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10. Ñòàòèñòè÷åñêèå âû÷èñëåíèÿ

Áèáëèîòåêà �stats�, ïîääåðæèâàåò ñàìûå ðàçíîîáðàçíûå ñòàòèñòè-
÷åñêèå âû÷èñëåíèÿ íàä ìàññèâàìè äàííûõ è (÷òî íàèáîëåå ýôôåêòíî)
ñïîñîáíà ãåíåðèðîâàòü ðåàëèçàöèè ñëó÷àéíûõ ïîñëåäîâàòåëüíîñòåé
ñ çàäàííûìè çàêîíàìè ðàñïðåäåëåíèÿ.

Ïîäêëþ÷åíèå áèáëèîòåêè âûïîëíÿåòñÿ ñòàíäàðòíî:
> with(stats);

[anova, describe, fit, importdata, random, statevalf, statplots, transform]

Ïîñëå ïîäêëþ÷åíèÿ ïîëüçîâàòåëþ ñòàíîâÿòñÿ äîñòóïíûìè îäíà
ôóíêöèÿ è ñåìü ïîäáèáëèîòåê, êîòîðûå ïðèâåäåíû â òàáëèöå.

ÔÓÍÊÖÈß ÂÛÏÎËÍßÅÌÛÅ ÏÐÅÎÁÐÀÇÎÂÀÍÈß

importdata Èìïîðò äàííûõ èç ôàéëà
anova Ôàêòîðíûé àíàëèç
describe Âû÷èñëåíèå ñòàòèñòè÷åñêèõ õàðàêòåðèñòèê ìàñ-

ñèâîâ äàííûõ
fit Àïïðîêñèìàöèÿ äàííûõ çàäàííûìè çàâèñèìî-

ñòÿìè
random Ãåíåðèðîâàíèå ñëó÷àéíûõ âåëè÷èí
statevalf ×èñëåííàÿ îöåíêà ñòàòèñòè÷åñêèõ ôóíêöèé
statplots Ãðàôè÷åñêîå ïðåäñòàâëåíèå äàííûõ
transform Ðàçëè÷íûå ïðåîáðàçîâàíèÿ äàííûõ

Áèáëèîòåêà �stats� îïåðèðóåò ñ äàííûìè, ïðåäñòàâëåííûìè â âèäå
ñïèñêà, ýëåìåíòîì êîòîðîãî ìîæåò áûòü:

1) ÷èñëî, íàïðèìåð,  [2, 3.1, 5];
2) ñèìâîëüíîå âûðàæåíèå, èìåþùåå åäèíñòâåííîå çíà÷åíèå �

[sin(x), x^2];
3) missing � ñëîâî, îáîçíà÷àþùåå íåäîñòàþùåå äàííîå �
      [3, missing, 2]:
4) äàííîå, ïðåäñòàâëåííîå âîçìîæíûì äèàïàçîíîì åãî

ñóùåñòâîâàíèÿ � [1..4];
5) Weight(<ýëåìåíò>,<êîëè÷åñòâî>) � íîòàöèÿ äëÿ îáîçíà÷åíèÿ

ýëåìåíòà, ïîâòîðÿþùåãîñÿ â ñïèñêå íåñêîëüêî ðàç.
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10.1 Ïîäáèáëèîòåêà describe

Ýòà ïîäáèáëèîòåêà ïîçâîëÿåò âû÷èñëÿòü øèðîêèé ñïåêòð äèñêðèï-
òèâíûõ õàðàêòåðèñòèê, èñïîëüçóåìûõ ïðè àíàëèçå ñòàòèñòè÷åñêèõ
äàííûõ. Ôîðìàò âûçîâà:

stats[describe, <function>](args)
èëè
describe[<function>](args),

ãäå  (args)  ìàññèâ äàííûõ, à <function>  îäíî èç êëþ÷åâûõ ñëîâ, óêà-

ÔÓÍÊÖÈß ÂÛÏÎËÍßÅÌÛÅ ÏÐÅÎÁÐÀÇÎÂÀÍÈß

coefficientofvariation Êîýôôèöèåíò âàðèàöèè
count ×èñëî ýëåìåíòîâ â ñïèñêå äàííûõ
countmissing Êîëè÷åñòâî ýëåìåíòîâ â ñïèñêå äàííûõ,

çàäàííûõ ïàðàìåòðîì missing
covariance Çíà÷åíèå ëèíåéíîé êîâàðèàöèè ìåæäó

äâóìÿ ñïèñêàìè
decile Äåëèò ñïèñîê äàííûõ íà 10 ÷àñòåé
geometricmean Ãåîìåòðè÷åñêîå ñðåäíåå
harmonicmean Ãàðìîíè÷åñêîå ñðåäíåå
kurtosis Êîýôôèöèåíò Êóðòîñèñà
linearcorrelation Êîýôôèöèåíò ëèíåéíîé êîððåëÿöèè äëÿ

äâóõ ñïèñêîâ
mean Ñðåäíåå àðèôìåòè÷åñêîå
meandeviation Ñðåäíåå àðèôìåòè÷åñêîå àáñîëþòíûõ îò-

êëîíåíèé
median Ìåäèàíà ðàñïðåäåëåíèÿ
mode Ìîäà ðàñïðåäåëåíèÿ
moment, Ìîìåíòû
percentile Íàõîæäåíèå ýëåìåíòà ïî ïðîöåíòó îò äî-

ëè äèàïàçîíà âñåãî ñïèñêà
quadraticmean Êâàäðàòè÷íîå ñðåäíåå àðèôìåòè÷åñêîå
quantile Êâàíòèëü
quartile Êâàðòèëü
range Ðàçìàõ (äèàïàçîí èçìåíåíèÿ äàííûõ â

ñïèñêå)
skewness Êîýôôèöèåíò àñèììåòðèè
Standarddeviation Ñòàíäàðòíîå îòêëîíåíèå
variance Âû÷èñëåíèå äèñïåðñèè
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çàííûõ íèæå è âû÷èñëÿþùèõ äëÿ çàäàííîãî ñïèñêà äàííûõ ñëåäóþ-
ùèå õàðàêòåðèñòèêè:

coefficientofvariation � êîýôôèöèåíò âàðèàöèè, êàê îòíîøåíèå ñðåä-
íåãî êâàäðàòè÷åñêîãî îòêëîíåíèÿ σ  ê ñðåäíåìó àðèôìåòè÷åñêîìó m.

Íàïðèìåð, îïðåäåëèì êîýôôèöèåíò âàðèàöèè äëÿ ñëåäóþùåãî ñïèñ-
êà :
> data1:=[1.,2.,3.,4.,3.,5.,2.,7.,6.,2.,5.]:
> describe[ coefficientofvariation] (data1);

.5014

count � ÷èñëî ýëåìåíòîâ â ñïèñêå äàííûõ (íåèçâåñòíûå ýëåìåíòû,
çàäàííûå ïàðàìåòðîì missing, íå ó÷èòûâàþòñÿ). Ïðèìåð:
> describe[count]( [1.,2.,3.,4.,3.,5.,2.,7.,6.,

2.,5.]);
11

countmissing � êîëè÷åñòâî íåèçâåñòíûõ ýëåìåíòîâ â ñïèñêå äàííûõ,
çàäàííûõ ïàðàìåòðîì missing. Äëÿ ïðåäûäóùåãî ñïèñêà, ãäå íåò ýëå-
ìåíòîâ, çàäàííûõ êëþ÷åâûì ñëîâîì missing, ïîëó÷èì:
> describe[countmissing](data1);

0

covariance � çíà÷åíèå ëèíåéíîé êîâàðèàöèè ìåæäó äâóìÿ ñïèñêà-
ìè, âû÷èñëÿåìîå ïî ôîðìóëå:

( )( )X i X Y i Y

N
i

N

[ ] [ ]− −
=
∑

1

ãäå X[i] è Y[i] � ýëåìåíòû ïåðâîãî è âòîðîãî ñïèñêà ñ íîìåðîì  i, à X

è Y  � ñðåäíèå àðèôìåòè÷åñêèå çíà÷åíèÿ ñïèñêîâ èç N ýëåìåíòîâ. Ôîð-
ìàò âûçîâà:

describe[covariance](data1, data2);

Ïîÿñíèì èñïîëüçîâàíèå ýòîé ôóíêöèè íà ïðèìåðå äâóõ ìàññèâîâ
÷èñåë data1 è data2.
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> data1:=[1.,2.,3.,4.,3.,5.,2.,7.,6.,2.,5.]:
> data2:=[1,2,4,4,3.,7.,3.,8,5,3,7]:
> describe[covariance](data1,data2);

3.553719010

decile � äåëèò ñïèñîê äàííûõ íà 10 ÷àñòåé. Ôîðìàò âûçîâà:
describe[decile[which]](data, gap),

ãäå data � ñòàòèñòè÷åñêèé ñïèñîê, which � íîìåð ïðîìåæóòêà (÷èñëî îò
1 äî 9), gap - íåîáÿçàòåëüíûé ïàðàìåòð, ïî óìîë÷àíèþ gap=false.

Íàïðèìåð, ãðàíèöà äëÿ ïåðâûõ øåñòè ÷àñòåé ñïèñêà èç äåâÿòè ïðè-
âåäåííûõ íèæå ýëåìåíòîâ ðàâíà 81.
> describe[decile[6]]([15,30,45,60,75,90,105,

120,135]);
81

geometricmean � ãåîìåòðè÷åñêîå ñðåäíåå, âû÷èñëÿåìîå ïî ôîðìóëå

X i
i

N

N [ ]
=

∏
1

Äëÿ óêàçàííîãî ðàíåå ñïèñêà data1 ãåîìåòðè÷åñêîå ñðåäíåå áóäåò ðàâ-
íî:
> describe[geometricmean](data1);

3.149449927 ;

harmonicmean � ãàðìîíè÷åñêîå ñðåäíåå, îïðåäåëÿåìîå ïî ôîðìóëå

H
N

X ii

N=

=
∑ 1

1 [ ]
;

Íàïðèìåð, äëÿ ñïèñêà [15, 30, 45, 60, 75, 90, 105, 120, 135] ãåîìåòðè-
÷åñêîå ñðåäíåå îïðåäåëèì ïî êîìàíäå:
> describe[harmonicmean]([15, 30, 45, 60, 75,

90, 105, 120, 135]);
340200/7129

kurtosis � êîýôôèöèåíò Êóðòîñèñà, èñïîëüçóåìûé äëÿ îöåíêè îò-
êëîíåíèÿ ýìïèðè÷åñêîãî ðàñïðåäåëåíèÿ îò íîðìàëüíîãî ðàñïðåäåëå-
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íèÿ ïî ôîðìóëå:

4
4

µ
σ

ãäå � 
4

µ öåíòðàëüíûé ìîìåíò ÷åòâåðòîãî ïîðÿäêà, à σ  � ñðåäíåå êâàä-

ðàòè÷åñêîå îòêëîíåíèå. Äëÿ íîðìàëüíîãî ðàñïðåäåëåíèÿ êîýôôèöèåíò
Êóðòîñèñà ðàâåí òðåì. Åñëè äëÿ îöåíèâàåìîãî ðàñïðåäåëåíèÿ  êîýô-
ôèöèåíò ìåíüøå òðåõ, òî åãî ãðàôèê èìååò áîëåå ïîëîãóþ âåðøèíó, à
åñëè áîëüøåå, òî áîëåå îñòðîêîíå÷íóþ. Íàïðèìåð, äëÿ äâóõ ðàñïðåäå-
ëåíèé ïîëó÷èì:
> evalf(describe[kurtosis]([1,2,3,2,1]));

1.846938776
> evalf(describe[kurtosis]([1,2,8,2,1]));

3.108799049
Ïðèìå÷àíèå: êîýôôèöèåíò Êóòîñèñà � ýòî óâåëè÷åííûé íà òðè êî-

ýôôèöèåíò ýêñöåññà (èëè ýêñöåññ).
linearcorrelation � êîýôôèöèåíò ëèíåéíîé êîððåëÿöèè äëÿ äâóõ ñïèñ-

êîâ äàííûõ ñ îäèíàêîâûì êîëè÷åñòâîì ýëåìåíòîâ (ïî îïðåäåëåíèþ
êîýôôèöèåíò ìåíÿåòñÿ îò �1 äî 1).

Ïîÿñíèì èñïîëüçîâàíèå ýòîé ôóíêöèè íà ïðèìåðå ñ ðàíåå îïðåäå-
ëåííûìè ìàññèâàìè ÷èñåë data1 è data2.
> data1:=[1.,2.,3.,4.,3.,5.,2.,7.,6.,2.,5.]:
> data2:=[1,2,4,4,3.,7.,3.,8,5,3,7]:
> evalf(describe[linearcorrelation] (data1,
data2));

.9128215626
mean � ñðåäíåå àðèôìåòè÷åñêîå (íà÷àëüíûé ìîìåíò ïåðâîãî ïîðÿä-

êà) .
Äëÿ ðàíåå îïðåäåëåííîãî ñïèñêà data1, ñðåäíåå àðèôìåòè÷åñêîå çíà-

÷åíèå áóäåò ðàâíî:
> describe[mean](data1);

3.636363636

meandeviation � ñðåäíåå àðèôìåòè÷åñêîå àáñîëþòíûõ îòêëîíåíèé,
îïðåäåëÿåìîå ïî ôîðìóëå:
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Ïðèâåäåì ïðèìåð:
> describe[meandeviation]([2,4,6]);

4

3

median � ìåäèàíà ðàñïðåäåëåíèÿ. Îíà äåëèò ñïèñîê íà äâå ðàâíûå
÷àñòè, íàïðèìåð:
> evalf(describe[median])([1,2,3,5,6,7]);

4

mode � ìîäà ðàñïðåäåëåíèÿ. Âîçâðàùàåò  ïîñëåäîâàòåëüíîñòü èç
îäíîãî èëè íåñêîëüêèõ ýëåìåíòîâ, èìåþùèõ íàèáîëüøóþ ÷àñòîòó.
Íàïðèìåð:
> q:=(describe[mode])([1,2,3,3,5,5,6,7]);

q := 3, 5

moment � ìîìåíòû, âû÷èñëÿåìûå ïî ôîðìóëå:

( )
N

QX[i]
M

N

1i

k

k

∑
=

−
=

ãäå X[i] � ýëåìåíò ñïèñêà, N � îáúåì âûáîðêè, k � ïîðÿäîê ìîìåíòà,
Q � ïðîèçâîëüíîå ÷èñëî, îòíîñèòåëüíî êîòîðîãî âû÷èñëÿåòñÿ ìîìåíò.

Â çàâèñèìîñòè îò çíà÷åíèÿ âåëè÷èíû Q ðàçëè÷àþò:
Íà÷àëüíûå ýìïèðè÷åñêèå ìîìåíòû k-ãî ïîðÿäêà, êîãäà Q=0

( )
N

X[i]
á

N

1i

k∑
==

Öåíòðàëüíûå ýìïèðè÷åñêèå ìîìåíòû k-ãî ïîðÿäêà, êîãäà Q= X

( )
k

k

i

N

X i X
N

µ =
−∑

=
[ ]

1

Îáû÷íûå ýìïèðè÷åñêèå ìîìåíòû k-ãî ïîðÿäêà, êîãäà Q ïðîèçâîëü-
íîå ÷èñëî.
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Ôîðìàò âûçîâà:
describe[moment[k, Q, Nconstraint]](data),
ãäå data � ñïèñîê äàííûõ; k � ïîðÿäîê ìîìåíòà (öåëîå ÷èñëî); Q �

ïðîèçâîëüíîå ÷èñëî, îòíîñèòåëüíî êîòîðîãî âû÷èñëÿåòñÿ ìîìåíò.
Âû÷èñëèì íà÷àëüíûå ìîìåíòû 1-ãî è 8-ãî ïîðÿäêà îòíîñèòåëüíî

íóëÿ  äëÿ ñëåäóþùåãî ñïèñêà  [1,2,3,4,5]
> describe[moment[1,0]]([1,2,3,4,5]);

3
> evalf(describe[moment[8,0]] ([1,2,3,4,5]));

92595.80000
Âû÷èñëèì öåíòðàëüíûé ìîìåíò âòîðîãî ïîðÿäêà. Îáðàòèòå âíèìà-

íèå íà âîçìîæíîñòü èñïîëüçîâàíèÿ ñòàòèñòè÷åñêèõ ôóíêöèé êàê âëî-
æåííûõ.
> describe[moment[2,mean]]([1,2,3,4,5]);

2

percentile � íàõîæäåíèå ýëåìåíòà ïî ïðîöåíòó îò äîëè äèàïàçîíà
âñåãî ñïèñêà. Ôîðìàò âûçîâà:

describe[percentile[which]](data, gap)
ãäå  data � ñòàòèñòè÷åñêèé ñïèñîê äàííûõ,  which � ãðàíèöà çàäàí-

íàÿ âåëè÷èíîé ïðîöåíòà (ìåíÿåòñÿ îò 0 äî 100), gap �  èñïîëüçóåòñÿ,
êîãäà â ñïèñêå ïðèñóòñòâóþò ýëåìåíòû çàäàííûå äèàïàçîíîì (ïî
óìîë÷àíèþ ðàâíî false).

Íàïðèìåð, íàéäåì ãðàíèöó, îòäåëÿþùóþ 25% ýëåìåíòîâ ñïèñêà:
> evalf(describe[percentile[25]]([2, 3, 5,

Weight(6,2)]));
2.250000000

quadraticmean � êâàäðàòè÷íîå ñðåäíåå àðèôìåòè÷åñêîå, âû÷èñëÿå-
ìîå ïî ôîðìóëå:

( )2

1
X i

i

N

N

[ ]
=
∑

> describe[quadraticmean]([2.0,4,5,6]);
4.500000000

quantile � êâàíòèëü. Ôîðìàò êîìàíäû:
describe[quantile[which,offset]](data, gap)
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ãäå  data � ñòàòèñòè÷åñêèé ñïèñîê äàííûõ,  which � çàäàííîå çíà÷å-
íèå êâàíòèëÿ (÷èñëî ìåæäó 0 è 1), offset � ïîëîæèòåëüíûé èëè îòðèöà-
òåëüíûé ñäâèã, ïðèáàâëÿåìûé ê âû÷èñëåííîé ïîçèöèè (ïî óìîë÷àíèþ
ðàâíî 0), gap � èñïîëüçóåòñÿ, êîãäà â ñïèñêå ïðèñóòñòâóþò ýëåìåíòû,
çàäàííûå äèàïàçîíîì (ïî óìîë÷àíèþ ðàâíî false).

Ôóíêöèÿ quantile âûâîäèò ãðàíèöó îáëàñòè, çàäàííîé íå äèñêðåò-
íûì (êàê â ôóíêöèè quartile), à ïðîèçâîëüíûì ïàðàìåòðîì which.

Íàéäåì ãðàíèöó îòäåëÿþùóþ ÷åòâåðòóþ ÷àñòü ñòàòèñòè÷åñêîãî
ñïèñêà:
> evalf(describe[quantile[1/4]]([2,3,5,6,6]));

2.250000000

quartile � êâàðòèëü. Ôîðìàò âûçîâà:
describe[quartile[which]](data, gap)

ãäå   data � ñòàòèñòè÷åñêèé ñïèñîê äàííûõ,  which � êâàðòèëü, îäíî èç
öåëûõ ÷èñåë: 1,2,3;  gap � èñïîëüçóåòñÿ, êîãäà â ñïèñêå ïðèñóòñòâóþò
ýëåìåíòû çàäàííûå äèàïàçîíîì (ïî óìîë÷àíèþ ðàâíî false).

Ôóíêöèÿ quartile ñíà÷àëà ðàçáèâàåò ñïèñîê íà ÷åòûðå ðàâíûå ïî
êîëè÷åñòâó ýëåìåíòîâ ÷àñòè è âûâîäèò ãðàíèöó îáëàñòè, çàäàííîé
ïàðàìåòðîì which.

Íàéäåì âñå òðè çíà÷åíèÿ ãðàíèö êâàðòèëåé äëÿ ñïèñêà d.
> d:=[2,3,5,6,6]:
> qs:=[seq(describe[quartile[i]],i=1..3)]:
> qs(d);







, ,

9

4
4

23

4

range � ðàçìàõ (äèàïàçîí èçìåíåíèÿ äàííûõ â ñïèñêå).
> describe[range]([2,1,3,6,9,7]);

1 .. 9
Ïîñëåäíÿÿ êîìàíäà ïîêàçûâàåò, ÷òî äèàïàçîí èçìåíåíèÿ ýëåìåí-

òîâ â ñïèñêå ëåæèò îò 1 äî 9.

skewness � êîýôôèöèåíò àñèììåòðèè, âû÷èñëÿåòñÿ ïî ôîðìóëå:

3
3

µ
σ

ãäå 
3

µ � öåíòðàëüíûé ìîìåíò òðåòüåãî ïîðÿäêà, ó � ñðåäíåå êâàä-

ðàòè÷åñêîå îòêëîíåíèå.
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Åñëè äàííûå ðàñïðåäåëåíû ñèììåòðè÷íî, òî êîýôôèöèåíò àñèììåò-
ðèè ðàâåí íóëþ. Îòðèöàòåëüíîå çíà÷åíèå ïðèñóùå ðàñïðåäåëåíèþ
ñìåùåííîìó âïðàâî, à ïîëîæèòåëüíîå � âëåâî.

standarddeviation � ñòàíäàðòíîå îòêëîíåíèå.

> describe[standarddeviation]([1, 2, 3]);
.8164965809

variance � âû÷èñëåíèå äèñïåðñèè (öåíòðàëüíîãî ìîìåíòà âòîðîãî
ïîðÿäêà).
> describe[variance]([1, 2, 3]);

2

3

Maple ïîçâîëÿåò ñîçäàâàòü ñîáñòâåííóþ óíèâåðñàëüíóþ ôóíêöèþ,
ïðè ïîìîùè êîòîðîé äàëåå ìîæíî âû÷èñëÿòü íåñêîëüêî ïîêàçàòåëåé
îäíîâðåìåííî. Íàïðèìåð, ñîçäàäèì ôóíêöèþ gen, êîòîðàÿ ñðàçó îï-
ðåäåëÿåò êîëè÷åñòâî ýëåìåíòîâ â äàííûõ, ñðåäíåå çíà÷åíèå è äèñïåð-
ñèþ.
> gen:=[describe[count],describe[mean],

describe[variance]]: gen(data1);
[11,  3.636363636,  3.322314050]

10.2 Ïîäáèáëèîòåêà fit

Âêëþ÷àåò äâå ôóíêöèè: leastsquare[vars] è leastmediansquare.

Ôóíêöèÿ leastsquare[vars] èñïîëüçóåò ìåòîä íàèìåíüøèõ êâàäðà-
òîâ è ïðåäíàçíà÷åíà äëÿ íàõîæäåíèÿ êîððåëÿöèîííûõ îòíîøåíèé è
äëÿ àïïðîêñèìàöèè ñòàòèñòè÷åñêèõ äàííûõ âûáðàííûìè çàâèñèìîñ-
òÿìè.

Ôîðìàò âûçîâà:
stats[fit, leastsquare[vars, eqn, parms]]( data)
èëè
fit[leastsquare[vars, eqn, parms]]( data),
ãäå  data � ñïèñîê äàííûõ; vars � ñïèñîê ïåðåìåííûõ, â ïîðÿäêå ïðåä-

ñòàâëåíèÿ äàííûõ;  eqn � àïïðîêñèìèðóþùåå óðàâíåíèå (ïî óìîë÷à-
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íèþ ëèíåéíîå); parms � ìíîæåñòâî ïàðàìåòðîâ, êîòîðûå áóäóò çàìå-
íåíû íà âû÷èñëåííûå çíà÷åíèÿ.

Íèæå àïïðîêñèìèðóþòñÿ òðè ìàññèâà. Â êà÷åñòâå ïåðåìåííûõ âûá-
ðàíû x, y, z. Ïîñêîëüêó âèä àïïðîêñèìèðóþùåãî âûðàæåíèÿ íå îãî-
âàðèâàåòñÿ, òî ïî óìîë÷àíèþ ñèñòåìà âûáèðàåò åãî ëèíåéíûì.
> fit[leastsquare[[xx,yy,zz]]]([[2,3,4,6,6],
[3,5,7,9,9],[ 4,6,8,11,Weight(15,2)]]);

 = zz −  +  − 
5

6

11

3
xx

5

6
yy

Ïðè îïèñàíèè äàííûõ óäîáíî ïîëüçîâàòüñÿ îïöèåé Weight(ýëåìåíò,
÷èñëî ïîâòîðåíèé):
> fit[leastsquare[[x,y,z]]]([[1,2,3,5,5],
[2,4,6,8,8], [3,5,7,10,Weight(15,2)]]);

 = z  +  − 1
13

3
x

7

6
y

Âîçüìåì äâà ìàññèâà  X0 è Y0, ñîñòîÿùèõ êàæäûé èç ÷åòûðåõ ýëå-
ìåíòîâ, è àïïðîêñèìèðóåì ýòè äàííûå óðàâíåíèåì âòîðîãî ïîðÿäêà.
Íà ïîêàçàííûõ íèæå òðåõ ïðèìåðàõ ïðîñëåäèì, êàê ìîæíî ìåíÿòü ôîð-
ìàò êîìàíäû.
> X0:=[2,3,4,5]:   Y0:=[0,5,10,14]:
> Ur_1:= fit[leastsquare[[x,y], y=a*x^2+b*x+c,

{a,b,c}]]([X0, Y0]);

 := Ur_1  = y −  +  − 
1

4
x

2 129

20
x

239

20

> Ur_3:= fit[leastsquare[[x,y], y=a*x^2+b*x+c,
{a,b}]]([X0, Y0]);

Ôóíêöèÿ leastmediansquare èñïîëüçóåò òàê íàçûâàåìûé ìåòîä íàè-
ìåíüøèõ ìåäèàí êâàäðàòîâ îòêëîíåíèÿ. Ïîÿñíèì ýòî íà ñëåäóþùåì
ïðèìåðå.
> data1:=[[1,2],[2,3],[3,4],[1,1]]:
  data := convert(linalg[transpose]
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(data1),listlist):
fit[leastmediansquare[[x,y]]](data);

> plot({op(2,"),data1},x=-2..4, y=0..5,
style=POINT);

Ïîÿñíèì âû÷èñëåíèÿ  ïî ýòîìó ìåòîäó. Âûáèðàåòñÿ äâå òî÷êè, íà-
ïðèìåð, [1,2] è [2,3]. ×åðåç íèõ ïðîâîäèòñÿ ïðÿìàÿ ëèíèÿ, â íàøåì ñëó-
÷àå y=1+x, è  ðàññ÷èòûâàþòñÿ êâàäðàòû ðàññòîÿíèÿ îò ëèíè äî  âñåõ
òî÷åê: [0,0,0,sqrt(2)/2]. Äàëåå îïðåäåëÿåòñÿ ìåäèàíà äëÿ ïîëó÷åííîãî
ñïèñêà, êîòîðàÿ ðàâíà íóëþ. Ïðîäåëàâ ïîäîáíûå âû÷èñëåíèÿ äëÿ âñåõ
âîçìîæíûõ ëèíèé, íàõîäÿò ìèíèìàëüíîå çíà÷åíèå. Ëèíèÿ, ñîîòâåò-
ñòâóþùàÿ ýòîìó ìèíèìàëüíîìó çíà÷åíèþ ìåäèàíû, è áóäåò ðåçóëü-
òàòîì.

10.3 Ïîäáèáëèîòåêà transform

Ïîäáèáëèîòåêà ñîäåðæèò áîãàòûå âîçìîæíîñòè äëÿ âûïîëíåíèÿ
ïðåîáðàçîâàíèé íàä äàííûìè, ÷òî âèäíî ïðè ðàññìîòðåíèè åå ñîäåð-
æàíèÿ, ïðèâåäåííîãî íèæå. Ôîðìàò âûçîâà:
stats[transform, <function>](args)

èëè
transform[<function>](args)

ãäå  args � ñïèñêè äàííûõ,  <function>  îäíî èç êëþ÷åâûõ ñëîâ (ñì.
òàáëèöó).

Ðàññìîòðèì íåêîòîðûå âîçìîæíîñòè íà ïðèìåðàõ.
Çàäàäèì ìàññèâ äàííûõ data3:
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> data3:=[1,1,2,3,3,4,4,4,5,6,6,9]:

Ïîäñ÷èòàåì âåñà, âõîäÿùèõ â íåãî ýëåìåíòîâ:
>  y45:=transform[tally](data3);

y45 := [Weight(3, 2), Weight(4, 3), 5, Weight(6, 2), 9, 2, Weight(1, 2)]

Âûäåëèì èç ïîëó÷åííîãî ñïèñêà y45 ïåðâûé ýëåìåíò:
> op(1,y45);

Weight(3, 2)

ÔÓÍÊÖÈß ÂÛÏÎËÍßÅÌÛÅ ÏÐÅÎÁÐÀÇÎÂÀÍÈß

apply Çàìåíà ýëåìåíòîâ äàííûõ íîâûìè, âû÷èñëåí-
íûìè ïî ôîðìóëå

classmark Çàìåíÿåò êëàññû äàííûõ èõ ñðåäíèìè çíà÷åíèÿ-
ìè

frequency Ïîäñ÷èòûâàþòñÿ âåñà ýëåìåíòîâ äàííûõ
deletemissing Âû÷èòàíèå ïóñòûõ ýëåìåíòîâ èç ñïèñêà äàííûõ
divideby Äåëåíèå êàæäîãî ýëåìåíòà íà ÷èñëî èëè ñòàòè-

ñòè÷åñêóþ ôóíêöèþ
frequency ×àñòîòíîñòü êàæäîãî âõîäÿùåãî ýëåìåíòà â

äàííûõ
moving Âû÷èñëåíèå ñðåäíèõ çíà÷åíèé ïîñëåäîâàòåëü-

íûõ ïîðöèé ýëåìåíòîâ
multiapply Ïðåîáðàçîâàíèå ïî ôîðìóëå äàííûõ, ïðåäñòàâ-

ëåííûõ ñïèñêàìè
remove Âû÷èòàíèå èç äàííûõ ÷èñëà èëè ñòàòèñòè÷åñêîé

ôóíêöèè
scaleweight Óìíîæåíèå âåñîâ äàííûõ íà ÷èñëî
split Ðàçáèòü äàííûå íà ìíîæåñòâî ñïèñêîâ ñ ñîîò-

âåòñòâóþùèìè âåñàìè
standardscore Çàìåíà ýëåìåíòîâ äàííûõ
statsort Ñîðòèðîâêà ñòàòèñòè÷åñêèõ äàííûõ
statvalue Äàòü âåëè÷èíó êàæäîãî ýëåìåíòà äàííûõ è ýëå-

ìåíòîâ ìíîæåñòâà, îïèñàííûå âåñàìè, êàê åäè-
íè÷íûé ýëåìåíò

tally Ïîäñ÷åò ïîâòîðÿåìîñòè êàæäîãî ýëåìåíòà
tallyinto Ïîäñ÷åò ïîâòîðÿåìîñòè êàæäîãî ýëåìåíòà â îï-

ðåäåëåííîì êëàññå
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Ïîäñ÷èòàåì, ñêîëüêî ýëåìåíòîâ ïîïàäàåò â óêàçàííûå äèàïàçîíû:
> y40:= transform[tallyinto](data3,

[0..5,5..10,10..15]);
y40 := [Weight(0 .. 5, 8), Weight(5 .. 10, 4), Weight(10 .. 15, 0)]

Ïîñëå ýòîãî ìîæíî îïðåäåëèòü ÷àñòîòíîñòü îäèíàêîâûõ ýëåìåíòîâ,
íàïðèìåð òàê:
> transform[frequency](y40);

[8, 4, 0]

Ïðèñâîèì èäåíòèôèêàòîðó n2 çíà÷åíèå ÷èñëà ýëåìåíòîâ, óêàçàí-
íîå âî âòîðîì ÷ëåíå ïîëó÷åííîãî ñïèñêà y40:

> n2:=op(2,op(2,y40));
n2 := 4

Äàëåå ìîæíî âîñïîëüçîâàòüñÿ ïåðåìåííîé n2. Íàïðèìåð, âû÷èñëèì
òàêîå âûðàæåíèå:
> n2*n2�1;

15

Âû÷òåì èç êàæäîãî ýëåìåíòà ñïèñêà data3 ñðåäíåå çíà÷åíèå ýòîãî
ñïèñêà:
> transform[remove[mean]](data3);

[�3, �3, �2, �1, �1, 0, 0, 0, 1, 2, 2, 5]

Ðàçäåëèì ýëåìåíòû ñïèñêà data3 íà 4.
> transform[ divideby[2]](data3);







, , , , , , , , , , ,

1

2

1

2
1

3

2

3

2
2 2 2

5

2
3 3

9

2

Íàéäåì ñðåäíèå çíà÷åíèÿ òðåõ ïîñëåäîâàòåëüíûõ ýëåìåíòîâ â ñïèñêå
data3. Î÷åâèäíî, ÷òî ÷èñëî ýëåìåíòîâ â íîâîì ñïèñêå áóäåò ìåíüøå íà
3.
> transform[moving[3]](data3);







, , , , , , , , ,

4

3
2

8

3

10

3

11

3
4

13

3
5

17

3
7

Âû÷èñëèì èíòåãðàëüíóþ õàðàêòåðèñòèêó íàêîïëåíèÿ âåñîâ ýëåìåí-
òîâ â äàííûõ:
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> transform[cumulativefrequency]([5,Weight
(1..7,10),2,2,2,2]);

[10, 11, 12, 13, 14]

Åñëè åñòü íåêîòîðàÿ ôóíêöèÿ, òî ìîæíî âûïîëíèòü ïðåîáðàçîâà-
íèÿ íàä ñïèñêîì äàííûõ. Íàïðèìåð, îïðåäåëèì ôóíêöèþ f, âîçâðà-
ùàþùóþ òðåòüþ ñòåïåíü àðãóìåíòà.
> f:=x�>x^2;

 := f  → x x
2

> Mass_1:=transform[apply[f]]([1,3,5]);
Mass_1 := [1, 9, 25]

Çàòåì íàéäåì ðàçíîñòü ìåæäó ñîîòâåòñòâóþùèìè ýëåìåíòàìè äàí-
íûõ:

Äèñêðåòíûå ðàñïðåäåëåíèÿ

ÊÎÌÀÍÄÀ ÐÀÑÏÐÅÄÅËÅÍÈÅ ÎÏÐÅÄÅËÅÍÈÅ

binomiald[n,p] áèíîìèàëüíîå

discreteuniform[a,b] äèñêðåòíîå ðàâíî-
ìåðíîå

empirical[list_prob] ýìïèðè÷åñêîå ðàâíî 0, åñëè  x<1
èëè
x>nops(list_prob),
èíà÷å ðàâíî
list_prob[x]

hypergeometric[N1,

N2,n]

ãèïåðãåîìåòðè÷å-
ñêîå

n
NN

xn
N

x
N

21

21

C

CC

+

−

negativebinomial[n, p] îòðèöàòåëüíîå áè-
íîìèàëüíîå

( )xn1n
1xn p1pC −−

−+

poisson[mu] Ïóàññîíà
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Íåïðåðûâíûå ðàñïðåäåëåíèÿ

ÊÎÌÀÍÄÀ ÐÀÑÏÐÅÄÅËÅ-
ÍÈÅ

ÎÏÐÅÄÅËÅÍÈÅ

beta[nu1, nu2] áåòà
x

( ) − ν1 1
( ) − 1 x

( ) − ν2 1

( )Β ,ν1 ν2
cauchy[a, b] Ê îøè 1

π b






 + 1

 − x a

b

2

(b> 0)
chisquare[nu] õè�êâàäðàò

x







 − 

1

2
ν 1

e







−

1

2
x

2









1

2
ν







Γ

1

2
ν

( x> 0, ν> 0)
exponential[alpha,
a]

ýêñïîíåíöèàëü-
íîå α e

( )−α ( ) − x a

ïðè x≥a è ðàâíî 0 ïðè
x< a

fratio[nu1, nu2] Ô èøåðà
(F – ðàñïðåäåëå-
íèå)







Γ  + 

1

2
ν1

1

2
ν2









ν1
ν2









1

2
ν1

X







 − 

1

2
ν1 1







Γ

1

2
ν1







Γ

1

2
ν2







 + 1

ν1 f

ν2







 + 

1

2
ν1

1

2
ν2

x≥0, ν1> 0, ν2> 0
gamma[a, b] ãàììà

x
( ) − a 1

e







−

x

b

( )Γ a b
a

x> 0, a> 0, b> 0
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Íåïðåðûâíûå ðàñïðåäåëåíèÿ (ïðîäîëæåíèå)

ÊÎÌÀÍÄÀ ÐÀÑÏÐÅÄÅËÅÍÈÅ ÎÏÐÅÄÅËÅÍÈÅ

laplaced[a, b] Ëàïëàñà

1

2

e







−

 − x a

b

b       b>0
Logistic[a, b] ëîãèñòè÷åñêîå  − x a

b
2











 + 1 e







−

 − x a

b

2

  b>0
lognormal[mu,
sigma]

ëîãàðèôìè÷åñêè
íîðìàëüíîå

1

2

2 e












−

1

2

( ) − ( )ln x µ 2

σ
2

x π σ   x>0
normald[mu,
sigma ]

íîðìàëüíîå
(Ãàóññà)

1

2

e












−

1

2

( ) − x µ 2

σ
2

2

π σ
2

studentst[nu] Ñòüþäåíòà 





Γ  + 

1

2
ν

1

2







Γ

1

2
ν ν π









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t
2

ν







 + 

1

2
ν

1

2

uniform[a, b] ðàâíîìåðíîå íå-
ïðåðûâíîå

1

 − b a ïðè a≤x≤b,
è ðàâíî 0 â ïðîòèâíîì ñë ó÷àå

weibull[a, b] Âåéáóëà

a x
( ) − a 1

e







−









x

b
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 x>0, a>0, b>0
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> Itog:=transform[multiapply[(x,y)�> x�y]]
([[12,40,70], Mass_1]);

Itog := [11, 31, 45]

Çàäàäèì ñïèñîê ýëåìåíòîâ data_0, ðàññîðòèðóåì åãî, îïðåäåëèì
ñðåäíåå çíà÷åíèå è îöåíèì ðàçáðîñ äàííûõ:
> data_0:=[1,3,5,3]: transform[statsort]

(data_0); describe[mean](data_0);
describe[standarddeviation](data_0);

[1,3,3,5]
3

2
>transform[statvalue]([Weight(3,10),2,2,1,1,1]);

[3, 2, 2, 1, 1, 1]

10.4 Ïîäáèáëèîòåêà random

Ñîäåðæèò ìîùíûå ñðåäñòâà ãåíåðèðîâàíèÿ ñëó÷àéíûõ ÷èñåë èç ãå-
íåðàëüíîé ñîâîêóïíîñòè ñ çàäàííûì çàêîíîì ðàñïðåäåëåíèÿ. Ôîðìàò
âûçîâà:

stats[random, distribution](quantity, uniform, method)
èëè
random[distribution](quantity, uniform, method)

ãäå distribution � îïèñàíèå çàêîíà ðàñïðåäåëåíèÿ ïîëó÷àåìûõ ÷èñåë;
quantity  � îïöèÿ (ïî óìîë÷àíèþ ðàâíî 1)   ïîëîæèòåëüíîå öåëîå ÷èñ-
ëî, îïðåäåëÿþùåå ñêîëüêî ñëó÷àéíûõ ÷èñåë íóæíî ïîëó÷èòü, èëè  êëþ-
÷åâîå ñëîâî  �generator�; uniform � îïöèÿ (ïî óìîë÷àíèþ ðàâíî �default�)
ãåíåðèðóþùàÿ ÷èñëà ðàâíîìåðíîãî ðàñïðåäåëåíèÿ;  method �  îäíî èç
ñëåäóþùèõ êëþ÷åâûõ ñëîâ �auto�, �inverse� èëè �builtin� (ïî  ìîë÷àíèþ
= �auto�).

Áèáëèîòåêà âêëþ÷àåò ñëåäóþùèå øåñòü äèñêðåòíûõ è òðèíàäöàòü



Ñòàòèñòèêà 119

© Ïðîõîðîâ Ã.Â., Êîëáååâ Â.Â., Æåëíîâ Ê.È., Ëåäåíåâ Ì.À., 1998
 «Ìàòåìàòè÷åñêèé ïàêåò Maple V Release 4».
Ïðè ïåðåïå÷àòêå ññûëêà íà ïåðâîèñòî÷íèê îáÿçàòåëüíà.

íåïðåðûâíûõ ðàñïðåäåëåíèé (ïðèâåäåíû â òàáëèöàõ).

Ðàññìîòðèì âîçìîæíîñòè ïîäáèáëèîòåêè random íà ïðèìåðàõ.
Ñãåíåðèðóåì ÷åòûðå ñëó÷àéíûõ ÷èñëà èç ãåíåðàëüíîé ñîâîêóïíîñ-

òè, îïèñûâàåìîé íîðìàëüíûì çàêîíîì ðàñïðåäåëåíèÿ:
>  stats[random, normald](4);

.7433, .9421, �.8268, �.8957

Àíàëîãè÷íî âûøå âûïîëíåííîìó, ñîçäàäèì ìàññèâ èç 53 ýëåìåí-
òîâ, íî ñ çàäàííûìè ïàðàìåòðàìè ðàñïðåäåëåíèÿ: ñî ñðåäíèì çíà÷å-
íèåì  � 7 è ñðåäíåêâàäðàòè÷åñêèì îòêëîíåíèåì  � 1.5
> k:=53:
> mas_1:=stats[random, normald[7,1.5]](k):

Îöåíèì ñðåäíåå çíà÷åíèå â ïîëó÷åííîì íàìè ìàññèâå è ïîñòðîèì
ãðàôèê, íà êîòîðîì ïîêàæåì ïîñëåäîâàòåëüíîñòü ýëåìåíòîâ, ñîåäèíåí-
íûõ ëèíèÿìè, à òàêæå ëèíèþ, ïîêàçûâàþùóþ ñðåäíåå çíà÷åíèå.
> describe[mean]([mas_1]);

7.076

> plot({describe[mean]([mas_1]), [[n,op(n,
[mas_1])]$n=1..k]}, n=1..k, style=line);

Ãåíåðèðóåòñÿ ÷åòûðå ÷èñëà èç ãàììà ðàñïðåäåëåíèÿ:

> random[gamma[3]](4);
1.514910905, 1.972198351, 5.137418697, 3.631030278

Ñîçäàäèì êîìàíäó íàçíà÷åíèÿ  èäåíòèôèêàòîðà ñ èìåíåì gen1 êàê
ãåíåðàòîðà è ïîëó÷èì ïî íåé ÷åòûðå ÷èñåëà ñ òî÷íîñòüþ ïðåäñòàâëå-
íèÿ ïî óìîë÷àíèþ.
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> gen1:=random[gamma[3]](�generator�):
�gen1()�$4;

4.322417178, 1.556014201, 1.085076020, 7.213556406
Ñîçäàäèì ïîä èìåíåì gen2  íîâûé ãåíåðàòîð è ïîëó÷èì âîñåìü ñëó-

÷àéíûõ ÷èñåë ñ òî÷íîñòü ïðåäñòàâëåíèÿ äî 4:
> gen2:=random[gamma[3]](�generator[4]�):
> �gen2()�$8;

4.458, 5.016, 3.087, 5.379, 2.430, 1.485, .6150, 3.078

10.5 Ïîäáèáëèîòåêà statevalf

Ôîðìàò âûçîâà:
stats[statevalf, <function>, <distribution>](args)

èëè
statevalf[<function>, <distribution>](args),

ãäå <function> � îäíî èç ñëåäóþùèõ âûðàæåíèé.
 Äëÿ íåïðåðûâíûõ ôóíêöèé ðàñïðåäåëåíèÿ:
cdf � ôóíêöèÿ ðàñïðåäåëåíèÿ âåðîÿòíîñòè (èíòåãðàëüíàÿ ôóíêöèÿ);
icdf � îáðàòíàÿ ôóíêöèÿ îò èíòåãðàëüíîé ôóíêöèè;
pdf � ôóíêöèÿ ïëîòíîñòè âåðîÿòíîñòè (äèôôåðåíöèàëüíàÿ ôóíê-

öèÿ).

À äëÿ äèñêðåòíûõ ôóíêöèé ðàñïðåäåëåíèÿ:
dcdf � äèñêðåòíàÿ ôóíêöèÿ ðàñïðåäåëåíèÿ âåðîÿòíîñòè;
icdcf � îáðàòíàÿ ôóíêöèÿ;
pf � ôóíêöèÿ ïëîòíîñòè âåðîÿòíîñòè.

Íèæå ïðèâåäåíû ïðèìåðû, ïîÿñíÿþùèå èñïîëüçîâàíèå ïîäáèáëè-
îòåêè statevalf.

Äëÿ êîìïàêòíîñòè âûâîäèìûõ ðåçóëüòàòîâ, óñòàíîâèì òî÷íîñòü
ïðåäñòàâëåíèÿ ÷èñåë äî ÷åòûðåõ çíà÷àùèõ öèôð.
> Digits:=4:

Îïðåäåëèì çíà÷åíèå ôóíêöèè ïëîòíîñòè ðàñïðåäåëåíèÿ Ïóàññîíà
â òî÷êå 2:
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> stats[statevalf,pf,poisson[3]](2);
.2241

Îïðåäåëèì çíà÷åíèå îáðàòíîé ôóíêöèè îò èíòåãðàëüíîé ôóíêöèè
íîðìàëüíîãî ðàñïðåäåëåíèÿ â òî÷êå 0.7:
> stats[statevalf,icdf ,normald](0.7);

.5244

Îïðåäåëèì çíà÷åíèå ôóíêöèè ïëîòíîñòè âåðîÿòíîñòè íîðìàëüíî-
ãî ðàñïðåäåëåíèÿ â òî÷êå 0.7:
> stats[statevalf,pdf,normald](.5);

.3519

Äëÿ ïîÿñíåíèÿ ñêàçàííîãî ïîñòðîèì ôóíêöèþ.
> plot(stats[statevalf,pdf,normald](x),x=�3..3);

Ïîëó÷èì âîñåìü ñëó÷àéíûõ ÷èñåë äëÿ ãàììà ðàñïðåäåëåíèÿ è îöå-
íèì èõ ñðåäíåå çíà÷åíèå:
> y3:=stats[random,gamma[3,1]](8);

y3 := 1.382, 3.726, 3.936, 3.930, 2.006, 5.439, 1.305, .5604
> describe[mean]([y3]);

2.786

Îïðåäåëèì çíà÷åíèå îáðàòíîé ôóíêöèè îò èíòåãðàëüíîé ôóíêöèè
âåðîÿòíîñòè âåéáóëîâñêîãî ðàñïðåäåëåíèÿ â òî÷êå 0.5:
> stats[statevalf,icdf,weibull[3, 2]](0.5);

1.770

Ïîëó÷èì ïÿòü ñëó÷àéíûõ ÷èñåë äëÿ áåòà ðàñïðåäåëåíèÿ:
> stats[random,beta[1,2]](5);

.4621, .4244, .2967, .4706, .3968

Ïîëó÷èì ÷åòûðå ñëó÷àéíûõ ÷èñëà äëÿ ýêñïîíåíöèàëüíîãî ðàñïðå-
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äåëåíèÿ è îöåíèì èõ ñðåäíåå çíà÷åíèå:
> t1:=stats[random,exponential[3]](4);

describe[mean]([t1]);
t1 := .01257, .1229, .2387, .04893 .1058

Ñãåíåðèðóåì ÷èñëà èç 2� ðàñïðåäåëåíèÿ ñ òî÷íîñòüþ äî òðåòåé çíà-
÷àùåé öèôðû ïðè ïîìîùè êîìàíäû èç òðåõ îïåðàòîðîâ: â ïåðâîì �
çàäàäèì àëãîðèòì, âî âòîðîì � ñôîðìèðóåì ãåíåðàòîð, à â òðåòüåì �
îïðåäåëèì çíà÷åíèå:
> A:=stats[random,chisquare[2]] (generator[5]):

t4:='A()'$50: k:=50:
Òåïåðü ïîñòðîèì ðåàëèçàöèþ èç ñëó÷àéíîé ïîñëåäîâàòåëüíîñòè

÷èñåë, îïðåäåëÿåìûå âåéáóëîâñêèì ðàñïðåäåëåíèåì ñ çàäàííûìè ïà-
ðàìåòðàìè. Äëÿ ëó÷øåãî ïðåäñòàâëåíèÿ ãðàôèêà çàäàäèì êëþ÷ ñîåäè-
íåíèÿ òî÷åê ëèíèÿìè (style=line).
> plot({describe[mean]([t4]),[[n,op(n,[t4])]
$n=1..k]}, n=1..k,style=line);

10.6 Ïîäáèáëèîòåêà statplots

Ïðåäíàçíà÷åíà äëÿ âèçóàëèçàöèè ñòàòèñòè÷åñêèõ äàííûõ
Ôîðìàò âûçîâà:
stats[statplots, <function>](args)

èëè
statplots[<function>](args)
Â êà÷åñòâå <function> âûáèðàåòñÿ îäèí èç ñëåäóþùèõ âèäîâ ãðà-

ôè÷åñêîãî ïðåäñòàâëåíèÿ äàííûõ:  boxplot, histogram, notchedbox,

quantile, quantile2, scatter1d, scatter2d, symmetry.  Ðàññìîòðèì ýòè ôóí-
êöèè ïîäðîáíåå.

boxplot � ñòðîèò ðàìêè, êîòîðûå èíîãäà íàçûâàþò �ÿùèêè ñ óñà-
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ìè�. Ðàìêà ñîñòîèò èç ñëåäóþùèõ ýëåìåíòîâ:
 1) ïðÿìîóãîëüíèê ñ ëèíèåé âíóòðè
          a) âíóòðåííÿÿ ëèíèÿ, ïîêàçûâàþùàÿ ìåäèàíó;
          b) íèæíÿÿ ñòîðîíà , ïîêàçûâàþùàÿ ïåðâûé êâàðòèëü;
          c) âåðõíÿÿ ñòîðîíà, ïîêàçûâàþùàÿ òðåòèé êâàðòèëü;
2) äâå ëèíèè (�óñû�), îòõîäÿùèå îò   ðàìêè - îïðåäåëÿþò äîïóñòè-

ìóþ îáëàñòü îòêëîíåíèÿ äàííûõ;
3) êðàéíèå ëèíèè îïðåäåëÿþò íà÷àëî îáëàñòè, â êîòîðîé ëåæàò

äàííûå, íå âõîäÿùèå â äîâåðèòåëüíóþ îáëàñòü.

Ôóíêöèÿ ìîæåò èìåòü ïàðàìåòðû, íàïðèìåð:
boxplot [9] - óêàçàíà êîîðäèíàòà íà óðîâíå êîòîðîé ðàñïîëàãàåò-

ñÿ ãðàôèê; boxplot [9,1/2] - äîáàâëåí ïàðàìåòð øèðèíû ïðÿìîóãîëüíè-
ê à .

Òàêèå ðàìêè  ïîëåçíû äëÿ  ñðàâíåíèÿ íåñêîëüêèõ âûáîðîê äàííûõ.
Â êà÷åñòâå ïðèìåðà, ìîæíî ñðàâíèòü èçìåíåíèå äíåâíîé òåìïåðàòóðû
ìåñÿöà ñ äàííûìè ïî ãîäó,  îòîáðàæàÿ äâà boxplot (áîê î áîê).   Äðó-
ãîå âîçìîæíîå èñïîëüçîâàíèå � èçîáðàæàòü åãî ïðîåêöèþ êàê îäíî-
ìåðíûé èòîã, ïîìåùåííûé íà êðàé ÷åðòåæà.

Çàìåòèì, ÷òî äèàïàçîíû äàííûõ ïðåäñòàâëÿþòñÿ ñðåäíèì çíà÷å-
íèåì, (íàïðèìåð 10..12 èìååò âåëè÷èíó 11), à äàííûå òèïà mising èãíî-
ðèðóþòñÿ.

notchedbox - ýòà ôóíêöèÿ ïîäîáíà âûøåîïèñàííîé boxplot çà èñ-
êëþ÷åíèåì òîãî, ÷òî ôîðìà ðàìêè èçìåíÿåòñÿ, èíôîðìèðóÿ î õàðàêòå-
ðå èçìåíåíèÿ êâàíòèëåé.

scatter2d - ýòà ôóíêöèÿ  ïîêàçûâàåò ðàçáðîñ òî÷åê â äâóìåðíûõ
êîîðäèíàòàõ. Ôîðìàò âûçîâà:

stats[statplots, scatter2d](xdata, ydata)
èëè

statplots[scatter2d](xdata, ydata)
Êëàññû ïðîòèâ êëàññîâ âû÷åð÷èâàþòñÿ êàê ïðÿìîóãîëüíèêè, êëàñ-

ñû ïðîòèâ òî÷åê âû÷åð÷èâàþòñÿ êàê ëèíèè, à òî÷êè ïðîòèâ òî÷åê âû-
÷åð÷èâàþòñÿ êàê òî÷êè.

> data1:=[3, 2.5, 2.8, 4.2, 2.9, 4.3, 1.7, 4.4,
3,4, 2, 1.1, 2.3, 1.1, 7, 5..11/2, 6]:

> data2:=[2, 4, .18, 3, 5.3, 10, 3.1, -1.9, -
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1,2.5, 6, 9, 6.5, 7, 5, 5..13/2, 6..13/2]:
> statplots[scatter2d](data1,data2);

scatter1d - ýòà ôóíêöèÿ  ïîêàçûâàåò îäíîìåðíûé ðàçáðîñ äàííûõ.
Åñëè âûáðàí ñòèëü  'projected' (èñïîëüçóåòñÿ  ïî óìîë÷àíèþ), òî òî÷êè
äàííûõ âû÷åð÷èâàþòñÿ ïî ëèíèè ñ èõ êîîðäèíàòàìè. Ýòî ïîçâîëÿåò
âèäåòü êîíöåíòðàöèþ äàííûõ, íî íå îáíàðóæèâàòü ïðèñóòñòâèå  ðå-
ãóëÿðíîñòè.

 Åñëè âûáðàí ñòèëü jittered, òîãäà òî÷êè ñ îäèíàêîâûìè çíà÷åíèÿ-
ìè ðàçáðàñûâàþòñÿ  âäîëü âåðòèêàëüíîé ëèíèè. Ýòî äàåò âèçó-
àëèçàöèþ ïëîòíîñòè ðàñïðåäåëåíèÿ òî÷åê. Äèàïàçîíû âû÷åð÷èâàþòñÿ
êàê ëèíèè. Äàííûå òèïà mising èãíîðèðóþòñÿ. Ýòîò òèï ãðàôèêà ýô-
ôåêòíî ïðèìåíÿòü ñîâìåñòíî ñ äâóìåðíûì ãðàôèêîì. Äëÿ scatter1d,

boxplot è notchedbox ïðèìåíåíèå îïöèè xyexchange èçìåíÿåò îðèåíòà-
öèþ ðàìêè íà 90 ãðàäóñîâ. Îïöèÿ xshift èñïîëüçóåòñÿ äëÿ ïîçèöèîíè-
ðîâàíèÿ  âûâîäèìûõ òî÷åê, ñäâèãàÿ èõ ïî îñè Õ íà óêàçàííóþ âåëè-
÷èíó. Îïöèÿ xscale èçìåíÿåò øêàëó x êîîðäèíàòû äâóõìåðíîãî  ãðà-
ôèêà, óìíîæàÿ åå íà óêàçàííóþ  âåëè÷èíó.
> plots[display](statplots[xshift[5]](statplots
[xyexchange] ( statplots[scatter1d[jittered]]
(data2))), view = [0..15, 0..15], axes=frame);
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Åùå ðàç ïðîèëëþñòðèðóåì âîçìîæíîñòè ïîäáèáëèîòåêè statplot íà
äâóõ  ìàññèâàõ äàííûõ  Xdata  è  Ydata.

> Xdata := [7.5, 4.9, 8.4, 6.5, 7.5, 2.7, 7.2,
5.9, 6.9, 3.4, 8.5, 5.7, 2.7, 8.1, 3.7, 2.6,
3.5, 2.2, 2.8, 4.9]:

> Ydata:= [4.5, 4.7, 8.7,4.7, 7.5,-1.7, 3.3,
1.4, 4.1, .5, -1.8, 6.9, 4.1,-2.1, 4.7, 5.4,
1.9, -.4, 3.1,4.2]:

> plots[display]({statplots[scatter2d](Xdata,
Ydata),statplots[boxplot[9]](Ydata),
statplots[xyexchange](statplots[notchedbox[10]]
(Xdata))},view =[0..10,�3..11], axes=FRAME,
symbol=circle);

Ôóíêöèÿ  histogram - ñòðîèò ãèñòîãðàììû ïî ñòàòèñòè÷åñêèì äàí-
íûì. Ôîðìàò âûçîâà:

stats[statplots, histogram[scale]](data)
èëè

statplots[histogram[scale]](data)
ãäå data  - ñòàòèñòè÷åñêèé ñïèñîê;  scale - ÷èñëî èëè îïöèÿ.

Äèàïàçîíû äàííûõ âû÷åð÷èâàþòñÿ êàê ðàìêè ñ îáëàñòüþ, ïðîïîð-
öèîíàëüíîé èõ âåñó.
> data1:=[ Weight(1..3, 4), Weight(3..5, 10),

Weight(5..7, 8)]: histogram(data1,
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colour=cyan);

Åñëè äàííûå íå ñîäåðæàò äèàïàçîíîâ, histogram ñãðóïïèðóåò  èõ
ïî çîíàì (îò 5 äî 20 çîí). Ïî ìîë÷àíèþ îáùàÿ ïëîùàäü âñåõ çîí áóäåò
ðàâíà 1. Êîýôôèöèåíò ìàñøòàáèðîâàíèÿ óïðàâëÿåò îáùåé ñóììîé
çíà÷åíèé çîí. Íàïðèìåð, ïîñòðîèì ãèñòîãðàììû ñ êîýôôèöèåíòàìè
ìàñøòàáèðîâàíèÿ 2 è -3 (çíàê ìèíóñ ïåðåâîðà÷èâàåò ãèñòîãðàììó).
> with(stats[statplots]):
> histogram[2]([2,31,33,7,4,50,11,40,16,17,15,

60,10], colour=gray):
  histogram[-3]([2,1,5,7,4,5,6,11,7,15,5,10,8,5,

16],colour=yellow):plots[display]({",""});

Ôóíêöèÿ quantile � ñîðòèðóåò äàííûå â âîçðàñòàþùåì ïîðÿäêå è
ñòðîèò ãðàôèê êóìóëÿòèâíîé ñóììû íà îòðåçêå îò 0 äî 1.

 Ðàññìîòðèì ñëåäóþùèé ïðèìåð:
> statplots[quantile]([6,3,7,4,8,1,2,1],
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symbol=box);

Ôóíêöèÿ quantile2 � ñòðîèò ãðàôèê â êîîðäèíàòàõ quantile-quantile.
Ýòî õîðîøåå ñðåäñòâî äëÿ ñðàâíåíèÿ äâóõ ñïèñêîâ äàííûõ, íàïðèìåð,
äëÿ ñðàâíåíèÿ ìàêñèìàëüíûõ åæåäíåâíûõ  òåìïåðàòóð â äâóõ ãîðî-
äàõ.

Ôîðìàò âûçîâà:
   stats[statplots, quantile2](data1,data2)

èëè
   statplots[quantile2](data1,data2)

ãäå data1, data2 - ñòàòèñòè÷åñêèå ñïèñêè (ìîãóò áûòü íåîäèíàêîâû-
ìè).

Ïåðåä ïîñòðîåíèåì äàííûå ñîðòèðóþòñÿ â âîçðàñòàþùåì ïîðÿäêå.
Ãðàôèê quantile-quantile  äëÿ äâóõ èäåíòè÷íûõ ñïèñêîâ äàííûõ äàñò

òî÷êè, ëåæàùèå íà ïðÿìîé y=x.
Äàííûå òèïà �äèàïàçîí�  âû÷åð÷èâàþòñÿ êàê ïðÿìîóãîëüíèêè.
Ïðèìåíèì ñêàçàííîå äëÿ ðàíåå îïðåäåëåííûõ äâóõ ñïèñêîâ Xdata

è Ydata.
> statplots[quantile2](Xdata,Ydata);


