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1. Hcxonnble JaHHDbIE

1.1 Ucxopnas 0s10uHO-cTpyKTypHas cxema (BCC)

¥(t)
" ¥
80 Ws(S) —yﬁ®% Wi(S) * Wa(S) ’
, S S — i
- f(t)
< W.(S) < Wi(S) —@—
T
> @ ’
>] Ws(s) F———- R it -
Pucynok 1.1. Ucxonnas bCC.
1.2 ®akTuyeckas pacuerHas bCC
. t}
f) - ¥
8 Wa(S) Wi(S) Wa(s)
'J I
f(t)
< W,(S) (—®<— Wi(S) (—®<7
% J
3
I§ > Ws(S)
S
g Pucynok 1.2. ®akruueckas pacuetHas bCC.
%l-
g
%l-
g
3
&
:
(]
>
R
S
S
g
2 Jlucm
S 3
Uam| Jlucm | Ne Ookym lModnuck] Jama




1.3 3apannble nepesaToyHble PYHKUNH 3BEeHbEB ABTOMATHKH

Tabmuua 1 — XapakTepuCTUKU 3BEHBEB

Howmep
XapakTepucTUKa 3BEHA
3BEHA
1 Wi (S) = k4
ka
Wy (S) = 77—
2(5) T,*S+1

(T3 *p + Dy3(t) = k3 * x3(t)

t

ya(t) = ky *j x4 (t)dt

0

t 0 5 10 15 20 25 o0
hs(t) 0 ks k< k< ke ks ks
t
h6(t) = k6 * (1 — e_T6>
Tabmuna 2 —YucieHHbIC 3HAYCHUS TTapaMeTPOB
g Haumeunosanue 3HaueHue HaunmenoBanue 3HaueHue
S
E napameTpa napameTpa napameTpa napameTpa
3
= ks 4.2 ke 1.0
s k; 9.3 Te 1.25
5 T, 0.6 X,y 0.8
& ks 2.05 T, 4.0
QI_ T3 035 ym 40
S ks 0.3 a 3.0
3
q ks 1.3
:
S
s
S
S
S
S
2 Jlucm
&
Uam| Jlucm | Ne Ookym lModnuck] Jama 4




Modn. u dama.

UHe. Ne Oybr.

o

B3am. UHs.

Moodn. u dama

WHe.Ne noon.

1 3BeHO:

2 3BEHO:
V%S):B*%+1:06j?+1

3 3BEHO:
W, (S) = ks _ 2.05

T;*S+1 035xS+1

4 3BEHO:
W) =2 =22

S 3BEHO:
Ws(S) = ks =1.3

6 3BEHO:

We(s) =

ke 1
Te*S+1 125%xS+1

Bueniane Bo3aencTBUs

3ajaroiiee BO3ICHCTBUE:

Opurusan: g(t) = X,q * e~/
_ 3.2
N3zo6paxenue: g(S) = L{Xel * e t/Tl} = rst1
Bo3mymaromiee Bo3aeicTBHE:
Opurusai: f(t) = X,, * e /T2
‘ B _eT, 44
N3zo6paxenwue: f(S) = L{Xez * e 2} = S 7Eest1

U3m

Jlucm

Ne dokym lModnuck] Jama
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g(t)

2. Pacuer CKaJISIPHBIX MepPeIaTOYHbIX QYHKUUMI
2.1 Pacuer II1® nyTem CTPYKTYPHOI0 npeodpa3oBaHus HCXOAHOM pac-

A

YeTHOM CXEeMBbI

v(t)

W,(S)

W

Ws(S)

<—®<— W(S)

Wi(S) Wi(S) —>

Pucynok 2.1. Ucxonnas pacuernass bCC.

[IpeoOpasyem coemuHeHne ¢ oOpaTHO# CBs3bi0 Mexay 3A ¢ IId W;(S) u

W5(S), ncxoaHast cxema npuMeT BUT (PUCYHOK 2.2):

. t}
() - ¥
g L
)
IS W,(S) | W(S)
S
§ Pucynok 2.2.
S
%I-
g Ws(S)
W-(S) =
s 7(S) 1+ W5(S) * Ws(S)
N
3
Q
:
i)
>
3
=
S
S
2 Jlucm
S 6
Uam| Jlucm | Ne Ookym lModnuck] Jama




Modn. u dama.

UHe. Ne Oybr.

B3zam. NHe. Ne

Moodn. u dama

WHe.Ne noon.

Janee npeoOpaszyeM COSAMHECHHS ¢ JTMHEHHOM CBs3bI0 MexIy 3A ¢ TID We(S)

1 W1(S) u 3A ¢ I1d W7(S) u W4(S), cxema npumet Bu (pUCYHOK 2.3):

y(t)

t
8 W(S) WiS) [—
T W,(S)

Pucynok 2.3.

We(S) = We(S) * W1 (S)
W5(S) * W,(S)

Ws(S) = W2(S) = WalS) = T ey e 5

[IpeoOpasyem coemuHeHne ¢ oOpaTHO# CBs3bi0 Mexay 3A ¢ IId Ws(S) u

Woy(S), cxema mpumet BuJ (pUCyHOK 2.4):

g(t) y(t)

Pucynok 2.4.

Wg(S) We(S) * Wy (S)

1+ Wa(S) * Wo(S) . . We(S) * Wi(S) * W5(S) * W,(S)
14+ W5(S) = Ws(S)

Wio(S) =

1+

_ We(S) * W, (S) _
1+ Ws(S) * W5 (S) 4+ We(S) * Wi (S) * Ws(S) * WL(S)
1+ W5(S) * W5(S)

_ We(S) * Wy (S) * (1 + W3(S) * W5(S))
1+ Wa(S) x W5(S) + We(S) x Wy (S) * Ws(S) * Wy(S)

Jlucm

U3m

Jlucm | Ne dokym lModnuck] Jama 7




Modn. u dama.

UHe. Ne Oybr.

B3zam. NHe. Ne

Moodn. u dama

WHe.Ne noon.

Ocraetcst npeoOpa3oBaTh COCAMHEHUE C JIMHEHHOMN CBA3bI0 Mexay 3A ¢ [1D

Wi0(S) 1 W2(S), cxema npumet Buj (PUCYHOK 2.5):

g(t) y(t)
% WU(S} —=

Pucynok 2.5.

W11(8) = Wyo(S) * Wy (S) =
_ We (S) * Wi (S) * (1 + W5(S) = W5(S))
1+ W5(S) * W5(S) + We(S) * Wi (S) * W5(S) * W,(S)
_ W, (8) * We(S) * Wi (S) = (1 + W3(S) * W5(S))
1+ W5(S) * W5(S) + We(S) * Wi (S) * W5(S) * W,(S)

* W, (S) =

[Tonydennyro I1® 3anuiiem B Tpex BUAAX:
1) o6mas apoOHO-parmoHanbHast YHKITHS:

W5(S) * We(S) = Wi (S) = (1 + W5(S) = Ws5(S))
1+ W3(S) * Ws(S) + W(S) * Wi(S) x W3(S) = W,(S)

w(s) =

2) B BUjIe 001X 0003HaYeHu mapameTpos 3A CAY:

ky*kyxkg*TyxS2+ky*kyxkgxksxkgxS+kyxky*xkg=S

W(S) =
5 Ty*Ty3xTegxS*+ (kgx ks xTy xTg+ Ty *Tg+ Ty x T+ Ty % Tg) *

#* 83+ (kg xksg*Ty+ kg xksg*Tg+ Ty +Tg+Tg) *S?+ (kg xky*kyxkg*T, +

thyx ks +1)*S+ kyxks*ky* kg
3) B uncioBoOii (hopme:

13.67 * S% + 143.16 * S
026%S*+3.4%S3+713%S5S2+522%S5+2.58

w(s) =

Jlucm

U3m

Jlucm | Ne dokym lModnuck] Jama 8




Modn. u dama.

UHe. Ne Oybr.

B3zam. NHe. Ne

Moodn. u dama

WHe.Ne noon.

2.2 Pacuer II® TonoJsioruyeckum crnocooom (1o ¢gopmyae Maiicona)

_ Y8 _ Zi=1 Hi($)*®i(S)
x(S) ®(S)

dopwmyia Meitcona: W (S ) Xy

rne  H;(S)- [1® i-ro kanana,
I - yucno KaHanoB;

®;(S) — BBIPOXKICHHBIN OMPESIIUTENh OTHOCUTEIIBHO I-TOr0 KaHaia
&1
j=1

rae Hij (S)- IId omMHOYHOrO j-TOrO KOHTYpa B Pa30MKHYTOM COCTOSIHUH

OTHOCUTENBHO I-TOr0 KaHAIA,

rl- YUCJIIO OAMHOYHBIX KOHTYPOB.

Pacuer OCII®:
1) B nameit cxeme 1 kanan ==> r=1:
i =1; Hi(S) = Wy x Wy x We;
2) KonTypsl: 2 koHTYpa:
i =1; Hi1(S) = =Wy * W3 x Wy x W;
i =2; H,(S) = —W5 * W;g;
3) Ilap u Tpoek HECOMPUKACAIOIIUXCSA KOHTYPOB HET;
D(S) =1+ W, * Wy x W, x Wg + W5 * Wy;
D,(S) =14 W5 * Ws;
* * * *
WS =1 T/lwl Vsls/zw3 V*V61/V4 (*11;6 Mf W3W*SI)/I/5 -
Wy x Wy x We + Wy + Wy W3 x Wy x W
1+ Wy Wi x Wy xWg + W3 x Ws

ki * ky * ke ki * ko *x kg x kg x kg
(T *S+1)x(TexS+1) (Ty*S+1D)x(T3xS+1)*(TgxS +1)
B ki * ks *ky kg ks * ks
(T3 xS+ 1)« (Tg*S+1)xS T3*S+1

+

1+

Jlucm

U3m

Jlucm | Ne dokym lModnuck] Jama 9




Modn. u dama.

UHe. Ne Oybr.

B kyxky,*kg+«TyxS?+ (kg*xks+1)xkyxk,xkg*S
Ty % Ty Tg#S*+ (Ty* T+ Ty T+ kg x ke % Ty Tg+ Ty % Tg) * S3 +

+(k3*k5*T2+k3*k5*T6+T2+T3+T6)*SZ+

F(ky % kg * ko * kg * Ty + kg * ko) %S + ky * kg * kg * ke

13.67 * S? + 143.16 * S

w(s) = 0.26 x S*+ 3.4 %53+ 713 %52+ 5.22 x5 + 2.58

[Tonyuennas OCII® monnocThio coBnagaer ¢ OCIID, nomyyeHHONH nyTEM

CTPYKTYPHOT'O MpeoOpa3oBaHUs UCXOHOU pacueTHON CXEMBbI

2.3 Pacuer I1® Ha komnbloTEpE

[Toctpoum BCC B mporpamme “CLASSIC” u natinem ee [1D:

-+ +] 1 [+] [&
+ + +
=2 = 3 - 8 Y
3 I+ Cymm |+ 4 I+ |
+ + +
Ty [+ T 5 H=F 7 [+
i 5
+
- B

Pucynoxk 2.6. ucxonnas pacuetnas bCC B mporpamme “CLASSIC”.

B3zam. NHe. Ne

Moodn. u dama

WHe.Ne noon.

U3m

Jlucm

Ne dokym

[Modnuck

Jlama

Jlucm

10




Modn. u dama.

UHe. Ne Oybr.

o

B3am. UHs.

Moodn. u dama

WHe.Ne noon.

Pucynok 2.7. I1® pacuetnoit CC B nporpamme “CLASSIC”.

Wiz

13.671

=2

143 .15

1]

2.583

£.2148

=

7.1303

=2

3.3963

=3

0.2625

=4

-

[1®, nonyuennass B nporpamme “CLASSIC” monnocthio coBmanaer ¢ 1D,

IMMOJIYYCHHBIMU pPAaHCC.

U3m

Jlucm

Ne dokym

[Modnuck

[Mama

Jlucm

11




3. Pacuer HyJ1ell U MOJIKOCOB

Irnlz]

Fiefs))

12 -10

.8 E 4

Pucynok 3.1. Hynu u nosmtocsl, noimydeHnnsie B mporpamme “CLASSIC”.

Hynp #1:
SZl = O, n1 = 1,
3
§ Hyns #2:
= SZZ = _10,4‘7, n, = 1,
- ITonroc #1.:
S
° S,1 = —0.374+j*0.65; =1,
2 p1 ] * ny
g
2 [Tomoc #2:
S Spz = —0.37 —j * 0.65; ny = 1
S
Q
ITomroc #3:
g .
(,§ Sp3 == _167, ng = 1,
S
S
ITomoc #4:
S
S
2 Jlucm
2
s Uam| Jlucm | Ne Ookym lModnuck] Jama 12
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Modn. u dama.

UHe. Ne Oybr.

o

B3am. UHs.

Moodn. u dama

WHe.Ne noon.

4. Pacyer nepexoanbix npoueccon (I11I1)

4.1 Pacuer IIII anajiuTu4eCKUM CrnocooomM

Gopmupyromuil GUALTP MO 3aaI0IIEMY BO3EHCTBUIO!
3.2

4xS+1

13.67 * S? + 143.16 * S

0.26+S* +3.4%S3 + 713+ S2+ 522 %5 + 2.58
3.2 43.74 x S? + 458.11 % S

"4+S+1 1.04%S5+13.86+%5%+31.92+53 + 28.01 «52 + 1554 S +

g(Ss) =

Wy (S) =W(S) xg(S) =

+2.58
Beeaem monyuennyro [1d B Mathcad u ¢ momonipio pyakiuu invlaplace nmomyuum
h(t)

(43.7452 n 458.115)
W(S) :=

1.04S° + 13.86S" + 31.92S° + 28.03S% + 15.54S + 2.58

W(8) invlaplace 8 — —16.730479936320644283- exp(—23000000000000000000-t) + 9.085102847704656602- ID'J-exp[—lﬂ-.ﬁ?ﬁs1?9251324-614-881122-t} +
- 23.3338013082053132777exp(—1.63660837830518714800437-1) — 6.612406765430193 1488  exp(—37193338674271414303-1)-cos(.63013432663604833327-1) +
+ 49 436228663555977366-exp(—.37195338674271414303-1)- sin( 65013432665604833327-1) + 1-i-(24.718114331777988683- exp(—37195338674271414303-1)-cos( 63013432665604853327-1) +

+ 3.3062483827150065744 - exp(—37105358674271414303-1) - sin( 65013432665604833327-1)) + 1.-1-(-24.718114331777988683 - exp(—37103338674271414303 1) -cos( 63013432665604833327

-

) —

— 3.3062483827150063 744 - exp(— 3T103338674271414303-1) - sinf 630134326635604833327-1))

D(s) = 265" + 3,453 4 7.1357 + 5.225 + 2.58-(4S + 1)

—10.676317923132461488 !
—1.6566083783051871489
D(5) solve,§ — | —37105338674271414303 — 63013432663604853327-1
—37195338674271414303 + 63013432665604853327-1
—.25000000000000000000 J

Bce monrocer nexat B JIIIII, uTo roBOopUT 006 YCTOMYUBOCTH CUCTEMBI

Jlucm

Uam| Jlucm | Ne Ookym lModnuck] Jama




40 T T T T T

wit)

4.2 Pacuer IIII rpadpuyeckum cnocodom (mo meroay Co1010BHUKOBA)

Tak kak cucremMa SBISIETCS YCTOMYMBOW, TO PACCUUTAEM MEPEXOAHBIN
nporecc no metoay Cono10BHUKOBA.

I1®d umeer BunI:

©
£ 2 )
I} 43.74S" + 458.11S
'g W(S) := (
e 1.04S° + 13865 + 31.925° + 28.015° + 15.54S + 2.58
S
= Beimumem koadurments n Hatinem BUTID:
- gl =4374 gl =43811
S
’? do = 1.04 dl=1386 d2=3182 d3=2801 dd=13354 di=238
2
)
I ]
S FeG{w) = —gl-w™ ImG{w) = gl-w
@ ReH(w) = dl-w4 - d3w + d5 ImH{w) = u:i[ll-vr:l - 2w + diw
N
§ P(w) = [REG[“‘}'REH[‘-‘? + ImG[w}-er.nI-I[w}}
BeH(w)™ + ImH{w)"~
®©
IS
©
I}
S w=10,001._10
S
S
=
S
o
=
2 Jlucm
Vo]
N
Uam| Jlucm | Ne Ookym lModnuck] Jama 15




P(w)

40

-10

-20

0

10

ANTMPOKCUMUPYEM MOJTYYEHHBIN rpaduK BEIOPAaHHBIMH OTPE3KAMMU:

T
35T
301
o 251
8
S P(v)
> et |
. W
,% %0[. )
[¢] 2wl <1
= 13
P3(w3)
L 11l
Pd(wd) 10+
: P3(w)
,g e R
= Po(wh) 37
s %.[. )]
Qi T(wT
< e |
g ae : b
X
54
(=]
o 104
I
AN
§ -154
aa)
Sl
®©
IS
©
()
]
S
<)
=
S
o
=
2 Jlucm
[15)
I
N 16
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Janee crpoum B Excel tabmuiy anst BeraucneHus BBICOTHI U Kod(hdUIIMEHTA

HAKJIOHA.
P1(w) P2(w) P3(w) P4(w) P5(w) P6(w) P7(w) P8(w) P9(w)

0 39 33 -12 -17,5 -9 -3,95 -0,2 0

wl w2 w3 w4 w5 w6 w7 w8 w9
0 0,384 0,51 0,83 1 1,5 2 4,5 7
Pk Pk Pk Pk Pk P P P P

-39 6 45 5,5 -8,5 -5,05 -3,75 -0,2

Xk Xk Xk Xk Xk Xk Xk Xk Xk
0 0,752941 | 0,614458 0,83 0,666667 0,75 0,444444 | 0,642857

Jlanee u3 TabmuIl BEIOMpacM Hy)KHbIE CTaHAapTHBIE QyHKIMHU h,(T) 1 3anmucbiBaeM

B Ta0JIUILYy, a 3aTeM KaXIyl0 CTaHAAPTHYIO (PYHKIHIO MEpPECUUTHIBAEM Ha

pE€alIbHYIO
BLiCoTa -3z & 4z 55
hﬂ&{t’{bt‘ e (] 0,7532841176 0,614457E31 0,53
T HIKADHA ¥
T hylx} t hkjt} hylx} t hik(t} hylt} t hik(t} hylx} t hik[t}
[i [ [i [ [} [i [ [i [ [ [i [ [}
0,2 0,054 |0,520833 | -z.488 | 0,111 [o3%2157| o888 0,102 |o,2a088a| 458 0,118 0,2 0,549
0.4 0,127 |1,041887 | -4,853 0,222 |0,7E4314| 1,332 0,203 |o,4B1828| o132 0,241 0,4 1,3255
0,5 0,188 | 1,5825 | -7,371 0,328 |1,1784a71| 1,874 0,302 |o,722882| 13,58 0,347 0,5 1, 5085
o 0.8 0,25 |[2,083333| 575 0,433 |1,588527| 2,588 0,355 |0,853855| 1782 0,457 0.8 27,5135
% 1 031 |2804187| -12.08 | 0,534 |19s07R4| 3,204 0,481 |1,2048198| 22,085 | o581 1 3,0855
() 1.4 0,422 |3,845833| -15.458 | 0,715 |z,745088| 4,788 0,852 |1,888747| 28,72 0,751 1,4 4,1305
3 1,E 0,525 | 4,6875 | -20,475 | 0,872 |3,528412| 5,232 0,612 |2,188575| 35,54 0,508 1,E 4,554
r§ 2.2 0,615 |5,728187| 23,285 | o585 [a313725| s.87s 0,535 |z.850802| 42,12 1,031 2,2 5, 5705
= 1.6 0,682 |&,770833 | 28,288 | 1,085 [s.0%B03z| &.518 0,888 | 3,13253 | aa4s 1,115 .8 §,1325
3 0,755 | 78125 | -2e,445 | 1,143 |[s5,882353| &.85E 1,058 |3.514458| 48108 | 1182 3 8,381
3,5 0,524 2,375 | -3z,138 | 1,172 |[708eEza| 703z 1,153 |4,337382| simEs | 1173 3,5 £,4515
- 42 0,51 10,5375 | -35,48 1,148 |E235284| &5,BEE 1,154 |5,060241| 51,83 1,131 4,2 §,2205
S 5 0,855 |13,00083 | -34,805 | 1088 [sE03mzz| s414 1,107 |s.024085| asE1s | 1037 z 5, 7035
> & 0,203 | 15825 | -35,217| o885 [117savi| s7es 1,02 |[7z228818| as@ 0,934 5 5,137
2 7 0,204 |1B,27817| -35,258 | 0,817 |[13,72542| 5302 0,257 |E433735| 43,085 | o800 7 4,0905
o B 0,911 |20,63333 | -35,528 | 0,985 |15,5B827| 5,576 0,841 |5,538554| az,3a5 | 0,855 ] 5,2525
§ g 0,925 | 23,4375 | 35,075 | o8 [i7.samos| 584 0,851 |10,64337( 43,245 | 1,023 g 5, 5265
10 0,938 |2504187| 35,821 | 1035 [1ms07Ra| &718 0,283 |12,04812| 2885 | 1080 10 5, 5245
= 12 0,95 31,25 | 3708 1,025 |23.,52231| s1s 1,018 |[14,45783| 45,51 1 12 55
o 15 0,856 | 38,0525 | -37,284 | 0,877 |28,41175| 5,852 1,002 |18,07228| 45,08 0,557 15 54285
§ 18 0,858 | 45875 | -37.67a | 1o1a [3s.28412| s.084 0,257 |21,88575| aa.8s5 | Loiz 18 55045
s 22 0,871 |57,20187| 37,882 | o885 [a3137is| 587 1,007 |2s50802| 45,315 | o807 22 5, 4835
g 25 0,975 | &7,70833 | -38.02% 1 50,3503% & 0,282 | 31,3253 | as.e55 | o588 75 5,478
@ 30 0,58 78,125 | -3§322 1,002 |58,B2353| 5,012 0,558 |35,14458| aass5 1,008 30 5,533
®©
IS
S
]
S
<)
=
S
S
2 Jlucm
2
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BbicoTa -E,5 -5,05 -3,75 0,2
N
Koademumer 0,566656867
T HIKAOHD ¥ 0,75 P 0,5642857143
T hylx} t hik(t} hylt} t hik(t} hylx} t hik[t} hylx) t hikt}
o o o o o o o o 0 o o o o
0,2 0,105 |0,133333| 0.8025 | 0,111 o,1| 0.55055] o0e2 |oos4a44] -0,345] o105 |oozesTi| 0.0zt
0,4 0,208 |0,266667| -1,768 | 0,222 0,2| -1,1211] o,183 |[o,css885| -0,68625] 0,208 |o,057143] 00418
05 0,303 o4 | -z57s5 | o329 0,3| -1,88145] 0,274 |o0,133333| -1,027s| o303 |o08s7ia| 00808
0,8 0,41 |0,533333| 3,485 | 0,433 o0,a| 2,18885] 0,381 |o0,177778| -1,35378| o041 |o.114288] 0,082
1 0,505 |0,666667| -4,2925 | 0,534 0,5| -2,5067] 0,47 |o0,222222[ -1,67825] 0,505 |0142857| 0,101
1,4 0,661 |0,933333| -5,7885 | 0,715 o,7| -3.5158] o608 [o311111] -z,2725] o1 0,z| 01382
1,E 0,633 1,2 | -7o808 | o672 0,5 -a4038] o7ar 04| -z,80125] 0,833 |o257143 01885
2,2 0,057 |1,466667| -,1345 | 0,906 11| so28| 0,857 |o48mmse| 3,25135] 0,957 |o0,314288| 10,1014
3,5 1,052 |1,733333| -84z | 1,085 13| -5,4843] 0,884 |0,577778| -3.615] 1,052 |0,371428| -0,2104
3 1,115 ] 5,485 | 1,143 1,5] -5,77215] 1038 |o65ee67| -3.8%25] 1116 |o4zss7i| -0,2232
3,6 1,161 24 | -oEsEs | 1,172 1,8| -s,0188] 1,108 08| -a,1a7s] 1,151 |o514288 02327
a2 1,155 38 | o8175 | 1,148 21| =7o7a] 1132 |oe33333] 28] g1s¢ 0,6 0,231
5 1,007 |3,333333 | o,3245 | 1,080 25| 5,3888| 1117 | 1111111  a17] 1,007 |o714388| 02184
5 1,001 4 -5,5085 | 0,565 3| -asres| wvosz [1333333] 39825 Loot |omsT1e3| ozocd
7 0,541 |4,856667 | -7,0885 | 0,517 3,5| -1,63085] 1,000 -3,76375| 0,541 1| -o,1882
B 0,034 |5,333333| 7038 | o.00e a| 0208 o282 3ge2s| o038 |1,142857 o1msE
5 0,067 5 E2105 | o0 25| -azoos| o7 3,6675] 0,067 |1,285714| 01034
10 1,006 |6,666667| -B.551 | 1,096 s| s2318] o885 [z222222) -3,68375] 1008 |1a4zesTi| 02012
12 1,026 & 5,721 | 1008 &| -5,17525] o8 |zessss7| -3,71zs| 1028 | 1714288 02082
15 0,003 10 | -Ba%05 | 0,077 75| 4,23385| o000 |3,333333| 3,7425| o203 |2,142857| 01088
18 0,007 12 | sa7as | o014 o| =1z07] o2 a| 3,787s| ooe7 |z571478 01004
2 1,005 |14,66667 | -5,5425 | 0,985 11| -5,02475] o598 |[4,888885 -3,7425| 1005 [3142857] 0201
5 0,585 |17,33333 | -5,4575 1 13 -s05] o8zs [s7777rs|  -3,73s| oses | 37i4zms|  o1ms
30 1,004 20 -B,534 1,002 is5 -5,0601 1,003 6,666667| -3,76125 1,004 4,2B5714 -0, 2008
Teneps noctpoum rpaduku kaxaou h(t):
60
< 50 —
&
] 40 +— hi(t)
3
= 4
g 30 h2(t)
3
= 20 -+ h3(t)
10 - ha(t)
§ O _\\ T T T T T T T 1 h5(t)
S d)\h_lﬂ———zo 30 40 50 60 70 80 90
S 10 ¢ hé(t)
2 \
g -20 h7(t)
= 30 (t)
- hs(t
(=]} \v
_ -40
2
X -50
s
>
Q
(0]
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®
]
s
S
3
=
S
(o]
=
(=]
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Modn. u dama.

UHe. Ne Oybr.

o

B3am. UHs.

Moodn. u dama

WHe.Ne noon.

OcraeTcst cyMMHpPOBaTh rpa@UKU U MOJYYUTh NEPEXOJHYIO (PYHKIUIO:

hsum(t)

30

-
o T \ —o—hsum(t)
N AR

0# w‘\o e .

10 20 30 40 50

-5

BoiBoa: IlonmydeHHblt rpaduk MepexoJHON (QYHKIUU OTIUYaeTcs,

oT

nonydenHoro B Mathcad wu3-3a HH3KOH TOYHOCTH ammpokcuMmaluu rpaduka

BYIIOD.

4.3 Pacuet 111 MAINIUHHBIM CIIOCOOOM

L d

[
] E

[+

+[+[+
[
+[+[+

3

Pucynok 4.1. BCC B mporpamme “CLASSIC”.

bnok “1” — popmupyromuii 610k ¢ I1D:

3.2

Wi(S) =g(S) = 1511

U3m

Jlucm | Ne dokym lModnuck] Jama

Jlucm
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Modn. u dama.

UHe. Ne Oybr.

o

B3am. UHs.

Moodn. u dama

WHe.Ne noon.

[Monyuennsriit rpaduk h(t):

MNepexogHee Npouscck

w(t)

a0

25

20

\

]

10

15

20

25

30

Fpa(l)m(, HOHY‘ICHHBIIZ MAaIlIMHHBIM CIIOCOOOM COBIIAAACT C IIOJIYYCHHBIMU

paHee rpaduxkamu.
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Modn. u dama.

UHe. Ne Oybr.

o

B3am. UHs.

Moodn. u dama

WHe.Ne noon.

W(jw) =

5. YacTOTHBIN aHAIH3
5.1 I'oporpa¢ yacrorHoi nepexarounoin pynkuuu (UIld) CAY

13.67 * S + 143.16 S
026 *S*+34%S53+713%52+522S+ 258’

S =jw;
13.67 * (jw)? + 143.16 * (jw) B
0.26 * jw)* + 3.4 * (jw)3 +7.13 x (jw)? + 5.22 * (jw) + 2.58
B —13.67 * w* + 143.16 * jw B
0.26 *x w* — 3.4 * (jw)3 — 713 *x w? + 5.22 * jw + 2.58

B —13.67 * w* + j * 143.16 * @
"~ (0.26 * w* —7.13 * w? + 2.58) +j * (5.22 * w — 3.4 * w3)

w(s) =

[ s

15

10

W(jw)

-10

—
\*“m__f/

18

-20

]

25

I S

-30

a0

90

180

270

Bl 1] 5 a 15 20 25 a0 35

5.2 ®a3zo-yacroTHas xapakrepuctuka (PUX) CAY

I
b erts ()

Fie W(jw)

01

T v o T

"o

Flw)

U3m

Jlucm

Ne dokym lModnuck] Jama
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Modn. u dama.

UHe. Ne Oybr.

o

B3am. UHs.

Moodn. u dama

WHe.Ne noon.

5.3 Jlorapudmuyeckasi aMIVIMTYAHO-4aCTOTHAs XapakTtepuctuka (JIAYX)
CAY

20

401

60

01 ' A v ST T T ' L

5.4 AMILIMTYIHO-4acTOTHas Xxapakrepuctuka (AUX) CAY
A(w) = /Re2(w) + Im?(w)

40 7RI iy

o1 ' A v ST T T T ' T T T T W

5.5 BemectBeHHast yacToTHasa nepeaaroynas pynkuusa (BUIID) CAY

=y

W(w) = (—13.67w2 + j-143.16w)~[(0.26w4 ~7.13w% + 2.58) - j-(5.22~w - 3.4w3ﬂ

[(0.26W4 - 7.13w2 + 2.58) + j-(5.22~w - 3.4w3)]~[(0.26w4 - 7.13W2 + 2.58) - j-(5.22~w - 3.4W3)]

)

_1367w2(0.26w* = 7.13w2 + 2.5 + 143.16w(5. 22w — 3.40°

:

ReW(w) := 5 7]
(026w~ 7,132 + 2,58 + (5.22w - 3.4w%) |

Jlucm
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Modn. u dama.

UHe. Ne Oybr.

B3zam. NHe. Ne

Moodn. u dama

WHe.Ne noon.

w:=0,0.1.2(

40 T T T T

BeWiw)

(]
.
oy
[==]

10

5.6 Muumas yacrorHasi nepegarounas pynkuus (MYUIIP) CAY

\

143.16w0.26 W — 7.13w2 + 2.58 + 13.67w2(5.22w - 3.4w°

ImW(w) :=
|_ 4 2 2 3 2—|
L(o.zsw —7.13wW + 2.58) + (5.22-w— 3.4wW ) |
w:=0,0.1.1(
20 T T T T T T T T
10 - —
0
T Wiw)
-10 - |
-0 - -
-30 | | | | | | | | |
0 1 2 3 4 3 6 7 3 ] 10
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6. Ouenka ycrouunsoctu CAY

6.1 Ouenka ycroitunBocTd CAY 1o KOPHAM XapaKTEPUCTHYECKOI0 MOJTHHO-
ma [1P

1I®D cucremsr;

13.67 * S? + 143.16 * S
026 %S4 +3.4%853+4+713%52+522%5+2.58
XIT CAY umeert Bun:

D(S) =026%5*+34%S3+713+x85%2+522+5+2.58

w(s) =

Modn. u dama.

UHe. Ne Oybr.

o

B3am. UHs.

Moodn. u dama

WHe.Ne noon.

Irnlz]

Fiefs))

BBIBOJ O TOM, YTO CHCTCMaA YCTOﬁqHBa.

-10

-8

-B

-4

1]

BriBox: Tak kak Bce xopHu XII pacnonoxenst B JIIIII, TO MOXHO caenath

U3m

Jlucm

Ne dokym

[Modnuck

Jlama

Jlucm
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Modn. u dama.

UHe. Ne Oybr.

o

B3am. UHs.

Moodn. u dama

WHe.Ne noon.

6.2 Ouenka ycroitunBoctu CAY no kpurepuro I'ypsuna

XIT CAY:
D(S) =0.26 *S*+3.4xS5S3+713x5%2+522%S5S+2.58

KoadduumenTsl
do dl d2 d3 d4
0,26 34 7,13 5,22 2,58

Hanee u3 koo puumentor d; hopmupyercs marpuna I'ypsuna

MaTtpuua lNypsuua
3,4 5,22 0 0
0,26 7,13 2,58 0
0 3,4 5,22 0
0 0,26 7,13 2,58

Paccuntaem Mmunopsl ['ypBuia:

MwuHopsbl l'ypBuua
M1 | M2 M3 M4
3,4 | 22,8848 | 89,63386 | 231,2553

BreiBon: Tak kak Bce MUHOPHI ['ypBuUIla MOJOXKHUTEIBHBI U dy > 0, MOXHO

caciaaTrb BBIBOA O TOM, UTO CUCTEMA YCTOﬁQHBa.

6.3 Onenka ycroitunBoctu CAY no meroay Payca

XII CAVY:
D(S) =026%5*+34%S34+713+x52+522+5+2.58
KoadppumumneHTsl
do dl d2 d3 d4
0,26 3,4 7,13 5,22 2,58

Jlucm

Uam| Jlucm | Ne Ookym lModnuck] Jama 25




Modn. u dama.

UHe. Ne Oybr.

o

B3am. UHs.

Moodn. u dama

WHe.Ne noon.

Cucrema sIBIS€TCS YCTOWYMBOM, €CIIM B PE3yIbTaTe MPOBEPKU MO KPUTEPHUIO
Payca Bce aneMeHThI epBoro crondua Tadauuel Payca OynyT moa0XXUTENbHBI.

Jlns mpoBepku CAY noctpoum Tabnuity Payca:

Tabnuua Payca

0,26 | 7,13 | 2,58

34| 5,22 0
6,730824 | 2,58 0
3,916742 0 0
2,58 0 0

BBIBOI[Z Bce nsnemeHThl mepBoro CTOJI6I_I21 IIOJIOKUTCIIBbHBI, CJIICA0BATCIBHO

CAY ycroiiuusa.

6.4 Ouenka ycroitunBoctu CAY nmo MuxaiiioBy

XIT CAY:
D(S) =026*S5S*+34%S53+713%5%+5.22+S+2.58

KoadduumenTsl
do dl d2 d3 da
0,26 3,4 7,13 5,22 2,58

Jlns Toro, 4ToOBI cucTeMa Obuta ycToWuuBoW roxorpad Muxaitiosa,

Ha4YHuHasjCh HA BGIHGCTBCHHOfI OCH B TOYKC dn > 0, JOJIDKCH ITOBCPHYTHCA IMPOTUB

o A
JaCOBOU CTPCJIKH Ha YIoll n * —, IMOCJICA0BATCIbHO IIEPECEKAA KOOPANHATHBIC OCHU
2

KXl pa3 MPOTUB YaCOBOM CTPEIKH U HE MPOXO/sl Uepe3 Hayaio KOOpIUHAT.

[TocTponm rogorpad Muxaitnona:

\

M.

N
| | | L
-15 -10 / -5 ) D 5

\

=]

B

Jlucm
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Modn. u dama.

UHe. Ne Oybr.

o

B3am. UHs.

Moodn. u dama

WHe.Ne noon.

l'omorpad HaumHaercss B Touke d, = 2.58, dYTO COOTBETCTBYyeT

i
MPEIBIAYIIEMY YCIOBUIO, W TOBOPAYMBAECTCS Ha yroia 3 *~ TIpA M3MEHEHHH

3HAaYeHUS 9acTOTHI W oT 0 10 2,4.

E

-50 40 - -20 -10 10 20

\Wi-
cnn \
= ~F

an
=L

100 200 300 400 500 B0

P
=T \
R

[Ipu nanpHeiIeM yBeIMYeHHH W Tojorpad HE MEHSIET CBOETO MOJOXKEHUS U
) A
JIeJIAET CYMMAapHBIM MOBOPOT HaA yroia 4 * > Tak kak B Hamiem ciydae N=4, To

CHUCTEMY MOXHO CUYUTATh YCTONYUBOU.

U3m

Jlucm | Ne dokym

[Modnuck

[Mama

Jlucm
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Modn. u dama.

UHe. Ne Oybr.

o

B3am. UHs.

Moodn. u dama

WHe.Ne noon.

6.5 Ouenka ycroituuBoctu CAY merogom D-pazonenns

XII CAY:
D(S) =0.26 *S*+3.4xS5S3+713%5%2+522%S5S+2.58
3anumem XII CAY B napameTpu4eckoM BUAE:
D(S) =Ty *T3*TgxS*+ (k3 * kg xTy * Tg + Ty * T3 + Ty x Tg + T3 * Tg) *
*S3 4+ (kyxks*Ty +hkyxke *To+ Ty, + T3+ Tg) *S%+ (ky xkg *ky * kg *
*Ty +kyxksg+ 1) xS+ ky xky xky * kg

D-pa36uenue 6yaeM npoBOAUTh 1O napameTpy Ts:

Ty#TyxTgxS*+Tyx (Ty+Tg) *S>+ (kg xkg *Ty xTg+ T, xTg) xS3 +

+T3 % 8% + (kg * ks * Ty + kg * ks Tg + T, + Tg) * % +
(kg * kg kyxkg* Ty + ks xks+1) %S +ky * kg *ky * kg

TlosicTaBMM 3HAUEHHMS I BCEX MapaMeTpoB, kpome T:
0,75 T3 % S*+1,85% T3 * S3+ 2,75+ 83+ T3 xS2 + 6,78 x S2 +
+5,22 %S + 2,583

CrpymmupyeM 3J1eMeHThl U IPUPABHAEM OTydeHHbIH TOTNHOM K O:
T3 * (0,75« S* +1,85%S3+52) +2,75%x 53+ 6,78+« 52+ 5225 +
+2,583 =0

_ 2,75 %S3+ 6,78 *S2+ 522 %S + 2,583
37 0,75 x S% + 1,85 * S3 + §2

S=jw
N = 0.75 * w* — 1.85 * j * 03 — w?
N; = 0.75 * w* — w?
N, = —1.85 x w3
M= -=275x%j*w3—6.78 xw? + 522 *j * w + 2.583
M; = 2.583 — 6.78 * w?
M, =522 xw— 2.75 x 3

Uam| Jlucm | Ne Ookym lModnuck] Jama
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Modn. u dama.

UHe. Ne Oybr.

o

B3am. UHs.

Moodn. u dama

WHe.Ne noon.

Ny

A= N,

_NZ
Ny

p=Ts=a+j+p

{“*N1_ﬁ*N2 = —M;

a*xN,+ p N, =—M,
Aa AB
Y
Ay = | M —N2| s
,Aa—|_M2 N, ; A =

Ny
N,

_Ml
_1\42

Jlanee npou3sBeieM Bce pacuetsl B Excel u moctpoum rpaduk:

M1 M2 A Ao

399,6

118,4
31875
48,95
90625
14.8
24375
1,85
23125
0
23125
-1,85
24375
-14.8

wh M1 M2
-7 1751,75 634,55
-6,5 1206,547 508,0563
-6 436
-5,5 B56,0460 3077938
-5 44375 231,25
-4,5 287,2969 1685813
-4 176
-3,5| 100,296%9 79,
-3 51,75
-2,5 25304628 28,
-2 2
-1,5 1546875 6,
-1 -0,25
-0,5 -0,20313 0,
0 0
0,5 -0,20313 -0,
1 -0,25
1,5 1546875 -6,
2 2
2,5

il

3
3,5
4
45
5
5,5
£
6,5

]

7

2304688 -28 3063

51,75

-49,95

100,2969  -79,3188

176

-118,4

87,2969 -168,581
44375  -231,25
656,0469 -307,794

936

-399,6

1296,547 -508,056
1751,75 -634,55

-329,637 006,7464 3471282 2065687
-283,872 721,3226 1939155 1580925
-241497 52,7112 1035776 1181796
-202,512 4288480 5251345 260,0612
-166,917 317,676 250350,6 506,2432
-134712 227,1272 110959,1 412,9578
-105,897 155,1408 4499456 269,2013

-B0,472 9965445 1635083 166,6237
-58,437 58,6056 5173,065 96,76503
-39,792 29,93175 136673 51,8666
-24537 11,5704 283,04 25,05408
12,672 1,45905 4137724 10,49206
-4197 -2,4648 3,485 3,51063
0,888 -2,26365 0,094736 0,703844
2,583 0 0 0
0,888 2,26365 0,094736 0,703844
-4197 24648 3485 351063
-12,672 -1,45905 41,37724 10,49206
-24537 -11,5704 283,04 25,05408
-39,792 -29,9318 136673 51,8666
-58,437 -58,6056 5173,065 96,76503
-B0,472 -99,6545 1635093 166,6237

-105,897 -155,141 4499456 2692013
-134,712 -227,127 110959,1 412,9578
-166,917 -317,676 250380,6 606,8438
-202,512 -428,85 5251345 260,0612
-241,497 -562,711 1035776 1181796
-283,872 -721,323 1939155 1580,925
-329,637 -906,746 3471282 2065,687

Ap

-1797564
-1079451
-623200
-343678
-179568
-87962,8
-39843
-16378
-5851,77
-1840,07
-455,711
-81,3778
-8,38065
-0,25445
0
0,254454
8,38065
81,37777
455,7108
1840,071
5951, 768
16377,97
39842,99
87962,84
179568,3
343677,5
623199,9
1079451
1797564

o

0,000595
0,000815
0,001141
0,001638
0,002424
0,003722
0,005983
0,01019
0,018706
0,037949
0,088518
0,253571
1,007354
7,429505
0
7,429505
1,007354
0,253571
0,088518
0,037949
0,018706
0,01019
0,005983
0,003722
0,002424
0,001638
0,001141
0,000815
0,000595

-0,51724
-0,55666
-0,60167
-0,65446
-0,71715
-0,79275
-0,88551
-1,00165
-1,15053
-1,34633
-1,61006
-1,96673
-2,40478
-2,68592
0
2,685917
2,404778
1,966728
1,610058
1,346331
1,15053
1,001654
0,885507
0,79275
0,717153
0,654456
0,601674
0,556661
0,517839
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Hanecem MTPUXOBKY:
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]
ITocTtponB rpaduk M HaHECS IMITPUXOBKY, MOXKHO CKa3aTh, YTO MUMECTCS JIBE
(0]
g o
I 30HBI, MPETEHIYIONIUE HA YCTOWYMBOCTH. [IpoBEepMM MNpaBHIBHOCTH HAHECEHHS
=)
r'§ mTpuxoBku. s aToro Bo3pbMeM T3 = —1. 3anumewm XII npu takom 3HaueHuu T3:
=
D(S) = —-0.75%*S*+ 09+ S3+ 578 %52 +5.22 %S+ 2.583
S
(o]
=
2 Jlucm
Vo]
N
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IIpoBepuM yCcTOMUYMBOCTS 110 KpuTeputo Payca:

4dTO CHUCTCMA IIPU TAKOM 3HAYUCHUU T3 HeyCTOﬁqHBa.

KoadduumenTnbl
do di d2 d3 d4
-0,75 0,9 5,78 5,22 2,58

Tabnunua Payca

-0,75 5,78 2,58

0,9 5,22 0

10,13 2,58 0

4,99078 0 0

2,58 0 0

Tak kak HE BCE DJIICMEHThI IepBoOro CTOJ'I6I_[a ITOJIOKUTCJIbHBI, MOKHO CKa3aThb,

[IpoBepuM yCTOWYHMBOCTH CUCTEMBI BO BTOPOW 30HE, NPETEHAYIOLIEH Ha

ycTtounBOCTh. [ atoro BozbMeM T3 = 1. 3anumem XII npu TakoMm 3HaYEHUU

T5:

D(S) =0.75%S5S*+4.6 53+ 7.78*S%+5.22 S + 2.583

[IpoBepumM yCcTOMYMBOCTS 1O KpUuTeputo Payca:

Modn. u dama.

UHe. Ne Oybr.

o

B3am. UHs.

Moodn. u dama

WHe.Ne noon.

KoadduumeHTsl
do dl d2 d3 da
0,75 4,6 7,78 5,22 2,58

Tabnuua Payca

0,75 | 7,78 | 2,58

4,6 | 5,22 0

6,928913 | 2,58 0

3,507177 0 0

2,58 0 0

Tak kak Bce DJIEMEHTHI IICPBOIO CTOJ'I6I_Ia IIOJIOXKHUTCIBbHBI MOXXHO CKa3aTb, UYTO

CHCTEMa yCTOMYMBA NpPU 3HAYeHUH I3 = 1, a 3HAYUT IITPUXOBKA HAHECEHA

HCBCPHO U HYKHO HAHCCTHU €€ 3aHOBO.
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7. OueHkKa mapamMeTpoB peXuMa aBTOKO0J1e0aHUM B HeJIMHEHMHOU

CAY

Jliis Havana noctpouM rogorpad Hamier cuctemsl B MathCAD:

—13.67 * w? + j * 143.16 * w

W(w) =

207

10T

(0.26 * w* — 7.13 * w? + 2.58) +j * (5.22 * w — 3.4 * w3)

5 10 5 20 25 30 35 40
TmW(w)
@
g
®
(o]
3
S -304
()
o
= ReW(w)
s IlepefineMm K pacueTy mapaMeTpoB peXHMMa aBTOKOJEOAHWUN. 3aruiieM
=
§ UCXOJIHBIE JaHHBIE U (DOPMYIIBI, HYKHBIC JIJI pacuera:
e
N
2 b:=2 m:=0 c:=1F
2
. 2 2
s b 2b
®
& q(a) :=2-— 1——2+ 1-m —
a a
(2-c-b)
g ql(a) := (m-1)
S m-a
- (a) - i91(a)
,'S Mn(a) := %
(e]
= q(@ +gql(a)
S
(o]
=
2 Jlucm
Vo]
N
Uam| Jlucm | Ne Ookym lModnuck] Jama 33




Modn. u dama.

UHe. Ne Oybr.

o

B3am. UHs.

Moodn. u dama

WHe.Ne noon.

Jlns moctpoeHus rojaorpada BBIICIUM BEIICCTBEHHYID U MHHUMYKO YacTH

HEJIUHEWHOTO 3BEHA;

ReMn(a) := %
(Q(a) +q1(a) )
ImMn(a) := q1(2)

2 2
q(a) + ql(a)
a=0102_80 w=0,001.10

Wt +

]m".'\'l: Wy

TenMin{a)

Bunno, uto rpaduxu nepecekarorcs. [y HaX0XKACHHUS TOUKHU MEepPECEeUCHUS

BOCIob3yeMcs pynkuueii root 8 makere Mathcad:
El{w) = ImW(w) — ImMn{w)
wl = root{ EI{w),w_ 0.1,80)
wl = 0.637
[TpoBepuM MpaBUIIBHOCTH pacyeTa:
ImW(wl) = —0.539 ImMn(w1) = —0.538

3HayeHus COBOAIAIOT.

U3m
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Modn. u dama.

UHe. Ne Oybr.

o

B3am. UHs.

Moodn. u dama

WHe.Ne noon.

Teneppb HalifileM BEIIECTBEHHYIO YacTh roforpada Haiiei CUCTEMBI IIPU 3TOM

3HAa4YCHHUHU YaCTOTHI:

ReW(0.637) = 37073
El(a) = ReMn(a) — 37.073
al = root(El{a),a,3,80)
al = 70.808

ReMn(al) = 37.073

HOJ’Iy‘IeHHBIe 3HAYCHHUA IIO3BOJIAIOT ITIOHATH, 4YTO BCIICCTBCHHBLIC 4YAdCTU

rojgorpacga Hauiei cuctemMbl U rojorpada HeIMHEHHOTO 3B€HA PaBHbBI MPU JTAHHBIX

SHAUYCHUAX YACTOTHI 1 aMIUIUTYIbI.

BriBesieM Touky Ha rpaduk Juisi IPOBEPKU MPaBUIBHOCTH pacyeTa:

-01T
02T
03T

ImW(w) —pad

TmMn(a)

ImMn(al)-0. 5+

338 36 362 364 6.6 368 37 372 374 316 378

06T

-pg+

-po+

ReW(w) . Relin’a) ReWiwl)

Ha rpadwuke BHIHO, 4TO TOYKa MepecedYeHUs HaWIeHa NMPaBWIbHO. PacdeTrsl

MoKa3aJik, 4To aBTOKojeO0anus B faHHONH CAY BO3HHMKAIOT MPU YACTOTE

w = 0,637 u ammmuryne a = 70.808.
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Modn. u dama.

UHe. Ne Oybr.

o

B3am. UHs.

Moodn. u dama

WHe.Ne noon.

3aKJI0YeHne

B naHHOM KypcOBOM INpOEKTE HCCIeN0Balach AOCTaTOYHO cioxkHas CAY.
3amannas CAY wccienoBajiach MO BPEMEHHOMY M YaCTOTHOMY aHAIN3y. bbul
MIPOBEJIEH pacyeT NePEXOAHbIX MPOLECCOB, pacYeT Ha YCTOMYMBOCTh IO KPUTEPUIO
I'ypBuua, merony Payca, no MuxaiinoBy u merogoM D-pazbuenus. Pacuer CAY
npousBoauiIcs ¢ nomoibio nporpammel “CLASSIC” u maremarnueckoro nakera
“Mathcad”. CnemoBaTenbHO, MOXHO CJiejaTh BBIBOJ O TOM, 4YTO B IpOIEcce
BBIMIOJTHEHUSI KYPCOBOIO MPOEKTa OBbLIM MPUMEHEHBl BCE TEOPETHYECKHE W

MPAKTUYICCKUC 3HAHU:A, ITIOJTYUCHHBIC IIPU U3YUCHUU KypCa TAY.
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