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2. TOITIOJIOTUYECKUE TTPEOEPA30OBAHUS CTPYKTYPHOM CXEMBI CAY

2.1. TeopeTnueckue cBeaeHHs

B HekoTopbIX ciydasx s YNPOIIEHMs 3a/adyd COCTaBlieHUs AuQdepeHu-
aJbHBIX YPaBHEHNUW JUHAMUKU CUCTEMBI U UCCIEAOBAHUA €€ TNHAMUYECKUX CBOMCTB
MOYXHO BOCIIOJIb30BaThCs IMPEACTABICHUEM CHUCTEMBI B BUAEC CTPYKTYPHOM CXEMBI,
COCTOSIIIEH W3 JTUHAMHYECKHX 3BEHBEB C THUIIOBBIMM IE€PENATOUHBIMH (PYHKIMSIMH,
COOTBETCTBYIOIIUX OTIEIbHBIM (PYHKIIMOHAIBHBIM yCTpoiicTBaM peasnibHO CAY.
YtoOBl MPOBOJAUTH AAJIBHEHUIIINE PACUEThl JTUHAMUYECKUX XapPAKTEPUCTUK CHUCTEMBI,
€€ UCXOHYIO MOJIEIb, PEICTABICHHYIO CTPYKTYPHOM CXEMOM, CIEYET IPEACTABUTH
B yIOOHOM BHJI€, COOTBETCTBEHHO BO3HHMKAET 3aJlaya MpeoO0pa3oBaHusl CTPYKTYPHOM
cxembl CAY.

B nro60ii cxeme CAY Bceraga MOKHO BBIIEIUTH CIEAYIOIINE OCHOBHBIE AJIEMEH-
ThI: OJITHOMEPHOE THHAMHYECKOE 3B€HO, y3€ (pa3BETBIEHUE), CYMMATOP U YCTPOMCT-
BO cpaBHeHHUs (Tabia. 3). bonee ciio)kHbIe KOHCTPYKLNHU, UMEIOLINE MECTO B YACTHBIX
Clly4asiX MOJEIUPOBAHUS OTACJIbHBIX BUJIOB CHUCTEM, MOTYT OBITh MPEACTABICHBI C
MOMOIIIBIO ONPEEICHHOW KOMOMHAIIMK YKa3aHHbBIX 0a30BBIX eMeHTOB. [Ipunimmnu-
aJIbHOM Pa3HUIBI MEXIY CYMMATOPOM M YCTPOWCTBOM CPaBHEHMS HET, OTJIUYHUE 3a-
KITFOYAETCs TOJIKO B 3HaKE apu(METHUECKON Orepaluy, MpUMEHsIEMO K CUTHAJIaM.
TeM He MeHee y yCTpOMCTBA CpaBHEHHUs IOMHUMO BXOJOB, CUTHAJIBI HA KOTOPBIX BbI-

YUTAKOTCA, KaK IMPaBujio, CYmEeCTBYCT eI[I/IHCTBCHHI:Jﬁ BXOA, B KOTOpBIﬁ chUrbaal mmoaa-



€TCS CO 3HAaKOM III0C. IMEHHO ¢ ATUM CHTHAJIOM IMPOU3BOAUTCA CPABHCHUC OCTAJIb-
HBIX, PpAaCIIOJaracTcCAa 3TOT BXO/ Ha OIIHOﬁ JIJMHHUH C BBIXOAO0OM YCTpOﬁCTBa CPpaBHCHMUAI.
v CyMMaTopa B CBOIO OUCPCAb BCC CUT'HAJIbI CKJIAAbIBAIOTCA.

TabOnuma 3

ba3oBeie 31€MeHTHI CTPYKTYypHOU cxembl CAY

Hazpanue snemeHTa

O0o3HauecHKE HA cXEME

CsBoiicTBa

OnHomepHoe
TUHAMHYECKOE 3BEHO

VY3en (pa3BeTBIICHUE)
Cymmarop

Y CTpOUCTBO CpaBHEHUS

X Xy

IXz
i Y
i Y

Y(s) = W(s)X(s)
X(8) = Xa(8) = Xa(s)
Z(s) = X(s) + Y(s)

Z(s) = X(s) - Y(s)

[Ipu penieHny JaHHOTO BUJA 3a/1a4 UCXOJHYIO CTPYKTYPHYIO CXEMY CTPEMSITCS
MPUBECTU K TUMIOBOMY BUIY (pHUC. D): B BUEC €IUHCTBEHHOTO JUHAMUYECKOTO 3BEHA
(mnst cmyyasi uccleJoBaHusl Pa30MKHYTOM CHUCTEMBI) JTUOO B BUJEC CXEMbI C €UHUY-
HOM (PKECTKOM) OTpUIIATeIbHOW 0OpaTHOW CBA3BIO (Ui Cilyyas aHajdu3a 3aMKHYTOU
CUCTEMBI).

e o we o

a 0

Puc. 5. Tunosas cTpykTypHas cxema JMHEIHOM
Pa30MKHYTOH (a) 1 3aMKHYTOMU (0) CHUCTEMBI

Pas3muyaroT TpU OCHOBHBIX BUA COCIUHCHHS JMHAMHUYCCKUX 3BEHBEB (puc. 6):
MOCJIEIOBATENBHOE, MTapAJUIEIIBHOE COTJIACHOE U MapajuielibHOE BCTpeuHoe. Kaxnoe
W3 YKa3aHHBIX COCIMHEHUN MOYKHO 3aMEHHUTH OJTHUM JIMHAMHUYECKUM 3BEHOM C Iepe-
JATOYHOM (yHKITMEH, onpeessieMoit 1o ¢hopmyrie:

JUIS1 IOCJIEN0OBATENBHOTO COEAUHEHNS —

W(s) =W, (s)W,(s); (27)



AJI TapalJICJIbHOTO COrjIaCHOIO COCAUHCHUA —
W (s) =W, (S) £W,(S); (28)

AJI1 1apalJICJIbHOTO BCTPEIHOI'O COCAMHCHUA —

W(s)=— ) (29)
1FW, ()W, (s)
Wi(s) [ +/- Q- wils)
[ Wa(s) o[ Wats) [ +-
Wo(s) [+~ Wa(s)
a o B

Puc. 6. Bunsl coequnenus 3seHbeB CAY: nmocnenoBarenbHoe (a);
napa’suiesibHble corjacHoe (0) U BcTpeuHoe (B)

B dopmyite (28) 3Hak kakaoi nepenaTouHol (GYHKIIMK BBIOMPAIOT B COOTBETCT-
BUU CO 3HAKOM apu(PMETHUECKON omeparyu, MPUMEHsIeMON K CUTHAITY, UIYIIEMY OT
3BEHA C JIaHHOM mnepeaaroyHoi ¢pyHkuueit. B popmyne (29), Hao60poT, 3HaK «—» OT-
HOCHUTCA K MOJOXUTENbHOM 00paTHOU cBsizu (ITIOC), a 3HAK «+» — K OTpULIATEIbHON
(O0C). CnenyeT OTMETUTD, UTO JI000E MapaIJIEIbHOE COSMHEHNE 3BEHhEB BKIIFOYA-
€T B ce0s He TOJIbKO TMHAMHYECKHUE 3BCHBS, HO TAKXKE Y3 U CyMMAaTop (YCTPOHCTBO
CpaBHEHUS), T. €. MOCJIE 3aMEHbI BCETO COCAMHEHUS OJHUM JUHAMUYECKUM 3BEHOM
yKa3aHHBIEC 2JIEMEHTHI CBSI3M HEOOXOIMMO YOpaTh U3 CXEMBI.

B Hauane pemieHus 3a1a4yu 0 BO3MOKHOCTH HEOOXOJIMMO BBIICIUTH B CXEME
NPOCTEUIIME BHIbI COeAMHEHUS (pUc. 6) M 3aMCHHUTDH KaKI0€ U3 HUX OJHUM 3BCHOM,
paccunTaB MX TepenaTouyHbie GyHKIMH Mo Gopmyrnam (27) — (29). lanee cinemyer
MPUMEHUTH MpocTeiine npaswia 1 — 3, npuBeaeHHble B Tabn. 4. CBOMCTBO mepe-
CTaHOBKH JIMHUH CBS3M 3aKIIOYACTCs] B TOM, YTO B MpeEJIesiax OJJHOTO y3Jia CUTHAI OC-
TaeTCAd OJWHAKOBBIM HE3aBHCHMO OT KOJIMYECTBa OTBeTBJIeHUM (mpaBmiio 1). Ilepe-
CTaHOBKAa CYMMAaTOpPOB WJIM YCTPOMCTB CPAaBHEHHS HE BBHI3BIBACT MOSBJICHUS B CXEME
HOBBIX DJJIEMEHTOB, TIOCKOJIbKY Ha JAaHHBIX YCTPOWCTBAX BBIMOJHSIIOTCS TOJBKO
apu(pMETHICCKHE Olepallii C CHTHAjJaMH, a OHU IOAYUHSIOTCS KOMMYTaTHBHOMY
3aKOHY CJIOKCHUS (IIepecTaHOBKA ClaraeMbIX HE MEHSET CyMMBI). TpeThe MpaBHiIo
MO3BOJISIET Pa3/CINTh KaHAJbI Mepeadl CUTHANIA, €CJTM OHM MUMEIOT OOIIMA CyMMa-

TOp HUIIN YCTpOﬁCTBO CpaBHCHUAI. I[JI}I 9TOTI0 HCO6XOI[I/IMO COCTaBUTD BBIPAKCHUC IJIA



BbBIXOJa 06H_IGI‘O YCTpOﬁCTBa, a 3aTCM PACKpPLBITh B HEM CKOOKH C COOTBCTCTBYIOIIMMU

3HaKaMH (IUCTPpUOYTHUBHBIM 3aKOH CIIOKEHUSA).

Taonuna 4

[IpaBuna mpeobpazoBanus (parMeHTOB CTPYKTYpHOU cxembl CAY

npa-

Howmep

BHJIa

Ha3zBanue
npeodpaszo-
BaHUs

Cxema

UCXOTHas

npeoOpa3oBaHHas

COOTHOILIEHUS

ITepemena
MECT JIMHUA
CBSI3U

Wi(s) [

Wy(s)

Y

Y

Wi(s)

W3(s)

Y =Wi(s) X;
Z = Way(s) Y

ITepecra-
HOBKA CyMMa-
TOpOB

V=X-Y+/Z
V=X+7Z-Y

[Tepectpoii-
Ka CXEMBbI
CYMMAaTOpOB

V=

—(Y+2);
-Y-Z

Ilepenoc
JIMHWY CBSI3U
10 3BEHa

W(s)

Y = W(s) X

ITepenoc
JIMHUM CBSI3U
3a 3B€HO

Y

W(s)

W(s)

W(s)

Y =W(s) X;
X=W™@s)Y

ITepenoc
CyMMaropa
JI0 3BEHA

x

- W(s)
W(s)

V=W(s) X-Z
V=W(E)[X-W5)Z]

Ilepenoc
CcyMMaropa
3a 3BEHO

W(s) -
W(s)

V=W(s) (X-Y);
V=W(GS)X-W(s)Y

ITepenoc
JIMHUM CBSI3U
JI0 CyMMaropa

ITepenoc
JIMHUM CBS3U
3a CymMmarop

RN
<
N

10

3aMbIKaHKE
TIPSIMOT'O KaHa-
J1a Y)KECTKOU 00-
paTHOM CBS3BIO

x

W(s)

=<

. ®(s)
WE=T"a

B Gomee cioXHBIX ClIy4dadax, Korga HECKOTOPbIC KOHTYPbI ABJIAIOTCA B3aUMOCBSI-

3aHHBIMHU, HEOOXO0MMO MpeoOdpa3oBaTh CXEMY COTJIAaCHO mNpaBwiaMm 4 — 7 B Tab:. 4.



['maBHOE yC1OBHE TaKOTO MPeoOpa3oBaHUs: B IKBUBAJICHTHON CXeMe IMocie npeodpa-
30BaHMS JIFOOOW BBHIOpAHHBIM CUTHAJI OT Hayaja J0 KOHIA KOHTypa (WM KaHaja Te-
peaadu cUrHania) AOJHKEeH MOCIIEA0BATENbHO MPOXOIUTh Yepe3 T€ ke JUHAMUYECKUE
3BEHBS, YTO U B UCXOAHOU cxeMe. Ecnu nocie npeoOdpa3zoBaHusi CXeMbl B LIETH TIepe-
Jla4y CUTHAJIa KaKOro-TO 3B€HAa HE XBATaeT, TO €ro He0OX0IMMO 100aBUTh B COOTBET-
CTBYIOILIEM MecTe cxeMbl (mpaBmia 4 u 7 B Tabm. 4) Tak, 4ToObl OHO HE MOMAJIO B Ka-
HaJ Mepeadn APYTUX CUTHAJIOB, HE CBSI3AHHBIX C BBINOJIHSAEMBIM IPEOOPAa30BAHUEM.
U, Hao0opoT, Ha MyTH NEpelayn CUTHAJA MOXKET MOSABUTHCS JIMITHEE TUHAMUYECKOE
3BE€HO, KOTOPOI'0 B pacCMaTpUBaeMOM KaHaJle M3HAYaJbHO HE ObLIO, OJHAKO B TEKY-
IIEM MecTe ero yopaTh Henb3sl, TaK KaK Yyepe3 HEero MpoXOJsT U JApyrue curHaisl. B
ATOM CIIy4yae €ro MOKHO HCKJIIOYUTh, I00aBUB MOCIIEIOBATEIbHO B paccMaTpuUBae-
MBI KaHaJl 3BeHO ¢ 00paTHOM mepeaaTodHor (GyHKIMer (mpaBmia 5 u 6 B Tadi. 4),
HE 3aTparuBasi JMHUM MepeJadl OCTaIbHbBIX CUTHAJIOB.

[Tocne kaxaoro mogoOHOro nmpeodpazoBaHus OyAyT 00A3aTENLHO MOSBISATHCS
IpOCTENIINE COeTUHEHUS (CM. pUc. 6), KOTOpbIE CHOBa HEOOXOAUMO OyIET YIPOCTUTb.

Ecnu ceMp mepBbIX IPaBUJl HE MO3BOJIAIOT JAJEE YIPOCTUTh CXEMY, CIEIYET
NPUMEHATH NpaBuwia 8 u 9, Gmarogapst KOTOPHIM MOKHO MOMEHSITh MECTaMH COCE/I-
HUE y3ell U cymMmaTop (yCcTpoicTBO cpaBHeHUs). DopMallbHO JaHHbBIE /1Ba MpaBuia
3aKJII0YAIOTCA B MEPEHOCE y3Jia 10 cymMmaTopa WM 3a Hero. UToObl BepHO ompeze-
JUTH 3HAKW, HEOOXOAMMO 3amucaTh BbIpaXKeHHUE AJid BbIxoaa cymmaropa. [locie npe-
oOpa3oBaHMs ONEPALUU JODKHBI ObITh BBINOJIHEHBI C TAKMMH 3HaKaMH, 4ToObl Ha
000uX YCTpOMCTBAX Ha BBIXOJIC TOJyYaJICs UCXOIHBIN cuTHaI. UTO KacaeTcsl mpaBu-
na 9, s OTHOTO U3 YCTPOMCTB BBIXOJHOM CUTHAJ HY>KHO BBIPA3UTh U3 MOJYYEHHOT'O
BbIpaxkeHus. [locne npeoOpa3oBaHusl pparMeHTa CXeMbl IOMUMO ONPEEICHUS BEp-
HBbIX 3HAKOB OIEpalil HaJl CUTHAJIaMU HY>KHO BHUMATEJIBHO PAaCCTaBJIATh JIMHUU
CBSI3U, TOCKOJIbKY TIOSIBJISIFOTCS IOTIOJIHUTENIbHBIE CyMMATOp U JIMHUU CBSI3U. B cBs3U
C 3TUM JIAHHBIA YYaCTOK CXEMbI CTAHOBUTCSI TPYJIHBIM JJIs1 BU3yaJIbHOTO BOCIIPUSITHS,
U JINHUY CBSI3U B MpeJeiax 3TOro yyacTka He0OXOAMMO MO BO3MOXKHOCTH MPOBECTU
TaKuM 00pa3oM, 4TOOBI OHU HE MEePEeCceKaAINCh MHOTOKPATHO.

B xoxe nocienoBaTebHOTO BBIOTHEHHS TPEOOpa30BaHU OTAEIbHBIX KOHTY-
POB cxeMa MOCTENEHHO Oy/IeT NpUBEACHA K TUIIOBOMY BUAY JJIsi CUCTEMBI B Pa30MK-
HYTOM COCTOSIHMM (pHC. D, a). OTMETHUM, YTO NEPEUTH OT TaHHON TUIOBOW CXEMbI K

CJTy4aro 3aMKHYTOM CUCTEeMbl MOXHO corjiacHo mipaBwity 10 B Tabu. 4.



2.2. 3ajaHue 1J151 CAMOCTOSITE/IbHOI padoThI

BolnonHUTh TOMONOrMYEecKoe Mpeodpa3zoBaHue CTpyKTypHOU cxembl CAY,

NpUBEACHHOW Ha pUC. 7 U MPEACTaBUTH €€ B BHUJIE TUIOBOW CTPYKTYPHOM CXEMBI B
Pa30MKHYTOM U 3aMKHYTOM COCTOSIHHH.
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