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ÁËÀÃÎÄÀÐÍÎÑÒÈ: Áëàãîäàðþ Åâãåíèÿ Ëåîíèäîâè÷à Òîíêîâà çà ïîñòàíîâêó çàäà÷è è ïîëåçíîå îá-
ñóæäåíèå ðåçóëüòàòîâ ðàáîòû.

Abstract: Statements on continuous dependence on parameters of solutions of general boundary value
problem for functional-di�erential equation are obtained, correctness of concrete boundary value problems for
controllable systems with argument divergence is investigated.
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ÏÐÅÎÁÐÀÇÎÂÀÍÈÅ ÐÀÄÎÍÀ ÍÀ ÏËÎÑÊÎÑÒÈ ÍÀÄ ÊÎÍÅ×ÍÛÌ
ÊÎËÜÖÎÌ1

c© Å.Â. Âîäîëàæñêàÿ

Êëþ÷åâûå ñëîâà: ïðåîáðàçîâàíèå Ðàäîíà; êîíå÷íûå ïîëÿ; êîëüöà êëàññîâ âû÷åòîâ.
Àííîòàöèÿ: Ïðåîáðàçîâàíèå Ðàäîíà R íà ïëîñêîñòè íàä êîíå÷íûì êîëüöîì K ñîïîñòàâëÿåò ôóíêöèè

f íà K ñóììû åå çíà÷åíèé ïî ïðÿìûì. Ìû ïðåäëàãàåì íîâóþ ôîðìóëó îáðàùåíèÿ äëÿ ïîëÿ è êîëüöà
êëàññîâ âû÷åòîâ ïî ìîäóëþ p2.

Ïóñòü K � êîíå÷íîå êîëüöî ñ q ýëåìåíòàìè, K2 = K × K � ïëîñêîñòü íàä K. Ïðÿìîé íà
ïëîñêîñòè K2 íàçîâåì ìíîæåñòâî ` âñåõ òî÷åê z = (x, y) ∈ K2, óäîâëåòâîðÿþùèõ óðàâíåíèþ
ax + by = c, ãäå a, b, c ∈ K, ïðè÷¼ì a è b íå ÿâëÿþòñÿ äåëèòåëÿìè íóëÿ îäíîâðåìåííî. Ïóñòü H �
ìíîæåñòâî âñåõ ïðÿìûõ.

Äëÿ êîíå÷íîãî ìíîæåñòâà X îáîçíà÷èì ÷åðåç L(X) ëèíåéíîå ïðîñòðàíñòâî ôóíêöèé íà X ñî
çíà÷åíèÿìè â C. Ðàçìåðíîñòü åãî ðàâíà êîëè÷åñòâó ýëåìåíòîâ â X.

Ïðåîáðàçîâàíèå Ðàäîíà R åñòü ëèíåéíûé îïåðàòîð L(K2) → L(H), êîòîðûé ñîïîñòàâëÿåò
âñÿêîé ôóíêöèè f ∈ L(K2) ôóíêöèþ Rf ∈ L(H) � "èíòåãðàëû" ôóíêöèè f ïî ïðÿìûì `, òî åñòü

(Rf)(`) =
∑

z∈`

f(z).

1Ðàáîòà ïîääåðæàíà ãðàíòàìè: ÐÔÔÈ 09-01-00325 à, íàó÷íîé ïðîãðàììîé "Ðàçâèòèå íàó÷íîãî ïîòåíöèàëà âûñ-
øåé øêîëû" ÐÍÏ 2.1.1/1474 è Òåìïëàíîì 1.5.07.
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Ìû õîòèì íàéòè ôîðìóëó îáðàùåíèÿ äëÿ ïðåîáðàçîâàíèÿ Ðàäîíà, ýòî âñå ðàâíî, ÷òî íàéòè ëå-
âûé îáðàòíûé îïåðàòîð L äëÿ îïåðàòîðà R, òî åñòü LR = E. Äëÿ ýòîãî ðàññìîòðèì ñîïðÿæåííûé
îïåðàòîð R∗ : L(H) → L(K2):

(R∗F )(z) =
∑

z∈`

F (`),

è ðàññìîòðèì ïðîèçâåäåíèå T = R∗R, îíî åñòü îïåðàòîð L(K2) → L(K2). Ïðåäïîëîæèì, ÷òî
îïåðàòîð T îáðàòèì, òîãäà

L = T−1R.

Îïåðàòîð T èìååò ïðîñòîé ñìûñë: åãî ìàòðè÷íûé ýëåìåíò T (z, w) óêàçûâàåò êîëè÷åñòâî ïðÿ-
ìûõ, ïðîõîäÿùèõ ÷åðåç òî÷êè z, w ∈ K2 (äëÿ w = z ýòî � êîëè÷åñòâî ïðÿìûõ, ïðîõîäÿùèõ ÷åðåõ
òî÷êó z).

Ìàòðèöû R(`, z) è R∗(z, `) îïåðàòîðîâ R è R∗ ïîëó÷àþòñÿ äðóã èç äðóãà òðàíñïîíèðîâàíèåì:

R(`, z) = R∗(z, `) =
{

1, z ∈ `,
0, z /∈ `.

Ïóñòü K � ïîëå ñ q ýëåìåíòàìè. Â ýòîì ñëó÷àå

T (z, w) =
{

q + 1, w = z,
1, w 6= z.

Ñëåäîâàòåëüíî, ìàòðèöà T ìîæåò áûòü çàïèñàíà â âèäå T = qE+I, ãäå E � åäèíè÷íàÿ ìàòðèöà, I
îáîçíà÷àåò ìàòðèöó , ó êîòîðîé âñå ýëåìåíòû ðàâíû 1. Èñïîëüçóÿ I2 = q2I, âû÷èñëÿåì îáðàòíóþ
ìàòðèöó:

T−1 =
1

q2(q + 1)
{q(q + 1)E − I} .

Îòñþäà ïîëó÷àåì, ÷òî ìàòðèöà îïåðàòîðà L åñòü

L(z, `) =





1
q + 1

, z ∈ `,

− 1
q(q + 1)

, z /∈ `.

Àíàëîãè÷íûì (íî áîëåå ñëîæíûì) îáðàçîì ìû âû÷èñëÿåì îïåðàòîð L, êîãäà K � êîëüöî
êëàññîâ âû÷åòîâ ïî ìîäóëþ p2, p � ïðîñòîå.

Abstract: The Radon transform R on the plane over a �nite ring K assigns to a function f on K sums of
its values on lines. We write a new inversion formula for a �eld and the ring of cosets modulo p2.

Key words: Radon transform; �nite �elds; ring of cosets.
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