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ISOTOPE MASS SPECTROMETRY APPLICATION
FOR THE ABIOGENIC ALCOHOLS DETECTION IN GRAPE WINES

Abstract. Practice shows, that a single indicator 1'°C %o, characterizing the ratio of stable isotopes of *C/**C
carbon, in some cases is not enough to detect alcohol in alcohol wines of an innocent origin, especially when
abiogenic alcohols are introduced into the product. The instrumental base for obtaining characteristics of isotopes
elements of ethanol molecules was Delta V Advantage of the Thermo Fisher Scientific (USA) mass spectrometer
complex , which provides a precise analysis of prevalence ratios of *C/**C. '®0/'°0, D/H isotopes. It has been
established that the isotope characteristics of abiogenic alcohol oxygen, obtained by hydration of ecthylene
significantly differ from this index for all alcohols of plant origin. The isotope characteristics of most vegetable
alcohols oxygen fit within the range 1'*0%o from 5.38%o to 16.29%o, and only for beetroot alcohol the numerical
values are somewhat lower, namely: 1.66-2.05 %o. At the same time, the value of 1*0%. in abiogenic ethanol has a
negative sign and amounts to minus 14.21 %o — minus 15.20 %.. These significant differences allow us to use this
indicator to establish the nature of the used alcohols — vegetable or abiogenic origin. Analyzing the indicator 1D %o,
it can be noted that the hydrogen of the abiogenic alcohol is noticeably "heavier" than the hydrogen, contained in the
alcohols of vegetable origin and is minus 140%e — minus 153%. against minus 213%o — minus 266%o. Using the
values obtained, 24 samples of table wines were examined. Two samples had a value of a'°C minus 28.22%o and
minus 28.41%o, respectively, a'°0 minus 1.0%o and minus 0.76%., which indicates the presence of abiogenic alcohol
in the product. "Heavy" hydrogen aD (minus 172.66%0) and 1D (minus 169.43%.), not characteristic for alcohols
from plant raw materials, only confirm the conclusion. Similar studies have been conducted for liquor wines. Thus,
by measuring the isotopic characteristics of the three elements of alcohol molecules — carbon, oxygen and hydrogen,
the presence of alcohols of abiogenic origin can be detected with high degree of certainty in wines.

Keywords: wine, beverage identification, isotope mass spectrometry, wine ethanol, abiogenic alcohols, isotope
ratio of ethanol molecules elements.

Introduction. Currently, the world produces a wide range of alcoholic drinks on grape and fruit raw
materials. The main types of wine products from grapes are wine, liqueur (special) wines, sparkling wines,
flavored wines, wine drinks, as well as alcoholic drinks above 37.5% - grape vodka, brandy, cognac,
armagnac, etc.

To control the quality and authenticity of wine production, various methods of analysis are used.
Normed indicators are defined in each batch of products, and these quantitics are set in national and
interstate standards of the type "general technical conditions". However, the fulfillment of the require-
ments of standards of this type ensures only confirmed conformity of the product to a certain species,
characterizes its commercial properties and can’t guarantee its authenticity.

In case of doubt the expert, he has the right to apply national and interstate standards of the form
"identification". The most informative among them are the standards developed in recent years, based on
the use of instrumental methods of analysis. These include, first of all, methods, based on the principle of
isotope mass spectrometry.
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This method showed high efficiency in determining the authenticity of grape wines. It is known that
the most common way of falsification of this product type to introduce alcohols of an innocent origin after
diluting the wine with water to provide the necessary conditions for alcohol.

Also, the introduction of cane and beet sugars, and, in addition, corn glucose-fructose syrup in diluted
wort, followed by fermentation to obtain the necessary alcohol fermentation. In any case, exogenous
alcohols appear in the wine after these operations, which is prohibited by law. Their presence can be
detected using the method of isotope mass spectrometry [1-6].

Thus, the determination of carbon characteristics of native ethanol, contained in natural wines and
cognacs (a'°C), which is usually in the range from minus 26%o to minus 29%o, allowed to reveal the
introduction of alcohols of an innocent origin, as they have values different from grape ethanol, namely:
from minus 11%o to minus 25%.. However, over time, falsifiers found a loophole in the method, adding to
the alcohols from botanical origin an "abiogenic alcohol" that has isotope characteristics of carbon x°C
from minus 32%o to minus 35%o.

Thus, using the data isotopic characteristics unscrupulous manufacturers by adding alcohol to abiotic
alcohols to vegetable spirits of non-grape origin, obtained blends with the desired characteristics a'°S from
minus 26%o to minus 29%e. [7-10].

Given that the use of abiogenic alcohol is strictly forbidden in the production of food products
because of its high toxicity, the problem goes beyond the control of authenticity and goes into the sphere
of security.

There are cases of application of abiogenic alcohol not only for falsification of wine production, but
also in the production of vodka, alcoholic drinks, and other types of alcoholic drinks. Thus, the use of
abiogenic alcohol has recently taken a dangerous scale, which requires adequate control measures. For
this, it is necessary to make fuller use of the advantages that the method, based on the principle of isotope
mass spectrometry possesses.

As already mentioned, a single indicator 1'°C%o, characterizing the ratio of stable isotopes of *C/'*C
carbon, in some cases is not enough to detect alcohol in alcohol wines of an innocent origin, especially
when abiogenic alcohols are introduced into the product.

Abiogenic alcohol is generally obtained by hydrating ethylene with steam under pressure in the
presence of a catalyst. Given that in the molecule in addition to carbon atoms of the alcohol also includes
oxygen and hydrogen, it can be assumed that the relationship isotope '*0/'°0 and D/H can be significantly
different from the relationship of oxygen and hydrogen isotopes alcohols of plant origin. Indeed, the
oxygen of the technical water involved in the reaction for obtaining abiogenic alcohol is much easier than
the oxygen of the aqueous component of plant raw materials [11-24].

Methods. The resecarch objects were alcohols of various origins, table wines, liqueur wines. The
measurements were carried out according to the "Method for Measuring the Isotope Ratios of Carbon,
Oxygen, Hydrogen Ethanol to Detect the Presence of Synthetic Alcohol in Alcohol Products, as well as in
Alcohol-Containing Food Flavors by Isotope Mass Spectrometry” (Certificate of Attestation No. 205-
48/RA.RU.3111787-2016/2017, FZ.1.31.2017.28360).

The instrumental base for obtaining characteristics of the isotopic composition of ethanol molecules
clements was the Thermo Fisher Scientific (USA) mass spectrometer complex Delta V Advantage, which
provides a precise analysis of the prevalence ratios of C/*C, '*0/'°0, D/H isotopes.

Carbon isotope characteristics were measured relative to the international V-PDB comparison. VPDB
- as an international standard, the PDB standard is adopted, which is the isotope composition of the
calcium carbonate carbon of the Belemnitella Americana fossil of the late Cretaceous period from the
PDB formation (South Carolina, USA). The international standard PDB is characterized by a homo-
geneous isotopic composition. Currently, the Vienna equivalent of the PDB-VPDB is used as an
international standard.

The isotope characteristics of oxygen and hydrogen were measured relative to the international
comparison model VSMOW?2. VSMOW?2 is the Vienna Standard Mean Ocean Wat?2.

The obtained ratios of carbon isotopes (°C/*C), oxygen ('*0/'°0) and hydrogen (D/H) were
determined in %o, using the software of a mass spectrometer, using formula
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sample ref.

ref.

-1000, (D

X( "CyrpB® Pvsmowz: 8DVSMOW2):

— ] ——



ISSN 2224-5278 Series of Geology and Technical Sciences. 3. 2019

where Rqmpie — 1s the ratio of carbon isotopes (PC/PC) (oxygen ('*0/'°0), hydrogen (D/H)) in an ethanol
sample; R,.; — the ratio of carbon isotopes (*C/*C) (oxygen ('*0/'°0), hydrogen (D/H)) in the reference
gas CO, (CO, Hy).

Results and its discussion. The isotopic characteristics of 1°C, 10 and 1D %o of abiogenic
alcohols, as well as alcohols from various types of plant raw materials, were studied. The results are
summarized in table 1.

Table 1 — Isotope Characteristics of Ethanol Biophilic Elements of Different Origin

Isotope Characteristics
Sample name = =
big C, %o Pl O, %o ZLD, %o

rectified ethyl alcohol:

grape -26.1--28.8 10.04-16.29 -200 —-240

fruit -24.84 — -28.59 5.38-12.02 -213 --239

grain -24.80 —-25.87 10.27-13.57 -230 —-266

cane -10.96 —-12.10 8.27-9.43 -215--230

corn -13.84 —-15.10 10.87-11.98 -215--231

beet -26.61 —-26.9 1.66-2.05 -270 - -290
abiogenic alcohols
(idearion of sthylens) -31.28 —-35.55 -14.21 --15.20 -140 —-153

As can be seen from the data. presented in Table 1. the obtained results confirmed the assumption.
that the isotope characteristics of oxygen of the abiogenic alcohol obtained by hydration of ethylene differ
significantly from this index for all alcohols of plant origin. Most vegetable alcohols fit within the range of
1'°0%o from 5.38 to 16.29 %o. and only for sugar beet the numerical values are somewhat lower. namely:
1.66-2.05 %o. At the same time. the value of 1'°*O %o in abiogenic ethanol has a negative sign and amounts
to minus 14.21 %o — minus 15.20 %o. These significant differences allow us to use this indicator to
establish the nature of the alcohols used - vegetable or abiogenic origin.

Analyzing the indicator 1D %o. it can be noted that the hydrogen of the abiogenic alcohol is noti-
ceably "heavier" than the hydrogen. contained in the alcohols of vegetable origin and is minus 140 %o —
minus 153 %o against minus 213 %o — minus 266 %eo.

Using the obtained values. 24 samples of table wines were examined. The results are summarized in
table 2.

Analyzing the data of Table 2. we can conclude that all wines. except for samples 6. 12. 15. 19. are
made without violation of technology. At the same time. sample 6 has values of a°C and 1'°0 — minus
27.03 and 2.65 %o. respectively. characteristic of beet alcohol or its mixture with grape ethanol. With a
high probability. in the production of wine in grape must before or during fermentation process was
introduced beet sugar.

The same can be said for the sample 9. which was apparently prepared by adding S4-type plants. corn
glucose-fructose syrup. or cane sugar to the grape must. At least. the value of the indicator 1"°C. equal to
minus 17.45%o. speaks about this.

As for sample No. 15. having values of 1°C minus 28.41 %o and 1'°O minus 0.76 %o. and sample No.
18 with the values of a"°C minus 28.22 %o and 1'*0 minus 1.0 %o. there is a fact of adding to product of
abiogenic alcohol. "Heavy" hydrogen aD (minus 172.66 %o) for sample No 15 and aD (minus 169.43 %o)
for sample No 18. not characteristic for alcohols from plant raw materials. only confirm the conclusion.

In accordance with the requirements of GOST 32715-2014 "Wine Liquors. Wine Liqueur of
Protected Geographical Indications. Wine Liqueur of Protected Names of Origin Place. General Technical
Conditions". liquors and distillates of grape or other vegetable origin are allowed to be added to liqueur
wines. As it was said above. the legislation of the Russian Federation prohibits. the use of abiogenic ethyl
alcohol for the production of food. including alcoholic products.

In the present work, when interpreting the results of measurements of the isotope characteristics of
ethanol elements for liqueur wines. the numerical ranges characteristic of grape alcohols were used. as
well as the isotope characteristics of ethanol extracted from plant raw materials of various origins and
synthetic alcohol.
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Table 2 — Table Wine Isotope Characteristics of Carbon. Oxygen and Hydrogen Ethanol

Isotope Characteristics
No Sample name = =
1°C.%o 1°0.%0 1D. %o

1 White table dry wine (-26.8)+0.2 11.56+0.25 (-239.79)+0.79

2 | White table dry wine (-27.19)+0.21 12.54+0.27 (-228.75x0.81

3 White table dry wine (-18.12)+0.18 8.76+0.25 (230.011.01

4 | Red table dry wine (-26.76)x0.2 10.76+0.29 (-215.42)+0.95

5 Red table dry wine (-12.87)+0.15 8.32+0.27 (-237.31)x1.0

6 | Red table dry wine (-27.03)£0.15 2.65+0.25 (-282.01+0.87

7 | White table semidry wine (-25.99+0.21 9.91+0.25 (-217.09+0.87

8 White table semidry wine (2545018 10.3240.29 (-230.34)+0.9

9 White table semidry wine (-17.45)+0.2 9.02+0.27 (-217.09)+0.9
10 | Red table semidry wine (-26.01)x0.15 10.0£0.25 (-239.54)+0.89
11 | Red table semidry wine (-26.33)+0.2 9.89+0.29 (-213.65)+0.89
12 | Red table semidry wine (-26.60)+0.22 5.87+0.27 (-239.09)+1.02
13 | White table semisweet wine (-25.89)+0.2 10.21+0.27 (-235.21)+0.98
14 | White table semisweet wine (-10.16)+0.18 9.54+0.25 (-240.51)1.0
15 | White table semisweet wine (-28.41)+0.2 (-0.76)£0.25 (-172.66)+1.0
16 | Red table semisweet wine (-26.75)+0.17 12.43+0.27 (-221.87)*1.01
17 | Red table semisweet wine (-10.90)+0.21 9.51+0.27 (-245.76)+0.9
18 | Red table semisweet wine (-28.22)+0.2 (-1.00.25 (-169.43)+0.89
19 | White table sweet wine (-26.76)+0.2 12.98+0.29 (-211.330.79
20 | White table sweet wine (-26.02)+0.18 9.87+0.27 (-225.54)+0.98
21 | White table sweet wine (-25.89)+0.19 11.43+0.29 (-209.89)+0.9
22 | Red table sweet wine (-27.02)+0.2 13.05+0.25 (-231.76)+1.0
23 | Red table sweet wine (-26.43)+0.2 10.76+0.25 (-220.19)+1.0
24 | Red table sweet wine (-15.4230.21 11.0£0.27 (-226.75x1.01

The isotope characteristics of carbon, oxygen and hydrogen of ethanol isolated from liquor wines
were measured. The data are presented in table 3.

As can be seen from the table. of the nine samples analyzed. only three samples (No. 1, No. 2 and
No. 3) are prepared without a violation of technology. The isotope characteristics of carbon. oxygen and
hydrogen of ethanol extracted from these samples are included in the numerical ranges established for
alcohols of grape origin.

Table 3 — Isotope Characteristics of Carbon. Oxygen and Hydrogen Ethanol of Liqueur

Wines Sample Isotope Characteristics

No name 1°C %0 1'%0.%o 1D %o

1 Liqueur Wine (27.0730.18 11.0940.3 (-22791 1.1
2 Liqueur Wine (-26.65)30.18 12.45+0.29 (231.54)£1.09
3 Liqueur Wine (-25.83)+0.2 10.54+0.29 (230.54)£1.12
4 Liqueur Wine (-23.76)+0.2 12.76+0.3 (-219.09)+1.09
5 Liqueur Wine (24.330.21 13.04+0.28 (247.87)£1.12
6 Liqueur Wine (-18.09)+0.18 9.54+0.3 (-249.09+1.1
7 Liqueur Wine (20.87x0.21 8.43+0.28 (230.21)£1.12
8 Liqueur Wine (-11.87x0.19 10.1240.3 (-238.75)*1.1
9 Liqueur Wine (-28.32)+0.2 0.31+0.3 (-180.21)*1.1
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The isotope characteristics of ethanol carbon of sample No. 4 indicate the presence of alcohols of
non-trivial origin. obtained from C-4 plants of the type of photosynthesis (corn. sugar cane). The values of
1'°0 and aD are included in the range established for grape alcohols.

The value of the indicator 1"°C for ethanol extracted from sample No. 5 equal to minus 24.33 can
indicate the presence of alcohols derived from C-4 plants of the type of photosynthesis (corn. sugar
cane) or about obtaining this sample from grain alcohols. The ratio of oxygen and hydrogen isotopes
(1'°0-13.04 %o. aD-minus 247.87). characteristic for grain alcohols. also speak of this.

Samples No. 6 and No. 7 are blended products made from biogenic alcohols of various origins. The
values of 1°C and a'°0 obtained for ethanol. extracted from these wines indicate the presence of alcohols.
obtained from carbohydrates of C-4 plants of the type of photosynthesis. At the same time. the values of
aD. equal to minus 249.09 %o and minus 230.21 %o. may indicate the presence of grain alcohols.

The isotope characteristics of light elements of ethanol. extracted from sample No. 8 allow us to
evaluate this sample as a counterfeit. completely prepared from sugars/alcohols made from sugar cane.

As for sample No. 9. having values of 1°C minus 28.32 %o. 1'°0. equal to 0.31 %o and aD minus
180.21 %o. the fact of adding abiogenic alcohol to the product is clearly revealed here. The value of 1'°O.
close to zero. and the displacement of the isotope characteristics of hydrogen toward the increase in the
share of "heavy" deuterium. unequivocally indicate the presence of alcohols of abiogenic origin.

Based on the results of the studies. the following conclusions can be drawn:

- when wine and liqueur wines are added to biogenic alcohols of an innocent origin. the isotope
characteristics of the light elements of ethanol change in the direction of increasing or decreasing the
proportion of "heavy" isotopes depending on the type of raw material from which the exogenous alcohol
was produced;

- when abiogenic alcohols are added to wine. the oxygen and hydrogen isotopes are deeply frac-
tionated. the value of 1'°0 goes to the negative numerical range or is close to zero. which indicates a
significant increase in the fraction of the "light" isotope '*O. At the same time. the proportion of deuterium
increases. as evidenced by the high values of the aD. Isotope characteristics of carbon can be included in
the numerical range. characteristic for alcohols of grape origin.

Thus. by measuring the isotope characteristics of the three elements of the alcohol molecule - carbon.
oxygen and hydrogen. the presence of alcohols of abiogenic origin can be detected with a high degree of
certainty in wines.

JL. A. Oranecsinn’, A, JI. Manaciok’, E. H. Kyssvuna', /1. A. Ceupugos’, /I, E. HypmyxanGerona®

'Bykinpeceiinik ChIpa KAMHATY, AMKOTOJIBCI’ JKOHE IIAPAT OHEPKACIG1 FEUTBIMH-3¢PTTEY HHCTHTY THI —
B. M. 'opbaros aTbIHIAFbI «A3BIK-TYIK OHIMACPIHIH (DenepanabIK FRIIBIMA OPTAIBIFBD
Demepanablk MCMJICKETTIK OFO/KCTTIH FRUTHIMH MeKeMecCiHiH (ummansl PFA, Mockey, Pecei,
*AJIMATHI TEXHOOTHATIBIK YHUBEPCHTETI, Amvarsr, KasakcTan

AKY3IM IMAPATITAPBIHIATBI ABUOTI'EHAI CIIMPTTEPAI AHBIKTAYFA
H30TONTHI MACC-COEKTPOMETPUAHBI KOJJAHY

Aunnoramus, ToxipuGe KepCeTKEHICH, TYpakThl KeMipcy H30TomTapsiHbH ~C/°C CHIATTAMTHIH Gip Kep-
cerkim d13C %o, ocipece, aOHMOTEHIIK CIEPTTEP OHIMIE KOCBIICA, JKY3IM €MEC 3aTTapJaH CIUPTTEPAL aHBIKTAY YIUiH
SKETKLITIKCI3.

DTAHOM MOIEKYTACHIHBIH 3IEMEHTTEPIHIH M30TONTAPHIH CHIATTARTEIH acmanTek Oaza °C/°C, '®0/'°0, D/H
H30TONTAPBIHBIH Tapaty KOo3(QHUIHCHTTEPIH HAKTHI TaXaay a6l Kamramachrs eretin Thermo Fisher Scientific (AKILI)
roMmaHmACHIHBIH Delta V Advantage macc-CHeKTpoMeTpHsl KeIeHI OOMAbl. JTHICH THMAPATANMSICHIMEH ANBIHFAH
AOHMOTCHIK CIMMUPTTETI OTTCTIHIH M30TONTHIK CHIATTAMANAPEI OCHI KOPCCTKIIITCH OCIMIIK TCKT1 3aTTapabIH OapIIBIK
CIUPTTCPIHCH AHTAPNBIKTAH CPCKIICICHCTIHAIT AHBIKTAmABL. KOnTereH eCIMIIKTCPACH AaNbIHFAH CHHPTTCPIHIH
OTTETiHiH H30TONTHIK CHIATTAMATAPHL 1 O%o-1eH 5,38%0 neH 16,29%0-Fa meiiiH Tycei, Tk KAHA KBI3BUIIIA CITHPTI
YIIiH CAHABIK MOHZICD INAMajbl TOMEH, aram autkauza: 1,66-2,05%.. ConsMeH Oipre, aOHOTEHAI 3TAHOJ YIIiH
1"®0%o MoHiHIH MOHI Tepic xoHe MuHYC 14.21 %o — MuHYC 15,20%0. GOMBIN TaGBITATBL By eleymi albipMAIb-
JBIKTap OCHI KOPCETKIIITI MAHTANAHBII, KOJIAHBLIATHIH CIUPTTEPIIH — 6CIMIIK TEKTI HEMECe aOHMOTEHIIK TYpPajIbl
alryra MYMKIHAIK O6epeni. 7D %o KepceTKimmin Tanmai OTHIPHI, a0HOTECHAIK CIIUPTTIH CYTET1 6CIMIIK aixKkoromi oap
CyTETiHE KaparaH/1a alTapIIBIKTAH «aybIp» CKCHIH >KOHE KapaMa Kapchl MUHYC 2 13%o — MuHyC 266 %o Munyc 140%o0 —
MuHYC 153%0 ekeHiH aTan eTyre 001aabl. ABIHFAH MOHAEPI ITAaHIaIaHa OTHIPBII, ACXAHAIBIK MIAPANThIH 24 yirici
seprrendi. By xkaraina exi yirige x°C mumyc 28,22 %o koHe Munyc 28,41%0 MoHTEpi 6ap, 1 O MuHyC 1,0%0




N E W S of the Academy of Sciences of the Republic of Kazakhstan

skoHe MHHYC 0,76%0, Oy eHIMIeT abMOTCHIIK CUpPT 0ap eKEHAIriH Oinmipedi. OCIMIIK MHKI3ATHIHAH AJBIHFAH
cupTTepre ToH «aysipy cyreri dD (MuayC 172.66 %0) sxoHe dD (Munyc 169.43) sxacainFraH KOPBITHHIBLIAPIBI FAHA
pacratigpl. OCBIHIAM 3CPTTCYACP JMHKCP MIapanTapsl YImiH eTki3immi. Ochumaiima, CHPT MOJCKYTAJapBIHBIH YII
3EMEHTTIH — KOMIPTEK, OTTEK KOHE CYTETIHIH H30TONTHIK CHIIATTAMATAPHIH OJIIICY APKbLIBL, IAPANTHIH KYPAMBIHIA
aOMOTCHAIK CIUPTTEPAiH Oap eKeHAIr TypaIbl >KOFapbI CEHIMIUTIKIICH AaHBIKTAayFa 00IabL

Tyiiin ce3aep: mapan, CyChIHAAPABI COMKECTCHAIPY, H30TONTHIK MAcC-CIIEKTPOMETPHS, IIAPaIl 3TAHOIbI, aOHO-
TEH/II CIIUPTTEP, ITAHOJI MOJICKYJIANAPBIHBIH 3IEMECHTTEPIHIH H30TONTHIK KATHIHACKL

J. A. Oranecsinnt’, A. JI. Hanaciok', E. U. Ky3semuna', 1. A. Ceupujos’, JI. E. HypmyxanGerosa’

1BcepOCCI/Ip"ICKI/H?I HAYYHO-MCCIICA0BATCIBCKHH HHCTUTYT MHBOBAPCHHOH, OC3AIKOTOTEHON H BHHOACIBUCCKON
npoMbuicHHOCTH — (pumman ®TBHY « ®HL] mumessix cuctem um. B.M. IN'opdatosa» PAH (Mocksa, Poccus),
* AIMATHHCKYH TEXHOTOTHYECKHI YHHBEPCHTET, T. AMathl, Kaszaxcran

MPUMEHEHHUE U30TOIMHOM MACC-CIIEKTPOMETPUU
JJIA BbIABJIEHUA ABUOT'EHHBIX CIIMPTOB B BUHOI'PAJHBIX BUHAX

Aunnoramus., TTpakTHKA MOKA3HIBAET, YTO OJHOTO MOKA3ATENA 1~ C%o, XAPAKTEPH3YIOMETO OTHOIICHHE CTA-
OMIBHBIX H30TONOB yriepoga ~C/'>C. B psie CIyyacB HEIOCTATOYHO TS OOHAPY'KCHHS B BHHAX CIIHPTOB HCBH-
HOTPAJHOTO IPOUCXOXKICHUSA, OCOOCHHO KOTAAa B IPOJAYKT BHECCHBI A0OHWOTCHHBIC CHHMPTHL. MHCTPYMEHTAIbHOH
6a3oli, oOecneyMBAIOMICH IOIYYCHHE XapAaKTCPHCTHK HM30TONOB J3JICMCHTOB MOJICKYJ 3TAHOMNA, CIYKHI Macc-
cnekrpomerpuieckuit kommieke Delta V. Advantage ¢upmst Thermo Fisher Scientific (CIIIA), obecnieumBarormuit
MPCHHU3HOHHBIA AHAH3 OTHOIICHWH PACIPOCTPAHCHHOCTH B2, 0/'°0, D/H u30TomoB. VCTAHOBICHO, HTO
H30TOIHBIC XapPAKTEPUCTUKU KUCIOPOJa aDHOTCHHOTO CHMPTA, MOJIYYCHHOTO THAPATAUUCH STHIICHA, 3HAYHTEIHEHO
OTIMYAIOTCS OT JAHHOTO MOKA3ATEN A1 BCEX CIUPTOB PACTUTEILHOTO IMPOUCXOKACHHUS. M30TOMHBIC XapaKTepHc-
THKH KHCIOPOAA GOIBITMHCTBA PACTHTETBHBIX CIIMPTOB YKIATLIBAIOTCA B AHATA30H A O%0 0T 5,38 10 16,29%o,
TOJIBKO JUIA CBCKJIIOBHYHOTO CITHPTA YHCIOBBIC 3HAYCHHSI HCCKOIBKO HIDKE, a HMCHHO: 1,66—2,05%0. B T0 e Bpemsa
3HAYCHHME MOKA3aTeIs 1 “O%o0 Y AOHOTCHHOTO 3TAHONA MMECT OTPHLATCIbHbIH 3HAK H COCTABIACT MHHYC 14,21%0 —
MuHYC 15,20%0. OTH CyIIECTBEHHBIC OTJIMYHWS MO3BOJLIOT HCIIOJIB30BAaTh JAHHBIM MOKA3aTEIb AN YCTAHOBJICHHS
TIPUPOIBI MCIIOJIB3YEMBIX CITUPTOB — PACTUTEILHOTO WM A0HOTCHHOTO IMPOUCXOKICHHA. AHATH3HPYS IMOKA3aTeNIb
aD%o, MOXXHO OTMETHTH, YTO BOJOPOJ A0OHOTEHHOTO CIMPTA 3aMETHO «TSDKEJIEE» BOJOPOAA, COACPKAMMIETOCS B
CHHPTAX PACTHTEIHFHOTO MPOMCXOMKACHWUSA W COCTaBsieT MHHYC 140%o0 — muHyC 153%0 mpotus Munyc 213%o0 —
MHHYC 266%0. M CcnONb3y s Oy YeHHBIC BEIMYHHBI, HCcae10Bay 24 odpasua croyoBex BuH. [Ipu 3T0M aBa 00pasnma
HMeIH 3HauCHHE 1 -C MuHYC 28,22%0 1 MuHYC 28,41%0 COOTBCTCTBCHHO, 10 MuHYC 1,0%0 1 MuHYC 0,76%0, UTO
YKA3bIBACT HA HATHINC B MPOAYKTC aOMOTECHHOTO crupTa. «Tspkenbrit»y Bogopoa AD (munyc 172,66%0) u AD (MuHYC
169,43%o), HE XapaKTEpHBIH I CIIUPTOB M3 PACTUTEIHHOTO CHIPHS, TOJBKO MOATBEP/KAAIOT CACTIAHHBIH BBIBOJ.
AHanorn4HbBIC WCCICAOBAHMS TTPOBEACHBI I JHKCPHBIX BHH. TakuM 00pa3zoM, M3MEPSI M30TOMHBIC XapPAKTCPHUC-
THKH TPEX 3IEMECHTOB MOJICKYJI CIIMPTA — YIJIEPOJa, KUCIOPOJa M BOJOPOJA, MOKHO C BBICOKOI CTEIIEHb JOCTOBEP-
HOCTH OOHApY>KHBATh B BUHAX NPHUCYTCTBHC CIMPTOB AOMOTCHHOTO IIPONCXOKICHH.

KimoueBnbie cioBa: BHHO, MACHTH(HMKALMS HAIMTKOB, HW30TOIHAS MACC-CIICKTPOMETPHSL, BHHHBIH 3TAHOI,
abWO-TCHHBIC CIIUPTHI, OTHOIICHUE H30TOMOB JICMEHTOB MOJICKY 1 3TAHOJA.
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