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ABSTRACT
The report includes 91 pages, 2 tables, 12 figures, 15 sources, 5 appendices.
COMPLEX OF X-RAY METHODS, X-RAY STRUCTURAL ANALYSIS, SPECTROSCOPY OF X-RAY RADIATION ABSORPTION, AUTOMATED SYSTEM, ANALYSIS OF METAL ORE.

The object of the research is an information automated system in the form of software for the implementation of an integrated approach in the study of metal ores by complementary methods of X-ray analysis.

The objective of the research is to develop and adjust the automated information system for the simultaneous processing of input data obtained with means of the X-ray structural analysis and the X-ray absorption spectroscopy.

As a result of the research, the software was developed for the implementation in a form of the automated information system. It is based on an integrated approach for the simultaneous processing of data obtained during the X-ray structural analysis of the elemental-phase composition of the material under study and in the study of the X-ray absorption spectroscopy.

The effectiveness of the results obtained is determined by the optimization of the X-ray studies, an increase in the accuracy of the analysis performed and the processing speed, the ability to perform the calculation of the elemental-phase composition of the studied samples in the remote access mode.
The obtained research results can be used in the mining industry.

The certificate of authorship with information placed into the State Register of Rights to the Objects protected by copyright was obtained for the developed software.
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INTRODUCTION
The mining and metallurgical industry is one of the areas of specialization of the Republic of Kazakhstan in the modern international division of labor. More recently, however, the explored reserves of non-ferrous metals in the subsoil assets provide the industry for no more than 10-15 years. In this regard, one of the main priority tasks of the mining and metallurgical industry is the analysis of mined ore to determine its elemental-phase composition and calculate the concentrations of metals contained in it.

The main objective of the project is to develop an automated information system that uses an integrated approach of complementary methods of X-ray analysis of metal ores. This will allow the simultaneous use and processing of input data from several complementary methods of the X-ray analysis during the research.

Within the framework of accomplishment research work, according to the approved schedule, the results given below were obtained within three years.

The result of the first year was the development of the above-mentioned information automated system in a form of a software package for processing input data obtained by the method of the X-ray structural analysis, as well as a software interface for the X-ray structural analysis block.

In addition, a web server was organized, on the basis of which a remote Internet connection of users was implemented for calculating the elemental-phase composition of metal ores with the ability to save the results obtained both on the server itself and on the user's computer.
Based on the results of the work performed in the first year of research, an interim report on research work was prepared on the theme: “Development of an automated information system for processing the input data obtained in the analysis of mineral ore resources using mutually complementary methods of integrated X-ray research, and its implementation in the form of a software”. Inventory number: 0218РК00827.
In the second year of the research:

- a web application has been improved. It implemented a remote Internet connection of users for calculating the elemental-phase composition of metal ores with the possibility to save the obtained results both on the server itself and on the user’s computer.

- a software package has been developed for processing input data obtained by the method of the X-ray absorption spectroscopy. This allowed not only to increase significantly the sensitivity of the X-ray fluorescence research (from ~ 1-2% to ~ 0.01%) but also to dramatically increase the sensitivity of energy dispersive spectrometry and suppress intense spectral lines in the primary and scattered radiation spectra.

Based on the results of the work performed in the second year of research, an interim report on research work was prepared on the theme: “Development of an automated information system for processing the input data obtained in the analysis of mineral ore resources using mutually complementary methods of integrated X-ray research, and its implementation in the form of a software”. Inventory number: 0219РК01021.

In the framework of the third year of the research and development work, the above-mentioned system was debugged and the following work was performed:

- the software package of the information automated system has been improved and debugged. It implemented remote calculations of the metal ores’ elemental-phase composition using the simultaneous data processing from two X-ray optical methods (the X-ray structural analysis and the absorption spectroscopy) and the system was able to save the results obtained both on the server and on the user’s computer.

- a test of the implemented system, a study of iron ore samples from different mining open-pit mines of the Sokolov-Sarbaiskiy industrial complex (Rudny, Republic of Kazakhstan) was carried out. It showed the high efficiency of the program for analyzing the elemental-phase composition of various materials.

As a result, the main end result of all research work under the grant was the developed software for the implementation of the information automated system, which is based on the integrated approach for the simultaneous data processing obtained in the X-ray structural analysis of the elemental-phase composition of the material under study and in the study of the X-ray absorption spectroscopy. Such a system allows not only to increase the accuracy of the analysis performed and the speed of processing the obtained results but also to significantly reduce the cost of the mining industry research activities, which was demonstrated in the study of iron ore samples from different mining plants.

The practical significance of the obtained results during the work under the grant consists in optimizing the X-ray research work, increasing the accuracy of the analysis performed and the processing speed, as well as the created opportunity to organize the calculation of the elemental-phase composition of the samples under study in the remote access mode using a web server. The research work was organized on the basis of the A. Baitursynov Kostanay Regional University. All of the above-mentioned can be used in the mining industry and have a positive effect on the development of the entire industry as a whole.

MAIN BODY OF THE REPORT ON SRW
1 Theoretical underpinning of X-ray research methods 

One of the main promising directions of the Republic of Kazakhstan economic development is the growth of new manufacturing industry technologies and its modernization in the field of mining and smelting extraction of the ore mineral resources. According to the experts, it is estimated that the total cost of proven and measured mineral raw materials in the country reaches about 11 trillion US dollars. The substantial natural-resources potential forms the basis of the country's economic prosperity and the creation of an economically efficient, socially oriented and environmentally friendly mineral resource complex.

However, as shown in the publication [1], the proven resources of non-ferrous metals in the subsoil assets will provide the industry with the material for no longer than 10-15 years. In order to prevent critical depletion of the mineral resource base, it is necessary in the coming years to tackle the issues of involving ore occurrences with poor metal content in the mining. Therefore, the main priority task of the industrial industry in the field of mining and smelting extraction of the ore mineral resources is the analyze of the mined ore to determine its elemental phase composition and calculate the metal concentrations in it. To solve this problem, we proposed the use of the X-ray diffraction methods for analyzing the elemental-phase composition of ore minerals, including the use of the materials’ X-ray diffraction and the X-ray phase analysis with the X-ray absorption spectroscopy, since they are capable of effectively resolving the assigned task due to high accuracy and sensitivity to various elements.

However, the project’s prime objective was the development of an automated information system that uses an integrated approach of mutually complementary methods of the X-ray analysis for metal ores. This will allow to simultaneously use and process input data from several mutually complementary methods of the X-ray analysis during the research (the X-ray structural analysis and the X-ray absorption spectroscopy).

The main and standard method for the studied ore analysis is the X-ray structural analysis, however, due to its low sensitivity, it is not always capable of providing a more complete and detailed image of the elemental-phase composition [2]. To solve this problem, we proposed to combine this method with the X-ray absorption spectroscopy. It will allow to achieve a more detailed analysis of spectral peaks in a short period of time and reveal a more accurate concentration of elements in the ore.
Figure 1 shows an overview block diagram of the developed automated system:

1. The input data of the X-ray structural analysis are provided to a user in the form of a general spectrogram.

2. Additional analysis of individual spectral lines (the user selects the required angular range of the spectrogram) is carried out using the absorption spectroscopy. As a result, this will provide a more detailed understanding of the elemental and phase composition of the studied ore.

[image: image3.jpg]Automated data processing system for the X-ray

structural analysis information :
X-ray structural analysis

e

«—— | data processing

Elemental-phase analysis of
the ore composition

X-ray absorption spectroscopy

=
]
=
S
Q
< |
(=
e

User interaction (data input and
result generation)





Figure 1 – Diagram of the data processing organization in the information automated system

In sum, the implementation of this software made it possible to significantly increase the accuracy of the performed analysis and the processing speed of the obtained results.

Let us consider in more detail both methods of the X-ray optical analysis for the elemental phase composition of the materials.
X-ray structural analysis is a method for studying the structure of bodies. The phenomenon of X-ray diffraction allows studying the structure of the matter using the spatial distribution and the intensity of the X-ray radiation scattered on the analyzed object [3]. The diffraction pattern depends on the wavelength of the X-rays used and the object structure. The radiation with a wavelength of ~ 0.1 nm is used to analyze the atomic structure, i.e. of the order of the atom size.

The X-ray structural analysis is the main method for determining the structure of crystals since during the study it gives the maximum amount of information. This is because crystals have a strict structural periodicity and represent a diffraction lattice for the X-rays created by nature itself. In addition, this research method provides valuable information in the study of bodies with a less ordered arrangement, such as liquids, amorphous bodies, liquid crystals, polymers and others. On the basis of numerous and previously deciphered crystal structures, the inverse problem can also be solved: according to the X-ray diffraction pattern of a polycrystalline substance (e.g., alloy steel, alloys, ores), the crystalline composition of this substance can be found, in other words, the phase analysis is performed.

The X-ray structural analysis of the crystalline substances is divided into two stages:

1. Size detection of the primitive crystal unit cell, the number of particles (atoms, molecules) in the primitive unit cell and the symmetry of the particle packing (the so-called spatial group). These data are obtained by analyzing the geometry of the diffraction peaks location.

2. Calculation of the electron density inside the primitive unit cell and the coordinates determination of the atoms. They are identified with the position of the electron density peaks. These data are obtained by analyzing the intensity of the diffraction peaks.

During the X-ray structural analysis, the sample under study is placed in the way of the X-rays. The diffraction pattern arising as a result of the interaction between the X-rays and the substance is registered. At the next stage of the research, the diffraction pattern is analyzed. By means of a calculation, the relative positions of the particles in space, which caused the appearance of this pattern, is established.

Further calculation of the intensities of the diffraction peaks is carried out through the determination of the structural factor of the investigated substance, which is expressed as follows [4]:
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where n is the number of elements that enter into the composition of the substance, fn is the atomic scattering factor of an element, which will be discussed below, h, k, l are the Miller indexes of a certain crystallographic plane for which the intensity is calculated, x, y, z are the coordinates of all atoms within the n-th element in the crystal base lattice of the substance.

This representation form of the structure factor shows that the diffracted wave has its own clearly defined amplitude and phase. Thus, formula (1) can be divided into sine and cosine parts as follows:
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This division allows us to represent the amplitude as the radius of a circle, and the phase as an angle in a given direction (as shown in Figure 2), which will ultimately allow us to calculate the value of the structure factor itself when combining the integral and imaginary parts using the theorem of Pyphagoras.
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Figure 2 – Representation of the structure factor as a complex number 

(division into cosine and sine parts)

Another important parameter for calculating the intensities of diffraction peaks is the atomic scattering factor of an element. It characterizes the ability of an isolated atom to coherently scatter X-rays and is determined by the physical nature of the interaction between radiation and an atom. For different wavelengths of diffracted radiation, the atomic factor values for each element are listed in the International Crystallographic Tables, for example, for the Na+ ion at a wavelength of 0.154 nm, the value is equal to 8.98, for Cl– it is 13.97.

As the result, knowing the value of the atomic scattering factor for each element (fn) and the coordinates (x, y, z) of the location of the atom in the crystal lattice points, we can now calculate the intensity of the diffraction peak for each set of Miller indexes (hkl):
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Furthermore, to construct the X-ray diffraction pattern, we need to know the angular position of each peak, which is calculated through the Wulff–Bragg’s law as follows:
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where λ is the wavelength of the incident X-ray radiation, d is the distance between the parallel atomic planes of the crystal.

The calculation of the d value is primarily determined by the type of crystal lattice of the crystal, as a result of which we have a number of formulas for each type:

Cubic:

[image: image9.wmf];

1

2

2

2

2

2

a

l

k

h

d

+

+

=

   (5)

Tetragonal:
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Hexagonal:
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Rhombic:
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where a, b, c are the periods of the primitive unit cell of the crystal lattice.

As a result, knowing the intensity of the radiation diffraction peak for each plane (hkl) and its angular position, we can construct the diffraction pattern of the entire crystal, and by comparing the theoretical and experimental diffraction patterns, calculate the elemental-phase composition of the crystal under study itself. However, one should also take into account the presence of " unregistered " crystal planes, in which Wulff–Bragg diffraction does not occur and which are described in the radiation reflection rules [5], described in Table 1.

Table 1 – Unregistered / registered diffraction reflections for crystals

	Bravais lattice
	Example of a structure
	Unregistered reflections
	Registered diffraction

	Primitive cubic
	Primitive cubic
	No
	All h,k,l

	Body-centered-cubic
	Body-centered-cubic
	Ordinal h,k,l
	Cardinal h,k,l

	Face-centered cubic
	Face-centered cubic
	Mixed ordinal and cardinal h,k,l
	h,k,l all ordinal and cardinal

	Face-centered cubic
	NaCl, ZnS
	Mixed ordinal and cardinal h,k,l
	h,k,l all ordinal and cardinal

	Face-centered cubic
	C, Si, Ge – diamond structure
	All other cases
	all h,k,l, but if all are cardinal then h+k+l=4n (n is integer-value)

	Primitive hexagonal
	Hexagonal closely packed metal
	h+2k=3n, l ordinal (n – integer-value)
	All other cases


Therefore, this model for calculating diffraction peaks and their angular positions allows obtaining detailed information on the elemental-phase composition of the studied ore and in the developed information automated system. It will be used as the main unit of X-ray structural analysis.

The firms Rigaku, Bruker, PANalytical, Thermo Fisher Scientific and others are commonly used for the X-ray analysis methods in Kazakhstan. They possess high sensitivity, but implement a single-wave sample analysis scheme. The equipment used in our works and projects with a two-wave technique allows one to analyze two wavelengths of the X-ray radiation CuKα and CuKβ at once. It will not only substantially increase the sensitivity of the X-ray methods but also reduce the installation cost and maintenance costs [6]. This technique was successfully tested by members of the project working group at the National Research University "Moscow Institute of Electronic Technology" using a multifunctional X-ray diffractometer “X-ray MiniLab” [7–9]. The developer of the two-wave measurement scheme is the Lebedev Physical Institute of the Russian Academy of Sciences.

The basic usage limitation for the X-ray phase analysis method is associated with its sensitivity (~ 1-2%). Even with a constant volume-average concentration value, the output of the emission spectrum line, depending on the magnitude and direction of the concentration gradient, can differ by an order of magnitude.

To obtain a more detailed picture of the elemental composition of the studied ores and a more accurate determination of the elements’ concentrations, the X-ray methods with greater sensitivity are used, such as the X-ray fluorescence analysis (~ 0.001%) or the X-ray tomography (~ 0.01%). For example, in the publication [10] it was shown that during the samples study of apatite-nepheline ore X-ray diffraction analysis showed the presence of 2.89% iron oxide, while the analysis by the X-ray fluorescence spectroscopy revealed 4.27%. It coincides with the calculated amount of this oxide in the sample. However, these methods of analysis use more expensive equipment and are distinguished by a longer analysis duration, in contrast to the X-ray structural analysis.

However, the joint activities of our research group members from the A. Baitursynov Kostanay State University and the National Research University "Moscow Institute of Electronic Technology" with the support and participation of employees from the Lebedev Physical Institute of the Russian Academy of Sciences developed a method with a sensitivity that is significantly higher than the sensitivity of the X-ray fluorescence analysis. This is the X-ray absorption spectroscopy, which is based on effective band-rejection filtration of the X-ray radiation spectrum using highly oriented pyrolytic graphite in a wide spectral band up to 1 keV wide [11–12]. This allows not only to sharply increase the sensitivity of energy dispersive spectrometry but also to suppress intense spectral lines in the primary and scattered radiation spectrum.

The physical basis of this method is the study of the angular dependences of the X-ray radiation transmission coefficient 
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In addition, the method makes it possible to determine the half-width of the rejection spectral band from the angular half-width of the diffraction minimum of the sample under study as follows:
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Where 
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 is the angular half-width of the diffraction minimum of the transmission coefficient, d is the interplanar distance, measured in Å.

Thus, knowing the half-width of the spectral notch band for the energy range of the X-ray radiation (CuKα and CuKβ lines), we can not only fix the presence of elements that were not detected by X-ray structural analysis, but also determine their percentage in the object under study.

As the source of the X-ray radiation, we propose to use a compact microfocus source with an anode on a diamond substrate with a focal spot size of ~ 10 μm, since this allows one to carry out the absorption spectroscopy with submicron spatial resolution. Thus, by examining individual spectral lines with this method, we can remove noise and detect weaker spectral peaks, which are invisible for the X-ray structural analysis. As a result, we will not only significantly increase the accuracy of determining the elemental composition of the ore and the concentration of each element, but also reduce the research time.
Summing up the results of all the research work on the project implementation, it is worth mentioning that the information automated system was developed by collaborate efforts of scientific groups from the A. Baitursynov KRU (Kostanay Region University (former KSU)), the MIET (Moscow Institute of Electronic Technology) and the LPI RAS (The Lebedev Physical Institute of the Russian Academy of Sciences). The system is based on an integrated approach [13-15] for a simultaneous processing of data obtained in the X-ray structural analysis of the elemental-phase composition of the material under study and in the study of X-ray absorption spectroscopy. It allows not only to increase the accuracy of the analysis and the processing speed of the obtained results, but also significantly reduce the cost of research for the mining industry, which was demonstrated in the study of iron ore samples from different mining plants. In addition, the results obtained during the work under the grant will have a significant impact not only on the optimization of X-ray studies, but also on the development of the entire mining industry as a whole.

2 Practical part implementation of the information automated system
To deliver a project successfully the equipment was purchased. It was installed on the basis of the A. Baitursynov Kostanay Regional University. This equipment includes:

· Web server;

· Laptop ASUS S406UA-BV041T/Intel Core i5-8250U/14.0 HD/8GB/256G SSD/GMA/no DVD/Windows 10/Starry Grey;

· Monoblock HP 22-b345ur AiO PC / INTEL I3-7100U, 4GB DDR4 (1X4GB), HDD 1TB 7200RPM 3.5, INTEL HD GRAPHICS, LCD 21.5 LED FHD UWVA AG NZBD, DVDRW, FREEDOS 2.0, WARR 1/1/0 EMEA;

· Monitor 18,5”;

· Multifunction device HP LJ 130A;

· Monitor Qmax М221В 21.5";
· Hard drive Toshiba 1ТЬ 7200, 3.5" Sata 6.0;

· Mainframe i3 8100/8GB/1 Tb/DVD/ keyboard, mouse/

· Laptop Asus VivoBook S430FA-EB148T 14.0" /Intel Core i5-8265U 1.60GHz Quad/8GB/512GB SSD/GMA HD620/noDVD/WiFi/BT4.2;
· Laptop Lenovo IdeaPad S145-15IKB/ Intel Core i3-7020U 2.30GHz Dual/8Gb/256Gb SSD/GMA HD620/no DVD/WiFi/BT4.2/0.3MP/4inl/USB3.1/2cell/l ,84kg/Wl0/1Y/ВLACK – 2 pcs.;
· Projector Epson EB-E001;
· Monoblock HP Europe EliteOne 800 G4 NT AiO (4KX16EA);

· Laptop Lenovo IdeaPad S145-15API/AMD Ryzen 33200U 2.6GHz/4GB/256GB SSD;
· Hard drive Adata HV620 1Tb USB 3.0 black.

The use of the equipment fully meets the requirements of the research and development work on the implementation of the information automated system.

In the co-implementation of the scientific project, the members of the working group at the National Research University "MIET" used the following equipment:

- multifunctional X-ray diffractometer "X-Ray MiniLab-6" for the study of samples using the X-ray optical and diffraction methods;

- compact fine-focus X-ray source (focal spot size ~ 10 μm) for studying samples using the X-ray methods, including the X-ray absorption spectroscopy.

2.1 Web application development as a framework for the functioning of the information automated system
With a view to organizing remote calculations, we have implemented an automated system available at the URL: http://62.109.3.160:8080/. It is used to apply information analytical system for calculating the elemental-phase composition of metal ores using the X-ray structural analysis and the X-ray absorption spectroscopy. It is possible to save the obtained results, both on the server and on the user's computer. The web application code is presented in Appendix A.

At as the basis of the computer, where the web server is installed, the quad-core Intel Core i3 processor with a frequency of 3100 MHz and 16 GB of DDR3 1600 MHz RAM is used. The data is stored in the 3.5-inch SATA hard drive with a storage capacity of 2000 GB. The system is powered by a reliable 350W power supply. The expansion of the RAM amount could be updated up to 32 GB and the number of hard drives up to 6 pieces.

Let's consider in more detail the developed web application, the graphical interface which is shown in Figure 3.
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Figure 3 – Screenshot of the implemented web server’s graphical interface 

Main engineering specifications 
The program is a multi-user system and its main task is to store a large amount of data. The above-mentioned factors were taken into account during its implementation. The program has a multi-module architecture: centralized data storage, management unit and client-side program (Figure 4).
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Figure 4 – Scheme of the web application

Centralized data warehouse

It is the core module providing the functioning of a specialized monitoring system program. This module is designed to store regional data, information on system users. The main sources of information for the data warehouse are:

- Statistical data on the main aspects of the region development;

- Other data necessary for a complete analysis of the current situation, provided by various organizations.

The data warehouse is built on MySQL, a free relational database management system. MySQL is developed and supported by Oracle Corporation.

A database management system (DBMS) is a software on a server that stores data and displays it at the right time. The database is located on the server. The back end of the web application accesses the database, withdrawing data that is necessary to generate the page requested by the user. The MySQL database is selected for data storage on the server. The connection is made by connecting to the MySQL server located at localhost on port 3306. The port is used for MySQL by default.

The database contains the following tables:

· "users" – a table for storing user data;

· "regions" – a table for storing regional data;

· "menus" – a table for storing user’s menu data;

· "access" – a table for storing user’s access data;

· "groups" – a table for storing user’s groups data;

· "tasks" – a table for storing data the name of user’s privilege;

· "cards" – a table for storing data on cards.
Management unit
It is designed to assign the access privileges of different users to information and allowed you to administer databases. The system administrator maintains creates a list of users (identification and authentication of users) using this block, restricts the ability to work with the objects, depending on the status assigned to the user. The management unit is developed in the JavaScript programming language.

To register on the server, it is necessary to provide the requested data about the registered user (Figure 5) and after confirming the data, the user can proceed to work on the platform.
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Figure 5 – Registration of a new user of the software package
The main program window is opened after authentication. In the main menu of the software package there are buttons: “User Menu”, “Search”, “Language Selection”, “Working with User’s Account”, “Working with User’s Cards” (Figure 6), “Notifications”, “Messages from other Users” and “Exit” (Figure 7). Now let's move on to considering the possibilities that will become available when you click the above-mentioned buttons.
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Figure 6 – User’s cards of the web server software package
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Figure 7 – Main menu of the web server software package
In the "Cards" section, there is a possibility to view information on cards, charts, as well as add and remove cards. The “User Menu” button directs the user to tasks related to the administration of the program.

There are 2 user groups. The first one is an administrator who can create new users, edit and delete them. They can create user’s connections and other activities that a user cannot perform. A second one is a user who can share cards, import or export data, edit the profile, send messages to other users and also create cards.

Using the “About Program” buttons, you can get brief information about the software package. In the window that opens after clicking the "Contact us" button, there are contacts and data of people related to the creation of the program to contact regarding comments and suggestions related to the software package. The “Exit” button is intended to exit the program.

Server product implementation

The back end of any application it is a "guarantor" of data exchange between individual users and any resources Back-end programming is the creation of the server side. 
File structure of the project:
├── src 

│ ├── app.controller.spec.ts 

│ ├── app.controller.ts 

│ ├── app.module.ts 

│ ├── app.service.ts 

│ └── main.ts 

├── test 

│ ├── app.e2e-spec.ts 

│ └── jest-e2e.json 

├── .gitignore 

├── .prettierrc 

├── nest-cli.json 

├── package.json 

├── package-lock.json 

├── README.md 

├── tsconfig.build.json 

├── tsconfig.json 

└── tslint.json
App.controller.ts file
The controller in the application handles user requests, the @Controller decorator is used as follows: @Controller ($ {ENDPOINT}). The decorators @Get, @Post, @Delete, etc. are used to map different HTTP methods such as GET and POST.

import { Get, Post, Controller } from '@nestjs/common'; 


@Controller() 

export class AppController { 

@Get() 

async findAll(): Promise<string[]> { 

return cards.findAll(); 

} 

@Post() 

async create() { 

return card.newCard(); 

}

}

App.service.ts file

Services are classes decorated with @Injectable.

The decorator name is @Injectable, adding this decorator to the class makes it Injectable to other components or controllers.

import { Injectable } from '@nestjs/common'; 

@Injectable() 

export class AppService { 

private readonly cards: Card[]; 

findAll(): string[] { 

return this.items; 

} 

create(card: Card) { 

this.cards.push(card); 

} 

}

App.module.ts file

In order to make the controller and the service available in the application, you need to register it in the module:

import { Module } from '@nestjs/common'; 

import { AppController } from './app.controller'; 

import { AppService } from './app.service';

@Module({ 

imports: [], 

controllers: [AppController], 

providers: [AppService], 

}) 

export class AppModule {}

In the process, the following components are being developed:

1. Server architecture is perhaps the most critical stage in creating the application. On this stage, the methods of user authorization are laid, algorithms for entering information are created, databases are recorded, etc.

2 API is a query system to which the server will be able to respond answer adequately. It is the API that is responsible for the successful transfer of data from the server-side to the application.

3 Administrative panel. If it is necessary to make changes to the application, then you cannot do without it. It is the main tool for instant application control. Its functionality will be developed depending on the objectives of the project.

Server Tuning

The server is the best solution for the application operation. Management is carried out by the means of the OpenSource software and the operating system Linux Ubuntu Server 18.04.1 LTS. The SSH interface allows you to remotely monitor the status and availability of the system. The SSH is a special network protocol that allows you to remotely access a computer with a highly secure connection. Installing the SSH is done with sudo apt-get install ssh. Continuous monitoring by Webmin helps to prevent operational errors and optimize your converged infrastructure. The Webmin is a graphical web interface for server management based on the Unix-like operating systems. After installing the Webmin, it becomes possible to remotely configure and manage the Linux server in a convenient graphical interface in Russian language using a browser.

Installing MySQL

MySQL is a database management system. It organizes and provides access to databases where the information from the site can be stored. The instruction words to install is sudo apt install mysql-server.

Installing Node.js

Node.js is a software platform based on the V8 engine (translating JavaScript into machine code) that transforms JavaScript from a highly specialized language into a general-purpose language. Node.js adds the ability for JavaScript to interact with input-output devices through its API (written in C ++), connect other external libraries written in different languages, providing provide call requests to them from JavaScript code. Node.js is used primarily on the server. It serves as a web server.

Client computer

The client software does not impose special requirements on computer hardware. The monitoring of the technical equipment of the Departments showed that the technical characteristics of the personal computers installed by the specialists are sufficient for the correct functioning of the client program.

The only requirement for the client software is its adequate operation on computers running Windows XP and operating systems which were released later, as well as Mac and Linux operating systems.
2.2 Development of an automated information system for the implementation of an integrated approach to X-ray optical analysis of the materials’ elemental-phase composition
The end result of all research work on the implementation of the project was the development of a package of the automated information system that combines packages of the X-ray structural analysis and the X-ray absorption spectroscopy into a single software package that allows simultaneous processing the input data from both methods. It makes it possible to study the elemental-phase composition of various objects, including the number of ore minerals. The package not only increases the accuracy of the analysis performed and the speed of processing of the obtained results but also significantly reduces the cost of measurements for the entire mining industry.

A user program developed by the team members for the web server is available at URL: http://62.109.3.160:8080/. This software allows calculating the angular positions and intensities of the diffraction peaks of the sample under study as follows:

1. Based on the type of the object's crystal lattice, the angular position of the diffraction peaks is calculated for all allowed sets of Miller indexes (hkl).

2. Taking into account the position of atoms in the lattice and their atomic scattering factors, the structure factor of X-ray scattering is also calculated for each set (hkl).

3. For the obtained values of the structure factor, the intensity of each diffraction peak is calculated and the dependence of the intensity on the incidence angle of radiation is created, which represented as a set of these peaks.

In addition, the X-ray absorption spectrograms are processed simultaneously:

1. The experimental data of the absorption spectroscopy is loaded into the program, which automatically determines the angular position of the diffraction minima.

2. Based on the calculated angular positions of the absorption spectroscopy diffraction minima, the overall diffraction pattern of the X-ray structural analysis is updated. Thus, the elemental-phase composition of the sample under study is specified.

3. According to the half-width of each diffraction minimum calculated by the program, the percentage ratio of the detected chemical element in the sample is specified, which ultimately complements the overall picture of the X-ray structural analysis.

For more convenient and extended use of the above-described information system, the software interface was also implemented (Figure 8 shows its screenshot), which allows the user to perform the following activities:

· To save spectrum on the disk in different formats, including user-defined formats. It is possible to save both the entire spectrum and the selected area, to create and use the directories for different types of files by default;

· To print the spectrum in a linear or logarithmic scale, viewing it at any scale;

· To read spectrum files from the disk in different formats, including user-defined formats. In this case, it is possible to combine several spectra into one with appropriate parameter correction. Here you can also create and use default directories for different types of files;

· To correct the shift, the beginning and the end of an angle on the spectrum, adjust according to the standard;

· To adjust spectrum and background, subtract or highlight the background, remove random outliers;

· Determine the minima (with the division of the doublet) and their main characteristics (angle, interplanar, half-width, area, intensity), edit them, save a table of minima on disk, including in the formats specified by the user;

· To organize user actions into executable packages, with the ability to individually configure the parameters of each action in the package, and launch them with one click of a button;

· To compare several spectra with the possible reduction of them to the same wavelength and the same intensity scale, save the resulting graphs on disk and printing them.
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Figure 8 – Screenshot of the software interface of the information automated system

3 Analysis of ore minerals samples from the mining industry using the developed information automated system

For the final approbation of the developed software, the X-ray optical element-phase analysis of iron ore samples from four open pit mines (Sokolovskiy, Sarbaiskiy, Kurzhunkulskiy and Kacharskiy) was carried out. Initially, it was assumed that the ore contained 40-50% of iron. The X-ray measurements of the samples were carried out at the National Research University "Moscow Institute of Electronic Technology" on the X-Ray MiniLab-6 device (diffraction element-phase analysis) and at the Lebedev Physical Institute of the Russian Academy of Sciences at the ComplexRay device (spectrometric analysis). The processing of the obtained results was carried out using the developed information automated system with the simultaneous processing of data from both research methods.

Figures 9-12 show the automated system-processed diffraction patterns of measured iron ore samples. The black line shows the experimental curve, the colored lines show the closest curves obtained by the developed program.
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Figure 9 – Diffraction patterns of the elemental-phase composition of iron ore samples of the Sokolovskiy open-pit mine

[image: image27.wmf]40

50

60

70

80

0

500

1000

1500

FeO

Exp

Fig. 7b

I, ppt

Q

, deg


Figure 10 – Diffraction patterns of the elemental-phase composition of iron ore samples of the Sarbaiskiy open-pit mine
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Figure 11 – Diffraction patterns of the elemental-phase composition of iron ore samples of the Kurzhunkulskiy open-pit mine
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Figure 12 – Diffraction patterns of the elemental-phase composition of iron ore samples of the Kacharskiy open-pit mine 
As shown by the results of the X-ray optical analysis, summarized in Table 2, the concentration of iron in the first sample was lower than the proposed one, however, titanium with a concentration of ≈28% was found. The situation is the same with the fourth sample, where, in addition to iron, zinc with manganese was found as well. For the second and third samples, the iron concentration corresponds to the assumed values ​​of 40-45%.

Table 2 – Results of the X-ray optical analysis of iron ore samples

	Metals concentration (at percent)
	Fe
	Ti
	Zn
	Mn

	Sample No1 (Sokolovsky open-pit mine)
	32
	28
	-
	-

	Sample No2 (Sarbaiskiy open-pit mine)
	45
	-
	-
	-

	Sample No3 (Kurzhunkulskiy open-pit mine)
	42
	-
	-
	-

	Sample No4 (Kacharskiy open-pit mine)
	35
	-
	23
	27


Therefore, summarizing the results of the elemental-phase analysis, it is worth noting that, in addition to iron, other precious metals were found in the Sokolovskiy and Kacharskiy open-pit mines, which are also necessary for the development of the microelectronic industry. Such results were obtained by simultaneous processing of the X-ray structural analysis data and the X-ray absorption spectroscopy using the developed information automated system, which showed its high efficiency for solving problems of element-phase analysis of the materials under study.

CONCLUSION
One of the main and priority tasks of the industrial industry in the field of ore mining and smelting of ore minerals is the analysis of the extracted ore to determine its elemental-phase composition and calculate the concentration of metals contained in it, including the search for the most optimal and effective methods of research in the shortest possible time with obtaining the most detailed results.

In order to deal with such a task, as part of the research work on the implementation of the grant project, we have developed an automated information system that uses an integrated approach of simultaneous processing of input data from several complementary methods of X-ray analysis of metal ores (the X-ray structural analysis and the X-ray absorption spectroscopy). The system allows not only to increase the accuracy of the analysis performed and the speed of processing the results obtained but also to significantly reduce the cost of the research for the mining industry. It was demonstrated in the study of iron ore samples of the JSC “Sokolovsk-Sarbaiskiy Ore Dressing Industrial Association” (Rudny, The Republic of Kazakhstan). It should also be noted that the results obtained during the work can have a significant impact not only on the optimization of X-ray research but also on the development of the mining industry.

Within the framework of this project, in order to test the above-mentioned system, the elemental-phase analysis of mineral samples from four large open-pit mines for the extraction of iron ore was carried out. As the research results showed, the detection of other metals (titanium, zinc, etc.) was possible due to the simultaneous processing of two methods of the X-ray optical analysis, implemented in the developed information automated system.

It should also be noted that the implementation of the project contributed to the organization of the web server on the basis of the A. Baitursynov Kostanay Regional University, that made it possible not only to process the results obtained in the shortest possible time but also to organize the calculation of the elemental-phase composition of the samples in the remote access mode. With a view to organizing remote calculations, the working group developed an automated system available at the URL: http://62.109.3.160:8080/. It is used to apply information-analytical system with an aim of calculating the elemental-phase composition of the samples under study using the X-ray structural analysis and spectroscopy, the X-ray radiation absorption with the possibility to save the obtained results both on the server and on the user’s computer. The client software of the developed automated system can be applied on various operating systems, specifically Windows 7, 10 and the Linux family.
The main results of the implementation of the scientific project were published in the following articles in foreign and domestic journals:

1. D. S. Petrakov, N.N. Gerasimenko, N.A. Medetov, D.I. Smirnov, R.A. Suyundukov. Analysis of Objects’ Structural Properties and Parameters of Using an Integrated Approach to Data Processing of X-ray Optical Measurements (Анализ структурных свойств и параметров объектов с использованием комплексного подхода обработки данных рентгенооптических измерений) // Nanoindustry. – 2018. – No. 7-8. – P. 534-541.
DOI:10.22184/1993-8578.2018.11.7-8.534.541. The journal is included in the Russian Science Citation Index on the international platform Web of Science, the impact factor of the journal for 2017 is 0.392. 
Link to the article in Web of Science: http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=5&SID=E2PQ1QgqlcK2ESCulhR&page=1&doc=2&cacheurlFromRightClick=no.
Link to the article on the official website of the journal: http://www.nanoindustry.su/journal/article/7142. 
2. D.S. Petrakov, D.I. Smirnov, N.N. Gerasimenko, N.A. Medetov, A.A. Jikeev. Implementation of a software package for data processing of X-ray optical measurements for the analysis of object structural parameters // Journal of Applied Crystallography. – 2019. – V. 52. – P. 186-192.

DOI: 10.1107/S1600576718016837. The journal is included in the Scopus database. CiteScore 2019 – 5,7; Percentile – 79th. Furthermore, the journal is indexed in the Web of Science database. Impact Factor for 2019 is 2,995; Quartile is Q2.
Link to the article in Scopus: https://www.scopus.com/record/display.uri?eid=2-s2.0-85061125265&origin=resultslist&sort=plf-f&src=s&st1=medetov+n&nlo=&nlr=&nls=&sid=b15ae2b1de928f0464e9375fbbfe5a42&sot=b&sdt=b&sl=22&s=AUTHOR-NAME%28medetov+n%29&relpos=0&citeCnt=0&searchTerm=.

Link to the article in Web of Science: http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=E2PQ1QgqlcK2ESCulhR&page=1&doc=1&cacheurlFromRightClick=no; 
Link to the article on the official website of the journal: https://journals.iucr.org/j/issues/2019/01/00/.

3. D.S. Petrakov, N.N. Gerasimenko, N.A. Medetov, R.A. Suyundukov, A.A. Zhienbaeva. The Use of an Automated System for Processing the Results of X-ray Measurements to Study the Structural Properties and Parameters of Objects (Использование автоматизированной системы обработки результатов рентгеновских измерений для исследования структурных свойств и параметров объектов) // Proceedings of KSPI. – 2020. – No2 (58). – pp. 78-84 (link to the article on the official website of the journal: https://press.kspi.kz/files/vestnik/kspu-2-2020.pdf).

4. N.A. Medetov, D.S. Petrakov, N.N. Gerasimenko, R.A. Suyundukov. Software Package Application for Self-consistent Processing of X-ray Measurement Data for Studying Structural Properties and Parameters of Objects // IJITEE. – 2020. – V.9, Is. 12 – PP. 154-158.

DOI: 10.35940/ijitee.L7891.1091220. The journal is included in the Scopus database. CiteScore 2020 – 0,8; Percentile – 19th (Appendix B)
Link to the article on the official website of the journal: http://www.ijitee.org/wp-content/uploads/papers/v9i12/L78911091220.pdf).

The results of research works have been got approval at 2 international conferences:

1. «International Conference on Semiconductors, Optoelectronics and Nanostructures» (Paris, France).
N.N. Gerasimenko, D.I. Smirnov, and N.A. Medetov. Radiation Processes in Solid-State Nanostructures for Nanoelectronics and Radiophotonics // International Conference on Semiconductors, Optoelectronics and Nanostructures. Abstracts. – France, Paris, August 20–21. – 2018. – P. 29 (Appendix C).

VII International Scientific Conference for Young Scientists «Nanomaterials and Nanotechnology: Problems and Prospects» (Saratov, Russia). In the competition of scientific works within the framework of this conference, the study received the 1st place (Appendix D).

2. D.S. Petrakov, N.N. Gerasimenko, N.A. Medetov. Study of Thin-film Structures of Diffusion-barrier Layers Using a Software Package for Independent Research Processing of X-ray Measurement Data (Исследование тонкопленочных структур диффузионно-барьерных слоев с применением программного комплекса самосогласованной обработки данных рентгеновских измерений) // Nanomaterials and Nanotechnology: Problems and Prospects: information package of the VII International Scientific Conference for Young Scientists. – Saratov, May, 14-16, 2018. – Saratov: Saratov State Technical University, 2018. – pp. 33–37.

The certificate of authorship with information placed into the State Register of Rights to the Objects protected by copyright No. 11300 dated July 8, 2020 " Back end of an information automated system for processing input data obtained by methods of integrated X-ray research" was received (Appendix E). 
In addition, D.S. Petrakov, N.N. Gerasimenko, N.A. Medetov and R.A. Suyundukov prepared a scientific article “Information Automated System for Simultaneous Processing of results from X-ray structural element-phase analysis and X-ray absorption spectroscopy”, which will soon be submitted to the Journal of Applied Crystallography and published in early 2021.
The resulting information automated system created within the framework of the project can be commercialized by means of preliminary preparation for the technological features of mining companies, in particular, JSC “Sokolovsk-Sarbaiskiy Ore Dressing Industrial Association” (Rudny, Republic of Kazakhstan). The commercialization procedure of the created software product is considered by the working group of the project as a basis for further work in this direction.
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APPENDIX А
The program code of the X-ray structural analysis input data processing unit
#pragma once

#include "Reflect2.h"

#include "Reflect3.h"

#include "delta1.h"

#include "Refract1.h"

#include "Configur.h"

#include "Diffras1.h"

#include "Math.h"

#include <fstream>

#include <sstream>

#include "windows.h"

#include "stdlib.h"

#include "ctime"

#define PI       3.14159265358979323846

#define E        2.71828182845904523536

namespace refl 


{



using namespace System;



using namespace System::Globalization;



using namespace System::IO;



using namespace System::Collections;



using namespace System::Collections::Generic;



using namespace System::ComponentModel;



using namespace System::Data;



using namespace System::Drawing;



using namespace System::Text;



using namespace System::Windows::Forms;



using namespace std;



using System::Object;



using System::MarshalByRefObject;



using System::Drawing::Font;



public ref class Reflect1 : public System::Windows::Forms::Form



{




public: static Reflect2^ gReflect2 = gcnew Reflect2;




public: static Reflect3^ gReflect3 = gcnew Reflect3;




public: static delta1^ gdelta1 = gcnew delta1;




public: static Refract1^ gRefract1 = gcnew Refract1;




public: static Configur^ gConfigur = gcnew Configur;




public: static Diffras1^ gDiffras1 = gcnew Diffras1;




public: static NumberFormatInfo ^nfi = gcnew NumberFormatInfo(); //  Числовой формат ОС




public: static String ^fstr_refl1_1, ^fstr_refl1_2;




public: static bool open_refl1 = false, fl1_refl1, fl2_refl1, fl3_refl1, raz_refl1 = false, save = false;




public: static double *XX = new double[1], *YY = new double[1], *ZZ = new double[1], *YYY = new double[1], *ZZZ = new double[1], *optx = new double[1], *err = new double[1], *err1 = new double[1]; static double AA, nnum = 0, fitness, mashtab = 50; static int j1 = 0;




//public: double XXXX[1000];




public: static double *Err_iter = new double[1000], *Err_razn1 = new double[1], *Err_razn2 = new double[1], *Err_XX = new double[1];




public: static double *P = new double[1000], *Constraints = new double[1], *R0 = new double[1], *R1 = new double[1], *R2 = new double[1], *InData = new double[1], *OutData1 = new double[1], *OutData2 = new double[1], *OutData3 = new double[1], *xxx = new double[1], *L1 = new double[1000], *L2 = new double[1000], *s = new double[1000], *InStr = new double[1000];




public: static double *BufRefrakt0  = new double[100], *BufRefrakt1 = new double[100], *BufRefrakt2 = new double[100], *BufRefrakt3 = new double[100]; 




public: static bool clear = false, Err_it = false, Err_raz = false, tabl1_refl1 = false, matr = false;




public: static bool C_Diff_Ras = false, bool1 = false, bool2 = false, bool3 = false, bool4 = false, bool5 = false; 




public: static int SA, EA, line0, line1, line2;//5 * 32 * n




public: static int it, step, n, NNumber, DIM, ifga, n_layer, num; 




public: static int smooth; static double s1, s2, alf;




//public: static double maxerr, minerr;




//public: static double *sss = new double[];

//------------------struct XBA-------------------------------------------------






public: 







static int count, countt3, scountt3, NUM;

//----------------------Максимальное значение ошибки-------------------------------------------------








static double maxerr = 0;

//----------------------Минимальное значение ошибки---------------------------------------------







static double minerr = 1;

//----------------------Массив координат всех пчёл--------------------------------------------







static double *x = new double[1];
                        

//----------------------Массив координат всех пчёл--------------------------------------------







static double *xx = new double[1];
                    

//----------------------Координаты текущей пчелы----------------------------------------------







static double *Data = new double[1];







//----------------------Массив приспособленностей особей---------------------------------------







static double *fit = new double[1];







//----------------------Настройки алгоритма оптимизации---------------------------------------







static double koeff1, koeff3; 







static double c1;



private: System::Windows::Forms::ToolStripMenuItem^  выходToolStripMenuItem;



public: System::Windows::Forms::Timer^  timer1;



private: System::Windows::Forms::MenuStrip^  menuStrip1;



private: System::Windows::Forms::ToolStripMenuItem^  toolStripMenuItem1;



private: System::Windows::Forms::PictureBox^  pictureBox1;



public: System::Windows::Forms::DataGridView^  dataGridView1;



private: System::Windows::Forms::Label^  label3;



private: System::Windows::Forms::Label^  label4;



private: System::Windows::Forms::Label^  label8;



private: System::Windows::Forms::TextBox^  textBox1;



private: System::Windows::Forms::Button^  button5;



private: System::Windows::Forms::Label^  label9;



private: System::Windows::Forms::TextBox^  textBox2;



private: System::Windows::Forms::Label^  label10;



private: System::Windows::Forms::TextBox^  textBox3;



private: System::Windows::Forms::CheckBox^  checkBox3;



private: System::Windows::Forms::CheckBox^  checkBox2;



private: System::Windows::Forms::CheckBox^  checkBox1;



private: System::Windows::Forms::ToolStripMenuItem^  открытьФайлToolStripMenuItem;



private: System::Windows::Forms::ToolStripMenuItem^  сохранитьКакToolStripMenuItem;



private: System::Windows::Forms::ToolStripMenuItem^  корректировкаВходныхДанныхToolStripMenuItem;



private: System::Windows::Forms::ToolStripMenuItem^  рефрактометрияToolStripMenuItem;



private: System::Windows::Forms::ToolStripMenuItem^  диффузноеРассеяниеToolStripMenuItem;



private: System::Windows::Forms::ToolStripMenuItem^  допГрафикиToolStripMenuItem;



private: System::Windows::Forms::ToolStripMenuItem^  дельтараспределениеToolStripMenuItem;



private: System::Windows::Forms::ToolStripMenuItem^  графикНевязкаитерацияToolStripMenuItem;



private: System::Windows::Forms::ToolStripMenuItem^  графикРасхожденияКривыхToolStripMenuItem;



private: System::Windows::Forms::ToolStripMenuItem^  помощьToolStripMenuItem;



private: System::Windows::Forms::ToolStripMenuItem^  справкаToolStripMenuItem;



private: System::Windows::Forms::ToolStripMenuItem^  оПрограммеToolStripMenuItem;



private: System::Windows::Forms::OpenFileDialog^  openFileDialog1;



private: System::Windows::Forms::SaveFileDialog^  saveFileDialog1;



private: System::Windows::Forms::OpenFileDialog^  openFileDialog2;



private: System::Windows::Forms::Timer^  timer3;



private: System::Windows::Forms::ToolStripMenuItem^  открытьФайлСтруктурыToolStripMenuItem;



private: System::Windows::Forms::ToolStripMenuItem^  допНастройкиToolStripMenuItem;



private: System::Windows::Forms::ToolStrip^  toolStrip2;



private: System::Windows::Forms::ToolStrip^  toolStrip1;



private: System::Windows::Forms::ToolStripProgressBar^  toolStripProgressBar1;



private: System::Windows::Forms::ToolStripButton^  toolStripButton1;



private: System::Windows::Forms::ToolStripButton^  toolStripButton2;



private: System::Windows::Forms::ToolStripButton^  toolStripButton3;



private: System::Windows::Forms::ToolStripButton^  toolStripButton4;



private: System::Windows::Forms::ToolStripLabel^  toolStripLabel1;



private: System::Windows::Forms::StatusStrip^  statusStrip1;



private: System::Windows::Forms::ToolStripStatusLabel^  toolStripStatusLabel1;



private: System::Windows::Forms::ToolStripStatusLabel^  toolStripStatusLabel2;



private: System::Windows::Forms::ToolStripStatusLabel^  toolStripStatusLabel3;



private: System::Windows::Forms::ToolStripStatusLabel^  toolStripStatusLabel4;



private: System::Windows::Forms::ToolStripStatusLabel^  toolStripStatusLabel5;



private: System::Windows::Forms::ToolStripButton^  toolStripButton5;



private: System::Windows::Forms::ToolStripButton^  toolStripButton6;



private: System::Windows::Forms::ToolStripButton^  toolStripButton7;



private: System::Windows::Forms::ToolStripSeparator^  toolStripSeparator1;



private: System::Windows::Forms::ToolStripSeparator^  toolStripSeparator2;



private: System::Windows::Forms::ToolStripButton^  toolStripButton8;

private: System::Windows::Forms::DataGridViewTextBoxColumn^  Column17;

private: System::Windows::Forms::DataGridViewCheckBoxColumn^  Column18;

private: System::Windows::Forms::DataGridViewTextBoxColumn^  Column1;

private: System::Windows::Forms::DataGridViewTextBoxColumn^  Column2;

private: System::Windows::Forms::DataGridViewTextBoxColumn^  Column19;

private: System::Windows::Forms::DataGridViewCheckBoxColumn^  Column20;

private: System::Windows::Forms::DataGridViewTextBoxColumn^  Column3;

private: System::Windows::Forms::DataGridViewTextBoxColumn^  Column4;

private: System::Windows::Forms::DataGridViewTextBoxColumn^  Column21;

private: System::Windows::Forms::DataGridViewCheckBoxColumn^  Column22;

private: System::Windows::Forms::DataGridViewTextBoxColumn^  Column5;

private: System::Windows::Forms::DataGridViewTextBoxColumn^  Column6;

private: System::Windows::Forms::DataGridViewTextBoxColumn^  Column23;

private: System::Windows::Forms::DataGridViewCheckBoxColumn^  Column24;

private: System::Windows::Forms::DataGridViewTextBoxColumn^  Column7;

private: System::Windows::Forms::DataGridViewTextBoxColumn^  Column8;

private: System::Windows::Forms::DataGridViewTextBoxColumn^  Column25;

private: System::Windows::Forms::DataGridViewCheckBoxColumn^  Column26;

private: System::Windows::Forms::DataGridViewTextBoxColumn^  Column9;

private: System::Windows::Forms::DataGridViewTextBoxColumn^  Column10;

private: System::Windows::Forms::DataGridViewTextBoxColumn^  Column27;

private: System::Windows::Forms::DataGridViewCheckBoxColumn^  Column28;

private: System::Windows::Forms::DataGridViewTextBoxColumn^  Column11;

private: System::Windows::Forms::DataGridViewTextBoxColumn^  Column12;

private: System::Windows::Forms::DataGridViewTextBoxColumn^  Column29;

private: System::Windows::Forms::DataGridViewCheckBoxColumn^  Column30;

private: System::Windows::Forms::DataGridViewTextBoxColumn^  Column13;

private: System::Windows::Forms::DataGridViewTextBoxColumn^  Column14;

private: System::Windows::Forms::DataGridViewTextBoxColumn^  Column31;

private: System::Windows::Forms::DataGridViewCheckBoxColumn^  Column32;

private: System::Windows::Forms::DataGridViewTextBoxColumn^  Column15;

private: System::Windows::Forms::DataGridViewTextBoxColumn^  Column16;



public: System::Windows::Forms::Timer^  timer2;




public:





Reflect1(void)






{







InitializeComponent();

// Инициализация приложения






}




protected:





~Reflect1()






{







if (components) {delete components;}
// Удаление компонентов приложения при его закрытии






}




private: System::ComponentModel::IContainer^  components;

#pragma region Windows Form Designer generated code

//----------Функция инициализации приложения----------------------------------------------------------------




void InitializeComponent(void)





{






this->components = (gcnew System::ComponentModel::Container());






System::Windows::Forms::DataGridViewCellStyle^  dataGridViewCellStyle1 = (gcnew System::Windows::Forms::DataGridViewCellStyle());






System::Windows::Forms::DataGridViewCellStyle^  dataGridViewCellStyle2 = (gcnew System::Windows::Forms::DataGridViewCellStyle());






System::Windows::Forms::DataGridViewCellStyle^  dataGridViewCellStyle3 = (gcnew System::Windows::Forms::DataGridViewCellStyle());






System::Windows::Forms::DataGridViewCellStyle^  dataGridViewCellStyle4 = (gcnew System::Windows::Forms::DataGridViewCellStyle());






System::Windows::Forms::DataGridViewCellStyle^  dataGridViewCellStyle5 = (gcnew System::Windows::Forms::DataGridViewCellStyle());






System::Windows::Forms::DataGridViewCellStyle^  dataGridViewCellStyle6 = (gcnew System::Windows::Forms::DataGridViewCellStyle());






System::Windows::Forms::DataGridViewCellStyle^  dataGridViewCellStyle7 = (gcnew System::Windows::Forms::DataGridViewCellStyle());






System::Windows::Forms::DataGridViewCellStyle^  dataGridViewCellStyle8 = (gcnew System::Windows::Forms::DataGridViewCellStyle());






System::Windows::Forms::DataGridViewCellStyle^  dataGridViewCellStyle9 = (gcnew System::Windows::Forms::DataGridViewCellStyle());






System::Windows::Forms::DataGridViewCellStyle^  dataGridViewCellStyle10 = (gcnew System::Windows::Forms::DataGridViewCellStyle());






System::Windows::Forms::DataGridViewCellStyle^  dataGridViewCellStyle11 = (gcnew System::Windows::Forms::DataGridViewCellStyle());






System::Windows::Forms::DataGridViewCellStyle^  dataGridViewCellStyle12 = (gcnew System::Windows::Forms::DataGridViewCellStyle());






System::Windows::Forms::DataGridViewCellStyle^  dataGridViewCellStyle13 = (gcnew System::Windows::Forms::DataGridViewCellStyle());






System::Windows::Forms::DataGridViewCellStyle^  dataGridViewCellStyle14 = (gcnew System::Windows::Forms::DataGridViewCellStyle());






System::Windows::Forms::DataGridViewCellStyle^  dataGridViewCellStyle15 = (gcnew System::Windows::Forms::DataGridViewCellStyle());






System::Windows::Forms::DataGridViewCellStyle^  dataGridViewCellStyle16 = (gcnew System::Windows::Forms::DataGridViewCellStyle());






System::Windows::Forms::DataGridViewCellStyle^  dataGridViewCellStyle17 = (gcnew System::Windows::Forms::DataGridViewCellStyle());






System::Windows::Forms::DataGridViewCellStyle^  dataGridViewCellStyle18 = (gcnew System::Windows::Forms::DataGridViewCellStyle());






System::Windows::Forms::DataGridViewCellStyle^  dataGridViewCellStyle19 = (gcnew System::Windows::Forms::DataGridViewCellStyle());






System::Windows::Forms::DataGridViewCellStyle^  dataGridViewCellStyle20 = (gcnew System::Windows::Forms::DataGridViewCellStyle());






System::Windows::Forms::DataGridViewCellStyle^  dataGridViewCellStyle21 = (gcnew System::Windows::Forms::DataGridViewCellStyle());






System::Windows::Forms::DataGridViewCellStyle^  dataGridViewCellStyle22 = (gcnew System::Windows::Forms::DataGridViewCellStyle());






System::Windows::Forms::DataGridViewCellStyle^  dataGridViewCellStyle23 = (gcnew System::Windows::Forms::DataGridViewCellStyle());






System::Windows::Forms::DataGridViewCellStyle^  dataGridViewCellStyle24 = (gcnew System::Windows::Forms::DataGridViewCellStyle());






System::ComponentModel::ComponentResourceManager^  resources = (gcnew System::ComponentModel::ComponentResourceManager(Reflect1::typeid));






this->timer1 = (gcnew System::Windows::Forms::Timer(this->components));






this->menuStrip1 = (gcnew System::Windows::Forms::MenuStrip());






this->toolStripMenuItem1 = (gcnew System::Windows::Forms::ToolStripMenuItem());






this->открытьФайлToolStripMenuItem = (gcnew System::Windows::Forms::ToolStripMenuItem());






this->открытьФайлСтруктурыToolStripMenuItem = (gcnew System::Windows::Forms::ToolStripMenuItem());






this->сохранитьКакToolStripMenuItem = (gcnew System::Windows::Forms::ToolStripMenuItem());






this->выходToolStripMenuItem = (gcnew System::Windows::Forms::ToolStripMenuItem());






this->корректировкаВходныхДанныхToolStripMenuItem = (gcnew System::Windows::Forms::ToolStripMenuItem());






this->рефрактометрияToolStripMenuItem = (gcnew System::Windows::Forms::ToolStripMenuItem());






this->диффузноеРассеяниеToolStripMenuItem = (gcnew System::Windows::Forms::ToolStripMenuItem());






this->допНастройкиToolStripMenuItem = (gcnew System::Windows::Forms::ToolStripMenuItem());






this->допГрафикиToolStripMenuItem = (gcnew System::Windows::Forms::ToolStripMenuItem());






this->дельтараспределениеToolStripMenuItem = (gcnew System::Windows::Forms::ToolStripMenuItem());






this->графикНевязкаитерацияToolStripMenuItem = (gcnew System::Windows::Forms::ToolStripMenuItem());






this->графикРасхожденияКривыхToolStripMenuItem = (gcnew System::Windows::Forms::ToolStripMenuItem());






this->помощьToolStripMenuItem = (gcnew System::Windows::Forms::ToolStripMenuItem());






this->справкаToolStripMenuItem = (gcnew System::Windows::Forms::ToolStripMenuItem());






this->оПрограммеToolStripMenuItem = (gcnew System::Windows::Forms::ToolStripMenuItem());






this->timer2 = (gcnew System::Windows::Forms::Timer(this->components));






this->pictureBox1 = (gcnew System::Windows::Forms::PictureBox());






this->dataGridView1 = (gcnew System::Windows::Forms::DataGridView());






this->Column17 = (gcnew System::Windows::Forms::DataGridViewTextBoxColumn());






this->Column18 = (gcnew System::Windows::Forms::DataGridViewCheckBoxColumn());






this->Column1 = (gcnew System::Windows::Forms::DataGridViewTextBoxColumn());






this->Column2 = (gcnew System::Windows::Forms::DataGridViewTextBoxColumn());






this->Column19 = (gcnew System::Windows::Forms::DataGridViewTextBoxColumn());






this->Column20 = (gcnew System::Windows::Forms::DataGridViewCheckBoxColumn());






this->Column3 = (gcnew System::Windows::Forms::DataGridViewTextBoxColumn());






this->Column4 = (gcnew System::Windows::Forms::DataGridViewTextBoxColumn());






this->Column21 = (gcnew System::Windows::Forms::DataGridViewTextBoxColumn());






this->Column22 = (gcnew System::Windows::Forms::DataGridViewCheckBoxColumn());






this->Column5 = (gcnew System::Windows::Forms::DataGridViewTextBoxColumn());






this->Column6 = (gcnew System::Windows::Forms::DataGridViewTextBoxColumn());






this->Column23 = (gcnew System::Windows::Forms::DataGridViewTextBoxColumn());






this->Column24 = (gcnew System::Windows::Forms::DataGridViewCheckBoxColumn());






this->Column7 = (gcnew System::Windows::Forms::DataGridViewTextBoxColumn());






this->Column8 = (gcnew System::Windows::Forms::DataGridViewTextBoxColumn());






this->Column25 = (gcnew System::Windows::Forms::DataGridViewTextBoxColumn());






this->Column26 = (gcnew System::Windows::Forms::DataGridViewCheckBoxColumn());






this->Column9 = (gcnew System::Windows::Forms::DataGridViewTextBoxColumn());






this->Column10 = (gcnew System::Windows::Forms::DataGridViewTextBoxColumn());






this->Column27 = (gcnew System::Windows::Forms::DataGridViewTextBoxColumn());






this->Column28 = (gcnew System::Windows::Forms::DataGridViewCheckBoxColumn());






this->Column11 = (gcnew System::Windows::Forms::DataGridViewTextBoxColumn());






this->Column12 = (gcnew System::Windows::Forms::DataGridViewTextBoxColumn());






this->Column29 = (gcnew System::Windows::Forms::DataGridViewTextBoxColumn());






this->Column30 = (gcnew System::Windows::Forms::DataGridViewCheckBoxColumn());






this->Column13 = (gcnew System::Windows::Forms::DataGridViewTextBoxColumn());






this->Column14 = (gcnew System::Windows::Forms::DataGridViewTextBoxColumn());






this->Column31 = (gcnew System::Windows::Forms::DataGridViewTextBoxColumn());






this->Column32 = (gcnew System::Windows::Forms::DataGridViewCheckBoxColumn());






this->Column15 = (gcnew System::Windows::Forms::DataGridViewTextBoxColumn());






this->Column16 = (gcnew System::Windows::Forms::DataGridViewTextBoxColumn());






this->label3 = (gcnew System::Windows::Forms::Label());






this->label4 = (gcnew System::Windows::Forms::Label());






this->label8 = (gcnew System::Windows::Forms::Label());






this->textBox1 = (gcnew System::Windows::Forms::TextBox());






this->button5 = (gcnew System::Windows::Forms::Button());






this->label9 = (gcnew System::Windows::Forms::Label());






this->textBox2 = (gcnew System::Windows::Forms::TextBox());






this->label10 = (gcnew System::Windows::Forms::Label());






this->textBox3 = (gcnew System::Windows::Forms::TextBox());






this->checkBox3 = (gcnew System::Windows::Forms::CheckBox());






this->checkBox2 = (gcnew System::Windows::Forms::CheckBox());






this->checkBox1 = (gcnew System::Windows::Forms::CheckBox());






this->openFileDialog1 = (gcnew System::Windows::Forms::OpenFileDialog());






this->saveFileDialog1 = (gcnew System::Windows::Forms::SaveFileDialog());






this->openFileDialog2 = (gcnew System::Windows::Forms::OpenFileDialog());






this->timer3 = (gcnew System::Windows::Forms::Timer(this->components));






this->toolStrip2 = (gcnew System::Windows::Forms::ToolStrip());






this->toolStripButton5 = (gcnew System::Windows::Forms::ToolStripButton());






this->toolStripButton6 = (gcnew System::Windows::Forms::ToolStripButton());






this->toolStripButton7 = (gcnew System::Windows::Forms::ToolStripButton());






this->toolStripSeparator1 = (gcnew System::Windows::Forms::ToolStripSeparator());






this->toolStripButton1 = (gcnew System::Windows::Forms::ToolStripButton());






this->toolStripButton2 = (gcnew System::Windows::Forms::ToolStripButton());






this->toolStripButton3 = (gcnew System::Windows::Forms::ToolStripButton());






this->toolStripButton4 = (gcnew System::Windows::Forms::ToolStripButton());






this->toolStripSeparator2 = (gcnew System::Windows::Forms::ToolStripSeparator());






this->toolStripButton8 = (gcnew System::Windows::Forms::ToolStripButton());






this->toolStrip1 = (gcnew System::Windows::Forms::ToolStrip());






this->toolStripProgressBar1 = (gcnew System::Windows::Forms::ToolStripProgressBar());






this->toolStripLabel1 = (gcnew System::Windows::Forms::ToolStripLabel());






this->statusStrip1 = (gcnew System::Windows::Forms::StatusStrip());






this->toolStripStatusLabel1 = (gcnew System::Windows::Forms::ToolStripStatusLabel());






this->toolStripStatusLabel2 = (gcnew System::Windows::Forms::ToolStripStatusLabel());






this->toolStripStatusLabel3 = (gcnew System::Windows::Forms::ToolStripStatusLabel());






this->toolStripStatusLabel4 = (gcnew System::Windows::Forms::ToolStripStatusLabel());






this->toolStripStatusLabel5 = (gcnew System::Windows::Forms::ToolStripStatusLabel());






this->menuStrip1->SuspendLayout();






(cli::safe_cast<System::ComponentModel::ISupportInitialize^  >(this->pictureBox1))->BeginInit();






(cli::safe_cast<System::ComponentModel::ISupportInitialize^  >(this->dataGridView1))->BeginInit();






this->toolStrip2->SuspendLayout();






this->toolStrip1->SuspendLayout();






this->statusStrip1->SuspendLayout();






this->SuspendLayout();






// 






// timer1






// 






this->timer1->Tick += gcnew System::EventHandler(this, &Reflect1::timer1_Tick);






// 






// menuStrip1






// 






this->menuStrip1->GripStyle = System::Windows::Forms::ToolStripGripStyle::Visible;






this->menuStrip1->Items->AddRange(gcnew cli::array< System::Windows::Forms::ToolStripItem^  >(4) {this->toolStripMenuItem1, 







this->корректировкаВходныхДанныхToolStripMenuItem, this->допГрафикиToolStripMenuItem, this->помощьToolStripMenuItem});






this->menuStrip1->Location = System::Drawing::Point(0, 0);






this->menuStrip1->Name = L"menuStrip1";






this->menuStrip1->Size = System::Drawing::Size(823, 24);






this->menuStrip1->TabIndex = 2;






this->menuStrip1->Text = L"menuStrip1";






// 






// toolStripMenuItem1






// 






this->toolStripMenuItem1->DropDownItems->AddRange(gcnew cli::array< System::Windows::Forms::ToolStripItem^  >(4) {this->открытьФайлToolStripMenuItem, 







this->открытьФайлСтруктурыToolStripMenuItem, this->сохранитьКакToolStripMenuItem, this->выходToolStripMenuItem});






this->toolStripMenuItem1->Name = L"toolStripMenuItem1";






this->toolStripMenuItem1->Size = System::Drawing::Size(37, 20);






this->toolStripMenuItem1->Text = L"File";






// 






// открытьФайлToolStripMenuItem






// 






this->открытьФайлToolStripMenuItem->Name = L"открытьФайлToolStripMenuItem";






this->открытьФайлToolStripMenuItem->Size = System::Drawing::Size(172, 22);






this->открытьФайлToolStripMenuItem->Text = L"Open data file";






this->открытьФайлToolStripMenuItem->Click += gcnew System::EventHandler(this, &Reflect1::открытьФайлToolStripMenuItem_Click);






// 






// открытьФайлСтруктурыToolStripMenuItem






// 






this->открытьФайлСтруктурыToolStripMenuItem->Name = L"открытьФайлСтруктурыToolStripMenuItem";






this->открытьФайлСтруктурыToolStripMenuItem->Size = System::Drawing::Size(172, 22);






this->открытьФайлСтруктурыToolStripMenuItem->Text = L"Open structure file";






this->открытьФайлСтруктурыToolStripMenuItem->Click += gcnew System::EventHandler(this, &Reflect1::открытьФайлСтруктурыToolStripMenuItem_Click);






// 






// сохранитьКакToolStripMenuItem






// 






this->сохранитьКакToolStripMenuItem->Enabled = false;






this->сохранитьКакToolStripMenuItem->Name = L"сохранитьКакToolStripMenuItem";






this->сохранитьКакToolStripMenuItem->Size = System::Drawing::Size(172, 22);






this->сохранитьКакToolStripMenuItem->Text = L"Save As...";






this->сохранитьКакToolStripMenuItem->Click += gcnew System::EventHandler(this, &Reflect1::сохранитьКакToolStripMenuItem_Click);






// 






// выходToolStripMenuItem






// 






this->выходToolStripMenuItem->Name = L"выходToolStripMenuItem";






this->выходToolStripMenuItem->Size = System::Drawing::Size(172, 22);






this->выходToolStripMenuItem->Text = L"Exit";






this->выходToolStripMenuItem->Click += gcnew System::EventHandler(this, &Reflect1::выходToolStripMenuItem_Click);






// 






// корректировкаВходныхДанныхToolStripMenuItem






// 






this->корректировкаВходныхДанныхToolStripMenuItem->DropDownItems->AddRange(gcnew cli::array< System::Windows::Forms::ToolStripItem^  >(3) {this->рефрактометрияToolStripMenuItem, 







this->диффузноеРассеяниеToolStripMenuItem, this->допНастройкиToolStripMenuItem});






this->корректировкаВходныхДанныхToolStripMenuItem->Name = L"корректировкаВходныхДанныхToolStripMenuItem";






this->корректировкаВходныхДанныхToolStripMenuItem->Size = System::Drawing::Size(132, 20);






this->корректировкаВходныхДанныхToolStripMenuItem->Text = L"Correction input data";






// 






// рефрактометрияToolStripMenuItem






// 






this->рефрактометрияToolStripMenuItem->Name = L"рефрактометрияToolStripMenuItem";






this->рефрактометрияToolStripMenuItem->Size = System::Drawing::Size(170, 22);






this->рефрактометрияToolStripMenuItem->Text = L"Refractometry";






this->рефрактометрияToolStripMenuItem->Click += gcnew System::EventHandler(this, &Reflect1::рефрактометрияToolStripMenuItem_Click);






// 






// диффузноеРассеяниеToolStripMenuItem






// 






this->диффузноеРассеяниеToolStripMenuItem->Name = L"диффузноеРассеяниеToolStripMenuItem";






this->диффузноеРассеяниеToolStripMenuItem->Size = System::Drawing::Size(170, 22);






this->диффузноеРассеяниеToolStripMenuItem->Text = L"Diffuse scattering";






this->диффузноеРассеяниеToolStripMenuItem->Click += gcnew System::EventHandler(this, &Reflect1::диффузноеРассеяниеToolStripMenuItem_Click);






// 






// допНастройкиToolStripMenuItem






// 






this->допНастройкиToolStripMenuItem->Name = L"допНастройкиToolStripMenuItem";






this->допНастройкиToolStripMenuItem->Size = System::Drawing::Size(170, 22);






this->допНастройкиToolStripMenuItem->Text = L"Advanced options";






this->допНастройкиToolStripMenuItem->Click += gcnew System::EventHandler(this, &Reflect1::допНастройкиToolStripMenuItem_Click);






// 






// допГрафикиToolStripMenuItem






// 






this->допГрафикиToolStripMenuItem->DropDownItems->AddRange(gcnew cli::array< System::Windows::Forms::ToolStripItem^  >(3) {this->дельтараспределениеToolStripMenuItem, 







this->графикНевязкаитерацияToolStripMenuItem, this->графикРасхожденияКривыхToolStripMenuItem});






this->допГрафикиToolStripMenuItem->Name = L"допГрафикиToolStripMenuItem";






this->допГрафикиToolStripMenuItem->Size = System::Drawing::Size(122, 20);






this->допГрафикиToolStripMenuItem->Text = L"Additional graphics";






// 






// дельтараспределениеToolStripMenuItem






// 






this->дельтараспределениеToolStripMenuItem->Enabled = false;






this->дельтараспределениеToolStripMenuItem->Name = L"дельтараспределениеToolStripMenuItem";






this->дельтараспределениеToolStripMenuItem->Size = System::Drawing::Size(232, 22);






this->дельтараспределениеToolStripMenuItem->Text = L"Дельта-распределение";






this->дельтараспределениеToolStripMenuItem->Visible = false;






this->дельтараспределениеToolStripMenuItem->Click += gcnew System::EventHandler(this, &Reflect1::дельтараспределениеToolStripMenuItem_Click);






// 






// графикНевязкаитерацияToolStripMenuItem





// 






this->графикНевязкаитерацияToolStripMenuItem->Enabled = false;






this->графикНевязкаитерацияToolStripMenuItem->Name = L"графикНевязкаитерацияToolStripMenuItem";






this->графикНевязкаитерацияToolStripMenuItem->Size = System::Drawing::Size(232, 22);






this->графикНевязкаитерацияToolStripMenuItem->Text = L"Graphic error/iteration";






this->графикНевязкаитерацияToolStripMenuItem->Click += gcnew System::EventHandler(this, &Reflect1::графикНевязкаитерацияToolStripMenuItem_Click);






// 






// графикРасхожденияКривыхToolStripMenuItem






// 






this->графикРасхожденияКривыхToolStripMenuItem->Enabled = false;






this->графикРасхожденияКривыхToolStripMenuItem->Name = L"графикРасхожденияКривыхToolStripMenuItem";






this->графикРасхожденияКривыхToolStripMenuItem->Size = System::Drawing::Size(232, 22);






this->графикРасхожденияКривыхToolStripMenuItem->Text = L"Graphic discrepancy of curves";






this->графикРасхожденияКривыхToolStripMenuItem->Click += gcnew System::EventHandler(this, &Reflect1::графикРасхожденияКривыхToolStripMenuItem_Click);






// 






// помощьToolStripMenuItem






// 






this->помощьToolStripMenuItem->DropDownItems->AddRange(gcnew cli::array< System::Windows::Forms::ToolStripItem^  >(2) {this->справкаToolStripMenuItem, 







this->оПрограммеToolStripMenuItem});






this->помощьToolStripMenuItem->Name = L"помощьToolStripMenuItem";






this->помощьToolStripMenuItem->Size = System::Drawing::Size(44, 20);






this->помощьToolStripMenuItem->Text = L"Help";






// 






// справкаToolStripMenuItem






// 






this->справкаToolStripMenuItem->Enabled = false;






this->справкаToolStripMenuItem->Name = L"справкаToolStripMenuItem";






this->справкаToolStripMenuItem->Size = System::Drawing::Size(156, 22);






this->справкаToolStripMenuItem->Text = L"View help";






this->справкаToolStripMenuItem->Click += gcnew System::EventHandler(this, &Reflect1::справкаToolStripMenuItem_Click);






// 






// оПрограммеToolStripMenuItem






// 






this->оПрограммеToolStripMenuItem->Name = L"оПрограммеToolStripMenuItem";






this->оПрограммеToolStripMenuItem->Size = System::Drawing::Size(156, 22);






this->оПрограммеToolStripMenuItem->Text = L"About program";






this->оПрограммеToolStripMenuItem->Click += gcnew System::EventHandler(this, &Reflect1::оПрограммеToolStripMenuItem_Click);






// 






// timer2






// 






this->timer2->Tick += gcnew System::EventHandler(this, &Reflect1::timer2_Tick);






// 






// pictureBox1






// 






this->pictureBox1->Location = System::Drawing::Point(12, 138);






this->pictureBox1->Name = L"pictureBox1";






this->pictureBox1->Size = System::Drawing::Size(797, 437);






this->pictureBox1->TabIndex = 4;






this->pictureBox1->TabStop = false;






this->pictureBox1->Paint += gcnew System::Windows::Forms::PaintEventHandler(this, &Reflect1::pictureBox1_Paint);






// 






// dataGridView1






// 






this->dataGridView1->AllowUserToAddRows = false;






this->dataGridView1->AllowUserToDeleteRows = false;






this->dataGridView1->ColumnHeadersHeightSizeMode = System::Windows::Forms::DataGridViewColumnHeadersHeightSizeMode::AutoSize;






this->dataGridView1->Columns->AddRange(gcnew cli::array< System::Windows::Forms::DataGridViewColumn^  >(32) {this->Column17, 







this->Column18, this->Column1, this->Column2, this->Column19, this->Column20, this->Column3, this->Column4, this->Column21, this->Column22, 







this->Column5, this->Column6, this->Column23, this->Column24, this->Column7, this->Column8, this->Column25, this->Column26, this->Column9, 







this->Column10, this->Column27, this->Column28, this->Column11, this->Column12, this->Column29, this->Column30, this->Column13, 







this->Column14, this->Column31, this->Column32, this->Column15, this->Column16});






this->dataGridView1->Location = System::Drawing::Point(12, 601);






this->dataGridView1->Name = L"dataGridView1";






this->dataGridView1->Size = System::Drawing::Size(797, 157);






this->dataGridView1->TabIndex = 5;






// 






// Column17






// 






dataGridViewCellStyle1->Font = (gcnew System::Drawing::Font(L"Microsoft Sans Serif", 8.25F, System::Drawing::FontStyle::Regular, 







System::Drawing::GraphicsUnit::Point, static_cast<System::Byte>(204)));






dataGridViewCellStyle1->Format = L"E2";






dataGridViewCellStyle1->NullValue = nullptr;






this->Column17->DefaultCellStyle = dataGridViewCellStyle1;






this->Column17->HeaderText = L"Thickness, nm";






this->Column17->Name = L"Column17";






this->Column17->SortMode = System::Windows::Forms::DataGridViewColumnSortMode::NotSortable;






// 






// Column18






// 






this->Column18->HeaderText = L"Fix.";






this->Column18->Name = L"Column18";






this->Column18->Resizable = System::Windows::Forms::DataGridViewTriState::False;






this->Column18->Width = 50;






// 






// Column1






// 






dataGridViewCellStyle2->Font = (gcnew System::Drawing::Font(L"Microsoft Sans Serif", 8.25F, System::Drawing::FontStyle::Regular, 







System::Drawing::GraphicsUnit::Point, static_cast<System::Byte>(204)));






dataGridViewCellStyle2->Format = L"E2";






dataGridViewCellStyle2->NullValue = nullptr;






this->Column1->DefaultCellStyle = dataGridViewCellStyle2;






this->Column1->HeaderText = L"Min.";






this->Column1->Name = L"Column1";






this->Column1->SortMode = System::Windows::Forms::DataGridViewColumnSortMode::NotSortable;






this->Column1->Width = 50;






// 






// Column2






// 






dataGridViewCellStyle3->Format = L"E2";






dataGridViewCellStyle3->NullValue = nullptr;






this->Column2->DefaultCellStyle = dataGridViewCellStyle3;






this->Column2->HeaderText = L"Max.";






this->Column2->Name = L"Column2";






this->Column2->SortMode = System::Windows::Forms::DataGridViewColumnSortMode::NotSortable;






this->Column2->Width = 50;






// 






// Column19






// 






dataGridViewCellStyle4->Format = L"E2";






dataGridViewCellStyle4->NullValue = nullptr;






this->Column19->DefaultCellStyle = dataGridViewCellStyle4;






this->Column19->HeaderText = L"Roughness of upper boundary, nm";






this->Column19->Name = L"Column19";






this->Column19->SortMode = System::Windows::Forms::DataGridViewColumnSortMode::NotSortable;






this->Column19->Width = 140;






// 






// Column20






// 






this->Column20->HeaderText = L"Fix.";






this->Column20->Name = L"Column20";






this->Column20->Resizable = System::Windows::Forms::DataGridViewTriState::False;






this->Column20->Width = 50;






// 






// Column3






// 






dataGridViewCellStyle5->Format = L"E2";






dataGridViewCellStyle5->NullValue = nullptr;






this->Column3->DefaultCellStyle = dataGridViewCellStyle5;






this->Column3->HeaderText = L"Min.";






this->Column3->Name = L"Column3";






this->Column3->SortMode = System::Windows::Forms::DataGridViewColumnSortMode::NotSortable;






this->Column3->Width = 50;






// 






// Column4






// 






dataGridViewCellStyle6->Format = L"E2";






dataGridViewCellStyle6->NullValue = nullptr;






this->Column4->DefaultCellStyle = dataGridViewCellStyle6;






this->Column4->HeaderText = L"Max.";






this->Column4->Name = L"Column4";






this->Column4->SortMode = System::Windows::Forms::DataGridViewColumnSortMode::NotSortable;






this->Column4->Width = 50;






// 






// Column21






// 






dataGridViewCellStyle7->Format = L"E2";






dataGridViewCellStyle7->NullValue = nullptr;






this->Column21->DefaultCellStyle = dataGridViewCellStyle7;






this->Column21->HeaderText = L"Roughness of bottom boundary, nm";






this->Column21->Name = L"Column21";






this->Column21->SortMode = System::Windows::Forms::DataGridViewColumnSortMode::NotSortable;






this->Column21->Width = 140;






// 






// Column22






// 






this->Column22->HeaderText = L"Fix.";






this->Column22->Name = L"Column22";






this->Column22->Resizable = System::Windows::Forms::DataGridViewTriState::False;






this->Column22->Width = 50;






// 






// Column5






// 






dataGridViewCellStyle8->Format = L"E2";






dataGridViewCellStyle8->NullValue = nullptr;






this->Column5->DefaultCellStyle = dataGridViewCellStyle8;






this->Column5->HeaderText = L"Min.";






this->Column5->Name = L"Column5";






this->Column5->SortMode = System::Windows::Forms::DataGridViewColumnSortMode::NotSortable;






this->Column5->Width = 50;






// 






// Column6






// 






dataGridViewCellStyle9->Format = L"E2";






dataGridViewCellStyle9->NullValue = nullptr;






this->Column6->DefaultCellStyle = dataGridViewCellStyle9;






this->Column6->HeaderText = L"Max.";






this->Column6->Name = L"Column6";






this->Column6->SortMode = System::Windows::Forms::DataGridViewColumnSortMode::NotSortable;






this->Column6->Width = 50;






// 






// Column23






// 






dataGridViewCellStyle10->Format = L"E2";






dataGridViewCellStyle10->NullValue = nullptr;






this->Column23->DefaultCellStyle = dataGridViewCellStyle10;






this->Column23->HeaderText = L"Density, g/cm3";






this->Column23->Name = L"Column23";






this->Column23->SortMode = System::Windows::Forms::DataGridViewColumnSortMode::NotSortable;






// 






// Column24






// 






this->Column24->HeaderText = L"Fix.";






this->Column24->Name = L"Column24";






this->Column24->Resizable = System::Windows::Forms::DataGridViewTriState::False;






this->Column24->Width = 50;






// 






// Column7






// 






dataGridViewCellStyle11->Format = L"E2";






dataGridViewCellStyle11->NullValue = nullptr;






this->Column7->DefaultCellStyle = dataGridViewCellStyle11;






this->Column7->HeaderText = L"Min.";






this->Column7->Name = L"Column7";






this->Column7->SortMode = System::Windows::Forms::DataGridViewColumnSortMode::NotSortable;






this->Column7->Width = 50;






// 






// Column8






// 






dataGridViewCellStyle12->Format = L"E2";






dataGridViewCellStyle12->NullValue = nullptr;






this->Column8->DefaultCellStyle = dataGridViewCellStyle12;






this->Column8->HeaderText = L"Max.";






this->Column8->Name = L"Column8";






this->Column8->SortMode = System::Windows::Forms::DataGridViewColumnSortMode::NotSortable;






this->Column8->Width = 50;






// 






// Column25






// 






dataGridViewCellStyle13->Format = L"E2";






dataGridViewCellStyle13->NullValue = nullptr;






this->Column25->DefaultCellStyle = dataGridViewCellStyle13;






this->Column25->HeaderText = L"Delta CuKa";






this->Column25->Name = L"Column25";






this->Column25->SortMode = System::Windows::Forms::DataGridViewColumnSortMode::NotSortable;






// 






// Column26






// 






this->Column26->HeaderText = L"Fix.";






this->Column26->Name = L"Column26";






this->Column26->Resizable = System::Windows::Forms::DataGridViewTriState::False;






this->Column26->Width = 50;






// 






// Column9






// 






dataGridViewCellStyle14->Format = L"E2";






dataGridViewCellStyle14->NullValue = nullptr;






this->Column9->DefaultCellStyle = dataGridViewCellStyle14;






this->Column9->HeaderText = L"Min.";






this->Column9->Name = L"Column9";






this->Column9->SortMode = System::Windows::Forms::DataGridViewColumnSortMode::NotSortable;






// 






// Column10






// 






dataGridViewCellStyle15->Format = L"E2";






dataGridViewCellStyle15->NullValue = nullptr;






this->Column10->DefaultCellStyle = dataGridViewCellStyle15;






this->Column10->HeaderText = L"Max.";






this->Column10->Name = L"Column10";






this->Column10->SortMode = System::Windows::Forms::DataGridViewColumnSortMode::NotSortable;






// 






// Column27






// 






dataGridViewCellStyle16->Format = L"E2";






dataGridViewCellStyle16->NullValue = nullptr;






this->Column27->DefaultCellStyle = dataGridViewCellStyle16;






this->Column27->HeaderText = L"Beta CuKa";






this->Column27->Name = L"Column27";






this->Column27->SortMode = System::Windows::Forms::DataGridViewColumnSortMode::NotSortable;






// 






// Column28






// 






this->Column28->HeaderText = L"Fix.";






this->Column28->Name = L"Column28";






this->Column28->Resizable = System::Windows::Forms::DataGridViewTriState::False;






this->Column28->Width = 50;






// 






// Column11






// 






dataGridViewCellStyle17->Format = L"E2";






dataGridViewCellStyle17->NullValue = nullptr;






this->Column11->DefaultCellStyle = dataGridViewCellStyle17;






this->Column11->HeaderText = L"Min.";






this->Column11->Name = L"Column11";






this->Column11->SortMode = System::Windows::Forms::DataGridViewColumnSortMode::NotSortable;






// 






// Column12






// 






dataGridViewCellStyle18->Format = L"E2";






dataGridViewCellStyle18->NullValue = nullptr;






this->Column12->DefaultCellStyle = dataGridViewCellStyle18;






this->Column12->HeaderText = L"Max.";






this->Column12->Name = L"Column12";






this->Column12->SortMode = System::Windows::Forms::DataGridViewColumnSortMode::NotSortable;






// 






// Column29






// 






dataGridViewCellStyle19->Format = L"E2";






dataGridViewCellStyle19->NullValue = nullptr;






this->Column29->DefaultCellStyle = dataGridViewCellStyle19;






this->Column29->HeaderText = L"Delta CuKb";






this->Column29->Name = L"Column29";






this->Column29->SortMode = System::Windows::Forms::DataGridViewColumnSortMode::NotSortable;






// 






// Column30






// 






this->Column30->HeaderText = L"Fix.";






this->Column30->Name = L"Column30";






this->Column30->Resizable = System::Windows::Forms::DataGridViewTriState::False;






this->Column30->Width = 50;






// 






// Column13






// 






dataGridViewCellStyle20->Format = L"E2";






dataGridViewCellStyle20->NullValue = nullptr;






this->Column13->DefaultCellStyle = dataGridViewCellStyle20;






this->Column13->HeaderText = L"Min.";






this->Column13->Name = L"Column13";






this->Column13->SortMode = System::Windows::Forms::DataGridViewColumnSortMode::NotSortable;






// 






// Column14






// 






dataGridViewCellStyle21->Format = L"E2";






dataGridViewCellStyle21->NullValue = nullptr;






this->Column14->DefaultCellStyle = dataGridViewCellStyle21;






this->Column14->HeaderText = L"Max.";






this->Column14->Name = L"Column14";






this->Column14->SortMode = System::Windows::Forms::DataGridViewColumnSortMode::NotSortable;






// 






// Column31






// 






dataGridViewCellStyle22->Format = L"E2";






dataGridViewCellStyle22->NullValue = nullptr;






this->Column31->DefaultCellStyle = dataGridViewCellStyle22;






this->Column31->HeaderText = L"Beta CuKb";






this->Column31->Name = L"Column31";






this->Column31->SortMode = System::Windows::Forms::DataGridViewColumnSortMode::NotSortable;






// 






// Column32






// 






this->Column32->HeaderText = L"Fix.";






this->Column32->Name = L"Column32";






this->Column32->Resizable = System::Windows::Forms::DataGridViewTriState::False;






this->Column32->Width = 50;






// 






// Column15






// 






dataGridViewCellStyle23->Format = L"E2";






dataGridViewCellStyle23->NullValue = nullptr;






this->Column15->DefaultCellStyle = dataGridViewCellStyle23;






this->Column15->HeaderText = L"Min.";






this->Column15->Name = L"Column15";






this->Column15->SortMode = System::Windows::Forms::DataGridViewColumnSortMode::NotSortable;






// 






// Column16






// 






dataGridViewCellStyle24->Format = L"E2";






dataGridViewCellStyle24->NullValue = nullptr;






this->Column16->DefaultCellStyle = dataGridViewCellStyle24;






this->Column16->HeaderText = L"Max.";






this->Column16->Name = L"Column16";






this->Column16->SortMode = System::Windows::Forms::DataGridViewColumnSortMode::NotSortable;






// 






// label3






// 






this->label3->AutoSize = true;






this->label3->Font = (gcnew System::Drawing::Font(L"Microsoft Sans Serif", 14.25F, System::Drawing::FontStyle::Regular, System::Drawing::GraphicsUnit::Point, 







static_cast<System::Byte>(204)));






this->label3->Location = System::Drawing::Point(154, 111);






this->label3->Name = L"label3";






this->label3->Size = System::Drawing::Size(507, 24);






this->label3->TabIndex = 13;






this->label3->Text = L"Graphic for data processing of reflectometric measurements";






// 






// label4






// 






this->label4->AutoSize = true;






this->label4->Font = (gcnew System::Drawing::Font(L"Microsoft Sans Serif", 12, System::Drawing::FontStyle::Regular, System::Drawing::GraphicsUnit::Point, 







static_cast<System::Byte>(204)));






this->label4->Location = System::Drawing::Point(324, 578);






this->label4->Name = L"label4";






this->label4->Size = System::Drawing::Size(160, 20);






this->label4->TabIndex = 14;






this->label4->Text = L"Structure parameters";






// 






// label8






// 






this->label8->AutoSize = true;






this->label8->Font = (gcnew System::Drawing::Font(L"Microsoft Sans Serif", 12, System::Drawing::FontStyle::Regular, System::Drawing::GraphicsUnit::Point, 







static_cast<System::Byte>(204)));






this->label8->Location = System::Drawing::Point(561, 85);






this->label8->Name = L"label8";






this->label8->Size = System::Drawing::Size(132, 20);






this->label8->TabIndex = 18;






this->label8->Text = L"Number of layers:";






// 






// textBox1






// 






this->textBox1->Font = (gcnew System::Drawing::Font(L"Microsoft Sans Serif", 12, System::Drawing::FontStyle::Regular, System::Drawing::GraphicsUnit::Point, 







static_cast<System::Byte>(204)));






this->textBox1->Location = System::Drawing::Point(699, 82);






this->textBox1->Name = L"textBox1";






this->textBox1->Size = System::Drawing::Size(39, 26);






this->textBox1->TabIndex = 19;






// 






// button5






// 






this->button5->Font = (gcnew System::Drawing::Font(L"Microsoft Sans Serif", 12, System::Drawing::FontStyle::Regular, System::Drawing::GraphicsUnit::Point, 







static_cast<System::Byte>(204)));






this->button5->Location = System::Drawing::Point(744, 82);






this->button5->Name = L"button5";






this->button5->Size = System::Drawing::Size(57, 26);






this->button5->TabIndex = 20;






this->button5->Text = L"Enter";






this->button5->UseVisualStyleBackColor = true;






this->button5->Click += gcnew System::EventHandler(this, &Reflect1::button5_Click);






// 






// label9






// 






this->label9->AutoSize = true;






this->label9->Font = (gcnew System::Drawing::Font(L"Microsoft Sans Serif", 12, System::Drawing::FontStyle::Regular, System::Drawing::GraphicsUnit::Point, 







static_cast<System::Byte>(204)));






this->label9->Location = System::Drawing::Point(8, 85);






this->label9->Name = L"label9";






this->label9->Size = System::Drawing::Size(37, 20);






this->label9->TabIndex = 21;






this->label9->Text = L"Iter:";






// 






// textBox2






// 






this->textBox2->Font = (gcnew System::Drawing::Font(L"Microsoft Sans Serif", 12, System::Drawing::FontStyle::Regular, System::Drawing::GraphicsUnit::Point, 







static_cast<System::Byte>(204)));






this->textBox2->Location = System::Drawing::Point(51, 82);






this->textBox2->Name = L"textBox2";






this->textBox2->Size = System::Drawing::Size(48, 26);






this->textBox2->TabIndex = 22;






this->textBox2->Text = L"1000";






// 






// label10






// 






this->label10->AutoSize = true;






this->label10->Font = (gcnew System::Drawing::Font(L"Microsoft Sans Serif", 12, System::Drawing::FontStyle::Regular, System::Drawing::GraphicsUnit::Point, 







static_cast<System::Byte>(204)));






this->label10->Location = System::Drawing::Point(119, 85);






this->label10->Name = L"label10";






this->label10->Size = System::Drawing::Size(50, 20);






this->label10->TabIndex = 23;






this->label10->Text = L"Bees:";






// 






// textBox3






// 






this->textBox3->Font = (gcnew System::Drawing::Font(L"Microsoft Sans Serif", 12, System::Drawing::FontStyle::Regular, System::Drawing::GraphicsUnit::Point, 







static_cast<System::Byte>(204)));






this->textBox3->Location = System::Drawing::Point(175, 82);






this->textBox3->Name = L"textBox3";






this->textBox3->Size = System::Drawing::Size(51, 26);






this->textBox3->TabIndex = 24;






this->textBox3->Text = L"16";






// 






// checkBox3






// 






this->checkBox3->AutoSize = true;






this->checkBox3->Font = (gcnew System::Drawing::Font(L"Microsoft Sans Serif", 12, System::Drawing::FontStyle::Regular, System::Drawing::GraphicsUnit::Point, 







static_cast<System::Byte>(204)));






this->checkBox3->Location = System::Drawing::Point(401, 84);






this->checkBox3->Name = L"checkBox3";






this->checkBox3->Size = System::Drawing::Size(110, 24);






this->checkBox3->TabIndex = 2;






this->checkBox3->Text = L"CuKb/CuKa";






this->checkBox3->UseVisualStyleBackColor = true;






// 






// checkBox2






// 






this->checkBox2->AutoSize = true;






this->checkBox2->Font = (gcnew System::Drawing::Font(L"Microsoft Sans Serif", 12, System::Drawing::FontStyle::Regular, System::Drawing::GraphicsUnit::Point, 







static_cast<System::Byte>(204)));






this->checkBox2->Location = System::Drawing::Point(328, 84);






this->checkBox2->Name = L"checkBox2";






this->checkBox2->Size = System::Drawing::Size(67, 24);






this->checkBox2->TabIndex = 1;






this->checkBox2->Text = L"CuKb";






this->checkBox2->UseVisualStyleBackColor = true;






// 






// checkBox1






// 






this->checkBox1->AutoSize = true;






this->checkBox1->Font = (gcnew System::Drawing::Font(L"Microsoft Sans Serif", 12, System::Drawing::FontStyle::Regular, System::Drawing::GraphicsUnit::Point, 







static_cast<System::Byte>(204)));






this->checkBox1->Location = System::Drawing::Point(255, 84);






this->checkBox1->Name = L"checkBox1";






this->checkBox1->Size = System::Drawing::Size(67, 24);






this->checkBox1->TabIndex = 0;






this->checkBox1->Text = L"CuKa";






this->checkBox1->UseVisualStyleBackColor = true;






// 






// openFileDialog1






// 






this->openFileDialog1->Filter = L"File|*.txt|All files|*.*";






this->openFileDialog1->Title = L"Open data file";






// 






// saveFileDialog1






// 






this->saveFileDialog1->Filter = L"File|*.txt";






this->saveFileDialog1->Title = L"Save As";






// 






// openFileDialog2






// 






this->openFileDialog2->Filter = L"File|*.txt|All files|*.*";






this->openFileDialog2->Title = L"Open structure file";






// 






// timer3






// 






this->timer3->Enabled = true;






this->timer3->Tick += gcnew System::EventHandler(this, &Reflect1::timer3_Tick);






// 






// toolStrip2






// 






this->toolStrip2->Items->AddRange(gcnew cli::array< System::Windows::Forms::ToolStripItem^  >(10) {this->toolStripButton5, 







this->toolStripButton6, this->toolStripButton7, this->toolStripSeparator1, this->toolStripButton1, this->toolStripButton2, this->toolStripButton3, 







this->toolStripButton4, this->toolStripSeparator2, this->toolStripButton8});






this->toolStrip2->LayoutStyle = System::Windows::Forms::ToolStripLayoutStyle::HorizontalStackWithOverflow;






this->toolStrip2->Location = System::Drawing::Point(0, 24);






this->toolStrip2->Name = L"toolStrip2";






this->toolStrip2->Size = System::Drawing::Size(823, 30);






this->toolStrip2->TabIndex = 29;






this->toolStrip2->Text = L"toolStrip2";






// 






// toolStripButton5






// 






this->toolStripButton5->DisplayStyle = System::Windows::Forms::ToolStripItemDisplayStyle::Image;






this->toolStripButton5->Image = (cli::safe_cast<System::Drawing::Image^  >(resources->GetObject(L"toolStripButton5.Image")));






this->toolStripButton5->ImageScaling = System::Windows::Forms::ToolStripItemImageScaling::None;






this->toolStripButton5->ImageTransparentColor = System::Drawing::Color::Magenta;






this->toolStripButton5->Name = L"toolStripButton5";






this->toolStripButton5->Size = System::Drawing::Size(26, 27);






this->toolStripButton5->Text = L"toolStripButton5";






this->toolStripButton5->ToolTipText = L"Открыть файл данных";






this->toolStripButton5->Click += gcnew System::EventHandler(this, &Reflect1::toolStripButton5_Click);






// 






// toolStripButton6






// 






this->toolStripButton6->DisplayStyle = System::Windows::Forms::ToolStripItemDisplayStyle::Image;






this->toolStripButton6->Image = (cli::safe_cast<System::Drawing::Image^  >(resources->GetObject(L"toolStripButton6.Image")));






this->toolStripButton6->ImageScaling = System::Windows::Forms::ToolStripItemImageScaling::None;






this->toolStripButton6->ImageTransparentColor = System::Drawing::Color::Magenta;






this->toolStripButton6->Name = L"toolStripButton6";






this->toolStripButton6->Size = System::Drawing::Size(26, 27);






this->toolStripButton6->Text = L"toolStripButton6";






this->toolStripButton6->ToolTipText = L"Открыть файл структуры";






this->toolStripButton6->Click += gcnew System::EventHandler(this, &Reflect1::toolStripButton6_Click);






// 






// toolStripButton7






// 






this->toolStripButton7->DisplayStyle = System::Windows::Forms::ToolStripItemDisplayStyle::Image;






this->toolStripButton7->Enabled = false;






this->toolStripButton7->Image = (cli::safe_cast<System::Drawing::Image^  >(resources->GetObject(L"toolStripButton7.Image")));






this->toolStripButton7->ImageScaling = System::Windows::Forms::ToolStripItemImageScaling::None;






this->toolStripButton7->ImageTransparentColor = System::Drawing::Color::Magenta;






this->toolStripButton7->Name = L"toolStripButton7";






this->toolStripButton7->Size = System::Drawing::Size(26, 27);






this->toolStripButton7->Text = L"toolStripButton7";






this->toolStripButton7->ToolTipText = L"Сохранить как";






this->toolStripButton7->Click += gcnew System::EventHandler(this, &Reflect1::toolStripButton7_Click);






// 






// toolStripSeparator1






// 






this->toolStripSeparator1->Name = L"toolStripSeparator1";






this->toolStripSeparator1->Size = System::Drawing::Size(6, 30);






// 






// toolStripButton1






// 






this->toolStripButton1->DisplayStyle = System::Windows::Forms::ToolStripItemDisplayStyle::Image;






this->toolStripButton1->Enabled = false;






this->toolStripButton1->Image = (cli::safe_cast<System::Drawing::Image^  >(resources->GetObject(L"toolStripButton1.Image")));






this->toolStripButton1->ImageScaling = System::Windows::Forms::ToolStripItemImageScaling::None;






this->toolStripButton1->ImageTransparentColor = System::Drawing::Color::Magenta;






this->toolStripButton1->Name = L"toolStripButton1";






this->toolStripButton1->Size = System::Drawing::Size(27, 27);






this->toolStripButton1->Text = L"toolStripButton1";






this->toolStripButton1->ToolTipText = L"Построение графика";






this->toolStripButton1->Click += gcnew System::EventHandler(this, &Reflect1::toolStripButton1_Click);






// 






// toolStripButton2






// 






this->toolStripButton2->DisplayStyle = System::Windows::Forms::ToolStripItemDisplayStyle::Image;






this->toolStripButton2->Enabled = false;






this->toolStripButton2->Image = (cli::safe_cast<System::Drawing::Image^  >(resources->GetObject(L"toolStripButton2.Image")));






this->toolStripButton2->ImageScaling = System::Windows::Forms::ToolStripItemImageScaling::None;






this->toolStripButton2->ImageTransparentColor = System::Drawing::Color::Magenta;






this->toolStripButton2->Name = L"toolStripButton2";






this->toolStripButton2->Size = System::Drawing::Size(27, 27);






this->toolStripButton2->Text = L"toolStripButton2";






this->toolStripButton2->ToolTipText = L"Подгонка графика";






this->toolStripButton2->Click += gcnew System::EventHandler(this, &Reflect1::toolStripButton2_Click);






// 






// toolStripButton3






// 






this->toolStripButton3->DisplayStyle = System::Windows::Forms::ToolStripItemDisplayStyle::Image;






this->toolStripButton3->Enabled = false;






this->toolStripButton3->Image = (cli::safe_cast<System::Drawing::Image^  >(resources->GetObject(L"toolStripButton3.Image")));






this->toolStripButton3->ImageScaling = System::Windows::Forms::ToolStripItemImageScaling::None;






this->toolStripButton3->ImageTransparentColor = System::Drawing::Color::Magenta;






this->toolStripButton3->Name = L"toolStripButton3";






this->toolStripButton3->Size = System::Drawing::Size(27, 27);






this->toolStripButton3->Text = L"toolStripButton3";






this->toolStripButton3->ToolTipText = L"Пауза";






this->toolStripButton3->Click += gcnew System::EventHandler(this, &Reflect1::toolStripButton3_Click);






// 






// toolStripButton4






// 






this->toolStripButton4->DisplayStyle = System::Windows::Forms::ToolStripItemDisplayStyle::Image;






this->toolStripButton4->Image = (cli::safe_cast<System::Drawing::Image^  >(resources->GetObject(L"toolStripButton4.Image")));






this->toolStripButton4->ImageScaling = System::Windows::Forms::ToolStripItemImageScaling::None;






this->toolStripButton4->ImageTransparentColor = System::Drawing::Color::Magenta;






this->toolStripButton4->Name = L"toolStripButton4";






this->toolStripButton4->Size = System::Drawing::Size(27, 27);






this->toolStripButton4->Text = L"toolStripButton4";






this->toolStripButton4->ToolTipText = L"Стоп и очистить";






this->toolStripButton4->Click += gcnew System::EventHandler(this, &Reflect1::toolStripButton4_Click);






// 






// toolStripSeparator2






// 






this->toolStripSeparator2->Name = L"toolStripSeparator2";






this->toolStripSeparator2->Size = System::Drawing::Size(6, 30);






// 






// toolStripButton8






// 






this->toolStripButton8->DisplayStyle = System::Windows::Forms::ToolStripItemDisplayStyle::Image;






this->toolStripButton8->Image = (cli::safe_cast<System::Drawing::Image^  >(resources->GetObject(L"toolStripButton8.Image")));






this->toolStripButton8->ImageScaling = System::Windows::Forms::ToolStripItemImageScaling::None;






this->toolStripButton8->ImageTransparentColor = System::Drawing::Color::Magenta;






this->toolStripButton8->Name = L"toolStripButton8";






this->toolStripButton8->Size = System::Drawing::Size(26, 27);






this->toolStripButton8->Text = L"toolStripButton8";






this->toolStripButton8->ToolTipText = L"Параметры";






this->toolStripButton8->Click += gcnew System::EventHandler(this, &Reflect1::toolStripButton8_Click);






// 






// toolStrip1






// 






this->toolStrip1->Items->AddRange(gcnew cli::array< System::Windows::Forms::ToolStripItem^  >(2) {this->toolStripProgressBar1, 







this->toolStripLabel1});






this->toolStrip1->Location = System::Drawing::Point(0, 54);






this->toolStrip1->Name = L"toolStrip1";






this->toolStrip1->Size = System::Drawing::Size(823, 25);






this->toolStrip1->TabIndex = 30;






this->toolStrip1->Text = L"toolStrip1";






// 






// toolStripProgressBar1






// 






this->toolStripProgressBar1->Name = L"toolStripProgressBar1";






this->toolStripProgressBar1->Size = System::Drawing::Size(760, 22);






// 






// toolStripLabel1






// 






this->toolStripLabel1->Name = L"toolStripLabel1";






this->toolStripLabel1->Size = System::Drawing::Size(13, 22);






this->toolStripLabel1->Text = L"0";






// 






// statusStrip1






// 






this->statusStrip1->Items->AddRange(gcnew cli::array< System::Windows::Forms::ToolStripItem^  >(5) {this->toolStripStatusLabel1, 







this->toolStripStatusLabel2, this->toolStripStatusLabel3, this->toolStripStatusLabel4, this->toolStripStatusLabel5});






this->statusStrip1->Location = System::Drawing::Point(0, 774);






this->statusStrip1->Name = L"statusStrip1";






this->statusStrip1->Size = System::Drawing::Size(823, 22);






this->statusStrip1->TabIndex = 31;






this->statusStrip1->Text = L"statusStrip1";






// 






// toolStripStatusLabel1






// 






this->toolStripStatusLabel1->Name = L"toolStripStatusLabel1";






this->toolStripStatusLabel1->Size = System::Drawing::Size(53, 17);






this->toolStripStatusLabel1->Text = L"Data file:";






// 






// toolStripStatusLabel2






// 






this->toolStripStatusLabel2->Name = L"toolStripStatusLabel2";






this->toolStripStatusLabel2->Size = System::Drawing::Size(71, 17);






this->toolStripStatusLabel2->Text = L"not selected";






// 






// toolStripStatusLabel3






// 






this->toolStripStatusLabel3->Name = L"toolStripStatusLabel3";






this->toolStripStatusLabel3->Size = System::Drawing::Size(10, 17);






this->toolStripStatusLabel3->Text = L"|";






// 






// toolStripStatusLabel4






// 






this->toolStripStatusLabel4->Name = L"toolStripStatusLabel4";






this->toolStripStatusLabel4->Size = System::Drawing::Size(77, 17);






this->toolStripStatusLabel4->Text = L"Structure file:";






// 






// toolStripStatusLabel5






// 






this->toolStripStatusLabel5->Name = L"toolStripStatusLabel5";






this->toolStripStatusLabel5->Size = System::Drawing::Size(71, 17);






this->toolStripStatusLabel5->Text = L"not selected";






// 






// Reflect1






// 






this->AccessibleName = L"";






this->AutoScaleDimensions = System::Drawing::SizeF(6, 13);






this->AutoScaleMode = System::Windows::Forms::AutoScaleMode::Font;






this->BackColor = System::Drawing::SystemColors::Control;






this->ClientSize = System::Drawing::Size(823, 796);






this->Controls->Add(this->statusStrip1);






this->Controls->Add(this->checkBox3);






this->Controls->Add(this->toolStrip1);






this->Controls->Add(this->checkBox2);






this->Controls->Add(this->toolStrip2);






this->Controls->Add(this->checkBox1);






this->Controls->Add(this->textBox3);






this->Controls->Add(this->label10);






this->Controls->Add(this->textBox2);






this->Controls->Add(this->label9);






this->Controls->Add(this->button5);






this->Controls->Add(this->textBox1);






this->Controls->Add(this->label8);






this->Controls->Add(this->label4);






this->Controls->Add(this->label3);






this->Controls->Add(this->dataGridView1);






this->Controls->Add(this->pictureBox1);






this->Controls->Add(this->menuStrip1);






this->FormBorderStyle = System::Windows::Forms::FormBorderStyle::FixedSingle;






this->MainMenuStrip = this->menuStrip1;






this->MaximizeBox = false;






this->Name = L"Reflect1";






this->StartPosition = System::Windows::Forms::FormStartPosition::Manual;






this->Text = L"Computation and data processing of reflectometric measurements";






this->menuStrip1->ResumeLayout(false);






this->menuStrip1->PerformLayout();






(cli::safe_cast<System::ComponentModel::ISupportInitialize^  >(this->pictureBox1))->EndInit();






(cli::safe_cast<System::ComponentModel::ISupportInitialize^  >(this->dataGridView1))->EndInit();






this->toolStrip2->ResumeLayout(false);






this->toolStrip2->PerformLayout();






this->toolStrip1->ResumeLayout(false);






this->toolStrip1->PerformLayout();






this->statusStrip1->ResumeLayout(false);






this->statusStrip1->PerformLayout();






this->ResumeLayout(false);






this->PerformLayout();




} 

#pragma endregion




public: static double Random() 





{






static const unsigned int A = 1686629717;






static const unsigned int C = 907633385;






static unsigned int n = GetTickCount();






return ((double)(n = A*n+C))/0xFFFFFFFF;





}




private: System::Void timer1_Tick(System::Object^  sender, System::EventArgs^  e) 





{






toolStripProgressBar1->Value = Reflect1::scountt3;






if (clear == false) toolStripProgressBar1->Value = 0;






toolStripProgressBar1->Width = Width;






Application::DoEvents(); 





}




private: System::Void timer2_Tick(System::Object^  sender, System::EventArgs^  e) 





{






pictureBox1->Refresh(); 






toolStripProgressBar1->Width = Width;






Application::DoEvents(); 





}




private: System::Void button5_Click(System::Object^  sender, System::EventArgs^  e) 





{






dataGridView1->Rows->Clear();






n = Convert::ToDouble(textBox1->Text);






for (int i = 0; i < n; i++) 






{







dataGridView1->Rows->Add();







for (int j = 0; j < 8; j++) {dataGridView1->Rows[i]->Cells[4 * j + 1]->Value = true;}






}






tabl1_refl1 = true;





}




//  Меню программы




private: System::Void открытьФайлToolStripMenuItem_Click(System::Object^  sender, System::EventArgs^  e) 





{






if (openFileDialog1->ShowDialog() == System::Windows::Forms::DialogResult::Cancel) return;






fstr_refl1_1 = openFileDialog1->FileName; open_refl1 = true;






String ^fstr_refl1_1_buf = (fstr_refl1_1->Split('\\'))[fstr_refl1_1->Split('\\')->Length - 1]; toolStripStatusLabel2->Text = fstr_refl1_1_buf;






delete fstr_refl1_1_buf;





}




private: System::Void открытьФайлСтруктурыToolStripMenuItem_Click(System::Object^  sender, System::EventArgs^  e) 





{






if (openFileDialog2->ShowDialog() == System::Windows::Forms::DialogResult::Cancel) return;






fstr_refl1_2 = openFileDialog2->FileName;






String ^fstr_refl1_2_1 = (fstr_refl1_2->Split('\\'))[fstr_refl1_2->Split('\\')->Length - 1]; toolStripStatusLabel5->Text = fstr_refl1_2_1;






delete fstr_refl1_2_1;






dataGridView1->Rows->Clear();






StreamReader ^f = gcnew StreamReader(fstr_refl1_2);






String ^s; s = "";






s = f->ReadLine();






n = 0;






while (String::IsNullOrEmpty(s) != true)






{







dataGridView1->Rows->Add();







for (int i = 0; i < 8; i++) 







{








dataGridView1->Rows[n]->Cells[4 * i + 0]->Value = Convert::ToString(((Convert::ToDouble(s->Split(' ', '\r', '\n', '\t')[2 * i])) + (Convert::ToDouble(s->Split(' ', '\r', '\n', '\t')[2 * i + 1])))/2);








dataGridView1->Rows[n]->Cells[4 * i + 1]->Value = true;








dataGridView1->Rows[n]->Cells[4 * i + 2]->Value = Convert::ToString((s->Split(' ', '\r', '\n', '\t'))[2 * i]);








dataGridView1->Rows[n]->Cells[4 * i + 3]->Value = Convert::ToString((s->Split(' ', '\r', '\n', '\t'))[2 * i + 1]);







}







n++; s = ""; s = f->ReadLine();






}






f->Close(); delete s;






textBox1->Text = Convert::ToString(n); tabl1_refl1 = true;





}




private: System::Void сохранитьКакToolStripMenuItem_Click(System::Object^  sender, System::EventArgs^  e) 





{






String ^fstr_refl1_1_buf; fstr_refl1_1_buf = "";






fstr_refl1_1_buf = (fstr_refl1_1->Split('\\'))[fstr_refl1_1->Split('\\')->Length - 1];






fstr_refl1_1_buf = fstr_refl1_1_buf->Replace(".txt","");






saveFileDialog1->FileName = fstr_refl1_1_buf + "_(Data)";






if (saveFileDialog1->ShowDialog() == System::Windows::Forms::DialogResult::Cancel) return;






fstr_refl1_1_buf = saveFileDialog1->FileName;






String ^str; str = "";

//------------------Запись найденных рефлектограмм в файл-------------------------------------------------------






StreamWriter ^f1 = gcnew StreamWriter(fstr_refl1_1_buf);






if (line2 == 1) for (int i = 0; i < EA; i++) {str = InData[i] + "
" + OutData3[i] + "
"; f1->WriteLine(str);};






if (line0 == 1 && line1 == 0 && line2 == 0) for (int i = 0; i < EA; i++) {str = InData[i] + "
" + OutData1[i] + "
"; f1->WriteLine(str);};






if (line0 == 0 && line1 == 1 && line2 == 0) for (int i = 0; i < EA; i++) {str = InData[i] + "
" + OutData2[i] + "
"; f1->WriteLine(str);};






if (line0 == 1 && line1 == 1 && line2 == 0) for (int i = 0; i < EA; i++) {str = InData[i] + "
" + OutData1[i] + "
" + OutData2[i] + "
"; f1->WriteLine(str);};











f1->Close(); str = "";






fstr_refl1_1_buf = "";






fstr_refl1_1_buf = (fstr_refl1_1->Split('\\'))[fstr_refl1_1->Split('\\')->Length - 1];






fstr_refl1_1_buf = fstr_refl1_1_buf->Replace(".txt","");






saveFileDialog1->FileName = fstr_refl1_1_buf + "_(Struct)";






if (saveFileDialog1->ShowDialog() == System::Windows::Forms::DialogResult::Cancel) return;






fstr_refl1_1_buf = saveFileDialog1->FileName;

//------------------Запись найденных параметров структуры в файл------------------------------------------------






f1 = gcnew StreamWriter(fstr_refl1_1_buf); //int n1;






for (int n0 = 0; n0 < Reflect1::DIM / 8; n0++)







{








//n1 = n0 + 1;








//str = n1 + ")
";








for (int k = 0; k < 8; k++)









{










if (Reflect1::optx[n0*8+k] >= 0 && k < 4) Reflect1::optx[n0*8+k] = ceil(Reflect1::optx[n0*8+k] * 100) / 100;










if (Reflect1::optx[n0*8+k] < 0 && k < 4) Reflect1::optx[n0*8+k] = floor(Reflect1::optx[n0*8+k] * 100) / 100;

                                    str = str + Reflect1::optx[n0*8+k] + "
";









};








f1->WriteLine(str); str = "";







};






f1->Close(); delete str; delete fstr_refl1_1_buf;





}




private: System::Void timer3_Tick(System::Object^  sender, System::EventArgs^  e) 





{






fl1_refl1 = (textBox1->Text != "" && textBox2->Text != "" && textBox3->Text != "" && gConfigur->textBox4->Text != "" && gConfigur->textBox5->Text != "" && gConfigur->textBox6->Text != "" && gConfigur->textBox7->Text != "" && gConfigur->textBox8->Text != "" && gConfigur->textBox9->Text != "");






fl2_refl1 = checkBox1->Checked || checkBox2->Checked || checkBox3->Checked;






if (textBox1->Text != "") {button5->Enabled = true;} else {button5->Enabled = false;}






if (tabl1_refl1) 






{







int k1 = 0; 







for (int j1 = 0; j1 < n; j1++)








{









for (int i1 = 0; i1 < 32; i1++)










{











if (String::Compare(Convert::ToString(dataGridView1->Rows[j1]->Cells[i1]->Value), "") == 0) {k1++;}










}









for (int i1 = 0; i1 < 8; i1++)










{











if (String::Compare(Convert::ToString(dataGridView1->Rows[j1]->Cells[4*i1+1]->Value), "") == 0) {k1--;}










}








}







if (k1 == 0) {fl3_refl1 = true;}







else {fl3_refl1 = false;}






}






else {fl3_refl1 = false;}






if (save) {сохранитьКакToolStripMenuItem->Enabled = true; toolStripButton7->Enabled = true;}






else {сохранитьКакToolStripMenuItem->Enabled = false; toolStripButton7->Enabled = false;}






if (checkBox3->Checked) {checkBox1->Checked = false; checkBox2->Checked = false; checkBox1->Enabled = false; checkBox2->Enabled = false;}






else {checkBox1->Enabled = true; checkBox2->Enabled = true;}






if (fl1_refl1 && fl2_refl1 && open_refl1 && fl3_refl1) {toolStripButton1->Enabled = true; toolStripButton2->Enabled = true;}






else {toolStripButton1->Enabled = false; toolStripButton2->Enabled = false;}






if (clear == true) {графикНевязкаитерацияToolStripMenuItem->Enabled = true; графикРасхожденияКривыхToolStripMenuItem->Enabled = true;}






else {графикНевязкаитерацияToolStripMenuItem->Enabled = false; графикРасхожденияКривыхToolStripMenuItem->Enabled = false;}





}




private: System::Void выходToolStripMenuItem_Click(System::Object^  sender, System::EventArgs^  e) 





{






Application::Exit();





}




private: System::Void рефрактометрияToolStripMenuItem_Click(System::Object^  sender, System::EventArgs^  e) 





{






gRefract1->Show();





}




private: System::Void диффузноеРассеяниеToolStripMenuItem_Click(System::Object^  sender, System::EventArgs^  e) 





{






gDiffras1->Show();





}




private: System::Void дельтараспределениеToolStripMenuItem_Click(System::Object^  sender, System::EventArgs^  e) 





{






gdelta1->Show();





}




private: System::Void графикНевязкаитерацияToolStripMenuItem_Click(System::Object^  sender, System::EventArgs^  e) 





{






gReflect2->Show(); 





}




private: System::Void графикРасхожденияКривыхToolStripMenuItem_Click(System::Object^  sender, System::EventArgs^  e) 





{






gReflect3->Show();





}




private: System::Void справкаToolStripMenuItem_Click(System::Object^  sender, System::EventArgs^  e) 





{






//Spravka::Hide();





}




private: System::Void оПрограммеToolStripMenuItem_Click(System::Object^  sender, System::EventArgs^  e) 





{






MessageBox::Show("Program for calculation and data processing of reflectometry, refractometry and diffuse scattering. \n \nLaboratory of RMTA, National Research University of Electronic Technology.", "About program");





}




private: System::Void допНастройкиToolStripMenuItem_Click(System::Object^  sender, System::EventArgs^  e) 





{






gConfigur->Show();





}




private: System::Void toolStripButton1_Click(System::Object^  sender, System::EventArgs^  e) 





{






raz_refl1 = true; toolStripButton2_Click(sender, e);





}




private: System::Void toolStripButton2_Click(System::Object^  sender, System::EventArgs^  e) 





{






clear = true; save = true;//button2->Enabled = true; 






mashtab = Convert::ToDouble(gConfigur->textBox1->Text);






C_Diff_Ras = gConfigur->checkBox1->Checked;






bool1 = true; bool2 = true; bool3 = true; bool4 = true; bool5 = true; 






it = Convert::ToDouble(textBox2->Text);






num = Convert::ToDouble(textBox3->Text);






step = Convert::ToDouble(gConfigur->textBox4->Text);






SA = Convert::ToDouble(gConfigur->textBox5->Text);






smooth = Convert::ToDouble(gConfigur->textBox6->Text);






s1 = Convert::ToDouble(gConfigur->textBox7->Text);






s2 = Convert::ToDouble(gConfigur->textBox8->Text);






alf = Convert::ToDouble(gConfigur->textBox9->Text);






if (gConfigur->radioButton1->Checked) {matr = false;}






if (gConfigur->radioButton2->Checked) {matr = true;}






if (checkBox1->Checked) {line0 = 1;} else {line0 = 0;}






if (checkBox2->Checked) {line1 = 1;} else {line1 = 0;}






if (checkBox3->Checked) {line2 = 1;} else {line2 = 0;}






if (line2 == 1) {line0 = 1; line1 = 1;}






DIM = 8 * n; n_layer = n; nnum = it;






//it = it; step = step; n = n; NNumber = NNumber; DIM = DIM; ifga = ifga; n_layer = n_layer; num = num;






P = new double[1000];






int k = 0;






if (raz_refl1)






{







it = 1; num = 1; nnum = it;







for (int j = 0; j < n; j++)







{








for (int i = 0; i < 8; i++)








{









P[k] = Convert::ToDouble(dataGridView1->Rows[j]->Cells[4*i+0]->Value, nfi); k++;









P[k] = Convert::ToDouble(dataGridView1->Rows[j]->Cells[4*i+0]->Value, nfi); k++;








}







}






}






else






{







for (int j = 0; j < n; j++)







{








for (int i = 0; i < 8; i++)








{









if (Convert::ToString(dataGridView1->Rows[j]->Cells[4*i+1]->Value) == "True") 









{










P[k] = Convert::ToDouble(dataGridView1->Rows[j]->Cells[4*i+0]->Value, nfi); k++;










P[k] = Convert::ToDouble(dataGridView1->Rows[j]->Cells[4*i+0]->Value, nfi); k++;









}









else









{










P[k] = Convert::ToDouble(dataGridView1->Rows[j]->Cells[4*i+2]->Value, nfi); k++;










P[k] = Convert::ToDouble(dataGridView1->Rows[j]->Cells[4*i+3]->Value, nfi); k++;









}








}







}






}






raz_refl1 = false;

//------------------Вклад рефрактометрии в рефлектометрический расчет-------------------------------






for (int i = 0; i < gRefract1->j1; i = i++) 







{








P[6 + 16 * i] = (gRefract1->BufRefrakt0[i] + gRefract1->BufRefrakt2[i]) / 2;// - Convert::ToDouble(Refract1::textBox5->Text); 








P[7 + 16 * i] = (gRefract1->BufRefrakt0[i] + gRefract1->BufRefrakt2[i]) / 2;// + Convert::ToDouble(Refract1::textBox5->Text);








P[8 + 16 * i] = gRefract1->BufRefrakt1[i];// - Convert::ToDouble(Refract1::textBox6->Text); 








P[9 + 16 * i] = gRefract1->BufRefrakt1[i];// + Convert::ToDouble(Refract1::textBox6->Text);








P[12 + 16 * i] = gRefract1->BufRefrakt3[i];// - Convert::ToDouble(Refract1::textBox6->Text); 








P[13 + 16 * i] = gRefract1->BufRefrakt3[i];// + Convert::ToDouble(Refract1::textBox6->Text);







}






gReflect2->it = it; gReflect2->fstr_refl2_1 = fstr_refl1_1; gReflect3->fstr_refl3_1 = fstr_refl1_1;






Constraints = new double[2 * DIM];      //Массив параметров
структуры 






for (int n0 = 0; n0 < 2 * DIM; n0++) Constraints[n0] = P[n0];

//------------------Считывание экспериментальных рефлектограмм------------------------------------------






StreamReader^ f = gcnew StreamReader(fstr_refl1_1);






String ^str = ""; int NData = 0; EA = 0;






str = f->ReadLine();






while (String::IsNullOrEmpty (str) != true)







{








EA++; str = ""; str = f->ReadLine();








//if (String::Compare(str, " ") == 0) break;







};






f->Close(); str = "";






gReflect3->EA = EA; 






if (line0 == 1 && line1 == 1 && line2 == 0) {gReflect3->line1 = true;} else {gReflect3->line1 = false;}






gReflect3->XX = new double [EA];






gReflect3->YY = new double [EA];






gReflect3->ZZ = new double [EA];






InData = new double [EA];

//Входной массив коэффициентов отражения (угловые значения)






R0 = new double [EA];


//Входной массив коэффициентов отражения (для линии CuKa)






R1 = new double [EA];


//Входной массив коэффициентов отражения (для линии CuKb)






R2 = new double [EA];


//Входной массив коэффициентов отражения (для линии CuKa/CuKb)






OutData1 = new double [EA];

//Выходной массив коэффициентов отражения (для линии CuKa) 







OutData2 = new double [EA];

//Выходной массив коэффициентов отражения (для линии CuKb)






OutData3 = new double [EA];

//Выходной массив коэффициентов отражения (для линии CuKa/CuKb)







f = gcnew StreamReader(fstr_refl1_1);






str = f->ReadLine();






while (String::IsNullOrEmpty(str) != true)







{








InData[NData] = Convert::ToDouble((str->Split(' ', '\r', '\n', '\t'))[0], nfi);








R0[NData] = Convert::ToDouble((str->Split(' ', '\r', '\n', '\t'))[1], nfi);








R1[NData] = Convert::ToDouble((str->Split(' ', '\r', '\n', '\t'))[2], nfi);








NData++; str = ""; str = f->ReadLine();








//if (String::Compare(str, " ") == 0) break;







};






f->Close(); str = "";

//------------------Подготовка к работе с алгоритмом оптимизации-------------------------------------------------






Reflect1::XX = new double[EA];






Reflect1::YY = new double[EA];






Reflect1::ZZ = new double[EA];






Reflect1::YYY = new double[EA];






Reflect1::ZZZ = new double[EA];






Reflect1::optx = new double[DIM];






Reflect1::err = new double[num * it];






Reflect1::err1 = new double[it];






xxx = new double[DIM + 1]; //Координаты лучшей пчелы






Err_razn1 = new double[EA];






Err_razn2 = new double[EA];






Err_XX = new double[EA];






double err = 0; bool IsNevot = true;






int normed = 1, sqred = 1, moment = 1, noise = 0, extr = 0, loged = 0;

//------------------Уменьшение количества экспериметальных данных при необходимости (обрезка углов)-------------






if (SA >= 0)






{







for (int i = 0; i < EA - SA; i++)








{









InData[i] = InData[i + SA];









R0[i] = R0[i + SA];









R1[i] = R1[i + SA];








};







EA -= SA;






}

//------------------Уменьшение количества экспериметальных данных при необходимости (сжатие)--------------------






if (step > 1)






{







for (int i = 1; i <= EA / step; i++)








{









InData[i] = InData[step * i];









R0[i] = R0[step * i];









R1[i] = R1[step * i];








};







EA *= (int)(1.0 / step);






}

//------------------Запуск таймеров расчета---------------------------------------------------------------------








timer1->Enabled = true;






timer2->Enabled = true;






toolStripProgressBar1->Maximum = it;

//------------------Сглаживание экспериментальной кривой-------------------------------------------------------- (не реализовано)






//if (smooth != 0) {ObjectiveFunction::Smooth(R0, smooth, EA, s1, s2, alf); ObjectiveFunction::Smooth(R1, smooth, EA, s1, s2, alf);}






double ss1, min1, min2 = 100, alf1 = alf; int ss = 0; 






//double s1 = 0.007, s2 = 0.0000010;






for (int j = 0; j < smooth; j++)







{








s = new double[EA];








for (int i = 0; i < EA; i++) {s[i] = R0[i];}








for (int i = 1; i < EA - 1; i++)









{










//min1 = ((s[i-1] + s[i+1] - 2 * s[i]) * (s[i-1] + s[i+1] - 2 * s[i])) / ((s[i-1] + s[i+1] + 2 * s[i]) * (s[i-1] + s[i+1] + 2 * s[i]));










min1 = (s[i] - R0[i]) * (s[i] - R0[i]);










//R0[i] = s[i];










//if (ss == 0) min2 = ((sss[i-1] - sss[i]) * (sss[i-1] - sss[i])) / ((sss[i-1] + sss[i]) * (sss[i-1] + sss[i]));










//if ((min1 > min2)) {alf = 0.01; ss = 0; R0[i] = s[i]; min2=100; continue;}










//if ((min1 <= 0.0001) && (ss == 0)) continue;










if ((min1 <= s1) && (min1 >= s2)) 











{












alf1 = alf; ss = 0; 












R0[i] = s[i]; //min2=100; 












continue;











}










else 











{












ss1 = (s[i-1] + s[i+1])/2;












if (min1 >= s1) alf1 = alf1 - 0.1;












if (min1 <= s2) alf1 = alf1 + 0.1;












if (alf1 < 0) alf1 = 0;












if (s[i] <= ss1) s[i] = (R0[i] + 2 * alf1 * (s[i-1] + s[i+1])) / (1 + 4 * alf1);//AAAA = s[i];












if (s[i] >= ss1) s[i] = (R0[i] - 2 * alf1 * (s[i-1] + s[i+1])) / (1 - 4 * alf1);












//if (s[i] <= 0) {AAAA; alf = 0.001; R0[i] = R0[i-1]; s[i] = R0[i]; ss = 0; min2=100; continue;}











}










//min2 = min1; 










if (ss == 1000) {ss=0; alf1 = alf; R0[i] = s[i]; Application::Exit(); continue;}










i--; ss++;









};







};






smooth = 0;

//------------------Запуск алгоритма поиска решения-------------------------------------------------------------






//err = XBA::Run(it, P, num, line0, line1, line2, EA, Constraints, n_layer, InData, OutData1, OutData2, OutData3, R0, R1, R2, xxx, IsNevot, normed, sqred, moment, noise, extr, loged, smooth, Reflect1::XX, Reflect1::YY, Reflect1::ZZ, Reflect1::YYY, Reflect1::ZZZ, Reflect1::optx, Reflect1::err, Reflect1::err1, s1, s2, Reflect1::Err_razn1, Reflect1::Err_razn2, Reflect1::Err_XX);







{








//Initialization(P, n_layer, num);








countt3 = 0; scountt3 = 0;








maxerr = 0.0;
// Максимальное значение ошибки









minerr = 1.0;
// Минимальное значение ошибки













DIM = 8 * n_layer;








NUM = num;








x = new double[DIM * num + 1];

// Массив координат всех пчёл








xx = new double[DIM];

// Координаты лучшей пчелы








//koeff1 = P[15], koeff3 = P[17];

 








koeff1 = 0.5, koeff3 = 0.2;
// Настройки алгоритма оптимизации


//--------------------------Инициализация начальной популяции пчёл---------------------------------------------------------








//Random ^c = gcnew Random();








for (int a = 0; a < DIM; a++)
// Цикл по измерениям








{










xx[a] = 0.5;

// Координатам лучших особей присваиваются случайные числа от 0 до 1 c->NextDouble()










for (int b = 0; b < NUM; b++)



//Цикл по пчёлам











{












x[a * num + b] = xx[a] + koeff1 * (2.0 * (Random()) - 1); //c->NextDouble()












//if ((x[a * num + b] < 0) || (x[a * num + b] > 1)) x[a * num + b] = c->NextDouble();












if (x[a * num + b] < 0) x[a * num + b] = 0;












if (x[a * num + b] > 1) x[a * num + b] = 1;











};









};








//delete c;

//--------------------------Основная часть алгоритма---------------------------------------------------------








for (int i = 0; i < it; i++)









{










if (!clear) break;










scountt3++;










toolStripLabel1->Text = Convert::ToString(i+1);

//----------------------------------Сдвиг центра диапазона поиска всех пчёл в сторону лучшей пчелы-----------










//Align(it, num, x, xx);   










//Random ^c = gcnew Random();










for (int a = 0; a < DIM; a++)
// Цикл по измерениям











{












x[a * num] = xx[a];












if (it != 1)













{

//------------------------------------------Создание новых пчёл разведчиков-----------------------------------














for (int b = 0; b < num; b++)//Цикл по пчёлам  (int)(num * 0)















{
















//if (koeff1 < P[18]) {koeff1 = P[20] / (1.0 * koeff3 + 1e-15);}
















//else {koeff1 *= P[19];}
















x[a * num + b] = xx[a] + koeff3 * ((2.0 * (Random())) - 1);//c->NextDouble()
















//if ((x[a * num + b] < 0) || (x[a * num + b] > 1)) x[a * num + b] = c->NextDouble();
















if (x[a * num + b] < 0) x[a * num + b] = 0;
















if (x[a * num + b] > 1) x[a * num + b] = 1;















};













};











};










//delete c;

//----------------------------------Вычисление приспособленности особей--------------------------------------------------------










//Fitness(P, num, line0, line1, line2, EA, Constraints, n_layer, InData, OutData1, OutData2, OutData3, R0, R1, R2, IsNevot, normed, sqred, moment, noise, extr, loged, smooth, Data, x, fit, Reflect1::XX, Reflect1::YY, Reflect1::ZZ, Reflect1::YYY, Reflect1::ZZZ, Reflect1::optx, Reflect1::err, s1, s2, Reflect1::Err_razn1, Reflect1::Err_razn2, Reflect1::Err_XX);










s = new double[6 * (n_layer + 2)]; InStr = new double[6 * (n_layer + 2)];










double lambda1 =  1.54, lambda2 = 1.39, a1; int NLayer, j, b1;










Data = new double[DIM];

// Координаты текущей пчелы










fit = new double[num];

// Массив приспособленностей особей

//----------------------------------Обновление значения функции ошибки и запись параметров для лучшей особи-----------------------------------










for (int b = 0; b < num; b++)
// Цикл по пчёлам











{












double err = 0, upper = 0, downer = 0, err1 = 0, err2 = 0, T0;












for (int a = 0; a < DIM; a++) {Data[a] = x[a * num + b];}












countt3++;












//err = ObjectiveFunction::Fitness(line0, line1, line2, EA, Data, Constraints, n_layer, InData, OutData1, OutData2, OutData3, R0, R1, R2, IsNevot, normed, sqred, moment, noise, extr, loged, smooth, s1, s2);












//PrepareData(line0, line1, line2, EA, Data, Constraints, n_layer, InData, OutData1, OutData2, OutData3, IsNevot, R0, R1, R2);

//------------------------------------------Расчёт интенсивности альфа-линии---------------------------------------------------------------------












if (line0 == 1) //ObjectiveFunction::CurveCalc(0, EA, Data, Constraints, n_layer, InData, OutData1, IsNevot);//InitML(n_line, n_layer, Data, Constraints, s);A[0] = s[35];












{

//--------------------------Инициализация параметров нулевого слоя (вакуум) для альфа-линии-----------------------













//InitVacuum(s);













NLayer = n_layer;













a1 = 0; j = 0;













for (b1 = 0; b1 < 6; b1++) {(s[6 * j + b1]) = a1;} // set(s, j, b, a); (s[6 * j + b]) = a;

//--------------------------Инициализация параметров последнего слоя (подложки) для альфа-линии------------------








//InitSubstrate(n_line, NLayer, s);













j = NLayer + 1;













a1 = 10000; b1 = 0;













(s[6 * j + b1]) = a1;













a1 = 0; b1 = 1;













(s[6 * j + b1]) = a1;













a1 = 0; b1 = 2;













(s[6 * j + b1]) = a1;













a1 = 2.33; b1 = 3;













(s[6 * j + b1]) = a1;













a1 = 3.25e-6; b1 = 4;













(s[6 * j + b1]) = a1;













a1 = 7.40e-8; b1 = 5;













(s[6 * j + b1]) = a1;

//--------------------------Инициализация параметров многослойной структуры для альфа-линии----------------------













//InitStructure(n_line, NLayer, Data, Constraints, s);













a1 = 0;













for (int j = 1; j <= NLayer; j++)














{















for (b1 = 0; b1 < 6; b1++)
















{

















a1 = 0;

















a1 = Constraints[2 * (8 * (j - 1) + b1) + 0]; // ;

















a1 += (Constraints[2 * (8 * (j - 1) + b1) + 1] - Constraints[2 * (8 * (j - 1) + b1) + 0]) * (Data[8 * (j - 1) + b1]);

















(s[6 * j + b1]) = a1;
















};














};













//Calculat::Calculate(lambda1, 0, EA, s, n_layer, InData, OutData, n_layer, IsNevot, L1);













double lambda = 2 * PI / lambda1;
// В расчёте чаще используется именно такое сочетание, для оптимизации вынесено

//--------------------------Основная расчётная часть--------------------------------------------------------------------------













double tSin = 0, tCos = 1, TT = 0, are = 0, aim = 0, are1 = 0, aim1 = 0, are2 = 0, aim2 = 0, bre = 0, bim = 0, InData1 = 0; int lcount = 0, LRCount = 0;













lcount = n_layer;













lcount = lcount + 2; 













long double im0 = 0, re0 = 0, im1 = 0, re1 = 0, im2 = 0, re2 = 0;













long double im3 = 0, re3 = 0, im3a = 0, re3a = 0, im4 = 0, re4 = 0; 













long double cre = 0, cim = 0, sre = 0, sim = 0, Angle = 0, Temp = 0; 













long double div = 0, x111 = 0, y111 = 0, ans = 0, temp = 0;













long double a11re = 0, a11im = 0, a12re = 0, a12im = 0, a21re = 0, a21im = 0, a22re = 0, a22im = 0;













long double b11re = 0, b11im = 0, b12re = 0, b12im = 0, b21re = 0, b21im = 0, b22re = 0, b22im = 0;













long double c11re = 0, c11im = 0, c12re = 0, c12im = 0, c21re = 0, c21im = 0, c22re = 0, c22im = 0;













upper = 0, downer = 0, err = 0;













for (int i = 0; i < 6 * (n_layer + 2); i++) InStr[i] = s[i];













for (int i = 0; i < EA; i++)














{















b11re = 1, b11im = 0, b12re = 0, b12im = 0, b21re = 0, b21im = 0, b22re = 1, b22im = 0;















InData1 = (PI / 2) - PI * InData[i] / 360; 















tCos = pow(cos(InData1), 2); // cos(tetta)^2















LRCount = lcount - 1; 















re0 = tCos - 2 * InStr[6 * LRCount + 4] * InStr[6 * LRCount + 3]; // InStr[6 * LRCount + 4] get(InStr, LRCount, 3)















im0 = -2 * InStr[6 * LRCount + 5] * InStr[6 * LRCount + 3];















//cl0 = Cmplx::cmplx(cl0.re,cl0.im);















//Cmplx::Csqrt(Cmplx::re0, Cmplx::im0); Cmplx::re0 = Cmplx::cre; Cmplx::im0 = Cmplx::cim; 















sre = re0; sim = im0; 















Angle = 0;















if (sre == 0) Angle = PI / 2 * sim;















if (sim < 0) Angle = -Angle;















if (sre > 0) Angle = atan(sim / sre);















if (sre < 0 && sim >= 0) Angle = atan(sim / sre) + PI;















if (sre < 0 && sim < 0) Angle = atan(sim / sre) - PI;















if (Angle < -PI && Angle > PI) {Angle /= 2;}















else {Angle = Angle / 2 + PI;}















Temp = sqrt(sqrt(sre * sre + sim * sim));















re0 = Temp * cos(Angle); im0 = Temp * sin(Angle);















for (int j = lcount - 2; j >= 0; j--)
















{

















if ((InStr[6 * (j) + 0] <= 0) && (j != 0)) continue;

















re1 = tCos - 2 * InStr[6 * j + 4] * InStr[6 * j + 3];

















im1 = -2 * InStr[6 * j + 5] * InStr[6 * j + 3];

















//cl1 = Cmplx(cl1re,cl1im);

















//Cmplx::Csqrt(Cmplx::re1, Cmplx::im1); Cmplx::re1 = Cmplx::cre; Cmplx::im1 = Cmplx::cim;

















sre = re1; sim = im1; 

















Angle = 0;

















if (sre == 0) Angle = PI / 2 * sim;

















if (sim < 0) Angle = -Angle;

















if (sre > 0) Angle = atan(sim / sre);

















if (sre < 0 && sim >= 0) Angle = atan(sim / sre) + PI;

















if (sre < 0 && sim < 0) Angle = atan(sim / sre) - PI;

















if (Angle < -PI && Angle > PI) {Angle /= 2;}

















else {Angle = Angle / 2 + PI;}

















Temp = sqrt(sqrt(sre * sre + sim * sim));

















re1 = Temp * cos(Angle); im1 = Temp * sin(Angle);

















//Cmplx::RCmul(lambda, Cmplx::re0, Cmplx::im0); Cmplx::re2 = Cmplx::cre; Cmplx::im2 = Cmplx::cim;

















re2 = lambda * re0;

















im2 = lambda * im0;

















//if (matr == true) {re2 = lambda * re1; im2 = lambda * im1;}

















//cl3 = Cdiv(Csub(cl1, cl0), Cadd(cl1, cl0));

















//Cmplx::Csub(Cmplx::re1, Cmplx::im1, Cmplx::re0, Cmplx::im0); are = Cmplx::cre; aim = Cmplx::cim;

















are = re1 - re0;

















aim = im1 - im0;

















//Cmplx::Cadd(Cmplx::re1, Cmplx::im1, Cmplx::re0, Cmplx::im0); bre = Cmplx::cre; bim = Cmplx::cim;

















bre = re1 + re0;

















bim = im1 + im0;

















//Cmplx::Cdiv(are, aim, bre, bim); Cmplx::re3 = Cmplx::cre; Cmplx::im3 = Cmplx::cim;

















div = bre * bre + bim * bim;

















re3 = (are * bre + aim * bim) / div;

















im3 = (aim * bre - are * bim) / div;

















if (IsNevot) // если по методу Nevot, тогда умножаем на экспоненту иначе оставляем как есть


















{



















TT = InStr[6 * LRCount + 1] + InStr[6 * j + 2]; //Суммируем шероховатость прилежащих слоёв



















//cl3 =Cmul(cl3, Cexp(RCmul(-2.0 * TT * TT * lambda * lambda, Cmul(cl1, cl0)))); //Умножаем



















//Cmplx::Cmul(Cmplx::re1, Cmplx::im1, Cmplx::re0, Cmplx::im0); are = Cmplx::cre; aim = Cmplx::cim;



















are = re1 * re0 - im1 * im0;



















aim = im1 * re0 + re1 * im0;



















//Cmplx::RCmul(-2.0 * TT * TT * lambda * lambda, are, aim); are = Cmplx::cre; aim = Cmplx::cim;



















are = -2.0 * TT * TT * lambda * lambda * are;



















aim = -2.0 * TT * TT * lambda * lambda * aim;



















//Cmplx::Cexp(are, aim); are = Cmplx::cre; aim = Cmplx::cim;



















are1 = pow(E, are) * cos(aim);



















aim1 = pow(E, are) * sin(aim);



















are = are1; aim = aim1;



















//Cmplx::Cmul(Cmplx::re3, Cmplx::im3, are, aim); Cmplx::re3 = Cmplx::cre; Cmplx::im3 = Cmplx::cim;



















re3a = re3 * are - im3 * aim;



















im3a = im3 * are + re3 * aim;



















re3 = re3a; im3 = im3a;


















};

















re0 = re1; im0 = im1;

















if (matr == true)

















{


















//are1 = Cexp(RCmul(1.0 * get(InStr, LRCount, 0), Cmul(cl2, cmplx(0.0, 1.0))));


















are = 0; aim = 1;


















//Cmplx::Cmul(Cmplx::re2, Cmplx::im2, are, aim); are = Cmplx::cre; aim = Cmplx::cim;


















are1 = re2 * are - im2 * aim;


















aim1 = im2 * are + re2 * aim;


















are = are1; aim = aim1;


















//Cmplx::RCmul(2.0 * get(InStr, LRCount, 0), are, aim); are = Cmplx::cre; aim = Cmplx::cim;


















are = -1.0 * InStr[6 * LRCount + 0] * are;


















aim = -1.0 * InStr[6 * LRCount + 0] * aim;


















//Cmplx::Cexp(are, aim); are = Cmplx::cre; aim = Cmplx::cim;


















are1 = pow(E, are) * cos(aim);


















aim1 = pow(E, are) * sin(aim);


















a11re = are1; a11im = aim1;


















a21re = re3 * a11re - im3 * a11im;


















a21im = im3 * a11re + re3 * a11im;


















//are2 = Cexp(RCmul(-1.0 * get(InStr, LRCount, 0), Cmul(cl2, cmplx(0.0, 1.0))));


















are = 0; aim = 1;


















//Cmplx::Cmul(Cmplx::re2, Cmplx::im2, are, aim); are = Cmplx::cre; aim = Cmplx::cim;


















are2 = re2 * are - im2 * aim;


















aim2 = im2 * are + re2 * aim;


















are = are2; aim = aim2;


















//Cmplx::RCmul(2.0 * get(InStr, LRCount, 0), are, aim); are = Cmplx::cre; aim = Cmplx::cim;


















are = 1.0 * InStr[6 * LRCount + 0] * are;


















aim = 1.0 * InStr[6 * LRCount + 0] * aim;


















//Cmplx::Cexp(are, aim); are = Cmplx::cre; aim = Cmplx::cim;


















are2 = pow(E, are) * cos(aim);


















aim2 = pow(E, are) * sin(aim);


















a22re = are2; a22im = aim2;


















a12re = re3 * a22re - im3 * a22im;


















a12im = im3 * a22re + re3 * a22im;


















LRCount = j;


















//C = A*B


















//c11 = a11 * b11 + a12 * b21


















are = a11re * b11re - a11im * b11im;


















aim = a11im * b11re + a11re * b11im;


















are1 = are; aim1 = aim;


















are = a12re * b21re - a12im * b21im;


















aim = a12im * b21re + a12re * b21im;


















are2 = are; aim2 = aim;


















c11re = are1 + are2;


















c11im = aim1 + aim2;


















//c12 = a11 * b12 + a12 * b22


















are = a11re * b12re - a11im * b12im;


















aim = a11im * b12re + a11re * b12im;


















are1 = are; aim1 = aim;


















are = a12re * b22re - a12im * b22im;


















aim = a12im * b22re + a12re * b22im;


















are2 = are; aim2 = aim;


















c12re = are1 + are2;


















c12im = aim1 + aim2;


















//c21 = a21 * b11 + a22 * b21


















are = a21re * b11re - a21im * b11im;


















aim = a21im * b11re + a21re * b11im;


















are1 = are; aim1 = aim;


















are = a22re * b21re - a22im * b21im;


















aim = a22im * b21re + a22re * b21im;


















are2 = are; aim2 = aim;


















c21re = are1 + are2;


















c21im = aim1 + aim2;


















//c22 = a21 * b12 + a22 * b22


















are = a21re * b12re - a21im * b12im;


















aim = a21im * b12re + a21re * b12im;


















are1 = are; aim1 = aim;


















are = a22re * b22re - a22im * b22im;


















aim = a22im * b22re + a22re * b22im;


















are2 = are; aim2 = aim;


















c22re = are1 + are2;


















c22im = aim1 + aim2;


















//B = C


















b11re = c11re; b11im = c11im; b12re = c12re; b12im = c12im;


















b21re = c21re; b21im = c21im; b22re = c22re; b22im = c22im;

















}

















else

















{


















//cl1 = Cmul(cl4, Cexp(RCmul(2.0 * get(InStr, LRCount, 0), Cmul(cl2, cmplx(0.0, 1.0)))));


















are = 0; aim = 1;


















//Cmplx::Cmul(Cmplx::re2, Cmplx::im2, are, aim); are = Cmplx::cre; aim = Cmplx::cim;


















are1 = re2 * are - im2 * aim;


















aim1 = im2 * are + re2 * aim;


















are = are1; aim = aim1;


















//Cmplx::RCmul(2.0 * get(InStr, LRCount, 0), are, aim); are = Cmplx::cre; aim = Cmplx::cim;


















are = 2.0 * InStr[6 * LRCount + 0] * are;


















aim = 2.0 * InStr[6 * LRCount + 0] * aim;


















//Cmplx::Cexp(are, aim); are = Cmplx::cre; aim = Cmplx::cim;


















are1 = pow(E, are) * cos(aim);


















aim1 = pow(E, are) * sin(aim);


















are = are1; aim = aim1;


















//Cmplx::Cmul(Cmplx::re4, Cmplx::im4, are, aim); Cmplx::re1 = Cmplx::cre; Cmplx::im1 = Cmplx::cim;


















re1 = re4 * are - im4 * aim;


















im1 = im4 * are + re4 * aim;


















LRCount = j;


















//cl4 = Cdiv(Cadd(cl3, cl1), Cadd(Cmul(cl3, cl1), cmplx(1.0, 0.0)));


















are = 1; aim = 0;


















//Cmplx::Cmul(Cmplx::re3, Cmplx::im3, Cmplx::re1, Cmplx::im1); bre = Cmplx::cre; bim = Cmplx::cim;


















bre = re3 * re1 - im3 * im1;


















bim = im3 * re1 + re3 * im1;


















//Cmplx::Cadd(bre, bim, are, aim); bre = Cmplx::cre; bim = Cmplx::cim;


















bre = bre + are;


















bim = bim + aim;


















//Cmplx::Cadd(Cmplx::re3, Cmplx::im3, Cmplx::re1, Cmplx::im1); are = Cmplx::cre; aim = Cmplx::cim;


















are = re3 + re1;


















aim = im3 + im1;


















//Cmplx::Cdiv(are, aim, bre, bim); Cmplx::re4 = Cmplx::cre; Cmplx::im4 = Cmplx::cim;


















div = bre * bre + bim * bim;


















re4 = (are * bre + aim * bim) / div;


















im4 = (aim * bre - are * bim) / div;

















}
















};















if (matr == true)















{
















//cl4 =  Cdiv(b21, b11);
















div = b11re * b11re + b11im * b11im;
















re4 = (b21re * b11re + b21im * b11im) / div;
















im4 = (b21im * b11re - b21re * b11im) / div;
















//OutData[i] = pow(Cmplx::Cabs(re4, im4), 2); 
















x111 = abs(re4); y111 = abs(im4);
















if (x111 == 0.0) {ans = y111;}
















else
















{

















if (y111 == 0.0) {ans = x111;}

















else

















{


















if (x111 > y111)


















{



















temp = y111 / x111;



















ans = x111 * sqrt(1.0 + temp * temp);


















}


















else


















{



















temp = x111 / y111;



















ans = y111 * sqrt(1.0 + temp * temp);


















}

















}
















}
















OutData1[i] = pow(ans, 2);
















im4 = 0.0; re4 = 0.0;















}















else















{
















//OutData[i] = pow(Cmplx::Cabs(re4, im4), 2); 
















x111 = abs(re4); y111 = abs(im4);
















if (x111 == 0.0) {ans = y111;}
















else
















{

















if (y111 == 0.0) {ans = x111;}

















else

















{


















if (x111 > y111)


















{



















temp = y111 / x111;



















ans = x111 * sqrt(1.0 + temp * temp);


















}


















else


















{



















temp = x111 / y111;



















ans = y111 * sqrt(1.0 + temp * temp);


















}

















}
















}
















OutData1[i] = pow(ans, 2);
















im4 = 0.0; re4 = 0.0;















}

//------------------------------------------------------Расчёт функции ошибки для CuKa----------------------------------------------------------















if (i > 0 && i < EA-1 && line1 == 0) 
















{

















upper = R0[i] - OutData1[i];

















if (normed == 1) {downer = (R0[i]) + (OutData1[i]);} 

















else {downer = 1;}

















T0 = (upper / downer);

















if (moment == 1) T0 *= (InData[i + 1] - InData[i - 1]) / (InData[2] - InData[0]);

















if (sqred == 1) {err += (T0 * T0);}

















else {err += sqrt(T0 * T0);}

















//a++; sss[a]=err; b=sss[a];
















}














};












}

//------------------------------------------Расчёт интенсивности бетта-линии---------------------------------------------------------------------












if (line1 == 1) //ObjectiveFunction::CurveCalc(1, EA, Data, Constraints, n_layer, InData, OutData2, IsNevot);//InitML(n_line, n_layer, Data, Constraints, s);












{

//----------------------------------------------Инициализация параметров нулевого слоя (вакуум)-----------------------













//InitVacuum(s);













NLayer = n_layer;













a1 = 0; j = 0;













for (b1 = 0; b1 < 6; b1++) (s[6 * j + b1]) = a1;

//----------------------------------------------Инициализация параметров последнего слоя (подложки)------------------













//InitSubstrate(n_line, NLayer, s);













j = NLayer + 1;













a1 = 10000; b1 = 0;













(s[6 * j + b1]) = a1;













a1 = 0; b1 = 1;













(s[6 * j + b1]) = a1;













a1 = 0; b1 = 2;













(s[6 * j + b1]) = a1;













a1 = 2.33; b1 = 3;













(s[6 * j + b1]) = a1;













a1 = 2.64e-6; b1 = 4;













(s[6 * j + b1]) = a1;













a1 = 4.95e-8; b1 = 5;













(s[6 * j + b1]) = a1;

//----------------------------------------------Инициализация параметров многослойной структуры----------------------













//InitStructure(n_line, NLayer, Data, Constraints, s);













a1 = 0;













for (int j = 1; j <= NLayer; j++)














{















for (b1 = 0; b1 < 4; b1++)
















{

















a1 = 0;

















a1 = Constraints[2 * (8 * (j - 1) + b1) + 0]; // ;

















a1 += (Constraints[2 * (8 * (j - 1) + b1) + 1] - Constraints[2 * (8 * (j - 1) + b1) + 0]) * (Data[8 * (j - 1) + b1]);

















(s[6 * j + b1]) = a1;
















};















for (b1 = 6; b1 < 8; b1++)
















{

















a1 = 0;

















a1 = Constraints[2 * (8 * (j - 1) + b1) + 0]; // ;

















a1 += (Constraints[2 * (8 * (j - 1) + b1) + 1] - Constraints[2 * (8 * (j - 1) + b1) + 0]) * (Data[8 * (j - 1) + b1]);

















(s[6 * j + b1 - 2]) = a1;
















};














};













//Calculat::Calculate(lambda2, 0, EA, s, n_layer, InData, OutData, n_layer, IsNevot, L2);













double lambda = 2 * PI / lambda2;
// В расчёте чаще используется именно такое сочетание, для оптимизации вынесено

//----------------------------------------------Основная расчётная часть---------------------------------------------













double tSin = 0, tCos = 1, TT = 0, are = 0, aim = 0, are1 = 0, aim1 = 0, are2 = 0, aim2 = 0, bre = 0, bim = 0, InData1 = 0; int lcount = 0, LRCount = 0;













long double im0 = 0, re0 = 0, im1 = 0, re1 = 0, im2 = 0, re2 = 0;













long double im3 = 0, re3 = 0, im3a = 0, re3a = 0, im4 = 0, re4 = 0; 













long double cre = 0, cim = 0, sre = 0, sim = 0, Angle = 0, Temp = 0; 













long double div = 0, x111 = 0, y111 = 0, ans = 0, temp = 0;













long double a11re = 0, a11im = 0, a12re = 0, a12im = 0, a21re = 0, a21im = 0, a22re = 0, a22im = 0;













long double b11re = 0, b11im = 0, b12re = 0, b12im = 0, b21re = 0, b21im = 0, b22re = 0, b22im = 0;













long double c11re = 0, c11im = 0, c12re = 0, c12im = 0, c21re = 0, c21im = 0, c22re = 0, c22im = 0;













upper = 0, downer = 0, err = 0, err1 = 0, err2 = 0;













lcount = n_layer;













lcount = lcount + 2; 













for (int i = 0; i < 6 * (n_layer + 2); i++) InStr[i] = s[i];













for (int i = 0; i < EA; i++)














{















b11re = 1, b11im = 0, b12re = 0, b12im = 0, b21re = 0, b21im = 0, b22re = 1, b22im = 0;















InData1 = (PI / 2) - PI * InData[i] / 360; 















tCos = pow(cos(InData1), 2); // cos(tetta)^2















LRCount = lcount - 1; 















re0 = tCos - 2 * InStr[6 * LRCount + 4] * InStr[6 * LRCount + 3]; // InStr[6 * LRCount + 4] get(InStr, LRCount, 3)















im0 = -2 * InStr[6 * LRCount + 5] * InStr[6 * LRCount + 3];















//cl0 = Cmplx::cmplx(cl0.re,cl0.im);















//Cmplx::Csqrt(Cmplx::re0, Cmplx::im0); Cmplx::re0 = Cmplx::cre; Cmplx::im0 = Cmplx::cim; 















sre = re0; sim = im0; 















Angle = 0;















if (sre == 0) Angle = PI / 2 * sim;















if (sim < 0) Angle = -Angle;















if (sre > 0) Angle = atan(sim / sre);















if (sre < 0 && sim >= 0) Angle = atan(sim / sre) + PI;















if (sre < 0 && sim < 0) Angle = atan(sim / sre) - PI;















if (Angle > -PI && Angle > PI) {Angle /= 2;}















else {Angle = Angle / 2 + PI;}















Temp = sqrt(sqrt(sre * sre + sim * sim));















re0 = Temp * cos(Angle); im0 = Temp * sin(Angle);















for (int j = lcount - 2; j >= 0; j--)
















{

















if ((InStr[6 * j + 0] <= 0) && (j != 0)) continue;

















re1 = tCos - 2 * InStr[6 * j + 4] * InStr[6 * j + 3];

















im1 = -2 * InStr[6 * j + 5] * InStr[6 * j + 3];

















//cl1 = Cmplx(cl1re,cl1im);

















//Cmplx::Csqrt(Cmplx::re1, Cmplx::im1); Cmplx::re1 = Cmplx::cre; Cmplx::im1 = Cmplx::cim;

















sre = re1; sim = im1; 

















Angle = 0;

















if (sre == 0) Angle = PI / 2 * sim;

















if (sim < 0) Angle = -Angle;

















if (sre > 0) Angle = atan(sim / sre);

















if (sre < 0 && sim >= 0) Angle = atan(sim / sre) + PI;

















if (sre < 0 && sim < 0) Angle = atan(sim / sre) - PI;

















if (Angle > -PI && Angle > PI) {Angle /= 2;}

















else {Angle = Angle / 2 + PI;}

















Temp = sqrt(sqrt(sre * sre + sim * sim));

















re1 = Temp * cos(Angle); im1 = Temp * sin(Angle);

















//Cmplx::RCmul(lambda, Cmplx::re0, Cmplx::im0); Cmplx::re2 = Cmplx::cre; Cmplx::im2 = Cmplx::cim;

















re2 = lambda * re0;

















im2 = lambda * im0;

















//cl3 = Cdiv(Csub(cl1, cl0), Cadd(cl1, cl0));

















//Cmplx::Csub(Cmplx::re1, Cmplx::im1, Cmplx::re0, Cmplx::im0); are = Cmplx::cre; aim = Cmplx::cim;

















are = re1 - re0;

















aim = im1 - im0;

















//Cmplx::Cadd(Cmplx::re1, Cmplx::im1, Cmplx::re0, Cmplx::im0); bre = Cmplx::cre; bim = Cmplx::cim;

















bre = re1 + re0;

















bim = im1 + im0;

















//Cmplx::Cdiv(are, aim, bre, bim); Cmplx::re3 = Cmplx::cre; Cmplx::im3 = Cmplx::cim;

















div = bre * bre + bim * bim;

















re3 = (are * bre + aim * bim) / div;

















im3 = (aim * bre - are * bim) / div;

















if (IsNevot) // если по методу Nevot, тогда умножаем на экспоненту иначе оставляем как есть


















{



















TT = InStr[6 * LRCount + 1] + InStr[6 * j + 2]; //Суммируем шероховатость прилежащих слоёв



















//cl3 =Cmul(cl3, Cexp(RCmul(-2.0 * TT * TT * lambda * lambda, Cmul(cl1, cl0)))); //Умножаем



















//Cmplx::Cmul(Cmplx::re1, Cmplx::im1, Cmplx::re0, Cmplx::im0); are = Cmplx::cre; aim = Cmplx::cim;



















are = re1 * re0 - im1 * im0;



















aim = im1 * re0 + re1 * im0;



















//Cmplx::RCmul(-2.0 * TT * TT * lambda * lambda, are, aim); are = Cmplx::cre; aim = Cmplx::cim;



















are = -2.0 * TT * TT * lambda * lambda * are;



















aim = -2.0 * TT * TT * lambda * lambda * aim;



















//Cmplx::Cexp(are, aim); are = Cmplx::cre; aim = Cmplx::cim;



















are1 = pow(E, are) * cos(aim);



















aim1 = pow(E, are) * sin(aim);



















are = are1; aim = aim1;



















//Cmplx::Cmul(Cmplx::re3, Cmplx::im3, are, aim); Cmplx::re3 = Cmplx::cre; Cmplx::im3 = Cmplx::cim;



















re3a = re3 * are - im3 * aim;



















im3a = im3 * are + re3 * aim;



















re3 = re3a; im3 = im3a;


















};

















re0 = re1; im0 = im1;

















if (matr == true)

















{


















//are1 = Cexp(RCmul(1.0 * get(InStr, LRCount, 0), Cmul(cl2, cmplx(0.0, 1.0))));


















are = 0; aim = 1;


















//Cmplx::Cmul(Cmplx::re2, Cmplx::im2, are, aim); are = Cmplx::cre; aim = Cmplx::cim;


















are1 = re2 * are - im2 * aim;


















aim1 = im2 * are + re2 * aim;


















are = are1; aim = aim1;


















//Cmplx::RCmul(2.0 * get(InStr, LRCount, 0), are, aim); are = Cmplx::cre; aim = Cmplx::cim;


















are = -1.0 * InStr[6 * LRCount + 0] * are;


















aim = -1.0 * InStr[6 * LRCount + 0] * aim;


















//Cmplx::Cexp(are, aim); are = Cmplx::cre; aim = Cmplx::cim;


















are1 = pow(E, are) * cos(aim);


















aim1 = pow(E, are) * sin(aim);


















a11re = are1; a11im = aim1;


















a21re = re3 * a11re - im3 * a11im;


















a21im = im3 * a11re + re3 * a11im;


















//are2 = Cexp(RCmul(-1.0 * get(InStr, LRCount, 0), Cmul(cl2, cmplx(0.0, 1.0))));


















are = 0; aim = 1;


















//Cmplx::Cmul(Cmplx::re2, Cmplx::im2, are, aim); are = Cmplx::cre; aim = Cmplx::cim;


















are2 = re2 * are - im2 * aim;


















aim2 = im2 * are + re2 * aim;


















are = are2; aim = aim2;


















//Cmplx::RCmul(2.0 * get(InStr, LRCount, 0), are, aim); are = Cmplx::cre; aim = Cmplx::cim;


















are = 1.0 * InStr[6 * LRCount + 0] * are;


















aim = 1.0 * InStr[6 * LRCount + 0] * aim;


















//Cmplx::Cexp(are, aim); are = Cmplx::cre; aim = Cmplx::cim;


















are2 = pow(E, are) * cos(aim);


















aim2 = pow(E, are) * sin(aim);


















a22re = are2; a22im = aim2;


















a12re = re3 * a22re - im3 * a22im;


















a12im = im3 * a22re + re3 * a22im;


















LRCount = j;


















//C = A*B


















//c11 = a11 * b11 + a12 * b21


















are = a11re * b11re - a11im * b11im;


















aim = a11im * b11re + a11re * b11im;


















are1 = are; aim1 = aim;


















are = a12re * b21re - a12im * b21im;


















aim = a12im * b21re + a12re * b21im;


















are2 = are; aim2 = aim;


















c11re = are1 + are2;


















c11im = aim1 + aim2;


















//c12 = a11 * b12 + a12 * b22


















are = a11re * b12re - a11im * b12im;


















aim = a11im * b12re + a11re * b12im;


















are1 = are; aim1 = aim;


















are = a12re * b22re - a12im * b22im;


















aim = a12im * b22re + a12re * b22im;


















are2 = are; aim2 = aim;


















c12re = are1 + are2;


















c12im = aim1 + aim2;


















//c21 = a21 * b11 + a22 * b21


















are = a21re * b11re - a21im * b11im;


















aim = a21im * b11re + a21re * b11im;


















are1 = are; aim1 = aim;


















are = a22re * b21re - a22im * b21im;


















aim = a22im * b21re + a22re * b21im;


















are2 = are; aim2 = aim;


















c21re = are1 + are2;


















c21im = aim1 + aim2;


















//c22 = a21 * b12 + a22 * b22


















are = a21re * b12re - a21im * b12im;


















aim = a21im * b12re + a21re * b12im;


















are1 = are; aim1 = aim;


















are = a22re * b22re - a22im * b22im;


















aim = a22im * b22re + a22re * b22im;


















are2 = are; aim2 = aim;


















c22re = are1 + are2;


















c22im = aim1 + aim2;


















//B = C


















b11re = c11re; b11im = c11im; b12re = c12re; b12im = c12im;


















b21re = c21re; b21im = c21im; b22re = c22re; b22im = c22im;

















}

















else

















{


















//cl1 = Cmul(cl4, Cexp(RCmul(2.0 * get(InStr, LRCount, 0), Cmul(cl2, cmplx(0.0, 1.0)))));


















are = 0; aim = 1;


















//Cmplx::Cmul(Cmplx::re2, Cmplx::im2, are, aim); are = Cmplx::cre; aim = Cmplx::cim;


















are1 = re2 * are - im2 * aim;


















aim1 = im2 * are + re2 * aim;


















are = are1; aim = aim1;


















//Cmplx::RCmul(2.0 * get(InStr, LRCount, 0), are, aim); are = Cmplx::cre; aim = Cmplx::cim;


















are = 2.0 * InStr[6 * LRCount + 0] * are;


















aim = 2.0 * InStr[6 * LRCount + 0] * aim;


















//Cmplx::Cexp(are, aim); are = Cmplx::cre; aim = Cmplx::cim;


















are1 = pow(E, are) * cos(aim);


















aim1 = pow(E, are) * sin(aim);


















are = are1; aim = aim1;


















//Cmplx::Cmul(Cmplx::re4, Cmplx::im4, are, aim); Cmplx::re1 = Cmplx::cre; Cmplx::im1 = Cmplx::cim;


















re1 = re4 * are - im4 * aim;


















im1 = im4 * are + re4 * aim;


















LRCount = j;


















//cl4 = Cdiv(Cadd(cl3, cl1), Cadd(Cmul(cl3, cl1), cmplx(1.0, 0.0)));


















are = 1; aim = 0;


















//Cmplx::Cmul(Cmplx::re3, Cmplx::im3, Cmplx::re1, Cmplx::im1); bre = Cmplx::cre; bim = Cmplx::cim;


















bre = re3 * re1 - im3 * im1;


















bim = im3 * re1 + re3 * im1;


















//Cmplx::Cadd(bre, bim, are, aim); bre = Cmplx::cre; bim = Cmplx::cim;


















bre = bre + are;


















bim = bim + aim;


















//Cmplx::Cadd(Cmplx::re3, Cmplx::im3, Cmplx::re1, Cmplx::im1); are = Cmplx::cre; aim = Cmplx::cim;


















are = re3 + re1;


















aim = im3 + im1;


















//Cmplx::Cdiv(are, aim, bre, bim); Cmplx::re4 = Cmplx::cre; Cmplx::im4 = Cmplx::cim;


















div = bre * bre + bim * bim;


















re4 = (are * bre + aim * bim) / div;


















im4 = (aim * bre - are * bim) / div;

















}
















};















if (matr == true)















{
















//cl4 =  Cdiv(b21, b11);
















div = b11re * b11re + b11im * b11im;
















re4 = (b21re * b11re + b21im * b11im) / div;
















im4 = (b21im * b11re - b21re * b11im) / div;
















//OutData[i] = pow(Cmplx::Cabs(re4, im4), 2); 
















x111 = abs(re4); y111 = abs(im4);
















if (x111 == 0.0) {ans = y111;}
















else
















{

















if (y111 == 0.0) {ans = x111;}

















else

















{


















if (x111 > y111)


















{



















temp = y111 / x111;



















ans = x111 * sqrt(1.0 + temp * temp);


















}


















else


















{



















temp = x111 / y111;



















ans = y111 * sqrt(1.0 + temp * temp);


















}

















}
















}
















OutData2[i] = pow(ans, 2);
















im4 = 0.0; re4 = 0.0;















}















else















{
















//OutData[i] = pow(Cmplx::Cabs(re4, im4), 2); 
















x111 = abs(re4); y111 = abs(im4);
















if (x111 == 0.0) {ans = y111;}
















else
















{

















if (y111 == 0.0) {ans = x111;}

















else

















{


















if (x111 > y111)


















{



















temp = y111 / x111;



















ans = x111 * sqrt(1.0 + temp * temp);


















}


















else


















{



















temp = x111 / y111;



















ans = y111 * sqrt(1.0 + temp * temp);


















}

















}
















}
















OutData2[i] = pow(ans, 2);
















im4 = 0.0; re4 = 0.0;















}

//------------------------------------------------------Расчёт функции ошибки для CuKb----------------------------------------------------------















if (i > 0 && i < EA-1 && line0 == 0 && line2 == 0) 
















{

















upper = R1[i] - OutData2[i];

















if (normed == 1) {downer = (R1[i]) + (OutData2[i]);} 

















else {downer = 1;}

















T0 = (upper / downer);

















if (moment == 1) T0 *= (InData[i + 1] - InData[i - 1]) / (InData[2] - InData[0]);

















if (sqred == 1) {err += (T0 * T0);}

















else {err += sqrt(T0 * T0);}

















//a++; sss[a]=err; b=sss[a];
















}

//------------------------------------------------------Расчёт функции ошибки для 2-х длин волн----------------------------------------------------------















if (i > 0 && i < EA-1 && line0 == 1 && line2 == 0) 
















{

















upper = R0[i] - OutData1[i];

















if (normed == 1) {downer = (R0[i]) + (OutData1[i]);} 

















else {downer = 1;}

















T0 = (upper / downer);

















if (moment == 1) T0 *= (InData[i + 1] - InData[i - 1]) / (InData[2] - InData[0]);

















if (sqred == 1) {err1 = (T0 * T0);}

















else {err1 = sqrt(T0 * T0);}

















upper = R1[i] - OutData2[i];

















if (normed == 1) {downer = (R1[i]) + (OutData2[i]);} 

















else {downer = 1;}

















T0 = (upper / downer);

















if (moment == 1) T0 *= (InData[i + 1] - InData[i - 1]) / (InData[2] - InData[0]);

















if (sqred == 1) {err2 = (T0 * T0);}

















else {err2 = sqrt(T0 * T0);}

















err += (err1 + 2*err2)/3;

















//a++; sss[a]=err; b=sss[a];
















}

//------------------------------------------------------Расчёт отношения интенсивностей и функции ошибки----------------------------------------------------------















if (line2 == 1)
















{

















//ObjectiveFunction::CurveCalc(0, EA, Data, Constraints, n_layer, InData, OutData1, IsNevot);

















//ObjectiveFunction::CurveCalc(1, EA, Data, Constraints, n_layer, InData, OutData2, IsNevot);

























OutData3[i] = OutData2[i] / OutData1[i];

















R2[i] = R1[i] / R0[i];

















if (i > 0 && i < EA-1) 


















{



















upper = R2[i] - OutData3[i];



















if (normed == 1) {downer = (R2[i]) + (OutData3[i]);} 



















else {downer = 1;}



















T0 = (upper / downer);



















if (moment == 1) T0 *= (InData[i + 1] - InData[i - 1]) / (InData[2] - InData[0]);



















if (sqred == 1) {err += (T0 * T0);}



















else {err += sqrt(T0 * T0);}



















//a++; sss[a]=err; b=sss[a];


















}
















}














};












}

//------------------------------------------Расчёт отношения интенсивностей----------------------------------------------------------

  













/*if (line2 == 1)













{














//ObjectiveFunction::CurveCalc(0, EA, Data, Constraints, n_layer, InData, OutData1, IsNevot);














//ObjectiveFunction::CurveCalc(1, EA, Data, Constraints, n_layer, InData, OutData2, IsNevot);














for (int i = 0; i < EA; i++)















{
















OutData3[i] = OutData1[i] / OutData2[i];
















R2[i] = R0[i] / R1[i];















};













};*/








//Smooth(OutData1, smooth, EA, s1);








//return ProcessingData(EA, normed, sqred, moment, noise, extr, loged, InData, OutData1, OutData2, OutData3, R0, R1, R2, line0, line1, line2);












/*if (loged == 1)













{














for (int i = 0; i < EA; i++)















{
















if (line0 == 1 && line2 == 0) {OutData1[i] = -log(OutData1[i]); R0[i] = -log(R0[i]);}
















//Logarifmization(EA, OutData1);
















//Logarifmization(EA, R0);
















if (line1 == 1 && line2 == 0) {OutData2[i] = -log(OutData2[i]); R1[i] = -log(R1[i]);}
















//Logarifmization(EA, OutData2);
















//Logarifmization(EA, R1);
















if (line2 == 1) {OutData3[i] = -log(OutData3[i]); R2[i] = -log(R2[i]);}
















//Logarifmization(EA, OutData3);
















//Logarifmization(EA, R2);















}













};*/












err = sqrt(pow((err/EA),2));












/*if (line2 == 1) err = sqrt(pow(ObjectiveFunction::Error(EA, normed, sqred, moment, noise, extr, InData, OutData3, R2),2));












if (line0 == 1 && line1 == 0 && line2 == 0) err = sqrt(pow(ObjectiveFunction::Error(EA, normed, sqred, moment, noise, extr, InData, OutData1, R0),2));












if (line0 == 0 && line1 == 1 && line2 == 0) err = sqrt(pow(ObjectiveFunction::Error(EA, normed, sqred, moment, noise, extr, InData, OutData2, R1),2));












if (line0 == 1 && line1 == 1 && line2 == 0) err = sqrt(pow(ObjectiveFunction::Error1(EA, normed, sqred, moment, noise, extr, InData, OutData1, R0, OutData2, R1),2));*/












fit[b] = err;












if (fit[b] > maxerr) maxerr = fit[b];












if (fit[b] < minerr)













{                     














minerr = fit[b];














Reflect1::err[0] = minerr;














for(int o=0;o<EA;o++)















{
















Reflect1::XX[o] = InData[o];
















gReflect3->XX[o] = InData[o];
















Reflect1::Err_XX[o] = InData[o];
















if (line2 == 1)

















{


















Reflect1::YY[o] = R2[o];


















Reflect1::ZZ[o] = OutData3[o];


















Reflect1::Err_razn1[o] = R2[o] - OutData3[o];


















gReflect3->YY[o] = Reflect1::Err_razn1[o];

















}
















if (line0 == 1 && line1 == 0 && line2 == 0)

















{


















Reflect1::YY[o] = R0[o];


















Reflect1::ZZ[o] = OutData1[o];


















Reflect1::Err_razn1[o] = R0[o] - OutData1[o];


















gReflect3->YY[o] = Reflect1::Err_razn1[o];

















}
















if (line0 == 0 && line1 == 1 && line2 == 0)

















{


















Reflect1::YY[o] = R1[o];


















Reflect1::ZZ[o] = OutData2[o];


















Reflect1::Err_razn1[o] = R1[o] - OutData2[o];


















gReflect3->YY[o] = Reflect1::Err_razn1[o];

















}
















if (line0 == 1 && line1 == 1 && line2 == 0)

















{


















YY[o] = R0[o];


















ZZ[o] = OutData1[o];


















YYY[o] = R1[o];


















ZZZ[o] = OutData2[o];


















Reflect1::Err_razn1[o] = R0[o] - OutData1[o];


















Reflect1::Err_razn2[o] = R1[o] - OutData2[o];


















gReflect3->YY[o] = Reflect1::Err_razn1[o];


















gReflect3->ZZ[o] = Reflect1::Err_razn2[o];

















}















};














//if (koeff3 >= 0.1) {koeff3 -= 0.01;}














for (int a = 0; a < DIM; a++)















{
















xx[a] = x[a * num + b];
















Reflect1::optx[a] = Constraints[2 * (a) + 0] +(Constraints[2 * (a) + 1] - Constraints[2 * (a) + 0]) * xx[a];//















};













}












//delete Data, fit;











};










gReflect2->Err_iter[i] = Reflect1::err[0];










for (int n0 = 0; n0 < Reflect1::DIM / 8; n0++)











{












for (int k = 0; k < 8; k++)













{














if (Reflect1::optx[n0*8+k] >= 0 && k < 4) Reflect1::optx[n0*8+k] = ceil(Reflect1::optx[n0*8+k] * 100) / 100;














if (Reflect1::optx[n0*8+k] < 0 && k < 4) Reflect1::optx[n0*8+k] = floor(Reflect1::optx[n0*8+k] * 100) / 100;














dataGridView1->Rows[n0]->Cells[4*k]->Value = Convert::ToString(Reflect1::optx[n0*8+k]);













};











};










Application::DoEvents();










if (C_Diff_Ras)










{











for (int n0 = 0; n0 < 1; n0++)//Diffras::DIM / 8











{












for (int k = 1; k < 8; k++)













{














gDiffras1->dataGridView1->Rows[n0]->Cells[4*k]->Value = Convert::ToString(Reflect1::optx[n0*8+k]);













};











};











if (gConfigur->sl >= 1 && gConfigur->sl < 6) 











{if (bool1 && (i == Convert::ToDouble(gConfigur->textBox3->Text) || Reflect1::err[0] < Convert::ToDouble(gConfigur->textBox10->Text))) 











{bool1 = false; gDiffras1->toolStripButton2_Click(sender, e);}}











if (gConfigur->sl >= 2 && gConfigur->sl < 6) 











{if (bool2 && (i == Convert::ToDouble(gConfigur->textBox12->Text) || Reflect1::err[0] < Convert::ToDouble(gConfigur->textBox11->Text))) 











{bool2 = false; gDiffras1->toolStripButton2_Click(sender, e);}}











if (gConfigur->sl >= 3 && gConfigur->sl < 6) 











{if (bool3 && (i == Convert::ToDouble(gConfigur->textBox14->Text) || Reflect1::err[0] < Convert::ToDouble(gConfigur->textBox13->Text))) 











{bool3 = false; gDiffras1->toolStripButton2_Click(sender, e);}}











if (gConfigur->sl >= 4 && gConfigur->sl < 6) 











{if (bool4 && (i == Convert::ToDouble(gConfigur->textBox16->Text) || Reflect1::err[0] < Convert::ToDouble(gConfigur->textBox15->Text))) 











{bool4 = false; gDiffras1->toolStripButton2_Click(sender, e);}}











if (gConfigur->sl >= 5 && gConfigur->sl < 6) 











{if (bool5 && (i == Convert::ToDouble(gConfigur->textBox18->Text) || Reflect1::err[0] < Convert::ToDouble(gConfigur->textBox17->Text))) 











{bool5 = false; gDiffras1->toolStripButton2_Click(sender, e);}}











for (int n0 = 0; n0 < 1; n0++)//Diffras::DIM / 8











{












for (int k = 1; k < 8; k++)













{














Reflect1::optx[n0*8+k] = Convert::ToDouble(gDiffras1->dataGridView1->Rows[n0]->Cells[4*k]->Value);













};











};











for (int n0 = 0; n0 < 1; n0++)//Diffras::DIM / 8












{













for (int k = 0; k < 8; k++)














{















if (Reflect1::optx[n0*8+k] >= 0 && k < 4) Reflect1::optx[n0*8+k] = ceil(Reflect1::optx[n0*8+k] * 100) / 100;















if (Reflect1::optx[n0*8+k] < 0 && k < 4) Reflect1::optx[n0*8+k] = floor(Reflect1::optx[n0*8+k] * 100) / 100;















dataGridView1->Rows[n0]->Cells[4*k]->Value = Convert::ToString(Reflect1::optx[n0*8+k]);














};












};











Application::DoEvents();










}









};

//--------------------------Запоминание координаты лучшей пчелы-----------------------------------------------------------------








for (int i = 0; i < DIM; i++) {xxx[i] = xx[i];}








//return minerr;







}






Application::DoEvents(); 





}




private: System::Void toolStripButton3_Click(System::Object^  sender, System::EventArgs^  e)





{






if (timer1->Enabled == true) timer1->Enabled = false;






if (timer2->Enabled == true) timer2->Enabled = false;






P, Constraints, R0, InData, OutData1, OutData2, OutData3, xxx = new double[];






XX, YY, ZZ, optx, err = new double[];





}




private: System::Void toolStripButton4_Click(System::Object^  sender, System::EventArgs^  e) 





{






//dataGridView1->Rows->Clear();






clear = false; Err_it = false; Err_raz = false; save = false;//tabl1_refl1 = false;






timer1->Enabled = true; timer2->Enabled = true; toolStripProgressBar1->Value = 0;






//delete R0, R1, R2, InData, Constraints, OutData1, OutData2, OutData3, xxx, XX, YY, ZZ, YYY, ZZZ, optx, err;






R0 = new double[], R1 = new double[], R2 = new double[], InData = new double[]; Constraints = new double[]; 






OutData1 = new double[], OutData2 = new double[], OutData3 = new double[], xxx = new double[];






XX = new double[]; YY = new double[]; ZZ = new double[]; YYY = new double[]; ZZZ = new double[]; 






optx = new double[]; err = new double[];






toolStripLabel1->Text = "0";





}



private: System::Void toolStripButton5_Click(System::Object^  sender, System::EventArgs^  e) 





{






открытьФайлToolStripMenuItem_Click(sender, e);





}



private: System::Void toolStripButton6_Click(System::Object^  sender, System::EventArgs^  e) 





{






открытьФайлСтруктурыToolStripMenuItem_Click(sender, e);





}



private: System::Void toolStripButton7_Click(System::Object^  sender, System::EventArgs^  e) 





{






сохранитьКакToolStripMenuItem_Click(sender, e);





}



private: System::Void toolStripButton8_Click(System::Object^  sender, System::EventArgs^  e) 





{






допНастройкиToolStripMenuItem_Click(sender, e);





}



private: System::Void pictureBox1_Paint(System::Object^  sender, System::Windows::Forms::PaintEventArgs^  e) 





{






Graphics ^g = e->Graphics;






g->Clear(Color::FromArgb(0, 0, 0));

//------------------Отображение информации на экране------------------------------------------






if ((XX != NULL) && (YY != NULL) && (ZZ != NULL) && ((line0 == 1 && line1 == 0) || (line0 == 0 && line1 == 1) || line2 == 1) && clear)







{








Pen ^pen = gcnew Pen(Color::FromArgb(255, 255, 255));








Pen ^pen1 = gcnew Pen(Color::FromArgb(0, 0, 0));








Pen ^pen2 = gcnew Pen(Color::FromArgb(0, 100, 0));

                            Pen ^pen3 = gcnew Pen(Color::FromArgb(255, 0, 0));








Pen ^pen4 = gcnew Pen(Color::FromArgb(255, 0, 255));








if (line1 == 1) pen3 = gcnew Pen(Color::FromArgb(0, 255, 0));








if (line1 == 1) pen4 = gcnew Pen(Color::FromArgb(0, 255, 255));








if (line2 == 1) pen3 = gcnew Pen(Color::FromArgb(255, 0, 0));








if (line2 == 1) pen4 = gcnew Pen(Color::FromArgb(255, 0, 255));

                            SolidBrush ^brush = gcnew SolidBrush(Color::FromArgb(0, 0, 0));

                            SolidBrush ^brush1 = gcnew SolidBrush(Color::FromArgb(255, 255, 0));








SolidBrush ^brush2 = gcnew SolidBrush(Color::FromArgb(255, 255, 255));








using System::Drawing::Font;








using System::String;

                            int NItem = EA - SA;

                            double *X = new double[NItem];

                            double *Y = new double[NItem];

                            double *Z = new double[NItem];








double z1=100000, z2=-100000;








double y1=100000, y2=-100000;








double x1=100000, x2=-100000;








//int NN = pow((double)10,(int)7);

                            for (int i = 0; i < NItem; i++)









{










Z[i] = -log10(ZZ[i]);










if (Z[i]<z1) z1 = Z[i];










if (Z[i]>z2) z2 = Z[i];

                                    Y[i] = -log10(YY[i]);










if (Y[i]<y1) y1 = Y[i];










if (Y[i]>y2) y2 = Y[i];

                                    X[i] = XX[i];










if (X[i]<x1) x1 = X[i];










if (X[i]>x2) x2 = X[i];

                                };

                            double MinX = x1, MinY = y1, MinZ = z1;








double MaxX = x2, MaxY = y2, MaxZ = z2;








double RX = (MaxX - MinX), RY = (MaxY - MinY), RZ = (MaxZ - MinZ);








RY /= mashtab/100;








MinY /= mashtab/100;

                            int Wid = pictureBox1->Size.Width;

                            int Hei = pictureBox1->Size.Height;








Hei += 0.1*Hei;

                            g->Clear(Color::FromArgb(0, 0, 0));

                            g->DrawRectangle(pen1, 0, 0, Wid, Hei);

                            g->FillRectangle(brush, 0, 0, Wid, Hei);








g->DrawLine(pen, (float)(0.1 * Wid), (float)(0.1 * Hei), (float)(0.9 * Wid), (float)(0.1 * Hei));

                            g->DrawLine(pen, (float)(0.1 * Wid), (float)(0.1 * Hei), (float)(0.1 * Wid), (float)(0.8 * Hei));

                            g->DrawLine(pen, (float)(0.9 * Wid), (float)(0.1 * Hei), (float)(0.9 * Wid), (float)(0.8 * Hei));

                            g->DrawLine(pen, (float)(0.9 * Wid), (float)(0.8 * Hei), (float)(0.1 * Wid), (float)(0.8 * Hei));

                            Font ^font = gcnew Font("Arial", 9);

                            String ^ss = "";

                            float xx, yy; double xx1, yy1;

                            for (int Numk = 1; Numk < 10; Numk++)









{










yy1 = -(Numk * RY / 10 + MinY);










if (yy1 >= 0) yy1 = ceil(yy1 * 10) / 10;










if (yy1 < 0) yy1 = floor(yy1 * 10) / 10;










ss = Convert::ToString(yy1);

                                    xx = (float)(0.1 * Wid + (0));

                                    yy = (float)(0.1 * Hei + (0.7 * Numk / 10 * (Hei)));

                                    g->DrawLine(pen2, xx, yy, xx * 9, yy);

                                    xx = (float)(0.1 * Wid - 0.5 * font->Height * (ss->Length + 2));

                                    yy = (float)(0.1 * Hei + ((Hei) * (0.7 * Numk / 10)) - 0.5 * font->Height);

                                    g->DrawString(ss, font, brush1, xx, yy); ss = "";

                                };

                            for (double Numk = 1; Numk < 10; Numk++)

                                {










xx1 = Numk * RX / 10 + MinX;










if (xx1 >= 0) xx1 = ceil(xx1 * 10) / 10;










if (xx1 < 0) xx1 = floor(xx1 * 10) / 10;










ss = Convert::ToString(xx1);

                                    xx = (float)(0.1 * Wid + ((Wid) * (0.8 * Numk / 10)));

                                    yy = (float)(0.1 * Hei + (0.0 * (Hei)));

                                    g->DrawLine(pen2, xx, yy, xx, 8 * yy);

                                    xx = (float)(0.1 * Wid + ((Wid) * (0.8 * Numk / 10)) - 0.25 * font->Height * ss->Length);

                                    yy += (float)(0.05 * font->Height);

                                    g->DrawString(ss, font, brush1, xx, 8 * yy); ss = "";

                                };








ss = Convert::ToString(Reflect1::countt3);

                            g->DrawString(ss, font, brush2, Wid - 70, font->Height * (10)); ss = "";

                            int n00 = 0;








if (Reflect1::err[n00] >= 0) Reflect1::err[n00] = ceil(Reflect1::err[n00] * 1000000) / 1000000;








if (Reflect1::err[n00] < 0) Reflect1::err[n00] = floor(Reflect1::err[n00] * 1000000) / 1000000;








ss = Convert::ToString(Reflect1::err[n00]);

                            g->DrawString(ss, font, brush1, Wid - 70, font->Height * (3)); ss = "";

                            ss = "Ошибка:";

                            g->DrawString(ss, font, brush1, Wid - 70, font->Height * (2)); ss = "";

                            ss = "log (I)";

                            g->DrawString(ss, font, brush1, 0.05 * Wid, font->Height * (2)); ss = "";

                            ss = "2*tetta";

                            g->DrawString(ss, font, brush1, Wid - 70, 0.8 * Hei + 0.4 * font->Height); ss = "";

                            RX *= 1.0 / 0.8;

                            RY *= 1.0 / 0.7;








RZ *= 1.0 / 0.7;

                            for (int i = 1; i < NItem; i++)

                                {

                                    g->DrawLine(pen3, (float)(0.1 * Wid + ((Wid) * (X[i - 1] - MinX)) / RX), (float)(0.1 * Hei + ((Hei) * (Y[i - 1] - MinY)) / RY), (float)(0.1 * Wid + ((Wid) * (X[i] - MinX)) / RX), (float)(0.1 * Hei + ((Hei) * (Y[i] - MinY)) / RY));

                                    g->DrawLine(pen4, (float)(0.1 * Wid + ((Wid) * (X[i - 1] - MinX)) / RX), (float)(0.1 * Hei + ((Hei) * (Z[i - 1] - MinY)) / RY), (float)(0.1 * Wid + ((Wid) * (X[i] - MinX)) / RX), (float)(0.1 * Hei + ((Hei) * (Z[i] - MinY)) / RY));

                                };

                            //Application::DoEvents();








delete font, brush;







}






if ((XX != NULL) && (YY != NULL) && (ZZ != NULL) && (YYY != NULL) && (ZZZ != NULL) && (line0 == 1 && line1 == 1 && line2 == 0) && clear)







{








Pen ^pen = gcnew Pen(Color::FromArgb(255, 255, 255));








Pen ^pen1 = gcnew Pen(Color::FromArgb(0, 0, 0));








Pen ^pen2 = gcnew Pen(Color::FromArgb(0, 100, 0));

                            Pen ^pen3 = gcnew Pen(Color::FromArgb(255, 0, 0));








Pen ^pen4 = gcnew Pen(Color::FromArgb(255, 0, 255));                           








Pen ^pen5 = gcnew Pen(Color::FromArgb(0, 255, 0 ));








Pen ^pen6 = gcnew Pen(Color::FromArgb(0, 255, 255));

                            SolidBrush ^brush = gcnew SolidBrush(Color::FromArgb(0, 0, 0));

                            SolidBrush ^brush1 = gcnew SolidBrush(Color::FromArgb(255, 255, 0));








SolidBrush ^brush2 = gcnew SolidBrush(Color::FromArgb(255, 255, 255));








using System::Drawing::Font;








using System::String;

                            int NItem = EA - SA;

                            double *X = new double[NItem];

                            double *Y = new double[NItem];

                            double *Z = new double[NItem];








double *Y1 = new double[NItem];

                            double *Z1 = new double[NItem];








double z1=100000, z2=-100000;








double y1=100000, y2=-100000;








double z11=100000, z12=-100000;








double y11=100000, y12=-100000;








double x1=100000, x2=-100000;








//int NN = pow((double)10,(int)7);

                            for (int i = 0; i < NItem; i++)









{










Z[i] = -log10(ZZ[i]);










if (Z[i]<z1) z1 = Z[i];










if (Z[i]>z2) z2 = Z[i];

                                    Y[i] = -log10(YY[i]);










if (Y[i]<y1) y1 = Y[i];










if (Y[i]>y2) y2 = Y[i];










Z1[i] = -log10(ZZZ[i]);










if (Z1[i]<z11) z11 = Z1[i];










if (Z1[i]>z12) z12 = Z1[i];

                                    Y1[i] = -log10(YYY[i]);










if (Y1[i]<y11) y11 = Y1[i];










if (Y1[i]>y12) y12 = Y1[i];

                                    X[i] = XX[i];










if (X[i]<x1) x1 = X[i];










if (X[i]>x2) x2 = X[i];

                                };

                            double MinX = x1, MinY = y1, MinZ = z1, MinY1 = y11, MinZ1 = z11;








double MaxX = x2, MaxY = y2, MaxZ = z2, MaxY1 = y12, MaxZ1 = z12;








double RX = (MaxX - MinX), RY = (MaxY - MinY), RZ = (MaxZ - MinZ), RY1 = (MaxY1 - MinY1), RZ1 = (MaxZ1 - MinZ1);








RY /= mashtab/100;








MinY /= mashtab/100;

                            int Wid = pictureBox1->Size.Width;

                            int Hei = pictureBox1->Size.Height; Hei += 0.1*Hei;

                            g->Clear(Color::FromArgb(0, 0, 0));

                            g->DrawRectangle(pen1, 0, 0, Wid, Hei);

                            g->FillRectangle(brush, 0, 0, Wid, Hei);








g->DrawLine(pen, (float)(0.1 * Wid), (float)(0.1 * Hei), (float)(0.9 * Wid), (float)(0.1 * Hei));

                            g->DrawLine(pen, (float)(0.1 * Wid), (float)(0.1 * Hei), (float)(0.1 * Wid), (float)(0.8 * Hei));

                            g->DrawLine(pen, (float)(0.9 * Wid), (float)(0.1 * Hei), (float)(0.9 * Wid), (float)(0.8 * Hei));

                            g->DrawLine(pen, (float)(0.9 * Wid), (float)(0.8 * Hei), (float)(0.1 * Wid), (float)(0.8 * Hei));

                            Font ^font = gcnew Font("Arial", 9);

                            String ^ss = "";

                            float xx, yy; double xx1, yy1;

                            for (int Numk = 1; Numk < 10; Numk++)









{










yy1 = -(Numk * RY / 10 + MinY);










if (yy1 >= 0) yy1 = ceil(yy1 * 10) / 10;










if (yy1 < 0) yy1 = floor(yy1 * 10) / 10;










ss = Convert::ToString(yy1);

                                    xx = (float)(0.1 * Wid + (0));

                                    yy = (float)(0.1 * Hei + (0.7 * Numk / 10 * (Hei)));

                                    g->DrawLine(pen2, xx, yy, xx * 9, yy);

                                    xx = (float)(0.1 * Wid - 0.5 * font->Height * (ss->Length + 2));

                                    yy = (float)(0.1 * Hei + ((Hei) * (0.7 * Numk / 10)) - 0.5 * font->Height);

                                    g->DrawString(ss, font, brush1, xx, yy); ss = "";

                                };

                            for (double Numk = 1; Numk < 10; Numk++)

                                {










xx1 = Numk * RX / 10 + MinX;










if (xx1 >= 0) xx1 = ceil(xx1 * 10) / 10;










if (xx1 < 0) xx1 = floor(xx1 * 10) / 10;










ss = Convert::ToString(xx1);

                                    xx = (float)(0.1 * Wid + ((Wid) * (0.8 * Numk / 10)));

                                    yy = (float)(0.1 * Hei + (0.0 * (Hei)));

                                    g->DrawLine(pen2, xx, yy, xx, 8 * yy);

                                    xx = (float)(0.1 * Wid + ((Wid) * (0.8 * Numk / 10)) - 0.25 * font->Height * ss->Length);

                                    yy += (float)(0.05 * font->Height);

                                    g->DrawString(ss, font, brush1, xx, 8 * yy); ss = "";

                                };








ss = Convert::ToString(Reflect1::countt3);

                            g->DrawString(ss, font, brush2, Wid - 70, font->Height * (10)); ss = "";

                            int n00 = 0;








if (Reflect1::err[n00] >= 0) Reflect1::err[n00] = ceil(Reflect1::err[n00] * 1000000) / 1000000;








if (Reflect1::err[n00] < 0) Reflect1::err[n00] = floor(Reflect1::err[n00] * 1000000) / 1000000;








ss = Convert::ToString(Reflect1::err[n00]);

                            g->DrawString(ss, font, brush1, Wid - 70, font->Height * (3)); ss = "";

                            ss = "Ошибка:";

                            g->DrawString(ss, font, brush1, Wid - 70, font->Height * (2)); ss = "";

                            ss = "log (I)";

                            g->DrawString(ss, font, brush1, 0.05 * Wid, font->Height * (2)); ss = "";

                            ss = "2*tetta";

                            g->DrawString(ss, font, brush1, Wid - 70, 0.8 * Hei + 0.4 * font->Height); ss = "";

                            RX *= 1.0 / 0.8;

                            RY *= 1.0 / 0.7;








RZ *= 1.0 / 0.7;








RY1 *= 1.0 / 0.7;








RZ1 *= 1.0 / 0.7;

                            for (int i = 1; i < NItem; i++)

                                {

                                    g->DrawLine(pen3, (float)(0.1 * Wid + ((Wid) * (X[i - 1] - MinX)) / RX), (float)(0.1 * Hei + ((Hei) * (Y[i - 1] - MinY)) / RY), (float)(0.1 * Wid + ((Wid) * (X[i] - MinX)) / RX), (float)(0.1 * Hei + ((Hei) * (Y[i] - MinY)) / RY));

                                    g->DrawLine(pen4, (float)(0.1 * Wid + ((Wid) * (X[i - 1] - MinX)) / RX), (float)(0.1 * Hei + ((Hei) * (Z[i - 1] - MinY)) / RY), (float)(0.1 * Wid + ((Wid) * (X[i] - MinX)) / RX), (float)(0.1 * Hei + ((Hei) * (Z[i] - MinY)) / RY));










g->DrawLine(pen5, (float)(0.1 * Wid + ((Wid) * (X[i - 1] - MinX)) / RX), (float)(0.1 * Hei + ((Hei) * (Y1[i - 1] - MinY)) / RY), (float)(0.1 * Wid + ((Wid) * (X[i] - MinX)) / RX), (float)(0.1 * Hei + ((Hei) * (Y1[i] - MinY)) / RY));

                                    g->DrawLine(pen6, (float)(0.1 * Wid + ((Wid) * (X[i - 1] - MinX)) / RX), (float)(0.1 * Hei + ((Hei) * (Z1[i - 1] - MinY)) / RY), (float)(0.1 * Wid + ((Wid) * (X[i] - MinX)) / RX), (float)(0.1 * Hei + ((Hei) * (Z1[i] - MinY)) / RY));

                                };

                            Application::DoEvents();








delete font, brush;







}





}

};


}
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