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JlaGopatopnas pabota Nel
[TepBuunast 0OpaboTKa JaHHBIX U MPOBEPKA CTATUCTUYCCKUX TUIIOTES

> restart
with( Statistics)
Digits := 4; N := 5;n := 25
4 5 25

X := vector(n) : Y := vector(n) :

Urenue gaHHbIX U3 (aiina

A := readdata("0", 1);
#utenue AaHHBIX U3 (aiina. Hamo mpomnucatk myTh K CBOEMY
¢aiiny. Obparute BHUMaHue Ha popmaT uMenu Qainal!!

[25.43, 38.63, 34.23, 38.53, 47.62, 48.93, 53.28, 64.76, 51.09,
68.37, 69.57, 65.57, 81.95, 79.03, 71.80, 82.68, 83.97, 87.92,
89.93, 91.60, 99.13, 95.14, 98.98, 101.6, 102.8, 107.7, 112.7,
106.1, 107.8, 117.4, 119.3, 116.4, 123.5, 121.6, 118.6, 119.9,
119.5, 121.7, 125.0, 116.4, 122.8, 124.0, 131.4, 139.2, 128.4,
137.1, 133.3, 131.6, 130.7, 143.4, 131.2, 131.1, 128.2, 157.6,
148.6, 147.4, 137.6, 146.8, 145.2, 152.5, 137.5, 141.8, 146.6,
150.6, 154.1, 143.8, 148.7, 151.1, 151.6, 149.0, 144.5, 145.8,
140.3, 152.7, 157.4, 142.8, 150.7, 159.8, 153.0, 148.5, 167.9,
153.8, 163.1, 155.4, 148.7, 154.6, 149.9, 155.7, 156.2, 172.1,
159.0, 162.2, 138.0, 151.1, 144.5, 155.0, 151.8, 152.8, 161.5,
154.3, 148.9, 157.2, 148.1, 151.9, 159.5, 154.6, 161.1, 164.1,
140.6, 168.5, 155.5, 150.5, 153.0, 162.2, 158.9, 151.8, 155.4,
166.0, 156.8, 146.9, 158.6, 155.4, 165.4, 157.3, 168.8, 158.6,
148.8, 153.2, 161.8, 161.4, 157.1, 164.0, 160.6, 165.3, 156.1,
154.4, 159.6, 161.8, 168.1, 156.4, 164.8, 161.2, 160.5, 158.5,
162.8, 165.2, 157.2, 166.7, 157.4, 162.1, 159.8, 152.1, 157.9,
166.2, 160.1, 168.6, 161.6, 157.4, 159.0, 156.4, 150.4, 148.7,
154.9, 159.4, 155.9, 171.3, 154.1, 153.3, 166.5, 153.7, 151.4,
165.1, 166.3, 153.4, 145.3, 163.2, 170.4, 162.3, 164.6, 154.2,
154.6, 152.6, 170.4, 158.5, 160.3, 163.7, 164.8, 152.8, 167.7,
166.3, 164.0, 161.1, 155.8, 167.6, 169.9, 164.4, 158.9, 157.5,
171.0, 172.1]

forito25do X[i] :== A,,_: Y[i] := A, :end do:

convert(X, list); a := min(%); b = max(%%); convert(Y, list);c
= min(%); d = max(%%);

['paduueckoe npeacTaBieHUE TaHHBIX: THCTOTPAMMBI M 00JIaKO TOYEK
143.4
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> Histogram(X, bincount =N); H := Histogram(X, bincount=N)
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Histogram(Y, bincount=N); Y := Histogram(Y, bincount=N)
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P := ScatterPlot(X, Y); plots[ display ] (P)

ToyeyHble OLIEHKU CPEIHUX U CPEAHEKBAAPATUYHBIX OTKJIIOHEHUN X U Y

n n
Sx) 13w
mX = k_—l;mY = L;i :="1"" Mean(X);
n n
Mean(Y);
95.24 98.60 95.31 98.61
n
2
[ 2. (X — mX) ]
sigmaX = m -1 ;
n—1 ’



sigmaY :=

StandardDeviation(X);

S =\/ Variance(X) ;

Koppensauus u npssmast TMHEHHON PErpecCUn
s, =32.86

(X; —mX)-(Y; — mY)

P sigmaX-sigmayY
XY = - £ < ;
n
0.9408
Ax i— rXY-sagmaY
sigmaX
0.8884
cov := Covariance(X, Y);
1000.
e cov
XY " sigmaX-sigmaY
0.9788

S := plot(Ax- (x — mX) + mY, x=a.b);
> plots[ display | (P, S);

140 .,oo
120
100
80

il

404, -
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JloBepuTenbHbIe HHTEPBAJBI JJIsl CPEIHUX U CPETHEKBAIPATUYHBIX OTKJIOHEHHH X
uY (0= 3HAYUMOCTb)

o = 0.05;
0.05
t:= Quantile(StudentT(n —1),1— %];
2.064
M . = evalf(mX — Mj
min \/— ’
n
81.66
M. = evalf(mX + ﬂg\l/n—a—X-t);
n
108.8

m(X) € (M, M

min’ ~' max )

in(m(X), 81.66, 108.8)

% = Quantile(ChiSquare(n —1),1— g);

2
39.36
A = (n — l)sigmaX2 .
min P4 ’
25.69
Y = Quantile[ChiSquare(n — 1), %);
12.40
A = (n — l)sigmaX2 .
max T X ’
45.76

in(o(X), 25.69, 45.76)
IIpoBepka runore3e 0 HOpMaJIbHOM M PABHOMEPHOM 3aKOHE pacupeneieHus X

in(o(X), 25.69, 45.76)

(z — mX)?

o .
R := plot I e 2 GEmaX)® a4 bliL

V 2 m sigmaX

1
:= plot
plot|

,z=a.b, color= green)
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> plots[ display ] (L, R, H)# ‘Busyanmmu3amus rumnores
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> convert( X, set); # X-KOOpAWHATHI B TIOPSJIKE BO3PACTAHUS
{25.43, 34.23,47.62, 51.09, 53.28, 69.57, 71.80, 81.95, 83.97,
89.93, 98.98, 99.13, 102.8, 107.8, 112.7, 118.6, 119.3, 119.5,
122.8, 123.5, 125.0, 128.4, 130.7, 131.4, 133.3}

(b—a)
N

>h:=

h:=21.58

fork from0Oto N — 1 do print(a + k-h, a + (k + 1)-h)end do
# Pacuer rpaHuil HHTEpBAJIOB Ha rUcTOrpamme X

25.43,47.01
47.01, 68.59
68.59, 90.17
90.17, 111.8
111.8,133.3

>
fork fromOtoN — 1 do Vg = evalf

1 .
V2T
(a+h-(k+1)-mX)

sigmaX

72

J 6_7 dz | end do;

(a+h-k —mX)
sigmaX
# TeopeTnueckue BEpOATHOCTA HOPMAJIBHOTO PACIIPEICIICHUS
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V,:=0.05443 V,:=0.1375 V;:=0.2297 V,:=0.2538 V,:=0.1841

DMIOUPUIECKHUE YaCTOThI CTATUCTUKU HAa HHTEPBAJIaX TUCTOTPAMMBI X

3 4 4 6 8

257 257 257 257 25

# B uncnutene i-toi 1poOu- YMCII0 TOYEK, MTOMABIINX B 1-THIN
WHTEpBaJl, 3HAMEHATEIb PAaBEH N

3 4 4 6 8
257 257 257 257 25

PP =

N 2
(PP- — V-)
L 1 1 . . . . .
Xy =n 1:21 V. ; Quantile(ChiSquare(N —2 — 1), 1
— );
5.122 5.991

Xy > Quantile = runmorTe3a HOPMaAJIBHOCTH OTBEPIracTCs

N 2
Z (PPi — %) ]; evalf(%); Quantile( ChiSquare(N

Xy =nN-
1=1
—2—-1),1—a);
Xy > Quantile = runoTe3a paBHOMEPHOCTH OTBEPraeTCs
15—6 3.200 5.991

HpOBepKa T'UIIOTC3C O IMOKA3aTCIIbHOM 3dKOHC paCIIpCACICHUA Y

-z+c¢
P := plot ﬁ_cemY_c, z=c.d|;
> plots[display](P, Y) # Busyanusauus runoressl
> convert(Y, set); # y-KOOpAUHATHI B TIOPSIIKE BO3PACTAHUS
{38.53, 38.63, 48.93, 64.76, 65.57, 68.37, 79.03, 82.68, 87.92,
91.60, 95.14, 101.6, 106.1, 107.7, 116.4, 117.4, 119.9, 121.6,

121.7, 124.0, 131.6, 137.1, 139.2, 143.4}

(d—=c)

ni=

20.98



40 a0 20 100 120 140
z

for k from 0 to N — 1 do print(¢ + k-n, ¢ + (k + 1)-1)end do
# PacueT rpaHuIl HHTEPBAJIOB Ha TUCTOrpamMme X

BMHI/IpI/I‘-IeCKI/IC qaCTOThI CTATUCTUKH HA MHTCPBAJIaX TUCTOIPAMMBI Y

38.53, 59.51

59.51, 80.49

80.49, 101.5

101.5, 122.4

122.4, 143.4

16 4 2 1 2

QQ= 17525 25° 25 25

# B uncnurene i-toi 1poOu- YMCI0 TOYEK, MOMABIINX B 1-THIN
WHTEPBAJI, 3HAMEHATEIIb PaBEH N

16 4 2 1 2
257 257 257 257 25
k-n (k+1)m

~—c+mY ~c +mY
forkfromOtoN—ldoWk+1==e erm —e erm end

do
# TeopeTnueckre BEPOATHOCTH MOKA3aTEILHOTO pacIpeac/ICHUs

0.2948 0.2079 0.1467 0.1033 0.0728

i (QQ;

i=1 W,

1

Wi)2

Xy = ;Quantile(ChiSquare(N —1—-1),1

— OC);
12.13 7.815
Xy > Quantile = runore3a oTBepraercs

Statistics:-Quantile < 12.13 = runote3a oTBepraercs
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[IpoBepka runores3e 0 paBEHCTBE CPEAHUX X U Y

Q:= Quantile(StudentT(2 n—2),1— &J

2
2.011
K i— ImX — mY]|
/ (sigmaX)2 n (sigmaY)2
n n
0.3714

K> Q = m(X) # m(Y); verify(K, Q, greater than);
2.011 < 03714 = m(X) # m(Y)

false

[TpoBepka rumoTe3e 0 paBEHCTBE CPEAHEKBAAPATUIHBIX OTKIOHEHUH X 1 Y
(mpobb Q cocTaBisieTcss TAKUM 00Pa30M, YTO B UUCITUTENE CTOUT OOJIbIIIee Yncio!)

B o (sigmaX)®
(sigmaY)2
1.122

Q= Quantile(FRatio(n —1,n—1),1— %)

2.269
F>Q = o(X) # o(Y); verify(F, Q, greater than)

2.269 < 1.122 = o(X) # o(Y)

false

[IpoBepka rumnorese 0 paBeHCTBE HYJI0 KO3 PUIIMEHTa KOPpeIsiuun

Quantile(StudentT(n —-2),1— &]

2
G = YT > Ixy
/n — 2+ (Quantile(StudentT(n —2),1— 7)]
0.3961
0.9788

|rXY| > G = Iyy #* 0; Verify( |rXY , G, greater_than);
0.3961 < 0.9788 = r[xy] # 0
true
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JlaGopatopnas pabota Ne2
MeTtoapl ONITUMU3AIUN: JIMHEMHOE U HEJIMHEWMHOE TPOTrPaMMHUPOBAHUE

restart; with(plots)

animate3d({h, In(x"2+3*y"2+0.1e-1)},x=-1..1,y=-1..1, h=-5..1, color = [X,
Y, 2]);

pl := implicitplot([In(x"2+3*y"2+0.1e-1) = -4, In(x"2+3*y"2+0.1e-1) = .51,
In(x"2+3*y"2+0.1e-1) = -3, In(x"2+3*y"2+0.1e-1) = -2, In(x"2+3*y"2+0.1e-1) =
-1, In(x"2+3*y"2+0.1e-1) = 0, In(x"2+3*y"2+0.1e-1) = 1], x=-2.. 2,y =-1 .. 1);
ITosie rpaguenTa

p2 := fieldplot([diff(In(x"2+3*y"2+0.1e-1), x), diff(In(x"2+3*y"2+0.1e-1), y)], X =
-2 ..2,y=-1..1, fieldstrength = log);

display(p1, p2, scaling = constramed)
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with(Optimization);

CDyHKHI/Iﬂ " OI'paHUYCHUA
NLPSolve(x-2*y+99*exp(-.1*(x-1.8)"2-.2*(y-2.1)"2), {(x-2)"2+(.1*y+.2)"2 <=
1}, initialpoint = [x = 2, y = 5]);

[ -13.9289311799253674, [ x = 1.95524810896165, y = 7.98998132256855] ]
NLPSolve(x-2*y+99*exp(-.1*(x-1.8)"2-.2*(y-2.1)"2), {(x-2)"2+(.1*y+.2)"2 <=
1}, initialpoint = [x = 2, y = 2], maximize);

[96.6757865987056278, [ x = 1.85054377251886, y = 2.04945622750062] ]
NLPSolve(x-2*y+99*exp(-.1*(x-1.8)"2-.2*(y-2.1)"2), {(x-2)"2+(.1*y+.2)"2 = 1},
maximize);

[91.0175223868711782, [x = 1.08630009859662, y =2.06389579314574] ]

a := plot3d(x-2*y+99*exp(-.1*(x-1.8)"2-.2*(y-2.1)"2),x =0 .. 4,y =-15 .. 10);b
= implicitplot3d({(x-2)"2+(.1*y+.2)"2=1},x=0..4,y=-15.. 10,z =-20 .. 90,
style = surface);display(a, b);

restart; with(Optimization); with(plots);
Pemenne ontumMu3animoHHOM 3a/1aun 0€3 orpaHudYeHUN
F :=proc (X, y) options operator, arrow; (x"2+y"2)"2+1/(x"2+y"2+.1)+(x"2-
2*X+1+y"2)"2+1/(x"2-2*x+1+y"2+.1) end proc;
plot3d(F(x,y),x=.4...6,y =-.95...95, axes = boxed);
minimize(F(x, y), location);

3.475425703, {[ {x =0.5000000000, y = -0.6917173514}, 3.475425703],

[ {x=0.5000000000, y =0.6917173514}, 3.475425703]}
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implicitplot(F(x, y) =4.5,x=-2 .. 2,y = -2 .. 2, numpoints = 10000);
implicitplot(F(x, y) =3.81,x=-2 .. 2,y =-2 .. 2, numpoints = 10000);
implicitplot(F(x,y) =4.1, x =-2 .. 2,y = -2 .. 2, numpoints = 10000);
d = implicitplot(F(x,y) =4, x=-2 .. 2,y =-2 .. 2, numpoints = 10000);
JIvHuun ypoBHs

display(a, b, ¢, d);

O T S
|| '|i I

restart; with(Optimization); with(plots);

pl := plot3d((x"2+sin(x-y))*exp(-x"2-2*y"2), x =-3 .. 3,y =-3 .. 3, axes =
boxed);

plot3d((x"2+sin(x-y))*exp(-x"2-2*y"2), x =-3 .. 3, y = -3 .. 3, axes = boxed);

a ;= cos(t); b :=sin(t); c := (@"2+sin(a-b))*exp(-a"2-2*b"2);

spacecurve([a, b, c], t =0 .. 2*Pi, color = green, thickness = 3, axes = boxed); p2 :=
spacecurve([a, b, c], t =0 .. 2*Pi, color = green, thickness = 3);

display(p1, p2);
S := NLPSolve((x"2+sin(X-y))*exp(-x"2-2*y"2), {x"2+y~2 = 1}, initialpoint = [x

=-1,y=.1]); [-0.128307137415174326, [ x = -0.392198311519012, y
=0.919880690329817]]

T := NLPSolve((x"2+sin(x-y))*exp(-x"2-2*y"2), {x"2+y~2 = 1}, initialpoint = [x
= -1,y =.1], maximize); [0.113300017393712649, [x = ~0.810934077611816, y =
-0.585137523807798]]
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p3 := pointplot3d([[rhs(S[2][1]), rhs(S[2][2]), S[1]]], color = red, symbolsize = 20,

symbol = solidsphere);

p4 := pointplot3d([[rhs(T[2][1]), rhs(T[2][2]), T[1]]], color = blue, symbolsize =

20, symbol = solidsphere);

display(pl, p2, p3, pd);

R := NLPSolve((x"2+sin(x-y))*exp(-x"2-2*y"2), {x"2+y"2 <= 1}, initialpoint =

[x="-1,y =".1]); [ -0.370824993365210909, [x = -0.262106409735669, y
=0.378717617292232] ]

p5 := pointplot3d([[rhs(R[2][1]), rhs(R[2][2]), R[1]]], color = magenta, symbolsize
= 20, symbol = solidsphere);
display(p1, p2, p3, p4, p3);
e ;= 2*t+.1; f .= (t"2+sin(t-e))*exp(-2*e"2-t"2);
p6 .= spacecurve([t, e, f], t =-1 .. 1, color = green, thickness = 3);
display(p1, p6);
U := NLPSolve((x"2+sin(x-y))*exp(-x"2-2*y"2), {y = 2*x+.1, -3 <=X, -3 <=y, X
<=3,y <=3}, initialpoint =[x =-1,y = .1]);

[ -0.160269803297701047, [ x =0.136110154100295, y

=0.372220308200591] ]

p7 := pointplot3d([[rhs(U[2][1]), rhs(U[2][2]), U[1]]], color = red, symbolsize =
20, symbol = solidsphere); display(p1, p6, p7);

JInHenHoe nmporpaMMHUpPOBaHUE

restart;with(plots);

a:=inequal({y <=2+.1*x,x-y<=1,0<x,0<y}, x=-4.4,y=-4 . 4, op-
tionsfeasible = (color = magenta), optionsopen = (color = blue), optionsclosed =
(color = black, thickness = 2), optionsexcluded = (color = grey));

b := animate(implicitplot, [y-2*x=C,x=-4 .. 4,y =-4 .. 4, color = red, thickness

=3],C=-5..2);
display(a, b);
S :=solve({y = 2+.1*x, x-y = 1}); S := {x=3.333333333, y =2.333333333}
assign(S);
C = evalf(y-2*x); C := -4.333333333

CuMIIeKc-MeTO

restart;with(Student); with(LinearAlgebra);with(simplex);

initial ;= {x1+x2+x3+4*x4-x6 = 5, 2*x1+x2+4*x3+x4-x5 = 8},

BBeneM OanaHCcOBBIC TIEPEMEHHBIC U IIEPEITHIIIEM CUCTEMY C I1eJIeBOM (DYHKITHCH
cnsts ;= {X1+x2+x3+4*x4-x6 = 5, 2*x1+x2+4*x3+x4-x5 = 8},

obj := 10*x1+12*x2+8*x3+10*x4; 10x1 +12x2 +8x3 + 10 x4

HpI/IMeHI/IM CUMIIJIICKC-MCTO/ B ITAKCTEC

minimize(obj, cnsts, NONNEGATIVE);

9 4

{XIZO,Xzzo,X3:?,X4: 5 ,X5=0,x6=0

eval(obj, [X1 = 0, x2 = 0, X3 = 9/5, x4 = 4/5, x5 = 0, x6 = 0]); %
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Teneps penienre Bpy4yHyto (IOIIAroBoO)

Jomyctumoe pemienne (HadainbHas ornopHas Touka): x1=3, x2=2, npoune paBHsbI 0.
3anuireM MaTpuIly UCXOAHBIX KOAG(UITMEHTOB

A =Matrix(3,7,{(1,1)=8,(1,2)=2,(1,3)=1,(1,4) =4,(1,5 =1, (1, 6) =-1,
1,7=0,(2,1)=52,2=1,2,3=1,(2,9=1,(2,5=4,(2,6)=0,(2,7) =-
1,(3,1)=0,(3,2)=10,(3,3)=12,(3,4)=8,(3,5 =10, (3,6) =0, (3, 7) =0});
Pivot(%, 1, 2);

MultiplyRow (%, 1, 1/2);

Pivot(%, 2, 3);

MultiplyRow (%, 2, 2);

Pivot(%, 2, 5); MultiplyRow(%, 2, 1/7);

Pivot(%, 1, 4); MultiplyRow(%, 1, 7/15);

CuMIIEKC-METOI B TEOPUU UTP

restart;with(Student);

Bpyunyro

with(LinearAlgebra);

N := Matrix(3, 4, {(1, 1) =25, (1, 2) =40, (1, 3) = 113, (1, 4) =129, (2, 1) = 65, (2,
2) =115, (2,3) =56, (2,4) =76, (3,1) =142, (3,2) = 74, (3, 3) = 96, (3, 4) = 65});
[Tumem orpaHuveHus Ajisi IEPBOTO UTPOKA, MOJIb3YSICh CTOJIOIAMU TIATEKHON
mMarpuel, L--->max

sys := {25*x1+65*x2+142*x3 >= L, 40*x1+115*x2+74*x3 >= L,
113*x1+56*x2+96*x3 >= L, 129*x1+76*x2+65*x3 >= L};

BBoaum nepeMeHHbIe HEBSI3KU

syst := {25*x1+65*x2+142*x3-z1 = L, 40*x1+115*x2+74*x3-22 = L,
113*x1+56*x2+96*x3-23 = L, 129*x1+76*x2+65*x3-z4 = L};

Hcnonp3yem, 4TO CyMMa BEPOSITHOCTEN paclpeiesIeHUs] B CTpaTeruu paBHa 1
subs(x3 = 1-x1-x2, syst); display(%);

[lepenucriBaeM cuCTEMY B CTaHIapTHOM Gopme (CBOOOHBIC YJICHBI - CJIEBA)

syste := {65 = -64*x1-11*x2+z4+L, 74 = 34*x1-41*x2+z2+L, 96 = -
17*x1+40*x2+z3+L, 142 = 117*x1+77*x2+z1+L}; display(syste);

3anuceiBaeM KO3(P(GUIMEHTHI B MATPUILY

M := Matrix(4, 8, {(1, 1) =142, (1,2)=117,(1,3)=77,(1,4)=1,(1,5) =0, (1,
6)=0,(1,7)=0,(1,8)=1,(2,1)=74,(2,2) =34,(2,3) =-41,(2,4) =0, (2,5) =
1,(2,6)=0,(2,7)=0,(2,8)=1,(3,1) =96, (3,2) =-17,(3,3) =40, (3,4) =0,
(3,5)=0,(3,6)=1,(3,7)=0,(3,8) =1, (4,1) =65, (4, 2) =-64, (4, 3) =-11, (4,
4)=1,(4,5=0,04,6)=0,04,7)=1, (4,6 8)=1});

OcraBisieM L ToJIbKO B TTOCEHEN CTPOKE

Pivot(M, 4, 8);

VY nansem nocneaHuil cToa0€1, MoTyyaeM CTaHAAPTHYIO CUMILIEKC-MATPHUILY
%[1..4,[1..7]];

Pivot(%, 1, 2);

MultiplyRow(%, 1, 1/181);

Pivot(%, 2, 3);

MultiplyRow (%, 2, -181/14054);

Pivot(%, 3, 4);
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MultiplyRow(%, 3, -14054/19149);
x1, X2 ,z1 - 6a3ucHbIe IepeMenHbie, 22,23,24 cBOOOIHbIE,
L=Typesetting[delayDotProduct](40899/491.3a, cuer, true) cBOOOAHBIX MEPEMEH-
HbIX yBenuuenue L nesosmoxkno. Ctparerusa(x1, X2, X3); cpeanuii Boiurpsii L ;
x1 :=evalf(4301/19149); x2 := evalf(7909/19149); x3 := 1-x1-x2; L :=
evalf(40899/491),

x1:=0.2246070291 x2:=0.4130241788 x3:=0.3623687921 L :=83.29735234
CuMILIeKC-METO
JI71s1 BTOpOro UrpoKa MUIIeM HEPAaBEHCTBA M0 CTPOKaM
sysl := {25*y1+40*y2+113*y3+129*y4 <= K, 65*y1+115*y2+56*y3+76*y4 <=
K, 142*y1+74*y2+96*y3+65*y4 <= K};
BBoanum HeBS3KHM
systl := {25*y1+40*y2+113*y3+129*y4+vl = K,
65*y1+115*y2+56*y3+76*y4+v2 = K, 142*y1+74*y2+96*y3+65*y4+v3 = K};
[Toacrasnsiem K, monb3ysich 3-uMypaBHEHUEM B MIEpBbIE 2 ypaBHEHUS (OHU CO-
CTaBJISAIOT SYSt2;) ; mojcraisieM B SYSt3; dopmyity mOTHOM BEposITHOCTH Y4 = 1-
yl-y2-y3;
syst2 := {25*y1+40*y2+113*y3+129*y4+vl = K,
65*y1+115*y2+56*y3+76*y4+v2 = K}; syst3 := subs(K =
142*y1+74*y2+96*y3+65*y4+v3, syst2); systd ;= subs(y4 = 1-y1-y2-y3, syst3);
[Tuiem oGparieHue K CUMILIEKC-METOTY
cnstr := syst4; Obj := subs(y4 = 1-y1-y2-y3, 142*y1+74*y2+96*y3+65*y4+v3);
with(simplex);
minimize(Obj, cnstr, NONNEGATIVE); evalf(%); y1;

VD=0 v3 0.yl -0 v 2TAT o 1499
{Vl—O,V2—0,V3 0,yl=0,y2 6408’y3 3204}

{vl=0,v2=0,v3=0.,y1=0.,y2=0.4286828964, y3 =0.4678526841 }

yl

OTBET
OntumalnbHasi CTpaTerusi BTOPOro Urpoka
yl:=0; y2 :=.4286828964; y3 := .4678526841; y4 := 1-y1-y2-y3;
yl:=0 y2 :=0.4286828964 y3 :=0.4678526841 y4:=0.1034644195

CpenHuii MpourpsIl BTOPOro UTPOKa
K :=9*(2747/6408)+31*(1499/3204)+65;
534181

K= =108

evalf(%);  83.36157928
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JlaGopatopHas pabota Ne3
AHanu3 ¥ IpOrHO3UPOBAHUE BPEMEHHBIX PSIOB

restart; with(Statistics);

Yucno 3nagammx 1udp B pe3ynbprarax

Digits := 4;

Yucio rpynn 1 ux 00beMbI

| :=3; n[1] :=10; n[2] :=7; n[3] :=5; N := n[1]+n[2]+n[3]; N:=22

IToaroTroBka K BBIYMCICHUIO CPENHUX U JUCIIEPCUI

S[3] :=sum(C[i], i =1 ..n[3]); S[2] :=sum(B[i], i =1 .. n[2]); S[1] := sum(A[i], i =

1..n[1]);

Q[1] := sum(n[k]*(M[X][kK]-M[x])"2, k =1 .. 3); Q[2] := sum((A[i]-m[x][1]D"2, i =

1 .. n[1]D+sum((B[i]-m[x][2])"2, i1 =1 .. n[2])+sum((C[i]-m[Xx][3])"2, i =1 .. n[3]);

sigma := sum((A[i]-M[x]"2, i =1 .. n[1])+sum((B[i]-M[x])"2,i=1 ..

n[2])+sum((C[i]-M[x])"2,i =1 .. n[3]);

['eneparust BLIOOPOK HOPMaJIBHBIX paclpe/eIeHun

X := RandomVariable(Normal(3, 2)); A := Sample(X, n[1]); X:

A :=[0.855151744003462,2.34184425890587,1.76581612618042,

3.42893349049058,2.94914374391523, 6.45764256835566,
-0.269713508687809, 6.14234434350860, 3.34071684282082,

5.01295681750362 |

Y := RandomVariable(Normal(4.8, 2)); B := Sample(Y, n[2]); Y:= RO
B :=[5.79004876376379,4.75991380520483,4.13527798315511,
4.77710255441167,4.36693150588280, 6.25690482652265,
2.63819778677393]

Z := RandomVariable(Normal(2.4, 2)); C := Sample(Z, n[3]); Z:= RI
C :=[2.27917373115491,2.36312213221584, 1.65791935349530,
~0.114779837348045,5.17781483484001 ]

i
=

['pynmoBsle 1 MEKTPYIIIOBBIE CPEAHUE U AUCTIEPCUN
MI[X] := (S[1]+S[2]+S[3])/N; M, :=3.45965744850315

mIx][L] := S[LV/n[L]; m[x][2] := S[2V/n[2]; m[X][3] := S[3)/n[3];
m_ = 3.20248364269965 mx2 =4.67491103224497 mx3 =2.27265004287160

1
QI[1]; Q[2]; sigma; 18.04 65.84 83.87
sigma = Q[1]+Q[2]; 83.87=83.88
Bribopounoe 3HaueHue kpurepust Ouriepa
F = Q[1I*(N-D/((I-1)*Q[2]);
HanexxHocTh 1 KBaHTWIB pacnpenenenns Oumepa
p :=.95; Quantile(FRatio(l-1, N-I), p);
Ecnu F>Quantile, rpynmnoBsie cpeiHre pa3audHbl ¢ HAJEKHOCTBIO P
AHaJIN3 ¥ TPOTHO3 BPEMEHHOI'O psAZIa
restart; with(Statistics); with(plots);
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Broaum X u Y, cozepkaminx 3Ha4€HUSI HE3aBUCUMOM X U 3aBUCUMOM Y TIEPEMEH-
HbIX. VM aiina BeIOMpaeTcs mo nocieaHeil nudpe 3a4eTHON KHUKKH.

N :=200; X :=[seq(1 .. N)]; convert(X, Vector[row]); N :=200

Y :=readdata("0", 1);

Y :=[25.42856576, 38.63363654, 34.22720736, 38.53422314, 47.62351242,
48.93450991, 53.28482218, 64.75859231, 51.09017726, 68.37442223,
69.57000579, 65.56761729, 81.95477991, 79.03283891, 71.80068272,
82.68271468, 83.97381672, 87.91570122, 89.93209014, 91.60310834,
99.12740638, 95.13821652, 98.97898613, 101.5898265, 102.811253,
107.6980335, 112.654263, 106.0608131, 107.8114101, 117.3650579,
119.2521526, 116.4061356, 123.4924915, 121.6248723, 118.5963393,
119.8512507, 119.5445173, 121.6654246, 124.9883706, 116.404637,
122.798424, 124.0429363, 131.3853189, 139.2293169, 128.3541265,
137.0502765, 133.2842355, 131.6137889, 130.6813469, 143.4213684,
131.2260291, 131.1425652, 128.2183926, 157.5801422, 148.6156434,
147.4097702, 137.6308052, 146.8436727, 145.1756934, 152.5258386,
137.4923754, 141.8216936, 146.5711797, 150.6237636, 154.0733118,
143.8279006, 148.7213145, 151.0734, 151.5693694, 148.9910619,
144.4721765, 145.7872896, 140.276063, 152.6900302, 157.3657664,
142.819702, 150.6950271, 159.8249799, 152.9569243, 148.516783,
167.9439853, 153.8113218, 163.1494078, 155.3912524, 148.674717,
154.6044845, 149.9014154, 155.7102766, 156.1680764, 172.0839903,
159.0158631, 162.1735015, 138.0081869, 151.0904288, 144.5482378,
154.9974827, 151.7860602, 152.7980561, 161.5302036, 154.2561974,
148.9393108, 157.1985547, 148.1249044, 151.8503903, 159.5139889,
154.5634985, 161.1423293, 164.0906836, 140.5870973, 168.5085782,
155.5003883, 150.4729804, 152.9770754, 162.2218615, 158.9199859,
151.7969277, 155.4345877, 166.0432254, 156.7758378, 146.8705731,
158.5980367, 155.4076904, 165.3892861, 157.3417378, 168.7750179,
158.5944571, 148.8393897, 153.2239735, 161.8089195, 161.3633316,
157.0831884, 163.994491, 160.5989419, 165.2539056, 156.1151457,
154.3850802, 159.648648, 161.751875, 168.1035827, 156.3640034,
164.8163082, 161.1689071, 160.5101427, 158.4839808, 162.7979032,
165.1732631, 157.2343402, 166.7226912, 157.3745801, 162.1038993,
159.8168956, 152.0744054, 157.8861302, 166.1578489, 160.147754,
168.5854038, 161.5524327, 157.4115376, 158.9769148, 156.4410047,
150.3864222, 148.7380762, 154.9483261, 159.3765253, 155.9362147,
171.290533, 154.1053873, 153.3360427, 166.521627, 153.6800308,
151.3922345, 165.1192616, 166.3485951, 153.3952156, 145.2844599,
163.1547946, 170.3923592, 162.3480396, 164.6247301, 154.2477642,
154.559919, 152.5788783, 170.3971929, 158.5269593, 160.259158,
163.6626861, 164.7942261, 152.8498141, 167.704645, 166.2530504,
164.0182499, 161.1135161, 155.8247555, 167.5949098, 169.8766518,
164.3737886, 158.8673525, 157.511881, 170.9575558, 172.1017484 ]
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ScatterPlot(X, Y);
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3I[CCI> IIO3BAaTh IIPCIIOAABATCIIA K IIOCOBCTOBATLCA O BHAC BO3MOKHOM PErpeCCuu.

Henuneiinas perpeccusi. OctaToyHasi qucrepcust

NonlinearFit(a*x+c*exp(b*x), X, Y, X, initialvalues=[a=2,b=-.1,c=-2]);a:=
‘a'; b :="b"; ¢ :="c"; NonlinearFit(ax+c*exp(b*x), X, Y, X, output = [residu-
alsumofsquares]);

_ 5
1.16123242220411 x + 1186.06479881083 ¢~ |:00008571315053 107 x [1.895998778 10°]

CrnaxuBaromas KpuBas

P := ScatterPlot(X, Y, lowess, degree = 3, thickness = 3);

NonlinearFit(a+sin(b*x), X, Y, X, initialvalues = [a = 0, b = 2*Pi*(1/200)], output

= [residualsumofsquares]); [1.944317799 10|

NonlinearFit(atsin(b*x), X, Y, X, initialvalues = [a = 0, b = 2*Pi*(1/200)]);
140.111800790775 + sin(0.0778562307699539 x)

Q :=plot(%, x =1 .. N, thickness = 3, color = red);plots[display](P, Q);
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PolynomialFit(3, X, Y, X, output = [residualsumofsquares]); [9003.44977661310]
PolynomialFit(3, X, Y, X);
38.6216032895871 + 2.94888304449808 x — 0.0233668075761352 x*
+0.0000595847204221021 x°

S :=plot(%, x =1 .. N, thickness = 3, color = blue);plots[display](P, S);
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X

y := Vector(200);

Pacuer oTkiioOHEHHM OT TpeHAA

for i from 1 by 1 to 200 do y[i]:=YTi]-
(38.6216032895871210+2.94888304449808202*X[i]-0.233668075761351534e-
1*X[i]"2+0.595847204221020644¢e-4*X[i]"3); od:

convert(y, Vector[row]); ScatterPlot(X, y);
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Pacuer aBTOKOppENALNIA HA OJWH U JIBA 11ara Ha3a.
m := Mean(y); s := StandardDeviation(y);

m = 9.72749998606748 10 s 1= 6.72632634717367
I :="1"; rho[1] := O; for i to 199 do rho[1] := rho[1]+(y[i]-m)*(y[i+1]-m) end do;
rho[1] := rho[1]/(199*s"2); i=i p,:=0.193186026191468
rho[2] := 0; for i to 198 do rho[2] := rho[2]+(y[i]-m)*(y[i+2]-m) end do; rho[2] :=
rho[2]/(198*s"2); p, :=0.133582465263147

Pacuer momenu aBTokoppessiuu AP(2)
fsolve({alpha[2]*rho[1]+alpha[1]+rho[1] = O, alpha[1]*rho[1]+alpha[2]+rho[2] =
o}); {ocl = -0.173868686097713, ., = —0.0999934647167985}

assign(alpha[1] = -.1738686864, alpha[2] = -0.9999346521e-1);

CriaxeHHBIN IMPOrHO3, HAYUHAA C ABYX 3HA4YCHUU
V := Vector(200);
V[1] := Y[1]; V[2] := Y][2]; for i from 3 to 200 do VIJi] :=
evalf(38.6216032895871210+2.94888304449808202*X[i]-
0.233668075761351534e-1*X[i]"2+0.595847204221020644e-4*X[i]"3-
alpha[1]*y[i-1]-alpha[2]*y[i-2]) end do; V| :=25.42856576  V, :=38.63363654
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[Iporno3s Brepen Ha mar

I :=201; Prognoz[201] := evalf(38.6216032895871210+2.94888304449808202*i-
0.233668075761351534e-1*i"2+0.595847204221020644e-4*i"3-alpha[1]*y[i-1]-
alpha[2]*y[i-2]); i:=201 Prognoz,,, :=171.5930647

Monens aBTOperpeccuu Ha GpoHE 00IaKa JTaHHBIX
convert(V, Vector[row]);
Q := ScatterPlot(X, V, color = green);plots[display](P, Q, S);

Kpurepuu cirygaiiHocTn

Kpurepnii 1OBOPOTHBIX TOYEK

eta := 0; for i from 2 to N-1 do if “or (y[i] > max(y[i-1], y[i+1]), y[i] < min(y[i-1],
y[i+1])) then eta := eta+1 else eta := eta+0 end if end do;%;

eta; M&eta; := 2/3*(N-2); D&eta; := (16*N-29)*(1/90); evalf((eta-

"M&eta; )/sqrt(' D&eta;));

Kpurepnii Knonnena
P:=0 forifrom1lby1lto N-1do if (y[i]>y[i+1]) then P:=P+1 else end if od: ;
P;

M 4 &0 0 100 120 140 tho 180 200

nu := 4*P/N(N-1)-1; "M&nu; = 0; My =0
"D&NU;” 1= (2%(2*N+5))/(9*N(N-1); —

evalf(nu/sqrt(' D&nu;));

To ke a1t uCXOOHOTO psiaa

eta ;= 0; for i from 2 to N-1 do if “or (Y[i] > max(Y[i-1], Y[i+1]), Y[i] < min(Y[i-
1], Y[i+1])) then eta := eta+1 else eta := eta+0 end if end do;%;

eta; M&eta; := 2/3*(N-2); D&eta; := (16*N-29)*(1/90); evalf((eta-

"M&eta; )/sqrt(' D&eta;));

P:=0; forito N-1doif Y[i] > Y[i+1] then P := P+1 else end if end do; 0

P; 92

nu := 4*P/N(N-1)-1; "M&nu;" = 0; % Mv=0
"D&NU;” 1= (2%(2*N+5))/(9*N(N-1); -

evalf(nu/sqrt('D&nu;"));
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