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Financial management, resource efficiency and resource saving
The purpose of this section discusses the issues of competitiveness, resource efficiency and resource saving, as well as financial costs regarding the object of study of Masters' thesis. Competitiveness analysis is carried out for this purpose. SWOT analysis helps to identify strengths, weaknesses, opportunities and threats associated with the project, and give an idea of working with them in each particular case. For the development of the project requires funds that go to the salaries of project participants and the necessary equipment, a complete list is given in the relevant section. The calculation of the resource efficiency indicator helps to make a final assessment of the technical decision on individual criteria and in general.
1. Pre-research analysis

1.1.  Potential consumers of the research results

To analyze consumers of research results, it is necessary to segment the market.

Target market - the market that includes consumers interested in the results of the research who would buy the good/service connected with the student’s investigation.
Segmentation is the division of buyers into homogeneous groups, each of which may require a specific product (service). It is possible to apply geographic, demographic, behavioral and other criteria for segmenting the consumer market, it is possible to use their combinations using such characteristics as age, gender, nationality, education, favorite occupations, lifestyle, social affiliation, profession, income level.
Depending on the category of consumers (commercial organizations, individuals), appropriate segmentation criteria must be used. For example, for commercial organizations, segmentation criteria can be: location; industry; manufactured products; size, etc.
For individuals, segmentation criteria can be: age; gender; nationality; education; income level; social belonging; profession, etc.
From the listed criteria, you need to select the two most significant for the market. Based on these criteria, a market segmentation map is built.

For example, it is possible to segment the market of services for the web design according to the following criteria: the size of the customer company, the type of Internet resource (Fig. 1).
	
	Type of Internet resource

	
	Corporate website
	Internet catalog
	Online store
	Informational portal

	Company’s size
	Giant
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Fig. 1. Market segmentation map of services for the web design:

	
	Firm А
	
	Firm B
	
	Firm C


The example of a segmentation map shows which niches in the market of services for the web design are not occupied by competitors or where the level of competition is low. As a rule, two or three segments are chosen, on which the maximum efforts and resources of the enterprise are directed. As a rule, segments with similar characteristics are chosen, which will form the target market.
The segmenting result should be:

• determination of the main segments of the given market;

• selection of segment (s), on which the company intends to focus;

• identification of market segments that are attractive for the company in the future.
1.2. Competitiveness analysis of technical solutions

 
In order to find sources of financing for the project, it is necessary, first, to determine the commercial value of the work. Analysis of competitive technical solutions in terms of resource efficiency and resource saving allows to evaluate the comparative effectiveness of scientific development. This analysis is advisable to carry out using an evaluation card.
First of all, it is necessary to analyze possible technical solutions and choose the best one based on the considered technical and economic criteria.
Evaluation map analysis presented in Table 1. The position of your research and competitors is evaluated for each indicator by you on a five-point scale, where 1 is the weakest position and 5 is the strongest. The weights of indicators determined by you in the amount should be 1. Analysis of competitive technical solutions is determined by the formula:
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С - the competitiveness of research or a competitor;
Wi– criterion weight;

Pi – point of i-th criteria.
You can use the following criteria for the model of expert evaluation:

· noise immunity;

· set of terminals relay protection;

· reliability of relay protection;

· smart interface quality;

· energy efficiency;

· ease of operation;

· ability to connect to PC;

· estimated lifetime;
· safety;
· etc.
Table 1
Evaluation card for comparison of competitive technical solutions

	Evaluation criteria 

example
	Criterion

weight
	Points
	Competitiveness

Taking into account weight coefficients
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	1
	2
	3
	4
	5
	6
	7
	8

	Technical criteria for evaluating resource efficiency

	1. Growth in User’ productivity
	
	
	
	
	
	
	

	2. Convenience in operation (meets the requirements of consumers)
	
	
	
	
	
	
	

	3. Immunity
	
	
	
	
	
	
	

	4. Energy efficiency
	
	
	
	
	
	
	

	5. Reliability
	
	
	
	
	
	
	

	6. Safety
	
	
	
	
	
	
	

	7. Noise level
	
	
	
	
	
	
	

	8. Demand for memory resources
	
	
	
	
	
	
	

	9. Functional capacity 
	
	
	
	
	
	
	

	10. Ease of operation
	
	
	
	
	
	
	

	11. Intelligent interface quality
	
	
	
	
	
	
	

	12. Ability to connect to a computer network
	
	
	
	
	
	
	

	Economic criteria for performance evaluation

	1. Development cost
	
	
	
	
	
	
	

	2. Market penetration rate
	
	
	
	
	
	
	

	3. Expected lifecycle
	
	
	
	
	
	
	

	4. Price
	
	
	
	
	
	
	

	5. After-sales service
	
	
	
	
	
	
	

	6. Estimated life-time
	
	
	
	
	
	
	

	Total
	
	
	
	
	
	
	


Make a conclusion in according to the results of the competitiveness analysis.
The result of this analysis, which can really interest partners and investors, can be the development of competitive advantages that will help the created product gain the trust of buyers by offering goods that are noticeably different either by a high level of quality with a standard set of parameters defining it, or by a non-standard set properties of interest to the buyer.
1.3. FAST analysis
FAST analysis acts as a synonym for functional-cost analysis. The essence of this method is based on the fact that the costs associated with the creation and use of any object performing the specified functions, consist of necessary for its manufacture and operation, and additional, functionally unnecessary, excessive costs, which arise due to the introduction of unnecessary features that are not directly related to the purpose of the object, or associated with the imperfection of the structure, processes, materials, methods of work organization, etc.
FAST analysis involves six stages:

1. Selecting a FAST analysis object;

2. Description of the main, main and auxiliary functions performed by the object;

3. Determining the significance of the functions performed by the object;

4. Analysis of the cost of the functions performed by the object of research;
5. Building a functional-cost diagram of the object and its analysis;

6. Optimization of the functions performed by the object.

Let's describe the implementation of each stage in detail.

Stage 1. Selecting the FAST analysis object.

In the framework of the master's thesis, the object of research is the object of FAST analysis. However, when performing the FAST analysis section, this point must be reflected again.

Stage 2. Description of the main, main, and auxiliary functions performed by the object.

In this stage of FAST analysis, the object is analyzed from the position of a functional device. So, in the analysis, it is necessary to identify and describe

the following functions of the object:

1) The main function, i.e. the external function that determines the purpose, essence, and main purpose of creating the object in general. For example, for

an incandescent lamp, the main function is to illuminate the surrounding objects, for a gas pipeline - to transmit gas, for a damper-to extinguish vibration, for a casing-to protect from environmental influences, for a circuit board - to connect electrical elements, for a microchip - to amplify the signal, etc.
If the object of research is a process, then for each process it is necessary to describe the function performed within it.

For example, for annealing, the main function can be the removal of internal stress, for etching-the elimination of scale, the elimination of surface roughness, for oxidation - the protection of the layer for further introduction of impurities, for sealing-the protection of an isolated environment, for epitaxy - the growth of a single crystal layer of a certain type, for welding, soldering, gluing, riveting - the permanent connection of elements, etc.

2) The major function, which is an internal function of the object that provides the principle of operation of the object and creates the necessary conditions for the implementation of the main function. The internal function reflects the actions within the object, as opposed to the external function, which describes the functions performed by the object in the conditions of interaction with the external environment. According to the content, the following major functions are distinguished: reception (input), transmission, transformation, storage (of matter, energy, information), and output (output) of results.

3) An auxiliary function, i.e. an internal function that contributes to the implementation of the main functions. The following auxiliary functions are distinguished by their content: connecting, isolating, fixing, guiding, guaranteeing, etc.

To facilitate the process of identifying and classifying the functions of the object of research, it is recommended to first describe the main function of the object of research (system), then select its constituent elements and describe all functions performed by these elements. All the information obtained during this stage must be presented in tabular form (Table 2).
Table 2

Classification of functions performed by the object of research
	Part (node, process)
	Number of parts per node
	Function 
	Function’s range

	
	
	
	Main 
	Major
	Auxiliary

	Hydraulic cylinder
	-
	Provides rotation of the drilling machine
	X
	
	

	Cylinder
	1
	1. Provides the necessary course of the governing body

2. Hydraulic cylinder basic part
	
	X
	

	Pipe
	1
	Hydraulic cylinder basic part
	
	X
	

	Flange
	1
	It is used for fixing the front cylinder cover
	
	
	X

	…
	
	
	
	
	


The table should contain all the details used within the subject with a description of the functions and their ranks.

In the future, this classification will be used to optimize the object of research. Since in order to increase the efficiency of this process by reducing the cost of the object and maintaining the quality required by the user, it is necessary, first of all, to pay attention to auxiliary functions, the savings on which will not greatly affect the functionality of the object of scientific research.

Stage 3. Determining the significance of the functions performed by the object.

To assess the significance of functions, we will use the method of prioritization proposed by V. A. Blumberg and V. F. Glushchenko. This method is based on the calculation and expert determination of the significance of each function.

At the first stage, it is necessary to construct the adjacency matrix of the function (Table 3).
Table 3

Adjacency matrix
	
	Function 1
	Function 2
	Function 3
	Function 4
	Function 5

	Function 1
	=
	<
	<
	<
	<

	Function 2
	>
	=
	>
	>
	>

	Function 3
	>
	<
	=
	<
	<

	Function 4
	>
	<
	>
	=
	<

	Function 5
	>
	<
	>
	>
	=


Note: "< " - less significant; " > " - more significant; " = "  - the same functions in importance. 
The second stage is associated with the transformation of the adjacency matrix into the matrix of quantitative relations of functions (Table 4).

Table 4
Matrix of quantitative relations of functions
	
	Function 1
	Function 2
	Function 3
	Function 4
	Function 5
	Total

	Function 1
	1
	0.5
	0.5
	0.5
	0.5
	3

	Function 2
	1.5
	1
	1.5
	1.5
	1.5
	7

	Function 3
	1.5
	0.5
	1
	0.5
	0.5
	4

	Function 4
	1.5
	0.5
	1
	0.5
	0.5
	5

	Function 5
	1.5
	0.5
	1.5
	1.5
	1
	6

	
	∑=25


Note: 0.5 if "< "; 1.5 if " > "; 1 if " = ". 

In the third stage, the significance of the functions is determined by dividing the score obtained for each function by the total score for all functions. So, for function 1 the relative significance is 3/25 = 0.12; for function 2 – 7/25 = 0.28; for function 3 – 0.16; for function 4 – 0.2; and for function 5 – 0.24. The mandatory condition is that the sum of the significance coefficients of all functions must be equal to 1.

Stage 4. Analysis of the cost of the functions performed by the object of research.

The task of this stage is to use special methods to estimate the level of costs for performing each function. It is possible to do this by using the normative method. The calculation of the cost of the functions is given in Table 5.
Table 5

Calculation of the cost of the functions performed by the object of research
	Part (node, process)
	Number of parts per node
	Function 
	Consumption rate, kg
	Labor intensity of the part, stand. hours
	Costs for materials, rubles
	Wages, rubles
	Cost value, rubles

	Hydraulic cylinder
	-
	Provides rotation of the drilling machine
	-
	-
	-
	-
	-

	Cylinder
	1
	1. Provides the necessary course of the governing body

2. Hydraulic cylinder basic part
	-
	1,85


	214,4
	112,6


	327

	Pipe
	1
	Hydraulic cylinder basic part
	7.3
	0,092 


	127,8
	4.9
	132,7

	Flange
	1
	It is used for fixing the front cylinder cover
	1.9
	0.316


	19.4


	19.4


	38,8

	…
	
	
	
	
	
	
	


Later, by summing the costs for each function, the total cost of each of them is determined. This information is used to build a functional cost chart at the next stage.

Stage 5. Construction of the functional-cost diagram of the object and its analysis.

The information about the research object collected during the previous stages is summarized in the form of a functional cost diagram (FSD) at this stage (Fig. 2). The constructed functional-cost diagram allows us to identify the disproportions between the importance (utility) of functions and their costs.

The analysis of the above FSD shows the obvious presence of mismatch in functions 1, 3, 4. It is necessary to carry out work to eliminate these imbalances.
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Fig. 2. Functional cost diagram
Stage 6. Optimization of the functions performed by the object.

The specific steps that need to be proposed at this stage should be the economizing by: 
• the use of fundamentally new design solutions;

•  elimination of the functional reserve;

• optimization of technical parameters;

• unification of assembly units and parts;

• combining functions in assembly units and parts;

• optimization of reliability parameters;

• improving maintainability;

•  application of new technological processes, blanks and materials, etc.

To conclude, the result of a FAST analysis of high-tech and resource-efficient development should be a reduction in costs per unit of useful effect, achieved by:

* reduce costs while improving the consumer properties of the object;

* improve quality while maintaining cost levels;

* reduce costs while maintaining quality levels;

* cost reduction with a reasonable reduction of technical parameters to their functionally necessary level;

* improving quality with some cost-effective cost increases.
1.4.  Ishikawa Diagram

The Ishikawa Cause-and-Effect Diagram is a graphical method for analyzing and forming cause-and-effect relationships, a tool for systematically determining the causes of a problem and then presenting it graphically.

Scope of the diagram:

* Identify the causes of the problem;

* Analysis and structuring of processes in the enterprise;

* Evaluation of causal relationships.

The general view of the Ishikawa diagram is shown in Fig. 3.
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  Figure 3. General view of the Ishikawa diagram.
The construction of the diagram begins with the formulation of the problem area/topic, which is the object of analysis and is carried on the central horizontal arrow of the diagram.

Then the factors / groups of factors that affect the object of analysis are identified. Often, to identify such factors, a 6M method is used:
• Personnel (Manpower);

• Equipment (Machine);

• Raw materials, materials, components (Material);

• Technology of work (Method);

•  Measurement tools and control methods (Measurement);

• Production environment (Media).

The identified factors lead to the arrows of the diagram of the first level.

Next, the second-level arrows are brought to each arrow, which, in turn, are brought to the third-level arrows, and so on. Until all the arrows indicating the factors that have a noticeable effect on the object of analysis are plotted on the diagram. Each lower-level factor will be an effect relative to the higher-level cause.

The degree of detail of the diagram (the number of factors and causal levels) is determined by the diagram developer. The slope and size of the arrows do not matter.

An example of a causal diagram is shown in Figure 4.
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Figure 4. Ishikawa Cause-and-Effect Diagram Example.
1.5. SWOT analysis
Complex analysis solution with the greatest competitiveness is carried out with the method of the SWOT analysis: Strengths, Weaknesses, Opportunities and Threats. The analysis has several stages. 
The first stage consists of describing the strengths and weaknesses of the project, identifying opportunities and threats to the project that have emerged or may appear in its external environment. 
1. Strengths. Strengths are the factors that characterize the competitive side of a research project. Strengths indicate that a project has a distinctive advantage or special resources that are special in terms of competition. In other words, strengths are the resources or capabilities available to the project management that can be effectively used to achieve the goals set. At the same time, it is important to consider the strengths both from the point of view of the project management and from the point of view of those who are still involved in it. It is recommended to ask the following questions:

• What technical advantages do you have over your competitors?

• What do your project participants do best?

• How close is your project to completion compared to your competitors?
2. Weaknesses. A weakness is a flaw, omission, or limitation of a research project that hinders the achievement of its goals. This is something that does not work well within the project or where it has insufficient capabilities or resources compared to competitors. To clarify the aspects you may be outperformed by your competitors, you should ask:

• What can be improved?

• What is being done wrong?

• What should I avoid?

3. Opportunities. Opportunities include any preferred situation in the present or future that occurs in the project environment, such as a trend, change, or perceived need that supports the demand for a result that allows the project management to improve their competitive position. You can simplify the formulation of project capabilities by answering the following questions:

• What opportunities do you see in the market? Search for free niches but remember that they do not remain free for long. The opportunity seen today may cease to exist in three months. Favorable opportunities may arise due to the following factors:

- changes in the technological sphere and in the market - both on a global and regional scale;

- changes in government policy regarding the industry where scientific research is conducted;

- changes in social standards, population profile, lifestyle, etc.

• What are the favorable market opportunities?

• What interesting trends have been noted?

• What needs and wishes do the buyer have, but are not met by competitors?
4. A threat is any undesirable situation, trend or change in the environmental conditions of a project that is destructive or threatening to its competitiveness in the present or future. The threat may be a barrier, restriction, or anything else that may cause problems, destruction, harm, or damage to the project. To identify project threats, we recommend answering the following questions:

• What trends do you see that could destroy your research project or make its results obsolete?

• What do competitors do?

• What are the obstacles facing your project (for example, changes in legislation, reduced budget financing of the project, delayed project financing, etc.)?

• Do the required specifications or standards change for the results of scientific research?

• Does the change in technology threaten the position of your project?

• Does the project management have problems with logistics?

It is recommended to present the results of the first stage of SWOT analysis in tabular form (Table 5).
Table 5

SWOT matrix

	
	Strengths of the research project:

S1. Declared efficiency and energy efficiency

of the technology.

S2. Environmental friendliness of the technology.

S3. Lower production cost

compared to other technologies.

S4. Availability of budget funding.

S5. Qualified stuff.

…
	Weaknesses of the research project:

W1. Lack of a prototype of scientific development.
W2. The lack of

qualified stuff for working with scientific

development.
W3. No engineering company that can build a turnkey production facility.
W4. Lack of necessary equipment for

testing the prototype.
W5. Long time for delivery of materials and components used in scientific research.
…

	Opportunities:

O1. Use of innovative TPU infrastructure.

O2. Using the infrastructure of the Tomsk Innovations Free Economic Zone.

O3. The emergence of additional demand for a new product.

O4. Reduction of customs duties on raw materials and components used in scientific research.

O5. Increase in the cost of competitive developments.
…
	
	

	Threats:

T1. Lack of demand for new production technologies.

T2. Developed competition of production technologies.

T3. Restrictions on the export of technology.

T4. Introduction of additional state requirements for product certification.

T5. Late financial support of scientific research by the state.
…
	
	


The description of the strengths and weaknesses of the research project, its opportunities and threats should be based on the results of the analysis carried out in the previous sections of the master's thesis.

To improve the effectiveness of SWOT analysis, 5 to 10 points should be given in each area, which are considered as the most significant for scientific research.
The second stage consists of identifying the compatibility of the strengths and weaknesses of the project with the external environmental conditions. This compatibility or incompatibility should help to identify what strategic changes are needed. As part of this stage, it is necessary to construct an interactive matrix of the project. It helps to understand the various combinations of relationships between the areas of the SWOT matrix. It is possible to use this matrix as one of the bases for evaluating strategic choices. Each factor is marked "+" (meaning a strong match of strengths to capabilities), " - " (meaning a weak match), or " 0 "- if there is doubt about what to put " + "or" -". An example of an interactive project matrix is shown in Table 6.
Table 6

The interactive matrix of the project
	Strengths

	Opportunities 
	
	S1
	S2
	S3
	S4
	S5

	
	O1
	+
	+
	-
	0
	+

	
	O2
	-
	+
	+
	-
	0

	
	O3
	-
	+
	+
	-
	0

	
	O4
	+
	-
	0
	+
	0


The analysis of interactive tables is presented in the form of a record of strongly correlated strengths and opportunities, or weaknesses and opportunities, etc. of the following type: O1S1S2S5; O4S1S4. Each of the entries represents the direction of the project implementation.

In the case when two opportunities strongly correlate with the same strengths, we conclude that they are of the same nature. In this case, the capabilities are described as follows: O2O3S2S3.

On the third stage, the final matrix of SWOT analysis should be compiled, which is given in the master's thesis (Table 7).
Table 7
The summative matrix of SWOT analysis
	
	Strengths:

S1. Declared efficiency and energy efficiency

of the technology.

S2. Environmental friendliness of the technology.

S3. Lower production cost

compared to other technologies.

S4. Availability of budget funding.

S5. Qualified stuff.

…
	Weaknesses:

W1. Lack of a prototype of scientific development.

W2. The lack of

qualified stuff for working with scientific

development.

W3. No engineering company that can build a turnkey production facility.

W4. Lack of necessary equipment for

testing the prototype.

W5. Long time for delivery of materials and components used in scientific research.

…

	Opportunities:
O1. Use of innovative TPU infrastructure.

O2. Using the infrastructure of the Tomsk Innovations Free Economic Zone.

O3. The emergence of additional demand for a new product.

O4. Reduction of customs duties on raw materials and components used in scientific research.

O5. Increase in the cost of competitive developments.

…
	Strategy which based on

strengths and opportunities:
	Strategy which based on

weaknesses and opportunities:

	Threats:

T1. Lack of demand for new production technologies.

T2. Developed competition of production technologies.

T3. Restrictions on the export of technology.

T4. Introduction of additional state requirements for product certification.

T5. Late financial support of scientific research by the state.

…
	Strategy which based on

strengths and threats:
	Strategy which based on

weaknesses and threats:


The results of the SWOT analysis are taken into account when developing the structure of the work performed within the framework of the research project.

1.6.  Assessment of the project's readiness for commercialization

At whatever stage of the life cycle of a scientific development, it is useful to assess its readiness for commercialization and find the level of your own knowledge for its implementation (or completion). So, you need to fill out a special form containing indicators on the degree of development of the project for commercialization and competence of the developer of the scientific project. The list of questions is given in Table 8.

Table 8

	Assessment form for the degree of readiness of a scientific project for commercialization

№
	Description
	The degree of the project’s elaboration
	The level of the researcher’s knowledge

	1
	The existing scientific and technical reserve is determined
	
	

	2
	Promising areas of commercialization of the scientific and technical reserve are identified
	
	


	3
	Industries and technologies (goods, services) to be offered on the market are identified
	
	

	4
	The commodity form of the scientific and technical reserve for supply at the market is defined
	
	

	5
	Authors have been identified and their rights have been protected
	
	

	6
	An assessment of the value of intellectual property was carried out
	
	

	7
	Marketing research of sales markets was carried out
	
	

	8
	A business plan for the commercialization of scientific development has been developed
	
	

	9
	The ways of promoting scientific development to the market are determined
	
	

	10
	A strategy for the implementation of scientific development has been developed
	
	

	11
	The questions of international cooperation and access to the foreign market are investigated
	
	

	12
	The ways to receive state support and benefits are analyzed
	
	

	13
	The sources of financing the commercialization of scientific development are found
	
	

	14
	The team for the commercialization of scientific development is formed
	
	

	15
	The mechanism of implementation of the scientific project has been worked out
	
	

	
	TOTAL SUM OF POINTS
	
	


When analyzing the table above, each indicator is evaluated on a five-point scale. At the same time, the measurement system for each direction (the degree of elaboration of the scientific project, the level of available knowledge of the developer) is different. So, when assessing the degree of elaboration of a scientific project, 1 point means not the elaboration of the project, 2 points. a-weak elaboration, 3 points-performed, but not sure of the quality, 4 points - performed qualitatively, 5 points-there is a positive opinion of an independent expert. To assess the level of knowledge available to the developer, the points system takes the following form: 1 - I do not know or know little, 2 - in the scope of theoretical knowledge, 3 - I know the theory and practical examples of application, 4 - I know the theory and independently perform, 5-I know the theory, perform and can advise.

The assessment of the readiness of a scientific project for commercialization (or the level of existing knowledge of the developer) is determined by the formula:
Psum = ∑ Pi, 

(2)

where Psum is the total number of points for each direction;

Pi, - the score on the i-th indicator.

The value of Psum allows us to speak about the degree of readiness of scientific development and its developer for commercialization. So, if the Psum value is from 75 to 60, then such a development is considered promising, and the developer's knowledge is sufficient for its successful commercialization. If Psum value is from 59 to 45-then the prospect is higher than average. If Psum value is from 44 to 30-then the prospect is average. If Psum value is from 29 to 15, then the prospects are below average. If 14 and below-then the prospects are extremely low.

Based on the results of the evaluation, a conclusion is made about the amount of investment in the current development and directions for its further improvement, about the level of competencies that are missing for the developer and the possibility of attracting the required specialists to the project team.
1.7.  Methods of commercialization of the results of scientific and technical research

When commercializing scientific and technical developments, the seller (and this, as a rule, is the owner of the corresponding intellectual property objects) pursues a very specific goal, which largely depends on where he intends to direct (use, invest) the resulting commercial effect in the future. This can be the receipt of funds to continue their research and development (obtaining funding, equipment, unique technologies, etc.), materials, other scientific and technical developments, etc.), one-time receipt of financial resources for any purpose or for accumulation, ensuring a constant flow of financial resources, as well as their various combinations.

At the same time, the period of promotion of the product to the market highly depends on the correct choice of the method of commercialization. The target of this section of the master's thesis is to choose the method of commercialization of the object of research and to justify its feasibility. In order to do this, it is necessary to navigate in the possible options.

The following methods of commercialization of scientific developments are distinguished.
1. Trade in patent licenses, i.e. the transfer to third parties of the right to use intellectual property objects on a license basis. At the same time, the patent legislation distinguishes the types of licenses: non-exclusive (simple), exclusive, full licenses, sub-licenses, options.

2. Transfer of know-how, i.e. the provision by the owner of the know-how of the opportunity to use it by another person, carried out by disclosing the know-how.

3. Engineering as an independent type of commercial operations involves the provision of a complex or hotel-type engineering services related to the design, construction and commissioning of the object, with the development of new technological processes at the customer's enterprise, improvement of existing production processes up to the introduction of the product into production and even sales of products, on the basis of an engineering contract by one party, called the consultant, to the other party, called the customer.
4. Franchising, i.e. the transfer or assignment (on commercial terms) of permission to sell someone's goods or provide services in certain areas.

5. Organization of your own company.

6. Transfer of intellectual property to the authorized capital of the enterprise.

7. The organization of a joint venture, i.e. the association of two or more persons for the organization of the enterprise.

8. Organization of joint ventures operating under the scheme "Russian production - foreign distribution".

After analyzing the listed methods of commercialization, the master's student is obliged to choose one of them (or several) and justify why this method is chosen and how it will help to successfully promote the development at the stage at which the scientific project is located.
2. Project Initiation

The initiation process group consists of processes that are performed to define a new project or a new phase of an existing one. As part of the initiation processes, the initial goals and content are determined, and the initial financial resources are recorded.

The internal and external stakeholders of the project that will interact and influence the overall outcome of the research project are identified. This information is fixed in the project Charter.

The project charter documents the business needs, the current understanding of the needs of the project customer, as well as the new product, service, etc. is the result that is planned to be created.

The charter of the scientific project of the master's work should have the following structure:

1. The goals and results of the project. In this section, you need to provide information about the project stakeholders, the hierarchy of project goals, and the criteria for achieving the goals.

Project stakeholders are persons or organizations that are actively involved in the project or whose interests may be affected both positively and negatively during

the execution or as a result of the completion of the project. They can be contractors, sponsors, the public, etc. Provide information on the project's stakeholders in Table 9. 
Table 9
Stakeholders of the project

	Project stakeholders
	Stakeholder expectations

	
	


In Table 10, you need to provide information about the hierarchy of project goals and the criteria for achieving the goals. The project objectives should include resource efficiency and resource conservation goals.

Table 10
Purpose and results of the project
	Purpose of project:
	

	Expected results of the project:
	

	Criteria for acceptance of the project result:
	

	Requirements for the project result:
	

	3.1. 
	

	3.2. 
	

	3.3. 
	


2. The organizational structure of the project. At this stage of the work, the following issues need to be resolved: who will be included in the working group of this project, determine the role of each participant in this project, and also specify the functions performed by each of the participants and their labor costs in the project. This information should be presented in tabular form (Table 11).
Table 11
	Working group of the project
№ 
	Participant
	Role in the project
	Functions
	Labor time, hours.

	1
	
	
	
	

	2
	
	
	
	


In the course of the scientific project, in addition to the master's student, a number of specialists are involved:

* Project Manager - responsible for the implementation of the project within the specified resource constraints, coordinates the activities of the project participants. In most cases, this role is performed by the head of the master's thesis.

* Project customer - a project participant who forms the project goals, project time limits and costs (budget). It provides an integrated analysis of projects in terms of timing, cost development, and financing. In Master's research projects the customer of the project is involved if the work is carried out within the research contract, on the order of the enterprise, or a grant.

* Project Expert - a specialist who has competencies (special knowledge and experience) that the project working group members and the project manager do not have. In the master's work, this role is performed by consultants.

* Project executor - a specialist who performs individual work on the project. If the master's thesis is a legitimate scientific research, the project executor is the master’s student. If the master's thesis is part of a research project, there may be several performers.

* Subcontractors - organizations engaged on a contractual basis to perform individual works of the project.
3. Project limitations

Project limitations are all factors that can be as a restriction on the degree of freedom of the project team members.

Table 12

Project limitations
	Factors
	Limitations / Assumptions

	3.1. Project's budget
	

	3.1.1. Source of financing
	

	3.2. Project timeline:
	

	3.2.1. Date of approval of plan of project
	

	3.2.2. Completion date
	

	3.3. Other restrictions
	


Notes: Other restrictions may include restrictions on the amount of resources (for example, restrictions on the time of use of scientific equipment, the time of work of project participants), restrictions related to legislation, the environment, etc.…
4. Planning of scientific and technical project management

The planning process group consists of the processes that are carried out to determine the overall content of the work, clarify the goals, and develop the sequence of actions required to achieve these goals.

The scientific project management plan should include the following elements.

4.1. Hierarchical structure of project activities

Hierarchical Work Structure (HWS) - detailing the enlarged work structure. In the process of creating an HWS, the content of the entire project is structured and defined. It may be presented in schemes.
4.2. Deadlines for the project stages

Project Schedule
As part of planning a science project, you need to build a project timeline and a Gantt Chart.
Table 13
	 Job title
	Duration, working days
	Start date
	Date of completion
	Participants

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	A Gantt chart, or harmonogram, is a type of bar chart that illustrates a project schedule. This chart lists the tasks to be performed on the vertical axis, and time intervals on the horizontal axis. The width of the horizontal bars in the graph shows the duration of each activity. 
№
	Activities 
	Participants
	Тc,

days
	Duration of the project

	
	
	
	
	February
	March
	April
	May

	
	
	
	
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3

	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	5
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	6
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	7
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	8
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	9
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	10
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


!!! Every stage and participant need to be named in the similar way within the whole financial management part in order to avoid confusion!!!
5. Scientific and technical research budget
When planning the budget of scientific research, it should be ensured that all types of planned expenditures necessary for its implementation are fully and reliably reflected. In the process of forming the budget, the planned costs are grouped according to the items presented in the table (Table 14).

Table 14

Grouping costs by articles
	
	Articles

	Work
	Raw materials (- returnable

wastes), purchased parts and semi-finished goods
	Special equipment 

for 

scientific experiments
	Basic salary
	Add. salary
	Social security pays
	Scientific and industrial business trips
	Pays for work performed by other firms
	Other direct costs
	Over-heads
	Total planned costs

	1
	
	
	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	
	
	

	…
	
	
	
	
	
	
	
	
	
	


Raw materials, components, purchased products and semi-finished goods (net of waste)

This article includes the costs of purchasing all types of materials, components and semi-finished products necessary to perform work on this topic. The amount of material assets required is determined according to the consumption rates.
The value of material costs is calculated according to the current price lists or contractual prices. The value of material costs includes transportation and procurement costs (3-5 % of the price). The same article includes the costs of documentation processing (office supplies, ranking of materials). The results for this article are entered in Table 15.

Table 15
Raw materials, materials, components and purchased

semi-finished goods

	Name of position
	Brand, size
	Quantity 

(units, amount)
	Price per unit (money)
	Sum (money)

	
	
	
	
	

	
	
	
	
	

	Total costs for materials

Total transportation and purchasing costs (3-5%)

Total costs per article, Cm
	


The calculation of material costs may be also carried out according to the formula:
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where 
m – the number of types of material resources consumed in the performance of scientific research;

Nconsi – the amount of material resources of the i-th species planned to be used when performing scientific research (units, kg, m, m2, etc.);

Pi – the acquisition price of a unit of the i-th type of material resources consumed (rub./units, rub./kg, rub./m, rub./m2, etc.);

kТ – coefficient taking into account transportation costs.

Prices for material resources can be set according to data posted on relevant websites on the Internet by manufacturers (or supplier organizations).

Energy costs are calculated by the formula:
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where
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 − power rates (5.8 rubles per 1 kWh);
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 − power of equipment, kW;
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 − equipment usage time, hours.

Special equipment for scientific experiments

This article includes all the costs associated with the purchase of special equipment (instruments, control and measuring equipment, stands, devices and mechanisms) necessary for carrying out work on a specific topic. The cost of special equipment is determined according to the current price lists, and in some cases at the agreed price.

Table 16
	Cost calculation for the article «Special equipment for scientific experiments»

№
	Name of equipment
	Quantity, units
	Price per unit, money
	Total cost for position, money

	
	
	
	
	

	
	
	
	
	


When purchasing special equipment, it is necessary to include in the costs its delivery and installation in the amount of 15 % of its price. The cost of equipment used in the implementation of a specific scientific project and available in this scientific and technical organization is accounted in the form of depreciation charges. All calculations for the purchase of special equipment and equipment available in the organization, but used to perform a specific topic, are summarized in Table 16.
Basic salary

This article includes the basic salary of scientific and engineering workers, workers of model workshops and experimental production facilities directly involved in the performance of work on this topic. The amount of salary expenses is determined based on the labor intensity of the work performed and the current system of remuneration. The basic salary includes a bonus paid monthly from the salary fund (the amount is determined by the Regulations on Remuneration of Labor). The calculation of the basic salary is summarized in Table 17.

Table 17
	Calculation of the basic salary

№
	Stage of the project
	Executors divided by qualification and basic salary size
	Labor intensity, manpower / days
	Basic salary per 1 working day, 

money
	Total basic salary by salary rate, money

	
	
	
	
	
	

	Total
	


This point includes the basic salary of participants directly involved in the implementation of work on this research. The value of salary costs is determined based on the labor intensity of the work performed and the current salary system

The basic salary (Sb) is calculated according to the following formula:
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where   Sb – basic salary per participant;

Тw – the duration of the work performed by the scientific and technical worker, working days;

Sa - the average daily salary of an participant, rub.

The average daily salary is calculated by the formula:
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где
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 – monthly salary of an participant, rub.;

М – the number of months of work without leave during the year:

at holiday in 48 days, M = 11.2 months, 6 day per week;
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– valid annual fund of working time of scientific and technical personnel (251 days).
The valid annual fund of working time
	Working time indicators
	

	Calendar number of days
	365

	The number of non-working days

-
weekend

-
holidays
	52

14

	Loss of working time

-
vacation

-
sick absence
	48

	The valid annual fund of working time
	251


Monthly salary is calculated by formula:
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where  Sbase – base salary, rubles;

kpremium – premium rate; 

kbonus – bonus rate;
kreg – regional rate (for Tomsk region is equal 1.3).
The basic salary of the Project leader is calculated on the basis of the mead-industry salary (usually, the head is from the TPU). The wage system assumes the following composition of wages:

1) salary-determined by the company. In TPU, salaries are distributed according to the positions held, for example, assistant, senior lecturer, associate professor, professor. The base salary is determined based on the salary amounts determined by the company's staffing table. The amount of salaries of the teaching staff and the national Staff of the TPU is presented on the corporate portal of the TPU: http://portal.tpu.ru/departments/otdel/peo/documents.
2) incentive payments-are established by the head of departments for effective work, performance of additional duties, etc.

3) other payments; district coefficient.

The calculation of the basic salary is given in Table 18.

Table 18
Calculation of the basic salary

	Performers
	Sbase,

rubles
	kpremium
	kbonus
	kreg
	Smonth,
rub.
	Wd,

rub.
	Тр,
work days
	Wbase,

rub.

	Project manager
	
	
	
	1,3
	
	
	
	

	Project executor 
	
	
	
	
	
	
	
	

	Laboratory assistant
	
	
	
	
	
	
	
	


Additional salary
This point includes the amount of payments stipulated by the legislation on labor, for example, payment of regular and additional holidays; payment of time associated with state and public duties; payment for work experience, etc.

Additional salaries are calculated on the basis of 10-15% of the base salary of workers:
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where  Wadd – additional salary, rubles;

kextra – additional salary coefficient (10%); 

Wbase – base salary, rubles.
Table 19 shows the form for calculating the basic and additional wages.

Table 19
Salary of scientific research project performers

	Salary
	Project manager
	Project executor
	Laboratory assistant

	Basic salary
	
	
	

	Additional salary
	
	
	

	Total payments at article Csal
	
	
	


Social security pays (Labor tax)
Social security pays (so-called labor tax) to extra-budgetary funds are compulsory according to the norms established by the legislation of the Russian Federation to the state social insurance (SIF), pension fund (PF) and medical insurance (FCMIF) from the costs of workers.

Payment to extra-budgetary funds is determined of the formula: 
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where kb – coefficient of deductions for labor tax.
In accordance with the Federal law of July 24, 2009 No. 212-FL, the amount of insurance contributions is set at 30%. Institutions conducting educational and scientific activities have rate - 27.1%.

Table 20 
Labor tax

	
	Project manager
	Project executor
	Laboratory assistant

	Coefficient of deductions
	
	
	

	Salary, rubles
	
	
	

	Labor tax, rubles
	
	
	


Scientific and industrial business trips 

This article includes the travel expenses of scientific and production personnel associated with the direct implementation of a scientific research project, the amount of which is assumed to be 10% of the main and additional salaries of all personnel engaged in the implementation of this topic.

Pays for work performed by other firms
This item includes the cost of counterparty work, i.e. work performed by third-party organizations and enterprises on the order of this scientific and technical organization, the results of which are used in a scientific research project. In addition, this item of expenditure includes the payment of consultations, the use of the Internet, etc. The amount of these costs is determined according to the contractual terms.
Overhead costs
Overhead costs include other management and maintenance costs that can be allocated directly to the project. In addition, this includes expenses for the maintenance, operation and repair of equipment, production tools and equipment, buildings, structures, etc.

Overhead costs account from 30% to 90% of the amount of basic and additional salary of employees.

Overhead is calculated according to the formula:
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where
kov – overhead rate.
Table 21 
Overheads
	
	Project leader
	Engineer

	Overhead rate
	

	Salary, rubles
	
	

	Overhead, rubles
	
	


6. Determination of resource (resource-saving), financial, budgetary, social and economic efficiency of research

The effectiveness of a scientific resource-saving project includes social efficiency, economic and budgetary efficiency. Public efficiency indicators take into account the socio-economic consequences of the implementation of an investment project for society as a whole, including the direct results and costs of the project, as well as costs and benefits in related sectors of the economy, environmental, social and other non-economic effects.

The indicators of the economic efficiency of the project take into account the financial implications of its implementation for the enterprise implementing the project. In this case, the performance indicators of the project as a whole characterize from an economic point of view, technical, technological and organizational design solutions.

Budgetary efficiency is characterized by the participation of the state in the project in terms of expenditures and revenues of budgets of all levels.

In addition to the above types of efficiency, the resource effect can be distinguished (characterized by indicators reflecting the influence of innovation on the volume of production and consumption of one or another type of resource), scientific and technical (evaluated by indicators of novelty and usefulness), etc.

Evaluation of the absolute effectiveness of the project
The project approach to the investment activity of the enterprise is based on the principle of cash flow. Its special feature is its predictive and long-term nature, so the applied approach to the analysis includes the time factor and the risk factor. To assess the overall economic efficiency of innovations, the following key indicators are recommended:

· net income;

· net discounted income;

· internal rate of return;

· need for additional funding;

· payback period;

· indexes of profitability of expenses and investments, etc.
Net income (i.e. Net Value, NV) is the accumulated effect (cash flow balance) for the billing period, where the summation extends to all the steps of the billing period. It is important to clearly distinguish between the final efficiency of the project and the costs of the enterprise before the date when the project begins to receive profit.

Another important indicator of the project's effectiveness is net discounted income (i.e. Net Present Value, NPV) - the accumulated discounted effect for the billing period. Discounting is the reduction of future income and expenses to the current moment, taking into account the current value of cash. The discount factor (Cd) is determined by the formula:
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where 
E is the discount rate for the period;

t - the serial number of the period from the beginning of the project implementation.

The discount rate (E) depends on the acceptable level of return on the invested capital. It can be equal to the yield on deposits, securities and other alternative areas of investment.
NV and NPV characterize the excess of total cash receipts over total costs for a project, respectively, without- and taking into account the inequality of costs and results related to different points in time. The difference between NV - NPV is often called the project discount.

For the project to be recognized as effective by the enterprise (investor), it is necessary for NPV of the project to be positive, and when comparing alternative projects, preference should be given to the project with a largest NPV.

Internal rate of return (i.e. IRR) characterizes the internal rate of return of an investment project. The internal rate of return is such a positive number of Eintr, at which, if the discount rate is equal to Eintr, the project's NPV turns to 0, for all large values ​​it is negative, for all lower values, it is positive.
To assess the efficiency of an investment project, the value of IRR must be compared with the discount rate E. Investment projects with IRR> E have a positive NPV and therefore are effective. Projects with IRR <E have a negative NPV and are therefore ineffective.

IRR can also be used:

for the economic assessment of design solutions, if the acceptable values ​​of IRR (depending on the area of ​​application) are known for projects of this type;

to assess the degree of investment project stability by the difference between IRR - E;

to establish the discount rate E by the project participants according to the data on the internal rate of return of alternative directions of their own funds investment.
The need for additional financing (NAF) is the maximum value of the absolute value of the negative accumulated balance from investment and production (operating) activities. The NAF value shows the minimum volume of the external financing the project necessary to ensure its financial feasibility. Therefore, NAF is also called risk capital. It should be borne in mind that the real amount of required financing does not have to coincide with the NAF, and, as a rule, exceeds it due to the need to service the provided investments (for example, interest on a loan).
The degree of project stability in relation to possible changes in the implementation conditions can be characterized by indicators of break-even boundaries and limit values ​​of such project parameters as production volumes, prices of manufactured products, limited resources used, etc. One of the most common indicators of this type is the break-even point.

The break-even level BPt in the period t is the ratio of the real break-even sales (volume of production) to the planned index at this period. Break-even is the sales volume at which the net profit becomes equal to zero. When determining this index, it is assumed that the total current production costs can be divided into conditionally constant (not changing when the volume of production changes) and conditionally variable, changing in direct proportion to the volume of production.

The calculation of the break-even level in the period t (BPt) is carried according to the formula:
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where 
Vt is the volume of production (sales) in the period t;

Ct - total operating costs of production (production costs including depreciation, taxes and other deductions attributed to both cost and financial results, except for income tax) in the period;

Cvt - a conditionally variable part of the total current production costs (including material costs, the cost of wages of the main workers, deductions to extra-budgetary funds, power electricity and other costs carried out in proportion to revenue);

DCt - income from non-operating activities less expenses for these activities in the period.
Typically, a project is considered sustainable if, in the calculations for the project, the break-even level does not exceed 0.6 - 0.7 after the development of the design capacity. The proximity of the break-even level to 1 (100%), as a rule, indicates the insufficient resistance of the project to fluctuations in demand for goods in this period. Even satisfactory values ​​of the break-even level do not guarantee the effectiveness of the project (positive NPV). At the same time, high values ​​of the break-even level in certain periods cannot be considered as a sign of the unrealizability of the project (for example, at the stage of mastering commissioned capacities or during the overhaul of expensive high-performance equipment, they may exceed 100%).
To assess the social effectiveness of a research project, a master's student must identify the criteria of social effectiveness that are affected by the implementation of the research project and assess the degree of their influence.
Evaluation of the comparative efficiency of the scientific research project
Determination of efficiency is based on the calculation of the integral indicator of the efficiency of scientific research. Its finding is associated with the determination of two weighted averages: financial efficiency and resource efficiency.

An integral indicator of the financial efficiency of a scientific research is obtained in assessing the budget of costs of three (or more) variants of the implementation of a scientific research (see Table 5). For this, the largest integral indicator of the implementation of a technical problem is taken as the basis of the calculation (as the denominator), with which the financial values for all execution options are correlated.
Integral financial indicator is determined in the formula: 

[image: image36.png]


     



  (12)

где If p   – integral financial indicator of current project;

Fрi – price for i-th variant of execution; 

Fmax – maximum cost of execution of a research project (including analogs).

The resulting value of the integral financial indicator of development reflects the corresponding numerical increase in the budget of development costs in times (a value greater than one), or the corresponding numerical reduction in the cost of development in times (a value less than one, but higher than zero).

The integral indicator of the resource efficiency of the variants of the object of research can be defined as follows:
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where 
Ima is an integral indicator of resource efficiency of options;

ai- the weight coefficient of the i-th parameter;
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 - the score of the i-th parameter for the analog and development, set by an expert method on the selected rating scale;

n - the number of comparison parameters.

It is recommended to calculate the integral resource efficiency indicator in the form of a table, an example of which is given below.
Table 22

Comparative evaluation of the characteristics of the project execution options

	Criteria
	Parameter weighting factor
	Scientific research project
	Analog 1
	Analog 2

	Growth in User’ productivity
	0.1
	5
	3
	4

	Convenience in operation (meets the requirements of consumers)
	0.15
	4
	2
	3

	Immunity
	0.15
	5
	3
	3

	Energy efficiency
	0.20
	4
	3
	3

	Reliability
	0.25
	4
	4
	4

	Material consumption
	0.15
	4
	4
	4

	Total
	1
	
	
	1


Isrp = 5*0,1+4*0,15+5*0,15+4*0,2+4*0,25+5*0,05+4*0,01 = 3,99

Analog’s 1 = 3*0,1+2*0,15+3*0,15+3*0,2+4*0,25+2*0,05+4*0,1= 3,1

Analog’s 2 = 4*0,1+3*0,15+3*0,15+3*0,2+4*0,25+4*0,05+4*0,1= 3,5

An integral efficiency indicator of the scientific research project (I fin p) and of the analog (I fin a) are determined according to the formula of the integral basis of the financial integral resource efficiency:
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Comparison of the integral indicator of the efficiency of the current project and analogs will determine the comparative efficiency the project. Comparative project efficiency:
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where 
E av is the comparative project efficiency; 
 I fin p - integral indicator of project; 
I fin a - integral indicator of the analog.

Table 33

	Comparative project efficiency
№
	Indicator
	Project
	Analog

	1
	Integral financial indicator
	
	

	2
	Integral resource efficiency indicator
	
	

	3
	Integral efficiency indicator
	
	

	4
	Comparative evaluation of the project execution variants
	
	


Comparison of the values of integral indicators of efficiency allows master’s students to choose a more effective solution to the technical problem in the master's thesis basing on financial and resource efficiency.
Conclusion
Thus, in this section was developed stages for design and create competitive development that meet the requirements in the field of resource efficiency and resource saving.

These stages include:

· development of a common economic project idea, formation of a project concept;

· organization of work on a research project;

· identification of possible research alternatives;

· research planning;

· assessing the commercial potential and prospects of scientific research from the standpoint of resource efficiency and resource saving;
· determination of resource (resource saving), financial, budget, social and economic efficiency of the project.
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