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АНОТАЦІЯ

Метою кваліфікаційної роботи є аналіз програмування та можливостей комп’ютерного моделювання складних систем і процесів на базі платформи FLEX PDE. Як приклад, теплогідравлічні процеси в круговій області, а потім у системі, що включає багато різних таких взаємопов’язаних областей різного розміру та розташування, програмуються у FLEX PDE та моделюються на комп’ютері. Розроблено математичну модель теплових процесів у системі та з її допомогою виконано чисельне моделювання на ПК. Аналіз отриманих даних показує основні ознаки, необхідні для оптимальної побудови та впровадження системи та управління нею в різних ситуаціях.
Магістерська робота складається зі вступу, основної частини, яка включає три розділи, висновків, списку використаних джерел. У першому розділі проводиться детальний аналіз платформи FLEX PDE  та особливостей її використання і програмування різних задач. У другому розділі розглянутий практичний приклад застосування FLEX PDE для моделювання теплових процесів в круговій області, яка в тертьому розділі використана як зразок для розробки значно cкладнішої моделі та відповідної програми комп’ютерного моделювання.

Ключові слова: програмування, FLEX PDE, комп’ютерне моделювання. 

ABSTRACT

The purpose of the qualification work is to analyse the programming and possibilities for computer modelling of the complex systems and processes based on the FLEX PDE platform. As an example, the thermal hydraulic processes in the circular domain and then in the system including a lot of different such interconnected domains of diverse size and location are programmed in FLEX PDE and modelled on computer. The mathematical model of thermal processes in system developed and numerical simulation on PC performed. Analysis of the data obtained shows some basic features required for the optimal construction and implementation of the system and its control in available situations including accidents in functioning of the complex engineering system.

The master's thesis consists of an introduction, the main part, which includes  three sections, conclusions, a list of sources used. The first section provides a detailed analysis of the FLEX PDE platform and the features of its use and programming of various tasks. In the second chapter, a practical example of the application of FLEX PDE for modeling thermal processes in a circular area is considered, which in the third chapter is used as a sample for the development of a much more complex model and the corresponding computer simulation program. 
Keywords: programming, FLEX PDE, computer simulation.
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Introduction
The FLEX PDE platform of the Wolfram Research Institute [1] is a powerful tool for learning, analyzing and synthesizing different complex systems and processes of the modern science and technology. Programming in this platform is simple and it is very close to the conventional mathematical language. Actually, it is the upper level of the system, where the user is describing the modelling parameters and initial data, as well as the statement of the mathematical problem: equations, initial and boundary conditions, geometry of the system for modelling and so on. All the other is done automatically: by the statement performed the FLEX PDE platform is choosing the right solution method for the specified problem and then performs it. This is one of the well-known systems and packages intended for solving a wide range of tasks: FlexPDE, MathCAD, Matlab, Maple, ChemCAD and others. In addition, among the specified software products, the FlexPDE package has a special place supporting the finite element method in modeling objects with distributed variables described by the linear and nonlinear ordinary, as well as partial differential equations.

Most scientific and technological tasks, at diverse levels of complexity, can be described using the boundary problems for partial differential equations or equation arrays. Therefore, a software package such as FlexPDE can be used in almost any field of science or technology being powerful and very attractive computational tool. Researchers in various fields apply FlexPDE for modelling, estimating or predicting the significance of various effects in their studying systems and processes. The variety of parameters or dependencies is not limited by the given framework, but can be arbitrarily analytically specified. This is why for the moment there are available many books with the FLEX PDE computer scripts, which are used for numerical simulation directly or for modification according to similar other tasks [2-7]. Many of the developed scripts are included in the FLEX PDE platform.

FlexPDE can be used for project optimization, performance evaluation, and conceptual analysis. It is also important to note that the same software can be used to model all the details of the project and there is no need to involve additional tools to evaluate individual effects. In software development, the FlexPDE package can serve as the core for special purpose programs that require the creation of a finite element model for a system of partial differential equations. In particular, it can be used to solve the following tasks:

• stationary problems in electrical engineering, mechanics and heat engineering;

• non-stationary (time-dependent) tasks in chemistry, mechanics, heat engineering, biology, electrical engineering, optics and acoustics.

A powerful tool for learning, analyzing and synthesizing nonlinear processes is the method of mathematical modeling, which is supported by various computer systems and application software packages. Among the specified software products, the FlexPDE package occupies a special place, which supports the finite element method in modeling objects with distributed variables described by nonlinear differential equations with partial derivatives. In science and technology, most tasks at one or another level of complexity can be described using partial differential equations. Thus, a software package as FlexPDE can be used in almost any field of science or technology. Researchers in various fields can apply it to model experiments or apparatus, estimating or predicting the significance of various effects. The variety of parameters or dependencies is not limited by the given framework, but can be arbitrarily analytically specified. In engineering, FlexPDE can be used for project optimization, performance evaluation, and conceptual analysis. At the same time, it is important to note that the same software can be used to model all the details of the project and there is no need to involve additional tools to evaluate individual effects. 
In software development, the FlexPDE package can serve as the core for special purpose programs that require the creation of a finite element model for a system of partial differential equations. The diploma is devoted to the analysis of the programming in the FLEX PDE platform, development of the computer program in this platform and to modeling of the thermal hydraulic processes in the complex system based on the FLEX PDE platform. 
As an example, we consider system with many local heat transfer cylindrical pipes and vessels using the simple script for heat transfer in circular domain. In our case of many domains collected in the system as a whole complex system, we are creating the new complex script, which will be then modelled and will be included in our diploma work with examples of computer simulations. 
The mathematical model of the thermal hydraulic processes in system has been developed, and numerical simulation on PC was prepared for performing with using it. An analysis of the data obtained allowed getting basic features required for the optimal construction and implementation of the storage system for example, and system control in all available situations, including accidents in functioning of such or similar complex engineering system.

Actuality of theme. In recent years, in various fields of science, interest in the problems of chaotic dynamics, in particular, in the mixing of viscous liquids under various conditions of their motion, heat and fluid flow problems in different technical and natural systems, many problems of physics and technology, etc. have grown significantly. For example, the relevance of studies of mixing processes in viscous liquids is determined by the importance of this process in the environment and has a wide application in modern technologies. Many scientific and engineering problems require computer modelling and numerical simulation for studies of their feature and calculation of the important parameters. And it is very important to have the tool for such modelling, which would be flexible and simple as much as possible for practical use. One of such tools, FLEX PDE platform, and possibilities for using it is the subject of our diploma work.
The goal of diploma work. The goal is a short presentation of the features of FlexPDE platform and its application to solution of many different engineering and scientific problems, for instance for the modelling of thermal hydraulic and heat transfer processes. On one example of simple thermo-hydraulic process in one circular domain, which is presented the FlexPDE system, we considered how to create a model and develop computer program for this platform in much more complex case. We developed, tested and applied our computer program and showed its results.
Chapter І. Basics of the work with the FlexPDE platform
1.1 General overview of the FLEX PDE platform

The FlexPDE developed by Wolfram research institute [1] is a program designed to build scenario models for solving differential equations by the finite element method. That is, according to a script written by the user, FlexPDE performs the operations necessary to transform the description of a system of partial differential equations (or ordinary differential equations or arrays) into a model for calculation by the finite element method, find a solution for this system and present the results in graphical form. Thus, FlexPDE performs the role of a computing environment for solving tasks, since this program contains a complete set of functions necessary for solving a system of partial differential equations: 
- editing functions for script preparation; 
- finite element mesh generator; 
- functions of selection of finite elements when searching for a solution; 
- graphical functions for presenting decision results. 
FlexPDE does not limit the user to a predefined list of application problems or types of equations. The choice of type of partial differential equations depends entirely on the user. The script language allows the user to describe the mathematical apparatus of his system of differential equations in partial derivatives and the structure of the domain of solutions as a whole in a natural format. This form of script has many advantages:

- The script fully describes the system of equations and the domain of solutions, so that there is no uncertainty as to which equations are being solved, as might be the case with a program with a fixed set of application problems. 
- New variables, new equations or new conditions can easily be added to the script as desired.
- Many different tasks can be solved using the same program, so there is no need to go through training again to solve each new task. 
- FlexPDE allows solving systems of differential equations of the first or second order in partial derivatives. 
- The system of differential equations can be stationary or time-dependent. 
- Using FlexPDE, you can solve problems about eigenvalues of functions. 
- Stationary and non-stationary equations can be considered simultaneously within the framework of one task. The number of equations in the system is determined by the power of the computer on which the FlexPDE mathematical package is installed. 
- Equations can be linear or non-linear. The FlexPDE mathematical package solves nonlinear systems using the Newton-Raphson method. 
- Any number of geometric regions can be specified to solve with different material properties.
FlexPDE has several modules to provide solutions to tasks: 
- The script editing module provides tools for editing text and previewing the graphic result. 
- An analyzer of writing an equation in the form of symbols, which will convert the information written in the form of symbols of the equation into a set of variables, parameters and their ratios, reducing the order of integration. Then expands these equations into the Jacobi matrix. 
- The mesh generator module builds a mesh of triangular finite elements in a two-dimensional solution domain. When solving three-dimensional problems, the two-dimensional grid will turn into a tetrahedron overlapping an arbitrary number of non-planar layers. 
- The finite element numerical analysis module selects the appropriate solution scheme for stationary, non-stationary and eigenvalue tasks, and separate calculation procedures are used for linear and nonlinear systems. 
- The error estimation procedure estimates the degree of approximation of the grid and refines the grid coordinates in areas where the error is large. The system iteratively refines the parameters of the grid and the solution until the error level specified by the user is reached. 
- The graphical output module accepts arbitrary algebraic functions from the obtained solution and constructs contour, surface and vector graphs. 
- The external data output module provides the ability to print reports in many formats, including tables of numerical values, and finite element meshes.
The FlexPDE package includes an editor program that you can use to create a script for this task. This script can be edited, run the calculation, re-edited and re-calculated until the result satisfies all user requirements. The script can then be saved as a file for later use or as a basis for further modifications. The easiest way to set a task is to copy the solution for similar tasks that the user already has [2-7]. In any case, four main components of the script development stage should be identified as follows:
1) variables and equations; 
2) area of solutions and boundary conditions; 
3) properties of parameters; 
4) in which graphic form should the decision be presented.
When setting any task for FlexPDE, it is recommended to follow some general rules: 
- Start with the fundamental laws for this physical system. Formulaic writing of the basic conservation laws usually works better than pseudo-analytical simplifications. 
- Start with a simple model, preferably one for which the answer is known. This allows you, on the one hand, to check your understanding of the task and, on the other hand, to feel confident in the capabilities of the FlexPDE package. It is useful to take an analytical solution and, using FlexPDE, calculate the values of the initial parameters at which this solution is achieved. Appropriate boundary conditions should be taken into account. 
- You should specify the condition of the graphic output in all cases when it can help in the course of the solution. If you draw a graph only for the final value, it will be difficult to determine at which stage of the calculations the error occurred. It is convenient to constantly monitor changes in the course of the decision with the help of graphs. 
1.2 Work in FlexPDE platform

Work in FlexPDE begins with the launch of the editor's working window. When FlexPDE is started from the Windows main menu, the main working window of the editor program opens with elements (menus, toolbars, dialog boxes) characteristic of all Windows programs: 
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Fig. 1. The main program window of the FlexPDE program:
1 - the main menu (Main menu - contains the script creation and management command); 2 - a window displaying the name of the current script (Name window 3 - contains the name of the executed or changed script); 4- program window control buttons; 5 - the calculation status display window (Status solve - contains parameters of the calculation status); 6 - mesh window (Mesh window - contains a graphic image of the mesh); 7 - script editor window (Notepad – displays the content of the used script).
The main menu, as in all Windows applications, is a linear drop-down menu. It contains the following main commands: File, Edit, Domain, Run, Stop, Modify, Plots, View, Help. The calculation status display window contains active messages about the solution status. The format of the data displayed in this window depends on the type of problem being solved, but the general features are as follows: 
- consumption of machine time (CPU Time); 
- calculation cycle number (Cycle); 
- limit on the number of grid nodes (Nodes limit); 
- the number of end elements (Cells); 
- the number of unknown variables (Unknowns); 
- the amount of memory allocated for solving the task in kilobytes (Mem(K)); 
- current estimation of the RMS error of the decision (RMS Error); 
- current assessment of the maximum decision error (Max Error); 
- Newton's iterative solution method used. 
And the other items that may appear during the task: 
- current estimated time (Time); 
- value of the current time step (Dt); 
- number of cyclic repetition of the problem solution (Stage); 
- notification of the current action; 
- message about the completion of the calculation (DONE).
The main element of the FlexPDE working window is the script editor window (Notepad). A task description script is a text file without any embedded characters. Such scripts can be prepared not only in FlexPDE, but also in any ASCII text editor or any editor capable of exporting a plain ASCII text file. The contents of this file are a series of sections, each identified by a header. The following main sections can be used in FlexPDE:
TITLE – title of the program;

SELECT – section sets various options and controls;

COORDINATES – task section of the type of coordinates used;

VARIABLES – task section of statement of task variables;

DEFINITIONS – task section statement of all data and used formulas;

INITIAL VALUES – section of the statement of initial values for non-stationary tasks;
EQUATIONS – section for specification of the differential equations to be solved;

CONSTRAINTS – section for statement of integral connections;

EXTRUSION – section on expansion of the calculation area by three dimensions;

BOUNDARIES – section statement of the boundary conditions;

REGION 1 – assignment of areas for several materials;

TIME – setting the calculation time for non-stationary tasks;

MONITORS – assignment of parameters for the output of intermediate calculation data;

СONTTOUR –  for outputting graphical results in the form of contour images;

ELEVATION – for outputting graphic results in form of graph for specified area;

PLOTS – section for displaying graphical results;

REPORT – output of calculation results in the form of text data;

HISTORIES – output of calculation results;

END – the end of the program.

Some of the specified sections in a specific task may be omitted. However, while there is some flexibility in the placement of these sections, it is assumed that the user strictly adheres to the order described above. The aforementioned sections of the script file may contain various variables and specific names that are dynamically processed during the calculation. 
A few more detail explanations about the listed sections are given below:
Title is not obligatory and may be just one word. Select is optional and is used when you need to enter or override some internal parameters. The variables in this section are used to control the calculation process and have conventional names. For example, variables of the section Select: ALIAS (Х) – defines an additional label for plot axes. АSPEСT (4.0) – Maximum cell compression ratio. CDFGRID (51) – Defines the default output grid size. ERRLIM (0.001) – This is the primary accuracy control. Any cell in which the calculated error in the dependent variables does not exceed this value will not be broken (if NODELIMIT is exceeded). GALERKIN_ERROR (Off) – Prior to version 2.11, FlexPDE uses Galerkin integrals to estimate errors. Later versions use less expensive curvature estimates. GALERKIN_ERROR selector returns the old method. INITGRIDLIMIT (5) – The maximum number of grid reconstructions from the initial state. INITGRIDLIMIT = 0 prohibits grid refinement, etc. Also there are such specific requirementas function for calculation: 

NONLINEAR (AUTOMATIC) – Chooses a non-linear method for solving (Newton - Raphson), even if the automatic detection process does not want it. 

NONSYSMMETRIC (Automatic) – Selects the asymmetric Lanczos solution method, even if the automatic detection process does not want it to. 

PLOTINTEGRATE (On) – Integration of all spatial graphs (must be explicitly integrated in time). 

PRECONDITION (On) – Use the preconditioning matrix in conjugate gradient solutions. The default value is the block-diagonal inverse matrix. 

EGRID (On) – By default, FlexPDE performs adaptive mesh refinement. This selector can be used to disable this and use a fixed grid. 

SENSITIVITY (1.0) – Controls the balance between spatial and temporal errors. Increasing sensitivity requires the creation of denser spatial grids. 

SMOOTHINIT (Off) – Performs moderate initial smoothing for time-dependent problems. Helps improve the quality of discontinuous initial conditions. 

STAGES (1) – Automatic execution of cycles specified in a set STAGES. 

UPWIND (on) – "Upwind" (modification) of the convection terms in the original equation for the variable. In the presence of convection terms, a diffusion term is added along the flow direction to stabilize the calculation.
VANDENBERG (Off) – Using Vandenberg iteration of conjugate gradients (useful if hyperbolic systems do not converge). This method essentially solves (AtA) x = (At) b instead of Ax = b. This squares the number of terms and slows convergence, but it makes all eigenvalues valid when the standard CG method fails.
There are also many other possibilities to control the methods of calculations and choosing the parameters for calculations. They are available to choose for each specific case of the task solved.

 1.3 Coordinates and variables
Operator Coordinates is not obligatory. Defines a coordinate system for a specific task. In this case, the section is specified in the following form: COORDINATES <geom>, where <geom> is the type of the coordinate system for use. By default, it is two-dimensional Cartesian coordinate system. The examples are given in the Table 1:
Table 1. The examples of coordinate systems 
	Name
	Value

	CARTESIAN
	Cartesian coordinates 'X' and 'Y'

	XCYLINDER
	Cylindrical coordinates with the axial coordinate 'Z' located along the horizontal 'X' graphic axis and the radial coordinate 'R' located along the vertical line 'Y' of the graphic 

	YCYLINDER
	Cylindrical coordinates with the radial coordinate 'R' located along the horizontal 'X' graphic axis and the axial coordinate 'Z' located along the vertical line 'Y' of the graphic

	CARTESIAN3
	Cartesian coordinates 'X ', 'Y' and 'Z'


Variables. Used to define variables used in a script. Each variable defines a continuous scalar field over the computational domain. When using the names of dependent variables, the following rules apply:

- Variable names must begin with an alphabetic character. They cannot start with a number or symbol, must be unique and different from the symbol t, which is reserved for the time variable. 
- Variable names can be of any length and any combination of characters, numbers, and/or characters other than reserved words, and they must not contain any separators. Compound names can be formed using the '_' character. Variable names cannot contain '-', which is reserved for the minus sign. At the same time, the program does not distinguish between uppercase and lowercase letters, so the variable X and x mean the same thing.
1.4 Definitions and Initial values
Used to declare and assign names to special constants and functions used in a script. When describing variables in this section, follow the same rules as in the Variables section. Additionally, it is possible to assign arrays or lists of values in the form:<Name>=ARRAY [<value_1>, <value_2>, ... <value_n>].
Initial values 
It is used when solving non-stationary problems, when it is necessary to set an initial value for time-dependent variables. The instruction is formed in such a way that the variable name is followed by the assignment operator '=', and to the right is a constant, function, expression, or pre-entered expression, for example:Initial values Xk=25 – x.
1.5 Equations and Constraints 

It is used to solve the partial differential equations or ordinary differential equations (also systems of equations) that determine the dependent variables of the problem to be solved. Equations entered into the script are written in natural form. In the case of solving a problem involving biharmonic equations that require the use of higher orders of derivatives, they must be rewritten using intermediate variables to contain only the second-order derivatives.
A few examples of the operators met in the differential equations to be solved in the FLEX PDE are shown below in the Table 2:
Table 2. Operators of the differential equations:
	Command, function or constant
	Syntaxes
	Name

	CURL
	CURL(X)
	Rotor of value X

	DEL2
	DEL2 (X)
	Laplacian of X, equivalent Div(Grad(X))

	DIV
	DIV(X)
	Divergent of X

	GRAD
	GRAD(X)
	Gradient of X

	D
	DX()
	Differential operator by X

	D
	DXX()
	Second-order derivative by X


Constraints is optional and is used to apply additional integral relations to the system being solved. These relationships are used to eliminate ambiguity that may arise in fixed systems or when the boundary conditions contain only the derivatives of the dependent variables. The Constraints section usually contains one or more form instructions Integral(argument) = Expression.
Extrusion. Very often, when solving differential equations, not flat, but three-dimensional, 3D objects, are used as solution domains; in this case, the Extrusion section is used, which expands the calculation area to a 3D object.
1.6 Boundaries 
This operator is mandatory and is used to describe a two-dimensional area or a projection of a three-dimensional area on the main plane and to attach boundary values and external sources on the physical boundaries of the task. There are two main types of the boundary condition problem in FlexPDE - VALUE and NATURAL. In the boundary conditions in the form of VALUE (or according to Dirichlet), the value that the variable should take on the border of the decision area is determined. In the boundary conditions, the NATURAL form specifies the value of the flow (gradient in normal direction to the surface of domain) at the boundary of the decision region.
REGION 
This operator is used to describe the closed regions that make up the physical geometry of the problem in a two-dimensional plane, or the two-dimensional projections onto the principal plane in three-dimensional problems. Subdivisions of REGIONS include regions and sub-regions with significant material parameters. Subdivisions of REGIONS are formed in such a way that they start with the reserved word START, followed by the physical coordinates of the starting point, then follow the boundaries of the region, describing them with straight line segments or arc segments, and close the region with the reserved word FINISH. Coordinates have a standard mathematical form (X, Y). In the Table 3 there are presented some examples of the typical graphical objects:
Таблиця 3. Used graphical objects
	Object 
	Syntaxis 
	Name

	LINE
	LINE TO (X, Y)
	Line from point START to point with coordinates(X, Y)

	–
	LINE TO (X, Y) TO (X1, Y1) TO (X2, Y2) TO ...
	A polyline passing through points with coordinates (X,Y), (X1,Y1), (X2,Y2), etc.

	ARC
	ARC TO (X1,Y1) TO (X2,Y2)
	An arc from a point with coordinates (X1,Y1) a point with coordinates (X2,Y2)

	–
	ARC (RADIUS=R) TO (X,Y)
	Arc of radius R to point with coordinates (X,Y)

	–
	ARC (CENTER=X1,Y1) TO (X2,Y2)
	An arc centered at the point with coordinates (X1,Y1) drawn to the point with coordinates (X2,Y2)

	–
	ARC (CENTER=X1,Y1) ANGLE=angle
	An arc with a center at a point with coordinates (X1,Y1), drawn at an angle (in degrees)


EXLUDES Used to describe closed regions that have overlapping (intersecting) parts in one or more REGIONS subdivisions. The area described by the EXLUDES subsection is excluded from the calculation system. EXLUDES subdivisions must follow the REGIONS subdivisions they overlay. EXLUDES subdivisions are described in the same way as REGIONS subdivisions, and may also use LINE and ARC segments.
FEATURE are used to describe non-closed objects that do not include an area with significant material parameters. FEATURE subdivisions are formed in the same way as REGIONS subdivisions and can also use LINE and ARC segments. FEATURE clauses do not end with the fallback word FINISH. FEATURE subsections are used when the problem has internal linear sources; when it is desirable to calculate integrals along an irregular path, or when explicit control of the computational grid is required.
1.7  Time used in non-stationary application descriptors to define a time range. FlexPDE supports the following alternative forms of the time range task:FROM time1 TO time2.
· EROM time1 INCREMENT TO time2.
· EROM time1 TO time2 INCREMENT.
where time1 – the initial time; time2 – the final time; INCREMENT – optional specification of the initial time step.

1.8 Monitors and Plots 

The Monitors section is optional and is used to list the graphics displays (intermediate graphics) that are displayed during the execution of the task. The Plots section is optional, used to list the graphical displays (final graphs) that will be displayed on the screen when the task is completed. The Plots section also differs from the Monitors section in that the graphs of the former can be written to a file with the *.PGX extension for subsequent display after the task has been completed. The Plots and Monitors instructions have the same form and function. Monitors or Plots sections can contain one or more display specifications of the following types: СONTOUR (arg) – outputs a two-dimensional contour plot of the parameter (arg), with uniform parameter level intervals, ELEVATION (arg1, [arg2 ,...]) <path> – performs a two-dimensional graph that displays the value of the parameter(s) vertically along the Y axis and horizontally (OX axis) the localization area of the independent variable, GRID (arg1, arg2) – draws a two-dimensional calculation grid with nodal coordinates specified by two parameters. Grids can be particularly useful for displaying material deformations, EXPORT – writes to disk a file containing the data presented in the Monitors or Plots sections.

FOR T = timeset1 [timeset2 ... ] – Each timeset (time step) can be either a specific time or a group of time steps specified as an array of values.
Histories is optional, defines the value of the variables for which the chronology is due to transformational changes. The instructions in this section are as follows: HISTORY (arg) at the same time, the coordinates of the point in the area in which the change chronology is registered are determined. If the point is not specified, then the variable must be a scalar value.
1.9 Operators and Functions FlexPDE

About 140 different commands, functions and constants are used in FlexPDE, some of the most frequently used in the development of scenarios are listed in the Table. 4:

Таблиця 4. Mathematical functions and constants in FlexPDE
	Command, function or constant
	Syntaxis
	Name

	ABS
	ABS(X)
	Module of X

	ARCCOS
	ARCCOS(X)
	Arccosine of X

	ARCSIN
	ARCSIN(X)
	Arcsine of X

	ARCTAN
	ARCTAN(X)
	Arctangent of X

	BESSJ
	BESSJ(N, X)
	Bessel function of 1-st  kind N -th type value X

	BESSY
	BESSY(N, X)
	Bessel function of 2-nd  kind N –th type value X

	COS
	COS(X)
	Cosine X

	EXP
	EXP(X)
	Exponential of X

	EXPINT
	EXPINT(X)
	Integral ln(X)

	GAMMAF
	GAMMAF(X)
	Gamma function (Euler integral of the first kind)

	INTEGRAL


	LINE_INTEGRAL

(X, Region 1)
	Integral of function X, for domain 1 (1D-объект)

	–
	AREA_INTEGRAL

(X, Region 1)
	Integral of function X, for domain 1 (2D-объект)

	LN
	LN(X)
	The natural logarithm of a number X

	MAGNITUDE


	MAGNITUDE

(vector1)
	Scalar value of vector

	MAX
	MAX (arg1, arg2)
	Maximal value of function for 2 arguments

	SQRT
	SQRT(X)
	Square root of X


In addition to the specified functions and constants, the standard mathematical operators are used in FlexPDE: -, + for subtraction and summation, *, / -multiplication and division, **- exponentiation.
As seen from the analysis above, the FLEX PDE platform is simple in use and very rich by possibilities having many examples in mathematical modelling of different processes and systems. There are also many scripts in the literature [2-9] and inside the FLEX PDE, which can be used for reprogramming of the similar cases. The last feature will be used further by us when we based on the simple model and script for it develop very complex computer program comparing to the initial one. We take script for heat transfer equation in circular domain and reprogram it for complex system, where there are a lot of different circular domain of different physical properties and locations.
Chapter 2. Modelling of heat transfer process in FLEX PDE
Inside the FLEX PDE there is one script for heat transfer equation 
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where div and grad are correspondingly divergent and gradient operators, T is a temperature and k is a heat conductivity of medium. The equation (1) with corresponding boundary conditions describes the stationary heat transfer process inside the specified spatial domain. The corresponding script in the FLEX PDE system looks like following:
TITLE                                                      { heat1.pde }
   'Two Insulated Tubes'

{ Temperature field in an insulator containing two hot-water tubes. }

{ From "Fields of Physics" by Gunnar Backstrom }

SELECT

   errlim= 1e-4

VARIABLES

   temp                         { SI units: m, K, J, s }
DEFINITIONS

   r0= 0.1              d= 0.15          r1= 0.5

   Lx= 0.3              Ly= 0.2

   k= 0.03                              { Thermal conductivity of insulation }
   fluxd_x= -k*dx(temp)         fluxd_y= -k*dy(temp)

   fluxd= -k*grad( temp)                fluxdm= magnitude( fluxd)

   f_angle= sign(fluxd_y)* arccos(fluxd_x/fluxdm)/pi*180

EQUATIONS

   div(-k*grad(temp))= 0

BOUNDARIES

region 1

   start 'outer' (0,-r1)

   
value(temp)= 273                     { Frozen soil, kelvin }

arc( center= 0,0) angle= 360 close

   start 'left' (-d-r0,0)

   
value(temp)= 323                     { Cutout for hot water tube 2 }

arc( center= -d,0) angle= -360 close

   start 'right' (d-r0,0)

   
value(temp)= 353             { Cutout for hot water tube 1 }

arc( center= d,0) angle= -360 close

PLOTS

   contour(temp)                                surface(temp)

   vector(fluxd) norm                   contour(f_angle)

   contour(fluxd_x)                     contour(fluxd_y)

   contour(fluxdm)

   elevation( normal(fluxd)) on 'outer'
   elevation( -normal(fluxd)) on 'left'
   elevation( -normal(fluxd)) on 'right'
END 

The main operators in capital letters are coloured in red, comment – in green, the titles – in blue. All the other operators are black. Such colouring of the operators in the system give additional advantage by programming because any mistake made is shown in colour. This script is taken from the book of Prof. Gunnar Backstrom "Fields of Physics". The model is for 'Two Insulated Tubes' and it realizes the equation (1) in case of Temperature field in an insulator containing two hot-water tubes. The result of calculation by the above computer program is given in Fig. 2:
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Fig. 2 The results of computer simulation by FLEX PDE for 2 tubes
The upper figure shows the numerical grid constructed in FLEX PDE by the method of triangulation automatically at each computation according to the local gradients of the functions. The other 3 figures show different parameters of the modelled system. As can be seen, the results are clearly presented and fugures are available for editing by desire of modeller.

All data obtained by calculations are given in different colours, and the corresponding scale with letters is doubling the information for presentation in black and white if needed. The domains are given under the operator boundaries in the script above using simple rule as described before in chapter 1. This way, any other geometry may be presented. For example, we have here 3 circular domains, region 1, where we define the point on big circle as start 'outer' (0,-r1) with the coordinates in the brackets (r1 means the radius). On the circular boundary we state the temperature value by operator value(temp)=273. The operator arc( center= 0,0) angle= 360 close means that this circle has the centre in point (0,0). Similarly, we define the other circular domains and boundary conditions for them: start 'left' (-d-r0,0), value(temp)= 323, arc( center= -d,0) angle=-360 close. start 'right' (d-r0,0), value(temp)= 353 arc( center= d,0) angle= -360 close.
Chapter 3. Mathematical model and program for FLEX PDE
The problem of estimating the temperature of the shells of fuel cells in the storage or some other situation for instance massif of different tubes with coolant or vice versa heater in conditions of their normal operation, as well as in project accidents, is considered below based on the above considered simple case. We use as a base the script above for its programming in this more complex case.
On the basis of the analysis of the thermal and hydrodynamic modes of the system, it is necessary to conduct a comparative assessment of the temperature of the shells and the conditions not exceeding its maximum allowable values ​​when storing fuel under different storage patterns for normal operation conditions or another physical situations, in violation of the conditions of normal operation and in emergencies. To do this, the calculation of the thermal load on the shell at the maximum loading of the storage in different conditions of normal operation and in emergency situations, as well as the analysis of thermal load on the shell with the possible use of a compressed storage scheme.
Instead of the equation (1) here it is considered nonstationary process:
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where t is time, ρ, c are density and heat capacity.
The developed program in the system FLEX PDE was used to calculate the parameters of the thermal state in the storage of fuel with water. The rod fuel is assembled in the cassettes, the cassettes are assembled into cases, which are arranged in a given order in the repository, as shown schematically in Fig. 3: 
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Fig. 3 The scheme of pool with a group of cases and general view of cassette 
In the cases, in the cassettes and in the storage room, there is water for cooling rods, each of which has the heat that needs to be removed. The program is designed from a simple heat conduction problem for a circular area, which is repeated on different scales: a rod, a cassette, a case. The properties of substances in the regions, their radii and location are stated according to the model. 
The computer code for numerical simulation of the above-mentioned complex system is given below. It is long but simple by structure as explained above.
TITLE 'TV_water'     { the problem identification }

coordinates  cartesian2

SELECT  { method controls } errlim=1e-3  Contourgrid=100   Loglimit=10

VARIABLES          temp           

DEFINITIONS    { parameter definitions }

 c1_x=-0.11  c1_y=0

 c2_x=-0.11  c2_y=0.23

 c3_x=-0.11  c3_y=-0.23

 c4_x=0  c4_y=0

 c5_x=0  c5_y=0.23

 c6_x=0  c6_y=-0.23

 c7_x=0.11  c7_y=0

 c8_x=0.11  c8_y=0.23

 c9_x=0.11  c9_y=-0.23

    rt=0.0051   r1=0.013    r3=0.025    r4=0.049    r5=0.051  lx=3.6   v=Pi*r1^2*lx   alfa  ro  cl  qv

ro_v=1.2   c_v=1005    l_v=0.0259   qv_v=0  alfa_v=500        {- air 20 C}

 ro_h2o=998.2   c_h2o=4183    l_h2o=0.599   qv_h2o=0  alfa_h2o=5000      { - water 20 C}

ro_u=8000  c_u=2849  l_u=8.15  qv_u=108/18  alfa_u=0   {u 20 C}

ro_st=7900  c_st=3650  l_st=15  qv_st=0  alfa_st=0   {u 20 C}

  INITIAL VALUES    temp=293

EQUATIONS   { PDE's, one for each variable }  c*ro*dt(temp)=l*(dxx(temp)+dyy(temp))+qv/v

BOUNDARIES       { The domain definition }

  REGION "u_1_1"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c1_x+(r3+rt)*cos(pi/12), c1_y+(r3+rt)*sin(pi/12))   Natural(temp)=0    Arc(center=c1_x+r3*cos(pi/12),c1_y+r3*sin(pi/12))  Angle(360)

 REGION "u_1_2"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c1_x+(r3+rt)*cos(pi/4),    c1_y+(r3+rt)*sin(pi/4))   Natural(temp)=0    Arc(center=c1_x+r3*cos(pi/4),c1_y+r3*sin(pi/4))  Angle(360)

 REGION "u_1_3"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c1_x+(r3+rt)*cos(5*pi/12),c1_y+(r3+rt)*sin(5*pi/12))   Natural(temp)=0    Arc(center=c1_x+r3*cos(5*pi/12),c1_y+r3*sin(5*pi/12))  Angle(360)

  REGION "u_1_4"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c1_x+(r3+rt)*cos(7*pi/12),c1_y+(r3+rt)*sin(7*pi/12))   Natural(temp)=0    Arc(center=c1_x+r3*cos(7*pi/12),c1_y+r3*sin(7*pi/12))  Angle(360)

 REGION "u_1_5"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c1_x+(r3+rt)*cos(9*pi/12),c1_y+(r3+rt)*sin(9*pi/12))   Natural(temp)=0    Arc(center=c1_x+r3*cos(9*pi/12),c1_y+r3*sin(9*pi/12))  Angle(360)

  REGION "u_1_6"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c1_x+(r3+rt)*cos(11*pi/12),c1_y+(r3+rt)*sin(11*pi/12))   Natural(temp)=0    Arc(center=c1_x+r3*cos(11*pi/12),c1_y+r3*sin(11*pi/12))  Angle(360)

 REGION "u_1_7"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c1_x+(r3+rt)*cos(-pi/12),c1_y+(r3+rt)*sin(-pi/12))   Natural(temp)=0    Arc(center=c1_x+r3*cos(-pi/12),c1_y+r3*sin(-pi/12))  Angle(360)

 REGION "u_1_8"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c1_x+(r3+rt)*cos(-pi/4),c1_y+(r3+rt)*sin(-pi/4))   Natural(temp)=0    Arc(center=c1_x+r3*cos(-pi/4),c1_y+r3*sin(-pi/4))  Angle(360)

 REGION "u_1_9"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c1_x+(r3+rt)*cos(-5*pi/12),c1_y+(r3+rt)*sin(-5*pi/12))   Natural(temp)=0    Arc(center=c1_x+r3*cos(-5*pi/12),c1_y+r3*sin(-5*pi/12))  Angle(360)

 REGION "u_1_10"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c1_x+(r3+rt)*cos(-7*pi/12),c1_y+(r3+rt)*sin(-7*pi/12))   Natural(temp)=0    Arc(center=c1_x+r3*cos(-7*pi/12),c1_y+r3*sin(-7*pi/12))  Angle(360)

 REGION "u_1_11"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c1_x+(r3+rt)*cos(-9*pi/12),c1_y+(r3+rt)*sin(-9*pi/12))   Natural(temp)=0    Arc(center=c1_x+r3*cos(-9*pi/12),c1_y+r3*sin(-9*pi/12))  Angle(360)

 REGION "u_1_12"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

      START(c1_x+(r3+rt)*cos(-11*pi/12),c1_y+(r3+rt)*sin(-11*pi/12))   Natural(temp)=0    Arc(center=c1_x+r3*cos(-11*pi/12),c1_y+r3*sin(-11*pi/12))  Angle(360)

 REGION "u_1_13"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c1_x+(r1+rt)*cos(pi/6),c1_y+(r1+rt)*sin(pi/6))   Natural(temp)=0    Arc(center=c1_x+r1*cos(pi/6),c1_y+r1*sin(pi/6))  Angle(360)

 REGION "u_1_14"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c1_x+(r1+rt)*cos(pi/2),c1_y+(r1+rt)*sin(pi/2))   Natural(temp)=0    Arc(center=c1_x+r1*cos(pi/2),c1_y+r1*sin(pi/2))  Angle(360)

 REGION "u_1_15"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c1_x+(r1+rt)*cos(5*pi/6),c1_y+(r1+rt)*sin(5*pi/6))   Natural(temp)=0    Arc(center=c1_x+r1*cos(5*pi/6),c1_y+r1*sin(5*pi/6))  Angle(360)

 REGION "u_1_16"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c1_x+(r1+rt)*cos(-pi/6),c1_y+(r1+rt)*sin(-pi/6))   Natural(temp)=0    Arc(center=c1_x+r1*cos(-pi/6),c1_y+r1*sin(-pi/6))  Angle(360)

 REGION "u_1_17"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c1_x+(r1+rt)*cos(-pi/2),c1_y+(r1+rt)*sin(-pi/2))   Natural(temp)=0    Arc(center=c1_x+r1*cos(-pi/2),c1_y+r1*sin(-pi/2))  Angle(360)

 REGION "u_1_18"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c1_x+(r1+rt)*cos(-5*pi/6),c1_y+(r1+rt)*sin(-5*pi/6))   Natural(temp)=0    Arc(center=c1_x+r1*cos(-5*pi/6),c1_y+r1*sin(-5*pi/6))  Angle(360)

Region "water_1"       ro=ro_h2o   c=c_h2o    l=l_h2o   qv=qv_h2o  alfa=alfa_h2o

 start(c1_x+r4,c1_y)  Natural(temp)=0   Arc(center=c1_x,c1_y)  Angle(360)

 START(c1_x+(r3+rt)*cos(pi/12),c1_y+(r3+rt)*sin(pi/12))  Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c1_x+r3*cos(pi/12),c1_y+r3*sin(pi/12))  Angle(360)

     START(c1_x+(r3+rt)*cos(pi/4),c1_y+(r3+rt)*sin(pi/4))   Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c1_x+r3*cos(pi/4),c1_y+r3*sin(pi/4))  Angle(360)

  START(c1_x+(r3+rt)*cos(5*pi/12),c1_y+(r3+rt)*sin(5*pi/12))   Natural(temp)=-alfa/l*(temp-293)

   Arc(center=c1_x+r3*cos(5*pi/12),c1_y+r3*sin(5*pi/12))  Angle(360)

     START(c1_x+(r3+rt)*cos(7*pi/12),c1_y+(r3+rt)*sin(7*pi/12))  Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c1_x+r3*cos(7*pi/12),c1_y+r3*sin(7*pi/12))  Angle(360)

  START(c1_x+(r3+rt)*cos(9*pi/12),c1_y+(r3+rt)*sin(9*pi/12))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c1_x+r3*cos(9*pi/12),c1_y+r3*sin(9*pi/12))  Angle(360)

START(c1_x+(r3+rt)*cos(11*pi/12),c1_y+(r3+rt)*sin(11*pi/12))   Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c1_x+r3*cos(11*pi/12),c1_y+r3*sin(11*pi/12))  Angle(360)

  START(c1_x+(r3+rt)*cos(-pi/12),c1_y+(r3+rt)*sin(-pi/12))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c1_x+r3*cos(-pi/12),c1_y+r3*sin(-pi/12))  Angle(360)

     START(c1_x+(r3+rt)*cos(-pi/4),c1_y+(r3+rt)*sin(-pi/4))   Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c1_x+r3*cos(-pi/4),c1_y+r3*sin(-pi/4))  Angle(360)

  START(c1_x+(r3+rt)*cos(-5*pi/12),c1_y+(r3+rt)*sin(-5*pi/12))  Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c1_x+r3*cos(-5*pi/12),c1_y+r3*sin(-5*pi/12))  Angle(360)

     START(c1_x+(r3+rt)*cos(-7*pi/12),c1_y+(r3+rt)*sin(-7*pi/12)) Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c1_x+r3*cos(-7*pi/12),c1_y+r3*sin(-7*pi/12))  Angle(360)

  START(c1_x+(r3+rt)*cos(-9*pi/12),c1_y+(r3+rt)*sin(-9*pi/12))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c1_x+r3*cos(-9*pi/12),c1_y+r3*sin(-9*pi/12))  Angle(360)

START(c1_x+(r3+rt)*cos(-11*pi/12),c1_y+(r3+rt)*sin(-11*pi/12))  Natural(temp)=-alfa/l*(temp-293)

      Arc(center=c1_x+r3*cos(-11*pi/12),c1_y+r3*sin(-11*pi/12))  Angle(360)

  START(c1_x+(r1+rt)*cos(pi/6),c1_y+(r1+rt)*sin(pi/6))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c1_x+r1*cos(pi/6),c1_y+r1*sin(pi/6))  Angle(360)

   START(c1_x+(r1+rt)*cos(pi/2),c1_y+(r1+rt)*sin(pi/2))   Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c1_x+r1*cos(pi/2),c1_y+r1*sin(pi/2))  Angle(360)

    START(c1_x+(r1+rt)*cos(5*pi/6),c1_y+(r1+rt)*sin(5*pi/6))  Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c1_x+r1*cos(5*pi/6),c1_y+r1*sin(5*pi/6))  Angle(360)

    START(c1_x+(r1+rt)*cos(-pi/6),c1_y+(r1+rt)*sin(-pi/6))  Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c1_x+r1*cos(-pi/6),c1_y+r1*sin(-pi/6))  Angle(360)

   START(c1_x+(r1+rt)*cos(-pi/2),c1_y+(r1+rt)*sin(-pi/2))  Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c1_x+r1*cos(-pi/2),c1_y+r1*sin(-pi/2))  Angle(360)

    START(c1_x+(r1+rt)*cos(-5*pi/6),c1_y+(r1+rt)*sin(-5*pi/6))   Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c1_x+r1*cos(-5*pi/6),c1_y+r1*sin(-5*pi/6))  Angle(360)

  Region "obolo4ka_1"       ro=ro_st   c=c_st    l=l_st   qv=qv_st  alfa=alfa_st

 start(c1_x,c1_y+r5)  Natural(temp)=0   Arc(center=c1_x,c1_y)  Angle(360)

 start(c1_x,c1_y+r4)  Natural(temp)=-alfa/l*(temp-293)   Arc(center=c1_x,c1_y)  Angle(360)

  REGION "u_2_1"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START((c2_x+(r3+rt)*cos(pi/12)),c2_y+(r3+rt)*sin(pi/12))   Natural(temp)=0    Arc(center=c2_x+r3*cos(pi/12),c2_y+r3*sin(pi/12))  Angle(360)

 REGION "u_2_2"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

   START(c2_x+(r3+rt)*cos(pi/4),c2_y+(r3+rt)*sin(pi/4))   Natural(temp)=0    Arc(center=c2_x+r3*cos(pi/4),c2_y+r3*sin(pi/4))  Angle(360)

 REGION "u_2_3"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c2_x+(r3+rt)*cos(5*pi/12),c2_y+(r3+rt)*sin(5*pi/12))   Natural(temp)=0    Arc(center=c2_x+r3*cos(5*pi/12),c2_y+r3*sin(5*pi/12))  Angle(360)

  REGION "u_2_4"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c2_x+(r3+rt)*cos(7*pi/12),c2_y+(r3+rt)*sin(7*pi/12))   Natural(temp)=0    Arc(center=c2_x+r3*cos(7*pi/12),c2_y+r3*sin(7*pi/12))  Angle(360)

 REGION "u_2_5"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c2_x+(r3+rt)*cos(9*pi/12),c2_y+(r3+rt)*sin(9*pi/12))   Natural(temp)=0    Arc(center=c2_x+r3*cos(9*pi/12),c2_y+r3*sin(9*pi/12))  Angle(360)

  REGION "u_2_6"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c2_x+(r3+rt)*cos(11*pi/12),c2_y+(r3+rt)*sin(11*pi/12))   Natural(temp)=0    Arc(center=c2_x+r3*cos(11*pi/12),c2_y+r3*sin(11*pi/12))  Angle(360)

 REGION "u_2_7"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c2_x+(r3+rt)*cos(-pi/12),c2_y+(r3+rt)*sin(-pi/12))   Natural(temp)=0    Arc(center=c2_x+r3*cos(-pi/12),c2_y+r3*sin(-pi/12))  Angle(360)

 REGION "u_2_8"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c2_x+(r3+rt)*cos(-pi/4),c2_y+(r3+rt)*sin(-pi/4))   Natural(temp)=0    Arc(center=c2_x+r3*cos(-pi/4),c2_y+r3*sin(-pi/4))  Angle(360)

 REGION "u_2_9"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c2_x+(r3+rt)*cos(-5*pi/12),c2_y+(r3+rt)*sin(-5*pi/12))   Natural(temp)=0    Arc(center=c2_x+r3*cos(-5*pi/12),c2_y+r3*sin(-5*pi/12))  Angle(360)

 REGION "u_2_10"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c2_x+(r3+rt)*cos(-7*pi/12),c2_y+(r3+rt)*sin(-7*pi/12))   Natural(temp)=0    Arc(center=c2_x+r3*cos(-7*pi/12),c2_y+r3*sin(-7*pi/12))  Angle(360)

 REGION "u_2_11"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c2_x+(r3+rt)*cos(-9*pi/12),c2_y+(r3+rt)*sin(-9*pi/12))   Natural(temp)=0    Arc(center=c2_x+r3*cos(-9*pi/12),c2_y+r3*sin(-9*pi/12))  Angle(360)

 REGION "u_2_12"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

      START(c2_x+(r3+rt)*cos(-11*pi/12),c2_y+(r3+rt)*sin(-11*pi/12))   Natural(temp)=0    Arc(center=c2_x+r3*cos(-11*pi/12),c2_y+r3*sin(-11*pi/12))  Angle(360)

 REGION "u_2_13"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c2_x+(r1+rt)*cos(pi/6),c2_y+(r1+rt)*sin(pi/6))   Natural(temp)=0    Arc(center=c2_x+r1*cos(pi/6),c2_y+r1*sin(pi/6))  Angle(360)

 REGION "u_2_14"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c2_x+(r1+rt)*cos(pi/2),c2_y+(r1+rt)*sin(pi/2))   Natural(temp)=0    Arc(center=c2_x+r1*cos(pi/2),c2_y+r1*sin(pi/2))  Angle(360)

 REGION "u_2_15"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c2_x+(r1+rt)*cos(5*pi/6),c2_y+(r1+rt)*sin(5*pi/6))   Natural(temp)=0    Arc(center=c2_x+r1*cos(5*pi/6),c2_y+r1*sin(5*pi/6))  Angle(360)

 REGION "u_2_16"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c2_x+(r1+rt)*cos(-pi/6),c2_y+(r1+rt)*sin(-pi/6))   Natural(temp)=0    Arc(center=c2_x+r1*cos(-pi/6),c2_y+r1*sin(-pi/6))  Angle(360)

 REGION "u_2_17"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c2_x+(r1+rt)*cos(-pi/2),c2_y+(r1+rt)*sin(-pi/2))   Natural(temp)=0    Arc(center=c2_x+r1*cos(-pi/2),c2_y+r1*sin(-pi/2))  Angle(360)

 REGION "u_2_18"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c2_x+(r1+rt)*cos(-5*pi/6),c2_y+(r1+rt)*sin(-5*pi/6))   Natural(temp)=0    Arc(center=c2_x+r1*cos(-5*pi/6),c2_y+r1*sin(-5*pi/6))  Angle(360)

Region "water_2"       ro=ro_h2o   c=c_h2o    l=l_h2o   qv=qv_h2o  alfa=alfa_h2o

 start(c2_x+r4,c2_y)  Natural(temp)=0   Arc(center=c2_x,c2_y)  Angle(360)

 START(c2_x+(r3+rt)*cos(pi/12),c2_y+(r3+rt)*sin(pi/12))  Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c2_x+r3*cos(pi/12),c2_y+r3*sin(pi/12))  Angle(360)

     START(c2_x+(r3+rt)*cos(pi/4),c2_y+(r3+rt)*sin(pi/4))   Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c2_x+r3*cos(pi/4),c2_y+r3*sin(pi/4))  Angle(360)

  START(c2_x+(r3+rt)*cos(5*pi/12),c2_y+(r3+rt)*sin(5*pi/12))   Natural(temp)=-alfa/l*(temp-293)

   Arc(center=c2_x+r3*cos(5*pi/12),c2_y+r3*sin(5*pi/12))  Angle(360)

     START(c2_x+(r3+rt)*cos(7*pi/12),c2_y+(r3+rt)*sin(7*pi/12))  Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c2_x+r3*cos(7*pi/12),c2_y+r3*sin(7*pi/12))  Angle(360)

  START(c2_x+(r3+rt)*cos(9*pi/12),c2_y+(r3+rt)*sin(9*pi/12))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c2_x+r3*cos(9*pi/12),c2_y+r3*sin(9*pi/12))  Angle(360)

START(c2_x+(r3+rt)*cos(11*pi/12),c2_y+(r3+rt)*sin(11*pi/12))   Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c2_x+r3*cos(11*pi/12),c2_y+r3*sin(11*pi/12))  Angle(360)

  START(c2_x+(r3+rt)*cos(-pi/12),c2_y+(r3+rt)*sin(-pi/12))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c2_x+r3*cos(-pi/12),c2_y+r3*sin(-pi/12))  Angle(360)

     START(c2_x+(r3+rt)*cos(-pi/4),c2_y+(r3+rt)*sin(-pi/4))   Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c2_x+r3*cos(-pi/4),c2_y+r3*sin(-pi/4))  Angle(360)

  START(c2_x+(r3+rt)*cos(-5*pi/12),c2_y+(r3+rt)*sin(-5*pi/12))  Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c2_x+r3*cos(-5*pi/12),c2_y+r3*sin(-5*pi/12))  Angle(360)

     START(c2_x+(r3+rt)*cos(-7*pi/12),c2_y+(r3+rt)*sin(-7*pi/12)) Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c2_x+r3*cos(-7*pi/12),c2_y+r3*sin(-7*pi/12))  Angle(360)

  START(c2_x+(r3+rt)*cos(-9*pi/12),c2_y+(r3+rt)*sin(-9*pi/12))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c2_x+r3*cos(-9*pi/12),c2_y+r3*sin(-9*pi/12))  Angle(360)

START(c2_x+(r3+rt)*cos(-11*pi/12),c2_y+(r3+rt)*sin(-11*pi/12))  Natural(temp)=-alfa/l*(temp-293)

      Arc(center=c2_x+r3*cos(-11*pi/12),c2_y+r3*sin(-11*pi/12))  Angle(360)

  START(c2_x+(r1+rt)*cos(pi/6),c2_y+(r1+rt)*sin(pi/6))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c2_x+r1*cos(pi/6),c2_y+r1*sin(pi/6))  Angle(360)

   START(c2_x+(r1+rt)*cos(pi/2),c2_y+(r1+rt)*sin(pi/2))   Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c2_x+r1*cos(pi/2),c2_y+r1*sin(pi/2))  Angle(360)

    START(c2_x+(r1+rt)*cos(5*pi/6),c2_y+(r1+rt)*sin(5*pi/6))  Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c2_x+r1*cos(5*pi/6),c2_y+r1*sin(5*pi/6))  Angle(360)

    START(c2_x+(r1+rt)*cos(-pi/6),c2_y+(r1+rt)*sin(-pi/6))  Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c2_x+r1*cos(-pi/6),c2_y+r1*sin(-pi/6))  Angle(360)

   START(c2_x+(r1+rt)*cos(-pi/2),c2_y+(r1+rt)*sin(-pi/2))  Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c2_x+r1*cos(-pi/2),c2_y+r1*sin(-pi/2))  Angle(360)

    START(c2_x+(r1+rt)*cos(-5*pi/6),c2_y+(r1+rt)*sin(-5*pi/6))   Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c2_x+r1*cos(-5*pi/6),c2_y+r1*sin(-5*pi/6))  Angle(360)

  Region "obolo4ka_2"        ro=ro_st   c=c_st    l=l_st   qv=qv_st  alfa=alfa_st

 start(c2_x,c2_y+r5)  Natural(temp)=0   Arc(center=c2_x,c2_y)  Angle(360)

 start(c2_x,c2_y+r4)  Natural(temp)=-alfa/l*(temp-293)   Arc(center=c2_x,c2_y)  Angle(360)

   REGION "u_3_1"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START((c3_x+(r3+rt)*cos(pi/12)),c3_y+(r3+rt)*sin(pi/12))   Natural(temp)=0    Arc(center=c3_x+r3*cos(pi/12),c3_y+r3*sin(pi/12))  Angle(360)

 REGION "u_3_2"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

   START(c3_x+(r3+rt)*cos(pi/4),c3_y+(r3+rt)*sin(pi/4))   Natural(temp)=0    Arc(center=c3_x+r3*cos(pi/4),c3_y+r3*sin(pi/4))  Angle(360)

 REGION "u_3_3"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c3_x+(r3+rt)*cos(5*pi/12),c3_y+(r3+rt)*sin(5*pi/12))   Natural(temp)=0    Arc(center=c3_x+r3*cos(5*pi/12),c3_y+r3*sin(5*pi/12))  Angle(360)

  REGION "u_3_4"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c3_x+(r3+rt)*cos(7*pi/12),c3_y+(r3+rt)*sin(7*pi/12))   Natural(temp)=0    Arc(center=c3_x+r3*cos(7*pi/12),c3_y+r3*sin(7*pi/12))  Angle(360)

 REGION "u_3_5"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c3_x+(r3+rt)*cos(9*pi/12),c3_y+(r3+rt)*sin(9*pi/12))   Natural(temp)=0    Arc(center=c3_x+r3*cos(9*pi/12),c3_y+r3*sin(9*pi/12))  Angle(360)

  REGION "u_3_6"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c3_x+(r3+rt)*cos(11*pi/12),c3_y+(r3+rt)*sin(11*pi/12))   Natural(temp)=0    Arc(center=c3_x+r3*cos(11*pi/12),c3_y+r3*sin(11*pi/12))  Angle(360)

 REGION "u_3_7"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c3_x+(r3+rt)*cos(-pi/12),c3_y+(r3+rt)*sin(-pi/12))   Natural(temp)=0    Arc(center=c3_x+r3*cos(-pi/12),c3_y+r3*sin(-pi/12))  Angle(360)

 REGION "u_3_8"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c3_x+(r3+rt)*cos(-pi/4),c3_y+(r3+rt)*sin(-pi/4))   Natural(temp)=0    Arc(center=c3_x+r3*cos(-pi/4),c3_y+r3*sin(-pi/4))  Angle(360)

 REGION "u_3_9"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c3_x+(r3+rt)*cos(-5*pi/12),c3_y+(r3+rt)*sin(-5*pi/12))   Natural(temp)=0    Arc(center=c3_x+r3*cos(-5*pi/12),c3_y+r3*sin(-5*pi/12))  Angle(360)

 REGION "u_3_10"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c3_x+(r3+rt)*cos(-7*pi/12),c3_y+(r3+rt)*sin(-7*pi/12))   Natural(temp)=0    Arc(center=c3_x+r3*cos(-7*pi/12),c3_y+r3*sin(-7*pi/12))  Angle(360)

 REGION "u_3_11"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c3_x+(r3+rt)*cos(-9*pi/12),c3_y+(r3+rt)*sin(-9*pi/12))   Natural(temp)=0    Arc(center=c3_x+r3*cos(-9*pi/12),c3_y+r3*sin(-9*pi/12))  Angle(360)

 REGION "u_3_12"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

      START(c3_x+(r3+rt)*cos(-11*pi/12),c3_y+(r3+rt)*sin(-11*pi/12))   Natural(temp)=0    Arc(center=c3_x+r3*cos(-11*pi/12),c3_y+r3*sin(-11*pi/12))  Angle(360)

 REGION "u_3_13"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c3_x+(r1+rt)*cos(pi/6),c3_y+(r1+rt)*sin(pi/6))   Natural(temp)=0    Arc(center=c3_x+r1*cos(pi/6),c3_y+r1*sin(pi/6))  Angle(360)

 REGION "u_3_14"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c3_x+(r1+rt)*cos(pi/2),c3_y+(r1+rt)*sin(pi/2))   Natural(temp)=0    Arc(center=c3_x+r1*cos(pi/2),c3_y+r1*sin(pi/2))  Angle(360)

 REGION "u_3_15"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c3_x+(r1+rt)*cos(5*pi/6),c3_y+(r1+rt)*sin(5*pi/6))   Natural(temp)=0    Arc(center=c3_x+r1*cos(5*pi/6),c3_y+r1*sin(5*pi/6))  Angle(360)

 REGION "u_3_16"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c3_x+(r1+rt)*cos(-pi/6),c3_y+(r1+rt)*sin(-pi/6))   Natural(temp)=0    Arc(center=c3_x+r1*cos(-pi/6),c3_y+r1*sin(-pi/6))  Angle(360)

 REGION "u_3_17"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c3_x+(r1+rt)*cos(-pi/2),c3_y+(r1+rt)*sin(-pi/2))   Natural(temp)=0    Arc(center=c3_x+r1*cos(-pi/2),c3_y+r1*sin(-pi/2))  Angle(360)

 REGION "u_3_18"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c3_x+(r1+rt)*cos(-5*pi/6),c3_y+(r1+rt)*sin(-5*pi/6))   Natural(temp)=0    Arc(center=c3_x+r1*cos(-5*pi/6),c3_y+r1*sin(-5*pi/6))  Angle(360)

 Region "water_3"      ro=ro_h2o   c=c_h2o    l=l_h2o   qv=qv_h2o  alfa=alfa_h2o

 start(c3_x+r4,c3_y)  Natural(temp)=0   Arc(center=c3_x,c3_y)  Angle(360)

 START(c3_x+(r3+rt)*cos(pi/12),c3_y+(r3+rt)*sin(pi/12))  Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c3_x+r3*cos(pi/12),c3_y+r3*sin(pi/12))  Angle(360)

     START(c3_x+(r3+rt)*cos(pi/4),c3_y+(r3+rt)*sin(pi/4))   Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c3_x+r3*cos(pi/4),c3_y+r3*sin(pi/4))  Angle(360)

  START(c3_x+(r3+rt)*cos(5*pi/12),c3_y+(r3+rt)*sin(5*pi/12))   Natural(temp)=-alfa/l*(temp-293)

   Arc(center=c3_x+r3*cos(5*pi/12),c3_y+r3*sin(5*pi/12))  Angle(360)

     START(c3_x+(r3+rt)*cos(7*pi/12),c3_y+(r3+rt)*sin(7*pi/12))  Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c3_x+r3*cos(7*pi/12),c3_y+r3*sin(7*pi/12))  Angle(360)

  START(c3_x+(r3+rt)*cos(9*pi/12),c3_y+(r3+rt)*sin(9*pi/12))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c3_x+r3*cos(9*pi/12),c3_y+r3*sin(9*pi/12))  Angle(360)

START(c3_x+(r3+rt)*cos(11*pi/12),c3_y+(r3+rt)*sin(11*pi/12))   Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c3_x+r3*cos(11*pi/12),c3_y+r3*sin(11*pi/12))  Angle(360)

  START(c3_x+(r3+rt)*cos(-pi/12),c3_y+(r3+rt)*sin(-pi/12))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c3_x+r3*cos(-pi/12),c3_y+r3*sin(-pi/12))  Angle(360)

     START(c3_x+(r3+rt)*cos(-pi/4),c3_y+(r3+rt)*sin(-pi/4))   Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c3_x+r3*cos(-pi/4),c3_y+r3*sin(-pi/4))  Angle(360)

  START(c3_x+(r3+rt)*cos(-5*pi/12),c3_y+(r3+rt)*sin(-5*pi/12))  Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c3_x+r3*cos(-5*pi/12),c3_y+r3*sin(-5*pi/12))  Angle(360)

     START(c3_x+(r3+rt)*cos(-7*pi/12),c3_y+(r3+rt)*sin(-7*pi/12)) Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c3_x+r3*cos(-7*pi/12),c3_y+r3*sin(-7*pi/12))  Angle(360)

  START(c3_x+(r3+rt)*cos(-9*pi/12),c3_y+(r3+rt)*sin(-9*pi/12))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c3_x+r3*cos(-9*pi/12),c3_y+r3*sin(-9*pi/12))  Angle(360)

START(c3_x+(r3+rt)*cos(-11*pi/12),c3_y+(r3+rt)*sin(-11*pi/12))  Natural(temp)=-alfa/l*(temp-293)

      Arc(center=c3_x+r3*cos(-11*pi/12),c3_y+r3*sin(-11*pi/12))  Angle(360)

  START(c3_x+(r1+rt)*cos(pi/6),c3_y+(r1+rt)*sin(pi/6))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c3_x+r1*cos(pi/6),c3_y+r1*sin(pi/6))  Angle(360)

   START(c3_x+(r1+rt)*cos(pi/2),c3_y+(r1+rt)*sin(pi/2))   Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c3_x+r1*cos(pi/2),c3_y+r1*sin(pi/2))  Angle(360)

    START(c3_x+(r1+rt)*cos(5*pi/6),c3_y+(r1+rt)*sin(5*pi/6))  Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c3_x+r1*cos(5*pi/6),c3_y+r1*sin(5*pi/6))  Angle(360)

    START(c3_x+(r1+rt)*cos(-pi/6),c3_y+(r1+rt)*sin(-pi/6))  Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c3_x+r1*cos(-pi/6),c3_y+r1*sin(-pi/6))  Angle(360)

   START(c3_x+(r1+rt)*cos(-pi/2),c3_y+(r1+rt)*sin(-pi/2))  Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c3_x+r1*cos(-pi/2),c3_y+r1*sin(-pi/2))  Angle(360)

    START(c3_x+(r1+rt)*cos(-5*pi/6),c3_y+(r1+rt)*sin(-5*pi/6))   Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c3_x+r1*cos(-5*pi/6),c3_y+r1*sin(-5*pi/6))  Angle(360)

Region "obolo4ka_3"       ro=ro_st   c=c_st    l=l_st   qv=qv_st  alfa=alfa_st

 start(c3_x,c3_y+r5)  Natural(temp)=0   Arc(center=c3_x,c3_y)  Angle(360)

 start(c3_x,c3_y+r4)  Natural(temp)=-alfa/l*(temp-293)   Arc(center=c3_x,c3_y)  Angle(360)

 REGION "u_4_1"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START((c4_x+(r3+rt)*cos(pi/12)),c4_y+(r3+rt)*sin(pi/12))   Natural(temp)=0    Arc(center=c4_x+r3*cos(pi/12),c4_y+r3*sin(pi/12))  Angle(360)

 REGION "u_4_2"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

   START(c4_x+(r3+rt)*cos(pi/4),c4_y+(r3+rt)*sin(pi/4))   Natural(temp)=0    Arc(center=c4_x+r3*cos(pi/4),c4_y+r3*sin(pi/4))  Angle(360)

 REGION "u_4_3"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c4_x+(r3+rt)*cos(5*pi/12),c4_y+(r3+rt)*sin(5*pi/12))   Natural(temp)=0    Arc(center=c4_x+r3*cos(5*pi/12),c4_y+r3*sin(5*pi/12))  Angle(360)

  REGION "u_4_4"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c4_x+(r3+rt)*cos(7*pi/12),c4_y+(r3+rt)*sin(7*pi/12))   Natural(temp)=0    Arc(center=c4_x+r3*cos(7*pi/12),c4_y+r3*sin(7*pi/12))  Angle(360)

 REGION "u_4_5"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c4_x+(r3+rt)*cos(9*pi/12),c4_y+(r3+rt)*sin(9*pi/12))   Natural(temp)=0    Arc(center=c4_x+r3*cos(9*pi/12),c4_y+r3*sin(9*pi/12))  Angle(360)

  REGION "u_4_6"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c4_x+(r3+rt)*cos(11*pi/12),c4_y+(r3+rt)*sin(11*pi/12))   Natural(temp)=0    Arc(center=c4_x+r3*cos(11*pi/12),c4_y+r3*sin(11*pi/12))  Angle(360)

 REGION "u_4_7"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c4_x+(r3+rt)*cos(-pi/12),c4_y+(r3+rt)*sin(-pi/12))   Natural(temp)=0    Arc(center=c4_x+r3*cos(-pi/12),c4_y+r3*sin(-pi/12))  Angle(360)

 REGION "u_4_8"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c4_x+(r3+rt)*cos(-pi/4),c4_y+(r3+rt)*sin(-pi/4))   Natural(temp)=0    Arc(center=c4_x+r3*cos(-pi/4),c4_y+r3*sin(-pi/4))  Angle(360)

 REGION "u_4_9"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c4_x+(r3+rt)*cos(-5*pi/12),c4_y+(r3+rt)*sin(-5*pi/12))   Natural(temp)=0    Arc(center=c4_x+r3*cos(-5*pi/12),c4_y+r3*sin(-5*pi/12))  Angle(360)

 REGION "u_4_10"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c4_x+(r3+rt)*cos(-7*pi/12),c4_y+(r3+rt)*sin(-7*pi/12))   Natural(temp)=0    Arc(center=c4_x+r3*cos(-7*pi/12),c4_y+r3*sin(-7*pi/12))  Angle(360)

 REGION "u_4_11"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c4_x+(r3+rt)*cos(-9*pi/12),c4_y+(r3+rt)*sin(-9*pi/12))   Natural(temp)=0    Arc(center=c4_x+r3*cos(-9*pi/12),c4_y+r3*sin(-9*pi/12))  Angle(360)

 REGION "u_4_12"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

      START(c4_x+(r3+rt)*cos(-11*pi/12),c4_y+(r3+rt)*sin(-11*pi/12))   Natural(temp)=0    Arc(center=c4_x+r3*cos(-11*pi/12),c4_y+r3*sin(-11*pi/12))  Angle(360)

 REGION "u_4_13"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c4_x+(r1+rt)*cos(pi/6),c4_y+(r1+rt)*sin(pi/6))   Natural(temp)=0    Arc(center=c4_x+r1*cos(pi/6),c4_y+r1*sin(pi/6))  Angle(360)

 REGION "u_4_14"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c4_x+(r1+rt)*cos(pi/2),c4_y+(r1+rt)*sin(pi/2))   Natural(temp)=0    Arc(center=c4_x+r1*cos(pi/2),c4_y+r1*sin(pi/2))  Angle(360)

 REGION "u_4_15"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c4_x+(r1+rt)*cos(5*pi/6),c4_y+(r1+rt)*sin(5*pi/6))   Natural(temp)=0    Arc(center=c4_x+r1*cos(5*pi/6),c4_y+r1*sin(5*pi/6))  Angle(360)

 REGION "u_4_16"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c4_x+(r1+rt)*cos(-pi/6),c4_y+(r1+rt)*sin(-pi/6))   Natural(temp)=0    Arc(center=c4_x+r1*cos(-pi/6),c4_y+r1*sin(-pi/6))  Angle(360)

 REGION "u_4_17"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c4_x+(r1+rt)*cos(-pi/2),c4_y+(r1+rt)*sin(-pi/2))   Natural(temp)=0    Arc(center=c4_x+r1*cos(-pi/2),c4_y+r1*sin(-pi/2))  Angle(360)

 REGION "u_4_18"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c4_x+(r1+rt)*cos(-5*pi/6),c4_y+(r1+rt)*sin(-5*pi/6))   Natural(temp)=0    Arc(center=c4_x+r1*cos(-5*pi/6),c4_y+r1*sin(-5*pi/6))  Angle(360)

 Region "water_4"       ro=ro_h2o   c=c_h2o    l=l_h2o   qv=qv_h2o  alfa=alfa_h2o

 start(c4_x+r4,c4_y)  Natural(temp)=0   Arc(center=c4_x,c4_y)  Angle(360)

 START(c4_x+(r3+rt)*cos(pi/12),c4_y+(r3+rt)*sin(pi/12))  Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c4_x+r3*cos(pi/12),c4_y+r3*sin(pi/12))  Angle(360)

     START(c4_x+(r3+rt)*cos(pi/4),c4_y+(r3+rt)*sin(pi/4))   Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c4_x+r3*cos(pi/4),c4_y+r3*sin(pi/4))  Angle(360)

  START(c4_x+(r3+rt)*cos(5*pi/12),c4_y+(r3+rt)*sin(5*pi/12))   Natural(temp)=-alfa/l*(temp-293)

   Arc(center=c4_x+r3*cos(5*pi/12),c4_y+r3*sin(5*pi/12))  Angle(360)

     START(c4_x+(r3+rt)*cos(7*pi/12),c4_y+(r3+rt)*sin(7*pi/12))  Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c4_x+r3*cos(7*pi/12),c4_y+r3*sin(7*pi/12))  Angle(360)

  START(c4_x+(r3+rt)*cos(9*pi/12),c4_y+(r3+rt)*sin(9*pi/12))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c4_x+r3*cos(9*pi/12),c4_y+r3*sin(9*pi/12))  Angle(360)

START(c4_x+(r3+rt)*cos(11*pi/12),c4_y+(r3+rt)*sin(11*pi/12))   Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c4_x+r3*cos(11*pi/12),c4_y+r3*sin(11*pi/12))  Angle(360)

  START(c4_x+(r3+rt)*cos(-pi/12),c4_y+(r3+rt)*sin(-pi/12))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c4_x+r3*cos(-pi/12),c4_y+r3*sin(-pi/12))  Angle(360)

     START(c4_x+(r3+rt)*cos(-pi/4),c4_y+(r3+rt)*sin(-pi/4))   Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c4_x+r3*cos(-pi/4),c4_y+r3*sin(-pi/4))  Angle(360)

  START(c4_x+(r3+rt)*cos(-5*pi/12),c4_y+(r3+rt)*sin(-5*pi/12))  Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c4_x+r3*cos(-5*pi/12),c4_y+r3*sin(-5*pi/12))  Angle(360)

     START(c4_x+(r3+rt)*cos(-7*pi/12),c4_y+(r3+rt)*sin(-7*pi/12)) Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c4_x+r3*cos(-7*pi/12),c4_y+r3*sin(-7*pi/12))  Angle(360)

  START(c4_x+(r3+rt)*cos(-9*pi/12),c4_y+(r3+rt)*sin(-9*pi/12))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c4_x+r3*cos(-9*pi/12),c4_y+r3*sin(-9*pi/12))  Angle(360)

START(c4_x+(r3+rt)*cos(-11*pi/12),c4_y+(r3+rt)*sin(-11*pi/12))  Natural(temp)=-alfa/l*(temp-293)

      Arc(center=c4_x+r3*cos(-11*pi/12),c4_y+r3*sin(-11*pi/12))  Angle(360)

  START(c4_x+(r1+rt)*cos(pi/6),c4_y+(r1+rt)*sin(pi/6))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c4_x+r1*cos(pi/6),c4_y+r1*sin(pi/6))  Angle(360)

   START(c4_x+(r1+rt)*cos(pi/2),c4_y+(r1+rt)*sin(pi/2))   Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c4_x+r1*cos(pi/2),c4_y+r1*sin(pi/2))  Angle(360)

    START(c4_x+(r1+rt)*cos(5*pi/6),c4_y+(r1+rt)*sin(5*pi/6))  Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c4_x+r1*cos(5*pi/6),c4_y+r1*sin(5*pi/6))  Angle(360)

    START(c4_x+(r1+rt)*cos(-pi/6),c4_y+(r1+rt)*sin(-pi/6))  Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c4_x+r1*cos(-pi/6),c4_y+r1*sin(-pi/6))  Angle(360)

   START(c4_x+(r1+rt)*cos(-pi/2),c4_y+(r1+rt)*sin(-pi/2))  Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c4_x+r1*cos(-pi/2),c4_y+r1*sin(-pi/2))  Angle(360)

    START(c4_x+(r1+rt)*cos(-5*pi/6),c4_y+(r1+rt)*sin(-5*pi/6))   Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c4_x+r1*cos(-5*pi/6),c4_y+r1*sin(-5*pi/6))  Angle(360)

Region "obolo4ka_4"      ro=ro_st   c=c_st    l=l_st   qv=qv_st  alfa=alfa_st

 start(c4_x,c4_y+r5)  Natural(temp)=0   Arc(center=c4_x,c4_y)  Angle(360)

 start(c4_x,c4_y+r4)  Natural(temp)=-alfa/l*(temp-293)   Arc(center=c4_x,c4_y)  Angle(360)

REGION "u_5_1"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START((c5_x+(r3+rt)*cos(pi/12)),c5_y+(r3+rt)*sin(pi/12))   Natural(temp)=0    Arc(center=c5_x+r3*cos(pi/12),c5_y+r3*sin(pi/12))  Angle(360)

 REGION "u_5_2"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

   START(c5_x+(r3+rt)*cos(pi/4),c5_y+(r3+rt)*sin(pi/4))   Natural(temp)=0    Arc(center=c5_x+r3*cos(pi/4),c5_y+r3*sin(pi/4))  Angle(360)

 REGION "u_5_3"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c5_x+(r3+rt)*cos(5*pi/12),c5_y+(r3+rt)*sin(5*pi/12))   Natural(temp)=0    Arc(center=c5_x+r3*cos(5*pi/12),c5_y+r3*sin(5*pi/12))  Angle(360)

  REGION "u_5_4"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c5_x+(r3+rt)*cos(7*pi/12),c5_y+(r3+rt)*sin(7*pi/12))   Natural(temp)=0    Arc(center=c5_x+r3*cos(7*pi/12),c5_y+r3*sin(7*pi/12))  Angle(360)

 REGION "u_5_5"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c5_x+(r3+rt)*cos(9*pi/12),c5_y+(r3+rt)*sin(9*pi/12))   Natural(temp)=0    Arc(center=c5_x+r3*cos(9*pi/12),c5_y+r3*sin(9*pi/12))  Angle(360)

  REGION "u_5_6"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c5_x+(r3+rt)*cos(11*pi/12),c5_y+(r3+rt)*sin(11*pi/12))   Natural(temp)=0    Arc(center=c5_x+r3*cos(11*pi/12),c5_y+r3*sin(11*pi/12))  Angle(360)

 REGION "u_5_7"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c5_x+(r3+rt)*cos(-pi/12),c5_y+(r3+rt)*sin(-pi/12))   Natural(temp)=0    Arc(center=c5_x+r3*cos(-pi/12),c5_y+r3*sin(-pi/12))  Angle(360)

 REGION "u_5_8"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c5_x+(r3+rt)*cos(-pi/4),c5_y+(r3+rt)*sin(-pi/4))   Natural(temp)=0    Arc(center=c5_x+r3*cos(-pi/4),c5_y+r3*sin(-pi/4))  Angle(360)

 REGION "u_5_9"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c5_x+(r3+rt)*cos(-5*pi/12),c5_y+(r3+rt)*sin(-5*pi/12))   Natural(temp)=0    Arc(center=c5_x+r3*cos(-5*pi/12),c5_y+r3*sin(-5*pi/12))  Angle(360)

 REGION "u_5_10"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c5_x+(r3+rt)*cos(-7*pi/12),c5_y+(r3+rt)*sin(-7*pi/12))   Natural(temp)=0    Arc(center=c5_x+r3*cos(-7*pi/12),c5_y+r3*sin(-7*pi/12))  Angle(360)

 REGION "u_5_11"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c5_x+(r3+rt)*cos(-9*pi/12),c5_y+(r3+rt)*sin(-9*pi/12))   Natural(temp)=0    Arc(center=c5_x+r3*cos(-9*pi/12),c5_y+r3*sin(-9*pi/12))  Angle(360)

 REGION "u_5_12"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

      START(c5_x+(r3+rt)*cos(-11*pi/12),c5_y+(r3+rt)*sin(-11*pi/12))   Natural(temp)=0    Arc(center=c5_x+r3*cos(-11*pi/12),c5_y+r3*sin(-11*pi/12))  Angle(360)

 REGION "u_5_13"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c5_x+(r1+rt)*cos(pi/6),c5_y+(r1+rt)*sin(pi/6))   Natural(temp)=0    Arc(center=c5_x+r1*cos(pi/6),c5_y+r1*sin(pi/6))  Angle(360)

 REGION "u_5_14"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c5_x+(r1+rt)*cos(pi/2),c5_y+(r1+rt)*sin(pi/2))   Natural(temp)=0    Arc(center=c5_x+r1*cos(pi/2),c5_y+r1*sin(pi/2))  Angle(360)

 REGION "u_5_15"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c5_x+(r1+rt)*cos(5*pi/6),c5_y+(r1+rt)*sin(5*pi/6))   Natural(temp)=0    Arc(center=c5_x+r1*cos(5*pi/6),c5_y+r1*sin(5*pi/6))  Angle(360)

 REGION "u_5_16"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c5_x+(r1+rt)*cos(-pi/6),c5_y+(r1+rt)*sin(-pi/6))   Natural(temp)=0    Arc(center=c5_x+r1*cos(-pi/6),c5_y+r1*sin(-pi/6))  Angle(360)

 REGION "u_5_17"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c5_x+(r1+rt)*cos(-pi/2),c5_y+(r1+rt)*sin(-pi/2))   Natural(temp)=0    Arc(center=c5_x+r1*cos(-pi/2),c5_y+r1*sin(-pi/2))  Angle(360)

 REGION "u_5_18"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c5_x+(r1+rt)*cos(-5*pi/6),c5_y+(r1+rt)*sin(-5*pi/6))   Natural(temp)=0    Arc(center=c5_x+r1*cos(-5*pi/6),c5_y+r1*sin(-5*pi/6))  Angle(360)

Region "water_5"       ro=ro_h2o   c=c_h2o    l=l_h2o   qv=qv_h2o  alfa=alfa_h2o

 start(c5_x+r4,c5_y)  Natural(temp)=0   Arc(center=c5_x,c5_y)  Angle(360)

 START(c5_x+(r3+rt)*cos(pi/12),c5_y+(r3+rt)*sin(pi/12))  Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c5_x+r3*cos(pi/12),c5_y+r3*sin(pi/12))  Angle(360)

     START(c5_x+(r3+rt)*cos(pi/4),c5_y+(r3+rt)*sin(pi/4))   Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c5_x+r3*cos(pi/4),c5_y+r3*sin(pi/4))  Angle(360)

  START(c5_x+(r3+rt)*cos(5*pi/12),c5_y+(r3+rt)*sin(5*pi/12))   Natural(temp)=-alfa/l*(temp-293)

   Arc(center=c5_x+r3*cos(5*pi/12),c5_y+r3*sin(5*pi/12))  Angle(360)

     START(c5_x+(r3+rt)*cos(7*pi/12),c5_y+(r3+rt)*sin(7*pi/12))  Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c5_x+r3*cos(7*pi/12),c5_y+r3*sin(7*pi/12))  Angle(360)

  START(c5_x+(r3+rt)*cos(9*pi/12),c5_y+(r3+rt)*sin(9*pi/12))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c5_x+r3*cos(9*pi/12),c5_y+r3*sin(9*pi/12))  Angle(360)

START(c5_x+(r3+rt)*cos(11*pi/12),c5_y+(r3+rt)*sin(11*pi/12))   Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c5_x+r3*cos(11*pi/12),c5_y+r3*sin(11*pi/12))  Angle(360)

  START(c5_x+(r3+rt)*cos(-pi/12),c5_y+(r3+rt)*sin(-pi/12))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c5_x+r3*cos(-pi/12),c5_y+r3*sin(-pi/12))  Angle(360)

     START(c5_x+(r3+rt)*cos(-pi/4),c5_y+(r3+rt)*sin(-pi/4))   Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c5_x+r3*cos(-pi/4),c5_y+r3*sin(-pi/4))  Angle(360)

  START(c5_x+(r3+rt)*cos(-5*pi/12),c5_y+(r3+rt)*sin(-5*pi/12))  Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c5_x+r3*cos(-5*pi/12),c5_y+r3*sin(-5*pi/12))  Angle(360)

     START(c5_x+(r3+rt)*cos(-7*pi/12),c5_y+(r3+rt)*sin(-7*pi/12)) Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c5_x+r3*cos(-7*pi/12),c5_y+r3*sin(-7*pi/12))  Angle(360)

  START(c5_x+(r3+rt)*cos(-9*pi/12),c5_y+(r3+rt)*sin(-9*pi/12))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c5_x+r3*cos(-9*pi/12),c5_y+r3*sin(-9*pi/12))  Angle(360)

START(c5_x+(r3+rt)*cos(-11*pi/12),c5_y+(r3+rt)*sin(-11*pi/12))  Natural(temp)=-alfa/l*(temp-293)

      Arc(center=c5_x+r3*cos(-11*pi/12),c5_y+r3*sin(-11*pi/12))  Angle(360)

  START(c5_x+(r1+rt)*cos(pi/6),c5_y+(r1+rt)*sin(pi/6))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c5_x+r1*cos(pi/6),c5_y+r1*sin(pi/6))  Angle(360)

   START(c5_x+(r1+rt)*cos(pi/2),c5_y+(r1+rt)*sin(pi/2))   Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c5_x+r1*cos(pi/2),c5_y+r1*sin(pi/2))  Angle(360)

    START(c5_x+(r1+rt)*cos(5*pi/6),c5_y+(r1+rt)*sin(5*pi/6))  Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c5_x+r1*cos(5*pi/6),c5_y+r1*sin(5*pi/6))  Angle(360)

    START(c5_x+(r1+rt)*cos(-pi/6),c5_y+(r1+rt)*sin(-pi/6))  Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c5_x+r1*cos(-pi/6),c5_y+r1*sin(-pi/6))  Angle(360)

   START(c5_x+(r1+rt)*cos(-pi/2),c5_y+(r1+rt)*sin(-pi/2))  Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c5_x+r1*cos(-pi/2),c5_y+r1*sin(-pi/2))  Angle(360)

    START(c5_x+(r1+rt)*cos(-5*pi/6),c5_y+(r1+rt)*sin(-5*pi/6))   Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c5_x+r1*cos(-5*pi/6),c5_y+r1*sin(-5*pi/6))  Angle(360)

  Region "obolo4ka_5"      ro=ro_st   c=c_st    l=l_st   qv=qv_st  alfa=alfa_st

 start(c5_x,c5_y+r5)  Natural(temp)=0   Arc(center=c5_x,c5_y)  Angle(360)

 start(c5_x,c5_y+r4)  Natural(temp)=-alfa/l*(temp-293)   Arc(center=c5_x,c5_y)  Angle(360)

 REGION "u_6_1"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START((c6_x+(r3+rt)*cos(pi/12)),c6_y+(r3+rt)*sin(pi/12))   Natural(temp)=0    Arc(center=c6_x+r3*cos(pi/12),c6_y+r3*sin(pi/12))  Angle(360)

 REGION "u_6_2"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

   START(c6_x+(r3+rt)*cos(pi/4),c6_y+(r3+rt)*sin(pi/4))   Natural(temp)=0    Arc(center=c6_x+r3*cos(pi/4),c6_y+r3*sin(pi/4))  Angle(360)

 REGION "u_6_3"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c6_x+(r3+rt)*cos(5*pi/12),c6_y+(r3+rt)*sin(5*pi/12))   Natural(temp)=0    Arc(center=c6_x+r3*cos(5*pi/12),c6_y+r3*sin(5*pi/12))  Angle(360)

  REGION "u_6_4"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c6_x+(r3+rt)*cos(7*pi/12),c6_y+(r3+rt)*sin(7*pi/12))   Natural(temp)=0    Arc(center=c6_x+r3*cos(7*pi/12),c6_y+r3*sin(7*pi/12))  Angle(360)

 REGION "u_6_5"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c6_x+(r3+rt)*cos(9*pi/12),c6_y+(r3+rt)*sin(9*pi/12))   Natural(temp)=0    Arc(center=c6_x+r3*cos(9*pi/12),c6_y+r3*sin(9*pi/12))  Angle(360)

  REGION "u_6_6"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c6_x+(r3+rt)*cos(11*pi/12),c6_y+(r3+rt)*sin(11*pi/12))   Natural(temp)=0    Arc(center=c6_x+r3*cos(11*pi/12),c6_y+r3*sin(11*pi/12))  Angle(360)

 REGION "u_6_7"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c6_x+(r3+rt)*cos(-pi/12),c6_y+(r3+rt)*sin(-pi/12))   Natural(temp)=0    Arc(center=c6_x+r3*cos(-pi/12),c6_y+r3*sin(-pi/12))  Angle(360)

 REGION "u_6_8"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c6_x+(r3+rt)*cos(-pi/4),c6_y+(r3+rt)*sin(-pi/4))   Natural(temp)=0    Arc(center=c6_x+r3*cos(-pi/4),c6_y+r3*sin(-pi/4))  Angle(360)

 REGION "u_6_9"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c6_x+(r3+rt)*cos(-5*pi/12),c6_y+(r3+rt)*sin(-5*pi/12))   Natural(temp)=0    Arc(center=c6_x+r3*cos(-5*pi/12),c6_y+r3*sin(-5*pi/12))  Angle(360)

 REGION "u_6_10"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c6_x+(r3+rt)*cos(-7*pi/12),c6_y+(r3+rt)*sin(-7*pi/12))   Natural(temp)=0    Arc(center=c6_x+r3*cos(-7*pi/12),c6_y+r3*sin(-7*pi/12))  Angle(360)

 REGION "u_6_11"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c6_x+(r3+rt)*cos(-9*pi/12),c6_y+(r3+rt)*sin(-9*pi/12))   Natural(temp)=0    Arc(center=c6_x+r3*cos(-9*pi/12),c6_y+r3*sin(-9*pi/12))  Angle(360)

 REGION "u_6_12"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

      START(c6_x+(r3+rt)*cos(-11*pi/12),c6_y+(r3+rt)*sin(-11*pi/12))   Natural(temp)=0    Arc(center=c6_x+r3*cos(-11*pi/12),c6_y+r3*sin(-11*pi/12))  Angle(360)

 REGION "u_6_13"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c6_x+(r1+rt)*cos(pi/6),c6_y+(r1+rt)*sin(pi/6))   Natural(temp)=0    Arc(center=c6_x+r1*cos(pi/6),c6_y+r1*sin(pi/6))  Angle(360)

 REGION "u_6_14"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c6_x+(r1+rt)*cos(pi/2),c6_y+(r1+rt)*sin(pi/2))   Natural(temp)=0    Arc(center=c6_x+r1*cos(pi/2),c6_y+r1*sin(pi/2))  Angle(360)

 REGION "u_6_15"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c6_x+(r1+rt)*cos(5*pi/6),c6_y+(r1+rt)*sin(5*pi/6))   Natural(temp)=0    Arc(center=c6_x+r1*cos(5*pi/6),c6_y+r1*sin(5*pi/6))  Angle(360)

 REGION "u_6_16"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c6_x+(r1+rt)*cos(-pi/6),c6_y+(r1+rt)*sin(-pi/6))   Natural(temp)=0    Arc(center=c6_x+r1*cos(-pi/6),c6_y+r1*sin(-pi/6))  Angle(360)

 REGION "u_6_17"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c6_x+(r1+rt)*cos(-pi/2),c6_y+(r1+rt)*sin(-pi/2))   Natural(temp)=0    Arc(center=c6_x+r1*cos(-pi/2),c6_y+r1*sin(-pi/2))  Angle(360)

 REGION "u_6_18"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c6_x+(r1+rt)*cos(-5*pi/6),c6_y+(r1+rt)*sin(-5*pi/6))   Natural(temp)=0    Arc(center=c6_x+r1*cos(-5*pi/6),c6_y+r1*sin(-5*pi/6))  Angle(360)

Region "water_6"       ro=ro_h2o   c=c_h2o    l=l_h2o   qv=qv_h2o  alfa=alfa_h2o

 start(c6_x+r4,c6_y)  Natural(temp)=0   Arc(center=c6_x,c6_y)  Angle(360)

 START(c6_x+(r3+rt)*cos(pi/12),c6_y+(r3+rt)*sin(pi/12))  Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c6_x+r3*cos(pi/12),c6_y+r3*sin(pi/12))  Angle(360)

     START(c6_x+(r3+rt)*cos(pi/4),c6_y+(r3+rt)*sin(pi/4))   Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c6_x+r3*cos(pi/4),c6_y+r3*sin(pi/4))  Angle(360)

  START(c6_x+(r3+rt)*cos(5*pi/12),c6_y+(r3+rt)*sin(5*pi/12))   Natural(temp)=-alfa/l*(temp-293)

   Arc(center=c6_x+r3*cos(5*pi/12),c6_y+r3*sin(5*pi/12))  Angle(360)

     START(c6_x+(r3+rt)*cos(7*pi/12),c6_y+(r3+rt)*sin(7*pi/12))  Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c6_x+r3*cos(7*pi/12),c6_y+r3*sin(7*pi/12))  Angle(360)

  START(c6_x+(r3+rt)*cos(9*pi/12),c6_y+(r3+rt)*sin(9*pi/12))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c6_x+r3*cos(9*pi/12),c6_y+r3*sin(9*pi/12))  Angle(360)

START(c6_x+(r3+rt)*cos(11*pi/12),c6_y+(r3+rt)*sin(11*pi/12))   Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c6_x+r3*cos(11*pi/12),c6_y+r3*sin(11*pi/12))  Angle(360)

  START(c6_x+(r3+rt)*cos(-pi/12),c6_y+(r3+rt)*sin(-pi/12))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c6_x+r3*cos(-pi/12),c6_y+r3*sin(-pi/12))  Angle(360)

     START(c6_x+(r3+rt)*cos(-pi/4),c6_y+(r3+rt)*sin(-pi/4))   Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c6_x+r3*cos(-pi/4),c6_y+r3*sin(-pi/4))  Angle(360)

  START(c6_x+(r3+rt)*cos(-5*pi/12),c6_y+(r3+rt)*sin(-5*pi/12))  Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c6_x+r3*cos(-5*pi/12),c6_y+r3*sin(-5*pi/12))  Angle(360)

     START(c6_x+(r3+rt)*cos(-7*pi/12),c6_y+(r3+rt)*sin(-7*pi/12)) Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c6_x+r3*cos(-7*pi/12),c6_y+r3*sin(-7*pi/12))  Angle(360)

  START(c6_x+(r3+rt)*cos(-9*pi/12),c6_y+(r3+rt)*sin(-9*pi/12))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c6_x+r3*cos(-9*pi/12),c6_y+r3*sin(-9*pi/12))  Angle(360)

START(c6_x+(r3+rt)*cos(-11*pi/12),c6_y+(r3+rt)*sin(-11*pi/12))  Natural(temp)=-alfa/l*(temp-293)

      Arc(center=c6_x+r3*cos(-11*pi/12),c6_y+r3*sin(-11*pi/12))  Angle(360)

  START(c6_x+(r1+rt)*cos(pi/6),c6_y+(r1+rt)*sin(pi/6))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c6_x+r1*cos(pi/6),c6_y+r1*sin(pi/6))  Angle(360)

   START(c6_x+(r1+rt)*cos(pi/2),c6_y+(r1+rt)*sin(pi/2))   Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c6_x+r1*cos(pi/2),c6_y+r1*sin(pi/2))  Angle(360)

    START(c6_x+(r1+rt)*cos(5*pi/6),c6_y+(r1+rt)*sin(5*pi/6))  Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c6_x+r1*cos(5*pi/6),c6_y+r1*sin(5*pi/6))  Angle(360)

    START(c6_x+(r1+rt)*cos(-pi/6),c6_y+(r1+rt)*sin(-pi/6))  Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c6_x+r1*cos(-pi/6),c6_y+r1*sin(-pi/6))  Angle(360)

   START(c6_x+(r1+rt)*cos(-pi/2),c6_y+(r1+rt)*sin(-pi/2))  Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c6_x+r1*cos(-pi/2),c6_y+r1*sin(-pi/2))  Angle(360)

    START(c6_x+(r1+rt)*cos(-5*pi/6),c6_y+(r1+rt)*sin(-5*pi/6))   Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c6_x+r1*cos(-5*pi/6),c6_y+r1*sin(-5*pi/6))  Angle(360)

  Region "obolo4ka_6"      ro=ro_st   c=c_st    l=l_st   qv=qv_st  alfa=alfa_st

 start(c6_x,c6_y+r5)  Natural(temp)=0   Arc(center=c6_x,c6_y)  Angle(360)

 start(c6_x,c6_y+r4)  Natural(temp)=-alfa/l*(temp-293)   Arc(center=c6_x,c6_y)  Angle(360)

REGION "u_7_1"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START((c7_x+(r3+rt)*cos(pi/12)),c7_y+(r3+rt)*sin(pi/12))   Natural(temp)=0    Arc(center=c7_x+r3*cos(pi/12),c7_y+r3*sin(pi/12))  Angle(360)

 REGION "u_7_2"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

   START(c7_x+(r3+rt)*cos(pi/4),c7_y+(r3+rt)*sin(pi/4))   Natural(temp)=0    Arc(center=c7_x+r3*cos(pi/4),c7_y+r3*sin(pi/4))  Angle(360)

 REGION "u_7_3"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c7_x+(r3+rt)*cos(5*pi/12),c7_y+(r3+rt)*sin(5*pi/12))   Natural(temp)=0    Arc(center=c7_x+r3*cos(5*pi/12),c7_y+r3*sin(5*pi/12))  Angle(360)

  REGION "u_7_4"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c7_x+(r3+rt)*cos(7*pi/12),c7_y+(r3+rt)*sin(7*pi/12))   Natural(temp)=0    Arc(center=c7_x+r3*cos(7*pi/12),c7_y+r3*sin(7*pi/12))  Angle(360)

 REGION "u_7_5"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c7_x+(r3+rt)*cos(9*pi/12),c7_y+(r3+rt)*sin(9*pi/12))   Natural(temp)=0    Arc(center=c7_x+r3*cos(9*pi/12),c7_y+r3*sin(9*pi/12))  Angle(360)

  REGION "u_7_6"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c7_x+(r3+rt)*cos(11*pi/12),c7_y+(r3+rt)*sin(11*pi/12))   Natural(temp)=0    Arc(center=c7_x+r3*cos(11*pi/12),c7_y+r3*sin(11*pi/12))  Angle(360)

 REGION "u_7_7"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c7_x+(r3+rt)*cos(-pi/12),c7_y+(r3+rt)*sin(-pi/12))   Natural(temp)=0    Arc(center=c7_x+r3*cos(-pi/12),c7_y+r3*sin(-pi/12))  Angle(360)

 REGION "u_7_8"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c7_x+(r3+rt)*cos(-pi/4),c7_y+(r3+rt)*sin(-pi/4))   Natural(temp)=0    Arc(center=c7_x+r3*cos(-pi/4),c7_y+r3*sin(-pi/4))  Angle(360)

 REGION "u_7_9"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c7_x+(r3+rt)*cos(-5*pi/12),c7_y+(r3+rt)*sin(-5*pi/12))   Natural(temp)=0    Arc(center=c7_x+r3*cos(-5*pi/12),c7_y+r3*sin(-5*pi/12))  Angle(360)

 REGION "u_7_10"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c7_x+(r3+rt)*cos(-7*pi/12),c7_y+(r3+rt)*sin(-7*pi/12))   Natural(temp)=0    Arc(center=c7_x+r3*cos(-7*pi/12),c7_y+r3*sin(-7*pi/12))  Angle(360)

 REGION "u_7_11"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c7_x+(r3+rt)*cos(-9*pi/12),c7_y+(r3+rt)*sin(-9*pi/12))   Natural(temp)=0    Arc(center=c7_x+r3*cos(-9*pi/12),c7_y+r3*sin(-9*pi/12))  Angle(360)

 REGION "u_7_12"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

      START(c7_x+(r3+rt)*cos(-11*pi/12),c7_y+(r3+rt)*sin(-11*pi/12))   Natural(temp)=0    Arc(center=c7_x+r3*cos(-11*pi/12),c7_y+r3*sin(-11*pi/12))  Angle(360)

 REGION "u_7_13"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c7_x+(r1+rt)*cos(pi/6),c7_y+(r1+rt)*sin(pi/6))   Natural(temp)=0    Arc(center=c7_x+r1*cos(pi/6),c7_y+r1*sin(pi/6))  Angle(360)

 REGION "u_7_14"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c7_x+(r1+rt)*cos(pi/2),c7_y+(r1+rt)*sin(pi/2))   Natural(temp)=0    Arc(center=c7_x+r1*cos(pi/2),c7_y+r1*sin(pi/2))  Angle(360)

 REGION "u_7_15"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c7_x+(r1+rt)*cos(5*pi/6),c7_y+(r1+rt)*sin(5*pi/6))   Natural(temp)=0    Arc(center=c7_x+r1*cos(5*pi/6),c7_y+r1*sin(5*pi/6))  Angle(360)

 REGION "u_7_16"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c7_x+(r1+rt)*cos(-pi/6),c7_y+(r1+rt)*sin(-pi/6))   Natural(temp)=0    Arc(center=c7_x+r1*cos(-pi/6),c7_y+r1*sin(-pi/6))  Angle(360)

 REGION "u_7_17"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c7_x+(r1+rt)*cos(-pi/2),c7_y+(r1+rt)*sin(-pi/2))   Natural(temp)=0    Arc(center=c7_x+r1*cos(-pi/2),c7_y+r1*sin(-pi/2))  Angle(360)

 REGION "u_7_18"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c7_x+(r1+rt)*cos(-5*pi/6),c7_y+(r1+rt)*sin(-5*pi/6))   Natural(temp)=0    Arc(center=c7_x+r1*cos(-5*pi/6),c7_y+r1*sin(-5*pi/6))  Angle(360)

Region "water_7"      ro=ro_h2o   c=c_h2o    l=l_h2o   qv=qv_h2o  alfa=alfa_h2o

 start(c7_x+r4,c7_y)  Natural(temp)=0   Arc(center=c7_x,c7_y)  Angle(360)

 START(c7_x+(r3+rt)*cos(pi/12),c7_y+(r3+rt)*sin(pi/12))  Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c7_x+r3*cos(pi/12),c7_y+r3*sin(pi/12))  Angle(360)

     START(c7_x+(r3+rt)*cos(pi/4),c7_y+(r3+rt)*sin(pi/4))   Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c7_x+r3*cos(pi/4),c7_y+r3*sin(pi/4))  Angle(360)

  START(c7_x+(r3+rt)*cos(5*pi/12),c7_y+(r3+rt)*sin(5*pi/12))   Natural(temp)=-alfa/l*(temp-293)

   Arc(center=c7_x+r3*cos(5*pi/12),c7_y+r3*sin(5*pi/12))  Angle(360)

     START(c7_x+(r3+rt)*cos(7*pi/12),c7_y+(r3+rt)*sin(7*pi/12))  Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c7_x+r3*cos(7*pi/12),c7_y+r3*sin(7*pi/12))  Angle(360)

  START(c7_x+(r3+rt)*cos(9*pi/12),c7_y+(r3+rt)*sin(9*pi/12))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c7_x+r3*cos(9*pi/12),c7_y+r3*sin(9*pi/12))  Angle(360)

 START(c7_x+(r3+rt)*cos(11*pi/12),c7_y+(r3+rt)*sin(11*pi/12))   Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c7_x+r3*cos(11*pi/12),c7_y+r3*sin(11*pi/12))  Angle(360)

  START(c7_x+(r3+rt)*cos(-pi/12),c7_y+(r3+rt)*sin(-pi/12))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c7_x+r3*cos(-pi/12),c7_y+r3*sin(-pi/12))  Angle(360)

     START(c7_x+(r3+rt)*cos(-pi/4),c7_y+(r3+rt)*sin(-pi/4))   Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c7_x+r3*cos(-pi/4),c7_y+r3*sin(-pi/4))  Angle(360)

  START(c7_x+(r3+rt)*cos(-5*pi/12),c7_y+(r3+rt)*sin(-5*pi/12))  Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c7_x+r3*cos(-5*pi/12),c7_y+r3*sin(-5*pi/12))  Angle(360)

     START(c7_x+(r3+rt)*cos(-7*pi/12),c7_y+(r3+rt)*sin(-7*pi/12)) Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c7_x+r3*cos(-7*pi/12),c7_y+r3*sin(-7*pi/12))  Angle(360)

  START(c7_x+(r3+rt)*cos(-9*pi/12),c7_y+(r3+rt)*sin(-9*pi/12))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c7_x+r3*cos(-9*pi/12),c7_y+r3*sin(-9*pi/12))  Angle(360)

START(c7_x+(r3+rt)*cos(-11*pi/12),c7_y+(r3+rt)*sin(-11*pi/12))  Natural(temp)=-alfa/l*(temp-293)

      Arc(center=c7_x+r3*cos(-11*pi/12),c7_y+r3*sin(-11*pi/12))  Angle(360)

  START(c7_x+(r1+rt)*cos(pi/6),c7_y+(r1+rt)*sin(pi/6))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c7_x+r1*cos(pi/6),c7_y+r1*sin(pi/6))  Angle(360)

   START(c7_x+(r1+rt)*cos(pi/2),c7_y+(r1+rt)*sin(pi/2))   Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c7_x+r1*cos(pi/2),c7_y+r1*sin(pi/2))  Angle(360)

    START(c7_x+(r1+rt)*cos(5*pi/6),c7_y+(r1+rt)*sin(5*pi/6))  Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c7_x+r1*cos(5*pi/6),c7_y+r1*sin(5*pi/6))  Angle(360)

    START(c7_x+(r1+rt)*cos(-pi/6),c7_y+(r1+rt)*sin(-pi/6))  Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c7_x+r1*cos(-pi/6),c7_y+r1*sin(-pi/6))  Angle(360)

   START(c7_x+(r1+rt)*cos(-pi/2),c7_y+(r1+rt)*sin(-pi/2))  Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c7_x+r1*cos(-pi/2),c7_y+r1*sin(-pi/2))  Angle(360)

    START(c7_x+(r1+rt)*cos(-5*pi/6),c7_y+(r1+rt)*sin(-5*pi/6))   Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c7_x+r1*cos(-5*pi/6),c7_y+r1*sin(-5*pi/6))  Angle(360)

Region "obolo4ka_7"       ro=ro_st   c=c_st    l=l_st   qv=qv_st  alfa=alfa_st

 start(c7_x,c7_y+r5)  Natural(temp)=0   Arc(center=c7_x,c7_y)  Angle(360)

 start(c7_x,c7_y+r4)  Natural(temp)=-alfa/l*(temp-293)   Arc(center=c7_x,c7_y)  Angle(360)

REGION "u_8_1"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START((c8_x+(r3+rt)*cos(pi/12)),c8_y+(r3+rt)*sin(pi/12))   Natural(temp)=0    Arc(center=c8_x+r3*cos(pi/12),c8_y+r3*sin(pi/12))  Angle(360)

 REGION "u_8_2"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

   START(c8_x+(r3+rt)*cos(pi/4),c8_y+(r3+rt)*sin(pi/4))   Natural(temp)=0    Arc(center=c8_x+r3*cos(pi/4),c8_y+r3*sin(pi/4))  Angle(360)

 REGION "u_8_3"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c8_x+(r3+rt)*cos(5*pi/12),c8_y+(r3+rt)*sin(5*pi/12))   Natural(temp)=0    Arc(center=c8_x+r3*cos(5*pi/12),c8_y+r3*sin(5*pi/12))  Angle(360)

  REGION "u_8_4"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c8_x+(r3+rt)*cos(7*pi/12),c8_y+(r3+rt)*sin(7*pi/12))   Natural(temp)=0    Arc(center=c8_x+r3*cos(7*pi/12),c8_y+r3*sin(7*pi/12))  Angle(360)

 REGION "u_8_5"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c8_x+(r3+rt)*cos(9*pi/12),c8_y+(r3+rt)*sin(9*pi/12))   Natural(temp)=0    Arc(center=c8_x+r3*cos(9*pi/12),c8_y+r3*sin(9*pi/12))  Angle(360)

  REGION "u_8_6"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c8_x+(r3+rt)*cos(11*pi/12),c8_y+(r3+rt)*sin(11*pi/12))   Natural(temp)=0    Arc(center=c8_x+r3*cos(11*pi/12),c8_y+r3*sin(11*pi/12))  Angle(360)

 REGION "u_8_7"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c8_x+(r3+rt)*cos(-pi/12),c8_y+(r3+rt)*sin(-pi/12))   Natural(temp)=0    Arc(center=c8_x+r3*cos(-pi/12),c8_y+r3*sin(-pi/12))  Angle(360)

 REGION "u_8_8"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c8_x+(r3+rt)*cos(-pi/4),c8_y+(r3+rt)*sin(-pi/4))   Natural(temp)=0    Arc(center=c8_x+r3*cos(-pi/4),c8_y+r3*sin(-pi/4))  Angle(360)

 REGION "u_8_9"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c8_x+(r3+rt)*cos(-5*pi/12),c8_y+(r3+rt)*sin(-5*pi/12))   Natural(temp)=0    Arc(center=c8_x+r3*cos(-5*pi/12),c8_y+r3*sin(-5*pi/12))  Angle(360)

 REGION "u_8_10"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c8_x+(r3+rt)*cos(-7*pi/12),c8_y+(r3+rt)*sin(-7*pi/12))   Natural(temp)=0    Arc(center=c8_x+r3*cos(-7*pi/12),c8_y+r3*sin(-7*pi/12))  Angle(360)

 REGION "u_8_11"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c8_x+(r3+rt)*cos(-9*pi/12),c8_y+(r3+rt)*sin(-9*pi/12))   Natural(temp)=0    Arc(center=c8_x+r3*cos(-9*pi/12),c8_y+r3*sin(-9*pi/12))  Angle(360)

 REGION "u_8_12"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

      START(c8_x+(r3+rt)*cos(-11*pi/12),c8_y+(r3+rt)*sin(-11*pi/12))   Natural(temp)=0    Arc(center=c8_x+r3*cos(-11*pi/12),c8_y+r3*sin(-11*pi/12))  Angle(360)

 REGION "u_8_13"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c8_x+(r1+rt)*cos(pi/6),c8_y+(r1+rt)*sin(pi/6))   Natural(temp)=0    Arc(center=c8_x+r1*cos(pi/6),c8_y+r1*sin(pi/6))  Angle(360)

 REGION "u_8_14"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c8_x+(r1+rt)*cos(pi/2),c8_y+(r1+rt)*sin(pi/2))   Natural(temp)=0    Arc(center=c8_x+r1*cos(pi/2),c8_y+r1*sin(pi/2))  Angle(360)

 REGION "u_8_15"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c8_x+(r1+rt)*cos(5*pi/6),c8_y+(r1+rt)*sin(5*pi/6))   Natural(temp)=0    Arc(center=c8_x+r1*cos(5*pi/6),c8_y+r1*sin(5*pi/6))  Angle(360)

 REGION "u_8_16"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c8_x+(r1+rt)*cos(-pi/6),c8_y+(r1+rt)*sin(-pi/6))   Natural(temp)=0    Arc(center=c8_x+r1*cos(-pi/6),c8_y+r1*sin(-pi/6))  Angle(360)

 REGION "u_8_17"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c8_x+(r1+rt)*cos(-pi/2),c8_y+(r1+rt)*sin(-pi/2))   Natural(temp)=0    Arc(center=c8_x+r1*cos(-pi/2),c8_y+r1*sin(-pi/2))  Angle(360)

 REGION "u_8_18"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c8_x+(r1+rt)*cos(-5*pi/6),c8_y+(r1+rt)*sin(-5*pi/6))   Natural(temp)=0    Arc(center=c8_x+r1*cos(-5*pi/6),c8_y+r1*sin(-5*pi/6))  Angle(360)

 Region "water_8"      ro=ro_h2o   c=c_h2o    l=l_h2o   qv=qv_h2o  alfa=alfa_h2o

 start(c8_x+r4,c8_y)  Natural(temp)=0   Arc(center=c8_x,c8_y)  Angle(360)

 START(c8_x+(r3+rt)*cos(pi/12),c8_y+(r3+rt)*sin(pi/12))  Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c8_x+r3*cos(pi/12),c8_y+r3*sin(pi/12))  Angle(360)

     START(c8_x+(r3+rt)*cos(pi/4),c8_y+(r3+rt)*sin(pi/4))   Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c8_x+r3*cos(pi/4),c8_y+r3*sin(pi/4))  Angle(360)

  START(c8_x+(r3+rt)*cos(5*pi/12),c8_y+(r3+rt)*sin(5*pi/12))   Natural(temp)=-alfa/l*(temp-293)

   Arc(center=c8_x+r3*cos(5*pi/12),c8_y+r3*sin(5*pi/12))  Angle(360)

     START(c8_x+(r3+rt)*cos(7*pi/12),c8_y+(r3+rt)*sin(7*pi/12))  Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c8_x+r3*cos(7*pi/12),c8_y+r3*sin(7*pi/12))  Angle(360)

  START(c8_x+(r3+rt)*cos(9*pi/12),c8_y+(r3+rt)*sin(9*pi/12))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c8_x+r3*cos(9*pi/12),c8_y+r3*sin(9*pi/12))  Angle(360)

START(c8_x+(r3+rt)*cos(11*pi/12),c8_y+(r3+rt)*sin(11*pi/12))   Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c8_x+r3*cos(11*pi/12),c8_y+r3*sin(11*pi/12))  Angle(360)

  START(c8_x+(r3+rt)*cos(-pi/12),c8_y+(r3+rt)*sin(-pi/12))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c8_x+r3*cos(-pi/12),c8_y+r3*sin(-pi/12))  Angle(360)

     START(c8_x+(r3+rt)*cos(-pi/4),c8_y+(r3+rt)*sin(-pi/4))   Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c8_x+r3*cos(-pi/4),c8_y+r3*sin(-pi/4))  Angle(360)

  START(c8_x+(r3+rt)*cos(-5*pi/12),c8_y+(r3+rt)*sin(-5*pi/12))  Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c8_x+r3*cos(-5*pi/12),c8_y+r3*sin(-5*pi/12))  Angle(360)

     START(c8_x+(r3+rt)*cos(-7*pi/12),c8_y+(r3+rt)*sin(-7*pi/12)) Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c8_x+r3*cos(-7*pi/12),c8_y+r3*sin(-7*pi/12))  Angle(360)

  START(c8_x+(r3+rt)*cos(-9*pi/12),c8_y+(r3+rt)*sin(-9*pi/12))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c8_x+r3*cos(-9*pi/12),c8_y+r3*sin(-9*pi/12))  Angle(360)

START(c8_x+(r3+rt)*cos(-11*pi/12),c8_y+(r3+rt)*sin(-11*pi/12))  Natural(temp)=-alfa/l*(temp-293)

      Arc(center=c8_x+r3*cos(-11*pi/12),c8_y+r3*sin(-11*pi/12))  Angle(360)

  START(c8_x+(r1+rt)*cos(pi/6),c8_y+(r1+rt)*sin(pi/6))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c8_x+r1*cos(pi/6),c8_y+r1*sin(pi/6))  Angle(360)

   START(c8_x+(r1+rt)*cos(pi/2),c8_y+(r1+rt)*sin(pi/2))   Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c8_x+r1*cos(pi/2),c8_y+r1*sin(pi/2))  Angle(360)

    START(c8_x+(r1+rt)*cos(5*pi/6),c8_y+(r1+rt)*sin(5*pi/6))  Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c8_x+r1*cos(5*pi/6),c8_y+r1*sin(5*pi/6))  Angle(360)

    START(c8_x+(r1+rt)*cos(-pi/6),c8_y+(r1+rt)*sin(-pi/6))  Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c8_x+r1*cos(-pi/6),c8_y+r1*sin(-pi/6))  Angle(360)

   START(c8_x+(r1+rt)*cos(-pi/2),c8_y+(r1+rt)*sin(-pi/2))  Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c8_x+r1*cos(-pi/2),c8_y+r1*sin(-pi/2))  Angle(360)

    START(c8_x+(r1+rt)*cos(-5*pi/6),c8_y+(r1+rt)*sin(-5*pi/6))   Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c8_x+r1*cos(-5*pi/6),c8_y+r1*sin(-5*pi/6))  Angle(360)

Region "obolo4ka_8"       ro=ro_st   c=c_st    l=l_st   qv=qv_st  alfa=alfa_st

 start(c8_x,c8_y+r5)  Natural(temp)=0   Arc(center=c8_x,c8_y)  Angle(360)

 start(c8_x,c8_y+r4)  Natural(temp)=-alfa/l*(temp-293)   Arc(center=c8_x,c8_y)  Angle(360)

REGION "u_9_1"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START((c9_x+(r3+rt)*cos(pi/12)),c9_y+(r3+rt)*sin(pi/12))   Natural(temp)=0    Arc(center=c9_x+r3*cos(pi/12),c9_y+r3*sin(pi/12))  Angle(360)

 REGION "u_9_2"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

   START(c9_x+(r3+rt)*cos(pi/4),c9_y+(r3+rt)*sin(pi/4))   Natural(temp)=0    Arc(center=c9_x+r3*cos(pi/4),c9_y+r3*sin(pi/4))  Angle(360)

 REGION "u_9_3"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c9_x+(r3+rt)*cos(5*pi/12),c9_y+(r3+rt)*sin(5*pi/12))   Natural(temp)=0    Arc(center=c9_x+r3*cos(5*pi/12),c9_y+r3*sin(5*pi/12))  Angle(360)

  REGION "u_9_4"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c9_x+(r3+rt)*cos(7*pi/12),c9_y+(r3+rt)*sin(7*pi/12))   Natural(temp)=0    Arc(center=c9_x+r3*cos(7*pi/12),c9_y+r3*sin(7*pi/12))  Angle(360)

 REGION "u_9_5"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c9_x+(r3+rt)*cos(9*pi/12),c9_y+(r3+rt)*sin(9*pi/12))   Natural(temp)=0    Arc(center=c9_x+r3*cos(9*pi/12),c9_y+r3*sin(9*pi/12))  Angle(360)

  REGION "u_9_6"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c9_x+(r3+rt)*cos(11*pi/12),c9_y+(r3+rt)*sin(11*pi/12))   Natural(temp)=0    Arc(center=c9_x+r3*cos(11*pi/12),c9_y+r3*sin(11*pi/12))  Angle(360)

 REGION "u_9_7"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c9_x+(r3+rt)*cos(-pi/12),c9_y+(r3+rt)*sin(-pi/12))   Natural(temp)=0    Arc(center=c9_x+r3*cos(-pi/12),c9_y+r3*sin(-pi/12))  Angle(360)

 REGION "u_9_8"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c9_x+(r3+rt)*cos(-pi/4),c9_y+(r3+rt)*sin(-pi/4))   Natural(temp)=0    Arc(center=c9_x+r3*cos(-pi/4),c9_y+r3*sin(-pi/4))  Angle(360)

 REGION "u_9_9"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c9_x+(r3+rt)*cos(-5*pi/12),c9_y+(r3+rt)*sin(-5*pi/12))   Natural(temp)=0    Arc(center=c9_x+r3*cos(-5*pi/12),c9_y+r3*sin(-5*pi/12))  Angle(360)

 REGION "u_9_10"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c9_x+(r3+rt)*cos(-7*pi/12),c9_y+(r3+rt)*sin(-7*pi/12))   Natural(temp)=0    Arc(center=c9_x+r3*cos(-7*pi/12),c9_y+r3*sin(-7*pi/12))  Angle(360)

 REGION "u_9_11"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c9_x+(r3+rt)*cos(-9*pi/12),c9_y+(r3+rt)*sin(-9*pi/12))   Natural(temp)=0    Arc(center=c9_x+r3*cos(-9*pi/12),c9_y+r3*sin(-9*pi/12))  Angle(360)

 REGION "u_9_12"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

      START(c9_x+(r3+rt)*cos(-11*pi/12),c9_y+(r3+rt)*sin(-11*pi/12))   Natural(temp)=0    Arc(center=c9_x+r3*cos(-11*pi/12),c9_y+r3*sin(-11*pi/12))  Angle(360)

 REGION "u_9_13"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c9_x+(r1+rt)*cos(pi/6),c9_y+(r1+rt)*sin(pi/6))   Natural(temp)=0    Arc(center=c9_x+r1*cos(pi/6),c9_y+r1*sin(pi/6))  Angle(360)

 REGION "u_9_14"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c9_x+(r1+rt)*cos(pi/2),c9_y+(r1+rt)*sin(pi/2))   Natural(temp)=0    Arc(center=c9_x+r1*cos(pi/2),c9_y+r1*sin(pi/2))  Angle(360)

 REGION "u_9_15"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c9_x+(r1+rt)*cos(5*pi/6),c9_y+(r1+rt)*sin(5*pi/6))   Natural(temp)=0    Arc(center=c9_x+r1*cos(5*pi/6),c9_y+r1*sin(5*pi/6))  Angle(360)

 REGION "u_9_16"    ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c9_x+(r1+rt)*cos(-pi/6),c9_y+(r1+rt)*sin(-pi/6))   Natural(temp)=0    Arc(center=c9_x+r1*cos(-pi/6),c9_y+r1*sin(-pi/6))  Angle(360)

 REGION "u_9_17"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

    START(c9_x+(r1+rt)*cos(-pi/2),c9_y+(r1+rt)*sin(-pi/2))   Natural(temp)=0    Arc(center=c9_x+r1*cos(-pi/2),c9_y+r1*sin(-pi/2))  Angle(360)

 REGION "u_9_18"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u

     START(c9_x+(r1+rt)*cos(-5*pi/6),c9_y+(r1+rt)*sin(-5*pi/6))   Natural(temp)=0    Arc(center=c9_x+r1*cos(-5*pi/6),c9_y+r1*sin(-5*pi/6))  Angle(360)

 Region "water_9"      ro=ro_h2o   c=c_h2o    l=l_h2o   qv=qv_h2o  alfa=alfa_h2o

 start(c9_x+r4,c9_y)  Natural(temp)=0   Arc(center=c9_x,c9_y)  Angle(360)

 START(c9_x+(r3+rt)*cos(pi/12),c9_y+(r3+rt)*sin(pi/12))  Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c9_x+r3*cos(pi/12),c9_y+r3*sin(pi/12))  Angle(360)

     START(c9_x+(r3+rt)*cos(pi/4),c9_y+(r3+rt)*sin(pi/4))   Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c9_x+r3*cos(pi/4),c9_y+r3*sin(pi/4))  Angle(360)

  START(c9_x+(r3+rt)*cos(5*pi/12),c9_y+(r3+rt)*sin(5*pi/12))   Natural(temp)=-alfa/l*(temp-293)

   Arc(center=c9_x+r3*cos(5*pi/12),c9_y+r3*sin(5*pi/12))  Angle(360)

     START(c9_x+(r3+rt)*cos(7*pi/12),c9_y+(r3+rt)*sin(7*pi/12))  Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c9_x+r3*cos(7*pi/12),c9_y+r3*sin(7*pi/12))  Angle(360)

  START(c9_x+(r3+rt)*cos(9*pi/12),c9_y+(r3+rt)*sin(9*pi/12))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c9_x+r3*cos(9*pi/12),c9_y+r3*sin(9*pi/12))  Angle(360)

START(c9_x+(r3+rt)*cos(11*pi/12),c9_y+(r3+rt)*sin(11*pi/12))   Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c9_x+r3*cos(11*pi/12),c9_y+r3*sin(11*pi/12))  Angle(360)

  START(c9_x+(r3+rt)*cos(-pi/12),c9_y+(r3+rt)*sin(-pi/12))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c9_x+r3*cos(-pi/12),c9_y+r3*sin(-pi/12))  Angle(360)

     START(c9_x+(r3+rt)*cos(-pi/4),c9_y+(r3+rt)*sin(-pi/4))   Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c9_x+r3*cos(-pi/4),c9_y+r3*sin(-pi/4))  Angle(360)

  START(c9_x+(r3+rt)*cos(-5*pi/12),c9_y+(r3+rt)*sin(-5*pi/12))  Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c9_x+r3*cos(-5*pi/12),c9_y+r3*sin(-5*pi/12))  Angle(360)

     START(c9_x+(r3+rt)*cos(-7*pi/12),c9_y+(r3+rt)*sin(-7*pi/12)) Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c9_x+r3*cos(-7*pi/12),c9_y+r3*sin(-7*pi/12))  Angle(360)

  START(c9_x+(r3+rt)*cos(-9*pi/12),c9_y+(r3+rt)*sin(-9*pi/12))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c9_x+r3*cos(-9*pi/12),c9_y+r3*sin(-9*pi/12))  Angle(360)

START(c9_x+(r3+rt)*cos(-11*pi/12),c9_y+(r3+rt)*sin(-11*pi/12))  Natural(temp)=-alfa/l*(temp-293)

      Arc(center=c9_x+r3*cos(-11*pi/12),c9_y+r3*sin(-11*pi/12))  Angle(360)

  START(c9_x+(r1+rt)*cos(pi/6),c9_y+(r1+rt)*sin(pi/6))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c9_x+r1*cos(pi/6),c9_y+r1*sin(pi/6))  Angle(360)

   START(c9_x+(r1+rt)*cos(pi/2),c9_y+(r1+rt)*sin(pi/2))   Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c9_x+r1*cos(pi/2),c9_y+r1*sin(pi/2))  Angle(360)

    START(c9_x+(r1+rt)*cos(5*pi/6),c9_y+(r1+rt)*sin(5*pi/6))  Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c9_x+r1*cos(5*pi/6),c9_y+r1*sin(5*pi/6))  Angle(360)

    START(c9_x+(r1+rt)*cos(-pi/6),c9_y+(r1+rt)*sin(-pi/6))  Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c9_x+r1*cos(-pi/6),c9_y+r1*sin(-pi/6))  Angle(360)

   START(c9_x+(r1+rt)*cos(-pi/2),c9_y+(r1+rt)*sin(-pi/2))  Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c9_x+r1*cos(-pi/2),c9_y+r1*sin(-pi/2))  Angle(360)

    START(c9_x+(r1+rt)*cos(-5*pi/6),c9_y+(r1+rt)*sin(-5*pi/6))   Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c9_x+r1*cos(-5*pi/6),c9_y+r1*sin(-5*pi/6))  Angle(360)

  Region "obolo4ka_9"        ro=ro_st   c=c_st    l=l_st   qv=qv_st  alfa=alfa_st

 start(c9_x,c9_y+r5)  Natural(temp)=0   Arc(center=c9_x,c9_y)  Angle(360)

 start(c9_x,c9_y+r4)  Natural(temp)=-alfa/l*(temp-293)   Arc(center=c9_x,c9_y)  Angle(360)

  Region "water_xol"    ro=ro_h2o   c=c_h2o    l=l_h2o   qv=qv_h2o  alfa=alfa_h2o

Start (-0.3,0.4) Value(temp)=293 line to (0.3,0.4) Value(temp)=293 line to (0.3,-0.4) Value(temp)=293

 Line to (-0.3,-0.4) Value(temp)=293 line to close

 {start(c1_x,c1_y+1)  Value(temp)=293   Arc(center=c1_x,c1_y)  Angle(360)}

 start(c1_x,c1_y+r5)   Natural(temp)=-alfa/l*(temp-293)   Arc(center=c1_x,c1_y)  Angle(360)

 start(c2_x,c2_y+r5)   Natural(temp)=-alfa/l*(temp-293)   Arc(center=c2_x,c2_y)  Angle(360)

 start(c3_x,c3_y+r5)   Natural(temp)=-alfa/l*(temp-293)   Arc(center=c3_x,c3_y)  Angle(360)

 start(c4_x,c4_y+r5)   Natural(temp)=-alfa/l*(temp-293)   Arc(center=c4_x,c4_y)  Angle(360)

start(c5_x,c5_y+r5)   Natural(temp)=-alfa/l*(temp-293)   Arc(center=c5_x,c5_y)  Angle(360)

 start(c6_x,c6_y+r5)   Natural(temp)=-alfa/l*(temp-293)   Arc(center=c6_x,c6_y)  Angle(360)

start(c7_x,c7_y+r5)   Natural(temp)=-alfa/l*(temp-293)   Arc(center=c7_x,c7_y)  Angle(360)

start(c8_x,c8_y+r5)   Natural(temp)=-alfa/l*(temp-293)   Arc(center=c8_x,c8_y)  Angle(360)

start(c9_x,c9_y+r5)   Natural(temp)=-alfa/l*(temp-293)   Arc(center=c9_x,c9_y)  Angle(360)

TIME 0 TO 4000000   { if time dependent }

MONITORS      { show progress }  for t=0 by 50000 to 4000000

 PLOTS     { save result displays }  contour(temp) { elevation(temp) from (0,0) to (r4,0)}

 END
This is an example of a rather large program for calculating heat processes, built by a simple analogy of repeating the heat conduction problem for a circular regions of different diameter, locations and properties of matters inside, as indicated above. It can be useful for the specified kind of calculations. The example of calculation for temperature field in the system after 40 days from the start of functioning is given in Fig. 4. The results of computation by the computer program above allow presenting all details of the temperature field inside each domain. In the Fig. 4 it is presented in general but it is available also in all details for each domain with distribution inside the domains.
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Fig. 4 Temperature (K) field in absence of water both, in pool and in canisters
In Fig. 5 we see distribution of the cassettes with cases with rods in which there are the sources of heat generation. The cassettes and rods have metal covers and coolant is all around the rods and cassettes. One separate cassette with the rods distributed in metal cover is shown in Fig. 5 with temperature distribution inside each domain: rods, metal covers and water or other liquid all around in such domains. In the complex long computer program above, which is simple by its structure we can explain one of the selected fragments as follows. In green there are some comments, which are repeated from one to another region.
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Fig. 5 Temperature fields in cassettes with cases with rods inside them at t=105
REGION "u_9_18"   ro=ro_u   c=c_u    l=l_u   qv=qv_u    alfa=alfa_u { region u9-18 , then physical parameters are given }
     START(c9_x+(r1+rt)*cos(-5*pi/6),c9_y+(r1+rt)*sin(-5*pi/6))   Natural(temp)=0    { start of the region its coordinates stated in the brackets and on the boundary of region gradient of temperature is specified as zero}
Arc(center=c9_x+r1*cos(-5*pi/6),c9_y+r1*sin(-5*pi/6))  Angle(360) { finalization of circular region }

 Region "water_9"      ro=ro_h2o   c=c_h2o    l=l_h2o   qv=qv_h2o  alfa=alfa_h2o { region water is similarly determined, with its physical parameters }
 start(c9_x+r4,c9_y)  Natural(temp)=0   Arc(center=c9_x,c9_y)  Angle(360) { start of the region with its coordinates, radius and zero temperature gradient}

 START(c9_x+(r3+rt)*cos(pi/12),c9_y+(r3+rt)*sin(pi/12))  Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c9_x+r3*cos(pi/12),c9_y+r3*sin(pi/12))  Angle(360) { distribution of cases with rods }
     START(c9_x+(r3+rt)*cos(pi/4),c9_y+(r3+rt)*sin(pi/4))   Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c9_x+r3*cos(pi/4),c9_y+r3*sin(pi/4))  Angle(360)

  START(c9_x+(r3+rt)*cos(5*pi/12),c9_y+(r3+rt)*sin(5*pi/12))   Natural(temp)=-alfa/l*(temp-293)

   Arc(center=c9_x+r3*cos(5*pi/12),c9_y+r3*sin(5*pi/12))  Angle(360)

     START(c9_x+(r3+rt)*cos(7*pi/12),c9_y+(r3+rt)*sin(7*pi/12))  Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c9_x+r3*cos(7*pi/12),c9_y+r3*sin(7*pi/12))  Angle(360)

  START(c9_x+(r3+rt)*cos(9*pi/12),c9_y+(r3+rt)*sin(9*pi/12))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c9_x+r3*cos(9*pi/12),c9_y+r3*sin(9*pi/12))  Angle(360)

START(c9_x+(r3+rt)*cos(11*pi/12),c9_y+(r3+rt)*sin(11*pi/12))   Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c9_x+r3*cos(11*pi/12),c9_y+r3*sin(11*pi/12))  Angle(360)

  START(c9_x+(r3+rt)*cos(-pi/12),c9_y+(r3+rt)*sin(-pi/12))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c9_x+r3*cos(-pi/12),c9_y+r3*sin(-pi/12))  Angle(360)

     START(c9_x+(r3+rt)*cos(-pi/4),c9_y+(r3+rt)*sin(-pi/4))   Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c9_x+r3*cos(-pi/4),c9_y+r3*sin(-pi/4))  Angle(360)

  START(c9_x+(r3+rt)*cos(-5*pi/12),c9_y+(r3+rt)*sin(-5*pi/12))  Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c9_x+r3*cos(-5*pi/12),c9_y+r3*sin(-5*pi/12))  Angle(360)

     START(c9_x+(r3+rt)*cos(-7*pi/12),c9_y+(r3+rt)*sin(-7*pi/12)) Natural(temp)=-alfa/l*(temp-293)

     Arc(center=c9_x+r3*cos(-7*pi/12),c9_y+r3*sin(-7*pi/12))  Angle(360)

  START(c9_x+(r3+rt)*cos(-9*pi/12),c9_y+(r3+rt)*sin(-9*pi/12))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c9_x+r3*cos(-9*pi/12),c9_y+r3*sin(-9*pi/12))  Angle(360)

START(c9_x+(r3+rt)*cos(-11*pi/12),c9_y+(r3+rt)*sin(-11*pi/12))  Natural(temp)=-alfa/l*(temp-293)

      Arc(center=c9_x+r3*cos(-11*pi/12),c9_y+r3*sin(-11*pi/12))  Angle(360)

  START(c9_x+(r1+rt)*cos(pi/6),c9_y+(r1+rt)*sin(pi/6))   Natural(temp)=-alfa/l*(temp-293)

  Arc(center=c9_x+r1*cos(pi/6),c9_y+r1*sin(pi/6))  Angle(360)

   START(c9_x+(r1+rt)*cos(pi/2),c9_y+(r1+rt)*sin(pi/2))   Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c9_x+r1*cos(pi/2),c9_y+r1*sin(pi/2))  Angle(360)

    START(c9_x+(r1+rt)*cos(5*pi/6),c9_y+(r1+rt)*sin(5*pi/6))  Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c9_x+r1*cos(5*pi/6),c9_y+r1*sin(5*pi/6))  Angle(360)

    START(c9_x+(r1+rt)*cos(-pi/6),c9_y+(r1+rt)*sin(-pi/6))  Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c9_x+r1*cos(-pi/6),c9_y+r1*sin(-pi/6))  Angle(360)

   START(c9_x+(r1+rt)*cos(-pi/2),c9_y+(r1+rt)*sin(-pi/2))  Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c9_x+r1*cos(-pi/2),c9_y+r1*sin(-pi/2))  Angle(360)

    START(c9_x+(r1+rt)*cos(-5*pi/6),c9_y+(r1+rt)*sin(-5*pi/6))   Natural(temp)=-alfa/l*(temp-293)

    Arc(center=c9_x+r1*cos(-5*pi/6),c9_y+r1*sin(-5*pi/6))  Angle(360)

  Region "obolo4ka_9"        ro=ro_st   c=c_st    l=l_st   qv=qv_st  alfa=alfa_st

 start(c9_x,c9_y+r5)  Natural(temp)=0   Arc(center=c9_x,c9_y)  Angle(360)

 start(c9_x,c9_y+r4)  Natural(temp)=-alfa/l*(temp-293)   Arc(center=c9_x,c9_y)  Angle(360)

  Region "water_xol"    ro=ro_h2o   c=c_h2o    l=l_h2o   qv=qv_h2o  alfa=alfa_h2o

Start (-0.3,0.4) Value(temp)=293 line to (0.3,0.4) Value(temp)=293 line to (0.3,-0.4) Value(temp)=293

 Line to (-0.3,-0.4) Value(temp)=293 line to close

 {start(c1_x,c1_y+1)  Value(temp)=293   Arc(center=c1_x,c1_y)  Angle(360)}

 start(c1_x,c1_y+r5)   Natural(temp)=-alfa/l*(temp-293)   Arc(center=c1_x,c1_y)  Angle(360)

 start(c2_x,c2_y+r5)   Natural(temp)=-alfa/l*(temp-293)   Arc(center=c2_x,c2_y)  Angle(360)

 start(c3_x,c3_y+r5)   Natural(temp)=-alfa/l*(temp-293)   Arc(center=c3_x,c3_y)  Angle(360)

Conclusion
This diploma work evaluates methodological, mathematical and informational aspects related to the application of the finite element method and the FlexPDE application program package for solving a practical range of problems related to the solution of partial differential equations. The main features of the FLEX PDE platform have been considered, as well as programming in it using the database of the earlier developed programs by diverse subjects was analysed. 
On the example of the heat flow in a circular domain, the problem about heat transfer processes in complex system containing large number of similar domains of different size and location was analysed and the computer program for FLEX PDE was developed and tested. The developed mathematical model and computer program for its realization in FLEX PDE was used for computer simulation of the heat flow in complex system. The results of calculations showed that the prepared program is useful for modelling and analysis of the heat transfer processes inside complex system containing many circular domains with different material properties.   
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