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JNEKUWNA Nel

OCHOBHbIE MOHATMNA TEXHUYECKOW
OUNATHOCTURN.

METPUHECKME METOAbl PACITO3HOBAHUA.


Vitaly Bykador

Vitaly Bykador


basoBble ornpeaeneHna ANarHOCTUNKW

TexHnYecKou ,D,MaI'HOCTMKOﬁ Ha3blBaeTCA HAYKa O pPaCfno3HaBaHUU
COCTOAHUA TEXHUYECKUX CUCTEM.

TexHMn4YecKan ANAarHOCTUKa WN3y4aerT mMeTodbl noayvyeHnAa w“nu OLUEHKU

ANArHOCTUYECKON UHPOPMALUMKM, ANATHOCTUYECKME MOAeNn U aAropuTmMbl
NPUHATUA PELLEHUN,

Llenbio TeXHUYecKou AMarHoCTUKU ABAAETCS MNOBbIEeHWe HaAeXKHOCTU U
pecypca TeEXHUYECKUX CUCTEM.

OCHOBHOM 3apa4yen TeXHNYECKOU ANArHOCTUKMU ABNAETCA pacno3HaBaHMUE

COCTOAHUM  TEXHUYECKOW  CUCTeEMbI B  YC/IOBUAX  OrpaHUYeHHOWU
MHPopmaunn.



YKpyNHEeHHasa cxema npoLeaypbl AMarHOCTUPOBaHUA

TexHn4yeckKasa cuctema / \
Habnopaembin

4 HeHabnropgaemoe )

COCTOAHME CUrHanN MeToabi

TOAHU >
AWUATHOCTUKM

(nedekKr)

\_ A Y,
. \ 4




MaTemaTnyeckoe onmcaHme
33341 ANATHOCTUPOBAHWUA

X - ,D,M3I'HOCTVI‘—I€CKVII7| NMPU3HAK

/\

Temnepatypa Bubpauma  4acToTa BpalleHMA  TOK ...

l l l |

X1 X X3 Xy oo Xy

X = {Xl, X2, X3,X4 v, Xn} - KOMMJIEKC AMArHOCTUYECKMX MPU3HAKOB



PaKkTHnyecKan peasin3aunia KOMIJIEKRCA
ANAaTHOCTUNHECKUX TTIPN3HAKOB

daKkTn4yecKas peain3aunad KomMnnexrkCa ANarHoOCTUH4HeCKUX TMNMPpU3HAKOB MNpeactaBaqaeT
cobou KOHKpeTHOEe 3Ha4vYeHUNe COBOKYMNMHOCTU ANATrHOCTUYECKUX MPU3HAKOB B TEKVLLI,MVI
MOMEHT BpPEeMEHMWN.

Obo3HayeHune: X* = {XI, XE, . X;;}

MycTb, B KauecTBe AMarHOCTUYECKMX NPU3HAKOB BblBpaHbl ABa HabAOAAEMbIX CUFHANA:
TemnepaTtypa t° v ToK i.

0

Beegem ob6o3HavyeHUs: X1 =t",x, =1, TOraa KOMMNAEKC AMarHoCcTuYecKmnx

NPU3HaKoB byaeT UMeTb BUA X ={xq1,%,}



daKkTn4yeckas peain3auna KomninekCa AnNarHOCTU4eCKMX Npm3HaKoB 6V,£I,€T

0603Ha4yaTbCA KaK
*k *k
X* — {xl,xz}.

T, en. xi, C X5, A
BpemeHu
0 100 1
1 120 2
2 90 1,3
3 85 3
4 150 2,2

[lnarHos nam coctosiHne amMarHoctTupyemoro obbekta o6o3HavaeTca D.
COBOKYHHOCTb BCEX BO3MOXKHbIX ANAlMHO308B (COCTOFIHMVl) ob6beKTa 0603HaYaeTca Kak
D = {Dll Dz, e Dm}




MeTpuyeckmne metoabl AMarHOCTUPOBAHMA

X=(o,x) E

X2
[MpocTpaHCTBO
ANArHOCTUYECKUX
NPU3HAKOB
X
X2

aq a-
[
-
v NV
l
Ry
X* as




<I=

BblumncneHumne
paccToAanma l; mexxay Iy X a) = Z’lulx —a;’
TOYKaMM

roe X — BEKTOP COCTOSIHUSI 0OBbEKTa;

a; — TOYKa, xapakrepuaytoLiasa auarHo3 D; B METPUYECKOM

NMPOCTPaHCTBE;

/VCHOBW* HOPMMDOBaH“ﬂ\ N — KONMYeCcTBO OANArHOCTUYECKNX NPU3HAKOB (pa3MepHOCTb
BECOBbIX KO3GPULMEHTOB

METPUYECKOIro I'IpOCTpaHCTBa);

Z A =1 A;j — BECOBOMW KO3MMMPUUMNEHT, Y4UTbIBAIOLLMN CTENEHb (BAXHOCTL) j-T0
[MarHOCTMYECKOro NpuaHaka Ans i-ro AuarHo3a;
1_[ Ay =1 x; — paKTUYecKasi peanusaums j-ro AMarHOCTUYECKOrO NpuaHaka
/ (koopauHaTa BekTopa X);

a;; — KoopauHarta BeKkTopa a;;

U — AnarHoCtnyeckaa Mmepa pacCTtoAHUA,

vV — MOPSA0K PacCTOSIHUS.



Iﬂ,l/laI'HOCTI/IKa MO PAaCCTOAHWNIO AO 3TaJ/IOHA

1 <
_ § (S)
1) a, = Mi . a;
s=1

(s
i

rne a'®- 06bekT ¢ BEPUAULMPOBAHHBIM AMarHo3om D;.

2) BbluMCcAnTb pacctoanme [; = lé‘v) (X%, a;) ot
ob6bekTa X™ 40 KaXKA0ro aTanoHa a; (cm.
dopmyny BbliLe)

3) MpuUMeHUTb pellatoLLee NpaBuUao ANs

X YCTaHOB/1EHUNA ANAlrHO34a.
1

li — mln(L) = X" € Di
L= {ll(X*) al)) l2 (X*' aZ)I ) ln(X*' an)}



JlonoHUTEeNbHAA INTepaTypPa

N.A.buprep

TexHnueckran
IAATHOCTHEKA




JNNEKUWNA Ne2

OCHOBHbIE MONIOEHMNA BUBPOAKYCTUYECKOW
AOVNATHOCTURN.


Vitaly Bykador

Vitaly Bykador


OCHOBbI BUEPOAKYCTUYECKOW ANATHOCTUKA

MexaHunyeckne cuctemol (C NO3NLUUU AMArHOCTUKUN) — 3TO OOBEKTHI,
cocTosilme mn3 60oNbLOro KOAMYecTBa B3aMMOAENCTBYIOLLUMX 3/1€MEHTOB.
B3anmogencreme anemMeHTOB, X OTHOCUTE/IbHbIE MepeMELLEHMNA NOPOXHKAAIOT
BMOpaLMM, KOTOPbIE MOTYT CYLLLECTBEHHO YCUAUBATLCA U/UNIN U3MEHATCS NPU
Hananymm pedektoB. Takum obpaszom Bubpauus ©  3BYK ABAAIOTCA
HabAloAaEMbIMM ANATHOCTUYECKMMMN NPU3HAKAMU HECYLLMMMN MHPOPMALMIO

O HE Ha6!'II-O,£I,aEN\bIX COCTOAHUAX 0OBbEKTA UK npouecca.



OCHOBbI BUBPOAKYCTMYECKOW ANATHOCTUKIA

X€D X € D)
X(H) 4 ! X(1) 2
HOPMAaJIbHOE COCTOSIHUE
/\/\ \\ /‘ ) —‘J
> >
t t
X € D% X € D4
X(t) a X(t) a . .
{ Voo ) T Tt
\ / \ /
~ ~
> >

Puc. 1. YTpupoBaHHOe oTobparkeHne COCTOAHUIMN cucTembl, Habaoaaembix nNpu
NPOABAEHMUWN PA3INYHbIX AMArHO30B



3aga4ya pacrnosHaBaHuMs byaer  popmynanmpoBaTbCcs  caeayolmm

obpasom:

[lycTb MMeeTcss HEeKOoTopoe MHOXecTBO COCTOSSHUMM (AMarHo3oB.)
cuctemol D ={D,,D,,...,D.} W npegnonaraetca, UYTO  Ka)kaomy
onpenenéHHOMY COCTOAHUIO D; COOTBETCTBYET onpeaeNéHHbIN KNAacC KPUBbIX
x,(t). Toraa, ecnn npepbasnaerca Kpueaa X;(t) 3a nepuog T, TO MOMKHO

YCTaHOBWUTb COOTBETCTBYHOLWMIN agnarHos Dj.



Ha3HauyeHnem BVl6pOaKyCTVI‘-IECKOl\/JI ANAarHOCTUKUN ABJIAETCA OUEeHKd
CTEeNeHN OTKNOHEHMA TEXHUYECKOTro COCTOAHMA MeXaHMYECKOW CUCTEMbI UK
npouecca OoT HOpMbl MO KOCBEHHbIM MNMPU3HAKaM, a UMEHHO, N0 USMEHEHUNIO
CBOUCTB BM6pOaKyCTVl‘-IeCKMX CUrHanoB B VICC!'IE,EI,VEN\OI\/’I cncreme, 3aBUCALLUNX

OT XdpPaKTEePa B33VIMO,£I,€IZCTBV|FI €€ 3/1eMEeHTOB.



[Tomep oTobparkeHmna aedekTa B BUDPOAKYCTUUYECKOM
CUrHane

YCo\prlﬁ cTakaH I Tarunk BAD N x (t)4  HeT JedpekTa Koen
?/, N/,
{ / /I_a/ | N A

_ e - n 00/MuUH N

6)

f // e
CcCThb ,’_'le(l)CKT KOJICIT

Kopmye N X(t)

7\ l>
7 N7
HsHOC r \]" - \/
\ t

N\

Puc. 2. Mpumep noAcHAOWMNA NpUMeHeHne BUBPOaKYCTUYECKOTO CUrHana ans
YCTaHOB/IEHUA COCTOAHMA 0bbEKTa



OopMMPOBaHME COKHOIO BUOPOAKYCTUYECKOTO

CUTHA/lA
TR AT
\\ .'j, \'\ / \"\ /f \'\. /'! \ /'/ \'. ;’f \' :/ \\ /! \"\ f/ \'\ / ? ' T |
T |
| !\ Hl,ll,”l,\n\'l\ﬂm l\l ra— Eo% WA Wﬁﬁ }\M
| '\, / \j’ U \ }/ U \.“ '\) \f U \ J| |\ ! tJ’ k/ \ j' J/ U' J \j \u.{ / \j J \J: | ’ | > b W \N V UW |
NN -
| “Hl J J| il |

Puc. 3. CoBOKYNHOCTb CUTHANOB OT Pa3/InYHbIX UICTOYHUKOB BOCMPUHUMAEMbIX
NAaTYNKOM KaK eaAUHbIN CUTrHan



OTODpaxKeHme CAOKHbIX MEPUOANYECKMX PYHKLNM

pAagom Pypbe

Echn ¢yHKuma f(t), onpegeneHa Ha OTpeske [—g;ﬂ, umeet nepuog Tw

yaosneTBopAeT Teopeme [upuxne (CM. HUXKe), TO Takasa nepuoanyeckana GyHKUUA

MOXeET bbITb npeacrasjieHa pagom:

Ao N .
f(t) =—+ ) (a, cos(nwt) + b,, sin(nwt))

2TC

rge w = T_ OCHOBHAA 4YaCTOTa UJIK HaCTOTa nepBoﬁ rApMOHUKMN.

~

4 T/2
Ay, == f(t) cos(nwt)dt,(n =0,1,2,...)
r ~T/2
5 T/2 KoapduumeHTbl Pypbe
b, = = f(t) sin(nwt)dt,(n =1,2,...)

\_

~T/2

J




[pyraa ¢opma npeacrtasneHms paga Pypbe

f(t) =A,+ z A, - sin(nwt — ¢,)

roe Ay, = % A, =.Ja2 + b2, ¢, = arctg (Z—:)



HacToTHbIe CNekTPbl CUTHAJId

a, = a,(nw)n b, = b,(nw)

Jw

2w

4w

b, A




HacToTHbIe CNekTPbl CUTHAJId

A, =A,(nw) wn ¢, = Ppp(nw)

ﬁ AMNANTYAHbIA YaCTOTHbIN cnemp\ @ ®a30Bbl YAaCTOTHbIN CNEKTP
“in A n A




[ToeactaBneHre 06 aHanm3e BUOPOAKYCTUYECKOrO
CMTHa/a B YaCTOTHOWM 061aCTH

(00
F(Ja)) — f f(t)e_jwtdt Npamoe npeobpasoBaHue Pypbe
— 00

0.0)

f(t) — % F(ja))ejwtda) O6paTHOe npeobpasoBaHune dypbe
—00

roe w— HenpepbiBHAA YaCcToTa NPUHUMAKOLW,AA 3HAYEeHUA w € (—oo; 4+00).



[ToeactaBneHre 06 aHanm3e BUOPOAKYCTUYECKOrO
CMTHa/a B YaCTOTHOWM 061aCTH

F(w) A

L ™

0) W

Puc. 7. [1BoiAcTBEHHOE npeacTaB/leHUE MEPUOAUYECKUX CUTHaNIoOB: a) — BO

BpemeHHou obnactu; 6) —4yactoTHOM 0bnactum [2]



ANTOPUTM NMOCTPOEHMUA CNEKTPa BUOPOAKYCTUYECKOTO
CUrHanNa

q. ecin B AUCKPETU3MPOBAHHOM CUTHA/NE COAEPXKUTCA I'IOCTOFIHHaH\ 6 BbINONHWTL pacyeT 4acToT COCTaBAAIOLMX NO Bblpa)KEHWO\
COCTaBNAKOLWAA, TO OHAa MOXET 3aMaCKMpoBaTb CNabble KOMMOHEHTbI £, = m - fs
m
N
CnekTpa. B aTom cnyyae Heob6X0AMMO BbIYMCAUT CpedHee 3HavyeHue
rne m=20,1,---,N—1;
MCXOAHOTO CUrHana (CMrHana Bo BpemeHHoM 06,1acTn) n Bbl4ECTb ero u3
N — KonnyecTBo OTYETOB;
MCXOAHOr0 CUrHana. nm npupasBHATb HYAK COCTABAAIOLWLYIO CNEKTPA Ha 1
fs = A, ~ AMCKpeTa no yacToTe;
HyNeBOM YacToTe.
\_ N At — pUCKpeTa No BPEMEHM. )
- - ” A
3. BblYNCAUTb 3HAYEHUE aMNIUTYAbI KaXKA0M COCTaBAAIOLLEN CNEKTPa
A(m) 2-X(m)
m) =———
N
roe X(m) — BUCKpeTHbIN CnekTp, NoNy4eHHbI onepaumen BMNo.
- J

N
4. Ynanutb CUMMETPUIO CNEKTPa, ToNbKo 0 < m < ;—Tpe6yeMb|e OTYETbI;




[lononHnTeNbHasa AMTepaTypa

M.A.TEHKHH, A.I. COKOJIOBA

BUBPOAKYCTHUUECKASA

JIMATHOCTUKA
MalIMH U MEXaHKU3MOB



NEKUMA Ne 3

OCHOBHbIE METObl PUJIbTPALIUA
CUIHAJIOB B YACTOTHOW OBJIACTU


Vitaly Bykador

Vitaly Bykador

Vitaly Bykador
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OCHOBHDbIE TUINbI NOMEX

YR

AdIuTubumie

Y
m \@ L/\wﬂ““

|

Mynorunrerate Bupie




OUNIbTPAUNA AOANTUBHBIX MOMEX

YACTOTHbBIE ®UNJIbTPbI

S| S S

N
~»
X"
g
&
~
Dy
oy

A

Puc. 26. Xapaktepuctukm ¢unbtpos [2]: a) ®HY; 6) ®BY; B) NP; f,— BepxHAas
rPAHMYHAA YACTOTa; f,— HUKHAA rPAHUYHAA YacToTa; fyu 4f— cpeaHaa yacTtoTa 1

LWMPUHA NONOCOBOrO GMALTPA

MPUMEP ANMAPATHOW PEANTN3ALI MACCUBHOIO YACTOTHOIO ®UIbTPA

ity R
3 o 5
-
ur(t)

u(t) 1~ lyo
Bxoa Q/ welt) § T |guon




(urh=y T Oremene L
{ ) p(¥l+ U, (H g /Cu/bxw;«_\

Up (+)= R-U(H)) Ueld)=y (4] — bxoduer corscon,
Ull) - boohes corrnon,

[0t + e )= ucp
L

Uotel= £ [ gt =, 400

% = (g
. dUc (1)
R =7 + ve (= uty |~ MM racadion
bly,

e s Vell) + () = yrg)
([-c-,c + 1/Vr/,r'/= 7y,

wyt )= Yetd) 1
vs) o Reg +4




Wea ] => A0)->

w» 4 > f@d) 5 —= >0

/4Mn}w'r(a MO - Nacrotiey
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NMPOrPAMMHASA PEANTN3ALINA HACTOTHBIX ®UJIbTPOB
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Puc. 27. PasgeneHne KOMNOHEHT BpeMeHHOro npouecca C NOMOLbIO CNEKTPA/IbHOro

aHanu3a c Habopom NonocoBbIX GUNLTPOB [2]

OUIbTPALILA TTO MOLHOCTW COCTABJIAOLLINX CIMEKTPA

_ Q)

Azl"o\ 79'[,{9 gM e L?gumfa%"

A
L3 2 zwb -'— L t
P RGP v % ‘f‘ e
A: A.z . o D) A( 4/]&%
[ ] |Mhe %o
T TN = Xeo
Wo Wy W -~ "75’/0') 429?} z A
) Moo T2
|M“4 ny
V\L/ W
& Purevfoupaq K
- o

|/\/\ /‘/\4 Vo 021 Wy ...
V.
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Anroputm npeobpasoBaHua N'MnbbepTa B YacTOTHOM o6nacTm

1. U3 OUCKPETHOro curHana BO BpemeHHOW obnactm x(n), nonyyuTb
ANCKpeTHbIN cnekTp X,-(m), BbinonHus onepaumio bMN®;

2. co3paTb HoBbIM cnekTp X.(m) = 2 - X, (m);

3. yAansem CMMMEeTPUYHYIO cocTaBastolyto cnektpa X.(m), 0 < m <

’

X.(0) X.(N/2

4. penvm oT4yeTbl CNekTpa % n %;

5. BbinonHMB o06paTHoe npeobpasoBaHue Pypbe HaA NOAYYEHHbIM
OVCKPETHbIM  CMEKTPOM, MOAYYMM  aHA/IMTUYECKYID  AUCKPETHYIO

nocnepoBaTenbHOCTb X.(n) BO BpemeHHoW obnacTu.

6. BoccTraHOBIEHHBIN CUTHAJ OyZIET ONPEIEATHCS KaK

X_BocT.(n) = |xc(n)|


Vitaly Bykador

Vitaly Bykador

Vitaly Bykador
6.  Восстановленный сигнал будет определяться как
			
			x_вост.(n) = |xc(n)| 


NEKUUNSA Ne 4

«PacnpocTpaHeHue KonebaHnin B MexaHNn4eCKux cuctemax.
IOuarHocTnyeckasa mopenb»


Vitaly Bykador

Vitaly Bykador

Vitaly Bykador

Vitaly Bykador
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PacnpocTtpaHeHune kone6aHun B MeXxaHU4eCKnx cuctemax

JlnHenHas cTaumoHapHaa cuncrtemMa:

ma a:(zt) o h dz (1)

” 7 +cz(t)=g(t,r)

G JNTHeHag Y

P cucrema [P

, L L
w, w, w w, w, [

Puc. 13. MpoxoxaeHne cyMmMbl ABYX FaPMOHUYECKUX CUTHANI0B Yepe3 IMHENHYIO
cuctemy [2]



JnHelHaa HecTauuoHapHas (NapameTpuyeckas) cuctema

2 he e x = g
m-—— —+c(t) - x = , T
dt dt g
S A Sy A
G MapameTpuueckasa| Y
cwerens [ ||[1[{{1 y1]1]1
. » UL L L,
W, w, w w, w,

Puc. 14. MpoxoxaeHne cymmbl ABYX FAPMOHUYECKUX CUTHAJIOB Yepes
napameTpUYECKyto CUCTEMY C NOANTAPMOHUYECKMM M3MEHEHNEM NapameTpos [2]

A

uJ
I-h A . W-2J1 “-Jl +‘Q J+2 .. cI+n.JL



Hennnennas cTaunmoHapHasa cuctema.

. d’x(r) & (t)

dt2 df

-x(t)+c-x(r)=g(t,r)

W, — W, \7101 +0,
Se¢ A Sy A y/ w

G HenuHenHasa | ¥
»  cucrema [P
»

>
w, w, w w, w, w

Puc. 15. MpoxoxaeHne cymMbl ABYX FAPMOHUYECKMX CUTHANO0B Yepes3 He/IMHeMHY
cuctemy [2]

Komnounetiie  oherpd  hidytm 0,



AwarHocTtnyeckasa mopenb

U=A-R (3.1)

rae U = {uy,uy, ..., Uy} — BEKTOP AMArHOCTUYECKUX MPU3HAKOB TEXHUYECKOTo
COCTOAHMUA 06BbEKTA, HEeCyLMUX MHPOPMALMIO O COCTOAHUM 0O BEKTA;
R = {r,, 1y, ..., ,,} — BEKTOp MapameTpOB TEXHUYECKOrO COCTOAHUA OOBEKTA,

T.€. NapaMeTpPOB XapaKTepm3YyHOLLUX COCTOAHME 0bbeKTa.

R=A1-U




Jd*gLf) 4904
h Tt + ZL —oT’(‘— = (C— '('/?(f')g(,f/:o




d(/

MycTb Mbl XOTUM AMArHOCTUPOBATL HEHABII0AaeMOe 3HaYEHNE XKECTKOCTU
npoLiecca To4eHus f Y

MycTb Ha BXxo4e CMCTEMbl AENCTBYET Kakoe —HNByOb BO3MyLLEHME (B 0bLLeM cny4yae,
BXOLHOE BO3MYyLLEHME cnepyeT yctaHosuT!!!), Hanprmep, NycTb BXOQHOE BO3MYLLEHNE
OyLeT BbipaxXeHo cnepyowen QyHKUnen:

g(—{) = /27- “5- {}'f 95 L (2% 73"{)*57'5}&/27: 05 +) +

+ 0,9. S, (zv,«/zz.{)

@

%294 dy G
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# gopmupoBaHue XNk = {Xx1™k, X2™x}
xi =[]
f_diap = [40, 65, 90]
for i in list(range(@, len(f_diap) - 1)):
Af = map((lambda amp, freq: (amp, freq)), f, A)
Af_filt = filter((lambda x:(x[0]>=f_diap[il)and(x[0]<=f_diap[i+1])), Af)
Amp = map((lambda x: x[1]), Af_filt)
xi.append(max(Amp))

# pacno3HaBaHWe MeTpUYECKUMUM MeTOodaMM
D = {"D1": (1.6,0.2), "D2": (4.6,0.2), "D4": (1.6,0.5), "D5": (1.0,0.7),

"D6": (0.7, 2.0)}

Dmin, 1min = '', 1le6
for k in D.keys():
1x_a =[]

for i in list(range(@, len(xi))):
1_x_a.append((xi[i] - DI[k][i])*x*2)
1i = sum(1_x_a)
if 1i < lmin:
lmin, Dmin = 1i, k
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BespasmepHble AMUCKPUMUHAHTDI
BM6pPOaKyCcTU4ECKMX CUTHAAOB

bazoBoe BblpaXeHNE:
1

1
0o T T T
X, = [ f | x |* p(x)dx] = [%f | x(t) | dt‘ (4—)
o 0
— Y-
TPrmenepng,

raoe le— cpegHee 3Ha4YeHune amnanTygbl npouecCa Kak KOpeHb l- ot cteneHn u3 [-ro

MOMEHTa.

T — Bpemst (1Iepro/]) U3MepeHsi BUOPOAKYCTHIECKOTO CUTHAJIA;

[ — IOps1JIOK MOMEHTA.
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Be3pa3smepHaa amnantyaa Mmox<ert bbiTb
NOAYyYEHa AAA PAa3AUYHDbIX
napameTpos BA-curHana

i) [

Ti(t) =4

S|
I
[\ — N[
N
Na
SN——

Lex.a. [ =
x [ — o0
\
rae rop — opJuHapHad aMIIJIATYIa;
T — CpeaHAad aMIIJINTY/Ia,
Tex.a — CPEIHSIS KBaJIpaTHUeCKasl aMILIATY/IA;

T — Hambosiee BEPOATHAA aMILJINTYIA.

AAA OAHOTO 1 TOrO »Ke CUTHaAa KaKAbl M3 3TUX NapaMeTpPOB BeAeT ceba
no-pasHoMy.



AAA MPaKTUKKM MCNOAB3YIOT CAEAYIOLLME
napaMeTpbl, MOAYYEHHbIE N3 be3pa3MepPHbIX

dMNOAUTYA

a) Koa(dunmenT GopMbl

K — cha. <3L4)
x
0) xoaddunuenT BeposTHOCTH
T
C= (3.2)
xC.K.a.
B) K0P DUINEHT UMITYIbCHOCTH
x
I =— (3.3)
T

r) ko3 dumment dona

(3. 4)

I

Tak kak 6e3pasmepHble KoappuumeHTsl K, C, I, L cBs3aHbl ¢ BUBPOaKyCTUYECKUM
curHanom Xx(t) nHterpanbHbiM NpeobpasoBaHnem (1), To 6e3pasmepHble KOIPPULNEHTDI
HecyT UHgopmMaLmio 0 HeHabNtoaaeMoOM COCTOAHUN CUCTEMBI.

Moatomy koappuumeHTsl K, C, I, L MOryT BbicTynaTb B Ka4ecTBe ANarHOCTUYECKMX
NPW3HaKOB.

Ha koachduumeHtax K, C, 1, L MOXXHO NOCTPOUTb NPOCTPAHCTBO ANArHOCTUYECKUX
NPWU3HAKOB 1 MCMNOJIb30BaThb /151 PACNO3HaBaHUSA COCTOSAHNN OObEKTa METPUYECKIME

MEeTOObl.

MakcurmanbHas pasmMepHOCTb Takoro NpocTpaHcTea 6yaeTt pasHa 4-m. He BO Bcex
cny4yasix HeobxoaumMo paccmaTtpuBaTbh Bce 6e3pasmepHble KOIMPULNEHTDI.
Heob6xoommo BblgensaTb TOMbKO, T€, KOTOPbIE NO3BOJISKOT BbIMNONHUTL pa3aesieHne
ONarHo3oB Mexxay cobon.



Taknm obpasom, BMECTO curHana namepeHHoro Ha nHtepsasne ot 0 To T Mbl nony4nm
yeTbipe kKoapduumeHTa K, C, |, L, koTopble ByoyT xapakTepnu3oBaTb U3MEPEHHYHO YacTb
curHana. lNpn aToM Mbl MOXXEM NCMNOMb30BaTh He BCe KOAMPULMEHTDI.
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PaccmoTpum npymep NnOCTPOEHUst CUCTEMbI ANAarHOCTUKN AUHAMNYECKOro
COCTOSIHUS NpoLlecca TOYEeHNS Ha OCHOBe aHanu3a 6e3pa3mepHbIX
Ko3adpduumneHToB

_I_I

Z So x(1)
| Px
177877 73
_I—I /
Fc
-«
m h
Fn
-
o>
X

KOHLl,eI'ITyaJ'IbHaFI MOLeNb TEXHONOMMYECKON CUCTEMbI TOHEHUS

AonyweHua u rmnoTesbl:
1) 3arotoBka siBNsieTca abCONOTHO XXECTKOW;
2) peseL MEeET ynpyrme CMEeLEHNs TONIbKO B OCEBOM HanpasfieHun X;

3) umeeT MmecTo 3agep>kka T UBMEHEHNS CUMbl pe3aHnst P OTHOCUTENbHO N3MEHEHUS
KoopguHatbl pesua X.



MaTtemaTuyeckasa mogenb AUHAMUKN Npouecca TOYeHUs, 3anucaHHas B
Bapunaunsax oTHOCUTEeJIbHO CTauMOHapHOﬁ TpaeKTopun

dx(t
dEﬁ) - U(t)
dv(t c )}
QN — e ) — hoy(t) + Lu(t)
du(t
| = —Fa(t) = fu()

<
)
(=
e}
p—t
e}
8
~—~
~
~—

dt

dU(f) - _ h P

dz‘. ) o m m m U(t)
du(t 1 1

i -7 0 —7 u(t)

\Il/

as\® + as N>+ a A+ a9 =0

e ag =1 - m;
as =T -h+m;
a; =T -c+ h;
ap = c+ p.



PesyanaT aHann3a AMHaMunkKu npouecca To4yeHnsd B 3aBUCUMOCTU OT NUSMEeHEeHUsA

napbl Heynpasnsiembix napameTpoB T u p.

o
r O
—
OOOOOOOOOOOOOOOOOOOO0
OOOOOOOOOOOOOOOOOOO0 X OOOOOOOOOOOON]
OOOOOOOOOOOOOOOOOOO 2 OOOOOOOOOOOA
OOOOOOOOOOOOOOOOO0 m K 0OOOOOOOOOOON
< ROOOOOOOIOOOOOND S 000NN
[ OO0 < num OOOOOOOOOOON
© ©Q OO0 O VW @ OOV o
- O QOOOOOOOOOON0 = T @) IO [ 6o
o OOOOOOOOOOOO0 © OOOOOOOOOOON
s = Q0
I3 ROOOOOONOON  7y* X = QOOOOOOOONN
QOO0 T S D 5OOOOIOOOOOONN
_m.O OO0 B = 000OOOOOOOOON
= OOOOOOOO0 2 D HOOOOOOOOOONN
= =
nVu. OO0 O O IO
OO0 (@ S 0OOOOOOOOOOONA]
OO0 O OO0
oo O OO T ©
OO0 . ... OOOOOOOOOOON
=
M .v -
I I
m |
|
M |
x ! o
TS | N
I
|
X ®© |
a0 I
o @ ,
s o I
— |
T D )
= |
o = ,
5 B | |
I
| o
> O I “ N
0 3 ! |
o O I |
(8] | |
|
© | !
| |
|
|
|
I
I
! |
Il
T T T T T T o
o o0 O < () o
—~ o o o o o
o o o o o o

KIr
p' MM



LUenb gnarHocTupoBaHus:

Tak kak napameTpbl T 1 p ABMAOTCA HeYyNnpaBsseMbIMU 1 MOFYT NPUBOANTL CUCTEMY B
HEYCTOWYMBOE COCTOSIHME, TO BO3HUKAET 3aaaya AnarHoCTUPOBaHNS TEKYLLLErO
COCTOSIHMS TEXHOIOMMYECKOI CUCTEMbI PE3aHusa C LieNbio NpeaoTBpaLleHns eé
nepexofa B HEYCTOMUYNBOE COCTOSIHUE.

3apaum aMarHoCcTUpoBaHUS:

1. ycTaHOBUTbL CBA3b MeXay 3HaveHuaMn koadduumeHToB K, C, |, L u cocTosiHnem
CUCTEMBI;

2. oTobpaTtb Hanbonee NHdpopmMaTuBHoe KO3IMMDUUNEHTBI, T.€. TakKne KO PULUNEHTSI
KOTOpble Hanay4wmnmMm 06pa3om NO3BONSKOT pacno3HaBaTb PasfiNyHble COCTOAHUS
CUCTEMBI;

3. Ha oTobpaHHbIX KoadhduumeHTax chopmmpoBaTb NPOCTPAHCTBO ANArHOCTUYECKMX
NPU3HaKoB, B KOTOPOM ByAyT OTO6pa>keHbl pasfiMyHble COCTOSHUSI CUCTEMbI —
OnarHosbl;

4. BbINOMHUTb pacno3HaBaHMe TEKYLLEro COCTOSIHUS CUCTEMBbI, UCNOMb3YS
METPUYECKIME METOADI.



PeweHune 3apay guarHoCTMpoOBaHUSA

peleyy e
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Cucrema +
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T |  ycroitumsoctu Y
Bbiu. Bbiu. Bbiy. Bbiu.
K C | L
I I
T:{Tz, T,..., T,} | |
K ) oxix
C

Cxema MmapkmnpoBaHus 3Ha4eHun koadduumeHtos K, C, I, L ona ycTon4msBoro n HeyCTon4msoro

COCTOSIHUIA CUCTEMbI pe3aHuns
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MnockocTb Kl ¢ obnactamn gnarHozos Di, aTanoHoB ai npyn amnnuTyae agaMtueHoro wyma 20%

JAwvarHosbol:

D1(0%) — ycTonumBbIX COCTOSAAHMIN HE HAabNOLOAETCS;
D2(=90%) — B 90% cny4aeB HabntogaTCs YyCTONYMBbIE COCTOSHUS;
D3(=50%) — B 50% cny4aeB HabnogatoTCs YyCTONYMBbIE COCTOSIHMSA, a B 50% cny4yaes
HabnaaTCs HEYCTOMUYNBbLIE COCTOSIHWS, TO €CTb OMAarHOCTUPOBaHNE HEBO3MOXHO.

OT amMnIMTydbl NONe3Horo curHana x(t)
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O6Lasn hopmyna N3MepPEHUs PacCTOAHMA MeX Oy 06 bEeKTOM ONAarHOCTUPOBaHUS 1
3TaNloHOM

22

v

l(#)

i(v) (X7, i)

N
- 1%
> o —ay
j=1

MopoctaBum BMecTO Xj -> Kn l:

V|C|'I0ﬂb3yeM pewatowiee npasnio and NoCTaHOBKU AanarHo3a:

l € Dy <1} = mzn(L)

e L ={ly, la,..., [} — BEKTOP pacCTOSTHNIT MEXK/Ly TOUKOil TEKYIIEro COCTOSIHISI

? ’

00beKTa 1 KazKJIbIM 9TaJIOHOM.
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CTaTUCTNYECKUX METOAO0B»
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Cnpaska: uddepeHumanbHasa guarHoCcTka 3aHMMaeTCsa pacno3HaBaHNeEM MexXay
OBYMS1 COCTOSIHUAIMU O6beKTa.

MOCTAHOBKA 3A0AY4M: NycTb nMeeTCcs aBa COCTOSIHUS 0ObEKTa, KOTOPbIE
oTobpaxatoTcs asyma guarHosamu (D1 1 D2), HO HabnogaemMbl AUarHOCTUYECKON
npusHak X, B HEKOTOPOW 06nacTu, UMEET TakmMe 3HAYEHUS1, KOTOPbIE MOXKHO OTHECTU
Kak K gnarHogdy D1, Tak n k gnarHosy D2. T.e. obpasyeTtcs obnactb
HeonpeneneHHOCTI.
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OpHako Tpebyetcs onpenenntb rpaHnuy X0 pasgeneHuns AByX oUarHOCTUYECKNX
obnacten.
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Llenecoobpa3Ho ncnonb3oBaTb METOAbI CTATUCTUYECKMX PELLEHMI NS Bbibopa
noporosoro 3HadyeHnsa X0 pasgeneHnsa AByx AnarHoCTUYeCKnx obnacTen.

B MeTogax cTaTUCTUYECKUX PELLEHMIN peLlatoLLee NpaBusio BbibrpaeTcs ncxons 13
HEKOTOPbIX ONTMMaSIbHbLIX YCIOBUIA, HANPUMEP, U3 YCNOBMS MUHUMYMa pucka (T.e.
CBELEHNSI BEPOSITHOCTU BO3MOXHOW OWMOKM AMAarHOCTUPOBAHUS K MUHUMYMY).



Pewarouwee npasuno. [lyctb nponssoanTbca guddepeHumansHas guarHoctmka
COCTOSIHNSA 06beKTa NO 3HaYEHMIO HenpepbIBHOMO napameTpa X. Ecnn 3HadeHne
napameTtpa X < X0, To npMHUMaeTcs pelwleHne o HabnogeHun coctosaHns D1y ob6bekTa,
ecnn 3HadeHve napametpa X > X0, To NnpyHUMaeTCs pelweHe o HabngeHnm
cocTosiHna D2 y ob6bekTa.

X< Xy D Xep,
X>Xo = XéDZ_

(2)

Takum o6pas3om, ecnm obecneyeHo 4OCTOBEPHOE N3MepPEHME napameTpa X, To ans
ONarHOCTMPOBaHUS HEO6X04MMO ONpenennTb NOPOroBoe 3HavYeHne napameTpa X,
KoTopoe 0603Ha4yeHo kak XO0.



Cratncrtunyeckume metoabl AnarHoCcTnpoBaHMA OCHOBaAHbI Ha CIZ)yHKLI,I/II/I pacnpeneneHnsa
NMAOTHOCTU BepOFITHOCTeIZ anarHosos Di B 3aBncnumMmocTun oT HabntogaemMoro napameTpa
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Kak mo>xHO HabnogaTb, obnactn D1 n D2 nepecekatoTcsa n noTomy npu
NCnonb3oBaHUKM pellatoLero npasuna (1), 4Ng NOCTaHOBKU AnarHosa, CyLecTByeT
BEPOSATHOCTb MPUHATUSA OLUMBOYHOrO peLleHus.

OcHoBHasd 3agada CTaTUCTUYECKNX METOO0B ANarHOCTUPOBaHUS CBOOUTCS K BbIBOpy
ONTUManbHOro Noporosoro 3HaveHusa X0, Hanprumep, Takoro KoTopoe aasano 6bl
HanMeHbLLEee KONMMYECTBO ONOOYHbIN PeLIEHIA.
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OcCHOBHble 0603Ha4YeHNSA TEPMUHBI.

Di— ucnpabct  coc™uue oSheira.

D’L - [,{eucn}m,én,ae CotToqpl Vj:békm.
Ona opnddepeHumansHOM AMarHOCTUKN XapakKTepHbl ABa BMUAa oWwWnboK «10>XKHas
TpeBora» 1 «MpPonycK Lenmn».
OnpepeneHune. «J1I0)KHON TPEBOron» Ha3biBAETCS Cyyan NPUHATUS PELUEHNS O
Hanuuun gedekTta B 06bekTe, Korga B AeNCTBUTENbHOCTM OOBLEKT HaxoouTCs B
ncnpasHoOM cocTosiHuM (BMecTo D1 npuHumaeTca gnarHos D2).
OnpepeneHne. «Mponyck wenn» Ha3biBaeTCs Cryvan NPUHATUSA pelleHnsa oo
NcnpaBHOM COCTOSAAHUM OO6bEKTa, Korga B AeNCTBUTENIbHOCTM OOBLEKT COOEPXKMUT
(BmecTo D2 npuHumaeTtcs gnarHos D1).

Ecnn 0603HaunTb Yepes Hij BOSMOXXHbIe pelleHns no npasuny (1),

roe i =1,2 - tHOEeKC NPUHATOro AnarHosa,
j=1,2 - n"HOEeKC OenNCTBUTENBbHONO COCTOSIHMS OObEKTA.

Torpa 6yoem MMeTb clegyoLlme peLleHns:

H gq — AoKuog ql&m.

qu = nfﬂhb(]éu heru .
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OWwnbKN «NOXKHOW TPEBOMN» N «MPOMYCKa Lenn» Kak npaBunio MMelT pasnyHble
nocneacTBus UIN LEHbI.

LleHa owmnbkm nmeeT yCnoBHOE 3HA4YEHME, HO OHa NO3BONSET YYECTb NpeanonaraeMbie
NoCcnNeacTBUSA KaxXaom 13 oLnboK.

Torpa o603Ha4YnMMm:
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BeposaTHOCTL OWMBOYHOro peLleHns NpeacTaBnsieT cobon CyMmMy BEPOSTHOCTEN
«JTOXXHOW TPEBOIr» N «NponycKa uenu»

P = P(W,)+ P(H) | ()

Ecnn kaxxgomy Bngy owmbok npunucaTe CBOW LiEHbI, TO y4nUTbIBas BblpaxkeHus (2)...(5),
nony4nm opmMysy Tak Ha3bIBAEMOIO «CPEegHEro pUcKa»:
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Kak onpegenntb 3HaveHne X0, Npy KOTOPOM BEPOSATHOCTb OLUIMOKM AMarHOCTUPOBaHMS
OynoeT MUHMManbLHon????
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