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AnHOTaUS

B IIocJjieiHee BpeMsd B Hy6HI/IKaHHHX JJId TIOAIOTOBKY BHICOKOKQYECTBCHHDBIX
PUCYHKOB BCe Jallle UCIOJIB3YeTCs CBODOTHO PACIIPOCTPaHsieMbIil rpaduaeckuit
naxer TikZ [3], craBmmit HEOTHEMIIEMOIT YACTBIO HAYYHO-TEXHIYICCKON M3/1a-
resibekoii cucrembl TEX/IATEX. B ero 6ubsimoreke turtle peajnmzoBan ofuH
13 BapUaHTOB 3JIETAHTHOI'O A3bIKa IITPOTPaMMUPOBaHNA BBICOKOI'O YPOBHSI J—IO—
ro (Logo), paspaborannoro B 1967 romy Ceiimypom I[laitmeprom (Seymour
Papert) u 9aur Xapens (Idit Harel) [1] u nocrpoensoro Ha pekypcum.

Crout orMeTuTh, 9TO Bepcus Jloro, mpemocrapisieMast makeTom turtle, 3To
JIMIIB OJIMH U3 mopsiyika 250 pasjindHbIX peajiu3aluii 3Toro s3bika. Ho, nmest
MHUHUMYM CPEJCTB, JaHHAs BEPCUS OYEHb IIPOCTa B OCBOEHUU U IIO3BOJISET
nporpaMMHO, He Bbixojs u3 INTEX, 6e3 0coObIX 3aTpy/HEHUIT OCYIIECT/ISITh
HeCJIOYKHOe TexHm4deckoe pucopanue. O Bepcum Jloro, npemgocrapisiemoii 6ub-
simorekoit tirtle nakera TikZ, u umer peus B gaHHO# cTarke. [Ipu aTom omnuca-
HbI HE TOJIBKO BCE CPEJICTBA 3TOI BEPCUU, HO U HA UJLIIOCTPATUBHBIX ITPUMEPAX
[IPOJIEMOHCTPUPOBAHO MX UCIIOJIb30BAHUE.

Samernm, uTo JIoro — 5TO HE MPOCTO SA3BIK, & CBSI3KA sI3bIKA U UHTEIPUPO-
BAHHOM Cpejibl pa3pabOTKU, MO3BOJILIONAs IPUIATH IIPOCTOTY U HAIVISTHOCTH
nporeccy ooydenus nporpaMmmupoBanus. B crangapraom BapuanTe Jloro nme-
eTCsd UCIOJIHUTENb KOMAaHJI, KOTOPBII MOXKET I€PEMEIIATh 10 SKPAHY TOUYKY
(uepernaliky) Brepej| Ha 3aJIaHHOE KOJIMYECTBO IIaroB U MEHSTH HallpaBJIeHUe
cBoero JirkeHus. [Ipu 3TroM depenanika 1pu rnepeMereHn MOyKeT OCTaBJISATh
cJIeJ] Ha SKPaHe B BUJE OTPE3KOB JIMHU, BEIYEPUUBAS Te€ WM UHBIE (DUTYPHI,
njIn ABUTATHCA, HE OCTaBJIAA CJIe/Ia. COBOKyHHOCTb KOMaH/I, TIOHNMaeMasd 1C-
[IOJTHUTEJIEM ‘“epenalika’; U COCTaBJIsSeT OCHOBY s3bika Jloro, okasasiiero B
CUJTy CBOEH MTPOCTOTHI PEBOJIIOIIMOHHOE BIUSHIE Ha HAYAILHOE 00yUIeHUe TTPO-
rpammupoBanuio. [lousTs JIoro B cocrossHUEM JIETH MJIAJIIIETO ITKOJIBHOIO U
Jlaxke JOMTKOIBHOTO Bo3pacta. COTyIacHO BBIBOJAM JHCCEPTAITMOHHON PAbOTDHI
Daut XapeJib, pazpadbarbiBasi JU3ailH IPOrPAMMBI, JiyMast HaJ| TeM, KaK JIydIIe
CTPYKTYPUPOBATH U IPEJCTABIATL UHMOPMAIUIO, YIEHUK IIyOyke HAUUHAECT
[IOHUMATD COJEPXKAHNE 3a/1a49u, JIeXKAIlell B OCHOBAaHUU IIPOI'PAMMBI.

OTMeTuM Ba HEMAaJIOBaXKHBIX 0bcTosITe/IbCTBa. B tirtle-peamnzamun Jloro
CM€HA HAIIPABJIEHUS JBUKEHUS YEePENAIKU MOXKET ITPOUCXO/IUTH 10T JIIOOBIM
YIJIOM K TEKYIIEMY HAIPABJICHUIO ee JIBUKEHUsI, a JJIsi [ePEMEIeHus depe-
HMaIlllK1 HapsAHdy CO CTaHAapTHBIMKU KOMaHIaMHW MOXKET 6bITb HNCIIOJIB30OBaHa U
oObIuHasi cTpykTypa nukia \foreach.
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ON THE IMPLEMENTATION Logo IN BETEX
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Abstract

Recently in publications for preparation of high-quality images are increa-
singly used freely distributed graphical TikZ package 3], which became
an integral part of the scientific and technical publishing system TEX/IXTEX.
It’s library turtle implemented one of the versions elegant programming
language high level Logo, developed in 1967 by Seymour Papert and Idit Harel
[1] and is based on recursion.

The version of the Logo, provided by the package turtle, this is just one of
about 250 different implementations of the language. But, with a minimum of
resources, this version is very easy to use and allows you to programmatically
from the comfort of IXTRX, easily supports simple technical drawing. About
the version of the Logo provided by the library tirtle package TikZ, , and is
discussed in this article. Here is described not only all means of this version,
but also demonstrated their use on illustrative examples.

Note that the Logo this is not just a language, but a bunch of language
and integrated development environment, allowing to give the simplicity and
clarity to the process of teaching programming. In the standard version of
the Logo has executor of the commands that can be moved point (turtle)
around the screen forward on a specified number of steps and change the
direction of its motion. This turtle when moving can leave a mark on the
screen in the form of line segments describing these or other shapes, or move,
without leaving a trace. A set of commands that are understood by the
executor turtle, and is the basis of language Logo, which had in its simplicity a
revolutionary impact on the start learning programming. To understand Logo
in the state of children of primary school and even pre-school age. According
to the conclusions of dissertational work Idit Harel, in developing the design
of the program, thinking on how best to structure and present information,
the student is much deeper begins to understand the content of the task that
lies at the base of the program.

Note two important circumstances. In tirtle-implementation Logo change
of direction turtle can occur at any angle to the current direction of its
movement, and to move the turtle besides the standard commands can be
used and the typical structure of a cycle \foreach.

Keywords: TEX, WIEX, TikZ, tirtle, Logo.

Bibliography: 3 titles.
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1. BBeaenne

Bubsoreka  turtle makera TikZ |3, ¢.739] orkpbIBaeTcst KOMaHJOf
\usetikzlibrary{turtle}. Ee cpeicrBa 1mO3BOJSIOT BBIBOIUTHL M300parKeHUs B
cTHIe KOMaHI s3blka porpammupoBanud Jloro. lemaercd 3ro ciaemgyronuMm odpa-
3oM. Ha skpare B onpeie/ieHHOI T03UIUN HAXOIUTCA BUPTyaJjibHas depenarika. Ona
BCEr/ia OPUEHTUPOBAHA [0 HEKOTOPOMY KOHKPETHOMY HarpaBiennio. Vcxoanast mo-
BUIMA YeperanikKy — Hadaja0 KOOD/MHAT, a HAJYaJbHOE HAIPABJICHUE JIBUXKCHUS —
BBepx. CrernuajbHbIMI 3HATEHUSAMU-KJIIOUaMU ONIuu turtle MOKHO 3aCTaBUTh IIepe-
MEIIAThCS YeperaniKy Ha J000e PACCTOsTHUE 110 ee HAIIPABJIEHUIO U TaK2Ke U3MEHITh
9TO Halpasjenne. Kpome Toro, Bceryia MOKHO O€3 PHUCOBaHUs II€PEMECTHUTDH depe-
MAIKY B HAYaJI0 KOOPMHAT WX UHYIO [TO3UIUIO, & TaKXKe JIOKAJIHHO WU TJI00ATIbHO
3a/1aTh mar mnepemerienns. [lo ymosraanuio Takoii mar pasen lem. Yepenaiika Bee-
r/1a TepeMeniaeTcss OTHOCUTEILHO CBOEl TOceHeil TOUKN U BCErJa MO MOCJIeTHEMY
unanpassenuio. [lyrh depenamku MoxKHO cTpoutsh tikz-Komamno#t \draw 1o cxeme:

\draw [turtle={...}] (a,b) [turtle={...}] (c,d)...[turtle={...}] (1)

Bamuch (1) o3HAUAET, YTO MOCJIE BBIBOJIA YACTH M300paykeHus KII0YaMU epBOi
onruu tirtle yepenamka 6e3 pucoBaHus IlepemMeniaercs B To4uky (a, b) ¢ coxpane-
HUMEM HallpaBjieHus jBrkenus. Jlajee KirodaMu BTOpoil omiuu turtle BHIBOAUTCS
CJIeJIyOIIAsT YaCTh N300pasKeHUs U OIATH O3 PUCOBAHUS YEePENAIKa [IePEMEIIAeTCst
B ToUKy (¢, d) mw 7. ;. U erme ofuH BayKHBIH MOMEHT: CTPYKTYphl THIA (1) gacto
yiaeTcss opopMuTh B BHje NMUKJI0B \foreach.

2. Kiroun onmum turtle

OnmieM CHHTAKCHC W HazHAYeHHe OTIe/JbHBIX Kroueil ommun turtle:

e home — moMeIaeT Yepernaniky B Haualo KOOpJAUHAT U 3a/aeT eil HalpaB/ieHne
“BBEPX;

e forward wm fd — nepemeriaer Uepenaiiky BIepe/i 10 3aJJaHHOMY HallpaBJie-
Huio Ha paccroguue di. Benwunna di Geperca uz onnuu distance = di. Ecim
9Ta OMIUA OTCYTCTBYET, TO di = lem;

o forward = di wm fd = di — nmepemernaeT Yepenarniky BII€peJ] 110 3aaHHO-
My HaIpaBJIEHUIO Ha yKaszaHHoe paccroguue di. Ecam di orpumaresbHO, TO
dbakTHueckn peasnsyercs JIBUKEHHE HA BEJUUUHY |di| B IPOTHBOIIOIOKHOM
HallpaBJICHUU]

e right wim rt — 3ajiaeT HAIIpaBJICHUE TIOBOPOTA YePElaIlKy “HaIpaBo’ Ha yIoJl
90°;
e right = a mm rt = o — 3a1aeT HAIIPABJICHUE TTIOBOPOTA YePENaIlKN “HalpaBo’

Ha yroj «°. Ecian BesmauHa yria o oTpuriaTe/ibHa, T0 (DaKTUIEeCKN ITPOUCXO-
JIAT TIOBOPOT HAJIEBO Ha || rpajiycos;
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left nim It — 3amaeT HaIpaBJIeHNE IIOBOPOTA Yepenaiiky “HajaeBo” Ha yrosa 90°;

left = a mm [t = o — 3a/1aeT HAIIPABJIEHUE [TOBOPOTA YepeNaliky “HajeBo” Ha
yroa «°. Ecim Bemauna yriia a orpunareibHa, TO (paKTHIECKH ITPOUCXOINAT
HOBOPOT HAIIPABO Ha || TPAJLyCoB;

distance = di — MeHsAeT TEKYIIUi Mar rmepeMerianns depenarku Ha di. Jlan-
HBII KJTFOY MOYKHO UCIIOJIb30BaTh KaK OIINIO B HadaJje OKpYyKeHus tikzpicture;

how/.style = {out = a,in = ,relative = lo}, tae a u [ — COOTBETCTBEHHO
yIJIbl B I'paJiycax BbIXOJa M BXOJa TPAEKTOPUM UepelalikKy Ha KazKJ/IOM Iare
ee apukenus, lo € {true, false}. To ecTb, o — 5TO yroJ1 BBIXO/IA U3 HAYAJILHOI
TOYKH 1 [ — yroJI BXOJIa B KOHETHYIO TOUKY JIJIsi KazKJI0I'0 IIaroBoro (hparMenTa
TpaekTopun dyepenarku. [Ipu onnun relative, relative = true m oTcyTCTBUM
omruu relative yribl ©3MEPSIIOTCsT OTHOCUTEIBHO IPSMOI, COeTUHSIIONIEl TOY-
K BbIXOJa U BXomda. Ilpu relative = false yribl nu3MepsaroTCs B UCIOIB3YEMOI
cucTeMe KoopJauHaT abco oTHo. HaznadeHHbIi cTUIIbL JIeCTBYET 10 €ro u3Me-
HEHUsI Ha BCE MOCJIeIYIONINE Marn depenamkn. Kro MoKHO HCIIOIb30BaTh KaK
B KOMaH/aX BBIBOJa TPAEKTOPUM, TaK M B HadaJle OKpyzKenus tikzpicture. Ha
[IpaKTHKE JaCTO IPUMEHSIOTCS JacTHBIE CJIydal PacCMaTPUBAEMOr0 CTU/IsSI BU-
1a how/.style = {b, relative}, rue ommus relative Heobsi3aTeIbHA, a APAMETP
b MOXKeT OBITH TaKIM:

o bend left = a — 3a1aeT TOT K€ CTUJIb, UTO U IIOCTEI0BATE/IHLHOCTD out =
a,in = 180° — o npu usrude BJIEBO;

o bend right = a — BbemosHsIeTCcs Kak bend left = «, HO tpu m3rnde
BITPABO;

o bend left — Boimonnsiercss Kak bend left = «, rae yroys « Gepercs u3
omruu bend angle = «;

o bend right — Bemosnsiercs Kak bend right = «, tye yroji o depercs u3
ounuu bend angle = a.

3. Ctuam bend le ft m bend right

3/ech Ha npuMepax JeMOHCTpupyercs nelicrsue cruieit bend le ft u bend right.
PesysibraT BeIOTHEHUST KOJIa TIOKA3aH [TOCJIE HErO.

%\usepackage{tikz} - B mpeambymy
\usetikzlibrary{turtle}
\begin{tikzpicturel}[turtle, distance=7mm,
how/.style={bend right}]
\draw [fill] (0,0) circle (O.5mm);
\draw [turtle={home,fd,rt,fd,1t, fd,lt,fd,home,rt,fd}];
\end{tikzpicture}
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\begin{tikzpicture} [turtle, distance=7mm]
\draw [fill] (0,0) circle (O.5mm);
\draw [turtle={home,fd,rt,fd,1lt,fd,
how/.style={bend right=-30},1t,fd,home,rt,fd}];
\end{tikzpicture}

\begin{tikzpicture} [turtle, distance=7mm]
\draw [turtle={home}]
(1,0) [turtle={how/.style={bend left=150},
1t,fd,rt,fd,rt,fd,1t,fd,1t,fd}];
\end{tikzpicture}

\begin{tikzpicturel}[turtle, distance=7mm]
\draw [turtle={homel}]
(1,0) [turtle={how/.style={bend left=150,
relative=false}, 1lt,fd,rt,fd,rt,fd,1t,fd,1t,fd}];
\end{tikzpicture}

4. I/IH,ZLGKCBI Ha IIOYTOBbLIX OTIIPABJICHUAX

3/ech UdpPHI MOYTOBLIX UHJIEKCOB BBIBOJISITCS OT/IEJIBbHBIMI KOMaHIaMu \draw
Ha IIPEJIONpeIe/IeHHbIC TTO3UINU. Pe3yIbTaT MpeJcTaB/IeH Mocae Koja Ha MePBOM
nzobpaxkenuu. /IBa 1pyrux m300parkeHust MOy IeHbI IPU BBIBOJIE JTECATUIHBIX THMP
cruiisimu bend right n bend le ft cooTBeTCTBEHHO.
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\usetikzlibrary{turtle}
\def\s{0.707}
\begin{tikzpicture} [very thick, turtle, distance=5mm]
\draw [turtle={home,fd=1cm,rt,fd,rt,fd=1cm,rt,fd}];
\draw [shift={(1,0.5)},turtle={home,rt=45,fd=\s,rt=135,fd=1cm}];
\draw [shift={(2,1)},
turtle={home,rt,fd,rt,fd,rt=45,fd=\s,1t=135,fd}];
\draw [shift={(3,0)},
turtle={home,rt=45,fd=\s,1t=135,fd,rt=135,fd=\s,1t=135,fd}];
\draw [shift={(4.5,0.5)},
turtle={home,fd,home,rt=180,fd,home,1t,fd,rt,fd}];
\draw [shift={(5,0)},turtle={home,rt,fd,1t,fd,1t,fd,rt,fd,rt,fd}];
\draw [shift={(6,0.5)},
turtle={home,rt,fd,rt,fd,rt,fd,rt,fd, rt=45,fd=\s}];
\draw [shift={(7,0)},turtle={home,fd,rt=45,fd=\s,1t=135,fd}];
\draw [shift={(8,0.5)},
turtle={home,rt,fd,rt,fd,rt,fd,rt,fd=1cm,rt,fd,rt,fd}];
\draw [shift={(9,0)},
turtle={home,rt=45,fd=\s,1t=45,fd,1t,fd,1t,fd,1t,fd}];
\end{tikzpicture}

12245460 H7

% B oty tikzpicture nobasuth how/.style = {bend right}:

LA Z2275a7 HY

% B oty tikzpicture nobasuth how/.style = {bend left}:

0259456037

[IpeicraBieHHbIil KOJI B BUJIe €MHON TPOIIbI MOXKHO OPOPMUTH TaK:
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\begin{tikzpicture} [very thick, turtle, distance=5mm]
\draw [turtle={home,fd=1cm,rt,fd,rt,fd=1cm,rt,fd}]

(1,0.5) [turtle={rt=135,fd=\s,rt=135,fd=1cm}]
(2,1) [turtle={1t,fd,rt,fd,rt=45,fd=\s,1t=135,fd}]
(3,0) [turtle={1t=45,fd=\s,1t=135,fd,rt=135,fd=\s,1t=135,fd}]
(4.5,0) [turtle={rt,fd,1t,fd,rt,fd}] (4.5,0.5) [turtle={fd}]
(5,0) [turtle={rt,fd,1t,fd,1t,fd,rt,fd,rt,fd}]
(6,0.5) [turtle={fd,rt,fd,rt,fd,rt,fd,rt=45,fd=\s}]
(7,0) [turtle={1t=45, fd,rt=45,fd=\s,1t=135,fd}]
(8,0.5) [turtle={rt=180,fd,rt,fd,rt,fd,rt,fd=1cm,rt,fd,rt,fd}]
(9,0) [turtle={1t=135,fd=\s,1t=45,fd,1t,fd,1t,fd,1t,fd}];

\end{tikzpicture}

5. BeiBoj npaBuJIbHBIX MHOTOYT'OJbHUKOB

HauneMm ¢ BbIBOJIa TPABUJIBHOTO TIECTUYTOJBLHUKA. FC/IN MecTh pas mojaps 1 pu-
coBaTh 0Tpe30K JnHOI a (fd = a eguau) ¢ pazsoporom Hanpaso Ha 60° (rt = 60),
TO MBI ¥ TIOJIyYUM TIPABUJILHBIN mecTuyrobuuk. OTcroma n Ko

\usetikzlibrary {turtle}
\begin{tikzpicture}

\draw [fill] (0,0) circle (O.5mm);

\draw [fill=blue!10, thick, turtle=home]

\foreach \t in {1,...,6}
{[turtle={fd,rt=60}]};
\end{tikzpicture}

31ech mepBasi KomaHga \draw HCIOJb3yeTCs JIUIb /IS YKa3aHWs Hada bHOI
ToukH siBuzkenus. [lo ymoganuio a = lem.

Terneph HammIeM Makpoc € JBYMsl apryMeHTaMH JijIsi BbIBOJIA MTPOU3BOJIBLHOIO
BBIITYKJIOTO IIPABUJILHOIO N-yroJbHUKA (#1= n) ¢ mauHoil ctopons! a (#2= a). Ilo-
CKOJIbKY BHYTPEHHHUE YTJIbl TAKOI'O MHOTOYTOJIbHUKA paBHbI (n — 2) - 180/n, To npu
PHCOBAHUH TIOBOPOTHI CJIEJyeT MPOou3BoIuTh Ha yros 180 — (n —2) - 180/n rpaycos.
Orciofia u npuBejieHHbIH HuKe Ko, [1o HemMy npousBejieH BBIBOJL TPEYIOJIbHUKA, C
JUTHHOM CTOPOHBI B lcm ¥ B IUKJI€ — BBIBOJL IIECTHU-, CEMU-, . .., JIBEHAIIATHYTOJIb-
HUKa& CO CTOPOHOI 5mm.
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\usetikzlibrary {turtle, calc}
\newcommand{\repoly}[2]{
\def\alp{(180- (#1-2)*180/#1)}
\begin{tikzpicture}
\draw [fill] (0,0) circle (O.5mm);
\draw [fill=red!10, thick, turtle=home]

\foreach \s in {1,...,#1}
{[turtle={fd=#2,rt=\alp}]};
\end{tikzpicture}}

\noindent \repoly{3}{1}
\foreach \t in {6,...,12} {\repoly{\t}{5mm}}

>000000C

6. Hagnucu y “mommaroBbix’ TOYEK B TPAEKTOPUHN de-
peranikmn

B,ILer Ha IIpuMepe BbIBOJa KBa/paTa IIOKa3aHO, KaK MMEHOBAaThb TOYKHM B KOHIIE
KazKJI0Iro mara TpacKTOpUU YepEIalllKu U BbIBOJIUTH HAAIIMCHA OKOJIO HHUX.

\usetikzlibrary {turtle}
\begin{tikzpicture}

\draw [fill] (0,0) circle (O.5mm);

\draw [fill=blue!10, thick, turtle=home]

\foreach \t/\s in {above left/B, above right/C,
below right/D, below left/A}
{[turtle={fd=2cm,rt=90}] node [\t=-1mm] (\s) {$\s$}};

\end{tikzpicture}

B C

A D

7. BI)IBOI[ IIPpaBNJIBHBIX 3BE€3/]

Jlajmum omipejiesienne TOHATUA ‘3Be3sia’. Pa3zmecTnm 1o Kpyry n TOYeK Ha paB-
HOM pPaCCTOSHUU JIPYT OT JAPyTa, TO €CTh 3aJa/ MM IIPaBUIbHBIN n-yroabHuk. Jlasee,
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KasKJIyIo TOJIy9eHHYIO TOUKY COeJIMHUM OTpe3koM ¢ m-oit (1 < m < n/2) mo cuery
OT Hee TOYKOH KpyTra MpH JABUKEHUH 10 9acoBoii crpeske. [loyaennyto ¢purypy Ha-
3BIBAIOT 1/ M~-3BE3I01 WK 3BE319aTOl (hOPMOIT HCXOJHOTO BBILYKJIONO N-YTOJIbHUKA.
Beprmaamu n/m-3Be3/1p1 CIUTAIOTCS NCXO/HbIE TOUKH, & CTOPOHAME — [IPOBE/ICHHBIE
orpe3ku. Touku repecederust CTOPOH MKy COOOI BepHIMHAMU 3BE3/bI HE CUUTA-
forcst. Takum obpasom, n/m-3Be31a UMeeT 1 BEPIIUH U 1. CTOPOH. Y IPABUIBHOIO
BBIITYKJIOTO N-YTOJIbHUKA MOYKET OKA3aThC HECKOJBKO 3BE3JIHBIX (DOPM.

Jlastee 110 1peJICTaBIEHHOMY KOJY BBIBEJIEHDBI MATUYTOIbHAS, JIBE CEMUYTOIbHbIE
U JIEBATUYTOJIbHAS IIPABUIbHBIE 3Be3/IHbIe (DOPMBI. Best TPyJIHOCTH UX MOCTPOEHUs
3aKJIFOYAETCS B TIOJICUETE YIJIA IIPU CMEHEe HAIIPpaBJIeHUs JBUKeHus deperarntku. s
HATUYTOJLHON 5 /2-3B€3/1bI 3TOT yros paBeH 144°) st ceMuyrosibHOil 7/2-3Be371b1 —
(720/7)°, mst cemmyrombhoit 7/3-3se3apl — (1080/7)° u jquist geBsaTuyronbHoit 9/4-
3Be3Ibl — 160°:

\usetikzlibrary {turtle}
\begin{tikzpicture} [turtle]
\foreach \p/\gq/\pos in
{56/144/0, 7/{180%4/7}/2.5, 7/{180%6/7}/6, 9/160/9}
{\draw [fill] (\pos,0) circle (0.5mm);
\draw [fill=teal!5, thick] (\pos,0)

\foreach \t in {1,...,\p}
{[turtle={fd=2cm,rt=\q}1};}
\end{tikzpicture}

& LX 3 *

Eciu B npepryiieM KoJie Cliicok 1epBoit KomaH 1kl \foreach 3aMeHUTH CITUCKOM
11/180-4/11/0,11/180-6/11/4.5,11/180 - 8/11/8,11/180 - 10/11/11,

TO JIIs1 TIPABUILHOTO BBIITYKJIOrO 11-yrobHuKa moJryanm cieyormmue dersipe 11 /m-

3Be3/Ibl ipu m = 2, 3,4 u b:
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Ecan B ncxoiHOM KoJjie CIIMCOK I1epBoil KomaH bl \foreach 3aMeHUTH CITUCKOM

13/180 - 4/13/0,13/180 - 6/13/4.5,13/180 - 8/13/7.9,
13/180 - 10/13,/10.6,13/180 - 12/13/13.2

TO TIOJIy9IUM CJIejytorue narh 13/m-3se3n npu m = 2,3,4,5 u 6:

8. 3akJjiroueHue

W3 mpeacraBiaeHHOrO0 MarepuaJa BhITEKaeT, 9TO cpeJacTBa oubanoreku tirtle ma-
keta TikZ jilerku B OCBOGHHH M BO MHOI'HX CJIydasiX MOT'YT CYIIECTBEHHO yIPOCTUTH
co3/laHNe TEeXHUYIECKUX depTexkeil mpu pabore B HaydIHOU U3IATEIbCKON crucTeme

TX/ B TEX.
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