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Puc. 1. TIpHHIAN NEPeMHOKCHNS CHIHAIB B ONTPORi

Bapro BiI3HAYMTH, WO TEPEMHOKYBAHHA CHIHATIE Mar-
(MHHM OITPOHOM Mae€ OfHy BaXJIMBY 0cobGamMBiCTH Ha
BUIMIHY BUL TPAIMILIHHIX CTI0CODIB MHOKEHHA: BUXTAHMIT CHrnan
CTIO BiICYTHIl, SKIO HEMaE X04a 6 OHOTO 3 BXIAHMX CHT-
Omxe, Taki npuctpol Maioth (notenuiino) npeunsiiini

BiioMiMit pATiOTEX HIMHIMH MCTOGMH HE MOKHA CTBO-
NPUCTPI 3 iAANBHOI0 QYHKIIEIO MepeMHOKYBarHS. 3a
0CTi O/IHOTO i3 CHIHANIB JPYTHil NPOXOIMTHME CHILHO
nabneHuM.
Crioci6 pumipropanus pisaaui ¢as i konerpyuis
tasomerpa

BHKOPHCTOBYIOUH BHIIC PO3MISHYTY 31ATHICTH ONTPOHA
MHOKYBATH CHIHANH, B poGoTi [12] 3anpononosannii meTox
OBaHHS N0YATKOBOT (hasu.

Ha pue. 2 paBeieHo NPHHUMIOBO HOBHIE CHIOCIG BMIPIO-
Ui NOYATKOBOT (asy.
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Puc. 2. ®otonoaspumerpammii pasomerp: 1, 1~ onrponn
CHIHAY U, | ONOPHOTO CHIMANY Hyoy; 2 — UHGpPOBHIT
ikponporecop BAMIpIOBANNS inTepBany T
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BumipioBanmii CHIHAT 1, ONOPHHI CUIHAT 1y, 1 CHIHAN
NOBHEHHSA (CHIHAN 3UHTYBAHHSA) U BU3HAYAIOTECH BUPAIAMU

1, = gy Sin@t ~ 9o =y ); (6a)
Hon =HUoaon SI0(@f ~ ) ; (66)
g =tuoq Sin €Y . (68)

Curnan 3anoBHEHHS Mac HY/JIbOBE 3HAMCHHS NOYATKOBOT
OCKLIBKH BiH NpHB'S3aHuii 20 €TANOHHOrO, NOTOYHOrO
, AKuil 32 JAHKM CHTHANOM BiUNKOBYEThCA. Yactota Q
BiHHa GyTH CTAGLIBHOK, eTATOHHOIO.

Bu3HAYAEMO MOMEHTH 4acy, KOJIH BHMIDIOBaHIHi | OnOpHHMiT

(7a)

Ol ~Pp =", (76)
nen"=0,1,2,..
Beakaemo, 1o 3cys 10 (asi @y He nepesHuIye 277 , T06TO
i =n".
3 dopmya (7a i 76) onepimo:

Ot ~ton) =0 » @®)

ABIALLIAHW/A TPAHCNOPT

A€ i f,, — MOMEHTH 4Hacy, KONM AMILTITYJH BHMi-
PIOBAHOTO i OMOPHONO CHIHANIB JOPIBHIOIOTE HYITIO.

Tlepion curnany sanosmenus Ty ninGupacMo kpaTHUM
Tiepiofy BEMIpIoBarOTo curuany 7,

T,=NIq, ©)
ne N — uine umcio.
3 (9) Burmsac, mo
Q
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AGcomoTia | BiIHOCHA TIOXHOKH BH3HAuenHs uncia N

nOB'3ANI 3 HECTAGLIBHICTIO YACTOTH TEHEPATOPIB OMOPHOTO

(BIINOBIAHO | 9ACTOTH BHMIDIOBAHOrO CHIHANY) i CHrHATY
3ANOBHEHHA

(10a)

An=20, 0ta (106)
@ "

AN Lo (108)
Q @

Bimiocka ounicts N, 10610 KpatsicTs wactor @ i Q,
BHIHAMACTHCA HECTAGUILHICTIO YACTOTH reHEepaTopiB ONOPHOTO
CHIHATTY Ta CHIHATY 3aTIOBHEHHA:

Lo —toy =n"Tgy + Al + Aty . (1n

se n™ — uine wncno (n < N);Af, i At — noxubku

on

BsasCHNA MoMenTin sacy 1, Ta 1,,.

Cymapry noxnbKy Busnauenis Momentis sacy I, i1,

nosnanMO sk Aty = At +At,,, . Jlani Gyze nokasano, mo ueii
HAC TAKOK MOXKHA BUIHAYHTH | BUIIOBLAHO 3MEHINTH NOXHOKY
Aty = Ty - Binswaunmo, mo Aty - < 2T, , ne munmramcs
Ha Te, W0 BUMIPIOBAHHSA 3IHCHIOEMO B BOX TOHKAX.
Takim 4HHOM, 0YATKOBA (asa | noxubKa i BusHANCHIs
JOPIBHIOIOTH:
Aty _

»
=onTn + @Ay =anTn +E=21—n+2r——=
P [ o a+& a Ty

=2x%+2n%k=%{n+k). 12)

Bimnawnmo, mo 7 - KiikKicts  nepioais curmany U, B

inTepsani wacy [, —1,, , a k — I0AaTKOBa 9aCTHHA HaCy Bill-
HOCHO NIEPIOJTY 3aNOBHEHAA.

Jluckpernicts BuMipioBarns (asu opisHioe

pid
Yo SOn=Ona="gre

Omxke, Ui 36UIBIICHES TOUHOCTI C1ix 36inburysath N.

Toxnbka Bumipiopanis (asi Ha KPOK JIHCKPETHOCTI
JIOpiBHIOE

(13)
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3 (12) onepaHUMO CHIBBITHOMEHHS
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Taku WHHOM, SHM MEHIE 7, THM FOCTpilie CTOITh
nuranms spaxysamin £ (1o6To k) npw 3memuenni noxuGku

BHMIDIOBAHIIS.
Pospaxyemo moxuGky, mOBWIaHy 3 HECTAGUILHICTIO
renepaTopis:
1) 32 ymoBn Ao AQ 54§ N=210"
o Q
Ay = 0036°;
Ao i N=210"

2)3a onu—+ =107%
) 38 ym il

Agy =0,00036" =13".

3 HaBeJICHNX PE3yJIBTATIB BHHO, 1O TOUHICTE i Yy TIHBICTL
METOJIy BHCOKI.

Baok-cxema npuaany

Ha puc. 3 nasesiena GroK-cxema BUMIpHIKa (hasu, Meton i
PMHIAT RIUMIpIOBaHS AKOTO BitoGpakKenHii B poGori [12].

DotononspumeTpuuEMi  GA3OMETP MICTHTL FeHepaTop
CHIHATY 3anoBHenHs /, Marsitoonrusni ontpoun 2 i 6, BHMip-
HHK BHMIDIOBAHOIO CHIHANY 3, NIMHIBHHK KPATHHX Nepiofis
cHTHaiy 4, CyMaTop 5, BHMIPHIK ONOPHOFO CHIHATY 7, reHepa-
Top omoproro curnany 8, (asoobeprau 9. Baoku 3, 4, 5, 7 ¢
CKAQIOBHMH 4acTHHaMH Mikponipotecopa /0. Buxix cymatopa 5
€ BUXOJIOM IPHCTPOIO.

Dazomerp npatioe TakiM GHHoM. CHrian u,, 3 BHMIPIOBAHOIO
HOHATKOBOIO (a30I0 TIOIACTECA HA MarFiTOOMTHIHHMi orrTpon 1 2, Ha
SKHIl TAKOX NOAAETHCA CHIHAN 3aTIOBHCHHA uq Bil TeHEpaTopa
curnaty 3anosrcHns /. CHIHA 3AN0BHCHHA Ug TAKOK MOJAETHCA HA
MArHITOOITHYHEHIT OITPOH 2 6 PasoM 3 ONOPHHM CHIHANOM %, B

TEeHEpaTopa ONIOPHOTO CHIHATY & Hepes KepoBaiii
Tlouatkosa (asa onoporo curnaiy (asoodepratem
Tak, mo6 Ha BHXOM ontpona Gys curman, AKHi
emopi, HaBeieniil na pue. 4, WO BINOBIIAE HYIIHO
OMOPHOIO CHITATY i CHIHATY JATIOBHCHHS.

U (£)

Puc. 4. Carnan na BUXOJ ONTPORA.

Leii MOMEHT (iKCYETHEH BUMIDHIKOM ONIOpE
JUns usOro CHTHAN NOAAETHCS JUIA KEPYBAHHA
onopHoro curEany Ha asoodeprau 9. [lianason
(hajoBoro 3cyBy He NEpEBHIIYE JHCKPETHOCTI K

> 27| 360°

Bimipiopasrs  hasn N[ = ] YV uei
onopHoro curaty 7 BAKpHBac THILHAK B
KOCTi JWHCKpeTHIX KPOKiB azit 4. BiMipHik
curnay 3 ananisye nepes Marmiroomrmum

BaHWii CHTHAN 2, PEECTPYIOUH MOMEHT 3a
KpOKiB, i mOZaE CHIHAN AN 3AKPHTTA
TepiojiB CHrHany 4 Bi/l CHIHAITY JAOBHCHHA.

noparkosoi  dasu & mO  3anMITHAACH i
paxynky. Cymatop 5 paxye KizbKicTs Auckpes
i, CKnamaioun iXx i3 3HAYCHHAM JOAATKOBOT
amavenns Bumipiosanoi pasn @y . [ A0

6r10K-cXeMi  (OTOTIOIMETPHYHOTO  (hasom
prctomysati naker System Identification Tool
COBYETHCA JUIS CHCTEM KepyBaHps it o6pob
THMYacoBii i wacrothii obnactax [17].
Aaroputy poors oTonosm
Bimloai,cma 20 BHKIAAEHOT BHIIE

Puc. 3. Biok-cxema (oronoaspumerpainoro Gasomerpa
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B 6Gnoui / sinbysae-
ThCH  OBHyINCHHA Mo9aT-
KkoBoi  (hasm  omopuoro
CHTHAY @, uepes (pazo-
obeprat 9 BMicty Jitin-
HEKa 4, 10AaTKOBOT (asn
(nouatkooi s chrHaTy

JANOBHEHHA),  3HAYCHHNA
BUMIIOBAHOT s BUMIP-
ko 3 Ag.

Brok 2 imoctpye re-
Hepalliio  ONIOPHOFO  CH-
THATY i CHTHATY 3anoB-
wenis rencpatopas [ i 8
(puc. 3).

¥ Gnoui 3 nposom-
THCA  3ABAHTAKCHHA  CH-
rHATY 3 BHMIpIOBAHOIO
asoto u,, . Buoxu 4 i 5
POBOLAITH MHOKCHRSA
curHaiiB onrporamu 2 i 6
(puc. 3).

Biok 6 npoBoanTs
BHMIPIOBAHHS JUETTITY
as: onopsoro curmany i
cHrHaty 3aN0BHEHHA
A@,, BHMIPHHKOM OrOp-
HOFO cHrHANY 7; BHMipio-
BAHOTO CHTHANY | CHIHATY
3an0BNeHHA A@ BHMIpHH-
KOM  BHMIPIOBAHOTO  CH-
rany 3.

Bnok 7 nposoanTh
MOPIBHAHHA TIOTOUHOI Pis-
uuli - A@,, 3 KpOKOM

n=n+l

LIRSS
=0ty

Puc. 5. Anropurm poboru
OToNoAMETPHIHOTO asomeTpa

2
i pision pas =
o pivn pas

¥ By, KO- Ay >27” , 70 8 Goni & binGysaeTscs
fibicHis 3naveHHA (a3 ONOPHOrO CHIHATY HA BEMWHHHY
(nonaTkoBuii oBopoT dasi dasooGepratem 9), a b 6o 9
finsienss syicry nisbeKa 4 Ha .

2z :
Ko Agy, <=5, 70 8 Groui 10 wiswasacrscs sonatkona

s & , AKa JIOPIBHIOE MOTOMHIH pisHHIL (a3 ONOpHOTO CHrRay
HATTY 3ANOBHCHH.
Baok 1] imoctpye poboTy cymatopa 5, sKHii NPOBOJHTH
MOBYBAHHSA 3HAYCHb JOAATKOBOI (asu & i umipioBanoi
A@ Ta oGuHCIoE BMipIOBalY TIOMATKOBY (asy CHHATY.
Jati (KT BHMIDIOBARHA TIOBTOPIOETHCA.
Movenuiiina To4umicTs MeTORy

OcHosry 1oXHOKY NpH BHMIpIOBAHHI BHOCHTH CKIAZOBA

Aty
YA

, AKa BXOHTH 710 (12). Jins Toro, mob smermuTH i,

HEOOXIZHO 3HATH MOMEHT Hacy NPOXO/UKEHHA CHTHAY U, epes

HYJIb SKOMOTa TOUHilIE, OTkKe 30UIBLITYBATH YaCcTOTY 3aNOBHCHHA
Q abo iHIMMH CIOBAMH, — 3MCHIIYBATH KPOK KBAHTYBaHHA

@
azi 360— .
Q

Slkmo wactora BumipioBasoro curmany | xl'm, TO
Heobxiano, mob vactora sanosnenns Gyna 36 MI'n ans noxudkn
B 0,01°. MarnitoonTuusi MOTyIATOPH Ha deprTax edeKTHBHO
NPAIoOTH Ha YacToTax a0 2 Ml

TlizGepemo 4acTOTy CHTHANY 3aNOBHEHHA TAKOI, MOG B
(12) 3unkna cknanosa &.

Toni supas (12) npuitve BUraaa:

=2 Ly 2 BN 0 @
o Q7 R

ne a=nti wine o,

Yacrora Q' nigibpana Tax, mo6 y BHMipioBamHii
IPOMIKOK YaCY YKIIATACH 1iNa KiNbKiCTS nepiois.

Mokna BuGpatn ¥ iHII 4ACTOTH, JUIA SKHX BHKOHYETBCH
ymora (17):

a7

e a=iti.
Orxe

(18)

Slxio Q"> Q', 70 i — e NOHTHBHE THCI0.

Yum Gigkina KiaeKicTs 101aTKOBHX nepiomis, TuM Giibma
pisHmis Mix uactoramu Q° i Q.

3a supasom (18) Mo&Ha BU3HAYMTH 7, 3HAKOUH HacTOTH '
i Q. Moxutka y BHIHAYCHN] 7 NOBHAKA GYTH MeHIIIA OHHHLL.

Busnaunmo noxu6ky An, npoandepenitosasm (18)

xm'(A: + A‘ﬂl ]
Mn=i—— e Lol (19)
@—q)
CraGiILHicTh YACTOTH TeHEPATOPA B MEKAX BHMIPIOBAHOTO
: " AQ'_AQ" _AQ
nianasoHy BBAKAEMO HEIMIHHOK —— =—.
Qe R

3 (19) 3maxoaumo ymoBy, komu An<l1, To6ro n Gyse
TLTHM 9HCTOM

AQ
<

e
Yo'

¥ supasi (20 % — wEavac craGimssicrs wacToTH

(20

reneparopa; Q" —€ — pianasos, B AKOMY 3MIHIOETHCS Y4ACTOTA
reHeparopa B nponeci BHMIDIOBAHHS. Peanso
Q=Q'~0">>Q"-Q', Tomy supas (20) sammmemo B
HACTYTIHOMY BHITGUILI:

AQ

ar-q
Ja o
3 (21) ummmae, mo 3imsmenns i, 0670 IGinBICHNA
KimbKoCTi nepionis Ty y BHMIpIOBATHHOMY iHTCpBATi HistkiX
ivmyhci He aac. I3 sGitbmennaM i HeoGXimHo 36inbmyBaTH

< @n
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ianazon BuMipioBannA yacToTH renepatopa B i pasis, a Tou-
HICTD TIDH 1HOMY He 30LTHLIYETHCS.
Bucroskn

BHKOPHCTaHHS 1HOTO CHOCOOY BMMIIOBAHHA Ja€ 3MOTY
CTBOPIOBATH NPHIA/M JyKe BHCOKOT TOYHOCTI /UIsi BHMIPIOBAHHS
pisHuILi a3 CHIHANIB B HPa- | HUIBKOUACTOTHOMY AANATOHAX,
a TaKoK BHKOPHCTOBYBATH JAHMil CIOCIE B pagioTexHigHmX
CHCTEMaX | KOMIUIEKCAX, HATIPHKIAL, B JANCKOMipax, nesien-
ratopax, pagionokaniimX i pazionapiraniiimnx cncremax. Tpo-
ToHOBaHKi CHOCIG TaKOK Gy/1e KOHKYPEHTOIATHHIT 3 BIIOMHMH
CI0COBAMI MHOKCHHS YACTOTH 32 MYTAMBICTIO | MO HIMPOKO
BHKODHCTOBYBATHCA B mH(pOBili i OGMMCTOBATLHIR TexmHii
5.6, 11,18, 19, 20].
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