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THE USE OF COMPUTER TECHNOLOGIES FOR THE DETERMINATION  

OF ENERGY CONSUMPTION AND ASSESSMENT OF ENERGY INTENSITY 
OF LIVESTOCK-BREEDING  

 
V. Ukhanova, Ye. Yeliseyeva, A. Tikhomirov  

All-Russian Scientific-Research Institute for Electrification of Agriculture, 
Moscow, Russia 

 
The article represents the description of the developed computer program, that makes it possi-

ble to analyze actual consumption of electric and heat energy at livestock farms, to compare it with cur-

rent energy norm sand to plan long-run energy consumption. 

Keywords: electric and heat energy consumption, livestock-breeding, pig-breeding, energy                                 

intensity. 

 

Introduction 

The problem of reduction of energy costs per 

production unit, that is, reduction of energy intensi-

ty of production and increase of its energy efficien-

cy, is one of the most significant directions of the 

development of agricultural production. Consump-

tion of energy – both electric and heat – accounts 

for a larges hare of production cost of agricultural 

products. The implementation of advanced technol-

ogies and equipment, the up grading of energy sup-

ply systems and tariffs growth predetermine revi-

sion of standard indicators of energy consumption 

in production, as well as the method soft heir calcu-

lation. In this process it is advisable to use the pos-

sibilities of information technologies.  

In planned economy rates of energy con-

sumption were developed on an average basis 

which did not allow to consider the specifics of 

technologies of a particular production process.  

Currently, such approach does not meet the re-

quirements and conditions of production. The range 

of applied technologies, equipment, livestock num-

ber and structure is extremely wide and does not 

allow to apply averaged indicators, as every enter-

prise with specific production conditions as to solve 

the problem of raising efficiency of fuel and energy 

resources use. The process of calculation and analy-

sis of actual and planned indicators of energy costs 

is labor and time consuming. The use of readings of 

energy meters does not allow to carry out detailed 

analysis of energy costs of equipment, processes, 

premises, to determine the most energy consuming 

production are a sand precisely plan measures to 

raise energy efficiency of production.  

 

Results and their discussion   

For this purpose VIESH specialists have de-

veloped the automated program for the determina-

tion of energy consumption in livestock breeding 

(as an example of pig-breeding farms) on the basis 

of the previously developed method sand algorithm 

presented at Fig. 1.  

 

 
 

Fig. 1. External view of the program 

Automated Program for the Determination of Energy Consumption  
at Pig-Breeding Farms 

 

Data input 

 
Results 

 
Reports 

 
Energy consumption for a branch 

 
Mandatory field 

 Enter the variant number                   Previous variant number 

Exit the program About the program 
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This program is designed for the realization 

of an automated system of determination of ener-

gy consumption at all levels of industrial struc-

ture of production, as well as for the determina-

tion of energy demands at an enterprise, at a farm 

or in the industry in the whole in a specified time 

period.  

The algorithm for determination of energy 

consumption in livestock breeding at all levels of 

industrial structure is presented at Fig. 2.  

 

 
 

 

 

 

 

 

 

 

 
Fig. 2. Algorithm for determination of energy consumption at all levels of industrial structure with due                                   

consideration of influencing factors 

 

The block “Energy-Consuming Process-

es” comprises all the production processes whose 

implementation requires energy consumption.                

1-7 – factors influencing the level of energy con-

sumption in the process of lighting (the type of 

lighting equipment, length of light, required illu-

mination, etc.); 8-18 – factors influencing the 

level of energy consumption in the process of 

microclimate control (required temperature, air 

humidity, types of ventilation and heating devices 

being used, etc.); 19-24 – factors influencing the 

level of energy consumption in the processes of 

feeding and manure removal. In a similar way in 

the block “Other Energy –Consuming Processes” 

other production processes with influencing fac-

tors are presented.  

The program user can get various data selec-

tion related to the specifics of a particular produc-

tion enterprise. In the section “Data Input” the user 

is offered to enter information concerning current 

number and structure of livestock and to select 

technologies of animal management and equipment 

types. For example, the calculation of energy con-

sumption in feeding process can be carried out for 

the following feeding types: dry, wet and com-

pound. The calculation of energy consumption for 

lighting can be carried out for various lighting de-

vices – incandescent, luminous compact luminous 

and LED-lamps. The calculation of energy con-

sumption for ventilation process can be carried out 

both for forced air supply and removal and for free 

air flow and forced exhaust air removal.  

Energy-consuming processes at pig-breeding facilities 

 
 I - Lighting          II. Microclimate and air exchange      III. Transporter equipment 

IV. Other energy-consuming processes 

 

VI. Determination of aggregate energy costs per unit  in        

the production  module and constituents analysis 

 
VIII. Determination of aggregate energy reduction per unit 

consumption  for production modules  and premises 

 

 

VII. Assessment of possible energy consumption 

V. Production module - animal-housing facilities 

(premises) 

 

 

IX. Determination of aggregate energy consump-

tion for facilities not housing animals  

and of weighted average norms for a farm 

 

X. Determination of energy consumption for a farm, a region            

and a branch, and costs of energy of unit of made production 
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The calculation of heat energy consumption 

can be carried out for various types of enclosures 

with specific heat characteristics and for different 

values of spatial stocking density.  

The program provides execution of the fol-

lowing functions:  

 Ensures various combination of processes and 

technologies while determining energy con-

sumption of a particular enterprise;  

 Determines energy consumption for facilities, 

enterprises, industry;  

 Allows to get selection of versions of energy 

consumption for various processes for a speci-

fied time period;  

 Determines weight-average indicators of energy 

consumption, products energy intensity, energy 

demands;  

 Results output for further analysis;  

 Automatic reports generation (section “Re-

ports”) for energy consumption of electric and 

heat energy for various groups of animals and 

premises.  

 

The Program makes it possible to calculate 

energy consumption in an interactive mode thus 

providing comparative analysis of results entering 

various data characterizing production conditions, 

as  well  as  energy  supply  systems  and utilities. It  

allows to carry out assessment of suggested energy-

saving activities.  

 

 

Conclusion  

The developed computer program has passed  

state registration. It is designed to be applied for 

calculation of energy consumption at pig-breeding 

farms, at research and engineering organizations 

and educational professional institutions.  

The Program makes it possible to carry out 

calculation and analysis of actual energy consump-

tion at animal-breeding facilities and farms, as well 

as to forecast demands for energy resources on a 

short-term and long-term horizon.  

The use of the Program does not require addi-

tional training as the interface is self-intuitive.  

The Program is based on the use of methods 

of determining energy consumption norms and de-

mands for energy resources as example fied by pig-

breeding farms. The methods have been developed 

by VIESH specialists.  

The “Automated Program for the Determina-

tion of Energy Consumption at Pig-Breeding 

Farms” has been given toanumberofpig-

breedingfarmstobeusedforassessmentofenergycon-

sumptionunder real production conditions.  
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WAYS OF THE ORGANIZATION  

OF ELECTRICAL SAFETY PRODUCTION 
 

Eu. Khalin  
All-Russian Scientific-Research Institute for Electrification of Agriculture, 

Moscow, Russia 
 

The solution of problems of support of adoption of operational decisions on ensuring electrical 

safety of production, and also effective preparation and certification of the personnel for electrical safety 

with application of means of an intellectual program complex of ensuring electrical safety of production 

is considered. 

The intellectual program complex in a mode of dialogue develops rational decisions on increase 

of level of electrical safety with use of procedures of the target expert systems built and filled by data and 

knowledge depending on objectives for automation and achievement of necessary quality of the main 

professional and production functions of the labor protection specialist (electrical safety). For support of 

process of search of decisions and their assessment intellectual software use the approaches imitating 

actions of workers, organizing information processing similarly to the processing made by the person, 

including interactive dialogue systems of planning, optimization and decision-making. 

Network intellectual program complexes of preparation and certification of the personnel for 

electrical safety of production in the network hardware environment realize remote and network training 

and personnel examination according to the allocated sections of safety of production and realize expe-

ditious control functions of the administrator of a program complex – the expert responsible for prepara-

tion and examination of employees of all production structure (the region, association), including terri-

torially separated substructures and divisions. 

It is possible to carry the indicators allocated in five groups to indicators of efficiency of func-

tioning of intellectual program complexes: efficiency of information support; quality of software; opera-

tional characteristics; quality of made decisions; quality of preparation and personnel certification. 

Keywords: electrical safety, electro traumatism, incidence, working conditions, certification of 

personnel. 

 

The condition of electrical safety at any en-

terprise is defined by result of interaction of four 

groups of actions, including measures for the organ-

ization of electrical safety production, improvement 

of a design of the electrified cars, the equipment, 

installations, to application of new technical means 

of an electrical protection and effective remedies of 

individual protection working in electrical installa-

tions. 

In due time to appoint rational actions, to 

control their execution and efficiency of applica-

tion, quickly only intellectual program complexes 

which are based on information and communication 

technologies with application of expert methods 

and ways, the formalized knowledge of highly qual-

ified specialists of electrical safety are capable to 

correct them depending on changes in real produc-

tion. 

Tasks support operational decision-making to 

ensure electrical safety of production, and also ef-

fective preparation and certification of the person-

nel for electrical safety are solved means of an in-

tellectual program complex of ensuring electrical 

safety of production (IPC EEP). The functional 

structure of IPC EEP is shown in Figure, where the 

following designations of functional blocks are ap-

plied: 1 – Information carriers; 2 – Means of com-

munication of information; 3 – Electrical trauma-

tism; 4 – Incidence; 5 – Means accumulation and 

processing of information; 6 – Working conditions; 

7 – Knowledge of electrical safety; 8 – Primary 

documentation; 9 – Instrumental environment; 10 – 

Knowledge of qualified professionals; 11 – Data-

base and knowledge; 12 – Extraction and formaliza-

tion of knowledge; 13 – Dynamic expert system; 14 – 

Decision-making; 15 – Authorization of access to 

modules and tasks; 16 – Intelligent interface of the 

user; 17 – Personnel (all employees); 18 – Acci-

dents (electrical traumas); 19 – Incidence; 20 – 

Working conditions; 21 – Planning (plans, pro-

grams); 22 – Documentation (working, reporting); 

23 – Control of execution of decisions; 24 – The 

personnel (the trainees, certified, responsible for 

preparation and certification); 25 – Preparation; 26 

– Certification conditions; 27 – Certification; 28 – 

Documentation (operating, reporting); 29 – Elabo-
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ration of operating influence; 30 – Operating influ-

ence; 31 – Organization of electrical safety of pro-

duction; 32 – The user of IPC (the labor protection 

specialist (electrical safety) responsible for prepara-

tion and certification, the trainee, the certifying); 33 

– Condition of electrical safety and working condi-

tions on a workplace. 

The most effective way of realization of ac-

tions for decrease in production electrical trauma-

tism and to improvement of working conditions in 

production electrical installations is the automated 

decision-making on ensuring electrical safety of the 

production, real conditions of the production envi-

ronment considering factors, the economic re-

sources of the enterprise allocated for ensuring elec-

trical safety, and the formalized knowledge of en-

suring the electrical safety, transformed by software 

in rational decisions in concrete production. 

The intellectual program complex of support 

of decision-making on ensuring electrical safety of 

production (IPC SDME) represents the set united 

by information and communication process tech-

nical and software, telecommunication and comput-

er systems and the expert technologies functioning 

in interrelation with the user, capable on the basis 

of data and knowledge to synthesize the purposes 

and to develop rational faultless decisions on 

achievement of the objectives – to prevention of 

production the electrical traumatism, prevention of 

incidence and improvement of working conditions 

working in the electrical installations [1…4]. 

 

 

 
 

Data and knowledge of a condition of electri-

cal safety of production are formalized and collect 

in databases and knowledge of dynamic expert sys-

tem. Resources of databases and knowledge are 

used for synthesizing of the purposes and local 

goals on decrease in production electrical trauma-

tism, prevention of incidence and improvement of 

working conditions in electrical installations. 

Means of dynamic expert system make the decision 

and the operating influences which results of action 

can be predicted by the block of forecasts are de-

veloped and are considered at acceptance of a final 

decision by dynamic expert system. Made decisions 

are systematized and take place in a database and 

knowledge. 

The information carriers applied at formation of 

databases and knowledge of IPC SDME, are intercon-

nected, have computer screen images and the corre-

sponding program maintenance, provide the unam-

biguous characteristic of an electrical trauma, the ex-

ception of minor information, achievement at their 

filling with persons of different qualification, with a 

different education level of full comparability of data, 

their necessary completeness, reliability and efficiency 

is production the caused disease and working condi-

tions on a workplace with electrical installation. 
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intellectual program complex of ensuring electrical safety of production 
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Procedures of setup of information carriers on 

a certain production from any terminal device with 

authorization of access to this procedure, additions 

of limited number of not used consistent values of 

characteristics supporting possibility in adjusted 

sections that guarantees the fullest reflection of spe-

cifics of concrete production, working conditions, 

features of circumstances of accident are provided, 

is production the caused disease and information 

needs of specific labor protection specialists (elec-

trical safety) with obligatory saving of the data re-

flected by similar existing primary documents. In-

formation carriers can carry out a role of primary 

documents in the form of firm copies if they contain 

all necessary data and are signed by officials (with 

possibility of use of a digital signature). 

The intellectual program complex in a mode 

of dialogue develops rational decisions on increase 

of level of electrical safety with use of procedures 

of the target expert systems built and filled by data 

and knowledge depending on objectives for auto-

mation and achievement of necessary quality of the 

main professional and production functions of the 

labor protection specialist (electrical safety). For 

support of process of search of decisions and their 

assessment software of IPK use the approaches imi-

tating actions of workers, organizing information 

processing similarly to the processing made by the 

person, including interactive dialogue systems of 

planning, optimization and decision-making. 

Developed decisions are among innovative 

solutions to which it is possible to refer application 

of technical means of an electrical protection with 

earlier not realized functionality, including func-

tions "friend or foe", executive bodies on currents 

of leak not only on the earth, but also between wires 

of an electric network in a protected zone, on wire 

break before its falling on the earth, operation on a 

radio signal, etc. If necessary executive bodies of 

devices of an electrical protection have to be coor-

dinated from by all means mobile communication, 

have an independent (individual) source of power 

supply. 

To innovative means of individual protection 

(MIP)  working in electrical installations easy 

shielding sets for works energized, executed of fab-

rics effective electrical conductive, strong, envi-

ronmentally friendly and harmless to the person 

with the properties increased by application the 

nanotechnological of methods, convenient and 

steady in a sock and application, MIP (dielectric 

gloves, mittens, footwear, helmets), preventing 

electrical defeats can be carried, for example, at a 

touch to current carrying and conducting parts un-

der any tension, thermal burns of any character, 

radioactive and bactericidal influence. 

Developed decisions are shown in two op-

tions – completely corresponding to the saved-up 

decisions in the knowledge base or the adapted new 

decisions which are reflecting knowledge of the 

user of a program complex and not reducing degree 

of correctness of earlier saved up decisions on simi-

lar circumstances. 

Along with development and timely applica-

tion of effective decisions on protection working in 

electro installations from electrical traumatism and 

occupational diseases the most important condition 

of creation of electrical safe production is the 

trained personnel. Necessary professional level, 

stability of safe production skills is provided with 

the organization of training and examinations of 

workers not formal effective remedies and methods. 

Intellectual program complexes of preparation and 

certification of the personnel for electrical safety of 

the production (IPC PCPE), based on expert meth-

ods and the information and communication tech-

nologies, the containing formalized knowledge in a 

text and graphic look, represent the modern com-

puter and telecommunication resource, allowing to 

equip production by tools for the effective solution 

of all operational tasks on training and control of 

knowledge of the personnel in the organizations and 

at the enterprises with application of actual 

knowledge of electrical safety and labor protection 

[5…7]. 

The IPC PCPE functional modules provide 

the fullest formalization of existing normative doc-

uments and rules on labor protection and electrical 

safety of production in the form of questions, an-

swers and graphic descriptions; convenient and 

controlled preparation of the personnel; objective 

and timely certification of knowledge of workers; 

continuous control of execution of terms of certifi-

cation; the automated maintaining and the printing 

of working and reporting documentation on results 

of preparation and control of knowledge of the per-

sonnel; openness of a program complex; simplicity 

of its operation. 

IPC PCPE as the open program cover, allows 

the expert organizing training and control of 

knowledge to concentrate any professional data on 

the personnel having training, instructing and certi-

fication, is automated to carry out these procedures, 

and also to form the necessary, reporting documents 
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established by existing requirements. Openness of 

program complexes is reached also by possibility of 

replenishment by not programming user of the for-

malized knowledge in the form of text and graphic 

descriptions (set of questions and the answers, the 

interconnected graphic images), formations of new 

sections (new target systems), creations various, 

meeting the requirements of concrete production, 

options of certification. 

The module of preparation is available to 

the trainee on a certain workplace without any 

control by the expert responsible for preparation, 

both before certification, and after it, with possi-

bility of renewal of training from any necessary 

question or a situation from previously appointed 

group, and necessary completeness of used in-

formation resources is provided with the chosen 

conditions. 

Conditions of certification are regulated de-

pending on arising production requirements and 

describe control programs of various professional 

levels and production scopes of application. Proce-

dure of certification is carried out according to ear-

lier created conditions (options), including with be-

ing in the network authorized access, and shows a 

series of questions and graphic descriptions by sep-

arate fragments of knowledge. Fixation of the gen-

eral time spent by the worker at certification is pro-

vided. 

Output documentation of IPC PCPE has flex-

ible structure adjusted by the user and reflects the 

established existing requirements to reporting doc-

umentation and need of the user for fixation of data, 

knowledge and the data necessary for the organiza-

tion of effective preparation, instructing and per-

sonnel examinations in production. 

Network versions of IPC PCPE in the net-

work hardware environment realize remote and 

network training and personnel examination accord-

ing to the allocated sections of safety of production 

and realize expeditious control functions of the ad-

ministrator of a program complex – the expert re-

sponsible for preparation and examination of em-

ployees of all production structure (the region, as-

sociation), including territorially separated sub-

structures and divisions. 

It is possible to carry the indicators allocated 

in five groups to indicators of efficiency of func-

tioning of IPC: efficiency of information support; 

quality of software; operational characteristics; 

quality of made decisions; quality of the training 

and certification of personnel. 

Information carriers of a program complex 

provide the expeditious automated collecting and 

accumulation of a solid data about accidents (elec-

trical traumas), diseases, working conditions in 

electrical installations in necessary volume, possi-

bility of rigid feedback for control of results of im-

pact of entered preventive actions on a condition of 

electrical safety of operating production with terri-

torial and personal indexation. 

The new system of the accounting of data on 

a condition of electrical safety allows to receive the 

unambiguous characteristic of an electrical trauma, 

a disease and working conditions on a workplace 

and practically to exclude minor information; to 

provide full comparability of the information carri-

ers given at filling with the personnel of different 

qualification; sharply to reduce time of registration 

of data on an electrical trauma, a disease and work-

ing conditions in electrical installations; to show to 

users of IPC and consumers of information carriers 

of information in two options – in the form of an 

electronic image and in the form of the firm copy; 

objectively in a complex to estimate a condition of 

electrical safety and electrical safe working condi-

tions at the organizations the interconnected opera-

tional account and the analysis of data on produc-

tion electrical traumatism, incidence and working 

conditions. 

At development and decision-making on en-

suring electrical safety of production generally for 

an assessment of its efficiency technical, economic 

and social aspects are allocated. Technical efficien-

cy is defined by the accuracy and completeness of 

implementation of the made decisions on ensuring 

electrical safety of production. As criteria of profit-

ability of software on decision-making demanded 

machine resources, time of search of the decision 

and more integrated indicator – costs of search the 

decisions considering expenses of manual and ma-

chine time for search of the decision, an hourly av-

erage rate working at IPC are considered. 

The social aspect of quality of made decisions 

is connected on the one hand with decision-making 

of IPC forming conditions for ensuring electrical 

safety of production, preservation of human re-

sources, health working which can be characterized 

by economic indicators by the corresponding tech-

niques. With another – process of development of 

decisions differs high technological effectiveness, 

meets the high requirements of ergonomics and turns 

work of the expert responsible for a condition of 

electrical safety, in creative and attractive. 
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It is necessary to refer to parameters of effi-

ciency of IPC also decrease in deficiency attracted 

for preparation and certification of the qualified 

teachers, administrative workers and technical in-

structors; elimination of need of systematic busi-

ness trips of the qualified experts who are a part of 

examination committees; single input of basic 

knowledge and their repeated use at any level in 

hierarchy of management of safety of production; 

fast finishing to knowledge certified of necessary 

volume with use of usual communication channels 

for support of relevance of information and intellec-

tual filling of system; reduction of cost of one 

school hours; reduction of terms and increase of 

objectivity of training and certification; the individ-

ual automated form of preparation and control of 

knowledge within a certain qualification program 

according to specifically established purposes; 

computer support of creative abilities and intellec-

tualization of work of teachers and trainees; consid-

erable decrease in the expenses connected with 

preparation of the personnel, mainly due to decrease 

in number attracted at the organization of training 

and certification of experts; increase in life expec-

tancy and especially its active able-bodied period 

due to timely observance by the worker of safety 

requirements when performing production opera-

tions;  depth  and  stability  of acquired  skills and               

the  knowledge promoting  adoption of rational safe 

 decisions in real production; reduction of wear or 

release of the equipment and the units applied for 

training; possibility of improvement of modules and 

components of a program complex not program-

ming professional. 
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The off-grid photovoltaic system with batteries and with the LED light source was constructed and 

tested in our laboratory. The PV system is used for energy accumulation during the day, for illumination 

during the night and it is independent of the electric grid. Description of the construction and testing is 

presented in this paper as well as results of the tests. 
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Introduction 

The off-grid photovoltaic (PV) systems are 

usually installed for energy supply in locations 

where the grid is missing or where the device 

must be self-sufficient. The energy accumulation 

into the batteries can continue during the day in 

the case of the off-grid PV system. The accumu-

lated energy is suitable for energy supplying of 

various equipments or science instruments in the 

off-road conditions. We constructed and tested 

various on-grid and off-grid PV systems in the 

past and our results were published regularly for 

example in the journal Solar Energy Materials 

and Solar Cells (Poulek V., Libra M., 1998; 

Poulek V., Libra M., 2000) or in the book 

(Poulek V., Libra M., 2010). Recently, we con-

structed the off-grid PV system for illumination. 

The energy saving light source with light emitting 

diodes (LED) was used and the PV system was 

tested in our laboratory. This paper presents the 

results of the construction and testing.  

The construction of the PV system was the 

main aim. Consequently, the parameters optimiza-

tion and functionality verifying in long-term opera-

tion were the next aims. 

 

Suitable light sources 

The energy saving light sources based on 

LED are the most suitable. The efficiency of the 

yellow LEDs is up to η ≈ 40 %. LEDs producing 

white light have efficiency approx. η ≈ 30 % and 

the lifetime approx. 50000 h. So we used the light 

source based on the LEDs emitting white light, it is 

more expensive in comparison with other light 

sources, but the technical parameters are most im-

portant. Especially the efficiency of the energy con-

version is most important. The batteries are more 

slowly discharged in this case. We hope that the 

larger volume of the production will decrease the 

price in the future. 

Incandescent lamps are discharging the bat-

teries too fast. The tungsten filament inside the bulb 

emits the light according to Planck‘s law about ra-

diation of the dark body. The efficiency is approx. 

η ≈ 3 % and the lifetime is only 1000 h. The dis-

charge light sources (for example fluorescent 

lamps) have efficiency approx. η = 18 % and the 

lifetime approx. 5000 h.  

The LED emitting white light is suitable light 

source, the diodes emit blue spectral lines and the 

other spectral lines in the visible spectrum are gen-

erated by luminophore. The resulting colour of the 

light is white.  

 

Experimental arrangement  

We constructed the small off-grid PV system 

designated for illumination in our laboratory. 

Fig. 1 shows the outdoor section. The batteries 

were located in the laboratory as well as the re-

charging unit and programmable unit (PLC). The 

data were collected on the memory card and the 

visual supervision was possible using the web in-

terface. Fig. 2 shows scheme of the off-grid PV 

system. The nominal power of each diode was 

1 W, the total number of diodes was 30. So, the 

maximum total input power was 30 W during the 

operation and it could be influenced by ratio be-

tween switch on and switch off times at higher 

frequency. The recharging unit L2415 was used 

for the batteries charging. This unit controled the 

recharging and it also secured the over-voltage and 

under-voltage protection. The PV panel based on 
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the monocrystalline silicon with maximum output 

power P = 170 Wp was used for the recharging of 

lead gel batteries EnerSys (12 V, 105 A.h). Two 

batteries were connected in serie and the no load 

voltage was approx. Ue = 28 V if fully charged. 

The maximum value of accumulated energy was 

approx. Wmax = 2,5 kWh.  

The construction of the PV system was realised in 

the year 2011 and the operation data collection 

started in August 2011. 

 

 
 

Fig. 1. The outdoor section of the off-grid PV system 

 

 

 
 

Fig. 2. The scheme of the off-grid PV system 
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Results and discussion 

Initially, the illumination mode started at 

21:00 and finished next day at 6:30. The daily illu-

mination time was almost 10 hours and the output 

power was 30 W. The batteries were charged during 

the day by the PV panel and they were discharging 

during the night by the light source. Till the 

3
rd

 November the charging and discharging were in 

a balance (in Prague, 50° north latitude).  

The calculation according our previous meas-

urements (Libra M., et al., 2010) shows that during 

the whole year the PV panel is capable of supplying 

energy of more than Ws > 150 kWh. If the light 

source would be switched on for 10 hours per day, 

the energy of Wo ≈ 110 kWh would be needed for a 

whole year, the efficiency of the batteries is approx-

imately 70%. According to the calculation, the PV 

system could be theoretically self-sufficient during 

the whole year. It was self-sufficient during the 

summer period till autumn 3
rd

 November. No addi-

tional energy can be stored, if the batteries are fully 

charged. Also we must expect a part of wasted en-

ergy. During the winter period the time of sunlight 

is shorter and the angle of the solar radiation is 

lower (Poulek V., Libra M., 2010). Ageing, energy 

losses and decreasing of the batteries capacity must 

to be also taken into the consideration. That is the 

reason, that the PV system was not self sufficient 

after the 3
rd

 November 2011. For that reason, we 

changed the illumination mode. The light source 

was shining during the evenings and mornings with 

50% of the illumination capacity and during the 

night with 30% of the illumination capacity. The 

illumination intensity was controlled by the ratio 

between switching on and switching off time at the 

higher frequency. The balance between the charg-

ing and discharging was restored and the PV system 

was operating reliably within next whole years.  

Figs. 3, 4 show the dependences of the batter-

ies voltage and of the electric current cross the light 

source on the time during few selected winter days 

and few selected spring days in the year 2013. 

There the situations in the winter period (Fig. 3) 

and in the spring period (Fig. 4) are seen. No prob-

lems with the under-voltage protection were ob-

served after the modification of the illumination 

mode (lower illumination intensity and intput pow-

er). 

The economic calculation says that the entire 

system can be bought for a price of 800 Euro. The 

most expensive are used rechargeable batteries (ap-

prox. 440 Euro), PV panel (approx. 140 Euro), the 

light source (about 100 Euro), programmable unit 

(PLC) (approx 40 Euro). If the lamp is operating 

approximately 13 hours a day to an average of 40 % 

power (see Figures 3 and 4), the daily energy con-

sumption is about 0.16 kWh and about 60 kWh per 

year. The price of the energy from the network is 

approximately 12 Euro/year. In five years of opera-

tion, which is about the life of the battery, the sys-

tem would save about 60 Euro. It is therefore clear 

that its usage can not be motivated by saving money 

on energy, but either on the grid or network is una-

vailable. 

 

 

 

Fig. 3.  Dependences of the batteries voltage and electric current cross the light source  

on the time during selected winter days 
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Fig. 4.  Dependences of the batteries voltage and electric current cross the light source  

on the time during selected spring days 

 

Conclusion 

We have constructed the above mentioned 

off-grid PV system for illumination. The testing 

was started in the spring 2011. The PV system was 

self-sufficient till the 3
rd

 November 2011. So since 

the November we modified the illumination mode. 

The illumination intensity was lowered, the dis-

charging speed was decreased. After the optimiza-

tion of the operating mode, the off-grid PV system 

was operating reliably during whole next years.  

Based on our calculations and real measured 

data was then gradually modified mode of operation 

so that the PV system was then self-sustaining after 

two years and continues to work reliably. Of the 

three operation optimization options above we 

chose the decrease in radiation intensity of the light 

source, this option was considered the best in terms 

of the ratio between the price of the system and its 

parameters. Stated objective was reached from our 

point of view. 

But in the future the batteries will degrade 

gradually reducing their capacity substantially with-

in a few years so we will need to either re-adjust the 

lighting mode or replace the batteries. The opera-

tion life of lead-acid batteries is about 5 years. We 

will continue to collect the data and on that basis 

we will formulate further conclusions. 

Similar off-grid PV system was tested and 

described for example in the reference (Sağlam S., 

et al., 2010).  
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Overview of Ukrainian Agricultural Sec-

tor. The agricultural sector of Ukraine accounts for 

about 10% of the country’s GDP and provides the 

population with 95% of its food one of the highest 

rates in the world. In addition, the agricultural 

products market of Ukraine has vast potential to 

increase though exports. The sector becomes even 

more attractive taking into consideration the rapid 

growth of food prices in 2010-2011in the world as a 

whole and in Ukraine in particular. However, in the 

middle of the 2000s the agricultural sector became 

more attractive for the new modernized companies 

and huge holding companies with vertical integra-

tion.  For the last 4-5 years the investment attrac-

tiveness of the agricultural sector of Ukraine grew 

several folds. During the "crisis" 2009 year, the ag-

ricultural sector was Ukraine’s only economic sec-

tor that showed growth (+0.1% in production vol-

ume). In 2008 the capital investments to the sector 

achieved the record amount of 3.2 billion USD             

[1-3]. 

Retrospectives data of agricultural ma-

chinery. According to different estimates and ex-

pert opinions, 60 to 80% of agricultural machinery 

is available worn out, and ineffective use of such 

equipment increases the cost of production and 

grown resulting in greater losses at harvest. Data on 

availability of agricultural machinery enterprises 

owned presented in Tables 9 and Table 10. It 

should also be noted that the actual number of piec-

es of equipment is higher (10-15%). This is because 

of the technology when purchasing registered to an 

individual - the owner of the company, as well as 

the fact that the survey did not include data on the 

availability of appliances for enterprises that opera-

tions in several areas, so this technique was not in-

cluded in the sample statistics that is presented in 

the table. The data presented in Figure 1 and Figure 

2 to 21 142 enterprises (ie, about 50% of companies 

owned / report the availability of technology, while 

only 28% of sowing areas of up to 50 ha are owned 

/ report on the availability of agricultural machin-

ery. Nearly 91 % of squares with 1-3 thousand ha 

are available / report the availability of agricultural 

machinery. Sown area companies that reported the 

presence of agricultural machinery accounted for 

almost 85% of sown areas of all enterprises. The 

largest number of registered agricultural machinery 

in Vinnytsia, Dnipropetrovsk, Kirovohrad, Odessa, 

Poltava regions. According to the Derzhkomstat 

(State Comittee of Statistical Data) [4, 5] 

01.01.2008, in Ukraine there were more than 41 

thousand grain cars. At present (2013), worn-out 

fleet of combine harvesters is over 80%, that for the 

last ten years, domestic manufacturers produced a 

small amount of the total harvesting machines oper-

ated in Ukraine. 

Baseline Calculation of Fuel Consumption. 

Baseline energy consumption is calculated as aver-

age consumption of Gasoil (Diesel), which issued 

only for transportation; it does not include trans-

formation into other energy resources. Energy con-

sumption for the last six years is presented based on 

the Fuel-Energy Study Books of the State Statistical 

Service in thousand tons of oil equivalent (toe) [1, 

6, 7].. 

 
Table 1.  Diesel consumption during 2006-2011 

 

Year 2006 2007 2008 2009 2010 2011 

Diesel consumption, thousand toe  1 190 1 192 1 242 1 182 1 245 1 244 
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Fig. 1. Tractors 01.01.2012 according to different agricultural enterprises 

 

 
Fig. 2. Combine harvesters 01.01.2012 according to different agricultural enterprises 
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As seen in the table, diesel consumption has 

not changed significantly during the last four years, 

despite the influence of the crisis 2009 year. Rea-

sonable baseline energy consumption could thus be 

the average level at 2008, 2010 and 2011 – or ap-

proximately 1 244 thousand toe. 

It is difficult to estimate the baseline con-

sumption for each type of machinery and equipment 

used in the agricultural sector, due to following fac-

tors [1]: 

1. Wide variety of equipment models and 

manufacturers. 

2. Varying rates of fuel consumption depend-

ing on the type of ground, its humidity, and work-

ing depth under tilling process. 

3. Varying operational regimes of machinery.  

4. Differences in maintenance of equipment.  

 

Measures for Reducing Energy Consump-

tion of Agricultural Machinery 

Agricultural Technologies and Operations. 

Energy consumption during tillage is a strong func-

tion of the amount of earth that is moved. Tradi-

tional moldboard plows used in Ukraine are the 

most energy-intensive type of tillage equipment. 

Chisel plows and heavy offset disks result in mod-

erate energy use as they move less earth and 

achieve shallower tillage than moldboard plows.   

One of the main measures that could signifi-

cantly decrease the energy consumption of the agri-

cultural sector is changing from these intensive 

cropping technologies to no-till or mini-till technol-

ogies. According to “Agromir” calculations, in the 

case of spring barley growing, traditional technolo-

gy results in the consumption of nearly 59.2 liters 

of diesel per hectare; in contrast, no-till technology 

is estimated to use approximately 22.8 liters of die-

sel per hectare [1, 8]. By using this technology, the 

agricultural sector could reduce diesel use by more 

than 60%. 

Other survey on using mini-till technology 

was carried out by “Agro-Soyuz”, which achieved 

significant decreases in the consumption of fuel and 

lubricants (from 94 l/ha to 24 l/ha) and increases in 

grain production (from 2.4 t/ha to 5 t/ha) by chang-

ing to mini-till technology [1, 9]. It should be noted, 

however, that transferring to no-till or mini-till 

technology requires significantly increased fertilizer 

usage in the first few years. Another important 

measure for reducing energy consumption is the 

implementation of operational and energy manage-

ment systems, which prescribe careful use of exist-

ing machinery and equipment in accordance with 

the following principals [1]: 

- Using appropriate machinery for a given 

task. Tractors are more efficient when used near 

capacity. If possible, it is desirable to use a smaller 

tractor for operation requiring a lighter load. If not, 

a larger tractor can be used efficiently on smaller 

jobs by shifting to higher gears. 

- Preventive maintenance and careful opera-

tion of tractors. 

- Correct usage of the tractors’ ballast.  

- Optimization of traffic patterns on the field 

and combining operations to reduce trips over the 

field. 

Improving Energy Efficiency and Operation 

of Machinery. Recommended measures for im-

proving efficiency and operation of machinery in-

clude [1]: 

 Reducing greenhouse gas emissions of the 

engine using SC systems. Selective catalytic reduc-

tion (SCR) is a means of converting NOx with the 

aid of a catalyst into diatomic nitrogen, N2 and wa-

ter. 

 Using Continuously Variable Transmis-

sions instead of hydro mechanical transmissions.  

This could increase transmission efficiency by 1.5-2 

times and reduce energy consumption of the trac-

tors by 30% in comparison with similar tractors 

[10]. 

 Using electronic control units for rational 

control of transmission, engine and motor-to-gear 

ratio. 

 Using alternative fuels. Usage of LPG in-

stead of diesel as a fuel will decrease CO2 emis-

sions by 60% and aromatic hydrocarbons by 

40%.Another potential avenue for using alternative 

fuels could be through newly developed equipment 

technologies, such as the New Holland NH2 tractor, 

which uses hydrogen as a fuel.[11] 

Conclusions. In this paper the maps for trac-

tors and combines has developed with depicting the 

distribution of their amounts for enterprises with 

different areas. Measures for reducing energy con-

sumption in the agricultural sector were presented. 
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The object of the study are LED irradiation facilities used for growing plants in greenhouses. 

The aim is to increase the efficiency of LED irradiators. The characteristics of LEDs, said the ad-

vantages and disadvantages of these sources of exposure. The main advantage, which is the ability to 

adjust the intensity of the total luminous flux, and the change in spectral composition, by adjusting the 

intensity of the LED radiation in various light ranges. LED systems: high luminous efficiency with the 

ability to control the spectral composition of light sources and low power consumption. 
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Leaves is the main plant organ absorbing and 

converting emission. Leaves’ absorption of radia-

tion is measured by their spectral composition as 

well as their own properties, i.e. thickness, the inner 

composition, the surface condition, the composition 

and pigment concentration. Due to the light emis-

sion power absorbed by leaves we can see all essen-

tial physiological processes occurring in them like 

photosynthesis, formation of various physiological-

ly active substances, etc. The plant utilizes the 

power accumulated as a result of photosynthesis in 

all life cycle processes [1]. 

Absorption spectra of different plant species 

have been studied quite well. They all have similar 

characteristics. The plant leaf mainly absorbs visi-

ble and ultraviolet radiation with a wave length 

from 300 up to 750 nm. Emissions with a wave 

length from 600 up to 680 nm (an orange-red area) 

and 400-500 nm are usually absorbed to the full 

extent. Visible emissions with a wave length from 

500-600 nm (a green-yellow area) are less ab-

sorbed. 

Emissions within 380 -720 nm wave length 

are called photosynthetically active radiation 

(PAR).A green solitary plant leaf absorbs 80- 90% 

of photosynthetically active radiation and reflects 5-

10% of it and transmits nearly the same amount. 

And 500-600 nm wave length emissions make up 

the major proportion of absorbed and transmitted 

radiation. 

Optical emission impact on the plant is really 

essential. A great variety of optical emission im-

pacts on plants can be divided into two types: pow-

er producing and regulatory. The typical examples 

of regulatory impact on plants are photomorpho-

genesis, phototropism and photoperiodism. Photo-

synthetic and heat impacts can be found in power 

producing ones. It needs power ten or hundred 

times as much for energy impact as compared to 

photoregulatory. The plant is impacted only by the 

proportion of radiation energy which is absorbed by 

it. For each photosynthesis process of plants there 

are photoreceptors which absorb radiation. For ex-

ample, chlorophyll and carotinoids are responsible 

for photosynthesis process, and phytochromes – for 

photomorphogenesis [2]. 

The basic quantity of absorbed optical emis-

sion energy is converted into the heat in plants and 

partially transformed in the course of photosynthe-

sis into intensity of the chemical compounds of or-

ganic matters. The proportion of the emission spec-

trum utilized in the photosynthesis process is un-

homogeneous. This subspectrum is of vital im-

portance in non natural radiation. The converted 

into heat the part of energy can be considered as a 

direct loss at first sight. But this part of the power 

heats the plant itself, the temperature of which can 

greatly exceed the surrounding air temperature. The 

photosynthetic rate depends on the temperature of 

photosynthetic organisms, so the heat impact of 

optical emission indirectly affects utilization of its 

energy in the photosynthesis process. The emission 

estimation in terms of the heat impact is of great 

practical importance if regarding the correlation 

between radiation and the temperature of surround-

ing air. 

While using artificial radiation for photoregu-

latory exposures the spectral composition of radia-

tion as well as daily duration and rate of frequency 

of radiation are of crucial importance [3]. 
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Narrow-band light sources – light emitting 

semi-conductor diodes have widely spread in recent 

years. Modern LEDs overlap the whole visible range 

of light spectrum: from red to violet. The wavelength 

range of light emitting diodes radiation in red 

amounts to 620-630 nm; in orange – from 610 to 620 

nm; in yellow – from 585 to 595 nm; in green – 520-

535 nm; in blue – from 465 to 475 nm and in indigo 

– from 450 to 465 nm [4]. While using irradiation 

facilities with diverse LEDs in spectrum for green-

house in plant breeding there is the possibility to 

control irradiation facility spectra in terms of photo-

synthetically active radiation (PAR). It’s also possi-

ble to control the radiation intensity [5]. 

Regarding light-emitting diodes (LEDs) 

properties the light-emitting diode system for meri-

stematic plants radiation was made at the depart-

ment of Automatic Electric Drive in the Izhevsk 

State Agricultural Academy (fig.1). 

 

 

 
 

Fig. 1. Light-emitting diode system for meristematic plants 

 

This system contains light-emitting diodes 

(1) in indigo / blue, red and white spectrum emis-

sion mounted in the lighting fixture, for example; 

the control power-supply unit (2), from which the 

voltage is applied to emitting diodes (1), front-

projection screens (3), located along the plant row, 

suitable to alter the angle variation due to a flexible 

joint, temperature sensor (4), mounted in the plant 

growing area, temperature regulator (5), with its 

outlet plugged to the heating elements (6), located 

on front-projection screens, test tubes with plants 

(7) [6]. 

This system for meristematic plants radiation 

works as follows: 

The voltage is supplied from the control pow-

er-supply unit (2) to LEDs (1) in different spectra 

emissions – red, indigo and white spectra which irra-

diate plants. Emission intensity and spectrum-

correlation in red, white and indigo/ blue are set by 

the control power-supply unit (2). The fraction of the 

light flux from the diodes (1) reflecting from front-

projection screens (3) irradiates additionally plants 

surface (7) in the given emission spectrum. To opti-

mize the irradiation intensity of various species of 

plants the slope angle of the front-projection screens 

can be altered by the flexible joint. The signal from 

the temperature sensor (4) located in the plant grow-

ing area, comes to the temperature regulator (5) 

which controls the heating elements (6) located on 

the front-project screens (3) thus maintaining neces-

sary temperature in the plant growing area. 

The experiments carried out on the model of 

this system showed that the use of the LEDs system 

for meristematic plants irradiation can result in 

plant biometrics improvement by 12-15%. 

 

References 
1. Sventitskiy I.I. Printsipy energosberegenia v APK. 

Estestvenno-nauchnaja metodologija / Sventitsky I. 

1 

 3 

  1  2 

     3 

      5 

    6 

 4 

 7 

     6 



N. Kondratieva, R. Valeev, М. Kondratieva, V. Litvinova 

 

     

68 

 

The principles of energy saving in agrarian and in-

dustrial complex. Natural-science methodology − 

М.: VIESH, 2001.− 87 pp. 

2. Sventitsky I.I. Fundamentalnye problemy nauki i 

istoki ih reshenia / Sventitsky I.I. Fundamental prob-

lems of science and sources of their decision // 

Аgrarnaja nauka.− 2001. − №3 − 21p.  

3. Valeev R.A. Svetodiodnye obluchatelnye ustanovki 

dlja teplits Udmurtskoy respubliki / Valeev R.A., 

Kondratieva N.P. LED irradiating installations for 

greenhouses of the Udmurt Republic // Vestnik 

Izhevsk State Agricultural Academy.2012. №1(30). 

– P.38-41/ 

4.  Valeev R.A. Resultaty opytov po vlijaniju spectra 

izluchenija svetodiodov na meristemnye rastenija / 

Valeev R.A., Kondratieva N.P. Results of experi-

ences on influence of a range of radiation of light- 

emitting diodes on meristemny plants// Materials of 

the 8th International scientific and practical confer-

ence "Power supply and energy saving in agricul-

ture". Part 2. – М.: VIESH, 2012. – P.212-218. 
 

5. Valeev R.A. Svetodiodnye obluchatelnye ustanovki 

dlja meristemnye rasteniy / Valeev R. A., Kon-

dratieva N.P.,  Kondratiev R.G.  LED irradiating in-

stallations for the meristemnykh of plants// News of 

the International academy of agrarian education – St. 

Petersburg, vol. 16 (2013), part 1, p. 23…25.   

6. Pat. RF №127286 (on useful model), МПК7: А01G 

9/20. LED system for radiation the meristemnykh 

Plants / Valeev R.A. Yuran S.I. Kondratyeva N.P., 

Vladykin I.R. Loginov V.V., Kondratyev R.G., 

Markova M.G. // 27.04.2013. Izhevsk State Agricul-

tural Academy 

 

Corresponding author: 

 D. Sc. (Engineering), prof. Nadezhda Kondratieva 

 Izhevsk State Agricultural Academy, Studencheskaya St., 11, Izhevsk, Russia 

 www.izhgsha.ru    Tel.:  8 (912) 856-12-45.    E-mail: aep-isha@mail.ru 

 

http://www.izhgsha.ru/


Light velocity in constancy 

 

Research in Agricultural Electric Engineering. Vol.2, 2014, №2: 69-80.  

69 

 

 

LIGHT VELOCITY IN CONSTANCY 
(Investigation of monochromatic light bundles propagation of natural light  

in the atmospheric air continuum) 
D. Baziev 

UkSwetovit Ltd, Moscow, Russia 
 

In 1994 D.Kh.Baziyev's book "Basis of the uniform theory of physics" [M., «Pedagogics», 640 p.], 

in which the structure of an elementary beam of natural light was described and the equation for the 

velocityof monochromatic beams of light propagation in the environment of atmospheric air were given. 

This article is based on results of the experiment made by the author on measurement of velocity of 

propagation of the monochromatic beams of light which have confirmed a correctness of the equation for 

velocity of light. 

The propagation velocity of the light in the vacuum c0 = 2.9979246·10
8
m/s is not a fundamental 

constant, the same for all kinds of radiation as it has been perceived before. 

The velocity c0 is the propagation velocity of only violet beams in the vacuum with photon step of       

λ = 400 nm according to the derived formula has the following refined value of c0 =μ/4·10
-7

m/s = const. 

Keywords: Velocity of light, photon, electrino, sectorial speed of a photon, charge and mass of an 

electrino, second energy of a beam, photon step, wave length, frequency. 

 

 

The recent achievements  

of fundamental physics 
It was suggested in The Fundamentals of 

Unified Theory of Physics [1] that the velocity of 

light propagation is not a fundamental constant be-

cause the velocities of beam lets making up the 

white light are the function of wavelengths 

ci=f(λ,ν), which can be described with the follow-

ing formulae: 
 

   √        ⁄  - for vacuum                (1) 
 

            - for atmospheric air,                 (2) 
 

Where μ= 119.916 984 m
2
/s is Milliken constant 

representing  the photon sector velocity in the elec-

tric field of axial charge of the beam; and niis an 

index of air refraction for the monochromatic beam 

with wavelength λi under investigation.  

It should be noted here that the index of air re-

fraction for the beams with different wavelengths 

from λ=400 nm to λ=1200 nm changes insignifi-

cantly and is in the range from n = 1.0002982 (for 

violet rays) to n = 1.0002886 (for infrared ones) [3] 

and this allows to measure the velocity of propaga-

tion of monochromatic beams in the atmospheric air.  
It is known since Newton that the white light 

consists of beam lets with different wavelengths 

covering the spectral range from 400 nm to 750 nm. 

It was shown within Unified Theory of Physics [1] 

that the light propagation velocity is attributable 

only to the violet part of the white light beam which 

is the beam front because the bundle of rays be-

comes reshaped on the way from start to finish 

where the receiving equipment is located and the 

violet beams, the most short-wave ones with the 

wavelength of λ= 400 nm, reach the finish first, 

while the red beams with wavelength λ= 750 nm 

are the last to come. That can be confirmed by solv-

ing formula (2): 

 

 

           
              ⁄

                 
                  ⁄⁄                                  (3)    

–  violet beam velocity in the atmospheric air 

           
             ⁄

                   
                  ⁄⁄                           (4)        

– red beam velocity in the atmospheric air. 

 

The theoretical results derived from the new 

physics theory prove that violet beams propagate 

faster than the red ones by a factor of   
             ⁄  times! 
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Since 1973 when CODATA (Committee on 

Data for Science and Technology) General Assem-

bly decision on numerical value for the light propa-

gation velocity in vacuum of c0=2.99792458 10
8
 

m/s was made up the scientific community has been 

in the state of self- complacency concerning this 

problem. But if one analyses the new results re-

ceived both theoretically and experimentally, one 

can see the light velocity is not the fundamental 

constant though it has been used as such until now 

preventing further studying of the light properties 

and characteristics. In order to prove or disprove 

our results we carried out experimental measure of 

the propagation velocity of natural light mono-

chromatic beams in the atmospheric air in the spec-

tral range of 300 nm to 1200 nm. At first we took 

into consideration a few aspects. The first aspect is 

that according to the Unified Theory of Physics the 

natural light beam structure essentially differs from 

the laser beam structure owing to the difference of 

their propagation velocities coming up to 3.4%. The 

velocity of the laser and/or radar beam radiation is 

υ0= 2.899m/s and it depends neither on wavelength 

nor on oscillation frequency because the laser beam 

propagation velocity depends only upon the charge 

of the axial field [1, p. 389-397].  

The second aspect concerns the light struc-

ture and the structure material of the light. Existent 

point of view which alleges that light is an electro-

magnetic wave does not stand up to criticism be-

cause it contradicts to the most important property 

of the light, the energy, which the light owns and 

carries. The problem is that within current theory 

both electric field, and magnetic one have no struc-

ture as they have no material particles, they have no 

mass and therefore they cannot be energy carriers 

because the energy dimensionality cannot be ex-

pressed in Joule without a body with finite mass mi. 
 

   
    

 

 
              

                   (5) 
 

where   and    are velocities of the body with mass 

  ,    is duration of movement of the body, and 

               is an interaction act of a body with 

a source of force according to the first Newton law. 

But beyond all doubt the light carries the energyand 

therefore it consists of photons possessing finite 

mass and it is not the electromagnetic wave! This 

statement was proved in the experiment carried out 

at N.S.Kurnakov General Chemistry and Inorganic 

Chemistry Institute, Moscow, in 1999-2000 and the 

experiment was described in The Charge and Mass 

of Photon [2]. Therewith we took into consideration 

a new elementary particle named electrino ε derived 

from the formula for Plank constant [1, p. 17]. 

       
√   ⁄
 

 
  

                       
  

 
             (6) 

 

where                                
is electrino mass, and μ is Milliken constant.  

We asserted that the well-known M.Plank 

formula  
 

                                   (7)  
 

Shows second energy (the conception introduced by 

the author and described as the energy of the ele-

mentary beam with wavelength λi which is carried 

by the beam during a second) of gas and fluid oscil-

lators, where fi  is interaction frequency of the test 

oscillator in the medium. Another constant called 

Hertz constant was derived from Plank constant  

  
 

√
  

 

 
  

                       
  

 
              (8) 

It is Hertz constant that can be applied to cal-

culation of the second energy of a natural light ele-

mentary beam, Ei:  
 

          
 

  
                       (9)  

where νi= is photon frequency along the beam axis, 

and    is the wavelength of that beam expressed in 

metres. To show clearly the essence of these solu-

tions let’s consider the second energy of a single 

beam coming from the sun with wavelength of    = 

4  10
-7

m (violet beam). 

 

      
  

                 ⁄

           
                             ⁄               (10)  

 

is the violet beam frequency, and the second energy of the violet beam is 
 

                                                                      (11)  
 

 

According to our new theory of physics the 

photon simultaneously possesses two kinds of 

movement because it moves along the beam axis 

with semi-circular steps and every step of it regard-

less of its wavelength makes up angle of γ = 4 rad 

therewith the velocity of the beam propagation ci in 

the space and electrino orbital velocity ui are bound 

with the following relationship: 
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                                  (12) 
 

and this allows to calculate the mechanical energy 

of the violet beam without using frequency and 

Hertz constant  

   
        

 
 

         

 
 

     
 

 
 

 
                      (                )

 

 
 = 

=3.08082372971·10
-19

J.             (13) 

Complete coincidence of the values of the se-

cond energy for the violet single beam received by 

formulae (11) and (13) disproves the current idea 

about light as an electromagnetic wave and it 

proves the truth of Newton’s conception who as-

serted as far back as in 1687 that the light consisted 

of corpuscles though at that time his assertions re-

mained without proving. 

Considering light structure and its generation 

we discovered the true picture of the energy basis of 

the light beam founded upon the interaction of elec-

trino positive charge ε = 1.98766431671· 10
-27

C 

(Coulomb) with the negative and equal in absolute 

value to the electrino positive charge of the beam 

axis field –ε. Now we can calculate the second en-

ergy of the violet beam by the third way: 
 

   
     

     
    

       

        
   

                            (14) 
 

where α = 1.04044721942·10
20

J/C = const is an 

electro-dynamic constant of Unified Theory of 

Physics, q = -ε =-1.98766431671      C. In (14) 

the minus sign appears naturally in front of the 

beam energy value and it testifies that the electrino 

movement acting as a photon takes place around the 

center of force along the second-order trajectory 

and that makes constant the photon sector velocity: 
 

            
  

 
        

                                (15) 
 

where r1 =λ1/2 is orbital radius of the violet beam 

photon, c1 =c0is the velocity of this beam in vacu-

um, λ =4·10
-7

m is the beam photon step. Both these 

values have been determined with direct measure-

ments long ago. 

Therefore we can make an important assump-

tion that not the light propagation velocity in vacu-

um, but the photon sector velocity, the same for all 

the spectrum of the natural light is the fundamental 

constant in the light structure. 

The following conclusions can be derived 

from the above-stated:  

1. Studying the physical essence of Plank 

constant and the second truly elementary particle, 

the electrino, which we have found and which ex-

ists in the nature together with the first elementary 

particle, electron, allows to explain the charge 

symmetry in the atom structure, because that parti-

cle possesses an elementary positive charge and it is 

the charge counter-balance for the electron.  

2. The electrino is a magnetic field carrier, it 

also carries electric current, it is a photon in all 

kinds of radiations, it plays the role of neutrino 

while travelling along the first-order trajectory and 

it has the movement velocity of υν= 10
20

 - 10
30

m/s 

in the interstellar space.  

3. The electrino charge share in the atom 

structure is 50% and it makes up 99.83% of its mass 

for all the physical bodies starting from the elemen-

tary atom with mass of mu =1/12(
12

C) = 

= 1.66057·10
27 

kg to uranium atom and to all the 

other physical bodies. 

 

Experimental technique 
Experimental facility shown in Fig. 1 was 

produced in order to verify theoretical conclusions 

where the complex white light from the high pres-

sure mercury lamp DRSh-500 with power of 500Wt 

propagates from point S as an expending beam to the 

collecting lens located at the distance of 2f = 13.062 

m (f = 6.531m is the lens focal distance), the bundle 

of rays from the lens comes to the rotating mirror at 

point A and focuses in it. The mirror was made up of 

two parts. The plane of the mirror lower part with the 

sizes of  2 x 2m
2
 is parallel to the mirror rotation axis, 

and the upper one also with the sizes of 2 x 2m
2
 is 

inclined to the rotation axis at the angle ofβ 

= 1°22. The experimental set was fastened on the 

shaft of a direct-current electric motor MA-30M, 

with the power of 95 Wt (i =3.6 A and V = 27V). 

When the experimental set rotates, the ray 

bundle under the investigation starts from the lower 

mirror and widening comes to the first spherical 

mirror with radius of curvature of R1 = =22.9 m 

(Fig.1) at point B. The reflected bundle turns to the 

plane mirror C where it focuses. From the plane 

mirror the diverging bundle directs to the second 

spherical mirror with radius curvature of R2 = 26.27 m 

at point D, then it comes back to the rotating mirror, 

finishes on its upper part, and it is diverged to the 

screen at point A1 at the distance of R = 7.2 m from 

the rotating mirror where it focuses again. The total 

path length from the starting point to the finish is L 

= 89.10 m. When maintaining voltage level of the 

electric motor at 29±0.25Vthe mirror average rota-
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tion speed was  ̅ =12831.05 revolutions per minute 

= 213.850833 revolutions per second and its maxi-

mum value (51408/4 = 21852 revolutions per mi-

nute) differed from average one by value Δn =nmax 

–  ̅ =20.95 revolutions per minute. It is one 

0.001932
th
of the average value and this instability is 

of little significance in the experiment.  
 

 
Fig.1. Scheme of optical system: 

S – light source, mercury lamp, W = 500 watt, 

AB = 22.9 m, distance between the rotating mirror 

(A)and the 1
st
 spherical mirror, 

BC = 25.55 m, distance between the 1
st
 spherical mir-

ror and the plane mirror (C) 

 
 

A massive table on three legs was set at point 

A where a photographic camera without lens and 

with remote shutter control was fastened. 

The essence of the experiment turns to pho-

tographic fixation of the tracks of the monochro-

matic beams left by them on photographic emulsion 

of the commercial coloured film with sensitivity of 

400 units. A thin celluloid film was located before 

the camera. There were vertical strips at the dis-

tance of a = 5 mm from each other on the celluloid 

film and they were used to create a graticule on the 

photographic film. The graticule allowed to estab-

lish the enlargement factor ki : 
 

ki =a1/a ,                               (16) 
 

wherea1is the distance between the strips on the 

photographic picture, measured with the accuracy 

of one tenth of millimetre. 

When the mirror does not rotate, it is possible 

to operate it by hand and to send the light bundle 

reflected from the upper part of the mirror through 

the photographic camera and then it is possible to 

have a continuous trace of the beam on the photo-

graphic film from the point of entry into the camera 

(defined point) to the exit of the beam from the 

camera with the length of li. But if the mirror rotates 

the track of bundle changes. Now it consists of two 

parts: one part is invisible because while the front 

of the light bundle passes the distance of li during 

the time       the rotating mirror manages to turn 

through some angle    and the front of the bundle 

finishes when the angle of arrival at the mirror has 

changed and so the front of the bundle deflects from 

the defined point to the left by the distance of     
which represents the invisible disappeared part of 

the track defining the beam retardation time. The 

other visible part of the track represents real influ-

ence of the light upon photoemulsion of the photo-

graphic film and the trace of this influence can be 

easily measured on the photograph. 

It is quite clearly that the deviation of the 

beam from the defined point is a function of the ve-

locity of beam propagation while all the other condi-

tions are not changed. So if the old point of view is 

true and c0 is the fundamental constant, the same for 

all kinds of radiation, we should get the same devia-

tion Δl and the same length of the visible track for all 

monochromatic bundles under investigation. 

And vice versa, if we receive tracks of sever-

al monochromatic beams clearly distinguished from 

one to another, but correlated with the wavelength, 

we can come to the conclusion that the idea of co as 

a fundamental constant is unfounded and it is nec-

essary to review the whole prevailing theory of 

physics created in the 20s of the 20
th
 century which 

is the foundation of metrology. 
 

Air-refractive index as a function of path length 

of the light beam 
 

Initial data for analysis 
 

nair= 1.0002918 is index of refraction at 

ground air at t = 20°C and P0 = 101325 Pa [3,         

p. 138] n1= 1.0002827 is air-refractive index at the 

same conditions for the monochromatic bundle of 

violet beams with wavelength of λ1 = 4·10
-7

m(the 

leading edge of the visible part of the sunlight           

spectre). 

n2= 1.0002802 is air-refractive index of blue 

monochromatic beam with wavelength of λ2= 

4.6·10
-7

m. 
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n3= 1.0002778786 is index of refraction of 

the air (the conditions are the same) for monochro-

matic green ray beams with wavelength of λ3 = 

5.4607·10
-7

m (the middle of the visible part of the 

spectre). 

n4= 1.00027524 is index of refraction of the 

air for monochromatic red ray bundle with wave-

length of λ4= 7.6·10
-7

m (trailing edge of the spectre 

visible part). 

Δn= n1 – n4 = 0.0000074 = the difference of 

air-refractive indexes for the beam leading edge and 

trailing edge of the visible part of light spectre.  

 
 

Analysis data 
It is accepted that the index of refraction for 

some medium transparent for the light is ratio of the 

velocity of light in vacuum co to its velocity in the 

medium being investigated, ci: 
 

       ⁄                             (17) 
 

However we have established that this for-

mula is wrong because the velocity of light in vacu-

um c0 is not the universal constant applicable for 

the whole frequency range of the natural light, it 

can be applied only for the light velocity of violet 

beams in vacuum with wave length of λ1= 4 ·10
-7

m 

according to formula (1) 
 

       
             ⁄

       
                      ⁄⁄ .                        (18) 

 

The fact that c0 is the constant value in vacu-

um can be confirmed by the followings: first, the 

distance between photons along the beam axis, that 

is λ1, is a constant value, secondly, λ1 keeps con-

stant because there are neither photon dispersion 

nor photon absorption in the vacuum. But in the 

real medium the velocity of beam propagation can 

be described by another expression where ciis al-

ways less than c0i as the value of ni is always more 

than 1 in all the real mediums: 
 

   
 

     
 

   

  
,                         (19) 

 
 

where c0i the velocity of i-th beam in the vacuum. 

But a very important factor that is the length 

of the beam path  Li  in the medium under investiga-

tion is absent in (19). This factor is very important 

because  ni is a continuous function of coordinates 

of the beam leading edge. 

The index of refraction in the air and other 

gases can be measured with Jamin interferometer 

provided with two cells. The reference gas is in the 

first cell and the gas under investigation is in the se-

cond cell. As we could not find specific information 

about the length of the cell we supposed that it was 

lunit= 1m. There with it should be taken into consider-

ation that the wavelength of the beam while interact-

ing with air molecules along the cell path lunit can 

change because the beam wavelength is equal to λ0i 

at the entrance into the cell and it is equal to λi at the 

exit when the beam frequency  i is equal to 

 

      
 ⁄    

   ,                           (20) 

and that allows to come from the propagation ve-

locity to the wavelength to define the index of re-

fraction ni: 

         ⁄  ,                          (21) 
 

and further to the spatial coefficient of the refractive 

index kn: 

   
      

         
     .                      (22) 

 

It shows that in spite of existing views the 

light beam is not a simple electromagnetic wave but 

an electro-dynamic system, spreading in the space, 

with an axial negative field as its basis, and positive 

charged electrinos move along its axis with semi-

circular steps. The step of an electrino is λi and this 

step represents the average distance between elec-

trinos on the beam axis. If it happens that at least 

one electrino-photon leaves the beam, the whole 

beam rearranges instantly and the space left vacant 

equal to λ0iis dispersed uniformly, and then the 

length of step in the beam gets new value λi=λ0+ Δλ 
 

   
 

(    
      

  
)
 

 

    (  
  
  

)
   ,               (23) 

 

where ni is the number of photons which left the 

beam while moving through the cell. 

Now taking into account the formulae (17) to 

(23) we should make quantitative analysis of dy-

namics of violet, blue, green and red beams while 

the beams propagate along the cell in Jamin inter-

ferometer. 
 

Violet beam 

λ01 = 4·10
-7

m is the step length at the cell entrance, 

 λ1 = 4·10
-7

m · 1.0002827 = 4.0011308 ·10-7m                                                (24)       

is the step length at the cell exit,  
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             ⁄

               
                    ⁄⁄                               (25) 

is the beam velocity at the cell exit, 
 

    
   

⁄                    (26)  

is the number of photons per running metre at the 

cell entrance, 
 

    
  

⁄                            (27)  
 

is the number of photons at the beam section lunit= 1m 

at the cell exit, 
 

                    m
-1

           (28)  
 

is the number of photons dispersed from the beam 

by the air molecules while passing through the cell 

 

    
       

         
 

   (    )

     
 

               

         

                                         (29)  

 

is spatial refractive index, 

 

  ( )  (        )   1.0002827+0.02518857= 

= 1.025471127                    (30)  

 

is air spatial refractive index at the path of L = 

89.1m, which served as the experimental basis 

 

  
         ( )  

 

               
                    ⁄⁄                      (31)  

is the velocity of violet beams at the end of path L, 

  ̅  
      

 

 
                    ⁄       (32)  

 

is the average velocity of the beam at the path L,  
 

      ̅  
     

  ̅
                  ⁄      (33)  

 

is the retardation time of the violet beam on the 

path L = 89.1 m       
 

 ̅     ̅                    ⁄   (34)  
 

is the average step of photon on the path L, 
 

 ̅  
 

 ̅ 
                         (35)  

 

is the average linear density of photons on the path 

L, and  

   ( )      ̅                    (36)  
 

is the number of photons dispersed from the violet 

beam by the air molecules on the path L. 

It follows from (34) that while the beam 

passed just only the distance of 89.1 m, the photon 

step increased by 5.03% which is a very significant 

red shift. 

Applying the found regularities we can as-

sess, for example, what happens with the beam 

coming from the Sun to the Earth at the dawn and at 

the sunset glow when the beam passes L1 = 10
4
m 

along the Earth surface through the densest and 

most polluted atmospheric layer: 
 

  (  )                        (37)  
 

is air refractive index for violet beams while watch-

ing the morning dawn and the evening sunset glow. 
 

  
        (  )                        (38)  

 

the violet beams come out of the visible spectre ar-

ea and enter short-range infrared spectre area 

 

  
     

                   ⁄⁄      (39)  
 

is the velocity of violet beam propagation on leav-

ing the air surface layer after passing the path L1, 

  ̅( )  
      

  

 
      

                          ⁄     (40)  
 

is the average beam velocity while on the path L1, 
 

 (  )  
 

  
                        (41)  

 

is the linear density of photons along the beam 

while passing the path L1, 
 

  (  )      (  )   

                     ,         (42)  

and 
 

  (  )    (  )                        
 

is the total number of photons lost by the beam on 

the path L1. 

The calculations explain why the dawns and 

sunsets on our planet are always coloured with red 

and yellow tones. It becomes clear now that red 

shift coefficient all over the range of the sun spectre 

is far more for  its short-wave part and is much less 

for its long-wave part. 
 

Blue beam 

λ02 = 4.6·10
-7

m is the photon step length at the 

cell entrance,  

 n2 = 1.0002802 is the refractive index [4, 

p.791], 

λ2=λ02·n2=4.60128892·10
-7

m             (43)  
 

is the photon step at the cell exit,  
 

c02=μ/λ02=2.60689095952·10
8
m/s       (44) 

is the beam velocity at the cell entrance 
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c2=μ/λ2=2.60616071029·10
8
m/s           (45)  

 

is the beam velocity at the cell exit 
 

   
 

   
                             (46)  

 

is the linear density of photons at the cell entrance, 
 

   
 

  
                          (47)  

 

is the linear density of photons at the cell exit, 
 

Δk2=k0 –k2=608.9598m
-1

               (48)  
 

is the number of photons dispersed from the beam 

by the air molecules while passing through the cell 
 

    
      

         
 

              

          
 

               
(49)  

is spatial refractive index, 
 

n2(L)=(n2+kn2·L)= 1.02524602               (50)  
 

is air refractive index at the path of L = 89.1m,  
 

λ2(L)=λ02·n2(L)=4.716131692·10-7m           (51) 
 

is the photon step at the end of the path L, 
 

 ̅ ( )  
     ( )

 
                    (52)  

 

is the average photon step on the path,  
 

  ̅     ̅( )                      ⁄    (53)  
 

is the average beam velocity on the path L, 
 

      ̅  
     

  ̅
                    ⁄  

(54)  

is the retardation time of the beam on the path L, 
 

 ̅  
 

 ̅ ( )
                       (55)  

 

is the average linear density of photons in the beam 

on the path L, 
 

   ( )      ̅                 (56)  
 

is the average number of photons lost at each metre 

on the beam path, and 
 

k2(L) = Δk2(L)·L=2.44100411082·10
6
        (57)  

 

is total number of photons dispersed from the beam 

by the air molecules on path L. 
 

Green beam 

 λ03 =5.4607·10
-7   

m  is the photon step at the 

cell entrance,   

λ3=λ03·n3=5.46221741167·10
-7

 m (58)   
 

is the photon step at the cell exit,  

c03=μ/λ03=2.19600021975·108 m/s         (59)  
 

is the beam velocity at the cell entrance 

  c3=μ/λ3=2.1953901678·10
8
 m/s          (60)  

 

is the beam velocity at the cell exit 
 

   
 

   
                       (61) 

 

is the linear density of photons at the cell entrance, 
 

   
 

  
                       (62)  

 

is the linear density of photons at the cell exit, 
 

Δk3=k0 - k3 =508.72856 m
-1            

(63)  
 

is the number of photons cut off from the beam by 

the air molecules in the cell 
 

    
      

         
 

                 

             
   

                                      (64)  
 

is spatial refractive index for the green beam, 
 

n3(L)=n3 + kn3·L =1.02503686184         (65)  
 

is air refractive index at the path L,  
 

λ3(L) = λ03·n3(L) = 5.59741879144·10-7 m  (66)  
 

is the photon step at the end of the path L, 
 

 ̅ ( )  
     ( )

 
                      (67)  

 

is the average photon step on the path L,  
 

  ̅    ̅ ( )                     ⁄⁄    (68)  
 

is the average beam velocity on the path L, 
 

      ̅                     ⁄     (69)  
 

is the retardation time of the beam on the path L, 
 

 ̅  
 

 ̅ ( )
                              (70) 

 

is the average linear density of photons in the beam 

on the path L, 
 

   ( )       ̅                          (71) 
 

is the number of photons lost by the beam at the 

distance of one metre on the path, and 
 

k3(L) = Δk3(L) = 2.03943722162·10
6
     (72) 

 

is total number of photons lost by the beam on path 

L=89.1m. 
 

Red beam 

λ04 = 7.6·10
-7

m is the photon step at the cell 

entrance, 

n4 = 1.00027524 is the refractive index [4, 

p.791] 
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 λ4 = λ04·n4 =7.602091824·10
-7

m        (73)  
 

is the photon step at the cell exit,  
 

c04=μ/λ04= 1.57785505263·10
8
m/s          (74)  

 

is the beam velocity at the cell entrance 
 

c4=μ/λ4= 1.5774208833·10
8
m/s            (75)  

 

is the beam velocity at the cell exit 
 

   
 

   
                          (76)  

 

is the linear density of photons at the cell entrance, 
 

   
 

  
                           (77) 

 

is the linear density of photons at the cell exit, 
 

Δk4=k0 – k4 = 362.05824 m
-1

             (78) 
 

is the number of photons dispersed out of the beam 

while passing through the cell, 
 

    
      

         
 

               

          
  

                           (79)  
 

is spatial refractive index, 
 

n4(L)  = n4+kn4·L = 1.024799124          (80)  
 

is air refractive index on the path L,  
 

λ4(L)=λ04·n4(L)=7.7884733424·10
-7

 m     (81)  
 

is the photon step at the end of the path L, 
 

 ̅ ( )  
     ( )

 
=7.6952825832·10

-7
m      (82)  

 

is the average photon step on the path,  
 

  ̅    ̅ ( )⁄                          (83) 
 

is the average beam velocity on the path L, 
 

      ̅                    ⁄     (84) 
 

is the retardation time of the beam on the path L, 

16

4

4 1079437497299,1
)(

1  м
L

k


   

(85) 

is the average linear density of photons on the path 

L, 
1

404 03589,16292)(  мkkLk  (86) 
 

is the average number of photons lost by the beam 

at each metre on the path, and  
 

6

44 1079397620451,1)()(  LLkLk   (87) 
 

is total number of photons dispersed from the beam 

by the air molecules on the path L. 

All the mentioned above represents the theo-

retical basis for the experiment set and carried out. 

In conclusion we offer the comparison data for 

some coefficients following from the considered 

theoretical material 

,81125997149,1
1029710160606,2

1023326077997,2
8

8

2

1
1 






c

с
  

 (88) 

,4198168365,1
101678390195,2 8

1

3

1
2 




c

c

с


   (89) 

,83985899,1
108833420557,1 8

1

4

1
3 




c

c

с


   (90) 

,83985899,1
101308001,4

10824091602,7
37

7

1

4
1 




 










    (91) 

   
  

  
 

                  

  
 

                 
(92) 

,81125997149,1
1092288601,4

1

1

7

1

2
3 




 






 

(93) 
 

These coefficients indicate that transition from 

considering the velocity of the beam propagation in 

the medium to studying the dynamics of the photon 

step allows to penetrate more deeply into understand-

ing the physical essence of light reflection. 

 

The influence of chromatic aberration  

upon experimental results 

A long-focus lens with focal distance of f = 

6531 mm and 2f = 13062 mm according to the pro-

ducer certificate was used in the experiment there-

fore chromatic aberration was firstly inevitable and 

secondly it was rather significant. In other words 

there was its own inherit focal distance for every 

monochromatic beam. But because it was very dif-

ficult to move the rotating mirror along the lens op-

tical axis while changing over from one mono-

chromatic beam to another one the rotating mirror 

was installed motionlessly at the point where the 

mercury lamp luminous plasma image (in diameter 

of d1 = 5 mm) on the rotating mirror was equal to d2 

= 5 mm (at the distance of 2f from the lens) for the 

white light beam. 

If the lens and the rotating mirror are posi-

tioned in such a way, the violet beams are focused 

before the mirror at the distance of l1= 106 mm, and 

the red ones are focused behind the mirror at the 

distance of l2= 201mm as are sult the path length 

was constant and equal for every beam under inves-
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tigation but with a slight error of ΔL = ±½(l1+ l2) = 

153,5 mm and that makes up only 0.172% of the 

path length L = 89.1 m and so it does not introduce 

serious error into the final result, especially if one 

takes into account that anticipated differences in the 

velocities of the beams under investigation make up 

17% to 85%. 

 
Analysis of the experimental data 

 
Technical characteristic  

of the optical system 

The experiment was carried out at the under-

ground part of the aerodynamic tunnel at Lomono-

sov Moscow State University Mechanics Institute 

where daylight could not penetrate.  

It was technically difficult to take the refer-

ence line to every photographic exposure. In the 

upshot we managed it for the white light beam as it 

is shown on photo 1, where the reference line al-

most coincide with the right edge of the exposure 

and with the seventh vertical line of the coordinate 

scale (counting from left to right). The attempt to 

define the reference line for the red monochromatic 

beam was unsuccessful (photo 4), but the flare 

which appeared on the photo did not interrupt the 

integrity of the track. 

The essence of the reference line is in the fact 

that it fixes the spatial point where the front of the 

beam under investigation enters the photo-camera 

and this point is the same for every ray bundles un-

der investigation while the mirror does not rotate 

because all the crucial components of the optical 

system remain motionless while taking a set of pic-

tures, only filters are changed and the camera is 

loaded. 

L = 89.1 m is the path length, 

 

n0 = 213.85 revolutions per second is rotation fre-

quency of the mirror, const, 

ω0 = 2π·n0 = 1343.659178 rad/s = 76986 degree per 

sec is angular velocity of the mirror, 

R = 7.20 m is the distance between the rotating mir-

ror and the shield,  

υ=2π·R·n0  = 9674.3460812 m/s is sliding velocity 

of the beam along the photographic film and it is 

the same for every beam,  
γ = a1/a = 40 mm/5 mm = 8 is the magnification 

factor of the pictures, 

φi = τi·ω0is rotation angle of the mirror for latency 

period τi, 

τi = L/ci is latency period of the beam front, 

Δli = τi·υ is deflection of the beam from the refer-

ence point on the photographic film while the mir-

ror is rotating, 

Δli = φi·R is the deflection of the beam from the 

reference point according to the angle of rotation, 

l0 =252 mm is the total track length on the pictures, 

the same for every picture, 

l0 =li +Δlif where li is the track length measured on 

the pictures from its right limit point till leaving the 

frame at the left edge of the picture,  

Δlif = Δli·π·γ, mm where π is the scanning angle of 

the beam defined by the rotating mirror, 

γ is the magnification factor on the picture.  

The measurement error is not exceeding ± 2 mm. 

 

White light, photo 1 

c1 =  c1 =2.960692476·10
8
m/s is the average veloci-

ty on the path (see (33)), 

τ1 = 3.009431095·10
-7

s is the retardation time of the 

beam front (see (34)), 
 

φ1 = τ1·ω0 = 4.04364971135·10
-4

rad          (94) 
 

is rotation angle of the mirror, 
 

Δl1=φ1·R = 2.91142779217·10
-3

m =2.911mm    (95) 
 

is deflection of the beams on the photographic film,  
 

Δlʹ1f  = Δl1·π·γ = 73.172 mm           (96) 
 

is the theoretical value of deflection of the beams 

on the picture,  

Δl1f = 60mm                     (97)       

is the value measured on the film 

lʹ1 = l0 - Δlʹ1f = 178.827 mm    (98)  

is the theoretical value of the track length of the 

white light, 

l1 = 192 mm is the value of the track length meas-

ured on the picture,  

        
          

      
               

}     (99)    

is divergence between experimental and theoretical 

values of the track length. 
 

 
Photo 1. White light 

 

It is rather difficult to explain this phenome-

non from the current physics point of view, but the 

answer is quite simple if we take into consideration 
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new theoretical ideas and new physical values intro-

duced above. Most likely the initial point of the track 

is not shaped by the violet beams with the wave-

length of λ01 = 4·10
-7

m, but by the ultraviolet beams 

which pass the path faster than the violet beams. The 

ultraviolet part of the high pressure mercury lamp 

spectre in the near-ultraviolet region is of intensity 

high enough to overexpose the film. It was registered 

by the convergence lens made of quartz glass with 

beam transmission up to λ = 200 nm.  

The following calculations check and prove 

this presumption: 
 

    
    

   
 

    

            
               

      (100) 
 

is deviation of supposed ultraviolet beam on the 

photographic film, 
 

       ⁄  
                 

             
    

 

  

                              (101)  
 

is retardation time of the supposed ultraviolet 

beams front, 

 ̅     ̅  
     

                  
⁄   

                      (102)  
 

is average velocity of the supposed ultraviolet 

beams on the path L, 
 

 ̅     ̅⁄  

            

 

  ̅
  

                                  (103)  
 

is the average photon step of these beams represent-

ing really the near-ultraviolent region! 

     ̅
  ̅  

              
    

 

            
    

 

 

         

⁄  

 

is the exceеdance of the propagation velocity of 

ultraviolet beams over the propagation velocity of 

the violet beams on the path L,  

 (  )   
  ̅
  

               

is the exceedance of the propagation velocity of the 

ultraviolet beams in the air over the light velocity in 

vacuum, co! 

    
(    )

     
                       (104)    

is the spatial factor, where nu= 1.0002876  for λu = 

3.321·10
-7

m [4, p. 791], 

nu(L)=nu+knu·L= 1.02591276 m
-1 

is the air refractive index on the path L for ultravio-

let beams,  
 

    
  ̅ 

(       )
 

                  

          
  

                               (105)   
 

is the step of the photon of ultraviolet beams shap-

ing the beginning of the mercury lamp white light 

bundle.  

The received data depend insignificantly upon 

the lens reflection and absorption coefficients and the 

mirrors reflection factors in this experiment as well 

that is why they were not taken into consideration. 

The results (101) to (106) show that near-

ultraviolet beam propagates with the velocity higher 

even in the air than the light velocity in vacuum 

c0by 20.4%. This result confirms clearly our dis-

covery of electrino which acts as a light photon. It 

is wonderful that electrino even disproves Einstein 

relativity theory and prejudices continuation of 

conventional work at accelerators including Large 

Hadron Collider at Centre Europeen pour la Re-

cherche Nucleare (CERN)! 

 

Blue light, photo 2 

c2 =  c2 =2.57403822353·10
8
m/s  (see (54)), 

τ2 = 3.46148708955·10
-7

s  (see (55)), 

φ2 = τ2·ω0 = 4.65165885628·10
-4

rad       (106) 
 

is rotation angle of the mirror, 
 

Δl2=φ2·R = 3.34876237652·10
-3

m =3.348mm  (107) 
 

is deflection of the beams on the photographic film,  
 

Δlʹ2f  = π·γ·Δl2= 84.163 mm          (108) 
 

is the theoretical value of deflection of the beams 

from the defined point on the picture,  
 

lʹ2 = l0 - Δlʹ2f = 167.836 mm   (109) 
 

the theoretical track length, 
 

Δl2f =86 mm                          (110)  

is the experimental value of the front deviation 
 

 

Photo 2. Blue light 
 

                            l2 = 166 mm                       (111) 

is the value of the track length measured on the 

picture. It is turned out that the exposure of sur-
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veying the blue beams was not enough though it 

lasted 120 min. 

The discrepancy between theory and experi-

ment in this case does not go beyond the experi-

mental error. 

 

Green light, photo 3 

          c3 =  c3 =2.16855205357·10
8
m/s (см. (68)), 

             τ3 = 4.10873236145·10
-7

s (см. (70)), 

             φ3 = τ3·ω0 = 5.5207355474·10
-4

rad     (112) 

is rotation angle of the mirror for the time τ3, 

Δl3=φ3·R = 3.97492988212·10
-3

m =3.975mm  (113) 
 

is deflection of the beam front on the photographic 

film,  

               Δlʹ3f  = π·γ·Δl3 = 99.90088 m             (114) 

is the theoretical value of front deflection on the 

picture,  

lʹ3 = l0 - Δlʹ3f = 152.1 mm                (115)          

is the theoretical value of the track length, 
        
         }are experimental values   (116)           

 

 
Photo 3. Green light 

 

The experimental values for the green beams 

do not differ from the values predicted by the new 

theory. 

 
Red light, photo 4 

       c4 =  c4 =1.55831813456·10
8
m/s (83), 

       τ4 =5.71770282485·10
-7

s  (84), 

  φ4 = τ4·ω0 = 7.68264387768·10
-4

rad         (117) 

Δl4=φ4·R = 5.531150359192·10
-3
m =5.531mm  (118) 

 

is deflection of the red beams on the photographic 

film,  

Δlʹ4f  = π·γ·Δl4 = 139.002 mm           (119) 
 

is the theoretical value of deflection of the beams 

on the picture,  

      lʹ4 = l0- Δlʹ4f = 112.978mm           (120)  
 

is the track length measured on the film 
 

           

        
}are experimental values     (121) 

 

 
Photo 4. Red light 

 

As one can see the divergence between ex-

perimental and theoretical values for the red beams 

is within the experimental error. 

Taking into account the ratios of the track 

lengths to deflection lengths for the bundles under 

investigation, we can come to the following: 
 

   
  

    
 

     

    
    ,             (122) 

   
  

    
 

         

        
           (123)                                 

   
  

    
 

       

     
              (124) 

   
  

    
 

     

    
                (125) 

   
  

    
 

     

     
               (126) 

 

 
 

Photo 5. Arrangement of photos shown above of four 

monochromatic beams 
 

Coefficients δ1 to δ5 are consequence of the re-

sults received experimentally and registered on the 

coloured photographic film. They can be easily re-

produced at any optical laboratory. The results show 

that every monochromatic ray bundle of the natural 

light possesses its own velocity dependant on the 

photon step (or wavelength according to the old ter-

minology) both in vacuum and in the air medium.  
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Final Conclusions 
1. The propagation velocity of the light in the vac-

uum c0 = 2.9979246·10
8
m/s is not a fundamental 

constant, the same for all kinds of radiation as it 

has been perceived before. 

2. The velocity c0 is the propagation velocity of 

only violet beams in the vacuum with photon 

step of λ = 400 nm according to the derived for-

mula has the following refined value of             

c0 =μ/4·10
-7

m/s = const. 

3. Light is no electro-magnetic wave, but it repre-

sents an electro-dynamic system shaped by axial 

negative field of the beam and the continuum of  

electrinos possessing limit mass and limit posi-

tive charge, independent of the movement veloc-

ity in the space. 

 

4. The term photon introduced into the scientific 

terminology by G. Lewis in 1929 is of equiva-

lent to the corpuscle mentioned by Newton in 

1687. In essence they are presented here by a re-

al, truly elementary particle electrino, which we 

discovered in 1982. 

5. Theoretical results based on the discovery of the 

electrino were confirmed with experimental data 

in studies of light spectre and its velocities. 
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