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CIHOCOBBI 1 YACTOTHBIE XAPAKTEPUCTUKHU NAPAJLIEJIBHBIX
COEJUHEHHN HEJIMHENHBLIX KOPPEKTHPYIOHIUX YCTPOMUCTB

Hoxm. mexn. nayx, npogp. MHXA/TEB A. C.

Munckuii uncmumym ynpaanenus

B nocnennee pecatuneTre JOBOJIBHO ITHPOKOE
PacIpOCTpaHEHHE B TEOPHH M IPAKTHKE MOCTPOC-
HHUA aBTOMAaTHYECKHX CHCTEM IIONYYHJIH pa3phlB-
HBIE 3aKOHB! YIIPABJICHHs!, PEAH3yEMBbIC, KaK IIpa-
BUJIO, B BUJIC HEIMHEHHBIX KOPPEKTUPYIOLIMX YCT-
potictB (HKY), koTOpble HMEIOT ODBIYHO HE OJTHH,
a zBa U Oonee KaHAJIOB, OTHOCHTEIBHO HE3aBHUCH-
MO GOPMHUPYIOIIMX aMILIUTYIHbIE M (a3oBbIe yac-
TOTHBIC XapaKTEpHCTUKH peryasaTopos [1, 2]. Ha-
JIHYHE TaKUX KAaHAJOB aKTyalM3UupyeT paspaboTKy
Haubonee 3QPEKTUBHBIX CIOCOOOB COEIXUHEHMA
HKY cnoxnolt nenu. Huke nokazaHsl BO3MOXHbIE
BapHaHTHI napamienbHbix coequanenuid HKY u Ha
OCHOB€ METOJia TapMOHHYECKOH peanu3aldd Oll-
peneNeHbl HX YacTOTHBIE XapaKTePHCTHKH.

IMapannensnoe coequnenne HKY. Coenune-
Hue HKY B napatensHele LEeNH He HaxIaabIBaeT
KaKUX-TH00 OrpaHMYeHHH Ha THII 3THX YCTPOMHCTB
HIIH cioCOObI KOPPEKIHH.

Ha puc. la npencraBieHo OueBHIHOEC COEIH-
HEHHE IICEBAOIMHEHHBIX KOPPEKTHPYIOIIUX YCT-
-poiicte (IUIKY) B mapamiensHyi0 Lenb, 4acToT-
HBIC XaPaKTEPHCTHUKH KOTOPOH OIIPEENAIOTCA BbI-
PaXKCHUAMH:

S 2 2
q= (E‘lai) +(iblz) : )
)L = arctg g‘.lb,./ é a, 2)

rae a; b; — xo3bdHIMeHTH! rapMOHHYECKOH TH-
Heapusauuu otaenbHbIX HKY,i=1,2, ..., n.
[Mapannensroe coenuuenue HKY mnosBosser
TIOJIHATH HE TOJBKO aMIUIMTYAHYIO, HO U (pa3oBylO
XapAaKTEPHCTHKY KOPPEKTHPYEMOH CHCTEMBI.
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Puc. [. TlapannensHoe coequnenne [UIKY (a) u ero wacrot-
Hble XapakTepucTHKH (6) mpw n = 3:
W(P)=(T.P+1)"; W (P)=01.-22F+1 .
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(xpusrie 1); Wy, (P)=
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Ha puc. 16 noka3aHs! 4acTOTHBIE XapaKTepH-
CTHKM TpeX TapajleiabHO BKMO4YeHHbIX IUIKY
OJHOTO THIIAa C CYMMHPOBAHHEM BBIXOJHBIX CHI-
HanoB (kpussle 1), a Tawxe tpex IUVIKY, nBa u3
KOTOpHIX (hazoomepexaroiero Tuna, a TPeTHH —
¢$a300TCTArOMEro, IIPHYEM BBIXOZHOH CHIHAaN IO-
CIEQHEr0 NOIKIIIOYEH K CYMMAaTOpy C OOpaTHBIM
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Inepzemura

3HakoM. Kak # ciegoBaio OXHAaTh, BO BTOpOM
ciydae IajaeT aMIUIUTyIHAas XapaxTepHCTHKaA,
OJHAKO 3aMETHO TOo/iHUMaeTcs (azoBas.

TaxuM 06pa3oM, U3IMEHAS TUIl COEAHHIEMBIX B
napauiesbabie Hend HKY ¥ ux mapaMeTpsl, MOX-
HO B IUMPOKOM AHMAIla30HE BIUATH Ha HX CyMMap-
Hble YaCTOTHBIE XapaKTEPHUCTHKH.

B psine cnydaeB BO3MOYKHO 3aMETHO YIPOCTHTh
peaNH3aIHIO e U3 NapajuleNbHO COCAMHAEMbIX
HKY (puc. 2).

Mmuorokanansaoe [UJIKY (puc. 2a) nomyueHo
ImyTeM IIapajjiebHOTO COEIMHEHHS MHOTHX aM-
IUTMTYAHBIX KaHAJIOB, COAEPXKAILUX B obmeM ciy-
yae JuHelHble GuUnpTphl W{P) NIpH HaTH4uH Of-
HOro ¢ha3oBoro kaHana ¢ ¢uinbTpoM Wi(P). Tlo-
CKOJBKY OmepalMd CyMMHDOBaHHHZ MOXyJeH
KOOpDAMHAT B aMIUTUTYAHOM KaHajie H YMHOXCHUA
Ha *1 003ajgar0T CBOMCTBOM KOMMYTATHBHOCTH,
CYMMaTOp B CXeMe Ha PHUC. 2a MOKHO BBIHECTH
BIPaBO 3a OJIOK YMHOXEHHs, NIPEICTaBHTb CTPYK-
TYpy B BHAe mapajinelbHOro coequHeHus IIJIKY
Ha pHC. 1a ¢ 0IMHAKOBBIMH (a30BEIMH U PAa3HBIMU
aMIUTMTYZAHBIMH KaHaJIaMH M 3aIMCaTh YaCTOTHBIE
XapaKkTepUCTHKHU tiend B Buze (1) u (2).

Muorokasansaoe IIJIKY (puc. 26) o6pazoBaHo
HapaiebHO-MOCIeIOBATEIBHBIM ~ COEAUHEHHEM
AMITMTYJHBIX KaHAJIOB B pe3ylIbTaTe CyMMHpPOBa-
HUS MOJyJNeH BBIXOAHBIX KOODAMHAT (HIBTPOB
WA{P),i=1, 2, ..., n, COCTaBIAIOILKX, HAIPUMED,
YCHIHTEIBHBIH TpPaKT CHUCTEMBI, COCOHHEHHBIX
JPYT ¢ IPYTroM TOCNEA0BaTenbHO. BEIHOCS, Kak U B
OpeabUIyieM ciiydae, CyMMaTop BIpaBo 3a OIok
YMHOXKEHHUS, CTPYKTYPY Ha pHC. 26 TOXe MOXHO
MPEICTABUTh B BHUJIC NApaUIENbHOIO COENUHEHHS
HKY Ha puc. la 4 3anucarth ee 4aCTOTHBIE Xapak-
TepucTUKH B BHAe (1) u (2).

Muorokananenbie HKY Ha puc. 2 no3Bossor
(hOpMHPOBaTh YACTOTHBIE XAPaKTEPUCTHUKH KOp-
PEKTHPYEMOH CHCTEMBl M II0 CBOHMM CBOMCTBaM
anaornynsl HKY Ha puc. la.

Mapaniensno-gerpednsie coenuHenns HKY
U auHeitHplx ¢uabrTpoB. B cucremax ¢ HKY
BO3MOXKHOCTH CTPYKTYPHOTO CHHTE€3a 3HAYHTEJIb-
HO pacIIUpSIOTCA, eClM B (POPMHPOBAHUH 4acCTOT-
HBIX XapaKTEPUCTHK CHUCTEM MHCIONB30BaTh HE
TOJBKO PacCMOTPEHHBIE BBHILIE IPAMBIE MNapa-
JIETLHBIE CBS3H W NOCIENOBATENIbHBIC BKIIOUCHUA
HKY, HO ¥ BcTpedHO-IIapaiiennbHble COeIMHEHHA
HKY u nuHeHHbIX GHUIBTPOB.
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Puc. 2. Muorokanaisasie IUIKY ¢ mapauieIbHeiM (a8) 4 na-
PaJUTENBHO-TIOCIIEIOBATEIPHBIM COCIMHEHHEM aMILTHTYIHEIX
xaHanos (6)

CTpyKTypHasi cxeMa Ha pHC. 3 OTpaxaeT He-
cKosbko BapuaHTOB oxBata IUJIKY H nunelinHOorO
¢unsTpa W,(P) HEU3MEHSEMOH 4YacTH CHCTEMBI
0o0OpaTHO# cBs3bI0, Taloke comepxamied [UIKY u
AuHeHHbIH ¢uneTp Wo(P). B nepBoM BapuanTte
IUIKY u ¢unstp W,(P) B IpAMOM KaHajie OXBa-
TeIBAtOTCH 00paTHOM cBa3pio uepes IUJIKY u nu-
He#Hbli GUunsTp Wo( P).

Puc. 3. BapuaHTBI NapaLIeNbHO-BCTPEYHOTO BKIIIOYCHHS
HKY u nHHEHHBIX QIIETPOB

Ecnu dunstpel W,(P) u Wy(P) ynoBneTBopu-
TEJBHO (UIBTPYIOT BBICIIHE TAPMOHHKH, TO KOM-
IJIEKCHBIH KO3 (HUIMEHT Iepefaud CTPYKTYphI
(puc. 3) B IepBOM BapHaHTE MOXKHO 3alIUCaTh

(joo) = 9,Kn.exp j(1, + P,)
1+ 4,40K, Ko exp 1, + Lo+, + @)’
3)
TIO€ Gn, Go, Hn» Ho — AMIUIHTYZAHASA, Pa3oBas M yac-
totuele Xapaktepuctuku I1JIKY, u IIJIKY; K.,
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Ouepzemuxa

Ko, ©n, (o — aMIUTUTY/IHBIE U (a30BbIE JACTOTHbIE
XapakTepHCTHKH W, (jo) 1 W(jo).

B HekoTOpoM [Hama3oHe 4YacToT NpH
4rq0K,-Ko- >> 1 BeipakeHue (3) MOXKHO YHOPOCTHUTD

D(jo) = (9K,.) " expl~jlo + @)] . (4)

Takum o00Opa3oM, uTOOBI CO37aTh 3HAYHTEIIb-
HBIH NOJOXKHUTENBHBIHA (Pa30BbIH CABHT B CTPYKTYpe
(puc. 3), cnexyer BHIOHMpaTh OOpaTHYIO CBS3b (ha-
300T1CTarouero Tuma, T. €. BMecto I1IJIKY, moxHO
BKJIIOYATh LieNb U3 MHOTHX YCTPOHCTB.

Bo BTOpOM BapHaHTE HCIOJB30BaHHA OOpart-
HOI CBA3M (pHC. 3) IOCIEIHsA 3aMKHYTa Ha BXOJ
dazororo xanana [UIKY,,.

Ob6parnsie cBa3u B cucremax ¢ HKY moxnO
3(¢GeKTHBHO HCIONB30BaTh ANA (HOPMHPOBAHHUA
AMIUTATYIHBIX XapaKTEPHCTHK KOPPEKTHPYEMBIX
CHCTEM MpaKkTHYeCKH Oe3 H3MEHEHHS (a30BbIX
xapakTepHcTHK. Ha pHc. 4a IpeACTaBieHB! CTPYK-
TypHas CX€Ma H 3MIOpHl OCHOBHBIX CHrHanoB HKY
C HEpEBEPCHBHOH IOJI0XKUTEIBHON OOpaTHOM CBi-
3p10 (TIOC).
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Puc. 4. CtpykrypHas cxema (a) smopst (6) IUIKY
¢ HepeBepcHpHOH [10C
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B 31Ol CTpyKTYpe NpH FapMOHHYECKOM BXOJI-
HoM curHasie U = Asiny, y = ot:

U, = Uy} + |KoUql; [KoUq| = U, W,(P));

)
Ug = UzSgnU](; UK= U1 WK(P),

rae Ko — xoadpdumuent I10C.

Ilpu rapMoHHYECKOH THHEAPH3ALMH CTPYKTY-
pHl Ha pHC. 4a NOCIEIHIO Ienecoobpa3Ho mpen-
CTaBHUTh B BHJE NOCJENOBATEIBHOTO COCIHHEHHS
HeauHerHoH uwactH (IUIKY) u ¢munsrpa W,(P).
ITosTomy, BeImensAs U3 KpuBoH U, Ha puc. 46 mep-
BYI0 T'apMOHHKY, MOXHO IOIYy4YHTb CICAYIOIIHE
YPaBHEHHS UI1 OIpeleneHHs KO3(QQHIUEHTOB
rapMOHHYECKOH inHeapu3anuy [TJIKY:

a=%{n—?xp+sin2(p+

+ C[(t—2p—2y)cosy +siny +sinRe +7y)]}; (6)
b= %[sin2 @ + Csin’(@ + 7)].

3necy @ — Ha30BBIM CABHI, BHOCUMBIH 3BEHOM
Wi(P); y — yroa mMexnay xoopaunatamu U; u Ug;
C — k03hOHMIHEHT Nepeaaud JHHEAPH30BaHHOM
CTPYKTYpHI MEXIy koopauHatamu U; u Ug.

B Hanbonee peanmsHOM YacTHOM ciy4yae IIpH
W,(P) = Ky(TyP + 1) 1 Wx(P) = Go(TxP + 1) x
x (GoTxP + 1) Benmuunnt C, ¢, y ONpeneIAIoTcs
BBIPKCHHAIMH:

2 2
a +b
= R = — a/ .
C=K,K, 1+m2Tg2’ Y =arctgwT, —arctg b
T,(1-
(p=arctg———K( ZGO);D.
1+ Ty Gyo

Ha puc. 5 B norapudpmmyeckoM wmacuorrabe
npencTaBieHsl (azoBas y = arctgh/a U aMIUIHTYX-

Has g=+va’+b’ YacTOTHHIE XapaKTEPHCTHKH

IUIKY, paccyuranHsle Ha OBM no ypaBHEHMSIM
(6) npn pasnuyHbBIX 3HaYeHMsX K = KoKy, Gy U
Tx=0,05c, Ty = 0,1 c. CpaBHeHHe KpHBBIX 6—9 Ha
puc. 56 ¢ xapaxrepuctuxoi 5 TUIKY npu K, = 0
nokasbiBaet, uro IIOC yBenuyuBaer xoddduum-
€HT Iepefayd YCTPOHCTBA Ha HH3KHX YacTOTax.
Kak BuyHO u3 KpHBHIX 2 H 4 Ha puc. Sa, I[IOC ga-
K€ HECKOJbKO YBEIMYUBACT MaKCHMyM (a30BOi
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Iuepzemuxa

XapaKTEPHCTHKM, KOTODBIH Ompejaensercd B OC-
HOBHOM IapamerpaMH 3BeHa Wi(P).
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Puc. 5. YacroTHsie xapaxrepuctuk [UIKY
¢ HepesepcubHoit [10C

Takum obpa3zom, B xmacce cucrem ¢ HKY ¢
MIOMOIIBI0 MECTHBIX HepeBepcuBHBIX [10C MoxHO
HOJHATh aMIUTATYIAHYI) XapaKTEPUCTHKY CHCTEMBI
B 00JIaCTH HU3KHX 4aCTOT, 8 BHIOOpPOM IapaMeTpoB
Wx(P) obecrieunts HeOOXOMMMBIH M3 cooOpaxe-
HHMH YCTOMYHBOCTH NOABEM €€ (Pa30oBOH Xapaxre-
PHCTHKH. TeXHHYeCKas peanu3anus CTPYKTYpHI Ha
puc. 4 B cHCTeMax OOBIYHO HE BBI3BIBACT KAKHX-
naubo TPyIHOCTEHl M OCHOBaHA Ha HCIIONb30BAHHH
MPOCTHIX U HaJEKHBIX SJICMEHTOB.

Paccmotpum eme ogue npumep HKY ¢ uepap-
XHUYeCKOH CTpYKTypo# Ha puc. 7, koraa B (pazoBoM
kanane IDJIKY wucnonms3oBana mnceBnonuHeiHas
koppektupytonias nemns (IUIKIY) ¢azo3anasasiBa-
ntero tuna (puc. 6).
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TUIKY, TUIKY,

Puc. 6. [locnenosatensHoe coenunenue [UIKY
HHEPIUOHHOTO THIIA

[Ipu BeyHCneHHMH KO2)QUIMEHTOB TapMOHH-
4eCKOW IMHEapHU3allHHd CIEAyeT Y4YecTb, YTO B
CTPYKTYpE Ha PHC. 5 yroa NepeKIIOYCHHS MOXKET
MPEBHIIIATh 7, H BBIYHCIATH KOIQPHIHUEHTH MO
PEKYPPEHTHBIM POpMyniaM:

a =—1—(n—2(p—sin(p)
T

W, > 2Km;
1 B < (2K +m; M
b=—(1-cos2p) 0 ’
i
——l( —2p—sin20)
TR > @K + )y ®
Ko < 2K,

1
b=——(—-cos2p)
T

rme0<o=po—Kn<m

U [ |
14

Uc O R

MAKLY,

Puc. 7. IUIKY ¢ nepapxuyecko#t CTpyKTypo#

Jns BeraucnieHus HeoOX0MMMO HaHTH (a30BbIH
CIIBHT No MEXTy HampsokeHusIMH Uy 1 U, HCIonb-
3y4 YaCTOTHYIO XapaKTEpUCTHUKY 3aMKHYTOIO KOH-
Typa u3 O€3BIHEPHHOHHOTO YCWIHTENA C K0dpdu-
urenToM K u IUIKIL:

Im
Mo =arctg o=,
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Ouepzemuxa

rae
Kb, . Rec K(Ka,+1)
(Ka, +1)* + Kb~ (Kay +1)* + KBt
— MHHMas ¥ BEIECTBEHHAsA YacTH YaCTOTHOH Ile-
penaTouHoi GYHKLMH KOHTYpa; do U by — K03 -
HUEHTHl rapMoHuueckoi muueapuzanuu I1JIKLI,
HOACYUTHIBAIOTCS 110 PEKYPPEHTHBIM (OpMynaM.
Ha puc. 8 mpencraBineHBl paccUHMTaHHBIE IIO
IIOJIy4EHHBIM BRIpAXKEHHIM o Iipu K = 2, TTJIKI]
THIA U300paKEHHOH Ha pHC. 5 U3 Tpex 3BEHbEB C
nepeaTOYHBIMH QyHKIMAMH W) 5 3(P)=(T1\P+1) x
x (TP + 1) npu 17 = 0,05 ¢, T, = 0,5 c, a Taoke

p = arctgbla u g=+a’ +b* Bcero ycrpoicTsa
(puc. 7) B uenom. Kak BHOHO M3 XapaKTEPHUCTHK,
YCTPOHCTBO 0OecreunBaeT 3HAUUTETbHBIE (IO
120°) ¢azoBble ONEpEKEHHs, KOTOPHIE, BIPOYEM,

6e3 Tpyna MOryt ObITh yBeNHUYEHBI NyTEM YBEIH-
yenua yucna [UIKY B IJIKII.
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Puc. 8. Yactorusle xapakrepuctiks HKY Ha puc. 7

BBIBOJ

Takum 00pa3oM, NpPENNIOKEHHBIE B CTaThe
HpueMbl CTpykrypHoro cuureza HKY mytem ux
COCIMHEHUH B MHOTOKaHAIBHBIC HEPApXHYCCKHUE
YCTPOHCTBA SBIAIOTCA PAaJUKAIBHBIM CPEICTBOM
HOBBILIEHH 3()(EKTHBHOCTH HENHHEHHOH Kop-
PEKLIMH CHCTEM.
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