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SOPEKTUBHOCTb MUKPOIMPOCKONNA
B YCNOBUAX CITYYHAUHOU CPEADbI

B.JI. BOJIKOBl, A.B. Ymommmz, H.H. *Kearosa®
(Ap3amacckuii nonumexunuyeckuti uncmumym (¢unuan) HI'TY,
2. Apzamac)

Onpeoenenvl  ycnogus obecnevenuss 3ppekmusHocmu  MUKpPO
anekmpomexanuyecko cucmemvl (MOMC) — muxpozupockona 8
VCI0BUAX UUPOKONONIOCHBIX cayuatinblx euopayuti (LLICB) na ocnose
Gunompa Kanrmana.

KitoueBsie cioBa — MOMC, MHKPOTHPOCKOIL, (UIBTPAIHs, MOJE-
nupoBanue, 3pdexruBHocTh, LLICB.

1. BeedeHue

Texnomorun uzroroBieHuss MOMC mno3BONSIIOT MPOU3BOAUTH
JIOCTATOYHO TOYHBIE MUKPOMUHHUATIOPHBIE JATYUKU I U3MEPEHUS
MEXaHUYEeCKUX BEIMYWH MOOWIBHBIX OOBEKTOB yIpaBieHHs (poOo-
TOB, OSCHMIIOTHBIX YIpaBISeMbIX anmapatoB u T.im.). OgHako, Ha
MPAKTUKE CUTHAIBI C TaTYMKOB UCKAKAFOTCS MTOMEXaMH, YTO MPUBO-
JUT K 3HAYUTEIBHOMY YPOBHIO IMOTPEIIHOCTH B W3MeEpeHusx. Jlis
ocna0iieHus TOMeX HEOOXOIUMBI JIOTIOHHUTEIBHBIE CTAJIUMU TPe0d-
pasoBaHUs 1 00paOOTKH CUTHAJIOB.

B nutepaTtype akTHBHO OOCYXIAIOTCS BOMPOCHI pa3pabOTKU H
uccaeaoanust MOMC niis U3MEpeHHsl MEXaHUYECKUX BeIU4yuH [1—
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6, 8], B TOM 4ncIe B yCIOBHAX CITyYalHBIX N3MEPSIEMBIX (PU3MUECKUX
MIPOIIECCOB TpH BO3MeHCTBIH TToMeX. C 3TOoM Menpio yxe pa3padora-
Hbl TEXHOJIOTHH ONTHMAJILHONH 0OpabOTKH CHTHAJIOB, CIIOCOOHBIC
(GYHKIIMOHUPOBATH B YCIOBUSIX HEOIaronpusaTHoi cpensl [4, 9].

Kak ormedeno B paborax [1-6], MOMC, kak mpaBujO, BBIIOJI-
HSIOTCS [0 MHTErPaJIbHONW TEXHOJIOTMHM U Il 00ecreyeHus: 10cTa-
TOYHOU TOYHOCTH UMEKT KOMIICHCALIMOHHYIO CXEMY M3MepeHuid. X
TOYHOCTH OIPENENIAETCS] CTATHYECKUMHI U TUHAMHUYECKUMH XapaKTe-
puctukamu. OOECeYeHNI0 CTaTHIeCKONH U TUHAMIYECKOH TOUHOCTH
MOBSMC nocsiieHo MHOXKECTBO paboT. B paborax [2, 5] misa pa3Hbix
MOMC 6 chopmynupoBaHbl TpeOOBaHHUS K MapaMeTpaM Kop-
pekxrupytommero ycrpoiictea (KY) tuna IIW/I-perymsaropa u3 ycmo-
BUS 00eCTIeYeHNs] MUHUMAJIbHBIX 3HAYEHUI AMHAMHYECKUX OLINOOK.
Pesynpratel mo o0ecrnedeHnI0 TOYHOCTH KOHKPETHBIX MHKpPOMEXa-
HUYECKUX JAaTYMKOB, MOJNy4YeHHbIE B paboTax [2, 4, 5], npuMeHUMBI
i 6onpmioro kimacca MOMC He3aBUCHMO OT MX Ha3HAuYeHHS M
NPUHIMIIA eHCTBUS.

KomnencannonHas cxema uaMepeHus, npumensemas 8 MOMC,
UCITIOJIB3YeT sl oOecreueHuss KPyTH3HbI CTaTUUYECKOW XapaKTepu-
CTHKH K03((puLMeHT nepenaun 4yBCTBUTEILHOTO 3nneMeHTa Kud 1
ko unment odpatHoi ez Koc: K=Kus/Koc. D10 npenbssiser
NOBBIILICHHbIE TPeOOBaHUS K CTAOMIIBHOCTH 3TUX INAPaMETPOB IPH
pabore MOMC B ycnOBUSIX BOSMYILLICHHOH CPEIbI.

2. [MlocmaHoeka 3adayqyu

VYcnoBus pealibHON Cpelbl MPENoIaratoT CllydaiHble OTKIOHE-
HUSI U3MEPSAEMBIX MEXaHMUECKUX BEJIMUMH OT CTAL[MOHAPHBIX 3Haue-
HUI, 1 BO3JCHCTBUE CIy4yaillHBIX MOMEX NpH H3MepeHusXx. Kpome
TOTO, TP HM3MEPEHHH MEXaHWYECKUX BEJIMYMH MOXKHO BBIIEIHTH
PEKUM MEJIEHHO M OBICTPO MEHSIFOIIUXCS MPOLIECCOB (TO U APYroe
CBOWCTBEHHO IMHAMUYECKHM OOBeKkTaM ympasienus). Cpeau nsme-
PHUTENBHBIX IIYMOB OCOOEHHO OMACHBIMHU SIBIISIIOTCS IIHPOKOIIOJNIOC-
Hble ciayvaiinsle BuOpanuu (ILICB), nMeromme 0obIIoe CXOACTBO C
oenpivu mrymamu [10]. B paGore [4] TpaaMIIMOHHO HCCIIEIOBaIach
3a1ada QUIbTPAlMU UCKIIOYUTEIFHO MPU OENbIX IIyMax.
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[Ipu cuHTe3e cToxacTHyecknxX (QMIBTPOB OOBIYHO OEpyT
HEU3BECTHBIE IIOMEXM B BHAE BHHEPOBCKOro mporecca [10]. B
pab6ore [8], rme akcenepomeTp ¢ GumpTpoM KammaHa HCIONB30BaICS
JUTST A3MEPEHUS TPOMOJIIEHOTO W BEPTHKAIBHOTO YCKOPEHHS aBTO-
MOOWIIS TIPU AIKCILTYaTaIMOHHBIX HCIBITAHHUSIX, MOIIHOCTH ITOMEX,
MCKaXAIOMHX WH(OPMAITHIO, MOCTYNAIOIIYIO OT JaT4YNKa, CYUTAIach
JIOCTaTOYHO MaJIOH, YTO HE JTAET BO3MOXKHOCTHU CJIENIaTh BBIBOJI O TI0-
TPEUTHOCTSX B IIMPOKOM JTHANa30HE OTHOIIEHUH MOIIIHOCTH CHTHAIa
K ITOMeXe.

B pa6ote [4] orMeuanach 3GpHEeKTHBHOCTh IPUMECHEHHS TPaTH-
[IMOHHOTO KaJIMaHOBCKOTO aliTOPUTMa (PHIBTPALIUU IS OLIEHUBAHUS
TI0JIe3HBIX MporeccoB B MOMC mmpoKoro nmpuMeHeHHs (akceiepoMeTpax
M TaTYHKaX yriaoBeix ckopocteit — JJYC).

B nponomkenue ucciaenoBannii mpuMeHenus ¢mibTpa Kanmana
B JaHHOHN paboTe mcciemyeTrcs MONydeHHE ONTHMAIIbHBIX OILEHOK
mpu nomexax B Bume ILIICB. [Ipudyem paccMmarpuBaeTcs Takoe COOT-
HOIIIEHUE CTIIEKTPOB IMOJIE3HOTO CUTHAJA, ITOMEXH U MHUKPOTHPOCKOTIA
— AYC, 49ro cmekTp gacToTHOH Xapaktepuctuku 1Y C mepekpriBacT
CIIEKTp IIOJIE3HOTO CHTHANA, a CIIEKTP IMTOMEXU NMEePEeKPHIBAET B CBOIO
odepes CIIEKTp YacToTHOM xapakTepuctuku Y C.

[Ipu wccnemoBaHUSAX KCMONB3YETCS THUIIOTE3a O HEKOPPEITUpo-
BaHHOCTH MIYMOB C H3MEpPAEMBIMH TpoleccamMu. Bce mporiecchl
MPEINOIaraloTCs CTallMOHAPHBIMH, IPTOAMYECKAMU C HOPMATbHBIMHU
3aKoHaMU pactpeneneHus. B da3oBeiii BekTop ¢mnpTpa Kammana,
Kpome mepeMeHHBIX cocTosHus JYC, Hy)KHO BKIIOUUTH €IIe W TIe-
PEMEHHBIE UISl CIIy4alHOM COCTaBJISIIOLIEH M3MEpSEMOro Ipolecca
u rymoBoro nporecca (mpu LLICB momexe).

3agadya wuccnemoBanus GuiabTpa Kanmana coCTOMT B oIpe-
JICTICHUH TIpeielIbHON oMok 1 KodddurmenTta sddekra GhumsTparmm
(Ha TpaHMIle AUATMA30HA) MPU PA3IMIHBIX COOTHOMIEHUSIX MOITHOCTH
CHUTHaJIa K MOIITHOCTH TIOMEXH.

OKCIIepUMEHTaIbHOE UCCIIEIOBAHNE TIPOBOIUTCS TaK K€, KaK B
pabore [4] Ha ocHoBe mporpamMmHoro obecreuenus Matlab ¢ wc-
MOJIE30BaHUEM OITYOJIIMKOBAHHBIX PAaHEE alTOPUTMOB MOJEITHPOBAHUS
MOBOMC IVC co cny4aiiHbiME curHanam [3].
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3. Mamemamu4eckas MoOeJsib MUKPO2UpPOCKona

Jnst ananusza pabotst MOMC MHKPOTHPOCKOINA B YCIOBHSIX pe-
anpHOW cpedpl Mo aHanoruu c¢ paboramu [1, 2, 4, 5] cocraBieHa
o0Iasi MaTeMaTu4eckas MOJeNb B BHUAE CTPYKTYPHOH CXEMBbI (CM.
Puc. 1).

! KY |

! Tis |

\ 1
h(t) f 0 ! Y | U
—| Kere > Weu o Kep L T ‘// T

A ! L 4

1 1

: Tg/S :

| 1

Koc

A

Puc. 1. Cmpyxmypnas cxema MOMC J[VC

Kche — KO3 pHIMeHT niepeiaun TyBCTBUTENLHOTO 3JIEMEHTA,
Wpy — mepenaTodnast GpyHKIUS TOJIBUYKHOTO y311a;

Kpp — K03 duIeHT IpeoOpa3oBaTelis NepEeMEIICHUIN;

Ty, To, T3 — K02 GUIMEHTH KOPPEKTUPYIOIIETO YCTPOHCTBA;
Koc— xo3ddunmenT nepenaun 38eHa 00paTHOHN CBSI3H.

Oo6mas nepenarounas ¢pyakius MOMC [IVC, cornacHo CTpyk-
TYPHOH CXEMe€, BBIYUCIIAETCS B BUJIE

W, KppW
Wp (s) = Keie VR v ) (1)
1+ Wy KppWyey Koe

e Wiy=T1-$+T,+Ts/S — mepeaarounast GyHKIUSI KOPPEKTUPYIOIIETO
ycrpoiictBa Tuna IIW/I-peryistopa (IponopuuOHANBHO- HHTETPH-
pyroiiie- mudhepeHIUPYIONIETO PEryIsITOPa).

OCHOBHBIE MaTEeMaTHYECKHE MOAEIH YyBCTBUTEIHHOTO AIIEMEH-
Ta, IpeodpazoBareisl NepeMelIeHus, CUIIOBOTO dJIeMEHTa 00paTHON
CBSI3W AJIS1 PAa3HBIX KOHCTPYKLHMH JaTYMKOB MPHUBEICHBI B YUeOHHKE
no MOMC [6]. st Mukporupockomna LL Tuma, paccMaTpuBacMoro B
JaHHOU paboTe, pacueTHbIe GOpMyIIBI OoJiee TOAPOOHO MpPEACTaBIIE-
HBI B [5].

C nenbro pacyera KOHCTPYKTHBHBIX apameTpoB MOMC IYC u
MIOCTPOCHUSI €r0 MaTeMaTHYeCKOH MoJenu ObuIo pa3paboTaHO Mpo-
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rpamMmHOe obecredenne Ha ocHoe Matlab. Vmpasmsromas mpo-
rpamma control qs pacuera mapamerpoB koHcTpyknuu AYC u ero
MaTeMaTUYeCKUX  MOJEeHl  BBI3BIBACT  HPOrpamMMy-(QyHKIHIO
[Z,Wpu,Wche,Wbe,W]=dus(P) [3]. B atoit mporpamme: P — BekTop
BXO/IHBIX [TAPaMETPOB JaT4hKa (TIOJBHXKHOTO y31a, OJI0Ka JIEKTPO-
HHKH, KOHCTPYKIMH). OCHOBHBIMH BBIXOJIHBIMHU TapaMeTpaMH IIpo-
rpaMMBI-QYHKITUN SIBIITIOTCA  TiepenaToudsle ¢yHkmmna:  Wpu —
noaBmwxkHoro y3ma; Wche — uyscrButenbHoro smemenrta; Whe —
omoka anmexktpornkn; W — monHas nepenaToyHast pyHKINS TaTUHKA.
Z — npeCTaBIsIeT JOMOMHUTEBHBIN PST BBIXOAHBIX TApaMETPOB.

Jlst mporpammbl-pyrkimu dus(P) 3amaroTest BXoaHbIe AaHHbIE P,
KoTopbie it UD U Apyrux 3JIEMEHTOB YuTaloTCs u3 (aiina in-put.dat
TEKCTOBOTO (hopmaTa ascii.

Po=load('input.dat'); P= Po;

[Z,Wpu,Kche,Wbe,W]=dus(P) % BbI30B mporpammeI.

B pabore [6] npuBenens! pesynpTathl pacdera MOMC IYC
i nuanasoHa mamepenus 120 rpan/c. C yuerom IIU]] koppekTu-

PYIOIIEro yCTpOicTBa ObLIAa TOIYYEeHa ONTHUMANIbHAS IepelaTouHas
(GyHKIMS TaT9MKa B BUJIE:

W(s) = @)
Ts+1
rae T — nocrosunas Bpemen (T =5-10);
K — koa¢ddunment nepemaun cencopa (K=2,3873).
MareMaTHyeckue MOJAEIN CHEKTPalbHBIX IUIOTHOCTEH Clydaid-
Hoti cocrapisromeit §(t) m IIICB momexu 3amaHbl B BHAE MPOCTHIX
JIpOOHO-paOHANBHBIX  QYHKIMH, WMUTHPYIONIMX OOJBIIMHCTBO
mporeccoB MexaHwdeckux mnepemeniennit u [IICB momex paccmart-
pUBaEMBIX THHAMHYECKUX 0OBEKTOB yIPaBICHUS

262a 2620
Se(@)=—C"C 5 (0)=-N"N
< (®) o’ +al v(©) o +ol’ @)

rae Gg, 0, ON, O — CPEIHEKBAAPATUYECKUE OTKJIOHEHUS U MOCTOSH-
HBIC KOPPENSIHNU COOTBETCTBEHHO mporieccoB g(t) u n(t).

Marematrueckas mozenb JJYC Bo B3aMMOJCHCTBUU C CUTHAJIA-
MU U [ITyMaMHU JIajJiee pacCMaTPUBACTCS B BUJIE O0BEKTa HAOIIOICHUS,
cxema KOToporo mpejcrasieHa Ha Puc. 2.
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u(t) Plant b
vy(t) . We g(t) 4
Vo(t) . ™ n(t)

Puc. 2. Cmpykmypuas cxema obvexma HaO00eHUs:

OOBeKT HAOMIOACHUS CONEPKHUT BXOTHOW NETEPMHHUPOBAHHO-
croxactuueckuit mporece h(t), cencop (AYC) u userHoii mym Nn(t),
OH MMeeT TpH Bxoja U, Vq, V, | aBa Bbixona f, y.

Ha cxeme o6o3naueno: Wg, Wy — dpopmupyromme GuibTpsl co-
OTBETCTBEHHO CIy4aifHON COCTaBIIAIONIEH BXOAHOTO Tporecca g(t) u
nomexu N(t); vi(t), vo(t) — Bo3mymaronue Gesnbie HMryMsl it GopMu-
pytoux ¢uibtpos; U(t), g(t) — nerepMuHHpOBaHHAs U ClydaiHas
COCTaBJISONINE H3MepsieMoro nporiecca; N(t) — nomexa B Buae LHICB;
h(t)=u(t)+g(t) — monHBIA TONE3HBIH HM3MEpPSAEMbIid  CHTHAT,
y(t)=h(t)+n(t) — uzmepenne; f(t) — Boixoanoi curnan ¢ JYC.

Martemaruyeckue Mopaeau (GopMHUPYOIIUX (GUIBTPOB IMPOIIEC-
coB g(t) u n(t) Moryr ObITh MOJy4eHBbI MpU (HAKTOPU3AIMHU CIICK-
TpasibHBIX TWIOTHOCTEH Sg(S) 1 Sn(S) u3 (3) B Buze

V2 2
Wel®) =70, =TT
G N

(4)

Huddepennnanpaple ypaBHEHHS TIEPBOTO MOPSAKA, COOTBETCT-
Bytotue mnepeaatodnsiM  GyHkmaM Wp(S), Ws(s), Wn(s), mamee
OTIPENENIAIOT MATPUYHYIO MOJeNb oObekra HaOmozenus Plant,
BBIJICJIEHHOTO IMYyHKTUPOM Ha cxeme Puc. 2. Pacyer marpuyHOii
MOJIEJIH BeeTCs B CTaHaapTHO# hopme [11].

X = AX +BU,
Y =CX + DU

rae X - BeKTop coctosiHus cuctembl; U=[U, Vi, V,] - BeKTOp BXOja;
Y=[f, y] - BexTOp BhIXO#a; A, B — mepexoaHbIe MaTPHIBI COCTOSHUS
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(MaTpurp!l kod3ddurmentor); C, D - MaTpump! TuHEHHOrO TIpeodpa-
30BaHUS JJIs1 BHIXOJIA.

Huns monmyuenus marpunt A, B, C, D ucnons3yrores moaenu (2),
(4), 3ancannbie B Buae nuddepeHnmansHpIX ypaBHEHUH]:

df
T—+ f(t)=K-h(),
L (®

d
F? +agg(t) = o 20 v(t),
% + oy N(t) =0y /200, V(T).

O6o3nauas mnepeMeHHble coctosiHus Kak: f(t)=Xxy, g(t)=xy,
Nn(t)=Xs, 3amuinem majee MoaydeHHbIC YPABHEHUS B BUJIC

dx, 1 K K
=—ZX +—X,+—U,
dt T T
%z—anz +0g+4/206V;, ®)
dx
T::_QNX3 "rGN "ZaNVZ'

Marpuiist A, B, C, D ms nmonHoit mogenu Plant va ocuose (5) u
¢ yuetoM y=f+n monyyarot Bua

1

. S Ko 0
T T
A=l 0 -oa; O |[B=|0 o420, 0 ;
0 -ay 0 0 Oy+/20, (6)

100 000
C= D= .
101 00O
HenpepsiBHas MaTpu4Hast MOjeIb 00beKTa HAOJIOIEHUS, COOT-

BETCTBYIOIIAs paccunTaHHbIM MaTpumam (6) B Matlab cocrasistercs
B Buze: Plant=ss(A,B,C,D,'inputname’,{'u’,'v1','v2'},'outputname’,{'f,'y").
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4. dunbmp KanmaHa ons MOMC 4yC

3agada mpuMenenns ¢uiabTpa Kammana miss MUKpoMeXaHHUe-
CKUX JaTYMKOB BO3HHKAET B Clydae OOECIICYCHUsI MOBBIIICHHON
touHOCTH MOMC B yCIIOBUSIX MHTCHCHBHBIX H3MEPHTEIBHBIX IIY-
MOB. B ciyuae Bo3metictBus mrymoB B Buae LLICB mms mpoektrupoBa-
uus GreTpa KanMana ncnoss3oBanack Teopust u3 paborsr [11].

Ounsrp Kanmmana, kak HenpepsiBHBIA - KalmN, Tak u guckper-
HbIit - kalmD paccuutsiBaetes ¢ ucnons3zoBanreM Matlab dymakimn
kalman na ocuoBe momenu Plant (mogpo6GHO 3TO paccMOTpEeHO B
pabote [7]). 3mech mis mpumepa npuBenena Matlab komanma s
pacuera HerpepbIBHOTO GuiibTpa Kanmana:

[kalmN,L,Pn]=kalman(Plant,Q,sn"2).

Huckpertssiit GpunsTp Kanmana ocHOBaH Ha TUCKPETHON MOJIE-
a1 00BeKTa KOHTPOIS, MOJTYYCHHOW M3 HEMPEPHIBHOW C MOMOIIBIO
Matlab ¢yukimu c2d ¢ ygerom nepuosaa auckperaoctu dt [6].

MopenupoBaHue U UCCIIEA0BaHNE TIOTyYSHHONH U3MEPHTEIBHOI
cuctembl (UC), cocrosmeit u3 MOMC IAVC u ¢unprpa Kanmana,
Jajiee TPOBEJICHO ¢ MOMOIIBI0 BU3yaabHOU cpeasl Matlab Simulink.
Cxema mogenupoBanusit UNC npexacrasnena Ha Puc. 3.

u u

' v y |->

v2 X' = Ax+Bu u gt

Mg y = Cx+Du > i B x = AxtBu | M > I:I
Y. y = Cx+Du

M vl

Plant L
Q y(n)=Cx(n)y+Du(n) | | ™
(n+1)=Ax(n)+Bu(n)

v2 fn
1 Filter D *9} en
o1 f e

Puc. 3. Cxema mooenuposanus UC na ocnose gpurompa Karmana

Filter N

Scope

Ha cxeme pasmerienbl: 00bekT Habmronenus Plant, menpepsis-
ueiit FilterN n muckpernsiit FilterD ¢unstpsr Kaamana. C Beixoma
Plant cuumaercs BekTopHbIii curnan [f, y], Ha Bxome ¢uibTpoB
chopMrpoBaH BeKTOpHBIM curHan [U, Y]. Ha cxeme mpemycmoTpeH
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Takke OJOK, BBIYUCILIIONINN OIMUOKKA (GUIBTPAIMA OIHOTO U3
¢uIBTPOB (B JAHHOM CITy4dae — HETPEPBIBHOTO).

5. Pe3ynbmamsbi MoOenupoeaHusi

Cnexrpasnphbie pynkuuu mporeccoB g(t), n(t) u ammmuryHO-
YaCTOTHAs XapaKTEePHCTHKA JaTYMKa WMEIOT CIEAYIOIINe CBOWCTBA!
CIIEKTp TOJIE3HOTO CHUTHAJA JOCTATOYHO IIMPOK, COOTBETCTBYET TaK
Ha3bIBAEMBIM OBICTPHIM CHTHAJIAM (CHEKTp TIOJIE3HOTO CUTHAJIA HAXOIUT-
cs B mostoce gactoT npuMepHo 10 400 I'r), momexa IICB sBnsercs
IIMPOKOTIOIOCHON — €€ CIIEKTP TMEePEKPBIBAET KaK CHEKTP IMOJIE3HOTO
CUTHaJa, TaK M YACTOTHBIA JUAMa30H JaT4YnKa (YaCTOTHBIN AMAara3oH
MPOIyCKaHMs JaTduka cooTBeTcTBYeT mpuMepHo 1500 I'm, a criektp
moMexu cocTapisieT mpumepro 10000 I'm).

Ha Puc. 4 npencraBnens! rpadvku, MoTydeHHBIC TPH MOIEIH-
poBannu UC ¢ punbrpom Kanmana.

04 T T T T

Puc. 4. I'paguxu npoyeccoe HUC (sepxnuti npoyecc ¢ gvixooa f,
CPeOHUTl U HUICHUTL — COOMBEMCMBEHHO ¢ 6bix0006 TN u Td)
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IIpu sTOM mOMexa BBIOpaHa JOCTATOYHO MOIIHOH (TIPH COOT-
HolreHnn curHan/mym PC/Pn=1 BennunHa npenenbHON OIMUOKH B
mmepernsax s MOMC JIYC pasna 0,473 pan/c nmm £=22,5% ot
nmuarazona — 2,09 pan/c).

B aToMm cityuae o pe3ynbTataM MOJICITUPOBAHUS CPEAHUN KBaJI-
pat omubOku ¢unprpa cocrasiasier CKO=0,015, spdext dunprpariun
— kd=8,17 (omubka u3MepeHuit ymeHbaercst 6ojaee 4eM B 8 pas).
ITo mamaeiMm CKO mpenenbHass ommOKka (QMIBTpa COCTaBISET IPH-
MepHo: 8 =2,5% wuiu 0,06 pax/c.

[IpoBeneHo Takxke mMozaeaupoBanue GpuibTpoB Kanmmana (Hempe-
PBIBHOTO M JIUCKPETHOTO) MPH COOTHOIIECHUH CUrHa/mym - Pc/Pn B
muanazone ot 0,01 mo 100. I'padmku mporeccoB, MOTy4YeHHBIE TTPU
MOJICJIMPOBaHUH, UMEIOT MOXO0Xui Ha puc. 4 Bum. OOoOmIeHHBIE
pe3ynbTarhl UcciaenoBaHus paccmaTtpusaemoi MMC npencrtaBieHbl
Ha Puc. 5. D10 rpaduk 3aBUCUMOCTH TIpeneabHONH OMMOKH (GUIBTPa
OT cooTHOMICHUs curHai/mym 6=f(Pc/Pn).

A dexturHOCTh QrbTpa KanMaHa mpu 3TOM OKa3bIBACTCS J10-
BOJIEHO BBICOKOHM — MIOTPENTHOCT ocTaercs Ha ypoBHe 1,0 — 2,7% Bo
BceM amarnasone Pc/Pn.

0.03
—A

0.02 \\
0.01 \
% 1 0 1 2 3 lg(Pc/Pn)

Puc. 5. I'pagpux npedenvhoii owudKU 8 3a8UCUMOCIU O COOMHO-
wenus cuenan/uym o=f(Pc/Pn)

I'maBHBIM ycnoBueM npumeHeHus: ¢puisTpa Kanmana npu stom
ABIISIETCS. HEOOXOMMOCTD €r0 JOCTATOYHO TOYHON HACTPOUKU Ha OII-
TUMAaJIbHBIN pEXUM. DTO YCIOBHE TPYAHO BBIIOIHUTH HA MPAKTHKE —
HaJI0 3HATh TOYHBIE 3HAYCHUS MApaMEeTPOB MPOLIECCOB: HX TUCTIEPCUU
Y TIOCTOSTHHBIC KOPPEISIIHH.

Bce pesynbrarel GuiabTpanmu, monydeHHsle panee (cM. Puc. 4,
Puc.5), ObuUTH MpH AOCTATOYHO OBICTPOM BXOAHOM mporiecce g(t)
(uactotHslii auanazon g0 400 I'm). Heobxoxnmo Takke rccinenoBaTh
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BO3MOKHOCTB OCIIA0JICHHS TIOMEXH TIPH JAPYTUX JAHHBIX CHEKTPai-
BHOM (YHKIIMH, COOTBETCTBYIOLICH MeUIeHHBIM Tporieccam g(t).

JIist MOZIeTMPOBaHUS MEIJICHHOTO ITPpOoIiecca BHIOPaH YaCTOTHBIH
JMaTa30H CIeKTpanbHOU (yHKIMH He O6omee 5 [,

O6o06mas pe3ynpTaThl HccienoBanus (uiabTpa Kanmana mpu
pasnuuHoM cootHomenun (PC/Pn) asst MeasIieHHOTo Tporiecca, mpej-
CTaBUM TrpaduK 3aBUCUMOCTHU TpeaenbHOi ommOku ¢puibTpa ot Pc/
Pn (cootnomenue Pc/Pn usmensiercs B auamnaszone ot 0,01 o 100) -
Ha Puc. 6.

PesynbTathl okazanuck BOJIHE preMiieMbiMU — otmrOka MC Ha
ocHoBe ¢pubTpa KanMana okazanace B quamnasone ot 0,4% mo 2,8%.

N

0.02 N\
\
0.01 ~~

\\\
% -1 0 1 2 3 lg(Pc/Pn)

Puc. 6. I pagpux npedenvroii owmudbxu purempa Kaimana om
coomnowenus cuenan/uym 0=f(Pc/Pn) ois mednennozo npoyecca

0.03

6. 3aknroyeHue

[MonyueHHble pe3ynbTaThl JIOKa3bIBAIOT 3((PEKTHUBHOCTH
MPUMEHEHUs aganTuBHOro (uiubTpa KanMana mnpu pa3iuyHOR
WHTCHCUBHOCTH IOMEX, KaK JJIsi OBICTPBIX, TaK U I MEIJICHHBIX
U3MepseMbIX mporeccoB. OmHAKO, ISl HACTPOUKH (DUIBTPA B 3TOM
cily4ae TPUXOIHTCS TIPOBOAUTH JIOTIONHUTENBHYIO HACHTU(DHUKAIINIO
MOIITHOCTH IIOMEXHU ¥ CUTHAJIA.

XapakTepUCTUKH TOYHOCTH (PHIBTpallMU, KaKk M CJICI0BAJIO
OXHJaTh, WHBApPUAHTHBI 10 OTHOIICHUIO K CPEIHEMY YPOBHIO
MOJIE3HOTO CUTHAJIA.
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