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INVESTIGATION OF THE COMPOSITION OF LIQUID MIXTURES
FOR SMOKING. DETERMINATION OF SYNTHETIC
CANNABINOIDS AND a-PVP

The purpose of the article is to highlight the possibility of quantitative identification of narcotic drugs,
psychotropic substances and their analogues in the context of studying the composition of liquid mixtures for smoking
(vapes), to propose a method. Methodology. A set of general scientific and special methods was used to achieve
this goal. In particular, using theoretical methods (analysis, generalization, comparison, modeling), systematized
theoretical materials on the problems to be solved; the state of practical elaboration of the problem is empirically
determined; organizational and experimental means (diagnostic, ascertaining, formative, corrective experiment) in
combination with qualitative analysis and mathematical processing of the obtained results confirmed the effectiveness
of the proposed method. The reliability of the results is ensured by the use of modern instrumental physicochemical,
mathematical, statistical methods of analysis, as well as software processing of experimental data. Scientific novelty. The
composition of liquid mixtures for smoking was determined using physicochemical methods of research, for the first
time the possibility of quantitative identification of synthetic cannabinoids and a-PVP in the composition of vapes was
proved. Conclusions. The composition of liquid mixtures for smoking (vapes) was determined and the possibility of
quantitative identification of narcotic drugs, psychotropic substances and their analogues using various instrumental
methods based on modern scientific research, in particular the content of synthetic cannabinoids and a-PVP in liquid
mixtures for smoking by thin-layer, gas chromatography and using mass spectrometry. The effectiveness of current
methods of researching synthetic cannabinoids was tested on specific examples and a contribution was made to the
future development of methods for studying the composition of drug-containing liquid mixtures for smoking and
those containing psychotropic substances, the demand for which is currently growing on the world market and in
Ukraine. A method for isolating synthetic cannabinoids and a-PVP from a solution of smoking mixtures has been
developed. The general approaches to the choice of the scheme of research of synthetic narcotic drugs and psychotropic
substances depending on the questions, form (liquid), type and quantity of the objects submitted for research are
offered.
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Introduction not actually controlled and which therefore become

Ukraine is spreading of different types of tobac-
co products is becoming increasingly important as
the use of a wide range of products in the most varied
forms for obtaining pleasure is gaining particular pop-
ularity today (Hall, 2015, s. 1013; Levchenko, Kurdil,
& Lutsenko, 2016, s. 95; Balakirieva, Pavlova, Nhuien,
Levtsun, Pyvovarova, Sakovych, & Fliarkovska, 2019,
s. 6; Chernolohova, 2019, s. 407). Then, a special atten-
tion paid to products whose distribution is currently
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available (Mavrynska, 2020, s. 224).

This refers to mixtures for smoking in rare forms,
which may or may not contain more nicotine, or even
(and these cases are far from uncommon lately) synthet-
ic and natural cannabinoids - analogues of tetrahydro-
cannabinol (trans-A-9-tetrahydrocannabinol) — psycho-
tropic substance with limited circulation on the territory
of Ukraine, also referred as dronabinol (Raso, 2018;
Skrypnikov, Herasymenko, Rud, & Kydon, 2020, s. 8).
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On the rise of Ukraine since the mid-2000s has
been started the use of synthetic cannabinoids. No-
tably through the spread of spice-like smoking bags
(plant chemicals infused with highly reactive chemi-
cals, (plant-based substance infiltrated with highly ac-
tive chemical reagents), which are distributed by online
shops and various delivery services under the guise of
odours. They have become available for retail due to
insufficient legislation, which is carried out by private
enterprises, which has had a significant impact on the
social characteristics of the consumer population in a
short time (Tkachenko, & Tkachenko, 2018, s. 123).

This process is determined by the general trends
of globalization. It’s ensures the existence of a single
information space, as well as measures of state control
of the circulation of narcotic drugs, depending on the
inclusion of the substance in the appropriate register,
according to the criteria of the chemical composition
of the substance in fact (Pon, & Fenyvesi, 2018, s. 24;
AL-Eitan, Asaad, Battah, & Aljamal, 2020, s. 4172).

Rare smoking compounds are used, mainly in the
form of spices, icons, vapes — special devices similar
to electronic cigarettes (Angerer, Franz, Moosmann,
Bisel, & Auwdrter, 2019, s. 186). The analysis of these
products showed that flavourings, nicotine, glucerine
and propylene glycol are their main components in
different proportions. The plasticine is mainly com-
posed of propylene glycol and glycerine. There are
even special mixtures for smokers with an intolerance
to the first or the second ingredient. They do not con-
tain any propylene glycol or glycerine or their mini-
mum quantity. It's could be added some flavourings
and medicinal nicotine to the formulation to give the
product a pleasant, bright flavour.

Tight and water-soluble, with a malodorous taste,
propylene glycol is odourless. Therefore, it is often
used as a formulation for liquids, as a food additive
etc. The average and rare mixture consists of 10-30 %
propylene glycol. This ingredient, however, may cause
an allergic reaction, in spite of its lack of adverse ef-
fects.

Oily glycerine is widely used in food production.
This is the main component of the mixture, the pro-
portion of which often fluctuates between 60-90 %.
It is not harmful for the organism. Dissolved in water.
Dryness and discomfort in the throat may occur due
to single ingestion of large quantities of glycerine. Al-
lergic reactions are extremely rare.

The non-hazardous nicotine is not the main or
non-essential ingredient and, as the manufacturers
claim, its only used in vaping mixtures in a purified
medicinal form, i. e. without resins or other domestics.
It should be noted the concentration of nicotine may
vary and that nicotine-free, rare vaping mixtures are
also used (Eckberg, Arroyo-Mora, Stoll, & DeCaprio,
2019, s. 170).
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Flavourings, the concentration of which of-
ten does not exceed 20 % of the total volume of the
mixture, add flavour and aroma to the vapor in the
electronic vaporizer. Responsible manufacturers of
vaping-busyness used widely permitted food flavour
additives in their vaping mixes.

So, at first glance, these main components are not
particularly dangerous or harmful. However, more and
more often the flavourings in smoking bags, apart from
propylene glycol and glycerine, contain prohibited sub-
stances and reagents. For instance, cannabis extract
containing among other, not forbidden, a-PVP (1-phe-
nyl-2-pyrolidin-1-yl-pentane-1-one-one) or synthetic
analogues of the main active component of drugs de-
rived from cannabis plants - tetrahydrocannabinol.

However, the main risk to the use of such prod-
ucts is that synthetic cannabinoids not produced, ac-
cording to standards or formulas. Their composition
usually changes at the discretion of the manufacturer.
For example, the addition of a-PVP is very advanta-
geous for the retailer, as a kilogram of this substance in
China costs only one or two thousand U.S. dollars, but
there are enough quantities for thousands of doses.

Currently, its impossible to reliably identify
synthetic cannabinoids, a-PVP or their analogues due
to the lack of comparative templates and ion mass
spectra data in existing libraries, in particular in RFC
(Karadzhian, & Kasparian, 2015, s. 338; Raso, 2018, s. 4).

The purpose and objectives of the study

This article aims to investigate the possibility of
quantitative identification of narcotic drugs, psycho-
tropic substances and their analogues in the context
of the study of the composition of rare tobacco bags
(vape), to propose a certain methodology.

To achieve this goal, it is necessary to solve the
following tasks:

determines the feasibility of identifying psycho-
tropic substances in rare smoking bags using different
instrumental methods, Based on modern scientific re-
search, in particular, the content of synthetic cannabi-
noids and a-PVP using fine ball, gas chromatography
and mass spectrometry;

to determine the quantities and composition of
rare vape mixtures without synthetic cannabinoids
and the quantities of synthetic cannabinoids called
JWH-018, JWH-073, AM-2201(565B), ADB-CHMI-
NACA(597B), AB-FUBINACA (608B) and a-PVDP, in-
dividually added to the specified smoking bags;

to propose a methodology for the separation of a
mixture of synthetic cannabinoids and a-PVP in the
formulation of rare smoking sums.

Presentation of the main material
Experimentally investigated liquid smoking mix-
tures of unknown type of vape as well as mixtures con-
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taining synthetic cannabinoids and a-PVP (1-phenyl-
2-pyrolidine-1-yl-pentane-1-one-one).

Methods of Investigation

In Vitro analyses. Firstly in order to identify pres-
ence of cannabinoids and a-PVP in the sample a chem-
ical analysis was carried out. For this purpose a 0.5 vol.
% solution of Tri-Blue B reagent was applied on a filter
pad and applied on a crust of the film containing sep-
arately synthetic cannabinoids and a PVP solution. As
a result, the samples showed a purplish-black colour,
confirming the presence of cannabinoids, and a blac-
id barring, indicating the probable presence of a-PVP
(Department of Justice, 2019).

It was carried out by fine-ball chromatography
to determine the presence of synthetic cannabinoids
and PVP in a rare smoking mixture, following the
recommendations of foreign counterparts (Cannaert
et al., 2020). 5 ml of the obtained solutions were ap-
plied on a series of «Sorbfil» PTC-AF-A-UF chroma-
tographic plates (sorbent - silica gel STX-1A; grain
size 5-17 pm; ball thickness 110 pum; integral - sili-
cazole; UV-indicator - UV-254; pad type — Al). The
samples for the comparison were methanol solutions
of synthetic cannabinoids (JWH-018, JWH-073, AM-
2201(565B), ADB-CHMINACA(597B), AB-FUBIN-
ACA(608B), methanol PVP.

Initial studies have shown that for the identified

set of objects three different solvent systems are most
efficient and have been used for chromatography:
Hexane - chloroform - acetone (4:1:1); Hexane — ac-
etone (4:1); Methanol - 25 % ammoniaque solution
(100:1.5); Cyclohexane - Toluene - Diethylamine
(75:70:10). At the same time the length of the solution
was 100 mm.

At the end of the chromatographic process all
plates were dried at 70 °C and examined under natu-
ral light and in ultraviolet light of a quartz lamp (at a
length of A = 254 nm).

In the course of the inspection the zones de-
tected were isolated, the chromatographic plates
were sprayed with triturated blue B reagent solution
(0.5 vol. % reagent solution in 10 vol. % sodium car-
bonate solution), 0.2-vitre solution of ningidrine in
acetone, Marki reagent, 2-vitre solution of cobalt
rhodanide and Mandelin reagent.

It should be noted, that the barring of the chro-
matographic plates did not change after treatment of
the chromatographic plates with ningidrine solution
in acetone. At the same time after screening with trit-
urated blue B solution, reagent Mandelin and cobalt
rhodanide (for the test for a-PVP content) a charac-
teristic change of coloration occurred.

The chromatographic analysis on the chromato-
graphic plates (Table 1-4) resulted in a series of zones.

Table 1
The results of chromatographic research
(system: hexane - chloroform - acetone (4:1:1)

Objects The val.ue of R, The. value of R,

comparative sample object extract
JWH-018 0,87 0,70
JWH-073 0,76 0,76
ADB-CHMINACA(597B) 0,73 0,73
AB-FUBINACA(608B) 0,70 0,70
AM-2201(565B) 0,79 0,79

Table 2
The results of chromatographic research
(system: hexane - acetone (4:1)

Objects The val}le of R, Thef value of R,

comparative sample object extract
JWH-018 0,52 0,52
JWH-073 0,41 0,41
ADB-CHMINACA (597B) 0,35 0,35
AB-FUBINACA(608B) 0,33 0,33
AM-2201(565B) 0,38 0,38
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Table 3

The results of chromatographic research
(system: methanol - 25 percent ammonia solution (100:1,5)

The value of R, Zone color
Component (treatment with ninhydrin
comparative sample object extract solution and Marki’s reagent)
a-PVP 0,70 0,70 Orange
Table 5
The results of chromatographic research
(system: cyclohexane - toluene - diethylamine (75:70:10)
The value of R, Zone color
Component (processing 2 % solution
comparative sample object extract of cobalt rhodanide)
a-PVP 0,81 0,81 Blue

The main factors affecting the identification of
the components in the mixture is the maximum dis-
crepancy of color and location of the beaches (blocked
areas) on the chromatographic plates with analogous
indicators in the samples of the comparison, made
with standard reagents, as well as the dip lines in the
ultraviolet spectrum.

Asaresult of chromatographic research was estab-
lished the gap ratio Rf (chromatographic coeflicient of
volatility, defined as the ratio of the distance from the
start line to the centre of the area of the object to the
value of the distance from the start line to the front line
of the solution), chromatographic areas of the solu-
tions of the comparator (methanol solutions of syn-
thetic cannabinoids and a-PVP). The extracts indeed
contain synthetic cannabinoids JWH-018, JWH-073,
AM-2201(565B), ADB-CHMINACA(597B), AB-FU-
BINACA (608B), whose trafficking is prohibited —
synthetic analogues of trans-9-tetrahydrocannabinol
— a particularly dangerous psychotropic substance, the
main active ingredient of cannabis plant drugs, and
a-PVP (1-phenyl-2-pyrolidine-1-yl-pentane-1-one),

a particularly harmful psychotropic substance whose
trafficking is prohibited (NIDA, 2018).

The presence of the indicated cannabinoids in
the mixture (referring to a high range of 0.70 to 0.79)
makes their identification difficult through close
Rf values (see Tables 1 and 2). The hexane-chloro-
form-acetone system (4:1:1) is therefore ineffective for
these cannabinoids.

Chromato-mass spectrometric analysis. To de-
termine the presence of narcotic drugs, psychotropic
substances, precursors in the object further qualitative
investigation was carried out by gas chromatography
with mass-selective detection (Kolesnikova, Khatsko,
Demin, Shevyrin, & Kalueff, 2019, s. 169; Shkurdoda,
Pasichnyk, & Korol, 2019, s. 7).

For this purpose 10.0 ml of methanol was add-
ed to each part of the extract and mixed (Kochetkova,
Duruncha, Perezhogina, & Ostapchenko, 2017, s. 54).
The obtained solutions chromatographed, using a Shi-
madzu GCMS-QP2020 NX EI mass-selective detector
under the conditions:

column capillary Rxi-5ms, 1 = 30 m, D = 0.25 mm
detector mass-selective

carrier gas helium, flow 1.27 ml/min
evaporator temperature 250 °C

column temperature:

initial 40 °C (0.3 min)

final 280 °C

heating rate 15 °C/min

temperature:

interface 280 °C

ion source 220°C

ionization electronic shock

sample 1 pl, automatic injection
duration of analysis 30 min

scan mode full ionic current

scan range 30-600 m/z
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As a result of the study, ions characteristic of the above list of synthetic cannabinoids (Fig. 1-3) were
detected, data on which are available in the database of the Lugansk RFC of the Ministry of Internal Affairs,
which confirms their presence in the contents of the surveyed objects.

Fig. 1. GC-MS - spectrum of glycerol / propylene glycol

Fig. 2. GC-MS - ADB-CHMINACA (MAB-Chminaca) spectrum
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Fig. 3. GC-MS - AB-Fubinaca spectrum

The study performed by gas chromatography to quantify synthetic cannabinoids and a-PVP in the sub-

stances.

A 0.1 ml sample and a 0.1 ml parallel sample diluted with 1.0 ml of NaOH solution, suspended in methanol,
stirred, and the organically separated spheres dissolved after disintegration. The extracts combined and analyz-
ed on Shimadzu GC-2010 Plus chromatograph under the conditions of:

column

detector

carrier gas

evaporator temperature
detector temperature
column temperature:
initial

final

heating rate

air flow

hydrogen consumption
sample

capillary Rxi-5ms, 1 = 30 m, D = 0.25 mm
FID (flame ionization detector)

helium, flow 1.13 ml/min

250 °C

300 °C

100 °C (2 min)

280 °C

15 °C/min

400 ml/min

40 ml/min

1 pl, automatic injection

At the final of the studying synthetic cannabinoids and a-PVP found in the composition of the reagents

(Fig. 4).
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Fig. 4. The results of the study by gas chromatography

To determine the quantities of synthetic cannabinoids and a-PVP, the aliquots of the previously obtained
extracts analyzed two times on a chromatograph using the «LabSolution» program by absolute calibration
(Table 5).

Table 5
The results of gas chromatographic research

Objects name Retention time, min Peak area Concelz;::::)gne,)mg/ml
a-PVP 11,065 28999 0,05000
JWH-073 23,736 27484 0,06265
JWH-018 26,271 15699 0,03150
AM-2201 30,278 65816 0,08300

Note. Due to the lack of enough samples of canabinoids ADB-CHMINACA (597B), AB-FUBINACA (608B) at the
Lugansk RFC MIA the gas chromatographic analysis was not realized to determine their content.

The mass of synthetic cannabinoids and a-PVP calculated according to the formula (Table 6):
c.V
x=tr
1000

C is the concentration of cannabinoids / a-PVP by calibration, mg/ml;
V - volume of extractant, ml.

Table 6
The results of mass calculations of synthetic cannabinoids and PVP
Object name Extractant volume, ml Mass of substance, g
a-PVP 9,5 0,000475
JWH-073 10,0 0,000626
JWH-018 10,0 0,000315
AM-2201 9,0 0,000747

99



ISSN 1992-4437 o Forensic Herald « Kpuminanicmuunuii sichux « Ne 2 (36), 2021

Scientific novelty
The composition of rare smoking mixtures was
determined using physical and chemical methods of
examination and for the first time the possibility of
quantitative identification of synthetic cannabinoids
and a-PVP in the composition of vape products was
established.

Conclusions

1. The composition of rare smoking bags (vape)
was determined and the possibility of quantitative
identification of drugs, psychotropic substances and
their analogues using different instrumental methods
was stated, based on modern scientific research, in
particular the content of synthetic cannabinoids and
a-PVP in rare smoking tobacco mixtures by fine ball,
gas chromatography and using mass spectrometry.

2. The efficacy of current methods of investigating
synthetic cannabinoids and the contribution to the

future development of methods for investigating the
composition of narcotic rare substances for smoking
and those containing psychoactive substances were
tested by specific examples, that contain psychotropic
substances, the popularity of which is growing on the
world market and in Ukraine.

3. Methods of synthetic cannabinoids and a-PVP
isolation from the solution of smoking bags were de-
veloped. A general approach to the choice of a scheme
of investigation of synthetic drugs and psychotropic
substances depending on the posed questions, the
form (drug), type and number of objects to be tested
was suggested.

The possibility of identifying low synthetic can-
nabinoids and a-PVP in the composition of rare
smoking bags increases the prospect of rapid diagnos-
tics, and effective help for people who use rare tobac-
co compounds due to overdose or toxic exposure to
them.
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TOCNIIKEHHSA CKJIATTY PIMKMX CYMIIIEV /TSI KYPIHHSL.
BU3HAYEHHS CUHTETUYHUX KAHABIHOIIB TA a-PVP

Mema ctaTTi - BUCBITINTM MOXIUBICTD KilbKicHOI ifeHTudikamii HapKOTUIHMX 3ac006iB, IICHXOTPOIHUX
pevOBUH Ta iX aHAJIOTIB Y KOHTEKCT] ZOCIIKEHHs CKIafy PiAKMX cyMilileit i1 KypiHHs (BelliB), 3alIpOIIOHYBaTH
IeBHY MeTOAUKy. Memodonozis. [Ins peanisanii oCcTaBlIeHOI MeTU BUKOPMCTAHO KOMIITEKC 3araTbHOHAYKOBMX,
CIleljalbHUX MeTOHiB. 30KpeMa, 3acTOCOBYIOUM TEOPeTHYHi MeTomu (aHasis, ysaralbHeHHdA, HOpPiBHAHHA,
MOJIeTIOBaHHA), CUCTEMAaTHU30BAaHO TEOPETUYHI MaTepiany 3 Ipo6ieM, 1[0 BUPILIYIOTHCSHA; eMIIPUYHO BU3HAYEHO
CTaH MPaKTUYHOI OIPalbOBAHOCTI MpOoOIeMN; OpraHi3aliiiHO-eKCIlepMMeHTaIbHUMY 3acobamul ([iarHOCTUIHMIL,
KOHCTATyBa/IbHUIT, pOPMYBa/IbHUIL, KOPUI'YBaIbHIUI €KCIIEpMMEHT) Y IOENHAHHI 3 AKiCHMM aHa/Ti30M i MaTeMaTUYHIM
06pO06IeHHAM OTPUMAHUX Pe3yIbTaTiB MiATBEPPKEHO e(eKTUBHICTh 3alPOIOHOBAHOI METORMKY. JJOCTOBIpHICTD
pe3ynbprariB 3abeslledeHO BUKOPUCTAHHAM CYYaCHMX IHCTPYMEHTanbHMX (i3MKO-XIMIYHMX, MaTeMaTUYHUX,
CTaTUCTUYHUX METOMIIB aHai3y, a TAKOXX IIPOTPaMHIM 00 pOO/IeHHAM eKCIIepYMeHTaNbHIX faHuX. Hayxoeanosusna.
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BusHaueHo ckaj pifKux cyMiluest 4711 KypiHHA 3 BUKOPUCTaHHAM (i3MKO-XiMIYHMX METOZIB HOCTII>KEHH, BIIepIle
3aCBiJYEHO MOXKIMBICTD KiNIbKiCHOI imeHTMiKanii cMHTeTMYHMX KaHabiHOIniB i a-PVP y ckiani Berinis. BucHosxu.
BusHavyeHo cxaj pifkyx cymimreit i KypiHHA (BeiimiB) i 3acBiueHO MOXIIMBICTD KiNbKicHOI ifeHTUdiKanii B X
CKJIaJii HAPKOTUYHNUX 3aCO0iB, ICHXOTPOIHMX PEYOBVH Ta IX aHAJIOTIB i3 BUKOPUCTAaHHAM PisHMX iHCTPYMEHTa/IbHUX
MeTOfiB, sIKi 6a3yl0TbCs Ha Cy4acHMX HAyKOBUX NOCIIMKEHHsX, 30KpeMa BMICTY CMHTeTMYHMX KaHaOiHOImiB i
a-PVP y pigkux cyminiax fyis KypiHHsS MeTOZOM TOHKOLIAPOBOI, ra30Boi xpoMartorpadii Ta i3 3acTOCyBaHHIM Mac-
criekTpoMeTpii. Ha KOHKpeTHUX NpUKIIafaX nepeBipeHo eGeKTUBHICTb YMHHUX METOAVK TOCI/PKEHHA CMHTe TUYHIX
KaHabiHOINIB i 3p00/IeHO BHECOK y MaiiOyTHE (pOpMYBaHH METOVIKY 3 JOCTIKEHHA CKIaly HAPKOBMICHUX PIIKIX
cyMilleit A KypiHHA i TUX, [0 MiCTATD IICMXOTPOIHI pe4OBMHM, IIONMUT Ha fKi Ha CBITOBOMY PMHKY Ta B YKpaiHi
Hapasi 3pocrae. Po3po6ieHO MeTOVKY BUAIEHHS CUHTETHYHNUX KaHAbiHOIAiB i a-PVP 3 posumuy cymimmeit s
KypiHHs1. 3aIIpOIIOHOBAHO 3arajIbHi MiIXOAY 1I0A0 BUOOPY CXeMU JOCTI)KEeHHs CUHTeTUYHIX HAPKOTUYHIX 3aC0O0iB
i ICMXOTPOIHUX PEYOBUH 3aJIO)KHO Bifl IOCTAB/ICHUX 3allUTaHb, popMu (pifyHa), BUAY Ta KiIBKOCTI HaaHMX Ha
DOCTiIKeHH 00 €KTIB.

KnrouosicnoBa: cuHTeTHYHI KaHa6iHOIN; 0- PV P; pimki cymini Ayt Ky piHHS; BeVinys; ITIiLiepyH; TP OIIIEHITiKOTb;
XpOMaTO-Mac-CIeKTPOCKOIIis; Ta3opifinHHa Xpomarorpadisi.
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VICCIIETTOBAHME COCTABA XUJIKUX CMECEN /181 KYPEHUA.
OITPEJETEHME CMUHTETUYECKNX KAHHABMHONIOB U a-PVP

Ilenv craTtbyu — OCBETUTb BO3MOXXHOCTb KOMMYECTBEHHON MEHTMOUKAIMM HAPKOTUYECKUX CPENCTB, IICHU-
XOTPOITHBIX BEIleCTB M MX aHAJOrOB B KOHTEKCTE MCCIEIOBAHN COCTaBa CMecel [T KypeHys (BejinoB), Ipefio-
XUTDb COOTBETCTBYIOIIYIO MeTORUKY. Memooonozus. [Ij14 peanusauyy MocTaBIeHHON e/ UCIIONb30BaH KOMIIIEKC
00lIeHayYHbIX, CIEIMaNbHbIX METONOB. B 4acTHOCTM, IpUMeHss TeopeTHdecKye MeTOnbl (aHamus, obobuieHne,
CpaBHeHNe, MOJIeTMPOBaHIe), CUCTEMATN3UPOBAHBI TEOPETUYECK/e MaTepMalbl [0 pellaeMbIM HMpobIeMaM; 9M-
IMPUYECKH OIpele/IeHO COCTOSIHME MPAKTUIECKOil MPpopaboTaHHOCTI MPO6IeMbl; OPraHN3aLIOHHO-9KCIIEPYMEH-
TaTbHBIMU CPEICTBAMU (IMATrHOCTUYECKNIT, KOHCTATUPYIOWWIT, GOpMUPYIOMINIT, KOPPEKTUPYIOWINII SKCIIEPUMEHT)
B COYETaHMN C Ka4eCTBEHHBIM aHa/IM30M U MaTeMaTU4ecKoil 00paboTKOII IIOJTy4eHHBIX pe3y/IbTaTOB IIOATBEP)XK/ieHa
3¢ PEeKTUBHOCTD MPEIOKEHHO METORMKY. [JOCTOBEPHOCTD Pe3y/IbTaTOB 0becredeHa MCIIONIb30BAHNEM COBPEMEH-
HBIX UHCTPYMEHTA/IbHBIX QU3UKO-XMMUYECKIX, MaTeMaTUIeCKNX, CTATUCTUYECKMX METOIOB aHa/IN3a, a TAKXKe IIPo-
rpaMMHOIT 06pabOTKOI IKCIIEPUMEHTAIbHBIX JaHHBIX. Hayunas noeusna. OmpefeneH coOCTaB cMeceil I/Is KypeHus
C MCTIONb30BaHMeM (PU3UKO-XMMUYECKIX METO/IOB MCCTIEOBAHYS, BIIEPBbIE PACKPBIThI BOSMOXXHOCTY KOTMYECTBEH-
HOJI UJeHTUPVKAINY CHHTEeTUYeCKX KaHHabuHouaoB u a-PVP B cocTaBe Beitnos. Buteodwvr. OmpefeneH cocras
cMecelt 1 KypeHus (BeiIoB) ¥ pacCMOTPeHa BO3SMOXKHOCTb KOIMYECTBEHHOI MAeHTU(YKALMY B YIX COCTaBe Hap-
KOTHYECKMX CPEMCTB, IICMXOTPOIHBIX BEIECTB ¥ MX aHA/IOTOB C MICIIO/Ib30BAHMEM PA3/IMYHbIX MHCTPYMEHTATbHBIX
METOJIOB, OCHOBAaHHBIX Ha COBPEMEHHBIX HayYHbIX MICCIIEOBAHMAX, B YACTHOCTY COJepXKaHNUA CMHTETUYECKUX KaH-
HabuHOMAOB U a-PVP B XXMAKMX CMeCsX I/Ist KypeHUst MeTOJOM TOHKOC/IOMHOIL, Ta30BOIt XpoMaTorpaduu u ¢ mpu-
MeHeHMeM Macc-CrieKTpoMeTpun. Ha KOHKpeTHBIX IpuMepax mposepeHa 3¢ (eKTUBHOCTD AeHCTBYIOMX METOUK
VICCTIElOBAHNS CMHTETUYeCKIX KAHHAOMHONMIOB ¥ BHECEeH BKIaJl B 6yayiiee popMUpoOBaHIA METOAVKH IO UCCIENO-
BAaHMIO COCTaBa HapKOCOAep KallMX CMeceil I KypeHNs U COfeprKallyX NCUXOTPOIIHbIE BELECTBA, CIIPOC Ha KOTO-
pble Ha MUPOBOM pBIHKe U1 B YKpauHe IIOKa pacTeT. PaspaboTaHa MeTOAVKA BbIJie/IeHNA CUHTETUYECKNX KaHHAOu-
HoupoB 1 a-PVP 13 pactBopa cmeceit gyt Kyperust. [Ipennoxenst 001ye IOAX0AbI K BEIOOPY CXeMBbI UCCTIETOBAHNUS
CHHTETUYECKMX HAaPKOTMYECKMX CPENCTB U MCUXOTPOIHbBIX BEIECTB B 3aBUCYMOCTH OT IOCTABIEHHBIX BOIIPOCOB,
¢dhopMBI (KMIKOCTD), BUIA ¥ KONMMYECTBA MPeIOCTaBIeHHBIX Ha UCCIeOBAHNE OOBEKTOB.

KrmroueBble cmoBa: cMHTeTHYeCKMe KaHHaOMHOMABL; o-PVP; sxmpkme cMecu I KypeHuUs; BeIIbl; TIMLIePVH;
IIPONVJIEHITIMKO/Ib; XPOMATO-MacC-CIeKTPOCKOINS; Fa30>KUAKOCTHAS XpoMaTorpadus.
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