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JOCHIIKEHHA PINVIH, 3ACTOCOBYBAHUX
B EJIEKTPOHHUX ITPUCTPOAX /I KYPIHHA

Mema cTaTTi o/IATa€E B po3po06/IeHH] eAKNX TeOpeTUYHIX ITOTI0XKeHb i HayKOBO-OOI'PYHTOBAHNX IIPaKTIIHNX
peKOMeH Iallill W00 MOC/I/KEHHA PilvH, 3aCTOCOBYBAaHMX B €IEKTPOHHMUX NPUCTPOAX I KYPiHHA, 30KpeMa I10-
CIifOBHOCTI POOOMIATOTOBKYM PifyiH Ha OCHOBI IVIiII€PMHOBO-IIPOMINEHITIKOIEBUX CyMililell, BUKOPUCTOBYBAHIX
B €JIEKTPOHHMX CUTapeTax, [JId ITOJa/bIIOro IX AKICHOrO Ta Ki/JIbKiCHOTO JJOCIIPKEHHA i3 3aCTOCYBaHHAM METOHIB
XpOMaro-Mac-CIeKTpoMeTpil i raszopiguHHuoi xpomarorpagii. Memo0donozis. MeTOZONOTIYHY OCHOBY ROCIi/KEeHH
CTaHOB/IATD 3ara/IbHOHAYKOBi Ta YaCTKOBi METOAIM HAYKOBOTO Mi3HAHHA, KOMIUIEKCHE 3aCTOCYBaHHA AKUX JO3BOMMN-
JIO 9iTKO OKPEeC/IUTHU MeTY I 3aBIAHHS JOCIIAKeHHsI B KOHTEKCTi B3aEMOIIOEIHAHHS HAyKOBMX 300y TKIB i HOTpe6
CYHOBO-eKCIepTHOI paKTHKu. [Ipu 11boMy 3a JOIIOMOTOI0 eMITIPMYHNX METO/IB (CKIaiHIKa 3aTa/IbHOHAYKOBUX 200
3arajIbHOMOTIYHMX METOAIB Iifj KyTOM 30Dy JIOTiKM Ii3HaBaJIbHOTO IIPOLIECY), TAKUX SIK OIUC, aHasIi3, BUMIpIOBaH-
H, IOPiBHAHHA, CIIOCTEPEXXEHH S, EKCIIEPYMEHT IIPOaHa/li30BaHO PiflVIHY JI/IA BEMIIOPali3ePiB, BUTOTOB/IEH] 3 BUKO-
PUCTaHHAM HapKOTMYHMX 3acO0iB i ICUXOTPONHUX PEYOBVH, OTPUMAHMUX i3 POCIMH KOHOIIENb, KOMU BiICYyTHICTD
XapaKTepHOTO IKOTo UMY H03BOJIIE€ MAaCKyBaTH iX BXXMBaHHA TaKMM CIOCOO0M; IPOaHaTi30BaHO Ta eKCIIePUMeH-
TaJIbHO IIepeBipeHO MOXK/IMBICTD AKICHOTO i KI/IbKiCHOTO BI3HAaUYeHHA TeTpariipokaHabiHOMTy MeTOZOM ra30pifuHHOI
xpomaTtorpadil 3 Mac-CceleKTUBHUM Ta IIOTYM SHO-1OHI3aLilfHUM [IeTeKTYBaHHAM, OKPeC/IIeHO 0COOIMBOCTI TaKMX
mocmimKeHb. YacTKOBI METOAM 3aCTOCOBAHO I/ISI JOCIIIMKeHHsI KOHKPETHUX ABUIL XiMi4HOI Ta 6ionoridHol mpupo-
py. MaTeMaTMYHMMU METOJAMM 3/1iJiICHEHO ITPOMDKHI Ta OCTaTOYHI PO3PaxyHKM ekcliepuMeHTy. Hayxosa Hosusna.
Po3pobieHo i BigmpaiipOBaHO METOJOMIOTII0 IPOOOMIIATOTOBKY JOCTIKEHHs PiiH HA OCHOBI TJIiLlepPUHOBO-IPOIi-
JIEHIJIIKOJIEBUX CyMillleli, BUKOPUCTOBYBAHMX B €/IEKTPOHHIUX CUTapeTaX, /I IOA/IbLIOrO iX AKICHOIO Ta Ki/IbKiCHO-
O JOCTiI>KeHHA i3 3aCTOCYBaHHAM MeTOZIB XpOMaTO-Mac-CIIeKTpoMeTpil Ta rasopignuHol xpomarorpadii. BucHo-
6xu. OKpec/IeHO OCHOBHI TPo6/IeMy OCIiPKeHHS ITII[epYHOBO-TIPOIIIEHTTIKO/IEBUX PiANH Ta IX CyMillleit, 30KpeMa
Ha eTaIi IpoOOIIrOTOBKM, KON 3a GPaKOM YiTKOI METOOMYHOI per/laMeHTaLil [{bOro IPOLeCy eKCIIePTI MYCSTb
BJIaBAaTHCA IO eKCIePUMEHTAIbHOTO MiI60pPY ONTYMATbHOTO PO3UMHHNKA JUIA eKCTPAKIil Ta CaMOCTiifHO BCTaHOB-
JIIOBATY MOCIIIOBHICTD 1i IpOBeMieHHA 3 METOI0 IX NMOJA/bIIOrO IpaBiMeTpUYHOro (BM3HAUYEHHA CYXOTO 3ajIMIIKY
eKCTpaKTy KaHabicy) i rasoxpomarorpadiyHoro (KiIbKiCHOTO BU3HaUeHHA TeTparifipoKaHabiHOMY) JOCIiIKeHH;
3aIIPOIIOHOBAHO METOJOIOTII0 IPOOOMIATOTOBKY JOCTI/KEHHSI PilMH HA OCHOBI ITII[ePMHOBO-IIPOII/IEHT/TIKOTIEBUX
cyMilleit, BUKOPMCTOBYBaHNUX B €/IEKTPOHHMX CUTAPeTaXx, JI/IA IOJA/bIIOrO iX AKiCHOTO Ta Ki/IbKiCHOTO HOCIi/IKeH-
HA i3 3aCTOCYBaHHSAM METO[IB XpOMAaTO-Mac-CIeKTPOMeTpil Ta ra3opifuHHol xpomaTorpadii; eKcrepyMeHTaIbHO
TOBEMIEHO HEMOXIUBICTD KiIbKiCHOTO (a B OKpeMMX BMIIaJKaX i AKICHOrO) BU3HAYEHHs TeTparifjpoKkaHabiHomy Me-
TOJIOM ra3opifuHHOI XpoMmarorpadil 3 MoMyM sTHO-IOHI3alIIHNM [leTeKTYBaHHAM 4epe3 HasABHICTD y ckiafi Iie-
PUHOBO-IIPOIi/IEHI/IIKO/IeBUX PifIH PEYOBMH, SKi MalOTh OIM3BKUI IO TeTpParijpoKaHabiHONYy Yac yTPUMaHHA Ta
«BUXOIATD» i3 XxpoMaTorpadivHOi KOJIOHKM pa3oM i3 HUM OHVMM aHa/IITUYHUM CUTHAIOM («IikoM»). ITinTBepmKeHO
MO>X/IMBICTh BUPIIIEHHA IJbOTO 3aBJaHHA 32 JOIIOMOIOK XPOMAaTO-Mac-CIEKTPOMETPUYHOIO KOMIIJIEKCY i3 3aCTO-
CYBaHHSAM MeTORy BubipkoBoro ckanyBaHHs ioHiB (Selective Ion Monitoring) y pasi, Kony HeMOX/IUBO mifibpaTu
YMOBU [/ XpOMaTorpadivHOro posfineHHs TeTpariapokaHabiHoNy B CyMilli 3 iHIIVMM CYIYTHIMY KOMIIOHEHTaMI;
NIpOaHa/NTi30BaHO OTPMMAaHi €KCIIEPMMEHTAIbHIM IIJIAXOM JaHi MOPiBHANBHOTO JOCTIKEHH eKCTpaKIiil TeTparif-
pOKaHabiHOY i3 BOXHUX PO3YMHIB PifiMH /I MapiHHA TPbOMa PiSHVMM OpTaHiYHVMMY PO3YMHHMKAMY, Y pe3y/IbTaTi
3’5ICOBaHO, 110 [ieTHI0BMII epip IMPOSBIILE FELIO KpAlli eKCTPAKIilHI BIACTUBOCTI OO0 JOCTIIXYBAHOTO 06 €KTa,
[IPOaHaIi30BaHO CIIOCOOU NMPUTOTYBAaHHA HAPKOTUYHUX 3aCO0iB 1 ICUXOTPOIHUX PEYOBUH, OTPUMAHNX i3 POCINH
KOHOIIe/Ib, HA OCHOBI pifMH A/s BernoparisepiB. HaromomeHo Ha TOMY, 10 1i COCOOM MPUTOTYBaHHS BiHOCHO
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HeCK/IafiHi, a BIICYTHICTh XapaKTepHOro iIKOro AMMY JO3BOJLIE MaCKyBaTH iX BXuBaHH:. ToMy ybadaeTbcs Ha daci,
OCKiIIbKM (POpMYBaHHA [IEeMOKPAaTMYHOIO CYCHiNbCTBA i po30ymoBa iHCTUTYLI NPaBOBOI Aep)KaBU MOTPeOYIOTH
YHOPMYBaHHA yCiX cdep SKUTTERIATBHOCTI CYyCIiNIbCTBA, HA 3aKOHOIaBUOMY PiBHI pO3TIyMauuTH i 9itko fedinitopa-
TY HOHSTTS «eJIEKTPOHHI CUTAPETI», BPETY/IIOBATH IX 06ir, 3Ba>Kar0uy Ha Ti PU3MKY, 1O CBOTOLHI IOCTAITH HEPeN,

Hep>KaBoIo.

KnrouoBi cmoBa: ekcTpakT KaHabicy; TeTparifpokaHabiHo/; KaHabifion; XpoMaTo-Mac-CIIeKTPOMETPist; ra3opi-
IMHHA XpoMaTorpadis; eleKTpOHHA curapera (Belmoparisep).

Bcryn

3 TOABOI CYYacCHMX €/l1eKTPOHHUX IIPUCTPO-
iB 1 KypiHHA (TapiHHS) — €IeKTPOHHUX CHUTapeT
(e-cmrapeT, BellIiB, Beiilopaisepis), B SIKUX BUKO-
PUCTOBYIOTbCS JIeTa/IbHI apOMAaTM30BaHi pifyHM Ha
OCHOBI ITl[epMHY Ta IPOIiNEHIIIKOMIO, TTOIINOIII0-
€TbCA, 30KpeMa, IIpo6yIeMa 3/I0B)XVMBAaHHA HaPKOTUY-
HUMM 3ac00aMI i ICUXOTPOIHUMH PEeYOBMHAMY, SKi
OTPUMYIOTD i3 POCIIMH POJY KOHOIUI, OCKi/IbKI He3-
pifKa ixX JOJAKTh 10 TAKUX CYMillIe.

BigmoBigHo n0 MeToAMYHUX pEKOMEHAALIN
mozo knacudikariii ToBapiB IpoOMMCIOBOI MPOAYKIILii
€IeKTPOHHA CHUTapeTa ABJIsA€ COO0I0 MIKpPOETeKTPOH-
HUI DPUCTPIlL, 1O MPALFOE Ha €/IEMEHTI XKUBJIEHHS i
B IKOMY IIOTiK IOBITpA Mifl 4ac BAUXaHHA aKTUBi3ye
naporeHeparop (BMIIapHMK); IIPY I[bOMY PifMHa, 1[0
B HbOMY, HarpiBalouuch, NePETBOPIOETLCA Ha Iapy,
sKa Harajlye TIOTIOHOBUI AMM, iMITYHO4YM TpafuLiii-
HUIT TIponiec KypiHHA curapet (Pro vprovadzhennia
metodychnykh rekomendatsii, 2014).

OcHOBY pifivHM, BUKOPUCTOBYBAHOI [/I OTPHU-
MaHHA Napy B €/l1eKTPOHHUX CUTapeTax, 3a3BuUYail
CTAaHOBUTb CyMilll IMIILIEPUHY i HMPOMiNEHITKONIO Y
criBBigHomIeHHi 70:30. [Jo cymimii abo 3aMicTb mpo-
HiJIEHITTIKOI0, 1100 TIiljepyH HaOyB MEHIIOI B’ SI3KO-
CTi, MOXYTb JJOTABAaTU NMCTUNIbOBAHY Bopy. [l npu-
KJIaJy, TeMIlepaTypa KUIiHHA BOJHO-IJIiLIEpMHOBOIL
cymii i3 BMicToM Bopu 10 % 3HmKyerbca 3 290 °C
(Temneparypa kumiHHs rrinepuny) go 138 °C. Komn
PiAVHY JIs HapiHHSA TOTYIOTH 0€3 MPOIIiIeHITIIKOIIO
(t,. = 187,4°C3a 760 MM pT. CT.), IO ITIiLIEPUHY fI0-
JAIOTh AMCTWIbOBaHY Bomy obcarom mo 20 %. Taka
pinuHa yTBOpIOE Oinblie mapwu, aje Tiplie Iepenae
apomaru i cMak (Obzor komponentov, 2015).

3a /1erajibHOr0 BUKOPUCTAHHA 10 OCHOBY PiflHK
IUIA TIapiHHA HalfYacTille JOJAalTb CYyMilll apOMAaTH-
3aTopiB i HiIKOTUH. HiKOTHH Ma€ 10BOJi BUCOKY TeM-
neparypy kuminns (t = 247 °C 3a 760 MM pT. CT.), 10
B €JIEKTPOHHIN CUTapeTi JOCATAETbCA HE 3 IMepLINX
CeKyHJ, KypiHHA. Aje KOMM y CKIafii cymimni € mpo-
Hi/IeHITiKOo/b a00 BOJA, TeMIlepaTypa KUIHHS SKUX
y 2,5 pasa HIDKYa, BOHA 3aKUIIA€ HabaraTo IIBUJILE.
BinnoBigHO HIKOTMH BUIIAPOBYETHCA 3 BOAAHOIO Ia-
poro 3a Habararo MeHmoi Temmeparypu (Nicotine,
2012; Giroud et al., 2015).

IIpore 4acTimarwTb BUIAAKM, KOIM SAK OCHOBY
3a3HAYEHUX BULIE PiVH [/ MapiHHA BUKOPUCTOBY-
I0Th HaPKOTWYHi 3aCO0M 1 IICMXOTPOIHI PeYOBUHM 3
pocnuH pony KoHotwt. IIpy nboMy 4epes eKCTpakLito
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eTWIOBUM cruptoM (abo i30IpOIaHONIOM) OTPUMY-
I0Tb HaCUYEeHUII CMOJIOI0 eKCTPAKT KaHabicy, 3Mimry-
IOTb JIOTO 3 PiINHOIO /1A IaPiHHA Ta BUTPUMYIOTh Ha
BOJSAHIN 6aHi JIA BUIIApOBYBAaHHS HAJIMIIKY PO3-
yyuHHYKA. KaHabiHoinu 3 Takol pifuHHOI cyMmimmi (K
i B pasi 3 HIKOTMHOM) BUITAPOBYIOTHCS BXKe 32 TeMIIe-
patypu t = 140 °C (narikpaui ymosnu 3a t = 170 °C),
i MmonMHA CIIOXKMBa€e aKTUBHI ped4oBMHM depes I1apy,
MaKCHMa/IbHO HacM4YeHy KaHabiHoifaMu, ajike BOHU
He p0o30aB/IAITbCA NOOIYHMMM NPOJYKTAMU TOpPiH-
Hsl, YTBOPIOBAHVMM I1iJ] 9aC KYPiHHA 3BUYaIHUM CIIO-
cobom (Kavvalakis et al., 2015; Peace, Stone, PoKlis, J.,
Turner, & Poklis, A., 2016; Peace, Butler, Wolf, Poklis, J.,
& Poklis, A., 2016; Poklis, Mulder, & Peace, 2019;
Stradaet li uroven TGK, 2017; Veyperam: kak sdelat
zhidkost, 2017).

3-3a KOPJOHY [0 YKpaiHM TaKOXX MOTPAIUIAIOTH
pigvHUN 1 Belnopalisepis, Jlerani3oBaHi B AeAKUX
kpaiHax (Hanmpuknap CIIIA) 3aBsAKku HUSBKOMY BMic-
Ty (s1K mpaBmIO 70 0,3 %) ICUXOTPOIHOI peYOBUHM —
terparigpokanabinony (mani — TTK) ta ski MicTATDH
3HA4YHY Ki/IbKiCTh HENiJTKOHTPONBHOIO ChOTOJIHI B Ha-
it gep>kasi kaHao6igiony (KB[I).

CynoBo-eKcliepTHe [JOCHKEHHA pifuH Beil-
nopaiisepiB, y TOMy 4MC/Ii 3’5ICyBaHHA KibKiCHOTO
BMicTy ix ckmapHukiB (3okpema TTK), mop’sizane 3
HeBHMMM OOCTaBMHAMM, 3YMOBJICHVIMU HacaMIleper
HeOOXiHICTI0O BUSHAYMTI METOJ[O/IOTI4HI 3acaj Ipo-
OOIiArOTOBKM JI0 ITPOBeIeHHs JOCTimKeHHs. Hatenep
OKpPECTIEHO JIMIIle OCHOBHI IiIXOM 10 eKCTPaKIi Ka-
HaOiHOIIiB, BUKOPUCTOBYBAHMX IIiJi Yac MifrOTyBaH-
HA 1po6 1A ix mopanpmoro aHamizy (Davydiuk et
al., 2009). Bpaxkye Takoi indopmauii 7 iHIINM PKepe-
maMm (Aubakirov, Voronkov, Daurskih, & Orlov, 1982;
Shymanovskyi, Mashkin, Zamoshets, & Semenova,
1997; Organizatciia Obedinennykh  Natcii, 2010;
Ramirez, Fanovich, & Churio, 2019; Morski, 2020).
Yepes HEJOCKOHATICTh METOHOIOTIYHOIO iHCTPyMeEH-
Tapil0, HEPO3BMHEHICTb METOMOJIOril, MeTOHIiB 11 iH-
CTPYMEHTIB ITPOOOMIATOTOBKY CyMilllell /I MapiHHA
Ha OCHOBI ITILIEPMHY Ta IIPOIIIIEHIMIIKO/IIO 3 METOIO IX
HOJA/IBIIOTO TPaBIMETPUYHOTO (BU3HAYEHHS CYXOrO
3a/IMIIKYy eKCTPAaKTy KaHabicy) Ta rasoxpomarorpa-
¢iunoro (xinbkicHoro BusHauenHs TTK) gocmimpkenns
MOCTA€ IMUTAHHSA MiI00PY ONITYMAIBHOTO PO3YMHHMKA
I IX eKCTpaKIii Ta OKpeCIeHHS NOCTiJOBHOCTI ii
nposegeHH:A. Kpim Toro, y cknapi pifya MOXyTb 6yTn
pedoBUHY, AKi MatoTh 6/m3bKuit 1o TTK wac yrpuman-
HS, @ OT)Ke «BUXOJATb» i3 XpoMarorpadiqHoi KOIoH-
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KJ1 O[JHOYACHO 3 HMM OfJHMM aHAiTUYHUM CUTHAJIOM
(«mmikoM»), 1IJ0 CYTTEBO YCK/IAJHIOE KilbKiCHe (a B OK-
pemux Bunajakax i sikicue) Busnadenss TTK metomom
rasopiguHHOI XxpoMarorpadil 3 momym’ siHO-ioHi3aILii-
HUM JIeTeKTyBaHHAM.

Oxpemi actieKTy 3a3Ha4eHOI IIPOOIEMATHKMA B Pi3-
Hi Yacy BMBYa/IU AK HAYKOBIIi, Tak i mpakTtuku. Cepen
Hux B. B. Baptysos, I1. I1. aBupiok, O. I1. 3amoruerrs,
®. M. KaxanoBcekuii, B. T. Mamkig, P. A. Meneiko,
O. O. INocinbepkuit, C. I. Cranpmaxosuy, C. O. IIn-
MaHOBCBKMIA, fIKi Y CBOIX METOJMKaX 3alIPOIIOHYBa/IN
CXeMy NMPOOOMIATOTOBKM i JOCTI/KEHHS eKCTPAKTiB
KaHabicy, OTpMMaHOTO0 3a TOTIOMOTOI0 eKCTPAKIIii poc-
MMHHUMY (37e6inbLIIOr0 HeHaCMYeHVMM) i TBapuH-
HUMM (HaCMYEHUMI) XXUPAMU, 30KpeMa I 3TYIIeHNM
monokoM. Kpicrian Kupo (Christian Giroud), Mat-
xayc KasBamakic (Matthaios P. Kavvalakis), Mimens
ITic (Michelle R. Peace), I>xactun ITokmis (Justin L.
Poklis) posrisany ncuxoakTUBHI pedOBMHM, BUKO-
PUCTOBYBaHi /i1l BUTOTOB/IEHHs HAPKOTUYHMX 3aCO-
6iB Ha OCHOBI PifiVH, 3aCTOCOBYBAHMX B €IeKTPOHHMX
HPUCTPOAX 1A KypiHHA. PasoM i3 TuM cboropHi Ha
vaci mor/mbseHe JOCIiKeHH PiAVH, Y CKIaji AKX
MICTUTBCSL eKCTPAKT KaHabiCy, HAIlpMK/IaJ, MUTAaHHS
IpOOOMIATOTOBKM 10 HOCTII>)KEeHHS 3 METOI0 OOIPYH-
TOBAHOI iHTepIpeTalii OTPUMMaHUX PEe3Yy/IbTaTiB Ta
(bOpMyTIOBaHHA OJHO3HAYHOTO BYICHOBKY.

Mera i1 3aBJaHHA TOCTiTKEHH

Mertoto cTatTTi € pO3pO06IEHHS AEAKNX TeOpeTH-
HIX ITIOJIOKEHD i HAyKOBO-OOI'PYHTOBaHMX MPAKTUY-
HIX PEKOMEHJALIN 00 NOCTi/)KEHHA PifiiH, 3aCTO-
COBYBAHMX B €/IEKTPOHHMX IIPUCTPOSAX [ KypiHHSA,
30KpeMa MOC/iJOBHOCTI MPOOOIIiITOTOBKY PifyH Ha
OCHOBI INIiLIEpMHOBO-IIPOMINIEHIIIKO/IEBUX CyMillel],
BUKOPMCTOBYBaHMX B €leKTPOHHMX CHUTapeTax, i
MOAAJIBIIOTO iX AKiICHOTO Ta KibKiCHOT'O MTOCTiI>KeH-
Hs i3 3aCTOCYBaHHAM METO[iB XPOMAaTO-Mac-CIIeK-
TpoMeTpii i razopignHHOI XxpoMaTorpadii.

J1d [ocATHEeHHA 3a3HAYEHOI METY CITij| BUPIlIN-
TU TaKi 3aBJJaHHA:

OKPEeCIIUTY OCHOBHI IIpO6eMM [OCTiKeHHS
[T e€PYHOBO-IIPOIi/IEHITIIKONEBUX PiJH Ta IX CyMi-
nIeli, 30KpeMa Ha eTali npo60ni)1r0TOBKM;

3alIpOIIOHYBATH 1 BifilpalloBaTV METOJOJIOTII0
IpOOOIMIArOTOBKY [OCTI/PKEHHsT PifVH Ha OCHOBI
[T e€PVHOBO-IIPOII/IEHITIIKONEBUX CyMilllell, BUKO-
PUCTOBYBaHUX B €€KTPOHHMX CUTapeTax, [id IIo-
JIa7bIIOro iX SAKiCHOro Ta KibKiCHOTO MOCTiIKeHHS
i3 3acTOCyBaHHAM METO[iB XPOMAaTO-Mac-CIEKTPO-
MeTpii Ta rasopiguHHOI Xpomarorpadii;

€KCIIEPUMEHTA/IbHO TIePEBIipUTU  MOXK/IUBICTb
AKICHOrO Ta KinbKicHoro BusHaueHHs1 TTK meTomom
ra3opigMHHOi xpomarorpadii 3 IHOMTyM sTHO-i0Hi3a-
LifHMM [IeTeKTYBaHHSM, BM3HAUUTU OCOOIMBOCTI
TaKUX HOCTiIHKeHb;
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y3araJbHUTY €KCIIEpMMEHTA/IbHO OTPUMaHi JlaHi
MOPiBHANBHOTO fociimkeHHsa ekcTpakuii TTK i3 pi-
IVIH [l NapiHHA TPbOMa PiSHUMM OpPraHiYHUMMY PO3-
YMHHUKaMU;

IIpoaHaji3yBaTy HasBHI Terep Crocobu mpuro-
TyBaHHSI HAPKOTMYHMUX 3aC00iB, OTPMMaHUX i3 KO-
HOIIEJIb Ha OCHOBI PiJMH M/ BelIopaiisepiB, KoM
Bi[ICyTHICTb XapaKTEPHOrO IIKOTO UMY HNO3BOJE
MACKyBaTH IX BXXVMBaHHA.

Buxmag ocHOBHOrO MaTepiany

Ha npuknapi pigue g4 Beiinopaiisepis, nerasi-
30BaHIX Y I€AKNUX KpalHaX 4yepes HU3bKUIA BMICT IICU-
xorpomnHoi peyoyny — TTK, 110 MicTATb Ipu LIbOMy
3HAYHYy Ki/IbKiCTb HEMNiJJKOHTPOJIbHOTO CbOrOfHi Ha
teputopii Ykpainu KB]I, BigmparpoBano mpob6ormis-
TOTOBKY [ iX JOCHifP)KeHHA MeToflaMi XpoMa-
TO-Mac-CIIEKTPOMETPil Ta Ta30PiJMHHOI XpPOMATOrpa-
il 3a €AMHOrO 3araJIbHOTO MiAXOAY [0 JOCTIKEHHS
PiAVH Ha OCHOBI ITIL€PMHOBO-IPOIiNIEHITTIKOIEBUX
cyMilIeit He3ae)XHO BiJj CIoco0y HacMYeHHs X eKC-
TPaKTOM KaHabicy.

HocnifykeHHs pifuH 114 Beilnopaiisepis MpoBo-
IV Ha 06’eKTax, mwo Hagiimum go JHIEKI MBC
y IBOX KaPTOHHUX KOPOOKax 6i/10-3€/IeHOr0 KOIbopy
3 Hanmcamu «Sensi Seeds ... CBD E-Liquid 10ml ...»,
AKi MicTvu fiBa (IaKOHY 3 TOIIMEPHOTO MaTepiany
3 TAaKMMM CaMMMI HaIlMCaMM Ha €TUKETKAaX, 3aKPUTi
HOMIMEPHMMI KPUIIKaMM 6i710T0 KOIbOPY 3 IPO30-
poto i 6e3b6apBHOIO B’s13K0K0 pifmHO0 Macow 11,011
110,921 r (puc. 1).

Puc. 1. 30BHiWHiA BUrNAZ ynaKkyBaHHA pPignH
L5 NapiHHA, HAJAHUX HA JOCNILKEHHS, WO MicTUAUCS
y IBOX KOpobKax

IIpo6onioeomoska

OcHOBHi BMacTMBOCTI pifiMH [/ HapiHHA, 3Y-
MOBJIEHI IXHIM XIMiYHMM CKJIafioM, OAIOTh MOXK-
JIMBICTb BU3HAYUTK IOCHIJOBHICTb IPOBENECHHA
IpOOOIMIArOTOBKY 3 METOI0 [OC/PKEeHHs X aHaili-
TUYHUMM MeTOJaMM, 30KpeMa ra3oBOi XpoMaTorpa-
il 3 monym’siHO-iOHI3aIiIHMM [eTeKTYBaHHAM i
Mac-CeleKTMBHUM [eTeKTYBaHHAM. [l ekcnepu-
MEHTA/IbHOTO IiATBEeP/PKeHHs 3/11/ICHEHO Bifbip ABOX
NapajieIbHNX HaBKOK pifjiH Macow 7,013816,9741 1,
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AKi po3MicTHIN y BOX OKpeMux mpobipkax. JJo Kox-
HOI 3 HUX AOAA/N 110 14 M/ IUCTUAbOBAHOL BOIM, ITifI-
kucnenoi (United Nations Office on Drugs and Crime,
1995) x1opoBozHeBOO K1cmoTowo o pH = 4-5 (1106
3MEHILINTY BSI3KICTb JOCI/PKYBaHOI pifiuHYU Ta IO-
KPalLUTI eKCTPaKI[ilo KaHAOIHOIfiB y HmifKucieHOMy
BOJHOMY po3uuHi), i petenbHo nepemimanu. 1i Boa-
Hi pO34MHY €KCTParyBaly TpboMa MOPLiAMU FeKCaHy
00’eMOM 6,5 M/T KO)KHa Ta OJJHI€I0 MOPIIi€I0 reKCaHy
o6’emMoM 3,2 Mn (MOXXKHa BMKOPUCTOBYBATH HieTH-
noBuit edpip abo iHIIMIT PO3UMHHMK BifMIOBiZHOI TIO-
nsipHOCTi)*. EKCTpaKkTy KOXKHOI mapajeni 06’ egHamm

(puc. 2).

KB]I
/

TTK

Puc. 2. 306paxeHHs NOPiBHANLHOIO HaKNaAeHHs
XpOMAToOrpaM eKCTpaKTiB, OTPUMAHUX eKCTPaKLiew
0[HAKOBMX HaBaXOK AOCNiLKYBaHOT PigUHM OfHi€lD
nopuieto (2 M) TakUX PO34YMHHUKIB: xnopotopmy —
XpoMaTorpama 3eeHOro Koibopy; AieTUNoBoro edipy —
XpoMaTtorpama qioneToBoro Kosbopy; rekcaHy —
XpoMarorpama 4epBOHOro Koibopy)**

OTpumaHi B Takmit cnocib eKCTpakTu eKCIepT
3rigHO 3 1. 8.2 MiXBigoM40i METOOVKI HOCTiIKEHHS
HApKOTMYHUX 3acO0iB i3 pOC/INMH KOHOIIETb Ta MaKy
caorBopHoro (Davydiuk et al., 2009) inTeprmperye sk
eKCTpakT KaHabicy (3a HasBHocTi TTK), macy sAxoro

*OCHOBHUII NPMHIMII MiffO0PY KiNbKOCTI mopuiit Ta
o6’ema eKkcTpareHTa — JOCATHEHHs SIKOMOTa MEHIIOI KOH-
neHTparii firouoi pevoBrHu (abo B3arasi I BifcyTHOCTI)
B OCTaHHIil IOpLil eKCTPaKLiHOI PifyHY, OCKITBKYM BMiCT
KaHab6iHoifiB (30kpema TI'K) y pigunax moxe 6yTu pis-
HUIA.

**KonbopoBy raMy pUCyHKa MOXKHa CIOCTepira-
THU B e/IeKTPOHHIN Bepcii HaykoBoi crarti (https://visnyk.
dndekc.mvs.gov.ua/index.php/visnuk).
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BM3HAYAIOTh y NI€PEPAXYHKY Ha CyXy pedOBUHY, BU-
MapOBYIOYM PO3YMHHIUK.

Konu nHeoOxigHo BmsHaumtu Kinbkicte TTK y
LUX pifiHaX, MO>XKHA BUKOPMCTOBYBaTH MeTOJ, Ta30-
pinuHHOI Xpomarorpadii 3 omyM THO-i0HI3aL[iTHIM
IeTeKTyBaHHAM.

Hocnionenns memoodom 2a3opiouHHoi xpomamo-
epagii (3 MeToro KinpkicHoro BusHadeHHs TTK)

OTpumaHi mif 4yac MpoOOOIIATOTOBKM CyXi 3a-
JIMIIKY BOX Napasierneil pO3YnHsAIM B 4,8 M1 METaHO-
JTy KOXKHY, aHajIi3yBanu Ha Xxpomarorpadi 3 momym’si-
HO-iOHi3aLilIHNM e TEKTYBaHHAM.

YmoBM XxpomarorpadyBaHHA:

npunag - GC HP 6890 Agilent Technologies
Ne US00039428;

KaninsipHa kononka — HP 19091S-433 (HP-5MS),
noexyHow 30 M, giamerpom 0,25 MM, (ba3a SABJISIE CO-
6010 TI0/1iMepy Ha OCHOBI KpeMHiIo (IIO/TiCUIOKCaHn),
HOMTieTU/IEHITIIKOM i TBepyii afIcOpOEHTH TOBIMHOIO
0,25 MKM, HaHeCeHi IT0 BCbOMY BHYTPilIHbOMY fiiaMe-
TPy NOBEpXHi KOMOHKM; NMOCTitHMI NOTIiK 1,2 M/1/XB,
ra3-HOCIN — TreJi;

imkeKTOp — aBTOIHXeKTOp 7683, Split 20:1, Tem-
neparypa BunapHuka t = 250 °C;

niy - ¢t =100 °C, yrpuMaHHs 2 XB, HarpiBaHHsA
15 C/xs, b, = 280 °C, yrpumanHA 10 xB;

[IeTEKTOp — MOTyM sTHO-iOHi3ariitHmii;

npoba - 1,0 MK

InenTudikyBanmm ConyKy 3a 4acoM yTPUMaHHSI

(puc. 3).

Puc. 3. Xpomarorpama, 0TpuMaHa METOAOM
xpomatorpadii 3 nonym’aHO-ioHi3auiiHNM BeTeKTyBaHHAM
(vac yrpumanHs KbJl — 14,737 xB, TTK — 15,394 xB)

ITpote BusHaunTy Kinbkicth TTK 3a gonomororo
METOJY ra3opifyMHHOI Xpomarorpadii 3 moaym siHO-
iOHi3allilHNM [I€TEKTYBaHHAM HEMOXX/INBO, KONMU Yy
CKJIaJli PiIVIH € TaKOXX PE€YOBMHH, IO MAKOTh 32 OK-
pec/ieHMX BMIle YMOB aHami3y Ay)ke ONM3BKUIL [10
TTK uac yrpumanns (Yamamoto, Gohda, Narimatsu,
& Yoshimura, 1988) — Tako0 B ZOCTiIKyBaHiil pignHi
BUSBMBCA KaHabiencoiH. HakmaeHHs X pe4oBUH
MO>XHa BUABUTU JIMIIE B pasdi 3aCTOCYBaHHA ra3opi-
AMHHOI XpoMaTorpadii 3 Mac-CeleKTUBHUM ETEKTY-
BaHH:AM (puc. 4, 516).



ISSN 1992-4437 o Forensic Herald « Kpuminanicmuunuii sichux o Ne 2 (34), 2020

Puc. 4. Burnapg «niky» (aHanitTMyHoro curHany
Xpomarorpamu), sKWit MicTUTb ABi PEYOBUHN:
kaHabiencoiH i TTK

Puc. 5. Mac-cnekTp kaHabiencoiny (RT 14.071 min)

Puc. 6. Mac-cnektp TT'K (RT 14.086 min)*

J71A 1poro KOCIiKeHHs OTPUMaHi Mif 9ac Mpo-
60miaroToBKM po3unHM (iNbTPyBaIM Ta aHaMi3yBa-
7 Ha XpOMaTO-Mac-CIeKTPOMeTpi 3a TAKUX YMOB:

npwiay — xpomarto-mac-cekrpomerp GC/MS
Agilent Technologies 6890N/5975B;

KaminspHa kononka - HP 19091S-433 (HP-5MS),
nobx1Howo 30 M, fiamerpom 0,25 MM, (basa ABJISE CO-
6010 ToNTiMepy Ha OCHOBI KpeMHio (IIO/TiCUIOKCaHN),
HOTieTUIEHIIIKOMI i TBep/i afcOpOEHTU TOBLIVHOIO
0,25 MKM, HaHeCeHi IT0 BCbOMY BHYTPilIHbOMY fliaMe-
TPY NOBEpXHi KOMOHKM; MOCTIiIHMIT TOTIiK 1,5 M71/XB,
ra3-HOCIl — Treii;

iHKeKTOp — aBTOiHXeKTOp 7683, Split 20:1, Tem-
neparypa BunapHuka t = 280 °C;

niy -t =100 °C, yrpumanHs 4 XB, HarpiBaHHs
16 °C/xs, b, = 280 °C, yrpumansA 10 xB;

IOETEKTOP — Mac-CeJIeKTUBHUI, TeMIIepaTypa iH-
tepdericy t = 280 °C, ioHi3allis eIeKTPOHHUM yfa-
poM, eHeprid ioHisanii 70 eB, Temmeparypa ioHHO-
ro mxepena t = 230 °C; TemnepaTypa KBaApyIoIio
t = 150 °C; pe>xxuM OTpUMaHHS Mac-CIIeKTpa scan (Te
came 1o 11 Total Ion Current) y giamasoni peectparii
mac 40-450 m/z;

mpoba — 1 MK

OTxe, yac yTpuMaHHs (BMUXOY) KaHabiencoiny

*Kanabiencoin  (CAS#52025-76-0) ineHTn¢ikosa-
umit sk Metabomit KBTI (Yamamoto, Gohda, Narimatsu, &
Yoshimura, 1988).
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(RT 14.071 min) i TTK (RT 14.086 min) 36iraerbcs,
PO3PISHUTH IX MOXKHA JIMIIE 33 MacC-CIIeKTPaMMI.
Ilopmanpuie gocnifi>KeHHA TPOBOAM/IN i3 3aCTOCY-
BaHHAM MeTony SIM xpomarTo-Mac-CIeKTpoMeTpa 3
IeTeKTyBaHHAM xapakTepHux jnsa TTK macu 314 m/z
Ta yacy yrpumanHs (Buxony) RT 14.071 min (puc. 7).

Puc. 7. 3aranbHuit BUrnAag xpomarorpamu
3 Mac-cnekTpoMm (CckaHyBaHHA 314 m/z metogom SIM)
KBZ (RT 13.603 min) i TTK (RT 14.071 min)

YMoBU aHamisy:

npunay - xpomato-mac-crekrpomerp GC/MS
Agilent Technologies 6890N/5975B;

KaninsipHa kononka — HP 19091S-433 (HP-5MS),
noBxyHow 30 M, giamerpom 0,25 MM, (i)asa ABJISIE CO-
6010 TO/iMepy Ha OCHOBI KpeMHio (IIO/TiCUIOKCaHn),
HOMTieTU/IEHIIIKOM i TBepyii aficOpOEHT TOBIMHOIO
0,25 MKM, HaHeCeHi IT0 BCbOMY BHYTPilIHbOMY fliaMe-
TPY NOBEpXHi KOTOHKM; NMOCTiltHMI NOTIiK 1,5 M/1/XB,
ra3-HOCIl — reji;

imkeKTOp — aBTOIHXeKTOp 7683, Split 20:1, Tem-
neparypa BunapHuka t = 280 °C;

miq - ¢t =100 °C, yrpumaHHs 4 XB, HarpiBaHHs
16 °C/xs, b, = 280 °C, yrpumanuA 10 xB;

IEeTEeKTOp — Mac-CelIeKTUBHUI, TeMIlepaTypa iH-
tepdeiicy t = 280 °C, ioHi3aljisfl eIeKTPOHHUM ypa-
poM, eHeprid ioHisauii 70 eB, TeMneparypa ioHHO-
ro mxepena t = 230 °C; TeMIneparypa KBaJpyIoOIi0
t = 150 °C; pexxum oTpMMaHHA Mac-crektpa SIM,
Maca, sIKa peecTpyBanacs, 314 m/z;

npo6a — 1 MK

Konnenrpanito TI'K BM3Hauanmum MeTomoM 30-
BHIIIHBOTO CTaHJAPTY 4Yepe3 abCOMIOTHe Kamibpy-
BaHHA.

3a pgomoMorowo mporpamyu OOpOOJEeHHs JaHUX
Chemstation BcTaHOBJIEHO:

HaABHICTb y gocnimxysanux pigunax KbJl, ncu-
xoakTnBHOI peyoBunu TT'K, kanabinony;

cepefHill BiICOTKOBMII Ta KiJIbKiICHUII BMICT
TT'K - 0,07 % i 0,006 r BigmIoBimHO.

HaykoBa HOBHU3Ha
Po3po6reHo i BignpaiboBaHO METOLOJIOTIIO IIPO-
OOMiArOTOBKM JOCTII>KeHHs PiiMH Ha OCHOBI Iilje-
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PMHOBO-TIPOIIIIEHITIKO/IEBUX CYyMillleli, BUKOPUCTO-
BYBAaHMX B €/IEKTPOHHMX CUTapeTaXx, [/Is OJja/IbLIIOro
iX AKICHOTO Ta KiZbKiCHOTO JNOCHi/I)XKeHHS i3 3acTOCy-
BaHHAM METOJiB XpOMaTO-Mac-CIIEKTPOMETPIi Ta ra-
30pifnHHOI XxpoMaTtorpadil.

BucHoBKn

1. OKpec/eHO OCHOBHI IpOOIeMM JOCTIIXKEHHS
I €PUHOBO-IIPOII/IEHITIIKONEBUX PiiMH Ta IX Cy-
Millel, 30KpeMa Ha eTali HpO6OHi,T_LI‘0TOBKI/I, KON
3a OpakoM YiTKOI MeTOAVYHOI pernaMeHTallil 1boro
IpOLeCY eKCIePTY MYCATb BABATUCA IO eKCIepu-
MEHTa/IbHOTO MifI60Py ONTMMAIbHOIO PO3YMHHMKA
IJIS €KCTPAKLii Ta CAMOCTITHO BCTAHOB/IIOBATY IOPI-
JOK 1i IPOBEMIEHHA 3 METOIO iX IOAJIBIIOrO IpaBiMe-
TPUYHOTO (BU3HAUEHHS CYXOrO 3a/IMLIKYy eKCTPAKTY
KaHabicy) Ta rasoxpomarorpadiyHoro (KinbKiCHOTO
BusHauenusa TTK) gocmimkenns.

2. 3amponoHOBAaHO MeTOROJIOTiI0 Hpobomiaro-
TOBKUM JOCTi/PKEHHA PiJMH Ha OCHOBi ITiLjepyHO-
BO-IIPOIIi/IEHITIKO/IEBUX CyMilllell, BUKOPUCTOBYBa-
HUX B €IEKTPOHHUX CUTApeTax, /M MOfa/bIIOro iX
AKICHOTO Ta KiJIbKiCHOTO JOCIIIPKEHHA i3 3acTocy-
BaHHAM METO[iB XpOMaTO-Mac-CIIEKTPOMETPIi Ta ra-
30pifnHHOI XxpoMaTorpadil.

3. EKCIIepMMEHTA/IBHO JIOBENEHO HEMOXX/IMBICTD
KiZIbKiCHOTO (2 B OKpeMMX BUIIAZIKaX i AKiCHOTO) BM-
3nayeHHsa TTK mMeTomoM rasopiiMHHOI XpoMaTorpa-
il 3 Moy M’ siHO-iOHI3aIiTHM JIeTEKTyBaHHSM Yepe3
HasABHICTb y CKJIaJi IMilepMHOBO-IIPOILIEHITIIKONe-
BUX PiZIVH peYOBMH, siKi MatoTh 6nm3bkuit o TTK vac
YTPUMAaHHS Ta «BUXOISTH» i3 XpoMarorpadiyHoi Ko-
JIOHKM Pa3OM i3 HMM OJHVM aHaJIiTUYHUM CUTHAJIOM

(«mikom»). ITinTBEpIKEeHO MOXKIMBICTD BUPILIEHHS
IIbOTO 3aBJJaHH:A 3a JOIIOMOTOI0 XpPOMaTo-Mac-CIIeK-
TPOMETPUYHOTO KOMILIEKCY i3 3aCTOCYBaHHAM MeTO-
1y BubipkoBOro ckanyBaHH: ioHiB (SIM) y pasi, konu
HEMOXX/IMBO Hifjibpaty ymoBM i xpomartorpadiu-
Horo posfinenHs TTK y cymimi 3 iHmmmu cynyTHiMu
KOMITOHEHTaMMI.

4. VYsaralbHEHO EKCIIEPMMEHTAIBHO OTpUMaHi
HaHi nopiBHANbHOrO focnimxeHHs ekcrpakiii TT'K i3
BOJHUX PO34MHIB pifiiH I NapiHHA TPbOMA Pi3HU-
MM OPraHiYHVMMM PO3YMHHUKAMMY, AKi JOBOJATD, 10
y HaIlIOMY BUIIA/IKY HieTUIOBMUI edip MPOSBIISIE eIio
Kpalli eKCTpakIiiifHi BIaCTMBOCTI LIOf{0 KaHAOiHOI-
IiB, ajie 3a/1eXKHO BiJi CYIIyTHiX KOMIIOHEHTIB MaTpULi
CXOXXMX JIOCTIKYBaHUX 00 €KTiB LIIJIKOM HONYCTH-
MO 3aCTOCYBaHHS iHIIMX OPraHiYHMX PO3YMHHUKIB
(xmopodopmy, rekcany TOIO) 3 TOJATKOBUMM Ki/lb-
KOCTSIMY TTOPLIili €KCTPAreHTy /sl JOCSTHEHHs Oi/b-
1101 IOBHOTY BUTY4E€HH: €KCTParoBaHoOro aHajiTy.

5. IlpoaHami30BaHO CHOCOOM IPUTOTYBAHHS
HApKOTMYHMX 3aCO0iB i IICMXOTPOIHUX PEYOBMUH,
OTPMMAaHMX i3 pPOCIMH KOHOIIE/Ib, HA OCHOBi pifuH
IJId Beitnopaiisepis. Haronomeno Ha Tomy, [0 BOHU
Bi[IHOCHO HeCKJIaJjHi, a BiICyTHICTb XapaKTEPHOTO ifI-
KOTO IMMY [J03BOJII€ MacKyBaTH iX BXX1BaHHA. Tomy
ybada€eThbCs Ha Yaci, OCKiZibKy GOpMyBaHHS leMOKpa-
TUYHOTO CYCHiZIbCTBa i po36ymoBa iHCTUTYLII mpa-
BOBOI fiep)kaB1 TOTPeOyIOTh YHOPMYBaHH yCix chep
KUTTENIAIBHOCTI CYCHINIbCTBA, Ha 3aKOHO[ABUOMY
piBHI po3TayMaunTy i 4iTKO HediHioBaTU MOHATTA
«eJIeKTPOHHI CUTapeT», BPETyIoBaTy iX oOir, 3Ba-
JKAI04YM Ha Ti pU3MKMY, IO CbOTOJHI IOCTATH Mepes
Iep>KaBoIo.
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INVESTIGATION OF LIQUIDS USED IN VAPING DEVICES

The purpose of the article is to develop some theoretical provisions and scientifically-based practical recommen-
dations concerning investigation of e-liquids used in vaping devices, in particular, the sequence of sample preparation
of liquids. e-Liquids, presented in the mixture as a ratio of glycerol and propylene glycol, were further qualitatively and
quantitatively analyzed by chromate-mass spectrometry and gas-liquid chromatography. Methodology. The meth-
odological basis of the study are general scientific and partial methods of scientific knowledge. Their comprehensive
application allowed to clearly define the purpose and tasks of the study in the context of the combination of scientific
achievements and the requirements of forensic practice. e-Liquids, containing drugs and psychotropic substances
derived from plants hemp, were analyzed for vaping devices with the help of empirical methods (in view of the logic
of the cognitive process it is a component of general scientific methods and of general logic), such as description, anal-
ysis, measurement, comparison, observation, experiment. Whereas the absence of characteristic pungent smoke allow
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masking their use in such way. The possibility of qualitative and quantitative determination of tetrahydrocannabinol
by gas-liquid chromatography with mass-selective and flame-ionization detection was analyzed and experimentally
tested, the features of such studies were outlined. Partial methods were used to study specific phenomena of chem-
ical and biological nature. Intermediate and final calculations of the experiment were performed by mathematical
methods. Scientific novelty. The methodology of sample preparation of e-liquids based on glycerin-propylene glycol
mixtures used in e-cigarettes has been developed for their further qualitative and quantitative determination by chro-
mate-mass spectrometry and gas-liquid chromatography. Conclusions. The main problems of investigation of e-liq-
uids based on glycerol-propylene glycol mixtures are outlined, in particular, at the step of sample preparation process.
In the absence of clear methodological regulation of the process, experts must resort to experimental selection of the
optimal solvent for extraction and they must establish the sequence for their further gravimetric analysis (determina-
tion of dry residue of cannabis extract) and gas chromatography determination (analytical quantification of tetrahy-
drocannabinol). Methodology for sample preparation of e-liquids based on glycerol-propylene glycol mixtures used in
e-cigarettes was proposed. It could be useful for their further qualitative and quantitative analysis by chromate-mass
spectrometry and gas-liquid chromatography. The impossibility of quantitative (and in some cases qualitative) de-
termination of tetrahydrocannabinol by gas-liquid chromatography with flame ionization detection experimentally
proved due to the presence in the composition of glycerol-propylene glycol liquids that have close retention time to
the that one for tetrahydrocannabinol and «come out» of the column as one analytical signal («peak»). The possibility
of solving this problem was proved by chromate-mass spectrometry using selective ion scanning mode (Selective Ion
Monitoring) in the case when it is impossible to select conditions for chromatographic separation of tetrahydrocan-
nabinol in a mixture with other related components. Experimental data for a comparative study of the extraction of
tetrahydrocannabinol from aqueous solutions were analyzed for steaming with three different organic solvents. As a
result, it was found that diethyl ether exhibits slightly better extraction properties for the investigated object; methods
for drug preparation from hemp were analyzed on the basis of e-liquids for vaping devices. It is emphasized that these
methods of preparation are relatively simple, and the lack of characteristic pungent smoke allows masking their use.
Therefore, under this consideration, it is necessary to form a democratic society and developing of institutions and a
state governed by the rule of law. They require normalization of all spheres of society. In the view of the risks facing
today, it would be good to interpret and clearly define the concept of «e-cigarettes», to regulate their circulation at the
legislative level.

Keywords: cannabis extract; tetrahydrocannabinol; cannabidiol; chromate-mass spectrometry; gas-liquid chro-
matography; electronic cigarette (vaping devices).
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VICCJIEJOBAHUE XXUIKOCTEN, IPUMEHSAEMbIX
B 9JIEKTPOHHBIX YCTPOMCTBAX /11 KYPEHUSA

Ilenv cratby 3aK/II0YAETCA B paspabOTKe HEKOTOPBIX TEOPETUYECKUX MOTOXKEHUIT U HAyYHO 0OOCHOBAHHBIX
MIPAaKTUYECKUX PEeKOMEHJALMIT 110 MCCIefOBAHMIO KMIKOCTEl, IPUMEHAEMBIX B 37IEKTPOHHBIX YCTPOMCTBAX LA
KypeHUs, B JaCTHOCTY IIOPsifiKa IIPOOOIMOATOTOBKY >KUIKOCTEl Ha OCHOBE ITIMIIePUHOBO-IIPONIIIEHITMKOIEBBIX
cMeceil, MICTIONb3YEMBIX B 9/IEKTPOHHBIX CUTapeTax, [/ JabHENIIEro UX KayeCTBEHHOTO M KOMMYECTBEHHOTO JIC-
C/IeflOBaHVs C MPVMMEHEHNEM MeTOfIOB XPOMAaTO-MacC-CIEKTPOMETPUN U Ta30XKUAKOCTHOI XxpomaTorpadpum. Me-
mooonozus. MeToZONMOrM4YeCKy OCHOBY MCCIeHOBaHMA COCTAB/IAIOT OOLIeHAYYHbIe V1 YACTHbIE METObI HAyYHOTO
[IO3HAHSI, KOMIUIEKCHOE IIPVYMEHEHe KOTOPBIX II03BO/IM/IO YeTKO C(OPMYINPOBATH Lie/Ib ¥ 3aadN MCCIeHOBAHIIS
B KOHTEKCTe B3aMOJIeIICTBIS HAYYHBIX JOCTIDKEHNIT U HOTpebHOCTEl Cyfe6HO-9KCIIepTHOI IpakTuKu. [Ipu aToM ¢
MOMOLIBIO SMIMPUYECKUX METOOB (COCTABIIAIONIEl OOIeHAyIHBIX VIV OOIIeIOINIeCKIX METOHOB C TOUKM 3PEHIs
JIOTMIKY TIO3HABaTeNbHOTO MpOLiecca), TAKMX KaK OIMCaHMe, aHa/lu3, M3MepeHIe, CpaBHeHNe, HabIIofieH e, 9K Ie-
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PUMEHT NpOaHaTN3MPOBAHbI KUAKOCTH IS BEIIIOpaii3epoB, M3rOTOBIEHHbIE C MCIIONb30BaHNMeM HAPKOTUIECKNUX
CPEeNCTB U NICUXOTPOITHBIX BEIMIECTB, IIOTYI€HHbIX 13 paCTeHI/IIu/I KOHOII/IY, KOIrja OTCYTCTBYE XapaKTEPHOI'O0 €IKOIro
IbIMa [T03BOJISIET MACKMPOBATb VX YIOTPeOIeHe TaKMM CII0CO60M; IIPOAHAIM3UPOBAHA 1 9KCIIEPUMEHTAIBHO IIPO-
BepeHa BO3MOXXHOCTb Ka4eCTBEHHOTO 1 KOJIMYECTBEHHOTO OIpefie/ieHNsA TeTParnfpoKaHHa0MHOMA METOHOM Ia30-
)KI/IJIKOCTHOI?[ xp0MaTorpa(1)I/m C MaCC-CENIEKTUBHBIM U IVITAMEHHO-MOHN3allVIOHHBIM NETEKTMPOBAHNEM, OIIPpEETEHDI
0COBEHHOCTH TaKUX MCCIefOBaHMIL. YacTIYHbIe METOABI IPUMEHEHBI /1L MCC/IEHOBAHSI KOHKPETHBIX SIB/IEHIT XV~
MIYeCKOI 1 GMOIorndecKoil mpupopbl. MareMaTU4ecKiMy METOAMM [IPOU3BEfeHbl IIPOMEXXYTOYHbIE ¥ OKOHYa-
Te/IbHBIe pacyeTsl 9KcrepuMenTa. Hayunas nosusna. Paspaborana u orpaboTaHa MeTOLOMOTHA IIPOOOIOATOTOBKM
JICCIeaOBaHMA )KI/IIIKOCT@I‘/JI Ha OCHOBE ITINIIEPVMTHOBO-IIPONMJIEHITINKOJIEBBIX CMeCCﬁI, VICIIO/Ib3YEMBIX B 3/IEKTPOHHBIX
curaperTax, ginda naanei{mero X Ka9€CTBEHHOTO U KOJIMYECTBEHHOT'O MICCIIENOBAHNA C IIPYIMEHEHNIEM METOIOB XpPO-
MAaTO-MacC-CIeKTPOMETPUY U Ta30KUAKOCTHOI xpoMarorpaduu. Bvieodwvr. OuepueHbl OCHOBHBIE IIPOOIEMBI UC-
CTIe[OBaHNsI IIULePUHO-TIPONMIEHITIMKOTIEBBIX XXMAKOCTEN U X CMeceil, B YaCTHOCTY Ha 9Talle IPOOOIOATOTOBKY,
KOTJIa [IPM OTCYTCTBUM YETKOJ METOANYECKOII PeT/laMeHTALINY STOrO IPOLiecca SKCIEPTh BHIHYK/IEHbI Ipuberars K
9KCIIEPMMEHTA/IbPHOMY HO]I60py OIITVIMA/IbHOTO PACTBOPUTENA /IA SKCTPAKIINN I CAMOCTOATENIbHO YCTaHAB/INBATD
IIOPSROK €€ IIPOBEJEHNsI C Le/IbI0 MX [Ja/IbHEIIEr0 rpaBUMeTPUIECKOro (OIpene/ieHnsl CYXOro OCTaTKa SKCTPAKTa
KaHHa01Cca) 1 ra30xpoMaTorpaduueckoro (KOaM4ecCTBEHHOTO OIpefie/leH s TeTPAripOKaHHAOMHO/A) MCCIe0Ba-
HIIS; TIPeIoyKeHa METOOTOT S IPOOOIOATOTOBKY MCCIIENOBAHMS XIUIKOCTE Ha OCHOBE IINL[ePUHO-IIPOIIM/IEHI/IN -
KOJIEBBIX CMecelil, MICIIO/Ib3YeMbIX B 9/IEKTPOHHBIX CUTApeTaX, A/ fATbHEIIIEro X Ka4eCTBEHHOTO I KOMMYeCTBeH-
HOTO MCCIEfOBAHMA C IIPYMEHEHeM METO0B XPOMATO-MacC-CIIEKTPOMETPIY ¥ Ta30XKIAKOCTHOI XpoMaTtorpadmu;
9KCIIEPMMEHTAJIBHO JOKa3aHa HEBO3MOXXHOCTD KOJIMYECTBEHHOT O (a B OTAC/IbBHBIX CITy4dasaX 1 Ka‘—IeCTBCHHOI‘O) omnpe-
eTleHNs TETPArNAPOKAaHHAOMHOMIA METOXOM Ta30XXVMAKOCTHON XpOMaTorpaguy ¢ mIaMeHHO-MOHM3ALMOHHBIM Jie-
TEKTUPOBAHVEM N3-3a HAINMYINA B COCTABE ININLIEPVHO-IIP OIINIEHTTIMKOJIEBBIX )KI/IHKOCTeﬁ BEIIECTB, KOTOPbIE UIMEIOT
6/11M3K0€ K TeTPariApOKaHHAOMHONY BpeMsl YAEePKUBAHNUS M «BBIXO[ST» U3 XPOMATOrpadyIecKoil KOOHKY BMe-
CTe C HUM OJHVM aHATUTUYECKUM CUTHAJIOM («IIMKOM»). [IofTBepXieHa BOSMOXXHOCTD pelleHMs 9TOJ 3afad Ipu
IIOMOLLY XPOMAaTO-MacC-CIEKTPOMETPUIECKOTO0 KOMIIIEKCA C IIpUMeHeH)eM MeTOfja BBIOOPOYHOTO CKaHMPOBAHMS
noHoB (Selective Ion Monitoring) B ciy4ae, Korja HEBO3MOXXHO MOOOPATh yCIOBUs /I XpoMarorpaduyeckoro
pasnpenenns TeTpaI‘I/IHPOKaHHa6I/IHOHa B CM€CH C IPYTVIMU COITy TCTBYIOIIVIMM KOMIIOHEHTaMM; ITPOaHA/IN3MIPOBaHbI
TIOJTy4Y€HHbIE SKCIIEPVMIMEHTA/IPHBIM ITYTEM JaHHBIE CPABHUTE/IDHOIO VICCIEAOBAHNA SKCTPaKINM TETparmjpoKanHa-
OMHOMA M3 BOJHBIX PACTBOPOB XXUIKOCTEN /sl TAPeHMsI TPeMsI PasIMIHBIMM OPTaHMIECKUMI PACTBOPUTENAMI,
B pe3y/IbTaTe YCTaHOB/IEHO, YTO AVMATHUIOBBII 3P HPOSBIsET HECKOIBKO IyUliie SKCTPAKIMOHHBIE CBOJICTBA 110
OTHOLIEHNIO K MCCIeRyeMOMY 00beKTy, pacCMOTPEHBI CIIOCOOBI IIPUTOTOB/IEHNST HAPKOTHYECKUX CPECTB U ICH-
XOTPOITHBIX BEIIECTB, ITOTYIEHHDIX N3 paCTeHI/IIu/I KOHOII/IN, HAa OCHOBE )KM]IKOCTeﬂ A Beﬁnopal?{sepo& OTMC‘—ICHO,
YTO 3TU CIIOCOOBI IIPUTOTOBJIEHVISI OTHOCUTETIbHO HECTIO)KHDI, & OTCYTCTBME XapaKTEPHOI'O €IKOIr'0 IbIMa ITI03BOJIAET
MaCKMpOBaTh UX IIPVIMEHEHNE. HOSTOMY IIpENCTABIAETC aKTYya/IbHbIM, IIOCKOIbKY q)OpMI/IpOBaHI/Ie AEMOKpaTn4e-
CKOTO 00IIeCTBa U pasBUTHE MHCTUTYTOB IIPABOBOTO TOCYAAPCTBA TPEOYIOT HOPMUPOBAHUS BCeX cep >KU3Hexes -
TE/IBHOCTH OOLI[eCTBA, Ha 3aKOHO/ATeIbHOM YPOBHE PasbsCHUTD U YeTKO Je(VHNMPOBATD IIOHATHE «TEKTPOHHBIE
CUTapeThl», YPery1upoBaTh UX 000pOT, yIUTHIBAsI Te PUCKM, KOTOPbIE CETOH CTOSAT Hepef TOCYAAPCTBOM.

KiroueBbre c1oBa: 9KCTpakT KaHHaOuUCa; TeTParuApOKaHHAOMHO; KaHHAOMAMOI; XPOMATO-MacC-CIIeKTpoMe-
TpUsA; Ta30XKUIKOCTHAA XpoMarorpadus; sleKTpoHHas curapera (Beifnopaisep).
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