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Äëÿ ñðàâíèòåëüíîãî èññëåäîâàíèÿ ïëàñòè÷íûõ êóðèòåëüíûõ ñìåñåé, ñîäåðæàùèõ ñèíòåòè-

÷åñêèå êàííàáèíîèäû, ìåòîäîì ãàçîâîé õðîìàòîãðàôèè ïðîâåëè ïðîôèëüíûé àíàëèç 40

ýêñïåðòíûõ îáðàçöîâ ñìåñåé, èçúÿòûõ èç íåçàêîííîãî îáîðîòà ñîòðóäíèêàìè Óïðàâëåíèÿ

íà òðàíñïîðòå ÌÂÄ Ðîññèè ïî Ñèáèðñêîìó ôåäåðàëüíîìó îêðóãó. Óñòàíîâëåíî, ÷òî ïðîôè-

ëè ëåòó÷èõ ïîëÿðíûõ êîìïîíåíòîâ íàïîëíèòåëåé ïëàñòè÷íûõ êóðèòåëüíûõ ñìåñåé, ñîäåð-

æàùèõ ñèíòåòè÷åñêèå êàííàáèíîèäû, õîðîøî ïðîÿâëÿþòñÿ è âîñïðîèçâîäÿòñÿ, ÷òî íàäåëÿ-

åò èõ âûñîêîé èäåíòèôèêàöèîííîé çíà÷èìîñòüþ. Äëÿ ñðàâíåíèÿ ïðîôèëåé ïðèìåñåé âû-

áðàëè 44 öåëåâûõ ñîåäèíåíèÿ, êîòîðûå îáåñïå÷èâàëè íàèëó÷øóþ âîñïðîèçâîäèìîñòü ïëî-

ùàäåé õðîìàòîãðàôè÷åñêèõ ïèêîâ ïðè ïîâòîðíûõ èçìåðåíèÿõ. Ïîñëå íîðìàëèçàöèè ïëî-

ùàäåé õðîìàòîãðàôè÷åñêèõ ïèêîâ öåëåâûõ ñîåäèíåíèé ðàññ÷èòàëè êîýôôèöèåíòû êîððå-

ëÿöèè Ïèðñîíà è åâêëèäîâû ðàññòîÿíèÿ, çàòåì ïðîâåëè èåðàðõè÷åñêóþ êëàñòåðèçàöèþ ïî-

ëó÷åííûõ äàííûõ ñ ïîñòðîåíèåì äåíäðîãðàìì, äåìîíñòðèðóþùèõ óðîâíè ñõîäñòâà îáðàç-

öîâ èç ðàçëè÷íûõ ïàðòèé. Óñòàíîâëåíî, ÷òî îáðàçöû ìîãóò áûòü îòíåñåíû ê îäíîé ïàðòèè

(ðåöåïòóðå), åñëè «ñâÿçàííûå ðàññòîÿíèÿ» ìåæäó íèìè, ðàññ÷èòàííûå íà îñíîâå åâêëèäî-

âûõ ðàññòîÿíèé, íå ïðåâûøàþò 0,14 îòí. åä., à íà îñíîâå êîýôôèöèåíòîâ êîððåëÿöèè Ïèð-

ñîíà — 0,12 îòí. åä. Ïðåäëîæåííóþ ãàçîõðîìàòîãðàôè÷åñêóþ ìåòîäèêó, êîòîðàÿ âêëþ÷àåò

ïðîôèëèðîâàíèå ïðèìåñåé, âûáîð öåëåâûõ ñîåäèíåíèé, íîðìàëèçàöèþ ïëîùàäåé èõ õðî-

ìàòîãðàôè÷åñêèõ ïèêîâ è ïîñëåäóþùóþ ìàòåìàòè÷åñêóþ îáðàáîòêó ñ ïðèìåíåíèåì êëàñ-

òåðíîãî àíàëèçà è ðàñ÷åòîâ êîýôôèöèåíòîâ êîððåëÿöèè Ïèðñîíà è åâêëèäîâûõ ðàññòîÿ-

íèé, ìîæíî ðåêîìåíäîâàòü äëÿ ïðèìåíåíèÿ â ýêñïåðòíûõ èññëåäîâàíèÿõ êóðèòåëüíûõ

ñìåñåé, ñîäåðæàùèõ ñèíòåòè÷åñêèå êàííàáèíîèäû.
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We propose an algorithm for comparative study of plastic smoking mixtures containing synthetic canna-

binoids using gas chromatography in the following configuration: a Crystal 5000.2 chromatograph (Rus-

sia) with a quartz capillary column (L = 50 m, � = 0.32 mm) with a grafted phase based on polyethylene

glycol modified with nitroterephthalic acid and a flame ionization detector. Plastic smoking mixtures (40

samples) seized from illegal circulation by officers of the Transport Department of the Ministry of Internal

Affairs of Russia in the Siberian Federal District were used as test samples. Mathematical processing of

chromatograms was performed using Chromatek Analytic 2.5 and Unscrambler 11.0 programs. It is

shown that profiles of the volatile polar components of the fillers of plastic smoking mixtures containing
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synthetic cannabinoids are quite well manifested and reproduced, which gives them a very high identifica-

tion value. To compare the profiles of impurities, 44 target compounds were selected, which provided the

best reproducibility of the areas of chromatographic peaks during repeated measurements. The chromato-

graphic peak areas of the target compounds were normalized, and the Pearson correlation coefficients and

the Euclidean distances were calculated. A hierarchical clustering of the obtained data was carried out

with construction of the dendrograms demonstrating the levels of the similarity of samples from different

lots. It is shown that samples could be assigned to a single batch (recipe) if the Euclidean distances be-

tween the corresponding profiles do not exceed 0.14, and the Pearson distances — 0.12 rel.u. An algorithm

procedure for the comparative study of plastic smoking mixtures containing synthetic cannabinoids using

gas chromatography has been developed. This procedure includes profiling of the impurities, selection of

the target compounds, normalization of the areas of their chromatographic peaks and subsequent mathe-

matical processing using cluster analysis and calculation of Pearson correlation coefficients and Euclidean

distances. The obtained results allow us to recommend the developed procedure for use in expert studies

of smoking mixtures containing synthetic cannabinoids.

Keywords: gas chromatography; smoking mixtures; impurity profiling; cluster analysis.

Ââåäåíèå

Ïîÿâëåíèå è ïîñëåäóþùåå ðàñïðîñòðàíåíèå

íîâûõ ïñèõîàêòèâíûõ âåùåñòâ íà íåëåãàëüíîì

ðûíêå íàðêîòèêîâ ÿâëÿåòñÿ ãëîáàëüíîé ïðîáëå-

ìîé [1], ïðè÷åì çíà÷èòåëüíàÿ ÷àñòü ýòèõ âåùåñòâ

ïðèõîäèòñÿ íà ñèíòåòè÷åñêèå êàííàáèíîèäû

(ÑÊ) [2, 3]. Äàííûå ñîåäèíåíèÿ ÷àñòî èñïîëüçóþò

äëÿ ïðèãîòîâëåíèÿ êóðèòåëüíûõ ñìåñåé, êîòîðûå

îñîáåííî ïîïóëÿðíû ñðåäè ìîëîäåæè áëàãîäàðÿ

èõ äîñòóïíîñòè, íèçêîé ñòîèìîñòè è îæèäàåìîé

áåçîïàñíîñòè ïî ñðàâíåíèþ ñ êëàññè÷åñêèìè íàð-

êîòèêàìè [4, 5]. Âìåñòå ñ òåì êîìïîíåíòû ÑÊ-ñî-

äåðæàùèõ êóðèòåëüíûõ ñìåñåé â îðãàíèçìå ÷åëî-

âåêà ìîãóò âûçûâàòü ðÿä òÿæåëûõ ïñèõè÷åñêèõ è

ñîìàòè÷åñêèõ íàðóøåíèé [6, 7]. Â ïîñëåäíèå

ãîäû â ðàçëè÷íûõ ðåãèîíàõ Ðîññèè â íåçàêîííîì

îáîðîòå ñòàëè äîìèíèðîâàòü ÑÊ-ñîäåðæàùèå

ïëàñòè÷íûå êóðèòåëüíûå ñìåñè ñ ðÿäîì íàïîë-

íèòåëåé [8]. Íàðÿäó ñ èçó÷åíèåì èõ êîìïîíåíò-

íîãî ñîñòàâà âåñüìà âàæíûì äëÿ ïðàâîîõðàíè-

òåëüíûõ îðãàíîâ ÿâëÿþòñÿ èññëåäîâàíèÿ ïî ïðî-

ôèëèðîâàíèþ ïðèìåñåé, êîòîðûå ìîãóò ïîìî÷ü

ýêñïåðòó îòâåòèòü íà ðÿä âîïðîñîâ: èñòî÷íèê

íàðêîòèêîâ, ñïîñîáû ïðîèçâîäñòâà, èñïîëüçó-

åìûå ïðåêóðñîðû, ðàñïðîñòðàíåíèå ñåòè è ìàð-

øðóòû íåçàêîííîãî îáîðîòà, îòíîøåíèÿ äèëåð-

ïîëüçîâàòåëü [9, 10]. Â ÑÊ-ñîäåðæàùèõ ïëàñòè÷-

íûõ êóðèòåëüíûõ ñìåñÿõ â êà÷åñòâå ïðîôèëüíûõ

ïðèìåñåé ñ èäåíòèôèêàöèîííîé çíà÷èìîñòüþ

ìîæíî ðàññìàòðèâàòü ëåòó÷èå ïîëÿðíûå êîìïî-

íåíòû (ãëèöåðèí, îðãàíè÷åñêèå êèñëîòû è äð.)

[11].

Â ýêñïåðòíîé ïðàêòèêå äëÿ èññëåäîâàíèÿ ïî-

äîáíûõ îáðàçöîâ â îñíîâíîì èñïîëüçóþò ìåòîäû

õðîìàòîãðàôèè è ÈÊ-ñïåêòðîñêîïèè [12, 13]. Ìû

èñïîëüçîâàëè äëÿ ýòîé öåëè ìåòîä ãàçîâîé

õðîìàòîãðàôèè (ÃÕ) ñ òèïè÷íîé äëÿ ýêñïåðòíûõ

ëàáîðàòîðèé êîìïëåêòàöèåé: õðîìàòîãðàô «Êðè-

ñòàëë 5000.2» (Ðîññèÿ), êàïèëëÿðíûå êîëîíêè

ñ ïîëÿðíîé ïðèâèòîé ôàçîé (òèïà HP-FFAP),

ïëàìåííî-èîíèçàöèîííûé äåòåêòîð (ÏÈÄ), ÷òî

ïîçâîëÿåò ýôôåêòèâíî ðàçäåëèòü è èäåíòèôèöè-

ðîâàòü ïîëÿðíûå ëåòó÷èå êîìïîíåíòû êóðèòåëü-

íûõ ñìåñåé, ñîäåðæàùèõ íàèáîëåå ðàñïðîñòðà-

íåííûå ÑÊ. Ïàðàìåòðû ÃÕ-èññëåäîâàíèé ïîäáè-

ðàëè â öåëÿõ ìèíèìèçàöèè âèäîèçìåíåíèÿ

êîìïîíåíòîâ îáðàçöîâ â ïðîöåññå àíàëèçà ñ ó÷å-

òîì ðåêîìåíäàöèé, èçëîæåííûõ â ðàáîòàõ

[14 – 16].

Öåëü ðàáîòû ñîñòîÿëà â ðàçðàáîòêå ìåòîäèêè

ñðàâíèòåëüíîãî èññëåäîâàíèÿ ÑÊ-ñîäåðæàùèõ

ïëàñòè÷íûõ êóðèòåëüíûõ ñìåñåé ìåòîäîì ãàçî-

âîé õðîìàòîãðàôèè.

Ýêñïåðèìåíòàëüíàÿ ÷àñòü

Èñïîëüçîâàëè õðîìàòîãðàô «Êðèñòàëë

5000.2» (Ðîññèÿ) ñ êâàðöåâîé êàïèëëÿðíîé êî-

ëîíêîé (L = 50 ì, � = 0,32 ìì) ñ ïðèâèòîé ôàçîé

íà îñíîâå ìîäèôèöèðîâàííîãî íèòðîòåðåôòàëå-

âîé êèñëîòîé ïîëèýòèëåíãëèêîëÿ (HP-FFAP) è

ÏÈÄ, à òàêæå òåðìîñòàò EB-18 (Jouan, Ôðàíöèÿ)

è óëüòðàçâóêîâóþ âàííó JP-008 (Skymen, Êèòàé).

Óñëîâèÿ èçìåðåíèé: òåìïåðàòóðà èíæåêòî-

ðà — 190° C, äåòåêòîðà — 220 °C; ïðîãðàììèðîâà-

íèå òåìïåðàòóðû òåðìîñòàòà êîëîíêè îò 60 °C

(íà÷àëüíàÿ) äî 200 °C (êîíå÷íàÿ); ñêîðîñòü ïîäú-

åìà òåìïåðàòóðû — 13 °C/ìèí; âðåìÿ âûäåðæêè

ïðè íà÷àëüíîé òåìïåðàòóðå — 2 ìèí, ïðè êîíå÷-

íîé — 25 ìèí; ñêîðîñòü ïîòîêà ãàçà-íîñèòåëÿ (ãå-

ëèÿ) — 1,0 ìë/ìèí (ãåëèé ìàðêè «À» ïðîèçâîä-

ñòâà ÎÀÎ «Ãàçïðîì»); ðåæèì ââîäà ïðîáû — ñ

äåëåíèåì ïîòîêà (Split 40:1); îáúåì ââîäèìîé

ïðîáû — 1 ìêë; ñîñòàâ ãàçîâîé ñìåñè äëÿ ÏÈÄ:

âîäîðîä (30 ìë/ìèí), âîçäóõ (300 ìë/ìèí), ãåëèé

(15 ìë/ìèí).

Ïðîáîïîäãîòîâêà. Â êà÷åñòâå èññëåäóåìûõ

îáðàçöîâ èñïîëüçîâàëè ÑÊ-ñîäåðæàùèå ïëàñòè÷-

íûå êóðèòåëüíûå ñìåñè, èçúÿòûå èç íåçàêîííîãî

îáîðîòà ñîòðóäíèêàìè Óïðàâëåíèÿ íà òðàíñïîð-

òå ÌÂÄ Ðîññèè ïî Ñèáèðñêîìó ôåäåðàëüíîìó

îêðóãó â 2018 ã. Ýêñïåðòíûå îáðàçöû ãîòîâèëè ê

àíàëèçó â ñîîòâåòñòâèè ñ ðåêîìåíäàöèÿìè [15];
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íàâåñêè ìàññîé 10 ìã ïîìåùàëè â âèàëû, äîáàâ-

ëÿëè ïî 1 ìë ìåòàíîëà (õ÷, Merck) è 100 ìêë äèñ-

òèëëèðîâàííîé âîäû; ïîëó÷åííûå ñìåñè âûäåð-

æèâàëè 30 ìèí, ïîäâåðãàëè óëüòðàçâóêîâîé îáðà-

áîòêå â âàííå â òå÷åíèå 3 ìèí è öåíòðèôóãèðîâà-

ëè. Âîäíî-ìåòàíîëüíûå ýêñòðàêòû äàëåå èññëåäî-

âàëè ìåòîäîì ÃÕ.

Îáðàáîòêà õðîìàòîãðàìì. Äëÿ îïðåäåëå-

íèÿ ïëîùàäåé õðîìàòîãðàôè÷åñêèõ ïèêîâ êîìïî-

íåíòîâ èñïîëüçîâàëè ïðîãðàììó «Õðîìàòýê Àíà-

ëèòèê 2.5». Ðàñ÷åòíûå ïàðàìåòðû äëÿ íîðìàëè-

çàöèè ïëîùàäåé õðîìàòîãðàôè÷åñêèõ ïèêîâ, êî-

ýôôèöèåíòîâ êîððåëÿöèè Ïèðñîíà, åâêëèäîâûõ

ðàññòîÿíèé, êëàñòåðèçàöèè è ãðàôèêîâ ïîëó÷å-

íû ñ èñïîëüçîâàíèåì ïðîãðàììû Unscrambler

11.0.

Îáñóæäåíèå ðåçóëüòàòîâ

Ïðè ýêñïåðòíûõ èññëåäîâàíèÿõ ñèíòåòè÷å-

ñêèõ íàðêîòè÷åñêèõ ñðåäñòâ è ïñèõîòðîïíûõ âå-

ùåñòâ ìåòîäîì ÃÕ ðåçóëüòàò ñ÷èòàåòñÿ èíôîðìà-

òèâíûì ïðè íàëè÷èè íà õðîìàòîãðàììå êàê ìè-

íèìóì ïÿòè õðîìàòîãðàôè÷åñêèõ ïèêîâ [12]. Íà

ðèñ. 1 ïðèâåäåí ôðàãìåíò òèïè÷íîé õðîìàòî-

ãðàììû âîäíî-ìåòàíîëüíîãî ýêñòðàêòà ýêñïåðò-

íîãî îáðàçöà: íà íåé äîñòàòî÷íî ÷åòêî ïðîÿâëÿåò-

ñÿ ñâûøå 20 ïèêîâ ëåòó÷èõ êîìïîíåíòîâ, ÷òî ñâè-

äåòåëüñòâóåò î åå õîðîøåé ðåïðåçåíòàòèâíîñòè.

Íà ðèñ. 2 ïðèâåäåíû ôðàãìåíòû õðîìàòî-

ãðàìì âîäíî-ìåòàíîëüíûõ ýêñòðàêòîâ òðåõ ýêñ-

ïåðòíûõ îáðàçöîâ ïëàñòè÷íûõ êóðèòåëüíûõ ñìå-

ñåé, ïðåäïîëîæèòåëüíî ïîëó÷åííûõ ïî ðàçíûì

ðåöåïòóðàì. Êàê âèäíî èç ðèñ. 2, ïîëîæåíèå è

èíòåíñèâíîñòü õðîìàòîãðàôè÷åñêèõ ïèêîâ çàìåò-

íî ðàçëè÷àþòñÿ, ÷òî ÿâëÿåòñÿ âåñüìà âåñêèì àð-

ãóìåíòîì äëÿ ýêñïåðòà.

Íà ðèñ. 3 ïðèâåäåíû ôðàãìåíòû õðîìà-

òîãðàìì âîäíî-ìåòàíîëüíûõ ýêñòðàêòîâ òðåõ

èçúÿòûõ â ðàçíûõ ìåñòàõ ýêñïåðòíûõ îáðàçöîâ

ïëàñòè÷íûõ êóðèòåëüíûõ ñìåñåé, ïðåäïîëîæè-

òåëüíî îòíîñÿùèõñÿ ê îäíîé ïàðòèè. Â äàííîì

ñëó÷àå íàáëþäàåòñÿ õîðîøàÿ ñõîäèìîñòü â ïîëî-

æåíèè ïèêîâ, îäíàêî èõ èíòåíñèâíîñòè íåñêîëü-

êî ðàçíÿòñÿ.

Äëÿ ñðàâíèòåëüíîãî èññëåäîâàíèÿ ñõîäèìî-

ñòè õðîìàòîãðàìì â ýêñïåðòíîé ïðàêòèêå èñïîëü-

çóþò ðàçëè÷íûå ìåòîäû: îäíèì èç íèõ ÿâëÿåòñÿ

ìåòîä «îòïå÷àòêîâ ïàëüöåâ», êîòîðûé ïðåäïîëà-

ãàåò ïðàêòè÷åñêîå ñîâïàäåíèå òàêèõ ïàðàìåòðîâ,

êàê ÷èñëî, âðåìÿ âûõîäà, à òàêæå ñîîòíîøåíèå

ïëîùàäåé õðîìàòîãðàôè÷åñêèõ ïèêîâ [12, 13].

Ïðè çíà÷èòåëüíîì êîëè÷åñòâå îáðàçöîâ âèçó-

àëüíîå ñðàâíåíèå õðîìàòîãðàìì èëè ïðîôèëåé

êîìïîíåíòîâ ìîæåò áûòü äîñòàòî÷íî ñëîæíûì. Â

ýòîì ñëó÷àå âåñüìà ýôôåêòèâíî ïðèìåíåíèå ÷èñ-

ëåííûõ ìåòîäîâ îáðàáîòêè õðîìàòîãðàìì. Òàê, â

ðàáîòàõ [17, 18] áûëè èñïûòàíû ñåìü ÷èñëåííûõ

ìåòîäîâ ðàññòîÿíèÿ è ïîäîáèÿ äëÿ îöåíêè «ñâÿ-

çàííûõ ðàññòîÿíèé» ìåæäó îáðàçöàìè èç îäíîé è

òîé æå ïàðòèè è «íåñâÿçàííûõ ðàññòîÿíèé» ìåæ-

äó îáðàçöàìè èç ðàçíûõ ïàðòèé. Ðåçóëüòàòû ïî-

êàçàëè, ÷òî äëÿ óñòàíîâëåíèÿ íàëè÷èÿ èëè îòñóò-

ñòâèÿ ñâÿçè ìåæäó îáðàçöàìè ëó÷øå ïðèìåíÿòü

ðàñ÷åòû êîýôôèöèåíòîâ êîððåëÿöèè Ïèðñîíà è

åâêëèäîâûõ ðàññòîÿíèé.

Â ðàìêàõ íàñòîÿùåãî èññëåäîâàíèÿ áûëî ïðî-

òåñòèðîâàíî â îáùåé ñëîæíîñòè îêîëî 40 îáðàç-

öîâ ÑÊ-ñîäåðæàùèõ ïëàñòè÷íûõ êóðèòåëüíûõ

ñìåñåé, ïðåäïîëîæèòåëüíî ïîëó÷åííûõ ïî ðàç-
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Ðèñ. 1. Ôðàãìåíò òèïè÷íîé õðîìàòîãðàììû âîäíî-ìåòàíîëüíîãî ýêñòðàêòà ýêñïåðòíîãî îáðàçöà ïëàñòè÷íîé êóðèòåëü-

íîé ñìåñè

Fig. 1. Fragment of the typical chromatogram of the water-methanol extract of an expert sample of a plastic smoking mixture



íûì èëè ñõîæèì ðåöåïòóðàì. Â ïåðâóþ î÷åðåäü

ïðîâîäèëè ïðîôèëüíûé ÃÕ-àíàëèç îáðàçöîâ.

Äëÿ ñðàâíåíèÿ ïðîôèëåé ïðèìåñåé áûëè âûáðà-

íû 44 èäåíòèôèöèðîâàííûõ ðàíåå öåëåâûõ ñî-

åäèíåíèÿ, êîòîðûå îáåñïå÷èâàëè íàèëó÷øóþ

âîñïðîèçâîäèìîñòü ïëîùàäåé ïèêîâ ïðè ïîâòîð-

íûõ õðîìàòîãðàôè÷åñêèõ èçìåðåíèÿõ [8].

Íà âòîðîì ýòàïå ïðîâîäèëè íîðìàëèçàöèþ

ïóòåì äåëåíèÿ ïëîùàäè ïèêà êàæäîãî öåëåâîãî

ñîåäèíåíèÿ íà ñóììó ïëîùàäåé ïèêîâ âñåõ öåëå-

âûõ ñîåäèíåíèé íà îäíîé è òîé æå õðîìàòîãðàì-

ìå. Íîðìàëèçîâàííóþ ïëîùàäü õðîìàòîãðàôè÷å-

ñêîãî ïèêà i-ãî êîìïîíåíòà (xi) ðàññ÷èòûâàëè ïî

óðàâíåíèþ:

x S S
i i i

i

n

�

�

�
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,

ãäå Si — ïëîùàäü i-ãî ïèêà; Si

i

n

�

�

1

— ñóììà ïëî-

ùàäåé âñåõ ïèêîâ íà õðîìàòîãðàììå; n — êîëè-

÷åñòâî ïèêîâ.

Äàëåå ðàññ÷èòûâàëè åâêëèäîâû ðàññòîÿíèÿ

(edkl) è êîýôôèöèåíòû êîððåëÿöèè Ïèðñîíà (rkl)

ïî óðàâíåíèÿì:
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1

1

ãäå xik è xil — îòêëèêè (íîðìàëèçîâàííûå ïëîùà-

äè) ïðèìåñè i â îáðàçöàõ k è l; xk , xl
— ñðåäíèå

ïëîùàäè ïèêîâ â îáðàçöàõ k è l; n — êîëè÷åñòâî

ïëîùàäåé ïèêîâ öåëåâûõ ñîåäèíåíèé, èñïîëüçóå-

ìûõ â ðàñ÷åòàõ ðàññòîÿíèé.

Òàê êàê êîýôôèöèåíò êîððåëÿöèè Ïèðñîíà

ìîæåò ìåíÿòüñÿ îò –1 äî 1, èñïîëüçîâàëè îòíîñè-

òåëüíûå ðàññòîÿíèÿ rdkl = 1 – rkl, êîòîðûå ìîãóò

ïðèíèìàòü çíà÷åíèÿ îò 0 äî 2.

Íà ñëåäóþùåì ýòàïå ïðîâîäèëè èåðàðõè÷å-

ñêóþ êëàñòåðèçàöèþ ïîëó÷åííûõ äàííûõ ìåòî-

äîì îäèíî÷íîé ñâÿçè ñ ïîñòðîåíèåì äåíäðî-
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Ðèñ. 2. Ôðàãìåíòû õðîìàòîãðàìì âîäíî-ìåòàíîëüíûõ ýêñòðàêòîâ ýêñïåðòíûõ îáðàçöîâ, ïðåäïîëîæèòåëüíî ïîëó÷åííûõ

ïî ðàçíûì ðåöåïòóðàì

Fig. 2. Fragments of the chromatograms of water-methanol extracts of expert samples, presumably made according to differ-

ent formulations



ãðàìì, äåìîíñòðèðóþùèõ óðîâíè ñõîäñòâà îáúåê-

òîâ ðàçëè÷íûõ ãðóïï îáðàçöîâ. Äëÿ îáëåã÷åíèÿ

âîñïðèÿòèÿ îòíîñèòåëüíûå ðàññòîÿíèÿ ìàñøòà-

áèðîâàëè ïî øêàëå 0 – 10. Â íàñòîÿùåé ðàáîòå
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Ðèñ. 3. Ôðàãìåíòû õðîìàòîãðàìì âîäíî-ìåòàíîëüíûõ ýêñòðàêòîâ ýêñïåðòíûõ îáðàçöîâ ïëàñòè÷íûõ êóðèòåëüíûõ ñìå-

ñåé, ïðåäïîëîæèòåëüíî îòíîñÿùèõñÿ ê îäíîé ïàðòèè è èçúÿòûõ â ðàçíûõ ìåñòàõ

Fig. 3. Fragments of chromatograms of water-methanol extracts expert samples of plastic smoking mixtures, presumably re-

lated to the same batch but seized in different places

à á

Ðèñ. 4. Äåíäðîãðàììû óðîâíåé ñõîäñòâà ýêñïåðòíûõ îáðàçöîâ íà îñíîâå ðàñ÷åòà êîýôôèöèåíòîâ êîððåëÿöèè Ïèðñîíà

(à) è åâêëèäîâûõ ðàññòîÿíèé (á)

Fig. 4. Dendrogram of the similarity levels of expert samples based on calculations of Pearson’s correlation coefficients (a)

and Euclidean distances (b)



«ñâÿçàííîå ðàññòîÿíèå» áûëî îïðåäåëåíî êàê

ðàññòîÿíèå, ðàññ÷èòàííîå äëÿ îáðàçöîâ èç îäíîé

è òîé æå èëè èç ðàçëè÷íûõ ïàðòèé, èçãîòîâëåí-

íûõ ñ âûñîêîé ñòåïåíüþ âîñïðîèçâîäèìîñòè ïî

ñõîæåé ðåöåïòóðå. Ñîîòâåòñòâåííî, «íåñâÿçàííîå

ðàññòîÿíèå» áûëî îïðåäåëåíî êàê ðàññòîÿíèå,

ðàññ÷èòàííîå ïðè ñðàâíåíèè îáðàçöîâ ñ ðàçíûìè

ðåöåïòóðàìè, óñëîâèÿìè èçãîòîâëåíèÿ èëè

ìàðøðóòàìè äîñòàâêè.

Íà ðèñ. 4 ïðèâåäåíû äåíäðîãðàììû óðîâíåé

ñõîäñòâà ýêñïåðòíûõ îáðàçöîâ íà îñíîâå ðàñ÷åòà

êîýôôèöèåíòîâ êîððåëÿöèè Ïèðñîíà è åâêëèäî-

âûõ ðàññòîÿíèé. Âèäíî, ÷òî íàáëþäàåòñÿ îò÷åò-

ëèâîå ðàçëè÷èå îòíîñèòåëüíûõ ðàññòîÿíèé ìåæ-

äó îáðàçöàìè èç ðàçíûõ ïàðòèé — 7 ãðóïï äëÿ 40

îáðàçöîâ. Òàê, «ñâÿçàííûå ðàññòîÿíèÿ» äëÿ îá-

ðàçöîâ, ïðåäïîëîæèòåëüíî èçãîòîâëåííûõ ïî

ñõîæèì ðåöåïòóðàì (A1 – A6, B1 – B7, C1 – C11,

D1 – D6, G1 – G8, E, F), ðàññ÷èòàííûå íà îñíîâå

êîýôôèöèåíòîâ êîððåëÿöèè Ïèðñîíà, íå ïðåâû-

øàþò 0,12, à íà îñíîâå åâêëèäîâûõ ðàññòîÿíèé —

0,14 îòí. åä. Íàïðîòèâ, «íåñâÿçàííûå ðàññòîÿ-

íèÿ» äëÿ îáðàçöîâ, ïðåäïîëîæèòåëüíî ïîëó÷åí-

íûõ ïî ðàçíûì ðåöåïòóðàì, íàõîäÿòñÿ â èíòåðâà-

ëàõ 0,43 – 1,12 (ðàñ÷åòû íà îñíîâå êîýôôèöèåí-

òîâ êîððåëÿöèè Ïèðñîíà) è 0,25 — 1,19 îòí. åä.

(ðàñ÷åòû åâêëèäîâûõ ðàññòîÿíèé).

Òàêèì îáðàçîì, èñïîëüçîâàííûé â äàííîé ðà-

áîòå ìåòîä ïðîôèëèðîâàíèÿ ïðèìåñåé ñ ïîñëå-

äóþùåé ìàòåìàòè÷åñêîé îáðàáîòêîé õðîìàòîãðà-

ôè÷åñêèõ äàííûõ ìîæåò áûòü äîïîëíèòåëüíûì

èíñòðóìåíòîì â óñòàíîâëåíèè ìåðû ñõîäñòâà ìå-

æäó îáðàçöàìè ÑÊ-ñîäåðæàùèõ ïëàñòè÷íûõ êó-

ðèòåëüíûõ ñìåñåé. Ýòè ðàñ÷åòû ìîãóò õðàíèòüñÿ

â áàçå äàííûõ è ïðè íåîáõîäèìîñòè èñïîëüçî-

âàòüñÿ äëÿ ïîäòâåðæäåíèÿ ðåçóëüòàòîâ âèçóàëü-

íîãî ñðàâíåíèÿ ïðîôèëåé.

Çàêëþ÷åíèå

Ðàçðàáîòàí àëãîðèòì ñðàâíèòåëüíîãî èññëå-

äîâàíèÿ ÑÊ-ñîäåðæàùèõ ïëàñòè÷íûõ êóðèòåëü-

íûõ ñìåñåé ìåòîäîì ÃÕ, âêëþ÷àþùèé ïðîôèëè-

ðîâàíèå ïðèìåñåé, âûáîð öåëåâûõ ñîåäèíåíèé,

íîðìàëèçàöèþ ïëîùàäåé èõ õðîìàòîãðàôè÷å-

ñêèõ ïèêîâ, ðàñ÷åò êîýôôèöèåíòîâ êîððåëÿöèè

Ïèðñîíà èëè åâêëèäîâûõ ðàññòîÿíèé, èåðàðõè-

÷åñêóþ êëàñòåðèçàöèþ äàííûõ ïî ìåòîäó îäè-

íî÷íîé ñâÿçè è ïîñòðîåíèå ñîîòâåòñòâóþùèõ

äåíäðîãðàìì.

Ðàçðàáîòàííàÿ ÃÕ-ìåòîäèêà ïîçâîëÿåò âåñü-

ìà ýôôåêòèâíî äèôôåðåíöèðîâàòü çíà÷èòåëü-

íûå ìàññèâû ýêñïåðòíûõ îáðàçîâ è ìîæåò áûòü

ðåêîìåíäîâàíà äëÿ ïðèìåíåíèÿ â ýêñïåðòíî-êðè-

ìèíàëèñòè÷åñêèõ ïîäðàçäåëåíèÿõ äëÿ ñðàâíè-

òåëüíîãî àíàëèçà ÑÊ-ñîäåðæàùèõ ïëàñòè÷íûõ

êóðèòåëüíûõ ñìåñåé.
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