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AJTanTOBaHICTh CUCTEMH, IO JIOMYCKae KaTacTpody TUIY 30ipKu

Clear["Global *"]
{a22, all} = {3, 1};

v = Re[a20 /. First[

N[Simplify[Solve[all * (a20)'? x (a22 - a20) + (a20)*%, 320] ]]]] 4

V3

n= Re[a20 /. First[N[Simplify[Solve[

all == -

* (a20) M2 % (a22 - a20) - [ (a20)3"2] , a20]]]]].‘

3V3

V3
Pn:—aQwJ?.”-L % _ j_*(n)sfz;
3vy3
KV:NI:\/?];
Kn:N[-E];

¢v = ArcTan[Kv] / Degree;

¢n = ArcTan[Kn] / Degree;

¢ = Abs[¢v] + Abs[¢n] ;

Print["¥ron aganTupyemocT: ", ¢, "°"]

Plot[{— (2/ (3% (32))) »a2%/2, (2/ (3% (3"?))) xa2%?, Pv, Pn}, {a2, O, 15},
Epilog - {AbsolutePointSize[5], Point[{a22, all}]}, AspectRatio = Automatic]

Clear["Global +"]
by

(x0, yO, R, n, m, a} = {3, 1,5,3,5, -[;]};

Show[{l?lot[{— (2/ (3% (3'7))) »a2¥?, (2/ (3% (3'?))) xa2¥?}, (a2, 0, 5},

Epilog -» {AbsolutePointSize[5], Point[{x0, y0}]}, AspectRatio —» Automatic] ;

R*x Cos[t] R* Sin[t]
ParametricPlot[{xO + ————— Cos[a] - —— Sin]Ja],
n m
R Cos[t] R*Sin[t]
y0+ — = Sin[a] + _Cos[a]}, (t, 0,2 Pi}]}]
n m

R*Cos[t] R*Sin[t]
V= Length[NSolve[{ = -A2 +x0+ ——— Cos[a] - — Sin[a],
n m
R*Cos[t] R*Sin[t]
0==-Al+y04 ——— Sin[a] + — Cos[a],
n m

(2/ (3% (3?))) xa2%? -a1 = 0, 05t<2Pi}, (a1, A2, t}”;

Rx Cos[t] R* Sin[t]
Nn = Length[NSolve[{D = -A2 + x0 + ——— Cos[a] - — Sin[a],
n m
R* Cos[t] R+ Sin[t]
= -Al + y0 + ——— Sin[a] + — Cos[a],
n m

-(2/ (3% (3¥2))) #A2%/% A1 == 0, Ost<2Pi}, (Al, A2, t}]];



Yv=0;

Yn=0;
If[V =2,
Yv =
R % Cos [t] R« Sin[t]
(Abs[[t /. First[NSolve[{ == -A2+%x0+ ——— Cos[a] - ———— Sin[a], 0 =
n m
R* Cos[t] R* Sin[t]
-Al +y0 + ——— Sin[a] + — Cos[a],
n m
(2/ (3% (3/2))) «A2¥2-A1=0, 05 t< 2Pi}, (A1, A2, t}]]) -
R Cos[t] R Sin[t]
(t /. Last[NSolve[{O = -A2+x0+ ——— Cos[a] - ——— Sin[a],
n m
R % Cos[t] R+ Sin[t]
= -Al + y0 + ———— Sin[a] + — Cos[a],
n m
(2/ (3% (3/%))) «A2¥?-A1 =0, 0 < t< 291}, (A1, A2, t}”)]]/
Degree];
If[Nn =2,
Yn =
R % Cos [t] R+ Sin[t]
(Abs[[t /. First[NSolve[{ == -A24+x0+ —— " Cos[a] - ——— " Sin[a], O =
n m
R % Cos [t] R+ Sin[t]
-Al + y0 + —— Sin[a] + ——— Cos[a],
n m
-(2/ (3% (3"/%))) *A2¥?-A1 =0, 0 s t < 2Pi}, (A1, A2, t}”] -
R % Cos[t] R+ Sin[t]
(t /. Last[NSolve[{O = -A2+x0+———— " Cos[a] - ——— Sin[a],
n m
R Cos[t] R Sin[t]
== -Al+y0+ ——— Sin[a] + —— Cos[a],
n m
-(2/ (3% (3'2))) xA2¥2-A1 =0, 0 < t<2P:L}, (A1, A2, t}]]]]]/
Degree];

Y= (360- (¥Yv+¥n));
If[V=2||Nn=2, Print["Yron ajanTupyemocTH ", Y, "°"]]

If[V =2,
R+ Cos[t] R+ Sin[t]
Lvx = Min[A2 /. First[NSolve[{ = -A2+%04+ ——— Cos[a] - ———— Sin[a],
n m
R Cos[t] R+ Sin[t]
== -Al + y0 + ——— Sin[a] + — Cos[a],
n m
(2/ (3 (3'2))) »A2¥/2-A1 =0, 0< t< 291}, {a1, a2, t}”,
RxCos[t] R % Sin[t]
A2 /. Last[NSolve[{O =-A2+x0+ ——— Cos[a] - ———— Sin[a],
n m
R xCos[t] R*Sin[t]
== -Al+y0+ ———— Sin[a] + ————— Cos[a],
n m
(2/(3%(3"?))) »a2%?-a1=0, 0s t<2Pi}, (A1, A2, t}]]]]:
If[v =2,

RxCos[t] R+ Sin[t]

Pvx = Max[A2 /. First[NSolve[{ = _-A2+x0+ — " Cos[a] - ————— Sin[a],
n m



R+ Cos[t] R* Sin[t]
— gin[a] + —————— Cos[a],
m

= -Al +y0 +
n

(2/ (3% (3*2))) A2/ a1 =0, 05t<2Pi}, (a1, A2, t}”,

R# Cos [t] R Sin[t]
a2 /. Last[NSolve[{O = -A24+x0+ ——— Cos[a] - ————— Sin[a],
n m
R+ Cos[t] R Sin[t]

0==-A1l+y0+ Sin[a] +

Cos[a],
n

(2/ (3% (32))) «a2¥2-a1 = 0, Ost<2Pi}, (A1, A2, t}]”];

1£[V = 2,
RxCos[t] R* Sin[t]
Lvy = Min[Al /. First[NSolve[{ = -A2 +x0 + ———— Cos[a] - —————— Sin[a],
n m
R Cos[t] R# Sin[t]
== -Al+y0+ —— Sin[a] + —— Cos[a],
n m
(2/ (3% (32))) «A2¥2-A1:0, 0<t<2 Pi}, (A1, A2, t}”,
R % Cos [t] R Sin[t]
al /. Last[NSolve[{O = -A2+x04+ —— " Cos[a] - ————— Sin[a],
n m
R+ Cos[t] R« Sin[t]
== -Al +y0 + ———  Sin[a] + — Cos[a],
n m
(2/ (3% (32))) «a2¥2-A1=0, 05 t< 291}, (A1, A2, t}]]]];
If[V =2,
R % Cos[t] R Sin[t]
Pvy = Max[Al /. First[NSolve[{ = -A2+x0+ — " Cos[a] - ——— Sin[a],
n m
R Cos[t] R« Sin[t]
0==-A1+y0+ Sin[a] + Cos[a],
n m
(2/ (3% (3%%))) *RA2*/2-A1 =0, 05t < 291}, (a1, a2, t}”,
R Cos[t] R*Sin[t]
Al /. Last[NSolve[{O = -A2 +x0 + ———— Cos[a] - —————— Sin[a],
n m
Rx Cos[t] R*Sin[t]
== -Al +y0+ ————— Sin[a] + —— Cos[a],
n m
(2/ (3% (3'7%))) 222 -A1 =0, 0s t < 2Pi}, (a1, A2, t}]”];
If[Nn =2,
R Cos[t] R#Sin[t]
Lnx = Min[AZ /. First[NSolve[{ = _-A2+x0+ ——— Cos[a] - ————— Sin[a],
n m
R Cos[t] R+ Sin[t]
== -Al+y0+ —— Sin[a] + — Cos[a],
m
~(2/ (3% (3%2))) »A2¥2-A1 =0, 0 s t< 2Pi}, (Al, A2, t}]],
R % Cos[t] R+ Sin[t]
a2 /. Last[NSolve[{O = _-A2+x0+ —— " Cos[a] - ———— Sin[a],
n m
R Cos[t] R+ Sin[t]
== -Al +y0 + ———  Sin[a] + Cos[a],
n m
-(2/ (3% (3%/%))) *A2%2-A1 =0, 0 <t <2 Pi}, (Al, A2, t}]]]];
If[Nn =2,
R % Cos [t] R+ Sin[t]
Pnx = Max[A2 /. First [NSolve[{O == —A2 + X0 + ———— Cos[a] - — Sin[a],
n m
RxCos[t] R*Sin[t]
0==-Al+y0+ ——— Sin[a] + — Cos[a],
m

-(2/ (3% (3¥%))) »a2¥?-a1 =0, 0 st<2Pi}, (A1, A2, t}]],
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R Cos[t] R*Sin[t]
A2 /. Last[NSolve[{o = -A24+4x%x04+ ——— = Cos[a] - ———— Sin[a],
n m
RxCos[t] R*Sin[t]
== -Al + y0 + ———— Sin[a] + — Cos[a],
n m

-(2/ (3% (312))) »a232_a1 =0, Ost<2Pi}, (Al, A2, t}]”];

If[Nn =2,
R % Cos[t] R+ Sin[t]
Lny = Max[Al /. First [NSolve[{O == -A2 + x0 + ——— Cos[a] - —— Sin[a],
n m
R+ Cos[t] R+ Sin[t]
Q0=-Al +y0 + ——— Sin[a] + — Cos[a],
n m
-(2/ (3% (3'/?))) xa2¥2-n1 =0, 0 st<2Pi}, (a1, A2, t}]],
R Cos[t] R+ Sin[t]
Al /. Last[NSo:Lve[{o = -A2 + %0 + ————— Cos[a] - ————— Sin[a],
n m
R Cos[t] R+ Sin[t]
== -Al +y0 + ——— Sin[a] + ———— Cos[a],
n m
-(2/ (3% (3?))) xa232-n1 =0, 0 st<2Pi}, (a1, A2, t}]]]];
If[Nn =2,
R Cos[t] R+ Sin[t]
Pny = Mj.n[Al /. First[NSolve[{ = -A2+x0+ —— " Cos[a] - ———— Sin[a],
n m
R+ Cos[t] R+ Sin[t]
== -Al +y0+ ——— Sin[a] + — Ces[a],
n m
-(2/ (3% (3'?))) »a2¥?-21 =0, 0 st<2pi}, (A1, A2, t}]],
R Cos[t] R*Sin[t]
Al /. Last[NSolve[{O = -A2 +x0 + ————— Cos[a] - ———— Sin[a],
n m
RxCos[t] R*Sin[t]
== -Al + y0 4 ——— Sin[a] + — Cos[a],
n m

-(2/ (3% (3%/2))) »A2%¥2-n1 =0, Ost<2Pi}, (A1, A2, t}]”];

Cos[a] (x-x0) +8in[a] (y-y0)\2
NEl[x_] :=y /- First[Solve[[ n ] +
n

Cos[a] (y-y0) -Sin[a] (x-x0)\?
( ] == 11 Y]];
R/m

Cos[a] (x-x0) +Sin[a] (y-y0) ]2
+

VEl[x_] :=y /. Last[Solve[[

R/n
Cos[a] (y-y0) -Sin[a] (x-x0)?
( ] == 1: Y]] ’
R/m
R % Cos[t] R Sin[t]
min = First[FindMinimum[xO +——— " Cos[a] - ———— sin[a], {t, 0, 2 J'r}] ] ;
n m
R Cos[t] R Sin[t]
max = First[FindMaximmn[xO + ——————— Cos[a] - ——— Sin[a], {t, 0, 2 JT}] ] ;
n m
Sv=0;
1£[V =2,

Sv = Sv+Re[(Integrate[(VEl[x]) - ((2/ (3* (3“2))) *x3"2) , {x, Lvx, va}])]];
If[V == 2&&Re[First[y /. Solve[y == VE1[x] &&x ==min, y]]] > Lvy,
Sv = Sv+Re[ (Integrate[ (VE1l[x]) - (NE1[x]), {x, min, Lvx}])1];
If[V == 2 &&Re[First[y /. Solve[y == VE1[x] && x ==max, y]]] > Pvy,
Sv = Sv+Re[ (Integrate[ (VE1l[x]) - (NE1[x]), {x, Pvx, max}])]1];
Sn=0;
I£[Nn = 2,
Sn = Sn+Re[(Integrate[(—((2/ (3* (31"2))) *x3’2) - (N'El[x])) , {x, Lnx, an}])]];
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If[Nn == 2 &&Re[First[y /. Solve[y = VE1[x] &&x ==min, y]]] < Lny,
Sn = Sn + Re[ (Integrate[ (VE1[x]) - (NE1[x]), {x, min, Inx}])]1];
If[Nn == 2 &&Re[First[y /. Solve[y == VE1[x] &£ x == max, y]]] < Pny,
Sn = Sn + Re[ (Integrate [ (VE1l[x]) - (NE1[x]), {x, Pnx, max}])1];

SEl = N[Integrate[ (VE1l[x]) - (NE1[x]), {x, min, max}]];
SF = SE1 - (Sv + Sn) ;
If[SF>0, A= (SF/SE1l) «100, A=0];
If[V=2||Nn=2,
Print["lInomane aganTmpyemocTn ", SF, " ms ", SE1, " --- ", A, "%"],

Print["OBnmacTe He nepeceKaeTCs C KPHMBEMM KaTacTpods"]]
Show[{Plot[{— (2/ (3 * (31’2) )) *a23/?, (2/ (3 * (31/2) }) * a23’2} , {a2, 0, max + 1},

Epilog - {AbsolutePointSize[5], Point[{x0, y0}]}, AspectRatioc = Automatic] ’

R*Cos[t] R*Sin[t]
ParametricPlot [{xO + ——— Cos[a] - —— Sin[a],
n m
R* Cos[t] R*Sin[t]
y0+ — " gin[a] + _Cos[a]}, {t, 0,2 Pi}]}]
n m

Clear["Global "]

(x0, yO, R, n, m, a} = {3, 1,5,3,5, -[g]}

FR[t ] :=1-e%;
{xt, yt} = {3, 0.5};

show|{R1ot[{- (2/ (3+ (3V/%))) 222, (2/ (3 (3'/%))) 222}, (a2, 0, 5},

Epilog —» {AbsolutePointSize[5], Point[{xt, yt}]}, AspectRatio -» Autom.atic] B
R*Cos|[t] R*Sin[t]

ParametricPlot[{xO 4 ————— Cos[a] - —— Sin[a],
n m
R* Cos[t] R*Sin[t]
y0+ ——— " Sin[a] + —Cos[a]}, (t, 0,2 Pi}]}]
n m

PR[t_] := FR'[t];

Cos[a] (x-x0) +Sin[a] (y-¥0)\2
NEl[x ] :=y /. First[Solve[[ ] +

R/n

[Cos[a] (y -y0) -Sin[a] (x-x0) JQ ”
R/m - !y r

Cos[a] (x-x0) +Sin[a] (y-y0))?
VEL[x_] :=y /. Last[Solve[[ ] +

R/n
Cos[a] (y-y0) -Sin[a] (x-x0) 2
( ) ==1,9]];
R/m
RxCos[t] R+ Sin[t]
min = First[FindMinimum[xO 4 ————— Cos[a] - —————— Sin[a], {t, 0, 2 :r}] ] ;
n m
R*x Cos|[t] R* Sin[t]
max = First[FindMaximum[xO 4 ————— Cos[a] - — Sin[a], {t, 0, 2 JT}] ] ;
n m

xxv[Ef_ ] := Re[Last.[x /. NSolve[(2/ (3* (31"2))) #*x°/2 == Tan[f] » (x-xt) +yt, x]]];

xxv[%] = xt;
xxv[32—n] = xt;

yyv[Ef_ ] := (2/ (3* (3“2))) * (xxv[£])¥7?;
rrv£_] := 4/ (((xxv[£]) -xt)? + ((yyv[£]) - yt)?);
xxn[f_] :=

Re[Last[x /. NSolve[— (2/ (3* (3”2))) *x>/? == Tan[£f] * (x - xt) + yt, x]]];



b
—| = xt;
xxn[z] X
3
xxn[—x] = xt;
yyn[f ] : —(2/(3* (31"2)))* (xxv[£])3/%;

ren[f_] |:= o/ (((xxv[£]) -xt)?+ ((yyv[£]) -yt)?);
XXV[f_] :=Last[x /. NSolve[VELl[x] == Tan[f] » (x-xt) +yt, x]];

XXV[%] = xt;

3
xxv[—] = xt;
2
YYV[Ef_ ] :=VEL[XXVI[f]]:;
RRV[£_] := 4/ (((XXV[£]) -xt)? + ((YYV[£]) -yt)?);

XXN[f_] := Last[x /. NSolve[NE1l[x] == Tan[f] » (x-xt) +yt, x]];

XXN[%] = xt;

3
m[—] = xt;
2
YYN[f ] := NEL[XXN[£f]];
RRN[£_] :=+/ (((XXN[£]) -xt)?+ ((YYN[£]) - yt)?);

yt - VE1 [max]

maxf = First[f /. Solve[ == Tan[£], f]] ;

xt - max
If[maxf < 0, maxf = maxf + 2 7w, maxf = maxf];

yt - VEl[min]

minf:First[f /. Solve[ == Tan[£], f]] 7

xt -min
yt

Of = First[f /. Solve[; == Tan[f], f]] +7+0.001;
arf = Sort[{0, minf, Of, maxf, 2. 7t}];

arfl = {0, maxf, Of, minf, 2. 71};

arf2 = {0, maxf, minf, Of, 2. 7};

arf3 = {0, Of, minf, maxf, 2. 7} ;

arfd = {0, minf, Of, maxf, 2. 7} ;

If[arf == arfl,
Ich = (N[Sum[PR[ ((£f) /360)] * (Min[Re[xxrv[((£f) /360)]], Re[RRN[((f) /360)]1]) *
(1/360), {f, (arf[[1]]) =360, (arf[[2]]) »360}]]) +
(N[Sum[PR[((£) / 360)] * (Min[Re[rrv[((£f) /360)]], Re[RRV[((£) /360)]]])
(1/360), {f£f, (arf[[2]]) =360, (arf[[3]]) «360}]11]) +
(N[Sum[PR[ ((£f) /360)] * (Min[Re[rrn[((f) /360)]], Re[RRV[((£) /360)]]]) =
(1/360), {£, (ar£[[3]]) »360, (arf[[4]]) »360}]1]) +
(N[Sum[PR[((£f) / 360)] *+ (Min[Re[rrn[ ((£f) /360)]], Re[RRN[ ((£) /360)]1]) *
(1/360), {f£f, (arf[[4]]) =360, (arf[[5]]) *360}11)]1;
If[arf == arf2,
Ich = (N[Sum[PR[((£) /360)] * (Min[Re[rrv[((f) /360)]], Re[RRN[((£f) /360)]]]) *
(1/360), {£, (arf[[1]]) 360, (arf[[2]]) *360}]]) +
(N[Sum[PR[((f) / 360)] * (Min[Re[rxv[((f) /360)]], Re[RRV[((f) /360)]]1]) *
(1/360), {£, (axr£[[2]]) *360, (arf[[3]]) »360}]1]) +
(N[Sum[PR[ ((£) / 360)] * (Min[Re[rrv[((f) /360)]], Re[RRN[ ((£f) /360)]]1) *
(1/360), {£, (arf[[3]]) » 360, (arf[[4]]) *360}]]) +
(N[Sum[PR[ ((f) / 360)] * (Min[Re[rxrn[((f) /360)]], Re[RRN[ ((£) /360)]]]) *
(1/360), {£, (arf[[4]]) 360, (arf[[5]]) *360}]11)1:
If[arf == arf3,
Ich = (N[Sum[PR[ ((£f) / 360)] * (Min[Re[rxv[((£f) /360)]], Re[RRV[((£f) /360)]1]11) *
(L/360), {£, (arf[[1]]) * 360, (arf[[2]]) +360}]1]) +
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(N[Sum[PR[((£f) /360)] * (Min[Re[rrn[((f) /360)]], Re[RRV[((£f) /360)]1]) *
(1/360), {£, (arf[[2]]) * 360, (arf[[3]]) »360}]1]) +

(N[Sum[PR[((f) /360)] * (Min[Re[rrn[((f) /360)]], Re[RRN[ ((£f) /360)]1]) *
(1/360), {£, (arf[[3]]) *360, (arf[[4]]) »360}]1]) +

(N[Sum[PR[((£f) /360)] * (Min[Re[rrn[((£) /360)]], Re[RRV[ ((£) /360)]]11) *
(1/360), {£, (arf[[4]]) =360, (arf[[5]]) *360}11)]1;

If[arf == arf4,
Ich = (N[Sum[PR[ ((£f) /360)] * (Min[Re[xxv[((£f) /360)]], Re[RRV[((£f) /360)]]]) *

(1/360), {£f, (arf[[1]]) =360, (arf[[2]]) »360}]]) +

(N[Sum[PR[ ((f) / 360)] * (Min[Re[rrv[((f) /360)]], Re[RRN[ ((£) /360)]]1]) =*
(1/360), {£, (arf[[2]]) *»360, (arf[[3]]) »360}]1]) +
(N[Sum[PR[ ((f) / 360)] » (Min[Re[rrn[((f) /360)]], Re[RRN[ ((£) /360)]]1]) *
(1/7360), {£, (arf[[3]]) * 360, (arf[[4]]) »360}]1]) +
(N[Sum[PR[((f) / 360)] * (Min[Re[rrn[((f) /360)]], Re[RRV[ ((£f) /360)]1]1]) *
(1/360), {f, (arf[[4]]) =360, (arf[[5]]) »360}]11)1;
If[maxf < minf,
Iz = (N[Sum[PR[((£f) /360)] » (Re[RRN[ ((£) /360)]]) * (1/360),
{£, (0) »360, (maxf) »360}]]) +
(N[Sum[PR[((f) / 360)] » (Re[RRV[((£f) /360)]1]) = (1/ 360),
{f, (maxf) x* 360, (minf) x360}]]) +
(N[Sum[PR[((f) /360)] » (Re[RRN[((£f) /360)]]) = (1/ 360),
{£, (minf) %360, (2m) x»360}]1]1),
Iz = (N[Sum[PR[((£f) /360)] » (Re[RRV[((£) /360)]]) * (1/360),
{£, (0) * 360, (minf) *360}]]) +
(N[Sum[PR[((f) / 360)] » (Re[RRN[((£) /360)]]) » (1/ 360),
{f, (minf) * 360, (maxf) »360}]]) +
(N[Sum[PR[((f) / 360)] » (Re[RRV[((£f) /360)]1]) = (1/360),
{f, (maxf) » 360, (2m) »360}1])1~
Adapt = (Ich/Iz) «100;
Print ["AganTupyeMooTs --- ", NumberForm[Adapt, 3], "%"]

Show[{l?lot[{— (2/ (3% (31/2))) »a2%2, (2/ (3+ (3V/2))) xa2%/?}, (a2, O, max+1},

Epilog =+ {AbsoclutePointSize[5], Point[{xt, yt}]}, AspectRatioc - Automatic:] ;

RxCos[t] RxSin[t]
ParametricPlot [{xO + ———— Cos[a] - — S8inJa],
n m
R*Cos[t] R*Sin[t]
y0+ ——— "~ sin[a] + —Cos[a]}, (t, 0, 2 Pi}]}]

n m



BIJIOMICTh ATECTAIIIMHOT POBOTH

[To3HauenHs HaiimenyBanns Hon.
B1JIOMOCTI
TexcToBl JOKYMEHTH
1 [TosicHIOBasIbHA 3aMCKa 70 c.
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