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Ââåäåíèå

Âûìñêàÿ ñòðóêòóðà ïðåäñòàâëÿåò ñîáîé ãîðñò-

àíòèêëèíîðèé, ãåîìîðôîëîãè÷åñêè âûðàæåííûé â ðå-

ëüåôå Ñðåäíåãî Òèìàíà âîçâûøåííîñòÿìè Âîëüñêî-

Âûìñêîé ãðÿäû, òÿíóùåéñÿ â ñåâåðî-çàïàäíîì (òèìàí-

ñêîì) íàïðàâëåíèè è ïðîðåçàåìîé íà çàïàäå è âîñòî-

êå ïðèòîêàìè ðåê Âûìè è Áåëîé Êåäâû [10]. Â ÿäðå 

Âûìñêîãî ãîðñò-àíòèêëèíîðèÿ íàõîäÿòñÿ ìåòàìîðôè-

÷åñêèå êîìïëåêñû ïîðîä äîêåìáðèÿ (ðèñ. 1). Ñ âîñòî-

êà è çàïàäà Âûìñêèé ãîðñò îãðàíè÷åí êðóïíûìè òåê-

òîíè÷åñêèìè íàðóøåíèÿìè, à òàêæå ðàññå÷¸í ñóáøè-

ðîòíûìè ðàçëîìàìè. Â öåëîì äàííàÿ ñòðóêòóðà èìååò 

áëîêîâûé (áëîêîâî-íàäâèãîâûé) õàðàêòåð. Êðóòî çà-

ëåãàþùåå çàïàäíîå è áîëåå ïîëîãîå âîñòî÷íîå êðûëüÿ 

Âûìñêîé ñòðóêòóðû ïåðåêðûòû ôàíåðîçîéñêèì ïëàò-

ôîðìåííûì ÷åõëîì îñàäî÷íûõ îòëîæåíèé.

Íà ñåâåðíîì çàìûêàíèè äîêåìáðèéñêîãî ÿäðà 

Âûìñêîé ñòðóêòóðû ðàçìåùàåòñÿ ñðåäíåäåâîíñêàÿ 

(ýéôåëü-æèâåòñêàÿ) ïîëèìèíåðàëüíàÿ àëìàç-çîëî-

òî-ðåäêîìåòàëëüíàÿ ðîññûïü È÷åòúþ. Èñòî÷íèê å¸ 

çîëîòà è àëìàçîâ âñ¸ åù¸ äîñòîâåðíî íå óñòàíîâëåí. 

Ðàñïîëîæåííûå â ÿäðå Âûìñêîé ãîðñò-àíòèêëèíàëè 

è îõâàòûâàþùèå ïðèòîêè ðåê Âûìè è Êåäâû çîëîòî-

íîñíûå ðîññûïè è ðîññûïåïðîÿâëåíèÿ Êûââîæñêîãî 

ðîññûïíîãî ïîëÿ ïîìèìî ñàìîðîäíîãî çîëîòà ñîäåðæàò 

ðàçíîîáðàçíûå ìèíåðàëû ïëàòèíîèäîâ. Îäíàêî èñòî÷-

íèêè âñåé ýòîé áëàãîðîäíîìåòàëëüíîé ìèíåðàëèçàöèè 

òàêæå äî ñèõ ïîð íå óñòàíîâëåíû. Îáùåèçâåñòíî, ÷òî 

îïðåäåë¸ííóþ ðîëü êîíòðîëÿ îðóäåíåíèÿ ìîãóò èãðàòü 

ïðîÿâëåíèÿ ìàãìàòèçìà. Ïîäîáíîãî ðîäà âûõîäû ìàã-

ìàòè÷åñêèõ ïîðîä áûëè îáíàðóæåíû â öåíòðàëüíîé ÷à-

ñòè Âûìñêîé ñòðóêòóðû, â èõ ÷èñëå ñåêóùèå äàéêîâûå 

ÓÄÊ. 553.81 (234.83) DOI: 10.19110/geov.2020.10.1

ÒÈÏÎÌÎÐÔÈÇÌ ÃËÓÁÈÍÍÛÕ ÀÊÖÅÑÑÎÐÍÛÕ ÌÈÍÅÐÀËÎÂ ÂÛÌÑÊÎÉ
ÃÎÐÑÒÎÂÎÉ ÑÒÐÓÊÒÓÐÛ (ÑÐÅÄÍÈÉ ÒÈÌÀÍ). ÎËÈÂÈÍ,  ÏÈÐÎÏÛ

Þ. Â. Ãëóõîâ, Á. À. Ìàêååâ, Ì. Þ. Ñîêåðèí

Èíñòèòóò ãåîëîãèè ÔÈÖ Êîìè ÍÖ ÓðÎ ÐÀÍ, Ñûêòûâêàð

glukhov@geo.komisc.ru

Ïðèâîäÿòñÿ ðåçóëüòàòû ìèíåðàëîãè÷åñêîãî èçó÷åíèÿ ïèðîïîâ è îëèâèíà Âûìñêîé ãîðñò-àíòèêëèíîðíîé ñòðóêòóðû 
(Êûââîæñêîå çîëîòîðîññûïíîå ïîëå, Ñðåäíèé Òèìàí), îáíàðóæåííûõ ïðè øëèõîâîì îïðîáîâàíèè. Ïðè ïðîâåäåíèè èñ-
ñëåäîâàíèé èñïîëüçîâàëàñü îïòè÷åñêàÿ ìèêðîñêîïèÿ, ýëåêòðîííûé ìèêðîçîíä è ñêàíèðóþùèé ýëåêòðîííûé ìèêðîñêîï. 
Ïðîäåìîíñòðèðîâàíà âûñîêàÿ ñîõðàííîñòü ýíäîãåííîé ïîâåðõíîñòè ó ÷àñòè ïèðîïîâûõ èíäèâèäîâ è îëèâèíà, óêàçûâàþùàÿ 
íà áëèçîñòü èõ ìàãìàòè÷åñêîãî èñòî÷íèêà. Óñòàíîâëåíà ïðèíàäëåæíîñòü èçó÷åííûõ ïèðîïîâûõ ãðàíàòîâ ê ëåðöîëèòîâîìó ïà-
ðàãåíåçèñó. Â ñîñòàâå íåêîòîðûõ ãðàíàòîâ îáíàðóæèâàëèñü ìèêðîâêëþ÷åíèÿ õðîìøïèíåëåé è îðòîïèðîêñåíà (ýíñòàòèòà). 
Â îäíîì ïèðîïîâîì èíäèâèäå èç âåðõîâèé ð. Áåëàÿ Êåäâà áûëè âûÿâëåíû ìíîãî÷èñëåííûå ìèêðîâêëþ÷åíèÿ âûñîêîáàðíî-
ãî è âûñîêîòåìïåðàòóðíîãî òèòàíîöèðêîíèåâîãî ìèíåðàëà øðèëàíêèòà (ïåðâàÿ íàõîäêà íà Òèìàíå). Óñòàíîâëåíî, ÷òî èçó-
÷åííûå ïèðîïû èäåíòè÷íû ïî ñîñòàâó ïèðîïîâûì ãðàíàòàì èç Óìáèíñêîãî êèìáåðëèòîâîãî ïîëÿ (Ñðåäíèé Òèìàí). Ýòî, î÷å-
âèäíî, óêàçûâàåò íà òî, ÷òî ìàãìàòè÷åñêèå ïîðîäû òðóáîê âçðûâà Óìáèíñêîãî ïîëÿ ÿâëÿþòñÿ àíàëîãàìè èñòî÷íèêîâ ïèðî-
ïîâ Êûââîæñêîãî çîëîòîíîñíîãî ðàéîíà. Íå èñêëþ÷åíî òàêæå, ÷òî ýòè òðóáêè ñàìè ÿâëÿþòñÿ èñòî÷íèêàìè äàííûõ ïèðîïîâ.

Êëþ÷åâûå ñëîâà: àëìàçîíîñíîñòü, ìèíåðàëû àëìàçíîé àññîöèàöèè, ïèðîï, îëèâèí, Âîëüñêî-Âûìñêàÿ ãðÿäà, Ñðåäíèé 
Òèìàí.

TYPOMORPHISM OF HYPOGENE ACCESSORY MINERALS OF THE VYMSKY HORST 
STRUCTURE (MIDDLE TIMAN). OLIVINE,  PYROPES

Yu. V. Glukhov, B. A. Makeev, M. Yu. Sokerin

Institute of Geology FRC Komi SC UB RAS, Syktyvkar, Russia

The results of mineralogical study of pyropes and olivine from the Vymskaya horst-anticline structure (Kyvvozh goldbearing 
placer field, Middle Timan), that found during the heavy mineral concentrate sampling, are presented. Optical microscopy, electron 
microprobe, and scanning electron microscope were used in the research. High preservation of the endogenous surface of some 
pyrope individuals and olivine is demonstrated, indicating the closeness of their magmatic sources. The studied pyrope garnets belong 
to the lherzolite paragenesis of mantle minerals. Microinclusions of chrome spinels and orthopyroxene (enstatite) were found in some 
garnet grains. Abundant microinclusions of the high-pressure and high-temperature titanium-zirconium mineral srilankite (the first find 
on Timan) were found in one pyrope individual from the headstream of Belaya Kedva river. Investigated pyropes are characterized by 
compositions, which are identical to the ones for pyrope garnets from Umba kimberlite field (Middle Timan). It seems that magmatic 
rocks from the Umba pipes field are analogues of parent rock sources of pyropes from Kyvvozh goldbearing area and (or) themselves 
are sources for these pyropes.

Keywords: diamondferousity, kimberlite indicator minerals, pyrope, olivine, Vol’sko-Vymsky ridge, Middle Timan.

Äëÿ öèòèðîâàíèÿ: Ãëóõîâ Þ. Â., Ìàêååâ Á. À., Ñîêåðèí Ì. Þ. Òèïîìîðôèçì ãëóáèííûõ àêöåññîðíûõ ìèíåðàëîâ Âûìñêîé ãîðñòîâîé 

ñòðóêòóðû (Ñðåäíèé Òèìàí). Îëèâèí, ïèðîïû // Âåñòíèê ãåîíàóê. 2020. ¹ 10(310). C. 3—11. DOI: 10.19110/geov.2020.10.1.

For citation: Glukhov Yu. V., Makeev B. A., Sokerin M. Yu. Typomorphism of hypogene accessory minerals of the Vymsky Horst structure (Middle 

Timan). Olivine,  pyropes. Vestnik of Geosciences, 2020, 10(310), pp. 3—11. DOI: 10.19110/geov.2020.10.1.



4

Âåñòíèê ãåîíàóê, îêòÿáðü, 2020 ã., ¹ 10

òåëà ìåòàäîëåðèòîâ ðó÷. Ëóíâîæ. Ïðèìåðíî â 12-òè êè-
ëîìåòðàõ íà þãî-âîñòîê îò ðîññûïíîãî È÷åòúþñêîãî 
ïîëÿ áûëè âûÿâëåíû ïðîðûâàþùèå äîêåìáðèéñêèå 
ïîðîäû ôóíäàìåíòà òðóáêè âçðûâà Ñðåäíåíñêàÿ è 
Âîäîðàçäåëüíàÿ è ïåðåêðûòàÿ äåâîíñêèìè îòëîæåíè-
ÿìè ùåëî÷íàÿ àëüí¸èòîâàÿ äèàòðåìà Óìáèíñêàÿ [4, 5]. 
Âñå ýòè òðóáêè Óìáèíñêîãî êèìáåðëèòîâîãî ïîëÿ îêà-
çàëèñü íåàëìàçîíîñíûìè. Íåñìîòðÿ íà òî, ÷òî â âîïðî-
ñå ñâÿçè ìàãìàòèçìà è ðóäîãåíåçà Òèìàíà åù¸ ìíîãîå 
îñòà¸òñÿ íåÿñíûì, ïîèñê íîâûõ ìàãìàòè÷åñêèõ òåë è 
èçó÷åíèå ñâÿçàííûõ ñ íèìè àêöåññîðíûõ ðóäîèíäè-
êàòîðûõ ìèíåðàëîâ ïðåäñòàâëÿþòñÿ ïåðñïåêòèâíûìè 
èññëåäîâàòåëüñêèìè íàïðàâëåíèÿìè.

Â ïðåäøåñòâóþùèé ïåðèîä íà Ñðåäíåì Òèìàíå 
óñèëèÿìè óõòèíñêèõ ãåîëîãîâ è ñîòðóäíèêîâ Èíñòèòóòà 
ãåîëîãèè Êîìè ÍÖ ÐÀÍ [1, 4, 5, 10] âåëàñü ñèñòåìàòè÷å-

ñêàÿ ðàáîòà ïî èçó÷åíèþ àêöåññîðíûõ ìèíåðàëîâ ãëó-
áèííûõ ìàãìàòè÷åñêèõ êîìïëåêñîâ ïîðîä, îòíîñÿùèõ-
ñÿ ê ãðóïïå ìèíåðàëîâ àëìàçíîé àññîöèàöèè. Â äàííîé 
ðàáîòå ïðèâîäÿòñÿ íîâûå ñâåäåíèÿ ïî ïèðîïàì è îëè-
âèíó, êîòîðûå áûëè îáíàðóæåíû â øëèõîâûõ ïðîáàõ 
Êûââîæñêîé çîëîòîíîñíîé ïëîùàäè.

Ìåòîäû èññëåäîâàíèÿ

Èññëåäîâàíèÿ ïðîâîäèëèñü íà áàçå ÖÊÏ 
«Ãåîíàóêà» Èíñòèòóòà ãåîëîãèè ÔÈÖ Êîìè ÍÖ ÓðÎ 
ÐÀÍ. Àêöåññîðíûå ìèíåðàëû îòáèðàëèñü ïðåïàðîâàëü-
íîé èãëîé ïîä áèíîêóëÿðíûì ìèêðîñêîïîì èç ýëåêòðî-
ìàãíèòíîé ôðàêöèè êîíöåíòðàòîâ øëèõîâûõ ïðîá (èñ-
õîäíûé îáú¸ì ~ 0.01 ì3). Ôîòîèçîáðàæåíèÿ ïèðîïîâûõ 
ãðàíàòîâ ïîëó÷åíû ïðè ïîìîùè îïòè÷åñêîãî ìèêðîñêî-

Ðèñ. 1. Ãåîëîãè÷åñêàÿ êàðòà-ñõåìà çîëîòîíîñíîé Êûââîæñêîé ïëîùàäè (Âûìñêèé âûñòóï) è ñîïðåäåëüíûõ ðàéîíîâ (ñîñòàâ-

ëåíà ïî ìàòåðèàëàì Ä. Á. Ñîáîëåâà è Í. È. Òèìîíèíà) [8].

Óñëîâíûå ñîêðàùåíèÿ: 1–8 — ôàíåðîçîéñêèå òåððèãåííûå è ìîðñêèå îòëîæåíèÿ ïëàòôîðìåííîãî ÷åõëà; 9 — ïðîòåðîçîéñêèå 

ìåòàìîðôè÷åñêèå êîìïëåêñû ôóíäàìåíòà; 10 — ïîçäíåäåâîíñêèå ñóáâóëêàíè÷åñêèå èíòðóçèè è ïîêðîâíûå áàçàëüòû; 11 — 

âåíäñêèå äàéêè äîëåðèòîâ; 12 — òåêòîíè÷åñêèå íàðóøåíèÿ; 13 — íàäâèãè (a — óñòàíîâëåííûå, b — ïðåäïîëàãàåìûå); 14 — 

íàõîäêè ïèðîïîâ â àëëþâèè; 15 — íàõîäêà îëèâèíà â àëëþâèè; 16 — òðóáêè âçðûâà (U — Óìáèíñêàÿ, S — Ñðåäíåíñêàÿ, V — 

Âîäîðàçäåëüíàÿ); 17 — ðîññûïíûå ïîëÿ: I — È÷åòúþñêîå àëìàç-çîëîòî-ðåäêîìåòàëëüíîå ïàëåîðîññûïíîå, Ê — Êûââîæñêîå 

çîëîòîðîññûïíîå

Fig. 1. Geological schematic map of Kyvvozhskaya goldbearing area (Vymsky horst) and frontier terrains (based on the map materials of 

D. B. Sobolev and N. I. Timonin) [8].

Legend: 1–8 — Phanerozoic terrigenous and marine sediments of the platform cover; 9 — Proterozoic metamorphic complexes of the 

basement; 10 — Late Devonian subvolcanic intrusions and cover basalts; 11 — Vendian dykes of dolerites;12 — discontinuous faults; 13 — 

overthrust faults (a — established, b-assumed); 14 — finds of pyropes in alluvium; 15 — finding of olivine in alluvium; 16 — Explosion 

pipes (U — Umbinskaya, S — Srednenskaya, V — Vodorazdelnaya); 17 — placer fields: I — Ichetyu diamond-gold-rare-metal paleoplacer 

area, Ê — Kyvvozhskaja gold placer area
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ïà ÌÁÑ-9 è öèôðîâîãî ôîòîàïïàðàòà Sony Cyber-shot 
DSC-W830). Äåòàëè ìèêðîðåëüåôà ïîâåðõíîñòè ìèíå-
ðàëüíûõ ç¸ðåí è èõ ýëåìåíòíûé ñîñòàâ èçó÷àëèñü ïðè 
ïîìîùè ðàñòðîâîãî ýëåêòðîííîãî ìèêðîñêîïà Tescan 
VEGA 3 LMN ñ ýíåðãîäèñïåðñèîííûì ñïåêòðîìåòðîì 
INCA Energy 450 è ïðèñòàâêîé EBSD (ðàáî÷åå íàïðÿ-
æåíèå — 20 kV, íàïûëåíèå óãëåðîäîì).

Ðåçóëüòàòû èññëåäîâàíèÿ

Îëèâèí. Åäèíñòâåííîå çåðíî îëèâèíà (ïðîáà 
505003) áûëî îáíàðóæåíî â ãðóáîîáëîìî÷íîì ñîâðå-
ìåííîì àëëþâèè ïðèìåðíî â 6 êì âûøå óñòüÿ ð. ×¸ðíàÿ 
Êåäâà (ðèñ. 2).

Îëèâèí áûë ïðåäñòàâëåí áëåäíî-æ¸ëòûì, ïîëóïðî-
çðà÷íûì, óãëîâàòûì, áåç ñëåäîâ îêàòûâàíèÿ, áðóñêîâèä-
íûì èíäèâèäîì ðàçìåðîì 0.2´0.3´0.5 ìì. Ïåðâè÷íàÿ 
ïîâåðõíîñòü îëèâèíà (åãî ðàçäåëèâøèõñÿ ïðè ïðåïà-
ðèðîâàíèè ôðàãìåíòîâ) ïîä ýëåêòðîííûì ìèêðîñêî-
ïîì èìååò ñïåöèôè÷íûé çàíîçèñòûé áóãîð÷àòî-ÿì÷à-
òûé ìèêðîðåëüåô (ðèñ. 3). Íà ñêîëîòûõ ïîâåðõíîñòÿõ 
âèäíû ìíîãî÷èñëåííûå òðåóãîëüíûå óñòüÿ äèñëîêà-
öèé (ðèñ. 3, b).

Ïî õèìè÷åñêîìó ñîñòàâó îëèâèí îòíîñèòñÿ ê ôîð-
ñòåðèòàì (òàáëèöà). Ñîäåðæàíèå æåëåçà íàõîäèòñÿ â èí-
òåðâàëå 9–10 ìàñ. % FeO, ñîîòâåòñòâóþùèé êîýôôè-
öèåíò ìàãíåçèàëüíîñòè (Mg# = MgO/(MgO+FeO) ñî-
ñòàâëÿåò 0.83–0.84. Èìåþòñÿ ñëåäû ìàðãàíöà (0.2 ìàñ. % 
MnO) è íèêåëÿ (0.3–0.4 ìàñ. % NiO).

Ïèðîï. Ç¸ðíà õðîìñîäåðæàùèõ ìàíòèéíûõ ïèðî-
ïîâ â øëèõîâûõ ïðîáàõ èç ñîâðåìåííûõ àëëþâèàëüíûõ 
ïñåôèòîâ îáíàðóæèâàëèñü â åäèíè÷íûõ ýêçåìïëÿðàõ: 
îáð. 504805 è îáð. 503501 (ñðåäíåå òå÷åíèå ð. ×åðíàÿ 
Êåäâà), îáð. 601401 (âåðõîâüÿ ïðèòîêà ðó÷. Êûââîæ); 

îáð. 604601 (ðó÷. Ëóíâîæ) è 605301 (ðó÷. Âîéâîæ); îáð. 
2941à-ÏËÊ-19, îáð. 2941â-ÏËÊ-19 (ïðèòîê ðó÷. Ëåâûé 
Êûââîæ), îáð. 207801 (âåðõîâüÿ ð. Áåëàÿ Êåäâà).

Ïèðîïû èìåþò õàðàêòåðíûé ëèëîâûé öâåò ðàç-
ëè÷íîãî íàñûùåíèÿ è öâåòîâûõ îòòåíêîâ — îò áëåä-
íî-ðîçîâàòî-ñèðåíåâûõ äî ôèîëåòîâûõ (ðèñ. 4). Ç¸ðíà 
ïîëóïðîçðà÷íû, ó ìíîãèõ âèäíû âíóòðåííèå òðåùè-
íû. Ó òð¸õ èíäèâèäîâ ïðèñóòñòâóåò áóðûé íàöâåò (âñå 
ñ þæíîé ÷àñòè Êûââîæñêîãî ðàéîíà). Ïî ôîðìå ïè-
ðîïû ïðåäñòàâëÿþò ñîáîé óãëîâàòî-îêðóãëûå è îêðó-
ãëûå óïëîù¸ííûå òåëà. Ïî ìàêñèìàëüíîìó ðàçìåðó 
ç¸ðíà âàðüèðóþò îò 0.4 äî 0.7 ìì, è ïðàêòè÷åñêè âñå 
îáíàðóæèâàþòñÿ â ãðàíóëîìåòðè÷åñêîì êëàññå êðóï-
íîñòè +0.25–0.5 ìì.

Ïèðîïû îáëàäàþò ðàçëè÷íîé ñòåïåíüþ îêàòàí-
íîñòè, ïîä êîòîðîé ìû çäåñü ïîíèìàåì ìåõàíè÷åñêóþ 
èçíîøåííîñòü ýíäîãåííîé (ïåðâè÷íîé) ïîâåðõíîñòè, 
îòëè÷àÿ òàêèì îáðàçîì îêàòàííîñòü è îêðóãëîñòü (ïî-
ñëåäíÿÿ ìîæåò âîçíèêàòü è â ýíäîãåííûõ îáñòàíîâêàõ 
âñëåäñòâèå ðàñòâîðåíèÿ èëè îïëàâëåíèÿ çåðíà ìèíå-
ðàëà). Ïðàêòè÷åñêè íåîêàòàííûìè îêàçàëèñü îêðóãëî-
óãëîâàòîå çåðíî ïèðîïà èç ïðîáû 504805, îòîáðàííîé 
íà ð. ×¸ðíàÿ Êåäâà (ðèñ. 4, à1–à6), ðèñ. 5 (a–i) è îêðó-
ãëîå ñèëüíîóïëîù¸ííîå çåðíî èç ïðîáû 601401, âçÿòîé 
â âåðõîâüÿõ ëåâîãî ïðèòîêà ðó÷. Êûââîæ (ðèñ. 4, b1–b4) 

Ðèñ. 2. Ðàéîí ðàáîò è ëîêàëèçàöèÿ òî÷åê ïðîáîîòáîðà (ëèëî-

âîå — ïèðîïû, æ¸ëòîå — îëèâèí)

Fig. 2. The study area and localization of sampling points (lilac — 

pyropes, yellow — olivine)

Ðèñ. 3. Ìèêðîðåëüåô ïåðâè÷íîé (ñïðàâà) è ñêîëîâîé (ñëåâà) 

ïîâåðõíîñòåé ôðàãìåíòà èíäèâèäà îëèâèíà: a — îáùèé 

âèä, b — äåòàëèçàöèÿ. Ýëåêòðîííûé ìèêðîñêîï Tescan 

VEGA 3 LMN, âòîðè÷íûå ýëåêòðîíû

Fig. 3. Microrelief of the primary (right) and shear (left) surfaces 

of an individual olivine fragment. a — general view, b — detail. 

Tescan VEGA 3 LMN electron microscope, secondary electrons



Íîìåð 

ñïåêòðà

Spectrum 

No

Íîìåð

îáðàçöà

Sample 

No

Êîìïîíåíò / Component 

Ñóììà

Total

Ìèíåðàë 

Mineral
SiO2 TiO2 ZrO2 Al2O3 Cr2O3 V2O5 FeO MnO MgO CaO NiO ZnO Na2O

1 ö 605301 41.19 0.12 – 22.46 1.65 – 12.54 0.57 16.30 6.12 – – – 100.94 пироп / pyrope Prp58Alm25Uv5Grs10Sps1Adr1

2 ê 605301 41.08 – – 22.47 1.62 – 12.77 0.55 16.18 6.24 – – – 100.91 ïèðîï / pyrope Prp58Alm25Uv5Grs11Sps1

3 âêë 605301 1.72 0.66 – 25.66 32.05 0.47 25.13 – 10.69 0.56 0.51 0.26 – 97.71 õðîìøïèíåëü / chrome spinel (Mg0.50Fe0.48Ni0.01Zn0.01)(Al0.96Cr0.81Fe0.19Ti0.03V0.01)2O4

4 âêë 605301 – 0.71 – 25.66 34.24 0.53 26.16 – 10.42 0.23 0.37 – – 98.32 õðîìøïèíåëü / chrome spinel (Fe0.51Mg0.48Ni0.01)(Al0.94Cr0.84Fe0.18Ti0.03V0.01)2O4

5 âêë 605301 2.62 0.85 – 25.98 32.17 0.39 25.80 – 11.37 0.37 0.40 0.64 0.22 100.81 õðîìøïèíåëü / chrome spinel (Mg0.53Fe0.45Ni0.01Zn0.01)(Al0.95Cr0.79Fe0.21Ti0.04V0.01)2O4

6 âêë 605301 39.43 – 26.37 – – 13.36 0.17 0.51 0.62 – – – 80.46 àëþìîñèëèêàò (êàîëèíèò?) / Alumosilicate (kaolinite?)

7 âêë 605301 – 0.85 – 26.89 33.76 0.45 25.10 0 9.28 – 0.53 – – 96.85 õðîìøïèíåëü / chrome spinel (Fe0.55Mg0.44Ni0.01)(Al1.00Cr0.84Fe0.11Ti0.04V0.01)2O4

8 ö 604601 41.06 – – 20.93 3.65 – 9.01 0.47 18.41 6.09 – – – 99.62 ïèðîï / pyrope  Prp66Alm18Uv10Grs4Sps1Adr1

9 ê 604601 41.49 – – 21.30 3.51 – 8.98 0.50 18.52 6.08 – – – 100.39 ïèðîï / pyrope Prp66Alm18Uv10Grs5Sps1

10 âêë 604601 1.06 – – 29.15 44.74 0.40 12.70 0 12.63 – – 0.54 – 101.21 õðîìøïèíåëü / chrome spinel (Mg0.64Fe0.35Zn0.01)(Cr1.01Al0.98V0.01)2O4

11 ö 207801 41.93 0.22 – 22.58 2.46 – 6.45 0.22 20.73 5.53 – – – 100.12 ïèðîï / pyrope Prp73Alm13Uv7Grs6Adr1

12 ê 207801 42.19 0.15 – 22.51 2.24 – 6.44 0.29 21.03 5.47 – – – 100.33 ïèðîï / pyrope Prp73Alm12Uv6Grs7Sps1Adr1

13 âêë 207801 5.96 46.54 37.73 3.67 0.29 0.51 1.12 – 3.68 1.06 – – – 100.56 øðèëàíêèò / srilankite (Zr0.33Ti0.67)O2

14 âêë 207801 4.62 46.34 37.72 2.52 0.39 0.72 1.22 – 1.88 1.07 – – – 96.48 øðèëàíêèò / srilankite (Zr0.33Ti0.67)O2

15 âêë 207801 6.98 79.38 3.39 4.46 1.33 – 1.04 – 4.63 1.25 – – – 102.46 ðóòèëîïîäîáíûé / rutile-likeTiO2

16 âêë 207801 6.79 50.11 31.94 4.84 0.65 – 1.24 – 5.30 0.87 – – – 101.74 øðèëàíêèò / srilankite (Zr0.33Ti0.67)O2

17 âêë 207801 3.52 47.35 32.76 5.07 1.81 0.58 1.17 – 3.28 0.67 – – – 96.20 øðèëàíêèò / srilankite (Zr0.33Ti0.67)O2

18 ö 601401 41.92 – – 21.81 3.12 – 8.89 0.37 20.09 4.60 – – – 100.81 ïèðîï / pyrope Prp70Alm17Uv9Grs2Sps1Adr1

19 ê 601401 41.28 – – 21.70 3.05 – 8.70 0.48 19.78 4.40 – – – 99.40 ïèðîï / pyrope Prp70Alm17Uv9Grs3Sps1

20 ö 503501 41.90 – – 22.33 2.64 – 6.60 0.44 21.33 4.92 – – – 100.16 ïèðîï / pyrope Prp74Alm12Uv7Grs5Sps1Adr1

21 ê 503501 42.07 _ – 22.14 2.64 – 6.58 0.27 21.40 4.95 – – – 100.04 ïèðîï / pyrope Prp75Alm12Uv7Grs4Sps1Adr1

22 ö 504805 41.52 – – 21.83 2.90 – 8.31 0.52 19.39 5.75 – – – 100.22 ïèðîï / pyrope Prp68Alm16Uv8Grs6Sps1Adr1

23 ê 504805 41.96 – – 21.79 3.05 – 8.46 0.48 19.43 5.64 – – – 100.81 ïèðîï / pyrope Prp68Alm16Uv9Grs5Sps1Adr1

24 ö 505003 40.42 – – – – – 9.71 0.15 49.16 – 0.29 – – 99.73 îëèâèí / olivine Fo90Fa10

25 ö 505003 40.37 – – – – – 9.61 0.26 49.26 – 0.38 – – 99.87 îëèâèí / olivine Fo90Fa10

26 ö 505003 40.60 – – – – – 9.85 0.48 48.82 – 0.41 – – 99.67 îëèâèí / olivine Fo90Fa10

27 ö 2941à/11 42.03 – – 22.38 2.50 – 7.83 0.56 20.20 5.42 – – – 100.92 ïèðîï / pyrope Prp70Alm15Uv7Grs6Sps1Adr1

28 ê 2941а/11 41.13 – – 21.65 2.79 – 7.85 0.50 19.80 5.42 – – – 99.14 ïèðîï / pyrope Prp70Alm15Uv8Grs5Sps1Adr1

29 ö 2941в/21 41.88 – – 21.79 3.17 – 7.58 0.38 20.47 4.96 – – – 100.23 ïèðîï / pyrope Prp72Alm15Uv9Grs3Sps1

30 ê 2941в/21 41.90 – – 21.82 3.15 – 7.30 0.40 20.46 4.79 – – – 99.82 ïèðîï / pyrope Prp72Alm15Uv9Grs3Sps1

31 âêë 2941â/21 58.18 – – 1.29 0.5 – 3.62 – 36.98 0.21 – – – 100.78 ïèðîêñåí / pyroxene (Mg1.90Fe0.10)2Si2O6

32 âêë 2941в/21 4.48 0.10 – 23.85 43.42 0.36 12.13 – 17.84 0.17 – – – 102.35 õðîìøïèíåëü / chrome spinel (Mg0.80Fe0.20)(Cr1.02Al0.85Fe0.11V0.01Ti0.01)2O4

33 âêë 2941â/21 56.17 – – 2.81 0.75 – 4.2 – 35.37 0.76 – – – 100.06 ïèðîêñåí / pyroxene (Mg1.88Fe0.12)2Si2O6

Õèìè÷åñêèé ñîñòàâ îëèâèíà, ïèðîïîâ è ìèêðîìèíåðàëüíûõ âêëþ÷åíèé â ïèðîïàõ / The chemical composition of the olivine, pyrope and micromineral inclusions in pyropes

Ïðèìå÷àíèå: íîìåðà ïðîá è òî÷åê ìèêðîàíàëèçà: 1–7 — ïð. 605301 (Âîéâîæ); 8–10 — ïð. 604601 (ðó÷. Ëóíâîæ); 11–17 — ïð. 207801 (âåðõîâüÿ ð. Áåëàÿ Êåäâà); 18, 19 — ïð. 601401 (ëåâûé ïðèòîê 

Êûââîæà); 20–26 — ïð. 503501, 504805, 505003 (×¸ðíàÿ Êåäâà); 27–33 — ïð. 2941–ÏËÊ-19 (ïðèòîê Ëåâîãî Êûââîæà). Èñïîëüçóåìûå ñîêðàùåíèÿ äëÿ îáîçíà÷åíèÿ ìåñòà òî÷êè ìèêðîàíàëèçà:

ö — öåíòð, ê — êðàé (êàéìà), âêë — âêëþ÷åíèå. Ñîêðàù¸ííûå íàçâàíèÿ ìèíàëîâ: Prp — ïèðîï, Alm — àëüìàíäèí,  Uv — óâàðîâèò,  Grs — ãðîññóëÿð, Sps — ñïåññàðòèí, Adr — àíäðàäèò, Fo — 

ôîðñòåðèò, Fa — ôàÿëèò.

Note: Numbers of samples and microanalysis points: 1–7 — sp. 605301 (Voivozh); 8–10 — sp. 604601 (Lunvozh); 11–17 — sp. 207801 (upper reaches of the Belaya Kedva river); 18, 19 — sp. 601401 (left tribu-

tary of  Kyvvozh river); 20–26 — sp. 503501, 504805, 505003 (Chyornaya Kedva); 27–33 — sp. 2941–ÏËÊ-19 (tributary of Leviy Kyvvozh river). Abbreviations used to indicate the location of the microanalysis 

point: ö — center, ê — edge (rim), âêë — inclusion. Abbreviation of minals: Prp — pyrope, Alm — almandine, Uv — uvarovite, Grs — grossular, Sps — spessartine, Adr — andradite, Fo — forsterite, Fa — fayalite.
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Ðóêîâîäñòâóÿñü ïðèíöèïàìè òèïèçàöèè, ïðåä-
ëîæåííîé Ë. À. Çèìèíûì [11], äàííûå çåðíà ìîæíî 
îòíåñòè ïî ñòåïåíè ìåõàíè÷åñêîãî èçíîñà ê êëàññó I. 
Õàðàêòåðíûå òèïîìîðôíûå îñîáåííîñòè ýòèõ ïèðî-
ïîâûõ èíäèâèäîâ — îòñóòñòâèå èçíîñà ð¸áåð è ñòîðîí 
(«ïñåâäîãðàíåé»), ÿâëÿþùèåñÿ ïðèçíàêîì áëèçîñòè ê 
èõ ìàãìàòè÷åñêèì èñòî÷íèêàì. Ó ýòèõ ïèðîïîâ òàêæå 

ïðèñóòñòâóåò ñïåöèôè÷íûé áóãîð÷àòûé (ïóçûð÷àòûé) 
ìèêðîðåëüåô (ðèñ. 4, à1–à3, b1–b4) è ãëÿíöåâûé (ñòå-
êëÿííûé) áëåñê (ðèñ. 4, à4, b4), îáóñëîâëåííûé ñïî-
ñîáíîñòüþ ýòèõ ýíäîãåííûõ ïîâåðõíîñòåé çåðêàëüíî 
îòðàæàòü ñâåò. Ó ïèðîïîâîãî çåðíà èç àëëþâèÿ ×¸ðíîé 
Êåäâû åñòü ñâåæèå è ñòàðûå ñêîëû. Ïîâåðõíîñòü ñêî-
ëîâ ãëÿíöåâàÿ è ïîêðûòà ìíîãî÷èñëåííûìè îäíîðîä-

Ðèñ. 4. Ìîðôîëîãèÿ è ïîâåðõíîñòü ïèðîïîâ ðàçëè÷íûõ êëàññîâ ìåõàíè÷åñêîãî èçíîñà (îïòè÷åñêèé ìèêðîñêîï ÌÁÑ-9, öèô-

ðîâîé ôîòîàïïàðàò Sony Cyber-shot DSC-W830): à1–à6 — I êëàññ, îáð. 504805 (ð. ×¸ðíàÿ Êåäâà); b1–b4 — I êëàññ, îáð. 601401 

(âåðõîâüÿ ëåâîãî ïðèòîêà ðó÷. Êûââîæ); c1–c4 — II êëàññ, îáð. 503501 (ð. ×¸ðíàÿ Êåäâà); d1–e4 — II êëàññ, d1–d4 –îáð. 2941à-

ÏËÊ-19, e1–e4 — îáð. 2941â-ÏËÊ-19 (ïðèòîê Ëåâîãî Êûââîæà); h1–h4 — II êëàññ, îáð. 604601 (ðó÷. Ëóíâîæ), f1– f2 — III êëàññ, 

îáð. 207801 (âåðõîâüÿ ð. Áåëàÿ Êåäâà); j1–j3 — III êëàññ, îáð. 605301 (ðó÷. Âîéâîæ). Òèïîìîðôíûå ýëåìåíòû: à1–à3, b1–b4, d1–

d4, f1 — áóãîð÷àòîñòü (ïóçûð÷àòîñòü); à4, b4, c2–c4, d1, e2–e4, j1–j2, h1, h3 — çåðêàëüíûé áëåñê; à4, à5, e2–e4 — ñâåæèé ñêîë; 

à1, j1–j2, h1–h4 — ñòàðûé ñêîë; à1, à6 — íåèçíîøåííîå ðåáðî; c1, d2, f1–f2, j1–j3, h2 — ìàòèðîâêà èçíîøåííîãî ðåáðà; f1, j2 — 

ìàòèðîâêà ïîâåðõíîñòè; à1–à6, c1, c3, e3, f2 — âíóòðåííèå òðåùèíû; h4 — æåëåçîìàðãàíöåâàÿ îêñèãèäðîêñèäíàÿ êîðêà; f1–

h4 — áóðûé íàöâåò 

Fig. 4. Morphology and surface images of pyropes of various classes of mechanical wearing (MBS-9 optical microscope, Sony Cyber-shot 

DSC-W830 digital camera): à1–à6 — class I, sp. 504805 (Chjornaya Kedva); b1–b4 — I êëàññ, îáð. 601401 (headstream of left tributary 

stream of Kyvvozh; c1–c4 — – class II, sp. 503501 (Chjornaya Kedva); d1–e4 — II êëàññ, d1–d4 — sp. 2941à-ÏËÊ-19, e1–e4 — sp. 

2941â-ÏËÊ-19 (tributary stream of Levyj Kyvvozh); h1–h4 — class II, sp. 604601 (Lunvozh), f1– f2 — III class, sp. 207801 (headstream 

of Belaya Kedva); j1–j3 — III class, sp. 605301 (Vojvozh). Typomorphic elements: à1–à3, b1–b4, d1–d4, f1 — tuberosity (blistering); à4, 

b4, c2–c4, d1, e2–e4, j1–j2, h1, h3 — mirror brilliance; à4, à5, e2–e4 — fresh cleavage; à1, j1–j2, h1–h4 — old-aged cleavage; à1, à6 — 

unworn edge; c1, d2, f1–f2, j1–j3, h2 — matting of the worn edge; f1, j2 — matting of the surface; à1–à6, c1, c3, e3, f2 — internal cracks; 

h4 — iron-manganese hydroxide crust; f1–h4 — brown pigmentation
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íûìè êðèñòàëëîãðàôè÷åñêè óïîðÿäî÷åííûìè («ïðà-
âèëüíûìè») ÿìêàìè ðàñòâîðåíèÿ (ðèñ. 5, h).

Îêðóãëîå óïëîù¸ííîå çåðíî ïðîáû 503501 èç àë-
ëþâèÿ ×¸ðíîé Êåäâû (ðèñ. 3, b1–b4), îêðóãëî-óãëîâà-
òîå çåðíî ïðîáû 2941à-ÏËÊ-19 è ñêîëîòîå óïëîù¸ííîå 
îêðóãëî-óãëîâàòîå çåðíî ïðîáû 2941â-ÏËÊ-19 èç ãîëî-
öåíîâûõ ïñåôèòîâ ïðèòîêà Ëåâîãî Êûââîæà (ñîîòâåò-
ñòâåííî ðèñ. 4, e1–e4 è ðèñ. 4, e1–e4), à òàêæå îêðóã-
ëî-óãëîâàòûé èíäèâèä ïðîáû 604601, îòîáðàííîé íà 
Ëóíâîæå (ðèñ. 4, e1–e4), ÿâëÿþòñÿ ïîëóîêàòàííûìè è 
îòíîñÿòñÿ ê êëàññó II ìåõàíè÷åñêîãî èçíîñà. Êàê è ó ïè-
ðîïîâ êëàññà I ìåõàíè÷åñêîãî èçíîñà, ó íèõ åñòü ñïå-
öèôè÷åñêèå ïðèçíàêè íåäàâíåãî ïðåáûâàíèÿ â ìàãìà-
òè÷åñêèõ òåëàõ, òàêæå èìåþòñÿ ñêîëû. Îòëè÷èå âûðà-
æåíî ìåõàíè÷åñêèì èçíîñîì ð¸áåð (ðèñ. 5, l), êîòîðûå 
îêðóãëåíû è âûäåëÿþòñÿ õàðàêòåðíîé ìàòîâîñòüþ, îá-
óñëîâëåííîé ñïîñîáíîñòüþ äàííûõ ó÷àñòêîâ ïîâåðõ-
íîñòè ïèðîïîâûõ ç¸ðåí ýôôåêòèâíî ðàññåèâàòü ñâåò 
(äèôôóçíîå îòðàæåíèå ñâåòà). Ïîä ýëåêòðîííûì ìè-
êðîñêîïîì õîðîøî âèäíî, ÷òî äàííûå ó÷àñòêè ìåõàíè-
÷åñêîãî âîçäåéñòâèÿ â îòëè÷èå îò ðåëèêòîâûõ ýíäîãåí-
íûõ ïîâåðõíîñòåé ïîêðûòû ìíîãî÷èñëåííûìè õàîòè-
÷åñêè ðàñïîëîæåííûìè ðàçíîðîäíûìè ÿìêàìè ìåõà-
íè÷åñêèõ ïîâðåæäåíèé (ðèñ. 5, j–o). Íàêîíåö, åù¸ äâà 
îêðóãëûõ, ñèëüíî óïëîùåííûõ ïèðîïîâûõ çåðíà èç ïðî-
áû 207801, îòîáðàííîé â âåðõîâüÿõ Áåëîé Êåäâû (ðèñ. 4, 
f1–f2), è ïðîáû 605301 ñ Âîéâîæà (ðèñ. 4, j1–j3) îòíî-
ñÿòñÿ ê êëàññó III ìåõàíè÷åñêîãî èçíîñà. Ó äàííûõ ïè-
ðîïîâ ìåõàíè÷åñêè çàò¸ðòû íå òîëüêî ð¸áðà, íî è áîêà 
(ðèñ. 5, o). Íà ïîâåðõíîñòè ç¸ðåí íåò ýíäîãåííûõ áó-
ãîðêîâ, à èçîáèëóþò ðàçíîðîäíûå ìåõàíè÷åñêèå ìåë-
êèå ÿìêè è êðóïíûå âûáîèíû.

Ïî äàííûì ìèêðîçîíäîâîãî àíàëèçà, êîíöåíòðà-
öèè õðîìà â ëèëîâûõ ïèðîïàõ íåâûñîêèå è ôëóêòóè-
ðóþò â âåñüìà óçêîì äèàïàçîíå çíà÷åíèé — îò 1.6 äî 
3.6 ìàñ. % Cr2O3 (ñì. òàáëèöó). Ðåãèñòðèðóþòñÿ ïîâû-
øåííûå ñîäåðæàíèÿ æåëåçà — 6.4–12.7 ìàñ. % FeO. 
Ñîäåðæàíèÿ êàëüöèÿ âàðüèðóþò â óçêîì äèàïàçîíå — 
îò 4.5 äî 6.1 ìàñ. % CaO. Âî âñåõ òî÷êàõ àíàëèçà çàðåãè-
ñòðèðîâàíî ïðèñóòñòâèå ñëåäîâ ìàðãàíöà äî 0.57 ìàñ. % 
MnO. Â îäíîì ñëó÷àå (îáð. 605301, Âîéâîæ) çàôèêñè-
ðîâàíû ñëåäîâûå ñîäåðæàíèÿ òèòàíà — 0.12 % TiO2.

Ïî ñîñòàâó ãðàíàòîâûõ ìèíàëîâ õðîìñîäåðæàùèå 
ëèëîâûå ãðàíàòû ìîæíî îõàðàêòåðèçîâàòü êàê ïèðîïû, 
âêëþ÷àþùèå íåáîëüøîå êîëè÷åñòâî àëüìàíäèíîâûõ, 
óâàðîâèòîâûõ è ãðîññóëÿðîâûõ êîìïîíåíòîâ (â ñóììå 
íå ïðåâîñõîäÿò ïåðâûå äåñÿòêè ìàñ. %).

Âêëþ÷åíèÿ â ïèðîïàõ. Âî âíóòðåííèõ ÷àñòÿõ ç¸ðåí 
ïèðîïîâ èç ïðîá þæíîé ÷àñòè ðàéîíà ðàáîò (Ëóíâîæ, 
Âîéâîæ, Ëåâûé Êûââîæ è âåðõîâüÿ Áåëîé Êåäâû) îá-
íàðóæåíû ìèêðîìèíåðàëüíûå âêëþ÷åíèÿ. Ó ýòèõ ç¸-
ðåí èìååòñÿ õàðàêòåðíûé áóðîâàòûé íàöâåò. Íà ñðåçàõ 
ïèðîïîâûõ èíäèâèäîâ èç Ëóíâîæà è Âîéâîæà ëîêàëü-
íî ïî ïåðèôåðèéíîé îáëàñòè âèäíåþòñÿ ëàìåëåâèäíûå 
è îâàëüíûå êðîøå÷íûå âûäåëåíèÿ õðîìøïèíåëåé ðàç-
ìåðàìè â íåñêîëüêî åäèíèö ìèêðîìåòðîâ (ìàêñèìàëü-
íûå ðàçìåðû — äî 10–12 ìêì). Â îäíîì ïðèìåðå (îáð. 
605301) íà ñðåçå ãðàíàòà íàáëþäàåòñÿ âûòÿíóòûé øå-
ñòèóãîëüíèê ãåòåðîôàçíîãî õðîìøïèíåëü-ñèëèêàòíî-
ãî âêëþ÷åíèÿ ðàçìåðîì 17 ´ 22 ìêì. Îñíîâíàÿ (~ 90 %) 
÷àñòü êàìåðû âêëþ÷åíèÿ âûïîëíåíà òðóäíîäèàãíîñòè-
ðóåìîé  (âîçìîæíî, ýïèãåííî-èçìåí¸ííîé) àëþìîñè-
ëèêàòíîé ôàçîé, ïîõîæåé ïî ñîñòàâó (íèçêàÿ ñóììà) 
íà êàîëèíèò. Âíóòðè ïî öåíòðó íàõîäèòñÿ êñåíîìîðô-

íîå óäëèí¸ííîå âûäåëåíèå õðîìøïèíåëè ðàçìåðîì 
6 ´ 10 ìêì. Âêëþ÷åíèÿ õðîìøïèíåëåé âîéâîæñêîãî ïè-
ðîïà èç ïðîáû 605301 õàðàêòåðèçóþòñÿ áëèçêèì øïè-
íåëåâûì (ñóáôåððèõðîìïèêîòèòîâûì — ïî íîìåíêëà-
òóðå Í. Â. Ïàâëîâà [6]) ñîñòàâîì è èìåþò ïðàêòè÷åñêè 
îäèí è òîò æå íàáîð ñëåäîâûõ ïðèìåñåé (äåñÿòûå äî-
ëè ìàñ. %) òèòàíà, íèêåëÿ, âàíàäèÿ è öèíêà (íàòðèÿ —
â åäèíñòâåííîì ìèêðîàíàëèçå). Õðîìøïèíåëåâîå 
âêëþ÷åíèå â äðóãîì âîéâîæñêîì ïèðîïîâîì çåðíå èç 
ïðîáû 604601 èìååò õðîìèòîâûé (àëþìîõðîìèòîâûé — 
ïî íîìåíêëàòóðå Í. Â. Ïàâëîâà [6]) ñîñòàâ. Â ÷èñëå ïðè-
ìåñåé (äåñÿòûå äîëè ìàñ. %) â ýòîì çåðíå áûëè îáíàðó-
æåíû òîëüêî âàíàäèé è öèíê. 

Â îäíîì èç äâóõ ç¸ðåí, íàéäåííûõ â ãðóáîîáëî-
ìî÷íîì àëëþâèè ïðèòîêà ðó÷. Ëåâûé Êûââîæ (îáð. 
2941â-ÏËÊ-19/21), áûëè îáíàðóæåíû ìèêðîâêëþ÷å-
íèÿ õðîìøïèíåëè è îðòîïèðîêñåíà (ðèñ. 6, a, b). 

Îäíî èç âêëþ÷åíèé ðàçìåðîì 6 ´ 12 ìêì, âûòÿ-
íóòîå, êàïëåâèäíîå, ÿâëÿåòñÿ äâóõôàçíûì. Áîëüøàÿ 
÷àñòü êàìåðû (~ 75 %) çàïîëíåíà ïèðîêñåíîâîé ôàçîé, 
îñòàëüíîå ïðîñòðàíñòâî (~ 25 %) çàíèìàåò õðîìøïè-
íåëü. Ïèðîêñåíîâàÿ ôàçà ïî ñîñòàâó ÿâëÿåòñÿ ýíñòà-
òèòîì. Ïîìèìî ìàãíèÿ (37 ìàñ. % MgO) ýíñòàòèòîâàÿ 
ôàçà ñîäåðæèò æåëåçî (3—4 ìàñ. % FeO). Îñòàëüíûå 
ñëåäîâûå ýëåìåíòû (àëþìèíèé, êàëüöèé, õðîì), îá-
íàðóæåííûå â ìèêðîçîíäîâîì ñïåêòðå ðåíòãåíîôëþ-
îðåñöåíöèè, ïî-âèäèìîìó, îáóñëîâëåíû ïåðåêðûòè-
åì ïðè ìèêðîçîíäîâîì àíàëèçå ìàòðèöû îêðóæàþùå-
ãî ïèðîïîâîãî ãðàíàòà è ñîñåäñòâóþùåé õðîìøïåíåëè. 
Õðîìøïèíåëü èìååò õðîìèòîâûé (àëþìîõðîìèòîâûé — 
ïî íîìåíêëàòóðå Í. Â. Ïàâëîâà [6]) ñîñòàâ. Â ÷èñëå ïðè-
ìåñåé (äåñÿòûå äîëè ìàñ. %), óâåðåííî îòíîñÿùèõñÿ ê 
âûäåëåíèþ õðîìøïèíåëè, îáíàðóæåí òèòàí, à òàêæå 
âàíàäèé, êîòîðûõ íåò â ãðàíàòîâîé ìàòðèöå è ñîñåä-
ñòâóþùåì ïèðîêñåíå.

Íà ïîëèðîâàííîì ñðåçå ïèðîïîâîãî èíäèâèäà èç 
âåðõîâèé Áåëîé Êåäâû (îáð. 207801) âûÿâëåíû äåñÿòêè 
õàîòè÷åñêè ðàñïîëîæåííûõ ëàìåëåâèäíûõ è ñóáèçîìå-
òðè÷íûõ âûäåëåíèé îêñèäíîé ôàçû òèòàí-öèðêîíèå-
âîãî (øðèëàíêèòîâîãî) ñîñòàâà (ðèñ. 5, c, d). Èç ïðèìå-
ñåé â ñîñòàâå äàííûõ âêëþ÷åíèé óâåðåííî îïðåäåëÿåò-
ñÿ âàíàäèé (äî 0.7 ìàñ. % V2O5), êîòîðûé îòñóòñòâóåò â 
ïèðîïîâîé ìàòðèöå. Ðàçìåðû äàííûõ âûäåëåíèé — îò 
äîëåé ìèêðîìåòðîâ â ïîïåðå÷íèêå äî íåñêîëüêèõ åäè-
íèö ìèêðîìåòðîâ ïî óäëèíåíèþ. Ñðåäè âêëþ÷åíèé áû-
ëè îáíàðóæåíû òàêæå ðåäêèå, èãîëü÷àòîãî îáëèêà âû-
äåëåíèÿ ðóòèëîïîäîáíîãî TiO2. Ðàçìåðû îäíîãî òàêî-
ãî âêëþ÷åíèÿ ñîñòàâëÿþò 4 ´ 0.5 ìêì.

Îáñóæäåíèå ðåçóëüòàòîâ

Ïðîâåä¸ííîå èññëåäîâàíèå îëèâèíà è ïèðîïîâûõ 
ãðàíàòîâ èç øëèõîâûõ ïðîá àëëþâèÿ Âîëüñêî-Âûìñêîé 
ãðÿäû óêàçûâàåò íà ïðèñóòñòâèå ñðåäè íèõ èíäèâèäîâ ñ 
îòíîñèòåëüíî âûñîêîé ñîõðàííîñòüþ «ïåðâè÷íûõ» ýí-
äîãåííûõ ïîâåðõíîñòåé (ò. å. ñôîðìèðîâàâøèõñÿ íåïî-
ñðåäñòâåííî â êîðåííîì òåëå, èç êîòîðîãî îíè âïîñëåä-
ñòâèè áûëè âûìûòû). Äàëüíîñòü ïåðåíîñà äëÿ ïèðîïîâ, 
îáíàðóæåííûõ â ðå÷íîì àëëþâèè ïðèòîêà ðó÷. Êûââîæ 
è íà ð. ×¸ðíàÿ Êåäâà, èìåþùèõ ìåõàíè÷åñêèé èçíîñ ïî-
âåðõíîñòè êëàññà I, ìîæåò ñîñòàâëÿòü âñåãî ëèøü ïåðâûå 
êèëîìåòðû. Òàêóþ æå ñóáêèëîìåòðîâóþ áëèçîñòü èñ-
òî÷íèêà ïîçâîëÿåò ïðîãíîçèðîâàòü îáíàðóæåíèå êðàé-
íå íåóñòîé÷èâîãî â ìåõàíè÷åñêèõ ïîòîêàõ ôîðñòåðèòî-
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Ðèñ. 5. Ìèêðîðåëüåô ïèðîïîâ ðàçëè÷íîé ñòåïåíè ìåõàíè÷åñêîãî èçíîñà. Êëàññû ìåõàíè÷åñêîãî èçíîñà: a—i — I êëàññ, îáð. 

504805 (ð. ×¸ðíàÿ Êåäâà); j—l — II êëàññ, îáð. 503501 (ð. ×¸ðíàÿ Êåäâà); m—o — III êëàññ, îáð. 207801 (âåðõîâüÿ Áåëîé Êåäâû). 

Òèïîìîðôíûå ýëåìåíòû ìîðôîëîãèè è ïîâåðõíîñòè: c—g — áóãîð÷àòîñòü (ïóçûð÷àòîñòü); h — óïîðÿäî÷åííûå ÿìêè ðàñòâîðå-

íèÿ; l, o — ýêçîãåííûå ðàçíîðîäíûå ÿìêè ìåõàíè÷åñêèõ ïîâðåæäåíèé; i — ñâåæèé ñêîë; a—c, e — íåèçíîøåííûå ð¸áðà; j—o —

èçíîøåííûå ð¸áðà, èçíîøåííûå ñòîðîíû («ïñåâäîãðàíè») ïèðîïîâûõ ç¸ðåí. Ðåæèì ñêàíèðîâàíèÿ (ýëåêòðîííûé ìèêðîñêîï 

Tescan VEGA 3 LMN): a, j, m — îáðàòíîðàññåÿííûå ýëåêòðîíû; b—i, k, l, n, o — âòîðè÷íûå ýëåêòðîíû

Fig. 5. Images of microrelief of pyropes of diverse degrees of mechanical abrasion (electron scanning microscope Tescan VEGA 3 LMN). 

Mechanical wear classes: a–i — class I, sp. 504805 (Chjornaya Kedva); j–l — class II, sp. 503501 (Chjornaya Kedva); m–o — class III, 

sp. 207801 (headstream of Belaya Kedva). Typomorphic elements of the morphology and the surface: c–g — blistering, h — ordered 

dissolution pits; l, o — exogenous heterogeneous pits of mechanical damages; i — fresh cleavage; a–c, e — unworn edges; j–o —worn 

edges, worn sides («pseudo-faces») of pyrope grains. Scanning mode (Tescan VEGA 3 LMN): a, j, m — backscattered electrons; b–i, k, 

l, n, o — secondary electrons

âîãî îëèâèíà, ïîäîáíîãî òîìó, ÷òî áûë íàéäåí âáëèçè 

óñòüÿ ð. ×¸ðíàÿ Êåäâà. Ïî íàøåìó ìíåíèþ, ýòè ñâåäå-

íèÿ ïîçâîëÿþò ïðîãíîçèðîâàòü ñóùåñòâîâàíèå âûõîäîâ 

êîðåííûõ ìàãìàòè÷åñêèõ èñòî÷íèêîâ îëèâèíîâ è ïè-

ðîïîâ íà Âîëüñêî-Âûìñêîé ãðÿäå (ïî-âèäèìîìó, ãäå-

òî â öåíòðàëüíîé ÷àñòè Âûìñêîãî âûñòóïà), êîòîðûå â 

ñèëó ïëîõîé îáíàæ¸ííîñòè â ðåãèîíå âñ¸ åù¸ íå îáíà-

ðóæåíû. Äëÿ âåðèôèêàöèè äàííîãî ïðîãíîçà öåëåñî-

îáðàçíî ïðîâåäåíèå â ðåãèîíå áîëåå ïðåäñòàâèòåëüíî-

ãî øëèõîâîãî îïðîáîâàíèÿ.

Ïîëîæåíèå òî÷åê ñîñòàâîâ èçó÷åííûõ ñðåäíåòè-

ìàíñêèõ ïèðîïîâ íà äèñêðèìèíàöèîííîé äèàãðàììå 

Í. Â. Ñîáîëåâà [9] (ðèñ. 7) ïîêàçûâàåò, ÷òî âñå èçó÷åí-

íûå ïèðîïû îòíîñÿòñÿ ê ëåðöîëèòîâîìó ïàðàãåíåçèñó 
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ëèòîñôåðíîé ìàíòèè. Äàííîìó ïàðàãåíåçèñó ñîîòâåò-

ñòâóþò è îáíàðóæåííûå â ïèðîïàõ ìèêðîâêëþ÷åíèÿ 

îðòîïèðîêñåíà (ýíñòàòèòà), à òàêæå õðîìøïèíåëåé, 

óñòóïàþùèõ ïî ñîäåðæàíèþ õðîìà õðîìøïèíåëÿì èç 

ãàðöáóðãèòîâ è äóíèòîâ.

Òàêæå õîðîøî âèäíî, ÷òî áîëüøàÿ ÷àñòü ôèãóðà-

òèâíûõ òî÷åê äàííûõ ïèðîïîâ ëîêàëèçîâàíà â êîíòó-

ðàõ ïèðîïîâûõ ñîñòàâîâ èç òðóáîê âçðûâà Óìáèíñêîãî 

êèìáåðëèòîâîãî ïîëÿ, ðàñïîëàãàþùåãîñÿ â íåñêîëü-

êèõ äåñÿòêàõ êèëîìåòðîâ ê ñåâåðó è ñåâåðî-çàïàäó îò 

òî÷åê íàõîäîê èññëåäîâàííûõ ïèðîïîâ. Ïðè ýòîì ÷à-

ùå âñåãî ôèãóðàòèâíûå òî÷êè îêàçûâàëèñü âíóòðè êîí-

òóðîâ Óìáèíñêîé è Ñðåäíåíñêîé òðóáîê. Ýòîò ðåçóëü-

òàò, î÷åâèäíî, óêàçûâàåò íà òî, ÷òî ìàãìàòè÷åñêèå ïî-

ðîäû òðóáîê âçðûâà Óìáèíñêîãî ïîëÿ ÿâëÿþòñÿ àíà-

ëîãàìè ïîðîä — èñòî÷íèêîâ ïèðîïîâ, îáíàðóæåííûõ 

íàìè â ãîëîöåíîâûõ àëëþâèàëüíûõ ïñåôèòàõ â áàññåé-

íàõ ðåê Áåëàÿ è ×åðíàÿ Êåäâà, à òàêæå Âûìè. Ïîñêîëüêó 

áîëüøàÿ ÷àñòü èññëåäîâàííûõ ïèðîïîâ âñ¸ æå èìååò 

çàìåòíûé ìåõàíè÷åñêèé èçíîñ ýíäîãåííûõ ïîâåðõíî-

ñòåé, íå èñêëþ÷åíî, ÷òî òðóáêè Óìáèíñêîãî ïîëÿ ìî-

ãóò è ñàìè áûòü êîðåííûìè èñòî÷íèêàìè äëÿ ýòèõ ïè-

ðîïîâûõ ãðàíàòîâ.

Ëþáîïûòíî, ÷òî øðèëàíêèò, êîòîðûé îáíàðóæåí 

íàìè â âèäå ìèêðîâêëþ÷åíèé â ïèðîïîâîì èíäèâèäå â 

îäíîì èç ïðèòîêîâ Ëåâîãî Êûââîæà, ÿâëÿåòñÿ äîñòàòî÷-

íî ðåäêî âñòðå÷àþùèìñÿ â çåìíîé êîðå îêñèäîì öèð-

êîíèÿ è òèòàíà [7] è ðàíåå áûë çàìå÷åí âî âêëþ÷åíèÿõ 

â ãðàíàòå èç ëàìïðîôèðîâîé òðóáêè ßãîäêà íà Òóáóê-

Õàòûñòûðñêîì ïîëå Þæíîé ßêóòèè [3]. Ñóäÿ ïî íåêî-

òîðûì îïóáëèêîâàííûì ðàáîòàì, øðèëàíêèò — ìèíå-

ðàë ãëóáèííûé, óñëîâèÿ åãî ôîðìèðîâàíèÿ âûñîêîòåð-

ìè÷åñêèå è âûñîêîáàðè÷åñêèå. Â ðàáîòå [2] ïðèâîäÿò-

ñÿ ñâåäåíèÿ î ôîðìèðîâàíèè ãðàíàòà è ñèíãåíåòè÷íîãî 

åìó øðèëàíêèòà ïðè òåìïåðàòóðå 800 °C è äàâëåíèÿõ 

15–20 êáàð. Â ÷àñòíîñòè, ïðåäïîëàãàåòñÿ [12], ÷òî îí 

ìîæåò îáðàçîâûâàòüñÿ ïðè ãðàíóëèòîâîì ìåòàìîðôèç-

ìå è ÿâëÿåòñÿ ïðîäóêòîì ðåàêöèè ìåæäó áàääåëåèòîì 

è èëüìåíèòîì â ñðåäå, íåäîñûùåííîé êðåìíåç¸ìîì.

Âûâîäû

Íà Ñðåäíåì Òèìàíå â ãîëîöåíîâûõ àëëþâèàëüíûõ 

ïñåôèòàõ ðàçëè÷íûõ âîäîòîêîâ âåðõîâèé Áåëîé Êåäâû 

è Âûìè (Êûââîæñêèé çîëîòîðîññûïíîé ðàéîí), à òàê-

æå â ñðåäíåì òå÷åíèè ×¸ðíîé Êåäâû îáíàðóæåíû ïðè-

çíàêè îðåîëîâ ðàññåÿíèÿ ïèðîïîâûõ ãðàíàòîâ. Ãðàíàòû 

ïðèíàäëåæàò ëåðöîëèòîâîìó ïàðàãåíåçèñó è ïî ñîñòà-

âó èäåíòè÷íû ãðàíàòàì èç Óìáèíñêîãî êèìáåðëèòîâî-

ãî ïîëÿ Ñðåäíåãî Òèìàíà. Ìàãìàòè÷åñêèå ïîðîäû òðó-

áîê âçðûâà Óìáèíñêîãî ïîëÿ, ïî-âèäèìîìó, ÿâëÿþòñÿ 

àíàëîãàìè ïîêà åù¸ íå îáíàðóæåííûõ êîðåííûõ èñ-

òî÷íèêîâ ïèðîïîâ Êûââîæñêîãî ðàéîíà è (èëè) ñàìè 

ÿâëÿþòñÿ èñòî÷íèêàìè äàííûõ ïèðîïîâ.

Â ïèðîïîâîì èíäèâèäå âåðõîâèé ð. Áåëàÿ Êåäâà 

îáíàðóæåíû ìíîãî÷èñëåííûå ìèêðîâêëþ÷åíèÿ øðè-

ëàíêèòà — âûñîêîáàðíîãî è âûñîêîòåìïåðàòóðíîãî 

îêñèäà öèðêîíèÿ è òèòàíà (ïåðâàÿ íàõîäêà ìèíåðàëà 

íà Òèìàíå).

Àâòîðû âûðàæàþò áëàãîäàðíîñòü ðàáîòíèêàì 

Ñûêòûâêàðñêîãî ñåêòîðà ÂÑÅÃÅÈ (Â. Í. Èâàíîâó, 

Ðèñ. 7. Ñîñòàâû ïèðîïîâ Âîëüñêî-Âûìñêîé ãðÿäû â ïîëÿõ ãðà-

íàòîâ ðàçëè÷íûõ ïàðàãåíåçèñîâ íà äèàãðàììå Í. Â. Ñîáîëåâà 

[9]: W — âåðëèòû, L — ëåðöîëèòû, Í — äóíèòû è ãàðöáóðãèòû. 

Êîíòóðû ïèðîïîâûõ ñîñòàâîâ èç òðóáîê âçðûâà Ñðåäíåãî 

Òèìàíà: U — Óìáèíñêàÿ (ïî äàííûì [5]); S — Ñðåäíåíñêàÿ, 

V — Âîäîðàçäåëüíàÿ (ïî äàííûì [4])

Fig. 7. Compositions of pyropes of the Volsko-Vymskaya ridge 

in garnet fields of various parageneses on the N. V. Sobolev 

diagram [9]: W — verlites; L — lherzolites; N — dunites and 

harzburgites. Contours of pyrope compositions from explosion 

pipes of the Middle Timan: U — Umbinskaya (according to [5]); 

S — Srednenskaya, V — Vodorazdel’naya (according to [4])

Ðèñ. 6. Âíóòðåííåå ñòðîåíèå ïèðîïîâûõ ãðàíàòîâ (a, c — 

îáùèé âèä) è ìèíåðàëüíûå ìèêðîâêëþ÷åíèÿ (b, d — äåòà-

ëèçàöèÿ). Óñëîâíûå ñîêðàùåíèÿ âêëþ÷åíèé ìèíåðàëîâ: 

Chr — õðîìøïèíåëü, Px — ïèðîêñåí, Sri — øðèëàíêèò, TiO2 

(ðóòèëîïîäîáíàÿ ôàçà). Ýëåêòðîííûé ìèêðîñêîï Tescan 

VEGA 3 LMN; ðåæèì ñêàíèðîâàíèÿ: îáðàòíîðàññåÿííûå  

ýëåêòðîíû

Fig. 6. Internal structure of pyrope garnets (a, c — general view) 

and mineral microinclusions (b, d — detail). Abbreviations for 

mineral inclusions: Chr — chrome-spinel, Px — pyroxene, Sri — 

srilankite, TiO2 (rutile-like phase). Electron microscope Tescan 

VEGA 3 LMN; scanning mode: back-scattered electrons
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Í. À. Âàñèëü÷åíêî, Â. Ã. Êîòåëüíèêîâó, Â. À. Æàðêîâó, 

À. À. Ïàðõà÷¸âó), ëþáåçíî ïðåäîñòàâèâøèì ìèíåðàëû øëè-

õîâûõ êîíöåíòðàòîâ äëÿ èññëåäîâàíèÿ. Àâòîðû ïðèçíà-

òåëüíû ðàáîòíèêàì Èíñòèòóòà ãåîëîãèè ÔÈÖ Êîìè 

ÍÖ, îñóùåñòâëÿâøèì ðàçëè÷íûå ðóòèííûå èññëåäîâà-

íèÿ: À. Ñ. Øóéñêîìó, Å. Ì. Òðîïíèêîâó (ýëåêòðîííàÿ ìè-

êðîñêîïèÿ ñêàíèðóþùåãî òèïà, ìèêðîçîíäîâûé àíàëèç), 

Í. Õ. Õà÷àòóðÿí (ïîèñê è âûäåëåíèå ìèíåðàëîâ òÿæ¸ëîé 

ôðàêöèè), à òàêæå Â. È. Ðàêèíó çà êîíñóëüòàöèè ïî âî-

ïðîñàì êðèñòàëëîìîðôîëîãèè ãðàíàòà.
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Ñòàòüÿ ïîñâÿùåíà ðåçóëüòàòàì èññëåäîâàíèÿ ìèíåðàëüíîãî è èçîòîïíîãî ñîñòàâà ñïåëåîòåì ïåùåðû Õîëîäíûé ãðîò 
â Áçûáñêîì óùåëüå Àáõàçèè. Ïðîâåäåíî êàðòèðîâàíèå ïîëîñòè è çàôèêñèðîâàíû ðàçëè÷íûå òèïû âòîðè÷íûõ ìèíåðàëüíûõ 
îòëîæåíèé. Â ïåùåðå óñòàíîâëåíû ñëåäóþùèå ìèíåðàëüíûå îáðàçîâàíèÿ (ñïåëåîòåìû): ìîíäìèëüõ, êîðàëëèòû, ãóðû, 
êàðáîíàòíûå áðåê÷èè, áèîãåííûå ôîñôàòû. Îáðàùàåò íà ñåáÿ âíèìàíèå îáèëèå àëëîãåííûõ ìèíåðàëüíûõ âêëþ÷åíèé â íàòå÷íîì 
êàëüöèòå, ñâÿçàííûõ ñ ïðîäóêòàìè âûâåòðèâàíèÿ ìàãìàòè÷åñêèõ ïîðîä (öèðêîí, êàëèåâûé ïîëåâîé øïàò, èëüìåíèò, ðóòèë, 
ìîíàöèò, àïàòèò). Èñòî÷íèêîì ýòèõ ìèíåðàëîâ ïðåäïîëîæèòåëüíî ÿâëÿþòñÿ êîðû âûâåòðèâàíèÿ ñðåäíåþðñêèõ âóëêàíèòîâ.

Èçîòîïíûé ñîñòàâ êèñëîðîäà âñåõ èçó÷åííûõ êàðáîíàòîâ îòðàæàåò ó÷àñòèå âîä ìåòåîðíîé ãåíåðàöèè. Ïðè ýòîì èçîòîïíûé 
ñîñòàâ óãëåðîäà ïîäâåðæåí ñóùåñòâåííûì âàðèàöèÿì, ñâÿçàííûì ñ êèíåòè÷åñêèì ôðàêöèîíèðîâàíèåì (äåãàçàöèåé ÑÎ2). 
Ïî ðåçóëüòàòàì ïåòðîãðàôè÷åñêèõ è èçîòîïíûõ èññëåäîâàíèé áûëà ïðåäïðèíÿòà ïîïûòêà òèïèçàöèè ñïåëåîòåì ïî õàðàêòåðó 
ïèòàíèÿ è îñîáåííîñòÿì êðèñòàëëèçàöèè. 

Òàêæå â ïåùåðå âûÿâëåíà ôîñôàòíàÿ ìèíåðàëèçàöèÿ â âèäå ò¸ìíî-êîðè÷íåâûõ òîíêîñëîèñòûõ êîðî÷åê ãèäðîêñèëàïà-
òèòà, îáðàçîâàííûõ íà ìåñòå ñòàðûõ çàëåæåé ãóàíî. 

Êëþ÷åâûå ñëîâà: êàðáîíàòíûé êàðñò, êàðáîíàòíàÿ è ôîñôàòíàÿ ìèíåðàëèçàöèÿ, êàëüöèò, ãèäðîêñèëàïàòèò, ãóàíî ëå-
òó÷èõ ìûøåé, èçîòîïíûé ñîñòàâ, ïåùåðà Õîëîäíûé ãðîò, Áçûáñêîå óùåëüå, Àáõàçèÿ.

MINERAL SEDIMENTS OF THE KHOLODNYY GROTTO   CAVE
(BZYB GORGE, ABKHAZIA) AND δ :13C CARBON

AND :δ18O  OXYGEN ISOTOPE COMPOSITION OF KARSTOGENIC CARBONATES
O. Ya. Chervyatsova1, S. S. Potapov2, L. V. Leonova3, J. Baker4, R. S. Dbar5

1«Shulgan-Tash» State Nature Reserve, Irgizly, Bashkortostan
2Institute of Mineralogy SU FRC MG UB RAS, Miass

3Institute of Geology and Geochemistry, UB RAS, Yekaterinburg
4Xi'an Jiaotong University, China

5Institute of Ecology of ANA, Sukhum, Abkhazia

The article is devoted to the results of the study of the mineral and isotopic composition of speleothems of the of the Kholodnyy 
Grotto cave in the Bzyb gorge of Abkhazia. The cavity was mapped and various types of secondary mineral deposits were recorded. 
The following mineral formations (speleothems) have been established in the cave: Mondmilch, corallites, guhrs, carbonate breccias, 
biogenic phosphates. Attention is drawn to the abundance of allogeneic mineral inclusions in drip calcite associated with the weath-
ering products of igneous rocks (zircon, potassium feldspar, ilmenite, rutile, monazite, apatite). The source of these minerals is pre-
sumably the weathering crust of the Middle Jurassic volcanics.

The oxygen isotope composition of all studied carbonates reflects the participation of meteoric waters. Moreover, the isotopic 
composition of carbon is subject to significant variations associated with kinetic fractionation (CO2 degassing). Based on the results of 
petrographic and isotopic studies, an attempt was made to typify speleothems according to the nature of their feeding and the char-
acteristics of crystallization.

Also, the cave revealed phosphate mineralization in the form of dark brown thin-layered crusts of hydroxylapatite, formed in place 
of old guano deposits.

Keywords: carbonate and phosphate mineralization, calcite, hydroxylapatite, bat guano, isotopic composition, Kholodnyy 
Grotto cave, Bzyb gorge, Abkhazia.
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Ââåäåíèå

Êðàòêîå îïèñàíèå ãåîãðàôè÷åñêîãî ïîëîæåíèÿ

è ìîðôîëîãèè ïåùåðû

Ïåùåðà Õîëîäíûé ãðîò ðàñïîëîæåíà â íèçîâüÿõ 
Áçûáñêîãî óùåëüÿ, â ëåâîì áîðòó, íà àáñîëþòíîé îò-
ìåòêå îêîëî 300 ì í.ó.ì. Îíà õîðîøî èçâåñòíà ìåñòíî-
ìó íàñåëåíèþ, îäíàêî îïèñàíèé å¸ â ëèòåðàòóðå íàé-
òè íå óäàëîñü. Ïåùåðà çàëîæåíà â íèæíåìåëîâûõ èç-
âåñòíÿêàõ âáëèçè êðóïíîãî òåêòîíè÷åñêîãî íàðóøåíèÿ  
ñóáìåðèäèîíàëüíîãî ïðîñòèðàíèÿ (ðèñ. 1). 

Ïîñêîëüêó íà ìîìåíò èññëåäîâàíèé îòñóòñòâîâàëè 
òîïîãðàôè÷åñêèå ìàòåðèàëû, àâòîðàìè ïðîâåäåíî 
êàðòèðîâàíèå ïîëîñòè è çàôèêñèðîâàíû ðàçëè÷íûå 
òèïû âòîðè÷íûõ ìèíåðàëüíûõ îòëîæåíèé (ðèñ. 2). 
Õàðàêòåðíàÿ ìîðôîëîãèÿ âõîäíîé ÷àñòè ïåùåðû 
ïîêàçàíà òàêæå íà ôîòî (ðèñ. 2, b). Ïåùåðà èìååò 
îáú¸ìíûé âõîäíîé ãðîò, â êîòîðîì ñëåäû êîððîçèîííîé 
ïðîðàáîòêè íàïîðíûìè âîäàìè (ñ èñïîëüçîâàíèåì 
ïðåèìóùåñòâåííî òðåùèí íàïëàñòîâàíèÿ ñ àçèìóòîì 
ïàäåíèÿ 135° è óãëîì ïàäåíèÿ 17°) ñîõðàíÿþòñÿ òîëüêî 
íà ïîòîëêå. Äàëüíÿÿ ÷àñòü ïîëîñòè ïîëíîñòüþ çàêðûòà 
ãëûáîâîé îñûïüþ ñ ðàçìåðàìè ãëûá îò 2 ì äî ùåáíèñòîé 
ôðàêöèè. Ýòà îñûïü, âèäèìî, ñëîæåíà ìàòåðèàëîì, 
âûíåñåííûì èç âíóòðåííèõ ïîëîñòåé êàðñòîâîé 
ñèñòåìû. Â þæíîé ÷àñòè âõîäíîãî ãðîòà ùåáíèñòûå 
îòëîæåíèÿ îñûïè ñöåìåíòèðîâàíû êàëüöèòîì â 
áðåê÷èþ. 

Íàä îñûïüþ äîñòóïíî äâà íåáîëüøèõ òóïèêîâûõ 
âîñõîäÿùèõ õîäà, â êîòîðûõ âñòðå÷àþòñÿ ðàçíîîáðàçíûå 
ñîâðåìåííûå ñïåëåîòåìû (ãóðîâûå ïëîòèíêè, 
ìîíäìèëüõ, êîðàëëèòû, ãóðû) è ñòàðîå ñêîïëåíèå 
ãóàíî ëåòó÷èõ ìûøåé. Äàëåå õîäû ïåðåêðûâàþòñÿ 
íåïðîõîäèìûìè ãëûáîâûìè çàâàëàìè.

Äîñòóïíàÿ ÷àñòü ïåùåðû íà ìîìåíò ïîñåùåíèÿ 
õàðàêòåðèçîâàëàñü íèçêèì ñîäåðæàíèåì ÑÎ2, ñîîò-
âåòñòâóþùèì àòìîñôåðíûì çíà÷åíèÿì (0.03 îá. %), 
÷òî óêàçûâàåò íà õîðîøóþ âåíòèëÿöèþ àòìîñôåðíûì 
âîçäóõîì. 

Ìåòîäû èññëåäîâàíèé

Â ïåùåðå Õîëîäíûé ãðîò îòîáðàíû ðàçëè÷íûå 
ìèíåðàëüíûå îáðàçîâàíèÿ (ðèñ. 2). Ðåíòãåíîôàçîâûé 
àíàëèç âûïîëíåí â Èíñòèòóòå ìèíåðàëîãèè Þæíî-
Óðàëüñêîãî ÔÍÖ ìèíåðàëîãèè è ãåîýêîëîãèè ÓðÎ ÐÀÍ 
(ã. Ìèàññ) ñ èñïîëüçîâàíèåì ðåíòãåíîâñêîãî äèôðàê-

Ðèñ. 1. Ãåîëîãè÷åñêàÿ êàðòà ìàñøòàáà 1 : 200000 ([2] ñ èçìåíå-

íèÿìè) ñ óêàçàíèåì ñòðåëêîé ïîëîæåíèÿ ïåùåðû Õîëîäíûé 

ãðîò. 

Óñëîâíûå îáîçíà÷åíèÿ. Âîçðàñò è ëèòîëîãèÿ ïîðîä: 1 — ÷åòâåð-

òè÷íàÿ ñèñòåìà, ñîâðåìåííûé îòäåë — àëëþâèàëüíûå ãàëå÷-

íèêè è ïåñêè; 2 — íèæíèé ïëèîöåí, ïîíòè÷åñêèé ÿðóñ — 

ãëèíû, ïåñêè, êîíãëîìåðàòû; 3 — ìèîöåí, ìýîòè÷åñêèé ÿðóñ — 

êîíãëîìåðàòû ñ ïðîñëîÿìè ïåñ÷àíèêîâ, ãëèí, èçâåñòíÿêîâ; 4 — 

ìèîöåí, ñàðìàòñêèé ÿðóñ — ãëèíû, ïåñ÷àíèêè, êîíãëîìåðàòû; 

5 — ñðåäíèé ìèîöåí, ãåëüâåòñêèé ÿðóñ — êîíãëîìåðàòû, ïåñ-

÷àíèêè, ãëèíû; 6 — îëèãîöåí è íèçû ñðåäíåãî ìèîöåíà — ãèï-

ñîíîñíûå ãëèíû è ïåñ÷àíèêè (ìàéêîïñêàÿ ñâèòà); 7 — âåðõ-

íèé ýîöåí — áèòóìèíîçíûå ñëàíöåâàòûå ìåðãåëè; 8 — ïàëå-

îöåí, íèæíèé è ñðåäíèé ýîöåí — èçâåñòíÿêè è ôîðàìèíè-

ôåðîâûå ìåðãåëè; 9 — âåðõíèé ìåë, òóðîíñêèé, ñåíîíñêèé 

è äàòñêèé ÿðóñû — ñëîèñòûå èçâåñòíÿêè; 10 — âåðõíèé ìåë, 

ñåíîìàíñêèé ÿðóñ — ãëèíû, ìåðãåëè è òóôôèòû; 11 — âåðõ-

íèé ìåë, àïòñêèé è àëüáñêèé ÿðóñû — ãëèíû, ìåðãåëè è ìåð-

ãåëèñòûå èçâåñòíÿêè; 12 — âåðõíèé ìåë, âàëàíæèíñêèé, ãîòå-

ðèâñêèé è áàððåìñêèé ÿðóñû — ñëîèñòûå è ìàññèâíûå èçâåñò-

íÿêè; 13 — âåðõíÿÿ þðà, êèììåðèäæñêèé è òèòîíñêèé ÿðóñû — 

èçâåñòíÿêè, äîëîìèòû, ãëèíû, ïåñ÷àíèêè è êîíãëîìåðàòû; 

14 — âåðõíÿÿ þðà, ëóçèòàíñêèé ÿðóñ — îðãàíîãåííûå èçâåñò-

íÿêè, äîëîìèòû è ìåðãåëè; 15 — âåðõíÿÿ þðà, êåëëîâåéñêèé è 

îêñôîðäñêèé ÿðóñû — ïåñ÷àíèêè è ãëèíû; 16 — ñðåäíÿÿ þðà, 

áàéîññêèé ÿðóñ — ïîðôèðèòîâûå òóôû, òóôîáðåê÷èè, òóôî-

êîíãëîìåðàòû; 17 — òåêòîíè÷åñêèå íàðóøåíèÿ 

Fig. 1. Geological map of scale 1: 200000 (Kurochkin et al., 

1959 with changes) with an arrow indicating the position of the 

Kholodnyy Grotto cave.

Legend. Age and lithology of rocks: 1 — Quaternary system, mod-

ern division — alluvial pebbles and sands; 2 — Lower Pliocene, 

Pontian stage — clays, sands, conglomerates; 3 — Miocene, 

Meotian stage — conglomerates with interlayers of sandstones, 

clays, limestones; 4 — Miocene, Sarmatian stage — clays, sand-

stones, conglomerates; 5 — Middle Miocene, Helvetian stage — 

conglomerates, sandstones, clays; 6 — Oligocene and lower strata 

of the Middle Miocene — gypsum-bearing clays and sandstones 

(Maikop suite); 7 — Upper Eocene — bituminous shale marls; 

8 — Paleocene, Lower and Middle Eocene — limestones and for-

aminiferal marls; 9 — Upper Cretaceous, Turonian, Senonian 

and Danian stages — layered limestones; 10 — Upper Cretaceous, 

Cenomanian stage — clays, marls and tuffites; 11 — Upper 

Cretaceous, Aptian and Albian stages — clays, marls and marly 

limestones; 12 — Upper Cretaceous, Valanginian, Hauterivian and 

Barremian stages — layered and massive limestones; 13 — Upper 

Jurassic, Kimmeridgian and Tithonian stages — limestones, dolo-

mites, clays, sandstones and conglomerates; 14 — Upper Jurassic, 

Lusitanian stage — organogenic limestones, dolomites and marls; 

15 — Upper Jurassic, Callovian and Oxfordian stages — sandstones 

and clays; 16 — Middle Jurassic, Bajocian stage — porphyritic 

tuffs, tuff breccias, tuff conglomerates; 17 — Tectonic dislocations
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òîìåòðà ÄÐÎÍ-2.0 ñ CuKa-èçëó÷åíèåì (îïåðàòîðû 
Å. Ä. Çåíîâè÷, Ï. Â. Õâîðîâ). 

Òåêñòóðíûå è ñòðóêòóðíûå îñîáåííîñòè êàëüöèòî-
âûõ ìèíåðàëüíûõ îáðàçîâàíèé èçó÷åíû â ïåòðîãðàôè-
÷åñêèõ øëèôàõ ñ ïðèìåíåíèåì ïîëÿðèçàöèîííîãî ìè-
êðîñêîïà Carl Zeiss Observer Z1m â Èíñòèòóòå ôèçèêè 
ìîëåêóë è êðèñòàëëîâ ÓÍÖ ÐÀÍ (ã. Óôà). 

Ìîðôîëîãèÿ è ýëåìåíòíûé ñîñòàâ ìèíåðàëüíûõ 
îáðàçöîâ èçó÷àëèñü ìåòîäîì ñêàíèðóþùåé ýëåêòðîí-
íîé ìèêðîñêîïèè (ÑÝÌ) íà ìèêðîñêîïàõ JSM 6390LV 
(JEOL) ñ ýíåðãîäèñïåðñèîííûì ñïåêòðîìåòðîì INCA 
Energy 450 X-max 80 (Oxford Instruments) â Èíñòèòóòå 
ãåîëîãèè è ãåîõèìèè ÓðÎ ÐÀÍ (ã. Åêàòåðèíáóðã, àíàëè-
òèê Ë. Â. Ëåîíîâà) è TESCAN Vega 3 ñ Õ-ACT (Oxford 

Instruments) â Èíñòèòóòå ïðîáëåì ñâåðõïëàñòè÷íîñòè 
ìåòàëëîâ ÓÍÖ ÐÀÍ (ã. Óôà, àíàëèòèê È. È. Ìóñàáèðîâ).

Èçìåðåíèÿ ñîîòíîøåíèé ñòàáèëüíûõ èçîòîïîâ óãëå-
ðîäà (d13C) è êèñëîðîäà (d18O) â êàðáîíàòíûõ îòëîæåíèÿõ 
ïðîâåäåíû íà IRMS ìàññ-ñïåêòðîìåòðå Thermo Finnigan 
MAT253 â Èíñòèòóòå ãëîáàëüíûõ è ýêîëîãè÷åñêèõ èçìåíå-
íèé Óíèâåðñèòåòà Ñèàíü Öçÿîòóí (Êèòàé, ã. Ñèàíü, àíà-
ëèòèê Ä. Áåéêåð). Ïðèáîð ðàáîòàåò â ðåæèìå duel-inlet è 
ïðèñîåäèíåí ê àâòîñàìïëåðó Kiel IV. Àâòîñàìïëåð êðèî-
ãåííî îòäåëÿåò CO2, ïîëó÷àåìûé ïðè ðàçëîæåíèè êàðáî-
íàòîâ ôîñôîðíîé êèñëîòîé. Çíà÷åíèÿ ñòàáèëüíûõ èçîòî-
ïîâ êàëèáðîâàëèñü â ñîîòâåòñòâèè ñ èçìåðåíèÿìè ìåæäó-
íàðîäíîãî ñòàíäàðòà NBS-19. Òî÷íîñòü îïðåäåëåíèÿ ñî-
ñòàâëÿåò < 0.08 ‰ äëÿ d18O è < 0.04 ‰ äëÿ d13C. 

Ðèñ. 2. Òîïîãðàôè÷åñêèå ìàòåðèàëû è ôîòîãðàôèè èçó÷åííûõ ñïåëåîòåì: à — ïëàí è ðàçðåç ïåùåðû Õîëîäíûé ãðîò. Óñëîâíûå 

îáîçíà÷åíèÿ: 1 — êðóïíîãëûáîâàÿ îñûïü; 2 — ðûõëûå îòëîæåíèÿ; 3 — êàëüöèòîâûå ãóðû; 4 — ìîíäìèëüõ; 5 — ãåëèêòèòû; 6— 

êàðñòîãåííàÿ áðåê÷èÿ; 7 — ñòàðîå ãóàíî ëåòó÷èõ ìûøåé; 8 — òî÷êè îòáîðà ìèíåðàëüíûõ îáðàçöîâ. Ôîòîãðàôèè: b — îáùèé 

âèä âõîäíîãî ãðîòà ïåùåðû ñ êðóïíîãëûáîâîé îñûïüþ; c — ãóðîâûå ïëîòèíêè; d — êàðñòîãåííûå áðåê÷èè; e – êîðàëëèòû ñ 

«íàøëåïêàìè» ìîíäìèëüõà íà êîíöàõ 

Fig. 2. Topographic materials and photographs of the studied speleothems: A — ðlan and section of the Kholodnyy Grotto cave. Legend: 

1 — large-block talus; 2 — loose deposits; 3 — calcite guhrs; 4 — mondmilch; 5 — helictites; 6 — karstogenic breccia; 7 — old bat guano; 

8 — points of collection of mineral samples. Photos: b — general view of the entrance grotto of the cave with large boulder talus; c — gours 

dams; d — karstogenic breccias; e — corallites with «blotches» of mondmilch at the ends
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Ðåçóëüòàòû è îáñóæäåíèå
ìèíåðàëîãè÷åñêèõ èññëåäîâàíèé

Èçâåñòíÿê, âìåùàþùèé ïåùåðó, õàðàêòåðèçóåò-
ñÿ ñâåòëî-ñåðûì öâåòîì, ïåëèòîìîðôíîé òåêñòóðîé ñ 
ìåëêèìè ñòèëîëèòîâûìè øâàìè. Ðàçìåð ç¸ðåí êàëü-
öèòà íå ïðåâûøàåò 20 ìêì, ïî õèìè÷åñêîìó ñîñòà-
âó êàëüöèò îòíîñèòñÿ ê íèçêîìàãíåçèàëüíîìó (MgO 
0.43–1.6 ìàñ. %). Â èçâåñòíÿêå îáíàðóæåíû àêöåññîð-
íûå âêëþ÷åíèÿ èäèîìîðôíûõ êðèñòàëëîâ êàëèåâîãî 
ïîëåâîãî øïàòà (ðèñ. 3, à), àïàòèòà, çàìåùàþùåãî îð-
ãàíè÷åñêèå îñòàòêè (ðèñ. 3, b), èëüìåíèòà (ðèñ. 3, c) è 
ïèðèòà (ðèñ. 3, d). ÝÄÑ-ñïåêòðû àêöåññîðíûõ ìèíåðà-
ëîâ ïðèâîäÿòñÿ íà ðèñ. 3 (e–h). 

Ãóðû — êàëüöèòîâûå ïëîòèíêè, âîçíèêàþùèå â ðóñ-
ëàõ âîäîòîêîâ ó ëþáîãî ïðåïÿòñòâèÿ íà ó÷àñòêàõ ñ âû-
ñîêîé òóðáóëåíòíîñòüþ, ôîðñèðóþùåé äåãàçàöèþ ÑÎ2 
è êðèñòàëëèçàöèþ êàëüöèòà. Ïðè ýòîì ïëîòèíêà ãóðà 
ðàñòåò âøèðü è ââåðõ, ïîñòåïåííî ïîäïðóæèâàÿ âîäî-
òîê. Ãóðû ëîêàëüíî âñòðå÷àþòñÿ â äàëüíåé ÷àñòè ïåùå-
ðû. Â íàñòîÿùåå âðåìÿ îíè íå àêòèâíû. Òåêñòóðíûå è 
ñòðóêòóðíûå îñîáåííîñòè êàëüöèòà, ñëàãàþùåãî ïëî-
òèíêè ãóð (ïðîáà Õîë-19-03), ïîêàçàíû íà ðèñ. 4, à–c. 
Äëÿ êàëüöèòà õàðàêòåðíî ÷åðåäîâàíèå çîí, ñëîæåííûõ 
ðàçíîîðèåíòèðîâàííûìè ãèïèäèîìîðôíûìè êðèñòàë-
ëàìè êàëüöèòà ðàçìåðîì äî 0.2 ìì (ðèñ. 4, b) è çîí ñ âîë-
íèñòîé ñòðîìàòîëèòîïîäîáíîé òåêñòóðîé è ìèêðèòîâîé 
ñòðóêòóðîé (ðèñ. 4, c). Íàèáîëåå âåðîÿòíî, ÷òî òàêàÿ îñî-
áåííîñòü îáúÿñíÿåòñÿ êîëåáàíèÿìè ãèäðîëîãè÷åñêîãî è 
ãèäðîõèìè÷åñêîãî ðåæèìîâ ãóðîâûõ âàííî÷åê.

Ïðè èçó÷åíèè êàëüöèòà ãóðîâîé ïëîòèíû â øëè-
ôå ìåòîäîì ÑÝÌ-ÝÄÑ îáíàðóæåíû ìíîãî÷èñëåí-

íûå ïîëèìèíåðàëüíûå âêëþ÷åíèÿ. Ýòî îðãàíîìîðô-
íûå âêëþ÷åíèÿ, ïðåäñòàâëåííûå àïàòèòîì (ðèñ. 4, d), 
àãðåãàòû ã¸òèòà, ïðåäïîëîæèòåëüíî ÿâëÿþùèåñÿ ïñåâ-
äîìîðôîçàìè ïî ôðàìáîèäàëüíîìó ïèðèòó (ðèñ. 4, e). 
Òàêæå áûëè çàìå÷åíû ðàçðóøåííûå ç¸ðíà ðóòèëà 
(ðèñ. 4, f) è ñóáìèêðîííûå âêëþ÷åíèÿ (La)-ìîíàöèòà 
(ðèñ. 4, g). ÝÄÑ-ñïåêòðû ìèíåðàëüíûõ âêëþ÷åíèé, 
îáíàðóæåííûõ â êàëüöèòå ãóðîâîé ïëîòèíêè, ïîêà-
çàíû íà ðèñ. 4, e–h. 

Òåêñòóðíûå è ñòðóêòóðíûå îñîáåííîñòè öåìåí-
òà êàðñòîãåííîé áðåê÷èè ïîêàçàíû íà ðèñ. 5, à–c. Äëÿ 
áðåê÷èè õàðàêòåðíà ñëîèñòî-ïîëîñ÷àòàÿ òåêñòóðà, îáó-
ñëîâëåííàÿ âêëþ÷åíèÿìè ìåõàíè÷åñêîé ïðèìåñè ãëè-
íèñòûõ ÷àñòèö, è ïàðàëëåëüíî-øåñòîâàòàÿ ñòðóêòóðà 
(ðèñ. 5, b), óêàçûâàþùàÿ íà îòíîñèòåëüíî ðàâíîâåñ-
íûé ðîñò ïðè ñòàáèëüíûõ ìàëûõ ðàñõîäàõ âîäû è áåç 
ñóùåñòâåííîé äåãàçàöèè [8]. Èíîãäà â ìàòðèöå áðåê÷èè 
âñòðå÷àþòñÿ çîíû, ñôîðìèðîâàííûå èäèîìîðôíûìè 
êðèñòàëëàìè êàëüöèòà (ðèñ. 5, c). Îñîáåííîñòüþ ýòîãî 
êàëüöèòà òàêæå ÿâëÿåòñÿ îáèëèå àëëîòèãåííûõ âêëþ-
÷åíèé. Â ÷àñòíîñòè, áûëè îáíàðóæåíû õîðîøî îêðè-
ñòàëëèçîâàííûå èíäèâèäû àïàòèòà è êàëèåâîãî ïîëå-
âîãî øïàòà (ðèñ. 5, d), êîðîòêîïðèçìàòè÷åñêèå êðè-
ñòàëëû öèðêîíà ðàçìåðîì 40–30 ìêì (ðèñ. 5, e, f), ç¸ð-
íà èëüìåíèòà (ðèñ. 5, g). ÝÄÑ-ñïåêòðû îáíàðóæåííûõ 
âêëþ÷åíèé ïîêàçàíû íà ðèñ. 5, h–k. 

Òàêèì îáðàçîì, âíóòðè êàëüöèòîâûõ ñïåëåîòåì 
îáèëüíî ïðèñóòñòâóþò ìèíåðàëüíûå âêëþ÷åíèÿ, òè-
ïè÷íûå äëÿ ïðîäóêòîâ âûâåòðèâàíèÿ ìàãìàòè÷åñêèõ 
ïîðîä (öèðêîí, ðóòèë, èëüìåíèò, êàëèåâûé ïîëåâîé 
øïàò, La-ìîíàöèò). Âêëþ÷åíèÿ àïàòèòà, ïî âñåé âè-

Ðèñ. 3. Àêöåññîðíûå ìèíåðàëû âìåùàþùèõ èçâåñòíÿêîâ. ÑÝÌ-ôîòîãðàôèè, ðåæèì BSE: à — êàëèåâûé ïîëåâîé øïàò; b — 

àïàòèò, çàìåùàþùèé îðãàíè÷åñêèå îñòàíêè; c — èëüìåíèò; d — ïèðèò; e–h — ÝÄÑ-ñïåêòðû. Øòðèõîâàÿ ëèíèÿ — ãðàíèöû çåðíà 

Fig: 3. Accessory minerals of the host limestone: a — ðotassium feldspar; b — àpatite replacing organic remains; c — ilmenite; d — pyrite; 

e–h — EDS-spectra. Dashed line — crystal boundaries
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Ðèñ. 4. Òåêñòóðíî-ñòðóêòóðíûå îñîáåííîñòè è ìèíåðàëüíûå âêëþ÷åíèÿ â êàëüöèòå, ñëàãàþùåì ãóðîâûå ïëîòèíêè (ïðîáà Õîë-19-03). 

Îïòè÷åñêèå ôîòîãðàôèè, ïîëÿðèçîâàííûé ñâåò: à — îáùèé âèä àãðåãàòà; b — çîíà ãèïèäèîìîðôíûõ êðèñòàëëîâ; c — ñòðîìàòîëè-

òîïîäîáíûå çîíû. SEM-ôîòîãðàôèè, ðåæèì BSE: d — àïàòèò, çàìåùàþùèé îðãàíè÷åñêèå îñòàíêè; e — ïñåâäîìîðôîçû ã¸òèòà 

ïî ôðàìáîèäàëüíîìó ïèðèòó (?); f — ç¸ðíà ðóòèëà; g — ç¸ðíà La-ìîíàöèòà; h–k — ÝÄÑ-ñïåêòðû (C è Ca íà ñïåêòðå ìîíàöèòà — 

àðòåôàêò âëèÿíèÿ êàëüöèòîâîé ïîäëîæêè).

Óñëîâíûå îáîçíà÷åíèÿ: Ap —àïàòèò, Cal — êàëüöèò, G — ã¸òèò; Rtl — ðóòèë; Mnz (La) — La-ìîíàöèò 

Fig. 4. Textural and structural features and mineral inclusions in calcite composing guhr dams (sample Khol-19-03).

Optical photographs, polarized light: a — general view of the unit; b — zone of hypidiomorphic crystals; c — stromatolite-like zones.

SEM-photos, BSE-mode: d — apatite replacing organic remains; e — pseudomorphs of goethite over framboidal pyrite (?); f — rutile grains; 

g — grains of La-monazite; h–k — EDS spectra (C and Ca in the spectrum of monazite are an artifact of the influence of the calcite substrate).

Legend on the photo: Ap — apatite, Cal — calcite, G — goethite; Rtl — rutile; Mnz (La) — La-monazite

äèìîñòè, èìåþò ðàçëè÷íîå ïðîèñõîæäåíèå. Äëÿ îðãà-

íîìîðôíûõ âêëþ÷åíèé âî âìåùàþùèõ ïîðîäàõ è ñïå-

ëåîòåìàõ (ðèñ. 3, b; 4, d) íàèáîëåå âåðîÿòíî àóòèãåííîå 

áèîãåííîå ïðîèñõîæäåíèå (î íàõîäêàõ áèîãåííûõ ôîñ-

ôàòîâ â ïåùåðå ñì. íèæå), à äëÿ îêðèñòàëëèçîâàííûõ 

ç¸ðåí, íåñóùèõ ñëåäû ìåõàíè÷åñêîãî èçíîñà (ðèñ. 5, 

d), — àëëîòèãåííûé èñòî÷íèê. 

×àñòü àêöåññîðíûõ ìèíåðàëîâ (êàëèåâûé ïîëåâîé 

øïàò, èëüìåíèò) òàêæå áûëà âûÿâëåíà â âèäå àêöåñ-

ñîðíûõ âêëþ÷åíèé âî âìåùàâøèõ èçâåñòíÿêàõ è ìîã-

ëà áûòü îñâîáîæäåíà ïðè èõ êîððîçèè. Äðóãèì ïîòåí-

öèàëüíûì èñòî÷íèêîì ñíîñà ÿâëÿþòñÿ ýôôóçèâíûå 

ïîðîäû áàéîññêîãî ÿðóñà ñðåäíåé þðû (õîäæàëüñêàÿ 

ñâèòà), ïðåäñòàâëåííûå ïîðôèðèòîâûìè òóôàìè, òó-
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ôîáðåêöèÿìè, òóôîêîíãëîìåðàòàìè [1]. Áëèæàéøèå 

âûõîäû ýòèõ ïîðîä íà äíåâíóþ ïîâåðõíîñòü ðàñïîëî-

æåíû â 2 êì ñåâåðíåå îò ïåùåðû, èõ ãèïñîìåòðè÷åñêîå 

ïîëîæåíèå äîïóñêàåò âîçìîæíîñòü ïåðåîòëîæåíèÿ ìà-

òåðèàëà èç êîð âûâåòðèâàíèÿ âóëêàíèòîâ, âìåùàþùèõ 

ïåùåðó, íà êàðáîíàòíûé ìàññèâ.

Ó÷èòûâàÿ áëèçîñòü ïåùåðû ê êðóïíîìó ðàçðûâíî-

ìó íàðóøåíèþ (ðèñ. 1), ïðîèñõîæäåíèå êðóïíîãëûáî-

âîé îñûïè è êàðñòîãåííûõ áðåê÷èé ìîæåò áûòü ñâÿçà-

íî ñ äðîáëåíèåì ïî òåêòîíè÷åñêèì òðåùèíàì ñ îäíî-

âðåìåííûì ïðîíèêíîâåíèåì ïî íèì êàðñòîâûõ âîä, 

îòëàãàâøèõ öåìåíòèðóùèé êàëüöèò. 

Ðèñ. 5. Òåêñòóðíî-ñòðóêòóðíûå îñîáåííîñòè è ìèíåðàëüíûå âêëþ÷åíèÿ â êàëüöèòå, öåìåíòèðóþùåì êàðñòîâóþ áðåê÷èþ (îáðà-

çåö Õîë-19-09). Îïòè÷åñêèå ôîòîãðàôèè, ïîëÿðèçîâàííûé ñâåò: à — îáùèé âèä; b — ïàðàëëåëüíî-øåñòîâàòàÿ ñòðóêòóðà; c — èäè-

îìîðôíûå êðèñòàëëû êàëüöèòà â ìèêðîïîëîñòÿõ. SEM-ôîòîãðàôèè, ðåæèì BSE: d — àïàòèò è êàëèåâûé ïîëåâîé øïàò; e, f — 

êîðîòêîïðèçìàòè÷åñêèå êðèñòàëëû öèðêîíà; g — ç¸ðíà èëüìåíèòà; h — k — ÝÄÑ-ñïåêòðû. 

Óñëîâíûå îáîçíà÷åíèÿ: Cal — êàëüöèò; Ap —àïàòèò; K-FS — êàëèåâûé ïîëåâîé øïàò; Zir — öèðêîí; Ilm — èëüìåíèò 

Fig. 5. Textural and structural features and mineral inclusions in calcite cementing karstogenic breccia (sample Khol-19-09). Optical pho-

tographs, polarized light: a — general view; b — parallel-columnar structure; c — euhedral calcite crystals in microcavities. SEM-photos, 

BSE-mode: d — apatite and potassium feldspar; e, f — short-prismatic zircon crystals; g — grains of ilmenite; h —l — EDS spectra.

Legend: Cal — calcite; Ap — apatite; K-FS — potassium feldspar; Zir — zircon; Ilm — ilmenite 
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Ðåçóëüòàòû èçîòîïíî-ãåîõèìè÷åñêèõ
èññëåäîâàíèé

Èçîòîïíûé ñîñòàâ óãëåðîäà è êèñëîðîäà âìåùàþ-
ùèõ ïîðîä è ðàçëè÷íûõ ñïåëåîòåì ïåùåðû Õîëîäíûé 
ãðîò ïðèâîäèòñÿ â òàáëèöå. Òàêæå áûëè îïðîáîâàíû 
ñîâðåìåííûå êàðáîíàòíûå òðàâåðòèíû, îáðàçóþùè-
åñÿ èç âîä êàðñòîâîãî èñòî÷íèêà Äåâè÷üè Ñë¸çû, ðàñ-
ïîëîæåííîãî â Áçûáñêîì óùåëüå íåäàëåêî îò ïåùåðû. 
Ïîëó÷åííûå äàííûå â ñðàâíåíèè ñ õîðîøî èçó÷åííû-
ìè êàëüöèòîâûìè îáðàçîâàíèÿìè Íîâîàôîíñêîé ïå-
ùåðû (ìàññèâ èç áîëåå 300 ïðîá, íåîïóáëèêîâàííûå 
äàííûå, 2017–2019 ãã.) ïîêàçàíû íà ðèñ. 8.

Êàëüöèò âìåùàþùèõ èçâåñòíÿêîâ èìååò èçîòîï-
íûé ñîñòàâ d13C 2.47 ‰ V-PDB è d18O –5.56 ‰ V-PDB, 
õàðàêòåðíûé äëÿ ìîðñêèõ êàðáîíàòîâ íèæíåìåëîâîãî 
âîçðàñòà[11]. Èçîòîïíûé ñîñòàâ êèñëîðîäà êàðñòîãåí-
íûõ êàðáîíàòîâ ïåùåðû Õîëîäíûé ãðîò è òðàâåðòèíîâ 
èñòî÷íèêà Äåâè÷üè Ñëåçû ñîñòàâëÿåò îò d18O –11.49 ‰ 
V-PDB äî d18O –7.86 ‰ V-PDB, ÷òî ñîîòâåòñòâóåò äèà-
ïàçîíó ñîñòàâîâ ñïåëåîòåì Íîâîàôîíñêîé ïåùåðû (ýòî 
ìîæíî îáúÿñíèòü ñõîæèìè êëèìàòè÷åñêèìè óñëîâèÿ-
ìè è èçîòîïíûì ñîñòàâîì îñàäêîâ ââèäó áëèçêîé âûñî-
òû ðàñïîëîæåíèÿ îáîèõ îáúåêòîâ). Ïî èçîòîïíîìó ñî-
ñòàâó óãëåðîäà âûäåëÿþòñÿ äâå ãðóïïû îáðàçöîâ. Ê ïåð-
âîé ãðóïïå, îòëè÷àþùåéñÿ ë¸ãêèì èçîòîïíûì ñîñòà-
âîì, îòíîñÿòñÿ òðàâåðòèíû èñòî÷íèêà êàðñòîâûõ âîä 
Äåâè÷üè Ñë¸çû (d13C –8.77 ‰ V-PDB) è êàëüöèòîâûé 
öåìåíò áðåê÷èé ïåùåðû Õîëîäíûé ãðîò (d13C –9.62 ‰ 
V-PDB). Òàêîé ñîñòàâ ñâèäåòåëüñòâóåò î ïðåèìóùå-
ñòâåííîì áèîãåííîì è àòìîñôåðíîì ïðîèñõîæäåíèè 
ÑÎ2 è îá îòñóòñòâèè êèíåòè÷åñêîãî ôðàêöèîíèðîâà-
íèÿ (óñëîâèÿ ïîñòîÿííî îáíîâëÿþùèõñÿ ðàñòâîðîâ áåç 
äåãàçàöèè è èñïàðåíèÿ). Êî âòîðîé ãðóïïå îòíîñÿòñÿ 
ñîâðåìåííûå ñïåëåîòåìû ïåùåðû Õîëîäíûé ãðîò (ãó-
ðû, êîðàëëèòû, ìîíäìèëüõ), õàðàêòåðèçóþùèåñÿ îáî-
ãàùåíèåì òÿæ¸ëûì èçîòîïîì óãëåðîäà (d13C îò –3.05 äî 
–0.74 ‰ V-PDB). Òàêîå îáîãàùåíèå ÷àùå âñåãî ñâÿçà-
íî ñ êèíåòè÷åñêèì ôðàêöèîíèðîâàíèåì èçîòîïîâ ïðè 
áûñòðîé äåãàçàöèè ÑÎ2 (ïåðåõîä ë¸ãêîãî èçîòîïà óãëå-

Ñðåäè ñîâðåìåííûõ àêòèâíûõ ñïåëåîòåì â ïåùåðå 
øèðîêî ðàñïðîñòðàíåíî ëóííîå ìîëîêî (ìîíäìèëüõ), 
ïðåäñòàâëåííîå ìÿãêèìè áåëûìè ïî÷êîâèäíûìè âû-
äåëåíèÿìè (ðèñ. 6, à). Ìèêðîñêîïè÷åñêîå èçó÷åíèå ïî-
êàçàëî, ÷òî ìîíäìèëüõ ñëîæåí èãîëü÷àòî-âîëîêíèñòûì 
êàëüöèòîì (needle-fibre calcite, èëè NFC â àíãëîÿçû÷íîé 
ëèòåðàòóðå) ñ ýïèòàêñèàëüíûìè îáðàñòàíèÿìè îòäåëü-
íûõ ôèáðèëë êðèñòàëëàìè áîëåå ïîçäíåé ãåíåðàöèè 
(ðèñ. 6, b, c).

Ãåíåçèñ NFC ÿâëÿåòñÿ ïðåäìåòîì äèñêóññèé. ×àñòî 
îí òðàêòóåòñÿ ÷åðåç ìèêðîáíî-îïîñðåäîâàííîå îñàæ-
äåíèå ïðè ó÷àñòèè ìåòàáîëèòîâ áàêòåðèé [7]  èëè êàê 
ïñåâäîìîðôîçû ïî áèîëîãè÷åñêèì îáúåêòàì — ãèôàì 
ãðèáîâ èëè àêòèíîìèöåò [4, 6, 13]. Äðóãèå æå àâòîðû 
îáúÿñíÿþò ïðîèñõîæäåíèå NFC ÷èñòî õåìîãåííûì 
îñàæäåíèåì â ðåçóëüòàòå ìåäëåííîé äåãàçàöèè èëè èñ-
ïàðåíèÿ êàïèëëÿðíûõ ðàñòâîðîâ ëèáî êðèñòàëëèçàöè-
åé èç àýðîçîëåé [5, 9, 10]. Â èçó÷åííûõ îáðàçöàõ èãîëü-
÷àòî-âîëîêíèñòîãî êàëüöèòà Õîëîäíîãî ãðîòà íå âû-
ÿâëåíû ìèêðîáíûå îáúåêòû, ïîýòîìó ìû ñêëîíÿåìñÿ 
ê àáèîãåííîìó ïðîèñõîæäåíèþ èçó÷åííûõ îáðàçöîâ, 
âåðîÿòíî çà ñ÷¸ò ïåðèîäè÷åñêîé äåãàçàöèè CO2 èç êà-
ïèëëÿðíûõ âîä.

Ñëåäóåò îòìåòèòü, ÷òî â îòëè÷èå îò âìåùàþùèõ 
èçâåñòíÿêîâ, õàðàêòåðèçóþùèõñÿ ïðèìåñüþ ìàãíèÿ 
(MgO 0.43 –1.6 ìàñ.%), êàëüöèò ñïåëåîòåì ýòîé ïðèìå-
ñè íå ñîäåðæèò. Òàêàÿ îñîáåííîñòü ìîæåò îáúÿñíÿòü-
ñÿ êðèñòàëëèçàöèåé èç ïîñòîÿííî ìåíÿþùèõñÿ ðàñ-
òâîðîâ, â óñëîâèÿõ, íå äîïóñêàþùèõ èñïàðèòåëüíîãî 
íàñûùåíèÿ[14]. 

Òàêæå â ïåùåðå âûÿâëåíà ôîñôàòíàÿ ìèíåðàëè-
çàöèÿ â âèäå ò¸ìíî-êîðè÷íåâûõ òîíêîñëîèñòûõ êîðî-
÷åê àïàòèòà, îáðàçîâàííûõ íà ìåñòå ñòàðûõ çàëåæåé 
ãóàíî (ðèñ. 7). Ïîñêîëüêó ïåùåðû ïðèáðåæíîé íèç-
êîãîðíîé ÷àñòè Àáõàçèè çàñåëåíû ëåòó÷èìè ìûøà-
ìè è èìåþò ñêîïëåíèÿ ãóàíî, äëÿ íèõ òèïè÷íû áèî-
ãåííûå ôîñôàòû êàëüöèÿ, îáðàçîâàííûå ïðè ðåàê-
öèè ôîñôîðñîäåðæàùèõ ðàñòâîðîâ ñ êàðáîíàòíûì 
ñóáñòðàòîì[3]. 

Ðèñ. 6. Ìîíäìèëüõ è âõîäÿùèé â åãî ñîñòàâ èãîëü÷àòî-âîëîêíèñòûé êàëüöèò (ïðîáà Õîë-19-02): a – íàòóðíàÿ ôîòîãðàôèÿ; b, c – 

ýëåêòðîííûå ìèêðîôîòîãðàôèè â ðåæèìå BSE

Fig. 6. Mondmilch and its constituent needle-fibrous calcite (sample Khol-19-02): a – Full-scale photograph; b, c – Electron micro-

graphs, BSE mode
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Ðèñ. 7. Ãèäðîêñèëàïàòèòîâûå êîðû (ïðîáà Õîë-19-05): à – íàòèâíûé âèä; b – ÑÝÌ-ôîòî: c – ýíåðãîäèñïåðñèîííûé ñïåêòð; 

d – ðåíòãåíîãðàììà

Fig. 7. Hydroxylapatite crust (sample Khol-19-05): a – native species; b – SEM photo: c – energy dispersive spectrum; d – X-ray dif-

fraction pattern

¹ ïðîáû
Sample No

Îïèñàíèå îáðàçöîâ
Description of samples

d13C‰ 
V-PDB 

1-s
d18O ‰ 
V-PDB 

1-s

Õîë-19-02
Khol-19-02

èãîëü÷àòî-âîëîêíèñòûé êàëüöèò (NFC) –1.36 0.02 –8.23 0.06

Õîë-19-03
Khol-19-03

êàëüöèò ãóðîâûõ ïëîòèíîê
calcite of guhr dams

–0.74 0.31 –9.10 0.45

Õîë-19-04
Khol-19-04

êàëüöèò îáðàìëåíèÿ ãóðîâîé âàííî÷êè
calcite of guhr bath margin

–2.49 0.15 –8.03 0.11

Õîë-19-06
Khol-19-06

êîðàëëèòû
corallites

–3.05 0.41 –7.86 0.23

Õîë-19-08
Khol-19-08

âìåùàþùèå èçâåñòíÿêè
host limestones

2.47 0.19 –5.56 2.36

Õîë-19-09
Khol-19-09

êàëüöèòîâûé öåìåíò áðåê÷èè
calcite cement of breccia

–9.62 0.01 –11.49 0.03

Áçûï-1
Bzyp-1

ñîâðåìåííûå òðàâåðòèíû èñòî÷íèêà êàðñòîâûõ âîä
Äåâè÷üè Ñëåçû, äîëèíà ð. Áçûáü

modern travertines of the source of karst waters
«Maiden's Tears» Bzyb river valley 

–8.77 0.03 –10.15 0.02

Èçîòîïíûå ñîñòàâû óãëåðîäà d13C è êèñëîðîäà d18O âìåùàþùèõ ïîðîä è ñïåëåîòåì ïåùåðû Õîëîäíûé ãðîò 

Isotopic Compositions of d13C Carbon and d18O Oxygen of Host Rocks and speleothems of the Kholodny Grotto cave
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ðîäà â ãàçîâóþ ôàçó è îáîãàùåíèå ðàñòâîðà òÿæ¸ëûì 
èçîòîïîì) áåç âëèÿíèÿ èñïàðåíèÿ[12]. Äëÿ èçó÷åííûõ 
ñïåëåîòåì ýòîò òèï ôðàêöèîíèðîâàíèÿ ñâÿçàí ñ èõ ðî-
ñòîì çà ñ÷¸ò äåãàçàöèè ÑÎ2 èç ìàëîäåáèòíûõ ïëîñêîñò-
íûõ âîäîòîêîâ (ãóðû), êàïèëëÿðíûõ è ïë¸íî÷íûõ âîä 
(êîðàëëèòû è ìîíäìèëüõ) íà ôîíå íèçêèõ êîíöåíòðà-
öèé ÑÎ2 â àòìîñôåðå ïåùåðû. 

 

Âûâîäû

Ïî ðåçóëüòàòàì èíòåðïðåòàöèè ïåòðîãðàôè÷åñêèõ 
è èçîòîïíî-ãåîõèìè÷åñêèõ äàííûõ êàðáîíàòíûå ñïåëå-
îòåìû ïåùåðû ïîäðàçäåëÿþòñÿ íà äâà òèïà ïî õàðàêòå-
ðó ïèòàíèÿ è îñîáåííîñòÿì êðèñòàëëèçàöèè. Ê ïåðâîìó 
òèïó îòíîñèòñÿ êàëüöèò, ñôîðìèðîâàííûé èç îáèëüíûõ 
è ïîñòîÿííî îáíîâëÿþùèõñÿ ðàñòâîðîâ (öåìåíò êàðñòî-
ãåííûõ áðåê÷èé). Äëÿ íåãî õàðàêòåðíà ÿñíîêðèñòàëëè-
÷åñêàÿ ïàðàëëåëüíî-øåñòîâàòàÿ òåêñòóðà è îòñóòñòâèå 

êèíåòè÷åñêîãî ôðàêöèîíèðîâàíèÿ ñòàáèëüíûõ èçîòî-
ïîâ óãëåðîäà. Êî âòîðîìó òèïó îòíîñÿòñÿ ñïåëåîòåìû, 
îáðàçîâàííûå â íåðàâíîâåñíûõ óñëîâèÿõ ïðè àêòèâ-
íîé äåãàçàöèè ÑÎ2 èç ïëîñêîñòíûõ ïîòîêîâ, ïë¸íî÷-
íûõ è êàïèëëÿðíûõ âîä (ãóðîâûå ïëîòèíêè, êîðàëëè-
òû, ìîíäìèëüõ). Äëÿ ýòîãî òèïà êàðáîíàòîâ õàðàêòåðíî 
ñóùåñòâåííîå îáîãàùåíèå òÿæ¸ëûì èçîòîïîì óãëåðîäà 
â ðåçóëüòàòå êèíåòè÷åñêîãî ôðàêöèîíèðîâàíèÿ, âîçíè-
êàþùåãî ïðè ïåðåõîäå ÑÎ2 èç ðàñòâîðà â ãàçîâóþ ôàçó. 
Ïðè ýòîì èçîòîïíûé ñîñòàâ âñåõ èçó÷åííûõ ïåùåðíûõ 
êàðáîíàòîâ îòðàæàåò ó÷àñòèå ìåòåîðíûõ âîä è ÑÎ2 áèî-
ãåííîãî è àòìîñôåðíîãî ïðîèñõîæäåíèÿ.

Âíóòðè îòäåëüíûõ ñïåëåîòåì (ñòåíîê ãóðîâ è öå-
ìåíòà êàðñòîãåííûõ áðåê÷èé) áûëî îáíàðóæåíî âûñî-
êîå ñîäåðæàíèå àëëîãåííûõ ìèíåðàëüíûõ âêëþ÷åíèé, 
õàðàêòåðíûõ äëÿ ïðîäóêòîâ ðàçðóøåíèÿ ìàãìàòè÷åñêèõ 
ïîðîä (öèðêîí, êàëèåâûé ïîëåâîé øïàò, èëüìåíèò, ðó-
òèë, ìîíàöèò, àïàòèò). Â êà÷åñòâå ïîòåíöèàëüíîãî èñ-
òî÷íèêà ñíîñà ýòèõ ìèíåðàëîâ ìîæíî ïðåäïîëîæèòü 
ïðîäóêòû âûâåòðèâàíèÿ âóëêàíîãåííûõ ïîðîä ñðåä-
íåþðñêîãî âîçðàñòà, âûõîäÿùèõ íà äíåâíóþ ïîâåðõ-
íîñòü â 2 êì îò ïåùåðû. 

Òàêæå â ïåùåðå áûëè îáíàðóæåíû áèîãåííûå ôîñ-
ôàòû (àïàòèò), ñâÿçàííûå ñ ìèíåðàëèçàöèåé ãóàíî ëå-
òó÷èõ ìûøåé. 

Àâòîðû áëàãîäàðíû Þ. Â. Äóáëÿíñêîìó (Institute 

of Geology, Innsbruck University, Àâñòðèÿ, ã. Èíñáðóê) çà 

ïðîâåäåíèå èçîòîïíûõ èññëåäîâàíèé ñïåëåîòåì Íîâî-

àôîíñêîé ïåùåðû è ïðåäîñòàâëåíèå äàííûõ äëÿ ñðàâíåíèÿ; 

Ï. Â. Õâîðîâó, Å. Ä. Çåíîâè÷, Í. Â. Ïàðøèíîé (Èíñòèòóò 

ìèíåðàëîãèè ÞÓ ÔÍÖ ÌèÃ ÓðÎ ÐÀÍ, ã. Ìèàññ) çà âû-

ïîëíåíèå ðåíòãåíîôàçîâûõ àíàëèçîâ è èõ ðàñøèôðîâêó; 

È. È. Ìóñàáèðîâó (Èíñòèòóò ïðîáëåì ñâåðõïëàñòè÷íî-

ñòè ìåòàëëîâ ÓÍÖ ÐÀÍ, ã. Óôà) çà ýëåêòðîííî-ìèêðîñêî-

ïè÷åñêèå èññëåäîâàíèÿ; Â. Â. Ìàðõîëèÿ (Óíèòàðíîå ïðåä-

ïðèÿòèå «Òóðèñòè÷åñêèé êîìïëåêñ Íîâîàôîíñêîé ïåùå-

ðû èìåíè Ã. Ø. Ñìûð», ã. Íîâûé Àôîí) çà îðãàíèçàöèþ è 

ïðîâåäåíèå ýêñïåäèöèîííûõ ðàáîò, à òàêæå Ç. È. Äáàð 

(Ðèöèíñêèé ðåëèêòîâûé íàöèîíàëüíûé ïàðê, ï. Áçûïòà) — 

ïðîâîäíèêó íàøåé ýêñïåäèöèè ïî Áçûáñêîìó óùåëüþ.

Ðàáîòà âûïîëíåíà ñ èñïîëüçîâàíèåì îáîðóäîâàíèÿ 

ÖÊÏ «Ñïåêòð» ÈÔÌÊ ÓÔÈÖ ÐÀÍ è ÐÖÊÏ «Àãèäåëü» 

ÓÔÈÖ ÐÀÍ ïðè ïîääåðæêå ãðàíòà ÐÔÔÈ ¹ 19-55-40005 

Àáõ_à «Ãåíåòè÷åñêèå òèïû êàðñòîãåíåçà ïðèáðåæíûõ 

êàðáîíàòíûõ ìàññèâîâ Àáõàçèè».
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Comparison fields, Novoafonskaya Cave (unpublished data from 

authors): A — Host limestones (Barremian), B — Early hydro-

thermal calcite; C — Stalagmites; D — Corallites and antolites; 

E — Modern growing calcite; F — Mondmilch
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Æåë÷íîêàìåííàÿ áîëåçíü (õîëåëèòèàç) ÿâëÿåòñÿ 
îäíèì èç ñàìûõ ðàñïðîñòðàíåííûõ ãàñòðîýíòåðîëî-
ãè÷åñêèõ çàáîëåâàíèé âî âñåì ìèðå. Òàêòèêà ëå÷åíèÿ 
è ïðåäîòâðàùåíèÿ äàííîãî çàáîëåâàíèÿ îñòàåòñÿ íàè-
áîëåå àêòóàëüíîé çàäà÷åé ñîâðåìåííîé ìåäèöèíû [10]. 

Ïðîöåññ îáðàçîâàíèÿ æåë÷íûõ êàìíåé (õîëåëèòîâ) äî 
êîíöà íå èññëåäîâàí èç-çà ñêðûòîãî ïðîòåêàíèÿ íà÷àëü-
íîé ñòàäèè æåë÷íîêàìåííîé áîëåçíè. Â öåëîì ñ÷èòà-
åòñÿ, ÷òî õîëåëèòèàç — ìíîãîôàêòîðíîå è ìíîãîñòà-
äèéíîå çàáîëåâàíèå, õàðàêòåðèçóþùååñÿ íàðóøåíèåì 
â ïåðâóþ î÷åðåäü îáìåíà õîëåñòåðèíà èëè áèëèðóáèíà ñ 

ÓÄÊ 519.23:577.1:616.3 DOI: 10.19110/geov.2020.10.3
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Æåë÷íîêàìåííàÿ áîëåçíü (õîëåëèòèàç) îñòàåòñÿ îäíèì èç ñàìûõ ðàñïðîñòðàíåííûõ ãàñòðîýíòåðîëîãè÷åñêèõ çàáîëåâà-
íèé âî âñåì ìèðå. Ïðîöåññ îáðàçîâàíèÿ æåë÷íûõ êàìíåé (õîëåëèòîâ) äî êîíöà íå èññëåäîâàí èç-çà ñêðûòîãî ïðîòåêàíèÿ íà-
÷àëüíîé ñòàäèè æåë÷íîêàìåííîé áîëåçíè. Ñîñòàâ õîëåëèòîâ ìíîãîîáðàçåí. Ñðåäè âåùåñòâ, ïðèñóòñòâóþùèõ â ñîñòàâå õî-
ëåëèòîâ, íàèìåíåå èññëåäîâàíà áåëêîâàÿ ñîñòàâëÿþùàÿ, ñòðóêòóðíûìè åäèíèöàìè êîòîðîé ÿâëÿþòñÿ àìèíîêèñëîòû. Â ñâÿ-
çè ñ ÷åì îñíîâíîé öåëüþ èññëåäîâàíèÿ ÿâëÿëîñü âûÿâëåíèå çàêîíîìåðíîñòåé èçìåíåíèÿ àìèíîêèñëîòíîãî ñîñòàâà æåë÷íûõ 
êàìíåé ðàçëè÷íûõ ôàçîâûõ ñîñòàâîâ. Îáúåêòàìè èññëåäîâàíèÿ ïîñëóæèëè 23 îáðàçöà õîëåëèòîâ, ïðèíàäëåæàùèõ æèòåëÿì 
Ðåñïóáëèêè Êîìè. Àíàëèç äàííûõ ïðîâîäèëñÿ ñòàòèñòè÷åñêèìè îäíîìåðíûìè è ìíîãîìåðíûìè ìåòîäàìè. Ñòàòèñòè÷åñêèé 
àíàëèç, ïðèìåíåííûé â äàííîé ðàáîòå äëÿ èçó÷åíèÿ ïàòîãåííûõ îáðàçîâàíèé â îðãàíèçìå ÷åëîâåêà, ïîçâîëèë âûÿâèòü êà-
÷åñòâåííî íîâûå, íå îòìå÷åííûå ðàíåå îñîáåííîñòè àìèíîêèñëîòíîãî ñîñòàâà õîëåëèòîâ, ÷òî ñâèäåòåëüñòâóåò î ðàçëè÷èè 
áåëêîâîé êîìïîíåíòû è å¸ ñâÿçè ñ ôàçîâûì ñîñòàâîì õîëåëèòîâ.

Ñîãëàñíî ðåçóëüòàòàì êëàñòåðíîãî àíàëèçà ïî ñîäåðæàíèÿì âñåõ àìèíîêèñëîò èññëåäóåìûå õîëåëèòû ãðóïïèðóþò-
ñÿ ïî òðåì ðàçëè÷íûì ïî ôàçîâîìó ñîñòàâó òèïàì — õîëåñòåðèíîâîìó, õîëåñòåðèíîâîìó ñ ìèíåðàëüíîé êîìïîíåíòîé, ïèã-
ìåíòíîìó. Êðèòåðèÿìè Ìàííà – Óèòíè è Ñòüþäåíòà óñòàíîâëåíî, ÷òî âñå òðè òèïà õîëåëèòîâ ïîïàðíî ñòàòèñòè÷åñêè çíà÷èìî 
(p < 0.05) ðàçëè÷àþòñÿ ïî ñîäåðæàíèÿì àëàíèíà, âàëèíà, èçîëåéöèíà, ëåéöèíà, ïðîëèíà, ôåíèëàëàíèíà, àñïàðàãèíîâîé è 
ãëóòàìèíîâîé êèñëîò. Ñàìûå íèçêèå ñîäåðæàíèÿ ïåðå÷èñëåííûõ àìèíîêèñëîò îïðåäåëåíû â õîëåñòåðèíîâûõ æåë÷íûõ êàì-
íÿõ, ñàìûå âûñîêèå — â ïèãìåíòíûõ. Ìíîãîìåðíûì ìåòîäîì äåðåâüÿ êëàññèôèêàöèè òàêæå âûÿâëåíû èíäèâèäóàëüíûå àìè-
íîêèñëîòû — ôåíèëàëàíèí, ïðîëèí, ëåéöèí — ïî êîòîðûì õîëåëèòû ðàçíûõ ôàçîâûõ ñîñòàâîâ ÷¸òêî ðàçäåëÿþòñÿ ïî òèïàì. 
Îñíîâûâàÿñü íà ðåçóëüòàòàõ, ïîëó÷åííûõ ñòàòèñòè÷åñêèìè ìåòîäàìè àíàëèçà äàííûõ, îñîáîå âíèìàíèå ñëåäóåò îáðàòèòü 
íà ôåíèëàëàíèí. Ýòà àìèíîêèñëîòà íàèáîëåå ÷¸òêî ïî ñðàâíåíèþ ñ äðóãèìè ðàçëè÷àåò õîëåëèòû ðàçíîãî ôàçîâîãî ñîñòàâà.

Óñòàíîâëåííûå çàâèñèìîñòè ìîãóò áûòü èñïîëüçîâàíû äëÿ ïðîãíîçèðîâàíèÿ òèïà õîëåëèòèàçà, ðåøåíèÿ ïðîáëåìû îá-
ðàçîâàíèÿ æåë÷íûõ êàìíåé è ìåòàôèëàêòèêè.

Êëþ÷åâûå ñëîâà: êðèòåðèé Ìàííà – Óèòíè, íåïàðíûé êðèòåðèé Ñòüþäåíòà, êëàñòåðíûé àíàëèç, äåðåâüÿ êëàññèôèêà-
öèè, õîëåëèòû, àìèíîêèñëîòû.

AMINO ACIDS AS BIOMARKERS OF PHASE ÑOMPOSITION OF GALLSTONES

O. Ye. Amosova, Å. V. Mashina, S. N. Shanina

Institute of Geology FRC Komi SC UB RAS, Syktyvkar, Russia

Gallstone disease (cholelithiasis) remains one of the most common gastroenterological diseases worldwide. The formation of 
gallstones has not been fully studied due to the latent course of the initial stage of gallstone disease. The composition of gallstones is 
diverse. Among the substances present in gallstones, the least studied is the protein component, the structural units of which are amino 
acids. In this connection, the main goal of the study was to identify patterns of changes in the amino acid composition of gallstones of 
various phase compositions. The objects of the study were 23 samples of gallstones belonging to residents of the Komi Republic. Data 
analysis was carried out by statistical one-dimensional and multidimensional methods. The statistical analysis, used in this work to study 
pathogenic formations in the human body, revealed qualitatively new, previously unremarked features of the amino acid composition 
of gallstones, which indicated the difference in the protein component and its relationship with the phase composition of gallstones.

According to the results of cluster analysis by the contents of all amino acids, the studied gallstones were grouped into three 
different phase compositions of the type — cholesterol, cholesterol with a mineral component, and pigment. The Mann-Whitney and 
Student’s criteria established that all three types of gallstones were statistically significantly (p <0.05) pairwise different in the contents 
of alanine, valine, isoleucine, leucine, proline, phenylalanine, aspartic and glutamic acid. The lowest contents of the amino acids were 
determined in cholesterol gallstones, the highest — in pigment ones. The multidimensional method of classification trees also revealed 
individual amino acids phenylalanine, proline, leucine, according to which gallstones of different phase compositions were clearly 
separated by type. Based on the results obtained by statistical methods, special attention should be paid to Phenylalanine acid most 
clearly compared gallstones of different phase composition in comparison with others.

The established relationships can be used to predict the type of cholelithiasis, to solve the problem of gallstones formation and 
metaphylaxis.

Keywords: Mann-Whitney test, Student’s unpaired t-test, cluster analysis, classification trees, gallstones, amino acids.
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îáðàçîâàíèåì õîëåëèòîâ. Ê îáùèì ôàêòîðàì ðàçâèòèÿ 
æåë÷íîêàìåííîé áîëåçíè îòíîñÿò: ýêîëîãè÷åñêîå íå-
áëàãîïîëó÷èå, ðàçëè÷íûå íàðóøåíèÿ îáìåíà âåùåñòâ 
(äèñãîðìîíàëüíûå, âîñïàëèòåëüíûå çàáîëåâàíèÿ îð-
ãàíîâ ñèñòåìû ïèùåâàðåíèÿ, íàñëåäñòâåííàÿ ñêëîí-
íîñòü è äð.), îñîáåííîñòè ïèòàíèÿ, îáðàç æèçíè ÷åëî-
âåêà (ãèïîäèíàìèÿ, àëêîãîëü, êóðåíèå, ñòðåññ è äð.), 
ïðè¸ì íåêîòîðûõ ëåêàðñòâåííûõ ïðåïàðàòîâ, âîçðàñò. 
Â ñîñòàâ õîëåëèòîâ âõîäÿò ñîåäèíåíèÿ îðãàíè÷åñêîãî è 
íåîðãàíè÷åñêîãî ñîñòàâà: õîëåñòåðèí, ïèãìåíò (áèëè-
ðóáèí), æåë÷íûå êèñëîòû, ìèíåðàëüíûå ôàçû (êàðáî-
íàò êàëüöèÿ, ôîñôàò êàëüöèÿ), ìèêðîýëåìåíòû (êàëü-
öèé, æåëåçî, ìåäü, ìàãíèé, öèíê, íàòðèé è äð.) è áåë-
êîâàÿ êîìïîíåíòà. Ïî ìíåíèþ À. À. Êîðàãî [7], íåñìî-
òðÿ íà ïðèñóòñòâèå â õîëåëèòàõ ðàçëè÷íûõ âåùåñòâ, â 
öåëîì èõ ñëåäóåò ðàçäåëÿòü íà äâå ãðóïïû ïî îñíîâíûì 
ñîñòàâëÿþùèì — õîëåñòåðèíó (õîëåñòåðèíîâûå) è áè-
ëèðóáèíó (ïèãìåíòíûå). Ñðåäè âåùåñòâ, ïðèñóòñòâó-
þùèõ â ñîñòàâå õîëåëèòîâ, íàèìåíåå èññëåäîâàíà áåë-
êîâàÿ êîìïîíåíòà, ñòðóêòóðíûìè åäèíèöàìè êîòîðîé 
ÿâëÿþòñÿ àìèíîêèñëîòû. Îá àìèíîêèñëîòíîì ñîñòàâå 
æåë÷íûõ êàìíåé èçâåñòíî íå òàê ìíîãî [8, 15]. Êàêóþ 
ðîëü èãðàþò áåëêè â ôîðìèðîâàíèè õîëåëèòîâ — âîïðîñ 
äî êîíöà íå èçó÷åííûé. Îáíàðóæåíèå áåëêîâ â õîëåëè-
òàõ íå äàåò òî÷íîãî îòâåòà, ÿâëÿþòñÿ ëè îíè ïðè÷èíîé 
îáðàçîâàíèÿ æåë÷íûõ êàìíåé èëè âûïîëíÿþò âòîðî-
ñòåïåííóþ ðîëü. Íà ñåãîäíÿøíèé äåíü ìàëî äàííûõ î 
òîì, êàêèå áåëêè ó÷àñòâóþò â ôîðìèðîâàíèè õîëåëè-
òîâ ðàçíîãî ñîñòàâà. 

Â ñîñòàâå ïèãìåíòíûõ êàìíåé óñòàíîâëåíû áåëêè 
ñ âûñîêèì ñîäåðæàíèåì êèñëûõ àìèíîêèñëîò (àñïàðà-
ãèíîâîé è ãëóòàìèíîâîé) — ýòî àëüáóìèí [23], îñòåî-
ïîíòèí [18] è íèçêîìîëåêóëÿðíûå áåëêè [19].

Â îáðàçîâàíèè õîëåñòåðèíîâûõ õîëåëèòîâ ó÷à-
ñòâóþò ìóöèíû MUC3 è MUC5B [25], ãëèêîïðîòåè-
íû ñ ðàçíûìè ìîëåêóëÿðíûìè ìàññàìè [21], àïîëè-
ïîïðîòåèíû [16]. Îñíîâíóþ ìàññó áåëêîâ ýòèõ ñîå-
äèíåíèé ñëàãàþò ñåðèí, òðåîíèí, ïðîëèí, ëåéöèí è 
àëàíèí. Åñòü äàííûå [3], ÷òî â õîëåñòåðèíîâûõ õîëå-
ëèòàõ ìîãóò ïðèñóòñòâîâàòü ïðîäóêòû íåïîëíîé äèñ-
ñîöèàöèè áåëêîâ â âèäå äèìåðîâ, òðèìåðîâ è îëèãî-
ìåðîâ àìèíîêèñëîò.

Öåëü èññëåäîâàíèÿ — âûÿâëåíèå çàêîíîìåðíîñòåé 
èçìåíåíèÿ àìèíîêèñëîòíîãî ñîñòàâà ïðè ôîðìèðî-
âàíèè õîëåëèòîâ ðàçëè÷íûõ ôàçîâûõ ñîñòàâîâ ìåòî-
äàìè ñòàòèñòè÷åñêîãî àíàëèçà äëÿ ðåøåíèÿ âîïðîñîâ 
ïðîãíîçèðîâàíèÿ òèïà õîëåëèòèàçà è ìåòàôèëàêòèêè, 
îïðåäåëÿþùèõ ñïåöèôèêó ëå÷åíèÿ. Â çàäà÷è èññëåäî-
âàíèÿ âõîäèëî óñòàíîâëåíèå ïî àìèíîêèñëîòíîìó ñî-
ñòàâó ñõîæåñòè õîëåëèòîâ îäíîãî ôàçîâîãî ñîñòàâà è 
ðàçëè÷èé õîëåëèòîâ ðàçíûõ ôàçîâûõ ñîñòàâîâ, âûÿâ-
ëåíèå èíäèâèäóàëüíûõ àìèíîêèñëîò, ïîêàçûâàþùèõ 
ñòàòèñòè÷åñêè çíà÷èìûå îòëè÷èÿ õîëåëèòîâ ðàçíûõ 
ôàçîâûõ ñîñòàâîâ.

Îáúåêòû è ìåòîäû èññëåäîâàíèÿ

Îáúåêòàìè èññëåäîâàíèÿ ïîñëóæèëè 23 îáðàçöà õî-
ëåëèòîâ, ïðèíàäëåæàùèõ æèòåëÿì Ðåñïóáëèêè Êîìè, 
õîëåñòåðèíîâîãî è ïèãìåíòíîãî òèïîâ, âûäåëåííûõ â 
ñîîòâåòñòâèè ñ êëàññèôèêàöèåé Êîðàãî [7]. Äëÿ íèõ áû-
ëè îïðåäåëåíû ñîäåðæàíèÿ 12 àìèíîêèñëîò: àëàíèíà 
(Ala), âàëèíà (Val), ãëèöèíà (Gly), èçîëåéöèíà (Ile), ëåé-
öèíà (Leu), ëèçèíà (Lys), àñïàðàãèíîâîé êèñëîòû (Asp), 

ãëóòàìèíîâîé êèñëîòû (Glu), ñåðèíà (Ser), ôåíèëàëàíè-
íà (Phe), òèðîçèíà (Tyr), ïðîëèíà (Pro). Èäåíòèôèêàöèÿ 
è îïðåäåëåíèå ñîäåðæàíèÿ àìèíîêèñëîò â îáðàçöàõ âû-
ïîëíåíû íà ãàçîâîì õðîìàòîãðàôå GC-17A (Shimadzu, 
êàïèëëÿðíàÿ êîëîíêà Chirasil-L-Val). Äëÿ èçâëå÷åíèÿ 
àìèíîêèñëîò èç îáðàçöîâ ïðèìåíÿëè êèñëîòíûé ãèäðî-
ëèç â 6Ì HCl ïðè t 105 °Ñ â òå÷åíèå 12 ÷àñîâ. Âûäåëåí-
íûå èç ãèäðîëèçàòà àìèíîêèñëîòû î÷èùàëè îò ïðè-
ìåñåé è ïåðåâîäèëè â N-ïåíòàôòîðïðîïèîíîâûå èçî-
ïðîïèëîâûå ýôèðû ñîîòâåòñòâóþùèõ àìèíîêèñëîò. 
Ìåòîäèêà îïðåäåëåíèÿ àìèíîêèñëîòíîãî ñîñòàâà ïîä-
ðîáíî îïèñàíà â ðàáîòå [14]. 

Äëÿ âûÿâëåíèÿ âçàèìîñâÿçè ôàçîâîãî ñîñòàâà õî-
ëåëèòîâ (õîëåñòåðèí, áèëèðóáèí, ôîñôàò êàëüöèÿ, êàð-
áîíàò êàëüöèÿ) ñ àìèíîêèñëîòíûì ñîñòàâîì íàìè áû-
ëè ïðèâëå÷åíû ñòàòèñòè÷åñêèå ìåòîäû èññëåäîâàíèÿ ñ 
èñïîëüçîâàíèåì ïðîãðàììíîãî ïðîäóêòà Statistica 6.0. 
Âûÿâëåíèå ãðóïï õîëåëèòîâ, ñõîæèõ ïî àìèíîêèñëîò-
íîìó ñîñòàâó, ïðîâîäèëîñü èåðàðõè÷åñêèì àãëîìåðàòèâ-
íûì êëàñòåðíûì àíàëèçîì (ìåðà ðàññòîÿíèÿ ìåæäó êëà-
ñòåðàìè — åâêëèäîâî ðàññòîÿíèå, ïðàâèëî ñâÿçè êëà-
ñòåðîâ — ìåòîä ïîëíîé ñâÿçè) [13]. Äëÿ óñòàíîâëåíèÿ 
èíäèâèäóàëüíûõ àìèíîêèñëîò, ïî ñîäåðæàíèþ êîòî-
ðûõ õîëåëèòû ðàçíûõ òèïîâ ðàçëè÷àþòñÿ ñòàòèñòè÷åñêè 
çíà÷èìî, èñïîëüçîâàëèñü íåïàðàìåòðè÷åñêèé êðèòåðèé 
Ìàííà – Óèòíè è ïàðàìåòðè÷åñêèé íåïàðíûé êðèòå-
ðèé Ñòüþäåíòà. Ìíîãîìåðíûé ìåòîä äåðåâüÿ êëàññèôè-

êàöèè áûë ïðèìåíåí äëÿ âûÿâëåíèÿ íàèáîëåå èíôîð-
ìàòèâíûõ àìèíîêèñëîò è ïîñòðîåíèÿ ïî íèì ìîäåëåé 
êëàññèôèêàöèè îáðàçöîâ õîëåëèòîâ. Ñòàòèñòè÷åñêàÿ 
îöåíêà ïðîâîäèëàñü äëÿ çàäàííîãî êðèòè÷åñêîãî óðîâ-
íÿ çíà÷èìîñòè 0.05.

Ðàíåå ïîäîáíûå èññëåäîâàíèÿ áûëè ïðîâåäåíû 
íàìè äëÿ âûÿâëåíèÿ è ïîäòâåðæäåíèÿ ñóùåñòâîâàíèÿ 
âçàèìîñâÿçè àìèíîêèñëîòíîãî ñîñòàâà ïàòîãåííûõ áèî-
ìèíåðàëîâ — óðîëèòîâ (ìî÷åâûõ êàìíåé) — ñ èõ ìèíå-
ðàëüíîé ñîñòàâëÿþùåé [1, 6].

Ðåçóëüòàòû èññëåäîâàíèé 

Êëàñòåðíûé àíàëèç

Ïî ðåçóëüòàòàì êëàñòåðíîãî àíàëèçà õîëåëèòû ïî 
ñîäåðæàíèÿì àìèíîêèñëîò ãðóïïèðóþòñÿ â äâà ñèëü-
íî ðàçëè÷àþùèõñÿ êëàñòåðà — õîëåñòåðèíîâûõ è ïèã-
ìåíòíûõ õîëåëèòîâ (ðèñ. 1). Îêàçàëîñü, ÷òî êëàñòåð 
õîëåñòåðèíîâûõ õîëåëèòîâ, â ñâîþ î÷åðåäü, ñîñòîèò 
èç äâóõ êëàñòåðîâ. Àíàëèç îáðàçöîâ êàæäîãî èç ýòèõ 
êëàñòåðîâ ïîêàçàë, ÷òî îäèí ñîäåðæèò õîëåëèòû õî-
ëåñòåðèíîâîãî ñîñòàâà, âòîðîé — õîëåëèòû, ñîñòîÿ-
ùèå èç õîëåñòåðèíà è ìèíåðàëüíîé êîìïîíåíòû (êàð-
áîíàò êàëüöèÿ, ôîñôàò êàëüöèÿ). Òàêèì îáðàçîì, íà 
îñíîâàíèè ðåçóëüòàòîâ êëàñòåðíîãî àíàëèçà õîëåñòå-
ðèíîâûé òèï ìîæíî ðàçäåëèòü íà äâà ïîäòèïà — õî-
ëåñòåðèíîâûé è õîëåñòåðèíîâûé ñ ìèíåðàëüíîé ñî-
ñòàâëÿþùåé. Ïîýòîìó äàëåå â ñòàòüå áóäåì ðàññìàòðè-
âàòü òðè òèïà õîëåëèòîâ — õîëåñòåðèíîâûé, õîëåñòå-
ðèíîâûé ñ ìèíåðàëüíîé êîìïîíåíòîé è ïèãìåíòíûé. 
Çàìåòèì, êàæäûé êëàñòåð ñîäåðæèò îáðàçöû õîëå-
ëèòîâ òîëüêî îäíîãî òèïà. Ýòî ïîêàçûâàåò, ÷òî õî-
ëåëèòû îäíîãî ôàçîâîãî ñîñòàâà ñõîæè ìåæäó ñîáîé 
ïî ñîñòàâó àìèíîêèñëîò. Êàê âèäíî íà ðèñ. 1, ïî ñî-
ñòàâó àìèíîêèñëîò íàèáîëåå íåîäíîðîäíû ïèãìåíò-
íûå õîëåëèòû. Ñîäåðæàíèÿ àìèíîêèñëîò â õîëåëè-
òàõ ðàçíûõ òèïîâ ïðèâåäåíû â òàáë. 1.
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Ðèñ. 1. Äåíäðîãðàììà êëàñòåðîâ õîëåëèòîâ, ñõîæèõ ïî àìèíîêèñëîòíîìó ñîñòàâó, ïîëó÷åííàÿ èåðàðõè÷åñêèì àãëîìåðàòèâíûì 

êëàñòåðíûì àíàëèçîì (ìåðà ðàññòîÿíèÿ ìåæäó êëàñòåðàìè — åâêëèäîâî ðàññòîÿíèå, ïðàâèëî ñâÿçè êëàñòåðîâ — ìåòîä ïîë-

íîé ñâÿçè). Íà îñè îðäèíàò — îáðàçöû õîëåëèòîâ òðåõ òèïîâ: 1–8 — õîëåñòåðèíîâîãî, 9–16 — õîëåñòåðèíîâîãî ñ ìèíåðàëüíîé 

êîìïîíåíòîé, 17–23 — ïèãìåíòíîãî. Ïî îñè àáñöèññ — ðàññòîÿíèÿ îáúåäèíåíèÿ êëàñòåðîâ, ïðåäñòàâëåííûå â ìàñøòàáèðóå-

ìîì â ïðîöåíòàõ âèäå: (ðàññòîÿíèå ñâÿçè / ìàêñèìàëüíîå ðàññòîÿíèå) * 100 % 

Fig. 1. A dendrogram of clusters gallstones similar amino acid composition, obtained using hierarchical agglomerative cluster analysis (mea-

sure the distance between clusters is the Euclidean distance, the connecting rule of clusters is the method of complete linkage). Designation. 

On the y-axis marked samples gallstones: 1–8 — cholesterol type, 9–16 — cholesterol with mineral component type, 17–23 — pigment 

type. On the x-axis is the distance of the joining of clusters presented in a scaled in percent form: (connection distance / maximum dis-

tance) * 100 %

Íîðìàëüíûé çàêîí ðàñïðåäåëåíèÿ

Ïðîâåäåíèå ïðîâåðêè íîðìàëüíîñòè çàêîíîâ ðàñ-
ïðåäåëåíèÿ ñîäåðæàíèé àìèíîêèñëîò õîëåëèòîâ êàæäî-
ãî òèïà îáóñëîâëåíî âûáîðîì ñòàòèñòè÷åñêèõ êðèòåðèåâ 
è ìåòîäîâ (ïàðàìåòðè÷åñêèõ èëè íåïàðàìåòðè÷åñêèõ) 
äëÿ äàëüíåéøåãî êîððåêòíîãî àíàëèçà äàííûõ. Äëÿ 
ýòîãî áûëè èñïîëüçîâàíû êðèòåðèè Øàïèðî – Óèëêà 
(ñòàòèñòèêà W), Êîëìîãîðîâà – Ñìèðíîâà ñ ïîïðàâêîé 
Ëèëëèåôîðñà (ñòàòèñòèêà d), îöåíêè çíà÷åíèé êîýô-
ôèöèåíòîâ àñèììåòðèè À è ýêñöåññà Å (àáñîëþòíûå 
çíà÷åíèÿ îáîèõ íå ïðåâûøàþò åäèíèöû), âèçóàëüíûé 
àíàëèç íîðìàëüíûõ âåðîÿòíîñòíûõ ãðàôèêîâ. Ïî ðå-
çóëüòàòàì ïðîâåäåííîé ïðîâåðêè áëèçêèå ê íîðìàëü-
íîìó ðàñïðåäåëåíèþ èìåþò íå áîëåå ïÿòè àìèíîêèñ-
ëîò äëÿ êàæäîãî òèïà. Äëÿ õîëåñòåðèíîâûõ õîëåëèòîâ 
ýòî Val (W = 0.949; p = 0.699; d = 0.180; p > 0.20; A = 
–0.35; E = –0.19), Glu (W = 0.961; p = 0.816; d = 0.159; 
p > 0.20; A = 0,53; E = –0.29), äëÿ õîëåñòåðèíîâûõ ñ ìè-
íåðàëüíîé êîìïîíåíòîé ýòî Ile (W = 0.962; p = 0.833; 
d = 0.140; p > 0.20; A = –0.54; E = 0.14), Tyr (W = 0.883; 
p = 0.203; d = 0.234; p < 0.20; A = 0.63; E = –0.64), äëÿ 
ïèãìåíòíûõ ýòî Val (W = 0.959; p = 0.814; d = 0.135; p > 
0.20; A = –0.68; E = –0.16), Gly (W = 0.916; p = 0.438; 
d = 0.189; p > 0.20; A = 0.69; E = –0.64), Ser (W = 0.951; 
p = 0.741; d = 0.196; p > 0.20; A = –0.22; E = 0.24), Leu 
(W = 0.952; p = 0.746; d = 0.158; p > 0.20; A = 0.34; E = 
–0.68), Glu (W = 0.965; p = 0.863; d = 0.162; p > 0.20; A = 
–0.08; E = –0.75). Îòìåòèì, ÷òî íè îäíà èç àìèíîêèñ-
ëîò íå ïîä÷èíÿåòñÿ çàêîíó íîðìàëüíîãî ðàñïðåäåëåíèÿ 
äëÿ âñåõ òð¸õ òèïîâ õîëåëèòîâ îäíîâðåìåííî. Òîëüêî 

ñîäåðæàíèÿ Val è Glu èìåþò ðàñïðåäåëåíèÿ, áëèçêèå ê 
íîðìàëüíîìó, äëÿ õîëåñòåðèíîâîãî è ïèãìåíòíîãî òè-
ïîâ õîëåëèòîâ. Ïîýòîìó äëÿ âûÿâëåíèÿ ðàçëè÷èé ñî-
äåðæàíèé Val è Glu â îáðàçöàõ ýòèõ äâóõ òèïîâ ìîæíî 
èñïîëüçîâàòü íåïàðíûé êðèòåðèé Ñòüþäåíòà (ïàðàìå-
òðè÷åñêèé ñòàòèñòè÷åñêèé ìåòîä ñðàâíåíèÿ äâóõ íå-
çàâèñèìûõ ãðóïï îáúåêòîâ ïî îäíîìó ïðèçíàêó). Äëÿ 
ïàðíîãî ñðàâíåíèÿ õîëåëèòîâ ðàçíûõ òèïîâ ïî ñîäåð-
æàíèÿì îñòàëüíûõ àìèíîêèñëîò èñïîëüçîâàëñÿ íåïà-
ðàìåòðè÷åñêèé êðèòåðèé Ìàííà – Óèòíè. 

Êðèòåðèè Ìàííà – Óèòíè è Ñòüþäåíòà

Ïðè ïîïàðíîì ñðàâíåíèè âñåõ òð¸õ òèïîâ õîëåëè-
òîâ èñïîëüçîâàëñÿ ñêîððåêòèðîâàííûé êðèòè÷åñêèé 
óðîâåíü çíà÷èìîñòè 0.017, âû÷èñëåííûé ïî çàäàííîìó 
êðèòè÷åñêîìó óðîâíþ çíà÷èìîñòè 0.05. Êîððåêòèðîâêà 
êðèòè÷åñêîãî óðîâíÿ çíà÷èìîñòè ïðè ïîïàðíîì ñðàâ-
íåíèè íåñêîëüêèõ òèïîâ ñâÿçàíà ñ ïðîáëåìîé ìíîæå-
ñòâåííûõ ñðàâíåíèé [9]. Óñòàíîâëåíî, ÷òî âñå òðè òèïà 
õîëåëèòîâ ñòàòèñòè÷åñêè çíà÷èìî (p<0,05) ðàçëè÷àþò-
ñÿ ïî ñîäåðæàíèÿì àìèíîêèñëîò Ala, Val, Ile, Leu, Pro, 
Phe, Asp è Glu. Ðåçóëüòàòû ðàñ÷åòîâ êðèòåðèåâ Ìàííà – 
Óèòíè è Ñòüþäåíòà ïðèâåäåíû â òàáë. 2 è 3. Ïðè÷åì 
ïî Val è Glu îáà êðèòåðèÿ (Ìàííà – Óèòíè, íåïàðíûé 
Ñòüþäåíòà) ïîêàçàëè íàëè÷èå ñòàòèñòè÷åñêè çíà÷è-
ìûõ ðàçëè÷èé. Ïî ñîäåðæàíèþ Gly õîëåëèòû õîëåñòå-
ðèíîâîãî ñ ìèíåðàëüíîé êîìïîíåíòîé è ïèãìåíòíî-
ãî òèïîâ ñòàòèñòè÷åñêè çíà÷èìî (p < 0.017) îòëè÷àþò-
ñÿ îò õîëåñòåðèíîâûõ, íî íå ðàçëè÷àþòñÿ ìåæäó ñîáîé 
(òàáë. 2). Õîëåñòåðèíîâûå õîëåëèòû õàðàêòåðèçóþòñÿ 
íèçêèìè ñîäåðæàíèÿìè Gly ïî ñðàâíåíèþ ñ õîëåñòå-
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ðèíîâûìè ñ ìèíåðàëüíîé êîìïîíåíòîé è ïèãìåíòíû-
ìè (òàáë. 1). Ïî ñîäåðæàíèÿì Ser, Tyr, Lys õîëåëèòû õî-
ëåñòåðèíîâîãî è õîëåñòåðèíîâîãî ñ ìèíåðàëüíîé êîì-
ïîíåíòîé òèïîâ ñòàòèñòè÷åñêè çíà÷èìî îòëè÷àþòñÿ îò 
ïèãìåíòíûõ, íî íå ðàçëè÷àþòñÿ ìåæäó ñîáîé (òàáë. 2). 
Ïèãìåíòíûå õîëåëèòû èìåþò áîëåå âûñîêèå ñîäåðæà-
íèÿ Ser, Tyr è Lys, ÷åì õîëåñòåðèíîâûå ñ ìèíåðàëüíîé 
êîìïîíåíòîé è õîëåñòåðèíîâûå (òàáë. 1). 

Äåðåâüÿ êëàññèôèêàöèè
Ìíîãîìåðíûé ìåòîä äåðåâüÿ êëàññèôèêàöèè [4, 17] 

èñïîëüçîâàëñÿ íàìè äëÿ âûÿâëåíèÿ èíäèâèäóàëüíûõ 
àìèíîêèñëîò, ïî ñîäåðæàíèÿì êîòîðûõ õîëåëèòû ðàç-
íûõ ôàçîâûõ ñîñòàâîâ íàèáîëåå ñèëüíî ðàçëè÷àþòñÿ 
ìåæäó ñîáîé, è äëÿ ïîñòðîåíèÿ ìîäåëåé êëàññèôèêà-
öèè îáðàçöîâ õîëåëèòîâ ïî àìèíîêèñëîòíîìó ñîñòà-
âó. Ãðàôû äåðåâüåâ êëàññèôèêàöèè íàãëÿäíî äåìîí-
ñòðèðóþò ðàçëè÷èÿ õîëåëèòîâ ðàçíûõ òèïîâ è ïîçâîëÿ-
þò ïðåäñêàçûâàòü ïðèíàäëåæíîñòü õîëåëèòîâ ê îïðå-
äåëåííîìó, çàðàíåå èçâåñòíîìó òèïó â çàâèñèìîñòè îò 
ñîîòâåòñòâóþùèõ çíà÷åíèé ñîäåðæàíèé àìèíîêèñëîò. 
Ñóùåñòâóåò è äðóãîé ìåòîä êëàññèôèêàöèè — äèñêðè-
ìèíàíòíûé àíàëèç [13], íî äëÿ åãî ïðàâîìåðíîãî ïðè-
ìåíåíèÿ íåîáõîäèìî âûïîëíåíèå íåêîòîðûõ óñëîâèé: 
ìíîãîìåðíîé íîðìàëüíîñòè ðàñïðåäåëåíèÿ ñîäåðæà-

íèé àìèíîêèñëîò äëÿ êàæäîãî òèïà õîëåëèòîâ, ðàâåí-
ñòâà ìàòðèö êîâàðèàöèé. Â ñâÿçè ñ íåâûïîëíåíèåì èñ-
õîäíûõ òðåáîâàíèé äëÿ ïîñòðîåíèÿ ìîäåëåé êëàññèôè-
êàöèè èñïîëüçîâàëñÿ ìåòîä äåðåâüÿ êëàññèôèêàöèè. Îí 
ïîêàçàë 100 % ïðàâèëüíóþ àâòîêëàññèôèêàöèþ âñåõ 23 
îáðàçöîâ õîëåëèòîâ äëÿ âñåõ òèïîâ âåòâëåíèÿ, ðåàëè-
çîâàííûõ â ïðîãðàììå Statistica 6.0 (äèñêðèìèíàíòíîå 
îäíîìåðíîå âåòâëåíèå äëÿ êàòåãîðèàëüíûõ è ïîðÿäêî-
âûõ ïðåäèêòîðîâ, ïîëíûé ïåðåáîð äëÿ îäíîìåðíûõ âåò-
âëåíèé ïî ìåòîäó C&RT, äèñêðèìèíàíòíîå âåòâëåíèå 
ïî ëèíåéíûì êîìáèíàöèÿì ïîðÿäêîâûõ ïðåäèêòîðîâ), 
âñåõ èìåþùèõñÿ óñëîâèé ïðåêðàùåíèÿ âåòâëåíèé — 
ïðÿìàÿ îñòàíîâêà, ïî îøèáêå êëàññèôèêàöèè, ïî îò-
êëîíåíèþ — è äëÿ çàäàííûõ àïðèîðíûõ âåðîÿòíîñòåé 
(0.42 — õîëåñòåðèíîâûå, 0.48 — õîëåñòåðèíîâûå ñ ìè-
íåðàëüíîé êîìïîíåíòîé, 0.1 — ïèãìåíòíûå). Â èìå-
þùåéñÿ â ðàñïîðÿæåíèè àâòîðîâ êîëëåêöèè æåë÷íûõ 
êàìíåé (100 îáðàçöîâ, ïî îäíîìó îò ÷åëîâåêà), ïîëó-
÷åííûõ îò æèòåëåé Ðåñïóáëèêè Êîìè, îòíîñèòåëüíûå 
÷àñòîòû âñòðå÷àåìîñòè õîëåëèòîâ ðàçíûõ òèïîâ íåîäè-
íàêîâû. Òàê, äîëÿ õîëåñòåðèíîâûõ õîëåëèòîâ ñîñòàâ-
ëÿåò 42 %, õîëåñòåðèíîâûõ ñ ìèíåðàëüíîé ñîñòàâëÿþ-
ùåé — 48 % è ïèãìåíòíûõ — 10 %. Ïîýòîìó çíà÷åíèÿ 
àïðèîðíûõ âåðîÿòíîñòåé çàäàíû ñ ó÷åòîì èñõîäíûõ ÷à-
ñòîò âñòðå÷àåìîñòè ðàçíûõ òèïîâ õîëåëèòîâ.

Àìèíîêèñëîòà
Amino acid

Òèï õîëåëèòà / Type of cholelite

Õîëåñòåðèíîâûé
Cholesterol

Õîëåñòåðèíîâûé
ñ ìèíåðàëüíîé êîìïîíåíòîé

Cholesterol with mineral component 

Ïèãìåíòíûé
Pigment

Me Me Me 

Min Max Min Max Min Max 

Ala
0.136 0.461 1.526

0.081 0.346 0.301 0.706 1.217 2.423

Val
0.077 0.403 1.116

0.0 0.136 0.204 0.541 0.460 1.470

Gly
0.695 1.757 7.528

0.361 1.149 0.979 4.164 1.216 21.974

Ile
0.033 0.144 0.706

0.0 0.058 0.0 0.236 0.264 0.860

Ser
0.336 0.438 1.119

0.075 0.470 0.240 0.562 0.397 1.817

Leu
0.124 0.736 1.893

0.058 0.237 0.315 0.939 1.455 2.315

Pro
0.068 0.326 0.949

0.0 0.135 0.249 0.619 0.476 1.319

Asp
0.104 0.471 1.716

0.0 0.240 0.326 0.971 1.273 4.286

Glu
0.163 0.564 2.373

0.035 0.358 0.228 1.314 1.475 3.205

Phe
0.096 0.302 1.013

0.024 0.141 0.255 0.454 0.879 1.329

Tyr
0.0 0.094 1.029

0.0 0.089 0.0 0.254 0.182 1.551

Lys
0.073 0.110 0.848

0.0 0.116 0.031 0.579 0.051 1.238

Òàáëèöà 1. Îïèñàòåëüíûå ñòàòèñòèêè ñîäåðæàíèé àìèíîêèñëîò (ìã/ã) â æåë÷íûõ êàìíÿõ

Table 1.  Descriptive statistics of amino acid contents in gallstones

Ïðèìå÷àíèå: Me — ìåäèàííîå ñðåäíåå çíà÷åíèå, Min, Max — ìèíèìàëüíîå è ìàêñèìàëüíîå çíà÷åíèÿ. 

Note: Me — median average value; Min, Max — minimum and maximum values.
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Âñå äåðåâüÿ êëàññèôèêàöèè, ïîëó÷åííûå òðåìÿ òè-
ïàìè âåòâëåíèÿ, äàþò áûñòðûå (êîðîòêèå) ðåøåíèÿ — 
2 âåòâëåíèÿ, 3 òåðìèíàëüíûå âåðøèíû — è âåðíî êëàñ-
ñèôèöèðóþò âñå îáðàçöû: êàæäàÿ èç òåðìèíàëüíûõ âåð-
øèí íå ñîäåðæèò íåïðàâèëüíî êëàññèôèöèðîâàííûõ 
îáðàçöîâ (ðèñ. 2, 4). 

Òàê, äëÿ äåðåâà êëàññèôèêàöèè, ïîëó÷åííîãî äèñ-
êðèìèíàíòíûì îäíîìåðíûì âåòâëåíèåì äëÿ êàòåãî-
ðèàëüíûõ è ïîðÿäêîâûõ ïðåäèêòîðîâ, êëàññèôèêàöèÿ 
îáðàçöîâ ïðîèñõîäèò ñ ïîìîùüþ äâóõ âåòâëåíèé ïî 
ñîäåðæàíèþ ôåíèëàëàíèíà (ðèñ. 2). Ñíà÷àëà ïåðâûì 
âåòâëåíèåì îòäåëÿþòñÿ âñå ïèãìåíòíûå õîëåëèòû îò 
îñòàëüíûõ, âòîðûì âåòâëåíèåì ðàçäåëÿþòñÿ õîëåñòå-
ðèíîâûå è õîëåñòåðèíîâûå ñ ìèíåðàëüíîé êîìïîíåí-
òîé õîëåëèòû. Òàêèì îáðàçîì, õîëåëèòû ðàçíûõ òèïîâ 

õîðîøî ðàçëè÷àþòñÿ ïî ñîäåðæàíèþ îäíîé àìèíîêèñ-
ëîòû — Phe. Äèàïàçîíû âàðüèðîâàíèÿ ñîäåðæàíèé Phe 
â õîëåëèòàõ òð¸õ òèïîâ íå ïåðåñåêàþòñÿ (òàáë. 1, ðèñ. 3). 
Óñòàíîâëåíî, ÷òî íàèáîëüøèå êîíöåíòðàöèè ôåíèëàëà-
íèíà õàðàêòåðíû äëÿ ïèãìåíòíûõ õîëåëèòîâ, à íàèìåíü-
øèå — äëÿ õîëåëèòîâ õîëåñòåðèíîâîãî òèïà. Òî æå ñàìîå 
íàáëþäàåòñÿ äëÿ Leu, Asp. Òàêèì îáðàçîì, îáðàçöû õî-
ëåëèòîâ ìîæíî êëàññèôèöèðîâàòü ïî ñîäåðæàíèþ Phe, 
à àìèíîêèñëîòû Leu è Asp èñïîëüçîâàòü êàê âñïîìîãà-
òåëüíûå èíäèêàòîðû êëàññèôèêàöèè. Âèçóàëüíûé àíà-
ëèç âàðüèðîâàíèÿ ñîäåðæàíèé ýòèõ òð¸õ àìèíîêèñëîò âî 
âñåõ èññëåäóåìûõ òèïàõ õîëåëèòîâ (òàáë. 1) ïîêàçàë, ÷òî 
èìåííî äëÿ Phe õàðàêòåðíû íàèìåíüøèå ñòåïåíè ðàç-
áðîñàííîñòè (ðàññåèâàíèÿ) ñîäåðæàíèé äëÿ êàæäîãî 
èññëåäóåìîãî òèïà õîëåëèòîâ ïî ñðàâíåíèþ ñ Leu, Asp. 

Àìèíî-
êèñëîòà

Amino
acid

Ñðàâíèâàåìûå òèïû õîëåëèòîâ / Compared types of cholelites

Õîëåñòåðèíîâûå (n1=8)è 
õîëåñòåðèíîâûå ñ ìèíåðàëüíîé 

êîìïîíåíòîé (n2=8)

Cholesterol  (n1=8) and cholesterol 
with mineral component (n2=8)

Õîëåñòåðèíîâûå (n1=8)
è ïèãìåíòíûå (n2=7)

Cholesterol (n1=8)
and pigment (n2=7)

Õîëåñòåðèíîâûå ñ ìèíåðàëüíîé 
êîìïîíåíòîé (n1=8)
è ïèãìåíòíûå (n2=7)

Cholesterol with  mineral 
component (n1=8)
and pigment (n2=7)

U Z p U Z p U Z p

Ala 2.0 –3.151 0.002 0.0 –3.240 0.001 0.0 –3.240 0.001

Val 0.0 –3.361 0.001 0.0 –3.240 0.001 3.0 –2.893 0.004

Gly 4.0 –2.941 0.003 0.0 –3.240 0.001 13.0 –1.736 0.083

Ile 6.5 –2.678 0.007 0.0 –3.240 0.001 0.0 –3.240 0.001

Ser 15.0 –1.785 0.074 1.0 –3.125 0.002 5.0 –2.662 0.008

Leu 0.0 –3.361 0.001 0.0 –3.240 0.001 0.0 –3.240 0.001

Pro 0.0 –3.361 0.001 0.0 –3.240 0.001 2.0 –3.009 0.003

Asp 0.0 –3.361 0.001 0.0 –3.240 0.001 0.0 –3.240 0.001

Glu 2.0 –3.151 0.002 0.0 –3.240 0.001 0.0 –3.240 0.001

Phe 0.0 –3.361 0.001 0.0 –3.240 0.001 0.0 –3.240 0.001

Tyr 12.0 –2.100 0.036 0.0 –3.240 0.001 3.0 –2.893 0.004

Lys 18.0 –1.470 0.142 5.0 –2.662 0.008 6.0 –2.546 0.011

Òàáëèöà 2. Ðåçóëüòàòû ðàñ÷¸òà êðèòåðèÿ Ìàííà – Óèòíè

Table 2.  Results of  Mann – Whitney test calculation

Ïðèìå÷àíèå: n1, n2  — êîëè÷åñòâà îáðàçöîâ õîëåëèòîâ ñîîòâåòñòâóþùåãî òèïà, U — çíà÷åíèå êðèòåðèÿ Ìàííà – Óèòíè,

p — äîñòèãíóòûé óðîâåíü çíà÷èìîñòè. 

Note: n1, n2 — numbers of each type of gallstones; U — the value of the Mann – Whitney test; p — achieved level of significance.             

Àìèíîêèñëîòà

Amino acid
s1 s2

Ëåâåíà F(1,df)

Leven  F(1,df)
df

p Ëåâåíà

p Leven
t df p äâóñò.

Val 0.077 1.059 0.045 0.353 13.340 13 0.003 –7.317 6.17 2.9Å-04

Glu 0.182 2.340 0.105 0.610 7.997 13 0.014 –9.245 6.31 6.7Å-05

Òàáëèöà 3. Ðåçóëüòàòû ðàñ÷¸òîâ íåïàðíîãî êðèòåðèÿ Ñòüþäåíòà ïðîâåðêè ãèïîòåçû ðàâåíñòâà ñðåäíèõ

è êðèòåðèÿ Ëåâåíà ïðîâåðêè ãèïîòåçû ðàâåíñòâà äèñïåðñèé ñîäåðæàíèé àìèíîêèñëîò Val, Glu

äëÿ õîëåñòåðèíîâîãî (8 îáðàçöîâ) è ïèãìåíòíîãî (7 îáðàçöîâ) òèïîâ õîëåëèòîâ

Table 3. Results of calculations of unpaired Student's t-test for test of means equality hypothesis

and Levene's test for test of equality of variance hypothesis for contents of Val, Glu amino acids

in gallstones of cholesterol (8 samples) and pigment (7 samples) types

Ïðèìå÷àíèå:  — ñðåäíåå ñîäåðæàíèå àìèíîêèñëîòû â õîëåëèòàõ õîëåñòåðèíîâîãî òèïà,  — ñðåäíåå ñîäåðæàíèå àìèíîêèñ-

ëîòû â õîëåëèòàõ ïèãìåíòíîãî òèïà, s1 — ñòàíäàðòíîå îòêëîíåíèå äëÿ õîëåñòåðèíîâîãî òèïà, s2 — ñòàíäàðòíîå îòêëîíåíèå äëÿ 

ïèãìåíòíîãî òèïà, F — çíà÷åíèå êðèòåðèÿ Ëåâåíà, t — çíà÷åíèå êðèòåðèÿ Ñòüþäåíòà ñ ðàçäåë¸ííûìè îöåíêàìè äèñïåðñèé, 

df — ÷èñëî ñòåïåíåé ñâîáîäû, p — äîñòèãíóòûé óðîâåíü çíà÷èìîñòè. 

Note: 
 

 — average amino acid content in the gallstones cholesterol type, 
 

 — the average amino acid content in the gallstones pigment 

type, s1 — the standard deviation for cholesterol type, s2 — the standard deviation for pigment type, F — the value of Levene's test, t — the 

value of Student's t—test with separate estimates of variances, df — the number of degrees of freedom, p — achieved level of significance.



27

Vestnik of Geosciences, October, 2020, No. 10

Äëÿ äåðåâà êëàññèôèêàöèè, ïîëó÷åííîãî ïîëíûì 
ïåðåáîðîì äëÿ îäíîìåðíûõ âåòâëåíèé ïî ìåòîäó C&RT 

(ðèñ. 4), âåòâëåíèÿ îñóùåñòâëÿþòñÿ ïî Pro, Leu. Ïåðâûì 
âåòâëåíèåì ïî ñîäåðæàíèþ Pro îòäåëÿþòñÿ âñå õîëåñòå-
ðèíîâûå õîëåëèòû îò îñòàëüíûõ. Âòîðûì âåòâëåíèåì 
ïî ñîäåðæàíèþ Leu îòäåëÿþòñÿ õîëåëèòû õîëåñòåðèíî-
âîãî ñ ìèíåðàëüíîé êîìïîíåíòîé òèïà îò ïèãìåíòíûõ.

Îöåíêà ïîëó÷åííûõ ìîäåëåé äåðåâüåâ êëàññèôè-
êàöèè è èõ ñïîñîáíîñòè ê ïðîãíîçèðîâàíèþ áûëà ïðî-
âåäåíà ãëîáàëüíîé êðîññ-ïðîâåðêîé [4, 17]. Íàèëó÷øèå 
ðåçóëüòàòû áûëè äîñòèãíóòû äëÿ äåðåâüåâ êëàññèôèêà-
öèè (ðèñ. 2 è 4), ïîëó÷åííûõ äèñêðèìèíàíòíûì îäíî-
ìåðíûì âåòâëåíèåì äëÿ êàòåãîðèàëüíûõ è ïîðÿäêîâûõ 
ïðåäèêòîðîâ (ïðàâèëî îñòàíîâêè — ïðÿìàÿ îñòàíîâêà 
FACT) è ïîëíûì ïåðåáîðîì äëÿ îäíîìåðíûõ âåòâëå-
íèé ïî ìåòîäó C&RT (ïðàâèëà îñòàíîâêè — ïî îòêëîíå-
íèþ è ïðÿìàÿ îñòàíîâêà FACT): ñðåäíÿÿ äîëÿ îøèáî÷-
íî êëàññèôèöèðîâàííûõ îáðàçöîâ — 0 %. Äëÿ äåðåâüåâ 
êëàññèôèêàöèè, ïîñòðîåííûõ ïî ëèíåéíûì êîìáèíà-
öèÿì ïðåäèêòîðîâ (ñîäåðæàíèÿì 12 àìèíîêèñëîò) äëÿ 
âñåõ ïåðå÷èñëåííûõ âûøå ïðàâèë îñòàíîâêè, ãëîáàëü-

íàÿ êðîññ-ïðîâåðêà ïîêàçàëà íàëè÷èå îøèáîê êëàññè-
ôèêàöèè: ñðåäíÿÿ äîëÿ îøèáî÷íî êëàññèôèöèðîâàí-
íûõ îáðàçöîâ — áîëåå 60 %.

Îáñóæäåíèå ðåçóëüòàòîâ

Íà îñíîâàíèè ñòàòèñòè÷åñêèõ èññëåäîâàíèé óñòà-
íîâëåíî, ÷òî âñå èçó÷åííûå òèïû õîëåëèòîâ ñòàòèñòè-
÷åñêè çíà÷èìî ðàçëè÷àþòñÿ ïî ñîäåðæàíèÿì àëàíèíà, 
èçîëåéöèíà, ëåéöèíà, ïðîëèíà, âàëèíà, ôåíèëàëàíèíà, 
ãëóòàìèíîâîé è àñïàðàãèíîâîé êèñëîò (òàáë. 2). Ñàìûå 
íèçêèå ñîäåðæàíèÿ ïåðå÷èñëåííûõ àìèíîêèñëîò îïðå-
äåëåíû â õîëåñòåðèíîâûõ æåë÷íûõ êàìíÿõ, ñàìûå âûñî-
êèå — â ïèãìåíòíûõ, ÷òî óêàçûâàåò íà ðàçíûå óñëîâèÿ 
îáðàçîâàíèÿ õîëåëèòîâ ðàçëè÷íîãî ôàçîâîãî ñîñòàâà. 

Ñîãëàñíî ðåçóëüòàòàì ñòàòèñòè÷åñêîãî àíàëèçà îñî-
áîå âíèìàíèå ñëåäóåò îáðàòèòü íà àìèíîêèñëîòó Phe. 
Îíà íàèáîëåå ÷¸òêî ïî ñðàâíåíèþ ñ äðóãèìè îòìå÷åí-
íûìè àìèíîêèñëîòàìè ðàçëè÷àåò õîëåëèòû ðàçíîãî ôà-
çîâîãî ñîñòàâà, è ýòè ðàçëè÷èÿ ñòàòèñòè÷åñêè çíà÷è-
ìû. Ôåíèëàëàíèí îòíîñèòñÿ ê íåçàìåíèìûì àìèíî-

Ðèñ. 2. Ãðàô äåðåâà êëàññèôèêàöèè îáðàçöîâ æåë÷íûõ êàìíåé, ïîëó÷åííûé ïî ñîñòàâó 12 àìèíîêèñëîò (òèï âåòâëåíèÿ — äèñ-

êðèìèíàíòíîå îäíîìåðíîå âåòâëåíèå äëÿ êàòåãîðèàëüíûõ è ïîðÿäêîâûõ ïðåäèêòîðîâ, àïðèîðíûå âåðîÿòíîñòè: 0.42 — õîëå-

ñòåðèíîâûå, 0.48 — õîëåñòåðèíîâûå ñ ìèíåðàëüíîé êîìïîíåíòîé, 0.1 — ïèãìåíòíûå). Îáîçíà÷åíèÿ: 1 — õîëåñòåðèíîâûé òèï, 

2 — õîëåñòåðèíîâûé ñ ìèíåðàëüíîé êîìïîíåíòîé òèï, 3 — ïèãìåíòíûé òèï

Fig. 2. The graph of classification tree of gallstones on composition of 12 amino acids (split selection method — Discriminant-based uni-

variate split for categorical and ordered predictors, a priori probabilities: 0.42 — cholesterol type, 0.48 — cholesterol with mineral com-

ponent type, 0.1 — pigment type). Designation: 1 — cholesterol type, 2 — cholesterol with mineral component type, 3 — pigment type

Ðèñ. 3. Èçìåíåíèå ñîäåðæàíèé Phe â õîëåëèòàõ òð¸õ òèïîâ

Fig. 3. Change of Phe contents in gallstones three types
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êèñëîòàì, ïîñêîëüêó òêàíè îðãàíèçìà ÷åëîâåêà íå îá-

ëàäàþò ñïîñîáíîñòüþ ñèíòåçà åãî áåíçîëüíîãî êîëüöà. 

Ïîñòóïàÿ â îðãàíèçì èç ðàçíûõ èñòî÷íèêîâ ïèùè, îí 

èñïîëüçóåòñÿ â ïåðâóþ î÷åðåäü äëÿ ñèíòåçà ðàçëè÷íûõ 

áåëêîâ; îñòàâøèéñÿ íåèñïîëüçîâàííûé çàïàñ àìèíî-

êèñëîòû ïîä äåéñòâèåì ôåðìåíòà ìîíîîêñèãåíàçû — 

ôåíèëàëàíèíãèäðîêñèëàçû — ïðåâðàùàåòñÿ â òèðîçèí 

[11]. Ôåíèëàëàíèí â çíà÷èòåëüíûõ êîëè÷åñòâàõ âõîäèò 

â ñîñòàâ ìîëåêóë áåëêîâ ñèñòåìû êðîâè, òàêèõ êàê èí-

ñóëèí, àëüáóìèí, ãåìîãëîáèí, ôèáðèí. Îñíîâíûìè ïà-

òîëîãè÷åñêèìè ôàêòîðàìè, âëèÿþùèìè íà ïîâûøåíèå 

êîíöåíòðàöèè ñâîáîäíîãî ôåíèëàëàíèíà â êðîâè, ÿâ-

ëÿþòñÿ êàòàáîëèçì (ðàñïàä) áåëêîâ è íàðóøåíèÿ ôóíê-

öèè ïå÷åíè [20, 22]. Åñòü ìíåíèå [2], ÷òî ïèãìåíòíûå 

æåë÷íûå êàìíè îáðàçóþòñÿ íà ôîíå ãëóáîêèõ èçìåíå-

íèé â ðàáîòå ïå÷åíè, ñ ÷åì, âåðîÿòíî, è ñâÿçàíû âûñî-

êèå ñîäåðæàíèÿ ôåíèëàëàíèíà â ïèãìåíòíûõ õîëåëèòàõ. 

Â ðåçóëüòàòå èññëåäîâàíèÿ áûëî óñòàíîâëåíî, ÷òî 

â õîëåñòåðèíîâûõ îáðàçöàõ ñ ìèíåðàëüíîé ñîñòàâëÿþ-

ùåé ñîäåðæàíèÿ àìèíîêèñëîò âûøå, ÷åì â õîëåñòåðè-

íîâûõ êàìíÿõ áåç ìèíåðàëüíîé êîìïîíåíòû (òàáë. 1). 

Ïîâûøåíèå ñîäåðæàíèÿ áåëêîâîé êîìïîíåíòû ïðîèñ-

õîäèò çà ñ÷åò óâåëè÷åíèÿ ñîäåðæàíèé îòäåëüíûõ àìè-

íîêèñëîò: àëàíèíà, âàëèíà, ãëèöèíà, èçîëåéöèíà, ëåé-

öèíà, ïðîëèíà, òèðîçèíà, ôåíèëàëàíèíà, àñïàðàãèíî-

âîé è ãëóòàìèíîâîé êèñëîò. Âåðîÿòíî, äàííûå àìèíî-

êèñëîòû èìåþò ñâÿçü ñ ìèíåðàëüíîé ñîñòàâëÿþùåé. 

Ìíîãèå áåëêè, â ñîñòàâ êîòîðûõ âõîäÿò ïåðå÷èñëåííûå 

àìèíîêèñëîòû, ñïîñîáñòâóþò îáðàçîâàíèþ êàðáîíàò-

íûõ è ôîñôàòíûõ ìèíåðàëîâ, êàê â ïðèðîäíûõ óñëîâè-

ÿõ, òàê è â ýêñïåðèìåíòàëüíûõ. Íàïðèìåð, â ïðèðîäíûõ 

óñëîâèÿõ îáðàçîâàíèå ðàêîâèí ìîëëþñêîâ, ñîñòîÿùèõ 

èç êàðáîíàòà êàëüöèÿ, íå ïðîèñõîäèò áåç ó÷àñòèÿ áåëêà 

êîíõèîëèíà, õàðàêòåðèçóþùåãîñÿ áîëüøèì ñîäåðæàíè-

åì êèñëûõ àìèíîêèñëîò [5]. Ýêñïåðèìåíòàëüíî âûÿñ-

íåíî, ÷òî â ïðèñóòñòâèè àëüáóìèíà îáðàçóåòñÿ êàðáî-

íàòíûé ìèíåðàë — âàòåðèò [12, 24]. Òåì ñàìûì ìîæíî 

ïîëàãàòü, ÷òî îïðåäåëåííûå áåëêè ñïîñîáñòâóþò ïðî-

öåññó îáðàçîâàíèÿ ìèíåðàëüíûõ ôàç. 

Ïî íàøèì äàííûì, ñîäåðæàíèå ãëèöèíà â õîëåñòå-

ðèíîâûõ õîëåëèòàõ ñòàòèñòè÷åñêè çíà÷èìî íèæå, ÷åì â 

õîëåëèòàõ õîëåñòåðèíîâîãî ñ ìèíåðàëüíîé êîìïîíåí-

òîé è ïèãìåíòíîãî òèïîâ (òàáë. 1, 2). Â õîëåëèòàõ ýòèõ 

äâóõ òèïîâ ñîäåðæàíèÿ ãëèöèíà íå ðàçëè÷àþòñÿ ñòàòè-

ñòè÷åñêè çíà÷èìî. Ãëèöèí — ïðîñòåéøàÿ àìèíîêèñëî-

òà — ÿâëÿåòñÿ ñîñòàâëÿþùåé íå òîëüêî áåëêîâ, íî è ãëè-

êîõîëåâîé êèñëîòû (ïðîäóêò êîíúþãàöèè õîëåâîé êèñ-

ëîòû è ãëèöèíà), ïðèñóòñòâóþùåé â æåë÷è. Òàêèì îá-

ðàçîì, ïîâûøåííûå ñîäåðæàíèÿ ãëèöèíà â ïèãìåíòíûõ 

è õîëåñòåðèíîâûõ ñ ìèíåðàëüíîé êîìïîíåíòîé õîëåëè-

òàõ â îòëè÷èå îò õîëåñòåðèíîâûõ, ïî-âèäèìîìó, îáóñëîâ-

ëåíû íå òîëüêî âõîæäåíèåì åãî â áåëêè, íî è ñâÿçàíû ñ 

ïðèñóòñòâèåì ãëèêîõîëåâîé êèñëîòû. 

Òàêèì îáðàçîì, êàæäûé òèï õîëåëèòîâ õàðàêòåðè-

çóåòñÿ ñâîèìè îñîáåííîñòÿìè àìèíîêèñëîòíîãî, à ñëå-

äîâàòåëüíî è áåëêîâîãî ñîñòàâà, ÷òî óêàçûâàåò íà ðàç-

ëè÷èå áèîõèìè÷åñêèõ ïðîöåññîâ, ïðîòåêàþùèõ ïðè 

ôîðìèðîâàíèè õîëåëèòîâ.

Êàê óïîìèíàëîñü âûøå, â õîëåëèòàõ ìîãóò ïðèñóò-

ñòâîâàòü ñàìûå ðàçëè÷íûå áåëêîâûå âåùåñòâà ñèñòå-

ìû êðîâè, ãåïàòîáèëèàðíîé ñèñòåìû, à òàêæå ñïåöè-

ôè÷íûå áåëêè. Íà äàííûé ìîìåíò òî÷íî íå óñòàíîâ-

ëåíî, êàêèå áåëêè ó÷àñòâóþò â ôîðìèðîâàíèè õîëå-

ëèòîâ ðàçíîãî ñîñòàâà, â ñâÿçè ñ ÷åì èññëåäîâàíèå èõ 

àìèíîêèñëîòíîãî ñîñòàâà ÿâëÿåòñÿ âàæíûì àñïåê-

òîì, äàþùèì èíôîðìàöèþ î âîçìîæíîì ñîñòàâå áåë-

êîâûõ âåùåñòâ, ïðèíèìàþùèõ ó÷àñòèå â îáðàçîâàíèè 

õîëåëèòîâ. 

Ñëåäóåò îòìåòèòü, ÷òî óñòàíîâëåíèå áåëêîâîãî ñî-

ñòàâà ïàòîãåííûõ áèîìèíåðàëîâ òðåáóåò ñóùåñòâåííûõ 

è òðóäîåìêèõ èññëåäîâàíèé, òîãäà êàê àìèíîêèñëîò-

íûé àíàëèç ïðîùå â ïðîáîïîäãîòîâêå è ðàñøèôðîâêå 

ðåçóëüòàòîâ, íî ÿâëÿåòñÿ íå ìåíåå èíôîðìàòèâíûì è 

áîëåå äîñòóïíûì èññëåäîâàòåëþ.

Ðèñ. 4. Ãðàô äåðåâà êëàññèôèêàöèè îáðàçöîâ æåë÷íûõ êàìíåé, ïîëó÷åííûé ïî ñîñòàâó 12 àìèíîêèñëîò (òèï âåòâëåíèÿ — ïîë-

íûé ïåðåáîð äëÿ îäíîìåðíûõ âåòâëåíèé ïî ìåòîäó C&RT, àïðèîðíûå âåðîÿòíîñòè: 0.42 — õîëåñòåðèíîâûå, 0.48 — õîëåñòåðè-

íîâûå ñ ìèíåðàëüíîé êîìïîíåíòîé, 0.1 — ïèãìåíòíûå). Îáîçíà÷åíèÿ ñì. íà ðèñ. 2

Fig. 4.The graph of classification tree of gallstones on composition of 12 amino acids (split selection method — C&RT-style exhaustive 

search for univariate splits, a priori probabilities: 0.42 — cholesterol type, 0.48 — cholesterol with mineral component type, 0.1 — pig-

ment type). See fig. 2 for symbols
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Âûâîäû

Ñòàòèñòè÷åñêèé àíàëèç, ïðèìåíåííûé â äàííîé 
ðàáîòå äëÿ èçó÷åíèÿ ïàòîãåííûõ îáðàçîâàíèé â îðãà-
íèçìå ÷åëîâåêà, ïîçâîëèë ïîëó÷èòü íîâûå ðåçóëüòàòû, 
êîòîðûå ìîãóò áûòü èñïîëüçîâàíû äëÿ ðåøåíèÿ ïðîáëå-
ìû îáðàçîâàíèÿ æåë÷íûõ êàìíåé, ïðåäñòàâëÿþùåé ñå-
ðü¸çíóþ îïàñíîñòü äëÿ çäîðîâüÿ ÷åëîâåêà.

Ðåçóëüòàòû ïðîâåäåííîãî èññëåäîâàíèÿ îñîáåí-
íîñòåé àìèíîêèñëîòíîãî ñîñòàâà õîëåëèòîâ ðàçíî-
ãî ôàçîâîãî ñîñòàâà ïîäòâåðäèëè ðàçëè÷èå áèîõèìè-
÷åñêèõ ïðîöåññîâ, ïðîèñõîäÿùèõ ïðè õîëåëèòèàçå. 
Ïðèìåíåíèå ñòàòèñòè÷åñêèõ ìåòîäîâ ïîçâîëèëî âûÿ-
âèòü ïðåæäå íå îòìå÷åííûå çàêîíîìåðíîñòè â ôîðìè-
ðîâàíèè õîëåëèòîâ. Âûÿâëåííûå îòëè÷èÿ â àìèíîêèñ-
ëîòíîì ñîñòàâå ñâèäåòåëüñòâóþò î ñïåöèôèêå áåëêîâîé 
êîìïîíåíòû, õàðàêòåðíîé äëÿ êàæäîãî òèïà õîëåëèòîâ. 
Ñòàòèñòè÷åñêèìè êðèòåðèÿìè óñòàíîâëåíî, ÷òî õîëåëè-
òû ðàçíîãî ôàçîâîãî ñîñòàâà çíà÷èìî (p < 0.05) ðàçëè-
÷àþòñÿ ïî ñîäåðæàíèÿì Ala, Val, Ile, Leu, Pro, Phe, Asp 
è Glu. Ñàìûå íèçêèå ñîäåðæàíèÿ ïåðå÷èñëåííûõ àìè-
íîêèñëîò îïðåäåëåíû â õîëåñòåðèíîâûõ æåë÷íûõ êàì-
íÿõ, ñàìûå âûñîêèå — â ïèãìåíòíûõ. Îñîáîå âíèìàíèå 
ñëåäóåò îáðàòèòü íà àìèíîêèñëîòó ôåíèëàëàíèí. Îíà 
íàèáîëåå ÷¸òêî ïî ñðàâíåíèþ ñ äðóãèìè îòìå÷åííûìè 
àìèíîêèñëîòàìè ðàçëè÷àåò õîëåëèòû ðàçíîãî ôàçîâî-
ãî ñîñòàâà íà îñíîâàíèè ðåçóëüòàòîâ, ïîëó÷åííûõ îä-
íîìåðíûìè è ìíîãîìåðíûìè ñòàòèñòè÷åñêèìè ìåòî-
äàìè àíàëèçà äàííûõ. Óñòàíîâëåííûå çàâèñèìîñòè ìî-
ãóò áûòü èñïîëüçîâàíû äëÿ ðåøåíèÿ âîïðîñîâ ïðîãíî-
çèðîâàíèÿ òèïà õîëåëèòèàçà è ìåòàôèëàêòèêè. 

Îïðåäåëåíèå àìèíîêèñëîòíîãî ñîñòàâà âûïîëíåíî íà 

àíàëèòè÷åñêîì îáîðóäîâàíèè ÖÊÏ «Ãåîíàóêà» â ÈÃ ÔÈÖ 
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Ââåäåíèå

Ìàëûé Êàâêàç îòëè÷àåòñÿ ðàçíîîáðàçèåì ïðèðîä-
íûõ óñëîâèé. Òåððèòîðèÿ ÿâëÿåòñÿ ïðåèìóùåñòâåííî 
ãîðíîé, è ðåëüåô åå êðàéíå ñëîæíûé. Òàê, àìïëèòóäà 
êîëåáàíèÿ àáñîëþòíûõ âûñîò äîñòèãàåò 3724 ì, ÷òî íà-
ðÿäó ñ äðóãèìè ïðè÷èíàìè îáóñëîâëèâàåò çíà÷èòåëü-
íûå èçìåíåíèÿ (âåðòèêàëüíóþ ïîÿñíîñòü) êëèìàòà, 
ðàñòèòåëüíîñòè, ïî÷â è äð. Êîýôôèöèåíò íàðóøåíèÿ 
ñåëåé ðå÷íûõ âîäîñáîðîâ äëÿ Ìàëîãî Êàâêàçà ñîñòàâ-
ëÿåò 0.04–0.16 [7].

Ñåëåâûå íàíîñû ÿâëÿþòñÿ â îñíîâíîì ïðîäóêòîì 
ýðîçèîííîé äåÿòåëüíîñòè ïîâåðõíîñòíûõ âîä. ×åì èí-
òåíñèâíåå ëèâíåâûå äîæäè, òåì ñèëüíåå ïðîèñõîäÿò 
ïðîöåññû ýðîçèè è äåíóäàöèè â ðå÷íûõ âîäîñáîðàõ, 
ñîîòâåòñòâåííî, óâåëè÷èâàþòñÿ ìóòíîñòü è âåëè÷èíà 
ñòîêà ñåëåâûõ íàíîñîâ. 

Â ïîñëåäíèå ãîäû âñëåäñòâèå ãëîáàëüíîãî èçìå-
íåíèÿ êëèìàòà àêòèâèçèðîâàëèñü ñåëåâûå ïîòîêè, êî-
òîðûå íàíîñÿò îãðîìíûé óùåðá ïðèðîäíîé ñðåäå, è â 
÷àñòíîñòè íà Ìàëîì Êàâêàçå. Ñðåäè íèõ îñîáîå ìåñòî 

ÓÄÊ 551.435.174 DOI: 10.19110/geov.2020.10.4
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(ÍÀ ÏÐÈÌÅÐÅ ÐÅÊ ÌÀËÎÃÎ ÊÀÂÊÀÇÀ)
Äæ. Ã. Ìàìåäîâ, Ç. Ð. Ðàñóëîâ
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jumamamedov@yahoo.com

Ðàáîòà ïîñâÿùåíà ìåòîäèêå ðàñ÷åòà íàèáîëüøèõ ðàñõîäîâ âçâåøåííûõ íàíîñîâ ñåëåé ðåê Ìàëîãî Êàâêàçà. Ìàòåðèàëàìè 
äëÿ èññëåäîâàíèÿ ïîñëóæèëè äàííûå ñòàöèîíàðíûõ íàáëþäåíèé çà íàèáîëüøèìè ðàñõîäàìè âçâåøåííûõ íàíîñîâ Äåïàðòàìåíòà 
ãèäðîìåòåîðîëîãèè ïðè Ìèíèñòåðñòâå ïðèðîäíûõ ðåñóðñîâ Àçåðáàéäæàíñêîé Ðåñïóáëèêè äî 2000 ã. è äàííûå ýêñïåäèöè-
îííûõ ðàáîò äî 2016 ã. Äëÿ óäëèíåíèÿ ðÿäà íàèáîëüøèõ ðàñõîäîâ âçâåøåííûõ íàíîñîâ èñïîëüçîâàëèñü ñâÿçè Qíàèá.=f (Ríàèá.) 
ñ 2000 ïî 2015 ãã. Îòäåëüíî è â êîìïëåêñå ïðîàíàëèçèðîâàíû ïàðàìåòðû ôèçèêî-ãåîãðàôè÷åñêèõ ôàêòîðîâ, âëèÿþùèõ íà 
íàèáîëüøèå ðàñõîäû âçâåøåííûõ íàíîñîâ. Â êà÷åñòâå îñíîâíûõ ïðèðîäíûõ ôàêòîðîâ, îïðåäåëÿþùèõ âåëè÷èíó îáúåìà ñå-
ëåâûõ íàíîñîâ, ïðèíÿòû çíà÷åíèÿ íàèáîëüøèõ ðàñõîäîâ âîäû, êîýôôèöèåíò åñòåñòâåííîé çàðåãóëèðîâàííîñòè ñòîêà ðåê è 
çàëåñåííîñòü âîäîñáîðà. Â ðåçóëüòàòå âïåðâûå ðàçðàáîòàíà ìåòîäèêà ðàñ÷åòà íàèáîëüøèõ ðàñõîäîâ âçâåøåííûõ íàíîñîâ. 
Îíà íàèáîëåå ïîëíî îòðàæàåò óñëîâèÿ ôîðìèðîâàíèÿ ãðÿçåâûõ ñåëåé è èìååò ïîãðåøíîñòü ðàñ÷åòîâ ± 25 %. Ôîðìóëû ìî-
ãóò áûòü èñïîëüçîâàíû äëÿ èçó÷åíèÿ è îïèñàíèÿ ïàðàìåòðîâ ãðÿçåâûõ ñåëåé íåèçó÷åííûõ ðåê Ìàëîãî Êàâêàçà.

Êëþ÷åâûå ñëîâà: ãðÿçåâûå ñåëè, åñòåñòâåííàÿ çàðåãóëèðîâàííîñòü ñòîêà ðåê, êîíóñ âûíîñà, íàèáîëüøèå ðàñõîäû 
âçâåøåííûõ íàíîñîâ, ñåëåâûå íàíîñû. 

A NEW APPROACH TO THE CALCULATION OF THE GREATEST DEBIT OF SUSPENDED
MUD FLOOD LOAD CONSIDERING INFLUENCE OF MAIN NATURAL FACTORS

(BY THE SAMPLE OF RIVERS OF MINOR CAUCAUSES)
J. H. Mamedov, Z. R. Rasulov

Azerbaijan, Baku, Land Hydrology and Water Resources Department, Institute of Geography, National Academy of 
Sciences of Azerbaijan (ANAS), Azerbaijan, Baku city, 

The work is devoted to the methodology for calculating the highest flow rates of suspended sediment mudflows of the rivers of the 
Minor Caucasus. The research materials were the data from stationary observations of the highest suspended sediment load presented 
by the Department of Hydrometeorology under the Ministry of Natural Resources of the Republic of Azerbaijan until 2000 and data from 
expeditionary operations until 2016. For extension of the series of the highest suspended sediment load rates, the relationships Qmax. = 
f (Rvax.) from 2000 to 2015. The parameters of physical and geographic factors influencing the high flow rates of suspended sediments 
are analyzed separately and in a complex. As main natural factors that determine the volume of mudflow sediment load, the values of 
the highest water discharge, the coefficient of natural regulation of river flow and forest cover of the catchment area were taken. The 
study resulted in the methodology for calculating the largest flow rate of suspended sediment. It mostly reflects conditions for the 
formation of mudflows and has a calculation error of ± 25%. Recommended formulas can be used to study and describe parameters 
of mudflows of unexplored rivers of the Minor Caucasus.

Keywords: mudflows, natural regulation of river runoff, alluviums, alluvial cone, highest flow rates of suspended sediments, 
mudflows.
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çàíèìàþò ãðÿçåâûå ñåëè. Ê èçó÷åíèþ ýòîãî âîïðîñà ñ 
öåëüþ ðàçðàáîòêè íàó÷íûõ îñíîâ ðåøåíèÿ èíæåíåð-
íûõ çàäà÷ ïî çàùèòå õîçÿéñòâà îò ñåëåâûõ ðàçðóøå-
íèé ïðèâëå÷åí ðÿä ïðîåêòíûõ è íàó÷íûõ ó÷ðåæäåíèé.

Óñèëåíèå âîäíî-ýðîçèîííûõ è äåíóäàöèîííûõ 
ïðîöåññîâ, ïðèâîäÿùèõ ê îáðàçîâàíèþ ñåëåâûõ ïðî-
öåññîâ, òåñíî ñâÿçàíî ñ íåðàöèîíàëüíûì ïðèðîäî-
ïîëüçîâàíèåì, â ÷àñòíîñòè óíè÷òîæåíèåì ëåñîâ äëÿ 
áûòîâûõ íóæä è ïðîèçâîäñòâà ñòðîèòåëüíûõ ìàòåðèà-
ëîâ, à òàêæå ñ ðàñïàõàííîñòüþ âîäîñáîðîâ è ÷ðåçìåð-
íûì âûïàñîì ñêîòà. Â ñâÿçè ñ óêàçàííûìè ôàêòîðà-
ìè ãðÿçåâûå ñåëè íàèáîëåå õàðàêòåðíû â ðàññìàòðè-
âàåìîì ðåãèîíå. Âñå ýòî òðåáóåò àíàëèçà âëèÿíèÿ ñî-
âîêóïíîñòè ïðèðîäíûõ ôàêòîðîâ íà ôîðìèðîâàíèå 
ãðÿçåâûõ ñåëåâûõ ÿâëåíèé, à òàêæå ðàçðàáîòêè ìåòî-
äèêè ðàñ÷åòà èõ ðàñõîäà. Â ôîðìèðîâàíèè ãðÿçåâûõ 
ñåëåé ñóùåñòâåííóþ ðîëü èãðàþò íàèáîëüøèå ðàñõî-
äû âçâåøåííûõ íàíîñîâ ðåê, ïîýòîìó íàñòîÿùåå èñ-
ñëåäîâàíèå ïîñâÿùåíî ðàñ÷åòàì ñåëåâûõ íàíîñîâ äëÿ 
îïðåäåëåíèÿ îáúåìà ìàòåðèàëà, âûíîñèìîãî íà êîíó-
ñû âûíîñîâ âñåìè ðåêàìè è âðåìåííûìè âîäîòîêàìè 
Ìàëîãî Êàâêàçà.

Èçâåñòíî, ÷òî â ãèäðîëîãè÷åñêîì àñïåêòå ñåëåâûå 
íàíîñû ðåê Ìàëîãî Êàâêàçà, êàê è â äðóãèõ ðåãèîíàõ 
Àçåðáàéäæàíà, ïî ñðàâíåíèþ ñî ñðåäíåìíîãîëåòíèì 
ñòîêîì íàíîñîâ èçó÷åíû ñëàáî. Ñ öåëüþ ïðàâèëüíî-
ãî ïðîåêòèðîâàíèÿ áåðåãîçaùèòíûõ è äðóãèõ ãèäðî-
òåõíè÷åñêèõ ñîîðóæåíèé òðåáóþòñÿ áîëåå íàäåæíûå 
äàííûå äëÿ îïðåäåëåíèÿ íàèáîëåå òî÷íîãî îáúåìà ñå-
ëåâîãî ìàòåðèàëà.

Áîëüøîå ðàçíîîáðàçèå è ñëîæíîñòü ðåëüåôà ñ åãî 
âûñîêèìè õðåáòàìè è îòðîãàìè â ñîâîêóïíîñòè îáó-
ñëîâëèâàþò áîëüøóþ ïåñòðîòó ñåëåâûõ ëàíäøàôòîâ 
òåððèòîðèè.

Ìàòåðèàëû èññëåäîâàíèÿ

Â èññëåäîâàíèè áûëè èñïîëüçîâàíû ñèñòåìàòèçè-
ðîâàííûå äàííûå íàèáîëüøèõ ðàñõîäîâ âîäû è âçâå-
øåííûõ íàíîñîâ ðåê Íàöèîíàëüíîãî äåïàðòàìåíòà ãè-
äðîìåòåîðîëîãèè ïðè Ìèíèñòåðñòâå ýêîëîãèè è ïðè-
ðîäíûõ ðåñóðñîâ Àçåðáàéäæàíñêîé Ðåñïóáëèêè äî 
2000 ã., à òàêæå äàííûå ôîðìèðîâàíèÿ è èçìåðåíèÿ 
íàèáîëüøèõ ðàñõîäîâ ïî ñëåäàì ïðîøåäøèõ ñåëåé äî 
2016 ã. â õîäå ýêñïåäèöèîííûõ ðàáîò. Ìàòåðèàëû íà-
áëþäåíèé íàèáîëüøèõ ðàñõîäîâ âçâåøåííûõ íàíîñîâ 
ðåê äî 2000 ã. ïî ñðàâíåíèþ ñ ïðîèçâåäåííûìè èçìå-
ðåíèÿìè äî 1960 ã. îòëè÷àþòñÿ áîëüøåé äîñòîâåðíî-
ñòüþ. Ê ñîæàëåíèþ, ïîñëå 2000 ã. ñòàöèîíàðíûå íà-
áëþäåíèÿ íàä ñòîêàìè âçâåøåííûõ íàíîñîâ óêàçàí-
íûõ îðãàíèçàöèé ïðåêðàòèëèñü, îäíàêî ïðîäîëæàþòñÿ 
íàáëþäåíèÿ çà ñòîêàìè âîä. Ó÷èòûâàÿ âûøåèçëîæåí-
íîå, äëÿ óäëèíåíèÿ ðÿäà íàèáîëüøèõ ðàñõîäîâ âçâå-
øåííûõ íàíîñîâ íàìè èñïîëüçîâàëècü ñâÿçè Qíàèá=f 
(Ríàèá). Ýòî ïîçâîëèëî âïåðâûå ðàçðàáîòàòü ìåòîäè-
êó ðàñ÷åòà íàèáîëüøèõ ðàñõîäîâ âçâåøåííûõ íàíîñîâ 
ðåê èññëåäóåìîé òåððèòîðèè, êîòîðàÿ äëÿ ðåê äðóãèõ 
ðåãèîíîâ íå èñïîëüçîâàëàñü. Ñóùåñòâóåò ðÿä ðàçðàáî-
òàííûõ ìåòîäèê ïî ðàñ÷åòó íàèáîëüøèõ ðàñõîäîâ âçâå-
øåííûõ íàíîñîâ ðåê äðóãèõ ðåãèîíîâ, íî èç-çà îòëè÷è-
òåëüíûõ îñîáåííîñòåé ìåñòíûõ óñëîâèé ýòè ìåòîäèêè 
ïðèâîäÿò ê áîëüøèì ïîãðåøíîñòÿì. Ïîëüçóÿñü íàêî-
ïëåííûì ìàòåðèàëîì â õîäå ýêñïåäèöèîííûõ ðàáîò, ìû 
èìåëè âîçìîæíîñòü ïðîâåñòè áîëåå óãëóáëåííûé àíà-
ëèç óñëîâèé ôîðìèðîâàíèÿ ñåëåâûõ íàíîñîâ, ðàçðàáî-
òàòü ìåòîäèêó èõ ðàñ÷åòà è ðàññìîòðåòü çàêîíîìåðíî-
ñòè ôîðìèðîâàíèÿ ñåëåé. 

Ðåçóëüòàòû íàèáîëüøèõ ðàñõîäîâ âçâåøåííûõ íà-
íîñîâ è âîäû ïðåäñòàâëåíû â òàáëèöå 1. Óñòàíîâëåííûå 
âåëè÷èíû íàèáîëüøèõ ðàñõîäîâ íàíîñîâ çà ìíîãîëåò-

Ðèñ. 1. Èññëåäóåìûé ðåãèîí íà ôèçè÷åñêîé êàðòå Àçåðáàéäæàíñêîé Ðåñïóáëèêè

Fig. 1. Investigated region on physical map of Azerbaijan Republic
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íèé ïåðèîä ïîçâîëèëè ðàññìîòðåòü çàêîíîìåðíîñòè èõ 
ðàñïðåäåëåíèÿ ïî òåððèòîðèè, à òàêæå ðåêîìåíäîâàòü 
ìåòîäèêó ðàñ÷åòà. 

Ðåçóëüòàòû èññëåäîâàíèÿ

Èçó÷åíèåì ìåòîäèêè ðàñ÷åòà îáúåìà ñåëåé çàíè-
ìàëèñü ìíîãèå èññëåäîâàòåëè [3, 5, 9–15, 19, 20 è äð.]. 
Â ìåòîäè÷åñêîì îòíîøåíèè ãèäðîëîãè îñîáîå âíèìà-
íèå óäåëÿþò ðàçðàáîòêå ðàñ÷åòíûõ ìåòîäîâ ñåëåâûõ íà-

íîñîâ, êîòîðûå ïîçâîëèëè ñ ìåíüøåé çàòðàòîé âðåìå-
íè è ïðè îòñóòñòâèè íàòóðíûõ íàáëþäåíèé ïîëó÷èòü 
ñ äîñòàòî÷íîé òî÷íîñòüþ õàðàêòåðèñòèêó ñåëåâûõ íà-
íîñîâ. Ïðè îáîáùåíèè äàííûõ ðàñõîäîâ ñåëåâûõ íà-
íîñîâ ïðåîáëàäàåò ðàçðàáîòêà ýìïèðè÷åñêèõ ôîðìóë, 
êîòîðûå èìåþò îñîáîå çíà÷åíèå â ïðîåêòèðîâàíèè âî-
äîõðàíèëèù.

Äëÿ ðåàëèçàöèè óêàçàííîé çàäà÷è íàìè â ïðèíÿ-
òîé ðàñ÷åòíîé ñõåìå ó÷òåíû ïàðàìåòðû, ñïîñîáíûå èí-
òåãðàëüíî îòðàçèòü âëèÿíèå êîìïëåêñà ôèçèêî-ãåî-

¹ ï/ï

No.

Ðåêà – ïóíêò

River – area

Ïëîùàäü
âîäîñáîðà

F, êì2

 Flood area

Íàèáîëüøèé ðàñõîä
Greatest discharge

Îòíîøåíèå / Ratio

âîäû
Qmax,  ì

3/ñ

Water
discharge

âçâ. íàíîñîâ
Rmax êã/ñ

Suspended 
sediment  
discharge

ïîäç. ñòîêà
ê ïîâåð.

f

Underground
flow to surface

ëåñíûõ ïëîùàäåé 
ê ïëîùàäè
âîäîñáîðà       

Y
Forest areas
to flood area

1
Àãñòàôà÷àé –  ã. Êðèâîé Ìîñò 

Agstafachai –  c. Krivoi Most
1610 158 400 0.67 0.031

2
Àõûíäæà÷àé – ñ. Àéãåäçîð 
Ahyndzhachai – v. Aigedzor

403 75 100 0.42 0.05

3
Àõûíäæà÷àé – ñ. Àãäàì
Ahyndzhachai – v. Agdam

493 68.7 5.7 0.33 0.75

4
Àñðèê÷àé – ñ. Àñðèêäæèðäàõàí

Asrikchai – v. Asrikdzhirdahan
114 85.5 23 0.71 0.44

5
Òîâóç÷àé – ïãò. Áåðä
Tovuzchai – v. Berd

102 110 160 0.66 0.05

6
Ãàñàíñó – ñ. Öàõêàáàí
Gasansu – v.Tsahkaban

169  40.1 80 0.96 0.05

7
Ãÿíäæà÷àé – ñ. Àëàõàí÷àëëû 
Gyandzhachai – v.Alahanchally

94.4 13.7 6.5 1.03 0.09

8
Ãÿíäæà÷àé – ñ. Çèâëàí

Gyandzhachai – v. Zivlan
112 21 6.2 1.03 0.19

9
Äàñòàôóð÷àé – ñ. Äàñòàôóð

Dastafurchai – v. Dastafur
68.4 28.6 47 1.12 0.05

10
Çèâëàí÷àé – ñ. Ñóãîâóøàí
Zivlanchai – v. Sugovushan

46.6 15.7 2.6 1.22 0.4

11
Ëåâ÷àé – ñ. Ãàìûøëû
Levchai – v. Gamyshly

363 121 240 1.7 0.16

12
Òóòãóí – áëèç óñòüÿ
Tutgun – near mouth

522 104 100 0.84 0.18

13
Òåðòåð – ñ. Âàãóàññêèé

Ìîñò Terter – s.Vaguasskii Most
1915 156 230 1.03 0.25

14
Òåðòåð – ñ. Ìàãàâóç
Terter – v. Magavuz

2160 455 670 1.03 0.25

15
Ãàðãàð÷àé – Ìîñò Àãàêåðïè 
Gargarchai –  Agakerpi Bridge

238 116 140 0.58 0.06

16
Êåíäåëàí÷àé – ïãò. Êðàñíûé Áàçàð 

Kendelanchai – v. Krasnyi Bazar
166 90 93 0.40 0.34

17
Ãóðó÷àé – ñ. Òóã

Guruchai – v. Tug
201 41.3 0.35 0.54 0.89

18
Àêåðà÷àé – ñ. Ëà÷ûí
Akerachai – v. Lachyn

1180 106 140 0.32 0.33

19
Àêåðà÷àé – ñ. Ãàðàäæàíëû
Akerachai – v. Garadzhanly

2310 81.8 540 0.72 0.25

20
Áàçàð÷àé – ñ. Àíãåõàêîò
Bazarchai – v. Angehakot

643 93 39 0.22 0.01

21
Áàçàð÷àé – ñ. Åéâàçëàð
Bazarchai – v. Eivazlar

2020 252 1300 0.28 0.04

22
Ãåõè – ñ. Ãåõè 
Gehi – v. Gehi

195 37.7 31 0.43 –

Òàáëèöà 1. Ìíîãîëåòíèé íàèáîëüøèé ðàñõîä âçâåøåííûõ íàíîñîâ è âîäû

Table 1. Long-term highest load of suspended alluvium and water
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ãðàôè÷åñêèõ óñëîâèé íà âåëè÷èíó ñåëåâûõ îáúåìîâ. 
Â êà÷åñòâå îñíîâíûõ ôàêòîðîâ, îïðåäåëÿþùèõ âåëè-
÷èíó ñåëåâûõ íàíîñîâ, ïðèíÿòû âåëè÷èíû íàèáîëü-
øèõ ðàñõîäîâ âîäû, êîýôôèöèåíò åñòåñòâåííîé çàðå-
ãóëèðîâàííîñòè ñòîêà ðåê, êîòîðûé íåïîñðåäñòâåííî 
ñâÿçàí ñ ãèäðîëîãè÷åñêèìè óñëîâèÿìè, à òàêæå çàëå-
ñåííîñòüþ âîäîñáîðà.

Âåëè÷èíû íàèáîëüøèõ ðàñõîäîâ âîäû çàâèñÿò îò 
êëèìàòè÷åñêèõ, ãåîëîãî-ãåîìîðôîëîãè÷åñêèõ óñëîâèé, 
ïî÷âåííî-ðàñòèòåëüíîãî ïîêðîâà, õîçÿéñòâåííîé äåÿ-
òåëüíîñòè ÷åëîâåêà è äðóãèõ ôàêòîðîâ. Äëÿ íàãëÿäíî-
ñòè ìû ñ÷èòàåì öåëåñîîáðàçíûì ïðåäñòàâèòü ãèäðîãðà-

ôè÷åñêóþ ñåòü è å¸ ãåîãðàôè÷åñêîå ðàñïîëîæåíèå íà 
èññëåäóåìîé òåððèòîðèè (ðèñ. 1).

Ñòîê âîäû ÿâëÿåòñÿ îäíèì èç ãëàâíûõ ôàêòîðîâ, 
âëèÿþùèõ íà ñåëåâûå íàíîñû. Îí õàðàêòåðèçóåò âî-
äîíîñíîñòü ðåê, îòîáðàæàÿ ñïîñîáíîñòü ïåðåíîñà ñå-
ëåâûõ íàíîñîâ. 

Â ëèòîëîãè÷åñêîì îòíîøåíèè èññëåäóåìàÿ òåððè-
òîðèÿ ñëîæåíà â îñíîâíîì âóëêàíîãåííî- è âóëêàíî-
ãåííî-îñàäî÷íûìè ïîðîäàìè ìåçîçîÿ è ÷åòâåðòè÷íîãî 
ïåðèîäà êàéíîçîÿ. Â ñâÿçè ñ ýòèì íà îãîëåííûõ ó÷àñò-
êàõ âîäîñáîðîâ èìååò ìåñòî ñèëüíàÿ òðåùèíîâàòîñòü è 
âîäîïðîíèöàåìîñòü ïîðîä. 

¹
ï/ï
No.

Ðåêà – ïóíêò / River – area

Êîìïëåêñû 
Complexes

Íàèáîëüøèé ðàñõîä
Greatest discharge Îòëè÷èå âû÷èñë. 

âåëè÷èí îò ôàêòè÷.
 %

Deviation of value
from factors

Qmaxf /Y Qmaxf

Rmax ôàêò.
òûñ. ò

Fact
thousand t

Rmax ðàñ÷.
òûñ. ò

Calculated 
thousand t

1
Àãñòàôà÷àé – Êðèâîé Ìîñò 
Agstafachai – Krivoi Bridge 

3415 400    1 380 –5

2
Ãàñàíñó – Öàõêàáàí 
Gasansu – Tsahkaban

770 80      1 100 +25

3
Òîâóç÷àé – ïãò. Áåðä 
Tovuzchai – ì. Berd

1452 160    1 180 +12

4
Àõûíäæà÷àé – ñ. Àéãåäçîð
Ahyndzhachai – ì. Aigedzor

630  100    1 85 –15

5
Àõûíäæà÷àé – ñ. Àãäàì 
Ahyndzhachai – v. Agdam

30 5.7     1 5.8 +1

6
Àñðèê÷àé – ñ. Àñðèêäæûðäàõàí

Asrikchai – v. Asrikdzhyrdahan
138  23     1 22 –4

7
Ãÿíäæà÷àé – ñ. Çèâëàí 

Gyandzhachai – v. Zivlan
114 6.2     2 6.0 –4

8
Ãÿäæà÷àé – ñ. Àëàõàí÷àëëû

Gyadzhachai – v. Alahanchally
157  6.5     2 8.5 +30

9
Çèâëàí÷àé – ñ. Ñóãîâóøàí 
Zivlanchai – v. Sugovushan

48    2.6     2 2.3 –12

10
Äàñòàôóð÷àé – ñ. Äàñòàôóð

Dastafurchai – v. Dastafur
641 47      2 41 –13

11
Òåðòåð÷àé – Âàãóàññêèé ìîñò
Terterchai – Vaguasskii bridge

161 230    4 220 –4

12
Ëåâ÷àé – ñ. Ãàìûøëû 
Levchai – v. Gamyshly

206 240    4 280 +17

13
Òóòãóí – áëèç óñòüÿ 
Tutgun – near mouth

87.4 100    4 130 +30

14
Òåðòåð – Ìàãàâóç 
Terter – Magavuz

487 670    4 590 –12

15
Ãàðãàð÷àé – Àãàêåðïè 
Gargarchai – Agakerpi

67.3 140    4 100 –29

16
Êåíäåëàí÷àé – ïãò. Êðàñíûé Áàçàð 

Kendelanchai – v. Krasnyi Bazar
10.6 93      3 100 +7.5

17
Ãóðó÷àé – ñ. Òóã 

Guruchai – v. Tug
2.5 35      3 30 –14

18
Áàçàð÷àé – ñ. Àíãåõàêîò 
Bazarchai – v. Angehakot

20.46 39      5 49 –14

19
Áàçàð÷àé – ñ. Ýéâàçëàð 
Bazarchai – v. Eivazlar

70.6 1300  5  960 +23

20
Àêåðà÷àé – ã. Ëà÷ûí 
Akerachai – c. Lachyn

33.9 140    5 170 –12

21
Àêåðà÷àé – ñ. Ãàðàäæàíëû 
Akerachai – v. Garadzhanly

58.9 540    5 620 –17

22
Ãåõè – ñ. Ãåõè 
Gehi – v. Gehi

16.2 31     5 28 –10

Òàáëèöà 2. Õàðàêòåðèñòèêè íàèáîëüøèõ ðàñõîäîâ âçâåøåííûõ íàíîñîâ

Table 2. Characteristics of the highest expenditure of suspended alluvium
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Êîýôôèöèåíò òðåùèíîâàòîñòè è ïóñòîòíîñòè â ýô-
ôóçèâíûõ ïîðîäàõ ñîñòàâëÿåò 0.5–2 %. Ñ ó÷åòîì ýòîãî 
äëÿ èññëåäóåìîé òåððèòîðèè äîëÿ ïîäçåìíîãî ñòîêà äî-
ñòèãàåò 50 % è áîëåå. Â ýòîì ìîæíî óáåäèòüñÿ íà ïðè-
ìåðå ðð. Çàáóõ÷àé (88 %), Àêåðà (70 %), Òåðòåð (63 %), 
Ãî÷àññó (63 %), Áàçàð÷àé (50 %) è äð.

Ñîáðàííûå â òàáëèöå 1 ìàòåðèàëû ïðîëèâàþò ñâåò 
íà ãåîãðàôè÷åñêîå ðàñïðîñòðàíåíèå ñåëåé, ìîðôîìå-
òðè÷åñêèå õàðàêòåðèñòèêè âîäîñáîðîâ, à òàêæå ãèäðî-
ëîãè÷åñêèé ðåæèì è êîëè÷åñòâåííûå õàðàêòåðèñòèêè 
ñåëåâûõ ðàñõîäîâ, èìåþùèõ ìåñòî â ýòîì ìàëîèçó÷åí-
íîì ðàéîíå Ìàëîãî Êàâêàça.

Äëÿ îïðåäåëåíèÿ êîýôôèöèåíòà åñòåñòâåííîé çà-
ðåãóëèðîâàííîñòè ñòîêà ðåê áûëè èñïîëüçîâàíû äàí-
íûå ìîíîãðàôèè [18]. 

Íåîáõîäèìî îòìåòèòü, ÷òî ÷åì áîëüøå åñòåñòâåí-
íàÿ çàðåãóëèðîâàííîñòü ñòîêà ðåê, òåì ìåíüøå âåëè-
÷èíà ñåëåâûõ íàíîñîâ.

Äëÿ ïðàêòè÷åñêîãî ðåøåíèÿ ïîñòàâëåííîé çàäà-
÷è íàìè ïðîàíàëèçèðîâàíà ñâÿçü íàèáîëüøåãî ðàñõî-
äà âçâåøåííûõ íàíîñîâ ñ ïðèâåäåííûìè âûøå ïàðàìå-
òðàìè (ðèñ. 2). Àíàëèç ñâÿçè ïîêàçûâàåò, ÷òî âåëè÷èíà 
ñåëåâûõ íàíîñîâ âîçðàñòàåò ñ óâåëè÷åíèåì íàèáîëüøå-
ãî ðàñõîäà âîäû, êîýôôèöèåíòà åñòåñòâåííîé çàðåãó-
ëèðîâàííîñòè ñòîêà ðåê è ñîîòíîøåíèÿ ëåñíûõ ïëî-
ùàäåé ê ïëîùàäè ðå÷íîãî áàññåéíà. Îáùèé âèä óðàâ-
íåíèÿ ïðåäñòàâëåí â ôîðìóëå (1):
 Rmax = f (Qmaxf / Y), (1)
ãäå Rmax — ðàñõîä ñåëåâûõ íàíîñîâ, êã/ñ; Qmax — íàè-
áîëüøèé ðàñõîä âîäû, ì3/ñ; f — îòíîøåíèå ïîäçåì-
íîãî ñòîêà ê ïîâåðõíîñòíîìó (ò. å. êîýôôèöèåíò åñòå-
ñòâåííîé çàðåãóëèðîâàííîñòè ñòîêà ðåê); Y — ñîîòíî-
øåíèå ïëîùàäè ëåñîâ ê ïëîùàäè âîäîñáîðîâ (ò. å. êî-
ýôôèöèåíò óìåíüøåíèÿ ñòîêà íàíîñîâ).

Çíà÷èòåëüíàÿ äèôôåðåíöèàöèÿ ôèçèêî-ãåîãðàôè-
÷åñêèõ óñëîâèé, ýêñïîçèöèè ñêëîíîâ õðåáòîâ Ìàëîãî 
Êàâêàçà, âåñüìà ñïåöèôè÷åñêèå ãåîëîãî-ãåîìîðôî-
ëîãè÷åñêèå óñëîâèÿ, à òàêæå êîýôôèöèåíò íàðóøå-
íèÿ ñåëè ðå÷íûõ âîäîñáîðîâ (0.04–0.16) äëÿ îòäåëüíûõ 
ãðóïï ðå÷íûõ áàññåéíîâ îïðåäåëèëè öåëåñîîáðàçíîñòü 
ïðåäñòàâëåíèÿ âûøåóêàçàííîé çàâèñèìîñòè â âèäå òðåõ 
ãðóïï ðåê (ðèñ. 2) 

Ïðè ðàçðàáîòêå ìåòîäèêè ðàñ÷åòà íàèáîëüøèõ ðàñ-
õîäîâ âçâåøåííûõ íàíîñîâ ðåê ïîëó÷åíû íèæåñëåäó-
þùèå ôîðìóëû:
äëÿ Àãñòàôà÷àé-Òîâóç÷àé —
 Rmax= 0.2916(Qmaxf / Y)0.88, (2)
äëÿ áàññåéíà ð. Ãàíäæà÷àé —
 Rmax= 0.0296 (Qmaxf / Y)1.12, (3)
äëÿ ìåæäóðå÷üÿ Êåíäåëàí÷àé–Ãóðó÷àé —
 Rmax= 13.2(Qmaxf / Y) 0.88. (4)

Îäíàêî ëîêàëüíîñòü ãèäðîãåîëîãè÷åñêèõ óñëîâèé 
òåððèòîðèè, à òàêæå êîýôôèöèåíòû íàðóøåíèÿ ñåëè 
ðå÷íûõ âîäîñáîðîâ (0.41–0.16), â òîì ÷èñëå ìåæäóðå-
÷üÿ Òåðòåð÷àé – Ãàðãàð÷àé è Àêåðà÷àé – Ãåõè òðåáóþò 
ïðèâåäåíèÿ âûøåóêàçàííûõ ñâÿçåé äëÿ äàííûõ ãðóïï 
ðå÷íûõ áàññåéíîâ â ñëåäóþùèé îáùèé âèä (ðèñ. 3):
 Rmax = f (Qmaxf) (5)
äëÿ Òåðòåð÷àé–Ãàðãàð÷àé —
 Rmax = 2.5556(Qmaxf)0.88, (6)
äëÿ Àêåðà÷àé–Ãåõè —
 Rmax = 0.0228 (Qmaxf)2.51, (7)

 Ðåçóëüòàòû âû÷èñëåíèÿ ïî ïðåäëàãàåìûì ôîðìó-
ëàì ïðèâåäåíû â òàáëèöå 2. 

Àíàëèç òàáëèöû 2 ïîêàçûâàåò óäîâëåòâîðèòåëüíóþ 
ñõîäèìîñòü âû÷èñëåííûõ âåëè÷èí Rmax âû÷. ñ ôàêòè÷å-
ñêèìè äàííûìè Rmax ôàêò. Ñ ïîëó÷åííûìè ôîðìóëàìè 
ïîãðåøíîñòü ðàñ÷åòà êîëåáëåòñÿ îò 1 äî 30 % è â îñíîâ-
íîì íå ïðåâûøàåò ± 25 % .

Íà îñíîâàíèè âûøåèçëîæåííîãî ðåêîìåíäóåì èñ-
ïîëüçîâàòü ïðåäëàãàåìûå ôîðìóëû äëÿ ðàñ÷åòà âåëè-
÷èíû íàèáîëüøèõ ðàñõîäîâ âçâåøåííûõ íàíîñîâ ñå-
ëåé íåèçó÷åííûõ ðåê äàííîé òåððèòîðèè. 

Äëÿ âñåõ ñåëåâûõ áàññåéíîâ ñðåäíÿÿ ñêîðîñòü èí-
òåíñèâíîñòè ñìûâà ñîñòàâëÿåò 3.04 ìì/ñ. Ñîîòâåò-
ñòâåííî, ñðåäíèé îáúåì îäíîé ñåëè çà 5 ÷àñîâ ñîñòàâ-
ëÿåò 3 583 565 òîíí. Ïî ñðàâíåíèþ ñ äåíóäàöèîííûì 
ñíîñîì ñ Ìàëîãî Êàâêàçà óêàçàííàÿ âåëè÷èíà â 1.18 
ðàçà áîëüøå. 

Àíàëîãè÷íûé ïîêàçàòåëü äëÿ ãîð Ñðåäíåé Àçèè 
[19] — 0.26 ìì/ãîä, äëÿ Êàâêàçà [4] — 0.20 ìì/ãîä, äëÿ 
Áîëüøîãî Êàâêàçà (â ïðåäåëàõ Àçåðáàéäæàíà) [2] — 
0.50 ìì/ãîä. Ñêîðîñòü èíòåíñèâíîñòè ñìûâà ñ ïîâåðõ-
íîñòè ñåëåâûõ âîäîñáîðîâ èññëåäóåìîé òåððèòîðèè ïðå-
âûøàåò òàêîâóþ, íàïðèìåð, äëÿ Ãèìàëàåâ â 3 ðàçà, äëÿ 
ãîð Ñðåäíåé Àçèè — â 11.6 ðàçà, äëÿ Êàâêàçà — â 15, â 
òîì ÷èñëå àçåðáàéäæàíñêîé ÷àñòè Áîëüøîãî Êàâêàçà — 
â 6 ðàç.

Ðèñ. 2. Êðèâûå ñâÿçè Rmax. = f (Qmax f / Y): 1 — ìåæäóðå-

÷üå Àãñòà ôà÷àé – Òîâóç÷àé; 2 — áàññåéí ð. Ãÿíäæà÷àé; 3 —

ìåæäóðå÷üå Êåíäåëàí÷àé – Ãóðó÷àé;

Fig. 2. Rmax connection curves = f (Qmax f / Y): 1 — Akstafachay – 

Tovuzchay interfluve; 2 — Ganjachai river basins; 3 — Kende-

lanchai – Guruchai Interfluve

Ðèñ. 3. Êðèâûå ñâÿçè Rmax = f (Qmax. f): 1 — äëÿ ãðóïïû ðåê 

Òåðòåð÷àé – Ãàðãàð÷àé; 2 — äëÿ ãðóïïû ðåê Àêåðà÷àé – Ãåõè

Fig. 3. Coupling curves Rmax = f (Qmax. f): 1 — for the Terterchay –

Gargarchay river group; 2 — for the group of rivers Akarachay –

Gekhi
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Íàðÿäó ñ ýòèì èç ñåëåâûõ áàññåéíîâ èññëåäóåìîé 
òåððèòîðèè äåíóäàöèîííûé ìåòð â ñðåäíåì ñîñòàâëÿ-
åò 1122 ëåò.

Èçó÷åíèå ñîâðåìåííûõ ñåëåâûõ ïðîöåññîâ ïîçâî-
ëÿåò ñäåëàòü âûâîä î òîì, ÷òî ñåëè â ôîðìèðîâàíèè ñî-
âðåìåííîãî ðåëüåôà Ìàëîãî Êàâêàçà èãðàþò âàæíóþ 
ðîëü. Èçâåñòíû ðàáîòû ïî èçó÷åíèþ ñòèõèéíûõ áåä-
ñòâèé â ãîðàõ è èõ âëèÿíèå íà ñîöèàëüíî-ýêîíîìè÷å-
ñêîå ðàçâèòèå [8], ïëîñêîñòíîé ýðîçèè êàê ôàêòîðà ãåî-
ìîðôîëîãè÷åñêîãî ðèñêà â áàññåéíàõ ðåê [6], ðîëè ðàç-
ëè÷íûõ äåíóäàöèîííûõ ïðîöåññîâ â ðàçâèòèè ñêëîíîâ 
[1], ñðàâíèòåëüíîé îöåíêè òåìïà ñîâðåìåííîé äåíóäà-
öèè [10], îöåíêè ñîâðåìåííîãî äåíóäàöèîííîãî ñíè-
æåíèÿ ãîð ïî äàííûì î ñòîêå âçâåøåííûõ íàíîñîâ ðåê 
[17], ñîîòíîøåíèÿ ñêîðîñòåé ñîâðåìåííîé äåíóäàöèè 
è òåêòîíè÷åñêèõ ïîäíÿòèé ýïèãåîñèíêëèíàëüíûõ ãîð 
[16], à òàêæå âëèÿíèÿ àíòðîïîãåííîé äåÿòåëüíîñòè íà 
èíòåíñèâíîñòü ýêçîãåííûõ ïðîöåññîâ è äð.

Âûâîäû

Ïðåäëàãàåìàÿ ìåòîäèêà ðàñ÷åòà íàèáîëåå ïîëíî îò-
ðàæàåò óñëîâèÿ ôîðìèðîâàíèÿ ñåëåâûõ ðàñõîäîâ íàíî-
ñîâ. Íîâûìè ìåòîäàìè ðàñ÷åòà àâòîðû äîáèëèñü ñíè-
æåíèÿ ïîãðåøíîñòè íàèáîëüøèõ ðàñõîäîâ âçâåøåííûõ 
íàíîñîâ. Ïîýòîìó ðåêîìåíäóåìûå ôîðìóëû ìîãóò áûòü 
èñïîëüçîâàíû äëÿ ðàñ÷åòà ðàñõîäà ãðÿçåâûõ ñåëåé íå-
èçó÷åííûõ ðåê Ìàëîãî Êàâêàçà. 

Äëÿ ãðÿçåâûõ ñåëåé åñòåñòâåííàÿ çàðåãóëèðîâàí-
íîñòü ñòîêà ðåê, à òàêæå îòíîøåíèå ïëîùàäè ëåñîâ ê 
ïëîùàäè âîäîñáîðîâ ÿâëÿþòñÿ âåñüìà âàæíûìè ïàðà-
ìåòðàìè âîäîñáîðîâ ðåê, ôîðìèðóþùèõ ñåëåâûå ïîòî-
êè èññëåäóåìîé òåððèòîðèè. Ðåçóëüòàòû ðàñ÷åòà ãðÿçå-
âûõ ñåëåé ïî ðàçðàáîòàííîé ìåòîäèêå ñîîòâåòñòâóþò 
ôàêòè÷åñêèì âåëè÷èíàì ñåëåé íàòóðíûõ íàáëþäåíèé. 
Ïîëó÷åííûå âûâîäû è çàêîíîìåðíîñòè ÿâëÿþòñÿ íàè-
áîëåå ïðèåìëåìûìè äëÿ âñåõ èññëåäóåìûõ ðåê.

Ïðåäëîæåííàÿ ìåòîäèêà ðàñ÷åòà ðàñõîäà ãðÿçå-
âûõ ñåëåé ìîæåò èñïîëüçîâàòüñÿ ïðè ñîçäàíèè ïðîòè-
âîñåëåâûõ ñîîðóæåíèé, íåîáõîäèìûõ äëÿ ðåãóëèðîâà-
íèÿ ñåëåâûõ ïîòîêîâ. 
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Ââåäåíèå

Ñòðóêòóðà è òåêñòóðà — àòðèáóòû ëþáîé ãîðíîé ïî-

ðîäû, ñîäåðæàùèå ðàçíîðîäíóþ èíôîðìàöèþ î åå ãå-

íåçèñå. Ïåòðîãðàôè÷åñêèå ñëîâàðè îïðåäåëÿþò èõ êàê 

ñîâîêóïíûå õàðàêòåðèñòèêè ôîðì (ïàíèäèî-, ãèïè-

äèî- è êñåíîìîðôíî-çåðíèñòûå ñòðóêòóðû), àáñîëþò-

íûõ è îòíîñèòåëüíûõ ðàçìåðîâ (òîíêî-, ìåëêî-, ñðåä-

íå- è êðóïíî-, ðàâíîìåðíî- è íåðàâíîìåðíî-çåðíèñòûå, 

ïîðôèðîâèäíûå è ïîðôèðîâûå ñòðóêòóðû) ñëàãàþùèõ 

ãîðíóþ ïîðîäó ìèíåðàëüíûõ çåðåí, à òàêæå ïðîñòðàí-

ñòâåííûõ îòíîøåíèé èõ ñàìèõ (ïîéêèëèòîâàÿ ñòðóêòó-

ðà) è àãðåãàòîâ (ìàññèâíàÿ, øëèðîâàÿ, ïîëîñ÷àòàÿ òåê-

ñòóðû) [5]. Îòäàâàÿ äîëæíîå ïîêîëåíèÿì ïåòðîãðàôîâ, 

îïèñàâøèõ ñîòíè ñòðóêòóð è òåêñòóð, çàìåòèì, ÷òî îíè 

íå óêëàäûâàþòñÿ â ìàòåìàòè÷åñêóþ ñèñòåìó íå ñòîëü-

êî èç-çà ðàçíîîáðàçèÿ, ñêîëüêî èç-çà íàìåðåíèÿ âìå-

ñòèòü â îäíó õàðàêòåðèñòèêó íåñêîëüêî ðàçíîðîäíûõ 

èçìåðèìûõ ïàðàìåòðîâ è äàæå  ãåíåòè÷åñêèå (!) ïðåä-

ñòàâëåíèÿ. Òèïè÷íûé ïðèìåð — ëåïèäîãðàíîáëàñòî-

âàÿ ñòðóêòóðà, óêàçûâàþùàÿ íà ÷åøóéêè ñëþäû, èçî-

ìåòðè÷íûå çåðíà êâàðöà è áëàñòåç ãîðíîé ïîðîäû. Ìû 

âèäèì â ýòîì íåäîñòàòîê ñåãîäíÿøíåé ïåòðîãðàôè÷å-

ñêîé íîìåíêëàòóðû. (Ìîæíî ëè ïðåäñòàâèòü íîìåí-

êëàòóðó òî÷å÷íûõ èëè ïðîñòðàíñòâåííûõ ãðóïï ñèì-

ìåòðèè, â êîòîðóþ âõîäèëè áû óòâåðæäåíèÿ î ãåíåçè-

ñå èçìåðÿåìûõ êðèñòàëëîâ?) Òåì íå ìåíåå ïîä÷åðêíåì, 

÷òî äàëüíåéøèå ïîäõîäû ïðåäëàãàþòñÿ â äîïîëíåíèå, 

à íå âìåñòî ñóùåñòâóþùèõ.

Ïðèíöèïû ìîäåëèðîâàíèÿ

Âñÿêàÿ ìîäåëü ïðåäñòàâëÿåò îáúåêò ëèøü â òåõ 

àñïåêòàõ, êîòîðûå ïîëàãàþòñÿ âñåîáùèìè è ïðèíöè-

ïèàëüíûìè. Âñå áîëåå ïîëíîå îïèñàíèå äîñòèãàåòñÿ ïî-

øàãîâûì äîáàâëåíèåì â ìîäåëü áîëåå ÷àñòíûõ àñïåê-

òîâ. Â ýòîì èññëåäîâàíèè ìû ðóêîâîäñòâîâàëèñü ñëå-

äóþùèìè ïðèíöèïàìè.

Íîìåíêëàòóðà ïåòðîãðàôè÷åñêèõ ñòðóêòóð è òåê-

ñòóð ñëîæèëàñü ïðè èõ íàáëþäåíèè â 2D-ïîâåðõíîñòÿõ: 

îáíàæåíèÿõ, øòóôàõ, øëèôàõ ïîä ìèêðîñêîïîì. 

Ìîäåëèðîâàíèå â 3D ïðèâåëî áû ê ñëîæíîé ïðîáëå-
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ìå ñòåðåîëîãè÷åñêîé ðåêîíñòðóêöèè, òî åñòü ðàñïîç-
íàâàíèþ â ñå÷åíèÿõ. Ïîýòîìó ìîäåëèðîâàíèå âûïîë-
íÿëîñü ñðàçó â 2D.

Ãîðíàÿ ïîðîäà — ñèñòåìíûé îáúåêò ñ îïðåäåëåí-
íûìè ýëåìåíòàìè (ìèíåðàëüíûìè çåðíàìè ðàçëè÷íûõ 
âèäîâ) è ïðîñòðàíñòâåííûìè îòíîøåíèÿìè (êîíòàê-
òèðîâàíèÿ/íåêîíòàêòèðîâàíèÿ). Ñëîæíîñòü ñèñòåìû 
áîëåå çàâèñèò îò ñïåöèôèêè îòíîøåíèé, ÷åì îò ðàç-
íîîáðàçèÿ ýëåìåíòîâ (õîòÿ ÿñíî, ÷òî îòíîøåíèé áåç 
ýëåìåíòîâ íå áûâàåò). Â ýòîì èññëåäîâàíèè ìû èçáå-
ãàåì îïèñàíèÿ ýëåìåíòîâ (ôîðì è ðàçìåðîâ ìèíåðàëü-
íûõ çåðåí) è äåëàåì àêöåíò íà îïèñàíèè èõ îòíîøåíèé 
êîíòàêòèðîâàíèÿ.

Äèàãíîñòèêà ìèíåðàëüíûõ âèäîâ è õàðàêòåðèñòèêà 
ôîðì è ðàçìåðîâ ìèíåðàëüíûõ èíäèâèäîâ — ìèíåðà-
ëîãè÷åñêèé, à íå ïåòðîãðàôè÷åñêèé óðîâåíü èññëåäî-
âàíèÿ. Ïîñëåäíèé ñîñòîèò â óçíàâàíèè ãîðíîé ïîðîäû 
ïî åå ìîäàëüíîìó ñîñòàâó (èç êîòîðîãî ñëåäóåò õèìè-
÷åñêèé ñîñòàâ, à åñëè íå ñëåäóåò, òî ïîòîìó, ÷òî ñîñòà-
âû ìèíåðàëîâ âàðüèðóþò â øèðîêèõ ïðåäåëàõ) è òèïó 
îðãàíèçàöèè (ñòðóêòóðå è òåêñòóðå), ÷òî â îáîèõ àñïåê-
òàõ ïîäðàçóìåâàåò ñòàòèñòè÷åñêèé ïîäõîä.

Ñòàòèñòè÷åñêèé ïîäõîä ñîäåðæèòñÿ è â òðàäèöè-
îííîì îïèñàíèè ãîðíîé ïîðîäû, âåäü ìû âñåãäà îò-
áèðàåì «ïðåäñòàâèòåëüíûé» øòóô, â êîòîðîì äîñòè-
ãàåòñÿ åå óçíàâàåìûé îáëèê. Â ýòîì èññëåäîâàíèè äëÿ 
õàðàêòåðèñòèêè ïðîñòðàíñòâåííûõ îòíîøåíèé ìèíå-
ðàëüíûõ çåðåí ìû èñïîëüçóþåì âåðîÿòíîñòè áèíàð-
íûõ êîíòàêòîâ. Ìîäåëèðîâàíèå âûïîëíåíî äëÿ áèìè-
íåðàëüíîé ãîðíîé ïîðîäû. Â ýòîì ïðîñòåéøåì ñëó-
÷àå âåðîÿòíîñòè êîíòàêòîâ è ðàñ÷åòíûå òðåíäû ìîæ-
íî èçîáðàçèòü â áàðèöåíòðè÷åñêîé äèàãðàììå {pii, pjj, 
pij}. Âîçìîæíîñòè ìîäåëèðîâàíèÿ ïîëèìèíåðàëüíûõ 
ñòðóêòóð îáñóæäåíû îòäåëüíî.

Ïðèíöèïèàëüíî âàæíàÿ ÷åðòà îðãàíèçàöèè ãîðíûõ 
ïîðîä (à òàêæå ìåòàëëîâ è ñïëàâîâ) ñîñòîèò â òîì, ÷òî 4 
çåðíà êîíòàêòèðóþò â òî÷êå, 3 — ïî ëèíåéíîìó ðåáðó, 
2 — ïî íåêîòîðîé ïîâåðõíîñòè [1; 6, ñ. 34–35]. Â ñëó-
÷àéíîå ñå÷åíèå ïåðâûå íå ïîïàäàþò, âòîðûå âûãëÿäÿò 
êàê òðîéíûå êîíòàêòû â òî÷êå, ïîñëåäíèå — êàê áè-
íàðíûå êîíòàêòû âäîëü ëèíèè (ðèñ. 1). Íî äëÿ ëþáîãî 
ïëàíàðíîãî ãðàôà âûïîëíÿåòñÿ ñîîòíîøåíèå Ýéëåðà: 
n — e + v = 1, ãäå n — ÷èñëî êëåòîê, e — ðåáåð, v — âåð-
øèí. Â íàøåì ñëó÷àå (ïðåäñòàâëÿÿ ãðàô áåç êðàÿ — òàê 
ìûñëèòñÿ è êðèñòàëëè÷åñêàÿ ðåøåòêà) 3v = 2e. Òîãäà
e = 3n — 3 » 3n ïðè n ® ¥. Ñðåäíÿÿ êîîðäèíàöèÿ êëåò-
êè: 2e / n = 6 – 6/n ® 6 ïðè n ® ¥. 

Ïîýòîìó ñòàòèñòè÷åñêîå ìîäåëèðîâàíèå ïåòðîãðà-
ôè÷åñêèõ ñòðóêòóð âîçìîæíî íà ãåêñàãîíàëüíîé ñåòêå 
(ðèñ. 1). Íà ïåðâûé âçãëÿä, ýòî ïðîòèâîðå÷èò ñêàçàí-

íîìó âûøå îá èãíîðèðîâàíèè ôîðì ìèíåðàëüíûõ çå-
ðåí. Íî äëÿ äàëüíåéøåãî âàæíû íå ãåêñàãîíû (èõ ìîæ-
íî çàìåíèòü òî÷êàìè â öåíòðàõ), à óñðåäíåííûå õàðàê-
òåðèñòèêè ñåòêè: îáùåå ÷èñëî áèíàðíûõ êîíòàêòîâ 3n 
è ñðåäíÿÿ êîîðäèíàöèÿ êëåòêè 6. Èñòîðè÷åñêàÿ àíà-
ëîãèÿ — ïåðåõîä Î. Áðàâå îò ôîðì «ïîëèýäðè÷åñêèõ 
ìîëåêóë» Ð.-Æ. Ãàþè ê ðàçìåùåíèþ â ïðîñòðàíñòâå èõ 
öåíòðîâ, ÷òî ïðèâåëî ê îòêðûòèþ 14 òèïîâ ðåøåòîê. 
Óäèâèòåëüíî, ÷òî ïðàâèëüíîå êðèñòàëëîãðàôè÷åñêîå 
ðàçáèåíèå ïëîñêîñòè íà ãåêñàãîíû ïðîÿâèëîñü «â ñðåä-
íåì» â íåïðàâèëüíîì ðèñóíêå ìåæçåðíîâûõ ãðàíèö â 
ñå÷åíèè ãîðíîé ïîðîäû.

Âêðàïëåííûå ñòðóêòóðû,
ìàññèâíûå òåêñòóðû

Ïóñòü n — îáùåå ÷èñëî ìèíåðàëüíûõ çåðåí, òîã-
äà 3n — îáùåå ÷èñëî áèíàðíûõ êîíòàêòîâ â ñòðóêòóðå. 
Ïóñòü kn — ÷èñëî ÷åðíûõ çåðåí, ðàññåÿííûõ â áåëîé 
ìàòðèöå, çäåñü è äàëåå 0 < k < 1 (îöåíêà òî÷íîé âåðõ-
íåé ãðàíèöû äëÿ k âñÿêèé ðàç ñîñòàâëÿåò çàäà÷ó). Òîãäà 
÷èñëà ðàçëè÷íûõ áèíàðíûõ êîíòàêòîâ ðàâíû: N÷÷ = 0, 
N÷á = 6kn, Náá = 3n – 6kn. Äåëåíèåì íà 3n íàéäåì ñîîò-
âåòñòâóþùèå âåðîÿòíîñòè: p÷÷ = 0, p÷á = 2k, páá = 1 – 2k. 
Ïðåäïîëîæèòåëüíî, ìàêñèìàëüíàÿ êîíöåíòðàöèÿ ÷åð-
íûõ çåðåí äîñòèãàåòñÿ äëÿ k = ¼ (ðèñ. 2). Ñåðèÿ âêðà-
ïëåííûõ ñòðóêòóð äëÿ 0 < k < ¼ îáðàçóåò îãðàíè÷åííûé 
íåïðåðûâíûé òðåíä íà ðåáðå (páá, p÷á) áàðèöåíòðè÷å-
ñêîé äèàãðàììû (ðèñ. 3). Ðàâíîìåðíîå ðàññåÿíèå ÷åð-
íûõ çåðåí ñðåäè áåëûõ ñîçäàåò ìàññèâíóþ òåêñòóðó.

Ïîéêèëèòîâûå ñòðóêòóðû

Ïóñòü n — îáùåå ÷èñëî îéêîêðèñòàëëîâ, m — õàäà-
êðèñòàëëîâ (ðèñ. 2). Îáùåå ÷èñëî êîíòàêòîâ: N÷÷ = 0, 
N÷á = m, Náá = 3n. Ñîîòâåòñòâóþùèå âåðîÿòíîñòè:
p÷÷ = 0, p÷á = m/(3n+m) = 1/(1+3n/m), páá = 3n/(3n+m) =
1/(1+m/3n). Åñëè õàäàêðèñòàëëîâ îòíîñèòåëüíî ìàëî, 
ò. å. m/3n ® 0, òî p÷á ® 0, páá ® 1. Åñëè õàäàêðèñòàëëîâ 
îòíîñèòåëüíî ìíîãî, ò. å. 3n/m ® 0, òî p÷á ® 1, páá ® 0. 
Òðåíä ïîéêèëèòîâûõ ñòðóêòóð çàíèìàåò âñå ðåáðî (páá, 
p÷á) áàðèöåíòðè÷åñêîé äèàãðàììû (ðèñ. 3).

Öåïî÷å÷íûå ñòðóêòóðû,
ïîëîñ÷àòûå òåêñòóðû

Ïóñòü n — îáùåå ÷èñëî ìèíåðàëüíûõ çåðåí, òîã-
äà 3n — îáùåå ÷èñëî áèíàðíûõ êîíòàêòîâ â ñòðóêòó-
ðå. Ïóñòü kn — ÷èñëî ÷åðíûõ çåðåí â öåïî÷êàõ. Òîãäà 
N÷÷ = kn, N÷á = 4kn, Náá = 3n – 5kn. Ñîîòâåòñòâóþùèå 

Ðèñ. 1. Ìåæçåðíîâûå ãðàíèöû â ïåòðîãðàôè÷åñêîì øëèôå è ãåêñàãîíàëüíàÿ ñåòêà

Fig. 1. Intergranular boundaries in a petrographic section and a hexagonal net
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âåðîÿòíîñòè: p÷÷ = k/3, p÷á = 4k/3, páá = 1 – 5k/3. 
Ïðåäïîëîæèòåëüíî, ìàêñèìàëüíàÿ êîíöåíòðàöèÿ ÷åð-
íûõ çåðåí äîñòèãàåòñÿ äëÿ k = ½ (ðèñ. 2). Ñåðèÿ öåïî-
÷å÷íûõ ñòðóêòóð äëÿ äèàïàçîíà 0 < k < ½ îáðàçóåò íåïðå-
ðûâíûé òðåíä (ðèñ. 3). Ïðåâðàùåíèåì öåïî÷åê â ÷åð-
íûå ïîëîñû è âàðüèðîâàíèåì (÷åðåç k) øèðèíû áåëûõ 
ïîëîñ ìåæäó íèìè ìîäåëèðóþòñÿ ïîëîñ÷àòûå òåêñòó-
ðû. Èõ òðåíäû ïîêðûâàþò óãîë áàðèöåíòðè÷åñêîé äè-
àãðàììû íèæå òðåíäà öåïî÷å÷íîé ñòðóêòóðû.

Ñòðóêòóðû ñ âåòâÿùèìèñÿ êëàñòåðàìè

Â ðàáîòå [2, ñ. 10–13] îïèñàíû ñòðóêòóðû ñ âåò-
âÿùèìèñÿ êëàñòåðàìè çåðåí êâàðöà â ïîëåâîøïàòî-
âîé ìàòðèöå. Âûïîëíèì ìîäåëèðîâàíèå äëÿ êëàñòå-
ðîâ èç 7 çåðåí (ðèñ. 2). Ïóñòü n — îáùåå ÷èñëî ìèíå-
ðàëüíûõ çåðåí â ñòðóêòóðå, òîãäà 3n — îáùåå ÷èñëî áè-
íàðíûõ êîíòàêòîâ. Ïóñòü kn — îáùåå ÷èñëî êâàðöåâûõ 
çåðåí â êëàñòåðàõ. Òîãäà ÷èñëî êëàñòåðîâ ðàâíî kn/7. 
×èñëî êîíòàêòîâ: N÷÷ = kn, N÷á = 4kn, Náá = 3n – 5kn. 
Ñîîòâåòñòâóþùèå âåðîÿòíîñòè: p÷÷ = k/3, p÷á = 4k/3, 
páá = 1 – 5k/3. Ðåçóëüòàò ñîâïàë ñ ïðåäûäóùèì, òàê êàê 
öåïî÷êè è âåòâÿùèåñÿ êëàñòåðû îòëè÷àþòñÿ ëèøü îä-
íèì çåðíîì — öåíòðîì âåòâëåíèÿ, ÷òî íå ñêàçàëîñü íà 
ñòàòèñòèêå êîíòàêòîâ.

Øëèðîâûå òåêñòóðû

Ïóñòü n — îáùåå ÷èñëî ìèíåðàëüíûõ çåðåí, òîã-
äà 3n — îáùåå ÷èñëî áèíàðíûõ êîíòàêòîâ â ñòðóêòó-
ðå. Ïóñòü kn — ÷èñëî çåðåí, ñîáðàííûõ â øëèðû ïî 7 

Ðèñ. 2. Ìîäåëè ñòðóêòóð è òåêñòóð: 1 — âêðàïëåííàÿ, 2 — ïîéêèëèòîâàÿ, 3 — öåïî÷å÷íàÿ, 4 — ñ âåòâÿùèìèñÿ êëàñòåðàìè, 5 — 

øëèðîâàÿ, 6 — ïîðôèðîâàÿ

Fig. 2. The models of the structures and textures: 1 — disseminated, 2 — poikilitic, 3 — chained, 4 — with brunching clusters, 5 — schlieren, 

6 — porphyric

Ðèñ. 3. Áàðèöåíòðè÷åñêàÿ äèàãðàììà âåðîÿòíîñòåé (pii, pjj, 

pij). Ñòðóêòóðû è òåêñòóðû: 1 — âêðàïëåííàÿ, 2 — öåïî÷å÷-

íàÿ, 3 — ïîðôèðîâûå (d — äèàìåòð ôåíîêðèñòà), 4 — øëèðî-

âûå (êîëè÷åñòâà çåðåí â øëèðàõ óêàçàíû ÷èñëàìè), 5 — ñ âåò-

âÿùèìèñÿ êëàñòåðàìè, 6 — ïîéêèëèòîâûå; 7 — ëèíèÿ ðàâíî-

âåñèÿ Õàðäè — Âàéíáåðãà

Fig. 3. Barycentric diagram of (pii, pjj, pij) probabilities. Structures 

and textures: 1 — disseminated, 2 — chained, 3 — porphyric (d — 

diameter of phenocryst), 4 — schlieren (quantities of grains in 

the schlierens are indicated by the numbers), 5 — with brunching 

clusters, 6 — poikilitic; 7 — the Hardy–Weinberg equilibrium line
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(ðèñ. 2). Òîãäà ÷èñëî øëèðîâ â ñòðóêòóðå kn/7, ÷èñ-
ëî êîíòàêòîâ: N÷÷ = 12kn/7, N÷á = 18kn/7, Náá = 3n 
– 30kn/7, ñîîòâåòñòâóþùèå âåðîÿòíîñòè: p÷÷ = 4k/7,
p÷á = 6k/7, páá = 1 – 10k/7. Òðåíäû øëèðîâûõ òåêñòóð 
äëÿ ðàçíûõ ðàçìåðîâ øëèðîâ è çíà÷åíèé k ïîêðûâàþò 
áàðèöåíòðè÷åñêóþ äèàãðàììó íèæå òðåíäà öåïî÷å÷-
íîé ñòðóêòóðû (ðèñ. 3).

Ïîðôèðîâèäíûå è ïîðôèðîâûå
ñòðóêòóðû

Ýòè ñòðóêòóðû óäîáíî ìîäåëèðîâàòü êàê ïðåäûäó-
ùèå, ó êîòîðûõ â øëèðàõ ñòåðòû ìåæçåðíîâûå ãðàíè-
öû. Õàðàêòåðèñòèêà ìîäåëüíûõ øëèðîâ äàíà â òàáëèöå. 
Çäåñü d — äèàìåòð øëèðà (äèàìåòð áåëîãî çåðíà ïðè-
íÿò çà 1), n(d) — ÷èñëî çåðåí â øëèðå (àïïðîêñèìèðóåò-
ñÿ âåëè÷èíîé pd2/4), v(d) = N÷÷ — ÷èñëî ãðàíèö â øëè-
ðå, p(d) = N÷á = 6d — ÷èñëî âíåøíèõ ãðàíèö øëèðà,
S = N÷÷ + N÷á /2 = 3n(d).

Ïóñòü n — îáùåå ÷èñëî ìèíåðàëüíûõ çåðåí, òîã-
äà 3n — îáùåå ÷èñëî áèíàðíûõ êîíòàêòîâ â ñòðóêòóðå. 
Ïóñòü kn — ÷èñëî çåðåí â øëèðàõ, òîãäà 3kn — ÷èñëà 
êîíòàêòîâ â kn/n(d)-øëèðàõ. Ñòèðàÿ âíóòðåííèå ãðà-
íèöû, ïðåâðàòèì øëèðû â ïîðôèðîâûå âêðàïëåííèêè. 
×èñëî îñòàâøèõñÿ êîíòàêòîâ: N÷÷ = 0, Náá = 3n — 3kn 
— knp(d) / 2n(d) = 3n(1–k) — 12kn / pd, N÷á = 2knp(d) 
/ 3n(d) = 16kn / pd. Äåëÿ íà èõ ñóììó, ïîëó÷èì âåðîÿò-
íîñòè: p÷÷ = 0, p÷á = 16k / [3pd(1–k) + 4k], páá = 1 — p÷á. 

Òðåíäû ïîðôèðîâèäíûõ è ïîðôèðîâûõ ñòðóêòóð â 
ñîâîêóïíîñòè ïîêðûâàþò ðåáðî (páá, p÷á) áàðèöåíòðè-
÷åñêîé äèàãðàììû (ðèñ. 3). Êàæäûé íà÷èíàåòñÿ âáëè-
çè âåðøèíû páá è ïðîñòèðàåòñÿ ê âåðøèíå p÷á òåì äà-
ëåå, ÷åì ìåíüøå äèàìåòð êëàñòåðà. Ïðè ôèêñèðîâàí-
íîì d ïðåäåëüíîå çíà÷åíèå k âû÷èñëÿåòñÿ èç óñëîâèÿ 
p÷á > 0 (ðèñ. 4). 

Îáñóæäåíèå è âûâîäû

Âûøå ïðåäëîæåíà áàðèöåíòðè÷åñêàÿ äèàãðàììà 
íîâîãî òèïà, ïîêàçûâàþùàÿ âåðîÿòíîñòè áèíàðíûõ 
ìåæçåðíîâûõ êîíòàêòîâ (â ïðîñòåéøåì ñëó÷àå áèìè-
íåðàëüíîé ãîðíîé ïîðîäû), ñóùåñòâóþùèõ âî âñåõ êðè-
ñòàëëè÷åñêèõ ãîðíûõ ïîðîäàõ è òåì ñàìûì âûðàæà-
þùèõ ôóíäàìåíòàëüíûå ïðîñòðàíñòâåííûå îòíîøå-
íèÿ ìåæäó ñëàãàþùèìè èõ ìèíåðàëüíûìè èíäèâèäà-
ìè. Ïðè çàäàííîì âèäå êëàñòåðà ìîäåëèðóþòñÿ ëþáûå 
ïåòðîãðàôè÷åñêèå ñòðóêòóðû è òåêñòóðû. Ïðè ýòîì èõ 
êàíîíè÷åñêèå òèïû çàêîíîìåðíî çàïîëíÿþò ïîëå äè-
àãðàììû òðåíäàìè, îïðåäåëÿåìûìè âèäîì êëàñòåðà è 
åãî êîíöåíòðàöèåé â ñòðóêòóðå. (Ëåâàÿ ÷àñòü äèàãðàì-
ìû íà ðèñ. 3 ñèììåòðè÷íî çàïîëíÿåòñÿ ñòðóêòóðàìè 
«áåëûå êëàñòåðû â ÷åðíîé ìàòðèöå».) Ôèãóðàòèâíûå 

d 3 5 7 9 11

n(d) 7 19 37 61 91

v(d) 12 42 90 156 240

p(d) 18 30 42 54 66

S 21 57 111 183 273

Õàðàêòåðèñòèêà ìîäåëüíûõ øëèðîâ

Characteristics of model shlierens

òî÷êè ðåàëüíûõ ïåòðîãðàôè÷åñêèõ ñòðóêòóð è òåêñòóð 
äîëæíû çàíèìàòü ïðîìåæóòî÷íûå ïîëîæåíèÿ ìåæäó 
ìîäåëüíûìè òðåíäàìè.

Îêîëî âåðøèíû ð÷á âíóòðè äèàãðàììû åñòü ïîëå, 
â êîòîðîå ìîäåëüíûå òðåíäû íå ïðîíèêàþò. Ýòî îçíà-
÷àåò, ÷òî íåâîçìîæíà ïåòðîãðàôè÷åñêàÿ ñòðóêòóðà áåç 
ìîíîìèíåðàëüíûõ êîíòàêòîâ (òèïà øàõìàòíîé äîñêè), 
îáðàçóåìûõ õîòÿ áû îäíèì ìèíåðàëîì (òàêîâû ìîäåëü-
íûå âêðàïëåííûå è ïîéêèëèòîâûå ñòðóêòóðû). Â ðåàëü-
íûõ ïåòðîãðàôè÷åñêèõ ñòðóêòóðàõ îáû÷íû ìîíîìèíå-
ðàëüíûå êîíòàêòû îáîèõ âèäîâ. Äëÿ ðàñ÷åòíûõ òðåíäîâ 
ìîãóò áûòü îöåíåíû ïðåäåëüíûå òî÷êè, âìåñòå îãðàíè-
÷èâàþùèå çàïðåùåííîå ïîëå.

Òðåíäû ðàçëè÷íûõ ñòðóêòóð (íàïðèìåð, öåïî÷å÷-
íîé è ñ âåòâÿùèìèñÿ êëàñòåðàìè) è ïîëÿ òåêñòóð (ïî-
ëîñ÷àòûõ è øëèðîâûõ) â ïîëå äèàãðàììû ïåðåêðûâà-
þòñÿ. Ñîâïàäåíèå ñòàòèñòèê áèíàðíûõ êîíòàêòîâ è, 
êàê ñëåäñòâèå, òåðìîäèíàìè÷åñêèõ õàðàêòåðèñòèê [3] 
ñåòè ìåæçåðíîâûõ ãðàíèö îáðàùàåò âíèìàíèå íà ôóí-
äàìåíòàëüíûé âîïðîñ: ïî÷åìó ãîðíàÿ ïîðîäà ñëåäóåò 
òîé èëè èíîé ñòðàòåãèè êðèñòàëëèçàöèè, ïðèâîäÿùåé 
ê òîé èëè èíîé ñòðóêòóðå?

Èíòåðåñåí âîïðîñ î ñîîòíîøåíèè ðàçëè÷íûõ 
ñòðóêòóð è òåêñòóð ñ ðàññìîòðåííûì ðàíåå [4] ðàâíîâå-
ñèåì Õàðäè – Âàéíáåðãà, âûðàæàþùèì ãîìîãåííîå ïå-
ðåìåøèâàíèå ìèíåðàëüíûõ èíäèâèäîâ â ãîðíîé ïîðîäå 
(ìàññèâíàÿ òåêñòóðà). Íà äèàãðàììå âèäíî, ÷òî òðåíäû 
âêðàïëåííûõ, ïîéêèëèòîâûõ è öåïî÷å÷íûõ ñòðóêòóð, 
íà÷èíàÿñü âáëèçè âåðøèíû ðáá äèàãðàììû, íà çíà÷è-
òåëüíîì ïðîòÿæåíèè ñëåäóþò âáëèçè ëèíèè ðàâíîâå-
ñèÿ. ßâíî îòêëîíÿþòñÿ îò íåå ÿðêî âûðàæåííûå ïîð-
ôèðîâûå, ïîéêèëèòîâûå è öåïî÷å÷íûå ñòðóêòóðû, à 
òàêæå ïîëîñ÷àòûå è øëèðîâûå òåêñòóðû.

Âîçìîæíî ëè ðàñøèðåíèå ìåòîäà íà ïîëèìèíå-
ðàëüíûå ñòðóêòóðû? Ïðèíöèïèàëüíûõ ïðåïÿòñòâèé ê 
ýòîìó íåò. Ïðîáëåìà ñîñòîèò â âèçóàëèçàöèè áàðèöåí-
òðè÷åñêèõ äèàãðàìì è ïîâåðõíîñòåé ðàâíîâåñèÿ Õàðäè 
— Âàéíáåðãà. Äàæå äëÿ òðåõìèíåðàëüíîé ãîðíîé ïîðî-
äû ýòî 2-ìåðíàÿ ïîâåðõíîñòü â 6-âåðøèííîì (5-ìåð-
íîì) ñèìïëåêñå. Â ýòîì ñëó÷àå áîëåå íàãëÿäíî ïîñëå-
äîâàòåëüíîå ðàññìîòðåíèå ïîëèìèíåðàëüíîé ñòðóêòó-
ðû â âèäå «ìèíåðàë — ìàòðèöà» äëÿ êàæäîãî èç ñëàãàþ-
ùèõ ãîðíóþ ïîðîäó ìèíåðàëîâ è ñðàâíåíèå ðåçóëüòàòîâ 
íà áàðèöåíòðè÷åñêîé äèàãðàììå. 

Ðèñ. 4. Ñîîòíîøåíèå d è k äëÿ ïîðôèðîâûõ ñòðóêòóð

Fig. 4. Relationship between d and k for porphyric structures
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Ðàñ÷åò âåðîÿòíîñòåé áèíàðíûõ ìåæçåðíîâûõ êîí-
òàêòîâ — ðóòèííàÿ ïðîöåäóðà äàæå äëÿ áèìèíåðàëüíîé 
ãîðíîé ïîðîäû. Ìû èçó÷àåì âîçìîæíîñòü ïðèìåíåíèÿ 
äëÿ ýòèõ öåëåé ëèíåéíîãî ìåòîäà Ðîçèâàëÿ â êîìïüþ-
òåðíîì âàðèàíòå è ñ ïðèìåíåíèåì îòå÷åñòâåííîãî àíà-
ëèçàòîðà ñòðóêòóðû ÌÈÓ-5.
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ÍÀÓ×ÍÎÅ ÍÀÑËÅÄÈÅ Þ. À. ÒÊÀ×ÅÂÀ • Yu. A. TKACHEV
,
S SCIENCE HERITAGE

Ïàìÿòè ó÷åíîãî • In memory of scientist (1935—2020) 

In his 86th year, a full member of the International 

Academy of Authors of Scientific Discoveries and 

Inventions, «Honorary Veteran of the Ural Branch of the 

Russian Academy of Sciences», Honored Scientist of the 

Komi Republic, Doctor of Geological and Mineralogical 

Sciences, Professor Yuri Andreevich Tkachev passed away. 

He was well known in Russia and abroad for his research 

and fundamental work in the field of geostatistics, math-

ematical modeling of geological processes and phenom-

ena, geological and economic assessment of mineral de-

posits, mining law.

Óøåë èç æèçíè Þðèé Àíäðååâè÷ Òêà÷åâ — äîê-
òîð ãåîëîãî-ìèíåðàëîãè÷åñêèõ íàóê, ïðîôåññîð, çà-
ñëóæåííûé äåÿòåëü íàóêè Ðåñïóáëèêè Êîìè, âûäàþ-
ùèéñÿ ó÷åíûé, øèðîêî èçâåñòíûé â Ðîññèè è çà ðóáå-
æîì èññëåäîâàíèÿìè è ôóíäàìåíòàëüíûìè ðàáîòàìè â 
îáëàñòè ãåîñòàòèñòèêè, ìàòåìàòè÷åñêîãî ìîäåëèðîâà-
íèÿ ãåîëîãè÷åñêèõ ïðîöåññîâ è ÿâëåíèé, ãåîëîãî-ýêî-
íîìè÷åñêîé îöåíêè ìåñòîðîæäåíèé ïîëåçíûõ èñêîïà-
åìûõ, ãîðíîãî ïðàâà.

Þ. À. Òêà÷åâ ðîäèëñÿ â 1935 ã., ýêñòåðíîì, ñ ñå-
ðåáðÿíîé ìåäàëüþ îêîí÷èë ñðåäíþþ øêîëó ¹ 1 
ã. Ôðóíçå. Â 1956 ã. çàêîí÷èë Ôðóíçåíñêèé ïîëèòåõ-
íè÷åñêèé èíñòèòóò è, ïîëó÷èâ äèïëîì ñ îòëè÷èåì ãîð-
íîãî èíæåíåðà-ãåîëîãà ïî ñïåöèàëüíîñòè «Ãåîëîãèÿ è 
ðàçâåäêà ìåñòîðîæäåíèé ïîëåçíûõ èñêîïàåìûõ», ïî-
ñòóïèë íà ðàáîòó â Èíñòèòóò ãåîëîãèè ÀÍ Êèðãèçñêîé 
ÑÑÐ íà äîëæíîñòü ìëàäøåãî íàó÷íîãî ñîòðóäíèêà â ëà-
áîðàòîðèþ ïî èçó÷åíèþ îðóäåíåíèÿ óðàíà, ãåðìàíèÿ 
è äðóãèõ ýëåìåíòîâ â óãëåíîñíûõ îòëîæåíèÿõ è àëëþ-
âèàëüíûõ òîðôÿíèêàõ. Â 1965 ã. çàùèòèë ïî ýòîé òåìå 
êàíäèäàòñêóþ äèññåðòàöèþ.

 Èñïîëüçóÿ ñòàòèñòè÷åñêèå ìåòîäû, Þ. À. Òêà÷åâ 
âïåðâûå ïîëó÷èë ôîðìóëó íàäåæíîé îáðàáîòêè ãåîëî-
ãè÷åñêèõ ïðîá ïðè ðàçâåäêå ìåñòîðîæäåíèé è îáîñíî-
âàë ðåøåíèå çàäà÷è íàäåæíîãî è ìàêñèìàëüíî ýêîíî-

ìè÷íîãî îïðîáîâàíèÿ (1960 ã.). Ñåé÷àñ ýòîò ìåòîä ðå-
êîìåíäóåòñÿ îðãàíàìè ãîñóäàðñòâåííîãî óïðàâëåíèÿ 
â ñôåðå íåäðîïîëüçîâàíèÿ äëÿ ïîâñåìåñòíîãî ïðàê-
òè÷åñêîãî ïðèìåíåíèÿ ïðè èññëåäîâàíèè ðóä è ïîä-
ñ÷åòå çàïàñîâ. Ñ 1965 ïî 1972 ãã. Þðèé Àíäðååâè÷ òðó-
äèëñÿ âî Âñåñîþçíîì íàó÷íî-èññëåäîâàòåëüñêîì èí-
ñòèòóòå ñèíòåçà ìèíåðàëüíîãî ñûðüÿ (ÂÍÈÈ ÑÈÌÑ, 
ã. Àëåêñàíäðîâ). Â ýòîò ïåðèîä îí ðàçðàáîòàë óíèêàëü-
íûé ìåòîä ïîäñ÷åòà çàïàñîâ ìèíåðàëüíîãî ñûðüÿ ñ ãíåç-
äîâûì ðàñïðåäåëåíèåì ïîëåçíîãî êîìïîíåíòà, êîòî-
ðûé  îêàçàëñÿ ðåâîëþöèîííûì â ãåîëîãî-ðàçâåäî÷íîé 
íàóêå è ïðàêòèêå. 

Â 1972 ã. Þ. À. Òêà÷åâ ïðèñòóïèë ê ðàáîòå â Èíñòè-
òóòå ãåîëîãèè Êîìè ÍÖ ÓðÎ ÐÀÍ, ñíà÷àëà â äîëæíî-
ñòè ñòàðøåãî, çàòåì âåäóùåãî è ãëàâíîãî íàó÷íîãî ñî-
òðóäíèêà, çàâåäóþùåãî ëàáîðàòîðèåé ìèíåðàëüíî-ñû-
ðüåâûõ ðåñóðñîâ  (1991—2007). Ôóíäàìåíòàëüíûì íàó÷-
íûì ðåçóëüòàòîì ýòîãî ïåðèîäà ñòàëî ðåøåíèå äàâíåé 
ïðîáëåìû âûáîðà ñðåäíåâçâåøåííîãî, èëè àðèôìå-
òè÷åñêîãî, ñïîñîáà ðàñ÷åòà ãåîëîãî-ðàçâåäî÷íûõ ïà-
ðàìåòðîâ ïðè ïîäñ÷åòå çàïàñîâ. Þ. À. Òêà÷åâ ðàçðàáî-
òàë íåîáõîäèìóþ äëÿ ýòîãî òåîðèþ è ïðåäëîæèë ìåòîä 
îöåíêè íåñìåùåííûõ ñðåäíèõ ïî òàê íàçûâàåìûì íå-
êîìïëåêòíûì äàííûì. Ýòî ïîçâîëèëî îïåðåòüñÿ ïðè 
ïîäñ÷åòå çàïàñîâ íà êîìïëåêñ ãåîëîãî-ãåîôèçè÷åñêèõ 
äàííûõ, â òîì ÷èñëå è íà âûðàáîòêè ñ íåïîëíûìè äàí-
íûìè. Êîìïüþòåðíûé âàðèàíò ìåòîäà áûë ïðèìåíåí 
íà ìíîãèõ çàëåæàõ íåôòè â Òèìàíî-Ïå÷îðñêîé ïðî-
âèíöèè è ñòàë îñíîâîé äîêòîðñêîé äèññåðòàöèè, çà-
ùèùåííîé â 1987 ã. âî ÂÍÈÃÐÈ (Ñàíêò-Ïåòåðáóðã), 
à âûïîëíåííûå ðàçðàáîòêè ñîñòàâèëè ïðîãðàììíûé 
êîìïëåêñ «ÇÀÏÀÑ».

Ïðîôåññîð Þ. À. Òêà÷åâ ÿâëÿåòñÿ îñíîâàòåëåì è 
ëèäåðîì îðèãèíàëüíîé íàó÷íîé øêîëû — ìàòåìàòè-
÷åñêèõ ìåòîäîâ  â ãåîëîãèè. Þðèé Àíäðååâè÷ ñäåëàë 
î÷åíü ìíîãî äëÿ âíåäðåíèÿ ìàòåìàòè÷åñêèõ ìåòîäîâ 
â ãåîëîãèþ. Ê åãî âûñîêèì äîñòèæåíèÿì îòíîñÿòñÿ: 
ïðèìåíåíèå ðàçëè÷íûõ ìåòîäîâ îáðàáîòêè ãåîõèìè-
÷åñêèõ äàííûõ (â ïåðâóþ î÷åðåäü ðåçóëüòàòîâ ïîëóêî-

Õðîíèêà, ñîáûòèÿ, ôàêòû • Chronicle, events, facts

Þ. À. Òêà÷åâ — çàâ. ëàáîðàòîðèåé ãåîèíôîðìàòèêè. 1978 ã.

Yu. A. Tkachev — Head of the Geoinformatics Laboratory. 1978
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ëè÷åñòâåííîãî ñïåêòðàëüíîãî àíàëèçà); ðåøåíèå ïðî-
áëåìû êîððåëÿöèè è ðåãðåññèè â çàìêíóòûõ ñèñòåìàõ 
ïðèìåíèòåëüíî ê ïåòðîãðàôè÷åñêèì è ìèíåðàëüíûì 
ñèñòåìàì, ðàçâèòèå òåîðèè ïàðàãåíåçèñà; ðàçðàáîòêà 

óíèâåðñàëüíîé ìåòîäèêè ïðåîáðàçîâàíèÿ çàêðûòûõ 
(ïðîöåíòíûõ) ÷èñëîâûõ ñèñòåì â ñîîòâåòñòâóþùèå èì 
îòêðûòûå, ïîçâîëÿþùåé ðåøàòü ïðîáëåìó ëîæíûõ êîð-
ðåëÿöèé â ãåîõèìèè, ïåòðîõèìèè, ìèíåðàëîãèè, ëèòî-
ëîãèè è äðóãèõ ðàçäåëàõ ãåîëîãè÷åñêèõ íàóê è îòðàñëÿõ, 
ãäå îáñóæäàþòñÿ ñîñòàâû, âûðàæåííûå â äîëÿõ (ïðî-
öåíòàõ); ôîðìàëèçàöèÿ ãåîëîãè÷åñêèõ ÿâëåíèé è îáú-
åêòîâ äëÿ ïîñëåäóþùåé îáðàáîòêè ìàøèííûìè ìåòî-
äàìè; ðàçðàáîòêà ìåòîäîâ ñåãìåíòíîãî àíàëèçà àëëþâèÿ 
ïðèìåíèòåëüíî ê ñåäèìåíòîëîãè÷åñêèì, ëèòîëîãè÷å-
ñêèì, àðõåîëîãè÷åñêèì çàäà÷àì, à òàêæå äëÿ ðåøåíèÿ 
âîïðîñîâ áåðåãîóêðåïëåíèÿ, ïðîìûøëåííîãî è ãðàæ-
äàíñêîãî ñòðîèòåëüñòâà. Ñåãîäíÿ ýòè ïîäõîäû ðàçâèëèñü 
â ìåòîäû ïðîãíîçíî-âåðîÿòíîñòíîãî ãåîëîãè÷åñêîãî 
ìîäåëèðîâàíèÿ ïîèñêîâ ìåñòîðîæäåíèé ïîëåçíûõ èñ-
êîïàåìûõ, íîâóþ êîíöåïöèþ ôîðìèðîâàíèÿ óãëåíîñ-
íûõ òîëù. Âíåäðåíèå ïðåäëîæåííîãî Þ. À. Òêà÷åâûì 
íîâîãî ïîäõîäà  ìàòåìàòè÷åñêîé îáðàáîòêè ðåçóëüòà-
òîâ âû÷èñëåíèé è ýêñïåðèìåíòîâ ïîçâîëèò âîññòàíàâ-
ëèâàòü èñõîäíûå îòêðûòûå ÷èñëîâûå ñèñòåìû äàííûõ.  

Þðèé Àíäðååâè÷ àêòèâíî ó÷àñòâîâàë â çàêîíîòâîð-
÷åñêîé äåÿòåëüíîñòè Ðåñïóáëèêè Êîìè è Ðîññèéñêîé 
Ôåäåðàöèè. Åãî çàêîíîïðîåêòû «Î íåäðàõ», «Î ñîá-
ñòâåííîñòè», ïîïðàâêè ê çàêîíàì «Îá ýêîëîãè÷åñêîé 
ýêñïåðòèçå», «Îá îõðàíå ïðèðîäû», «Î íàóêå è íàó÷íî-
òåõíè÷åñêîé ïîëèòèêå» ñûãðàëè âàæíóþ ðîëü â ñîçäà-
íèè ïðàâîâûõ îñíîâ ñîâðåìåííîãî ãîñóäàðñòâåííîãî 
óïðàâëåíèÿ. Åãî êíèãà «Ïëàòà çà íåäðà» ñòàëà îäíîé èç 
íàèáîëåå öèòèðóåìûõ ñðåäè ñïåöèàëèñòîâ. 

Þ. À. Òêà÷åâ ÿâëÿåòñÿ àâòîðîì áîëåå äâóõñîò ñå-
ìèäåñÿòè íàó÷íûõ ðàáîò, â ÷èñëå êîòîðûõ âîñåìü ìî-
íîãðàôèé, òðè èçîáðåòåíèÿ, êîìïüþòåðíûå ïðîãðàììû 
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íà ÿçûêå Òóðáî Ïàñêàëü — 7 äëÿ ñòàòèñòè÷åñêîé îáðà-
áîòêè äàííûõ, äåñÿòü íîâûõ ó÷åáíûõ êóðñîâ.

Çà ìíîãîëåòíèé ïëîäîòâîðíûé òðóä Þ. À. Òêà÷åâ 
íàãðàæäåí ìåäàëÿìè «Çà äîáëåñòíûé òðóä â îçíàìåíîâà-
íèå 100-ëåòèÿ ñî äíÿ ðîæäåíèÿ Â. È. Ëåíèíà», «Âåòåðàí 
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Þ. À. Òêà÷åâà «Îòêðûòûå è çàêðûòûå (ïðîöåíòíûå) 
÷èñëîâûå ñèñòåìû: ïðîáëåìà ëîæíîé êîððåëÿöèè», 
ïîñâÿù¸ííàÿ èññëåäîâàíèÿì â îáëàñòè ãåîñòàòèñòè-
êè, ìàòåìàòè÷åñêîìó ìîäåëèðîâàíèþ ãåîëîãè÷åñêèõ 
ïðîöåññîâ è ÿâëåíèé.

 Þðèé Àíäðååâè÷ Òêà÷åâ îñòàâèë äîáðóþ ïàìÿòü 
â íàøèõ ñåðäöàõ è âûäàþùååñÿ íàó÷íîå íàñëåäèå, êî-
òîðîå ìû äîëæíû ñîõðàíèòü äëÿ ãåîëîãèè íàñòîÿùå-
ãî è áóäóùåãî.Ñ æåíîé Àëëîé Äìèòðèåâíîé íà äà÷å. 2009 ã.

With his wife Alla Dmitrievna in the countryside. 2009
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