TEMA Nel. Teopernueckue OCHOBBI IOCTPOECHUSI CUCTEM BOOPYKEHHUS 3€HUTHBIX
PAKETHBIX BOWCK

SAHATHUE Ne 13. [IIpuHUMOBl MOCTPOCHUS HU3MEPUTENIEH  KOOPAWHAT,
HCIIOJB3YEMBIX B CHCTEMaX BoopyxkeHus 3PB

1. HpI/IHI_II/IHBI MMOCTPOCHUA CIICOAAINX PAAUOJIOKAIITMOHHBIX HBMCpHTCHCﬁ.
2. I[I/ICKpI/IMI/IHaTOpBI cicaiamux CUCTCM.

3. CDI/IJIBTpaI_II/IH N SKCTPANIOJIANMA TCKYIINX OIICHOK KOOpAUHAT 00BEKTOB.

1. IPUHLIUIIBI [TIOCTPOEHUS CHESIINX PAJUOJIOKALIMOHHBIX
U3MEPUTEJIEN

W3 Tteopum paauoNoKallMd W3BECTHO, YTO PEUIEHHWE 3aJauyd OLIEHKU
MH(OPMATUBHOTO MapaMeTpa CUTrHajla (TO €CTb W3MEpPEHMs] KOOPAMHAT IIeJn)
MPUBOAUT K OIEpalMy BBIYUCIEHUS MOAYJIS KOPPEISLUMOHHOIO HHTErpaa.
CnenoBaTenbHO, pa3iMuyde aJTOPUTMOB  ONTHUMAIBHOTO OOHApY>KEHUS W
MU3MEPEHUS JOJDKHO 3aKIIFOYAThCS TOJBKO B HCIOJIb30BAaHWU BBIXOJHOIO CHUTHAja
NpUEeMHUKA: TPU PEIICHUH 3aJladyd OOHApYXEHHUs €ro HEOOXOJUMO CpPaBHUTH C
MOPOTrOM, a MPU U3MEPEHUU HEOOXOAMMO HAWTH TaKOe 3HAUEHUE H3MEPSIEeMOro
rapamMeTpa, Ipu KOTOPOM BBIXOJHOM CUTHAJ NPUEMHHKA MaKCUMAJICH.

MakcumMyM MOAYJsi KOPPENSAIMOHHOIO HHTErpaja MOKeT ObITh HaljeH
IyTEM aHaJIN3a BBIXOJHBIX HANPSKEHUN MHOTOKAHAJIBHOIO MPUEMHUKA, KAXKIbIN
KaHaJl KOTOPOrO HACTPOEH Ha CBOE O0XHMIAeMOE 3HAYCHUE H3MEPSIEMOro
napamerpa.

Hanmpumep, usMeputenb AOMIEPOBCKOM YACTOTBI MOXET coaepxaTh h
Y3KOIOJIOCHBIX (DUIBTPOB, PE30HAHCHBIE YACTOTHl KOTOPBIX OTIMYAIOTCA Ha
HIMPUHY TIOJIOCHI TMPONycKaHus oTAelbHOro ¢uibtpa Afyne. B srom ciyuae

KOJIMYCCTBO (1)I/IJIBTpOB h OIIPCACIIACTCA U3 COOTHOUICHUA
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h= F)lmax B F)lmin

b

Ale'[(I)

rac: F}lmax - F}lmin - AUalla30H U3MCPACMBIX JOIJICPOBCKUX YACTOT.

[Ipu TakoM crioco6e u3MepeHus: U3MEPEHHOMY 3HAUEHUIO MapameTpa OyaeT
COOTBETCTBOBATH HOMEpP KaHalla IPUEMHHKAa, B KOTOPOM JOCTHIaeTcs
MAaKCUMAJIbHOE 3HAYEHUE KOPPEISIHMOHHOTO HHTETpaa.

JlpyruM NOpUMEPOM peaNu3alud TOTO K€ NPUHLUIIA MOXKET CIYKHTh
MOCJIEIOBATENbHBIA  MPOCMOTP K  pa3pemiaeMblx O0OBEMOB  OJHOKAaHAIbHBIM
NpUEMHHUKOM. VIMEHHO Tak, Kak TMpaBWiIO, CTPOSIT W3MEPUTENN YIJIOBBIX
KoOpJauHAT B 0030pHbIX UMIyIbCHBIX PJIC. IlpuHuun ux aeicTBUs nmpenamnonaraet
coxpaHeHHe HuHGMOpMAMM O 3HAYCHHUSIX KOPPESIUMOHHOIO  HMHTErpala,
MOJIYYEHHBIX NIPU 30HAWPOBAHUM B KAXKIOM YIJIOBOM IOJIOKEHHH C JAIbHEUIIUM

onpeieICHUeM MaKCUMaJIbHOTO 3HAUeHUs cpenu Hux (puc. 1).

DANNNANANANANANNERED

01 @2 QOn-1 On @ n+1 ¢

Puc. 1. Onpenenenne yriioBoi KOOpAMHATHI HECIAEAAIUM U3MEPUTEIIEM

B paccmatpuBaeMOM cilyyae 3HAUYEHUIO KOOPAMHATHI COOTBETCTBYET HE
HOMEp KaHaJla, a HOMEP 30HIUPOBAHHUS - N.

N3meputenu, B KOTOPHIX HOMEpP KaHama (30HIUPOBAHMS) COOTBETCTBYET
ONpPEACICHHOMY 3HAUYE€HHUIO OIIEHMBAEMOIO IapamMeTpa, MPUHATO Ha3bIBaTh
Hecneoawumu. WX HCMONB30BaHHE 1EJIECO00pa3HO B TeEX ciydasX, Korja
TpeOyeTcss M3MEpPUTh KOOPAMHATHI OOJIBIIIOTO 4YHCIA IeJIe 3a MHUHUMAaIbHOE
BpeMsl, TPU HEBBICOKUX TpeOOBAHUSAX K TOYHOCTH H3MEPCHUS. YKa3aHHbBIC

yCIIOBUS XapakTepHbl 11t paboThl 0030pHBIX PJIC.
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3agaueit PJIC ymnpaBieHusi cTpeiab00il SIBISICTCS HU3MEpPEHHUE KOOpPJIUHAT
LeJeld C BBICOKOW TOYHOCTBIO, JOCTATOYHOM /JI1 HAaBEJCHUS HAa HHUX 3E€HUTHBIX
YIOPABISEMBIX pakeT. BpeMeHHbIE OrpaHUYEHUs B 3TOM CIIy4ae MEHEE JKECTKHE,
TaKk Kak KOJIMYecTBO oOpabaTbiBaeMbIX Iiefield orpanudeHo. Kpome toro, B PJIC
yIpaBIEHUs CTPENbOOM MOXKET OBbITh MCIOJIb30BaHa arpuopHas HHGoOpMalus o
3HAYCHUSAX KOOPAMHAT MCKOMOM IIeJIM, TOJyuYeHHasl ¢ momMoibio o63opHoi PJIC.
[lonyyenue Takod anpuopHOW HMH(OpPMALUU MPUHATO HA3BIBATH yeleyKa3aHuem
(I1Y). HUctounuku 1Y, crnocoObl M MOPSAOK €ro BbIIayu OYAYT PacCMOTPEHBI
MIO3/IHEE, IPU U3YUYEHUHU BTOPOU TEMBI.

[Ipy Hanuuyuu anpuopHod uHGOPMAIMM O 3HAYECHUU M3MEPSIEMOTO
napamMeTpa MaKCUMyM KOPPEISIIMOHHOTO WHTErpajga MOKET OBbIThb HalJieH MpHu
MOMOIIM 3aMKHYTOM cuctemMbl aBromatuueckoro ynpasienus (CAY) mo
U3MEpPSIEMOMY TMapaMeTpy, KOTOPYIO NHPHUHSATO HAa3bIBaThb creoddwell cucmemou
(CC).

Jns wuroctpauuu npouecca uamepenus koopauHat B CC paccMoTpum
ypaBHEHHE IBMXEHHUS 00BEKTa MO MPOU3BOJILHOM KOOPAMHATE X. YUYHUTHIBAsl, YTO
oOpamieHre K OOBEKTY OCYIIECTBISCTCS MEepUOJUYecKn ¢ mnepuogom T, u

OTpaHUYUBAACH TPCMS WICHAMHU ITOJJMHOMUAJIIBHOT'O psAdd, 3allMIICM:

Xn = Xn-] + X'n'T + 1/2'X"n'T2, (1)
T€: Xp— UCIUHHOE 3HAYeHUe KOOPUHATHI B TEKYIIEM TaKTe n;
| — .
X'n = (Xn — Xn-1)/T— ckopocmsb €€ N3MeHEH U,

X"y = (X'n — X'n-1)/T — ycxopenue.

Oxcmpanonuposannoe (0XKUAAEMOE) 3HaA4YeHUue KOOPIHUHATHI ONpeaeseTcs
Ha OCHOBAaHUM [IaHHBIX, U3MEPEHHBIX paHee U xpansmuxcs B mamsatu CC. Ot
COCTaBa 3allOMUHAEMBIX JTaHHBIX 3aBUCUT TOUHOCThH HKCTPAMOISLUN KOOPAUHATHI.
Hanpumep, ecnu coxpaHseTcs TOJbKO 3HAY€HHWE KOOPAMHATHI (MCIoib3yercs 1
AIIEMEHT, O0JIalaloIUi MaMsIThIO) TO SKCTPANOIMPOBAHHOE 3HAYEHHUE PABHO

HU3MCPCHHOMY B IIPCABIAYIICM TAKTEC, CCJIN K€ COXPAHACTCS 3HAYCHUC KOOPANHATLI
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n CKOPOCTHU €€ NU3MCHCHUA (I/ICHOJIBSYIOTCH 2 3JICMCHTA, O6HaﬂaIOHII/IX HaMHTBIO),
TO 3KCTPAIIOJIMPOBAHHOC 3HAYCHHUC PABHO!

~

Xns = Xnp1 T ﬁ'n—l'T, (2)
rae: X, - uzMepenHoe 3HaveHue KOOpAUHATHI, XpaHutcs B mamsatu CC;
X 'n-1 - UBMepeHHas ckopocmsb €€ N3MEeHeHus, XpaHuTtces B namatu CC.
B paccmatpuaemoii 3PC, CC nuMeroT 1o 2 351eMeHTa MaMsITH Ha KaXIylo U3
U3MEPSEMbIX KOOPAUHAT.
CpaBauBas (1) u (2), HECIOKHO YOETUTHCA, YTO OXKHIAEMOE 3HAUCHUE

KOOPJMHATHI OMPEAEIIEHO C OIIUOKON AXy:

AXy = Xp - Xno = (X'n - X'n1) T+ 1/2:x", T?= 1/2:x",- T2 . 3)

[TpubnuxenHoe paBeHCTBO B (3) 0OYCIOBIEHO TEM, 4YTO BbIpaKEHHE
(X'n - X 'h-1) CTPEMHUTCSI K HYJIIO TIPY ManbIx 3HadeHusx T u x".

W3mepsast B TekylieM nepuoje oOpamieHuss K OOBEKTy 3HaueHue AXp,
umenyemoe cuenarom owuoku (CO), CC paccuuThiBaeT TEKyllee HU3MEPEHHOE

3HAYCHUC KOOPAWHATHI ﬁnl

X = Xn, + AX. 4)

Takum oOpa3oMm, peKyppeHTHbIM anroput™m (4) uU3MEpeHUus KOOpPIAUHAT
neneii CC 1mo3BOJNSET MOCHEAOBATEIBHO YTOYHATH 3HAYEHUS OLIEHUBAEMOTO
napaMeTrpa Mo pe3yjibTaTaM H3MEPEHUN CUTHajJa OIMHUOKH B KaXXJOM TEPHOJIC
oOpalieHus K 1eu.

Crpyktrypa tunooit CC, peanusyrolmdil Takoil aaropuTM, HE 3aBUCUT OT

U3MepAEeMON KOOpJIMHATHI (puc. 2).
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B xaxnoii CC mpUCyTCTBYET H3MEPHUTENh CUTHAJIA OITUOKHY, BBIYUCIISIOITUI
3Ha4YeHHE BhIpaKEHUs (3), OH Ha3bIBACTCS OUCKPUMUHAOPOM Y PEATU3YeTCs, KakK
MIPaBUJIO, B aHAJIOTOBOM (popMme.

BbruuciieHne 3KCTparnoIupoOBaHHBIX 3HAYCHUH KOOPAMHATHEI B COOTBETCTBUHU
C BbIpakeHHEeM (2), TeKYITUX U3MEPEHHBIX 3HAYCHUH KOOPIUHATHI B COOTBETCTBUHU
C BBIpaKCHHUEM (4) U XpaHCHHE U3MEPCHHBIX 3HAYCHUN KOOPIWHATHI U CKOPOCTH
ee M3MEHEHHS OCYIIECTBISIETCS B (popmuposamene CeladCeHHblX OYeHOK, OH
peanmzyeTcs, KaK MIPaBUIIO, ANTOPUTMUYECKH (mporpaMMHO) B

CIICIHMUATIN3UPOBAHHBIX BBIYUCIUTCIIAX WU B OBM.

)
o FaY
RN oA | Gopuuposatens | RGNS R,
= = —> MHK 3 crnaxeHHbIX P SALIEN
3 a CO Xn OLIEHOK
= 4
$s| ¢
= 9
= =
0 )
a Xn> SkcTpanonupoBaHHas
C KOOpAWHaTa
WcnonHutenbHoe
YCTpOWCTBO , Ko akcTpanonnpoBaHHbIX
OnopruNi (dbopmupoeatens [€ KOOpAVHAT
OMOpHOro curHana)
curHan

Puc. 2. CtpykTypa TUIIOBOH ClIeSIIEN CUCTEMBI

ITocnennum snemeHtoM B coctaBe CC  daBusieTcss  ucnoanumenvHoe
ycmpoticmeo, Tne GOpMHUPYETCS OINOPHBIA CUTHAN JUIsl JUCKPUMHHATOpPA CO
3HAYCHUEM HU3MEPSEMOro napameTpa, oTpe e eMbIM KOJIOM
AKCTPAINOIUPOBAHHON KOOPAMHATHI.

CC, npexacraBieHHass Ha PUCYHKE 2, MOXKET OBITh OMHCAaHAa U B TEPMHUHAX
TEOPUH AaBTOMATUYECKOTO YIMPABJICHUS, PACCMOTPEHHBIX B COOTBETCTBYIOIIEM
0a30BOM Kypce.

Curnan c¢ Beixoma CC mnomaercss Ha ee BXOJA JJIsi BBIUUCICHUS U

MOCJeAYIOIe  MUHMMHU3AIlMM  CUTHajla  OIIMOKW,  ClIeJOoBaTeIbHO, B



6
paccmatpuBaeMoit 3aMkHyTOM CAY wucnonb30BaHA ompuyamenvhdas 00pamuas
CB53b.

B CC nakamnmuBaeTcst uHGOpMaIus O 3HAUCHUU KOOPJIUHATHI U O CKOPOCTH
€€ U3MEHEHHUs, IMOITOMY MOXXHO YTBEpXKIaTh, 4TO paccmarpuBaemas CAY
obJnamaeT acmamuzmom 6mopoco nopsoKda.

Boipaxenus 2 — 4 onuceiBalOT paboTy CHeasIied CUCTEMBI B
YCTAaHOBUBILIEMCSI peXuMe, Korja B (opMupoBarene CriakKeHHBIX OIIEHOK
XpaHuTcss MHpopMaIusi 00 u3MepsieMol KoopAuHATe W ee Mmpous3BogHOUN. Takoi
pPEXUM pabOThl HA3BIBAECTCA PEKUMOM asmomamuyecko2o conpogoxcoenus (AC).

[Tpu nmepBom ob6pamenun k nenu CC paGoTaeT B pexxume noucka (Ipyrue
Ha3BaHUsS ATOTO peKHUMa - HaBeJeHue, 3axBar). O0paTtHas cBs3b pasomknyTta, CO
Ha BBIXOJIE JUCKpUMHHATOpa He dopmupyercs. B ¢opmupoBaTens Criia)keHHBIX
OLICHOK HEO0OXOJIMMO 3amucaTh HaYaJIbHOE 3HAUEHUE U3MEPSEMOro MapaMeTpa Xo C
TOYHOCTBIO,  JOCTATOYHOM 11 (OpMHpOBaHHS  OMOPHOrO  CHUTHAJIA

TucKkpuMuHaTopa Sp(Xo) (puc. 3).

y

p{ OGHapyxHUTENb Cxema noucka

A
1
XO G
Sn(x)
] [Touck AC
w ] A
ITonck X0
dopMupoBaTenb
p{ luckpumuHaTop 4-/0—> CIIIa)KEHHBIX >

AC OILIEHOK

A

Sn(x0)

HcnonaurensHOE
YCTPOUCTBO

Puc. 3. Cnensamniag cucrteMa U eI HaBECHUS
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C mOMOIIBIO CXEMBI MIOUCKA OCYIIECTBISIETCS IEPECTPONKA OOHAPYKUTENS U
CC mo wu3MepseMOMy TapaMmeTpy X, JO TaKOro 3HAYCHUS Xg, IPH KOTOPOM
JOCTUTAETCSI MAKCUMYM 3HAYEHUST KOPPEISIITMOHHOT'0 HHTETpaJia o MPUHUMAaeMOn
BBIOOpKE Sy(x). Jlaymee memb 0OpaTHOW CBSI3M 3aMBIKAETCS M TIOCJIE 3aTyXaHUs
MIEPEXOTHBIX TPOIECCOB CUCTEMA NIEPEXOAUT B pexxum AC.
HaBenmeHue ciensmuyx CHCTEM MOXKET TPOU3BOJIUTBCS KaK BPYUYHYIO

onicpaTropamMmu, Tak U aBTOMATUYICCKU.

2. JUCKPUMHNHATOPHI CJIIEJALINX CUCTEM

JIMCKpUMUHATOPBI CAEAIINX CUCTEM SIBISFOTCS OAHOM U3 OCHOBHBIX YacCTEH
CAY. Ilpunuunbel ux paOoOThl paccMaTpuBaloTCs B 0a30BOM Kypce TEOpHUH
aBTOMAaTHYECKOT0 ympasieHus. M3BecTHO, 4TO [l onvcaHusl TUCKPUMUHATOPA U
aHaiM3a €ro CBOMCTB MCMOJB3YIOT JUCKPUMHMHATOPHYIO XapakTepucTuky (1X).

Paccmotpum tunosyto X (puc. 4).

Uco

AX

v

AXp

Puc. 4. JluckpuMuHaTOpHASI XapaKTEPUCTUKA

I[X OIMCBIBACTCA IBYMA OCHOBHBIMU ITapaAMCTPAMMU:

HIMpUHA paboyero yyacTka (pa3Max) - Axp;
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KpyTU3Ha paboyero ydyactka S = tgo.

Pasmax JIX ompenensieT MakKCUMalbHO JOMYCTUMBIE OLIMOKM HaBEACHUS
CC.

Kpytuzna JIX ompezaenser MNOTEHIMAIbHYI0 TOYHOCTh H3MEPEHHS
KOOPJIMHATHI.

Jlist yCcTpaHeHUsT BIMSIHUS MOIIHOCTH M3MEPSEMOIo CUTHalla Ha TOYHOCTh
U3MepeHUs HeoOX0IUMO 00ECIEUUTh BBITIOJIHEHUE YCIOBUS S = const IpH JIFOOBIX
MOIIIHOCTAX BXOJHOro curHana. Kak mpaBwiio, 3Ta 3ajgada pemiaercs IyTeEM
HOPMHUPOBKHM BXOJHBIX CHUTHAQJIOB 3a CYEeT paboThl Leneld aBTOMAaTUYECKOTO
PEryIMpOBaHUs YCUIICHUS.

Texnuueckass peanuzanusi AUCKPUMHHATOpPA OMPENEIsSeTCs TEeM, KaKylo
(bu3NYecKyl0 BEIMYMHY MPEACTOUT U3MepsTh. OIHAKO B OCHOBE pabOThI Bcex
JUCKPUMHUHATOPOB, HCHOJIB3YEMbIX B H3y4aeMOM TEXHHKE, JIeKAT MPUHIIUIIBI

CYMMAapHO-Pa3HOCTHOM 00paOOTKH CUTHAJIOB.

2.1. HpI/IHI_[I/IH N3MCPCHUA CUT'HAJIa OIITHOKM I10 YIJIOBBIM KOOPpAWHATAM

JIns m3MepeHus: yriloBOW KOOPAMHATHI MPUMEHSIETCS METOJ MTHOBEHHOM
pPaBHOCUTHAJIbHOM 30HBI. Peanuzanus 3TOro Mertojga TpeOyeT HCIOIb30BaHUSA
AHTEHHBIX CHCTEM C JByMS JWarpaMMaMH HaIlpaBICHHOCTH B IUIOCKOCTH
U3MeEpeHuss. MakcuMyMBbl — JMarpaMM — HalpaBJI€HHOCTH  CMEUIEHbl  APYT
OTHOCUTENBHO Jpyra Ha (UKCUPOBAHHYIO BEIMYHMHY (puUC. 5), B TMpoiiecce
nanbHeuel 00paboTKu CUrHaibl npuHAThHIe 3TUMU JIH moasepratoTcsi cyMmmapHo-

pa3HOCTHOU 00paboTke, a camu JIH npuHATO Ha3bIBATh nApyuaibHbIMU.



Flfg) L I P

0 ®
PCH

Puc. 5. JIH o ¢ B IpssIMOYTrOJBHBIX KOOpAUHATAX

[Ton paBHOcurHanbubiM (PCH) nmoHuMaercst HamnpaBiieHHEe, COBIAAIONIEE C
JUHUEH, POXOAAIIeH yepe3 TOUKy MmepeceueHus: AuarpaMM M Hadyajio KOOPAMHAT,
€ro IOJIO)KEHNE B MIPOCTPAHCTBE OIPENEIAET 3HAUECHUE YIIOBOM KOOpAMHATHL. B
KayeCTBE H3MEPSIEMOro CUTHajla JUCKPUMHUHATOpa (CUTHaJla paccorjacOBaHUs)
NpUHUMAETCS AQ - OTKJIOHEHHE HalpaBJieHUsl Ha 00BEKT OT PABHOCUTHAIBHOTO.

Jnist hbopMHpOBaHUsl CUTHaja OIMIMOKH HCIONb3YEeTCS Pa3HOCTHBIM CUTHAI
U,(Ap), ¢dopMupyeMblii @yTeM BbIUMTAHUS CUTHaja, [PUHATOTO OJHOMU

napuuanbHor JIH n3 curaana, npuHATOTO APYrou:

Up(Ap) = UxAp) — Ui(Ag),
re:
Ui(Ap) = Upi(Ap)Cos(ot+ ) curnan npussaTeiil nepoit JIH;
Ux(Ap) = Up2(Ap)Cos(ot+ ) curnan npuHsATeii Bropoit JIH;

Y — HavddJIbHAaA (1)21321 CUTHAJIOB, IPUHATHIX IMaplHaJIbHBIMHA I[H
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Amrumutynel - curHanoB U (Agp) u  Ux(Ap) 3aBucAT OT 3HA4YCHUS

paccornacoBaHus Ag:

Uni(Ag) =K F1(Ap);
Una(Ap) = K F2(Ap);
rie:. K — xosddunueHt mnepemayum TpakTa OT aHTEHHBI JI0
I[I/ICKpI/IMI/IHaTOpa.
Hecnoxno mnokaszats, uto BenuuuHa U,(Ag) ompenensercs pa3HOCTBIO

AMININTyQ CUTHAJIOB, 4 (1)3321 — HAIIPaBJICHUCM OTKIIOHCHUS Ag{) ot PCH:

{Up(Ago) =K | F2(Ap) - F1(Ag)|Cos(ot + v), ipu Ap>0;
U,(Ap) =K | F2(Agp) - F1(Ap)|Cos(ot + w + m), ipu Ap<0;

Pa3HOCTHBIN CHTHAN CONEPXKUT BCIO HEOOXOIUMYIO HHGOPMAIIUIO, HO OH
dbopmupyetcs Ha panuodactote. JJia BbIIENEHUs] HANPsHKEHUS CUTHAja OIIUOKHU
HYHO €r0 MPOJETEKTUPOBATD.

[TockonbKy 3HaU€HHE CHUTHAJa OIIMOKHU 3aBUCUT HE TOJIBKO OT aMILTATY/IbI
Pa3HOCTHOTO CHTHajla, HO U OT ero ¢asbl, HEOOXOIUMO HCIOJIb30BaTh (ha30BBIN
nerektop (OJ1). B xauectBe onopHoro curnaina @/l nenecoodbpa3Ho MCIOIL30BaTh

CyMMAapHBbIil CUTHA:
Us(Ap) = UxAg) + Ui(Ap),

(daza koToporo He u3MeHsieTcs B okpectHoCcTsAX PCH.

Ha Beixoge @/ Oynet popmMupoBaThbest HANPS>)KEHUE CUTHANIA OIIMOKU:

{Uco =K | F2(Ag) - F1(Ag)|, mpu Ap>0;
Uco = - K [F2(Ag) - F1(Ag)|, ipu Ap<0.
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Cxema, peanusyromiasi MPUBEICHHBIA aNrOpuTM padOThl ITUCKPUMHHATOPA

JUCKPUMHUHATOP MOKa3aHa Ha PUCYHKE 6.

u.

i [IpHeMHBIH KaHan (P

+ Ux(4g) U (Ap) Ueo
U, {Ag) > [IpHEeMHBLIA KaHam

Puc. 6. JluckpuMuHATOp YIJIOBOW KOOPAUHATHI

2.2 [lpuHIMO U3MEpPEHUs CUTHaJIa OIIMOKY 10 JadbHOCTU

B 3PC ucnons3yercss IMIyJIbCHBIM METOJ MPSMOT0 U3MEPEHHUSI TAJIbHOCTH,
OCHOBAHHBIM HAa U3MEPEHUU MHTEPBaja BPEMEHU t; MEKIY MOMEHTOM HM3IyYCHHS
30HUPYIOLIEro (3aIPOCHOTO) U MOMEHTOM IpHUEMa OTPAKEHHOTO (OTBETHOTO)
MMITYJIbCHOT'O CUTHAJIOB:

D=ct/2,

rae: ¢ = 3-10° m/c.

Juckpumunatop CC/ uzmepsier At; = ta - tan»

rae:  ts, — MCTUHHAS 3a/IepXKKa B N Iepuojie oOpalleHus K e,

tsn 5— DKCTPANIOJIMPOBAHHAS 3a1€PKKa.

tsn » XapaKTEPU3YET MOJIOKEHHE Mapbl cmpob08 OalbHOCmU, T.€. ITAIOHA, C
BPEMEHHBIM IOJOKEHUEM KOTOPOrO CpPAaBHUBAETCS BPEMEHHOE IOJ0KEHUE
MIPUHATOIO CUTHAJIA.

Cxema nUCKpUMHHATOpa IOKa3aHa Ha pucyHke 7, rae YII® oGo3nauaeT

Y3KOIOJIOCHBIN (QUIBTP.
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CyMMapHBIi KaHal

A 4

1 v
5
E— Y1 S R
TTpunsATHI Kanan nansHocTH Uco
CUTHAI 3 4 5
VIID

Ctpod 1
2 Ctpob 2

Puc. 7. JIuckpuMuHATOp JAIBHOCTH

Jns  peanuzauMM  NPUHLOMNA  CYMMAapHO-pa3HOCTHOHM  00paboTku
WCIIOJIB3YETCsl Mapa COMKHYTHIX CTPOOOB. J[MUTEIBLHOCTh KaXXIOTO M3 HUX paBHA
MOJIOBUHE JUIMTEJIBHOCTH TMPHUHATOTO uMMyjibca. HaudanmbHbie ¢da3el cTpoOOB
pasznuyaroTcss Ha 7. B kauectBe omopHoro curHana @®J HCHOIB3yeTCS CUTHAI
CyMMapHOTO KaHaja, B KOTOpOM cABUT (a3bl HA T HE BBOAUTCA. BpemeHHbIE

AuarpaMmbl HWJUTHOCTPUPYIOIIUC pa60Ty AUCKPHUMHUHATOPA IIPHUBCACHBI HaA PUCYHKC

8 a,0,B.



Uco

a) At; <0

Uco=0

6) At,= 0

a) At;>0

Puc. 8. BpemenHnbie 1uarpaMmsl, WITIOCTPUPYIOLTHE PAOOTY

2.3 [IpuHIIMO U3MEPEHUs CUTHANIA OIIMOKHU IO CKOPOCTH

AUCKPUMHWHATOPA JAaJIbHOCTHU

OCHOBHBIM MCTOAOM MH3MCPCHUA paI[HaHBHOﬁ CKOpPOCTH 1CIIN ABJIACTCA

ucrnoib3oBanue dhdexra Jomnepa:

rac: A— OJINHA BOJIHBI U3J1TYy4aCMOI'O CUI'HAJIa4,

V:— paanajibHas COCTAaBIIAOIIAA CKOPOCTHU LICJIN.

Jup = Jfum tAF,;
2V
AF, =—X;
)
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B kxauecTBE M3MEPUTENBHOIO HJIEMEHTA MCHONb3YETCs KIACCUUYECKHUM
YaCTOTHBIM AETEKTOp C Mapod B3aUMHO PACCTPOEHHBIX MOJIOCOBBIX (PUIBTPOB.
Oco0GeHHOCTBI0 paboThl JAaHHOTO YCTPOMCTBA SIBISETCS TO, 4YTO pPa3HOCTb
aMIUIUTYJ] CUTHAJOB, HAaKOIJIEHHBIX B mepBoM (Al) u BTopoM (A2) ¢uibTpax,
BBIUMCIISIETCA B Ipouecce LU(ppoBOH 00padOTKM TOCIE  aMIUIUTYIHOTO

ACTCKTUPOBAHUS U Hp606paSOBaHI/I5{ o0enx AMIUINTY O B LII/I(i)pOBOI‘/’I KOA.

NCOV = NAl - NA2.

3. DWJIBTPALIA U DOKCTPAIIOJIALIMA TEKYIIINX OLIEHOK
KOOPJAMHAT OFBEKTOB

JIBukeHue 000N peanbHOW LIENW MOAYMHSETCS 3aKOHaM a’3pOJMHAMMKM,
YTO IMO3BOJIIT MPEACTABUTH 3aKOH H3MEHEHMS OLICHMBAEMOro Iapamerpa Ha
KOHEYHOM HHTEpBajie BPEMEHHU MOJUHOMHANbHBIM psiioM Buaa (1). KomuuectBo
YUUTHIBAEMBIX YJICHOB Psijia ONpPEAeIIeTCs TaKkKe U3 PU3NYECKUX cOOOpaKeHU! u,
KaK MpaBUJIO, OTpaHUYMBAETCS TpEeMs, TaK KaK MPOU3BOJHBIE OOJee BBICOKUX
MOPSAJIKOB MPUHUMAIOT 3HAYEHUS, OJIN3KHE K HYJIEBBIM.

Hanpumep, TpeTbsi IpOU3BOJHAs, XapaKTEPU3YIOLas CKOPOCTh U3MEHEHUS
YCKOPEHHUS, HE MOXET MPUHUMATh CKOJbKO-HUOYIb OOJBIIMX 3HAYEHUN B CHIY
TOrO, YTO CaMOJIET MacCOM HECKOJIBKO JECATKOB TOHH C OrPaHUYEHHOU
MOIIIHOCTBIO JIBUTATENIbHON YCTAaHOBKHU 3a MEPUOJ OOpallleHHsl CeAsIel CUCTEMbI
K nenu (= 0,1 ¢) He ycreeT 3aMeTHO MMOMEHSTh CBOE YCKOPEHHE.

OrpaHvyuB TOJMHOMHUANBHBIA psii  TpeMsi UJE€HAMU, M  HCIOIb3Ys
cootHomieHus (1 — 4) MOXHO 3aJaTh CHUCTEMY YpaBHEHUMH, OMMCHIBAIOIIYIO

aNropuT™M padboThl GopMUpOBATEINS CriaxeHHbIX o1leHOK B CC:

~

Xns = Xn-1 + X'n—l'T,

AXn = Xn - Xn 1)

§n=Xn3+K1AX+XO,

Rl =R et K2Ax + xY,
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rae: K1 u K2 — xoadduimenTsl onpenenstonme Kak yCTOHIYMBOCTb pPabOThI
CC, Tak M €€ TMOCTOSHHYIO BpPEMEHHM, a TaKXe CIy4alHble U
JTUHAMHYECKUE OITNOKU;
Xo U X' — HadaJbHbIE 3HAYEHUsS KOOPAUHATHI M €€ MPOU3BOJHOM,
3a/1aBa€MbI€ B PEKUME MTOMCKA LIEIIH.

CrpykrypHas cxema [UGPOBON CIENSAIIEH CHUCTEMBbI, pean3yIoas

HpI/IBeIICHHBIﬁ AJITOPUTM UMCCT BU, HpeHCTaBHeHHBIﬁ Ha PUCYHKC 9.

AXp
Xn
J » Kl
A
)2'0 ﬁ'n )20
X'l v X4
» K2 > X1 e 3 » T > X2 e X3 >
y y
ﬁn-l
JI3 [«

Puc. 9. CtpykrypHas cxeMa udppoBOil CieAsIel CuCTeMbl

Ha cxeme AUCKPHUMHUHATOP IIOKa3aH Kak YCTpOﬁCTBO BbBIYUTAaHUA.

HauanbHele 3HaueHus mapameTpa Xo u X'o BBOJATCS B CHCTEMY Mepe] HAauajaoM
ABTOMAaTHYECKOTO COMNPOBOXKIEHHUS U COOTBETCTBYIOT MOMEHTY BpemeHu to. B
auckpumuHatope peanusyercss Bbiuucienue CO. CdopmupoBaHHOE 3HAUEHHUE
curHaga omuOku gomHoxaercss Ha kodpduuumentel K1 um K2 mocrymaer nHa
GuUIbTp OLEHKH TEKyllero mapaMmerpa curtaia. [Ipy HEoOXoIMMOCTH C BbIXOAa
MEPBOr0 CyMMAaToOpa MOKET ObITh CHSTO 3HAYEHUE OLIEHKH CKOPOCTH M3MEHEHUS

ImapameTpa X.
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[lonyyeHnHass cxema CIEIAIIETO HU3MEPUTENs MpeACTaBiIsieT CcoOoi
NPOCTEUIIYI0  JMCKPETHYIO  OJHOKAHAIbHYIO  CHCTEMY  aBTOMAaTHYECKOTO
yIpaBJI€HUs BTOPOTO MOPSAKA acTaTU3Ma C OTPUIATeIbHON 00paTHOM CBS3bIO.

B  wMuorokananpHbix CC mjisi  XpaHEHUs] TOJYyYCHHBIX 3HAUYCHHUU
UCIIOJIB3YIOTCSl HE JIMHUM 3aliepkku, a suedku O3Y. [lockonbky oOpaieHue K
Pa3IUYHBIM IIEJISIM MMPOUCXOJIUT B pa3HbIE MOMEHTBI BPEMEHH, CIICIISIINE CUCTEMbI
M0 KaXJOW M3 KOOPJIMHAT BBHITIOJTHEHBI MO CXeMaM MOJA0OHBIM OJIHOKaHAJIbHBIM
CC, a MHOrOKaHaJIbHOCTh JOCTHTACTCS HaIMYHeM HecKonbkux sueek O3V (mo
KOJIMYECTBY COMPOBOXKIAEMBIX II€JIEH).

BbiBOabBI:

B PJIC ympaBneHust ctpenbOOi NI TOCTHIXKEHUSI HEOOXOIUMON TOYHOCTH
M3MEPEHUs KOOPAMHAT LieJIeH UCTIONBb3YIOTCS CIEASIINE U3MEPUTENH;

ctpykrypa CC BKIIIOYaET JUCKPUMHUHATOP, (POPMUPOBATENb CrIaKEHHBIX
OLICHOK, UCTIOTHUTENIbHOE YCTPOIMCTBO U HE 3aBUCUT OT U3MEPSIEMOI KOOPAUHATHI;

BCE JAUCKPUMHHATOPBI, Hcmosib3yeMble B 3PC, mocTpoeHbl Ha MpPUHITUIIAX
CYMMapHO-pa3HOCTHON 00pabOTKH U UMEIOT TUCKPUMHUHATOPHBIE XapaKTePUCTUKU
KJIACCUYECKOTO BHUJAA, OJIHAKO MX peald3alus ONpelesieTcs u3MepseMon
KOOPIMHATOM;

CC w™oxer paboTaTh B OJHOM M3 [JIByX pEKHUMOB — TIOHMCKa
(BCIIOMOTATENBHBIM  PEXKUM) UM aBTOCOMPOBOXKJICHHUS (OCHOBHOW  PEXHUM),
HCIIOJIb30BaHUE pekUMa MOMCKa 00YCIOBIEHO He0OXoauMocThio HaBouTh CC Ha
LETIb;

UCIoJIb30BaHue  IMGPOBBIX  (opMHUpOBaTENeld  CIVIAXKEHHBIX  OLEHOK
MO3BOJIIET peann30oBaTh MHOrokaHaibHbie CC ¢ MUHUMAaJIbHBIMU anmnapaTypHbIMU

3aTpaTaMu.

SAIIAHUE HA CAMOCTOATEJIbBHYIO PABOTY:

IIo BTOPUTH MAaTCpUAJ JICKIINUN.



