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The level of innovation in the five main industries of application for scintillation
equipment (geology, dosimetry, high energy physics, medicine, radiation monitoring) has
been evaluated in the article. A method for analytical forecasting of the development of
these industries, based on presented equivalent effectiveness of innovation and its compo-
nents (economic, social, technical and environmental), for the purpose of anticipatory
standardization development was proposed. The data of such a forecast has been given;
and the degree of its reliability has been provided, which enables to discuss the possibility
of anticipatory standard development.
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IIpoBenena omeHKa CTeMeHN MHHOBAIMOHHOCTH CIUHTUIIAINUOHHON TeXHUKU, MIPUMeHse-
MO B OCHOBHBLIX 00JacTAX (reosorus, JOSUMETPUd, (PUBUKA BBICOKUX 9HEpPTruil, MeiuImuua,
paguanuoHHBIN MOHUTOPUHT). [Ipeanoen MeTOA AHATUTUUECKOTO MPOTHO3MPOBAHUA Pas3BU-
TUSA CTEeHeHU WHHOBAIIMOHHOCTH CIIMHTUIIAIMOHHON TeXHUKU C yUYeTOM IPUBEIEeHHOI 9KBU-
BaJIeHTHOM 9(P(PEeKTUBHOCTH WHHOBAIIMIN M €e COCTABJIAIONINX (9KOHOMUYECKOI, COIMaNIbLHOM,
TeXHUYECKOH U 9KoJiornuecKkoit). IIpuBemeHb JaHHBIE TAKOTO MPOTHO3a, MOKA3aHa CTEIleHL ero
MTOCTOBEPHOCTH, UTO ITO3BOJISET TOBOPUTL O BOBMOMKHOCTU CO3MAHUIS OIEPEKAIOIIero CTauaapTa.

IIporuo3yBaHHsA PO3BUTKY CHUHTHIAMIAHOI TEXHIiKH IJ5S CTBOPEHHS BHIIEPENKYBaJb-
HuX craupapris. JO./Januaenkxo, B.I'punvos, B.JIwbuncvruit, A.Mesepa, P.Tpiu.

IIpoBegeno omiHKY cTyleHs IHHOBaIiliHOCTI II’ATH OCHOBHMX Trajiysell 3acTOCYBAaHHS
CUMHTUAALIHOI TexHiku (reosoris, mosmmerpid, ismra BUCOKUX eHepriii, MeguIimHAa, pa-
miamiiauit MmoHiTOpPUHT). 3aIPOIIOHOBAHO METOJ AHAJITHUYHOrO IIPOTHO3YBAHHS POSBUTKY IUX
rajgyseil 3 ypaxyBaHHSAM IpHBeIeHOI exkBiBaJeHTHOI edeKTuUBHOCTI iHHOBaIii Ta Ii CKIamo-
BuX (eKOHOMiuHOI, comiasbHOl, TeXHIUHOI Ta eKOJIOriuHOl) 3 METOI CTBOPEHHS BHIIEPEIKY-
BasIbHOI crapgaprusaiii. HaBegeno gaHi TaKoro mporuosy, IIOKasaHo CTYIiHB H0ro ZOCTOBip-
HOCTI, 110 J03BOJIA€ FOBOPUTHU IIPO MOMKJIMBICTHL CTBOPEHHS BUIIEPEIKAIYOTO CTAHLAPTY.

© 2019 — STC "Institute for Single Crystals”

1. Introduction

Scintillation method is one of the prior-
ity methods for X-ray and gamma radiation
registration, based on conversion of ioniz-
ing radiation into UV visible radiation.
Scintillation materials have a wide range of
applications due to the variety of their
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properties. Application of such materials in-
crease at a rapid rate, that helps find their
new properties, improve their existing char-
acteristics and discover new areas of scintil-
lation equipment application [1].
Standardization, which can be considered
as a means of ensuring compatibility, inter-
changeability, unification, reliability of
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Fig. 1. The evaluation of the level of innovative of development for scintillation equipment of
medicine (a). The accumulative value of the development for scintillation equipment of medicine (b).

equipment and information networks, safety
standards and environmental requirements,
unity of characteristics and properties, qual-
ity of products, works and services, plays a
special role. It sets up direction that must be
considered by manufacturers’ of scintillation
equipment improving their technology. Stand-
ards can serve as a source of information for
innovation, along with other sources such as
databases, scientific publications, intellectual
property, which together create the necessary
informative space for innovation and contribute
to a more diffuse distribution of innovation [1].

Due to development of science and technol-
ogy, the lead time between the scientific dis-
covery and its mass production, which used
to reach up to several years, has been re-
duced. Therefore, the standardized parame-
ters of products should be revised more fre-
quently, considering the development fore-
casting in the industry and the growth rate
of scientific and technological progress.

Patent information is one of the signifi-
cant factors of scientific and technical
growth. The number of obtained patents per
year can indicate at the rate of technical devel-
opment of the industry. To predict electronics
[2] the author used the method of anticipatory
forecasting of research topics development
based on the quantitative and dynamic analysis
of the time series in US patents within a cer-
tain period formed by specific groups, sub-
groups of International Patent Classification,
keywords and phrases.

The goal of this article is to develop the
analytical methods for forecasting of scintil-
lation equipment to enable the creation of
anticipatory standards.
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2. Exploring

One of the indicators of the company in-
novation activity is the number of obtained
patents. This means that each patent carries
a certain efficiency of innovation, namely,
it corresponds to the unit of relative inno-
vation. The following dependences were
found: the number of patents obtained in
the world for the industry over an ap-
pointed period of time, using an open global
cyber infrastructure [3].

The five main industries of application
of  scintillation equipment: geology,
dosimetry, high energy physics, medicine,
radiation monitoring were reviewed.

To evaluate the level of innovative of
development of one of the scintillation in-
dustry (medicine), Microsoft Excel graphic
dependences were built. The approximation
of the curve in Fig. 1a was carried out by a
polynomial of the second degree: E(t) =
3.9t2 + 330.6t — 920.7. The value of the
probability of approximation (R?) is 0.9.

The accumulative value of the develop-
ment of scintillation equipment for medicine is
built as a function of all patents obtained in the
world within a certain industry to a certain year:
E,(t) = 7.5¢2 — 29725t + 8E+07 where RZ=
0.94.

As can be seen from Fig. 1a, even though
scintillation materials in medicine (scinti-
graphy and single-photon emission com-
puted tomography) has been starting to de-
velop recently, a large number of patents
being obtained in recent years indicates that
application of scintillation equipment in
this area is innovative and attractive. The
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Fig. 2. The evaluation of the level of innovative of development for scintillation equipment of

dosimetry (a).
dosimetry (b).

probability is that the number of patents
will increase in the next 1-2 years is 0.9.
Long-term prediction is non-relevant due to
the influence of the general external fac-
tors. This assumption is also supported by
the accumulated value of its development.

The obtained dependences enable to pre-
dict the development of innovations of scin-
tillation materials in medicine (Fig. la,
Fig. 1b). For other applications of scintilla-
tion equipment, the assessment of the de-
gree of innovative development and the ac-
cumulative value of development was con-
ducted analogously.

Another important application of scintil-
lation materials is dosimetry (the measure-
ment of the exposure dose of photon radia-
tion, the absorbed dose and the equivalent
dose of photon or neutron radiation, as well
as measurement of the radiation power of
these quantities).

Fig. 2a shows the number of patents re-
lating to the use of scintillation materials
in dosimetry for the registration of ionizing
radiation (o-, B-, y-, X-ray radiation and
neutrons) between 1980 and 2018. This de-
pendence is approximated by a polynomial
of the second degree: E(t) = 0.5¢t2 — 2.82¢ +
5.7. The value of the probability of approxi-
mation is 0.97. The accumulative value of
the development of scintillation equipment
for dosimetry is shown in Fig. 2b. It is ap-
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The accumulative value of the development for scintillation equipment of

proximated by a polynomial of the second
degree:

E,.(t) = 0.5¢2 — 1787.9t + 2E+06 where
R2 = 0.96.

The stated dependences (Fig. 2a, Fig. 2b)
give a possibility to predict that the usage
of scintillation materials in dosimetry will
increase over the next three years. Long-
term prediction is non-relevant due to the
influence of the general external factors.

Radiation-resistant single-crystal scintil-
lators and inexpensive scintillation plasties
with luminescent impurities, which operate
under ultra-large fluxes conditions of ioniz-
ing radiation, are used in high-energy phys-
ics experiments. Fig. 3a shows dependence
of the number of world patents of scintilla-
tion materials using in high-energy physics
experiments over time. The given curve is
approximated by a polynomial of the second
degree: E(t) = —5.7458t2 + 391.23¢ —
10060.47. The value of the probability of
approximation is 0,9. The accumulative
value of the of scintillation equipment de-
velopment for dosimetry is shown on Fig. 3b.
It is described by a polynomial of the second
degree: E,.(t) = 40.4¢2 — 160095¢ + 2E+08
where R2 = 0.98.

As it can be seen on Fig. 3a and Fig. 3b,
since 2010 more than four thousand patents
have been received annually in this indus-
try. In addition, we can conclude that the
number of patents will grow over the next

Functional materials, 26, 3, 2019
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Fig. 3. The evaluation of the level of innovative of development for scintillation equipment of high

energy physics (a).
energy physics (b).

two to three years with a probability of
0.9-0.98. Long-term prediction is non-rele-
vant due to the influence of the general
external factors.

In geology scintillation detectors are suc-
cessfully used to detect gamma and X-ray
doses for radiation logging in wells, however
they have a number of specific limitations
that can limit their usage, for example: the
effectiveness of the scintillation detector de-
pends on the operating temperature and the
vibration resistance of the recording device.

Fig. 4a shows the dependence of the
number of world patents relating to the
usage of scintillation materials in geology
over time, is approximated by a third-de-
gree polynomial: E(t) = 0.12¢3 — 2.1#2 +
12.3¢ — 8.83. The value of the probability of
approximation is 0.7. The accumulative
value of the development of scintillation
equipment for geology is shown on Fig. 4b.
It is described by a polynomial of the second
degree: E,.(t) = 0,142¢2 — 565.72¢ + 560883
where R2 = 0.98.

As it can be seen on Fig. 4a, the innova-
tion of the scintillation materials usage is
less than in other applications that is asso-
ciated with the particularities of these ma-
terials application in geology. Because the
probability of approximation is only 0.7, it
is impossible to predict the development of
this industry for more than a year, but ac-
cording to the obtained dependency, the
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The accumulative value of the development for scintillation equipment of high

number of patents in this area would in-
crease. On the contrary, using the method
of function for the accumulative value of
development allows us to predict the devel-
opment of this industry over the next three
years with a probability of 0.98.

Portal monitors for radiation monitoring
are intended for non-destructive testing and
measurement of nuclear, radioactive materi-
als, ionizing radiation sources and are used
for radiation monitoring systems and sys-
tems, in dosimetric customs services for
solving nuclear safety problems. This appli-
cation has emerged recently with the advent
of international terrorism. Fig. 5a shows
the dependence of the number of world pat-
ents of scintillation materials using in ra-
diation monitoring over time. It is approxi-
mated by a polynomial of the second degree:
E(t) = —8.4t2 + 99t — 254.8. The value of
the probability of approximation (R2) is 0.7.
The accumulative value of the development
of scintillation equipment for radiation
monitoring is shown on Fig. 5b. It is de-
scribed by a polynomial of the second de-
gree: E,.(t) = 6.5¢2 — 25697t + 3E+07
where RZ = 0.96.

As it can be seen on Fig. 5a, the coeffi-
cient of approximation probability is low,
which indicates that it is impossible to reli-
ably predict how the use of scintillation ma-
terials will develop in this industry for
more than a year and whether the number
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Fig. 4. The evaluation of the level of innovative of development for scintillation equipment of
geology (a). The accumulative value of the development for scintillation equipment of geology (b).

of patents will decrease. Also, despite the
fact that there is some downward dynamics
in the number of intellectual property, spec-
trometric portals are still under develop-
ment and existing portals are still unable to
meet the customers’ requirements for such
products. Despite this, the radiation moni-

toring industry is innovative and will con-
stantly develop in the future. On the con-
trary, using the method of function for the
accumulative value of development allows
us to predict the development of this indus-
try over the next three years with a prob-
ability of 0.96.
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Fig. 6. The evaluation of the level of innovative of development for scintillation equipment (a).

The accumulative value of the development for scintillation equipment (b).

A similar study to find dependences and
predict the development of the scintillation
equipment was also performed.

The obtained dependence of the number
of world patents of scintillation materials
over time shown on Fig. 6a is approximated
by a polynomial of the second degree: E(¢) =
—21.6¢2 + 1172.7¢t — 4710.3, R2 = 0.85. The
accumulative value of the development of
scintillation equipment is shown on Fig. 6b.
It is approximated by a polynomial of the
second degree E .(f)= 1.7¢3 — 9917.4¢42 +
2E+07t — 1E+10 where R2 = 0.98.

It enabled to predict the overall develop-
ment of scintillation equipment. Fig. 6a
shows, the peak in the development of scin-
tillation materials was between the years of
2003 to 2011. The conclusion is that there
might be a slight decline in the activity of
development of scintillation materials over
the next two years with a probability of
0.85, but getting of 10,000 patents in the
scintillation industry per year indicates that
it remains innovative and will continue to
evolve. Along with that, the method which
evaluates the function of the accumulative
value of the development of scintillation
equipment allows to predict the develop-
ment of this industry for the next three
years with a probability of 0.98.

The conducted research of existing world
patents enabled to allocate the main compo-
nents of efficiency for scintillation equip-
ment: economic, technical, social and eco-
logical. For each of these components, de-
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pendences similarly to the previous research
were obtained.

The energy resolution of the scintillation
device makes a significant contribution to
the technical component of innovation. Fig. 7a
shows the dependence of the number of pat-
ents obtained between 1960 and 2018,
which are aimed at increasing the efficiency
in technical component of the scintillation
technology. The given curve is approxi-
mated by a polynomial of the second degree:
E,(t) = -0.012 + 138.09t — 235867.5, where
the correlation coefficient is 0.92.

During the study of the economic compo-
nent (Fig. 7b) in the scintillation equip-
ment, the number of patents which are
aimed at the price reduction of the scintilla-
tion device between 1971 and 2018 was con-
sidered. The given curve is approximated by
a polynomial of the second degree:
E (t) = 2.16t2 — 8514.5¢t + 8406136.7 the
correlation coefficient was 0.96.

To find the environmental component
in scintillation equipment, the number of
world patents between 1972 and 2017
which are aimed at the safety of the scin-
tillation device was studied. The given
curve (Fig. 7c) is approximated by a
polynomial of the second degree:
E,(t) = 1.7¢2 — 6717.08t + 6627227.7, the
correlation coefficient was 0.97.

To find the social component in scintilla-
tion equipment, the number of world patents
between 1973 and 2017 which are aimed at
the reliability of the scintillation device was
studied. The given curve (Fig. 7d) is approxi-
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Fig. 7. The component of innovation: a) technical;

mated by a polynomial of the second degree
E () = -0.3t2 + 1306.2¢t — 1377250, the cor-
relation coefficient was 0.87.

The industries where scintillation devices
are used leave an imprint on effectiveness
criteria of their usage. The main industries
where scintillation equipment is being cur-
rently used are geology, dosimetry, high en-
ergy physics, medicine, radiation monitoring.
The impact of various components of innova-
tion — economic, technical, social and envi-
ronmental on these industries of scintillation
technology was obtained by Delphi method.

In the framework of this method, an ex-
pert survey was conducted, where the ex-
perts using the score method would fill in
the coefficients for each application of the
scintillation material, depending on the ef-
ficiency components, namely: technical, eco-
nomic, social and environmental. The ob-
tained weight coefficients were added up for
each industry and should be equal to 1
(one). Seven people were acting as experts
who are leading specialists in their relevant

654

b) economic; c) ecologic; d) social.

field, both in Ukraine and abroad. The re-
sults are presented in Table. The equivalent
efficiency for each industry was estimated
by identifying superpositions of innovation
individual components for each industry.

3. Results and discussion

Taking into account the influence of in-
dividual components of efficiency, based on
expert survey, and obtained efficiency de-
pendence for different industries, a formula
to determine the reduced equivalent effec-
tiveness of innovation was built:

+ E (1) - kg + E %) - Ry,

1)

By using the formula 1 and the values of
the reduced equivalent innovation efficiency
were obtained for each application:

Geology:

E;, = 0.56t2 — 2161.1¢ + 2064704.6

Dosimetry:

Functional materials, 26, 3, 2019
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Table. Results of expert estimation.

Components The coefficients for each application depending on the efficiency components
of innovation . . . . < -

Geology Dosimetry High Energy Medicine Radiation

physics monitoring
Technical, k&, 0,6 0,3 0,5 0,6 0,5
Economic, k&, 0,2 0,3 0,3 0,1 0,2
Ecological, kg 0,1 0,2 0,1 0,1 0,1
Social, &, 0,1 0,2 0,1 0,2 0,2

Total 1 1 1 1 1
E;, = 0.92t2 — 3595.1t + 35001076.3 6000

High Energy physics:

E;, = 0.79t2 — 3026.4t + 2928905.1

Medicine:

E;, = 0.52¢2 — 1981.4¢ + 1886818.75

Radiation monitoring:

E;, = 0.74t2 — 2846.6t + 2751014.2

Dependency graphs of the reduced
equivalent efficiency E;, for each applica-
tion of scintillation technology on the time
(Fig. 8) are shown below.

The following has been obtained during
the research:

— dependency of reduced equivalent effi-
ciency for each application of scintillation
technology: geoclogy, dosimetry, high energy
physics, medicine, radiation monitoring;

— dependency of innovation process im-
pact on the efficiency of the individual com-
ponents of the scintillation technology: eco-
nomic, technical, social and environmental;

— equations that describe these depend-
ences, allowing to analytically predict the
development of scintillation technology and
its individual elements in the future.

4. Conclusions

As a result of the performed research it
can be concluded that the obtained depend-
ences allow to develop an anticipatory stand-
ard aimed at determination of the parameters
of scintillation equipment or it’s certain ap-
plications, taking into account possible devel-
opment of this equipment in the future.

It has important practical implications,
because anticipatory standard can stimulate
the innovation activities of the research in-
stitutes.
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Fig. 8. Dependency graphs of the reduced
equivalent efficiency for each application of
scintillation technology on the time: I — ra-
diation monitoring, 2 — high energy physics,
3 — medicine, 4 — geology, 5 — dosimetry.
X axis — the total number of patents. Y axis
— Years.
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