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Ââåäåíèå

Â ìåòîäè÷åñêèõ óêàçàíèÿõ îïèñàíû çàäàíèÿ ê ëàáîðàòîðíûì ðàáî-
òàì ïî äèñöèïëèíå ¾Òåîðèÿ âåðîÿòíîñòåé, ìàòåìàòè÷åñêàÿ ñòàòèñòèêà
è òåîðèÿ ñëó÷àéíûõ ïðîöåññîâ¿ äëÿ ñòóäåíòîâ íàïðàâëåíèÿ 09.03.03
¾Ïðèêëàäíàÿ èíôîðìàòèêà¿.

Ëàáîðàòîðíàÿ ðàáîòà �1 ïðåäíàçíà÷åíà äëÿ îòðàáîòêè ìåòîäîâ
ðîçûãðûøà ñëó÷àéíûõ âåëè÷èí � äèñêðåòíûõ, íåïðåðûâíûõ è íîð-
ìàëüíî ðàñïðåäåëåííûõ. Â ëàáîðàòîðíîé ðàáîòå �2 îòðàáàòûâàþòñÿ
íàâûêè ïðèìåíåíèÿ ìåòîäà Ìîíòå-Êàðëî äëÿ ïðèáëèæåííîãî âû÷èñ-
ëåíèÿ èíòåãðàëîâ è îöåíêè ïîãðåøíîñòè ïîëó÷åííîãî çíà÷åíèÿ. Ïðè
âûïîëíåíèè ëàáîðàòîðíîé ðàáîòû �3 ïðèâèâàþòñÿ íàâûêè ïåðâè÷íîé
îáðàáîòêè âûáîðêè, ðàñ÷åòà òî÷å÷íûõ è èíòåðâàëüíûõ îöåíîê âûáî-
ðî÷íûõ õàðàêòåðèñòèê.

Îïèñàíèå êàæäîé ðàáîòû ñîäåðæèò ðàçäåëû: çàäàíèå, òðåáîâàíèÿ ê
îôîðìëåíèþ, óêàçàíèÿ ê âûïîëíåíèþ. Òàêæå ïðèâåäåíû äàííûå äëÿ
56 âàðèàíòîâ. Ïðè ïîäãîòîâêå ê ëàáîðàòîðíûì ðàáîòàì îáó÷àþùèìñÿ
ðåêîìåíäóåòñÿ îçíàêîìèòüñÿ ñ ëèòåðàòóðîé [1, 2].
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Ëàáîðàòîðíàÿ ðàáîòà 1

Ìîäåëèðîâàíèå ñêàëÿðíûõ íåïðåðûâíûõ è äèñ-

êðåòíûõ ñëó÷àéíûõ âåëè÷èí ìåòîäîìÌîíòå-Êàðëî

Âîïðîñû äëÿ ïîäãîòîâêè

1. ×òî òàêîå ñòàòèñòè÷åñêèîå ìîäåëèðîâàíèå? ×òî òàêîå ðîçûãðûø
ñëó÷àéíîé âåëè÷èíû?

2. Êàê ãåíåðèðîâàòü ðàâíîìåðíîå íà (0, 1) ðàñïðåäåëåíèå?

3. Êàêèå ñïîñîáû ìîäåëèðîâàíèÿ äèñêðåòíûõ ñëó÷àéíûõ âåëè÷èí
Âû çíàåòå?

4. ×òî ïðåäñòàâëÿåò ñîáîé ñòàíäàðòíûé ìåòîä ðîçûãðûøà íåïðå-
ðûâíûõ ñëó÷àéíûõ âåëè÷èí?

5. Êàêèå ñïîñîáû ðîçûãðûøà íîðìàëüíîãî ðàñïðåäåëåíèÿ Âû çíàå-
òå?

6. Êàê ðàçûãðûâàþòñÿ ðàâíîìåðíîå è ïîêàçàòåëüíîå ðàñïðåäåëå-
íèÿ? Êàê ðàçûãðûâàåòñÿ ãàììà-ðàñïðåäåëåíèå? Ðàñïðåäåëåíèÿ
Õè è Õè-êâàäðàò?

7. ×òî ïðåäñòàâëÿåò ñîáîé ìåòîä èñêëþ÷åíèÿ?

8. ×òî òàêîå ìåòîä ðàçëîæåíèÿ?

Çàäàíèÿ

1. Ìîäåëèðîâàíèå äèñêðåòíûõ ðàñïðåäåëåíèé (100 çíà÷åíèé). Ðàçûã-
ðàòü óêàçàííîå ðàñïðåäåëåíèå (còîëáåö 2) çàäàííûì ìåòîäîì
(còîëáåö 3)

1) çàäàííîå ðàñïðåäåëåíèå: êîëîíêè 4−9 çàäàþò çíà÷åíèÿ (ïåð-
âàÿ ñòðîêà) è âåðîÿòíîñòè (âòîðàÿ ñòðîêà);

2) áèíîìèàëüíîå ðàñïðåëåíèå: êîëîíêà 4 � n, êîëîíêà 5 � p;

3) ãåîìåòðè÷åñêîå ðàñïðåäåëåíèå: êîëîíêà 4 � p;

4) ãèïåðãåîìåòðè÷åñêîå ðàñïðåäåëåíèå: êîëîíêà 4 � N , êîëîíêà
5 � M , êîëîíêà 6 � n;

5) ðàñïðåäåëåíèå Ïóàññîíà: êîëîíêà 4 � λ;

6) ðàâíîìåðíîå äèñêðåòíîå ðàñïðåäåëåíèå {0, 1, . . . , n}: êîëîí-
êà 4 � n.
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2. Ðîçûãðûø ñòàíäàðòíûõ íåïðåðûâíûõ ðàñïðåäåëåíèé (êîëîíêà
10) ñòàíäàðòíûì ìåòîäîì (200 çíà÷åíèé).

1) ðàâíîìåðíîå ðàñïðåäåëåíèå: êîëîíêà 11 � a, êîëîíêà 12 � b;

2) ïîêàçàòåëüíîå ðàñïðåäåëåíèå: êîëîíêà 11 � λ;

3) ðàñïðåäåëåíèå õè-êâàäðàò: êîëîíêà 11 � n;

4) ðàñïðåäåëåíèå õè: êîëîíêà 11 � n;

5) ãàììà-ðàñïðåäåëåíèå: êîëîíêà 11 � a, êîëîíêà 12 � b

3. Ðîçûãðûø íîðìàëüíîãî ðàñïðåäåëåíèÿ.

Ðàçûãðàéòå 500 çíà÷åíèé íîðìàëüíîãî ðàñïðåäåëåíèÿ ñ ïàðàìåò-
ðàìè µ (êîëîíêà 13) è σ (êîëîíêà 14)

à) ñòàíäàðòíûì ìåòîäîì;

á) ñ ïîìîùüþ öåíòðàëüíîé ïðåäåëüíîé òåîðåìû (êàê ñóììó 12
ñëó÷àéíûõ âåëè÷èí ðàâíîìåðíîãî íà (0, 1) ðàñïðåäåëåíèÿ;

â) ìåòîäîì èñêëþ÷åíèÿ (ñì. ïðèìåð â [1, Ãëàâà I, �2, ï.2◦]).

Ñðàâíèòå ïîëó÷ííûå ðåçóëüòàòû ïî îáúåìó âû÷èñëåíèé.

4. Ìåòîä èñêëþ÷åíèÿ è ìåòîä ðàçëîæåíèÿ. Ðàçûãðàéòå 200 çíà÷åíèé
ðàñïðåäåëåíèÿ ñ çàäàííîé ïëîòíîñòüþ

à) ìåòîäîì èñêëþ÷åíèÿ;

á) ìåòîäîì ðàçëîæåíèÿ.

Ñðàâíèòå ïîëó÷åííûå ðåçóëüòàòû ïî îáúåìó âû÷èñëåíèé.

1) p(x) =
6

2β3 + 3bβ2 + 6cβ
(x2 + bx+ c), 0 < x < β;

2) p(x) =
15

3β5 + 5bβ3 + 15cβ
(x4 + bx2 + c), 0 < x < β.

Íîìåð ïëîòíîñòè çàäàí â êîëîíêå 15, çíà÷åíèÿ ïàðàìåòðîâ b, c è
β � â êîëîíêàõ 16, 17 è 18.

Óêàçàíèÿ ê âûïîëíåíèþ ðàáîòû

Ìåòîäèêà ðîçûãðûøà ðàâíîìåðíîé ñëó÷àéíîé âåëè÷èíû ðàñïðåäå-
ëåííîé â èíòåðâàëå (0; 1) ðàcñìîòðåíà â [1, Ãëàâà I, § 4].
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Îôîðìëåíèå ðàáîòû

1. Ïîñòàíîâêà çàäà÷è.

2. Êðàòêî îïèøèòå àëãîðèòìû ïðèìåíÿåìûõ ìåòîäîâ.

3. Ïî êàæäîìó çàäàíèþ ðåçóëüòàòû ïðåäñòàâüòå â âèäå âàðèàöèîí-
íîãî ðÿäà (â çàäàíèè 1 � äèñêðåòíûé âàðèàöèîííûé ðÿä, â çàäà-
íèÿõ 2− 4 � èíòåðâàëüíûå âàðèàöèîííûå ðÿäû)

4. Ïîñòðîéòå ãèñòîãðàììû îòíîñèòåëüíûõ ÷àñòîò

5. Â çàäàíèè 4 íàðèñóéòå ãðàôèê ïëîòíîñòè.

Äàííûå äëÿ ëàáîðàòîðíîé ðàáîòû �1

Äàííûå ê ëàáîðàòîðíîé ðàáîòå �1. (çàäàíèå 1)
âàð. çàäàíèå 1
1 2 3 4 5 6 7 8 9
1 äèñêð. ñòàíä. -3 6 12 15

0.42 0.19 0.24 0.15
2 áèíîì. ñòàíä. 13 0.29
3 ãåîì. ñòàíä. 0.51
4 ãèïåð. ñòàíä. 13 7 6
5 Ïóàññ. ñòàíä. 1.48
6 ðàâí. ñòàíä. 11
7 ãåîì. ñïåö. 0.39
8 Ïóàññ. ñïåö. 3.40
9 äèñêð. ñòàíä. -9 10 14 15

0.23 0.20 0.40 0.17
10 áèíîì. ñòàíä. 14 0.40
11 ãåîì. ñòàíä. 0.50
12 ãèïåð. ñòàíä. 16 9 8
13 Ïóàññ. ñòàíä. 3.16
14 ðàâí. ñòàíä. 9
15 ãåîì. ñïåö. 0.25
16 Ïóàññ. ñïåö. 4.80
17 äèñêð. ñòàíä. -10 -4 -3 -2 16 19

0.15 0.20 0.13 0.15 0.21 0.16
18 áèíîì. ñòàíä. 12 0.73
19 ãåîì. ñòàíä. 0.60
20 ãèïåð. ñòàíä. 11 3 5
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Äàííûå ê ëàáîðàòîðíîé ðàáîòå �1. (çàäàíèå 1, ïðîäîëæåíèå)

çàäàíèå 1
1 2 3 4 5 6 7 8 9
21 Ïóàññ. ñòàíä. 2.44
22 ðàâí. ñòàíä. 10
23 ãåîì. ñïåö. 0.58
24 Ïóàññ. ñïåö. 2.76
25 äèñêð. ñòàíä. -10 1 10 13 14 16

0.18 0.15 0.23 0.11 0.17 0.16
26 áèíîì. ñòàíä. 10 0.39
27 ãåîì. ñòàíä. 0.40
28 ãèïåð. ñòàíä. 10 1 4
29 Ïóàññ. ñòàíä. 3.52
30 ðàâí. ñòàíä. 11
31 ãåîì. ñïåö. 0.72
32 Ïóàññ. ñïåö. 1.80
33 äèñêð. ñòàíä. -5 -1 16 17

0.16 0.22 0.30 0.32
34 áèíîì. ñòàíä. 12 0.41
35 ãåîì. ñòàíä. 0.40
36 ãèïåð. ñòàíä. 10 4 5
37 Ïóàññ. ñòàíä. 2.16
38 ðàâí. ñòàíä. 7
39 ãåîì. ñïåö. 0.36
40 Ïóàññ. ñïåö. 4.16
41 äèñêð. ñòàíä. -3 -2 1 3 16

0.21 0.27 0.16 0.14 0.22
42 áèíîì. ñòàíä. 11 0.73
43 ãåîì. ñòàíä. 0.71
44 ãèïåð. ñòàíä. 12 5 6
45 Ïóàññ. ñòàíä. 3.52
46 ðàâí. ñòàíä. 7
47 ãåîì. ñïåö. 0.62
48 Ïóàññ. ñïåö. 3.80
49 äèñêð. ñòàíä. -10 -8 7 18 19

0.24 0.30 0.11 0.18 0.17
50 áèíîì. ñòàíä. 13 0.69
51 ãåîì. ñòàíä. 0.69
52 ãèïåð. ñòàíä. 16 6 4
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Äàííûå ê ëàáîðàòîðíîé ðàáîòå �1. (çàäàíèå 1, ïðîäîëæåíèå)

çàäàíèå 1
1 2 3 4 5 6 7 8 9
53 Ïóàññ. ñòàíä. 4.08
54 ðàâí. ñòàíä. 11
55 ãåîì. ñïåö. 0.77
56 Ïóàññ. ñïåö. 3.04

Äàííûå ê ëàáîðàòîðíîé ðàáîòå �1. (çàäàíèÿ 2,3,4)
çàäàíèå 2 çàäàíèå 3 çàäàíèå 4

1 10 11 12 13 14 15 16 17 18
1 ðàâí. 0 7 -2.5 1 1 1.0 0.5 1.0
2 ïîêàç. 3.1 -2.0 3 2 1.0 1.0 1.0
3 õè-êâ. 1 2.0 3 1 1.0 1.5 1.0
4 õè 12 -2.0 2 2 1.0 2.0 1.0
5 ãàììà 1 1 -0.5 3 1 1.0 2.5 1.0
6 ïîêàç. 3.0 1.5 3 2 1.5 1.0 1.0
7 ïîêàç. 3.4 -1.5 1 1 1.5 1.5 1.0
8 õè-êâ. 2 4.5 2 2 1.5 2.0 1.0
9 õè 11 -1.0 1 1 1.5 2.5 1.0
10 ãàììà 1 2 3.5 1 2 2.0 1.5 1.0
11 ðàâí. 4 5 -4.0 3 1 2.0 2.0 1.0
12 ïîêàç. 2.0 -4.0 1 2 2.0 2.5 1.0
13 õè-êâ. 3 -1.0 2 1 2.5 2.0 1.0
14 õè 10 2.0 2 2 2.5 2.5 1.0
15 ãàììà 1 3 2.0 1 1 1.0 0.5 1.5
16 ðàâí. -4 -3 3.5 2 2 1.0 1.0 1.5
17 ïîêàç. 4.7 1.5 1 1 1.0 1.5 1.5
18 õè-êâ. 4 0.5 3 2 1.0 2.0 1.5
19 õè 9 -4.5 1 1 1.0 2.5 1.5
20 ãàììà 1 4 2.5 1 2 1.5 1.0 1.5
21 ðàâí. -2 4 3.0 2 1 1.5 1.5 1.5
22 ïîêàç. 3.3 -4.5 3 2 1.5 2.0 1.5
23 õè-êâ. 5 -3.5 3 1 1.5 2.5 1.5
24 õè 8 5.0 3 2 2.0 1.5 1.5
25 ãàììà 2 1 -1.5 3 1 2.0 2.0 1.5
26 ðàâí. 2 3 -5.0 1 2 2.0 2.5 1.5
27 ïîêàç. 5.2 5.5 2 1 2.5 2.0 1.5
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Äàííûå ê ëàáîðàòîðíîé ðàáîòå �1. (çàäàíèÿ 2,3,4, ïðîäîëæåíèå)

1 10 11 12 13 14 15 16 17 18
28 õè-êâ. 6 -2.5 2 2 2.5 2.5 1.5
29 õè 7 -3.0 3 1 1.0 0.5 2.0
30 ãàììà 2 2 5.0 1 2 1.0 1.0 2.0
31 ðàâí. 4 6 0.5 1 1 1.0 1.5 2.0
32 ïîêàç. 3.9 -3.0 1 2 1.0 2.0 2.0
33 õè-êâ. 7 -4.5 2 1 1.0 2.5 2.0
34 õè 6 -5.0 2 2 1.5 1.0 2.0
35 ãàììà 2 3 0.5 2 1 1.5 1.5 2.0
36 ðàâí. 3 4 -1.0 3 2 1.5 2.0 2.0
37 ïîêàç. 4.8 4.5 3 1 1.5 2.5 2.0
38 õè-êâ. 8 3.0 3 2 2.0 1.5 2.0
39 õè 5 -2.5 3 1 2.0 2.0 2.0
40 ãàììà 2 4 4.0 3 2 2.0 2.5 2.0
41 ðàâí. 0 6 1.0 3 1 2.5 2.0 2.0
42 ïîêàç. 3.1 0.0 3 2 2.5 2.5 2.0
43 õè-êâ. 9 3.0 1 1 1.0 0.5 2.5
44 õè 4 -2.0 1 2 1.0 1.0 2.5
45 ãàììà 3 1 1.0 1 1 1.0 1.5 2.5
46 ïîêàç. 4.2 -4.0 2 2 1.0 2.0 2.5
47 ïîêàç. 2.3 2.5 3 1 1.0 2.5 2.5
48 õè-êâ. 10 -3.0 2 2 1.5 1.0 2.5
49 õè 3 1.5 2 1 1.5 1.5 2.5
50 ãàììà 3 2 4.0 2 2 1.5 2.0 2.5
51 ãàììà 1 1.5 2.5 2 1 1.5 2.5 2.5
52 ãàììà 1 2.5 4.0 1 2 2.0 1.5 2.5
53 ãàììà 1 3.5 0.0 2 1 2.0 2.0 2.5
54 ãàììà 1 4.5 -0.5 2 2 2.0 2.5 2.5
55 ãàììà 2 1.0 5.5 1 1 2.5 2.0 2.5
56 ãàììà 2 2.0 -3.5 2 2 2.5 2.5 2.5
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Ëàáîðàòîðíàÿ ðàáîòà 2

Âû÷èñëåíèå êðàòíûõ èíòåãðàëîâ ìåòîäîì Ìîíòå-

Êàðëî

Âîïðîñû äëÿ ïîäãîòîâêè

1. Â ÷åì ñîñòîèò ñòàíäàðòíûé ìåòîä ðîçûãðûøà äëÿ ñèñòåìû ñëó-
÷àéíûõ âåëè÷èí?

2. Â ÷åì ñîñòîèò ìåòîä èñêëþ÷åíèÿ ðîçûãðûøà äëÿ ñèñòåìû ñëó-
÷àéíûõ âåëè÷èí?

3. Êàêîâà îáùàÿ ñõåìà ïðèìåíåíèÿ ìåòîäà Ìîíòå-Êàðëî ê âû÷èñëå-
íèþ èíòåãðàëîâ?

4. Êàê îöåíèâàåòñÿ ïîãðåøíîñòü ýòîãî ìåòîäà ? Êàêîâ åå ïîðÿäîê?

Çàäàíèÿ

1. Ïîëó÷èòå ïëîòíîñòè ðàñïðåäåëåíèÿ äëÿ çàäàííîé îáëàñòè G:

à) ðàâíîìåðíóþ (p1(x, y) = const);

á) ëèíåéíóþ � íîðìèðîâàâ çàäàííîå âûðàæåíèå (ñì. êîëîíêó 4
â òàáëèöå ñ äàííûìè, p2(x, y) = C(. . .)).

2. Ðîçûãðàéòå ñèñòåìû ñëó÷àéíûõ âåëè÷èí äëÿ ðàâíîìåðíîé ïëîò-
íîñòè è äëÿ ëèíåéíîé ïëîòíîñòè (îäíó ñèñòåìó ñòàíäàðòíûì ìå-
òîäîì, äðóãóþ � ìåòîäîì èñêëþ÷åíèÿ).

3. Íàéäèòå òî÷íîå çíà÷åíèå èíòåãðàëà îò ôóíêöèè f(x, y) ïî îáëà-
ñòè G àíàëèòè÷åñêè.

4. Íàéäèòå ïðèáëèæåííîå çíà÷åíèå èíòåãðàëà îò ôóíêöèè f(x, y) ïî
îáëàñòè G, âçÿâ äëÿ êàæäîé ïëîòíîñòè ÷èñëî ñëàãàåìûõ M = 10,
100, 1000, 10000.

5. Îöåíèòå äèñïåðñèþ ðàñïðåäåëåíèÿ η = f(ξ1, ξ2)/pi(ξ1, ξ2) è íàé-
äèòå âåðîÿòíîñòíóþ îöåíêó ïîãðåøíîñòè äëÿ äîâåðèòåëüíîé âå-
ðîÿòíîñòè α.
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Óêàçàíèÿ ê âûïîëíåíèþ ðàáîòû

1. Ìåòîäèêà ðîçûãðûøà ñèñòåì ñëó÷àéíûõ âåëè÷èí ðàññìîòðåíà
â [1, Ãëàâà I, § 3], à èñïîëüçîâàíèå ìåòîäà Ìîíòå-Êàðëî äëÿ âû÷èñ-
ëåíèÿ èíòåãðàëîâ � â [1, Ãëàâà II]

2. Äëÿ ïîñòðîåíèÿ âåðîÿòíîñòíîé îöåíêè ïîãðåøíîñòè ïðè äîâåðè-
òåëüíîé âåðîÿòíîñòè α èñïîëüçóéòå ôîðìóëó:

P
(
|η

N
− a| < tασ√

N

)
≈ 2Φ(tα) = α.

Çäåñü ηN � îöåíêà âåëè÷èíû a, ïîñòðîåííàÿ êàê ñðåäíåå àðèôìåòè÷å-
ñêîå N ñëó÷àéíûõ âåëè÷èí, σ/

√
N =

√
D(ηN ), Φ(·) � ôóíêöèÿ Ëàïëà-

ñà. Îòñþäà âåðîÿòíîñòíàÿ îöåíêà ïîãðåøíîñòè áóäåò òàêîé:

εα =
tασ√
N

.

Îôîðìëåíèå ðàáîòû

1. Îïèøèòå èñïîëüçóåìûå àëãîðèòìû ðîçûãðûøà ñèñòåìû ñëó÷àé-
íûõ âåëè÷èí (äëÿ âàøèõ ïëîòíîñòåé è îáëàñòåé).

2. Ðåçóëüòàòû ïðåäñòàâüòå â âèäå òàáëèö (äëÿ êàæäîé ïëîòíîñòè):

Ïëîòíîñòü p(x, y) = . . ., (x, y) ∈ {. . .}
×èñëî òî÷åê (M) 10 100 1000 10000
Çíà÷åíèå èíòåãðàëà (I) . . . .
Äèñïåðñèÿ (Dη) . . . .
Âåðîÿòíîñòíàÿ îöåíêà ïîãðåøíîñòè . . . .

Äàííûå äëÿ ëàáîðàòîðíîé ðàáîòû �2

âàð. îáëàñòü G f(x, y) p2(x, y) α
1 2 3 4 5
1 0 ≤ x ≤

√
π/2, 0 ≤ y ≤ 2x x2 cos(xy/2) C(x+ y) 0.9

2 0 ≤ y ≤ π/2, y ≤ x ≤ 2y sin(x− y) C(2x− y) 0.95

3 0 ≤ y ≤ 1, −y ≤ x ≤ y x exp(x+ 2y) C(y + 1) 0.99

4 x2 + (y − 1)2 ≤ 1 x2y C(2y + 1) 0.9
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Äàííûå äëÿ ëàáîðàòîðíîé ðàáîòû �2 (ïðîäîëæåíèå).

1 2 3 4 5
5 −1 ≤ x ≤ 0, y2x C(1− x) 0.95

(x− 1)2 + y2 ≤ 4

6 0 ≤ y ≤ 3, (y − 1)x2 C(y + 2) 0.99

x2 + (y − 1)2 ≤ 4

7 −1 ≤ x ≤ 1, x2 ≤ y ≤ 1 x2y − x C(2y + 1) 0.9

8 0 ≤ x ≤ 2, 0 ≤ y ≤ 2
√
x y − x C(x+ y) 0.95

9 0 ≤ x ≤ 1, x2 ≤ y ≤
√
x x2 + y C(2x+ y) 0.99

10 1 ≤ x ≤ 2, 1 ≤ xy ≤ x2 x2y−2 C(2y + x) 0.9

11 0 ≤ y ≤ ln 3, y ≤ 2x ≤ ln 3 y2e2xy C(2x− y) 0.95

12 −π/2 ≤ y ≤ 0, cos(2x+ y) C(1− y) 0.99

y ≤ 2x ≤ −2y

13 −π ≤ x ≤ −π/2, y sin(x+ 2y) C(1− y) 0.9

4x ≤ 2y ≤ x

14 x2 + y2 ≤ 4 (x+ 1)(y − 2) C(3− x− y) 0.95

15 0 ≤ x ≤ 1, (x− 1)y2 C(x+ 1) 0.99

(x− 1)2 + y2 ≤ 1

16 −2 ≤ x ≤ 1, x3(y − 1)2 C(2− x) 0.9

(y − 1)2 + x2 ≤ 4

17 0 ≤ y ≤ 2, xy + x2 C(1− x) 0.95

−2 ≤ x ≤ y2 − 2y

18 0 ≤ y ≤ 2, 2x+ x2y C(2y + 1) 0.99

1−√
y ≤ x ≤ 1

19 −2 ≤ x ≤ −1, y2 − 2xy C(1 + y − x) 0.9√
−x ≤ y ≤ x2

20 −4 ≤ 2y ≤ −1, yx−2/2 C(1− y) 0.95

1 ≤ xy ≤ 4y2

21 0 ≤ y ≤ 2, 0 ≤ x ≤ 2− y x2 sin
(

x(y−2)
4

)
C(1 + x+ y) 0.99

22 −2 ≤ y ≤ 2, |y| ≤ x ≤ 2 exp(x− 2y) C(1 + 2x) 0.9

23 −2 ≤ x ≤ 0, 2x ≤ y ≤ x x cos(2y − x) C(1− x− y) 0.95

24 0 ≤ y ≤ 2, (x− 1)y2 C(y − x) 0.99

(x+ 1)2 + (y − 1)2 ≤ 1

25 −2 ≤ y ≤ −1, (x− 1)2(y + 1) C(1− x) 0.9

(x− 1)2 + (y + 1)2 ≤ 1

26 0 ≤ x ≤ 3, (x− 2)(y + 2)2 C(1 + x) 0.95

(x− 2)2 + (y + 2)2 ≤ 4

27 −1 ≤ x ≤ 2, y(x2 − 1) C(y + 1) 0.99

0 ≤ y ≤
√
x+ 1
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Äàííûå äëÿ ëàáîðàòîðíîé ðàáîòû �2 (ïðîäîëæåíèå).

1 2 3 4 5
28 0 ≤ y ≤ 2, −1 ≤ x ≤ y2 x(y − 1) C(1 + y + x) 0.9

29 1 ≤ x ≤ 2,
√
x ≤ y ≤ x2 x2 − y C(x+ y) 0.95

30 0 ≤ x ≤ 1, 0 ≤ y ≤ x2, 2y − x C(1 + y + x) 0.99

1 ≤ x ≤ 2, 0 ≤ xy ≤ 1

31 0 ≤ y ≤ 2, −y ≤ x ≤ 0 y2 cos(3xy) C(1− x) 0.9

32 −1 ≤ y ≤ 2, yex−y C(1− x) 0.95

2y − 4 ≤ 2x ≤ y − 2

33 −2 ≤ x ≤ 0, x ≤ 2y ≤ −x xex/2−y C(1− 2x) 0.99

34 (x+ 1)2 + y2 ≤ 1 (y2 − 1)x C(2− y − x) 0.9

35 1 ≤ x ≤ 2, x(y + 1)2 Cx 0.95

x2 + (y + 1)2 ≤ 4

36 −3 ≤ x ≤ 0, x(y + 2) C(2− x) 0.99

(x+ 1)2 + y2 ≤ 4

37 0 ≤ y ≤ 1, xy(x− 2) C(x+ y) 0.9

1− y2 ≤ x ≤ 2

38 −2 ≤ x ≤ 2, (x2 − 1)y C(2 + y) 0.95

−2 ≤ y ≤ 2− x2

39 −2 ≤ x ≤ −1, xy + y3 C(1 + y) 0.99

0 ≤ y ≤
√
−x,

−1 ≤ x ≤ 0,

0 ≤ y ≤ x2

40 1 ≤ y ≤ 3, x(2− y2) Cy 0.9

−√
y ≤ x ≤ −y−1

41 0 ≤ x ≤ 2, x2exy/3 C(1− y) 0.95

−6 ≤ 2y ≤ 3x− 6

42 0 ≤ y ≤ 3, sin(x− y/3) C(1− x+ y) 0.99

−4y ≤ 3x ≤ −2y

43 −3 ≤ x ≤ 0, x cos(y − x/3) C(1− 2x) 0.9

x ≤ 3y ≤ −3x

44 0 ≤ x ≤ 2, y(x+ 1)2 C(x+ y) 0.95

(x− 1)2 + (y − 1)2 ≤ 1

45 0 ≤ x ≤ 1, x(y − 2)2 C(2x+ y) 0.99

(x− 2)2 + (y + 2)2 ≤ 4

46 −3 ≤ y ≤ 0, x2(y − 1) C(1− 2y) 0.9

x2 + (y + 1)2 ≤ 4

47 −1 ≤ y ≤ 0, x+ 2y C(1 + y) 0.95√
1 + y ≤ x ≤ 2
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Äàííûå äëÿ ëàáîðàòîðíîé ðàáîòû �2 (ïðîäîëæåíèå).

1 2 3 4 5
48 −1 ≤ x ≤ 1, y − 2x C(1 + y) 0.99

−x2 ≤ y ≤ 1

49 0 ≤ y ≤ 1, x+ y2 C(x+ 2y) 0.9

1− y2 ≤ x ≤ 1 +
√
y

50 −1 ≤ y ≤ 1, x− 2y C(1 + x+ y) 0.95

y2 − 1 ≤ x ≤ 1− y2

51 −3 ≤ x ≤ 0, y2 sin(yx) C(1− 2x− y) 0.99

−6− 2x ≤ 3y ≤ 0

52 0 ≤ x ≤ 2, cos(x− 3y) C(1 + x) 0.9

−3x ≤ 3y ≤ 2x

53 −2 ≤ y ≤ 1, y sin(x+ y) C(1− y + x) 0.95

1− y ≤ x ≤ 3− y

54 −4 ≤ y ≤ 0, (x+ 1)2y C(1− y) 0.99

x2 + (y + 2)2 ≤ 4

55 −4 ≤ y ≤ −3, y(x+ 2) C(1− x) 0.9

(x+ 2)2 + (y + 2)2 ≤ 4

56 0 ≤ y ≤ 3, x3(y − 1)2 C(y − x) 0.95

(x+ 2)2 + (y − 2)2 ≤ 4
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Ëàáîðàòîðíàÿ ðàáîòà 3

Òåìà: Îöåíêè ïàðàìåòðîâ è ïðîâåðêà ãèïîòåç

Âîïðîñû äëÿ ïîäãîòîâêè

1. ×òî òàêîå âàðèàöèîííûé ðÿä? Êàêèå îí èìååò âûáîðî÷íûå õàðàê-
òåðèñòèêè?

2. ×òî òàêîå äîâåðèòåëüíûé èíòåðâàë? ×òî òàêîå äîâåðèòåëüíàÿ âå-
ðîÿòíîñòü?

3. ×òî òàêîå ñòàòèñòè÷åñêàÿ ãèïîòåçà? Êàêèå îøèáêè ìîæíî ñîâåð-
øèòü, ïðèíèìàÿ èëè îòêëîíÿÿ ãèïîòåçó? ×åì îíè õàðàêòåðèçóþò-
ñÿ?

4. ×òî òàêîå êðèòåðèé ñîãëàñèÿ? Êàê îïðåäåëÿåòñÿ åãî ìîùíîñòü?
×òî òàêîå êðèòè÷åñêàÿ è äîâåðèòåëüíàÿ îáëàñòè?

5. Êàêèå ñóùåñòâóþò îñíîâíûå êðèòåðèè äëÿ ïðîâåðêè ãèïîòåçû
î çàêîíå ðàñïðåäåëåíèÿ? Êàêèìè äîñòîèíñòâàìè è íåäîñòàòêàìè
îíè îáëàäàþò?

6. Êàêèå êðèòåðèè ñóùåñòâóþò äëÿ ïðîâåðêè ãèïîòåç î ðàâåíñòâå
äèñïåðñèé è îäíîðîäíîñòè? Êàêàÿ èõ îáëàñòü ïðèìåíåíèÿ?

Çàäàíèÿ

1. Äëÿ âûáîðîê, ïîëó÷åííûõ â çàäàíèè 3 ë/ð 1,

à) íàéòè âûáîðî÷íûå õàðàêòåðèñòèêè

- ïî ïîëíîé âûáîðêå;

- ïî èíòåðâàëüíîìó âàðèàöèîííîìó ðÿäó;

á) îöåíèòü ïàðàìåòðû µ è σ äëÿ óðîâíåé çíà÷èìîñòè α1 è α2

- ïî ïîëíîé âûáîðêå;

- ïî ìàëîé âûáîðêå (îáúåìà n1).

2. Äëÿ âûáîðîê, ïîëó÷åííûõ â çàäàíèè 3 ë/ð 1, ïðîâåðèòü ãèïîòåçó
î çàêîíå íîðìàëüíîãî ðàñïðåäåëåíèÿ ïðè ïîìîùè êðèòåðèÿ õè-
êâàäðàò Ïèðñîíà äëÿ óðîâíÿ çíà÷èìîñòè α3

à) ñ èñõîäíûìè ïàðàìåòðàìè;

á) ñ ïàðàìåòðàìè, íàéäåííûìè èç âûáîðêè.
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Âûáðàòü íàèëó÷øèé ìåòîä ðîçûãðûøà íîðìàëüíîãî ðàñïðåäåëå-
íèÿ ñ òî÷êè çðåíèÿ ìèíèìóìà êðèòåðèÿ õè-êâàäðàò.

3. Íà îñíîâàíèè ðåçóëüòàòîâ çàäàíèÿ 2.a âûáðàòü äâå âûáîðêè ñ íî-
ìåðàìè i è j (1 - íàèìåíüøåå çíà÷åíèå, 2 � ñðåäíåå çíà÷åíèå, 3 �
íàèáîëüøåå çíà÷åíèå). Äëÿ íèõ ïðîâåðèòü (åñëè ýòî âîçìîæíî) ïî
âûáîðêàì îáúåìà n1 ñëåäóþùèå ãèïîòåçû:

à) î ðàâåíñòâå äèñïåðñèé (êðèòåðèé Ôèøåðà) äëÿ óðîâíÿ çíà-
÷èìîñòè α4;

á) îá îäíîðîäíîñòè (êðèòåðèé Ñòüþäåíòà) äëÿ óðîâíÿ çíà÷èìî-
ñòè α5.

4. Äëÿ âûáîðîê, ïîëó÷åííûõ â çàäàíèè 4 ë/ð 1, ïðîâåðèòü ñîîòâåò-
ñòâèå èñõîäíîìó çàêîíó ðàñïðåäåëåíèÿ ïî çàäàííîìó êðèòåðèþ M
(Ê � Êîëìîãîðîâà, Ñ � Ñìèðíîâà) ïðè óðîâíå çíà÷èìîñòè α6

à) ïî ïîëíîé âûáîðêå;

á) ïî ìàëîé âûáîðêå (îáúåìà n2).

Âûáðàòü íàèëó÷øèé ìåòîä ðîçûãðûøà ýòîãî ðàñïðåäåëåíèÿ ñ òî÷-
êè çðåíèÿ ìèíèìóìà êðèòåðèÿ M.

Îôîðìëåíèå

1. Êðàòêî îïèøèòå àëãîðèòìû ïðèìåíÿåìûõ ìåòîäîâ è èñïîëüçóå-
ìûå ôîðìóëû (óêàæèòå êàêèå çíà÷åíèÿ èç òàáëèö áåðóòñÿ).

2. Ðåçóëüòàòû ïðåäñòàâüòå â òàáëèö:

äëÿ çàäàíèÿ 1
îöåíêà òî÷íîå çíà÷åíèå ïî ÄÈ 1 ÄÈ 2 ÄÈ 1 ÄÈ 2

(µ èëè σ) çíà÷åíèå èíòåðâàëüíîìó ïî α1 ïî α1 ïî α2 ïî α2

âàðèàö. ðÿäó
· · · · · · ·

äëÿ çàäàíèé 2-4
ìåòîä íàáëþäàåìîå óðîâåíü Ïðèíèìàåòñÿ

ìåòîä ïðîâåðêè çíà÷åíèå çíà÷èìîñòè èëè
ðîçûãðûøà ãèïîòåçû êðèòåðèÿ è êðèòè÷åñêîå îòêëîíÿåòñÿ

çíà÷åíèå
· · · · ·
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Óêàçàíèÿ ê âûïîëíåíèþ ðàáîòû

Ïðè ïðîâåðêå ãèïîòåç èñïîëüçóéòå êðèòè÷åñêèå òî÷êè óðîâíÿ α äëÿ
ðàñïðåäåëåíèé λ-Êîëìîãîðîâà è ω2-Ñìèðíîâà-Ìèçåñà.

α 0.2 0.15 0.1 0.05 0.025 0.01 0.005 0.001
λ 1.073 1.138 1.224 1.358 1.480 1.628 - 1.950
ω2 - - 0.3473 0.4614 - 0.7435 0.8694 1.1679

Äàííûå äëÿ ëàáîðàòîðíîé ðàáîòû �3

çàäàíèå 1 çàäàíèå 2 çàäàíèå 3 çàäàíèå 4
α1 α2 n1 α3 i, j α4 α5 M α6 n2

1 2 3 4 5 6 7 8 9 10 11
1 0.02 0.05 29 0.10 1 2 0.05 0.05 Ñ 0.05 36
2 0.05 0.10 19 0.01 2 3 0.05 0.10 Ñ 0.10 33
3 0.10 0.01 26 0.02 1 3 0.01 0.01 Ê 0.01 21
4 0.01 0.02 22 0.05 2 3 0.01 0.05 Ê 0.05 33
5 0.02 0.05 28 0.10 1 3 0.05 0.10 Ñ 0.10 38
6 0.05 0.10 31 0.01 1 2 0.05 0.01 Ñ 0.01 25
7 0.10 0.01 31 0.02 1 3 0.01 0.05 Ê 0.05 32
8 0.01 0.02 29 0.05 1 2 0.01 0.10 Ê 0.10 24
9 0.02 0.05 19 0.10 2 3 0.05 0.01 Ñ 0.01 40
10 0.05 0.10 23 0.01 1 2 0.05 0.05 Ñ 0.05 38
11 0.10 0.01 27 0.02 1 3 0.01 0.10 Ê 0.10 41
12 0.01 0.02 21 0.05 2 3 0.01 0.01 Ê 0.01 24
13 0.02 0.05 30 0.10 1 3 0.05 0.05 Ñ 0.05 32
14 0.05 0.10 29 0.01 2 3 0.05 0.10 Ñ 0.10 30
15 0.10 0.01 22 0.02 1 2 0.01 0.01 Ê 0.01 34
16 0.01 0.02 27 0.05 2 3 0.01 0.05 Ê 0.05 34
17 0.02 0.05 24 0.10 1 2 0.05 0.10 Ñ 0.10 39
18 0.05 0.10 30 0.01 1 3 0.05 0.01 Ñ 0.01 34
19 0.10 0.01 26 0.02 1 2 0.01 0.05 Ê 0.05 27
20 0.01 0.02 17 0.05 2 3 0.01 0.10 Ê 0.10 33
21 0.02 0.05 26 0.10 1 3 0.05 0.01 Ñ 0.01 24
22 0.05 0.10 19 0.01 2 3 0.05 0.05 Ñ 0.05 33
23 0.10 0.01 28 0.02 1 3 0.01 0.10 Ê 0.10 27
24 0.01 0.02 26 0.05 1 2 0.01 0.01 Ê 0.01 41
25 0.02 0.05 32 0.10 1 3 0.05 0.05 Ñ 0.05 36
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Äàííûå äëÿ ëàáîðàòîðíîé ðàáîòû �3 (ïðîäîëæåíèå).

1 2 3 4 5 6 7 8 9 10 11
26 0.05 0.10 29 0.01 1 2 0.05 0.10 Ñ 0.10 36
27 0.10 0.01 22 0.02 2 3 0.01 0.01 Ê 0.01 34
28 0.01 0.02 32 0.05 1 2 0.01 0.05 Ê 0.05 37
29 0.02 0.05 18 0.10 1 3 0.05 0.10 Ñ 0.10 23
30 0.05 0.10 32 0.01 2 3 0.05 0.01 Ñ 0.01 26
31 0.10 0.01 23 0.02 1 3 0.01 0.05 Ê 0.05 28
32 0.01 0.02 25 0.05 2 3 0.01 0.10 Ê 0.10 35
33 0.02 0.05 18 0.10 1 2 0.05 0.01 Ñ 0.01 26
34 0.05 0.10 22 0.01 2 3 0.05 0.05 Ñ 0.05 30
35 0.10 0.01 21 0.02 1 2 0.01 0.10 Ê 0.10 30
36 0.01 0.02 26 0.05 1 3 0.01 0.01 Ê 0.01 22
37 0.02 0.05 17 0.10 1 2 0.05 0.05 Ñ 0.05 22
38 0.05 0.10 26 0.01 2 3 0.05 0.10 Ñ 0.10 34
39 0.10 0.01 31 0.02 1 3 0.01 0.01 Ê 0.01 34
40 0.01 0.02 30 0.05 2 3 0.01 0.05 Ê 0.05 31
41 0.02 0.05 21 0.10 1 3 0.05 0.10 Ñ 0.10 29
42 0.05 0.10 30 0.01 1 2 0.05 0.01 Ñ 0.01 35
43 0.10 0.01 30 0.02 1 3 0.01 0.05 Ê 0.05 28
44 0.01 0.02 28 0.05 1 2 0.01 0.10 Ê 0.10 26
45 0.02 0.05 26 0.10 2 3 0.05 0.01 Ñ 0.01 35
46 0.05 0.10 20 0.01 1 2 0.05 0.05 Ñ 0.05 35
47 0.10 0.01 27 0.02 1 3 0.01 0.10 Ê 0.10 32
48 0.01 0.02 19 0.05 2 3 0.01 0.01 Ê 0.01 38
49 0.02 0.05 30 0.10 1 3 0.05 0.05 Ñ 0.05 28
50 0.05 0.10 30 0.01 2 3 0.05 0.10 Ñ 0.10 40
51 0.10 0.01 20 0.02 1 2 0.01 0.01 Ê 0.01 38
52 0.01 0.02 27 0.05 2 3 0.01 0.05 Ê 0.05 32
53 0.02 0.05 31 0.10 1 2 0.05 0.10 Ñ 0.10 32
54 0.05 0.10 31 0.01 1 3 0.05 0.01 Ñ 0.01 34
55 0.10 0.01 27 0.02 1 2 0.01 0.05 Ê 0.05 28
56 0.01 0.02 28 0.05 2 3 0.01 0.10 Ê 0.10 24
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