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Ýêñïåðèìåíòàëüíàÿ îöåíêà óìåíüøåíèÿ îáúåìà
âû÷èñëåíèé ïðè èñïîëüçîâàíèè ïðåäñòàâëåíèé
ãèïåðêîìïëåêñíûõ íåëèíåéíîñòåé

Ïðåäñòàâëåíû ðåçóëüòàòû âû÷èñëèòåëüíîãî ýêñïåðèìåíòà ïî óìåíüøåíèþ îáúåìà âû÷èñ-
ëåíèé ïðè èñïîëüçîâàíèè ïðåäñòàâëåíèé ãèïåðêîìïëåêñíûõ íåëèíåéíîñòåé (ýêñïîíåíòà,
òðèãîíîìåòðè÷åñêèå è ãèïåðáîëè÷åñêèå ôóíêöèè) ïî ñðàâíåíèþ ñ èõ âû÷èñëåíèåì íåïîñ-
ðåäñòâåííî ïî ôîðìóëàì.

Ïîäàíî ðåçóëüòàòè îá÷èñëþâàëüíîãî åêñïåðèìåíòó ïî çìåíüøåííþ îá’ºìó îá÷èñëåíü ïðè
âèêîðèñòàíí³ ïðåäñòàâëåíü ã³ïåðêîìïëåêñíèõ íåë³í³éíîñòåé (åêñïîíåíòà, òðèãîíîìåòðè÷í³
òà ã³ïåðáîë³÷í³ ôóíêö³¿) â ïîð³âíÿíí³ ç ¿õ îá÷èñëåííÿì áåçïîñåðåäíüî ïî ôîðìóëàì.

Ê ë þ ÷ å â û å ñ ë î â à: ãèïåðêîìïëåêñíàÿ ÷èñëîâàÿ ñèñòåìà, ýêñïîíåíöèàëüíàÿ ôóíêöèÿ,
òðèãîíîìåòðè÷åñêàÿ ôóíêöèÿ, ãèïåðáîëè÷åñêàÿ ôóíêöèÿ, îáúåì âû÷èñëåíèé.

Â ñâÿçè ñ ðàñøèðåíèåì îáëàñòè ïðèìåíåíèÿ ãèïåðêîìïëåêñíûõ ÷èñëîâûõ

ñèñòåì (Ã×Ñ) òðåáóåòñÿ ñîâåðøåíñòâîâàíèå ìåòîäîâ âû÷èñëåíèé ïðè èõ

èñïîëüçîâàíèè. Âû÷èñëåíèå çíà÷åíèé òàêèõ íåëèíåéíîñòåé êàê ýêñïîíåíòà,

òðèãîíîìåòðè÷åñêèå è ãèïåðáîëè÷åñêèå ôóíêöèè ïðè ïîñòðîåíèè ìàòåìà-

òè÷åñêèõ ìîäåëåé ðàçëè÷íûõ ïðîöåññîâ â îáëàñòè Ã×Ñ ìîæåò ïðåäñòàâëÿòü

ñåðüåçíûå òðóäíîñòè. Êàê ïîêàçàëè ðåçóëüòàòû èññëåäîâàíèé [1, 2], îäíèì èç

ýôôåêòèâíûõ ìåòîäîâ ñîêðàùåíèÿ îáúåìîâ âû÷èñëåíèé ÿâëÿåòñÿ èñïîëüçî-

âàíèå âìåñòî ôîðìóë äëÿ íåïîñðåäñòâåííîãî îïðåäåëåíèÿ óêàçàííûõ ôóíê-

öèé èõ ïðåäñòàâëåíèé.

Â ðàáîòå [3] ïðåäëîæåíî îïðåäåëÿòü íåêîòîðûå òðàíñöåíäåíòíûå ôóíê-

öèè îò ãèïåðêîìïëåêñíûõ ïåðåìåííûõ êàê ñóììû ñòåïåííûõ ðÿäîâ ïîäîá-

íî ôóíêöèÿì îò âåùåñòâåííîãî ïåðåìåííîãî. Â ñîîòâåòñòâèè ñ ýòèì îïðå-

äåëåíèÿ ýêñïîíåíòû, òðèãîíîìåòðè÷åñêèõ è ãèïåðáîëè÷åñêèõ ôóíêöèé â

Ã×Ñ ïðåäñòàâèì â ñëåäóþùåì âèäå.
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1. Ýêñïîíåíòà —
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2. Òðèãîíîìåòðè÷åñêèå ñèíóñ è êîñèíóñ —
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3. Ãèïåðáîëè÷åñêèå ñèíóñ è êîñèíóñ —
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Â ôîðìóëàõ (1) — (3) Ì — ãèïåðêîìïëåêñíîå ÷èñëî, ïðèíàäëåæàùåå
íåêîòîðîé Ã×Ñ Ã ðàçìåðíîñòè n ñ áàçèñîì e en1 ,..., ,

M m ei
i

n

i�
�
�

1

.

Ïðåäïîëàãàåì, ÷òî ïî îïðåäåëåíèþ M 0 � �, ãäå � — åäèíè÷íûé ýëå-
ìåíò ãèïåðêîìïëåêñíîé ñèñòåìû Ã. Âû÷èñëåíèÿ ñóìì áåñêîíå÷íûõ ñõî-
äÿùèõñÿ ðÿäîâ ãðîìîçäêè è ìàëîïðèãîäíû äëÿ àíàëèòè÷åñêèõ ïîñòðîå-
íèé. Ïîýòîìó èñïîëüçóåì ïðåäñòàâëåíèÿ ýòèõ ðÿäîâ â âèäå ãèïåðêîìï-
ëåêñíûõ ôóíêöèé.

Ãèïåðêîìïëåêñíîé ôóíêöèåé F X( )îò ãèïåðêîìïëåêñíîãî àðãóìåíòà
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ãäå f x x xi n( , , ..., )1 2 , i n�1, ..., , — âåùåñòâåííûå ôóíêöèè îò n âåùåñòâåí-

íûõ àðãóìåíòîâ, äëÿ âû÷èñëåíèÿ çíà÷åíèé êîòîðûõ ñóùåñòâóþò ýôôåê-

òèâíûå àëãîðèòìû. Ïðèìåðîì òàêîãî ïðåäñòàâëåíèÿ ÿâëÿåòñÿ ôîðìóëà

Ýéëåðà exp( ) (cos sin )x iy e x i yx� � � . Ðåçóëüòàòû èññëåäîâàíèé ïîñòðîåíèÿ

ïðåäñòàâëåíèé ôóíêöèé îò êâàòåðíèîíîâ ðàçëè÷íûìè ìåòîäàìè îïèñàíû

â ðàáîòàõ [4—10].

Â ðàáîòàõ [11, 12] ïîñòðîåíû ïðåäñòàâëåíèÿ ëîãàðèôìè÷åñêîé, òðèãîíî-

ìåòðè÷åñêèõ è ãèïåðáîëè÷åñêèõ ôóíêöèé â êîììóòàòèâíûõ Ã×Ñ òðåòüåé è

÷åòâåðòîé ðàçìåðíîñòåé ïîñðåäñòâîì ïðåîáðàçîâàíèÿ ñòåïåííîãî ðÿäà ñ

èñïîëüçîâàíèåì ðàçëè÷íûõ èñêóññòâåííûõ ïðèåìîâ.

ß.À. Êàëèíîâñêèé, Þ.Å. Áîÿðèíîâà

84 ISSN 0204–3572. Electronic Modeling. 2016. V. 38. ¹ 2



Â [1, 2] ïðåäëîæåí óíèâåðñàëüíûé ìåòîä ïîñòðîåíèÿ ïðåäñòàâëåíèé

ýêñïîíåíò, òðèãîíîìåòðè÷åñêèõ è ãèïåðáîëè÷åñêèõ ôóíêöèé îò ãèïåð-

êîìïëåêñíûõ ïåðåìåííûõ äëÿ êîììóòàòèâíûõ è íåêîììóòàòèâíûõ Ã×Ñ

êîíå÷íûõ ðàçìåðíîñòåé. Ïîïûòàåìñÿ ïîêàçàòü ýôôåêòèâíîñòü èñïîëüçî-

âàíèÿ ïðåäñòàâëåíèé íåëèíåéíûõ ôóíêöèé â Ã×Ñ ïî êîëè÷åñòâó íåîáõî-

äèìûõ âû÷èñëåíèé.

Ìåòîäèêà èññëåäîâàíèÿ. Äëÿ ïðîâåäåíèÿ ýêñïåðèìåíòàëüíîãî èñ-

ñëåäîâàíèÿ áûëî îòîáðàíî 12 Ã×Ñ ðàçìåðíîñòè äâà, òðè è ÷åòûðå [1, 2].

Íàçâàíèÿ, îáîçíà÷åíèÿ è òàáëèöû Êåëè ýòèõ Ã×Ñ çäåñü íå ïðèâîäÿòñÿ. Ïðè-

âåäåì òîëüêî ïðèìåðû ïðåäñòàâëåíèé íåëèíåéíîñòåé â íåêîòîðûõ Ã×Ñ.

1. Ïðåäñòàâëåíèå ýêñïîíåíòû â ñèñòåìå äóàëüíûõ ÷èñåë D ðàçìåð-

íîñòè äâà, òàáëèöà Êåëè êîòîðîé èìååò âèä

exp( ) ( )M e e m em� �1
1 2 2 .

2. Ïðåäñòàâëåíèå òðèãîíîìåòðè÷åñêîãî ñèíóñà â ñèñòåìå òðèïëåêñ-

íûõ ÷èñåë Ëþøà Ò ðàçìåðíîñòè òðè, òàáëèöà Êåëè êîòîðîé èìååò âèä

sin ( ) (sin ( ) sin ( ) )M m m m m m e� � � � �
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� � � � � �cos ( ) (sin ( ) sin ( ) )m m m e m m m m m e1 3 2 2 1 3 1 3 2 3
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sh ch .

3. Ïðåäñòàâëåíèå ãèïåðáîëè÷åñêîãî êîñèíóñà â Ã×Ñ Ã46 ðàçìåðíîñòè

÷åòûðå, òàáëèöà Êåëè êîòîðîé èìååò âèä
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Äëÿ êàæäîé èç âûáðàííûõ Ã×Ñ áûëî îïðåäåëåíî âðåìÿ âû÷èñëåíèÿ

çíà÷åíèÿ ýêñïîíåíòû è îäíîé èç òðèãîíîìåòðè÷åñêèõ èëè ãèïåðáîëè÷åñ-

êèõ ôóíêöèé äâóìÿ ñïîñîáàìè: ñ ïîìîùüþ ñòåïåííûõ ðÿäîâ è ñ ïîìîùüþ

ïðåäñòàâëåíèé ýòèõ ôóíêöèé äëÿ îäíîãî è òîãî æå ãèïåðêîìïëåêñíîãî

àðãóìåíòà. Âû÷èñëåíèÿ âûïîëíÿëèñü â ñðåäå Maple.

Maple — ýòî ïàêåò äëÿ àíàëèòè÷åñêèõ âû÷èñëåíèé, ñîäåðæàùèé íå-

ñêîëüêî òûñÿ÷ êîìàíä, êîòîðûå ïîçâîëÿþò ðåøàòü çàäà÷è àëãåáðû, ãåî-

ìåòðèè, ìàòåìàòè÷åñêîãî àíàëèçà, ñòàòèñòèêè, ìàòåìàòè÷åñêîé ôèçèêè.

Îñíîâíûå îáúåêòû ïàêåòà — ôîðìóëû, ñîñòîÿùèå èç ìàòåìàòè÷åñêèõ ñèì-

âîëîâ, è âûïîëíÿåìûå íàä íèìè äåéñòâèÿ. Ýòî îçíà÷àåò, ÷òî ïîëüçîâàòåëü

ìîæåò ââîäèòü âûðàæåíèÿ â òðàäèöèîííîé ìàòåìàòè÷åñêîé, ò.å. ñèìâîëü-

íîé ôîðìå.

ßäðî ñèñòåìû Maple íàïèñàíî íà ÿçûêå Ñ è ðåàëèçóåò ÿçûê Maple.

Îñíîâíàÿ ÷àñòü ôóíêöèîíàëüíîñòè ñèñòåìû ðåàëèçîâàíà â äåñÿòêàõ ðàç-

ëè÷íûõ áèáëèîòåê, áîëüøèíñòâî èç êîòîðûõ íàïèñàíî íà ÿçûêå Maple.

Ñèìâîëüíûå âûðàæåíèÿ õðàíÿòñÿ â ïàìÿòè â âèäå îðèåíòèðîâàííîãî àöèê-

ëè÷åñêîãî ãðàôà. Ñòàíäàðòíûé èíòåðôåéñ ðåàëèçîâàí íà ÿçûêå Java, ïðè

ýòîì ñóùåñòâóþò âîçìîæíîñòè åãî ðàñøèðåíèÿ.

Äëÿ ïîñòðîåíèÿ ìîäåëåé ñ èñïîëüçîâàíèåì ãèïåðêîìïëåêñíîãî ïðåä-

ñòàâëåíèÿ äàííûõ ðàçðàáîòàí ïàêåò ïðîöåäóð, îáåñïå÷èâàþùèõ âûïîë-

íåíèå ñèìâîëüíûõ è ÷èñëåííûõ îïåðàöèé â Ã×Ñ [13]. Èñïîëüçîâàíèå

ñèìâîëüíûõ âûðàæåíèé â Maple ïîçâîëÿåò ñîçäàâàòü áîëåå êîìïàêòíûå è

ýôôåêòèâíûå àëãîðèòìû äëÿ ðàáîòû ñ ãèïåðêîìïëåêñíûìè ÷èñëàìè.

Â ïàêåòå ïðîöåäóð èñïîëüçóåòñÿ ãèïåðêîìïëåêñíîå ïðåäñòàâëåíèå ÷è-

ñåë è ïðåäñòàâëåíèå òàáëèöû óìíîæåíèÿ ãèïåðêîìïëåêñíîé ÷èñëîâîé

ñèñòåìû â îáùåì âèäå. Òàê, îñíîâíûå ïðîöåäóðû áèáëèîòåêè ìîãóò áûòü

èñïîëüçîâàíû äëÿ Ã×Ñ ëþáûõ ðàçìåðíîñòåé. Âû÷èñëåíèÿ ìîãóò ïðîâî-

äèòüñÿ êàê â ñèìâîëüíîì, òàê è â ÷èñëåííîì âèäå, â çàâèñèìîñòè îò âèäà

çàäàííûõ êîýôôèöèåíòîâ.

Ïðèìåð ïðîãðàììû äëÿ îïðåäåëåíèÿ âðåìåíè âû÷èñëåíèÿ òðèãîíîìåò-

ðè÷åñêîãî ñèíóñà â ñèñòåìå êâàäðèïëåêñíûõ ÷èñåë K äâóìÿ ñïîñîáàìè:

1. restart;

2. read(“D:\\Triplex\\HNS_lib.m”);

3. T1:=HNS_lib[Tabl_4order](1,15);
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4. A:=a[1]*E[1]+a[2]*E[2]+a[3]*E[3]+a[4]*E[4];

A a E a E a E a E:� � � �1 1 2 2 3 3 4 4

5. f1:=(1/2)*((-sin(a[1]-a[4])*cosh(a[2]+a[3])+sin(a[1]+a[4])*cosh(-a[3]+a[2]))*E[1]+

+((cos(a[1]-a[4])*sinh(a[2]+a[3])+cos(a[1]+a[4])*sinh(-a[3]+a[2]))*E[2]+((cos(a[1]-

-a[4])*sinh(a[2]+a[3])-cos(a[1]+a[4])*sinh(-a[3]+a[2]))*E[3]-((sin(a[1]-a[4])*cosh(a[2]+

+a[3])+sin(a[1]+a[4])*cosh(-a[3]+a[2])))*E[4])));

f a a a a a a a a1
1

2
1 4 2 3 1 4 3 2: (sin ( ) cosh ( ) sin ( ) cosh (� � � � � � � )) E1 �

� � � � � � �
1

2
1 4 2 3 1 4 3 2(cos ( ) sinh ( ) cos ( ) sinh ( ))a a a a a a a a E2 �

� � � � � � �
1

2
1 4 2 3 1 4 3 2(cos ( ) sinh ( ) cos ( ) sinh ( ))a a a a a a a a E3 �

� � � � � � � �
1

2
1 4 2 3 1 4 3 2( sin ( ) cosh ( ) sin ( ) cosh ( ))a a a a a a a a E4

6. a[1]:=1.;a[2]:=1.;a[3]:=1;a[4]:=1.;

a1 1:� . a2 1:� . a3 1:� . a4 1:� .

a1 1:� .

7. A;

1 1 11 2 3 4. . .E E E E� � �

8. for k from 1 to 10000 do f[1]; end do: f[1];

04546487134 1813430204 1813430204 0454641 2 3. . . .E E E� � � 87134 4E

9. for m from 1 to 1000 do sum1:=A; mul1:=A; A2:=HNS_lib[Mult](A,A,T1);

for k from 1 to 10 do mul1:=(HNS_lib[Mult](mul1,A2,T1))/((2*k)*(2*k+1));

sum1:=sum1+mul1*(-1)^k; end do: end do:sum1;

04546487136 1813430203 1813430203 0454641 2 3. . . .E E E� � � 87136 4E .

Â ñòðîêå îïåðàòîðà 2 îñóùåñòâëÿåòñÿ âûçîâ ïàêåòà ïðîöåäóð äëÿ âû-

ïîëíåíèÿ ñèìâîëüíûõ è ÷èñëåííûõ îïåðàöèé â Ã×Ñ, èìÿ êîòîðîãî —

HNS_lib.m, à â ñòðîêå îïåðàòîðà 3 âûçûâàåòñÿ òàáëèöà Êåëè äëÿ êâàäðèï-

ëåêñíûõ ÷èñåë — HNS_lib[Tabl_4order](1,15).
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Â ñòðîêå îïåðàòîðà 4 îïðåäåëÿåòñÿ âèä êâàäðèïëåêñíîãî ÷èñëà â ñèì-
âîëüíîé ôîðìå, à â ñòðîêå îïåðàòîðà 6 åìó ïðèñâàèâàåòñÿ êîíêðåòíîå
çíà÷åíèå, A E E E E� � � �1 2 3 4, òðèãîíîìåòðè÷åñêèé ñèíóñ êîòîðîãî áóäåò
âû÷èñëÿòüñÿ.

Â ñòðîêå îïåðàòîðà 5 ââîäèòñÿ ôîðìóëà ïðåäñòàâëåíèÿ òðèãîíîìåòðè-
÷åñêîãî ñèíóñà â ñèñòåìå êâàäðèïëåêñíûõ ÷èñåë K .
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Ã×Ñ Âðåìÿ âû÷èñëåíèÿ

tp /tô
Íîìåð Èìÿ Ðàçìåðíîñòü

ïî ïðåäñòàâëåíèÿì,
tô, ñ

ñ ïîìîùüþ ñóììû ðÿäà,
tp, ñ

1 C 2
7 1 10

8 1 10

5

5

,

,

�

�

�

�

6 0 10

4 0 10

3

3

,

,

�

�

�

�

84

50

2 D 2
3 3 10

4 7 10

5

5

,

,

�

�

�

�

4 0 10

3 0 10

3

3

,

,

�

�

�

�

121

64

3 W 2
7 1 10

4 8 10

5

5

,

,

�

�

�

�

5 0 10

3 0 10

3

3

,

,

�

�

�

�

70

62

4 Ã31 3
3 8 10

6 6 10

5

5

,

,

�

�

�

�

8 0 10

5 0 10

3

3

,

,

�

�

�

�

210

76

5 Ã32 3
5 5 10

10 0 10

5

5

,

,

�

�

�

�

10 0 10

6 0 10

3

3

,

,

�

�

�

�

181

60

6 Ã33 3
21 5 10

40 9 10

5

5

,

,

�

�

�

�

14 0 10

10 1 10

3

3

,

,

�

�

�

�

65

25

7 Ã41 4
16 5 10

24 0 10

5

5

,

,

�

�

�

�

24 0 10

10 1 10

3

3

,

,

�

�

�

�

84

42

8 Ã42 4
4 0 10

9 4 10

5

5

,

,

�

�

�

�

15 0 10

9 1 10

3

3

,

,

�

�

�

�

145

97

9 Ã43 4
6 1 10

12 4 10

5

5

,

,

�

�

�

�

18 0 10

111 10

3

3

,

,

�

�

�

�

300

90

10 Ã44 4
7 0 10

9 5 10

5

5

,

,

�

�

�

�

16 0 10

7 5 10

3

3

,

,

�

�

�

�

228

79

11 Ã46 4
7 9 10

12 5 10

5

5

,

,

�

�

�

�

19 0 10

10 2 10

3

3

,

,

�

�

�

�

240

82

12 K 4
36 0 10

35 0 10

5

5

,

,

�

�

�

�

18 5 10

13 7 10

3

3

,

,

�

�

�

�

51

39

Ïðèìå÷àíèå: íàä ÷åðòîé — âðåìÿ âû÷èñëåíèÿ ýêñïîíåíòû, ïîä ÷åðòîé — âðåìÿ âû÷èñ-
ëåíèÿ òðèãîíîìåòðè÷åñêèõ è ãèïåðáîëè÷åñêèõ ôóíêöèé; çíà÷åíèå tp/tô — ïðèáëèçè-
òåëüíîå.



Â ñòðîêå îïåðàòîðà 8 â öèêëå äëèíîé 10 000 âû÷èñëÿåòñÿ çíà÷åíèå

òðèãîíîìåòðè÷åñêîãî ñèíóñà À ïî ôîðìóëå ïðåäñòàâëåíèÿ. Äëèíà öèêëà

îïðåäåëÿåòñÿ òàê, ÷òîáû ñóììàðíîå âðåìÿ ðàáîòû öèêëà áûëî óäîáíûì

äëÿ ôèêñàöèè. Ñèñòåìà Maple óäîáíà òåì, ÷òî â íåé ïðåäóñìîòðåíî àâòî-

ìàòè÷åñêîå îïðåäåëåíèå âðåìåíè ðàáîòû îïåðàòîðîâ, ðàñïîëîæåííûõ â îä-

íîé ñåêöèè. Äåëåíèåì ýòîãî âðåìåíè íà äëèíó öèêëà îïðåäåëÿåòñÿ ñðåäíåå

âðåìÿ âû÷èñëåíèÿ òðèãîíîìåòðè÷åñêîãî ñèíóñà ïî ôîðìóëå ïðåäñòàâëåíèÿ, à

òàêæå ðåçóëüòàò âû÷èñëåíèÿ.

Â ñòðîêå îïåðàòîðà 9 â öèêëå äëèíîé 1000 âû÷èñëÿåòñÿ çíà÷åíèå

òðèãîíîìåòðè÷åñêîãî ñèíóñà A ïî ñóììå ñòåïåííîãî ðÿäà. Äëèíà âíóòðåí-

íåãî öèêëà — ýòî êîëè÷åñòâî âû÷èñëÿåìûõ ÷ëåíîâ ñòåïåííîãî ðÿäà, îïðå-

äåëÿåìîå ýêñïåðèìåíòàëüíî òàê, ÷òîáû òî÷íîñòè âû÷èñëåíèé â îáîèõ

ñëó÷àÿõ ñîâïàäàëè. Â ýòîì îïåðàòîðå äâàæäû èñïîëüçóåòñÿ îäíà èç ïðîöå-

äóð ïàêåòà HNS_lib.m — ïðîöåäóðà HNS_lib[Mult](A,A,T1) óìíîæåíèÿ äâóõ

êâàäðèïëåêñíûõ ÷èñåë, À è À, â ñîîòâåòñòâèè ñ òàáëèöåé Êåëè T1. Âðåìÿ

âû÷èñëåíèÿ îïðåäåëÿåòñÿ òàê æå, êàê è äëÿ îïåðàòîðà 8, à ðåçóëüòàòû

âû÷èñëåíèé ñîâïàäàþò.

Ðåçóëüòàòû âû÷èñëèòåëüíîãî ýêñïåðèìåíòà, ïðåäñòàâëåííûå â òàá-

ëèöå, ïîëó÷åíû ñ ïîìîùüþ ïðîãðàììíîãî îáåñïå÷åíèÿ, ðàçðàáîòàííîãî â

ñèñòåìå ñèìâîëüíîãî âû÷èñëåíèÿ MAPLE (êîìïüþòåð Pentium IV, 2,8 ÃÃö).

Äëÿ ñðàâíåíèÿ â òàáëèöå ïðèâåäåíî âðåìÿ âû÷èñëåíèÿ ýêñïîíåíòû, à òàêæå

òðèãîíîìåòðè÷åñêèõ è ãèïåðáîëè÷åñêèõ ôóíêöèé ñ ïîìîùüþ ôîðìóë ïðåä-

ñòàâëåíèé tô è ñ ïîìîùüþ âû÷èñëåíèÿ ñóììû ðÿäà tp äëÿ ðàçëè÷íûõ Ã×Ñ.

Êàê âèäíî èç òàáëèöû, âðåìÿ âû÷èñëåíèÿ íåëèíåéíîñòåé îò ãèïåðêîìï-

ëåêñíîãî àðãóìåíòà ïðè èñïîëüçîâàíèè ôîðìóë ïðåäñòàâëåíèÿ ñîêðàùàåòñÿ

â 25—300 ðàç ïî ñðàâíåíèþ ñ èñïîëüçîâàíèåì ñòåïåííûõ ðÿäîâ.

Ïðè âû÷èñëåíèè ñ èñïîëüçîâàíèåì ñòåïåííûõ ðÿäîâ â ïðîãðàììå

âû÷èñëåíèé ðÿä îïåðàòîðîâ áûë îïòèìèçèðîâàí. Íàïðèìåð, â îïåðàòîðå 9

÷ëåíû ðÿäà âû÷èñëÿþòñÿ ðåêóððåíòíî:

R R
A

k k
k k�

�
�1

2

2 2 1( )
. (4)

Âû÷èñëåíèå ïî ôîðìóëå (4) ÿâëÿåòñÿ áîëåå ýôôåêòèâíûì, ÷åì ïîëíîå

âû÷èñëåíèå ÷ëåíà ðÿäà. Â òî æå âðåìÿ, ïðè âû÷èñëåíèè ïî ôîðìóëå

ïðåäñòàâëåíèÿ òàêàÿ îïòèìèçàöèÿ íå âûïîëíÿåòñÿ. Òàê, â îïåðàòîðå 8 âû-

÷èñëåíèÿ òðèãîíîìåòðè÷åñêèõ è ãèïåðáîëè÷åñêèõ ôóíêöèé îò îäíîãî è

òîãî æå âåùåñòâåííîãî àðãóìåíòà ïîâòîðÿþòñÿ. Åñëè èçáåæàòü ïîâòîðå-

íèÿ ïîñðåäñòâîì ïðîìåæóòî÷íîãî çàïîìèíàíèÿ, òî óñêîðåíèå âû÷èñëåíèé

óâåëè÷èòñÿ.
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Âûâîäû

Ïîëó÷åííûå ðåçóëüòàòû âû÷èñëèòåëüíîãî ýêñïåðèìåíòà ïîçâîëÿþò ñäå-
ëàòü âûâîä î òîì, ÷òî èñïîëüçîâàíèå ïðåäñòàâëåíèé íåëèíåéíîñòåé ïðè
ìàòåìàòè÷åñêîì ìîäåëèðîâàíèè ñ ïðèìåíåíèåì ãèïåðêîìïëåêñíûõ ÷èñåë
ïîçâîëÿåò ñóùåñòâåííî ñîêðàòèòü âðåìÿ âû÷èñëåíèé.
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J.A.Kalinovsky, Y.E.Boyarinova

EXPERIMENTAL EVALUATION OF REDUCING THE AMOUNT OF CALCULATIONS
USING REPRESENTATIONS OF HYPERCOMPLEX NONLINEARITIES

The results of computation experiment have been presented on reducing the amount of computa-
tions using representations of hypercomplex nonlinearities, such as exponential curve, trigono-
metric and hyperbolic functions, as compared to their direct calculation.
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K e y w o r d s: hypercomplex number system, the exponential function, trigonometric function,
hyperbolic function, the amount of computation.
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