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ʋʉʃʆɺʅʓɽ ʆɹʆɿʅɸʏɽʅʀʗ ʀ ʉʆʂʈɸʑɽʅʀʗ 

ʄʠʥʝʨʘʣʳ ʠ ʢʦʤʧʦʥʝʥʪʳ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ: 

Ab ï ʘʣʴʙʠʪ 

An ï ʘʥʦʨʪʠʪ 

Amp ï ʘʤʬʠʙʦʣ 

Aug ï ʘʚʛʠʪ 

Ap ï ʘʧʘʪʠʪ 

Chr ï ʭʨʦʤʠʪ 

Cpx ï ʢʣʠʥʦʧʠʨʦʢʩʝʥ 

Di ï ʜʠʦʧʩʠʜ 

En ï ʵʥʩʪʘʪʠʪ 

Fa ï ʬʘʷʣʠʪ 

Fo ï ʬʦʨʩʪʝʨʠʪ 

Fs ï ʬʝʨʨʦʩʠʣʠʪ 

Hbl ï ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ 

ilm ï ʠʣʴʤʝʥʠʪ 

Kfs ï K-Na ʧʦʣʝʚʦʡ ʰʧʘʪ 

Mag ï ʤʘʛʥʝʪʠʪ 

Ol ï ʦʣʠʚʠʥ 

Opx ï ʦʨʪʦʧʠʨʦʢʩʝʥ 

Or ï ʦʨʪʦʢʣʘʟ 

Pl ï ʧʣʘʛʠʦʢʣʘʟ 

Px ï ʧʠʨʦʢʩʝʥ 

Qz ï ʢʚʘʨʮ 

Spl ï ʰʧʠʥʝʣʴ 

Srp ï ʩʝʨʧʝʥʪʠʥ 

Tep ï ʪʝʬʨʦʠʪ 

Wo ï ʚʦʣʣʘʩʪʦʥʠʪ 

Zrn ï ʮʠʨʢʦʥ

ʇʘʨʘʤʝʪʨʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ: 

f = 100ĬFe2+/(Fe2++Mg) ï ʢʦʵʬʬʠʮʠʝʥʪ ʞʝʣʝʟʠʩʪʦʩʪʠ 

Mg# = 100ĬMg/(Mg+Fe2+) ï ʢʦʵʬʬʠʮʠʝʥʪ ʤʘʛʥʝʟʠʘʣʴʥʦʩʪʠ 

ʉr# = 100ĬCr/(Cr+Al ) ï ʢʦʵʬʬʠʮʠʝʥʪ ʭʨʦʤʠʩʪʦʩʪʠ 

FeO* = 0.89ĬFe2O3+FeO ï ʩʫʤʤʘ ʦʢʠʩʥʦʛʦ ʠ ʟʘʢʠʩʥʦʛʦ ʞʝʣʝʟʘ 

Eu/Eu* = Eun/ã(SmnĬGdn) ï ʝʚʨʦʧʠʝʚʘʷ ʘʥʦʤʘʣʠʷ 

ʉe/ʉe* = Cen/ã(LanĬPrn) ï ʮʝʨʠʝʚʘʷ ʘʥʦʤʘʣʠʷ 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʩʦʢʨʘʱʝʥʠʷ ʠ ʘʙʙʨʝʚʠʘʪʫʨʳ: 

ʧ.ʧ.ʧ. ï ʧʦʪʝʨʠ ʧʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ 

ʅʀʉ ï ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʝ ʩʫʜʥʦ 

ʈɿʕ ï ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ 

ʉʂʎʉ ï ʉʨʝʜʠʥʥʦ-ʂʘʡʤʘʥʦʚʳʡ ʮʝʥʪʨ 

ʩʧʨʝʜʠʥʛʘ 

ʉʆʍ ï ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʝ ʭʨʝʙʪʳ 

Bon (Boninites) ï ʙʦʥʠʥʠʪʦʚʳʝ ʙʘʟʘʣʴʪʳ 

MORB (Mid-Ocean Ridge Basalts) ï ʙʘʟʘʣʴʪʳ 

ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ 

N-MORB (Normal Middle-Ocean Ridge 

Basalts) ï ʙʘʟʘʣʴʪʳ N-ʪʠʧʘ ʩʨʝʜʠʥʥʦ-

ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ 

E-MORB (Enriched Middle-Ocean Ridge 

Basalts) ï ʦʙʦʛʘʱʝʥʥʳʝ ʙʘʟʘʣʴʪʳ ʩʨʝʜʠʥʥʦ-

ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ 

T-MORB (Transitional Middle-Ocean Ridge 

Basalts) ï ʧʝʨʝʭʦʜʥʳʝ ʙʘʟʘʣʴʪʳ ʩʨʝʜʠʥʥʦ-

ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ 

IAT (Island-Arc Tholeiites) ï ʦʩʪʨʦʚʦʜʫʞʥʳʝ 

ʪʦʣʝʠʪʳ 

OFB (Ocean Floor Basalts) ï ʙʘʟʘʣʴʪʳ 

ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʜʥʘ 

OIB (Ocean Island Basalts) ï ʙʘʟʘʣʴʪʳ 

ʦʢʝʘʥʠʯʝʩʢʠʭ ʦʩʪʨʦʚʦʚ 

OIT (Ocean Island Tholeiites) ï ʪʦʣʝʠʪʳ 

ʦʢʝʘʥʠʯʝʩʢʠʭ ʦʩʪʨʦʚʦʚ 

OIA (Ocean Island Andesites) ï ʘʥʜʝʟʠʪʳ 

ʦʢʝʘʥʠʯʝʩʢʠʭ ʦʩʪʨʦʚʦʚ 

BABB (Back-Arc Basin Basalts) ï ʙʘʟʘʣʴʪʳ 

ʟʘʜʫʛʦʚʳʭ ʙʘʩʩʝʡʥʦʚ 

ʉAB (Calc-Alkaline Basalts) ï ʠʟʚʝʩʪʢʦʚʦ-

ʱʝʣʦʯʥʳʝ ʙʘʟʘʣʴʪʳ 

WPT (Within-Plate Tholeiites) ï 

ʚʥʫʪʨʠʧʣʠʪʥʳʝ ʪʦʣʝʠʪʳ 

WPAB (Within Plate Alkali Basalts) ï 

ʚʥʫʪʨʠʧʣʠʪʥʳʝ ʱʝʣʦʯʥʳʝ ʙʘʟʘʣʴʪʳ 

HFSE (High Field Strength Elements) ï 

ʚʳʩʦʢʦʟʘʨʷʜʥʳʝ ʣʠʪʦʬʠʣʴʥʳʝ ʵʣʝʤʝʥʪʳ 

LILE (Large Ion Lithophile Elements) ï 

ʢʨʫʧʥʦʠʦʥʥʳʝ ʣʠʪʦʬʠʣʴʥʳʝ ʵʣʝʤʝʥʪʳ



5 

ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʩʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʜʥʦ ʠʟ ʙʘʟʦʚʳʭ ʧʦʣʦʞʝʥʠʡ 

ʛʣʦʙʘʣʴʥʦʡ ʪʝʢʪʦʥʠʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʬʠʦʣʠʪʳ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ 

ʩʢʣʘʜʯʘʪʦ-ʥʘʜʚʠʛʦʚʳʭ ʩʠʩʪʝʤʘʭ ʨʘʟʣʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʬʨʘʛʤʝʥʪʳ ʜʨʝʚʥʝʡ 

ʦʢʝʘʥʠʯʝʩʢʦʡ ʣʠʪʦʩʬʝʨʳ. ʅʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʨʘʟʚʠʪʠʷ ʢʦʥʮʝʧʮʠʠ ʧʣʠʪʦʚʦʡ ʪʝʢʪʦʥʠʢʠ ʩʯʠʪʘʣʦʩʴ, 

ʯʪʦ ʚʩʝ ʦʬʠʦʣʠʪʳ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʠʬʪʦʚʳʭ ʟʦʥʘʭ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ [ʂʦʣʤʘʥ, 1979]. 

ʂʦʥʮʝʧʮʠʷ ʨʘʟʥʦʪʠʧʥʦʩʪʠ ʦʬʠʦʣʠʪʦʚ ʥʝʦʜʥʦʢʨʘʪʥʦ ʢʨʠʪʠʢʦʚʘʣʘʩʴ [ʂʦʣʤʘʥ, 1979; Hynes, 1975; 

Moores, 1975]. ʊʝʤ ʥʝ ʤʝʥʝʝ ʨʘʟʚʠʪʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʫʢʘʟʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʦʩʦʙʝʥʥʦ 

ʨʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʳʭ ʵʢʩʧʝʜʠʮʠʡ 1970-ʭ ï 1980-ʭ ʛʦʜʦʚ ʧʦ ʦʩʪʨʦʚʦʜʫʞʥʳʤ ʩʠʩʪʝʤʘʤ ʟʘʧʘʜʥʦʡ 

ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ, ʧʦʟʚʦʣʠʣʦ ʚʳʜʝʣʠʪʴ ʜʦ ʩʝʤʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʦʬʠʦʣʠʪʦʚ [ʄʘʨʢʦʚ ʠ ʜʨ., 

1977; ɼʦʙʨʝʮʦʚ, 1980; ɼʦʙʨʝʮʦʚ ʠ ʜʨ., 1977, 1986; ɺʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʷʩʘ..., 1984; ʈʠʬʝʡʩʢʦ-

ʥʠʞʥʝʧʘʣʝʦʟʦʡʩʢʠʝ ʦʬʠʦʣʠʪʳ..., 1985; ɺʳʩʦʮʢʠʡ, 1989, 1996], ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʝʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ, ʚ ʢʦʪʦʨʳʭ ʦʥʠ ʦʙʨʘʟʦʚʘʣʠʩʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʬʠʦʣʠʪʳ 

ʩʪʘʥʦʚʷʪʩʷ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʠ ʧʘʣʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʷʭ ʠ ʠʟʫʯʝʥʠʠ ʠʩʪʦʨʠʠ 

ʨʘʟʚʠʪʠʷ ɿʝʤʣʠ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʪʨʫʢʪʫʨʥʳʭ, ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ 

ʧʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʬʠʦʣʠʪʦʚ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʚʘʨʠʘʮʠʡ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚʦ ʚʨʝʤʷ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ. ʀʩʧʦʣʴʟʫʷ ʩʨʘʚʥʝʥʠʝ ʤʘʬʠʪ-

ʫʣʴʪʨʘʤʘʬʠʪʦʚʳʭ ʘʩʩʦʮʠʘʮʠʡ ʦʬʠʦʣʠʪʦʚ ʢʦʥʪʠʥʝʥʪʦʚ ʠ ʤʘʬʠʪ-ʫʣʴʪʨʘʤʘʬʠʪʦʚʳʭ ʘʩʩʦʮʠʘʮʠʡ 

ʢʦʨʳ ʩʦʚʨʝʤʝʥʥʳʭ ʦʢʝʘʥʦʚ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʠʩʪʦʨʠʶ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ 

ʢʘʢ ʦʪʜʝʣʴʥʳʭ ʩʢʣʘʜʯʘʪʦ-ʥʘʜʚʠʛʦʚʳʭ ʩʠʩʪʝʤ, ʪʘʢ ʠ ʢʦʥʪʠʥʝʥʪʦʚ ʚ ʮʝʣʦʤ [ʇʝʡʚʝ, 1969; ʇʝʡʚʝ ʠ 

ʜʨ., 1977; ɿʠʤʠʥ, 1973; ʂʥʠʧʧʝʨ, 1975, 1978; ʍʘʠʥ, 1979, 1984, 1996; ɼʦʙʨʝʮʦʚ, 1980; ɼʦʙʨʝʮʦʚ 

ʠ ʜʨ., 1977, 1986; ɺʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʷʩʘ..., 1984; ʈʠʬʝʡʩʢʦ-ʥʠʞʥʝʧʘʣʝʦʟʦʡʩʢʠʝ ʦʬʠʦʣʠʪʳ..., 1985; 

ʉʘʚʝʣʴʝʚʘ, 1986; ʍʘʥʯʫʢ ʠ ʜʨ., 1988, 1989, 1990; ɿʦʥʝʥʰʘʡʥ ʠ ʜʨ., 1990; ʠ ʜʨ. ʉʢʣʷʨʦʚ ʠ ʜʨ., 2016; 

Miyashiro, 1977; Ishiwatari, 1985a; Dilek, Robinson, 2003; ʠ ʜʨ.]. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʚ ʩʢʣʘʜʯʘʪʳʭ 

ʦʙʣʘʩʪʷʭ ʤʦʛʫʪ ʙʳʪʴ ʩʦʚʤʝʱʝʥʳ ʬʨʘʛʤʝʥʪʳ ʦʬʠʦʣʠʪʦʚ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʠ ʚ 

ʨʘʟʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʢʘʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʘʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ 

ʩʦʚʨʝʤʝʥʥʳʭ ʦʢʝʘʥʦʚ (ʦʢʝʘʥʠʯʝʩʢʠʝ ʧʣʘʪʦ, ʟʘʜʫʛʦʚʳʝ ʙʘʩʩʝʡʥʳ ʠ ʪ.ʜ.), ʛʜʝ ʩʫʱʝʩʪʚʫʶʱʘʷ 

ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʨʦʜ ʠ ʧʨʦʮʝʩʩʦʚ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ. 

ɺ ʩʢʣʘʜʯʘʪʳʭ ʩʪʨʫʢʪʫʨʘʭ ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ ʩʫʱʝʩʪʚʫʶʪ ʦʬʠʦʣʠʪʳ, ʧʨʦʠʩʭʦʞʜʝʥʠʝ 

ʢʦʪʦʨʳʭ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʩʦʚʨʝʤʝʥʥʳʭ ʦʢʝʘʥʦʚ. ʅʘʧʨʠʤʝʨ, ʚ ʩʪʨʫʢʪʫʨʝ 

ʉʠʭʦʪʵ-ɸʣʠʥʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʬʨʘʛʤʝʥʪʳ ʦʬʠʦʣʠʪʦʚ (ʂʘʣʠʥʦʚʩʢʠʡ 

ʢʦʤʧʣʝʢʩ), ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʚʝʨʭʥʝʤʫ ʩʪʨʫʢʪʫʨʥʦʤʫ ʫʨʦʚʥʶ ʶʨʩʢʦʡ ʘʢʢʨʝʮʠʦʥʥʦʡ ʧʨʠʟʤʳ, 
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ʛʝʦʜʠʥʘʤʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ʦʩʪʘʝʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʦʡ. ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, 

ʯʪʦ ʦʥʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʩʧʨʝʜʠʥʛʦʚʦʡ ʟʦʥʝ ʧʘʣʝʦʦʢʝʘʥʘ, ʘ ʟʘʪʝʤ ʙʳʣʠ ʧʝʨʝʤʝʱʝʥʳ ʚ ʦʩʥʦʚʘʥʠʝ 

ʦʩʪʨʦʚʦʜʫʞʥʦʛʦ ʩʢʣʦʥʘ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʦʡ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ [ɺʳʩʦʮʢʠʡ, ʆʢʦʚʠʪʳʡ, 1990; 

ɺʳʩʦʮʢʠʡ, 1996; Vysotskiy, 1994]. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʙʳʣʦ ʚʳʩʢʘʟʘʥʦ ʤʥʝʥʠʝ ʦʙ ʠʭ ʦʙʨʘʟʦʚʘʥʠʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʢʦʣʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʨʠʬʪʦʛʝʥʥʥʦʡ ʩʪʨʫʢʪʫʨʳ [ʑʝʢʘ, 1984]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʦʬʠʦʣʠʪʳ ʉʠʭʦʪʵ-ɸʣʠʥʷ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʦʩʥʦʚʘʥʠʠ 

ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʧʣʘʪʦ, ʨʦʩʪ ʢʦʪʦʨʦʛʦ ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ ʚʥʝʜʨʝʥʠʝʤ ʤʘʥʪʠʡʥʦʛʦ ʧʣʶʤʘ [ʍʘʥʯʫʢ, 

ʇʘʥʯʝʥʢʦ, 1991; ʂʝʤʢʠʥ, ʍʘʥʯʫʢ, 1993; ɻʝʦʜʠʥʘʤʠʢʘ..., 2006; ʍʘʥʯʫʢ, ɺʳʩʦʮʢʠʡ, 2016; Kemkin 

et al., 2016; Khanchuk et al., 2016; Golozubov, Simanenko, 2021; ʠ ʜʨ.]. ʇʨʦʪʠʚʦʨʝʯʠʚʳʤ ʪʘʢʞʝ 

ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʟʨʘʩʪʘ ʦʬʠʦʣʠʪʦʚ, ʢʦʪʦʨʳʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʘ ʜʝʚʦʥʘ ï 

ʥʘʯʘʣʘ ʢʘʨʙʦʥʘ ʧʦ ʦʩʘʜʦʯʥʳʤ ʧʦʨʦʜʘʤ, ʩʦʛʣʘʩʥʦ ʟʘʣʝʛʘʶʱʠʤ ʥʘ ʤʘʩʩʠʚʘʭ ʙʘʟʘʣʴʪʦʚ. ʆʜʥʘʢʦ 

ʩʘʤʠ ʙʘʟʘʣʴʪʳ ʩ ʥʝʩʦʛʣʘʩʠʝʤ ʧʝʨʝʢʨʳʚʘʶʪ ʧʣʘʩʪʠʥʳ ʛʘʙʙʨʦ-ʛʠʧʝʨʙʘʟʠʪʦʚ. ʆʧʫʙʣʠʢʦʚʘʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʜʘʪʠʨʦʚʘʥʠʷ ʛʘʙʙʨʦʠʜʦʚ ʜʘʶʪ ʨʘʟʨʦʟʥʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʪ 230 ʜʦ 410 ʤʣʥ ʣʝʪ 

[ɻʦʣʦʟʫʙʦʚ, ʄʝʣʴʥʠʢʦʚ, 1986; ʂʝʤʢʠʥ, ʍʘʥʯʫʢ, 1993; Ishiwatari, Tsujimori, 2003]. 

ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʢʪʫʘʣʴʥʳʭ ʧʝʪʨʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ ʠʟʦʪʦʧʥʦ-

ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʬʠʦʣʠʪʦʚ ʶʞʥʦʡ ʯʘʩʪʠ ʉʠʭʦʪʵ-ɸʣʠʥʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ 

ʧʦʷʩʘ, ʨʘʩʩʤʦʪʨʝʥʳ ʠʭ ʚʦʟʤʦʞʥʳʝ ʘʥʘʣʦʛʠ ʢʘʢ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʦʢʝʘʥʘʭ, ʪʘʢ ʠ ʥʘ ʢʦʥʪʠʥʝʥʪʝ ʠ, ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʦʙʦʙʱʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʠ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ, ʧʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʂʘʣʠʥʦʚʩʢʦʛʦ ʦʬʠʦʣʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʩʥʦʚʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ɹʨʝʝʚʩʢʠʡ ʠ 

ʏʫʛʫʝʚʩʢʠʡ ʛʘʙʙʨʦ-ʛʠʧʝʨʙʘʟʠʪʦʚʳʝ ʤʘʩʩʠʚʳ ʂʘʣʠʥʦʚʩʢʦʛʦ ʦʬʠʦʣʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʉʘʤʘʨʢʠʥʩʢʦʛʦ ʪʝʨʨʝʡʥʘ ï ʬʨʘʛʤʝʥʪʘ ʶʨʩʢʦʡ ʘʢʢʨʝʮʠʦʥʥʦʡ ʧʨʠʟʤʳ ʉʠʭʦʪʵ-ɸʣʠʥʷ. 

ʇʘʣʝʦʛʝʦʜʠʥʘʤʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʂʘʣʠʥʦʚʩʢʠʭ ʦʬʠʦʣʠʪʦʚ ʧʨʝʜʳʜʫʱʠʤʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʦʢʝʘʥʠʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ: ʣʦʢʘʣʴʥʦʡ 

ʩʧʨʝʜʠʥʛʦʚʦʡ ʟʦʥʦʡ (ʧʦ ʪʠʧʫ ʙʘʩʩʝʡʥʦʚ pull-apart) ʠ ʦʢʝʘʥʠʯʝʩʢʠʤ ʧʣʘʪʦ (ʧʦ ʪʠʧʫ ʧʣʘʪʦ 

ʆʛʘʩʘʚʘʨʘ, ʊʠʭʠʡ ʦʢʝʘʥ). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʝʪʨʦʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʨʦʜ ʦʪʜʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʩʦʚʨʝʤʝʥʥʳʭ ʦʢʝʘʥʦʚ, ʘ ʠʤʝʥʥʦ ʪʨʦʛʘ 

ʂʘʡʤʘʥ ʠ ʧʦʜʚʦʜʥʦʡ ʛʦʨr ʍʘʭʘʜʞʠʤʘ. 

ʊʨʦʛ ʂʘʡʤʘʥ ʚ ʂʘʨʠʙʩʢʦʤ ʤʦʨʝ ʦʪʥʦʩʠʪʩʷ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʠʤʝʨʘʤ ʙʘʩʩʝʡʥʘ ʪʠʧʘ pull-

apart, ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʦʪʦʨʦʛʦ ʩʫʱʝʩʪʚʫʝʪ ʣʦʢʘʣʴʥʘʷ ʟʦʥʘ ʩʧʨʝʜʠʥʛʘ, ʛʜʝ ʦʙʨʘʟʫʝʪʩʷ 

ʪʦʥʯʘʡʰʘʷ ʦʢʝʘʥʠʯʝʩʢʘʷ ʢʦʨʘ [ʂʦʭʘʥ ʠ ʜʨ., 2016; Mann, 2007; Hayman et al., 2011; ʠ ʜʨ.]. 

ʇʦʜʚʦʜʥʘʷ ʛʦʨʘ ʍʘʭʘʜʞʠʤʘ ï ʦʜʥʘ ʠʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʦʜʚʦʜʥʳʭ ʛʦʨ ʌʠʣʠʧʧʠʥʩʢʦʛʦ ʤʦʨʷ. 

ʉʫɦʝʩʪʚʫʝʪ ʛʠʧʦʪʝʟʘ ʦ ʪʦʤ, ʯʪʦ ʦʥʘ ʷʚʣʷʝʪʩʷ ʦʙʜʫʮʠʨʦʚʘʥʥʳʤ ʬʨʘʛʤʝʥʪʦʤ ʦʢʝʘʥʠʯʝʩʢʦʛʦ 

ʧʦʜʚʦʜʥʦʛʦ ʧʣʘʪʦ ʆʛʘʩʘʚʘʨʘ [ɺʘʩʠʣʴʝʚ ʠ ʜʨ., 1987; Yatsuka et al., 2010; Miyata et al., 2020; ʠ ʜʨ.]. 
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ʎʝʣɹ ʠ ʟʘʜʘʯʠ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩ ̫ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʘʣʝʦʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʬʠʦʣʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ ʶʛʘ ʉʠʭʦʪʵ-ɸʣʠʥʷ 

(ʂʘʣʠʥʦʚʩʢʦʛʦ ʦʬʠʦʣʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ) ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ ʢʦʨʳ ʥʝʢʦʪʦʨʳʭ 

ʩʪʨʫʢʪʫʨ ʩʦʚʨʝʤʝʥʥʳʭ ʦʢʝʘʥʦʚ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1) ʧʨʦʚʝʩʪʠ ʧʝʪʨʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʨʦʜ ʛʘʙʙʨʦ-ʛʠʧʝʨʙʘʟʠʪʦʚʳʭ 

ʤʘʩʩʠʚʦʚ ʂʘʣʠʥʦʚʩʢʦʛʦ ʦʬʠʦʣʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʠʭ ʚʦʟʤʦʞʥʳʭ ʘʥʘʣʦʛʦʚ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʦʢʝʘʥʘʭ (ʪʨʦʛ ʂʘʡʤʘʥ, ʧʦʜʚʦʜʥʘ ̫ʛʦʨʘ ʍʘʭʘʜʞʠʤʘ); 

2) ʦʧʨʝʜʝʣʠʪʴ ʚʦʟʨʘʩʪʥʳʝ ʨʫʙʝʞʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʘʙʙʨʦ-ʛʠʧʝʨʙʘʟʠʪʦʚʳʭ ʤʘʩʩʠʚʦʚ 

ʂʘʣʠʥʦʚʩʢʦʛʦ ʦʬʠʦʣʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ; 

3) ʥʘ ʦʩʥʦʚʝ ʦʙʦʙʱʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʧʝʪʨʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ ʠʟʦʪʦʧʥʦ-

ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦʧʨʝʜʝʣʠʪʴ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʫʯʘʝʤʦʛʦ 

ʦʬʠʦʣʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ʉ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥ ʧʝʨʤʩʢʠʡ ʚʦʟʨʘʩʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʘʙʙʨʦ-ʛʠʧʝʨʙʘʟʠʪʦʚʳʭ ʤʘʩʩʠʚʦʚ 

ʂʘʣʠʥʦʚʩʢʦʛʦ ʦʬʠʦʣʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʦʧʨʝʜʝʣʝʥʘ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʘʷ ʛʝʦʜʠʥʘʤʠʯʝʩʢʘ ̫

ʦʙʩʪʘʥʦʚʢʘ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʪʨʦʝʥʠʠ ʚʝʨʭʥʝʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʫʨʦʚʥʷ ʶʨʩʢʦʡ 

ʘʢʢʨʝʮʠʦʥʥʦʡ ʧʨʠʟʤʳ ʉʠʭʦʪʵ-ɸʣʠʥʷ ʧʨʠʩʫʪʩʪʚʫʶʪ ʬʨʘʛʤʝʥʪʳ ʨʘʟʣʠʯʥʳʭ ʧʦ ʚʦʟʨʘʩʪʫ ʠ 

ʦʙʩʪʘʥʦʚʢʝ ʦʙʨʘʟʦʚʘʥʠʷ ʦʬʠʦʣʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʂʘʣʠʥʦʚʩʢʠʝ ʦʬʠʦʣʠʪʳ 

ʷʚʣʷʶʪʩʷ ʘʥʘʣʦʛʘʤʠ ʧʝʨʤʩʢʠʭ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʭ ʦʬʠʦʣʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʗʢʫʥʦ (ʗʧʦʥʠʷ) ʠ 

ɼʘʭʵʜʞʝʥʴʩʢʦʛʦ (ʂʠʪʘʡ). ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʧʝʪʨʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʣʷ 

ʫʥʠʢʘʣʴʥʦʛʦ ʢʘʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʜʨʘʛʠʨʦʚʘʥʥʦʛʦ ʚ ʪʨʦʛʝ ʂʘʡʤʘʥ ʠ ʀʜʟʫ-ɹʦʥʠʥʩʢʦʤ 

ʛʣʫʙʦʢʦʚʦʜʥʦʤ ʞʝʣʦʙʝ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʨʷʜ ʚʳʚʦʜʦʚ ʦ ʧʝʪʨʦʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʪʨʦʛʘ ʂʘʡʤʘʥ ʠ ʧʦʜʚʦʜʥʦʡ ʛʦʨʳ ʍʘʭʘʜʞʠʤʘ ï 

ʚʦʟʤʦʞʥʳʭ ʘʥʘʣʦʛʦʚ ʦʬʠʦʣʠʪʦʚʳʭ ʘʩʩʦʮʠʘʮʠʡ ʶʛʘ ʉʠʭʦʪʵ-ɸʣʠʥʷ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʥʘʜ 

ʜʠʩʩʝʨʪʘʮʠʝʡ ʚʳʚʦʜʳ ʚʥʦʩʷʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʧʦʥʠʤʘʥʠʝ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ 

ʨʝʛʠʦʥʘ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʘʣʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ ʢʘʢ ʉʠʭʦʪʵ-

ɸʣʠʥʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ, ʪʘʢ ʠ ʜʣʷ ʚʦʩʪʦʯʥʦʡ ʦʢʨʘʠʥʳ ɸʟʠʠ ʚ ʮʝʣʦʤ. ʂʨʦʤʝ ʪʦʛʦ, 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʝʪʨʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʩʪʨʦʝʥʠʷ ʢʦʨʳ ʚ ʦʪʜʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨʘʭ 

ʩʦʚʨʝʤʝʥʥʳʭ ʦʢʝʘʥʦʚ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʠʥʜʠʢʘʪʦʨʦʤ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʜʣʷ ʘʥʘʣʦʛʠʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠ ʠʟʫʯʝʥʠʠ ʬʨʘʛʤʝʥʪʦʚ ʦʬʠʦʣʠʪʦʚ ʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ 

ʩʢʣʘʜʯʘʪʦ-ʥʘʜʚʠʛʦʚʳʭ ʩʠʩʪʝʤʘʭ. ʊʘʢ ʢʘʢ ʩ ʦʬʠʦʣʠʪʘʤʠ ʩʚʷʟʘʥʳ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʝʱʝʩʪʚʝʥʥʦʤ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʦʚ ʠ ʦʙʩʪʘʥʦʚʢʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʘʞʥʘ ʜʣʷ 

ʧʨʦʛʥʦʟʥʦ-ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʭ ʟʘʢʣʶʯʝʥʠʡ. 
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ʆʩʥʦʚʥʳʝ ʟʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ. 

1) ʇʦʨʦʜʳ ɹʨʝʝʚʩʢʦʛʦ ʠ ʏʫʛʫʝʚʩʢʦʛʦ ʛʘʙʙʨʦ-ʛʠʧʝʨʙʘʟʠʪʦʚʳʭ ʘʣʣʦʭʪʦʥʦʚ 

ʂʘʣʠʥʦʚʩʢʦʛʦ ʦʬʠʦʣʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʟʘʣʝʛʘʶʱʠʝ ʚ ʶʨʩʢʦʡ ʘʢʢʨʝʮʠʦʥʥʦʡ ʧʨʠʟʤʝ, 

ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʧʝʨʤʩʢʦʝ ʚʨʝʤʷ. ɻʘʙʙʨʦʠʜʳ ʵʪʠʭ ʘʣʣʦʭʪʦʥʦʚ ʦʙʣʘʜʘʶʪ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʤʠ 

ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʇʨʠ ʵʪʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʝʝ ʨʘʥʥʠʝ ʛʘʙʙʨʦʠʜʳ 

ʏʫʛʫʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʨʝʝʚʩʢʠʤʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʦʙʦʛʘʱʝʥʳ ʱʝʣʦʯʘʤʠ ʠ 

ʢʨʝʤʥʠʝʤ, ʘ ʧʦ ʫʨʦʚʥʶ ʩʦʜʝʨʞʘʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʙʣʠʟʢʠ ʢ E-MORB. 

2) ʄʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʪʨʦʛʘ ʂʘʡʤʘʥ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʨʠʜʦʪʠʪ-ʛʘʙʙʨʦ-ʩʠʝʥʠʪʦʚʦʡ 

ʘʩʩʦʮʠʘʮʠʝʡ ʩ ʙʘʟʘʣʴʪʦʠʜʘʤʠ, ʢʦʪʦʨʘʷ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʢʘʣʠʥʦʚʩʢʠʭ ʦʬʠʦʣʠʪʦʚ ʚʥʫʪʨʠʧʣʠʪʥʳʤʠ 

ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʨʘʩʩʣʦʝʥʥʦʩʪʴʶ ʚ ʛʘʙʙʨʦʠʜʘʭ, 

ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ. ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʧʨʦʪʝʢʘʣʘ ʚ ʫʩʣʦʚʠʷʭ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʣʠʚʠʥ-ʧʣʘʛʠʦʢʣʘʟʦʚʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ 

ʧʨʠ ʠʟʦʙʘʨʠʯʝʩʢʦʤ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. 

3) ʇʦʜʚʦʜʥʘʷ ʛʦʨʘ ʍʘʭʘʜʞʠʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʣʦʢ ʟʝʤʥʦʡ ʢʦʨʳ, ʩʣʦʞʝʥʥʳʡ 

ʧʦʨʦʜʘʤʠ ʦʢʝʘʥʠʯʝʩʢʦʡ ʠ ʦʩʪʨʦʚʦʜʫʞʥʦʡ ʩʝʨʠʡ. ʇʦʨʦʜʳ ʦʢʝʘʥʠʯʝʩʢʦʡ ʩʝʨʠʠ ʧʦʩʣʫʞʠʣʠ 

ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʩʪʨʦʚʦʜʫʞʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ: ʪʦʣʱʠ ʣʘʚ ʦʩʪʨʦʚʦʜʫʞʥʳʭ 

ʪʦʣʝʠʪʦʚ (ʥʠʟʢʦ-Ti ʙʘʟʘʣʴʪʦʚ), ʙʦʥʠʥʠʪʦʚ ʠ ʘʜʘʢʠʪʦʚ. ɻʘʙʙʨʦʠʜʳ ʧʦʜʚʦʜʥʦʡ ʛʦʨʳ ʍʘʭʘʜʞʠʤʘ ʧʦ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʛʘʙʙʨʦʠʜʘʤʠ ʂʘʣʠʥʦʚʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

4) ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʩʪʨʦʝʥʠʠ ʚʝʨʭʥʝʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʫʨʦʚʥʷ ʶʨʩʢʦʡ ʘʢʢʨʝʮʠʦʥʥʦʡ 

ʧʨʠʟʤʳ ʉʠʭʦʪʵ-ɸʣʠʥʷ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʬʨʘʛʤʝʥʪʳ ʨʘʟʣʠʯʥʳʭ ʧʦ ʚʦʟʨʘʩʪʫ ʠ ʦʙʩʪʘʥʦʚʢʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʦʬʠʦʣʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʀʟʫʯʝʥʥʳʝ ɹʨʝʝʚʩʢʠʡ ʠ ʏʫʛʫʝʚʩʢʠʡ ʛʘʙʙʨʦ-

ʛʠʧʝʨʙʘʟʠʪʦʚʳʝ ʤʘʩʩʠʚʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʬʨʘʛʤʝʥʪʳ ʧʝʨʤcʢʦʛʦ ʦʬʠʦʣʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʦʩʪʨʦʚʦʜʫʞʥʦʡ ʩʠʩʪʝʤʳ. ɸʩʩʦʮʠʠʨʫʶʱʠʝ ʩ ʥʠʤʠ 

ʙʘʟʘʣʴʪʳ ʦʢʝʘʥʠʯʝʩʢʠʭ ʦʩʪʨʦʚʦʚ ʚʤʝʩʪʝ ʩ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦ-ʧʝʨʤʩʢʠʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ, ʚʝʨʦʷʪʥʦ, 

ʦʪʥʦʩʷʪʩʷ ʢ ʙʦʣʝʝ ʜʨʝʚʥʝʤʫ ʦʬʠʦʣʠʪʦʚʦʤʫ ʢʦʤʧʣʝʢʩʫ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʧʣʘʪʦ. 

ʌʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʠ ʦʙʲʸʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʦʚʘʥ ʫʥʠʢʘʣʴʥʳʡ ʢʘʤʝʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʜʨʘʛʠʨʦʚʘʥʥʳʡ ʚ ʷʥʚʘʨʝ 1985 ʛʦʜʘ ʚ ʭʦʜʝ 

ʚʳʧʦʣʥʝʥʠʷ 4-ʛʦ ʨʝʡʩʘ ʅʀʉ çɸʢʘʜʝʤʠʢ ʅʠʢʦʣʘʡ ʉʪʨʘʭʦʚè ʚ ʂʘʨʠʙʩʢʦʤ ʤʦʨʝ ʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʚ 2003 ʛʦʜʫ ʨʝʡʩʘ KH03-3 ʅʀʉ ʪʦʢʠʡʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çHakuho-Maruè ʚ ʌʠʣʠʧʧʠʥʩʢʦʤ ʤʦʨʝ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʚʪʦʨʦʤ ʙʳʣʦ ʠʟʫʯʝʥʦ 24 ʦʙʨʘʟʮʘ, ʧʦʜʥʷʪʳʭ ʚ ʨʠʬʪʦʚʦʡ ʟʦʥʝ 

ʣʦʢʘʣʴʥʦʛʦ ʩʧʨʝʜʠʥʛʘ ʪʨʦʛʘ ʂʘʡʤʘʥ (ʂʘʨʠʙʩʢʦʝ ʤʦʨʝ) ʠ 10 ʦʙʨʘʟʮʦʚ, ʜʨʘʛʠʨʦʚʘʥʥʳʭ ʩʦ ʩʢʣʦʥʦʚ 

ʧʦʜʚʦʜʥʦʡ ʛʦʨʳ ʍʘʭʘʜʞʠʤʘ (ʌʠʣʠʧʧʠʥʩʢʦʝ ʤʦʨʝ). ɼʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʙʳʣ ʧʨʝʜʦʩʪʘʚʣʝʥ ʘʚʪʦʨʫ 

ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʉ.ɺ. ɺʳʩʦʮʢʠʤ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦ ʚʨʝʤʷ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʨʘʙʦʪ 2017-

2022 ʛʛ. ʚ ʶʞʥʦʡ ʠ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʷʭ ʉʠʭʦʪʵ-ɸʣʠʥʷ ʘʚʪʦʨʦʤ ʠ ʝʛʦ ʢʦʣʣʝʛʘʤʠ ʙʳʣʦ ʦʪʦʙʨʘʥʦ 
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ʙʦʣʝʝ 25 ʦʙʨʘʟʮʦʚ ʠʟ ɹʨʝʝʚʩʢʦʛʦ ʠ ʏʫʛʫʝʚʩʢʦʛʦ ʛʘʙʙʨʦ-ʛʠʧʝʨʙʘʟʠʪʦʚʳʭ ʤʘʩʩʠʚʦʚ ʂʘʣʠʥʦʚʩʢʦʛʦ 

ʦʬʠʦʣʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʥʘʜ ʜʠʩʩʝʨʪʘʮʠʝʡ ʘʚʪʦʨʦʤ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʦʢʦʣʦ 50 ʧʦʣʠʨʦʚʘʥʥʳʭ ʠ 

ʧʨʦʟʨʘʯʥʦ-ʧʦʣʠʨʦʚʘʥʥʳʭ ʰʣʠʬʦʚ. ʈʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʤ ʤʠʢʨʦʘʥʘʣʠʟʦʤ ʙʳʣʦ ʠʟʫʯʝʥʦ 25 

ʧʦʣʠʨʦʚʘʥʥʳʭ ʧʣʘʩʪʠʥʦʢ (ʘʥʰʣʠʬʦʚ). ʆʪʜʝʣʴʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʬʘʟʳ (ʦʢʦʣʦ 30 ʧʨʦʙ) ʠʟʫʯʘʣʠʩʴ 

ʘʚʪʦʨʦʤ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ɹʳʣʦ ʚʳʧʦʣʥʝʥʦ 35 ʚʘʣʦʚʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʘʥʘʣʠʟʦʚ ʧʨʦʙ, ʚʢʣʶʯʘʶʱʠʭ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʡ ʧʝʪʨʦʛʝʥʥʳʭ ʦʢʩʠʜʦʚ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. 

ɸʚʪʦʨʦʤ ʧʨʦʚʝʜʝʥ ʮʝʣʳʡ ʢʦʤʧʣʝʢʩ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʢʣʶʯʘʷ 

ʜʘʪʠʨʦʚʘʥʠʝ U-Pb ʠ 40Ar/39Ar ʤʝʪʦʜʘʤʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʙʳʣʦ ʦʪʦʙʨʘʥʦ ʠ ʧʦʜʛʦʪʦʚʣʝʥʦ 20 ʧʨʦʙ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʧʠʩʘʥʠʝ ʰʣʠʬʦʚ ʠ ʧʣʘʩʪʠʥʦʢ, ʦʧʨʝʜʝʣʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʦʚ ʧʦʨʦʜ, ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʦʚ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʠ ʘʢʮʝʩʩʦʨʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʎʝʥʪʨʝ ʂʦʣʣʝʢʪʠʚʥʦʛʦ ʇʦʣʴʟʦʚʘʥʠʷ (ʎʂʇ) ʇʨʠʤʦʨʩʢʦʛʦ ʎʝʥʪʨʘ 

ʃʦʢʘʣʴʥʦʛʦ ʕʣʝʤʝʥʪʥʦʛʦ ʠ ʀʟʦʪʦʧʥʦʛʦ ɸʥʘʣʠʟʘ (ʇʎʃʕʀɸ) ɼɺɻʀ ɼɺʆ ʈɸʅ. 

ʆʧʪʠʯʝʩʢʘʷ ʤʠʢʨʦʩʢʦʧʠʷ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʰʣʠʬʦʚ, ʠʟʫʯʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʩʪʨʫʢʪʫʨ ʧʦʨʦʜ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʤʠʢʨʦʩʢʦʧʳ ʃʆʄʆ ʇʦʣʘʤ-213 

(ʈʦʩʩʠʷ), Carl Zeiss Axioplan 2 (ɻʝʨʤʘʥʠʷ). ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʰʣʠʬʦʚ ʩʜʝʣʘʥʳ ʩ ʧʦʤʦʱʴʶ 

ʬʦʪʦʘʧʧʘʨʘʪʘ Nikon e4500. 

ʈʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ ʤʠʢʨʦʘʥʘʣʠʟ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʦʚ 

ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʝ JEOL JXA ï 8100 (ʗʧʦʥʠʷ) ʩ ʪʨʝʤʷ ʚʦʣʥʦʚʳʤʠ 

ʩʧʝʢʪʨʦʤʝʪʨʘʤʠ ʠ ʕɼʉ ʩʧʝʢʪʨʦʤʝʪʨʦʤ INCA (ɸʥʛʣʠʷ) ʩ ʨʘʟʨʝʰʝʥʠʝʤ 137 ʵɺ ʥʘ ʣʠʥʠʠ MnʂŬ 

ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 20 ʢɺ ʠ ʪʦʢʝ ʟʦʥʜʘ 1*10-8 ɸ. ʇʨʠ ʪʦʯʝʯʥʦʤ ʠʟʫʯʝʥʠʠ ʤʠʥʝʨʘʣʦʚ 

ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʦʙʲʝʤ ʤʘʪʝʨʠʘʣʘ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 1 ʜʦ 3 ʤʢʤ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʝʞʠʤ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. ɺ ʢʘʯʝʩʪʚʝ 

ʩʪʘʥʜʘʨʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʯʠʩʪʳʝ ʤʝʪʘʣʣʳ, ʩʪʝʢʣʘ ʠ ʤʠʥʝʨʘʣʳ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʜʨʫʛʠʤʠ 

ʤʝʪʦʜʘʤʠ, ʘ ʪʘʢʞʝ ʥʘʙʦʨ ʩʪʘʥʜʘʨʪʦʚ ʄɸʉ. ɺ ʨʘʩʯʝʪʘʭ ʦʙʱʝʝ Fe ʵʢʚʠʚʘʣʝʥʪʥʦ Fe+2, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʰʧʠʥʝʣʠ, ʜʣʷ ʢʦʪʦʨʦʡ ʢʦʣʠʯʝʩʪʚʦ Fe+2 ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʥʘ ʦʩʥʦʚʝ ʩʪʝʭʠʦʤʝʪʨʠʠ. 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ 

ʤʠʢʨʦʟʦʥʜʦʚʦʤʫ ʘʥʘʣʠʟʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʜ ʠ ʚʳʷʩʥʝʥʠʷ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʟʦʤʦʨʬʥʳʭ ʟʘʤʝʱʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʜʠʬʨʘʢʪʦʤʝʪʨ 

Rigaku MiniFlex II (ʗʧʦʥʠʷ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʣʫʯʝʥʠʷ Cu-KŬ, ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʧʨʠ 30 ʢɺ ʠ 

15 ʤɸ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʥʦʭʨʦʤʘʪʦʨʘ ʥʘ ʜʠʬʨʘʛʠʨʦʚʘʥʥʦʤ ʧʫʯʢʝ. ʆʧʨʝʜʝʣʝʥʠʝ ʬʘʟ 

ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʇʆ, ʢʦʪʦʨʦʝ ʧʦʩʪʘʚʣʷʣʦʩʴ ʚʤʝʩʪʝ ʩ ʧʨʠʙʦʨʦʤ (PDXL) ʠ ʙʘʟʦʡ ʜʘʥʥʳʭ 

ICDD (ʦʙʥʦʚʣʝʥʘ ʚ 2012) ʜʣʷ ʨʘʩʰʠʬʨʦʚʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʚʠʜʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ. 



10 

ʄʝʪʦʜr ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʜ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʦʙ 

ʠʭ ʠʟʤʝʣʴʯʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʡ ʬʦʨʤʳ, ʚ ʢʦʪʦʨʫʶ ʧʦʤʝʱʘʣʩʷ ʦʙʨʘʟʝʮ 

ʠ ʨʘʟʜʘʚʣʠʚʘʣʩʷ ʧʦʜ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʧʨʝʩʩʦʤ. ɿʘʪʝʤ ʧʨʦʙʘ ʨʘʩʪʠʨʘʣʘʩʴ ʚʨʫʯʥʫʶ ʚ ʘʛʘʪʦʚʦʡ 

ʩʪʫʧʢʝ. ɺʝʩ ʛʦʪʦʚʦʡ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʙʳ ʩʦʩʪʘʚʣʷʣ ʦʢʦʣʦ 2 ʛʨ. ʇʝʨʝʚʦʜ ʚ ʨʘʩʪʚʦʨ ʦʩʫʱʝʩʪʚʣʷʣʩ ̫

ʢʘʢ ʤʝʪʦʜʦʤ ʩʧʣʘʚʣʝʥʠʷ ʩ ʤʝʪʘʙʦʨʘʪʦʤ ʣʠʪʠʷ (LiBO2), ʪʘʢ ʠ ʦʪʢʨʳʪʳʤ ʢʠʩʣʦʪʥʳʤ ʨʘʟʣʦʞʝʥʠʝʤ 

(HNO3+HClO4+HF) ʜʣʷ ʦʙʨʘʟʮʦʚ ʦʩʥʦʚʥʦʛʦ ʠ ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ. ɸʥʘʣʠʪʠʢʠ: 

ɽ.ɺ. ɺʦʣʢʦʚʘ, ʖ.ʄ. ʀʚʘʥʦʚʘ, ɸ.ɸ. ɺʝʣʴʜʝʤʘʨ, ʃ.ʉ. ʃʝʚʯʫʢ. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʛʣʘʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚʳʧʦʣʥʝʥʦ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ 

ʧʣʘʟʤʦʡ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʘʭ iCAP 6500Duo ʠ iCAP 7600Duo (ʉʐɸ). ɸʥʘʣʠʪʠʢʠ: ɻ.ɸ. ɻʦʨʙʘʯ, 

ɽ.ɸ. ʊʢʘʣʠʥʘ, ʅ.ɺ. ʍʫʨʢʘʣʦ. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʅ2ʆ
-, ʇ.ʇ.ʇ., SiO2 ʚʳʧʦʣʥʝʥʦ ʤʝʪʦʜʦʤ 

ʛʨʘʚʠʤʝʪʨʠʠ. ɸʥʘʣʠʪʠʢʠ: ʃ.ɸ. ɸʚʜʝʚʥʠʥʘ, ʃ.ɸ. ɸʣʝʢʩʝʝʚʘ, ɺ.ʅ. ʂʘʤʠʥʩʢʘʷ, ʃ.ʉ. ʃʝʚʯʫʢ, 

ʆ.ɽ. ʌʝʜʦʨʝʮ. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚʳʧʦʣʥʝʥʦ ʤʝʪʦʜʦʤ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ (ʀʉʇ-ʄʉ) ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʘʭ Agilent 7500c 

(ʉʐɸ) ʠ Agilent 7700ʭ (ʉʐɸ). ɸʥʘʣʠʪʠʢʠ: ʄ.ɻ. ɹʣʦʭʠʥ, ɼ.ʉ. ʆʩʪʘʧʝʥʢʦ. ʆʪʚʝʪʩʪʚʝʥʥʳʡ 

ʠʩʧʦʣʥʠʪʝʣʴ ï ʅ.ɺ. ɿʘʨʫʙʠʥʘ. 

ʄʝʪʦʜʳ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʀʟʦʪʦʧʥʦ-ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʪʦʜʘʤʠ ʚʪʦʨʠʯʥʦ-ʠʦʥʥʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ (SIMS) ʠ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ ʩ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʝʡ (LA-ISP-MS), ʘ ʪʘʢʞʝ ʤʝʪʦʜʦʤ ʩʪʫʧʝʥʯʘʪʦʛʦ ʧʨʦʛʨʝʚʘ 

(40Ar/39Ar ʜʘʪʠʨʦʚʘʥʠʝ). ʂʘʞʜʘʷ ʧʨʦʙʘ ʥʘ ʚʦʟʨʘʩʪ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʝʜʠʥʳʡ ʰʪʫʬ ʚʝʩʦʤ ʦʢʦʣʦ 

10 ʢʛ, ʦʪʦʙʨʘʥʥʳʡ ʠʟ ʢʦʨʝʥʥʦʛʦ ʦʙʥʘʞʝʥʠʷ, ʥʝ ʠʤʝʶʱʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʭ ʢʦʥʪʘʢʪʦʚ ʩ 

ʦʢʨʫʞʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ. ɺ ʩʚʷʟʠ ʩʦ ʩʧʝʮʠʬʠʢʦʡ ʦʙʨʘʟʮʦʚ (ʛʘʙʙʨʦʠʜʳ), ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʫʜʝʣʷʣʦʩʴ ʯʠʩʪʦʪʝ. ʄʝʪʦʜʠʢʘ ʚʳʜʝʣʝʥʠ ̫ʮʠʨʢʦʥʦʚ ʠ ʘʧʘʪʠʪʦʚ 

ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ ʜʨʦʙʣʝʥʠʷ ʠ ʧʨʦʩʝʠʚʘʥʠʷ ʧʦʨʦʜʳ (<0.25 ʤʤ), ʦʪʤʳʚʢʫ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʰʣʠʭʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʤʘʛʥʠʪʥʫʶ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʩʝʧʘʨʘʮʠʶ ʠ ʨʘʟʜʝʣʝʥʠʝ ʚ 

ʪʷʞʝʣʳʭ ʞʠʜʢʦʩʪʷʭ. ʂʦʥʝʯʥʳʡ ʦʪʙʦʨ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚʨʫʯʥʫʶ ʧʦʜ ʙʠʥʦʢʫʣʷʨʦʤ. ʆʪʦʙʨʘʥʥʳʝ 

ʟʝʨʥʘ ʟʘʧʨʝʩʩʦʚʳʚʘʣʠ ʚ ʵʧʦʢʩʠʜʥʫʶ ʩʤʦʣʫ ʠ ʰʣʠʬʦʚʘʣʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ ʧʦʣʦʚʠʥʫ ʩʚʦʝʡ 

ʪʦʣʱʠʥʳ. ɼʣʷ ʚʳʙʦʨʘ ʧʦʜʭʦʜʷʱʠʭ ʪʦʯʝʢ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʧʪʠʯʝʩʢʠʝ (ʚ ʧʨʦʭʦʜʷʱʝʤ ʠ 

ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ) ʠ ʢʘʪʦʜʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ. 

ɼʘʪʠʨʦʚʘʥʠʝ ʮʠʨʢʦʥʦʚ SIMS ʤʝʪʦʜʦʤ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʠʦʥʥʦʤ ʤʠʢʨʦʟʦʥʜʝ SHRIMP II ʚ 

ʎʝʥʪʨʝ ʠʟʦʪʦʧʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ɺʉɽɻɽʀ ʠʤʝʥʠ ɸ.ʇ. ʂʘʨʧʠʥʩʢʦʛʦ (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ). 

ʆʪʦʙʨʘʥʥʳʝ ʟʝʨʥʘ ʙʳʣʠ ʚʤʦʥʪʠʨʦʚʘʥʳ ʚ ʵʧʦʢʩʠʜʥʫʶ ʩʤʦʣʫ ʚʤʝʩʪʝ ʩʦ ʩʪʘʥʜʘʨʪʘʤʠ ʟʝʨʝʥ 

ʮʠʨʢʦʥʦʚ TEMORA ʠ 91500. ʀʟʤʝʨʝʥʠʝ ʠʟʦʪʦʧʥʳʭ ʦʪʥʦʰʝʥʠʡ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʤʝʪʦʜʠʢʝ, 

ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʝ [Williams, 1998]. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʝʨʚʠʯʥʦʛʦ ʧʫʯʢʘ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ ʩʦʩʪʘʚʣʷʣʘ 4 ʥɸ, ʜʠʘʤʝʪʨ (ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ) ï ʤʝʥʝʝ 
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30 ʤʢʤ. ʆʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤ SQUID 1.02 

ʠ ISOPLOT/EX [Ludwig, 2003]. 

ɼʘʪʠʨʦʚʘʥʠʝ ʮʠʨʢʦʥʦʚ ʚ ʎʂʇ ʇʎʃʕʀɸ ɼɺɻʀ ɼɺʆ ʈɸʅ (ʛ. ɺʣʘʜʠʚʦʩʪʦʢ) ʧʨʦʚʝʜʝʥʦ 

ʤʝʪʦʜʦʤ LA-ISP-MS ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ Agilent 7500ʘ (Agilent Technologies, 

ʉʐɸ), ʩʦʚʤʝʱʝʥʥʦʛʦ ʩ ʩʠʩʪʝʤʦʡ ʣʘʟʝʨʥʦʛʦ ʫʜʘʣʝʥʠʷ ʪʚʝʨʜʦʛʦ ʦʙʨʘʟʮʘ NWR-213 (New Wave 

Research, ʉʐɸ), ʘʥʘʣʠʪʠʢ ɺ.ʀ. ʂʠʩʝʣʝʚ. ʇʦʜʨʦʙʥʦʩʪʠ ʤʝʪʦʜʠʢʠ ʦʧʠʩʘʥ rʚ ʨʘʙʦʪʘʭ [ʂʠʩʝʣʸʚ ʠ 

ʜʨ., 2008; Horn et al., 2000; Jackson et al., 2004]. ɼʠʘʤʝʪʨ ʘʙʣʷʮʠʦʥʥʦʛʦ ʢʨʘʪʝʨʘ ʩʦʩʪʘʚʣʷʣ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 40 ʤʢʤ. U-Pb ʦʪʥʦʰʝʥʠʷ ʥʦʨʤʘʣʠʟʦʚʘʣʠ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ 

ʠʟʦʪʦʧʥʳʭ ʦʪʥʦʰʝʥʠʡ ʩʪʘʥʜʘʨʪʥʳʭ ʮʠʨʢʦʥʦʚ TEMORA ʠ 91500. ʆʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ rISOPLOT/EX [Ludwig, 2003]. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʠʟʦʪʦʧʥʦ-ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʮʠʨʢʦʥʦʚ ʠ ʘʧʘʪʠʪʦʚ 

ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʪʦʜʦʤ LA-ISP-MS ʚ ʊʷʥʴʮʟʠʥʴʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ 

(TIGMR CAGS, ʂʠʪʘʡ). 

ʎʠʨʢʦʥʳ ʙʳʣʠ ʜʘʪʠʨʦʚʘʥʳ ʥʘ ʧʨʠʙʦʨʝ Thermo Fisher NEPTUNE ICP-MS, ʦʙʦʨʫʜʦʚʘʥʥʦʛʦ 

193 ʥʤ ʣʘʟʝʨʦʤ (1ï200 Hz, 15 J/cm2) ʩ ʜʠʘʤʝʪʨʦʤ ʧʫʯʢʘ ʚ 35 ʤʢʤ. ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʡ ʧʦʜʨʦʙʥʦ 

ʦʧʠʩʘʥʘ ʚ ʨʘʙʦʪʝ [Wu et al., 2002]. ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʮʠʨʢʦʥ çPlesoviceè 

[Sl§ma et al., 2008] ʠ ʩʪʘʥʜʘʨʪʥʦʝ ʩʪʝʢʣʦ NIST610. ʇʨʠ ʨʘʩʯʝʪʝ U-Pb ʠʟʦʪʦʧʥʳʭ ʩʦʩʪʘʚʦʚ 

ʧʨʠʤʝʥʷʣʘʩʴ ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ GLITTER [Jackson et al., 2004]. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʳ ʥʘ ʦʙʱʠʡ Pb ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʤʝʨʝʥʥʦʛʦ ʥʝ ʨʘʜʠʦʛʝʥʥʦʛʦ 204Pb [Andersen, 

2002]. ʈʘʩʯʝʪʳ ʚʦʟʨʘʩʪʘ ʚʳʧʦʣʥʝʥʳ ʚ ʧʨʦʛʨʘʤʤʝ ISOPLOT/EX [Ludwig, 2003]. 

ɸʧʘʪʠʪʳ ʙʳʣʠ ʜʘʪʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻ ʢʩʠʤʝʨʥʦʛʦ ʣʘʟʝʨʘ RESOlution-LR ʩ ʜʣʠʥʦʡ 

ʚʦʣʥʳ 193 ʥʤ (ASI Company, ɸʚʩʪʨʘʣʠʷ) ʥʘ ʢʚʘʜʨʫʧʦʣʴʥʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ (Q-ICP-MS) 

Agilent 7900 (Agilent Technologies, ʉʐɸ). ʇʨʠʙʦʨ ʙʳʣ ʦʧʪʠʤʠʟʠʨʦʚʘʥ ʥʘ ʩʪʘʥʜʘʨʪʥʦʤ ʩʪʝʢʣʝ 

NIST610. ɼʣʷ ʩʙʦʨʘ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʝʞʠʤ ʩʢʘʯʢʦʦʙʨʘʟʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʧʠʢʦʚ. 

ʆʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʘʥʘʣʠʟʘ ʙʳʣʠ 204Pb, 206Pb, 207Pb, 208Pb, 238U ʠ 232Th. ɺʨʝʤʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʩʦʩʪʘʚʣʷʣʦ 20 ʤʩ. ɺʨʝʤʷ ʘʥʘʣʠʟʘ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʚʳʙʦʨʢʠ ʩʦʩʪʘʚʣʷʣʦ 70 ʩ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ 

10 ʩ ʩʙʦʨʘ ʬʦʥʦʚʦʛʦ ʩʠʛʥʘʣʘ, 50 ʩ ʩʙʦʨʘ ʧʨʦʙʥʦʛʦ ʩʠʛʥʘʣʘ ʠ 10 ʩ ʚʨʝʤʷ ʧʨʦʜʫʚʢʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʚʥʝʰʥʝʛʦ ʩʪʘʥʜʘʨʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʧʘʪʠʪ Durango, ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ ʤʦʥʠʪʦʨʠʥʛʘ ï Otter lake, 

ʘ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ï NIST 612. ɼʠʘʤʝʪʨ ʧʫʯʢʘ ʩʦʩʪʘʚʣʷʣ 51 ʤʢʤ, ʯʘʩʪʦʪʘ 

ʘʙʣʷʮʠʠ ï 8 ɻʮ, ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ï 3 ɼʞ/ʩʤ2. ʉʦʦʪʥʦʰʝʥʠʷ U-Pb ʠʟʦʪʦʧʦʚ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ 

ʘʥʘʣʠʟʘ ʙʳʣʠ ʦʪʢʘʣʠʙʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ICPMSDataCal. ɼʣʷ ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʠʟʤʝʨʝʥʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʠʘʛʨʘʤʤʫ ʊʝʨʘ-ɺʘʩʩʝʨʙʫʨʛʘ, ʥʘ ʢʦʪʦʨʦʡ ʚʝʨʭʥʷʷ ʪʦʯʢʘ 

ʧʝʨʝʩʝʯʝʥʠʷ ï ʦʙʱʠʡ ʩʦʩʪʘʚ ʩʚʠʥʮʘ ʚ ʦʙʨʘʟʮʝ, ʘ ʥʠʞʥʷʷ ʪʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ï ʩʦʛʣʘʩʦʚʘʥʥʳʡ 

ʚʦʟʨʘʩʪ ʦʙʨʘʟʮʘ. ʈʘʩʯʝʪʳ ʚʦʟʨʘʩʪʘ ʚʳʧʦʣʥʝʥʳ ʚ ʧʨʦʛʨʘʤʤʝ ISOPLOT/EX [Ludwig, 2003]. 
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ɼʘʥʥʳʝ ʧʦ ʜʘʪʠʨʦʚʘʥʠʶ ʮʠʨʢʦʥʦʚ ʠ ʘʧʘʪʠʪʦʚ ʙʳʣʠ ʧʝʨʝʩʯʠʪʘʥʳ ʘʚʪʦʨʦʤ ʚ ʧʨʦʛʨʘʤʤʝ 

IsoplotR [Vermeesch, 2018] ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʙʱʝʧʨʠʥʷʪʳʭ ʜʠʘʛʨʘʤʤ ʠ ʧʨʠʚʝʜʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʪʠʨʦʚʦʢ ʢ ʦʜʠʥʘʢʦʚʳʤ ʧʦʛʨʝʰʥʦʩʪʷʤ. ʇʦʛʨʝʰʥʦʩʪʠ ʝʜʠʥʠʯʥʳʭ ʘʥʘʣʠʟʦʚ (ʦʪʥʦʰʝʥʠʡ, 

ʚʦʟʨʘʩʪʦʚ) ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ ʥʘ ʫʨʦʚʥʝ 1ů. ʇʦʛʨʝʰʥʦʩʪʠ ʚʳʯʠʩʣʝʥʥʳʭ ʢʦʥʢʦʨʜʘʥʪʥʳʭ 

ʚʦʟʨʘʩʪʦʚ ʚ ʪʝʢʩʪʝ ʠ ʥʘ ʨʠʩʫʥʢʘʭ ʧʨʠʚʝʜʝʥʳ ʥʘ ʫʨʦʚʥʝ 2ů. 

ʆʧʨʝʜʝʣʝʥʠʝ 40Ar/39Ar ʚʦʟʨʘʩʪʘ ʤʝʪʦʜʦʤ ʩʪʫʧʝʥʯʘʪʦʛʦ ʧʨʦʛʨʝʚʘ ʧʨʦʚʝʜʝʥʦ ʚ ʠʟʦʪʦʧʥʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ ʀɻʄ ʉʆ ʈɸʅ (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ) ʥʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ Noble gas 5400 (çʄʠʢʨʦʤʘʩʩè, 

ɸʥʛʣʠʷ) ʠ ʥʘ ʤʥʦʛʦʢʦʣʣʝʢʪʦʨʥʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ Argus (çGV-Instrumentsè, ɸʥʛʣʠʷ) ʧʦ 

ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʝ [ʊʨʘʚʠʥ ʠ ʜʨ., 2009]. ʄʠʥʝʨʘʣʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʜʝʣʷʣʠʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʠʢ ʤʘʛʥʠʪʥʦʡ ʠ ʧʣʦʪʥʦʩʪʥʦʡ ʩʝʧʘʨʘʮʠʠ. ʆʩʦʙʝʥʥʦʩʪʴʶ 

ʤʝʪʦʜʠʢʠ ʷʚʣʷʝʪʩʷ ʦʙʣʫʯʝʥʠʝ ʢʚʘʨʮʝʚʳʭ ʘʤʧʫʣ ʩ ʧʨʦʙʘʤʠ ʚ ʦʭʣʘʞʜʘʝʤʦʤ ʚʦʜʦʡ ʢʘʥʘʣʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʨʝʘʢʪʦʨʘ ʌʊʀ ʊʇʋ (ʛ. ʊʦʤʩʢ). ʇʨʠ ʦʙʣʫʯʝʥʠʠ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʪʝʤʧʝʨʘʪʫʨʘ 

ʘʤʧʫʣ ʩ ʦʙʨʘʟʮʘʤʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 100ÁC. ɻʨʘʜʠʝʥʪ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ ʥʝ ʧʨʝʚʳʰʘʣ 0.5% ʚ 

ʨʘʟʤʝʨʝ ʦʙʨʘʟʮʘ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʩʪʫʧʝʥʯʘʪʦʤʫ ʧʨʦʛʨʝʚʫ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʢʚʘʨʮʝʚʦʤ ʨʝʘʢʪʦʨʝ ʩ 

ʧʝʯʴʶ ʚʥʝʰʥʝʛʦ ʧʨʦʛʨʝʚʘ. ʍʦʣʦʩʪʦʡ ʦʧʳʪ ʧʦ 40Ar (10 ʤʠʥ ʧʨʠ 1200Áʉ) ʥʝ ʧʨʝʚʳʰʘʣ 5Ĭ10ï10 ʥʩʤ3. 

ʇʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ ʠ ʥʘ ʨʠʩʫʥʢʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʥʪʝʨʚʘʣʫ Ñ 1ů. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɸʚʪʦʨʦʤ ʣʠʯʥʦ ʧʨʦʚʦʜʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ 

ʜʨʘʛʠʨʦʚʘʥʥʳʭ ʧʦʨʦʜ ʪʨʦʛʘ ʂʘʡʤʘʥ ʠ ʧʦʜʚʦʜʥʦʡ ʛʦʨʳ ʍʘʭʘʜʞʠʤʘ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʥʘʫʯʥʳʤ 

ʨʫʢʦʚʦʜʠʪʝʣʝʤ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʮʦʚ ɹʨʝʝʚʩʢʦʛʦ ʠ ʏʫʛʫʝʚʩʢʦʛʦ ʛʘʙʙʨʦ-ʛʠʧʝʨʙʘʟʠʪʦʚʳʭ ʤʘʩʩʠʚʦʚ, 

ʦʪʦʙʨʘʥʥʳʭ ʠʤ ʚ ʭʦʜʝ ʧʦʣʝʚʳʭ ʨʘʙʦʪ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʠʩʩʝʨʪʘʥʪʦʤ ʙʳʣ 

ʦʩʚʦʝʥ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʱʝʩʪʚʘ ʠ ʨʷʜ ʤʝʪʦʜʦʚ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʢ ʥʠʤ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʤʝʪʦʜʦʚ ʚʢʣʶʯʘʣʘ ʠʟʫʯʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʜ ʧʦ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʤ 

ʰʣʠʬʘʤ ʠ ʧʣʘʩʪʠʥʢʘʤ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʦʚ ʠ ʠʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʥʪʛʝʥʦʚʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ʋʯʘʩʪʠʝ ʘʚʪʦʨʘ ʚ ʧʦʣʝʚʳʭ ʨʘʙʦʪʘʭ ʟʘʢʣʶʯʘʣʦʩʴ ʚ 

ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʠ ʤʘʨʰʨʫʪʦʚ ʠ ʦʙʥʘʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʦʪʙʦʨʝ ʧʨʦʙ. ɼʣʷ U-Pb ʠʟʦʪʦʧʥʦ-

ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʠʩʩʝʨʪʘʥʪʦʤ ʙʳʣʦ ʦʪʦʙʨʘʥʦ ʠ ʦʙʨʘʙʦʪʘʥʦ ʤʝʪʦʜʘʤʠ 

ʜʨʦʙʣʝʥʠʷ, ʤʘʛʥʠʪʥʦʡ ʩʝʧʘʨʘʮʠʠ ʠ ʨʘʟʜʝʣʝʥʠʷ ʚ ʪʷʞʝʣʳʭ ʞʠʜʢʦʩʪʷʭ 20 ʦʙʨʘʟʮʦʚ. ʂʨʦʤʝ ʪʦʛʦ, 

ʘʚʪʦʨ ʛʦʪʦʚʠʣ ʧʨʦʙʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʟʘʥʠʤʘʣʩʷ 

ʦʙʨʘʙʦʪʢʦʡ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ï ʧʦʩʪʨʦʝʥʠʝʤ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʜʠʘʛʨʘʤʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʠ ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʳʭ ʛʨʘʬʠʢʦʚ, ʩʨʘʚʥʝʥʠʝʤ ʩ ʜʨʫʛʠʤʠ ʦʙʲʝʢʪʘʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʜʛʦʪʦʚʢʝ ʚʳʚʦʜʦʚ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ ʠ ʧʫʙʣʠʢʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 18 

ʨʝʛʠʦʥʘʣʴʥʳʭ, ʤʦʣʦʜʝʞʥʳʭ, ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ 

ʩʦʚʝʱʘʥʠʷʭ: ʢʦʥʢʫʨʩʝ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ɼɺɻʀ ɼɺʆ ʈɸʅ 

(ɺʣʘʜʠʚʦʩʪʦʢ, 2014, 2015); ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ 
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ʫʯʝʥʳʭ çɻʝʦʣʦʛʠʷ ʚ ʨʘʟʚʠʚʘʶʱʝʤʩʷ ʤʠʨʝè (ʊʦʤʩʢ, 2014, 2015, 2017); ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ɼɺʌʋ çʀʥʞʝʥʝʨʥʳʝ ʥʘʫʢʠ: ʘʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ 

ʨʘʟʚʠʪʠʷè (ɺʣʘʜʠʚʦʩʪʦʢ, 2014); ʚʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çɻʝʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʦʙʩʪʘʥʦʚʢʘʭ ʩʫʙʜʫʢʮʠʠ, ʢʦʣʣʠʟʠʠ ʠ ʩʢʦʣʴʞʝʥʠʷ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪè 

(ɺʣʘʜʠʚʦʩʪʦʢ, 2016, 2021, 2023); ʝʞʝʛʦʜʥʦʡ ʥʘʫʯʥʦʡ ʩʝʩʩʠʠ ʘʩʧʠʨʘʥʪʦʚ, ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ɼɺɻʀ ɼɺʆ ʈɸʅ (ɺʣʘʜʠʚʦʩʪʦʢ, 2017); ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʋʣʴʪʨʘʤʘʬʠʪ-ʤʘʬʠʪʦʚʳʝ ʢʦʤʧʣʝʢʩʳ: ʛʝʦʣʦʛʠʷ, ʩʪʨʦʝʥʠʝ, ʨʫʜʥʳʡ ʧʦʪʝʥʮʠʘʣè (ɻʨʝʤʷʯʠʥʩʢ, 

2017, ʅʦʚʦʩʠʙʠʨʩʢ, 2023); XXII ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʩʠʤʧʦʟʠʫʤʝ ʩʪʫʜʝʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

çʇʨʦʙʣʝʤʳ ʛʝʦʣʦʛʠʠ ʠ ʦʩʚʦʝʥʠʷ ʥʝʜʨè (ʊʦʤʩʢ, 2018); IX ʉʠʙʠʨʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ 

ʫʯʝʥʳʭ ʧʦ ʥʘʫʢʘʤ ʦ ɿʝʤʣʝ (ʅʦʚʦʩʠʙʠʨʩʢ, 2018); ʚʩʝʨʦʩʩʠʡʩʢʦʤ ʥʘʫʯʥʦʤ ʩʦʚʝʱʘʥʠʠ 

çɻʝʦʜʠʥʘʤʠʯʝʩʢʘʷ ʵʚʦʣʶʮʠʷ ʣʠʪʦʩʬʝʨʳ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʧʦʷʩʘ (ʦʪ ʦʢʝʘʥʘ ʢ 

ʢʦʥʪʠʥʝʥʪʫ)è (ʀʨʢʫʪʩʢ, 2018, 2020); XXVIII ʚʩʝʨʦʩʩʠʡʩʢʦʡ ʤʦʣʦʜʝʞʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʉʪʨʦʝʥʠʝ ʣʠʪʦʩʬʝʨʳ ʠ ʛʝʦʜʠʥʘʤʠʢʘè (ʀʨʢʫʪʩʢ, 2019); I ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ-

ʰʢʦʣʝ çɻʝʦʣʦʛʠʷ ʥʘ ʦʢʨʘʠʥʝ ʢʦʥʪʠʥʝʥʪʘè (ɺʣʘʜʠʚʦʩʪʦʢ, 2019). 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 4 ʩʪʘʪʴʠ ʚ ʨʦʩʩʠʡʩʢʠʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ 

ʚ ʩʧʠʩʦʢ ɺɸʂ, ʠ 15 ʨʘʙʦʪ ʚ ʤʘʪʝʨʠʘʣʘʭ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʸʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʰʝʩʪʠ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ 

ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʷʪʠ ʧʨʠʣʦʞʝʥʠʡ. ʆʥʘ ʠʟʣʦʞʝʥʘ ʥʘ 158 ʩʪʨʘʥʠʮʘʭ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 59 

ʠʣʣʶʩʪʨʘʮʠʷʤʠ ʠ 6 ʪʘʙʣʠʮʘʤʠ. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʚʢʣʶʯʘʝʪ 239 ʥʘʠʤʝʥʦʚʘʥʠʡ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʛʝʥʝʪʠʯʝʩʢʦʡ ʤʠʥʝʨʘʣʦʛʠʠ ʠ 

ʧʝʪʨʦʣʦʛʠʠ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ɼɺʆ ʈɸʅ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʛ.ʥ.ʩ., ʜ.ʛ.-

ʤ.ʥ. ʉ.ɺ. ɺʳʩʦʮʢʦʛʦ, ʢʦʪʦʨʦʤʫ ʘʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ 

ʢʦʣʣʝʢʮʠʠ ʦʙʨʘʟʮʦʚ, ʩʦʚʝʪʳ, ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʦʚʤʝʩʪʥʫʶ ʨʘʙʦʪʫ. 

ɸʚʪʦʨ ʠʩʢʨʝʥʥʝ ʙʣʘʛʦʜʘʨʝʥ ʟʘ ʫʯʘʩʪʠʝ ʚ ʦʙʩʫʞʜʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʮʝʥʥʳʝ 

ʩʦʚʝʪʳ ʠ ʥʝʦʮʝʥʠʤʫʶ ʧʦʤʦʱʴ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʠʩʩʝʨʪʘʮʠʠ ʘʢʘʜʝʤʠʢʫ ʈɸʅ ɸ.ʀ. ʍʘʥʯʫʢʫ, ʯʣʝʥʫ-

ʢʦʨʨʝʩʧʦʥʜʝʥʪʫ ʈɸʅ ɽ.ɺ. ʉʢʣʷʨʦʚʫ, ʯʣʝʥʫ-ʢʦʨʨʝʩʧʦʥʜʝʥʪʫ ʈɸʅ ʀ.ɺ. ʂʝʤʢʠʥʫ, ʯʣʝʥʫ-

ʢʦʨʨʝʩʧʦʥʜʝʥʪʫ ʈɸʅ ɺ.ɻ. ʉʘʭʥʦ, ʜ.ʛ.-ʤ.ʥ. ʖ.ɸ. ʄʘʨʪʳʥʦʚʫ, ʜ.ʛ.-ʤ.ʥ. ɺ.ɺ. ɻʦʣʦʟʫʙʦʚʫ; ʜ.ʛ.-ʤ.ʥ. 

ɺ.ʊ. ʂʘʟʘʯʝʥʢʦ, ʜ.ʛ.-ʤ.ʥ. ɻ.ʄ. ɺʦʚʥʝ, ʜ.ʛ.ʥ. ɺ.ʉ. ʇʫʰʢʘʨʶ; ʢ.ʛ.-ʤ.ʥ. ɸ.ɺ. ɻʨʝʙʝʥʥʠʢʦʚʫ, ʢ.ʛ.-ʤ.ʥ. 

ʀ.ɸ. ɸʣʝʢʩʘʥʜʨʦʚʫ; ʢ.ʛ.-ʤ.ʥ. ɺ.ʇ. ʅʝʯʘʝʚʫ, ʢ.ʛ.-ʤ.ʥ. ʉ.ʆ. ʄʘʢʩʠʤʦʚʫ, ʢ.ʛ.-ʤ.ʥ. ɸ.ɺ. ɸʩʝʝʚʦʡ,     

ʢ.ʛ.-ʤ.ʥ. ɸ.ɸ. ʂʘʨʘʙʮʦʚʫ, ʢ.ʛ.-ʤ.ʥ. ʉ.ʖ ɹʫʜʥʠʮʢʦʤʫ, ʢ.ʛ.-ʤ.ʥ. ɸ.ɸ. ʏʘʱʠʥʫ, ʉ.ɸ. ʏʘʱʠʥʫ, 

ɸ.ɸ. ɺʝʣʴʜʝʤʘʨ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʪʝʤʘʤ ʅʀʈ ʠʥʩʪʠʪʫʪʘ FWMF-2022-0002 ʠ FWMF-2024-0002. 
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ɻʃɸɺɸ 1. ʉʆɺʈɽʄɽʅʅɸʗ ʂʆʅʎɽʇʎʀʗ ʆʌʀʆʃʀʊʆɺ 

 

1.1 ʀʩʪʦʨʠʷ ʪʝʨʤʠʥʘ çʦʬʠʦʣʠʪèr 

ʊʝʨʤʠʥ çʦʬʠʦʣʠʪʳè (çʦʬʠʦʣʠʪʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷè, çʦʬʠʦʣʠʪʦʚʳʡ ʢʦʤʧʣʝʢʩè) ʠ ʢʦʥʮʝʧʮʠʷ 

ʦʬʠʦʣʠʪʦʚ ʚ ʮʝʣʦʤ (ʛʝʥʝʟʠʩ, ʪʠʧʳ) ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʩʚʦʝʡ ʧʦʯʪʠ ʜʚʫʭʩʦʪʣʝʪʥʝʡ ʠʩʪʦʨʠʠ 

ʷʚʣʷʝʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʳʤ. ɺ 1972 ʛʦʜʫ ʥʘ ʇʝʥʨʦʫʟʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʙʳʣʦ ʧʨʠʥʷʪʦ ʦʧʨʝʜʝʣʝʥʠʝ 

ʦʬʠʦʣʠʪʦʚ [ʂʦʣʤʘʥ, 1979], ʦʜʥʘʢʦ ʩʧʦʨʳ ʚʝʜʫʪʩʷ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚʦʢʨʫʛ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʯʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ. ʇʦʵʪʦʤʫ ʚ ʩʣʫʯʘʝ ʠʟʫʯʝʥʠʷ ʦʬʠʦʣʠʪʦʚʳʭ ʘʩʩʦʮʠʘʮʠʡ 

ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʣʞʥʦ ʙʳʪʴ ʯʝʪʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʟʥʘʯʝʥʠʠ ʪʝʨʤʠʥʘ 

çʦʬʠʦʣʠʪʳè. ʊʦʣʴʢʦ ʫʩʪʘʥʦʚʠʚ ʛʨʘʥʠʮʳ ʵʪʦʛʦ ʪʝʨʤʠʥʘ, ʤʦʞʥʦ ʦʙʲʝʢʪʠʚʥʦ ʩʫʜʠʪʴ ʦ ʛʝʥʝʟʠʩʝ 

ʦʬʠʦʣʠʪʦʚʳʭ ʘʩʩʦʮʠʘʮʠʡ, ʯʝʤʫ ʠ ʧʦʩʚʷʱʝʥʘ ʥʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ. 

ʊʝʨʤʠʥ çʦʬʠʦʣʠʪè ʚʧʝʨʚʳʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ 1813 ʛʦʜʫ ʬʨʘʥʮʫʟʩʢʠʤ ʤʠʥʝʨʘʣʦʛʦʤ 

ɸ. ɹʨʦʥʴʷʨʦʤ (1770-1847) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʝʨʧʝʥʪʠʥʠʪʘʤ ʚ ʤʝʣʘʥʞʘʭ [Brongniart, 1813]. 

ɺʧʦʩʣʝʜʩʪʚʠʠ ʦʥ ʩʪʘʣ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʦʸ ʦʧʨʝʜʝʣʝʥʠʝ ʦʬʠʦʣʠʪʦʚ ʜʣʷ ʘʩʩʦʮʠʘʮʠʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʫʣʴʪʨʘʙʘʟʠʪʦʚ, ʛʘʙʙʨʦ, ʜʠʘʙʘʟʦʚ ï ʩʧʠʣʠʪʦʚ ʠ ʢʨʝʤʥʠʩʪʳʭ ʧʦʨʦʜ [Brongniart, 1821]. ʇʦʟʜʥʝʝ 

ʌ. ʌʫʢʝ ʠ ʆ. ʄʠʰʝʣʴ-ʃʝʚʠ ʥʘʯʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʨʤʠʥ çʦʬʠʪʦʚʘʷè ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʜʠʘʙʘʟʦʚ [Fouqu®, Michel-L®vy, 1879], ʯʝʤ ʚʥʝʩʣʠ ʠʟʚʝʩʪʥʫʶ ʧʫʪʘʥʠʮʫ [ʂʦʣʤʘʥ, 1979]. 

ɻʫʩʪʘʚ ʐʪʝʡʥʤʘʥ (1856-1929) ʦʧʨʝʜʝʣʷʣ ʦʬʠʦʣʠʪʳ ʢʘʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʚʷʟʘʥʥʳʝ 

ʨʦʜʩʪʚʝʥʥʳʝ ʧʦʨʦʜʳ, ʢʦʪʦʨʳʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʦʙʨʘʟʦʚʘʣʠʩʴ ʢʘʢ ʠʥʪʨʫʟʠʠ ʚ ʦʩʝʚʳʭ ʯʘʩʪʷʭ 

ʛʝʦʩʠʥʢʣʠʥʘʣʝʡ [Steinmann, 1905, 1927]. ʆʥ ʩʯʠʪʘʣ, ʯʪʦ ʥʘʟʚʘʥʠʝ çʦʬʠʦʣʠʪʳè ʩʣʝʜʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʪʝʩʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʨʦʜʩʪʚʝʥʥʳʭ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜ, ʚ 

ʦʩʥʦʚʥʦʤ ʧʝʨʠʜʦʪʠʪʦʚ (ʩʝʨʧʝʥʪʠʥʠʪʦʚ) ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʛʘʙʙʨʦ, ʜʠʘʙʘʟʦʚ, ʩʧʠʣʠʪʦʚ 

ʠʣʠ ʥʦʨʠʪʦʚ ʠ ʙʣʠʟʢʠʭ ʢ ʥʠʤ ʧʦʨʦʜ. ɻ. ʐʪʝʡʥʤʘʥ ʠʩʢʣʶʯʠʣ ʠʟ ʩʚʦʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʝʤʥʠʩʪʳʝ 

ʧʦʨʦʜʳ, ʪ.ʢ. ʩʯʠʪʘʣ ʠʭ ʙʦʣʝʝ ʜʨʝʚʥʠʤʠ ʠ ʠʥʪʨʫʟʠʚʥʦ ʧʨʦʨʚʘʥʥʳʤʠ ʦʬʠʦʣʠʪʘʤʠ, ʦʜʥʘʢʦ ʦʪʤʝʯʘʣ 

ʧʦʚʩʝʤʝʩʪʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʬʠʦʣʠʪʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʛʣʫʙʦʢʦʚʦʜʥʳʤʠ ʦʩʘʜʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ 

ʚ ʨʘʡʦʥʝ ʛʦʨʥʳʭ ʮʝʧʝʡ ʉʨʝʜʠʟʝʤʥʦʤʦʨʴʷ. ʇʨʠʥʠʤʘʷ ʜʘʥʥʳʡ ʬʘʢʪ ʚʦ ʚʥʠʤʘʥʠʝ, ʦʥ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣ ʧʝʨʠʜʦʪʠʪʳ, ʛʘʙʙʨʦ ʠ ʜʠʘʙʘʟ-ʩʧʠʣʠʪʳ ʢʘʢ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ 

ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ, ʨʘʟʚʠʚʘʚʰʠʝʩʷ ʥʘ ʜʥʝ ʦʢʝʘʥʘ, ʠ ʩʯʠʪʘʣ, ʯʪʦ ʦʬʠʦʣʠʪʦʚʳʝ ʘʩʩʦʮʠʘʮʠʠ ʚ 

ʮʝʣʦʤ ʬʦʨʤʠʨʫʶʪʩʷ ʙʣʠʟʢʠʤʠ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʭʦʜʝ ʵʚʦʣʶʮʠʠ ʵʚʛʝʦʩʠʥʢʣʠʥʘʣʝʡ. 

ʕʪʘ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʨʠʚʝʣʘ ʢ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʦʤʫ ʧʦʥʷʪʠʶ çʪʨʠʘʜʘ ʐʪʝʡʥʤʘʥʘè, 

ʚ ʢʦʪʦʨʫʶ ʚʭʦʜʷʪ ʩʝʨʧʝʥʪʠʥʠʪʳ, ʜʠʘʙʘʟ-ʩʧʠʣʠʪʳ ʠ ʢʨʝʤʥʠ [ʂʦʣʤʘʥ, 1979; Hess, 1955; Bernoulli 

et al., 2003; Dilek, 2003; Dilek, Furnes, 2011]. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʘʚʩʪʨʘʣʠʡʩʢʠʡ ʛʝʦʣʦʛ ɺ. ɹʝʥʩʦʥ ʩʚʷʟʳʚʘʣ ʛʝʥʝʟʠʩ ʧʝʨʠʜʦʪʠʪʦʚ ʠ 

ʩʝʨʧʝʥʪʠʥʠʪʦʚ ʚ ʛʦʨʥʳʭ ʩʠʩʪʝʤʘʭ ʩ ʧʣʫʪʦʥʠʯʝʩʢʠʤʠ ʠʥʪʨʫʟʠʷʤʠ ʚ ʛʝʦʩʠʥʢʣʠʥʘʣʴʥʳʝ ʦʩʘʜʦʯʥʳʝ 

ʧʦʨʦʜʳ ʦʨʦʛʝʥʥʳʭ ʧʦʷʩʦʚ [Benson, 1926]. ʆʥ ʥʘʟʚʘʣ ʪʘʢʠʝ ʧʝʨʠʜʦʪʠʪʳ ʠ ʩʝʨʧʝʥʪʠʥʠʪʳ 
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ʘʣʴʧʠʥʦʪʠʧʥʳʤʠ (alpine-type), ʥʦ, ʚ ʦʪʣʠʯʠʠ ʦʪ ɻ. ʐʪʝʡʥʤʘʥʘ, ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣ ʠʭ ʨʦʜʩʪʚʦ ʩ 

ʛʘʙʙʨʦ ʠ ʜʠʘʙʘʟ-ʩʧʠʣʠʪʘʤʠ. ɽʛʦ ʧʨʠʤʝʨʫ ʧʦʩʣʝʜʦʚʘʣʠ ʤʥʦʛʠʝ ʛʝʦʣʦʛʠ, ʢʦʪʦʨʳʝ ʣʠʙʦ ʚʢʣʘʜʳʚʘʣʠ 

ʚ ʪʝʨʤʠʥ çʦʬʠʦʣʠʪè ʠʥʦʡ ʩʤʳʩʣ, ʣʠʙʦ ʦʪʢʨʳʪʦ ʢʨʠʪʠʢʦʚʘʣʠ ʢʦʥʮʝʧʮʠʶ ɻ. ʐʪʝʡʥʤʘʥʘ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʩʚʦʝʡ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʪʘʪʴʝ ɻ. ʍʝʩʩ ʫʪʚʝʨʞʜʘʣ, ʯʪʦ ʐʪʝʡʥʤʘʥʦʚʩʢʘʷ 

ʢʦʥʮʝʧʮʠʷ ʦʬʠʦʣʠʪʦʚ ʷʚʣʷʝʪʩʷ ʟʘʧʫʪʘʥʥʦʡ, ʪ.ʢ. ʥʝ ʫʯʠʪʳʚʘʝʪ ʩʚʷʟʠ ʦʬʠʦʣʠʪʦʚʳʭ ʧʦʨʦʜ ʩ 

çʪʝʢʪʦʥʠʯʝʩʢʠʤ ʮʠʢʣʦʤè [Hess, 1955]. ɺ ʵʪʦʡ ʞʝ ʨʘʙʦʪʝ ʦʥ ʫʪʚʝʨʞʜʘʣ, ʯʪʦ ʩʝʨʧʝʥʪʠʥʠʪʳ ʠ 

ʜʨʫʛʠʝ ʧʦʨʦʜʳ ʪʨʠʘʜʳ ʐʪʝʡʥʤʘʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʦʩʪʨʦʚʥʳʭ ʜʫʛʘʭ ʠ ʯʪʦ çʦʩʪʨʦʚʥʳʝ ʜʫʛʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʘʥʥʶʶ ʩʪʘʜʠʶ ʨʘʟʚʠʪʠʷ ʘʣʴʧʠʥʦʪʠʧʥʳʭ ʛʦʨʥʳʭ ʩʠʩʪʝʤè. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʦʯʪʠ ʟʘ 20 ʣʝʪ ʜʦ ʨʘʙʦʪʳ ɸ. ʄʠʷʩʠʨʦ [Miyashiro, 1973], ɻ. ʍʝʩʩ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʩʪʨʦʚʦʜʫʞʥʫʶ 

ʦʙʩʪʘʥʦʚʢʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʬʠʦʣʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʆʜʥʘʢʦ ʩʦ ʚʨʝʤʝʥʝʤ, ʙʣʘʛʦʜʘʨʷ ʨʘʙʦʪʘʤ ɻ. ʍʝʩʩʘ ʚ ʪʦʤ ʯʠʩʣʝ [Hess, 1962, 1965], 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʐʪʝʡʥʤʘʥʦʚʩʢʦʡ ʢʦʥʮʝʧʮʠʠ ʦʬʠʦʣʠʪʦʚ ʚ 

ʧʦʣʴʟʫ ʥʦʚʦʡ ʧʘʨʘʜʠʛʤʳ ʵʚʦʣʶʮʠʠ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʠ ʛʣʦʙʘʣʴʥʦʡ ʪʝʢʪʦʥʠʢʠ. ɻʦʣʣʘʥʜʩʢʠʡ 

ʛʝʦʣʦʛ ɺ. ɼʝ ʈʦʚʝʨ ʧʝʨʚʳʤ ʚʳʩʢʘʟʘʣ ʤʳʩʣʴ ʦ ʚʦʟʤʦʞʥʦʤ ʤʘʥʪʠʡʥʦʤ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʠ 

çʭʦʣʦʜʥʦʤè ʚʥʝʜʨʝʥʠʠ ʦʬʠʦʣʠʪʦʚ ʚ ʦʨʦʛʝʥʥʳʝ ʧʦʷʩʘ ʚ ʚʠʜʝ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʙʣʦʢʦʚ [de Roever, 

1956]. ʆʥ ʩʯʠʪʘʣ ʪʨʠʘʜʫ ʐʪʝʡʥʤʘʥʘ ʩʣʝʜʩʪʚʠʝʤ ʧʣʘʚʣʝʥʠʷ ʤʘʥʪʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ 

ʦʙʨʘʟʫʶʪʩʷ ʙʘʟʘʣʴʪʳ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʠ ʦʩʪʘʪʦʯʥʳʝ (ʨʝʩʪʠʪʦʚʳʝ) ʫʣʴʪʨʘʦʩʥʦʚʥʳʝ ʧʦʨʦʜʳ ʚ 

ʦʩʥʦʚʘʥʠʠ ʦʬʠʦʣʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ [de Roever, 1957]. ʐʚʝʡʮʘʨʩʢʠʡ ʧʝʪʨʦʣʦʛ ʄ. ɺʶʘʛʥʘʪ 

ʦʧʨʝʜʝʣʠʣ, ʯʪʦ ʧʝʨʠʜʦʪʠʪʦʚʳʝ ʤʘʩʩʠʚʳ ʚ ʦʬʠʦʣʠʪʘʭ ʙʳʣʠ ʯʘʩʪʠʯʥʳʤʠ ʨʝʩʪʠʪʘʤʠ ʧʣʘʚʣʝʥʠʷ ʚ 

ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ [Vuagnat, 1963]. ɸʤʝʨʠʢʘʥʩʢʠʡ ʛʝʦʣʦʛ ʊ. ʊʘʡʝʨ ʦʪʩʪʘʠʚʘʣ ʠʜʝʶ ʦ ʨʦʜʩʪʚʝ 

ʧʝʨʠʜʦʪʠʪʦʚ ʠ ʘʩʩʦʮʠʠʨʫʶʱʠʭ ʩ ʥʠʤʠ ʙʘʟʠʪʦʚʳʭ ʧʦʨʦʜ [Thayer, 1967]. ɺ ʜʘʣʴʥʝʡʰʝʤ ʦʥ 

ʩʦʚʤʝʩʪʥʦ ʩ ʀ. ɼʞʝʢʩʦʥʦʤ ʚʳʜʝʣʠʣ ʛʘʨʮʙʫʨʛʠʪʦʚʳʡ ʠ ʣʝʨʮʦʣʠʪʦʚʳʡ ʪʠʧʳ ʘʣʴʧʠʥʦʪʠʧʥʳʭ 

ʧʝʨʠʜʦʪʠʪʦʚ [Jackson, Thayer, 1972]. ɻʘʨʮʙʫʨʛʠʪʦʚʳʡ ʪʠʧ ʘʣʴʧʠʥʦʪʠʧʥʳʭ ʧʝʨʠʜʦʪʠʪʦʚ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʘʤʳʝ ʚʝʨʭʠ ʦʢʝʘʥʠʯʝʩʢʦʡ ʤʘʥʪʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʝʥʝʝ ʜʝʧʣʝʪʠʨʦʚʘʥʥʳʡ 

ʣʝʨʮʦʣʠʪʦʚʳʡ ʪʠʧ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʫʙʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʠ/ʠʣʠ ʙʦʣʝʝ ʛʣʫʙʦʢʦʡ ʦʢʝʘʥʠʯʝʩʢʦʡ 

ʤʘʥʪʠʠ, ʛʜʝ ʯʘʩʪʠʯʥʦʝ ʧʣʘʚʣʝʥʠʝ ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʦ. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʛʘʨʮʙʫʨʛʠʪʦʚʳʡ ʠ ʣʝʨʮʦʣʠʪʦʚʳʡ ʪʠʧʳ ʧʝʨʠʜʦʪʠʪʦʚ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʬʠʦʣʠʪʦʚ [Ishiwatari, 1985a; Dilek, 2003]. 

ɺ ʥʘʯʘʣʝ 1960-ʭ ʛʦʜʦʚ ʈ. ɼʠʮ [Dietz, 1961] ʠ ɻ. ʍʝʩʩ [Hess, 1962] ʚʳʜʚʠʥʫʣʠ ʛʠʧʦʪʝʟʫ 

ʩʧʨʝʜʠʥʛʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʦʬʠʦʣʠʪʳ ʚ ʦʨʦʛʝʥʥʳʭ ʧʦʷʩʘʭ ʷʚʣʷʶʪʩʷ ʬʨʘʛʤʝʥʪʘʤʠ 

ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʣʦʞʘ. ʇʦʟʜʥʝʝ, ʢ ʩʝʨʝʜʠʥʝ 1960-ʭ ï ʥʘʯʘʣʫ 1970-ʭ ʛʦʜʦʚ ʩʪʘʣ ʜʦʩʪʫʧʝʥ ʚʩʝ 

ʙʦʣʴʰʠʡ ʦʙʲʝʤ ʜʘʥʥʳʭ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʦʢʝʘʥʠʯʝʩʢʠʭ ʙʘʩʩʝʡʥʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʟ ʊʠʭʦʛʦ ʦʢʝʘʥʘ. 

ɺʩʝʩʪʦʨʦʥʥʝʤʫ ʠʟʫʯʝʥʠʶ ʧʦʜʚʝʨʛʣʠʩʴ ʜʨʝʚʥʠʝ ʦʬʠʦʣʠʪʦʚʳʝ ʤʘʩʩʠʚʳ ʊʨʦʦʜʦʩ (ʦ. ʂʠʧʨ) ʠ 

ʉʝʤʘʠʣ (ʆʤʘʥ). ʆʙʱʠʝ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʪʠʧʳ ʧʦʨʦʜ ʦʢʝʘʥʠʯʝʩʢʦʡ 

ʣʠʪʦʩʬʝʨʳ ʩʭʦʜʥʳ ʩ ʦʬʠʦʣʠʪʦʚʳʤʠ ʘʩʩʦʮʠʘʮʠʷʤʠ ʚ ʦʨʦʛʝʥʥʳʭ ʧʦʷʩʘʭ ʤʠʨʘ. ʊʘʢ ʢ ʥʘʯʘʣʫ 70-ʭ 
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ʛʦʜʦʚ ʩʪʘʣʦ ʧʦʧʫʣʷʨʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʬʠʦʣʠʪʦʚ ʢʘʢ çʬʨʘʛʤʝʥʪʦʚ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʠ 

ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ, ʚʳʜʘʚʣʝʥʥʳʭ ʚ ʩʬʦʨʤʠʨʦʚʘʚʰʫʶʩʷ ʛʝʦʩʠʥʢʣʠʥʘʣʴʥʫʶ ʦʩʘʜʦʯʥʫʶ ʪʦʣʱʫ 

ʩʠʣʴʥʳʤʠ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʜʚʠʞʝʥʠʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʧʦʜʜʚʠʛʘʥʠʝʤ ʧʣʠʪè [ʄʠʷʩʠʨʦ, 1976; 

Miyashiro, 1972]. 

ɺ ʩʝʥʪʷʙʨʝ 1972 ʛʦʜʘ ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʦʙʱʝʩʪʚʦ ɸʤʝʨʠʢʠ ʩʦʟʚʘʣʦ ʧʝʨʚʫʶ ʇʝʥʨʦʫʟʩʢʫʶ 

ʢʦʥʬʝʨʝʥʮʠʶ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʦʡ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʠʜʝʘʣʴʥʘʷ ʦʬʠʦʣʠʪʦʚʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠ ʧʨʠʥʷʪʦ ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ ʦʬʠʦʣʠʪʦʚ [ʂʦʣʤʘʥ, 1979]: çʆʬʠʦʣʠʪʳ 

ï ʵʪʦ ʭʘʨʘʢʪʝʨʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ï ʦʩʥʦʚʥʳʭ ʧʦʨʦʜ, ʚʢʣʶʯʘʶʱʘʷ: 

1) ʫʣʴʪʨʘʙʘʟʠʪʦʚʳʡ ʢʦʤʧʣʝʢʩ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʣʝʨʮʦʣʠʪʦʚ, ʛʘʨʮʙʫʨʛʠʪʦʚ ʠ ʜʫʥʠʪʦʚ ʚ 

ʨʘʟʣʠʯʥʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ, ʦʙʳʯʥʦ ʦʙʣʘʜʘʶʱʠʭ ʪʝʢʩʪʫʨʘʤʠ ʪʝʢʪʦʥʠʪʦʚ ʠ ʙʦʣʝʝ 

ʠʣʠ ʤʝʥʝʝ ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʭ; 

2) ʛʘʙʙʨʦʠʜʥʳʡ ʢʦʤʧʣʝʢʩ ʩ ʢʫʤʫʣʷʪʠʚʥʳʤʠ ʪʝʢʩʪʫʨʘʤʠ ʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʦʙʳʯʥʦ ʩ 

ʧʝʨʠʜʦʪʠʪʦʚʳʤʠ ʠ ʧʠʨʦʢʩʝʥʠʪʦʚʳʤʠ ʢʫʤʫʣʷʪʘʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʝʥʝʝ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʨʦʜʘʤʠ ʫʣʴʪʨʘʙʘʟʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ; 

3) ʢʦʤʧʣʝʢʩ ʧʘʨʘʣʣʝʣʴʥʳʭ ʜʘʝʢ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ; 

4) ʢʦʤʧʣʝʢʩ ʦʩʥʦʚʥʳʭ ʠʟʚʝʨʞʝʥʥʳʭ ʧʦʨʦʜ, ʩʣʦʞʝʥʥʳʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʜʫʰʝʯʥʳʤʠ 

ʣʘʚʘʤʠ. 

5) ʘʩʩʦʮʠʠʨʫʶʱʠʝʩʷ ʪʠʧʳ ʧʦʨʦʜ ʧʨʝʜʩʪʘʚʣʝʥʳ: ʢʦʤʧʣʝʢʩʦʤ ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʦʩʘʜʢʦʚ, 

ʦʙʳʯʥʦ ʚʢʣʶʯʘʶʱʠʡ ʧʘʯʢʫ ʣʝʥʪʦʯʥʳʭ ʢʨʝʤʥʠʩʪʳʭ ʧʦʨʦʜ ʩ ʪʦʥʢʠʤʠ ʧʨʦʩʣʦʷʤʠ ʛʣʠʥʠʩʪʳʭ 

ʩʣʘʥʮʝʚ ʠ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠʟʚʝʩʪʥʷʢʦʚ; ʣʠʥʟʦʚʠʜʥʳʤʠ ʪʝʣʘʤʠ ʭʨʦʤʠʪʦʚ, ʦʙʳʯʥʦ 

ʧʨʠʫʨʦʯʝʥʥʳʤʠ ʢ ʜʫʥʠʪʘʤ; ʥʘʪʨʦʚʳʤʠ ʣʝʡʢʦʢʨʘʪʦʚʳʤʠ ʠʥʪʨʫʟʠʚʘʤʠ ʠ ʵʬʬʫʟʠʚʘʤʠè. 

ʇʦ ʇʝʥʨʦʫʟʩʢʦʡ ʢʦʥʮʝʧʮʠʠ, ʦʬʠʦʣʠʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʢʝʘʥʠʯʝʩʢʫʶ ʢʦʨʫ, ʢʦʪʦʨʘʷ 

ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʇʝʥʨʦʫʟʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ʟʘʢʨʝʧʠʣʘ ʩʪʨʫʢʪʫʨʥʦ-ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʦʬʠʦʣʠʪʦʚ, ʢʦʪʦʨʦʝ ʧʦʣʫʯʠʣʦ ʧʦʜʜʝʨʞʢʫ 

ʩʨʝʜʠ ʛʝʦʣʦʛʦʚ ʪʦʛʦ ʚʨʝʤʝʥʠ [ʆʬʠʦʣʠʪʳ..., 1973; ʂʦʣʤʘʥ, 1979; Moores, Jackson, 1974] ʠ ʧʦ ʩʝʡ 

ʜʝʥʴ ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʧʦʧʫʣʷʨʥʦʩʪʴ, ʭʦʪʴ ʦʥʦ ʪʘʢ ʠ ʥʝ ʩʪʘʣʦ ʦʙʱʝʧʨʠʟʥʘʥʥʳʤ. 

 

1.2 ɻʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʦʙʩʪʘʥʦʚʢʠ ʠ ʪʠʧʳ ʦʬʠʦʣʠʪʦʚ 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ɻ. ʍʝʩʩ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʫʢʘʟʳʚʘʣ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʛʝʥʝʟʠʩʘ 

ʦʬʠʦʣʠʪʦʚ ʚ ʦʩʪʨʦʚʥʳʭ ʜʫʛʘʭ [Hess, 1955]. ɺʧʦʩʣʝʜʩʪʚʠʠ ɸ. ʄʠʷʩʠʨʦ, ʠʩʩʣʝʜʫʷ ʭʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʚ ʦʬʠʦʣʠʪʘʭ ʢʦʤʧʣʝʢʩʘ ʊʨʦʦʜʦʩ, ʧʦʢʘʟʘʣ, ʯʪʦ ʵʪʠ ʧʦʨʦʜʳ ʨʝʟʢʦ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʚʫʣʢʘʥʠʪʦʚ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ ʠ ʩʭʦʜʥʳ ʩ ʦʩʪʨʦʚʦʜʫʞʥʳʤʠ 

ʚʫʣʢʘʥʠʪʘʤʠ [Miyashiro, 1973]. ɸ. ʄʠʷʩʠʨʦ ʩʜʝʣʘʣ ʚʳʚʦʜ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʫʣʢʘʥʠʪʦʚ ʢʦʤʧʣʝʢʩʘ 

ʊʨʦʦʜʦʩ ʚ ʦʩʪʨʦʚʥʦʡ ʜʫʛʝ, ʯʪʦ ʧʦʩʪʘʚʠʣʦ ʧʦʜ ʩʦʤʥʝʥʠʝ ʛʠʧʦʪʝʟʫ ʦ ʛʝʥʝʟʠʩʝ ʦʬʠʦʣʠʪʦʚ ʪʦʣʴʢʦ ʚ 

ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʘʭ. ɸ. ʄʠʷʩʠʨʦ ʧʝʨʚʳʤ ʚʳʜʝʣʠʣ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʦʬʠʦʣʠʪʦʚ. ɺ 
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ʩʚʦʠʭ ʨʘʙʦʪʘʭ ʦʥ ʨʘʟʜʝʣʷʣ ʦʬʠʦʣʠʪʳ ʥʘ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʠ ʥʝʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʝ 

[ʄʠʷʩʠʨʦ, 1976; Miyashiro, 1973]. ʇʝʨʚʳʝ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʇʝʥʨʦʫʟʩʢʦʡ ʤʦʜʝʣʠ ʚ 

ʩʪʨʫʢʪʫʨʥʦʤ ʦʪʥʦʰʝʥʠʠ, ʥʦ ʚ ʪʝʢʪʦʥʠʯʝʩʢʦʤ ʧʣʘʥʝ ʦʥʠ ʷʚʣʷʶʪʩʷ ʦʩʪʨʦʚʦʜʫʞʥʳʤʠ 

ʦʙʨʘʟʦʚʘʥʠʷʤʠ. ɺʪʦʨʦʡ ʪʠʧ ʦʬʠʦʣʠʪʦʚ ʩʣʦʞʝʥ ʦʪʜʝʣʴʥʳʤʠ ʤʘʩʩʠʚʘʤʠ ʩʝʨʧʝʥʪʠʥʠʪʦʚ ʠ ʛʘʙʙʨʦ, 

ʢʦʪʦʨʳʝ ʥʝ ʠʤʝʶʪ ʚʠʜʠʤʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʠ ʧʨʝʜʩʪʘʚʣʷʪʁ ʩʦʙʦʡ ʧʝʨʝʩʣʘʠʚʘʥʠʝ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʩ ʬʣʠʰʦʠʜʘʤʠ. ɺ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʨʘʙʦʪʘʭ ɸ. ʄʠʷʩʠʨʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʣ 

ʦʬʠʦʣʠʪʳ ʥʘ ʪʨʠ ʦʪʜʝʣʴʥʳʭ ʢʣʘʩʩʘ ʥʘ ʦʩʥʦʚʝ ʠʭ ʩʝʨʠʡ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʠ ʚʳʜʝʣʷʣ ʜʣʷ 

ʦʬʠʦʣʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʘʟʣʠʯʥʳʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʦʙʩʪʘʥʦʚʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ (ʩʨʝʜʠʥʥʦ-

ʦʢʝʘʥʠʯʝʩʢʠʝ ʭʨʝʙʪʳ, ʦʩʪʨʦʚʥʳʝ ʜʫʛʠ ʠ ʜʨ.) [Miyashiro, 1975, 1977]. ʕʪʠ ʚʳʚʦʜʳ ʠ ʦʩʦʙʝʥʥʦ 

ʨʘʙʦʪʘ [Miyashiro, 1973] ʚʳʟʚʘʣʠ ʦʞʠʚʣʝʥʥʫʶ ʜʠʩʢʫʩʩʠʶ ʦ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʝ 

ʦʬʠʦʣʠʪʦʛʝʥʝʟʘ ʠ ʧʦʜʚʝʨʛʣʠʩʴ ʨʝʟʢʦʡ ʢʨʠʪʠʢʝ ʩʦ ʩʪʦʨʦʥʳ ʛʝʦʣʦʛʦʚ, ʧʨʠʥʷʚʰʠʭ ʬʦʨʤʫʣʠʨʦʚʢʫ 

ʇʝʥʨʦʫʟʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ [ʂʦʣʤʘʥ, 1979; Hynes, 1975; Moores, 1975]. ʆʜʥʘʢʦ ʜʘʣʴʥʝʡʰʝʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʬʠʦʣʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʜʪʚʝʨʜʠʣʦ ʠʭ ʨʘʟʥʦʪʠʧʥʦʩʪʴ. 

ɺ ʉʉʉʈ ʧʦʩʣʝ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʠʤʧʦʟʠʫʤʘ çʆʬʠʦʣʠʪʳ ʚ ʟʝʤʥʦʡ ʢʦʨʝè, ʧʨʦʚʝʜʝʥʥʦʛʦ ʚ 

1973 ʛʦʜʫ ʚ ʄʦʩʢʚʝ, ʧʨʦʙʣʝʤʘ ʦʬʠʦʣʠʪʦʚ ʟʘʥʠʤʘʣʘ ʚʝʜʫʱʝʝ ʧʦʣʦʞʝʥʠʝ ʚ ʛʝʦʣʦʛʠʠ [ʆʬʠʦʣʠʪʳé, 

1973]. ʀʟ ʩʦʚʝʪʩʢʠʭ ʛʝʦʣʦʛʦʚ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʚʢʣʘʜ ʘʢʘʜʝʤʠʢʘ ʅ. ʃ. ɼʦʙʨʝʮʦʚʘ, ʢʦʪʦʨʳʡ 

ʫʢʘʟʳʚʘʣ ʥʘ ʨʘʟʥʦʪʠʧʥʦʩʪʴ ʦʬʠʦʣʠʪʦʚ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ [ɼʦʙʨʝʮʦʚ, 1974]. ʆʥ ʚʳʜʝʣʠʣ ʪʨʠ ʪʠʧʘ 

ʦʬʠʦʣʠʪʦʚ, ʠʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʦʙ ʠʭ ʤʝʪʘʤʦʨʬʠʟʤʝ ʠ ʧʝʪʨʦʭʠʤʠʠ: 1) ʩʦʜʝʨʞʘʱʠʝ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʩʝʨʠʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʬʫʥʜʘʤʝʥʪʦʤ ʦʩʪʨʦʚʥʳʭ ʜʫʛ; 2) 

ʩʦʜʝʨʞʘʱʠʝ ʪʨʦʢʪʦʣʠʪʳ ʚ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʝ ʠ ʬʝʨʨʦʛʘʙʙʨʦ ʩʨʝʜʠ ʛʘʙʙʨʦʠʜʥʳʭ ʢʫʤʫʣʷʪʦʚ 

(ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʦʢʨʘʠʥʥʳʭ ʤʦʨʷʭ); 3) ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʚ ʬʘʮʠʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʠ 

ʩʦʜʝʨʞʘʱʠʝ ʱʝʣʦʯʥʳʝ ʙʘʟʘʣʴʪʳ ʚ ʵʬʬʫʟʠʚʥʦʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ (ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʛʣʫʙʦʢʦʚʦʜʥʳʭ 

ʞʝʣʦʙʦʚ). ɼʦʙʨʝʮʦʚ, ʢʘʢ ʠ ʄʠʷʩʠʨʦ, ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʚʘʨʠʘʮʠʠ ʩʪʨʦʝʥʠʷ ʠ ʩʦʩʪʘʚʘ ʦʬʠʦʣʠʪʦʚ 

ʚ̫ʣʷʶʪʩʷ ʦʪʨʘʞʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ [ɼʦʙʨʝʮʦʚ, 1974; 

Dobretsov et al., 1994; Miyashiro, 1975, 1977]. ʉʧʫʩʪʷ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʚʳʭʦʜʠʪ ʩʝʨʠʷ ʩʪʘʪʝʡ 

ɸ. ɺ. ʇʝʡʚʝ ʠ ʩʦʘʚʪʦʨʦʚ ʦ ʨʘʟʣʠʯʠʠ ʦʬʠʦʣʠʪʦʚʳʭ ʘʩʩʦʮʠʘʮʠʡ ʧʦ ʭʘʨʘʢʪʝʨʫ ʨʘʟʨʝʟʘ, ʥʘʙʦʨʫ 

ʢʦʤʧʣʝʢʩʦʚ ʧʦʨʦʜ ʠ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ [ʇʝʡʚʝ ʠ ʜʨ., 1977; ʄʘʨʢʦʚ ʠ ʜʨ., 1977; 

ʂʥʠʧʧʝʨ, 1978]. ʕʪʠ ʬʘʢʪʦʨʳ ʙʠʣʠ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʢʘʢ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʷʜʘ 

ʨʘʟʣʠʯʥʳʭ ʧʘʣʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʪʠʭ ʘʩʩʦʮʠʘʮʠʡ. 

ʆʩʦʙʳʡ ʚʢʣʘʜ ʚ ʠʟʫʯʝʥʠʝ ʦʬʠʦʣʠʪʦʚ ʚʥʝʩʣʠ ʨʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʳʭ ʵʢʩʧʝʜʠʮʠʡ 1970-ʭ ï 

1980-ʭ ʛʦʜʦʚ ʧʦ ʦʩʪʨʦʚʦʜʫʞʥʳʤ ʩʠʩʪʝʤʘʤ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ. ʇʦʨʦʜʳ ʦʬʠʦʣʠʪʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʜʨʘʛʠʨʦʚʘʥʠʠ ʄʘʨʠʘʥʩʢʦʡ, ʀʜʟʫ-ɹʦʥʠʥʩʢʦʡ, ʊʦʥʛʘ-ʂʝʨʤʘʜʝʢ 

ʦʩʪʨʦʚʦʜʫʞʥʳʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʟʘʜʫʛʦʚʳʭ ʙʘʩʩʝʡʥʦʚ ʃʘʫ ʠ ʄʘʨʠʘʥʩʢʦʛʦ, ʞʝʣʦʙʘ ʗʧ [ɻʝʦʣʦʛʠʷ 

ʜʥʘ ʌʠʣʠʧʧʠʥʩʢʦʛʦ ʤʦʨʷ, 1980; ʇʫʱʠʥ, 1983; ɺʘʩʠʣʴʝʚ ʠ ʜʨ., 1987; ʇʫʱʠʥ ʠ ʜʨ., 1992; 

ɺʳʩʦʮʢʠʡ, 1989, 1996; ɹʝʭʪʦʣʴʜ ʠ ʜʨ., 1991; Ishii et al., 1981, 1983, 1985 ʠ ʜʨ.]. ʂʨʦʤʝ ʪʦʛʦ, 
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ʙʦʣʴʰʦʡ ʦʙʲʸʤ ʜʘʥʥʳʭ ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʙʫʨʝʥʠʷ 

çDeep Sea Drilling Projectè (DSDP) ʠ çOcean Drilling Programè (ODP) (ʩ 2004 ʛʦʜʘ çIntegrated 

Ocean Drilling Programè (IODP)). ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʨʩʢʠʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʵʢʩʧʝʜʠʮʠʡ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʬʠʦʣʠʪʦʚ ʥʘ ʢʦʥʪʠʥʝʥʪʝ, ʚ ʥʘʯʘʣʝ 1980-ʭ ʛʦʜʦʚ ʙʳʣʠ 

ʚʳʜʝʣʝʥʳ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʝ ʦʬʠʦʣʠʪʳ [Pearce et al., 1984]. ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʧʝʪʨʦʣʦʛʠʯʝʩʢʠʝ 

ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʬʠʦʣʠʪʦʚ ʤʠʨʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 1980-ʭ ʠ 1990-ʭ ʛʦʜʦʚ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʟʥʘʯʠʤʦʩʪʴ ʧʨʠʚʥʝʩʝʥʥʳʭ ʩʫʙʜʫʢʮʠʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʨʘʟʚʠʪʠʠ 

ʦʬʠʦʣʠʪʦʚʳʭ ʤʘʛʤ [Pearce et al., 1984; Dilek et al., 1999; Dilek, Robinson, 2003; Dilek, Furnes, 2011]. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʧʨʝʜʜʫʛʦʚʳʝ, ʤʝʞʜʫʛʦʚʳʝ ʠ ʟʘʜʫʛʦʚʳʝ ʦʙʩʪʘʥʦʚʢʠ ʚ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʭ 

ʟʦʥʘʭ ʩʪʘʣʠ ʰʠʨʦʢʦ ʧʨʠʟʥʘʥʥʳʤʠ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʦʙʩʪʘʥʦʚʢʘʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʬʠʦʣʠʪʦʚ. 

 

1.3 ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʦʬʠʦʣʠʪʘʭ 

ʇʝʨʚʘʷ ʇʝʥʨʦʫʟʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʟʘʢʨʝʧʠʣʘ ʩʪʨʫʢʪʫʨʥʦ-ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʦʬʠʦʣʠʪʦʚ, ʢʦʪʦʨʦʝ ʚʩʝ ʞʝ ʧʨʠʥʷʣʠ ʥʝ ʚʩʝ ʛʝʦʣʦʛʠ [ʥʘʧʨʠʤʝʨ, Miyashiro, 1973, 1975]. ʋʯʘʩʪʥʠʢʠ 

ʚʪʦʨʦʡ ʇʝʥʨʦʫʟʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʚ 1998 ʛʦʜʫ ʧʦʜʪʚʝʨʜʠʣʠ ʩʦʭʨʘʥʷʶʱʫʶʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʵʪʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ, ʥʦ ʩʦʛʣʘʩʠʣʠʩʴ ʩ ʪʝʤ, ʯʪʦ ʝʛʦ ʩʣʝʜʫʝʪ ʨʘʩʰʠʨʠʪʴ, ʚʢʣʶʯʠʚ ʚ ʥʝʛʦ ʙʦʣʴʰʝ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʢʦʥʪʝʢʩʪʝ ʦʪʜʝʣʴʥʳʭ ʦʬʠʦʣʠʪʦʚ [Dilek, 2003]. ʄʥʦʛʠʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʚ ʩʚʦʠʭ ʨʘʙʦʪʘʭ ʚʳʩʢʘʟʳʚʘʶʪ ʩʦʙʩʪʚʝʥʥʫʶ ʪʨʘʢʪʦʚʢʫ ʪʝʨʤʠʥʘ çʦʬʠʦʣʠʪè 

[ʂʫʟʥʝʮʦʚ, ʉʠʤʦʥʦʚ, 1988; ɺʳʩʦʮʢʠʡ, 1989, 1996; ʉʠʤʦʥʦʚ, 1993; Dilek, Furnes, 2011], ʧʨʠ ʵʪʦʤ 

ʦʙʩʫʞʜʝʥʠʝ ʚʝʜʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚʦʢʨʫʛ ʝʛʦ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʩʧʝʢʪʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʦʬʠʦʣʠʪʳ ʦʧʨʝʜʝʣʷʶʪ ʚ ʢʘʯʝʩʪʚʝ ʘʣʣʦʭʪʦʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ʠ ʦʢʝʘʥʠʯʝʩʢʠʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʢʦʪʦʨʳʡ ʪʝʢʪʦʥʠʯʝʩʢʠ ʩʤʝʩʪʠʣʩʷ ʦʪ ʧʝʨʚʠʯʥʦʛʦ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʚʝʨʛʝʥʮʠʠ ʧʣʠʪʳ. ʆʬʠʦʣʠʪʦʚʳʡ ʨʘʟʨʝʟ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʥʠʟʫ-ʚʚʝʨʭ: 

ʤʘʥʪʠʡʥʳʝ ʧʝʨʠʜʦʪʠʪʳ, ʠʥʪʨʫʟʠʚʥʳʝ (ʦʪ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʜʦ ʢʠʩʣʳʭ) ʠ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ 

(ʩ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʜʘʡʢʘʤʠ ʠʣʠ ʙʝʟ ʥʠʭ). ɺʩʝ ʵʪʠ ʙʣʦʢʠ ʧʦʨʦʜ ʤʦʛʫʪ ʙʳʪʴ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠ ʠ 

ʧʝʪʨʦʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʳ; ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʤʦʛʫʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ [Dilek, Furnes, 2011]. 

ʉʦ ʚʨʝʤʝʥʝʤ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʦʯʝʚʠʜʥʳʤ, ʯʪʦ ʦʬʠʦʣʠʪʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʥʝʩʫʪ ʚ ʩʝʙʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ, ʚ ʢʦʪʦʨʳʭ ʦʥʠ ʦʙʨʘʟʦʚʘʣʠʩʴ, ʠ ʧʨʦʙʣʝʤʘ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʬʠʦʣʠʪʦʚ ʚʳʭʦʜʠʪ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʘʟʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʚʳʜʝʣʷʝʪʩʷ ʦʪ ʜʚʫʭ ï ʪʨʝʭ [ɼʦʙʨʝʮʦʚ, 1974, 1980; ɼʦʙʨʝʮʦʚ ʠ ʜʨ., 1977, 1986; 

ʄʘʨʢʦʚ ʠ ʜʨ., 1977; ɺʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʷʩʘ..., 1984; ɺʳʩʦʮʢʠʡ, 1989, 1996; ʄʠʷʩʠʨʦ, 1976; 

Miyashiro, 1973, 1975, 1977] ʜʦ ʰʝʩʪʠ ï ʩʝʤʠ [ʈʠʬʝʡʩʢʦ-ʥʠʞʥʝʧʘʣʝʦʟʦʡʩʢʠʝ ʦʬʠʦʣʠʪʳ..., 1985; 

ʂʥʠʧʧʝʨ ʠ ʜʨ., 2001; Dilek, 2003; Dilek, Furnes, 2011, 2014] ʪʠʧʦʚ ʦʬʠʦʣʠʪʦʚ. ɺ ʵʪʠʭ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʨʠʥʮʠʧʳ ï ʩʪʨʫʢʪʫʨʥʳʡ, ʧʝʪʨʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʡ, 

ʨʝʛʠʦʥʘʣʴʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʡ. ɺ ʦʩʥʦʚʝ ʢʣʘʩʩʠʬʠʢʘʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʤʠ 
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ʦʙʩʪʘʥʦʚʢʘʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʬʠʦʣʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʣʝʞʘʪ ʧʝʪʨʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʧʦʨʦʜ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʨʘʟʨʝʟʦʚ. 

 ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʜʝʣʷʶʪʩ ̫ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʦʬʠʦʣʠʪʦʚ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ ʜʚʝ 

ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ï ʩʚʷʟʘʥʥʳʝ ʩ ʩʫʙʜʫʢʮʠʝʡ (subduction-related) ʠ ʥʝ ʩʚʷʟʘʥʥʳʝ ʩ ʩʫʙʜʫʢʮʠʝʡ 

(subduction-unrelated) (ʪʘʙʣ. 1.1) [Dilek, Furnes, 2011, 2014]. ʉʚʷʟʘʥʥʳʝ ʩ ʩʫʙʜʫʢʮʠʝʡ ʦʬʠʦʣʠʪ  r

ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʜʚʘ ʪʠʧʘ ï ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʝ (suprasubduction-zone ophiolites) ʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ 

ʜʫʛ (volcanic-arc ophiolites). ʅʘʜʩʫʙʜʫʢʮʠʦʥʥʳʝ ʦʬʠʦʣʠʪʳ ʤʦʛʫʪ ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʧʨʝʜʜʫʛʦʚʳʭ ʠ 

ʟʘʜʫʛʦʚʳʭ ʦʙʩʪʘʥʦʚʢʘʭ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ ʟʦʥʳ ʩʫʙʜʫʢʮʠʠ. ʇʨʝʜʜʫʛʦʚʳʝ ʦʬʠʦʣʠʪʳ 

ʦʙʨʘʟʫʶʪʩʷ ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ ʦʩʪʨʦʚʦʜʫʞʥʦʡ ʩʠʩʪʝʤʳ, ʚʦ ʚʨʝʤʷ ʥʘʯʘʣʘ ʩʫʙʜʫʢʮʠʠ 

ʠ ʦʪʣʠʯʘʶʪʩʷ ʥʘʣʠʯʠʝʤ ʩʝʨʠʠ ʚʫʣʢʘʥʠʪʦʚ ʦʪ ʧʨʝʜʜʫʛʦʚʳʭ ʙʘʟʘʣʴʪʦʚ (FAB) ʜʦ IAT ʠ ʙʦʥʠʥʠʪʦʚ. 

ʆʬʠʦʣʠʪʳ ʟʘʜʫʛʦʚʳʭ ʙʘʩʩʝʡʥʦʚ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʧʨʝʜʠʥʛʘ ʤʦʨʩʢʦʛʦ ʜʥʘ ʚ 

ʵʥʩʠʤʘʪʠʯʝʩʢʠʭ ʠ ʵʥʩʠʘʣʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʢʘʭ. ʆʬʠʦʣʠʪʳ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʜʫʛ ʬʦʨʤʠʨʫʶʪʩʷ 

ʪʦʣʴʢʦ ʚ ʵʥʩʠʤʘʪʠʯʝʩʢʠʭ ʦʩʪʨʦʚʦʜʫʞʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ. ʆʪ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʭ ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ 

ʙʦʣʝʝ ʤʦʱʥʳʤ ʨʘʟʨʝʟʦʤ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʳʭ ʚʫʣʢʘʥʠʪʦʚ. ʉʦʚʨʝʤʝʥʥʳʤʠ 

ʧʨʠʤʝʨʘʤʠ ʦʙʩʪʘʥʦʚʦʢ, ʛʜʝ ʬʦʨʤʠʨʫʶʪʩʷ ʩʚʷʟʘʥʥʳʝ ʩ ʩʫʙʜʫʢʮʠʝʡ ʦʬʠʦʣʠʪʳ ʷʚʣʷʶʪʩʷ ʀʜʟʫ-

ɹʦʥʠʥ-ʄʘʨʠʘʥʩʢʘʷ ʠ ʊʦʥʛʘ-ʂʝʨʤʘʜʝʢ ʦʩʪʨʦʚʦʜʫʞʥʳʝ ʩʠʩʪʝʤʳ. 

ʅʝ ʩʚʷʟʘʥʥʳʝ ʩ ʩʫʙʜʫʢʮʠʝʡ ʦʬʠʦʣʠʪʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʦʢʨʘʠʥʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ 

(Continental margin ophiolites), ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ (Mid-ocean-ridges ophiolites) ʠ 

ʊʘʙʣʠʮʘ 1.1. ʊʠʧʳ ʦʬʠʦʣʠʪʦʚ, ʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʝ ʧʨʠʤʝʨʳ, ʦʩʥʦʚʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʪʠʧʳ ʧʦʨʦʜ ʠ 

ʤʠʥʝʨʘʣʴʥʳʝ ʬʘʟʳ ʧʦ [Dilek, Furnes, 2014]. 

ɻʨʫʧʧʳ ʦʬʠʦʣʠʪʦʚ ʠ ʠʭ ʪʝʢʪʦʥʠʯʝʩʢʠʝ 

ʦʙʩʪʘʥʦʚʢʠ 

ʇʨʠʤʝʨʳ 

ʦʬʠʦʣʠʪʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ 

ɻʝʦʭʠʤʠʯʝʩʢʠʝ 

ʪʠʧʳ ʧʦʨʦʜ 

ʇʦʨʷʜʦʢ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʤʠʥʝʨʘʣʦʚ 

ʅʝ ʩʚʷʟʘʥʥʳʝ ʩ 

ʩʫʙʜʫʢʮʠʝʡ 

(subduction-

unrelated) 

ʆʢʨʘʠʥʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʦʬʠʦʣʠʪʳ 

(Continental margin ophiolites) 

ʃʠʛʫʨʠʡʩʢʠʝ ʠ 

ɿʘʧʘʜʥʦ-ɸʣʴʧʠʡʩʢʠʝ 

ʦʬʠʦʣʠʪʳ 

N-MORB, E-MORB, 

P-MORB, C-MORB 
Ol+Pl+Cpx 

ʆʬʠʦʣʠʪʳ 

ʩʨʝʜʠʥʥʦ-

ʦʢʝʘʥʠʯʝʩʢʠʭ 

ʭʨʝʙʪʦʚ (Mid-

ocean-ridges 

ophiolites) 

ʋʜʘʣʝʥʥʳʝ ʦʪ ʧʣʶʤʦʚ 

(Plume-distal) ʉʆʍ 

ʍʨʝʙʝʪ ʄʘʢʢʫʦʨʠ, 

ʄʘʩʠʨʘ (ʆʤʘʥ) 

ʆʪ N-MORB (DMM) 

ʜʦ E-MORB 
Ol+Pl 

ɹʣʠʟʢʠʝ ʢ ʧʣʶʤʘʤ (Plume-

proximal) ʉʆʍ 
ʀʩʣʘʥʜʠʷ N-MORB ʠ P-MORB Ol+PlÑCpx 

ɹʣʠʟʢʠʝ ʢ ʞʝʣʦʙʘʤ 

(Trench-proximal) ʉʆʍ 
ʊʘʠʪʘʦ (ʏʠʣʠ) 

N-MORB, E-MORB 

Ñ C-MORB 
Ol+Pl+Cpx 

ʆʬʠʦʣʠʪʳ ʧʣʶʤ-ʪʠʧʘ 

(Plume-type ophiolites) 

ʅʠʢʦʡʷ (ʂʦʩʪʘ-ʈʠʢʘ), 

ɹʦʣʠʚʘʨ (ʂʦʣʫʤʙʠʷ) 
P-MORB Ol+Pl+CpxÑOpx 

ʉʚʷʟʘʥʥʳʝ ʩ 

ʩʫʙʜʫʢʮʠʝʡ 

(subduction-

related) 

ʅʘʜʩʫʙʜʫʢʮʠʦʥʥʳʝ 

ʦʬʠʦʣʠʪʳ 

(Suprasubduction-zone 

ophiolites) 

ʇʨʝʜʜʫʛʦʚʳʝ 

ʊʨʦʦʜʦʩ (ʂʠʧʨ), 

ʂʠʟʠʣʜʘʛ (ʊʫʨʮʠʷ), 

ʉʝʤʘʠʣ (ʆʤʘʥ), ɹʝʪʪʩ 

ʂʦʫʚ (ʂʘʥʘʜʘ) 

FAB (ʩʭʦʞʠʝ ʩ 

MORB), ʦʪ IAT ʜʦ 

ʙʦʥʠʥʠʪʦʚ 

Ol+Pl+Cpx+Opx ʠ 

Ol+Cpx+Pl 

ɿʫʜʫʛʦʚʳʝ 

(ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ 

ʠ ʦʢʝʘʥʠʯʝʩʢʠʝ) 

ʈʦʢʘʩ ɺʝʨʜʝʩ (ʏʠʣʠ), 

ʉʦʣʫʥʜ-ʉʪʘʚʬʴʦʨʜ 

(ʅʦʨʚʝʛʠʷ) 

BABB 
Ol+Pl+Cpx ʠ 

Ol+Cpx+Pl 

ʆʬʠʦʣʠʪʳ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʜʫʛ 

(volcanic arc ophiolites) 

ʉʤʘʨʪʚʠʣʣ 

(ʂʘʣʠʬʦʨʥʠʷ), ʀʪʦʛʦʥ 

(ʌʠʣʠʧʧʠʥʳ) 

ʦʪ IAT ʜʦ CAB 
Ol+Pl+Cpx ʠ 

Ol+Cpx+Pl 

ʇʨʠʤʝʯʘʥʠʝ: P-MORB (plume-influenced MORB) ï ʙʘʟʘʣʴʪʳ ʧʣʶʤ-ʧʨʦʢʩʠʤʘʣʴʥʳʭ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ; 

C-MORB (contaminated MORB) ï ʢʦʥʪʘʤʠʥʠʨʦʚʘʥʥʳʝ ʙʘʟʘʣʴʪʳ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ; DMM (depleted MORB 

mantle) ï ʜʝʧʣʝʪʠʨʦʚʘʥʥʘʷ ʤʘʥʪʠʷ ʙʘʟʘʣʴʪʦʚ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ; FAB (forearc basalt) ï ʧʨʝʜʜʫʛʦʚʳʝ ʙʘʟʘʣʴʪʳ. 
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ʦʬʠʦʣʠʪʳ ʧʣʶʤ-ʪʠʧʘ (Plume-type ophiolites). ʆʢʨʘʠʥʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʦʬʠʦʣʠʪʳ 

ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʵʚʦʣʶʮʠʠ ʦʢʝʘʥʠʯʝʩʢʠʭ ʙʘʩʩʝʡʥʦʚ ʧʦʩʣʝ ʥʘʯʘʣʘ ʨʘʩʢʦʣʘ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ. ʆʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʝʨʮʦʣʠʪʦʚʦʤʫ ʪʠʧʫ ʦʬʠʦʣʠʪʦʚ ɸ. ʀʰʠʚʘʪʘʨʠ 

[Ishiwatari, 1985a]. ʂ ʩʦʚʨʝʤʝʥʥʳʤ ʦʙʩʪʘʥʦʚʢʘʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʢʦʛʦ ʪʠʧʘ ʦʬʠʦʣʠʪʦʚ ʦʪʥʦʩʷʪ 

ʨʠʬʪ ʂʨʘʩʥʦʛʦ ʤʦʨʷ. ʆʬʠʦʣʠʪʳ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ ʰʠʨʦʢʦ ʚʘʨʴʠʨʫʶʪ ʧʦ ʩʦʩʪʘʚʫ, 

ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʥʦ ʙʣʠʟʦʩʪʴʶ ʠʣʠ ʫʜʘʣʝʥʥʦʩʪʴʶ ʦʪ ʧʣʶʤʦʚ (ʥʘʧʨʠʤʝʨ, ʀʩʣʘʥʜʠʷ ʠ ʭʨʝʙʝʪ 

ʄʘʢʢʫʦʨʠ) ʠʣʠ ʧʨʝʜʜʫʛʦʚʳʭ ʞʝʣʦʙʦʚ. ɺ ʮʝʣʦʤ, ʦʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ II ʠ III ʪʠʧʘʤ ʦʬʠʦʣʠʪʦʚ ʚ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɸ. ʄʠʷʩʠʨʦ [Miyashiro, 1975]. ʆʬʠʦʣʠʪʳ ʧʣʶʤ-ʪʠʧʘ ʬʦʨʤʠʨʫʶʪʩʷ ʚʙʣʠʟʠ ʩʦ 

ʩʚʷʟʘʥʥʳʤʠ ʩ ʧʣʶʤʘʤʠ ʩʧʨʝʜʠʥʛʦʚʳʤʠ ʭʨʝʙʪʘʤʠ ʠʣʠ ʢʘʢ ʯʘʩʪʴ ʦʢʝʘʥʠʯʝʩʢʠʭ ʧʣʘʪʦ (ʥʘʧʨʠʤʝʨ, 

ʂʘʨʠʙʩʢʦʝ ʧʣʘʪʦ, ʀʤʧʝʨʘʪʦʨʩʢʠʡ ʭʨʝʙʝʪ), ʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʧʣʫʪʦʥʠʯʝʩʢʠʝ ʠ ʚʫʣʢʘʥʠʯʝʩʢʠʝ 

ʨʘʟʥʦʩʪʠ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʪʨʫʢʪʫʨʥʳʭ, 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ ʧʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʬʠʦʣʠʪʦʚ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʚʘʨʠʘʮʠʡ 

ʧʝʪʨʦʣʦʛʠʯʝʩʢʠʭ, ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚʦ ʚʨʝʤʷ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʢʘʭ. ʆʬʠʦʣʠʪʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʥʘ ʢʦʥʪʠʥʝʥʪʝ ʩʦʭʨʘʥʠʣʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ, ʚ ʢʦʪʦʨʳʭ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ (ʦʢʝʘʥʠʯʝʩʢʠʭ ʧʣʠʪ, 

ʦʩʪʨʦʚʦʜʫʞʥʳʭ ʩʠʩʪʝʤ ʠ ʪ.ʜ.), ʯʪʦ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠʩʪʦʨʠʠ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʢʦʥʢʨʝʪʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠ ʉʠʭʦʪʵ-ɸʣʠʥʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ, ʚ 

ʯʘʩʪʥʦʩʪʠ. ʂʣʘʩʩʠʬʠʢʘʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʦʙʩʪʘʥʦʚʢʘʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ, 

ʧʦʣʥʦʩʪʴʶ ʦʪʨʘʞʘʶʪ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʦʬʠʦʣʠʪʦʚ, ʚ ʠʭ ʦʩʥʦʚʝ ʣʝʞʘʪ ʩʦʩʪʘʚ 

ʧʦʨʦʜ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʨʘʟʨʝʟʦʚ. ʆʜʥʘʢʦ ʧʨʠ ʧʘʣʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʷʭ 

ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʩʤʝʥʳ ʦʙʩʪʘʥʦʚʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ 

ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ. 
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ɻʃɸɺɸ 2. ɻɽʆʃʆɻʀʗ ʆʌʀʆʃʀʊʆɺ ʉɸʄɸʈʂʀʅʉʂʆɻʆ ʊɽʈʈɽʁʅɸ ʉʀʍʆʊʕ-

ɸʃʀʅʉʂʆɻʆ ʆʈʆɻɽʅʅʆɻʆ ʇʆʗʉɸ 

 

ʆʬʠʦʣʠʪʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʢʦʥʪʠʥʝʥʪʦʚ ʧʦʯʪʠ ʚʩʝʛʜʘ ʧʨʠʫʨʦʯʝʥʳ 

ʢ ʩʢʣʘʜʯʘʪʳʤ ʦʙʣʘʩʪʷʤ ʣʠʙʦ ʦʨʦʛʝʥʥʳʤ ʧʦʷʩʘʤ, ʦʜʥʘʢʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʥʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʠʰʴ ʬʨʘʛʤʝʥʪʘʤʠ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʧʣʘʩʪʠʥ ʠʣʠ ʙʣʦʢʦʚ. ɺ ʩʪʨʫʢʪʫʨʝ ʦʨʦʛʝʥʥʳʭ 

ʧʦʷʩʦʚ ʉʠʭʦʪʵ-ɸʣʠʥʩʢʦʛʦ ʠ ʍʦʥʩʶ ʧʨʠʩʫʪʩʪʚʫʶʪ ʬʨʘʛʤʝʥʪʳ ʦʬʠʦʣʠʪʦʚ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ 

ʚʝʨʭʥʝʤʫ ʩʪʨʫʢʪʫʨʥʦʤʫ ʫʨʦʚʥʶ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʶʨʩʢʦʡ ʘʢʢʨʝʮʠʦʥʥʦʡ ʧʨʠʟʤʳ, ï ʦʬʠʦʣʠʪʦʚʳʝ 

ʢʦʤʧʣʝʢʩʳ ʗʢʫʥʦ, ɼʘʭɻ ʜʞʝʥʴʩʢʠʡ, ʂʘʣʠʥʦʚʩʢʠʡ ʠ ɹʠʢʠʥʩʢʠʡ [ɻʦʣʦʟʫʙʦʚ, 2006; ʂʝʤʢʠʥ, 2006; ʠ 

ʜʨ.] (ʨʠʩ. 2.1). ʅʘ ʶʛʝ ʉʠʭʦʪʵ-ɸʣʠʥʷ ʶʨʩʢʘʷ ʘʢʢʨʝʮʠʦʥʥʘʷ ʧʨʠʟʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʉʘʤʘʨʢʠʥʩʢʠʤ 

ʪʝʨʨʝʡʥʦʤ, ʚ ʢʦʪʦʨʦʤ ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ ʦʬʠʦʣʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʘ: ɹʠʢʠʥʩʢʠʡ ʥʘ ʩʝʚʝʨʝ ʠ 

ʂʘʣʠʥʦʚʩʢʠʡ ʥʘ ʶʛʝ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʮʝʧʴ ʛʘʙʙʨʦ-ʛʠʧʝʨʙʘʟʠʪʦʚʳʭ ʤʘʩʩʠʚʦʚ ʚ 

ʘʩʩʦʮʠʘʮʠʠ ʩ ʢʨʝʤʥʠʩʪʦ-ʚʫʣʢʘʥʦʛʝʥʥʦʡ ʪʦʣʱʝʡ. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʠ ʜʦʩʪʫʧʥʳʝ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʤʘʩʩʠʚʳ ʂʘʣʠʥʦʚʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ï ɹʨʝʝʚʩʢʠʡ ʠ ʏʫʛʫʝʚʩʢʠʡ. ɺ ʛʣʘʚʝ ʧʨʠʚʝʜʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʘʟʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦ ʩʪʨʦʝʥʠʠ ʉʘʤʘʨʢʠʥʩʢʦʛʦ ʪʝʨʨʝʡʥʘ, ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʦʯʝʨʢ 

ʠ ʢʨʘʪʢʘʷ ʠʩʪʦʨʠʷ ʠʟʫʯʝʥʠʷ ʦʬʠʦʣʠʪʦʚ ʉʠʭʦʪʵ-ɸʣʠʥʷ, ʜʘʥʘ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ɹʨʝʝʚʩʢʦʛʦ ʠ ʏʫʛʫʝʚʩʢʦʛʦ ʛʘʙʙʨʦ-ʛʠʧʝʨʙʘʟʠʪʦʚʳʭ ʤʘʩʩʠʚʦʚ ʂʘʣʠʥʦʚʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʈʠʩ. 2.1. ʉʭʝʤʘ ʦʨʦʛʝʥʥʳʭ ʧʦʷʩʦʚ ʗʧʦʥʦʤʦʨʩʢʦʛʦ ʨʝʛʠʦʥʘ [Khanchuk et al., 2016]. 

ʎʠʬʨʳ ʚ ʢʨʫʞʢʘʭ ï ʦʬʠʦʣʠʪʦʚʳʝ ʢʦʤʧʣʝʢʩʳ: 1 ï ʂʘʣʠʥʦʚʩʢʠʡ, 2 ï ɹʠʢʠʥʩʢʠʡ, 3 ï ɼʘʭʵʜʞʝʥʴʩʢʠʡ, 4 ï ʗʢʫʥʦ. 
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2.1 ʉʪʨʦʝʥʠʝ ʉʘʤʘʨʢʠʥʩʢʦʛʦ ʪʝʨʨʝʡʥʘ 

ʖʨʩʢʘʷ ʘʢʢʨʝʮʠʦʥʥʘʷ ʧʨʠʟʤʘ ʥʘ ʶʛʝ ʉʠʭʦʪʵ-ɸʣʠʥʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʉʘʤʘʨʢʠʥʩʢʠʤ 

ʪʝʨʨʝʡʥʦʤ [ʍʘʥʯʫʢ ʠ ʜʨ., 1988, 1989; ʂʝʤʢʠʥ, ʍʘʥʯʫʢ, 1993], ʢʦʪʦʨʳʡ ʧʨʦʪʷʛʠʚʘʝʪʩʷ ʚ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʶʞʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʇʨʠʤʦʨʴʷ ʜʦ ʧʨʘʚʦʙʝʨʝʞʴʷ ʥʠʞʥʝʛʦ ʪʝʯʝʥʠʷ ʨ. 

ɸʤʫʨ ʧʦʣʦʩʦʡ ʰʠʨʠʥʦʡ ʜʦ 100 ʢʤ (ʨʠʩ. 2.2). ʅʘ ʩʝʚʝʨʝ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ (ʍʘʙʘʨʦʚʩʢʠʡ ʢʨʘʡ ʠ 

ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʂʠʪʘʷ) ʦʥ ʧʨʦʜʦʣʞʘʝʪʩʷ ʅʘʜʘʥʴʭʘʜʘ-ɹʠʢʠʥʩʢʠʤ, ʍʘʙʘʨʦʚʩʢʠʤ ʠ ɹʘʜʞʘʣʴʩʢʠʤ 

ʪʝʨʨʝʡʥʘʤʠ. ʉʘʤʘʨʢʠʥʩʢʠʡ ʪʝʨʨʝʡʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʧʘʢʝʪ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ 

ʧʝʨʝʩʣʘʠʚʘʥʠʷ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʠ ʛʝʥʝʪʠʯʝʩʢʠ ʨʘʟʥʦʨʦʜʥʳʭ ʧʦʨʦʜ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʝʛʦ 

ʩʪʨʫʢʪʫʨʝ ʧʨʠʥʷʪʦ ʚʳʜʝʣʷʪʴ ʪʝʢʪʦʥʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʝʜʠʥʠʮʳ (ʪʝʢʪʦʥʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ 

ʢʦʤʧʣʝʢʩʳ), ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʪʝʣʘ, ʟʘʣʝʛʘʶʱʠʝ ʥʘ ʨʘʟʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʫʨʦʚʥʷʭ ʪʝʨʨʝʡʥʘ ʠ ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʢʢʨʝʮʠʦʥʥʦʡ ʧʨʠʟʤʳ. 

ʈʘʟʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʚʳʜʝʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʝʢʪʦʥʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʝʜʠʥʠʮʳ. 

ɺ ʚʝʨʭʦʚʴʷʭ ʨ. ʋʩʩʫʨʠ ʠ ʚ ʙʘʩʩʝʡʥʘʭ ʝʸ ʢʨʫʧʥʳʭ ʧʨʘʚʳʭ ʧʨʠʪʦʢʦʚ (ʨʝʢ ɾʫʨʘʚʣʝʚʢʘ, 

ʇʘʚʣʦʚʢʘ ʠ ʄʘʣʠʥʦʚʢʘ), ɺ. ɺ. ɻʦʣʦʟʫʙʦʚ ʚʳʜʝʣʠʣ ʰʝʩʪʴ ʧʣʘʩʪʦʦʙʨʘʟʥʳʭ ʪʝʢʪʦʥʦ-

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ (ʩʥʠʟʫ-ʚʚʝʨʭ): ʊʫʜʦʚʘʢʩʢʠʡ, ʋʩʪʴ-ɾʫʨʘʚʣʝʚʩʢʠʡ, ʋʜʝʢʦʚʩʢʠʡ, 

ʉʝʙʫʯʘʨʩʢʠʡ, ʆʢʨʘʠʥʩʢʦ-ʉʝʨʛʝʝʚʩʢʠʡ ʠ ɸʨʠʘʜʥʝʥʩʢʠʡ [ɻʦʣʦʟʫʙʦʚ, 2006; ɻʝʦʜʠʥʘʤʠʢʘ..., 2006; 

Golozubov, Simanenko, 2021]. ʀʟʫʯʘʝʤʳʝ ʂʘʣʠʥʦʚʩʢʠʝ ʦʬʠʦʣʠʪʳ ʘʚʪʦʨ ʦʪʥʦʩʠʪ ʢ ʉʝʙʫʯʘʨʩʢʦʤʫ 

ʈʠʩ. 2.2. ʊʝʨʨʝʡʥʳ ʉʠʭʦʪʵ-ɸʣʠʥʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ ʠ ʦʬʠʦʣʠʪʦʚʳʝ ʢʦʤʧʣʝʢʩʳ [ʍʘʥʯʫʢ, ɺʳʩʦʮʢʠʡ, 2016]. 

ʎʠʬʨʳ ʚ ʢʨʫʞʢʘʭ ï ʦʬʠʦʣʠʪʦʚʳʝ ʢʦʤʧʣʝʢʩʳ: 1 ï ʂʘʣʠʥʦʚʩʢʠʡ, 2 ï ɹʠʢʠʥʩʢʠʡ, 3 ï ɼʘʭʵʜʞʝʥʴʩʢʠʡ. 
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ʢʦʤʧʣʝʢʩʫ, ʢʦʪʦʨʳʡ, ʧʦʤʠʤʦ ʧʣʘʩʪʠʥ ʦʬʠʦʣʠʪʦʚ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʝʨʝʢʨʳʚʘʶʱʠʝ ʠʭ 

ʢʨʝʤʥʠʩʪʦ-ʚʫʣʢʘʥʦʛʝʥʥʦ-ʪʝʨʨʠʛʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʚʳʜʝʣʷʚʰʠʝʩʷ ʨʘʥʝʝ ʢʘʢ ʩʝʙʫʯʘʨʩʢʘʷ ʩʚʠʪʘ. 

ɺ ʩʦʩʪʘʚʝ ʵʪʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʥʘʙʣʶʜʘʶʪʩʷ ʪʝʢʪʦʥʠʟʠʨʦʚʘʥʥʳʝ ʘʣʝʚʨʦʣʠʪʳ (ʤʘʪʨʠʢʩ) ʩ ʛʣʳʙʘʤʠ 

ʠ ʧʣʘʩʪʠʥʘʤʠ ʢʨʝʤʥʝʡ, ʙʘʟʘʣʴʪʦʚ, ʨʝʞʝ ʛʘʙʙʨʦʠʜʦʚ ʠ ʠʟʚʝʩʪʥʷʢʦʚ ʩ ʢʘʨʙʦʥ-ʨʘʥʥʝʧʝʨʤʩʢʠʤʠ 

ʬʦʨʘʤʠʥʠʬʝʨʘʤʠ. ʇʦʚʩʝʤʝʩʪʥʦ ʦʬʠʦʣʠʪʳ ʪʝʢʪʦʥʠʯʝʩʢʠ ʧʝʨʝʢʨʳʚʘʶʪ ʧʝʩʯʘʥʠʢʦʚʦ-

ʘʣʝʚʨʦʣʠʪʦʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʨʝʜʥʝ-ʧʦʟʜʥʝʶʨʩʢʦʛʦ? [ɻʦʣʦʟʫʙʦʚ, 2006] ʋʜʝʢʦʚʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʦ ʩ ʵʧʠʟʦʜʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʧʦʢʦʡʥʦʡ ʩʨʝʜʥʝ-ʧʦʟʜʥʝʶʨʩʢʦʡ 

ʪʝʨʨʠʛʝʥʥʦʡ ʩʝʜʠʤʝʥʪʘʮʠʠ ʚʙʣʠʟʠ ʨʘʥʝʝ ʘʢʢʨʝʪʠʨʦʚʘʥʥʳʭ ʦʬʠʦʣʠʪʦʚ. ʇʦ ʜʘʥʥʳʤ 

ɺ. ɺ. ɻʦʣʦʟʫʙʦʚʘ, ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʦʙʨʘʟʦʚʘʥʠʷ ʉʝʙʫʯʘʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʘʢʢʨʝʪʠʨʦʚʘʣʠʩʴ 

ʬʨʘʛʤʝʥʪʳ ʧʦʜʚʦʜʥʳʭ ʛʦʨ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʧʝʨʝʢʨʳʚʘʶʱʠʝ ʠʭ ʠʟʚʝʩʪʥʷʢʦʚʳʝ 

ʰʘʧʢʠ ʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʪʝʨʨʠʛʝʥʥʳʝ ʧʦʨʦʜʳ ʩʢʣʦʥʦʚ ʵʪʠʭ ʛʦʨ. ʅʘ ʟʘʚʝʨʰʘʶʱʝʡ ʩʪʘʜʠʠ 

ʧʨʦʠʟʦʰʣʘ ʘʢʢʨʝʮʠʷ çʚʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʧʣʘʪʦè (ʂʘʣʠʥʦʚʩʢʠʝ ʦʬʠʦʣʠʪʳ). 

ʀ. ɺ. ʂʝʤʢʠʥ ʠ ɸ. ʅ. ʌʠʣʠʧʧʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʨʘʟʨʝʟʦʚ ʚ ʙʘʩʩʝʡʥʝ 

ʨ. ʋʩʩʫʨʠ (ʦʪ ʙʘʩʩʝʡʥʘ ʨ. ʂʘʪʵʥ ʥʘ ʩʝʚʝʨʝ ʜʦ ʚʝʨʭʦʚʠʡ ʨ. ʋʩʩʫʨʠ ʥʘ ʶʛʝ) ʧʦʜʨʘʟʜʝʣʷʶʪ 

ʉʘʤʘʨʢʠʥʩʢʠʡ ʪʝʨʨʝʡʥ ʥʘ ʜʚʘ ʩʫʙʪʝʨʨʝʡʥʘ ï ʕʣʴʜʦʚʘʢʩʢʠʡ (ʥʠʞʥʠʡ ʠ ʩʨʝʜʥʠʡ ʩʪʨʫʢʪʫʨʥʳʝ 

ʫʨʦʚʥʠ) ʠ ʉʝʙʫʯʘʨʩʢʠʡ (ʚʝʨʭʥʠʡ ʩʪʨʫʢʪʫʨʥʳʡ ʫʨʦʚʝʥʴ) [ʂʝʤʢʠʥ, ʌʠʣʠʧʧʦʚ, 2002; Kemkin, 

Filippov, 2001]. ɺ ʨʘʟʣʠʯʥʳʭ ʧʣʘʩʪʠʥʘʭ ʕʣʴʜʦʚʘʢʩʢʦʛʦ ʩʫʙʪʝʨʨʝʡʥʘ ʘʚʪʦʨʳ ʚʳʜʝʣʷʶʪ ʯʝʪʳʨʝ 

ʪʝʢʪʦʥʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʝʜʠʥʠʮʳ (ʂʘʪʵʥcʢʠʘʷ, ɹpʝʝʚcʢʘʷ, ʉʘpʘʪʦʚcʢʘʷ ʠ ɸʤʙʘ-ʄʘʪʘʡcʢʘʷ), 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʢʘʢ ʚʦʟʨʘʩʪʦʤ ʘʢʢʨʝʪʠʨʦʚʘʥʥʳʭ ʧʘʣʝʦʦʢʝʘʥʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ, ʪʘʢ ʠ ʚʨʝʤʝʥʝʤ 

ʠʭ ʘʢʢʨʝʮʠʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʜʥʦʦʙʨʘʟʠʝ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʩʦʩʪʦʷʱʠʭ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʧʝʣʘʛʠʯʝʩʢʠʭ ʢʨʝʤʥʝʡ, ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʀ. ɺ. ʂʝʤʢʠʥ ʫʩʤʘʪʨʠʚʘʝʪ 

ʩʚʦʠ ʬʘʮʠʘʣʴʥʳʝ ʦʪʣʠʯʠʷ [ʂʝʤʢʠʥ, 2006, 2008a, 2008b; Kemkin et al., 2016]. 

ʉʝʙʫʯʘʨʩʢʠʡ ʩʫʙʪʝʨʨʝʡʥ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʨʘʟʦʚʘʥ ʦʜʥʦʡ ʪʝʢʪʦʥʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ 

ʝʜʠʥʠʮʝʡ ï ʂʘʣʠʥʦʚʩʢʦ-ʉʝʙʫʯʘʨʩʢʦʡ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʝʨʝʜʦʚʘʥʠʝ ʧʣʘʩʪʠʥ 

ʪʝʨʨʠʛʝʥʥʳʭ (ʪʫʨʙʠʜʠʪʦʚʳʭ ʠ ʭʘʦʪʠʯʝʩʢʠʭ) ʦʙʨʘʟʦʚʘʥʠʡ, ʨʘʟʨʦʟʥʝʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 

ʦʬʠʦʣʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ ʠ ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʝʸ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ, ʢʦʥʪʘʢʪʳ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʪʝʢʪʦʥʠʯʝʩʢʠʝ. ʊʝʨʨʠʛʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʠʤʝʶʪ ʨʘʟʥʳʡ ʚʦʟʨʘʩʪ ï ʪʫʨʙʠʜʠʪʳ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʨʘʥʥʝʶʨʩʢʠʤʠ ʨʘʜʠʦʣʷʨʠʷʤʠ, ʘ ʧʦʜʩʪʠʣʘʶʱʠʝ ʬʨʘʛʤʝʥʪʳ ʦʬʠʦʣʠʪʦʚʦʡ 

ʘʩʩʦʮʠʘʮʠʠ ʭʘʦʪʠʯʝʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʩʦʜʝʨʞʘʪ ʩʨʝʜʥʝ-ʧʦʟʜʥʝʶʨʩʢʠʝ ʨʘʜʠʦʣʷʨʠʠ [ʂʝʤʢʠʥ, 

ʍʘʥʯʫʢ, 1993; ʂʝʤʢʠʥ, 2006, 2008b]. ɺʦʟʨʘʩʪ ʭʘʦʪʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʨʝʤʷ 

ʩʫʙʜʫʢʮʠʠ ʄʘʪʘʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʪʘʢ ʢʘʢ ʦʥʠ ʟʘʚʝʨʰʘʶʪ ʝʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʢʨʝʤʥʠʩʪʦ-

ʪʝʨʨʠʛʝʥʥʳʡ ʨʘʟʨʝʟ, ʘ ʚʦʟʨʘʩʪ ʪʫʨʙʠʜʠʪʦʚ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʨʝʤʷ ʘʢʢʨʝʮʠʠ ʬʨʘʛʤʝʥʪʦʚ 

ʦʬʠʦʣʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ [ʂʝʤʢʠʥ, 2006]. 
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ʉʨʝʜʠ ʧʦʨʦʜ ʦʬʠʦʣʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ ʠ ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʀ. ɺ. ʂʝʤʢʠʥ 

ʚʳʜʝʣʷʝʪ ʧʣʘʩʪʠʥʳ ʠ ʙʣʦʢʠ ʪʨʝʭ ʢʦʤʧʣʝʢʩʦʚ: ʋʜʝʢʦʚʩʢʦʛʦ, ʂʘʣʠʥʦʚʩʢʦʛʦ ʠ ʉʝʙʫʯʘʨʩʢʦʛʦ 

[ʂʝʤʢʠʥ, 2006, 2008a, 2008b; Kemkin et al., 2016]. 

ʉʘʤʦʝ ʥʠʞʥʝʝ ʩʪʨʫʢʪʫʨʥʦʝ ʧʦʣʦʞʝʥʠʝ ʟʘʥʠʤʘʝʪ ʧʦʟʜʥʝʧʝʨʤʩʢʠʡ? ʋʜʝʢʦʚʩʢʠʡ ʢʦʤʧʣʝʢʩ 

(ʨʠʩ. 2.3), ʩʦʩʪʦʷʱʠʡ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʭ ʨʘʟʥʦʟʝʨʥʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ ʩ ʧʨʦʩʣʦʷʤʠ 

ʪʘʙʘʯʥʦ-ʟʝʣʝʥʳʭ ʘʣʝʚʨʦʘʨʛʠʣʣʠʪʦʚ, ʥʘ ʢʦʪʦʨʳʡ ʥʘʜʚʠʥʫʪʳ ʣʠʙʦ ʢʘʣʠʥʦʚʩʢʠʝ ʛʘʙʙʨʦʠʜʳ, ʣʠʙʦ 

ʚʫʣʢʘʥʦʛʝʥʥʦ-ʢʨʝʤʥʠʩʪʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʉʝʙʫʯʘʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʂʘʣʠʥʦʚʩʢʠʡ ʛʘʙʙʨʦ-ʛʠʧʝʨʙʘʟʠʪʦʚʳʡ ʢʦʤʧʣʝʢʩ ʦʧʠʩʘʥ ʢʘʢ ʩʝʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʳʭ 

ʧʣʘʩʪʠʥ, ʢʦʪʦʨʳʝ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ~400 ʢʤ ʦʪ ʩ. ɹʨʝʝʚʢʘ ʥʘ ʶʛʝ ʚʧʣʦʪʴ ʜʦ 

ʙʘʩʩʝʡʥʘ ʨ. ɹʠʢʠʥ ʥʘ ʩʝʚʝʨʝ (ʨʠʩ. 2.3). ɺ ʧʨʝʜʝʣʘʭ ʵʪʠʭ ʧʣʘʩʪʠʥ ʩʦʭʨʘʥʠʣʠʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʣʥʳʝ ʨʘʟʨʝʟʳ ʦʬʠʦʣʠʪʦʚ, ʢʦʪʦʨʳʝ ʧʦ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ ʙʳʣʠ 

ʦʪʥʝʩʝʥʳ ʢ ʬʨʘʛʤʝʥʪʘʤ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʧʣʘʪʦ [ʍʘʥʯʫʢ, ʇʘʥʯʝʥʢʦ, 1991]. ʂʘʣʠʥʦʚʩʢʠʝ ʛʘʙʙʨʦ-

ʛʠʧʝʨʙʘʟʠʪʳ ʧʦʚʩʝʤʝʩʪʥʦ ʪʝʢʪʦʥʠʯʝʩʢʠ ʟʘʣʝʛʘʶʪ ʥʘ ʧʦʨʦʜʘʭ ʋʜʝʢʦʚcʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʣʠʙʦ ʥʘ 

ʪʝppʠʛʝʥʥʦ-ʤʝʣʘʥʞʝʚʳx ʦʙʨʘʟʦʚʘʥʠʷʭ ʕʣʴʜʦʚʘʢʩʢʦʛʦ cʫʙʪʝppʝʡʥʘ. 

ɺ ʉʝʙʫʯʘʨʩʢʠʡ ʢʦʤʧʣʝʢʩ ʚʳʜʝʣʷʝʪʩʷ ʙʘʟʘʣʴʪʦʠʜʥʦ-ʦʩʘʜʦʯʥʘʷ ʯʘʩʪʴ ʦʬʠʦʣʠʪʦʚʦʛʦ 

ʨʘʟʨʝʟʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʩʝʨʠʠ ʧʣʘʩʪʠʥ ʙʘʟʘʣʴʪʦʚ, ʘʩʩʦʮʠʠʨʫʶʱʠʭ ʩ ʦʩʘʜʦʯʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ 

(ʨʠʩ. 2.3). ʇʣʘʩʪʠʥʳ ʚ ʦʩʥʦʚʘʥʠʠ ʩʣʦʞʝʥʳ ʢʘʪʘʢʣʘʟʠʨʦʚʘʥʥʳʤʠ ʠ ʩʧʠʣʠʪʠʟʠʨʦʚʘʥʥʳʤʠ 

ʙʘʟʘʣʴʪʘʤʠ, ʙʣʠʟʢʠʤʠ ʢ ʦʢʝʘʥʠʯʝʩʢʠʤ ʪʦʣʝʠʪʘʤ ʧʦ [ʍʘʥʯʫʢ ʠ ʜʨ., 1989], ʢʦʪʦʨʳʝ ʧʝʨʝʢʨʳʪʳ 

ʬʘʮʠʘʣʴʥʦ ʟʘʤʝʱʘʶʱʠʤʠʩʷ ʢʨʝʤʥʷʤʠ ʠ ʠʟʚʝʩʪʥʷʢʘʤʠ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦ-ʧʝʨʤʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, 

ʣʠʙʦ ʧʝʨʤʩʢʠʤʠ ʘʨʛʠʣʣʠʪʘʤʠ. ʉʨʝʜʠ ʧʣʘʩʪʠʥ ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʤʦʥʦʧʦʨʦʜʥʳʝ, ʩʣʦʞʝʥʥʳʝ ʣʠʙʦ 

ʪʦʣʴʢʦ ʙʘʟʘʣʴʪʘʤʠ, ʣʠʙʦ ʘʣʝʚʨʦʧʝʣʠʪʘʤʠ, ʣʠʙʦ ʢʨʝʤʥʷʤʠ. ɹʘʟʘʣʴʪʳ c ʦʩʘʜʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ 

ʠʤʝʶʪ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ ʢʦʥʪʘʢʪʳ, ʝʩʣʠ ʦʥʠ ʥʝ ʥʘʨʫʰʝʥʳ ʙʦʣʝʝ ʧʦʟʜʥʝʡ ʪʝʢʪʦʥʠʢʦʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʉʘʤʘʨʢʠʥʩʢʠʡ ʪʝʨʨʝʡʥ ʶʨʩʢʦʡ ʘʢʢʨʝʮʠʦʥʥʦʡ ʧʨʠʟʤʳ ʉʠʭʦʪʵ-ɸʣʠʥʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʘʢʝʪ ʩʣʦʞʥʦʜʠʩʣʦʮʠʨʦʚʘʥʥʳʭ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʜʨʝʚʥʝʡ 

ʦʢʝʘʥʠʯʝʩʢʦʡ ʧʣʠʪʳ. ʕʪʠ ʬʨʘʛʤʝʥʪʳ ʩʣʘʛʘʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘʨʘʱʠʚʘʶʱʠʝʩʷ ʦʜʥʘ ʥʘ ʜʨʫʛʫʶ 

ʪʝʢʪʦʥʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʝʜʠʥʠʮʳ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʨʘʟʣʠʯʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ 

ʈʠʩ. 2.3. ɻʘʙʙʨʦ-ʛʠʧʝʨʙʘʟʠʪʦʚʳʝ ʤʘʩʩʠʚʳ ʂʘʣʠʥʦʚʩʢʦʛʦ ʦʬʠʦʣʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʶʞʥʦʡ ʯʘʩʪʠ 

ʉʘʤʘʨʢʠʥʩʢʦʛʦ ʪʝʨʨʝʡʥʘ ʧʦ [ʍʘʥʯʫʢ, ɺʳʩʦʮʢʠʡ, 2016]. 

ɻʘʙʙʨʦ-ʛʠʧʝʨʙʘʟʠʪʦʚʳʝ ʤʘʩʩʠʚʳ: I ï ʉʘʤʘʨʢʠʥʩʢʠʡ, II  ï ʏʫʛʫʝʚʩʢʠʡ, III  ï ɹʨʝʝʚʩʢʠʡ. 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʶʨʩʢʠʝ ʪʫʨʙʠʜʠʪ-ʦʣʠʩʪʦʩʪʨʦʤʦʚʳʝ ʧʦʨʦʜʳ ʉʘʤʘʨʢʠʥʩʢʦʡ ʘʢʢʨʝʮʠʦʥʥʦʡ ʧʨʠʟʤʳ;  

2 ï ʧʝʨʤʩʢʠʝ, ʪʨʠʘʩʦʚʳʝ ʠ ʧʦʟʜʥʝʶʨʩʢʠʝ ʢʨʝʤʥʠ; 3 ï ʦʬʠʦʣʠʪʦʚʳʝ ʛʘʙʙʨʦʠʜʳ ʠ ʫʣʴʪʨʘʙʘʟʠʪʳ (ʂʘʣʠʥʦʚʩʢʠʡ 

ʢʦʤʧʣʝʢʩ); 4 ï ʙʘʟʘʣʴʪʳ ʠ ʜʠʘʙʘʟʳ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʠʤʠ ʢʨʝʤʥʷʤʠ ʠ ʠʟʚʝʩʪʥʷʢʘʤʠ 

(ʉʝʙʫʯʘʨʩʢʠʡ ʢʦʤʧʣʝʢʩ); 5 ï ʧʝʨʤʩʢʠʝ ʧʝʩʯʘʥʠʢʠ (ʋʜʝʢʦʚʩʢʠʡ ʢʦʤʧʣʝʢʩ); 6 ï ʧʦʟʜʥʝʤʝʣʦʚʳʝ ʚʫʣʢʘʥʠʪʳ;  

7 ï ʧʦʟʜʥʝʤʝʣʦʚʳʝ ʛʨʘʥʠʪʳ; 8 ï ʶʨʩʢʠʝ ʪʫʨʙʠʜʠʪʳ; 9 ï ʧʝʨʤʦʪʨʠʘʩʦʚʳʝ ʤʝʣʢʦʚʦʜʥʳʝ (ʰʝʣʴʬʦʚʳʝ) ʦʩʘʜʢʠ;  

10 ï ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʝ ʩʝʨʛʝʝʚʩʢʠʝ ʛʘʙʙʨʦʠʜʳ ʠ ʧʝʨʝʢʨʳʚʘʶʱʠʝ ʠʭ ʧʝʨʤʦʪʨʠʘʩʦʚʳʝ ʰʝʣʴʬʦʚʳʝ ʦʩʘʜʢʠ;  

11 ï ʵʣʝʤʝʥʪʳ ʟʘʣʝʛʘʥʠʷ; 12 ï ʨʘʟʣʦʤʳ (ɸ ï ɸʨʩʝʥʴʝʚʩʢʠʡ, ʄ ï ʄʝʨʠʜʠʦʥʘʣʴʥʳʡ, ʉ ï ʎʝʥʪʨʘʣʴʥʳʡ ʉʠʭʦʪʵ-

ɸʣʠʥʩʢʠʡ), 13 ï ʯʝʪʚʝʨʪʠʯʥʳʝ ʦʩʘʜʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ; 14 ï ʨʘʡʦʥʳ ʨʘʙʦʪ. ʅʘ ʚʨʝʟʢʝ ʧʦʢʘʟʘʥʳ ʪʝʨʨʝʡʥʳ:  

Br-Kh ï ɹʫpʝʠʥʦ-Xʘʥʢʘʡcʢʠʡ, Sr ï ʉʝʨʛʝʝʚʩʢʠʡ, Sm ï ʉʘʤʘʨʢʠʥʩʢʠʡ, Th ï ʊʘʫʭʠʥʩʢʠʡ,  

Zh-Am ï ɾʫʨʘʚʣʝʚʩʢʦ-ɸʤʫʨʩʢʠʡ, Km ï ʂʝʤʩʢʠʡ, Ks-Mn ï ʂʠʩʝʣʝʚʩʢʦ-ʄʘʥʦʤʠʥʩʢʠʡ ʪʝʨʨʝʡʥ. 
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ʚʳʜʝʣʷʝʪʩʷ ʧʷʪʴ-ʰʝʩʪʴ ʪʘʢʠʭ ʝʜʠʥʠʮ, ʭʦʪʷ ʠʭ ʤʦʞʝʪ ʙʳʪʴ ʠ ʙʦʣʴʰʝ. ʉʯʠʪʘʝʪʩʷ ʯʪʦ, ʢʘʞʜʘʷ ʠʟ 

ʥʠʭ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʤʦʞʝʪ ʧʨʦʩʣʝʞʠʚʘʪʴʩʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʦʪʚʝʯʘʝʪ ʦʧʨʝʜʝʣʝʥʥʦʤʫ 

ʵʪʘʧʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠʟʤʳ, ʘ ʚʤʝʩʪʝ ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʧʨʦʮʝʩʩ ʩʫʙʜʫʢʮʠʠ ʠ ʯʘʩʪʠʯʥʦʡ 

ʘʢʢʨʝʮʠʠ ʇʘʣʝʦʪʠʭʦʦʢʝʘʥʩʢʦʡ ʧʣʠʪʳ [ʂʝʤʢʠʥ, 2006]. 

 

2.2 ʂʨʘʪʢʘʷ ʠʩʪʦʨʠʷ ʠʟʫʯʝʥʠʷ ʦʬʠʦʣʠʪʦʚ ʉʘʤʘʨʢʠʥʩʢʦʛʦ ʪʝʨʨʝʡʥʘ 

ɺ ʟʦʥʝ ɻʣʘʚʥʦʛʦ ʘʥʪʠʢʣʠʥʦʨʠʷ ʉʠʭʦʪʵ-ɸʣʠʥʷ (ʥʳʥʝ ʉʘʤʘʨʢʠʥʩʢʠʡ ʪʝʨʨʝʡʥ) ʢ ʩʝʨʝʜʠʥʝ 

1950-ʭ ʛʛ. ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʥʦʛʦʣʝʪʥʠʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʟʘʢʘʨʪʠʨʦʚʘʥʘ 

çʮʝʧʦʯʢʘ ʚʳʭʦʜʦʚ ʠʥʪʨʫʟʠʡ ʫʣʴʪʨʘʤʘʬʠʪʦʚ ʠ ʛʘʙʙʨʦʠʜʦʚè [ɹʝʣʷʝʚʩʢʠʡ ʠ ʜʨ., 1955]. ʀʟʥʘʯʘʣʴʥʦ 

ʵʪʠ ʧʦʨʦʜʳ ʠ ʘʩʩʦʮʠʠʨʫʶʱʠʝ ʩ ʥʠʤʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ (ʤʝʪʘʛʘʙʙʨʦ, ʘʤʬʠʙʦʣʠʪʳ ʠ 

ʜʨ.) ʫʩʣʦʚʥʦ ʦʪʥʦʩʠʣʠʩʴ ʢ ʜʦʢʝʤʙʨʠʶ. ʉ ʩʝʨʝʜʠʥʳ 1960-ʭ ʛʛ. ʥʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪʘʭ ʚʦʟʨʘʩʪ 

ʠʥʪʨʫʟʠʡ ʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʠʡ ʥʘ ʪʦʤ ʦʩʥʦʚʘʥʠʠ, ʯʪʦ ʦʥʠ ʧʨʦʨʳʚʘʶʪ ʧʝʨʤʩʢʠʝ 

ʦʪʣʦʞʝʥʠʷ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʨʘʡʦʥʘʭ ʥʘ ʥʠʭ ʟʘʣʝʛʘʶʪ ʬʘʫʥʠʩʪʠʯʝʩʢʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʝ 

ʚʝʨʭʥʝʧʝʨʤʩʢʠʝ-ʧʦʟʜʥʝʪʨʠʘʩʦʚʳʝ ʦʪʣʦʞʝʥʠʷ [ɸʩʠʧʦʚ, 1966; ɻʝʦʣʦʛʠʷ ʉʉʉʈ..., 1969]. ʇʨʠ ʵʪʦʤ 

ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʛʘʙʙʨʦʠʜʦʚ ʥʘ ʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʩʝʙʫʯʘʨʩʢʦʡ, ʫʜʝʢʦʚʩʢʦʡ ʠ ʩʘʤʘʨʢʠʥʩʢʦʡ ʩʚʠʪ, ʭʦʪʷ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʵʪʦʪ ʚʳʚʦʜ ʥʝ ʧʦʣʫʯʠʣ ʧʦʜʪʚʝʨʞʜʝʥʠʷ [ɻʦʣʦʟʫʙʦʚ, ʄʝʣʴʥʠʢʦʚ, 1986]. 

ʊʝʨʤʠʥ çʦʬʠʦʣʠʪʳè ʚ ʦʪʥʦʰʝʥʠʠ ʤʘʩʩʠʚʦʚ ʧʘʣʝʦʟʦʡʩʢʠʭ ʛʘʙʙʨʦʠʜʦʚ ʉʠʭʦʪʵ-ɸʣʠʥʷ 

ʚʧʝʨʚʳʝ ʫʧʦʪʨʝʙʠʣ ʚ ʩʚʦʝʡ ʤʦʥʦʛʨʘʬʠʠ ʉ. ʉ. ɿʠʤʠʥ, ʚʳʜʝʣʠʚʰʠʡ ɹʠʢʠʥʩʢʫʶ (ʥʘ ʩʝʚʝʨʝ) ʠ 

ʋʣʘʭʠʥʩʢʫʶ (ʥʘ ʶʛʝ) ʟʦʥʳ ʦʬʠʦʣʠʪʦʚ [ɿʠʤʠʥ, 1973]. ʇʨʠʤʝʨʥʦ ʚ ʵʪʦ ʞʝ ʚʨʝʤʷ ʉ. ɸ. ʑʝʢʘ, 

ʈ. ɸ. ʆʢʪʷʙʨʴʩʢʠʡ ʠ ʜʨ. ʧʦʜʨʦʙʥʦ ʦʧʠʩʳʚʘʶʪ ʩʝʨʠʶ ʙʘʟʠʪ-ʛʠʧʝʨʙʘʟʠʪʦʚʳʭ ʤʘʩʩʠʚʦʚ, 

ʢʘʨʪʠʨʫʶʱʠʭʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 200 ʢʤ ʦʪ ʩ. ɹʨʝʝʚʢʘ ʥʘ ʶʛʝ ʜʦ ʙʘʩʩʝʡʥʘ ʨ. ʆʪʢʦʩʥʘʷ ʥʘ ʩʝʚʝʨʝ. 

ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʠʟ ʵʪʠʭ ʤʘʩʩʠʚʦʚ (>20 ʢʤ ʚ ʜʣʠʥʫ) ʙʳʣʠ ʥʘʟʚʘʥʳ ɹʨʝʝʚʩʢʠʤ, ʏʫʛʫʝʚʩʢʠʤ ʠ 

ʉʘʤʘʨʢʠʥʩʢʠʤ (ʨʠʩ. 2.3) [ʆʢʪʷʙʨʴʩʢʠʡ, 1971; ʑʝʢʘ ʠ ʜʨ., 1973]. ʇʦʟʜʥʝʝ ʙʦʣʝʝ ʤʝʣʢʠʝ ʤʘʩʩʠʚʳ 

(ʆʣʦʥʩʢʠʡ, ʉʦʣʴʜʠʥʩʢʠʡ, ɿʘʣʦʤʠʥʩʢʠʡ ʠ ʜʨ.) ʙʳʣʠ ʟʘʢʘʨʪʠʨʦʚʘʥʳ ʠ ʜʘʣʝʝ ʥʘ ʩʝʚʝʨ ʚʧʣʦʪʴ ʜʦ 

ʙʘʩʩʝʡʥʘ ʨ. ɹʠʢʠʥ [ɺʳʩʦʮʢʠʡ, ʆʢʦʚʠʪʳʡ, 1990]. ɻʝʦʣʦʛʘʤʠ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʠʢʘʤʠ ʚʩʷ ʵʪʘ 

ʮʝʧʦʯʢʘ ʤʘʩʩʠʚʦʚ ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʜ ʦʙʱʠʤ ʥʘʟʚʘʥʠʝʤ ʊʘʭʘʣʠʥʩʢʦʛʦ ʧʝʨʠʜʦʪʠʪ-ʛʘʙʙʨʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ [ʃʝʚʘʰʝʚ ʠ ʜʨ., 1989; ɹʝʣʷʥʩʢʠʡ ʠ ʜʨ., 2011]. 

ʅʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʬʠʦʣʠʪʦʚ ʉʠʭʦʪʵ-ɸʣʠʥʷ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ 

ʙʘʟʘʣʴʪʦʠʜʳ, ʟʘʣʝʛʘʶʱʠʝ ʚ ʝʜʠʥʦʤ ʨʘʟʨʝʟʝ ʩ ʢʨʝʤʥʷʤʠ ʠ ʠʟʚʝʩʪʥʷʢʘʤʠ (ʉʝʙʫʯʘʩʨʢʠʡ ʢʦʤʧʣʝʢʩ), 

ʥʝ ʩʚʷʟʘʥʳ ʩ ʫʣʴʪʨʘʤʘʬʠʪʘʤʠ ʠ ʛʘʙʙʨʦʠʜʘʤʠ. ʉʯʠʪʘʣʦʩʴ, ʯʪʦ ʙʘʟʘʣʴʪʦʠʜʳ ʦʪʥʦʩʷʪʩʷ ʢ ʧʝʨʤʩʢʦʡ 

ʩʝʙʫʯʘʨʩʢʦʡ ʩʚʠʪʝ, ʘ ʫʣʴʪʨʘʤʘʬʠʪʳ ʠ ʛʘʙʙʨʦʠʜʳ ï ʵʪʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ, ʙʦʣʝʝ ʜʨʝʚʥʠʡ (ʚʧʣʦʪʴ 

ʜʦ ʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ) ʠʥʪʨʫʟʠʚʥʳʡ ʢʦʤʧʣʝʢʩ. ʉ. ʉ. ɿʠʤʠʥ, ʉ. ɸ. ʑʝʢʘ ʠ ɸ. ʆ. ʄʘʟʘʨʦʚʠʯ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʙʘʟʘʣʴʪʦʠʜʳ ʢʘʢ ʯʘʩʪʴ ʦʪʜʝʣʴʥʦʛʦ ʦʬʠʦʣʠʪʦʚʦʛʦ ʤʘʩʩʠʚʘ, ʪʘʢ ʢʘʢ ʚ ʧʨʝʜʝʣʘʭ 

ʉʝʙʫʯʘʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ ʥʝʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ ʜʫʥʠʪ-ʛʘʨʮʙʫʨʛʠʪʦʚʦʡ 
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ʬʦʨʤʘʮʠʠ [ɿʠʤʠʥ, 1973; ɺʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʷʩʘ..., 1984; ʄʘʟʘʨʦʚʠʯ, 1985]. ʆʜʥʘʢʦ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ɸ. ʀ. ʍʘʥʯʫʢʘ ʠ ʜʨ. ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʣʴʪʨʘʤʘʬʠʪʳ, ʛʘʙʙʨʦʠʜʳ ʠ ʙʘʟʘʣʴʪʦʠʜʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʝʢʪʦʥʠʯʝʩʢʠ ʨʘʟʦʙʱʝʥʥʳʝ ʬʨʘʛʤʝʥʪʳ ʝʜʠʥʦʛʦ ʦʬʠʦʣʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[ʍʘʥʯʫʢ ʠ ʜʨ., 1988, 1989]. ʊʘʢʞʝ ʙʳʣʦ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʦʬʠʦʣʠʪʦʚʳʭ ʘʣʣʦʭʪʦʥʦʚ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʥʳʤʠ ʨʘʟʨʝʟʘʤʠ ʦʬʠʦʣʠʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʂʘʣʠʥʦʚʩʢʠʡ ʠ ʉʝʨʛʝʝʚʩʢʠʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʝʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʣʴʪʨʘʤʘʬʠʪ-ʤʘʬʠʪʦʚʳʭ ʧʦʨʦʜ ʦʬʠʦʣʠʪʦʚ ʉʠʭʦʪʵ-

ɸʣʠʥʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʨʝʜʠ ʥʠʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʘʩʩʦʮʠʘʮʠʠ ʜʚʫʭ ʪʠʧʦʚ: ʧʝʨʠʜʦʪʠʪ-

ʪʨʦʢʪʦʣʠʪʦʚʘʷ ʠ ʧʝʨʠʜʦʪʠʪ-ʛʘʙʙʨʦʥʦʨʠʪʦʚʘʷ (ʧʝʨʠʜʦʪʠʪ-ʛʘʙʙʨʦʠʜʥʘʷ) [ɺʳʩʦʮʢʠʡ, ʆʢʦʚʠʪʳʡ, 

1990; ʍʘʥʯʫʢ, ɺʳʩʦʮʢʠʡ, 2016; Vysotskiy, 1994; Ishiwatari et al., 2003]. ʆʙʘ ʪʠʧʘ ʦʙʣʘʜʘʶʪ 

ʦʜʠʥʘʢʦʚʳʤʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʘʣʦʚʳʭ ʩʦʩʪʘʚʦʚ ʧʦʨʦʜ, ʦʜʥʘʢʦ, ʤʠʥʝʨʘʣʴʥʳʝ 

ʩʦʩʪʘʚʳ ʧʦʨʦʜ ʨʝʟʢʦ ʨʘʟʣʠʯʘʶʪʩʷ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ, ʧʨʝʜʧʦʣʘʛʘʶʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʩʩʠʚʦʚ. ʕʪʘ ʩʧʝʮʠʬʠʢʘ ʦʙʫʩʣʦʚʣʝʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʢʘʤʝʨ, ʚ 

ʢʦʪʦʨʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠ ʦʜʥʦʪʠʧʥʳʝ ʨʘʩʧʣʘʚʳ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠʩʴ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ 

ʜʘʚʣʝʥʠʷʭ. ʉʚʠʜʝʪʝʣʴʩʪʚʦʤ ʧʦʜʦʙʥʳʭ ʫʩʣʦʚʠʡ ʷʚʣʷʝʪʩʷ ʥʘʭʦʜʢʘ ʛʘʙʙʨʦ ʩ ʚʳʩʦʢʦʤʘʛʥʝʟʠʘʣʴʥʳʤ 

ʛʨʘʥʘʪʦʤ [ʍʘʥʯʫʢ, ʇʘʥʯʝʥʢʦ, 1991]. 

ʅʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʉʠʭʦʪʵ-ɸʣʠʥʩʢʠʭ ʦʬʠʦʣʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʧʨʝʜʣʘʛʘʣʠʩʴ ʨʘʟʥʳʝ ʧʘʣʝʦʪʝʢʪʦʥʠʯʝʩʢʠʝ ʤʦʜʝʣʠ. ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʦʬʠʦʣʠʪʳ ʦʙʨʘʟʦʚʘʣʠʩʴ 

ʚ ʩʧʨʝʜʠʥʛʦʚʦʡ ʟʦʥʝ ʧʘʣʝʦʦʢʝʘʥʘ, ʘ ʟʘʪʝʤ ʙʳʣʠ ʧʝʨʝʤʝʱʝʥʳ ʚ ʦʩʥʦʚʘʥʠʝ ʦʩʪʨʦʚʦʜʫʞʥʦʛʦ ʩʢʣʦʥʘ 

ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʦʡ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ [ɺʳʩʦʮʢʠʡ, ʆʢʦʚʠʪʳʡ, 1990; ɺʳʩʦʮʢʠʡ, 1996; Vysotskiy, 

1994]. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʚʳʰʝʥʥʦʡ ʱʝʣʦʯʥʦʩʪʠ ʠ ʪʠʪʘʥʠʩʪʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʦʬʠʦʣʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ ʉ. ɸ. ʑʝʢʘ ʚʳʜʚʠʥʫʣ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʬʠʦʣʠʪʦʚ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʢʦʣʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʨʠʬʪʦʛʝʥʥʥʦʡ ʩʪʨʫʢʪʫʨʳ [ʑʝʢʘ, 1984]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʧʦ ʘʩʩʦʮʠʘʮʠʠ ʛʘʙʙʨʦʠʜʦʚ ʠ ʛʠʧʝʨʙʘʟʠʪʦʚ ʩ ʚʳʩʦʢʦʪʠʪʘʥʠʩʪʳʤʠ ʙʘʟʘʣʴʪʘʤʠ 

ʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʬʠʦʣʠʪʳ ʉʠʭʦʪʵ-ɸʣʠʥʷ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʦʩʥʦʚʘʥʠʠ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʧʣʘʪʦ, ʨʦʩʪ 

ʢʦʪʦʨʦʛʦ ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ ʚʥʝʜʨʝʥʠʝʤ ʤʘʥʪʠʡʥʦʛʦ ʧʣʶʤʘ [ʍʘʥʯʫʢ, ʇʘʥʯʝʥʢʦ, 1991; ʂʝʤʢʠʥ, 

ʍʘʥʯʫʢ, 1993; ʍʘʥʯʫʢ, 1993; ʍʘʥʯʫʢ, ɺʳʩʦʮʢʠʡ, 2016; Khanchuk et al., 2016; Golozubov, 

Simanenko, 2021]. ʂʨʦʤʝ ʪʦʛʦ, ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʢʘʣʠʥʦʚʩʢʠʝ ʛʘʙʙʨʦʠʜʳ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʣʶʤʘ ʩ ʦʩʘʜʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ [ʂʘʟʘʯʝʥʢʦ ʠ ʜʨ., 2015; 

ʂʘʟʘʯʝʥʢʦ, ʇʝʨʝʚʦʟʥʠʢʦʚʘ, 2023]. 

 

2.3 ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʬʠʦʣʠʪʦʚ ʉʘʤʘʨʢʠʥʩʢʦʛʦ ʪʝʨʨʝʡʥʘ 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʉʠʭʦʪʵ-ɸʣʠʥʷ ʦʬʠʦʣʠʪʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʩʝʨʠʶ ʛʘʙʙʨʦ-ʛʠʧʝʨʙʘʟʠʪʦʚʳʭ ʤʘʩʩʠʚʦʚ ʚ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ ʩ ʜʠʘʙʘʟʘʤʠ ʠ ʢʨʝʤʥʠʩʪʦ-

ʚʫʣʢʘʥʦʛʝʥʥʦʡ ʪʦʣʱʝʡ, ʧʨʦʩʣʝʞʠʚʘʶʱʫʶʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʝʝ 400 ʢʤ ʦʪ ʩ. ɺʣʘʜʠʤʠʨʦ-

ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʝ ʥʘ ʶʛʝ ʜʦ ʙʘʩʩʝʡʥʘ ʨ. ɹʠʢʠʥ ʥʘ ʩʝʚʝʨʝ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʵʪʠʭ ʤʘʩʩʠʚʦʚ 
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ʧʨʠʫʨʦʯʝʥʘ ʢ ʚʝʨʭʥʝʤʫ ʩʪʨʫʢʪʫʨʥʦʤʫ ʫʨʦʚʥʶ ʉʘʤʘʨʢʠʥʩʢʦʛʦ ʪʝʨʨʝʡʥʘ ï ʬʨʘʛʤʝʥʪʘ ʶʨʩʢʦʡ 

ʘʢʢʨʝʮʠʦʥʥʦʡ ʧʨʠʟʤʳ, ʚ ʢʦʪʦʨʦʤ ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ ʦʬʠʦʣʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʘ: ʂʘʣʠʥʦʚʩʢʠʡ ʥʘ ʶʛʝ 

ʠ ɹʠʢʠʥʩʢʠʡ ʥʘ ʩʝʚʝʨʝ (ʨʠʩ. 2.2). 

ɹʠʢʠʥʩʢʠʡ ʢʦʤʧʣʝʢʩ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʠ ʨ. ɹʠʢʠʥ, ʛʜʝ ʚʳʭʦʜʳ ʛʠʧʝʨʙʘʟʠʪ-

ʛʘʙʙʨʦʚʳʭ ʧʦʨʦʜ ʦʙʨʘʟʫʶʪ ʪʨʠ ʨʘʟʦʙʱʝʥʥʳʭ ʤʘʩʩʠʚʘ ï ʉʦʣʴʜʠʥʩʢʠʡ, ʆʣʦʥʩʢʠʡ, ɿʘʣʦʤʠʥʩʢʠʡ, 

ʚ ʢʦʪʦʨʳʭ ʙʦʣʝʝ-ʤʝʥʝʝ ʧʦʣʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʩʝ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʨʘʟʥʦʩʪʠ ʧʝʨʠʜʦʪʠʪ-

ʛʘʙʙʨʦʥʦʨʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ [ɺʳʩʦʮʢʠʡ, ʆʢʦʚʠʪʳʡ, 1990; ɺʳʩʦʮʢʠʡ, 1996; ʍʘʥʯʫʢ, ɺʳʩʦʮʢʠʡ, 

2016]. ɺ ʩʪʨʦʝʥʠʠ ʤʘʩʩʠʚʦʚ ʚʳʜʝʣʷʶʪ ʪʨʠ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ï ʫʣʴʪʨʘʤʘʬʠʪʦʚʫʶ, ʧʠʨʦʢʩʝʥʠʪʦʚʫʶ ʠ 

ʛʘʙʙʨʦʚʫʶ. ʋʣʴʪʨʘʤʘʬʠʪʦʚʘʷ ʯʘʩʪʴ ʩʦʩʪʦʠʪ ʠʟ ʯʝʨʝʜʫʶʱʠʭʩʷ ʧʦʣʦʩ ʣʝʨʮʦʣʠʪʦʚ, ʛʘʨʮʙʫʨʛʠʪʦʚ, 

ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʭ ʜʫʥʠʪʦʚ ʠ ʚʝʙʩʪʝʨʠʪʦʚ ʤʦʱʥʦʩʪʴʶ ʦʪ ʧʝʨʚʳʭ ʩʘʥʪʠʤʝʪʨʦʚ ʜʦ ʜʝʩʷʪʠ 

ʤʝʪʨʦʚ. ʇʠʨʦʢʩʝʥʠʪʦʚʘʷ ʯʘʩʪʴ, ʤʦʱʥʦʩʪʴʶ ʜʦ 300 ʤ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʦʩʥʦʚʥʦʤ ʚʝʙʩʪʝʨʠʪʘʤʠ ʠ 

ʦʨʪʦʧʠʨʦʢʩʝʥʠʪʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʜʫʥʠʪʦʚ, ʣʝʨʮʦʣʠʪʦʚ ʠ ʛʘʨʮʙʫʨʛʠʪʦʚ, ʘ ʪʘʢʞʝ ʧʣʘʛʠʦʢʣʘʟʦʚʳʭ 

ʧʝʨʠʜʦʪʠʪʦʚ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ. ɻʘʙʙʨʦʚʘʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ, ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ ʜʦ 800 ʤ, 

ʩʣʦʞʝʥʘ ʧʦʣʦʩʯʘʪʳʤʠ ʛʝʨʮʠʥʠʪʦʚʳʤʠ ʛʘʙʙʨʦʠʜʘʤʠ, ʧʦʣʦʩʯʘʪʦʩʪʴ ʢʦʪʦʨʳʭ ʦʙʫʩʣʦʚʣʝʥʘ 

ʧʦʩʣʦʡʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʣʘʛʠʦʢʣʘʟʘ ʠ ʧʠʨʦʢʩʝʥʘ [ɺʳʩʦʮʢʠʡ, 1996; ʍʘʥʯʫʢ, ɺʳʩʦʮʢʠʡ, 2016]. 

ʂʘʣʠʥʦʚʩʢʠʡ ʢʦʤʧʣʝʢʩ ʧʨʦʪʷʛʠʚʘʝʪʩʷ ʮʝʧʴʶ ʤʘʩʩʠʚʦʚ (ʘʣʣʦʭʪʦʥʦʚ ʧʦ [ʍʘʥʯʫʢ, 

ɺʳʩʦʮʢʠʡ, 2016]) ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʧʨʠʤʝʨʥʦ ʚ 200 ʢʤ ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ ʦʪ ʩ. ɺʝʨʭʥʷʷ ɹʨʝʝʚʢʘ ʜʦ 

ʙʘʩʩʝʡʥʘ ʨ. ʆʪʢʦʩʥʘʷ (ʨʠʩ. 2.3). ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʠʟʫʯʝʥʳ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʠʟ ʵʪʠʭ 

ʤʘʩʩʠʚʦʚ ï ɹʨʝʝʚʩʢʠʡ ʠ ʏʫʛʫʝʚʩʢʠʡ. 

ɹʨʝʝʚʩʢʠʡ ʤʘʩʩʠʚ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʚʝʨʭʦʚʴʷʭ ʨ. ʋʩʩʫʨʠ, ʢ ʩʝʚʝʨʦ-ʟʘʧʘʜʫ ʦʪ ʩ. ɺʝʨʭʥʷʷ 

ɹʨʝʝʚʢʘ. ɽʛʦ ʶʞʥʘʷ ʛʨʘʥʠʮʘ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʡʦʥʝ ʩ. ʄʝʜʚʝʞʠʡ ʂʫʪ, ʩʝʚʝʨʥʘʷ ï ʫ ʩ. ʀʟʚʠʣʠʥʢʠ. ʆʥ 

ʦʙʨʘʟʫʝʪ ʣʠʥʟʦʚʠʜʥʦʝ ʪʝʣʦ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʧʣʦʱʘʜʴʶ ʦʢʦʣʦ 100 ʢʤ2 (ʜʣʠʥʘ 

ʧʨʠʤʝʨʥʦ 20 ʢʤ, ʰʠʨʠʥʘ ï 4-6 ʢʤ) ʠ ʦʙʨʝʟʘʥʥʦʝ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʥʘʨʫʰʝʥʠʝʤ ʚ ʶʞʥʦʡ 

ʦʢʦʥʝʯʥʦʩʪʠ. ɹʨʝʝʚʩʢʘʷ ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʧʣʘʩʪʠʥʘ ʦʢʨʫʞʝʥʘ ʪʝʨʨʠʛʝʥʥʳʤʠ ʧʝʩʯʘʥʳʤʠ ʠ 

ʢʨʝʤʥʠʩʪʦ-ʛʣʠʥʠʩʪʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʚʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ-ʤʝʟʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʚʜʦʣʴ 

ʚʦʩʪʦʯʥʦʛʦ ʠ ʟʘʧʘʜʥʦʛʦ ʢʦʥʪʘʢʪʦʚ ʪʘʢʞʝ ʟʘʢʘʨʪʠʨʦʚʘʥʳ ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ. ʄʘʩʩʠʚ ʥʘ 

ʧʨʠʤʝʨʥʦ ʥʘ 85% ʩʦʩʪʦʠʪ ʠʟ ʛʘʙʙʨʦʠʜʦʚ. ʋʣʴʪʨʘʦʩʥʦʚʥʳʝ ʧʦʨʦʜʳ ʩʣʘʛʘʶʪ ʠʟʦʤʝʪʨʠʯʥʳʝ ʪʝʣʘ ʚ 

ʶʞʥʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʝʨʧʝʥʪʠʥʠʪʘʤʠ, ʧʦʣʥʦʩʪʴʶ ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʤʠ 

ʧʣʘʛʠʦʢʣʘʟʩʦʜʝʨʞʘʱʠʤʠ ʜʫʥʠʪʘʤʠ, ʘʤʬʠʙʦʣʦʚʳʤʠ ʜʫʥʠʪʘʤʠ, ʚʝʨʣʠʪʘʤʠ, 

ʧʣʘʛʠʦʢʣʘʟʩʦʜʝʨʞʘʱʠʤʠ ʧʠʨʦʢʩʝʥʠʪʘʤʠ. ʉʝʨʧʝʥʪʠʥʠʪʳ ʠʤʝʶʪ ʧʦʩʪʝʧʝʥʥʳʝ ʧʝʨʝʭʦʜʳ ʩ 

ʪʨʦʢʪʦʣʠʪʘʤʠ. ʉʨʝʜʠ ʙʝʟʦʣʠʚʠʥʦʚʳʭ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜ ʩʫʱʝʩʪʚʫʝʪ ʧʦʩʪʝʧʝʥʥʳʡ ʧʝʨʝʭʦʜ ʦʪ 

ʘʤʬʠʙʦʣʦʚʳʭ ʥʦʨʠʪʦʚ ʯʝʨʝʟ ʘʤʬʠʙʦʣʦʚʳʝ ʛʘʙʙʨʦʥʦʨʠʪʳ ʢ ʘʤʬʠʙʦʣʦʚʳʤ ʛʘʙʙʨʦ ʙʝʟ ʜʠʦʧʩʠʜʘ 

[ʆʢʪʷʙʨʴʩʢʠʡ, 1971]. ʇʝʛʤʘʪʦʠʜʥʳʝ ʛʘʙʙʨʦ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ ʧʦʟʜʥʠʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʠ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʪʠʧʦʤ ʧʦʨʦʜ. ɺ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ ʥʘ ʧʠʨʦʢʩʝʥʠʪʘʭ ʟʘʣʝʛʘʶʪ 

ʧʦʣʦʩʯʘʪʳʝ ʛʨʘʥʘʪʦʚʳʝ ʛʘʙʙʨʦ [ʍʘʥʯʫʢ, ʇʘʥʯʝʥʢʦ, 1991]. 
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ʏʫʛʫʝʚʩʢʠʡ ʤʘʩʩʠʚ ʨʘʩʧʦʣʦʞʝʥ ʩʝʚʝʨʥʝʝ ɹʨʝʝʚʩʢʦʛʦ, ʚ ʧʨʘʚʦʤʫ ʙʦʨʪʫ ʨ. ʋʩʩʫʨʠ, ʢ ʩʝʚʝʨʦ-

ʚʦʩʪʦʢʫ ʦʪ ʩ. ʏʫʛʫʝʚʢʘ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʪʷʥʫʪʦʝ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʦʙʨʝʟʘʥʥʦʝ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʥʘʨʫʰʝʥʠʷʤʠ, ʣʠʥʟʦʚʠʜʥʦʝ ʪʝʣʦ, ʧʣʦʱʘʜʴʶ ʦʢʦʣʦ 95 ʢʤ2. 

ʊʝʢʪʦʥʠʯʝʩʢʘʷ ʧʣʘʩʪʠʥʘ ʩʝʯʝʪ ʧʦʜ ʫʛʣʦʤ 300 ʢ ʧʨʦʩʪʠʨʘʥʠʶ ʚʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʠ 

ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʩʨʝʜʥʠʤʠ ʠ ʢʠʩʣʳʤʠ ʵʬʬʫʟʠʚʘʤʠ ʤʝʣʦʚʦʛʦ ʠ ʧʘʣʝʦʛʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ. 

ɺʤʝʱʘʶʱʠʝ ʤʘʩʩʠʚ ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʝʙʫʯʘʨʩʢʠʤʠ ʩʧʠʣʠʪʘʤʠ ʠ ʢʨʝʤʥʠʩʪʳʤʠ 

ʩʣʘʥʮʘʤʠ, ʘ ʪʘʢʞʝ ʫʜʝʢʦʚʩʢʠʤʠ ʧʝʩʯʘʥʠʢʘʤʠ, ʘʣʝʚʨʦʣʠʪʘʤʠ ʠ ʛʣʠʥʠʩʪʳʤʠ ʩʣʘʥʮʘʤʠ. ʏʫʛʫʝʚʩʢʠʡ 

ʤʘʩʩʠʚ ʩʣʦʞʝʥ ʚ ʦʩʥʦʚʥʦʤ ʢʘʪʘʢʣʘʟʠʨʦʚʘʥʥʳʤʠ ʨʘʟʥʦʟʝʨʥʠʩʪʳʤʠ ʧʠʨʦʢʩʝʥ-

ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʤʠ ʛʘʙʙʨʦ ʠ ʛʘʙʙʨʦʥʦʨʠʪʘʤʠ ʩ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʦʡ ʣʠʥʝʡʥʦʩʪʴʶ ʠ 

ʧʦʣʦʩʯʘʪʦʩʪʴʶ. ɺ ʤʝʥʴʰʝʡ ʤʝʨʝ (ʦʢʦʣʦ 5% ʧʣʦʱʘʜʠ ʤʘʩʩʠʚʘ) ʨʘʟʚʠʪʳ ʫʣʴʪʨʘʦʩʥʦʚʥʳʝ ʧʦʨʦʜʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʩʝʨʧʝʥʪʠʥʠʪʘʤʠ ʠ ʚʝʨʣʠʪʘʤʠ ʩ ʧʝʨʝʭʦʜʦʤ ʢ ʤʦʥʦʤʠʥʠʨʘʣʴʥʳʤ ʧʠʨʦʢʩʝʥʠʪʘʤ ʠ 

ʚʝʙʩʪʝʨʠʪʘʤ ʫ ʢʦʥʪʘʢʪʘ ʩ ʛʘʙʙʨʦʠʜʘʤʠ [ʆʢʪʷʙʨʴʩʢʠʡ, 1971]. ɺʥʫʪʨʠ ʤʘʩʩʠʚʘ, ʚ ʟʦʥʘʭ ʢʘʪʘʢʣʘʟʘ, 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʙʣʦʤʢʠ ʛʨʘʥʘʪ-ʙʠʦʪʠʪ-ʧʣʘʛʠʦʢʣʘʟ-ʢʚʘʨʮʝʚʳʭ ʩʣʘʥʮʝʚ. ʂʨʦʤʝ ʪʦʛʦ, ʤʘʩʩʠʚ 

ʧʨʦʨʚʘʥ ʤʝʣʢʠʤʠ ʠʥʪʨʫʟʠʷʤʠ ʛʨʘʥʠʪʦʠʜʦʚ, ʥʘ ʢʦʥʪʘʢʪʝ ʩ ʢʦʪʦʨʳʤʠ ʟʘʯʘʩʪʫʶ ʛʘʙʙʨʦʠʜʳ 

ʧʨʝʚʨʘʱʝʥʳ ʚ ʘʤʬʠʙʦʣʠʪʳ ʠ ʛʥʝʡʩʳ [ʆʢʪʷʙʨʴʩʢʠʡ, 1971; ʑʝʢʘ ʠ ʜʨ., 1973]. 

ʇʦ ʜʘʥʥʳʤ ʉ. ɺ. ɺʳʩʦʮʢʦʛʦ ʠ ɸ. ʀ. ʍʘʥʯʫʢʘ [ɺʳʩʦʮʢʠʡ, 1996; ʍʘʥʯʫʢ, ɺʳʩʦʮʢʠʡ, 2016; 

Vysotskiy, 1994], ʚ ʧʨʝʜʝʣʘʭ ʤʘʩʩʠʚʦʚ ʩʦʭʨʘʥʠʣʠʩʴ ʬʨʘʛʤʝʥʪʳ ʨʘʟʨʝʟʦʚ, ʩʣʦʞʝʥʥʳʝ ʧʝʨʠʜʦʪʠʪ-

ʪʨʦʢʪʦʣʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʝʡ ʦʬʠʦʣʠʪʦʚ. ʀʭ ʥʠʞʥʷʷ ʯʘʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʤʠ 

ʜʫʥʠʪʘʤʠ ʠ ʛʘʨʮʙʫʨʛʠʪʘʤʠ. ɺʳʰʝ ʟʘʣʝʛʘʶʪ ʧʣʘʛʠʦʢʣʘʟʦʚʳʝ ʜʫʥʠʪʳ, ʚʝʨʣʠʪʳ, 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʳ, ʪʨʦʢʪʦʣʠʪʳ ʠ ʦʣʠʚʠʥʦʚʳʝ ʛʘʙʙʨʦʥʦʨʠʪʳ. ɻʘʙʙʨʦʠʜʥʫʶ ʯʘʩʪʴ ʨʘʟʨʝʟʘ 

ʩʣʘʛʘʶʪ ʜʚʫʧʠʨʦʢʩʝʥʦʚʳʝ ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚʳʝ ʛʘʙʙʨʦ [ʍʘʥʯʫʢ, ɺʳʩʦʮʢʠʡ, 2016], ʘ ʪʘʢʞʝ 

ʘʤʬʠʙʦʣʦʚʳʝ ʛʘʙʙʨʦ, ʥʘ ʢʦʪʦʨʳʭ ʥʝʩʦʛʣʘʩʥʦ ʟʘʣʝʛʘʝʪ ʙʘʟʘʣʴʪʦʠʜʥʘʷ ʪʦʣʱʘ [ʍʘʥʯʫʢ ʠ ʜʨ., 1989]. 

ɺʫʣʢʘʥʠʪʳ, ʪʝʢʪʦʥʠʯʝʩʢʠ ʘʩʩʦʮʠʠʨʫʶʱʠʝ ʩ ʧʦʨʦʜʘʤʠ ʂʘʣʠʥʦʚʩʢʦʛʦ ʠ ɹʠʢʠʥʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʙʘʟʘʣʴʪʦʠʜʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʩʦʭʨʘʥʠʣʠʩʴ ʨʝʣʠʢʪʳ 

ʧʠʣʣʦʫ ʩʦ ʩʪʝʢʣʦʚʘʪʳʤʠ ʢʦʨʢʘʤʠ ʟʘʢʘʣʢʠ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʙʘʟʘʣʴʪʦʚ 

ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʪʠʪʘʥʘ (ʜʦ 4 ʤʘʩ.%) ʠ ʞʝʣʝʟʘ. ɹʘʟʘʣʴʪʳ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦ 

ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʦʩʘʜʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʠʘʣʦʢʣʘʩʪʠʪʘʤʠ, ʵʜʘʬʦʛʝʥʥʳʤʠ 

ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʣʝʥʪʦʯʥʳʤʠ ʢʨʝʤʥʷʤʠ ʠ ʠʟʚʝʩʪʥʷʢʘʤʠ [ʍʘʥʯʫʢ ʠ ʜʨ., 1988, 1989; ɺʳʩʦʮʢʠʡ, 

1996; ʍʘʥʯʫʢ, ɺʳʩʦʮʢʠʡ, 2016]. 

ʇʨʦʙʣʝʤʘ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʦʩʥʦʚʘʥʠʝʤ ʠ ʙʘʟʘʣʴʪʦʚʦʡ ʪʦʣʱʝʡ 

ʦʩʪʘʝʪʩʷ ʥʝ ʨʝʰʝʥʥʦʡ. ɺ ʨʘʡʦʥʝ ʂʘʣʠʥʦʚʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʥʘ ʜʨʫʛʠʭ ʫʯʘʩʪʢʘʭ 

ʨʘʟʚʠʪʠʷ ʦʬʠʦʣʠʪʦʚ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʜʠʘʙʘʟʳ, ʢʦʪʦʨʳʝ, ʚʦʟʤʦʞʥʦ, ʷʚʣʷʶʪʩʷ ʬʨʘʛʤʝʥʪʘʤʠ 

ʢʦʤʧʣʝʢʩʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʜʘʝʢ [ɺʳʩʦʮʢʠʡ, 1996]. 

ʄʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠʫʨʦʯʝʥʳ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʢ ʧʦʜʦʰʚʝ ʦʬʠʦʣʠʪʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʝʣʝʥʳʤʠ ʩʣʘʥʮʘʤʠ, ʛʨʘʥʘʪ-ʤʫʩʢʦʚʠʪʦʚʳʤʠ ʢʚʘʨʮʠʪʘʤʠ, ʛʨʘʥʘʪ-
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ʵʧʠʜʦʪ-ʘʤʬʠʙʦʣ-ʘʣʴʙʠʪʦʚʳʤʠ ʩʣʘʥʮʘʤʠ ʠ ʵʧʠʜʦʪ-ʘʣʴʙʠʪʦʚʳʤʠ ʘʤʬʠʙʦʣʠʪʘʤʠ, ʚʦʟʥʠʢʰʠʤʠ ʧʦ 

ʦʬʠʦʣʠʪʦʚʳʤ ʙʘʟʘʣʴʪʘʤ ʠ ʧʝʨʝʢʨʳʚʘʶʱʠʤ ʠʭ ʦʩʘʜʢʘʤ ʚ ʤʦʤʝʥʪ ʘʢʢʨʝʮʠʠ. ʂʘʢ ʦʪʤʝʪʠʣʠ 

ʧʨʝʜʳʜʫʱʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ, ʤʠʥʝʨʘʣʴʥʳʝ ʧʘʨʘʛʝʥʝʟʠʩʳ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʨʝʟʢʦ ʥʝʦʜʥʦʨʦʜʥʳʭ, ʜʠʥʘʤʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷ ʤʝʪʘʤʦʨʬʠʟʤʘ, 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʩʫʙʜʫʢʮʠʦʥʥʳʭ ʠ ʢʦʣʣʠʟʠʦʥʥʳʭ ʟʦʥ [ʍʘʥʯʫʢ ʠ ʜʨ., 1988, 1989]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʝʨʚʠʯʥʦʝ ʟʘʣʝʛʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ ʦʬʠʦʣʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʥʘʨʫʰʝʥʦ ʥʘʣʦʞʝʥʥʳʤʠ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ ʚ ʦʪʜʝʣʴʥʳʭ ʢʨʫʧʥʳʭ 

ʚʳʭʦʜʘʭ ɸ. ʀ. ʍʘʥʯʫʢʫ ʠ ʜʨ. [ʍʘʥʯʫʢ ʠ ʜʨ., 1988, 1989] ʫʜʘʣʦʩʴ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʧʝʨʚʠʯʥʳʡ 

ʨʘʟʨʝʟ (ʪʘʙʣ. 2.1). ɼʣʷ ʦʬʠʦʣʠʪʦʚ ʂʘʣʠʥʦʚʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʝʨʚʠʯʥʳʡ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʳʡ ʨʘʟʨʝʟ 

ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺ ʦʩʥʦʚʘʥʠʠ ʟʘʣʝʛʘʶʪ ʪʝʢʪʦʥʠʟʠʨʦʚʘʥʥʳʝ 

ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʝ ʛʘʨʮʙʫʨʛʠʪʳ, ʜʫʥʠʪʳ ʠ ʣʝʨʮʦʣʠʪʳ. ɺʳʰʝ ʨʘʩʧʦʣʦʞʝʥ ʢʫʤʫʣʷʪʠʚʥʳʡ 

ʢʦʤʧʣʝʢʩ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʷʪ ʧʣʘʛʠʦʢʣʘʟʦʚʳʝ ʜʫʥʠʪʳ ʠ ʪʨʦʢʪʦʣʠʪʳ, ʘ ʪʘʢʞʝ ʚʝʙʩʪʝʨʠʪʳ, 

ʚʝʨʣʠʪʳ, ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʳ ʠ ʦʣʠʚʠʥʦʚʳʝ ʛʘʙʙʨʦʥʦʨʠʪʳ. ɽʱʝ ʚʳʰʝ, ʚ ʛʘʙʙʨʦʠʜʥʦʤ ʢʦʤʧʣʝʢʩʝ, 

ʨʘʩʧʦʣʦʞʝʥʳ ʜʚʫʧʠʨʦʢʩʝʥʦʚʳʝ, ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚʳʝ ʠ ʘʤʬʠʙʦʣʦʚʳʝ ʛʘʙʙʨʦ, ʢʦʪʦʨʳʝ ʚ ʚʝʨʭʥʝʡ 

ʩʚʦʝʡ ʯʘʩʪʠ ʩʦʜʝʨʞʘʪ ʞʠʣʳ ʧʣʘʛʠʦʛʨʘʥʠʪʦʚ. ʅʘ ʛʘʙʙʨʦʠʜʘʭ ʩ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʢʦʥʪʘʢʪʦʤ ʟʘʣʝʛʘʝʪ 

ʙʘʟʘʣʴʪʦʚʘʷ ʪʦʣʱʘ, ʢʦʪʦʨʘʷ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʦʩʘʜʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ (ʢʨʝʤʥʷʤʠ, ʠʟʚʝʩʪʥʷʢʘʤʠ 

ʠ ʜʨ.). ʈʘʟʨʝʟ ʦʬʠʦʣʠʪʦʚ ɹʠʢʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʪʣʠʯʘʝʪʩʷ ʚ ʢʫʤʫʣʷʪʠʚʥʦʡ ʯʘʩʪʠ, ʛʜʝ 

ʧʨʝʦʙʣʘʜʘʶʪ ʚʝʙʩʪʝʨʠʪʳ ʠ ʦʨʪʦʧʠʨʦʢʩʝʥʠʪʳ, ʘ ʪʘʢʞʝ ʚ ʛʘʙʙʨʦʠʜʥʦʡ ʯʘʩʪʠ, ʢʦʪʦʨʘʷ ʩʣʦʞʝʥʘ ʚ 

ʦʩʥʦʚʥʦʤ ʧʦʣʦʩʯʘʪʳʤʠ ʛʝʨʮʠʥʠʪʦʚʳʤʠ ʛʘʙʙʨʦʥʦʨʠʪʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʩʪʨʫʢʪʫʨʝ ʶʨʩʢʦʡ ʘʢʢʨʝʮʠʦʥʥʦʡ ʧʨʠʟʤʳ ʉʠʭʦʪʵ-ɸʣʠʥʷ ʂʘʣʠʥʦʚʩʢʠʡ 

ʦʬʠʦʣʠʪʦʚʳʡ ʢʦʤʧʣʝʢʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʨʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʳʭ ʛʘʙʙʨʦ-

ʊʘʙʣʠʮʘ 2.1. ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʦʬʠʦʣʠʪʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʘʢʢʨʝʮʠʦʥʥʦʡ ʧʨʠʟʤʳ. 

ʉʝʨʠʷ ʧʦʨʦʜ ʂʘʣʠʥʦʚʩʢʠʡ ʢʦʤʧʣʝʢʩ ɹʠʢʠʥʩʢʠʡ ʢʦʤʧʣʝʢʩ 

ʆʩʘʜʦʯʥʳʡ ʢʦʤʧʣʝʢʩ ʛʠʘʣʦʢʣʘʩʪʠʪʳ, ʵʜʘʬʦʛʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʣʝʥʪʦʯʥʳʝ ʢʨʝʤʥʠ ʠ ʠʟʚʝʩʪʥʷʢʠ 

ɹʘʟʘʣʴʪʳ 
ʢʘʨʙʦʥ-ʧʝʨʤʩʢʠʝ ʚʳʩʦʢʦ-Ti ʙʘʟʘʣʴʪʦʠʜʳ, 

ʘʩʩʦʮʠʠʨʫʶʱʠʝ ʩ ʠʟʚʝʩʪʥʷʢʘʤʠ? 

ʧʝʨʤʩʢʠʝ ʙʘʟʘʣʴʪʦʠʜʳ, ʘʩʩʦʮʠʠʨʫʶʱʠʝ ʩ 

ʢʨʝʤʥʷʤʠ? 

ʂʦʤʧʣʝʢʩ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʜʘʝʢ 
ʜʠʘʙʘʟʳ 

ɻʘʙʙʨʦʠʜʳ 

ʜʚʫʧʠʨʦʢʩʝʥʦʚʳʝ, ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚʳʝ, 

ʘʤʬʠʙʦʣʦʚʳʝ ʠ ʛʨʘʥʘʪʦʚʳʝ ʛʘʙʙʨʦʠʜʳ, 

ʢʦʪʦʨʳʝ ʚ ʚʝʨʭʥʝʡ ʩʚʦʝʡ ʯʘʩʪʠ ʩʦʜʝʨʞʘʪ 

ʞʠʣʳ ʧʣʘʛʠʦʛʨʘʥʠʪʦʚ 

ʧʦʣʦʩʯʘʪʳʝ ʛʝʨʮʠʥʠʪʦʚʳʝ ʛʘʙʙʨʦʠʜʳ 

ʇʝʨʝʭʦʜʥʘʷ ʟʦʥʘ 

ʚ ʦʩʥʦʚʥʦʤ ʧʣʘʛʠʦʢʣʘʟʦʚʳʝ ʜʫʥʠʪʳ ʠ 

ʪʨʦʢʪʦʣʠʪʳ, ʘ ʪʘʢʞʝ ʚʝʙʩʪʝʨʠʪʳ, ʚʝʨʣʠʪʳ, 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʳ ʠ ʦʣʠʚʠʥʦʚʳʝ 

ʛʘʙʙʨʦʥʦʨʠʪʳ 

ʚ ʦʩʥʦʚʥʦʤ ʚʝʙʩʪʝʨʠʪʳ ʠ 

ʦʨʪʦʧʠʨʦʢʩʝʥʠʪʳ ʩ ʧʨʦʩʣʦʷʤʠ ʜʫʥʠʪʦʚ, 

ʣʝʨʮʦʣʠʪʦʚ ʠ ʛʘʨʮʙʫʨʛʠʪʦʚ, ʘ ʪʘʢʞʝ Pl-

ʧʝʨʠʜʦʪʠʪʦʚ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʄʘʥʪʠʡʥʦʝ 

ʦʩʥʦʚʘʥʠʝ 
ʛʘʨʮʙʫʨʛʠʪʳ, ʜʫʥʠʪʳ ʠ ʣʝʨʮʦʣʠʪʳ 

ʯʝʨʝʜʫʶʱʠʝʩʷ ʣʝʨʮʦʣʠʪʳ, ʛʘʨʮʙʫʨʛʠʪʳ, 

ʜʫʥʠʪʳ ʠ ʚʝʙʩʪʝʨʠʪʳ 

ʇʦʜʩʪʠʣʘʶʱʠʝ 

ʧʦʨʦʜʳ 

ʟʝʣʝʥʳʝ ʩʣʘʥʮʳ, ʛʨʘʥʘʪ-ʤʫʩʢʦʚʠʪʦʚʳʝ ʢʚʘʨʮʠʪʳ, ʛʨʘʥʘʪ-ʵʧʠʜʦʪ-ʘʤʬʠʙʦʣ-ʘʣʴʙʠʪʦʚʳʤʠ 

ʩʣʘʥʮʳ ʠ ʵʧʠʜʦʪ-ʘʣʴʙʠʪʦʚʳʝ ʘʤʬʠʙʦʣʠʪʳ 

ʇʨʠʤʝʯʘʥʠʝ: ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʦʙʦʟʥʘʯʝʥʳ ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ. 
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ʛʠʧʝʨʙʘʟʠʪʦʚʳʭ ʧʣʘʩʪʠʥ (ʤʘʩʩʠʚʦʚ) ʚ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ ʩ ʙʘʟʘʣʴʪʦʠʜʘʤʠ. ʍʦʪʷ ʥʘ 

ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʙʘʟʘʣʴʪʦʠʜʳ ʥʠʢʘʢ ʥʝ ʩʚʷʟʘʥʳ ʩ 

ʫʣʴʪʨʘʤʘʬʠʪʘʤʠ ʠ ʛʘʙʙʨʦʠʜʘʤʠ, ʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʯʘʩʪʴ ʦʪʜʝʣʴʥʦʛʦ ʦʬʠʦʣʠʪʦʚʦʛʦ ʤʘʩʩʠʚʘ, 

ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʣʠ ʦʩʥʦʚʘʥʠʷ ʩʯʠʪʘʪʴ, ʯʪʦ ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʬʨʘʛʤʝʥʪʳ 

ʝʜʠʥʦʛʦ ʦʬʠʦʣʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʘʣʝʦʪʝʢʪʦʥʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʘʙʙʨʦ-ʛʠʧʝʨʙʘʟʠʪʦʚʳʭ ʤʘʩʩʠʚʦʚ, ʧʦ ʘʩʩʦʮʠʘʮʠʠ ʩ ʚʳʩʦʢʦʪʠʪʘʥʠʩʪʳʤʠ 

ʙʘʟʘʣʴʪʘʤʠ, ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʦʩʥʦʚʘʥʠʝʤ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʧʣʘʪʦ ʠ ʚʥʝʜʨʝʥʠʝʤ ʤʘʥʪʠʡʥʦʛʦ ʧʣʶʤʘ. 

ʀʟʫʯʘʝʤʳʝ ɹʨʝʝʚʩʢʠʡ ʠ ʏʫʛʫʝʚʩʢʠʡ ʛʘʙʙʨʦ-ʛʠʧʝʨʙʘʟʠʪʦʚʳʝ ʤʘʩʩʠʚʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʨʠʜʦʪʠʪ-

ʪʨʦʢʪʦʣʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʝʡ ʠ, ʧʦʤʠʤʦ ʪʨʦʢʪʦʣʠʪʦʚ ʠ ʜʨʫʛʠʭ ʛʘʙʙʨʦʠʜʦʚ, ʩʣʦʞʝʥʳ 

ʩʝʨʧʝʥʪʠʥʠʪʘʤʠ, ʜʫʥʠʪʘʤʠ ʠ ʧʠʨʦʢʩʝʥʠʪʘʤʠ. 
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ɻʃɸɺɸ 3. ɺʆɿʈɸʉʊ ʀ ʇɽʊʈʆʃʆɻʀʏɽʉʂɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʇʆʈʆɼ 

ʏʋɻʋɽɺʉʂʆɻʆ ʀ ɹʈɽɽɺʉʂʆɻʆ ʄɸʉʉʀɺʆɺ ʂɸʃʀʅʆɺʉʂʆɻʆ ʂʆʄʇʃɽʂʉɸ 

 

3.1 ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʘʷ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʨʦʜ 

ʉʧʠʩʦʢ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ɹʨʝʝʚʩʢʦʛʦ ʠ ʏʫʛʫʝʚʩʢʦʛʦ ʤʘʩʩʠʚʦʚ ʂʘʣʠʥʦʚʩʢʠʭ ʢʦʤʧʣʝʢʩʘ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʧʨʠʣʦʞʝʥʠʠ 1 (ʪʘʙʣ. 1). ʍʘʨʘʢʪʝʨʥʳʝ ʩʦʩʪʘʚʳ ʤʠʥʝʨʘʣʦʚ ʠʟʫʯʝʥʥʳʭ ʧʦʨʦʜ ʜʘʥʳ ʚ 

ʧʨʠʣʦʞʝʥʠʠ 2 (ʪʘʙʣ. 1 ʠ ʪʘʙʣ. 2). 

ɹʨʝʝʚʩʢʠʡ ʛʘʙʙʨʦ-ʛʠʧʝʨʙʘʟʠʪʦʚʳʡ ʤʘʩʩʠʚ. ʋʣʴʪʨʘʦʩʥʦʚʥʳʝ ʧʦʨʦʜʳ ɹʨʝʝʚʩʢʦʛʦ 

ʤʘʩʩʠʚʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʘʧʦʧʝʨʠʜʦʪʠʪʦʚʳʤʠ ʩʝʨʧʝʥʪʠʥʠʪʘʤʠ ʠ ʧʣʘʛʠʦʢʣʘʟ-

ʩʦʜʝʨʞʘʱʠʤʠ ʧʝʨʠʜʦʪʠʪʘʤʠ. ʇʨʠʩʫʪʩʪʚʫʶʪ ʪʘʢʞʝ ʜʫʥʠʪʳ ʠ ʚʝʨʣʠʪʳ ʩ ʤʘʣʦʞʝʣʝʟʠʩʪʳʤ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʤ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ, ʧʦ ʜʘʥʥʳʤ ʈ. ɸ. ʆʢʪʷʙʨʴʩʢʦʛʦ [ʆʢʪʷʙʨʴʩʢʠʡ, 1971], 

ʧʝʨʝʭʦʜʥʳʡ ʨʷʜ ʧʦʨʦʜ ʢ ʦʣʠʚʠʥʦʚʳʤ ʧʠʨʦʢʩʝʥʠʪʘʤ. ʇʣʘʛʠʦʢʣʘʟ-ʩʦʜʝʨʞʘʱʠʝ ʧʝʨʠʜʦʪʠʪʳ, 

ʤʘʩʩʠʚʥʳʝ ʠʣʠ ʩ ʧʨʠʟʥʘʢʘʤʠ ʥʝʷʩʥʦ ʚʳʨʘʞʝʥʥʦʡ ʧʦʣʦʩʯʘʪʦʩʪʠ, ʩʚʷʟʘʥʳ ʧʦʩʪʝʧʝʥʥʳʤʠ 

ʧʝʨʝʭʦʜʘʤʠ ʩ ʪʨʦʢʪʦʣʠʪʘʤʠ [ʆʢʪʷʙʨʴʩʢʠʡ, 1971; ʍʘʥʯʫʢ, ʇʘʥʯʝʥʢʦ, 1991]. ʇʝʪʨʦʛʨʘʬʠʷ, 

ʧʝʪʨʦʣʦʛʠʷ ʠ ʤʠʥʝʨʘʣʦʛʠʷ ʧʣʘʛʠʦʢʣʘʟ-ʩʦʜʝʨʞʘʱʠʭ ʧʝʨʠʜʦʪʠʪʦʚ ʠʟʫʯʘʣʠʩʴ ʚ ʨʘʙʦʪʘʭ 

ʈ. ɸ. ʆʢʪʷʙʨʴʩʢʦʛʦ ʠ ʉ. ɺ. ɺʳʩʦʮʢʦʛʦ, [ʆʢʪʷʙʨʴʩʢʠʡ, 1971; ɺʳʩʦʮʢʠʡ, ʆʢʦʚʠʪʳʡ, 1990; ʍʘʥʯʫʢ, 

ɺʳʩʦʮʢʠʡ, 2016; Vysotskiy, 1994]. ʅʠʞʝ ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʘʧʦʧʝʨʠʜʦʪʠʪʦʚʳʭ ʩʝʨʧʝʥʪʠʥʠʪʦʚ, 

ʦʪʦʙʨʘʥʥʳʭ ʥʘ ʢʦʥʪʘʢʪʝ ʪʨʦʢʪʦʣʠʪʘʤʠ (ʨʠʩ. 3.1). 

ɸʧʦʧʝʨʠʜʦʪʠʪʦʚʳʝ ʩʝʨʧʝʥʪʠʥʠʪʳ (ʦʙʨ. 11ɸ), ʚʝʨʦʷʪʥʦ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʣʥʦʩʪʴʶ 

ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʝ ʛʘʨʮʙʫʨʛʠʪʳ. ʇʦʨʦʜʘ ʪʝʤʥʦ-ʩʝʨʦʛʦ, ʧʦʯʪʠ ʯʝʨʥʦʛʦ ʮʚʝʪʘ, ʩ ʧʝʪʝʣʴʯʘʪʦʡ, 

ʈʠʩ. 3.1. ʄʝʩʪʦ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ ʘʧʦʧʝʨʠʜʦʪʠʪʦʚʳʭ ʩʝʨʧʝʥʪʠʥʠʪʦʚ (1), ʪʨʦʢʪʦʣʠʪʦʚ (2) ʠ ʥʦʨʠʪʦʚ (3). 
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ʩʨʝʜʥʝʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʤʘʩʩʠʚʥʦʡ ʪʝʢʩʪʫʨʦʡ. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʩʦʩʪʦʠʪ ʥʘ 95% ʠʟ 

ʩʝʨʧʝʥʪʠʥʘ ʠ ʥʘ 5% ʠʟ ʚʪʦʨʠʯʥʦʛʦ ʤʘʛʥʝʪʠʪʘ. ʉʝʨʧʝʥʪʠʥ ʚ ʰʣʠʬʝ ʦʙʨʘʟʫʝʪ ʧʣʘʩʪʠʥʯʘʪʳʝ ʠʣʠ 

ʯʝʰʫʡʯʘʪʳʝ ʘʛʨʝʛʘʪʳ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʛʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʘʥʪʠʛʦʨʠʪʫ (ʨʠʩ. 3.2 ɸ), 

ʦʜʥʘʢʦ, ʨʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʧʦʨʦʜʳ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʙʣʠʟʢʫʶ ʢ ʣʠʟʘʨʜʠʪʫ ʩʪʨʫʢʪʫʨʫ (ʨʠʩ. 3.3). ʄʘʛʥʝʪʠʪ ʦʙʨʘʟʫʝʪ ʩʝʪʢʫ ʧʨʦʞʠʣʢʦʚ ʧʦ ʩʝʨʧʝʥʪʠʥʫ, 

ʦʙʨʘʟʫʷ ʧʝʪʝʣʴʯʘʪʫʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ, ʨʝʜʢʦ ʥʘʙʣʶʜʘʶʪʩʷ ʛʥʝʟʜʦʚʳʝ ʚʳʜʝʣʝʥʠʷ. ʇʦʨʦʜʘ ʨʘʟʙʠʪʘ 

ʤʝʣʢʠʤʠ ʧʨʦʞʠʣʢʘʤʠ (ʜʦ 3 ʤʤ) ʠʟ ʚʪʦʨʠʯʥʳʭ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʭʣʦʨʠʪʘ. ɺ ʠʟʫʯʝʥʥʳʭ 

ʦʙʨʘʟʮʘʭ ʧʝʨʚʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʥʝ ʩʦʭʨʘʥʠʣʦʩʴ, ʦʜʥʘʢʦ, ʧʨʝʜʳʜʫʱʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʪʤʝʯʘʣʠ ʚ 

ʩʝʨʧʝʥʪʠʥʠʪʘʭ ʧʨʠʩʫʪʩʪʚʠʝ ʨʝʣʠʢʪʦʚ ʦʣʠʚʠʥʘ, ʧʠʨʦʢʩʝʥʦʚ ʠ ʰʧʠʥʝʣʠ [ʍʘʥʯʫʢ, ɺʳʩʦʮʢʠʡ, 2016] 

ʠ ʦʪʤʝʯʘʣʠ ʢʦʥʪʘʢʪʳ ʩʝʨʧʝʥʪʠʥʠʪʦʚ ʩ ʩʝʢʫʱʠʤʠ ʠʭ ʪʨʦʢʪʦʣʠʪʘʤʠ ʠ ʧʣʘʛʠʦʢʣʘʟʦʚʘʤʠ ʜʫʥʠʪʘʤʠ 

[ʆʢʪʷʙʨʴʩʢʠʡ, 1971]. ʅʘʤʠ ʙʳʣ ʦʪʦʙʨʘʥ ʦʙʨʘʟʝʮ ʩ ʢʦʥʪʘʢʪʦʤ ʩʝʨʧʝʥʪʠʥʠʪʘ ʠ ʪʨʦʢʪʦʣʠʪʘ, ʚ 

ʢʦʪʦʨʦʤ ʩʝʨʧʝʥʪʠʥʠʪ ʥʘ ʢʦʥʪʘʢʪʝ 

ʦʙʨʘʩʪʘʝʪ ʢʘʡʤʦʡ ʦʨʪʦʧʠʨʦʢʩʝʥʘ 

(ʨʠʩ. 3.2 ɹ). ɺʟʘʠʤʦʦʪʥʦʰʝʥʠʡ 

ʩʝʨʧʝʥʪʠʥʠʪʦʚ ʩ ʜʨʫʛʠʤʠ ʧʦʨʦʜʘʤʠ 

ʚ ʧʦʣʝ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. 

ɻʘʙʙʨʦʠʜʳ ʩʣʘʛʘʶʪ 

ʙʦʣʴʰʫʶ ʯʘʩʪʴ ɹʨʝʝʚʩʢʦʛʦ 

ʤʘʩʩʠʚʘ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʘʤʬʠʙʦʣʦʚʳʤʠ ʥʦʨʠʪʘʤʠ, 

ʘʤʬʠʙʦʣʦʚʳʤʠ ʛʘʙʙʨʦʥʦʨʠʪʘʤʠ, 

ʘʤʬʠʙʦʣʦʚʳʤʠ ʛʘʙʙʨʦ, 

ʧʝʛʤʘʪʦʠʜʥʳʤʠ ʛʘʙʙʨʦ ʠ 
ʈʠʩ. 3.3. ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ ʤʠʥʝʨʘʣʦʚ ʩʝʨʧʝʥʪʠʥʠʪʘ (ʦʙʨ. 11ɸ). 

ʈʠʩ. 3.2. ʐʣʠʬʳ ʩʝʨʧʝʥʪʠʥʠʪʘ (ʦʙʨ. 11ɸ) ʚ ʧʨʷʤʦʤ (ɸ) ʠ ʧʦʣʷʨʠʟʦʚʘʥʥʦʤ (ɹ) ʩʚʝʪʝ. 

ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ (ɸ) ʠ ʢʦʥʪʘʢʪ ʩ ʪʨʦʢʪʦʣʠʪʦʤ (ɹ). 
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ʪʨʦʢʪʦʣʠʪʘʤʠ. ʈ. ɸ. ʆʢʪʷʙʨʴʩʢʠʡ ʦʪʤʝʯʘʣ ʧʦʩʪʝʧʝʥʥʳʡ ʧʝʨʝʭʦʜ ʦʪ ʘʤʬʠʙʦʣʦʚʳʭ ʥʦʨʠʪʦʚ ʯʝʨʝʟ 

ʘʤʬʠʙʦʣʦʚʳʝ ʛʘʙʙʨʦʥʦʨʠʪʳ ʢ ʘʤʬʠʙʦʣʦʚʳʤ ʛʘʙʙʨʦ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʦʚʘʥʠʝ ʛʘʙʙʨʦʜʠʦʨʠʪʦʚ ʩ 

ʪʠʪʘʥʠʩʪʦʡ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʦʡ ʥʘ ʢʦʥʪʘʢʪʝ ʩ ʚʤʝʱʘʶʱʠʤʠ ʦʩʘʜʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ [ʆʢʪʷʙʨʴʩʢʠʡ, 

1971]. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ, ʥʘ ʚʦʜʦʨʘʟʜʝʣʝ ʨʫʯʴʝʚ ɹʝʨʝʟʘ ʠ ɹʝʨʝʟʦʚʳʡ, ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʚʳʩʦʢʦʙʘʨʥʳʝ ʧʦʣʦʩʯʘʪʳʝ ʛʨʘʥʘʪʦʚʳʝ ʛʘʙʙʨʦ, ʟʘʣʝʛʘʶʱʠʝ ʥʘ ʧʠʨʦʢʩʝʥʠʪʘʭ ʠ 

ʩʦʩʪʦʷʱʠʝ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʛʨʘʥʘʪʘ (30%), ʧʣʘʛʠʦʢʣʘʟʘ (50-70%) ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ [ʍʘʥʯʫʢ, 

ʇʘʥʯʝʥʢʦ, 1991]. ɼʣʷ ʠʟʫʯʝʥʠʷ ʥʘʤʠ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʪʨʦʢʪʦʣʠʪʳ, ʥʦʨʠʪʳ, ʘʤʬʠʙʦʣʦʚʳʝ ʠ 

ʧʝʛʤʘʪʦʠʜʥʳʝ ʛʘʙʙʨʦ. 

ʊʨʦʢʪʦʣʠʪʳ (ʦʙʨ. 11ɹ3, 11ɺ1) ʦʙʨʘʟʫʶʪ ʢʨʫʧʥʦ- ʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʨʘʟʥʦʩʪʠ ʩ 

ʧʦʩʪʝʧʝʥʥʳʤ ʧʝʨʝʭʦʜʦʤ ʚ ʧʣʘʛʠʦʢʣʘʟʦʚʳʝ ʜʫʥʠʪʳ ʠ ʧʝʨʝʩʣʘʠʚʘʶʪʩʷ ʩ ʥʠʤʠ, ʦʙʨʘʟʫʷ ʧʦʣʦʩʳ 

ʤʦʱʥʦʩʪʴʶ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʦʚ. ʆʪʤʝʯʘʶʪʩʷ ʪʘʢʞʝ ʤʘʣʦʤʦʱʥʳʝ ʞʠʣʴʥʳʝ ʪʝʣʘ ʚ 

ʩʝʨʧʝʥʪʠʥʠʪʘʭ ʙʦʣʝʝ ʣʝʡʢʦʢʨʘʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʯʘʩʪʦ ʧʝʨʝʭʦʜʷʱʠʝ ʚ ʧʣʘʛʠʦʢʣʘʟʠʪʳ 

[ʆʢʪʷʙʨʴʩʢʠʡ, 1971]. ʉʣʦʞʝʥʳ ʪʨʦʢʪʦʣʠʪʳ ʧʣʘʛʠʦʢʣʘʟʦʤ (60-70%) ʠ ʦʣʠʚʠʥʦʤ (20-25%), ʚ 

ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʦʤʙʠʯʝʩʢʠʡ ʧʠʨʦʢʩʝʥ (5-10%), ʘʤʬʠʙʦʣ (5-7%) ʠ ʟʝʣʝʥʘʷ 

ʰʧʠʥʝʣʴ (ʜʦ 1%). ʇʣʘʛʠʦʢʣʘʟ ʩʠʣʴʥʦ ʩʦʩʩʶʨʠʪʠʟʠʨʦʚʘʥ ʠ ʭʣʦʨʠʪʠʟʠʨʦʚʘʥ. ʆʣʠʚʠʥ ʧʨʝʜʩʪʘʚʣʝʥ 

ʚʳʪʷʥʫʪʳʤʠ ʧʨʦʞʠʣʢʘʤʠ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʬʦʨʤʠʨʫʝʪ ʢʫʤʫʣʷʪʠʚʥʫʶ ʧʦʣʦʩʯʘʪʫʶ ʪʝʢʩʪʫʨʫ 

ʧʦʨʦʜʳ. ɿʝʨʥʘ ʦʣʠʚʠʥʘ ʦʢʨʫʞʝʥʳ ʧʨʝʨʳʚʠʩʪʳʤʠ ʢʝʣʠʬʠʪʦʚʳʤʠ ʢʘʝʤʢʘʤʠ (ʨʠʩ. 3.4), 

ʩʦʩʪʦʷʱʠʤʠ ʠʟ ʦʨʪʦʧʠʨʦʢʩʝʥʘ ʠ ʘʤʬʠʙʦʣʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦ ʦʣʠʚʠʥʫ ʦʙʨʘʟʫʶʪʩʷ ʚʪʦʨʠʯʥʳʝ 

ʩʝʨʧʝʥʪʠʥ ʠ ʤʘʛʥʝʪʠʪ. ɿʝʣʝʥʘʷ ʰʧʠʥʝʣʴ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʤʝʣʢʠʭ ʠʟʦʤʝʪʨʠʯʥʳʭ 

ʚʳʜʝʣʝʥʠʡ, ʨʝʞʝ ʦʙʨʘʟʫʶʱʠʭ ʯʝʨʚʝʦʙʨʘʟʥʳʝ ʬʦʨʤʳ. 

ɸʤʬʠʙʦʣʦʚʳʝ ʥʦʨʠʪʳ (ʦʙʨ. 11ɹ1, 11ɹ2, 11ɺ2, AG21/9) ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠ ï ʪʝʤʥʦ-ʩʝʨʳʝ 

ʤʘʩʩʠʚʥʳʝ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ ʧʦʨʦʜʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʦʨʪʦʧʠʨʦʢʩʝʥʘ (50-60%), ʧʣʘʛʠʦʢʣʘʟʘ (20-

35%), ʘʤʬʠʙʦʣʘ (10-20%) ʠ ʨʫʜʥʦʛʦ ʤʠʥʝʨʘʣʘ (ʤʝʥʝʝ 1%) (ʨʠʩ. 3.5). ɺʪʦʨʠʯʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ 

ʷʚʣʷʶʪʩʷ ʭʣʦʨʠʪ ʠ ʘʢʪʠʥʦʣʠʪ. ʆʨʪʦʧʠʨʦʢʩʝʥ ʦʙʨʘʟʫʝʪ ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʟʝʨʥʘ, ʚ ʢʦʪʦʨʳʭ ʧʦ 

ʪʦʥʢʠʤ ʪʨʝʱʠʥʘʤ ʨʘʟʚʠʚʘʝʪʩʷ ʙʫʨʦʚʘʪʳʡ ʭʣʦʨʠʪ. ʇʣʘʛʠʦʢʣʘʟ ʧʦʣʥʦʩʪʴʶ ʩʦʩʩʶʨʠʪʠʟʠʨʦʚʘʥ. 

ʊʝʤʥʘʷ, ʙʫʨʦʚʘʪʦ-ʟʝʣʝʥʘʷ ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʨʫʧʥʳʤʠ ʧʨʠʟʤʘʪʠʯʝʩʢʠʤʠ ʟʝʨʥʘʤʠ. 

ʈʫʜʥʳʡ ʤʠʥʝʨʘʣ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʚʠʜʝ ʢʩʝʥʦʤʦʨʬʥʳʭ ʚʳʜʝʣʝʥʠʡ ʚ ʧʨʦʤʝʞʫʪʢʘʭ ʤʝʞʜʫ 

ʧʣʘʛʠʦʢʣʘʟʦʤ ʠ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʦʡ. ʇʦʨʷʜʦʢ ʚʳʜʝʣʝʥʠʷ ʤʠʥʝʨʘʣʦʚ: ʧʠʨʦʢʩʝʥ ï ʧʣʘʛʠʦʢʣʘʟ ï 

ʘʤʬʠʙʦʣ ï ʨʫʜʥʳʡ ʤʠʥʝʨʘʣ. 

ɸʤʬʠʙʦʣʦʚʦʝ ʛʘʙʙʨʦ (ʦʙʨ. 10ɺ; AG21/8) ï ʧʦʣʦʩʯʘʪʳʝ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʝ ʧʦʨʦʜʳ, 

ʩʣʦʞʝʥʥʳʝ ʧʣʘʛʠʦʢʣʘʟʦʤ ʠ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚr ʤ, ʟʝʣʝʥʦʚʘʪʳʤ ʘʤʬʠʙʦʣʦʤ. ʇʦʣʦʩʯʘʪʦʩʪʴ 

ʦʙʫʩʣʦʚʣʝʥʘ ʩʢʦʧʣʝʥʠʝʤ ʢʨʠʩʪʘʣʣʦʚ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ. ʂʩʝʥʦʤʦʨʬʥʳʝ ʟʝʨʥʘ ʧʣʘʛʠʦʢʣʘʟʘ ʯʘʩʪʦ 

ʩʦʩʩʶʨʠʪʠʟʠʨʦʚʘʥʥʳ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʘʤʬʠʙʦʣ ʧʨʝʜʩʪʘʚʣʝʥ 

ʘʩʩʦʮʠʘʮʠʝʡ ʵʜʝʥʠʪʘ ʠ ʢʝʨʩʫʪʠʪʘ. ʄʝʩʪʘʤʠ ʦʥ ʟʘʤʝʱʘʝʪʩʷ ʘʢʪʠʥʦʣʠʪʦʤ ʠ ʭʣʦʨʠʪʦʤ. ʉʪʨʫʢʪʫʨʘ 
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ʧʦʨʦʜʳ ʩʨʝʜʥʝʟʝʨʥʠʩʪʘʷ, ʧʦʨʬʠʨʦʚʠʜʥʘʷ, ʧʘʥʘʣʣʦʪʨʠʦʤʦʨʬʥʦʟʝʨʥʠʩʪʘʷ (ʧʣʘʛʠʦʢʣʘʟ ʠ ʘʤʬʠʙʦʣ 

ʦʙʣʘʜʘʶʪ ʢʩʝʥʦʤʦʨʬʥʳʤʠ ʦʯʝʨʪʘʥʠʷʤʠ). ʇʦ ʪʨʝʱʠʥʘʤ ʨʘʟʚʠʚʘʶʪʩʷ ʚʪʦʨʠʯʥʳʝ ʵʧʠʜʦʪ ʠ ʭʣʦʨʠʪ. 

ʈʝʜʢʦ ʦʪʤʝʯʘʶʪʩʷ ʝʜʠʥʠʯʥʳʝ ʢʩʝʥʦʤʦʨʬʥʳʝ ʟʝʨʥʘ ʨʫʜʥʦʛʦ ʤʠʥʝʨʘʣʘ. ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ 

ʘʤʬʠʙʦʣʦʚʳʝ ʛʘʙʙʨʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ [ʆʢʪʷʙʨʴʩʢʠʡ, 

1971], ʦʜʥʘʢʦ, ʠʟʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʠʟ ʦʙʥʘʞʝʥʠʷ ʚ ʝʛʦ ʶʞʥʦʡ ʧʦʣʦʚʠʥʝ. 

ʇʝʛʤʘʪʦʠʜʥʳʝ ʛʘʙʙʨʦ (ʦʙʨ. 10ɸ1, 10ɸ2, 12) ï ʛʠʛʘʥʪʦʟʝʨʥʠʩʪʳʝ, ʧʦʨʬʠʨʦʚʠʜʥʳʝ ʧʦʨʦʜʳ, 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʘʤʬʠʙʦʣʘ, ʨʘʟʤʝʨʦʤ ʜʦ 10-15 ʩʤ, ʠ ʧʣʘʛʠʦʢʣʘʟʘ, 

ʟʘʧʦʣʥʷʶʱʝʛʦ ʠʭ ʠʥʪʝʨʩʪʠʮʠʠ. ʇʦʨʬʠʨʦʚʳʝ ʚʳʜʝʣʝʥʠʷ ʘʤʬʠʙʦʣʘ ʢʦʨʠʯʥʝʚʘʪʦ-ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʩʩʦʮʠʘʮʠʝʡ ʢʫʤʤʠʥʛʪʦʥʠʪʘ ï ʘʥʪʦʬʠʣʣʠʪʘ, ʨʝʜʢʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʵʜʝʥʠʪ (ʨʠʩ. 3.6). 

ɺ ʟʝʨʥʘʭ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ ʚʩʪʨʝʯʘʶʪʩʷ ʤʝʣʢʠʝ ʪʘʙʣʠʯʢʠ ʭʣʦʨʠʪʘ (ʢʣʠʥʦʭʣʦʨʘ) ʠ ʵʧʠʜʦʪʘ. 

ʆʩʥʦʚʥʦʡ ʧʣʘʛʠʦʢʣʘʟ ʩʠʣʴʥʦ ʩʦʩʩʶʨʠʪʠʟʠʨʦʚʘʥ, ʨʝʜʢʦ ʩʦʭʨʘʥʷʝʪ ʩʚʦʠ ʠʜʠʦʤʦʨʬʥʳʝ ʦʯʝʨʪʘʥʠʷ 

(10ɸ2), ʘ ʤʝʩʪʘʤʠ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʘʝʪʩʷ ʚʦʜʥʳʤʠ ʢʘʣʴʮʠʝʚʳʤʠ ʘʣʶʤʦʩʠʣʠʢʘʪʘʤʠ ï ʧʨʝʥʠʪʦʤ, 

ʚʦʟʤʦʞʥʦ, ʣʦʤʦʥʪʠʪʦʤ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʷʚʣʝʥʥʦʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʤʝʪʘʤʦʨʬʠʟʤʝ 

ʈʠʩ. 3.4. ʐʣʠʬ ʪʨʦʢʪʦʣʠʪʘ (ʦʙʨ. 11ɺ) ʚ ʧʨʷʤʦʤ (ɸ) ʠ ʧʦʣʷʨʠʟʦʚʘʥʥʦʤ (ɹ) ʩʚʝʪʝ.  

ɺʳʪʷʥʫʪʳʝ ʧʨʦʞʠʣʢʠ ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʦʛʦ ʦʣʠʚʠʥʘ ʦʙʨʘʩʪʘʶʪ ʢʘʡʤʦʡ ʦʨʪʦʧʠʨʦʢʩʝʥʘ. 

ʈʠʩ. 3.5. ʐʣʠʬ ʘʤʬʠʙʦʣʦʚʦʛʦ ʥʦʨʠʪʘ (ʦʙʨ. 11ɺ) ʚ ʧʨʷʤʦʤ (ɸ) ʠ ʧʦʣʷʨʠʟʦʚʘʥʥʦʤ (ɹ) ʩʚʝʪʝ. 
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(ʧʨʝʥʠʪ-ʧʫʤʧʝʣʣʠʠʪʦʚʘʷ ʬʘʮʠʷ). ʉʦʦʪʥʦʰʝʥʠʝ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ ʠ ʧʣʘʛʠʦʢʣʘʟʘ ʚ ʦʙʨʘʟʮʘʭ 

ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʝʪ ʦʪ 80/20 ʜʦ 10/90 (ʨʠʩ. 3.7). ʀʟ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʨʠʩʫʪʩʪʚʫʝʪ ʮʠʨʢʦʥ. 

ɺʪʦʨʠʯʥʳʝ ʤʠʥʝʨʘʣʳ ï ʢʚʘʨʮ, ʤʫʩʢʦʚʠʪ, ʛʠʜʨʦʦʢʠʩʣʳ ʞʝʣʝʟʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʨʦʜʘ ʧʨʦʥʠʟʘʥʘ 

ʵʧʠʜʦʪ-ʭʣʦʨʠʪʦʚʳʤʠ ʧʨʦʞʠʣʢʘʤʠ ʪʝʤʥʦʛʦ, ʧʦʯʪʠ ʯʝʨʥʦʛʦ ʮʚʝʪʘ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʙʨʝʝʚʩʢʠʝ 

ʧʝʛʤʘʪʦʠʜʥʳʝ ʛʘʙʙʨʦ ʩʣʘʛʘʶʪ ʩʘʤʫ  ʁʚʝʨʭʥʶʶ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʦʩʝʚʦʡ ʯʘʩʪʠ 

ʤʘʩʩʠʚʘ [ʆʢʪʷʙʨʴʩʢʠʡ, 1971]. ʆʥʠ ʦʙʨʘʟʫʶʪ ʠʟʦʤʝʪʨʠʯʥʳʝ ʪʝʣʘ ʩʨʝʜʠ ʛʘʙʙʨʦʥʦʨʠʪʦʚ, 

ʘʤʬʠʙʦʣʦʚʳʭ ʛʘʙʙʨʦ ʠ ʧʣʘʛʠʦʢʣʘʟ-ʩʦʜʝʨʞʘʱʠʭ ʧʝʨʠʜʦʪʠʪʦʚ ʨʘʟʤʝʨʦʤ ʜʦ 1 ʢʤ ʚ ʦʜʥʦʤ 

ʠʟʤʝʨʝʥʠʠ. 

ʇʣʘʛʠʦʛʨʘʥʠʪʳ (ʦʙʨ. 10ɻ) ʩʚʝʪʣʦ-ʩʝʨʦʛʦ, ʜʦ ʙʝʣʦʛʦ ʮʚʝʪʘ ʧʦʨʦʜʳ, ʚʳʚʝʪʨʝʣʳʝ, 

ʧʦʣʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ, ʥʝʨʘʚʥʦʤʝʨʥʦʟʝʨʥʠʩʪʳʝ ʩ ʛʠʧʠʜʠʦʤʦʨʬʥʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ 

(ʨʠʩ. 3.8) ʠ ʤʘʩʩʠʚʥʦʡ, ʪʨʝʱʠʥʦʚʘʪʦʡ ʪʝʢʩʪʫʨʦʡ. ʉʦʩʪʦʷʪ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʤʦʣʦʯʥʦ-ʙʝʣʦʛʦ 

ʧʣʘʛʠʦʢʣʘʟʘ (ʙʦʣʝʝ 50%) ʠ ʩʚʝʪʣʦ-ʩʝʨʦʛʦ ʢʚʘʨʮʘ (30-50%). ʇʦ ʪʨʝʱʠʥʘʤ ʚ ʧʦʨʦʜʝ ʨʘʟʚʠʪ 

ʢʣʠʥʦʭʣʦʨ ʠ ʚʪʦʨʠʯʥʳʡ ʘʤʬʠʙʦʣ ʪʨʝʤʦʣʠʪ-ʘʢʪʠʥʦʣʠʪʦʚʦʛʦ ʨʷʜʘ. ʇʣʘʛʠʦʛʨʘʥʠʪʳ ʩʣʘʛʘʶʪ 

ʈʠʩ. 3.7. ʉʦʦʪʥʦʰʝʥʠʷ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ ʠ ʧʣʘʛʠʦʢʣʘʟʘ ʚ ʧʝʛʤʘʪʦʠʜʥʳʭ ʛʘʙʙʨʦ: ɸ ï ʦʙʨ. 10ɸ1; ɹ ï ʦʙʨ. 10ɸ2. 

ʈʠʩ. 3.6. ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ ʤʠʥʝʨʘʣʦʚ ʠʟ ʛʨʫʧʧʳ ʘʤʬʠʙʦʣʦʚ ʚ ʧʝʛʤʘʪʦʠʜʥʦʤ ʛʘʙʙʨʦ (ʦʙʨ. 12). 
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ʥʝʙʦʣʴʰʠʝ ʧʦ ʤʦʱʥʦʩʪʠ ʜʘʡʢʦʦʙʨʘʟʥʳʝ ʪʝʣʘ ʩʨʝʜʠ ʛʘʙʙʨʦʠʜʦʚ. ʀʟʫʯʝʥʥʳʡ ʦʙʨʘʟʝʮ ʦʪʦʙʨʘʥ ʠʟ 

ʜʘʡʢʠ ʚ ʧʝʛʤʘʪʦʠʜʥʳʭ ʛʘʙʙʨʦ (ʦʙʨ. 10ɸ1 ʠ 10ɸ2). 

ʏʫʛʫʝʚʩʢʠʡ ʛʘʙʙʨʦ-ʛʠʧʝʨʙʘʟʠʪʦʚʳʡ ʤʘʩʩʠʚ ʩʣʦʞʝʥ ʚ ʦʩʥʦʚʥʦʤ ʛʘʙʙʨʦʠʜʘʤʠ. 

ʋʣʴʪʨʘʦʩʥʦʚʥʳʝ ʧʦʨʦʜʳ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʢʦʣʦ 5% ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʤʘʩʩʠʚʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʩʝʨʧʝʥʪʠʥʠʪʘʤʠ ʠ ʚʝʨʣʠʪʘʤʠ ʩ ʧʝʨʝʭʦʜʦʤ ʢ ʤʦʥʦʤʠʥʠʨʘʣʴʥʳʤ ʧʠʨʦʢʩʝʥʠʪʘʤ ʠ ʚʝʙʩʪʝʨʠʪʘʤ ʫ 

ʢʦʥʪʘʢʪʘ ʩ ʛʘʙʙʨʦʠʜʘʤʠ [ʆʢʪʷʙʨʴʩʢʠʡ, 1971]. ʉʨʝʜʠ ʥʠʭ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʠʨʦʢʩʝʥʠʪʳ, 

ʘ ʩʝʨʧʝʥʪʠʥʠʪʳ ʠ ʧʝʨʠʜʦʪʠʪʳ ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʦ. ʆʩʥʦʚʥʳʝ ʧʦʨʦʜʳ ʦʙʨʘʟʫʶʪ ʨʷʜ ʦʪ ʥʦʨʠʪʦʚ ʜʦ 

ʛʘʙʙʨʦ, ʧʝʛʤʘʪʦʠʜʥʳʭ ʛʘʙʙʨʦ ʠ ʘʤʬʠʙʦʣʠʪʦʚ ʥʘ ʢʦʥʪʘʢʪʝ ʩ ʛʨʘʥʠʪʘʤʠ. ɼʣʷ ʛʘʙʙʨʦʠʜʦʚ 

ʭʘʨʘʢʪʝʨʥʳ ʥʝʦʜʥʦʨʦʜʥʳʝ ʤʝʣʢʦ-ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ ʩʪʨʫʢʪʫʨʳ, ʧʦʣʦʩʯʘʪʳʝ ʪʝʢʩʪʫʨʳ, ʘ ʪʘʢʞʝ 

ʢʘʪʘʢʣʘʟ ʠ ʤʝʪʘʤʦʨʬʠʟʤ ʚ ʟʦʥʘʭ ʨʘʟʚʠʪʠʷ ʘʤʬʠʙʦʣʠʪʦʚ. ʂʘʢ ʦʪʤʝʯʘʣʠ ʧʨʝʜʳʜʫʱʠʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ, ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ ʠ ʫʣʴʪʨʘʦʩʥʦʚʥʳʤʠ ʧʦʨʦʜʘʤʠ ʥʝ ʷʩʥʳ 

[ʆʢʪʷʙʨʴʩʢʠʡ, 1971; ʑʝʢʘ ʠ ʜʨ., 1973]. ɺ ʭʦʜʝ ʥʘʰʠʭ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʫʩʪʘʥʦʚʠʪʴ ʠʭ ʪʘʢʞʝ ʥʝ 

ʫʜʘʣʦʩʴ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʥʘʤʠ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʦʙʨʘʟʮʳ ʨʷʜʘ ʦʪ ʘʤʬʠʙʦʣʦʚʳʭ ʥʦʨʠʪʦʚ ʜʦ ʛʘʙʙʨʦ, ʘ 

ʪʘʢʞʝ ʧʝʛʤʘʪʦʠʜʥʳʝ ʛʘʙʙʨʦ ʠ ʤʝʪʘʛʘʙʙʨʦʠʜʳ. 

ɸʤʬʠʙʦʣʦʚʳʝ ʥʦʨʠʪʳ (ʦʙʨ. 8, 9ɸ, AG21/1, AG21/2) ï ʵʪʦ ʩʚʝʞʠʝ ʤʝʟʦʪʠʧʥʳʝ ʧʦʨʦʜʳ, 

ʧʘʥʘʣʣʦʪʨʠʦʤʦʨʬʥʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʧʦʣʦʩʯʘʪʦʡ ʪʝʢʩʪʫʨʳ. ɻʣʘʚʥʳʝ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʝ 

ʤʠʥʝʨʘʣʳ ï ʧʣʘʛʠʦʢʣʘʟ (50-60%), ʦʨʪʦʧʠʨʦʢʩʝʥ (20-30%) ʠ ʘʤʬʠʙʦʣ (20-30%). ʆʩʥʦʚʥʦʡ 

ʧʣʘʛʠʦʢʣʘʟ ʚ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʧʨʝʜʩʪʘʚʣʝʥ ʣʘʙʨʘʜʦʨ-ʙʠʪʦʚʥʠʪʦʤ, ʩʦʜʝʨʞʘʱʠʤ 69-75 An. 

ʅʠʟʢʦʢʘʣʴʮʝʚʳʡ (CaO = 0.4-0.7 ʤʘʩ.%), ʚʳʩʦʢʦʤʘʛʝʥʟʠʘʣʴʥʳʡ (MgO = 22-23 ʤʘʩ.%) 

ʦʨʪʦʧʠʨʦʢʩʝʥ ʚ ʧʦʨʦʜʝ ʩ ʨʝʣʠʢʪʘʤʠ ʩʪʨʫʢʪʫʨ ʨʘʩʧʘʜʘ (ʨʠʩ. 3.9), ʦʪʣʠʯʘʝʪʩʷ ʧʦʩʪʦʷʥʩʪʚʦʤ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ (f=32-33%) ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʠʧʝʨʩʪʝʥʫ (En 64-66; Fs 32-33; Wol 0.88-1.64). 

ɸʤʬʠʙʦʣ (ʨʠʩ. 3.9) ʧʦ ʩʦʩʪʘʚʫ ʦʪʥʦʩʠʪʴʩʷ ʢ ʚʳʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʦʡ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʝ 

ʈʠʩ. 3.8. ʐʣʠʬ ʧʣʘʛʠʦʛʨʘʥʠʪʘ (ʦʙʨ. 10ɻ) ʚ ʧʨʷʤʦʤ (ɸ) ʠ ʧʦʣʷʨʠʟʦʚʘʥʥʦʤ (ɹ) ʩʚʝʪʝ.  

ʆʙʱʠʡ ʚʠʜ ʧʦʨʦʜʳ ʩ ʛʠʧʠʜʠʦʤʦʨʬʥʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ. 
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(Al 2O3 = 12.5-13.5 ʤʘʩ.%; CaO = 11.5 ʤʘʩ.%). ʂʨʘʡʥʝ ʨʝʜʢʦ ʚʩʪʨʝʯʘʝʪʩʷ ʢʣʠʥʦʧʠʨʦʢʩʝʥ, 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʡ ʚ ʦʩʥʦʚʥʦʤ ʜʠʦʧʩʠʜʦʤ (En 37-40; Fs 13-16; Wol 47-48), ʨʝʞʝ ʘʚʛʠʪʦʤ (En 40; 

Fs 15; Wol 43). ʀʟ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʰʠʨʦʢʦ ʨʘʟʚʠʪ ʘʧʘʪʠʪ (ʨʠʩ. 3.9 ɺ), ʟʥʘʯʠʪʝʣʴʥʦ ʨʝʞʝ 

ʚʩʪʨʝʯʘʝʪʩʷ ʙʠʦʪʠʪ. ʈʝʜʢʠʝ ʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ ʚ ʚʠʜʝ ʢʩʝʥʦʤʦʨʬʥʳʭ ʚʳʜʝʣʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʠʨʠʪʦʤ ʠ ʭʘʣʴʢʦʧʠʨʠʪʦʤ, ʤʘʛʥʝʪʠʪ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʤʝʣʢʠʭ ʧʨʦʞʠʣʢʦʚ ʚ ʘʤʬʠʙʦʣʝ. ʉʦʩʪʘʚ 

ʤʠʥʝʨʘʣʦʚ ʧʨʠʚʝʜʝʥ ʚ ʧʨʠʣʦʞʝʥʠʠ 2 (ʪʘʙʣ. 1). 

ɸʤʬʠʙʦʣʦʚʳʝ ʛʘʙʙʨʦʥʦʨʠʪʳ (ʦʙʨ. 7ɹ, AG21/6) ʚ ʦʙʥʘʞʝʥʠʠ ʧʝʨʝʩʣʘʠʚʘʶʪʩʷ ʩʦ 

ʰʧʠʥʝʣʝʚʳʤʠ ʤʝʪʘʛʘʙʙʨʦʠʜʘʤʠ. ʇʦʨʦʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʩʩʠʚʥʳʝ, ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ 

ʨʘʟʥʦʩʪʠ ʩʝʨʦʛʦ ʮʚʝʪʘ ʩ ʛʠʧʠʜʠʘʤʦʨʥʦʟʝʨʥʠʩʪʦʡ (ʦʬʠʪʦʚʦʡ) ʩʪʨʫʢʪʫʨʦʡ. ʉʦʩʪʦʠʪ ʠʟ ʩʨʝʜʥʝʛʦ 

ʧʣʘʛʠʦʢʣʘʟʘ (ʣʘʙʨʘʜʦʨʘ An 57-60) (30-50%), ʦʨʪʦʧʠʨʦʢʩʝʥʘ ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ (ʧʦ 20%), ʘ ʪʘʢʞʝ 

ʘʤʬʠʙʦʣʘ (ʜʦ 10%). ʉʦʩʪʘʚ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ ʧʨʠʚʝʜʝʥ ʚ ʧʨʠʣʦʞʝʥʠʠ 2 (ʪʘʙʣ. 2). 

ʆʨʪʦʧʠʨʦʢʩʝʥ (ʛʠʧʝʨʩʪʝʥ) ʧʦ ʩʪʨʫʢʪʫʨʘʤ ʨʘʩʧʘʜʘ (ʨʠʩ. 3.10) ʩʭʦʞ ʩ ʦʨʪʦʧʠʨʦʢʩʝʥʦʤ ʚ 

ʘʤʬʠʙʦʣʦʚʳʭ ʥʦʨʠʪʘʭ, ʦʜʥʘʢʦ, ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʴʰʝʡ ʞʝʣʝʟʠʩʪʦʩʪʴʶ 

(f=35-36%; En 61-62; Fs 35-36; Wol 1-4). ʂʣʠʥʦʧʠʨʦʢʩʝʥ ʚ ʦʩʥʦʚʥʦʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʦʧʩʠʜʫ 

ʈʠʩ. 3.9. ʉʪʝʧʝʥʴ ʠʟʤʝʥʝʥʠʷ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ ʚ ʘʤʬʠʙʦʣʦʚʦʤ ʥʦʨʠʪʝ (ʦʙʨ. 9A).  

ɸ-ɹ ï ʩʪʨʫʢʪʫʨʳ ʨʘʩʧʘʜʘ ʟʝʨʝʥ ʦʨʪʦʧʠʨʦʢʩʝʥʘ; ɺ-ɻ ï ʨʦʤʙʠʯʝʩʢʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʟʝʨʝʥ ʘʤʬʠʙʦʣʘ. 
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ʈʠʩ. 3.10. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʘʤʬʠʙʦʣʦʚʦʛʦ ʛʘʙʙʨʦʥʦʨʠʪʘ (ʦʙʨ. 7ɹ). 

ɸ ï ʩʪʨʫʢʪʫʨʳ ʨʘʩʧʘʜʘ ʦʨʪʦʧʠʨʦʢʩʝʥʦʚ; ɹ ï ʟʝʨʥʦ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʩ ʤʝʣʢʠʤʠ ʚʳʜʝʣʝʥʠʷʤʠ ʤʘʛʥʝʪʠʪʘ ʠ 

ʮʠʨʢʦʥʘ; ɺ ï ʚʢʣʶʯʝʥʠʝ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʚ ʘʤʬʠʙʦʣʝ ʠ ʢʨʠʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʨʝʤʥʠʷ, ʢʘʣʴʮʠʷ ʠ ʘʣʶʤʠʥʠʷ ʥʘ 

ʚʳʙʨʘʥʥʦʡ ʦʩʠ. ɻ ï ʧʦʡʢʠʣʠʪʦʚʦʝ ʚʢʣʶʯʝʥʠʝ ʦʨʪʦʧʠʨʦʢʩʝʥʘ ʚ ʬʝʥʦʢʨʠʩʪʘʣʣʝ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ.  

ɼ ï ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʧʨʦʟʨʘʯʥʦ-ʧʦʣʠʨʦʚʘʥʥʦʛʦ ʰʣʠʬʘ, ʬʝʥʦʢʨʠʩʪʘʣʣ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʩ ʧʦʡʢʠʣʠʪʦʚʳʤ 

ʚʢʣʶʯʝʥʠʝʤ ʦʨʪʦʧʠʨʦʢʩʝʥʘ (ʨʠʩ. 3.10 ɻ). 
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(En 38-40; Fs 14-16; Wol 47-48). ɹʦʣʝʝ ʞʝʣʝʟʠʩʪʳʡ ʘʚʛʠʪ (En 40; Fs 16; Wol 42) ʚʩʪʨʝʯʘʝʪʩʷ ʨʝʜʢʦ.  

ɺʤʝʩʪʦ ʚʳʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʳʭ ʨʘʟʥʦʩʪʝʡ, ʚ ʛʘʙʙʨʦʥʦʨʠʪʝ ʨʘʟʚʠʚʘʝʪʩʷ ʚʳʩʦʢʦʤʘʛʥʝʟʠʘʣʴʥʘʷ 

ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ (ʵʜʝʥʠʪ) (ʨʠʩ. 3.10). ʈʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ (ʤʘʛʥʝʪʠʪ ʠ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ) ʚ ʦʙʨʘʟʮʘʭ 

ʜʦ 5-7%, ʤʝʩʪʘʤʠ ʦʥʠ ʦʙʨʘʟʫʶʪ ʥʝʙʦʣʴʰʠʝ ʩʢʦʧʣʝʥʠʷ. ʊʘʢʠʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʛʘʙʙʨʦʥʦʨʠʪʦʚ ʙʳʣʠ 

ʥʘʟʚʘʥʳ ʨʫʜʥʳʤʠ (ʦʙʨ. 7ɹ). ʇʨʠʩʫʪʩʪʚʫʶʪ ʤʝʣʢʠʝ ʟʝʨʥʘ ʮʠʨʢʦʥʘ (ʨʠʩ. 3.10 ɹ). ɺʪʦʨʠʯʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʧʨʦʷʚʣʝʥʳ ʩʣʘʙʦ, ʤʝʣʢʠʤʠ ʧʨʦʞʠʣʢʘʤʠ ʚ ʧʦʨʦʜʝ ʨʘʟʚʠʚʘʝʪʩʷ ʭʣʦʨʠʪ. 

ɸʤʬʠʙʦʣʦʚʳʝ ʛʘʙʙʨʦ (ʦʙʨ. AG21/4, AG21/5) ʧʦʜʦʙʥʳ ʘʤʬʠʙʦʣʦʚʳʤ ʛʘʙʙʨʦ ɹʨʝʝʚʩʢʦʛʦ 

ʤʘʩʩʠʚʘ ʠ ʩʣʦʞʝʥʳ ʢʦʨʦʪʢʦʧʨʠʟʤʘʪʠʯʝʩʢʠʤʠ ʟʝʨʥʘʤʠ ʟʝʣʝʥʦʚʘʪʦʛʦ ʘʤʬʠʙʦʣʘ ʨʘʟʤʝʨʦʤ 1-5 ʤʤ 

ʠ ʙʦʣʝʝ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʠ ʘʛʨʝʛʘʪʘʤʠ ʙʝʩʮʚʝʪʥʦʛʦ ʧʣʘʛʠʦʢʣʘʟʘ. ʆʜʥʘʢʦ ʧʦʣʦʩʯʘʪʦʩʪʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʩʢʦʧʣʝʥʠʝʤ ʢʨʠʩʪʘʣʣʦʚ ʘʤʬʠʙʦʣʘ, ʚ ʠʟʫʯʝʥʥʳʭ ʦʙʥʘʞʝʥʠʷʭ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, 

ʦʨʠʝʥʪʠʨʦʚʢʠ ʟʝʨʥʘ ʤʠʥʝʨʘʣʦʚ ʥʝ ʦʙʥʘʨʫʞʠʚʘʶʪ. ʈʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʝʜʠʥʠʯʥʳʝ ʟʝʨʥʘ 

ʤʘʛʥʝʪʠʪʘ. 

ʇʝʛʤʘʪʦʠʜʥʳʝ ʛʘʙʙʨʦ (ʦʙʨ. 9ɺ) ï ʛʠʛʘʥʪʦʟʝʨʥʠʩʪʳʝ, ʥʘʨʘʚʥʦʤʝʨʥʦʟʝʨʥʠʩʪʳʝ, 

ʧʦʨʬʠʨʦʚʠʜʥʳʝ ʨʘʟʥʦʩʪʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʘʤʬʠʙʦʣʘ ʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ 

ʧʣʘʛʠʦʢʣʘʟʘ. ʉʦʦʪʥʦʰʝʥʠʝ ʘʤʬʠʙʦʣʘ ʠ ʧʣʘʛʠʦʢʘʟʘ ï 30/70, ʚʥʝʰʥʝ ʧʦʨʦʜʘ ʩʭʦʞʘ ʩ ʧʝʛʤʘʪʠʪʘʤʠ 

ɹʨʝʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ (ʨʠʩ. 3.7). ʆʩʥʦʚʥʦʡ ʧʣʘʛʠʦʢʣʘʟ ʩʠʣʴʥʦ ʩʦʩʩʶʨʠʪʠʟʠʨʦʚʘʥ ʠ 

ʭʣʦʨʠʪʠʟʠʨʦʚʘʥ, ʯʘʩʪʦ ʟʘʤʝʱʘʝʪʩʷ ʧʨʝʥʠʪʦʤ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʯʫʛʫʝʚʩʢʠʭ 

ʧʝʛʤʘʪʦʠʜʥʳʭ ʛʘʙʙʨʦ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʙʨʝʝʚʩʢʠʤʠ, ʩʪʘʥʦʚʠʪʩʷ ʩʦʩʪʘʚ ʘʤʬʠʙʦʣʘ (ʪʨʝʤʦʣʠʪ-

ʘʢʪʠʥʦʣʠʪʦʚʳʡ ʨʷʜ) ʠ ʥʘʣʠʯʠʝ ʚʪʦʨʠʯʥʳʭ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ (ʢʘʦʣʠʥʠʪ), ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʧʦ 

ʥʝʤʫ. ɺ ʦʙʥʘʞʝʥʠʠ ʧʝʛʤʘʪʦʠʜʥʳʝ ʛʘʙʙʨʦ ʧʝʨʝʩʣʘʠʚʘʶʪʩʷ ʩ ʣʝʡʢʦʢʨʘʪʦʚʳʤʠ ʤʝʪʘʛʘʙʙʨʦ. 

ʃʝʡʢʦʢʨʘʪʦʚʳʝ ʤʝʪʘʛʘʙʙʨʦ (ʦʙʨ. 7ɸ, 9ɹ) ï ʧʦʣʥʦʢʨʠʪʘʣʣʠʯʝʩʢʠʝ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ 

ʩʚʝʪʣʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ, ʤʝʩʪʘʤʠ ʟʝʣʝʥʦʚʘʪʳʝ. ʉʦʩʪʦʷʪ ʠʟ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʦʛʦ, ʢʘʪʘʢʣʘʟʠʨʦʚʘʥʥʦʛʦ 

ʧʣʘʛʠʦʢʣʘʟʘ ʠ ʤʝʣʢʠʭ (>0.5 ʤʤ) ʟʝʨʝʥ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ (ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ ï ʘʚʛʠʪʘ), ʢʦʪʦʨʳʡ ʟʘʤʝʱʘʝʪʩʷ ʚʪʦʨʠʯʥʳʤʠ ʛʣʠʥʠʩʪʳʤʠ ʤʠʥʝʨʘʣʘʤʠ. ɸʢʮʝʩʩʦʨʥʳʝ 

ʤʠʥʝʨʘʣʳ ï ʰʧʠʥʝʣʴ, ʙʠʦʪʠʪ, ʨʫʜʥʳʡ ʤʠʥʝʨʘʣ. ʆʢʠʩʣʝʥʥʘʷ ʰʧʠʥʝʣʴ ʦʙʨʘʟʫʝʪ ʪʝʤʥʳʝ, ʠʥʦʛʜʘ 

ʧʦʣʦʩʯʘʪʳʝ, ʯʝʨʚʝʦʙʨʘʟʥʳʝ ʟʝʨʥʘ (ʨʠʩ. 3.11). ʊʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʛʣʠʥʦʟʝʤʠʩʪʘʷ ʰʧʠʥʝʣʴ, 

ʨʘʟʚʠʚʘʶʱʘʷʩʷ ʚ ʚʠʜʝ ʟʝʣʝʥʦʚʘʪʳʭ, ʧʦʯʪʠ ʙʝʩʮʚʝʪʥʳʭ ʟʝʨʝʥ. ɹʠʦʪʠʪ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʝʥ 

ʭʣʦʨʠʪʦʤ. ʇʦʨʦʜʘ ʧʨʦʥʠʟʘʥʘ ʞʠʣʢʘʤʠ (ʜʦ 5 ʤʤ) ʧʨʝʥʠʪʘ ʩʚʝʪʣʦ-ʩʝʨʦʛʦ, ʧʦʯʪʠ ʙʝʣʦʛʦ, ʮʚʝʪʘ. 

 

3.2 ɻʝʦʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʨʦʜ 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʟʫʯʝʥʥʳʭ ʧʦʨʦʜ ʂʘʣʠʥʦʚʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠʚʝʜʝʥ ʚ ʧʨʠʣʦʞʝʥʠʠ 3 

(ʪʘʙʣ. 1). ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʠʘʛʨʘʤʤ ʠ ʘʥʘʣʠʟʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʜ ʙʳʣʠ 

ʧʨʠʚʣʝʯʝʥʳ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ [ʂʘʟʘʯʝʥʢʦ ʠ ʜʨ., 2015; ʍʘʥʯʫʢ, ɺʳʩʦʮʢʠʡ, 2016]. 

ɹʨʝʝʚʩʢʠʡ ʛʘʙʙʨʦ-ʛʠʧʝʨʙʘʟʠʪʦʚʳʡ ʤʘʩʩʠʚ. ɸʧʦʧʝʨʠʜʦʪʠʪʦʚʳʝ ʩʝʨʧʝʥʪʠʥʠʪʳ ʠ 

ʧʣʘʛʠʦʢʣʘʟʦʚʳʝ ʚʝʨʣʠʪʳ ɹʨʝʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ ï ʤʘʛʥʝʟʠʘʣʴʥʳʝ ʧʦʨʦʜʳ (Mg# 76-80), ʚʳʜʝʣʷʶʪʩʷ 
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ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʠʢʝʣʷ ʠ ʭʨʦʤʘ ʧʨʠ ʥʠʟʢʠʭ ʩʦʜʝʨʞʘʥʠʷʭ ʛʣʠʥʦʟʝʤʘ, ʪʠʪʘʥʘ, ʢʘʣʴʮʠʷ ʠ 

ʱʝʣʦʯʝʡ. ʅʘ ʜʠʘʛʨʘʤʤʝ ʢʨʝʤʥʝʟʝʤ ï ʱʝʣʦʯʠ ʦʥʠ ʧʦʧʘʜʘʶʪ ʚ ʦʙʣʘʩʪʴ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜ, ʘ 

ʥʘ ʜʠʘʛʨʘʤʤʝ AFM ʠʭ ʬʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʧʦʧʘʜʘʶʪ ʚ ʧʦʣʝ ʢʫʤʫʣʷʪʦʚ ʠ çʥʠʞʥʠʭè ʛʘʙʙʨʦ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʦʬʠʦʣʠʪʦʚ ʤʠʨʘ (ʨʠʩ. 3.12). ɸʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʈɿʕ ʚ ʩʝʨʧʝʥʪʠʥʠʪʘʭ ʠ 

ʧʣʘʛʠʦʢʣʘʟʦʚʳʭ ʪʨʦʢʪʦʣʠʪʘʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʠ ʠʤʝʶʪ ʩʭʦʞʠʡ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʈɿʕ ʠ 

ʦʙʨʘʟʫʶʪ ʝʜʠʥʫʶ ʩʝʨʠʶ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʥʘʢʦʧʣʝʥʠʝʤ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (×ʈɿʕ = 0.72-

3.58 ppm). ɼʣʷ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʜʘʥʥʦʡ ʩʝʨʠʠ ʭʘʨʘʢʪʝʨʝʥ çʧʣʘʛʠʦʢʣʘʟʦʚʳʡè ʭʘʨʘʢʪʝʨ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʈɿʕ (ʨʠʩ. 3.13), ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦʡ Eu-

ʘʥʦʤʘʣʠʠ (Eu/Eu*= 1.95-4.15) ʠ ʥʘʢʦʧʣʝʥʠʷ ʣʝʛʢʠʭ ʈɿʕ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʷʞʝʣʳʤ (Lan/Ybn = 1.24-

4.2; Cen/Ybn = 1.18-3.4). 

ɻʘʙʙʨʦʠʜʳ (ʪʨʦʢʪʦʣʠʪʳ, ʥʦʨʠʪʳ, ʛʘʙʙʨʦʥʦʨʠʪʳ, ʘʤʬʠʙʦʣʦʚʳʝ ʛʘʙʙʨʦ, ʧʝʛʤʘʪʦʠʜʥʳʝ 

ʛʘʙʙʨʦ) ʥʦʨʤʘʣʴʥʦ-ʱʝʣʦʯʥʳʝ (ʪʦʣʝʠʪʦʚʳʝ) ʥʠʟʢʦʢʘʣʠʝʚʳʝ ʧʦʨʦʜʳ (K2O = 0.06-0.47 ʤʘʩ.%). 

ʍʘʨʘʢʪʝʨʥʦʡ ʯʝʨʪʦʡ ʙʨʝʝʚʩʢʠʭ ʛʘʙʙʨʦʠʜʦʚ ʩʪʘʥʦʚʷʪʩʷ ʥʠʟʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʨʝʤʥʝʟʝʤʘ ʠ ʱʝʣʦʯʝʡ 

(SiO2 = 39-43 ʤʘʩ.%; Na2O+K2O Ò 2.5 ʤʘʩ.%). ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʘ TAS ʜʠʘʛʨʘʤʤʝ ʦʥʠ ʦʪʥʦʩʷʪʩʷ ʢ 

ʧʦʣʶ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜ (ʨʠʩ. 3.12 ɸ). ʀʟʫʯʝʥʥʳʝ ʧʦʨʦʜʳ ʰʠʨʦʢʦ ʚʘʨʴʠʨʫʶʪ ʧʦ 

ʤʘʛʥʝʟʠʘʣʴʥʦʩʪʠ (Mg# = 57-79) ʠ ʛʣʠʥʦʟʝʤʠʩʪʦʩʪʠ (Al2O3 = 15-26 ʤʘʩ.%), ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʪʠʪʘʥʘ (ʜʦ 1.8 ʤʘʩ.%) ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 

ʢʘʣʴʮʠʷ (CaO Ò 14 ʤʘʩ.%). ʊʦʯʢʠ ʩʦʩʪʘʚʦʚ ʛʘʙʙʨʦʠʜʦʚ ʥʘ ʜʠʘʛʨʘʤʤʝ AFM ʩʤʝʱʘʶʪʩʷ ʢ ʧʦʣʶ 

çʚʝʨʭʥʠʭè ʛʘʙʙʨʦ ʠ ʜʘʡʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʪʨʦʢʪʦʣʠʪʳ ʦʩʪʘʶʪʩʷ ʚ ʧʦʣʝ ʢʫʤʫʣʷʪʦʚ ʠ çʥʠʞʥʠʭè 

ʛʘʙʙʨʦ (ʨʠʩ. 3.12 ɹ). ʉʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʈɿʕ ʚ ʙʨʝʝʚʩʢʠʭ ʛʘʙʙʨʦʠʜʘʭ (ʨʠʩ. 3.13) 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʙʦʛʘʱʝʥʠʝ ʩʨʝʜʥʠʤʠ ʨʝʜʢʠʤʠ ʟʝʤʣʷʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʣʝʛʢʠʤ ʠ ʪʷʞʝʣʳʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʦʨʦʜʳ ʦʙʝʜʥʝʥʳ ʣʝʛʢʠʤʠ ʈɿʕ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʷʞʝʣʳʤ (Lan/Ybn = 0.42-0.5; Cen/Ybn 

= 0.53-0.6) ʠ ʦʙʦʛʘʱʝʥʳ Eu (Eu/Eu*= 1.25 ï 1.63). ʆʙʱʠʡ ʫʨʦʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʈɿʕ ʙʣʠʟʦʢ ʢ N-

ʈʠʩ. 3.11. ʐʣʠʬ ʣʝʡʢʦʢʨʘʪʦʚʦʛʦ ʤʝʪʘʛʘʙʙʨʦ. (ʦʙʨ. 7ɸ) ʚ ʧʨʷʤʦʤ (ɸ) ʠ ʧʦʣʷʨʠʟʦʚʘʥʥʦʤ (ɹ) ʩʚʝʪʝ. 

ʂʨʫʧʥʳʝ ʚʳʜʝʣʝʥʠʷ ʙʫʨʦʡ ʰʧʠʥʝʣʠ ʯʝʨʚʝʦʙʨʘʟʥʦʡ ʬʦʨʤʳ. 
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MORB. çɸʤʬʠʙʦʣʦʚʳʡè ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʈɿʕ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʤʠʥʝʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ 

ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. ʇʝʛʤʘʪʦʠʜʥʦʝ ʛʘʙʙʨʦ ʩ ʘʢʮʝʩʩʦʨʥʳʤ ʢʚʘʨʮʝʤ (ʦʙʨ. 12) ʦʪʣʠʯʘʝʪʩʷ 

ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ SiO2 (55.64 ʤʘʩ.%) ʠ ʱʝʣʦʯʝʡ (Na2O+K2O = 6.08 ʤʘʩ.%) ʩ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʥʘʪʨʠʷ (Na2O = 5.66 ʤʘʩ.%), ʘ ʪʘʢʞʝ ʥʠʟʢʠʤʠ CaO, MgO, FeO. ʅʘ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ TAS ʜʠʘʛʨʘʤʤʝ ʪʦʯʢʘ ʜʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʧʦʧʘʜʘʝʪ ʚ ʧʦʣʝ ʤʦʥʮʦʜʠʦʨʠʪʦʚ 

ʫʤʝʨʝʥʥʦ-ʱʝʣʦʯʥʦʡ ʩʝʨʠʠ, ʘ ʥʘ ʜʠʘʛʨʘʤʤʝ AFM ʩʤʝʱʘʝʪʩʷ ʙʣʠʞʝ ʢ ʱʝʣʦʯʥʦʤʫ ʫʛʣʫ (ʨʠʩ. 3.12). 

ʀʟʫʯʝʥʥʳʡ ʦʙʨʘʟʝʮ ʧʣʘʛʠʦʛʨʘʥʠʪʘ (ʦʙʨ. 10ɻ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʱʝʣʦʯʥʦʩʪʴʶ ʩ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʥʘʪʨʠʷ ʥʘʜ ʢʘʣʠʝʤ (Na2O = 5.7 ʤʘʩ.%; K2O = 0.5 ʤʘʩ.% ʧʨʠ SiO2 = 76.25 ʤʘʩ.%), 

ʥʠʟʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷ TiO2, FeO ʠ MgO ʠ ʧʦʥʠʞʝʥʥʳʤʠ CaO ʠ Al2O3. ʅʘ TAS ʜʠʘʛʨʘʤʤʝ 

ʠʟʫʯʝʥʥʳʡ ʦʙʨʘʟʝʮ ʧʦʧʘʜʘʝʪ ʚ ʧʦʣʝ ʥʦʨʤʘʣʴʥʦ ʱʝʣʦʯʥʳʭ ʣʝʡʢʦʛʨʘʥʠʪʦʚ, ʘ ʥʘ ʜʠʘʛʨʘʤʤʝ AFM 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʱʝʣʦʯʥʦʤ ʫʛʣʫ (ʨʠʩ. 3.12 ɹ). ɼʣʷ ʥʝʛʦ ʭʘʨʘʢʪʝʨʝʥ ʦʙʱʠʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʥʘʢʣʦʥ 

ʢʨʠʚʦʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʈɿʕ (ʨʠʩ. 3.13), ʛʜʝ ʣʝʛʢʠʝ ʈɿʕ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʜ ʪʷʞʝʣʳʤʠ 

(Lan/Ybn = 62.95; Cen/Ybn = 52.36). ʆʙʨʘʟʝʮ 10ɻ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʠʙʦʣʴʰʝʡ ʩʫʤʤʦʡ ʨʝʜʢʠʭ 

ʟʝʤʝʣʴ ʠʟ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʧʦʨʦʜ ɹʨʝʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ (57.37 ppm) ʠ ʢʨʘʡʥʝ ʚʳʩʦʢʠʤ ʦʪʥʦʰʝʥʠʝʤ 

Lan/Lun = 80.02, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʩʪʠ ʧʦʨʦʜʳ. 

ʅʘ ʤʫʣʴʪʠʵʣʝʤʝʥʪʥʳʭ ʜʠʘʛʨʘʤʤʘʭ (ʨʠʩ. 3.13) ʚ ʧʦʨʦʜʘʭ ɹʨʝʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʢʦʥʪʨʘʩʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʢʨʫʧʥʦʠʦʥʥʳʭ ʣʠʪʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (LILE) ʠ ʚʳʩʦʢʦʟʘʨʷʜʥʳʭ 

ʈʠʩ. 3.12. ɼʠʘʛʨʘʤʤʳ TAS (ɸ) ʧʦ [ʐʘʨʧʝʥʦʢ ʠ ʜʨ., 2013] ʠ AFM (ɹ) ʜʣʷ ʧʦʨʦʜ ɹʨʝʝʚʩʢʦʛʦ ʠ ʏʫʛʫʝʚʩʢʦʛʦ ʛʘʙʙʨʦ-

ʛʠʧʝʨʙʘʟʠʪʦʚʳʭ ʤʘʩʩʠʚʦʚ. 

ʇʦʣʷ (ɹ) [ʂʦʣʤʘʥ, 1979; ʈʠʬʝʡʩʢʦ-é, 1985]: I ï ʫʣʴʪʨʘʙʘʟʠʪʳ (ʨʝʩʪʠʪʳ), II ï ʢʫʤʫʣʷʪʳ ʠ "ʥʠʞʥʠʝ" ʛʘʙʙʨʦ, III ï 

"ʚʝʨʭʥʠʝ" ʛʘʙʙʨʦ ʠ ʜʘʡʢʦʚʳʡ ʢʦʤʧʣʝʢʩ, IV ï ʦʢʝʘʥʠʯʝʩʢʠʝ ʪʦʣʝʠʪʳ, V ï ʤʘʨʠʘʥʠʪ-ʙʦʥʠʥʠʪʦʚʘʷ ʠ ʦʩʪʨʦʚʦʜʫʞʥʘʷ 

ʩʝʨʠʠ. ɻʨʘʥʠʮʘ ʪʦʣʝʠʪʦʚʦʡ ʠ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ ʩʝʨʠʠ [Irvine, Baragar, 1971]. 
ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʧʝʨʠʜʦʪʠʪʳ ɹʨʝʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ; 2 ï ʧʠʨʦʢʩʝʥʠʪʳ ʏʫʛʫʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ;  

3-4 ï ʛʘʙʙʨʦʠʜʳ ɹʨʝʝʚʩʢʦʛʦ ʠ ʏʫʛʫʝʚʩʢʦʛʦ ʤʘʩʩʠʚʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 5 ï ʧʣʘʛʠʦʛʨʘʥʠʪ ɹʨʝʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ. 

ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʧʦʨʦʜʳ ɹʨʝʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ ʚʳʜʝʣʝʥʳ ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ, ʧʦʨʦʜʳ ʏʫʛʫʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ ï ʩʠʥʠʤ. 



43 

ʵʣʝʤʝʥʪʦʚ (HFSE). ɼʣʷ ʚʩʝʭ ʧʦʨʦʜ ʤʘʩʩʠʚʘ ʭʘʨʘʢʪʝʨʥʦ ʦʙʦʛʘʱʝʥʠʝ Rb, Ba, K, Pb ʠ Sr. 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʚʳʰʝ ʫʨʦʚʥʷ N-MORB. ʅʘ ʜʠʘʛʨʘʤʤʘʭ 

ʦʩʦʙʝʥʥʦ ʚʳʜʝʣʷʶʪʩʷ ʧʠʢʠ ʩʪʨʦʥʮʠʷ, ʩʦʜʝʨʞʘʥʠʷ ʢʦʪʦʨʦʛʦ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʧʣʘʛʠʦʢʣʘʟʦʤ. 

ɺʳʩʦʢʦʟʘʨʷʜʥʳʝ ʵʣʝʤʝʥʪʳ ʦʙʨʘʟʫʶʪ ʩʫʙʧʘʨʘʣʝʣʴʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦ N-MORB ʢʨʠʚʳʝ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʧʦʨʦʜʳ ʤʘʩʩʠʚʘ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʝʜʥʝʥʳ Th, U, Nb, Ta, Zr, Hf (ʠʥʦʛʜʘ Ti), ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʨʝʜʢʠʭ ʟʝʤʝʣʴ ʧʦʯʪʠ ʚʩʝʛʜʘ ʥʠʞʝ ʫʨʦʚʥʷ N-MORB. ʍʘʨʘʢʪʝʨ ʛʨʘʬʠʢʦʚ ʥʘ 

ʤʫʣʴʪʠʵʣʝʤʝʥʪʥʳʭ ʜʠʘʛʨʘʤʤʘʭ ʫʢʘʟʳʚʘʝʪ ʥʘ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʩʫʙʜʫʢʮʠʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʤʘʛʤʦʛʝʥʝʟʠʩʝ ʧʦʨʦʜ ɹʨʝʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ.  

ʏʫʛʫʝʚʩʢʠʡ ʛʘʙʙʨʦ-ʛʠʧʝʨʙʘʟʠʪʦʚʳʡ ʤʘʩʩʠʚ. ʇʠʨʦʢʝʥʠʪʳ ʯʫʛʫʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ ï 

ʚʳʩʦʢʦʤʘʛʥʝʟʠʘʣʴʥʳʝ (Mg# 81-82) ʧʦʨʦʜʳ, ʦʙʦʛʘʱʝʥʥʳʝ ʢʘʣʴʮʠʝʤ ʠ ʞʝʣʝʟʦʤ (CaO = 16-17 

ʤʘʩ.%; FeO* = 7-7.5 ʤʘʩ.%), ʧʨʠ ʵʪʦʤ ʥʠʟʢʦʱʝʣʦʯʥʳʝ (Na2O+K2O = 0.35-0.57 ʤʘʩ.%) ʠ 

ʩʣʘʙʦʛʣʠʥʦʟʝʤʠʩʪʳʝ (Al 2O3 = 3.65-4.1 ʤʘʩ.%). ʅʘ TAS-ʜʠʘʛʨʘʤʤʝ ʦʥʠ ʧʦʧʘʜʘʶʪ ʚ ʧʦʣʝ ʛʘʙʙʨʦ, ʘ 

ʈʠʩ. 3.13. ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʧʦʨʦʜ ɹʨʝʝʚʩʢʦʛʦ ʠ ʏʫʛʫʝʚʩʢʦʛʦ 

ʛʘʙʙʨʦ-ʛʠʧʝʨʙʘʟʠʪʦʚʳʭ ʤʘʩʩʠʚʦʚ. 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: ɹʨʝʝʚʩʢʠʡ ʤʘʩʩʠʚ: 1 ï ʩʝʨʧʝʥʪʠʥʠʪʳ, 2 ï ʪʨʦʢʪʦʣʠʪʳ, 3 ï ʧʝʛʤʘʪʦʠʜʥʦʝ ʛʘʙʙʨʦ (ʦʙʨ. 12), 

4 ï ʦʩʪʘʣʴʥʳʝ ʛʘʙʙʨʦʠʜʳ, 5 ï ʧʣʘʛʠʦʛʨʘʥʠʪ; ʏʫʛʫʝʚʩʢʠʡ ʤʘʩʩʠʚ: 6 ï ʧʠʨʦʢʩʝʥʠʪʳ; 7 ï ʛʘʙʙʨʦʠʜʳ. 

ʉʦʩʪʘʚʳ ʭʦʥʜʨʠʪʘ, N-MORB ʠ OIB ʧʦ [Sun, McDonough, 1989]. 
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ʥʘ ʜʠʘʛʨʘʤʤʝ AFM ʚ ʧʦʣʝ ʢʫʤʫʣʷʪʦʚ ʠ çʥʠʞʥʠʭè ʛʘʙʙʨʦ ʢʣʘʩʩʠʯʝʩʢʠʭ ʦʬʠʦʣʠʪʦʚ ʤʠʨʘ 

(ʨʠʩ. 3.12). ʍʘʨʘʢʪʝʨ ʢʨʠʚʦʡ ʈɿʕ ʚ ʧʠʨʦʢʩʝʥʠʪʘʭ (ʨʠʩ. 3.13) ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʤʠʥʝʨʘʣʴʥʳʤ 

ʩʦʩʪʘʚʦʤ ʠ ʙʣʠʟʦʢ ʢ N-MORB, ʦʜʥʘʢʦ, ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʠʰʴ ʥʘ 3-4 ʧʦʨʷʜʢʘ 

ʧʨʝʚʳʰʘʝʪ ʭʦʥʜʨʠʪʦʚʳʡ (×ʈɿʕ = 10 ppm). ʅʘ ʭʘʨʘʢʪʝʨ ʢʨʠʚʦʡ ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʦʙʦʛʘʱʝʥʠʝ ʩʨʝʜʥʠʤʠ ʈɿʕ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʠʭ ʠ ʪʷʞʝʣʳʭ. ʇʦʨʦʜʳ ʩʣʘʙʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʳ 

(Lan/Lun = 0.71-1.01), ʦʙʦʛʘʱʝʥʠʷ ʠʣʠ ʦʙʝʜʥʝʥʠʷ Eu ʚ ʦʙʨʘʟʮʘʭ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ (Eu/Eu* = 0.98-

1.02). 

ɻʘʙʙʨʦʠʜʳ (ʘʤʬʠʙʦʣʦʚʳʝ ʥʦʨʠʪʳ, ʛʘʙʙʨʦʥʦʨʠʪʳ, ʧʠʨʦʢʩʝʥ-ʘʤʬʠʙʦʣʦʚʳʝ ʛʘʙʙʨʦ) ʧʦ 

ʩʦʦʪʥʦʰʝʥʠʶ ʦʩʥʦʚʥʳʭ ʧʝʪʨʦʛʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʪʥʦʩʷʪʩʷ ʢ ʥʠʟʢʦʢʘʣʠʝʚʦʡ ʥʦʨʤʘʣʴʥʦ-

ʱʝʣʦʯʥʦʡ ʩʝʨʠʠ (SiO2 = 46-50 ʤʘʩ.%; K2O = 0.28-0.9 ʤʘʩ.%; Na2O+K2O = 2.35-4.8 ʤʘʩ.%). ʅʦ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʙʨʝʝʚʩʢʠʤʠ ʛʘʙʙʨʦʠʜʘʤʠ ʦʥʠ ʨʝʟʢʦ ʦʪʣʠʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʢʨʝʤʥʝʟʝʤʦʤ ʠ 

ʱʝʣʦʯʥʦʩʪʴʶ, ʯʪʦ ʚʳʨʘʞʝʥʦ ʥʘ TAS-ʜʠʘʛʨʘʤʤʝ (ʨʠʩ. 3.12 ɸ), ʛʜʝ ʯʫʛʫʝʚʩʢʠʝ ʛʘʙʙʨʦʠʜʳ 

ʟʘʥʠʤʘʶʪ ʚ ʦʩʥʦʚʥʦʤ ʧʦʣʷ ʛʘʙʙʨʦ ʠ ʤʦʥʮʦʛʘʙʙʨʦ. ʅʘ ʜʠʘʛʨʘʤʤʝ AFM ʦʥʠ ʪʘʢʞʝ ʩʤʝʱʘʶʪʩʷ ʚ 

ʩʪʦʨʦʥʫ ʱʝʣʦʯʥʦʛʦ ʫʛʣʘ ʠ ʟʘʥʠʤʘʶʪ ʧʦʣʝ ʤʘʨʠʘʥʠʪ-ʙʦʥʠʥʠʪʦʚʦʡ ʠ ʦʩʪʨʦʚʦʜʫʞʥʦʡ ʩʝʨʠʠ 

(ʨʠʩ. 3.12 ɹ). ɼʣʷ ʏʫʛʫʝʚʩʢʠʭ ʛʘʙʙʨʦʠʜʦʚ ʪʠʧʠʯʥʳ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʈɿʕ (×ʈɿʕ = 60-

78 ppm), ʧʨʝʦʙʣʘʜʘʥʠʝ ʣʝʛʢʠʭ ʈɿʕ ʥʘʜ ʪʷʞʝʣʳʤʠ (Lan/Ybn = 2.29-7.49; Cen/Ybn = 2.55-6.81) ʠ 

ʦʪʩʫʪʩʪʚʠʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʭ ʘʥʦʤʘʣʠʡ. ɺ ʥʝʢʦʪʦʨʳʭ ʦʙʨʘʟʮʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʙʦʣʴʰʦʝ 

ʦʙʦʛʘʱʝʥʠʝ ʝʚʨʦʧʠʝʤ (Eu/Eu*= 0.95-1.49). ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʈɿʕ (ʨʠʩ. 3.13) ʚ ʛʘʙʙʨʦʠʜʘʭ ʫʤʝʨʝʥʥʦ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʦ (Lan/Lun = 2.48-9.81), ʛʨʘʬʠʢʠ ʠʤʝʶʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʥʘʢʣʦʥ ʠ ʧʦʜʦʙʥʳ 

ʩʧʝʢʪʨʫ ʙʘʟʘʣʴʪʦʚ ʦʢʝʘʥʠʯʝʩʢʠʭ ʦʩʪʨʦʚʦʚ. 

ʅʘ ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʭ ʛʨʘʬʠʢʘʭ (ʨʠʩ. 3.13) ʚʠʜʥʦ, ʯʪʦ ʯʫʛʫʝʚʩʢʠʝ ʛʘʙʙʨʦʠʜʳ ʦʪʯʝʪʣʠʚʦ 

ʦʙʦʛʘʱʝʥʳ ʧʦʯʪʠ ʚʩʝʤʠ LILE (Rb, Ba, K, Pb, Sr) ʠ ʣʝʛʢʠʤʠ ʈɿʕ. ʋʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʡ 

ʙʦʣʴʰʠʥʩʪʚʘ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʙʣʠʟʦʢ ʢ E-MORB. ɺ ʧʠʨʦʢʩʝʥʠʪʘʭ ʥʝ ʦʪʤʝʯʘʝʪʩʷ ʯʝʪʢʦ 

ʚʳʨʘʞʝʥʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʧʦ Sr, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʚ ʧʦʨʦʜʝ ʧʣʘʛʠʦʢʣʘʟʘ. ʀ ʛʘʙʙʨʦʠʜʳ, 

ʠ ʧʠʨʦʢʩʝʥʠʪʳ ʧʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʜʝʬʠʮʠʪ Th, U, Nb, Ta, Zr, Hf. ʉʭʦʞʘʷ ʢʘʨʪʠʥʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ɹʨʝʝʚʩʢʦʤ ʤʘʩʩʠʚʝ, ʦʜʥʘʢʦ, ʧʦ ʦʙʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʯʫʛʫʝʚʩʢʠʝ 

ʛʘʙʙʨʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʦʙʦʛʘʱʝʥʳ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ, ʘ ʧʠʨʦʢʩʝʥʠʪʳ ʥʘʭʦʜʷʪʩʷ ʥʘ ʦʜʥʦʤ 

ʫʨʦʚʥʝ ʩ ʙʨʝʝʚʩʢʠʤʠ ʘʤʬʠʙʦʣʦʚʳʤʠ ʛʘʙʙʨʦ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʨʦʜʳ ʏʫʛʫʝʚʩʢʦʛʦ ʠ ɹʨʝʝʚʩʢʦʛʦ ʛʘʙʙʨʦ-

ʛʠʧʝʨʙʘʟʠʪʦʚʳʭ ʤʘʩʩʠʚʦʚ ʦʙʣʘʜʘʶʪ ʩʭʦʜʥʳʤʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʯʪʦ ʤʦʞʝʪ 

ʫʢʘʟʳʚʘʪʴ ʥʘ ʠʭ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʚ ʦʙʱʝʡ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʝ. ʇʦ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʤ 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʦʥʠ ʦʪʥʦʩʷʪʩʷ ʢ ʝʜʠʥʦʡ ʪʦʣʝʠʪʦʚʦʡ ʩʝʨʠʠ. ʉʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʈɿʕ 

ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʤʠʥʝʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ. ʅʘ ʜʠʘʛʨʘʤʤʘʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʠʭ ʟʝʤʝʣʴ ʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (ʨʠʩ. 3.13) ʧʦʨʦʜʳ ʠʟʫʯʘʝʤʳʭ ʤʘʩʩʠʚʦʚ ʦʙʣʘʜʘʶʪ ʩʭʦʞʠʤ ʭʘʨʘʢʪʝʨʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ï ʥʘʢʦʧʣʝʥʠʝʤ LILE ʠ ʜʝʬʠʮʠʪʦʤ Th, U, Nb, Ta, Zr, Hf. ʆʜʥʘʢʦ 
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ʛʘʙʙʨʦʠʜʳ ʏʫʛʫʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʨʝʝʚʩʢʠʤʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʦʙʦʛʘʱʝʥʳ 

ʱʝʣʦʯʘʤʠ, ʢʨʝʤʥʠʝʤ ʠ ʥʝʢʦʪʦʨʳʤʠ HFSE (Th, U, Nb, Ta, Zr, Hf ʠ ʣʸʛʢʠʝ ʈɿʕ), ʯʪʦ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʨʦʜ ʜʚʫʭ ʤʘʩʩʠʚʦʚ. 

 

3.3 ɺʦʟʨʘʩʪ ʛʘʙʙʨʦʠʜʦʚ ʂʘʣʠʥʦʚʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʝʨʠʦʜ ʩʪʘʥʦʚʣʝʥʠʷ ʦʬʠʦʣʠʪʦʚ ʉʠʭʦʪʵ-ɸʣʠʥʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ 

ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʘ ʜʝʚʦʥʘ ï ʥʘʯʘʣʘ ʢʘʨʙʦʥʘ [ʍʘʥʯʫʢ, ɺʳʩʦʮʢʠʡ, 2016; Khanchuk et al., 2016; 

Golozubov, Simanenko, 2021]. ɺ ʢʨʝʤʥʷʭ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʣʝʛʘʶʱʠʭ ʥʘ ʤʘʩʩʠʚʥʳʭ ʙʘʟʘʣʴʪʘʭ, 

ʥʘʡʜʝʥʳ ʢʦʥʦʜʦʥʪʳ ʢʦʥʮʘ ʜʝʚʦʥʘ, ʘ ʚ ʠʟʚʝʩʪʥʷʢʘʭ ʥʘ ʢʦʥʪʘʢʪʝ ʩ ʧʠʣʣʦʫ-ʙʘʟʘʣʴʪʘʤʠ ï 

ʬʦʨʘʤʠʥʠʬʝʨʳ ʚʠʟʝʡʩʢʦʛʦ ʷʨʫʩʘ ʢʘʨʙʦʥʘ [ʍʘʥʯʫʢ ʠ ʜʨ., 1988, 1989; ʍʘʥʯʫʢ, ɺʳʩʦʮʢʠʡ, 2016]. 

ɸʙʩʦʣʶʪʥʳʡ ʚʦʟʨʘʩʪ ʧʦʨʦʜ ʦʧʨʝʜʝʣʷʣʩʷ ʪʦʣʴʢʦ K-Ar ʤʝʪʦʜʦʤ ʠ ʜʦ 1980-ʭ ʛʛ., ʧʦ ʜʘʥʥʳʤ 

ʛʝʦʣʦʛʦ-ʩʲʝʤʦʯʥʳʭ ʨʘʙʦʪ, ʚʘʨʴʠʨʦʚʘʣ ʦʪ 90 ʜʦ 360 ʤʣʥ ʣʝʪ [ɻʦʣʦʟʫʙʦʚ, ʄʝʣʴʥʠʢʦʚ, 1986; 

ʂʝʤʢʠʥ, 2006], ʧʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʠʟʤʝʨʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 210-250 ʤʣʥ ʣʝʪ [ʃʝʚʘʰʝʚ 

ʠ ʜʨ., 1989; ɹʝʣʷʥʩʢʠʡ ʠ ʜʨ., 2011]. ɼʦ ʥʘʯʘʣʘ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʣʠʪʝʨʘʪʫʨʝ ʙʳʣʦ 

ʦʧʫʙʣʠʢʦʚʘʥʦ ʚʩʝʛʦ ʪʨʠ K-Ar ʜʘʪʠʨʦʚʢʠ ʂʘʣʠʥʦʚʩʢʠʭ ʦʬʠʦʣʠʪʦʚ (ʪʘʙʣ. 3.1). ʇʦ ʩʦʦʙʱʝʥʠʶ 

ɺ. ɺ. ɻʦʣʦʟʫʙʦʚʘ ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʟʨʘʩʪʘ ʤʫʩʢʦʚʠʪʘ ʠ ʪʫʨʤʘʣʠʥʘ (ʚ ʦʜʥʦʡ ʥʘʚʝʩʢʝ) ʠʟ ʛʨʘʬʠʯʝʩʢʠʭ 

ʧʝʛʤʘʪʠʪʦʚ, ʧʨʦʨʳʚʘʶʱʠʭ ʛʘʙʙʨʦʠʜʳ ʏʫʛʫʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʜʘʣʦ ʮʠʬʨʫ 406 ʤʣʥ ʣʝʪ [ɻʦʣʦʟʫʙʦʚ, 

ʄʝʣʴʥʠʢʦʚ, 1986]. ɼʘʥʥʳʝ ɸ. ʀ. ʍʘʥʯʫʢʘ ʧʦ K-Ar ʦʧʨʝʜʝʣʝʥʠʶ ʚʦʟʨʘʩʪʘ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ ʠʟ 

ʧʝʛʤʘʪʦʠʜʥʳʭ ʛʘʙʙʨʦ ɹʨʝʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ ʩʦʩʪʘʚʣʷʶʪ 410 Ñ 9 ʤʣʥ ʣʝʪ [ʂʝʤʢʠʥ, ʍʘʥʯʫʢ, 1993]. 

ʆʜʥʘʢʦ ʵʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʭʦʜʷʪ ʚ ʧʨʦʪʠʚʦʨʝʯʠʝ ʩ ʧʦʩʣʝʜʥʠʤʠ ʜʘʪʠʨʦʚʢʘʤʠ ʷʧʦʥʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ɼʘʪʠʨʦʚʘʥʠʝ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ ʠʟ ʤʝʪʘʛʘʙʙʨʦ, ʦʪʦʙʨʘʥʥʦʛʦ ʙʣʠʟ ʩ. ʄʝʜʚʝʞʠʡ 

ʂʫʪ (ʥʝʧʦʜʘʣʝʢʫ ʦʪ ʩ. ɺ. ɹʨʝʝʚʢʘ), ʜʘʣʦ ʮʠʬʨʫ ʚ 230 ʤʣʥ ʣʝʪ [Ishiwatari, Tsujimori, 2003]. ɺʩʝ 

ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ ʧʦʙʫʜʠʣʦ ʥʘʩ ʢ ʧʨʦʚʝʜʝʥʠʶ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʣʝʝ. 

ɼʣʷ ʜʘʪʠʨʦʚʘʥʠʷ ʧʦʨʦʜ ɹʨʝʝʚʩʢʦʛʦ ʠ ʏʫʛʫʝʚʩʢʦʛʦ ʤʘʩʩʠʚʦʚ ʂʘʣʠʥʦʚʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʙʳʣʦ ʚʟʷʪʦ 20 ʧʨʦʙ. ʂʘʞʜʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʝʜʠʥʳʡ ʰʪʫʬ ʚʝʩʦʤ ʦʢʦʣʦ 10 ʢʛ, ʦʪʦʙʨʘʥʥʳʡ ʠʟ 

ʢʦʨʝʥʥʦʛʦ ʦʙʥʘʞʝʥʠʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʮʠʨʢʦʥʘ ʜʣʷ ʜʘʪʠʨʦʚʘʥʠʷ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ ʪʦʣʴʢʦ ʚ ʪʨʝʭ ʧʨʦʙʘʭ. ʊʘʢʞʝ ʠʟ ʪʨʝʭ ʧʨʦʙ ʛʘʙʙʨʦʠʜʦʚ ʙʳʣ ʚʳʜʝʣʝʥ ʘʢʮʝʩʩʦʨʥʳʡ 

ʘʧʘʪʠʪ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʦʜʥʘ ʧʨʦʙʘ ʙʳʣʘ ʜʘʪʠʨʦʚʘʥʘ 40Ar/39Ar ʤʝʪʦʜʦʤ ʧʦ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤ 

ʊʘʙʣʠʮʘ 3.1. ʉʚʦʜʢʘ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʜʘʪʠʨʦʚʦʢ ʂʘʣʠʥʦʚʩʢʠʭ ʦʬʠʦʣʠʪʦʚ. 

ʄʘʩʩʠʚ ʇʦʨʦʜʘ ʄʠʥʝʨʘʣ ʄʝʪʦʜ ɺʦʟʨʘʩʪ ʀʩʪʦʯʥʠʢ 

ʏʫʛʫʝʚʩʢʠʡ 
ɻʨʘʬʠʯʝʩʢʠʡ ʧʝʛʤʘʪʠʪ, 

ʧʨʦʨʳʚʘʶʱʠʡ ʛʘʙʙʨʦ 
Ms+Tur K-Ar 406 ʤʣʥ ʣʝʪ [ɻʦʣʦʟʫʙʦʚ, ʄʝʣʴʥʠʢʦʚ, 1986] 

ɹʨʝʝʚʩʢʠʡ 
ʇʝʛʤʘʪʦʠʜʥʦʝ ʛʘʙʙʨʦ Hbl K-Ar 410 Ñ 9 ʤʣʥ ʣʝʪ [ʂʝʤʢʠʥ, ʍʘʥʯʫʢ, 1993] 

ʄʝʪʘʛʘʙʙʨʦ Hbl K-Ar 230 ʤʣʥ ʣʝʪ [Ishiwatari, Tsujimori, 2003] 

ʇʨʠʤʝʯʘʥʠʝ: Ms ï ʤʫʩʢʦʚʠʪ; Tur ï ʪʫʨʤʘʣʠʥ. 
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ʤʠʥʝʨʘʣʘʤ. ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʤʝʪʦʜʠʢ ʜʘʪʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʦ ʚʦ ʚʚʝʜʝʥʠʠ. ʈʘʡʦʥʳ ʦʪʙʦʨʘ 

ʧʨʦʙ ʦʙʦʟʥʘʯʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.3, ʢʦʦʨʜʠʥʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ 1. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʜʘʪʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 3.14-3.17, ʪʘʙʣʠʮʳ ʩ ʠʟʦʪʦʧʥʳʤʠ ʜʘʥʥʳʤʠ ï 

ʚ ʧʨʠʣʦʞʝʥʠʠ 4. 

 

3.3.1 ʈʝʟʫʣʴʪʘʪʳ U-Pb ʜʘʪʠʨʦʚʘʥʠ ̫ʧʦ ʮʠʨʢʦʥʘʤ 

ɹʨʝʝʚʩʢʠʡ ʤʘʩʩʠʚ. ɺ ʧʦʨʦʜʘʭ ɹʨʝʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ ʟʝʨʥʘ ʮʠʨʢʦʥʘ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠʟ ʜʚʫʭ 

ʧʨʦʙ: ʘʤʬʠʙʦʣʦʚʦʛʦ ʛʘʙʙʨʦ (ʦʙʨ. AG21/8) ʠ ʧʝʛʤʘʪʦʠʜʥʦʛʦ ʛʘʙʙʨʦ (ʦʙʨ. ɺ12). ʅʘʠʙʦʣʝʝ ʙʦʛʘʪʦʡ 

ʥʘ ʮʠʨʢʦʥʳ ʦʢʘʟʘʣʘʩʴ ʧʨʦʙʘ ʛʠʛʘʥʪʦʟʝʨʥʠʩʪʦʛʦ ʧʝʛʤʘʪʦʠʜʥʦʛʦ ʛʘʙʙʨʦ (ʦʙʨ. ɺ12). ɺ ʥʝʡ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ ʙʦʣʝʝ 150 ʰʪ ʦʙʣʦʤʢʦʚ (ʨʝʞʝ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʟʝʨʝʥ) ʧʨʦʟʨʘʯʥʳʭ ʩ ʞʝʣʪʦʚʘʪʳʤ 

ʦʪʪʝʥʢʦʤ ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʤʝʨʦʤ ʜʦ 450 ʤʢʤ. ʇʨʠʟʤʘʪʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ ʚ ʢʘʪʦʜʥʳʭ ʣʫʯʘʭ 

ʧʨʦʷʚʣʷʶʪ ʨʦʩʪʦʚʫʶ ʟʦʥʘʣʴʥʦʩʪʴ, ʯʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʦʪʥʦʰʝʥʠʝʤ Th/U ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0.2 ʜʦ 

0.35 ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʤʘʛʤʘʪʠʯʝʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ɺ ʥʝʢʦʪʦʨʳʭ ʟʝʨʥʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʤʝʣʢʠʝ 

ʪʨʝʱʠʥʳ. ɼʘʪʠʨʦʚʘʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʳ ʧʨʦʚʝʜʝʥʦ ʤʝʪʦʜʘʤʠ SIMS ʠ LA-ISP-MS. 

ʅʘ ʠʦʥʥʦʤ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʝ SHRIMP-II ʚ ʎʝʥʪʨʝ ʠʟʦʪʦʧʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ɺʉɽɻɽʀ 

(ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ) SIMS ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʦ 11 ʦʧʨʝʜʝʣʝʥʠʡ ʧʦ 10 ʟʝʨʥʘʤ ʮʠʨʢʦʥʘ. ʀʟʦʪʦʧʥʳʝ 

ʜʠʘʛʨʘʤʤʳ ʩ ʢʦʥʢʦʨʜʠʝʡ ʠ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʛʦ ʚʦʟʨʘʩʪʘ (ʨʠʩ. 3.14) ʜʘʶʪ ʠʜʝʥʪʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ï 

264 Ñ 2 ʤʣʥ ʣʝʪ (ʉʂɺʆ = 0.35 ʠ 1.1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʦʯʢʠ 2 ʠ 5 ʜʘʣʠ 

ʧʦʥʠʞʝʥʥʦʝ ʦʪʥʦʰʝʥʠʝ Th/U (ʧʨʠʣ. 4, ʪʘʙʣ. 1). ʕʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʣʠʙʦ ʦ ʥʝ 

ʢʦʨʨʝʢʪʥʳʭ ʠʟʤʝʨʝʥʠʷʭ ʚ ʢʨʘʝʚʳʭ ʯʘʩʪʷʭ ʟʝʨʝʥ, ʣʠʙʦ ʦ ʚʝʨʦʷʪʥʦʤ ʤʝʪʘʤʦʨʬʠʟʤʝ, ʥʦ ʚ ʧʨʝʜʝʣʘʭ 

ʧʦʛʨʝʰʥʦʩʪʠ ʤʝʪʦʜʘ, ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʧʦʣʫʯʝʥʥʦʡ ʜʘʪʠʨʦʚʢʦʡ. 

ɼʣʷ ʜʘʪʠʨʦʚʘʥʠʷ ʚ ʇʨʠʤʦʨʩʢʦʤ ʮʝʥʪʨʝ ʣʦʢʘʣʴʥʦʛʦ ʵʣʝʤʝʥʪʥʦʛʦ ʠ ʠʟʦʪʦʧʥʦʛʦ ʘʥʘʣʠʟʘ 

ɼɺɻʀ ɼɺʆ ʈɸʅ (ʛ. ɺʣʘʜʠʚʦʩʪʦʢ) LA-ISP-MS ʤʝʪʦʜʦʤ ʙʳʣʦ ʦʪʦʙʨʘʥʦ 35 ʟʝʨʝʥ, ʠʟ ʢʦʪʦʨʳʭ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 22 ʪʦʯʢʠ ʚ ʨʘʟʥʳʭ ʟʝʨʥʘʭ. ʅʘ ʜʠʘʛʨʘʤʤʝ ʩ ʢʦʥʢʦʨʜʠʝʡ (ʨʠʩ. 3.14) 17 

ʦʧʨʝʜʝʣʝʥʠʡ ʦʙʨʘʟʫʶʪ ʦʙʣʘʩʪʴ ʩ ʢʦʥʢʦʨʜʘʥʪʥʳʤ ʟʥʘʯʝʥʠʝʤ ʚʦʟʨʘʩʪʘ 253 Ñ 3 ʤʣʥ ʣʝʪ (ʉʂɺʆ = 

0.82). ʉʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʚʦʟʨʘʩʪ ʜʣʷ ʵʪʠʭ ʞʝ ʦʧʨʝʜʝʣʝʥʠʡ ʩʠʣʴʥʝʝ ʦʙʨʝʤʝʥʝʥ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʧʦʛʨʝʰʥʦʩʪʴʶ ʠ ʩʦʩʪʘʚʣʷʝʪ 253 Ñ 4 ʤʣʥ ʣʝʪ ʧʨʠ ʉʂɺʆ = 1.6. 

ʆʩʪʘʣʴʥʳʝ ʧʨʦʙʳ ʙʳʣʠ ʜʘʪʠʨʦʚʘʥʳ ʚ ʊʷʥʴʮʟʠʥʴʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʴʥʳʭ 

ʨʝʩʫʨʩʦʚ (TIGMR CAGS, ʂʠʪʘʡ) ʤʝʪʦʜʦʤ LA-ICP-MS ʥʘ ʧʨʠʙʦʨʝ Thermo Fisher NEPTUNE. 

ɺ ʧʨʦʙʝ ʘʤʬʠʙʦʣʦʚʦʛʦ ʛʘʙʙʨʦ (ʦʙʨ. AG21/8) ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 18 ʟʝʨʥʝʥ ʮʠʨʢʦʥʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʟʨʘʯʥʳʤʠ, ʤʫʪʥʦʚʘʪʳʤʠ ʣʠʙʦ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʳʤʠ ʨʘʟʥʦʩʪʷʤʠ. 

ʈʘʟʤʝʨ ʦʙʣʦʤʢʦʚ ʠ ʢʦʨʦʪʢʦʩʪʦʣʙʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ ʦʪ 50 ʜʦ 250 ʤʢʤ. ɺ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʟʝʨʥʘʭ 

ʦʪʤʝʯʘʶʪʩʷ ʚʢʣʶʯʝʥʠʷ ʠ ʤʝʣʢʠʝ ʪʨʝʱʠʥʳ. ɺʩʝʛʦ ʙʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 18 ʪʦʯʝʢ ʚ 16 ʟʝʨʥʘʭ 

ʠʟ ʢʦʪʦʨʳʭ ʢʦʥʢʦʨʜʘʥʪʥʳʡ ʚʦʟʨʘʩʪʥʦʡ ʢʣʘʩʪʝʨ ʦʙʨʘʟʫʶʪ 11 ʪʦʯʝʢ ʚ 10 ʟʝʨʥʘʭ (ʨʠʩ. 3.14). 

ɿʥʘʯʝʥʠʝ ʢʦʥʢʦʨʜʘʥʪʥʦʛʦ ʚʦʟʨʘʩʪʘ ʩʦʩʪʘʚʣʷʝʪ 269 Ñ 2 ʤʣʥ ʣʝʪ ʧʨʠ ʉʂɺʆ = 5.9. ɺ ʪʦʞʝ ʚʨʝʤʷ  
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ʈʠʩ. 3.14. ɼʠʘʛʨʘʤʤʳ ʩ ʢʦʥʢʦʨʜʠʝʡ ʠ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʭ ʚʦʟʨʘʩʪʦʚ ʜʣʷ ʮʠʨʢʦʥʦʚ ʠʟ ʛʘʙʙʨʦʠʜʦʚ ʏʫʛʫʝʚʩʢʦʛʦ ʠ ɹʨʝʝʚʩʢʦʛʦ ʤʘʩʩʠʚʦʚ. 

ʉʂɺʆ ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʚʟʚʝʰʝʥʥʦʝ ʦʪʢʣʦʥʝʥʠʝ; P(ɢ2) ï ʚʝʨʦʷʪʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ʢʦʥʢʦʨʜʘʥʪʥʦʩʪʠ;  

n ï ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʘʥʘʣʠʟʘ; ʧʦʛʨʝʰʥʦʩʪʴ ï 2ů. 
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ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʚʦʟʨʘʩʪ ʜʘʝʪ ʪʫʞʝ ʮʠʬʨʫ, ʥʦ ʚʝʣʠʯʠʥʘ ʉʂɺʆ ʧʨʠ ʵʪʦʤ ʨʘʚʥʘ ʚʩʝʛʦ 0.49. 

ʏʫʛʫʝʚʩʢʠʡ ʤʘʩʩʠʚ. ʉʨʝʜʠ ʛʘʙʙʨʦʠʜʦʚ ʏʫʛʫʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ ʜʦʩʪʘʪʦʯʥʦʝ ʜʣʷ 

ʜʘʪʠʨʦʚʘʥʠʷ ʢʦʣʠʯʝʩʪʚʦ ʟʝʨʝʥ ʮʠʨʢʦʥʘ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʪʦʣʴʢʦ ʚ ʧʨʦʙʝ ʘʤʬʠʙʦʣʦʚʦʛʦ 

ʛʘʙʙʨʦʥʦʨʠʪʘ (AG21/6). ʎʠʨʢʦʥ ʠʟ ʵʪʦʡ ʧʨʦʙʳ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʣʦʤʢʘʤʠ ʠ ʫʜʣʠʥʝʥʥʦ- 

ʧʨʠʟʤʘʪʠʯʝʩʢʠʤʠ ʧʨʦʟʨʘʯʥʳʤʠ ʠ ʤʫʪʥʦʚʘʪʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʨʘʟʤʝʨʦʤ ʦʪ 40 ʜʦ 200 ʤʢʤ. ɿʝʨʥʘ 

ʯʘʩʪʦ ʪʨʝʱʠʥʦʚʘʪʳʝ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʝʣʢʠʝ ʚʢʣʶʯʝʥʠʷ. ɺʩʝʛʦ ʙʳʣʦ ʦʪʦʙʨʘʥʦ 12 ʟʝʨʝʥ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 15 ʪʦʯʝʢ. ʀʟ ʥʠʭ ʢʦʥʢʦʨʜʘʥʪʥʳʡ ʚʦʟʨʘʩʪʥʦʡ ʢʣʘʩʪʝʨ ʦʙʨʘʟʫʶʪ 10 ʪʦʯʝʢ ʚ 8 

ʟʝʨʥʘʭ (ʨʠʩ. 3.14). ʇʦ ʜʠʘʛʨʘʤʤʘʤ ʩ ʢʦʥʢʦʨʜʠʝʡ ʠ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʛʦ ʚʦʟʨʘʩʪʘ ʧʦʣʫʯʝʥʳ 

ʠʜʝʥʪʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ï 279 Ñ 2 ʤʣʥ ʣʝʪ (ʉʂɺʆ 3.7 ʠ 0.21 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʄʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʠʟʫʯʝʥʥʳʭ ʮʠʨʢʦʥʦʚ. ɺ ʮʠʨʢʦʥʘʭ ʠʟ ʧʨʦʙ ʘʤʬʠʙʦʣʦʚʦʛʦ 

ʛʘʙʙʨʦʥʦʨʠʪʘ (AG21/6) ʠ ʘʤʬʠʙʦʣʦʚʦʛʦ ʛʘʙʙʨʦ (ʦʙʨ. AG21/8) ʙʳʣ ʠʟʫʯʝʥ ʤʠʢʨʦʵʣʝʤʝʥʪʥʳʡ 

ʩʦʩʪʘʚ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʨʠʩ 3.15, ʧʨʠʣ. 5) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʮʠʨʢʦʥʳ ʠʟ ʛʘʙʙʨʦʠʜʦʚ 

ʏʫʛʫʝʚʩʢʦʛʦ ʠ ɹʨʝʝʚʩʢʦʛʦ ʤʘʩʩʠʚʦʚ ʦʙʣʘʜʘʶʪ ʩʭʦʞʠʤʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ɼʣʷ 

ʥʠʭ ʭʘʨʘʢʪʝʨʥʳ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʩʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʪʷʞʝʣʳʭ ʈɿʕ ʥʘʜ ʣʝʛʢʠʤʠ ʠ ʚʳʨʘʞʝʥʥʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ Ce ʘʥʦʤʘʣʠʷ 

(ʨʠʩ. 3.15 ɸ ʠ ɹ). ʎʠʨʢʦʥʳ ɹʨʝʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ ʚʳʜʝʣʷʶʪʩʷ ʩʣʝʛʢʘ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʈɿʕ ʠ ʥʘʣʠʯʠʝʤ ʩʣʘʙʦʡ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʘʥʦʤʘʣʠʠ ʧʦ Eu. ɺ ʮʝʣʦʤ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʈɿʕ ʚ 

ʜʘʥʥʳʭ ʧʨʦʙʘʭ ʪʠʧʠʯʝʥ ʜʣʷ ʥʝʠʟʤʝʥʝʥʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʮʠʨʢʦʥʦʚ [Hoskin, Schaltegger, 2003; 

Hoskin, 2005]. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʚʘʨʠʘʮʠʦʥʥʳʭ ʜʠʘʛʨʘʤʤʘʭ La ï (Sm/La)n ʠ (Sm/La)n ï Ce/Ce* 

(ʨʠʩ. 3.15 ɺ ʠ ɻ) ʙʦʣʴʰʠʥʩʪʚʦ ʘʥʘʣʠʟʦʚ ʧʦʧʘʜʘʶʪ ʚ ʧʦʣʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʮʠʨʢʦʥʦʚ. ʆʪʥʦʰʝʥʠʝ 

Th/U ʚ ʠʟʫʯʝʥʥʳʭ ʟʝʨʥʘʭ ʚʘʨʴʠʨʫʝʪ ʦʪ 0.29 ʜʦ 1.66, ʯʪʦ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʭ ʤʘʛʤʘʪʠʯʝʩʢʫʶ 

ʧʨʠʨʦʜʫ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʚ ʥʝʢʦʪʦʨʳʭ ʘʥʘʣʠʟʘʭ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʣʝʛʢʠʭ 

ʈɿʕ (ʦʩʦʙʝʥʥʦ La), ʘ ʥʘ ʚʘʨʠʘʮʠʦʥʥʳʭ ʜʠʘʛʨʘʤʤʘʭ (ʨʠʩ. 3.15 ɺ ʠ ɻ) ʦʥʠ ʟʘʥʠʤʘʶʪ ʣʠʙʦ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʣʠʙʦ ʥʘʭʦʜʷʪʩʷ ʙʣʠʞʝ ʢ ʧʦʣʶ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʮʠʨʢʦʥʦʚ. ʕʪʦ 

ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʤ ʠʣʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʤ ʛʝʥʝʟʠʩʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʟʝʨʝʥ [Hoskin, 2005]. ʆʜʥʘʢʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʪʦ ʩʢʦʨʝʝ ʩʚʷʟʘʥʦ ʩ ʧʦʧʘʜʘʥʠʝʤ ʚ ʦʙʣʘʩʪʴ ʘʥʘʣʠʟʘ 

ʚʢʣʶʯʝʥʠʡ ʠʥʦʨʦʜʥʳʭ ʤʠʥʝʨʘʣʦʚ. ɺʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ, ʥʝ ʩʚʦʡʩʪʚʝʥʥʳʭ ʜʣʷ 

ʮʠʨʢʦʥʘ (Ca=1493 ppm, P=1223 ppm ʠ Sr=1.73 ppm, ʧʨʠʣ. 5), ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ 

ʘʥʘʣʠʟʘ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʚʢʣʶʯʝʥʠʷ ʘʧʘʪʠʪʘ. 

 

3.3.2 ʈʝʟʫʣʴʪʘʪʳ U-Pb ʜʘʪʠʨʦʚʘʥʠ ̫ʧʦ ʘʧʘʪʠʪʘʤ 

ʄʦʥʦʤʠʥʝʨʘʣʴʥʳʝ ʬʨʘʢʮʠʠ ʘʧʘʪʠʪʘ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠʟ ʪʨʝʭ ʧʨʦʙ ʛʘʙʙʨʦʠʜʦʚ ʏʫʛʫʝʚʩʢʦʛʦ 

ʤʘʩʩʠʚʘ. ɼʣʷ ʘʥʘʣʠʟʘ ʠʟ ʬʨʘʢʮʠʡ ʚʳʙʠʨʘʣʠʩʴ ʜʦʩʪʘʪʦʯʥʦ ʢʨʫʧʥʳʝ (ʦʪ 100 ʤʢʤ) ʟʝʨʥʘ ʙʝʟ 

ʚʠʜʠʤʳʭ ʜʝʬʝʢʪʦʚ. ɼʘʪʠʨʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʤʝʪʦʜʦʤ LA-ICP-MS ʚ ʊʷʥʴʮʟʠʥʴʩʢʦʤ ʠʥʩʪʠʪʫʪʝ 

ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ (TIGMR CAGS, ʂʠʪʘʡ). ɺʩʝ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ 
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ʦʪʣʠʯʘʶʪʩʷ ʥʠʟʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ U (ʜʦ 18.66 ppm, ʧʨʠʣ. 4, ʪʘʙʣ. 3), ʥʦ ʧʨʠ ʵʪʦʤ ʥʘ 

ʜʠʘʛʨʘʤʤʘʭ ʊʝʨʨʘ-ɺʘʩʩʝʨʙʫʨʛʘ (ʨʠʩ. 3.16) ʣʠʥʠʠ ʜʠʩʢʦʨʜʠʠ ʩʯʠʪʘʶʪʩʷ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ, ʪ.ʢ. 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʦʨʦʛ ʧʦʛʨʝʰʥʦʩʪʠ (ʉʂɺʆ <2 [Glorie et al., 2020]) ʥʝ ʧʨʝʚʳʰʝʥ. 

ɸʧʘʪʠʪʳ ʠʟ ʧʨʦʙʳ ʘʤʬʠʙʦʣʦʚʦʛʦ ʥʦʨʠʪʘ (AG21/1) ʦʪʣʠʯʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʥʠʟʢʠʤʠ 

ʩʦʜʝʨʞʘʥʠʷʤʠ U (0.19-1.44 ppm) ʠ Pb (0.39-1.04 ppm). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʨʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ (ʨʝʢʦʤʝʥʜʘʮʠʷ 

ʣʘʙʦʨʘʪʦʨʠʠ). ʈʘʩʩʯʠʪʘʥʥʳʡ ʩ ʙʦʣʴʰʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʚʦʟʨʘʩʪ ʜʣʷ ʵʪʦʛʦ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʠʣ 

267 Ñ 34 ʤʣʥ ʣʝʪ (ʉʂɺʆ = 1.1, ʚʝʨʦʷʪʥʦʩʪʴ = 0.3). 

ɺ ʧʨʦʙʝ ʘʤʬʠʙʦʣʦʚʦʛʦ ʛʘʙʙʨʦ (AG21/5) ʧʨʠʩʫʪʩʪʚʫʶʪ ʘʧʘʪʠʪʳ ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʫʭ 

ʨʘʟʣʠʯʥʳʭ ʛʝʥʝʨʘʮʠʡ. ɺ ʦʪʜʝʣʴʥʫʶ ʛʨʫʧʧʫ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʫʜʣʠʥʝʥʥʦ-

ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʟʝʨʥʘ ʠ ʠʭ ʦʙʣʦʤʢʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʟʘʢʨʳʪʠʷ U-Pb ʠʟʦʪʦʧʥʦʡ ʩʠʩʪʝʤʳ ʚ ʪʘʢʠʭ 

ʢʨʠʩʪʘʣʣʘʭ ʥʘʠʙʦʣʴʰʘʷ (ʦʪ 550 ʦʉ) ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʨʘʩʩʯʠʪʘʥʥʳʡ ʚʦʟʨʘʩʪ ʜʦʣʞʝʥ ʙʳʪʴ ʥʘʠʙʦʣʝʝ 

ʜʨʝʚʥʠʤ. ʆʜʥʘʢʦ ʚʦʟʨʘʩʪ ʦʪʜʝʣʴʥʦ ʪʦʣʴʢʦ ʵʪʠʭ ʢʨʠʩʪʘʣʣʦʚ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩ ʙʦʣʴʰʦʡ 

ʧʦʛʨʝʰʥʦʩʪʴʶ (269 Ñ 21 ʤʣʥ ʣʝʪ, ʉʂɺʆ = 1.2) ʠʟ-ʟʘ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʥʘʣʠʟʦʚ (n=16) ʠ 

ʥʠʟʢʠʭ ʩʦʜʝʨʞʘʥʠʡ U (ʧʨʠʣ. 4, ʪʘʙʣ. 3, ̄  3-19). ʉʨʝʜʠ ʦʩʪʘʣʴʥʳʭ ʟʝʨʝʥ ʚʳʜʝʣʠʪʴ ʦʪʣʠʯʠʪʝʣʴʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʥʝʚʦʟʤʦʞʥʦ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʙʦʨ ʪʘʙʣʠʪʯʘʪʳʭ ʠ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ 

ʈʠʩ. 3.15. ʈʝʜʢʦʟʝʤʝʣʴʥʳʡ ʩʦʩʪʘʚ ʮʠʨʢʦʥʦʚ ʠʟ ʧʦʨʦʜ ʏʫʛʫʝʚʩʢʦʛʦ ʠ ɹʨʝʝʚʩʢʦʛʦ ʤʘʩʩʠʚʦʚ. 

ɸ ʠ ɹ ï ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʈɿʕ; ɺ ʠ ɻ ï ʜʠʘʛʨʘʤʤʳ La ï (Sm/La)n ʠ (Sm/La)n ï Ce/Ce* 

ʧʦ [Hoskin, 2005]. (Sm/La)n = (Sm/0.153)/(La/0.237). 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʛʘʙʙʨʦʥʦʨʠʪ, ʏʫʛʫʝʚʩʢʠʡ ʤʘʩʩʠʚ; 2 ï ʘʤʬʠʙʦʣʦʚʦʝ ʛʘʙʙʨʦ, ɹʨʝʝʚʩʢʠʡ ʤʘʩʩʠʚ. 



50 

ʢʨʠʩʪʘʣʣʦʚ ʠ ʦʙʣʦʤʢʦʚ ʨʘʟʥʦʡ ʬʦʨʤʳ, 

ʦʪʜʝʣʴʥʳʡ ʚʦʟʨʘʩʪ ʢʦʪʦʨʳʭ ʪʘʢʞʝ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩ ʙʦʣʴʰʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ 

(261 Ñ 17 ʤʣʥ ʣʝʪ, ʉʂɺʆ = 1.1). ɺʩʝ ʞʝ 

ʥʘʣʠʯʠʝ ʨʘʟʣʠʯʥʳʭ ʛʝʥʝʨʘʮʠʡ ʘʧʘʪʠʪʦʚ ʚ 

ʧʦʨʦʜʝ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ 

ʧʨʦʮʝʩʩʦʚ ʘʚʪʦʤʝʪʘʤʦʨʬʠʟʤʘ ʧʨʠ ʝʝ 

ʦʭʣʘʞʜʝʥʠʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʚʝʨʥʳʤ ʫʯʠʪʳʚʘʪʴ ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ 

ʚʩʝʤ ʟʝʨʥʘʤ ʚʦʟʨʘʩʪ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ 

265 Ñ 12 ʤʣʥ ʣʝʪ (ʉʂɺʆ = 1.1). 

ɸʧʘʪʠʪʳ ʘʤʬʠʙʦʣʦʚʦʛʦ ʛʘʙʙʨʦʥʦʨʠʪʘ 

(AG21/6) ʚʳʜʝʣʷʶʪʩʷ ʥʘʠʙʦʣʴʰʝʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ U (5.45-18.66 ppm), ʚ ʩʚʷʟʠ ʩ 

ʯʝʤ ʚʦʟʨʘʩʪ ʜʣʷ ʵʪʦʡ ʧʨʦʙʳ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ï 254 Ñ 7 

ʤʣʥ ʣʝʪ (ʉʂɺʆ = 0.77). ʇʦʣʫʯʝʥʥʳʡ 

ʨʝʟʫʣʴʪʘʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʦʣʦʞʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʜʘʪʠʨʦʚʢʦʡ ʮʠʨʢʦʥʦʚ ʠʟ ʵʪʦʛʦ ʞʝ ʦʙʨʘʟʮʘ 

(279 Ñ 2 ʤʣʥ ʣʝʪ, ʨʠʩ. 3.14). ʕʪʦ ʤʦʞʝʪ 

ʛʦʚʦʨʠʪʴ ʣʠʙʦ ʦ ʚʦʟʨʘʩʪʝ ʙʦʣʝʝ ʧʦʟʜʥʝʛʦ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʙʳʪʠʷ, ʚʳʟʚʘʚʰʝʛʦ 

ʠʟʤʝʥʝʥʠʠ U-Pb ʠʟʦʪʦʧʥʦʡ ʩʠʩʪʝʤʳ ʚ 

ʘʧʘʪʠʪʘʭ, ʣʠʙʦ ʦ ʪʦʤ, ʯʪʦ ʧʦʨʦʜʘ 

ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʘʩʴ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʠ 

ʟʘʚʝʨʰʠʣʘ ʩʚʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ 

ʨʘʥʥʝʪʨʠʘʩʦʚʦʝ ʚʨʝʤʷ. 

 

3.3.3 ʈʝʟʫʣʴʪʘʪʳ 40Ar/ 39Ar ʜʘʪʠʨʦʚʘʥʠ ̫

ʇʦʤʠʤʦ U-Pb ʜʘʪʠʨʦʚʘʥʠʷ ʧʦ 

ʮʠʨʢʦʥʘʤ ʠ ʘʧʘʪʠʪʘʤ, ʥʘʤʠ ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ 

ʧʦʧʳʪʢʘ ʜʘʪʠʨʦʚʘʥʠʷ ʏʫʛʫʝʚʩʢʠʭ ʛʘʙʙʨʦʠʜʦʚ 

40Ar/39Ar ʤʝʪʦʜʦʤ. ɼʣʷ ʵʪʦʛʦ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʦʙʨʘʟʝʮ ʘʤʬʠʙʦʣʦʚʦʛʦ ʥʦʨʠʪʘ (ʦʙʨ. 9ɸ), 

ʦʪʦʙʨʘʥʥʳʡ ʚ ʨʘʡʦʥʝ ʨʫʯ. ʉʪʝʧʘʥʦʚ 2-ʡ. 
ʈʠʩ. 3.16. ɼʠʘʛʨʘʤʤʳ ʊʝʨʨʘïɺʘʩʩʝʨʙʫʨʛʘ ʜʣʷ 

ʘʧʘʪʠʪʦʚ ʠʟ ʛʘʙʙʨʦʠʜʦʚ ʏʫʛʫʝʚʩʢʦʛʦ ʤʘʩʩʠʚʘ. 
























































































































































































































