4. ×èñëîâûå ðÿäû. Àáñîëþòíàÿ è óñëîâíàÿ ñõîäèìîñòü. Ïðèçíàêè ñõîäèìîñòè: Äàëàìáåðà, èíòåãðàëüíûé, Ëåéáíèöà.


×èñëîâîé ðÿä: � EMBED Equation.2  ���.


N-íàÿ ÷àñòè÷íàÿ ñóììà: � EMBED Equation.2  ���.


Îïð  Ðÿä � EMBED Equation.2  ���ñõîäèòñÿ, åñëè ñóùåñòâóåò êîíå÷íûé � EMBED Equation.2  ���. ×èñëî S íàçûâàåòñÿ ñóììîé ðÿäà. Åñëè ïðåäåë � EMBED Equation.2  ���íå ñóùåñòâóåò, òî ðÿä ðàñõîäèòñÿ. (


T (Êðèòåðèé ñõîäèìîñòè ðÿäà Êîøè) Äëÿ òîãî, ÷òîáû ðÿä � EMBED Equation.2  ���ñõîäèëñÿ ( 


(( > 0 ( N: (n(N è p = 1,2,... � EMBED Equation.2  ���.(


Ñëåäñòâèå. Äëÿ ñõîäèìîñòè ðÿäà � EMBED Equation.2  ���( � EMBED Equation.2  ���.(


T (Êðèòåðèé ñõîäèìîñòè ðÿäà c íåîòðèöàòåëüíûìè ÷ëåíàìè) Äëÿ òîãî, ÷òîáû ðÿä � EMBED Equation.2  ���, ãäå � EMBED Equation.2  ���, ñõîäèëñÿ ( ïîñëåäîâàòåëüíîñòü ÷àñòè÷íûõ ñóìì îãðàíè÷åíà. (


Ïðèçíàêè ñðàâíåíèÿ:


Ðàññìîòðèì äâà ðÿäà ñ íåîòðèöàòåëüíûìè ÷ëåíàìè:� EMBED Equation.2  ��� è � EMBED Equation.2  ���. Ïóñòü (k � EMBED Equation.2  ���, òîãäà èç ñõîäèìîñòè � EMBED Equation.2  ���ñëåäóåò ñõîäèìîñòü� EMBED Equation.2  ���, èç ðàñõîäèìîñòè � EMBED Equation.2  ��� ñëåäóåò ðàñõîäèìîñòü� EMBED Equation.2  ���.(


Ðàññìîòðèì äâà ðÿäà ñ ïîëîæèòåëüíûìè ÷ëåíàìè:� EMBED Equation.2  ��� è � EMBED Equation.2  ���. Ïóñòü (k � EMBED Equation.2  ���, òîãäà èç ñõîäèìîñòè � EMBED Equation.2  ���ñëåäóåò ñõîäèìîñòü� EMBED Equation.2  ���, èç ðàñõîäèìîñòè � EMBED Equation.2  ��� ñëåäóåò ðàñõîäèìîñòü� EMBED Equation.2  ���.


Äîê-âî Çàïèøåì íåðàâåíñòâî � EMBED Equation.2  ��� äëÿ ê = 1,2,..n-1 è ïåðåìíîæèì ñîîòâåòñâåííî ëåâûå è ïðàûå ÷àñòè: ïîëó÷àåì � EMBED Equation.2  ���, òî åñòü  � EMBED Equation.2  ���. Ïðèìåíÿÿ ñâîéñòâî 1, äîêàçûâàåì ñâîéñòâî 2. (


T (Ïðèçíàê Äàëàìáåðà) Åñëè äëÿ ëþáîãî k, íà÷èíàÿ ñ íåêîòîðîãî íîìåðà, ñïðàâåäëèâî íåðàâåíñòâî � EMBED Equation.2  ���, òî ðÿä � EMBED Equation.2  ���ñõîäèòñÿ (ðàñõîäèòñÿ). Åñëè � EMBED Equation.2  ���, òî ðÿä � EMBED Equation.2  ���ñõîäèòñÿ ïðè L < 1 è ðàñõîäèòñÿ ïðè L > 1.


Äîê-âî Ïîëîæèì � EMBED Equation.2  ���, ãäå � EMBED Equation.2  ���è ïðèìåíèì ñâîéñòâî 2 ñõîäèìîñòè ðÿäà , îòêóäà ñëåäóåò ñõîäèìîñòü (ðàñõîäèìîñòü) ðÿäà � EMBED Equation.2  ���. Äîêàæåì âòîðóþ ÷àñòü óòâåðæäåíèÿ. Ïóñòü L < 1 ( (( >0: L = 1 - 2(, òî åñòü L + ( = 1 - (. Ïî îïðåäåëåíèþ ïðåäåëà äëÿ ( (N: (k(N � EMBED Equation.2  ���. ×èñëî L + ( = 1 - ( èãðàåò ðîëü q â äîêàçàòåëüñòâå ïåðâîé ÷àñòè óòâåðæäåíèÿ  ( ðÿä ñõîäèòñÿ. (


T (Ïðèçíàê Êîøè) 


Åñëè äëÿ ëþáîãî k, íà÷èíàÿ ñ íåêîòîðîãî íîìåðà, ñïðàâåäëèâî íåðàâåíñòâî � EMBED Equation.2  ���, òî ðÿä � EMBED Equation.2  ���ñõîäèòñÿ (ðàñõîäèòñÿ).


Åñëè � EMBED Equation.2  ���, òî ðÿä � EMBED Equation.2  ���ñõîäèòñÿ ïðè L < 1 è ðàñõîäèòñÿ ïðè L > 1.


Äîê-âî Ïîëîæèì � EMBED Equation.2  ���, ãäå � EMBED Equation.2  ���  ( � EMBED Equation.2  ���.Ïðèìåíèì ñâîéñòâî 1 ñõîäèìîñòè ðÿäà , îòêóäà ñëåäóåò ñõîäèìîñòü (ðàñõîäèìîñòü) ðÿäà � EMBED Equation.2  ���.Äîêàçàòåëüñòâî âòîðîé ÷àñòè óòâåðæäåíèÿ àíàëîãè÷íî äîêàçàòåëüñòâó âòîðîé ÷àñòè ïðèçíàêà Äàëàìáåðà (ñ çàìåíîé � EMBED Equation.2  ��� íà � EMBED Equation.2  ���).(


T (Èíòåãðàëüíûé ïðèçíàê Êîøè-Ìàêëîðåíà) Ïóñòü f(x) - íåîãðàíè÷åííà è íå âîçðàñòàåò íà x(m, ãäå m - ëþáîé íîìåð. Ðÿä � EMBED Equation.2  ���ñõîäèòñÿ ( � EMBED Equation.2  ���, ãäå � EMBED Equation.2  ���.


Äîê-âî Ïóñòü k - ëþáîé íîìåð, óäîâëåòâîðÿþùèé íåðàâåíñòâó k ( m + 1, x ( [k-1,k]. Èç íåâîçðàñòàíèÿ f(x) ñëåäóåò, ÷òî (õ ñïðàâåäëèâî f(k) ( f(x) ( f(k-1). Ôóíêöèÿ f(x) èíòåãðèðóåìà íà 


[k-1,k] è áîëåå òîãî � EMBED Equation.2  ���, � EMBED Equation.2  ���.


( k ( m + 1 ñïðàâåäëèâî: � EMBED Equation.2  ���


Ñóììèðóÿ ñòðîêè ñèñòåìû íåðàâåíñòâ è îáîçíà÷àÿ � EMBED Equation.2  ���, ïîëó÷àåì: � EMBED Equation.2  ���, èëè � EMBED Equation.2  ���. Ïîñëåäîâàòåëüíîñòü � EMBED Equation.2  ���- íåóáûâàþùàÿ ( äëÿ åå ñõîäèìîñòè íåîáõîäèìà ëèøü åå îãðàíè÷åííîñòü ñâåðõó Äëÿ ñõîäèìîñòè ðÿäà èç óñëîâèÿ òåîðåìû íåîáõîäèìî è äîñòàòî÷íî îãðàíè÷åííîñòè ïîñëåäîâàòåëüíîñòè � EMBED Equation.2  ���. Èç íåðàâåíñòâà � EMBED Equation.2  ���ñëåäóåò, ÷òî � EMBED Equation.2  ��� îãðàíè÷åíà òîãäà è òîëüêî òîãäà, êîãäà îãðàíè÷åíà ïîñëåäîâàòåëüíîñòü � EMBED Equation.2  ���, òî åñòü òîãäà è òîëüêî òîãäà, êîãäà � EMBED Equation.2  ���ñõîäèòñÿ. (


Îïð  Ðÿä � EMBED Equation.2  ���àáñîëþòíî  ñõîäèòñÿ, åñëè ñõîäèòñÿ ðÿä � EMBED Equation.2  ���.(


Èç àáñîëþòíîé ñõîäèìîñòè ðÿäà� EMBED Equation.2  ���ñëåäóåò åãî ñõîäèìîñòü.


Îïð  Ðÿä � EMBED Equation.2  ���óñëîâíî  ñõîäèòñÿ, åñëè ðÿä � EMBED Equation.2  ��� ñõîäèòñÿ, à ðÿä � EMBED Equation.2  ��� ðàñõîäèòñÿ.(


Îïð  Ïîñëåäîâàòåëüíîñòü � EMBED Equation.2  ���íàçûâàåòñÿ ïîñëåäîâàòåëüíîñòüþ ñ îãðàíè÷åííûì èçìåíåíèåì, åñëè ñõîäèòñÿ ðÿä � EMBED Equation.2  ���.


T Åñëè ðÿä � EMBED Equation.2  ��� îáëàäàåò îãðàíè÷åííîé ïîñëåäîâàòåëüíîñòüþ ÷àñòè÷íûõ ñóìì, à � EMBED Equation.2  ��� - ïîñëåäîâàòåëüíîñòü ñ îãðàíè÷åííûì èçìåíåíèåì, ñõîäÿùàÿñÿ ê 0, òî ðÿä � EMBED Equation.2  ���ñõîäèòñÿ. (


Îïð  Çíàêî÷åðåäóþùèéñÿ ðÿä (íå÷åòíûå ñ ‘+’, ÷åòíûå - ñ ‘-‘) , ìîäóëè ÷ëåíîâ êîòîðîãî îáðàçóþò íåâîçðàñòàþùóþ ñõîäÿùóþñÿ ê 0 ïîñëåäîâàòåëüíîñòü, íàçûâàåòñÿ ðÿäîì Ëåéáíèöà. (


T (Ïðèçíàê Ëåéáíèöà) Ëþáîé ðÿä Ëåéáíèöà ñõîäèòñÿ.


Äîê-âî � EMBED Equation.2  ���- ðÿä Ëåéáíèöà, ãäå � EMBED Equation.2  ���- íåâîçðàñòàþùàÿ ñõîäÿùàÿñÿ ê 0 ïîñëåäîâàòåëüíîñòü, � EMBED Equation.2  ���. Ðÿä � EMBED Equation.2  ��� îáëàäàåò îãðàíè÷åííîé ïîñëåäîâàòåëüíîñòüþ ÷àñòè÷íûõ ñóìì. � EMBED Equation.2  ��� - ïîñëåäîâàòåëüíîñòü ñ îãðàíè÷åííûì èçìåíåíèåì ( ðÿä Ëåéáíèöà ñõîäèòñÿ. (








