        		�EMBED Equation.3���.


Ïóñòü   �EMBED Equation.3���.  Òåïåðü óðàâíåíèå ïðèíèìàåò âèä


			�EMBED Equation.3���.


Âû÷èñëåíèå êîíòðîëüíûõ ñóìì íå âñòðå÷àåò çàòðóäíåíèé:


			�EMBED Equation.3���.


	Ïðîöåäóðó	ñîñòàâëåíèÿ íîðìàëüíûõ óðàâíåíèé, ðåøåíèÿ è âû÷èñëåíèÿ âåñîâûõ êîýôôèöèåíòîâ ìîæíî èçîáðàçèòü ñëåäóþùåé ñõåìîé, â êîòîðîé ñòîëáöû ïîìå÷åíû ìàëûìè ëàòèíñêèìè áóêâàìè, à ñòðîêè ïðîíóìåðîâàíû:					
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Êîììåíòàðèè ê ñõåìå Ãàóññà.


1,2,3 ñòðîêè. 


	Ñòîëáöû “a”,”b”,”c”,”d” çàíèìàþò íîðìàëüíûå óðàâíåíèÿ, ïîëó÷åííûå èç èñõîäíûõ óðàâíåíèé ïåðåìíîæåíèåì ñîîòâåòñòâóþùèõ ñòîëáöîâ è ñóììèðîâàíèåì ïðîèçâåäåíèé.


	Ñòîëáåö “e” âû÷èñëåí ïî òîé æå ñàìîé ñõåìå: ïåðåìíîæåíèåì sk ñ ak, bk è ck:          		�EMBED Equation.3���,             �EMBED Equation.3���,               �EMBED Equation.3���.


	Êîíòðîëåì ïðàâèëüíîñòè âû÷èñëåíèé ÿâëÿþòñÿ ñóììû ñòîëáöà “f” :         


				�EMBED Equation.3���,


				�EMBED Equation.3���,


				�EMBED Equation.3���.


	Ñòîëáöû ”g”,”h”,”i”  ïðåäíàçíà÷åíû äëÿ âû÷èñëåíèÿ âåñîâûõ êîýôôèöèåíòîâ  �EMBED Equation.3���.


4 ñòðîêà  


	åñòü óðàâíåíèå èñêëþ÷åíèÿ (ýëèìèíàöèîííîå óðàâíåíèå). Îíî ïîëó÷åíî ïóòåì äåëåíèÿ ïåðâîãî íîðìàëüíîãî óðàâíåíèÿ íà ïåðâûé êîýôôèöèåíò. Ýòîé ïðîöåäóðå ïîäâåðãàþòñÿ âñå ÷èñëà, ñòîÿùèå â ïåðâîé ñòðîêå, â òîì ÷èñëå �EMBED Equation.3��� (ñòîëáåö “å”) è 1 (ñòîëáåö ”g”), èñêëþ÷àÿ ñòîëáåö “f”, êîòîðûé âûïîëíÿåò êîíòðîëüíûå ôóíêöèè


				�EMBED Equation.3���.


5,6 ñòðîêè


	çàíèìàåò âòîðàÿ ïðîìåæóòî÷íàÿ ñèñòåìà íîðìàëüíûõ óðàâíåíèé, ïîëó÷åííàÿ ïîñëå èñêëþ÷åíèÿ íåèçâåñòíîãî õ:


					�EMBED Equation.3���,	�EMBED Equation.3���.


	Èñêëþ÷åíèå íåèçâåñòíîãî õ âûïîëíÿåòñÿ ñëåäóþùèì îáðàçîì. Óðàâíåíèå èñêëþ÷åíèÿ íóæíî óìíîæèòü íà êîýôôèöèåíò ïðè õ è âû÷åñòü èç íîðìàëüíîãî óðàâíåíèÿ:


	         �EMBED Equation.3���,	�EMBED Equation.3���, �EMBED Equation.3���,�EMBED Equation.3���.


	Òî÷íî òàêæå ïîñòóïàþò ñî âñåìè ñòîëáöàìè ñõåìû, çà èñêëþ÷åíèåì ñòîëáöà “f”, êîòîðûé ñëóæèò êîíòðîëåì ïðàâèëüíîñòè âûêëàäîê:


				�EMBED Equation.3���, �EMBED Equation.3���.


Ïîëó÷åííàÿ ñèñòåìà äâóõ óðàâíåíèé ñ äâóìÿ íåèçâåñòíûìè ÿâëÿåòñÿ ñèñòåìîé íîðìàëüíûõ óðàâíåíèé ñî âñåìè åå ñâîéñòâàìè. Âî-ïåðâûõ, åå ìàòðèöà ñèììåòðè÷åñêàÿ  �EMBED Equation.3���, ïîýòîìó íå âñå êîýôôèöèåíòû ýòîãî óðàâíåíèÿ íóæíî âû÷èñëÿòü. Ìíîãèå âû÷èñëèòåëè èõ äàæå íå âûïèñûâàþò. Âî-âòîðûõ, ýòà ìàòðèöà ÿâëÿåòñÿ âåñîâîé ïî îòíîøåíèþ ê íåèçâåñòíûì y è z. Ïîýòîìó âû÷èñëåíèÿ ìîæíî íå äîâîäèòü äî êîíöà, à íà îïðåäåëåííîì ýòàïå âîñïîëüçîâàòüñÿ, íàïðèìåð, ìåòîäîì îïðåäåëèòåëåé.


7 ñòðîêà.


	Âòîðîå ýëèìèíàöèîííîå óðàâíåíèå. Ñíîâà ïåðâîå íîðìàëüíîå óðàâíåíèå (ïðîìåæóòî÷íîé ñèñòåìû) ðàçäåëèì íà ïåðâûé êîýôôèöèåíò, ñòîÿùèé ïåðåä íåèçâåñòíîé, ïîäëåæàùåé èñêëþ÷åíèþ íà âòîðîì ýòàïå âû÷èñëåíèé.








8 ñòðîêà.


	Óìíîæàÿ âòîðîå ýëèìèíàöèîííîå óðàâíåíèå íà êîýôôèöèåíò �EMBED Equation.3��� (âòîðîå íîðìàëüíîå óðàâíåíèå) è âû÷èòàÿ èç óðàâíåíèÿ ñòðîêè (6), ïîëó÷èì ñíîâà “ñèñòåìó” íîðìàëüíûõ óðàâíåíèé áåç íåèçâåñòíûõ y:


					�EMBED Equation.3���.


Ïðàâàÿ ÷àñòü ýòîãî óðàâíåíèÿ ðàâíà


					�EMBED Equation.3���.


Ñòîëáåö “å” äàåò                  �EMBED Equation.3���.


Âû÷èñëåíèÿ âåðíû, åñëè        �EMBED Equation.3���.


Çàïîëíÿåòñÿ ïîñëåäíèé ñòîëáåö “i” ñõåìû: ñòàâèòñÿ î÷åðåäíàÿ åäèíèöà.


9 ñòðîêà -


	íîâîå ýëèìèíàöèîííîå óðàâíåíèå, êîòîðîå ïî ñóòè åñòü ðåøåíèå íîðìàëüíîãî óðàâíåíèÿ (8), êîòîðîå ñîäåðæèò ëèøü îäíî íåèçâåñòíîå


						�EMBED Equation.3���.


Ñîáëþäàÿ ïðàâèëà, ìû äîëæíû âû÷èñëèòü âñå ÷èñëà ñòðîêè 9, â òîì ÷èñëå è  äëÿ ñóììîâîãî êîíòðîëÿ.


	Íåèçâåñòíûå âû÷èñëÿþò èç ýëèìèíàöèîííûõ óðàâíåíèé:


				�EMBED Equation.3���,


				�EMBED Equation.3���,


				�EMBED Equation.3���.


Äëÿ âû÷èñëåíèÿ âåñîâûõ êîýôôèöåíòîâ èñïîëüçóþòñÿ ñòîëáöû ”g”,”h”,”i”. Ñóùåñòâóåò ñëåäóþùåå ïðàâèëî: äëÿ âû÷èñëåíèÿ q íåîáõîäèìî ïåðåìíîæèòü ÷èñëà, ñòîÿùèå â ñòðîêàõ ïåðâûõ íîðìàëüíûõ óðàâíåíèé ñ ÷èñëàìè ýëèìèíàöèîííûõ ñòðîê è ðåçóëüòàòû ñëîæèòü.


		          �EMBED Equation.3���    - ñòîëáåö ”g”,


			  �EMBED Equation.3���              - ñòîëáåö ”h”,


                          �EMBED Equation.3���                         - ñòîëáåö ”i”.


Ðåçóëüòàò âû÷èñëåíèé çàïèñûâàþò òàê:


					�EMBED Equation.3���,


					�EMBED Equation.3���,


					�EMBED Equation.3���.


	×èñëåííûé ïðèìåð ðåøåíèÿ ñèñòåìû ëèíåéíûõ óðàâíåíèé ïî ñõåìå Ãàóññà, êîòîðûé ìû ïðèâîäèì íèæå, ïîâòîðÿåò òîò æå ïðèìåð, êîòîðûì ìû èëëþñòðèðîâàëè ìåòîä îïðåäåëèòåëåé.
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6.4.3. Ìåòîä Õàëåöêîãî


	Ýòîò ñïîñîá ðåøåíèÿ ñèñòåìû ëèíåéíûõ óðàâíåíèé ìîæåò èñïîëüçîâàòüñÿ â ëþáûõ ñëó÷àÿõ, íå òîëüêî äëÿ ðåøåíèÿ íîðìàëüíûõ óðàâíåíèé. Îí ëåãêî ïðîãðàììèðóåòñÿ è ïðåäíàçíà÷åí, â îñíîâíîì, äëÿ ìàøèííîãî ñ÷åòà.


	Îñíîâíàÿ èäåÿ ìåòîäà. Äîïóñòèì, ÷òî ìû äîëæíû ðåøèòü ñèñòåìó óðàâíåíèé, çàäàííóþ â ìàòðè÷íîé ôîðìå	


						Ax=y,


ãäå À - êâàäðàòíàÿ ìàòðèöà (m õ m),  õ - âåêòîð íåèçâåñòíûõ, y - èçâåñòíûé âåêòîð.


Ìåòîä îñíîâàí íà ðàçëîæåíèè êâàäðàòíîé ìàòðèöû (óñëîâèå ñèììåòðè÷íîñòè íåîáÿçàòåëüíî) íà äâå òðåóãîëüíûå:


						A=BC,


 		�EMBED Equation.3���,		�EMBED Equation.3���.


Òîãäà					       BCx=y.


Îáîçíà÷èì					Cx=z.


Ïîëó÷èì					Bz=y.


Òåïåðü âìåñòî îäíîé ìû áóäåì èìåòü äâå ñèñòåìû óðàâíåíèé:


	�EMBED Equation.3���,	


	�EMBED Equation.3���,	


	�EMBED Equation.3���,	


	. . . . . . . . . . . . . . . . . . . . . .                                       . . . . . . . . . . . . .


	�EMBED Equation.3���.	


Èç ïåðâîé ñèñòåìû ïîñëåäîâàòåëüíî îïðåäåëÿþòñÿ âñïîìîãàòåëüíûå íåèçâåñòíûå �EMBED Equation.3���. Ïîñëå ýòîãî èç âòîðîé ñèñòåìû â îáðàòíîì ïîðÿäêå îïðåäåëÿþòñÿ èñêîìûå  �EMBED Equation.3���. 


	Ïðè ðåøåíèè ñèñòåìû íîðìàëüíûõ óðàâíåíèé íàì íåîáõîäèìî îïðåäåëèòü îáðàòíóþ ìàòðèöó ýòîé ñèñòåìû, òàê êàê îíà íóæíà äëÿ âû÷èñëåíèÿ âåñîâûõ êîýôôèöèåíòîâ íåèçâåñòíûõ. Ïðè îáðàùåíèè ìàòðèöû À íåîáõîäèìî ñòîëáåö y çàìåíèòü íà m ñòîëáöîâ åäèíè÷íîé ìàòðèöû è ðåøèòü ñèñòåìó m ðàç.


	Ðàçëîæåíèå ìàòðèöû À íà äâå òðåóãîëüíûå ïðîèçâîäÿò ñëåäóþùèì îáðàçîì. Èìååì òîæäåñòâî:


		�EMBED Equation.3���.	


Âûïîëíÿÿ ïðîèçâåäåíèå ìàòðèö â ïðàâîé ÷àñòè òîæäåñòâà è ïðèðàâíèâàÿ ñîîòâåòñòâóþùèå ðåçóëüòàòû ïðîèçâåäåíèé ýëåìåíòàì ìàòðèöû À, ïîëó÷èì ïîñëåäîâàòåëüíî ýëåìåíòû ìàòðèö B è C.


	Âû÷èñëåíèÿ îáëåã÷àþòñÿ, åñëè ïðèäåðæèâàòüñÿ ñëåäóþùåé ïîñëåäîâàòåëüíîñòè îïåðàöèé:


 ñòðîêè B     õ  1-é ñòîëáåö Ñ  �EMBED Equation.3���  1 ñòîëáåö B,


 1 ñòðîêà B   õ  ñòîëáöû Ñ       (  1 ñòðîêà Ñ,


 ñòðîêè B     õ  2-é ñòîëáåö Ñ   (  2 ñòîëáåö B,


 2 ñòðîêà B   õ  ñòîëáöû Ñ       (  2 ñòðîêà Ñ,


 ñòðîêè B     õ  3-é ñòîëáåö Ñ   (  3 ñòîëáåö B,


 3 ñòðîêà B   õ  ñòîëáöû Ñ       (  3 ñòðîêà Ñ,


. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 


	Äëÿ ðåøåíèÿ ñèñòåìû ëèíåéíûõ óðàâíåíèé ìåòîä Õàëåöêîãî âûãîäíåå ìåòîäà ïîñëåäîâàòåëüíûõ èñêëþ÷åíèé, ïðè÷åì, ÷åì áîëüøå ÷èñëî íåèçâåñòíûõ, òåì ïðåèìóùåñòâî ñòàíîâèòñÿ áîëüøå.





×èñëåííûé ïðèìåð.


Ðåøèòü ñèñòåìó íîðìàëüíûõ óðàâíåíèé, èñïîëüçóÿ ìåòîä Õàëåöêîãî:


				�EMBED Equation.3���.


Ðàçëîæèì ñèñòåìó óðàâíåíèé íà äâå ñ òðåóãîëüíûìè ìàòðèöàìè è ðåøèì èõ.





�
    B�
�
�
    C�
�
       z�
     x�
�
   35�
�
�
    1�
  0.2286�
-0.2286�
  0.5429�
  0.720�
�
    8�
    27.2�
�
�
     1�
-0.6680�
  0.2447�
  2.293�
�
   -8�
   -18.2�
   12.0�
�
�
  1�
   3.066�
  3.066�
�
Âû÷èñëèì ìàòðèöó âåñîâûõ êîýôôèöèåíòîâ. Îáîçíà÷èì ÷åðåç Z ìàòðèöó âñïîìîãàòåëüíûõ íåèçâåñòíûõ, à ÷åðåç Q - ìàòðèöó âåñîâûõ êîýôôèöèåíòîâ. Ïîëó÷èì


  	 �EMBED Equation.3���			�EMBED Equation.3���


Ïðàâèëüíîñòü âû÷èñëåíèÿ êîíòðîëèðóåò ñèììåòðè÷íîñòü ìàòðèöû Q.


	Áîëåå ïîäðîáíîå îïèñàíèå ìåòîäà Õàëåöêîãî ìîæíî íàéòè â ó÷åáíèêàõ ïî ÷èñëåííûì ìåòîäàì ìàòåìàòèêè (ñì., íàïðèìåð, Äåìèäîâè÷ Á.Ã. è Ìàðîí È.À., 1970).





6.4.4. Ïðèâåäåíèå óðàâíåíèé ÌÍÊ ñ íåðàâíîòî÷íûìè íàáëþäåíèÿìè ê ðàâíîòî÷íûì


	Íîðìàëüíûå óðàâíåíèÿ ñ íåðàâíîòî÷íûìè íàáëþäåíèÿìè èìåþò áîëåå ñëîæíûé âèä, ÷åì ýòî ïðåäóñìîòðåíî, íàïðèìåð, ñõåìîé Ãàóññà. Ñóùåñòâóåò ïðîñòàÿ îïåðàöèÿ, êîòîðàÿ ïîçâîëÿåò ïðåîáðàçîâàòü èñõîäíûå óðàâíåíèÿ òàê, ÷òî “íàáëþäåíèÿ” ñòàíîâÿòñÿ ðàâíîòî÷íûìè.


	Ïóñòü 				�EMBED Equation.3���,


ãäå À - ìàòðèöà (n õ m), õ - âåêòîð èñêîìûõ ïàðàìåòðîâ (m õ 1), l è  (l - âåêòîðà íàáëþäåíèé è ïîãðåøíîñòåé (n õ 1).


	Åñëè íàáëþäåíèÿ íåçàâèñèìû, òî êîâàðèàöèîííàÿ  ìàòðèöà îøèáîê íàáëäåíèé èìååò âèä


					�EMBED Equation.3���.


Ïîñêîëüêó âåñ êàæäîãî íàáëþäåíèÿ îáðàòíî ïðîïîðöèîíàëåí äèñïåðñèè:


					 �EMBED Equation.3���,


òî				  �EMBED Equation.3���.


Îáîçíà÷èì   �EMBED Equation.3���,  �EMBED Equation.3���.


Óìíîæèì èñõîäíîå ìàòðè÷íîå óðàâíåíèå ñëåâà íà �EMBED Equation.3���. Ïîëó÷èì


					�EMBED Equation.3���.


Îáîçíà÷èì        �EMBED Equation.3���,	   �EMBED Equation.3���,		 �EMBED Equation.3���.


Òåïåðü                                   �EMBED Equation.3���,


ïðè÷åì êîâàðèàöèîííàÿ ìàòðèöà âåêòîðà ïîãðåøíîñòåé �EMBED Equation.3��� èìååò âèä


		�EMBED Equation.3���     .


	Ìû ïîëó÷èëè, òàêèì îáðàçîì, êîâàðèàöèîííóþ ìàòðèöó îøèáîê íåçàâèñèìûõ ðàâíîòî÷íûõ íàáëþäåíèé. Ê ñèñòåìå èñõîäíûõ óðàâíåíèé, îòìå÷åííîé øòðèõàìè, ïðèìåíèìà ëþáàÿ ìåòîäèêà ðåøåíèÿ óðàâíåíèé â ìåòîäå íàèìåíüøèõ êâàäðàòîâ.


	Óìíîæåíèå ñëåâà íà äèàãîíàëüíóþ ìàòðèöó �EMBED Equation.3��� ðàâíîñèëüíî óìíîæåíèþ êàæäîé ê-òîé ñòðîêè èñõîäíûõ óðàâíåíèé íà �EMBED Equation.3���. Ñèñòåìà	�EMBED Equation.3��� äîëæíà áûòü çàäàíà.


	ÌÍÊ ìîæåò áûòü ïðèìåíåí è ê ñèñòåìå ñ çàâèñèìûìè íàáëþäåíèÿìè, íî â ýòîì ñëó÷àå êîâàðèàöèîííàÿ ìàòðèöà ïîãðåøíîñòåé íàáëþäåíèé ïåðåñòàåò áûòü äèàãîíàëüíîé è îïèñàííàÿ çäàñü ìåòîäèêà ñòàíîâèòñÿ íåïðèìåíèìîé.





6.5. Îïðåäåëåíèå ïàðàìåòðîâ íåëèíåéíûõ ôóíêöèé ïîñðåäñòâîì ÌÍÊ


	Ðàññìîòðèì ôóíêöèè ñ îäíèì àðãóìåíòîì è m ïàðàìåòðàìè. Áóäì ñ÷èòàòü, ÷òî àðãóìåíòîì ÿâëÿåòñÿ âðåìÿ t, à ïàðàìåòðàìè �EMBED Equation.3���. Â äèñêðåòíûå ìîìåíòû  �EMBED Equation.3��� èìååì íàáëþäåíèÿ ýòîé ôóíêöèè lk, ñîäåðæàùèå ïîãðåøíîñòè (lk. Òàêèì îáðàçîì, èìååì


					�EMBED Equation.3���,


					�EMBED Equation.3���,


					. . . . . . . . . . . . . . . . . . .


					�EMBED Equation.3���.


Èñïîëüçóÿ êðèòåðèé L2 (ñóììó êâàäðàòîâ îñòàòî÷íûõ ðàçíîñòåé), îïðåäåëèì ïàðàìåòðû �EMBED Equation.3���:


				�EMBED Equation.3���.


Â ñëó÷àå íåðàâíîòî÷íûõ íåçàâèñèìûõ íàáëþäåíèé êðèòåðèé L2 ìîäèôèöèðóåòñÿ


				�EMBED Equation.3���.


Íîðìàëüíûìè óðàâíåíèÿìè áóäóò


				�EMBED Equation.3���.


Ýòè óðàâíåíèÿ íåëèíåéíû. Ìèíèìèçàöèÿ ôóíêöèîíàëà L2 â ñëó÷àå ÷èñëà íåèçâåñòíûõ áîëåå äâóõ ïðèâîäèò ê î÷åíü ãðîìîçäêèì âû÷èñëåíèÿì. Îáû÷íî â ýòîì ñëó÷àå ïðèáåãàþò ê ëèíåàðèçàöèè èñõîäíûõ óðàâíåíèé è ê èñïîëüçîâàíèþ ìåòîäèêè ÌÍÊ.





6.5.1. Ëèíåàðèçàöèÿ è ðåøåíèå


	Ïðåäïîëîæèì, ÷òî êàêèå-òî ïðèáëèæåííûå çíà÷åíèÿ ïàðàìåòðîâ �EMBED Equation.3��� íàì èçâåñòíû. Îáîçíà÷èì èõ ÷åðåç  �EMBED Equation.3���. Òîãäà


					�EMBED Equation.3���,


ãäå �EMBED Equation.3��� - èñêîìàÿ ïîïðàâêà. Áóäåì òàêæå ñ÷èòàòü, ÷òî ýòà ïîïðàâêà äîñòàòî÷íî ìàëà, ÷òîáû ìû èìåëè ïðàâî çàìåíèòü òî÷íîå çíà÷åíèå ôóíêöèè íà ïðèáëèæåííîå, îãðàíè÷èâàÿñü ðàçëîæåíèåì Òåéëîðà äî ïåðâîé ñòåïåíè  �EMBED Equation.3���:


    �EMBED Equation.3���


Îáîçíà÷èì


				�EMBED Equation.3���,


				�EMBED Equation.3���.


Ïîëó÷èì ñèñòåìó ëèíåéíûõ óðàâíåíèé


		�EMBED Equation.3���.


Êîýôôèöèåíòû �EMBED Equation.3��� îáðàçóþò ìàòðèöó À:


				�EMBED Equation.3���.


Ïîïðàâêè ê ïàðàìåòðàì è âàðèàöèè �EMBED Equation.3��� èçîáðàçèì â âåêòîðíîì âèäå:


			�EMBED Equation.3���,               �EMBED Equation.3���.


Òåïåðü äëÿ îïðåäåëåíèÿ íàèëó÷øåé â ñðåäíåêâàäðàòè÷åñêîì ñìûñëå îöåíêè âåêòîðà ïàðàìåòðîâ	�EMBED Equation.3��� âîñïîëüçóåìñÿ ñèñòåìîé ëèíåéíûõ íîðìàëüíûõ óðàâíåíèé, êîòîðàÿ â ìàòðè÷íîé ôîðìå èìååò âèä


			�EMBED Equation.3���,


èëè		      �EMBED Equation.3���     â ñëó÷àå íåðàâíîòî÷íûõ íàáëþäåíèé.


Ïðîöåäóðà ðåøåíèÿ è âû÷èñëåíèÿ êîâàðèàöèîííîé ìàòðèöû ïîãðåøíîñòåé îöåíêè ïîïðàâîê îñòàåòñÿ òàêîé æå, ÷òî è äëÿ “êëàññè÷åñêèõ” ëèíåéíûõ óðàâíåíèé.


	Ïîñëå îïðåäåëåíèÿ �EMBED Equation.3��� ñëåäóåò óòî÷íèòü ïàðàìåòðû


					 �EMBED Equation.3���.


ÑÊÎ äëÿ �EMBED Equation.3��� îñòàåòñÿ òîé æå, ÷òî è äëÿ �EMBED Equation.3���. 


	Ïðè ðåøåíèè íåëèíåéíûõ óðàâíåíèé âîçíèêàåò ñëåäóþùàÿ òðóäíîñòü. Ïðåäñòàâèì ñåáå, ÷òî ïðåäâàðèòåëüíûé íàáîð ïàðàìåòðîâ áûë âûáðàí íåóäà÷íî, òàê ÷òî íåêîòîðûå ïîïðàâêè îêàçàëèñü ñëèøêîì âåëèêè. Òîãäà çàìåíà íåëèíåéíîé ôóíêöèè ëèíåéíîé îòíîñèòåëüíî ïîïðàâîê ìîæåò áûòü íåäîñòàòî÷íî ñòðîãîé. Â ýòîì ñëó÷àå ïðîöåäóðó âû÷èñëåíèÿ ÌÍÊ-îöåíîê ïîïðàâîê ê ïàðàìåòðàì ñëåäóåò ïîâòîðèòü, ò.å. âû÷èñëèòü âòîðóþ èòåðàöèþ. Çà ïðèáëèæåííûå çíà÷åíèÿ ïàðàìåòðîâ áåðóò ÌÍÊ-îöåíêè, âû÷èñëåííûå íà ïåðâîé èòåðàöèè.


					�EMBED Equation.3���.


Ïîâòîðÿÿ âñþ ïðîöåäóðó ñîñòàâëåíèÿ èñõîäíûõ è íîðìàëüíûõ óðàâíåíèé, ìû ïîëó÷èì �EMBED Equation.3��� è íîâûå çíà÷åíèÿ ïàðàìåòðîâ


					�EMBED Equation.3���.


Ìîæåò îêàçàòüñÿ, ÷òî è âòîðîé èòåðàöèè íåäîñòàòî÷íî. Òîãäà �EMBED Equation.3���ïðèíèìàþò çà ïðèáëèæåííûå çíà÷åíèÿ è âû÷èñëÿþò ïîïðàâêè �EMBED Equation.3���  íà òðåòüåé èòåðàöèè. Ïðîöåäóðà ïðîäîëæàåòñÿ äî òåõ ïîð, ïîêà ÑÊÎ îöåíîê íå ïåðåñòàíóò óìåíüøàòüñÿ, à ïîïðàâêè íå áóäóò ïðåâûøàòü ïî ìîäóëþ ýòèõ ñðåäíèõ êâàäðàòè÷åñêèõ îøèáîê.


	Òèïè÷íûé ïðèìåð ïðèìåíåíèÿ ÌÍÊ ê íåëèíåéíûì ôóíêöèÿì - çàäà÷à óëó÷øåíèÿ îðáèò ïî çàäàííûì íàáëþäåíèÿì êîîðäèíàò ýòèõ íåáåñíûõ òåë.





6.5.2. Ëèíåàðèçàöèÿ çàìåíîé ïåðåìåííûõ. Âû÷èñëåíèå ñðåäíèõ êâàäðàòè÷åñêèõ îøèáîê.


	Ðàññìîòðèì ÷àñòíûé ñëó÷àé íåëèíåéíîé ôóíêöèè


				�EMBED Equation.3���,


à íàáëþäåíèÿ â ìîìåíò  t=tk  ñâÿçàíû ñ ýòîé ôóíêöèåé ñëåäóþùèì îáðàçîì


				�EMBED Equation.3���.


Ââåäåì îáîçíà÷åíèÿ     �EMBED Equation.3��� , 	�EMBED Equation.3���,   �EMBED Equation.3���,	�EMBED Equation.3���.


Òåïåðü íàøè èñõîäíûå óðàâíåíèÿ ëèíåéíû îòíîñèòåëüíî íåèçâåñòíûõ ( è (:


					�EMBED Equation.3���.


Ïàðàìåòðû ( è (  îïðåäåëèì, èñïîëüçóÿ ÌÍÊ:


					�EMBED Equation.3���,


					�EMBED Equation.3���,


 		�EMBED Equation.3���,		�EMBED Equation.3���.


Âû÷èñëèì îñòàòî÷íûå ðàçíîñòè


					�EMBED Equation.3���


è ñðåäíþþ êâàäðàòè÷åñêóþ îøèáêó åäèíèöû âåñà


					�EMBED Equation.3���.


Äëÿ îïðåäåëåíèÿ îöåíîê äèñïåðñèé è êîâàðèàöèé îøèáîê îöåíîê �EMBED Equation.3��� è �EMBED Equation.3��� âû÷èñëèì îáðàòíóþ ìàòðèöó


	    �EMBED Equation.3���,	ãäå	�EMBED Equation.3���.


Ñëåäîâàòåëüíî,


		�EMBED Equation.3���,		   �EMBED Equation.3���,		�EMBED Equation.3���.


Îòñþäà èìååì îöåíêè äèñïåðñèé è êîâàðèàöèé îøèáîê


		�EMBED Equation.3���,		   �EMBED Equation.3���,		�EMBED Equation.3���.


Îäíàêî, íàøåé çàäà÷åé áûëî îïðåäåëèòü ïàðàìåòðû x,y  è èõ îøèáêè. Ïðåäñòîèò ðåøèòü îáðàòíóþ çàäà÷ó òåîðèè îøèáîê: ïî îøèáêàì è êîâàðèàöèÿì äâóõ ôóíêöèé îïðåäåëèòü îøèáêè àðãóìåíòîâ. Áóäåì ñ÷èòàòü, ÷òî ìåæäó x,y è  (, ( ñóùåñòâóåò îäíîçíà÷íîå ñîîòâåòñòâèå. Òîãäà ïî çàäàííûì �EMBED Equation.3��� è �EMBED Equation.3��� îïðåäåëèì �EMBED Equation.3��� è �EMBED Equation.3���:


				�EMBED Equation.3���.


Î÷åâèäíî, ÷òî


				�EMBED Equation.3���,


				�EMBED Equation.3���.


Ïîýòîìó


				�EMBED Equation.3���,


				�EMBED Equation.3���.


Çàìåíèì äèñïåðñèè è êîâàðèàöèè íà èõ îöåíêè. Ïîëó÷èì êâàäðàò ÑÊÎ ïàðàìåòðîâ �EMBED Equation.3��� è �EMBED Equation.3���:


			�EMBED Equation.3���,


			�EMBED Equation.3���.


Ìåòîä ìîæåò áûòü ðàñïðîñòðàíåí íà ëþáîå ÷èñëî íåèçâåñòíûõ ïàðàìåòðîâ.





6.5.3. ×èñëåííûé ïðèìåð (ïåðâûé âàðèàíò)


	Ðàññìîòðèì ðåøåíèå çàäà÷è èññëåäîâàíèÿ êðóãà àñòðîíîìè÷åñêîãî èíñòðóìåíòà. Òðåáóåòñÿ îïðåäåëèòü ïàðàìåòðû, óñòàíàâëèâàþùèå ñâÿçü ìåæäó îòñ÷åòàìè äâóõ ìèêðîñêîïîâ Ì1 è Ì2, îòëè÷àþùèåñÿ îò 1800 èç-çà ýêñöåíòðèñèòåòà êðóãà è äðóãèõ ïàðàìåòðîâ, êîòîðûå îïðåäåëÿþò ðàçíîñòü


			�


			


			�EMBED Equation.3���,


ãäå à - ïîñòîÿííàÿ ÷àñòü, âûçâàííàÿ íåòî÷íîñòüþ óñòàíîâêè ìèêðîñêîïîâ, �EMBED Equation.3��� - ýêñöåíòðèñèòåò êðóãà (ñì. ðèñ.), Ì0 - îòñ÷åò ëèìáà, êîòîðûé ëåæèò íà îäíîé ïðÿìîé, ñîåäèíÿþùåé öåíòð îêðóæíîñòè ëèìáà (Î1) è îñü âðàùåíèÿ (Î). Ïàðàìåòðû à, �EMBED Equation.3���, Ì0 ÿâëÿþòñÿ íåèçâåñòíûìè, êîòîðûå íóæíî îïðåäåëèòü ìåòîäîì íàèìåíüøèõ êâàäðàòîâ.


	Ïîâîðîòîì êðóãà áóäåì óñòàíàâëèâàòü ïåðâûé ìèêðîñêîï íà îòñ÷åòàõ �EMBED Equation.3���  ÷åðåç 300 è áóäåì ñ÷èòûâàòü ñî âòîðîãî ìèêðîñêîïà Ì2. Òàêèì îáðàçîì, íàáëþäåíèÿìè â äàííîé çàäà÷å áóäóò ðàçíîñòè îòñ÷åòîâ ýòèõ ìèêðîñêîïîâ.


	Â ïðèâåäåííîé íèæå òàáëèöå ïðèâåäåíû çíà÷åíèÿ Ì1 (ïåðâûé ñòîëáåö), Ì2 (âòîðîé ñòîëáåö), îòëè÷èå îò 1800 èõ ðàçíîñòè è “öåíòðèðîâàííàÿ” ðàçíîñòü - ïðèâåäåííàÿ ê ñðåäíåìó çíà÷åíèþ (�EMBED Equation.3���).





      Ì1�
        Ì2�
Ì2 - Ì1 -1800�
      �EMBED Equation.3����
�
      300�
  21001’16.7’’�
      76.7’’�
     -0.6’’�
�
      600�
  24001’28.5’’�
      88.5’’�
     11.2’’�
�
      900�
  27001’33.1’’�
      93.1’’�
     15.8’’�
�
     1200�
  30001’36.4’’�
      96.4’’�
     19.1’’�
�
     1500�
  33001’31.5’’�
      91.4’’�
     14.1’’�
�
     1800�
     001’26.9’’�
      86.9’’�
      9.6’’�
�
     2100�
    3001’14.9’’�
      74.9’’�
     -2.4’’�
�
     2400�
    6001’08.7’’�
      68.7’’�
     -8.6’’�
�
     2700�
    9001’01.7’’�
      61.7’’�
    -15.6’’�
�
     3000�
  12000’57.2’’�
      57.2’’�
    -20.1’’�
�
     3300�
  15001’02.6’’�
      62.6’’�
    -14.7’’�
�
     3600�
  18001’09.1’’�
      69.1’’�
     -8.2’’�
�
							ñð.çí. 77.3’’





Çäåñü						�EMBED Equation.3���= Ì2 - Ì1 -1800-77.3’’


Èç îñíîâíîé ôîðìóëû ñëåäóåò, ÷òî �EMBED Equation.3���.


Äëÿ òîãî, ÷òîáû ëèíåàðèçîâàòü äàííîå âûðàæåíèå, íóæíî îïðåäåëèòü ïðåäâàðèòåëüíûå çíà÷åíèÿ ïàðàìåòðîâ �EMBED Equation.3���. Ýòî ëåãêî ñäåëàòü ãðàôè÷åñêè. Ïîñòðîèì ãðàôèê çàâèñèìîñòè �EMBED Equation.3��� îò Ì1.





       �


Èç ãðàôèêà îïðåäåëÿåì �EMBED Equation.3���.


Òåïåðü çàïèøåì óðàâíåíèå â âàðèàöèÿõ. Ïóñòü �EMBED Equation.3���, �EMBED Equation.3���, �EMBED Equation.3���.


  		�EMBED Equation.3���.


Îáîçíà÷èì	�EMBED Equation.3���,


		�EMBED Equation.3���,


		�EMBED Equation.3���,


		�EMBED Equation.3���.


Òåïåðü èìååì èñõîäíîå óðàâíåíèå â âèäå  �EMBED Equation.3���.


	Çàìåòèì, ÷òî �EMBED Equation.3��� - îøèáêà íàáëþäåíèé. Îíà ñîäåðæèòñÿ â óñòàíîâêå ëèìáà è îòñ÷åòå ìèêðîñêîïà. Ñòðîãî ãîâîðÿ, ýòà îøèáêà âõîäèò è â Ì1 è â Ì2. Äëÿ òîãî ÷òîáû ÌÍÊ áûë ñòðîãèì, ìû âûñêàçûâàåì ãèïîòåçó î òîì, ÷òî îøèáêó ñîäåðæèò òîëüêî Ì2 (ò.å. �EMBED Equation.3���), à âåëè÷èíà Ì1, êîòîðàÿ âõîäèò â ôîðìóëó âû÷èñëåíèÿ êîýôôèöèåíòîì, - áåçóïðå÷íà. Òåïåðü èìååì


	


     Ì1 �
      ak�
     bk�
       ck�
     lk�
�
      30�
     0.1047�
   -18.774 �
        1�
    -1.6�
�
      60�
     1.0593�
   -15.707�
        1�
   +1.0�
�
      90�
     1.7820�
    -8.535�
        1�
    -1.0�
�
     120�
     1.9973�
    +0.984�
        1�
   +0.3�
�
     150�
     1.6773�
    10.239�
        1�
    -1.7�
�
     180�
     0.9080�
    16.751�
        1�
   +1.1�
�
     210�
    -0.1047�
    18.774�
        1�
    -1.4�
�
     240�
    -1.0893�
    15.767�
        1�
   +1.6�
�
     270�
    -1.7820�
     8.535�
        1�
   +1.2�
�
     300�
    -1.9973�
    -0.984�
        1�
    -1.3�
�
     330�
    -1.6773�
   -10.239�
        1�
   +1.1�
�
     360�
    -0.9080�
   -16.751�
        1�
   +0.3�
�



Íîðìàëüíûå óðàâíåíèÿ èìåþò âèä


			�EMBED Equation.3���.


Ïîñêîëüêó ìàòðèöà íîðìàëüíûõ óðàâíåíèé äèàãîíàëüíàÿ, ïîëó÷èì


�EMBED Equation.3���,�EMBED Equation.3���,�EMBED Equation.3���,�EMBED Equation.3���,	�EMBED Equation.3���,	�EMBED Equation.3���.


Ñóììó êâàäðàòîâ îñòàòî÷íûõ óêëîíåíèé âû÷èñëèì ïî ôîðìóëå


				�EMBED Equation.3���.


Ïîýòîìó			�EMBED Equation.3���.


Òàêèì îáðàçîì,


				�EMBED Equation.3���,


				�EMBED Equation.3���,


				�EMBED Equation.3���.


Ñëåäîâàòåëüíî,


				�EMBED Equation.3���


Èç-çà òîãî, ÷òî ïîïðàâêè ïîëó÷èëèñü ìåíüøå ïî àáñîëþòíîìó çíà÷åíèþ îøèáîê, âòîðàÿ èòåðàöèÿ â äàííîì ñëó÷àå íå òðåáóåòñÿ.





6.5.4. ×èñëåííûé ïðèìåð (âòîðîé âàðèàíò)


	Âåðíåìñÿ ñíîâà ê òîëüêî ÷òî ðàññìîòðåííîìó ÷èñëåííîìó ïðèìåðó. Çàïèøåì îñíîâíîå óðàâíåíèå ñëåäóþùèì îáðàçîì:


�EMBED Equation.3���     .


Ââåäåì îáîçíà÷åíèÿ  


		 �EMBED Equation.3���,                 �EMBED Equation.3���,


		 �EMBED Equation.3���,	            �EMBED Equation.3���,


		  �EMBED Equation.3���,	            �EMBED Equation.3���,	    �EMBED Equation.3���.


Òåïåðü èñõîäíûå óðàâíåíèÿ ëèíåéíû. Êîýôôèöèåíòû ýòèõ óðàâíåíèé è ïðàâàÿ ÷àñòü ïðèâåäåíû â òàáëèöå	


     Ì1 �
      ak�
     bk�
       ck�
     lk�
�
      30�
     0.500�
    0.866�
        1�
    -0.6�
�
      60�
     0.866�
    0.500�
        1�
    11.2�
�
      90�
     1.000�
    0.000�
        1�
    15.8�
�
     120�
     0.866�
   -0.500�
        1�
    19.1�
�
     150�
     0.500�
   -0.866�
        1�
    14.1�
�
     180�
     0.000�
   -1.000�
        1�
     9.6�
�
     210�
    -0.500�
   -0.866�
        1�
    -2.4�
�
     240�
    -0.866�
   -0.500�
        1�
    -8.6�
�
     270�
    -1.000�
    0.000�
        1�
   -15.6�
�
     300�
    -0.866�
    0.500�
        1�
   -20.6�
�
     330�
    -0.500�
    0.866�
        1�
   -14.7�
�
     360�
     0.000�
    1.000�
        1�
    -8.2�
�
Íîðìàëüíûå óðàâíåíèÿ ñíîâà èìåþò äèàãîíàëüíóþ ôîðìó


				�EMBED Equation.3���,


		�EMBED Equation.3���,			�EMBED Equation.3���,


		�EMBED Equation.3���,			�EMBED Equation.3���,		�EMBED Equation.3���,	


		�EMBED Equation.3���,		�EMBED Equation.3���,		�EMBED Equation.3���.





Ñëåäîâàòåëüíî,			�EMBED Equation.3���,	


					�EMBED Equation.3���,


					�EMBED Equation.3���.


Òåïåðü íóæíî âû÷èñëèòü èñêîìûå �EMBED Equation.3���, M0 è a  è èõ îøèáêè. Êàê ñëåäóåò èç ïðèâåäåííûõ ôîðìóë


					�EMBED Equation.3���,


					�EMBED Equation.3���,


					�EMBED Equation.3���.


Îñòàåòñÿ âû÷èñëèòü îøèáêè


					�EMBED Equation.3���,


					�EMBED Equation.3���.	


Ïîñêîëüêó ìàòðèöà íîðìàëüíûõ óðàâíåíèé äèàãîíàëüíà, êîâàðèàöèÿ ìåæäó (x è (y ðàâíà íóëþ. Ñëåäîâàòåëüíî,


					�EMBED Equation.3���,


			�EMBED Equation.3���,


						�EMBED Equation.3���,


					�EMBED Equation.3���,


			 	�EMBED Equation.3���,


		�EMBED Equation.3���.	


Èòàê,


						�EMBED Equation.3���,


						�EMBED Equation.3���,


						�EMBED Equation.3���.


Ïîëó÷åííûé ðåçóëüòàò ïðàêòè÷åñêè íå îòëè÷àåòñÿ îò òîãî, êîòîðûé ìû èìååì â ïðåäûäóùåì ñëó÷àå.
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