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Èçó÷åíà öåíîòè÷åñêàÿ ïîïóëÿöèÿ Vaccinium vitis-idaea (Ericaceae) â 120-ëåòíåì
ñîñíÿêå ìøèñòîì íà áåðåãîâîì ñêëîíå îçåðà (Óøà÷ñêèé ð-í Âèòåáñêîé îáë. Áåëàðó-
ñè). Âûÿâëåíà ñâÿçü ðàçíîãîäè÷íîé èçìåí÷èâîñòè ñóììàðíîãî ñîäåðæàíèÿ ôëàâîíîè-
äîâ îò ìåòåîðîëîãè÷åñêèõ óñëîâèé çèìíå-âåñåííåãî ïåðèîäà. Âèäû ðàñòåíèé æèâîãî
íàïî÷âåííîãî ïîêðîâà îêàçûâàþò ñóùåñòâåííîå âîçäåéñòâèå íà îáèëèå V. vitis-idaea,
ïðè îïðåäåëÿþùåé ðîëè Vaccinium myrtillus. Îñíîâíàÿ ôîðìà âçàèìîäåéñòâèÿ V. vi-
tis-idaea ñ äîìèíèðóþùèìè âèäàìè æèâîãî íàïî÷âåííîãî ïîêðîâà — ýòî àäàïòàöèÿ, ñ
îñòàëüíûìè âèäàìè âçàèìîîòíîøåíèÿ â áîëüøåé ñòåïåíè îïðåäåëÿþòñÿ îðîãðàôè÷å-
ñêèì ãðàäèåíòîì.

Ê ë þ ÷ å â û å ñ ë î â à: Vaccinium vitis-idaea, ïðîåêòèâíîå ïîêðûòèå, ñîäåðæàíèå
ôëàâîíîèäîâ, îðîãðàôè÷åñêèé ãðàäèåíò, ñîñíÿê ìøèñòûé.

Îäíèì èç îñíîâíûõ íàïðàâëåíèé ðàçâèòèÿ áîòàíè÷åñêîãî ðåñóðñîâåäåíèÿ
ÿâëÿåòñÿ èçó÷åíèå ïîïóëÿöèîííîé ñòðóêòóðû äèêîðàñòóùèõ õîçÿéñòâåííî-ïî-
ëåçíûõ ðàñòåíèé [1, 2]. Â ýòîì íàïðàâëåíèè íàìè áûëè âûÿâëåíû îñîáåííîñòè
ôîðìèðîâàíèÿ óðîæàéíîñòè è íàêîïëåíèÿ áèîëîãè÷åñêè-àêòèâíûõ âåùåñòâ â
ðàñòèòåëüíîì ñûðüå ðÿäà ìîäåëüíûõ âèäîâ íà ýêîëîãî-öåíîòè÷åñêèõ, âðåìåí-
í *ûõ è ãåîãðàôè÷åñêèõ ãðàäèåíòàõ [3—10 è äð.]. Â òî æå âðåìÿ ïðåäñòàâëÿåò
èíòåðåñ îöåíêà ôàêòîðîâ âíóòðèöåíîòè÷åñêîé èçìåí÷èâîñòè ðåñóðñíûõ õà-
ðàêòåðèñòèê âèäîâ ñ ó÷åòîì âëèÿíèÿ êàê àáèîòè÷åñêèõ ôàêòîðîâ, òàê è âçàè-
ìîäåéñòâèÿ ðàñòåíèé [11, 12].

Öåëü íàøåé ðàáîòû — âûÿâëåíèå çàêîíîìåðíîñòåé ôèòîõèìè÷åñêîé èç-
ìåí÷èâîñòè è ôîðìèðîâàíèÿ óðîæàéíîñòè ôàðìàêîïåéíîãî âèäà — áðóñíèêè
îáûêíîâåííîé Vaccinium vitis-idaea L., à òàêæå îñîáåííîñòåé âçàèìîîòíîøå-
íèé V. vitis-idaea ñ âèäàìè ðàñòåíèé æèâîãî íàïî÷âåííîãî ïîêðîâà â ïðåäåëàõ
îäíîãî ôèòîöåíîçà íà áåðåãîâîì ñêëîíå.
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ÌÀÒÅÐÈÀË È ÌÅÒÎÄÛ

Èññëåäîâàíèÿ ïðîâåäåíû â êîíöå àïðåëÿ â ñîñíÿêå áðóñíè÷íî-÷åðíè÷-
íî-ìøèñòîì (òèï ëåñà: ñîñíÿê ìøèñòûé), ðàñïîëîæåííîì â Ïîëîöêîì ëåñî-
ðàñòèòåëüíîì ðàéîíå (ïîäçîíà äóáîâî-òåìíîõâîéíûõ ëåñîâ) ñåâåðíåå ä. Âàø-
êîâî Óøà÷ñêîãî ð-íà Âèòåáñêîé îáë. Áåëàðóñè íà âîñòî÷íîì ñêëîíå êîðåííî-
ãî áåðåãà îç. Äîëæèíî.

Ïëîùàäü ôèòîöåíîçà ñîñòàâèëà 5 ãà. Ñîãëàñíî òàêñàöèîííîé õàðàêòåðè-
ñòèêå, äàííîå ñîîáùåñòâî îòíîñèòñÿ ê ëåñàì I ãðóïïû (çàïðåòíûå ïîëîñû),
II êëàññó áîíèòåòà, âòîðîìó òèïó ëåñîðàñòèòåëüíûõ óñëîâèé (îòñóòñòâèå ñóõî-
ñòîÿ è çàõëàìëåííîñòè). Âîçðàñò äðåâîñòîÿ 120 ëåò, âûñîòà 26 ì, ñðåäíèé äèà-
ìåòð äåðåâüåâ 34 ñì, îòíîñèòåëüíàÿ ïîëíîòà 0.8, çàïàñ äðåâåñèíû 380 ì3/ãà.
Ñðåäíåå ïðîåêòèâíîå ïîêðûòèå òðàâÿíî-êóñòàðíè÷êîâîãî ÿðóñà 50 %, ìîõîâî-
ãî ïîêðîâà — 71.5 %, ïîäðîñòà è ïîäëåñêà — 2 %.

Â èçó÷åííîì ñîñíÿêå áðóñíè÷íî-÷åðíè÷íî-ìøèñòîì íà òðàíñåêòå øèðè-
íîé 5 ì è ïðîòÿæåííîñòüþ 120 ì íàìè çàëîæåíî 12 ó÷åòíûõ ïëîùàäîê (ÓÏ)
ïëîùàäüþ 50 ì2. Ïëîùàäêè ðàñïîëàãàëèñü îò ïðèáðåæíîé ÷àñòè (ÓÏ 1) äî
âåðøèíû ñêëîíà ñ âûõîäîì íà êîðåííîé áåðåã (ÓÏ 11 è 12). Ïåðåïàä âûñîò ñî-
ñòàâèë 20 ì. Ãåîãðàôè÷åñêèå êîîðäèíàòû ñåðåäèíû òðàíñåêòû (ÓÏ 6):
55°07.0162R ñ. ø., 28°36.4559R â. ä. (WGS 84).

Íà êàæäîé ó÷åòíîé ïëîùàäêå îïðåäåëÿëè ïðîåêòèâíîå ïîêðûòèå âñåõ âè-
äîâ æèâîãî íàïî÷âåííîãî ïîêðîâà, îáèëèå ïîäðîñòà è ïîäëåñêà [13], à òàêæå
îòáîð ïðîá ïîáåãîâ áðóñíèêè äëÿ ôèòîõèìè÷åñêîãî àíàëèçà. Ôèòîèíäèêàöèþ
ýêîëîãè÷åñêèõ ðåæèìîâ â êàæäîé ÓÏ ïðîâîäèëè ïî ýêîëîãè÷åñêèì øêàëàì
Ä. Í. Öûãàíîâà [14]. Äëÿ îöåíêè óðîæàéíîñòè (óäåëüíîé ñûðîé ôèòîìàññû
ïîáåãîâ) ïî ïðîåêòèâíîìó ïîêðûòèþ èñïîëüçîâàëè óðàâíåíèå Ã. Í. Áóçóêà
[15] äëÿ ñêëîíîâûõ ïîïóëÿöèé V. vitis-idaea:
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ãäå Y — óðîæàéíîñòü, ã/äì2; a = 0.006827; b = 0.043735; x — ïðîåêòèâíîå ïî-
êðûòèå, % ïðè êîýôôèöèåíòå äåòåðìèíàöèè R2 = 0.79.

Ïîñêîëüêó ëåêàðñòâåííûì ñûðüåì áðóñíèêè ÿâëÿþòñÿ ëèñòüÿ, îïðåäåëå-
íèå ìàññû ëèñòüåâ ïðîâîäèëè ïî îòíîøåíèþ ìàññû ïîáåãà ê ìàññå ëèñòüåâ íà
íåì — 1.31 ± 0.02 [16, 17].

Â àíàëèç âçàèìîäåéñòâèÿ öåíîïîïóëÿöèè V. vitis-idaea ñ êîìïîíåíòàìè
æèâîãî íàïî÷âåííîãî ïîêðîâà èçó÷åííîãî ôèòîöåíîçà, âûïîëíåííûé ïî ìåòî-
äèêå, ïðåäëîæåííîé Â. Ñ. Èïàòîâûì ñ ñîòðóäíèêàìè [12], âêëþ÷åíû âèäû
(èëè ãðóïïû âèäîâ ñõîæèõ áèîìîðô) ñî âñòðå÷àåìîñòüþ âûøå 0.3 (òàáë. 1).

Äëÿ îïðåäåëåíèÿ ñèëû âëèÿíèÿ âèäîâ äðóã íà äðóãà èñïîëüçîâàí êâàäðàò
êîððåëÿöèîííîãî îòíîøåíèÿ h2 [18]. Âëèÿíèå îäíîãî âèäà (2) íà äðóãîé (1) ñ
ó÷åòîì âëèÿíèÿ îñòàëüíûõ âèäîâ ðàñòåíèé (n) íà âèä 2 âûðàæàåòñÿ âåëè÷èíîé
ôàêòîðèàëüíîãî âàðüèðîâàíèÿ V1,2 èñòèííîå =V n1 2 2 3

2

2

21 1, , ,( – )...( – )× η η è îïðåäåëÿ-
ëîñü ïî ìåòîäèêå Â. Ñ. Èïàòîâà ñ ñîàâòîðàìè [12]. Äîëÿ ôàêòîðèàëüíîãî âàðü-
èðîâàíèÿ âèäà 1 â ñóììå ôàêòîðèàëüíûõ âàðüèðîâàíèé âñåõ âèäîâ S V Vn= Σ ,
ãäå V — ôàêòîðèàëüíîå âàðüèðîâàíèå âèäà 1, SVn — ñóììà ôàêòîðèàëüíûõ
âàðüèðîâàíèé âñåõ âèäîâ [11]. Ðåàêòèâíîñòü (âåëè÷èíà, îòðàæàþùàÿ èçìåíå-
íèå ïðèçíàêà íà åäèíèöó èçìåíåíèÿ ôàêòîðà) è ïîðîã ÷óâñòâèòåëüíîñòè (ðàç-
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íèöà â çíà÷åíèÿõ ôàêòîðà, êîòîðóþ âèä ñïîñîáåí «ðàçëè÷èòü») V. vitis-idaea
îòíîñèòåëüíî V. myrtillus îïðåäåëÿëè ïî ìåòîäèêå Â. Ñ. Èïàòîâà è Ë. À. Êèðè-
êîâîé [19]. Àíàëèç ðåãðåññèé (òðåíäîâ) ìåæäó V. vitis-idaea è âèäàìè æèâîãî
íàïî÷âåííîãî ïîêðîâà, à òàêæå ðåãðåññèè, ïðîãíîçèðóåìîé êàê âëèÿíèå îðî-
ãðàôè÷åñêîãî ôàêòîðà, ïðîâåäåí ïî ìåòîäèêå Å. Í. Æóðàâëåâîé è Â. Ñ. Èïàòî-
âà [11]. Ñóòü äàííîé ìåòîäèêè: êîððåëÿöèîííûå îòíîøåíèÿ ìåæäó âèäàìè
èìåþò äâóõñòîðîííèé õàðàêòåð è «ñóùåñòâåííîé îöåíêîé âëèÿíèÿ âèäîâ äðóã
íà äðóãà ÿâëÿåòñÿ õàðàêòåð ðåãðåññèè, ò. å. èçìåíåíèå ïðîåêòèâíîãî ïîêðûòèÿ
âèäà ïðè óâåëè÷åíèè çíà÷åíèé ôàêòîðà èëè ïðîåêòèâíîãî ïîêðûòèÿ äðóãîãî
âèäà. Õàðàêòåð ðåãðåññèè âûðàæàåòñÿ â òðåíäå. Òðåíä ðåãðåññèè ìîæåò áûòü
ïîëîæèòåëüíûì (+), îòðèöàòåëüíûì (–); ñíà÷àëà óâåëè÷èâàòüñÿ, ïîòîì óìåíü-
øàòüñÿ (+–) èëè ñíà÷àëà óìåíüøàòüñÿ, ïîòîì óâåëè÷èâàòüñÿ (–+); îí òàêæå ìî-
æåò áûòü íåîïðåäåëåííûì (~)» [11, ñ. 1693]. Àëãîðèòì îïðåäåëåíèÿ õàðàêòåðà
âçàèìîîòíîøåíèé (ñâÿçè) ìåæäó ðàñòåíèÿìè ñîñòîèò èç äâóõ ýòàïîâ: 1) îöåí-
êà ðåàëüíîãî òðåíäà ðåãðåññèè âèäà 1 ïîä âëèÿíèåì âèäà 2; 2) îïðåäåëåíèå
âîçìîæíîãî òðåíäà ðåãðåññèè ñâÿçè ìåæäó âèäàìè ïîä âëèÿíèåì îïðåäåëåí-
íîãî ôàêòîðà è äàëåå ñðàâíåíèå çíàêîâ ðåàëüíîãî è ïðîãíîçèðóåìîãî òðåíäà.
Èíòåðïðåòàöèÿ òðåíäà ðåãðåññèè çíà÷åíèé ïðîåêòèâíîãî ïîêðûòèÿ âèäà ïîä
âîçäåéñòâèåì äðóãîãî âèäà ïðîâåäåíà ïî Â. Ñ. Èïàòîâó, Ë. À. Êèðèêîâîé [20]:
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Ò À Á Ë È Ö À 1

Âñòðå÷àåìîñòü è ïðîåêòèâíîå ïîêðûòèå âèäîâ è ãðóïï âèäîâ
æèâîãî íàïî÷âåííîãî ïîêðîâà â ñîñíÿêå áðóñíè÷íî-÷åðíè÷íî-ìøèñòîì

íà áåðåãîâîì ñêëîíå îçåðà (Óøà÷ñêèé ð-í Âèòåáñêîé îáë. Áåëàðóñè)

T a b l e 1. Occurrence and projective cover of living ground vegetation species
and groups of species

Âèä (ãðóïïà âèäîâ)
Species (groups of species)

Âñòðå÷àåìîñòü
Occurrence

Ïðîåêòèâíîå ïîêðûòèå, %*
Projective cover, %*

Vaccinium vitis-idaea 1 10.2 � 2
3—25

Bryidae** 1 71.5 � 8.2
26—100

Calamagrostis arundinacea, C. epigeios 0.9 7.1 � 1.8
0—20

Calluna vulgaris 0.8 3.8 � 1.5
0—20

Carex digitata, C. ericetorum + Luzula pilosa 0.9 1.9 � 0.3
0—4

Pyrolaceae*** 0.3 1.0 � 0.5
0—6

Festuca ovina 0.6 2.7 � 1.2
0—15

Vaccinium myrtillus 1 22.2 � 6
1—60

Ï ð è ì å ÷ à í è å (N o t e). * — íàä ÷åðòîé — ñðåäíåå è åãî îøèáêà, ïîä ÷åðòîé — min—max. Above the

line — mean � SE, below the line — min—max. ** — Brachytecium rutabulum, Brachytecium salibrosum, Dic-

ranum polysetum, Funaria hydrometrica, Fysideus adiantoides, Hylocomnium splendens, Leucobrium glaucum,

Plagiomnium affine, Pleurozium shreberii, Ptilium crista-castrensis; *** — Chimaphila umbellata, Pyrola rotun-

difolia, Orthilia secunda.



çíàê òðåíäà «–» — èçæèâàíèå, «+» — áëàãîïðèÿòñòâîâàíèå, «+–» — àäàï-
òàöèÿ.

Îáëèñòâåííûå ïîáåãè V. vitis-idaea îòáèðàëè íà òðàíñåêòå â êàæäîé ÓÏ â
êîíöå àïðåëÿ â 2007 è 2012 ãã. è ñóøèëè âîçäóøíî-òåíåâûì ñïîñîáîì. Ñóì-
ìàðíîå ñîäåðæàíèå ôëàâîíîèäîâ â ëèñòüÿõ îïðåäåëÿëè ñïåêòðîôîòîìåòðè÷å-
ñêèì ìåòîäîì ñ èñïîëüçîâàíèåì ðåàêöèè êîìïëåêñîîáðàçîâàíèÿ ïðîèçâîäíûõ
ôëàâîíà è ôëàâîíîëà ñ õëîðèäîì àëþìèíèÿ â ñðåäå àöåòàòíîãî áóôåðíîãî
ðàñòâîðà ñ ðÍ 3 â ïåðåñ÷åòå íà ãëèêîçèäû êâåðöåòèíà [8]. Ñóììàðíîå ñîäåðæà-
íèå ïðîàíòîöèàíèäèíîâ â ëèñòüÿõ îïðåäåëÿëè ñïåêòðîôîòîìåòðè÷åñêè ñ èñïî-
ëüçîâàíèåì ðåàêöèè ïðåâðàùåíèÿ èõ â àíòîöèàíèäèíû ïðè íàãðåâàíèè â ïîä-
êèñëåííîì áóòàíîëå [21]; êîëè÷åñòâåííîå ñîäåðæàíèå àðáóòèíà îïðåäåëÿëè
íà ñïåêòðîôîòîìåòðå ÑÔ-46 ïðè äëèíå âîëíû 285 íì â êþâåòå ñ òîëùèíîé ðà-
áî÷åãî ñëîÿ 1 ñì [22]. Â êà÷åñòâå ðàñòâîðà ñðàâíåíèÿ èñïîëüçîâàëè 70%-íûé
ýòèëîâûé ñïèðò, ïðîïóùåííûé ÷åðåç êîëîíêó ñ îêñèäîì àëþìèíèÿ. Ïðèãîòîâ-
ëåíèå õðîìàòîãðàôè÷åñêîé êîëîíêè: 3.0 ã îêñèäà àëþìèíèÿ äëÿ õðîìàòîãðà-
ôèè (L 40/250) ôèðìû Lachema (×åõèÿ), ïðîìûòîãî äèñòèëëèðîâàííîé âîäîé
äî íåéòðàëüíîé ðåàêöèè, ïîìåùàëè â ñòåêëÿííóþ êîëîíêó äèàìåòðîì 1.5 ñì è
âûñîòîé 25 ñì è ïðîìûâàëè 5 ìë 70%-íîãî ýòèëîâîãî ñïèðòà. Âñå ôèòîõèìè-
÷åñêèå àíàëèçû ñ êàæäîé ÓÏ ïðîâîäèëè â òðåõêðàòíîé ïîâòîðíîñòè.

Äëÿ õàðàêòåðèñòèêè ïîãîäíûõ óñëîâèé ñ äåêàáðÿ ïî àïðåëü 2006—2012 ãã.
èñïîëüçîâàíû äàííûå, ïðåäñòàâëåííûå íà ìåòåîðîëîãè÷åñêîì ïîðòàëå «Ðàñ-
ïèñàíèå ïîãîäû» http:/rp5.ru/ ïî Ïîëîöêîé ìåòåîñòàíöèè.

Ñòàòèñòè÷åñêóþ îáðàáîòêó ïðîâîäèëè ñ ïîìîùüþ áàçîâîé ñòàòèñòèêè è
äèñïåðñèîííîãî àíàëèçà â MS Excel 2010 è Statistica 10. Ïîñòðîåíèå òðåíäà
(àïïðîêñèìàöèè è ñãëàæèâàíèÿ) èçìåí÷èâîñòè ïàðàìåòðîâ ïî âûáðàííîìó
ãðàäèåíòó ïðîâîäèëè ñ ïîìîùüþ ïîëèíîìèíàëüíîé ëèíèè ïÿòîé ñòåïåíè [10].

ÐÅÇÓËÜÒÀÒÛ È ÈÕ ÎÁÑÓÆÄÅÍÈÅ

Àíàëèç äàííûõ ïî ôèòîèíäèêàöèè â ïðåäåëàõ ó÷åòíûõ ïëîùàäîê (òàáë. 2)
ïîêàçàë îòíîñèòåëüíóþ îäíîðîäíîñòü ýêîëîãè÷åñêèõ ðåæèìîâ ôèòîöåíîçà
âäîëü îðîãðàôè÷åñêîãî ãðàäèåíòà (àìïëèòóäà êîëåáàíèé ôàêòîðîâ â ïðåäåëàõ
0.6—1.5 áàëëà). Â ïåðâóþ î÷åðåäü ýòî êàñàåòñÿ îñâåùåííîñòè, êîòîðàÿ âàðüè-
ðóåò îò 4.2 äî 4.8 áàëëà, íåáîëüøîå ïîâûøåíèå (äî 4.7—4.8) íàáëþäàåòñÿ â
âåðõíåé ïîëîâèíå ñêëîíà (ýêîëîãè÷åñêèé ðåæèì ñâåòëûõ ëåñîâ), ÷òî ÿâëÿåòñÿ
çíà÷èìûì äëÿ V. vitis-idaea. Íåñêîëüêî ïîâûøåííûå êîëåáàíèÿ âîäíîãî ðåæè-
ìà (êîýôôèöèåíò âàðèàöèè 21 %), à òàêæå ïîíèæåíèå ñòåïåíè êèñëîòíîñòè
ïî÷âû íà ÓÏ 1 è 2 (÷åì âûøå áàëë, òåì ìåíåå êèñëàÿ ïî÷âà) ìû ñâÿçûâàåì ñ
âëèÿíèåì êîëåáàíèé óðîâíÿ âîäû â îçåðå, îñîáåííî â âåñåííèé ïåðèîä. Ïî
îðîãðàôè÷åñêîìó ãðàäèåíòó ïî íàïðàâëåíèþ ê îçåðó (áåç ó÷åòà ÓÏ 1 è 2) îò-
ìå÷åíà òåíäåíöèÿ óâåëè÷åíèÿ êèñëîòíîñòè ïî÷âû (r = 0.88, P < 0.05). Ñëåäóåò
îòìåòèòü è îòíîñèòåëüíîå ïîâûøåíèå ñîäåðæàíèÿ àçîòà â ïî÷âå â ýêîòîíàõ
ôèòîöåíîçà (â ïðèáðåæíîé ÷àñòè è íà áðîâêå êîðåííîãî áåðåãà) äî
3.9—4.1 áàëëà.

Ïðîåêòèâíîå ïîêðûòèå V. vitis-idaea ïîëîæèòåëüíî êîððåëèðóåò ñ óðîâíåì
îñâåùåííîñòè â ôèòîöåíîçå (rsp = 0.6, P = 0.04), ÷òî ïîäòâåðæäàåò âûñîêóþ
÷óâñòâèòåëüíîñòü áðóñíèêè ê ñâåòîâîìó ðåæèìó [17, 23]. Â ñðåäíåé ÷àñòè
ñêëîíà ïðîåêòèâíîå ïîêðûòèå è óðîæàéíîñòü èìåþò íàèáîëüøèå çíà÷åíèÿ
(òàáë. 2, ñì. ðèñóíîê).

Ñðàâíèòåëüíûé àíàëèç ñóììàðíîãî ñîäåðæàíèÿ ôëàâîíîèäîâ â ëèñòüÿõ
V. vitis-idaea çà äâà âåñåííèõ ñåçîíà íå ïîêàçàë äîñòîâåðíûõ ðàçëè÷èé íà
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5 %-íîì óðîâíå çíà÷èìîñòè (òàáë. 3). Â îáîèõ ñëó÷àÿõ â âåðõíåé è íèæíåé ÷à-
ñòÿõ ñêëîíà íàáëþäàþòñÿ îòíîñèòåëüíûå ìàêñèìóìû; ïðè ýòîì ìàêñèìóì
óðîæàéíîñòè ïðèõîäèòñÿ íà ñåðåäèíó ïðîôèëÿ, ÷òî ïîäòâåðæäàåò ôàêò íåñî-
âïàäåíèÿ ìàêñèìóìîâ êîëè÷åñòâà è ôèòîõèìè÷åñêîãî êà÷åñòâà ðàñòèòåëüíîãî
ñûðüÿ [9]. Äâóõâåðøèííàÿ (Ì-îáðàçíàÿ, áèìîäàëüíàÿ) çàâèñèìîñòü ñîäåðæà-
íèÿ ðÿäà áèîëîãè÷åñêè-àêòèâíûõ âåùåñòâ ðàñòåíèé (âêëþ÷àÿ è ñóììàðíîå ñî-
äåðæàíèå ôëàâîíîèäîâ) íà ýêîëîãè÷åñêèõ è âðåìåíí *ûõ ãðàäèåíòàõ äîêàçàíà
ðàíåå íà ìíîãèõ ëåêàðñòâåííûõ ðàñòåíèÿõ [4, 6, 9]. Îíà îáóñëîâëåíà êîíêó-
ðåíöèåé ïóòåé ïåðâè÷íîãî è âòîðè÷íîãî ìåòàáîëèçìà. Ïðè ñðàâíåíèè äàííûõ
çà äâà ñåçîíà âûÿâëåí ñõîäíûé òðåíä èçìåí÷èâîñòè ñîäåðæàíèÿ ôëàâîíîèäîâ
ïî îðîãðàôè÷åñêîìó ãðàäèåíòó, êîòîðûé ìîæåò áûòü àïïðîêñèìèðîâàí ïîëè-
íîìîì 5-é ñòåïåíè [10]. Îäíàêî àìïëèòóäà êîëåáàíèÿ çíà÷åíèé â 2012 ã. áûëà
ïî÷òè â 2 ðàçà âûøå, ÷åì â 2007 ã. (êîýôôèöèåíòû âàðèàöèè 22.7 % â 2012 ã. è
13.3 — â 2007 ã.), à êîýôôèöèåíò äåòåðìèíàöèè (R2) â 2012 ã. ïî ñðàâíåíèþ ñ
2007 ã. óìåíüøèëñÿ ïî÷òè â 2 ðàçà. Ýòî, íà íàø âçãëÿä, ñâÿçàíî ñ áîëåå õîëîä-
íûì è âëàæíûì çèìíå-âåñåííèì ñåçîíîì 2012 ã. ïî ñðàâíåíèþ ñ 2007 ã. è ñ
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Ò À Á Ë È Ö À 2

Ïðîåêòèâíîå ïîêðûòèå Vaccinium vitis-idaea è ýêîëîãè÷åñêèå ðåæèìû
íà îðîãðàôè÷åñêîì ãðàäèåíòå

T a b l e 2. Projective cover of Vaccinium vitis-idaea and ånvironmental regimes
on the orographic gradient
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1 3 13.7 5.6 3.9 4.3 4.6 2.5

2 10 12.5 4.9 3.6 4.3 4.6 1.4

3 3 12.7 4.6 2.9 3.1 4.2 2.9

4 10 12.9 4.8 2.8 3.3 4.4 1.6

5 5 13.6 4.5 3.4 3.8 4.6 2.3

6 25 13.2 4.7 3.5 4.0 4.6 1.9

7 15 12.8 5.0 3.3 3.6 4.5 1.7

8 15 13.6 4.6 3.5 4.1 4.8 2.3

9 20 13.1 4.8 3.5 3.9 4.7 2.0

10 5 13.1 4.8 3.7 4.2 4.3 2.1

11 3 12.7 5.0 4.1 4.5 4.2 2.7

12 8 12.8 5.3 4.1 4.3 4.6 2.2

Àìïëèòóäà êîëåáàíèé
ïàðàìåòðà
Oscillation amplitude of
factor

22 1.2 1.1 1.3 1.4 0.6 1.5

Êîýôôèöèåíò âàðèà-
áåëüíîñòè, %
Variability coefficient, %

71.2 3.1 6.4 11.5 10.9 4.3 20.9



àíîìàëüíî âûñîêèì êîëè÷åñòâîì îñàäêîâ (â 1.5 ðàçà áîëüøåì, ÷åì â 2007 ã.), â
÷àñòíîñòè â àïðåëå — 84 ìì çà 18 äíåé. Âåðîÿòíî, â òàêèõ ýêñòðåìàëüíûõ
óñëîâèÿõ äèôôåðåíöèðóþùóþ ðîëü â íàêîïëåíèè ôëàâîíîèäîâ íà÷èíàþò èã-
ðàòü ôîðìû ìèêðîðåëüåôà áåðåãîâîãî ñêëîíà, â òî æå âðåìÿ îáùèé õàðàêòåð
(áèìîäàëüíûé) òðåíäà èçìåí÷èâîñòè èõ íàêîïëåíèÿ ñîõðàíÿåòñÿ (ñì. ðèñó-
íîê). Ñîäåðæàíèå àðáóòèíà ñõîäíî âî âñåõ ó÷àñòêàõ ïðîôèëÿ (òàáë. 3), òîãäà
êàê ñîäåðæàíèå ïðîàíòîöèàíèäèíîâ îò îñíîâàíèÿ äî âåðøèíû ñêëîíà èìåëî
òàêæå áèìîäàëüíûé õàðàêòåð ñ ïîëîæèòåëüíîé òåíäåíöèåé ê âåðøèíå ñêëîíà
(r = 0.66, P = 0.004).

Àíàëèç ïîëó÷åííûõ äàííûõ ïî îöåíêå âîçäåéñòâèÿ âèäîâ ðàñòåíèé íà îáè-
ëèå V. vitis-idaea ïîêàçàë î÷åíü ñèëüíîå âëèÿíèå ÷åðíèêè V. myrtillus (46 %
âàðüèðîâàíèÿ îáèëèÿ V. vitis-idaea îáóñëîâëåíî ÷èñòûì âëèÿíèåì ÷åðíèêè).
Ñóùåñòâåííóþ ðîëü èãðàþò çåëåíûå ìõè (12 % âàðüèðîâàíèÿ îáèëèÿ V. vi-
tis-idaea îáóñëîâëåíî èõ ÷èñòûì âëèÿíèåì) (òàáë. 4), ÷òî ñîãëàñóåòñÿ ñ äàííû-
ìè Â. Ñ. Èïàòîâà ñ ñîàâòîðàìè [12] äëÿ ñîñíÿêîâ ÷åðíè÷íî-çåëåíîìîøíûõ.
Ýêñïëåðåíòíûå è ïàòèåíòíûå âèäû, õàðàêòåðíûå äëÿ äàííîãî òèïà ñîîáùåñòâ,
íà îáèëèå V. vitis-idaea ïðàêòè÷åñêè íå âëèÿþò (òàáë. 4).
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Èçìåí÷èâîñòü ñóììàðíîãî ñîäåðæàíèÿ ôëàâîíîèäîâ è ôèòîìàññû Vaccinium vi-
tis-idaea íà îðîãðàôè÷åñêîì ãðàäèåíòå.

Cóììàðíîå ñîäåðæàíèå ôëàâîíîèäîâ: à — â 2007 ã., %; á — â 2012 ã., %; â — óðîæàéíîñòü ïîáå-
ãîâ, ã/ì2. Ëèíèÿ — ïîëèíîìèíàëüíàÿ òðåíäà ïÿòîé ñòåïåíè, R2 — êîýôôèöèåíò äåòåðìèíàöèè.
Ïî ãîðèçîíòàëè — íîìåð ó÷åòíîé ïëîùàäêè. Ïî âåðòèêàëè: ñëåâà — ñîäåðæàíèå ôëàâîíîè-

äîâ, %; ñïðàâà — óðîæàéíîñòü ñûðüÿ, ã/ì2.

The variability of the V. vitis-idaea content of total flavonoids and biomass on orographic
gradient.

Flavonoid contents: à — 2007, %; á — 2012, %; â — mass of the shoots, g/m2. Line — polynomial trend
line of the fifth degree, R2 — coefficient of determination. X-axis — number of the accounting area.

Y-axis: left — the content of total flavonoids, %; right — the yield of raw materials, g/m2.



Ñîâîêóïíîå âëèÿíèå íà îáèëèå V. vitis-idaea âñåõ âèäîâ ðàñòåíèé æèâîãî
íàïî÷âåííîãî ïîêðîâà ñî âñòðå÷àåìîñòüþ îò 0.3 â èçó÷åííîì ñîñíÿêå áðóñ-
íè÷íî-÷åðíè÷íî ìøèñòîì ñîñòàâëÿåò 68 % ôàêòîðèàëüíîãî âàðüèðîâàíèÿ ïðè
îïðåäåëÿþùåé ðîëè V. myrtillus, òàê êàê äîëÿ âàðüèðîâàíèÿ äàííîãî âèäà â
ñóììå ôàêòîðèàëüíûõ âàðüèðîâàíèé âñåõ âèäîâ îòíîñèòåëüíî áðóñíèêè ñî-
ñòàâëÿåò 0.6 (òàáë. 4).

Íàìè îïðåäåëåíû ðåàêòèâíîñòü è ïîðîã ÷óâñòâèòåëüíîñòè ïðîåêòèâíîãî
ïîêðûòèÿ V. vitis-idaea íà èçìåíåíèå îáèëèÿ V. myrtillus. Ïðè ïîêðûòèè V. myr-
tillus äî 10 % ðåàêòèâíîñòü V. vitis-idaea ñîñòàâëÿåò 0.77 % ñ ïîðîãîì ÷óâñòâè-
òåëüíîñòè 2.6 %; ïðè ïîêðûòèè V. myrtillus îò 10 äî 40 % ðåàêòèâíîñòü áðóñ-
íèêè ñíèæàåòñÿ äî 0.66 % ñ âîçðàñòàíèåì ïîðîãà ÷óâñòâèòåëüíîñòè äî 6 %.
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Ò À Á Ë È Ö À 3

Ðåñóðñíàÿ è ôèòîõèìè÷åñêàÿ õàðàêòåðèñòèêà Vaccinium vitis-idaea

T a b l e 3. Resource and phytochemical characteristics of Vaccinium vitis-idaea

Íîìåð ó÷åòíîé
ïëîùàäêè

Number of the
accounting area

Óäåëüíàÿ ñûðàÿ
ôèòîìàññà ïîáåãîâ,

ã/ì2

Phytomass shoots
(crude), g/m2

Ñîäåðæàíèå
Content of

ôëàâîíîèäîâ, %
flavonoids, %

àðáóòèíà, %
arbutin, %

ïðîàíòîöèàíèäè-
íîâ, %

proanthocyanidins, %

1 13.39 —
1.38 � 0.09

3.75 � 0.13 14.38 � 0.16

2 46.94 1.55 � 0.004
1.50 � 0.05

3.25 � 0.08 14.91 � 0.21

3 13.39 1.65 � 0.054
1.49 � 0.06

3.86 � 0.09 26.21 � 0.31

4 46.94 1.84 � 0.09
2.17 � 0.08

4.49 � 0.19 25.75 � 0.18

5 22.64 1.52 � 0.05
0.99 � 0.04

4.46 � 0.12 11.99 � 0.11

6 131.84 1.55 � 0.01
1.74 � 0.06

3.79 � 0.07 11.23 � 0.19

7 73.09 1.7 � 0.098
2.26 � 0.06

4.34 � 0.06 20.96 � 0.22

8 73.09 1.96 � 0.09
1.88 � 0.06

4.92 � 0.15 24.28 � 0.15

9 101.30 1.53 � 0.09
2.24 � 0.08

3.56 � 0.11 25.93 � 0.25

10 22.64 1.35 � 0.07
1.55 � 0.07

4.18 � 0.04 32.1 � 0.28

11 13.39 1.28 � 0.09
2.17 � 0.06

4.55 � 0.04 30.92 � 0.24

12 37.01 —
1.64 � 0.01

3.97 � 0.08 28.61 � 0.12

Ñðåäíåå 49.6 � 11.1 1.59 � 0.05 4.1 � 0.09 22.3 � 1.49

Mean � SE 1.75 � 0.08

Ï ð è ì å ÷ à í è å. Íàä ÷åðòîé — ñîäåðæàíèå â 2007 ã, ïîä ÷åðòîé — â 2012 ã.; ïðî÷åðê îçíà÷àåò îòñóò-

ñòâèå äàííûõ.

N o t e. Above the line — contents in 2007, below the line — in 2012; dash no data.



Ïðè ïðîåêòèâíîì ïîêðûòèè V. myrtillus îò 40 äî 60 % ðåàêòèâíîñòü V. vi-
tis-idaea ïîâûøàåòñÿ äî 0.85 % íà ôîíå ñîõðàíåíèÿ ïîðîãà ÷óâñòâèòåëüíîñòè
(5.3 %). Âî ìíîãîì ýòî ñâÿçàíî ñ òåíäåíöèÿìè ñîãëàñîâàííîé èçìåí÷èâîñòè
ïðîåêòèâíûõ ïîêðûòèé V. vitis-idaea è V. myrtillus. Ïîêðûòèå V. myrtillus, ðàâ-
íîå 40 %, ÿâëÿåòñÿ ãðàíèöåé ñìåíû çíàêà êîýôôèöèåíòà êîððåëÿöèè ìåæäó
ïîêðûòèÿìè äâóõ âèäîâ: ïðè ïîêðûòèè V. myrtillus äî 40 % êîððåëÿöèÿ ïîëî-
æèòåëüíàÿ, áîëåå 40 % — îòðèöàòåëüíàÿ (r = �0.8). Äîñòîâåðíîãî âëèÿíèÿ íà
ïðîåêòèâíîå ïîêðûòèå V. vitis-idaea ïîäðîñòà è ïîäëåñêà íå âûÿâëåíî, ÷òî, íà
íàø âçãëÿä, ñâÿçàíî ñ íåâûñîêèì îáèëèåì äàííîé ãðóïïû è îòíîñèòåëüíîé èõ
ðàâíîìåðíîñòüþ ðàñïðåäåëåíèÿ ïî ïðîôèëþ.
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Ò À Á Ë È Ö À 4

Õàðàêòåð âçàèìîîòíîøåíèé Vaccinium vitis-idaea ñ âèäàìè
æèâîãî íàïî÷âåííîãî ïîêðîâà

T a b l e 4. The nature of relations Vaccinium vitis-idaea overlooking
the living ground cover

Âèä, ãðóïïà âèäîâ*
Species, group of species*

Òðåíä h2

Trend h2

Òðåíä
ïî îðîãðà-
ôè÷åñêîìó
ãðàäèåíòó

The trend of
the orogra-

phic gradient

Èíòåðïðåòàöèÿ
ñâÿçè

Interpretation
of the relationship

V S

Bryidae +– 0.46 ~ Àäàïòàöèÿ
Adaptation

0.12 0.2

Calamagrostis arundinacea,
C. epigeios

+– 0.64 +– Ýêîëîãè÷åñêèå ïðè-
÷èíû
Environmental causes

0.03 0.04

Calluna vulgaris –0.83 – Ýêîëîãè÷åñêèå ïðè-
÷èíû
Environmental causes

0.04 0.05

Carex digitata, C. ericeto-
rum + Luzula pilosa

–+0.17 ~ Ñâÿçü âûçâàíà íåó÷-
òåííûìè ôàêòîðàìè
Feedback is caused by
unaccounted factors

0.02 0.03

Pyrolaceae +– 0.29 ~ Àäàïòàöèÿ
Adaptation

0.01 0.02

Festuca ovina +– 0.34 +– Ýêîëîãè÷åñêèå ïðè-
÷èíû
Environmental causes

0.000065 0.00008

Vaccinium myrtillus +– 0.99 + Àäàïòàöèÿ
Adaptation

0.46 0.6

Ï ð è ì å ÷ à í è å. * — ñì. òàáë. 1; h2 — ñèëà âëèÿíèÿ ôàêòîðà (êâàäðàò êîððåëÿöèîííîãî îòíîøåíèÿ),

V — ôàêòîðèàëüíîå âàðüèðîâàíèå (÷èñòîå, ò. å. ñ ó÷åòîì âëèÿíèÿ îñòàëüíûõ âèäîâ ðàñòåíèé), S — äîëÿ

ôàêòîðèàëüíîãî âàðüèðîâàíèÿ. Ýêîëîãè÷åñêèå ïðè÷èíû — îðîãðàôè÷åñêèé ôàêòîð; òðåíä ðåãðåññèè:

«+» — ïîëîæèòåëüíûé, «–» — îòðèöàòåëüíûé, «+–» — ñíà÷àëà óâåëè÷èâàåòñÿ, ïîòîì óìåíüøàåòñÿ,

«–+» — ñíà÷àëà óìåíüøàåòñÿ, ïîòîì óâåëè÷èâàåòñÿ, «~» — íåîïðåäåëåííûé òðåíä.

N o t e. * — see the table 1; h2 — the power of factor influence (squared correlation ratio), V — factorial vari-

ation (net, i.e. considering the influence of other plant species), S — share factorial variation. Environmental cau-

ses — orographic factor; regression trend: «+» — positive, «–» — negative, «+–» — is first increased, then decre-

ased, «–+» — first decreased and then increased, «~» — uncertain trend.



Äëÿ èíòåðïðåòàöèè âçàèìîîòíîøåíèé V. vitis-idaea ñ äðóãèìè âèäàìè íà-
ïî÷âåííîãî ïîêðîâà ìû èñïîëüçîâàëè àëãîðèòì, ïðåäëîæåííûé Â. Ñ. Èïàòî-
âûì è Ë. À. Êèðèêîâîé [19, 20], è Å. Í. Æóðàâëåâîé è Â. Ñ. Èïàòîâûì [11]. Îí
çàêëþ÷àåòñÿ â ñëåäóþùåì: åñëè çíàêè ðåàëüíîãî è ïðîãíîçèðóåìîãî òðåíäà
ðåãðåññèé íå ñîâïàäàþò, òî ñâÿçü îòíîñèòñÿ ê êàòåãîðèè âçàèìîäåéñòâèÿ (åñëè
çíàê ðåàëüíîãî òðåíäà «+-», òî òàêîå âçàèìîäåéñòâèå îòíîñèòñÿ ê àäàïòàöèè).
Åñëè çíàêè ðåàëüíîãî è ïðîãíîçèðóåìîãî òðåíäà ñîâïàäàþò, ýòî îçíà÷àåò, ÷òî
ñâÿçü âûçâàíà ó÷òåííûì ýêîëîãè÷åñêèì ôàêòîðîì (â äàííîì ñëó÷àå — îðîãðà-
ôè÷åñêèì). Åñëè òðåíäû ðåãðåññèé ñîâïàäàþò, íî òðåíä ðåàëüíîé ðåãðåññèè
èìååò çíàê «-+», òî ðåãðåññèÿ ñ÷èòàåòñÿ âûçâàííîé íåó÷òåííûì íàìè ôàêòî-
ðîì, âîçìîæíî âëèÿíèåì íåñêîëüêèõ âèäîâ. Â äàííîì ñëó÷àå ê àäàïòèâíîé
ñâÿçè ìîæíî îòíåñòè ñâÿçü áðóñíèêè ñî ìõàìè, ïðåäñòàâèòåëÿìè Pyrolaceae è
c äîìèíèðóþùèì âèäîì — V. myrtillus (òàáë. 4). Ñ ïàòèåíòíûìè è ýêñïëåðåíò-
íûìè âèäàìè âçàèìîîòíîøåíèÿ îïðåäåëÿþòñÿ ãëàâíûì îáðàçîì îðîãðàôè÷å-
ñêèì ôàêòîðîì.

ÇÀÊËÞ×ÅÍÈÅ

Â ðåçóëüòàòå èçó÷åíèÿ öåíîïîïóëÿöèè Vaccinium vitis-idaea L., ïðîâåäåí-
íîãî â 2007 è 2012 ãã. â ñîîáùåñòâå 120-ëåòíåãî ñîñíÿêà áðóñíè÷íî-÷åðíè÷-
íî-ìøèñòîãî íà áåðåãîâîì ñêëîíå îçåðà (Óøà÷ñêèé ð-í Âèòåáñêîé îáë. Áåëà-
ðóñè), âûÿâëåíî, ÷òî îðîãðàôè÷åñêèé ãðàäèåíò ñîçäàåò îòíîñèòåëüíî íåâûñî-
êóþ ñòåïåíü èçìåí÷èâîñòè ýêîëîãè÷åñêèõ ôàêòîðîâ (àìïëèòóäà êîëåáàíèé â
ïðåäåëàõ 0.6—1.5 áàëëà). Áîëåå âûñîêèì óðîâíåì âàðüèðîâàíèÿ õàðàêòåðèçó-
åòñÿ ïåðåìåííîñòü óâëàæíåíèÿ (21 %). Äàæå ìèíèìàëüíîå ïîâûøåíèå îñâå-
ùåííîñòè ïîëîæèòåëüíî ñêàçûâàåòñÿ íà îáèëèè ìîäåëüíîãî âèäà. Ýêñòðå-
ìàëüíûå ïîãîäíûå óñëîâèÿ çèìíå-âåñåííèõ ñåçîíîâ óñèëèâàþò êîëåáàíèÿ
ñóììàðíîãî ñîäåðæàíèÿ ôëàâîíîèäîâ â ëèñòüÿõ V. vitis-idaea, ÷òî, âîçìîæíî,
ñâÿçàíî ñ óñèëåíèåì ðîëè ìèêðîðåëüåôà. Ñîäåðæàíèå àðáóòèíà â ïðåäåëàõ
ôèòîöåíîçà îòíîñèòåëüíî ñòàáèëüíî (4.1 � 0.09 %), òîãäà êàê èçìåíåíèå ñî-
äåðæàíèÿ ïðîàíòîöèàíèäèíîâ è ôëàâîíîèäîâ èìååò äâóõâåðøèííûé õàðàê-
òåð. Ñóùåñòâåííîå âîçäåéñòâèå íà ïðîåêòèâíîå ïîêðûòèå è ñîîòâåòñòâåííî
óðîæàéíîñòü ïîáåãîâ V. vitis-idaea â óñëîâèÿõ èçó÷åííîãî ñîîáùåñòâà îêàçû-
âàþò âèäû ðàñòåíèé æèâîãî íàïî÷âåííîãî ïîêðîâà ïðè îïðåäåëÿþùåé ðîëè
V. myrtillus (V = 0.46). Âûÿâëåíà ñîãëàñîâàííàÿ èçìåí÷èâîñòü ïðîåêòèâíûõ ïî-
êðûòèé V. vitis-idaea è V. myrtillus, êîòîðàÿ ïðè äîñòèæåíèè ïðîåêòèâíîãî ïî-
êðûòèÿ V. myrtillus 40 % ìåíÿåò çíàê ñâÿçè ñ «+» íà «–». Îòìå÷åíî, ÷òî ñ ðîñ-
òîì îáèëèÿ V. myrtillus ïîðîã ÷óâñòâèòåëüíîñòè V. vitis-idaea ðàñòåò (ñ 2.6 äî
5—6 %). Âçàèìîäåéñòâèÿ ìåæäó V. vitis-idaea è äîìèíèðóþùèìè âèäàìè æè-
âîãî íàïî÷âåííîãî ïîêðîâà èìåþò àäàïòèâíûé õàðàêòåð, à ñ ïàòèåíòíûìè è
ýêñïëåðåíòíûìè âèäàìè âçàèìîîòíîøåíèÿ îïðåäåëÿþòñÿ ãëàâíûì îáðàçîì
îðîãðàôè÷åñêèì ôàêòîðîì.
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S U M M A R Y

The research of coenotic population of Vaccinium vitis-idaea L. was held in Us-
hachi district of Vitebsk region (Belarus) on the eastern slope of Dolzhino indigeno-
us lakeside within 120 years mossy pine forest by a band transects (5 � 120 m). Pe-
culiarities of ecological regimes in different parts of phytocenosis on orographic
gradient were identified by phytoindication. The overall pattern of the variation
trend of total flavonoids and proanthocyanidins in the profile had bimodal character.
The relatively stable trend of total flavonoids and their amounts variability under
various meteorological conditions in winter-spring period was noted. Plant species
of living ground cover had a major impact on the formation of V. vitis-idaea cover
(factorial variation of 68 %) for the decisive role of Vaccinium myrtillus. As a rule,
V. vitis-idaea connection with dominant species of its surroundings was classified
as interactions in the form of adaptation. With other species the V. vitis-idaea relati-
onship were mostly determined by orographic gradient.

K e y w o r d s: Vaccinium vitis-idaea, projective cover, flavonoids, trend, tran-
sect, the impact factor, orographic gradient, mossy pine forest.
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