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1 IHenun u 3ama4dnm

[lesbio BBINIOJHEHNS JIAHHOI KOHTPOJIbHOI paOOThI SIBJISIETCS IOJIyUYeHHe OC-
HOBHBIX 3HAHUI 1 HABBIKOB 110 aHAJIN3Y JIMHENHBIX CTAIIMOHAPHBIX JMHAMNYECKUX CHU-
creM. B kadecTBe cucTteM MOTYT BBICTYIIATH Pa3/MvdHbIE JMHEAPU30BAHHbIE TEXHUYE-
cKre 0ObeKThl (MEXaHUIECKNE, JIEKTPUICCKUE, SJIEKTPOMEXAHIICCKIEe, THIPABIITIC-
CKHe, THEeBMATUIECKIe U T.11.) 1 (PU3NIECKUE TPOIECCH (ITPOIECCHI PE3aHHsl, TPOIECCH
TPEHUs, TEIJIOBbIE MPOIeCChl U T.11. ). JlocTiKeHne mocTaBIeHHO 11e/ 00eCIIeInBaAeTCsI
BBIIIOJIHEHIEM DsiJla TUIIOBBIX 3a/aHuil (MCCIeI0BaHIs CUCTEMbBI Ha YCTOHYUBOCTD, TO-
CTpPOEHHE Pa3JINIHBIX XapaKTePUCTUK 1 T.11.). [ocie BbIo/THeHNST HEKOTOPBIX 3a/IaHuil
HEOOXOMMO CIe/IaTh COOTBETCTBYIOININE BHIBO/IBI O TMHAMUYECKIX CBONCTBAX MCCJIE/TY-
eMoro obbekTa. HeobxomnMocTs (hopMyImpoBaHus BBIBOJIOB O0bSICHAETCA TEM, UTO Y
CTYJIeHTa, JIOJIZKHA ¢(DOPMUPOBATHC YeTKas CBA3b MEKJY Pe3ysibTaTaMU IOy YeHHbI-
MU TIPY TIOMOIII MaTeMaTHIECKUX METOJIOB M (DU3MUECKIM TIOBEIEHIEM HCCIIeTyeMOro

00 beKTa MJIN IIpounecca.

2 Brpibop BapuanTa 3agaHudg

VcxoaHbIMU JAHHBIMHE J1JISI BBIITIOJIHEHIS KOHTPOJILHOM PAOOTHI SIBJISIIOTCS CTPYK-
TypHasi CXeMa UCCJIe/lyeMOil JIMHAMITYCCKON CUCTEeMbI U IepeJlaTOIHbIe (DYHKIINN BCEX

e€ ayieMeHToB. [y BhIOOpa 3a/1aHusi HEOOXOIMMO:
a) Ompegenurs Homep Bapuanta N. Homep BapuanTa cOOTBETCTBYET JIByM 110~
caeHuM nudpamM HOMepPa 3a4eTHON KHUMKKI.

6) BeibpaTh B COOTBETCTBHU CO CBOUM HOMEDOM BapHaHTa MapaMeTpbl UCCIIe-

JIyeMoil cucTeMbl B IJiaBe 4.



3 3aJaHne Ha KOHTPOJIbHYIO PadoTy

3.1 Oo6mmue cBeneHud

B nanHoMm pasjesie IpUBOIUTCS IepedeHb 3aJaHuil KOTOpble HEOOXOIMMO BhI-

IIOJIHUTDL B KOHTpOﬂbHOfI pa60Te. ITo KazKI0OMY 3aJdaHUIO JaHbl KPpaTKHE YKa3aHUAg, a

TaK>K€ CCbLJIKM Ha JIMTEPpaTypHbIE NCTOYHUKU B KOTOPbIX HOILpO6HO OoCBeIIEHbI COOT-

BETCTBYIOIIME BOIIPOCHI.

Broiosinenne pa6OTbI PEKOMEHAYETCA OCYIIECTBJIATL B COOTBETCTBUU C IIPHUME-

POM BLIIIOJIHEHM A, IIPUBEACHHOM B IIPUJIOXKEHUN K JaHHOMY METOANYECKOMY 1I0COOUIO.

3.2 OcHOBHBIE 3Tallbl BbIIIOJITHEHUS

J1J1sT yCIenHoro BbIIOJHEHUsT Pa00Thl HEOOXOIMMO OCYIIECTBIEHNE CJIe Y OINX

IYHKTOB KOHTPOJIbHOW PabOTHI:

a)
0)

Bribparh nHuBuya bHOE 3a1aHue (CM. TIaBy 2).

CrpyKTypHbIe IIpeoOpa3oBaHus cXeMbl. BbloiHeHne 1npeodpa3oBaHmil Ha
CTPYKTYPHOII CXEMOI CHCTEeMbl HEOOXOJIMMO JIJIsl IIPeJICTABIEHNIS CUCTEMbI
B BHUJIE OJIHOI'O 3BEHA C SKBUBAJICHTHOI 1epejaTounoii dpyukimeit. Creyer
00paTuTh BHUMAaHUE, UYTO CTPYKTYPHbIE [IPE0OPA30BAHMS BBIITOIHSIIOTCS 10

paBUJIAM SKBUBAJEHTHBIX IIpeobpazoBanuii. (cM. [1] m. 2.7 wa crp. 56).

AHayin3 ycTofunBOCTH CHCTEMbl. AHAJIN3 YCTOWYUBOCTH CUCTEMBI SBJISIETCS
Ype3BbIYaiHO Ba?KHBIM 9TAIIOM B UCCJIEJIOBAHUN CUCTEMbI, TaK KaK 1103BOJIsI-
€T BBIABUTDL SABJISETCA JIM cucTeMa padboTocrnocobnoil. B gannoit KOHTPOIh-
HOIl paboTe TpejIaraeTcs BLITIOJIHATE aHaINn3 YCTONINBOCTH IO OCHOBHBIM
KPUTEPUAM YCTONINBOCTH: IO KpUTEpHio ['ypBUIia, KOpHEBOMY KPUTEPUIO U

kpurepnio Muxaitiosa. (cm. [1] m. 3 ma crp. 88, [2] m. 5.3 ma cTp. 141).

YacrorHas nepejgarounast (pyHKIUs cucTeMbl. B janHoM pasaese HeoOXo -
MO IOJIYyYUTh YaCTOTHYIO IEPeJaTOIHYI0 (DYHKIUIO CHCTEMbI, KOTOpas I10-

TpebyeTcss B CJICMYIONIEM pasjiesie KOHTPOJIbHO paboTel. (cMm. [1] m. 2.5 Ha
crp. 37).



1) YacrorHble XapaKTepUCTHKN CUCTEMbL. B 1aHHOM pasjiese HeoOXOIIMO Mo-
CTPOUTH OCHOBHBIE YAaCTOTHBIE XapakTepucTnku cucrembl. Creyer orme-
TUTh, YTO YACTOTHBIE XaPAKTEPUCTHKU SIBJISIOTCS erie OHOi (hopMoil orn-
cauns cucTeM. 1o 9acTOTHBIM XapaKTePUCTHKAM TOJTy Ial0T BayKHBIE CBE/Ie-
HIS O JINHAMIYIECKIX CBOHCTBAX CHCTEMbI. B KOHTPOJIBHOI paboTre mpe/iia-
raeTcsi TIOCTPOUTH CJIEJIYIOIINe YacTOTHbIe XapakTepucTuku (eM. [1] m. 2.5

Ha cTp. 37):

1) BermecTBeHHYIO 9acTOTHYIO Xapakrepuctuky (BHX);

2) MHUMYIO 9acTOTHYIO XapakTtepuctuky (MYX);

)
)
3) aMIUINTYIHYIO0 9aCTOTHYIO XapakTepuctuky (AYX);
4) dazosyio gactoTHyio Xapakrepuctuky (OHX);

)

5) aMImTyHO-(ha30ByI0 9acTOTHYIO Xapakrepuctuky (ADYX).

e) IMocrpoenne mepexoHbIX porieccoB. CyIecTBYeT MHOKECTBO METO/IOB 03-
BOJISTIOIINX OIPEJICIUTD PEAINIO CHCTEMbI HA BO3/IEIICTBIE THIIOBOH (hOPMBI.
MoOKHO BBIJIESNTD JIBE€ OCHOBHBIE TDYIIIBI 9THX METOJIOB: AHATUTHIECKUE
1 dncjaeHnple. B manHoil pabore mpejiaraeTes UCIOJb30BATh UHCICHHBII
METOJI OIPeJIeJICHIsT PEAKIN CUCTEMbI Ha CTYTIeHIATOe BO3JECHCTBIE U BO3-
neficrBue d-nmirysbca. s 9Toro npejiaraeTes nenoib3oBanue 6HOIIOTEKN
Control System Toolbox maremarndeckoro maxkera Matlab. (em. [1] m. 2.4.2

Ha cTp. 35, cM. [3]).

3.3 PexkomeHmanuu 1mo BBIIIOJHEHNIO 1 0(POPMJIIEHUIO

B xoHTpOoJILHOIT paboTe HeoOXOIUMO IPUBOAUTE BCE CXEMbI, IpadUKL, aHAJINTHI-
YecKue BBIKJIAJIKK IIPU BBIBOJIE TT€PEIaTOYHBIX (DYHKIUI 1 JPyTruX BhipazkeHuit. B pa-
60Te MPUCYTCTBYET JOBOJIBHO OOJIBINOE KOJIUYECTBO CJIOXKHBIX BBIUNCIUTEIbHBIX OIIe-
paruii. 9T BbIYNUC/IEHUS MOYKHO BBINOJIHATE 0e3 npuMenenns 9BM. B srom ciydae
I0IPOOHOE OIMCaHUEe TPOIECCa BHIUNCICHUN TPUBOIUTCI B TPUIOKEHNN K KOHTPOJIb-
Holl pabore. Eciu Jijist Bbruncsenus: ucrosb3yercss DBM, To ux jerajibHOe onncaHme
B KOHTPOJIbHOII paboTe MOXKHO He IPUBOJUTH. BMECTO 3TOro NMpUBOJATCA JIMCTUHIT

IpOrpaMM (TEKCThI TIPOIPAMM) MPH TTOMOII KOTOPBIX BBITOJIHSAINCH BbITHCIEHISI.



s mpoBeieHns YuC/IEHHOTO MOJETUPOBAHNS JUHAMUKNA JINHAMUYIECKO Cu-
cTeMbl uctosib3oBane IBM Tak ke He sBisiercss HeobxoauMmbiM. [omyckaercs: pyd-
HOe BblUNCJIeHne MeToioM PyHre-KyTTel ¢ mpuBeieHneM Bcex COOTBETCTBYIONIIX Pac-
CUYeTOB B TEKCTe KOHTPOJIbHON padorsl. IIpu ncnonbzosanun DBM mia nposegenus
BBIYNCJIEHNIT HEOOXOMMO MTPUBECTU JUCTUHTU ITPOTPAMM WJIN, B CJIydae NCIOJIb30Ba-
HUST JIjisT MOJIe/TMpoBanust mporpamum tuia Simulink, canmkn ¢ skpana (screenshot), a

Tak»kKe rpaduKi BbIXOJHOIO CUTHAJIA.



4 HVuauBuayaJibHbIE 3aJIaHIS

Bapmnant N200

CTpyKTypHasi cxema JITHeHHOI JUHAMIIECKO CICTeMBI:

]

@

|

. W ®

Wy

[TepenaTounbie (DyHKIINN CTPYKTYPHOM CXEMBI:

4.5
M) = T ris
WQ(S) = 3,
W3(8) = 77
W4(S) - 37
6.8
Ws(s) =

3.5524+3.25+0.5



BapuanT Ne0O1

CTpyKTypHas cxema JUHEHHON TUHAMIIECKONH CHCTEMBI:

ul?) - e T

-

[lepeparounbie (DyHKINN CTPYKTYPHOI CXEMBbI:

» 0.1
g —
! 535 +8.2°
0.7
Wals) = 5 o6
Wg(S) = 7,
0.7
Wils) = 51706
(s)



BapuanT Ne02

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

e
u(?)

— W Wy X X Wi

[TepeaTounble (DyHKIINN CTPYKTYPHOM CXEMBI:

(s) = 7.8
S P

5.9
Wals) = 655 123
Wg(s) = 3,

0.5
Wils) = 57— 55
W5(S) = 2.



BapuanT N203

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

W1 W4

Wy ® Wiy

.

[TepeaTounbie (DyHKINN CTPYKTYPHOM CXEMBI:

7.7

W- =
) =39 s 20
WQ(S) = 2,
Wg(s) = 2,
4.8

Wils) = 3s + 5.4
W5(S) = J.

11



BapuanT N204

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

| -

X QWS Wi Qf J wy |40

[lepeparounbie (DyHKINN CTPYKTYPHOI CXEMBI:

Wl(S) = 2,

WQ(S) = 4,
47

Wsls) = 515735
0.1

Wi(s) = — -

i) =55

0.4

Wi (s)

T 725+55



Bapuant N205

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

Wy

u(L - ®

[lepeaTounbie (DyHKINN CTPYKTYPHOI CXEMBI:

(6] = 7.9
N 195 +3.1°
45
Wals) = g5 100
Wg(S) = 5,
8.4
Wils) = — 2%
() =95 7e

13



Bapuant N206

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

"R

Wi Wy

L

[lepeparounbie (DyHKINN CTPYKTYPHOI CXEMBbI:

(6) = 3.8
N 48 +5.1°
6.4
Wals) = 5 181
Wg(S) = 3,
0.5
W. —
(8) =55 a
W5(8) = 4.

14



BapuanT NeQ7

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

e
u(?)

— W Wy X X Wi

[TepeaTounble (DyHKIINN CTPYKTYPHOM CXEMBI:

6.7
Wils) = 575 5
WQ(S) = 6,
W?)(S) = 37
W4($) - 57
6.1
Wis(s) =

2.1s2+94s + 0.5



BapuanT Ne08

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

W1 W4
u(?) L - 00 - y(t)
o

[TepeaTounbie (DyHKINN CTPYKTYPHOM CXEMBI:

2.4

Wil(s) =

1) = 397 7 1s T o
WQ(S) = 7,
W3(8) - 87

9.9

W p—

() 7.9s + 2’
W5($) = 5.



BapuanT N209

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

| -

X QWS Wi Qf J wy |40

[lepeparounbie (DyHKINN CTPYKTYPHOI CXEMBI:

4.6
Wils) = 155776
WQ(S) = 57
Wg(S) = 2,
W4<S) = 7,
1.5
Wis(s) =

0.652 4+ 0.9s + 2.3



BapuanT Ne10

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

Wy

u(L - ®

[lepeaTounbie (DyHKINN CTPYKTYPHOI CXEMBI:

Wi(s) =8,
Wh(s) =5,
Wi(s) = m,
Wils) = =
Wi(s) = %

18



BapuanT Nell

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

"R

-

Wi Wy

[lepeparounbie (DyHKINN CTPYKTYPHOI CXEMBbI:

3.8
Wils) = 595738
W2(S) = 37
W3(S) - 67
W4(S) = 6,
1.5
Wis(s) =

6.952 + 3.65 + 9.5

19



BapuanT Nel2

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

|

Wy

X

&

[TepeaTounble (DyHKIINN CTPYKTYPHOM CXEMBI:

Wl(s)
Wa(s)

2,
4,

20



BapuanT Ne13

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

Wi

Wy

Wy X

.

[TepeaTounbie (DyHKINN CTPYKTYPHOM CXEMBI:

Wi(s) =1,

Ws(s) =5,
M%@):553E06’
mq@):435f91,
”%“>=73115-

21



BapuanT Ne14

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

| -

o

|

[lepeparounbie (DyHKINN CTPYKTYPHOI CXEMBI:

2.3

T 31s+7.3

4.1

T B57s+73

22



Bapuant Nel15

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

Wy

@

[lepeaTounbie (DyHKINN CTPYKTYPHOI CXEMBI:

8.5
Wils) = 373 5s 1 o5
Wa(s) = 6,
Ws(s) =8,

2
Wils) = 55773
Ws(s) = 6.

23



BapuanT N¢16

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

ul?) - e T

-

[lepeparounbie (DyHKINN CTPYKTYPHOI CXEMBbI:

(s) 3.8
N 7835 +6

4.7
Wals) = 55w
Wg(S) = 3,

7.9
Wils) = T5: 758’
W5(8) = d.

24



BapuanT Ne17

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

e
u(?)

— W Wy X X Wi

[TepeaTounble (DyHKIINN CTPYKTYPHOM CXEMBI:

0.2
Wi(s) = 565 760
WQ(S) = 4,
W?)(S) = 37
W4($) - 67
7.2
Wis(s) =

5.582 4+ 7.6s+ 1.7



BapuanT Ne18

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

Wi

Wy

&

a

[TepeaTounbie (DyHKINN CTPYKTYPHOM CXEMBI:

Wi(s) = 2,

Ws(s) =5,

Wils) = 5
Wis) = 55
Ws(s) = 8s f 6.5

26



BapuanT Ne¢19

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

W

6.1
W(s) 55 4+ 6.2’
5.7
Wals) = 19, 20
W3(S) = 67
1.7
W p—
() 7s 4+ 7.6
W5(S) = 3.

27



BapuanT Ne20

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

Wy

@

[TepenaTounnie byHK

1N CTPYKTYPHON CXEMBbI:

75
Wils) = 1.1s24+235+9.2
Wa(s) =
Wg(S) = 4,
8.5
Wils) = o536
W5<S) = 8.

28



BapuanT Ne21

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

"R

-

Wi Wy

[lepeparounbie (DyHKINN CTPYKTYPHOI CXEMBbI:

6.4
Wils) = 75 785
W2(S) - 37
W3(S) - 37
W4(S) = 2,
9.1
Ws(s) =

T7s2+4.4s +1.6

29



BapuanT Ne22

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

|

Wy

X

&

[TepeaTounble (DyHKIINN CTPYKTYPHOM CXEMBI:

5.4

30



BapuanT Ne23

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

W1 W4

Wy ® Wiy

.

[TepeaTounbie (DyHKINN CTPYKTYPHOM CXEMBI:

9.2

31



BapuanT Ne24

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

| -

X QWS Wi Qf J wy |40

[lepeparounbie (DyHKINN CTPYKTYPHOI CXEMBI:

8.9
Wils) = o5 a3
WQ(S) = 3
Wg(S) = 3
W4<S) = 6
W5(S) 4.2

4.352 +9.55 4+ 4.8



Bapuant Ne25

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

Wy

@

[TepenaTounnie byHK

1N CTPYKTYPHON CXEMBbI:

6
W) =557
WQ(S) - 37
Wg(S) = 3,
W4(8) = 47
9.1
Ws(s) =

4152 +34s5+ 7.5

33



BapuanT Ne26

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

"R

-

Wi Wy

[lepeparounbie (DyHKINN CTPYKTYPHOI CXEMBbI:

74
W p—

)= 309 743765
W2(S) - 47
W3(S) - 27

43

W p—

i(8) = o e
Wg,(S) =1.

34



BapuanT Ne27

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

e
u(?)

— W Wy X X Wi

[TepeaTounble (DyHKIINN CTPYKTYPHOM CXEMBI:

8.1
Wils) = gos 712
WQ(S) = 8,
W?)(S) = 77
W4($) = 5,
5
W5($) =

3.9524+99s +0.1



BapuanT Ne28

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

W1 W4

- ® - y(t)

.

[TepeaTounbie (DyHKINN CTPYKTYPHOM CXEMBI:

(s) = 7.4
N T 8 8s 165

0.5
Wals) = =06
Wg(s) = 2,

0.4
Wils) = 1127
W5(S) = 3.

36



BapuanT Ne29

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

| -

X QWS Wi Qf J wy |40

[lepeparounbie (DyHKINN CTPYKTYPHOI CXEMBI:

Wl(s) - 57
WQ(S) = 3,
9
Ws(s) = 55709’
5.1
Wils) = o155
9.1
Wi (s)

T 305+03



BapuanT Ne30

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

Wy

u(L - ®

[lepeaTounbie (DyHKINN CTPYKTYPHOI CXEMBI:

Wi(s) =5,
Wh(s) =1,
Wi(s) = ﬁ,
Wils) = o)
Wi(s) = %

38



BapuanT Ne31

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

"R

-

Wi Wy

[lepeparounbie (DyHKINN CTPYKTYPHOI CXEMBbI:

6.8

W p—

(%) = 357 7 2.65 1 88
W2(S) - 57
W3(S) - 87

8.3

W p—

(8) =57 0%
Wg,(S) = 8.

39



BapuanT Ne32

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

e
u(?)

— W Wy X X Wi

[TepeaTounble (DyHKIINN CTPYKTYPHOM CXEMBI:

46
18) = 755

Wa(s) = 8.71'1+ g

Ws(s) = 6,

Wi(s) = 9.8s4f 79
(s)



BapuanT Ne33

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

Wi

Wy

Wy X

.

[TepeaTounbie (DyHKINN CTPYKTYPHOM CXEMBI:

(s) = 6.3
N T gs 1
75
Wals) = o2 5o
Wg(s) = 8,
6.2
Wals) —
18) =553
W5(S) = 4.

41



BapuanT Ne34

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

| -

X QWS Wi Qf J wy |40

[lepeparounbie (DyHKINN CTPYKTYPHOI CXEMBI:

Wl(s) - 27
WQ(S) = 7,
1.9
Wals) = 15773
4.2
Wils) = g=oram
8.3
Wi (s)

T 495468



Bapuant Ne35

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

Wy

@

[TepenaTounnie byHK

1N CTPYKTYPHON CXEMBbI:

7.9
M) = 5510 207
WQ(S) - 67
Wg(S) = 5,
6.5
Wils) = T 25
W5<S) =.

43



BapuanT Ne36

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

"R

-

Wi Wy

[lepeparounbie (DyHKINN CTPYKTYPHOI CXEMBbI:

0.3

W p—

18) = 59 1 755 1 85
WQ(S) = 8,
W3(S) - 37

8.6

W p—

() 5.65+9’
Wg,(S) = 3.

44



BapuanT Ne37

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

e
u(?)

— W Wy X X Wi

[TepeaTounble (DyHKIINN CTPYKTYPHOM CXEMBI:

2.3
18) = 53511

Wa(s) = S i'80'4,

Ws(s) =8,

Wils) = 6.254f 9.8’
(s)



BapuanT Ne38

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

W1 W4

- @@ - y(t)

.

[TepeaTounbie (DyHKINN CTPYKTYPHOM CXEMBI:

Wi(s) =1,

Ws(s) =8,
M%@):91£f51’
Wils) = 6s 6137.8’
Wﬁﬁzgéiz



BapuanT Ne39

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

| -

X QWS Wi Qf J wy |40

W p—

18) = 0197 7345 755
WQ(S) - 47

Wg(S) = 4,

4.6
W p—
(5) =533

W5(S) = 3.



BapuanT Ne40

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

Wy

@

[TepenaTounnie byHK

1N CTPYKTYPHON CXEMBbI:

3.9
Wils) = g7 7105 723
WQ(S) - 87
Wg(S) =38
5.2
Wils) = 775 +7.5
W5<S) =.

48



BapuanT Ne41

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

"R

-

Wi Wy

[lepeparounbie (DyHKINN CTPYKTYPHOI CXEMBbI:

9.8
Wils) = 156
W2(S) - 77
W3(S) - 77
W4(S) = 4,
3.2
Ws(s) =

8.552+5.4s +4.3

49



BapuanT Ne42

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

|

Wy

X

&

[TepeaTounble (DyHKIINN CTPYKTYPHOM CXEMBI:

Wl(s)
Wa(s)

W4(S)

W5(8)

3,
2,

0.6

" 1.1s + 88’

6.8

T 175455

4T
125 +5

20



BapuanT Ne43

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

W1 W4

u(t) - ® -

.

[TepeaTounbie (DyHKINN CTPYKTYPHOM CXEMBI:

Wi(s) =8,

Ws(s) =8,

Wa(s) = 4.256:? 8.3’
Wals) = 4.438+ 85
Wsls) = 7.421+ 8

o1



BapuanT Ne44

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

| -

@QWSW4 QEJ

0.2
W p—

1(8) = 562 1675 7 8.4
WQ(S) - 47
Wg(S) = 5,

1.2

Wils) = g= o 5a
W5(S) =4,




Bapuant Ne45

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

Wy

@

[TepenaTounnie byHK

1N CTPYKTYPHON CXEMBbI:

2.3
Wils) = 555 162
WQ(S) = 2,
Wg(s) = 2,
W4($) = 7,
9.9
Ws(s) =

8.852 4+ 585+ 0.7

53



BapuanT Ne46

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

"R

L

Wi Wy

[lepeparounbie (DyHKINN CTPYKTYPHOI CXEMBbI:

2.2
Wils) = 552 4+2.4s 4+ 7.8’
WQ(S) - 47
W3($) - 77
8.8
Wils) = 5o 7o
W5($) = 2.

b4



BapuanT Ne47

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

|

Wy

X

&

[TepeaTounble (DyHKIINN CTPYKTYPHOM CXEMBI:

Wl(s)
Wa(s)

W4(S)

W5(8)

7,
4,

6.5

~ 6.65 + 8.6

5

T 575425

7.4

T 415+ 09

%)



BapuanT Ne48

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

W1 W4

- @9 - y(t)

.

[TepeaTounbie (DyHKINN CTPYKTYPHOM CXEMBI:

(s) = 6.5
N 075 +0.5
3.9
Wol(s) =
2(5) = 57
Wg(s) = 7,
9.9
Wils) = ——=
18) =155
W5(S) = 8.

o6



BapuanT Ne49

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

W

[lepeparounbie (DyHKINN CTPYKTYPHOI CXEMBI:

0.9
Wis) = s 77
2.1
W p—
2(5) = 155
W3(S) - 37
5.9
W p—
() = 955104
W5(S) = 2.

57



BapuanT Ne50

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

Wy

@

[TepenaTounnie byHK

1N CTPYKTYPHON CXEMBbI:

0.3
Wils) = 8752+ 6.7s - 6.1’
WQ(S) =3
Wg(S) = 7,
3.4
Wils) = 135186
W5<S) = 0.

o8



BapuanT Ne51

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

ul?) - e T

-

[lepeparounbie (DyHKINN CTPYKTYPHOI CXEMBbI:

Wi(s) =2,
Wh(s) = 6,
Wils) = 7.955f 42’
Wals) = 5.3361 3.6’
Wsls) = 6.253f 9.2



BapuanT Ne52

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

e
u(?)

— W Wy X X Wi

[TepeaTounble (DyHKIINN CTPYKTYPHOM CXEMBI:

4.8
Wis) = o 66
WQ(S) = 8,
W?)(S) = 87
W4($) - 77
6.8
Wis(s) =

5.6524+1.2s+0.1



BapuanT Ne53

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

W1 W4
u(?) L - 00 - y(t)
o

[TepeaTounbie (DyHKINN CTPYKTYPHOM CXEMBI:

6.2
Wils) =

1) = 17 7765 7 18"
WQ(S) =2
W3(8) - 37

0.6

Wils) = 555 187
W5($) = 3.

61



BapuanT Ne54

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

| -

X QWS Wi Qf J wy |40

[lepeparounbie (DyHKINN CTPYKTYPHOI CXEMBI:

6.8
Wils) = S5+ 10
WQ(S) = 87
Wg(S) = 5,
W4<S) = 7,
3.1
W5<S) =

1.1s2 +7.6s + 6.8



Bapuant Ne55

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

Wy

@

[lepeaTounbie (DyHKINN CTPYKTYPHOI CXEMBI:

4
W p—

18) = 177805 798"
WQ(S) - 37
Wg(S) = 6,

45

Wils) =

(8) = 35
W5(8) = .

63



Bapuant Ne56

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

u(t) ® ® - W .

-

[lepeparounbie (DyHKINN CTPYKTYPHOI CXEMBbI:

Wi(s) =5,

Wh(s) = 2,

Wa(s) = 7s 2J;75.67
Wi(s) = 6738—3147
Wals) = 7 Z118.7'

64



Bapuant Ne57

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

|

Wy

X

&

[TepeaTounble (DyHKIINN CTPYKTYPHOM CXEMBI:

Wl(s)
Wa(s)

W4(S)

W5(8)

2,
3,

3.8

" 0.6s+3’

4.8

T 83s+03

7.3

T 07s+64°

65



BapuanT Ne58

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

W1 W4
u(?) L - 00 - y(t)
o

[TepeaTounbie (DyHKINN CTPYKTYPHOM CXEMBI:

9.4
M) =15 15
WQ(S) = 5,
Wg(S) = 7,
W4($) - 77
1.4
Ws(s) =

2.1s2+0.7s +6.1°

66



BapuanT N¢59

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

| -

X QWS Wi Qf J wy |40




BapuanT N260

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

Wy

u(L - ®

[lepeaTounbie (DyHKINN CTPYKTYPHOI CXEMBI:

Wl(S)
WQ(S)

W4(S)

W5(S)

6,
3,
3.3

T 445+ 7.9
6.5

" 5.6s+6.9
6.9

T 985+ 8

68



BapuanT Ne61

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

ul?) - e T

-

[lepeparounbie (DyHKINN CTPYKTYPHOI CXEMBbI:

(s) = 75
N T 515 +6.9’

9
Wals) = 53756
Wg(S) = 8,

6.4
Wils) = 555765
W5(8) = 4.

69



BapuanT Ne62

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

e
u(?)

— W Wy X X Wi

[TepeaTounble (DyHKIINN CTPYKTYPHOM CXEMBI:

0.3
Wils) = 375585
WQ(S) = 6,
W?)(S) = 37
W4($) = 4,
5
W5($) =

2.452 +78s +9.4



BapuanT N263

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

W1 W4

- ® - y(t)

.

[TepeaTounbie (DyHKINN CTPYKTYPHOM CXEMBI:

(s) = 0.5
N T 1 4s 00
7.7
Wals) = 5 o3
Wg(s) = 6,
6.1
W. —
i(s) = 5
W5(S) = 0.

71



BapuanT N264

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

| -

@QWSW4 QEJ

47
W p—

(%) = 337 7635 7 28"
WQ(S) - 47
Wg(S) = 3,

2.8

W p—

(s) =555
W5(S) = 5.




Bapuant N265

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

Wy

u(L - ®

[lepeaTounbie (DyHKINN CTPYKTYPHOI CXEMBI:

L6
X P,
2.2
Wals) = o= =571
WS(S) - 37
1.8
Wils) = — 2
(8) = 55 T8

73



BapuanT N266

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

"R

Wi Wy

L

[lepeparounbie (DyHKINN CTPYKTYPHOI CXEMBbI:

(s) 8.5
N 685 + 4.7
3.2
Wa(s) = —2
2s) = =%
Wg(S) == 2,
5.9
Wils) = 355163
W5(8) = 8.

74



BapuanT Ne67

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

e
u(?)

— W Wy X X Wi

[TepeaTounble (DyHKIINN CTPYKTYPHOM CXEMBI:

7
Wils) = s 66
WQ(S) = 3,
W?)(S) = 57
W4($) - 27
1
W5($) =

8.7+ 5.1s + 0.5



BapuanT N¢68

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

W1 W4

Wy ® Wiy

.

[TepeaTounbie (DyHKINN CTPYKTYPHOM CXEMBI:

7
W) =550
WQ(S) = 6,
W?)(S) - 47
W4(3) - 27
8.3
Ws(s) =

6.252 + 5.65 + 8

76



BapuanT N269

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

| -

X QWS Wi Qf J wy |40

[lepeparounbie (DyHKINN CTPYKTYPHOI CXEMBI:

Wl(s) - 57
WQ(S) = 6,
8.3
Wsls) = 535770
8
Wils) = =53
9
W5(S)

T 2925+ 7.2



BapuanT Ne70

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

Wy

@

[TepenaTounnie byHK

1N CTPYKTYPHON CXEMBbI:

9.2
Wils) = 51 T 195 772
WQ(S) - 37
Wg(S) =3

3.1
Wils) = 595 184
W5<S) = 2.

78



BapuanT Ne71

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

"R

-

Wi Wy

[lepeparounbie (DyHKINN CTPYKTYPHOI CXEMBbI:

7.8
Wils) = 5 700
W2(S) - 77
W3(S) - 47
W4(S) = 3,
6.4
Ws(s) =

0.6s2 +2.85 + 8.1

79



BapuanT Ne72

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

|

Wy

X

&

[TepeaTounble (DyHKIINN CTPYKTYPHOM CXEMBI:

5

80



BapuanT Ne73

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

W1 W4
u(?) L - 00 - y(t)
o

[TepeaTounbie (DyHKINN CTPYKTYPHOM CXEMBI:

7




BapuanT Ne74

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

| -

X QWS Wi Qf J wy |40

[lepeparounbie (DyHKINN CTPYKTYPHOI CXEMBI:

2.3
Wils) = 555745
WQ(S) = 27
Wg(S) = 6,
W4<S) = 8,
6
Ws(s) =

5.252 +4.25 +4.9



Bapuant Ne75

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

Wy

@

[TepenaTounnie byHK

1N CTPYKTYPHON CXEMBbI:

9.2
Wils) = 555 a8
WQ(S) = 4,
Wg(S) = 8,
W4($) = 5,
6.2
Wis(s) =

4.252 4245+ 4.3

83



Bapuant Ne76

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

ul?) - e T

-

[lepeparounbie (DyHKINN CTPYKTYPHOI CXEMBbI:

Wl(s) - 67
WQ(S) = 2,
46
Wsls) = 5 s 66
6.9
Wils) = 9o 7
9.9
Wis(s)

T 765+39



BapuanT Ne77

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

|

Wy

X

&

[TepeaTounble (DyHKIINN CTPYKTYPHOM CXEMBI:

Wl(s)
Wa(s)

W4(S)

W5(8)

6,
8,

0.9

T 245 +29

8.4

T 54s+29

1.9

T 635453

85



BapuanT Ne78

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

Wi

Wy

Wy X

.

[TepeaTounbie (DyHKINN CTPYKTYPHOM CXEMBI:

Wi(s) =8,
Ws(s) = 4,
Wils) = 5o
Wils) = o,
Ws(s) = 76%—%59

86



BapuanT Ne79

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

| -

@QWSW4 QEJ

5.6
M) = 9@ o1 187
WQ(S) - 77

Wg(S) = 2,

9.7
W p—
1(5) =505 725

W5(S) = 3.




BapuanT N80

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

Wy

@

[TepenaTounnie byHK

1N CTPYKTYPHON CXEMBbI:

8.5
Wils) = oo o
WQ(S) = 4,
Wg(S) = 8,
W4($) = 7,
3.3
Wis(s) =

79524+ 755+ 7.5

88



BapuanT Ne§81

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

"R

L

Wi Wy

[lepeparounbie (DyHKINN CTPYKTYPHOI CXEMBbI:

1.1
Wi(s) = 595 188’
WQ(S) = 57
W3($) - 67
W4(S> = 6,
0.9
Wis(s) =

1.6s2+5.4s +2

89



BapuanT Ne82

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

|

Wy

X

&

[TepeaTounble (DyHKIINN CTPYKTYPHOM CXEMBI:

=

5 F FF

(
(
(
(
(

S

S

S

S

S

)
)
)
)
)

8.3524+0.9s + 7.5

0.4
6,
8
3.4
9.85 + 5.7
7.

90



BapuanT Ne83

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

W1 W4
u(?) L - 00 - y(t)
o

[TepeaTounbie (DyHKINN CTPYKTYPHOM CXEMBI:

4.9




BapuanT Ne84

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

| -

X QWS Wi Qf J wy |40

[lepeparounbie (DyHKINN CTPYKTYPHOI CXEMBI:

6.6
Wils) = 575 5o1
WQ(S) = 27
Wg(S) = 6,
W4<S) = 5,
8.3
W5<S) =

5.252 4+ 545 + 5.8



BapuanT Ne85

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

Wy

@

[TepenaTounnie byHK

1N CTPYKTYPHON CXEMBbI:

5.5
W) = s 878 103"
WQ(S) = 7,
Wg(S) =2

4.4
Wils) = 31513
W5<S) = 5.

93



BapuanT Ne86

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

"R

L

Wi Wy

[lepeparounbie (DyHKINN CTPYKTYPHOI CXEMBbI:

6

W p—

18) = 597 7285 1 6°
WQ(S) - 47
W3(S) = 5,

2.8

W p—

s) = o567
W5($) =1.

94



BapuanT Ne87

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

|

Wy

W X

&

[TepeaTounble (DyHKIINN CTPYKTYPHOM CXEMBI:

Wl(s) = 4,
Wy(s) = 6,
3.2
Wsls) = 5575
3.1
0.8
Wsls) = 55037

95



BapuanT Ne88

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

Wi

Wy

u(?) - 00

.

[TepeaTounbie (DyHKINN CTPYKTYPHOM CXEMBI:

Wi(s) =4,
Ws(s) =8,
Wils) = 5o
Wio) = 55, v
Ws(s) = %

96



BapuanT Ne89

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

| -

X QWS Wi Qf J wy |40

[lepeparounbie (DyHKINN CTPYKTYPHOI CXEMBI:

3.8
Wils) = 37735
WQ(S) = 8,
Wg(S) = 8,
W4<S) = 2,
6
Ws(s) =

51s2+19s+ 7.6



BapuanT N290

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

Wy

u(L - ®

[lepeaTounbie (DyHKINN CTPYKTYPHOI CXEMBI:

Wi(s) =4,

Wh(s) =5,

Ws(s) = ﬁ,
3.8

Wi(s) = 685 132

Wils) = 1o s

98



BapuanT Ne91

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

"R

Wi

Wy

L

[lepeparounbie (DyHKINN CTPYKTYPHOI CXEMBbI:

3.3

99



BapuanT Ne92

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

|

Wy

X

&

[TepeaTounble (DyHKIINN CTPYKTYPHOM CXEMBI:

Wl(s)
Wa(s)

W4(S)

W5(8)

8,
8,

1.9

T 495+ 4.4

0.6

T 96s+65

4.8

T 91s+3.2

100



BapuanT Ne93

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

Wi

Wy

Wy X

.

[TepeaTounbie (DyHKINN CTPYKTYPHOM CXEMBI:

(s) = 5.6
N 025 +5.47
6.5
Wals) = T3 01
Wg(s) = 8,
8.8
Wils) = 15 1o
W5(S) =T.
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BapuanT Ne94

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

| -

o

|
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BapuanT N295

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

— W ®

Wy

[lepeaTounbie (DyHKINN CTPYKTYPHOI CXEMBI:

Wl(S)
WQ(S)

W4(S)

W5(S)

7,
8,

3.7

T 65498
3.6

T 135+25
4.9

T 525+ 8.7
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BapuanT N296

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

"R

Wi Wy

L

[lepeparounbie (DyHKINN CTPYKTYPHOI CXEMBbI:

Wi(s) =2,
Wh(s) = 2,
Wa(s) = 7.158f 6.5
Wals) = 0.630f 7.4
Wsls) = 55 1+ 45
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BapuanT Ne97

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

|

Wy

X

&

[TepeaTounble (DyHKIINN CTPYKTYPHOM CXEMBI:

Wl(s)
Wa(s)

W4(S)

W5(8)

5,
2,

3.9

T 95 +3.2

4

T 95s+4.4

7.9

T 885+ 78
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BapuanT Ne98

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

W1 W4
u(?) L - 00 - y(t)
o

[TepeaTounbie (DyHKINN CTPYKTYPHOM CXEMBI:

8.7
Wi(s) =
1(8) = 152 79,65 7 07

WQ(S) = 5,

W3(8) - 67

1.8
Wils) = o6
W5($) = 4.
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BapuanT N299

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

| -

X QWS Wi Qf J wy |40

[lepeparounbie (DyHKINN CTPYKTYPHOI CXEMBI:

7.2

W p—
1(8) = 995 7 025 1 0.7
WQ(S) =
Wg(S) = 4,
8.4
Wils) = o716
W5(S) = 0.
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BapuanT Ne100

CTpyKTypHas cxema JUHEHHON TUHAMIIEeCKONH CHCTEMBI:

u(t) l

W

X

W —@—@— "

-1 L=

[lepenaTounbie (DyHKINNT CTPYKTYPHOI CXEMBI:

3.6
W p—
18) = 0527635 13

WQ(S) - 77

Wg(S) = 7,

2.5

Wals) = 6.2s + 3.4’
W5(8) = 4.
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[Tpunoxxenue A

ITpumep BbIMOJHEHUS KOHTPOJIBHOI pPabOThI

B maHHOM NpUIOYKEHWN MPUBOJNTCA MPUMEDP BBIOJHEHNS KOHTPOJBHON pa-
6ornl. B mporiecce nHammcanns mpuMepa KOHTPOJIbHON pabOTHI JIJisl TPOBEIEHUS BCEX
BBIUNC/ICHUI 1CIIoIb30Basicss MaremaTudeckuit naker Matlab. Ckpunbl st 1npose-
JICHUS BBIYUCJIEHUIT MPUBOJATCA JUIIb YAaCTUYHO TaK KaK WX HallMCAHUE CUUTACTCS

JaCThIO CAaMOCTOATETLHON paboOThI CTYIEHTA.
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Jlonckoii zocyoapcmeeHnblil mexHu4uecKuil yHugepcumem
dakyabTeT «ABTOMATHU3AIUS, MEXaTPOHUKA U YIIPABJICHHE»

3aouHas popma oOydeHHS

Cryaenr Anpec

rpynna Mudp

(Homep 3auemnoii KHudcKu)
KonTpoabsHnas padora Nel
1o qucuurinae « TAY»

3a Kypc



1 BreiObop 3agannsa

Conepzkanue

2 CTpyKTypHbIe IpeoOpa3oBaHUd JUHENHOW JUHAMUYECKOil cucrembl 4

Vrs.

3 AHaJu3 yCTOMYMBOCTU CUCTEMBI 6
3.1 Amnayms ycroitunoctn no kpurepuio ['ypsura . 6
3.2  AHaau3 ycTOWYMBOCTU CHCTEMbl KOPDHEBBIM KPUTEPUEM 7
3.3 AHaau3 yCTOWYMBOCTU CHUCTEMbBI YaCTOTHBIM KpuTepueM Munxaiiiosa . 8
4 YacToTHBIE CBOICTBA CHCTEMbBI 10
4.1 YacroTHas nepejaTouHas OyHKIU 10
4.2 YacroTHble XapaKTEePUCTUKI 11
5 IlocTpoeHue 1nepexoHbIX ITPOIECCOB 15
BriBoabl 16
[13m] JTucr| N gokym. IHoam. | /ara
Paszpab. JIut. JIucr JIucros
IIpos. Yyseiiko | Y| 2 16
Konrpospuas pabora Nel 1o gucriuinimmHe
«TAY»
H. xonrp. ,ﬂFTy Kad?. AIIIl




1 Bnibop 3amanus

B coorBercTBUM ¢ aByMd rocaeanuMu mudpamu 3adetkn N = 100 Boibupaem

UHIMBUIyaJIbHOE 33 IaHKe JIJIsi KOHTPOJIbHO paborwl. Ha puc. 1 npejicrapieHa ncxo-

Hasl CTPYKTYpHasd cxeMa JMHENHON JUHAMUYIECKO CUCTEMBI.

u(t) l

W

X

W1 W4

T

W2 W5

Pucynok 1 — Ncxoanast cTpyKTypHas cxema

[TepeaTounble (pyHKINN:

2.5

15.03.04.10000000.000 KP

I13Mm| JIucT|  Ne qokxywm.

Ioamn.

Jlara

JIuct




2 CrpykTypHble IIpeocOpa3oBaHusd JIMHEIHOI

IMHAMUYECKOI CUCTEMbBI

Ucnosib3ys npasn/ia 9KBUBAJIEHTHOT'O MPeodpa3s0BaHus CTPYKTYPHBIX CXEM, OIIpet
JeJTM TIepelaToIHy 0 (byHKIUIO Beeii cucrembl (eM. puc. 1).
Ha nepsom sTarte npeodpasoBannii ceepaeM 3BeHbss Wi u Wy, BKIIOUEHHBIE TTApaJl-

Je6HO (eM. puc. 2). DKBUBaJEHTHAs MepegaToIHast OyHKIUS:

3.6
Wio =Wy + W, = 7 =
12 LW = e e 635 13

 3.5s%+44.1s +24.6
05824+ 6.35s+3

NS

,,,,,,,,,,,,,,,,,,,,,,,,,

Pucynoxk 2 — Ilepsblit sTarr npeobpazoBaHmii

Ha Bropom sTame mpeobOpazoBanuii umeem coejnnenne 3penbeB Wy u Wi B
cxeMy ¢ 06paTHO# OTPHUIATEIBHOMN CBSA3BIO (CM. pHUC. 3). DKBUBAJICHTHASI [IePEIATOTHAST

pyHKIMS onpejiesisieTcs 1o popMylie:

2.5
Wi = Wy _ 6.2s + 3.4
1+ Wy W5 14 2.5 -
6.25s + 3.4
~0.40323
s+ 2.1613"

JIuct

15.03.04.10000000.000 KP

I13Mm| JIucT|  Ne qokxywm. Iomm. | /ara
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Pucynok 3 — Bropoii sTan rnpeobpazoBanmii

Ha TpeTbem sTarne mpeobpaszoBaHuii MeeM MOC/IeI0BATETHLHOE COe/INHEHNe 3Be-
abeB Wio u Wys (em. puc. 4). DKBuBajieHTHAs TepeaTodHas (DYHKIIIs OMpPeIeIsieTcst

110 hopmyiie:

3.5 +44.1s +24.6  0.40323

Wiggs = Wig - Wi = ' -
1245 12 - Was 05s24+6.35s+3 s-+21613

1.4113s2 4+ 17.782s + 9.9194
0.553 + 7.3806s2 + 16.616s + 6.4839

Pucynok 4 — Tpernii stan npeodbpazoBaHmii

Ha geTBeprom 3Tarie npeodpasoBanmii mMeeM coeinHerne 38eHbeB Wigys 1 W3 B
cxeMy ¢ 0OpaTHOl OTPUIATEIBHOI CBsI3bI0 (CM. pHC. 5). DKBUBaJIEHTHAS [IePeIATOTHAST

dyukmmsa onpejesnsercs 1o popMmyiie:

1.4113s% 4+ 17.782s + 9.9194

Wiass _ 0.553 + 7.380652 + 16.616s + 6.4839
1+ Wiays - Wi ) 1.4113s% 4+ 17.782s + 9.9194

t 055% 1 7.380652 + 16.6165 + 6.4839

Wiasss =

_ 2.8226s + 35.5655 + 19.839
34 34.51952 + 282.18s + 151.84°

JIuct

15.03.04.10000000.000 KP

I13Mm| JIucT|  Ne qokxywm. Iomm. | /ara
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Pucynok 5 — HerBepthliil aTal mnpeodpasoBaHnii

B pesyibrare CTPYKTYPHBIX IPeoOpa30BaHmil SKBUBaJEHTHAas IepeJaToOuHas

dbyukust Beeit cucrembr W (s) pasha:

_ 2.82265% 4 35.5655 + 19.839
s34+ 34.51952 + 282.18s + 151.84

W (s)

st nanbHefimero ynobcTBa 3aluiineM 1mepeaTounyio (DyHKINIO CUCTEMBI B CJIETYIO-

ImeM BuJe: )
bQS + b18 + b()
Wi(s) = (1)

CL333 + a232 + a18 + ag

3 AHaJu3 yCTONYMBOCTU CUCTEMBbI
3.1 Amnajm3 ycroitunBocTu mo Kpurepuio I'ypBuiia
Beimmrem xapakTeprucTuaeckoe ypaBHeHue mnepeaatodnoit yukim (1):

D(s) = azs® + azs* + ays + ag (2)

[To xapakTepucTniecKkoMy ypaBHEHHIO COCTaBUM MaTpuitly I'ypBuna:

az ag 0 34.519 151.84 0
I'=1 a3 ag 0 | = 1 282.18 0
0 a2 ap 0 34.519 151.84

[To marpurne ['ypBuiia coctaBuM u HaiigeM IJaBHbIe onpeaeuTenn ['ypsura:

AT = |as| = [34.519] = 34.519 > 0

JIuct

15.03.04.10000000.000 KP

I13Mm| JIucT|  Ne qokxywm. Iomm. | /ara




34.519 151.84
AT, = | @ 9| = — 0589 > 0
as aq 1 282.18
ay ay 0 34519 151.84 0
ATs=|as ap 0 |=| 1 28218 0 |=1456E+06>0
0 ay ag 0 34519 151.84

Tak Kax a, = ag = 1 > 0, u Bce onpeyenuresnu I'ypsura 6osibie 0 To cucrema

ycToiiunBasd.

3.2 AHaJmu3 yCTOMYMBOCTU CUCTEMBbI KOPHEBBIM

KpuTepuem

ZLJIH TOT'O YTOOBLI BBIITOJIHUTD OLCHKY YCTOﬁqHBOCTH CHUCTEMDbI HGO6XO,HI/IMO BbI-
YUCJIUThL KOPHU XapPaKTEPUCTUYIECKOI'O YpaBHEHUA.

[TojcTaBuMm Unc/ieHHbIE 3HAUYEHUS B XapaKTEePUCTUUECKOe YpaBHEeHNe (2):
D(s) = s® 4+ 34.5195% + 282.18s + 151.84

Hiuxe npuBEA€CH JIUCTUHT ITPOIr'paMMbl BBIYUCJICHU A KOpHeﬁ XapaKTEPUCTUICCKOI'O ypaB-

HeHug B Matlab:

a = [1 34.519 282.18 151.84];

roots(a)

Haiinennble KopaN XapaKTepUCTHIECKOTO YPaBHEHN:
s1 = —22.015+0.0007; s2=—11.926 + 0.0007; s3 = —0.578 4 0.0005

Tak Kak JieficTBUTE/IbHbIE YaCTH BCeX KOPHEil XapaKTepUCTHIECKOTO IMOJTMHOMA,

CTpOro MeHblIe HyJid TO CUCTEMa yCTOﬁUII/IBaH.

JIuct

15.03.04.10000000.000 KP
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3.3 Amnaau3 ycToiiYuBOCTU CUCTEMBI YaCTOTHBIM

KputepueM MuxaiijioBa

BbITTOSTHUM OIEHKY YCTORYMBOCTH CHUCTEMbBI YACTOTHBIM KpuTepueM Munxaiiio-

Ba. JIJIs 9TOfI IIeJIN 3aIHIIeM XapaKTePUCTIHUCCKIIT TOIMHOM:!
3 2
D (s) = ags’ + ass” + ai1s + ag (3)

Beimosiaue hopMasibHYO MOJCTAHOBKY S = jw B MOJUHOM (3) MOJIyYNM XapaKTepl-

CTUYCCKUIA BEKTOD:

D (jw) :ag(jw)3+a2(jw)2+a1jw+ao:
9
j7=-1

= a353w? + asj%w? + a1jw + ag =

3

= —jaszw® — asw? + jaw + ag =

= (ap — aow?) + j (aw — azw?)

OxoHn4aTesbHO IMOJIYYINM:

D(jw) = X (W) +jY (w)

rie X W) = agp — CLQUJ2 - BEIIIeCTBEHHAAd YaCThb XapPaKTEPUCTNYECKOI'O BEKTOPA;,
0 )

Y (w) = a1w — azw® - MEIMast 9aCcTh XapaKTEePUCTHICCKOTO BEKTOPA.

C nomoripto ckpuiTa Jiid rmakera Matlab mpoussegem nocrpoenne kpuBoit Mu-

xaiiyioBa. JIucTunr ckpunra:

w = linspace (0,33.022,1000) ;

X = 151.84—(34.519%w."2) ;

Y = —(1xw."3) +282.18%w;

plot (X,Y)

xlabel ( "X(\ omega) ")

ylabel ("Y(\ omega) ")

text (X(end) ,Y(end) , ’\omega_—>_\infty ")
grid

Pesysiibrar paboThl porpaMMbl IIPUBEJIeH Ha puc. 6.

JIuct

15.03.04.10000000.000 KP
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—10000 -

FaLar )

—15000 ~

—20000 ~

—25000 ~

—5000 A

— ™ oo

AHamm3 KpuBOil MOKa3aJI, I9TO IIPH U3MEHEeHNN JacTOThl w oT 0 J10 00:

T T T T T T T
—35000 —30000 —25000 —20000 —15000 —10000 -5000 0

Xl{w)

Pucynok 6 — I'omorpad Muxaiiiosa

— KpuBagd MuxaiijoBa HadynHaeTCsl Ha II0JIOXKUTEJLHOI YacTH BellleCcTBEeHHOI

oCH;

— KpuBasg MuxaiijioBa 00XOIHUT 110 IOPSIIKY, IIPOTHB YacOBOM CTPEJIKHN 3 KBaJI-

paHTa;

— KpuBa:d MuxaiiioBa yXOoOoUuT B OECKOHEYHOCTD B 3-eM KBaJIpaHTeE.

13 IIEpE€IMCJIECHHDBIX BbIIIE TPEX yCﬂOBI/Iﬁ cJIeayerT, 4To CucreMa yCTOﬁ‘II/IBaH.

14k3Y

Jlucr

Ne moxywm.

Ioann.

Jlarta

15.03.04.10000000.000 KP

JIuct




4 YacTOoTHBIE CBOIICTBA CHUCTEMbI

4.1 YacrtorHas nepegaTodHasi (pyHKIINS

[Tostyanm gactorHyio GyHKIUIO cucteMbl (1), BBITOJHIB MOJCTAHOBKY § = jWw:

bg(jw)Q + bl(jw) + b()

W(jw) = : : , =
) = @) + as(jw)? + ar(jw) + ag
F=-1
bngwQ + bljw + b() j3=—j

asj3w3 + asj?w? + aijw + ag

—b2w2 + jblw + b()
jagw3 — asw? + jaiw + ag
(b() — bng) + jblw
(ap — asw?) + jlajw — asw?)
OKOHYATEILHO HOJTY IM:

Bi(w) + jBa(w)
Al (Cd) + ]AQ(W) ’

W(jw) =

rie: Bi(w) = by — bow?;
By (w) = byw;
A (w)

As(w) = aqw — azw?.

2

W) = apg — W=,

[lepeiijieM K 9acTOTHON TepeaTouHOi (DYHKINN 3allMCaHHONl B ajredbpaunde-
ckoit hopme:
Bi(w) +Bs(w) Ai(w) — jAs(w) _
Al(w) + ]AQ(W) 1(&)) — ]AQ((U)

Bi(w) A1 (w) + jA1 (w) Ba(w) = jAs(w) Bi(w) — j°Aa(w) Ba(w)
Aj(w)? + jA1(w) Az(w) — jA (W) Ag(w) — j2Az(w)?

_ (A1) Bi(w) + As(w)Bs(w)) + 7 (A1(w) Ba(w) — As(w) Bi(w))

Ay (w)? +A2( )2
_ AW)Bi(w) + Aw)Bi(w) | Aw)Br(w) = Aow) Bi(w)
Al( ) +A2(w) Al(w)2+A2(w)2

W(jw) =

A
A

JIuct

15.03.04.10000000.000 KP "
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Torma nojcrasus 3uavenns Aj(w), As(w), Bi(w) n By(w) B mociejHee Bbipa-

ZK€eHnue, OKoOH49aTeJIbHO ITIOJIYy9NM:

W(jw) = P(w) +7Q(w). (4)
Bemecrennas cocrapsirormast Y10 P(w):

(ap — asw?)(by — baw?) + (a1w — azw?)byw

P p—
) (ap — asw?)? + (1w — agw?)?

Munmast coctasisioras UIID Q(w):

<CL() — ang)blw — (alw — a3w3)(b0 — b2w2)

Qw) =

(apg — asw?)? + (ajw — azw?)?

4.2 YacToTHblEe XapaKTepPUCTUKN

HOCTpOI/IM JaCTOTHBIE XapaKTECPUCTUKN CHUCTEMbI, MCIIOJIb3YAd IIOJIYYECHHOE pPa-

ree Beipakerue (4) YIID B anrebpanteckoit popme.
a) BemecrBennast wacrornast xapakrepuctuka (BHX) onpenessiercs BerecTBeH-
Hoit cocrapJstonieil YD o Boipakenuio ().

6) Munmasi wacrorHast xapakrepuctuka (MYX) ompejessiercss MHUMOMN CO-

crapysomnieit YI1D o dopmyie (6).

B) AmiumrynHas dactoTHast Xapakrepucrtuka (AYX) moxker ObITH MOJTyUeHA

11O BbIPazKEHUIO:

= VP2 (w) + Q*(w). (7)

r) ®azosast yacroTHast xapakrepucruka (PYUYX) MozKeT ObITh MOJIYUeHA 10 CJie-

nytoreit popmyire:
P(w)

¢(w) = arctan

1) AmmnryiHo-asosast dactorHas xapakrepuctika (ADYX) mpejcrasisier

coboit romorpad Bekropa W (jw) npu usmeneHnn 9actorel w ot 0 10 00.

JIuct

15.03.04.10000000.000 KP
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Huke npuBeenbl rpadpKi 9acTOTHBIX XapaKTePUCTUK.

0.12

0.10 -

0.08 -

Relw)

0.06 -

0.04 1

0.02

0 10 20 30 40 50 60
w

Pucynok 7 — BermecTBennas 4yacToTHasi XapaKTepPUCTUKA

JIuct

15.03.04.10000000.000 KP
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0.00 1

—0.01 ~

—0.02 A

—0.03 4

I w)

—0.04

—0.05 A

—0.06 A

(==

Pucynok 8 — Munmas gacroTnas XxapakTepucTuKa

0.12 +

0.10 -

Alw)

0.08

0.06 -

0.04

Pucynox 9 — Amiury/iHast 9acToTHast XapaKTepPUCTUKA

(==

JIuct

15.03.04.10000000.000 KP

14k3Y

Jlucr

Ne moxywm.

Ioann.
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0.0 1

_'0‘.2 -

—0.4 4

—0.6 4

plw)

_08 .

_1.0 -

—1.2 1
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=
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o
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h
o

Pucynok 10 — ®azoBast yacToTHas XapaKTEePUCTUKA

0.00 1

—0.01 ~

—0.02 4

—0.03 ~

I w)

—0.04

—0.05 A

—0.06 A

Re(w)

Pucynok 11 — AMmmTyaHo-da3oBasi 9acTOTHAS XapaKTepUCTHKA

14k3Y

Jlucr

Ne moxywm. Ilonn. |ara

JIuct

15.03.04.10000000.000 KP
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5 IlocTpoenmne nmepexoaHBIX IIPOIECCOB

CTEMbBI Ha CTylleH4daToe BOS,B;eﬁCTBI/Ie n (S—I/IMHyJIbC.

1000) ;
35.565, 19.839],

t = linspace (0, 12.104,
Wsys = tf([2.8226,

151.84])
figure()

[1, 34.519,

step (Wsys, t);

(
)
t

plot (t,y
xlabel (’
grid

)5 ylabel('y(t)’)

figure ()

y = impulse (Wsys, t);
plot (t,y)
xlabel(’'t’); ylabel(’
grid

y(t)")

0.12

0.10 1

0.08 -

y(t)

0.06

0.04 1

0.02 1

0.00

Pucynok 12 — Peakmus Ha cTyneHdaToe BO3IEiCTBIE

J11s1 TIOCTPOEHMS TIePEXOHBIX XapaKTEePUCTUK ObLI KCIIOJb30BaH MPOrpaMM-

Hbiit naker Matlab. Huke npuBejieH JIMCTUHT CKPUIITa, JJIsi IOCTPOEHUS PeaKIunl CHh-

282.18,

[13m] JTuct| N mokywm. Ilonn. |ara

15.03.04.10000000.000 KP

JIuct
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2.5 4

2.0

ylt)

1.0 ~

0.5 1

0.0 1

Pucynok 13 — Peakiust cuctemMbl Ha 0-UMITYJIbC

BriBoabl

B pesysibrare 1npojeaaHHoil paboThl 0OCBOEHBI 0a30BbIe AJIIOPUTMbI PEIIeHNSs 3a-

a4 KJIaCCUYEeCKOI TEOPpHUN aBTOMaTHUYI€CKOI'O YIIpaBJICHNA. MGTO,HOM 9KBHBaJICHTHDBIX

1peobpazoBaHuil IOJIyUeHa IepegaTodHas (PYHKIMS UCCASyeMOil CHCTEMbI:

W (s)

2.82265% + 35.565s + 19.839

T+ 3451052 + 282.185 + 151.84

cjeayeMas CUCTeMa fABJISIeTCS YCTONINBOIL.

Mbl (eMm. puc. 7, 8,9, 10, 11) u nepexojubie xapakrepuctuku (cm. puc. 12, 13).

HpOBeﬂeHHblﬁ aHaJIn3 Hepe;:LaTquof/’I (bYHKU;I/II/I IIO3BOJINJI YCTaHOBUTDL, 9TO HC-

Taxke B XoJ/1e pabOThI OBLIN KCCJIe0BAHbl YaCTOTHBIE XapaKTePUCTUKU CHCTe-

14k3Y

Jlucr

Ne moxywm.

Ioann.

Jlarta

15.03.04.10000000.000 KP

JIuct

16




