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Îáñóæäàåòñÿ ðåøåíèå òð¸õìåðíîé çàäà÷è ãåîýëåêòðèêè íà ïîñòîÿííîì òîêå. Ðåøåíèå çàäà÷è ñòðîèòñÿ íà
îñíîâå ãëîáàëüíîé äåêîìïîçèöèè (ÃÄÀÌ). Àëãîðèòì çàêëþ÷àåòñÿ â èòåðàöèîííîé ðåêîíñòðóêöèè ðåøåíèÿ
èç äâóõ áàçèñíûõ ýëåìåíòîâ — ïîëÿ òî÷å÷íîãî èñòî÷íèêà â ñëîèñòîé (ôîíîâîé) ñðåäå è ðåøåíèÿ â ëîêàëüíîé
âñòàâêå. Â êà÷åñòâå ôîíîâîé (íîðìàëüíîé) ìîäåëè èñïîëüçóåòñÿ ãîðèçîíòàëüíî-ñëîèñòàÿ ñðåäà, â îäíîì èç
ñëî¸â êîòîðîé ðàñïîëîæåí òî÷å÷íûé èñòî÷íèê ïîñòîÿííîãî òîêà. Ôîíîâàÿ ñðåäà ñîäåðæèò îãðàíè÷åííîå
âêëþ÷åíèå ñ äîñòàòî÷íî ïðîèçâîëüíûì ðàñïðåäåëåíèåì óäåëüíîãî ýëåêòðè÷åñêîãî ñîïðîòèâëåíèÿ. Çàäà÷à
ñîñòîèò â èçó÷åíèè âëèÿíèÿ âñòàâêè íà íîðìàëüíîå ïîëå. Ðàáîòà àëãîðèòìà ðåøåíèÿ çàäà÷è ïðîèëëþñòðèðî-
âàíà íà ïðèìåðå îäíîðîäíîãî ïîëóïðîñòðàíñòâà (òð¸õñëîéíàÿ ãîðèçîíòàëüíî-ñëîèñòàÿ ñðåäà ñ îäèíàêîâîé
ïðîâîäèìîñòüþ ñëî¸â). Òî÷å÷íûé èñòî÷íèê ðàñïîëîæåí â ïåðâîì ñëîå. Âòîðîé ñëîé ñîäåðæèò îäíîðîäíîå
ëîêàëüíîå òåëî (ïðÿìîóãîëüíûé ïàðàëëåëåïèïåä èëè êîíå÷íûé öèëèíäð). Ðåøåíèÿ çàäà÷ Äèðèõëå äëÿ óðàâ-
íåíèÿ Ëàïëàñà â ýòèõ òåëàõ èçâåñòíû. Äëÿ ïîâûøåíèÿ òî÷íîñòè âû÷èñëåíèé â ïàðàëëåëåïèïåäå ïîòðåáîâà-
ëîñü íåñêîëüêî èçìåíèòü àëãîðèòì ðàñ÷åòà ïîòåíöèàëà. Óñêîðåíèå ðàñ÷åòîâ îáåñïå÷èëè âû÷èñëåíèÿ êîýô-
ôèöèåíòîâ Ôóðüå ñ èñïîëüçîâàíèåì ïðÿìîãî äèñêðåòíîãî ñèíóñ-ïðåîáðàçîâàíèÿ. Íà îñíîâå ïðèâåä¸ííûõ â
ðàáîòå àëãîðèòìîâ ðàçðàáîòàíû ïðîãðàììû ðàñ÷¸òà ïîòåíöèàëà â ëîêàëüíûõ òåëàõ è âûïîëíåíû ÷èñëåííûå
ýêñïåðèìåíòû, ïîçâîëèâøèå ãðàôè÷åñêè ïðåäñòàâèòü ðåçóëüòàòû ðàñ÷¸òîâ è ñäåëàòü îöåíêó òî÷íîñòè âû÷èñ-
ëåíèé.
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The solution of a three-dimensional problem of geoelectric on a direct current is discussed. The solution of this
task is constructed on the basis of global decomposition (GDAM). The algorithm consists in iterative reconstruction of
the decision from two basic elements – field of a point source in the layered (background) environment and solution in



a local insertion. As a background (normal) model, the horizontally layered environment is used, in one of layers of
which the point source of direct current is located. The background environment contains limited inclusion with
enough arbitrary distribution of specific electrical resistance. The problem consists in studying of influence of an inser-
tion on the normal field. The work of the algorithm of the solution of a task is illustrated on the example of a homoge-
neous half-space (the three-layer horizontally layered environment with identical conductivity of layers). The point
source is located in the first layer. The second layer contains a homogeneous local body (a rectangular parallelepiped or
a finite cylinder). Solutions of tasks of Dirikhle for Laplace’s equation in these bodies are known. For the improving of
the accuracy of calculations in a parallelepiped, the little change of an algorithm of calculation of potential was needed.
Acceleration of calculations was provided by the calculations of Fourier coefficients with the use of direct discrete sine
transformation.On the basis of the algorithms given in the work, the programs of calculation of potential in local inser-
tions are developed and the numerical experiments which allowed presenting graphically calculation results and mak-
ing assessments of accuracy of calculations, are executed.

K e y w o r d s: direct problem; models of geoelectrics; multiscale modeling; global decomposition; Schwarz’s
method; the iterative solution.

Ïîñòàíîâêà çàäà÷è

Èëëþñòðàöèÿ ðàçëè÷íûõ àñïåêòîâ äåêîìïîçè-
öèîííîãî ìåòîäà âûïîëíåíà íà ïðèìåðå ïîëóàíà-
ëèòè÷åñêîãî ðåøåíèÿ òð¸õìåðíîé çàäà÷è ÂÝÇ.
Êëàññèôèêàöèÿ ìàñøòàáîâ (óðîâíåé) äåêîìïîçè-
öèè ïðèâåäåíà â [8].

Ã ë î á à ë ü í à ÿ ä å ê î ì ï î ç è ö è ÿ (ðèñ. 1). Äå-
êîìïîçèöèîííûé àëüòåðíèðóþùèé ìåòîä (ÄÀÌ)
ñàìîãî ãðóáîãî ìàñøòàáà, ïðèâîäÿùèé ê íåîáõî-
äèìîñòè ïîñëåäîâàòåëüíîãî àâòîíîìíîãî ðåøåíèÿ
âíóòðåííåé (â îãðàíè÷åííîé îáëàñòè D) è âíåøíåé

(â íåîãðàíè÷åííîé îáëàñòè �) êðàåâûõ çàäà÷, ïî-
ëó÷èë íàçâàíèå ãëîáàëüíîãî ÄÀÌ (ÃÄÀÌ) [8].
ÃÄÀÌ íàöåëåí íà ÷èñëåííîå ìîäåëèðîâàíèå àíî-
ìàëüíûõ ýëåêòðîìàãíèòíûõ (ÝÌ) ïîëåé â ôîíî-
âûõ (êàê ïðàâèëî, íåîãðàíè÷åííûõ) ìîäåëÿõ ñðåäû,
ñîäåðæàùèõ íåîäíîðîäíûå ïî ôèçè÷åñêèì ñâî-
éñòâàì ëîêàëüíûå òåëà1.

Ì î ä å ë ü à ïðåäïîëàãàåò ïîñëåäîâàòåëüíîå ðå-
øåíèå çàäà÷ â ïåðåñåêàþùèõñÿ îáëàñòÿõ � (ñ ãðà-

íèöåé ��) è D (ñ ãðàíèöåé �D) [2, 8]. Ðåøåíèå â
îãðàíè÷åííîé îáëàñòè D ñ ãðàíèöåé �D íàõîäèòñÿ
÷èñëåííî (íàïðèìåð, ïî ìåòîäó êîíå÷íûõ ðàçíîñ-
òåé èëè ìåòîäó êîíå÷íûõ ýëåìåíòîâ). ÝÌ — ïîëÿ â
íåîãðàíè÷åííîé (âíåøíåé) îáëàñòè � ñ ãðàíèöåé
�� âû÷èñëÿþòñÿ ïî èçâåñòíûì àíàëèòè÷åñêèì èëè
àñèìïòîòè÷åñêèì ðåøåíèÿì. Îáëàñòü � èìååò íå-
ïóñòîå ïåðåñå÷åíèå ñ ñåòî÷íîé îáëàñòüþ D. Ðåøå-
íèå, íàéäåííîå â îáëàñòè D, â ñîãëàñèè ñ àëãîðèò-
ìîì ÄÀÌ, èòåðàöèîííî «ñøèâàåòñÿ» ñ ðåøåíèÿìè
â îáëàñòè �.

Ì î ä å ë ü á. Â ýòîé ìîäåëè D � �, ÷òî ñîîòâåò-
ñòâóåò ìîäèôèöèðîâàííîìó àëãîðèòìó Øâàðöà [7,
8]. Â ñîîòâåòñòâèè ñ ýòèì àëãîðèòìîì ðåøåíèå îá-
ùåé çàäà÷è êîíñòðóèðóåòñÿ èç ïîñëåäîâàòåëüíîãî
ðåøåíèÿ äâóõ ïîäçàäà÷.

I. Çàäà÷è â ôîíîâîé ñðåäå, ñîäåðæàùåé âñòàâêó
D, â êîòîðîé ïðåäïîëàãàåòñÿ èçâåñòíîé òåêóùàÿ
âåëè÷èíà ïëîòíîñòåé èñòî÷íèêîâ àíîìàëüíîãî
ïîëÿ.
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Ðèñ. 1. Âèä îáëàñòåé ïðè ãëîáàëüíîé äåêîìïîçèöèè: a — êëàññè÷åñêèé ÄÀÌ: � �� � � � 	 	D D R nn, , , ;2 3 á — ìîäèôè-

öèðîâàííûé ÄÀÌ: D R D D nn� 
 	 	� �, , , ;� 2 3 � — íåîãðàíè÷åííàÿ îáëàñòü ñ ãðàíèöåé ��, D — îãðàíè÷åííàÿ îá-

ëàñòü ñ ãðàíèöåé �D, ïåðåñå÷åíèå îáëàñòåé � è D, �m— óäåëüíûå ýëåêòðè÷åñêèå ñîïðîòèâëåíèÿ ñëî¸â, hm — ìîùíîñòè
ñëî¸â

1 Îñîáåííî îñòðî ýòî îùóùàåòñÿ ïðè ÷èñëåííîì ðåøåíèè òð¸õìåðíûõ çàäà÷ óæå â ñëó÷àå îòíîñèòåëüíî ïðîñòûõ ìîäåëåé.



II. Çàäà÷è Äèðèõëå âî âñòàâêå ïðåäïîëàãàåò èç-
âåñòíûìè âåëè÷èíû ïîòåíöèàëà íà å¸ ãðàíèöå.

Çàäàâàÿ â D íà÷àëüíîå ïðèáëèæåíèå ê ïëîòíîñ-
òÿì èñòî÷íèêîâ àíîìàëüíîãî ïîëÿ, ðåøàåì ïåðâóþ
çàäà÷ó è ðàññ÷èòûâàåì ïîëå íà ãðàíèöå �D. Ðåøàÿ
âòîðóþ çàäà÷ó, îáíîâëÿåì ïëîòíîñòü èñòî÷íèêîâ
àíîìàëüíîãî ïîëÿ â D. Ïîâòîðÿåì ðåøåíèå ýòèõ
çàäà÷ äî òåõ ïîð, ïîêà íå âûïîëíèòñÿ íåêîòîðûé
êðèòåðèé çàâåðøåíèÿ èòåðàöèîííîãî ïðîöåññà.

Ïðèìåð ðåøåíèÿ òðåõìåðíîé çàäà÷è ÂÝÇ
íà îñíîâå ãëîáàëüíîé äåêîìïîçèöèè

Â í å ø í ÿ ÿ ê ð à å â à ÿ ç à ä à ÷ à. Ìàòåìàòè÷åñ-
êàÿ ìîäåëü ãåîôèçèêè ñîñòîèò èç òð¸õ îñíîâíûõ
ýëåìåíòîâ: ìîäåëè ñðåäû, ìîäåëè èñòî÷íèêà è
äèôôåðåíöèàëüíîé çàäà÷è, îïèñûâàþùåé ïîâåäå-
íèå ïîëÿ â ñðåäå. Çäåñü èñïîëüçóåì òàêóþ æå ìî-
äåëü, êàê â [6]. Áóäåì ïîëàãàòü, ÷òî íîðìàëüíîé
ìîäåëüþ ÿâëÿåòñÿ òð¸õñëîéíàÿ ãîðèçîíòàëüíî-ñëî-
èñòàÿ ñðåäà ñ ïðîâîäèìîñòÿìè ñëî¸â �n (n = 1, 2, 3)
è ìîùíîñòÿìè hn (h3 = 
). Âòîðîé ñëîé ìîäåëè ñî-
äåðæèò íåîäíîðîäíîå ëîêàëüíîå âêëþ÷åíèå Ï ñ ãðà-
íèöåé �Ï è ïðîâîäèìîñòüþ �, êîòîðîå èìååò ôîð-
ìó ïðÿìîóãîëüíîãî ïàðàëëåëåïèïåäà èëè öèëèíäðà
[6, ðèñ. 1].

Èñêîìàÿ ôóíêöèÿ u (x, y, z) ïðåäñòàâëåíà ñóì-
ìîé íîðìàëüíîãî Un (x, y, z) è àíîìàëüíîãî Ua (x, y, z)
ïîòåíöèàëîâ. Â êàæäîì îäíîðîäíîì ñëîå ñêàëÿð-
íûé ïîòåíöèàë Ua óäîâëåòâîðÿåò óðàâíåíèþ Ëàï-
ëàñà, à â ñëîÿõ, ñîäåðæàùèõ íåîäíîðîäíîñòè, —
óðàâíåíèþ Ïóàññîíà

�U x y z div

grad U x y z U x y z

a n n

n a

( , , ) ( )

[ ( , , ) ( , , )

	 � �

� �

�� � �1

].
(1)

Àëãîðèòìû ðåøåíèÿ ïåðâîé ïîäçàäà÷è â ñëîèñ-
òîé ñðåäå, ñîäåðæàùåé âñòàâêó Ï, îáñóæäàëñÿ â [6].

Â í ó ò ð å í í ÿ ÿ ê ð à å â à ÿ ç à ä à ÷ à. Îñòàíîâèì-
ñÿ áîëåå ïîäðîáíî íà ðåøåíèè ïîäçàäà÷è II â îä-
íîðîäíûõ ïî ïðîâîäèìîñòè ëîêàëüíûõ òåëàõ, èìå-
þùèõ ôîðìó ïðÿìîóãîëüíîãî ïàðàëëåëåïèïåäà è
öèëèíäðà êîíå÷íûõ ðàçìåðîâ. Ðåøåíèÿ êðàåâûõ
çàäà÷ äëÿ ðÿäà îáëàñòåé ïðèâåäåíû â [1].

À. Ïðÿìîóãîëüíûé ïàðàëëåëåïèïåä (ðèñ. 2). Ïóñòü
èñòî÷íèê ðàñïîëîæåí íà ãëóáèíå h (0 � h � h1), îä-
íîðîäíîå ëîêàëüíîå òåëî Ï

� �Ï = ( , , )| 0 < < , 0 < < 0x y z x a y b, < z < c

ñ ïîñòîÿííîé ïðîâîäèìîñòüþ � è ãðàíèöåé �Ï,
ëåæèò âî âòîðîì ñëîå òð¸õñëîéíîé ñðåäû. Òðåáóåò-
ñÿ íàéòè íåïðåðûâíûé â çàìêíóòîé îáëàñòè Ï ïî-
òåíöèàë u (x, y, z), óäîâëåòâîðÿþùèé â îáëàñòè Ï
óðàâíåíèþ Ëàïëàñà

�u x y z	 �0, ( , , ) Ï (2)

è ïðèíèìàþùèé íà ãðàíèöå çàäàííûå çíà÷åíèÿ

u f x y z C
�

�
Ï

Ï).	 �( , , ) ( (3)

Ôóíêöèÿ f (x, y, z), ðàññ÷èòûâàåòñÿ â ðåçóëüòàòå
ðåøåíèÿ çàäà÷è I. Ïóñòü íà ãðàíÿõ òåëà ôóíêöèè
f (x, y, z), ñîîòâåòñòâóþò ôóíêöèè fs, s = 1,6:

u f y z f y z u f a y z f y z

u f

x x a

y

	 	

	

	 	 	 	

	
0 1 2

0

0( , , ) ( , ), ( , , ) ( , ),

( , , ) ( , ), ( , , ) ( , ),

( , ,

x z f x z u f b y z f y z

u f y z

y b

z

0

0

3 4

0

	 	 	

	

	

	
) ( , ), ( , , ) ( , ),	 	 	

	
f y z u f c y z f y z

x c5 6
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Ðèñ. 2. Ëîêàëüíîå òåëî — ïàðàëëåëåïèïåä ñ ðàçìåðàìè a�b�c, 1—8 — íîìåðà âåðøèí; Î — íà÷àëî êîîðäè-
íàò, A (xs, ys, zs) — òî÷å÷íûé èñòî÷íèê, zs = (-h) — àïïëèêàòà èñòî÷íèêà. h1— h3 — ìîùíîñòè, �1—�3 —

ïðîâîäèìîñòè ñëî¸â



à â âåðøèíàõ ïàðàëëåëåïèïåäà u (x, y, z), èìååò
çíà÷åíèÿ U1,…, U8. Äëÿ îáåñïå÷åíèÿ íåïðåðûâíîñ-
òè ðåøåíèÿ íà ãðàíèöå ïîñòðîèì âñïîìîãàòåëüíóþ
ãàðìîíè÷åñêóþ ôóíêöèþ ~U (x, y, z), ñîâïàäàþùóþ
â óãëàõ ñ U�, � = 1,8. Îäíîé èç òàêèõ ôóíêöèé ÿâëÿ-
åòñÿ

~( , , ) ( , ) ( , ) ( , )

( , ) ( ,

U x y z U p x a p y b p z c

U p x a p y b

	 �

�
1 1 1 1

2 1 2 ) ( , ) ( , ) ( , ) ( , )

( , ) ( , )

p z c U p x a p y b p z c

U p x a p y b

1 3 2 2 1

4 2 1

� �

� p z c U p x a p y b p z c

U p x a p y b p

1 5 1 1 2

6 1 2

( , ) ( , ) ( , ) ( , )

( , ) ( , )

� �

� 2 7 2 2 2

8 2 1 2

( , ) ( , ) ( , ) ( , )

( , ) ( , )

z c U p x a p y b p z c

U p x a p y b p

� �

� ( , ) ,z c

ãäå

p t d t d p t d t d t d1 21 0( , ): / , ( , ): / , [ , .]	 � 	 �

Ïðèìåì

V x y z u x y z U x y z( , , ): ( , , ) ~( , , ).	 �

Ôóíêöèÿ V (x, y, z) — ãàðìîíè÷åñêàÿ â Ï è ðàâ-
íà íóëþ â óãëàõ ôèãóðû. Èñïîëüçóÿ ïðèíöèï ñó-
ïåðïîçèöèè, ïðåäñòàâèì å¸ â âèäå ñóììû òð¸õ ãàð-
ìîíè÷åñêèõ ôóíêöèé [1]
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óäîâëåòâîðÿþùèõ ðàçëè÷íûì êðàåâûì óñëîâèÿì.
Íàïðèìåð, äëÿ ôóíêöèè V1(x, y, z) îíè òàêîâû:
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Ïîñòðîåíèå ðåøåíèÿ îäíîé èç ýòèõ çàäà÷ ïî-
çâîëÿåò çàïèñàòü ðàñ÷¸òíûå ôîðìóëû äëÿ äâóõ äðó-
ãèõ. Ïðèìåì îáîçíà÷åíèÿ:
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Ñîãëàñíî [1], ôóíêöèÿ V1 ïîñòðîåíà ìåòîäîì
ðàçäåëåíèÿ ïåðåìåííûõ. Â ïðîöåññå ðåøåíèÿ ïî-
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Àíàëîãè÷íî íàõîäÿò ôóíêöèè V2 (x, y, z) è V3(x, y, z),
ñ î÷åâèäíûìè èçìåíåíèÿìè â ôîðìóëàõ (4) è (4.1).
Îêîí÷àòåëüíî ïîëó÷èì:
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×èñëåííûå ýêñïåðèìåíòû. Ëèíåéíûå ðàçìåðû
ïàðàëëåëåïèïåäà: a = 100 ì, b = 100 ì, c = 80 ì. Íà-
÷àëî êîîðäèíàò ðàñïîëîæåíî â âåðøèíå ïàðàëëå-
ëåïèïåäà (ðèñ. 2). Èñòî÷íèê ðàñïîëîæåí íàä âñòàâ-

êîé â òî÷êå ñ êîîðäèíàòàìè
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h
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Ïîòåíöèàë Un òî÷å÷íîãî èñòî÷íèêà ðàâåí:
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(8)

Ïðè òåñòèðîâàíèè ïðîãðàìì ïîëàãàëè u(xi, yj, zk) =
=Un (xi, yj, zk), Q =1000. Åñëè â çàäà÷å (2) — (3) ïðè-
íÿòü f (x, y, z) = u

�Ï
, òî å¸ ðåøåíèå âíóòðè ïàðàëëå-

ëåïèïåäà äîëæíî ñîâïàäàòü ñ ôóíêöèåé Un (x, y, z).
Ýòî ñëóæèò õîðîøåé îñíîâîé äëÿ òåñòèðîâàíèÿ àë-
ãîðèòìîâ è ïðîãðàìì, à òàêæå îöåíêè òî÷íîñòè
âû÷èñëåíèé. Ðåçóëüòàòû ÷èñëåííûõ ýêñïåðèìåí-
òîâ ïîêàçàíû íà ðèñ. 3.

Ãðàôèê íà ðèñ. 3, a èëëþñòðèðóåò ðåçóëüòàòû
ðàñ÷¸òîâ ñóììû ôóíêöèéV Vh h

1 2� . Ðåëüåô íà ðèñ. 3, á

îòîáðàæàåò ðåøåíèå çàäà÷è (2)—(3) â ïàðàëëåëåïè-
ïåäå. Ðèñ. 3, â ïîêàçûâàåò ïðàêòè÷åñêîå ñîâïàäå-

ÃÅÎÔÈÇÈ×ÅÑÊÈÅ ÌÅÒÎÄÛ ÏÎÈÑÊÎÂ È ÐÀÇÂÅÄÊÈ
GEOPHYSICAL METHODS OF PROSPECTING AND EXPLORATION

63



íèå â óçëàõ ñåòêè ÷èñëåííîãî ðåøåíèÿ Uh (òî÷êè) è
àíàëèòè÷åñêîãî u (ñïëîøíàÿ ëèíèÿ), ðàññ÷èòàííî-
ãî ïî ôîðìóëå (8). Ìàêñèìàëüíàÿ âåëè÷èíà îòíî-
ñèòåëüíîé ïîãðåøíîñòè .N â ïëîñêîñòè ~ /z c	 2 ïðè

ðàçëè÷íîì ïîëîæåíèè èñòî÷íèêà è ÷èñëå óçëîâ
ñåòêè N = 8, 16, 32, 64 íå ïðåâûøàëà 1% (ïðè N = 64)
è 4% (ïðè N = 8).

Á. Êîíå÷íûé öèëèíäð. Íà ðèñ. 4 èçîáðàæåíà ìî-
äåëü ëîêàëüíîãî âêëþ÷åíèÿ è åãî ãåîìåòðè÷åñêèå
ïàðàìåòðû, à òàêæå ðàñïîëîæåíèå òî÷å÷íîãî èñ-
òî÷íèêà.

Èñòî÷íèê ðàñïîëîæåí íà ïîâåðõíîñòè çåìëè â
òî÷êå Î — íà÷àëå ïðÿìîóãîëüíîé äåêàðòîâîé ñèñ-
òåìû êîîðäèíàò (x, y, z). Òî÷êè Î1(x1, y1, z1) è O2

(x2, y2, z2) ëåæàò íà îñè öèëèíäðà ðàäèóñà a. Òî÷êà
O1 — íà÷àëî öèëèíäðè÷åñêîé ñèñòåìû êîîðäèíàò
(r, �, z). Ñâÿçü ìåæäó êîîðäèíàòàìè óñòàíàâëèâàþò
ñëåäóþùèå ôîðìóëû:
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Òðåáóåòñÿ íàéòè ïîòåíöèàë u = u (�, 34 z), íåï-
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Ðèñ. 3. Ïðèìåðû ðàñ÷¸òîâ (â ïëîñêîñòè z = c/2): à – ñóììà ôóíêöèéV Vh h
1 2� , á – ôóíêöèÿV Uh � ~, â – ñðàâíåíèå ÷èñ-

ëåííîãî (òî÷êè) ðåøåíèÿ ñ àíàëèòè÷åñêèì (ñïëîøíûå ëèíèè) ïî ÷àñòíûì ïðîôèëÿì

Ðèñ. 4. Ìîäåëü öèëèíäðà ðàäèóñà r è òî÷å÷íîãî èñòî÷íèêà (a), Î – íà÷àëî êîîðäèíàò, h – âûñîòà îò íà÷àëà êîîðäè-
íàò äî öèëèíäðà, H – âûñîòà öèëèíäðà, z1 è z2 – ãðàíèöû âåðõíåé è íèæíåé êðûøêè öèëèíäðà, Î1 – öåíòð âåð-
õíåé êðûøêè öèëèíäðà, Î2 – öåíòð íèæíåé êðûøêè öèëèíäðà, R1 – ðàññòîÿíèå îò Î äî Î1, R2 – ðàññòîÿíèå îò Î
äî Î2, Ì1 è Ì2 ïðîèçâîëüíûå òî÷êè íà íèæíåé è âåðíåé ãðàíèöàõ öèëèíäðà; á – ñðàâíåíèå ÷èñëåííîãî (òî÷êè)

ðåøåíèÿ ñ àíàëèòè÷åñêèì (ñïëîøíûå ëèíèè) ïî ÷àñòíûì ïðîôèëÿì



Îáùåå ðåøåíèå íàõîäÿò â âèäå ñóììû ðåøåíèé
òð¸õ áîëåå ïðîñòûõ çàäà÷: u = u1 + u2 + u3 [1]. Íà-
ïðèìåð, ðåøåíèå ïåðâîé ïîäçàäà÷è èìååò âèä:
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Ïî àíàëîãèè ñ ðåøåíèåì äëÿ ïðÿìîóãîëüíîãî
ïàðàëëåëåïèïåäà (ñì. ôîðìóëó (7)) äèñêðåòíûå
àíàëîãè ôîðìóë äëÿ ïðèáëèæåííîãî âû÷èñëåíèÿ
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Ñ ó÷¸òîì ïîëó÷åííûõ êîýôôèöèåíòîâ ôîðìóëà
äëÿ u1(�4 34 z) áóäåò èìåòü âèä:
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Ìåòîä ïðåäïîëàãàåò èçâåñòíûìè êîðíè 8m ôóíê-

öèé Áåññåëÿ Jn(8m), n � Z0, m � N. Èõ âåëè÷èíû
îïðåäåëÿëèñü ÷èñëåííî.
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ãäå cos / , sin /3 3	 	x R y R1 1 1 1 .
×èñëåííûå ýêñïåðèìåíòû. Äëÿ ðàñ÷¸òîâ èñïîëü-

çîâàíà ìîäåëü öèëèíäðà ñ ëèíåéíûìè ðàçìåðàìè
a = 50 ì, H = 100 ì, h = 250 ì (ðèñ. 4, à). Íà÷àëî
êîîðäèíàò ðàñïîëîæåíî â òî÷êå Î. Ñðàâíåíèå ÷èñ-
ëåííîãî (òî÷êè) è òî÷íîãî (ñïëîøíàÿ ëèíèÿ) ðåøå-
íèé (ðèñ. 4, á.) ïîêàçàëî ïðàêòè÷åñêîå ñîâïàäåíèå
ðåçóëüòàòîâ â óçëàõ ñåòêè. Ìàêñèìàëüíàÿ âåëè÷èíà
îòíîñèòåëüíîé ïîãðåøíîñòè â ïëîñêîñòè z = h/2
ïðè ðàçëè÷íîì ïîëîæåíèè èñòî÷íèêà è ÷èñëå óçëîâ
ñåòêè N = 8, 16, 32 íå ïðåâûøàëà 2% (ïðè N = 32) è
4% (ïðè N = 8).

Çàäà÷à (9)—(10) ñóùåñòâåííî óïðîùàåòñÿ, åñëè
ìîäåëü ñðåäû è ïîëîæåíèå èñòî÷íèêà âûáðàíû òà-
êèì îáðàçîì, ÷òîáû ïîòåíöèàë íå çàâèñåë îò ïî-
ëÿðíîãî óãëà [1].

Çàêëþ÷åíèå

Äåêîìïîçèöèÿ íà îñíîâå àëãîðèòìà Øâàðöà ÿâ-
ëÿåòñÿ óäîáíûì àïïàðàòîì äëÿ ïîëóàíàëèòè÷åñêî-
ãî ðåøåíèÿ ñëîæíûõ çàäà÷. ÄÀÌ ïîçâîëÿåò ðåøå-
íèå ñëîæíûõ çàäà÷ ïîñðåäñòâîì ìíîãîóðîâíåâîé
äåêîìïîçèöèè ñâåñòè ê ñîâîêóïíîñòè íåêîòîðîãî
÷èñëà ñóùåñòâåííî áîëåå ïðîñòûõ ïîäçàäà÷. Äëÿ
ýòîãî íóæíî èìåòü áàíê ðåø¸ííûõ çàäà÷ è áèáëèî-
òåêó ìîäóëåé, îáåñïå÷èâàþùèõ ðàñ÷¸ò ÝÌ-ïîëåé
äëÿ êëàññà ìîäåëåé ðàçëè÷íîãî ìàñøòàáà. Âêëàäû
â áàíê ìíîãîìàñøòàáíîãî ìîäåëèðîâàíèÿ â ãåî-
ýëåêòðèêå ìîæíî íàéòè â [2—5].
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