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The ways of the improvement of technical base of the INR of NAS of Ukraine for functional researches, and new 
technologies of control over the state of the equipment on NPPs are discussed. The scientific work is completed in the 
department of radiation technologies within the national program of the enhancement of the reliability of nuclear 
energetic and the prolongation of exploitation terms of nuclear power installations.  

 
Jobs on the formation of modern experimental base for radiation researches are being held in the INR of NAS of 

Ukraine for more than 20 years. During this period the unique radiation technique was created [1 - 3]. Complex 
researches of degradation processes in materials and equipment were completed on this technique. The substantial list 
of radiation and chemical, radiophysical and electrophysical processes in materials and structural elements of NPSs' 
equipment was determined, which are important in control over the degree of equipment's aging and, respectively, its 
reliability [4 - 5]. The obtained results helped find optimal ways of further development of radiation technique of the 
INR of NAS of Ukraine and to formulate technical requirements to the additional specialized equipment for further 
improvement of radiation research methods, primarily for the determination of resource capabilities of NPPs' materials 
and equipment [6 - 7].  

It was found out that of all the variety of the equipment it is possible to identify certain groups according to the 
characteristics of radiation resistance. 

Organic compositions are the most sensitive to radiation. Mainly, they are used in constructions of NPSs’ electrical 
and technical equipment. Their checkouts are appropriate to be made already in the first stage of the realization of the 
program by means of complex control over functional suitability (qualification). In these checkouts it is necessary to set 
the reliability of equipment's functioning in stationary, transient and emergency modes, as well as the influence of 
unfavorable external factors. In the list of the last ones, it is important to study the processes on the surface of products 
and their influence on the reliability of functioning. 

Such are different isolators, cables and electrotechnical equipment. Objectively this group makes the main part of all 
the equipment on the NPP. Recent results of the exploitation showed that there is the tendency to an increase of 
incidents on this equipment, and to an increase of their meaning in the exploitation of nuclear power installations [8]. 
According to exploitation data of Ukrainian NPPs, dysfunctions of electrical equipment already reached 60% of all 
incidents. That’s why an important task is to prevent these dysfunctions and to reveal the possibilities of their 
occurrence in advance (what is much better). The researches of radiation-induced processes on the surface of 
electrotechnical equipment play the main role in this problem solving. Accordingly, the creation of radiation technical 
means for such researches is an actual engineering problem. 

The INR is interested in the expansion of actual researches and in the enhancement of the effectiveness of the usage 
of existing experimental technique [9, 10]. Recently numerous developments of new technical means for fundamental 
and applied researches in the branch of radiation physics, radiobiology, and radiation technologies were made. Among 
them there are experimental researches of effects and processes in electrotechnical insulating materials under the 
influence of various components of radiation field. The researches were carried out for the determination of the 
coefficients in differential equations which describe the state of the equipment and its components under γ- and 
β-irradiation. It was found out that unlike the traditional idea of functional identity of the influence of different types of 
radiation on the organics [11], in fact, the formation of defects substantially depends on ionizing irradiation type [12].  
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Fig. 1. Photos of destroyed samples of electrical equipment after the influence of ionizing irradiation. 

 
Fig. 1, a shows the effect of the complete destruction of styrene insulation under γ-irradiation. The process of the 

formation of local internal defects in the organics under β-irradiation is shown in Fig. 1, b. The results of the destructive 
influence of radiation on PVC insulation of conductors are shown in Fig. 1, c. The destruction of rubber sealing 
elements under irradiation in mixed radiation field is clearly visible in Fig. 1, d. This indicates that all the components 
of radiation field are strong factors of intensive aging of the irradiated equipment and enhance known processes of 
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"normal" aging, which are traditionally considered during the exploitation of the equipment in ordinary objects. Having 
the information about the peculiarities of radiation-induced degradation processes, it is possible to formulate reliable 
models of aging of the equipment on nuclear power installations.  

The results, obtained in new radiation researches, significantly expand knowledge of these processes. The researches 
confirmed that the dysfunction of products which contain organic materials, is a multi-component process, and is 
determined with the cumulative influence of various factors (radiation, temperature, etc.). It is shown, that the main 
component of radiation aging are secondary electrons which emerge as the result of the influence of ionizing irradiation. 

Table 1 summarizes obtained experimental results. They show that for the formation of reliable expert conclusions 
about the state of the equipment it is necessary to control more extended list of parameters. In particular, it is clear that 
radiation factors (unlike ordinary power objects) play a decisive role in the whole complex of unfavorable factors on 
NPP. They significantly accelerate the degradation of functions of the equipment, and therefore their determination and 
consideration is a decisive argument of its qualification for the eligibility to work on the NPP. 

Table 1. 
 

 
The necessity of the consideration of the destruction processes under secondary irradiation, which enhances the 

influence of direct ionizing irradiation on materials of the constructions and promotes the electrification of the surface 
of cables and the equipment, was also determined. The analysis of obtained information and special theoretical studies 
indicate that we should expect a significant contribution of low energy γ- and β-irradiation (less than 0.5 MeV) to the 
overall destructive processes. 

It is problematic to separate the component of the degradation from the radiation of low energies of the previous 
cycle of studies in the INR of NASU on the radiation installation with electron accelerator on the average energy of 
4 MeV. It is also impossible to use the data from other information sources, because the research of the degradation of 
functions of the equipment under the influence of ionizing irradiation of low energies has not been conducted till 
nowadays because of the lack of necessary technical base.  

Fig. 2 shows a typical spectrum of bremsstrahlung [10], which is possible to be obtained on a typical electrophysical 
source of electrons. The experiments with different methods and technique of the conversion of electrons on brake 
targets showed that it is impossible to obtain continuous spectrum of irradiation in the range 0.1 - 5 MeV which is 
necessary for rapid radiation checkouts. Therefore, the installation technically meets basic requirements of functional 
checkouts of the equipment of NPPs only in high-energetic sphere of energetic spectrum of ionizing irradiation which is 
typical for nuclear objects – except for the low-energy sphere (accented in Fig. 2). The most perspective way of solving 
this problem is the creation of additional means and further modernization of technical base of radiation experiments in 
the INR. 

With this purpose the ways of the development of the structure of the existing experimental installation of the INR 
NASU were worked out, on the basis of the accelerator with energy of 4 MeV with its technical equipment. One more 
electrophysical source was included into its structure (electron accelerator up to 0.5 MeV and of beam power no less 
than 20 kW), which covers all necessary spectrum of ionizing irradiation. In such configuration, radiation complex of 
the INR will certainly meet the main requirements of rapid checkouts – the reproduction of the conditions of the  
 

Factors of influence Results of the influence on exploitation indexes of the equipment 

Ionizing irradiation (up to 10 MeV) 

Radiation aging: deepens the occurrence of irreversible processes (suture, 
destruction, saturation changes); leads to radiolysis of the air and materials 
of polymers (cable coverings etc.), electrification of the surface of power 
cables, radiation heating etc. 

Secondary irradiation (up to 0.5 MeV) Electrification of cables' and equipments’ surface: electrical characteristics 
of the equipment deteriorate; 

Radiation heating 
Increase of the temperature of materials: accelerates the degradation of 
properties of construction elements; the resource of the equipment 
decreases; 

Electric and magnetic fields 
The distribution of absorbed doses in materials is changed: electrical 
conductivity of dielectrics is increased; the course of radiation-chemical 
processes is changed; 

High temperatures Accelerate the oxidation reactions: the speed of corrosion increases; 

High (low) pressure The oxidation processes are accelerated: cable coverings rapidly degrade; 
mechanical loadings increase;   

Chemically-active components of the 
environment 

Accelerate the oxidation processes: lead to the destruction of the covering 
of cable products and electrical equipment under the influence of oxygen, 
ozone, nitric acid, etc. 

Decontamination solutions Contribute the destruction of materials: mechanical properties of the 
equipment are reduced; the aging of cable covering is accelerated;  

Humidity Stimulates active oxidation: nitric acid is formed on the surface of the 
equipment. 
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Problems of the formation of radiation fields on electro-physical technique 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Typical spectrum of bremsstrahlung of electrons' accelerator of 4 - 5 MeV. 
 

exploitation of NPP's equipment. Accordingly, this will provide opportunities to research radiation-stimulated 
degradation processes of NPP's equipment in the low energetic range of irradiation and to compensate the lack of 
information about its behavior on real nuclear energetic objects. To implement this way of modernization, it is 
necessary to choose an optimal source of irradiation of this energetic sphere, to input it technically into the existing 
experimental radiation complex (installation) and to create a stand for functional checkouts on its basis. 

Researches of the market of such technical means showed that real industry produces a wide range of accelerators 
on low energies. The results are shown in Tables 2 and 3.  

Table 2. 
 

Accelerator or generator type Energy, MeV Average power in the beam, kW 
Electron-4 0.5 10 
Aurora-2 0.5 25 
Cascade generator CGE-2.5 2.5 2.5 
Three-phase electronic accelerator TPEA-3 0.4 75 

 
Table 3. 

 

Model Accelerating voltage, 
kV 

Beam current, 
mA 

Length of the outlet, 
cm 

Beam power before the outlet, 
kW 

1. Electrocurtain plants (with extended hot cathod and ribbon beam of electrons ) 
CВ175/30/5  
CВ175/50/5  
CВ225/50/15  
CВ225/100/10  
CВ275/50/5  
CВ275/100/5  
Pilot 200 

175 
175 
225 
225 
275 
275 
200 

45 
75 
300 
400 
125 
250 

30 
50 
50 

100 
50 

100 
45 

7.9 
13 
67 
90 
34 
69 

2. Electrocure plants (with acceleration tube and scanned beam ) 
SВ300/30/20  
SВ300/50/30 
SВ300/65/40  
SВ300/80/50 
SВ300/95/60  
SВ300/110/70 
SВ300/125/ 80 
SВ300/140/90 
SВ300/155/100 

300 
300 
300 
300 
300 
300 
300 
300 
300 

25 
37.5 
50 

62.5 
75 

87.5 
100 

112.5 
125 

30 
50 
65 
80 
95 

110 
125 
140 
155 

7.5 
11 
15 
19 

22.5 
26 
30 
34 

37.5 
3. Electropulse plants 

Electropulse-208 200 2.5 15 0.5 
Dynametrons (RD, USA) 

Dynametron 400 100 183 40 
Dynametron 550 50 91.5 27.5 



158 

So
ur

ce
 o

f c
ur

re
nt

 

V
ol

ta
ge

 so
ur

ce
 

Ex
te

rn
al

 fa
ct

or
s 

Electrophysical 
plant 5 MeV 

Electrophysical 
plant 0.5 MeV 

Th
e 

sy
st

em
 o

f 
de

vi
ce

s f
or

 
m

ea
su

rin
g 

el
ec

tri
ca

l 
ch

ar
ac

te
ris

tic
s o

f 
ca

bl
es

 

The system
 of 

devices for 
m

easuring 
insulation 
param

eters 

Technological support 

Databases 

Automated information processing system 

Table 2 shows the accelerators of Russian producers, and Table 3 – of American companies. Almost all of them 
provide necessary radiation and technical characteristics as sources of irradiation and are suitable for the modernization 
of the experimental base of the INR NASU. 

Electron accelerators of this range of energies differ with a variety of the construction and the range of the power of 
beams, and thus promote a selection of the optimal type of the installation for our usage. 

Price indexes for such technique are stabilized in the world now [13, 14]. Depending on the configuration of 
technical means, which are used in the construction of such accelerators, their cost varies from $10 - 20 per 1 kW of the 
beam. Calculations show that taking into account available technological rooms and engineering communications, the 
suggested resupply of the experimental complex of the INR with electrophysical source of 0.5 MeV will cost only 
$200000 - 400000 and won't require additional expenses for radiation protection (Fig. 3). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. KINR radiation research complex. 
 

The results of researches and workouts, presented above, lead us to the following conclusions. 
1. It is important to ensure maximum reproduction of the equipment operating conditions, especially concerning 

radiation factors, in order to obtain necessary metrological parameters during the qualification of the equipment of NPPs.  
2. In the list of the equipment of NPPs a big group of the equipment is separated for which the most important 

negative factors of accelerated aging is gamma- and β-irradiation. This equipment is currently the most numerous in the 
list of the equipment of NPPs. There is permanent tendency of the increase of their contents. Producers of the 
equipment switch to production technologies with the usage of composite materials with high content of organic 
materials. Therefore, the emphasis in the organization of the qualification in the early stages should be done on the 
creation of stands for such equipment.  

3. The simplest way of achieving this goal – the organization of functional researches of critical equipment of NPPs 
– is the creation of a radiation stand on the basis of two electron accelerators on different energies, which provide the 
possibility to obtain a continuous spectrum of irradiation in the range of energies, typical for industrial nuclear energetic 
installations.  

4. The analysis of the existing and available electrophysical sources reveals technical possibility of completing 
such a stand with various necessary sources of electrons in the range from 0.1 to 10 MeV, which is not only 
scientifically substantiated, but also meets the requirements of the general and radiation safety for their implementation.  
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