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Summary. Languages
evolve through time. But the past of languages could be untangled like the
species are put in the tree of life. Just as DNA is used in biology to uncover
the relationships between species, the most stable linguistic features (e.g.
the basic vocabulary, etc.) seem to identify the phylogeny of languages. Here,
we evaluate the phylogenetic relationships between Slavic languages using a
group of methods. Our results correlate with the traditional classification and
prove the stability of the chosen methods.




It might be that some very ancient language had altered little, 


and had given rise to few new languages, 


whilst others [&hellip;] had altered much, and had given rise 


to many new languages and dialects.




Ch. Darwin &lsquo;The Origin of Species&rsquo;, 1859




ßçûê � îäèí èç âàæíåéøèõ ôåíîìåíîâ
ðàçâèòèÿ ÷åëîâåêà, êîòîðûé ìåíÿåòñÿ âìåñòå ñ íèì íà ïðîòÿæåíèè âñåé èñòîðèè
÷åëîâåêà. Òî, íàñêîëüêî äàëåêî â ïðîøëîå ÿçûêîâ ìû ìîæåì çàãëÿíóòü, âî ìíîãîì
çàâèñèò îò ñêîðîñòè èçìåíåíèÿ ÿçûêîâûõ åäèíèö. Íåêîòîðûå ýëåìåíòû ÿçûêîâîé
ñòðóêòóðû ÿâëÿþòñÿ äîñòàòî÷íî óñòîé÷èâûìè è ìîãóò ñëóæèòü ñâîåãî ðîäà ãåíàìè,
ïîñëåäîâàòåëüíîñòÿìè ÄÍÊ, íà îñíîâå ñðàâíåíèÿ êîòîðûõ ìîæíî ïîñòðîèòü äåðåâî ýâîëþöèè
� ôèëîãåíåòè÷åñêîå äðåâî. 


Ôèëîãåíåòè÷åñêîå
äðåâî � ãðàô, îòðàæàþùèé ýâîëþöèþ ðàçëè÷íûõ âèäîâ èëè äðóãèõ
ñóùíîñòåé, èìåþùèõ îáùåãî ïðåäêà. Ðàçëè÷àþò òðè êëàññà âåðøèí ôèëîãåíåòè÷åñêîãî
äåðåâà: ëèñòüÿ, óçëû è êîðåíü. Ëèñòüÿ � ýòî êîíå÷íûå (êîíöåâûå) âåðøèíû, òî
åñòü òå, êîòîðûì èíöèäåíòíî òîëüêî îäíî ðåáðî. Êàæäûé ëèñò îòîáðàæàåò íåêîòîðûé
âèä èëè ñóùíîñòü, íàïðèìåð, ñîâðåìåííûé ÿçûê. Êàæäûé óçåë ïðåäñòàâëÿåò ýâîëþöèîííîå
ñîáûòèå: ðàçäåëåíèå ïðåäêîâîãî âèäà íà äâà èëè áîëåå, êîòîðûå â äàëüíåéøåì
ýâîëþöèîíèðîâàëè íåçàâèñèìî. Êîðåíü � âûäåëåííàÿ âåðøèíà äåðåâà, îòîáðàæàþùàÿ
îáùåãî ïðåäêà âñåõ ðàññìàòðèâàåìûõ ñóùíîñòåé. Ð¸áðà ôèëîãåíåòè÷åñêîãî äåðåâà
ïðèíÿòî íàçûâàòü «âåòâÿìè». Âçàèìíîå ðàñïîëîæåíèå âåòâåé íàçûâàåòñÿ òîïîëîãèåé.


Âûÿâëåíèå
ôèëîãåíåòè÷åñêèõ îòíîøåíèé ÿçûêîâ � îäíà èç ñòîðîí ïðåäìåòà èññëåäîâàíèÿ
ñðàâíèòåëüíî-èñòîðè÷åñêîãî ÿçûêîçíàíèÿ. Îäíàêî â ïîñëåäíåå âðåìÿ, ïîìèìî
òðàäèöèîííûõ ëèíãâèñòè÷åñêèõ ìåòîäîâ, ñòàëè ïðèìåíÿòüñÿ ìàòåìàòè÷åñêèå ìåòîäû,
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ðàçðàáîòàííûå èçíà÷àëüíî äëÿ ðåøåíèÿ çàäà÷ ýâîëþöèîííîé è ìîëåêóëÿðíîé
áèîëîãèè. Îäíàêî ñëåäóåò îòìåòèòü, ÷òî ïðèëîæåíèå äàííûõ ìåòîäîâ ê ëèíãâèñòèêå
îáëàäàåò ñâîèìè îñîáåííîñòÿìè, ñâÿçàííûìè ñ ïðåäìåòíîé îáëàñòüþ. Ñòîèò òàêæå
ïîìíèòü î òîì, ÷òî ëþáîå äåðåâî ïðåäñòàâëÿåò ñîáîé ëèøü îäíó èç ãèïîòåç
âçàèìîîòíîøåíèé ìåæäó òàêñîíàìè, ïîñêîëüêó âñå ìîäåëè � ëèøü óïðîù¸ííîå
ïðåäñòàâëåíèå ðåàëüíûõ ïðîöåññîâ, èìåþùèõ âåñüìà ñëîæíóþ ñòðóêòóðó è ïðèðîäó.


Ñóùåñòâóþò ðàçëè÷íûå ìåòîäû ôèëîãåíåòè÷åñêîé
ðåêîíñòðóêöèè, êîòîðûå äåëÿòñÿ íà äâå ãðóïïû: äèñòàíöèîííî-ìàòðè÷íûå ìåòîäû
è ñòàòèñòè÷åñêèå ìåòîäû. Ïåðâàÿ ãðóïïà ìåòîäîâ ïîñòðîåíà íà ðàñ÷åòå
ìàòðèöû ðàññòîÿíèé, ïðè ýòîì ðàññòîÿíèå ïîíèìàåòñÿ êàê ìåðà ðàçëè÷èÿ. Ïðèìåðàìè
äèñòàíöèîííî-ìàòðè÷íûõ ìåòîäîâ ìîãóò ñëóæèòü: ìåòîä íåâçâåøåííîãî ïîïàðíîãî
ñðåäíåãî (UPGMA)
[Michener
and
Sokal, 1958], ìåòîä ñâÿçûâàíèÿ áëèæàéøèõ ñîñåäåé (NJ) [Nei and Saitou, 1987], ìåòîä ïîñòðîåíèÿ ôèëîãåíåòè÷åñêîé ñåòè NeighbourNet [Moulton and Bryant,
2004]. Ñòàòèñòè÷åñêèå (èëè äèñêðåòíûå) ìåòîäû ðàáîòàþò íåïîñðåäñòâåííî
ñ ïîñëåäîâàòåëüíîñòÿìè äàííûõ, à íå ñ êîýôôèöèåíòàìè èõ ñõîäñòâà, è ðåøàþò
çàäà÷ó îïòèìèçàöèè. Ñðåäè ñòàòèñòè÷åñêèõ ìåòîäîâ ìîæíî íàçâàòü ìåòîä
ìàêñèìàëüíîé ýêîíîìèè (MP)
[Tassy and Darlu, 1993],
ìåòîä ìàêñèìàëüíîãî ïðàâäîïîäîáèÿ, ìåòîä Áàéåñà [Holden et al.,
2005]. 


Çàäà÷à äàííîãî èññëåäîâàíèÿ çàêëþ÷àëàñü
â ñðàâíåíèè ôèëîãåíåòè÷åñêèõ äåðåâüåâ ñëàâÿíñêèõ ÿçûêîâ, ïîñòðîåííûõ ñ
èñïîëüçîâàíèåì ñëåäóþùèõ ìåòîäîâ ôèëîãåíåòè÷åñêîé ðåêîíñòðóêöèè:


-                         
èåðàðõè÷åñêàÿ
êëàñòåðèçàöèÿ ìåòîäîì âçâåøåííîãî ñðåäíåãî (WGMA) íà îñíîâå êîððåëÿöèîííîãî ðàññòîÿíèÿ, ðåàëèçîâàííàÿ
íàìè â ïàêåòå Wolfram Mathematica 7.0;


-                         
ïîñòðîåíèå
ôèëîãåíåòè÷åñêîé ñåòè ìåòîäîì NeighbourNet, ðåàëèçîâàííûì â ïðîãðàììå SplitsTree [Huson and Bryant, 2006].


-                         
èåðàðõè÷åñêàÿ
êëàñòåðèçàöèÿ íà îñíîâå ðàññòîÿíèÿ Ëåâåíøòåéíà [Ëåâåíøòåéí, 1965] è
Äàìåðàó&ndash;Ëåâåíøòåéíà [Chakrabarti, 2003], ðåàëèçîâàííàÿ â ïàêåòå Wolfram Mathematica 7.0.


-                         
ïîñòðîåíèå
ôèëîãåíåòè÷åñêîãî äåðåâà ìåòîäîì Áàéåñà ñ èñïîëüçîâàíèåì ïðîãðàììíîãî ïðîäóêòà MrBayes [MrBayes].


Â äàííîì èññëåäîâàíèè ðàññìàòðèâàþòñÿ
äâåíàäöàòü ñîâðåìåííûõ ñëàâÿíñêèõ ÿçûêîâ: ñëîâåíñêèé, íèæíå- è âåðõíåëóæèöêèé,
÷åøñêèé, ñëîâàöêèé, óêðàèíñêèé, áåëîðóññêèé, ïîëüñêèé, ðóññêèé, ìàêåäîíñêèé,
áîëãàðñêèé è ñåðáîõîðâàòñêèé. Ñîãëàñíî òðàäèöèîííîé êëàññèôèêàöèè ñëàâÿíñêèõ
ÿçûêîâ, âûäåëÿþòñÿ ñëåäóþùèå ãðóïïû:


1. âîñòî÷íî-ñëàâÿíñêàÿ:
ðóññêèé, áåëîðóññêèé, óêðàèíñêèé, ðóñèíñêèé;


2. þæíî-ñëàâÿíñêàÿ,
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êîòîðàÿ â ñâîþ î÷åðåäü äåëèòñÿ íà:


-                         
çàïàäíóþ
ïîäãðóïïó: ñåðáîõîðâàòñêèé è ñëîâåíñêèé;


-                         
âîñòî÷íóþ
ïîäãðóïïó: ìàêåäîíñêèé, áîëãàðñêèé, öåðêîâíî-ñëàâÿíñêèé;


3. çàïàäíî-ñëàâÿíñêàÿ,
êîòîðàÿ ïîäðàçäåëÿåòñÿ íà:


-                         
ëåõèòñêèå ÿçûêè: ïîëüñêèé,
êàøóáñêèé;


-                         
ëóæèöêèå
ÿçûêè: íèæíåëóæèöêèé è âåðõíåëóæèöêèé; 


-                         
÷åõîñëîâàöêèå ÿçûêè:
÷åøñêèé, ñëîâàöêèé.


Ìàòåðèàëîì äëÿ èññëåäîâàíèÿ ïîñëóæèëè
ëåêñè÷åñêèå åäèíèöû, ñîäåðæàùèåñÿ â ñïèñêàõ Ñâîäåøà ñîâðåìåííûõ ñëàâÿíñêèõ
ÿçûêîâ, è íåêîòîðûå ãðàììàòè÷åñêèå ïðèçíàêè (ñîõðàíåíèå äâîéñòâåííîãî ÷èñëà,
íàëè÷èå òðåõ ðîäîâ, íàëè÷èå îïðåäåëåííîãî àðòèêëÿ, ñóôôèêñàöèÿ êàê íàèáîëåå ÷àñòîòíàÿ
ôîðìà ñëîâîîáðàçîâàíèÿ, èñïîëüçîâàíèå ñóïïëåòèâíûõ ôîðì äëÿ âûðàæåíèÿ âèäîâðåìåííûõ
çíà÷åíèé ãëàãîëà). Èñòî÷íèêîì ëåêñè÷åñêèõ äàííûõ äëÿ 12 ñëàâÿíñêèõ ÿçûêîâ ïîñëóæèëà
áàçà äàííûõ, ñîáðàííàÿ Êðàñêàëîì è äð. [Dyen et al., 1992],
ãäå ñëîâîôîðìû êëàññèôèöèðóþòñÿ íà êîãíàòû (îäíîêîðåííûå ñëîâà, èìåþùèå îáùåå
ïðîèñõîæäåíèå è ïîõîæåå çâó÷àíèå â äâóõ è áîëåå ñàìîñòîÿòåëüíûõ ÿçûêàõ),
ñîìíèòåëüíûå êîãíàòû è &ldquo;íå êîãíàòû&rdquo;. Â ñëó÷àå ïðèìåíåíèÿ ìåòîäà NeighbourNet è
Áàéåñà ñëîâîôîðìû êàæäîãî èç àíàëèçèðóåìûõ ÿçûêîâ áûëè çàêîäèðîâàíû è
ïðåîáðàçîâàíû â áèíàðíûå öåïî÷êè, êàæäûé ýëåìåíò êîòîðûõ ñîîòâåòñòâîâàë
ïðèçíàêó íàëè÷èÿ/îòñóòñòâèÿ ñîîòâåòñòâóþùåé êîãíàòû (ýëåìåíò êîäèðîâàëñÿ &ldquo;1&rdquo;
èëè &ldquo;0&rdquo; ñîîòâåòñòâåííî) â êîíêðåòíîì ÿçûêå. Òàêèì îáðàçîì, äëÿ ñïèñêà Ñâîäåøà
èç 200 çíà÷åíèé ÷èñëî êîãíàò ñîñòàâèëî 476. Àíàëîãè÷íûì îáðàçîì áûëè çàêîäèðîâàíû
ãðàììàòè÷åñêèå ïðèçíàêè.


Ïîëó÷åííûå ðåçóëüòàòû âî ìíîãîì ñõîæè.
Íà âñåõ ïîëó÷åííûõ äåðåâüÿõ ìîæíî âûäåëèòü òðè îñíîâíûå âåòâè. Ïåðâàÿ
ñîîòâåòñòâóåò þæíûì ñëàâÿíñêèì ÿçûêàì è âêëþ÷àåò â ñåáÿ áîëãàðñêèé,
ìàêåäîíñêèé, ñåðáîõîðâàòñêèé è ñëîâåíñêèé ÿçûêè. Ïðè ýòîì íàáëþäàåòñÿ ðàííåå îòâåòâëåíèå
ñëîâåíñêîãî ÿçûêà è, íàîáîðîò, áîëåå ïîçäíåå ðàçäåëåíèå ìàêåäîíñêîãî è
áîëãàðñêîãî. Ïðè äîáàâëåíèè ê ñîâðåìåííûì ñëàâÿíñêèì ÿçûêàì
ñòàðîöåðêîâíîñëàâÿíñêîãî ÿçûêà ìîæíî óâèäåòü, ÷òî ñòàðîöåðêîâíîñëàâÿíñêèé ñòîèò
ó îñíîâû þæíîé âåòâè. Âòîðàÿ âåòâü ñôîðìèðîâàíà èç çàïàäíûõ ÿçûêîâ: ÷åøñêîãî,
ñëîâàöêîãî, à òàêæå ïàðû òåñíî ñâÿçàííûõ ëóæèöêèõ ÿçûêîâ. È íàêîíåö, òðåòüÿ
âåòâü ñîñòîèò èç ðóññêîãî, ðàíî îòäåëèâøåãîñÿ îò îñòàëüíûõ, ïîëüñêîãî,
óêðàèíñêîãî è áåëîðóññêîãî. Â îòëè÷èå îò òðàäèöèîííîé êëàññèôèêàöèè,
áîëüøèíñòâî ìåòîäîâ ãðóïïèðóþò ïîëüñêèé ÿçûê ñ áåëîðóññêèì, óêðàèíñêèì è
ðóññêèì, à íå çàïàäíûìè ÿçûêàìè. Ìîæíî òàêæå îòìåòèòü, ÷òî çàïàäíîñëàâÿíñêèå ÿçûêè
ïðîäåìîíñòðèðîâàëè â íåêîòîðîé ñòåïåíè ðàçðîçíåííîñòü: ëóæèöêàÿ è ÷åõîñëîâàöêàÿ
ãðóïïû îòñòàþò äðóã îò äðóãà, ÷òî ÿâëÿåòñÿ âîçìîæíûì ñëåäñòâèåì êàê
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èñòîðè÷åñêîãî ðàçâèòèÿ íàðîäîâ, ãîâîðÿùèõ íà ýòèõ ÿçûêàõ, òàê è âëèÿíèÿ äðóãèõ
ÿçûêîâ. ×òî êàñàåòñÿ âîñòî÷íîñëàâÿíñêèõ ÿçûêîâ, ìîæíî çàìåòèòü, ÷òî èõ
ðàçäåëåíèå ïðîèçîøëî äîñòàòî÷íî ðàíî, ÷òî îòðàæàåòñÿ â îòäåëåíèè ðóññêîãî
ÿçûêà, ïîäâåðãøåãîñÿ âëèÿíèþ ôèííî-óãîðñêèõ ÿçûêîâ è íîâãîðîäñêîãî äèàëåêòà.
Îòìåòèì, ÷òî äîáàâëåíèå ãðàììàòè÷åñêèõ ïðèçíàêîâ êà÷åñòâåííî íå âëèÿåò íà òîïîëîãèþ
ôèëîãåíåòè÷åñêîãî äåðåâà, ïîñòðîåííîãî ìåòîäîì Áàéåñà, è ôèëîãåíåòè÷åñêîé ñåòè,
ïîñòðîåííîé ìåòîäîì NeighbourNet.


Â õîäå èññëåäîâàíèÿ áûëà èñïîëüçîâàíà
öåëàÿ ãðóïïà ìåòîäîâ ôèëîãåíåòè÷åñêîé ðåêîíñòðóêöèè, îäíàêî áûëè ïîëó÷åíû
êà÷åñòâåííî íåïðîòèâîðå÷èâûå ðåçóëüòàòû. Äàííûé ôàêò ñâèäåòåëüñòâóåò îá óñòîé÷èâîñòè
è àäåêâàòíîñòè ïðèìåíÿåìûõ ìåòîäîâ äëÿ ðåøåíèÿ ïîñòàâëåííîé çàäà÷è.


Â õîäå äàëüíåéøèõ èññëåäîâàíèé
ïëàíèðóåòñÿ ñðàâíèòåëüíîå èçó÷åíèå ñëàâÿíñêèõ ÿçûêîâ ñ äðóãèìè ãðóïïàìè ÿçûêîâ,
ðàñïðîñòðàíåííûõ íà òåððèòîðèè Ðîññèè, â ÷àñòíîñòè ôèííî-óãîðñêîé è òþðêñêîé
ãðóïïàìè. Ðàñøèðåíèå ïåðå÷íÿ àíàëèçèðóåìûõ ÿçûêîâ ñâÿçàíî ñ òåì, ÷òî äàííûå
ãðóïïû ÿçûêîâ ðàñïðîñòðàíåíû íà òåððèòîðèè îäíîé ñòðàíû è ðàçâèâàëèñü â
óñëîâèÿõ âçàèìíîãî âëèÿíèÿ.


Êðîìå òîãî, ïðè àíàëèçå ëåêñè÷åñêîãî
ìàòåðèàëà ïðåäñòàâëÿåòñÿ öåëåñîîáðàçíûì ó÷èòûâàòü çâóêîâûå ñîîòâåòñòâèÿ è
ôîíåòè÷åñêèå èçìåíåíèÿ â ñëàâÿíñêèõ ÿçûêàõ. Òàêæå âîçìîæíî ïîïîëíåíèå ìàòåðèàëà
èññëåäîâàíèÿ ãðàììàòè÷åñêèìè ïðèçíàêàìè, ïîäâåðæåííûìè íàèìåíüøèì èçìåíåíèÿì ñ
òå÷åíèåì âðåìåíè.
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