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[Ipy ynOBNETBOPEHUHU BBIIMIEU3JIOKEHHBIM YCIOBHSM, HEPAaBEHCTBA MPH U
BBITIOJIHSIFOTCS @aBTOMATUYECKH.
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Uepes uncno Kypanra:
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Jlns cxeMbl C LEHTPaJbHOM PAa3HOCTHIO OrPAaHWYECHHS Ha BEIUMUYHUHY

BA3KOCTHU UMCIOT BUA:

6.

ITAIIBI PACUKTA
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Iy = const >0, ckopoctn @4 u @3 3a7ar0TCA CIEAYIOMUM 00Pa3oM:

dx, (1)
a, =1t Osr<=n
0, r>n
dyp (t), =7
a, =y dt -
0, T >

e X0 (0) = X400, %0 (0) = ¥50,71 =75

Oynknuun X = Xo (©,y =¥ (t) OTPE/ICIISIOT TPACKTOPHIO BIDKCHUS LIEHTPa PEIICHUS
(X0,¥0) B mockocTn (x,¥): %o (£) = Xoo + Ugol, Vo () = Voo + Vool, Uy, Voo - CONSE.

JIist TECTUPOBAHKS M CPAaBHHUTEIBHOTO aHAIM3a HCIIOIb30BAIMCH YETHIPE THIMA (HYHKIIHIA
R(r, ), Tpu u3 Hux (2 — 4) onucansl Takke B padote [1]. Hmke npeacTaBiieHbl BUABI TOYHBIX
pelIeH i, Ha JIEBOM PUCYHKE TOKa3aHbl JIWHUU YPOBHSI, Ha TIPABOM — BHIOBasI IPOEKITHSL.
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Puc. 5 HaganbHbIH NPOGHIL «KOHYCH
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Puc.6 Hauansnelii npoduine «koHyc 6€3 ceKTopa»
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P, ={(xy):xy £x < x5;3; £y < y5}
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Puc.7 Hauanpsuslit npodune «OykBa M»
3aIIaI[I/IM CICAYIOIUC 3HAUCHU A TapaMETPOB:
xOO - 10’}’00 - 10,?’0 - ?"1 - 10,u00 - 1?00 = 1
0,x,=3,x3=7,x, =

11,%; = 14

T
P, = O,(P: =§,x1 =

vi=0y=7y =10y, =10,y; =14

7.1.  TECT «IIPAIMOYT OJIbHBIN ITAPAJUIEJIEITAIIET»

[IpoBeaéM BBIUMCIIEHUS IO OMMCAHHOMY METOAY B obnactu, conepxamieii 200x200 y310B,
IPOCTPAaHCTBEHHbIE IATW BHIOEPEM €AMHUYHBIMH. 3a/JaMM HAdalbHBIA NMPOQWIb B BUAE

MPSMOYTOJIBHOTO Mapaienenunena, 4uciao Kypanrta paBabeiM 0.1,

nonoxum @& = 0

(McToNb3yeTCss MUHUMANTbHAS BSI3KOCTH). Tabi. 1 coepKUT HOPMBI TOUHOTO PEIICHHUS.

Hopma C L, L,
WHTerpanbHas / 12000 109.545
JloxanpHas 1 100 10

Tabmuma 1. 3HaueHUss HOPM Pa3HOCTH TOYHOTO W YUCIICHHOTO PEIICHUS IS HadalabHOTO MpOoQuis
«TIPSMOYTOJBHBIN MapaijieNienuIe» Ha MOMEHT BPEMEHH tg, = 120 mpu MUHUMAaIbHOU BS3KOCTH.

Hcnonp3yeM BapuaHT anmnpoKCUMAallMM IOTOKOB C pa3HocThio Brepén. Ha puc. 8

npezcTaBieH By npoduist Ha MoMeHThl Bpemenu 50, 100 u 120:
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Puc. 8 Ilpodwmits «npsMOYToNIbHBIH Napajuiesienuiie» B MoMeHTsl Bpemenu 50, 100, 120

140

135

130

Puc. 9 TIpoduis «ipssMOyToIBHBIN Mapajulelenunen» B MOMEHT BpEMEHH fin = 120

Ha puc. 9 npezacraBieHa BepTHKaIbHAS MPOCSKIUS HAYAIBHOTO TPOQHIS HA MOMEHT
BpEMEHU tg, = 120. [Ipoduns coxpanser mnepBoHauanbHyio (opmy. Tabm. 2 comepkut
3HAYCHUs] HOPM PA3HOCTH MEXIY TOYHBIM M YHCICHHBIM PEIICHHEM Ha MOMEHT BPEMEHH
tg, = 120

Hopma C L, L,
WHTerpanbHast 1.02703 2536.26 38.9357
JlokaspHast 1.00511 23.1132 4.3522

Tabmmma 2. 3nadeHuss HOpM pa3HOCTH TOYHOTO U YHCIICHHOTO PEIICHUS I HAYaJIbHOTO TTPOQIIIS
«IPAMOYTOIBHBIN MapaJljIeNenunen» Ha MOMEHT BPEMEHU tg, = 120.

JUiss  cpaBHMTENBHOTO aHaiu3a OyJeM HCIOJIb30BaTh HadajbHblE NPOPHIN «KOHYCY,
«KOoHyc 0e3 cekropa» U «OykBa My». Pesynprar Oymem cpaBHuBaTh B Hopmax C, Ly, L,
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MHTETPAJIbHO U JIOKAJIBHO cO cxeMamu 1. Jlakca'”, cxemoit ¢ «.]II/IMI/ITepaMI/I>>12 U CXEMOM C

HaIpPaBJIEHHBIMU Pa3HOCTAMH (OMHMCAHNE JAHHBIX CXEM MPEACTABICHO B MPUIOKEHHUH 1).
[Ipu pacuérax BeTMUMHY HCKYCCTBEHHOH BSI3KOCTH OY/AE€M pErylIHpOBaTh C TOMOIUIBIO

napaMerpa @, 3ajaBas €ro 3Ha4eHUEe IS JTUHEHHOW KOMOWHAIH &, + (1 — @)lhmin-

Yucno Kypanra (y = min(5:5,%2%)) OrpaHMYMBAETCSA CBEPXY BEIUYMHOH Ypa, = 0.25 (
by * hy

Y = Vmax)-

7.2. TECT «kKOHYC»

Tabn. 3 comepXUT 3HAUYCHHs] HOPM pPA3HOCTEH TOYHOTO M YHCICHHOTO PEIICHHS,
nojy4deHHoro no merony AWB, mis HaganmpHOrO mMpouis «KOHYC» Ha MOMEHT BPEMEHHU
trin = 120, 9HCIIO Kypanra paBno 0.15, napamerp o = 0.2.

Hopma C L, L,
HurerpanpHast 0.492662 5956.67 29.8267
JlokanpHas 0.420144 61.5856 3.10825

Ta6unuia 3. 3HaueHuss HOpM PA3HOCTEH TOYHOTO M YUCJIEHHOTO PELICHUS /sl HA4aaIbHOTO
MPOMUIT KKOHYC»

Puc. 10. Tect «koHyC» Ha MOMEHT BpeMeHH iy, = 120

7.3. TECT «KOHYC BE3 CEKTOPA»

[TomyueHHbIe 3HaUE€HHUS HOPM PAa3HOCTH TOYHOTO M YUCIICHHOTO PEIICHHH /ISl Ha4aJIbHOTO
npoduiIs «KOHyc 06e3 ceKTopa MpeACTaBICHbI B Ta0. 4.

Hopma C Ly L,
WnTerpanbhas 0.874428 5760.59 32.8994
JlokanpHas 0.719869 54.781 3.34619

Tabnuua 4. 3HayeHnss HOpM pa3HOCTEH TOYHOTO U YHUCIIEHHOTO PEICHHS AJISl HAYaJIbHOTO MPOQUIIs
«KOHYC 0e3 CeKTopa»
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o
.
I

Puc. 11 Tect «koHyC 0e3 cexTOopa» Ha MOMEHT BpeMeHH tg, = 120

7.4. TECT «bYKBA M»

B Tabn. 5 npeacTarneHsl 3HAUCHHUS HOPM Pa3HOCTEH TOUYHOTO M YHCJIICHHOTO PEIICHUS,
noJy4eHHoro o Metony AWB, mis HayansHOTO poduitst «OykBa My Ha MOMEHT BpeMEHH
tfin = 120, uncio Kypanra pasro 0.15, mapamerp @ = 0.2.

Hopma C L, L,
WNHrerpanbHas 0.993475 10522.4 69.5198
JlokanpHas 0.776929 105.247 6.81835
Tabnuua 5. 3HayeHuss HOpM pa3HOCTEH TOYHOTO U YHUCIIEHHOTO PEICHHS AJISl HAYaJIbHOTO MPOQUIIs
«OykBa M»

F4
150

145

140

135

b

6o s ado 7 ko 7 200

Puc. 12 Tect «OykBa M» Ha MOMEHT BpeMeHH tg, = 120
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8. TECTBI IJ11 CXEMbBI C HEHTPAJIBHBIMU PASHOCTAMU

Byaem npu anmpokcumanuy MOTOKOB HCIIOJIB30BATh LEHTPAIbHYIO PA3HOCTh, MPOBEIEM
AQHAJIOTUYHBIE PACUETHI.

8.1. TECT «KOHYC»

JIist «kOHycay ToTydaeM ClIeIyIoIIne 3HaUeHUsI HOpM (3HaueHus nmapamerpa & u gucia
KypanTa npexnue):

Hopma C L, L,
WHrerpanbHas 0.40745 2336.52 13.442
JlokanbHas 0.389485 31.3716 1.79619

Tabnuna 6. 3HaYeHNsT HOPM JIJIsl HAYATBHOTO PO «KKOHYCH»

-
04

Puc. 13 TecT «koHYC» Ha MOMEHT BpEMEHU trin = 120
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Ha puc. 13 BugHO, uTO B mpolecce pacu€ra MPpOUCXOIUT AUCCUTIAIUS PEIICHHUS.

8.2. TECT «KOHYC BE3 CEKTOPA»

Jnist koHyca 6e3 ceKTopa TaKke HaOIr01aeTCsl CUIIbHOE MaJCHNEe aMIUTUTY b, HauaIbHbIHA
POQUITb «Pa3MBIBACTCS.

Hopma C L, L,
WHTerpanpHas 0.8562 3664.9 24.9678
JlokanpHasg 0.511313 43.6331 2.76011

Tabnuua 7. 3HaueHnss HOPM 7Sl HAYAJIBHOTO MPOPUIIT «KOHYC 0€3 CeKTopay

1%
0.
0.64
c ] -
] &
04
0>
iy
50 b0 TN " 260
Y

Puc. 14 Tect «koHyC 0€3 CeKTOpa» Ha MOMEHT BPEMEHH ¢ fin = 120
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8.3. TECT «bYKBA M»

[Ipu HavansHOM npoduie «M» HabIIOAAETCS CUIIBHOE «Pa3Ma3blBaHUE PELICHHUS,
3HAYUTEIbHOE YMEHBIICHUE aMILIUTYbI.

Hopma C L, L,
WurerpansHas 0.994375 16663.9 80.0625
JlokanbHas 0.832268 162.598 7.89453

Tabnuua 8. 3HaueHuss HOPM JAJIsl HAYaJIbHOTO Mpoduis «OykBa M»

150

145

140

135

%

02

Puc. 15 Tect «M» Ha MOMEHT BpEMEHH ¢ fin = 120
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[Ipn ucnonp30BaHMM BapuaHTa ANNPOKCHUMALMM IOTOKOB C LEHTPAJBbHOM pPa3HOCTHIO,
HayalbHbI MPOQWIb CTAHOBUTCS KOJOKOJIOOOPA3HBIM, aMIUIUTYAA CHJIBHO YMEHBIIIAETCS.
[Ipu anmpokcuManuu MOTOKOB C HCIIOJIB30BaHUEM Pa3HOCTH BHEpEN HavalbHBbIE MPOQPHIN
COXpaHsT GOpMy, aMIUTUTY/Ia TIOHKKAETCs cladee.

CpaBHUM NOJy4yEHHBIE PE3YJbTaThl C BBIIIEIEPEUYNCICHHBIMU CXEMaMHU U3 pa60Tb11 [1].
ITpy ucnonb30BaHUM CXEMBI C HAlpaBJIEHHBIMU pa3HOCTAMU M cxeMmsbl 1. Jlakca mmst mo0ObIx
¢opMax MOBEPXHOCTH HAYAJIBHOTO YCIIOBHS HAOIMIOAAETCS «pa3Ma3blBaHUE) UYHCIEHHOTO
peLIeHHs Ha 10CTaTOYHO OOJIBIIOE YHCIIO UHTEPBAJIOB PA3HOCTHOM CETKH M YMEHBIIIEHUE €T0
aMIUTUTYAbl. Pe3ynbraThl, MONyYyeHHBbIE B JaHHOM paboTe JUIi CXEeMbl C BapHAHTOM
anmnpoKCHUMAalMU IMOTOKOB C HCIOJb30BAHMEM pPa3HOCTH BIEpEn, OMU3KM K pe3ysibTaTaM
CXEMBI ¢ «IMMuTepamuy. Huxke npuBeném 3HaueHus HOpM. Tabi. 9 comep XUt 3HaYeHUs JUIs
Ha4YaJIbHOTO TIPO(HIIS «KOHYC», pe3yJbTaThl AJIa Npoduiield «KoHyC 0e3 ceKTopa» U «OykBa
M» npezncrasiensl B Tada. 10 u Tabi. 11 coOTBETCTBEHHO.

Hopwma C Ly L,
AlB «mmutepe» | AUB | «wiumurtepsy | AUB | «wimMuTepb»
Wurerpanbnas | 0.492662 0.45 5956.67 5704.77 29.8267 35.73
Jloxanpnas | 0.420144 0.43 61.5856 54.47 3.10825 3.67
Tabnuua 9. 3HayeHnss HOPM ISl HAYAIBHOTO MPOQPHIIS «KKOHYCH»
Hopwma C Ly L,
AlB «mmutepe» | AWB | wimmureps»y | AWB | «smumuTepni»
Wurerpanbhas | 0.874428 0.87 5760.59 4719.94 32.8994 33.28
JlokanbHas | 0.719869 0.85 54.781 48.29 3.34619 3.67

Ta6mmma 10. 3HadeHuss HOPM ISl HA9aIbLHOTO MPOGUIII «KOHYC 0€3 CEKTOpay

Hopwma C Ly L,
AlB «mmutepel» | AUB | «aumutepe» | AVB | «1umuTeps»
Wnrerpanbhas | 0.993475 0.96 10522.4 7914.47 69.5198 56.87
JlokansHast | 0.776929 0.91 105.247 72.48 6.81835 5.35

Tabmuua 11. 3naueHuss HOPM AJIS HAYATBHOTO MPOQUIIS KKOHYC 0€3 CEKTOpay

9. 3AKJIIOYEHUE

1. Tloctpoennsie
KOHCEpPBATUBHOCTH.

CXEMbI

TS

ypaBHEHUs

nepeHoca

o0JIamaroT

CBOMCTBOM

2. PazHocTHBIE OnepaTopbl I'paJiMeHTa U IUBEPIeHIIUU IS TIOCTPOCHHBIX CXEM SIBIISIFOTCS
CaMOCOIIPAKCHHBIMU.
3. Pe3ynbpTarhl TECTOBBIX pPACyYETOB MJIA CXEMBI, IOCTPOEHHOW C HCIOJIb30BAaHUEM
Pa3HOCTH BHCpéII, OKa3aJluChb 6JII/I3KI/I K AaHAJIOTUYHBIM 3HAYUCHUAM JId CXEMbI C
«muMuTepaMu». YHCIeHHbIE pEIIEHUs, IOJYYEHHBIE 10 CXeMe, IOCTPOSHHOW ¢
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HUCIIOJIB30BaHHUCM HeHTpaHBHOﬁ PAa3HOCTH, CYIICCTBCHHO YCTYHAKOT IO TOYHOCTU CXEME,
HCTIONIB3YIONIEH Pa3HOCTh BOEPE.

BJIATOJAPHOCTH

PaGoTa BeimonHeHa ipu mojepkke Poccuiickoro dhouaa GhyHIaMeHTATBHBIX
uccienoBanui, mpoekt 15-01-04620-a
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Summary. In this paper we present posibilites to use the ‘Cinderella’ software in theory of
curves and vector fields visualizations as well as in understanding their mechanical and
geometric characteristics. These objects are extensively studied in physics, medicine and other
sciences. The use of ‘Cinderella’ is exemplified in animation of cardioid, astroid, cubic
curves, quadratic curves and their singularities. We emphasize the educational role of this
software and application of its language ‘SindyScript’ and illustrate the way in which physical
processes are modelled by the means of “Cinderella’ software.

1 INTRODUCTION

Cinderella is a free software package for doing dynamic geometry on computer initialy
developed by Jiirgen Richter-Gebert. In a very first stage of development software was
created in Objective-C on NeXT platform. Later, it was rewritten in Java by Jiirgen Richter-
Gebert and Ulrich Kortenkamp.

The application areas of ‘Cinderella’ reach from pure Euclidean geometry via physics
to kinematics and computer-aided design. The important distinction of ‘Cinderella’ to other
software is that it keeps track of your construction steps and is able to re-do them, even for a
different placement of the base elements. It is possible that, after you have made a sketch,
pick a point and drag it to some other position and the rest of construction is updated during
the move which enables the valid instance of geometric construction. Beside alowing us to
make drawing which look nice and to have access to elements that lie outside the drawing
region, this feature is even more useful when we finished construction and want to explore
geometric properties of it.

The benefits using ‘Cinderella’ are much more visible in it’s version ‘Cinderella.2’
which offers a completely new suite of application. In this ‘Cindrella’ version powerful
engine for physical simulations called ‘CindyLab’ is provided. ‘CindyLab’ is the part of
Cinderella which enables us to create simulations of physical experiments with a few mouse
clicks, no matter if it is simple or very complex physical scenarios. The basic model behind
this simulations in ‘Cinderella’ is a particle/forces model.There are particles with certain
masses that behave according to Newtons laws of motion. At the same time there is a variety

2010 Mathematics Subject Classification: 11H56, 18A10, 68R10.
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of forces such as springs, gravity, magnetic fields, walls, etc. that influence the movement of
the particles. A wide range of experiments can be simulated using this model.

If we going further, ‘Cinderella’ isn’t just software for dynamic geometry and physical
simulation. A programming enviroment named ‘CindyScript’ is significant enhancement to
Cinderella which represent very powerful and easy to learn functional language. It is designed
primarily with the intention to allow high-level interaction with geometric constructions or
physical simulations created in ‘Cinderella.2’. Nevertheless, it can also be used as a
standalone language for performing mathematical calculations.

In the following section we will emphasize and give a brief overview of the main
‘Cinderella’ applications.

2 MAIN ‘CINDERELLA’ CHARACTERISTICS

A unique trait which is possible due to mathematical foundation of ‘Cinderella’ is
capability to view a single construction in different geometrical interpretations at the same
time. This feature maintained an abstract model of the construction which can be displayed
through one or more windows.

2.1 Euclidean plane and spherical projection

Tipes of geometry which are present in latest ‘Cinderella’ version are Euclidean geometry,
hyperbolic geometry, and elliptic geometry. User can switch among these three geometries by
pressing the button | euc for Euclidean geometry, | Hyp for hyperbolic geometry, or | Ell [for
elliptic geometry.

Since the Euclidean view is the usual drawing surface, it is default view at startup
‘Cindrella’. It is the natural window for doing Euclidean geometry.

Figure 1: Pascal's theorem in a Euclidean and Spherical view [3]
The spherical view arises from a projection of the Euclidean plane onto the surface of a

ball. The center of the projection is the center of the sphere. The plane does not pass through
the center.
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This projection maps each point to an antipodal pair of points on the sphere. Each line is
mapped to a great circle (an equator) on the sphere. The incidence structure is preserved.
Working with the spherical view allows elements at infinity to be manipulated. They lie on
the boundary of the image of the unrotated sphere. The spherical view is a natural way to
represent elliptic geometry. Measurement of angles between lines corresponds to measuring
angles on the sphere. Measuring distances corresponds to the usual geodesic measurement of
distances on the sphere, keeping in mind that antipodal points are identified with each other.

Figure 2: Hyperbolic circles of equal size [3]

The hyperbolic view is the natural view for hyperbolic geometry. In fact, doing hyperbolic
geometry is the main reason for opening a hyperbolic view. The hyperbolic view represents
an implementation of the Poincaré disk model of hyperbolic geometry. In this model the
(finite part of the) hyperbolic plane is represented by a disk. Each line is represented by a
circular arc that is orthogonal to the boundary of this disk. The measurement of angles
between lines is conformal. This means that you can read off angles by measuring Euclidean
angles between the circular arcs. The measurement of distances is such that the elements on
the boundary are “infinitely far away” from any other point on the disk. If you “walk™ in
hyperbolic unit steps in one direction, you will never reach the boundary. In the disk, the steps
seem to become smaller and smaller (in Euclidean measurement).

Figure 3: The animation of epicycles in ‘Cinderella’ [2]
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3 PROGRAMMING WITH ‘CindyScript’

The following section summarizes the most fundamental concepts of ‘CindyScript’.
‘CindyScript’ make all calculations by executing functions. Every function takes the
argument and return output value. In order to define function in ‘CindyScript’ user have to
specify the name of a function, provide a parameter list and write down the body of a
function. For example, function which calculates the sum of the first n squares we define as
follows: F(n) z=sum(1..n,1,1"2).

Mathematical operators in ‘CindyScript’ can be applied to numbers and lists. Integer, real
and complex numbers can be added, subtracted, multiplied, divided and taken to the power
with the operators +, -, *, /, . Elementary mathematical functions are also avaliable. For
example, square root, exponential function and natural logarithm can be obtained by
functions:sqrt(<expr>), exp(<expr>), log(<expr>). The standard trigonometric
functions are available through the following operators: sin(<expril>),
cos(<exprl>), tan(<exprl>), arcsin(<exprl>), ...

Writing a sequential code in ‘CindyScript’ is not so different from writing code in
sequential programming languages such as C or Java. In what follows, we will exemplify how
conditional branching and various kinds of loops can be generated in ‘CindyScript’. The
conditional operator with sintax IF(<bool>,<expr>) act in a way that the expression
<expr> is evaluated if the Boolean condition <bool> evaluates to true. Otherwise,  is
returned. In following paragraph we will describe while loop which evaluates the expression
<expr> as long as the condition <bool> is true [3].

x=0; sum=0;
Expression=while(x<4,
X=X+1;
sum=sum+x;
printIn(x+" --> "+sum);
sum

priﬁtln(Expression);

3.1 Linear Algebra with ‘CindyScript’

As one of most important branch of mathematics, Linear Algebra concerne study of linear
sets of equations and allows the analysis of rotation in space, least square fitting as well as
many other problems in mathematics, physics and engineering. Since matrix and determinant
are extremely useful tools of linear algebra, there are the most fundamental and elementary
concepts of ‘CindyScript’.

For vectors and matrix representation in ‘CindyScript’ we use lists of elements which can
be created by placing the elements in square brackets, separatedby commas. For
example,[1,2,5,0,-2] is a list of numbers and [*“a*, ““b*, ““3*“] is a list of strings. The
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list whose all elements are numbers we call a “number vector”. If the elements of a list are
again lists, and if all these lists have the same length, then such a list is called a matrix.
Whether a certain list is a number vector or matrix can be tested with the operator
1snumbervector(<expr>) or ismatrix(<expr>).

Besides addition and multiplication, as described earlier in this section, there are also
several arithmetic operations from linear algebra that are responsible for vector and matrix
administration. In what follows, we provide some examples of this operators.

Dimensions of a matrix we can easily calculate using function matrixrowcolum
(<matrix>). Operator which returns transpose of a matrix is transpose(<matrix>).
Functions row(<matrix>,<int>) and column(<matrix>,<int>) gives rows and
columns of a matrix at position <INt> as a vector. Furthermore, extracting a submatrix of a
matrix is available using function submatrix(<matrix>,<intl>,<int2>). Resulting
submatrix is obtained by deleting the column with index <intl> and the row with index
<iInt2>. These functions are illustrated in a next example.

Expression Result
matrixrowcolum([[8,7,6],[1,2,3],[9,12,15]11) [3.3]
transpose([[8,7,6],[1,2,3],[9,12,15]]) [[8,1,91.[7.2,12],[6,3,15]]
row([[8,7,6]1,[1,2,3],[9,12,15]],2) [[1.2,3]1]
column([[8,7,6],[1,2,3],[9,12,15]],3) [[6.3,15]]

submatrix([[1,2,4],[3,2,3].[1,3,6],[5.,4,711.2,3) [[1.41.[3.3]1.[5.71]1

As an extremely important function, determinant can be used for many purposes. Operator
that calculates the determinant of a square matrix is det(<matrix>). If we observe the
square invertible matrix we can calculate the inverse of that matrix using function
inverse(<matrix>). Adjunct and eigenvalues of a square matrix are calculable with
opertators adj(<matrix>)and eigenvalues(<matrix>). We will use the next
example to show application of these functions in ‘CindyScript’.

Expression Result

m=[[1,1,11,[2,3,-21,L1,1.2115 14 1067,2.9466 - i*0.8297,2.9466 + i*0.8297]
println(eigenvalues(m)); 1

printin(det(m));
printin(inverse(m)); [[8.-1,-5],[-6,1,4],[-1,0,1]1]

The following example is given to show how we can use ‘CindyScript’ for solving a
linear equation. The ‘Cinderella’ operator linearsolve(<matrix>,<matr-
1X>)calculates a solution x of the systemof equations Ax=b. The matrix 4 must be square (n
times n) and invertible and b can either be an n dimensional vector, it can be a matrix with n
TOWS.

Expression Result
m:E[l,l,O]i[Oal,%%,goiiil]]; [-1,3,1]
x=linearsolve(m,[2,3, ; 2 2
printIn(x); [2.3.4]
printIn(m*x);
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Next pharagraph shows the way in which ‘CindyScript’ can be used for numerical
calculation such as the derivative of a function and construction a tangent to a given function.
The picture below demonstrate the ‘CindyScript’ code and the resulting image created by the
program [2].

() :=(X+3)*(x+1)*(x-5)*0.1;
g :=d(F(#),x);

plot(fF(x));
plot(g(x),color->[1,0,0]);
t=tangent(f(#),A.X);
draw(t,color->[0,0.51,1]);

— F(X)=0.5(x+3) (x+1)(x-5)
— gCO=F" ()

Figure 4a: Code which demonstrates the
use of the ‘CindyScript’ operators Figure 4b: A graph of functions f(x) and g(x)

— tangent to a function f(x)

Figure 4c: A tangent to a function f(x)
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4 CindyLab

As we mentioned in the Introduction, ‘CindyLab’ is a part of ‘Cinderella’ which enable us
to create and simulate physical experiments.

Similar to geometric part of ‘Cinderella’, drawing a physical experiments means adding a
objects such as mass, free points, gravity, walls, sun, fixed planets, etc. As soon as a physical
object is added, an animation control panel appears in the geometric view. Pressing the play
button starts the physics simulation. If a velocity was assigned to the mass, the mass will start
moving automatically. If the mass is influenced by forces or from Gravity, the velocity of the
mass will change according to the force while the mass is moving.

The basic properties of all physics objects can be set and changed using the physic tab of
the Inspector. In ‘Cinderella’ software Insector presents a central controlling unit for all
properties of a configuration and its objects, and physics insector for generic a mass looks as

on a next Figure. The following table is given to show the main object for doing physics
experiments in ‘CindyLab’.

° M Free Mass
P Velocity
| £ Simulation (=] - .
O e O o E%) 22/ Gravity
':’fr 4o a 2 f/}E
20- Sun
Mass 1.000 i
—
Friction 0.0 Magnetic Field
I i
Charge 0 -
—— 1 111 i ‘ Spring
Radius 1.000 |
— ' —
Fixed Ef ! : Floor
Limit Speed ) )
\\/ﬁ ‘ Bouncer
Figure 5: Physics Inspector in 'CindyLab’ Table 1: Physics objects in ‘CindyLab’
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In the following picture we give an example of a physics simulation with ‘CindyLab’. We
are modeled a planet orbiting a sun, i.e. Kepler low of planetary motion.

Figure 6: Overview of animation of Kepler law of planetary motion in ‘CindyLab’
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Summary. The results of the Thirteenth International Scientific Seminar «Mathematical
models and modeling in laser-plasma processes & advanced scientific technologies»
(LPPM3-2015), held from 30 May to 6 June 2015 in Montenegro (Petrovac), summarizes the
Program committee of the seminar.

From 30 May to 6 June 2015 in Petrovac (Montenegro) was hosted the 13th
International Seminar "Mathematical models and modeling in laser-plasma processes &
advanced science technologies» (LPPM3-2015). Seminar organizers are Keldysh Institute of
Applied Mathematics of the Russian Academy of Sciences, A.M. Prokhorov Institute General
Physics of Russian Academy of Sciences and the University of Montenegro (Podgorica).

Workshop participants LPPM3-2015, Petrovac, Montenegro.

The seminar still retains an interdisciplinary directionality, based on the scientific
methodology of mathematical modeling, which allows to consolidate scientists working in
different subject areas: mathematics, physics, chemistry, biology, medicine, economics, and
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history. The participants of the seminar have considered the problems of Software
Engineering, Visualization and Computer Graphics, Parallel / Distributed Computing and
Grid Computing, Networks Design, have formulated the problem to be solved.

Journal «Mathematica Montisnigri» for many years supported the work of the seminar,
publishing the best papers of participants in the form of scientific articles. In 2015, the
publications of the reports of LPPM3-2015 Seminar contained in XXXIII volume. Publication
of the proceedings of the seminar promotes the expansion of subjects of scientific areas
covered in the pages of the journal, and supplementing the basic components of classical
mathematics and mathematical modeling with new directions.

The Seminar was attended by more than 140 well-known scientists from eleven
countries: Russia, Spain, Germany, Montenegro, Serbia, Croatia, Republika Srpska, Bosnia
and Herzegovina (Republika Srpska), Slovenia, Ukraine, Lithuania, United States of America.
The Russian side was represented by the twelve institutes of Russian Academy of Sciences
and by seven universities.

The seminar included the plenary, invited and oral presentations, heard in two parallel
sections: "Mathematical models and modeling in laser-plasma processes" and "Mathematical
models and modeling in advanced science technologies." Part of the report was presented in
the form of short messages.

In natural science section of the seminar "Mathematical models and modeling in laser-
plasma processes" can be divided into four thematic categories:

"Laser action"

"Mathematical modeling"
"Computational Mathematics"
"Russian space".

Under the heading "Laser action" discussed new experimental data on the problems of
laser action on materials, were formulated directions for setting of computational experiments,
the application of mathematical, numerical and computer modeling.

Under the heading "Mathematical Modeling" efforts are mainly concentrated on the
fundamental problems of development continuum and atomistic models, the development of
methods of computational mathematics, studying laser physics, modeling a variety of
applications of laser technology. The meeting discussed the latest achievements of
fundamental and applied research in the field of laser material processing, synthesis and
diagnostics for -nano, -pico, -femtosecond impact modes. Actual topics were problems of
mathematical modeling of laser nanostructuring of generation of nanoparticles, pulsed laser
deposition of thin films, the interaction of ultrashort laser pulses with materials and laser
ablation.

Under the heading "Computational Mathematics" were discussed problems of
perfection of mathematical apparatus, including parallel algorithms for supercomputers
required to study in different subject areas.

Within the framework of the natural science section was made a number of reports
under the heading "Russian Space", in which the problems of the development of strategies of
research of systems of the outer planets, space monitoring , the development of surveillance
systems and statistical data processing, as well as problems associated with modeling and
visualization in real time Earth's surface to space simulators.

During the seminar was held two thematic discussions in the form of "Round Table":
"Scientific Life" (prof. A.A. Samokhin, A.M. Prokhorov GPI of RAS, prof. M. Gorbunov-
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Posadov, Keldysh IAM of RAS), where they discussed the problem of the reaction of the
scientific community in the social events of recent years, as well as the opportunities and
advantages of using multimedia in scientific publications.

During the seminar were discussed the issues of further expansion of scientific
cooperation between institutes of Russian Academy of Sciences and the Universities of
Russia and Montenegro. Was considered the possibility of making a trilateral agreement on
scientific cooperation between Keldysh Institute of Applied Mathematics of RAS, National
Research Nuclear University "MEPhI" and the University of Montenegro.

Residents of these scientific institutions professor V.I. Mazhukin (Keldysh IAM of
RAS), professor I.N. Zavestovskaya (Director of the Institute of Magistracy of NRNU
"MEPhI"), professor Pavicevic (University of Montenegro) came to the conclusion that
formation of an official cooperation agreement will further expand the academic relations and
the exchange of students and graduate students in educational programs.

SOLUTIONS OF THE SEMINAR
Made the following decisions:
— fully intensify and develop international scientific cooperation in the field of
application of methods of mathematical modeling;
— support the basic principles of the seminar, intensifying its interdisciplinarity,
involving for this scientists from different fields of science;
— hold in 2016 two sessions of the International Scientific Seminar LPPM3: 14th - in the
spring in Moscow and 15th - in the fall in Montenegro.
For more information about preparation of of the seminar, the presentations and the
annual session can be found at: http://lppm3.ru/.
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13- MEXKJIYHAPOIHBII HAYYHBINA CEMUHAP
«MATEMATHYECKHUE MOJIEJIA U MOJIEJINPOBAHUE B
JA3EPHO-IUIABMEHHBIX TPOIIECCAX & ITEPEJOBBIX

HAYYHBIX TEXHOJIOTHUSIX» (LPPM3-2015).

HNPEACEIATEJIb IIPOT'PAMMHOI'O KOMUTETA B.U. MAKYKHNH

WncTtutyT npukianHoit Matematuku uM. M.B. Kennpimma PAH
Mocksa, Poccus
e-mail: vim@modhef.ru, web page: http://I[ppm3.ru/

KimoueBbie cjoBa: Tpyasl kKoH(DepeHIUH, NPEACTABISIOMMX  OOIIMI  WHTEpEC,
MaremaTnueckoe MOJAEIUpOBaHUE, BprunciaurenpHas MareMaTHKa, JlazepHble TEXHOJIOTHH,
Pa3paboTka mnporpammHoro ooOecnedeHus, Busyanuzanus u KommbloTepHas Tpaduka,
[TapamienbHble U pacnpeeieHHbIC BIYUCIICHU, J(u3aiiH ceTel, Pycckuii kocMoc.

AnHoTamusi. PesynpraTtel  TpunaamaTtoro  MexayHapoJAHOTO  HAy4YHOrO  CEMHUHapa
«MareMaTuueckue MOJEIN W MOJEIMPOBAHME B Ja3€pHO-IUIA3MEHHBIX Ipoleccax &
nepeaoBbIX HaydHbIX TexHomorusx» (LPPM3-2015), npoxomgusmiero ¢ 30 mas mo 6 uioHS
2015 roma B Yepnoropum (IlerpoBaiy), kpaTko 00OOIIEHBI MPOTPAMMHBIM KOMHTETOM
ceMHuHapa.

C 30 mas mo 6 uronsa 2015 roma B ropone Ilerpoar (Uepnoropus) cocrosuics 13-i
MexnyHaponHblii Hay4yHbI cemuHap «MaremaTudyeckue MOZACIM W MOJCIMPOBAHHUE B
Ja3epHO-TUIa3MeHHBIX Tporeccax & IlepemoBeix HaydHbBIX TexHoJoTHsIX» (LPPM3-2015).
Opranuzaropamn CemuHapa sBisItOTCS MHCTUTYT mNpukiagHod Marematuku uMm. M.B.
Kenneima Poccutickoii akamemun Hayk, MHcTUTYyT 00mer ¢usukum um. A.M. Ilpoxopora
Poccuiickoii akanemun Hayk u YHuBepcurer Yepnoropuu (Iloaropuna).

CemMuHap NO-IPEKHEMY  COXpPAHSET  MEXAUCHUIUIMHAPHYIO  HAIPaBJIEHHOCTD,
OCHOBBIBAIOLIYIOCSI HA HAyYHOH METOAOJOIMM MAaTEMaTU4YeCKOro MOJAEIMPOBAHUS, KOTOpas
MO3BOJIAET OOBEAMHHUTH YYEHBIX pabOTAIONMX B PA3IUYHBIX TMPEIMETHBIX O0JIaCTAX:
MaTeMaTuke, (U3uKe, XMMUHU, OMOJIOTUH, MEIUIMHE, SKOHOMHUKE, UCTOPUHU. YUaCTHUKAMHU
ceMHHapa OBUIM PacCMOTPEHBI MPOOIEMBI Pa3pabOTKH MAKETOB MPHUKIATHBIX ITPOrPaMM,
BU3yaJIM3allMM U KOMITBIOTEPHOM rpaduKu, MapajuielbHbIX U paclpeeIeHHBIX BbIUNCICHUH,
nu3aiiHa ceTel U copMyIMPOBAHBI MPOOIEMBI MOJJIEKALINE PEIICHHUIO.

XKypnan «Mathematica Montisnigri» Ha TPOTSDKEHHMM MHOTHX JIET IOAJIEPKUBACT
paboty cemuHapa, myOIuKys Jydiiie TOKIaabl YYaCTHUKOB B BHJI€ HAy4HBIX cTaTteil. B 2015
rogy Ilybmukamuu no nokmagam Cemunapa LPPM3-2015 conepxkarcas B XXXIII tome
xypHana. IlyOonukanus matepuanoB CeMuHapa CHOCOOCTBYET pacIIMPEHHIO TEMaTHUKU
HAy4YHBIX HaIIpaBJICHUM, OCBEIIAEMbIX HAa CTPAaHULAX >KypHaJa, U JOMOJHSIOIINX OCHOBHBIE
COCTaBJISIIOIIME KIACCHUYECKOM MAaTEeMaTWKHM M MaTeMaTH4ECKOTO MOJEIUPOBAHUS HOBBIMH
HaIpaBJICHUSIMHU.
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VYyactauxu cemunapa LPPM3-2015, r. Ilerposar, YepHoropusi.

B pa6ore Cemunapa npussiiy ydactue 6omiee 140 U3BECTHBIX YUSHBIX U3 OJMHHAIATH
ctpad: Poccum, Wcnanwum, ['epmanum, Yepnoropuu, CepOum, XopBatum, PecmyOmuku
CepOcxkoit, bocaun u I'eprierosuns (Pecny6inka CepOckas), CnoBennu, YKkpaunbl, JIUTBBI,
Coenunennbix llltatoB Amepuxu. Poccuiickas cropoHa Obla MpeCTaBlIeHa JIBEHAIATHIO
WNuctutytamu Poccuiickoit Akanemun Hayk u cembro YHUBEpcUTETaMU.

Ha cemunape Obuid mpeaCcTaBiICHbI IUIEHAPHBIE, MPUIJIAIIEHHBIE U YCTHBIE JOKJIAJbI,
3aciHyllaHHble Ha JBYyX [apaUleJbHBIX CceKuuax: «MareMaTuyeckue MOJEId U
MOJCIIMPOBAHME B JIA3€pHO-IUIA3MEHHBIX Iporeccax» M «MaremaTudeckue MoAenn |
MOJICJIMPOBAHKE B MEPEIOBBIX HAYUYHBIX TEXHOJOTHAX». YacTh JOKIaI0B ObLIa PECTaBICHA
B (hopMe KpaTKuX COOOIIECHUH.

B ecrecTBeHHOHay4yHOW  CceKUMM cemuHapa «MaremaTuyeckue MOJAEId U
MOJEIIMPOBAHME B  JIa3€PHO-IUIA3MEHHBIX  IPOIECCaX» MOXKHO  BBIICIUTh  YETBIPE
TEMaTUYECKHUX PYOpPUK:

«JlazepHO€ BO3EHCTBUE»
«MareMaTn4eckoe MOIEIUPOBAHUEY
«BprancnurenpHas MaTEMAaTHKA»
«Pycckuii KocMoey.

B pyOpuke «JlazepHoe BO3ACHCTBHE» OOCYXIATHUCh HOBBIE SKCIEPUMEHTAIBHBIC
JaHHbIe 1O TpoOieMaM JIa3epHOTO BO3ICHCTBUS HAa Marepuaibl, ObUIM CHOPMYIMPOBAHBI
HalpaBJ€HUsl JUIsl  TOCTAaHOBKM  BBIYMCIIUTEIBHBIX  JKCHEPUMEHTOB,  INPUMEHEHUS
MaTEMaTHYECKOI 0, YNCIEHHOTO ¥ KOMIIBIOTEPHOTO MOJEINPOBAHMS.

B pyOpuke «MaremaTudeckoe MOJEIUPOBAHUE» YCHIIUS B OCHOBHOM COCPEIOTOYECHBI
Ha QyHAaMEHTAIBHBIX Npo0sieMax pa3pabOTKU KOHTUHYAJIbHBIX U aTOMUCTUYECKHX MOJIENeH,
Pa3BUTUM METOJIOB BBIYHUCIUTEIBHON MATEMAaTHKH, WCCIECIOBAHWH MPOLECCOB JA3€pHOU
¢Gu3UKN, MOACTUPOBAHUN Pa3HOOOPA3HBIX MPHUIIOKEHUN Ja3epHOW TexHuKU. Ha 3acemaHusix
o0cyXJanuch MOCHeAHUE AOCTHKEHUS (yHIaMEHTAIbHBIX U MPUKJIAJHBIX HCCIEIOBAHUN B
o0nacTu na3epHOi 0OpabOTKM MaTepualoB, CUHTE3a, U JAUATHOCTUKH JJIS —HAaHO, —IIHUKO, —
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(EeMTOCeKYHIHBIX PEXHMOB BO3JCHCTBUSA. AKTyalbHBIMH TEMaMH ObUIM IMPOOJIEMBI
MaTeMaTUYeCKOr0  MOJAEIMPOBAHMUSA  IPOLECCOB  JIA3€pHOIO  HAHOCTPYKTYPHPOBAHUS
IrEHEpallud  HAHOYACTHLl, HMIIyJIbCHOTO JIa3€pHOTO  HANbUIEHWS TOHKHUX  IUICHOK,
B3aUMOJICHCTBUS yJIBTPAKOPOTKUX JIA3€PHBIX HMIIYJbCOB C MaTepUalaMd WU Ja3epHOU
absuu.

B  pyOpuke  «BwruuciautenpHas ~— MareMaTHKa» — OOCYXKITAIHCh  MPOOJIEMBI
COBEPLICHCTBOBAHNS MAaTEMAaTUYECKOr0 ammnapara, B TOM YMCJIE Napajule]bHBIX aIrOpUTMOB
JUIl CyNEepKOMIIBIOTEPOB, HEOOXOMUMBIX JUIsl MCCIENOBaHHUSA B Ppa3IMUYHBIX INPEIMETHBIX
o0macTsx.

B paMkax ecTeCTBEHHOHAayYHOW CEKIMH OBUI CAETaH DS JOKIAJOB MOJ pyOpHKOI
«Pycckuit kocMoc», B KOTOPBIX OOCYXJaluCh MpoOJieMbl pa3pabOTKU cTpaTerui
UCCIIC/IOBAaHHUST CHUCTEM BHEUIHMX IUIAHET, HaOJIOJCHUS 3a KOCMHYECKUMH OOBEKTaMH,
pa3BUTHS CUCTEM HaOJIIOAEHUS U CTAaTUCTUYECKOM 00pabOTKU MOJYUYEHHBIX JaHHBIX, & TaKXkKe
po0JIEMbI CBSI3aHHBIE C MOJEIMPOBAHUEM M BU3yallU3allMel B pealbHOM MaclTabe BpeMeH!
MOBEPXHOCTHU 3eMJIU AJIs1 KOCMUYECKUX TPEHAXKEPOB.

B xome paboTel ceMHHapa COCTOSUTUCH JBE TEMAaTHYECKHE TUCKYCCHH B (opme
«Kpyriaoro crona»: «Hayunas xusabp» (npod. A.A. Camoxun, MOD um. A.M. IIpoxoposa
PAH, mpo¢d. M.M. I'op6ynos-Ilocanos, UTIM um. M.B. Kengsimma PAH), toe obcyxnanuch
npoOJIeMbl peakiMM HayYHOI'o COOOIECTBa Ha OOLIECTBEHHBIE COOBITHS IMOCIEIHUX JIET, a
TaK)K€ BO3MOYKHOCTSIX U MPEUMYILECTBAX MCIOJIb30BAHUS CPEJICTB MYJbTUMEANA B HAYyUHBIX
myOuKaIusX.

B pamkax cemuHapa cOCTOSUIOCH OOCYXJI€HHE BOIIPOCOB JajbHEHILEro pacUIMpeHus
HAy4YHOTO COTpyaHuYecTBa Mexay HMucrutyramu Poccuiickoit AkagemMuM HaykK ¢
Yuuepcureramu Poccum m Uepnoropuu. bpuia paccmMoTpeHa BO3MOXKHOCTH 3aKIIFOYEHUS
TPEXCTOPOHHETO COINIALIeHHUs O HAay4HOM coTpynHudectBe, mexay MIIM um. Kenneima
PAH, HUAY «MHUON» u YuusepcureroM UYepHoropuu. lIpencraBurenn 3TUX Hay4dHBIX
yupexnenuit mpodeccop B.M. Maxykun (UIIM um. Kenapimia PAH), mpodeccop M.H.
3aBecroBckas ([upexrop Wuctutyra Maructparypsr HUAY «MU®DHU»), npodeccop
[TaBuueBny (YHuBepcuteT YepHOroprH) NpUILIN K BBIBOAY, YTO 3aKI0UYEHUE O(QUIIMATEHOTO
JloroBopa o coTpyaHHYecTBE OyAeT cocOOCTBOBATH AAJNbHEHIIEMY PacIIMPEHHIO HAayUYHBIX
cBsizell M1 OOMEHY CTyJCeHTaMH U aclIMpaHTaMU B paMKaX y4eOHBIX MPOrpaMM.

PEIIEHWA CEMUHAPA

Bbutn NpUHSTHI ceTyomue peIeHus:

— BCEMEpHO YCWINBATh U Pa3BUBATh MEXKyHAPOJIHOE HAYYHOE COTPYIHHUYECTBO B
00JacTy MPUMEHEHUSI METO/I0B MAaTEMaTUYECKOTO MOJIEIINPOBAHMS,

— NOJJEp)KUBaTh OCHOBHBIE NpUHIMNBI CeMHHApa, yCUIUBas €ro
MEXIUCIUTUIMHAPHOCTD, IIPUBJIEKAs I ATOTO YUEHBIX U3 pa3IMYHbIX o0iacTeit
HayKH;

— mnposectu B 2016 rogy ase ceccun MexayHapoaHOro HayyHoro cemuHapa LPPM3:
14-i1 — BecHoit B MockBe u 15-it — ocenbto B UepHOropuu.

[TonpoOHyto uH(pOpMaIMIO O MOATOTOBKE CEMHHapa, MaTepuajaxX BBICTYIJICHHH H
UTOTax €KETrOIHBIX CECCUIl MOXKHO HalTH Ha caiite: http://lppm3.ru/.
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