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BBEJAEHUE

B Teopuu cuctem aBromaruyeckoro yrpanieHusi (CAY) cuHTe30M Ha3bIBAIOT TEX-
HUYECKH OOYCIIOBJICHHOE MaTeMaTHYeCcKOe 0OOCHOBAHUE CTPYKTYpPhI CHCTEMBI (CTPYK-
TYpPHBIN CUHTE3) U ONpEJIETICHUE €€ ONTUMAJILHBIX MapaMeTpoB (IMapaMeTPUUECKU CUH-
TE3).

Pemenue oOmeii 3agaun cMHTE3a CUCTEM aBTOMatuueckoro yrpasieHus (CAY)
4aCTO BCTPEYAETCS CO 3HAYUTEIBHBIMUA TPYAHOCTAMH. BO-IEPBBIX, pe3ysIbTaT pELICHNUS
MOXKET OBITh OTPHIIATEINICH, T.€. CUCTEMA C 3aJIaHHBIMU TOKAa3aTeIsIMU KaueCTBA MOXKET
oKa3aThCsl GU3NYECKU Hepeaan3yeMoi. Bo-BTOPBIX, MOTYT OBITh MOJy4Y€HBI TAKUE Tapa-
METPBI CUCTEMBI, KOTOPBIE HEBO3MOKHO OCYIIECTBUTh TeXHUUECKU. HakoHel, B-TpeThuX,
3a/1a4a CUHTE3a MOYKET UMETh HEOAHO3HAYHBIN OTBET, T.€. PELICHHUE 3aJ1a4yd UMEET He-
CKOJIBKO aJIbTEPHATUBHBIX BAPUAHTOB.

B cBsi3u ¢ 3TUM MMEET CMBICI paccMaTpuBaTh 00Jiee YAaCTHYIO 3aJlayy CHUHTE3a -
KOPPEKLUIO TMHAMUYECKUX U CTATUYECKUX CBOMCTB CUCTEMBI aBTOMAaTUYECKOTO YIIPaB-
JeHHs1. JTa 3a/1a4a 3aKJIF0YAeTCs B ciienyromeM. Mmeercs ucxoaHas cucteMa aBToMaTu-
YECKOT'0 YINpaBJIEHUS C MU3BECTHBIMU NapaMeTpaMH OCHOBHBIX (PYHKIIMOHATBHBIX dJIe-
MEHTOB. DTH NIapaMeTPbl BHIOUPAIOTCS MPU MPOEKTUPOBAHUU CUCTEMBI, UCXOJS U3 KOH-
KPETHBIX YCJIOBUN TEXHUYECKOM 3KCIUTyaTallud paccMaTpuBaeMoil cucteMsl. TpedyeTcs
ONpENENUTh TNepelaTouHble (YHKIMH, CXEMbl W TapaMeTpbl KOPPEKTHUPYIOLIUX
YCTPOMCTB, 00ECIIEUNBAIOIIMX HYKHbIE [TOKa3aTeIN KauyecTBa MPOLIecca peryJIupoBaHusl.

OOBIYHO HMCHOJIB3YIOT JABa croco0a 3aJaHusl KaueCTBEHHbIX Nokazarenel. [lpu
EepBOM criocodOe 3aaaercsa 00JacTh, BHYTPH KOTOPOM JOJDKHBI pacrosaraThes pakTuye-
CKHeE MoKa3aTenu kayecTBa. CHCTEMbl, TOCTPOEHHBIE B COOTBETCTBUM C 3TUM CIIOCOOOM,
HA3BIBAIOT CUCTEMaMHU CO CTAOMIIM3UPYEMBIMU MOKa3aTeasiMu kadecTna [ 1,2]. Ux mpume-
POM CIIy’)KaT CHUCTEMbI, B KOTOPBIX 00€CIeUMBAETCS 3HAUEHUE MOKa3aTessl KauecTBa He
xyxe 3agaHHoro. [Ipu BTopoM crocobe noka3zaTelsib KauecTBa 3aJaeTcsi B BUJe QyHKIH-
OHaJIa, a KOPPEKTUPYIOLIME LENU BEIOMPAIOT TaK, YTOOBI IPH 3aJaHHBIX BO3IAEHCTBUAX U
OTpaHUYEHUSX O0ECHEeUnBAJICS IKCTPEMYM 3TOro (yHkunoHana. CHCTeMbI, TOCTPOEH-
HbIE 3TUM CIIOCOOOM, HA3bIBAIOTCS CUCTEMAMU C ONTUMHU3ALMEN MMOKa3aTessl KauyecTBa.
NX mpumepom cirykat CUCTEMBI C MUHMUMAJIbHOW KBAIPATUYHON MHTETPAIBHON OLIEHKOU
[1].

B umxeHepHOil npakTuke OoJiee MMPOKOE MPUMEHEHHE Hallell NEPBBIA Croco0.
OT0 cBA3aHO ¢ 0oJiee HAMMSAHON (PU3NYECKON MHTEpHpeTalren, Kak cCaMOl OCTAHOBKHU
3aJlauM, TaK U OCHOBHBIX 3TarnoB pemieHus. [loaromy marepuan HacTosero nocoous
OpPUEHTUPOBAH UMEHHO HA TAKON MOAXOJ.



1. BABOBBIE IOHATHUSA TEOPUU ABTOMATHYECKOI'O YIIPABJIE-
HUA

PaccMOTpuM HEKOTOpBbIE OCHOBHBIEC MOHSATHUSL U OIpEIeNieHUs, He0OX0AUMbIE /IS
CHHTE3a CUCTEM aBTOMATUUYECKOTO YIIPABIICHUS U pacueTa KOPPEKTUPYIOIIUX YCTPOUCTB.

[lepenarounas gynkius. OOpatumcs k quHerHoit CAY, Ha BXOJie KOTOpOH Jieii-
ctByet curHai X(t), a Ha Beixoje - curnan Y(t) (pucynok 1.1).

x(t) CAY y(t)

Pucynok 1.1 - YcnoBnoe npencrasinenue CAY B koopauHaTax "BXoJ/BbIxon"

B oOmiem ciydae Takasi cuicteMa MOXET ObITh ONMCaHa JIMHEWHbIM TuddepeHn-
aJbHBIM YPABHEHUEM BHJA!

dX(t)+a d2X(t)+ +a dmX(t):boy(t)+b1w+

a.x(t) +a
X+, dt 2 dt? ™ g, dt (L.1)
2 n )
+b2d yz(t)+...+bm—oI y(t)n’
dt dt"

rzie N - TOpSA0K YPaBHEHHS CHCTEMBI.

[Ipeobpazyem sto ypaBHeHue 1o Jlamnacy. [Ipsmoe npeoOpazoBanue Jlamiaca 3a-
KIIIOYaeTCsl B 3aMeHe HekoTopoi ¢yHkuuu BpemeHu f(t), Ha3pIBaeMOW OpUTHHAIIOM,
GyHKIHEH KOMIIEKCHOM mepeMenHoir P=C+ jo F(p) — uzobpakeHreM

F(p)=L{f()}= jm f (t)e Pidt. (1.2)
0

Jliis mepexona ot uzoOpaxkenus F(p) xk opurunany f(t) ucnoms3yercst oOparHoe
npeobpazoBanue Jlammaca

C+jw

()= L-l{F(p)}=j% [F(p)e™dp, (L3)

c—jo
i€ ¢ - MOJIOKUTENIbHAsl KOHCTaHTa.
[Mpumenum npsimoe npeodpaszosanwe Jlammaca k (1.1)



dx(t) d 2x(t) d™x(t)
L<a,x(t) + a +a +..+a ——2=
{0 ) +a dt 2 dt? " odt™

dy(t) d?y(t) d"y(t)n
= Libyy(t) + b, —7 ++b +..+b .
{ oY) dt 2 gt? "odt"

dx(®) | _
: }—pX(p)

a anreOpanyeckoe ypaBHeHUE B n300pakeHusix no Jlamnacy:
8,X(P) + & PX () +8,P*X(p) +...+ 8y p" X (p) =
=bgY (p) +by pY (p) +b, p*Y (P) +...+ b, p"Y (P).

Beirocs X(p) u Y(P) 3a ckoOKH, IEpENMIIeM 3TO ypaBHCHHUE TaK:

X (p)ag +a,p+a,p? +...+a,p")=Y(p)lb, +byp +b,p? +...+b,p")  (L5)

N3 (1.5) nosydrm OTHOIIICHHE:

W (p)

YuuTbIBas, 4To L{ x(0)=0 » HOTYUHM YKe He auddepeHiuansHoe,

(1.4)

_Y(P) _ 3 +ap+a,p’+..+a,p"
X(p) b, +bp+b,p*+..+b,p"

rae N>M (s GU3NUecKu peaan3yeMbIX CUCTEM).

(1.6)

DTO OTHOIIEHHWE Ha3bIBaCTCs nepedamounou hynkyuen (I1@) nuHeliHoN cucTe-
Mbl. Takum oOpazoMm, nepenarounas GpyHkuust CAY MoxeT ObITh ONpeeneHa Kak OTHO-
meHue u3obOpaxkeHus: no Jlamiacy BBIXOAHOTO CHUTHAIA CUCTEMBI K U300PAKEHUIO T10
Jlanacy BXOJIHOTO CUTHaJIa CUCTEMBI IIPU HYJIEBBIX HAYaJbHBIX YCIOBHUSX.

CylIecTBYIOT CUCTEMBI, B KOTOPBIX 4acTh KOA(PPUITMEHTOB 3HAMEHATENS B BhIpa-
xenun (1.6) paBHa nymo (Dp=b;=...=Db,.1=0). B sTom cnyuae nepenaTounas ¢pyHKIus
MO>KET OBITh MPEJCTaBICHA B CIEAYIONIEM BU/IE:

a, +a,p+a,p’+..+a,p"
W(p)=—— 0 AP¥EP Tt P
p"(b, +b,,p+b, ,p +...+b,_,p )

(1.7)
K,(l+cp+c,p>+...4¢,p™)

e dyp+d,p*+..+d,, p"")

% _
b

v

rae K, = [ }/ V} - ko3 punment ycunenus CAY, V - MOpsAI0K acTaTU3Ma, onpeie-
c

JISIEMbI KOJIMYECTBOM MHTETPUPYIOIINX 3BEHbEB, BXoAsAnuX B CAY.

&

Jlnst cratrgeckux cucrem (V=0) koadounment ycmrenus K, = — 0e3pa3sMepHBIii.

b

14

-2y
Jli1st cucteM ¢ actaTH3MOM TiepBoro nopsaka (v=1) K, = b % .
14



[Ipu pelieHuu 3amay cCUHTE3a NMepeAaToOuHy0 (YHKIMIO CUCTEMBI Y00HO Ipen-
CTaBIISITh B BHJIE MPOU3BEIEHNS cCOMHOkHTener Tuma (1+ 7p):

va[(lﬂj p)
W(p)=—2>= . (1.8)

n—-v

p'[Ta+T,p)

Ecnu 3namenatens wim gucnutedb (1.6) cOIepKUT KOMIUICKCHBIE KOPHH, TO B
(1.8) mosiBsaTCs comuoxuTem Buaa 1+ 25Tp + T2 p?, rae 0< & <1 - mokasarens 3aTyxa-

HUS WA KOAPPUIUEHT JeMI(UPOBAHUS.

®dopmyina (1.8) ocobeHHO y100Ha TPH MOCTPOSHUM JOTapU(PMUIECKUX YACTOTHBIX
XapaKTePUCTHK.

YacroTHble XapakTepucTHKU. KpoMe nepeaarounoit pyHkuuu nrobas TuHeiHas
CAY MoxeT ObITh OXapaKTEpU30BaHA YACTOTHBIMH XapaKTepUCTUKaMU. JJ1d morydeHus
YaCTOTHBIX XapaKTEPUCTHUK UCIOJIb3yeTCs mpeodpa3oBanue Oypbe, KOTOPOE CBSAZBIBAET
¢ynkuuto Bpemenu f(t) ¢ ee vactoraeiM nzo0pakenrem F(jw) BeIpakeHUSIME

F(jo)=F{f({)}= jw f (t)e itdt, (1.9)

f(t)= F‘l{F(jco)}zi [F(iw)e'*do, (1.10)

rne Fu F! - 0603nauenus onepanuii mpsaMoro u o6paTHOro npeodpaszoBanus Dypee.
[Ipeobpazyem quddepenumansuoe ypaBuenue (1.1) mo @ypoe:

dx(t) d ?x(t) d™x(t)
F<a t a a ta,——— =
{OX()+1 dt 2 gz T Om g
(1.11)
dy(t) d?y(t) d"y(t)n
=F<byy(t ——4++b, ——=+...+b, ———".
{oy<>+b1 b, =B by
Y4uTeIBasi, 9T0 F{?} = jo X(jw), u3 (1.11) nonyunm:
aX (jo) + & joX (jo)—a,0° X (jo) +...+ a8, (jo)" X (jo) = (1.12)
=byY (jo) + b joY (jo)— 0,0 (jo) +...+b,(jo)"Y (j).
N3 ypaBHenus (1.12) MOXKHO MOJyYUTh OTHOILICHHE:
: Y (jw)
W(jo)=—"—=. 13)
X(Jo)

®dyukuus W(jw) Ha3bpiBaeTCs KomnaekcHvim Kodgguuuenmom nepeoauu (KKII)
munennot CAY. Takum 00pa3om, KOMIUIEKCHBIA KOA(D(PHUIIMEHT mepenadyn JTMHEHHON

7



CAY moxeT ObITh OIpe/IeNIeH KaK OTHOIIIEHUE H300pakeHus 0 Dyphe BBIXOIHOTO CHT-
HaJla CUCTEMBI K n300paxkeHnto 1o Oypre BXOJHOTO CUTHANIA CHCTEMBI.
®Oyukunn Y(jw) u X(jow) npunsato Ha3eiBaTh ciekTpamu GyHkimu Y(t) u X(t). B co-
OTBETCTBUU C 3TUM, KOMIUIEKCHBII K03()(PUIIMEHT mepeaun MOKHO ONPEEIUTh KaK OT-
HOIIIEHUE CTIEKTPOB BBIXOTHOTO W BXOJIHOTO curHAIOB CAY.
KomrekcHplit K03 GUIIUEHT Tiepenadn, Kak Jro0as KOMIIEKCHAs (YHKIIHS, MO-
’KeT OBITh IPEJICTABJICH B aIre0pandecKoi  Ioka3aTeibHOl (hopmax. B anredpandeckoit
(dopMe KOMIUIEKCHBIN KO3(PPHUIIMEHT Nepeladun 3aiChIBACTCS B BUJIE:
W(jo)=RefW (jo)}+ jImW (jo)}
W(jo)=P(») + JQ(®),

rae P(w) - BelecTBeHHas COCTABIIAIONIAs KOMILIEKCHOTO Kod(d(dHIMeHTa mepenay,

(1.14)

Ha3blBaeMasi BEUIECTBEHHOMN 4acTOTHOM xapakTepucTukoi (BUX);
Q(w) - MHUMas COCTaBIIAIONIAsA, Ha3bIBa€Masi MHUMOM 4aCTOTHOM XapaKTepUCTHKOM
(MUX).
B noxazarenbHON (opMe KOMIUIEKCHBIN KO3 (PULIMEHT nepeaayun 3aluchiBacTcs B
BUJIE:
W (jo) = A(w)e?@, (1.15)
rie A(w) :[\N(ja))‘ - MOJIyJIb KOMILIEKCHOTO KO3 (UIIMEHTa TIepeIavun, Ha3bIBaeMBbIii

aMIUTUTYTHO-4acTOTHOM xapakTepucTtukoit (AUX) CAY;
p(w)=arg{W (jw)} - apryment KKII, Ha3piBaeMbIil (ha309acTOTHONM XapaKTEPUCTHKOM
(®UX) CAY.

Jlns mepexoia OT 0JTHOM (POPMBI 3aIMMCH K JPYTOM UCIIOIB3YIOTCS CIASAYIOIIUE CO-
OTHOIIICHMUS:

A(@) =/P%(0) + Q% (),
_ Q(w)
¢(w) = arctg (o) (@) (1.16)

P(a))z A(w)cos o(w),
Qlo)=AW@)sin (o).

['eomeTpryeckoe MECTO KOHILIOB BEKTOPOB KOMIUIEKCHOIO KO3(duiirenTa mnepe-
Ja4¥ IPU U3MEHEHUU YaCTOTHI OT HYJIS 10 0ECKOHEUYHOCTH Ha3bIBACTCS YACHOMHBIM 20~
oocpapam WM amnaumyoHo-@a3z060il HACMOMHOU XAPAKMEPUCMUKOU 36€HA
(ADYX). DTy XapaKTEepUCTUKY MOKHO MOCTPOUTH B IEKAPTOBOM U MOJSPHON CUCTEMAX
koopauHaT. OGBIYHO MOJSIPHYIO CUCTEMY KOOPAMHAT COBMEUIAIOT C IEKapTOBOU. 3a TO-
JIFOC TPUHUMAETCS HAYAJIO IEKapTOBBIX KOOPJIMHAT, a 3a MOJSPHYIO OCh - MOJIOKUTEb-
Has BellecTBeHHas ochk. st moctpoenuss AOUX B 1ekapTOBOM cUCTEME KOOPAUHAT KOM-
IUIEKCHBIN K03 (ULMEHT Nepeaun MpeacTaBifioT B areopanueckoi popme (1.14). ITo

8



ocu a0CIHCC OTKIIaIbIBACTCS BEIISCTBEHHAs YacTh P(w) M 1O OCH OpIUHAT - MHUMAs
gacTh Q(w). I xaoi 9acTOThl Ha KOMIUICKCHOM IIJIOCKOCTH HAaHOCUTCS Todka. [lo-
JIy4EHHBIE TOYKHA COECIMHSIOTCA IUIaBHOM KpUBOW. OKOJIO HAHECEHHBIX TOYEK yKa3blBa-
FOTCSI COOTBETCTBYIOIIME UM 4acTOThI. /{1 moctpoennss ADYUX B noJsSIpHON CHCTEME KO-
OpAMHAT KOMIUIEKCHBI KOA(p(QUIUEHT Nepefauyd MNPEACTAaBIAIOT B I0Ka3aTeIbHOM
dopme (1.15). 3amaBasich pa3TUYHBIMU 3HAYCHUSIMHU YaCTOTHI, CTPOSIT BEKTOP B MOJIAPHOU
crCTeMe KOOPJMHAT, JJIMHA KOTOPOTO OIpEIeIsieTcss MoaylieM A(w), a yroi ero moBo-
pOTa OTHOCHUTEIIBHO TOJIIPHON OCH - apTyMEHTOM () KOMIUIEKCHOTO K03 dUIreHTa
nepenadu cuctemsl. [lpuMep noctpoeHus: aMIuIUTy IHO-(pa30BON YaCTOTHOW XapaKTepH-
CTHKH TIOKa3aH Ha pucyHke 1.2.

Alm

Pucynox 1.2 - K moctpoenuto yacToTHoOro rojgorpada

BmecTo ammntygHO-(a30Boil HaCTOTHOM XapaKTEPUCTUKH MOKHO MOCTPOUTH OT-
nenbHo AUX 1 @UX. D10 nmocTpoeHue rnokasaHo Ha pucynke 1.3.

®aktrnuecku AUX npeacraBisieT coO0M KpUBYIO 3aBUCUMOCTH MOIYJISI KOMILIEK-
cHoro koadduirenta nepeaaun A(w) ot yrioBoil 4acToThl . OHa MOKa3bIBAET, KAK CU-
cTeMa Mpeodpa3yeT CUrHANbI PA3IMYHON YaCTOTHI U ONPEAEIISIETCS] OTHOIIEHUEM aMILIHU-
TYJl BBIXOJJHOTO W BXOAHOIO CUrHajioB (koopauHaT). C MpakTUYEeCKOW TOUKU 3pEeHMs,
AYX - 310 3aBUCHUMOCTb KO3 punrenta ycunenus (nmpeodpaszoBanus) CAY oT 4aCTOTHI:

Ky (o) =Alw) = —AGXC((O) ,

68X

rac Aex —IHOCTOAHHAA Ha BCCX 4aCTOTaX aMIINIMI'yJa BXOAHOTI'O FapMOHHUYCCKOI'0 CUT'-

Haja;

A, .. (®) —ammutyna coorBeTcTByMomIel peakuun CAY, T.e. TapMOHUYECKOTO Koseha-

HUS BBIXOJHOM KOOPJIUHATHI (pa3finyHas Ha pa3HbIX YACTOTaX).

9



dusnueckas pazmepHocTh AUX MoxeT ObITh pa3zHoil. Hanmpumep, eciiy BEIXOTHOM
koopauHatoii CAY sBisieTcs TemirepaTtypa Bo3ayxa B nomenieHuu ([t°] = epao ), a Bxo-
_2pao

HOE BO3JIEHiCTBHE Ha cucTeMy 3ajaetcs B Buje Hanpskenus ([U]=B), To [Aw)] 3

Ecnm ke, K mpuMepy, BBIXOJHON KOOPAMHATOU SIBIISIETCSI CKOPOCTh BPAICHUS

Bajia sekTpoasurareis ([Q] = pas _ ¢ '), a B kauecTBe 3a4AIOIIET0 BO3ACHCTBHS (Bu-
pao 4 pao-m-c
rypupyeT nasienue rasa ([P]=I1a), To [Alw)] = = (c-Mla)” =——.
c-lla K2

JIs1s1 GOJIBIIIMHCTBA JKE YUCTO DIICKTPOHHBIX cucTeM A(w) 6e3pa3mepHa, T.K. BBIXOI-
Hasl ¥ BXOJIHAsl KOOPAWHATHI (MM CUTHAJIBI) U3MEPSIOTCS B OJUHAKOBBIX enuHuinax (B,
A, Br).

A Alo)
AYX
o, p;t[/c
A 0(®)
- -
®, pag/c
dYX

Pucynok 1.3 - K nocrpoenutro AUX n ®UX

®da3zouyacToTHAs XapaKTEPUCTUKA MPEACTaBIsIeT cO00i KpUBYIO 3aBUCUMOCTH ap-
I'YMEHTa KOMIUIEKCHOTO KO3 (ULMEHTa nepeaadn ¢(w) OT 4acTOThl , U TOKA3bIBAET,
KaK M3MEHSETCS CIIBUT MO (ha3e MEXy BBIXOJHBIM U BXOJHBIM FApMOHHYECKUM CUTHA-
JIOM Ha pa3JIMYHBIX YaCTOTaX.

MO0>KHO MOCTPOUTH OTIEIBHO TAKKE BEIIECTBEHHYIO U MHUMYIO YaCTOTHBIE XapaK-
TEPUCTHKH 110 aHATMTUYCCKUM BhIpaKeHUsM IS P(w) U Q(w) (cm. pucynok 1.4).

BemiecTBeHHast yaCTOTHAs XapaKTEpPUCTUKA IPEJICTABIsIET COO0I KPUBYIO 3aBHCH-
moctH BemectBeHHOM yactu KKIT P(@w) oT 4acToThl @, @ MHUMas 4aCTOTHAsI XapaKTepH-

CTHKa - 3aBUCUMOCTh MHUMOMN yacTi KKIT Q(w) oT yacToThI.

10



Cnenyer MOOYEpPKHYTh, YTO B OTJIWYME OT APYTMX YACTOTHBIX XapaKTEPUCTHK
(KKII, BUX, MYX), toapko AUX u @YX MOXHO MHTEPIPETUPOBATH (PU3MUECKH U
ONPENEIIUTh 3KCIIEPUMEHTAIBHO.

[Tpu uccnenoBanuu cucteM aBromaTrueckoro ynpasieHuss AUX u @YX ynobHo
CTPOUTH B JIOTapU(PMUYECKUX KOOpAUHATAX. DTO CBSA3AHO C ABYMsI OOCTOSITEIbCTBAMHU.
Bo-niepBbIX, npu 5TOM BO3MOKHA 3aMEHa TOUHBIX JIOTapU(PMHUUECKHX aMILTUTYIHO- Ya-
CTOTHBIX XapaKTEPUCTUK OTPE3KaMU MPSIMbBIX - aCUMOTOTaMu. Bo-BTOpBIX, jJorapupmu-
YyecKas 4aCTOTHAs XapaKTEPHCTHKA LEMOYKHU IMOCIEI0BATEIbHO COCIMHEHHBIX 3BEHBEB
MOJIyYaeTCs CI0KEHUEM XapaKTEPUCTUK OTIEIbHBIX 3BEHBEB, UTO UMEET NEPBOCTENECH-
HOE 3HAUYEHUE IIPU CUHTE3€E MOCIIE0BATENIBHBIX KOPPEKTUPYIOIMNX YCTPOUCTB.

Jozapugpmuueckaa amnaumyono-uacmomuas xapakmepucmuka (JIA9X)
crpoutcs B Buje 3aBucumoct 2019 A(w) ot Ig @ . Benmnunna 201g A(@) o6o3HadaeTcst

L(w) .

A Alo)
AYX
>
®, pan/c
A 0(®)
-
o, pan/c
dYX

Pucynok 1.4 - K noctpoennto BUX 1 MUX
L(w) =20IgW (jw) =20Ig A(w). (1.17)
B kauecTBe eaMHMIIBI U3MEPEHUSI 3TOM BEJIIMYMHBI UCIONb3yeTcs aenuoen (nb),
paBHbIi ogHOM necsatoit Oena (b). ben npencraBnser coboit OTHOCUTENBHYIO Jorapud-
MHUYECKYIO €IMHHUILY, COOTBETCTBYIOIIYIO YBEINYEHUIO MOIIHOCTH B 10 pa3. YuutsiBas,
YTO MOIIHOCTh CHUTHaJa MPOMOPLUUOHANIbHA KBAJPaTy €ro aMIUIUTYIbl, MOKHO OIpejie-
JUTH OeN Yepe3 OTHOIIEHNE aMIUTUTYJ CUTHANOB. [I0SCHUM 3TO CIeAyIONIM 00pa3oM.



Ecnu momuocTh BhixoaHoro curnaina CAY B gecath pa3 00Jibllie MOIITHOCTH BXOIHOTO

CUTHAJIa, TO
2
g % =Ig10=1 5.
68X
Tax kax 06eJ1 cauikoM OoJiblIasi EAMHULA, TO YA0OHEE 0JIb30BaThCS IPOU3BOIHOM
equnuueit - n1b. Ilockonbky ke 1 b= 10 nb, To Benuuuna, nmeroias pasmMepHoCTh B 1b,
JOJDKHA 3aIlAChIBAThCA TaK:
A2
101g| —5= |
68X
[Ipy yBenMYEeHUM OTHOLICHHS AMIUIATYJA B JECATh pa3 OTHOUIEHWE MOLIHOCTEH
YBEJIMYMBAETCS B CTO Pa3, UTO COOTBETCTBYET JIBYM OejlaM WM ABAALATU AerurOernam.
[ToaTomy B Beipaxkenud (1.17) crout muHoxurens 20.
3anuce BeipaxeHus (1.17) Hyxaaercs enie B 01HOH CyIIECTBEHHOI OrOBOpPKE, TaK
KaK JIOrapu(MHUpOBaTh MOKHO TOJIBKO Oe3pa3MepHyto BelinunuHy. Ho Bblle oTMe4anocs,
4T0 A(w) MOXET UMETh Pa3IMYHYI0 pa3MEpHOCTh. B 3TO# cBs3m Oosiee KOppEeKTHA 3a-

II1CBh:

L(ew)=201g Ale) =20lg A(w),
Ay=L eo

Y T.I1.)

epao ., pao
rie Ao - dTaJoHHAs BeJIMYWHA, MPUHUMaeMast 3a exuHuiry (1 01
C .

Ila

Taxoe xe 3aMeuaHue OTHOCHUTCA U K BenmuuHe [g(w). YTrioBas yactota @ UMeeT

ao  _
Pa3MEepHOCTh pag =ct u, CTPOTO TOBOPS, HE MOXKET jorapudmMupoBaThcs. [ToaTomy

C
noa w CIICAYCT IIOHUMATb OTHOCHUTCIIbHYIO YITIOBYIO HaCTOTY B COOTBCTCTBHUH C BBIPAIKC-
HUCM

lg Guem =g o,

0 ap=1 ¢t
rae w,.,, — UICTHHHOC (pa3MepHoe) 3HAQUCHUC YFHOBOfI HaCTOTHhI,

pao
@, —ITAJIOHHAs 4acToTa, paBHast 1 —

c
@ — (HaKTUYECKU OTHOCHUTEJIbHASI YaCTOTa, COBMAAIOIIAs IO BETMYMHE C UCTUHHOM.

Jozapugpmuueckan gpazouacmomnan xapakmepucmuka (JIOUYX) crpoutcs B
HOJTyJIOrapu(pMUUECKHX KOOPJAMHATAX B BUJIE 3aBUCUMOCTH @ OT lJw, 4T00BI 00¢ Xapak-
TEPUCTUKU OBLIN CBA3aHBI OJHUM MAaCIITa0OM Ha OCH aOCITUCC.
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Hns moctpoenust JIAUX u JIOUX ucnonb3yeTcs cTaHIapTHas ceTka (PUCYHOK
1.5). Tlo ocu abcumce OTKIAABIBACTCS YTIIOBAS 4ACTOTA B JIOTApU(PMHIECKOM MaciiTaoe,
T.€. HAHOCATCS OTMETKH, COOTBETCTBYIOIIHE IJw, a OKOJIO OTMETOK MHIIETCS CaMO 3Ha-
YEeHHE YaCTOTHI (@ B paji/c (B CBETE CICITAHHOTO BBIIIE 3aMEUaHuUsI OTHOCUTEIHHO pa3Mep-
HOCTH JIOrapu(pMUPYEMBIX BEIHYMH, 3/1€Ch UMEETCS B BUAY @), ., = @ ). EquHuna npupa-

HIeHUs Jiorapudma COOTBETCTBYET OJIHOM JIeKale, T.€. U3MEHEHHIO 4acTOThl B 10 pa3.

[To ocu opIMHAT OTKIIABIBACTCS MOYJh B Aeruoenax (nb). st aToit nienu Ha Hel
HAHOCHUTCS paBHOMEpHBI MaciTad. Ock abciuce qoJKHA TPOXOuTh yepes Touky 0 nb,
YTO COOTBETCTBYET 3HAYCHHIO MOIYJISA A(w) = 1.

Och opAauMHAT MOXKET IEepeceKaTbh OCh YacTOT B MPOU3BOJIBHOM MECTE, TAK KaK
Touka =0 JIeXKUT Ha OCH YaCTOT cjieBa B OeckoHeuHOCTH. [I0aTOMYy OCh OpAMHAT MPO-
BOJIAIT JIEBEE caMOil Mayoi comnpsraromieit yactorsl JIAUX.

Jns noctpoenust JIOUX ucnosnb3yercst Ta ke ock abcrucc. [lo ocu opaunar ot-
KJajpiBaeTcs (pa3a B rpajaycax B JuHEHHOM Macitade. [lomyckaercs onudpoBbIBaThH 3Ty
OChb M pajuaHax.

AL 16
501 Mo BepxHeii Nonyocu ouMppoBLIBAETCS
40 Benu4mHa Ig(m) (Macwrtab nuHenHbIR)
304
¢, rpan A 20
104 104
0 1 2 lg(w)
l ; i p—t—t—t—t—t i - -
1 10 100 o, pang/c
-301¢ -10
-60+ -20+4 Hekapa
90} o) I ol
-1204 -40
Mo HwxHel ock oumdpoBeIBaETCA cama
-150¢1 -50% yacToTa o (MacwTab HeNMHeRHbIR)
-180
-2101

Pucynok 1.5 - Ocu nnsa noctpoenus JIAUX u JIOUX
Ha npakTuke 4acTto UCMONIB3YIOTCS YIPOIIEHHBIE WK acumnToTnyeckue JIAUX.
PaccmoTpum moctpoenue acumnroruyeckord JIAUX Ha mpumepe anepuoauye-
CKOI'0 3B€HA NEPBOTro MOPSIAKA.
[lepenarounas GpyHKUMS 3B€HA UMEET BU/T

k
W(p)=Tp+1,

(1.18)

riae K— koahGuIMeHT ycuieHus 38eHa;
T - nocTosiHHAs: BPEMEHH.
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HOFapI/I(bMI/I‘ICCKa}I AMILIUTYAHO-4aCTOTHAA XapaKTCPUCTHUKA CTPOUTCA IIO BbIpa-
ZKCHUIO

L(ew)=20lg A(w)=20lgk —20Ig 1+ T ?w?. (1.19)
[Toctpoenue acumnroruueckoit JIAUX noka3zano Ha pucynke 1.6. Ha crangapt-

1
HOM CETKE NPOBOJAUM BCPTUKAJIBbHYIO IPAMYHO Y€PE3 TOYKY C 4YaCTOTOU @), = ? , Ha3bI-

. . 1
BaeMoil yacToToil meperuda. /[t 4acTOT MEHBIINX, YEM YacTOTa Meperuoda, T.e. @ < =

MOKHO MTPEHEOPEYb BTOPHIM ClaraeMbIM o1 KopHeM B BbipaxkenuH (1.19). Torna
V1+T%0* ~1, T.e. L(w)=20lgKk.

DTOMY BBIP@KCHHIO COOTBETCTBYET MpsAMasi JUHMS, HapajlieibHAs OCH YacTOT M
npoxosiias Ha ypoBHe 201g k (npsimas ab). Dto u ecTh nepBas aCUMITOTA.

1
Jl1st yacToT OOMBIIKMX, YEM YACTOTa Meperundoa (a) > T MO>KHO MpeHeOpeyb M0

KOpHEM eIMHHIIeH o cpaBHeHuIo ¢ T w? B Beipaxennn (1.19). Torna

V1+T?0* ~Tw, 1.e. L(w)=20Igk —20Ig T .

A L, 6 (n JenctButenbHaa JIAUX
=
Vi
a AcumnTtoTtudeckas JIAYX
20 y —
10 20Ig(K)
0 ' 1 2 lg(w)
1 1 \. ™
1 . 1_ 10 ¢ 100 o, pan/c
T

Pucynok 1.6 - JIAUX aneproanyecKoro 3B€Ha IepBoro nopsaka
B sTOM citydae xapakTepucThKa MPeACTaBIIsIeT COO0M MPSAMYI0, HMEIOIYIO HAKIOH
- 20 nb/nex (npsimast bc). D1a muHUs ABIAETCS BTOPOH aCUMITOTOM. J{eHCTBUTEIBHO, TIPH
YBEJIMYEHUH (0 HA IeKany, T.e. B 10 pa3,
L(w) ~20Igk —201g(10-Tw)=20Igk —201g Tew—201g 10.

Takum obpazom, BennunHa L(w) ymensimmaack Ha 201910, 1.e. Ha 20 nb.
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Jlomannas nuHMs abC HaspiBaeTcs acumnTornueckor JIAUX. JlelicTBuTenbHas
JIAUX (moka3ana Ha pucyHke 1.6 myHKTHUpOM) OYJET HECKOIBKO OTIMYATHCS OT aCUMII-

1
TOTHYCCKOH, ITPUICM HanOOJIbIIIee OTKIIOHCHUE 6YI[€T B TOYKC Hepem6a w, = ? Ono

HE JOJDKHO mpeBbimaTh 3 Ab. Ha BceM ocTanbHOM IMPOTSKEHUU BJIEBO U BIIPABO OT Ya-
cToThl nepernda nericreurenbHas JIAUX pgomkHa Majao OTIMYATHCS OT aCUMIITOTHYE-
ckoil (<< 3 1b). [loaTOMy BO MHOTHX MMPAKTUYECKUX pACUETAX JOCTATOYHO OIrPAHUUUTHCS
MOCTpOEHHEM acumnTrornueckon JIAUX.

BpeMeHHbIe XapaKTePUCTHKH ITPUMEHSIIOT JIJIs1 OLIEHKU TUHAMUYECKUX CBOMCTB
CAY. B Teopuu aBTOMAaTHU4ECKOr0 yMpaBlIeHUs B 3aBUCUMOCTU OT BUJAa BXOJHOTO BO3-
JEUCTBUA Pa3IMyaroT Nepexo Hyto xapakrepuctuky (I1X) u uMmyabCHyI0 epexoHyro
dbynkuuto (UTID).

Ilepexoonasn xapakmepucmuxa h(t) npencrasiaseT co00i MepexoaHBIN MpoIecc
Ha BbixoJie CAY, BO3HHMKAIOMIUI NpH MOJAYE HA BXOJ €AUHUYHOTO CTYINEHYATOTO BO3-
neiictBus X(t) = 1(t), uro coorBerctByer x =0 mpm t< 0 mw Xx =1 mpu t > 0. D10
WUTIOCTPUpYETCs pucyHoK 1.7.

[Tepexonnas xapakrepuctuka h(t) MoxxeT OBITH OnpeeicHa Yepe3 nepeIaTOYHYIo
GyHKIIMIO C TOMOIIbI0 oOpaTHOro mpeoOpasoBanusi Jlamnmaca. YyuThiBasi, 4TO

1

L{(t)} = E , IOJTy4uM

h(t) = L V@ | (1.20)

EQWHWYHBIN Peakumns
ckadok 1(t) CAY
t t
> -
Bxoz Bbixoa
x(t)=1(t) g CAY y(t)=h(t)

Pucynok 1.7 - K onpeieneHuto nepexoaHoil XapakKTepUCTUKI
Hmnynvcnan nepexoonas pynxyusn Q(t) wim pyHkuus Beca mpeacTaBiseT co00i
PEaKIMIO CUCTEMbI Ha BXOTHOE BO3JIEHCTBHE B BHIE O - pyHKIMH [upaka (prcyHok 1.8).
0 -pynkuusa Jlupaka Ha3pIBaeTCS €AMHUYHBIM UMITYJIHCOM, TaK KaK OHA UMEET eUHNY-
HYIO TUIOIIAb IPU OECKOHEUHO OOJBIION aMITUTY/IE U OECKOHEUHO Mol JJIMTEIbHO-

CTH.
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MaremaTH4ecKu o - (l)YHKIII/IIO MOKHO 3aIIiCaThb TakK:

o, ecm t=0,
o) =
0, ecm t=#0.

HpI/I 9TOM COIJIaCHO OIIPCACIICHHUIO
+00
[o)dt=1.

WmnynbcHas nepexoanas ¢pyHkius g(t) MoxeT OBITh TakXKe ONpeesicHa Mo mepe-
narouHoi ¢pyHkiuu W(p) ¢ momoisio odpaTHOTO IIpeodpazoBanus Jlamiaca

g(t)=L"{W(p)}. (1.21)
Kpowme Toro UIID g(t) moskeT ObITH oayueHa audGepeHIIpOBaHUEM 10 BpEMCHH

nepexoaHoi xapakrepuctuku h(t)

_ dh®)
gt) = st

CBs3b BPCMCHHBIX XapPAKTCPHUCTHK C HACTOTHBIMU YCTAHABJIIMBACTCS C ITIOMOIIBIO

cieayrmux Gopmyi:

(1.22)

AX AY
8(t)
> EauHuaHbIil Peé‘;;l/ﬂﬂ
<> ckavok 1(t)
t t
> \-/f\ -
Bxog % Beixoa
x(t)=5(t) - CAY y(t)=g(t)

Pucynok 1.8 - K onpezenennio uMmyibCHON TepexoqHON (PyHKITUN

W (jo) = F{g(®)};
g(t)=F W (jo)}

W (jw) = joF {ht)}; (1.23)
h(t) = Fl{m}
Jo

Tounocts perynupoBanus CAY B ycraHoBuBHIeMcs pexume. KadectBo pa-
00ThI TI000H CUCTEMBI YIIPaBICHUS ONPEACIISICTCS BEIMYNHON OMMOKK, PaBHOM pa3HO-

CTH MCIKOY TpC6yCMBIM u ,Z[CﬁCTBI/ITGJ'IBHBIM 3HAa4YCHUAMMU pCFyHpreMOfI BCIINYHUHBI:

&(t) = ¥,a0(t) = y ().
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st ouenku Tounoctd CAY ucnosib3yercs BeTuYrMHa yCTaHOBUBIIEHCS OLIMOKY B
Pa3IMYHBIX TUMOBBIX pekuMax. PaccMOTpUM HEKOTOPBIE U3 HUX.

1. Henoosusicnoe cocmosanue. B xauecTBe TUIIOBOTO peXUMa paccMaTpUBaETCs
YCTaHOBUBIIEECS COCTOSIHUE MPU MOCTOSIHHBIX 3HAYCHUX 33/IAI0IIET0 U BO3MYIIAIOIIETO
BO31eHCTBHUI. OMIMOKA CHCTEMBI B 3TOM CJIy4ae Ha3bIBACTCS CTATUYCCKOM (&cr).

Paccmotpum CAY, B KOTOPOI BO3MYILIEHHS] OTCYTCTBYIOT, @ BXOJHOE BO3/ICUCTBUE
npeacTaBisgeT coboi crymenyaryio GpyHkuuo X(t)=A-1(t). B srom cinyuae ommbka cu-
CTEeMbI OyJeT MPEeACTaBIsATh COOOM CTATUYECKYIO OIIMOKY MO BXOJHOMY BO3JEHCTBUIO
(€cr). 1 cTaTHYECKUX CHCTEM OHA OMPECIIACTCS CACIYFOIUM 00pa3oMm:

& = A _ A |
1+W,(0) 1+K,

riae K, - koagduuneHT ycunenus pazoMknyToi CAY.

Hamuue cratnyeckoit ommobku B CAY ummoctpupyetcs pucyakom 1.9.

s actaTnueckux cucteM &°.=0.

Ha ocHoBe 3TOro MOXHO CPOPMYIUpPOBATH MOHSATHE acTaTW3Ma KaK CBOMCTBa
CAY.

AcCTaTu3M - 3TO CBOMCTBO CUCTEMBI OTpadaThIBATh BHEIITHEE BO3JACHCTBUE C HYJIE-
BOM CTaTHYECKOM OIIMOKOM.

Crenyer OTMETUTh, UTO CJIOBOM "acTaThU3M' 4acTO Ha3bIBAIOT HE CBOMCTBO CAY,
a ee YHCIACHHYIO XapaKTePUCTHKY, 00Jiee TOUHO HMECHYEMYIO MOpsiAKoM actaTusMma [1,3].

2. /leustcenue c nOCMmOAHHOU CKOPOCcmbio. B KauecTBe BTOPOTO TUIIOBOTO BO3EH -
CTBUSI HCMOJIB3YETCS PEXXUM JIBUKEHUSI CUCTEMBI C IOCTOSTHHOM CKOPOCTHIO V=CONSt, KO-
TOPBIN HAOJIIOTACTCSI B YCTAHOBUBILIEMCS] COCTOSIHUU MTPU U3MEHEHHUH BXOJIHOTO BO3/ICH-

cTBUs 10 3akoHy X(t) =Vt, rae V=CoNst. ycTaHOBUBIIIAsCS OIIMOKA B 3TOM CIy4ac HOCUT

Ha3BaHUE CKOPOCTHOM OIIMOKH (€.x).

JIJ1st CHCTEM C acTaTU3MOM TIEPBOTO TIOPSIKA CKOPOCTHAS OIIMOKA paBHA OTHOIIIE-
HHUIO CKOPOCTH M3MEHEHHS BXOJHOTO BO3ICUCTBHS K KOX(PQHUIMCHTY YCHIICHHS pPa3o-
MKHYTOU CUCTEMBI

gf =—. (1.25)

3ameTuM, 4To KOIPOULIUEHT ycunenus K;, B 9TOM Cllydae 4acToO Ha3bIBAKOT J100-
poTHOCTBI0O CAY 1O CKOpPOCTH.
['padprueckun HaIMUMEe CKOPOCTHOM OMIMOKK WILTHOCTpUpyeTcst pucynkom 1.10.

17



AY

Yaan

ym ax

Yyer

! .

tyCT

-l -
-t |

Pucynok 1.9 - K onpeneneHuio OCHOBHBIX ITOKa3aTEIEH KaueCTBA PETYJINPOBAHNUS
Vsao - 33JJAHHOE 3HAYEHUE BBIXOJAHOW KOOPIANUHATBI; Vyem - YCTAHOBUBIIEECS 3HAYEHUE BbI-
XOJHOW KOOPANHATBHI; Ecpy~ CTATUYECKAS OIUIUOKA; Vygr - MAKCUMAIBHOE 3HAYEHHE BBIXOJI-
HOM KOOpIMHATHI B POLIECCE PETYINPOBAHUS

VYV cTaTHueckux CUCTEM ecXK —> 00, TIPY aCTaTU3MeE BBIIIE TIEPBOTO MOpsaka & ¢;=0.

[ToaToMy pekuM IBHKEHHUS C TIOCTOSHHOM CKOPOCTHIO, KaK MPABUIIO, UCIIOIb3YETCS IS
OIIEHKH TOYHOCTHU CUCTEM C aCTaTU3MOM MMEHHO IEPBOr0 MOPSJIKA.

Jnst uccnenoanus To4HOCTH CAY HCIIONB3YIOTCS TAKXKE TAKUE TUIIOBBIC BO3/ICH -
CTBHUSA KaK JIBUKEHHUE C MOCTOSIHHBIM YCKOPEHHUEM M TapMOHUYECKOE Bo3jeicTBue [1, 2,
4, 7].

IHoka3aTennm KayecTBa NepexoaHOro mpouecca. IIpuMeHSArOTCS 171 OLIEHKHU
ObIcTpoaeicTBUS U 3amacoB ycToiunBoctd CAY. Onpenenstorcs 1no BUAy NepexoHON
xapakTepucTuku h(t) 1 XxapakTepu3yrT MOBEACHNUE CUCTEMbI TOJIBKO B TIEPEXOIHOM pe-
KUME.

BaxHelmuM mokazareyieMm SIBIETCS nepepezyiuposanue. OHO XapaKTepU3yeT
CKJIOHHOCTb CUCTEMBI K KOJIeOaHHUsIM, a CIe0BaTEIbHO, U 3amac yctoitunBoctu. Onpese-
JII€TCS IEPEPETYIUPOBAHUE IO KPUBOW MEPEXOTHOTO MPOLIECCA, BBI3BAHHOTO MPUIIOHKE-
HUEM Ha BXOJI CUCTEMbI CKauKa YMPaBJISIIONIET0 BO3AEHCTBUS HOMUHATBHOW aMIUTUTY/IbI.
C yuerom o0o3HaueHU# Ha puUcyHKe 1.9 popmyna s HaXOXKAEHUS epeperyInpoBaHus
UMeEEeT BUJI:

o= I " sem 100 op, (1.26)

yycm
JomycTumoe nepeperyanpoBanHue sl TOW UM UHOM CUCTEMbI aBTOMATHYECKOTO
yIpaBJIEHUs yCTaHABIUBAETCS UCXOIS U3 CBOMCTB O0BEKTA yIIPaBIEHUS U OCOOEHHOCTEH
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TEXHOJIOTUYECKOT0 MPOIecca, B KOTOPOM HCIONb3yeTCsl cucteMa. B OonbIIMHCTBE City-
YaeB CYUTAETCSA, YTO 3arac yCTOMYMBOCTH SIBJIETCS IOCTATOYHBIM, €CJIA BEJIMYMHA TIepe-
perynupoBanus He mnpesbimaer 10+30 %. OgHako B HEKOTOPBIX Ciiy4asix Tpedyercs,
9TOOBI MTEPEXOTHBIN MpoIIecC MPoTeKal BooOIe 6e3 mepeperyiupoBanus, T.e. ObLT MO-
HOTOHHBIM. B psijie cnydaeB nonyckaercs nepeperyaupoanue 50+70 %.

Ay \V

t
>

Puc. 1.10. K onpenenennto ckopoctHoit ommnbku CAY.

JpyruM BakKHEHIIIUM TOKa3aTelIeM SIBISIETCS 8peMsi pecyauposanus (ycmanosie-
Hus) tyer. OHO XapakTepusyeT OBICTPOAECHCTBHE CUCTEMBI U ONpPENEISETCS KaK BpeMms,
MPOTEKAIOIIEE OT MOMEHTA MPUJIOKEHUS Ha BXOJI CUCTEMbl HOMUHAJIBHOTO CTYIIEHYATOTO
BO3JICMCTBUS 10 MOMEHTA, IOCI€ KOTOPOTO UMEET MECTO HEPABEHCTBO

‘y(t) - yycm < 5pee’

rac 517@2 — AaHHOC 3HAYCHUC OTKIIOHCHHA ITPOLICCCa OT a0COJIIOTHO YCTaHOBUBHICTOCA

3HAYCHUS Y, , ONPEIEISIONIEe TOYHOCTD HAXOIKICHHS tycr.
—59
Ecnu BenmunHa O, OrOBapHBAcTCsl, TO IPUHUMAEM O,,, =9% OoT Y .

JlomycTMoe 3HaueHrue BPEMEHHU PETYJIMPOBAHUS OMPENEIIeTCS 0COOCHHOCTIMU
TEXHOJIOTUYECKOTO Tpoliecca, B KOTOpoM npumensiercst CAY.
PaccmoTpenHbie mokazatenu KadecTBa MepexoJHOTO MpoIecca MILTIOCTPUPYIOTCS

pucynke 1.9.

CyliecTBYIOT Takke ApPyrue Mokaszarelid KauecTBa MepexoqHoro mpouecca. Ha-
MIpUMEP, UHTETPAJIbHBIE OLECHKHU [1, 4, 5] WM nmoka3areynr, OCHOBAaHHBIC HA KOPHEBBIX
MeToJiaxX aHaiamu3a ocodennocrer quHamuku CAY [2, 6, 7].
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2. KOPPEKIIYSI JUHAMMNYECKNX CBOMCTB CUCTEM ABTOMATH-
YECKOI'O YIIPABJIEHUA

CrnenyeT pa3inyarth TPU OCHOBHBIX METOJIa KOPPEKIHUU AUHAMHUYECKUX CBOMCTB
maueinbpix CAY.
[Ipu nmociieroBaTeIbHOM KOPPEKIIMHU KoppekTupyoiiee ycrpoiictso (KY) Bkitoua-

CTCA IOCJIICAOBATCIIbHO C 3JICMCHTAMHU OCHOBHOI'O KOHTYpa PCryJIMPOBAHUA (pHCYHOK
2.1).

Y

Wo,(P) | >

| |

N | |
T W) [ Wt | el

| |

—_— — — — —

S —

Pucynok 2.1 - CrpykrypHas cxema CAY ¢ nocinegoBatensHol koppekiuen: HYC - He-
M3MCHsIeMast 9acTh CUCTeMBL; W, (p) - [ID obbekTa ynpasnenus; W, (p) - IO peryisitopa;

W,, (p) - I1D cunosoro mpeo6pa3oBaTENbHOIO YCTPOKCTBa; W, (p)) - [P KoppekTHpyIo-

LIEr0 YCTPOMCTBA

[lepenarounast GpyHKUKS PAa30MKHYTON CKOPPEKTUPOBAHHOM CUCTEMBI B 3TOM CITy-
yae UMEET BU

W (p) =W, (p)W,, (P)W,, (P)W,, (p). (2.1)

[Tpu npsamou napannenvroii Koppexyuu KOPPEKTUPYIOLIEE YCTPOMCTBO BKJIIOYaA-
eTCsl MapaljIeSIbHO YUaCTKY IeTH YIIPABICHHUS, ITOIISKAIIEeMy KOPPEKIHU (PUCYHOK 2.2).

[lepenarounast GpyHKIMS pa30MKHYTON CKOPPEKTUPOBAHHON CUCTEMBI B 3TOM
CJIy4ae UMEET BUJI

W (p) =W, (p)W,, () +W, (p) |- W, (D)W, , (p)- (2.2)

[TapannenbHble KOPPEKTUPYIOUIUE YCTPONCTBA Yallle BCEro UCIOIb3YIOTCA C Iie-
JBI0 BBEACHUS B 3aKOH PETYJIMPOBAHUS MPOU3BOAHBIX WJIM MHTETPAIOB OT CUTHAJIOB
yIPaBIICHHUS.

CrnenyroommuM METOAOM KOPPEKLHUH SIBIIIETCS BBEACHUE MECHIHbIX KOPPEKMUPYIO-
WuUx 00pamHuvIx cesazell.
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> W (P)

@ Wetp sl Wo(p) (X Wl > Woulp)

Pucynok 2.2 - CtpykrypHas cxema CAY ¢ napasienbHou koppekiueit; W, (p) - I1D

*x
y<

HUYC

4aCTU CUCTCMBI YIIPABJICHUA, HOI[BCpFElIOIHCfICH KOPPCKIOUH

B 3TOM citydae KOppEeKTUPYIOIIEE yCTPONCTBO BKIIFOUAETCS B LIENIb MECTHOM OTpU-
narenabHou oopatHol cBsa3u (MOOC), koTopast oXBaTbIBaeT U30paHHbIE 351eMeHThl CAY
(pucynoxk 2.3). CTporux npaBui AJis BBIOOpa 31€MeHTA (WM TPYIIIbI 3JIEMEHTOB), OXBa-
teiBaecMoro MOOC He cymiecTtByeT. MHOT1a 3TO MPOCTO 3AEKTPOHHBIN YCUIIUTEINb, CIIE-
UaabHO BBOAMMBIN Juisi Koppekiuuu CAY. MHoraa - a1eMeHT yKe MMEIOLIUICS B CH-
CTeMe, HO 00JIafjatoMi KaKUMU-TH00 HeXKeNaTeIbHBIMU CBOMCTBaMU (Upe3MEPHO UHEP-
LIUOHHBIN, HaXOAAMIMICs OJIM3KO K TPAHUIE YCTOMUYMBOCTH, TPEOYIOIIMM TMHEapU3aluu
WIN NOJIBEPKEHHBIN BO3MYIIAIOUIEMY BO3JIEHCTBUIO).

[lepenarounas (pyHKLHS TAKOW CUCTEMBI B PA30MKHYTOM COCTOSIHUU UMEET BH/T

_ W, (p)
W (p)=W,(p) TW, ()W, (7) W, ()W, (P). (2.3)

Wiy (P)

*x

y
@ e =~ wo(p) L WelP) > WoulP)

HYC

Pucynok 2.3 - CtpykrypHas cxema CAY ¢ KoppeKuuei B BUAE MECTHOM OTPULIATEIBHOM
0o0paTHOM CBSI3U

Crnenyer obpatuth BHEMaHue Ha TO, 4T0 MOOC MOKeT BBOJIUTCS KaK C IEBIO
ONPEAECIECHHON KOPPEKIIMU TUHAMAYECKUX CBOMCTB Beell CAY, Tak M C LIENIbIO HAINpaB-
JICHHOW KOPPEKIMU CBOMCTB OJHOTO U3 AJIEMEHTOB (UTO TaK)KE IMOJOKUTEIBHO BIIMSET
Ha IMHAMUKY cucTeMbl). CTpOTo roBOps, K 3a/1aue CHHTE3a HEMOCPEICTBEHHO OTHOCUTCS
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TOJIbKO TMEepBbIi noaxo (napametpsl KY paccunTheiBaroTcs Mo 3aJaHHBIM XapaKTePUCTHU-
kam Bceil CAY). Bropoii noaxo/1 XxapakTepeH JJIsl HHKEHEPHO-TEXHUYECKOU pa3padoTKu
CAY. IIpu stom napamerpsl KY paccUuThIBatOTCS TOIBKO UCXOIS U3 )KEITAEMBIX CBOMCTB
anemeHnTa, oxBatbiBaeMoro MOOC. 3nech npaBuibHEe BECTH peub He 0 cuHTe3e CAY, a
0 JIOKQJIBHOM YJTy4YILIEHUU CBOMCTB HEKOTOPOTO 3BEHA.

JIlnHaMu4ecKkre CBOMCTBA JIMHEWHBIX CUCTEM, IPU BBEAECHUHU KOPPEKTUPYIOIIMX
YCTPOMCTB PA3IMYHOIO TUIIA, MOXHO CJENaTh JOCTATOYHO OJM3KUMHU, €CIU Mo00paTh
JUIsl KOPPEKTHUPYIOIIETO YCTPOMCTBA OJHOTO THUMA 3KBUBAJIEHTHOE KOPPEKTHPYIOLIEE
yCTpoicTBO Apyroro tuna. GopmanbHO Takasi onepaiusi MOKeT ObITh MpoJieyiaHa Mpu-
paBHUBAHUEM PE3YIbTHPYIOMINX MepeaaTouHbx Gynkumii (2.1), (2.2) u (2.3). IIpu stom
NPAaKTUYECKOE MPUMEHEHHE TOTO WM MHOTO METOJa, T.€. MOCIEAOBATEIbHOM, Napa-
JENbHOW KOPPEKIIMH HIIM MECTHBIX OOpaTHBIX CBA3EH, ONMpENesieTcs] y100CTBOM TEXHHU-
YECKOT'0 OCYLIECTBIICHUS.

B nacTosiiee BpeMst pazpaboTaHo 00JIBIIOE YUCIIO TPUOIMKEHHBIX METOJIOB CHH-
T€3a KOPPEKTUPYIOUIMX ycTpodcTB. Hambombiiee pacnpocTpaHeHHE B WHKEHEPHOU
MPaKTUKE NOJIYYHJIU rpadOaHAITUTUYECKHE METO 1Bl CHHTE3a, OCHOBAHHBIE HA CIIEKTPAJIb-
HOM (WJIM YaCTOTHOM) OITMCAHUM CUCTEM yIpaBiieHus [9]. 31ech MUPOKO UCHIONIB3YIOTCS
KOCBEHHBIE OLIEHKH Kau€eCTBa IEPEXOAHOIO MPOLECcca, TAKUE KaK 3a11ac yCTOMYHUBOCTH 110
¢aze, 3amac no aMIUIMTY/E, KOJEOATEIbHOCTh, YAaCTOTA CPE3a, KOTOPbIE MOKHO HEIO-
CPEIICTBEHHO ONPEIEIUTh M0 YACTOTHBIM XapaKTEPUCTHUKAM.

Haubomee npocTbiM, HAMISAHBIM M XOpOLIO pa3paOd0TaHHBIM MHXXEHEPHBIM METO-
JIOM CUHTE3a KOPPEKTUPYIOMINX YCTPOUCTB SIBISETCA METOJ JOrapu(hMUUECKUX YACTOT-
HbIX xapaktepuctuk (JIUX). Cunrez meromom JIYX ocHOBaH Ha CBSI3M BEIIECCTBEHHOM
YaCTOTHOM XapaKTEPUCTHKU 3aMKHYTOM CHCTEMBI C MOKa3aTeIsIMU KauecTBa Mpolecca
perynupoBanus. JlaHHBIA METOJ MO3BOJISIET IO 3aJaHHBIM MOKa3aTelsiM KadecTBa IO-
cTpouTh xkenaeMyro JIAUX pa3oMKHYTON CKOPPEKTUPOBAHHOM CUCTEMBI, 4 3aTEM HANTHU
nepesaToyHyro (PyHKIIUIO, BBIOpaTh CXEMY U ONPEAEIUTh NapaMeTpbl KOPPEKTUPYIOIIETO
ycTpoiicTBa. B moaassitonieM OOJBIIMHCTBE Cy4aeB METOJ PUMEHSIETCS AJI1 CHHTE3a
CAY c nocienoBaTebHON KOPPEKIUEH, YTO 00BSICHICTCS KaK MPOCTOTON TEXHUYCCKOM
peanu3anuu, TaK U HarjasiJHOCTBIO TPeOyeMbIX MOCTPOEHUM. B cBsI3u ¢ 3TUM HIKE OyeM
paccMaTpuBaTh TOJIBKO BOIPOCHI, OTHOCSALIMECS K MOCJIENOBATEIIBHON YaCTOTHOW KOp-
pexuun CAY.
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3. CHMHTE3 TIOCIIEAOBATEJIBHOI'O KOPPEKTHUPYIOLIEI'O
YCTPOMCTBA MO JOTAPUOGMUYECKUM YACTOTHBIM XAPAKTEPH-
CTUKAM

N3naraemas Huxe Mmetoanka cuaTe3a KY opueHTHpoBaHa HCKIIIOYUTEIBHO HA MHU-
HUMaJIbHO-()a30BbIE€ CHUCTEMBI, T.€. CUCTEMBI, Y KOTOPBIX UMEETCS OJTHO3HAYHAS 3aBUCH-
MocTh Mexay BuaoMm JIAUX u morapudmuueckoit ¢a3o4acTOTHONH XapaKTEPUCTHUKOM.
DTO MO3BOJISIET CYJIUTh O MEPEXOAHOM mporiecce no ogHoi JIAUX.

[Ipu cunrteze koppektupyromero ycrpoictsa CAY meronom JIYX oObr4HO HC-
ITOJIB3YETCS CIEYIOINMI MOPAIOK PEIICHUS 3a1a4H.

1. 3anuceiBaeTcs nepegaToyHas (QyHKIMS Pa30MKHYTOM HECKOPPEKTHUPOBAHHOMN
CAY W__ (p). Eciu ucxonnas CAY oxBaueHa eTMHUYHON 0OpaTHOM CBSI3bIO (PUCYHOK

pHC

3.1), o

vvpm(p)=%=wnp<p). (3.1)

Wix(P) -~

Pucynok 3.1 - Crpykrypnas cxema CAY ¢ equHn4HOM 0OpatHo# cBsasbio: W, (p) - [ID
IIENU TIPSIMOTO MPe0Opa3oBaHus CUTHAJIA

Ecnu e nucxoaHasi cucreMa uMeeT B 1IeT 0OpaTHOM CBSI3U 3BEHO C TIEPEIaTOYHOM
¢ynkuuneit W__(p) (pucyHok 3.2), To HeOOXOAUMO OCYIIECTBUTH IIPUBEICHUE K €AMHNY-

HOW 00paTHOM CBsA3H (PUCYHOK 3.3).

. S W;(P) ! -

Wor(p)  |—

Pucynok 3.2 - CtpykrypHas cxema CAY ¢ HeeAMHUYHON 00paTHOM CBSI3bIO
B sTom ciyuae
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W ()= 30 B2 =V (DI, (). 32)

WHP(p) > WOC(p) - W (p)

Pucynok 3.3 - Ctpykrypnas cxema CAY, npuBeeHHas K €AMHUYHON 00paTHOM CBS3H

2. Ctpoutcs JIAYX HECKOPPEKTUPOBAHHON CUCTEMBI C YIETOM TPeOyeMoro Kodd-
uirenta ycunenus cucrembl K - B pasoMkHyTOM coctosiunu. Kosduuunenr K Haxo-

JUTCS U3 YCIIOBHSI MOJTYYEHUs OIIMOKU B YCTAHOBUBIIEMCS PEKUME HE BBILIE 33JaHHOM.
3. Ctpourcs JIOUX HeCKOPPEKTUPOBAHHOW CUCTEMBI M ONPEIECISAETCS yCTONYH-
BOCTb 3aMKHYTOM CHCTEMBI. J[JI1 yCTOMYNBOM CUCTEMBI HAXOIATCA 3aI1aChl YCTOMYNBOCTH
no (aze u Mo aMITUTYE.
4. Ilo 3a1aHHBIM TIOKa3aTeNAM KadecTBa (IIepeperyIupoBaHuu o, BPDEMEHHU pe-

3a0?

rynmupoBanus ¥ OIMOKe B yCTaHOBUBLIEMCS pexume e, ) ¢ yuetom JIAUX Heckop-

PEKTUPOBAHHON cucTeMsbl cTpoutcs xkenaemas JIAUX L (o).

5. Crpourcs xenaemas JIOUX cucteMbl U IpOBEPSETCS 3anac YCTOMYMBOCTH T10
¢daze Ha rpanunax cpeanevactotHoro yyactka JIAUX. Ecnu Tpebyemslii 3anac no dasze
HE BBIJIEPKaH, TO CPETHEYACTOTHBIN y4aCTOK PACIIMPSIETCS U CHOBA MPOU3BOAUTCS MIPO-
BEpKa.

6. Ha ocHoBanum xemaemont JIAUX u JIAUX HeCKOPpEKTUPOBAHHOM CHUCTEMBI
onpeznensiercst JIAUX koppexrupyromiero ycrpoiictsa L (@)). B ciydae npumeneHnst

MOCJIEI0BATENLHOTO KOppEeKTHpyroliero ycrporcrsa ero JIAUX nosyyaercs: BbIYMTA-
HueM opauHaT JIAYX HeCKOppPEKTHPOBAHHOM CUCTEMBI U3 OpAUHAT xkenaeMoi JIAUX.

Ly (@) = L (@) — Ly (@), (33)

7. I1o nonyyenHo# JIAUX KOppeKTUPYIOIIETO YCTPONCTBA HAXOAUTCS IEPEAATOU-
Hast PYyHKIUSI KOPPEKTUPYIOUIET0 YCTPOMCTBA U MO0MpaeTCst HanboJsiee mpocToi crnocod
ero peasizanuu. OnpenenstoTcs mapaMeTpbl KOPPEKTUPYIOIIET0 YCTPOMCTBA.

8. ITo moctpoennoi JIAUX cKkOppEKTUPOBAHHOW CUCTEMBI ONIPEAEISETCS Mepeia-
TOuHasi (YHKIMS PA30MKHYTOM CHCTEMBI, a 3aT€M M 3aMKHYTOH CKOPPEKTHPOBAHHOU
CAY.
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HauGouiee coskxHbIM U OTBETCTBEHHBIM 3TAIIOM ITPU CUHTE3€ SIBJISIETCS MIOCTPOEHUE
xemaemoit JIAUX. CymiecTByeT 1emnsiil psij crioco0oB onpenenenus xemaemon JIAUX u
pacueta ee napaMmeTpoB. OCHOBHBIMU SIBJISIFOTCS CJIEIYIOLINE:

1. Meron B. B. ConongoBuukoBa. /{ns pacuera xenaemoit JIAUX ucnons3yrorcs
HOMOTPaMMBI M BEIIICCTBCHHBIC YaCTOTHBIC XapakTepucTHKU P(w). IIpu 3ToM B kKauecTBe

UCXOJHBIX JaHHBIX OepyTcs ko3 ¢unuents! ommbok Cy, C,, C,,...,C, , BEIUUnHa nepe-

perynupoBanust c% U BpeMst pEryaupoBanus t . .

2. Metonp! I'. YectHara - P.Maiiepa, B. B. CosnonoBHukoBa. Mcnonb3ytoTcs moJi-
HbIE HOMOI'PAMMBI, TO3BOJIIIOLIUE ONPEAEIATE apaMeTpsl kenaemon JIAUX B 3aBucu-
MOCTH OT TpeOyeMoi ToOUHOCTH (KO3(PGUIIMEHTOB OMMUOO0K), BEIIMUUHBI TIEPEPETYIUPO-
BaHUsI ¢% , BDEMEHHU PETYIUPOBAHUS T, 3a11aCOB yCTONYMBOCTH MO (ase U aMILIUTY]IE,

nokasarelis kojebartenbHocTd M u 1ip.

3. Meron Kpeitnepmana. Jlyist pacuera napametpos xkenaemoi JIAUX ucnons3yer
3aJlaHHbIE 3HaYEHUs OIMOOK U 3aI1acoB YCTOMUMBOCTHU IO aMIUTUTYAE U (ase.

4. Meton 4. E. I'ykaiino u B. A. becekepckoro. B 3ToM MeToie 1Jisl MOCTPOCHUS
xemaemoint JIAUX ucnonb3yroTcst 3ajaHHbIe 3HAYEHUSI OMIMOOK M MOKa3aTelb Kojeba-
TEJIBLHOCTH.

Paccmotpum noapoOHee MeTos cuHTe3a, paspadoTtanHbii B. B. ComomoBHuKO-
BBIM JIJIsI CUCTEM C aCTaTU3MOM TIEPBOTO MOPSIKA.

B 0CHOBY CHHTE32 MOJI0KEHBI CIECIYIOIINE MMOKA3ATENN KAaYeCTBRA:

0 (v
1. IlepeperynupoBanue o, % npu cTyleHYaTOM BO3/EHCTBUU Ha BXOJE.

2. Bpems nepexoanoro npormecca t .

3. Koo uuuments! omudok C,, n 72 Ot K03PULIHUEHTHI UCTIONB3YIOTCS IS

BBIYKCIICHUS YCTAHOBUBILEWCS OIIMOKU B Cllydae, €clid 3aJarouiee BO3/IECUCTBHUE SIBIIS-
€TCsl MeIJIEHHO MEHSIOIIeHCs (PyHKIMEe BpeMeHU. Y CTAHOBUBIIIASICS OIITMOKA OTIpeIesi-
eTcs 1o popmyie

C,dx C,d?x C, d"x
Sttt

ndt 2! dt n! dt

rae C_, - KoOQOUIMEHTH] OINOO0K;

o ¢ d'x
Tdtdt? T dt"

X(t)

- BXOJHasd BCIIMYKMHA U €C IIPOU3BOIHBIC.
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Koadduiments MOXXKHO ONpeNeanTh, pas3liokUB MEPEelaToOuHyl0 (PYHKIUIO 3a-
MKHYTOW CHUCTEMBI 10 OIMMOKE B CTETIEHHOU psifl. Tak Kak mepenaTtouHas (pyHKIUS 3a-
MKHYTOM CHCTEMBI MO OIIMOKE MPEeICTaBIsIeT cOO0M APOOHO-pAIMOHANIbHYIO (QDYHKIIMIO
BUJA

Cap"+ap Tt tapta,
* bp"+b, p"t+..+bp+by

TO KOC—)(I)(i)HHI/IGHTI)I OIIMOOK MOKHO IMOJIYUHUTH IIYTCM ACJICHUA €C YUCIUTCIIA Ha 3HAMC-
HaTCIb.

1
B cucremax ¢ acratuzmom niepsoro nopsagka C, =0; C; = K_ [c];
p

C,=—|a,———| [c°], tne K, - x03hduUIHEHT yCHICHUS Pa3OMKHYTOH CH-

CTCMBEI.

[Tpu noctpoennn xxenaemoit JTAUYX pazoMKHYTO# CHCTEMBI BBIACIAIOT TPU 00J1a-
CTH: HU3KHE, CPEAHUE U BHICOKUE YaCTOTHI.

O6s1acTh HU3KHMX YAcTOT. COJIEPXKUT YaCTOTHI, OJIM3KKE K HYJIEBOU U OMIpPEICIIseT
TOYHOCTh PEryJUPOBaHUS B YCTAHOBUBIIEMCS PEXUME. Y CTAHOBHUBIIIASICS OIIMOKA CH-
CTEMBbI B 3HAUUTEIHLHOM CTENIEHU 3aBUCHUT OT KOA(PPUITMEHTA YCUIIEHUS HECKOPPEKTUPO-
BAHHOM CHCTEMBI NIPU YaCTOTaX, MEHBIIMUX MEPBOU conpsraromend yactoTel. JIAUYX cu-
CTEMBI B 3TOM 00J1acT mMeeT HaKkJIoH -20 nb/faek, COOTBETCTBYIOIINM aCTaTU3MY TIEPBOTO
MOpsJIKA.

s onpeneneHus moJIOKEHUT ACUMIITOThI IOCTAaTOYHO 33JaTh OJHY U3 €€ OpJAu-

-1 9
Har. I[Ipu yactore @ =1c~ opauHATa HU3KOYACTOTHOW acHMMTOTHI paBHa 20Ig K, nb.
Koo dunument nodporHoct K = B aCTATUYECKON CUCTEME MEPBOIO TOPSIKA ONPEAETIs-

€TCsI T10 3aJJaHHOM JOITYCTUMOM CKOPOCTHOM OIMMOKE £cx TIPH 3aJJaHHOM TTOCTOSIHHOM CKO-

dx(t)

POCTH U3MEHEHHUSI BXOJTHOTO BO3AEHUCTBUA U = F =const ;

Ky == [c1. (34)

CK

Tak kak 3a7aHHbIi KOAYDPUIHEHT TOOPOTHOCTH K & MOIIyYaeTcs ¢ MOMOIIBIO T10-

CJIeI0BATEIbHO BKJIFOUEHHBIX O€3bIHEPIIMOHHBIX 3BEHBEB, TO CHayajla OCYIIECTBISIETCS
KOppeKIus K03 hUIlMeHTa yCUaeHus: pa3oMKkHyTol cuctembl. XKemaemas JIAUX B pac-
CMaTpUBaEMOI 00JaCTH YacTOT A0KHA coBnanath ¢ JIAUX HecKOppEeKTUPOBaHHOM CH-
CTEMBI, IOCTPOEHHOH ¢ yueToM TpedyeMoro korddummenTa ycuneHus. CieaoBaTenbHo,
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BUJ1 xenaemoit JIAUX B 00,1aCTH HU3KHUX YaCTOT OMpPEACIAeTCs BETMIMHON Kodpduiin-
€HTa YCUJICHHS Pa30MKHYTOM CHCTEMbI, BBIOMPAeMOT0 U3 YCIOBUs obecreueHus: Tpedy-
€MOM TOYHOCTH MPU MEMJICHHO MEHSIOIIMNXCS BO3ICHCTBUSX.

O06J1acTh CpeIHUX YACTOT. DTa 00JIACTh OMPEEISIET 3arac YCTOMIMBOCTH TI0 aM-
IUIUTYJE U 10 (a3e, a TakyKe MoKa3aTelld KauecTBa MepexoIHOTo Mpoliecca Mpyu CTYMeH-
YaTOM BO3JICHICTBHH.

JIns mOCTpOEHHUs CPETHEYACTOTHOM aCUMITOTHI BBOJIUTCS TUIIOBAs BEIIECTBEHHAS
YaCTOTHAsI XapAaKTEPUCTUKA 3AMKHYTOM CHCTEMBI. Y IPOIIECHHBIN BUJ TAKOW XapaKTEpu-
CTHKH TIOKa3aH Ha pUCyHKE 3.4,

)
DTa XapaKTEPUCTHKA OMKMCBHIBAETCS CIEAYIOIUMU BEIMYMHAMHU: ) = —- OCHOB-

a)l’l
o (ON wy
HOU KO5 HNIIMCHT HAKJIOHA, =—H = —— JOITIOJIHUTCJIbHBIC KO3 HUIIHUCHTBI
’ a 1

Wy Wy
,

b @, o .
HakiaoHa, A, =— U A, =—=- OCHOBHOM W JIOMOJHUTEIILHBIN K0P PUIMEHTH (hOPMBL;
9 1 2 9

a)n a)O

@ - HHTCPBAJI IIOJIOKUTCIIBHOCTH.

Oy (OF) (O} (O Q)

3
M, My (OF] TP :
min v

PucyHok 3.4 - TunoBas BelleCTBEHHAs! YaCTOTHAS XapaKTEPUCTUKA
Ecau B cucteMe ¢ nmpuemMiIeMbIMU JUHAMHUYECKUMH KAue€CTBAMU BBITIOJIHSIFOTCS

ycnoBus: y <0,8; y, 20,4, 4>0,5;, T0 BeNMYMHA INEPEPETYIUPOBAHUS B OCHOBHOM
onpenensiercss P, . B aTom citydae nepeperynupoBanue c% U BpeMsl peryJupOoBaHUs

t _ MOTYT OBITh ONpPENENIEHBI 10 KPUBBIM, TPUBECHHBIM B MIPWIOKEHUU | Ha PUCYHKE

ycr

IT. 1.1.

Taxum 00pa3oM, Ha OCHOBAaHUM 33JaHHOTO IIEPEPErYIMPOBAHUS O, , MOKHO OIIpe-

pemuts P w3arem mo P - 3aBHCHMOCTh MEK/Iy BPEMEHEM PEryliupoBanus t U 4a-

CTOTOH @, . 10 3a1aHHOMY 3HAYEHUIO T JIETKO ONPENETUTh TPEOYEMOE 3HAYEHHUE 0, -
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OpnHako, oTpuIaTeNbHas YacTh BEUIECTBEHHON XapaKTEPUCTUKH TaKXKe BIUSET Ha
HepeperyIMpoBaHue, yBeIn4MBas ero Ha Benuuuny Ao <0,3P, .

DTO MOXKHO Y4Y€CTb, MOJIOKHUB

P.=P_ —1. (3.5)
O6uiee nepeperyaupoBaHue OyeT paBHO
c%=0o(P,_)+03P_, 100%, (3.6)

rie o(P_ )- cocraBisomas NepeperyJIupoBaHusi, 00yCIOBIEHHAs IOJI0KUTEIbHBIM

BEIOpOcOM BUX.
Teneps, umes rpapux c% = f (P, ) (pucysok Il. 1.1) u yunTsiBasi BelpakeHUs

(3.5) u (3.6), MmoxxHO ompenenuts P u P

min 2

COOTBETCTBYIOIIHE 3a/IaHHOMY IIepepery-

JUPOBAHHUIO o,,,. I 3TOrO 3aJaiUMCs 3HAYEHUEM O, < O

3a0”

1o rpaduky (pucyHoxk II.
1.1) onpenenum cooTBeTCTBYIOIIECE 3HaUeHue P, . [lomcraBuB 9T0 3HaUEHNE B BhIpaxKe-
Hue (3.5), naitnem P, . [lomcuuraem 3HaueHHE o, UCTIIONB3YS BhIpakeHue (3.6). Eciu

IMOJIYYCHHOC 3HAUYCHUC O =~ O TO CHUHUTACM, YTO Pmax OIIpCACICHO BCPHO. Ecau xe no-

3009

YY€HHOC 3HAQ4YCHUC O #* o, , TO 3a4a€M HOBOC 3HAYCHUC O,, U IIOBTOPACM DPACHCT HJIA

0
9TOI'O 3HAYCHMU .

Korma P OKOHYAaTenbHO HAaWIECHO, MOXKHO ONPEACIUTh @, IO 3aJaHHOMY Bpe-

MEHH perynupoBaHusi. M3 cpaBHEHUS] KPUBBIX MEPEXOAHOTO MPOIEcca, COOTBETCTBYIO-
X TunoBoit BUX (pucyHok 3.4), yCTaHOBJIEHO, YTO BPEMSI PETYIMPOBAHUSA t  3aBUCUT

OT 9aCTOTBHI ITIOJIOKUTCIIBHOCTH @, , B HCKOTOpOﬁ CTCIICHU OT Pmax U IIOYTH HC 3aBUCUT OT

Buaa BUX B o0nactu 4acToT @ > @, .

kz

3aBucumocts t, = Pl f (P, ) u3obpaxena na pucynke I1. 1.1. C momoribio

n

DTOU KPUBOU MOYXKHO OIIPENEIUTh @, TUnoBor BUX, eciu 3a1aH0 BpeMs peryIupoBaHusl

t. .uas P

max

KOTOPOC OIIPCACIIACTCA OIIMCAHHBIM BBIIIIC CHOCO60M, HCXoasia M3 3a AaH-

HOTO 3Ha4eHus o, o pucyHky II. 1.1 HaxoguM COOTBETCTBYIOIIEE 3HAaUEHUE KO (DDU-

T
HHUeHTa K , BXOASIIETO B BHIPAXKEHUE tm = — . M3 3TOro BeIpaK€HHUs 3aTEM HAXOIUM Uy,
0]

n

OTBEYAOLICE 3alaHHOMY BPEMCHH PETyIMPOBaHus t, .

o =57 (3.7)
tyCT

UYacTtora cpesa xemnaemoii JIAUX BriOupaeTcs: paBHOI:
e = (0,6 +0,9) . (3.8)
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B kauecTBe cpenHedacToTHOM 4yacTH kenaemoil JIAUX nmpuHuMaeTcs npsamou-
HEUHBIA OTPE30K, MPOXOIAIINN Yepe3 @, 1 uMeronui HakioH -20 nb/nek. Tenepn
HE00XO0AMMO HalTH TPAHHUIIBI CPEeTHEYaCTOTHONW acumMnToThl L (w). Ans sToro ciegyet
OTIPEIIETUTh 3aIachl YCTOMYMBOCTH 1O aMIIuTye AL mA¢@, KoTOopbIe TOJKHBI 0OecIie-
YHUBaThCSl HA TPAHUYHBIX YaCTOTaX CpelHedacToTHOoro ydactka L (w). Hdns storo wuc-
noJb3ytTces rpaduku 3aBucumoct AL = f(o) u Ap = f (o), u3o0paxeHHbIe HA pU-
cynke I1.1.2.

OmnpenenuB KOHKpeTHBIE 3HaYeHUS AL U A @, MOKHO TTOCTPOUTH 00JIACTH 3alpeTa

Ha rpadukax JIAUX u JIOUX, kak nmoka3aHo Ha pucyHke 3.5.

AL B 3oHbl 3anpeTa ansa NNAYX
z2+3"
+AL ‘: _ Osz Igw
L] .=
A ‘
g >
oV

30Hbl 3anpeTta gns JIOYX
Pucynok 3.5 - K onpenenenuto oo6nacteit 3anpera mis JIAUX u JIOUX
YacToTsl @,, 1 ®,,, OTPAHWYMBAIOIINE CPETHEUACTOTHYIO acuMNTOTy L (@)

CJICBa M CIIpaBa, BBI6I/IpaIOTC$I Tak, YTOOBI BHIIOJIHIIOCH YCIIOBHC
L, (@,,,—AL)|~2+3 1b. (3.9)

Ha sToM mocTtpoenue xenaeMoi Jorapu(Mu4ecKoil aMIuIMTyIHO-4aCTOTHON Xa-

pakTepuCTUKH L B 00JacTU CpEAHUX YACTOT 3aKaHUUBACTCH.
[IpoTskeHHOCTh CpeHEYaCTOTHOM acCUMIITOTHI L 1oykHa OBITE MEHEE O/IHOI Jie-

Kanpl. B mpoTuBHOM citydae (IIpu MPaBUIIBLHBIX MTOCTPOEHUSAX) JOMYCKAETCsl HEKOTOPOE
pacummpenue 3toro yuactka JIAUX.

O06J1acTh BBICOKMX 4acTOT. MOXKeT ObITh Ha3BaHA TAK)Ke 00JIACTHIO MAJIBIX TIapa-
MeTpoB. COIEPKUT BCE COMPSTAOIINE YACTOTHI, KOTOPbIE HECYIIECTBEHHO BIIHUSIOT Ha
MOKa3aTeay KadecTBa MEPEXOJHOTO IpoLecca U Ha TOYHOCTh B YCTAHOBUBILEMCS pe-
KUME CUCTEeMbl. B 00JIaCTH BBICOKMX YaCTOT KOPPEKTUPYIOIIEE YCTPOMCTBO MOYTH HE
BIIMSICT HA BUJ] aMIUIUTYAHO-(DA30BOM XapaKTEPUCTUKNA CKOPPEKTUPOBAHHON CUCTEMBI, U
OHa OTpeJesieTcs] mapaMeTpaMu HECKOPPEKTUPOBAHHOM cucTteMbl. [1oaTOMy B 001acTu
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BbICOKUX 4acToT xenaeMas JIAUX L (o) coBnamaer ¢ JIAUX HecKOppeKTHPOBAHHOM
cucremsl L, (@).

[Tocne nmoctpoenusa acumntot xenaemond JIAYX CAY HeoOXoauMO MPOU3BECTH
UX COIPSKEHUE.

ConpsizkeHue cpeIHEYaACTOTHOW acMMOTOTHI xkejgaemoil JIAUX ¢ Huzkoua-
CTOTHOIM. J/[aHHOE COnpsYKEHUE MMPOU3BOIUTCS TAKUM 00pa3oM, YTOOBI MOJYYUTh HAauOO-
Jiee TMPOCTOE KOPPEKTHPYIOIIEe YCTPOUCTBO. TexHUYecKas peanu3anusi 3BEHa TeM
npoie, yemM MeHblne u3noMoB umeet ero JIAUX. IToatomy conpsikeHre HU3KOYacTOT-
HOW M CPEJIHEYACTOTHOM ACUMIITOT BBIMIOJHSETCA C MMOMOIIBIO OTPE3Ka MPSIMOM, HAKIIOH
KOTOPOW OTJIMYAETCS OT HAKJIOHA CpeaHedacToTHOM acuMnToThl Ha - 20k nb/mex (
k=123,..).

ConpsizkeHue CpeHeYaCTOTHOM acUMNTOTHI kejiaemoii JIAUX ¢ BbIcOKOYa-
cTOTHOI. OHO TaKXKe MPOU3BOJAUTCS C YUETOM MOJIydEHHUs HanboJiee MPoCTOro Koppek-
Tupyromiero ycrpoiicrtsa. OcyuiecTBisercs auHusmu ¢ HakiaonoMm -20K  ab/mex (

k=123,...). [Ipu 3TOM *enarenbHO, YTOOBI HAYMHASI C HEKOTOPOU YaCTOThI @; COMPS-

raromue 4actorsl xenaemond JIAUX coBnaganu ¢ yacroramu conpspkeHus: JIAUX He-
CKOPPEKTUPOBAHHOW CUCTEMBI, U XapaKTEPUCTUKHU B ITUX TOUKAX UMEIU OJIMHAKOBOE H3-
MeHeHHE HakiaoHa. C 3TOW ENbI0 JOIMYCKAeTCa JAaXKe HEKOTOPOE M3MEHEHHE BEpXHEU
FPAaHUYHOW YaCTOTHI CPETHEYACTOTHON aCUMNTOTHI. OTHAKO, CIEYET MOAYEPKHYTh, UTO
YIOMSIHYTOE COBIIAJICHUE HE SIBJISETCS MPUHIIUIIMATILHO HEOOXOIUMBIM, XOTS U CIIOCO0-
ctByet yrnpouenuto KY. Ha stom nmocrpoenue xxenaemont JIAUX cucteMsbl 3akaHUMBA-
eTCH.

Teneps MoxkHO onpeaenuTs JIAUX koppektupyromniero ycrpoicrna. Ecin koppek-
TUPYIOLIEE YCTPOUCTBO BKIFOUEHO MOCJIEN0BATENBHO B MPAMYIO 1ienb yrpasieHuss CAY,
TO nepenaroyHas QyHKIUS pa30MKHYTOM CKOPPEKTUPOBAHHOM CHCTEMBI PaBHA MPOU3BE-
JICHUIO TIEPEIaTOUYHBIX (DYHKIIMI KOPPEKTUPYIOIIETO YCTPOUCTBA U HEU3MEHSIEMOMN YacTH
CHUCTEMBI

W, (P) =W, (P)W,,..(P)-

CooTBeTcTBEHHO JorapupMuUueckre dYacToTHblie xapakrtepuctuku (JIAUX wu
JI®YX) paBHBI CyMM€ COOTBETCTBYIOUIMX JIOTAPU(PMHUUECKUX YACTOTHBIX XApPaKTEpPHU-
CTUK KOPPEKTUPYIOILLETO 3B€HA U HEM3MEHAEMOW YacTH CUCTEMBI. Tak Kak Ipu pacuerax
nepenaroyHas (QyHKIUS KOPPEKTHPYIOUIETO 3BeHAa MOXKET OBbITh MpeACTaBieHa Kak
W, '(p) = K W_ (p). 3Hauenue K MOXKHO HaliTH U3 COOTHOLICHHS

KpCK
Ky = K (3.10)

pHC
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Jist osydeHust HyKHOro ko3¢ ¢uuuenTa yeunenus K, - HCIONb3yeTcs Hocie1o-

BaTEJIbHO BKJIIFOUEHHOE Oe3bIHEpIIMOHHOE 3BeHO. CHauvana, npu noctpoenun JIAUX kop-
PEKTUPYIOLIEro yCTpoiicTBa L (w) ero BAMsSHHE MOXKHO HE yUHTHIBATD.

Takum oOpazom, MOkHO ornpeaenuTh JIAUX KOoppeKTUpYIOIIEero yCTPOMCcTBa 1my-
TeM BbluuTaHus opauHat JIAUX HECKOPPEKTUPOBAHHOW CUCTEMBI, IIOCTPOCHHOM C y4e-
TOM HE00X0IUMOro K03 puImeHTa yCuaeHus U3 opJMHar xxenaemont JIJAUX
L, (@) =L, (@) -L,. ().
Jlst okoHuatensHOTO (hopMmupoBanms JIAUX KOppeKTHPYIOMIETO YCTPOHCTBA J10-
CTaTOYHO TepeMecTuTh noiy4eHHyo JIAUX wa senmnuuny 201g K [1b] Boons ocu op-

JUHAT (T.€. y4ecTh CBOMCTBA O€3bIHEPIIMOHHOIO 3BEHA, 3aatoiero ycuienue KY).
[lepenarouHast GyHKUIHS KOPPEKTUPYIOLIETO YCTPOHUCTBA MOXKET OBITh MPE/ICTaB-

JICHA B O6HI€M BHUAC KaK
N

H(Ti p+1)H(rj2p2 +2&T,p+1)
i=1 j=1

W (P) =Ky = S ’
H(TI p +1)H (T22 p2 + 2521—2 p +1)
1=1 z=1

(3.11)

rae N - yucno Gopcupyromux 3BeHbEB IEPBOrO MOPAIKA;
R - ymcno anepnoauveckux 3BEeHbEB MEPBOTO MOPSIKA;
S - 4ncno KoneOaTeNbHBIX 3BEHBEB (WM alepuOINYECKUX 3BEHBEB BTOPOTO TIO-
pAnKa);
M - 4ucno 3BeHbEB BTOPOTO MOpsiIKa ¢ nepeaaTouHo (yHkuue, oopatnoit 11dD
K0J1e6aTeNbHOTO 3BeHa (MK (DOPCUPYIOUTUX 3BEHHEB BTOPOTO MOPSIIKA).
JInst BOCCTaHOBIJIEHHS MepeNaTOuYHON (YHKIMM MHHUMAaIbHO-(DA30BOr0 3BEHA
(KY) no nosnyuennoit IAUX L, (w) HCHOB3YIOTCS eIy OIINe paBuia:

1. JInst Touek uznoma (neperuda) JIAUX onpenensroTcsi COOTBETCTBYIOIINE UM Ya-
CTOTBI IIepernda w;, @;, @, @, . BBIMUCISIIOTCSA COOTBETCTBYIOIIME OCTOSIHHBIC BPEMEHH

1 1 1 1
Ti:_7Tj:_’T|:_’TZ:_'
o o @, ,
2. Ecnu HakJIOHBI CMEXHBIX OTPE3KOB B TOUKE meperuda oTinyarorcs Ha +20
nb/nek (M3710M BBEpPX), TO B UUCIUTEIh NEPEeIaTOYHON (YHKIIMUA MTOMEUIAETCS MHOKHU-

teinb (T; p +1). Ecau xe Habmogaercs otinuuue Ha -20 n1b/nek (1310M BHU3), TO MHOXKU-
Tenb (T, p +1) noMmeaeTcs B 3HaMeHaTeNb epeaToOuyHoN (QyHKIUY.
3. [Ipu pa3HOCTH HAKJIIOHOB B TOUKE Mepernda, paBHou +40 nb/nex (u310M BBEpX)

B UYHCIUTENh NEPENaTOYHON (PYHKIIUU TOMENIAETCS MHOXHUTENb (sz p? +2&T;p +1).
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Ecnu umeercs paznocts B -40 nb/nex (u310M BHHU3), TO MHOXKUTEIb (TZ2 p? + 25T, p+ 1)

nomemiaetrcst B 3HameHatenb [1D. Koapdummentsr nemndupoBanus & onpenensroTcs
npuOIKeHHO 110 BenmmunHe nmuka JIAUX B Touke neperuoda (cMm. JIAUX konebaTeasHOro
3BeHa, HanpuMmep, B [3]). [lpu orcyrcTBUM NuKa npuHUMaeM ¢&=I, 4TO PaBHOCWJIBHO

NPEICTABIEHUIO MHOJKUTENS BTOPOTO mopsinka B Buae (T, p +1)° wm (T,p+1)°. B

ToM citydae B coctaBe KY OynyT ucnonb3oBatbes (GOpCHUPYIONINE U allepHOINIECKHE
3BEHBSI BTOPOTO MOPSIKA.
4. Haxomutes koapduuuent yeunenust KY no popmyne (3.10), rne non K (ko-

s PuUIMEHT yCHIeHHs pa30MKHYTOH cKoppekTupoBaHHOW CAY) moOHMMAaETCs BEIMYHUHA,
onpenensemas Gopmynoii (3.4).

Takum 00pa3om, nepenaroyHas PyHKIUs KOPPEKTUPYIOLIETO 3B€HA BOCCTAHABIIH-
Baerca B Buze (3.11). Cnexyer oTMETUTH, UTO B OOJIBIIMHCTBE MPAKTUYECKUX CIIyYaeB
JIAYX KV He nmeeT oCTphIX MMKOB WM IIPOBAJIOB U, ciaenoBarenbHo, [1D cpa3y oTeic-

KHMBAcCTCsA B BUJC
N

[TTp+D[(T; p+1)°
W, (p) =K, I:el ng .
[T p+D[](T, p+1)?
1=1

z=1

(3.12)

bonee Toro, yacto BcTpeuaercs cutyauus, koraa B [1® KV gurypupyror Toiapko

MHOXHTEINHU niepBoro nopsiaka (n3nomel JIAUX na +20 n1b/nex) u
N

H(Ti p+1)
[ITp+1)
1=1

B stom ciydae peammzanust KY ynpornaercs. Hanpumep, ecniu N=R=2, to KV pe-
aJM3yeTCcs OJTHUM HHEPLIUOHHO-(DOopcupyroyM 3BeHoM (cM. Taduity KY B npuioxxenun
2). B npyrux ciygasix, KY BemosHseTcs B BUAE MOCIEA0BATEILHOTO COSTUHEHUS COOT-
BETCTBYIOIIUX 3BEHHEB (UTO COOTBETCTBYET OIEpalUsiM MEPEMHOXKEHHS B Gopmyliax
(3.11), (3.12) m (3.13)).

KOHKpeTHBIE 2JIEKTPUYECKUE TETH, PEATU3YIONINE MOTYUYCHHYIO MePeIaTOuyHyIo
dynaknuro KY, npaktuuecku mHaxoastcs no tadmumam [1.2.1 umm I1.2.2, momeneHHbIM B
npuioKeHuu 2. B Tabnuiiax JaHbl JIEKTPUUECKHUE CXEMbI U COOTBETCTBYIOIIUE UM TEpe-
JaTOYHbIE (PYHKITNH, TapaMeTPhbl KOTOPBIX BEIPAKEHBI Uepe3 TapaMeTPhl dJEKTPUICCKOM
cxembl. Eciii He00X0uMoe KOppeKTUPYIOLIEE YCTPOMCTBO OTCYTCTBYET, TO MOJOUPAIOT
KOHTYp, XapaKTePUCTUKUA KOTOPOTO HamboJiee OIM3KO MOAXOAAT K TPeOyeMbIM, U 3aTEM
IPOBEPAIOT PE3yJIbTAT CHHTE3a PACUETOM IEPEXOTHOTO MPoliecca AJisi BBIOPAaHHOM CXEMBbI
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KoppeKkuuu. BpiOpaB cxeMy KOPpEKTHPYIOIIET0 YCTPONUCTBA, PACCUUTHIBAIOT 3HAUYEHUS
€ro IapaMeTpoB.

[Tocneauum sTanoM B cunte3e CAY sBIseTCs IOCTPOEHUE JorapuMUIECKUX Xa-
PAKTEPUCTUK CKOPPEKTUPOBAHHON CUCTEMBI U MPOBEPKA €€ 3alacOB YCTOMYMBOCTH I10
amiuintyze u ¢ase. i OKOHUATENbHON POBEPKHU PE3yIbTaTOB CUHTE3a IPOU3BOUTCS
MozenrpoBanue nonyueHHoi CAY na OBM u cpaBHEeHHE noka3aTeseil kKauecTBa nepe-
XOJTHOTO IPOLIecca C 3a1aHHBIMMU.

4. TUIIbI KOPPEKTUPYIOIINUX YCTPOUCTB U OCOBEHHOCTH UX IIO-
CTPOEHMUAA

B obmem cinyuyae koppekTupytomue ycrpoiictsa (KVY) cucrem aBToMatnyeckoro
yIpaBJICHUSI MOTYT OBITh MEXAaHMUYECKUMH, T'MIPABIMUYECKUMHU, IIEKTPUUECKUMHU WU
nHeBMaTudeckumu. Hinke Oyem paccMaTpuBaTh TOIBKO AIEKTPUIECKUE KOPPEKTUPYIO-
mue ycrpoiictBa. OHU MOTYT OBITh pa3/ielieHbl Ha JIBa KJlacca:

1. KOppeKTUpPYIOIIME YCTPONCTBA I BUACOCUTHAIIA,

2. KOPPEKTUPYIOIIME YCTPONUCTBA AJIsl PaIMOCUTHAIA.

[TosicanM 3TH TEPMHHBI CIEAyOMKUM 00pa3oM. [loa BueocurnanoM moHUMaeTCs
curaan X(t) comeprkamiuii B CBOEM aMILTUTYTHOM CIICKTpE \F{x(t)}{ COCTaBJISIONIYIO IO~

ctosiHHOrO TOKa (@=0). Takoe Ha3BaHWE MPOUCXOUT OT CUTHAJIOB, UCIIOJIH3YEMBIX B TE-
JIEBHJICHUY JUUI Tepe/ladyn N300pakeHul (TO €CTh, OT BUJICOCUTHAJIOB B Y3KOM CMBICIIE
cioBa). [loa panrocurHasoM MOHUMAETCS CUTHAJI, HE COJIEpKAIUi B CBOEM aMILIUTY/I-
HOM CIICKTpE MOCTOSTHHOM cocTaBisttorel. [Tomyuaercs takoi curnain Yy(t) mocpeacTBom

MOJyJISIUHM BBICOKOYACTOTHOIO KOJIEOaHUs ¢ 4aCTOTOM ), (HECyIlel 4acTOThI) MOJIE3-
HeIM curHanioM X(t). [Ipu 3TOM, Kak IPaBHIIO, KCIIOIB3YETCs TUOO aMILIUTYAHAS, JINOO

yacToTHas1, 1100 (a3oBast Moaynauus. Takoro poga CUrHAJIBI 4YaCTO UCHOJB3YIOT B pa-
JTUOTEXHUKE (PaJuOCUTHAIIBI B Y3KOM CMBICJIE CJIOBA), OTKYAa U MPOUCXOAUT HAa3BaHUE.

Paznuuure Mexay yKazaHHBIMH CUTHAJaMU MOSICHSIETCS pUCYHOK 4.1.

lNocTosiHHas Hecyuwias
F{x(1)} F{y(0)}
[F{x(t)} [F{y()}]
cocTtasnsoLwas yacTtoTta

0)
Pucynok 4.1 - CriexTpsl BU€0- () U paaAuoCUTrHAIIOB (0)
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Yacto k coorBercTByrouuM KV npumenstor u apyryro tepmunonoruto: KY mno-
CTOSIHHOTO TOKa (1 BuaeocurHaioB) u KY nepemeHHoro toka (st paguoOCUTHAIOB)
[8]. Takue TepMUHBL, ABIAACH 00Jie€ MPUBBIYHBIMU ISl AJIEKTPUKOB, TEM HE MEHEE, He-
CKOJIBKO 3aTMEBAIOT CyTh. Belb, eHCTBUTENBHO, TI00ast YaCTOTHAsI KOPPEKIHs KaK Obl
HOJpa3yMeBaeT HAJIMYME U3MEHSAIOMUXCS (IEPEMEHHBIX) CUTHAJIOB, & CUTHAJ TIOCTOSH-
HOTO TOKa (B CLIEKTPE KOTOPOT'O €CTh TOJIBKO IMOCTOSIHHAS COCTABIISAIONIAs ) HE HYKIAETCs
B KakoW-1100 koppekiuu. B 3ol cBsA3u, 6onee koppekTHO roBopuTh 0 CAY ¢ Moays-
LMEeN YNPaBISIOIIET0 CUTHANA U O cucTteMax 0e3 Moayisiuuu. COOTBETCTBEHHO, U KOP-
PEKTUPYIOLIUE YCTPOKCTBA Oy IyT OPUEHTHPOBAHBI JIMO0 HA MOAYJIMPOBaHHBIE, TM00 Ha
HEMOAYJIUPOBAHHBIE CUTHAJIBI.

B GonpmmHCTBE CUCTEM MPOMBIIIIEHHOW aBTOMATUKH MOAYJISILIUS HE UCHOJIb3Y-
ercs. [Toatomy, Hke Oyzaem paccmarpuBarh Toiabko KY nepsoro tuna (KY nns Bugeo-
curHasnos). OHH, B CBOIO OY€pe/ib MOTYT ObITh pa3/IeJIeHbl Ha JIBa Kjacca:

e naccuBHbIe KV,

e aktuBHbIe KVY.

[TaccuBubie KY He MOryT ycunMBaTh BXOJHOM CHUTHaN Ha JIF0OOM 4acTOTe U BbI-
MIOJTHSIIOTCSL HA OCHOBE PE3UCTOPOB, KOHJIEHCATOPOB U KaTylleKk MHAYKTUBHOCTH (RC-,
RL- nau RLC - uenm). [IpeumymiectBeHHOE npuMeHeHne HaxoaaT RC-cxeMsl.

CxeMbl TaCCUBHBIX KOPPEKTUPYIOUIUX YCTPOMCTB, a TAKKE UX JorapupMuiecKkue
YaCTOTHBIE XapaKTEPUCTHUKH, epeaaTounbie GyHkuu 1 napameTpsl npuBeeHbl B Ta0-
maue I[1.2.1 (mpunoxenue 2). [lonbp3zoBaTecs Tabnuie yqoO0HO, OPUEHTUPYSICh HA BUJ
Tpebyemoit JIAUX KYV.

B psne cinyuaeB Tpedyemast JIAUX u cooTBeTCTBYIOIIAs MepeAaToyHas PyHKIuUs
KV He moryTt ObITh peaan30BaHbl OJTHOM dJIeMEHTapHOU (Tabmu4HON) cxemoii. B atom
Clly4ae MCHOJIb3YIOT MOCIEI0BATENbHOE COEAMHEHUE HECKOJBKUX KOPPEKTHUPYIOLIUX

kackaznoB. Hampumep, Tpedyercs peanmuzoBath KY ¢ JIAUX cnemyrormiero Buaa (pucyHoK
4.2).

A I—Ky Igm
.

(O]] (05 M3 Wy w

Pucynok 4.2 - IIpumep tpebyemoit JIAUX KoppeKTHpPYIOLIEro yCTporicTBa
Takyro JIAUX MOXKHO NOJTyYNTh, HCTIOJB3YS IMOCIEA0BATEIBHOE COEAMHEHUE JBYX
3BEHbEB (pUCYHOK 4.3).
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JIAYUX Tako# cxembl [T0JIy4aeTcsi CYMMUPOBAHUEM COOTBETCTBYIOIIMX XapaKTepu-
CTHK OT/IEJIbHBIX IETI0YeK (PUCYHOK 4.4).

e — |

| | — =

| | |

| | |
- L— | I *— >
Bxon | | | Bbixon

| |

| 1-e 2-e ]

| 3seHo _l_ : 3BEHO |

|

_____ L

Pucynok 4.3 - KoppekTupytoliee yCTpOMCTBO B BUJIE MOCIEI0BATEIBLHOIO COCTUHECHUS
nByx RC-ueneit

1
A LK) on o)) lgo
:\ ®
| |
| |
| |
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| |
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A LZK) | | lgo
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i | : 3 : [N ®
|
| | | |
| | | |
| | | I
! | | |
| | | |
| | | |
| | I I
A L%s | | | | lgo
| | | >
|© I, | 3 | 4 ©
| : | |
| | | |
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2020 | : 42025
ek | - i (S

Pucynok 4.4 - Ilocrpoenne cymmapnoit JIAUX KY
[Ipu mocnenoBaTeaIbHOM COEAMHEHUHM KACKaJOB YAaCTOTHOM KOPPEKLHUH HEOOXO-

AUMO CJIICOUTH 3a TCM, YTOOBI BBINIOJTHSJIOCH YCIIOBUC

Zy(jo) <<[Z; (jo),

BbIX
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rae 2" (jw)- KOMILIEKCHOE BBIXOIHOE CONMPOTHBRICHUE Ipeaniaymero (N-1) kackana,

BbIX

Z' (j®) - KOMIIEKCHOE BXOJHOE COPOTHBIICHUE TIOCIIEIYIONIEro N-ro Kackaa.

DT0 HE0OXOAUMO ISl TOTO, YTOOBI HE OBLIO CYIIECTBEHHON 3aBUCUMOCTH YaCTOT-
HBIX CBOWCTB OTIEJIBHBIX KACKAJOB JAPYr OT Apyra (MOCIEAYIOMNA KacKal HE JOJDKEH
IIYHTUPOBATh MpeAblaymuid). [IpakTuuecku, 3TO 3aTpyAHSIET pacueThbl, HaKJIaIbIBas
OmpeieJICHHbIE paMKHU Ha BbIOOp HOMHUHAIOB R u C.

B sT0i1 cBsi3M, Bcerga HEOOXOAUMO CTPEMHUThCS K ToMmy, 4ToObl KV Obli0 Kak
MO>KHO TPOIIE U PEaTU30BBIBAIOCH OJHON Ta0IMuHOM cxemoi. [Ipu sToM, 1OomycTUMBI
HEeKoTophIe ynpoieHus Tpedyemoit JIAUX. Hanpumep, B pe3ynbTaTe GopMaTbHOTO CHH-
Te3a noydyena JIAUX L () (pucyHok 4.5).

®1=01 2= M3=03

(O]

A Ly Ao << 1 ek

lgo
1 o3 | o4 | o5 | (O :

| |

| | +2028
| | JEK

| |

| |

| |

| |

| |

| |

| |

| |

Ao | |
Ly | ! W4EO4EO5 lgo
| | >

| |

| |

| |

| |

| |

Pucynok 4.5 - Yopomenue JIAUX KY
Takyro JIAUX pomyctumo ynpocTuth (0COOEHHO, B 00JIaCTH BBICOKMX YacTOT) U

nonyuuTh L (@) . Torna koppekTupyomiee ycTpoicTBO Oy €T peann30BbIBAThCS OJHUM

TaOJIMYHBIM UHEPIIMOHHO-(OPCUPYIOIITUM 3BEHOM.

AxtuBHble KV, KpoMe COOCTBEHHO 4aCTOTHOM KOPPEKIIMH, MOTYT TaKXe yCHUJIH-
BaTh CUTHAJ yIpaBieHus. TeopeTnuecku, akTuBHOE KY MOYXHO IIpeacTaBuTh Kak COOT-
BETCTBYIONIEE NMaccuBHOE KVY, coeIMHEHHOE MOCIEA0BATEIHFHO CO BCE MPOMYCKAIOIIUM

(naeanbHBIM) yeunuTeneM. Takoe KauecTBO MO3BOJISIET UCIOJIb30BATh akTUBHBIE KY 1i1st
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yBeJINYeHUs] KodppuuueHTa ycuneHus pazoMkHyToil CAY ¢ 1enplo yMeHbIIEHUs yCTa-
HOBUBIIEHCS OIIUOKY PETYIUPOBAHUS (CTATUYECKOM, CKOPOCTHOM U T.1I.).

Peanusyrorcst aktuBHble KY, Kak npaBuiio, ¢ HCIIOJIB30BAHUEM OINEPALIMOHHBIX
yeunutenei (OY), 0XBaTbIBa€MBIX LIETIAMUA YaCTOTHO 3aBUCUMOM OTpHUIIATENILHOM 00pat-
Hoit cBsizu (OOC).

OmnepallnOHHBIN yCUIIUTENb MPEACTABIAECT COOON 3IEKTPOHHOE YCHIIUTEIHHOE

YCTpO#cTBO ¢ GonbiumM Kodppuumentom yerienus (K, ~10° +10°), crioco6Hoe ycu-

JMBATh Pa3HOCTh HANPSDKEHUH, MPUIIOKEHHBIX K IBYM BXOJaM: HHBEPTUPYIOIIEMY U HE
UHBepTHpYyomeMy. biarogaps 6onpiomy ko3 duineHTy ycuneHus U HaTu4uo HHBEP-
Tupytoiero Bxoaa, OY no3sodsieT jgerko BBoAUTH riryookue OOC (ymeHbIIaomue B 00-
wem cinyyae K ). DTo mo3BoJIAET BAPbUPOBATH XAPAKTEPUCTHKH MOJIYyYaEMbIX KaCKa0B

B 0OYCHb IUPOKHUX Mpeaenax (moapodHee cM. B [13]). PasnmuuaroT Tpu OCHOBHBIE CXEMBI
BKitoueHust OV:

o UHBEPTUPYIOILYIO;
o HE WHBEPTUPYIOIIYIO;
o pa3zHocTHYIO (nuddhepeHnaIbHy).

Jns peanuzanuu KY ucnons3yroT, Kak NpaBuio, HHBEPTUPYIOIIYIO cXeMy (pucy-

HOK 4.6).
Zoe(P)

IOC(p) —

Ue(P)  Zi(p) lex(pP) Ueux(P)
T . g
1(p

Pucynok 4.6 - UuBeptupytomas cxema BkiroueHus OY

Nneanbubiiit OY umeeT 066CKOHEYHO OOJIBIIIOE BXOTHOE CONPOTUBIICHUE U COOTBET-
CTBEHHO HyJIeBble TOKHM BXOJ0B (|, (p)=0). PeansHbie Mukpocxemsl OY 10CTaToOuHO
XOPOIIO COOTBETCTBYIOT Takoi monenu. ¥ Hux R =~1-+100MOwm. D10 no3Bonser amis
CXeMbl Ha pUCYHKe 4.6 3amucaTh Ha OCHOBaHMHU 3aKOHOB Kupxroda ciemyrouiyro cu-

CTEMY YPaBHCHUM:
1, (p)+ 1o (P) =0,
U, (p) —Z,(p)11(p) =0,
U (P) +Z,c (P (P) = 0.

Pemas cucremy otHocurensHo U (p)u U, (p) noxyyum

UBLIX(p) :_UBx(p)
Z,(p)  Zy(p)
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NN

Z,.(p)
Z,(p)
Torna nepenarounast pyHKIUS Kackaaa
U Z
W(p) = - w (P) _ _ Zoo(P)
U, (P) Z,(p)

YKa3bIBa€T HA TO, YTO CXEMa MHBEPTUPYET CUTHAI (B aHAJIOTOBOM AJIEK-

UBI)IX(p): UBX(p)'

(4.1)

¢ 99

3HaK
TPOHHMKE MHBEPCHS O3HAYACT M3MCHCHUE 3HaKa HANPSDKCHHS Ha MPOTHUBOIIOJIOKHBIN ).

Ecmm Z__(p) u Z,(p) - akTUBHBIE CONIPOTUBICHUA R, U R _, TO paccMaTpUBaeMbIii

oc?
KacKaJl IpeCTaBiIsIeT OO0 OE3bIHEPIIMOHHOE 3BE€HO (MA€aIbHBIA YCUIIUTENb) ¢ KOA(]-
(UIIMEHTOM YCUIICHHUS

R
K, =-—*. (4.2)
R
1
Ecmm s)xe B OOC 1 Ha BXOJ€E UCTIOJIB3YIOTCS LIENU C PEaKTUBHBIMU 2JIEMEHTAMU, TO
W (p) MokeT OBITh JOCTATOYHO CJIOKHOM U IPH OIpeIeIeHHOM BeiOope Z . (p) Oyner

COOTBETCTBOBATh TpeOyemoii nepegaTounoit pynkimu KVY.
Hanpumep, TpebyeTtcs pazpabotats aktuBHOE KVY ¢ nepenarounoit pyHkiuein

1+T,p
W =-_2F
 (P) Tp

Cornacuao Ta6mure I1.2.2 (mpunoxxenue 2), moxoxas nepeaaTodynas QyHKIIUs pe-
aIM3yeTCs CIIeayrolel cxeMon (pucyHok 4.7).

C1 R2
Bxon Ri - Bbixopn
- .' ,' \‘; >

L

Pucynok 4.7 - [IpumMep akTHBHOTO KOPPEKTUPYIOIIETO YCTPOUCTBA

JlokaxeM, 4yTo nepeaatoyHas GyHKLIHS 3TOr0 YCTPOUCTBA JEHCTBUTEILHO TAKOBA.
31ech
1  1+R,Cip
- ’

Z..(p)=R, +
> pC, pC,

Z,(p) =R
Cornacho (4.1)
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1+R,Cip
RC,p

BBoxs 0003HaueHHs NOCTOSHHBIX BpeMeHu T, = R,C, u T, = R,C,, moimy4um Tpe-

W, (p) =

OyeMbIi pe3yIbTaT:
1+T,p
Tp

Teneps, 4T00bI IONy4UTH TpeOyemyto nepenarounyo Gpynxiuuo W, (p) (1 nzda-

W, (p) =—

[T3K1]

BUTBHCS OT 3HaKa B mepeparoqHoil gpynkuun W, (p), BKIFOYHM Ha BBIXOJE CXEMbI

aHAJIOrOBbIi HHBEPTOP (pUCYHOK 4.8).

C
'R, R
— _—
| I |
R R
Exon, 1 e 3 e BbIXO:I‘

| S| —

Pucynok 4.8 - IIpumep noctpoenus HenHBepTupyromero KY
Uro6s! kackag Ha BTopoMm OV He uzMensn ycunenue scero KV, ero koagduuueHt
nepenadn K, Beioepem paHbeM -1. CormnacHo (4.2) a1o 03Havaer, 4to R; =R,.

[IpakTUyeckn peKOMEHIYEeTCsl BBIOUPaTh PE3UCTOPHI MHBEPTOPOB C HOMUHAJIAMH,
nexammmu B auana3zoHe 100+300 kOm. Benwunast R u C 31eMeHTOB caMoro KOppek-
TOpa TaKXke HEe MOTYT OBbITh a0COJIOTHO MPOU3BOILHBIMU. 3/1€Ch PEKOMEH]IYETCSI BHIOU-
path R=1kOm + 1 MOwMm, a C =10HD +200 Mx®. [Tpu 3T0M, HEOOXOITUMO OPUEHTUPO-
BaThCsl HA CTAHJAPTHBIE PsAIbl HOMUHAIOB (CM. npuiiokeHue 4). Cienyer Takke oTMe-
TUTb, YTO MOILITHOCTh PE3UCTOPOB B aKTUBHBIX KV, Kak mpaBUiio, HE3HAUUTEIbHA U MOKET
BbIOMpaThes paBHoi 0,125 BT. B maccuBHbIX RC- 1ensix MOIIHOCTh PE3UCTOPOB MOMKET
nexathb B auarnaszone ot 0,125 Bt no 10 Br. B Gonee MOITHBIX HENAX TaKUe yCTPOUCTBA
Hed(pdexkTuBHbL. TaM MHOTJA UCTMONB3YIOT SKBUBAJICHTHBIE 1O YaCTOTHBIM CBOMCTBaM
RLC- unu RL- cxembl. B aToM ciyuae TpeOyemasi MOIIIHOCTh PE3UCTOPOB MOXKET JTOCTH-
raTh HECKOJIbKUX JECATKOB BaTT.

[Tpumeyanue. Bei6op Tuma KOPPEKTUPYIOIIETO YCTPOICTBA (TACCUBHOE WUITU aK-

TUBHOE) OCYIIECTBIsieTCA Mo cienytoniemy npasuity. Eciu B CAY tpebyercs yBenuue-
HUEe KO3 (UIMEHTa YyCUJIEHUS B PA30MKHYTOM COCTOSHUHU (C LEIbI0 YMEHBIICHHUS
OIIMOKH PEryJupoBaHus), TO CieayeT ucnonb3oBaTh aktTuBHOEe KY. Ecnu e 1enecoo0-
pa3Ho yMeHbaTh ko3¢ dunuent ycunenus CAY B pa3oMKHYTOM COCTOSIHUH (C TIETHIO
NOJIy4eHHs] OOJIBIIMX 3aMacoB YCTOMYMBOCTH, MPHU JOIMMYCTUMOM YBEIUYEHUH OIIMOKU

pEryJIMpoBaHusl), TO ClIeyeT BpIOMpaTh maccuBHoe K.
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5. IPUMEP CUHTE3A NMOCJIIEAOBATEJIBHOI'O KOPPEKTUPYIOLIEI'O
YCTPOUCTBA JJIsI CUCTEMBI ABTOMATUYECKOI'O YIIPABJEHUS
IJIEKTPOITPUBO/IOM ITOCTOAHHOI'O TOKA

[IpousBeneM CHHTE3 MOCIEAOBATEIBHOIO KOPPEKTHPYIOLIEro YCTPOMCTBA IS
IIPOCTENIIEN OJHOKOHTYPHOM CHCTEMBI YIPABJIEHUS JIEKTPONPHUBOAOM ITOCTOSHHOTO
Toka. CTpykTypHas cxema takoil CAY npezcrasiieHa Ha pucyHke 5.1,

e(p)

) /)

\

Wpee( P) WKV( p) ™ WCﬂ( p) > WﬂB( p)

Wg(p) <

Pucynok 5.1 - CtpykrypHas cxeMa CUCTEMbI aBTOMATUYECKOTO YIIPABJIEHUS JBUTATEIIEM
IOCTOSIHHOT'O TOKa

BxomubiM curaaioM X(P) B JaHHOM ciiydae OyJeT yrpaBiIsiollee HalpsHKeHHe, a
BBIXOJHBIM CHTHAJIOM Y(P) (MM peryJupyeMbIM MapaMeTpoM) - CKOPOCTb BpallCHUS
BaJla ABUTATEIS (.

Ha pucysnke 5.1 npunsTHI cnenyomuye 0003HaueHUs:

W 2 ;
e (P) = B - nepeaaToyHas QyHKIMS pEeryasaTopa CKOPOCTH;

KC}’Z
T p+1

cn

W,,(p) =

- mepenatovyHas PyHKIUsS CUIIOBOTO MpeoOpa3zoBartens (Harpu-

Mep, THPUCTOPHOTO npeodpasosatens), rae K, =40- koaddunuent ycunenus npeodpa-
-3 .
3oBarens, 1, =4-107°, ¢ - mocrossHHAs BpeMEHH CHIIOBOTO TIpeoOpa3oBaTels;
W, (p) =K ; - nepenatounas QyHKIHS JaTIMKa CKOPOCTH (TaXOTeHEPATOpa Mo-

crostHHOro ToKa), rae K ;=01 B-c - koapuument ycnneHus narinka,

Q(p) _ K
U,(p) Typ+l

TOKa ¢ BHYTPEHHUM BO30YXKAECHUEM, YIIPaBIIEMOT0 110 AKOpHOH nenu, rae U, - ynpas-

W 5(p) = - mepenarodHas (pyHKIUS JBUTATENS] MOCTOSHHOTO

nsroniee AKopHoe Hanpsokenue, K o - koaGuiuenT ycunenus asurarens, 1, - 31eKTpo-

MCXaHN4YCCKasd IMMOCTOSAHHAA BPEMCHU ABUTATCIIA.
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Heobxoaumo cuHTE3UpOBaTh KOPPEKTUPYIOIIEE YCTPOUCTBO MOCIEA0BATEILHOIO
TUNAa, 00eCcTeunBaoIIee He0OOX0IUMBIE TOKA3aTEeNN KauyeCTBa, IPH CIEAYIOIIEM 3aJaHHH:

U, = 60B - HOMUHAJIBHOE HANPSKCHHUE JBUTATEIIS;
Pu = 0,3 kBT - HOMHHAIBEHAS MOIIHOCTH JBUTATEIIS;
N, = 3000 06/MuH - HOMHHAJIBHAS YACTOTA BPAIICHUS JBUTATEIIS;

|,,,= 7 A - HOMMHAJIBHBII TOK B LIENIU SIKOPS;
R,, = 0,214 OM - HOMUHAJIEHOE AaKTUBHOE COIIPOTUBIIEHUE AIKOPHOH 1IETIN;

J =40,7-10"* xr-M? - NpUBEECHHBIH K BAIly IBUraTENs CyMMApPHbIA MOMEHT HHEP-
1105058

B pesynbTaTte cuHTEe3a HEOOXOAMMO TOIYIUTh CIICTYIOITNE TIOKa3aTeIu KauyecTBa:

- MIPY U3MEHEHUU YIIPABIISIIOLIETO HAMIPSYKEHUS C IOCTOSHHOW CKOPOCTHIO, PABHOM
10 B/c ckopocTHas ommbOka cucteMsl He AoskHa npessimats 0,2 B, T.e. ¢ =0,2 B;

- IEPEPETYJIUPOBAHNE NTPU HOMUHAIIBHOM CTYIIEHYaTOM BO3JEHCTBUU HA BXOJIE HE

— 0/ -
JIOJDKHO NMPEBBILATH BEIUYMHBL O, = 33%:

- BpeMsl peryJIMpoBaHus IPU aHAJIOTMYHOM BO3/E€HCTBUU HE JOJKHO IPEBBIIIATH
3Havenus t,., =0,8c.

IIpon3BoaMM CHHTE3 KOPPEKTHUPYIOILErO YCTPOKWCTBA B CIIEAYIOIIEH MOcienoBa-
TEJIbHOCTH:

l. KonkpeTtnsupyem nepeaarounyro GyHKIUIO aBuratens. s 3Toro omnpene-
UM 3HaYCHHUs Kodpouurenrta ycunenus K, ¥ 2JIEKTPOMEXaHUYECKOH MOCTOSHHOM

BpeMeHH T, .
1. BeluMca¥M HOMHUHAJIBHYIO YIJIOBYIO CKOPOCTb BPAILCHHS Baja JBUTATEII:
My 314-3000
30 30

2. OHpeI[eJ'II/IM KOHCTPYKTHBHYIO IIOCTOAHHYIO IBUT'ATCILA:

UﬂH - I,qHR,qH _ 60—0,2147
Q 314

I[J'Iﬂ 0oJ1ee TOUHBIX PacCuCTOB B pAAC CJIy4aCB UCIIOJIB3YIOT JABA 3HAYCHUA IIOCTOAH-

Q= =314 ¢, (5.1)

C =

-0186 B-c. (5.2)

HBIX JBUTATEIIA: IIOCTOSIHHYIO II0 MOMEHTY ¢, M IIOCTOSHHYIO 110 potuBo-J1C ¢, . IIpu
3TOM HOCTOSIHHYIO ABHraress no npotuBo-O/1C ¢, onpenemnstor no ¢popmyse (5.2) aHa-
JIOTUYHO OIPEIEICHUIO KOHCTPYKTUBHOM IOCTOSIHHOM, a MOCTOSIHHYIO II0 MOMEHTY ¢,

OIIPpCACIIAIOT U3 BbIPAKCHUA:

M
c =2 (5.3)

M I
AH

rne M P HOMHWHAQJIBHBIN BPALIAOIIUA MOMEHT JBUTATEIS, OIPEACIISAEMbIN
41



P
M gy = 9,55nﬂ. (5.4)
JTH

CrnefyeT oTMeTHTb, uTO Teopetndecku B cucteme CU [c | =|c, |=c.Onnaxo npu

=
WCIIOJIB30BAaHUU YIIPOIIEHHON dhopmyds (5.3) u ¢popmysl (5.2) cTporoe paBeHCTBO MO-
KeT He HaOIoJaThCsl.

3. Onpenenum nckombie mapameTpst 1), u K ;5!

R 1

AH . —
Ty =J 2 Kﬂ]g—_ ) (5.5)
C c
WJIN, UCII0JIb3Ysl 3HAYCHUA IIOCTOAHHBIX €, U C, .
Ry 1
c,cC, Cs

Jl1st paccMaTpuBaeMoro mpuMepa BOCIOIb3yeMCsl YIIPOIICHHBIMU (POpMyTiaMU U
ompenenum T,, u K, u3 Beipaxenuii (5.5):

- 0’21‘2 =0,025¢, K 45 -1 53t
0,186 0,186 B-c,

Teneps nepegaToyHble PYHKIUU BCEX 3JIEMEHTOB HECKOPPEKTUPOBAHHOM CUCTE-

T, =40,7-10

MBI YIIPABJIEHUS [OJIHOCTBIO ONPEACIICHBI.

I1. ITpuBenem 3agaHHyI0 CTPpYKTypHYIO cxemy CAY K CTpyKType ¢ €IMHUYHOM 00-
pPaTHOM CBSI3bI0. DTO HEOOXOIUMO CJIeTaTh B CBSI3U C TEM, YTO BCE TEOPETHUECKHUE CBEJIC-
HUsI, U3JI0’)KEHHBIE B I71aBe 3, crnpaBeiuBel 11 CAY ¢ enMHUYHON 00paTHOM CBSI3bIO.
[Tocne mpeoOpa3zoBaHus MOIYYUM CTPYKTYPHYIO CXeMy, H300pakKeHHYIO Ha pUCYHKE 5.2.

g(p) 1
W,..(p) Wer(p) | Werl D) > Was(P) W, (p)

><(g)> y(p)

\i

Y

Pucynok 5.2 - CrpykrypHas cxema CAY nBuraresnem nocTOSHHOTO TOKa, IPUBEICHHAS
K €TUHUYHOM 00paTHOM CBS3H

B nanbHeiiem Oynem paccMaTpuBaTh 3aMKHYTYIO CUCTEMY O€3 ydeTa 3BeHa C Iie-

. " 1
penatouHoi GyHKIMEH ———— . DTO JOMYCTUMO, T.K. JATYHUK CKOPOCTH MOJICTUPYETCS
A

Oe3BIHEPIIMOHHBIM DJIEMEHTOM ¢ nepenatodnod gymkumenn W, (p) =K u, cnenosa-
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TCJIBbHO, 3B€HO C nepenaTquoﬁ (i)YHKHI/IefI MOXKCET TOJBKO MaCHITa6I/IpOBaTB BbI-

A
xoJHy10 koopauHaTy CAY, He MeHsS TMHAMUYECKHX [TapaMeTPOB. 3alMILIEM epeIaToy-
HYI0 QYHKIHIO pa30MKHYTOW HECKOPPEKTUPOBAHHOM CHUCTEMBbI

K K ..K
W =W A A
prc(P) per(P) (Tp+1)(Tp+1)

(5.7)

JIns paccMatpuBaeMoro npuMepa
5-40-5,38-0,1 107,6
WPHC( p) = -3 ) = 3 ) .
p(4-107°p+1)(25-10“p+1) p4-10°p+1)(25-107p+1)

I11. Onpenenum TpeGyembiii KOADOUIIMEHT yCUIICHHS PA30MKHYTON CUCTEMBI, IPU

KOTOpOM KPCK’ oOecreynBaeTCs 3alaHHasl TOYHOCTb B YCTAHOBUBIICMCA PCIKUMEC. OTO0T

KO3(PUIIMEHT, Ha3bIBAEMBI TOOPOTHOCTHIO MO CKOPOCTH, ONpPEAEISIETCS MO 3aJaHHOU
CKOPOCTHOM OIINOKE & . JIJ151 paccMaTpuBaeMoro npumepa CKoOpocTb U3MEHEHUS yIIpaB-
nsroriero Hanpsbxerust V=10 B/c. CnenoBaTtenbHo, KO3 OUIIMEHT YCUICHHS CKOPPEKTH-
POBAaHHOM CHCTEMBI, HEOOXOIUMBIN 111 oOecnedeHus & =0,2 B, Oyner paseHn:

Kpox =— =22 _50c2
e 0,2
IV. Crpoum JIAUX pa3oMKHYTOM HECKOPPEKTUPOBAHHOM CUCTEMBI Ly - € ydeTOM
Tpedyemoro kodpduuuenta ycuneHust K pqy . 1 3T0ro npeiBapuTenbHO HAXOUM:
20lg K p o =201g50 =34 1b,

1 yacToTel eperuda L,

przzi:L:%oc—l; lg . =1g250=2,4.
To; 0,004 pr
OtknanpiBaeM ipu w =1 ¢ opmunary Lyyo(1) =20lg Kpor =34 1B, u uepes
TOYKY C 3TOH OpJMHATON MPOBOJNM HHU3KOYACTOTHYIO aCHUMIITOTY C HAKIOHOM -20
nb/nex no @ = 40 ¢'. HaumHas ¢ 9acTOTHI ) OyIyT MPOSIBIATHCS] CBOMCTBA arepu-
OJIMYECKOTO 3BeHa ¢ mepenarounoil pynkuueir W (p) = TM++1 , 3HAUUT MPH ITOH Ya-

crore usmensieM HakJIoOH JIAUX ua -20 nb/nex. Haunuasg ¢ yactotrel @ JIAYUX He-

pH2>
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CKOPPEKTUPOBAHHON CUCTEMBI OyJIeT uMeTh HakJIoH -60 nb/nex (B cOOTBETCTBUU C MPO-
SBJICHMEM  CBOMCTB  amepUOJWYECKOTO0 3BE€HA ¢  MepeaaToyHor  QyHKIuen
1

W(p)=_|_—p+1)-

JIAYX ucxonHOM HECKOPPEKTUPOBAHHOM CUCTEMBI L~ N300paskeHa Ha PUCYHKE
5.3.

V. Ilo norapupmMudeckoMy KpUTEPUIO YCTOWYMBOCTU OILICHMBAEM YCTOWYUBOCTD
MCXOJIHOM HECKOPPEKTUPOBAHHOW CHUCTEMBI. JIJIsi 3TOro Mo HaWJIEHHOW MEPENATOYHON
¢ynkiun pazomkaytoit CAY (5.7) ctpoum JIOUX cuctemsl

@i (@) =—90° —arctg (2,5-10 7 ) —arctg (4-10° w).

[To pe3ynbTaTam MOCTPOCHMH, TOKA3aHHBIM Ha PUCYHKE 5.3, MOXKHO CJI€JIaTh BbI-
BOJl YTO CUCTEMA yCTONYMBA, T.K. JIMHUA L, - mepecexaer ock @ "paHbuie", yeM KpuBas
@ppc(®) nepecekaet muHMIO -180°.

VI. Tenepp 11t BBIOOpa KOPPEKTUPYIOLIETO YCTPOUCTBA, 00ECIIEUNBAIOIIETO 3a-
JaHHbIE TUHAMUYECKHE CBOMCTBA CUCTEMBI, CTpouM xenaemyto JIAUX L, (o).

1. Onpenensem napamerp P, BUX, cooTBeTcTBYyIOmMIl 3aJaHHOMY 3HAYECHHIO

HEPEPEryaUpoBanus o, . Mg 5TOro 3amaeMcsi 3HAYEHHEM IIEPEPETYIUPOBAHMS

o, <0o,, ,Bb0Npaem o, = 27%. [lo rpaduxy P = f (o), u300paxkeHHOMY Ha PUCYHKE

I1.1.1, onpenensiem MmakcuManbHoe 3HaueHne BUX, cooTBeTCTBYIOIIIEE BHIOpAaHHOMY 3Ha-
=1,2. Tenepb HaxoauM MUHUMAaILHOE 3HaUeHue BUX 1o (3.5)
Pex =Prin —1=12-1=0,2.

[TpoBepsieM NpaBUIBHOCTh BHIOPAHHOTO HaMU 3HAYEHUS O, MOACYETOM OOIIEro

YeHUIO Oy, P,

nepeperyiaupoBanus 1o (3.6)
o=0,+03-P,, -100% =27 +0,3-0,2-100% = 33%.
[lonyyaem 3HaueHHE MeEpPEPEryIupOBaHMs, COOTBETCTBYIOIIEE 3aJaHHOMY
o =0,,, . CienosarensHo, P, BBIOPaHO BEPHO.

2. OnpenensieM 4acTOTy HOJOXKUTEIBHOCTH @, UCXOIs U3 TPeOyeMOro BpeMeH!
perynupoBanus t,., U IepeperyImpoBanus o,,, . YactoTy @,, HaX0AUM € IOMOMIBIO Ipa-
¢uka t, .. = f(P,_ ) usobpaxenHoro Ha pucynke IL.1.1, mpu P, =0,2 u 3aganHOM

tyer =08 ¢C

Arr
tYCT‘pmaX:LZ = _a) )
I
0, = 4z _314-4 157"
tYCT 0,8
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3. Beibupaem uacTtoty cpesa xenaemoi JIAUX no HaliileHHOMY 3Ha4€HUIO @,
Ocpxe = (0,609 a,.

BBI6I/IpaCM qaCTOTy Cpe3a
pr)K = 0,7C()H = 0,7 . 15,7 :11, C71 |g a)cpxc = Ig 11:1’04

4. HanocuM @, Ha 0Ch 4acToT. Yepes 9Ty TOUKY IPOBOIMM CPEAHEYACTOTHYIO

acumnTory L (@) c Hakionowm -20 nb/nex.

5. Jlns ompeneneHus TpaHUYHBIX YacTOT CPEJHEYACTOTHOM ACHMIITOTHI CTPOUM
obnactu 3anpeta s JIAUX u JIOUX cucremsl. [y 3TOro HaxoauMm 1o rpaduky 3aBH-
CHUMOCTH 3alacoB YCTOWYMBOCTHU MO aMIUIUTYZAE U (pa3e OT BEJIMUMHBI [IEpEepEryInpoBa-
Hust 0% (pucynok I1.1.2) 3nauenust AL 1b u A@, COOTBETCTBYIOIIUE 3aJaHHON BEJIU-
yrHe nepeperynupoBanus o %=33%. 13 rpapukos nonyuyaem 3Hauenust AL=14 nb; Ag

= 30°. 'panr4YHBIC YACTOTHI CPEIHEYACTOTHON aCUMIITOTHl O, , U @, ; ONPEAEISIEM Ipa-

¢uuecku Mo ypoBHio +2 b 1o orHorenuto K +AL (3.9):
-1, -1
w,,=158c¢c"; w,;=66c .
Ha sTom mocTpoeHne cpeqHedacTOTHOM aCHMITOTHI 3aKaHUYNBAEM.

6. 32 HU3KOYACTOTHYIO acCUMITOTY keimaeMor JIAUX nmpuHuMaeM HU3KOYaCTOT-
HYI0 aCUMIITOTY HECKOPPEKTUPOBAHHON CHUCTEMBI ¢ TpeOyeMbIM KOA(hOUIIMEHTOM yCH-
nennst K, . IIpu aTom Oyzer gocturayra Tpedyemasi TOYHOCTb B yCTAHOBHBIIEMCSI pe-

xume. BeicokouactoTHas acumnToTa xkenaemon JIAUX coBnagaer ¢ BBICOKOYaCTOTHOM
acumnTotor JIAYX HECKOPPEKTUPOBAHHON CUCTEMBI.

7. IIpon3BoaMM CONPSKEHUE MTOCTPOCHHBIX YYacTKOB xkenaeMon JIAUX cremyro-
MM 00pa3oM: COMPATAEM HU3KOYACTOTHYIO ACUMIITOTY CO CPEIHEYACTOTHOMN TPSIMOJIHU-
HEWHBIM OTPE3KOM ¢ HakJIoHOM -40 nb/nek; cpeiHeuacTOTHYIO ¢ BHICOKOYaCTOTHOM - OT-
pe3koM ¢ HakiioHoM -20 nb/nek.

8. Ilocne popmuposanus xernaemoit JTJAUX L . nposepsiem oOecrieunBaeTcst v

TpeOyeMoe 3HaueHue 3anaca yCTOWYMBOCTH 10 (hasze, onpeeIeHHOE U3 rpaduka Ha pU-
cynke I1.1.2 (B Hamem ciyqae A@= 30°). st aToro paccunutbiBaeMm (pa3oBblii CIBUT B

IABYX KpallHHX TOYKaX CPEAHEYaCTOTHOH acHMMOTOTHl @,, U @, . Pacder ¢azoBoro

CJIBUTA JICJIaéM Ha OCHOBAHUHU NEPEIATOYHOM (DYHKITUH KEeTaeMOM CUCTEMBI, OIIPE/ICIICH-
HOM MO MOCTPOeHHOM xkemaemont JIAUX

Koo (T 1
Wm(p): pCK( Ky2p+)

p(TKylp +l)(TKy3 p+1)(TKy4p +l) ’
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- JIAUX pa3zomMkHyTOM HecKoppekTHpoBaHHOH CAY,

LpHc

¢ yuetoM Tpedyemoro K.

L

- kenaeMas JJAUX CAY
L« - neponauanbhas JIAUX KOppeKTUPYIOIIETo YCTPOiCTBa

L'vy - okondaTenbhas JIAUX KOppeKTHPYIOIIEro ycTpoiicTBa
Qpnc - JIDUX pazomkHyTO# HeckoppekTupoBanHoit CAY

Qcx - Kenaemas JIOUX CAY
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Pucynok 5.3 - K cuHTe3y nocie10BaTeIbHOT0 KOPPEKTUYIOIIETO YCTPOUCTBA



rIe Twlzwi:izz&ilﬁ .
x1 '
1

T ,=—=—-=0,63 ¢
v o, 158

TKy3=i=i=0,006 c
WOy 182

Tya = 1 =i=0,004 C.
@y 150

da3zovacToTHas XapaKTEPUCTUKA KEJTAeMON CUCTEMBbI UIMEET BUJL
@, (@) =-90°—arctg (T, @) +arctg (T, ) —arctg (T, ;) —arctg (T, , @)
ToacunTHIBaEM 3am1ac YCTOHUMBOCTH MO (hase B Touke @, ., =158 ¢~

Ap(w,,) =-180°— ¢, (@,,)| =180° —137°=43°.

) -1
Haxonum 3anac ycTOMYMBOCTH B TOUKE @, 5 =66 C

Ap(w,,) =—180° — ¢, (@,5)| =180° —127° =53°.

Tak kak 3arac yCcToH4MBOCTH MO (pa3e B TPAHUYHBIX TOYKAX MMOJTYYHIICS HE MEHbIIIE
3agaHHoro (A =30°), TO MOXXHO MpPUHATH MOCTPOCHHYIO kenaemyto JIAUX L 3a

JIAYX CKOppEKTUPOBAHHOM CHCTEMBI.

VIl. Omnpenensiem TpeOyeMyro mepeaaTOUHy0 (YHKIIMIO KOPPEKTUPYIOIIETO
YCTPOMCTBA U €0 IEKTPUIECKYIO CXEMY.

1. Onpenensem JIAUX KOppeKTHUPYIOLIETO YCTPOMCTBA, KOTOPask MOJYy4aeTCs BbI-
yutaHueMm opauHart JIAUX HecCKOppEeKTUpPOBAaHHOM CUCTEMBI M3 OpPAHMHAT KEIIAEMOU
JIAUX (3.3). Tlonyuennas JIAUX xoppektupyromero ycrpoicrsa L (@) mokasana Ha

pucynke 5.3. Jlist okondarenbaoro popmuposanus JAUX KV L] (@) Heobxoxumo me-

PEMECTUTD MTOJTYUYCHHYIO XapaKTCPUCTUKY BAO0JIb OCH OpJHMHAT Ha

Ko —20I95—0—20Igo46——6 74 1B
K 107,6 ’ ’ '

pHC !

20lg(K,, ) =20lg
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JIAUX TpebyemMoro KoppeKTUpyrowmero ycrpoincrsa L (w) uzobpaxeHa Ha pu-

CyHKE 5.3 ¥ OTJIeJIbHO Ha pUCYHKE 5.4.

2. 1o nonyuennon JIAUX KOppEeKTUPYIOUIETO YCTPONUCTBA BOCCTAHABIMBAEM €0
nepeaToOuHy0 PyHKIIHIO

M (T P +D (T30 +1)
rie KKy =0,46;

1 1
T1<y1 _7201—3:3,12 C,
T, —i:—:O,GS C,

K2 1
Ty = o1 0,006 c;

s 182
1 1 .
i == 0 =0,025 C - MOCTOSTHHBIE BPEMEHU KOPPEKTUPYIOUIETO YCTPONCTBA,
0]

pul

OIpeIeICHHBIC TI0 TpaduKy (PUCYHOK 5.3).

3. Tak KaKk KOppEKTHUPYIOLEe YCTPONCTBO TOJKHO YMEHbIIATh KOO (OUIUEHT yCH-
JICHUS] Pa30MKHYTON CHCTEMBI, TO JIJIsl €T0 CXEeMHOMW peain3allii MOXXHO BhIOpaTh mac-
CHUBHOE KOppEeKTHUpYIolee ycTporcTBo u3 Tabmunpl 11.2.1. Tak kak tpedyemast JIAUX B
TabJMIle OTCYTCTBYET, TO BbIOMpaeMm Oim3Kkyro k Hel JIAUX mHeprnumoHHO-(DOpcupyro-
1ero 38eHa (pUCyHok 5.5).

' 9

201g(Kyy) |
f N S

Pucynok 5.4 - K BIOOPY KOPPEKTUPYIOIIETO YCTPOMCTBA

[lepenarouynast QyHKIMs 3BEHA
48



WKy(p) _ (Top+)(T, p+1) ’
(;1 p+1)(T,ap +1)

R
e o =RIT1R2; T,=RC;; T, =R,C,

@da304yacToTHAsA XapaKTEPUCTUKA

¢, (@) = —arctg (T—1 ) + arctg (T, ) + arctg (T, ») — arctg (T, ).
o

Rz
>
Cs
||
| Ri
Bxop Bbixon
C;
- I >
_ 1
TZ

Pucynok 5.5 - IlpuniunuansHas snekrpuueckas cxema v JIAUX unepurionHo-popcupy-
OILIETO 3BEHA

OueBuziHO, yTO TpeOyemas nepenaToyHast GYHKIUS KOPPEKTUPYIOLIETO yCTPOi-
CTBa MOXKET OBIThH MOJIy4eHa U3 TAOJUYHOU IMyTEM YMHOXKEHUS Ha MOCTOSHHBIN K03 du-
uueHT K, KOTOpbIH OOCCTeUMBACTCS BBEICHHEM B CXEMY JACIUTENs HANPSDKCHHSL.

[TpuHIMNIMATBHAS DJIEKTPUYECKAs] CXEMa TaKOTO YCTPOMCTBA MPEJCTABIICHA HA PUCYHKE
5.6.

[Ipu coenuHEeHUN NETUTENs HAMPSHKEHUS C KOPPEKTUPYIOIIMM 3BEHOM HEO00XO-

IUMO CJIEeIUTh 3aTeM, YTOObl HUXHee Iuiedo nenurend ( R,) He oka3anock 3allyHTHPO-

BAaHHBIM 3JICMCHTaAMH 3BCHA. HpI/I MPAaKTHYCCKOM HUCIIOJITHCHHUUN CXCMBbI H€O6X0)II/IMO yuun-

TBIBaTh, YTO R + R, >>R,.

4. OnpenensieM BETUYUHBI COPOTUBIIEHUN PE3UCTOPOB U EMKOCTEN KOHJIEHCATO-
POB, BXOASIIUX B MJIEKTPUUYECKYIO CXEMY KOPPEKTUPYIOLIETO YCTPOMCTBA.
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Pucynox 5.6 - [lpunuunuanbHas 3JeKTpudecKas cXxeMa KOPpEeKTUPYIOIIEro YCTPOUCTBa

BrIpakas TOCTOSTHHBIE BPEMEHHU MOJIYYEHHOTO HAMH KOPPEKTUPYIOLIEr0 YCTPOU-
CTBA 4€pe3 HOMUHAJIBI PE3UCTOPOB U KOHIEHCATOPOB, MOXXHO COCTaBUTh CUCTEMY ypaB-
HEHUM JUIA OIIPEACIICHUA ITUX BEIUYUU

RC, =T,=T,,=063 ¢
R,C, =T, =T,,=0025 ¢

T
22 (R +R,)=T,, =312.
R1

Tak KaK UMeeTCs YEThIPE HEM3BECTHBIX MapaMeTpa U TPU YPABHECHUS CBSI3U MEXKITY
HUMH, TO JJI1 ONPEACIICHUS HOMUHAJIOB PE3UCTOPOB U KOHJICHCATOPOB 3aaIMMCS 3HA-
yeHreM oaHoro u3 Hux. IIpumem R =100 xOwm, Torga

0,63

C =—= =63 Mx®; R, =250x0m; C, =0,1 Mx®
10

JI71st IpakTUYECKOT 0 UCTIOTHEHUS! KOPPEKTUPYIOIIEH 1IeN BEIOMpaeM U3 CTaH1apT-
HOTO psiia (CM. IpuJIoKeHHe 4) cleyronie HOMUHAIbHBIE 3HAYEHUS:

C,=6,2 Mmx® (psig E24), R,= 240 xOwm (psn E24), C,=0,1 mx®(psan E24).

Jlist onpeziesieHnss HOMUHAIIOB PE3UCTOPOB ACNUTEN HanpsbkeHuss Ry u R, uc-

IMOJIB3YCM CIICAYIOINC COOTHOIICHMA:

R Ky =0,46
R; +R,

Beibepem R; + R,=2+10 kOm = 6 kOM, HUCXOZs U3 TOTO, YTO PETryJIATOP B JaHHOM

CXEeMe YIIPaBJICHUS peajii3yeTcsl Ha ONEPallMOHHOM YCUJIUTENE, U JETUTEh HAMPSHKEHUS
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OKa3bIBAE€TCsl BKIIFOUEHHBIM Ha €ro BeIXoJie. [[1s1 HopManbHOM paboThl peryasTopa BXOA-
HO€ CONPOTHUBJICHUE JenuTesst BeiOupaerca He MeHblie 1 kOm. Pexomenayercs Opatb

R; + R, B nuamaszone 2+10 xOm. Teneps onpezenseM HOMHHAIBL pe3UCTOPOB R; +R,

IO TIOJTyYE€HHBIM BBIIIE COOTHOIIECHUSIM
R; =2,76 xOm; R, =3,24 xOm.

JI71s IpaKTUYECKOTr0 UCTIOJIHEHUS JISTTUTENS IPUHUMAEM B COOTBETCTBUHU CO CTaH-
napTHeIM psaoM R; = 3,3 kOm, R, =2,7 kOwm, (B cootBercTBHU C psagom E24).

VIII. Ctpoum snorapudmMudeckyro ¢pa304acTOTHYIO XapaKTEPUCTUKY CKOPPEKTHUPO-
BaHHOU cucTteMsbl. J[jist aToro onpenenseM Boipaxkenue 1 JIOUX cuctemsl

P (@) = 0,,.(®) + ¢, (0) =-90° —arctg (T, ) + arctg (T, @) —
—arctg (T, ) +arctg (T, ,) +arctg (T, ,@) —arctg (T, ;o).

Yuaureisas, uro T, =T, , monyaum

P (@) = 0,,.(0) + ¢, () = -90° —arctg (T, @) —arctg (T, w) +
+arctg (T,,,o) —arctg (T, ;).

Pe3ynbTarhl mocTpoeHuil MpuBeeHBI HA PUCYHKE 5.3.

N3 ananuza nmorapuMuuecKoil aMIuIMTy IHO-4aCTOTHOM U (ha309acTOTHOM Xapak-
TEPUCTUK PA30MKHYTOW CKOPPEKTHUPOBAHHON CHUCTEMBI (PUCYHOK 5.3) MOXHO CHeNaTh
BBIBOJI, YTO COOTBETCTBYIOIIAasl 3aMKHYTasi CHUCTEMa yCTOHYMBAa M OO0JajaeT 3amacamu
ycrounBocTy 1o amrmuutyne AL =30nb u no daze Ap=78°.

IX. 3anuceiBaeM nepeaaTouHyro (YHKIIHIO CKOPPEKTUPOBAHHON CUCTEMBI B Pa30-

MKHYTOM COCTOSAHHH

KpHCKKy (TKyZ p + 1)(TKy4 p + 1) _
p(Tcn p +1)(TM p +1)(Tl<yl p +1)(T1<y3 p +1)

W, (P) =W,..(P)W,, (p) =

_ KpCK (TKy2 p + 1)
P(Ter P+ D) (T P+ DT3P +1)

YuutbBast, 4T0 Ten<<Tiy1 ¥ T 3 <<T,, HEperaToyHyIO (GYHKIHIO MOKHO YIIPO-

Kyl>

CTHUTH U 3aIllCaThb B BUC:

o1



Kpex (T2 P +1) _50(0,63p +1)
P(Ty i P+1) p(312p +1)

WCK(p) =

X. OmnpezensieM nepeAaToyHyo (GyHKIIUIO CKOPPEKTUPOBAHHONM CUCTEMBI YIIPaB-

JICHHUA B 3aMKHYTOM COCTOAHHUN

1
—W_.(p)
K, 5(0,63p +1
W, (p)= (0.63p+1)

1+W, (pW..(p) 0,062p2 +0,65p+1

Ha stom cunte3 CAY QJICKTPOIIPUBOAOM ITOCTOSHHOI'O TOKA 3aKAaHYHNBACTCAI.
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6. SAJAHUE HA KYPCOBYIO PABOTY 110 IUCHUIIJIMHE "TEOPUSA
ABTOMATHYECKOI'O YIIPABJIEHUA"

1. TTpou3BecTH CHHTE3 MOCIIEI0BATEIIEHOTO KOPPEKTUPYIOIIETO YCTPOMCTBA IO JIO-
rapu(pMHUECKUM YaCTOTHBIM XapaKTEPUCTHKAM I 00CCIIeUCHHs 3aaHHbIX IMOKa3aTe-
JIeH Ka4yecTBa CHCTEMbI aBTOMATUYECKOTO YIIPABJICHHUS JICKTPOIIPHUBOIOM ITOCTOSTHHOTO
ToKa (prCyHOK 5.1).

2. PaccunTath KpHBBIC TIEPEXOJHBIX MPOIECCOB B CKOPPEKTHPOBAHHOW CHCTEME
IPH NOCTYIJIGHUH Ha BXOJ CUTHaiIoB  X(t) =x,  -1(t) u X(t) =10t -1(t). [Tox HomMuHaNE-

HOU aMHHHTYHOﬁ X, o, CICAYCT IIOHMMATh YPOBCHBb 3aJalOIICTO CHUI'Hajld, COOTBETCTBY-

IOHIHﬁ HOMMHAJIbHOM CKOpPOCTH HUJIM HOMHHAJIBHOMY VYIUIY IIOBOPOTA BaJla IBUT'ATCIIA (

_Pau _ Oy
Xyoy =—— WM x, =-——). Jlnd pacdera KpHBBIX HCIOJIB30BaTh MHPOrPaAMMy
A Kﬂ
«MatLaby.

3. [IpousBecTr OIEHKY MOKa3aTeleld KauecTBa MEPEeXOTHBIX MPOILIECCOB U CpPaB-
HUTB UX C 3a/1aHHBIMU.

4. Tloctpoutsb rogorpad KOMIUIEKCHOTO KO3 dUIIMEHTa nepeJayu 1 Jorapudmu-
YECKHUE YACTOTHBIE XapAKTEPUCTUKU CKOPPEKTUPOBAHHON CHUCTEMBI C MCIOJb30BAHUEM
nporpamMmbl «MatlLaby.

5. CpaBHUTH pe3yJbTaThl NOCTpOeHU "BpyuHyto" 1 Ha DBM.

BapuaHT 3a1anust 111 BHITIOJIHEHHS] KypCOBOM paObOThI BEIOMpaeTCs U3 TaOJIMLbI B
OPUIIOKEHUH 3 TI0 IBYM IMOCIEIHUM [UPpaM 3a4ETKH.

JInst BapHaHTOB, T/I€ PErYJIUPYEMBIM MApAMETPOM SIBISIETCS CKOPOCTh BPAILEHUS
Baja JBUTATeNs @, nepenaTouyHas (QYHKIUS JBUraTess 3aluchbiBaeTCs B BUJEC

K
W, (p) = Tp—ﬂil . Ecnu B KauecTBe peryaupyeMoro rnapameTpa BbIOUpaeTcst yroj noBo-

AB

p(T,p+1)

pora Bana @, To nepenarounas GyHkuus apurarens umeet Bux W (p) =

(T.x. o(t) = C:j—f)
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7. AIMUTAIOUOHHOE MOJAEJINPOBAHUE B CPEJE MATLAB

J5is Toro, yToOB! yOSTUTHCS B MPABUIILHOCTH MPOU3BEAEHHBIX pacu€TOB, HEOOXO-
IUMO OCYIIECTBUTh UMUTAIIMOHHOE MOJIEIMPOBAHNE JTUHAMUYECKHX PEKUMOB PaOOTHI
CAY. Pe3ynbTaTsl MOAECIMPOBAHUS MO3BOJAT IPOKOHTPOIUPOBATH JOCTUKEHHUE 3aaH-
HBIX TIOKa3aTesiell KauecTBa ynpasieHus. s yKa3aHHBIX Hesiel peKOMEHAYETCS TO0b-
30BaThCS CHEIHAIbHBIMI MAaTEMAaTHYCCKHUMHU IporpaMMamMu , Takumu kak MatLab.

MatLab — BBICOKOYpOBHEBBIII WHTEICKTYAJIBHBIN SI3BIK HPOTPAMMHPOBAHMUS,
peIHa3HAYeHHbIHN JUIsl PEIICHUs 3a]]a4 BBIUUCIUTEIbHON MaTeMaTUKU. B cocTaB nakera
BXOJIUT MHTEPAKTUBHBIM KOMaHIHbIN HHTEepdeiic (naTepnperarop MatlLab). MaTepmnpe-
tatop MatLab 3amyckaercst B OT/IeTbHOM OKHE TP 3amycke mporpammbl u3 mog Win-
dows. ITpu 3amycke moyb30BaTeNb NEPEXOAUT B OKHO HHTEpIIpeTaTopa (pUCyHOK 7.1).

4\ MATLAB 7.10.0 (R2010a) |

—
File Edit Debug Parallel Desktop Window Help

=

)ﬂ = | & —‘_] ::ﬁ L7 B0 ] u Ef ﬂ @ | Current Folder: ChlUsers\cupanyx\Documents\MATLAR  ~ D =
: Shorteuts [#] How to Add [2] What's New

. =0 * x [CommandWindow Workspace #0a x
@ e M., (@) New to MATLAB? Watch this Video, see Demos, or read Getting Started. x| & i & & B | stack | [P select datato ...
|:| Name Name ” Value ” Min

Untitled3 MATLRE desktop keyboard shortcuts, such as Ctrl+5, are now customiza
ntitled3.asv
4‘3 Untitled3.m In addition, many keyboard shortcuts have changed for improved consif
across the desktop.
To customize keyboard shorteumts, use Preferences. From there, you cg
restore previous default settings by selecting "R2009a Windows Defay
from the actiwve settings drop-down list. For more information, see H
Click here if you do not want to see this message again.
fi »>
4 T ]
Command History “0Oa x
~W=20/ (3+4.852%3+1)
W=20/ (4.852%5+1)
~W=20/ (4.852%=2.+1)
- W=20/ (4.852%3+1)
- =] *
-~ W=20/ (5+4.852%5+1)
~W=20/ (4.852%541)
- W=20/ (4.852%3.+1)
~%-— 03.12.14 T:53 --%
E-%3-- 04.12.14 21:30 --%
- &.3/300
220+240
Select afile to view - 6.3/460
- &.3/200
B-3-- 15.12.14 8:33 --% ]
-818.31+714+6805.23 =

4 iT | Fl 1] | » - 25.12.14 B8:17 --% -

iﬁtart Ready QVR

Pucynok - 7.1 OxHo unTepnperaropa MatlLab
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B okHe uHTEepnpeTaTopa Mojab30BaTelb MOKET BBOAUTH KaK OT/IEJIbHbIE KOMAaH/IbI,
Tak u rpymnbl komana. OkHO pefakTupoBanus nporpamMm MatLab Bei3siBaeTcs U3 MeHIO
Create—File—New M-Script. Komanaer B okue «M-file» BBomsitcs moctpouno. Ecnu
CTpOKa 3aKaHYMBAETCS CUMBOJIOM «;», TO PE3yJbTaT BHINIOJHEHUS] KOMaHJbl HE BBIBO-
JUTCA B OKHE MHTepIpeTaTopa. Eciu e B KOHIIE CTPOKU CUMBOJ «;» OTCYTCTBYET, pe-
3yJbTaT BBIMOJHEHUS] KOMaHIbl Oy/IeT BBIBOJAMUTCS B OKHE MHTepnpeTaTopa. B koHie
CTPOKHM IOCJIe Ha0opa BCeX KOMaHJ BO3MOXHO OCTaBUTh KOMMeHTapuii. KommenTapuii
OTAAISIETCSL OT KOMaH bl 3HaKOM «%o» (TiporieHT). TekcT crosmuii mocine 3Haka «%» UH-
TEPIPETaTOPOM HEe 00pabaThIBaeTCs.

B MatLab mpexycmoTrpeno aBa pexxrmMa Habopa KOMaH/I:

1. TepMunanbHbIN (KOMaHIBl BBOAATCSA U BBIMIOJHAIOTCA B OKHE MHTEpIIpeTa-
TOpa MOCJIEI0BATENHHO);

2.  IlporpammHbIii (KOMaHABI BBOJSITCS B TEKCTOBOM PEXKHUME B BHJIE IPO-
IpaMMBbl).

B oxHe TepMHHANIBHOTO pekuMa mocie 3arpy3ku MatLab nmosiBurcst 3Hak mpuriia-
meHus K padbore >>. BBoJ KOMaH]I IPOU3BOIAT ¢ KiiaBuaTypsl. HaxkaB knaBuiy Enter,
ITOJAIOT 3HAK CUCTEME HA BBIIIOJIHEHUE KOMAH/BI U B TEPMUHAJILHOM OKHE TIOSIBUTCS pe-
3yJbTaT BBINOJHEHUS KOMaHbl. KnaBumamu T ¥ |BO3BpalllarOT paHee BBEACHHBIE KO-
MaH/Ibl WU APYTYIO0 UH(DOPMAITHUIO.

B nepemenHoOI ans XpaHUTCs pe3yibTaT MOCIEAHEN ONEpaLliU, €CIIM KOMaH/1a He
COJZIEPKUT 3HaKa npenvHanus. ClelyeT HIOMHHUTh, YTO 3HAYEHUE NIEPEMEHHON ans u3Me-
HSIETCSI TOCJIEe KayKJI0T0 BbI30Ba KOMaH 1bl 0€3 onepalny NpucBauBaHUs .

[TporpaMMHBIH PEXUM COXpaHSACT BBEASHHYIO IMOCIEIOBATEILHOCTh KOMAaHI B
BUjie (aityia ¥ MO3BOJISIET MOBTOPUTH MX BBIMIOJHEHUE B IPYTUX ceaHcax paboTsl. I1po-
rpaMMHBIN pekUM BbI3bIBacTCs komanpoi Create—File—New M-Script.

PaccmoTpum nipumep paboThI B IPOrpaMMHOM pexume. BBeEM B TEKCTOBOM OKHE
pPENAKTUPOBAHUS CIAEAYIONIYIO TPOTPaMMYy:

k=2; T1=0.12; T2=0.624; $BrOon konbOMLMeHTa neperauy M NOCTOSHHBIX BPEMEHU.
h=tf ([k],[T1,T2,1]); $BROI nepenaTouHOM QYHKLUN.

figure (1) $BBI3OB I'paduueckorO OKHa IJIA IIOCTPOeHMsa xap-k Nl1.
step (h) ,grid on $KoMaHIa NOCTPOEHUs MNepPexOIHOM XapaKTepMCTUKMU.
figure (2) $BEI3OB IpadnuuecKOro OKHa IJiA NOCTPOeHMA xap-k N2.
impulse (h),grid on sIllocTpoeHME MMIIYJIbLCHOM MNepenaTOuHOV OGQYyHKLMUM.
figure (3) %BBI3OB T'padmueckoro OKHa OJid NOCTPOeHMS Xap-k N3.
bode (h) ,grid on $TMlocTpoenue JIAUX u JIOUX.

figure (4) $BEI3OB IpadnuuecKOro OKHa IJid NOCTPOeHMa xap-k N4.
nygquist (h),grid on $llocTpoenue AdX.

Pesynbrarom paboTsl MPOTrpaMMBbl SBIISETCS TOCTPOSHHE BPEMEHHBIX U YaCTOTHBIX
XapaKTEPUCTHUK 33JJaHHON MepeaToOuHON QyHKIIUU.
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B Matlab npexycmotpen rpaduueckuii pexkxuM aHanHM3a CHCTEM aBTOMATHKH B
npunoxernn Simulink. Simulink MoxHO BEI3BaTh Ha’kaB HA COOTBETCTBYIOIYIO HKOHKY
NaHeJId UHCTPYMEHTOB (PUCYHOK 7.2)

4\ MATLAR 7.10.0 (R3010s) . N
e

e Edt Depug Parlld  [esitop Mindow  Help

Bal=IFL 1 B i Fl | @ | Curent Folder Chllers\cupanys Documents MATLAE - (=

i Shorcuts ] How to Ad 2] Wi Mew

» 0 » x | Commandiindod Bl vcispace “osx

- w . = , |0 New to MATLABT Wabch this ideo, see Demos, or read Getting Stared x| Tol o m) G W seeck G Select datate

Hame |H.|rr|r Yalur Min |
I MATLAD deskicp =k as CEfls3, are now cusbomiiyg
! In pddizien for improved consd
#) Untithed2 e ' 1
across the deakoop.
To custocmize keyboard o use Preferences, From these, you <4
eqaToEe peeavious defauvlt gerrings by selecring "RI00OFe Windows Defad
from the active sectinga d® For more imformacion, ase H
Click here Lf you do not nt bz see This message asgain.
fi 2
Br1zoe Simulink
Command History “ 0 a X

We=Z0/ (a+4.852*a+1)
W=Z0/ (4.852%3+1}
W=Z0/ [4.852%8.+1]}
W20 (5. 852" +1)
B=*w
W20/ (ee5,.052%841]
W=Z0S (4. 052 s+1)
WS 800, +1)
L P - i !
£.37300
22304240

Sedect a file to wiew 6.3/ 460

E.3/200
B

18.31+T14+6805.23

b Start) Feady

Pucynox 7.2 — BeizoB Simulink Ha nmaHenu HHCTPYMEHTOB

[TostBuTCst oKHO OMOMMoTeK amementoB Simulink Library Browser (pucynox 7.3).
J1J1s MOJIeTUPOBaHMSI IMHEWHBIX CHCTEM IMMOHAI005ATCs clieayromnue oudmuorexu: Contin-
uous, Math Operations, Sinks, Sources. B oubanorexke Continuous comep:katbes dJe-
MEHTHI TUIIOBBIX IMHAMHUYECKHX 3BeHbeB. B OnbOmnorexe Math Operations — saemenTsI,
KOTOPBIC BBIMIOJHSIOT MPOIMUCAHHBIC MaTeMaTH4Yeckue onepanuu. B oudmmorexe Sinks
OJIOKM Ha dKpaHe KOTOPHIX MOKHO HAOJIOaTh pe3yabTaThl MATEMAaTHYECKOTO aHAIH3a.
B 6ubnmoTeke Sources OJIOKH, 3a1al0I1e TUITBI BXOIHBIX CUTHAJIOB.

PaccMoTpuM aHanu3 JIMHEMHOW HEMpPEpPBIBHOM CHUCTEMBI M3 paszzena 5 mocoOusl.

[TycTh 3amana mepenaroynas GyHKIHS CKOPPEKTUPOBAHHOW CHCTEMBI B PA30MKHYTOM
COCTOSTHUU

_50(0,63p +1)
p(312p+1)

W,..(p)
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E Simulink Library Browse
File Edit View Help

O = » - Enter search term - ﬂ %

Libraries Library: Simulink Search Results: (none) Most Frequently Used E.:ltE]a
e Commenly Used Conti
-~ Commonly Used Blocks :ﬁ Blodks | ~ontinugus
-~ Continuous
| - Discontinuities Discontinuities Disorete
-~ Discrete
- Logic and Bit Operations 5 Logi !
Ak ogic and Bit
-~ Lookup Tables 1= Cperations s Lookup Tables
-~ Math Operations
- + - Math ® Model
Model Verification A + X Operations (%] Werification
- ModeWide Utilties 3
- Ports & Subsystems i Model-Wide nes: Ports &
-~ Signal Attributes Utilities 455(',' Subsystemns
-~ Zignal Routing
- Sinks ]-‘% Signal Attributes lﬁ Signal Routing
- SOUrCEs
-~ User-Defined Functions ,_} 5, Sinks ,‘5{-:_, Sources
+- Additional Math & Discrete 3
’;"EAEFUSDHCE Blockset L my  UserDefined + —| additicnal Math
+E Communications Blockset u Functions & Disorete

E Control System Toolbox
+E Fuzzy Logic Toolbox
E Image Acguisition Teolbox
E Instrument Control Toolbox
- | Model Predictive Control ..
+E Neural Metwork Toolbox
+I- Tl RF Blockset

+ E Real-Time Workshop

+1.. Il Basl Tima WAarkshan Emh
Shewing: Simulink

¥

Pucynok 7.3 — bubnuoreka snementos Simulink

[IpencraBuM nepeaaTouHyr0 (GyHKIUIO B BUJIE TIOJTMHOMOB B YHCIIUTENIC U 3HAME-
HaTene. B pe3ynbrare npeodpa3zoBaHus MOIYYUM CIIETYIONIYO IEPeAaTOuHY0 (yHKIIUIO

31,5p +50

W, (p)=>2P*S0

312p° +p
Ha mnanemu wunctpymentoB Simulink Library Browser BeiGepem komaHmy
File—New—Model. ITosButcs okHO rpadudeckoro Moaenupoanus (pucyHnok 7.4). Ha
MaHEeJIM MHCTPYMEHTOB CIIEAyeT OOpaTUTh BHUMAaHHE HA NKOHKH 3aITyCKa H OCTaHOBA MO-
nenvpoBanus 3anaHHOd CAY 1 OKHa B KOTOPOM 3a7aéTcs BpeMsl MOJICTUPOBaHUs (pH-
cyHok 7.4). B paznene Continuous 6mdmmoteku 31eMeHTOB BeIOepeM Otok Transfer Fcn
U meperanmmM ero B rpaduueckoe okHo. B 0moke Transfer Fcn BBeném koapuiiueHTHI
MOJIMHOMOB NIE€PEeIaTOYHON (DYHKIIMHU PA30MKHYTOM CKOPPEKTUPOBAHHOM CUCTEMBI (pH-
cyHOK 7.5). B pa3nene oubnmoreku anementoB Math Operations ass BBoga CTpyKTYpHOI
cxeMbI BBIOepeM 0110k SUum (cymmatop) u Gain (ycunurens). B okHe BBOa mapameTpoB
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omoka Gain BBeiéM KO3 GUITMCHT TIepeaaun Ki = Oil =10. B pa3nene OubnuoTeku 3J1e-

MeHTOB SinKS BEIOepeM 010k SCOPE, KOTOPHIH TO3BOJIMT HAOIIOIATh KPUBYIO TIEPEXO/I-
HBIX ITPOIECCOB.

a

ntitled ]

Eile  Edit View Simulation Format Tools Help

O = E % ,QQE—{I'E 1"I |N|::n'r|a| j

3amycK
MOIENTHPOBAHIA

OcTaHOB
MOIENHPOBAHNA
\ Bpemsa
MOIeTHPOBAHHS B
CeKYHIAx
|
| Ready 100% oded5

Pucynok 7.4 — OkHO BBOJA CTPYKTYPHOM CXEMBI

E Function Block Parameters: Transfer Fcn =
Transfer Fcn

The numerator coefficient can be a vector or matrix expression. The
denominator coefficient must be a vector. The output width equals the
number of rows in the numerator coefficient. You should specify the
coefficients in descending order of powers of s.

Farameters

Mumerator coefficients:
[31.5 50]

Denominator coefficients:
[3.1210]

Absolute tolerance:

auto

State Name: (e.g., 'position')

9 [ ok | [ cancel | [ Helb ] [ apoly

Pucynok 7.5 — OkHO B KOTOpPOM 3ajatoTcs mapameTpsl 0ytoka Transfer Fcn
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B paznene 6ubnmmoTekn 3IEMEHTOB Sources 3a/1aIiM TUIIOBBIE BXOHBIC CUTHAIIBI
omokamu Step u Ramp. biok Step mo3BossieT 3a1aTh €AMHUYHBIN BXOJHOM CHUTHAN, a
010k Ramp - BXOJIHOW CUTHAaJI, U3MEHSIOIICICS C TTIOCTOSSTHHON CKOPOCThIO. B okHe ma-
paMeTpoB Oyioka Step 3agaauM mapameTpbl €UHUYHOTO BXOJHOTO CHTHala (PUCYHOK
7.6). B oxHe mapameTrpoB 010ka Ramp 3amajauM mapaMeTpsbl BXOJHOTO CHTHAA (JIBHKE-
HUE C TIOCTOSIHHOHM CKOpOCThI0) V=10 M/c (pucyHok 7.7).

E Source Block Parameters: Step H
Step
Output a step. Bpemsa Ha4dana
MOOEeTHPOBAHMNA
Parameters

Step time;

Initial value:
0
i
Final value: AMILTHTYIHOE
SHa4YCHHE BXOOHOTO
_ CHTHATIA
Sample time:

0

| Interpret vector parameters as 1-D

¥| Enable zero-crossing detection

[ oK l| Cancel | | Help |

Pucynok 7.6 — OKHO B KOTOPOM 3aat0TCs MApAMETPbI €AMHUYHOTO BXOHOTI'O CUTHAJIA

B pe3ynbrare BBITIOJHEHHS BBIIIETIEPEYUCICHHBIX JEHCTBUN B TpaduueckoM OKHE
OyZIeT BBeJIeHa CTPYKTYPHO — IMHAMHUYECKasi cucteMa ckoppektrupoBanHoi CAY (pucy-
HOK 7.8). B pe3yibTare BBIIOJHEHUS] MOACIMPOBAHUS MOIYyUYUM TpaduKU MEPEeXOTHbIX
IIPOLIECCOB NPH MOJAYE HA BXOJ 3aMKHYTOU CKOPpeKTHUpOBaHHOW CAY THUNOBBIX BXOJ-
HBbIX CUTHAQJIOB: €JUHUYHOIO CTYIIEHYATOr0 CUTI'HAJIA U BXOAHOI'O CUTHAja JBHKECHUS C

MIOCTOSIHHOM CKOPOCTBIO (PUCYHOK 7.9).

s mOCTpOEHHsT YaCTOTHBIX XapaKTEPUCTUK Pa3OMKHYTOM CKOPPEKTUPOBAHHOMN
CAY pazomkHEM 11€T1H 00paTHOM cBsA3H. [IpaBoii KiIaBHUIIeH MBIIIH METKHEM Ha BBIXOJIC
Osoka (JIMHUS CBSA3M), KOTOPBIN 3a7aéT BU BXOJHOTO CUTHAJIA M B IMOSBUBIIEMCS OKHE
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KomaH1 BeiOepem Linearization Points—Input Points. TIpaBoii kiaBuIei MbIIIn MENK-

HEM Ha BXo7e 0Jioka SCOpe (JIMHUS CBSI3M) U B IMTOSBUBIIIEMCSI OKHE KOMaHT BIOepeM Lin-
earization Points—Outrut Points.

E‘ Source Block Parameters: Ramp -
Ramp (mask) (link)

Output a ramp signal starting at the specified time.
Parameters

Slope:
10|

Start time:
0

Initial output:
0

Interpret vector parameters as 1-D

[ oK l [ Cancel l [ Help ]

Pucynok 7.7 — OkHO napaMeTpOB BXOJHOIO CUTHAJIA (IBHKEHHUE C MOCTOSIHHOM CKOPO-
cThio) V=10 m/c

31.55+50
> > 10>_> 1
3.1282+s

Transfer Fcn Gain Scope

Step

Pucynok 7.8 — Mognenb ckoppekTupoBaHHOM 3aMKHyTOM CAY

Bl scope EEREN | cope

SEPLL ABE B SEPLPLL ABE DA R

IlepexonHan XapakTepHCTHEA T'paduk nepexonHoro mporecca oT
BXOIOHOTO cHIrHAama v=10 M/c

Pucynok 7.9 — I'paduku nepexoIHbIX MPOLIECCOB
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B okxHe xomaH 1 BBOJIa MOJIe)M BbIOepeM cieayronuii myHkT T00ls—Control Des-
iIng—Linear Analysis... ITosBurcsa okao Control and Estimation Tools Manager. B mo-
sIBUBIIIEMCsI OKHe BeIOepeM Linearize Model, Tem cambiM BbI3BaB OKHO HpujIoKeHuUs Lt
Viewer. IToctaBuMm ranouky HanpotuB komanabl Plot linear analysis result in a u BeiOe-
peM B HUCTIaaro1eM okHe komaH bl Bode response plot (JIAUX u JI®UYX), Nyquist plot
(amrmmutyno — ¢azoBas xapakrepuctuka ADX). Haxxa Ha xkHOtiKy Linearize Model mo-
ayunMm JIAUX u JIOUYX, ADPX pa3oMmkHyTOl ckoppekTupoBaHHOM CAY cooTet-
CTBEHHO.

THOACHUTEJIBHAA 3AITHCKA COAEP/KUT:

Brenenue. B 3Toit yacTi HEOOXOIUMO ONMUCATH METOJbI YACTOTHOU KOPPEKIUH,
MCIIOJIb3YEMOM JIJIsl YAYUIIEHUsI KaueCTBEHHBIX Moka3areneit CAY.

1. OcHOBHO# pa3nein. DTOT pa3iesl BKJIIOYAET B Ce0sl ONMUCAHUE BCEX ATAINlOB CHH-
Te3a KOPPEKTUPYIOIIETO YCTPOHCcTBa 1 rpaduku JorapuMUIECKUX YaCTOTHBIX XapaKTe-
PHUCTUK, BHITIOJIHEHHBIE HA MUJUTMMETPOBOM Oymare.

2. MonenupoBanue CAY na DBM. B 3toMm paszaene npuBoaSITCS CXeMbl MOJICIIN-
poBaHusl, rpadKu MEPEXOAHBIX MPOLECCOB, TPAPUKN YACTOTHBIX XapaKTEPUCTUK U pe-
3yJIbTAaThl CPABHUTEIBLHOTO aHAJIM3a IIOCTPOCHUM.

3. BeIBOJEL

Jlureparypa.

T'PA®UHYECKAA YACTbh COJEP/KHUT:

1. ®ynkumonanbHyto cxeMy CAY 31eKTponpruBOAOM OCTOSIHHOTO TOKA.

2. JlorapudMuueckne aMIiuTyAHO-4aCTOTHBIE M (PAa309aCTOTHBIE XapaKTEPUCTH-
KM Bcex dTanoB cuHre3a CAY.

3. KpuBble nepexoJHbIX MPOLECCOB, NOIYyYEHHbIE MPHU M0/1a4e Ha BXOJI CUTHAJIOB
x(t)=x,,, -1(t) u x(t) =10t -1(t), u rogorpad komIuIeKCHOTO KO3 HHUIHEeHTa TIepeTayH.

4. Jlorapumudeckue 4acCTOTHbIE XapaKTEPUCTUKU Pa30OMKHYTOU U 3aMKHYTOU CH-
CTEM, MOJTy4YEHHbIE Ipu oMo IBM.

Bces rpaduueckas 4acTh BBIMOJIHSIETCS HA OTAEIbHOM Jicte popmara Al, pasne-
JIEHHOM Ha 4yeThIpe hopmarta A3.
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Tabmuua I1.2.1 — [TaccuBHBIE KOPPEKTUPYIOIIETO YCTPOMCTBA

[Tpunoxenue 2

Cxema RC - uenu

Jlorapudmuueckas amiu-
TYJIHO-4aCTOTHAsl XapaKTEPUCTHKA

[lepenaTounas GyHKIUS

o—] * +—oO l % W(p):Tp'i'l’rﬂe
c| R 12K (0) ® T= R k)=t
Uax 1 |::| UBI:IX Rl + R2 1 Rl " R2
T\ [Ipu R, = umeem K(0) =1;
o} ® ® O T= RlCl
R1
o— f—e—o0 L,ab 1 1
C, 1 1, T p+1
L o W(p)=—""" e
20 | T, p+1
UBX UBbIX :
R Tl == (Rl + Rz)Cll Tz = RZCl
2
O O
R -
T 1
— — Lab 1 1 W(p) = K(0) 2, e
l T T T,p+1
C1 | ()] RR
201gK(0) | T,=(R,+——)C,; T,=R,C;
UBX RS |::| UBbIX T\:_ Rl * R3
R ' R
2 -20 K(0) = 3
R, + R,
o e—o0
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[Iponomkenue npuioKeHus 2

[Tponomxkenne Tabmuipst 11.2.1

L, nb 1
, 1 al, p
W = L rme
a l ® T,p+1
I ZOng(OO) © Tl = (Rz + Rl)Cl;
Uswix +20 o =K () = R,
R, +R,
’—E L, nb 1 W (p) = K(O)T2p+1,me
T T, T p+1
P @ K(O)=— 2T, =(R,+R,)C;;
R+R, * T
201gK(0) e
R, |:i| Usuix I +20 T =C (R +i)
* 7 R 4R,
L O
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[Iponomkenue npuioKeHus 2

[Tponomxenne Tadmuisr [1.2.1

Cs
|| L 1E
! ¥ +1 +1
D—L: l ﬁ i L L W(p)= (Tlp )(sz ) , TIIe
° L1 l 1, af (;Tl p+D)(aT,p+1)
R> | | - .
1201gK (0)! Cpe T _he . R
UBX R1 UBblx _20 +20 Tl RlCl' T2 chz’ o R1 + RZ
(oF T, >>T,
0 I o !
o—{ 1] [ | T o 1 1 TT,p?+(M+T,+RC,)p+1
C C , TIIE
UBX 1: 2 UBbIX Tl = Rlcl; T2 — R2C2;
l mpu RC, <<T, +T, umeem T, =T,,
- 0 Tb :Tz
R3 R4 W(p): K(O) (T1p+1)(T2p+1) FI[C
' ) (T,p+1(T,p+1)
c1:: 02:: T,=RC,; T,=R,.C,;
UBX R5 UBbe K(O) _ L
R4 |::| R> |:J R3 + R4 + R5
mpu R, <R,; K(x) <<K(0);
7 ¢ ® © R, << R; umeem
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[Iponomkenue npuioKeHus 2

[Tponomxkenne Tabmuipst 11.2.1

R,(R, +R,) .
R,+R, +R.’
R,(R, +R.)
R,+R, +R,

T, =T,+C,

T, =T, +C,

U BbIX

T,T,p ?

W (p) = ,
w)nyﬁ+m¢u+&gm+1

rac

T,=RC;T,=RC,;
npu RC, <<T,+T, umeeMm T, =T,
T, =T,

R4

1 1
(T, p+1)(T,p+1)
Tl :Rlcl; Tz :chz;
R3R4
R,(R,+R,+R,)+R,(R,+R,)
I:22R4 .
R,+R,’

K(0) =

npu R, <<R,; umeem T, =C,

N RR,R

1" 73" "4
~

" 'RR,+RR,+R,R,
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Ta6muma I1.2.2 - AKTUBHBIC KOPPEKTUPYIOIINE YCTPOHCTBA

[Iponomkenue npuioKeHus 2

Cxema BKIIOYCHHUS OIICPAIHUOHHOI'O YCHUIIUTCIIA

Jlorapudmuueckasi aMJIMTyAHO-Ya-
CTOTHAsI XapaKTePUCTUKA

[lepenaTounas GyHKIUSA

Ro
J R
W(IO)=—K 2R , TIIE
R1 L, HB a1
o—D—o—F o K - R, _
8 R.R,’
Re l R,+R,+3>+*
2
201g|W(jm R.R
Uex U gWio) npu ——— << R,
T © 3 + 4
R
Rq nmeeM K = 4
° R, +R,
oF
||
R2 L, nb K
| W(p) ==, e
R1 > oo T1 p
Usx % « . R
| I o R, +R, + R:R,
R3 UBblx 4 1
Tl Tl = R1C1
o—e o)
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[Iponomkenue npuioKeHus 2

[Tponomxenne Tabmuist [1.2.2

[pu R << R,
R, +R,
R
umeeM K = 3
R, +R,
R
L, nb
’ T p+1 1
W(p)=—-222 (K + =),
R, T.p T,P
> | N \ZOIgK rie T, =RC; T, =R,C,;
| 11 T ® _R
UBx J7 UBbIX ? ? ) Rl
2 1
o o
Cq Rs
‘H L, nb T.p+1
R e W(p):—Ksz , T1e
p+1
L] 1 R
201gK 'N20 7 K=_%
R1 | I‘ Rl
DQO—O—O | T i \I_(D T1:(R2+R3)C1’
T T, =R.C
UBX UBbIX 1 2 31
o o

69



[Iponomkenue npuioKeHus 2

[Tponomxenne Tabmuist [1.2.2

Ro L, 1b
Ci
R > 1201ga W(p)=- Lp , TJIE
I © T,p+1
+2(/i 1 T T,=R,C;T,=RC,
UBx UBI:IX ' Tz R
o =—2
O O R
Rs
R, C [ : L, nb
1 T 1
}_' — 420 W(p)=—K_ 2272 e
. l T 1 20lg0 T,p+1
R [5= . ' R
o — | *— ———© 201gK | 1 T ® K==;T =(R +R,)C,;
o R 1 1 2/
1, !
Usx lﬁ _R(R+R) T.=RGC,
. . RR,
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[Iponomkenue npuioKeHus 2

[Tponomxenne Tabmuist [1.2.2

Rz
1
C, L, nb
1
0__H_—« W(p):—KTp+1,rz[e
R -20 '
. — > oo . ZOngl K = E; T, =RC,
BbIX ]_i

O L 4 O

K
W(p) =- :
—Tp+1
L, nb &=
o) Kﬂl RZ .
rac K= KHZ Eli Tl = R2C11
201gK | \20 K - R
U T 1 \\(0 1 &+&+%}
4 R l
K = -
R Y]
i &+&+&&
L O 2
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[Iponomkenue npuioKeHus 2

[Tponomxenne Tabmuist [1.2.2

0 e W(p) - L TP+
I | ! -20 TpT,p+1’
N -20 rie T,=R(C,+C,); T, =RC,
Ri > o — N cC
0_1:|_._r_.__o ] 1 1 ® T, =R —22
e — C, +C,
Lo 1T
Usx 17 Usuix
O O
Rs
— K +1
c W(p)=- P
'_—{2 - (Mp+H(T,p+1)
T R
,tme K=——2——;
R1 R2 > o L: »HB I K (Rl n RZ)
o—@@{ o 20 .
201gK | -20 T,=C, (K_ R,+R,); T,=C,R,;
c, L Rs | A T T BN g
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Tabmuma I13 — Ucxoaubie qaHHbIE A7 KypCOBOM pabOThI

[Tpunoxenue 3

Ne Wper( p)| K, | T,.c | U . n.. ) J, I, R, Kn , o, Evr | b Per, mapmetp
Bap. B 06/MuH kBT KI-M? A Om B-c * B c
1 25,3/p 50 0,006 110 3000 0,17 0,025 3,25 5,84 0,12 37 0,09 8,2 ™
2 7,5 40 0,005 220 1500 0,17 0,012 1,6 57,2 0,1 29 0,09 6,2 0
3 29,1 47 0,007 110 3000 0,25 0,05 3,7 2,52 0,09 29 0,07 | 11,0 0
4 39/p 25 0,005 220 2000 0,25 0,071 1,99 15,47 0,1 37 0,11 6,7 )
5 21,2 46 0,007 110 3000 0,37 0,036 5,47 2,52 0,12 38 0,06 6,8 0
6 37,1 44 0,007 220 2250 0,37 0,048 2,73 10,61 0,1 31 0,1 3,9 0
7 10,5 46 0,006 110 4000 0,71 0,056 9,29 1 0,09 38 0,08 4.8 0
8 23,2Ip 38 0,005 220 3540 0,71 0,064 4,61 3,99 0,09 34 0,07 6,9 ®
9 45,7/p 47 0,006 110 4000 1 0,1 12,71 0,6 0,11 35 0,08 8,0 ®
10 28,6 46 0,005 220 4000 1 0,12 6,27 2,52 0,11 37 0,11 8,9 0
11 8,3 32 0,005 110 3000 0,37 0,026 5,61 2,69 0,12 29 0,11 6,9 0
12 15,9/p 49 0,007 220 1500 0,37 0,062 2,83 11,78 0,08 33 0,05 3,1 )
13 16,5/p 27 0,007 110 4000 0,5 0,084 6,99 0,92 0,1 34 0,12 8,8 ™
14 16,8 20 0,005 220 2000 0,5 0,05 3,44 3,22 0,1 32 0,12 1,1 0
15 21,4 41 0,005 110 4000 0,75 0,75 9,60 0,085 0,09 37 0,08 6,6 0
16 4,3Ip 24 0,005 220 4300 0,75 0,96 4,77 0,26 0,08 29 0,05 9,5 )
17 6,3 33 0,006 110 4000 1,2 0,24 1455 | 0,436 0,11 31 0,09 | 11,9 0
18 18,2 36 0,006 220 4000 1,2 0,22 7,13 1,792 0,08 30 0,07 8,0 0
19 27,9/p 33 0,005 110 4000 2 0,136 | 23,16 0,201 0,09 35 0,08 3,5 ®
20 9,5/p 30 0,007 220 4000 2 0,083 | 11,51 0,805 0,1 30 0,09 1,6 ®
21 35,2 48 0,005 110 3000 1,6 0,62 21,39 0,256 0,08 38 0,09 | 115 0
22 28,2 28 0,005 220 2500 1,6 0,64 10,62 1,88 0,12 29 0,11 | 185 0
23 18,8/p 30 0,007 110 4000 2,5 0,22 31,57 0,271 0,11 34 0,08 8,1 )
24 48,9 35 0,007 220 3000 2,5 0,25 15,46 1,08 0,08 32 0,07 3,9 0
25 44.6 46 0,006 110 4000 4 0,32 46,92 0,14 0,09 32 0,1 6,6 0
26 4,8 31 0,007 220 4000 4 0,16 23,01 0,564 0,09 38 0,11 2,6 0
27 43,7/p 34 0,007 110 4000 7 0,43 78,56 | 0,067 0,09 35 0,1 3,2 )
28 36,8/p 36 0,006 220 4000 7 0,365 | 38,34 0,226 0,08 38 0,08 2,6 ™
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[Iponomkenue npuiaoxkeHus 3

[Iponomxenne Tabnuusl 1.3

Ne W.(p)| K, |T,.c |[U, |n, P.. J, I, R, K, o, Epr | L Per, map-
Bap. B 06/MuH kBT krM? | A Om B¢ % B c MeTp
29 34,9 21 0,007 110 4000 10,5 0,233 113,6 | 0,14 0,1 37 0,07 45 0
30 33,8 48 0,005 220 4000 10,5 0,428 56,15 | 0,564 0,12 33 0,06 7,2 0
31 48,6/p 35 0,006 110 3000 0,6 0,06 8,02 1,29 0,1 33 0,07 4.6 0
32 37,6/p 22 0,005 220 2500 0,6 0,063 4,62 5,07 0,11 38 0,1 2,8 0
33 41,6 48 0,005 110 4000 0,85 0,48 12,77 | 0,125 0,09 33 0,12 5,4 0
34 47 21 0,007 220 3500 0,85 0,56 6,13 1,215 0,09 37 0,07 141 |0
35 44,4]p 40 0,006 110 4000 15 0,12 21,31 | 0,42 0,11 28 0,05 6,1 0
36 47 41 0,005 220 4000 15 0,15 9,74 1,77 0,12 38 0,05 5,7 0
37 7,2 49 0,005 110 4000 2,5 0,356 32,47 | 0,196 0,09 37 0,08 10,2 |0
38 38,8/p 38 0,007 220 4000 2,5 0,425 12,5 0,788 0,1 31 0,08 9,7 0
39 44.6 28 0,005 110 4000 3,6 0,289 41,69 | 0,084 0,12 31 0,05 3,4 0
40 2 43 0,006 220 4000 3,6 0,382 20,71 | 0,042 0,1 37 0,09 0,4 0
41 28/p 100 | 0,0014 | 220 1000 25 0,15 13,1 0,323 0,1 35 0,15 0,7 0]
42 45 35 0,004 220 2500 5,0 0,12 27,2 0,175 0,12 30 0,12 045 |0
43 22,5 45 0,0055 | 110 2500 1,6 0,04 19,2 0,147 0,1 30 0,1 0,9 0
44 32/p 100 | 0,002 220 1500 45 0,15 24 0,162 0,08 35 0,18 1,2 0
45 55 15 0,0063 | 110 1500 55 0,12 19,6 0,34 0,15 35 0,16 0,75 |0
46 21 75 0,0015 | 220 2500 7 0,15 37 0,065 0,15 30 0,1 0,6 0
47 28 85 0,0047 | 220 1500 1,1 0,04 6,4 1,7 0,1 33 0,12 055 |0
48 1,7/p 9,8 0,0026 | 200 1000 0,78 0,006 5,64 0,13 0,13 25 0,2 0,9 0
49 17/p 53 0,002 60 3000 0,12 0,0015 | 2,86 0,46 0,12 32 0,05 0,37 | o
50 42 65 0,0035 | 220 2500 3,2 0,062 18 0,376 0,1 36 0,05 084 |0
51 54 98 0,0018 | 220 1500 0,45 0,013 25 2,38 0,12 30 0,04 0,4 0
52 25/p 42 0,002 110 2000 0,1 0,0015 | 1,22 3,0 0,1 37 0,12 1 0]
53 4.4/p 5,6 0,0075 | 220 2000 6,2 0,0053 | 22,3 0,51 0,09 38 0,2 08 |
54 14 68 0,0052 | 60 3000 0,37 0,0040 | 8,2 0,195 0,1 32 0,17 0,6 0
55 20,5 45 0,0035 | 110 2000 0,2 0,0035 | 2,33 2,2 0,11 27 0,1 095 |0
56 42,1/p 54 0,0014 | 110 2000 0,12 0,002 1,46 1,74 0,1 35 0,03 0,5 ®
57 87 25 0,0032 | 60 3000 0,25 0,0035 | 5,6 0,284 0,1 35 0,03 0,6 0
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[Iponomkenue npuiaoxkeHus 3

[Iponomxenne Tabnuusl 1.3

N W (p)| K, | T..c| U, n.. P.. J, I, R, K, o, | €. | t,, | Per, map-
Bap. B 06/MuH kBT KI-M? A Om Bc % B c MeTp
58 49 73 0,0025 200 1000 1,1 0,064 6,3 1,71 0,12 29 0,06 0,64 4]
59 0,35/p 10 0,0036 60 3000 3,2 0,0038 | 4,85 2,5 0,085 23 0,15 | 0,77 0
60 71/p 47 0,0018 110 2500 0,76 0,013 8,2 0,237 0,1 38 0,03 0,7 0
61 7,2 9,4 | 0,0047 60 2000 4,2 0,14 25,0 0,09 0,09 32 0,1 0,78 0
62 47 30 0,0025 60 3000 0,45 0,009 10,3 0,118 0,11 30 0,03 0,64 0
63 36 34 0,0014 60 3000 0,2 0,002 457 0,23 0,1 30 0,03 0,62 0
64 25 100 | 0,0028 100 1500 1,6 0,065 18,2 0,19 0,1 35 0,03 0,62 0
65 17/p 45 0,0017 60 2000 0,37 0,0091 8,2 0,15 0,12 31 0,1 0,74 0
66 19 70 0,0012 220 2500 5,0 0,12 34 0,07 0,1 35 0,05 0,6 0
67 43 32 0,0045 220 2560 45 0,15 29 0,168 0,11 30 0,1 0,35 0
68 25/p 85 0,0015 220 1000 2,7 0,14 14,5 0,37 0,12 35 0,05 0,62 0
69 0,86/p 42 | 0,0015 220 2500 1,5 0,0041 13,6 0,186 0,11 30 0,5 0,96 0]
70 21 47 0,005 110 2500 1,8 0,04 215 0,151 0,1 30 0,06 0,4 0
71 84 26 0,003 60 3000 0,24 0,0034 5,4 0,31 0,1 32 0,03 | 0,55 0
72 30/p 87 0,0018 220 1500 45 0,14 25 0,17 0,1 30 0,1 0,73 0
73 35 32 0,0015 60 3000 0,22 0,002 5,2 0,21 0,11 25 0,03 | 0,71 0
74 1,4/p 7,1 | 0,0056 110 1000 2,4 0,13 32 0,28 0,1 28 0,4 0,92 0]
75 43 31 0,004 220 2500 48 0,12 29,1 0,18 0,1 30 0,1 0,54 0
76 24,5/p 92 0,0014 220 1000 25 0,15 14,0 0,31 0,12 37 0,05 0,68 0]
77 427 62 0,0032 220 2500 3,2 0,06 19,2 0,384 0,1 35 0,05 0,82 0
78 12 68 0,0011 220 2500 5,2 0,12 32,5 0,061 0,1 30 0,06 | 0,54 0
79 8,8/p 2,6 | 0,0038 200 1500 0,48 0,0022 13,6 1,62 0,12 25 0,5 0,64 0
80 4.4 5,8 | 0,0018 220 1500 1,2 0,0062 8,3 0,31 0,1 24 0,4 0,8 0
81 24,3/p 41 0,0019 110 2000 0,12 0,0015 1,31 3,1 0,11 33 0,13 0,75 0]
82 47 29 0,003 220 2500 5 0,15 25,3 0,16 0,1 29 0,14 | 0,54 0
83 12 75 0,0052 60 3000 0,4 0,004 9,1 0,2 0,1 30 0,045 | 0,62 0
84 15,4/p 43 0,0018 60 2000 0,32 0,0092 8,7 0,14 0,12 30 0,06 | 0,75 0
85 29,3 84 0,0042 220 1500 1,0 0,05 7,2 1,68 0,1 32 0,1 0,42 0
86 2,4/p 3,8 | 0,0013 110 2000 0,86 0,009 19 0,072 0,11 35 0,03 | 0,68 ®
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[Iponomkenue npuiaoxkeHus 3

[Iponomxenne Tabnuusl 1.3

N W (p)| K, | T..c| U, n.. P.. J, I, R, K, o, | €. | t,, | Per, map-
Bap. B 06/MuH kBT KI-M? A Om Bc % B c MeTp
87 45,6 71 0,0023 200 1000 1,2 0,061 6,25 1,75 0,1 35 0,13 0,68 4]
88 24,5/p 38 0,002 110 2000 0,1 0,0015 | 1,25 3,2 0,11 37 0,05 1 0
89 19,4 69 0,0014 220 2500 7,3 0,17 38,2 0,061 0,1 32 0,06 | 0,64 0
90 432 31 0,004 220 2500 5,0 0,15 24,3 0,177 0,11 33 0,06 | 0,47 0
91 11,4 69 0,0048 60 3000 0,42 0,004 10,2 0,18 0,1 27 0,04 | 0,61 0
92 40,3/p 51 0,0012 110 2000 0,14 0,003 1,51 1,69 0,1 33 0,05 0,8 0
93 20,2 73 0,0014 220 2500 6,5 0,136 35 0,07 0,11 32 0,05 0,53 0
94 27/p 74 0,0014 220 1000 2,8 0,14 15,1 0,41 0,1 37 0,06 0,67 )
95 475 68 0,002 200 1000 1,2 0,06 7,1 1,53 0,1 275 | 0,12 | 0,52 0
96 42 30 0,0038 220 2500 4,3 0,14 29,5 0,18 0,12 31 0,08 | 0,68 0
97 10,1 49 0,0053 60 3000 0,37 0,005 10,5 0,19 0,1 37 0,06 0,45 0
98 7,5/p 47 0,002 60 3000 0,43 0,004 11,3 0,175 0,11 36 0,06 0,7 0]
99 22.3 43 0,0043 110 2500 1,75 0,035 23,2 0,11 0,1 27 0,04 | 0,59 0
00 0,78/p 6,88 | 0,0032 200 3000 0,28 0,012 2,8 1,82 0,12 38 0,25 | 0,86 0
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[Tpunoxenue 4

HoMmuHanbHbIE COIIPOTHUBJICHUA 110 pAJIaM

Pan YucnoBsie K03 PUITUEHTHI

E6 1;1,5;2.2;3.3;4.7, 6.8

E12 1;1.2;15;1.8;2.2;2.7;,3.3;3.9;4.7,5.6; 6.8; 8.2

E24 1;1.1;1.2;1.3;1,5; 1.6;1.8;2;2.2; 2.4, 2.7, 3;3.3; 3.6; 3.9;4.3; 4.7, 5.1; 5.6, 6.2; 6.8; 7.5; 8.2; 9.1
Hauoosee ynorpediseMbie psiibl HOMUHAJBHBIX eMKOCTEN

Pan Yucnoseie KO3 PUITUESHTHI

E3 1;2.2;4.7

E6 1;1.5;2.2;3.3;4.7, 6.8

E12 1;1.2;15;2.2;3.3;3.9;4.7;5.6;6.8; 8.2

E24 1;1.1;1.2;1.3;1.5; 1.6;1.8; 2;2.2; 2.4, 2.7; 3; 3.3; 3.6; 3.9;4.3; 4.7, 5.1; 5.6; 6.2; 6.8; 7.5; 8.2; 9.1

Ilpumeuanue. HomunanbHble 3HAUEHUSI EMKOCTH M CONTPOTUBIICHUS CTaHIAPTU3UPOBAHBI U BHIOUPAIOTCS U3 ONPEIEIICH-

HBIX PAJOB YKMCCII ITYTEM YMHOKCHUA UJIN OCJICHUA X Ha 10", rae N - MOJIOKUTEJILHOE HUIIU OTpHUIATCIIBHOC YHCIIO.
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