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A/IFOPHTM AAAIITHBHOI' O ITPOrHO3HPOBAHHA
3HAYEHHH BPEMEHHBIX PA/ZIOB B 3AZIAYAX
IKCIIEPTHOI' O OUEHHBAHHSA KAYECTBA IIPOEKTHO-
TEXHHYECKHX PELLIEHHH, IMPEA/TATAEMBIX

K PEA/IM3ALIHH B XO/E INTPOEKTHPOBAHHA
C/102KHbIX HH®OPMALIHOHHbBIX CHUCTEM

PY OpraHU3aliMKM 3KCIePTHON

[eATebHOCTH, OO/BbIION WH-
Tepec BBI3bIBAET M0aXod K POpMHPO-
BaHUIO IMPOTHO3HBIX 3HAUEHHI Bpe-
MEHHOTrO psida 3HaYeHUM 3KCIePTHBIX
rnokasarenent KadectBa (OI1K) npoex-
TUPYEeMOM C/I0KHOM HWH(OPMALIUOH-
How cuctemnl (CHIC). Tak, Hanpumep,
751 3BEHTYa/IbHOM MOJe/IH BPeMeHHO-
ro psaa MpPoOrHo3Hble 3Hauenus JIIK
Ha [ - wWaroe Brnepea MOryT ObITh MO-
/TyUeHbl TIPH BHIMTO/THEHUH YCIOBUI

q=2p+d, l>q—p—-d (1]

OO6iee BhIpaxeHuWe A1 MoAenr
APIICC, BpemenHoro psizga (m-ro uH-
aVKaTtopa 3HauyeHWs 3/eMeHTa Bek-
topHoro OIlK, cocrosHus Moaenu

cuctemsl, (@, ) u T.1.), MOXKeT OBITh
NpeACTaB/IeHo B C/eaAyiollleM BU/e:
$(B)A'G), (k) = A(B)V, + $(B)A"w; (1)
rae ¢(B) - orepartop aBTOperpeccu,
orpesesnsieMblii B COOTBETCTBHMM C BbI-
pazkeHreM:

#(B)=1-4,B—...—¢ B'; (2)
B - oniepatop capura Hasaa (g, =g, ),
A - PasHOCTHBIN OIEpaTop CO CABUIOM
Hasaa (A=¢-¢ ), W, - 3HaYeHus mwyma

HabmoAeHUs 3a MHAWKaTOPaMH (l'IO-
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V - 3HaueHue

TPeIHOCTb M3MepeHus); V)

myma BO30VKIAeHHA mpouecca 6,

A(B) - omnepaTop CKO/Ib3AIIero cpeaHe-

ro, onpeﬂenﬂeMan B COOTBETCTBHMH C
BbIpazkKeHeM:

AMB)=1-4B~..- 2B

Ouenb yacTo a8 TMOAYYEHHUs olle-
HOK KO3(p(pULIMEHTOB aBTOpPerpeccuu
M CKO/Bb3fIlero CpeaHero, a TaKxke
TeKYUIMX 3HaueHW! AMCIIepCHUU IyMa
BO30yKAEHUS B Moaenu (p,q) HCIO/b-
3YIOT pasaenbHble CYOOITHUMA/IbHBIC
nmpollenypbl ux onpenenenus [2, 3.
BHauane olieHUBalOT KO3 PULIMEHTHI
AP Ha ocHoBe peanusauLuvy mnpoueay-
pbl HaMMEHBIIMX KBaApaTOB WIH pe-
menHus ypaBHeHus lOna-Yonkepa, 3a-
TeM Ha MX OCHOBe (POPMHPYIOT MO-
flelb BPEMeHHOro psfga U MoaydyaloT
Pa3HOCTHBINM PAA MeXAYy MPUHATHIM U
cMozenvpoBaHHbiM. [ locneaoBarerns-
HOCTb OCTaTOYHBIX OMMOBOK (pasHOCT-
HBIM PfA) WCTIONb3YeTCs B Aa/lbHEeM-
meM A1 olpeneseHUs KoadduliieH-
toB CC.

Onnako, HeoOXOAMMOCTb peasvsa-
LINM BBICOKOM CTereHy aBTOMaTU3allUu
polecca 3KCIepTHOM AeATe/lbHOCTH
Ha OCHOBE 3KCIIePTHBIX CUCTEeM Tpeby-
eT TMOCTPOEHHsl a/rOPUTMOB Ollpesne-
fleHusi TlapaMeTpPOB aBTOPErpeccHy B



BUZe YAOOHOM [I71 peasny3allMv Ha
9BM. C sr1oit Lenbio, BOCMONb3YEeMCs
PEeKYPPEeHTHBIM  a/fTOPUTMOM  Hau-
Menbmnx KBaapaToB (PHK), koropwin
MO3BO/IAeT TPOU3BOANTL aHa/IM3 OIIU-
OOK (pU/ABTPALIMK 10 BBIOOPKE Habaio-
faeMbiX 3HaueHui obbemoM N u mnpu
MOCTYI/IGHUH HOBBIX TEKYIIUX AaHHBIX
O(N +1) mepexoauTb OT BeKTOpa KO-

3 PULIMEHTOB MWHENHOIro IMpeacKasa-
HUA @, K BeKTOpY @ .., He peas

ypaBHenue lOna- Yonkepa [3]. [as
nonyyenus anroputMa PHK Beipaxke-
HUe A71s OMHOKU AWMHEMHOTrO TpeacKa-
3aHUA Brlepea MpPH  KCIO/Ib30BAHUU
BbIGOPKU pa3mepoM N aas k-ro Bpe-
MEHHOTO Illara U rAyOuHbl perpeccyu p
3anuileM B c/eayiolleM BUae:

e, (k)=0] (k)p. (k) (3)

rae g, =(0(ky; 6(k-1) .. 6(k-p)) -
BEKTOD 3HAUEHWI BPEMEHHOro psiaa
PasMepHOCTHIO p+1;

bn)=(1  du®k-D .. Gulk-p) -

BEKTOP 3HauyeHW! Ko3(p(PHLIMeHTOB aB-
TOperpeccur pa3MepHoOCThIO p+1.

Tak Kak CyMMHpOBaHHE B BbIpaxe-
HUM 718 OWMOKM OCYIIeCTBASeTCH C
Y4eTOM OTpHLIaTe/IbHOIO 3HaKa IpU
Koa(ppHLiMeHTax aBTOperpeccuu, To B
pesyabTaTe ronyyaeM pPasHOCTb MeXay
3HayeHWeM psiZa B MOMEHT BpeMeHH k
M B3BellleHHbIMU 3Ha4YeHHsMH perpec-
CHY Ha TMpoll/ble 3HaYeHUs psAga ray-
OUHO¥ .

Beegem moHATHE CYMMBI 3KCIIOHEH-
LIMa/IbHO B3BelleHHBIX KBaJpaToOB OIIIN-

OOK TpencKasaHus Ha BCeM ANWHE Bbi-
N

BOPKH 1y =S (d, ()

k=1
Torma ocHoBy 6asoBoro PHK-
anropyuTMa COCTAB/SIOT C/AeaAyiollie Bbl-
pazkeHHs 718 BEKTOPOB KoadullreH-
TOB TIpeacKa3aHusA, KO3(p(PULIMEeHTOB

YCW/IEHUA U AWCTIepCHU OMMOKKU (OU/BT-
paLmu:

Byvis =
By = P, 0, s(N)GLL(N)G,  +
+0,,A(N+1)=§,, -

—&/ (N +1)P,, 4, ,.(N)=
={=F =& (N+1)C, 4 ;

&y an =Py, (N)/

/(W + éT —l(N)PN—lﬁN,lémp—l (N))1

mp

(4-6)

PN = Wﬁl(‘i - Ep—l,N mTP*J-(N))PN*LgN—l’

rae Epf,zv (N+D) =0, pflr (M@, y+0,,,(N+D -
BEKTOP OCTaTOYHBbIX OHIMOOK (PUIbTPa-
LMK, T.K. B OT/IMYME OT OWIMOKU Ipesa-

CKa3aHHA 34eCb HCIIO/Ib3YyeTCA BEeKTOPD

¢p,N ) a He p,N+1 ; Ep—l,N :PNHmp—l(N) -
BEKTOP KO3((ULIMEHTOB KOMIIeHCallun
OCTaTOUHOM  OWMOKU  PUABTpaALIM-
SKCTpaIoALMM; P _pl

P » Pyaa=Rpina
MaTpMLia AWUCTIepCUil OMBOK PUIbTPa-

N-1 . =
HHH; Rp—l,N—l = Z WN?linemp—l(n)erzp—l(n) i
n=1

MaTpuLia pasMepHOCcThio (p—1x p—1)

B3BelleHHbIX ¢ BecoM O< W <1 BrO-
pbIX MOMEHTOB IIpollecca Ha lia-
rax p-—1, YCpeaHsieMbix IO BBIOOPKe

o6beMoM N —1.

[lpakTika TMOKa3blBaeT, 4TO A
dopMHpPOBaHKsl OLIGHOYHBIX W MPOTrHO3-
HBbIX 3HaueHWi B OOIIeM c/1ydae HecTa-
LIMOHAPHBIX IPOLIECCOB M3MEHEeHUsl 3Ha-
yenuti OIIK Mozenedt mpoektupyemoi
TKC B TenekommyHrKarvioHHou IC 1ie-
necoobpasHO peanusoBaTh (B KayecTBe
6a30BOM C BO3MOMKHOCTHIO MOACTPOMK)
mozens APTICC (1, 2, 4). /lanHas Mo-
fens obnagaeT CBOWCTBaMH — Oe3bU30bI-
TOUHOCTY W a[EeKBAaTHOCTH A OOrb-
IIMHCTBA TPOLIECCOB, KOTOPhle HeobXo-
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[MMO OLIGHMBATh B XO/€ 3KCIIePTU3bI
paznuuHeIX aTarioB npoekta TKC.

PekkypeHTHBIe  COOTHOIIGHUS — A/s
ompesiefieHys 3HAUeHW OMNEepPaTOpPOB
CKOMB3ALIETO  CpeAHero A7ls  MoJenu
APTICC (1, 2, 4) moryT GbITb MpeacTas-
7IeHbl C/IeYIONINM 0OPa3oM:

Ay = _(cll /0'5 - j'1(171)/12(171) - /7'2(#1)/13(:71) - (7
_13(171)14(#1))1

Aoy = (b1 67 = Ay i = Ao v hap ) (O)
Qg = =31 67 = Aty iyPagesy = PapnyPaeny) )

Jy =—(ch 162 =2) (10)
roe ¢ ,~ TlapaMeTphl aBTOKOBapHalWH,
oripenernideMble B COOTBETCTBHMIKM C BbI-
paKeHUAMH:

=0 QL=PCos c,=¢e;>

=g, Cp = ¢1C'3 y Cs=@PCyo (11)
C(/) = ¢0200 + ¢1ch + ¢y s (12)
C{ = fe, + fie, + duhi(c, + ) » (13)

&= e +gle, + dplcs+ ) (14)

czls = ¢0203+¢12€3+¢0¢1(C4 +¢,), (15)

Czlt = fic,+ glea+ dup(cs +cs) s (16)

2
a o©,” -ocTaToyHas [AWCIepcHs WyMa
BO3OYKAEHUd, oOIpesenseMas B COOT-
BETCTBUMU C BbIpaKeHUeM;

ol=cl I+ 2+ 2+ 2+ A (17)
Heobxoanmo otMeTuth, uto pOpMH-
pOBaHHe OLICHOUHOTO 3Ha4eHHs g, .

BO3MOZKHO TO/IBKO TIPH BbITTIO/IHEHHHN YC-
/TOBHA:

(18)

orpenenseMoro TpebyeMor TOYHOCTBIO
MporHo3vpoBaHus. B ciyyae He Bbinosn-
HSIOTCHA 3TOrO YC/IOBHS IO 3aBepIlIeHUIO

2 2
Oy 20y on
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Haya/IbHOTO 3Tara OlLleHWMBaHHs, MPOM3-
BOAUTCA KOPPEKTHPOBKa MOpsAKa Orle-
paTtopoB aBTOperpeccud. Ecnu tpebo-
BaHUSA K OCTATOYHOM AMCIIePCHH IO Ka-
KUM-TO TIPUYMHaM He 3azaHbl, C A0CTa-
TOUHOM A5l TIPAKTHKH TOYHOCTBIO MPO-
11eCC KOPPEKTHPOBKU TMOpsaKa orepa-
TOPOB aBTOpPErpeccur MOXKeT ObITb
MPHOCTAHOB/IEH UCXOAA M3 aHa/u3a Co-
OTHOIICHUS:

(19)

Kpome Toro, mpu orpesneneHud 1o-
psaKa MoJend BaxkHOe 3HauyeHHe HMeeT
oObeM M pPacro/IoKeHHe YuacTKa Ha-
OMogaeMoil mpu 3TOM  BLIGOPKU. Tak
YappuxoM U KneltoHOM 3KcriepemeH-
TaibHO, a [laHrom u MakkaennaHom
AaHa/TUTUYECKUMH CPeCTBaMU TOKa3aHo,
yTO BHIGOP MOpsAAKa Mozenu Hanboree
adpdpekTriBeH Ha Y4acTKe BBIOOPKU CO-
cTaBngomeM ot N/2 no N/3 [3].

OrtaenvHO creayeT OCTAHOBWTBCH Ha
yyeTe WYMOB Hab/moAeHUA A CyyaeB
OLIeHKU Hab/monaeMbiX BPEMeHHBIX [10-
CrleloBaTe/IbHOCTeN TMOCTYIAIOIMX, Ha-
rnpyuMep, U3 cucrem-adanoros TKC. B
3TOM C/1y4ae, YUMThIBasi, UYTO MOIIHOCTh
myMa HabmogeHWs BAUseT TOMBKO Ha
Y/ieH aBTOKOPPE/IALIMOHHOM T10C/1e10Ba-
TeNbHOCTH, COOTBETCTBYIOLINI HY/IeBOMY
CABUTY W AOMO/HUTE/IBHYIO — TTOTpell-
HOCTb OLIGHOYHOTO 3HayeHUs MOKHO
NpeaoTBPaTUTh, Yaasssd W3 OLIeHKH aB-
TOKOPPE/SALIMOHHON  IOC/IeI0BaTe/IbHO-
CTU Y/IeH COOTBETCTBVIOIIMI HY/IEBOMY
CIBUTY, OTpaHWUMBas TPU 3TOM Mpesae-
bl UI3ME@HEHUs] OCTATOYHOM AWCIIePCHM.
CooTBeTcTBYIONIME  KOMIT@HCALIMOHHBIE
CXeMbl TIpe/cTaB/ieHs B [3].

Heob6xomMo oTMervTh, UTO BHayasie
WUTEePaTUBHOM TMPOLIeAYPhl  BBIUUC/ICHUS
OLIGHOYHBIX 3HAYeHH OrepaTopoB aBTO-
perpeccur OHKM MOIYT IIO/IAaraloTC PaB-

HBIMM HY/TIO, a = —1. I'lo 3aBepueHuio
0

(o2 (k=1 o2 (k) [(o? (k—-2)/ o7 (k-1)) <13,

rpoliecca oOrpeneneHysi TopsaKa pas-
HOCTH Ollpesernsercs repBoHaya/IbHOe



AAHHED HABNKONEHHA
6, () HauankHsx sHASHWA
napaMaTRos Moneny APTICT
(Posyao )
. .
. | |
ELrHEMESHAS OLUBHOMHEIX Foppaimy it
POBKE SHEMEH nopagea
ausHAA anepaTOpoR PEIHOCTHOM DNEPETOPE 0O
asTopepaccHd <y (K) CaEWCH Hasag
aHapnmg]

HeT

¥ENOBMA CTALMGHADHOCTH
BLnanHmATEA?

a2

BarapcieHne oueHe-HLx
IHAYBHUA Cneparopos
CRONBIAED CREAHEND

4 (%)

KOppesTHpOBEA aHAUSHHA NOPRAKS

ONBPATONGE CHONBIALLAM
YGNosna o SpaTMMOCTA HeT cpeaHers
BLINCAHMOTCAT . A =47 +1
BLruMcranie OUeHOUHBIX
IHEYBHHA
& (%)
Koppexuua sHa4eHui
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P =P +1

BrcnEHMe NPOrHOGHEL
aHAUSHMA

B(k+1)

K a
o TeKWMM HalnooemaRM

BB, peayLTaToR
MPOTHOSWPOBEHWA

Puc. 1. Aaropurm 3KCTpano/asiuHH OLEeHOY-
HbIX 3HaYeHHH COCTOAHHH HeCTalHOHapHBIX
npoueccoB HamMeHenusn 3nadeHnn SITK
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Puc. 2. Ipumep nporHosa H3MeHeHHA 3Ha4YeHHH HHAHKaTopa:

HabmogaeMble 3Ha4YeHHuH,
TIPOTrHO3HbIe 3Ha4YeHHA

IIPOrHO3HOE 3Ha4YeHHe WHAMKATopa 3Ha-
yenuit 1K, momennpyemort TKC B co-
OTBETCTBHH C BbIpazkeHeM:
Hm(l) = ¢l[0m (z+1—1)] +V. _ﬂa[VHH] _---_/14[V[+173] :
(20)
[NoarpasrieHre MPOrHO3HOrO  3HAUEHMSs
(coctosnus moaem TKC, 3Hauenus 1K)
Ha t+1-oM mare ocyiecTBisiercs B
COOTBETCTBHH C BhIparKeHVeM:

gm (1+1) (1 +l) = em (1) (l) + ¢1V1+l ’

rae (- MMHeWHBIH oreparop, Npeodpa-

(21)

syommit V, B 6, onpenensiembiii B
COOTBETCTBHH C BbIPAXKEHHAMH:
p=h-4 (22)

Q=+ P-4,
O =4+t 4dPi-p-a — 4
[loBepuTenbHbBIA UHTEPBa/ 3HAYCHHH

IMMPOrHo3a oripesendeTcd B COOTBETCT-
BHH C BbIpazkKeHHeM:

2@ =2 f1r S o, (23)

rae u,,,- KBaHTWIb YpoBHA 1—¢&/2,

§, - Teryulee 3Ha4yeHue O, .

v
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Ycnosus CTAallIMOHAPHOCTH, C AO0CTa-
TOYHOW A4 IMPaKTHUKKU TOYHOCTbIO, OIl-

penensioTcs  pasMelleHreM  3HAaYeHWi
OMepaTtopoB  aBTOperpecur  BHYTPU
eIMHUYHOTO Kpyra:

-1<g<1. (24)

B cnyyae He BBIMOMHEHUS YCIOBUHM
CTALIMOHAPHOCTH  MpoLiecca  IPOH3BO-
[IMTCS KOPPEKLMs TopsiKa orepaTtopa
Pa3HOCTH CO CIBUTOM Hasasl.

BaxHbIM 3TaroM peanusalMy afiro-
pyT™Ma POPMUPOBAHMSA OLICHOUYHBIX 3Ha-
yenuit orepatopoB CC sBasercs srarl
[MPOBEPKH BHITIO/IHEHUST YC/IOBUI 0Opa-
TUMOCTH - CBOMCTBa OGecCredyrBaionero
«pazymHyio» [1, 2] cBA3h Mexay HacTos-
LMW M MPelleCTBYIONNMY 3HAaUeHUST-
MM BPEMEHHOTO psifa.

Ycnoeust obpaTUMOCTH, B paccMmaT-
pYBaeMoM c/iyuae, COCTOSIT B TOM, UTO
KOPHH XapaKTEePUCTHUUYECKOTO YpaBHe-
HUSA
AB=1-AB~-..—B'=0, (25)

[O/TKHBI /1eKaTb BHe eIMHUYHOIO Kpyra.
Torna ycnoBue, noanexariee KOHTPO/TO
B Xome ¢OpPMHPOBaHUA ITPOTHO3HBIX
3HAYeHWM /11 PacCMOTPEHHOM Ga30BoOM
Mo/1e/u MOKHO 3arucarb



At A+ Ayt Ay <1, (26)
Da=dg= A=A <1, (27)
-1<4,<1» (28)

[pY He BLITOMHEHUU YC/TOBUS ITPOU3-
BOAWTCH M3MEHeHHe TopsAaKa oriepa-
TOPOB CKoO/b3smero cpeaHero. CTpyk-
TYpHas cxeMa OOOOIIEHHOTO aaropHvT-
Ma 3KCTPario/silMy 3HaYeHH! WHAWKa-
TOPOB Hab/0AaeMbIX B XO[e MOdelu-
pOBaHUsl TPOLIECCOB  (PYHKIIMOHHUPO-
Bauus CHC u npumep peanusalmuv
npotiecca POPMHPOBAHUS TIPOTHO3-
HbIX 3HauveHui wuHauKatopoB JIIK
npeacTaBieHsl Ha puc. 1 U puc. 2 co-
otBetcTBeHHO. CrienyeT OTMeTUTh, UTO

MpeACTaBAeHHbIM a/IfOPHUTM T103BOASAET
[MPOU3BOANUTL HACTPOUKY MO B XO-
[le Haya/IbHOrO 3Tara SKCTParlo/ALNU
(unbTpaumn) U MOACTPOMKY B XO4€
AanbHeriero HabMoaeHus 3a rpoliec-
coM usMeHeHus sHaduenuit OI1K. B ot-
MUUUK OT KPUTEpHeB THIla «OKOHYa-
TenbHasi OIIMOKa IpeACKasaHus» WU
VMH(POPMALIMOHHBIX KPUTEPHUEB BhIOOpa
ropsAAKa MoJeny Ipea/laraeMbiX B Me-
Tonax DBepra, Axauke, [Tapsena [3]
[Ipe/10KeHHbIN KpUTepUn Gonee
[POCT B peanusalMu U I103BOASAET
Y4ecTb AMHAMMKY CKOPOCTH CHUKEHUS
AWCIIePCHN TIPY YBE/IWMYEHUU TOopsAaKa
MoZJenr C AOCTAaTOYHOM /s MPAKTHKU
TOUHOCTBIO [4].
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