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ABSTRACT. Existing in Ukraine sanitary legislation on the introduction of chemicals into the national economy
provides for compliance with regulations. Since the control over the presence of DMDK in the air of the working
area is carried out only with the help of indicator paper, there was a need to develop a gas chromatographic
method for its determination in the air of the working area by modeling the conditions of industrial use of the
drug.

Aim of the Research. To analyze research from available sources of information on the peculiarities of the use
of dimethyldicarbonate (E 242, Velcorin), as well as regulations for its use and control.

Materials and Methods. Review and analysis of scientific publications, directives and regulations of the EU.
Gas chromatography method. Materials: silochrome C-120, fraction 0,35-0,5 mm according to TU 6-09-17-
48; KSK brand silica gel according to GOST 3956; glass wool according to the current ND; DMDK, analytical
standard, 99,9%, CAS 4525-33-1; acetonitrile, Sigma-Aldrich No 34851. Computer data processing system
and metrological evaluation of the methodology.

Results and Discussion. The conducted research allowed to offer a modern method of determining the levels
of DMDK in the air of the working area by concentrating it and detecting it by gas chromatography.

The developed method allows to control compliance with the levels of DMDK content in the air of the working
area in accordance with the requirements of GOST 12.1.016-79 “Air in the working area. Requirements for
methods for measuring concentrations of harmful substances” at the level of j the value of the hygienic stan-
dard.

Conclusions. The proposed method of measuring the mass concentrations of DMDK is based on the use of
gas chromatography using a flame ionization detector (FID). It allows to determine Velcorin in the range of
mass concentrations from 0,1 to 0,5 mg/m?®, the lower limit of its quantitative determination makes 0,1 mg/m?
at selection of 5 m2 of air.

The relative standard deviation when using this method is 1,41%, the confidence limits of the random error -
0,04%, the total error of the measurement result — 12,24%, not exceeding + 25% and meeting the require-
ments of GOST 17.2.3.01-86.

Keywords: dimethyldicarbonate, E 242, Velcorin, air of the working area, gas chromatography method, indi-
cator paper, ASLE, silochrome, flame ionization detector, sorption tubes, acetonitrile, chromatograms, metro-
logical evaluation, concentration, detection.

Introduction. Solving this problem, the features
of the DMDK should be taken into account, in par-
ticular, its physicochemical properties: rapid
destruction in the presence of water molecules
with the formation of methyl alcohol and carbon
dioxide. The relevance of this research is due to the
need to introduce into the technological processes
of production of wines, juices and soft drinks in
Ukraine modern, widespread in the European
Union and many countries of the world preserva-
tive dimethyldicarbonate (DKDM, E242, Velcorin).
According to the current legislation the obligatory

condition is existence of hygienic regulations of
safe use of this substance, including its maximum
admissible concentration in air of a working zone,
as well as a chemical-analytical method for control.

Aim of the Research. To analyze the data of
domestic and foreign literature on modern tech-
nological processes of using DKDM, physical
and chemical properties, regulations of its appli-
cation. Based on the obtained data to scientifi-
cally substantiate the method of chemical-ana-
lytical control over the levels of the substance in
the air of the working area.
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Material and Methods. Review and analysis
of scientific publications, directives and regula-
tions of the EU. Gas chromatography method.
Materials: silochrome C-120, fraction 0,35-
0,5 mm according to TU 6-09-17-48; KSK brand
silica gel according to GOST 3956; glass wool
according to the current ND; DMDK, analytical
standard, 99,9%, CAS 4525-33-1; acetonitrile,
Sigma-Aldrich No 34851. Computer data pro-
cessing system and metrological evaluation of
the methodology.

Results and Discussion. The peculiarity of
dimethyldicarbonate is its low stability. It is
destroyed in the process of making drinks, does
not affect their taste and color and in its native
form does not enter the human body. During the
decomposition of dimethyldicarbonate, methanol
is formed, its amount is insignificant (from
250 mg of dimethyldicarbonate — 120 mg of
methanol and 164 mg of CO,).

According to the Council of Europe Directive
95/2/EC of February 20, 1995 [2] dimethyldicar-
bonate (E-242) is used for cold sterilization of
soft drinks, wines, soft wines, cold teas in a con-
centration of not more than 250 mg per liter of
beverage.

The Resolution of the Chief State Sanitary
Doctor of Ukraine of January 28, 2002 has been
in force in Ukraine since 2002 No 3 "On approval
of the values of hygienic standards of food addi-
tive dimethyldicarbonate E 242 in food products”
[3], which approved the maximum permissible
level of food additive dimethyldicarbonate E 242
in soft drinks not more than 250 mg / | recom-
mended by the Committee for Hygienic
Regulation of the Ministry of Health of Ukraine.

According to the latest documents adopted in
the EU, the scope of dimethyldicarbonate has
been expanded. Thus, Regulations (EU) No
1333/2008 of the European Parliament and of the
Council of December 16, 2008 on food additives
[4], No 1129/2011 of the European Parliament
and of the Council of November 11, 2011 amend-
ing Annex |l to Regulation (EU) 1333/2008 by
establishing a consolidated list of food additives
[5], No 1166/2012 of the European Parliament
and of the Council of December 7, 2012 [6],
which provides for amendments to Annex Il to
Regulation (EU) 1333/2008, Velcorin is autho-
rized for use in non-alcoholic flavored beverages,
non-alcoholic wines, liquid tea concentrates,
cider and pear cider, low-alcohol wines, fruit and
berry wines, products based on wines covered by

Regulation (EU) No 1601/91 [7], other alcoholic
beverages, including mixtures of alcoholic bever-
ages with non-alcoholic and wine alcohols con-
taining less than 15% alcohol. The maximum per-
mitted level is left unchanged - 250 mg of
dimethyldicarbonate per liter of drink, in grape
and honey wine — 200 mg per liter of drink.

In order to control the observance of the spec-
ified hygienic standard, the Center for Product
Quality Control of the Ukrainian Research
Institute of Alcohol and Food Biotechnology and
CJSC “National Analytical Center” was devel-
oped and certified in accordance with the
requirements of GOST 8.010-99 “Methods of
measuring the content of methanol in beverages
after preservation with dimethyldicarbonate
(E 242) by gas chromatography” (MVV 081/12-
0320-06) [8].

According to the current legislation of Ukraine,
the introduction of a new substance in the tech-
nological processes of beverage production
requires the development and approval in the
prescribed manner of its regulations not only in
the objects of application, but also in the air of
the working area.

Modern technology of use of DMDK practically
excludes a possibility of its receipt in air of a
working area. But in certain emergencies -
depressurization of equipment, violation of the
conditions of transportation, storage and dispos-
al of Velcorin - it is possible to contaminate pro-
duction and storage facilities.

Control over the content in the air of the work-
ing area of this preservative in other countries is
carried out using indicator paper, which is
attached to each of its packaging units. A change
in the color of the indicator paper indicates the
presence of the substance in the air. Using such
an indicator, dimethyldicarbonate in the air of the
working area can be detected at a concentration
of 0,04 ppm. This level corresponds to the lower
limit of sensitivity of this method of indication of
the substance.

Taking into account the recommendations of
the European Union on the permissible harmless
level of DMDK in the air of the working area (0,05
and 0,13 mg/md), it was recommended to
approve the value of the approximate safe level
of exposure (ASLE) at the level of 0,1 mg / m®
(vapor) with the note “dangerous in contact with
skin and eyes”.

The current sanitary legislation in Ukraine for
the introduction of a chemical substance into the



national economy requires a standard, which
was done by modeling the conditions of industri-
al use of the drug and the development of gas-
chromatographic method for its determination in
the air of the working area.

The method is intended for laboratory centers
and research institutions of the Ministry of Health
of Ukraine, veterinary, agrochemical and control
toxicological laboratories of the Ministry of
Agriculture of Ukraine and laboratories, the
scope of which includes determining the levels of
DMDK content in the air of the working area.

DMDK is a colorless liquid with a slightly pun-
gent fruity odor. Melting point 17°C; boiling point
172°C (approximately at a temperature of 70°C
decomposition begins); density 1,25 g/ml.
Storage temperature 20-30°C. Well soluble in
alcohol, soluble in water and toluene.

In order to find adequate methods and means
of adsorption of DMDK from the air, we conduct-
ed a review of the scientific literature, the result
of which showed, that recently activated calcined
microporous sorbents silochrome S-80 and
S-120 are widely used [9]. The main advantages
of silochrome are its resistance to mechanical
and thermal effects, as well as low intrinsic cat-
alytic activity. The surface of the silochrome is
covered with hydroxyl groups, which determines
its ability to purposefully modify. Unlike activated
carbon, these classes of sorbents actively
absorb and give well into the eluate organic mat-
ter of certain groups.

The proposed principle of the method of mea-
suring the mass concentrations of DMDK is
based on the use of gas chromatography using a
flame ionization detector (GC-FID) in the range
of mass concentrations from 0,1 to 0,5 mg / m®
(limit of quantitative determination of 0,1 mg / m3
with the selection of 5 m3 of air).

To substantiate the method, we have proposed
the following reagents and materials: silochrome
C-120, fraction of 0,35-0,5 mm in accordance
with TU 6-09-17-48; KSK brand silica gel
according to GOST 3956; glass wool according
to the current ND; DMDK, analytical standard,
99,9%, CAS 4525-33-1; acetonitrile, Sigma-
Aldrich No 34851.

Preparation of the sorbent included washing
with several portions of acetonitrile, followed by
calcination in an oven at 200°C for 4 hours. After
cooling, the finished sorbent was placed in a
beaker with a well-ground glass stopper, stored
in a washed and thoroughly dried desiccator, at
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the bottom of which was placed a pre-dried layer
of silica gel KSK.

Sorption tubes were prepared immediately
before sampling. 0,5 g of S-120 silochrome was
placed in each of them, fixed with fiberglass and
closed with Teflon caps or a silicone hose with
glass plugs. Sampling was performed simultane-
ously with concentration on the solid sorbent,
followed by extraction of DMDK from the sorbent
layer with acetonitrile.

Therefore, this method is specific, dimethyl
carbonate, diphenyl carbonate and methyl
phenyl carbonate do not interfere with the deter-
mination. The relevant standard environmental
conditions were observed during the measure-
ments.

Preparation of solutions and preparation of the
sample for analysis was carried out in microcli-
matic conditions in accordance with the require-
ments of SSN 3.3.6.042-99 “Sanitary norms of
microclimate of industrial premises”, approved
by the resolution No 42 of the Chief State
Sanitary Physician of Ukraine dated December 1,
1999 [10], the measurement on the chromato-
graph was carried out in the conditions recom-
mended by the operating documents for the
device.

To control our proposed hygienic standard
DMDK at the level of 1/2 ASLE and, based on the
sensitivity of the selected detection method (GC-
FID), the required volume of air for aspiration,
which is 5,0 m3, was calculated. To select it at the
inlet of the aspirator installed cartridges with sor-
bent. Air with a volume flow rate of 10 dm?3 / min
was aspirated through sorption tubes. During
sampling, the air temperature, atmospheric
pressure, volumetric aspiration rate on the
rotameter, and sampling time were recorded.
Selected samples were capped and placed in
tubes with ground stoppers. Selected samples
were analyzed during the day.

Sample preparation and measurements were
performed in stages. The glass wool was
removed from the sorption tubes, the sorbent
was poured into the weighing bottle and filled
with acetonitrile. The weighing bottle was placed
in an ultrasonic bath and kept for 10 minutes.

Measurements were performed on a gas chro-
matograph with FID under the following condi-
tions: atmospheric pressure from 84,0 kPa to
106,7 kPa (from 630 mm Hg to 800 mm Hg); rel-
ative humidity (at a temperature of 25°C) not
more than 85%; indoor air temperature (20 = 5)°C;
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voltage in the electrical supply network of
devices (220 = 20) V; frequency of electric cur-
rent in the network (50 £ 0,5) Hz; chromato-
graphic column HP-5 30 m, 0,32 mm, 0.25 um,
manufactured by Agilent (or similar); silochrome
C-120, fraction of 0,35-0,5 mm in accordance
with TU 6-09-17-48; KSK brand silica gel
according to GOST 3956; glass wool according
to the current ND; DMDK, analytical standard,
99,9%, CAS 4525-33-1; acetonitrile, Sigma-
Aldrich No 34851.

The obtained chromatograms recorded the
peaks in the time of DMDK retention and deter-
mined their areas using a computer data pro-
cessing system. The average value of the DMDK
peak area for each of the parallel samples was
calculated.

Using the calibration dependence, the results
of measurements and calculations of the areas
of the chromatographic peaks of DMDK in the
samples, calculated the mass concentration of
DMDK in the air of the working area (mg/m?) for
each of the parallel samples.

After completion of researches and reception of
positive results the metrological assessment of a
technique according to GOST 12.1.016-79 was
carried out. “Air in the working area. Require-
ments for methods for measuring concentrations
of harmful substances” [11]. According to these
calculations, it was found that:

- the relative standard deviation is 1,41%;

- confidence limits of random error - 0,04%;

- the total error of the measurement result is
12,24%, which does not exceed + 25% and meets
the requirements of GOST 17.2.3.01-86 [11].

Thus, the conducted research allowed to offer
a modern method for determining the levels of
DMDK in the air of the working area by concen-
trating it on silochrome C-120 and detection by
gas chromatography with FID. The developed
method allows to carry out control over obser-
vance of the hygienic standard (ASLE) DMDK in
air of a working zone according to requirements
of GOST 12.1.016-79 “Air in the working area.
Requirements for methods for measuring con-
centrations of harmful substances” at the level of
j the value of the hygienic standard [12].

Conclusions. The proposed method of mea-
suring the mass concentrations of DMDK can be
based on the use of gas chromatography using a
flame ionization detector (FID). It allows to deter-
mine Velcorin in the range of mass concentra-
tions from 0,1 to 0,5 mg/m3, the lower limit of its
quantitative determination makes 0,1 mg/m? at
selection of 5 m® of air. The relative standard
deviation when using this method is 1,41%, the
confidence limits of random error — 0,04%, the
total error of the measurement result is 12,24%,
which does not exceed + 25% and meets the
requirements of GOST 17.2.3.01-86.
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METO/ KOHTPOJ1IO 3A BE3INEYHUMMU )19 340POB’S PIBHSIMU BMICTY
AUMETUIIANKAPBOHATY (AMAK, E-242) Y NNOBITPI PO6OY0I 30HU
AA. demiy’, A.€.MoapywHsk!, A.M.Crpoii’, A.O.3ynbpirapos?
1M «HaykoBuii LIeHTP NPEBEHTUBHOI TOKCUKOJIONI, Xap4OBOi
7@ XiMmi4HOI Ge3neku imeHi akagemika J1.1.Measeas MO3 Ykpaiun», m. Kuis, YkpaiHa
2HaviioHanbHuii TexHiYHWil yHiBepeuTeT Ykpaitu "KuiBCokunii MOMITEXHIYHNI iIHCTUTYT iMeHi Irops
Cikopcbekoro”, m. Kui, Ykpaira

PE3IOME. IcHylo4e B YkpaiHi caHiTapHe 3aKOHOAaBCTBO LOA0 BPOBAAXEHHS XIMIYHOI PeYOBUHU B HAPOAHE
rocrnoaapcTBo nepenbayac BiAroBigHICTb HOPMAaTUBHMX AOKYMeHTIB. OCKillbkv KOHTPOJIb 3a HasiBHiCTI0 MK
y roBiTpi po60YOi 30HM 3AIFCHIOETLCS AMLLE 3a AOMOMOrok IHAMKATOPHOro rnamnepy, BUHUKAA HEOOXIAHICTb
PO3P00KM razoxpomaTorpapiyHoro MeToAy Fioro BU3Ha4YeHHs B roBITPi POOOYOI 30HM LLISIXOM MOAEIOBaHHS
YMOB MPOMUCIIOBOIrO BUKOPUCTAHHS rpenapary.

Merta pob6otu. [lpoBecTv aHani3 [OCHIAXeHb i3 AOCTYMHUX AXepen iHpopmauii npo ocobmBOCTi BUKOPU-
CTaHHs aumeTunamkapboHarty (E 242, BesibkopuHy), a Takox pPersiaMeHTy Fioro 3acTocyBaHHS Ta MOX/NBOCTI
KOHTPOJIIO.

Martepianun Ta metogun. Ornisg Ta aHania HaykoBux nyonikauivi, AupexkTus Ta pernamenTis €C. Meton ra3oBoi
xpomatorpadii. Matepiann: cunoxpom C-120, ¢pakuis 0,35-0,5 mm 3rigHo 3 TY 6-09-17-48; cunikaresnb
mapku KCK 3rigHo 3 FTOCT 3956, cknosara 3rigHo 3 YnHHow HA; AMAK, aHanitndHni ctangapt, 99,9 %, CAS
4525-33-1; auetoHitpun, ipma Sigma-Aldrich Ne34851. KomnbioTepHa cuctema 06po0bku aHmx Ta MeTpo-
JI0rMYHa OUiHKa METOAUKN.

Pe3ynbtatn. [1poBeAeHI AOCTIAKEHHS LO3BOININ 3aMPOMNOHYBaTU Cy4aCHUA METOL BU3HAYEHHS PIBHIB BMi-
cty AMAK y nosiTpi po6040i 30HM LLISIXOM HI0ro KOHLUEHTPYBaHHS Ta AETEKTyBaHHS METOLA0M ra3oBoi Xpoma-
Torpaagii.

Po3po6sieHnii METOL A03BOJISIE 34iMICHIOBATY KOHTPOIL 38 AOTPUMaHHSIM piBHiB BmicTy AM/AK y nosiTpi po6o-
yoi 30HM BignosiaHo o sumor FOCT 12.1.016-79 “Bo3ayx paboyeii 30Hbl. TpeboBaHWs K MeToAMKaM 13me-
PEHUVSI KOHLLEHTPaLMi BPEAHbIX BELLECTB” Ha PIBHI | BEINYWNHW FiriEHIYHOr0 HOPMaTyUBY.

BucHoBKku. 3anpornoHOBaHW METOA BUMIPIOBAHHS MAacoBUX KOHUEHTpaui IMAK rpyHTyeTbCcss Ha BUKOPU-
CTaHHI ra3oBoi xpomarorpagii 3 3aCToCyBaHHAM 10JyM 'SHO-iOHI3auiviHoro aetekropa (1l4). BiH no3Bosnse
BU3HAYUTY BEJIbKOPUH Y ZlianasoHi MacoBumx KoHUeHTpawiv 8ia 0,1 40 0,5 Mr/M3, HuxHs Mexa ioro KilbKicHOro
BU3HaYeHHsi cTaHoBuTb 0,1 Mr/m3 npu Bin6opi 5 M3 nosiTps.

BinHoCHe cepenHe KkBaapaTudHe BiAXVIEHHS MNPy BUKOPUCTaHHI aHOro MeToay ctaHoButb 1,41 %, foBipyi
mexi BunankoBoi noxmbku —0,04 %, cymapHa noxmbka pe3ynbTaTty BuMiptoBaHb — 12,24 %, 140 He nepeBuLLye
1/4 25 % i Bignosigae Bumoram OCT 17.2.3.01-86 .

Knrouosi cnoBa: aumetnnankapboHart, E 242, BesibkOpuH, noBiTpsi po6040i 30HU, MEeToZ ra3oBoi xpomaro-
rpadii, inankaTopHwii nanip, OBPB, cyI0XpoM, MoayMEHEBO-IOHI3aLiliHNA [ETEKTOP, COPOLViHI TPyOKK, aLe-
TOHITPWJI, XpOMaTOrpamm, METPOJIOMNYHA OLIHKE, KOHLLEHTPYBaHHSI, AETEKTYBaHHS.

METO/4 KOHTPOJ1s1 3A BE3OINACHbIMU 4J151 340POBbS1 YPOBHAAMU COAEP)XXAHUS
AUMETUJ/IAUKAPBOHATA (AMAK, E-242) B BO34YXE PABOYEN 30HbI
AA. emny’, A.€. MogpywHsik!, A.M. Ctpoii’, A.O. Synbpurapos?

[T «HayyHbIi LIEHTP NPEeBEeHTUBHON TOKCUKOJIOTAN, MULLEBON U XUMWUYECKOM 6e30MacHOCTU
nmeHi akagemuka J1.M.Measens M3 YkpauHer», . Kues, YkpavHa
2HawmoHasbHbIi TEXHUHECKII YHUBEPCUTET YkpaunHsbl "KUeBCKMii MoIMTeXHNYECKA MHCTUTYT
nmeny Uiropsi Cukopckoro”, r. Knes, YkpanHa

PE3IOME. CywecTBytouiee B YkpanHe caHUTapHOe 3aKOHOAATENbCTBO 10 BHEAPEHNIO XVMUYECKOro BeLle-
CTBa B HApOAHOE XO3SWICTBO MpeArnosaraeT Haamdne COOTBETCTBYIOLUMX HOPMATUBHBIX [OKYMEHTOB.
Mockosnbky KOHTPOIL 3a Haamunem MUK B Bo3ayxe paboyeri 30HbI OCYLLECTBASIETCS TOJILKO C MOMOLLbIO
VHANKATOPHOM OGymary, BO3HWKAa HEOOXOAMMOCTL paspaboTky ra3oxpoMaTorpau4eckoro mMetroga €ero
onpeaesneHvs B BO3Ayxe pabo4eri 30HbI NyTeM MOLESIMPOBAHWS YCII0BUIA NPOMBILLIEHHOI0 MPUMEHEHNS Mpe-
napara.
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Lenb paboTbl. [IpoBecT aHan3 nccnenoBaHuii n3 AOCTYNHbLIX UCTOYHUKOB MHGOpPMaLmy 06 0COOEHHOCTSIX
ncnonb30BaHus aumetnngmkapooHata (E 242, BenibkopuHy), a Takxe persiaMeHTbl ero MPUMEHEHWS Y BO3-
MOXHOCTU KOHTPOJIS.

Marepuanesl n merogu. O630p 1 aHann3 Hay4HbIx nybamkaumii: cunoxpom C-120, gppakums 0,35-0,5 mm
cornacHo TY 6-09-17-48; cunukarens mapku KCK cornacHo FOCT 3956, cknoBata corniacHO ¢ AeiCTBYIOLLEN
HA; AMAK, ananutnyeckwii ctaHgapt, 99,9 %, CAS 4525-33-1; auertonutpun, ¢pupma Sigma-Aldrich
Ne34851. KomnbioTepHasi cuctema 06paboTku JaHHbIX M METPOJIOMYEcKas OLeHKa MeTOAMNKM.

Pesynbtartsl. [IpoBeAeHHbIE NCCeL0BaHVsI MO3BOIMIN MPEAJTIOXUTL COBPEMEHHBIV METOL OrnpeneseHus
ypoBHeli cogepxanvs MK B Bo3ayxe paboyueri 30HbI MyTeM ero KOHLEHTPUPOBAaHWUS N AETEeKTUPOBaHMS
MeToZ0M ra3oBovi xpomarorpapun. Pa3paboTaHHbI METO/ NO3BOJISIET OCYLLECTB/ISITb KOHTPOJIb 3@ COOJN0-
AeHneM yposHei cogepxanus AMAOK B Bo3ayxe paboyeli 30HbI B cooTBETCTBUM C TpeboBaHusmu TOCT
12.1.016-79 "Bo3ayx pabouyeii 30Hbl. TpeboBaHus K METOAMKAM WU3MEPEHWS KOHLEHTPpauuii BPeaHbIX
BELLEeCTB "Ha YPOBHE j BeJIMYUHbI TMr'MEHNYECKOro HopMaTuBa.

BbiBoAbI. [1peanoxeHHbI METOL U3MEPEHUS] MacCOBbIX KOHUeHTpauwi JJM/JK ocHoBbIBaeTCcs Ha NCro/b30-
BaHMY ra30Bow Xxpomatorpapum ¢ NPUMEHEHNEM MIaMeHHO-NOHU3aLmMoHHOro aetektopa (/). OH no3so-
JISET ONPenesNTb BeJIbKOPUH B Anana3oHe MaccoBbix KoHUeHTpauui ot 0,1 40 0,5 Mr/M3, HuxHss rpaHuua
ero KomyecTBeHHoro onpeaenexns coctasnsert 0,1 mr/m3 npy ot6ope 5 M3 Bozayxa. OTHOCUTENBbHOE Cpes-
Hee KBaapaTnyeckoe OTKJIOHEHUE MPY UC0JIb30BaHNM JaHHOro metoga coctasnset 1,41%, noBeputesibHble
rpanuvbl cayydariHor norpetHocTy — 0,04 %, cymmapHasi MorpeLiHOCTb pesdynbtara namepenHwsi — 12,24 %,
yTO He npesebilaeT 25 % n cootBeTcTBYET TPEboBaHWsM FOCT 17.2.3.01-86.

KnroueBsbie cnoBa: aumetunankapboHat, E 242, BesibkopuH, BO34yx pabo4eli 30Hbl, METO ra3oBoii XpoMa-
Torpagum, nHankatopHas 6ymara, ObYB, cuioxpoM, niaMeHHO-UMOHN3ALMOHHBIA JETEKTOP, COPOLMOHHbIE
TPYOKW, aLleTOHUTPWIT, XPOMaTOrpamMmMbl, METDOJIOrMYECcKas OLIEHKa, KOHLIEHTPUPOBaHNE, AETEKTUPOBAHME.
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