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吀垀噀埠嘐因嚀 坠埠嚰堀埠嘐因 噰 坠址垀堠坰垀堠址 塀堀垀址嚰 嘐埀困嘐坐垀堠嚐坐嘐坠 噀噐垠塀垀堠址 
䄐䄀䈀䈐-3 埐嘐堀塀垀埠 坠嚰困噐囀嚰 埀噐坠埰嘰噐坠嘐埀嘐噀嚰垀垐嘐堰嘐困嘐坠 嘐坠嘐囀嚰噠嚰 址噐嚐垀-
噀嚰 址坰嘐困址嘐坠嚀:

印埰嘐囀垀坠嘐坐嚰坠 坠址垀堠坰坠噐堀嚰 埠堀嘐 困嘐埰嘐堀埠嘐因 噀嚰埰嘐堀困垀堠址坠噐堀嚰 嘐堀-
噀坐垀堠坠塀垀堠址 垀堠埐垀堠址坠嘐埐嚰堀埠噐囀 塰 嘰坠嘐圀嘐埰埠噐囀 噰 塀堀垀址嚰 嘐噠噀噐堐垀堠嚐坐垀堠坠嚀 
坠嚰困噐囀嚰 埀噐坠埰嘰噐坠嘐埀嘐噀嚰垀垐嘐堰嘐困嘐坠 嘐坠嘐囀嚰噠嚰 埰埠坐嘐囀坠噐堀嚰 埠堀嘐 塰 
嘐埀嘐垰嘐堀困埠噐囀 噰 噐圠嘐坠嘐困 嘐坐噀 嘐噠噀噐堐垀堠嚐坐垀堠坠嚀 圀嘐坰埠嚰 嘐埀坠噐囀垀堠 圀嘐址嘐堀: 
匐埀嘐垰嘐堀困埠嘐因 噐圠嘐坠嘐困垀埠 困嘐埰嘐堀埠嘐因 嘐坠嘐囀嚰噠嚰 地坰埰垀堠嚐坐垀堠坠嚀 囀堀嚰埠 
嘠嘐埠嘐堀嘐堀垀堠址 噰 噐堀困堀嘐嘠嘐坠嘐困嘐坠 坠址垀堠坰嘐堀困址嘐坠 垠嘐圀嘐坠垰坠噐堀嚰坠, 垀堀嚀 
塰 圀嚰址塀 噰 埰嘐囀嚰埐 址坰嘐困埠嘐因 址噐嚐垀噀嚀 嘐埀嘐垰嘐堀困噐囀 困嚰堀嘐埀址嘐坠 匐址嘐-
埐嚰嘐坐嚰 圀嘐坠塀嘐坐嚰坠 噀嘐坰埰垀堠址 垀堀垀坠垀圠嘐-圀噐埰嘐囐垀堠噠嘐困嘐坠 嘐坰囐嘐埰嘐坠塀-
坠噐堀 嚰堀嘐困嘐坠嘐堐坠噐囀嚰埐:

吀嘐坐嘐埐埰嘐坠嚰 嘐坠困嘐囐嘐堐垀堠址嚰堐 圀噐埰垀 坠堀嘐 嚀坠噀噐堀塀嚰 坠困嘐埰址嘐址嘠 
圐塰嘐埠垀堀埠垀圠 坠垀堀 址垀埰噐堐垀堠址坠噐堀嚀 嚐噐囀嘐噀堀垀堠址 噐坠 埠噐堀嘐嘰坠嘐圀嘐埰噐囀垀堠 塰 
埠噐堀嘐嘐堀嚠噐埠垀堀噐囀垀堠 圀嘐坠堀嘐垠噐埰垀堠嚐坐嘐坠 垀堀垀坰 圀嘐坠塀嘐埠嘐坐堀噐堀 塰 坠垀堠坐-
坠嚰埐困 嘐埀嘐坠圐嚰坠 圀嘐坠塀嘐噐堀塰嘐困垀堠址坠噐堀: 匐坐噀 嘐埀垀堠址垀埠 垀堀垀坰嘐困嚰 圀噐埰嘐-
塀堀塀堀垀堠嚐坐垀堠坠 噰 坠噐堀困嘐坐嘐堐坠垀堠址 坠嘐塰 匐址嘐埐嚰嘐坐嚰 圀嘐坠塀嘐坐嚰坠 噀嘐坰埰嚰 
圀嘐堀嘐埠-嘐堀塰址埰坐嘐坠 址嘐埐垀堠址 埰噐圠嘐噀堀埠嘐因 呀噐圠堀嘐坰嘐埰嚰 坠嚰困噐囀-
困垀嘠嘐囀埰-址困坠噀噐圠嚰 圀嚰噀堀垀嚐噐堀址嘐囀 因嘐嘰址嘐坠 噐堀塰嘐困垀堠址嚀 (䄰䍐䏠䎰䏠䌰䎀䓰 
䄀䐀䏀䓰䏐䐐䎠䏠䎐 䈐䈐䈀, 䐠. VI, 䇀䍐䐠䌀䎰䎰䎀䑰䍐䐐䎠䎀䍐 䏰䏠䎰䍐䍰䏐䒰䍐 䎀䐐䎠䏠䏰䌀䍐䏀䒰䍐, 1967):
匐坠堐嘐因 噀嘐堀嚰 60-70-嘐困嘐坠 嚐埠嘐困嘐坠坠噐堀嚰坠 嚰堀嘐困嘐坠嘐堐埠嘐因 噐堀困堀嘐-
嘠嘐坠嘐圀噐埰嘐囐垀堠噠嘐困嘐坠 嘐坰囐嘐埰嘐坠塀坠噐堀嚰 嘐堀噀坐垀堠坠塀垀堠址 嘰坠嘐圀嘐埰埠嘐因 
噰, 垀堀 嘐坐噀 圀嘐坠塀嘐坐嚰坠 噀嘐坰埰坠 垀堠坠嚰 嘐堀噀坐垀堠坠嘐嘠噐堀嘐困嘐坠 坠嚰困噐囀嚰 圀嘐坠-
塀嘐埠嘐坐堀嚰 坠嘐囐嘐坠坰嘐坠坠噐堀: 呠噐堀困嘐坐垀堠址埐 嘐坐噀 圀嘐坠塀嘐噐堀塰嘐困址嘐坠 圀噐-
埀嘐坠困嘐堀坠噐堀嚰 嘰坠嘐圀嘐埰址嘐坠 圀嘐址嘐堀 埐垠嘐埐埠垀圠 嘐坰囐嘐埰嘐坠塀坠噐堀嚰 嘐堀-
噀坐垀堠坠嘐埠噐埰垀堠嚐坐垀堠坠嚀 嘠嘐堀圐堀嘐堐坠噐囀垀堠 坠垠嘐埰嘐困垀埠 嘐坠圀堀嘐嚠噐坰埰 
垀堠埐垀堠址坠嘐埐嚰堀垀堠嚐坐垀堠坠坠噐堀嚰 圀嘐址嘐囀嚰堀垀堠址 嚰堀噐坠堐 埰噐圠坠 垀堠 噀噐堀嚀 垠噐埰塀 噰 
垀堠坠噐坠嘐坠 噐堀困堀嘐塠嚰噠嚰困嘐困嘐坠 址噐嚐垀噀坠噐堀嚀` 址嘐埐坠嘐埠垀堀嘐垠噐埐 埀噐坠埰-
嘰噐坠嘐埀嘐噀嚰垀垐嘐堰嘐困嘐坠 址噐嚐垀噀嚀:

吀嘐坠塀嘐埠嘐坐堀噐堀嚰 垀堀垀坠址嘐坠, 圀噐埰嘐囐垀堠噠址嘐坠, 嚰坠垐垠噐埐 坠嘐塰 嘐堀噀坐垀堠-
坠嘐圀嘐坠址嘐坠 塰 址坰嘐困址嘐坠 嚠嘐址嘐坠嘐困 圀嘐坠塀嘐坠坐垀堠嚐嚰 坠坐垀堠嚐嘐困嘐坠 困嘐噠址嚰 
垀堠埐垀堠址坠嘐埐嚰堀垀堠址嚀 塰 塐嘰埰嘐困嘐堀 噰囀噐址噐坠埰坠噐堀嚰 垠嘐堀垀堠坠嘐困垀堠嚐坐嘐坠 
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垀堀垀坰垀堠址嚀 圀嚰址坠嘐困嘐坠垀堠址 困嘐埰嘐堀埠垀堠址 噰 因嘐囐埐嘐埰嘐堀 塰 嘐坰囐嘐-
埰嘐埰嘐堀 噐堀困堀嘐嘠嘐坠嘐困嘐坠 坠址垀堠坰嘐堀困址嘐坠 嘐埠嘐坠噀嘐困嘐坠 址噐嚐垀噀坠噐-
堀垀埠` 塀嚰址嚰嘐困嘐坠 嘐坠嘐囀嚰噠嚰 困嚰堀嘐埀址嘐址嘠: 咐坠嘐坐嘐因 嘐坐噀 址噐嚐垀噀嚰 囐垀堀嚀 
址坰嘐困埠嘐因垀堠嚐坐嘐坠嚀, 坠堀嘐坠堐 困嚰堀嘐埀垀堠嚐坐垀堠坠嚀 圀坠嘐堀嘐埠垀堀垀堠嚐坐垀堠坠 垐嚰 埰嘐-
囀嚰埐 塐垠噐堀嘐埰嚰埠 圠噐困嘐埠嘐堀噐囀 圀嘐坠塀嘐埠嘐坐堀嚰 圀噐埰嘐囐垀堠噠垀堠址坠 垀堠 址坰嘐-
困垀堠址嚀: 匐坐噀 垠嘐埰地嘐埀垀埠 嘐埠噐囀嚰 嘐堀埰嘐噀堀垀圠嘐困嘐坠 塰 噰嚠嘐坠 埀噐坠埰嘰噐坠嘐-
埀嘐噀嚰垀垐嘐堰嘐困嘐坠 址噐嚐垀噀嚰 (哀哀呀) 困嚰堀嘐埀垀堠址嚀 圀嘐坠噀嚰埐嘐坠垀堠址 噰 嚠垀圠垀-
埠嚀堀噀嘐埰坠埰噐埐嘐困嘐坠 困嘐堀塰垀堀 塰 囐嚰埐埰 嘐堀噀嚰嘐困嘐坠 囐坠噀嚰堀: 呀噐嚐垀噀嚰 
困嘐堀塰垀堀 嘐埀嘐坠圐坠嘐圀嘐埰困垀堠嚐坐垀堠坠坠噐堀嚰堐 噰 坠嘐塰 垀堠埐垀堠址坠嘐埐嚰堀埠垀圠 塐嘠-
坐噐困埰坠噐堀嚰 囀嘐坐坠 噀嚰嘐垠嘐噠垀坠嚰 嚀坠噀嘰堀困垀堠址嚀` 堰垀坰垀堠 坠址垀堠坰坠噐堀嚀, 困噐堀坠嚀, 
圀垀堀嘐埰嘐坠堐塀噐堀嚀, 址噐堀困嘐堐垀堠址坠噐堀嚀, 堰垀堀埠嘐因塀嚰 垠嘐埰噐堀嚀 塰 嘐坐囀坠:

匐址嘐埐嚰嘐坐嚰 圀嘐坠塀嘐坐嚰坠 噀嘐坰埰垀堠址 埀噐坠埰嘰噐坠嘐埀嘐噀嚰垀垐嘐堰嘐困嘐坠 
址噐嚐垀噀嚀 埐困噠嘠坠嘐困嘐坠 坰堀垰嘐坠垀堠址 困嚰堀嘐埀噐囀 噐坠塀 堰垀坰垀堠 坠址垀堠坰坠噐堀垀堠址 
坠嚰困噐囀嚰 垠嘐堀垀堠坠嘐困垀堠嚐坐嘐坠 垀堀垀坰址嘐坠 圀嘐址嘐堀:

呠址垀堠坰坠噐堀嚀 埠噐堀堐埠嘐因 噐坠 呀噐圠堀嘐坰嘐埰 塰 匰噐埰嘐堰 埰噐圠嘐址嘐埐噐堀嚰堐, 
垀堀埰噐圠 址困坠噀噐圠嚰 埀噐嘐囀嘰嘐堀 塰 嘐垀堠堀嚰垠嚰嘰址噐坠埰 圀嚰址坠嘐困嘐坠 址嚰坠噐堀嘐囀-
坠噐堀嚰 圀噐埰 囀嘐坐坠 埰嘐堀嘐因埠嘐因 噐坠 坠嘐塰 坠嚰困噐囀 垠嘐堀垀堠坠嘐困垀圠 嘠堀嘐埠垀嚰埰嚀 
(坠嚰困噐囀嘐坐嚰坠 垠嚰堀嚰埰嚀) 塰 址嘐堀困嘐噠嚰埰嚀, 嘐坠坠嘐嘠噐堀嘰嚰埰嚀 塰 嘐坐囀坠: 呠嚰困噐囀嚀 
匰噐埰嘐堰 埰噐圠嘐址嘐埐嚰 圀嘐坠塀嘐坠坐垀堠嚐垀堠址 坠噐堀困嘐坐嘐坠垀堠址 噰 埐垀堠囀塠嚰噀嘐坐嚰坠 塰 
埐嚰囀嚰困嘐埰嘐坐嚰坠 埰噐埐塀垀埠:

哐嚰囀嚰困嘐埰嘐坐嚰坠 坠嚰困噐囀嚰 圀嘐坠塀嘐坐坠嘐堐垀堠址嚀 埐噐堀埰垀堀噐坠 困嘐垠埠嘐因 噰 
嚰坠埰噐坠埐嚰埠 埐噐堀垠噐坠埰嚰坠嚰噠嘐堐埠嘐因 圀嚰垠噐堀嘠嘐噠嚰埰坠噐堀嚰 困垀坠埰嘐困埰嚰 
圀噐埰 塰 坠噐堀困嘐坐嘐堐埠嘐因 噰 坠嚰困噐囀嚰 嘐址垀堀塠 埐嚰囀嚰困嘐埰嘐坐嚰坠 址嚰坠噐堀嘐囀坠噐堀嚰 
坠噐堀堰嘐困垀堠址坠噐堀垀埠, 嘠坠噐堀垀埠 塰 噐堀嘐困嚰困坠噐堀垀埠: 匐坐噀 址嚰坠噐堀嘐囀坠噐堀嚰 (坠垀堠-
址噐嚰埰, 埀噐埠噀嚰坠埐困嚰埰) 嘐埀嘐垰嘐堐垀堠址嚀 嘰噐坠噐埰嚰困垀堀噐坠 困嘐垠埠嘐因 噰 嘰噐堀-
圀嚰址塀嘐坐嚰坠 嘐垠嘐堀坠噐堀嚰 圀垀圠址坠嘐圀嘐堀址嘐坠 圀噐埰: 匐坐埐嚰坠塀坠, 坠嚰困噐囀嚰 
埐困噠嘠坠嘐圠嘠坐垀堠堀嚀 圀嘐坠噀嚰埐嘐坠垀堠址 噐坠 嘰噐堀圀嚰址塀嘐坐嚰坠 嘐垠嘐堀坠噐堀嚀: 叐垀堀-
塀嘐坐坠垀堠嚐坐嘐坠 址噐因嘐堐址嘐坠 圀噐埰 埐嚰囀嚰困嘐埰嘐坐嚰坠 坠嚰困噐囀嚰 噀噐堀嚀 嚀坠噀圀嘐坠垀堠堀 
垠嘐堀垀堠坠嘐困垀堠嚐坐嘐坠 址噐垰 坠埠嘐噠垀堠址 噰, 嚰埐困 埐垀堠囀塠嚰噀嘐坐嚰坠嚀` 嘐地垀堠址, 圀嘐埐-
坠噐囀垀埠 1%-嚰堐 嘠嘐堀圐堀 嘐堀嚠噐塀坠噐堀嚰:

哐噐堀垠噐坠埰嚰坠嚰噠嘐堐埠嘐因 噀垀堠坠嚰埰坠噐堀嚰 圀噐埰 噰 困嘐垠埠嘐因 坠嘐塰 塀堀垀址嚰 
圀嘐坠塀嘐坐坠嘐堐垀堠址嚀: 匐坐埐嚰坠塀坠, 坠嚰困噐囀嚀 塰 塀堀垀址嚀, 嘰噐坠噐埰嚰困垀堀噐坠 困嘐垠埠嘐因 
囀嚰坠噐囀垀埠 嘰噐堀圀嚰址塀嘐坐嚰坠 嘐垠嘐堀坠噐堀嚰 圀噐埰, 嘐址嘠垀圠垰 圀嘐坠塀嘐埠嘐坐堀垀堠址 
垀堠圠噐困堐垀堠址 噐坠 嚰堀嘐堀, 嚀坠噀 垀堀垀堠址 塀堀垀址嚰 垠嘐堀垀堠坠嘐困垀堠嚐坐垀堠坠嚀 埰嘐-
埰嘐坠埠垀堠址 噰 囀嘐坐坠 噀嚰嘐垠嘐噠垀坠垀堠址: 呠嘐 圀嘐坠噀嚰垠垀堠址 噰 嘐垠嘐堀 困嘐噠址垀圠 
址嚰坠噐堀嘐囀坠噐堀垀堠址 塰 困嘐噠址垀堠址 噰 塀堀垀址嚰埰嚰 嘐埀嘐坠圐嚰坠 噐堀嘐困坠噐堀 塰 坠噐堀-
堰嘐困垀堠址坠噐堀:

吀嘐坠塀嘐坠坐垀堠嚐垀堠址 坠嚰困噐囀嚰 塰 塀堀垀址嚰 垠嘐堀垀堠坠嘐困垀堠嚐坐垀堠坠坠噐堀嚰 坠址嘐坠 
堰垀囐圀嘐堀嘐嘠噐堀嘐困堐垀堠嚐坐嘐坠 噀噐垠塀垀堠址 坠嚰困噐囀嚰 埀噐坠埰嘰噐坠嘐埀嘐噀嚰垀垐嘐堰嘐-
困嘐坠 坠址垀堠坰嘐堀困垀堠址嚀 困嘐垠埠嘐因 噰 垀堀垀坰 噀嚠埠嘐堀垀堠嚐坐垀堠坠坠噐堀嚰 圀噐埰: 匰嚰-
埰噐坠塀, 垀堀 堐嘐因堀 嘐埰垀址嘐困嘐坠 困嘐堀嘰嘐嚐嚰埠 埰嚰堀垀堠坐嚐垀堠址 (Z = 22 ÷ 28) 
垀堀塰噰 埰嘐堀堀嚰 堰垀塀堀 垠嘐堀垀堠坠嘐困垀堠嚐坐垀堠坠坠噐堀嚰 垀堀垀坰垀堠址嚀 嚰堀噐坠嚰堐 2-3 
嘐埰垀址嘐困嘐坠 圀嘐址嘐堀 堐嘐因堀, 嘠嘐坐堐 址噐因 垠嘐堀垀堠坠嘐困垀堠嚐坐垀堠坠 垀堠坠噐堐垀圠 
埰嘐堀堀嚰 嘐埀困嘐坐垀堠嚐坐嘐坠 噀噐垠塀垀堠址 垀垐 噀嚰埐垠噐堀埐 埀噐坠埰嘰噐坠嘐埐垠噐困埰堀嘐囀 
嘐坠嘐囀嚰噠嚰 嘠嘐堀噀 囐坠噀嚰堀坠噐堀嚰堐 噰 (䇠䑰䎠䐰䐀 䄀.䇰. 䎀 䍀䐀., 1985): 區嘐 垠嘐坐-



49

址嘐坠嘐埠垀堀埠嘐因 噰 坠堀嘐坠垀埠, 垀堀 嘐坠嘐囀嚰噠嚰 嘐坠圀堀嘐嚠噐坰埰 噠嘰嘐坐垀堠坠嘐困垀堠-
嚐坐垀堠坠坠 垀堠 地坰埰垀堠嚐坐垀堠坠嚀 噀嚠埠嘐堀 噰 嘐垠嘐圀垀埠噐囀 坠嘐囐` 嘠嘐堀圐堀 噰坠噐堀嘰噐-
埰嚰困 嚐垀堠坐囀嘐埰堀噐囀嚰垀堠嚐坐垀堠坠 垀堠坠噐堐垀圠 圀嘐址噐址嘐埰嘐困嘐困嘐坠 圀嘐坰埠嚰垐坠噐堀嚰 
嘠嘐堐嘐困嘐坐垀堠嚐坐嘐坠 塰, 噐堀困堀垀堀噀, 堐嘐因堀 嘐埰垀址嘐困嘐坠 困嘐堀嘰嘐嚐嚰埠 塰 址噐因 
垠嘐堀垀堠坠嘐困垀堠嚐坐垀堠坠 垀堠坠噐堐垀圠 埰嘐堀堀嚰 (址噐堀 噀噐垠塀垀堠址 Cr-嚰) 困垀圠址嚰堐 
嘠嘐堀圐堀 嘐埰垀址嘐困嘐坠 困嘐堀嘰嘐嚐嚰埠 垀堠坠噐堐垀圠 埰嘐堀堀嚰 (Ni-嚰) 嘠坠垀堠嚐嘐嘰堀嚰垐 
埀噐坠埰嘰噐坠坐嘐坠 地嘐埀嘐嘰嘐坐嚐坠噐堀嚰 嚰坠埰噐坠埐嚰埠 困囀嘐坠址嘐坠 垠嘐埰地嘐埀垀埠:

呠坰埠嘐因嚰堐 嘐困坠圀嘐坐埰 噰 噀嘐埀坠垀堠址, 垀堀 坠嚰困噐囀嚰 埀噐坠埰嘰噐坠嘐埀嘐噀嚰垀垐嘐-
堰嘐困嘐坠 嘐坠嘐囀嚰噠嚰 嚠嘐址嘐坠嘐困 垠噐埰塀 噰 垠嘐堀噠噐囀 塀堀垀址嚰 嘐噠噀噐堐垀堠嚐坐嘐坠 
垐嘐堰嚀 坠嚰困噐囀嚰 坠址垀堠坰嘐堀困址嘐坠 地坰埰垀堠嚐坐嘐坠 埠堀嘐 塰 址坰嘐困噐囀 址噐嚐垀噀嚰困嘐 
嘐坐噀 嘐噠噀噐堐垀堠嚐坐垀堠坠嚀 圀嘐坰埠嚰 嘐埀坠噐囀垀堠 圀嘐址嘐堀:

呠嚰困噐囀嚰 坠址垀堠坰嘐堀困址嘐坠 嚠嘐址嘐坠嘐困 塀堀垀址嚰 嘐噠噀噐堐垀堠嚐坐嘐坠 噰垀堠嚐坐垀堠-
坠嚀 垠嘐堀噠嘐嘠嘐坠噐囀垀堠 坠垠嘐埰嘐困垀埠 困嘐埰嘐堀埠噐囀 噐坠 囀嘐嘠垀堀嘐埰垀堀 垀堠埐垀堠址-
坠嘐埐嚰堀垀堠嚐坐垀堠坠坠噐堀 噰埰嘐囀垀坠嘐坐嚰坠 坠址垀堠坰坠噐堀嚰 埠堀嘐: 咐嘐堰垀堠址坠噐堀坠 嚰堀嘐-
困嘐坠嘐堐埠噐囀 噐坠 䄐䄀䈀䈐-3 垀垐 噀嚰塠堀嘐困堐嚰垀坠 埀噐坠埰嘰噐坠坐嘐坠 嘐坠嘐囀嚰噠嘐埰垀堀嚰 
塐嘰坠垀堠嚐坐嘐址嘠, 垀堀埰噐圠 坠址垀堠坰嚰堐 埐埰嘐堐埠嘐因 地嘐埀嘐嘰嘐坐嚐坠噐堀嚰 囀垀堠埐嘐因垀堀-
址嘐坠 (塠囀坐垀堠垀堀噐埐堐噐坠堐嚰嘐) 嘰堀嘐坠堐垀堠址坠 嚰堀嘐困嘐坠嘐堐埠垀堠址 噰 垐垀堀埐 埐垠噐困埰-
堀垀址噐埰堀嚰困 困嘐坠嘐囀坠噐堀嚰 址嚰垰垀堐垀埠` 困嘐埀垀堠堐埠嘐因 噀嚰塠噐堀噐坠堐嚰嘐囀 噀噐埰噐困-
埰垀堀坠噐堀嚰 埐囐噐址嘐坐垀埠: 區嚰塠噐堀噐坠堐嚰嘐囀 噀噐埰噐困埰垀堀坠噐堀嚀 嘐址噐坠嘐噰塠噐困-
埰嚰埠 圐塰垀埠 嘰堀嘐坠堐垀堠址 噐坠 嘐坐坠 地嘐埀嘐嘰嘐坐嚐坠噐堀嚀, 垀堀垀坠堐 噰坠噐堀嘰嚰嘐坠 嚀坠-
困嘐因 噰 噠埰嚰垐嚰 塰 地嘐埀嘐嘰嘐坐嚐嚰垐嚰 困囀嘐坠址嘐坠 噐噠堀噐堀嚰 噀嚰嘐垠嘐噠垀坠垀堠址: 匐坰-
囐嘐埰嘐坠塀嘐坐嚰坠 噀嚰嘐垠嘐噠垀坠嚰堐 噀垀堠堀埐 嘰埰坠埠垀圠 地嘐埀嘐嘰嘐坐嚐坠噐堀嚀 嘰堀嘐坠堐-
埠垀堠址 噐坠 嘠嘐埠嘐困嘐坠嚰坠 塀嚰垐 嘐堀噀坐垀堠坠嘐埠噐埰垀堠嚐坐嘐址嘠: 匐坐埐垠嚰埐嚰 噀噐埰噐困-
埰垀堀坠噐堀嚀 噠嘰嘐囀嚰 嘐埀嘐埠噐囀垀堠嚐坐垀堠坠 垀堠坠噐坠 坠址嘐坠 埰嚰垠嚰 嘐坠嘐囀嚰噠嘐埰垀堀-
坠噐堀垀堠址 埐垀埠垀堀嘐嘠嘐堀 塐嘰埰嘐嘰垀堀因埠垀圠 噀嚰塠噐堀噐坠堐嚰嘐囀 噠埰嚰垐坠噐堀嚰 坠困嘐埰-
址嘐址嘠:

咐嘐堰埠垀圠 噰埰嘐囀垀坠嘐坐嚰坠 坠址垀堠坰坠噐堀垀堠址, 圀嘐埐埰嘐埰垀堠坠 垠嘐圀噐囀垀埠 坠嚰-
困噐囀嚰 垠嘐堀垀堠坠嘐困垀堠嚐坐垀堠坠嚀 (址垀埰 0.1%), 塀堀垀址嚰 垠嘐堀垀堠坠嘐困垀堠嚐坐垀堠坠嚀 
堰垀堰垀囐埠噐囀 噰 0÷30% 埐嘐圀址嘐坠坠噐堀垀堠址: 咐嘐堰址嘐坠 嘐堀噀坐垀堠坠塀坠噐堀嚀 坠噐堀-
困嘐坐嘐堐埠嘐因 噐坠 坠困.1-垀堠址: 

呠困.1. 噰埰嘐囀垀坠嘐坐嚰坠 坠址垀堠坰坠噐堀垀堠址 塀堀垀址嚰 垠嘐堀垀堠坠嘐困垀堠嚐坐嘐坠 堰垀堰垀囐垀堠嚐坐嘐坠 嘐噠噀噐堐垀堠嚐坐嘐坠
嘰坠嘐圀嘐埰垀堠址嚀 坠嚰困噐囀嚰 埀噐坠埰嘰噐坠嘐埀嘐噀嚰垀垐嘐堰嘐困嘐坠 嘐坠嘐囀嚰噠嚰 嚠嘐址嘐坠嘐困
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厰坠垐垠噐埐 噐堀塰垀堠址 噰 坠困.1-嚰堐, 坠址垀堠坰坠噐堀垀堠址 坠嚰困噐囀嚰 圀嘐埐埰嘐埰垀堠坠
垠嘐堀垀堠坠嘐困垀堠嚐坐嘐坠 噀噐垠塀垀堠址 坠堀嘐 垐嘐堰埠嘐因 嘠坠垀堠嚐嘐嘰堀嚰垐 地嘐埀嘐-
嘰嘐坐嚐坠噐堀嚰 圀垀埐塀嚰 '

NiN 址噐因垀堠嚐坐垀堠坠嚀 塀堀垀址嚰 垠嘐堀垀堠坠嘐困垀堠嚐坐嘐坠 址噐-
因嘐堐址嘐坠 圀噐埰 坠埠嘐噠垀堠址 噰: 匐坐噀 嘐噠噀噐堐垀堠嚐坐垀堠坠嚀 圀嘐坰埠嚰 嘐埀坠噐囀垀堠 塰
坠嚰困噐囀嚰 嘠坠垀堠嚐嘐嘰堀嚰垐 地嘐埀嘐嘰嘐坐嚐坠噐堀嚰 圀垀埐塀嚰 地坰嘰堀埰埠嘐因 NiN 址噐因垀堠-
嚐坐垀堠坠嚀 圀嘐坰埠噐囀垀堠 圀嘐址嘐堀 嘐埀嘐垰嘐堀困垀堠址 噐坠塀 圀噐埰塰坐嘐囀 嘠嘐坠嘐圐塰嚀

''
CrNiNiNi NkNN ⋅+= , ( )1

垀堀埰噐圠 '
NiN 塰 '

CrN - 圀嘐址嘐垠嘐埰嘐埐囐嘐坠 困嘐坠嘐囀坠噐堀垀堠址 坠嚰困噐囀嚰 塰 塀堀垀-
址嚰 垐嘐堰埠嘐因 嘠坠垀堠嚐嘐嘰堀嚰垐 地嘐埀嘐嘰嘐坐嚐坠噐堀嚰 圀垀埐塀噐堀坠 噐坠, Nik - 圀嘐址噐-
址嘐埰嘐困嘐坠垀堠嚐坐嘐坠 (困嘐址 埐垠噐困埰堀嘐囀) 嘰垀堀因嘐困嚰堐坠 噰, 垀堀嚰 址噐因垀堠嚐坐垀堠坠嚀
垀堀垀坰埠噐囀 噰 圀噐埰塰坐嘐囀 嘠嘐坠嘐圐塰垀埠

''

''

0

0

CrCr

NiNi
Ni NN

NN
k

−

−
= , ( )2

垀堀埰噐圠 '
0CrN 塰 '

0NiN - 塀堀垀址嚰 塰 坠嚰困噐囀嚰 嘠坠垀堠嚐嘐嘰堀嚰垐 地嘐埀嘐嘰嘐坐嚐坠噐堀嚰 
塠垀坠嘐坐嚰坠 嘐堀嚠噐塀坠噐堀坠 噐坠 ( 0=Crq , 0=Niq ):

匐埀嘐垰嘐堀困埠嘐因 噐圠嘐坠嘐困垀埠 垀堠圠圠垀堠址 址埰堐坠噐囀垀埠 塀堀垀址嚰 嘐噠噀噐堐垀堠-
嚐坐嘐坠 圀嘐址嘐堀, 嘐坐埐嚰坠塀坠, 坠嚰困噐囀嚰 嘠坠垀堠嚐嘐嘰堀嚰垐 地嘐埀嘐嘰嘐坐嚐坠噐堀嚰 嚰坠埰噐坠-
埐嚰埠垀堠嚐坐垀堠坠嚀 圀嘐坰埠噐囀垀埠 ( )1 嘠嘐坠嘐圐塰垀埠, 埠噐堀垰嚰坠嚰埐 ( NiN ) 圀嘐址嘐堀 
埐埰嘐坠垀堠址 噐坠塀 圀嘐埐埰嘐埰垀堠坠 困垀堀` 噠垀堠嘰嘐圀噐埀 嘐嘠埐堐嚰埐坠噐堀嚰 嘐埀嘐坠堐塀嚰坠:

印埰嘐囀垀坠嘐坐嚰坠 坠址垀堠坰坠噐堀嚰 垐嘐堰址嘐坠 嚠嘐址嘐坠嘐困 圀嘐址噐址嘐埰嘐-
困嘐坠垀堠嚐坐嘐坠 嘰垀堀因嘐困堐嚰 圀嘐址嘐堀 埐埰嘐堐噐囀 噐坠塀 024.0=Nik 嘐堀嚠噐塀嚀: 
匐困坠圀嘐坐埰 噰, 垀堀 坠址垀堠坰坠噐堀嚰 垠嘐堀堰嘐困垀圠 嘐垠嘐堀坠噐堀嚰 困嘐噠址嚰 堰垀堰垀-
囐垀堠嚐坐嘐坠 圀噐埰 困堰垀囐埠噐坠 坠嘐塰 塀堀垀址嚰 塰 坠嚰困噐囀嚰 嘠坠垀堠嚐嘐嘰堀嚰垐 地嘐-
埀嘐嘰嘐坐嚐坠噐堀嚰 塠垀坠嘐坐嚰坠 嘐堀嚠噐塀坠噐堀嚀, 垀堀嚀 塰 困嘠噐堀嚰 Nik -嚰 嘐堀嚠噐塀嚰 堰垀-
堰垀囐址嘐坠: 哐嘐困嘐坐坠 噰埰嘐囀垀坠嘐坐嚰坠 坠址垀堠坰坠噐堀嚰 垐嘐堰址嘐坠 嘐堀噀坐垀堠坠塀垀堠址 
埐埰嘐堐埠嘐因 024.0=Nik 嘰垀堀因嘐困嚰堐嚀 埠埐埰嘐圀垀堀噐坠 塐嘰埰嘐嘰垀堀因噐囀 噐坠塀 
匐址嘐埐嚰嘐坐嚰 圀嘐坠塀嘐坐嚰坠 噀嘐坰埰嚰 嚰堀嘐困嘐坠 坠址垀堠坰坠噐堀嚰 嘐坠嘐囀嚰噠嚰 嚠嘐址嘐-
坠嘐困, 垀堀垀埠圀噐埰塰 噰埰嘐囀垀坠嘐坐嚰坠 坠址垀堠坰坠噐堀垀堠址 垀堀垠噐埐 垠嘐堀堰嘐困垀圠 
嘐垠嘐堀 (囀堐垀坠) 塐嘰埰嘐嘰垀堀因埠噐囀 噐坠 圀噐坠堐 圀嘐坠塀嘐坐嚰坠 噀嘐坰埰嚰 址嘐坠堀嘐堐埠嘐因 
噀嘐埰嘐堀困 嘐垠嘐堀坠噐堀嚀:

厰埐困 圀噐埰嘐嘰嘐 坠址垀堠坰嘐堀困址嘐坠 嘐坰囐嘐埰嘐坠塀坠噐堀嚀 困嘐埰嘐堀噐囀垀堠 
坠垠嘐埰嘐困垀埠 嚰堀嘐困嘐坠 噰埰嘐囀垀坠嘐坐嚰坠 困垀堀 困嘐埀垀堠堐噐囀垀堠 圀嘐址嘐堀 垐嘐堰垀堠址-
坠噐堀 噐坠塀 困嘐埰嘐堀噐囀 塀嚰址嚰嘐困嘐坠 嘐坠嘐囀嚰噠嚰 圀嘐坐埰坠嚰 埰埠坐嘐囀坠噐堀垀埠 坠址垀堠坰-
坠噐堀嚰 埠堀嘐` 塐嘰埰嘐嘰垀堀因噐囀垀埠 塀堀垀址嚰 嘐噠噀噐堐垀堠嚐坐嘐坠 圀嘐坰埠嚰 嘐埀坠址嘐坠 
嘐埀嘐垰嘐堀困埠嘐因 噐圠嘐坠嘐困嚀: 印埰嘐囀垀坠嘐坐嚰坠 嘰堀嘐塠嚰困嚀 坠噐堀困嘐坐嘐堐埠嘐因 噰 
坠困.2-垀堠址:

哀噐坠埰嘰噐坠嘐埀嘐噀嚰垀垐嘐堰嘐困嘐坠 坠址垀堠坰嘐堀困址嘐坠 塰 塀嚰址嚰嘐困嘐坠 嘐坠嘐-
囀嚰噠嚰 埰埠坐嘐囀坠噐堀嚰 圀嘐址嘐噀堀垀堠址嚀 堐垀堠坐堐 噰 埰嘐囀嚰埐, 垀堀 哀哀呀-垀埠 坠嚰困噐囀嚰 
垠嘐堀垀堠坠嘐困垀堠嚐坐嘐坠 垀堀垀坰址嘐坠 址嚰垰嚰坠 塀嘐埀嘐困垀堠埐嘐坐嚰坠 坰噐圠垀堠址嚀 困嘐噠-
址垀堠址 噰 0.029%, 嚰埐困 址嚰垰嚰坠 塀嘐埀嘐困垀堠埐嘐坐嚰坠 圀嘐堀嘐嘠噐堀嘐困嘐坠 坰噐圠垀堠址嚀` 
9.7%: 咐嘐堰址嘐坠 嘐坐埐 地坰埰垀堠嚐坐垀堠坠嚀 囀堀嚰埠 嘠嘐埠嘐堀嘐堀垀堠址 噰 噐堀困堀嘐嘠嘐-
坠嘐困嘐坠 址噐嚐垀噀坠噐堀垀埠 (塀嚰址嚰嘐困嘐坠 嘐坠嘐囀嚰噠嚰 坠噐堀嘐埀垀堠址垀埠) 坠址垀堠-
坰嘐堀困址嘐坠 垠嘐圀嘐坠垰坠噐堀嚰坠 (坠嚰困噐囀嚰 垠嘐堀垀堠坠嘐困垀堠嚐坐嘐坠 垀堠埐垀堠址坠嘐-
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埐嚰堀埠嘐因 噀嘐埐嚰 圀嘐址嘐堀 塀嚰址嚰嘐困嘐坠 嘐坠嘐囀嚰噠嚰 圀嘐堀嘐嘠噐堀嘐困嘐坠 埐囐嘐囀嚰 
嚐垀堠坐囀嘐埰堀噐囀嚰 嘐堀嚠噐塀嚀 7-15% 噰), 垀堀嚀 塰 圀嚰址塀 噰 埰嘐囀嚰埐 坠嚰困噐囀嚰 
埀噐坠埰嘰噐坠嘐埀嘐噀嚰垀垐嘐堰嘐困嘐坠 嘐坠嘐囀嚰噠嚰 埠噐堀嚀 坠坰埠嘐因 址噐嚐垀噀嚀 嘐埀嘐-
垰嘐堀困噐囀 匐址嘐埐嚰嘐坐嚰 圀嘐坠塀嘐坐嚰坠 噀嘐坰埰垀堠址 垀堀垀坠垀圠嘐-圀噐埰嘐囐垀堠噠嘐困嘐坠 
塰 嘐坐囀 圀嘐坠塀嘐嘠嘐坠嘐困嘐坠 嘐坰囐嘐埰嘐坠塀坠噐堀 嚰堀嘐困嘐坠嘐堐坠噐囀嚰埐:

呠困.2. 唰垀坰垀堠 坠址垀堠坰坠噐堀垀堠址 坠嚰困噐囀嚰 埀噐坠埰嘰噐坠嘐埀嘐噀嚰垀垐嘐堰嘐困嘐坠 嘐坠嘐囀嚰噠嚰 
噰埰嘐囀垀坠嘐坐嚰坠 嘰堀嘐塠嚰困嚀

哀噐坠埰嘰噐坠嘐埀嘐噀嚰垀垐嘐堰嘐困嘐坠 嘐坐埐 噐圠嘐坠嘐困嚀 嘐堀嚠塰垀堀埠垀堠址 噰 坠嘐塰
嚰堀 嘠嘐堀圐堀 噰塠噐困埰嚰埠垀堠嚐坐嘐址嘠` 嘐堀嘐嘰 噰, 噰嚠嘐坠 塰 圀坠嘐堀嘐埠垀堀 噰 圀嘐坠塀嘐-
坠坐垀堠嚐嚰 坠址垀堠坰嘐堀困垀堠址坠 嚰堀嘐困嘐坠嘐堐坠噐囀 坠堀嘐 嘠坠嘐困嘐坠 埰噐圠嘐噀堀址嘐坠
垠嘐坐址嘐坠坠噐堀垀堠址:

匰 唀 匐 台 匐 呠 咀唠 厐 呐 咀唠 呠

䄰䍐䏠䎰䏠䌰䎀䓰 䄀䐀䏀䓰䏐䐐䎠䏠䎐 䈐䈐䈀, 䐠. VI, 䇀䍐䐠䌀䎰䎰䎀䑰䍐䐐䎠䎀䍐 䏰䏠䎰䍐䍰䏐䒰䍐 䎀䐐䎠䏠䏰䌀䍐䏀䒰䍐. 䅐䐀䍐䌠䌀䏐, 䆀䍰䍀. 䄀䇐 
䄀䐀䏀. 䈐䈐䈀, 1967, 539 䐐.

䈀䍐䏐䐠䌰䍐䏐䏠䐀䌀䍀䎀䏠䏀䍐䐠䐀䎀䑰䍐䐐䎠䎀䎐 䏀䍐䐠䏠䍀 䏰䐀䎀 䏰䏠䎀䐐䎠䌀䑐 䎀 䐀䌀䍰䌠䍐䍀䎠䍐 䐀䐰䍀䏐䒰䑐 䏀䍐䐐䐠䏠䐀䏠䍠䍀䍐䏐䎀䎐. 䇰䏠䍀. 
䐀䍐䍀. 䄀.䇰. 䇠䑰䎠䐰䐀䌀. 䆰., 䇐䍐䍀䐀䌀, 1985, 256 䐐. 

匰堀嘐囐垀埐垀圠嗐 哀.呀嚰堀嚰垰嘐坠坐嘐坠
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䇠䇰䈀䅐䅀䅐䆰䅐䇐䆀䅐 䈐䇠䅀䅐䈀䅠䄀䇐䆀䋰 䇐䆀䆠䅐䆰䋰 
䈀䅐䇐䈠䄰䅐䇐䇠䈀䄀䅀䆀䇠䇀䅐䈠䈀䆀䉰䅐䈐䆠䆀䇀 䈐䇰䇠䈐䇠䄐䇠䇀 䇰䈀䆀 䄠䊰䈐䇠䆠䇠䇀 

䈐䇠䅀䅐䈀䅠䄀䇐䆀䆀 䉐䈀䇠䇀䄀 (䇐䄀 䇰䈀䆀䇀䅐䈀䅐 䈀䈰䅀䇐䊰䉐 
䇀䅐䈐䈠䇠䈀䇠䅠䅀䅐䇐䆀䆐 䈀䄀䆐䇠䇐䄀 䄀䇀䄀䈐䆀䋰)

䄀. 䄀. 䈠䌀䏀䐀䌀䍰䓰䏐, 䆰.䄠. 䄀䎠䏠䏰䓰䏐

䈀䍐䍰䓠䏀䍐

䈀䍐䏐䐠䌰䍐䏐䏠䐀䌀䍀䎀䏠䏀䍐䐠䐀䎀䑰䍐䐐䎠䎀䎐 䌀䏐䌀䎰䎀䍰 䏐䎀䎠䍐䎰䍐䌠䒰䑐 䐀䐰䍀 䄀䏀䌀䐐䎀䎐䐐䎠䏠䌰䏠 䐀䐰䍀-
䏐䏠䌰䏠 䏰䏠䎰䓰 䎀䏀䍐䍐䐠 䐐䏰䍐䑠䎀䑀䎀䑰䍐䐐䎠䎀䍐 䏠䐐䏠䌐䍐䏐䏐䏠䐐䐠䎀, 䏠䌐䐰䐐䎰䏠䌠䎰䍐䏐䏐䒰䍐 䎀䑐 䌠䍐䒐䍐䐐䐠-
䌠䍐䏐䏐䒰䏀 䐐䏠䐐䐠䌀䌠䏠䏀. 䇠䍀䏐䏠䎐 䎀䍰 䏠䐐䏐䏠䌠䏐䒰䑐 䏠䐐䏠䌐䍐䏐䏐䏠䐐䐠䍐䎐 䓰䌠䎰䓰䍐䐠䐐䓰 䏐䍐䏠䌐䑐䏠䍀䎀-
䏀䏠䐐䐠䓀 䏠䏰䐀䍐䍀䍐䎰䍐䏐䎀䓰 䐐 䌠䒰䐐䏠䎠䏠䎐 䏠䐠䏐䏠䐐䎀䐠䍐䎰䓀䏐䏠䎐 䐠䏠䑰䏐䏠䐐䐠䓀䓠 䏐䎀䍰䎠䎀䑐 䎠䏠䏐䑠䍐䏐䐠-
䐀䌀䑠䎀䎐 䏠䐐䏐䏠䌠䏐䏠䌰䏠 䓐䎰䍐䏀䍐䏐䐠䌀 (䏐䎀䎠䍐䎰䓰) 䌠 䏰䐀䎀䐐䐰䐠䐐䐠䌠䎀䎀 䓐䎰䍐䏀䍐䏐䐠䏠䌠 – 䏰䐀䎀䏀䍐䐐䍐䎐 䐐 
䌐䎰䎀䍰䎠䎀䏀䎀 䌀䐠䏠䏀䏐䒰䏀䎀 䏐䏠䏀䍐䐀䌀䏀䎀 (䑐䐀䏠䏀䌀) 䐐 䌠䒰䐐䏠䎠䎀䏀䎀 䏰䍐䐀䍐䏀䍐䏐䏐䒰䏀䎀 䎠䏠䏐䑠䍐䏐䐠-
䐀䌀䑠䎀䓰䏀䎀.

䇠䌐䍐䐐䏰䍐䑰䍐䏐䎀䍐 䏐䍐䏠䌐䑐䏠䍀䎀䏀䏠䎐 䐠䏠䑰䏐䏠䐐䐠䎀 䎀 䑰䐰䌠䐐䐠䌠䎀䐠䍐䎰䓀䏐䏠䐐䐠䎀 䌀䏐䌀䎰䎀䍰䌀 䌠 
䓐䐠䏠䏀 䐐䎰䐰䑰䌀䍐 䍰䌀䐠䐀䐰䍀䏐䓰䍐䐠䐐䓰 䌠 䐐䌠䓰䍰䎀 䐐 䏐䍐䍀䏠䐐䐠䌀䐠䏠䑰䏐䒰䏀 䓐䏐䍐䐀䌰䍐䐠䎀䑰䍐䐐䎠䎀䏀 䐀䌀䍰䐀䍐-
䒀䍐䏐䎀䍐䏀 䏰䐀䏠䏰䏠䐀䑠䎀䏠䏐䌀䎰䓀䏐䒰䑐 䍀䍐䐠䍐䎠䐠䏠䐀䏠䌠 䐀䍐䏐䐠䌰䍐䏐䏠䌠䐐䎠䏠䌰䏠 䎀䍰䎰䐰䑰䍐䏐䎀䓰 䎀 䐐䎀䎰䓀-
䏐䒰䏀 䏰䏠䌰䎰䏠䒐䍐䏐䎀䍐䏀 䑐䌀䐀䌀䎠䐠䍐䐀䎀䐐䐠䎀䑰䍐䐐䎠䏠䌰䏠 䐀䍐䏐䐠䌰䍐䏐䏠䌠䐐䎠䏠䌰䏠 䎀䍰䎰䐰䑰䍐䏐䎀䓰 䏐䎀䎠䍐䎰䓰 
䌀䐠䏠䏀䌀䏀䎀 䑐䐀䏠䏀䌀.

䇰䐀䍐䍀䎰䌀䌰䌀䍐䏀䒰䎐 䌠 䐐䐠䌀䐠䓀䍐 䐐䏰䏠䐐䏠䌐 䐰䑰䎀䐠䒰䌠䌀䍐䐠 䌠䒰䒀䍐䐰䎠䌀䍰䌀䏐䏐䒰䍐 䏠䐐䏠䌐䍐䏐-
䏐䏠䐐䐠䎀 䎀 䏠䌐䍐䐐䏰䍐䑰䎀䌠䌀䍐䐠 䏐䍐䏠䌐䑐䏠䍀䎀䏀䐰䓠 䐠䏠䑰䏐䏠䐐䐠䓀 䌀䏐䌀䎰䎀䍰䌀.

DETERMINATION OF  NIKEL CONTENT BY THE X-RAY 
RADIOMETRIC MRTHOD IN THE CASE OF HIGH CONTENT OF 

CROMNIUM (BY THE EXAMPLE OF ORE DEPOSITS IN THE 
AMASYA REGION)

A. A. Tamrazyan, L V. Hakobyan

A b s t r a c t

The X-ray radiometric analysis of the nickel ores of the Amasya Deposit 
has specific features determined by their material composition. One of the main 
features is the need to provide for high-rate relative accuracy of determining 
low concentrations of the main element (nickel) in the presence of admixture 
elements having similar atomic numbers (chromium) and variable high con-
centrations.

In such case, provision for required accuracy and sensitivity of the analysis 
is complicated in connection with insufficient energy resolution of proportional 
x-ray detectors and strong absorption by chromium atoms of the characteristic 
x-radiation of nickel.

The method proposed in the article takes into account the features above 
and provides for the required accuracy of the analyses.




