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*Motivation

History, main trends and prospects of scientific 
work of the Laboratory of Analytical Research of 
the Institute for Nuclear Problems of Belarusian 
State University
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*Outline

 What is the Institute for Nuclear Problems (INP) of Belarusian 
State University
 What is the Laboratory of Analytical Research of INP 
 What is Volume Free Electron Lasers (VFEL)
 Experimental discover of parametric radiation
 Mathematical modeling of nonlinear dynamics of VFEL
 Information technology based on free software
 Establishment of nuclear knowledge management system in the 

Republic of Belarus and development of Belarusian portal of 
nuclear knowledge BelNET https://belnet.by/
 New methods of quality control of alcohol and alcohol-

containing products
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* What is the Institute for Nuclear Problems (INP) 
of Belarusian State University (BSU)

In April 1986, by resolution of the Council of Ministers of the USSR, it was decided to create 
in Minsk a new research institute to solve the problems of developing ultra-powerful 
generators of electromagnetic radiation for the purposes of strategic missile defense.
It was Institute for Nuclear Problems.
The corresponding resolution of the Council of Ministers of Belarus and the Order of the 
Belarusian Ministry of Education appeared on September 1, 1986.
The basis for creation of such types of generators was the theoretical and experimental 
discovery of Parametric X-ray Radiation (PXR) made in 1985 by BSU  scientists.
Subsequently, these generators were called Volume Free Electron Lasers (VFEL).
Now VFEL has become a common acronym https://www.acronymfinder.com/Volume-Free-
Electron-Laser-(VFEL).html.



* What is the Institute for Nuclear Problems (INP) 
of Belarusian State University
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Major areas of R&D
• Basic research in fields of nuclear physics, high energy and particle 
physics, astrophysics and cosmology

• Research of extreme states of matter under ultra-high temperatures 
and pressures using magnetic cumulation of energy

• New composite materials, nano- and micro-structured materials

• Radiation and nuclear technologies using radioactive sources, 
particle accelerators and nuclear reactors; new methods of ionizing 
radiation measurements

Staff total – 120
Researchers – 95
D.Sc. – 10
Ph.D. – 28
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* What is the Laboratory of 
Analytical Research of INP
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Main research areas:

 advanced methods of quality control of alcohol and 
alcohol-containing products;

 development of electronic document management 
system of the testing laboratory (framework) eLab
based on free software;

 establishment of nuclear knowledge management 
system in the Republic of Belarus and development of 
Belarusian portal of nuclear knowledge BelNET
(Belarusian Nuclear Education and Training) 
https://belnet.by/;

 explore ways to develop unification of working with 
various analytical instruments.

Dr. Siarhei Charapitsa
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* What is Volume Free Electron Lasers (VFEL)

Grid resonator with 
photonic crystal

Professor Vladimir Baryshevsky
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*Vacuum electronic devices
• There is a variety of such devices with their obvious 

generality in used physical principles, as well as the 
complex nonlinear dynamics of their functioning. 

• Their performance and reliability are based on complex 
electromagnetic structures, new materials and advanced 
technologies. 

• The widespread use of such devices in military and 
commercial applications requires them to operate reliably 
with high power, high efficiency, and low cost.

• The basis of the operation is the emission of electrons, 
grouped in bunches and interacting in a cavity (slow-wave 
spatially periodic medium) with slow electromagnetic 
waves. The generated electromagnetic wave power has its 
group velocity directed along or oppositely to the direction 
of motion of the electrons.

R. Kompfner. Wireless World LII (1946), 369
R. Kompfner, N. T. Williams. Proc. IRE 41 (1953), 1602

Cutaway view of a helix TWT. (1) Electron gun; (2) RF 
input; (3) Magnets; (4) Attenuator; (5) Helix coil; (6) RF 
output; (7) Vacuum tube; (8) Collector

Schematic of an M-BWO
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*Free electron lasers (FEL)
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A Free Electron Laser* differs from 
conventional lasers in using a 
relativistic electron beam as its 
lasing medium, as opposed to 
bound atomic or molecular states, 
hence the term free-electron. 
FELs generate tunable, coherent, 
high power radiation in 
wavelengths from millimeter till 
ultraviolet and X-ray. 

*J. M. J. Madey. J. Appl. Physics, 42(1971), 1906
W. B. Colson. Phys. Let., 59A (1976), 187
D. A. Deacon et al. Phys. Rev. Let. 38 (1977), 892
M. Billardon et al. Phys. Rev. Let. 51 (1983),1652
J. Madey, M. O. Scully, P. Sprangle. Physica Scripta, 91 (2016),  063003



10

*Free electron lasers

European XFEL (DESY) 



*Free electron lasers

Control roomBooster
11

Linear accelerator+XFEL



The first FEL has been in operation since 2003. It provides a narrow-band (less than 1%) terahertz radiation in the wavelength
range of 80 240 μm at an average power of up to 0.5 kW and a peak power of up to 1 MW ( 100-ps pulses at a repetition rate of 5.6 
MHz). About 30 user research projects in different fields of science were carried out at the facility in recent years. 

*Free electron lasers
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Novosibirsk FEL*

*Kulipanov et al. IEEE Trans. on Therahertz Sience and Technology. 2015. Vol. 5, No. 5. P. 798–809
12
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*Free electron masers
Maser is a microwave amplification by 
stimulated emission of radiation.

I. Botvinik et al. Letter JETP 35, 418 (1982) 
N. S. Ginzburg et al. Tech. Phys. Let. 36 (2010), 952
N. Yu. Peskov et al. Phys. Rev. Accel. Beams. 19
(2016), 060704



*Chaos in FEL

M. Billardon. Phys. Rev. Lett. 65 (1990), 713
S.J. Hahn, J.K. Lee. Phys. Let. A 175 (1993), 339
De Ninno, G., Fanelli, D., Bruni, C. et al. Eur. Phys. J. D 22 (2003), 269. 
C. Bruni et al. Eur. Phys. J. D 55, 669-677 (2009) 14



*Dynamical diffraction* 

thw

hw

Bragg geometry Laue geometry

t is a reciprocal lattice vector.
Principles of diffraction are valid from 
X-ray to THz range.

*Bragg, W.H.; Bragg, W.L. Proc. R. Soc. Lond. A. 88 (1913), 428 Scheme of multi-wave experiments**
4-wave 8-wave

**V.Afanasenko, V.Baryshevsky et al. Tech.Phys. Let. 15 (1989) 33
V.Afanasenko, V.Baryshevsky et al. Phys. Lett. A141 (1989) 311
V.Afanasenko, V.Baryshevsky et al. JETP Let. 51 (1990) 21315



* Parametric(quasi-Cherenkov) X-ray radiation
Cherenkov radiation* is electromagnetic radiation emitted when a charged particle passes through a 
dielectric medium at a speed greater than the phase velocity of light in that medium. 
According to Landau (vol.VIII), the dielectric permittivity e < 1  (the refractive index                         ) 
and Cherenkov radiation in the X-ray region should be absent. 
However, in 1971** it was showed that, nevertheless, when a large-energy particle moves through a 
crystal due to the diffraction of emitted photons in a crystal, it is possible that X-ray induced radiation 
(and, as a consequence, spontaneous) Cherenkov radiation.
A new type of radiation was called Parametric X-ray radiation (PXR). 
Its origin is due to the fact that in a periodic medium, which is a crystal, photons have several 
refractive indices, among which there are refractive indices of  n > 1 in the X-ray (and g-) range. PXR 
generation in a crystal is accompanied by excitation in the X-ray range of waves with  n > 1 (slow 
waves) and waves with  n < 1 (fast waves).
PXR was experimentally discovered in 1985***.

*Cherenkov P. A. Doklady Akademii Nauk SSSR, 2(1934), 451

**Baryshevsky V.G., Feranchuk I.D.Sov. J. Exp. Tech. Phys, 61, N 3(9) (1971), 944; Sov. J. Exp. Tech. 
Phys, 64 (1973),760; Baryshevsky V. G., Feranchuk I.D. Doklady Akad. Sci. BSSR, 18, N 6 (1974), 499

***Adischev Yu.N., Baryshevsky V.G. et al. // Sov. JETP. Lett. 41 (1985) 295
16
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*VFEL new law of instability
New law of instability* for an electron beam passing through a spatially-periodic 
medium, valid for all wavelength range and any type of spontaneous radiation (PXR, 
Smith-Purcell, diffraction or Cherenkov radiation, radiation in laser wave etc.)
The increment  of instability in degeneration points:

instead  of for other systems (TWT, BWT, FEL etc.)  

Threshold current in degeneration points:

instead  of for other systems.  

s is the number of surplus waves appearing due to diffraction.

  sstart kL
j 23

1~ 

  3~ kL

sG 3~ 
3~ 

*V.G.Baryshevsky, I.D.Feranchuk,  Phys.Lett. 102A (1984) 141,

V.G.Baryshevsky, Proc. of the USSR Nat. Ac. Sci., 299(1988), 1363
17



*Volume free electron lasers (VFEL)

18

Volume (non-one-dimensional) multi-wave distributed feedback (VDFB) 
under diffraction conditions is the distinctive feature of VFEL.

02

conditionn Diffractio
2  τkτ

0
condition mSynchronis
 ww ku

Interacting of the electron beam with electromagnetic field in VFEL is much more efficient than in one-
dimensional situation because the group velocity of electromagnetic waves decreases sharply due to 
continuous reflections of them at periodic planes of resonator. VFEL is an oversized system where 
electron beams of broad cross-section can be used. Due to this and VDFB electron beam radiates more 
effectively.
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*VFEL experiments at INP

1919

2001 The first VFEL generation in the millimeter range. Experimental 
verification of VFEL principles. Demonstration of frequency tuning 
for a fixed electron energy

2004 VFEL with grid 
rectanglular resonator

V.G.Baryshevsky et al., NIM 483 A (2002) 21 

V.G.Baryshevsky et al., NIM 393A (1997)  71

1996 Experimental modeling of electrodynamic processes in volume diffraction grating 
made   from dielectric threads

V.G. Baryshevsky et al., 

NIM. B 252 (2006) 86

2007 VFEL with grid and foil resonators 
(photonic crystals)

V. G. Baryshevsky et al. Proc FEL2007, 496; 
Proc. IRMMW-THz 2010; Proc. FEL2010. Nuovo Cimento 34 (2011), 199

19



*VFEL in different wavelenght range 
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natural crystal
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grid resonator

X-ray range

VFEL with ribbon electron beam (2001)

e beam-
Q

Smith-Purcell radiation
v

Photonic crystal (resonator)

Microwave range (2007)
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*VFEL main equations*
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*Batrakov K., Sytova S. Comp. Math.  Math. Phys.  45 (2005), 666

Two-wave VFEL in Bragg geometry
g0,1 are direction cosines,  is departure from synchronism 
conditions.
χ0,±t are Fourier components of the dielectric susceptibility of 
the target.

 (t, z, p) is an electron phase in a wave.

We use the method of averaging over initial phases of 
electron entrance in the resonator that takes into account 
as initial phase of an electron not only the  moment of time 
t0 but also transverse spatial coordinate of an electron 
entrance in the resonator at z = 0.



* Surface VFEL with diffraction gratings

(III)

(II), (IV)
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*VFEL main numerical results

V.G.Baryshevsky et al., Proc. FEL06, 331

It was obtained numerically all main VFEL physical laws.
It was demonstrated that there exists an optimal set of VFEL parameters 
for effective generation.
It was obtained generation thresholds for INP VFEL experimental setups
It was denoted the necessity of taking into account the dispersion of 
electromagnetic waves on photonic crystal for microwave VFEL
It was demonstrated numerically one of VFEL physical features of 
suppression of spurious modes inside the resonator.
_______________________________________________________
VFEL was investigated as dynamical chaotic system.
A gallery of different chaotic regimes for VFEL laser intensity with 
corresponding phase space portraits, bifurcation diagrams, attractors and 
Poincare maps was proposed. 
It was obtained analytically solution for the stationary problem with electron 
beam and for non-stationary small-scale periodic regimes. It was 
demonstrated the origin of oscillations.

For n modes in synchronism

23



*Photonic and Nano FEL

24



*Prospects for VFEL
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*VFEL main references 
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V.G.Baryshevsky, I.D.Feranchuk,  Phys.Lett. 102A (1984) 141,
V.G.Baryshevsky et al.. Dokl. Akad.Sci.USSR 229 (1988) 1363
V.G.Baryshevsky et al., J. Physics D: Appl. Physics 24 (1991), 1250
V.G.Baryshevsky et al., NIM A341 (1994), 274, NIM A358 (1995), 493
Baryshevsky V. G., Gurinovich A.A. NIM B252 (2006) 92
V.G.Baryshevsky et al., NIM A483 (2002) 21
V.G.Baryshevsky et al., NIM B252 (2006) 86
V.G.Baryshevsky et al. Proc. IRMMW-THz 2010; Proc. FEL2010
Baryshevsky V. G. High-energy nuclear optics of polarized particles. 
World Scientific Publishing Company, 2012
Baryshevsky V. G. et al. Parametric X-ray radiation in crystals. 
Theory, experiments and and applications. Springer, 2005
Baryshevsky V. G. NIM B355 (2015), 17 
Baryshevsky V. G., Gurinovich A.A. Phys. Rev. ST 22 (2019), 044702



*VFEL last info

27

Supercomputing Center, Korean Institute of Science and
Technology Information (KISTI), Daejeon, Oct. 23, 2023



* Information technology based on free software

1. Development of electronic document management system of the testing 
laboratory (framework) eLab based on free software

2. Establishment of nuclear knowledge management system in the 
Republic of Belarus and development of Belarusian portal of nuclear 
knowledge BelNET (Belarusian Nuclear Education and Training) 
https://belnet.by/, https://belnet.bsu.by/, https://net.inpnet.net/

28



* Information technology based on free software

Intellectual information system of a Gosatomnadzor employee to ensure control 
(supervision) in the field of nuclear and radiation safety contains the following 
modules:

1. Module of control (supervision) over ensuring safety during the construction, commissioning and 
operation of the Belarusian NPP, including control (supervision) over the equipment, systems and 
elements of power units No. 1, 2 of the Belarusian NPP;

2. Module of control (supervision) over radiation safety of ionizing radiation sources;
3. Module for accounting and control of nuclear materials, radioactive waste and spent nuclear material;
4. Module "General information and auxiliary tools ".

The system is connected to the Unified Register of Licenses https://license.gov.by/ and the database of the 
Ministry of Taxes and Duties of the Republic of Belarus http://nalog.gov.by/ .

At present, in the Republic of Belarus at the level of the regulatory body, all accounting of sources of 
ionizing radiation, all accounting of nuclear material with reporting to the IAEA, and supervision of the 
construction of the Belarusian NPP are carried out with the help of the system.

29



* Information technology based on free software

Framework eLab is a client-server architecture system running undo 
Windows and Linux operating systems, based on free software:

 Debian GNU / Linux
 Apache web-server
 Firebird database server
 PHP application server.

It works through the Web interface in multi-user mode with shared 
access rights through any browsers: Mozilla Firefox, Google Chrome, 
Opera, etc.

30



* Information technology based on free software

2010 – eLab is implemented in the educational process of Belarusian State 
University, Belarusian State Technological University, Belarusian National 
Technical University, in the Chemical-toxicological, laboratory of the Minsk Drug 
Treatment Clinic.
2012 – Commissioning of eLab-Fuel in 202 Chemmotology Center of the Fuel for quality monitoring and 
management of specimens, measurements and passports of fuels and lubricants of the Belarusian Armed Forces. 
2013 – Commissioning of eLab-Fuel in Belarusian branch of company GazPromNeft.
2014 – Software eLab-Atom for control of ionizing radiation sources
2015 – Developed CMS eLab-Science
2015 – Portal of nuclear knowledge BelNET https://belnet.bsu.by,
2017 – Portal of the project of Programme Horizon2020 Coexan https://coexan.bsu.by
2018 – Software eLab-Control for Intellectual information system of the Gosatomnadzor employee to ensure 
control (supervision) in the field of nuclear and radiation safety
2019 – Scientific portal https://elab.bsu.by/
2021 – Start of work on development of nuclear knowledge management system in Belarus and futher
development of portal BelNET https://belnet.by/

Steps in eLab development:
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* BelNET is a repository of nuclear knowledge of 
Belarus

32

https://belnet.by/
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* Methods of quality control of alcohol and 
alcohol-containing products

Absinthe drinkers by ChatGPT

33



* Methods of quality control of alcohol and 
alcohol-containing products
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66th Session of the Sub-Commission Methods of 
Analysis

Proposal of the Russian Federation for new work on

«Method for determination of volatile compounds 
in spirituous beverages of vitivinicultural origin 

using contained ethanol as a reference substance»

Project presentation
Wednesday 27th of September 2023

35



Current status: 
OIV, Regional & National Methods for the Determination of Volatile Compounds in 

Spirituous Beverages of vitivinicultural origin

Commission Regulation (EC)
No. 2870/2000

AOAC Official Methods
972.10/11, 2005

GB/T 11858-2009
GB/T 15038-2008
GB 5009.266-2016
GB/T 10781-2021

BIS IS 3752:2005(R2009)

Norma Mexicana
NMX-V-005-NORMEX-2018

OIV-MA-AS312-03A:R2015
OIV-MA-BS-14:R2009
OIV-MA-AS315-27:R2016

 In the vast majority of countries, the determination of the content of volatile
components in alcoholic beverages is carried out using gas chromatographs
with a flame ionization detector (GC-FID)

 Quantitative calculation of the concentrations of volatile components is
carried out using the traditional internal standard (IS) method

 This method was adopted in the European Union as official EC 2870/2000
based on the results of an interlaboratory study carried out in 1999 with
wide international participation

 The traditional internal standard requires a manual procedure for adding an
internal standard substance to the test sample

 In order to eliminate the manual procedure (1) for introducing an internal
standard substance into the test sample, to increase the reliability of the
experimental data obtained (2), to reduce the cost (3) and reduce the
analysis time (4), a new method using ethyl alcohol as a reference substance
directly contained in analyzed samples, is proposed

36



1   2 3     4       5 - operations

IS

 To calculate the concentration of the component, expressed in
mg/L AA, it is necessary to measure the density of the sample
and determine its strength (volume content of ethanol):

 In accordance with the traditional IS method the concentration of
the i-th component in terms of mg/kg is determined by the
following formula:

 In accordance with new method «Ethanol as a reference
Substance» (Eth-RS), the concentration of the i-th compound in
the dimension mg/L of anhydrous alcohol (AA) is determined by
the following formula:

Internal Standard Method 
(IS)

𝐶௜(mg/L 𝐴𝐴) = 𝑅𝑅𝐹௜
ா௧௛ ⋅

𝐴௜

𝐴ா௧௛
⋅ 𝜌ா௧௛(mg/𝐿)

𝐶௜(mg/kg) = 𝑅𝑅𝐹௜
ூௌ ⋅

𝐴௜

𝐴ூௌ
⋅ 𝐶ூௌ(mg/kg)

 Ethanol is always present in alcoholic products and its concentration
in mg/L AA is always known with a 100% guarantee and is equal to
the density of ethanol ρEth = 789270mg/L

 There is no need to add any internal standard to the sample

 There is no need to determine density of the sample and its strength  

Background & Differences

𝑅𝑅𝐹௜
ூௌ =

𝐶௜
௖௔௟௜௕௥(mg/kg)

𝐶ூௌ
௖௔௟௜௕௥(mg/kg)

⋅
𝐴ூௌ

௖௔௟௜௕௥

𝐴௜
௖௔௟௜௕௥

 The values of the relative response factors RRF of the detector to
the analyzed volatile compound relative to the response to the
selected internal standard are calculated using the following
formula:

 The values of the relative response factors RRF of the
detector to the analyzed volatile compound relative to the
response to ethanol are calculated using the following
formula: 𝑅𝑅𝐹௜

ா௧௛ =
𝐶௜

௖௔௟௜௕௥(mg/L 𝐴𝐴)

𝜌ா௧௛(mg/L)
⋅

𝐴ா௧௛
௖௔௟௜௕௥

𝐴௜
௖௔௟௜௕௥

𝐶௜ mg/L 𝐴𝐴 = 𝑅𝑅𝐹௜
ூௌ ⋅

𝐴௜

𝐴௜௦
⋅ 𝐶ூௌ(mg/kg) ⋅

𝜌௦௔௠௣௟௘(kg/L) ⋅ 100 %

"Strength" (%,  𝐴𝐵𝑉)

New method with Ethanol as a Reference Substance 
(Eth-RS)

2 5 - operations
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New method – New possibilities:
Easier, cheaper, trust & robust measurements

Internal Standard Method (IS)   
New Method (Eth-RS)

IS

1.5 mL

100 mL

1.5 mL1.0 mL

250 mL

determine volume ethanol content

add Internal Standard

CEthanol = 789300 mg/L  AA

The equipment and reagents for
preparing calibration mixtures
are the same as in the current
OIV regulations and in regional
& national standards of wine
producing countries

The main difference and
advantage of the proposed
method is that there is no need to
introduce a separate reference
substance into the analyzed
sample and determine density of
the sample and strength.
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New method’s application: Determination of aldehydes, esters, methanol and higher alcohols in different beverages

Result for

SlivoviceGinCalvadosGrappaBrandyGrain spiritBourbonWhiskeyRum
210 / 907 / 6255 / 

10546
1.70 / 0 / 1.54 / 4.16182 / 583 / 3690 / 910191 / 289 / 2113 / 414143 / 396 / 4801 / 297

44.0 / 84.7 / 4662 / 
110

150 / 645 / 5546 / 88.4162 / 589 / 6693 / 132
48.1 / 145 / 1043 / 

22.2
IS-Method, 
mg/L AA

211 / 912 / 6288 / 
10603

1.72 / 0 / 1.55 / 4.19182 / 585 / 3702 / 913190 / 288 / 2100 / 412142 / 396 / 4794 / 297
44.4 / 85.4 / 4703 / 

111
151 / 649 / 5580 / 88.9160 / 584 / 6635 / 130

48.4 / 146 / 1051 / 
22.3

Eth-RS-Method, mg/L AA

0.5 / 0.5 / 0.5/ 0.50.8 / - / 0.9 / 0.90.3 / 0.3 / 0.3 / 0.3-0.6 / -0.6 / -0.6 / -0.6-0.2 / -0.2 / -0.2 / -0.20.9 / 0.9 / 0.9 / 0.90.6 / 0.6 / 0.6 / 0.6-0.9 / -0.9 / -0.9 / -0.90.7 / 0.7 / 0.7 / 0.7Δ, %

Result for

VodkaCocktailRectified spiritMulled wineNalewkaVermouthTequilaSakeTsikoudia

0.504 / 0 / 0 / 21.861.9 / 84.0 / 728 / 77.34.83 / 25.2 / 0 / 6.0522.7 / 55.9 / 871 / 25.347.4 / 74.4 / 10.3 / 16830.5 / 0 / 5.94 / 17.5
34.8 / 126 / 2895 / 

1456
37.6 / 47.0 / 1367 / 

18.2
356 / 266 / 2297 / 755

IS-Method, 
mg/L AA

0.50 / 0 / 0 / 21.761.1 / 83.0 / 719 / 76.34.81 / 25.1 / 0 / 6.0322.5 / 55.6 / 866 / 25.147.8 / 75.1 / 10.4 / 16930.6 / 0 / 5.98 / 17.6
34.9 / 127 / 2904 / 

1460
37.2 / 46.5 / 1352 / 

18.1
359 / 268 / 2316 / 761Eth-RS-Method, mg/L AA

-0.7 / - /  - / -0.7-1.3 / -1.2 / -1.2 / -1.2-0.4 / -0.4 /  - / -0.4-0.6 / -0.5 / -0.6 / -0.60.9 / 0.9 / 0.9 / 0.90.6 / - / 0.6 / 0.60.4 / 0.3 / 0.3 / 0.3-1.1 / -1.1 / -1.1 / -1.10.9 / 0.8 / 0.9 / 0.9Δ, %

Result for

BaijiuRakia
Liqueurs

Sloe gin Raspberry Cherry Limon Herbal EggSambuсa 

63.9 / 1072 / 2114 / 11592.2 / 1334 / 6165 / 118621.12 / 0 / 0 / 20.536.6 / 31.8 / 0 / 12718.4 / 266 / 0 / 9.7725.1 / 0 / 0 / 29.1
38.1 / 13.5 / 9.39 / 

19.5
6.89 / 0 / 125 / 9.754.20 / 0 / 2.44 / 2.32

IS-Method, 
mg/L AA

64.3 / 1079 / 2128 / 11691.6 / 1325 / 6217 / 117911.13 / 0 / 0 / 20.736.2 / 31.5 / 0 / 12618.5 / 267 / 0 / 9.8225.3 / 0 / 0 / 29.4
38.2 / 13.5 / 9.43 / 

19.6
6.94 / 0 / 125 / 9.814.24 / 0 / 2.46 / 2.34Eth-RS-Method, mg/L AA

0.6 / 0.6 /  0.6 / 0.60.6 / 0.7 / 0.6 / 0.60.6 / - /  - / 0.6-1.0 / -1.1 /  - / -1.10.5 / 0.6 /  - / 0.50.8 / - /  - / 0.80.4 / 0.4 / 0.4 / 0.40.8 / - / 0.7 / 0.70.8 / - / 0.8 / 0.8Δ, %

38 %
ABV

14.5 %
ABV

38 %
ABV

15 %
ABV

18 %
ABV

8.5 %
ABV

70 %
ABV

27.5 %
ABV

40 %
ABV

40 %
ABV

40 %
ABV

43 %
ABV

40 %
ABV

40 %
ABV

40 %
ABV

40 %
ABV

47 %
ABV

45 %
ABV

38 %
ABV

17 %
ABV

35 %
ABV

25 %
ABV

16 %
ABV

16.5 %
ABV

35 %
ABV

56 %
ABV

The relative difference between obtained values of concentrations (Δ, %) measured according to the IS-Method (EC 2870/2000) and 
new Eth-RS-Method method does not exceed 1.5 %

40 %
ABV
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 Results of the single-laboratory validation (published in Journal of AOAC International, 2019.– Vol. 102.– No. 2.– P. 669–672

(doi:10.5740/jaoacint.18-0258).

 Short description of the validation’s procedure: (1) Conditions - 7 standard solutions of the following volatile compounds were prepared
gravimetrically in 40% (v/v) water–ethanol solution: acetaldehyde, methyl acetate, ethyl acetate, methanol, 2-propanol, 1-propanol,
isobutanol, 1-butanol, and isoamylol. Each sample was measured with the proposed method 30 times in repeatability conditions; (2) Results
– FID-response was linearly correlated with assigned concentrations at a range of 2 to 5000 mg/L of absolute alcohol (AA) with coefficients of
determination (R2) more than 0.995 for all analyzed components. Repeatability (RSDr ≤ 4.5%; RSDr ≤ 2.0%), reproducibility (RSDR ≤ 5.0%;
RSDR ≤ 2.0%), and trueness (relative bias ≤ 2.6%; relative bias ≤ 1.4%) were obtained for low (10–25 mg/L AA for methanol and 2–10 for other
volatiles) and high (25–5000 mg/L AA for methanol and 10–5000 for other volatiles) ranges of concentrations, correspondingly; (3)
Conclusions - the method increases the reliability of measurements and eliminates manual procedures of internal standard addition into
both calibration standard solutions and spirit drinks; (4) Possibilities for additional validations - in addition, the following example of
method validation based on interlaboratory tests can also be given. Regularly, twice a year, the Bureau National Interprofessionnel du
Cognac (BNIC) carries out interlaboratory comparisons for the quality control of cognac and brandy, in which more than 15 profile
laboratories take part.

 Results of the interlaboratory test (published in BIO WEB of Conferences, 2019.– V. 15.– 8 pages
(https://doi.org/10.1051/bioconf/20191502030 ).

 Short description of the validation’s procedure: (1) Conditions - in this study 9 laboratories from 4 different countries were supplied with
standard solutions for gas chromatographic measurements. Five aqueous ethanol 40% (v/v) standard solutions containing target compounds in
concentrations ranging from 10 mg/L to 400 mg/L of absolute alcohol were prepared and sent to the participants for quantification of
acetaldehyde, methyl acetate, ethyl acetate, methanol, 2-propanol, 1-propanol, 2-methyl-1-propanol, 1-butanol and 3-methyl-1-butanol.
The interlaboratory validation was evaluated according to the ISO 5725 standards and the Eurachem guide; (2) Results & conclusions - the
within-laboratory precision varied between 0.4% and 7.5% for all samples and compounds, showing a sufficiently high repeatability of the
method. The between-laboratory precision was found to vary within a satisfactory range of 0.5% ÷ 10.0%. Precision of the method was well
within the range predicted by the Horwitz equation for all analytes. The analysis of trueness showed that the bias of the method is
insignificant at the significance level α = 5%.

 Results of additional validations: ILIADe 453:2021 | CLEN Method. Determination of Isopropyl Alcohol and Methyl Ethyl Ketone in Alcoholic 
Products by GC-FID [Electronic resource]. - 2021 (link for download: https://taxation-customs.ec.europa.eu/system/files/2022-
02/ILIADe453_IPA%26MEK_v2Feb2021.pdf). 
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 Journal of Agricultural and Food Chemistry, 2013. –Vol. 61. – No.12. – P. 2950–2956 (doi: 10.1021/jf3044956)

 Journal of Chemical Metrology, 2018. – Vol. 12. – No.1. – P. 59–69 (doi:10.25135/jcm.14.18.02.063)

 Food Control, 2021. – Vol. 120 – P. 107528 (doi: 10.1016/j.foodcont.2020.107528)

 Food Analytical Methods, 2021 (doi: 10.1007/s12161-021-02047-8)

 Journal of Food Composition and Analysis, 2022. – Vol. 114. – 104772 (doi: 10.1016/j.jfca.2022.104772)

 Journal of Food Composition and Analysis, 2023. – Journal of Food Measurement and Characterization (doi: 
10.1007/s11694-023-01868-x)

 42nd & 44th OIV World Congresses of Vine and Wine, 2019,  2023

 Several training materials were prepared on the official method website elab.inpnet.net: (a) 
https://elab.inpnet.net/article/282 -theoretical background; (b) https://elab.inpnet.net/article/430 - Development of 
the method for determination of volatile compounds in spirituous beverages of vitivinicultural origin using contained 
ethanol as a reference substance; (c) https://elab.inpnet.net/article/788 -about the method - video; (d) 
https://elab.inpnet.net/article/430 - practical recommendations for «Agilent Chemstation»

elab.inpnet.net
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 There is no need to purchase an internal standard reagent

 There is no need for a manual procedure for quantitative addition of an internal standard 
substance to the analyzed samples and standard mixtures

 A GC-chromatograph equipped with a FID-detector from any manufacturer can be used

 Uncertainty of the concentration of the reference substance is zero                                       
(concentration of ethyl alcohol expressed as «mg per liter of anhydrous ethanol»)

 The relative response factors RRF of the detector response to the volatile compound 
relative to the detector response to ethanol RRF, which determine the calibration 
characteristic of the GC for the proposed method, can be tabulated, which makes it possible 
to significantly increase the time interval between calibrations

 There is no need to determine strength of the sample

 There is no need to determine density of the sample

 General result - the determination of the quantitative content of volatile components in 
alcoholic products becomes (1) more reliable, (2) cheaper, (3) faster, (4) simpler & (5) more 
robust
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OIV-MA-AS312-03A - simplification 
Methanol
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OIV-MA-BS-14  - simplification
Determination of the principal volatile substances of spirit drinks of 

viti-vinicultural origin

45



EC 2870/2000 – simplification
Determination of Volatile Substances and Methanol of Spirit
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National Standard of People’s Republic of China GB/T 11858-2008  –
simplification 
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BIS IS 3752:2005(R2009)  - simplification
Alcoholic Drinks  - Methods of Test
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Norma Mexicana NMX-V-005-NORMEX-2013 – simplification
Determination de Aldehidos, Esters, Methanol y Alcoholes Superiores. 

Metodo por cromatografia de Gases
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AOAC Official Method 972.11  - simplification 

Methanol in Distilled Liquors. Gas Chromatographic Method
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*Thank You for 
attention!


