


OrnasiieHue

BBEIECHIE ....couuviiiiiieiiie ettt ettt ettt et et sttt et 3
1. TICIH M 37IAUHM PAOOTBI ...eeccuviieieirieeeieiieeeireeeeiaeeeesreeessseeesssaeeassseaesnsseesssssesessssessnsnes 4
2. PaBHOBEIMKOCTh PABHOCOCTABICHHBIX (DUTYP ....eeeuvieerieeiieeniieenieenieesieeenieeenaeeennnes 6
3. TPUAHTYJISIIUAS MHOTOYTOIBHIUKA .....vvvieeenerreenereeenneeeennseeesnsseessnnseessssseessnssessnsseessnnses 6

3.1. TpruaHTyasAUHs BBITYKIIOTO MHOTOYTOIBHIKA ...ccuveeeutreeireenireenireenreeeieeseeeennnes 6

3.2. TpruaHTyasAUHS] HEBBITYKIIOTO MHOTOYTOIMBHUKR «...ceeuvveenireeireenireenreeeieesieeennnes 7

3.3. Tpuanryasiys BEIMYKIBIX U HEBBITYKIIBIX MHOTOYTOJIBHUKOB.......ccceruvvreeennns 11
4. PaBHOCOCTABJIEHHOCTh TPEYTOJIBHUKA U MPSIMOYTOTBHUKA ...cceeueveeernireeeniieeanieeenns 11
5. PaBHOCOCTABIIEHHOCTD MPSIMOYTOJIBHUKA U KBAZIPATA ....vveeeeenerrreeeeannrreeesennreeeeeanns 12
6. PaBHOCOCTaBIEHHOCTH IBYX KBAJPATOB C OJHUM KBAZAPATOM .....ccoveermureenreennneennn. 14
7. Pe3ynbTaThl IPOBEIEHHOTO UCCHEMOBAHMS . c.ceeeeeeeuerirerreeeeeeeessnnnnanrneeeeeesesssnnnnnnenes 15

8. BbIBOIbI, ClIEIaHHBIE B PE3YIBTATE UCCIEIOBAHMS, M BOIIPOCHI JIs JAIbHEHIIETO
ACCIETOBAHUSA TIOCTABIECHHOM BAITAUM ... eeeneeeeeeneeeneeeeseeeeeeeseneseneseneseneeenesenneseneeennns 15

0. CITECOK JIUTEPATYPBI «..uevveeenerreeeirreeanereeeaureesaaseeesssessaseesssnseessssseessssseessnsseesssssessans 16



BBenenue

Wnest naHHOI paOOTHI BO3HHUKIIA NIPHU U3YUYCHUU HA YPOKaX T€OMETPUU TEMBI O
PaBHOCOCTABICHHBIX M PABHOBEJIMKHX MHOTOYTOJTHHHUKAX.

CoBepIlieHHO SICHO, YTO JIB€ PaBHOCOCTaBJICHHBIE (UTYpPHI, TO €CTh (DUTYPHI,
COCTaBIICHHBIC U3 OJHUX W TEX K€ KyCKOB, MEHBIIINX, YeM JaHHbIC (UTYPHI, U HE
MMCIOIIMX OOIIWX BHYTPEHHUX TOYCK, PABHOBEIIMKH, TO €CTh MMECIOT OJWHAKOBYIO
miomanas. Ha [maHHOM YTBEp)KICHWM OCHOBAH IPOCTOM METOM BBIYUCIICHHS
TJIOMIAJIEH, KOTOPBIM ObUT U3BecTeH eme EBkimumy, xuBiiemy okosio 300 et 10 H.3.
MeTtop 3akiro4aeTcsi B TOM, YTO JJISI BBIYHMCIICHUS TUIOMAAU (PUTYPHI €€ MBITAIOTCS
pazouTh («pa3pe3arb») Ha KOHEYHOE YUCIIO YacTel, U3 KOTOPBIX 3aTEM COCTABIISICTCS
npocTasi purypa, Iiomaab KOTOPOH yKe U3BECTHA UITU JIETKO HAXOIUTCSI.

Tak, wampumep, W3 Kypca TE€OMETpUH 8§ Kiacca IMKOJbHUKH Y3HAIOT O
pazOreHuu napajieiorpaMMa Ha JB€ YaCTH U COCTaBIICHUU U3 HUX MPSMOYTOJIHHUKA,
a TaK)Ke O PaBHOCOCTABJICHHOCTH MPOM3BOJIBLHOTO TPEYTOJbHHUKA M MPSIMOYTOJIbHUKA
WJIU TPAICIIUH U TPEYTOIbHUKA.

Ha nmanHOM 3Tame W BO3HUWKIA WIEs HAMMCAHWS MPOTPAMMBbI, TTO3BOJISIONICH
MPOJAEMOHCTPUPOBATh METOJA HAXOXKIACHHUS TUIOMAAM MHOTOYTOJIbHHKA IyTeM
MTOCTPOCHUS KBaJipara, paBHOCOCTABIEHHOTO C TAHHBIM MHOTOYTOJIBHHKOM.

Kak ObI10 yka3aHO BbINIE, MIKOJBHUKH MMEIOT HEKOTOPBIE MPEICTaBICHUS O
PaBHOCOCTABICHHOCTH HEKOTOPBIX (PUTYp, HO HMIies TaHHOW padOTHI 3aKIHOYaach B
pa3paboTKe ajropuTMa I0 HAXOKICHHUIO IUJIOMIAU IPOU3BOJIILHOTO BBIMYKIIOTO
MHOTOYTOJIbHUKA TyTeM MPOXOKICHUS «IOJIHOTO IMKJIAa», HAauuHas OT pa3OueHus
JAHHOTO MHOTOYTOJIbHUKa Ha QUIypbl, H3 KOTOPHIX COCTAaBJISIOTCA JApyrHe
MHOTOYTOJIbHUKH, KOTOPhIE B CBOIO OYEpEIb Pa3pe3aroT M COCTABISIOT U3 YacTeu
CJIEIyIOIIUN BHUJ MHOTOYTOJBHHUKOB, M B KOHIIE KOHIIOB TOJy4YalOT KBajapaT ¢
M3BECTHON CTOPOHOH, a B WTOr€ — HANKCAHWU IMPOTPAMMEI, JIEMOHCTPHUPYOIICH
VKa3aHHYI0 IIETIOYKYy pa3pe3aHuil M COCTaBICHWHW HOBBIX MHOTOYTOJIBHHKOB [0
nofydeHus: Iuiomaau. bonee Toro, TemMa paboThl ObUTa yCIOXKHEHA TeM, YTO ObLIa
MMOCTaBJICHA 3aJlaya O HANMCAHWW YKa3aHHBIX AJITOPUTMA M MPOTPAMMBI HE TOJHKO
JUTSI BBIITYKJIBIX MHOTOYTOJIBHUKOB, HO U JJIST HEBBITYKJIBIX.

Takum o00pa3oM MOPEACTOSATO pPEIUTh ABE 3a7add: OAHA O HAXOXKACHHUU
ONTHMAJIPHOTO aJTOPUTMA TI0 Pa3pe3aHHI0 JTAHHOTO MHOTOYTOJIbHMKA Ha KYCKH, U3
KOTOPBIX B KOHIIC KOHIIOB COCTAaBIISICS OBl KBajpar, W BTOpas IO HaIMMCAHUIO
IporpaMMbl, HanOoJiee HATISIIHO PEAM3YIONIeH HalICHHBIA alTOPUTM Ha JKpaHe
KOMITBIOTEPA.



1. Heau 1 3axa4u padoThI

WTak, ucxost U3 MOMyYEeHHbIX 3HAHUN HA YPOKax T€OMETPHH, Oblila BHIBUHYTA
TUIIOTE3a, 4YTO  QITOPUTM IO  HAXOXKACHUIO  IUIOMAJA  ITPOU3BOJIBHOTO
MHOT'OYTOJIbHUKA, HAUMEHBIIINUM KOJIMYECTBOM MOBTOPEHUM JEHCTBUI 1O pa3OMEHUI0
(pa3pe3aHuio) TaHHOTO MHOIOYTOJIbHMKAa U COCTABJICHHEM M3 MOJIYYEHHBIX KYCKOB
MHOTOYTOJIbHUKOB PAaBHOCOCTABJICHHBIX C MCXOJHBIM, U MOJYYEHUEM B PE3YJIBTATE
KBaJpara ¢ ©3BECTHON CTOPOHOM, NOJIKEH COCTOATh U3 CIECAYIOIIUX ITANOB:
I) Paz6uenuu (pa3pezanun) mpou3BOILHOTO MHOTOYTOJIBHHUKA (BBITTYKJIOTO,
HEBBIITYKJIOT0) Ha TPEYTOJIbHUKH;

II) Ilomyuenuun u3 TPEYTOJIbHUKOB PaBHOCOCTaBIIEHHBIX eMy
MPSAMOYTOJIbHUKOB;

IIT) TIlomydyeHuu U3 OPSIMOYTOIBHUKOB PABHOCOCTABIICHHBIX €EMY KBaJpaTOB;

IV) TIlonyyeHun w3 KaXIbIX JBYX KBaJparoB OJHOTO  KBajpara,
PaBHOCOCTABIICHHOTO C IByMS JaHHBIMH.

B pesynbrare 1enbl0 HMCCIENOBAaHUS CTAlld, BO-NEPBBIX, pa3paboTka u
000CHOBaHME METOAOB TIOJYYEHHS] MHOTOYIOJIbHUKOB, PAaBHOCOCTABJIEHHBIX C
JTAHHBIM/(M) B KaXJOM M3 YKa3aHHBIX BBIIIE MyHKTAaX aJIropuTMa U, BO-BTOPBIX,
HaIlMCaHue MPOrpaMMBbl, ITO3BOJIIIOLIEN PEATU30BATh JaHHBIA aJITOPUTM.

Jlnst peanu3anuy NOCTaBICHHOM 1esd ObUI0 HEOOXOIUMO PEIINTh TPU IJIABHbIE
3a1a4u:

I u3yunte u BbIpaOOTaTh OOMIMI METOHA, MO3BOJISIIONIUMN TPHUAHTYIUPOBATH
(«pa3pe3arb» Ha TPEYTOJIBHUKH) HE TOJIKO BBIMYKJIbIE MHOTOYTOJIbHUKH, HO U
HEBBIMYKJIbIEe, €3 CaMOIEepECEeUeHU U C CaMOIIEPECEUYEHUSIMU;

IT u3yuuTh U BbIpabOTaTh METOJ, MO3BOJISIONMIUNA U3 TOTYYEHHBIX TPEYTrOJbHUKOB
COCTaBJIATh KBaAPAT C U3BECTHOM CTOPOHOM;

III mo BeIpabOTaHHBIM METOJIaM B MEPBBIX JABYX MyHKTaX pa3paboTaTh aJirOPUTM U
Hamyucarh mporpammy Ha si3bike Python, mosBossronnyio Ha 3KpaHe KOMIBIOTEPA
HaIIsATHO JEMOHCTPHUPOBATH HaXOXEHNE IIJIOIIA I, VCIIONb3Ys
PaBHOCOCTABIEHHOCTh ABYX (UTYP.

3ajaya TPUAHTYISIIMU BBITYKIIBIX MHOTOYTOJIbHUKOB HE BbI3BaJIa 3aTPyIHEHUH,
a TpU TPUAHTYISIIIMM HEBBIMYKJIBIX MHOTOYTOJBHUKOB OBbLT BBIPAOOTaH METO,
ITO3BOJIAIOIIMM HAXOIWTh TaK HA3bIBAEMbIEC «YIIN» MHOTOYTOJIbBHUKA HAX0XKICHUEM
JMaroHAJIEN, KOTOPBIE HE MEPECEKAIOT IPYTrUe CTOPOHBI MHOTOYTOJIBHUKA U IIPHA 3TOM
HAXOJAJICA BO BHYTPEHHEH 00J1acT MHOTOYTOJIbHUKA.

[Touck meTona, MO3BOJSIOIIETO M3 HECKOJBKUX TPEYTOJIBHUKOB IOIYyYaTh
PABHOCOCTABJICHHBIA WM KBaJpaT, NpPHBEI K HAXOXKICHUI0O M JOKA3aTelIbCTBY
PaBHOCOCTABIIEHHOCTH CJENYIOUX QUryp:

1) TpeyrojabHUK U MPSIMOYTOJIbHUK;

2) npsAMOYTOJIbHUK U KBaJparT;

3) IBa KBajapaTa U KBaJparT, pABHOBEIUKUN JIByM JaHHBIM.

B pesynbrare mpoBEAEHHBIX HCCIEIOBAHUW I PEATU3ALMUA IMOCTaBICHHOU
nenu B myHkTax | u Il Obuta BepaboTaHa ciieAyroias momaroBasi CTpaTerus:



| mar: 3agaTh Ha 3KpaHE KOMIBIOTEpAa MHOTOYTOJIBHUK KOOPAMHATAMU €rO
BEPLINH;

2 mar: TOpOU3BECTHM TPUAHTYSLMI  JAHHOTO  MHOIOYIOJbHHUKA  C
JIIEMOHCTpPALIMEN €€ HA DKPAHE;

3 mar:  OpOAEMOHCTPUPOBATH  PABHOCOCTABICHHOCTb  ITOJYYEHHBIX
TPEYTOJIbHUKOB C COOTBETCTBYIOIIMMHU UM MPSIMOYTOJIbHUKaMU (cM. puc.l);

4  mar: TpOJEMOHCTPUPOBATH  PABHOCOCTABJICHHOCTh  IMOJYyYECHHBIX
MPSMOYTOJIBHUKOB C COOTBETCTBYIOIIMMH UM KBaJparaMmu (CM. puc.2);

5 mIar: NpoJIeMOHCTPUPOBATH PABHOCOCTABIEHHOCTh Ka)KJ10i Maphl KBaJIpaToB
C OJIHUM KBaJIpaTOM M3BECTHOM CTOPOHHI (CM. puc.3);

6 1Iar: HATU TJI0IIA/Ib 3aJ]AHHOTO MHOTOYTOJIbHUKA, HAX0XKICHUEM ILIOIIAAN
KBaJ[para, IOJy4eHHOro Ha S 1are.
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2. PaBHOBEJIMKOCTH PABHOCOCTABJIEHHBIX (pUTyp

[Ipexne, yeM MNOPUCTYNUTh K HAXOXKACHUIO IUIOMIAJA MHOTOYTOJbHUKA,
NOJTyYeHHEM KBaJpara, paBHOCOCTABIEHHOTO C IAHHBIM MHOTOYTOJIbHUKOM, JOKaKEeM
OYEBUHOCTh (PaKTa, YTO PABHOCOCTABICHHBIE (UTYpHl HWMEIOT OIMHAKOBYIO
TUIOLIAb.

JlokazarenbCTBO JAHHOTO YTBEPKAEHUSI OCHOBAHO HA CBOMCTBAX IUIONIA/Ie MHO-
rOYroJIbHUKOB, 8 UMEHHO:
1) PaBHBIE MHOTOYTOJIBHUKH UMEIOT PABHBIE TUIOILA/H;
2) [1nomaab MHOTOYTOJIBHUKA, COCTABJIEHHOTO M3 HECKOJIBKUX MHOTOYTOJIbHUKOB, Y
KOTOPBIX BHYTPEHHUE 00JIACTH HE TIEPECEKAIOTCS, PaBHA CyMME TUTOIIAACH 3TUX
MHOTOYTOJIbHUKOB.

Takum 006pa3om, eciii OIMH MHOTOYTOJBLHUK pa3OuTh (pa3pe3arh) Ha HECKOIBKO
MHOT'OYTOJIbHUKOB M 3aT€M U3 HUX COCTABUTH APYTrOl MHOTOYTOJIbHUK, TO UCXOIHBIN
U TIOJTyYE€HHBI MHOTOYTOJIbHUKU OyIyT UMETh paBHbBIE IJIOIIAIHU, T€ €CTh, OyIyT

PaBHOBCIIMKUMH.

3. TpuaHry/asiusi MHOTOyTroJbHUKA

Wrak, nis JOCTUKEHHUS LENU - COCTABIICHUS KBaApara, paBHOBEIUKOTO JAHHOMY
MHOTOYTOJIbHUKY, TIEPBBIM IIATOM SIBIIIETCS OMepalus Mo pa3OueHuto (pa3pe3aHmuio)
MHOTOYTOJIbHHKA Ha TPEYTrOJbHUKHU (TpUAHTYJsiusA). PaccMoTpuM 3Ty ornepanuio Ha

PAa3HBIX BUAAX MHOTOYTI'OJIbHUKOB.

o AeD 3.1. TpuaHryJsusi BHINYKJIOr0 MHOTOYT0JIbHH-
Ka

JIis TpUAHTY/ISIIMHA  BBIMYKJIOTO MHOTOYTOJBHUKA

o A BCIIOMHHM €0  ONpeAClCHHe, a  HWMCHHO:

A3 «MHor OYT'OJIbHUK HA3bIBACTCA BBIITYKJIBIM, €CJIN OH



JIEKUT MO OJHY CTOPOHY OT Ka)KJIOM NPSIMOM, MPOXOASIIEH Yepe3 ABE €ro COCEAHHE
cTopoHbl» Puc.4 (1), a Taxke onpenenenue ero

auaroHanu: «OTpe3oK, COEQUHSIONIMI JI00ble JBE HE COCEAHME BEpIIMHBI,
Ha3bIBAETCS JMATOHAILI0 MHOIOYrojbHHKa» (*) M3 ompemeneHUs CIENyeT, YTo
BHYTPEHHS 00JacTh BBIIYKJIOIO MHOTOYTOJIbHUKA COCTOMT W3 IIEPECEUEHMUs
IIOJIYIUIOCKOCTEH, 3aJaBacMbIX KaXXIOW M3 €ro CTOPOH, a 3HAu4uT OTPE30K,
COEIUHSIOMMI 1ro0ble 1Be TOUYKM A U B BHYTpeHHEH 00JacTM MHOTOYrOJbHMKA,
COACPXKUTCS B KaXKIOM M3 ATHX moiymiaockocted. Tak kak Touku Au B Obun
BbIOpaHbI IPOU3BOJIBHO, TO MOXKHO 3aKIIOUYUTh, YTO OTPE30K, COCTUHSIONIUN JIIOObIe
JIB€ TOYKH BBIMYKJIOIO MHOTOYTOJIbHMKA (B TOM YMCII€ U IMArOHAJN), COACPIKATCS B
TOM MHOTOYroJIbHUKE. Takum 00pa3oM, AUaroHajib BBIMYKJIOIO MHOTOYTOJIbHHKA
JEKUT BHYTPHM OTOTO MHOIOyrojibHUKa. W3 J0Ka3aHHOTO TMONYy4YUM CHOCO0
TPUAHTYJISIIMU BBITYKJIOTO N-YTOJIBHHUKA: COCAUHUM OJHY BepIIMHY ¢ (n-3)-Ms He
COCEJIHUMM BepIIMHAMH. B pesynprare kaxaas u3 MPOBEACHHBIX AUaroHaneu Oyner
pacnoiokeHa BHYTPH N-yrojJbHUKA, a 3HAYUT CaM N-yroJIbHUK OyaeT pa3out Ha (n-2)

TPEYyroJIbHUKa

3.2. TpuaHryasiusi HEBBINMYKJIOI0 MHOTOYT0OJIbHUKA

TpuaHrymsiuss HEBBINYKIbIX MHOTOYTOJIBHHUKOB HAMHOIO  CJIOKHEE, YEM
TPUAHTYJISIUS BBIMYKIBIX. JJI1 TpoOBeAEHUsT 3TOTrO Mmpoiiecca ObUT BBIOPAaH METOA
HaXOXKJCHUS, TaK HA3bIBAEMBIX «YLIEH» MHOTOYIOJbHUKA. YXO MHOTOYIOJbHUKA —
3TO TPEYrOJbHUK, KOTOPBIA MOXHO BBIIEIUTH M3 MHOIOYTOJbHUKA TaK, YTO €ro
BEPLIMHBI HAXOASATCA HA €r0 TPAaHUIIE M NIPU 3TOM €ro CTOPOHBI HE IEPECEKAOT
JIPYTMX CTOPOH MHOTOYTOJIbBHHKA. YXO (OPMHUPYETCS U3 TPeX MOCIeN0BaTeIbHbBIX
BEpIIMH MHOTOYTOJbHUKA, TJE€ LEHTpPaJibHAs BEPIIMHA SIBISIETCS «BBIMYKIOW», TO
€CTh CTOPOHA TPEYTOJbHHUKA, COSANHSIONIAS JBE HE COCEIHUE BEPIIMHBI, HAXOIUTCS

BO BHYTPEHHEH 00JIacTh MHOTOYTOJIbHUKA.

! Teomerpust 7-9 JI.C. Aranacsn, B.® Byrysos, C.b.Kanomues, D.I"ITozusk, U.N.I0auna, crp. 99
2 Teomerpus 7-9 JI.C.Aranacsn, B.®.Byrysos, C.b.Kagomues, D.I Tlosusx, U.WN.IOxuna, ctp. 98



Paccmorpum  HaxoxaeHue — ymed — Ha
npumepe MHoroyroinbanka ABCDEF. Ecnu
BO3BMEM TPH IOCIIEA0BATEIbHBIE BEPIINHBI
AFE, TO0 ueHTpanpHas BepmuHa F He

ABJIIETCSl BBIIIYKJIOM, TaKk Kak cTopoHa AE

Tpeyronpauka AFE He HaxoguTcs BO
BHYTpeHHEH  00JacTi  MHOTOYTOJIbHUKA

ABCDEF. Ho ecnu paccMOTpUM
Puc.5

TpeyrojbHUK FED, TO 1neHTpaJibHad
BepminHa E OyAeT ABJAATHCA «BBIMYKJON».
TpeyrosibHUK ABC Takxe He fABJIIeTCA YXOM

MHoroyrosbHUKa ABCDEF, Tak Kak CTOpPOHaA

AC nepecekaet ctopony DE.
Puc. 6

B cBs3u ¢ ykazaHHBIM BBINIE TIOHSITHEM «YIIEeH» MHOTOYTOJbHUKA, OBLI
pa3paboTaH aNropuTM UX MOKCKA.
Aneopumm noucka «yuieii» MHO20Y20/lbHUKA:
1) crHayana HEoOXOIMMO MPOHYMEPOBATh BEPIIMHBI BBEACHHBIC MOJIH30BATEIIEM Ha
AKpaHe, JJid 4ero ObuT TaKkKe pa3padoTaH alrOpUTM:

1.1. mo xoopauHaTaM BBEIEHHBIX TOYEK, HAXOAUM CpeaHee apuMeTHUeCcKoe
JBYX aOCHMCC X; U Xj, KOTOPbIE HaXOMATCA Ha HAauOONbLIEM PACCTOSHUM APYr OT
apyra (mast 3Toro BbIOMpaeTcs HauOodblIass W HaMMEHbllas aOClUHcChl U3
BBE/ICHHBIX );

1.2. ecnu HaiieTCs BEpIIUHA, KOTOpasi COBIAIAET ¢ TOYKOM, HailieHHo! B 1.1.1,
TO MpUCBanBaeM eil HazBanue Ay (xXg: Vo );

1.3. manee uaeT mpoBepka KOOPAMHAT BEPIIMH HA PABEHCTBO MX aOCIIMCCHI WA
OpIaWHATHl ¢ a0CIMCCOW Wi opauHato Touku Agy. Eciam Takwe HaimyTcs, TO UM
MIPUCBAMBAIOTCS  ClIeAylollue HoMmepa 1o 1nopsaky. Ilopsmoxk  Hymepanuu

onpeeNsieTcss CIEAYINMM 00pa3oM: CHayalda HyMEPYIOTCS TOUYKH, Y KOTOPBIX



{xl < xO {xl = xO
_ 3aT€M TOYKU KOTOPBIX aajJee — TOUKH C KOOpJAHWHAaTaMH
Vi = Yo’ > Y KOTOPRIX Q> p
xl > xO xl = xO
{ _ , 1 HAKOHCIl — TOYKHU, KOOpI[I/IHaTBI KOTOprX yI[OBJ'ICTBOpiHOT { <
Yi = Yo Yi < Yo

1.5. mpous3BOIUTCA «COPTHUPOBKA» BEPUIMH MO MNPUHAIIEKHOCTH K YETBIPEM

CUCTBCPTAM»: TIICPpBad «UCTBCPTH» - TOYKH, KOOPAWHATLI (Xl,y]) KOTOPBIX

xi<x0

TTOBJICTBOPSIOT YCIIOBHSIM: {
Y P y Yi > Yo

, BTOpasgs «HYCTBCPTb» - TOYKH, KOOPAMHATLI

xl>x0

TpEThS  «UETBEPTH» -
Yi > Yo’

(xl-; yj) KOTOPBIX YI0BJIETBOPAIOT YCJIOBUSAM: {

xi>x0
Yi<Yo ’

qeTBCPTad «4YCTBCPTH» - TOYKH, KOOpI[I/IHaTBI(xi; y]) KOTOPBIX YHAOBJICTBOPAIOT

TOYKH, KOOPAWHATLI (xi;yj) KOTOPBIX YHAOBJICTBOPAIOT YCJIOBI/UIM{

xi<x0
Vi <Yo'

1.6. paccMaTpruBarOTCA BCPIOHWHLBI, PACIIOJOKCHHBIC B Ka}KI[OI\/'I N3 YKa3daHHBLIX B

YCIIOBUSIM {

m.1.5. «uerBepreit». B kaxa0i 4eTBEPTH pacCMaTPUBAIOTCA TAHTEHCHI YIIOB HAKJIOHA
MPSIMBIX, MPOXOIAIIMX YEpPE3 BBEICHHYIO IOJb30BATEIIEM BEPLIMHY U TOUKY Aj.
Halinennsie yrioBbie KO3 (UIMEHTHI pacnoiaraloTcs OT OOJIBIIEro K MEHbIIEMY U B
COOTBETCTBUM  C  YCTAaHOBJICHHBIM  MOPSAAKOM  HYMEPYIOTCS  BEpLIMHBI
MHOTOYTOJIbHUKA.

2) Ilocne mnpoBeneHHOW B TMyHKTe 1) HyMepalMu BEpPIIMH, paccMarpUBaeM
TpeyroiibHUK A;A; 1A, ¥ mpoBepsieM OyneT Ju ero cropoHa A;A;,, nepecekarb
IpyrHe CTOPOHBI MHOTOYyrosibHUKA. JlJIs1 OTBEeTa Ha BOINpPOC O mnepecedeHuu A;A;,, C
APYTUMH CTOPOHAMU OBLT HCHOJB30BAaH METOJl TPACCUPOBKHU: Oepercs Kaxaas
BEpIIMHA MHoOroyroinbHuka A;, rme j#i,i+1,i+2 wu mnpoomurcs myd,
COHANPaBJIECHHBIN C NOJIOKUTENBHBIM HampasiaeHuem ocu 0X. Ecnu nyd nepecekaer
CTOPOHBI MHOI'OYI'OJIbHUKA HEYETHOE YMCIIO pa3, TO BEPIIMHA HAXOAHUTCS BO
BHYTpPEHHEN 00JIaCTU MHOTOYTOJIbHMKA, a €CIM YETHOE YUCIIO pa3, TO BO BHEIIHEH
oOmactu. Ha 3TOM 3Tame BO3HUKIU CIOXKHOCTH C TE€M, YTO JIyd MOT MPOUTH depes
BEPIIMHBI WM MO KaKOW-TMOO CTOPOHE MHOIOYTOJbHUKA. 3aMETHM, YTO, €CJIH JIy4

IPOXOIUT Yepe3 CTOPOHY, TO OH O0s3aH MPOUTH M Yepe3 BEPIIHUHY, a 3HAUYUT



JOCTAaTOYHO TPOBEPATh MPUHAMIEKHOCTH JIydy TOJBKO KaKOH-THOO0 BepIIuHBL. JIjis
3TOT0 NPOM3BOAUTCSA CPABHEHHUE OPAUHATEI TOUYKU Aj ¢ OpMHATAMH JAPYTHX BEPILKH.
Ecnu opnuHaThl COBMAaloOT, HAKJIOH JTy4a MEHSIETCS Ha OY€Hb MaJICHbKYIO BEJIMYUHY.
3) Eciu cropona A;A;,, mnepecekaeT Apyrue CTOPOHbI MHOTIOYIOJbHUKA, TO
MEPEXOANM K PACCMOTPEHUIO TPEYTOAbHUKA A 141244 3-

4) Ecnu cropona A; A; ., He niepeceKkaeTt Jpyrue CTOpOHbl MHOTOYTOJIbHUKA, TO
IpoOBepsieM BepIINHY A; 1 Ha BBITYKIOCTb, YTOOBI U30€KaTh CIIy4aes,

M300pa’KeHHBIX HA PUCYHKE 7:

P

s
Puc.7

JIns npoBepku BepliuMHbI A;,; Ha BBIIYKIOCTh BO3bBMEM TOUYKY W3 BHYTPEHHEU
o0nacTi  TpEyrojabHUKA AiAi 1445, I ONPENENIEHHOCTH OepeM  TOUKY
nepeceueHuss meauan M;(m;;n;), ¥ MPOBOIUM W3 HEe JIy4Y, KaK YKa3aHO BBIIIE, TO
€CTh CHOBA MPUMEHSETCAI METOJ TPACCHUPOBKHU. EciiM 3TOT nyd mepeceder CTOPOHBI
MHOTOYTOJIbHUKA HEYETHOE YHUCJIO pa3, TO BepuinHa A;,q SBIAETCS BBINYKIOW, a
3HAYUT CTOpoHA A;A;,, pacrosokeHa BO BHYTPEHHEH 00JaCTH MHOTOYTOJIbHUKA U
TOorJa TpeyroibHUK A;A; 1A, ABIAETCS YXOM MHOTOYTOJIbHUKA. BbisienseM 3To yxo
1 100aBIsieM €ro B CIUCOK TPUAHTYISANHMH. B mpoTuBHOM ciydae cropoHa A;A;,»
pacrmojio)keHa BHE BHYTPEHHEW O00JIaCTH MHOTOYTOJbHUKA W TEPEXOAUM K
PACCMOTPEHHUIO CIEAYIOIIETO TPEYTOJIbHUKA.

5) Ilocie HaxoXIeHUs yXa MHOIOYTOJbHUKA, yIAJII€M €ro M3 MHOTIOYroJIbHHUKA,

MePEHYMEPOBLIBAEM BEPITUHBI 0e3 A;,; BEpPIIHHBI, 0€3 UX MOBTOPHONH COPTUPOBKH
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BEPLIMH 10 YETBEPTSAM, YKa3aHHBIM B IIYHKTE 1) aliroputMa u IMOBTOPSEM €ro co 2)
IIyHKTA, IOKa HE OCTAHETCS TOJIBKO OJMH TPEYTOJIbHUK.
3.3. TpnaHryJsinusi BINYKJIbIX M HEBBITYKJ/JIbIX MHOTOYI0JIbHUKOB

B xonme pemieHust Bonpoca 0 TPUAHTYJISALIMM MHOTOYTOJIBHUKA U JJI YIIPOIICHUS
npouecca, ObUT ClelNaH BBIBOJ, YTO HE PALMOHAIBHO pa3AeisaTh BBIITYKIbIE U
HEBBIMYKJIbIE MHOTOYIOJIbBHUKM. YTOOBl HE MNpPOBOAUTH CHadaja IpOLEcC
ONpENENEeHUs] BUJA MHOIOYIOJIbHHKA, A TAaKXe YYWThIBas, YTO aJITOPUTM
TPUAHTYJISILUN HEBBIMYKJIBIX MHOTOYT'OJIbBHUKOB pabOTaeT M JUIsl BBINYKJIBIX, OBLIO
INPUHATO PELIEHUE MPUMEHATh AJITOPUTM M3 NPENbIAYLIEr0 IYHKTa KO BCEM
MHOI'OYIOJIbHUKaM,  BBEACHHBIM  Tmojib3oBareneM. Ho  mng  nmpuMeHeHus
pa3pabOTaHHOIO aJIropuT™Ma IIOMCKA YIIEM MHOTOYIOJIbHMKa HYXHO OBITb
YBEPEHHBIM, YTO Y JIIOOOTO MHOTOYrojbHHKa (n = 4) Haifnercs XoTa Obl OfHA
JMaroHalb, LIEJTMKOM JIeXKallasi BHYTPH HETO.

JlokazaTrenbCTBO 3TOTO (haKTa TPUBENCHO B JIBYXTOMHHKE «3ajadd  II0

mwianumerpur» B.B.IIpacomnosa °.

4. PaBHOCOCTABJIEHHOCTH TPEYTrOJIbHUKA U NPAMOYT0JIbHUKA

Hrtak, MBI CMOIJIN «pa3pe3aTh» MHOTOYTOJIbHUK Ha TPEYrojdbHUKU. Jlanee crosina
3aJa4ya 10 HAxXOXKACHUIO NPSIMOYTrOJbHUKA, PABHOCOCTABIEHHOIO, a 3HAYUT U
PABHOBEJIMKOTO KaXJAOMY U3 MOJYYEHHBIX TPEYTrOJIbHUKOB.

JlokakeM paBHOCOCTABJICHHOCTh TPEYTOJbHHUKA U HEKOTOPOTO MPSIMOYTOJbHHKA.
Paccmotpum mipousBosbHbIN TpeyroibHUK ABC. Ilycth cTopona AC - HanbobIasl.
Onyctum u3 BepuinHbl B BoicoTy BH, rie H — OCHOBaHUE BBICOTHI, TO €CTh H JeXKUT
Ha otpe3ke AC. Yepes Touky M - cepeauny BH npoBeaeM NpsiMyro a, napauiebHYO
AC. OOo3HaunMm 4epe3 P u @ TOUKM TMepecedeHuss MNpsIMOM a €O CTOpOHaMU
AB v BC cOOTBETCTBEHHO, U OITYCTUM Ha 3Ty NpsAMyto nepneHaukysipsl AR u CS.

PaBHOCocTaBineHHOCTh TpeyroiabHuka ABC u nipsamoyronsHuka ARSC cnenyert u3
paBeHcTBa TpeyroibHUkoB: APR u BPM, CSQ w BMQ. Takum o0pa3oMm, Mbl

MOJYYWIJIH, YTO JIIO0OM TPEyroJbHUK Mbl MOXKEM Pa30UTh Ha TPU YaCTH, U3 KOTOPHIX

3 Ipaconos B.B. 3agaun no mianuMerpun: B 2 u. U. 2 Haykxa. ®usmarant, 1995-240c¢. Tnasa 22, 3anada 22.20

11



CMOXEM COCTaBUTh NPSIMOYTOJIBHHUK, y KOTOPOTO OJHA CTOpPOHA paBHA OOJbIIEiH
CTOpPOHE TPEYIoJIbHHWKA, a BTOpas — IOJIOBUHE BBICOTHI, OMYLICHHOW Ha OOJBIIYIO

CTOPOHY TPEYTOJIbHUKA.

Fd

Puc.8

S. PAaBHOCOCTABJIEHHOCTb MPSIMOYTOJIbHIKA U KBAApaTa
CnenyromuM 3TanoM IO NOCTPOCHHUIO KBaJpaTa, pPABHOBEJIHMKOIO JAaHHOMY
MHOTOYTOJIBHUKY SIBJISLUICSI TIOMCK AJITOPUTMA IO PA3PE3aHUI0 KAXKJIOrO MOJYYEHHOTO
MPSIMOYTOJIBHUKA HA TAKUE YaCTH, U3 KOTOPBIX MOKHO COCTABUTh PABHOBEIUKHUI €My
KBaJIpar.

Jloka’keM paBHOCOCTAaBJICHHOCTh TMPSIMOYTOJbHUKA CO CTOpOHAMH aub u

KBajpara co cTopoHou Vab. [ns storo paccmorpum mnpsimoyronbHuk ABCD, B

KOTOpOM MeHbIIast ctopoHa AB = a, 6onbmas ctopona AD = b. CHayana nocTpoum

OTpe30K L = Vab:

1) oTnoxxum Ha TipsMoit oTpe3ok PQ = d = a + b, npuueM PM = a, MQ = b;

2) MOCTPOUM OKPY>KHOCTb Ha JAHHOM OTpE3Ke, KaK Ha JUAMETPE;

3) B Touke M BOCCTaHOBUM TIEPIEHIUKYISP K mpsiMoit PQ 10 mepecedeHus c

OKPY>KHOCTBIO B TOUKe N

4) NQ =t =+ab,kak BbICOTa, MPOBEICHHAS K TUMOTEHY3¢ B HPAMOYTOIbHOM
TpeyroiabHuke PNQ (N = 90°)

3areM MpOBEAEM CIIEAYIOIIHNE IOCTPOEHUS:

1) omioxum Ha ctopone CB npsimoyronbarka ABCD otpe3ok CF = t;

2) npoBenem npsimyto DF 1o nepeceuenus ¢ npsimoit AB B Touke R;

12



3) uepe3 Touky R mpoBeaem npsMyro RG, napasuienbHyro npsmoi AD, nipuyeM Tak,
yto RG = CF = t;

4) U3 toukn G onmyctuMm mneprneHauKkyassp Ha AD w udepe3 E 0003Ha4UM TOYKY
MIEPECECUCHMUS;

5) ARGE — uckoMblIil KBaJpaT co CTOpOHOM t = Vab, Tak kak 1o nocrpoernio ARGE

- TpSIMOYTOJBHUK CO CTOpoHOW RG =t =+ab, a w3 paBeHCTBA JBYX IMap
OpSMOYTOJIBHBIX ~ TpeyroyibHukoB:  BRF = ESD (BF = DE = b —t, £F = 4D),
RGS = FCD (RG = FC, 4R = £S) cnenyet, uto AR =AB+BR=a+SE =a+

(b—t)tgzSDE =a+ (b —t)tgeCSD=a+ (b —-t) L =a+ (b -t)2=a+
g g FC t

ba ba
7 a = \/ﬁ = \@

Nrak, nis pazouenus npsamoyroibHuka ABCD, otmetum Ha ctopoHe BC Touky F,
tak yTo CF = t, npou3BeneM «paszpe3aHue» 1o orpe3ky DF, 3aTeM «IepeaBUHEM
TpeyroinbHuk FSD Bhonb nipamoit RD, no nepecedeHus ¢ npsmon AB, oTMeTuM Ha
RD Touky S w® T[pou3BeIeM BTOpOE «pa3pe3aHue» 1o oTpe3ky SD,

nepeneHaukyinsipaomy AD.

R G
o1
I +- P
S
T \
A t E b-1T e
Puc.9

3amedanue: ecinu Touka F okaxkeTcs 3a mpenenamu kBaapara ARGE, to ectb t < b —

t, Torma mocTymnaem CIeAyHIUM o0pa3oMm:

paspe3zaem  npsimoyronbHuk — ABCD mo

\ CpeaHel JIMHUY, TTapajyiebHON AB, a 3aTtem
A D
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Puc.10

«HaKJIaAblBAaCM)» IIOJIYUYCHHBIC IMIOJIOBUHKHN APy’ HaAa Jpyra W IIPOU3BOAUM

IMOCTPOCHUSA, YKA3aHHBIC BBILIC.

B1 1
B ' L c B L
. —
A i D A D1
D1
Puc.11

Ecnu u nocne HaknagpiBaHUS JBYX MOJOBUHOK MPSIMOYTOJIbHUKA, TOUKA Fj OKaXeTCs
3a npenenamu kBaapara AR, G, E;, TO IpousBeaeM «pa3pe3aHue» U «HAKIAJIbIBAHHUE)
MOJIOBMHOK elle pa3 U OyleM Tak MOCTyIaTh, MOKa Touka F; HE OKaXeTcsi BHYTPH

kBagpara AR;G; E;

6. PaBHOCOCTABJIEHHOCTD JIBYX KBa/IPAaTOB C OTHUM KBaJPaToM
Wtak, mocieqHuM 3TaroM HCCIEAOBaHUS SIBISIOCH HAXOXKEHHUE aJrOpUTMa IIo
pa3pe3aHuI0 KaxJbIX JABYX IMOJYYEHHBIX KBAJpPAaTOB M COCTABICHUU U3 4YacTel
OJTHOTO, PAaBHOBEJIMKOTO MM KBajpara.

Paccmorpum  nBa  kBagpara  co

D E ctopoHamu a U b. IlponemMoHcTpupyem
ux «paszpe3aHue U

PaBHOCOCTABJIICHHOCTbL C  KBaJpaToM

B c croponbl ¢ = Va? + b?. Pacnonoxum

a kBagpatel ABCM co cCTOpoHOW a u

M MDEF co ctopoHO# b Kak NMoKa3aHo Ha

pucynke. Ilycts a < b. Ha orpeske AF
Puc.12

orMeTuM Touky K Tak, uto AK = b u coenunum KE. [IpousBenaemM «pa3pe3aHuey 1o
orpe3kam BK u KE.
PaBHococrtaBinennocts kBajgparoB ABCM n MDEF c xBagpatom BGEK cnenyer

u3 paBeHcTBa TpeyroabHukoB ABK u CBG, KFE v GDE
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3amMeuaHue: eclim a = b, ABa KBaapara cCO CTOpOHOI\/'I a paBHOCOCTABJICHBI C

KBaJpaToM CTOpPOHBI C = Va? . «Paspe3anuwe» B 3TOM cCilydae MPOU3BOAUTCS IO

AnaroHaJisiM KBaJapaToB.

Puc. 13 D

7. Pe3yibTarhbl NPOBEACHHOIO MCCACA0BAHMS
B pesynbrare npoBeaeHUs JAHHOTO UCCIIEIOBAHUSA:

1) ObiIH pa3paboTaHbl M MPOTECTUPOBAHBI AJTOPUTMBI JJISl BEIYMCIICHUS TUIOMIACH
BBIITYKJIBIX M HEBBIMYKIBIX MHOTOYTOJIBHUKOB METOJOM HAaxXOXKICHUS KBajapara c
U3BECTHOW CTOPOHOMN, pABHOCOCTABIEHHOTO JAHHOMY MHOTOYTOJIbHUKY

2) wHamucaHHas TporpaMma Ha s3blke Python mpenocraBiser BO3MOXKHOCTH
BU3YaJIM3UPOBATh MPOLIECC BBIYMUCICHUS IJIOUIA/IeH Pa3lWYHbIX MHOTOYTOJIbHUKOB,
YTO MMO3BOJISIET YUAIIMMCS JIydIlle IOHUMATh CBOMCTBA TE€OMETPUIECKUX (DUTYD;

3) BO3MOXHO, CO3[aHHAs IMpOrpaMMma, MOXeT OBITh HCIIOJIb30BaHa HE TOJBKO B
00pa3oBaTebHBIX LESIX, HO U B MPAKTUYECKHUX MPHIIOKCHUAX, TAKUX KaK TU3aiiH,
KOMIIbIOTEpHast rpaduka u JApyrue olOmacta, rae Tpedyercs pabora ¢

reOMETPUYECKUMH (PUTYpamu.

8. BbiBO/bI, c/ie/IaHHBIC B Pe3yJIbTaTe UCCIACA0BAHNSA, H BONPOCHI AJIs
JaJbHelIero uccjaeaoBaHus MOCTABJECHHOM 3aJauu
B pesynbrare nponenanHOTo UCCIICOBAaHUS OBLIN CIENIaHbI CICAYIOIINE BHIBOIBL:
1) Pa3paboTaHHBI adrOPUTM HAXOXKJICHUS TLIONIAJAEH MHOTOYTOJBHUKOB MOYKET
MPUMEHATHCI KaK K BBINYKJIbIM, TaK M K HEBBINYKJIBIM MHOTOYTOJIbHUKaM, YTO

MOJITBEPKAAET €r0 YHUBEPCATIBLHOCTB;
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2) co3maHHas mporpamma Ha si3pike Python gemaer mporecc oOy4deHus HAISIHBIM,
JTEMOHCTPHUPYS HEKOTOPBIE HEMPOCTHIE BOMPOCH MMOCTPOCHUS, YTO MOXKET MOBBICUTH
MHTEpPEC YUEHUKOB K TCOMETPHH;
3) Bu3yanu3amus HaXOXKIEHUS IUIONIAA METOIOM TOCTPOCHUS PaBHOCOCTABICHHON
Gurypsl, crmocoOCTByeT pAa3BUTHIO Yy IIKOJIHHUKOB aOCTPAKTHOTO MBINUICHHUS U
JEMOHCTPHUPYET, YTO 3a/la4yd MO0 HAXOXKICHHUIO TUIOMIAJA MHOTOYTOJEHHUKOB MOYKHO
periarh He TOJIBKO C MPUMEHEeHUEM (popmy

Pa3paboTka anropuTMOB W HamuCaHUE NPOTPAMMBI TOCTABUIU TEpe] HaMU
HECKOJIbKO ~ BOMPOCOB  JJIsi  JAJbHEHIIETr0  WCCIEAOBAaHUS TI0  HECKOJIBKHUM
HaIPaBJICHUSIM:
1) HanmucaTh aJTOPUTM M MPOTpaMMy JUIS HAXOXKACHHS TUIOIIAICH OOJiee CIIOKHBIX
MHOTOYTOJIbHUKOB, HAIIPUMEP C CAMOTIEPECEUCHUSIMU UITH C KOTBEPCTHSIMUY) BHYTPH;
2) ONTUMH3UPOBATH CYNIECTBYIOIIUN aJTOPUTM;
3) paccMOTpeTh NPAKTHYECKOE IMPUMEHEHHE ajiTOpHTMa B TaKWX OO0JACTAX, Kak
JIM3aiiH UM KOMITbIOTepHAs rpaduka;
4) cnenath OoJsiee OIPOOHBIM W HAITISAHBIM MPOIECC «Pa3pe3aHus» KakJI0ro BUja

MHOTOYI'OJIbHUKa MW COCTABJICHHA W3 IIOJYYCHHBIX yacTen paBHOCOCTaBHeHHOﬁ

burypsi.
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