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3aHATMe 1. MaTeMaTnyecKkmMim aHaam3 TpaMBaMHbIX NyTen

IIpogheccop na nepsoii nexyuu no
Mamemamuyeckomy aHaiusy
nokazvleéaem cmyoenmam y4eOHuK u
eosopum: «llepsvie 0saoyams cmpanuy
MOt KHU2U 8bl OOUHHAOUAMb e
usyuanu 6 wKoie, a nocieonue mpucma
CMpanuy 6am NpUOemcs npoumu 3a
amom cemecmpy.

anekdot.ru

Boaurens aBToMOOMIIS TP OBOPOTE HA NIEPEKPECTKE CHAYaa 11a6HO IOBOPAYUBAET PYJIEBOE
KoJieco («0apaHKy) Ha OMpPEeeICHHbII yroil, 3aTeM HEKOTOpOe BPEeMsl BBIICPKUBAET 3TOT yrod,
3aCTaBNsis MAIIKMHY JBUIAThCA 110 JyTe OKPYKHOCTHY, 2 IOTOM OIISTh K€ //1d6HO BO3BPAIIAET PyIb B
MCXOJTHOE TIOJIOKEHUE IS IPSIMOJIMHEHHOTO IBMKCHHUS, HO YK€ B IPYTOM HaIllpaBJICHUH,

HNEPHEHANKYIIPHOM IIPEKHEMY.

A Kak I0OBOpauMBaeT 3a yroji TpamBaii? Y BaroHOBOXAaTOro HET PyJEBOrO KOJeca — TpaMBail €leT 110
KECTKUM penibcaM. Eciiu Ha moBopoTe uX caenarh B BUAE IyTU YETBEPTH OKPYKHOCTH, TO 3TO
IpUBEJET K TOMY, YTO TpaMBail B HayaJjie MOBOPOTa U B €ro KOHIIE Oy/IeT MoIydarh JOBOJIBHO
CUJIbHBIE OOKOBBIE TOYKH, CHJIa KOTOPBIX 3aBUCUT OT CKOPOCTHU TpaMmBasi U ero Macchl. [IpeacraBbre
cebe, YTO BOAMTENb ABTOMOOMIIS MPEIEIbHO PE3KO MOBEPHYII PyJlb HA MOBOpOTE. Tak ¥ MallIuHy
ONPOKUHYTH HeAonro! Takue TOMTYKM TpaMBas MPUBOAAT K MPEKAEBPEMEHHOMY U3HOCY U PEibC, U
caMoro TPaHCIIOPTHOTO CPENICTBA, ero Kojec. Jla u maccaxxupam 3To He OHpaBUTCS: « D, BOIUTENb,
HE KapTolIKy Be3emlb!». [[puunHoit Takoro Tomuka OyAeT pe3koe U3MEHEHHE KPUBU3HBI IMTYTH C

HYJICBOT'O 3HAYCHUSA 10 3HAYCHUSA, paBHOTO O6p8.THOfI BCJIMYUHC pagruyca I1oBOpoOTa.

MoXHO, KOHEUHO, NTPU MPOEKTUPOBAHUH TPAMBalHBIX IMyTEH MPOCTO CKOMMUPOBATH CJIE]] aBTOMOOMIIS
Ha noBopoTe. Ho MOKHO IOCTYNUTh HHAY€ U BCIIOMHUTB O LIAPHIIE HAyK — O MaTEMAaTHKE, B

JaCTHOCTH, O MAaTEMATUYCCKOM aHaJIu3¢< (I)yHKI_II/II/I OJHOI'O apTyYMCHTA — CM. 3H1/1rpa<b.

! Ectp Takas BakHas TeXHHUECKas XapaKTePUCTHKA TPAHCIOPTHOTO CPEJICTBA — MHHUMAJIBHBIH paamyc
MIOBOPOTA, KOTJIa PYJIEBOE KOJIECO CBOPAaUYMBAIOT BIPABO MIIM BJIEBO A0 Mpefesna. Y JEerKOBbIX aBTOMOOHIIEeH OH
HEeOOJIBIION, a y TPY30BBIX MobonbiIe. Bee 3T0, KOHEYHO, AenaeTcs Ha Majloi CKOPOCTH.
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1.1. NepexoaHana KpmBan
Penbchl AJI1 TIOBOPOTA TpaMBasd Ha TOPOACKOM IMEPCKPECTKE U3IOTABJIMBAIOT B BUAC OYT'U

OKpPY>KHOCTH, Y KOTOPOI Ha KOHLIaX UMEIOTCSI BCTABKH, KPUBU3HA KOTOPBIX MJIaBHO MEHSETCS OT
HyJIs (IPSAMOJIMHENHBIN Y4acTOK IyTH) 10 3HAYEHUS BEJIMYMHBI, 00paTHOM pajnycy MOBOPOTA.
Takyto KpUBYIO Ha3bIBaIOT nepexooHou. ECTh MHOTO KpUBBIX, 00JIaJatOIUX TAKUM CBOHCTBOM.
[Ipocreiimas 3 HUX — 3TO KyOonueckas napadona. Ha pucynke 1.1 mokaszan rpaduku camoit
KyOnueckoi napa0osbl y(X) 1 €€ KpuBU3HbI k(X), TOMOTHEHHbIE pUCYHKAMH KHOIIOK IaHeen
UHCTPYMEHTOB nakera SMath, 03BOJISIFOIMX BBECTU B pacU€T T€ WM UHBIE ONEPATOPHI:
BO3BEJICHHE B CTEINEHb, B3THE IPOU3BOJHOM, BHIBOJ] CHMBOJIBHOTO OTBETA (CTpEJIOUKa HAIPaBo),
abCoIOTHOE 3HAYCHHE U BBOJI CUCTEMBI (OTKpBIBatomiascs ¢purypHas ckooka). ['paduk BcraBnsercs
yepe3 COOTBETCTBYIOIIYIO MO3UIMIO MeHI0. MI3MeHenune obnactu noctpoenus rpaduka (zoom)
BEJ/IETCs MPOKPYTKOM Kosecuka MbIlIKkU. Eciin nipu 3ToM npukats kiasunry Shift, To Oyner

U3MEHSTHCS TOPU30HTAJIbHBIN MacITad rpaguka, a ecnu kiaapumy Ctrl — To BepTHKaJIbHBIN.
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Puc. 1.1. Kybuueckan napabona (CnHAA KpnBan) U e€é KpMBU3Ha (KpacHas KpuBas)

CDOpMy.]'Iy KPUBU3HEI C a0COIIOTHBIM 3HAYCHUECM, C IIPONU3BOAHBIMU IICPBOI'0 U BTOPOI'O IMOPAAKOB, a

TAKIKC C KBaJIPATHBIM KOPHEM HCCJIOXKHO HalTH B HHTCPHETC MO COOTBCTCTBYIOIICMY KIIFOUY ITOWCKaA.

Wnu B yueOHuke, ynomsiHyToM B snturpade. [lo-xopomemy, 5TH 1Be KpUBbIE HENb3sI TOMENIATh HA

OJTHOM TpaduKe, TaK KaK COOTBETCTBYIOIINE (PYHKITMH UMEIOT Pa3HYIO0 Pa3MEPHOCTD 110 OCH

opAuHAT. Y KyOHueckoil mapabosibl 3TO pacCTossHUE (METp), a y €€ KpUBU3HBI — 00paTHas BEIMYNHA

OT paccTosiHUS (€AMHHUIIA, IeTICHHAs! METP, METP B MUHYC NiepBoi cTenenn). [IpaBunbHbie

OTACIBbHBIC I’ pa(i)I/IKI/I OIUH oA APYTHUM C pa3HbIMU OCAMU OpAHUHAT, HO C OAUHAKOBBIMHU OCAMU

a0cIuce moka3aHbl HUXKe Ha puc. 1.5.
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Ipumeuanue. ['padyk KpUBU3HBI KyOUUECKOH TapaboIIbI MPeICTaBIsIeT COOON CTHIN30BaHHYI0 OykBY M. E€
aBTOP 3aIaTCHTOBAN U MPEUIOKII B Ka4eCTBE JIOroTuna (3MO0eMbl) KaKoro-HUOYIb METPOIIOIMTCHA HITH
BCEX MeTPONoJuTeHoB Mupa’. Kybudeckas napabona ¢ eé KpHBU3HOM HCTIOB3yeTCs A NPO(HIHPOBAHHS
PEIBCOBOIO IyTH Ha MOBOPOTAX HE TOJIBKO TPaMBAEB, HO U 1MOE310B MeTpo. Takas HeoObIuHAs (CTHUIIBHAS)
OykBa M Ha BXozi€ B MOJ3€MKy OyAeT JUIIHUHA pa3 HAIIOMUHATh O MaTeMaTHKE PEIbCOBOTO MYTH — O TEME
3TOM TIaBbl KHUTU! ABTOp 3aperUCTPUPOBAI STOT TOBAPHBINA 3HAK — CM.
http://www.twt.mpei.ac.ru/ochkov/smath/M-TSing.pdf (Homep cBunerensctBa 1017112). Tem cambiM B Hain
ypok o aucuuruimae MUT (Maremaruka-Mudopmarika-TexHUKa) B KITIOYE MEKTUCIUILTHHAPHBIX CBSI3CH

BKJIMHUWJIACh U IOPUCIPYACHIUS, IIATEHTHOE JAEII0.

Kcraru, camblif H3BECTHBIN JIOTOTHII, B KOTOPOM CKPBITO HEKOE TEXHUUYECKOE perieHue, y GupMsl CHTpOEH.
Tam n300pakeHsI Be MepeBepHYThHIE TAIOUKH, PACIIONIOKEHHBIE APYT HAal APYTOM F HAITOMHUHAOIIINE O TOM,
YTO MTEPBOE MIEBPOHHOE 3y0UaToe Kojaeco, ObLIO MPUMEHEHO Ha aBTOMOOMIISIX MMEHHO 3TOH GupMmel. Jlo 3TOTO
OBLIH IIECTEPEHKH MO0 C MPSMBIMH, THOO C KOCBIMU 3yObsiMu. [IepBbIe CHIILHO IITyMEINH, a BTOPBIC JaBalld

0OIIBIIIOE 0CEBOE ycuiue. ]_HeBpOHHOC 3y6anoe KOJIECO HC UMECT TaKUX HEOAOCTATKOB.

Ha pucynke 1.1 xpuBu3Ha KyOn4eckoi mapabosibl moka3aHa B 3aBHCUMOCTH OT 3HaYCHHS aOCLUCCHI,
YTO HE COBCEM BEPHO — TpaMBail «eeT» He 0 OCH X, a II0 CaMOil KpUBOH, 110 KyOndeckon
napa6osie. Ha puc. 1.2 noka3ansl 1Be KpHUBble KpUBU3HBI — B 3aBUCUMOCTH OT 3HAYEHUS X (KpacHas
KpHBasi) U B 3aBUCUMOCTH OT JJIMHBI KyOM4YeCKOM mapaloiibl C OTCYETOM OT HYJIEBOM TOUKH (3€JeHast
kpuBas). Ha orpe3ke Mexay TOUKaMl MaKCUMYMOB 3TH JIB€ KPUBbIE KPUBU3HBI TPAKTUUYECKU

coBmnazaaioT. Jlanpie (ciaeBa U crpaBa) OHU PACXOAATCS U CTPEMSTCS K HYIIO.

[Tomyunnacek emé 6osee cTiibHas (ABOMHAs) OykBa M utst ToroTuna (ToBapHOTO 3HaKa). Kpome
TOTO, MBI B (hOpMyIIe ISl JJTUHBI KPUBOUM TTO3HAKOMIUIUCH C UHME2PAIoM, KOTOPBIN HapsITy C
MIPOU3BOIHOM SIBIISIETCS HEKUM 0a3MCOM pazjiesia MaTeMaTHKH, YIIOMSHYTOTo B anurpade. Teopema
Hrrotona-JleiibHuIa 00beIMHAET MPOU3BOAHYIO C HHTErpanioM. M3 pucyHka 1.2 BUIHO, YTO IMaKeT

SMath He «B3s11» HWHTCI'pajl, a HAICJI TOJILKO ITPOU3BOAHBIC.

2 Ceifuac B pasHbIX FOPOJAaX MUPA HA YJIMIAX BhIBEIICHbI PAa3HbIe 3HAKH METPOIIONUTEHA. J[aeko He Ha BCEX U3 HUX
npornucana Oyksa M. DTo 1myTaeT npue3xux.
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Puc. 1.2. Kybunyeckasa napabona (cmHAA KpmBana) 1 e€ KPUBM3HA B 3aBUCMMOCTU OT ABYX

Pa3HbIX apryMeHTOB (KpacHasa 1 3e1eHas KpuBble)

Ha pucynke 1.3 mokazan pacu€r B cpene SMath TpaekTopun nepexojia TpamBasi C MPSMOIMHEHHOTO
My TH, MapajuiebHoro ocu abemucce (y = 0, x < 0), cHayana Ha 1yry Kyomdeckon mapadost (0 < x <

X0, eé BCpIIMHA HAXOAUTCA B ICHTPC ACKAPTOBBIX KOOleI/IHaT), a 3aTCM Ha OYTy OKPYKHOCTH C
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pazamycoM r, (3a7aHHas BeIUuuHA pacuéra: 0.8 yCIOBHBIX €AMHUI] JITHHEL). Y TONyYeHHOM
COCTaBHOM KPUBOU KpHUBH3HA Oy/leT MEHATHCS HE CKAYKOM (CTYTIEHBKOM), a MIIABHO (MAHIYCOM — CM.
puc. 1.5). B pacuére onpenensitoTcs KOOpAMHATH TOYKU IJIABHOTO TIEpexojia KyOudeckoi mapadosb
B IYTY OKPYKHOCTH (X¢ ; Vo — IEpEMEHHbIE C TEKCTOBBIM HUHJEKCOM HOJIb) U KOOPAWHATHI IIEHTPa
OKPYKHOCTH (X, ; V', — IEPEMEHHBIE C TEKCTOBBIM MHACKCOM OykBa “0”). Hauano koopauHar,

IOBTOPSAEM, HAXOAUTCA B BEPIINHE KY6quCKOﬁ napa60nbl — CM. ITYHKT 2 3aaHus B KOHLIC I'TIaBhI.

Oynkus solve (pemuts), BcTpoeHHas B SMath, Bo3BpaiaeT 3HaueHue HEU3BECTHON X
(abcuecca cThIKa 1yru KyOnueckol napadosibl U 1yTH OKPYKHOCTH) IO 3aJJaHHOM KpUBU3HE
KyOuudeckoii napadosnsl. Miercs 3naueHne GyHKLIUHU, 00paTHON QYHKIMU X (x) . DyHKIMA solve
BBI3bIBAETCS IBAXK/IbI — 0€3 YKa3aHMsI 1uana3oHa HCKOMOM BEJIMYMHBI U C €ro ykazaHueM. B nepBom
ciydae (y QyHKIMM solve J1Ba apryMeHTa) BbIAAHO YEThIPE PELICHUs B BUI€ BEKTOPA: 3aJaHHas
KpHBH3HA 1.25 UMeeT MeCTO B UeThIpeX TOUKax KyOnueckoi mapadosisl (ropu30HTaIbHAS psMast
npu y = 1.25 nepecekaer KpUBYIO KpUBU3HBI B UEThIpEX TOUKax — cM. puc. 1.1). Bo Bropom
cilydae (4eTbIpe apryMeHTa y (yHKIUU solve), KOrna JONOJIHUTENBHO 3aJaeTcs AUana3oH MOUCKa,
BbIJIa€TCs HY’)KHOE HaM pelieHue xo = 0.2143 B Buze ckaisgpa. B pucyHok 1.3 BcTaBieHbI CKPUHBI
CHUTYalluH, KOIJ1a 0JIb30BaTe b HAUMHAET HAOUPaTh CJI0BO SOlve: B BHINIAAAIOMEM OKHE

MOABJIACTCA COOTBETCTBYHOIIAA ITOACKA3KaA.

OyHkMs roots (KOpHHU), Takke BcTpoeHHas B SMath, Bo3BpariaetT KopeHb yxKe He OMUHOYHOTO
YpaBHEHHUS, a CHCTEMBI JIByX YPaBHEHUH — HCKOMBIE KOOPAMHATHI IIEHTPA OKPYKHOCTH TTOBOPOTA.
[lepBoe ypaBHeHUE pUKCHPYET TOT (PAKT, UTO LEHTP OKPYKHOCTH HAXOJUTCS HA HOPMAIIH K
KyOmdeckoi rmapadosie B paHee HallICHHOU Touke (X, Vo) . Bropoe ypaBHEHHE — 3TO
MaTeMaTudeckas 3anuch TeopeMsl [Iudaropa, a UMEeHHO, ypaBHEHHUSI OKPYKHOCTH C LIEHTPOM,

HaxoOdmuMcesa HE B Ha4YaJIC KOOpAWHAT.

® [Naker SMath MoskeT paboTaTh U ¢ pa3sMEpHBIMU BETHUYHHAMH, 4TO OyIeT HETUIIHUM IS KOHTPOIS
HPaBHIBHOCTH BBOAMMBIX (opmyis. Ho B TaHHOM pacuére 1o TpaauIuu, NPUHATON B MaTeMaTHKe, MbI UX HE
npuMeHsieM. MeTpbl OyIyT HCIIOIB30BaHbI HUXKE — CM. pUc. 1.6.
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Puc. 1.3. PaccumTbiBaem TpamBalHbIM NOBOPOT

Ha pucynke 1.4 pe3ynbTaTsl IpOBEAEHHOTO pacuéra 0ToOpaxkeHsl rpaduuecku. OcTaeTcst TOJIbKO
«BBIIPSMUTH TI0 TOPU3OHTAIM KyOHndecKyto napadony npu x < 0 u yopars €€ npo1oDKeHHe MpH
x> xp. [TomyuuTcst uCKoMasi TpaeKTOpus Bble3/1a TpaMBasi Ha KpyroBOH y4acTOK ITyTH — Ha pa3BOPOT

B KOHIIE MaplIpyTa, HanpuMep?. Heo6X0muMo Takxke paccuuTaTh BTOPOH pelibC.

Ha pucynke 1.4 ncnonp3oBaH oTCyTCTBYIOIIMIA B Aape nakera SMath rpadux (cm. puc. 1.1) —
rpauK U3 COOTBETCTBYIOIIETO JIOMOIHEHHS (IIarkHa), KOTOPBIH M03BOJISIET CTPOUTH KPUBBIE HE

TOJBKO SIBHBIX, HO M HESIBHBIX (PYHKIMI — (PyHKIIMH, ONTUCHIBAIOIIEH OKPYKHOCTh, Hanpumep. Kpome

4 B KOHLEe MapLwpyTa pe/ibCoBbIN TPAHCNOPT MMbO pasBopayMBaeTcs Mo Kpyry (Tpameaii), inbo «caaet 3agom» (noesaa
MEeTPO, Y KOTOPbIX ABEe KabMHbI MaLLMHMCTa Ha KOHLAxX noe3aa). EcTb U TpeTuit — 3K30TUYeCKuiA cnocob passopoTa He
Mo KPyry, a No TPEYro/ibHMKY: TPamBall 3ae3XaeT B TYMWK, NOTOM «CAAET 3a40M» BO BTOPOW TYMUK, U3 KOTOPOTO OH
Bble€3)KaeT Ha OCHOBHbIE Pe/bCbl MapLIpyTa. ABTOMOBWUIM HepeaKo TaK Pa3BOPaYMBAIOTCA, KOT4A He XBaTaeT MecTa /s
KpYroeoro passoporTa.
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TOT'0, Yy TaAKOro l"pa(bI/IKa HUMCIOTCA JOIMMOJIHUTCIIBHBIC NHCTPYMCHTBI Q)OpMaTHpOBaHI/IHI 0003HaYCHUS

Ha 0CAX, TUIl JUHHUHN (y HaC HOpMaJIb HC CIIJIOIIIHAA, a, KaK e u IIOJIOKCHO, HYHKTI/IpHaH) 1 MHOI'O€
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Puc. 1.4. Pucyem TpamBamHbI MOBOPOT

Ha pucynoxk 1.4 HanmoxeHbl OykBeHHBbIE 0003HAaUYEHUs U BCTaBJIEHO ()OTO TPaMBaHOTO MTOBOPOTA.
DTOT CHUMOK aBTOp CeJIall, KOT/ia O’KUJIajl TpaMBai Jis MOe3IKH 13 AoMa B poaHoit MOU. 3nech
OH IToBOpauuBaeT ¢ 3-ro npocnekra HoBorupeesa Ha 3eneHblid mpocnekT. Bo Bpemst aToro

OXHJaHHA M1 BOSHHUKIIA UACA JAaHHOI'O pacqéTa U JAHHOM INIaBbl KHUTH. A Bo BpEMs TOC3KU YCPC3
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cMapTQOH ObLIT MPOBEJEH B UHTEPHETE MOHUTOPUHT 3TOM MPOOJIEMBbI, KOTOPBIN BBIBET HA CATHI ¢

OMHUCAaHUCM NICPCXOAHBIX KPUBBIX, TIOHATHUA KPUBHU3HbL KpHBOfI " TIpoH.

Ha pucynke 1.5 moka3aH y4acToK IyTH TpaMBasi Ha CXOJI€ C TPSIMOJIMHEHHOTO (YEPHBIH IBET), HA
KPYIVIbIi (CUHMH 1IBET) y4acTOK, yepe3 Ayry Kyonueckoi mapadossl (KkpacHsli 11Bet). [Tokazana
TaK)X€ U HOpMaJllb (cepasi MyHKTUpHAs JIMHUS, IPOXOAsIIas Yepe3 LEHTP OKPYKHOCTH ITOBOPOTA).
Hopwmans o6mmas u ans kyouyeckoid napa0oiisl, U ais okpykHocTH. [lon nepsbiM rpadrkom
pa3MelleH BTOPOH, XapaKTepu3y LUl U3MEHEeHHe KPUBU3HBI IIOBOPOTa. be3 BCTaBku B BUJIE
KyOuudeckoi mapabosibl Mbl Obl 371€Ch UMENU HE MOJIOTHM MaH/1yC, @ CTYyNEHbKY, 00 KOTOPYIO HaIll
TpamBail «yaapscs» Obl Ha IOBOPOTE — CM. YEPHBIE MyHKTUPHBIE IMHUU 3TOM CTYIEHBKH U
KpPYTOBOTI'O MOBOpOTa 0€3 BCTaBKH JIyTu KyOndeckoi napadosnsl. Eciu rpaduk kpuBU3HbI (HIKHUAN
rpa¢ux Ha puc. 1.5) IpoaoIKUTE 10 0cH a0CIKCe AANbIIE BIPABO, TO MOXKHO OyJIeT yBUAETh U
BTOPOM NAHAYC — TpaMBal ChE3KAET C JYyT¥ OKPYKHOCTH Ha IPSIMOJIMHEWHBIN Y4acTOK IIyTH Yepe3
Iyry KyOnueckoi mapaboibl, 3aBepiiasi CBoil MOBOPOT Ha IepekpecTke. Tak U XodeTcs, YTOObI 3ae3/1
U CHE3]1 C TAKOTO «BO3BBIIICHUSD ObLT IMIAJAKUM — 0€3 U3710MOB KpuBH3HBL. HO [1s1 3TOrO HY’>KHA He

KyOuueckas napadona, a oco0as mepexo/iHas KpuBasi, 0 KOTOpPOil MbI IIOTOBOPUM HUXKeE (CM. pHC.

1.20).

0.1 T T

KpnBnsHa
o
(6]

-0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5

Puc. 1.5. KpuBasa cxoZa TpamBas C NPSAMOIMHEMHOTO Ha OKPYT/bI y4acToK (BBEpXY) U eé

KpMBM3HA (BHW3Y); MYHKTUP — 3TO NOBOPOT 6e3 nepexoaHoM KpnBoi
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MBI He oKa3bIBaeM OIEpaTOpPhl MOCTPOCHUS TpapuKoOB HA puc. 1.5. MBI IpocUM YUTaTENs BBECTU

ux camuM. Eciii He Ioiy4uTCsl, TO COOTBETCTBYIOIIUM pacy€T MOXKHO CKa4aTh C CaiTa KHUTH.

Ha pucynke 1.6 mokazan pacuér nepexoHON KPHUBOM TpaMBasi ¢ peajbHbIM (20 METpOB), a HE C
abctpakTHbIM (0.8 6e3pa3MepHbIX equHHIl — cM. puc. 1.3) paguycom noBoporta. Ho rmaBHoe 371ech

BOT B Y€M — IIOKAa3aHO, KaK MCIIOJIb3YKOTCA CAMHUIBI USMCPCHUS B pvaéTe.

Jleno B TOM, YTO HU BCTpOEHHbIE PyHKIMU sOolve U roots, HU rpaduka SMath He
NPUCTIOCOOIECHBI B JOJDKHOW Mepe JiIsl paboThl ¢ pa3MepHBIMH BelTMYMHaMuU. Pabora ke ¢
umenosanHbiMu gerudunamu (pu3mIecKuMu, SKOHOMUIECKIMHU, HH()OPMAITMOHHBIMHE U JIP.) — 3TO
COBPEMEHHBIH, OYEHb TOJIE€3HbIN TPEH]I B MHKEHEPHBIX U HAYYHO-TEXHUYECKUX pacdyérax, KOTOPbII
MOCTENIEHHO CTAHOBUTCS HEKUM 0053aTeNIbHBIM CTaHIAPTOM. JTO YCKOPSET pacy€Thl, HCKIIOYAET
psia omuOOK B HEM, JieaeT pacuéThl bosee «untadenbHpIMU». Ha pucynkax 1.6 u 1.7 mokazansl
BCTaBKH €IMHUIIbI JJIMHBI MeTp () B pyHKIHMIO solve (puc. 1.6) u B aprymeHTsl rpaduka (puc. 1.6
u 1.7), uckirouaromye npepbiBaHue pacuéra 1o omuoKe, CBI3aHHON C HEMPUCIOCOOIEHHOCThIO
9THX BCTPOCHHBIX B SMath HHCTpYMEHTOB K paboTe ¢ pa3MepHbIMU BeluurMHaMu. [lanHas
TEXHOJIOTHS pacuéra o0cyxaanack Ha Gpopyme nonb3osareneir SMath mo aapecy
https://en.smath.com/forum/yaf postst23472 Solve-and-Roots.aspx. Kpome Toro, Ha rpaduke (puc.
1.6) yxe BIIOJIHE 3aKOHHO OBLIM MPOPHCOBAHbBI U caMa MOIU(PHUIIMPOBaHHAs KyOndeckas mapadona
(cuHss KpUBas) U paguyc e€ KpUBU3HBI (KpacHas kpuBasi). He cama kpuBH3Ha, kak Ha puc. 1.1, a
UMEHHO paJInyCc KPUBU3HBL. DTO HE OYCHDb YIOOHO — 3HAYCHUE ITOTO PAJIyca «yIeTaeT» B
0eCKOHEYHOCTH IpH X = 0, HO BITOJTHE 3aKOHHO, TaK KaK U caMa KyOudeckas mapadoina u paguyc eé
KPUBH3HBI UIMEIOT OZIHY pa3MepHOCTb. Kpome Toro, npu BbI3oBe QyHKIMU solve B
YEThIPEXapryMEHTHOM BapuaHTe ObLI 3aJ1aH Juarna3oH UCKOMOTO KOpHS ypaBHeHuUs (6 m — 8 m),
UCXO0/ U3 TpaduKa paauyca KpUBU3HBI. [1e-TO B 1nana3oHe MeX Ay MEeCTbI0 U BOCbMbIO METPAMU
oH paseH 20 merpam. IIpaBna, 20 MeTpaM OH paBeH U B APYTrOM MECTE, U Mbl K ’TOMY MOMEHTY €I1é

BepHeMcs (puc. 1.8).
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w

BctaBuTh eauHMLy n3mepeHus X
. 3 ro — 20 - eHOCTh/CEoﬁCTBo: . .I/II/I3MepeHVIF| (23): A
fffx] = 5
800 1 £f(5m)=0.1562m 2‘3
: |
d '
Frx)m S (x) (xS r(x) r () LT ()]
4 x 2 £ ()]
d x
25 T T T T T T T T T T T T
Pagmyc xpuBH3HEI
— 20 -
A
o
5 15 4
=
-~ 10 -
=
v— 5 -
Ky6uueckas mapaboia /
0 I I I | 1 | 1 1 1 1 1 | 1 1 1 1 1 -
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
f[x m) X, METpPbI
r(xm) ot
7 solve (4)

XO::SO]_VG[I‘[XO m]:ro, X,, 6m, 8m]m=7.009m
yO::f[X0]=O.4304m

HopmMarb
[KacaTeanaﬂ]

£ (%)= £ (%) + £ (%5) (% = %) fN(X]:_f[XO]_m'[X_XO]

X 2 2 2 3.386
:= solve [Xo m—xo] +[fN[xO m]—yol =r, X, o=l
No 1 .
‘SOlVd
Vo= Iy (%,]=20.1m TG

Puc. 1.6. Pac4yéT nepexoaHoOM KpMBOM C eANHMLAMWN N3MEPEHNS

Bropoii pa3 pyHKIHS solve BBI3BIBACTCA yXKE B IBYyXapryMEeHTHOM BapuaHTe. OHa BO3BpaIlaeT

BEKTOP pEIEeHH, U3 KOTOPBhIX Mbl BBIOMpaeM MepBblil (abcuucca HeHTpa OKPYKHOCTH), @ BTOPOE

m
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pelleHre NprucBauBaeM NepeMeHHO No — Hekol ()aHTOMHOM NepeMeHHOM, He y4acTBYIOLIEH B

pacuére.

Ha pucynkax 1.7 u 1.8 oroOpakeHsl Ha rpaduKax ABa pelIeHUs 3aJa4K ¢ YYETOM TOT0, YTO Y HalleH
KyOudeckoii mapabosbl paanyc KpUBU3HBI B 20 METPOB MMEET MECTO B IBYX TOUKax (CM. rpaduk Ha

puc. 1.6), eciii yu4nuTHIBaTh TOJIBKO MOJIOKHUTEIBHYIO YaCTh OCH a0CIHCC.

12
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/
2
X r
O yo O
x| +ly-=| -|=
m m m
DYHKIIHH .
{; if x <0 TIporpaMMHEpOBAHHE
0O m if
else -
ATPHOBI
Plots :— 4 £ Bcragka MaTpuubl
X m H
( ] CTpoKu: 1 =
fN (X m] Ctonbupbl: 4 5
£ (X m)
o yo nonog
m m
T T T T T
xO::solve[r[xO m]:ro, X,, 6m, 8m|m=7.009m
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Puc. 1.7. Tpaduk nepexoHOM KPMBOM C eANHULAMWN N3MEePEHNSA

Ha pucynke 1.8 mokazano rpaduueckoe oToOpakeHrne BTOPOTO PeIIeHus, KOT/Ia TpaMBaii Ha
HOBOPOTE O KyOnueckoi mapadosie CHavaja «Ipoe3kaeT 1o TOUKe MepBoro pemeHus» (puc. 1.7),
IIOTOM I10 TOYKE MaKCUMyMa KPUBU3HBI (CM. puc. 1.1), a Inib 3aTeM «CBOPAYUBAET» HA YTy
OKpy>kHOCTU. OUEBUIHO, YTO BTOPOE PELICHUE MEHEE ONTUMAJIbHO, YeM repBoe. MeHee

OIITUMAJIBHO, IIOTOMY 4YTO TpaMBaﬁ I103>K€ MonaJgacT Ha OKPY>XHOCTb

I I I I I

xO::solve[r[xO m]:ro, X5, 10m, 18 m|m=15.05m

30

m

N

o
[

T

10

-20

Puc. 1.8. padumKk nepexoaHON KpMBOM (BTOpoe pelueHme)

[Taker SMath crioco6en co3naBare anumayuro. Ha pucynke 1.9 nmokazano, kak B pacuéT BBOIUTCS

nepeMeHHas t (mapaMeTp aHMMAaIMM — time, BpeMsl), '3MEHEHUE KOTOPOH 10 BEKTOpy FRAME
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(kaapbl aHUMAIIMH) CO3/1aeT aHUMAIIHIO, TPU KaJpa KOTOPOii MOKa3aHbl BHU3Y PUCYHKA: OKPYKHOCTh
KaTUTCS TI0 TIPABOM CTOPOHE KyOW4ecKoi mapabosibl, MEHssl CBOM pajnyc, Aejiasi ero paBHbIM
paanycy KpUBH3HBI KyOU4ecKol mapadoiibl B JaHHOW TOYKe. B Touke Hadasia KoopauHat
OKPYXHOCTb «Pa3BOPAYMBACTCS» B TOPUZOHTAIBHYIO IPSIMYIO U «IIEPEBAJIMBAET» HA APYTYIO
CTOPOHY KyOuueckoi mapaboibl. A B IByX TOUKax (CM. MyHKT 1 3a7jaHusT) OKPY>KHOCTb UMEET

MUHHUMAaIbHBIN paauyc.

15
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3 d 2 d

y(x)=x y'[x]::d—xy[xJ:3.x y''(x)= de (x)=6-x
tl:ymcnnnE/
K(x):= ' (%) = [6-x| Kpusn3aHa ky6uueckon
> 3 n napabonbl
'Jl+y' (x) “/1—{—9 X
dopmyna Hlopmanm lm
YN(X]:=Y( ]_yn(t]' [1+9~t4+3-'Jr2-t2-[1+9-t4]]-t
4
maple | solve [xc—tJZ [-YN[X - X rreet .
1+9 t —31/ 2 t2‘[1+9-t4]]‘t
4

FRAME :=[0.1361,0.1461..0. 9861] 149.¢
1  Onepatop \M’Wm
t:= _Y05

4= OTKINKO4YeH [o..1]
44
! ‘ﬂ,lﬂal‘laBOH C yKaszaHaem BTOPOro 3Ha4yeHwus

4 2 2 1)] & Konupyewm
e N D P e Y
e’ 4 yc '_yN [XCJ
1+9-t
1,s ¥ 1,5 ¥ 1,51¥
1,29 1,25 1,29
1 1 1
, 74 0,75 0
0,5 0,5 0,5
29 , 25 29
0 / 0 0
-0,4s -0,25 -0,45
-0i 9o 0,5 1| [-0.90 0,5 1 1,5 |-0.90 0,5 1
Y | X | Kybuueckas napabona
. [ ] Cetka
t Yy v
O
Hopmans “
X, Y, | Anumupoeats b Otmena
N Yactota kagpoe P ([
a:=[0,1..360]deg OkpyxHocTb FRAME
JKCNOPT...
augment[r-sin(a]+xc, r.cos(aj

Puc. 1.9. Co3gaHne aHMMaLMM CONPUKOCHOBEHMA OKPYHKHOCTM C Kybunyeckomn napabonon
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B pacuére Ha puc. 1.9 3ageiictBoBana GyHKIUS maple, MO3BOJSIONIAs PEIIUTh YpaBHEHUE
HOpPMAaJIM aHAJTUTHYECKH (CUMBOIILHO). B pacuére Ha pucyHke 1.6 3TO ypaBHEHHE penianoch
quciieHH0. O YUCIIEHHBIX U aHAITUTHYECKUX MCTOAaX PCIICHUA 3aaa4 MbI ITIOTOBOPHUM BO BTOpOﬁ

TJIaB€ KHHUI'H.

Crapble TpaMBau IIPH OBOPOTAX PA3TOHSUIN 3a3€BABLIMXCS TIEMIEXOI0B HE TOJIBKO 3BOHKAMHU®, HO U
BU3IOM KoJIeC. DTO ITPOUCXOANIIO U3-3a TOTO, YTO Y ITUX TpaMBaeB ObUIM HE MPOCTO Kojeca, a
KOJIECHBIE Napbl KaK y noe310B. COBPEMEHHBIE K€ HU3KOIOJIbHbIE TPaMBau UMEIOT OTJEJIbHbIE
kojeca. B konecHoil nape yrioBas CKOPOCTb BpAIllEHUs JIEBOTO U IIPABOI0 KOJIECa BCEIla ONHAKOBA.
A oHa 1omkHa ObITH pa3Hoi Mpu moBopoTtax. OTcroAa U BU3T MPOOYyKCOBBIBaEMBIX KoJiec! Y moe3noB
METPO C KOJIECHBIMM [TapaMU TAKOIO BU3ra IMOYTH HE CIIBILIHO IOTOMY, YTO Y HUX PaJHyChl

MOBOPOTOB HAMHOT'O OOJIbIIIE, YEM Y TpamBasl.

1.2. Kataemca no Kpyry
Ha pucynxke 1.10 nokazano (oTo HCIBITATENFHOTO MOJUTOHA JKEIE3HOJOPOKHOTO TPAHCIIOPTA B

nocenke Illepbunka nox MockBoit. DT0 0BaJl ATMHOIO IPUMEPHO 6 KHIIOMETPOB C IBYMS

MPSIMOJIMHEHHBIMH y4acTKaMu. BoT Mbl 106panuck u 10 oBana! A To ObUIM BCE OKPYKHOCTH Ja

apadoJIbI.

Puc. 1.10. MNoNnroH enesHo40pPOXKHOro TpaHCnopTa

5 Becua, éecua na ynuye, / Becennue oenvku! / Kax nmuywi, 3anusaiomes / Tpamsaiinvie 36onku. Araus bapro
17
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3aMKHYTas 0BaJIONOJ00HAs KPUBAasi, COCTOAIIAS U3 IBYX PaBHBIX MapaslieIbHBIX OTPE3KOB U JABYX
COCIIMHSIONIUX UX MOIYOKPYKHOCTeH Ha 3amasne Ha3piBaeTcs Stadium. E€ Henb3s Ha3BaTh OBAIOM
HE TOJIBKO IIOTOMY, YTO OHA HE ITOJIHOCTBIO MIAJIKasi — y HEE€ U3JI0MBI B 4eThIpeX MecTax. Kpome Toro,
OBaJI — 3TO CTPOTO BBINMYKJIAs 3aMKHYTas TNIaJKkas KpUBasi, KOTOPYIO JIr00ast mpsiMasi MOXKET Iepeceyb
He OoJiee 4eM B IBYX TOUKax. A 3aMKHYTas KpuBasg Stadium yclOBHIO CTPOToil BHITYKIOCTH HE
oTBeuaeT — €€ «00Ka» UMEIOT C MPSIMOI OECKOHEYHOE YMCIIO0 O0IIUX TOUeK. 3aMeTHM, uTo Stadium
OTPaHUYMBACT BHIMYKIYIO 001aCTh (CTAJAMOH) U JISKHUT 110 OIHY CTOPOHY OT JIF000M KacaTeIbHOH K
HEH, I03TOMY SIBIISIETCS BBIyKJIoW KpuBoid. Kpusas Stadium craner rmaakoi, eciu B He€ BCTaBUTh
YeThIpe OTpe3Ka MepexoJHON KpUBOil — KyOndeckoi mapadoibl, HapUMep, pacuéT KOTOPOU MBI
onucanu Beie. Ho 3aMKkHyTast KpuBasi UIsl KeJIe3HOJOPOXKHOTO MOJIMIOHA MOXKET UMETh OoJiee

UHTEpECHYIO0 (MHHOBaLMOHHY0!) ¢popmy. [loroBopum o Heii!

[pumeuanne. {7151 xKeIe3HOLOPOKHOTO TPAHCTIOPTA, OCOOEHHO I BEICOKOCKOPOCTHBIX MarucTpanieH, rie
OIMACHOCTH CXOJIa C PENIbC MOABMKHOTO COCTaBa HAMHOI'O BBILIE, YEM Y TpaMBasl UM NOE370B METPO, B
KaueCcTBE IepEXOIHON KPUBOH UCIIONB3YIOT He KyOHMUECKyI0 apadoy, MPOCTyIO B pacuérax, a Kiomouoy
(ctiupans Diinepa — cM. puc. 1.11), y KOTOpoil KpUBH3HA MEHSAETCSI TMHEHHO B 3aBUCUMOCTH OT AJIMHBI
cniupaiy (apryMeHT, mapaMmeTp t), HO HeJMHEWHO B 3aBUCUMOCTH OT 3HaYCHHUs a0CIUCCHI (ApPTYMEHT X).
WnTterpanst Ha puc. 1.11 Toxxe UMEIOT UMS — 3T0 UHTErpasl Openens, ¢ kKoTopeiMu nakeT SMath nmpekpacHo
«pa3obpaics» U MOCTPOUI TaK Ha3bIBAGMBIN TapamMeTpuieckuii rpaduk ¢ mapameTpoM t. Ecim aToT
napameTp OyIeT CTPEMUTHCSI B OECKOHEUHOCTH, TO CIMpajib Diiepa OyAeT CBOpauuBaThCsl B TOUKY, Y KOTOPOi

KpHUBH3HaA OCCKOHEUHA.

18



3aHATHe 1

X[t)::E-FresnelC Et] y[t)::E-FresnelS[E-t]

At :=0.00001  IIpubmoKeHHsii paceeT IPOI3BOIHHEIX
x'[t):zx(“fﬂ;t)*x(t) y,(t)zy[tJrA;t)—y(t)
xf’[t)::xl(“rﬂ;t)_x'(t) y,,[t)_y'(t+¢z:t)—y (t)
K[t)='y”(t)“'(tly’(t)-";-r(tn
W/[X'(t)zﬂx'(t)z] £i=[0,0.01..6]
T | - 15 ' - —
10} i
< .l _
90.5—
= R |
0 2 4 6
°f 1 t
(I) 0.I5 1 augment [t, m]

X(t)
x(c), v(c))

ugment [x (t), v(t)

Puc. 1.11. Knotonaa v eé KpnBM3Ha

vy aBTOpPa €CThb KOJIJICTa B repMaHI/II/I. BbreiBmmi CTYACHT 5TOI'0 HEMCIKOT'O npo@eccopa B HACTOALICC

BpeMA pa60TaeT Ha OpCAIIPUATHN, U3TOTABJINBAIOIIEM CTPCIIOYHBIC ICPCBOABI JJI

CBCPXCKOPOCTHBIX IMMOC310B Kuras. Tak BOT, B OTUX CTPECJIKAX, KaK MOBEAA]l CTYACHT, JI UX

npoUINPOBAHUS HCTIONB3YIOTCS CrIUpaiu Disepa (KI0TOUIbI).

I/ITE[K, YTO TAKOC MHHOBAIIMOHHAA IEPECXOAHAA KpUBAA IJId OBAJIBHOTO KCIIC3HOAOPOXKHOTO

moauronal?

Cawmpblii U3BECTHBIN OBas — 3TO ALUIC. IMEHHO €ro, a He MPOCTO OBaJl PUCYET, K TPUMEDY,

rpaduueckuii pegakrop Paint — cMm. maBy 1 B [1]. A naBaiite noctpoum B cpene SMath amurc,

OmnmupasiChb Ha HCCKOJILKO U3BMCHCHHOC €T0 OIPCACICHUC.
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DJUTUTIC — 3TO TEOMETPUUYECKOE MECTO TOUEK Ha TMIIOCKOCTH, Y KOTOPBIX cpedHee apupmemuyeckoe
paccTosHu# 10 BYX (DOKYCOB IOCTOSTHHO M PaBHO 3a/laHHOMY 3HaueHuto. Eciu B aToM
OTIpEJICIICHUH CJI0Ba «CpeaHee apu(hMETHIECKOS» 3aMEHUTH Ha CIIOBO «CyMMay (YIIBOCHHOE CpeHee
apu(MeTHUECKOE), TO MBI BEPHEMCS K CTapOMY KJIACCHYECKOMY ONpEACTICHHIO dutnica. Ecim xe
cpenHee apupmMeTruecKoe (mean) 3aMEHUTh Ha cpedHee ceomempuyeckoe (gmean — KBapaTHBIN
KOPEHb U3 MPOU3BEIEHU IBYX YUCEN), TO Mbl IIOJIY4YHUM YyXKE HE JUTUIIC, TaK Ha3bIBaeMbIil 08a
Kaccunu. Ha pucynkax 1.12-1.15 nmokazano nocrpoenue B cpeae SMath 3Tux 1Byx oBajioB npu
OJIMHAKOBBIX 3HAUEHHSX TapameTpa ¢ (pacCcTOSHUS OT Hadala KOOPAHHAT 110 (HOKYCOB) U TIPH
pa3HbIX 3HAUEHUX NapamMeTpa a (3Ha4eHUe CpeIHero apu(pMeTHIeCcKoro Uil CPpeIHEro

TFeOMETPUYECKOTO).
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mean (a, b)::a+b
2
, 2 2 2 2
Ellipse(x, y, a, c):=mean 1J[x—c] +y , 1/[)(4—0] +yv |-a
gmean (a, b):=4a-b
o 2 2 P 2
Cassini(x, y, a, c):=gmean ]/[X—c] 4y ,J[X—FC] +y |—-a
ci=1 a:i—2
2 I I I I I I I I I
19+ -
1+ 4
05 .
> of -
05k i
1k i
1.5 .
_2 1 1 1 1 1 1 1 1 1
2% -2 15 -1 05 0 05 1 15 2 25
[—C Q"." 3 "hlyue" X
[C O ". " 3 "ylye"

Ellipse(x, y, a, c]

Cassini(x, y, a, c]

Puc. 1.12. MNocTpoeHune anannca (3eneHbli useT) 1 oBasna KaccuHM (po308bliit)
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1Lk c:=1 a::ﬁ_

Puc. 1.15. namnc, BbIPOAMBLLMIACA B OTPE30OK NPAMOM, M 0Ban KacCuHM (nemHmnckaTa

BepHynnn)
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05F cC 9

1o

25 -2 15 -1 05 0 05 1 15 2 25

Puc. 1.16. [1sa oBana KaccuHu (3namnc HeBUAMM — OH MHUMbIN)

Ommmrnic u oBan Kaccuan 00benuHsAeT 1 BOT 4T0. Korna-To y4eHble-acTpOHOMBI CITOPHITH O TOM, TI0 KaKUM
TPAEKTOPUSAM JIETAIOT CIYTHUKH IJIAHET — 10 3JUIMIICY Wi o oBaity Kaccunu — cM. puc 1.12 u 1.13.
OKpy’>KHOCTB — 3TO YaCTHBIH ciydail u smunca (¢ = 0), u oBana Kaccuau. Ho B koHIe KOHIIOB OBLIO
JTOKa3aHo, 4TO MPH JBMKEHUH HEOSCHBIX TeN 3a/IeHiCTBOBAH JUIUIIC — CM. IaBy 15. 3aberas Briepén, ckaxem,

YTO HE MOXKET CITyTHHK JIETE€Th C HYJIEBOW KPUBU3HOW OPOUTHI B IByX TOYKax — cM. puc. 1.20.

1.3. KuHematorpaduyeckoe oTcTynneHune
B coBeTckoM xynoxecTBeHHOM (He HayqHO-TIomyisipHoM!) dunmsme «Cepiiia ueTsIpex» ecThb JTI000BHAs

CIeHa y KnaccHoit nocku (puc. 1.17), xorna nBa repost ¢puisMa (IBa cepaa U3 4eThIpex) 00CYKIal0T CpenHee

apu(MeTHIECKOE U CPeTHEe FeOMETPHUYECKOE.
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Puc. 1.17. Kagp 13 ¢unbma «Cepaua YeTbipex»

I'epouns ¢unbpma [anuna Mypamosa (nouent Mmarematuku MI'Y, e€ urpaer Banentuna CepoBa — 3Be371a
JIOBOCHHOTO COBETCKOTO KHUHEeMarorpadga) rmojaraet, 4To OHa «cpeiHee apuMeTHIecKoey, a €€ Miaamas
cecrpa lllypouka (JierkombIiciieHHas cTyiaeHTka Gundaxa — Jlrogmuia [enukoBckas — emmié ofHa 3Be3/1a) — 3TO
«cpenHee reomerpudeckoey. OjHa ciieHa u3 Gunbma (puc. 1.17) mocssieHa 10Ka3aTesIbCTBY TOTO, YTO
cpentee apudmerndeckoe (I'anmuna) 6onbiie cpeanero reomerpudeckoro (Illypouka). Tem cambim [Manuna
BIIOOIIsieT B cebs crapuiero JieiireHanta [lerpa Komunna (EBrennii CaMOHIIOB — OH Y TOCKH MTPUBOJUT
JI0Ka3aTeJIbCTBO), caMa CTAHOBUTCS K HEMY HEPaBHOJYIIHA U OTOMBAET STOTO KaBajiepa y CBOSH MJia e
cecTphl («TpeTbe cepamey). [lepconaxk «aerBeproe cepare» (Imed 3aBaprieB, yueHBIH-0MOIIOT — apTUCT
ITasen [npunaTdenpn), cHadara yxaxusaeT 3a ['anuHoii, a motom 3a [llypoukoii. Bot Takoii momydwics

HEOOBIYHBIN JTIOOOBHBIA MaTeMaTHIECKII YeTHIPEXyTOLHUK!
OTcTynjieHne oT OTCTYIIEHHS

B rnaBe 10 Mb1 Oyziem paccMmarpuBath HeOecHY0 MexaHuky. Ha pucynke 1.18 oroOpakeHa aBTOpCKasi MOJICb
(4ucneHHOEe pellleHne CUCTEMBI BOChbMH OOBIKHOBEHHBIX A depeHanbHbIX YpaBHEHHI) oJIeTa AByX
IUTAHET MO AJUTMNTHYSCKUM OpOUTaM, ClIerKa HCKPUBICHHBIMUA B MOMEHT NMPHOIKEHHS CITYTHUKOB K

mrageTam. IlmaneTsr co cBOMMH «CIIYTHHKaM XU3HN» cOmmKaroTes (TYT HX DJUIMIIC TPACKTOPUH MOXET
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CYHICCTBECHHO PICKaSI/ITLCSI), 0OMEHUBAIOTCS CIIYTHUKAaMU U JICTAT AJAJIBILIC 110 CBOUM ACJIAM. Bot Bam KpaTKoC
CKOCMHYCCKOC» U3JTOXKCHUE CIOKETa CI)I/IJ'ILMa «Cepz[ua ‘{eTLIpeX»! DTO OBLIH HE CIIYTHUKH — 3TO ObLIH

CaTCJIIINTBI, €CJIM TOBOPHUTH SA3BIKOM IOJHUTOJIOIOB, pa3 OHU TaK IIPOCTO MCHAKOT CBOUX «X0351eB» !

# | Play Animation =0 = @l

T

ot Al

Puc. 1.18. TpaekTopuu noneta AByX NaaHeT cO CNyTHUKaMM

Ha pucysnke 1.19 npuBenieH 3aKIF0YUTENBHBIA CKPUHILIOT, KaK ceiiuac roBOpsIT, CliieHsl u3 ¢puisma «Cepana
YETHIPEX», a O]l HUM OJJHO M3 MPABUIIbHBIX (KBaJIpaT YKCIIa HE MEHbIIIE CaMOTO YHCIIA) I0Ka3aTeIbCTB C
OTIIMYHBIMH OT HAIINX OyKBEHHBIMH 0003Ha4eHHsAMHU. Harm o603Ha4enus 60see mpaBUiIbHBI M TIOTOMY, YTO

3/IeCh ONIEPUPYIOT HE METBIMH (M, n), a HEIETBIMH IMOJIOKUTEIFHBIMHI YHCIaMu (a, b — cM. Takxke puc. 1.11).
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a+b

5 >+ab & (a+b)?>4ab & (a—b)2>0

Puc. 1.19. Kagp 13 ¢punbma «Cepaua YeTbipex»

Pucynku 1.11-1.14 ¢ HammMu srmuncaMu U oBanaMu KaccrHM MOXKHO CUHTATh €II€ OJHON reOMEeTPUIECKOM
WHTEPIPETAIUCH 3TOrO «JIF0O0OBHOTO JJOKA3aTEIbCTBAY O CPEAHUX BEIHMUMHAX: AJIIUIIC BCETa HAXOMUTCS

BHYTpH oBajna Kaccunu.

CrpaBeAsIMBOCTH pagy OTMETHM, YTO M PELICHUE MEJIOM Ha Jocke Ha puc. 1.19, 1 Hamm yTBepxaeHus,
NPUBEIECHHBIE TOIBKO YTO, HE COBCEM BEPHBI: HY’KHO IHCATh U TOBOPHUTH «OOJbIIE WK PAaBHOY», @ HE IPOCTO
«0onbme». Ha pucynkax 1.12-1.15 nBe Hamm 3aMKHYTBIE KPUBBIC B IByX MECTaX CXOMATCS: JBE HAILU
CpeHUE BEJIMYMHBI PaBHBI MEXIY COOO0M, KOTa ABa CpaBHUBAaEMbIX yKcia paBHbl. Ho ['anuna He 3amevaer
9TOH MaTeMaTH4ecKol HETOUHOCTH — OHa YiKe 1o yiu Bitoosiena B [letpa. Bot kakue uyneca TBOpuT

MaTeMaruka!

1.4. OBan Tonctoro
Cpenu oBanoB KaccuHu ecTb JBa umeHHbix. DTO yKe YIOMSIHYTas semHuckama bepryinu (po3oBas KpuBas B

BHJIe 3HaKa GeckoHeuHocTH® Ha puc. 1.15) u osan Torcmozo (po3oselit oBan Ha puc. 1.13). Tleppas 3aMKHyTas
KpHBas Xopoulo u3BectHa. E€ nHoraa Takxke HCMOIb3YyIOT B KAUECTBE MEPEXOAHOM KpuBOii. BTopas xe
KPHBasi TOJILKO-TOJIBKO TBITAETCSI 3aHATH CBOE MECTO B «IIAHTCOHE UMEHHBIX 00BEKTOB MareMaTukm» [2, 3]. Y
oBasia ToJICTOrO HET «TaJIMWY, €CIIM TaK MOXHO BBIpa3uThes (cM. puc. 2.13), u Het paspseiBa (cM. puc. 2.15).

Kpususna osana Kaccunu npu x = 0 Gyzet HyneBoii — cM. puc. 1.20, rae ucnons3yercs siBHas GpyHKUIus,

6 Jlemuuckara, OT JiaT. lemniscatus — «yKpalIEHHBIH JJEHTAMU» — CM. «JIEHTy» Ha puc. 1.11.
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NOJTy4eHHas B pe3yibTare pelieHns ypaBHeHus oBana Kaccunu (HesBHast QyHKUUS), OTHOCUTEIBHO
HEU3BECTHOW BEIMYUHBI y. AHAIUTUYECKOE pEeIIeHNe HAXOANUTCS Yepe3 MHCTPYMEHTHl MaTeMaTn4ecKoi
nporpaMmsl Maple, KOTopble MOXKHO BBI3BIBAaTh B cpene SMath moce moarpys3ku cOOTBETCTBYIOLIETO
JOTIOJHEHMS. Beinaercs yeTsIpe perieHus, i3 KOTOPBIX HCIONb3yeTcs ToJbKo nepsoe. OBan Kaccunu — 1o

KpHuBas 4€TBCPTOT'O, 4 HC BTOPOT'0 NOPsAAKa (BHHI/IHC).

Cassini (x,y, a, C)=:1/7/(X76]2+y2 -«J(x+c)2+y2 —a

1/ [ 2 ZJ 2 4]
—\lc +x — 4.-x c +a
Cassini (x, a, c) ‘/ [ 5 5 2 >
e :zmaple[solve(Cassnu(x,y,a,c)=0,y]]= ¢ c Jral,
No J[ 2 2 2 2 2 4]
No e "+x"+44.-x".c"+a
1/[2 2 2 2 2 4']'
5 —-V-lc +x +44.-x -c +a
d Cassini (x, a, c]
d x
K(x,a, c):= 3
>
14 a4 Cassini (x, a, ¢
d x
1_ -
> 0F .
bk i
-2 -1 0 1 2

Cassini[x, J?, 1]
—Cassini(x, ﬁ, 1]

K[X, q/?, 1]

Puc. 1.20. OBan ToACTOro 1 ero KpmMBM3Ha

Kpususny oana ToscToro B AByX HHTEPECYIOMIMX HAC ToUKax (x =0, y = £1) MOXKHO paccUuTarsb,

UCTIONB3YI0 JOBOJIBHO CIOXKHYIO (DOPMYNY KPHBHU3HKI rpaduika HesiBHOH QyHKIMHU — cM. puc. 1.21.
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c(x, Y):w/ﬂ/(x—1)2+y2I-4/(X+1)2+y2v -42° Oval of Tolstoy

2 2 2 2
d d d d d d d
2 ¢ o —2.= ¢ 2 ¢ .2 42 ¢ 2 ¢ c
Lcle,y) Aoz doce e vy vy doe(x, v) Le(x, v
d x dy
K (x,y):=
3
2
d : d ?
—C —C
(= ¥) +t35 (x,¥)
p —
7/*[1+X272-1/1+X2]
o [ i)
o a4 _9.
=|y(x):=maple|solve|C (x, ¥), ¥]||= ;
No [ ( ) [ ( ( ) )]] ", [ 5 Z,J 2-]
No —(1+x"+2-41+x
A-liex? 2 H1047]
“J-l1+x"+2-H1+x

Puc. 1.21. KprBuM3Ha oBana TOACTOro B ABYX TOYKAX M N0 BCeM ock abcumce

Kpususna oana Toncroro (ogun u3 oBaioB Kaccunu — puc. 1.20 u 1.21) B oT11une U OT KPUBU3HBI
KyOudeckoi rmapadossl (puc. 1.1) unu cniupanu Ditnepa (kimotouasl — puc. 1.11) maaBHO Bo3pacTaeT
oT HyneBoi Touku. [Ipon3BoHas KpUBU3HBI OBajia TOJICTOTO B ATOI TOUKE paBHA HYIIO, U TAKOM
pacy€T npu >KeTaHuU MOXKHO cenath. ClieoBaTeIbHO, TP Bhe3/1e Ha TAaKOU «IaHayc» He OyaeT

HaOJIIOATHCS U3JI0Ma, MTOKa3aHHOTO Ha puc. 1.5.

W emé onna nerans. KpacHas kpuBas Ha puc. 1.21 Beixogut 3a pamku oBasia Tosactoro.
CrnenoBatenbHO, MBI pUCYEM KPUBU3HY KPUBOM, KOTOPOH HE cyliecTByeT. BepHee, cyliecTByeT Ha

OTIpesIeTICHHOM OTpe3Ke ocu adciuce — cM. puc. 1.20.

N3ob6paxenue, mokazannoe Ha puc. 1.20 u 1.21, Toxe MOXKET CTaTh JOTOTHIIOM, HO HE
MeTponoauTeHa (cm. puc. 1.1), a, Hanmpumep, 3aBoj1a, BBITYCKAIOIIEro MOJIBUKHON COCTaB ISt

JKene3HbIX opor. [Toxoxyto amOeMy umeeT aBToMOOmITh YA3, HO TaM N300pakeH He OBaJl, a
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OKPY>KHOCTB M «TajJ04Ka» B BUJIE YEXOBCKON Yaiiku (BepHee, B BU/I€ CTUIIM30BaHHON OyKBBI Y —
VYnbsiHOBCK). Y Hac ke Ha puc. 1.20 momyunnach HeKast TOJICTOBCKasl yaiika, KoTopast Ha puc. 1.21

pacnpasuiia Kpbuibs. [louemy TyT ynomsanyt JleB Hukonaesuu ToncToii!?

Yuraem y Tonctoro B «Anne Kapenunoi»: «Ckauku 00nicHbl Obl1u npouUcxooums Ha OOnbuom
yemuvlpexsepcmHom dnaunmudeckou ghopmol kpyey». Y emé: «Hao kpeciom eucen o8anivHuli, 8
3010MOU pame, NPEKPACHO COENAHHbIU 3HAMEHUMbBIM XYO0HCHUKOM nopmpem Anuby. ToncTomn 0611
apTULIepUIiCKUM o(uiiepoM, 1 OH J0JKEH ObUT 3HATh, YTO TAKOE AILIUIIC, @ YTO Takoe oBail. Ho
IIOYEMY K€ OH Ha3BaJl OJHY 3aMKHYTYIO KPUBYIO JUIMIICOM, a BTOpY0 — oBajioM. CKopee, Bcé
JIOJDKHO OBITH HA00OPOT: paMa KapTHHBI — 3TO HJUIUIIC, & UMIIOIPOM — 3TO OBAJl, BEPHEE, CTATUYM H

HE MPOCTOH, a cmaduym Toncmoeo.

I'epoun camoro 3HaMeHUTOrO AaMckoro pomana — Anna Kapenuna u Anekceid BpoHckuii 3HaKoMSTCS
Ha KeJie3HOoM opore — Ha HukonaesckoM (HbiHE JIeHnHrpaackom) Bok3aie B Mockse. Ku3Hb AHHBI
Tparu4ecKu MpephIBaeTCs OIATH XK€ Ha kene3Hou nopore. Koncrantun Jlesun (alter ego Tomcroro)

MHOTO PacCyXIaeT O MOJIb3€ U BPEJIE KEIE3HBIX 10por [2].

Ecnu oBain ToncToro paspesars 0 BEpTUKAJIN NOII0JIaM, IEPEMECTUTD IIOJIOBUHKH OBaJjia BIEBO U
BIIPABO, a KOHIIBI IyT COCTMHUTH OTPE3KAMH MPSMBIX, TO MBI IIOJTYYUM ITOT CaMbIi CTaANyM
Tonctoro (puc. 1.22) — camyro NMOAXOAAIIYI0 3aMKHYTYIO KPUBYIO H JUIsI UTIIIOJIPOMA, U IS
CTaJMOHa, a, IJIAaBHOE, JJI UCIIBITATEIbHOTO KENE3HOI0POKHOTO nonurona. KpuBusHa Takoro oBana

MEHSETCs TIaBHO — cM. puc. 1.20 u 1.21.
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-1 0
X, = 1‘ Y, = 0 N::rows[XF]=2
DYHKIHH
I N .
L 7 2 2
Cass;ml(x,y):z— —[ [X—XF —|—[y—YF
i i
1=1

Stadium (x, y):=1if x<-1

IIporpaMMEpoBaHIe CaSSini [X + 1 ’ Y]
i else
if x>1
Cassini(x -1, y)
1 I 1 | I 1
> 0F 7
_1 1 1 | 1 1
3 -2 -1 0 1 2 3
Stadium(x, y) X

Puc. 1.22. Ctagnym Toncrtoro

3amMeuaHue 110 TEPMUHOJIOTHH. Panee MBI OTMCTUJIN, UYTO OBAJ — 3TO BBIIMMYKJIAA 3aMKHYTas Ii1aJKas
KpHUBasi, KOTOPYIO JIr00ast mpsiMasi MOXKET Iepecedb He Oosiee 4eM B IByX Toukax. KpuBasi,
YIOBJIETBOPSIOIIAS] TAKOMY YCIIOBHUIO, Ha3bIBAETCSI CTPOTO BHIMTYKJIOW. BhInykiioi Ha3bIBaeTCs
KpHBasi, Jiexalias o OJIHy CTOPOHY OT JIto00OM KacaTeabHOM K HeH, WK (IKBUBAJICHTHO)
OTPAaHUYHUBAIOIIAS BBHITYKITYIO 00J1aCTh, T. €. TAKyI0 00JIacTh, TJI€ BMECTE C JTIOOBIMH IByMSI TOUKAMU
o0nacTy B HEll JIEXKUT OTPE30K, UX COSAUHAIOIMUN. Hanpumep, 31IUIC U 0BaJl — CTPOTO BBITYKJIbIE

KpHBbIE, a Stadium — BBINyKJIasi, HO HE CTPOTO BBIIYKJIas KpUBasl.
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Ha pucynke 1.22 mbl Bugum 3anuch oBana KaccuHu, koTopasi IO3BOJISET ONUPATHCS HE HA 1BA, A U
Ha OoJbIee KoaudecTBO (hokycoB. Unuraresns, OCTpoi UX. JJJst 3TOro 10CTaTOYHO TOIBKO

YBEIMYUTH JUTHHY BEKTOPOB X U YF M BBECTH KOOPIMHATHI JIOTIOHUTEILHBIX (POKYCOB.

Takux OBaJIOB, KCTATU, MOKHO HAIpUAYMbIBATH OI'POMHOC (6CCKOH6‘-IHO€?) MHOXCCTBO, UCIIOJIb3Ys

noHsiTue cpeonezo Konmozoposa |5, 6].

B 2028 roxy 6yner ormedarscs 200-1eTue co qHs poxaenus JIbBa Hukonaesnua Tomncroro’. K aToii nare,
TOBOPS OIOPOKPATHUCCKUM S3BIKOM, «OyIeT MPHUypOUEeHO MHOTO IOOMICHHBIX MEPOTIPUITHIAY» . BBITO OB
3IIOPOBO K ATOMY IOOMJIEI0 IOCTPOUTH UIIOAPOM HITH cTaauoH uMenn JIbBa ToncToro ¢ 6eroBoii TopoxKKkoi B
Buje ctaauyMma Tonctoro. My aHamoruyHbIi *Kene3HOJOPOKHBIN MOIUTOH. A BOT €1IE OJUH YMECTHBIN
npoekt. Ha ynuie JIpBa ToncToro B kakoM-HUOYAb ropoae, B Tyie, HarpuMep, MOKHO ITOCTPOUTHh HOBYIO
TpaMBaifHYIO JIMHUIO C IIOBOPOTaMU B BUJIE AYTH HE KyOMYECKO Mapabombl Wi CIIUpaiy Ditiepa, a oBaia
Toncroro. U Bce 3T0 OKpYKUTH COOTBETCTBYIONIEM HH(DOpMAIMOHHBIM TTo7eM o JIbBe Toncrom n
MaremaTuke. BoT 1Be nuTarsl u3 aBrodnorpaduueckoit mosectu «FOHOCTBY: «A 2omogntocsy 6
Mamemamuieckull (haxyivmenm, u 6b100p 3MOM, HO NPABOE CKA3AMb, COENAH MHOU eOUHCMBEHHO HOMOMY,
YMOo C08A: CUHYCbI, MAH2EHCDI, QUG Pepenyuansl, UHmMezpatbl U m.o., Ype3sblualiHo HpABAMcs MHey, «A
CMOSL OKONO OKHA <...> U peulan Ha YepHoll 00CKe Kakoe-mo ONUHHOe aneebpaudeckoe ypasHenue. B oonoii
PYKe 5 0epoHcal U30p8aHuyto Mazkyio «Aneebpy» @pankepa, 6 Opy20u — MANeHbKULL KYCOK Meld, KOMOpPbLM

ucnaukan yxce ooe pyxu, auyo...» (cMm. puc. 1.19).

EcIin 5e ToBOpUTH 06 KOHKpeTHOM ypoke MUT® (Maremarnka-UHpopmarrka-TeXHHKa), TO IIKONEHUKH HITH
CTYACHTBI MOTYT Ha HEM NMPaBHIBHO PACCUUTATh NPOPHIIL UTPYLIEYHOH KeJIe3HOH TOPOTH, 3aTeM
pacniedarath Ha 3D-npuHTEpE peNIbCHI CO MNaJaMH U IyCTUTH 110 HEMY 3aBOAHON MapOBO3MK, KOTOPBIH OyaeT
0e3 OOKOBBIX TOJYKOB €3[AMTh 1O CTaAuyMy ToJcToro — cM. puc. 1.23. A 10KOMOTHB 000pyIOBaTh HapOBOM

MAaIIMHON ¢ KayarolMMHUCS MIINHApPaMH — cM. puc. 16.11 B ase 16.

" EcTh TaKoi MOy NIy TIMBBIN TECT, CBA3aHHBIN C JeJEHUEM JIHOJIed HAa TEXHAPEN U TYMaHUTAPHUEB, Ha (PU3HUKOB U
TUpuKoB. [ yMaHUTapuu MOMHAT pof poxaeHus Toncroro (1828 rom) uepes uncio e (2.718281828), a TexHapu MOMHSAT
YHCIIo € uepe3 rox poxkaeHus Tonctoro. Mnm, Haoboport. KeraTu, depe3 reoMeTpuro — «reporHIO» TOH IIaBbl KHUTH,
MPOCTO 3arOMHUTE emié 6 mudp uucia e: 2.718281828459045. Jlns 3T0ro 10CTaTOYHO BCIIOMHHUTH 00 yriiax
PaBHOOEPEHHOTO NMPSIMOYTOJIBHOTO TPEYTOJIBHUKA.
8 inu MUUT (Maremaruka-Undopmaruka-Mckyccrpo-Texauka). A MUUT — 510 1 MOCKOBCKUI HUHCTUTYT HHKEHEPOB
TpaHCIIOPTa — repos Halllero pacckasa. [ epost B CMBICIIe TPAHCIIOPTA, a HE MHCTUTYTA (HbIHE YHUBEPCUTETA).
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Puc. 1.23. Moaenb »kenesHon 4oporu B BUAe CTagmyma

TlepBriil aBTOp B CTyJeHUYECKHUE TOABI YYaCTBOBAJ B TeaTpajbHON MOCTaHOBKE poMaHa TojcToro, rie
neiicTByrommmu miiamu Obutd ArHa Kapennna u [TapoBo3 (riaBHBIE Tepon), a Takxke Baronsr, Penbcbr n
HInane! (MaccoBka). Bcnomunm abopesuarypy CTOM — cryneHueckuil Tearp SCTpaAHbIX MUHHATIOp. B
Hallle BpeMs 3TO COKpalleHue noixyunsio HoBoe HanoiaHenue STEM (Science-Technology-Engineering-

Mathematics) nnu MUT B pyccKOW afanTalum.
N emg.

Yurarenab MOXET 3HAKOMHUTBLCS C ATOM INIaBOM KHUTH B BCPTHUKAJIbHOM WJIA TOPU30HTAJIBHOM

nojoxenun. meercs BBUAY HC IMOJIOKCHUEC YUTATECIIA, a IOJTOXKCHUC KHUTU W IIJIaHIICTA.

HpI/I TOPpU30HTAJIBHOM ITOJIOKCHUHU TCKCTA, Mbl HMCEM NICJIO C TpaMBaﬁHBIMH HYTSIMI/Ig niu C

JKeJe3HOM Joporoii. BepTukaabHOE MOJTOKEHHE — 3TO aTTPAKIHOH « AMepHKaHCKue Topki» 0 ¢
MEpPTBOU METIIEH, TIIe TaKkKe HEOOX0MMO PO(PUINPOBATE PENbCHI I KAOMHOK (BarOHYMKOB) TaK,

4TO0BI HE OBIJIO CUJIBHBIX TOJTYKOB.

A BoT HJCs, KOTOPYHO CTOUT TOXKC 3amareHToBars! He KpHUBYIO, KOHCYHO, 4 KMCPTBYIO IICTIIO HA

AMCPUKAaHCKUX TOpKax.

Iletnro Takux TOPOK MOXXHO CACJIAaTh C HpO(I)I/IJ'IeM OBaJIa WJIM CTaAuyMa TosncTtoro — cm. PUCYHKH

1.20-1.22. Ha TakoM y4acTKe 3TUX TOpPOK, BO-IIEPBbIX, IPY TOPU3OHTAILHOM HUKHEM 3a€3/l¢ HE

® TpamBaiiHble TyTH MOXHO TIOJBEPTHYTh HE TOJILKO MATEMATUIECKOMY, HO M JIMHTBUCTHYECKOMY aHaiu3y. TpamBsaii (a
tramway) — 3TO y)Ke U Tak TpaMBaiiHbIe (a tram) myTu (a way). [lomyuaercs macno macnsHoe. B Hamr ypok MUT (cmech
Pa3HBIX IKOJIBHBIX MPEAMETOB) JOOABHIOCH U S3bIKOBEICHHE C AHITTMHCKUM S3bIKOM!
10 B nexotopeix cTpanax EBpOIbI MX Ha3bIBAIOT PyCCKMMU TOPKAMH.
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OyZIeT pe3KHX TOJIYKOB, a BO-BTOPBIX, OABUTCS BOT 4yTO. KaOMHKHM 3TUX TOPOK HAa BEPXHEM yUacTKe
cranuyma Tonctoro OynyT ABUraTbcs NpSIMOIUHEWHO, 3aMeIsis CBOM xon. Y nrozeit Oyner
3aMHUpPAaTh CEPJLE U OT TOTO, YTO OHU BOT-BOT OCTAHOBSITCS M 3aBUCHYT BHU3 rosioBoii. Ho Bcé Oyzmer
KOHYAaThCsl OJIarornoyyyHo — KAOMHKH CPBIBAIOTCS BHU3 110 Ayre oBajia ToscToro... 910 Oyaer
ruOpH]I aMEPUKAHCKUX U HBIPSIOMUX ropoK. Hy>kHO OyJeT TONbKO ONpeAeanTh ONTUMAIIBHYIO
JUTMHY TPSMOJIMHEHHBIX BCTaBOK B oBal Toncroro (puc. 1.13 u 1.20), nenaromux ero oqHOMMEHHBIM
cranuymoM. IlepBslii mar — cozaare Mozeab MepTBoii et Tonctoro. Ha pucynke 1.24 ¢oro, rae
aBTOP ITOKA3bIBAECT HAYAJIO KOOPAWHAT HA JEMOHCTPAlHOHHOM CTEHJI€ KpyTOBOM MEPTBOM Iemiy. B
9TO BPEMS Ha dKpaHe JICKIIMOHHOW ayIMTOPUH NoKa3aH puc. 1.7. YacTs ero, nepeBepHyTas 1o
TOPU30HTAJH, U TIOKa3aHa Ha puc. 1.24. ABTop unrtaet Kypc «HpopMaIoHHbIE TEXHOIOTHI B
¢dusuueckoii aynuropunt MOU, rie 3T0T 1a00paTOPHBIH CTEH/T C KaTAIIUMCS ILIApOM, UCTIONIB3YETCs
JUISL IEMOHCTpPAIMK 3aKOHOB MeXaHUKU. CTeH 1 0Ka3ajcsi TEM CaMbIM «pOsUIEM B KycTax». Bo Bpems
JEeKIMU ObUT co3/1aH LU(POBOM JBOWHUK peaibHOIo (hU3MYECKOro ABICHUS (KaTAIMNCS 10 NeTie

map) C IICpexoaomM MOTEHIMAIbHON 9HEPTHUU B KHHCTUYCCKYIO O6paTHO.
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Puc. 1.24. dusmyeckaa moaenb Y4epTOBOM NETAN aMEPUKAHCKNX TOPOK — IEKTOP NMOKa3bIBAET
Ha TOUKY, rae NpAMana NepexoauT B Kybuyeckyto napabony; nesee TouKa, rae Kybmyeckas

napabona nepexoamT B OKPYXKHOCTb

A B0OO111E-TO TOBOPSL, 33/]ja4a O MPOEKTUPOBAHUH HKEJIE3HON I0pOTH C €€ MePeXOIHbIMU KPUBBIMH —
9TO OYEHB CIIOKHAS MH)KEHEpHasl 3a/1a4a. Mbl B 9TOM IN1aBe TOJIBKO-TOJIBKO MPUCTYIHIIN K €€

pemeHuo. B 3ToM MOXXKHO yOeTUThCS, TOCMOTPEB JIOTIOTHUTEIBHYIO JIUTEPATYPY, TEPEUNCICHHYIO B

KOHIIE IVIaBEI.
34



3aHATHe 1

3a4aHNA YmTaTenam?

1.

PaccumnTaiiTe KOOpIUHATH OJHOM M3 IByX TOUYEK MaKCHMyMa KPUBU3HBI KyOMdeCKO# mapabos
(pmc. 1.1).

B 3agaue, cxema KoTopoii n3o0pakeHa Ha puc. 1.4, 1.6 u 1.7, Havano JeKapTOBBIX KOOPIHHAT
HaXOIUTCs B BEpUIMHE KyOndeckol napadomsl. Pemure 3agady no-HOBOMY, IEPEHECs] HAYaJI0
KOOPJMHAT B LIEHTP OKPYKHOCTH.

Co3spaiite annManuio u3MeHenus Gpopmsl oBana Kaccunu ot AByx Touek-(poKycoB, uepes aBa oBaja,
neMHUCKaTy bepHymnu, oBan ¢ «tanuei», oBan Tonctoro u nanee K okpykHoctH (puc. 1.12-1.16).
Omnpenenute rabaputsl oBana Toncroro (puc. 1.20), eciu 1yrHa 3TOH 3aMKHYTOH KPHBOM COCTaBIISIET
4 Bepctrl (unmoapom Tonctoro). Keraru, pacuér niaunel oBana KaccuHu — 3T0 oTAENbHAS CIOXKHAs
MareMarnueckas 3afaqa. [lonbITaiiTech onpeaenuTe MmiIomaas Takoro oBaia.

Omnpenenute radaputsl craguyma Tomncroro (puc. 1.22), ecnu ayinHa 3TOH 3aMKHYTON KpUBOMH
COCTaBIISIET 4 BEPCTHL, a MPONOPLUHU HAXOAATCS B cepeOpsHOM cooTHOIIeHNH. OnpenenuTe miomaib
TaKoTO CTaJnyMa.

Paccuuraiite u moctpoiite Ha rpaduke mpoduIh peIbCOBOTO MyTH (MOHOPEIhCa) Ha TIOBOPOTE,
COCTOSIIIIET0 U3 TAKUX YYaCTKOB: MpsMasi, Iyra KyOrmdeckoi mapabosisl, Iyra OKpy>KHOCTH, IyTa
oBasa ToJICTOro ¥ BEHYAOIIAsl TOBOPOT €LIE OfHA NPAMAas.

[TonGepuTe mepexomHy0 KpUBYIO TS CIydast, KOT/a TI0e3]] CBOpadrBaeT Ha MapayuIeTbHbINH
MPSIMOMHEHHBIN Ty Th (puc. 1.25), HO Tak, 4TOOB! He OBIJIO N3JIOMOB KPUBHU3HBI, KAKHE MBI BHIUM Ha
puc. 1.5 (kybuueckas mapabona) u 1.11 (xioronna, crimpans Dinepa).

ITonGepure nepexonHy0 KPUBYIO [UIsl Cllydasl, KOIia TpaMBail AeaeT IOBOPOT, HO TakK, YTOOBI He
OBLIIO M3IOMOB KPUBU3HEI, Kakue MbI BUUM Ha puc. 1.5 u 1.11. O6pazen Ha puc. 1.26.

[TocTpolite nemuuckary bepnymnnu u e€ kpuBusny. [loneiTaiitecs 3anaTeHTOBAaTh TAKOH TOBAPHBIN

3HaK.
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Puc. 1.25. CTpenoyHbit nepesoa Ha NapanienbHbli NyTb
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Puc. 1.26. CrnaxeHHaa KpMBKM3Ha NyTW NpK NOBOPOTE TpamBasn

10. Ecin BMecTO cpeaHero apuMeTHIECKOTo WK CpeHero reomerpudeckoro (puc. 1.12-1.16)
UCTIONIB30BATh CpedHee 2apMoHuyeckoe, To nomyantcs oBai Kanu (Cayley —
https://mathcurve.com/courbes2d.gb/cayleyovale/cayleyovale.shtml). [Ipoananusupyiite ero Ha
IIpeIMET UCIIOJIb30BAHUS B KAUECTBE NIEPEXOJHON KPUBOH XKeJIE3HOAOPOKHOrO 1myTu. IToBTopure

pacuéThl, OTMEUCHHEIE B TyHKTax 1.5 u 1.6, s oana Komu 6e3 «Tammmy.
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