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CeroaHsi: TpaauuuoHHbIi METOI BHYTPEHHEr0 CTAHIAPTA.
Kwuraii, Ungus, EC, CIIA, Mekcuka u ap.

B cootBercTBUE € TPAAUIIUOHHBIM METOAOM BHYTPCHHETO
CTaHAapTa KOHLCHTpPAIUA I-TO KOMIIOHEHTa B Pa3MEPHOCTHU MI/KT

oTpeiesIAeTcs o clenyouei popmyse:

A.
C, (mr/xr) = RRE"S .~ C,o (mr/kr)
As
3HaUCHUsI OTHOCHUTENIbHBIX KOY(Q(PUIMEHTOB OTKIIMKA JETEKTOpa
Ha HUCCIENYEMBbIH JIETyYMi KOMIIOHEHT OTHOCHTENBHO OTKJIMKAa Ha

BBIOpDAHHBIA BHYTPEHHHH CTaHIAPT BBIYHCIAIOT IO CIEAYIOIICH
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9TaHOMA):
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C; (Mr/ 1 6€3BOJJHOTO CIIUPTA) =
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CTaHJapTa’” KOHLEHTPALWs i-r'0 KOMIIOHEHTA B pa3MEPHOCTU
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Eth

3Ha4eHUs] OTHOCHUTEIBHBIX  KO3(PPUIIMEHTOB
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KommnoneHnT OTHocuTeNbHOE pa3inyue B BeJMYMHAX M3MePeHHBIX KOHUEeHTpauuii, %
arerajibIerua -1.7 0.2 1.2 1.1 0.1 -1.7 1.8 0.1 -1.8 -1.2 -0.6 1.4 -1.6
STHJIALIETAT -1.8 0.1 1.1 1.0 - -1.7 1.8 0.1 -1.8 -1.3 -0.7 1.3 -
METaHOJI -1.7 0.2 1.2 1.1 0.1 -1.7 1.9 0.1 -1.8 -1.2 -0.6 1.4 -1.6
2-nporaHo -1.7 0.1 1.2 1.1 0.1 -1.7 1.8 0.1 - -1.3 -0.6 1.3 -1.6
1-nponaxon -1.7 0.2 1.2 - - -1.7 1.8 - -1.8 -1.2 -0.6 - -
n300yTaHO -1.7 0.1 1.2 - - -1.7 1.8 0.1 -1.8 -1.3 -0.6 1.4 -
1-O6yraHoun -1.7 0.2 1.2 1.1 - -1.7 1.9 0.1 -1.8 -1.3 -0.7 1.3 -
M30aMUII0N -1.7 0.2 1.2 1.1 - -1.7 1.8 0.1 -1.8 -1.2 -0.6 1.3 -

OTHOcHUTENbHOE pa3IMuue B BEJIWYMHAX KOHUEHTPALWH, HM3MEPEHHBIX B COOTBeTcTBMM ¢ pertameHToM EC 2870/2000 and B
COOTBETCTBHH C MPEIOKEHHBIM METOIOM HE TPEBOCXOIUT 2 Y.

The study of the matrix effect on the method of direct determination of volatile compounds in a wide range of alcoholic beverages / Food
Control, 2021, doi.org/10.1016/j.foodcont.2020.107528
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Collaborators: P. Lenartowicz; R_ Kiddie; P. Durante; A Garcia: L. Maignial; M. Williams; AD. Low; I P. Vidal: A.T.
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Conchie; A Malandain: A Leclerc; M. Pineau; P. Barboteau; M. Lafage; D. Laurichesse; M. Nic An Airchinnigh: S.
McGowan; B. Cresto; A Bossard

An interlaboratory study of a gas chromatographic (2) that will prescribe methods of analysis to be used to moni-
(GC) method for the determination of volatile conge- tor compliance with 1576/89.

ners in spirit drinks was conducted; 31 laboratories Congeners are volatile substances formed along with etha-

from & countries took part in the study. The method - . ) o
uses GC with flame fonization detection and incorpo- nol during fermentation and maturation of spirit drinks and

rates several quality control measures which permit can be used to provide both qualitative and quantifative infor-
the choice of chromatographic system and conditions ~ mation for labelling purposes. In addition proposed Furopean
to be selected by the user. Spirit drink samples were legislation specifically defines the volatile congener compo-
prepared and sent to participants as 10 blind duplicate nent of volatile substances as comprising the sum of: ethanal
or spiit-level test materials for the determination of (acetaldehyde) and the ethanal fraction contained in

1,1-diethoxyethane (acetal), 2-methylbutan-1-ol (active -
amyl alcohol), 3-methylbutan-1-ol (isoamyl alcohol), L.1-diethoxyethane (acefal) expressed as ethanal. and the sum
methanol (methyl alcohol), ethyl ethanoate (ethyl ace-  of propan-1-ol (n-propanol). 2-methylpropan-1-ol (isobutyl
tate), butan-1-ol (rbutanol), butan-2-ol (sec-butanol), aleohol), butan-1-ol (n-butanol), butan-2-ol (sec-bufanol),

BIO Web of Conferences 15, 02030 (2019)
42" World Congress of Vine and Wine

https://doi.org/10.105 1 fbioconf/20191502030

Interlaboratory study of ethanol usage as an internal
standard in direct determination of volatile compounds
in alcoholic products

S. Charapitsa', S. Sytova', A. Korban'2, L. Sobolenko'2, V. Egorov?, §. Leschev?, M. Zakharov?, R. Cabala®,
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Abstract. A collaborative interlaboratory study on the method of direct quantitation of volatile compounds
in spirit drinks and alcoholic products was conducted. The discussed method applies ethanol, the major
volatile component of an aleoholic product, as an internal standard. 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
10mg/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,
I-butanol and 3-methyl-1-butanol. The interlaboratory study was evalvated according to the IS0 5725
standards and the Eurachem guide. 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 @ = 3%. The determined concentrations of the
analytes compared well to the gravimetrical values thus showing very satisfactory accuracy of the method.
The results of the interlaboratory study confirmed that “Ethanol as Internal Standard” method is robust and
reliable and can be vsed as a standard reference method for analysing volatile compounds in water-ethanol
samples. The possibilities of method validation according to the previously obtained experimental data were
shown.

2-methylpropan-1-ol (isobutyl alcohol), propan-1-ol 2-methylbutan-1-0l  (active  amyl  alcohol) and
(n-propanol), and ethanal (acetaldehyde). The preci- 3-methylbutan-1-ol (isoantyl alcohol). Regulation 1576/80
8 crpan 31 naGoparopust 42 coaBTOpa

4 cTpaHbl 9 n1aGoparopwuii 15 coaBTOpOB

Pesynbprarel Mex1a00paTOPHBIX ¢ MEXIYHAPOAHBIM yYacTHEM UCHBITAHUA MeToJa ObUIH MPEICTaBICHBl B BUIE YCTHOTO JTOKJIaZa U OMyOJIMKOBAHBI
(doi.org/10.1051/bioconf/20191502030) B Tpymax 42-ro MexayHapOAHOTO KOHIpecca MEXIyHApOAHOW MEXKIPABUTEIbCTBEHHOW OpraHU3aluu
BuHOAenus u BuHOTpagapcrsa (MOBB - OIV), 15-19 urong 2019 r., XKenesa, LlBetinapus (www.0OIV2019.ch).
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OIV-MA-BS-BS-14 / EC2870/2000 (10 principal volatile substances)
becomes simpler, faster, easier, cheaper, trust and robust

COMPENDIUM OF INTERNATIONAL METHODS OF ANALYSIS OF COMPENDIUM OF INTERNATIONAL METHODS OF ANALYSIS OF COMPENDIUM OF INTERNATIONAL METHODS OF ANALYSIS OF COMPENDIUM OF INTERNATIONAL METHODS OF ANALYSIS OF
SPIRITUOUS BEVERAGES OF VITIVINICULTURAL ORIGIN SPIRITUOUS BEVERAGES OF VITIVINICULTURAL ORIGIN SPIRITUOUS BEVERAGES OF VITIVINICULTURAL ORIGIN SPIRITUOUS BEVERAGES OF VITIVINICULTURAL ORIGIN
Determination of the principal volatile substances Determination of the principal volatile substances Determination of the principal volatile substances Determination of the principal volatile substances
of spirit drinks of viti-vinicultural origin of spirit drinks of viti-vinicultural origin of spirit drinks of cultural origin of spirit drinks of viti-vinicuitural origin

OIV-MA-BS-14 and are detected using a flame ionisation detector (FID). The concentration of All standard solutions must be stored at <5 °C and be prepared freshly 5143  Standard solution - C
each congener is determined with respect to the internal standard from response on a monthly basis, if necessary. Masses of components and solutions Pipette 1 ml solution A (5.14.1] -14.2} into 2 100 ml
factors, which are obtained during calibration under the same chromatographic should be recorded to the nearest0.1 mg volumetric flask containing approximately 80 ml ethanol solution (5.13),
- - . conditions s those of the spirit drink analysis. 5141  Standard solution - A make up to volume with ethanol solution (5.13) and mix thoroughly.
Determination :,'"he p","':'p,il_ volatile w_b_’u"“’ Note: The concentrations of the analytes are expressed as grams per 100 litres of Pipette the following reagents into a 100 ml volumetric flask, containing Record the weight of the flask, each component added and the total
of spirit drinks of viti-vinicultural origin absolute = he 3 st o th ot armin approximately 60 ml ethanol solution (5.13) to minimise component final weight of contents.
F evaporation, make up to valume with ethanol solution (5.13) and mix
thoroughly. Record the weight of the flask, each component added and 5144  Standard solution - D
the total final weight of contents. In order to maintsin analytical continuity and an effective quality
Type Il method 5. Reagents and Materials control, prepare aquality control standard using the previously prepared
Unless otherwise stated, use only resgents of a purity greater than 97 %, ] stondard A (5.14.1) or, preferably, prepare a control standard as
1. Scope purchased from an ISO accredited supplier with a Certificate of Purity, free from Component Volume (ml) indicated for standard A, but using different batches or suppliers of
This method is sultable for the determination of the following compounds by gas other congeners at test dilution (this may be confirmed by injection of individual Methanol (5.2) 20 reagents. Pipette 1 mi solution A (5.14.1) into & 100 ml valumetric flask
chromatography in spirit drinks of viti-vinicultural origin: ethanal (acetaldehyde), congener standards at the test dilution using GC conditions as in 6.4) and only propan-1-ol (5.3) 30 containing approximately 80 ml ethanol solution (5.13), make up to
both free and total [obtained from the sum of ethanal and the fraction of cthanal water of at least grade 3 as defined in IS0 3696. Acetal and acetaldehyde must be 2-methylpropan-i-ol (5.4) 30 volume with ethanol solution (5.13) and mix thoroughly.
contsined in 1,1-diéthoxyéthane], ethyl ethanoate (ethyl acetate), 1,1- stored in the dark at <5 °C, all other reagents should be stored according to the 2-methylbutan-1-ol (5.6] 30 Record the weight of the flask, each component added and the total
diethoxyethane (acetal), methanol (methyl alcohol), butan-2-ol (sec-butanal), supplier’s instructions. 3-methylbutan-1-ol (5.7) 30 final weight of contents.
prop: | (n-propanol), | (isobutyl alcohol), butan-1-of (n- 51 Ethanol absolute (CAS64-17-5) Ethyl acetate (5.8) 3.0
butanol), 2-methylbutan-1-ol (active amyl alcohal), 3-methylbutan-1-ol (isoamyl 5.2 Methanol (CAS67-56-1) Butan-1-ol (5.9) 30 Ripatie 10 ml solution B {5142} info = 1 | volumetric fack
alcohol). 53 Propan-1-ol (CAS 71-23-8) Butan-2-ol (5.10) 30 i 20 i athansl solut 121 maks +
54 2-methylpropan-1-ol (CAS 78-33-1) Acetaldehyde (5.11) 30 ke e 13} snd-
2. Normative References bleinternal standards: 4 84-02-1) ‘ Acetal (5.12) 30 -} o th ht of the flack sach ddded and the total
1S0 3696:1987 Water for analytical laboratery use - Specifications and test 410} + 26-80-H- 4 d ° 4
methods. 108112} thyl = 1731-84-5) NOTE - It is preferable to add scetal and acetaldehyde last in order to 5146 Standard solutions used to check the linearity of response of FID
56 2-methylbutan-1-ol (CAS 137-32-6) minimise losses through evaporation. The solutions may be prepared Into separate 100 ml volumetric flasks, containing approximately 80 ml
3. Definition 57 3-methylbutan-1-ol (CAS 123-51-3) individually, and the final solution and dilutions prepared subsequently. ethanol (5.13), pipette 0,0.1,0.5, 1.0, 2.0 ml solution A (5.14.1) and-L1 et
Cangeners are volatile substances formed along with ethanol duringfermentation, 58 Ethyl acetate (CAS141-78-6) salution 845342} make up to volume with ethanal solution (5.13) and
distillation and maturation of spirit drinks. 59 Butan-1-ol (CAS 71-36-3) 5142 Standard coluticr-8 mix thoroughly.
510 Butan2-ol (CAS78-92-2) s orgthar suitsbis iam sl sancard (5.5 Record the weight of the flask, each component added and the total
4. Principle 511 Acetaldehyde (CAS75-07-0) 2 1 ok tric flack- e 8 | ath ‘ final weight of contents.
Congeners in spirit drinks are determined by direct injection of the spirit drink, or 512 Acetal (CAS 105-57-7) i 513} ™ Iy it ith ath: Loaluti S 13)and 5147 QCstandard solution
appropriately diluted spirit drink, or its distillate, into a gas chromatography (GC) 513 40% v/v ethanol solution thoraughly. Pipette 9 mi standard solution D (5.14.4) and 1 ml sfstandard salution £
system. Asu A ard pirit drin o-injection. To prepare 400 mi/l ethanal solution pour 400 ml ethanol (5.1) inte a 1 e i of the flask _th e of Lor_oth G into & weighing vessel and mix
litre volumetric flask, make up to volume with distilled water and mix \nternalstandard sdded srnd the total final weight of contents. thorouzhly
514  Preparation and storage of standard solutions (procedure suggested for Record the weight of the flask, cach component added and the total
The congeners are separated by temperature programming on a suitable column the validated method: the calibration ranges should be adapted to the final weight of contents.
nature of the different types of products analysed by each laboratory)
OIV-MA-BS-14 : R2009 1 OIV-MA-BS-14 : R2009 [ — OIV-MA-BS-14 : R2009 3 OIV-MA-BS-14 : R2009 B
COMPENDIUM OF INTERNATIONAL METHODS OF ANALYSIS OF COMPENDIUM OF INTERNATIONAL METHODS OF ANALYSIS OF COMPENDIUM OF INTERNATIONAL METHODS OF ANALYSIS OF COMPENDIUM OF INTERNATIONAL METHODS OF ANALYSIS OF
SPIRITUOUS BEVERAGES OF VITIVINICULTURAL ORIGIN SPIRITUQUS BEVERAGES OF VITIVINICULTURAL ORIGIN SPIRITUOUS BEVERAGES OF VITIVINICULTURAL ORIGIN SPIRITUOUS BEVERAGES OF VITIVINICULTURAL ORIGIN
Determination of the principal volatile substances Determination of the principal volatile substances Determination of the principal volatile substances Determination of the principal volatile substances
of spirit drinks of viti-vinicultural origin of spirit drinks of viti-vinicultural origin of spirit drinks of nicultural origin of spirit drinks of visi-vinicultural origin
6. Apparatus and Equipment 3 A packed column (5% CW 20M, Carbopak B), 2m x 2 mm i.d Inject standard solution C (5.14.3) to ensure that all of the analytes are 81 Respense factor calculation
61 ‘Apparatus capsble of measuring the density snd alcoholic strength separated with a minimum resolution of 1.3 {except 2-methylbutan-1-ol Fromthe chromatogram of the injection of standard solution C (5.14.3),
6.2 Analytical balance, capable of measuring to four decimal places. Calumn temperature: 65 °C for 4 min., 65 °C to 140 °C at 10 *C/min,, and 3-methylbutan-1-ol) calculste response factorsfor esch congener using equation (1)
65 A temp progr gas eraph fitted with a flame hold at 140°C for 5 min., 140 °C to 150 °C at 5 °C/min., hold at 150 °C for 84 calibration P  Peramalh | Cor e e
fonisation detector and integrator or other data handling system capable 3 min The calibration should be checked using the following procedure. Ensure Peak area of congener Conc IS (uig/z)
of measuring peak aress Injector tempe rature: 65 °C that the response is linear by successively analysing in triplicate each of
64 Gas chromatographic columnis), capable of separating the analytes such Detector temperature: 200°C the linearity standard solutions (5.14.6) containinginternalctandard {15}
that the minimum resolution between the individual components (other Injection volume 14 From the integrator peak areas for each injection calculate the ratio R
than | and ) is, a5 a guide, at least for each congener and plot a graph of R versus the concentration ratio of
1.3, f 2 simple visual examination of the chromatogram is not sufficient - Sampling and Samples. congener to internal standard ., C. A linesr plot should be
71 Laboratory sample obtained, with a correlation coefficient of at least 0.99
NOTE - The following columns and GC conditions are given s suitable examples: On receipt, the alcoholic strength of each sample is measured (6.1).
R = Peak area of congener
1 Aretentiongap 1 mx 0.32 mmid. connected to a CP-WAX 57 CB column 50 m 8. Procedure (used for the validated method, and given as an example; the Peak area of 1S
%032 mm id. 0.2 um film thickness (stabilised polyethylene glycol) followed exact procedure, and in particular the calibration range, should be
by a Carbowax 400 column 50 m x 0.32 mm id. 0.2 pm film thickness. odapted to the nature of the spirit drinks analysed and to the )
(Columns are connected using press-fit connectors.) procedures validated by each laboratory) c= WM a2 Sample snalysis
81  Testportion “E Using equation (2) below, calculate the concentration of each congener
Carrier gas and pressure Helium (135 kPa) g11 " lad 4 o ok e in the samples.
Colurnn temperature: 35 °Cfor 17 min, 35 °C to 70 °C 5t 12 *C/min,, 812 Pipette 0 milaborak e [ d th ht
hold £ 70 C for 25 min. [ (2) Congener concentrations, {ua/a) [E/I00N)
Injector temperature: 150°C 1 )
Detector temperature 250°C 814 hake the test materiah Ly (ot leact 2 3 L Peak areaof congener | M(8) .., e
Injection volume: 1 p, split 20to 100:1 be—stored-stlessth 5 s s dart: Paca e & s Mo @)
volatile losses. " hera:
2 Aretentiongap 1mx032mm i.d. connected tos CP-WAX 57 CB column 50 m 83 Determination Mnsens = waight ot samplate 12k
Inject standard solution C (5.14.3) and 2 QC standard solutions (5.14.7) d
% 032 mm id. 0.2 pm film thickness (stabilised pelyethylene glyeol) 82 Blank test M, weight of internal standard (8.3}
(Retention gap is connected using a press-fit connector.) [ERR Saur sacimal place o3l 2eigh led Follow with unknown samples (prepared according fo 8.1 and 5.2) Coneds = £ internal_standard in_solution £
inserting one QC standard every 10 samples to ensure analytical =
waighingassaland racord tha waight. {sst
Carrier gas and pressure: Helium (65 kPa) 222 Bictta o mld ot | el S 13} into th Land " stability. Inject one standard solution C (5.14 3) after every 5 samples. B - . N
Column temperature: 35 °C for 10 min., 35 °C to 110 °C at 5 °C/min., the waight. a Calculation _
110°C to 190 °C at 30 °C/min., hold at 190 °C for 2 min 2 g
niector termperature: s T iy T N — An automated system of data handling can be used, provided the data can be
o bestorad at lass than 5.t e et checked using the principles described in the method below and to good gas- 93 Quality control standard solution analysis
Detector temperature 300°C chromatographic practice [calculation of response factors and/or establishment of Using equation (3) below, calculate the percentage recovery of the
Injection volume: L, split 55:1 b2z ey calibration curves) target value for each congener in the Quality Control standards [5.14.7):
23 Preliminary test Measure peak areas for congener and internal standard [EERGABH pesks
OIV-MA-BS-14 : R2009 5 OIV-MA-BS-14 : R2009 OIV-MA-B5-14 : R2009 7 OIVMABSL4 k2009 :
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Determination of Isopropyl Alcohol and Methyl Ethyl Ketone in Alcoholic
Products by GC-FID (Gas Chromatography - Flame lonisation Detection)

1. Scope

The purpose of this method is verification of fulfilment of the legislative requirements on
denatured alcohol, particularly the Regulation (EC) 3139/93 of 22 November 1993, and its
amendments, concerning the mutual recognition procedures for the complete denaturing of
alcohol (CDA) for the purpose of exemption from excise duty. The common denaturing
procedure for completely denatured alcohol defines the amount of denaturing agents in litre
(or gram) per hectolitre of absolute ethanol. According to Commission Implementing
Regulation (EU) 2017/2236 the amount of IPA and MEK added to 100 L (1 hL) of absolute
ethanolis 1L

This method is suitable for the determination of isopropyl alcohol (IPA) and methyl ethyl
ketone (MEK) in denatured alcohol and alcohel containing solutions or drinks with analyte
content ranging from 0.1 to 5 L per hL absolute ethanol using gas chromatography-flame
ionization detection.

The same analytical procedure can be used for other formulations of volatile denaturants,
i.e. methanol, acetone, tert-butyl alcohol, ethyl acetate, methyl isopropyl ketone, methyl
isobutyl ketone, toluene or ethyl sec-amyl ketone.

2. Principle

The concentration of the denaturants is determined by capillary gas chromatography with
FID detection. Ethyl alcohol itself is used as internal standard and all data for the
concentration of denaturants are calculated in relation to the content of ethanol. There is no
need for any further internal standard compound.

3. Reagents and materials

The following reagents of recognized analytical grade and demineralized or distilled water
are used:

This table shows the most important changes that have been made compared with the latest former version

Date of the latest former version:

14 October 2019

Section

Changes

8. Precision

Precision data units corrected.

Expression of the precision data as repeatability and reproducibility (limit
of r and limit of R) instead of their standard deviations and relative standard
deviations.

3.1 Methyl ethyl ketone (MEK), min. 99.5 %

3.2 Isopropyl alcohol (IPA), min. 99.8 %
3.3 Deionized water
3.4  Absolute Ethanol 2 99.8%

6. Calculations

For creating calibration curve calculate the exact volume of ethanol, IPA and MEK using its
weight (See Section 5.1), its density and its purity according to the following equation:

Exact volume (Ve) = (Weight (g) x Purity) / Density (kg/l)

{Density: ethanol: 0.7892 kg/l; IPA: 0.7855 kg/l; MEK: 0.8050 kg/l)

Calculate the factors for the calibration of MEK and IPA as follows:
Calibration solution CSy: Fesues = (Exact volume of IPA) x 100 / (Exact volume of ethanal)
Calibration solution CSx: Fe.amex = (Exact volume of MEK) x 100 / (Exact volume of ethanol)

Do the same for calibration solutions CSz, CSs, CSs, and CSs.

7. Expression of results

The analytical results obtained from calibration curve arein L/ hL absolute ethanol.
Results are expressed with maximum 3 significant figures and maximum 2 decimal places
(example 1.04 L/ hL absolute ethanol).

8. Precision

Precision data obtained from the 1% CLEN proficiency test on completely denatured alcohol,

performed in 20182 (final report issued 4 September 2018) by &1 3 samples.
Isopropyl alcohol Matrices
{IPA) Completely
denatured Burning alcohol Screen wash
alcohol [CDA)
1PA (robust mean), L/hL EXOH. 0.93 0.97 0.96
Repeatability, L /AL E(0H 0.01 0.01 0.02
Reprodu ity L/hL EcOH 0.06 0.06 0.12
Methyl ethyl ketone Matrices
(MEK) Completely
denatured Burning alcohol Screen wash
alcohol [CDA)
MEK [robust mean), L/hL EcOH 1.00 1.14 0.93
Repeatability, L/AL E0H 0.01 0.02 0.02
Reproducibility, L/hL Er0H 0.06 0.14 0.12

MeTon npuHAT B KadYecTBe O(PUIIHAIBHOIO

B TaAMOKeHHBIX Jiafoparopusix Ha

OCHOBE MeXJIA00pPATOPHbIX McNbITaHU B 41 aKKpeaMTOBAHHOM Jaboparopuu

EBpocoro3a
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1 400 man 1 400 mun 450 mun 333 man

PecnyOsinka bejsiapych He J0JKHA OTKA3aTbCsl OT TOr0, YTOOBI
KOHTPOJIb Ka4eCTBA U 0€30MACHOCTH MUIJINOHOB JIMTPOB AJKOT0JIbHOMN
NPOAYKIHUHU, €KeIHEBHO NMPOM3BOAMMOM MO0 BCeMY MHPY, BbINOJIHAJICA
1o 0eJIOPYCCKOMY METOY.

Texmonmepkka: https://elab.bsu.by/elib/?i=11
E-mail: elab@inp.bsu.by
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