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2. [lepeveHb BONPOCOB, MOJJIEKAIIUX pa3padoTke:
1. IIpousBectu nmpeodOpazoBanue cxembl CAY 1 HallTH nepeaTouHyI0 (PYHKIUIO
BCEH CXEMBI,
2. [ns BelneneHHoOro npenojaBareneM yyactka CAY HeoOxoaumo:
e Haiitu nepeaatounyo GyHKIIHUIO CUCTEMBI;
e [locTpouts aMIUIUTYAHYIO U (Pa30BYIO YACTOTHYIO XapaKTEPUCTHKHU;
e [loctpouts rogorpad u gaTh 3aKiar04eHHE 00 YCTONYMBOCTH CHCTEMBI 110
Kkputeputo Muxainosa unu MuxaiinoBa-HalikBucra;
e Ecnu cucrema HeycToitunBa, TO HEOOXOIUMO ONPEETUTH MapaMeTphbl, IPU
KOTOPBIX cucTeMa Oy/IeT YCTOMUNBA,
e [locTpouts nepexoHy0 GYHKIIUIO CUCTEMBI;
. BeiBozibI 110 pe3ynbpTaTaM aHaIA3a U PacuyETOB.

(O8]

Conepxanue padoOThI:

1. DxBUBaJNICHTHBIE TPEOOPa30BaHuUs CTPYKTYpHOU cxeMbl CAY;

2. Onpezienienne nepeaaTouyHon PyHKIIMU CXeMbl CI0KHOM ucxoaHo CAY;

3. Pacuér nepenatouHoil PyHKIIMU BbIIEIEHHOTO yyacTka cxeMbl CAY;

4. Tloctpoenne AUX, ®UX u JIAX BoieneHHOro yuyactka cxeMbl CAY;

5. IMocrpoenue ronorpada u onpenenenue ycronuuBoctu CAY;

6. ITocTpoenne PyHKITMU IEPEXOTHOTO MPOIIECCa CUCTEMBI;

7. 3axitroueHue.

PykoBoauTtens paboTsl: goil. 3yokoB A.C. < > 2009r.
JlaTta BeITauM 3aaHUS: << >> 2009r. Cpok cpaum: << >> 2009r.

3aaaHHe IMPHUHAI K UCIIOJTHCHHIO



3. Pacuemmnasa uacmo

3.1 IIpeoopazoBanue CAY n HAXOKICHHE NEPeaATOYHOH PYHKIIMN CHCTEMbBI
0 VIPABJSIONIEMY CUTHAJY (.

[TpuHrMaem Bo3Myiaroiee Boszaciicreue f=0
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3.1.1 IIpeoGpa3yem BcTpeuHo-napaenbHoe BmrodeHue Wy u W
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3.1.2 IIpeobpaszyem mocnenoBarenbHo BKItoueHne W 1 Wy!

W32 = Wal *W4

W ——9

Wi ——

1.1.3 IIpeobpasyem BcTpeuHo-napaiensHoe Bmouenne Wr, u We:

W, *W, W, *W,
W.. = W, _ W, *W, _ 1-W; *Woc _ 1-W, *Woe _
POLeW,, FW, T+HW, RW, * W 1y Wa W Wy LW, *Wog + W, *W, *W
1-W, *Woc 1-W, *Woc

—_ Wl *W4
1-W, *W, +W, *W, *W,

_>‘?—> Wz ———Pp Wy ——o—P

wi




1.1.4 TIpeoGpazyem nmocnenoBarenbHo BkitoueHue Wz u Wo:

W94 = W33 *Wz

I’

Wi —

1.1.5 TIIpeoGpa3yem BcTpeuHo-napaienbHoe BkirodeHue Wryu W3 u
HaiieM oOIyI0 IEpPeIaTOYHYI0 (PYHKIMIO SKBUBAJIEHTHON CXEMBbI C BBIXOHBIM
CUTHAJIOM (:

W, *W, *W,
_ W34 _ W33 *WZ _ l_Wl *WOC +W1 *W4 *WS
PTOL+W,, KW, 1+W,, KW, KW, W, *W, *W, *W,

1+

1-W, *Wye +W, *W, *W,

W, *W, *W,
1-W, *Wye +W, *W, *W, W, *W, *W,

T LW, FWoe W, FW, W WKW, W, FW, W, R W W, KW, FW + W, FW, *W, *W,
1-W, *W, o +W, *W, *W,

— > W ———p




3.2. IIpeoopaszoBanue CAY M HAXO0KIACHHE MepeIaTOUYHON HDVHKIINU CHCTEMbI
0T BO3MYVIIAKOIIEro Bo3aeiicreu f.

[Tpuaumaem g=0.

f
O N ¢ y
—» w2 g P ‘ o w Wi —e—p

L Woc

w5 —e

ws

1.2.1 TIpeoOpazyem BcTpeuHo-niapaviensHoe Britouenue Wy u Woc:

_ Wl
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1.2.2 TIpeoGpa3zyem nocnenoBatenbHo BKIoueHne Wy 1 Wy!

W32 = Wal *W4

—{ v [ g e » e

ws | ———e

1.2.3 Tlpeobpazyem BcTpeuHo-niapauiesibHoe BKitoueHne W, u Whs:

Wl *WA Wl *WA
_ W32 _ W31 *W4 _ 1_W1 *Woc _ 1_W1 *Woc _
23 1+W32 *WS 1+W31 *W4 *WS 1+ W1 *W4 *WS 1_W1 *WOC +W1 *W4 *W5
1-W; *Wqe 1-W; *Wee

— Wl *W4
1-W, *W. +W, *W, *W,

w3 (g




1.2.4 Tlpeo6pasyem nocnenoBarenabHo BkitoueHue Wi u Wo:

Wy, = W, *W,

f |
B ,
(X wyy —— o »

W34 ‘—

1.2.5 [TIlpeobpaszyem BcTpeuHo-niapaivienbHoe BiItoueHue Wo, u Whs u
HaiijileM OOIyI0 MepelaTOuHyI0 (PYHKIIMIO IKBUBAJICHTHOW CXEMBI C BBIXOJIHBIM

curaaiaowm T

W, *W,
W... = W33 — 1-W, *Woe +W, *W, *W, —
> 1-Wy, *W,, _ W, *W, *W, *W,

LW, *W, . +W, *W, *W,

Wl *W4
~ 1—W, *W, . +W, *W, *W, ~ W, *W,
1-W, *Wge +W, *Wg —W, *W, *W, *W, — 1-W, *W_, +W, *W, *W, —W, *W, *W, *W,
1—W, *W, . +W, *W, *W,

f
—p ws 5
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3.3 HaxoxxaeHue oomiei nepeaaroyHod GyHKIMU M0 VIIPABJSIOIEMY W
BO3MYIIAIOIIEMY BO3/1eHCTBHIO:

Ha ocHoBe IMPpUHIHAIIA CYIICPIIO3UITNHU (T.K. CHUCTCMaA aBTOMAaTHYCCKasi HHHeﬁHaﬂ).
3aKoH PETYIINPOBAHUA aBTOMaTI/IBI/IpOBaHHOﬁ CHUCTCMBbI UMCCT BH

Y = g*Wo6m(g) +f* o611 (f)

W, =W, *W,
LW, AW+ W 2 W, 2 W+ W, =W, =W, *W,
W, *W,
1—W, *W . +W, *W, *W, —W, *W, *W, *W,

Y=g

+f-

4. UccaenoBanue CAY HA VCTOMYHUBOCTL M MOCTPOCHUE XAPAKTEPUCTHK

Cxema HJIL UCCIICAOBAHUA, YKa3aHHAsA ITPCIIOAABATCIICM

Ws wa  —Pp

Woc

4.1. llepenaTounas GyHKuus:

W, -W,
1+W, -W

oc

W (p) =

11



[ToncraBum 3HaueHus nepeaatounbix GyHkuut Ws u W,

( Ko j( T1p ] ( Ko'Tlp j
A\ Tp+1)\T,p+1 _ (Mp+Y-(T,p+1) _ K, T,p . T,p+1 _
1] Ko |4 (Mp+)+K, (lp+D)-(Tp+1) (Tip+1)+K,
T,p+1 (T,p+1)
Ko'Tlp

T TP+ ((Tp+1)+K,)

Tenepb noacraBum uncieHHbie 3HaueHus Ko =17, T, =0.0034 cek m T, =0,0117

W (p) = K, T,p B 17-0,0034 - p B
T,p+1)-(T,p+D)+K,) (00117 p+1)-((0,0034- p+1)+17)
0,0578- p

~ 0,00003978- p? +0,214p +18

4.2 UccaeaoBaHue CHCTEMbI HA VCTOMYMBOCTH MO0 Kputepuio Muxaiijiosa.

Kpumepuii __Muxaiinosa: JUisi YCTOWYUBOCTH CHUCTEMbl HEOOXOIMMO U
JIOCTATOYHO, YTOOBI €€ XapaKTePUCTUISCKUI BEKTOp MPH U3MEHEHNH 4acTOThI OoT 0 10
+00MIOBEPHYJICS. B TOJIOKUTEIHHOM HAampaBlieHUU (TPOTUB YacCOBOM CTPENKH),
HayWHas C TMOJIOKUTEIHHON BEIIECTBEHHOM OCH Ha YHCIO KBAJpPaHTOB, PaBHOE
MOPSIAKY XapaKTEPUCTUUECKOTO YPABHEHHUSI.

XapaKTEPUCTUYECKUIM BEKTOP MOJIy4YarOT IyTEM ITOJACTAHOBKU B BBIPAKECHHUE IS
XapaKTEPUCTUYECKOT0 OJIMHOMA
D(p) = Cp - p™ +Cpog -p* 7 +-Cpp+Cp

3naveHust F=1%., Torma XapakTEpUCTHYECKHH BEKTOP MPEACTABIACTCS

KOMIUIEKCHOM BEJIMYMHOM, ONPEIEIIEMON KakK:
D(j®) = U(w)+ jV(w),
rae
Tiw) = Cy— Cyo + Qb+ Qo —
V() = o x|C - Co* +Co -]

Eciu 3a71aBaThCs Pa3MUHBIMK 3HAYCHHUSAMH @ ¥ OTKIAAbIBATh 3HAYEHHS Ul®) M0

TOPU30HTAIBHOM, a V[m)— 10 BEPTUKAJIILHOW OCSIM JAEKApPTOBOM CUCTEMBI KOOpPJIMHAT,

TO OyJIeT MoyueHa KpuBasi, Ha3biBaeMas rojorpadoMm Muxaiiiona.
s yeroitunBoctrt CAY HE00X0IUMO BBITIOJTHEHNE YCIOBUS BUIA:

12



A arg D(jm}:ng.

com (=1

I[J'I)I BBIBOJIa 3TOI'0 YTBCPIKACHUA IPEACTABUM XapaKTepI/ICTI/I‘—IeCKI/Iﬁ IIOJIMHOM B

BUJIE
Dip)=lp-p1) p—p2) . (p—Pn),

TZie pi— KOPHH XapaKTEepUCTUIECKOTO ypaBHEHns Dip)= 0.

Ha xoMmuiekCcHOM IUIOCKOCTHM KaXJI0My KOPHIO COOTBETCTBYET ONPEAECIEHHAS
touka. ITojcTaBuB P = 1%, mory4aeM

D(j@)=(jo—p1) Go—-pz) - (j@—pn).

Kaxxiplii BEKTOp |j® —pj )MOXKeET OBITh NPEICTABICH B BHUJE BEKTOpa, HAYAJIO
KOTOPOTIO JIEKHUT B TOUKE, ONPEACIISIONIEN KOPEHD Fja KOHEIL] JIEKUT HA MHUMOM OCH.
CnenoBarenbHo, D(j®)MOXHO TpeACTaBUTh CyMMAapHBIM BEKTOPOM, PaBHBIM
MIPOU3BEICHUIO DJIEMEHTAPHBIX BEKTOPOB. MOIyJIb CyMMapHOTO BEKTOpa OyAeT paBeH
MIPOU3BEICHUIO MOJYJIEH OTAEIBHBIX BEKTOPOB, a (pa3za — cymme ¢a3 3TUX BEKTOPOB.
[Ipy w3MeHEeHHWH YacTOThl KOHEI] Ka)XJOoro BeKTopa OyleT IepeMelarbcsi BIOJIb
MHUMOM ocH. [Ipy u3MEHEHHM 4YacTOThl OT — %270 02 KaXIbli COCTAaBIISIIOIIUN
BEKTOpP, HAYAJIO KOTOPOTO JIEKUT HA BEIIECTBEHHOM OCH, IOBEPHETCA HA YTOJ,
pPaBHBIN T, €CJIM €r0 HAYajo JIEKUT B JIEBOM MOJYIJIOCKOCTH, U PABHBIN — T, €CIIH €TO
HayaJio JISKUT B MPaBOil MOMyIIockocTu. Kaxaas mapa KOMIUIEKCHO-COMPSIAKEHHBIX
KOpPHEHN — COOTBETCTBEHHO HA Yroj + 7,

Ecnmn  xapakTtepucTM4ecKO€ yYpaBHEHHME HMMEET M KOPHEM B  MpPaBOU
MOJTYTUTIOCKOCTH, TO B JICBOM TMOJYIDIOCKOCTH YHCIIO ATUX KOpHEH OyaeT paBHO n-M.
[Ipy wu3MEeHEHWM dYacTOTBl OT ~— 70 +¢ CyMMapHBIM YroJl MOBOPOTA BEKTOpPA
XapaKTEPUCTUUECKOTO MOJIMHOMA ONPEAETAETCS KaK

argl[Dl[jcﬂ:ljl = —m:ﬂ:+[n — m:hT: [n — Em:l:n:.

Jns ycroitunBoctd CAY HEoOXOAUMO M JOCTaTOYHO, 4YTOOBI BCE KOPHHU
XapaKTePUCTHUCCKOTO YPAaBHCHUS JICKAIH B JICBOH MOJYIIOCKOCTH, TO €CTh YTOOBI
m = 0. Takum 00pa3oM, eciu BEKTOp XapaKTEPHUCTUUYCCKOTO IMOJMHOMA 3aMKHYTOM
CAY nopsaka "n" mnpu  M3MEHEHHUHM 4YacTOThI OT ~% 70 +00 ONKCHIBACT B
MOJIOKUTEIILHOM HAaIpaBJICHUU yroa nf, TO Takas CHUCTEMa PEryJIUpOBaHUS OyIeT
ycroitunBa. B mpotuBHoM ciyuae CAY Oyner HeycToiuuBa.

Vioy 4 Vio) 4

n=2 0=l

/\ :(w) P U(a)

n=3 / n=4
n=3 /
F Y
WorofuMERle CAY Heyeorofuuean CAY

B Hamewm cinyuae:

D(p)=(T,p+D-((T,p+1) +K,) =(0,0117 p+1) - (0,0034 p +18)

13



[ToxcraBuM BMECTO P I'( ¥ BBIJICJIMM BEIICCTBCHHYIO 1 MHUMYIO YacTh:
. . 2
D(i - @) = (0,0214-i - ) + (18— 0,00003978 - v?)
Tenepb Oynem 3a/1aBaThCs Pa3IMUHBIMUA 3HAYEHUSIMU ® U 110 TOYKAM CTPOUTH
KPUBYIO Ha KOMIUICKCHOM IJIOCKOCTH, OHA U OyJieT KpuBoi MuxaiinoBa.

1x10%
2001
6003
Ira(D{ 1 w))

40

20

- 200 - 600 - 400 -200 0 200
Re(D(1i-w))

Uccnenys ronorpad MuxaiiinoBa, IpUXouM K BBIBOJY, YTO rojorpad mpu
n3MeHeHnH ® oT 0 10 +% | MpoXOoauT 2 KBaJApaHTa U HE MPOXOAUT Yepe3 HAYaIo
KOOpAUHAT, cienoBatenbHo CAY ycroiiuuBas.

4.3 IlocTpoeHNe AMIINTYAHO-YACTOTHOMH XaPaAKTePHUCTHKM.

[To onpenenennto AUX - 3T0 MOy b YaCTOTHOM MepeaTOUHON (HYHKIIUH.

K,-T,p 0,0578p

W - =
(P) T,p+D)-((T,p+1)+K,) 0,00003978p’ +0,214p+18

3aMeHuM P Ha «iO»:

W (io) = Ko T, 1 @ _
(M 1o+ (T, 1-0+1) + K,)
Ko T, 1-@

= 2 - - -
-T, T, o +T, - 1ro+T - 1-0o+1+ K, - T, - 1- o+ K,
HOI[CTaBI/IM YHUCJICHHBIC 3HAYCHU A .

Wi o) = 0.0578-i- @
~0.00003978  * +0.0214 i - +18

Haxonum moayne ot W(i ®):

14



_ J(0.0578.i- o)
J(£0.00003978-  +18)” +(0.214 i - )’

A(w)

B MathCAD omnpenensem AUX:

A((o) = |W(I(x))|

AMIUIMTYAHO-4aCTOTHAs XapaKTepucTuka uccienyemoin CAY
® :=-1,05..9000!

03 1 I I T T

0.2r =

Alw)

0.1F -

U | | | |
- 210t 0 x10* ax10* 6x10* ax10* 1x10°

4.4 IlocTtpoenue $ha30B0O-4aACTOTHOH XaPAKTEPUCTHKM.

®a30B0O-4aCTOTHASI XapaKTEPUCTUKA — ATO aPTyMEHT YaCTOTHOM MepeIaTOuHOMI
GbyHKUIMU (TTO ONIPEAETIEHUIO)

[Tycth W(la)) =Re W(la)) +iIm W(la)) , TOTZIa
: ImW (iw)
D(w) =argW =arcty| ——————~
(w) =argW (iw) g[ ReW (ia))j
0.0578-i-w

0.214-i-»—0.00003978-i- " +18
15

W(i-w)=




I[OMHO)KI/IM M pa3JCJIMM Ha KOMIIJICKCHOEC CONPsDKCHHOC 3HAMCHATEIIIO, ITOJTYYHM.

| 0.0578-iw-|(18—0.00003978i0?) —0,214i - 0| _
|(18-0.00003978i?) +0.0214i - | (18 —0.00003978 - iw?) — 0,214i - o |
_ 1.0404-iw—0,000002299284 -i%w° —0,0123692i% - *
- (18—0.00003978-iw?)? — (0.2148i - )’
1.0404 i+ 0,000002299284 - ° +0,0123692 - °
324+0,00003978- »* +0.000039782 - * +0,045796»°
_ 1.0404-iw+0,000002299284° +0,01236920°
~0.00003978%" +0,04583578- w® +324

_0,000002299284%° +0,0123692° N 1.04040 i
0.00003978% " +0,04583578- w* +324 | 0.00003978° w* +0,04583578- »° + 324

W(i-o)=

1,0404 }

D(w) = arctg . 5
0,000002299284w" + 0,0123692w

PaccuntbiBacm P(®) ¢ momonisio MathCAD u crpoum rpadux dhazoso-
JaCTOTHOM XapaKTEPUCTUKHU:

f,?,ﬁco) :=atan (M)

Re(W(i-w))

da30BO-4aCTOTHAS XapakTepucTrka uccieayemon CAY
»=-3000..3000

T
1

ﬁo

—4x10° - 210° 0 2x10° 4x10°



4.5.ITocTtpoenuie GVHKIINU MePEeX0THOr0 Mpoiecca.

J171st moCcTpoeHMsI MEPEXOITHON XapaKTEPUCTUKHU CUCTEMbI OYyJIeM HCIIO0Ib30BaTh
TEOpEeMY Pa3I0KEHUS.

[Tycts uckomas dyuxius Y(t)=h(t) mo Kapcony-XeBucaiiny umeer uzoopaxeHue:

y(P) = B(P) b,-P"+b-P"™ +..+b,,-P"+b,
A(P) a,-P"+a -P"+..+a, ,-P"+a

Ine a,-P"+a,-P"" +..+a,,-P" +a,=0 — xapakTepiCTHIECKOE YPaBHEHUE.

3n1eck m<n Bceraa, a XapaKTEpUCTUUYECKOE YPABHEHUE HE UMEET HYJIEBBIX U
KpaTHBIX KOPHEH, TOTJa COIVIACHO TEOPEME PA3IIOKEHHMSL:

y =22,y > ?(AF.)k()Pk) g™

I'me Py — KOpHU XapaKTEPUCTUYCCKOTO YPABHCHHUS.

Haiinem y(t) CAY nipu Bo3IeHCTBUSAX SIMHUYHOTO CKadKa BXoaHOTro curHana l(t) u
HYJICBBIX HAYaJIbHBIX YCIOBHSIX:

W(P) = 0,05278P

0,00003978P“ +0,214P +18

Haiisiem KOpHH XapakTeprcTiaeckoro ypasuenms: 0,00003978p* +0,214p+18=0
C momompto MathCAD ver.13.0

3~-1
P =-854-10°C
3.1
P, =-2,6-10%C
Tak kak HyJIEBBIX U KPAaTHBIX KOPHEN HET , TO JJTAHHBIM METOJI MOYKHO
HCIOJIb30BAaTh.

Hcnonp3yem TeopeMy pas3iioKeHUsI.
Paznenum yucnurens u 3aamenarens Ha 0,00003978, momyuum:

17



0,0578P B 1453P
0,00003978P* +0,214P +18 P?*+5379P + 452488

y(t) =W(P)=

B(P) =1453p

A(P) = P? +5379P + 452488
A'(P) = 2P +5379

B(0) =0

A(0) = 452488

B(R)

Brranciaum OTACJIIBHO OTHOIIICHUA: Pk . Al (Pk) Ipu
P =-854-10%" P, =-2,6-10°c

CornacHo TeopeMe pa3iioKeHUs TOTYUUM:

1453PR,
£) = K LRt

[MoacraBnsem BMecTo PK 3HaUeHUS] KOPHEH XapaKTEPUCTHUCCKOTO YPaBHCHHS.

[Tomyuaem:
y(’[) _ 1453 * (_8540) e_854(1 n 1453 ° (_2600) e_260(1 ) I(t) _
— 8540 - [2(-8540) + 5379] — 2600 -[2(~2600) + 5379]

_[ 12408620 _ ssua  (~3777800) 00 1) = et 4]
— 12408620 — 3777800

h(t) = y(t) = [_ o 8540 e—26001].| (t)

[To OTHOCHTENBHBIM ClIaTaeMbIM CTPOUM TpauK MEPEXOTHON XapaKTEPUCTHKU
CUCTEMbI aBTOMAaTUYECKOTO PETYJINPOBAHMUS:
Jlnst moctpoenus ucnonszyem MathCAD ver.13.0
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MNepexoaHas XxapakTepucTuka uccnegyemon CAY
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Hauanvnoe 3nauenue nepexoIHON XapaKTEPUCTUKH:

h,=limh(t) =0
t—0
Yemanosusweecs 3nauenue HCpCXOI[HOfI XapPaKTCPUCTHUKHU

h.=limh(t) =0

t—ow

BbiBOj:

Hcenenyss cucremMy aBTOMAaTHMYECKOIO YIIPABJICHMS Ha YCTOMYUBOCTH I10
KpuTepuio MuxaiiioBa, NPUXOIUM K BBIBOIY, 4YTO Tojorpad MuxaiinoBa
HAYMHAETCS HAa BEIIECTBEHHONW oOcU B TOouyke ¢ koopauHaramu (0, 5) mnpu
u3MeHeHn ® oT 0 1o +%, mpoXOOUT MOCIENOBATENBHO 2 KBAaJpPaHTA MPOTUB
4acOBOM CTpPEJIKH, HE 00paliaeTcs B HYJIb U CTPEMUTCS K T B0 2 KBaJpaHTeE.
CremoBaresibHO, Ha OCHOBE BBIIIEU3IIOKEHHOTO, MOXEM CHIEJIaThb BBIBOJ, YTO
uccienyeMas CUCTeMa aBTOMAaTUYECKOTo yIpaBieHus OyAeT YCTONYMBOM.
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