJIO-
m@IpIo Kpyra. A 1o, 9T0 B pafione OOJIbIION OKPYKHOCTU «KUBETS,
MMeeT MOPLAIOK 73, IOTOMY YTO BOIPOC CBA3AH C JJIMHONA OKPYXKHOCTH.

U ecjiu BB UCCJIE/LyeTe HEKOTOPOE BLIPAKEHUE HOPAIKA N, HAIIPUMED,

n? > n? + n?, ¥ IpU TOM BO BCE CJIaracMble IPUMENIMBACTCA Me-
JI0Yb HopanKa n: 2n, 3n, 6n 1 Tax j1ajee, ToO MATaHAJIA3 PA3PEIIAET €€
CTepeTh, IIOTOMY 9TO N2 U 7 KPA3HOTO IOPAIKA POCTay. M HepaBencTBo
OyeT BepHbIM 1pu JII000M 7, HAUMHAA C HEKOTOPOro MecTa. (A uMeHHO
C TOro MecTa, KOrma n’? CTaHeT MOJABJIONE GOJILIIIM [0 CPABHEHUIO

cn.)

B maramasimse eCTb OCHOBHOI IIPUHITAIL: €CJIM BBI IIPO KAKOE-TO -
CJIO TI0KA3aJiM, 9TO OHO MEHbIIE CKOJIb YIOIHO MAaJIOrO IOJIOKUTEJIb-
HOTO 9HCJIA, TO BB JOKA3AJIM, YTO OHO PABHO HYJIIO (€CIM OHO U3HA-
4aJIbHO He ObLIO OTpULATEsILHBIM). BOT BbI MOJIyYM/IM KAKOE-TO M-
CJI0, BBl XOTHTE [MOKA3aTh, ITO OHO PABHO HYyJI0. IloKaxy TUOMIHBIR
npuem maranasusa. llycrs ecrs uucsio a. Paccmorpum takoe wuciio,
KaK 7, W MOKaXeM, 9TO HAUIe YMCJIO MEHbIIE, YeM % Honycrum,
3TO MbI [H0KA3aJIu [JId JI000ro HarypaJibaoro suadennd n. Hja 1000,
e 1000000, muia 1000000000. .. Ecsm Bb ymeere j10ka3arb TaKOe He-
PaBEHCTBO I JIIOOOTO 71, 3HAYUT, BBl yMEeTe NOKA3aTh, ITO ¢ PABHO

HYJIIO.
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Bor B 3TOM, COOCTBEHHO, BECh HPUHIMII MATAHAJIN3A U 3AKJIIOYEH.
Bcé ocrasibHOE, 9TO €CTh B MaTaHAJIU3€: UHTErPAJIbl, ITPOU3BOIHbIE —
He GoJiee uem ynpaxHeHus C 9TOH JIOruKoi (MareMaruku roBOpSAT
B TOM ciyuae: «lIpumenum rexauky paboThl C mopagKkamMu 6eCKoHed-
HO MaJIbIX>»).

N campiit nocsiemauit npumep. Mue pacckasasi ero marma, KOrma
4 elle J1axe B mKOJy He xonus. [lana B3gs abs10K0, oTpesas oT Hero
LIOJIOBMHKY M I'OBOPUT: «DTO CKOJIbKO OT sbsioka?» — «1/2», — cka-
3aJT s1. — «A ecom Temepn A K 3TO MOJIOBUHKE TPUOABITIO TOJIOBAHKY
OCTaBIIEHCA TOJOBUHKHU, TO 3TO YTO 37IECH HAIO HAIUCATH?»

Cuymarens: 1/2 + 1/4.

A.C.: A ecau s mponesiaio 310 6eCKOHEIHOe KondecTBo pas? Torma
91O A TOJIydy?

+5+

1
8

DNO|—
==

Caymaresb: Houb.

Hpyroii caymaresb: Enuaniy.

A.C.: 4 nosyuy 4ucsio ojMt, IPUYEM 8 MOYHOCMU YUCJIO 1.

[Touemy B TounocTu? [ToToMy 9TO KaXK Bl pa3 IMUCIIO TOJLYIAITIOCH
He OoJIbllle eIMHMAIIBI, 9T0 OYEBUIHO. JHAYUT, MBI HE MOXKEM IOJIyIUTh
qucJi0 bosibiie enuHutbl. Ho Kakoe 6bI MaJIEHBKOE YHMCJIO MBI HE B3I,
B KOHIIE KOHIIOB % craHeT MeHblIe ero. Ha camoMm niesie y HaC B 3HaMe-

HaTeJie BMECTO N CTOAT CTeneHu aBoivikm: 2, 4, 8, 16, 32, 64, 128, 256,
512, 1024, 2048, 4096, 8192. ..

Onu oveHb OBICTPO PACTYT, IOITOMY 2% — OYeHb OBICTPO yMEHbIIIA-
ercsa. VI B urore ouepeHoe pacCTosHme JI0 YUCa «1» craHer MeHblie
JII060T0 HAIlepe[, 33 JaHHOr0 YrucJja. 10 eCTh OHM yXOOAT B HOJIb. ITosy-
qaercd, 9TO Halla CyMMa HEOI'PaAaHUYIE€HHO HpI/I6J’[I/I}KaeTCH K eIuHuIe,
7 BOT TOrHa MareMaruk ropoput: «CirenoBaresibHO, OHA PABHA, €OUHH-
ue». Beé. Bor oH, npedeavhoili neperod. 1o 10, 9T0 yIar B MATAHAJIU3E
Ha Jirobom dakysbrere J0bdOro Bysa. bosibine Hudero B HéM HeT”.

*B aroM mecre, Ha CAMOM [eJIe, 3aKJII04aeTCa (IIPAIETC) 3HATUTE/IbHA IICUXO0-
Jlormueckas TpyaHoCcTh. OHa paspemaerca MOCPeICTBOM aKCHOMBI Apxumena.
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Coayuiarenb: A ecim 31eCh MPOCTO BKJIIOYHUTDH KUATEHCKYIO MYy-
IIPOCTH ¥ MOIYMATh, 9TO MBI OTPE3AJIA OT OIHOTO TEJIOTo AbJI0KA?!

A.C.: [la. B manaom cay4dae moxno. Ho xureiickas MyapocTb —
OHA TAKas ITYKa, 9T0 OHA WHOTA He paboraer. lasaiire penum takyio
3a1Ia9y.

1
Kysneuunk crnagaJsia npbiraer Ha, OIWH METP, & HOTOM HA 5 Merpa,

1 1
a IOTOM — Ha -, & IOTOM — Ha ¢, U TaK JaJee...

4’ 5’

Bot om mpeiraer n npbiraer. EcTh U mpemest TOro, Kyma OH MOXKeT
JIONpPbIraTh?

a 1oTOM — Ha %,

1,1,1 .1 1
1+§+§+Z+5+6+...

Caymarens: [la.

A.C.: Ilpu HamBHOM ©OIXOIE KAXKETCH, YTO €CTh, HOTOMY 9UTO
«UIAXXKW BCE MeHblIe u MeHblie». Ho Tem me menee, qpysbda Mou, BbI
OylieTe CMeAThCs, UJIU YIAUBJIATHCS, UJIU [IOPAKATHCHA, UJIA BOZMY IATH-
cd, HO

1,1 ,1 1,1
1+§+§+1+5+6+”'_+OO
(T. €. aTa cymMMa paBHA GECKOHETHOCTH).

HeT HUKAKOro I1ipenaesia Tomy, Kylla MOXKET ,H,Of[TI/I 9TOT KYy3HCYUK.
Huxkaxoro. Ou moxer noiitu 1o JIyusr, moxer noiitu no CostHua, u mna-
Jee, upamo B Kocmoc!

B mpouwsiom npumepe y HAC maXKu ObLIM BCE MEHbIIE W MEHBIIE,
OHM CTPEMUJIUCH K HYJIIO, HO B CyMMe IOJLY YUJIOCh YUCJI0, PABHOE €1~
HUIEe. A 9TH MAXKW, XOTdA W TOXKE BCE MEHBIIE W MEHbIe, HO yATh
9TUMU HIA2KKaMM MOXKHO 10 66CKOH6“IHOCTI/I, BOT TaKad 3arajka IIpu-
pornpl. XoTuTe, MOKAXKy, MOYeMy !

Caymarenu: [a.

A.C.: Bor cmorpure, cefigac si C Ky3HEUNKOM CIEJIAI0 CTPAIIHYIO
HITYKY, s Cel9ac ero 3aMeHI0 Ha Ky3HEeYnKa, KOTOPbIi maraeT enie Me-
IJIeHHee. A MMEHHO: Ky3HEUHK 3TOT OyIeT MaraTh CIELyIOmuM obpa-

30M.
1+§+_]+_]7
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TO €CTh BMECTO OJIHOW TPETH, OH MAraeT Ha OgHy YerBeprs. He npasma
JIY, TAKOW Ky3HEYHMK Oy/IeT OTCTaBarh OT IIEepBOro?

Caymiarens: [a.

A.C.: A Temepp BMECTO OIHOI MATON s Cpasy OIHY BOCBMYIO IIO-
crapiio. To ecrp 1epBbIil Ky3HEUMK HA OJHY HATYIO lIaraer, a MO,
BTOpPOil — OH Cpasy MPAMO pPa3 — U CKHUC» — TOJIBKO HA OJHY BOCh-
myio. I tak 4 pasa 1o 0Ol BOCHMOIi:

1,1,1,1, 1,1, 1
l+=+>-+24+=+5+5+ =
+2+4+4+8+8+8+8

A B™mecTO OfHOM jieBATOR A HanMULy UT0?
Coaymaremnu: OfHy MECTHAIIATYIO!
A.C.: IIpaBwibHo. OniHYy HIECTHAMIATYIO, U TaAK HOBTOPUM 3Ty I0-
0aBKy 8 pas. A maJsblie s gyro Hamumry? Bmecro ogHol ceMHammaTomn?
Caymarens: OjHa TPUIIATH BTOPAS.
A.C.: Ogny Tpummarh Bropyo. Omimano. U moBropum ee 16 pas!
1,1,1, 1,1, 1, 1

l+5+3+t4tgtgtgtgt

1 1 1 1 1 1 1 1 1
+E+E+E+E+E+E+E+E+3—2+...

[Toxoxke, aT0 BTOPO# Ky3HEUnK BCE BpeMd orcTaeT oT nepsoro. Hebocn,
OH COBCEM OTCTAHET OT HEro: BeOb MEPBbIi, KaK MbI yTBEPKIAEM, YC-
kader Ha Oeckonednoe paccrosame. Her, camoe crpamnoe 3mech BOT
qro. XoTb Bropoii u orcraer, no on TOZKE yckader na 6eckoneunoe

paccroanue. Yemy paBHa CymMma, 1 + 1 (IByX paBHBIX CJIAra€MbIX)?

4 4
Caymaresb: =
A.C.: Oriruno. A takad:

1,1,1.,1
s+g+tgt+g?
8§ 8 8 8
Caymarens: Onaa Bropad.
A.C.: Toxe ogna Bropas! A jijis MIECTHAIAUATHIX 10JIei?
Caymaresnb: Toxe ogna Bropad.
A.C.: Teneppb BbI HOHSJIN, IIOUYEMY OH IORIET M0 OECKOHEIHOCTH!

Caymiaresns: Her.
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A.C.: [Toromy 4T0 MBI KaxKAbIil pa3, B Kaxk A0 OUepenHoii rpyiime
uraros, 6yZieM OJIy4aTh B CyMMe % 3Ha4uT, OH BCE CHOBA U CHOBA OT-

xomut Ha 0,5. A TakuX «00HUT 6MOPHIL»>-TO BECKOHETHOE KOJIMIECTBO
urryk. Bor on u yiimer Ha 6€CKOHEYHOCTD.

1,1_1
iTiT Y
1,1,1,1_1

8§ '8'8"8 2
1,1 .11 1 1 1 1 1
6 16 16 16 16 16 16 16 2’
1 TaK gaJjee. 3HAYUT, HA OECKOHEYHOCTh TeM HoJiee yCKadeT U IepBbIit
Ky3HEJIHK!

Ho camoe meoxumannoe s npubeper na xouen. (Bepém 6 pyku mady
u deporcum e20 Had NoAOM.) YPOHUM HTOT MY U MOCJLYIIAEM, CKOJIBKO
pa3 OH yIapUTCH.

Cuymarenb: BeckoneuHOCTbD.

A.C.: IlpaBusibno. Beckoneunoctsb, HO OHA Oymer <«IpeomosieHa»
33 KOHEYHBIA IMPOMEXYTOK BpPEMEHHU. 3aKOHBbI (DUBUKU 3TO IOATBEP-
nar. EnuacrBentoe, 94T0, K COXKAJIEHUIO, B ATOMHBIX Pa3Mepax 3aKOHbBI
(usuku Mensrorca (HAIO NPUMEHATH KBAHTOBYIO MEXAHUKY), U 5T
uauJLInd npekpaiaercda. Ho ecsim Obl HBIOTOHOBCKAA MEXAHUKA ObLIa
BEpHA JI0 CAMOr0 KOHIIA, TO JII0O0# MAY, ecjiu ero OTIyCKAaloT, 33 KO-
HEYHOE BpeMsd aesiaJjl Obl OeCKOHEeIHOe YMCJI0 MOJICKOKOB. 10 eCcTb OH
yCTpOeH, Kak 3anada c gbsiokom. [loromy 4ro KakAblil ciemyromimii
[IOJICKOK, 110 3aKOHAM (DU3UKHU, COCTABJIAET 110 BBICOTE HEKOTOPBIH 1IPO-
meHT oT npeabiayero. Ho npoment or jii000# mosi0xkuTe IbHONR BeJIu-
YUHBI — HTO MOJIOKUTEJIbHAA BesimduHa. [loaTomMy Kaxbiil ciemnyio-
HJ,HfI IDOOCKOK — 39TO TOXKE€ IOJIOKUTEJIbHAA BCJIMYWHA, & 3HAYUT, UX
byner Geckomeunoe KosimdecTBO. Ho OHM CyMMUPYIOTCA IO BpEMEHH.
Bpems#a 110/1CKOKOB CymMMuUpyeTCs, a CyMMa CTPEMHUTCHA K HEKOTOPOMY
qucJty. Bpemennbie npomexyTku OyyT BCE KOpode u KOpode u, rpybo
roBOps, 33 2 CEKyHAbI MAY yKe OECKOHEUHOE YMCJIO Pa3 MOMIIPLITHET
U JIFXKET Ha 3€MJII0 TUXO. 33 KOHEYHOE BpeMdA HeCKOHETHOe KOJIMIeCTBO
IIPBIXKKOB. . .

o Bcrpeun ma nekmun 3!
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Jlexmua 3

A.C.: B npouuibiit pa3 s ycries 1moroBoputb 1po 6€CKOHEeIHOCTbD.
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

Hanpumep, cymma 1+ 5 + 3 + 1 + ..., KaK BBISICHIJIOCH, CTPEMUTCA
K 6eckoHevHOCTH. T0 eCTh CTAHOBUTCSsT OOJIBIIIE JIFOOOTO HATEPEN 3aaH-
noro auciia. Ckaxwure eit: «bymp 6ospme 1000». Torma Hy>KHO B34ATH

MHOI'O CJiara€MbIX.

Bosbmem 2209 yjienos. OxaseiBaercs, Torna ux cyMma, 6ymer 60.1b-
me 1000. Ckaxere: «Bymp 6osbme 1000000». Torma Hy:KHO B34Th

22000000 < jrepoB. Mx cymma Gymer Gosbire MusanoHa. V Tak magee.
A Bor aror pag: 1+ % + i + % + ... Toxe cocrouT u3 GECKOHEeIHOTO

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

Temeps eme omHa mHTEpecHas 3agada. Haamem m3pmasieka. B 2000
romy, Tae-TO 3UMOMA, MbI OBLIM B Jiecy B paitoHe cramimmu Pamuimeso,
[IPA3HOBAJIU Y€H-TO JIeHb POXKIeHusA. BOKPyT ObLJIO O9€Hb MAJIO CyXUX
IIepEBBEB, BCE CIWJIMJIM IO HAC. DBLIO TOJIBKO OrpoMHOE, COBEpIIEH-
HO cyxoe jiepeBo. U 910 nepeBo OrpoOMHOrO pasmepa CTOAJIO U OYEHb
HAC 3aMAHUBAJIO. Y HAC ObLIa OBYpYydIHAHA WA, U MBI HAYIAJIU IIH-
JIMTD. HI/IJII/IJ'[I/I-HI/IJII/IJ'[I/I, IINJINJIN-IINJINJIN U JOIINJINJIN. I[epeBO caeJia-
JIO «TIYK...» W CeJO Ha Hamry muiy. Ilmiaa ocrasace BHyTpH, a IIOJI-
HOCTBIO CIIMJIEHHOE JIEPEBO CTOUT M 11aJarTh He cobupaercsa (puc. 52).

Ho crour momyrh Berpy, m OHO ymamer. B Kakyi CTOpOHY OHO
yIajger — COBEPIIEHHO He mpeickasyemo. dro gesrarb? Hamo wiim
BCTaBaThb U yXO,ILI/ITb, HamnmucCaB CO BCeX CTOPOH «BHUMaHUE, BHUMAHHE,
o OJImKaimero BeTpa Ciofa He MOOXOINTbY», WX MBITATHCA YPOHUTDH
nepeBo. Mbl peminiu ¢ HuM 1000poThCst. B3siim BcomoraresibHOE je-
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Puc. 52. Tlanbuem cjerka TOJKHEM 3TO JIEPEBO. . .

PEBO U MPUCJIOHUJIX €T0 K CIIMJICHHOMY II€-TO Ha& BBICOTE HECATU ME-
tpoB. HaBasmucs, u ono mogmasocs (puc. 53).

AN uﬂ,
@v

/ \ —m

Puc. 53. IepeBo ¢ KOHTPHOPCOM.

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. [Ipuines g momoit u Hanucasr ypaBHeHne
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 €CTh TO, YTO HA3BIBAETCH YCKOPEHUEM, 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-
JOBaB 9TO ypaBHEHUE, d HPUIICJ K BbIBOMY, YTO, €CJU JJaThb HEPEBY
TOJIYOK OY€Hb MAJIEHHKOW CHJIbI, OHO HAYUHAET HAJATH OUYEHb, OYEHbD,
O4Y€Hb MEIIJICHHO.

4 maumnao pacCyXKAaTh, 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
I1a1aThb 4acC. ypaBHeHI/Ie Bbl1aeT y,ILI/IBI/ITeJIbeIﬁ pe3yJsibTar: Ha CaMOM
JleJie HeT HUKAKO| IpaHuIlbl HA BpeMd HAJEHud JIepeBa, Boobie HuKa-
KOH.

Paccmorpum nmoxoxyio 3ajady. Ecrs Baronduk, B KOTOPOM HA mIap-
HUpE yCTAHOBJIEHA TOHKAafd XKeJe3HAad BEPTUKAJIbHAA HaJKa. dyTh-
qyTh BIPABO UJIA BJIEBO — OHA IAJIAET, TaK XKe, KAaK U PACCMOTPEHHOE

BbIII€ OEPEBO.

Puc. 54. Ilaparomiee nepeBo eneT B BaroHe. . .

Teneps npencrasbre 0bparnyio 3aja4y. Bol Oepere yxke ymaBuryio
WJIU TIOJT, HEKOTOPBIM YIJIOM BucdInyto nmaJky. [locsie yero npuaere eit
HEKOTOPbIl UMILyJIbC — TOJIKAeTe ee CHudy BBepx (puc. 55).

Kakwue Bo3mOxHBbI BapuanTbl! Bo-nepBbix, TOJYO0K MOXKeET ObITh
caumkom cJiaberii. Uro mpoumsoiimer ¢ masikoii? [logmsanace n ymasia
obparno. Teneps, momycrum, momomres Kakoi-uubynp Oyrait. Babax

85



___7!_

= \

Puc. 55. CneBa— cjiabblit yaap 1o crepzxuio (ox 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 DOJIee CUIIbHBIN, 9eM s, HO cjiabee, 1eM Oyraii.
Toskaer maJiky, a OHA BCE PABHO MAIAET.

Ber kagasmmch Ha Kadesiax-mepeBeproimax?! 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-
OGonHoMy mojBeCy KaOMHKA, [IPU 3TOM BBEPX HOTAMH HE IIEPEBOPAIUBA-
erca). f 3amedasr, 9TO HABEPXy OHA AOJIIO JBUXKETCA C Dojiee-MeHee
[TOCTOSIHHOI CKOPOCTBHI0. MBI 3HAEM, ITO C IOCTOAHHOW CKOPOCTHIO JBU-
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.

Bepuemcs k marmei nasike n napucyem rpaduk. [lo ropusonraabaoit
oCu — CHJIa yJapa, 10 BEPTUKAJIbHOU — pesysibrar (puc. 56).

Ecim 8ol ynapusiu counrkom cjiabo, TO pesyJspbrar Oyier — maJjka
yrnajer obparao. Ecian ogenb CHIIBHO yIapUTh, TO PE3YJIbTAT — MAJTKA,
[IEPEBEPHETCA HA, JIPYTYI0 CTOPOoHY. VI eCcTh POBHO OIHO BEIECTBEHHOE
TUCITIO, OHA CUJIA yOapa, KOTOPYIO HYXKHO IMPUIATEH MaJKe, 9TOObI OHA,
OCTAHOBUJIACH BepTUKaJIbHO. Borpoc. CKOJIPKO HYKHO BPEMEHH B UJIe-
AJBbHOM MWPE, B KOTOPOM HET BO3MyXa, TPEHWsI W TaK aJjiee, ITOObI
[aJIKA, 3aHsAJIa BEPTUKAJIBHOE TOJIOXKeHue?

Caymaressb: CMOTps 101 KAKUM YTJIOM ObLJIO U3HAYAJIBHO.
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pe3ynbrar

MIepPEeBEPHYIIOCH

ynano cuia yaapa

Puc. 56. Tlocrpoenue rpaduka CTyneHIaToro Buaa («OTKJIMK Ha, yIap»).

A.C.: Her. Or 1Oro, mom KakmM yrjioM ObLIa M3HAYAJIHHO IAJI-
Ka, 3aBUCUT TOJIBKO TO, C KaKOW CHMJIOH HAM HAJ0 TOJIKHYTbH MAJIKY.
A Bpemenu nonamobuTcsa GecKoHeTHBbIH MpoMexRyToK. CTporast Mare-
MaTHU4eCKad 6eCKOHe‘IHOCTb. TO €CTb, €CJIU IaJIKE IPUAATh TAKYyIO CU-
JIy, KOTOpasd B TOYHOCTHU [IOCTATOYHA, [IJId TOrO, UTOOBI OHA JTOCTULJIA
MTOJIOKEHNsI BEPTUKAJLHOTO PABHOBECHI, TO BPEMs, 38 KOTOPOE MAJI-
Ka Oy/eT JOCTUraTh dTOrO IOJIOXKEHUd, PABHO ILITIOC OECKOHEYHOCTH.
B ycsioBusix 3amadu, Korjma Mbl roOBOpuM 00 HI€aJIbHON MareMaruke,
MbI, ECTECTBEHHO, HE YIUTHIBAEM, YTO BOKDPYI MEHAIOTCA 0OCTOATEIIb-
crBa. B uneasibuoit curyanuu Bpemsa pasuo Oeckoneunocrtu. f mocuu-
taJi Bcé 3o B 2000 romy, morom pacckasas pusmkam, a OHU CKa3a-
JIv, 9TO 3TO OYEBHU/IHO, M BCE OHU DTO IABHO 3HAJ M. HasepHoe, Komy-
HuOyIb He XOUeTCA BEPUTD, ITO HOTpedyercs OECKOHETHOE KOJTMIECTBO
Bpemenu. ¢l mam enie ogHo momTBepxkiaenue. laBaiiTe BepHemMcd K Te-
gexke. [Iycrs 310 Oymer Baron, BHyTPpM KOTOPOIO HAXOOUTCH HAIIA
maJika Ha mapuupe. Baron emer mo mapmpyrty MockBa — Ilerepbypr.
U mue coobupmm, ¢ tounocteio 10 100% (rak, kak y maremMarukos
ObIBaeT, & B XKU3HU HET) WH(OPMAIMIO O CKOPOCTH, C KOTOPOil BArOH
Gyuner nBurarbcsa (puc. 57).

Yrepxaenue. CyliecTByer Takoe IOJIOKEHHUE MMaJIKu, TAKOR yroJ,
B KOTOPOM A MOTY €€ BbIIIyCTUTH U3 PDYK B HaYaJIbHBIIA MOMEHT Bpe-
MEHU, 9TO OHA HEe ynaJieT B TedeHue Bceit goporu. CyimecrByer Takom
yTOJI asib(a, ITo, ecu A MPUIAM KeJIe3Ke Ha MAPHUPE STOT YO, TO
oHa BCIO fopory byzer 6oJitarbCs Tyna-Cioga, HO HUKOLIIA HE YIIAJIET.
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CKOpPOCTh

CTOAHKA CH6
B boiorom

MockBa

Puc. 57. I'pacduk usmenenus: ckopoctu noesna Mocksa — IlerepOypr: cko-
pPOCTh, C KOTOPOI HOE3[1 BBIE3KAELT, CHAYAJIA CJIETKA YBEJNIUBACTCS, TOTOM
JOCTUTAeT MAKCUMyMa, 1 Jajiee 00palaercs B Hy/ib (OCTaHOBKA 10e3na B Bo-
siorom). ITocsie sTOro CKOpocrb CHOBa pacrer, 4rTo0bl He ObLIO OLO34AHUS
B IIYHKT HA3HAYEHUS.

ObocHoBatue 310ro pakKTa U3JI0KEHO HUKE.

D1a 3ajada pasobpaHa B KHHATE, KOTOPYIO s BCEM PEKOMEH/IYIO:
P. Kypant, I'. Po6bunc, «Hro takoe maremaruka?». Euie pas ormeuy,
9TO MHE B 9TOH 3ajiave M3BECTEH TOYHbBIA rpaduK IBMKEHU MOE3a.

Kuirou K pemenuio 3Toi 3a0a44 — B UCLOJIb30BAHUU UIEH HEnpe-
puiehocmu. Mbl OIMH pa3 yxKe ¢ Heil CTOJIKHYJIUCh B IPenblIylei 3a-
Jade: eCTb TaKOH MMITYJIbC, IOJIyYUB KOTOPBIA, HaJKa He ylnajgeT Hu
HalpaBo, HU HaJieBo. OHa BCTaHeT BEPTUKAJILHO, HO depes becKoHeu-
HOE BpeMsi. 33/1ata, PO BaroH, B KOTOPOM [IBHXKETCH KeJIe3HBII cTep-
JKEHb HA UIAPHUPE, HAIPAMYIO OTHOCHTCA K mupempiayuieit. lasaiite
mocMoTpuM. Eciau majka yxke JIEXKHUT, TO OHa OymeT BCErma JexKaTb.
Ona HUKOI[A HUKY/3 HE BCTAHET. A Ternepb pacCMOTPUM JJIS KaXKI0-
r0 HAYAJIBHOIO YIJIa IIOBOPOTA STOM IAJIKH, B KaKOe IIOJIOXKEHHE OHA
B KOHEYHOM CYETE JIKET: HAIPABO UJIM HAJIEBO. A eCcJiv OHa OCTAHETC s
BHCETb, 3HAYUT, MbI HALLIA TO, YTO HAM HYXKHO.

Ecin manka jiszker, TO OHa, JISKET B OHO U3 HTUX JIBYX OJIOKEHUA.
HpI/I‘IeM ypaBHeHI/IH ABUXKCHUA TAaKOBbBI, YTO €CJIN 9yTb-49yTb IIOMEHATH
yIOJI, COBCEM UyTh-UyTh, CTOPOHA IaJIeHUs He m3MeHuTCA. Ecau maJ-
Ka ImajgaJia HallpaBO, TO qyTb-41yTb N3MEHUB yI‘OJI, Bbl HE HU3MEHUurTe
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pesysbrara. Ona 6cé€ pasno ynadem nanpaso. Tem cambiM, eCau B OfI-
HOM IIOJIOXKEHWM OHA MAaJaJja, CKaXXeM, HAlpaBO, 3HAYWUT, U B OJu3-
KX HaYaJIbHBIX IMOJIOXKECHMNAX OHA TOXKE HOJIXKHA IIaJaTh HAIIPaBO. TO
€CTh, KAK I'OBOPAT MATEMATHKM, MHOXECTBO IIOJIOXKEHUH, B KOTOPBIX
OHA, yIAJIET HAIPABO — OMEPbIMoe MHuoxcecmso. « OTKpbITOe» — 3HaA-
9T, BMECTE C KAKOW-TO TOYKOW COOEpKUT BCe OJiM3KMe K HEel TOUIKH.
Ecsn u3 Kaxoro-To moJioKeHns naJika, malaer, T0 U3 BCEeX JO0CTATOIHO
OJIM3KUX TIOJIOKEHU OHA yHa[eT B Ty kK€ CTOPOHY.

I/IHTyI/ITI/IBHO HNOHATHO, 9YTO Mbl MO2XKEM BCErAda NPUIIOAHATH IAJIKY
HACTOJIBKO MaJIO, YTO OHA HEIpeMeHHO ynajer obparno. [lasaiite me-
OJICHHO U3MEHATH II0JIOKEHUE IIaJIKWU. B KaKuXx-TO IIOJIOZKEHUAX OHA
Oyner maJiaTh HAIPABO, a B KAKUX-TO — HAJIEBO. 3HAYUT, [JIe-TO €CTh
[epexom, yroJi, TaKOu, 94T0 BCIO/y CIpaBa OHA, MMAAET HAIPABO, BCIOILY
cjeBa — HaJeBo*. Yrto ke 31O 3a yrosi! EnmHCcTBeHHBIN (DaKT, KOTO-
pblif MBI MOXKEM COOOHIMTH PO ITOT YrOJl, ITO UTO JIJIsi TAKOTO YIJIa
naJika He ynajer Boobiie. Hudero npyroro nmpo mero e ussectno. [la-
panokcaabHo, HO 510 daxt! Ecsm Bbl B 910 noBepusu (a a Bac He obma-
HBIBAIO), TOLJIA B TOM, ITO B OJIMBKOM K BEPTUKAJIBHOMY IIOJIOXKEHUIO
[aJIKa MOXKET HAXOOUTHhCA CKOJIb YTOMIHO [I0JIT0, BAc yOemuT cjemyio-
mee coobpaxenme. Ha crosake B Bosiorom moesm moxer croars 10
MUHYT, & MOXeT — 4dac. V B TedeHue 3Toro daca mnaJika e ymnasa. Ona
Bellb HE I1aJ1aJ1a, BCIO JIOPOry, B YACTHOCTH, OHA, HE YIAJIa U B TEYCHUE
croguku. Y10 XKe OHA [eJiasia B 3TO BpeMdA?!

Caymiaresns: lsurasacse.

A.C.: Ona Haxonusach O4eHb OJIM3KO K BEPTUKAJIBHOMY IOJIOXKE-
uwuio. [loromy 4uTo, ecsiu 661 OHA IYTh-UyTh OT HETO OTKJIOHUIACH, OHA
pyxHysa 6br. IToaromy BO Bpemsa crosHku oHA Oblia odeHb OJIM3KO
K BEPTUKAJBHOMY TTOJIOKEHWIO. A TaK KaK CTOSHKA MOXKET ObITH CKOJIh
YTOMHO JIOJITOM, U3 9TOrO CJEYeT, YTO aJIKa B palOHEe BEPTUKAJIBHOTO
[IOJIOXKEHUA MOXKET HAXOIUTHCA CKOJIb YyrofaHO 10sro. [loaTomy-To ona
Oy/leT MOMHUMATHCSA B HEr0 DECKOHEYIHOE BPEMH.

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

*MoxHO J0Ka3aTh, YTO TaKO€ 'PAHUYIHOE MOJIOKEHNE — €AUHCTBEHHOE.
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Caymaresb: ['Bo3np nporpaMmol.

A.C.: beckoHEIHOCTh — 9TO I'BO3/Ib IPOrpPaMMEI, 6e3ycaoBHo. [1o-
TOMY 4YTO 6eCKOHe‘lHOCTb — 9TO OEHTPAJIbHOE IIOHATHUE B MaTEMaTUKe.
Maremaruka — 10 mar depes 6eckonednocts. OcBoeHue mMareMaru-
KM — 3TO KOIIIa BBl CTAHOBUTECH ¢ DECKOHETHOCTHIO «HA ThI». U uem
60JIbIlle BBl «HA ThI» C DECKOHEYHOCTHIO, TEM JIy4YIlle Bbl IOHUMAETE
MaTeMaTuKy. IT0 — Hayka o Oeckomeunoctu. B 3TOM CcmbICsIE Mare-
MaTUKa W PEJIUTUd JIOMOJHAT Ipyr napyra. Pejgurus — 310 3HAHUE
0 OECKOHETHOCTH, MATEMATHKA — HTO HAYKA O OECKOHETHOCTH. ITO
IBE UIIOCTACU ObLITUA.

Ceiigac MbI TOrOBOPUM 0 ODECKOHETIHOCTH B HEKOTOPOM JIPYTOM pa3-
pese, reOMeTPUIECKOM.

[TomumTE JIM BBI, 9TO TaKOE KBaJIPATHBIA KOpeHb? Kopenb KBaipar-
it 3 100 — sto 10. IToromy gro 10 x 10 = 100. A Bor uTO Takoe
KOPpEHb KBa,,IIpa,THbeI U3 OBYX — I9TO HE TaK IIOHATHO. A q9TO TaKoe
panmonasibHoe umcsio? Ecaum Bbr He 3Haere, He crpamuo. Ho 4ro ta-
KOe IeJIOe 9HCJI0, 3HAI0T Bce. llesbie uncsia — 3TO HOJIb, OOUH, [IBA,
TPH, YETHIPE, [IATh, HIECTh U TAK JIAJIEE B IOJOKUTEJbHYI) CTOPOHY, HO
TakXke MUHYC OJINH, MUHYC ABa, MAHYC TPH, MUHYC YEeTbIPDE U TaK [1a-
Jlee — B OTPUUATEJbHYIO. ¥ JpeBHEUX Oblja Oosibumias npobsiema ¢ OT-
pULATEJIbHBIMA YucIaMu. 1ucsio, 6eCKOHEYHOCTh, ypaBHEHUE — 3TO
BCE TO, C Y€M MATEMATUKU BCE BpeMs UMEIOT J1ej10. dT0 Takoe Iucjio?
LUt mpeBHUX YUCJIO — 3TO TO, YeM MbI CUMTaeM IpenMeTsl. Bosee
TOrO, OO CUX IIOPp HATYPaJIbHbIMU YUCJIAMU TaCTO HA3BIBAIOT 4YuUCJIA,
UCIIOJIb3yeMble JId mojicuera npeameroB. Hosib — 910 muida npeBHUX
yxe ObLUIO 4T0-TO cTpaHHOoe. Hucesio wiu He uncsiao? Harypasbraoe Jim
ouo? Hosib — 3T0 orCcyTCcTBUE IipeameToB. OTCyTCTBUE — HTO KOJIUUE-
crBo niu Her? CKOJIbKO KPOKOAUJIOB B Halllell KoMHare?!

Caymaresnsb: Houb.

A.C.: Buauur, Bbl CuuTaETE, YTO HOJIH BCE-TAKU HATYPAJBHOE 9M-
cJ10". A orpunaTesIbHBIX YMCEJI y APEBHUX I'PEKOB He O0bL10. Bor ecsin
ObI MaTeMaTHKa HadYaJIaCh B Poccum, TO mmpobseM ¢ 3TuM He OBLIO ObI.

*B Poccum HaTypasibHBIE YHCJIA [0 TPAIUIME HAYMHAIOTCA C equHUUbL. TO ecTh
HOJIb SIBJISIETCS TEJIBIM YHCJIOM, HO HE SBJIAETCS HATYPAJIHHBIM.
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[Toromy uro —1, —10 — 310 MOPO3, cuer uaer. Bcé mousitno — Ha yJim-
[le OTPUIATESIbHAA TEMIEPATYPA.

Korma s yuwiica B 1mkoJie, K HAM KaK-TO I[PHUEXAJIU AMEPUKAH-
ubl. Ul oHy ckasaJim, 9T0 YPOBHM yMCTBEHHOTO PAa3BUTHUSA IKOJbHUKOB
B Poccuu u B Amepuke pasjimaatorcd Kak #e00 u 3emura®. Ha aro « 3a-
METHJI, IYTO BCE OUEHb MPOCTO. B AMeprke penko ObIBAIOT OTPUTIATEb-
HBIE TEMIIEPATYPhI, U [I0ITOMY y HIKOJIbLHUKOB €CTh IIPObJIeMa, ¢ TOCTHr-
KEHUEeM OTPUIATEbHBIX IUCesI. AMEpHUKAHEI CUIIHHO 33IyMaJICs (TeM
Gostee, uro y Hac — rpagycet Llenbcus, a y aux — Dapenreiital).

LeiicrBuTesibHO, Y HAC U TPEXJIETHUE IETH 3HAIOT, YTO TaKoe —H
1 —3. ITO KOIJIA CHEr, ¥ MaMa, Ha TOJIOBY IIAIKY HAJIEBAET.

Puc. 58. HapyxHblili TepMOMETp — HMHCTPYMEHT [1Jisl OCBOEHUS OTPULIATE b~

HBIX 9HCeJI.

910 BOT Baml rpajaycHuk (puc. 58).

HyJieBas remueparypa. A moxer, 1, 2, 3, —1, —2, —3 ... rpaJycos.
Ho mex iy HuUME TOXKE UTO-TO €CTh.

Caymiaresns: [la.

A.C.: 4 xe mory ckasarb, 9TO celdac ABa C IIOJIOBHHOUW rpamyca
BbINIE HYJIsA!

Caymiarens: la.

*Pagu cupaBeqiMBOCTH HaJ0 3aMETUTh, 4TO 3Ta Oecema MPOXOoausia B IIKOJIE

Ne 57.
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A.C.: Nnu tpu u Tpu 9eTBepTH rpaiyca.

Caymarens: [la.

A.C.: To ectp g mory HasBarb mosu. Vx ceiivac maxke B mercamy
pPacCMaTpUBAIOT.

[Tpunwio ko mue Ha jeHb poxaenud 15 gereit. U, gonycrum, y mens
ectb 23 absioka. ¢ B34 HOX M AKKyparHO paspesasi absoku Ha 15
paBubix dacreil kaxmoe. Kaxiomy pebenky mocranercs % a0J10K A,
TO €CTh II0 23 IOJIbKH.

DTO — YHUCJIO MEXK/ly eMHUIEH 1 1BORKO:

23
1< 15 < 2.

Takue uncsia ApeBHUE OTJIMIHO 3HAJIU. Mbl UX HA3BIBAEM DAYUUOHANAD-
HbMU, 3 OHU WX HA3BIBAJIA [APOOAMHU MJIM HPOCTO ducsamu. Paruo-
HAJIPHOE YUCJIO — DTO YUCJI0, KOTOPOE MOXET BbIPAXKATh KOJIUIECTBO
a0JI0K, pasfesieHHoe Ha KoJmdecTBo jereil. [Ipuniio Bor k Bam «n»,
[EeJI0e HEeHYJIEBOE YUCJIO JIeTell, a y BaC UMEeeTCd «m» — HEJI0e TUCIIO
a6s0k. [losmygaem panuoHabHOE YUCIIO % Yucauresnb gpobu MoxeT
ObITb MEHbIIIE HYJIA.

Hy, ckaxewm, y Bac 6p10 —b 51610k, u npunwio 7 gereit. Kaxaprit

MOJIYIMI —+ A0JIOK.

7

Caymarens: Benuble neru. . .

A.C.: Vlan B mo3Basiu 30 rocreit Ha [MeHb POXKIECHASA U CKA3AJIN: < Y
menst —700 Teicsa pybJieit, B cMbicsie, s qospkeH 3a kBaprupy 700 Thi-
ca4 pybuieit. Ckunbrech, moxaJsyiicra, mopoBHy». Bor Bam u mumnyc:

700
30
3al0T OTpHUIlaTEJIbHbIEC IHUCJIA. H nmpensiaral® BaM IIOHATDH, YTO BCE 3TU

Korpa BbI roBopuTe 0 TaKMX BEUax, KaK [MOJII'U, TO CPA3y BbLIE-

qucCJia KUBYT I'/1Ie-TO Ha 9UCJIOBO HpHMOﬁ. YHucJio % 2KMBET I'’Ie-TO Me-

Ky Hysiem u enumauneit (puc. 59). Hasalite naunem wararb 1no ocu

maraMu B OfIHY cOTy0. MBI, Ha HAII B3WJIAL, HEJIMKOM 3aMOCTHAM HAITy
135

oS — 52 U T L

100’ 100

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

HPAMYIO:

T'me 661 Bbl HU cunesnn

n

1 1
1000 ™™ 1000000

raThb HmiaraMuv, paBHBIMHA
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Puc. 59. Mlaru-10 nOJIy9UIMCh MEHbIIE, YeM TOYKA OT MeJikal

Ha YHUCJIOBO# OCH, IJie-TO PAIOM C BaMU, OY€Hb OJIM3KO XKUBET JHUCJIIO
BUJA %

Maremaruku yrnorpeb/idor B TaKOW CuTyauuu CTPAILHBIA TEPMUH
«BCIOTY NAOMHOE MHOHCECTNE0». ITO TaKOe MHOXKECTBO, B KOTOPOM,
Kyga Obl Bbl HU CyHYJIUCbh, B JiIOOON Osim3octu or Bac OyayT TOYKMH
9TOr0 MHOXKecTBa. PaumonasibHble 4yuc/ia 00pa3yioT BCIOJY IJIOTHOE
MHOXKECTBO Ha YHCJIOBOM ocu. Bpone Kak BcA IpaMasd UMY 3aLI0JTHEHA.
Buosine moxHO Ob1s10 Obl 0KMJIATH, YTO HUKAKUX 4dncesi OoJibie HeT.
9TO JIOTUYHO, HO 3TO Henpasna. [lpeBHue oOHApYXWUIIK, IYTO €CTh UU-
CJ1a, 3aBEIOMO HE IIPEJICTaBUMbIE B BUJIE %, HU [IPU KAKUX LEJIbIX M
u n (Bpeska b).

Bpeska 5. «I[Ipuunna cMmepTd — KOpPEHb U3 ABYyX!»*

loBopat, 4uro mnudaropeiinpt (ydenuku saamenuToro duaocoda
u maremaruka [ludaropa) cHauana Bepuwsiv, 9TO JJIA BbIYUCIEHUR
BIIOJIHE XBATAET IOJOKUTEbHBIX PAIMOHAJIBHBIX YACEJ, U 9TO B 3TOM
pOABJIAETCHA DOXKECTBEHHAA IapMOHMSA OKpyxKaouero mupa. OmHako
«He B Mepy crocobubiity yuenuk [ludaropa momymasica mo toro, 4to
crporo nokaszajg HEU3MEPUMOCTD nuaronanu ksaupara (¢ emu-
HUYHOU CTOPOHO#) C MOMOIIBIO PAMOHAJIBHBIX ducesi. [ludaropeiinbt
B 'pOOOBOM MOJIYAHUM BBICJIYHIAJIM €r0 JI0KA3ATEJbCTBO U HE CMOLJIN
ero onpoBepruyTh. ['apMoHust Mupa okasasiack 1nog yrpo3oi! [Toaromy
OBLIIO IPUHATO PELIEHUE: HUKOMY IIPO 3TO HE PaCCKA3bIBATH, & HAPYIIU-
TeJIT MUPOBO# rapMOHVM HAKA3aJIM. .. yTOIJIEHHEM B peke, Ha bepery
KOTOPOii BCE 310 1 ripoucxousio. K cuacTpio Ajid MareMaTuku, UICTUHA,
IIOTOM BCE PABHO «BOCCHAJIAY.

*3a TOCTOBEPHOCTH 3TOIl UCTOPUY ABTOP KHUTM OTBETCTBEHHOCTU HE HECET.
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BOT A U yTBEPKIAaI0, 9TO KOPEHb U3 [IBYyX — HMMEHHO TaKO€ Yu-
cio. BospMeM 4 KBaapara cO CTOPOHOU emuHWYKAa. M cocTaBUM M3 HUX
HOBbIH KBajpar (puc. 60).

Puyc. 60. Hapymmreiu MupOBO rapMOHUE — 33 PADOTOM.

Kaxkoii mtomaam onyH MaJIeHbKHWI KBAIPATHK !

Caymarensb: 1.

Kaxkoii mromaam Oymer mosryauBmascs gpurypa?

Cuaymares: 4.

A.C.: Tenepp a nenato ciaemyiomee. S npoBoxy auaroHasm (Cm.
puc. 61) u cupamuBaio Bac, 4eMy paBHA ILIOMAIH [TOJIY TUBUIETOCHA BHY-
Tpu KBaJpara’

Puyc. 61. Bayrpenuunii KBaJIpaT — BIBOE MEHbIIE MO TIJIOMAIN.
Cuaymaresb: 2.
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A.C.: Tlogemy? I[lotomMmy 9TO B KaXKJIOM MAaJIEHHKOM KBaJPATHKE
POBHO IIOJIOBUHY B3dAJIM, & IIOJIOBHHY He B3aym. VTak, COBepIIEHHO
OYEBHUIHO, UTO IJIOMIAAL 3TOH (urypsl BOBOe MeHbIIe, 9eM y 60JIb-
moro kBanapara. C Apyroil CTOPOHBI, MBI 3HaeM, 9TO €CJIA y KBaJparta

CTOpPOHA a, TO IJIOIIA/JAb €ro paBHA G - 4 = 61/2.

Hawm nyxHO HajiTu CTOPOHY KBaJpara C IWIOWAAbI0 2. A 910 u ecrb
KOpeHb U3 ABYX. SHAIHUT, €CJIU y KBaJpaTa CTOPOHA 1, TO ero muaronaJb
uMeeT JJIMHY «KOpeHb u3 aByx» (puc. 62).

1| V2

Puc. 62. CropoHa BHYTpEHHErO KB3IpaTa PaBHA KOPHIO U3 IBYX IO OABYM
npuduHaM: ajirebpaundeckasi npuanna — rteopema Iludaropa u onpenene-
HIU€ KOPHH; TeOMETPUIECKas TPUINHA — COOTHOIIEHUE IIJIOMAIEH HAPYKHOTO
¥ BHYTPEHHErO KBAIPATOB PABHO JIBYM.

A.C.: 3 mikosbHOrO Kypca Bbl 3Haere teopemy [ludaropa.

Caymaresu: [a.

A.C.: Teopema Iludaropa roopur, 410 KBaJAPAT IUIOTEHY3bI Pa-
BeH CyMMe KBaJipaToB kKareToB”. [laBaiiTe 4 moKaxy [10Ka3aTeIbCTBO
aroro 0e3 emuuoit dpopmyJibl. Teopemy [Mudaropa He HyRHO HOKA3bI-
Barh (popMyJIaMu, ee HyKHO IIPOCTO y3pPeTh, YBUAETH, OHA BUIHA. BOT

cMorpure, s 6epy BOT Takoe paseHcTso: a’ + b? = c?.

*I'unoreHy3a — CTOPOHA MPAMOYTOJIBHOIO TPEYTOJIbHUKA, JIEXKAIIAs HAIPOTHB
mpPsIMOro yryia. 9T0 caMas JJIMHHAs CTOPOHA B IPAMOYTOJIBHOM TpeyrosibHuke. Ka-
T€T — CTOPOHA IPAMOYI'OJIBHOIO TPEyrOJIbHUKAa, lIpUJieraiollas K IPAMOMY YIJLy.
B npaMoyro/ibHOM TpeyroJIbHEHKE HMeeTCA IBa KaTeTa H OJHA THIOTEHY3a.
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Mue HyKHO ero J10Ka3arh I JH00ro MPAMOYTOJLHOIO TPEYTOJIb-
HUKa CO CTOPOHAMH a, b, ¢ (puc. 63).

C

b

Puc. 63. IIjist Takoro TpeyroJibHUKa Mbl HIKe JokazxkeMm reopemy [ludaropa
MeTooM «B3ryisiHu Ha YepTek — W3 Hero BCE SICHO».

Bepy mBa xBajspara co croponoii a + b.
Onu 6ymyT OfMHAKOBBIE, HO A WX IO-PA3HOMY pas30bbi0 HA YaCTH
(puc. 64).

b a a b

Puc. 64. CieBa u cupaBa BUAEH KBAaApaT co cTOpoHoiil a + b. Ou no-paznomy
pasduUT Ha YACTH, HO U TaM, U TYT MbI BUAUM 4 OQUHAKOBBIX TPEYTOJIbHUKA
(ux cropoHbl yKazaHbl Ha puc. 63). Youpasi 911 TpeyrojibHUKY, CJIEBA BULUM
KBaJpaT TMIIOTEHY3bI, a CIpaBa — CYMMY KBaJIparoB KareroB. Bor u Bcé

J0Ka3aTeJIbCTBO.

[Lioma b BHYTPH JIEBOIO KBAIPATA PABHA C.

ILomany KBagpaToB BHYTPHU IIPABOTO KBAJIPATa PABHEL a’ 1 b2

Teneps cmorpure, npaBbiii KBagpar cocrouT u3 4 TPEyroJIbHUKOB
7 AByX KB3/IpaTOB, a JIEBBII — M3 YETbIPpEX TAKNUX XK€ TPEeyTroJbHUKOB
7 omHOrO KBanpara. Ho BHemrHme KBagpaThl IMEIOT OJMHAKOBBIE ILJIO-
naau. U3 mwiomaaym nepBoro KBaapara A Bbryes 4 OQMHAKOBbBIE ILIO-
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WAAM M M3 IJIOIIAAM BTOPOIrO KBaapara Te xe 4 miomaigu. SHAYUT,
ILJTOIIAIHA OCTABIIETrOCS MOJIKHBI OBITh OMMHAKOBLIME. B omHOM Citydae

ocraerca ¢?, a B Apyrom — cymma a’ + b?. 3nauur,

a’ + b =2

Teopema I[Iudaropa mokasana. Ho 910 661710 HEOOIBIIOE OTCTYILJIEHAE.
4 xorest ckazarh, YTO AUATOHAJb KBaJgpaTa CO CTOPOHOH 1 mo Teopeme
[Tudparopa paBHa KOpPHIO U3 IBYX, COIJIACHO TOMY, UTO f HAPHUCOBAJI,
OHA W B CaMOM Jiejie eMy paBHa. [IpeBHUE HUYEro He MOLJIM C HTUM
qucJoM nojesiarh. Iloromy UTO, ecoim OTJIOKUTH OTPE30K, PABHBII HA-
et quaroHaJm, OT HyJisd, TO BbI HOMAJIETE B TOUKY, KOTOPAA 3aBEIOMO
HE paBHA HUKAKOMY YUCJIY BUIA % Hu npu xakux m u n. Bel nepe-
Oepere Bce 1eJIble YUCJIa, U B 9UCJIUTENEe, U B 3HAMEHATEJIe, U HUKOTIA,
HE TOJIy9UTE YUCII0, KOTOPOE B TOYHOCTHU COBHAIET C KOPHEM U3 [IBYX.

Ectb ouenb MHOro pasHbIX I0KA3aTEJIbCTB 3TOro (pakrta, U OMHO
73 HUX COBEPUIEHHO reomerpuyieckoe. Mbl pasbepeM HIZKE J1Ba pa3HbIX
JIOKA3ATEJIbCTBA.

Mpsi ceituac npujiymMaeM HEKYyIO MPOLEILYPY, KOTOPYIO MbI [pUME-
HUM K JII0OOMY palMOHAJIBLHOMY YKUCJIY, U OHA BCerga Oy/1eT KOHEYHOM.
A pasbme, g BaM MOKaXy, 9TO Ta XKe camas MPOUELyPa JIA IUCIIA
«KOP€EHb U3 OBYX» HUKOIIA HE IMPEKPAIAETCd, TEM CAMbBIM 3TO YU-
CJIO HE MOXET ObITh PAIMOHAJbHBIM

Caymaresns: To ecrb 9T0 HECYHIECTBYOIIEE IUCIIO!

A.C.: CymecrByioniee, HO He B 9TOM Kpyre MO[03DEBAEMbIX JIUIL.
DTO YUCJIIO CYyHIECTBYET, U OHO OYEHb HEPBUPOBAJIO I'PEKOB, OHU HE XO-
TEeJIM HOIYyCTUTH, 9T0 OHO cymecrByer. OIHAKO OHM OTJIMYHO 3HAJIM,
9TO OHO HYXKHO [JIA BBIYUCJIEHUH, HO HE BHIPAXKAETCA B BUJIE OTHOIIIE-
Hud 1esibix dncesi. OHU HE MOHMMAJIU, YTO C HUM JeJiarh. Bpome uu-
CJIO HE CYIIECTBYET, & OHO-TaKu ecTh. OHO He [I0JDKHO CyUIECTBOBATD,
HO OHO cymecTByer. Jucjia, KOTOpble HE MPEICTABIAIOTCA B BHJIE %,
HA3BbIBAIOTCA UPPAYUOHAAOHDLMU.

Yro takoe BoOOIIE «uppanmoHaabHOCTh»? Hejtormanocrs. Hepa-
3yMHOCTB. VIppanuonaJsipbHoe mosefenue, nanpumep. Ho B maremaruke,
B omymaue ot (pusiocodpuun, ecrh COBEPIIEHHO KOHKPETHbIE O0bEKTHI,
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MPPANUOHAJIBHBIE YUCJIA. DTO TAKUE YUCJIA KOTOPBIE HE IPEICTaBJIsA-
I0TCA B BUJIE % Tem me menee, onu BroJiHe cebe JIOTMYHBIE U OYEHD
JIaXKe pasyMHbIE.

Caymaresb: A qucja m u n, oHU HeJIbie?

A.C.: Ilesnie. Henpemenno nesbre uucsa. Vppauuonasibabie qu-
cJjia — 9TO YHUCJA, KOTOPbIE He ABJIAIOTCA OTHOUIEHUEM ABYX IEJIBIX
qucesi. PanuonasibHOE 9MCJI0 — TO OTHOMIEHUE [ABYX I[EJIbIX.

Ectb el 01HO TPYIHOIPOM3HOCUMOE CJIOBO, OHO TOXe B (pritocod-
CKOM CMbICJIe Koe-uTo o3uadaer. CoBo «mparcyendernmmos. Uto xe
OHO O3HAYAET B KUTEHCKOM (HE MATEMATUYECKOM) CMbICJIE?

Cuymarens: Haxonurca 3a npenesamu.

A.C.: 3a npenesramu yero 661 TO HE OBLIO.

Cuymarens: To ectb uppanuoHaIbHOE IOBEIEHNE — 3TO MOBEe-
HUE CTPpAHHOE, HO BCE XK€ B KaKUX-TO paMKaX. A TPaHCUEHIEHTHOEe —
5TO YTO-TO 33 MPEHESIAMY TOHUMAHUA OKPYXKAIIUX.

A.C.: B maremaruke mpancuyerndenmmusie 4ucaa — 3TO TOXKE OIpe-
JleJIeHHbIA TepMuH. M TPOTUBOIOCTABIIAIOTCA GA2EOPAUUECKUE YUCAA.
CoryiacHO CTPOroMy MaTeMaTUuIeCKOMY OIIPEIeSIEHUI0, aA2e0pau1eckoe
YUCAO — DTO KOPEHb MHOIOYJIEHA C LEeJIbiMU KOddduuuenramu. Tparc-
UYEHJEHIMHBM YUCAOM HABBIBAETCA TAKOE UUCJIO, YTO HU OIUH MHOIO-
9IeH C IesJbiMu Kodddunmenramy e OOHYJIAeTCA IpPU ITONCTAHOBKE
BMECTO [MEPEMEHHOM & HTOTO IUCJIA.

Buyrpu muoOxecrBa asiredpamvecKux 4mMcesI KUBYT KaK BCE palu-
OHAJIbHBIE, TAK U KOpHU JIIOOOW CTElneHu U MHOTO, MHOTO Yero emie.
O‘IeHb MHOI'O Ppa3HBIX YHCEJI. I/I BOT TPAQHCHEHIOCHTHbIC — 9TO TE 4Yu-
cJia, KOTOpbIE HE ABJIAIOTCA aJirebpandeckumu. Boigymars neasirebpa-
MYeCKOe YUCJIO JIOCTATOYHO Tpyano. CHavajia JlyMaJiu, 9TO BCE 4u-
cia aarebpamdyeckume. A B XIX Beke mpomsoliesi B3phIB B MaTeMaTH-
Ke, ObLJI0 OOHAPYKEHO OrPOMHOE KOJIMYECTBO HeaJIreOpamvecKux 4au-
cea — HO 3T0 ObLIO TOJIBKO B XIX Beke. Ilpmmepom TpaHCIeHmeHT-
HOTO 4YuCJIa ABJIAETCA 3HAMECHUTOEC YUCJIO KIIU» — [IJIMHA OKPY2KHO-
cti ¢ guaMmerpom, paBHbIM 1. [loka3aresbCTBO TPAHCIEHIEHTHOCTU
OITHOTO-€MMHCTBEHHOI'O YMCJIa «mu» 3aauMaeTr 10 sieknumit Ha 4-M Kyp-
ce mexmara MI'Y. Ouenb MaJi0 Jjioaeil Ha 3emiie, KOTOPbIE 3HAIOT TO
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JIOKA3ATe/IbCTBO. ITO — TpyHHelnas TeopemMa. A BOT PO UppaIMo-
HAJILHOCTH KOPHsI U3 ABYX BCE OUEHD IIPOCTO.

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

4 npoBemy HeKyIO HpOIEemypy; Hy, CIesaJl 3TO He s, & He KTO WHOM,
kak EBkymmp 2,5 Teicauu Jier nasau. HasbiBaerca sta npouemnypa a420-
pummom Eerauda. PasaoBumgaocts asiropurma EBKinna HasbiBaeTcs
uenrol dpobvro. lennas npobsr — 310 ouenb mpocro. JIioboe [aucsio
MOXKHO Pa3JIOKHTh B MEMHyIo apobb. Himke s mOKaxKy, 9TO 9MCIIa BU-
oa % B IENHYy Apo0b paCKJIAALIBAIOTCS KOHEYHBIM 00pas3oM, a KO-
P€Hb M3 IBYX B [ENHYIO Ap0O0b PACKJIAILIBAETCA TOJILKO OECKOHEed-

HBIM 00pPa30M.
21

[Ipusemy npumep: 1pobn IRE

asaiiTe mocMoTpuM, KaK IIPEBPAIIATH 3TO YUCJIIO B HEHHYIO IpPO0b.
Boigesium u3z 310it 1pobu mestyio gactb. Mexny KaxkuMu ABy M HEJIbIMA
qHUCJIAME OHA PACIIOJIOKeHa,?

Caymarens: Mexay 1 u 2.

A.C.: IIpaBusibHO. 3HAYUT OHO PABHO 1 IJIIOC CKOJIBKO?

Caymaresnb: Mue 1pymao u3 21 Beraects 13.

A.C.: Huuero. { Borury.

Caymarens: 8, na?

A.C.: I[IpaBusbHo, Oa.

21, , 8
3=1+3

Ho 310 He BCE, uTo a1 X0Test ckazars. [loromy aro a manunry tax. Onun
IJTIOC OJIMH PA3/esIUTh HAa TPUHAINATH BOCBMBbIX:

21 1 _ 1
ﬁ_1+E_1+1+§'
8 8

Oror POKYC C [MepeBOpaAYMBAHUEM JpPOOM «BBEPX HOTAMWU» W BbIJIE-
JIEHMEM LEJION 4acTu u3 3HAMEHATE A MbI Oy[EM NOBTOPATH JIO TEX
op, MoKa OyeT BO3MOXKHO. A BO3MOXKHOCTH Takad OyJeT HaM Mpell-
CTABJIATHCA J0 TEX 1OP, NOKA HA OYEPELHOM HIArY IOCJIE BbILICJICHUS
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eJIoit yacTu ILpO6HaH TaCTh HE OKaXKEeTCA pPaBHA HYJIIO. Ecau sroro
HUKOI'Ia HE CJIIYyIUTCA, TO UCXOMAHOE YTHUCJIO OKaAXETCA Pa3JIOKEHHDBbIM

B GECKOHEYHYIO LEIHYIO JPO0b.

VTak, mpOomO/nKAM Pa3JIOKEHAE TUCIIA, % B HEIHYIO ApoOb:
1+ 15 =1+ 11 =1+%=...=1+%=
142 1+ 1 1+ —1 14— —
8 8 3 1
8 143 14+ ——
b b 1+ 1
3
)
— 14 11
1+ -
1+ -
1+ ——
1+3

Crou, mamuna. ITocsie Bblue/IeHUs LEJI0i YacTu U3 4uciia 2 JapodbHasd
YacTh PaBHA HYJIIO. JHAYUT, YUCITY % «CYXKJIEHO» PA3JIaraThCs B KO-
HEYHYIO IenHyIo Apodb. KEcimm k1o He Beput, MOxKeTe yupoCTuThb 3Ty «6-
ATAXKHY0» Ipobb, CIesaB u3 Hee OOBIKHOBeHHY 0. Komedaro, omna Oymer

paBHA %

Oty onepanumio npuaymasna Eskaun. HaseiBaerca oma — passoxe-
HUE YuCJa B «IernHyio napobb». Obparure Buumanue. Ha mocsiennem
niare Mbl HOMAJIM B IEJIOE€ YKUCJI0 2 [PU IEPEBOPAYMBAHUU APOOU %
Ha sToM BCé 3akaHYMBaeTCs, TaK KAaK W3 IEJIOTO 9WCJIA HE YHACTCH
BBIYIUTEH APOOHYIO IaCTh.

Hpyroit npumep:

20 _
=1+

%7 1+ Lo =14 —1—
2
OnsATh NpUILIK K TEJOMY IHCTY. Y pa. 3aKOHIUJIH.

EBkau yrBepx magt, 910 i Ji000i# npobu 33 KOHEIHOE IUCJIO HIa-

rOB MbI IIpUJIEM K Tiesiomy gucsy. Ilonpobyio 31o mogacuuth «6es ¢op-
myJ1». Bol 6epere kakyio-To odernb 00J1biry0 Apo0b, HALIpUMED, %
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Yro npoucxoaut B nporecce, npenyioxensom Ekimmom? Mbr npo-
CTO HECKOJIBKO pa3 JeJIMM C OCTaTKoM, u BcE. Ha kaxkmom mary mbl
[OJIy YaeM «HEYTO» IJIFOC YTO-TO MEHbIIIEE, YeM TO, HA YTO MbI AEJIAM.
Wnes B ToMm, 4T0 HA KAXKJIOM IIATY YuUCJa OyIyT yMeHbIaThCd. ducsiu-
TeJIb U 3HAMEHATEe/Ib — [EJIble HOJIOKUTEJbHBIE YUCJIa, U OHU OyIyT
yMmenbiiarbca. Ho mesoe qucsio, j1060e moJI0KUTETbHOE [IEJI0€ TUCIIO,
HE MOXKeT ODECKOHEYHO J0JI'0 YMEHbIIATHC, OHO B KOHIIE KOHIOB «3a-
KoHYuTCA». OHO MpUIET K HYJIO 38 KOHEYHOE YUCJIO IIATrOB.

To ectpb n1060€ panKMOHAJIBHOE YUCJIO HEIPEMEHHO MOPOXK/IAET KO-
HEYHYIO TEMHy0 Ipodb. A Temeph s BO3bMY WM MOKAaXKYy, 9TO KODEHD
73 IBYX MOPOXKIAET OECKOHEUHYIO HEmHYyI0 AP00b.

Bor sror dokyc-nokyc. Ecim «kopensp u3 AByx» — panuoHaJIb-
HOE 9HCJIO, TO IPOIENLYPA, KOTOPYIO f TOJBKO YTO IPOBOIMJ, HOJIKHA,
3aKOHYUTHCA. bepeM KOpeHb U3 ABYyX. Mex iy KaKuMu NEeJIbIMA 91~
cJIaMu OH pactoJioxen! Becoomunm, 9o, corsiacao Teopeme [ludaropa,
KOPEHb U3 JIBYX — 9TO JJIMHA, JIMATOHAJIM KBAJIPATA, C EAUHUIHOR CTO-
ponoii. IlosTomy on pacmonoxen mexay 1 u 2 (cMm. puc. 65).

Puc. 65. JloBuch, npobHasi yactb — Oosibliasgt u MaJsienbkas! Bumao, 9ro

JnaroHaJib 0oJIbIIe CTOPOHBI, HO MEHbINEC CYMMbI CTOPOH.

BnaunT, KOpeHb U3 AByX = 1 + apobuasa yactb (OHA PUMEPHO
pasua 1,4142 — 1 = 0,4142).

Yro a cuesav? [IpubaBust enuaunny u OTHAJ equHuUIly. Bosibiie Hu-
qero He aesaJi. To ecTh g BBIJIEJIWII EeJIYI0 YaCTh U3 «KOPHA U3 JIBYX>»
(mpobHasg ke yacTh 3anmcana B CKoOkax; ona pasaa npumepno 0,414).
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Puc. 66. Boinesienublii 0OTpe30K u €eCTbh «KOPEHb U3 ABYX MUHYC OIIAH».

s nosrydyenunss gpoOHOR dacTu s B3siJI OKPYKHOCTH pajuyca 1,
OpOBEJI ee [0 MepeceveHus C IUArOHAJIbo, U BCE (cM. puc. 66). Dra
9acTh, 0€3 COMHEHUsI, MEHbIIe enuHanibl. Jlajee g KparkocTu 000-
3HAYNM «KOpeHb U3 AByx» depe3 K. A Boipaxenune K — 1 ob6o3HauInM
3a C. 3Buaunt, C < 1. [losTomy Oy/iem 3Ty 4aCThb «IEPEBOPAUUBATH !

[Toscuio, noyemy 1 npesparuioch B K + 1.

C

4 BO3bMYy uWmMCJ/IMTE/ b M 3HAMEHATEJb U JOMHOXY HA OIHO U TO XKE
IHUCJIO (9TO HE U3MEHUT 3HAYCHUs Apobu ). £l qucimress u 3HAMEHATEI b
YyMHOXKY BOT Ha Takoe uncio: K + 1. ITomunMm, ato K- K = 2.

Hauunaem orkpbiBarb CKOOKU:

1 (K+1)-1 K+1 —K+l1

=K+1.

C (K+1)-(K—1) K-K-1 2-1

A renepb, 110 00MEMY TIPABUILY, BBIAEJIAEM [EIYI0 9aCTh.
Mexmy KaKuM JByMs HEJIBIMA GHCJIAME HAXOIUTCH /2 + 17
Caymaresb: Mex 1y n1BOiKOI 1 TPOUKOIL.
A.C.: Koneuno. [losTromy, eciim s 1o mpasBuiy EBKJInma BbIIETAI0
13 Hero MeJsyio 4acTb, TO OHA paBHA?
Cuaymaressb: 2.
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A.C.: Buaunr, s JOJ2KEH HALUCATD TAK:

_ 1 _ 1
V2a=1+ 2 + HoBadA Op0b.9acTh L+ 2+0414..."

He npasna jin, Mbl y2Ke CTaJIKUBAJIACH BBIIIE C TAKOHW JIPOOHOI YacThio?
Caymarens: U tak 10 6eckoHedHOCTH OyAeT HOBTOPATHCH !
A.C.: U rak 510 66CKOHEYHOCTU. JHAYUT, UCXOIHOE YUCIIO — HE pPa-

MOHAJIBHOE.

Mbr nostyaum beckoHeuHyro HEmHyO IIPo0b:

1

K=1+ T

24—t
0
2+ 57

2+

TosibKo GECKOHEYIHOE YUCJIO IIAroB IIPUBEIET BAC K UHUCJIIY, PABHO-
my K*. Ho He koHeuHoe — a 3HauwT, 9ucjo K uppamuoHaibHO, 9TO
u TpeboBaJIOCh MMOKa3arh. Temepb BbI 3HAETE, 9TO €CTh TaKue JIUCJIa,
CTPAIHbIE YMCJIA, KOTOPbIE HE HPEICTABJIAIOTCA B BUJIE «KOJIMIECTBO
A0JIOK ITONEJIUTDh HA KOJIMIECTBO TOCTEH».

MpblI ere BepHEMCs K IEMHBIM Apo0siM, OO0 B HUX HPAIeTCHA MCTUH-
Hasa OECKOHEYHOCTbD.

[Toka 4To ma UM CTaAHAAPTHOE KHMXKHOE JI0KA3aTEJILCTBO TOTO, ITO
KOpEeHb M3 [IByX — YHCJIO He panuoHaJibaoe. IIpoBomurcs oHO OT mpo-
TUBHOIO.

[IpenmosioxuM, 9TO

K=1 (3)

Torna, ecsim MOXHO, COKparum 31y apobb. To ects, ecsiu m neaurca
Ha IIPOCTOE YUCJIO P, U N [IEJUTCHA HA TO XK€ CaMOE IIPOCTOE HUCJIO
P, TOHEJIMM U YUCJIMTEJIb, U 3HaMeHaresib Ha p. [locsie Toro kak mbr
COKPATUJIU BCE, 9TO TOJIBKO MOXKHO, OJTHO U3 YUCesI 0043aTesIbHO byner
nederabiM. Moxer ObiTh, 0062 HederTHblE, HO 1O Kpaiineit mepe OmHO

*TOYHBIA CMBICJI 3THX CJIOB MPOACHAETCS B MATEMATHYECKOM AHAJIM3€, 1epe3
MOHATHE IIpedesia MoC/IeI0BaTeIbHOCTH.
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u3 HUX TOYHO Oyner HeverubiM. [loromy 4o ecsim 006a YeTHbIe, 3HATUT,
MOXKHO OBLJIO ellle pa3 COKpaTuTh Ha 2.
Paccmorpum xBagpar pasencrsa (3):

N

2="10.
n
[Mosyunm m? = 2n?.
OT0 3HAYMUT, YTO €CJIM Ha CeTKe HAPHCOBAH KBAJPATUK C IEeJI0YU-
CJIEHHOW CTOPOHOM, TO B HEM KOJIMYECTBO €JIMHUYHBIX KBaJIPATUKOB

TAKOE XK€, KAK yJIBOCHHOE KOJUIECTBO KBAJIPATHKOB KAKOTO-TO JAPYTO-
ro KBaJpara ¢ UeJOYUCJIEHHO| CcTOpoHOoit (puc. 67).

\2

Puc. 67. Yro-10 He nmosiydaercs HAPUCOBATH ABa TaKuX KBaapara. U sro —

HecIpocTal

2 = 2n”? — Bepmoe

Suayur, ecau K — pamuonaJibHOE 9UCIIO, TO 170
paBencrTBo. Torma m — 49muCJI0 YeTHOoe, HOTOMY YTO OHO JIEJIUTCS HA 2.
Ho ecisiu m menurcs Ha 2, TO 3TO 3HAYUT, ITO 11, = 2k 1JIsI HEKOTOPOTO
nesioro uncaa k. Torna m? = 4k2.

[MopcraBum B m2 = 2n? 3nadenue njg m2. [Tomyaum 4k% = 2n2.

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

Ho rorma n roxe nesmmrcd Ha 2. A 3Ha9UT, MBI B HAYAJIE 9TOTO [IPO-
1ecca Heocokparusiu. Ho Mbl ke T0roBOpusInCh HOCOKPATUATD BCE, UTO

BO3MOXHO. B 9T0M 1 3aKJII09aeTCs mpoTuBopedne — ¢ reM (PakToM,
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m
D
u3 gucest m, n Oy/IeT HeYeTHHIM.

9TO B BbIpAXKEHUU \/ﬁ = MOXKHO JIOOUTHCHA TOTO, UYTO XOTsA OBI OIHO

To, 910 \/2 HEKOTA HE IPEICTABIACTICA B BUIE %, Ha CaMOM JieJie
O3HAYAeT TO Ke caMoe, YTO paBeHcTBO m? = 2n’ Bcerjga HeBepHO.
Huxorma e mosiyqurcda B3ATb ONUH KBAaJAPAT C MEJbIMA CTOPOHAMU,
YMHOXXUTD €ro IJIOWAAb HA ABA U HOJIYYUATH APYTOi KBapaT C LeJIbIMU
croponamu (yaBoeHHOU mromaau). Hu 1y1a Kakux Hesibix quces.

[Torpobyem KOHHYTH 9TOT BOIIPOC MOLTyOKe.

A moxer Jsim OBITH TAK, 9TO OHHU MOYTHU OYIyT PABHBI, HAPUMED,
m? =2n? £17

B)IpyI‘ MBbI CMO2XKEM B34Tb KaKHe-HH6yILb OrpomMmubI€ 49uCJia, BO3BE-
CTH WX B KBaJpaT, yMHOXUTH OJIHO U3 HUX HA 2 U BBIACHUTH, UTO pe-
3yJbTarbl ormdaiorcs Ha 1. Moxer jim rakoe Obirh ujin Her? U ecim
MOXKeT OBITh, TO HACKOJIBKO IACTO Takoe ObrBaeT?! VI MOXKHO Jir IOJTHO-
CTBIO OIUCATH BCE MAPBI HEJIbIX YUCeJ1 (1, 1), KOTOPbIE YA0BJIETBOPAIOT
ypasuenuio m? = 2n? & 1?7 Boupoc, KOTOpbIil CTABUJICS €lIe [IPEeBHU-
MM — OH Ha3bIBaercd «peiienue Juodanmosur ypasrernuli B MEJIbIX
qucJIax>».

Huodant xuu B Asiekcanpuu B 111 Beke nameit spor. O ocraBui
rnocyie ceba 13 TOMOB MareMarwvecKuX W3bICKaHW, 6 U3 HUX XyJ0-
6enHO, HO OONLJIM OO HAC, 7 — MOJHOCTHIO W OE3BO3BPATHO MOTEPSHBI.
6 TOMOB ero M3bBICKaHMi 0 CUX IOp MUTAT yMbl MaTeMaTukoB. uo-
dant nucasr Bcé caosecHo. Ilpumepno tak: «Moxer jin ObiTh Takoe,
YTO OHO YUCJIO, Oy du B3ATOE TO KE CAMOE IHUCJIO pa3 (TO ecTh 1 - 1)
u eume CTobKO ke pa3d (To ectb 2n - n), OTAMYaIoCh Obl OT IPYroro
9HCJIa, B3ATOTO [IPYroe ¥Ke 9UCJIO pa3 (TO eCTb m - 1m) BCEro JIMNIb
Ha enuHUIly 7> Tak OH 3a0UCHIBAJI ypABHEHUE

on? =m?+1.

MoxHO i1 TaKoe ypaBHEHUE PEUIUTH B IEJIbIX Yucjiax mim Her! Mbr
MAIIEM CUMBOJIAMH, TTO3TOMY [HAJIEKO MPOABUHYJIUCH B MATEMATHKE.
Ho Bce npmeun 6yxBasibao, OyKBaJIbHO BCE IMOAPs/L ObLIM B 9TUX IIECTU
Tomax. Ecsiu gero-to B HuX He ObLIIO, TO, BUAUMO, OHO OBLIIO B IIPOIAB-
mux. Ho mbl yxe He y3naem s1oro.
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Huodanr — wvesioBek, ocraBuBmUi (DAHTACTHIECKOE HACJIEIUE.
B 1651 romy Ilpep ®epma uurast kuury Jduodanta 1o 1me09ncaIeHHOMl
apudmeruke. Hurasr 1 KOMMEHTHPOBAJI ee HA noJigx. A cein Pepma,
U3H0AJ KHUTY C KOMMeHTapuamu cBoero oTna. Ha mosnax Obi Kiranesb
MaTeMaTUuIeCKuX COKpOBuUIl. B wacTHOCTH, B OHOM MecTe ObLI0 OOHA-
pyxeno ciaenyoomee. ¥ [luodanra pemasoch B HEJIbIX YUCIAX ypPaB-
uenue a’ + b? = . To ecTb OH UBITAJICH BLIACHUTDH, MOXKET JIM ObITH
TaK, 9TO BCE YMCIA 1eJibie! IpeBHuM ObLIIO XOPOIIO WU3BECTHO, YTO Ta-
koe moxer Obith. Hanpumep, aucia (3, 4, 5), 1 MHOrO-MHOrO Apyrux
[IPUMEPOB.

[lepBoe pelrenue, BO3MOXHO, JaxKe UMEJIO IPAKTUIECKOE IPUMEHE-
Hue 2,5 ThicAYM JIeT Ha3al. bepeMm BepeBky, lesuM ee Ha 12 paBHBIX
JacTeil, 3aBA3bIBAEM y3€JIKM B MecTax jeJsieHud. llocie gyero cBasbl-
BAaE€M BEPEBKY B KOJIbIO W EJAEM W3 HEe TPEYrOJIbHUK TaK, ITOOBI
Ha, OIHOI cTOpoHEe ObLIO 5 y3eJIKOB, HA Npyroi 4, a Ha Tperbeit — 3.

W Bor BBl mOJIyun/IiM PAMOR yroJI KyCTAPHBIMU CPEACTBAME. IDTO
OYeHb BaXKHO.

SemJyiemepy sroro xBarut. Be€. Y Hero BepeBka ¢ 12 y3jiamu eCcrb,
u omymaHo. Ho maremaruk Bcerma xoder moiitm o kKomma. Bce Ba-
puaHThI HAaMTH, BCE LieJble a, b, ¢ — Takue, YTO MOJIyIaeTCH MPAMO-
YyLOJIbHBI TPEYroJIbHUK. 3ajiada jpeBHeiimad. OrBer ObLI U3BECTEH
enle apeBHUM uHycaMm. «lludaropoBbl Tpoilku» — BOT Kak HA3bIBa-
I0TCst 91U peurerus. VIHTepecHo TO, YTO B 9TOM MECTe CJIEBA, HA MOJIAX
66110 Hanucano pykoit Pepma npubsM3uTESHHO Cilenyomiee: «Bmecre
C T€M, HEBO3MOXKHO PA3JI0KUTh HUKAKO! KyD B cymmy nByX KyOOB, HuU-
KaKyI0 YeTBEPTYIO CTENEHb B CYMMY JIByX Y€TBEPTBHIX CTENEeHell U BO-
obuie HUKAKYIO IIPOM3BOJIbHYIO CTEIEHb YUCJIA B CyMMY ABYX TaKUX
Ke creneneil. f mamesr sTomy pakTy MOUCTUHE YIMBUTEJSIHHOE TOKA-
3aT€JIbCTBO, HO HA MOJISAX OHO HE IOMECTUTCH®. ITO — HAYAJIO UCTOPUH
BeJIMIAMIIEH 3ara ki MAaTEMATUKY — BeJIMKOH Teopembr Pepma.

@epma yTBEPKIAAET, 9TO npU N OoJibuIeM, YeM 2, ypaBHEHUE
HE UMEEeT pelleHud B IeJIbIX duciax. 1o ecTb, KOHEYHO, MOXKHO B3ATh
xr =y = z = 0. Wnu, ecsiu Mol nocrasum £ = 0, TOr[a y u 2z MOLyT
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ObITh JIFOObIMU OguMHAKOBbIMU. HO 310 BCE HemHTepecHO. A BoT ecjiu
HOJIb 3alPETUTb, TO €CJIA MbI UUIEM CPEIU NOAOHCUMEALHOLL TIEJIBIX
qucesI T, Y, Z PElleHns 3TOr0 ypaBHEHHH, TO uX HET, BooOme Her. Hu
OIHOTO, HU OIHOI TPOiiKY (Z,y, z), HU IJIA KAKOro 7, 6oJsIbuIero 1em 2,
TO €CTh HU 1pU N = 3, HU UpU N = 4, HU IPU KAKOM 7.

Ora 3arajika ObLIA CTPAIIHO MMOMYJSIPHON CPENU NIMPOKUX MACC Ha-
cesieHus — YK OOJIbHO TPOCTO (POPMYJITHPYETC Ta TeopeMa (1a eme
KAaKOI-TO 4y/IaK 3aBeiaJjl KPYIHYIO CyMMYy TOMY, KTO CIPABUATCS C I10-
Kas3areabcTBOM TeopeMbl Pepma). Ho u ombiTHBIE MaTeMaTuKu ObLIH
o3asadennl. lesto B ToM, 9TO BCe yTBEepXK e, Koropbie Pepma, ocra-
BuJT 6€3 JOKA3aTesIbCTBA, OKA3AJINCH IPABUIBHBIME (X BCE HOKA3AJIN
[OCJIe €r0 CMEpTH), a C HTUM TBOPUJIOCH YE€PT 3HAET UTO: HAYAJM BCE
CXOIUTHh C yMa, HOTOMY YTO BCE KAXKETCs HPOCTO, M XOUYETCHA B3ATh
PYUKy ¥ Ha4YaTh nucarb. BoT BbI MHE HE IIOBEPUTE, HO KOTJA MHE OBLIIO
10 sier, s 3TuM 3anuMaJICA, vecTHO. HO BCE 910 OGe3ymue mpo1o/nKasioch
TOoJIbKO 00 1994 roma.

B 1994 romy oma ObLjia IMOJTHOCTHIO [IOKA3aHA HAIIMM C BaMU CO-
BPEMEHHUKOM MAaTEMATUKOM IJHjpIo Yaiasom. Ha camom nesie emy
npenurectsoBasin 30 pasHbIX UMEH, KOTOPBIE [IOJIT0 B PA3HBIX MECTax
nojicTparBaJIM 0OJIbIIOE 3HaHKe. A OH TPOCTO MOHSJI, B KAKOM MECTE
HYKHO CUIUTH TO, YTO yXKe u3BecTHO. B wactaocTu, 6€3yCioBHyO BaxK-
HOCTb 3H€CH ChII'PaJIa MOCKOBCKA IKOJIA, aJIredpanvecKoil reomerpun.
[Tocoienuum 6611 Yaiins, HO B IPUHIIAIIE 9TO — BCEMUPHOE TBOPEHHUE.

Ceituac noKa3aTeIbCTBO BEJIMKOM (MJid, KaK €le TOBOPAT, MOCTeI-
ueit) reopemsr Pepma Bxonut B Kaury A. A. [lagunmkuna, 0. 1. Ma-
nuHa «BBeienue B cOBpeMeHHyI0 Teopuio ducess. TosiIcTeHHad CII0XK-
Hellas KHUra [0 TEOPUM YHCeJ, 7-4 IJIaBa [EJUKOM ITOCBANIEHA TEO-
peme @epma.

Hy a reneps doxyc-nokyc, gagao? A 1o Jiekius yxKe KOHIaeTCH.

Bepem nanry nemnnyio apobb [AJid «KOPHS U3 IIBYX»:

V2=1+ L
2+

1
1

2+

24 1

2+...
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Obpybaem, nojrygaem npubJIMKEHHOE 3HAYECHHE [JIS KOPHA U3 JBYX:

1

1+ T

2+
24—
2+

Taxyio 1pobb MOXKHO IIPEBPATUTH B HEKOTOPOE PALMOHAJIBHOE YUCJIO,
TO eCTh B HEKOTOPOE OTHOLIEHUE IBYX HeJibix amces. Ceigac npespa-

tuM. [lonyqaerca 42%
Bcé orymmano.
A Bor Tenepp Oepure KaJIbKYJIATOp, noxaJsiyhicra. U BosBomure
B kBajpar 41 u 29. He 3abympre, uto 29 B KBajpare mpu 3TOM Ha-

JI0 YMHOXUTh HA 2, «110 npockbe Huodanras:

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

VYpa! Onu OTIMYAIOTCS HA €IUHUILY. ITO TE€ CAMbIE PEUIEHUsI HAUIETO

ypaBHEHUA
m? =2n? £1. (4)

Mpb1 Hanwm pelreHue 3Toro ypasHenud. [Ipudem meTrpuBuaJsbHOE.

Teopema, KOTOPYIO s J0Ka3biBarh He Oyay (XOors OHA U HE OveHb
cioxHas), raacut: ['de Ove 6ve Hu 06pybuau dannyro uennyro Ipobo,
6ceeda NOAYUGEMCes pewenue Hauwe2o JuoPhanmosa YpasHeHUs.

Caymarens: Jli0boe qucio passioxky B HemHyo gpodb, 0bpy0Iiio
1 TOJIy4y PelIeHrue KAKOro-TO MOXOXKEro ypaBHeHus?

A.C.: He gja smoboro. g sg06oro ducsa, He ABJISIOMErocsa KBa-
nparom. U obpybars mamo Oymer akkyparnee, He B JIIOOOM MecTe, KaK
B CJIy4ae C KOPDHEM U3 [IBYX.

Hanpuwmep, ypaBuenue m? =9n?+1 ne IIOJIYYUTCH PElIUTh TAKUM
€1ocoboM (BIIPOYEM, HECJIOKHO 110KA3aTh, YTO y HErO BCErO ABa TPU-
BuasbHbIX pemrennd (1,0) u (—1,0)). Ho Takux wTumces m0BOJILHO MAaJIO.
Yro ke st MOry nojCTaBuTh BMECTO 2 B ypaBuenue (4): 3 — mory, 4 —
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HE MOry, TaK KakK KBazipar; 9, 6, 7, 8§ — mory, 9 — nme mory, 10, 11,
12, 13, 14, 15 — mory, 16 — He Mory, u Tak majee. Y paBHEHIE TAKOTO
Buna (cM. noapobuee 06 9TOM B CJlemylomed JIeKIumM) HOCHT HA3Ba-
aue ypasuerue lleansn. VI, kKak o6braHO 3T0 OBIBaeT, Ilesip HE mMmeer
K HEMY HUKAKOI'O OTHOIIECHUA. B MaTeMaTukKe O4eHb MHOI'O (ba,KTOB Ha-
3BaHO UMEHAMMU JIIOEl, KOTOpPble HUKAKOI'O OTHONIEHUS K 3TOMY (haKTy
HE nMeJIn. H_IyTKI/I paay 9TO ABJICHUE MATEMATUKNU TOXKE HAa3BaJIN KTE-
opemoii». Bot, osry4miiocs Tak, 9To 3Ty TEOPEMY HA3BAJIU TEOPEMOIA
Apnouibna. Ona camonpumenumas (To ecTb APHOJIBI HE ABJIACTCH AB-
TopoM 31oit Teopembl). Llyrnusyio «Teopemy ApHosbma» mpumymad,
Bpome 6b1, Hukosait HukosraeBua KoHCTAHTHMHOB M Ha3BaJI TEOPEMO
ApHouibia cuennaJsibHO AJid TOro, 4robbl OHA ObLIA, CAMOIIPUMEHUMOM,
4T0OBI OHA TOXKE HA3bIBAJIACH HE MMEHEM YeJIOBEKa, KOTOPBIA ee Bbl-
AyMaJi, a APpYTUM. MaTeMaTHKH MBICJIAT JIOTUYIECKHU, [HdaxKe KOr/1a OHU
ury !

Iasaiite Bce-taku, 4robbl Bac ybemurb, moobpybaem 3ty 1npobb
B pasubix Mectax. Cmorpute. 1 — 310 Benp «1 pasmesnuth Ha 1». Ecim
nojcraBuTh B ypasuenue (4) m =n =1, 1o 4ro nosyunrca?

1?=2-1"-1
(ro ecrb (4) BbLIOJIHAETCSH).

Obpybaem mmasibiie. Byner %
IToncraBasgem: 9 =2 -4 + 1.

Obpybaem eme pas. [lonyuaem % [lomcraBisiem.
49 =2-25 —1.

Bor BuguTe, 9T0 TEOpEemMa BepHA.

['ymanuTapuio yxe He HAJIO JOKA3bIBATD TEOPEMY, OH YK€ KBUIIUT,
910 OHA BepHa. HO MaremMarvky HyKHO €€ JI0Ka3aTb, HyKHO yCTaHO-
BUTb, YTO 9TO AeicTBUTEbHO BCerga Oymer Tak. MaJjio Toro, okasbiBa-
erCs, 9TO BCe Takne 00pybanus HayT BaM PEHIEHUs STOr0 yPaBHEHU,
v Apyrux peuienuii B 331a49€ Her. BooOie HuKaKux.

Caymaresns: Hy, win Mbl IpocTo HE HANLIH?!

A.C.: Her. Hoka3zasiu, aro 6oJibliie HE CyIIECTBYET.
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Hy, nocaemanit poxyc-nmokyc. Ho 6eperurecs, ou crpamrabiii. 3nae-
T€ JIX BBI, YTO TaKoe Hurom Horomora? IT0 — mMpaBuUiio, 10 KOTOPOMY
PaCKJIaAbIBAIOTCA BbBIPDA2KECHUA, B KOTOPbIX Bbl MHOI'O pPa3 yMHOXWJIA
omHy CKOOKy Ha cebs. B mkose mpoxonar (a-+b)(a+b) = a?+2ab+b?.
Eme npoxonat: (a + b)(a + b)(a + b) = a® + 3a?b + 3ab? + b>. Ho ecrn
HeKas pOpMyJIa, KOTOpas BEpHA, BCETIIA, s JIIOOOTO KOJIMIECTBA CKO-
60k. Cuuraercsd, 94ro ee npuaymaJs HpIOTOH, HO Ha CAMOM JIeJIe ee, CKO-
pee Bcero, 3Ha/au u 10 Hero. [IpocTo ou ee ortacus. Tak BoT, GuHOM
HbloTOHa TOXKE HOMOraer UCKaTh pelienus ypasuenua m? — 2n? = +1.

Hwmxe mbr cHOBa 33 K 0603HAYIHMM KOpEeHb U3 IBYX.

Bospmy (1 + K)? = 1+ 2K + 2 = 3 + 2K. Pemenuem 6yner mapa
(m =3, n =2), nu Mbl yxe Bble BCTpedauch ¢ aum. Ho, moxer, 910
CJIy9IaiiHO TaK COBIIAJIO?!

Bossenenue B ky0 Bac gosmxHOo yxke ybenurs. Mmeem:

(1+K)?=1+3K+6+2K =7+ 5K.

He mpasma sim, 3T0 cienymoiee pellleHHe HAIIEro ypaBHeHHsi? 30eCh
m="7,n=>5.

Bossemem B derBepTyio cremnenb. A 910 BCE PABHO, YTO BO3BECTHU
JIBa pas3a BO BTOPYIO, OMUH Pa3 B HEE MbI Y2Ke BO3BOIUJIML.

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

[Iposepsem:
172 = 289,
122 = 144,
144 - 2 = 288.

[Tosnyuaerca: 289 = 288 + 1.
910 paboraer!
o BcTrpeun Ha Jekmun 4.
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Jlexknua 4

A.C.: Ha npouuioit jiekmuu s CKa3aJl KOe-4To PO PElIeHne ypPaB-
Henns Buma z2 — 2y?> = +1. Torma obosHadenus 6oram mpyrue. Ho
Ha TO 9T0 M MATEMATUKA, 9YTO «XOTh MOPHIKOM Ha30BU». B 210# Jiek-
MM [TlepeMeHHbIe, 3HaYeHus KOTOPBIX MbI UIeM, Oy1yT 0603HAIaTHCA
«z» u «y». Teuepp koe-uro yrounum. MOoXKHO B34Tb BMECTO 4HUCJIA
2 s11060e HaTypaJIbHOE YKUCJIO M U 3ALUCATH AHAJIOIMYHOE yPABHEHUE:
2 —my? = +1.

B npunnumie, mouru HUYEro He M3AMEHUTCA B OOLIEM XOJI€ PElIeHUS.
EnuncrBennbiii BapuaHT, Ipu KOTOPOM OyAyT pasJjiMdusd, 3TO KOTIA
M NpEeaCTaBadAeTCsa B BUJE KBaJpara HarTypaJbHOro uuciaa (4, 9, 16,
25...), — Torma Takoe ypaBHEHHWE [0 HEKAM OYEBUIHBIM HPUIXHAM
HUKAKUX peuienuit, kpome ¢ = £1, a y = 0, He umeer.

B camom nesie, nmonpobyem HaliTH HETPUBUAJIBHBIE DEUIEHUS YPaB-
nenus 2 —9y? = +1, 10 ectb x-7 = (3y)-(3y) £ 1. Ipu «y», He pasHOM
HYJII0, [OJIyYaeTCsd, YTO KBAJIPATHI IBYX HEJIbIX YUCEI KT» U «3Y» OT-
JIMYAIOTCS Ha enuauIly. Tak maJjo oau orndarbcss HE MOI'YT. Haxe
KBAJIPAThl COCEIHUX LEJIbIX HEeHyJIeBbIX unces (ckaxem, M u M + 1)
OTJIMYAIOTCA OoJIble, 1eM Ha 1, 8 UMEHHO: OTJInIne uX paBHo 2M + 1,
upuyem M ue pasuo 0.

Lt Bcex OCTAJIbHBIX 17 IPUEM, KOTOPBIM MBI IIOJIb30BAJIUCH PAHEE
[py peleHnu Tok 3aja4u, cpabarbiBaer. A mpuem 10T ObLI TAKOM:
HYKHO KOPEHb U3 11 PA3JIOKUTh B HENHYI0 Apobb. To ecTh BoIAesigemM
LIEJIYIO 4aCTh, IOTOM KIIEPEBOPAYNBAEM» OCTABILYIOCH JIPOOHYIO 4acCTh,
[IOJIy9YaeM YHUCJI0, DOJIbIIEE €OUHUIIBI, B HEM ONATH BBIJEJIAEM IEJIYIO
9aCTh, U TAK HAJIee:

Vm=a+ L
b+

1
_ 1
e+ ...

c—+
d+

4 ckazaJs B Jieknum 3, 9TO IJIA NOJIyYE€HUs] PEIICHUS yPABHEHUS
MbI MOxeM 06pyouTh /1pobb B JII0OOM MecTe, MPUBECTU K BUILY <IIE-
JIOE 9HCJIO PABMIEJUTD HA IEJI0e», U 9UCJIa, KOTOPDIE MOJIyIaTCA B TH-

111



csuresie u 3HameHareJsie, OyiayT HamuMmu peuteHuavu. U g m = 2
5TO HeHCTBUTEJBLHO MOXHO HeJiaTh Ha Jiobom mecte. Ho ecsim 3T0
yTBEpXKACHUEe IPUMEHUTD JJ1d APYTUX 3HAYCHUA 1M, TO IOJLYy YUTCH, ITO
g nemHoro obmanyJs Bac. Ecth Teopema, nmokasaunada 2K. JI. Jlarpan-
JKeM, KOTOpad yTBEPKIAET, 4YTO €CJIU Mbl PA3JI0XKUM KOPEHb U3 YUCJIA,
HE ABJIAIOIIEr0CA KBAIPATOM, B IENHYIO 1pobb, TO HenHaa Apodb Ha-
YMUHad C HEKOTOPOro MeCTa Ha1YHET IOBTOPATbHCHA. HOHBI/ITCH nepuor.

Bpeska 6. O beccuiinu «HaboneHUuA» 0€3 «IOKa3aTeJib-
cTBa»

[TousiTue mepuoma MOC/IEIOBATEJIBHOCTY HE TAKOE ITPOCTOE, KAK XO-
Tes0Ch Obl ymMarh. Bosiee Toro, 3To noHaTHE JIEMOHCTPUPYET Oeccusine
HpI/IKJIa,H,HOﬁ MaTeMaTUuKu Jjid yCTaHOBJICHUA (l)a,KTOB guCcTOil Mare-
maruku. Hampumep, gomyctum, 4TO HPUKJIAIHON MATEMATHK H3Yda-
er IOBEIeHrne CJIENYIOmE NoC/IeI0BaTe/IbHOCTH JeCATUIHbIX nudp:
2223222322232223. .. Yro CKaxXeT Ipu 3TOM «COBCEM IIPOCTOM HADJIIO-
maresb»? To, aro umeerca nepuon, «2223», cocrosmuii us 4 nudp. Bo-
Jlee «yTOHUYEHHbI! HabJ/I0/1aresib» BO3pa3uT: e OyaeM Clemurb, [oHa-
OsTroaeM HAJIbIIe 33, MOBEIeHUuEM TUX nudp XoTsa 061 10 34-T0 MecTa.
CxaszaHO-CHeJIAHO: [TOJIY IUJIU

22232223222322237  22232223222322237 . ..

Yro, yoenumucs?! [lepuoji-ro nmeer jijinHy HE YeTbipe, a CEMHAJIIATH!
Ho obuxenubiit «mpocToii HAOJIIOAATEb» BO3PA3UT: MOTOIUTE PAI0-
Barbcs. [lonabiiomaem reneps xors Obl 10 cororo mecra. U yBumesu,
a10 Ha 69-M Mecre (mocse cemepku na 68-M mecte) crout He rudpa 2
(kax onm 00a oxunasm), a uudpa 0. Bor TyT-10 OHM 1pU3aLYMAIKCS. . .
A ectn sim BOOOIIE TepmON y 9TOM mocsemoBarespbHOCTH! VI MOXKeT Jin
«IIPOCTOE HADJIIOAEHHMES [aTh OOOCHOBAHHBIA OTBET HA TOT BOLPOCT
KOHEYHO, HET! — ckaxer um aucTorit MaTemaruk. Ecim y Hac B pe-
3yJbTare HAOJIIOAEHUS OABU/IACH THIIOTE3d, YTO epuos paseH 2223,
TO HAJ0 OCTAHOBHUTBHCH, ITPOBEPUTH, €CThb JIM HAYUYHBIE HPEIIOCHLIKT
IJTS JIOKA3aTeJIbCTBA HTOro (b0 AJIf OMPOBEPKEHUs HTOTO), U IPO-
JI0JDKATh UCCJenoBanue jaJibire. VI ecju BO3MOXHYIO JIJIMHY HEPUOIA,
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HE YIIaJI0Ch OIPENEJIUTh W/ OIPAHUYUTDH CBEPXY HUKAKUMU «HADJIIO-
J[IEHUAMU», 5TO BOBCE HE O3HAYAET, UTO IMOCJIEI0BATEJILHOCTh HEIIEPUO-
Jugeckas! 910 03HAYAET, 9TO HOKA, 9TO YACTOMY MATEMATUKY HE yIia-
JIOCH PEenIuTh 3Ty npobsemMy (MOXKET, IOTOMY, ITO OH ILIOXO €€ penraJ).

D10, KOHEYHO, HE O3HA4YaeTr, Oy/aro Obl Mbl HE JI0KA3AJIHU, UTO
[IJ11 PA3JIOKEHUA «KKOPH U3 JIBYX» IEPUOJ HAYMHAETCA CPa3y, U [IJIUHA,
€ro paBHA EIUHUIIE, & CaM IIEPUOJ, paBeH «2». B manHOM ciiydae He mpo-
CTO MOBTOPAIOTCA YUCIa, 2222. .., HAIUHAA CO BTOPOTO MECTA, & IIOBTO-
PAIOTCH YCAOBUS JIJIsi TIOBTOPEHUS TOr0 4mcJja. Huxke mbr He Oynem
yIIyOsIAThCA B 3Ty PUIIOCO(PCKYI0 IpobJieMy, a IIPOCTO IPEIIIOJIOK UM,
9TO yKe «KEeM-TO» [I0Ka3aHO HAJIMINE UMEHHO [IePUO/a TAKO#! JIJTUHBI,
U MMEHHO U3 TAKUX YUCEJI.

Mpbl packJiapiBasm IJjid CAMOrO IPOCTOIO CJIydas, U B HEM Cpasy
IoIIes EPHUOJT; TeJIble YaCTU CO BTOPOrO MECTa PaBHBI 2, 2, 2, U T.]I.
Ecau 61 51 06pybaJsr mennyio jpodbb B JI0OOM mecTe i Jioboro 1m,
A coBepumy Obl ommOKy. A Ha caMoM jeJsie oOpybarb HY2KHO POBHO
B KOHIIC I€puo1a, TO €CTb B TOM MeCTe, Iic HaUYMHACTCA IIOBTOPEHUEC.
Hawasto neproma — 1o Kak pas camoe 6osibinoe duco. B atom mecre u
HY2KHO 00py0arh, UTHOPUPYS BECH MOCJIEHHUA OTPE30K Ap0obu, HATUHAT
¢ camoro 6osbmioro yucsia. Hamnpumep, B uaymeM HmKe OIpuMepe Mbl
moxonum 110 4 u obpybaem. B caenyromuii pas Moxem oopybuTh meper
BTOPOM 4YeTBEPKOH, U T. 1.

2+

1+

4+
2+

1+ 1

1
4+ =
Ho 310 6611 MOIE/IBHBI [IPUMED, HE OTHOCANUUACA HA K KAKOMY M.
Hamnpuwmep, 6piBaeT, 410 MOBTOPEHUE HATHETCHA HA 7 UJIA 8 CTYIIEHb-
Ke apobu, uiu eie gasbiie. Yucsio 61, cpequ nepsoix 100 uucest, camoe
HENPUSITHOE B HAIIEM CMbICJE. V160 /61 09eHb moJIro pacKJaibIBaeTCa
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B LENHYIO JpO0b, II0KA HE NOBMOPAMCH YCA0B8US, ODECIednBaoIme Hu-
KJIM9IeCKOe IIOBTOPEHNE BCEeX BBIIEIIAEMBIX JaJiee mesblx JacTteil. 1 mo-
5TOMy CaMble MaJIeHbKHEe pelenus ypasuenus r2 — 61y? = +1 Gyuyr
OoJIbIIe MUJLIAAPOA.

B xocrpomckoii obstactu Kaxk[ble IOJIr0/Ia IPOBOAUTCA UIKOJIA, [1JIs
CHMJIbHBIX HIKOJIbHUKOB. BOT OHM y HaC rge-To 3a 4aCUukK I9TOT KOPEHDb
u3 61 packsanpiBasmm. [lorom eie MUHYT JleCATh CBOpaYuBaJm J1podb,
¥ HA BBIXOJIE NOJIyYaJId [BA YUCJIA HOPAAKA Musiumapna. Koropsbie,
€CJI TIOICTABUTH B HAIE YpaBHEHUE, UyAECHBIM 00Pa30M [JAI0T pelie-
Hue ypaHeHus Ilesiida.

Hennas npobs (usm anropurm EBkimina, KOTOpbiil ee nopoaus) Mo-
KeT ObITh U3JI0KeHa reomerpudeckum obpasom. [losiesno suars, Kakas
reomerpus 3a 3tumM crouT. Huxe a ee n3obpaxy.

Hemuoro yrounio teopemy Jlarpamxka, 9r0 NpuOJIM3UT HAC K TEp-
MUHY aA2e0PAUYECKUE HUCAG. TITO Takoe panuoHa/bHOE 9ucj0?! Mbr
JIOTOBOPHMJIACH, YTO ITO KIEJIOE JAEJIMTh Ha 1eJ10e» (TO eCTh %) Mox-
HO HANKCATH U HO-IpYyromy. PanuonaabHOE 9UCI0 — 3TO KOpPEHb (TO
ecrb peutenue) ypasuenua m — nx = 0.

Hampuwmep, 1—57

1
T = 17 U IIPOBepbTE 3TO.

5

K wemy mbr mpuxomum? K 6osiee mmpokomy momxomy. Panmonasin-
HbIC YHUCJIa — 9TO KOPHH BOT TaKHX JIMHEITHBIX ypaBHeHHﬁ, TO €CTb
yPpaBHEHU EPBOi cTenenu C nesjbiMu Ko3ddunnentamu.

— kopenb ypasaenusa 17 — dx = 0. Ilomcrasbre

Kophem Kakoro ypasBHeHUs ABJIAETCA HMCJIO KKODEHb M3 [IBYX>»
(obosmadum ero mpocro K)? Hyxmo nHanmcarh BbIpaxkeHHe C HKCOM,
y KOTOPOro 1eJsible K03 UIueHThl, TAKOe, YTO IPHU MOJICTAHOBKE II0-
syunrca 0. Bor ono: 22 — 2 = 0.

Omno 2-it crenenu. Bor g u roBopio no3romy: K — uucso mwe pammo-
HaJsibHoe. Benp 910 ypaBuenue HesimueitHOe, OHO BTOPOil CTernenu.

A ecou a mamaury: !0 — 3 =07

Yro a nostyuy #a Beixone? Kopens 10-it crenenun n3 3. Yucsio me pa-
OMOHAJIbHOE, YOOBJIETBOPAIOIIEE YPABHEHUIO, TJI€ CJIEBA CTOUT MHOTO-
wWieH ¢ UesibiMu KoadhHuimenTamu.
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Hamnumem npoussosibuoe ypasuenue 2-it crenenu: az? + bz + ¢ = 0
(TyT, KOHEIHO, «a» HE PABHO HYJIO).

Takoe ypaBuenue Bbl, 6€3 comuenusi, uzydaJsm B uikose. Ho Bbr u3-
y9IaJd ero Ui MPOW3BOJIBHBIX a, b, ¢. A MbI OymeMm paccMaTpuBaTh
mMoAbKO uyeavie. 1o ecTb MHOIOYJIEH, B KOTOPOM II€JI0€ YUCJIO PAa3 B3si-
Ta equHANA (MO0 MUHYC €IMHUIA) — IIOJIYIUIIOCh «C», IIOTOM IeJsioe
9UCJIO pa3 B34AT £ (C TeM MJIM MHBIM 3HAKOM) — 910 Oyner «b», u ue-
J0e 9ucio pas B3aT z2 (310 — «a»). Pemaem kpaaparHOe ypaBHeHHe

110 U3BEeCTHOU dopmy.ie:
o —b £+ Vb? — dac
= 5 .

Mpbl nosyansiv BbIpazKeHue, UCIOJIb3YIOIEe IIPA CBOEM ITOCTPOEHUM
OIEepAIUIo N3BJIeYeHNA KBAJIPATHOIO KOPHA OouH pa3. Tak BOT, Teope-
ma Jlarpamxa 3By4uT TaK: €CJIM I ABJIAETCHA PEIICHUEM yPABHEHU

ar’ +bx+c=0

¢ nesbiMu KoaddumuenTaMu, TO TOLIA ero memHasi apodb Oymer Jim-
60 KOHEUHOU (ec/iu BAPYT PElleHne OKAXKeTCs PAIMOHAJIBHBIM), JInO0
rnepuoandeckoii. Bepuo takxke obparnoe yrBepxaenue. Ecim mennas
JIpoDb yCTPOEHA TAaK, 9TO y HEe, HAUMHAsA C HEKOTOPOTrO MECTa, BOSHUKA-
er MePUOAUIECKOe MOBTOPEHUE [EJIbIX YaCTel, TO OHA, YJ/I0BJIETBOPIET
TAaKOMY yPAaBHEHHUIO C EeJbIMEU K0 pumuenTamu.

A BOT Tenepsh, onMpadach Ha BTy TEOPEMY, I MOI'Y BaM JIATh OCHOBHOE
omnpenesenne. Yuciio HA3BIBAETCH UA2€0PaAUYECKUM, €CITH OHO SIBJIAETCHA
KOPHEM XOTs Obl OHOTO ypPaBHEHUs C MeJibiMu KodduimenTamMmu mpo-
M3BOJIbHOM muimabl. He oba3aresibHO KBaapaTHOrO, KaK y HAC, & IPO-
U3BOJILHOTO (MHOTOUJIEH JIIOOOH cTenenn).

A mpancuendenmmnoe “ucao — 9TO IUCIIO, KOTOPOE HE ABJIAETCS
ajirebpandeckum. C s1umM cBazana goJrad ucropud. Crosiji BOLPOC,
CyUIECTBYIOT JIM TPAHCIEHIEHTHBbIE 9uCJia BooOmie. IpeBHUM rpekam
6bIJ'[O I/I3BeCTHO, 49TO OJIMHA JUAT'OHAJIN KBa,,leaTa HE dBJ1deTcd paHI/IO—
HAJIBHBIM YUCJIOM. ITO ObLJIO 0YeHb Heya00HO apeBauM. Ho, ¢ npyroii
CTOpOHBI, OHA, YIOBJIETBOPSIET 3JIEMEHTAPHOMY KB3IPATHOMY ypaBHE-
HI/IIO, TO eCTh dBJIdeTCd aJII‘e6paH‘leCKHM YUCJIOM. BOSHHKaeT BOHpOCZ
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BCce Jiu yucaa ajrebpamdeckue? Orper — ner. Maremaruk 2K. Jlu-
YBUJLITb, XXKABIIAHK B cepenuie XIX Beka, MPOCTO BBIITACAJ KOHKPETHOE
YUCJI0 M JI0KA3aJI, YTO OHO He sABJjsercd ajredpamdeckum. C 910ro
BCE u Havyasoch. Ha camom pesie asirebpanvecKux 4uces HEM3MEPUMO
MEHBbIIIe, YeM HEe a,JII‘e6paI/I“IeCKI/IX, TO €CTh TPaHCHECHOCHTHDBIX.

I'py6o roBopsi, eciu BbI BO3bMETE BEIIECTBEHHYIO OChb U CJIydaiiHo
BOTKHETE B Hee OyJIaBOYKY HYJIEBOW TOJIIUHBI, Bbl IPAKTUIECKNA HA-
BEPHAKA 1I0I1aJIeTE B HeasredpanvdeckKoe YucJo.

Mpbr ¢ Bamu Ha 3 JIEKIMKM KAKYIO-TO 33[ady pemaju ¢ KaKO#-To
KeJIe3KOH (moMuuTE? — KOTOPYIO HAA0 KYAa-TO OTIIPABUTH, ITOOBI
OHA BCTAJIA B BEPTUKAJILHOE IOJIOKEeHUE). FCjm Bbl 3Ty XKejesky Ha-
yraj B34/ TJIe-TO, CO CBAJIKY, YCTAHOBUJIM HA UIAPHUP U CTAJIHA OTIIPA-
BJIATH POBHO C TOW Cmjioi, uTo0bl OHA 3a GECKOHEYHOE BpeMs BCTAJIA
B BEPTUKAJIBHOE ITOJIOXKEHWE, TO CUJIa, Hayraj B3dTad, Oy[eT TpaHc-
neagentunasa. Ha camom mesie cama xesie3ka Toxe OyierT TPaHCIEH-
JIeHTHOW 110 cBoeil jumue. Ecth camaa 6Gosibiiad 3arajika, KOTopasd
OOBIYHO COBEPIIEHHO HE MOHATHA JIOAM, HE 3aHUMAIOUMMCI MaTe-
Marukoit. Kak 910 — beckoneunocmu mozym 6vimsd pasusie? Bor Kak
MOXHO IIPEICTaBUTh, 9TO OeckoHednoctn pasHbie? Bpome Geckoned-
HOCTh, OHA U eCThb OeCKOHEeYHOCTh. OHU BCE OIUMHAKOBbLIE. DTO OLUH
HAWBHBIA B31Jid. pyroii HAMBHBIA B3IVIAM, HA BEIA COCTOUT B TOM,
4910, HA00OPOT, MOYTH BCe DeCKOHEeIHOCTU pa3nbie. Bor, ckaxkem, BO3b-
MEM MHOXKECTBO BCEX HATYPAJIbHBIX YMCEJ U MHOXKECTBO BCEX IEJIBIX
qucesi. Kakux 6oJipire?

Caymarensb: [lesbix.

A.C.: «B nBa pasa 6osbies, eciiu BbI [yMaeTe «B HAMBHOM KJIIOUE»
o bGeckoneuynoctu. Wiu, tak ke HauBHO: «uces, KOTOpble HEIATCI
Ha 3, B 3 pa3a MeHblIe, YeM BCEX HaTypaJbHbIX duces». A u rex,
U ApyruX — OECKOHEYHO MHOTO.

Oka3sbIBaeTCsl, MATEMATUKA AT 03K AJIOCTHBIA OTBET, COBEPIIEHHO
0e32KaJI0CTHBIA: [EJIbIX YUCes CTOJIBKO K€, CKOJIbKO HATyPaJIbHbBIX.
Kaxk rosopust ogun mytauk: «Ha sT0oT Bompoc ecTs nBa MHEHUA — OTHO
u3 aux Moe, a gpyroe — Heseproes». B oryimaue or 06619000 1y THU-
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Ka, C KOTOPbIM MOXHO ¥ IOCHOPUTH, C MATEMATUIECKUMU KIILY TKAMU»
HE TOCIOpPHUIlh, 100 OHU 0OOCHOBAHBI CTPOTUMHU [I0KA3aTEIbCTBAMMU.

Caymaresnb: Kcraru, n ajgrebpamyeckux qucesi CTOJIbKO XKe.

A.C.: I asirebpanyecKux 4ucesl TOXKE CTOJIbKO XK€, CKOJIbKO HATy-
paJibHBIX. V] pammoHAJIBHBIX THCEJI CTOJBKO K€, CKOJIBKO HATYPaJb-
HbBIX, [IOTOMY YTO €IUHCTBEHHbIN PABUJIbHBIA CIIOCOD, €MHCTBEHHBIR
HEIPOTUBOPEYUBBIA CIIOCOO MPUAATH 3HAYEHUIO «CTOJIBKO JKe» KaKOu-
TO HAYYHbIA CMbICJI — 3TO yCTAaHOBUTH MEXK/y [IBYyMa MHOXKeCTBAMU
B3aMMHO OTHO3HATHOE COOTBETCTBHE. T0 eCTh KaXKIOMYy IEJIOMY COIO-
CTABUTh HEKOTOPOE HATypaJibHOe W Haobopor. Cruesarh 3TO OJIs MHO-
JKECTB [EJIBIX U HATYPAJIbHBIX YUCeJ BeCbMa mpocto (puc. 68):

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

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

Puc. 68. Harypa/ipHBIX 9HCeJT XBATAET, YTOOBI MEPEHYMEpPOBATH BCE IEJIBIE
quCIIA.

To ecrb Bbl CMOXKETE BCE LiEJIble YUCIIa IIePEeHyMepoBarh. Y Bac Ka-
KJI0€ [eJI0e YMCI0 B KOHIIE KOHIIOB MOJIYYUT OAUH OJHO3HAYHO OIIPe-
nesieHnblii nomep. a, Kaxkercs, 9T0 Hesblx duces1 BaBoe 0osibine, 1em
HATYPAaJIbHBIX, HO 9TO HENpaBa, HA CAMOM JIEJIe ¥ TeX, U JPYTUX Ofy-
HAKOBOE KOJIMYECTBO. Mbl ux mepecunraju (M HM OIHOIO HE IHPOIy-
ctusin). 'py6o roBops, 1esibie IUCIa MOXKHO MEPEIUCIUTh. Bee nesbie
TOYKM IJIOCKOCTU TOXKE MOXKHO nepeducsutsb (puc. 69).

Hauunawo ¢ rouku (0,0) — 310 Gymer mos 1-a Touka, u naJibuie
1o cimpauti. V1 B KOHIIe KOHIOB KazkAad Iesiad TOIKA MJIOCKOCTH IOJTY-
YUT CBOM OJMH-€IMHCTBEHHbIN yHUKaJbHbII HOMeDP. Bece nHomepa Oyiy T
3aHATHI, BCe IIeJIble TOUKY IIJIOCKOCTH OyAyT epednciiensl. [Ipencrasp-
Te cebe, 4TO y BAC €CTh KOMHATA, B KOTOPO OGECKOHEUHOE KOJIMYECTBO
CTYJIbEB, U B Hee 3aX0MUT OeCKOHEYHOe KOJIMIECTBO YIEHUKOB, KaK I10-
HATH, 9TO 5TO OIMHAKOBBIE KOJIMIECTBA!

Caymiaresns: [locagurs yueHUKOB Ha CTYJIbH.
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Puc. 69. Haunewm ¢ Touku (0,0) u Gymem 00XOAUTDH €€ MOCTENEHHO PACIIUpSI-
omuMucs oboporamu. Kaxkaomy u3 y3/0B Opu 5TOM IPUCBANBACTCH KAKOI-
HuOyb He nopropsromuiicsa Homep: Touke (0,0) — nomep 1, rouke (1,1) —

HOMED 2, 1 TaK HaJjiee.

A.C.: 11 ecaim oHu 3aiimyr BCe CryJibsd, KaxXK/blii yYEHUK CUAUT
HA OJIHOM CTYyJIe, BCEe CTYJIbA 3aHATHI, U CTOANINX yIEHUKOB HET, TO
BBl KOHCTATUpyeTe TOT (PAKT, ITO CTYJIHEB M YICHWKOB OTUHAKOBOE
KOJIMTYIECTBO.

Bpeska 7. Kak KanTop pa3smMbImiisai 0 «B3aUNMHO-OTHO3HAY-
HBIX» IIPOIIECCax

Boire 66110 /10Ka3aHO, 9TO yYEHUKOB POBHO CTOJIBKO, CKOJIBKO
CTyJibeB» (OPUTOM U TeX, U [IPYrUX — OECKOHETHOE KOJIMIECTBO).
Ho Benpb Tem xke criocobom a cefiuac 10Kaxy, 4To y4eHuKoB (1o Gunib
HaTypasibubix gucesi) BOJIBIIE, gem crysbes (To Ouiib mes10aucsieH-
HBIX TOYEK HA IJIOCKOCTH). B camom nejie: yuennka Homep 1 s BooOmie
OTIHPABJIIO JOMOI «KaK JIMIIHEr0», HA [EPBBIA CTYJI MOCAXKY ydYEHUKA
Ne 2, wa Bropoit — yuenumka N 3, u tak masiee. Vltak, s jokasaJi nsa
B3aMMOMCKJIIOUAIONuX haxTa: 1) 4T0 y4EHUKOB U CTYJIbEB OIMHAKOBOE
kosmaectBo; u 2) uro yuenukoB BOJIBIIIE, gem crymbes. A 3axores
661 — mokaszast 661 u uro 3) cryabes BOJIBIIIE, uem yuenunkos. Tak
9TO XKe, [Jid OECKOHEYHBIX MHOXECTB, YTO JiM, B IPUHIUAIE HEJIb3dA
CKa3aTh, KAKOE U3 HUX «OoJibme»?!

Hpyroii 661 yuenbiit Ha Tom u ycrnokousica. Ho reamasbaocrs Kan-
TOpa MO3BOJIMJIA €My HaiiTu BEpPHYIO J0pory B 3ToM mpake. OH cipo-
cuji cebsi: a Kak ObLJIO C 3TUMM TEOpeMamu [ijisi KOHEYHBIX MHO-
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xkecr? Jlyigd KOHEYHBIX 9TU TPU TEOPEMbI HECOBMECTUMBL JAPYT C JIPY-
roMm, u jmobad U3 HAX MOXeT OBITh HCIOJIb30BaHA IJIA BBHIACHEHNH,
KaKOe W3 MHOXECTB OOJIbIlle: YIeHWKOB WJIM CTYJIbeB. A Kakoil xe
13 Tpex HaJo MOJIb30BATLCA JIJId CPaBHEHUA OECKOHEIHBIX MHOXKECTB'!
Oxazasioch, 410 1yig OECKOHEYHbIX MHOMXKECTB HAJIO B3ATb 3a OCHO-
By cmocob 1: ecyim XOTb KaKUM-TO 00pa3oM yIajoCh yCTaHOBUTD
B3aMMHO-OJHO3HAYHOE COOTBETCTBUE MEXKJ/Yy YYECHUKAMU U CTYJ/IbAMMU,
3HAYHUT, TOPKECTBEHHO 0ODbABIIAEM 3TH ABA MHOXKECTBA «PABHOMOII-
HBIMU>» W HE IIOAOaeMCdAd HU Ha KaKHe IIPOBOKAIUU TUIIA <<CHOCO6a 2»
nnn «cnocoba 3». Toapko Tak MOXKHO IOCTPOATH HEIPOTHBOPEIHBOE
CpaBHEHHe MHOXKECTB II0 MOIIHOCTAM. «B Hakazanme» 3a sTo Kanropy
IPULLJIIOCH OOKA3aTh HECKOJIbKO TPyJHEHIMUX Teopem, KOTOpble, K CO-
KAJIEHWIO, HEe TOJIBKO HeJIb3dA KIO-IIPOCTOMY®» IOACHUTH I'yMAHUTAPU-
AM, HO JIaxKe u y Oyynux MareMarukoB (CTyIEHTOB 2-10 Kypca Mex-
mara MI'Y) c monumanmeMm umx IOKa3aTesbCTBA BOSHUKAIOT DOJIbLIE
pobsiembl. Ho x0Tt ux TPYIHO MOHATH W BOCIIPOU3BECTH, UX yXKE HE-
JIb34 «3alPeTUThy» MOJOOHO TOMY, KaK Hudaropeinsl XOTe/n «3ampe-
TUTH» UPPAIMOHAJIBHBIE YUCJIa — Belb KauTop BCEé 060CHOBAJI CTPOrO
MaTeMaTHIecKH, a JIPYTHue C 3TUM COLJIACHIIHUCH.

Caymarens: A eciu y Hac, nomycruM, jiBe chepbl, MaJEeHbKAd
u Gospmasa?

A.C.: Kak MHOXECTBa TOYEK 3TO OJHO U TO XKe (TO eCTh OHU PaB-
Homotabl). O6bACHIO HA pUMepe OKpyxKHOCTEH (BMecTo cdep). Ycera-
HOBUM B3aUMHO OJIHO3HA4HOE coorBercTBue (puc. 70).

[IxosmpHWK MAaTKJIacCca y3HAET BCE 9TO, CKaxkeM, B 9-M KJjacce.
N Bor tyr y Hero, kak u y Kanropa, BOBHUKAET MbICJIb: & MOXKET,
Joboe GeCKOHETHOEe MHOXKECTBO MOXKHO mepecunTarhb! Torma Bce Hec-
KOHEYHbIe MHOXECTBa OrHaKoBbIe. BosbmeMm orpesok [0, 1] u nepectn-
taeMm ero. [losrygar s Bce Tourm orpeska Homepa?

Her. 11 510 MoxHO dhopmasibro nokasars (Kamrtop cmesmas sto). [le-
PECIUTATD TOYKHU OTPE3Ka HEBO3MOXKHO. V] Tak Kak BHyTPH OTPE3Ka
3aBEJIOMO YIKUBAETCA OECKOHETHOE IHCJIO TOMEK BUARA 7, HapaMETpPH-
3yeMoe HATypaJIbHbIMU YUCJIAMUA — HAIPUMEP, MHOXKECTBO 4YUCeJI BU-
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Puc. 70. TlpoBoms siyun u3 0OOIIEro MEHTPA ABYX OKPYXKHOCTEH, yCTaHABJIIN-
BaeM B3aUMHO-OIHO3HAYHOE coorBercrBue Mexay ux roukamu. (Bosiee Toro,
OHO K€ OTBEYAeT BAXKHOMY YCJIOBHIO: OJIM3KUM TOYKAM OIHON OKPYXKHOCTHU

COOTBETCTBYIOT HJIM3KUE TOYKU JPYIOL.)

J1a, TO MbI TOBOPUM O TOM, YTO OTPE30K MMeeT KaK OECKOHEYHOEe MHO-
JK€CTBO DOJIBIIYIO0 MONIHOCTD, OH 00JIbIlIe KaK O€CKOHETHOE MHOXKECTBO,
YeM MHOXKECTBO HATypaJibHbIX 4ducesi. Ha orpeske, Ha OKPyXKHOCTH,
HA TLJIOCKOCTH OOJIBIIIE TOYEK, CTPOrO OOJIbINe, YeM HATYPAJIbHBIX K-
cest. I'me-to B xonmne XIX Beka I. KanTop moHs I, 910 6eckoneurocmu
Ovi6arom pasmvie.

Ceituac @ m0Kaxy, 9TO MHOXKECTBO, JIIOO0E MHOXKECTBO (Kakoe Obl
OHO HU OBLI0, KOHEYHOE Ui OECKOHETHOE), U MHOXKECTBO €ro MOAMHO-
xecTB — He onuHakoBbl. (Bropoe muoxkecrso OBABATEJILHO Gyner
GoJTbLIE IO MOIIHOCTH. )

Cuaugasia Bo3bMeM KOHETHBIH citygaii. [TycTs y mac ectb MHOXKECTBO.
Omno cocrour (mampumep) u3z tpex guces: 0, 1 u 2. IlommuOXKECTBO —
9T0 KaKaf-TO KOMIAHUHA, COCTaB/ieHHad u3 Hux. Kakue moryr ObiTh
koMmmaHuu? Bo-miepBbIX, MOXeT OBITh KOMIAHHA, B KOTOPOW HET HU
onsoro uucaa. Hy, kax rosopar, nycmoe mmodxncecmso. «Hukoro B Hém
HeT» HasblBaeTcd Komnanud. Ho maremaruku HEKak He MOryT 6e3 5To-
1o 00O THUCH, OHM IIPOCTO HE MOI'YT. Be3 HyJid u 6e3 11yCcToro MHOXeCTBa
maremaruka He xuser. dro 3unaunr «Ha nenp poxjenusa npuniio iy-
CTOe MOOMHOXKECTBO IrocTeii»? 9To 03HAaYaeT, YTO Bbl HAKPBLJIXA CTOJ,
¥ HUKTO He ABWJICS. Maremaruk ckaxer: «Ko MHe Ha JIeHb POXe-
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HUSA [IPULLJIO IyCTOE MHOXKECTBO rocreir». Ilorom, BO3MOX)HO, npuiest
ToJ1bKO rocmomui (. I cpasdy MHOXKECTBO HEpecTaso OBITH IIyCTHIM!

[Ipomosnkaem «upumymbiBarh “kommanuun”. Tak ckaszarb, KaMna-
HuA no narorcdenuro komnarut (uryTka). BosMOXKHO, B TOCTH HPHIIEST
e l'ocomuu 0, a Tocuoguu 1 wymm [ocriogun 2. Bor Bam yxke nesibix
qeThbIpe KOMIIAHUU: OIHA IIyCTasd W TPU U3 OIHOIO «IEJOBEKA». ITH
HOCJIEJIHUE MOTYT JIazKe 00eceoBarh. .. camu ¢ coboil («C yMHbBIM ve-
JIOBEKOM U IIOTOBOPHUTH [IPUATHO ).

0 (mycroe muOXecTBO),
{0y, {1}, {2}

Kakwue eme BapuaHTbI?

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

Bce BapuanThl iepeuuncsmin’?
Eme morsnm npuiit Bce. IToro — 8 pasHbIX KOMIIAHWIA.

{0,1,2}.

Nnu rakaa 3amaga. Ber nagaspauk rpymmbl. VI BbI xoTHTE KOrO-TO
HarpauTb. CKOJIbBKUMU CIIOCODAMEU Bbl MOXKETE PEHIUTH 9Ty 33a9y !
Bbr MoxeTe HarpaJiuTh OIHOIO, MOXETEe He HArpaXkIaThb HUKOro. Mo-
Kere HarpaJuTh ABYX, Moxere Bcex Tpex. CKOJIBKO y Bac CiiocoboB
peuruTsb 3Ty 3amady? ¥ Bac 8§ BApUAHTOB, IIOTOMY YTO 8 IMOJIMHOXKECTB.

Tak BOT, HU JIyIg KAKOrO (HM KOHEYHOro, Hu HECKOHEYHOr0) MHOXKE-
CTBA HEJIb3d HNEPECUYUTATh IMOAMHOXKECTBA, UCIOJIb3yd DJIEMEHTHI HC-
XO/HOTO MHOXKecTBa. [logMuOoXkecTB ropasmno 6oJibuie, YeM 3JIEMEHTOB.
Y Hac 3J1eMeHTOB Bcero 3, a IMOAMHOXeECTB okasajoch 8. He xBa-
tut. Eciin ssiemenToB 66110 Obl 5, TO nopmHoxecTs Oyger 32 mryku.
U1 KOHEYHBIX MOHATHO — HE IIEPecYnTacb. ¢l X04y cKa3arh, 4TO Ta-
KOI'0 HEe MOXKEeT ObITh HU [JIg KAKUX BOOOILEe MHOMXKECTB. DTO JI0Ka3aJl
I'. Kanrop.

Cwmotpure. Kak Mbl MOTJIH ObI JIOKA3BIBATH TEOPEMY O TOM, 9TO MHO-
JKECTBO U MHOXKECTBO €r0 IOIMHOXKECTB HE O[UHAKOBBI.
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Paccmorpum muoxkecTBO Harypasibabix uwces 1,2,3,4... Y muO-
JK€eCTBO BCEX IIOIMHOXKECTB 3TOT0 MHOXECTBA, HAIIPUMED, BCe UeTHHIE,
WM BCE IeJdAmuecd Ha, 3, ujim BCe KyObl umcesi, HaYMHAs C THICAYH,
7 T. .

Vcnosp3yem [10Ka3aTesibCTBO OT MPOTUBHOTO (HO B HECKOJIBKO HE-
06brunOi O6cTanoBke). [IpemnosIoKuM, 9T0 Mbl CMOIJIM [IEPECYUTATD
MHOXEeCTBO HMOAMHOXKeCTB. [[omMHOXKeCTBO YeTHBIX UHMCESI MOJIYIUJIO,
ckaxem, nomep 15. [TogmuoxkecTBo HeverHbix moJryausio Homep 3. [lox-
MHOXKeCTBO «Bce dernbie, HaunHasA C JIECATKUS HOJIyInJI0 HOMED 156.
YUwucna, nenamuecd Ha 3, KAK MHOXKECTBO, moyanian HoMep 1376, ot-
JIEJIBHO B3ATOE IMOIMHOXKECTBO M3 YMCEJI, KOTOPbIE MEX /Ly CTA U ThHICS-
9pI0 JiexaT, nosryamsio Homep 1000000 u . 1.

HomycTtuM, MBI IepecInTaIA BCce TOAMHOXKeCTBa. [IpuBenem sTo mo-
IIyllleHrEe K TPOTUBOPEYUIO.

Paccmorpum Bce HaTypaJibHbIE YUCJIA, JJId KOTOPBIX KUX» HOAMHO-
KeCTBO (TO eCTh HOIMHOXKECTBO C TAKMM HOMEPOM ) HE COLEPIKHUT TO-
ro 4ucJa.

CkaxeM, YeTHbIE YKUCJIA HOJSydusu HoMep 15, 15 — HedeTHoe 4u-
CJI0, TO €CTh, IOJIMHOXKECTBO, EMY COOTBETCTBYIOIEE, €10 HE COIEPXKUT.
3uavut, 15 — 5TO KakK pas HyKHOE HAM UHUCJIO.

A ecnm, mampumep, monMHOXKeCTBO cocromt u3 uucest {101,102,
103,...,200} u nosnyuuso nomep 195, OHO HAM HE NOAXOAUT, TAK KaK
195 JsiexxuT BHYTPHU CBOEro MOAMHOXKECTBA. JHAYUT, HATYPAJIHHOE UH-
cjo 195 mam HEe MOOXOIAT.

Hasmee KanTop chesias mar K CJIEAYOMEMY 3Taly PACCYyKIEHU.
OH paccMoTpes1 Bce Takue 4dmcja, codpaj ux B Kydy u 0003BaJI 9TO
IMOAMHOXKECTBOM B.

[lommaOX)ecTBO B BIOJIHE KOHKPETHOE — 9TO BCE UMUCJIA, KOTOPBIE
CaMM HE BXOIAT B MOJMHOXKECTBO C UX HOMepoM. 10 ecth 15 Bonwio B B,
195 — me Bouwto. U Tak masiee. 9ToMy MOAMHOXKECTBY B TOXKe JI0JIKEH
OBITH TPUCBOEH HEKUU HATYPAJIBHBIA HOMED b. ITO XKe HOAMHOXKECTBO.
Ho ecau xaxk10My NOJAMHOXKECTBY IIPUCBOEH HOMED ([0 HALIEMY IIPEI-
[OJIOXKEHWIO), TO TAKOMY MOJMHOXKECTBY TOXE IPUCBOEH HOMep. Bo-
POC: 4ucJIo b BxopuT Jin B noagMHoxecrso B? C kakoil BEpoATHOCTHIO
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Bbl BCTPETUTE KPOKOIMJIA HA yJuile (€C/m Bbl HE 3HAETe BOOOIIE, 4TO
TAKOe «KPOKOMHUIT»)?

Caymaresu: 50 ma 50.

A.C.: la, upaBuibHo, neBymku jgoporue! Bor 910 Bbl mpaBujIbHO
roBopurte. JIubo Bcrperute, 1ubo He Bcrperure. llpasna? 3uaqut, HO-
mep b yinbo npunamiexur nogMuOKeCTBy B, jinb0 HE HPUHAIJIEKUT.
Ceituac a moKaxy, YTO HE MOXKeT ObITH HH TOro, HA Apyroro. 1o
ecTb cefiuac g 0Kaxy, 9TO Bbl HE MOXKETE HU BCTPETUTH KPOKOIUJIA,
Hu He BcTperuTh. Hu 10O, HU npyroe He moxer mpousoiitu. U sTo Oy-
JIET TO CAMOE IIPOTUBOPEYRE, KOTOPOE DYJIeT yCTAHABJIUBATH TOT (DAKT,
9TO COOTBETCTBUA MEXKIYy MHOXECTBOM W MHOMXKECTBOM €ro IOIMHO-
xkecTB He 6biBaeT. [loroMy 4TO OHO BBIBEIIEHO, UCXOMA U3 TOrO, YTO MbI
CMOLJIA yCTPOUTH TAKOE COOTBETCTBHUE.

[Toexasm. f yTBepxkaio, YTO «MHBEHTAPHbBIN» HOMED IMOIMHOXKE-
CTBa, KOTOPOE COCTOWUT W3 TAKMX HATYPAJIbHBIX YUCEJ, 9TO UX COD-
CTBEHHOE IMMOJIMHOXKECTBO UX HE COMEPKUT, HE MOXKET HU COIepPXKaTbCA
B B, uu ne conepxarbcd B B. [Ipenmosioxum, 4o Homep b comepxruTca
B B. 9T0 3HAYUT, YTO OH HE MOXKET BXOAUTh B MHOXECTBO TEX UHUCEJI,
KOTOpbIE B CBOMX MHOXKECTBAX HE COJIEPKATCA.

Caymiaresb: U1 3naquT, OH HE COIEPKUTCA B MHOXKECTBE B.

A.C.: U saauur, oH He copepxurcd B B. A rTenepb npeicrasbre
cebe, ITO OH HE CONEpPXKUTCA B B.

Caymaresnb: Ho torma on mospkeHn cogepKarbCsa, HOTOMY 9TO OH
sJeMeHT B 1o onpenejieHnio MHOXeCTBa, .

A.C.: [a. Torma ou mosmken comepxarbesa B B. To ects ecstu oH co-
IEPAKUTCH, TO OH HE COMEPKUTCS, a €CJIA OH HE COIEPKUTCHA, TO COIEP-
xkurca. Teopema mokaszaHa METOHOM «OT IIPOTUBHOTO», ©OO MbI HpU-
UIJIA K 9UCTO JIOTMIECKOMY [POTUBOPEUHUIO.

Bor ona, maremarudyeckad Jsioruka. [1oopo noxasoBars! Kax bt
6-it JToruK, KaK TOBOPAT, CXOIUT C yMa. DTO MHE F'OBOPUJI MO yIUTEb,
OH TOXKE€ MaTeMaTU4eCKUU JIOTUK, HO He HICCTOH.

Hemaem pajbHERmAi#t BBIBO, — 9TO MHOXECTBO ITOAMHOXKECTB
6osbure, yem camo muoxectso. (Ilomckaska: Bo MHOXKeCTBE BCEX IO
MHOXKECTB HAXOIATCA BCE OJTHOIJIEMEHTHBIE NOJIMHOKECTBA. ) 3aMaH 11-
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BO#t ABJIAETCHA MBICJIb, YTO TO HE TOJIBKO /I MOAMHOXKECTB HATYPAJIb-
HOI'O psAIa 9HUCeJT CIPABENJINBO, HO K BooOIIe myrd moaMmuoxecTts JIHO-
BOI'O muoxecrBa. Ho nonarue «j1ioboe MHOKECTBO» TaK BIOXHOBHJIO
HEKOTOPBIX MATEMATHKOB, YTO B XOI IIOILIX COBEPUIEHHO Y2KACAIOIIIE
MHOXKECTBa, TUIIA, KMHOXKECTBO BCEX MbICJUMbIX MHOKECTB». (Vm, na-
[IpuMep, MHOXKECTBO IIJIOXO COBMECTHUMBIX CJIOB «OTOPOI», «Oy3mHA»,
«KueB», «ianpka» u3 u3BeCTHON n0roBopku.) U BO3HUKJIM KPyHHBIE
MaTeMaTHIeCKre IIpobaeMbl ¢ TaKuMK MHOXKecTBaMu. Ho teopus Kan-
TOpa BBIIEPXKAJIA 9TO HalleCTBrUE «6e3yMHbIX MHOXKECTB». [IpocTo npu-
LIJIOCh BHECTU HEOOXONUMMBbIE YTOUHEHNA B HEKOTOPhIE MCXOIHbBIE IIOHSI-
THUA.

Bor euie omgun spkuit 06pa3duk «0e3yMHBIX MATEMATAYECKAX 00b-
ekToB». Paccmorpum mekoropsiit map. Hampumep, dpyrbosbubiii Mad.
Ecrtp criocob paszburb 3TOT mIap HA KOHEYHOE 4YHMCJIO KYCKOB, U3 KO-
TOPBIX [MOTOM MOXKHO OyIIeT COCTABUTH POBHO OBA MMIAPA TAKOIO XK€
pasmepa. To ecth BbI 6epere dpyTOOIBHBIN MsTd, OepeTe HOXHUIILI, Pa3-
pesaere MAY HA HECKOJHKO KYCKOB, OHM COBEPIIEHHO GE€3yMHO yCTPO-
eHHble, HO BCe-Taku Kycku. [lorom kxxx... u y Bac gBa PpyTOOSIbHBIX
msaga. Beé. Maremarnkn — takume BOT (hOKyCHUKH.

Caymarens: Takoro xe pasmepa?

A.C.: AGCOJIFOTHO TAaKOro XK€ pasMepa.

Hpyroii Ciaymarenb: Ho 510 B Teopun BO3MOXHO?!

Ciymarens: TosibKO B TeOpUT ¥ BO3MOXKHO. A Ha TpaKTUKE?!

A.C.: A Ha mpakTuKe HOXHUIBI JOJIKHBI OBITH YCTPOEHBI «HEM3Me-
pUMbIM 00PA30M», TaK CKa3arb. ITU KyCK1 He UMeIT o0bema. [Ipes-
CTaBJieHHE OOBITHOTO IEJI0BEKA O TOM, 4TO Jiobasi obbemuast purypa
nmeer 06beM, HE COOTBETCTBYET peaJsibuocTu. lasieko ue y j1000it mpo-
CTPAHCTBEHHOU DUy PBHI MOXKHO IIOCIATATHh 00beM. aeko He y ar0boit
IJIOCKO# (PUTypPhl MOXKHO BBIYUCJIMTH IWIONA 6. HO Bl HE MOXKeTe ce-
6e npencraBuTh Takyio ¢purypy. Ux Boinymasin maremaruku. Gurypbr
9TU CTPpallHbIC, 1 OHU HUKOTJa HE BO3HUKHYT HU B KaKOi peaJIibHO-
CTHh. HO B TCOPETUICCKUX IMOCTPOCHUAX OHU €CTh, 1 683 HUX BOT HUKY-
na. (A B mporecce obydeHus Takue «6e3yMHbBIE» IPUMEPBI MO3BOJIAIOT
JIydIe MOHATh, KaK ycTpoennbl okpyxaionme nac PEAJIBHBIE npen-
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merbt.) Ha npamoii, nanpumep, ectb 00bEKThI, y KOTOPbIX HET OJIWHBbI.
Y kaxoit pusmIeckoii TeOpUU €CThb apeaJ, B KOTOPOM OHA IIPUMEHU-
Ma. MexaHuKa IPUMEHUMA, [IJIs PA3MEPOB MOPAJIKA HAC C BAMU, HO OHA
HENPUMEHUMA, i1 PAa3sMepPOB MOPAIKa aToMa, TaM OHA He paboTaer.
Tam coBepienHo jpyras ¢pusura. B 9KOHOMUKE MAKPOCHCTEMBI, KO-
TOpbIe T€HEpPUPYIOT TaKue Belmnm Kak mHbJanna, 6espaboruma u Tak
JlaJiee, OHU aDCYPIIHbBL JIJIA MHOXKECTBA U3 ABYX, Tpex dejioBek. U moe
dutocodpckoe MHEHHE, MOXKET ObITh, OHO COBEPIIEHHO MUJIETAHTCKOE,
UTO y MATEMATUKHU TOXKE €CTh apeaJl, HO OH HAXOMUTCHA B MO3IY 4eJI0-
Beka. Tam BcesieHHAsdA COBEPIIEHHO NIPyrad, TaM HET BO3MyXa, IIPUBbHIU-
Hoit armocepn! Her. Maremaruka Toxe OrpaHu9eHHO IPUMEHNMA, OHA
He YHUBEPCAJIHHA, OHA COBEPUIEHHO B IPYTO#l 06JIACTH KUBET, TO3TOMY
B JIpyroii obJIacT Hy>KHO UCKATH OrPAHUYEHUS.

Caymiaresb: Kak HaspBaeTCa HAIPABJIEHUE B MATEMATHKE, LIE
MOXKHO Pa3pe3arhb Iapbl TAKUM HEBEPOATHBIM 0Opazom?

A.C.: Teopust mepsni. To, 9T0 MBI HA3BIBAEM ILJIOMAIBIO K 00 HEMOM,
MATEMATUKKU HA3bIBAIOT Mepoil. COBEpIIEHHO CTpallHbe 00bEKThI 10~
JIy9al0T MEpPY, & HEKOTOpPbIE HE MOJIYyYalOT. ITO OYEHb CYIIECTBEHHO.
He s1060e MHOXECTBO MOXKHO M3MEPUTH. B 3TOM KPOIOTCA I'DAHULIBI
TOrO, 9TO MOJICKA3bIBAET HAM Hala nHTyunuda. OHa TOBOPUT PO OYEHD
[IPOCTHIE BEIH, PO MHOI'OYTI'OJIBHUK M, MHOTOIPDAHHUK Y, CEPHI, IIaPHI.
[Ipo 4To-T0, HOCTATOYHO MPOCTO YCTPOEHHOE. Y Yero BCEerga MOXKHO U3~
MepuTh 00beM, miIomaab. Kcim paspesars pyTOOMbHBIR MAT HA HOP-
MAaJIbHBIE «YE€JIOBEYECKHME» KYCKU HOPMAJIbHBIM «Y€JIOBEYECKUM» HO-
KOM, TO BbI, KOHEYHO, HUKOIA HE MOJYyIUTe NBYX (PyTOOJIHHBIX Msl-
4eit, npocro u3 coobpaxenuit oobema. To ectb uues B Tom, 910 00b-
eMa y Tex KyCKOB, KOTOpble yJIacTBYIOT B Teopeme, HeT. Hukakoro.
Hu nmyJsieBoro, mu nosioxkwurespuoro, nukakoro ner. Ho korma xyckwm
9TH CJIOKAT BMECTe, Y MOJYICHHOTO MAIa MOKET OBITH BIIOJIHE OIpe-
nesiennbiii 06bem. («Obbenuuenne IByX HEUM3MEPUMbBIX KYCKOB MOXKET
ObITH U3MEPUMBIM>. )

A Temepb s Bce-TaKM pacCKaxy BaM Mpo ajaroputMm EBkimma B reo-
Mmerpuyeckux repmunax. [lasaiite Bo3bMem apoOb % U [IpEBPaTUM ee
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B IENHYIO J1pO0b:

S=o+l =0+ —to=or—L
14 a+1 4+

3 3 141

2 2

A renepb cMoTpUTE, YTO # /A0 FeOMETPUYECKH. Bepy 1paMoyroJib-
vk 3 X 14 (puc. 71).

Puyc. 71. Vlcxonublii TpsAAMOYTOJILHUK pasMmepa 3 X 14.

L]

Puc. 72. Pexxem niupor meronom EBximmma.

Orpesaio or npsAMoOyroJibHAKA KBaAparsl (puc. 72). Ocraerca mps-
MoyrosibHUK 2 Ha 3. Orpesato or mero kBagpar. Ocraerca 2 KJIETKH.
Bot oHn n ecth Hamu niesibie 9acTu. 4 60abmuX, 1 MIOMEHbIIE U 2 COBCEM
MAaJIEHbKUX.

910 u ecrb ajiropurm EBkymmga. Takoit KpacuBblil, reOMeTpUIeCK uii
c11ocob.

Kax nmokaszarp Ha KapTUHKE, 9TO PAIMOHAJIBHOE YUCJIO 00A3ATE/IHHO
PaCKJIagbIBAETCA B KOHEYHYIO [EeHY 0 1pobb? ParuonasibHoe 1ucsio —
9TO KakK Obl IPAMOYTOJIbHUK HA KJierdaroi cerke. [loromy, aro y mero
BEPX U HU3 IeJbIe.

105

Bor, ckaxkem, === — 910 nupaMoyrosibuuk 105 B mmpuny u 13 B BbI-
cory. 105 u 13 — 510 Hesible yncIa, TO €CTh Yy HAC LEJI0e KOJIMIECTBO
KBaJpaTuKOB. Tenepb MBI HAMWHAEM HAIl T€OMETPUIECKAN AJITOPATM
Eskimna. Orpesaem, moka MoxeM, OrpoMHbie KBajparsl 13 X 13, mpo-
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BOIMM 3[€Ch I'PAHUILY — DTO HAIIA HeJad 9acTh. | paHula UAEeT 1o 1e-
JIBIM KJIETKAM, IIOTOMY YTO OTPE3aJIH IeJI0e KOJIMIECTBO KBAAPATUKOB.
OcraBuiasicsa purypa — HeJI0UAC/IEHHBIT TpsaAMOyTroJibHUK. OTpesaem
kBaJipaThl oT Hee. OcTaercd elie MEHbIIUK IPAMOYToJibHUK. [lorgaTHO,
9TO 33 KOHEYHOEe BpeMmda BCE Oyier Bbipe3ano. Kaxapiil pa3 MuHUMYM
OlIMH KBaJIpaTukK ynaJsdgercd. [losromy B Kako#-T0 MOMEHT KBa/JipaTu-
KM 3aKOHYArCd. Tenepb BCOOMHUM (DOKYC-LIOKYC, KOTOPBI# f HMPOBEJI
BBIIIE C YMCJIOM «KOpDEHb U3 [ByXs» (Toumee, ¢ umciaoMm v/2 + 1, cM.
puc. 73).

V2+1

Puc. 73. llpamoyronbaukn, ga He Te. .. CTOPOHBI UX HECOU3MEPUMBI.

Hauunaem pesars poBHo 10 ke camoe. OrpesaeM KBaJIpaTUK
(puc. 74). IToromy 9TO MBI WIIEM, CKOJIBKO pa3 EIWHUIA yKJIAIbIBA-
ercd B «KOpHE w3 ABYX ILIOC ofuH». OHA YKJIAIBIBAETCS POBHO JIBA
pasa. Kaxue okaspiBatorcs y 91oii Korduryparmuu croposst? 1 mv/2—1.
Torna upamoyroiasuuk ABC D nopoben BCD'A'.

V2+1

A T B
1

D C

D’\/§_1

Puyc. 74. Ha TOpu30HTAJILHOM TPAMOYTOJIbHUKE BBIIEJEHBI ABAa KBalApaTa,
ocTaJiCa KyCO4eK, MOMOOHBII HCXOMHOMY IPsIMOYTOJIbHUKY.

To ecrb eciiu Mbl niepesepiem u ysesuuum BCD'A' B nexoropoe
KOJIM9eCcTBO pa3, To noayuum ABCD. okasaresabcrBo nHyxHO! Ceil-
qac byner. Yro Takoe momobue? D10 — «CUJIbHAA MMOX0XKECTh» puryp.
Yrbl y npsAMOYTOJIbHUKOB OIMHAKOBBIE, HE XBATAET JIUIIb ITPOITOPIHU-
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OHAJIBHOCTHU CTOPOH. AHasm3upyem, ectb i oHa. 1 : (K+ 1) paBuo ju
(K —1) : 1?7 «Hamomunaem, aro K — 310 KOpeHb U3 ABYX».

B uponuietit pa3 mMbl qokasbiBaJim, 9T0 3T0 0OHO U TO k€. [lomobue
umeer Mecto. Uro ke npousoitger gasibuie?! Eciau Mbl HAYHEM 1aJIb-
nre OTpe3aTh KBAJAPATUKU, Mbl ONATH IOJIy4YUuM 10a00ue, u Tak oyaer
10 6eckoneunocru (puc. 75).

Puc. 75. «Y nona 6su1a cobaka, o ee jiodbua. OHA cbhbesia KyCOK MsCa, OH ee
ybusr — B 3eMJII0 3aKoriasi, KameHb nosioxkusi. Ha kamue nanucass: “Y noma

” § Tak maJiee 010 OECKOHEYHOCTU.

ObLs1a cobaka. . .
Teopema nokazana. U3-3a mogobusa mbr Oymgem a1y omneparuio dec-
KOHEYHOE KOJIMYECTBO Pa3 IIPOEJIbIBATH, & 3HAYUT, HU HA KAKOI ceTKe
HAII IPAMOYTO/bHIK pasmepos (V2 + 1) x 1 ne moxer jexars — u,
cJienoBaresibo, /2 + 1 He 6yIer paruoHa bHBIM YHCJIOM.

Yro-T0 3TO MHE HAIOMUHAET. . . B nnercrse y mend Obiia kaura. Oua
HasbiBaeTcst «Bor rak ucropus!s. Tam 061 Mmasibuuk. OH yKacHO cebs
Bes1. Bee 6butu BocnimTanmbie, a oH ObLT HEBOCHIUTAHHDBIA. VI BOT 9TOrO
MaJIbYMKA OTHPABUJIM B HEBOCIIMTAHHBIN IOPOJI, TI€ y HEro Cpasy Cra-
PUK OTHSJI KPOBaTbh, BBIIHAJI €0, CTaJI CaTh B 3T0i kpoBaru. [lorom
HA €T0 TOMYIIKE BBIPOCJIO HEBOCIIMTAHHOE JIEPEBO, MAJILINKA Pa30ymu-
J0. Ero Bce ctasu obuxarh, Ha YIIUIE BCE TOJKAJIUCDH, U OH IIOIIPOCUIICT
obparno. Ilpocro merckuit Tpussiep, ma u TosbKO. Ha obsoxkke sToi
KHUTHY, OHAKO, ObL/Ia N300pakeHa, HETPUBUAJIbHAA KAPTUHA.

¢ Ha Hee IIAXKY, TJIAKY. .. ITO OB MOMEHT, KOIJIa MO mama Io-
HeAJI, 9TO sl MareMarTuk. ¢l caMm Torma HUYero He MOHsI, s ObLI COBCEM
MaJIeHbKUM. f1 POCTO MOCMOTpEsT HA KapTUHY, HA KOTOPOX CUIOUT Ie-
JIYIIKA ¥ YUTAET BHYKY 9Ty KHUI'Y. A Tenepb npeiacraBbTe Ha, CEKYH/LY,
910 9TO O3HAYAET! DTO 3HAUUT, 9TO HA MAJIEHHBKOW KHUXKKE HA Kap-
TUHKE U300paKeHbl [EIylIKa W BHYK, U y JIEOyUIKHM B PyKaX Ta XKe
KHUTIa, HA KOTOPOit m300paxkens! nenymka u Bayk. ¢ rosopio: «[lama,
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Puc. 76. Ha obnoxxke kuuru cunes gen. Pamom cumenu Bayku. Hem nepzxadt
TaKyIo )Xe KHUTY, KaK MCXOIHAs, HO IOMEHbIIe. A Ha ee 00JIOKKe CHAesT Jel
(nomenbuie), Buyku (LOMeHbILe), Ael aepxaJsl Kaury (ewe Menbuie). A na 00-
JIOXKKe el (erne MeHbIIE. . . ), U TaK JaJIee.

TaK 9T0... ITO Ke [0 OECKOHEYHOCTU HOBTOpsierCs! DTo xKe 1moBTOp,
a 3HAYHUT, 9TO HOJIKHO OBITH 110 OECKOHEeIHOCTH, Ha’» B mpsaMoyrosn-
Hukax (puc. 75) — 10 XKe camoe.

C sTuM cBA3aHa eme OHA WHTEPeCHAs 3a/ada. ECTh aBe KapTh
ropojia, pasuoro macmraba. OgHa kapMmanHad, Apyrad — OoJiblIad
HacTeHHad Kaprta. llpenmosioxxmm, 9TO KTO-TO B3dAJ, COPBAJ CO CTe-
Hbl GOJIBIIYIO KAPTy M KUHyJ Ha Hee maJjenbkyio. (Kaprbr 10mo6Hbl
1o ¢opme) (cm. puc. 77).

Joka3zarh, 9TO MOXKHO B34Tb UTOJIKY W IPOTKHYTb 5TU [IBE KAPTHI
B OIHOU u TO# X)e ToUKe m300paxkKaeMoro UM TOPOIA.

D10 Bpoje Kak urpa. f 6epy BOT 9TH JiBe KAPTHI U JyMai0, KaK Obl
MHE [IOJIOKHUTh BEPXHIOI0 HA HIKHIOK, & Bbl IPUXOIUTE U WUIJION ITpOo-
TBHIKAETE, I 3aX0TUTE; €CJIU BbI IPOTKHYJIU UIJIOW O[HY U Ty XK€ TOUYKY
(mom 37 o ysmane IIpodcorosuoii), 3HaIUT, BBl BEIUTPAJIH, & €CJIU HET,
TO BbIMIPAJI A. TeopemMa yTBEPXKIAET, YTO B ITOUH UI'DE IPOUTPHIBAET
TOT, KTO KJIafeT KapTy. 1o ecth, Kak Obl HU [MOJIOKUTH KAPTHI, BCETHA
MOXHO YKa3aThb HyKHYIO TOUKY.

JlokazarespCTBO — B OOHY CTPOUKY. MeTOmoM «B3IVIAHU — M MOU-
MeUb».
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Puc. 77. Huaro me npemsemaJsio nospieHusi Ee BenmdecrBa Beckonewuno-

CTH. ..

Hapucyem na MaJleHbKO KapTe Ty TEPPUTOPHIO MECTHOCTH, KOTO-
pyIo Ha GOJILLIOH KapTe 3aKPblIa MAJICHbKAHA KAPTA.

Tenepp HapECyeM Ha HAPUCOBAHHOH Kapre Ty TepPUTOPUIO, KOTO-
PYIO OHA 3aHMMAET HA MAJIEHBKOH (puc. 78).

Puc. 78. U1 3aBepresiuch KapThl ropoga ax A0 6ecKOHedHOCTH!

Hasbue onun OymyT Beprerbes 10 6ECKOHEYHOCTH, HO B IIEPECEUEHUN
BCeX TUX Kapr Oyzuer Touka. B Hee u HAIO BOTKHYTH UIOJIKY.

A renepb HEMHOXKKO CJIOXKHEe: s 0epy JiBe abCOJIIOTHO OJIMHAKO-
Bble KapThl rOpoja. BEPXHIO CHUMAIO, CKUMAID, KOMKAI, CKJIAJIbI-
Bal0, HO He pBY. Temepb KUIar HA OCTABILYIOCH JIEXKATh KapTy TakK,
4T0ObI BEPXHAA HE BbLIE3JIA 33 Npeesibl HumkHei (puc. 79).
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Puc. 79. Numocrpanus k Teopeme Bpayspa.

Teopema. Bcé paBHo MOXKHO TPOTKHYTHh MIOJIKOI 3TH ABE KaPThI
B ogHOM Mecte. Beerma, aro 661 Bbl HE Jesasiu (€IUHCTBEHHOE TOJIb-
KO — HeJIb3sd pe3arb u pBarb). KC/u Bbl KapTy NOPBAJIM, TO MOXKHO
I0OUTHCA TOro, YTOOBI IIPOTKHYTH OBLIO Herme. A BOT eCJid MBI He pBa-
JIM, TO BCerya Haiigercsa obimad TOYKa, MHOTHA UX OyJ/eT HECKOJIbKO,
HO OftHa, HaimeTcst obsazarenpro. [lpu yesoBun, 9To cMaATad 10 HEYy3HA-
BaEeMOCTHU (I/I CHJIIOHIeHHaH) BEPXHAA KapTa HEJIMKOM JICXKUWUT Ha HU2XK-
Heii. 91a reopema odenb 3¢ddextua. Ha camom mesie, ona yrBepxiaer
HEYTO PO IPOU3BOJIbHOE HEIPEPBIBHOE 0TOOpaxkeHne o0bekTa B cebs.
Ora TeopeMa He OYEHb MPOCTasd, s €€ PACCKa3bIBAI0 HA KypCe «Ma-
TEMATUKA JJIsl KOHOMUCTOB®» W B IMKOJIE aHAJIN33a JAHHBIX SHmekca.
HassiBaerca ona Teopema Bpayapa.

Ha camowm 1este, moka oHa He OblLjIa JI0Ka3aHa, B HEe HE OYEHb BEPH-
s, Jlioboe HempepbiBHOE oTOOpaxkeHue (paspenieHo BCE, KpoMe pas-
pbIBaHMsI) 3aMKHYTOrO BBILYKJIOTO 00bekTa (B Teopeme Bpayspa ro-
BODHUTCA O 3aMKHYTOM miape) B cebs Bcerma o0JIagaeT HEmOIBUKHON
TouKOii. To ecTh TOYKOH, KOTOpPAA HUKYIA HUA CHBUHYJACH. BbI 9T0-TO
pacTAruBaeTe, YTo-TO CKUMAETe, YTO-TO CKJIAAbIBAETE, HO BbI HUKOITIA,
HUKOTIA HE M00beTech TOT0, 9TOOBI 6Ce TOUYKU W3MEHUJIM CBOE IOJIO-
KEHUE. DTOr0 HeAb3s CHEeJIATh. ITOMY €CTh MATEMATUIECKOE IIPErdT-

CTBUE, I OHO HA3BIBAETCA «TeopeMa Bpayspa 0 HEMOOBIKHON TOUKE.
* ok ok
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Bepnemcsa k 3ajiage, KOTOPO#l Mbl 3aKOHYMJ/IM MIPEIbIAYULYIO JIEK-
IO,

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

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

Ceituac Kak pa3 camoe BpeMs OTKDPBITh CEKPET. 3A0[MHO IOJIYIUM
elie OHO OIPABAAHNE M3YJIEHWIO ypaBHenusd llesrs:

w2 —2y? = 1.

FpeKI/I MBICJINJIA TEOMETPUICCKUMMN O6pa3aMI/I. CTapaJII/ICb yBuageTob 4u-
cJio, yBuneTh reopemy Iludaropa. Y HuX ObLIM «KBAJIPATHBIES U «TPe-
yroJibHbIe» 4ducJia.

Hampumep, 4 wim 9 — 310 KBagparuse ducaa (puc. 80).

OO0 00O
OO 00O
OO0

Puc. 80. I3 4 nnn u3 9 KPyKKOB MOKHO CJIOKUTH KBAIPAT.

Yro Takoe TpeyrospbHOe YuCI0? DTO KOrHa M3 TAKOTO KOJUIECTBA
KPY2KO0YKOB MOXKHO TPEYyroJIbHUK coOparh. 3, 6, 10 — uucsia rpeyrosinb-
uble (cm. puc. 81).

O QO
O

OO O O
OO 00O

OOQOOOO

Puc. 81. llepen nagasiom nmapruum B Ousimapi wapbl YKJIAJAbIBAIOT B KTpe-

YTOJIbHUK».

Crenyromiee 15, morom 21. Kaxipiit pa3 npubassigem na 1 60Jibiie,
4eM B Ipeablayluil pas.
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Cam coboit Bo3HMKAET BOLIPOC: OB6aem AU Mak, 4mo odHo U mo sce
wucao u keadpamnoe, u mpeyzoavroe? To ecTh KOJMYIECTBO puIIEK
TaKOBO, YTO MO2KHO CO6paTb N3 HUX KBaAPAaTUK, & MOXKHO IIepeMenmarb
7 cobpaTb TPEyroJbHUK.

Caymaresnb: Yucsio 1 1 Takoe, u Takoe.

A.C.: Besycaosno. YesioBek, KOTOPbI TOBOPUT «49uCJIO 1>, 0bJs1a1a-
eT MareMaTHIeCKUM MbIlLIeHrneM. He mponyctuth maxe mpocTeiiero
CJIydasd. ITO O9eHb BAXKHO.

Onnax et st exast B noesge u3 Upkyrcka B ropo Tysys. U co muo#
B ILTAIKAPTE €XaJia XKEHIUHA, C JIOUKOi JjieT usatu. Mama aBHO He Ma-
TEMATUK, HO IIPDU 9TOM XO4YET HJOYKY YEeMY-TO HAYYIUTD. I/I OHa CIIpauin-
Baer: «Bor, cmorpu. ¥ Teba narh Kykos. Kak ux MOXHO pasioXuTh?!
3 u 2». — «Hy, ma». — «A eme moxHO Kak-auby167» ¢ ¢ uaTEepecom
nabsiiopgaio. Tyr mouka u rosoput: «Moxuo 5 + 0».

4 BckakmBa € MOJIKW, CIyCKAlOCh W TOBOpIO: «Bamra nous mmeer
HEeTpUBUAJIBHBIC, OYCHb XOPOIINEe MaTeMaTuIeCKue CHOCO6HOCTI/I>>.

Mama HeMHOXKKO IIOMOJIYaJIA, a [I0TOM corjiacuiack. Ho ona we mo-
uana. Benp HasBars 5 + 0 MOXKeET TOJIBKO YeJIOBEK, y KOTOPOTO YeTKO
pa3BUATA JIOT'MKA, APYrOA 4eJIOBEK He HAa30BeT, 5TO HeTPUBUAJILHBINA Ba-
PUAHT.

Bepuemcsa K TpeyrospbHBIM 1 KBaJIPATHRIM ducjIaM. Kakoe ciemyro-
wee, nocae 17 Cuenyromee «u Takoe, u TaKoe» 4ucjo — 310 36 (cm.
puc. 82).

O

O

O

O

OO
00000
00000
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00000

OO0O00O0O0O00O OOOOOO

Puyc. 82. YUucno 36 — «aBaxKIpl YeMINOH» CPEIN HATYPAJIbHBIX UHUCEJT.
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Hasaiire Haiinem obuyio (popmysiy Jijist BCEX 9UCEs TAKOIO POA.

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

A.C.: [laBaiire, Bo-1iepBbIX, BbiBeleM (DOPMYJLY JIJIsi TPEYTOJIbHBIX
qucesi. To ectb, rpybo roBops, ectb popMyJia IJId BCEX KBAIPATHbBIX:
n?. Iloncrapiigere Jioboe YUCII0, HOTydaeTcs KBaapaT. A BoT Kax Ha-
nucarb 00y dopmyay g ducesa 1, 3, 6, 10, 15... Bor uro Hyx)HO
CHeJIaTh C 1M, 9TO0BI MOJIYyYUTh TPEYTOJbHOE IUCIIO?!

Yro nosyuaerca? 1 +2+34+44+ ... +m.

HyxHno nocuyurars taxkyio cymmy. Bor OHO, TpPeyrosibHOe 4HCJIO.
Kak mocumrars takyio cymmy? Ecrh 3HamMeHuTas ucTOpusd Ipo TO,
kak ['aycc ObICTPO B yMme mojcuuTasi CyMMY HEPBBIX MOMPSIL WAy HIUX
cra quces. (Ho sto, mue kaxercs, Gaiika.) Masteapkuii ['aycc yum-
CcdA B IWIKOJIE B 3-M KJjlacce. B nikosie K y4uTesiio ujiM K y4uTesSIbHULE
[PUIIEST 3HAKOMBbIH. Y 9UTEJIbHUIA PENINJIA JATH 33/1a9y TaKyI0, 9TO0bI
JIeTH 3aHAJIMCh HA BeCh yPOkK. «lleru, a reneps nmocumraiire 1+ 2 + 3+
u tak masiee 10 100». U ymura moBosibHast. Beiberaer mastenpkuii 'aycc
gepes b munyT, rooput: «f mocauras: 50505.

«A kax TBI ocauTaa? A THI MOXenTh J0Ka3aTh!» — «Hy KomeumHo,
mory. Cmorpure. ¢ nunry nBe CTpoKum:

1+243+...+ 100,
100+...+3+2+1.

[lo-gpyromy mpocto nepenymeponaJji. Cymma BHH3Y Ta ke camad Oy-
net. Ilycts ona paBHa z. Ul cBepxy = u CHH3Y .

1+2+3+4+...4+100 =z,
100+...4+34+2+1=2x>.

IaBaiiTe Temepb CJIOXHUM CTpOUKHU 1Mo crosibmkam: 1 + 100, 2 4+ 99,
3+98, ...

Cuaymarens: Beerma nonyuurca 101.

A.C.: KoneuHno. A CKOJIbKO IITYK?

Caymaress: 100.
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A.C.: 100. BuauuT, yJIBOEHHOE 3HAUYEHHUE HAIIETO BHIPAXKEHU PABHO
101 ymuoxuts Ha 100. OTKyHa HOC/IEe COKpalleHusd Ha 2, ECTECTBEHHO,
u nostydaerca £ paBHO 50 ymHOXuUTH Ha 101.

2z = 10100,

OTCIOA,
z = 5050.

Bor I'aycc u ckazast 5050. U 6b171 coBEpIIEHHO [IpaB, HUYEro He CUu-
tag. Maremaruka — 310 UCKyCCTBO Jjienu. Maremaruk — 310 TOT, KTO
HUKOTIA, HEe Oy/IeT J1eJ1aTh PYyTUHHBIX IefiCTBuUil, OH BCEria npuiayMaer
qTO-TO MAIIWHHOE. BOT BBI MO3HAM KAKOU-TO PYTUHHBIN MeTom. Bcé.
Bor renepp Ha HEM HE 3AIUKJIMBAETECH, HA HEM Oyaer 3alUKJIMBATH-
ca KoMubioTep. KoMmpoTep HWYIEro He BBIIYMAET, & MAaTeMaTWK, OH
CBAJIAT HA, KOMIIBIOTED BCIO PyTUHY M Haliner 3akonomepHocTh. B Bpa-
yuuieiire 'ayccy crout namarauk: 6poH30BbIi 17-yroabHUK, HA KOTO-
pom crour maremaruk. A mouemy o crour Ha 17-yrosipauke? [Toromy
ato ['aycc mpmmymast, Kak CTPOUTDH MPABUJIbHBIN 17-yTrOJBHUK THUPKY-
jgeMm u JimHelkoit. «IIpaBusibublil» — 3HAYUT C PABHBIMH CTOPOHAMU
7 yIJIaMHA.

o mero sty 3amady mne mMoriu pemnTb. MOXKHO HOCTPOUTH IIPa-
BWJIbHBIN Tpeyrosibuuk, 4-yrosibuuk. Ha camom jiesie, ecijiu Bbl ymeere
CTPOUTHh MHOTOYTOJIbHUK C IPOCTBIMU CTOPOHAMH, TO OCTAJIBHOE JIeT-
k0. To ecrb HAIO CTPOMTDH: NMPABUJIBHBIA TPEYTrOJIbHUK, O-yrOJIbHUK,
7-yrosibHUK. A 7-yrOJbHHK HUKTO CTPOUTH HE yMmeeT. Bce Mydmsimch
n gymasn: «9ro x takoe? Kakwme-to Mbl rurynbre, HaBepaoe. [logemy
MBI HE MOXKEM IMIOCTPOUTDH IIPABUJIBHBIN 7-yTOJILHUK IUPKYJEM U JIH-
HERKOH >

A norom yxke mocse [Maycca mpumien Bammens m ckaszam: «9T1o
HEBO3MOXHO. Maremarudecku HEBO3MOXHO». VI nokasasa 3ro. Tak
XKe, KaK HeJIb3d MOCTPOUTH mpaBuabHBIN 11- n 13-yrompruk. [loman-
Te, 9 pacckasbiBas npo reopemy Lajiya? [Ipo to, uro mjis ypasHe-
ous Bhimre 4-if cremenu HeJb3s HAMUCATH 00IyI0 (opMmysty Kopreit.
31ech Ta XKe CUTyalusd, Bbl MOXETe B34Th IUPKYJIb U JIMHEWKY, BO-
OPYyXRUTHCA MMU U XOTb BCIO XKM3Hb CTPOUTH KAKWE-TO ILyIH, 9TO-TO
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[epeceKkarb, HO Bbl HUKOTIA HE CMOXKETEe IMOCTPOUTH ITPABUJIBHBIR 7-
yroJibHUK. Banmness nokasatt 3T1o B 1836 romy. Ho eme 3HaumTesnn-
HO paHbllle IeBATHAAIATUIETHUE ['aycC Cymes mocTpouTh mpaBusib-
upiid 17-yrosibuuk. Kakaga cioenyomasa ¢dpurypa CTpouTca HUPKYJIEM
1 JIMHEW KO 13 mpaBuJibHbIX MHOrOyroJibHUKOB? [locste 17-yrosbauka?
OxkasbiBaercs, 257-yroJbHAK. ITO OYEHDb [I0JITO U CJIOXKHO, HO MOXKHO.

Bepnemcs k TpeyrosibHbIM YHCJIAM.

[lonsaTHO Temepb, KakK MBI OyeM BBIBOOUTDL 001y dopmysry? Mbl
sanuireM BCE HaobopoT. Mbl 3mech 3anuiem

1424+34+4+...+m=rz,
m+(m—-1)+m-2)+...+1=uz.

Tenepp CI0XKAM ¥ IOJIyYUM 77 SK3EMILUIAPOB Kakoro uucya’ Hucia
(m+1):
(m+ 1)m = 2z.

[Tosromy dopmyna BoT Takas:

m(m + 1)
—

€r =

Tenepp MOXHO HOACTABJIATH BMECTO 11 JIIOOble HATYypAJIbHbIE YUCJIIA,
Y [OJIyYaTh TPEYrOJIbHbBIE.

A BoT Temeps 3amaercs Bompoc. VITak, IUCTIO ABIAETCI TPEYTOJIb-
HBIM, 3HAYUT OHO MMEET TAKON BUJL

m(m + 1)
—

C zmpyroii CTOPOHBI, OHO KBaJPATHOE, TO €CTh MMeeT BUI: 1.

[Tosyuaerca 3amMevaresibHOE yPABHEHUE JIJIS PEIIEHU B EJIbIX u-
cmax
m(m +1)/2 = n?.

A renepb cmorpure? Moxer ObITh, BbI IOMHUTE, YTO TAKOE JeAuments
qucia? [lemmresns auciia ¢ — 3TO TaKOe IUCIIO, Ha, KOTOPOE G AEJTUTC
(6e3 ocrarka).
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mu (m+ 1) — nBa cocequux Yucsa. 3HAYUT, OAHO U3 HUX TOUHO
YeTHOe, a 3HAYUT, IeauTcd Ha 2. 3aadut m(m+ 1)/2 — upoussenerue
IBYX HEJIbIX 9ucesi. UeTHoe nofae/mrca Ha 2, a HEYeTHOE HE ITOAE/IUTCH.
Baxmo Tak ke, ITO y COCEIHUX TUCEJI HEe MOXKET OLITh OOIUX He/TUTe-
Jieit.

15 nenurca va 3, 16 metr. Ha 3 menmrca Kaxmoe TpeThe UHCIIO.

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

Caymarens: A equnnna?

A.C.: [Ja. Egquauna. Ho emunwuiy mbl 33 ngesiuresib HE CUATAEM,
Ha Hee BCE gesurcd. Eme npumep. 28 nesmurcsa ua 7. Coenyromiee Iucsio,
KOTOpOE nesurcd Ha 7 — 35, a npenpiayuee — 21. 3uauur 27 Ha 7
ne gesmmrca. To ectb m u (m+ 1) TO4HO HE UMEOT O0IUX NeuTesIe.

B apyroif yacTu HalIEro ypaBHeHMs HAIMCAH KBaapar: n’.

Ero MoxHO passioXuTh HA MPOCTbIe MHOXKHUTE M. V Kaxmplid Ta-

2 B 4eTHON CTEneHwu.

KOW MHOXHUTEh OyIeT BXOIUTHh B PA3JIOKEHHE N
Hanpumep, ecoa n mesurca Ha 5, To n? mesmrcsa ma b2,

Buauur, 9T06bI BBIIOJIHAIOCH HaLIEe paBeHCTBO, m(m + 1)/2 Toxe
no/xHo jesuthed Ha 52, To ecrs na 25. Ho m u (m + 1) me umetor
0bIKX JlesiuTesieil, 3HAYNT OIHO U3 HUX JeJIUTCA cpasy Ha 5.

1 510 OGyner BepHO /I KAXKIOTO IIPOCTOTO JIeJIMTE s 9ucsia n. VIHbl-
MU CJIOBAME HAIIE PABEHCTBO BO3MOXKHO, TOJIbKO €CJIU KAaXKIbIH U3 M
u (m + 1) asuserca kBagparom™.

4, Mmexmy mpoduMm, B 3TO# JIeKIuu 060MIEST OHY TOHKOCTH, KOTOPAs
HA3BIBAETCHA OCHOBHASE Mmeopema apugdmemuru. B mkose ee Toxe
00xomaT. 3ByUAT OHA TaK: A1000€ 4UCAO 00HO3HAYHBIM 00PA3OM pac-
Kaadvieaemes wa npocmote MHoxrcumenu. IIKOTBHUKOB 0OMAHBIBAIOT,
roBopat: «Hy, 910 odeBummo». ledCTBUTEIHPHO OIEBUIHO — €CJIA BB
mocuanTe, KaK f, U MopacKJagblBaeTe Bce ducsaa or ogHoro o 1000
HA MHOXKUTEJIN, TO BBI, KOHETHO, yoemuTech B a3ToM. Ho k abcosmorHOMY
JIOKA3ATEILCTBY TAKas OYEBUIHOCTH OTHOUICHUS HE MMEET.

Ecsin e moBepuTh B 3Ty TEOpEMY, TO MOJTYIaeTCs cyenyomee. Kean
n mesmrcs, ckaxem, Ha 11, To n? memurcsa ma 112, ma 121. Buauwnr,

*DroT nepexon «CKOMKaH» 1 BoBce HeodeBuieH. IToapobuee pedb 06 3ToM noiger
BO BTOPOl 4aCTU KHWTH.
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u m(m+1) nesurca na 112, Ho 11 me moxer Bxoputhb u B m, u B (m+1).
JIubo m nmemurca ma 11 B kBagpare, smbo (m + 1) mesurca ma 11
B KBajIpare.

Dra BaxkHad HCTHHA TOBOPHT O TOM, 4To ecsm m(m + 1)/2 = n?,

2u (m+1)/2 = b? B citydae eciu M — HEYETHOE,

To Jmbo m = a
a (m + 1) — dernoe, b0 Haobopor m + 1 = b mw m/2 = a? (ecrm
Ha060pOT).

Orcioma yxe oquu mar fo ypasnennd Ilemna 22 — 2y = 1.

B nepsom ciiyuae nosiydaem:
m=da> u (m+1)/2=0"=m+1=2b%

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

m+1=0b> u m/2=0a’=m=2d*=b"—2a*=1.

O6a pasa MBI IpunLIa K ypasuenmo Ilemna 22 — 2y? = +1.

To ecrb, pemias 910 ypaBHEHUE, Mbl OyJIEM [0JIy9aTh KBAOPATHO-
TPeyroJibHbIE YUCJIA.

Pebenok, KOTOpbIit Urpaer B 9TU KPYXKOYKHU U XOUET COCTABUTH OfI-
HOBPEMEHHO KBaJpPATHOE U TPEYrOJIbHOE YHUCJIO, BBIHYXKJIEH PEelIaTh
ypasuenue [lesuis.

Hasaiire nocmorpum. Kakue y nac 6owiu pemrenunda? 41 u 29.

412 —2.29% = —1.
CurenoBaresibHO
(m+1)/2=29% m=41%, n*?=29%41% n=1189.

Kto 661 MOr momymarh, 9TO KOTIa-HUOYIb MAJIbYUK BBLJIOXKHAT TAKON
rpeyrosibauk. B uém nospkua Obith 1681 crpoka. [Ipencrassisere, ka-
KYyIO ILIOMIAIb 3afiMeT 3TOT TPEyroJbHUK!
Ho s Bcé yxoxy or orsera 1po (v/2 + 1)2, xors u obemast ero sam.
Urak. [louemy xe, HE3aBUCUMO OT CTEIEHH, y HAC BCErIa ITOJIyTa-
JIOCh pelleHue ypaBHEHU s

w2 — 2% =17
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Bossoxy, nanpumep, B 4-10 crenenn. (Ha camom nesie, MOxXHO BO3BECTH
B JII00YI0. )

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

9rto kJyaccudeckuit bunom Hpiorona. Yrobbl pacKpbITh BCe 3T CKOO-
KM, HAM HYXKHO KaXKJbIil pa3 m3 KaxkI0i CKOOKM B3ATH JinbO \/i, JIn-
60 1. [Ipencrasbre cebe, Kakue U3 FTUX ONEpPANUI ALY T IEJI0e TUCIIO,
a Kkakue OyIyT HaBaTb YUcAO C KoOpHeM u3 deyx. Bo-uepBbix, mesioe no-
JIy9aeTcs, ecJi g OTOBCIONy B3 equHndKy. C 1pyroit CTopoHbl, eciim
4 u3 2 CKODOK B34JI KOPEHDb U3 [IBYX, & U3 2 €IUHUYKY, TOXKe OyIer 1e-
soe. Ecyiu 51 u3 4 ckobOK BO3bMY V2 — roxe nesoe. A Bor ecou u3 3
CKODOK B3ATb WJIU U3 OIHOM, TO MOJYyIUTCA IUCJIO ¢ KopaeM. U mociie
TOro, KakK 4 CJIOXKY, Yy MEHHA IIOJIYyIUTCA BbIpaxXe€HuUe BUIa 1M + n\/i

B m cumsar Bce criocoObl pacKpbITAA CKOOKH, rie st 6epy ¢ KOpHeM
YeTHOE YUCJIO CKODOK, & BCE OCTaJIbHBIE Pa3bl enHUIKY. A B n — Bce,
B KOTOPBIX f B34AJI C KOPHEM HEYETHOE KOJIMIECTBO CKODOK, a U3 OCTAJIb-
HbIX — €OUHUYKY.

A temepp mocMoTpuM Ha CKOOKY ¢ MumHycoM. [lomyumTcs To xe ca-
Moe, 3a OOHUM MCKJIIOYCHUEM. KOI‘)Ia, A BO3bMY \/i HEe4YEeTHOE 4YUCJIO
pas, y MeHd MOJIyYUuTCH YucJyo ¢ munycom. Takum obpasom, mpu Ie-
PEMHOXEHUU MOJIy9aeTCH 3HAaK MUHYC POBHO y T€X CJIaraeMbIX, KOTO-
poie kparaer /2. I10sT0My HOC/IE TOr0, KaK MbI BCE CJIOKHM, y HAC
HOJTyIuTCE 11 — 1Y/ 2

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

A remepn maBaiiTe NEPEMHOKUM [1BE HAIIM CTPOYKH.
(m +nv2)(m — nV2) = m? — 2n?.

Hanomunaer ¥Ypasuenue [lesis, e npasma ju?
Hakomnern, nepeMHOX KM 1IpaBble CTOPOHBI ypaBHeHuit. f He 3pd Bam
ryr npo [aycca pacckasbiBaji. OT nmepecraHOBKM MHOXUTEJEH BeElb
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HUYEero He MeHdercd. H03TOMy A MOry B MOEM IIPDOU3BEICHUU II€PEM-
HOXKATh CKOOKHM B JioboM 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+vV2)(1+v2)(1+V2),
(1-V2)(1-v2)(1 - V2)(1 - V2),

B orBete (—1)(—1)(—1)(—1).

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

Ho ¢ apyroii cropons! ypasaenus y Hac croaio m?—2n?. [Tosyuaem
m? — 2n? = £1.

To ecrb MblI jl0Ka3asm, 410 B J11060# crenenn (1 +1/2)" nopoxaer
pelterue Hanrero ypasuenud [lesis.

Tenepp HECKOJIBKO BOIIPOCOB [I0 CJIEAYIOIER JIEKIUN.

* ok ok

1. Ber 3asiessnu Ha Bepumny XuOuHCKUX rop. Bbicora ux mpumep-
vO 1 kM. M mocmoTpesn BoaJb. A tam — moma. Bam momepemmsiocs,
niau 310 Mypmanck? Morsiu Jjin Bbl yBumeTb Mypmamck? Ha ckosbko
KMJIOMETPOB BIOAJIb MOXHO YBUOETH C KMJIOMETPOBO# roper! Obparwn-
Te BHAUMAHWE, 3eMJid KPyIJlasd, HO3TOMY CHUJIbHO JIAJIEKO HE yBU/IUIIb.
Ha ckosubko xuisiomerpos BuuHo ¢ Iepecra? C 20-sraxkHoro joma?
Ecnu kTo-uubynp, nanpumep, roBoput: «f tyT nposierast uz 1To6usu-
cu B Henm u MockBy Ha ropusonte Bujies». OH BpeT wjid BO3MOXKHO
takoe? ITo 3a7a49a, KOTOPad BOZHUKAET, KOTIA BbI UJIETE B TOPBHI.

2. Bor crasmm acrponomom. U mabaronasim 3a 3Besmamvu. Haburona-
Jiv, XKUBA B roporie MockBe, a MOTOM IO CeMeiHbIM 00CTOATEIHCTBAM
nepebpasiucs B Cankr-IlerepOypr. Bor 0OHapy)uiu Kakue-HuOy1b HO-
Bbl€ 3Be3iibl, KOTOpbie U3 MockBbl He BujHO! Kak yCTpoeHbl Mex iy
coboil Ba MHOXKECTBA 3Be3l 3TUX IBYX ropomos? (MHoxecTBO 3Be3,
KOTOpbIe BuHbI U3 [lerepOypra, 1 MHOXECTBO 3BE3]1, KOTOPbIE BUIHBI
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u3 Mocksbl.) Ciryuusioch costednoe 3armenue. Jlernum nnem B Mo-
CKBe CTaJId BUIIHBI 3BE€3MbI, KOTOPbIE HUKOIIA HE BUAHBI JIETHUM [THEM
B MockBe. 910 — HOBbIe 3Be3ibl, HanpuMmep, « OxHbI KpecT», uim
9TO Te 3BEe3IIbl, KOTOPbIE BbI yxkKe Buiesn Hag MockBoii?

3. Bbr upgere na jgbpkax 22 mapra. Hauumnaer remueTb, U Bbl BCIIO-
MUHaeTe, 9T0 22 gekabps, KOrjia Bbl UIJIA HA JIBDKAX, U COJIHIE 3aLLIIO0
3a OPUBOHT, BbI ycreju nobexarb 10 jgepeBHu MOpOo3Ku 10 MOJIHOM
TeMHOTBI. Bbl uere B TOM ke caMOM MecTe. YCIIeeTe Jid Bbl J100exaTh
10 gepeBiu Moposku uiu Her? Tor ke Boupoc upo 22 uiond u 22 cex-
Ta6psa (HO yKe Bpsan Jin HA JbpKax). Korma 6bicTpee Bcero HacTymaeT
TEMHOTA II0CJIe 3aXO0Ha COJIHIA, KOIJIa MelJjieHHee’!

4. Bor nomouwin ¢ Baumieil MaJieHbKOW AByXJIeTHER [I0YKOi K Her-
ckoii mnonfaake. VI obHapyKuyu TaM HEKOTOPOE KOJIMYECTBO Kadesieit
Pa3HOrO BHUJIA.

Kaprunka: kadesu, paccautanibie Ha ABoux gereil. Onnu ¢ pydKoii
11 pyK (Cm. puc. 83), apyrue ¢ pyukoit g Hor (cm. puc. 84). A rakxe
COBCEM IPOCTBIE KadeJsiu B Buie OOBITHON mocKu (cM. puc. 85).

T~ T

Puc. 83. Kavesu ¢ pyukamu Ojis pyx.

—5 A

Puc. 84. Kavesiu ¢ pyuxamu [Jjis1 HOL.

S~

Puc. 85. Kagenu 6e3 pydex — B Bume OOBITHOI HOCKH.

Kakue xauesu B nopaake (T0 €CTb B rOPU30HTAJILHOM COCTOSTHUM),
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a KaKMe Kadesu Bbl YBUIEJIU, CKOPEE BCEro, B EPEKOIIEHHOM COCTOSA-
anu?! Kak 9T0 3aBUCHUT OT PACIOJIOKEHUS CIUHKH !

Bbl ongrh npuniv M yBUAEJIM, 9TO KAYEJM YCTPOEHbI KakK abCo-
JIIOTHO ILJIOCKaA mocKa. IIpoctro obrecammoe ¢ aByX CTOpOH OpeBHO,
u Gouibire HU4Yero. Ho oiHM Kavdesim B MOJIOKEHUM PABHOBECHSA BUCST,
BTOpPBIE BCE BpeMs CKaThIBaOTCA HAOOK. [lowemy?

5. Aumca Jierur ckBo3b 3emJiro. [Tomuure cioxer kuuru JI. Kappo-
Ja «Auica B cTpaHe qymec» !

Asmaca jsrlerur CKBO3b 3eMJIIO U yMAaeT, YTO OHA K AHTHUIIOIAM ITPH-
sgerut. B camom 1nienTpe 3emutu BoiberaeT rHOMUK U JIA€T eif MMHOK Tak,
9TO yBEJIMYMBAET CKOPOCTDb ee moJieta Ha 1 Merp B cekymniy. Bompoc:
Ha, KAKOE PACCTOAHUE OHA BBLIETUT U3 3eMJIU BBEPX OJIaromaps 2ToMy
JIONOJTHUTEJIBHOMY METPY B CEKYHILy !

6. B siure wemnmonos B rpyine 4 komaspl. OHU UIPAIOT KAXKIAA
¢ kaxnoi. [Ipuaem Kaxmasi ¢ Kaxkmo#l mrpaer u y cebsi, © B TOCTHAX.
To ectp B KaxkmI0#l rpyrne Mexry KaxkI0i napoit Komami npousoii-
IeT poBHO 2 Marda. B caydae HUIbel Kax ot KomaHie naioT 1 09Ko.
Tor, kro nobenus, nosydaer 3 ouka. [Ipourpasmimit — HOJIb OYKOB.
A rtenepr — Bummanme! C KAKMM MUHUMAJIBHBIM KOJTHIECTBOM OYKOB
elle MOXHO [ONACThb B cjenyiommii payuan? B caenytommii payHs noma-
IaroT 2 KOMaHAbI 13 4. BBl MO/IKHBI IPUBECTH KOHKPETHBIA pacKJial.
Ko ¢ kem urpas, kakue 6aJ1s1bl oty duii. VI mokasarb, 9T0 C MEHBIINM
YUCJIOM OYKOB «BBIATU U3 IPYIIIbI HEJIb3».

7. KakoBO MaxCMMaJIbHO BO3MOXHOE KOJIMYECTBO POIHBIX MpPAIpa-
6abymek?

Ob6cyxieHre 0TBETOB — Ha, JIEKIUX D.
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Jlekiiua 5

A.C.: CragaJjia obcynum 331a4u, 33 JaHHBIE HA JIOM B KOHIIE JIEK-
uyu 4. OHuM He ABJAAIOTCA 00A3aTe/IbHBIMU M HUYEIrO HE LPOBEPAIOT
(B owymmame or EI'9). IlpocTto onu moxaspIBaroT 0COOEHHOCTH MaTeMa-
TUYECKOr'o NoAxoda B PA3JIMYHbIX 2KU3HEHHbBIX CUTyalluAX. BCGI‘O 3a1a4
66110 cemb: 1) O630p oxpecrrocreit ¢ Bepuunbl ropser; 2) Habuonenne
MOCKOBCKUX 3B€3[1 BO BpeMs 3armenust; 3) CKOpOCTh HACTYIJICHUS TEM-
HOTBI B pazjuunbie auu roga; 4) Crpannoe moBeNeHue IEeTCKUX Kade-
seit; 5) Iloner mesoukm Asmcel K antunonam; 6) Maremaruka ¢yr-
60JsIbHOrO YeMnuoHara; 7) A CKOJIbKO y uesioBeka npanpabadyuex?

Bce paszobpannuch, CKOJIBKO y «CPEIHEro teJjIOBEeKa» Mpa-
npababymek? (Hecpenmnum gesioBekoM OymeM HA3BIBATH TAKOTO, y KO-
Toporo ase npanpababymky (njim 1Ba NPAJIEAylIKu) COBIAAAIOT B Ol
moMm Jmmnie. Beakoe OpiBaer. Hampumep, m3ydeHme pociucu pycCKUX
MBOPAHCKUX PpOIOB TpWBOOUT K BbBomy, 49ro y A.C. Ilymkwuma
u H. A. Pomanosa (ro 6ums Huxouias I) 6b11m obume npeaxu.)

npa...
0alymku
U IEAYIIKA

MamMa mara

s

Puc. 86. «IlepeBo» 6abymek u mpabadyiex.

C KaK/IbIM KOJICHOM Y/IBaWBa€TCA KOJIMYECTBO KaK [ICAYyHICK, TaK
u 6abymex (cMm. puc. 86). Ilama onun, Mmama ongma, genyuiek msa, 6a0y-
HieK JiBe, IPAJIEAyleK yKe JeTbipe, u npadadyliek Toxe Jerbipe, Hy,
a mpampababyirek, COOTBETCTBEHHO, IIOJIYIaeTCsI BOCEMb.

Teneps paszbepem 3amaay npo dyr6os (puc. 87).
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C KakuM MHUHUMAJIBHBIM KOJMYECTBOM 0AJIJIOB MOXKHO BBIATH W3
rpynnsl B caenyomuii payan? Huke npusenen npumep, Korga 3o Ko-
JIMYECTBO PaBHO derbipeM (puc. 87, cupasa).

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

D D D|1:4{0:0/1:1 X

Puc. 87. Crea: Mardn KomMaHa camMux ¢ coboil He mmeroT cMbicya. Crpasa:

dunanbuble cyera B Maryax, rjge A Bcex nobenusi, B TO BPEMs KaK [IPOYUe

Ur'PbI ChII'PaHbl BHUYHIO.

Utak. «A» BBIMTPBIBAET BCE UTPBI. Bce oCTaIbHBIE MATIN CHITPAHBI
Bauubio. (Hamomuum, uro 3a nobemy naerca 3 ouka, 3a HUIBIO — 1
04KO, 3a mopaxenue — (.)

[Tostyqaercs, 9T0 BBIXOIUAT U3 IPYIIILI B CJEMYIOMIANA PAYH/T JIY 9IIA T
KOMaH1a «A» 1 ewe ogHa u3 KkoMman ¢ 4 basiamu. f He 31410, OBLIO
JI1 TAKOE B JIUT€ YEMIIMOHOB, HO C 6 HaJjlaMu TOYHO BBIXOMUJIN.

Bcraer mpyroit sonpoc. Kak mokazars, aro ¢ 3 baJiiamu BbiiiTr He-
ab3a? Koneano, MoxHO 6b110 661 Hepebparh Bee 32 BApHAHTOB PO3LI-
rpbllleid Maryei (1/160 umMeercd 12 He3alno/IHEHHbIX MECT, U HA KaXJJI0M
MecTe MOXKeT ObITh 3 pasiudHbIXx ucxona). Ho xoresocs 661 9TOTO M3-
bexarp. Hasaiire momnpodbyem dpopMabHO paccyxkaarhb. Kak Mbl Oymem
oro gesarb? Ot mporusHoro. [Ipenmosiokum, 9T0 KaKad-TO KOMAHIA,
BbIUIa ¢ 3 Gasimamu. Kakue B 3TOM cilydae KOJimdecTBa 06AJIJIOB MO-
ryT ObITH y BCeX KOMaH[I! Bpimeyka3annbit BAPUAHT IJIA KOMAHT A,
B, C, D 6b11 18, 4, 4, 4. Ecsiu Kakaga-T0 KOMaH/a BBIIILIA B CJAELY FOIIHIA
paynj ¢ 3 fasuiaMu, 3HAYUT, KAK MUHMUMYM y ABYX KOMaHJ JIOJDKHO
6b1Th TOXKE He Gosibire 3 6aswioB. [loTomy 4YTo WMHAYE HANIA KOMAaHIIA
He BbINLJIA Obl u3 rpymmbl. Pa3 oHa BbILIA, CJIEIOBATEBHO, y IBYX
Ipyrux KoMaHz 6aJlJioB MeHbIIe WJI PaBHO 3.

Bompoc: ckosibko 6asyioB y KOMaHIIbI, KOTOpas 0OJIbIE BCEX Ha-
opaJia’?
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B kaxpgom marde paspirpblBA€TCA CyMMApPHO wmju 2, wim 3 Dasia
(amabs maer 1+ 1, mobena maer 3+ 0). IlosTomy 3a Bce mardu BCce KO-
MaH/ibl MOI'YT HaOparh MUHUMYM 2 - 12 = 24 Gasijia, €csiu BCe ChirpaJin
BHUYbBI0, MAKCUMYM — 3 - 12 = 36, ecoiu Kaxk/iplit MaT4 OBbLJT BHIUTDAH.

B naureit curyanuu Tpu komanasl HabpaJsiu He 6osiee, gem 1o 3 6asi-
Ja, B cyMMe 9, 3HAUAT y YeTBEepTO KOMAaHOBI He MeHbIe 24 — 9 =
= 15 GaJwiosB.

3Ha,‘II/IT, OHQ BbIUI'DaJIa IIOYTHU BCE MaATYU.

Iasaiite yrounum, Kak KOMaHIa MOrJia Habpars 3 6asia. Ona ubo
TPU pasa ChIrpaJia, BHUYBIO, JIMOO OUH Pa3 BhIMIPAJIA. BoJiblie crioco-
608 uet. Onua nobena u H npourpsiieit, Tubo 3 HUIbUX U 3 MPOUTPHIIIA.
O6o3HaYMM 3TO TaK:

Bapwmaur 1. + — — — — —

B7(%s)

BapwmanT 2. 000 — — —

Ciaymaressb: 910 3HAYUT, 9T0 18 0YKOB B PO3BIIPHIIIE.

A.C.: Paccmorpum Bapuant 1. B 6 mardax 6b110 passirpano 18 o4-
KOB, 3HA4YUT, B ocraBmuxca 6 mardax Oymer ne menee 12 6asioB, Tak
KaK B KaXJ/IOM MaTdye pas3bIIPhIBACTCA HEe MeHee 2 0aJioB. 3HAUMUT,
B cyMMe mosiyvdaerca He menbiie 30 6asioB. 3HaUuT, y Y€TBEPTOR KO-
mangpl e meree 30—9 = 21, gero ObITh HE MOXKET, TAK KAK MAKCAMAJIb-
HbBII pesyJibTar Jii0b0#i KoMaHAbI paBeH 18, TO ecTh BCe BHIUTPAHHBIE
MaTYu.

Nrak, BapuaHT C OQHUM BBIUTPBIINIEM OTIaIaeT. PaccmorpuMm mpy-
roit BapyUaHT: TPpU HUYIbU.

Bapuantr 2. YerBepras komania nadpaJia He menbiie 15 6aJiios
(MuHEMAJIBHOE KOJIMIeCTBO 24, Tpm KOMaHabl Habpasaud B cymme 9,
nosyaaem 24 — 9 = 15). Bnauur, ona omepxkaJia MUHUMYM 5 1106€s.
(Menbie e moxer 6bITh, TaK Kak Bcero 6 mardeit. daxe ecsm 4 mo-
Gempl u 2 HuubK, nostyuurcd 4 - 3 + 2 < 15).

[Tosiygaercsa MuHMMYM, KOTOPBI KOMAH bl MOTJIM HAOPATH BMECTE:
e 24, a 29 (ubo marp mardeit ¢ nobemamu mpuHecTH 15 0YKOB, a
ocraJsibuble 7 Maryeil — He mMenbuie 14 0ukoB). 3Hauur y yerBeproi Ko-
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Mauabl MuaUMYM 29 —9 = 20 6aswioB. 20 > 18, rioe 18 — MmakcumaJIbHO
BO3MOXKHOE KOJIm4IecTBO 6asitoB. [IporuBopedne.

Ipyroit Boripoc, Tak ckasarb, «oOparHbiii» k mnepsomy. C Kaxum
MaKCHAMAJIbHBIM KOJMYECTBOM OYKOB MOXKHO He 66ilimu W3 TPYIIIIbI
B cJienyomuit paysi?

Caymaresnb: 12.

A.C.: [la. 1 xak mosnkHA ObITH yeTpoeHa Tabsmuna? Omaa KoManma
(ckaxem, komanga D) Bcem npourpasia — 0 oukos. Ocrasibabie 3 KO-
MaHIsl BeIUTpbiBasn mo Kpyry: A y B, By C, C y A. Torma y Tpex
komam 1 Oyger o 12 oukoB. I onna w3 mux gospkHa Oymer MOKWHYTDH
YEMITUOHAT.

[Touemy Heavss we evidimu B ciemyonuit 3tan ¢ 13 oukamu? [lpen-
[IOJIOXK UM, 9TO Bbl HaOpaJm 13 msiu OoJiblie 0YKOB, [I0YEMY BbI TOYTHO
3HaeTe, YTO BbI BBIILIM B CJIEILYIOUANA DTAII!

ITonckaska. Ecsim 661 kT0-T0 € 13 Gasyiamu He BbImesi, TO JIBE KO-
MaH/Ibl, KOTOPbIE BBIILIU, UMeJ Obl HE MeHblie, yem 13.

Temnepp MOroBOpUM 0 TOM, C KAKOH rOpbl HA CKOJIBKO KHJIO-
METPOB BUIHO.

4 3ase3 ma XubuwHCKHME ropbl, MOTY Jid S BHAETh MypMaHCK, KO-
Topbiit Haxomurcd Ha paccroaruu 100 km or rop? OrBer: Ha camMoM
FOPUB0HTE — CMOrY (eCJiu CONKH OKOJI0 MypMaHCKa He IMOMEeNIaor).

Ceityac Mbl OJIyYuM TOYHYIO (POPMYTy [Jid MaKCUMAJILHOW BUIHU-
MOCTH.

YiKe mepBble HIATUM BBEPX OT 3EMJIM Cpa3y HAIOT OYE€Hb OOJIBIIYIO
BUJIMMOCTb.

C noBepxHOCTH HUIEro He BuHO. Houib, OH U €CTh HOJIb. ['Opu30HT
CTAHYJICA B TOUKY. UyTb-UyThb BBIIIE HYJId NOMHAIUCH, HA 10 caHTH-
METPOB, M Cpa3y BUIAHO PUMEDPHO HA KWJIOMETDP (9T0 ecimu 3emysd —
uneasbHbii map). O6o3HadmM BHICOTY TOpEI 3a h. Paccrognue no nen-
Tpa 3emJin 0003HaYuM 33 R ~ 6400 kM. Dra 4uc/a0Bad BEJAMIMHA HAM
TaKXKe MPUTOMUTC, KOTIA MBI OyIIeM pemarh 3a0ady mpo Amucy.

Ilocmorpum ma puc. 88. { xouy 3HATH, Yemy paBHO L, TO ecTh
HA, CKOJIbKO KMJIOMETPOB BUAHO! 31€Ch €CTh OIHA TOHKOCTD.
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Puc. 88. 3emuist B paspese. Paccrosinue or neHTpa 10 Bepuiusbl 1opsl R + h,
PaCCTOSTHHUE OT TEHTPA I0 TOUYKN Kacauusa K. Yepes L 0003HATEHO paCCTOSHIE

OT BEPHIMHBI 1O TOYKU KaCaHu:d.

Bpasiu 6yner ropusont. A BoT ecsim ¢ 1pyroit CropoHb (3a ropu3oH-
TOM) MMeeTCsd TakKas XK€ TOpa BBICOTHI h, TO ee BUMAHO BABOE JIAJIbIIe.

h .
A ecym Tam ropa BbICOTbI 5+ 10 BCE PaBHO ropasio JAJIbIIE, UEM IPOCTO

110 ropusonTa, (puc. 89).

|

Puc. 89. «Bsryisg 3a ropu3ouTs.

Onwun pas nupu mue Ha BaiikaJjie BuiHbIA yYeHblit COBEPUIUIT JETCKY O
omubKy. Ou ckaszaJj: «Mbl HUKaK HE MOXEM BHUIETh FOPbI, KOTOPbIE HA-
xonATCcA B paiione Yiau-Yis. He moxem, moromy 49t0...» — u gaJjib-
e IIPUBEJI BbIYuCJeHusd 1o (popMyJsie, KOTOPYIO Mbl CEAdac BBIBEIIEM.
4 rosopio: «Tbr HE yunThIBaEHb, YTO MbI Camu celfuac ve na bBaiikaJie,
a Ha CUJIBHOM BO3BbimieHUU». — «O...», — rosBopur: «Koneuno, 3To
BCcE ynBauBaer». Ha BaiikaJjie odenb 310poBO HADIIOIATH, 9TO 3eMJId
kpymiaga. [linemena, koropsle xunau Ha Dalikase, HaBepHAKA W3TaBHA
3HAJIM, ITO 3eMJIsI KPYIJIad.

[Tomuure Teopemy Iludaropa? ¥ nac obpasyercs mpamMoyroJbHbIMA
TPEYroJibHUK C runorenysoit R + h u kareramu R u L. 3uHaqwnr,

(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-
ercd:

L? = h? + 2Rh.

3/1ech HYKHO OBITH HE TOJIBKO MATEMATUKOM, HO U (PUBUKOM — [1J1d TO-
ro, 4robbl CKa3arb, 4ro h%, B 06EM-TO, PABHO HYJIIO.

IToromy 9TO 1O CPABHEHHUIO C [BOMHLIM PaIUMycOoM 3emjm h’ —
OYeHb MAaJIEHbKOE YUCJIO. DTO — BEIIM HECOIIOCTABUMBIE, B TOM CMbI-
cJjie, 9TO 1epBad mopasJsomnie Oosibme, dem Bropad. [losromy, aTobb
6e3 JIMIITHUX YCUJIANA 0UyeHUMb, HA CKOJIBKO KUJIOMETPOB BUIHO, JOCTa-
T04HO 1010KuTh h? = () U HAIKCATD:

L = V2Rh.

Yro 3pech BaxxHO nonumarb?! Uro 2R — BejuM4YMHA LHOCTOSHHAA, KO-
penb u3 mHee pased 113. A ecsm coBcem rpybo — 1o mpocto 100.
Ectp Takas omenounasa dpopmysia;

L = 100v/h,

Vh — sra GyHKIMA, KOTOPasa CHAYA/IA 0UeHb BBICTPO BO3PACTAET, & 110~
cJIe OTXOnA OT HyJis yBeJImduBaercd MemieHHo (cm. puc. 90).

L = V2Rh ~ 100vh

h

Puc. 90. «O! Yxe xopomo BugHo! A HaIUX 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
pe3yJsbTaT — nelicTBuTesbHO — Ha 113 KmytomeTpos. 113 xmomeTpoB
BIIOJIHE JIOCTATOYHO, 4T00b! yBuaerb Mypmanck ¢ XubuHCKUX 1OP.

Caymaresnb: To ecrs nHa onua rpajayc, a rounee, va 1,0128 rpa-
zyca.

A.C.: [la, va onun rpajgyc. C kujgomerpa BUAHO Ha, 1 rpamyc.

Hpyroiui ciaymaresb: Bel cxajarypuiim.

A.C.: I'ne?

Caymarens: Paccroanve mexy Xubunamu nu Mypmanckom. Bor
cuMTaeTe Mo OpAMOU. A Ha camMoM mesie HAOO CUMTATDH NJINHY IIyTH.

A.C.: [la. Pasnumna Oymer npumepHO ojHa coTas mporeHnta. OHa
[IOYTH PABHA HYJIIO.

Caymarens: A npu [Ixxomosyarme?

A.C.: bByner npumepno 10 wam 15 merpos®. [lasafite eme 9ro-
aubyap monrynaeM. KoMoJiyHIMa, Kakas BbICOTA !

Caymaresb: 8848 meTpos.

A.C.: [1a. 8848. Okpyriium 110 9 KHUJIOMETDOB.

h=9, L=300.

3amerbre, 4TO BepmunHa [[XKOMOJTYHIMBI — 3TO TO, HA KAKOI BBICOTE
JIETUT CAMOJIET, IIOPTOMY C CaMOJIeTa Bbl BuUiMTe npuMepHo Ha 300-
350 kumomerpoB. Eciu nerers u3 llerepbypra B MockBy, TO, 4u-
CTO TEeopermvecku, mpoJserad bBosioroe, moxuO yBuierb u MockBy,
u Cankt-IlerepOypr, mpasia, 1Jid 3TOTO CAMOJIET HOJIKEH PA3BEPHY Th-
cqa. Ho ecam kTo-TO TOBOpUT, 9TO OH BuAesa TamkeHt, jgers u3 MoCKBbI
B Ilurep, on Bac oOMaHbLIBaET.

*Bo3M0xHO, yK€ B pailoHe CTa MEeTrpoB, s HE IPUKHAbIBaj. IIpukunbre camu B
Ka4yecTBe yHpaxKHeHus!
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Korma BbI steTTe HA «rarapmHCKO# BbicoTe», Ha BbicoTe 100 KM, CO-
orBercTBeHHO, BbI BuuTe HA 1000 kustomerpos. C 40-meTpoBoii BBINIKT
BuaHO Ha 20 KrjomerpoB. HYT0, KOHEYHO, TOBOJIBHO MHOIO.

A Bbiuka B 10 merpoB gacr 0630p Ha 10 KujIOMETpPOB BO BCE CTO-
poHbI. Beimka ymenpmmiiach B 4 pasa, a 0030p B 2. Ecau yBesmanThb
BbIKY B 9 pa3, 0030p yBesmmuurcsa B 3 pasa. ObOparure BHUMAHUE,
He JInHeHAA 3aBUCUMOCTD, & KOPHEBad.

Ilepexomum k Ajmce.

D10 — mpuUMEp TOro, Kak He paboraer Hamia MHTyWiud. Bor oHa
uHorna paboraer, a uHorma. .. Ceifiyac a4 Bam pacckaxy 4ucto ¢pusu-
geckylo Bemp. Mrak, maBaiite ciesiaeM Ciemnyomee.

Puc. 91. Anuca nadunaer nagars B maxry. Ho Bel He Bosinyiitech, oHa He no-
rubuer. [IlaxTa poBHAA, TPOXOAUT BCIO 3EMJII0 HACKBO3b, 3eMJIA HE PaCKa-
JIEHHAs BHYTPU, & caMy AJIMCy MOXKHO CYMTATb MATEPUaJIbHON TOYKOIl Macchl
40 kr. Ee yxe xayT #a TOil cTOpoHe amepukaHckue pebaral A or ee Macch

B 9TOH 3a/1a4e BOOOIIE HUYEro HEe 3aBUCUT.

Yro upoucxomur? Aymmca nanaer (puc. 91). Y nee menserca CKo-
pocts. C kakoit ckopocthio Mendercda ee ckopocth? To ecth Kakoe
y Agucer yexopernue? OHO B nepBble MOMEHTHI PABHO YCKOPEHUIO CBO-
6OmHOr0 mameHus g; OHO, rpybo roBopsa, Takoe: g ~ 10 M/c2 (Toumnee,
9,81).

To ecTpb 3a OfHY CeKyHIY TOJIETA TAIAIOMIANA TEJIOBEK YBEJIMINBACT
ckopocTh Ha 10 M/c KaxIyio CEeKyHIY.

Caymaresb: A y Hee 100KM IapyCsT, 9T0 HUKAK HE BJIUSIET?

A.C.: Buuger. Ilosromy nycrs He napycar.
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Caymaresns: B Bakyywme. ..

A.C.: [la, aro BakyymHaga Anuca. [Ioromy 4T0 eciu ecTh COIIpOTH-
BJIEHUE BO3IyXa, TO HA HEKOTOPOH CKOPOCTH IIPEKPAIAETCS BCAKUI
pocT ckopocTu (HampuMep, IJis HApAIIOTUCTa, majaroumero 6es ma-
paurora, CKOpoCTb OBICTPO CTabUJIM3UPYETCHd HA 3HAYEHUHU HPUMEPHO
50 m/c). Bor. Ilostomy mycts y mameit Asmucel me napycar. VI Boo6-
uie. .. OHA Beib OPOCUJIACH B HIAXTY BHU3 T'OJIOBOH, 4T00bI ymoOmee
ObLIIO BBLIETATH U3 HEe Ha [APYroil cropone 3eMJin.

Yckopenue ¢

Yckopenne || T - g

Puc. 92. A ecoin orBaxHasi Ajiuca JIETUT HE CKBO3b 3eMJIIO, & CKBO3b HOmu-
tep? Y sero pamumyc B 11,2 pasa 6osibine 3emHoro. VI ona yxe mpoJsieresa
10 TyIyOumHbI B 2,2 3eMHBIX paguyca. Torma Bcio maccy HOnurepa MOXHO 1mO-
JeJIUTh HA JBe 4acTh: BHYTPeHHuUil wap paguyca 9 (3eMHbIX PAJUyCOB) U Ha-
PY2KHbBIH APOBOH CJI0#i TosmuEbl B 2,2 (3eMHbIX paauyca). Tounbrii mare-
MATUYIECKUIl MOACYET TMOKA3BIBAET, 9TO CyMMAapHAas CUJIA, C KOTOPOi mapo-
BOIi cJ10ii npursiruBaer K cebe Jiersuyio Anucy (1a Bbl MHE BCE PABHO Beib
ue nosepure!..) PABHA HVYJIIO. A BuyTpenuuii map, uepes KoTopbiii Asuce
OCTAJIOCh IIPOJIETETh, IPUTATUBAET ee K cebe Tak xkKe, KAK [PUTATUBAJIA Obl
eé k cebe TOUYKa, paBHASI MACCE HTOTO MAPA U HAXONAMALCS B IEHTPE MIapa.

Ho ectpb onna Baxknasa ¢pusmdyeckas TOHKOCTD. [Ipobiema B ToM, 4T0
KOIJIJa Bbl HAYMHAETE I13JIaTh B TAKOI'O POUA KKOJIOJEI», y BaC ¢ Ha-
YUHAET MEHATHCA. YCKOpEHHe CBOOOMHOrO MMaJIeHUs TEM MEHbIIIE, YeM
Osimke BbI K LIEHTPY. B meHTpe Bamia CKOPOCTb HE MEHHAETCsi BooDie,
nbO TaM CUJIbI TATOTEHUA B CyMMe HAIOT HyJIeBO# BekTop. EcTh Taxoii
dusuyeckuit 3aK0H, KOTOPBIA yTBEPXK/IAET, UTO YCKOpPEeHUe CBOOOIHO-
ro HaeHUs IPOIOPIUOHAJIFHO PACCTOAHMIO JI0 MEHTPA IJIAHETDI, €CJIN
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JIOTHOCTH IJIaHeTbl nocrognHa. (To ecTh ecau ocTasoch mposerersb
JIOJII0 «I» OT IOBEPXHOCTH 0 IEHTPa, TO YCKOpeHue CBOOOIHOIO Iia-
nenusa byner pasuo gx. Ilpu x = 1 6ymer upocro g, upu x = 0,1 byner
g/10.)

Ilosicuenue n aupudeckoe orcrymieHue «o ¢pyrbdosie Ha Jly-
He». Hanpuwmep, pamuyc FOnurepa B 11,2 pasa 6osbiie paaunyca 3emiim
(puc. 92). Yckopenume csobomuoro mnajgenus na KOnurepe B 2,52 pasa
Goutbmre, ueM Ha 3emIie (OHO, KPOME PAINYCa, 3aBUCUT U OT MACCHI [JTa-
nerst). Paguyc xe Jlyubl menbine paguyca 3emuin B 3,67 pasa, u Ha neit
B 6,05 pasa MeHbllle yCKOpeHue CBOOOHHOTO 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, OYeHb 3aHATHO. £l He 3HaI0, MOXeT ObITh, B OymIyimem
KOrma-audy b Oymer JiyHHbIH (hyTOOII.

Y HAC yCKOpeHWe MOJIyJIaeTcda TaKoe: ¢ = —gx, U HaJl0 MOACHUTH,
4TO O3HAYaeT 3HAK KMUHYCY.

CuavaJjia TONBITAEMCH MOHATH, KAKOEe [IBUXKEHUE COBepliaJsa Obl
Asmca B maxTe, TpOCBEPJIEHHON IO qUAMETPY 3€MHOTO Iapa, eCan Obl
B 1eHTpe 3eMJIiM HUKAKOU THOMUK HE TOJIKAJ Obl ee B CIUHY JIJId yBe-
smmuenns ckopoctu. Ona nosteresia 661 «BHU3» (Ouymenue y Hee 6bL10
ObI TaKOE XK€, KAK Y JeJI0BeKa, yIaBurero B Kkosonen). [lo momenta mo-
CTUIKEHUs HEHTPa 3eMJIM CKOPOCTh BCE Bpems HapacTaJfa Obl (B 910k
3a/1a9€e CIUTACTCA, ITO COMPOTUBJICHUE BO3IyXa OTCYTCTBYET); MaK-
CUMaJIbHAA CKOPOCTH Oyer mpu npoJjere yepes uentp 3emuu (B 910k
touke Asnnca GymeT JeTeTh Mo HHePIUH, TaK KaK CUJIa TATOTEeHus 00pa-
TUTCHA B HyJIb). 3ATE€M HAYHET IIPOABJIATH CeOA CUJIA TAKECTH, HAIIPA-
BJeHHad npoTuB ABmkeHuda. Ona Oymger MOCTENEHHO HAPACTATh, BCE
cuJIbHEE yMeHbIIasd CKOPOoCTh moJjiera, Asucel. Ke ckopocrs craner nHy-
JIeBOI KaK pa3 B TOT MOMEHT, KOTHa AJTHCa MPOJIETUT BCIO 3eMJIIO Ha-
CKBO3b. Teneps cujia TAKECTH HAIMPABJIEHA B IIPOTUBOIIOJIOKHYIO CTO-
pony. U 3arem BCE Oymer moBTOpPATHCs. TakKoe [BUKEHUE HAZBIBAETCH
«koJstebarebHbIM». ITOOBI OHO MOIJIO BO3HUKHYTD, TEJIO JOJIKHO KC-
OBITHIBATH MEACTBUE TAK HA3BIBAEMON 680368pawatoweti cuabl. ITa CAIIA,
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BCETJIa, HAIIPABJIEHA B CTOPOHY NOA0HCEHUA Pashosecus (B 91Ol 3amaque
TOYKOIl paBHOBeCHs ABJAETCA HMEeHTD Jemun). [lpu pacderax mmeHHO
ueHTp 3emuiu yA00HO BIOPATh 33 HAYAJIO KOOPIAMHAT, a OCh UKCOB HA-
OPaBUTH BHAOJIb NIAXTHI OT HAYAJIA NIAXTHI (MECTO BBLIETA) K €€ KOHILY
Ha, JAPYrom Kparw 3emyiu. VIMEHHO pu TaKux yCJI0BUAX U ObLaa HAIU-
cama dopmysia a = —gx.

B sroii dopmysie 0 < z < 1 (mosis myrwm, ocraBmiagcs 0 MOJIO-
xKenus pasHoBecusi). Ho o0braHO B Teopuu KoseOanwii 5T10# OyKBOit
0603HATAIOT OMKAOHEHUE OT TOJOKEHUI PABHOBECUA (TO €CTh OT Hy-
JIH). B 9TOM CJlyda€ HNOABJICHUE 3HAKA «MUHYC» CTAHOBUTCA IMOHAT-
HBIM: BO3BPAIIAONIAA CUJIA ITPOTUBOIIOJIOKHA HAIIPABJIEHUIO OTKJIOHE-
HUSA, U OHA TeM OoJiblie, Yem OOoJiblile OTKJIOHUJIACH TOYKA OT HEHTPA.
Omna moxoxa 1o CBoeMy AefCTBUIO Ha 3aD0TJIMBOrO MacTyXa: YeM 00JIb-
1€ OBIIA, OTKJIOHUJIACH OT JIYXKAWKU C TPABOU, T€M CUJIBHEE OH IOHUT €€
obparuo. CKOpoCTh usMeHenus Kakoi-uHubyap pu3nIecKoir BeJIMIuHbI
«T» 0bo3HaYaeTCsA B yueOHUKaX (DU3UKM TOYKOW BBEPXY &; a yCKOpe-
Hue (TO eCTh «CKOPOCTh W3MEHEHWs CKODOCTH») — IBYM:A TOIKAMU
Z. Ilpu pacuere y1r060r0 IBMKEHMS TOYKM BIOJIb NPAMOM (B TOM qu-
cie u KosiebaresIbHOr0) MATEMATUKY 3aUMCTBYIOT U3 (DUBUKU 61MOopPOil
saxon Horomona: «cuia paBHa Macce, YMHOXEHHOW Ha YCKOpEHUES.
Ecnu «z» o3nauaer (kak B Hawei 3anade npo Anucy) OTKJIOHEHUE
OT HAYAJIa KOOPIUHAT, TO YPABHEHUE JIBUKEHUS MATEPUAJILHON TOUKHU
uMeeT BU/

rie m — Macca 104Ky, f(x) — 3aKOH U3MEHEHUS CUJIbI, yIPABJIAIOLIEH
JBIKEHUEM TOYKH, DM W3MEHEHUH ee MOJIOKeHus «z». IIpocreiinee
KoJiebaTesIbHOE ABIKEHNE («TaPMOHUYECKOE KOJIEOAHUES ) I0J1y 1aeTCH
upu

flx) = —kx

(yiunelinas BO3BpamamAa CuJa). B 9TOM Cjydae 3aKOH JIBUKEHUS
x(t) (vme t — Bpems, npowennee ¢ MOMEHTA HAYAJIA, JIBUKEHUA) Bbl-
paxkaerca CyMMOil CHHYCa W KOCHHYCA C HEKOTOPhIMHU KO>(dunmen-
ramu (oTpaxkanmumu nHGOPMAIMIO O HAYAJILHOM OTKJIOHEHUM TOYKU
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OT LEHTPA U O HAYAJIBHOI CKOpOCTH ABuXKeHus touku). To, uro dpusu-
K{ HA3BIBAIOT CKOPOCIbI0, MATEMATUKU HA3BIBAIOT Nepeots npouseod-
Hot. A 1O, 910 (DUBMKYU HABBIBAIOT YCKOPEHUEM, MATEMATUKY HA3BIBA-
0T 6mopoti npoussodroti. MaremMaruku UMeEOT B CBOEM <«apCEHAJIE»
OouibLION 3alaC MATEMATUIECKUX METOMOB JIJI PEIICHUS PA3JIMIHbIX
ypaBHeHuit aBuxkenuda. B gacTtHoCTH, caMoe mnpocToe KojebaHue Oonu-
ChIBAETCH C MIOMOUIBI0 M3MEHEHUd 3HAYeHUi KocuHyca (um cuHyca).
Ecim ycxkopenue Toukn, IBUKyHIENRCA BIIPABO, OTPULIATEIBHOE, 3HA~
9HUT, OHA TOPMO3UT, YyMEHbIIAA CBOIO CKOPOCTH. Moxker ObITh TaKOe, 9T0
IIPY HEU3MEHHOM YCKOPEHUHU TOYKa JOCTATHET HYJIEBOI CKOPOCTH U 3a-
TeM, OCTAHOBUBIIMCH HA MTHOBEHUE, OyIeT IBUraThCSA B OTPUILATE b~
HOM HAIPABJICHUU. AHAJIOTHIHAS CATYAINsI MOXKET ObITH NMpH JBUKE-
HUU TOYKHU BJIEBO U BO3EHCTBUU HA HEE NOAOHCUMEADHO20 YyCKOPEHU.

Caymaresb: A «r» B KaKuX €IUHUIAX U3MEPACTCH !

A.C.: Bompoc o emuHMIIaAX OYE€Hb BaXXKHBIH W mIpaBoMepHbIA. Mox-
HO U3MEPATH L B MeTpax, MOXHO B KUJIOMETpax. B Hamem ciydae
¢ — noJiga paguyca — OespasmepHad BesnduHa. PelienueM ypaBmHe-
HUA, OIIMChIBAIOUICTIO II10JIeT AJ'[I/ICI)I OT MMaACHUA B AXTY U OO JOCTU-
JKEHUd IEHTPa 3eMJId, HA CAMOM JIeJjie CJYXKUT OOBIYHbI KOCHHYC.

Onnako cjemyer uMeThb B BUIY, 9TO OBIBAIOT 33JIa4YU U C JIPYTUMU
e[UHUIIAMU U3MEPEHUA [IEPEMEHHON «I'>.

Hanpuwmep, eciim «x» o3nadaer 3anac Densuna B Dake aBromoOu-
JiA (OH M3MEHAETCA C TeYEeHHEeM BPEMEHW), TO eIUHWIEH h3MepeHws
Oyzer JiuTp, a CKOPOCTHb pacxoina Oensmua Oyier TOrna m3MepATbCH
B surp/4ac. Ho maremaruku BCE paBHO HasbiBaJu Obl CKOPOCTH pac-
xoma OEH3KMHA, IIEPBOM IPOU3BOIHOL .

Bragaste koopnunara 6ymeT MEHATHCA MEIJIEHHO, TTOTOM Asuca Oy-
et Habupars BCE 60JIbILYI0 U OOJIBIITYI0 CKOPOCTD, YCKOpeHue xe bymer
yMEHBIIATHCsA. Anuca cHAaYAIa JOJETUT 0 MEeHTpa, a MOTOM U 0 Io-
BEPXHOCTU 3emJiu C apyroit croponsr (puc. 93), npeomosieBaa Hapacra-
IOIYI0 CUJIY THXKECTU («BO3BPALIAIONLYIO CHJLY»), IIOTOM OIATH MOJIe-
tuT 00pATHO, U TaK N0 DECKOHEYHOCTH.

Tak Bot. CupammBaercs, Kakad CKOpocTh B 1eHTpe 3emsu? Cko-
pOCTh B LEHTPEe 3eMJI OYeHb Cepbe3Had. TaM MHOIO, MHOIO METPOB
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Puc. 93. Bor tak Aymica MuHOBaJIa HEeHTp 3emjid u gosieresa 10 AMepuku.

B cekyHAy. (Bpraucsienus ¢ moMompo KOCUHYCA IIOKA3BIBAIOT, ITO Ta
CKOpOCTDH (HE3aBUCUMO OT MacChl Tesia Asucnt) cocrasiger 7910 m/c.)
Y10 Ke IPOUCXOMUT C 3Heprueil B mosere o Tyaa, o obparno? Ectb
TAKOIl 3aKOH COXPAHEHHMsI DHEPruM. lloreHnuMasbHAA YHEPIUd 11e-
PEXOIUT B KUHETHUIECKyIo, 1 Haobopor. Ha mosepxuoctu 3emim ectb
TOJIBKO IIOTEHIIMAJIbHAA, B HIEHTPE — TOJIbKO KMHECTUYICCKaAA. B IIoJiere
K [EHTPY 3eMJId [MOTCHIMAJIbHASA SHEPIUs IMOCTEHEHHO YMEHbIIACTCS,
a KMHETUYIeCKasd — HA TAKYIO XKe BeJIMUUHY yBEeJMINBACTCA.

[Toxa aTo MBI 0OCYX)HaeM OCODEHHOCTH TOJIETa AJIMCHI, HE YCJIOXK-
Hes €ro HOABJIEHUEM 'HOMUKA, KOTOPbIi TOJIKHYJI AJTHCY BIIeper B IieH-
Tpe 3emJiu.

mv2

Kunernueckast sneprug umeer dpopmyity: F = 5

POCTDH B ILaHHbIﬁ MOMECHT.

, TIe ¥ — CKO-

'nom nobasuisier 1 m/c, 10 ecTb KMHETHYECKAA d9HEPIrUs AJIUCHI CTa-
m(v + 1)

nosurca: B = 5
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DTO JIOJDKHO KOMIIEHCHPOBATHCHA TEeM, 4TO AJinCa BBLIETHT BBEPX
Ha, HEKOTOPYIO BBICOTY, YTO0OBI TpubaBKa MOTEHIUAJIbHON SHEPI MU KOM-
[IeHCUPOBaJIa yOABKY HOIMOJIHUATE/IbHONR KUHETUIECKOW dHEPIUH.

[Morennuanpraas sHeprud 3anucbiBaerca dpopmynoin F = mgh.

[Ipu ynasmenuu oT HOBEpPXHOCTU 3eMJin g OylieT HEMHOTO MEHATHCS
110 CpaBHEHUIO CO 3HaveHreM 9,81, HO HE OYEHb CHUJIBHO.

JaBaiiTe TOCMOTPAM HA PA3HUILy 3TUX IBYX KMHETUIECKUX HED-
mv?+20+1) 2

2 )

muv?
2

yBeJIMYEHrE IHEPIUu 10C/Ie IPpudaBKHU.

ruit. = — 1o npubaBKHu B CKOPOCTH, —

Enumanny Mpl, KaK BOOUTCHA, UTHOPHUPYEM, OHA OUE€Hb MAaJIeHbKAad,
2v ocraerca. B nrore pasauna nosydaercsa paBHo# muv. I1oit pasnuie
U JO0JKHA OBITh paBHA NOTEHIMAJIBHAA YHEPIUA B TOUYKE MAKCHUMAJIb-

HOTO mombeMa AJIMChl Ha JIPYro# CTOPOHE 3eMJIn:
muv = mgh.

Macca corpamaercs, To eCTh Macca AJMCHI 371eCh HAKAKOTO OTHO-
ureHusd K ey ae umeer. CoBceM, Ka3ajioCh Obl, HE BAXXHO, KOIO ITHYJI
raoM. OIHAKO CJIeyeT OTMETUTD, UTO XyOeHbKOU Asrce rHOMy OymeT
Jierye HEOXUJIQHHO HpUAaTh JuuHuii 1 M/c, ueM yBecucToi AJiuce.
Brmpodaem, 310 mpobaemMbl rHOMA, a HE HAUIA ¢ AJIMCOM.

Ocraercsa dpopmyda: v = gh. To ectb h paBHO g (ecou nocumrars,
nony4daerca 805 merpos). Hobasienwe 1 M/c B meHTpe 3eMiu maer
BbLJIET BBEPX U3 JbIPbl HpuMepHO HA 800 MeTpos.

A wro roBoputr mama waTynnusa! He mapymma ju Ham THOM 3a-
KOH coxpanenus suepruu! Her, me mapymwmii. [Ipocro rHomy Oymer
HE TaK-TO JIETKO yBeJIMIUTh CKOpocTh Amucel Ha 1 M/c. EMy npunercsa
CO CTpAUIHOW CUJIOI pa3sMaxHyThCA KYJIAKOM, 9TOObI KyJIaK mpuodpest
cxopoctb Asucel (7910 m/c) mmroc eme 1 m/c. Mbr 661 ¢ BamMu 3TOr0
HE CMOIJI CAeJIaTh. A IHOM, KaK CymecTBO BoJinieOHOe, Moxer!

IIpoBepum 33n0a4y npo 3Be3Ipl.

Ilepsoe, wmo wado oco3wamv: Te 3BE3IbI, KOTOPHIE BBl HE BUIUTE
JIETHUM [IHEM W3-33 COJIHIA, MOXHO Oy[eT yBUIETh Yepe3 I0JIr0Ja
(3ummueit Houb10). Cm. cxemy Ha puc. 94.
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Puc. 94. 3emis, He MeHsISI HAKJIOHA CBOE OCH K TIJTOCKOCTH DKJIUIITUKY, BPa-
waerca Bokpyr Cosinua (cupasa — na 3emJie Jsiero, u ocseuwennoe Cosin-
[IEM CeBEpHOe MOJTyIapre He MO3BOJIAET JIIOIAM PA3JINIUTh 3BE3/IbI; CJIeBa —
Ha 3emJie 3uMa, HO4b). 1 cupasa, u cjieBa 0Cb 3eMJIM HAILIPABJIEHA B OJHY U TY
Ke TOYKy HebOecHO# cdepbl, I09TOMY BUIHbBI OJHU U T€ XKe 3Be3ibl. BaxHo,
YTO PACCTOSTHUE MEXKJY YKA3AHHBIMU IBYMS MOJIOKEHUSIMU 3eMJIA HAITOK-
HO MaJIO 110 CPABHEHUIO C paccrosinueM Ao bumxaiux (we cuuras CosiHua)
BUIUMBIX Ha HeDe 3BEe3]I.

[Toaromy TO, 4TO BBl BUJIMTE BO BPEMsl 3aTMEHUS, Bbl YK€ BUIE/IU
HOJITOJA HA3aM, U yBUAWTE OUATH Yepe3 HOJIrofa BIepel (ecsd 3Tomy
HE [IOMENIAIOT TY4YH ¥ T.11.).

Bpeska 8. Koe-uro 0 HebecHOU cepe

Kocwmoc Besnuk u neobbared. Emy, B 06mem-To, HET j1eJ1a, 10 HU9ITOXK-
HOll UbLIMHKY, HA3BIBAEMOW «IstaHera 3emJa». Ho Ha Heil npoxusa-
€T MHOTOYMCJIEHHOE IIJIEMs JIIoAEH, KOTophie B CBODOmHOE OT PabOThHI
BpeMs He IMpOdIb IIOPA3MBICIUTH HAJ BOIPOCAMHU «ITO Takoe Kocmoc»
u «BjmgeT Jim KocMoc Ha XU3Hb desioBekas. 110 moBomy nepBoro Bo-
IIPOCa, 10 CHX IIOP CHOPAT yIE€HbIe — [1aKe He CMOIJIA 0 CHX IIOp II0-
HATH, orpanuder Jiu KocMoc 110 pasmepaM, ujid He OrpaHu4der. A upo-
CTBIE JIIOU AyMAaIOT TaK: €CJIM W OTPAHUYEH, TO BCE XKe OH TaK BEJIUK,
4TO ero BCE paBHO obJiererb HeJib3si. TakK KakKoe HaM [0 9TOro AeJio?
Ha BTOpOﬁ BOIIPOC MHOTUE JIIOAU CKJIOHHbBI OTBETUTH TaK: HAaBEPHOE,
Kocmoc kak-To BanseT Ha KHU3HD JIIOIEH — HO ropas3mo MEHbIIIe, IeM
Kypc doasapa! Kocmoc, KOHEIHO, MOXKET MPENOJHECTH HAM IOIAPOK
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B BHIIE OTPOMHOTO METEOPHUTA, KOTOPBIH COTPET XKU3HL HA JeMiie —
Ia Be#p 3TO Korma emnie Oymer! Moxer, B 3T0 BpeMs U JOJJIAPOB yXKe
He byner.

Tem He mMenee OBLIO pelIeHO, UTO Ha BCAKU ciydait 3a Kocmocom
HAJ0 CJIEIUTH C MOMOIIBIO CIENUAJIBLHOTO BOOOPAKAEMOI0 «TeJIEBU30-
pa» co cepuaeckum 3KpanoMm. 910 u ectb HEBECHA S COEPA. I'me
Ke HAXOAUTCH UEHTP 9TOW BooOpaxkaemoil cepbl U uemy paBeH ee
pamuyc? [lyig orBeTa HA 3TOT BOIPOC HAHO MOHATDH, UTO K€ ABJIAET-
Cd CaMbIM Ba2KHBIM [1JI14 2KU3HU geJI0Be4YeCK Ot IINBUJIN3AIIUN. KOHe‘IHO
XKe, «3eMHad cepa», TO ecTb IOBEPXHOCTHh JemJu. [losromy u menTp
HebecHo# cdepbt ObLI BbIOpaH B HEHTPe 3eMJId, C YIETOM «3€MHOrO
srousma» oneit. (Haseproe, eciu Ob1 3eMIIgHe U MApCHAHE KUITA ObI
B BUAE €IMHON UMBUI/IM3aUMK, HEeHTP HebecHo# cepbl Obli1 Obl BbIOpaH
He B nenrpe 3emun, a B nenrpe Cosnna.) Yro xe kacaerca paaumyca
HebecHO#l cdepbl, To ero Hamo BeIOparh mobosibuie (YTOOBI Ta Cce-
pa HAXOAMJIACH JAJIEKO OT 3eMJIM), HO He CJUIIKOM GosibumM (4T06bI
BHYTpHU 5TOil cepsl He oKazamch bumkaiimue (ae cauras CosHna)
3Be3ubl). KOHKpeTHOe X)e 3HaueHne pajauyca HUKOro 0COOEHHO HE MHTe-
pecyetr — Juiib ObI MBI HA 3TOH cepe cyMesn pas3risifieTb BCe Iompob-
nocru u3 xu3uu Kocmoca. Urak, 3emHas u nebecHas cepa saBJIAIOT-
ca konyenmpuyeckumu. Ha 3eMHONl — mMMeIoTCA /Be BaXKHbIE [JIA 3€-
MJISIH TOYKH: CEBEPHbBIN U I0KHbBIHA moJtioc. Hepes3 HUuX MpOXOaUT BaXKHAT
JIJId 3€MJIAH MPAMAsg — 3€eMHAd OCh. 3eMJIS BPAlIAE€TCH BOKPYT ITOM
ocu ¢ niepuonom 24 gaca®. A Bor u kaBep3HbIii Borpoc: nouemy 247 Or-
Ber (HeybenuTesbHbI ): HOTOMY, YTO TAK PENIMJIN JIPEBHUE ACTPOHOMBI.
Ho Benp 310 6b1710 APY THICAY JIET HA3a[. 3a TO BpPeMsd CTapyIIKa-
3emJisi MOTJIa, TPUTOPMO3HUTH CBOE BpalleHue. A Hy Kak BAPYTD [EPUOI
ee BpameHus Ternepb pasen 24,37 waca? OTBer (HEJIOrHIHBI]): IaCOB-
TO no-npexuemy 24, HO cam 9ac cTaJl HeMHOro jyinnaee. Hejiormanocrs
€ro B TOM, YTO HAM BCE PABHO HAJ0 3HATH, IPOUCXOIUT JIU 3aMerJie-
Hue (Mjm, CKaxeMm, yCKOPDEHHME) — HEBAaXKHO, KAK Mbl 9TO HA30BEM ——
yIJIMHEHNE IEPUONA Wiu yijunenne daca. K cyacroio, ceityac pusuku

*OpaBos kpoerca B gerasax. CTporo ropops, 310 yTBepxAeHue Heseproe (mo-
npobyiiTe moHATH, MOTEMy!).
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MOL'YT OIPENEJATh JIJIMTEJIbHOCTD IIPOMEXKYTKA, BPEMEHU HE3ABUCHMO
OT BpallleHusa 3eMJIU, IPUIEM C BBICOKOU TOYHOCTHIO. V] HUKAKUX mpu-
3HAKOB M3MEHEHU [IEPUOIa BPAIEHU 3€MHOI0 11apa, He 00HAPYXKEHO.
[Toka me obHApYyXeHO. A 3aBTpa TPUIETUT KAKOW-HUOYOh yKpPYIIHEH-
HBIi METEOPUT U BPEKETCS B 3EMJIIO. . .

Crenyroniye [1Ba BaXKHBIX TEPMHUHA — 3e€Hum u Hadup. 3eHuT —
9TO TOYKA, JEeXKallad Ha HebecHOU cdepe upAMO Hal, IOJIOBOA Ha-
Gsro/1aTesid, HAMP — TOYKA, JIeXKAlAd Ha IIPOTUBOIIOJIOKHOR CTOPO-
He nebecHoii cdepnr (To ecth nmog HOramu HaBJIIOAATENA, TAK YTO OH
u HabJII0IATH-TO €e He cMoxkeT). Bbl uyBCTByere, Kakoil mojgBox 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
3eHuTa Oy/eT odenb MHOTO. Y maxke Kakue-To ABa HAOJIIOIATE I MOTYT
CHJIBHO TIOCIOPUTH 10 TOBOY OMHOU 1 TOI XKe TOUKM HA HeDEeCHOH cde-
pe: OIMH CKaXKeT, ITO DTO «3EHUT», APYroil — ITO 9TO «HAMUp». Hamo
KaK-TO OIPAHUYMUTD IIEPCOHAJIbHBIN srom3ms Habsoaaress. [Toaromy
ObL7I0 OOBABJIEHO, YTO BCE HTU HAOJIIOIATEU «BOCIIOMOTATEIbHBIES,
KpPOME JIByX «OCHOBHBIX». OIMH U3 ABYX HAOJIIOIAET HA CEBEPHOM I10-
JIOCe, Ipyroil — Ha 1oX)XHOM. Kcrarm, a Kakoil u3 MOJII0OCOB HAa3BaTh
CEeBEpHbIM, & KaKOil — 10xkHbIM? Benb u 30€ch, 1 TaM O4eHb XO0JI0/I-
HO... ITOT BOIIPOC HE OYEHb BAXKEH, HO BCE XK€ pelIeHO ObLI0, YTO
HaJ[ CEBEPHBIM IIOJIIOCOM HAXOJMUTCH 3€HUT, a HAM [OXKHBIM — HAIUP.
N ocrasica ToIbKO OfuH «OCHOBHOI» HAOJII0/IaTE/Ib — TOT, y KOTOPOIO
HaJ1 TOJIOBOI 3eHUT. Yepes ceBepHBIA M I0XKHBIU TOJTIOC TIPOBEJIN ITPS-
MYIO ¥ [POJIOJRKUJIM ee 0 nepecedenud ¢ HebecHoit cdepoit. U masiee
CTaJIi UMEHOBATH 3Ty IPAMYIO HE «3EMHAd OCh», & «O0Ch Mupa». Bor
tebe u pas! [la Kakoe ke 1paBo UMeeT MaJIeHbKasl, COBCEM HE3aMETHAA
B macimrabax Kocmoca nianera 3emiia yKasblBaTh, KaK J0JKHA ObITH
nanpasiesa OCb MUPA? 910 — runuyneinmit npumep «3eMHOTO
sromsmax. [loromure, maspire eme n He Takoe Oymer!

Nrax, crour na CeBepHoM MHOJIIOCE HADJIIOATE b, CMOTPUT B HEDO,
u cosepuraer (BMecTe Co BCeM 3eMHbIM HIapOoM) ojauH 060poT 3a 24 vaca.
A emy Kaxercsd, 9TO 1 OH, ¥ 3eMJIsd CTOAT HA MECTE, a BECh OIPOMHBIN
Kocmoc, co Bcemu ero 3sesnamu u komeramu (na u ¢ namum Costanem
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TOXKE), MEJIJIEHHO BPAIAETCA B IPYryl0 cTOpony. VI urobbl ybenurhes
B 9TOM, JOCTATOTHO MOTJISIIETh JOBOJLHO JIOJTO HA SKPAH TOTO «TeJIe-
BU30pPa», Yepe3 KOTopblil 3emyisine nHaburogaor Kocmoc (To ecrb Ha He-
Becuyio cdepy). Ocramocs coBceM HEMHOTO, YTOOBI CHITAME 3€MJIAH 10~
crpouth 11 Beero Kocmoca KOCMUYECKY IO CUCTEMY KOOPAMHAT (B KO-
TOPOi#l, CMexXa pau, CIUTACTCHA, ITO 3eMJIs aDCOJOTHO HEMOIBUKHA,
a Bcé ocrasibHoe (B Tom umcsie u CouiHue) Bpamaercs BOKPYr Hee).
PaccmotrpuM mI10CKOCTH, TPOBEIEHHYIO Uepes 3eMHOU skBaTop. [Ipo-
IIOJKUM ee 10 epecedenus ¢ nebecnoit cdepoit. Ilosyanrca «mupoBas
9KBATOPUAJIBHASA TIJIOCKOCTH® IIJIS BCETO KOCMUIECKOTO MPOCTPAHCTBA.
Bei, maBepHoe, mymaete, 9TO0 UMEHHO B Heit Haxomurcs CoJTHIe U Bpa-
uaoTed Bee apyrue mwianerbl! Hudero nomobuoro! CostHie u mrane-
THI HAXOHATCHA B JIPYTOil IIOCKOCTH (OHA HA3BIBACTCH «IKJIAITUKON).
O6e 911 1JI0CKOCTHU IEPECEKAIOTCA B HEHTPE 3eMyin (TaK 4TO 9Ty TOUKY
HA3BIBAIOT «HAYAJIO KOOPAMHAT MUpa»). KoHedHo, y 3Tux ABYX MJIOC-
KOCT€li eCTh M JPyIrue TOYKM nepecedenus (OHM NePeCeKaroTCs 1o mps-
Moit). I17I0CKOCTD 9KIUNTUK U MEPECEeKAET KBATOPUAIIBHYIO [IJIOCKOCTh
nog yrsiom 23,5 rpajiyca. 3eMHasA OCh HAIPABJIEHA B 3eHUT (zenit), mo-
9TOMY €e W Ha30BeM «0Ch Z». OCTasioch yKas3aTb B 9KBATOPUAJIHHOM
IJIOCKOCTH, KaK IIPOBECTU 4Yepes UeHTp 3emsiu ocb X u och Y. Ljas-
HOE — 3TO 3a/aTh HAIMpPABJIEHWE OCH WKCOB. s aTOrO Hamo HaiiTh
Ha 9KBaTOpe (€CTECTBEHHO, HA 3€MHOM, a HE HA HEOECHOM) HYy.ae60l
mepuduan. Ha 310T CcueT nMeercsa Kak MAHAMYM [1Ba MHEHWA. AHTJINSA
CUMTAET, ITO HAJIO TAKOBLIM CUMTATH |'puwHBHUCKUil Mepunuan, a Poc-
cug — 4o IlysikoBckuit mepuuan. (A KaKag-aHuOy b [MBUJIU3ANMUA
3 cossesnua Tay Kwura, camraer, 910 meHTp Mupa BooOIme He H0JI-
KEH HaXOAUThCHA B IEHTPEe 3eM.HI/I.) B nensax yaudukauu obuieseMmHoi
CHCTEMBI KOCMUIECKUX KOOPIWHAT MOXKHO MPOBECTH OCh UKCOB B Ha-
npasJsieHuu, Hanpumep, ['punBuua®. Temnepsb yxke MOXKHO ONpene/MTh
IJTs KX TOM TOYKY Ha MOBEPXHOCTH 3eMJtn (a TakKe U JJis JII0O0’ To4-
ku Kocmoca) nse koopmuuare: doszomy u wupomy. Hyxna eue Tpe-
Ths KOOPIMHATA — PACCTOSIHUE OT MEHTPa 3EMJTH [0 WHTEPECyIomei
HAC TOYKHU. [{J1 TOUKM HA MOBEPXHOCTH 3eMJIA (CIUTACMON «WI€AJTb-

*Tax u ObITH, CIEIAEM ITOT IEAPHIA TMOAAPOK AHTJIHYaHAM!
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HBIM IIAPOM») 9T KOOPAMHATA PABHA YCPEIHEHHOMY DAJIUyCy 3eMJiu
R (upumepno 6371 xm). iz sBesmst B Kocmoce (kak 661 masiexo oHa
HU HAXOMUJIACHh OT HEGECHOH cepbl) B Ka1eCTBE TPeThell KOOPIMHATHI
Hai0 6parh paguyc HebecHoi cephl, HOTOMY UTO BCE 9TH 3BE3MIbI HAIO0
crrpoekTupoBarh u3 b6e3mabr KocMoca Ha 9KpaH «TesieBI30pay [AJis pas-
maaeBanna Kocmoca, 1o ecth Ha HebecHyio cdepy. Tak kak pammyc
910l cepnr He yrounsercs, To B KocMoce UCIOIb3yIOTCS TOJIBKO IBE
(yrsI0BBbIE) KOODAMHATHI: JOJITOTA ¥ IIKPOTA JIyda, HAYIIEro U3 NeHTPa
Bemuin B 1aHHYIO 3Be311y (MJIM KOMETY, MJIM METEODHUT. . . )

Nwmes cucremy xoopauHar Ha HEOECHOHN cdepe, MOXHO yXKe CoCTa-
BJIATH KapTy Bcex cosBesnmii. B »toit cucreme CousHie ommchiBaeT
110 HebecHO# cdepe 3aMKHYTBIH 1yTh, TPUIEM OHO IIPU TOM OTHIOJIb
HE BUJIHO B Bue TOUKH (momymaiite, mouemy?). [Tosromy HEobxommumo
roBopuTh HE npo «1iryTh COJIHIAS, 8 PO Iy Th HEHTPAJIHLHONR TOYKM COJI-
HETHOTO IUCKa Ha, HebecHo# cdepe. Ha 3TOT myTh y COTHETHOTO TUCKA
yXoauT POBHO onuH rog (1o ectb npumepno 365,25 cyrok). Hecmorps
Ha, HEYI0OCTBO TAKON CHUCTEMBI KOODIWHAT MO CPABHEHWIO C CHCTEMON
Konepuuka, B meil ycnemno paccuurasu (He NOJIb3yaCh JIaKe KOM-
nbiorepamu!) B Kax10i Touke 3emiin BOCxopl u 3ax0abl CostHia u nx
nmuuTestbHOCTh. (CM. asiee OCHOBHO TEKCT.)

[IpuBenennas Bbie Bpe3Ka [JId 9T€HUA HEOOA3aTe/IbHA, XOTI OHA
aeT [MePBOHAYAJIBLHBIA 0030p TPyIHOCTEH, CBA3AHHBIX C BHIOOPOM 00-
HIEKOCMHUIECKON cucrembl KoopiauHar. Te, KTo x0oTdar riiy0xe MOHATDH
TO, 9TO CKa3aHO BO BpPE3Ke, MOI'YT IOIMPOOOBATH OTBETUTH HA BOIIPOC:
BEPHO Jid, 9T0 HabJ0ares b Ha CeBepHOM 1oJIfoce, TVIAAAImii BepTu-
KaJIbHO BBEPX, YBUIUT, UYTO B TOYKE «3eHUTa» Haxomurca llosgpuas
sBesma? BAPMAHTDBHI OTBETOB: 1) Ou yBuaur Tam 1eHTD CO3BE3-
nusa «HOxupili kKpect»; 2) B redenume HOUM OH yBHIMT B 9TOU TOUKE
pasubie 3Be3upl; 3) [lonapaas 3Be3na HaxOmUTCA OJM3KO K 3€HUTY,
HO He coBrajaer ¢ uum; 4) Tax kax paumyc nebecnoit cdepbr e onpe-
nesieH, a paccrogaue Ao [lonsaproit 3B8e3pl (B IPUHIUIIE) OIPEIEJIeHO,
TO DTOT BOIPOC OECCMBICJIEHHBIN.
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Ha camom pniesie, njig penieHust 910 3a1a9u MPABUJIbHONR MOJIEJIBIO
aBjgerca onuHokasa (1o ectb 6e3 CosHua u njaner) 3emiis B 4€PHOM
crpamtHoM Kocmoce, Koropas BEpTUTCs BOKPYr cBoeit ocu. Jlrojism,
LJISJIAIMM HOYbIO Ha, HEDO, KaXKeTCsd, YTO 3eMJisd CTOUT Ha, MECTE, a BCE
3Be31HOe (BUIMMOe uM) HEOO MEIJIEHHO BPALIAETCH B NPOTUBOIIOJIONK-
HyI0 cropony BOokpyr [losispuoii 3sesnpr. (I[Toka, B «names» spemsa. He-
pe3 ThICATY JIET ONPENEJIATh UEHTD Bpamenus Oyuer dpyeas 3Be3ia.)
Bompoc: 4ro u orkyna BuigHO d1uM HabsroparommuM Joaam? Orser:
[Terepbypr owimuaerca or MoCkBbI CeBEpHON KOOPIUMHATON HIMPOTHI.
OcraJibHble KOOPIMHATHL (JI0/IN0TA) B JAHHOM CJIydYa€ HAM HE BAaXKHbI.
Yro6bl MOHATH, KTO BuauT Ha HEOE GOsibIIe 3Be3/1 (MOCKBUYM UM 11e-
TepOypKIIBI), PACCMOTPUM CHAYaJIa HAOJIIO/IEHUE U3 JIBYyX OCOOEHHBIX
TOYEK: C HKBATOPUAJIBHON ToUKY (11060i u3 9TUX TOUeK) 1 ¢ CeBepHOro
mostitoca. Yro Bummo ¢ Cesepuoro nostoca? Kparkwuii orBeT: TOJIBKO TO,
4110 «cBepxy». Ho rie xe B Kocmoce Bepx, u rie aus? Cpasy mjid Bcero
Kocmoca Bpam jin MOXHO pasyMHO OTBETHTDH Ha 3TOT Bompoc. Ho Jtio-
60it KOHKpeTHbI HabII0ATEh 3EMJIM MPEKPACHO OTBETUT HA HETO:
«To, uro y mens mom Horamu — 310 “Hu3”. A ocTaJjibHOe — 3T0 “Bepx”.
4 ceityac cTOIO Ha MJIOCKOCTH, OTHOETAIONIEN BEPX OT HU3a, U MOTOMY
A BUXKY 3Be3/Ibl TOJIbKO IIOJIOBUHBI HebecHoU cdepbr». HesoBek, nume-
ONUI 9UCTO MaTeMaTuvecKoe o0pasoBaHue, HE yMepAeMOe 3/IPaBbIM
cMbIcTOM (busuKa (MU acTpOHOMA), Cpasy XKe 3alajbirBO BO3DA3UT
sTomy Heyuy (mo ero muenuio): « Hukakas 910 He miockocTs, a chepu-
JecKasd HOBEPXHOCTD, ¥ HA HEl TOJIBKO MBICJIEHHO MOXKHO IIPUPUCOBATH
KaCarTeJbHYIO0 IJIOCKOCTb, UMEHHO B TOW TOYKE, II€ CTOUT IMom He-
yu». — «A BOT m HeT!» — OYEHDb pasyMHO OTBETUT HEYI»: « ¢ BUXKY
TOJIBKO KYCOK 3TO# MOBEPXHOCTH OT MOWX HOT W J0 TOpPU30HTa. A r0-
puU30HT mpUMEPHO B 4 KMJIOMETPAaX OT MEHs, [I09TOMY BUIUMbBIH MHOIO
KYCOK CUJIbHO IIOXO2K Ha IJIOCKOCTb — B€IOb 4 KM O4Y€Hb MaJIO IO CpaB-
nenuto ¢ 6400 xkm (To ectb ¢ pamuycom 3emsm). U sra miockoctsb
CHJIPHO MEIIAeT MHE YBUJIETh 3BE3[bl HA BTOPOU IMOJIOBUHE HEOECHOM
chepbi». I B a10M OH Oyser abcosirorHo npas. Kopode rosops, ecsiu
Mbl XOTMM IOHATH, KaKyl0 4acTb HebecHoi cdepsl (¢ mepuarommMu
Ha Heil 3Be3naM1/1) BUIUT TOT WJIV WHOU 3€eMHOI HADJIIOIATEIIh, HAOO0 e~
pe3 MOJIOUIBBI HTOr0 HADJIIOIATEIISA TPOBECTHU ILJIOCKOCTh, KACATEbHYIO
K 3eMHOM noBepxuocTu. OHa pasuesiut vHebecHyio cepy Ha IBe PABHBIE
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qactu. OH BUIMT Ty, KOTOpAd Y HEr0 HaJl roJioBoM. Ecjm Obl crapyika-
3emuist ObLIa TPO3PAYHON, OH Obl yBUIE y Ce0s 1O HOraMU U BTOPYIO
q9acTh. Ecam ObI 5TOT HAOJIIOIATENIh BHE3AIMHO BBIPOC OBI IO pasme-
pOB... Hy, ckaxewm, [[KomMosyHIrMbI, OH Obl yBH/IEJI, YTO IO HOraAMU
y HErO He IJIOCKOCTh, & 9aCTh 3eMHO# chephl, 1 OHA, UICKPUBJIAACH, Me-
HIaeT emMy yBUAETh MeJIMKOM BCIo HebecHyro cdepy. OHAKO mpu 5TOM
oH, koreudHo, suses 061 BOJIBIIE ITOJIOBUHBI nosepxuoctu Hebec-
HO# cdepbl, a MeHblad ee JacTb Oblia Obl eMy He Buauma. A ecjm
OBbI OH 7 ele «HEMHOXKKO» MTOAPOC — ITOOBI €ro pOCT «XO0Td ObI» CTAJI
PAaBEH PACCTOAHUIO A0 OJMXKAUMUX 3Be3j, — TOrma Obl OH CMOI' Ha-
GuionaTh NO4TH BCE 3Be31bl HEGECHOU cdepbl (MaJsieHbKadg CTapylIKa-
3emuist y HEro mom mpaBbiM KabJIyKOM MOYTH He MemaJsa Obl eMy n3-
ydarb 3BE31b1). Ho Mbl, 3eMmubIe J1I011, He MOIIH ObI OBITH TAKMMU [H-
ranTaMu — Hac Obl pasgaBuJia Halla cOOCTBEHHAA TaXecTb. [loaTomy
4eJI0BeKy HAaJI0 OBbITh OY€Hb CKPDOMHBIM U CIATATH cebda MaJIEHbKON He-
3aMETHOHI TOYEYKOi 110 CPABHEHUIO C 3eMHBIM IapoM. OIHAKO 110 TOBO-
JIy CKa3aHHOTO BbIIIE MOXHO ObLIO ObI 33/1aTh J1BA KOBAPHBIX BOIIPOCA.
S nyqure ux cam cpasy chopmymupyio. 1) Homycrum, na 3emite ue Obi-
Jio 661 rop u okeanoB. Torna Jrrofu xuau 661 BO BCEX MECTax 3eMHOM
cdepsl. Y mo mogam nabmaomasan 661 Hebo. Tak 910 XKe, B 9TOM CIIydae
BCIO 3eMJTIO PUIILIIOCH OB HOKPBITH KacaTebHbIMHU IIocKocTamu? OT-
BET: npencrasbre cebe, IMEHHO TaK ¥ AEJIAI0T HACTOSIIUIE MATEMATH-
ku. U 10, 94TO mOJTyYaeTcsd, y HUX JaXKe HOCUT CIIEIUAJIbHOE HAa3BAHUE:
«Kacamenvroe paccaoenue Oas chepors. VI MOTOM yCHENIHO U3YydatoT
nostyaenubiii 00bexT. 2) Crom. Tosibko 4T0 GBLIO CKA3aHO, 9TO I Ka-
JKJIOr0 HADJTIOHATE I BUAHA POBHO IIOJIOBHHA 3Bes3M HeOecHO# cdepsl.
A Bot m mer. [laBaiiTe BO3bMEM ABYX NMAMETPAJBLHO MIPOTABOMOJIOXK-
HBIX HaOJIOgareseit 3emiin. s Kax 1010 U3 HUX MPOBEIEM KaCATEIb-
HYIO ILJIOCKOCTb. Benpb 911 j1Be 1m1ockocTu OyayT mapaJsuiesibabi! A nBe
napaJuiesibHble [JIOCKOCTU JEJIAT MPOCTPAHCTBO, B KOTOPOM MbI XKU-
BeM, HA TPHU dYacTu. Kak ke MOxXeT Kaxk bl u3 JIByX 3TuX HAOJI01aTe-
Jieit Bugerh noJioBuny HebecHol cdepbt? Kaxipiii 3 HUX HOJDKEH BU-
gerb menbine noJoBuabl! OTBET: «c To4ku 3peHus 3Be31» HE TOJIBKO
YeJIOBEK SIBJIAETCSI HUITOXKHOMI TO‘IKOﬁ, HO U 1a2Ke BeMJIH — HUYTOXK-
Had TO4YKa. I/I C UX TOYKU 3PEHUA 3a30D MEXKJ/Y [AByMdA MapaJIJIC/IbHbI-
MU JI0CKOCTAMM (paBHbIi quamerpy 3emuin) npenebpexxumo maJji. 1o
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€CTh BMECTO JIBYX ILJIOCKOCTEH OHU «BUAATS KAK Obl OJIHY CJIMBILYIOCS
IIOCKOCTh. U eciim Kakas-To 3Be3/1a OKAXKETCH Ha, 9TOU JIOCKOCTH, OHA
[OTOJIbl HE JIEJIAET. Y MHbIE MATEMATUKU B TAKUX CJIydasx JIFOOAT To-
BOPHUTDH 9TO-HUOY/Ib YCIOKOUTEJHHOE, THUIIA: MHONCECTNGO IMUL 36e30
umeem mepy Hyasv. Curyanumsa TYT NPUMEPHO TaKas, KaK [IpU CPaB-
meruu mMexy coboit ayx umcesr: 1000000,098 u 999999,978. Hy ma,
[IE€PBOE YMCJIO0 9yTh-1yTh OOJIBIIE BTOPOrO, HO C TOYKHU 3peHus (pusuka,
MOXKHO (1 Hy?KHO) IpeHeOpedb 9TOI pa3HUIIEH 1 CKA3aTh, YTO IKCIEPU-
MEHT C BBICOKOW TOYHOCTBIO IMOATBEP/IMJI UX COBLIaAeHue. A He CoBIIaJm
OHU IIOJIHOCTHIO IIOTOMY, YTO BO BPEMS 3€MHBIX U3MEPEHUH KTO-TO He-
oxuJlaHHO 4nxHyJ HA Mapce. ..

Urak, kaxapiii YesoBek B Jit0O0W MOMEHT BpEMEHU BUIIUT 3BE3IIbI
TOJIPKO HOJIOBUHBI HEOecHOU cdepbl. [Ipyrad mojioBuHa HE BHIHA, €€
3aropaxuBaer 3emJid (XOTd OHA BOBCE HE 3aHMMAET IIOJIOBHHBI IIPO-
crpancrsa). QakTuuecku, Mofesb curyanuu (npu HabJIIOAEHUN U3 KOC-
Moca) Takasd. Bbl npmkumaere K 3emiie IIOCKOCTh B JIIOOOR TOUKe —
xorure, B Mockse, xorure — B Ilurepe, u mabsromaere ee HOJIHbBIN
obopor Bmecre ¢ 3emJiel. B 9710l 1mJ10CKOCTH OTMETUM NPAMYIO, Ka-
caTeJIbHYIO K MepHUuaHy B BbIOpaHHOW Touyke. B mporecce moBopora
3eMJyin BOKPYT HOJISIPHOW OCH 3Ta NpsAMAad OIMUIIET HOBEPXHOCTb HE-
KOTOPOTO KOHYCa, KOTOPOrO0 B KAaXKIbIii MOMEHT KacaeTcs ILJIOCKOCTD
(ocTaBasCh npM HTOM KACATEJIBHOR M K NOBEPXHOCTU 3€MJIM — MOTO-
My 9TO 3eMJif OKa3bIBAETCA BIIMCAHHON B 3TOT KOHYyC). Bor temeps
Mbl, HAKOHEI-TO, JOOpaJ/uCh [I0 U3y4eHusd JByX 0coObix HabJIojaTe-
JIeii: KBATOPUAJIBHOTO U HOJApHOrO (cM. puc. 95). A tam, rigauub,
u ¢ Toukoit «MockBa», u ¢ Toukoit «IlerepOyprs» craner curyanus mo-
uaraoi. OHu ke Beb TOYKU 10 CpaBHEHUIO C 3emMJiei, npasia’?

Puc. 95 nokasbiBaer, kakue 3Be3/1bl yBUAAT HAOJ/IIOMATE M, HAXOIA-
muecss na mupore (0 rpamycoB (skBarop) u Ha mupore 90 rpamycos
(mostroc), ecsm oum OyuyT B TeveHue 24 4acoB HabJIIOIATH 3BE3LHOE
He60 (TO ecTh moKa 3eMJIss COBEpIIUT MOJIHBIH oboport). [lonarno, aro
B nHeBHOE Bpems cBer COJIHIA IOMENAeT BUIETh 3Be3/1bl (& ecim Ciiy-
YUTCA TOJIHOE COJIHEMHOE 3aTMeHue, 10 BCE ke yBundar). Ho ecrb rta-
KM€ y4acTKM 3Be3HOro neba, Koropble HAOJ/IIOATES b B IPHUHITUAIIE
He cMoOxer yBuuerb. Hanpumep, Habsiiogaresib HA KBATOPE HE yBH-
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Puc. 95. TlosepxHocrb 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.

nuT (HE B KAKOe BpeMs CyTOK) TeX 3Be3[1 Ha HebecHOi cdepe, KoTopbie
JIeXKAT 6HYMPU yusundpuveckot noseprrnocmu™. ([losloBuna nesumu-
MBIX 3BE3[I JIEXKUT «BBIIIE CEBEPHOIO IOJIIOCA», APYyrasd XKe MOJTOBUHA
«HUKe 10KHOro».) Habumopgarens xe, naxonamuiica na Cesepaom 1o-
Jrioce, He yBUAWT (HU B KAKOE BPEMsI CYTOK ) 3BE3JT «HIDKHEH MOJIOBUHEI
unebecHol cdepbr». Ho 3ar0 3Besipl «BepXHEH MOJIOBUHBI® OH YBUIUT
HE TOCTenenno B Tedennu 24 1acos, a Bce CPA3Y. Ieso B ToM, ITO TO-

* BolmeonucanHbie 6006pa>1(e}mﬂ IIO3BOJIAIOT 3aKJ/IIOYUTDL, YTO TAKOBbIX «IIOYTH
HET».
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pHU30HTAJIbHAA KACATEJIbHAA IJIOCKOCTh HA puc. 95 1m0 mepe Bpamenus
Semiin xoTa u Oy[eT MOBOPAYMBATHCH, HO OHA BCE BpeMmd Oymer co-
BHaAATh cama ¢ coboit. Ecsmu mbr paccmorpum T0J1bKO HAbJIIOIATE IEH
M3 CEBEPHOrO MMOJIylIapud, TO MOXHO C(HOPMYJIMPOBATh TAKOE HOCTa-
TOYHO HIPOCTOE IHPABUJIO:

«BuoaO BCE, KpOME BHY TPEHHOCTH KOHYyca». Uem Oimke K ce-
BEpy HAXOIMTCA HADJIIOIATE b, TeM DOJIee KILJIOCKU» 1MOJIyYaeTCs KO-
HyC, U TeM MeHbliie 3Be3f BuaHo. Uem Ouimke K DKBATOPY OH HAaXO-
nurcs, TeMm 6oJsiee «OCTPBIA» MOJIyvYaeTcsa KOHYC (a4 Ha 9KBATOPE €ro
BEpIINHA OKA3bIBAETCA YIAJEHHON 10 GECKOHEYHOCTH; Ha IOJIIOCE XKe
€r0 BEPIINHA, COBIIATAET C CAMUM HOJIIOCOM). Cwm. puc. 96.

Puc. 96. Illupora Mocksbl (56 rpan.) menbuwe wupors IlerepGypra
(60 rpaj.), moTOMY KOHUYECKas HOBEPXHOCTb, BHYTPU KOTOPOH pacrosiara-
FOTCSA HEBUJIMMbIE 3Be3/bl, 1151 MOCKBbI umeer 60J1e€ 3HAYUTE/IBHY O BBICOTY
HaJ TIOJIFOCOM, HO YIrOJI PACXOXKIEHUs JIEBOIO U MPABOrO JIy4Ya U3 BEPIIUHbLI
menbine, deMm a7 [lerepbypra. Iloaromy m3 MockBbl BumHO 6oavuie 3BE31,
(ecnu nabsmonenue Bectu 24 yaca). (PekomeHmyeM MBICJIEHHO BpaliaTh 3TOT
PUCYHOK OTHOCHUTEJIBHO OCH CUMMETPHUU — ILyHKTUPHASA JIuHUA 06pasyer To-
I3 CeBEpHOe ToJIylnapue 3eM/id, a CIIOMHBIE — KOHYChl HEBUIUMOCTU. )

[Tosromy u3 Caukr-Ilerepbypra BumHo MeHbline 3Besq, deMm u3 Mo-
ckBbl (puc. 97). A na skBarope me BunHO Hu [losigpHON 3BE3BI, HU
IOxmoro Kpecra (na u cocennux ¢ HuMu 3Be3n Toxe He BUIHO). Om-
HAKO IIOCJIEIHEE YTBEPXKIEHUE ABJIAETCA CXOJIACTUIeCKuM. IT00ObI 110-
HATH TO, IPEeACTaBbTe cebe, ITO MUINHAPAIECKA TIOBEPXHOCTh, W30~
OpaxeHHas Ha puc. 95, MPOIOIKEHA BBEPX [0 MEepeceveHuss ¢ Hebec-
Ho#t cepoit. Torma Ha »10it cdepe HOSYyIUTCH JIMHUAA EPECeIeHust
B BHUIEe OKPYXKHOCTH, PaamyCc KOTOpoil mpumepHO paBeH 6400 xwmio-
merpoB (pamuycy 3emuin). A pammyc mebecnoi chepbl, Kak ykasaHo
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BbIIIE, IIPUMEPHO PABEH PACCTOAHUIO A0 Osmkaiimeil 38e3nbl (He Cum-
tasg Cosana). 910 paccrognue Hemsmepumo bosbie, gem 6400 km. Tak
4TO JlaKe C IIOMOIIBIO0 CAMOI'0 MOIIHOI'O COBPEMEHHOIO TeJjieckona Oy-
JIeT npobJIEeMATUIHBIM HOHATH, KAKUe Ke 3Be3[bl OIaJii B «00JIacThb
HEBUAMMOCTU» [JIA 9KBATOPUAJILHOIO HaOJIIOMaTe 5!

Puc. 97. CemelicTBO NPAMBIX, 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
JIPYTUX MUPOB, HACEJCHHBIX MBICJANMMA CYIIECTBAME (COIJIACHO IIO-
caosue «Bces pora maraer He B HOUY, OJIMH HOPYYUK — B HOTY).

Yo Xe MpoMCXOOuT B Hallleil 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
«cymepruy. Bedv ¢ nacmynaenuem cymeper 20cydapcmeo JoaxrcHo no-
MPAMUMBCSA HaA OCBeWeHue 006eKMO8 YUBUAU3GYUU. Bom u nossusuce
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Ha ceeme d8a 6uda cymeper: «2parcldanckue CYyMeprus, HaUUHA0UUe-
ca ¢ eaybunnt 3anezanus Coanya 6 6 epadycos, u «aCMPOHOMUYECKUE
cyMeprus, K020a Ha Hebe MOAHCHO PA3AUNUMD NPAKMUYECKU 8Ce 8UIU-
mole 36e300, HawuHaowueca ¢ eaybunn 6 18 epadycos.) B mau pas-
HosieHCcTBrus COJIHIE YXOMUT MO, KPYThIM YIJIOM K JIMHUM MOPU30HTA,
MOPTOMY TEMHEET OYeHb OBICTPO. A B JHU COJTHIECTOAHUS YTOJI, MO
KOTOPbIM 3aXO[UT COJIHIIE, OKA3bIBAETCA I'0pa3/o DoJiee 110JI0ruM, 10-
5TOMY TE€MHeeT U CBeTaeT Me[JIEHHO.

B BBICOKMX IMPOTAX CEBEPHOTO NOJIymapus (PABHO KAK M B HU3KUX
mMpoTax IXKHOro) 3ameren 3hdEKT, KOTOPbIil MOKHO HA3BATH «(aJib-
MIWBBIME CyMEPKAMU» — UJIH, OOJIee MOITUIHO, «OETBIMA HOTAME».

COHHHe HAYWMHACT HUCXOAUTH 3a I'OPU3OHT 1O MaJIbIM YIJIOM, HO
OYeHb OBICTPO BBIXOIUT HA yIOJI elle MEHbIIu#, ITOObl «ycuerh Obl-
CTPO BBICKOYUTH 0OpATHO», DO MUPOTA HTOTO MECTA TAKOBA, UTO €I
HEMHOI'0, U HAYHETC CIJIOIIHON MOJIAPHBIA [eHb, 6e3 BCAKUX CyMepeK.
B urore emne He KOHIUJIMCb BE€YEepHUE CyMEDPKU, KaK IIOPpa y2XKe€ IoTo-
BUTbCA K paccBery. Kax 3t1o 6bw10 y [lymkuna: «Omaa 3apa cMEeHUTD
apyryo // Chneummwmr, naB Houn nosgaca...» W uaro xe nosyudaerca?
He Tospko He mocturayTa «riybunaa 3asieranusa Costamay B 18 rpamy-
coB (ACTPOHOMMYECKME CYyMEDPKH), HO M JIaXKe He JI0TsHyJmu a0 6 rpa-
1yCoB (rpaxIaHCKKUE CyMepKH ). SHAUUT, rPAJOHAMAIbHUK HE BKJIFOUUT
OCBellleHue, U IMPUAETCA HaM yronoburbea Tomy ke [lymkuny («kozda
A 8 Kommame moel nuwy, wumaro 6e3 aamnadvl. .. »). Bor B Ilurepe
yxe 3amMereH 3ToT 3(pdekT — TaMm MpoCTO HUKOTHA HE TEMHEET JI0 KOH-
na. axe Bor 1o paccrosuue no Iongproro kpyra (310 paccrosnue
npuMepHO 7 rpajaycoB B Ilurepe) — onHO Takoe, 9TO HE TEMHEET IIPO-
cro, ja u BCE TyT! 7 rpajlyCoB 1o FOPU30HTOM [MO3BOJIAET TOJLYIaTh
ot cuparasuierocd CoJIHIIa BIIOJIHE TOCTATOYHY IO ONCBeTKy. Benpb 1u-
rep — 710 60-a nmapasnens, a 66° u 33 munyr (66,5622°) — sro ITo-
JApHBIA Kpyr, r1e yxke cBerio, rae Cosinne 22 WIOHA TPOCTO CHUAET
kpywibie cyrku. I3 3Toro, B yacruocru, ciaemyer, 4ro B MypmaHcke
Ha, CAMOM JIeJIe 3MMOU HEMHOI'O CBETAET, MOTOMYy 49T0 69-51 mapaJuiesib
oTIImIaeTcd OT 67-i Bcero Ha 2 ¢ JUITHAM T'PAJIyca, TO3TOMY HA CAMOM
nmeste 3umoit B Mypmancke B 3 usim 4 gaca BrosiHe cebe CBETJI0, IpOo-
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cro Comana mer. [loromy 4ro ecsm 661 TaM OBLIIO TEMHO, TO TEM OoJTEE
661710 661 TEMHO HOYBIO B [lerepbypre slerom. Ho 310 Benp e tak. Jle-
toMm B [lerepbypre joctarouno cBersio, a yx rem bosee va CojtoBKax,
64-it rpagyc. CosoBku u MypMaHCK CHMMETPUYHBI OTHOCATESIBHO [1o-
sapuaoro Kpyra. [losromy ecsm 22 mions va Co0BKax MOXHO IIPOCTO
9UTATDh Ta3eTy B Yac HOYW, TO 3HAYMT, 9TO B Mypmancke 22 mekabps
B 4aC JHA TOXEe MOXHO Oyjer 4yurarb rasery, 31o Oy/er To XKe camoe
COCTOZAAHME CBETOBOTO JHHA. DTO HAO IOHUMATD, IIOTOMY YTO KOL/IA BaM
roBopdr, 94ro TaMm, B Hopuiabcke niam Mypmancke, HUKOIIa HE CBETA-
eT B TEYEHWE MOJIYroa, 3T0 CKasku npocto. CBeraer, KaxIblil JIeHb,
HO CoJIHIIE He BocxomuT. A BoT Ha ukcone, ma. B mopry dukcon Ha mu-
pore 73,5 rpamaycoB cocrosinue «22 jiekabpsa B 9ac JHAS MOYTH TAKOE
XKe, Kak B MOCKBe «22 IOHA B 9aC HOUM», TO €CTh IPAKTUIECKN TEMHO,
nosromy yxe B Jlukcone, Hanpumep, HUKAKOro BaMm He Oyaer «paccBe-
Ta» B TeYEHUe Mapbl MecdleB noapad. Bor. Yyarure sTo, korga bynere
IJIQHUPOBATH Balllv IIyTEHIECTBUA. Bce 3araJlKkyu OoTraJgaHbl.

Caymaresnb: Her. He ob6cymuimm npo xagesin.

3amada mpo KadeJiu.

Nrax. Haanem ¢ npocroro. Kauesiu, KOTOpbie yCTPOEHBI KAK MTAJIKA,
u cuzienue (puc. 98). Kakue y HuX yCToiuuBbIE M0JI0KEHUA PABHOBECU A
7 oYeMy?!

Puc. 98. Tlouemy 9Tu Kade/u HE TOIIAIOTCS YPABHOBEIIUBAHUIO?

[Touemy mosoxkenue ypasuoBemuBanug (puc. 99) He saBIseTca
ycroituuBbiM? [Ipenmosioxkum, 910 Kadej M 9yTh-4yTh HOKAYHYJIUCH
or Betepka. OHE mepenu B ciemyioniee cocrogame: (puc. 99).

Bumsao, 4To omHO 1JI€Y0 pbhrvara IOCJIE MOBOPOTa YMEHBIIUJIOCH,
a Ipyroe yBeJndmiiochk. [1oaroMy Kadesim HaKJIOHATCS B CTOPOHY 00JIb-
miero mJieda. I 310 MmoxHO nokasarb maremarudecku. Ho me HyxKHO.
DTO [IaBHBIM-IIABHO yXKe€ CIEJIAHO B MEXaHUKe, IpUIeM B Buje o0meit
U OYEHb IPOCTOU TEOPEMbI: YTODBI XKECTKasi CUCTEMA COXPAaHSJIA
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Puc. 99. Tlpocaenum-Ka MbI, YTO MPOU3OIILIO C IIEHTPOM TXKECTU CUCTEMbI

&IOCKA+CHUHKU».

PaBHOBeCHE, LIEHTP TSXKECTH ITOH CHCTEMBI JOJDKEH JIEXKATh
HIXKE€ TOYKH OIOPHIL.

A Ternepp paccMOTpPUM CUTYANMIO, KOTHA y Kadesiell BMECTO CIMHOK
ecTpb nepxaJsky 1y zHor (puc. 100).

Puc. 100. Uentp 1s2K€CTH HUZKE TOYKHU OIOPBI.

[Iyctb onarh moyJsi BETEPOK, U KAUe U HAKJIOHUIUCH. OudTh u3me-
HWJIMCH TIJIEYH, TOJBKO yBEJMYMJIOCH TO IJIEY0, KOTOpoe cBepxy. Ilo-
5TOMY KadeJid MOTAHET BHUA3, 00pATHO K TOPU30HTAJILHOMY COCTOSAHUIO
paBHOBecusi. A ej10 B ToM, 9ro Tenepb nentp raxecru HU2KE rouku
OHOpBI (camMu moiMuUTE, TOIEMY ).

Ho camoe unrepecnoe, nouemy xauesu 6€3 CIMHKY U TOTHOXKKHU BCE
PABHO HAXOHATCA B HAKJIOHEHHOM Buie? 371eCh U 0€3 TeOPEeMbI SCHO.

eso B ToM, 9T0 y HOCKH eCTh TosmmHa. VM Korma Kadesm HakJIOH-
I0TCS, OHO ILJIEYO IOy YaeTCA HA MAJIEHbKUI TPEYTroJIbHUYEK O0JIbIIe,
gyeMm gpyroe (cm. puc. 101).

Puyc. 101. eATp TaKeCTU DOCKHU TTOHU3UJICS.

On-10 1 nepeBemmnBacT KadeJin B CTOPOHY.
X ok ok

A Temepp — HepelneHHbIE MPOGJIEMBI IIKOJIbHOW MaTeMaTH-
ku. Ho npexie s x04y pacckasarb O TOM, KAK MbBICJIAT MATEMATUKHA,
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KaK OHW pemaioT 3a7a9u. EcTh Takoi anrymitckuit npuanmn: « Think
out of the box», To ectp «llomymaii, He BBIIJIAHYTH JIM 33 IPEHEJIBI
nCcxomHOro Ammkay. [lasalite nocmorpum, Kak o paboraer.

Sangaua:

Ha miockocTu [aHbl TpM pasjudHbIE [0 PAIUYCAM OKPYKHOCTH,
He nepecekalonmecs apyr ¢ apyrom. K kaxmo#t nape okpykuocTei
[IpOBEHEHa apa BHEIIHWX KaCATeJbHbIX, I OTMEYEHA TOYKA UX Iepe-
ceuenud (cm. puc. 102). Jlexxar jiu Tpu OTMEUEHHBIX TOYKM HA OHOMI
npsamoii?

Puc. 102. Pucynok-myrka. (3-3a HapounTO HEOPEKHO HAPUCOBAHHBIX MAD
KacaresibHbIX ynTaresiio neitaorcs Baymnts HEBEPHBIV BbiBOz 0 TOM, Jj1€-

KaT JIM TOYKU [IePecedeHust 1ap Kacare/bHblX HA OJHON NpAMOi).

OTBET: moukxu nepeceuwerus xacameAbHbL AeHcam Ha 00HOT npsi-
MmoT.

A xak xe 6bITH ¢ puc. 1027 On uro, nac oomansBaer? Halll C pu-
cyHKaMu 970 9acTo ObiBaer. [Toaromy jesiark BBIBOIBI HAJIO HE TIOCJIE
6ersIoro B3IJIAIA HA PUCYHOK, a MOCJEe CTPOTOr0 MATEMATHIECKOTO II0-
Ka3aTe/IbCTBa, (MJIM CTPOrOro OIPOBEPXKEHMUS ).

IokaszaresibCTBO cocToMT B CJjemymomeM. PaccMorpum Tpu moJiy-
cdepbl, KOTOpbIe MEePeceKaloTCa Hallel MITOCKOCTHIO MO CBOUM OOJIb-
mmM okpyxHOCTAM. [Ipencraspre cebe 3 chepudyeckux KymoJia 00J1b-
IIOTO, CPETHETO W MAJIOTO PAIAYCa.

Ot 3 cdepbl CBepXy HAKPBIBAIOTCA MOCTEIIEHHO OITYCKAIOIEHRCs
BHU3 FOPU30HTAJIBHON ILJIOCKOCTHIO, IOKA, HE HPOM30HIeT KacaHue Ca-
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moro 6osibmoro kynovia. (Takas niockocrs posuo onna.) Teneps (ruis-
1 Ha puc. 102 1 MBICJIEHHO BBIXO/IS 3a IPEIEJIbl HCXOIHOU ILIIOCKOCTH )
OylieM «BEpPTEeTb» IOJIyYMBUIYIOCHA ILJIOCKOCTb [0 TEX IO, IIOKA, OHA,
OCTaBasICh KACATEJbHOW K OOJIBIIOMY KYIIOJIy, HE KOCHETCSI CPEIHEro
KYII0JIa; 3aT€M BEPTUM ee JaJiblie (He Tepsad TOYeK KacaHud C 00Jib-
UM ¥ CPEIHUM KYIIOJIOM), II0OKA OHA HE KOCHETCs MaJIoro Kymosa. Ta-
Kasd «TPUXK/Ibl KaCATeJbHASA IJIOCKOCTh» yIXKe POBHO OfiHA (31€Ch Ha10
[PE/IIIOIAraTh, 9TO MEHTPBI OKPYKHOCTEH He JIeXKAT HA OIHO IpAMOii).
Tak Bot. Ilocse o9enp MPOCTHIX COOOpaXKEeHUit CTAHOBATCHA OYEBUIIHO,
9TO HAIIX OTMEYEHHBIE TOUKHM JIEXKAT B TOI HOBOW IIJIOCKOCTH.

(TOSCHEHUE. Cuuras, uro puc. 102 napucoBan He Ha ILJIOCKOCTH,
a B IPOCTPAHCTBE, COMEpPXKAIIEM HMCXOOHYIO ILJIOCKOCTH, IIPEICTABHTE
cebe, 9TO BMECTO IMAPhI BHEITHUX KACATEJbHBIX Mbl HAPUCOBAJIA KOHYC,
BHYTPH KOTOPOTO <«CIIPATAJIMNCH®» KACAMOIIAECS ITOr0 KOHYCa Cephl.
Taxux xomycos Oymer TPU. Bepuimna xaxijioro m3 HUX HAXOIUTCHA
(KaK HAM IOICKA3BIBAET «IIPOCTPAHCTBEHHOE BOOOPaXKEHME») KAK pa3
TaM, [JIe HAXOOATCH OTMEUYCHHBIE B YCJIOBUU 3a1aIU TOUIKH. )

Ho orMmedennbie TOYKY TaKXKe JI€KAT U B UCXOIHOM [IJIOCKOCTH. 3HA~
9UT, OHU JIEKAT HA NPAMOT nepeceverus amux naockocmedi. Teopema
JIOKa3aHa.

4l ceituac MOACHMII, KaK JAyMAIOT MATEMATUKU. DTO 33,298 HUKAKUM
IIPOCTBIM METOHOM HEe Pemraercsi 0e3 BBIXOa B IIPOCTPAHCTBO. Brixom
B IIPOCTPAHCTBO PEUIAeT €€ B OIMuH XOA. TakK MPOMCXO[UT C MATEMATH-
Koit. mea — ewtimu 3a npedeavt mozo, umo y eac dawo. Maremarn-
Ka — 9TO BBIXOJ[ 3a IpPeleJibl. Bce BeJIMKre OTKPBITUA, BCE BEJIUKUE
JIOKA3aTEJIbCTBA, CBA3AHBI C IOKUIAHUEM IIPENeiOB M3yIeHHOIO, IIpe-
JIeJIOB JIAHHOTO 1 TpebyemMoro B 3ajadqe.

Hepemennbie maremarudeckue mmpodsieMbl

Camaga crapad — 13 U3BECTHBIX MHE — HepeIlleHHAasd MaTeMaTude-
ckas npobsema. 'oBopsit, Obi1 Takoit B Cupakysax mapb WM BEJIbMO-
XKa, KOTOPbIA 3aHUMAJICH CTPAHHBIM BUIOM nesresbHocTr®. OH OpaJl

“CoryiacHO ~NOCJIEOHUM JAHHBIM, KOTOpDble s IIOJIyYHJI, HUKAKO# Iapb
HUYEeM TakuM He 3aHumasica. Jda u upobsiema ropaspo wmosioxe. Cwm.
http://egamath.narod.ru/Nquant/Collatz.htm.
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HATypaJibHOE YuCJI0. Ec/m 0HO ObLJIO 9eTHOE, OH [AEJIUJI €r0 HA 2, TOKA
OHO He cramer HedeTHbIM. Hampumep, ecam 910 6bLI0 9mMCO 12, OHO
IIPEBPAIIAJIOCH B 3.

12 -6 — 3.

A BOT KOIIa OHO CTAHOBMJIOCH HEIETHBIM, OH YMHOXKAJI €70 Ha 3 U MPH-
GaJisis1 enuuunity. To ecrs 3 on npesparus 061 B uncsio 10. A 107 Cua-
qaJia B 5, motom B 16. 16 B 8, 4, 2, 1 u B utore B 4.

12256—+3—-+10—-5—=216—-8—4—=2—=1—=4.
Kaxk BuauTe, MBI ceiidac NpUILIA K ITUKJIY:
4222124222124 —=2—=1...
lasaiite Bo3bMeM ele Kakoe-uubyib aucso. Ckaxem, 13 BozbMeM.
13-+440—-+20-10—-5—-16—-8—=4—2—=1—4.

Ongarp HaUMHAETCA TaKoi xXe mukJl. Bosbmem 17.

17—-+52—+26—>13—-40—-20—-10—-5—16 -8 -4 —
—2—=>1—4.

3amerbTe, 9T0 0T 17 y2Ke JOBOJIBHO [TAJIEKO J0 MOBTOPLAONIENRCT YACTH.
Cupakysckuit napnb (1 KTo-10 emie) nepebpaJi HepByIO ThICATY TUCES
7 OOHAPYKUJI, 9TO BCE OHU IPUXOHAT K OJIMHAKOBOMY KOHILY, UX BCEX
®iaer mukJI «4 — 2 — 1». Ilpu 9TOM I HEKOTOPBIX YUCEJI MEMOYKU
[IOJIy Ya0TCA OYeHb JJIMHHBIE, U YUCJIa B IIPOIeCcce TpeobpasoBaHuii 1o-
cTuraloT ovuenn Oosibmux 3HadeHuit. Yucso 27 mocruraer 9232, npuxo-
IuT K nuKJTy 33 112 maros. Bompoc: sr060e Jii 9ucsio mpuaer K muKJLy !
Otrser 6bu1 (aK00b1) HemsBecren 2500 Jier HA3a, U 0 CUX NOP HEU3-
BecTeH. KoHeuHo ke, KOMIIbIOTEDPDI JABHO 3aIYUIEHbI, U YUCJIA JABHO
HpOBEPEeHsI 10 Bermurnbl nopauka 101°. Kommborep npomosnkaer pa-
6orars. Ho Bce unciia nepebpark Hesb3da. U naxe ecsm ObI KOMITBIOTED
HE JI0BEJI KaKOe-TO YHMCJIO [0 IUKJIA — 3TO He JO0KA3bIBAET, YTO ITO-
ro CHEeJIarTh HeJib3d. BO3MOXKHO, HEI0vYKa IPOCTO OYeHb AJIMHHAA. dTO
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B 910i npobseme murepecHo?! Becnomuum teopemy Pepma (mia mee
TOXE T0JIy9aJIach BCE boJsiee [NJIMHHAA MEN0YKa CTeNneHell «n», NJid KO-
TOpbIX OHA BepHa). Ho ee mokasanu g jioboro «n» 6e3 nomomu Kom-
nbpioTepa (B IPUHIMIE, €SI ObI KOMIBIOTED IPEIJIOKUII TPU IUCIIA, T,
Y, Z U CTEIEeHb «N», KOTOPbie omposepryin Obr Teopemy Pepma, ox Ob
penrst IpobsieMy). A B HamieM cJiydae KOMIbIOTED HAYETO HE MOXKET.
PasBe caM TOJIBKO OH HalmeT KaKOW-TO HOBBIA HUKJI!

B 1994 romy Vaiins, roToBach K HOKJIAJIy, HAIEJ OMUOKY B CBO-
eM JI0Ka3aTeJsbCTBe «BeJimkoil Teopembl Pepmay. K cuacrpio, onub-
Ka, 0Ka3aJlaCh HECYIECTBEHHOW u ObLia UM ucupasjeHa. A 1 anpesis
€My IIPHILIO 3JIEKTPOHHOE TUCHbMO, B KOTOPOM MAaTEMAaTHK, U3BECTHBI!
VYaitsi3y, nucasi, 410, 110J1b3yACh €I'0 METOAAMY, OH OIIPOBEPT TEOPEMY
®epma. B nucbme mpuBOAMIIUCH YUCIIA U OIIPOBEPKEHNE, CONEPKALIEE
MAJIEHbKYIO, HE3aMeTHY0 ommubKy. .. Y VYaiuza 6b11 mok (on 3a6bu1
upo 1 ampess). K cuactpio, 9Ta nryTka okasajach He CMEepTeIbHOM.

Ho reopemy ®Pepma B urore moJirmx yCuJimii [moKas3aJiv, a pacCMa-
TPUBAEMYIO HAMHU — HET. YIKe CTOJIbKO JieT Tpebyercs desioBek (ampe-
JIEyCTOWUUBDII), KOTOPBIA 9TO TOKAKET.

Curenyronas 1o cao)xHOCTH IpobsieMa — Toxe npoctasd (mo hopmy-
JILPOBKe, KOHedHO). OHa MoCTaBIeHa CPaBHUTEJbHO HemaBHO. U a1 co-
BEPIIEHHO YBEPEH, 9TO €e CKOPO Pelar.

HaBaiiTe paccMOTpUM IpaAMYI0 JUHIO. MOXHO JTn pacCKpacHuTh Mp4-
MYIO JIMHUIO B JBE KPACKU TaK, 9TOObI TOYKM HA, PACCTOAHUN €HUHUIIA
BCErga IMOJIyYasiuCh pas3sHOUBETHBIMU! fICHO, 9TO OHHOrO IBETa HEHO-
CTATOYHO, 3 B JIBa [[BETA PACKPACUTH MOXKHO. Hanpumep, BCIO mpamyro
MOXKHO Pa30bUTh HA HOJYyOTPE3KH HJUHBI 1 ¢ OTOpOUIEHHBIM MIPABBIM
KOHIOM. U 3TH moJiyOTpe3KH MOOYEPEHO 3aKPALIUBATH TO KPACHBIM,
TO 3€JICHBIM IIBETOM.

[Tosromy myist npssMO#l MUHUMAJIBHOE KOJMIECTBO I[BETOB, KOTOPOE
tpebyercsi, 9To0bl JII0ObIe JIB€ TOYKM HA paccTosiuuu 1 ObLiv pasHo-
[BETHBIMH, PABHO IBYyM. COOTBETCTBYIOIIEE YUCJIO I/ JIOCKOCTU Hii-
KOMY He U36ECmHO.
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Iapajite pacCMOTpUM HEKOTOpble HAdyaJlbHble COOOPaXKEHU.
Ha mnockocTu ecrb paBHOCTOPOHHHII TpPEYTOJIBHHK CO CTOPOHOR 1
(puc. 103). BakpamuBas BCIO IJIOCKOCTb, Mbl, KOHEYHO, 3aKPACUM
U BCIO ILIOMAAbL STOrO TPEYTOJIbHMKA, U BCIO €ro IPaHUIly — B 9aCT-
HOCTH, 3aKPACHM M BCE BEPIIMHBI HTOr0 TPEYTrOJIbHUKA.

1

Puc. 103. Beibupaem caMmblil TPyHHBIA /I 3aKPAIIUBAHUS TPEYTOJIbHUK.

CxOJIbKO HAM HYXKHO I[BETOB?

Caymarens: Xora 66l 3. ..

A.C.: [1a, nByx yxe nemocrarouno. Vlnade us rpex BepuiuH Ha pac-
croguuu 1 JIpyr OT [Apyra JBe OKAXKyTCA OIHOIBEeTHbIMU. Benb 3ToT
TPEYTroOJIbHUK CHEIUAJIbHO B3AT TAKUM, ‘ITO6I)I JJIMHBI €ro CTOPOH 6bI—
JIU «3aIPENEHHBIME».

[TosTomy mHy)kHO XOTs1 GBI TPH pasHbIX IBera (cKaxkem, K — kpac-
uetit, C — cunnit, 3 — sesensiit). [Ipencraspre cebe, 94To ¢ Tpex cro-
POH K 3TOMY TPEYyIrOJIbHUKY IIPUPUCOBAHBI TAKWE K€ TPEyrOJIbHUKH,
3aTeM elle U elle MPUKJIENBAEM MHOXKECTBO TAKUX «OCOD0 TPYIIHBIX»
TPEYroJIbHUKOB, IIOKa BCA IIJIOCKOCTb HE OKaxKeTCHA CILJIOUIb HOKprTOﬁ
umu. (MareMaruku B 3TOM CJIydae FOBOPAT TaK: PACCMOTPUM Ha, ILJIOC-
koctu TPEYTOJILHBIN I[TAPKET.) Packpacus mpaBuibHbIM 00pa-
3oM stoT mapker nBeramu K, C, 3 (ecou 6bI HAM 5TO yAasIOCh), MBI
Obl [MOJIHOCTHIO PENIMJIM HOCTABJIEHHYIO 33[a4dy [JIA IJIOCKOCTH. BbI,
KOHEYHO, JIOTabIBACTECh, UTO HAM HE YHACTCA ITOTO CHesaTh (MHATE
6b1 9Ty 33121y JABHO Obl y2K€e penmJim OubiTHbie Maremaruku). Ho mMbr
BCE ke monpobyeM 3TO CHeJsiaTh — BO3MOXKHO, OT 3TOr0 PACUIMPHUT-
cd TOpU30HT Hamux 3uaHuit. CHaYasIa pacKpacuM MpaBUJIbHBIM 0bpa-
30M TOJIBKO BEPUIUHDL 3-Y20AbHO20 NAPKEMA. ITU BEPIIUHBI 00pa3y-
0T FOPU30HTAJIbHBIE PANBI HA IIJIOCKOCTH; B KAXKJIOM DAY BEPUIMHBI

CMEIeHb Ha, o) 10 OTHOWIEHUIO K HpenblaymeMy (1 mocsemyrmounemy)
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pany. [Ipemiaraerca Takoit criocod pacKpacKu BEPIIMH B 9TUX PAIAX
(puc. 104).

K 3 K C 3

I VAVATA A
e

Puc. 104

Kax Bbl Bummre, Kaxpie Tpu OJivKaiiive BEPUIMHBI 3aKPALIEHbI
Pa3HBIMU IIBETAMM, KaK M JOJIKHO OBITH IO yCJoBuUIO. Bemp paccros-
HUE MEX/ly HUMM KakK pa3 paBHo 1. Obparure BHUMAHUE, 9YTO TPETHH
P PACKPACOK COBIAJAET C IIEPBBIM, Y€TBEPTHI — CO BTOPBIM, X T. II.
10 6eckoneunoctu. B ganHoM ciyuae (KOrma Mbl UCIIOJIb3YEM TOJIBKO
TPH PA3HBIX IBETA) 9TO HE CJIYyIARHOCTH — JIETKO HOHATH, ITO [IBE Bep-
muHbL «4epe3 pebpo» Gyayr onmnouserubivmu (cm. puc. 104). B camom
[ieJie, €CJId Pa3pelIleHHBIX BETOB TOJIBKO TPH, TO [IJIA «KOTPAXKEHHOW»
BEPIIUHBI IPOCTO HET BbIOOpa. OHAKO mpH JIFOOOU MONBITKE TPOIOJI-
KWUTh PACKPACKy Ha pebpa napkera (u majee Ha COBCTBEHHO NJIUTKM)
HAC [OCTUTHET HeyIada. ITa Heynada He ABIAeTCH CJIydaiinoi (us-
3a TOrO WJIM MHOIO HEBEPHOrO MOAXOAA K 9TOH 3a1aue), a ABJIACTCH
CJIEICTBUEM Takoi (yxke JoKa3aHHOW) TeopeMbr: IJisi HpaBHIIBHOrO
3aKpaIUBAHUAA MJIOCKOCTH 3aBEIOMO HE XBATUT TPEX KPACOK.
Jokasamo u mosie3Hoe m06aBJIeHIE K 9TOi TeopeMe: [IJIs yCIEIIHOTO 3a-
kpammBaaud 3asegomo xBarur CEMU pasabix kpacok. Takum obpa-
30M, B HACTOSAIIEE BpeMs M3BECTHO CJIEIYIOIIee: MUHAMAJILHOE KOJIM-
9EeCTBO KPACOK JIJIA 3aKPAMIMBAHASA IIJIOCKOCTHA PaBHO anb0 4, anbo 5,
saubo 6, aubo 7.

STy TEOpEeMy MO2XKHO [I0Ka3aTb BIOJIHEC HIKOJIbHBIMU BbIYUCJICHUA-
MU, U MBI 3TO CHEJIAEM — XKAJIKO ObLIO Obl HE TTO3HAKOMUTH BAaC C Ta-
KVM 3JICTAHTHBIM JOKa3aTesbcTBOM. (Ero mpumymasu 6parba Mosepsi.
HpOCTO B34JI1 1 IPEAbABUJIN 7 KOHKPETHbIX TOYCK Ha IIJIOCKOCTHU U [O0-
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KazaJju, 910 jaxe sru 7 Touek HEJIB34 3akpacurs rpemsi pasHbiMu
[BETAMU. JHAYUT, BCIO IIJIOCKOCTh W IIOJABHO HEJIb3d UMW PACKPACHUTD.
I1H ceMb TOUYEK 00PA3yIOT 3aMBICJIOBATYIO KOHCTPYKIIWIO, TTOXOXKYIO
Ha J[Ba BEpETeHA, HIKHUE KOHIbI KOTOPBIX COEIMHEHBI, a [POYUE [IBA
KOHII CBA3aHbI BEPEBOUKOM jyuubl 1 (nonaruo, nouemy 17). C rex nop
B XKaproHe MaTeMaTUKOB IMOABUJIOCH 3By4YHOE Bbhipaxenue « Bepereno
oparbeB Mo3epoB»).

Ceiiuac g moKaxy, 4TO HA CAMOM JieJie HyKHO X014 Obl 4 1BeTa.

[Tpemmosioxum, 9T0 MbI MOXKEM PACKPACUTH IJIOCKOCTH B 3 IBETA.
Torna 1060# TPaBUIBHBIN TPEYTOJIBHUK OYAET PA3HOIBETHBIM (B CMbI-
CJIe OKPACK¥ CBOUX BEDIIWH), & 3HAYWT, y PoMOa M3 ABYX TaKUX Tpe-
yrosibHukoB (puc. 105) jBe NPOTMBOIIOJIOKHBIE BEPUIMHBI OKAZKYTCH
OITHOTO T(BeTa. BOT M moydmsioch mepBoe BepeTeHo!

K

K

Puyc. 105. Bepereno. Bynem BpamaTrh €ro BOKPYT HIKHENR TOUKHT «K».

[ToBepreM pomMb BOKPYT OIHOW W3 BEPUIMH POBHO HACTOJIBKO, ITOOBI
paccrosgHue Mex,Iy BTOPOW BEPHIMHON M MEXy HOBBIM IOJIOXKEHUEM
BTOpO#l BepIuHbI cTaso paBabiM 1 (cm. puc. 106).

Ha puc. 106, crporo rosops, pedbpa Ham BOOOIIE HE HYXKHbI, & HY¥XK-
HBI TOJIbKO 7 BepmuH. Pebpa HAPpMCOBAHDBI TOJBKO IS JIYUIIErO MOHH-
MaHUdA WU JI0KA3ATEJIbCTBA. PaCKpPacuM BEPUIMHBI IPABOIO BEPETEHA,
¢ momomipio nseros K, C, 3 (Mbl IpeIIOIOKUIN OT IPOTUBHOLO, UTO
TPEMA IBETAMM MOXKHO IPABUJILHO PACKPACUTH BEPUIMHBI &JIBOXHOIO
seperena») (cm. puc. 105). Ecoiu HuKHAA BepliMHA OKpAlCHA LBe-
TOoM «K», TO ¥ IpOTHBOIOIOXKHAS BEPIIUHA JIEBOTO BEPETEHA, MOJIKHA
ObITh MoOKparnieHa nBerom «K». Tak Kak ropu3oHTAJIbHOE BEpXHEE pe-
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K

Puc. 106. Bepereno 6parbes Mozepos. [jiuna Bcex pebep pasua 1. Koncrpyk-
Usi COAEPXKUT 7 BepIIuH (TOYKU KaiKyIIEroCs MEepPeCedeHus Ha, OCH CUMME-

TPUU BEPIIMHAMU HE SIBJISIOTCH).

Opo HApOYIHO BRIOpAHO TaK, 9TOOLI AJIMHA €ro ObLjIa paBHA 1, TO HAPY-
LIAEeTCA OCHOBHOE YCJIOBHME 3aKpacku. Teopema [I0Kas3aHa OT IIPOTHB-
HOTO.

YeJstoBe1eCTBO HAYIMJIOCh KPACHTDH IJIOCKOCTH B 7 IBETOB; HU B 0,
Hu B 5, Hu B 4 OHO KPACUTH IJIOCKOCTh HE YMEET U HE 3HAET, BO3MOXKHO
JI1 TaKOe.

Annpeit MuxaityioBua Paiiropojckuii, KOTOpbii 04eHb JIOOUT 2Ty
npobsieMy, CIUTAET, ITO BO3MOXKHO IMOKPACHTDH ILJIOCKOCTH B 4 I[BETA.
Ho »T0 moka HEUKaKUM abOCOANOMHLM JOKA3AMEALCME0OM HE TIOLTBEP-
XK IEHO.

711 1%
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Yrob6bl nokpacurh B 7 useros, nenaerca (puc. 107) 6-yrosbaoe 3a-
MONIEHHE TIOCKOCTH (IeCTHyroIbHBII mapker). [lonbupaerca pasmep
6-yrosibHUKA U IPENbABJIAETCA AKKYPATHAA PACKPACKA.

C »roii 3apadeil cBa3aHa ewe ogHa npobsema. Ilocmorpure Ha
puc. 106 He KaK Ha CXeMy COEIMHEHUA BEPIINH «IBOWHOIO BEpeTeHa»,
a KakK Ha KapTy HEKOEero H-yroJjibHOr0 OCTPOBA, HA KOTOPOM PACIOJIO-
KUJIACH 9 PABIMIHBIX TOCYIAPCTB (KaXKIbIil CBA3HBIA KyCOUeK, Taxe
camblii MaJIeHbKUiA, gBjgerca rocynapcrsom). Craso ObiTh, Ha reorpa-
duTecKoit KapTe 3TOro OCTPOBA KaXKI0E U3 TOCYHAPCTB HaI0 ObLI0 ObI,
[I0-XOPOIIIEMY, 3aKPaChTh CBOUM coOCTBeHHbIM nBeTOM. HO rocymapcrs
Ha CBETE MMEETCA YKACHO MHOTO, & KOJIUMIECTBO I[BETOB, PA3JINIAEMOE
4eJI0BEKOM, OrpaHuveHo. a u npu u3roroBjeHun Kaprol nojmrpadu-
CTBI XO0Tes i Obl MMETh CHJIBHO OrpaHWYIEHHBIH HAOOp IBETOB (PE3KO
OTJIMYAIOUUXCH APYr OT ;Ipyra). Bosnukaer gucro maremarmaeckuii
BONpoC («1pobJieMa YeThIpex KPacok»):

MoxHo Jiu 1100y10 KapTy Ha IJIOCKOCTU pacKpacuThb B 4 1BeTa Tak,
9T00bI CTPaHbI, UMeoNre OOU[yI0 I'PDAHUILy HEHYJIEBOU JIMHbBI, ObLin
pasubix nsetoB? Wium myxuo 5 useros? (To, uro 3 nseros masio, mo-
BOJIBHO OBICTPO IOKA3BIBAETCS HA MPUMEpE. )

Bompoc: MoxHO Jin KapTy 5-yroJbHOrO OCTPOBA PACKpacurhb 2; 3;
4 nseramu? (cm. puc. 106).

[Ipobsiema derbipex kpacok peniera B 1976 romy. Ilyrem prunneii-
uIero KOMIbIOTEPHOro mepebopa, KOTOPhI yBeHYaJI JJIMHHOE MATEMa~
TUYECKOE PACCyXKeHne, ObLJI0 JOKA3aHO, UTO YEThIPEX [[BETOB XBATAET
i Jiioboit kaprTel Ha wiockocTu. [laxe maremarmyeckas 4acTb Obl-
Jia CTOJIb CJIOXKHA, YTO BCEPHE3 B3AJIMCH 33 €€ IIPOBEPKY TOJILKO Yepes
10 srer. HeckKOIbKO «IBIPOK» HAIILIN, HO BCE OHU OBLIM YCIIEIIHO «33a-
JIATAHBIY.

YT0ob6bI 3aCTpaxoBaThCA OT OMUOKYU B KOMIIHIOTEPHON YACTHU, HAIIM-
caJiu ABe IMOJIHOCTBhIO He3aBUCUMBIE IIPOIPAMMBIL — HU O KaKO#l py4HOI
poBepke peun ObiTh yxke e morio. Hakonen, B 1990-x romax nepsas
9acTh TOXe ObLina aBroMarusupoBana, a B 2000-x BCE 10Ka3aTeIbCTBO
[EJUKOM OBIJIO 3aIMCAHO HA (POPMAJIBHOM A3bIKE U BEPUDUIUPOBAHO
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nporpammoii Coq (npencrasbre cebe, eCTb Takas nporpamma, KOTopasd
Bepudunupyer (GpopMaIbHbe JOKA3aTEIbCTBA).

Caenytoumii Habop npobJieM CBA3aH ¢ TPOCTHIMH YUCJIAMH U C JIe-
JIEMOCTBIO.

Yro Takoe mpoctoe aucsio? IIpocroe dmcio — 3TO TaKoe mesioe mo-
JIOXKUTEJIbHOE YMCJIO, KOTOPOE JIEJIUTCH TOJBKO HA JIBA YMCJIA: HA ceDsd
u Ha eguaUNy. [IpocTeie yncaa: 2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37,
41, 43, ...

Ewme EBkyun 3uas1, 910 mpoCThix unces OECKOHEYHOE KOJIMIECTBO.
Ho, TyT ectp omHO «HO». 3aMETUJIM, YTO MPOCTHIE YUCJIIA, JIIOOAT IO-
ABJIATHCA mapodkamu depes oaud. Hanpumep, 11 u 13, wim 41 u 43.
Takue gucsia HasBaiau «bimusnenamus. (Yucaa 2 u 3 «bimsHenamms»
HE HA3bIBAIOT, IIOTOMY 4YTO 9TO €IUHCTBEHHBIN CJiydall, Korga paccro-
AHUE MExK Ny COCCAHUMU IIPOCTHIMU YUCJ/IaAMU PABHO €IUWHUIIEC — KCTa-
T, nouemy?) Hepemenuas mpobsieMa 3aK/II09a€TCA B TOM, 9TO HUKTO
HE 3HAeT, DECKOHEYHO JIM MHOXKECTBO IPOCTHIX «OJIM3HEI0B.

Ecsm mMbI iepebupaeM Mofpsit MpoCThIe IUCA, TO TO U JIEJI0 BCTpe-
qaeM mapbl Osim3HenoB. Tak BOT, HUKTO HE MOXKET MHOKA3aTh, TTO
KaKad-TO KOHKPEeTHad 1Iapa <<6JII/I3HeI_[OB>> nocJjieqHdAd, UJim 9YTO TaKUX
map 6ECKOHEIHOe KOJIUIECTBO.

C ynasenueM OT HyJIsl TPOCTHIE YUCJIA, BCTPEIAIOTCH BCE PEXKe U Pe-
xke. B xonne XIX Beka Amamap u Baste-Ilyccen mokasaJiu 3aK0H pac-
IpefeJieHud MTPOCThixX uucesi. CoryracHO 3TOMY 3aKOHY, Y IPOU3BOJIbHO-
ro yucsia or 1 7o n B paiione 60JIbIIOrO HATYPAJIBHOIO YKUCJIA T IAHC

OKa3aTbCd IIPOCTBIM pPaBEH L

Inn
Oyuxiua «yorapudms» MOCTENEHHO PACTET, [I09TOMY [IaHHAA IPOOb
nmocreneHno yoniBaer, crpemMach K (), TO eCTb BEpPOsiTHOCTh BCTPETUTH
[IPOCTOE YUCJIO MAIAET BIJIOTH 10 HYJIH.
I[IPUMEP. Ilyctes n = 20. Torma maHC BCTPETUTH IPOCTOE UHUCIIO

cpeny 1epsBbix 20 HATYPAJIBHBIX YUCEJI PABEH 20’ 9TO IPUMEPHO PaB-
1

HO 5g06 = 0,3338. 3nauur, oxkuIAETC, 4TO Cpeu nepBbix 20 yucesn
?

npocreix Oymer 20 - 0,3338 = 6,676. Ha camom mesie ux posHoO 8.
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A BoT npocThie «OJIMBHENBI» BCTPEYAIOTCH HE PEryJIapHo — OoJjiee
HEpEeryJisipHO, YeM CAMU IIPOCThIE YUCJIa. Pa3spbiB MeX 1y HUMHA TO Ma-
JienbKuit, To 6osibuioit. Bompoc: crpemuTcs Jiv K HyJII0 MUHUMAJIbHbBIN
paspeiB? B 2013 rony 6bw10 HO0Ka3aHO, 9YTO HET.

Caenytonias npobsiema. Eciu Bbl nepebupaere d4eTHble 9UCjia, TO
X MOXKHO pas3buTh Ha ABa cjaraeMbix: 6 = 3+3,8 =3+5, 10 = 3+7.
Bcerﬂ,a noJiydaercd npeacraBuTh 4€THOE YUCJIO B BUIE CYMMbI IBYX
[IPOCTBIX:

22=11+11, 36=19417, 66 = «ganummre camMu, KaKue,

¥ TaK JaJiee.

[loka Bce uerHbIe 4YMCJIA, KOTOPbIE CMOT IIPOBEPUTH KOMIIBIOTED,
YIAJIOCh PA3JIOKUTH B CyMMmy ABYyX Hpoctbix. ['mnoresa V. M. Bumo-
rpajioBa, COCTOUT B TOM, YTO JIFOOOE 4emHoe IuC/I0 MOKHO IIPEICTABUATD
B BUJIE CYMMBI JBYX IIPOCTBIX 4ucesi. BuHOrpamoB mokasaJi, 1ro Jjiroboe
HEYETHOE YUCJIO MOXKHO IIPEACTABUTH B BUJIE CYyMMbI 3 IIPOCTHIX YHUCEJI.
A som npo wemmvle NOKG He Mo2Ym JOKA3AMD.

CoBepIlleHHbIE YHUCJIA

CxOJIbKO COBEpIIIEHHOJIETU B xKu3uu desioBeka? Muorue mymaror,
aro ogHO — 18-s1erme. Ha camom pesie COBEpIIEHHOJIETHRN B KU3HU
qesioBeka — nBal 910 «6-stetue» u «28-smetues. [loromy aro umcsa
9TU — «COBEPUICHHBIE.

Yro ke Takoe cosepuwenHoe wucao? COBEpPUIEHHOE YUCJIO — 3TO
9HCJIO, KOTOPOE PABHO CyMMe CBOUX JIeJIMTEJIEi, MEHBIIUX, YEM CAMO
aro yucsio. Kakue fgesiuresiu y uncsia 6, cauTasd eQUHAILY, HO HE CUUTAA
ero camoro? 1...

Ilonckaska u3 ayouropum: 1, 2, 3.

A.C.: Msbi Bugum, aro 1 4+ 2 + 3 = 6. Kakue jesnuresnu y duciia 287
1, 2, 4, 7, 14. Bcé. U caoBa BBIMIOJIHAETCH PABEHCTBO TAKOTO XK€ THUIIA:

1+2+4+47+14 =28.

B xwu3HM wesoBeKa POBHO JIBA COBEPIIEHHBIX BO3PACIa, MOTOMY TTO
CJIeMyIOUIee COBEPUIEHHOE YuCJi0 paBHo 496.
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Y MaremMarukoB €CrTb TOCT Ha coBepiueHHoJsierue. OHu, upasia,
npasmayor 28, a He 18 sier. Tocr Bcerma Ttakoii: «41o6 Tebe mo-
KUTh JI0 CJIEYOMEro coBepuieHHoerns». Ho Bpoje Kak HUKOMY elne
HE YIABAJIOCE.

Tak, a B uém ke 3arajka’ Apruopu COBEPUIEHHBIMIA YUCJIAMU MOTY'T
ObITH KaK YeTHbIE YMCJIA, TAK U HedeTHbIe. BoJiee Toro, Bce YeTHbIE yxKe
ONMCAHBDI.

Hap stum norpymusnucek Eexaud u Iasep. llepsolit o6parus BHUMA-
HUe Ha cJeyonyio uzaunyio dopmysy: 2P~ (2P — 1) (npomsnocurcs
OHA BeChbMa CBOEOOpasHO: «dséa 6 cmenenu (no munyc oduH) YymHO-
orcumsb na [(dea 6 cmenenu na) munyc odunls). Byksa «is» o3navaer
HEKOTOpOEe MPOCTOe YHUCJ0. [lepBblii MHOXKUTESHh MOXKHO Pas3apoOUTh
HA CAMbIE MEJIKUE U3 BO3MOXKHbBIX MHOXUTE M (paBHbIE 1ByM). A BTO-
POt MHOXWTEJIb XOTEJ0Ch OBl B3ATH TAKWM, YTOOBI €ro BoOOIIe He-
JIb3s OBLIO Pas3apobUTh, TO €CTh B BuAe mpocToro 4ducia. (£l mymaro,
EBkaun paccyxpnas mmenno tak. Ecym xkorma-aubyib mOBCTPEYAIOCH
C HUM, HelpeMeHHO crpoiry ero 06 srom.) Bor u Bbickasan EBksun
TAKyI0 THIIOTE3Y:

Ecym aucio (2P —1) mpocroe, To umco 2P~ (2P —1) — cosepirenHoe.

N 4aro eI gymaere? Tak oHO 1 0Ka3aJy10ck! A OTOM 3a J1€J10 B3AJICA
Diiyiep u A0Ka3aJl TEOpEMY IIOCJIOXKHEee: JII0D0e YeTHOe COBEpUIEHHOE
9HUCJI0 MOXHO 3aIUCATHh B TAKOM Buie. UT0ObI BAC HEMHOIO KIIOILY-
rarb», maBaiite mposepum dopmysty Esksupa npu p = 13. [lonygaer-
ca gerHoe aucyio 33550336. Crpanubie nudpst, npasma? Kro He Bepur,
9TO HTO YUCJIO COBEPIIEHHOE, ITPOBEPHTE.

A ¢ mederHbivMu He BCE Tak xopoino. Korma g yumscd B MarkJacce,
y HAC ObLIM JIUCTOYKU C 33adamu. U eom na odnom sucmouke 6viaa
3adaua ¢ mpems 36e3douramu: «lokaxkure, 9TO0 HEIETHBIX COBEPIIEH-
HBIX TUCEJT HE CYIECTBYET».

A nocumest noma nenex, ppyroit. [Ipumest B mkosty u roBOpio yaure-
Jit0: «9T0-T0. .. F HE MOrY HOKa3arb, YeCTHO...» A on mue 6 omeem:
«A... Ila, 970 HUKTO He MOXeT mokasarhb! f Ha BCcAKMi caydail maJ.
Bupyr xro-uunbynp pewur. .. »
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Bor rakasa npobiemal CynecTByrOT Jin HEYETHBIE COBEPIIEHHBIE 1~
cia? KoMmpioTepsl moka mepedbupaioT BapwaHTH. Hcjiam KoMIboTep
Haiter, To npobsiemy CHUMYT. A ecjiu He Hafijer, TO Hal0 JOKA3bIBATD,
9TO WX He CyMeCTByeT. B KOHIE 5TOi TeMbI 1 XOUIy 3a[aTh 3a0ady-
myTKy (a pemeHume — He NIyTKa): ObIBAIOT JIM COBEPUIEHHBIE YUCJIA,
KOTOpBIEe B JECATHIHON CHCTEME 3AIMMCHIBAIOTCS OMHUME CEMEPKAMU !

Hamnocstenok e pelnennbie HETABHO 34,

Bosbmem mHo020-MH020 odunarosuwr mapoB. Haunem mpuctaBiasaTh
uz dpye % Opyey C PA3HBIX CTOPOH (B IMPOCTPAHCTBE).

CxoJIbKO 00UHaAKO6bLT MAPOB MOXKHO ITPUCTABUTH BILJIOTHYIO K OfI-
HOMY IIapy Takoro xe pasmepa? Ona HasbiBaercs 3agaqdeir Hpioro-
Ha. HpoTOH o4Yenb mosiro mepenuchbiBaJsica ¢ . ['peropu. Hwvromow
OblJ1 yBEPEH, 4TO MOXHCHO NPUCmMasumsv moavko 12 wapos, a I'pero-
pu yTBepxknaJ, ato 13. B pesyabprare mokaszasm, aro 13-it map wymo-
wymob He Biesaer. Hy, pasymeercs, BOBHUKAET €CTEeCTBEHHBIH BOIIPOC,
a B 4-MEpHOM IPOCTPAHCTBE CKOJIbKO HIAPOB BJjeszer? 3ajiada penieHa
B 2013 romy namwum cooredectBenHukoMm O. Mycunbim. OH eme XuB
n BHoJiHE cebe B pabodyem HacTpoeruun. To ecth B 4-MEPHOM MPOCTPAH-
CTBE OHA pellleHa, a B H-MEPHOM, KaXKeTC, €llle HeT.

A reneps, Hakonen, I'mnoresa Ilyankape.

Yro mbl 3naem o namiem mupe? Bo-niepBbix, uTo ou 3-mepHbIid. Bo-
8MOPLIT, Y HE20 Hem kpas. Kpast B TOM CMbICJIE, B KOTOPOM €10 BOCIPH-
HUMaeT TapakKaH, HOJIoJ3ad K Kpak crosia. Mup eesde 00unakosvid.
To ecrb Tapakan noJser no cdhepe ujm 110 OECKOHEYHON IJI0CKOCTH.
A Jrromu «1os13ar Ty 1o TpexMepHoi cdepe uiin o 6eCKOHEIHOMY [IPO-
CTPaHCTBY (& [Ie UMEHHO — HAI0 OBl yTOIHUTD).

A ewe naw mup opuernmuposarhoiti. To ecTh TTO ObI BBI HU IeTAJIH
B 9TOM 3-MepHOM MuUpe, Ballla IIpaBad HOr'a HUKOTOa HE CTaHeT JIEBOIA.

UccaenoBanusa B objiactu teopernyeckoil pusuku (Tax Ha3bIBaE-
Mble ypaBHeHnus kocmosoruna OpunMana u Apyrux yIeHbIX) He HCKJTIO-
9al0T TOro, YTO Hall MApP KoHedeH. MOXHO jaxe mpencraBuTh cebe,
4TO CBEPXJIAJIEKUE 3BEe3[bl, KOTOPbIE BUJIHBI CIIPABA M CJEBA OT 3e-
MJIM — 3TO OJHU U Te Xe 3Be3/1bl. U, MOXeT ObITb, Mbl CMOXEM yYBUIETDH
Ha Hebe 3eMulio, yJerad 0T Hee BEPTUKAJIBHO BBEPX, HOJIIO-II0JINO JIET
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1 BO3BPAIAsCh HA 9Ty XKe 3eMJII0 C JIPpYyroi ee cropoHbt! D10 TPyHHO
cebe TpeCTaBUTh, HO TAKasd TMIIOTE3a HE IPOTUBOPEUUT COBPEMEHHBIM
HAyYIHbIM JTAHHBIM.

Haunre mpoctpaHncTBO, BO3MOXHO, ABJIAETCA UCKPUBJIEHHBIM, TO €CTh
CJIYKUT IIPUMEPOM HETPUBUAJIBHOI'O MPETMepro20 MHo2000pasus. Mo-
JKeT Jiu K HeMy ObITh npuMeHeHa runoresa llyankape, nokaszannasa [le-
pesibmanom? BepHemcs K «aBymMepHbiM Mupam». Eciu g bepy kamepy
ot xosieca (puc. 108), mpomeBaro B HEro HATKY W 3aBA3BIBAIO, TO 1 HHU-
KOTJIa HE CMOI'Y €€ CHATb. A ecJiu s 3aBsKy HUTKY Ha, cdepe, s CHUMY
ee 6e3 npobsiem. Bcé, 4To HaM 0CTAJIOCh MPENIIOIOKUTH PO HAIIL MUD,
4100bI IPUMEHUTH K HeMy runore3y llyankape, 9To npuHATH HA BEPY,
4TO B Hallell BCeJICHHOR «TPIOK C 3aBA3bIBAHUECM IICTJIN» HEe IPOUIeT, U
JI0OYI0 METJII0 MOXKHO CTAHYTh. OnucaHHoe CBOACTBO MOBEPXHOCTU —
cdepbl, HO He KaMmepbl! — HOCUT Ha3BaHUE 00HOCBA3HOCMU™.

=

Puc. 108. Tlycrb nam Kocmoc umeer ¢opmy «OyOJiMKa», TOJIBKO HE JIBY-
MEpHOro, a TPEeXMEPHOIr'0, PACIOJIOKEHHOTO B MPOCTpAHCTBE H0jiee BHICOKOM
pasmeprocTu. Kak ObI MOTJIM TOATBEPAUTD 3TOT (DAKT 3€MHBIE KOCMOHABTHI?

Ilo mHastm4uio «apIpb» B 3TOM OyO/THKE.

Tax som, ecau HaW MPETMEPHHIT MUD KOHeueH U 00HOCBA3EH, MO
ML nonadaem 6 ycaosus meopemor Ilyanxape — Ilepesvmana. VI Torma,
OH 00A3aTEJIPHO ABJIAETCA 3-MEPHOUW ChepuyuecKoil mOBEPXHOCTHIO 4-
MEpHOTO TTPOCTPAHCTBA-IAPA.

O6brunasg cdepa paauyca 1 3agaerca ypasuenuem: 52 + 1y + 22 = 1.

A 3-MepHag Toro Xe pammyca BoT Tak: x> + y? + 22 + k? = 1. (Ilo-
nymaiite, mouemMy KOOpAMHAT Ha, eIMHUILYy OOJIbIIE, YeM PAa3MEPHOCTD!)

Pambmie »10 6bL1a THIOTE3a [lyankape m OTHOCHIACH OHA TOJIBKO
kK rtonojioruu. Tenepp »10 — Teopema Ilyankape — Ilepesibmana.
U remepsb ee MOXKHO TBITATHCS TPUMEHATH 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 4€My-HUOY/Ib YYUTHCs XOUYET, HY2KHO; CUsl HAYKA €CTb UCTUHHOE
OCHOBaHWE BCEM HAyKaM B CBeTe, OHA HAydYaeT HAC 3[PABO PA3CYKIAThH, BEp-
HO 3aKJII0YaTh U HEOIPOBEPraeMo I0KA3bIBAThH; OHA COXPAHAET HAC OT MHOTHUX
3a0JIy K IeHNEB, OO TeOMETPUCTY TPYIHEE KaKoe-HuOYIb TPEIJIOKEHNe JOKAa-
3aTb OOMAHYUBBLIMU JIOBOJAMU, HEXKE I (PUIOCODY.

OBKJIMIIOBbI 3JIEMEHTBI CyTh OCHOBAHUU Celi HECDABHEHHON HAyKu — He-
00XOIMMO yYAIIMMCS TpeJIaraTh JTOJIKHO, U CTAPATHhCS, 9T00 OHU WX 3HAJIN
COBEPIIIEHHO. ..»

Bcenoddanetiwuti doxaad eenepan-geavduetizmeticmepa epaga I1. . I1ly-
844066 00 YUPEHCIEHUY NPU APTNUANEPUY WAATETNHOZ0 KAIEMCK020 KOPNYCH
¢ Kaaccom eoewnol nayrku (1757 2.)



Jleknmusa 1

A.C.: Ceiivac MBI pacCMOTPUM HECKOJIBKO CiokeToB. Hekoropbie
MbI pa3bepem cpasy, a HEKOTOPbIE — OCTABAM U [IOTOM K HUM BEPHEM-
cd.

[lepBbiit cioxer Ha3bIBaeTCA (POTOCHEMKA.

Hasaiire npepcraBum cebe Takyio CHTyaluiO: Ha HPAMOR j1opore
PaCIIOJIOKEHO HECKOJIBKO KOHTpOIbHbIX myHnkToB (KII). Han stum or-
PE3KOM JI0POru HenpepbIBHO uietr aspodorocbemka (puc. 109).

—0—o0 o—
KII-1 KII-2 KII-3

Puyc. 109. Y4uacToxk yCUJIEHHOTO HAOJIIOIEHUSI.

U BoT ommaxapl cBepXy 3aceksu mmouona (puc. 110).

00BEKT

—O0—O0—0—0O—
KII-1 KII-2 KII-3

Puc. 110. «BosJjie camoii rpanunbl oBpar. Moxer, B 4alle CKpPbIBAETCsI Bpar!»

Tpebyercs nousarsh, rje KOHKPETHO OH HAXOMUTCH Ha, gopore. U3 Bu-
3yaJibHBbIX cOoODpaxkenwuit acHo, mex iy kakumu nymsa KII maxomurcs
UITTMOH, HO HAM HYXKHA TOYHAd KoopawHara. Mbl BuIuM TOJIBKO (o-
TOCHUMOK. MbI MOXEM 3aIPOCUTh HEKOTOPOE KOJMIeCTBO mHMOpMA-
MW, HAIIPUMED, Mbl MOXKEM 3aIPOCUTHh KOOpAuHATHI HeKOoTOphix KII.
Bompoc: CKOIbKO KOOpAMHAT HAM JIJIs 9TOrO JIOCTATOYHO 3aIPOCUTh.
3anada Brnosiae mpakTudeckada. PoTochbeMKa — JOCTATOYHO CJIOKHOE
11peobpa3oBaHue, OTHOCAIIEECH K NPOEKMUSHHIM.

Yro sro takoe? Hasaiite Hemuoro pasbepemcs (cm. puc. 111).

[Tpu dororpadupoBaHny TPOUCXOIUT IEPEHOC KAK IO TOUKYU MECT-
HOCTH BIIOJIb JIydeil 110 HAIpaBJIEHUIO K TOYKe cbhemku. lIpamada, Ko-
HEYHO, [EPEXOIUT B HPIAMYI IIPU TakKOM mpoenupoBanuu. Ho Bor co-
OTHOIIEHUs OTPE3KOB-PACCTOAHUN CTAHOBATCH JIPYTUMU.

fcHo, 9TO OfHO KOOPAUHATHI AJIA ONEPENeSIeHI MECTOIIOJIOXK EHU ST
HenocTaroaHo. POKyC B TOM, UTO ABYX KOOPIMHAT TOXE HEIOCTATOIHO.
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Puc. 111. Cxema aspodorocbemkn. [[Ba 9eThIpexyro/ibHIKA — 3TO 00JI1aCTbh,
caumaemas Ha oronsieHky (BHU3Y), U rpaHuupbl Kaapa doroisieHku (Bsep-
Xy). 9TH IBe MJIOCKOCTHU, KaK IPABUJIO, HE MAPaJLIE/IbHbL IpyT Apyry. Us-3a
HTOr0 UCKAKAIOTCA COOTHOLICHUSI PACCTOSHUN MEXK]ly TOYEIHBIMU OObEKTa-
mu. IIpsivaa BHU3Yy — OxpaHsemas [I0pora, Ha KOTOPOIl PACIOJIOKEHBI TPU
KII (nocrarouno manexo apyr or apyra). YepHbiil KpyKOK yKa3blBAET HA Me-
CTO 0OHAPYKEHU MOLO3PUTETLHOIO TOUEIHOTO 00beKTa. [IyHKTUpHbIE JTUHIT
nU300paKAIOT OTPAKEHHBIE JIYYU CBETA, UCXOUSIINEe OT TOYEUYHbIX OObEKTOB
Ha gopore u pUKCUpyeMbie HA KaApe [JIEHKH.

A BoT TpU KOOpIMHATEL — B caMmblii pa3. [loromy 4o y sroro npeobpa-
30BaHUsA — y IPOEIUPOBAHUA — €CTh TO, ITO MATEMATUKN HA3BIBAIOT
«VUHBAPHUAHT».

Ecsin Bkpariie ckasarh, «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-
croauuna mexy KII), rak cdororpaduposasu, srax chororpadupo-
BaJIM — HEKOTOPOE COOTHOUIEHWE KOOPJAMHAT TOYEK Ha, BCEX CHUMKAX
Gymer oiHO U TOXe. ¢ ceffgac mMpOCTO HAINMUIILY, YTO OCTAETCA HEU3MEH-
ubiM. Ha caMom j1es1e 9T0 MOXKHO CTPOrO J0Ka3aTh.
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Ha Bcex dororpadusx, i Jirobbix (oToalnaparoB HEM3MEHHbIM
OCTaeTCd TaK HasbIlBaeMoe Jsotinoe omnowenue «IBOT» deTbipex To-
4ek (Tpu u3 Hux — koopaunarbl KII, uerBepras — KoopauHara, 10110-
3peBaemoro B mmmuonaxe). OHo Beipaxaercs GHopMyJIoi

(z —x) _ (t—z)
(z—y) (t—y)

OBOt = (cm. puc. 112). (5)

X y z t

Puc. 112. Paccauram 9uC/IO «Z», U O 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 OTPAaKEHbI 1 110~
soxennsa KII, u pacuosioxkenne Hem3BECTHOTO 00bEKTA), PUPABHIIO
€ro K BBIPDAXKEHUIO C PEAJIbHBIMA KOOPAWHATAMHU U TOYHO OIPEHEITIO
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-
JIO OTCYeTa, U Kakad Oymer enuauna n3mepenus niuabl! Orser: 9TO
HE UT'PAET POJIN. B camom pgesie, ABOMHOE OTHOIIEHUE KOOPLUHAT
(dBOT) He W3MEHUTCH, €CJIM OT BCEX YeTHIPEX KOOPAWHAT 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 noiimere, mouemy 310 npoucxonutr. 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 Hafinem IBOT, eciin «z» HaM Hens-
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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 adpodorocbemMKu, rae Obi-
sm 3apeructpuposanbl Tpu KII u ompua 11 (mnwon). Vx koopauHaTs
Oymem Bbipaxkarb B muJinMmerpax, a mnepsoe KII Oymem cumrars Ha-
gaJsioM orcueTa (fyg mpocTorsl). OG03HAYMM 9TU 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 TUCJIIA!

(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. 113).

31ech TpoM3BOMUTCA «OmHOMepHas» (porocbemka guaun 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. 113. N306paxkeH npsiMoyroJibHbiil paBaobenpenusbiii 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 JIEKUT HA I[JIOCKOCTU, KOTOPYIO (oTo-
rpadupyer camosier (puc. 111), Bepmmaa K — MeCTONOJIOKEHNE CAMOJIETA,
a Bbicota OL nexur B IJIOCKOCTU, B KOTOPOH HAXOMUTCS KaJp (POTOIJIEH-
Ku (BTOpas NJIOCKOCTb CJIy4YaiiHO MOXKET OKa3aThCs NapaJljiesibHOl epBoii;
HO 1Opa3l0 4alle 3Toro He ciydaercs). Touku nepecedenus: junuit KR u
K S ¢ Bricoroit OL obosuadenst 3a M u N coorBeTCTBeHHO. [[/TMHBI OTPE3KOB

2v2

OM, MN, NK pasubt — 6a, 4a, 5a COOTBETCTBEHHO, T1e 4 = 15 (st

HOJIHOTHI KAPTUHBI!).

IIpexne Bcero ormerum, 910 ecsiu Obl JimHUA KaJapa ObLia mnapaJi-
JgesbHa dororpadupyeMoit JIMHUKM, TO COOTHOUIEHUE PACCTOAHUN Me-
xy roukavu O, R, S, T u roukamu O, M, N, L 661710 Obl OJlMHAKOBBIM
(m paBapiM 1 : 1 : 2), ¥ HAKAKOIO «IBOMHOIO OTHOIIEHUS» HAM OBI
HE [IOHa1001JI0Ch.

B ciygae ke, Korma mapaJiyie IbHOCTH IIJIOCKOCTEN HET, Ipon3oiineT
HMCKAXKEHMUE HTOr0 COOTHOIIEHUH.

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 xoopmuuary 15. [Ipu aTom nomensgerca macuitadb, HO OH
Ha IBOWHOE OTHONIEHUE YETHIPEX TOYEK BJIMAHWUA HE OKA3BIBAET.

Tenepn mbl yoemgumcs, aro «IBOrbry g rouek O, R, S, T u pjiz
rouek O, M, N, L 6ynyr COBITIAIIATD, HecmoTpst Ha TO, 9T0 OObIY-

Hble OTHOIICHMA OJId HUX HE COBIIAJIN.

B camom peste, mia rouek O, R, S, T 18Ot = ;

—0 .
-1

10-0. 15-0_3
ar)

Moz touek xe O, M, N, L 18Ot = 10—-6"15—6

X ok ok

Tenepb BTOPO#M CIOXKET: NOCTPOEHUA HUPKYJIEM U JIMHEHKOIN.

(B 11 xmacce s Ha 9K3aMeHe IO T€OMETPUU MOJIYYIUJI TAKOEe 3aa-
HUE, YTO JIaXKe U IUPKYJIEM I0JIb30BATHCA ObLIO HEJIb3d. 1 peruil Cro-
XKeT, KOTOPBIA Mbl pACCMOTPUM, — 3TO IIOCTPOEHUE OJHOU JIMHEUKOA.
Hupxkysb ormensgercs. Ktk TOJIBKO JimHElKa. 31€Ch BCE elle Becesiee.
4 pacckaxy mpo OflHy KOHKPETHYIO O4YeHb KpacuByio 3asady. Ho ob
9TOM — HUXKE.)

[TomuwuTe st BBI O mOCTpOEHUAX upKyJiem u juneikoit? [locrpoe-
HUA DUPKYJIEM U JIMHENK O BbIBOIAT Ha BECbMa CJIO2KHbIEC MATEMATU-
JecKue 3aKOHOMEDPHOCTH. UTO MBI yMeeM CTPOUTDH IIUPKYJEM U JUHENR-
Ko#? MoxHO, HanIpuMep, MOCTPOUTH PABHOOEIPEHHBIA TPEYTrOJIbHUK,
€CJIY W3BECTHBI JIJINHA OCHOBAHUA W JIJIMHA ODOKOBOW CTOPOHBI.

Hy, cxaxewm, ocnoBanue 10 cm, a 60koBbie cTOpOHBI — 110 13 CM.
JIuneiikoii ipoBonKMM JTI0OYI0 IPAMYIO, MUPKYJIEM [IeJIaeM Ha Heil B JIo-
6om mecre 3aceuxy. Llupkysem xe nsmepaem ocnosanue (10 cm) u ge-

*¥Y6enurbca B TOM, 9TO ypaBHeHus npameix KR u KS umeior Taxoii Bum, MOX-
HO C IIOMOUIBIO IIOACTAHOBKY B ypaBHeHHs kKoopauHaT Touek K, R u K, S coorBer-
crsernso. Kak u3BecTHoO, IpAMasa ONHO3HAYHO OLPEIeJIAeTC 110 JII00bIM IBYM CBOUM
Pa3J/IMIHBIM TOIKAM.
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JlaeM Ha IPpAMOU BTOPYIO 3aCe€UKy, NIPEABAPUTEbHO yCTAHOBUB UIJLy
IUPKYJId B IepBy0. bepem pacTBOp HUPKyJid paBHBIM JJuHE OGOKOBOIA
croponbt (13 €M) u craBum WIVly UMPKyJisi CHA4YaJa HA JIEBbIA Kpai
OCHOBaHUA, IPOBOAA JOCTATOYHO NJIMHHYIO OYyTYy B BEPXHEH NMOJIyILJIOC-
KOCTH, a 3aTeéM — Ha 1IPaBblil Kpaii (1 mpoBOIMM Iyry 110 mepecede-
HUs C MEpBOil myroit). B3aB sinHeliky, coenuHgeM TOUKY IepecedeHnst

Jyr CHAYaJ/1a C JIeBOW TOYKOW OCHOBAHMHA, & IIOTOM — C NPaBO# (CM.
puc. 114).

Puc. 114. llocTpoenne paBHOOEIPEHHOTO TPEYTOJIBHAKA, C IIOMOIIHIO IIUPKYJIA
U JIMHENKH.

B obmiem, Bcé 910 OpICTpEE CligsIaTh, YeM onuchiBaTh. Kcymm Bor ycra-
JI, BOT BaM 3aga4uka. OQuH MIKOJIbHAK IepernyTa, 910 Takoe 10 cM —
OCHOBaHWE My OOKOBAaA CTOPOHA. U M3-3a 9TOr0 MOCTPOUII HE TOT Tpe-
YTOJIbHUK, 9TO ObLI0 HyXkHO. Kax BbI Iymaere, 9TO CuJIbHEE UCKA3H-
JIOCh (B MPOLEHTAX) M3-33 PACCEAHHOCTH: ILJIOIIA/b TPEYIOJbHUKA UJIU
ero nepumerp? (OTBeT: WIomEALs U3MEHIIACH 6oJIble, YeM Ha 15 mpo-
LEHTOB, & IepuMerp Menee, yem Ha 10 npoueHTos.)

MoxHO mocTpouTh KBAJApar. A BOT MOXKHO JIM HOCTPOUTDH IIPa-
BUJIBHBIH MATHYTOJIBHUK C JTAHHOX CTOPOHO#? DTO HE OYEHb IIPO-
cro. Ho moxmo. [Iudaropeiiner yxxe ymeaun CTpouTh NPABUIbHBINA M-
THYTOJIbHUK. [IpaBU/IbHBI MECTHYTOJIBHUK HOCTPOUTH COBCEM IIPO-
CTO: CTPOI0 OKPYKHOCTH C PAJMyCOM, PDABHBIM 3aJaHHOU cTOpoHE 6-
yroJbHuKa. Ternepsb mesaio monpsn 6 3acedek Ha OKPYKHOCTH OKPYK-
HOCTBIO TOrO0 ke paguyca. O qymo, mecras nonagaer IpsMo B TO MeCTO,
OTKyZa MbI Hadasu. Tak yx Beimwio! [lasee npukiiagpiBaem JIMHEHKY
K TEPBBIM [IBYM 33CE€YKAM M HPOBOIAM OTPE30K, WX COECTUHSIIONINN.
[Torom TO )e mesraeM i CJAELYIONMX IBYX 3acedek, W T. ., IIOKa
He noJryuuMm Bce 6 CTopon nrectuyronbauka (cm. puc. 115). Urak, npa-
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BUJIbHBIA HIECTUYTOJIBHUK TOCTPOUTH POCTO. T peyrojibHuK — TpPUBU-
aJIbHO, KBaJpaT — OYEHb IIPOCTO, NATUYTOJIbHUK CJIOXKHO, HO MOXKHO.
Bonpoc. MoxHO jiu mocTpouTh paBUJIbHbIR cemuyroJibHuk? [IpeBrnue
CJIOMaJIM MUJIJTMOH KOIIUH B CIIOpaX ¥ IOTPATUIIM KYdy YaCOB, BITAACDH
peumTh 3Ty 3a1a4dy, HO pelieHa oHa, ObuIa TobK0 B XIX Bekel

Puc. 115. O, gayno! [lecras 3acedka coBmnaJsia ¢ nepBoi BepmuHoi!

Ha camowm jiesie, kpome 310# 3a/1a4u, JPEBHUE OCTABUJ/IM HAM €EllIE
TPU U3BECTHBIE HPODOJIEMBI.

1. Tpuceknua yrua. Han kaxoii-ro yros ua miockoctu. Hajmo pas-
JIeJIUTh €ro Ha TPU paBHbIE YaCTHU. JHAMEHUTAd mpobjemMa [IpPEeBHUX;
npuMepHo B ToM ke Hadasie XIX Beka ObLIO JOKA3aHO, YTO TPUCEK-
IHA yIJIa C TOMOIUIBIO IUPKYJId U JUHERKHN HEBO3ZMOXKHA.

2. KBayiparypa kpyra. Yro sHauut «kBajiparypa kpyra»? lax kpyr.
Hyxno nmocrpours xBazpar ¢ takoit xe miomanpio. Ilycrs pammyc
Kpyra 7 paBeH eQUHHUIE, TOLOA ero miomanas S pasHa 7 (mo dopmyse
S = 7r?). Bnaunt, HYXKHO IIOCTPOUTH KBAIAPAT CO CTOPOHOM, paBHOM
/7. dra 3a7aua SKBUBAJIEHTHA, 3a/1a9e MOCTPOEHUs IUCIA T, KOTOpasd
Toxe Oblia pemena (B OTPUIATEIBHOM CMBICJIE), HO TOJILKO B KOHIE
XIX Beka. [louemy oHa ObLIa pelIeHa Mo3xe, 9eM APyrue 3a0a9h, OCTa-
BJIEHHBIE HAM jipeBHUMEI ! [ToTOMY 9TO JII0O/IM OUEHB JIOJITO HE TIOHUMAJIU
CTpyKTypy ducsa 7. B magase XIX Beka ObLIO IOKA3aHO, ITO MOXKHO
IIOCTPOUTH TE€ U TOJIBKO T€ TOYKHU IJIOCKOCTH, Y KOTOPbIX 00e KOOpIu-
HAThI MOTYT OBITDH IOJIyYEeHBbI U3 €IMHUII 33 KOHEYHOE YUCJIO Olepa-
uuit IWIK0C, MUHYC, yMHOXUTD, PA3/IEJINTDh, B3ATh KBA[PATHBI KOPEHb.
Bepere emunuiy. Bam paspemnraercs ee CkJIaibiBaTh C caMoit coboii.
Tak mosiydarca Bce HarypaJibHble ducyia. Ecsu Oynere BbrauTarb —
BCce orpunaresbabie. Paccmorpum jpobu. Ipobu maremarvku Ha3bI-
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BAIOT CIIEIUAJIbHBIM TEPMUHOM — PAIMOHAJIbHBIE YUCJIA. 10 €CTh 3TO
YMCJIa, KOTOPBIE MPEICTABJIAIOTCA B BUIE IIEJIO€ HEJIUTh HA IEJI0e».
Hanpuwmep, uucsio 2 — panumoHaJIibHOE, TAK KAK MOXET ObITh Iperl-
CTABJICHO, KAK { WA % To ectb Bce 1eJsible YUCIIA TAKXKE ABJIAIOTCI
panmonasibabiMu. laBaiite mocMorpum, riae OyLyT KUTh TOUYKHU KIEJI0€
YUCJI0 TOoMOoJIaM». Bo-1epBbix, OyMyT KUTb B [EJIbIX, [IOTOMY YTO JIIO-
6oe 1esioe, 310 KaK ObI «yIBOEHHOE IEJI0€ II010JIaM». Bo-BTOphIX, OHI

OyIyT KATH MOCEPEIUHE MEXKIY COCenHUMU Tesbivu (puc. 116).

-1 0 1 2 3
o—|—0o—|—0o—|—0o—|—0

-05 0,5 1,5 25

Puc. 116. U300paxkenue quces Buia % npu n = 2. Ecau m werno, moty-
JaloTCsa Hesble ducsa (0003HaveHbl KpyxkKamu). Bece npoume gucsia Takoro
BUIa W300paKEeHbI BEPTUKAJILHON I€PTOUKOIA.

A ecau 51 eme pas pasmestro nomnojiam? fl Mory HapucoBaTh, TIE Ku-
BYT 4HCJIa, IOJIyYeHHbBIE U3 MEJIBIX JTeJIeHneM Ha 3, Ha 5, Ha 1000 u T. 1.
Ho ynuBuresibHbiM (haxTOM, KOTOPBIA ObLJI U3BECTEH yXKEe IPEBHUM,
ABJIAETCA TO, 9TO HE BCE YMCJIA MOXHO IPEICTABUTH B BUIE ApoOH.
Hanpumep, a nmocrporo kBajpar co CTOpoHOi 1 W BO3bMy ero jimaro-
HaJsib. Hu omHa 0OBIKHOBEHHAA OPOOH HE PaBHA JIJIMHE AUArOHAJIM KBa-
JIpara. 3aMerbTe, YTO YUCJIO, PABHOE [IMATOHAJIM KBAJIPATA, CTPOUTCS
HUPKYJIEM M JIMHEHKOH (Tak Kak cam KBaJIpar HUPKYyJeM M JIMHEHKOR
MBI TIOCTPOUTH MOXKEM).

Ho oHo He saBjIsieTcd panMOHAJIBHBIM YUCJIOM. ITO OBLIO TOMEIIEHO
B [1€pBO#t YacTu KHUru. 10 eCTh Mbl yMEeM Telepb CTPOUTH KBAIPATHLIE
KOpHU, TOTOMY 9TO AMArOHAJb KBAJIPATa, BHIPAXKAETCH KBAAPATHBIM
KODHEM.

JI106oe panuoHaIbHOE YUCITIO MOXKHO IOCTPOUTD IUPKYJIEM U JIMHEH-
koit. IlaBaiire, Hanpumep, mOCTPOUM —1—71. 3HaK MUHYC ITPOCTO O3HAYA-
€T, YTO YMCJIO HAJO OTKJIAAbIBATH HE BIIPABO OT HYJIA, & BJIEBO. 1T0OObBI
IOCTPOUTH H, JIOCTATOYHO MOCTPOUTDH = U OTJIOKUTH DTOT OTPE3OK

7 7
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11 pa3. A 9r0o0bI OCTPOUTH IPUAETCH UCIOJIH30BATh 0Y€Hb yH00-

1
77
Hyto meopemy Paseca (koropasa uzyqaerca B mkosie). Celiuac Mbl €10
BOCIIOJIb3YEMCH.

Teopema @Pasieca (B mpocreiimeii dopmynuposke). Ecau
Ha 00HOT U3 J8YT NPAMBIT 6 NAOCKOCTU OMAOHCUMD NOCAEIOBAMEND-
HO HECKOALKO PAGHBIT OTPE3KOE U YEPE3 UL KOHUDL MPOGECTNU NAPA-
AEADHBLE NPAMDBLE, NEPECEKAIOULUE BMOPYIO NPAMYN, MO OHU OMCEKYM,

Ha 6mopoti npamoti pasroie ompesku (puc. 117).

Puc. 117. Ie upsimbie (rOPU3OHTA/IbHAS U HAKJIOHHAS) BBIXOAAT U3 HAYAIIA
KOODJIWHAT U TepecevdeHbl CUCTEMON MapaJlyieSIbHbIX NpaAMbIX. Eciin va omHoit
W3 TMPAMBIX MBI OTCEKJIM pPaBHBIE OTPE3KW, TO HA APYTrOil MPsMOil OTpe3Ku

roxe OynyT pasubl Mexay coboii (Teopema Dasieca).

Msue man enmananbiit orpe3ok. OTII0XKY ero mo ropu30HTAJIBHON ocn
OT HadaJla KOOPIOUHAT U [IPOBENY IIPOM3BOJIBHYIO HAKJIOHHYIO IPAMYIO
(roxe u3 Havasa koopaunar) (puc. 117).

Ha s1oii npsimoit 0T/10XKy OT Havaja CeMb PABHBIX OTPE3KOB (He-
BaXKHO, KAKOM JIJIMHBI) ¥ KOHEI] IIOCJIEIHEr0 OTPE3Ka COSAUHIO C KOHIIOM
€IMHUYHOrO (FOPUBOHTAJIBHOTO) OTPE3KA.

ITocsie arOro 1poBOXKY HPAMbBIE, IAPAJIJIEJIbHBIE TOW, YTO COELUHNIIA
KOHIIBI TOPU30HTAJIHLHOTO (€IMHUIHOIO) OTPE3KA U HAKJIOHHOTO OTPe3-
Ka, U [IpPOXOndlye Yepe3 KOHel IPEIIIOC/IeHEr0 U3 CEMH OTPE3KOB;
3areM — 4epe3 KOHell LPE-IIPEIIOCJIENHEr0, 1 TaK JaJIee.

[To reopeme PaJieca MoJIy9aeTCsA, 9TO BCE MOJIY UMBUIMECS HA, TOPU-
30HTAJIbHOM €OWHUYHOM OTpe3Ke KYCOUKH PAaBHBI [IPYr OPYLy — TO

€CTb Mbl ITIOJIy4IUJIA = .

7

Kopensp crpouTca HEMHOXKKO CcI0XKHee. Bepy Ipom3BOJIbHOE THUCIIO
a, KOTOpoe 4 yXKe NOCTPOMJI LMPKYJeM M JIMHEHNKOil u U3 KOTOpOro
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a XOoTeJ1 6bI N3BJICYDb KBa,)Ipa,THbeI KOPEHb. OTKJIa,ILbIBa,IO CIipaBa OT HE-
ro eQUHUIHBIA OTpe3oK (puc. 118; mis mpuMepa paccMOTpeH Cirydaii
a =b).

M
X
A a C 1 B
4 3 2 A 0 1 2 3 4
Puc. 118. OTpesok a = 5 O1/10KeH MeXIy & = —3 U & = 2; eqUHUYHbII oTpe-

30K — Mexay £ = 2u & = 3. CTpoum o/ IyOKpyKHOCTH paauyca 3. [IpoBoaum
HEPIEHIUKYJISAP U3 TOYKHM T = 2 [0 TOYKHU [IEPECEYCHUs C OKPYKHOCTHIO. ITO
¥ eCTh OTPE30K IUTHHEI /5. Bce Tpu TpeyrosibHIKa — IPAMOYTOJIbHBIE, I BCE
OHU TOHOOHBI IPYT APYTLY.

Teneps s paccMarpuBaio HOBbI OTPE30K IJIMHBL ¢+ 1 KaK quamMerp
okpyxHOCTH. €0 ero momosiaM (9TO MBI [I€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: JAuUHa NOAYHUEHHO20 OMPE3Ka PacHa v/ 5.

HoxkasarenbcTBo. O603HauuM 33 A u B KOHIBI quamerpa, 3a M
u C' — KOHIIBI IPOBEIEHHOT0 HaMu mepreHaukysiapa (C auxe, vem M ).
Tpeyrossauk ABM nonoben tpeyrosibauky AMC, tak kak y HEX
OCTPbIE yIJIbI COBIIAJAIOT, & OIMH U3 yrjoB — npamoi. (Yron AMB
OpAMO#, KaK ¥ JII0O0U yroJi, BIUCAHHBIN B IOJYOKPYKHOCTD.) 3HATUT,
u Tperbu yribl paBabl. [lo To# ke npuuumbae u Tpeyrosibhuk ABM
nonioben Tpeyrosibauky M BC. 3Ha4uT, MOXKHO 3aIUCATH OTHOIIEHUE
KaTeTOB MaJIbIX TPEyTrOJIbHUKOB

1
T

ST
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(rme «T» — JJIMHA NPOBEJEHHOrO HAMM NepleHauKyJapa); 2 = a,
x = y/a, 910 U TPEGOBAIOCH JOKA3ATH.

Tenepp MBI yMeeM CTPOUTH BCAKHE CTPAIIHBIE KMHOTOSTAXKHEIE de-
monaubry. JI10boe Bhipaxkenune, KOTOPOE sABJIAETCA PE3YJIbTATOM KOHEY-
HOT'O 9HMCJIa Ollepalyii MJII0C, MUHYC, YMHOXKUTD, OCJIUTh U B3ATh KBa-
IPATHbIA KOPEHb, MOXKHO IOCTPOUTH HUPKYyJieM u Jjunelikoit. Hampu-
Mep,

1+vV3—V3

w

OcHOBHasI TeopeMa O MOCTPOEHUAX IUPKYJIEM U JIMHEUKOU
YTBEPKIAET, 9TO BEPHO W OOpATHOE: TO €CTh €CJM KAKYIO-TO TOYKY
YaJ10Ch OCTPOUTH UPKYJIEM U JIMHEHKOR, TO KOOPDIUHATHL 9TOA TOY-
KM JIOJIKHBI OBITH IIOJIy9eHBI C IIOMOINBI0 KOHETHOTO 9UHCJIA OIepa-
Uil IJTIOC, MUHYC, YMHOXHWTD, PA3leJUTh U B3ATh KopeHb. Ho ectb
TOYKM HA MPAMOM, KOTOPbIE TAKUM 00PA30M HE BBIPDAXKAIOTCH, & 3HA-
9UT, ¥ HEe CTPOATCA IPU IMOMOIIY MUPKYJIA U JinHelku. Tak, aucao w
HE ABJIACTCA PE3yJIbTaTOM KOHECYIHOI'O Y1CJIa TAKUX OHepaH,I/Iﬁ (HI/I MWUJI-
JINOHA, HU MUJLIAAPAA!), U, CJEIOBATEILHO, HOCTPOUTD €r0 HEBO3MOXK-
HO. JlokaszaresibcTBO 91010 (bakTa mpuaymaJsim ToJabKo B KoHIe XIX Be-
Ka.

Bosiee wem mosiBeka Haszal, B Hadasie XIX Beka mpumayMaJd II0-
Ka3aresibCTBO 33/1a44 O HEBO3MOXKHOCTU TPHUCEKIUU YIJIa C [IOMOIIbHIO
uupkKyJig u yimaeitku. Unes ero rakasa. Ecsiu MoxHO pasnesuTs Jii000i
yIOJI HA TPU 4YaCTH, TO Mbl MOIJIA Obl IIOCTPOUTH yI'OJI B JIECATH I'PAJLY-
cos (rak xak yroa B 30 rpamycos mbl nocrpourb moxkem). Ho rorma,
KOHEYHO, Mbl MOIJIM ObI IOCTPOUTH OTPE30K, JJIMHA KOTOPOrO pPaBHA
sin 10°.
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sin 10°

Puc. 119. sin 10° nocTpourd Hesib3si. ITO BaM HE KaKOU-uHuby1b sin 72°!

Ho nokasano, uro 310 uucso nmocrpouts Hesb3s. (Ecsm BbipasuTh
sin 10° gepes sin 30°, To monyunrca Kybudeckoe ypaBHeHUe, a [JId 10~
CIPOEHUA ero peuieHus HeoOXOIMMO yMerTb CTPOUTh KyOuueckuil Ko-
penb. K coxasiennio, ¢ IOMOIIHIO MUPKYJIA W JIMHEHKHA HTOTO COETATH
HeJ1b3s.) Mbl IPUILJIM K NPOTUBOPEYUIO, 3HAYUT, 33124y O TPUCEKIIMU
yTJIa PENIuTh HEBO3MOXKHO.

3. Tperbsa Besukad 3a7a4a APEBHOCTU — yaBoenue kyba. Bam man
kybuk. HyxHo nocrpours Kybuk Bisoe Oosibliero obbema.

Ecau y ucxomuoro Kyba CTOpoHa paBHA €IMHUIE, TO KaKasd CTOPOHA,
y yaBoeHHoro kyba? Obbem ucxogHoro kyba paseH 1, 3HAUYUT, y YIBO-
ennoro ou pasen 2. ITo dopmyse V = a3
no/mkHa Ge1Th /2. IloTOMy 3amada, HA CAMOM feJie, OUeHb IIPOCTO

dopmyaupyerca. [locrpours Kopenb KyOuueckuii us IByX.

[IOJIy9aeM, 9TO CTOPOHA Kyba

Cpoesiarh 9TO MUPKyJIeM U JIMHEHKONW 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 enle Tax MaJio ObLIO U3BECTHO O YUCJIAX,
9TO MaT€MaTHUKHM HE HMMEJIM OTBETA Ha CaMbI€ OYEBUJIIHbIC BOHpOCbIZ

V3o,
HAIIpUMEDP, UPPAIIMOHAJIBHO JIX 9IHUCJIO \/§ 7* Tlpuxoamiioch 9yTb JIK
HE II0 OT[IEeJIbHOCTH IIepedrparh TAKrWe IUCJIa U pa3sdupaTbCa C HUMU.

*To, 9TO ITOT BOIPOC «OUYEBUIHBIII», KOHETHO, sIBJIAETCA UIYTKOW. Bompoc aror
(B CcJTErKa yCJIOKHEHHOM BUJIE) COCTABJIAET OfHY U3 23 3HAMEHUTHIX Mpobstem ['nirh-
6epra, chopmysupoBanubix uMm B 1900 romy. OrBer: 310 4UCII0 ABJILETCA UPPALUO-
HaJTbHBIM.
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Becbma Tpy/HBIM 0KA3aJ/I0Ch M HYMCJIO T, HOTOMY YTO A0 KOHIA
XIX Beka me ObLIO MOHATHO, KAK OHO YCTPOEHO.

4. Y derBeproif Besukoil pobsiembl, KOTOpad ObLiIa OCTAaBJIEHA
JIpeBHUMM, OCODEHHO uHTepecHad cyipba. Kakxue npasusvrovie MHO20-
Y20ADHUKY CMPOAMCH yupkysem u sunetixot? IIpo Hee MbI TOBOpHIIT
4yTh PaHbllle 1 cefiuac ele HeMHOIO 110roBOpuM. JpesHue ymesin crpo-
WTb IPABUJIbHBIE TPEYTOJIbHUKHY, I€THIPEXYTOJbHUKY, TATHYTOJbHUKH,
HIECTUYTOJIbHUKY U WX «lpousdBogubie». Hampumep, necarnyrosibHuk
WJTM JIBEHAIIATHYTOJBHUK. A BOT CeMHAIIATAYTOJIbHNUK He ymesn. Ero
nocrpomst B 1796 romy 19-siernnit (o6parure Baumanue!) Kapn ®@pu-
pux ['aycc. IIpomenypa mocrarodmo ciaoxuasa. He 6ymy ckpeiBars. He-
KOTOPBI CEKpeT COCTOUT B TOM, YTO IOCTPOCHUE HEJIb3d IIPUILYMATb,
He 3Had, YTO TaKOe KOMIUJIEKCHBIe Jucyia. KoMmiiekCcHbIe Jucia — 3T0
Takasd BosiniebHad MaJiovuka. Y MAMAHOB ecTb OyOHBI, & y MareMaTu-
KOB — KOMIIJIEKCHBIE YHUCJIA. STO TaKad 9UCJIOBaA CTPYKTYypa, KOTO-
pad IIOMOTaeT Ha ypa pellaTh 3aIatu, Kaxynmecda HepemaeMbivu. Hy,
opu 9eM 34eCb KOMIIJICKCHbIE YUCJIa, KOIJa MbI TOBOPUM O CEMHA/IIla-
tuyrospauke? Tem He MeHee CEMHAINATUYTOJIBHUK CTPOUTCH TOJIb-
KO C IPUMEHEHUEM KOMILJIEKCHbIX uuces. Buocsiencrsuu (B 1836 r.)
[Ivep-Jlopan Banmnesp BBIABUJI KPUTEPUil BO3MOXHOCTU HOCTPOEHULA
IpaBUJIbHOI'O MHOT'OYT'OJIbHUKA. OKaBbIBaeTCﬂ, CTPOATCA TOJIBKO TaKune
IPaBUJIbHBIE P-YTOJbHUKE (TOe p — MPOCTOE UHCIIO, TO €CTh JACJIUTCH
TOJIPKO HA €IMHUIY U Ha Ce0#A), 119 KOTOPBIX «P» MOXKET ObITh 3aIu-
CaHO B BUIE

22" 41 (tmek=0,1,2,3,...).

Hanpuwmep, npocmoe aucsio 17 ymossierBopsier 91o#t (popmysie, ecim
B3ATb k = 2.

B zakJsiiogenue gam Bam npocryio 3aga4dy. Llokaxure, 9T0 eCjiu eCTh
HEKOTOPOE MPOCTOE YUCJIO P U IIPOCTOE YUCJIO ¢, U MOXKHO IIOCTPOUTH
P-YTOJBHUK U ¢-yTOJBHUK, TO MOXKHO MOCTPOUTH W Pg-yTOJbHUK.

Haxkonen, Bor TpeTuii CIOKeT, KOTOPBIA Mbl pACCMOTPUM: NOCMPO-
enue 0dnoti aunelixot. Hupkyns ormensgercda. Ectp TosibkO JinHeiika.
3mecn Bcé eme Becesiee. Kasastoch Obl, ¢ JIMHEHKOW MHOTOIO HE JOCTHUT-
HEUIb: OHAa MOXKET JIMIIb COCAUHATDH NBE YK€ JJaHHbIC TOYKU HpﬂMOﬁ!
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A Benp ecrb HEDe3bIHTEPECHDBIE 3a0a49KK. Hanpumep: Ha, 1JIOCKOCTH Ja-
Ha HepaBHOOoUHAs Tpanerud. C TOMOIILI0 OMHON JIMHEHKY pas3Ie/TUTh
IOII0JIaM BEPpXHEEe U HU2KHEee OCHOBAHUE 9TOI Tpaneuun. BILer, KaxKeT-
Cs1, COBCEM He 33 UTO yXBAaTUThCA. Hy, mpoBemem maBe IuaroHasu B 3TOR
rpanenuu. Hy, npomo/nkum 60KOBbIE CTOPOHBI TPAIEUu 10 IIepecede-
aust. [lomyamnm nBe HOBBIX Toukm. Hy, coemmumm mx Toxke. A masib-
e — 91o?

OxasbiBaercd, bospiie Hudero. [locsennsas U3 MOCTPOEHHBIX MPsi-
MBIX AKKYPATHO HeJuT 008 OCHOBAHUS MOmosaM. [1a TOJIbKO Kak 3TO
NOKa3aTh?

Hokaxewm 310 «meronom [lekapras. Pazmectum 91y Tpanenuto B 1o-
cTarouHo ynobHOM cucreme KoopauHar Ha miockoctu (puc. 120).

Kz
6 /
/
4 M N
2 /L
/
Oy Z S
0 2 4 6 8 10 12

Puc. 120. Nz penienus 3a0a49u IPOBENEHBI H OYEBUIHBIX IPAMBIX, [TOCIIE-
HsIsl U3 KOTOPBIX (IIyHKTUPHAS) KK Pa3 U Pasae/uT 06a OCHOBAHUS OIIOJIaM.

Kaxk ciemyer nonumarp BelpaxkeHue «ymobuasa cucremas? Hy, Ha-
IpUMED, TaKasd: BECh OObEKT HEJMKOM JIEXKUT B IIEPBOi Y€TBEPTH, KAK
MOKHO GOJIbIIE BEPIIVH JIEXKAT HA OCU MKCOB, & OIHA U3 HUX ABJIACTCH
toukoit (0,0). Cam 00beKT 3a1aH IIPU HTOM HECKOJIbKMMU l1APAMETPa-
MM, Yepe3 KOTOPBIE JIETKO BbIPA3UTH PA3JIMUHBIE 4aCTH O0bEKTA, & TAK-
Ke MOXKHO OTPasUTh HEKOTOPbIE OCOOEHHOCTH PACIOJIOKEHWs JacTei
obbexTa.
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B Hamem CJry4dae y}IO6HO HV2KHUM OCHOBAHUEM CIUTATH TO, KOTOPOE
JuinHHee (2 paBHBIME OHM OBITH HE MOTYT — MOXyMaiite, modemy?).
Iuia upumepa, CKOC Tpalleluy HAIPABUM BHYTPb IIEPBO derBepTH.
BokoBbie cTOpoHbl He MOTYT OBITH MapaJiesbHbIME (HoYeMy?). 3amarh
BepIUHBI Tpanenuu (T0 eCTh 4 TOUYKU) MOXKHO YeThbIPbMSA IIapaMeTpPa-
Mu (X0Ts Bcero Koopmumuar Oymer 8). Dtu mapamerpbl 0603HAYAM «,
b, ¢, d. A umeHHO: @ — cMeneHue JIeBOl BEepXHEW BEPUIMHBI BIIPABO;
b — cmemnenne mpaBoil BepxHeil BEpUIMHBI OTHOCHTEJHLHO JIEBOM; ¢ —
paccrosinue OT IPaBOil HUXKHEW BEPUIMHBI 10 HAYAJIA KOOPIUHAT;, d —
BBICOTA TPAIIEIH.

Kaxk cnemyer m3 puc. 120, njia moacHeHWA Xoma peNIeHud B3ATO
a =5 b=3,¢c=10, d = 4. Mbr morkaxxemM KOPPEKTHOCTH HAIIETO
IIOCTPOEHUS UMEHHO B 3TOM cJjiy4dae. MoXHO IpoBecTu paccyXIeHud u
B Oosiee obuiem Bue, MOJIL3ysCh OykBeHHbIMU 0003HavYeHusaMu. Hame-
TUM IJIAH PACCYXKICHUSI.

O6o3nauas Touky (0,0) 6yksoit O, a npoume Bepmunbl GykBamu S,
N, M (uporuB 9acoBOil CTpesKW), HA30BEM MOKA elle HEH3BECTHYIO
TOYKY Ilepecevdenud auaronaJieit Oyksoit L, a Oyyiiyio TOUKy mepece-
YeHUsI TPOIOJRKeHH 6OKOBBIX cTopoH — OykBoit K (cm. puc. 120).

Torpa moxno Hanucarb koopmmuarbl Bepumn: O(0,0), S(10,0),
N(8,4), M(5,4).

.. 4
JIerko moHATH, 4TO ypaBHeHHe mpaMoi OM umeer Bum y = —%

57
a upamoit ON — Bupg y = % YpaBuenus ke npambix SN, M .S MoxHO
noIy9IuTh 110 POPMYJIE «ypPABHEHHUE MPAMOI IO JBYM TOYKAMY», ITO
npu aKKyparHoMm ucnoJsinenun (nposepbre!) macr:

SN :y+2x=20; MS : 4z + 5y = 40. (6)

Pemas ogHoBpemMeHHO Ba ypaBHeHus, 3ajatoume npambie ON u
M S| nostydaeM KOOpAMHATHI TOUKHU IIepecedeHus JuaroHaseii, To ecTb

Toukn L (%, éll—g), B TO BpPeMs KaK OJIHOBPEMEHHOE PelIeHWEe ypPaB-
HeHuit, 3amaomux npambie OM u NS, gact HaM KOOPOMHATHI TOUKH
<50
T
Termepb BCE TOTOBO I/ HAXO0XKIEHUA yPABHEHUA UCKOMOHI «IMITPUAXO-
BauHol nupamoity> K L. ITosrygaercs ypasuenue 8z — 3y = 40, koTropoe
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upu nojacranoske y = 4 u y = 0 gacr abcuucchl HOCTPOEHHBIX TO-
gek. OHU OKaXyTCA paBHBIME 6.5 U b COOTBETCTBEHHO U PAa3AEIAT 002
OCHOBaHU# HAIllEH Tpanenuu akKypar momoJjiam!

Pazobpannasi BbIe 33293 KOIMA-TO [OABAJIACHh HA NIKOJIBHBIX
OJTMMIIMAIAX IIPUMEPHO Jis 7 KJiacca. Ho Korma «Immpokme MacChl
aOUTYPUEHTOB U PEIETUTOPOB» IMO3HAKOMUJIMCH C METOIOM €€ pelle-
HUsA, KTO-TO OOAYyMAJICA, KAK €€ «CJIErKa M3MEHUTb» W Aarb mjad 10
KJIacCa.

3adawa. Hana nepaBuobounasa rpaneuusa. C HOMOWbBIO OJHOMK Jiv-
HEUKM pasIesuTh HIDKHEe OCHOBaHHE Ha 41 paBHYIO 4acTh.

Pemerive sToit 3amadu TECHO ONMMPAETCA HA PEIIeHre IIPebIay e
¥ BIIOJTHE MOXET OBbITh HalileHO MKOJbHUKOM 7 KJjiacca. Hesmmm 06a
OCHOBAHUs ITIOIMOJIAM, 3aTEM TEM K€ MEeTOHOM — Ha 4 paBHbIE JACTH.
A norom Ha 8 paBHBIX YacTel, U T. 1., MOKa HE TOJydIuM 64 paBHBIX
JacTu (M HA BepXHEM, W HA HIDKHEM ocHoBauum). Ilocse wero mesa-
eM 3aMedareJIbHbINI TPIOK: Ha BEPXHEM OCHOBAQHUM OTCUYUTBIBACM POB-
o 41 wactp u3 64 u nposomum Jsuneiikoit HOBY IO BOKOBYIO JIU-
HUIO. Tlosyuunstace HOBasi Tpalerus, y KOTOPOi BepxHEe OCHOBAHME
aKKypaTHO pasmesieHo Ha 41 paBHyio dacTh. CoemuHsieM TOUKH eJie-
HUA BEPXHEro OCHOBaHUA C TOYKOMI nepeceueHmud 6OKOBBIX CTOPOH HO-
Boit Tpamenuu. [losryunrca 40 npAMBIX JIMHAK, IPOOOJIKEHAT KOTOPBIX
AKKYPATHO OeJiaT Ha 4] paBHYIO 9aCTh HUXKHEEe OCHOBAHHE.

BI/I,JII/ITe, KaKue «<BOJIYbU AMBI» HaAM I'OTOBAT HA OJIMMIIUAIAX. HO
MHE [I0CTaJIacCh eie bostee mwioxas. B Heil maxe He OBLJIO TOYEK, Tepes
KOTOpbIE MOXHO IHpOBeCTH mpamblie. [Ipsavbie HamO OBIJIO TPOBOMUTDH
HGOOYM, HO OTBET I[PHU HTOM MOJYyIUTh HE «HAODYMHBIN», a BIOJIHE
KOHKPETHDIN.

Pacckaxy npo sty odennb KkpacuBylo 3aa4dy. £ moJrydus1 ee Ha K34~
mene 1o reomerpum B 11 kustacce mkosibr Ne 57. Moit yuwmresn naJ
MHE 3Ty 3a[a4y: HGPUCOBAHG OKPYHCHOCTSG U JaHG ThOoYKa 6He IOt
okpyarcrocmu (puc. 121).

Hocmpoumdv ¢ nomowvro AUHETKU KACAMEALHYIO K OKPYIHCHOCTIU,
npoxodauwyro wepes dannyto mowky. JaJiblie ciiydusoch CJieryomee:
s HAPUCOBAJI, KAK 9TO JIeJIarh, HO, IO HEKOTOPOW IMpPUYIMHE, JI0KA3ATH
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Puc. 121. Benu npsaMble «Tya, He 3HAIO KyIa» U IOCTPOIl KacaTeJabHYTO.

e cmor. (O mpuumbe s BaM CKaxy HO3kKe, 910 OyIer jerekTuBHad
ucropus.) ¢ mosydaio 3a sK3aMeH Tpu Oasuia, a yIUTes b aJreOpbl
rooput: «Her, HaBeproe, y CaBBareeBa ObLJIO IOMpATIEHHE. . . TaBaiite
IETHIPE MIOCTABUAM.

Iasaiite mocmoTpum.

Jlama suHeiika, OKPYXKHOCTb W TOYKa. UTo mesarb? MOXKHO mpo-
BECTU HECKOJIPKO IPAMBIX, «CEKYUIMX®» OKPYKHOCTh. ¢l mpoBes Tpu
MpSIMBIE «MOYTH HAOOYM» M MOJYUHWJ MIECTh TOUEK HA OKPYKHOCTH.
BareM nx HaKpeCT COSQMHU U LOJLyYuJl ewe ase Touku (puc. 122).

Puc. 122. I vy menst o3apuJiol..

Laspie g COeMHUIT 3TU TOYKU, U MHE BHYTPEHHUIA TOJIOC» MOJI-
CKa3bIBAET, ITO TOYKHU, KOTOPHIE MOJIYIUIUCH HA OKPYKHOCTH, KAK Pa3
¥ eCTb TOYKW KaCAHWI.

— Jla, — roBOpPHUT MHE 3K3aMEHATOP, — 3TO MPABUJIHHAA KOHCTPYK-
mus. dokaxu. Jlokaxwu, 9T0 5TO — TOYKHU KACAHUA.

Yro rakoe kKacanme B TepmuHax reomerpuu?! Kacanue npsamoir
¥ OKPYXHOCTU B TEPMHUHAX UIKOJILHOW reoMeTpuu 03HAYAET, UYTO Mpd-
mas U (II0JIHAs) OKPYKHOCTb II€PECeKaloTcss B 0nHO# Touke. meror
onay o0yt touky. Kak xe 910 MmoxHO nokasars? Cefiyac st Bam 1o-
Kaxy Takoe JIO0Ka3aTeJIbCTBO, YTO y BAC OT HEro MOWIyT IO KOXKe MYy-
pamku. Ho, Bo-niepBbIX, HA 9K3aMeHE T ero He JaJI; & BO-BTOPBIX, HAIO
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ceJlaTh IPEaBAPUTEJIbHBIC IIOACHEHUAA, YTO TAKOE KIIPOCKTUBHbBIE IIPE-
obpasoBanusg» (He BxogAmue B 00meobpasoBaTeIbHbIA KypC OOBITHOM
cpenueit nikoutb). Hy u, kcraru, 910 %e 060CHOBaHME MOXKHO ObLIO Ci1e-
Jiarh OOBIIHBIM «MeTonoM [lekapra» (TO ecTh, pACCMOTPEB HEKOTOPYIO
cucreMy npsAMOYToJibHbIX KoopamHar). I[Ipasna, npu sTomM ocranercs
«3a KOpMO» NCTHHHAA KPACOTA PENICHU dTOW 3a1a9H.

Bpeska 10. IIpoekTuBHasa reoMeTrpusi — HOBBIM MUpP MaTe-
MaTUKHA

Yro Takoe «IIpoeKnus», 3HAI0T MHOIMUME. DTO — TEHb, KOTOpAd OT-
OpacbIBaeTCA HA IJIOCKOCTDH IIPEIMETOM, OCBEIAEMbIM TOYEIHBIM KC-
TOYHUKOM CBETa — JIMOO HAXONAIMMCH HEJAJIEKO (M TOrma JIydu CBe-
Ta, UCXOMAIINE U3 HETO, PACXOIATCH ), JIUOO JIeXKAAM Ha HECKOHETHOM
paccrosnuu (TOrna Jiyum CBeTa mapaJiiesibubl). [Ipumep misa nepsoro
CjIydasi — CBeT HeOOJIbIION HACTOJIbHOK jtaMibl. /L1 BToporo — coui-
Heunbli cBer. OJIHAKO TEHb OT HEIPO3PAYHOrO MPEIMETa MOXET HpU-
BecTtn K 3abuyxmennio. Hampumep, MOXKHO M3rOTOBATH TAKOW IIper-
MeT, OT KOTOPOr0 TeHb, OTOpachiBaeMas BIIOJIb ocu X, umeer Hopmy
KBaJipara, BIoJb ocu Y — dopMy Kpyra, a BHOJb oCu Z — PABHO-
OempeHHoro TpeyroJabHuKa. UToO0bl M3rOTOBATH TAKOM IpemIMeT, BO3b-
MUTE JIEPEBAHHBIA UUaMHID (C BBICOTOM, PABHOU nuameTrpy) U akKy-
PaATHO CTEIINTE TOIOPOM C ABYX CTOPOH [EpeBO TakK, ITOObI CHU3Y
OCTAJICA KPYI, & CBEpPXy OH HpeBparusiCad Obl B OTPE30K, IO [IJINHE
paBHBI guamMeTpy Kpyra. [losTomy mpum mpakTHIeCKOM IpHMEHEHHH
[IPOEKTUBHOW reoMeTpuu BO3HHUKAET MpobJieMa, KAK PUCOBATH IIyHK-
TUpPHbIE JIMHAYW, ITOOBI JIydIlle MOHATh CTPYKTYPY H3ydaeMOro IIpefl-
METa U B TO XK€ BPEMHA HE CAJIHHO 3arPOMO3IUTDH YE€PTEXK HTUMU JIMHU-
M.

Korma maremarnkum monbiTajnch marh cebe Oosiee ACHOe mpencra-
BJIGHHE O TOM, 9TO XK€ TAaKO€ €CTb <IIPOEKIHA», OHM YXKACHYJIUCH.
Oka3aJ/10Ch, 9TO TEHBI OT OKPYXHOCTH MOXKET CJIyXKUTh HE OKPYXK-
HOCTb, & JUIMNC (KCIUIIOIEHHAA OKPYXKHOCTb») U JaXkKe MPOCTO OTpPe-
30K. U muyimHA 9TOro orpeska MOxeT ObITh DOJIbIIe AUAMETPA OKPYXK-
nocru. Ho 910 O enie Tosbko uperodku. OKas3asioch, 4T0 HPOEKIu-
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el 9JUIMICA MOXKET OKa3arbCd... DECKOHEeUYHAs KpuBasd, HA3bIBAEMAas
«BeTBb rumepbosbly. Takum obpasoM, MOHATHE IPOEKIUN Hen306eKHO
BKJIIOUAJIO B ceba Oeckoneuno ydaaenHnvie moukyu (1 OHU CIIOKOWHO MO-
[JId IEPEXOUTh B 0ObIUHbIE TOUKH, U Haobopot). Ho Torma Bosnuk Bo-
OpoC — B KAKOM K€ <KMHUDPE>» Mbl U3y4Ya€M HIPOEKTUBHYIO I€OMETPUIO:
Ha OPAMOM, HA MJIOCKOCTH, B mpocTpancTBe?! OTBeT: HE HA IPAMON,
a Ha npoekmuerotl npamot. OHa mojrydaercd u3 OObIYMHON HpPsAMOi 10~
GaBJieHIEM OTHOM HOBOI TOUKM: OeCKOHEeTHO ymasaennoi. Kasasock 651,
oT 3TOro M00aBJIEHWA NpAMasa OKa3aJach «emle bojiee DECKOHEIHO»
(Bemp oma Obuta GeckoHeuHO# U Ge3 mobasienusi HoBOW TOukM). Ho,
KaK BBIFACHUJIM TOIOJIOTH, MTOJIYYEHHbIH OOBEKT IO CBOMM CBOMCTBaM
COBHAJAET C OOBIYHOW OKPYXRHOCTHIO. A Belb ee Mbl HE cumTaeMm Oec-
KOHETHOi!

Bropoit Boupoc: a kak rernepb Obirh ¢ miockocrbio? OTBET: ne
C IUJIOCKOCTBIO, & C mnpoexmusHol naockocmoro. OHA IMOJIydaeTcd
13 00BbIYHOM IIJIOCKOCTH KIIOJKJIEMBAHUEM» K Hell «OECKOHEYHO yaJIeH-
HO# MpAMOIi», COCTABJIEHHON W3 pa3IMIHBIX OECKOHEYHO yIAJIEHHBIX
touek. Tak ona, HaBepHoe, beckonednas! Her, ne 6eckoneunas. Ho
odeHb HeoObIuHAd. 'yJidd 0 IPOEKTUBHONR IJIOCKOCTH, MOXKHO COBED-
IIEHHO HEe3aMeTHO IePedTu C OJHOI CTOPOHBI IJIOCKOCTHA Ha OPYTYIO.
Tounee rosopa, Ha Heilt HET «oma0i#i» 1 «/Ipyroit CTOPOHBI» — CTOPOHA,
y Hee TosbKO omua. [lomymaiite nam stum! Jomyctum, rysdmu mo 3Toi
IJIOCKOCTH [IB& COBEPIIEHHO OMMHAKOBLIX Osim3uena: Alexey Savvateev
u Anekceii CaBareeB. KTo-T0 U3 HUX OCTAJICS CTOATH HA MECTE, & IPY-
roif Tem BpeMeHeM ObICTPO MpoOexkaJICd N0 MPOEKTUBHON IJIOCKOCTH
¥ OKa3aJICd C JAPYToil CTOPOHBI — KaK pa3 I0f, MEPBBIM U3 OJIM3HEIOB.
IIpencrasiisiere, Kak OHM KECTOKO IIOCHODUJIM — KTO M3 HUX CTOUT
HOpMAaJIbHO, & K10 — BHEU3 rosoBoi! [TOICKA3KA. Pa3 oru xusyT
Ha 9TOH MJIOCKOCTH, TO MX POCT (KAK M TOJINMHA TPOEKTUBHONR ILJIOC-
kKoctu) paser 0 cM.

Hacuer npoexmuenozo npocmpancmea. Bbl yxe 10rajiajuch, 4To
IJI €r0 HOJIy9YeHUsl HAJA0 K OOBITHOMY IIPOCTPAHCTBY <IIOJIKJIEATH®
0GEeCKOHEYHO YIAJIEHHYIO IJIOCKOCTb, COCTOAILYI0 U3 OECKOHEYHO y/ia-
JIEHHBIX TOYEK. BO BCex Ciiydasx Hpu OPOEKTUBHOM IpeobpasoBaHuu
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BHOBb ,ILO6aBJIeHHbIe TOYKU MOryT CIIOKOITHO nepexoguTsb B CTapble TOY-
K1, 1 Haobopor. OHU HUKAK HE OTJIMYAIOTCA JIPYT OT Apyra. Bel cka-
xkere: «Takoro He Moxker ObITh, IOTOMY YTO HE MOXKET ObITh HUKOIIIA/!
Kak xxe moxuO oy nepemnyrarsb ¢ gpyroi? Bemnp npexuue Touku ObI-
Ju OJIM3KMM K HaM, & 3Ta CBA33aHA C OECKOHEYHOCTHIO, TO €CTh OYEHb
JTAJIEKAA».

Tak BoT. B mpoektuBHO#l reomerpum HET Takmx monarumii, Kak
«Osmmskuit» u «gasekuity. Ee Boigymasm mjia apyrux meseit. Tak aro
BCe TOYKH (B Ipenesax MOHATHI 9TOH HAYKM) OAWHAKOBBL 3aTO B Heil
€CTh CBOM BaXKHbIE MOHATHULA: IPAMAsd, ILJIOCKOCTb, TOYKA, ABOAHOE OT-
HOIIEHWE U MHOroe jpyroe. Hanpuwmep, ectb takoe nonsarue, kak KO-
HUKA. Yo 370 3a 3Beph?! ITO HE ONWH 3BEPD, & CPa3y TPU — B HaIIEH
OOBIIHOI TEOMETPUN OHU HA3BIBAJIMCH «IJLJIMIICY, «TUIIepboIas u «Ia-
pabosta». A B aToii reomerpun onn HEPA3JIMYMMBI.

U B 3ak/I10vY€HME IOJIE3HO COODIUTH BAXKHYO MH(MOPMAIIWIO U BaXK-
HYIO TEOPEMY.

Ungopmayusn. Tlpu npoeKTUBHOM OTOOPAXKEHUU OIHON HPOEKTUB-
HO¥ IJIOCKOCTU HA, [APYTYIO IPOEKTUBHYIO IIJIOCKOCTH JIFOObIE TPU TOY-
KW, JIeXKaBIIue Ha OHOU MpaAMOi, npesBpardarca B Tpu Touku, TO2KE
Jiexxalue Ha OJIHOU IPAMOM.

Teopema. g sirobbix nByx uerBepok Todek A, B, C, Du M, N,
P, @ (B kax10it 13 YeTBepOK JIIOObIE TPU TOUKHU HE JIEXKAT HA OIXHOH
MPsIMOM) CyWECTBYeT POBHO OJHO IIPOEKTUBHOE npeobpasoBanue f,
s xoroporo f(A) = M, f(B) = N, f(C) = P, f(D) = Q.

A renepr kaxk HAJIO 6110 penrars 31y 3aga4dy (1I0CTpouTh Kaca-
TEJIbHYIO W3 TOYKHU K OKPYKHOCTHU OTHOM JIMHEHKOi, cM. puc. 121).

[Ipex e Bcero, MbI BEIXOMM U3 IIJIOCKOCTH B IIPOCTPAHCTBO. BoiOm-
paeM TaM elne OIHY IUIOCKOCTDh. f mMpoenupyio Ha Hee MO KAPTUHKY
(puc. 123) u3 mekoropoit Touku A. IIpumaem touka A w HOBasg IJIOC-
KOCTb PAaCHOJIOXKEHBbI Tak, 410 npsamad AQ u 9Ta MIOCKOCTh MapaJi-
siesibhbl. (O — 9TO TOYKA, B KOTOPOil IEPECEKAIOTCA TPU IIPOU3BOJIHLHO
MIPOBEIIEHHBIE MHOIO MPIMbIE, & TAKXKe KacaTeJbHas, MOKa ele MHOI0
HE [I0CTPOEHHAS. )
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Puc. 123. Ucxonnast KADTUHKA C TUIIOTETUYECKUM IIOCTPOEHUEM KACATEIbHOM
PAaCIIoJIOKEeHa, B «JI€BOIT» MJI0CKOCTH. Touka mepecedenns BCEX MPAMBIX Ha
ueit obosuadena 3a «O». Touka A eme Jsesee. [Ipamas AO napasuiesbHa
MIPaBOil MJTIOCKOCTH, U B HEil MBI BUAUM Ty CAMYI0 KAQPTUHKY, KOTOpPas BCE U

00'bsICHSET.

Moz rouka O yiiner Ha OGECKOHEYHOCTH, TaK KakK eil He Haiimerca
MeCTa Ha HOBO# mi1ockocTu (a4 Toro mbl u 6pasin npamyo AO napadi-
JIEJIbHOI HOBOM IJIOCKOCTH ), OKPY2KHOCTH MIPEBPATHTCH B 3JIJIHIIC, & BCE
psAMbIe, TPOXoauBIIMe depe3 T0uky () — B napaJljiesIbHbIE IPAMBIE.
Ux Touka mepecedenusi yuuia Ha OECKOHETHOCTD, MPsMbBIE HE Tepece-
KAIOTCHA, a 3HAYWT, B reomerpuu EBkiuma onu napasutesnbnbl. (Mme,
KOHEYHO, HE MOIJVIX [IaTh 9Ty 3ada4dy Ha HIKOJIbHOM 29K3aM€HE B pDaM-
Kax HeeskAudosoli TeOMETPHH. )

A temeps cmoTpuTe, KaK BCe mpocTo. Hama OKpyKHOCTH C IIPSAMBI-
MU 1Iepenia B Cenyonyo Koncrpyknuio (puc. 124). Ha neit myqok
napaJiJIeJIbHBIX IIPAMbBIX CeYeT IJIJIUIIC. Tpe6yeTCﬂ HOCTPOUTDH IIPAMYIO
TOrO XK€ IydKa, KacareJapHyo K ssumncy. Ouesumno (i mompobuo 06-
OCHOBAHO B NOACHEHUM K PUCYHKY ), UTO IOCTPOEHUE, AHAJIOTUIHOE CJ1e-
JIAHHOMY MHOH’, pPelaeT JAHHYO 33a9y.

Ho cBoiicTBO KacaHus COXpaHAETCA IPA TPOEKTUPOBAHNUN: PA3 TIPH-
Mas C JLTUIICOM UMEET OIIHY TOUKY MepecedeHnsi, SHATUT, Ha Mpoobpa-
3e (TO eCTh, HA MCXOMHOM MJIOCKOCTH) TOXKE JIOJIKHA ObITh O/1HA 00U
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Puc. 124. Ha HOBOIl 1JIOCKOCTH KAPTHHA [POACHAETCA. Bce HaATh HPAMBIX

(3mech s mpoBes 00e KacaTesbHbIE) Tereph ePeceKaTcs B OECKOHEYHO yia-
JIEHHOM TOYKE (TO eCTb, 0-IKOJIbHOMY, He nepecekalorcst). OKpyzKHOCTD 1pe-
BpATUJIACh B 3JLIMIC (2 MOIJIa Obl NPEBPATUTHCA U B MApabOJLy; HO HAM DTOI0
He HyxkHO). Touku KacaHus HAXONATCI B CaMoil BepxHeil u B camoii HuXK-
Heil Touke ssuunca. «Kpecrbr» Ha ®TOM pUCyHKE CTAJ M CUMMETPUYHBIMU,
[I09TOMY fACHO, YTO UX IEHTPaJIbHbIE TOYKHU, & TAKXKE TOYKU KACAHULA JIEKAT
Ha OHOU npsiMoii. 3HAYUT, U IPOOOPA3BL HTUX TOYEK JIEKAJM HA OIHON 1psi-
MOii. 9T0 1 ecTb 0OOCHOBAHIE TOTO METO/IA PENIEHUsI, KOTOPBIH 51 UCTIO/Th30BAJT
B 9TOMI 3aj1a4e.

touka. CJiieoBaTesibHO, 9TO TOYKA Kacanuda. Teopema /okasaHa.

Hamo Tonbko BeIiiTH B mpocTpancTBO. [IpoekTupyere, mpespaiaere
B IApaJIJIEJIbHBI! NTOTOK, U BCE OYEBUIHO.

[Towyemy xe s1 HE MPUIYMAJ B MIKOJIE TaKOe pocToe pemenue? [leso
B TOM, 4TO B 11 KJtacce, B KOTOPOM M3y9aJIACh TPOEKTUBHBIE TTpeobpa-
30BaHusA (& 9TO — NPOEKTUBHOE NPEOOPAZOBAHKE), HAIIA Y IUTEIbHUIA
qureparypsl 30s1 Anekcannposaa borromuHa pemmita HabpaTh TyMaHT-
Ta,prIfI KJIacCC. qu OTJINYaLTCA FyMaHHTaprI]?I KJIaCC OT MareMarum-
qeckoro kiacca? Konedno xe, KOTUIECTBOM feByIneK. [lousaTao, 910
BCA MareMaruka, s 11 kiacca 6blia 0OTMEHEeHa siBOYHBLIM LOPAIKOM!
Bce Gerasnm K rymMaHWTapHOMY KJIAcCy, TO0OITAaTh. £l BCIO MPOEKTUB-
HYIO M€OMETPHUIO IIPOryJidJl.

X 3k %k

JlaBaiiTe HEMHOXKO pa30aBUM TPOEKTHUBHYIO reoMeTpuio. B mare-
MAaTUKE €CTbhb HEKOTOPOE€ KOJIMYECTBO HEOXKMNJAHHO ITPUKOJIbHBIX SaILa‘l!
Onu npocro magar ¢ Heba. S moMHIO OfnHY 3aa4dy, KOTOPYIO MHE J1a-
JIM Ha oJiuMOuaje B 7 KJjiacce. 3a/1a4a Ipo y4eHuka, KOTOpblid chexast
C ypoKa ¥ IJIABAaeT B Kpyryiom Oacceilne. Yuuresb ero OOHAPYXKUJI
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B bacceiine, noaxomuT K rpanuie dacceiina ¢ po3raMu B PyKax U rOBO-
purt: «41 rebe ceituac Bepitio. Ceiivac Thl TOJIBKO BbIiIenb u3 bacceit-
Ha, U d Tebe BChLIo». A yuenuk orBedaer: «Her, Bor ke He ymeere
o 3emJie Oerarh ObicTpee meHd. Ilo 3emute @ or Bac ybery». — «Ko-
HEYHO, Thl OT MEHA y6e}KI/HHb, HO TbI XK€ I'’1€e-TO OOJIZKEH BbICA/IUTHCA
73 BOIbI HA 3€MJIIO, paBuibHo?! BoT TamM-To g Tebd u cxBady 3a miu-
BOpPOT U BbIIOPIO posramm». — «Hy na, eciim Boi cmoxere mens me-
PEXBAaTUTh B MOMEHT, Korja # Oy/y BbLIe3aTb u3 Oacceiina, To — ma.
4 Boutesy B rakom mecre, riae Bac ne 6ymer». — «Her, nudero y teba
He BBIineT». — «Her, BoIiigeTs.

Ycaosus 3adauu caedyrowue: mo 3emsie ObicTpee Oeraer ydeHUK;
a mOKa OH B BOJIe, €ro CKOpPOCTh V B 4YeThIpe pasa MeHbIIe CKOPOCTH

w
T
Bonpoc. Kro nobemur? Crporoe penieHue, KOTOPOE si HPUILYMAJI

Gera yunrena W, re. V =

Ha OJIUMOUALE, COCTOUT B cienyoomeM. HaMm mano, ITo0 CKOPOCTh yUe-
HUKAQ B BO/IE B Y€THIPDE Pa3a MEHbIIE CKOPOCTU yuuress Ha Oepery.
llaBaiiTe HapucyeM OKpPYKHOCTH B UeThIpe pa3a MEHBIIETO PAIUyca,
qem Oacceiin. Y yeHuk 1o 310l OKPYKHOCTH IJIBIBET POBHO C TAKOW XKe
YIJIOBOIl CKOPOCTBIO, C KOTOPO# yauress Geraer no G6epery (puc. 125).

YUUTCIIb

YUEHHK

Puc. 125. Yaurenb NBIXTUT, YIEHUK TIJIBIBET HE TOPOISCH.

Ecnu s enie 9yTh-4yTh yMEHbBILYy OKPYXHOCTb, YIJIOBasi CKOPOCTb
yuenura Oyuner Gousiblie yrjioBoit ckopocrtu yuuresid. Toria depes He-
KOTOpO€e BpeMA MOXHO HOOHTHCA TOro, 4TO yIUTEJb ¥ YIeHHUK OyILyT
HA [IPOTUBOLOJIOKHbBIX CTOpPOHAx (puc. 126).
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YUUTEIb

O

YUYEHUK

Puc. 126. Bot tak u criaccs yueHuk. A ecsiu Obl bacceiit ObLT KBaApaTHBIHT?

B sror-ro mMomenT yuyenwk u psBaner kK Oepery. Emy namo mpo-
TBITS 5 pammyca, a yIuTesio mpobexarb m PaguycoB (Tak Kak 3TO

4

KAaK pa3 [IMHA IIOJYyOKPYKHOCTH). 3aTPAICHHOE HA HTO BPEMs PABHO
0,75 4 0,75
72 w

3HAYUT, yIEHUK CIACETCH.

IJTe yIeHUKA U —= i yauresd. Ho 4- 0,75 = 3 < «.

w

Kak, kcraru, MOxXHO j0Ka3aTh, 9ro 7 > 37 Kcjm g nmokaxy, 3Ha-
YUT, yIeHUK CMOXKeT ybexars. UTo takoe «mnu»? IT0 [IJIMHA [T0JIOBUHbI
OKPYXKHOCTHU €HUHUIHOIO pauyca. Kak MOXHO 9Ty [JIMHY [OILY1aTh?!

Bout takoit gpeBuuit rpexk Esksmmg. O chopMmysimpoBasi 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-
Oyr0 IpAMYI0 MOXHO HEOTPDAHUYEHHO IIPOIOJIKATL B JIIOOYIO CTOPOHY,
3) u3 J11060it TOUKY JIIOOBIM PAJIMYCOM MOKHO HAPUCOBATH OKPYXKHOCTD,
4) Bce mpsAMBIe yIuIbl paBHbL. B (opmyauposke ymorpebisgercs CJIoBo
«paBeHCTBO». HecMoTpsi Ha TO, 9TO OHO TaK HPOCTO 3BYYHUT, ITO —
YPE3BBIYANHO CJOKHAA MaTEMATUIECKasd KOHIIEIIHS.

IlepBbie mBammars Bocemb Teopem KHuru Epkinma «Hagasia» Obr-
Ju chOpMyJTUPOBAHBL U JIOKA3AHBI TOJBKO C UCIOJIH30BAHUEM YETbI-
pex mocrysaroB. OH 4yBCTBOBAJI, YTO C MATHIM I[IOCTYJIATOM YTO-TO
ue tak. Ceitvac g ero chOpMyJIHPYIO: “epes3 A0y MouKy, HE AEHC-
wyro wa darHol nNpamoli, MONCHO NPOBECTIU NPAMYIO, NAPAAACADHYIO
darnoti, u moavko odny. To ectp npsimyio, koTopas He bymer nepece-
KaTb JAHHYIO. Y 9TOr0 IOCTYJIATAa JIJIMHHIONMAA WHTEPECHEHAsI NCTO-
pus.
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Bepuemcsa x uuciy w. OKpyKHOCTH — 9TO KpHUBas, COSAUHAIONAA
nBe ToUkU. Tak BOT, IO OIHOU W3 aKCHOM EBKJIWIIA, OTPE30K MpPAMOi,
KOTOPbBIYl COEIMHSIET JIBE€ TOYKHU, KOpOUe JIF0O0# KPUBOit, UX COEMUHSIO-
meit. PaccmorpuM Bnimcanubril mectryroiabHUK. Kaxnaa cTopora mpa-
BUJIBHOIO HIECTUYTOJIbHUKA PAaBHA, PaauycCy, TO ectb 1 (puc. 127).

Puc. 127. llouemy m OO/IbIIIE TPEX.

On naeT HUXKHIOI OLUEHKY [jid duciaa 7. ducsio m Gosiblie CyMMbI
TPeX CTOPOH HIECTUYTrOJIbHUKA. A 970 Kak pa3 Tpu. Tak 4ro ydeHuk
TOYHO CHACETCH OT YUUTesd-IIpecaeqoBaTesId.

Yrobbl TOYHEE OLEHUTH 3HAYEHHUE 77, JOCTATOYHO IIPUBECTH B IIPU-
Mep Kako#-HuOy/1b MTPABUJIBHBIA BIUCAHHBIA MHOTOYTOJIBHUK, Y KOTO-
POro CymMMma MmOJIOBUHBI CTOPOH emie 0OJiblie, HAIPUMED, IPABUJIbLHBIN
8-yrosibauk. Ceitdac mbl Haligem cymmy ero 4 cropou. Torma camo vu-
CJIO T JOJIKHO OBITH eliie OOoJIblIe MOJIy9eHHOrO 3HAYEHU.

[IpaBuibabiilt 8-yrosibHUK, BIUCAHHBIA B KPyr pajmyca 1, Moxer
OBITH Pa30UT HA 8 OMUHAKOBBIX PABHODEIPEHHBIX TPEYTOJIbHUKOB C €111~
HUYHBIMU OOKOBBIMU CTOPOHAMU U € yryioM 45° mex iy aumu. Orcioga
JIETKO TIOJICYMTATH (C HMOMOIIBIO TAK HA3BIBAEMOIl «TEOPEMBI KOCHHY-
COB») 9TO CTOPOHA HTOr0 8-yroJibHUKA UMeeT JiyimHy \/ 2 — V2. Buauur,
CyMMa YeThIPEX ero CTOpoH paBHa = 3,0615. CJienoBaresibHO, TOYHOE
3HaUYeHne m mpeBocxonuT 3, 0615.

A nyrs Toro, 9To0bBI OIEHUBATH YUCJIO T BCE TOYHEE U TOYHEE, HYKHO
«YBEJIMYUBATH YUCJIO CTOPOH 10 OECKOHETHOCTH.

Paccmorpum enie onma npumep beckonednocrtu. Bymem cymmupo-
BaTh 4MCJa, OOpaTHbIEe K KBAJIPATAM HATYPAJIbHBIX UUCEJT:

1 1 1 1
1+Z+§+1_6+%+“'
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Ora, CyMMa KOHE€YHad 110 BEJIUYUHE, HO OeCKOHEYHAsL 110 KOJIMYECTBY

1 +5 L + 1 +..., KOTOpasa Heorpa-

cinaraembix. (B otsmmaue or cymmbr 1+ = 513

HUYIEHHO BO3PACTAET IO BeJIMUWHE IO Mepe yBequeHHﬂ KOJITIECTBA,
ciaraeMbix.) B npunnume, oba yTBEpKACHUA COBEPIICHHO HEOUEBUI-
HbI, TAK KaK Mbl HE 3HAEM, KAKMM IPABUJIAM HOIUYUHAIOTCH CyMMBbI
C HEOIPAHMYEHHBIM KOJIMYECTBOM cjaraembix. Ceildac g J0Kaxy, 9TO
cyMMa, 0OpaTHBIX KBAJAPATOB HATYPAJIbHBIX YUCEJI HE MOXKET IPEBbI-

IIATH YHUCJIIA «2.

PaccmorpuMm kBajsipar co croponoit 1. Ero miomanip Takxke pas-

ma 1. Tenepp paccMoTpuM KBajipar CO CTOPOHOM l, a IJIOMAABIO i

(puc. 128). ILnomans ciaemyronero KBaapara co CTOPOHOM % paBHA %

Ol

1
4

DNO[—

Puc. 128. I'eomerpuyeckuil CMBICJT HCXOIHON CyMMBI.

HaMm myX)HO ciaraemoe HO 4 BO3bMY C 3amacoM. Bmecto KBa-

1

gu
.1

IpaTa CO CTOPOHOHR = PACCMOTPIO KBALAPAT CO CTOPOHOHA =. M, 3sHauwmr,

3 2

1 s
¢ wromanapio . [lonarHo, ¥ro ecsiu HOBag cymMma, Oy/ieT KOHEUHO!, TO

4

U UCXOOHaA TOXKE HOJI2KHA OBbITb KOHe‘lHOfI, nOoTOMY 4YTO A yBEJIMYUJI

TpPeThe CJIAraeMoe.
1 1 1 1
Yro g coestaio gaJabiie? BCce 3aMeHIo Ha — . OT 3T0-

167 257 367 49 16

ro CyMMa OIATHb YBEJIMIUTCSA. A 9T0 Takoe OjjHa HiecTHaguarasa? ITo

.1
IJIOMAIb KBaJIpaTa co cTopoHoit . Ilomyaaem 4 kBazmpaTruka, Tak Kak

4

MbI IIOMEHAJIM YeThbIpE NPEXKHUX CJlala€MbIX Ha Ye€TbIpe pa3a II0 -

16
(puc. 129).
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2| 4 4
l 1/16|1/16 l/l6|1/16
4
Puc. 129. Teomerpuueckuil cmpicsi yBesmdeHHoil cymmbl. Kak wusBectHO,
1,11 1
s+ 4+z+=+...=1
statstie ™
Ciemyromume BOCEMb CJIATAEMBIX S 3aMEHIO HA 6%1 W onm zaiimyT
elle OJIHY II0JIOCOYKY, B/IBO€ MEHbUIEH IMPUHBI, YeM HPEeablIy A,
Cilemyromue IECTHAANATh CJIATAeMbIX — €Hle OHA II0JIOCOYKA

" TakK JaJiee. I/ITOI‘OBaﬂ CyMMa BC4d, HEJINKOM, 6y,ueT MEHbIIC, YCeM I1JIO-
MAIb ABYX M3HAYAJIBHBIX KBAIPATOB. [loTOMY UTO KaxKmas CIIEmMyio-
uas m0JI0COYKA 110 MIUPUHE BIIBOE MeHblIe npenpiryineit. [Tosromy BCa
cymMma He bospire aByx (puc. 129).

Ho xoresiocs 661 y3uaTh, yeMy OHA, HA CAMOM Jiejie paBHa. Ke mocuu-
tas Jleonapn Ditmep. Onun w3 BeMIARMIMX MATEMATAKOB B UCTOPUAN
‘I%J'[OBe‘IeCTBa. OH BbIACHWJI, YTO CyMMa, OOPATHBIX KBAJIPATOB PABHA,
iy

6 ~ 1,6449. NI pokasaJ 910 ¢ noMouipio guddepeHunaibHOr0 U uH-

TerpaJjbHoro ucauciaenusd. luddepennuaabnoe u nHTErpaIbHOE UCIH-
cJjieHus coBepuiator aynaeca. [loromy uro muddepennuaibaoe u uHTE-
FPAJIbHOE UCIUCJIEHUS — 3TO CIIOCOD MPOCTOTO MEPENIArHBAHNS Tepes
Geckoneunocth. Kak ycrpoeno ,1102Ka3aTeJIBCTBo? [Ipumepno rak: mpen-

IIOJIOXKUM, ITO CyMMa, MeHbmie ~—. Toraa ona MeHbIIE HA, HEKOTOPYIO

6

BEJIMIUHY. Ho 3T0oro 6nITh HE MOXKET: Mbl MOXKEM B3ATb TaK MHOI'O 4JIe-
2

HOB 3TO# CyMMBI, 9TO PA3HUIA MEXJIY HEi M IUCIIOM % ObLIa MEHD-
uie Jiroboro Halepes, 3aJaHHOI0 YUCJIa, B TOM YUCJIE U DTOW Besiuvu-
ubl. [Ipo 6eckoHEYHYIO CyMMYy OOBIYHO II0KA3BIBAIOT, YTO OHA HE MOXKET
OBITH H6OJIBIIIE KAKOTO-TO IUCJIA IO OIHUM COOOPAKEHHUIM, M MEHbBIIIE —

o OPpYyTruM. Ha camom JeJie B 10Ka3aTeJIbCTBE UCIIOJIb3YyIOTCA HAMHOI'O
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OoJtee CJIOXKHBIE COOOPaXkKEHNs, CBA3AHHBIE C MATEMATUIECKAM AHAJIU-
2

30M, KOTOPBIE U IIOKA3BIBAIOT, ITO 3TA CyMMA B TOUYHOCTH PABHA ~—.

6

Hpyras norpdcaionas CTPaHUIE, PA3BUTAT MATEMATUKU CBA3AHA
¢ mAareiM noctysarom EBkiamma. Eskiun chopmysimpoBas mgarhb
moctysiaroB. Ho MHOrme TeopeMbl OH HOKa3aJl, HE UCIOJb3yd IIATOrO
nocryJiara. V3-3a 3TOr0 reoMerpnl CTaJiu IyMaTb, YTO HATHIA MOCTY-
JIaT HA CAMOM JieJie He IIOCTYJIAT, & TeOPEMA, U OH JOJIKEH CJIEI0BaTh
u3 npenprynmx derbipex. C anTuaHbix BpeMeH 10 cepenubbl XIX Be-
Ka yYeHbIe IbITAJIUCDH JI0Ka3aTh 9T0. CHaYa/Ia MbITAJIUCH BHIBECTU 3TOT
[IOCTYJIAT U3 APYTUX, a [IOTOM IO OT HPOTUBHOIO: HOILyCTHUM, O-i
mocrysiar HEBEPEH. Yrto u3 storo 6ymer ciemoBarh?! HekoTopbix
YYEHbIX WHTEPECOBAJI BOIIPOC: MOXKET ObITh, HAM TOJIbKO KAXKETCH, 9TO
Yepe3 JAHHYIO TOYKY MOXKHO IIPOBECTH TOJIBKO OJIHY MPAMYIO, I1apaJi-
JIEJIBHYIO JIAHHOHN. A Ha caMoM feJie, ecjid PAA0M Yepe3 3Ty Ke TOUKY
HAPUCOBATH elle OJHY NPAMYIO (HOYTH HEOTJIMIMMYIO OT NEPBOIi), OHA
toxe Oymer mapaJuiesibHa JAHHON (TOJBKO MBI 9TOrO HE MOXKEM pas-
rusiers) (puc. 130).

Puc. 130. D10T NATHIE TOCTYJIAT TaJI UM BCEM MTPUKYPHUTH!

3HaYuUT, €cJiM TaK, TO JOJKHA ObITh KaKad-TO HEIPOTUBOPEUUBAA
reomMerpusi, B KOTOPO# maThiil mocrysiar Oymaer 3aMeHeH HA GAbMeEPHA-
muenbl. Hampumep, 910 Uepe3 MAHHYIO TOUKY MOXKHO IIPOBECTH KaK
MUHUMYM J[BE€ [PAMbIE, HE Iepecekalonme ucxognyo. M Bor yuennie
HAIMHAIOT OBITATHCA MPUBECTU K JIOTHIECKOMY IPOTUBOPETHIO TAKOE
npemnosioxkenune. VI kaxapiii u3 Hux, OOHAPYXKUB KAKUE-TO HEOObIU-
HbIE CJIE[CTBUSA, TOBOPUT: HY a 3TO yXke mHoJiHbiil abcypn. Hampumep,
OATHIA TOCTYJIAT YKBUBAJIEHTEH YTBEPXKIEHUIO, 9TO CyMMAa yIJIOB TPe-
yrosibauka pasaa 180°. U, ecsoim narbiil mocrysiar HEBEPEH, TO B TAKOH
reoMeTpud He CyOIeCTByeT HU OIHOI'O TPEYTOJbHUKA C CYMMOU YIJIOB,
pasuoit 180°. Hy, »ro xe abcypn! 3Hauur, — roBOpu/id ydeHble, —
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BCcé nokasaHo. Hukro He 3ameuasi, yro abCcypi HACTYIAET UCKJIIOYU-
TEJIbHO W3-33 HEIPUBBIYHOCTH DTUX CJIEJICTBUM, a HE KaK JIOTUIECKOe
nporuBopeure. Bosbmure cdhepy m nocMorpure, Kakas Oyjper cymma,
yrioB y tpeyronbauka #a cdepe. Oua Bcerma BOJIBIIE 180 rpamy-
cos (mapucyiite Tpeyroabauk Ha ryiodyce u ybenurech B arom! Tosibko
YUTHUTE, UTO IPAMO» Ha IVI0Dyce ABJIAETCA Kpardalmuii myTh, TO
ecTh «ryra GOJIbIIOr0 KPyra»). ITOT HPUMEP MOKA3BIBAET, YTO JIOIH-
YeCKHUX IIPOTUBOpeYHnil B TaKOM (pakTe HeT.

Crenmyronruii mar paboThl MATEMATHKOB IPUBEJT K SKBUBAJICHTHOCTH
[IATOTrO HOCTYJIATA U YTBEPKIEHUS, 9TO CYIECTBYEeT Toms Ovi dea no-
dobrvix, Ho He pasHur dpye dpyey mpeyzoavruka. Ouars xe, Ha cde-
pe Her TAaKOro HNOHATHUsA, KaK «nomaobue ¢uryps. AOGCoJIIOTHO HETpU-
BHAJIBHOE yTBEPKICHNE IIPO MOBEPXHOCTh Halmel mmaneTsl. Hapucyem
[IBA TPEYTOJLHUKA HA MOBEPXHOCTH 3€MHOTO IMapa, WU Ha TIodyce,
narpumep, rpeyrojbauk Mocksa — Jlonmon — VpxyTck u Tpeyrosib-
nuk (Hpo-Mopk) — (Jloc-Ammkenec) — (Puo-ne-2Kaneiipo). Ecim
MbI U3MEPUM YIJIbl y 3TUX JIBYX TPEYyrOJbHUKOB U, HAIIpUMEP, 00HAPY-
KUM, ITO OHM TIOIAPHO PABHBI APYT APYTY, TO W CAMHU TPEYTOJIbLHUKA
OKaxXXyTCd paBHbIMU, TO €CTHh COBMEIIAIOMNMUCHA NBUKECHUEM C(bepbl —
MTOBOPOTOM, OTPazKeHWeM HWJIM WX KOMIO3HWImeh*. A Torma m coorBer-
CTBYIOUIME CTOPOHbI Y HUX Oy/lyT PaBHbIMHU, TO €CTb I[IOIIAPHbIE PAC-
CTOAHMSA MEXy ropomaMu okaxytca onmuHakosbivu! (Pasymeercsa B
HpI/IBe,JIéHHOMI/I BbIIII€ IIpDUMEPE 9TO HE TaK.)

Takum ob6pasom, Ha cdepe (B 4aCTHOCTH, HA IIOBEPXHOCTH 3e-
muin) cupasenius IlpusHak paBeHCTBA TPEYrOJIBHUKOB IO TPEM
yraM. 910 MOXKHO J0Ka3arh cosepuieHHo crporo. ([Touemy xe Jio-
i, — J1axe Takue, Kak EBkiymm, — sToro He 3amedasu?! [loromy, aTo
WX JKU3HEHHBIH reOMeTPpUIECKUi ONBIT OrPAHMIABAJICSA HAOIIOIEHAEM
MaJIbIX Y41aCTKOB IIOBEPXHOCTU 3eMJ'H/I — 1 OHU Ka3aJIUChb HJIOCKI/IMI/I.)
Ha cdepe Boobmie muoro uymec. Hanpumep, Ha cdepe, paguyc KoTopoit
pasen 1, mwiomans TPEYroJbHUKA PaBHA CyMMeE yIjioB (B paJlMaHax)
MuHyC 7. BoT Takas BOT Teopema. ITO BCE OUEHL KPACHUBBIE PE3YJib-

*Ha caMoM jeJie MOXKHO IOKa3arb, 4T0 At060e npuxenue cdepbl apsigercd jubo
TOBOPOTOM, JIN0O OTPAKEHUEM.
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rarbl cdepudeckoit reomerpun. To ecrh B «abbl-Kak 3a/[aHHON Teo-
METPUU» BCE NPUBBIYHBIE HAM YTBEDXKIEHUA HE 00A3aTESLHO BEPHDI.
Bouia paspaborana nesias mHayka, O0bEIMHEHHBIMA YCUJIMAMYU MHOTHX
yUI€eHbIX ObLIIO BBIBEIEHO d6adyamsb yTBEPXKIEHWH, 9K BUBAJIEHTHBIX II5-
Tomy nocrysaary. Ho HUKaKoro npsamoro (JIOrm4eckoro) npoTuBopedns
B ero orpunanuu He 66110, B Hagasie XIX Beka ['ayccy mammcasr nmuch-
MO BeHrepckuii maremaruk fnom Boisau. OH nucasi, yro paspaborali
reoMeTpuio 6e3 IATOro MmocTyJsiaTa, He BUIAT B HEll HUKAKUX [IPOTUBO-
peunit m cnpamuBaJ, 910 emy nesarb. A [aycc orBermsi, 9ro 3maer,
9TO TaM HET MPOTUBOPEUUil, HO CKA3aTh HTOTO BCJIYX HEJb3d, IIOTOMY
YTO «MbI PA3BOPOIIUM OCHHBINA yJiell, u HAaC UCKycalT ocbly». OIHAKO
Besimkuit pycckuit maremaruk Hukonait Usanosuua Jlobauesckuit, pex-
top Kazanckoro yHmBepcuteta, B 1829 romy mammcamn: «l'eomerpua,
paspaboTaHHAA MHOIO, HE TOJHKO HE IPOTHBOPEYUBA, a HA CAMOM JIe-
Jie BCE IMEHHO TaK U MPouCcXomuT Bo Becenernoity». Korma [Maycc y3nad,
4yro Jlobauesckuil He 1060ssICA M O1YOJIMKOBAJI CBOM PE3YJIbTATbI, OH
cpasy npensoxuii Beibpars Hukonas VBanoBuya B MHOCTPAHHBIE UJi€-
HBI TEPMAHCKOI aKaIEMAN HAYK U HEPECTAJI CKPBIBATH CBOM Pa3padoT-
K1 B 9T0i obsractu. JlobadeBckuil mocTpons reoMeTpuio C OrPOMHBIM
KOJIMIECTBOM TeOpeM. B 1acTHOCTH, OIHA U3 TEOPEM [JIACHJIIA, 9TO CYM-
ma yioB B JIKOBOM tpeyronbuuke memnbiie 180 rpamycos! On maxe
IBITAJICA MEPUTH YIJIBI MEX/Iy 3BE3[IaMU, YTOObI JO0KA3aTh, YTO CYM-
Ma YIJIOB TPEYT'OJIbHUKA XOTb 4yTb-49YTb, [Ja MEHbIIC CTa BOCbMUOECA-
T TpasycoB. B ommoil u3 coBpeMEHHBIX KOCMOJIOIMI BCE MMEHHO TaK
U yCTPOeHO (HO JJ1s IIPOBEPKM TOrO HA0 JIEJIATH 3aMEPbI HE B MaC-
mrabax 3emuid, a B ropasno Gosbmmx Macmrabax). Vrak, y so6oro
rpeyrosbHuka B reomerpuu Jlobauesckoro cymma yriios menbire 180°.
W nnomagp TpeyroJbHUKA paBHA CTO BOCEMBIECAT I'PAYCOB MHUHYC
cymma yioB. To ectb cepuaeckasi reomerpus Kak Obl «BBIILYKJIAAS,
a reomerpuda JlobadyeBckoro — Bormyrad. CoBpeMeHHAA TOMOJIOTUAA
muorum 06sa3ana JlobaueBCkOMy, MOTOMY 9TO OH OTKPBLI TOT KAMMUK
[Tarmopery. Hodsedem umoe «nNOYMHEHUAD YEAOBEUECTNEA 68 PESYALING-
me uccaedosanudi 5-20 nocmyaama FEexauda.
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Bosmoxubl Tpu Tuna «reomerpuii»: 1) reomerpusa Esksimna (cywm-
Ma yrJIoB Jiioboro rpeyrosbauka pasaa 180°); 2) reomerpus TOro TH-
na, KOTopblid uccsenosas Jlobauesckuit (B Heil uepes TOuKy, B3ATYIO
BHe npamoit, npoxogur MHOI'O npambix, He mepecekanmx JaHHYO;
B JII0OGOM TPEYTOJIbHUKE CyMMa yrjioB Menbiie 180°); 3) reomerpus To-
ro THUIIa, KOTOPBIi uccsrenoBas Puman (depes TOUKY, B3ATYIO BHE IIps-
Moit, ne npoxomur HU OIHOW npsmoii, He nepecekaomeil JaHHyo;
B JII0O0OM TpEyroJIbHUKE CyMMa YryioB 6osbie 180°).

N Bce »1u reomerpun JIOMYECKU HEITPOTUBOPEIUBHI!
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Jleknuya 2

A.C.: Ceituac mbl Bepaemcd K EBkiuny. On ObL1 HE TOJIBKO reoMe-
TPOM, HO TAKXKe €IlIe TOKA3AJ 3aMeIaTesbHbIH (DAKT U3 TEOPUHU IUCET.
A umeHHO, 9TO NPocmur wuces — OeCKOHEYHOE KOAUYECTNGO .

Hapaiire cHadajia HOrOBOPUM O TOM, KaK YCTPOEHO MareMaruye-
CKOE J0KAa3aTeJIbCTBO, W [0 KAKUM KaHOHAM €ro MOXKHO CO3/1aBaTh.
Ceituac Gymer NpOBE/IEHO KJIACCMYECKOEe PACCYKIEHUE OT IIPOTUBHOIO.
Yro takoe «oT nporuBHoro»? [lapaiiTe mpencraBuM, 94To HAIE yTBEp-
xKjeHue — "esepHoe. dro rorpa? Torma KoM4ecTBO HPOCTHIX YUCEJ]
KoHedHO. HO eciin ux KOHEYHOe KOJIMYECTBO, UX MOXKHO IIPOCTO HEpe-
qucsuTh. Kakoe nmepBoe npocroe aucjio?

Caymaresnb: Houb.

A.C.: Her. Hosp He siBisieTcss mpocTbiM ancjioM. Hostb Boobme uc-
KJIIOYAIOT [PpM PACCyXkIeHusAx O mesjumoctu. Ha HOJIb HE Jj1I00dT I1e-
Jguth. [loTomy 4TO, ecsiu BbI jiesIUTE HA HOJIb YTO-TO OTJIUMIHOE OT HY-
Jid, Yy BaC HE OJIyInTCA HUYEro. A €CJix BbI OeJiInTe HOJIb Ha HOJIb, TO
Yy BaC HOJIYYUTCA «CPa3y BCE>.

Yro Takoe «pasnesmTh» OHO Yucjio Ha japyroe? Ckaxem, 4To Ta-
Koe pazmesmTh 6 Ha 37 DTO 3HAYUT HAUTH TaKOe YHUCJIO, KOTOPOE
npy yMHOXEHUU HA 3 maer 6. Dro umcso 2. A ecsu Bbl 5 pasiesiu-
Te Ha 3, HOJIyIUTCA IPOOHOE YMUCJI0, CPENU LEJIbIX YUCESI €r0 He HAUTH.
ComepxaresibHad T€OPUHA JICJUMOCTH, B YACTHOCTHU IMOHSTHUE ITPOCTOrO
YUCJIa, OTHOCUTCS TOJIBKO K IIeJIbIM uucyiaM. Kciu Bel paccmarpuBaere
BCe J1pobu, [HesimMOoCTh coBepimenHo beccmbicsienna. [loromy 4ro Jio-
6yr0 n1pobb MOXKHO pas3nesinTh Ha J0DYI0, rJlaBHOE TOJIbKO Ha () He 1e-
sguth. Ho eciyiu Bbl (popMasibHO monpobyere pasnesiuTh, HAIIPUMED, D
Ha 0, TO BBI JIOJDKHBI HAMTU TAKOE YUCJIO0, KOTOPOE IPU yMHOXEHUU
Ha HOJIb macT 5. Ho BbI ABHO He IpeycrieeTe B 3TOM, [IOTOMY 4YTO, Ka-
KOe ObI BbI 9uCJI0 HE B3, npu ymuoxenuu ua () ono gact 0. I[Tosromy
5 ma 0 pasmesuTh HeIb3s B mpuHIAIe. A MOXHO U pasneaunts 0 za 07

*HanoMHUM, 9TO IIPOCTHIM HA3BIBAETCHA HATYPAJIBHOE TUCJIO0, KOTOPO HE JEJIUTCS
HAIeJI0 HU HA KaKOe APYroe THCJI0, KPOME eIUHUIBI K CAMOr0 CeDsl.
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Hyxno najitu tTakoe 4mcsi0, KOTOPOE IPU YMHOXKEHUU HA HOJIb HAET
HOJIb.

Caymaresb: Houb.

Hpyroii Caymaresns: Jlioboe.

A.C.: Jlio6oe. To ectb HOJIb HA HOJIb, (DOPMAJIBHO TOBOPH, MOXKHO
pasiesuTh, HO B PE3yJIbTaTe MOJIYIUTCs JIF0D0e YHUCIIO0, 3TO MaTeMa-
TUKaM TOXKE€ HE€ HPABUTCHA, IIO9TOMY DPEIIWJIN HOTOBOPUTHCA TaAK, ITO
HA HOJIb Npocmo He deasm. A HOTb MOXKHO pas3aesuTh Ha, ITO-HUOYIH !

Caymaresnsb: Ha Bcé, kpome mysis.

A.C.: a. W gro mosyuntcs?

Caymaresb: Houb.

A.C.: Toapko mosb. da. Hostb MOXHO pasmesiuTh Ha 9TO YTOMHO,
Kpome HyJsid. B orBere Bcerma Oyiier HOJIb.

Teneps uncso equuuna. EnuHuily Toxe He CIUTAIOT MPOCTHIM YH-
CJIOM, OTOMY YTO HA E€IMHUILY AEJIUTCH JII000e 9ucC/IO.

Nrak, nepsoe npocroe uuciao — 2. OHO HeauTCca TOJIBKO HA Ce-
6ﬂ " Ha €OUHUILY. BOJ'IBIIIe YETHBIX MNPOCTbIX YHCEJI HET, IIOTOMY 4YTO
BCe OCTaJIbHbIE YeTHbIE YUCIA fesdarca na 2. Ciienyomiee mpocToe qu-
cj10 — 210 3, 3aremM 4YucJIO0 5. BOT KakK BBIVISIAT EPBBIE HPOCTHIE
quCIIA:

P =2 P,=3 P3=25,

a maJiee
7, 11, 13, 17, 19, 23, 29, 31, 37, 41, 43, ..., Py.

Ecim yTBepxkenne EBKJiuia HEBEPHO, TO €CTh €CJIM IPOCTBIX YUCEJT
KOHEYHOe 4YHUCJIO, TO B KAKON-TO MOMEHT BBIIPBI'HET IOCJIEHEE IPO-
croe aucsio. Obosnauaum ero 3a Py . [losygaercs, 110 KOJMIECTBO IPO-
CTBIX 9uCeJI paBHO V.

Ecim EBkynn HempaB, TO 3HAYUAT CYMIECTBYET ITOCJIENHEE ITPOCTOE
4UCJI0, & KaXJ0e U3 CJICAYIOIUAX YUCeJl JeJIMTCA Ha KaKOe-TO U3 IIpe-
IBIAYUMX IPOCTBIX Yucesi. [loromy 4To ecsim 9ucsio nesimrcs Ha Kakoe-
TO YHUCJIO, TO OHO W HA IPOCTOE YUCJIO TOXKE IEJUATCA, IPOCTO HYXKHO
[eJIuTh, OEeJATh — TI0Ka, He moitmere mo mpocrtoro. asaiite Temnepb
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cocraBum npoussejgenue: 2-5-7-11-13-. .. Py (Touka — 3HAK yMHO-
KEHUA).

Ecmu N mMeer mopamok, HalpuMep, HECKOJIbBKAX MUJIIHAPIOB, TO
B 9TOM IIPOU3BEIEHUN CTOUT HECKOJIbKO MUJIJINAPIOB MHOXKUTEJIEH, KO-
TOpble HYXKHO IIpYyT Ha JIpyra yMHOXUTbL. Ho HarypaspHBIl pan Tak
YyCTPOEH, 4TO K JII000MY, CKOJIb YIrOgHO OOJIBLIIOMY YHMCJIy MOXKHO IIDH-
H6aBurh 1.

Tak 4ro jaBaiite HOCMOTPUM Ha CJIE/LYIOIEE HATYPAJILHOE YUCIIO:
2-3-5-7-11-13-...- Py +1.

OHO HE MO2KET [IEJIMThCA HU Ha KaKO€ U3 IIPEAbIAYIUX IPOCThIX YUCEJI,
[IOTOMY YTO HAIlle [IPOU3BeHeHne oT 2 no Py nesimTca Ha BCe Ipelibl-
JLyLUe, a eC/Iu ene eqUHUYKY TPUbABUATH, TO JEJIMMOCTD CPa3y YHIIeT.
Ecam 9ro-To, HanpuMep, HA 3 IeUTCA, TO CIEAYIONIee INUCIIO YKe Ha 3
we nenurcd. [losromy, wucio 2-3-5-7-11-13-...- Py + 1 3aBegomo
He MOXKeT [eJINThCA HU Ha 2, HW Ha 3, HU HA b U Tak maJjee... 1o ecThb
OHO BCErja J1aeT ocTarok 1 npw jesieHun Ha Bce mpoctbie uncia. OHO
HAIEJI0 HU HA 9TO HE PAa3[e/IMTCd. SHAYUT, OHO mpoctoe. IIpoTuBope-
que. CieqoBaresibHO, ITPOCTHIX YUCES DECKOHEUHOE KOJIMIECTBO.

Hexkoropoe Bpemsd, mpas/a, HEIOJITO, YI€HbIE AyMAJId, YTO TAKUM
00pa3oM MOXKHO HOJIY9YUTh PEUENT U3IOTOBJEHUS TPOCTHIX IMCEJI.

2 4+ 1 — npocroe gucJo.

2.3+ 1 — mpocroe,

2-3-5+4+ 1 — mpocroe,

2-3-5-74+ 1 — upocroe,

2-3-5-7-114 1 — upocroe,

2-3-5-7-11-134+1 — yxe e upocroe (30031), rak KaK OHO JEJIUTCS
Ha 59.

Penent ne paboraer.

Mpb1 3HaEM, 9TO TPOCTHIE YUCJIA B HATYPAJBHOM Py YUCEJ BCTPE-
JaloTca B DECKOHEYHOM KOJimvecTBe. A Ternepb BOIPOC, KaK OHU PaC-
npenesierbl! MoOXHO JiM TYT KaKUe-TO 3aKOHOMEPHOCTH yCTAHOBUTH?
HackosibKO 9acTo mjiv peiko OHU BCTPEYAIOTCH !
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Paccmorpum Takoe npoussenenue
1-2-3-4-5-...-100 = 100! (zasbiBaemoe «cro dhaxropuasss).

100 paxmopuas — 5T0 TpOU3BEIEHUE TOAPAL UIYIUX HATYPAJTHHBIX
guceJs1 or 1 mo 100.

DTO — OrPOMHOE YMCJIO, €r0 HEBO3ZMOXKHO cebe Jj1axe NpPenCTaBUTh,
HO BCe-TaKH IJIe-TO B HATYPAJIbHOM pdAy oHO ecTb. Ciieyolee 3a HUM
aucso 100! + 1, morom 100! + 2. D10 umcso Oymer jmenurbcd Ha 2.
[Toromy uaro 100! mesmmrca Ha 2, u 2 meaurcda Ha 2. 100!+3 menurcsa
na 3, 100! + 4 nesnurca va 4 u va 2, 100! + 5 geaurca na 5.

N rak mo cra. 100! + 100 6ymer menurbes nwa 100. [Hosrywaercs,
gro menodka or 100! + 2 mo 100! + 100 — w3 99 marypaJibHBIX HIYy-
MAX MOAPSAI TUCET NPOCMBIL “uces 8 cebe e codeporcum. MoxHO n
CKOHCTPYHPOBaTh TO Xke caMoe, HO a4 1000 mompan moymmx Hempo-
croix gucesi? Koneano. Bepere 1001l To ects npousBejienne Bcex 1u-
cest ot 1 o 1001, npubasngere 2, 3, 4 u tak masiee 1o 1001. Bor Bam
1000 mompsi wiymux 9ucesi, CPpeaud KOTOPbIX HET HPOCTHIX. SHAYMT,
PEryJIsipHOCTU B HPOABJIEHUU HPOCTHIX YUCEJI 0XKUJIATHh HeJib3d. [Ipo-
MEXYTKHM MEXJy COCEIHUMU IPOCTHIMU YUCJIAMU MOTYT OBITH CKOJIb
yrogauo 6osibmmmmu. MOXKHO Jir CKa3aTh YTO-TO PO TO, HACKOJIBKO Ma-
JIEHPKAMH OHU MOTYT OBITH?

Caymarens: Equnnna — MUHUMAJIBHBIA TPOMEX YTOK.

A.C.: Egununa. Ho ora BcTpedaeTcst TOJBKO B CAMOM HAdaJIe, Me-
xay 2 n 3. IToromy 4ro M3 JABYX COCEIHMX YUCEJI OIHO ODA3ATEIILHO
9eTHOe, a 3HAIUT — He mpoctoe (Kkpome caydad 2 u 3). [lomydaercs,
4TO MUHUMAJIbHOE PACCTOAHUE MEXKTY COCEIHUMU IIPOCTHIMU YACJIAMM,
HaYWHALA C IUCJIA 3, PABHO 2.

Brauajie Mbl 0U€Hb MHOTO BHAIVM HTHUX «JIBOEK» (TO €CTh IPOCTHIX
YUCeJI, UILYIIUX 9ePEe3 OJIHO), IIOTOM OHU CTAHOBATCH BCE PEXKE U PEXeE,
Y BO3HMKAET BOIPOC: & KOHYATCA JIM ITHU <JIBOUKWU» KOrIa-HUOYIbH?!
Byner jiu MOMEHT HaTypaJbHOIO psijia, MOXKET ObITh, YKACHO [HAJIEKO
OT HAC, KOIJIA MOSABUTCH IMOCJIEIHAA ABOMKA COCENHUX MPOCTHIX YUCEJI,
OTJIMYIAONUXCA Ha 2 equuunbl! Takue uyuciia, KCTaTu, HA3BIBAIOTCS
Gusmsuenavu: 29 u 31, 41 u 43, 71 u 73, 101 u 103. Byuger jiu moment,
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KOI'/I3 Mbl BCTPETUM MOCJIEIHUX OJIM3HANIEK, & MEXIY OCTABIIMMUCH
OPOCTBIME 9UCJIAMEU PACCTOAHME BCerma OyaerT He MeHblie Tpex (Ha
CAMOM JIEJIE YETBIPEX, HOTOMY YTO OHM 3aBEIOMO 00a HEeYeTHbIE)?!

ODTO — HEPEIIEHHAA MareMarudecKas npodJiema.

{ Bam pacckaxy HnpoO OIHO MAaJIEHBKOE «HO», KOTOPOE IO3BOJISIET
OITUMUCTAM YTBEPKJIATH O HEKOTOPOM IIPOTIPECCE B PENIEHUU DTOH 1TPO-
6s1embl. 1T06OBI BBI Cpasy MOYyBCTBOBAJIU, OMHAKO, HACKOJIBKO AHEKI0-
TUYEH 9TOT IPOrPECC, BBICIIYIUIANTE TAKYIO NPUM™Y.

B omnoit crpane nomnbitanauch qoKas3ars reopemy: Y kaacdozo myorca
dostcno buims He boaee mpex scen. J1oJIro He yIaBaJioch ee HUKaK H10-
Kasarbk. HakoHer, 1eJ10 CIBUHYJIOCH C MEPTBO# Touku. Bbuia jl0Ka3aHa,
6auskad K Hell Teopema: Y xaosicdozo myoca dosdrcno buims we boaee
MPET MUAAUOHOB HCEH. Y I€HDBIE TPOHOJDKAIOT PA3MBINIJIATH HAJ 9TOH
IpobIeMOiA.

Tak Bor. CuenuaJjuCrbl 10 TEOPUU YKMCEJ PEUIUJIA B3TJIAHYTb HA
«1pobsieMy OJIM3HENOB» ITOJI MOXOXKUM, TAK CKa3aTh, YIJIOM.

Moxer 6bITb, MOXHO CKa3aTh, YTO BOT XOTA ObI HA KAKOM-TO APY-
rom paccrosinum d (NPEBBINAIIEM JIBOWKY) y?K€e MOXKHO rapaHTHPO-
BaTb, 4TO0 OECKOHEYHO MHOTO paj3 ModgBATCA cocenuue mpocteie?! To
€CThb 49TO paCCTodHuEe MExX1y COCEIHUMU IPOCTbIMU HE 6y,ILeT yxXoouTb
B beckoneunocrb? o 2013 roma 910 oCcTaBaJioCh OTKPBLITOR 1IpobJie-
Moii maxke B Takoit dopmysmmposke. B 2013 romy maremaruk Mran
Uxan (Yitang Zhang) — xwmraen, paboratomuit B CIIIA (kak 310 ua-
CTO CJIy9IaeTcs C KATAUIAMu), T0Ka3aJl, IT0 CYyHIeCTBYeT OECKOHETHOe
MHOXKECTBO IIap IIPOCTBIX YUCEJI Ha PACCTOAHWUU, HE IMPEBLIIIAIOUICM
HekoToporo umcaa d > 2. [lokasaresibCTBO MPOBEPUJIU: MPABUJILHO,
ectb Takoe uucyo d. Ho enuacrsennoe, 9To nMpo HEro u3BeCTHO, — 9TO
ono ue npesbmmraer 70000000 (cm. Beimreykasannyio nputdy). Kak ro-
BOPUTCH, XOTEJU PACCMATPUBATH IIPOCTHIE YMUCJIA IePe3 OKOLIKO JIJIu-
HOil B Tpu emmuunbl (2-rpadaper) — He HOOHIUCH TOJKY. A morom
B3ssu Tpadaper nobosbme (70000000-rpadaper), n noayuunsaocs. Ta-
KuM 00pa3oM, 34eCh IMPOCMATPUBAETCS HOBOE MOHATHE «0000HIIEHHbIE
[IPOCThIe YuCIa-0m3Henb». Tak 910 ObIBa0T 2-0/1M3HeNnbl, OBIBAIOT 1
6-6stm3Hen s, ..., 70000000-6sm3Hernb. [Ipobiiema pacmasack Ha Oec-
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KOHEYHYTO Cepuio npobJjieM, 1 ¢ KaKOro-tT0 Mecta (TO eCTh ¢ KaKOro-To
qucsia d) OHa 0Ka3aJIach PENIEHHOH MOJIOKUTEIHHO.

Benp aro takoe Tpadaper? Jro rakaa pamouka. Bot g 6epy Tpada-
per mmuoit B 70000000, n B OKOMIEYKO PACCMATPUBAIO HATYPAJIHHDBIN
p4All, ABUTaACh BIOJIb Hero. GuKCUpPy0 MOMEHTbHI, KOTHA BHYTPU HTOTO
NPOMERYTKA BCTPEUAIOTCA 1pocThie uucda (6osiee omnoro). Tak Bor,
ux Oynmer GecKoHeYHOe KOJIMYEeCTBO, STMX MOMEHTOB. XKaH mokasad,
4TO J0CTATOYHO B3ATh Tpadaper miunoi B 70000000, urobbl noimarb
OECKOHETHOE KOJIMIECTBO MPOCTHIX 00001meHHbIX bn3HenoB. Koneano,
ecsin g caestaro d = 70000001, Trem 6ostee moiimaro GeckoHEYHOE KOJIHU-
9eCTBO 3TUX OOOOIIEHHBIX OJIM3HENOB. A €CjiM BO3bMY YyTh MEHbIIIE,
ranpuMmep, 60000000, To yke TOIHO CKa3aTh HUIETO HEJIb34.

910 — Oompmioit mpopwiB. [lotomy wro B 1896 romy Amamapom
u Basute-Ilyccenom 66110 moKa3aH0, 9TO 9aCTOTA MOABJIEHUS IIPOCTHIX
qucest ymeHbmiaercsa. PacckaspBaror, 9To AmamMap MOSBUIICST B 9TOT
JieHb B Kade u cussl Kak Mefaabii rpout. Ipysss cipocusiu ero: «Hro-1o
y TebsA Takoe XOpolree HACTPOEHUE, KaK Oy/ITO ThI JTOKA3AJI ACUMIITO-
TUYECKAN 3aKOH pPACIpENesIeHusl TPOCThIX YUCeT». A OH W OTBeUaeT:
«BbI 3HaeTe, Bbl HE MOBEpUTE, HO 9 UMEHHO 9TO WM ClIeJIaJjl, ¥ UMEHHO
C 9TUM W CBI3aHO MOE XOpOoIliee HACTPOSHUES.

«la magHO», — roBOp4T. IloTOM MpOBEepUIIM W OKA3aJIOCh, ITO HO-
Ka3aTeJIbCTBO BEPHO.

[Touemy »T0 HOTpsicaer u modemy 310 ybenuTeJ /bHO rOBOPUT O HE-
peryJsipHocTy nogBjieHus npocrbix auces? [Toromy uro 3axon Basuie-
[Tyccena n Amamapa roBOpPHUT, ITO MEXKTY COCEIHUMU MPOCTHIMA TUCIA-
mu (B pailoHe HATYyPaJIbHOrO YMCJIA 1) B CPEIHEM PACCTOAHUE PABHO
Inn (namypasorod aozapudm wucaa n). Ita GYyHKIUA OI€HD MEIJICH-
HO PACTET, HO TEM HE MeHee CTPEMHUTCH K OECKOHEIHOCTH C POCTOM
qUCTA 1.

[Torom 710/Ir0 IBITAJIMCH TPUILYMATD POPMYAY A NPOCTNOZO YUCAQ.
Ee uckasiu ouenb H0/ro u B KaKOW-TO MOMEHT IIEPEKJIIOYUJINCH HA H0-
KasaresjbCTBO TOIO, 9TO ee B npuHimie 0brrh He moxer. A B 1976 romy
Ha OCHOBe pelieHusa poccuiickum maremarukom FO. B. Mamuscesuuem
jgecaroit npobsiembr ['manbepra ObI HAMCAH KOHKPETHBIW MHOIO-
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qjien 25-it crenenu ¢ uesbivu Koaddunenramu or 26 nepemennbix. (B
dopmysie UCIIOJIL30BAHEI BCe OYKBBI aHIIMACKOro aJsipasura: a, b, ¢, d
U TaK jaJsiee 1o T, Y, z.) [Ipo 91oT MHOrO4/IeH yaaJi0Ch 10Ka3aTh, 9TO
€CJIH TOICTABUTH B HETO BMECTO OYKB TEJIbIe HEOTPUIIATEIHHBIE TUCIIA
Y BBIMUCJIATH [OJIyY€HHOE 3HAYEHME, TO BCEria, KOria pesyJbrar Oy-
JTeT TMOJIOKUTESTHHBIM 9UCJIOM — OHO 00A3aTESIbHO OYIeT OKA3BIBATHCST
[POCTHIM.

BoJiee roro, no JIKOBOI'O upocroro 4ucsja «MOXKHO J00pATbCA»
C TIOMOTITHIO KAKOTO-TO 3HATEHU I AIMEHHO HTOTO MHOTOUIEHA. DTOT MHO-
rOYJIEH HE MOXKET B IIOJIHOM CMBICJIE CJIOBA CYUTATHCH «hopmysioit
JUIS N-10 IPOCTOIO YUCJIA», HO ABJIAETCH XOopouwed (M HeoXuIaHHOM)
3aMEHOI’ 9TOi HOPMYJIBI.

Ho ma »TOM mesio He 3akomumsiochk. B 2013 romy OTKphITach OXO-
Ta HA KoHcmarwmy HYorcara. ITO TAKOE UMCII0, TPO KOTOPOE yKe yIa-
JIOCh J0KAa3aTh, 9TO Ha Tpadapere COOTBETCTBYIOIIEH BEJTUINHbBI, €CJIU
€ro JBUraTh 110 HATYPAJIBHOMY Py, OyjieT BCTpedarbca 6eCKoHeuHoe
KOJIMIECTBO IMap MPOCTBIX. Bel He moBepuTe, HO K KoHIYy 2013 roma
70000000 samenmsm wHa umcsio 300, maxe wa 246. Tak ckasarb, emge
HE JIOKA3aJI, UTO JIOJKHO ObITh He OoJsiee 3 XKeH, HO J0Ka3aJI, YTO UX
ue Ooviee 246.

U Bor a stum 246-Ttpacdaperom eny 1o HATYpaJIbHOMY paAlly, U Gec-
KOHEYIHOE YHCJIO Pa3 CYUTbBIBAIO IIPOCTHIC YHCJIa, KOTOPbIC IIO0IIaJIn
B Hero. bosiee TOro, mpu ycJiOBHE QOKA3aTEIbCTBA HEKOTOPOro hax-
Ta, B KOTOPBIA BCE BEPAT, HO €le He JIOKa3aJiu, Tpadaper COKPaTdaT
mo 12, a tTaM u 10 HCXOmHOU IpobJsieMbl duce-Osim3HenoB aobepyT-
cd. .. 2500 Jier JIO/iM HUYETO HE 3HAJIU [TPO MUHUMAJIbLHOE PACCTOAHUE
MEXK Iy MPOCTBIMHE, IIOJTOPA TOIa HA33I" MPOPLIBHOW pPe3yJibTaT, CHU-
Kenue 1ol rpanunpt. VI reneps rumoresa npocTbix OJIM3HENOB TPEIUT
[0 BCEM MIBaM (BIOPOYEM, €Ie JEPKUTCH).

Eme memuoro mpo mpocrtele uncia. [lasaiiTe paccMOTpUM pdl, KO-
TOPBIA MOX0X HA pPAJbl C 6ECKOHEYHBIM YKUCJIOM CJIATAEMbIX, KOTOPbBIE

*Ha moment xonmna 2014 roma, KOrga 4uTajuch 9TU JIEKIUH.
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MBI y2K€ PacCMaTpPUBAJIA:

1,1,1 1 1

§+§+5+7+H+...

4 6yny cymmupoBarh ducsia, obparHbie K IpocThiM. Kax ropopar mare-

MATUKM, «CXOIMTCH 9TOT pan uim pacxoaurcas»?! Koneunas mim Gec-

KOHEYHAA CYMMAa MOJIyIuTCA! YIMBUTEJbHBIH OTBET COCTOUT B TOM,

qr0 6eCKOHEYHAasA. IT0 OTKPbLIK B Hadasie XIX Beka.
1,1,1,1 1

Kakoe 661 uncsio K Bbl HU B34JIM, MOXHO YKa3aThb TAKOE HATYPAJIb-

HOE 9HCJIO N, 9TO, HOWs /10 4JIeHa C HOMEPOM N, CyMMa, psajia Oymer

IIPeBOCXONUTHh dnucyio K.

A ecsiu cymMuUpOBaTh TOJIBKO OOpATHBIE K MTPOCTHIM OJIM3HENIAM, TO
cymma Oyzmer KOHEeYHA. DTO 3HAYUT, 9TO IIPOCTHIX OJIN3HEOB 3aMETHO
MeHbIIIe, YeM BCeX MPOCThIX uucesi. [loromy uro ecsim cocraBuTh P
3 0OPATHBIX IMPOCTHIX, TO OH MOiIeT B OECKOHEYHOCTh, & €CJIU COCTa~
BUTH PAN U3 OOPATHBIX ITPOCTHIX OJIM3HENOB, TO OH OyIeT KOHEYHBIM.
1 nukTo HE 3HAET OKA, IPOUCXOMUT JIA HTO [IOTOMY, YTO OH LIIE-TO 33~
KOHYUTCA U (PAKTUIECKHU 3T CyMMa OyleT KOHEYHOW, UK U3-3a TOrO,
9TO MPOCTHIX OJIM3HENOB DECKOHEYHOE KOJIMIECTBO, HO 3a30Pbl MEXK LY
uuMu 66ICTPO pactyT. Bce maremaruku, KOTOpbIE 3TUM 3aHUMAIOTCH,
BEPAT, 9TO UPOCTbie OJiM3HENbl HUKOrMA He KoHdarca. Ho moka 3To
BCe-TAKU OCTACTCA T'MIIOTE30H.

Pacckaxy 3aomgHo mpo emie OmHY HEPEIIEeHHYI0 MaTeMaTUIeCKYIo
pobJiemy. 3HaeTe JiM Bbl, 9TO TAKOE COBepIneHHbie uuciaa? YrTo o3Ha-
qaeT «MHE UCIOJHUJIOCHh COBEPIIEHHOE YUCJIIO JIET» !

Caymarens: 1o 18-jietue.

A.C.: Her, sro BoBce He 18 jier! 18 — uumcsi0 HECOBEpLIEHHOE, 8 BOT
6 u 28 — coBepmrennsie ancaal [IoaToMy MareMaTuIecKuX COBEpPIICH-
HOJIETHI B XXMU3HU KAXKIOT0 YeJI0BEKa ObIBAET POBHO 1ABA — 3TO KOTIA
TeJIOBEKY HCHOJIHAETCA 6 JieT, m 3aTeM — KOI[ia WCHOJIHAeTCA 28.

[To onpenesiennio, COBEPUIEHHOE YUCJIO — DTO TAKOE YUCJIIO, KOTOPOE
PaBHO CyMMe BCEX CBOUMX AeJiureJsieit, kpome cebsa camoro. Hampuwmep,
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6 =142+4+3, 28 = 1+24+4+4+T7+14. Cuemyomuiee COBEPIIEHHOE TUCIIO —
496, HO 1O HTOrO BO3pacTa HUKTO (KpoMme OWOJIeHCKHUX mepcoHaxeii)
el HE JIOKUBAJL.

JlJIs 9eTHBIX COBEPIIEHHBIX YUCEJI eCTh 00mas popmyJra;

2k; (2k+1 _ 1)

(rme k obo3HAYTAET MPOU3BOJIBLHOE HATYPAJIHHOE THCIIO).

[IpaBna, IMCJIO TAKOrO BHA COBEPUIEHHOE TOTIA ¥ TOJIBKO TOTJIA,
xorma, (2871 — 1) — npocroe aucso. Ilpu k = 1,2, 4 nostygaiorca Kak
pas coBepiuieHuble yucia 6,28,496, a npu kK = 3 — uwucso 120, cosep-

2k+tl _ 1 = 15 B »rOM

IIEHHBIM HE ABJIAIOIEECd (HOTOMY 9TO YUCJIO
CJydae He ABJIAETCH MPOCTHIM).

Tem HE MEHEe HMKTO He 3HAET, GEKOHEUHO KOJIMIECTBO YETHBIX CO-
BEPHICHHbBIX YUCeJI UJIN HEeT. HOTOMy YTO HUKTO HE 3HAECT, 6eCKOHe‘IHO
JIM KOJIMYIECTBO MPOCTHIX wucest suaa, (281! — 1), wmm xe ono xomewdno.

[Mocnenuas 3anada HasbIBaeTCA IIpodIeMoil Mepcerna, a caMu mpo-
croie unciia suga, (28 — 1) — npocroivu ancsamu Mepcenna. Ecym mbr
[OMEHSIEM B 9TOM BBIPAKEHUY 3HAK MUHYC Ha, ILJTIOC, TO MOJIy IMM TaK-
K€ BECbMa MHTEPECHYIO U BA2KHYIO, KaK Mbl YBUIWUM HUXKE, 3a4a1y —
a IMeHHO, Kakue 3 uuces1 puaa (28 +1) apnatorca mpocteivu? K sroit
3a/1a4€ Mbl BEDHEMCH HUXKE, & 1I0Ka, A PACCKAXKy KOE-4TO elle Ipo Co-
BEPUIEHHBIE IMCJIA — KOHKPETHO, IIPO HEUEMHbe COBEPIIEHHBIE TUCIIA.

Posuo 28 ser masan (coBepurennoe wmcso!)* g mocrymmi B 57-10
HIKOJIY. Ha YpoOkax CHeHI/IaﬂbHOﬁ MAaTEeMATUKW Mbl pCIIaJIN 3aJA9KU U3
TAK HA3BIBAEMBIX AUCIIOYK0G, B KOTOPBIX IIPUBOMJIACH TOJBKO OIpe-
JeJIEHUST MATEMATUIECKUX MOHATHH 1 00bEKTOB, a BCe CBOUCTBaA 00b-
€KTOB yKe Mbl CAME JIOJZKHBI OBLIU JTOKA3aTh.

Tak BoT, B Jsucrouke Homep 6 (coBepurennoe uucsiol), B 3amade
nog HomepoMm 6 (sic!) peus mwia o coBepuieHHbIX umcaax. Bouio gaHo
UX OIpeesieHne, a 3areM C(OpMyJIMPOBAHBI TPU IyHKTA: MyHKT 6(a)
npeiaraj JJ0Ka3arhb, 1To JII000e YeTHOE YUCJIO BhILEYKA3aHHOTO BUJIA,
ABJIgeTCA coBepiieHHbIM, ecau uncio (25871 — 1) mpocroe; mynkr 6(6)

*Ora sneknua Obia npountana B 2014 romy. Tem He MeHee 31eCh JOMyIIEHA
omubka — B 2014 roxy 3T0 GbLIO 27 JieT Ha3aAL!
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HIeJI CO 3BE30YKOM, 1 B HEM TPEOOBAJIOCH JI0KA3ATh, YTO APYTUX 4eM-
HOLZ COBEPUICHHBIX YHMCEsI He CYIECTBYET; U HAKOHEIl, MyHKT 6(B) e
¢ tpema (!) 3BE3moukaMm, u B HEM NmpenIarajoch A0Ka3aTb, YTO He-
YETHBIX COBEPIICHHBLIX YHCE]I HE CyIIECTBYeT.

Hukorna mo TOro HE B OMHOM JIACTOYKE He OBLIO 3a0a9€K C Tpe-
MA 3BE3104YKaMU. Pe}lKI/Ie 3a1a49KN C ABYyMA 3BE3/109YKaMU BbI3bIBAJIU
HE3I0POBYIO KOHKYPEHIIMIO MATEMATHIECKIX CAMIIOB B HAIIEM KJIACCE
3a TO, KTO ObICTPEE PENIMT OYEeHb CJIOKHYIO 3aJa9Ky W IIOKPACYETCS
repe, HEMHOTMMU U TI0OTOMY OCOOEHHO JIPArOLEHHBIMU JIJIsi HAC OMHO-
KJIACCHUIAMU.

YBumeB 3a0a49Ky C TPeMs 3BE3M0UKAMH, I OPOCHJI BCE U BA BBIXOL-
HBIX TOJIPsiJ] HbITAJICS €€ PEellaTh.

S ucumcast e obume rerpaayu (KTO mocrapuie — MOMHUT, YTO 9TO
takoe!!!). B monenesibHUK A mesT B WIKOJIY C OIYIIEHHOU TOJIOBOH, yiKe
npencrasiga cebe Pomy Bespykasaukosa, Camry Cumoposa ujmm Ca-
1ty CTOSHOBCKOTO y JOCKH, B3aXJieOd pACCKA3BIBAIOIINME PEIIEHAE STOR
3aJTaYH.

WNuteprera B Te rompl He 66110. [loaTOMY HEyIUBATETHLHO, ITO BCE
npuHUMAJIOCh 33 uucTyto monery. Cama [lenn (onun 3 moux yuure-
Jteil B mkoste 57) CTossI y CToJIa, Hapol HOTUXOHBKY cobupaJicd. ¢ mo-
J0nieJ1 K HeMy, HIBbBIPHYJI Ha CTOJI CBOU TE€TPAOAKU U CKA3AJI: <<CllaIOCb>>.

«Hwuuero ynusuresbaoro, — orsermsi Caima, — 3TO HOKa, 9TO He-
pellleHHasg MaTeMaTuIecKas mpobsiema. MbI maam Ha aBOCh — BAPYT
KTO—HI/I6y)1b N3 BaC U3JIOBUUTCA U peIHI/IT?..>>

C Tex TOp MPOIULIIO MHOTO JIET, & BO3 W HBIHE TAM — JI0 CHAX IOp He-
U3BECTHO, CyHIECTBYIOT JIX HEYETHbIE COBEPUICHHbIC 1UCJIa, UJIN UX HET
coBceM. [Ipumepa HeT, HO U TOKA3ATETHLCTBA HECYIECTBOBAHU — TO-
ke mer. Koneuno, kommbiorep nepebupaer yxe jer b0-70 omuo 3a apy-
TUM ¥ TIPOBEPSET, HO K aOCOAOMHOMY JOKA3ATEABCMEY TAKAA TTPOBEP-
Ka OyJ1eT UMeTh OTHOLUIEHUE TOJIBKO B TOM CJLY9a€, €CJIU BIPYT KAKOe-TO
HEIETHOE IUCJIO W BIPAMBb OKAXKETCH COBEPIICHHBIM.

Bepuemca reneps k npobseme Mepcenna — Tounee, Kk ee «OJm3nHe-
my». [Ipo gucna Buga (2k + 1) (xoTopble, KCTaTu, UCIOJIBL30BaJ ['ayce
npu nocTpoenusix!) U3BECTHO JOBOJILHO MHOTO.
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DOKyC COCTOUT B TOM, YTO TAKOE YUCJIO HPOCTHIM MOXKET OBITH TOJIb-
KO B TOM CJIyd9ae, eCJIU k TOXe ABJIAETCA cTenenbio nBoiku! U ceitgac
A 9TO JIOKAKY.

Teopema. Ecau wucao (28 4+ 1) — npocmoe, mo k = 2!, mo ecmo
UCTOOHOE “UCH0, umeem 6ud 22" 4 1.

HokaszarenbcTBo. [ljia mokasaresbCcTBa HaM HOTPEOyeTca OiuH
¢akT U3 MKOJIBLHON MPOrPAMMEBL:

2 +1=(z+1)(2? -2z +1).

Bmecto £ MOXKHO IOACTaBUTh Ji0boe aucio. 23 + 1, 33 + 1, 43 + 1 pac-
KJIAJIBIBAIOTCS Ha TaKue MHOXUTe . Ha camMoM mesie pacKJiaapiBaeTCa
JiI00as HedeTHAs CTEIeHb IJIIOC OfUH, Hampumep, x> + 1:

P +1=(z+1)(z* -2+ 22—z +1).

A deTHYO CTENEHD IIIOC OIMH TAKUM CIIOCODOM pPa3JIORUTDH He MOJTY-
9UTCH.

[Ipenmosioxum, uro k He ABJIAETCA CTEIEHbIO ABORKU. ITO O3HAYA-
€T, 9TO y Hero eCTb HEYETHBIN IIPOCTON HesuTesib. ¥ KaXKJIOro YUCJIa
€CTb KaKUe-TO IIPOCTHIE JEJIUTE M. ¥ HEKOTOPBIX UKCEJI €CTh HEYETHBIE
[IPOCTBIE NEJINTENN, Y HEKOTOPBIX HeT. Kciim y Koro HeT HEIeTHBIX IPO-
CTBIX JeJimTesieil, 3Ha4uT, dTO YUCJIO HEJIMTCA CPEOM IIPOCTBIX 4YuUCeJI
TOJIbKO Ha 2. IloTOMy 9TO BCe ocTasIbHBIE IPOCTHIE TWCJIA HEUEeTHBIE.
Ho ecyiu uncsio nesmrcs cpeiu npoCThiX TOJIBKO HA 2, TO OHO, OYEBU/I-
HO, €CTb CTeneHb 1Boiiku. Eciu ke y Hero xora ObI OMUH MHOXKUTEb
Oyler He4YeTHbIH, TO 4 ClIeJIal0 C HUM CJIe[lyIolee.

[Ipenmosioxum, 910 k HE ABJIAETCA CTENEHbIo 2, Torma k paBHO He-
KOTOPOMY HEYETHOMY YMCJly P YMHOXKUTbH HA KaKoe-TO yucJio t: k = pt.

Yro xe Takoe temeppb 28 + 17

P 1= 1 =2 +1=
= 2V +1)(2HP~D — (2H)P=2D L (2He=3) — ).

A pasmoxmt 2F + 1 Ha MHOXHTE N, OIEBUIHO OTJIMIHBIE OT 1 1 maxe
IOJIOKUTEJIbBHbIE, 3HAYIUT, IPOCTBIM OHO 6bITb HE MOXKET.
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[Tosromy umcsio 2F + 1 moxer GbITh IIPOCTBIM TOJIBKO B TOM CJIy4ae,
ecoim k = 2! — crenenp mBoiKwM.

[Irep Pepma mostaraJi, ITO BCE TAKHUE UMUCJA IIPOCTHIE. DTO ObLIA
runoresa Pepma. OH HAIIMCAJL B CBEH TETPAJKE «MHE KAXKETCsi, 4TO
BCe 3TU 49ucJia mpocrhiey. OH He ObLI yBEpEH, eMy TOJIBKO Ka3aJioCh.
ITepBoe Takoe ancJIo: 2241=5— upocroe. Caemyroiee: 241 =17—
npocroe. Hanpme, 2841 = 257 — npocroe, 2'64-1 = 65537 — mpocroe.

OnHako yX)e CJIeyoniee YUCII0 TAKOT0 BUAA 0KA3aJI0Ch COCTABHDBIM.
®epma ommbes. Ho, Boobme, Pepma 00brHO He omubaJica. Ectes takoi
npunnui, «Pepma HE pasy He obMmaHy1»*. Bece yTBepxK meHns, KOTOpbIe
OH ClIeJIAJI C IIOMETKON «3mo ydaaocb cmpozo Jdoxka3ambvy», BIOCJIEM-
crBuu ObuH fokaszanbl. OH HE OCTABJIAI JIOKA3ATEJIHCTB, IIPEIJIarast
noBepuTh emy Ha ¢JIoBO. OnHAKO, B 9TOM KOHKPETHOM CJIydae OH Ha-
ucaJT: «MHe Kaxkercay. M taxu mer: 232 + 1 pacK/iaqpIBaeTCH Ha MHO-
xkurenu. EIUHCTBEHHBIM UCKJIIOYeHneM u3 «ipasuiia Pepma» Oblia
Besimkad Teopema Pepma, ee HUKAK HM MOIVIM JI0Ka3arb. Ho moTom
OHA TOXe IepecTaJia ObITh WCKJIOUeHueM. Ke Toxe mokasasu. [lpo-
GsieMa TOJIBKO B TOM, 9TO TO I0KA3aTEJIHCTBO, KOTOPOe ceiiuac cytie-
CTByeT, HU NIPU KAKUX yCJIOBUAX He MOT Bbiaymarb cam Pepma. Omno
COIIEPKUT HACTOJIBKO CJIOKHYIO MareMaruky, Koropyio Pepma He mor
suarb. Ho Bemp moryio 6eiTh, uTo Yailns (moxasasummit Besukyio Te-
opemy Pepma B 1993-1994 romax) «exast u3 Mocksbr B [Turep uepes
Kuen», a ®epma exasr HanpsaMmyo. HUKTO 3TOro He 3HaeT HaBEepHAKA!

IlaBaiiTe BepHeMCca K wmcyiaMm n = 3,5,17,257,65537,... . Ix ma-
3BAJIA NPocmuiMu wucsamu Pepma. OHE 3aMeEIATESIHHBI TEM, UTO Ta-
KHWe IIPABUJIbHBIE 7i-yTOJIbHUKY CTPOATCS NUPKYyJieM u JimHeiikoii. [lep-
BbIfl HETPUBHMAJIBHBIA U3 HUX, 17-yrosjibHuk, nocrpows emé [aycc. A
3areM Baniesnp 10KasaJl CIELyoUyo OOy TeOpeMy: MpPaBUIbHbBINA
7-YTOJIbHUK MOXKeT OBbITb IMOCTPOEH C IMOMOIIbIO NMUPKYJId U JIMHEHKHU
B TOM M TOJIBKO TOM CJIy4ae, €CJIM B PA3JIOKEHUE YUCJIA 1L HA LIPOCThIE
MHOXKUTe U (equacTBennoe, B cuty OcuoBuoit Teopembr Apudmern-

*CorytacHO ApyruM UCTOIHUKaM, Hao6opot, Pepma chHOPMYTUPOBAJT HEbId P,
HEBEPHBIX «TEOpeM>».
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ku!) BXOIAT TOJIBKO CTENeHu JBOIKM, a Takke npocrbie uncia Pepmas
n = 28pips ... pr, COE BCE IPOCTBIE YUCIIA P; UMEIOT BUJL P; = (22l +1).

Oroii Teopemoii BaHIEe /b BIUIOTHYIO MMOMOOPAJICA K COBPEMEHHOMY
pasiesy MareMarukKu, KOTOPbIA HA3bIBAETCH «reopus mnoJeir». Ma-
TEMATUKH OYEHb JIIOOAT TaKWe MHTEPECHbIE OOBEKTHI: IO0JIsI, I'PYIIIbI
M KOJIbITA. Kaxoe u3 ®TUX CJIOB HOCAT CTPOTUHA MaTeMaTHUIeCKni
CMBICJI, COBEPIIEHHO HE TOT, KOTOPBIA OHM HOCAT B PA3TOBOPHOM PYyC-
CKOM #3bIKe. Hine ecth TepMUH «Ujieasi», U [JaXKe TaKOe MMOHATHE, KaK
«KOJIBIIO IJIABHBIX HIIEAJIOB».

A ceitaac Oyner paccMoTpeHa, ofHa, cTapuHHasd npobsiema. Ona omu-
caHa /lpmoaHTOM B OHOM M3 HIECTU COXPAHUBIINXCS TOMOB €r0 IIPOU3-
BeleHuil: HAUTHU BCE MPSAMOYTOJIBHBIE TPEYTOJIbHUKH C IEJBIMHA
CTOPOHAMH.

Urak, ectb npsaMoyroJibublil Tpeyrosbauk (cm. puc. 131). Corstacuno
teopeme [ludaropa, moKa3aHHOI reoMeTPUIECKUM IIyTEM B IIEPBOH 1a-
CTU KHUI'M, OTHOIIEHUS MEXK Ly CTOPOHAMU G, b, ¢ TAKOTO TPEYTOJIbHUKA,
3agaioTca (popmyJIoit

a? + b =2

Takum obpaszom, HAM HYKHO HAUTU BCE IEJIOYUCIIEHHbIE TPOUKH «a, b,
C, yIOBJIETBOPAIONIYE JTAHHOMY KBaJApaTHOMYy ypasHenwuio. [Ipu permre-
HHH 3TO# 330291 MBI OyIeM [MOJIb30BAThCA OIHOU MIKOJIBHON (hopmyaoti
COKPAULEHHO20 YMHONCEHUS, & UMEHHO (DOPMYIIOH

a’? —b* = (a —b)(a +b).
Hasaiite nokaxem sty Gopmysy reomMerpuiecku (aHAJIOIMUHO TOMY,

KAK B [IEPBOii YaCTH KHUTHM MbI JJOKA3aJ11 FEOMETPUIECKHIM Iy TEM CAMY
treopemy I[ludaropa).

Puc. 131
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[Ipex e yem npucTynuTh K peuieHnio 3Toi 3aaa4u, qasaire HeMHO-
r'0 OTBJIEYEMCH U BCIOMHUM (DOPMYJIY COKPAIEHHOTO YMHOXKEHUS
a’> — b = (a —b)(a +b).
MapaiiTe j0KaxeM TOXIeCTBO a’ + b? = ¢? reoMeTpudecKu.
Hapucyio kBazpar co croponoit a. VI Beipexy u3 HEro KBaiparuk
CO CTOPOHOIA b.

a? - v = (a—b)(a+0b)
a a—0b

a+b

Puc. 132. ®opmysia COKPALIEHHOIO YMHOXKEHUS «B KAPTUHKAX».

¢ xouy ysmarb, uemy paBHA ocTamom@asAcs miomans? s storo
A OTpEe3al0 IMPAMOYTIOJIbHUK U IIPUCTABJIAIO €0 CHU3Y. HOJIy‘-IaIO np-
MOYTOJIBHHK CO CTpoHaMu @ — b u a + b u mromanso (a — b)(a + b).

Wrax, ¢ o[HO# CTOPOHBI OCTAaBIIAACA oWl pasha a’—b?. C upy-
roit croponst (a—b)(a+b). 3raant, a? — b = (a —b)(a+b). ToxmecTso
JIOKA3aHO.

A 9o Takoe npamoi yros?

Caymiaresns: 90 rpaiycos.

A.C.: A eciu xro-TO npumeres ¢ Mapca, Kak eMy O0bACHAUTH, 9TO
3HAYUT KIPAMOR yrosr»?

Ecrb GesyupedHoe ompejesieHre npAaMOro yria. 910 TaKoW yrodi,
KOTOPBI#, €CJIU BBIPE3aTh ero u3 OyMaru U IpUCTABUTH K caMoMy cebe,
JIACT pa3BepHyThili yroa (puc. 133).
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Puc. 133. CieBa — UCXOMHBIN yroJI, CIpaBa — MPUCTABJIEHA K HEMY KOIHA

9TOr0 yIJIa, BHIPE3AHHOIO U3 OymMaru. A BHU3Y [OJIYYUJIACH CILJIOMIHA PSsi-
Mas jimHuA. Kax roBopurcs, ACHO Jazxke MapCUAHUHY. . .

PasBepuyToiit yron — 910 npamad. lIpamoit yroa — 3To mosoBuHA
Pa3BEPHYTOrO yIJia. ITO BBIBOAUT HAC HA OUYE€Hb MHTEPECHBIH BOIPOC:
9TO MMEJI B BUAY EBKJIMA, KOrJia MrcaJsi, YTO BCE IPAMbIE YIJIbI PABHbI
Mexay coboii? Uro takoe «paBHbI»? ECTh OIHO OYeHb BaXKHOE IIOHSI-
tue — deudicenue. Bmxenne — npeobpaszoBaHue, KOTOPOE COXPAHAET
paccTodHNe MeXy IHapaMu TO4YeK. Mbl BCerga MOXeM IMOMEPUTH Pac-
CTOAHUE MEXK]Y TOYKAMMU Ha IMJIOCKOCTH. HOTOM MBbI MO2KEM I1IJIOCKOCTb
[IOBOPAYUBATh, OTPAKATH, IBUTATh — [JIABHOE, YTOObI pACCTOTHUE Me-
KAy TOYKAMU HE MEHAJIOCH. TaK BOT «PaBHbI» — 9TO BCEraa O3Ha4vaeT
«COBMEUAIOTCS [IBKEHUEM».

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, NIKOJIb-
Hasd PeOMEeTpHUs — 9TO HAyKa O TOM, KaKue CBOHCTBa (pUryp HE MEHs-
foTcs npu AsmkeHusx. Ho mpeobpasoBanusa ObrBator u 60stee obmiero
poma: pacrsaxeHwe, MHBEPCUs. KCTh MHOTO pas3HbIX MPeodpas3oBaHMA.
W Boicokaa reomerpus, reomerpusd JlobaueBckoro, chepuieckasa reo-
METpUs — 9TO BCE NMPUMEPHI TOIO, KAK MbI CJIELyeM IPJIAHTEHCKOM
nporpamme Kuieitna. To ectb reomerpuio MOXKHO OXapaKTePU30BaThH
KaK HAyKy O CBOMCTBaxX (puryp, KOTOpbl€ HE MEHAITCH [pU Ipeodpa-
30BAHUAX.

4 xoren oxapaxTepusoBaThb HTPAMOYTOJIbHbIE TPEYTOJbHUKHU. DT
3a/1a9a, HECMOTPSA HA TO, 9TO €€ IMOJIHOCTHIO PEIIU/IU elle B aHTHIHOM
MHpe, — HE caMad pocTad. Bel ObICTpO HalijieTe HECKOJIPKO IPUMEPOB
IeJIBIX CTOPOH, [Ji KOTOPHIX BepHO ¢ = a’ + b?. Hy, ckaxem, BOT
a=3,b=4,c=5:

9416 = 25.
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IaBaiiTe mocMOTpuM, CMOXKEM JiM MbI yraJjilaTh elle Kakue-HuOyib
tpoiiku? IlocmMoTpum HA KapTUHKY, KOTOPYIO TOXE [HOJIKHBI M3y4aThb
B mKoJie (B JpeBHErPEeYecKoil mkose ona Obuial).

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. 134. CupaBa — CTOJIOUKM DPa3/IMUIHON BBICOTHI (IO-IPEYECKU KTHOMO-
Hbl»). Bbicora u3Mmepsiercsi 4uc/oM KJeTO4YeK, HOMEIIAIOIUXCA B CTOJIOUK,
U yKaszaHa BHyTpu HuX. KaxKapiii THOMOH, HAYWHAS CO BTOPOTO, «3aBOPAYU-
Baem» na 90 rpanycos (csesa). Ero miowans or sroro e usmenurcs! Bor
U [TOJTY YMJIOCH TOKA3aTe/IhCTBO 3aMedaTe/IbHOi Teopembr: «CyMMa, HEIETHBIX
guces: or 1 u 10 2n — 1 pasua n’».

Kaprunka na puc. 134 momoraer nonaTh TOT (PaKT, 4TO CyMMa
1+34+54+74+9+ ... Ha a000M IIare BHIYACICHHUI HAeT KBAIPAT
HaTypaJabHOro Yucja. OIHOBPEMEHHO 9TO — CIIOCO0 YBUIAETH, 9€M OT-
JIMIAOTCS IPYT OT APYTa IABA COCEMHWX KBaJpaTa. A MMEHHO, MBa, CO-
CENHUX KBAJPaTa BCErIa OTJIMIATCH HA HEYETHOE TUCJIO.

Ho medernbre anca Toxe nHOrOA OBIBAIOT KBAAPATAMUI, HAIIPUMED,
9 — sr0 32

3Ha4YUT, B MOMEHT, KOTJa MEX/Iy COCEIHUMU KBAApPATaMu CJIOH Co-
crosa 3 9 KBAAPATUKOB, ¥ HAC OYEBUIHBIM 00pa30M MOABUJIOCH pe-
[IEHrE COOTBETCTBYIONIEro ypasaerus Jnodanta.
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[TomobubIM ke CrIocOOOM MOKHO OJIYIUTh OECKOHETHOE MHOXKECTBO
TaKnX Tpoek. Bce sty Tpoiiku OyayT HMeTh CJIeMyIONuil ClennaJIbHbII
Bus;: (a, b, a+1). 3mecs b — Hevernoe aucsi0, 061ANAIOIIEE TEM CBO-
CTBOM, 9TO B U30THYTOH’ MOJIOCKE MEXK Iy KBAIIPATOM pa3Mepa a Ha ¢ U
kBajiparom pasmepa (a+1) na (a+1) ymemaerca posno b? MajieHbKUX
KBaJIpaTUKOB (CM. puc. 135).

To ectb mexay a? u (a + 1)%, Mexy sTuMu KBajparaMu, HHOIIA
pasHuia Oymer ABJIAThCA KBAIPATOM. U MMEHHO TOTma, KOTIa HedeT-
HOE 9HCJI0 OyIeT CJIy9aliHO OKa3hIBATHC KBAIPATOM, OYIET MOABJIATh-
Cs HOBasA TPOWKa pemrenuii ypasuenusa lnodanra.

Kakoe cienyroiiee neyernoe qucso Oymer kBajparom? 25. laBaiite
IIOCMOTPHM, Y€MYy PaBHA TOLA PA3HUIA MEXK/]1y COCCIHUMU KBaIpaTa-
vu. Ha ckosbko kierouek ormmdaforca a® u (a + 1)2? Ha 2a + 1.

a
c=a-+1
2= 2a+1
(a+1)2=a’+2a+1
a+1

(a,b,a +1)

Puc. 135. Tlouck omHOl cepun permenuii ypapHenus a’ + b? = c2.

Tenepnp mMbl x0TUM, YTOOBI 20+ 1 OBLIIO PABHO TOMY HAIIEMY YUCJLY
52, o ectpb 25,

20+1=25 a=12.

Nrak, Mbl noj1yuman HOByIO Tpoiiky: 122 + 52 = 132, Bes comuenus,
Benpb 144 + 25 = 169.

Caenyromuit Heyernsiii kBajgpar — 49. Ilogsurca pemenne 24, 7
u 25.

Kro-uubynp u3 Bac cupocur mend: «Moxer 6b1Tb, 970 BCET» Mbr
10J1y 4/ GeCKoHeuHbi psj pentenuit ypasuenus o’ +b° = ¢ B uesibix
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ancsax. Ho oM Bce ycTpoeHbl OfuHaKoBO. ['unoreHysa orjmaaercs
or boJiblIero Karera Ha 1.

Bonpoc: a ecrb xkakue-uubyap gapyrue penreaud?! Orser: jma. Odyenpb
MHOIO OpPyTuX cepuii. BoT BaM OIHO U3 pelleHnii, yCTPOSHHBIX HHAYE:
84, 187, 205.

Obmasa dpopmyJia OJid BCeX pelleHnii — 3TO OT/IeJIbHAA UCTOPHUI.
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Jlekmusa 3

A.C.: Ceituac Mmbl HeMHOr0 BepHeMcs K reopeme Pepma u [duodan-
Ty ¢ ero TpuHaauarbio tomamu. lllecTh COXpaHMBIIMXCA TOMOB, KAk
s yXKe PACCKa3blBaJI, ObLIIA U3IAHBIL, TOCJIE Yero nomnaJm B pyku Pepma.
Depma gurtasa tpyn luodanra u ocTaBial 3aMevaHusd HA TOJIAX KHUL.
Tak BoT, B TOM MecTe, rae duodaHT HOJHOCTHIO pazdupaer KJiaccude-
CKYIO 33a/1a4y O MPAMOYTOJIbHBIX TPEYroJibHUKAX, pyKoit Pepma ObLia
Ha, [OJIAX CeJIaHa 3aMerTkKa: «B TO ke BpeMs HMKAK HeJIb3d Pa3Jio-
XKuTh Ky0 B cymmy AByX KyboB». Ha Hamem a3bike TO 3ByYHMT TaK:
ypaBHEHUE BHUIA T3+ y3 =23

Hasee y @epma cTouT 3amdaTad, u OH npogomxkaeT: «Hukakyro de-
TBEPTYIO CTEIEeHh — Ha, CyMMY JIByX YETBEPTBIX CTEleHeil, u BooOIe
HUKAKY0 (DUKCHPOBAHHYIO CTEIlEHb — B CyMMY ABYX TaKWUX XK€ CTe-
neneir». [lajiee oH numer BOCXUTUTEbHYIO (hpasy, 3a KOTOPOi mare-
MaTuKu rouasuch 357 sier. Ou numrer: «f wamesn tomy daxTy mou-
CTUHE YAMBHUTEJIHHOE HOKA3ATEJIbCTBO, HO I0JIA 9TOW KHUIYM HEIOCTA-
TOYHO HIXPOKHU, 9TOOBI €r0 BMECTHTD». ITa 3aIIUCh pyKoit Pepma ObLia
B 9K3eMIuIgpe TpynoB luodanra. 9101 KOMMEHTAPUil ObLII €IMHCTBEH-
HBIM CJIy9aeM B MCTOpuUH, Korna yrBepxaenue Pepma He yHaaoch [10-
Ka3arbk 33 pasdyMHbii nepuos Bpemenu, ciuycrs 20-30 jer. Opun pas

HE uMeerT peIHeHI/Iﬁ B IIEJIbIX 4YHCJIAX.

®epma ommbesa, HO OH HE yTBEpXKIaJl onpenesieHno. B ciaydae ¢ npo-
creiMu «auciaamu Pepmasy OH HAIUCAJ KIIO-BUAUMOMY, OHU IIPOCTHIES.
B cirygae ¢ paccmarpusBaemoit namu reopemoit @epma, HAIMCAJ, ITO HA-
urest gokasaresibeTBo. Ou ynomanyst 06 stom B 1637 1., a B 1994 1. ee
nokazaJm. Mbr cujiesiz va cemuuape mo asrebpe. [Ipumies npenonasa-
TeJIb U CKa3aJl: «Y MEeHd JJid BaC [MOTPACAIONIAA HOBOCTb — JIOKA3aHA,
Besimkada Teopema Pepmay. Bce penmam, 910 3TO PO3BITPHINI, HE MO-
xKeT Takoro ObiTh. Mbl yumMmca Ha MexmaTe, U IPU HAC IIPOUCXOIUT
ucropuveckoe cobbitue. Eciu ObiTh TOUHEE, TEOPEMY HOKA3AJ DHIIPIO
Yaitns B 1993 r. Ho 3areM B JokasaresibCTBe MM CaMUM ObLIa HailmeHa
omwubka, KoTopyio Yaii3z smecre ¢ Puaapnom Teitsiopom mcupassisiim
noJirosa. [loaromy okomuaresibHO Teopema Obuia mokazana B 1994 ro-
ny. Hekoropoe Bpems 6bu1u comuenud, u B 1996-1997 rr. ue Bce 6bL1u
Y6e)K,IIeHbI B TOM, 9YTO 39TO CBEpHIMJIOCH, TaK KaK IOHATb 9TO IJOKa-
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3aTEJIBCTBO MOIJVIM JIMIIIb HEMHOI'MIE U3 MATEMATUKOB. CeI‘O,ILHfI MO2KHO
YTBEPXK/IATH, UTO MOHUMAIOT JIOKA3ATEJIbCTBO HTOW TEOpPEMBbI YesI0BEK
500 B mupe, nerasibao — okosio 100 gesioBek. Exy mousitao, uro @ep-
Ma oHOOHOTO TOKA3aTEIbCTBA BbhILyMarh He Mor. CJieioBaTesibHO, WITh
®epma ora pa3 ommbCs, UJIM MbI 10 CUX [IOP HE 3HAEM IIPOCTOIO JT0Ka~
3aTeJIbCTBA 3TOU TeopeMbl. MareMaTuku mpeanoduTaT COIIAIATHC
C IIEPBBIM yTBEPXKIEHUEM, nOO BTOPOE IIO30PHO [IjIsi BCErO YesIoBeqe-
CTBA.

®epma HE OCTABUJI IOKA3ATEJIHCTBA OOIIEro CJIydas, HO COXPAHU-
JIUCH 3AIUCU U3AIIHOTO [I0KA3aTEeJbCTBA IJIA YaCTHOIO CJIydad, IJId
n = 4, rnacamero, uro ypasaenue zt +y* = 2% me umeer merpusnaJin-
HBIX pelIeHr B IEeJIbIX YUCIIaX.

4 ue Oymy npuBOIUTH HTOrO MOKA3ATEHCTBA, XOTA OHO U HE OYEHD
ciioxuoe. OHO UCHOJIBb3yeT IPUEMBI JIEJTUMOCTHU, 9TO BO3BPALIAET HAC
K Hameil nepsoii 3amaqe (Haiitun Bce nudaroposbl TPoiiknm).

Nrak, reopema Pepma: ypasuenue z" + y" = 2" He umeer pe-
uieHnit B HaTypasibHbIX duc/iax. lasafire mocMOTpUM, KAKMM MOXKET
OBITH IUCJIO 71.

DTO YUCJIO MOKHO PA3JIOKUTH Ha, MHOXKUTE M. FCTh Takas Teopema,
HasbpiBaeTca « OchosHasn meopema apudmemuruy, KOTOpasd yTBEPXKIa-
er, 910 JiI000e HATYypPaJIbHOE HYHUCJIO MOXKHO E€IUMHCTBEHHLIM 00pa3om,
C TOYHOCTHIO A0 MEPECTAHOBKU MHOXKUTEJEN, PA3JIOKUTh B IPOU3BE-
jenue npoctbix auces. Cmorpum, jenurca Jjim n Ha 2. lesum, moka
[EeJIUTCs, MOJy9IaeM 2 B KaKOH-TO CTEleHW W OCTABIIMMCS HEYEeTHBIN
MHOXUTEb. Ecanm ocraBmmuiica MHOXWTEIb HE MPOCTOW, TO MBI pac-
KJIadbIBa€M €ro nAaJiblie, IOKa HE NOJIy4YMM HIPpOU3BCIACHUEC ITPOCTBHIX
quceI.

Hanpuwmep,

n=2"nny =2°-17-7 = 3808.

[Touemy mpormiecc pasJioKeHnA HA MHOXKUTEIN He MOXKET TPOIOJIKATh-
cs no beckonevunocTu? Kax ipiil pas, KOria Mbl pACKJIAIbIBAEM Ha, MHO-
JKUTEJIU, 9UCJIa, CTAHOBATCA BCE MeHble u MeHbine. Hesp3sa Geckoned-
HO JIOJITO YMEHBIIATH HATYPAJHHOE TUCITO. ITO akchmoma Apxumena,
HO IJIF 9eJI0BEKa Pa3yMHOI'0 9TO — OUYEBHIHOE YTBEDXKIIECHUE.
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[Iepenmenyem npocrtoie muoxuresau B p. Maremaruku Jjiiobar 060-
3HAYATh [IPOCThIE YUCIIa OYKBOU p OT aHIVIMACKOTO «primes:

n = 2"pipeps ... p-

Hekoropbie n3 MHOXKHATEIEH MOTYT BCTPEYIATHCHA HECKOJIBKO pas3. A mo-
XKeT ObITb, y 7t €CTh KaKHe-TO [IPYyTrhe MHOXHTEJM, KOTOPbIE 3HeCh
He IIePe4YUC/IeHbl, U B pe3yJibTare OHO OJHOBPEMEHHO PABHO KAKOMY-TO
JIpyromy IpOU3BeIeHUIO:

n= 2mp1p2p3 ... Pk = 4149293 . . . Q.

Moxet jim Takoe ObITh, ITOOBI OHO M TO K€ UHCJIO PACKJIAIBIBAJIOCDH
HA IIPOCTHIE MHOXKMTEJIU «CYHUIECTBEHHO NO-PA3HOMY» (HECYIIECTBEH-
HOE oTyImaue — Hanpumep, 2-3-5 u 3-5-2)? VlaTyunusa mofcKas3piBaet,
9TO HET, M MHTyuluda npasa. Ho 1okaszarb 310 aKKypaTHO [HOBOJIBHO
c10kHO. MBI B TO IIPOCTO IIOBEpUM 1 He Oy[ieM IpPOXOMUTH ITOI Tep-
aucTo#t moporoit. Uro xe ciemyer u3 €IMHCTBEHHOCTH PA3JIOKEHUT
HA, IPOCTHIE MHOXKUTEJIU T

Ecrp nBa Bapuanrta. JIubo y n ecrb xora Obl OIMH HEYETHBINH 1IPO-
CTOM [IeJIMTes b, TO €CTh B 3AIUCH:

n=2"pipps ...k

x0Ts1 OB OIIHO p — HedeTHOe. BTopoit BApMaHT COCTOUT B TOM, ITO HU
OITHOTO HEYETHOTO 4mcJia HeT. [loroBopum criepBa 0 BTOPOM BapuaHTE.
Yo MOXKHO CKa3arh mpo 1 B 3ToM ciaydae? To, 910 n ABIgeTcd cre-
nenpio ABoiiku. Ecsu n = 2, mbl nosydaem 3aiady mpo [Tudaropossr
TPEYroJbHUKH, KOTOPYI0 CKOPO PellrM B 3TOi jeknmu. Ecau n # 2,
TO OHO TIPeACcTaBuMoO B Buie 4 - k. Boicuras crenens nBoiknm — 910 Jiub0
4, mubo 8 =4 -2, subo 16 = 4 - 4 u tak pasee. [lonyuaem cienyioiiee
ypaBHEHHE:

2 oyt =

?

HO, KaK U3BECTHO,



OTKYZIa HOJIydaeM
(") + ()" = ()"

Ecau 661 MOXHO ObLJIO pemuTh 3TO ypaBHEHUE, TO TPU HATYPAJIbHBIX
qucia ¥, y¥ u zF obpasosasu 661 pemrenue samadn Pepma i +y* = 22,

Ho ®epma mokasasi, 9T0 TaKOe ypaBHEHUE HE UMEET PElIeHui B 1e-
JIBIX YUCJIAX, CTPOTO OOJIBIINX HYJIA.

[Tosromy ciryuait reopembr @epma J1jist 9UCE 7, ABJIAIOMUXCH Ka-
KO#-TO cTeneHbio ABOKU, cBoguTcA K n = 2. B npyrux ciygaax pe-
IICHUNA HET.

Bcriomunm, Kakoit ciiydail Mbl €llle He PACCMOTPEJIH: 7, COMEPKUT
HEYeTHBIN IPOCTOl mesmresib p, n # 1 (kcrarm, 1 Toxe ABIETCA CTE-

HeHbio J1BOliKM), 1o ectb n = pk. Torna:

[lostygaerca, 9T0 ecjiv y 1 €CThb MPOCTOW HEYETHBIA HEJIUTEIb P, TO
HECYIECTBOBAaHME penrenns ypaBHerans Pepma ¢ MOKA3ATESEM N CBO-
JIUTCA K HECYNIECTBOBAHUIO PELICHUS YPABHEHUSA CTEIIEHU p.

To ectb Teopema Pepma CBOIUTCH K UCCIACTOBAHUIO YPABHEHUS ITPO-
croii HedetHnoit crenenu. Ul ecsiu Mbl 3HAEM, UTO HU MPU KAKOM IIPO-
CTOM HedeTHOM N ypasuenue " + y" = 2" He umeer pelieHusi, TO
OHO He MMEeT pellleHusi U HU IpPU KAaKOM Japyrom 1 > 3. A temepp —
HUCTOPULA BOIIPOCA.

[Ipo ypaBHuenwue BTOpoii crenenu ObLJIO W3BECTHO yKE JIPEBHUM WH-
IycaM. Y paBHEHME TpeTbell crenenu okasaJsioch bosee ciioxubiM. [lo-
9TH MOJIHOE PelleHre, KOTOPOe IIOTOM JOBEJH A0 KOHIIA, ObLIO MOJIy-
qeno Jleomapnom Ditsiepom. B siekiuu 4 4 pacckaxy, KaKuM U3dAIHER-
MM Iy TEM JOKA3bIBAETCA TEOPEMa HECYNIECTBOBAHUSA JIJIsT HEKOTOPO-
ro ypaBHEHUd TPETheil cTenenu (He CBA3BAHHOTO HAIPAMYIO C TEOPEMOi
@epma), HO CHAYAJIA PO MATYHO CTENEHb:

z° +y° =20

Hepaspemmumocts ypaBHenusi nsitoif CTEIEHU B HEJIbIX YUCJIAX ObLIA
nokazaHna B XIX Beke. [ToroMm cTaJsim yBeMIuBaTh NOKA3aTETA U JOKA-
3bIBATh HpO Ce}leyIO, O}II/IHHa,H,Ha,TyIO, TpI/IHaJIH,aTyIO CTEeIICHU. ILOHIJII/I
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npuMepHo 10 cotHu. Ocobo oryimaunsinch xenimmaa-maremaruk Codu
2Kepwmemn, a takxke Kymmep, morparusiuii Ha reopemy ®Pepma qobpyio
NOJIOBUHY CBOe BecbMa 10/1roi xxu3nu (1810-1893).

[Ipu pemtennu ypasmenus Pepma BBIIEIAIOT ABA PA3HBIX CJIYIASL:
peryJispHblil u crienuaJibHblil (HeperyJIapHbiii).

Perynsapubiit caydaii: HM OMHO W3 9UCET T, Y, Z HE MEJUTCA HA P.
CrenuaJjibHbIl Cilydaii: OfHA U3 IEPEMEHHbBIX AEJIMTCH Ha P, & [BE JIPY-
rue — uer. (Ecsim 1Be mepeMeHHbIe IeJIATCA Ha, P, TO U TPEThs HePEeMeH-
Hasd oba3aresibHO HesmTcda Ha, p. Hanpumep, eciiu x u y nesidarcs Ha P,
TO B JIEBOI 9aCTH p BBIHOCUTCS 33 CKOOKY, W 2z TOXe OymeT IeUThCs
Ha p. Torma MOXKHO COKpATUTH 00e JaCTH ypaBHEHUS HA MAKCHMAJIb-
HYIO CTEeneHb YuCJjla P U IOJIy4YUThb KaKOﬁ-HH6yﬂ,b U3 IBYX ONMMUCAHHBIX
CJIydaes.)

Codu 2KepmeH j1asieKo TPOABUHYJIACH B peryJiapHoM ciydae. OHa
MOKA3aJa, 9T0 ypaBHeHue peryiaspHoro tuna P + yP = 2P me mmeer
pemennd OJid BCEeX TaKHX IIPOCTBIX P (He‘leTHbIX, TO €CTh BCEX, KpOMe
p = 2), ato 2p + 1 — TOXKE mpocToe.

Becy XIX Bek mummsiach 60ppba 3a pasHBbIE MPOCTHIE MOKA3ATEJIN,
M METOIOJIOTHS JTOKA3aTeJIbCTB ObLIa TUMOBasd. BhIpaxkennsi packia-
AbIBAJIX Ha MHOXKUTEJIN TUIIA

3+ = (z —i—y)(ay2 — :vy+y2).

Ecom BBl HEe noMuuTe 5Ty (GOpMYJIy M3 NIKOJIBI, MOXKETE €€ IPOBEPUTD,
packpbis ckobku. Hanbme nesagaua: (r2 — zy + y?) Ha MHOXKUTEN
He PacKJaIbIBACTCA — IO TOH Ke OpUYMHE, IO KOTOPOil He pacKJa-
npiBaerca r2 4+ y2. A kax 6bwI0 6bI XOPOLIO PA3JIOKUTL €r0 U B OIHY
CTpoUKy mOoJyunTh pemenue! Ho 3To0 BO3BMOXKHO TOJIBKO ¢ KOMILIEKC-
HbIMU YMCJIAMU, & C AeACTBUTE/IbHBIMUY, IPUBbIYHBIMUA HAM — 9TO He-
BO3MOXKHO. Bce moporu, KOTopble BEIyT B HACTOAILYIO MATEMATHKY —
UAYT Yepe3 KOMILJIEKCHbIE YMCJIa. DTO CJIOKHO, HO MHTEPECHO M Kpa-
cuBo. K KOMILIEKCHBIM 9HCJIaM MBI BEDHEMCA B KOHIIE STOi JICKIIUH.
Ceiluac g X049y J0KA3aTh MATEMATHYECKH, YTO JIBA, BbINIEYIOMSIHY-

2 — 2y + y? He mMoryT GbITH pa3JIOKEHbI

ThIX BbIPAXKEHUSL z? + y2 ux
Ha MHOXWTeJu. [[J1a 3TOro A MCHOJIB3YI0 CJIOXKHBIA, HO HATJIAIHBIN

[IyTh Yepe3 BBe/leHuE B aJire0panvecKyio reoOMeTpuio.
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Hoxaxem HEPA3/10KUMOCTD 2 +y2. IJoIyCTIM, 4TO €ro MOXKHO pas-
JIOKHUTH Ha MHOXUTEH (THe «, [, Y 1 0 — BEIECTBEHHBIE TUCIA):

? +y? = (az + By)(yz + 8y).

Paccmorpum, Kakre MHOXKECTBA HA, IIJIOCKOCTH 34AI0T 1IPABALA U JIeBAA
4aCTU YpPaBHEHUS:

x2—|—y2 =0 u (az—+PBy)(yz+dy)=0.

[Tocste pabor ekapra Mbl 3HAEM, 9TO & U Y MOXKHO CIATATH KOOPIUHA-
TaMu Ha 1JI0CKocTH. Ypasuenue 12 + 2 = 0 3a1aeT HAM TOJILKO OJIHY
touky (0,0). IToguemy? IloTomy, 910 KBAAPATHI HE MOTYT OBITH OTPHIA-
TEJIbHBIMU. ECJII/I OOoHa M3 IIEPEMEHHbIX IMOJIOXKUTEJIbHA, HAIIpUMED T,
TO BRIpaXKeHme x> GOJIblIe HyJid, HO KBAJPAT BTOPO# HepeMeHHO#H —
HE MEHbIIIe HyJIA, CJAEH0BATEIbHO, CyMMa, Oymer Oosibme nyJiga. He mo-
sgygaerca. Ecam cymma paBHA HYJTIO, 3HAYAT £ U Y 002 PABHBI HYJIIO.
Paccmorpum BTOpOe ypaBHeHue:

(az + By)(yz + dy) = 0.

Ono 3agaer HaMm jBe npsiMmbie. VTHOIIA, OHM MOTYT COBIAIATH.

2 +42=0 (azx + By)(yz + dy) = 0.

Puyc. 136. I1ns neBoro ypaBHEHHs TIOJTyIaeTCs BCETO OIHA TOYKA, OJIS Mpa-
BOI'O — WJIM OB€ IIPAMBIX, UJIX OJHA.

[Tosryuaercst, 4TO € OHOM CTOPOHBI y HAC JIBE NPAMBIE (B CJlydae ux
COBIAJEHAS — OJIHA), & C IPYTroil CTOPOHBI — To4YKa (CM. puc. 136).

Eciu 661 22 + 9% pacK/aapBaIoCh Ha, MHOXKHUTEIM, TO BTOPOE ypaB-
HEHWE TOJIKHO OBLIIO OBl ONPEIESIATh TO XK€ MHOXKECTBO HA, MJIOCKOCTH,
qr0 ¥ mepBoe. Ho Tak Kak 3TM MHOXKECTBA, HE COBIAIAIOT, TO CYMMY
KBa/JPAaTOB HEJIb3d PA3JIOZKUTH Ha MHOXKUTEJIN.
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Bor Bam mpumep MeToi0B KJIACCHMYECKOR ajiredpamdeckoit reome-
tpuu. Ecian a 3ax0v1y m3ydaTh ypaBHEHHE OT TPeX IEePeMEeHHBIX T, Y
M Z, TO MOJIy9UTCH yXkK€e TPEXMEPHOe HPOCTPAHCTBO. A ecjim y MeHs
26 nepemennbix? Ham nonamoburca 26-meproe npocrpanctso. Hyx-
HO UMETH BOOOpaKeHMe W XKUTh B MHOIOMEDPHOM TpocTpaHcTBe. IIpen-
CTaBbTE, ITO BB BLIXOOUTE HA YJINITY W IEPEXOOUTE JOPOTY HA KPACHBIHI
cBetT. Bac moxer cOnTh MammHa, HO CTOUT BaM EPERTU B YeThIpEXMED-
HOE MPOCTPAHCTBO, U BaM CTaHyT 0e3pas3JitdHbl BCe CBETO(MOpPDI, TaK
KaK Mauuubl OyyT mpoesxkarb CKBO3b BaC, W jlaxe He OymyT 3ame-
9aTh 9TOTO. A Beb BBI CIEJAJM TOJBHKO OWH MIAT MO IE€TBEPTOR och
KoopauHaT!

Hewmuoro ciioxkuee mokasarb, 9YTO HE PACKJIAIBIBAETCA HA, MHOXKH-

remu 22 — zy + y2. Jomycrum, uTo

2? —zy+y° = (az + By) (yz + dy).

IlocMorpuM Ha MHOXKeCTBO 2 — zy + y2 = 0.
Ywmuoxum Bcé Ha 4, 3aTeM mnpeobpasyem:

4o — 4oy + 4y° = 0,
4x? — day +y? + 3y* = 0.

Csepuem 422 — 4zy + y? = (22 — y)? 1o dopmyse Bunoma Hprorona.

Homyanm (22 — y)? + 3y% = 0.

Ecou cymma kBagparos pasua 0, 3Ha4uT, KaxkAblit u3 aux pasex (.
3HaquT, Bo-epBbIX, 3y = 0, To ecTh y = 0. A Bo-BTOPHIX, (22—y?) = 0,
T0 ectb 2¢ — y = 0, orkyna B cuy y > 0 umeem x > 0. To ects 310
ypasuenue 3amaet Touky (0;0). Ho (az + By)(yz + dy) mo-upexuemy
3ajaeT aBe npaMble (B KpaiiHem ciydae, oany). MuoxkecTBa OnsaTh
HE COBIIAAIOT. SHAYKT, PA3JIOKUTD L2 — L1 +4° Ha MHOMKITEIIH HEJIb3H.

SauyeM Mbl 310 geqaaem? 1 CHOBa CleJsialo epexon, 0T UCTOPUU K Ma-
TEMATHKE.

Bepuemcs x 22 + y? = z?. PaccMOTpUM HECKOJILKO CHOCODOB pere-
HUS 9TOH 3aIa49M.

[TepBoiit coco6 perreHns HA3BIBAIOT «(POPMYJITIOR HHIYCOB», T. K. O-
JIArafoT, YTO eule APEBHUE MH/LYChl 3HAJIM 3TO PEUICHUE.
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Iapajire 10CMOTPUM, KaKue ObIBAIOT BAPUAHTHL JJIA YETHOCTU UJIKA
HEYeTHOCTH z, Yy ¥ z! Eciam aucno gernoe, ono mmeer Bug 2k, Torma
€ro KBaAPaT UMEeT BULL (2/€)2 = 4k? u on mesmrca Haueso ua 4. (B ne-

KOTOPBLIX KHATaX (haKT JeJUMOCTH m3obpaxaerca Tak: 4k% : 4.)
Ecsun ancsio Hegernoe, TO €ro MOXHO MPEJICTABATH B BUE BbIPAXKE-
aud 2k + 1 1J1st HeKOTOpOro meJioro k, W TOrma

(2k +1)2 =4k* + 4k +1=4(k* + k) + 1.

4(k?+k)+1 — e mpocTo HeYeTHOE THCIT0. DTO THCII0, KOTOPOE TIPH Jie-
sennu Ha 4 umeer ocrarox 1.

Kakwe 6p1BatoT ocrarku npu gesiennu Ha 47 1 u 3 y HEYeTHBIX YuceJt
u 0 u 2 y gernbix. Tak BoT, BbiBeleHHBIE (DOPMYJIbI TTOKA3BIBAIOT, YTO
y KBagparoB Bcerga octarku jiubo 0, mubo 1. Hanpuwmep,

TO eCTb HOJIb IpH Aesienuu Ha 4, nagee — 9, 16, 25, 36, 49 (c gepemo-
BanueM octarkoB 1 u 0 npu jesenuu Ha 4).
Tyr ectb enie omun boJiee rryOOKu «POKYC-IOKYC»:

2 Rk + 1
(2k+1)2=4(k2+k)+1=8%+1=8%+1,
k(k + 1)
16 ——5— — BCEI/Ia IeJI0e “uCJI0. B uucsiuresie crodar nBa, MOIPAL,

naymux 4ducJia. OHO n3 HUX BCerga 4YeTHOE, 3HAYUT, 9TO BbIPDAXKECHHEC
IOEeJNTCA Ha 2.

[Tosiygaercsa 3amegaresbaad Beb. KBagpar j000ro HE4eTHOrO Yu-
cJia J1aeT ocTaroK 1 mpu mesieHuu Ha 8. ITO — OYEHDb BAXKHBINA (HaKT.
Ho B mamewm ciydae BaxKeH OCTaTOK IpH JIeJIEHUH HA 4.

Bepuemcsa K HallleMy ypaBHEHUIO

? +yt =27 (7)

(rak kak 910 — dopmysmposka reopembl [Tudaropa, To Takue nps-
MOYTOJIbHBIE TPEYTOJbHUKY CO CTOPOHAMU I, Y, Z, TIE T, Y,z — eJIbe
YKUCJIA, HABBIBAIOTCH «IM(DATOPOBLIMUS ).
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IIpex e Bcero coxkparum Bce Ha 2.

Lesium Ha 2 BCe TpU YHUCJIIA, I0KA OHU CUHXPOHHO OY/IyT [IEJIUTHCA.
3arem, 3a0HO, PA3HEJINM BCE TPU IUCJIA HA BCE UX IIPOIHUE O0IIMe Ipo-
CThle MHOXHUTeNW. Tak MBI ONUWIIEM He BCe TPEYTOJbHUKH, a TOJIBKO
Ka4eCcTBEHHO pasubie. [logcHum CkazaHHOe, BOCIIO/Ib30BABIIMCEH TOHS-
THEM OH00UA TPEyTroJIbHUKOB.

Ecnm nBa rpeyrosibnuka momo0HbI, TO TPOWKM MX CTOPOH IPOIOP-
[UOHAJBHBI APYT Apyry. VIHTepecHO B KaXKIOM CeMelCcTBe MOmOOHBIX
Apyr apyry nudaropoBbIX TPEYrOJIbHUKOB HAUTU CAMbIi MaJICHbKU
TPEYTOJIbHUK C IeJbIMu CTOpoHamu. IIoToM MBI CMOXeM YMHOXWTH
Haiijennoe peuenue (x,y, z) Ha JIOO0E HEJI0E MOJIOKUTEIBHOE YUCIIO.
TpeyrosibHUK yBEJIMIUTCA, HO OCTAHETCH MU(PATOPOBHIM.

VY 31010 caMoro MaJIEHbKOT0O TPEYTroJIbHUKA He Oyaer JeJIMMOCTH HU
Ha OJHO IIPOCTOE YHUCJIO Y BCEX TPeX CTOPOH OgHOBpeMeHHO. Ho m nym-
HBI JIBYX CTOPOH HE MOIYT JEJIMThCA, HAIIPUMED, HA 2, MHAYE JIJIMHA
Tperheil CropoHbI TOXKE OyieT 00s13aHa, JEe/IUTHCA HA, 2, TAK KAK BHIIIOJI-
Hsercsd paBeHcTBo (7). Ecom nesisires ciaraemple, TO JEJUTCA U CyMMA,
3HAQYUT, MOXKHO COKPATUTh BCE TPU YMUCJIA.

To ecTb y MUHMMAJIBHBIX TPOEYEK W3 HTHX TPeX UHUCeJ Ha 2 MO-
XKeT JeJIMThCA TOJbKO OJIHO. AHAJIOTMYHO U HA, JII0D0E JIPyroe mpocroe
9HUCJIO MOXKET [eJIUThCS IJIMHA He DoJjiee OIHOK M3 TpexX CTOPOH.

OxasbiBaeTcd, 4TO HE MOAXOAUT TOT BAPUAHT, KOLIA T, Y, Z — BCE
HedeTHble 9ucyia. B caMoM gesie, IpeIiosioxuM, YTO BCe IUCIa HedeT-
upie. 12 — meuernoe, Y2 — neuernoe. CilenoBaTeSIBHO, 7 — YETHOE
(rak KaK CyMMa HEYEeTHBIX 9YUCeJI BCErga JeTHA). SHATHUT, BCe-TAKH

0HO (M TOJIBKO OJIHO) M3 T, Y, Z JOJIKHO JIEJIMTHCA Ha, 2.

A wmoryt z m y 6biTh HedernbiMu?! Her, moToMy 4TO y KBaIparoB
upu jesieauun Ha 4 Oyger ocrarok 1, a ux Cymma, JaCT OCTATOK 2, HO 2 —
YeTHOE, IO3TOMY ero KBaJpPaT IIpH JieJieHnn Ha 4 NOJIKEH 1aTh B OCTAT-
ke 0. Buauut, B J1t000# nmudaropoBoit Tpoiike mocje ee MaKCUMaJIbHOTO
COKpalleHrus 9ucJjio 2z Oymer nedernbiMm. [Ljis npumepa Bo3bMeM TPOii-
Ky (30,40,50). Ona cBomurca x tpoiike (3,4,5), rme b — HedeTHOE
9HCJIO.
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3HaUUT, OJIHO YUCJIO U3 L U Y JOJKHO OBITh YETHBIM, APyroe —
HedeTHbIM. MOXHO CIUTATH, YTO L — UYETHOE.

A reneph HAYMHAETCA KJIIOIEBOI MOMEHT JOKA3ATEJIHCTBA, HE OUCHD
CJIOXKHBIW, HO KpailHe BaxHBIH, TAK KaK OH paboOTaeT MpH pPeHIeHrH
MHOI'UX JUO(hAHTOBBIX YPaBHEHUA.

Pas x — dgernoe umcsio, To x = 2k upu nesiom k. B aTom cirygae
ypasuenue 6yuer umers sug 4k% + y% = 22,

I[lepexunem y? mampaso: 4k% = 22 — y?, 10 ecTb

g2 — Z=—Yyz+y
2 2
Tak KaK z 1 y — HEYETHBIE YUCJIA, TO UX PA3HOCTD K CYMMa, — JE€THBIE
z — zZ+y
qucJa. [oaromy 5 u 5 HeJible 4UCJIa.

[Tostyumnsiocs, uro k? paBHO IPOU3BEHEHUIO HEKOTOPHIX ABYX IIEJIBIX
qHCeT.

A renepn cMOTpHTE, MBI JIOTOBOPUJIACH, YTO JTOCTATOYHO UCKATH Ta-
K¥e TPOIKM, B KOTOPBIX HA y KAKOW IMapbl IUCEJ HET ODIIUX IEIUTe-
seit. [loaromy y u z He umeror obwKUX MHOXKUTEJIEH, Y = P1P2P3 - - - Pas
Z = Q19293 ---Qp, ¥ TU HAOOPHI MPOCTBHIX 4Yuces pasuble. Kak roso-
PAT MaTEeMATHKW, B 3TOM CJiydae Yy U z B3amMmHO mpocTbl. Camu oHm
IIPX 9TOM COBEPIIEHHO HE 00sizaresibHO mpocthie. Hanpumep, 15 =35

u 22 = 211, cnenoBarenpHO, 15 M 22 — B3aMMHO MPOCTBIE JUCJIA,
XOTd HM OHO M3 HUX HE ABJIAETCA IIPOCTBIM.
zZ—Y z+vy

Tenepp a yTBepXKIA0, ITO TaKXKe B3aMMHO IIPOCTLIE,

2 "3
TO €CTh HE MMEIOT Hi OJHOrO 00mero muoxuresid. [louemy? Ipemnosio-
KFM, 9TO Y HUX eCcTh obmumii mesuresib. Hanpumep, oHu mesiarcs Ha 3.

Torma, ux cymma u pasaoctb Toxe gesiarca ua 3. Ho

z—y  zty
5 T3 T4
=Yy _ 2ty _
2 2 ~ Y
[osiyuaerca y : 3, 2z : 3, 10 ecrb y, z o0ba deasmes ua 3. Mbl npu-
LT K TPOTUBOPEIHUIO. SHATUT, z g IuZ ; Y roxe me umeror obImx

IeJINTEJIEN.

245



BepHeMCH K HalIEeMy BbIDA2KCHUIO

Z—Yz+y

2 _
k—22.

Uwucna crpaBa COCTOAT W3 PA3HBIX MPOCTBIX HesmTeneil. B xaxmoe
W3 YHUCEJI IPOCThIE MHOXKUTEJIA MOI'YT BXOAUTH XOTh MOOAUHOYKE, XOTb

z— Z +
B CTENEeHAX, HO IEpECEUEHN MEX Ty Pa3JI0KEeHUAMA 5 y n— y HeT.
Hanpuwmep,
2=y 2.3
5 = pP1P2Ps3 - - - Pk,
Zty 5 7
2 = W1wW2wWs3 ... Wy,-

(Bmecro 5 u 7 31ech MoryT GbiTh J1I00bIe CTEneHu. )

C npyroii cropomsr, k* = ¢7q3 . . . ¢}, mosTOMy

éqs ... qJZc = P2pap3 . . . PRWIWRWS . .. W),

CorytacHO OCHOBHO# TeopeMe apudMeTUKH, CyIIECTBYeT €IUHCTBEH-
HOE€ PA3JIOKEHKUE HATYPAJIbHOIO YUCJIA HA IIPOCTHIE MHOXKUTEJIN C TOY-
HOCTBIO JI0 IOPAIKA COMHOXKUTeeH. 3HaunT, 110 06e CTOPOHBI OT 3HAKA,
paBEHCTBA CTOAT HAOOPBI ONUHAKOBBIX IIPOCTHIX 4uceJ. B gacrroCTH,
q% paBeH IIPOU3BEACHUIO ABYX YMCeJI U3 IIPaBOi 4acCTH.

Tak Kak IepecedeHuil IPOCTBIX MHOXKUTENEH B HAOOpax pi, ..., Pk
U Wi,..., Wy, HET, TO 9TOT KBAAPAT LUEJIMKOM «CUJUT» B OJHOM U3 Ha-
6opos. Ho 10 e caMoe MOXKHO CKa3aTb U IPO BCe IPOUHMe KBaparThl!

[Tosromy Bce npocTbie uucsia HADOPA P; BXOHAAT B PA3JIOKEHHUE TUCIIA
”—

2

OJOBATEJIbHO, IHUCJIa

5 wermbix CTelleHdAX, U TO XKe caMoe BepHo 1Jid Habopa w;. Cie-
z—Yy z+vy
2 172
9TO OYeHb CHIIBHOE yTBEpXKAeHHE (IOTOMY 9YTO KBAJIPATOB OYEHD
MaJIO Cpeay HaTypasbHbix duces). 1,4,16,25,36,49... — oum BCTpeE-
Yal0TCA BCE pEXe.

ABJIAIOTCS KBaapaTamMu”.

*DTOT mepexol ABJIAETCS MCUXOJIOTMYECKH CJIOKHBIM. [lonymaliTe Hax HUM ca-
MOCTOATEJIbHO: KBaJIPAT — 3TO TAaKOe YUCJIO0, B PA3JIOKEHUHU KOTOPOr'0 HA IPOCTHIE
MHOXKHWTEJIH BCe IPOCThIe YHUCJIa BXOAAT B YETHBIX CTEIIEHAX.
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Bsemem HOBBIE 0003HAUYeHMs. Tak KakK HAIIM BhIPAXKEHWS — KBa-
IPaThl, TO 0003HAYINM:

Zgy_nz,
Y
Tornoa
2 Zgyz‘;‘y 22
z:Z;y—l—#:mzﬁ-nQ,
y:Z;‘y_Zgy:m2_n2‘

Bcmomunm, aemy pasen x: ¢ = 2k.

Bunno, aro k = mn, cienoBaresipbHO, £ = 2mn.

WNrak, MbI 10Ka3aJ11, 9TO €CJU L, Y, Z ABJIAIOTCA IEJIBIMA CTOPOHA~
MU [IPAMOYTOJIBHOI'O TPEYT'OJIbHUK A (MI/IHI/IMaJ'[bHOI‘O B cepuun HO,ILO6HI)IX
nuaropoBbIX TPEYrOJbHUKOB), TO CyIIECTBYET NAPa UEJIbIX YUCeJI N
¥ 1M C TAKUM CBOMCTBOM, YTO & PaBEH YIABOEHHOMY IIPOU3BEIEHUIO STUX
qHCeJ], Y — PABHOCTU KBAJPATOB ITUX IUCEJ, & Z — CyMMe KBaJIPATOB
TUX YUCEJI. ITO — 00A3aTEILHOE YCJIOBUE:

x = 2mn,

2 2
y=m —n,

=m? +n2.

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 OTPULATE/ILHBIM YUCJIOM). BO-BTOPBIX, M U N
JOJKHBI ObITh B3aHMHO IIPOCTHIMH YHUCJIAMH PAa3HOU 4€THOCTH,
qT00bL X, Y, Z MOJLyYUJIUCh B3AUMHO ITPOCTHIMHU.

IaBaiite mpoBepum, OCTaHETCH JIM BepHa Haiua (GopmyJia [Jid 1e-
JIBIX pemenuii ypasnenus 22 + 42 = 22 npu J0BBIX TEJIBIX 1M, 1
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z? +y? = dm*n? + m* —2m?n? +nt =mt + 2mn? £t =
= (m? +n?)?* = 2%

Mpr BumuMm, uTo Halra (popMyJia BCErla JaeT «udaropoBbl» TPOi-
KH, HO HE 0043aT€/IbHO IOJIOKUTE/IbHBIE U B3AUMHO IPOCTHIE.

Obmas dopmysia COIEPKUT [BA TPOU3BOJILHBIX Hapamerpa. s
HALIATHOCTH IOCTPOUM ceTky (puc. 137).

-2

Puc. 187. 3nech cnpsitajuck Bce mudaropoBbl Tpoikn!

B cerke — Bbibepem Touky ¢ koopaunaramu (0;0) u ocu: m — Bupa-
BO, . — BBepX. Byzem 6parb TOUKHU C KOOpAUHATAME (1M; 1) U IOACTa-
BJIATH uX B Hauty (opmyay. Hanpumep, Bosbmem Touky (2;1).

r=2mn=2-2-1=4,

y:mZ—n2:22—12:3,

z=m?4+n?>=22+1%=5.

IlaBaiite BosbMeM uTo-uHuOYIH 6ostee ciaoxHoe. Hamomuro, aTo 14 mo-

JlydeHud MUHUMAJIbHBIX HI/I(baI‘OpOBbIX TPOEK HaM IIOAXOOAT TOJIBKO
m > n > 0 ¢ pa3HO#l YETHOCTHIO.

Bosbmewm, nanpumep, (5;2). [omyuum z = 20, y = 21, z = 29.
[Ipu nmomcTaHOBKE MBI YBHIUM, 9TO Y HAC IOABJIAIOTCA PA3HBIE BU-
JIbl TPEYTOJIbHUKOB. Y3KUE BBITAHYTHIE TPEYTOJIbHUKM, Y KOTOPBIX Ka-
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TET U I'MIOTEHy3a orn4dalorca na emuauiy: 12, 5, 13. Tpeyrosbaukn,
y KOTOPBIX KATeTBI IIOYTH paBHBI apyr apyry: 20, 21, 29 (puc. 138).

29

5[ 13

12 21

Puc. 138. Takue pasubie mudaropoBbl TPEYTOJIbHUKA.

B kaxi0it mesiouncsenHoi TOYKe 1JI0CKOCTU Oy/1leT BO3HUKATH Ba-
puanT nudaroposa Tpeyrosbauka. Bosbmem Touky (10;3) m mocmo-
TPUM, KAKOI TPEyroJIbHUK IOJLy YATCHA:

=060, y=91, z=109.

Bamaga pemena meromoMm dwodanta. Mbl mogyduanm onmucanme BCEX
nparopoBbIX TPEYTrOJIbHUKOB.

Bropoe pemenune 3agauu 0 nudaropoBbIX TPEYrOJIbHUKAX.

Ajirebpanueckasi reomerpus — 9acThb 2.

Ectp ypaBHeHme, KOTOpOe HYKHO PEIIUTb B MEJIBIX IUCJIAX, TOHU-
Mas, 9TO 10 a0COJIOTHON Besmauue ¢ 6osibme ¢ u ¢ bosibmie b:

a? + b =2

2

PaSILeJII/IM 9TO BbIpaX€HHue Ha C° U BBEIEM HOBBIE obo3HaYEeHAA & — %,

_b.
Y=z \
2
(&) +(2) =1
Ob6e ck0OkM — 4YMCJIA PAIMOHAJIBHBIE, T. €. IpPOo0H.

Kaxkas durypa Ha NJIOCKOCTH OMUCHIBACTCA ypasHeHueM: 12 + y? =
= 17 OKpyXHOCTb €IUHUIHOTO PATUYCA.

A renepp — ayno. 3amada, KOTOPYIO MbI peNIaeM — HalTh HA 91O’
OKPYKHOCTH BCE DPAIMOHAJIBHBIE TOYKM (T.€. TOUYKH, y KOTOPBIX 00e
KOOPIUHATHI ABJIAIOTCA ApobsaMu). BoT Kak 3BydnT HalIa 3a1a9a MpU
BTOPOM TOJXO/E K PemeHuto!
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Kakyio TOoUKy Ha OKPYyXKHOCTH HACT HAM TPEyroiabHuk 3, 4, 57
Touxy (3/5;4/5). Croponst 20, 21, 29 moponar Touky (20/29;21/29).
st y1r060# TOYKM, KOTOPAS HOMALAET HA OKPYKHOCTD, CyMMa, KBaJIPa-~
TOB KOODJIMHAT JI0JDKHA ObITh paBHa enuuwuiie. Ho He srobad u3 stux
TOYEK PAUUOHANOHA.

Hyxmno nmaiitn Bce Takme Toukn. Bo3bMeM OHy OYEBUIHYIO PAIIAO-
HAJIbHYTO TOYKY ¢ Koopamuaramu (0, —1).

Cuaymarens: A nouemy He (0; 1) uau Kakyo-10 Ipyryio?

A.C: B npunnumne, MOXXHO BBEIOPATh KaKyIO YTOITHO TOUYKY OKPYXKHO-
cru. ¢ BeIOpaJi TaKyIo TOYKY, Ipu KOTOPOH hOpMyJibl Oy Ly T BHITJIAAETH
IIPOIIE BCETO.

LlaBaiiTe mpenmnosoKuM, 4YTO CTh €lle O[HA PAIMOHAJIbHAA TOYKA
(,y). Torma npsimas, KOTOpad NPOXOAUT YEPE3 ITH JIBE TOUKHU, UMEET
ypaBHEHHUE C panuoHaJbHbIMA Kosddunuentamu (cm. puc. 139). Ho-
KazXKeM 3TO.

(3/5,4/5)

a? + b* =

(07 _1)

Puc. 189. llpamas, npoxonsamas depes Touky (0, —1) u emme onHy panuoHasb-
HYIO TOUKY, 00JIaIaeT PAIMOHAILHBIM K09(DOHUITIEHTOM HAKIOHA.

HaBaiiTe TOCMOTPHM, KAK BBIIVIAIAT YPABHEHUE IIPAMOM, ITPOXOIIA-
weit yepes rouky (0, —1) B 06mem cayuae. Bcnomaum, uro y = kz+b—
ypaBHEHHE IPAMOM «C YIJIOBBIM KO3(h(DHUIIMEHTOM U CBOOOIHBIM JIe-
HOM>».
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Ecau onma npoxomur uepes rouky (0,—1), T0 mpu mnoacraHoBke
z = 0, y = —1 B Hame ypaBHeHHe MBI JOJIKHBI HOJYIATh BEPHOE
pasencrso. IlogcraBum: —1 = 0k + b, orkyma b = —1, T0o ectp Haure
ypaBuenue umeetr Buf y = kx — 1.

Mpbr nostydmsim obummit Bup npamoil, NpoOXOouAmuii 4yepes TOUKy
(0; —1). Ilpu pasubix k Mbl OymeM HOJIydYarb OpsAMbIE C PA3HBIM Ha-
kJoHoM (puc. 140).

Y

T/ (3/5,4/5)

(07 _1)

Puc. 140. Obparure BHUMaHUE HA BCIOMOTATE/IbHBIN MPAMOYTOJIBHBIN Tpe-

YIOJIbHUK cupaBa ¢ Bepuuuoil B rouke (0, —1).

Ecau rouka (x,y) paumonasnbua, 10 k — TOXKE palMOHAJILHOE UH-
cno (kK — »TO TaHreHC yrjia HAKJIOHA OPAMOU, B HALIEM CJIydae OH
paBeH OTHOIICHUIO IIPOTUBOJICXKAIICIO KaT€Ta K IIpUJIeXKallemMy B 110-
sydennom tpeyrosbauke). Cm. puc. 140, KareThl BCIOMOTaTeJIbHOTO
TPEYyroJIbHUKA.

Beprukaspablil KateT paseH y + 1. ['opusorTanpasetit pasen . [lia

TOYKH %, 3
kareros k = 9/5: 3/5 = 3. Hama npavas nmeer Bum: y = 3z — 1.

4) st qucsia pasabl 9/5 u 3/5. Ilomygaerca orHomenue

Urax, va 310M 1IpuMepe IPOIEMOHCTPUPOBAHO, YTO €CJIM KAKaa-TO
TOYKA MMEET PAllMOHAJIbHBIE KOODAUHATHI, TO YroJI HAKJIOHA IIPAMOT,
npoxongmeit gepes nee u depes touky (0, —1), Gymer panmoHAIHHBIM
YUCIJIOM. DTO CJEMyeT U3 TOro, ITO 003 KATETa BBIPAKAIOTCA B 3TOM
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CJly4vae pallMOHAJIbHBIMU 9YUCJIAMU, & OTHOIIECHUE NBYX PallUOHAJIbHbIX
quCes ABJIAETCA PAIMOHAJIbHBIM 9uCJI0M. ['0BOPAT, 9TO paruonasbHbIe
qucsIa «o0pasylorT moJjie», Tak KakK CyMMa, Pa3HOCTb, IPOU3BEICHUE
7 JacTHOE Ipobeil ABISIIOTCA IpOoDObIO.

Urak, ecsim ToUKa panuoHaJIbHAL, TO U HAKJIOH IIPAMOM, IPOXOo/id-
weit uepes nee u yepes rouky (0; —1) Gyner panuMOHAIBHBIM YUCJIOM.
Temeps MbI moKaxkem u obparmoe: ecau B dopmyity y = kx — 1 Bme-
cT0 k moAaCTaBUTh JII000€ PAIMOHAJILHOE YUCJI0, TO MBI BCEITIA, TIOJIY IUM
B IIePECEYEHMN C OKPYKHOCTBIO j1Be Toukm: (0; —1) m KakyIo-To ApyTryIo
PAIMOHAJIBHYIO TOUKY.

Kak naiitTu Touky nepecevenud npamoii y = kx — 1 ¢ OKpPyXKHOCTBIO
r?+y? =17

Hyxmo peuruts cucremy ypaBHeHUi

y=kx —1;
2?2 +y? =1

IloncraBum 3nagenue 4y U3 NEPBOrO0 yPABHEHHUS BO BTOPOE
w2+ (kr—1)% =1
7 PACKpBIBAEM CKOOKH
o? + k%e? - 2%ks +1=1.

Yuopormaem:
z? + k%z? = 2kx.

MoxHO cokparuTh HA X, TaK KaK cjaydail £ = 0 Ham He mHTEPEeCeH —
OH J1aCT yxe 3HaKoMyio Touky (0, —1):

T+ K2z = 2k.
Boipasum Tenepn x u y depes k:
(1 + k%) =2k ©=2k/(1+k?),
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2%2 k2 —1

VSieR T e

N3 »rux dopmyst BUgHO, 9TO ecji k — PAIMOHAJIBHOE YHUCJIO, TO Y
7 & — TOXKE palnOHAJbHBIE. PanmonaibHbIe TUCIIA, — HTO IUCIIA, C KO-
TOPBIMI MOXHO [IPOU3BOIUTH JIACTBUA aprudMETUICCKOR IPUPOLIHI —
ILUIIOC, MUHYC, Pa3HeJ/IUTh, YMHOXUTh. ParuonajbHble 9uC/Ia OT 3TO-
rO OCTAIOTCH PAIMOHAJBHBIME (TO €CTh 9TH ACUCTBUSA HE BHIBOAAT HAC

3a [Mpenaesibl MHOXKEeCTBaA, PalluOHAJIbHBIX ‘II/ICBJ'[).

Yo 3Ha9YUT «k — panuoHAJIbHOE YUCIIO»T DTO 3HAYUT, 4TO k = %

[ToncraBum BmecTo k apobb %, cuuras, 4TO M, N — INOJIOKUTEJIbHDI,
mpuaeM m > n, a apobb % HECOKPATAMA

[\

pxil -1 2 _ 2
Tr = n = 2mn = n :m -n
m? m2 + n?’ Y m? m? +n?
T+ 1 T +1
n n

OcraJsioch BCIOMHUTbB, 4TO B MCXO/HOM ypaBHeHMU T = a/c u y = b/c.
[TosromMy MOXKHO B3ATh B KA4eCTBE ¢ YMCJIUTE]b [IEPBO 1pobu, B Ka-
qecTBe b — umcimTe b BTOPO Mpobm m B KadecTBe ¢ — mX OOImii
spamenaresib. Hoyunrca: a = 2mn, b = m? —n?, ¢ = m? + n?. Ouno
73 peuieHuil Moy 4aeTcsa Cpasy, a Mpovunue eMy MPOHOPIUOHAILHEI. Vbl
“MEeeM TOT XK€ OTBEeT, YTO W Ipu nepsBom crocobe pemrenus. Bueunrne
JIBA METO/Ia, KOTOPBIMU MbI PEllaJii 3Ty 33Jia4y, COBEPIIEHHO HE CB-
3aHbl APYyT ¢ apyrom. KoopauHarbl © OKPYyX)HOCTh HAM TIOKA3bIBAIOT,
KaKye MHOXXECTBA BBICEKAIOT HA IIJIOCKOCTH T€ UJIM MHbIE ajirebpaunde-
ckue ypaBHeHusi. A B nepBoM crocobe ObLIa Ae/IMMOCTh U OCHOBHAA
Teopema apudmeruku. OHa, ABIAACH UCKIIOYATEIHHO apudmerude-
CKAM IIPUEMOM, HE UMEET HUKAKOrO OTHOIeHus K reomerpun. Crour
CKa3arh, 9TO ecjin Obl MATEMATUKU IPUXOAUJIM K PA3HBIM Pe3yJIbTa-
TaM, peuias OHy U Ty XK€ 33/1a9y Pa3sHbIMUA METOIAMU, TO MATEMATUKA,
e 6buia Obr maykoit. Ha mesie xe maremaruka — 910 0O O0JIBIIOE
3HAHUE, CBA3BIBAIOIIEE PA3HbIE METObI MEX /1y COOOM OJIHMM U TEM XKe
OTBETOM.
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Kak Bupgum, nudaropoBsl Tpoiiku HaMu pa3dbUThI «B IyX U HIPax»,
HO ecTb onHa Hezamada. [Ipu k = 0 mosmydaerca mpsamas, mapaJiiesib-
Hag ocu z (cMm. puc. 141).

Puc. 141. CoBuanieHue AByX TOYEK IEPECEYCHUS.

W BTOpas TOUYKA IEepeceveHms OKA3BIBAETCHA PABHOI IEpBOil. ITO
KakK pa3 u orpaxaer sddekr Kacanusd. Aredbpandyeckue reoMerpsbl,
KOI/Ia TOBOPAT O KACAHWH, BCEIIa MMEIOT B BHUIY KPATHBLIA KOPEHDb, TO
€CTb KOP€Hb, B KOTOPOM COBIIaJIM BMECTE HECKOJIBKO 6bIBIHI/IX HEeKpar-
HBIX pelleHnuN.

Ecrte eme onma JirobonbrTHBIR MOMeHT. ECTh eme omHa panuoHa b
Has TOYKA, KOTOPYIO MbI He 3aMerwyid Ha OoKpyxHocTH. Touka (0, 1).
DTO pelnieHne NOABUTCA y HAC npu k = 00.

Ecim MBI XOTHM napamempu3o6aims OKPYXKHOCTH C MOMONIBIO Pa-
IMOHAJIbHBIX YUCEJI, HYKHO, YTOObI KaXKA0My PalMOHAJILHOMY YHUCJLY
COOTBETCTBOBAJIA, OHA, W TOJBKO OIHA TOYKA HA OKPYKHOCTH. Y HAC
2Ke 1oJiydaercd TaK, YTO Ha OKPY2KHOCTHU €CTb JIMHNIHAA TOYKaA, KOTOPpAA
HH OIHOMY PAaIlMOHAJIbHOMY k He COOTBETCTByeT. B TakoMm ciydae ma-
TEMATUKU PACCMATPUBAIOT HE OOBITHYIO IPAMYIO, a Npoexmushyto. Mbr
yKe CTaJIKMBAJIUCh C IPOEKTUBHOM reomerpueil. B 3amade na mocrpo-
€HMe C IIOMOMILI0 JINHEHKHU y HAC TOUYKA [MEPECEeICHHsI IIyIKa IPSIMBIX
yX01uJjia B OECKOHEIHOCTD.
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Taxum obpasom, MeTobl aJiredpanvecKoil reOMeTprun 9acTo CBA3a-
HBI C TPOEKTUBHOI reoMeTpueit.

A renepr Tpermii MerTonm, peunieHus TOR XKe 33039 — KOMILJIEKC-
Hele gucsa. Mbl pasbepemM ero Ha CJenyomel Jiekmuu, a ceidac —
obelaHHoe BBENeHne B apupMEeTuKy KOMILJIEKCHBIX YUCEJI.

Ouennb xo4eTCs pas/IoKuTh HA, MHOKUTEN T2 + y2. Mpsbr ymeem pac-
KJIAJIBIBATH PAa3HOCTh KBaipaToB. [lonpobyem mpencTraBuTh Hally CyM-
MYy B BHJIE PA3HOCTH:

2 4y = a® — (—).

2

Ecsin 661 1 MOr u3BJI€edYb KOpPEHb U3 —Y~, TO CMOT Obl PA3JIOKHUTH ITO

Bpra)KeHI/Ie CJIe,)IyIOH_[I/IM HyTeM:
?+y? =17 — (—y°) =27 — (-1y°) = (z — V—-1y)(z + V-1y).

B obbrunoit xu3au KOpenb u3 —1 He U3BJIEKAETCH, HO C IIOMOIIHIO KOM-
IIJIEKCHBIX YUCEJI 9TO BO3MOZXKHO. HOKa MbI UCXOIUM U3 KEJIAHUA TOJIY-
9ATh KOMILJIEKCHOE YHMCJI0 HanboJiee ecrecTBeHHBbIM 0Opasom. Mbl xo-
TUM Pa3JIOKUTh CyMMY KBaIparoB Ha muoxwuresu. lasaiire caurarn,
4TO eCTh TaKoe 4ucyao v/ —1, obosHaauM ero 3a i. /—1 = i. Torna
2 +y? =2 — (—y?) = 2® — %y = (z — yi)(z + yi).

DTO KPUTHYECKW BaxXKHO [1Jid MHOrMX 3anad. Hamnpumep, mig sana-
9M O TOM, KAQKu€ IHPOCThIE YUCJIA PACKJAIABIBAIOTCA 8 CYMMY 06YT
readpamos. Yucno 41 — npocroe. OHO ABJIAETCA CyMMOR IBYX KBa-
aparos: 25 + 16; 41 = 52 + 42, Ecjiu Mbl yMeeM PaCKJIabIBATH Ta-
KYI0O CyMMY HA MHOXWTEJIA, TO y HAC MOJIy4aTCd JIIOOOIBITHLIE BEIIN:
41 = (5+44)(5 —44). Mbl nonajemM B 3HAKOMYIO CUTYALMIO, CBA3AHHY IO
¢ pasjioxeHueM unciaa 41 Ha MHOXWTEJN, TOJIBKO Tenepb 3TU MHOXU-
TEJIX — YUCJIA HOBOM IPUPOJBI.

Yuciio ¢ — HE ABJIAETCA BEleCTBEHHBIM (TO eCTb He JIEKHUT Ha
OOBIYHOM YMCJIOBOI HPAMOR M HE MOXKET WCIOJIb30BATHCHA [IJId U3Me-
penus (HUMUECKUX BEJUYMH) U, €CJU Mbl HAPUCYEM BEUIECTBEHHYIO
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oCb, OHO Oymer HAXOOUTHCA Tie-TO BHE Hamieir ocu. Mbl MOxem Bbi-
O6paTh camu, TOe ero IOMeCTUTh. YI00Hee BCero mMOMEeCTUTh i Ha, BEPTH-
KaJIbHOI OCH, BHIOPAB HEKOTOPYIO IJIOCKOCTH, CONEPKAILYI0 OObIYHY IO
BEIIECTBEHHYIO 0Ch (cM. puc. 142).

—1 0] 1

Puc. 142. Bor roe nmputanioch 3araJl0oqHOe IUCIIO 4.

Torma mostyaurcs, 910 J1000€ YUCIIO & + Yi «KUBET HA IIJIOCKOCTH»
B TOUYKe C KoopauHaramu (z,y). Ecim Mbl xorum BBECTH B paccMorpe-
HUE HEKOTOPYIO HOBYIO CYIIHOCTb, KOTOpasd B KBaJIpaTe [1aeT MUHYC
EIMHUILY, TO HAM HY?KHO YMETb 3TO UMCJIO YMHOXATh HA JIOObIE Jieii-
CTBUTEJIbHBIE YucJsia. V Takue npousBeeHusd yi = z HUKOTHA HE MOIYT
ObITh OOBIYHBIMU YUCJIAMU, MHAYE CAMO i = Z/Y LPEBPAIAJIOCH Obl
B 0OBIYHOE 9mCII0. A MBI yKe yOemuaInuch B TOM, 9TO § HMeeT <HEBe-
MECTBEHHYIO» IPUPOILY. KpOMe TOro, Mbl HOJI2KHbI YMETH BbIIIOJIHATDH
NefCTBUSA CJTOXKEHWUA ¥ BHITATAHUA MEXKJLy OOBIIHBIMU (BEIIECTBEHHBI-
MU 1JIA rIleIl/,ICTBI/ITe.}'[beIMI/I) YUucCJiaM1 1 9YUCJIOM Z

Lasaiire mocmorpum. Bepy BelecTBeHHbIE YUCIIA U COCTABJIAIO BbI-
paxeHus:

(x + yi); (z + ti).

Bompoc: B kakoM cjiydae 9Tu JIBA BBIPAXKEHUSA 330AI0T OIHO M TO XK€
qucsio? [lonpobyem meficTBOBaTh [0 MPUBBIYHBIM ITPABUJIAM.

T+ yt =z + i,
T —z =1t —yi,

x—z=1i(t—y).

Ecou t = y, T0 u3 nocjeqnero paBeHCTBa, UMEEM T = 2.
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Ecsm t # y, TO mosty9aeM BhIpaKeHUe

P
i

Xz z
DTOro He ModHcem 5’btmb, TaK KaK — BelIeCTBEHHOE YUCJIO. A uan-

t —
cso 1 — HE Bemecrsennoe. IIporusopeune. 3HauuT, r + yi u z + i
PaBHBI TOLOA M TOJIBKO TOLIA, KOLIA T = z M { = Yy OIHOBPEMEH-
HO.

W3 sToro ciiemyer, 9TO KaxKI0# TOUYKE ILJIOCKOCTH COOTBETCTBYET
€IMHCTBEHHOE KOMILJIEKCHOE YUCJIO.

[Ipomosnkenue B ciemyonieil jeknuu (To ectb B jgekiuu 4 gactu 2).
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Jleknusa 4

A.C.: Cerogusa mbl OymeM 3aHAMATHCS KOMILIEKCHBIMEA IHCJIAMU.
Ho mu1a nagasia uarepecuas 3apucoBKa u3 reopuu Bepoaraocreit. Ecim
6561 Hac 66110 YesioBek 30, 4 ObI MOCTABUII H MOPOXKEHbBIX K 1, 9TO y 11BO-
X U3 34€Cb IIPUCYTCTBYIOIUX COBIIQAYT NHU POXKICHUA. Ha CaMOM [J1e-
Jle TpaHWIA TpoxonuT Ha uucie 23. Ecim B aygutopun 23 desioBeka,
TO BEPOATHOCTDH COBIIQACHUA XOTA 6bI ABYyX ,H,Hef[ POXOECHUA IPUMEPHO
pasua 50%. IIpaBma, COBIAIYT TOJBKO MECHAI, U YUCJIO POXKIACHUA, HO
ue 0bsa3aresibuO rof. s sioeit, koropbie 00 3TOM He 331y MbIBAJIUC,
5TO COBEPUIEHHO yIuBUTEJbHBINA (hakT. Bpome 661 Bcero 23 desoseka,
Kak ke Takoe moxeT 6biTh? Ho Maremaruka OTKpbIBAET 9TOT CEKPET.

Eie o uHTEpECHBIN CIOXKET: [1BA YEJIOBEKA PEUINJIA BCTPETUTHC
B ME€TPO Ha CTaHIINA KpOHOTKI/IHCKaH_. HO BBIIIJIO TaK, 9YTO OHU HE J0I'0-
BOPWJIMCH O BpeMenu. VI3BeCTHO Jiuliib, 4T0 oHM CBOOOIHBI Mexay 9 u 10
yrpa. Crparernss y HUX TAKas: 9€JIOBEK OIPUXOIMT U XKIET 15 MUHYT.
Ecim ne noxnaJics, yxomut. Bonpoc: 4ro BepositHell, BCTPETUTHCA UJIn
pasmunyThca? HYemy paBHA BEPOATHOCTH TOTO, YTO OHU BCTPETATCH?!

«Maremaruueckada» TEOpUA BEPOATHOCTEH HA 3Ty TEMY I'OBOPHUT
cnenyiomee. laBajire paciosioKuM Ha IJIOCKOCTU BCE BO3MOXKHBIE UC-
XOIpBl B 3TOU «HATPE».

ITo ocu x HGymem OTKJIAABIBATD MOMEHT IIPUXOJIA IIEPBOIO, &, 110 Y —
Broporo (B MunyTax mocije 9 wacos). [losyuuBumiics KBagpar HA3bI-
Baerca aszosvim npocmparcmeom zadawy (puc. 143). A Bor ecsm nep-
BbIif MOXET MOABUTHCA B JII000I MoMeHT oT 9 10, HaIpumep, 11 1acos,
10 (Pasz0BOE NPOCTPAHCTBO OyJIET HE KBAAPATOM, & IPAMOYTOJIbHUKOM.
Tak KaK ¥ MOMEHT IOABJIEHUA IEPBOTO, U MOMEHT HOABJIEHUST BTO-
POTO COBEpPIIEHHO HEMpencKa3yeMbl B paMKaxX mpoMexyTka ¢ 9 mo 10,
CJIe[lyeT IPEencTaBaaTh cebe, uro u KBaapar (CaesBa), u npAaMOyToJib-
HUK (CIIpaBa) MOKPBITHI PABHOMEPHO# CETHIO 13 GOJIBUIOTO KOJIXIECTBA
TOYECK.

Teopus BepoaTHOCTER TOCTOAHHO OLEPUPYET C MOHATHEM K3ABUCH-
MOCTU>» U KHE3AaBUCUMOCTU» HECKOJIBKUX Cﬂy‘laﬁHbIX BE€JIMYUH. 3ﬂ,pa—
BBIIl CMBICJT [IOICKA3BIBAET, YTO HALM COOBITHA (TO eCcThb mpuxom 1-ro
U IIPUXO/], 2—r0) He3aBUCUMBI. Torma BCe MCXOMbI, T.€. Mapbl (BpeMH
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10 10

9 10 9 11

Puc. 143. [1Ba pas3ubix ¢$Ha30BbIX TPOCTPAHCTBA.

OPUXO/IA IEPBOr0 U BPeMs MPUXOa BTOPOr0) — PABHOBEPOATHBL. MBI
ceifaac HApPUCyeM 30HY, B KOTOPO# JIpy3bsad BCTPETUJIACH, U TIOCMOTPUM,
Kakasd y Hee IUIOM@Ah (Ui JieBoi dactu puc. 143).

Ecsiu oru npuiiv B OMH ¥ TOT )K€ MOMEHT, TO U3 TAKUX TOYEK MbI
[IOJIy UM JIMATrOHAJIb — OJIMHAKOBBIA MOMEHT IIPUXOAa. fICHO, YTO OHM
BeTpersaTca (u Bpemsa oxumanus 6ymer pasuo 0).

A ecii OHM HEMHOXKKO OTKJIOHUJIMCH OT JAMATOHAJIM BJIEBO/BIPABO?
Torma ToXe BCTPETATCA, IOTOMY YTO OIWH U3 HUX HPULIES] HEMHOXKO
paHbIe APYroro m JIoXaaJjcd Broporo. Hamo non#aTh, HA Kakoe ca-
Moe 6OoJIbIlIoe YUCJIO MUHYT MM MOXKHO OTKJIOHUTBLCH JIPYT OT ApyTa
110 BpEMEHM [PUX0/ia, 9T00bl BCTpeda eme npousonuial Ha 15 munyT.
Ha omny derBeprh uaca. Mmade Gymer Kak B M3BECTHON mecHe™.

MpbI 1moJiydmnsiv rpaHUIbl 30HbI BCTpedr. TO MPOUCXOMUT HA I'pa-
uune? llepsoiit npumies, manpumep, B 9 wacoB 50 mMunyT, a BTOpOiA
B 9:35. Torma BrOpoOit, KOTOPHBIA NpUIIes B 9:35, yxe cobupasica yxo-
[UTb, XU TYyT MOABUJICH IIEPBBI.

Temeps HAJIO TOCIATATH [JIOMAIH «BCTPEIM» (TO €CTh YIACTKA KBa-
JIpara, OMUCHIBAIOIIETO APl MOMEHTOB IIPUXOMA, TP KOTOPHIX BCTPE-
9a MPOoU30iIeT) M MOJesuTh ee Ha obILyIo miIomaab GHa3oBoOro Impo-
CTPAHCTBA. BbIumC/imM CHAYAJIa IJIONIA[Ih OCTABUIEHCH YAaCTU JJId CJIy-

gas kBazapara (puc. 144).
~(3)' 2%
=(3) =15

— IJIOmAAb OCTaBIIeiicss Jactu, S = 12 = 1 — mwromagp BCEero Kpa-

* [ToroBopmyInch MbI Ha 3aBTpa: «Ha ToM xe mecre, B ToT XKe dac!»
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Jpara,

— ILJIOWIA/Ib «KBCTPEYU>.

Bapwuanr, korma o6a mpaxofsT
B OJIMHAKOBOE BPEMSI

LolN

Puc. 144. Bcrpeda BO3MOXKHA TOJBKO BHYTPHW  IIECTUYTOJIbHUKA
(15" = 0,25 qaca).

YHucuio e 9y Th-4yTb MEHbIIIE % To ecrp xmayr BCero 15 mumyT,

16

a BEpoATHOCTL BCTpeun biuska xk 50%.

Ynpaoscnenue. A kaxoit 6ymer orser, ecim (HpazoBoe MTPOCTPAHCTBO
HE KBaJpaTHoe, a nupaMoyrosibaoe (puc. 143, cupasa)?

[Ipo Teopuio BepoATHOCTEH MOXHO TOBOPUTH OYEHDb HOJI0. DTO OT-
[leJibHAs, O9eHb O0JIbIIAs, MHTEPECHAS HAYKa W JIjIsd UIKOJbHOW IpPO-
I'paMMbl, 1 [OJI4 J'[IO,H,eﬁ, 3aHUMAIONIUXCA JPYTUMU HAYKAMU. B Teopuu
BEpOATHOCTEN ecTh cBou mpobsiembl. Hampumep, nmanubie mpo 60Jib-
ot ropos; tTuna, MOCKBbBI BXOAAT B O4Y€Hb pe3Kuil KoHTpacT ¢ 6a30-
BBIMU IIPEIIIOJIOKEHUAMEI TEOPUU BepoaTHOCTER. Paccmorpum cocros-
Hue npoboK Ha, goporax. OHO CKJIAJBIBAETCH U3 MUJIJIMOHA, CJIy YadHBIX
pellennii oTneTbHLIX Jitojieil. KaxXaplil, y Koro eCTh MallWHA, PEIIaeT,
Ioexarhb JIM HA MalllMHE WJIM Ha ODIIECTBEHHOM TPAHCIOPTE, TO €CTh
[PUMEPHO MUJIJIMOH YeJIOBEK OJIHOBPEMEHHO PENIAIOT 3a4a4dy, HA YeM
UM €XaTb. I/I TUIIOBOE TPEAITOJIOK CHUE TeOPprnu BepOHTHOCTeﬁ O TOM, 49TO
BBIOODBI JIIOJIEll HE3aBUCUMBI JAPYT OT [IPYTa, IMPeICKa3biBaeT abCoITI0T-
HO OJMHAKOBBIE HpO6KI/I npu OJUHAKOBBIX METCOPOJIOTUICCKUX yCJIOBU-
ax. Ecsiu naira Teopus BepHA, €CJIM PEUIeHn HE3aBUCUMbIE, TO [HOJIXK-
HbI OBITh WIIEHTUYHbBIE [OPOXKHDBIE CUTYAIMH IIPU OJUHAKOBBIX YCJIOBH-
sax. ABapuu yuects TpymHo. Ho ofiHa, [BEe MeJIKUX aBapuu HE CUJIBHO
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BJMAIOT HA Tpaduk. Maremaruku 09eHb MaJIO 3HAIOT PO TPAHCIIOPT.
Ho camoe riiaBHOe — ecTb CTOMKOE oIy lIeHue, YTO ITA MOJIETh HEBEDP-
Ha. JIroau npyr ¢ Apyrom Kaxkum-To 00pasom cBasanbl. OHU pearupyor
na daspr Jlywasr, naraa za CoJtHIE WM HA YTO-TO €lle U IPUHUMAIOT
onunakobie pemenus. (Hanpumep, ecim ux npocar Ha3BATh W3BECT-
HOTO PYCCKOTO [09Ta, BCE KaK onuH ropopar: [lymkwumn.) 9ro — enun-
CTBEHHOE O6'bﬂCHeHI/Ie, nmo4dyeMy 1pu a6COJIIOTHO UMOCHTUYIHBIX YyCJIOBUAX
OBIBAIOT JIMAMETPAJIBHO IIPOTUBOIOJIOKHBIE IO CTPYKType 1pobku. Ce-
POIHSA TOPOJL, eMIET, & 3aBTPA — CTOUT.

Haso npusnares, 410 Ham He BCE u3BeCTHO. ¢, HA caMoM jiesie, cau-
TAI0, ITO PO COMUAJBHBIE HAYKH (COIMOIOTHUIO, TIOJTUTOIOTUIO, SKOHO-
MUKY) HAM BOOOIIE MOYTU HUYEro HEM3BECTHO. MareMaTuku BpyT, KO-
[J1a TOBOPAT, YTO OHU Pa300paJiMCh B TOM, KaK (DYyHKIIMOHUPYET COLU-
yM. Mopesiv npuMuTUBHbBIE, HUKOLJIA HAYEro He IpeickasbiBaioT. VHo-
ra 00bACHAIOT TO, 9TO ObLIO BYEpA.

C reorpadueii nesia obcrosar jy4qnie. Paccesienne meHsgeTcd MeJieH-
vo. Peniko 6piBaeT Tak: ¢ yTpa HE C TOW HOI'M BCTaJI M C JOCAJbl OKa-
saJjicad He B Mockse, a B Upkyrcke®. DrajiloHOM HayKu HOJDKHA, ObITh
dusuka — Hayka 0 HexwuBoil npupome. Oua paspaboraHa [0 TaKOi
CTeneHu, KOTopad HUKAKUM WHOIIJIAHETAHAM, HaBE€PpHOE, HE CHUJIACD.
N ecnu c dusukoit cpaBHUBATHL HAYKU O COIUYME, TO MATeMaTHYe-
ckuii 6JI0K couMaJibHbIX HAYK IpaKTU4YecKu He passut. ITosromy Bea-
KHM «Typy®», KOTOpble modBJigiorca Ha «llosmut.py», B «Bemomoctax»
UJTU IIPOYHX U3IAHUAX, BOOOIIE BEPUTH HEJIb34 (B TOM UHCIIE M MHE Ca-
momy!). OHM IEIAI0T TPOTHOBbI, & YEPE3 HEHEJII0 yXKe BCE MO-IIPYyTroMy.
4 BuXKYy, 0 KAKUX MOJEJIAX OHU I'OBOPAT, U IMOHUMAIO, YTO TaM OOMaH
B Ka2KJI0OM CJIOBE. A B MATEMaTUKE, B JIMHI'BUCTUKE, B IPDYI'UX HE COLLU-
aJIbHBIX HAyKaX HET MECTa IOIBOXY.

kK K

BepreMca K KOMIJIEKCHBIM 9ucjaaM. £l XoTes1 pacckas3arh O TOM, KaK
qyHecHbIM 00pa30M C IOMONIHI0 KOMILJIEKCHBIX YUCEJI PEIIAITCA HEKO-
Topbie ypaBaenus. Ha rnponisioi jiekiuu Mbl PENInJIn, 9T0 XOTUM UMETD

*Xora opuu nopobuplil (nmoxoxwuit) sum30n onucan B «moame B upose» B. Epo-
deesa «MockBa — Ilerymkns».
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TAKOE HEBEIECTBEHHOE YUCJIO 4, UTO i = —1. U xaxn0i TOYKE MJI0C-

KOCTH COIOCTABUJIM HEKOTOPOE KOMILIEKCHOE 9UCJIO: (T,Yy) — T + yi.
OKaBbIBaeTCH, I9TU YUCJIA HOAINHAIOTCA IPUBBIYHBIM MAaTEMaTUICCKUM
JIefCTBUAM: ILJIIOC, MUHYC, YMHOXWTDb, Pa3lejuTh. Maremaruku HO-
BOJIbHO OOJIbLIYIO YaCTh BPEMEHM KUBYT B CHCTEMAX, KOTOPbIE Ha-
3pIBAIOTCA noasmu. 1losie — 310 Takoe obobOlIeHue OOLIYHBIX YUCEI.
DTO TAKHUE CUCTEMBI «UACEJ»>, B KOTOPHIX MOXHO COBEPUIATH OIEPALIAN
MJIIOC, MUHYC, yMHOXXHUTb U PA3OEJIUTDH 110 HOPMAJIbHBIM OOBITHBIM
npaBusiam. To ecTb BbI IUIIETE KAKOE-TO AJIredpandecKoe BhIpaKeHue,
packpbiBaeTe CKOOKH, JiejuTe, COKpaiaere. Bc€, 4To MOXHO creJiaTh
C OOBIYHBIMY JIEACTBUTESILHBIMYU YUCJIAMU, MOXKHO CHEJIATH U C 3JIEMEH-
TaMM JIIOOOro 1oJidg. A 1oJig O6bIBAIOT OYEHb PA3HbIE U MHOILA COBEP-
UIEHHO HEOXUIAHHO BBITVIALAT.

Mpbr xoTuMm, 9T0OBI MHOKECTBO KOMILJIEKCHBIX YHMCEJI CTAJIO ITOJIEM,
TO eCTb YTOOBI B HEM MOXHO OBLJIO JIEJIATh BCE, IYTO MbI IIPUBBIKJIU JI€-
JIaThb C ﬂeﬁCTBHTeﬂbeIMH qucCJjiaMu, B 4aCTHOCTU, YMHO2XKATHb U NEJIUTD.
W 06 3TOM MBI CEiiIac ITOrOBOPUM.

Brlio moxaszamo, 9T0 T + yi = z + 14 MoAbKo 6 moM caydae, eCau
MMEIOT MECTO PABEHCTBA & = z U Yy = {.

To ecTsb ecaim 9TO TPOCTO OfIHA U TA K€ TOUKA HA, IJIOCKOCTH. A pas-
HbIE TOYKHU JIAIOT PA3HBIE KOMILJIEKCHBIE YUCJIA, [0ITOMY KOMILJIEKC-
HbIE YUCJIA 33aHAMAIOT KAK MAHUMYM BCIO ILJIOCKOCTb. A M3 cTpemJie-
HUA K MUHUMAJIU3MY MbI IOCTapaeMCd OIrpaHnInTbCA TOJIBKO TOYKa-
Mu 1stockoctu. JlaBaiite yauTbCca CKJIAAbIBATH, BEIYUTATH, YMHOXATh
U JEJIUTh TOYKU IJIOCKOCTH.

Yemy Oyner pasua cymma, (x + yi) + (2 + t4)?

MpbI [0JDKHBI [OJIYYATh KAKOE-TO KOMILJIEKCHOE YHCJIO0. 3HAYUT,
y Hac Oyuer dacrb € ¢ u 4acrb 0e3 ¢. Ecim owioxurh yacrs «b6e3
1% M0 oc:m abCIUCC, a YACTh «C 1» — II0 OCH OPIHWHAT, TO y HAC IIO-
JIyUUTCHA KAKafg-TO TOYKA HA IJIOCKOCTU. JacTO KOMIIEKCHOE YUCJIO
OTOXKJIECTBJIAIOT C BEKTOPOM (T. €. CTPEJIOUKON), BEIyIUMM U3 HAYAJIA
KOODIWHAT B 3Ty TOYKY. VI3 npaBusia CJI0KEeHns BEKTOPOB II0JIy 9aeTCH,
aro (z +yi) + (z + ti) = (z + 2) +i(y + t).

*Kak u 0ObIYHBIE OJI — CXKAaThble, 3aPOCIINe, 3aMETEHHBIE CHETOM. . .
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Hasaiire nocmorpum, nouemy tak mosydaerca (puc. 145).

(z+2z,y+1t)
(2,1)

(z,y)

Puc. 145. CyioxeHne KOMILIEKCHBIX 9HCEJI.

Touku (z,y) u (z,t) 3a1a10T HAM Ba BEKTOPA HA [LJIOCKOCTH, BBIXO-
JFAIIge U3 HavaJsia KOOpAuHAT. ECim cJI0KUTh JBa BEKTOPA, MOJLY IUTCS
BEKTOP ¢ Koopaunaramu (z + z,y + t).

B mkoJste 3T0 Ha3bIBAIOT IPABUJIOM ITapaJIIeJI0TpaMMA.

CyMmmMma OByX TO4Y€K IJIOCKOCTH CTPOHTCH Tak. BepeMm Bek-
TOPBI, MOPOKJAE€Mble HAIMUMH TOYKAMH, U CKJIAOBIBAEM HX
0 NpaBMJIy IIapaJjijiejiorpamMma.

Bbrunranue or ciaoxeHus OPAKTUYICCKU HE OTJINIALTCA:

(x+yi)—(z+ti)=(x+yi)+(—z—1ti) = (x — 2) +i(y — t).

Bekrop, mopoxaaemblii TOUYKO# (z,1), pasBepHeTCA B APYTLYIO CTOPO-
Hy — Ty/a, LJe JOCTPOEH CMEXHbIA napaJuiesorpamm (puc. 146).

Nrak, onepaiyuu mJII0C ¥ MEHYC OlIPDELEJIEHb] U BCELIa OCY LECTBU-
Mmbl. Takxke BUIHO, 9TO Y KAXKJIOTO YUCJIA €CTh IPOTUBOIOJIOXKHOE K He-
my: (¢ + yi) u (—z — yi). C TOYKM 3PEHUHA CJIOKEHUA U BHIYUTAHUA
cuCTeMa yXKe HOCTPOeHa u Bemer cebsa ouesBuiabiM obOpasom. Temnepb
MepexXomM K ropasmo 0ojiee MHTEPECHOR TeMe. A MMEHHO: yMHOXKe-
HUEe U OeJIEHHuEe KOMIIJIEKCHBIX 4HCEeJI.
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(2,1)

(z,y)

(:E—z,y—t)

Puc. 1/6. Bprauranue KOMIIJIEKCHBIX YUCEJI.
4 xouy y3HaTh, KaK JIOJZKHO BBITJIANETH YMHOXEHUE
(x + yi)(z + ti).

Bynem mosip30BaTbca paclpeneuTesIbHbIM 33KOHOM, KOTOPBIA Mare-
MaTWKU HA3bIBAIOT ducmpubymuskoim. 1Ipoire rosBops, paspemaercs
packpbiBaTh CKOOKM: a(b + ¢) = ab + ac (kak y9mwim B mKoJIE).

A raxxe (a + b)(c+ d) = ac + be + ad + bd.

IIpaBusio aucrpubyTUBHOCTH BbIHYX/1aeT HAC TaK yMHOXaTb. ITo-
TOMY 4TO TaK JIeJIaeTCA B BElleCTBEHHBIX Yucaax. laBaiiTe monpobyem
MEPEMHOXKUTD 1B KOMILJIEKCHBIX IUCJIA,

(x4 yi)(z + ti) = xz + xti + 2yi + yti’.
Tenepsb maBajire BCIOMHIM, 49TO 12 = —1,
(x4 yi)(z + ti) = 22 + xti + 2yi + yti® =
= zz + xti + zyi — yt = (vz — yt) + (zt + y2)i.

Mpi Hayaumuch ymMHOKATh. [IpousBeseHreM To09€K ¢ KOOPIUHATAMY
(z,y), (2,t) cayxur TOYKa HA JIOCKOCTH C KOOpauHaramu (rz — yt,
xt +yz).

Ho sroro asig HAC MaJio, HOTOMY 9TO MbI HE BHUIUM, TJe «XKUBET>
Ha IVIOCKOCTU TOYKa C TAKMMHU KOOPDAWMHATAMMU. MI)I JOJI2KHbBI YBUIETH
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ee, IOHATH, KAK €e MOCTPOuTh. Kak MmoJiyaursh ee u3 BEeKTOPOB, IIOPO-
XKIAeMbIX Toukamu (z,y), (z,t). Kakume y 5TUX BEKTOPOB XapaKTepH-
crukn? Y HUX €CTh JJIMHBL U yIJIbl HOBOPOTA, (OMKAOHEHUS) OT OCH .
[Tosib3yACh STUMU JIAHHBIMU, MbI JIOJDKHBI [IOJIyYUTh HOBBIA BEKTOP
(xz — yt, xt + y=z).

Ham HyKHO IIpOBECTH HEKOTOpOe UccJenoBanue. [Ijid 9Toro paspa-
boTaeM TEPMUHOJIOTHUIO.

Y KOMILJIEKCHOIO YMCJIa — TOYKM HA IJIOCKOCTH — II€PBAsA KOOPIIU-
HATa HA3BIBACTCI 6EULeCMEEHHOT 4acmbio, a BTopasd — MHuMmol. Muan-
MOii ee HA3BIBAIOT noromy, 4TO, KOrga HaunHaJiu C KOMIIJICKCHbIMUY Y1U-
caaMu OBIMATHCA, CIMTAIIU, 9TO YUCHA ¢ He cyliecTByer. CymecTByor
TOJIBKO BeleCTBEeHHbIE YncJia. OcTajbHbIe HE CYIECTBYIOT, OHU KaK Obl
y HAC B BooOpaxenuu, imaginary numbers. C rex 1mop y KOMILJIEKCHBIX
YUCeJI eCTh JIEUCTBUTEJIbHAA U MHUMAsd JACTH.

PaccmorpuM eme Takyr KOHCTPYKIuMIO. IJjid KaxIoro BEKTOpa
pucyeTrcda BEKTOP, CUMMETPUYHBI OTHOCHTEJIBHO BEHNIECTBEHHOW OCH.
Touka (z;y) mepeiimer B Touky (z, —y) (cm. puc. 147).

(z,y)

(z,—y)

Puc. 147. Bektopsl, cCiMMeTPUYHbBIE OTHOCUTE/IbHO OCH a0CIUCC.

Yucay x4 yi ecrecTBeHHbIM 00Pa30M COIIOCTABJIAETCH YUCJIO T — Y1,
KOTOpOE JIEXKUT 110 JPYTYI0 CTOPOHY OT BEUIECTBEHHON OCH.

Yucoa Buna (x4 yi) u (¢ — yi) HA3BIBAOTCA conpaxcerHvimu. lemy
PaBHO IIPOU3BE/IEHUE DTUX TUCEJI!

(z +yi)(z — yi) = 2% + ¢°.

Ymo taxoe z2 + y? B reoMeTpUYecKOM CMbICTe? DTO — IJIMHA BEK-
TOpa, 0003HAYAIOIIEr0 Hallle KOMIIJIEKCHOE YMCJIO, BO3BE/IEHHAA B KBa-
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npar. KBajgpar qjivabl KOMIIJIEKCHOTO YMCJIA, PACCMATPUBAEMOr0 KaK
BEKTOD, PABEH IPOU3BEACHUIO €r0 CAaMOTO U €My COIPAXKECHHOTO.

1 eme omna BeikjaaKka. UHTEPECHO, 9TO MOJIY YUTCHA, €CJIU I IIEPEM-
HOXY BEKTODBI, COIPAKCHHDIC K HAIINM MCXOIHBIM BEKTODAM:

(x —yi)(z — ti) = (zz — yt) — (xt + y2z)i.

BemeCTBeHHaH JaCTb HE U3MEHMJIACh, a MHHUMad IIOMEHAJIA 3HAK.
Bouto (zz — yt, zt + yz), crano (zz — yt, —zt — yz). llomywaercs, aro
ecsu Mbl 6epeM Mpou3BeNeHHE OIBYX COINPSKEHHBIX, TO IOJIY-
4aeTcsi CONPSAXKEHHOE K MX IpousBeneHuro (puc. 148).

(rz — yt, xt + yz)

(rz — yt, —xt — y2)

Puc. 148. Maremaruku cka3zajiu Obl Tak: yMHOXKEHUE KOMILJIEKCHBIX YUCEJI
«YBaXKAET» ONEPANNIO COMpPsKEeHus1, 1 HA0O0poT. MOXKHO BHAYAJIE COE/IaTh
CONPsIKEHNe KazKIO0M0 COMHOXKUTEJISl, & [OTOM HEPEMHOXKUTb WX, & MOXKHO
BHAYAJIE TIEPEMHOXKUTD, 3 MOCJIE CIE/IaTh CONPAKEHNEe MEPEMHOKEHHBIX. Pe-

3yJIbTAT OYIET OINHAKOBBIM.

Xotesioch 6bI yMETh [IeJUTh OJIHY TOYKY Ha ILJIOCKOCTU HA ApPY-
IYI0 TOYKY. ITO TOXKE COBCEM HE CJIOKHO, €CJIM, KOHEIHO, HE JICJTUTD
Ha HOJIb. HO Ha HOJIb Mbl M paHbII€ HE MOIJIX OEJIMTb. TaK 9TO HU-
9€ero yJAUBUTEJIHHOTO B TOM, YTO MbI He OyneMm nenuth Ha 0, HeT. 3Ha-
quT, Tak. [lonpobyem pasmenurh HA 9UCJI0, KOTOPOE HE PABHO HYJIIO.
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Ucnonb3syem ocuoBHOE CBOUCTBO npobu: dpobb He UBMEHUMCH, ECAU
U YUCAUTNEAD, U ZHAMEHAMEAD YMHOHCUMD HA OOHO U O HCE YUCAO.
B kagecrBe TakOro 4mcsa Mbl BO3bMEM UKCJIO, CONPKEHHOE K 2 + ti:

THyi (x + yi)(z — ti)

24t (ztti)(z—ti)
(w2 tyt) + (yz —at)i  zz 4yt yz—:pti

22 + ¢ 2+ 2242
I/ITaK, MbI IIOJIYYXJIN KOMILJIEKCHOE 9YUCJIO B CTaHJAPTHOM BUIE: BELIEC-
rz +yt yz — xt
CTBEHHAA ﬁ U MHUMAA ﬁ HaCTHu.
z“ 4+t 4+t

Bcé. Temepnb mbl ymeeMm [euTh, yMHOXKATh, CKJIAIbIBATH U BbIYU-
TaTbh — BCE KaK C OOBIYHBIMHA OEHCTBUTEAbHBIMEA YuCaaMu. OnTHAKO MbI
IIOKa He BUOUM, KAK T€OMETPUIECKH 3TO BBIIVIAINT, & 9TO OUE€Hb BaXXHO
¥ YPEe3BbIYaiHO IIOJIC3HO.

HaBaiiTe Bce-Taku 310 noitmeM. [j1g 9TOro mepeMHOKIM

(x 4+ yi)(z + ti)(x — yi)(z — ti).
Ecnu s 6yny nepeMHOXATH HOYJIEHHO, TO [OJIY 9UTCHA
(z+yi)(z+ti)(x—yi)(z—ti) = [(xz—yt)+(st+yz)i][(xz—yt)— (zt+yz)i].

O6paT1/1Te BHUMAaHUE, NOJIyIUJIMCb COHIPAXKEHHbIC KOMIIJICKCHbIE YU-
CJia, — BHAYUT, UX IIPOU3BEICHUE PABHO

(x +yi)(z + ti)(x —yi)(z — ti) =
= [(wz—yt) +(at+y2)il[(zz—yt) = (at+y2)i]) = (zz—yt)*+ (at+yz)*.

A ecsim 51 BCOOMHIO, 9TO OT TIEPEMEHBI MECT MHOXKUTEJIE TPOn3BeIeHne
HEe MEHAETCH, U [IEPECTABJIIO CKOOKU, TO MOy Iy

[(z + yi) (& — yi)][(z — ti))(z + ti)] = (& + y°)(2° + 7).
Ho MBI ke yMHOXKAJIM OFHO M TO XK€, 3HAYHAT, PE3YJIbTATHI COBIIAIAIOT:
(22 +y?) (22 +t2) = (zz — yt)? + (xt +y2)°.
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DT0 TAMHCTBEHHOE NPABMJIO MHOLJA M3Y4YaeTCHA B IIKOJIE KAK OIHO
M3 IPABUJI COKPAUIEHHOrO yMHOXKeHHsa. HO CMBICJI €ro CKpbIBaercH.
MoKHO 4€CTHO PACKPBITh BCe CKOOKM ¥ HOJIyYUTh BEPHOE PABEHCTBO.
Cosepienno 4ecTHO, 03 BCAKHX KOMILJIEKCHBIX dnces. Ho ecsm BbI
cuesnaere 910 03 KOMIUIEKCHBIX YMCEJsI, TO IPUPOLA ABJIEHUS Oyner
HE BHIHA W HENOHATHA. A C IOMONIBIO KOMILJIEKCHBIX YUCE]I MBI IO-
BopuM, uto (22 — yt)? + (ot + yz)? — KBajgparT NUIMHBI BEKTOPA, KO-
TOPBIA ABJIAETCA MPOU3BEICHUEM UCXOMHBIX BEKTOpPOB (z,y) u (z,t).
A (2% +y?) u (22 +t%) — xBagpPaTHI JIJIMH CAMUX UCXOIHBIX BEKTOPOB.
Eciiu s u3BJIeKy KOPEHb W3 9TUX [JIH, TO HOJLYIUTCHA, ITO

JIJIMHA BEKTOPa IIPOU3BENEHHUsI PABHA IIPOU3BEIEHUIO IIJINH
HCXOOHBIX BEKTOPOB

V0@z =yt + (ot +y2)2 = /(e +y2)(22 + 12).

Mpr y3HAIH, 9TO IIPU NEPEMHOXEHUH KOMIIJIEKCHBIX YUCEJI UX
JJIMHBI mepeMHOoXKaTca. OCTaoch BBIACHUTD, Kya OylleT Halpa-
BJIEH BEKTOD Ipou3BejieHud. Boupoc, 4To Ke HPOoUCXOAUT C yIJIAMU
[IOBOPOTA KaXJIOTO U3 COMHOXHUTeseil?

Ceiiqac 1 MOTy TOJIBKO CKa3arb, 9TO MOE€ MPOU3BEIECHUE JICKUT
[Jle-TO Ha OKPYXKHOCTH PaJAyca, PABHOTO IPOU3BENEHNIO JJIMH HAIINX
BekTopoB. Ho rie nmenno? Celiyac Mbl pacCMOTpPUM LIpeobpas3oBaHue
mwiIockocTu. /laBaiiTe HaHeceM Ha HAIIM OCH KOODIWHAT €IWHWIHYIO
okpyxHocTb. Ha 3T0#1 OkpyxHOCTH <«XKUBYyT» TOukmM 1, —1, 4 u —1¢

(puc. 149).

—1

Puyc. 149. Enyanvinas OKpYXKHOCTb HA KOMILJIEKCHOI TIJIOCKOCTH.
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Kak sanucarb koopmmuarbl TOYKM Ha OKpyxkuOCTu! Kakoe kom-
[JIEKCHOE YUCJIO XKUBET B TOUKE IUHUIHON OKPYKHOCTH, ECJIA BEKTOD
HOBEPHYT HA yroJ ¢ (cm. puc. 150)7?

(cos @, sin @)

Puc. 150. Huxunil karer paseH cos ¢, Ipasblil paBeH sin ¢.

Touka /1aHHO OKPYKHOCTU OLPEUEJIAETCH YIJIOM, HA KOTOPbIA 110-
BEPHYJICA BEKTOD eOWHWIHON nymHbI. KocumHyc — 3TO KOOpIMHATA
110 OCH T, CUHYC — 10 ocu Y. B yueOHukax nuiyT, 4T0 KOCUHYC —
9TO OTHOLIEHVE IPHUJIeXalllero Karera K runorenyse. Ho 3gece rumnore-
Hy3a umeer jjiuny 1. [Tosromy Kocunyc paBeH 1poCcTo ropu30HTAJIBHO-
My Karery. A CHHYC — TO OTHOIIEHUE APYroro Karera K UIIOTEHY3e.
Munorenysa umeer jjiuny 1, 1 CUHYC — 3TO LIPOCTO BTOPO# Karer.

A teneps g coBepury obeniaHHOe peobpa3oBaHUe: yMHOXKY BCE TOU-
KU IIJIOCKOCTH HA KOMIIJIEKCHOE HUCJIO COS ¢ + ¢ sin .

HanowmHm0, 94TO Ipu yMHOXEHUN KOMILJIEKCHBIX YUCEJI AJINHA HOJIY-
9aeMOr'0 BEKTOpA PABHA [IPOU3BENEHUIO JIJIMH IIEPEMHOXKAEMBIX

\/(xz —yt)? + (zt +y2)? = Va2 + y2 V22 + 2.

[ToncraBum cieBa B poOpMyJIy COS ( U Sin @ BMeCTo z u t

\/(372 + 42)(cos? p + sin? @) = \/(a;z —yt)? + (xt + y2)2.

Ho cos? ¢ +sin? ¢ = 1 (0CHOBHOE TPHTOHOMETPUIECKOEe TOXKIECTBO,
caencrsue reopembr [Tudaropa). Ionyuaem

V@2 +92)(1) = /(az —yt)? + (at +y2)2.
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MBI JAOMHO2XK A€M Ha €IUHUILY, & 3HQYIUT, NJINHA BEKTOPA HEC U3MECHACTCHA.

[Tosyuaercs, 910 Upr yMHOXEHUM HA YUCJIO COS (¢ + ¢ sin ¢ Jiroboe
KOMILJIEKCHOE TIHCJIO OCTACTCA HA, TOI Ke OKPYRKHOCTH, Ha, KOTOPO#H OHO
JIEKAJIO.

KommutekcHoe 9uciio «Xujao», HAIpUMEpP, B TOUKe A, Ha paccTo-
auun \/x2 4+ y2 or Touku (0,0); mocsae npeobpasosanus OHO Oyuer
«XKHTh» Ha TOW XKe caMOil OKPYKHOCTU B KaKOH-TO Apyroii Touke B,
HO Ha ToM ke paccrozauuu ot (0,0) (cm. puc. 151).

[ToxoxkuM 006pa30M MOKA3BIBAETCH, UTO IJISA JIOOBIX OBYX TOYEK
MJIOCKOCTH yMHOXEHHE Ha COS (01 Sin ¢ He H3MEHHAT PACCTOAHUSA
MEXIy HUMH.

B4 A

NI

Puc. 151. B=A - (cos + isinp)

WMubivu coioBaMu, yMHOXKEHUE HA 9UCJIO COS (01 Sin ¢, IPUMEHEHHOE
KO BCEM TOYKAM ILJIOCKOCTH, ABJIAETCA JSUHCEHUEM NAOCKOCTIU.

HaBaiite monpodyemM MOHATH, YTO K€ ITO 33 JIBUKEHHUE.

i 1poCcTOTHI U3JI02KEHUA 110 XO/Ly JIeJ1a TOYKHM IJIOCKOCTH 4 Oyiy
HA3bIBATH KOMIIJIEKCHBIMU YUCJIAMH, & KOMILJIEKCHbIE YUCJIA, — TOYKA-
MHU IIJIOCKOCTH. STO IMO3BOJIUT CTEPETH HeKOTOprfI HaJIeT KMHUMOCTU>,
OCTAIOUIMICA B BBIPAXKEHUU KOMNAECKCHBLE YUCAG.

IIycrs 1 = = + yt, @2 = 2z + {4 — NBa KOMIJIEKCHBIX YHUCJIA, BTO-
poe W3 KOTOPBIX HE PABHO HU HYJIIO, HU €IUHUIIE, HO IIPU ITOM JIEKUT
Ha e,H,HHH‘IHOﬁ OKPY2KHOCTHU (TO €CThb uMeeT MO/1yJib, WJjin JIJIMHY, PaB-
HyIO equuuie). Bropoe 4uciio, ¢a, Mbl HA BpEMsA BCErO PACCyXkIeHUs
sapuKcupyeM, a IepBoe 9ucJo, ¢, OylaeM «mepedbuparbs, MOACTaABIIAA
BCEBO3MO2XXHbIE€ KOMIIJICKCHbBIEC 3HAYCHUA.
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C nomonipio GopMyJIbl ¢1Gs Mbl CKOHCTPYHUPOBAJIM HEKOTOPOE IIpe-
obpa3oBaHWe TOYEK IIJIOCKOCTH: JII00asg TOYKA ¢ IPHA ITOM IIpeodpa-
30BaHUU II€PEXOIUT B TOIKY (1G2. KJIIOLIeBoe yrBepxaenue COCTOUT B
TOM, 9TO y HTOTO Mpeobpa3oBaHmsa OyIeT TOJHKO OHA HETOIBUKHA
rouka: g = 0 (TO eCcTh TOBKO OJIHA TOYKA OCTAHETCH HA MECTE).

[TpoBenem moKa3aTe IbCTBO 3TOr0 yrBepxk ieaud. Jlomycrum, Kakad-
TO TOYKA ] OCTAJIACh HA MECTe. ITO O3HAYAET, 9TO ¢ = ¢1¢2. llepe-
HeceM 00a BbIPAXKEHUHA B JIEBYIO 4aCTb, [IOJIYYUM:

q1(1 —¢q2) = 0.

Msr moroBopumsimch, 9to ¢ # 1, a Torma 1 — gqo # 0, m Ha 3TOT
MHOXUTEJb MOXHO COKpPATUTh 00e yacTu paBeHcTBa. CiienoBaresibHO,
q1 = 0, 9To  yTBepxk/aJiocs. Takum obpasom, Halle rpeobpasoBaHue
IIJIOCKOCTU 4dBJIdEeTCA [OBU2KCECHUEM (‘ITO 6bIJ'[O yCTaHOBJIECHO BbIIHe) n
OCTABJISIET HA, MECTE POBHO OJIHY TOYKY, & UMEHHO TO4YKYy g1 = 0.

OnuH U3 TPUMEPOB [IBUKEHUS IIJIOCKOCTHA POBHO C OHOM HEIOIBUXK-
HOI TOYKOH XOPOLIO U3BECTEH: 9TO — IIOBOPOT HA HEKOTOPBIA yTIoJI
OTHOCHUTEJIbHO HENMONBMAKHON Touku. Ho, Moxer 6bITh, OMHUMHK TIOBO-
poTaMu [EJI0 HE OPPAHUIUBACTCA! DTOT BOIPOC UCCIEN0BAJ (DPAHILY 3-
ckuit maremaruk M. [lanb. Oka3aJ/och, 4T0 HUYEr0, KPOME LIOBOPO-
TOB, B TOi curyanuu ObITh He MoxeT. [lpunumas ero uccienoBanus
Ha Bepy,” ImesaeM BBIBOI, UTO M3ydaeMoe MpeodpPa30BaAHUE ABJIETCH
IIOBOPOTOM.

Nrak, 910 nBmxkenne — noBopot. Ocraercd BOIpOC, Ha KAKOUW yroJ
™Mbl ioBepHyJu? Ilyig oTBeTa Ha 9TOT BOIPOC BCIIOMHUM, YTO YUCJIO §2
JIEXKUT HA OKPYKHOCTH, TO €CTh PABHO COS (0 + 1 8in (¢ Npu HEKOTOPOM
3HAYCHUH YTJIA .

4 yTBepxkmalo, YTO Hallle [IBUXKEHUE ABJIAETCA IOBOPOTOM MMEHHO
Ha yroui . [loromy uTo Touka ¢; = 1 nmepeuwia B TOUKY ¢1g2 = €OS ¢ +
+1isin . A pas enuHUIA B HEE HEPENLIA, 3HAYUAT, Mbl IOBEPHYJIN ILJIOC-
KOCTb Ha yroJ . Benp komiuiekcuoe uucsio q; = 1 4 0¢ umesio B Ha-
9aJIbHBIA MOMEHT HYJIEBOU yroJl OBOPOTA.

* [Joxka3are/ibCTBO JAHHOIO yTBEPKICHUA HE TAK YK U CJIOKHO, HO yBEOET HaC B
CTOPOHY.
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Taxum 0bpaszom, Jiiobas TOYKA MEPEXOAUT B TOUYKY, KOTOPAS HOJIY-
YaeTCd MOBOPOTOM HA YIOJI (¢ COOTBETCTBOBABIIEIO UCXOIHOW TOYKE
BEKTOPA.

B wacrHocTh, ecsiu a Gepy HEKOTODPbBI BEKTOP U yMHOXAI €ro
HA BEKTOP COS( + ¢Sin(, TO OH NEPEXOAUT B BEKTODP, IIOBEPHYTHIH
Ha yros . Ocobblif BaXXHBI{ Ciiydail — 5TO yMHOXEHHE HA BEKTOP
cos /2 + isinm/2, T0 €CTh IPOCTO HA YUCJIO 7. Y MHOKEHUE BEKTOPA
Ha ¢ IPUBOIUT K TOMY, YTO 3TOT BEKTOP moBopaumBaerca Ha 90°.
DTO 0COBEHHO BAXKHO [IJIS TEX TEXHUIECKUX By30B, rue mdydaior TOID
(TeopeTHIeCKre OCHOBBI SJIEKTPOTEXHUKMY). 3JIbIe sA3BIKY JAXKe yTBEep-
KJAIOT, YTO Iepel OCHOBHBIM dK3ameHoM 110 109 taM mpousBOguTCs
NPENPK3aMEH: y CTYIEHTA, 3aCHYBUIErO Ha, JIEKIUHU, HAJ yXOM CTpe-
JFI0T XJIOmymKo# u rposuo cupamusaor: Y MHO2KEHUWE na 7 On
nospken cpasy orserutb: [IOBOPOT HA 90 TPAIIYCOB! (puc. 152).

A

N

Puc. 152. Ymuoxenune ua ¢ — 310 nosopor ua 90°.

W okonuarensHo. Ilpu yMHOXKEHHHM KOMILIEKCHBIX YHCEJI
YIVIBI CKJIQIBIBAIOTCH. DTO [IPABUJIO, KOTOPOE MbI BbIBEJIU, [TO3BOJISA-
eT HaM YBUIETh BCe apupMeTHIECKHe Olepallid Hall KOMILIEKCHBIMI
YUucCJIaMu. A I/IMeHHO, HpI/I CJIOZKE€HUU KOMIIJICKCHBIX 4YUCeJI CKJIadbIBa-
eM X KaK BEKTOpa — II0 IIPAaBUJIy HapaJiuiejorpamma. Ilpu ymHOXKe-
HAM — JJIMHBI BEKTOPOB IIEPEMHOXKAIOTCs, & YIJIbI HOBOPOTOB CKJIA-
merBaiorcs. Ciierka movecaB B 3aTBLIKE, MOXKHO J1aXKe CKa3aTh TaK:
MPpH JIEJIEHUU KOMIJIEKCHBIX YHCEJI UX IJIMHBI OEJIATCH, a yIJIbI
MOBOPOTA BBIYHTAITCHA OPYT U3 ApyTra.

Ceiiqac 6ymer 6onyc. HakoHel-To Mbl 3aIlOMHHM [IBE 3JIOBPEIHBIE

dopmy.ibL.
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JaBaiire BO3bMEM e€ll€ OJHY TOYKY, JIEXKAULYI0 HA EJUHUYHON
OKpyx)HOCTU: coSY + isinty. Kyna oma mnepeiijier npu yMHOXEHUU
HA COS ¢ + i sinp?

Omna mnepeiifer B TOYKY TO# Ke OKPYXKHOCTHU, HO IOBEPHETCA HA
yroJt ¢. To ectb cymmapubiit yros i npoussenenus Oyner (1) + ¢).

Hoaywaemcs, 910 Tpou3BeIeHIE

(cos ¢ + isiny)(cos + isin)

paBHO cos(p + 1) + isin(p + ).
Terepb packpoeMm CKOOKH:

(cos ¢ +ising)(cosp 4+ isiny)) =
= C0s (p cos 1 + cos i sin + ¢ sin p cos Y + i sin @i siny =
= (cos p costp — sin psin) + i(cos @ sin 1) + sin p cos ).

C apyroii croponbl, 310 npoussenenue pasuo cos(p + 1) +isin(p + ).
[Tony4gaercd, aTo

cos(p + ) +isin(p +¢) =
= (cos pcostp — sinpsinip) + i(cos psinip + sinp cos ).

Ho ecm nBa KOMIIEKCHBIX YHWCJIA PABHBI OPYT OPYTY, TO Belle-
CTBEHHAdA YaCTh PABHA BEIIECTBEHHON, & MHUMAaA — MHUMOM:

cos(p + 1) = cos p cos 1p — sinp sin 1,
sin(p + 1) = cos psiny + sin @ cos .

DTO U €CTh TE «3JIOBPEHHBbIE»> (DOPMYJIbL, KOTOPBIE JIOCTABJIAIN BAM
roJioBHYTO 60JIb B HIKOJIE, BCEM MOroJsioBHO. OHU OYeHb JIETKO BBIBOIAT-
Cd C UCHOJIb30BAHUEM KOMIIJIEKCHBIX YUCEJI.

Hekoropbie coobpaxkeHusi O IIPENOIABAHHH MATEMATUKH
B IIKOJIE.

VYV kax0ro 4uesioBeKa eCcrb HeKue Oe3yMHbIe uiaer, B KOTOPbIE OH
CBATO BepuT. £l CBATO Bepio B TO, UTO MIKOJbHAA MATEMATUKA TOJIKHA
ObITh yCTPOEHA, CJIEMYIOMKUM 00Pa30oM.
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IIpenonaBanue MareMaTukm HAYUMHAETCA C OBUXKEHWH, npudem
Ccpasy ke BBOIUTCA IOHATUE IPYINbI IBWXKEHWA — CIEepBa HpPAMOi
¥ OKPYykKHOCTH, 3areM Iuiockoctu. JlaBaiite 6e3 0OMHAKOB 3TO HA3BI-
BaTh CBOMMU HMMEHAMU — 2PYynna Jeuxcenutd usy4aemozo obsexma.
ITorom ciienyer nosiHas xapakTepus3anus STUX TPYIII IBAXKEHUA [e-
pe3 TO, CKOJIbKO Y TeX WJIM MHBIX [IBUKEHUN MMeeTCs HENOJBWXKHBIX
TOYEK.

Ectp Takaa TeopeMa «0 Tpex rao3fdax». Kciam Tpm TOYKHM MJIOCKO-
CTH OCTAIOTCHA HEIOABMXHBIMU TP ABUKEHUU, TO JIBMKEHUE ABJIAECTCH
TOX/IECTBEHHBIM IIPE0OPa30BAHUEM, TO €CTh OHO BOODIIE HUYIEro HE Me-
ager. g npamoit u [Jig OKPyKHOCTH MMEIOTCH OYE€BUJIHBIE AHAJIOTH
3TOil TeopeMbl, KOTOpbIE ellle IPOIIIE.

SaBepuiMM BKparie KJacCu(UKaUMio JABUXKEHUA 110cKocTu. Ecim
y OBHXKEHUsI MMEIOTCA JIBe Pa3JIMIHbIe HEIOABUKHEIE TOYKM, TO HEIO-
JIBUKHOR OKaxkercsd M BCA LPAMasd, UX COCHUHAIOLIAA, a8 CAMO IIpe-
obpaszoBanue Oyjer sBJAATHCA OTPAYKEHHUEM OTHOCHUTEJIHLHO DTOU
npsaMoiu. Ecau y nBrmKeHus pOBHO OHA HEIOIBHXKHAS TOYKA, TO 3TO
ABU2KECHUE dABJIdeTCA HOBOpOTOM. ECJII/I HEIIOABM2KHbBIX TOYEK HET, MbI
[OJIyIaeM [IBa BUA ABHXKEHHU: MaPaJIJIe/IbHBIN MEePEHOC U CKOJIb-
34MIasi CHMMETPHA. DoJibllle HUKAKAX JBMKEHUH ITJIOCKOCTU HET.

910 — reopema lllasna, Kkoropas Ho/KHA BXOIUTH BO BCE IMKOJIb-
wbie mporpammbl. [locjie TOro, Kak 9T0O UPOILIX, HYXKHO HPUCTYIATH
K KOMIJIEKCHBIM umucsamMm. Hamo cpasy ckasarh, 9TO IIIOCKOCTH —
3TO KOMILJIEKCHbBIE 91CJIa, 00pa3yiomme moJie. Bce ocaoBubie ajrebpau-
TeCKUe MOHATHUS JOIKHBI OBITH BBEIEHBI IPAMO B JETCKOM CAITy, 9TOOBI
[IOTOM B IIKOJIE YK€ ObLIIO MOXKHO Oparbcs 3a, j1eJ10*.

[Tocste u3ydyennsa KOMILJIEKCHBIX YUCEJI BBIBOIATCHA IIPABUJIA YMHO-
JKEHUA U Cpa3y — IEePeXoL K TpuroHomerpuu. I'puzonomempus, — amo
NPOCMO ONEPAUUY ¢ KOMNAECKCHOLMU YUCATGMU, NEHCGUUMU HA OKPYIHC-
HOCTU.

*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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A nasibure MOXHO 1EpexXoauTh K DOJIEe NHTEPECHBIM BELIAM, HAIIPU-
Mep, K Au0(PaHTOBLIM YPABHEHUIM.

O6cyum, npu 4eM TYT KOMILJIEKCHbIEe ducia (koropbix modant
He 3HaJs1) m auodaHTOBbl ypasHenmsi? Ha BemecrBenHoit ocu ectb
9HCJIa CIENUAJJIbHON TPUPOIbI, HA3bIBaeMble ueavimu. OHU «KUBYT»
HA OIWHAKOBOM pAaCCTOsHUU B 00e cTopoHbl 0T 0 M0 GECKOHETHOCTH.
Oro uncaa 0,£1,+2, +3, 4 u tak nasiee. Mex 1y HUMU «XKUBYT» BCA-
KWe JIpPyTue 9YuCJIa, KOTOPbIEe HAC IOKa ceifdac mHrepecoBarb He OymayT
(puc. 153). [IuodaHTOBBI ypaBHEHUS — 3TO YPABHEHUA, KOTOPHIE Ha-
10 peniaTb B paluOHaJIbBHbIX JII/I6O B IEJIbIX YUCJIax. MbI OrpaHn4ImnuMCAd
neJpIMu pemrenuamMu. Ha npouwioil jieknuu Mbl pacCMaTpUBAJIU CJIe-
IIyIOlee ypaBHEHUE

2+ y2 =22

Mpt ero penmujiv By M« CIIoCO0aMu: C IOMOUIHI0 AHAJIN3A A€ TUMMOCTHI
B OOBIYHBIX [EJIBIX YUCJIAX U C IMOMOIIBIO aJIre0pandecKoil reOMeTpuH.
Ecrb emie u Tperuii crnoco6.

-3-2-101 2 3

Puc. 153. Pewerka uesiblx 4uces1 Ha 4UCJIOBOR ocu (TaKOrO posa peeTKu
ObIBAIOT U HA [JIOCKOCTH).

[TonobHO TOMY, KaK Cpeiiu BEIECTBEHHBIX YUCEs MOXKHO BBIIE/IUTH
3aMedaTesIbHOe CeMENCTBO MEJIbIX, MOXKHO BBIJIEJINTh HE MEHee 3aMetda-
TeJIbHBIE CEMEHCTBA U CPEeNr KOMILJIEKCHBIX YUCEJI. UeM MeJIble IucCJia
OPUHIUIIAAIBHO OTJIUIAIOTCA OT BemiecTBeHHbIX? B Hux (BO MHOXKe-
CTBE 1EJIbIX YUCeJ) HeJIb3d AesuTh. VIHOrma 1oJiydaerca pasie/uTh,
a WHOTHA — HeT. AHAJW3 TOTO, ITO HA UTO JIEJTUTCH, IPUBOIUT K CO-
JepXKaTeJIbHOM W KpPacCWBOU HayKe: K MPOCTBIM YHUCJaM, K OCHOBHON
TeopeMe apudMETUK 1, B KOHEIHOM CUYeTe, K PEHIEHUIO 9TOr0 CaAMOro
YPaBHEHUA r? + y2 = 22,

Tenepp MbI X)X¥BEeM Ha IJIOCKOCTH, W XOTEJIOCh Obl CHEJIATh YTO-
uubynp 1mogo0HOE BO MHOXKECTBE KOMILJIEKCHBIX ducesi. [lasaiite 1o
AHAJIOTUU PACIPOCTPAHUM IEeJIble YUCJIA HA IJIOCKOCTh. Kak OymyT
BBIJIAJIETh [EJIble YUCJIa Ha MIoCKocTu! CKaxy 10 CEeKpery, 49To

275



Ha IJIOCKOCTU MMEETCH OIPDOMHOE KOJIMYECTBO YUCJIOBBIX CHCTEM, KO-
TOpble 0000IIAIOT U MPOHOJIKAIOT IeJible YucJa. MOXKHO MOCTPOUTDH
YHUCJIOBBIE CUCTEMbBI PA3HBIMU CIIOCOOAMM, U OHU BCE IPE3BHIYANHO BaXK-
HBI [IJI MHOTUX MuO(aHTOBBIX ypaBHeHuil. Pasimuunbie muodaHTOBBI
ypaBaeHus TPeOyIOT Pa3/MYHbIX YMCJIOBbIX cucrem. Ho camoe mpo-
CTOe — 3TO PAaCCMOTPETh KOMILJIEKCHBIE YUCJIa, Y KOTOPBIX IIPOCTO
obe yacTu (M BEWECTBEHHAA M MHUMAHA) ABJIAIOTCA NEJIbIMU YUCIAMU

(puc. 154).

2

1 14+12(2414

Puc. 154. 3aramovHbie rayCCOBBI YUCJIA: CPEOU HUX €CTh «IIPOCTHIEY, HO KaK
pa3 OHU-TO M OKA3aJIUCh CAMBIMH 3araJO09HBIMUA.

V31bI TO# CETKU U €CTh «IIEJIbIe TUCIa» HA IMJIOCKOCTH. [IepBbiM ux

paccmarpuBas ['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 uucJa elie B3ATb? Ecyu Mbl B34/M ¢ U B34JIH
1, TO MbI HOJDKHBI, KOHEYHO, B3ATh ux cymmy — 1 + 4. [Toromy [ro
MBI JIOJKHBI yMETh CKJIAAbIBATH, BEIYATATH U YMHOXKATH (€CJIU XOTUM
neficrBoBarh 110 npaBmyiaM OOBIYHBIX LEJbIX uucest). SIcHO, 4ro oTn
TpeboBaHUA HAC B KOHIIE KOHIIOB [IPUBEIYT KO B3ATUIO IPOU3BOJIbHBIX
[EJIBIX KPATHBIX YUCJIA §, CJIOKEHHBIX C JIIOOBIME HEeTbIMA (OOBITHBHIMHY )
YUCJIAMH.
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Yucuia Buna a+ bi, rue a, b — uesibie 9ucsia, Ha3bIBAIOT IayCCOBBIMUI
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 pgns nosmonennoit paboTbl C HOBBIMEM YUCJ/IAMU HYXKHO YMETh
WX JIpyT HA IpPyra YMHOXAThb. Uy/I0 COCTOMT B TOM, YTO IPH IEPEM-
HoxeHnn ['ayCCOBBbIX 4YuCeJI MO0 OOBIYHBIM MIPABUJIAM [IEPEMHOXKEHUS
KOMILJIEKCHBIX YHCEJI «Ha BBIXOME» CHOBA MOJydalorcsa ['ayccoBwl, TO
€CTb 11eJIble KOMILJIEKCHBIE YACJIa,. IATATEJII0 KHUTY JIOCTABUT yI0BOJIb-
CTBHE CAMOCTOSATEJbHO MEPEMHOXKUTDH [ABa 1'ayCcCOBBIX UHCJIa, ITOOBI
YBUJIETh, 4YTO LEJOYUCJIECHHOCTh BEUECTBEHHON U MHUMHON 4Jacreil pe-
3yJIbTaTa YMHOXKEHUA COXPAHACTCA.

Kpowme Toro, HOBBIE UmMCIIa YIOBJIETBOPAIOT BCEM TEM XK€ IPUHIH-
1AM YMHOXEHUS, BBIYUTAHUS U CJIOXKEHUsI, KOTOPbIE BEPHBI /151 00bId-
HBIX IIJIBIX IUCEeJT (IOTOMY YTO HOBBIE UUCJIA — JTO KIIOIMHOKECTBO»
KOMIIJIEKCHBIX YMCEJI, & IIOCJIE[IHUE ITUM IPABUIIAM MOAMUHAIOTCH ).

B T0 xke BpeMs u3-3a TOro, 4TO Mbl AKIEHTUPYEM BHUMAHME HA, MX
«IEJIBHOCTH, TO €CTh NEJOYUCIEHHOCTH, Y HAC IOABJIAIOTCA HETPUBH-
aJIbHbIE MOMEHTBI, CBA3AHHBIE C UX JIEJIMMOCTBIO IPYT HA JAPyTa (aHaJI0-
IMYHO TOMY, KAK B CHCTEME OOBITHBIX MEJIBIX TUCEJT pa3pabAThIBACTCA
TEOPUSA JEJTMMOCTH, TEOPUA MPOCTHIX YUCEJT M PA3JIOKEHNE HA IPOCTHIE
MHOXKUTEJIN).

B wacTHOCTH, MOKHO OIPENEJUTh OHATHE NPOCNOZ0 24YCCOSA -
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 PACKJIAJIBIBAECTCA B IIPOUBBEIEHNE MIPOCTHIX YUCEJ, KOTOPHIE yiKe
HU HA 9TO HE JAEJATCH.

Heb6oJibuioe 3amevanue: na aucaa 1,4, —1 u —¢ gesiarca sce [aycco-
BbI YMCJIA, TAK XK€, KAK B [EJIbIX IUCJIaX Ha IPAMOil BCE IMCIIA AEJIATCA
na 1 u —1. Hanpumep, (a + bi) : i = b — ai. 910 4yTb-4yTh yCJIOK-
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HAET CUTYAIMIO, IOTOMY YTO OJHO3HAYHOCTH PA3JIOKEHU HA IIPOCTHIE
MHOXKHUTEJIM BBIMOJTHAETCA JIUIIb C TOYHOCTHIO O YMHOXKEHU U JieJie-
oud va 1,72, —1 u —¢. [loromy 910 C TOYKM 3peHus TEOPUU AEJTUMOCTH
(a +bi) u (b— ai) — 9TO OOWH U TOT XKe IPOCTOH MHOKHUTEJID.

i mesiblx 9uces1 Ha KOMIJIEKCHOHR IJIOCKOCTH BOOOIIE TIOABJIAET-
¢ MHOTO (DOKYCOB, KOTOPBIX HE OBbLIO JIsd MEeJIbIX IUCeJ Ha IPAMOI.
Hampuwmep, ucso 2 nepecraJjio 66ith mpocrbiMm. V160 0HO packJiajibiBa-
erca Ha MHOXuTean 2 = (1+4)(1 —¢). Kcrarn, us reomerpun 310 TOXKE
caenyer (puc. 155).

1+

1—1

Puc. 155. Bot yyneca-1o: cymma uncest (1 +4) u (1 — i) paBHa ux npousse-
nenuro! Ho obbrunoe yucsio 2 noxurpee dyner: 2 +2 = 2-2 = 22,

[lo mpaBuiy yMHOXEHWA MbI [IOJIKHBI B3ATb ITPOU3BEIEHUE IIBYX
mga. [[iuna sekTopa 1 + ¢ paBua myiune Bekropa 1 — 4, u 0b6e paBHbI
V2, Tak KakK 9TO I'MIIOTEHy33 IPAMOYTOJBHOTO TPEYrOJbHUKA C eId-
HAYHBIMU KATETAMU. JHAYUT, Y IIPOU3BEIEHUSA [IOJDKHA ObITH [IJIUHA
V2-v2=2

[TocmoTpum, 4To mpousoiiger ¢ yriamu. [lpm ymHOXKEHUU yIIIbI
CKJIQJIBIBAIOTCs. HO OHM y HAC IPOTHBOIIOJIOKHBIE IO 3HAKY, 3HAUMT,
npu ciaoxenunu nosydurcda 0. To ecTh nNpu yMHOXEHWHM MBI IIOJIY9AM
BEKTOD JJIMHBI 2, HalpaBJjeHHbIi 110 ocu X. Obparure BHUMAaHUE, ITO
Mbl HEB3HAYAW HALLIA OMHO U3 PEUIEHUN ypaBHEHWA B KOMILJIEKCHBIX
qucsax: z + w = zw (monnuck x puc. 155).

Kaxkwue etie uucsia nepecraror 661Th mpocthiMu’?! Hampumep, aucso 5.
Tenepsb 5 = (2+14)(2 —4) = 22 + 12. A 4ucjio 3 MOXHO PA3JIOKHUTH Ha
MHOXuTe M wiin Her? Ecrh jin TyT Kakoe-To obuiee npaBuiio?

OkasbiBaercd, ectb. bosiee Toro, oTBeT Ha 33J/IAHHBIA BOIIPOC TeC-
HefmmM 06pa30M CBA3AH C BOIPOCOM IIPO «OOBITHBIE® IIEJIBIE THCJIA,
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a UMEHHO: KaKMe [MPOCThIE YMUCJIa MOXHO HPENCTABUTH B BUIE CyMMbI
JIBYX TIOJIHBIX KB3JIPATOB — TO €CTb JIBYX YHUCEJI, U3 KOTOPHIX MOXKHO
HAlIEJI0 U3BJIeYb KBagparHbli Kopenb?! Ilorpacaiommm obpasoMm 31oT
BOIIPOC pelaeTcsd BBefenreM ['ayccoBbIX ducest u udydennem ux apud-
METHUKH.

OkwuHeM enie pa3 B3WIAI0M Hamu HocrpoeHus. Mbl BBejin KOM-
IUIEKCHBbIE uncia. [[oToM B HUX BBIIEJIUIIA CEMEUCTBO <IIEJIOYUCIIEH-
HBIX» KOMILJIEKCHBIX YMCEJ U HA3BAJIM UX rayCCOBbIMU. Tam pasBuJiu
JIeJIMMOCTD, HAyIUJIUCh JIEJTUTh C OCTaTKOM, obuapyxuiu « OCHOBHYIO
Teopemy apudmerukum». 3agem? OTBET TAKOB: HEKOTOPHIE BOIPOCHI
3 apudpMeTuKyr OOBIYHBIX IEJIbIX YMCEJ MOXKHO PElIUTh TOJbKO de-
pe3 rayCcoBbI YUCJIA.

Kakwue npocrbie umcsia mpeacTaBidiorca B BUAE CyMMbI JIBYX KBa-
nparoB? Drta 33a7ada Ipe3BbIYANHO BaxKHAdA B TEOPUU KOOUPOGAHU.
(3mech mOm CJIOBOM «KOOMPOBAHWE» MOHMUMAETCH 3AMUCh HH(MOPMA-
UMM B TAKOM BHUJE, YTOObI €e He CMOIVIM IIPOYECTh HOCTOPOHHUE JIU-
ma. A «mocTopoHHEE JUIA» OOBITHO OYEHDb WHTEPECYIOTCS METOIAMI
«B3JI0Ma» UCIOJIB30BAHHOIO KOj1a.) esI0BEeK, KOTOPbI 9TO-TO 3HAET
PO KOAWPOBAHUE /AEKOAUPOBAHAE, MOXKET B3ATh U Pa3PYyIIUTh CACTE-
my [Tenrarona B 1Ba mwesuka Mbinm (BOT BAM U FOTOB ME2K /1y HAPOJIH I
KOH(DJIUKT).

Bonpocsl MmaremMarnyeckoro KOQUpPOBAHUA — TO BOIIPOCHI IPUMEP-
HO TAKOr0 XKe THUIa, KaK W 33J[a49a O PA3JIOKEHUU [IPOCTOr0 IHUCJIa,
B CyMMY JIByX KBaJparoB. Vl BOT [10JITOXIAHHBIA OTBET HA IOCTABJIEH-
HBIA BblllIE€ BOIPOC.

Teopema. (Pepma — Ditnep — Tayce. Tayce 3mech ynomsnyT 110-
TOMY, 9TO OH BBeJT ['ayCCOBBI UHCJIA W YCTAHOBUJI MIPOCTHIM 0Opa3OM
BCE TPU 9KBUBAJIEHTHOCTHU, IPUBOJIUMbBIE B (DOPMYJIMPOBKE. )

«ObviuH0es NPOCMoe YUCAO (HE KOMNAEKCHOE) D ABAALNCH CYMMOT
deyx weadpamos, mo ecmov p = x> +y? (x uy — obviunvie yesvie
wucaa), moeda u Moavko moeda, kozda p nepecmaem OGviMb NPOCTNLLM
6 2ayccosoli cucmeme wucea Z[i|. M npoucxodum smo moeda u moao-
Ko moada, xozda aubo p = 2, aubo wucao «p» umeem ocmamox 1
npu deseHuu Ha 4, mo ecmov p = 4k + 1.
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¥ Taycca HECKOJIBKO «IAPCKUX pe3yabTaroBs. OH HA3BIBAJI X pa3-
HbIMEM uMeHamu. Hanpumep, ecTh HEKMii 3aKOH IPO HMOBEIEHUE OCTAT-
KOB IIpU JEJICHUW ONHUX YUCEJI Ha Apyrue. Faycc Ha3BaJl €0 K30JI0ThIM
pe3yJabTaToOM», «30J0T0i pesynbrar ['ayccay». CBasp Mexay mpecra-
BUMOCTBIO IIPOCTOrO 4uCJia p B BUIAEC CYMMBbI IBYX KBaJApaTOB U €ro
«IIOBeIeHneM» B cucTeMe ['ayCCOBBIX IEJIbIX YuCes — 3TO KOPOJIEBCKAA
teopema ['aycca. Kak ciencrsue, «coxpaias OfnHy U3 9KBUBAJIEHTHO-
creii» B Teopeme BbIlIe, MOJy4aeM Kak pa3 Teopemy Pepma — Ditse-
pa: IIpocToe 4uC/I0 B OOBIYHBIX HATYPAJBHBIX YHCJ/IAX SIBJIA-
ercss CyMMOH OByX KBaIparoB TOLOA WM TOJIBKO TOrOA, KOLIA
OHO mMeeT OCTAaTOK 1 mmpu ngeseHuu HA 4. ITO MTHOBEHHO BbI-
qncjgemasa xapakrepucruka. Hanpumep, 97. Ilpu mesrenun na 4 naer
octatok 1: 97 = 96 + 1 = 4 - 24 + 1. 3gaunt, mo Hameil Teopeme OHO
JOJI2KHO IIPEeACTABIATHCA B BUIE CyMMbI J[IBYX KBaJIpPaTOB. TaK N €CThb:
97 =81+ 16 = 92 + 4%,

Bosbmure gucsio, B koropom 25 mudp. [IpoBepbre, a0 0HO umeer
octaTok 1 mmpum menenun HA 4, 5TO 0O4YeHb IpocTo. IIpoBepuTh, 9TO OHO
IPOCTOE, HEMHOXKKO CJIOXKHEE, HO TOXKe He O9eHb J0Jro. Tak Bot, ecin
BbI y3HAJIU, 9TO OHO IPOCTOE, U BHIYUCJIIAJIN, YTO OHO UMEET OCTATOK 1
1pu jiesiennu Ha 4, TO Bbl MOXKETE CLIIOPUTH HA JIIOOYI0 CyMMy C J1I0ObIM
Hesepyomum Pomoit, 4TO ecTh [IBa YUCJIA, CYMMON KBAJIPAaTOB KOTO-
PBIX MCXOJIHOE YUCJIO fABJideTcd. HukKakoro mosHOro [10KasaresbCTBa
9TOI TeopeMbl, KpOME KaK 4Yepe3 rayCCOBbI UUCJIA, MHE HE U3BECTHO
(cymiecTByer, rOBOpAT, MO KpaiiHeil Mepe 6 JOKA3aTEIbCTB).

IaBaiire Bepaemcs K mudaroposbim rpoiikam. [Tudaropossr Tpoiiku
OYeHb KPACHUBO HAXONATCH C IMOMOIIBIO IayCCOBbIX umces. [Ipemmosio-
KWM, €CTh TPOUKA &, Y, Z OOBIYHBIX HEJIbIX UUCEJI, KOTOPHIE ABJIAIOTCS
CTOPOHAMHM MPAMOYTOJILHOTO TPEYTOJIbHUKA, TO ECTh

z? + y2 =22
Onarbh paccMOTpUM MPAMOYTOJIbHBIA TPEYTOJIbHUK, HAUMEHbBIINH B ce-
MelcTBe. I/IHBIMI/I CJIOBaMu, r, Y, £ NOIIapHO B3aMMHO HIPOCTbI, y HUX
ner 06mux gesmresieit. Torma T0BOIBHO IPOCTO NOKA3aTh, 4TO (L + Y1)
u (T —yi) — TakKkKe B3aMMHO IIPOCTHI (9TO CJIEAYET U3 PA3HOU I€THOCTH

T uy).
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To ecth y rayccoBa 49mcCJia M CONPSKEHHOTO €My TayCCOBA [UHCJIA
HeT o0ImUX JIeJuTes e,

Benomunaem npouutyio sieknuio: (z + yi)(z — yi) = 2°.

[IpousBenenve paBHO KBajpaTry HEKOTOPOTO YHUCJIA. J3HAYUAT, BCE
(CayccoBbl) NPOCTbIE MHOXKUTE/IM HYUC/A Z BXOAAT B HEr0 B YETHOM
CTeleHu. DTO O3HAYAET, YTO B JIEBOU YACTH ypPaBHEHU:A CTOUT, C TOU-
HOCTBIO JI0 O0PATUMbBIX MHOXKUTEJIEH, TPOU3BEICHUE [IBYX KBAIIPATOB.

DTOT pUEM IPUMEHAETCI BO BCEX IMOX0XKUX CTPYKTYPaX, HE TOJIBKO
B TQyCCOBBIX 9MCJIaX. ECIM MBI MOXEM JT0OKA3aTh OCHOBHYIO TEOPEMY
apudmeTuku, T0 6yHeT BEpEH U 3TOT 3aMeYaTesIbHBIA Pe3yJIbTAT: eCJIn
[IPOU3BENEHNE ABYX B3aUMHO IIPOCTHIX UMCEJI PABHO KBaJpaTy, TO Ka-
KJI0E U3 ITUX YUCEJI ABJIACTCA KBAJAPATOM C TOYHOCTHIO 10 YMHOXKE-
Hus Ha obparumbie gucaa 1,4, —1 u —i (IJIs rayCCOBBIX YHMCEs) WU
JI0 YMHOXKEHUs Ha JII0ObIe Apyrue 00paTumbie ducsa, (€csu 1eJible au-
CJIa — HE rayCCOoBbI).

SaMeras <1104, KOBEP» UCCJIEN0BAHUE JOLUOJIHUTEbHbBIX 00PATUMbIX
MHOXWUTEJIEH, 1eJ1aeM BBIBOI, UITO

(z +yi) = (m + ni)? = m? + 2mni — n? = (m? — n?) + 2mni.

Komuiekcubie auciia, PaBHbI B TOM U TOJIBKO TOM CJly4da€, KOorma ux
BEIIEeCTBEHHbIC I MHUMbIC YaCTU PDAaBHDbI:

z =m?—n?, Yy = 2mn.
Orcrofa yxe HETPYHAHO BbiBeCTH u (DOpMyJIy [Jjid runorenyssl [luda-
ropoBa TPEYroJIbHUKA: Z = m? +n?.

Bor MbI u mostyunsiu «dopMyJsly HHIyCOB». Uepes rayccoBbl UHUCIa,
OHa BbIBOAUTCA IIOYTU B OOAHY CTPOYKY.

Termepp — mapa cjioB mpo Benukyto Teopemy Pepma. Takme me-
TOABI, KAK TOT, KOTOPBbIA MbI CcefidaC pacCMarpUuBaJiv, Pa3BABABIIUC-
cqa Bechb XIX Bek, He IpHUBEJM K pPEINIEHUIO BEJTUKON Teopembl Pepma
IJig Bcex mnokasareJsieit. [Ipusesio cosepiienno npyroe coobpakenwue.
Coobpaxkenne Takoe: ecjim Obl CyIECTBOBaJIa TPOWKa a, b, ¢ Takas,
qro ¢ + b = ", 10 cymecrBoBasia 6bI HEKOTOPAA, KAK MATEMATUKHI
BBIPAKAIOTCH, IAAUNMUYECKAA KPUSASH C HADOPOM CBOWCTB, KOTODbIE
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IPOTUBOPEYAT €€ MPUPOHE. ITO — JOKAZATEJILCTBO BEJIMKOW TEOPEeMbI
®epma B onmoit dppase. Ilpasna, Kk 9T0it «omHolt ppasey npumercs m1o-
b6aButh (ppas 20-30, 4T00bI XOTH CJIETKA, MOACHUTH, YTO 9TO 33, 3BEPH
TAKOW — 9UIJIMINTUYECKAs] KPUBAHA, U, [VIABHOE, KAKOE OTHOIIEHUE
OoHA uMMeeT K Besukoil reopeme Pepma.

Hy n nocsiennuit croxer.

IuodanT penras campie pasHbie ypaBaenusd. Hekoropsie ou chop-
MyJIIPOBAJI, HO OBLIT HE CIIOCOOEH PEluTh. A TOUHee, peleHnsa HEKOTO-
PbIX U3 HUX HE HaiijieHbl B epBbix 6 ToMax. Mbl HUYErO HE 3HAEM PO
OCTaBIIUECH 7 TOMOB, U A HE YIUBJIOCH, €CJIA B HUX ObLIO BCE, 4TO IO-
tom orkpbiBasin B XVII, XVIII, XIX Bekax. B wacrHoctu, Ditjep craJ
paccMarpuBaTh OJIHO U3 TeX ypaBHeHuit, koropbie luodant He peuumi.
Mosicem au 6uumov mak, wmo xeadpam HEKOMOPO20 HAMYDPAALHOZ0 Y-
CAQ OMAUNAEMCHA OM KYba dpYy2020 HAMYPAALHOZO YUCAG HG eduruyy?
To ectb Tpebyerca penuTh B MEJIbIX YACIAX ypPaBHEHUE

a’ =0 +1.

To, ¥T0 KBAIpaT OMHOTO YHCJA MPOCTO paBeH KyOy Ipyroro, ovueHb
JIErKO npencrasuth cebe, eciu @ = ¢ u b = ¢?, 1pu HEKOTOPOM ILIEJI0M

c. B camom 1ieste, Torma
a2 — (03)2 — c6 — (02)3 — b3.

Bosbmem, nanpumep, ¢ = 3. Torma a = 27,b = 9: 272 = 93 = 729. Taxk
9TO 3Ta 3amada HemHTepecHad. [lpasma, dmcio 729 mamoMmHaeT MHE
OJIMH PA3TOBOP.

Onnax bt 1Ba MareMaTuka becenoBasu B Kade. Oy apyromy ro-
BopuT: «Ha cBere HeT HE OMHOrO YUCIIA, KOTOPOE HE OBLIO OBl IeM-TO
YIMBUATEJIBHBIM, [IPOCTO HU OIHOrO». A BrOpo#t orBeuaer: «Hy, kax
xke? Hy, a Bosbmy naBckuaky 1729. Hro unrepecuoro B uucsie 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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[Tasibuem B HEeOO TKHYJ 1 nouaJt B 4ncso 1729. M Bor 4yro okasa-
nock. Heiicteuressro, 1729 = 93 + 103, m 1729 = 123 + 13. Bropoit
MaTEMATHUK ObLJI CPAXKEH HTUM APTyMEHTOM.

Taxk BoT, 6pI1BaeT Jjiu, 97006l Ky0O 1 KBaApAT OTJIMIAJINCH HA SIMHAI-
Ky?

Homyctum, Bam pebenok urpaer B Kyouku. OH CJI0K I U3 HUX O0JTH-
uoit Ky0, a Bbl yKpaJsin y Hero oaut Kybux. Torma pebenox B3, pas-
BaJIUJI Ky0 ¥ CJI0KUJT OOJIbIION orpoMHbIil KBagpar. Moxer Jjin Takoe
6bITh? Diiiep noJHOCTBIO pemm o1y 3aja4dy (a? = b® 4+ 1).

Peuvm TO/IBKO 0/1IHO ypaBHEHUE U3 IBYX, [IOTOMY YTO JIPyTrO€ OYeHb
caoxnoe: a? = b® + 1 — cioxnoe, a? = b3 — 1 mpoctoe.

B 0boux cirygasix MOXKHO BBIIACATH OTBET B ABHOM BHUIIE.

Y BTOpOro ypaBHEHHMS pEUIEHUI HET, KpOMe TPUBUAJIBHBIX: ¢ = ()
u b= 1. MbI 9710 ceifuac jjokaxkeMm. A y nepBoro, Kpome TpUBAAJIBHBIX
(a =1 mb=0), pemennem assgerca mapa (2,3). Bemp 32 = 23 + 1.
Ipyrux pemenuii HeT. Dijiep U TO HOKA3AJ, HO BEChMA CJIOXKHBIM
IyTeM.

Pasbepem nipocroit BapuaHT:

a?=0—-1, a®>+1=0% (a—l—i)(a—z‘):b?’,

Moryr sin y (a +7) u (@ — i) Goirb 06uMe Muoxureau? Ilycrs (a + )
u (@ — 1) mendaTca HA KAKOe-TO MPOCToe rayccoBo umcio. Torma mx
pasHOCTDb

(a+i)—(a—i)=a+i—a+i=2i

TOXKE HA HEro JIEJIUTCH.

IIpocThIX TayCCOBBIX YHCEN, KOTOPBIE NEJIAT YHUCJIO 2%, BCETO OIHO:
(1 +4). Ecrb eme 1 — i, HO 9T0 «TO K€ CaMOe IIPOCTOE YUCJIO», ubo
1—1i=(—1)(1414) — 1O ecThb, OMHO MOJYyIAETC U3 APYLOrO YMHOKE-
HUEM Ha 00paTumoe.

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
nmaer B octarke Jinbo 1, subo 0. [losTomy Takoro ObITH HE MOXKET.

Buaunt, HU omHOro o6mero mesmrens y umcesa (a + i) u (@ — 1)
HeT. VX npousBenenne gBIgeTCA I03TOMY KyOOM HEKOTOPOTO rayCccoBa
qncsia. CoryracHO OCHOBHOW Teopeme apudMeTuKu, u3 3TOro CJIENyer,
9TO KaX/I0€ U3 HUX CaMO ABJIAeTCA KyboM rayccoBa 4mcia (CHOBA C
TOYHOCTBIO JI0 YMHOXKEHUA Ha o0parumbiii ssement 1,7, —1 nsm 7). Ho
BCE OHU TOXe KyObl, TaK ITO C(HOPMYIUPOBAHHOE YTBEPXK/IEHUE BEPHO
B TOYHOCTH: CKaxeM, a + 1 = (m + ni)3.

Baywmaiitecs, 1ro Mbl caesasu. Mbl B3s1u 00bIMHOE ypaBHEHUE B Iie-
JIBIX 9HCJIAX. 3a9YeM-TO I[EpElLd B ayCCOBbI YUCJA M BHYTPHU Tayc-
COBBIX YHCEJ PA3JIOKWIIN JIEBYIO 9acTh Ha MHOXHTeau. [locie dero,
JKUBS BHYTPH I'ayCCOBBIX UHCEJI, Mbl CKa3aJId, ITO TOL/IA

a+i=(m+mni)?.

IIpu sTO0M @ — mesoe HEe rayccoBo uucyo. ['ayccoBo wmcio (a + 1)
2KMBET Ha OAMH HIar' BbIIE OCU T.
DTO YUCJIO AOJIKHO OBITH paBHO KyOy HEKOTOPOrO rayccoBa, YUCJIA.
Teneps BcrtomanM GopMysry 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 BCIIECTBCHHAA U MHU-

Mad 9aCTH:

a=m’— 3mn2, 1 =3m?n —n?.

¢l BepHyJICHA U3 rayCCOBbIX 4uCesI B 00bluHBbIE mesbie dncia. C nomo-
HIHI0 TAyCCOBBIX YMCEJI f CHEJIAJ BBIBOI, KOTOPbI HUKOTA B XKU3HU
He chesian 6b1 6e3 Hux. U3 a? = b — 1 g mosydmi, 1ro

3m?n —n? =1.
Terneppb yxe BCE MpoCTO:

3m*n —n3=1, n(Bm?-n?) =1,
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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.

Bor 3amerwnsin, «equHMIly MOXKHO PA3JIOKUTh HA MHOXKUTEH eJuH-
cmeerHvIM crIocoboM: anbo 1 ymMHOXKHATD HA 1, Iub0 —1 yMHOXKUTH Ha
—1». Bropoii crtocod HEOTJIUYIUM OT MEPBOTO, TAK KaK BTOPOE perie-
HEE MOXHO COKPATUTh Ha «obparumoe umciio» (—1). Tak aTo BTOpOI
CcJly4dall KaxeTCd HeHYXKHbIM JIJI PACCMOTPEHUA — BPOJE KakK IOJIy Ya-
ercsa uzbbrrounasa aprymenranua. Ho, kak Oy/er BuaHO HUXKE, BTOPO
CJlydail OTHIOOb HE JIMIITHWMA.

Moii yauresns Camra [llenp pacckasbiBas 3aMevdare/ibHyI0 HCTOPUIO
PO TO, KAK OH CTaJl MATEMATUKOM <«HU3-33 U3OBITOYHON aprymeHnTa-
nuu». Emy nopasim peiby, dunae (a cam ouenn nosro, ser go 30, mny-
Maut, 910 use — 310 HaszBanue poiobl). Tak Bor. EMy monasu duire,
n o ckazas: «Mama, ay Tyt kKoctu! Thl MOXemb BBIHYTH KOCTH?>»
A Mama npuMeHHIIa CAeny oA 3aMedaTe/IbHbIA JOrMIeCKui IpueM,
MMOCTABUB €ro Ha, nopory maremarrnka. Ona ckazasa: «Tak! Cama, Bo-
MEPBBIX, 9TO (puiie, U KocTel B HEM ObITH HEe MOXKeT. A BO-BTOPBIX, TIie
THI BHjieJI pbiOy 6e3 kocreii?s» Canra HACTOJIBKO OBLI MOTPSACEH TAKON
«XKeJie300eTOHHO» JIOTUKO#A, 9TO IOCJIe TOr0 CTAJ MATEMATUKOM.

Nrak, pasbepem Halm aBa ciaydad. XOTd OHU OJUHAKOBBI C TOUKH
3peHnd €eIUHCTBECHHOCTHU PA3JIOKCHUA HA MHOXKUTEJIM, HO OHU HE OaU-
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 ¢ pebeHKOM BBINLIA TAKAA CUTYAIUA, YTO OH CJIOXKUJ U3
Kybukos 6oJibuioif Ky6, Bbl yKpaJin y Hero KyOuk, u OH CJIOXKUT KBa-
IIpaT, 3HAYUT, ITO-TO HE TAK. SHATHUT, OH KyOUK «yKpaJ 00parHo» (1 ux
6bL10 729 ckopee Bcero!). Bel moxere ckasarb: «Tak, Thl noxurusa y
MeHs KyOuK!»

— Kak, nana? Kak ter 310 yBmuen? Tbi, HaBepHOE, sSCHOBU/IA-
A, . .

— Her. 4 upocro ymero pemrars quodaHTOBbI ypaBHEHUS, CHIHOK.
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