feomeTpus

Jliogam npucynie UHTYUTUBHOE BOCIPUATHE FeOMETPUU.

Kasxzplii pas, Korjia Bbl TOJIKaeTe IUBaH 110 y3KOMY KOPHUIOPY,

pucyete kapTuny B Pictionary uiam olieHMBaeTe, Ha KaKOM

PacCTOAHUN OT Bac HAXOAMUTCS JIpyTasd MallliHa Ha JJopore, Bbl

3aHUMAeTeCh CJI0KHBIM TCOMETPUYECKIM OCMBICTICHUEM, KOTOPOE

YaCTO 3aBUCHUT OT MO/ICO3HATEIHbHO YCBOCHHBIX BaMU aJTOPUTMOB.

K nacrosgiiemMmy MOMEHTY Bac yKe He YAMBUT TOT (PaKT, 4TO TEOMETPUS €CTECTBEHHO
[IOAXOJUT JUJIsL AJITOPUTMUYECKUX PACCY KICHUIL.

B aT0i1 r71aBe MBI BOCIIOJIb3YEMCSI TeOMETPUYECKUM aJITOPUTMOM /LIS pellleHus 3a/1a4n
noutMmelicrepa. Haunem ¢ ¢hbopMysnpoBKH 3a1a4yi ¥ IOCMOTPUM, KaK OHA peliaeTcs
¢ ucrosib30BanueM auarpamMm Boponoro. OcraBIiiasicst 4acTb riiaBbl 0ObSICHSIET, KAK
CT€HEPUPOBATD ATO PellleHUE ATTOPUTMUIECKIM METOIOM.

3apaua nourmencrepa

[Ipemrmono:knM, B OZIHOM TOPO/IE CPEIN JKUJIBIX IOMOB Pa3MeIIAI0OTCs Y€ThIPe MOYTOBBIX
ornenenus (puc. 7.1).
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Puc. 7.1. [opoga c noutosbiMK OTAENEHUSIMM

Cucrema JI0CTaBKU MOYTHI MEKY OTCIEHUSIMY SIBHO HYK/IAeTCA B OITUMU3AIuu. Mo-
JKeT 0Ka3aThCsl, UTO TIOUTOBOE OT/IeIeHNe 4 TOJKHO IOCTABIISATh MOYTY B IOM, KOTOPBII
HAXOMUTCST OJIIKE K OTAETEHUSIM 2 U 3; B TO JK€ BPEMsI TOUTOBOE OTIETEHIE 2 TOIKHO
JIOCTABJISITh MOYTY B JIOM, KOTOPBII HAXOANTCS OJIIKE K OTHe eHu o 4 (puc. 7.2).
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Puc. 7.2. HeadpdpekTrBHasn [OCTABKA NOUTbI 13 NMOYTOBLIX OTAENEHUM 2 1 4
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Cucremy JIOCTaBKU HYKHO PEOPTAHM30BATH TAK, YTOOBI KasK/[BIIT IOM MMOJTyYas MOUTOBbIC
OTIIPABJIEHsI U3 HanbOJIEE TTOXO/AIIETO MOYTOBOTO OT/eAeHIs . TAKOBBIM MOKET OBITH
TO, B KOTOPOM GOJIBIITE BCETO CBOOOIHOTO MIEPCOHAIA, UITH TO, B KOTOPOM MMEETCSI TIO/I-
XOJIAIIUI TPAHCIIOPT 151 IOCTABKH, UJIH TO, KOTOPOE paciojiaraeT HeoOXoanMoii nH(pop-
Marei 171t HaxoKAeHUsT BCeX a/ipecoB B okpecTHOCTsIX. Ho, ckopee Bcero, ngeajsbHbIM
[TOYTOBBIM OT/IEJICHHEM OY/IeT TIOTpocTy OJinsKaliiiee. Bo3MOKHO, BbI 3aMETHIIH, 4TO 9Ta
3a/1a4a OTYACTH HAITOMUHAET 33/1auy KOMMUBOSIKEPa — T10 KpaiiHeil Mepe B TOM CMBICJIE,
4TO OGBEKTHI TEPEMEIIAIOTCST U MBI XOTUM COKPATUTh PACCTOsTHUE riepeMentienust. OHaKo
3a/[a4a KOMMUBOSIKEPA SIBJISIETCS 3a/[adell ONTUMU3AIIUHN TIOPsiIKa 00X0/1a 33 [aHHOTO
MaplIpyTa oJJHIM KOMMUBOSIKEPOM, a B HOBOI 3a/laue ONTUMU3NPYeTCsl HazHaueHue
MapHIPyTOB /Il HECKOJIbKUX 1104TaaboHOB. Ha camoM ziesie aTy 3a/1a4y 1 3a/1a4y KOMMMU-
BOSIKEPA MOKHO PEIIATH TTOCIEI0BATENBHO, YTOOI TOCTUYb MAKCUMAILHON 9 ek THB-
HOCTH: TIOCJIE TOTO KaK BBI PEIINTe, KaKoe I0YTOBOE OT/IeJIeHNE I0JKHO OCYIEeCTBIISATh
JIOCTaBKY B T€ WJIU UHBIE JIOMa, OT/IeJIbHbIE I0YTAIbOHBI MOIYT BOCIIOJIb30BATbCS 3a/1aueil
KOMMUBOSTIKEPA JIJIsT OTIPEIESIEHUS TTOPsiIKa 06X0/1a STHX TOMOB.

ITpocreiimumii MoAX0/ K PELIeHUIO JaHHON 3aaui, KOTOPYIO0 MOKHO Ha3BaTh sadaueil
noummeticmepa, OCHOBaH Ha ITOOYEPETHOM PACCMOTPEHUH KaXKIOTO JIOMa, BBIYUCTIEHUN
PACCTOSTHUS MEXKTY TOMOM U KaK/[bIM U3 YeThIPEX IMOUTOBBIX OTEJeHNH 1 Ha3HAYEeHU N
OJIMIKAIIEro OTAeIeHU /IS JOCTaBKU [TOUTHI B IOM.

Y Takoro moaxoja ecThb Pl HEJOCTATKOB. BO-TIepBBIX, OH He TIPeIOCTaBISEeT IIPOCTON
BO3MOKHOCTHM Ha3HAueHMs [IPH IIOSIBJIEHUN HOBbIX JIOMOB; KasK/[blii BHOBb ITOCTPOEH-
HBI JIOM JOJIKEH MPONUTH Yepe3 TOT JKe TPYAOEMKHIT IIPOIecC CpaBHEHUSI CO BCEMU
CYIIECTBYIOIUMHE ITIOYTOBBIMU OTAEJICHUSIMI. BO-BTOPBIX, BBIYNCIIEHUST HA YPOBHE OT-
JIeJIbHBIX JIOMOB He TI03BOJIAIOT coOpaTh MHGOPMAIIMIO 0 PernoHe B nesioM. Hanpumep,
MOZKET OKa3aThCs, YTO BECh PAlOH HAXOAMUTCS B IIare OT OJHOTO MOYTOBOTO OT/EJICHHSI,
HO OT/IaJIeH Ha MHOTO MUJIb OT APYTHX HOYTOBBIX OTAe/eHU. BbL1o Gbl Jryuliie cieaTh
BBIBOJI, YTO BECh PAlOH JIOJIKEH 0OCTYKUBATHCS OAHUM U TeM JKe OIMKalIuM Mo4To-
BbIM oT/eseHueM. K coxkamennto, Halll MeToJl TpeOyeT MOBTOPEHUST BBIYUCTICHIH ISt
KasK/[OTO0 JIoMa B PailOHE TOJIBKO JIJISt TOTO, UTOObI KasK/IbIil Pa3 MoJIy4aTh OAUH U TOT K€
pe3yabTaT. BErancasst paccTOSTHUS AJTsT KasKAO0TO JI0Ma 0 OTAETbHOCTH, MBI TIOBTOPSIEM
paboTy, KOTOPYIO He HMPUILIOCH Obl MOBTOPSTH, €CJAU ObI Mbl MOIJIM CZEIaTh KaKUEe-TO
060011aoII1e BLIBOABI O 1esbIX pernonax. M ara pabora 6y1eT ToJIbKO HAKAILINBATHCS.
B Meranosncax ¢ gecaTkaMyu MUJIJINOHOB KUTEIeH, MHOKECTBOM II0YTOBBIX OT/ECJICHUI
1 OBICTPBIME TEMIIAMK CTPOUTEIBCTBA TAKOM MOAX0A OyAeT UBJIUIIHE Me/IJIeHHBIM U 3a-
TPATHBIM 10 BBIYMCIUTENbHBIM PECYPCaM.

JIpyroe, boJiee aIeTaHTHOE PETIEHNE PACCMATPUBAET BCIO KapTy B I[EJIOM 1 pa3buBaet ee
HA PETUOHBI, KAJK/IBIN 13 KOTOPBIX IPEICTABIISIET 30HY OOCTYKIUBAHUSI O[HOTO [IOYTOBOTO
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oTziesieHus. B HaleM rumoTeTHYecKoM Topojie JIsI ITOTO TOCTATOUYHO MPOBECTH BCETO
nBe jimHuu (puc. 7.3).
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Puc. 7.3. [Jnarpamma BopoHoro, pasbueatowas ropos Ha perroHsl ONTUMAnbHOM [OCTOABKM

Pernons! o6o3HavaoT OGimxainme 06HaCTI/I, B KOTOPBIX JIJIA KaXJ0T0 OTAECJIbHOTO
JIoMa OIVMKANTIIM TTOYTOBBIM OTAEICHUEM ABJIACTCA TO, KOTOPOE HAXO/AUTCA B JTaHHOM
PpETrrnoHe. Ter[epb, KOr/ia BCA KapTa Obl1a pa36HTa Ha PErmoHbl, MOKHO JIETKO 3aKPEIINTb
J11060€e BHOBb IIOCTPOEHHOE 3/laHUE 3a OIMIKANIIM II0YTOBBIM OT/IeJIEHNEM. ,Z[]IH 9TOro
AOCTATOYHO ITPOBEPUTDH, KAKOMY PETHOHY OHO ITPUHA/LJIEKUT.

Jlrarpamma, KoTopast pasOMBaeT KapTy Ha PETHOHbI, TPUOJIMKEHHBIE K OTHOMY [TOYTOBO-
MY OT/IEJICHUIO, HA3bIBAETCST duazpammorl Bopornozo. Y sTux auarpaMu J0Jrast HCTOPU,
KOTOpast HaumHaeTcs eie co BpeMeH Pere /lekapra. OHM HCTTOTB30BAINCH JIJIST aHAT32
pas3Merenust BOAHBIX KOMOHOK B JIOHI0HE 1 c60pa I0KA3aTeNLCTB OTHOCUTETBHO Pac-
IIPOCTPaHEeHMs X0JIepbl. B HAIIM AHU 3TH JAMarpaMMbl IIPOIOJIKAIOT MCII0JAb30BATbCA
B u3MKe U MaTeMaTUKe JIJIS IIPECTABICHUS KPUCTAIINYECKUX CTPYKTYp. B nannoi
rJ1aBe Oy/ieT ONUcaH aJITOPUTM TeHEPUPOBAHUS IMATPAMMBI BOPOHOTO J1715T TPOU3BOJIB-
HOTO Habopa TOUEK, MO3BOJISIIONIHMI PENTUTD 33/1a4y MOYTMeNCTEpa.

TpeyronbHMKMN: KParkum Kypc

CI[eJIaeM Iar Ha3a/l U Ha4YHEM C HpOCTefIH.[HX JJIEMEHTOB MCCJIE/IyEMbIX aJITOPUTMOB.
B reoMeTpun HpOCTeI'/JIIHI/IM 2JIEMEHTOM aHaJIN3a SIBJISIETCS TOUKa. MbI 6yH€M IpeacraB-
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JIATH TOYKU B BUJ€ CIIMCKOB C AIBYMS 3JIEMEHTAMU! KOOpI[I/IHaTOI';I XU KOOplII/IHaTOfI Yy,
KaK B CJIe/IYIOIIEeM ITpuMepe:

point = [0.2,0.8]

Ha ciiepryionemM ypoBHe CI0KHOCTH TOUKU COSAUHAIOTCS, 00pasyst TpeyroabHuKu. Tpe-
VYTOJIbHUK MPEJICTABIISIETCS CIIMCKOM 13 TPEX TOUEK:

triangle = [[0.2,0.8],[0.5,0.2],[0.8,0.7]]

OnpeesinM TaksKe BCIIOMOTaTeJIbHY 0 (hYHKITHIO, KOTopast ipeobpasyer Habop U3 Tpex
Pa3pO3HEHHBIX TOUEK B TPEYTOJIBHUK. JTa MaTeHbKast (DYHKINS IPOCTO BKJIIOUALT TPU
TOYKH B CITMICOK 1 BO3BPAIIAET PE3yIBTAT:

def points_to_triangle(pointl,point2,point3):
triangle = [list(pointl),list(point2),list(point3)]
return(triangle)

Byer 1moJie3H0 HArJIAHO TIPEACTABUTD TPEYTOIBHUKH, ¢ KOTOPBIME MBI paboTaeMm. Co3-
JaiiM TPOCTYIO (DYHKIIMIO, KOTOPAs MOJIyYaeT IPOU3BOJIBHBIN TPEYTOJbHUK U PUCYeT
ero. /Iyt Hauasa Bocriosbayemcst (pyHKIneit genlines (), onpeeseHHo# B riase 6. Ha-
HOMHIO, 4TO (DYHKIIMSI IOJAYYaeT Habop TOUEK U IIpeodpasyeT X B IMHIH. DTa (OyHKIIHSI
TO3KEe OUEHD TIPOCTA, OHA BCETO JIUITH TPUCOEINHACT TOYKHU K CIIUCKY lines:

def genlines(listpoints,itinerary):
lines = []
for j in range(len(itinerary)-1):
lines.append([listpoints[itinerary[j]],listpoints[itinerary[j+1]]])
return(lines)

[anee nanunieMm npoctyio pyHkmio rpadhudeckoro BbiBoga. OHa moTydaeT nepeaanHblii
TPEYTOJIbHUK, Pa30MBAET €r0 Ha 3HAYEHUS X U ¥, BbI3bIBAET genlines() /JIst CO3MaHS
Habopa OTPe3KOB Ha 0Oaze 9TUX 3HAYECHUI, PUCYET TOUKKM U JIMHUU U, HAKOHEIl, COXpa-
Hs1eT u3o0paskenue B (aiise . png. JIJIsh pUCOBAHUS MCIOJIB3YETCS MOYJIb pylab, a /st
CO3/IaHUS KOJUIEKIINH OTPE3KOB — KO/l MOJYJist matplotlib. Jta DyHKIMS MpUBeIeHA
B suctuHre 7.1.

Jiuctunr 7. 1. yHKups pUCOBAHMS TPEYrONbHUKOB

import pylab as pl

from matplotlib import collections as mc

def plot_triangle_simple(triangle,thename):
fig, ax = pl.subplots()

xs = [triangle[@][@],triangle[1][0@],triangle[2][0]]
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ys = [triangle[@][1],triangle[1][1],triangle[2][1]]
itin=[0,1,2,0]

thelines = genlines(triangle,itin)

lc = mc.LineCollection(genlines(triangle,itin), linewidths=2)
ax.add_collection(1lc)

ax.margins(0.1)

pl.scatter(xs, ys)

pl.savefig(str(thename) + '.png')
pl.close()

Terepb MOKHO BBIOPATH TPU TOUKH, MTPEOOPA30BATH UX B TPEYTOJBLHUK ¥ HAPUCOBATH
3TOT TPEYTOJbHUK BCETO OJJHON CTPOKOIA:

plot_triangle_simple(points_to_triangle((0.2,0.8),(0.5,0.2),(0.8,0.7)), 'tri")

Pesysbrar nokazan na puc. 7.4.
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Byner nosezna taxxke OyHKIMSA, KOTOpas 103BOJISIET BBIYUCIUTD PACCTOTHUE MEKILY
JOGBIMY IBYMS TOUKaMu 110 Teopeme Ilucaropa:

def get_distance(pointl,point2):
distance = math.sqrt((pointl[@] - point2[@])**2 + (pointl[1] - point2[1])**2)
return(distance)

Ocraercst HATOMHUTH HEKOTOPbIE PACTIPOCTPAHEHHBIE TEPMUHBI U3 00JIACTH TEOMETPUN:

® pPasHocmMoOpoHHUll — TEPMUH U1 olMcaHus (GUrypol, y KOTOpoii Bce CTOPOHBI
MMEIOT PABHYIO JITTAHY;

® NePNeHOUKYIAPHBIL — TEPMUH JIJIST OTIUCAHUST [IBYX JIMHUHN, PACTIOTIOKEHHBIX MO/T
yriiom 90 rpasycos;

® @epuuna — TOYKA, B KOTOPOI BCTPEYAIOTCS /IBE CTOPOHBI TeOMETPUUYECKOI (DUTYPBI.

MpoaBuHyTAOS TEOPUS TPEYTrONIbHUKOB

VYuensiit u pusocod Tordbpun Busbreasm JeiiOHIIT canTal, YTO HALL MUD SIBJISIETCSI
JIYIIIMM U3 BCEX BO3MOKHBIX MIPOB, TOCKOJIBKY NMEET «<MAaKCHMAJIBHO ITPOCTHIE 3AKOHBI,
13 KOTOPBIX BBITEKAET HAMOOJIbIITee HOTATCTBO SIBJIEHU> . JISHOHIIT CANTAI, UTO HAYIHBIE
3aKOHBI MOTYT OBITH CBEIEHDI K HECKOTLKUM TTPOCTHIM TTPABUIAM, HO 9TH MTPABIJIA BEIYT
K HECKOHYIAEMOMY PAa3HO00Pa3HIo U KpacoTe MUPa, KOTOPBIe MbI HaboaeM. BoaMokHo,
9TO U He OTHOCHUTCS K BeesieHHoM, HO 63y CI0BHO NCTHHHO /TSt TpeyronbHnka. Haunmast
C Yero-To HACTOJBKO KOHIENTYAThHO ITPOCTOTO, KaK TPEYTOJBHUK (PUTypa ¢ Tpems
CTOPOHAMU ), MbI BXOJIIM B MUP, YPE3BbIYANHO OOTATBIN SIBJIEHISIMU.

louck ueHTpa onucanHoi oKpyKHOCTH

Yro6bl BB HAYAJM TIOHUMATH BCe GOTATCTBO MUPA TPEYTOTHLHIKOB, PACCMOTPUM MPOCTOIT
AJITOPUTM, KOTOPBIH MOYKHO OITPOOOBATH € JIIOOBIM TPEYTOTLHIKOM.

1. Haiitu cpeiHIO0 TOUKY Kaxk/I0i CTOPOHBI TPEYTOJIbHUKA.

2. ITpoBecTu IMHUIO OT KayK/I0 BEPIITUHBI K CEPEIMHE CTOPOHDI, TPOTHBOIOJIOKHOM
OT BEPIIWHBL.

BBITOJIHIUB 5TOT alTOPUTM, BBI TIOJYYUTE PE3YJIBTAT, CXOAHBIH C TEM, YTO TTOKa3aH Ha
puc. 7.5.

I/IHTepeCHO, YTO BCE IMPOBEICHHBIC BaMU JIMHUN CXOJAATCA B OTHOM TOYKE, KOTOpad CTa-
HOBUTCA CBOETO POJa NEHTPOM TPEYTOJIbHUKA. Bce TPpU JINMHUUN CXOAATCA B OJTHOI TOYKeE
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HE3aBUCHMO OT TOTO, ¢ KAKOT'O TPEYTOJbHUKA Bbl HAUMHAETE. ITA TOYKA WHOT/IA HA3bI-
BAETCSI YeHMPOoudoM TPEYTOJbHIUKA, U OHA BCET/[a HAXOUTCS BHYTPH, B MECTE, KOTOPOE
MO’KHO Ha3BaTb IIEHTPOM TPEYToJIbHUKA.

| A |

Puc. 7.5. Lientpoua tpeyronshuka (uctounnk: Wikimedia Commons)

Hexoropbie dhurypbl — HanmpuMep, OKPY>KHOCTH — BCEr/la UMEIOT OJIHY TOYKY, KOTOPYIO
MOJKHO OJIHO3HAYHO Ha3BaTh 1eHTpoM durypbl. Ho ¢ Tpeyrosbaukamu neio ob6etout
MHAYE: IIEHTPOUJT — BCETO JIUIITH OJIHA EHTPOMO0OHASI TOUKA, HO €CTh U IPYTHE, KOTOPBIE
TOKE MOYKHO CUMUTATh IeHTpaMu. PacCMOTPUM HOBBIN aJITOPUTM /IS TIPOU3BOJIBHOTO
TPEYTOJIbHUKA.

1. HaliTu cpefHIO0 TOUKY Kak/I0l CTOPOHBI TPEYTOJIbHUKA.

2. IIpoBecTy JIMHUIO, IEPIECHINKYIAPHYTO K KAXK/I01 CTOPOHE, Yepes3 CPETHION0 TOUKY
3TOI CTOPOHBI.

B naHHOM cirydae JIMHUN OOBIYHO HE MPOXOST Yepes3 BEPIINHBI, KakK 3TO OBLIO TIPU Ha-
xoxaeHnn meatponga. Cpasuute puc. 7.5 ¢ puc. 7.6.

O6paTuTe BHUMAHKE: BCE JMHUKM CHOBA CXOJSTCA B OJHON TOUKE, ¥ OHA He SBJSAETCS
MEHTPOUIOM, HO YACTO HAXOAUTCI BHYTPU TPEYTOTBHUKA. Y 3TON TOUKH €CTb €IIle OJTHO
MHTEPECHOE CBOWCTBO: OHA ABJISETCS IEHTPOM YHUKAJIBbHOM OKPYKHOCTH, KOTOPAs IIPO-
XOJIUT YepPe3 BCe TPU BEPIIUHBI TPEYTOJbHUKA. 3/IeCh TaK/Ke TPOSIBISIETCST HOTATCTBO
SIBJIEHUH TPUMEHUTEJbHO K TPEYTOJIbHUKAM: Y KasKI0TO TPEYTOJbHUKA CYIIeCTBYET O/IHA
YHUKJIbHAS OKPYKHOCTD, TTPOXO/ISTIAS YepPe3 BCe TPU €0 BEPIINHBL. JTa OKPY>KHOCTD
Ha3bIBAETCS OKPYIKHOCTDIO, ONUCAHHOU B0KPY2 Mpey2oivHuKa. ToJIbKO 4TO OIIMCAHHbII
AJITOPUTM HAXOUT TIEHTP TOU OKPY>KHOCTH.
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Puc. 7.6. Lientp onucanHoi okpyxHoctu (nctounmk: Wikimedia Commons)

IlenTp OMUCAHHON OKPY;KHOCTH, KaK U IEHTPOU/I, SIBJSIETCS] TOUKO#, KOTOPYIO MOKHO
HA3BaTh [[EHTPOM TPEYTOJbHUKA, HO 3TO He e[[UHCTBEHHBIE KAH/[U/IAThI — B HI[HMKJIOTIE-
nuu 110 ajpecy https://faculty.evansville.edu/ck6/encyclopedia/ETC.html npusesen crucok
40 000 (na jaHHbBIT MOMEHT) TOYEK, KOTOPBIE [10 TEM WUJIW WHBIM PUYMHAM MOTYT Ha-
3BIBATHCSI IIEHTPAMU TPEYTOJIbHIUKA. Kak cKa3aHO B caMOil SHIIUKJIOE/ MU, OTIPEIETIEHIE
I[EHTPa TPEYTONbHUKA «YI0BJIETBOPSIETCST GECKOHEUHBIM MHOKECTBOM OOBEKTOB, U3 KO-
TOPBIX KOTa-11u60 GyIeT OImyOIMKOBAHO TOJBKO KOHEUHOE TOAMHOKECTBO>. THTEpeCHO,
YTO, HAYAB C TPEX ITPOCTHIX TOUEK ¥ TPEX MPSIMBIX OTPE3KOB, MbI ITOJIyYaeM MOTEHIIHATBHO
GECKOHEUHYIO DHITUKJIOTEANI0 YHIKAIBHBIX IIEHTPOB — JIeHOHUIL ObLT ObI B BOCTOPTE.

Mpbl MoskeM HamucaTh (HYHKIMIO, KOTOPask HAXOAUT IEHTP ONMUCAHHON OKPYKHOCTH
U ee pajnyc s TI00O0TO 3a[aHHOTO TPEYTOJIbHUKA. DTa (PYHKIIUSA UCIONb3YeT MPeod-
paszoBaHue B KOMIJIEKCHbIEe yncsia. Ha Bxojie oHa noJiydaeT TpeyroJbHUK, a Ha BbIXO/le
BO3BpalllaeT KOOPAMHATHI IIEHTPA 1 PAINYC:

def triangle_to_circumcenter(triangle):
X,y,z = complex(triangle[@][0@],triangle[0][1]),
complex(triangle[1][@],triangle[1][1]), \
complex(triangle[2][0],triangle[2][1])
W=2-X
w /=y - X
C (x-y) * (w-abs(w)**2)/2j/w.imag - x
radius = abs(c + x)
return((® - c.real,® - c.imag),radius)

I~ n
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HOleO6HOCTI/I TOT'O, KaK 3Ta (byHKI_[I/IH BbBIYMCJIAECT HEHTP U paJInyC, BeCbMa CJIOKHbBI.
Ane CTaHy Ha HUX 3a/ICPKUBATHCA — IIPU JKEJIAHUU Bbl MOJKETE TMTPOAHATIN3NPOBATD KO/L
CaMOCTOATEJIbHO.

Pacwnpenne rpauyeckoro bioaa

Temeps, Koraa BbI HAYYUIUCH HAXOAUTH TIEHTP OMUCAHHON OKPY’KHOCTH U €€ PAInyc
ISt JIIOOOTO TPEYTOIbHUKA, yIydiM (GyHKIo plot_triangle(), 4ToObI OHA MOTJIA
BBIBeCcTH BCio mHpopMmarmio. HoBas ¢yHKIMSA TpuBe/ieHa B INCTUHTE 7.2.

Jvetunr 7.2. YnyuwenHas ¢yrkums plot_triangle(), kotopas pucyet onmcarHyio okpyxHocTb
U ee LEeHTp
def plot_triangle(triangles,centers,radii,thename):
fig, ax = pl.subplots()
ax.set_xlim([0,1])
ax.set_ylim([0,1])
for i in range(@,len(triangles)):
triangle = triangles[i]
center = centers[i]
radius = radii[i]
itin = [0,1,2,0]
thelines = genlines(triangle,itin)
Xs [triangle[@][0@],triangle[1][0],triangle[2][0]]
ys [triangle[0@][1],triangle[1][1],triangle[2][1]]

lc = mc.LineCollection(genlines(triangle,itin), linewidths = 2)

ax.add_collection(1lc)
ax.margins(0.1)

pl.scatter(xs, ys)
pl.scatter(center[@],center[1])

circle = pl.Circle(center, radius, color = 'b', fill = False)

ax.add_artist(circle)
pl.savefig(str(thename) + '.png')
pl.close()

Haunewm ¢ n1o6aBiieHUs IBYX HOBBIX apTyMEHTOB: IEPEMEHHO centers, KOTOpast
COJICPIKUT CIIMCOK COOTBETCTBYIONIUX I[EHTPOB OIMCAHHBIX OKPYKHOCTEH BceX Tpe-
YTOJTBbHUKOB, U TIEPEMEHHON radii, KOTOpas colep:KUT CIIUCOK PAIUYCOB OMMMCAHHBIX
OKPY’KHOCTEN BCeX TPeyTroabHUKOB. O6paTnTe BHUMaHWe: MepelaBaeMble apTy-
MEHTBI COCTOAT U3 CITUCKOB, TaK Kak (hyHKIMA MpeHa3HavyeHa /IJis pUCOBaHUS He-
CKOJIbKMX TPEYTOJbHUKOB BMECTO OJHOrO. /[yl prucoBanus KPyros UCIIOJIb3YeTCs
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GbYHKIMOHATBHOCTH MOyJIst pylab. Tlosamee Mbl 6yeM paboTaTh ¢ HECKOJIbKIMU
TPEYroJIbHUKaMU OJTHOBPEMEHHO, U TOT/Ia HaM ITPUTOAUTCS (DyHKIIHS, KOTOPas MOKET
pUCOBaTh Cpa3y HECKOJBKO TPEYTOJbHUKOB BMECTO OJHOTO. MBI BKJIIOYNM B (DyHK-
U0 TIMKJI, KOTOPBIN mepebupaer Bce TPeyroJbHUKY M IIEHTPHI U MOCIEe0BATETHHO
pucyer ux.

BruizoBem ATy (bYHKHI/IIO CO CITMCKOM Tp€YTOJIbHUKOB, KOTOprﬁ OIIpeae/INM:

trianglel = points_to_triangle((0.1,0.1),(0.3,0.6),(0.5,0.2))

centerl,radiusl = triangle_to_circumcenter(trianglel)

triangle2 = points_to_triangle((0.8,0.1),(0.7,0.5),(0.8,0.9))

center2,radius2 = triangle_to_circumcenter(triangle2)
plot_triangle([trianglel,triangle2],[centerl,center2],[radiusl,radius2], 'two")

BeiBos mokasan na puc. 7.7.
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Puc. 7.7. [Iga TpeyronbHUKA C OMUCAHHBIMM OKPYXHOCTIMM M LIEHTPAMM
OMUCAHHBIX OKPYXHOCTEM

O6paTuTe BHUMaHMUE: TIEPBBIN TPEYTOJBHUK MOYTH PaBHOCTOPOHHMIA. Ero omncannas
OKPY’KHOCTb MaJla, a ee LEeHTP JIe)KUT BHYTpU. BTOpoil TpeyrosbHuK — y3KU U BbLITS-
HyTbIi. Ero onucannas okpysKHOCTb BeJIMKa, a ee IeHTP HaXOAUTCS JaJeKO 32 IPaHu-
[[aM¥ JIaHHOTO M300paskeHus. Kax bl TpeyroIbHIK UMeeT YHUKANBHYIO OMUCAHHYIO
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OKPY>KHOCTD, 1 JIJIs1 PAa3HBIX TPEYTOJBHUKOB CO3/IAI0TCS pa3Hble OMMCaHHbIe OKPYKHOCTH.
Bbl MoskeTe caMoCcTOsITeIbHO MCCIe/IoBaTh PasHble TPEYTOJbHUKN U ONTMCAHHbIE OKPYXK-
HOCTH, KOTOPble UM COOTBETCTBYIOT. [lo3/1Hee pasinuust Mex/1y OlMCaHHbIMU OKPYIK-
HOCTSIMU TPEYTOJbHUKOB HAUHYT UTPATh BAKHYIO POJIb.

Tpuanrynaumsa lenone

BbI roTOBBI K TEPBOMY CEPhE3HOMY aJITOPUTMY JaHHO# Ty1aBbl. OH MOJTy4aeT MHOKECTBO
TOYEK Ha BXO/I€ 1 BO3BPpallla€T MHOKECTBO TPEYTOJIbHUKOB Ha BbIXO/I€E. B stom konTexcre
1peobpasoBaHie MHOKECTBA TOYEK BO MHOKECTBO TPEYTOJIbHUKOB HAa3bIBAETCS MPUAH-
2yasyuen.

@Oyuknus points_to_triangle(), ompenenernas GJrsKe K HAYATY TJIABbI, ABJSETCS
MPOCTEHTIINM aJTOPUTMOM TPUAHTYJISIIIUU U3 BCEX BO3MOJKHBIX. TeM He MeHee HTOT
AJITOPUTM BEChMA OIPAHUYEH, TOCKOJIBKY PaboTaeT TOJIBKO B TOM CJAYYae, eCJIU eMy
MEPEIAIOTCST POBHO TPU BXOAHbBIE TOUKH. ECIM BB XOTHTE BBITOJIHUTH TPUAHTYJISIIUAIO
GoJiee ueM JI TPeX TOYEK, TO CIOCOO0B TPUAHTYJIALNN HeU30exKHO OyAeT HECKOIbKO.
Hanpumep, paccMOTpuM /iBa PasHbIX COCOOA TPUAHTYJIAIMHU [T TEX K€ CEMU TOYEK,
n300paskeHHBIX Ha puc. 7.8.

Puc. 7.8. [Iga pasHbix cnocoba Tpuanrynaumm cemu touek (Wikimedia Commons)

Bouiee Toro, 111 3TOr0 NPaBUILHOTO CEMUYTOMBHUKA CYHIECTBYIOT 42 BO3MOKHBIX CITO-
coba tpuanryssiiuu (puc. 7.9).

Ecm y Bac 60iee ceMu TOYEK U OHU He 06pasyioT MPaBUIBHYIO (DUTYPY, TO KOJTUIECTBO
BO3MOKHBIX TPUAHTYJISIINN MOXKET I0CTUYb HEBEPOSTHBIX BBICOT. TPUAHTYJIAIMIO MOKHO
BBITIOJIHUTD BPYUYHYIO, COEINHsIS TOUKM Ha OGymare ¢ Kapanaaiiom. Ho, KoredHo, To ke
caMoe MOKHO OBICTpEe U JIyUliie CIeIaTh € TTOMOIIBIO aJTOPUTMA.



