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Ⱦɥɹ ɭɩɪɨɳɟɧɢɹ ɚɧɚɥɢɡɚ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɨɜ ɫɪɟɞɧɟɣ ɚɛɫɨɥɸɬɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɜ 
ɬɚɛɥɢɰɟ 1 ɩɪɢɜɟɞɟɧɵ ɡɧɚɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɚɛɫɨɥɸɬɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɢɡ 10 ɬɨɱɟɤ 
ɤɨɦɩɥɟɤɫɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɫɪɟɞɧɟɣ ɚɛɫɨɥɸɬɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ. 

Ɍɚɛɥɢɰɚ 1. Пɨɝɪɟɲɧɨɫɬɢ ɪɚɫɱɟɬɨɜ ɚɫɢɧɯɪɨɧɧɨɝɨ ɪɟɠɢɦɚ 

№ Ɉɩɵɬɚ ɪɚɫɱɟɬɚ maxi , Ɉɦ ɫɪ , Ɉɦ 

1 12,2 4,8 
2 10,6 5,7 
3 13,1 5,5 

ɁȺɄɅɘɑȿɇɂȿ 
Ʉɨɥɢɱɟɫɬɜɟɧɧɨ ɜɟɥɢɱɢɧɭ ɚɛɫɨɥɸɬɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɪɚɫɱɟɬɚ ɢɦɟɟɬ ɫɦɵɫɥ ɨɰɟɧɢɜɚɬɶ 

ɬɨɥɶɤɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɪɚɞɢɭɫɚ ɡɨɧɵ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɪɝɚɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɭɫɬɪɨɣɫɬɜɚ ȺɅȺɊ, ɜ 
ɞɚɧɧɨɦ ɩɪɢɦɟɪɟ ɜɟɥɢɱɢɧɚ ɚɛɫɨɥɸɬɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɪɚɫɱɟɬɚ ɧɟ ɩɪɟɜɵɲɚɟɬ 10% ɨɬ ɞɢɚɦɟɬɪɚ 
ɡɨɧɵ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɪɝɚɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. ȿɫɥɢ ɩɪɢɧɢɦɚɬɶ ɜɨ ɜɧɢɦɚɧɢɟ, ɱɬɨ ɭɫɬɚɜɤɢ 
ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɪɝɚɧɨɜ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɭɫɬɪɨɣɫɬɜ ȺɅȺɊ ɜɵɛɢɪɚɸɬɫɹ ɫ ɫɭɳɟɫɬɜɟɧɧɵɦ 
ɡɚɩɚɫɨɦ, ɩɨɝɪɟɲɧɨɫɬɢ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɪɚɫɱɟɬɚ ɚɫɢɧɯɪɨɧɧɵɯ ɪɟɠɢɦɨɜ ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɜɵɛɨɪɚ 
ɭɫɬɚɜɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɭɫɬɪɨɣɫɬɜ ȺɅȺɊ.  

Ⱦɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɪɚɫɱɟɬɨɜ ɩɚɪɚɦɟɬɪɨɜ ɚɫɢɧɯɪɨɧɧɨɝɨ ɪɟɠɢɦɚ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ 
ɬɪɭɞɨɡɚɬɪɚɬɵ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɬɚɤɢɯ ɪɚɫɱɟɬɨɜ, ɚ ɜ ɫɥɭɱɚɟ ɩɪɢɦɟɧɟɧɢɹ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ 
ɚɥɝɨɪɢɬɦɚ ɜɪɟɦɹ ɪɚɫɱɟɬɨɜ ɫɧɢɠɚɟɬɫɹ ɞɨ ɦɢɧɢɦɚɥɶɧɨɝɨ.  
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Nanotechnology is an interdisciplinary field of basic and applied science and technology, 

which deals with the accumulation of theoretical basis and practical methods of investigation, 
analysis and synthesis, as well as methods of manufacture and use of products with a given atomic 
structure by controlled manipulation of individual atoms and molecules. 

Nanotechnologies are worldwide regarded as key technologies for innovations and 
technological progress in almost all branches of economy. Nanotechnologies refer to the target-
oriented technical utilization of objects and structures in a size in the range of 1 and 100 nm. They 
are less seen as basic technologies in the classical sense with a clear and distinct definition, since 
they describe interdisciplinary and cross-sector research approaches, for example in electronics, 
optics, biotechnology or new materials, using effects and phenomena which are only found in the 
nano-cosmos. [1] 
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Nanotechnologies provide the potential to enhance energy efficiency across all branches of 
industry and to economically leverage renewable energy production through new technological 
solutions and optimized production technologies. In the long run, essential contributions to 
sustainable energy supply and the global climate protection policy will be achieved. Here, 
nanotechnological innovations are brought to bear on each part of the value-added chain in the 
energy sector. 

Low-Loss Power Supply through Nanomaterials. 
Considerable progress was made in the development of high-temperature superconductors in 

the last years through the production of yttrium-barium copper oxide (YBCO) on metallic carriers 
(so-called Coated Conductors, CC), which significantly extended the processability and 
applicability of this material class. Cable lengths of over 600 m could already be realized. 
Superconductors will play a growing role in energy technology for low-loss wired power supply, in 
coil windings and bearings of electric engines as well as in residual current circuit breakers in high-
voltage grids. The most important challenge is the production of all deposited layers 
(superconducting and buffer protection layers) by chemical means from low-cost precursor to 
decrease costs to an economically attractive value. Nanotechnologies provide toeholds for the 
control of the microstructure in layer formation, for example through specific insertion of 
nanoparticles in the form of particle inclusions in the lattice structure. Currently, superconductive 
nanostructured systems from sol-gel precursors are being developed in a project supported by the 
German Federal Ministry of Education and Research (BMBF). In the long run, cables of carbon 
nanotube composites as high-efficient conductors could be an alternative for a low-loss power 
supply line in high-voltage grids. This, however, would require further significant progresses with 
regard to more efficient production methods and technologies for the production of long CNT-fibers 
with uniform structure. [1] 

Nanostructured Insulation Materials for High-Voltage Power Lines. 
Efficiency of power transfer in high-voltage power lines increases with increasing 

amperage. In Europe, current is usually conducted at approx. 400 kV, while in extensive countries 
like China and India high-voltage grids with up to 1500 kV are aspired. Due to increased voltages 
and the required current compaction as a result of the feeding of decentralized power generators and 
the supply of huge metropolitan areas, the electrical and mechanical strains on high-voltage power 
lines are growing. Hence, a central task of high-voltage technology is the further development of 
electric insulation systems, for example through the application of nanomaterials. The material 
design on the nanoscale enables the optimization of electric insulation properties like breakdown 
voltage, for example, through the application of nanostructured metal oxide powder in varistors as 
protection elements against overvoltages in power lines. Multifunctional, non-linear and auto-
adaptive insulation systems are in development, the mechanical and electrical properties of which 
change with field strength, temperature or mechanical stress and adjust optimally to the power 
demand. 

Nanotechnologies within Smart Grids. 
The worldwide increasing liberalization of the electricity market will significantly increase 

the future demand on the flexibility of the power grids. Trans-European power trading requires 
efficient energy distribution even over long distances, a flexible adjustment to temporarily strongly 
fluctuating demands and a quick controllability of the power flow to limit the extent of grid failures 
and the risk of extensive blackouts. The existing power distribution grid encounters limits even 
regarding the growing decentral power supply from fluctuating renewable sources. The future 
power distribution requires grids which enable a dynamic load and failure management as well as a 
demand-driven energy supply with flexible price mechanisms. [2] Nanotechnologies could 
contribute essentially to the realization of this vision, for example through nanosensoric and power 
electronic components, which could cope with the extremely complex control and monitoring of 
such grids. Here, miniaturized magnetoresistive sensors on the basis of magnetic nanolayers provide 
potentials to enable an area wide online-metering of current and voltage parameters in the grid.  

Efficient Application of Wireless Nanocrystals. 
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Use of wireless technologies refers to the perspective trends characterizing the modern stage 
of the scientific and technological development. In particularly, the tendency is rapidly evolving in 
the energy sector involving energy distribution and transmission, and nanotechnologies provide 
solutions to a variety of urgent problems in this area. 

A wireless nanodevice that functions like a fluorescent light — but potentially far more 
efficiently — has been developed in a joint project between the National Nuclear Security 
Administration's Los Alamos and Sandia national laboratories. The experimental success efficiently 
causes nanocrystals to emit light when placed on top of a nearby energy source, eliminating the 
need to put wires directly on the nanocrystals. [3] 

The energy source is a so-called quantum well that emits energy at wavelengths most easily 
absorbable by the nanocrystals. The efficiency of the energy transfer from the quantum well to the 
nanocrystals was approximately 55 percent — although in theory nearly 100 percent transfer of the 
energy is possible and might be achieved with further tweaking. The work is another step in 
creating more efficient white-light-emitting diodes — semiconductor-based structures more 
efficient and endurable than the common tungsten light bulb. 

Reduction of lighting costs is of wide interest because on a world scale, lighting uses more 
electrical energy per year than any other human invention. Nanocrystals pumped by quantum wells 
generate light in a process similar to the light generation in a fluorescent light bulb. [3] 

There, a captive gas permeated by electricity emits ultraviolet light that strikes the phosphor-
coated surface of the bulb, causing the coat to emit its familiar, overly white fluorescent light. The 
current work shows that the nanocrystals can be pumped very efficiently by a peculiar kind of 
energy transfer that does not require radiation in the usual sense. The process is so efficient because 
unlike the fluorescent bulb, which must radiate its ultraviolet energy to the phosphor, the quantum 
well delivers its ultraviolet energy to the nanocrystal very rapidly before radiation occurs. 

Because the emissions of nanocrystals (a.k.a. quantum dots) can be varied merely by 
controlling the size of the dot rather than by the standard, cumbersome process of varying the mix 
of materials, no known theoretical or practical barriers exist to pumping different-sized quantum 
dots that could individually emit blue, green, or red light, or be combined to generate white light. 

The quantum well, about three nanometers thick, is composed of a dozen atomic layers. It 
coats a wafer two inches in diameter and is composed of indium gallium nitride. The film is not 
fabricated but rather grown as crystal, with an energy gap between its different layers that emits 
energy in the ultraviolet range at approximately 400 nm. 

In this proof-of-principle work, the energy in the quantum well was delivered with a laser. 
Although the difficulties of inserting energy into the quantum well using an electrical connection 
rather than laser light are significant, it is considered to be feasible. 

As a conclusion we can say, that in view of a globally increasing energy demand, 
threatening climatic changes due to continuously increasing carbon dioxide emissions, as well as 
the foreseeable scarcity of fossil fuels, the development and provision of sustainable methods for 
power generation belong to the most urgent challenges of mankind. Massive effort at political and 
economical level is required to basically modernize the existing energy system. Growing efficiency 
and new methods through nanotechnological know-how may play a key role for the required 
innovation in the energy sector.  

Nanotechnological components provide potentials for the more efficient utilization of 
energy reserves and the more economical development of renewables. Nanostructured insulation 
materials are to be implemented in smart grids and, as a result, they will contribute to the dynamic 
load and failure management as well as a demand-driven energy supply with flexible price 
mechanisms. Introduction of  wireless nanocrystals is seen as a productive step in creating more 
efficient white-light-emitting diodes that will allow to reduce lighting costs. 

To sum up, the design of a future energy system requires new long-term investments in 
research activities based on realistic potential assessments and careful adaptation of the individual 
supply chain components based on cutting-edge nanotechnologies. 
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ȼɜɟɞɟɧɢɟ 
Ⱦɥɹ ɫɢɧɯɪɨɧɧɵɯ ɝɟɧɟɪɚɬɨɪɨɜ ɩɪɢɦɟɧɹɸɬɫɹ ɛɟɫɳɟɬɨɱɧɵɟ ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ 

(Ȼɋȼ), ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɫɨɜɪɟɦɟɧɧɵɦɢ ɢ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɷɥɟɤɬɪɨɦɚɲɢɧɧɵɦɢ 
ɫɢɫɬɟɦɚɦɢ ɜɨɡɛɭɠɞɟɧɢɹ. ȼ Ȼɋȼ ɬɨɤ ɜɨɡɛɭɠɞɟɧɢɹ ɩɨɞɚɟɬɫɹ ɜ ɨɛɦɨɬɤɭ ɜɨɡɛɭɠɞɟɧɢɹ 
ɝɟɧɟɪɚɬɨɪɚ ɛɟɡ ɩɪɢɦɟɧɟɧɢɹ ɤɨɧɬɚɤɬɧɵɯ ɤɨɥɟɰ ɢ ɳɟɬɨɤ, ɱɬɨ ɩɨɜɵɲɚɟɬ ɧɚɞɟɠɧɨɫɬɶ ɢ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɤɚɱɟɫɬɜɚ ɜɫɟɣ ɫɢɫɬɟɦɵ ɜɨɡɛɭɠɞɟɧɢɹ. 

Ȼɟɫɳɟɬɨɱɧɵɣ ɜɨɡɛɭɞɢɬɟɥɶ ɫɨɫɬɨɢɬ ɢɡ ɨɛɪɚɳɟɧɧɨɝɨ ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɢ 
ɜɪɚɳɚɸɳɟɝɨɫɹ ɧɟɭɩɪɚɜɥɹɟɦɨɝɨ ɜɵɩɪɹɦɢɬɟɥɹ, ɠɟɫɬɤɨ ɫɨɟɞɢɧɟɧɧɵɯ ɫ ɪɨɬɨɪɨɦ ɝɥɚɜɧɨɝɨ 
ɫɢɧɯɪɨɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ. ɍ ɨɛɪɚɳɟɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɨɛɦɨɬɤɢ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɩɨɦɟɳɚɸɬɫɹ 
ɧɚ ɪɨɬɨɪɟ, ɚ ɨɛɦɨɬɤɚ ɜɨɡɛɭɠɞɟɧɢɹ – ɧɚ ɫɬɚɬɨɪɟ Д1Ж. 

Ɉɛɦɨɬɤɚ ɜɨɡɛɭɠɞɟɧɢɹ ɨɛɪɚɳɟɧɧɨɣ ɦɚɲɢɧɵ ɜɧɨɫɢɬ ɡɚɩɚɡɞɵɜɚɧɢɟ ɜ ɫɢɝɧɚɥ ɭɩɪɚɜɥɟɧɢɹ 
ȺɊȼ, ɱɬɨ ɭɜɟɥɢɱɢɜɚɟɬ ɢɧɟɪɰɢɨɧɧɨɫɬɶ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ. Ɍɚɤɨɟ ɡɚɩɚɡɞɵɜɚɧɢɟ ɭɯɭɞɲɚɟɬ 
ɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɨɡɛɭɞɢɬɟɥɹ ɢ ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɫɚɦɨɪɚɫɤɚɱɢɜɚɧɢɸ 
ɝɟɧɟɪɚɬɨɪɨɜ ɩɪɢ ɩɪɢɛɥɢɠɟɧɢɢ ɢɯ ɡɚɝɪɭɡɤɢ ɤ ɧɨɦɢɧɚɥɶɧɨɣ. Ⱦɥɹ ɭɥɭɱɲɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɜɜɨɞɢɬɫɹ ɠɟɫɬɤɚɹ ɨɬɪɢɰɚɬɟɥɶɧɚɹ ɨɛɪɚɬɧɚɹ ɫɜɹɡɶ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɜɨɡɛɭɠɞɟɧɢɹ ɝɥɚɜɧɨɝɨ 
ɝɟɧɟɪɚɬɨɪɚ (ɀɈɋ), ɩɨɜɵɲɚɸɬɫɹ ɩɨɬɨɥɨɱɧɵɟ ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɜɨɡɛɭɠɞɟɧɢɹ 
ɨɛɪɚɳˈɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ, ɚ ɬɚɤ ɠɟ ɜɨɡɦɨɠɧɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɜɤɥɸɱɟɧɢɟ ɞɨɛɚɜɨɱɧɨɝɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜ ɨɛɦɨɬɤɭ ɜɨɡɛɭɠɞɟɧɢɹ ɨɛɪɚɳɟɧɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ДβЖ. 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 
ȼ ɈȺɈ «ɇɌɐ ȿɗɋ» ɜɵɩɨɥɧɹɟɬɫɹ ɰɟɥɵɣ ɫɩɟɤɬɪ ɪɚɛɨɬ ɩɨ ɚɧɚɥɢɡɭ ɤɨɥɟɛɚɬɟɥɶɧɨɣ ɢ 

ɞɢɧɚɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɨɛɥɚɞɚɬɶ ɤɨɪɪɟɤɬɧɵɦɢ ɞɥɹ 
ɞɚɧɧɵɯ ɡɚɞɚɱ ɦɨɞɟɥɹɦɢ ɷɥɟɦɟɧɬɨɜ ɷɧɟɪɝɨɫɢɫɬɟɦ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɰɢɮɪɨɜɨɣ ɦɨɞɟɥɶɸ Ȼɋȼ ɞɥɹ 
ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱɟɬɨɜ ɜ ɩɪɨɝɪɚɦɦɧɨ-ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɤɨɦɩɥɟɤɫɚɯ (ПȼɄ). 

ɂɡɧɚɱɚɥɶɧɨ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ Ȼɋȼ ɜ ɜɢɞɟ ɨɞɧɨɝɨ ɚɩɟɪɢɨɞɢɱɟɫɤɨɝɨ 
ɡɜɟɧɚ, ɪɟɚɥɢɡɨɜɚɧɧɚɹ, ɧɚɩɪɢɦɟɪ, ɜ ПȼɄ Ɇɭɫɬɚɧɝ. Пɨɬɪɟɛɧɨɫɬɢ ɜ ɛɨɥɟɟ ɬɨɱɧɵɯ ɪɚɫɱɟɬɚɯ 
ɫɬɚɬɢɱɟɫɤɨɣ ɢ ɞɢɧɚɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɜɵɡɜɚɥɢ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɫɨɡɞɚɧɢɢ ɛɨɥɟɟ ɫɥɨɠɧɵɯ ɢ 
ɩɨɞɪɨɛɧɵɯ ɦɨɞɟɥɟɣ Ȼɋȼ. Ɍɚɤ, ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɦɨɞɟɥɶ, ɜ ɤɨɬɨɪɨɣ ɭɱɢɬɵɜɚɸɬɫɹ ɩɪɨɰɟɫɫɵ ɜ 


