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Anomauin. Axmyanouicmo memu. YV cyuacHiti npomucinogocmi icHye Kiac ob'ekmie KepyeauHs, dui OUHAMIYHI
61ACMUBOCHII, 30KpeMAa 30aMHICMb 00 CAMOBUPIGHIOBANHS, He € KOHCIMAHmMHUMU. Taki 3MiHu Modicyms Oymu 3yMOGIEHI
0CcoOUBOCMAMU TMEXHONIOSTYHO20 Npoyecy (HANPUKIAo0, AsUe «3aMet08anHay y Opobapkax abo 3mina npogino
peszepsyapa) abo Oespadayiero obnaduanua. Bmpama enacmueocmi camosupisHiosanusa 3a He3MIHHUX RAPAMEmpie
peayasamopa npu3eooums 00 NOipuieHHs AKOCMI pe2ymoeanus abo empamu cmitikocmi cucmemu. Tomy pospobka
Memooie ioenmugikayii cmpykmypHux 3min 06'ekma 6e3n0cepeoHvo y 3aMKHYIMOMY KOHMYPI cucmemMu agmomamuiHo20
peaymiogannsi (CAP) € akmyanvrum 3a80anusim 07 n06y00su cucmem adanmayii ma mexuiyHoi 0iaeHOCMUKU.

Mema Oocrioscenns. Busnauennsa iHghopmamugHux 03HAK y 4ACMOMHOMY CHEKMPI CUSHATY NOXUOKU pe2yto8anHs,
AKiI c8i0Uams npo 3MIiHY CIMpPYKmypu 00'ekma Kepy8aHHus (nepexio 6i0 cmamuuHoi 0o iHmezpyrouoi Moodeni), ma po3pooKa
MeMOOUKY OMPUMAHHsL IXHbOT YUCenbHOI OYiHKY 6e3 NOPYUeH s HOPMATbHO20 pedicumy (ynryionyeanns CAP.

Memoou Oocnidxcenns. [[na docaznenHs Memu 8UKOPUCIIAHO Memoou iMimayitino2o MOOel08anHs 8 cepedosuyi
Simulink. Jocnioocennss npogoounucs na mecmosii mooeni CAP, wo micmuna I1l/[{-pezynismop ma o06'ekm i3
3ani3HEHHAM, CIPYKMYPa K020 MO2IA NEPEMUKAMUCS MIIC iHepYiliHOIO TAHKOI0 Ma inmezpyo4oio. Ananiz 4acmommux
xXapaxmepucmux 30IUCHIO8ABCSE 3a OONOMO20I0 THCMPYMEHMIE CneKmpaibHoi winbHocmi nomyocnocmi (Sptool) ma
npoexmyeanns yugposux girempie (DSP System Toolbox) naxemy MatLab.

Pesynomamu. Bcmanoeneno, wjo npu 3mini cmpykmypu o0 ’'ckma KepyeawHs 6 ymosax Oii eunaoxkosux
HEKOHMPONbOBAHUX 30YPeHb CYMMEBO 3MIHIOEMbCS YACMOMHUL CKAAO0 CUSHATY NOXUOKU pe2yniosanis. 3o0kpema,
8UABNEHO NOABY 000amKo80i cknadosoi 6 dianasowni yacmom 0,075...0,15 I'y. 3anpononosano ancopumm obpodKu
CUSHATY, AKUI GKIIOHAE CMY208Y (Dinompayilo NOXUOKU pe2ymo8ants 3 HACMYNHUM eKCHOHEHYIIHUM yCepeOHeHHAM
MO0y 8uxioHozo cuenany. Excnepumenmanstio niomeepoxceHo, wjo OmpuMaHuii YuceabHuli NOKA3HUK 01 00 'ekmis 6e3
camosupignioeants y 2,5—6 pasis nepesuiyye aHaI02iYHUL NOKAZHUK OJiA 00'€KMIB i3 CAMOBUDIBHIOBAHHAM (3AIEHCHO 80
CniBiOHOUIeHHA 3aNi3HeHHs 00 CMAol 4acy), ujo 00360J€ O0CMOBIPHO I0eHMUDIKY8amu CIMan cucmemu.

Bucnosxu. /losedeno moocausicme ioenmugpikayii mpamu 81acmusocmi camo8upieHIO8AHH 00'€kma 6 3aMKHymill
CAP winaxom MOHIMOPUHEY eHepaii cueHamy Nnoxubku y cneyugivnomy uacmomuomy dianasoni. Ompumana yucenvHa
OYIHKA MOdice 6y BUKOPUCMAHA AK OIA2HOCMUYHA 03HAKA OISl CUCTNEM A8MOMAMUYHO20 KOHMPOIO CMAHY 00NAOHANHS
abo AK 6xiOHUll napamemp 08 CUCeM A0ANMUEHO20 KepyB8aHHs.

Abstract. Subject relevance. In modern industry, there is a class of control objects whose dynamic properties,
particularly the self-alignment capability, are not constant. Such changes can be caused by the specific features of the
technological process (e.g., the "clogging" phenomenon in crushers or changes in the reservoir profile) or equipment
degradation. The loss of the self-alignment property with unchanged controller parameters leads to a deterioration in
control quality or loss of system stability. Therefore, the development of methods for identifying structural changes of the
object directly in the closed loop of the automatic control system (ACS) is an urgent task for building adaptation and
technical diagnostic systems.
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The purpose of the study is to identify informative features in the frequency spectrum of the control error signal that
indicate a change in the structure of the control object (transition from a static to an integrating model) and to develop
a methodology for obtaining their numerical estimation without disrupting the normal operation of the ACS.

Methods of the study. To achieve this goal, simulation modeling methods in the Simulink environment were used. The
studies were conducted on a test ACS model containing a PID controller and an object with delay, the structure of which
could switch between an inertial link and an integrating one. Frequency characteristics were analyzed using power
spectral density tools (Sptool) and digital filter design tools (DSP System Toolbox) of the MatLab package.

Results. It was found that when the structure of the control object changes under the influence of random uncontrolled
disturbances, the frequency composition of the control error signal changes significantly. In particular, the appearance
of an additional component in the frequency range of 0.075...0.15 Hz was detected. A signal processing algorithm is
proposed, which includes band-pass filtering of the control error followed by exponential averaging of the output signal
magnitude. It has been experimentally confirmed that the obtained numerical index for objects without self-alignment is
2.5-6 times higher than the same index for objects with self-alignment (depending on the ratio of delay to time constant),
which allows for reliable identification of the system state.

Conclusions. The possibility of identifying the loss of the self-alignment property of an object in a closed-loop ACS
by monitoring the error signal energy in a specific frequency range has been proven. The obtained numerical estimate
can be used as a diagnostic feature for automatic equipment condition monitoring systems or as an input parameter for
adaptive control systems.

Karouosi cioBa: inentudikanis, CAP, 00’exT kepyBaHHsI, 3MiHa BJIaCTUBOCTI /IO CAMOBUPIBHIOBaHHS

Keywords: identification, ACS, control object, change in property to self-alignment

Beryn

BijbLIiCTh TEXHOJOTTYHUX TPOLECIB, SIKI MPOTIKAIOTh B MamMHaX abo arperaTtax, 3a CBOIMH BJIACTUBOCTSIMH, SIK
00’extiB kepyBanHs (OK), moinsitoTh Ha JBi IPYyIH BIAMOBIAHO IO peakilii peryiboBaHOi 3MiHHOI Ha 3MiHY KEpYHOUOi
nii. Po3pi3HsitoTh 00’€KTH, peryiboBaHa 3MiHHA B SIKMX MICIS 3MiHM Kepyrouoi fii Mae BIACTHBICTh MEPEXOAUTH 13
MOYaTKOBOT'O CTA0IILHOTO Y Yaci 3HA4Y€HHs JI0 1HIIOro CTablIbHOTro 3HaYeHHs. ToOTo Taki 00’€KTH MaroTh BIACTUBICThH
JI0 CAMOBHUPIBHIOBAHHSI.

Ha mporuBary 10 HHX, iCHYIOTh 00’€KTH KepyBaHHs, SIKi MAlOTh JIMIIE OJIHE 3HAYCHHs Kepyrodoi Iii, IpH SIKOMY
3HAYEHHsI PEry/IbOBaHOI 3MIHHOI JIMIIAIOTHCS NOCTIHHUMHE y 4Yaci. [Ipu BCixX 1HIIMX 3HAYEHHSIX KEePYIO4oi Jii 3HAaUEHHs
PperyibpoBaHoi 3MiHHOI 3pOCTaIOTh 200 cranaroTh. Taki 00’€KTH HE MaOTh BIIACTHBOCTI IO CAMOBUPIBHIOBaHHSI.

BiamnoBinHO BiApi3HSEThCS 1 MaTeMaTHYHHN ONKMC OO €KTIB KepyBaHHS B 3ajlayax aHall3y 1 CHHTE3y CHUCTEM
aBTomaruuHoro peryntoBaHHs (CAP): 00’exkTH 13 CaMOBUPIBHIOBAaHHSIM [IOBOJI 4YacTO OINUCYIOTh CTaTUYHUMU
IHepUIHUMU JIAaHKaMH TIepiioro abo Ipyroro MmopsakiB, a 00’ekTH 0e3 CaMOBUPIBHIOBAHHS ONUCYIOTh IHTETPYIOYHUMU
JIAHKaMHU TIepIIoro abo Apyroro MopsiiKiB.

AHaJni3 JiTepaTypHHUX AKepeJl i MOCTAHOBKA MPodJeMu

[pukinaau MaTeMaTHYHOrO OMUCY 00’ €KTIB KEPYBAaHHSI 13 BIACTHBICTIO IO CAMOBHPIBHIOBAaHHSI 1 0€3 Hel HaBOAATHCS
B pi3HHX JiTeparypHux mkepenax [1, 2, 3]. [Ipy 1poMy MpakTUYHO 3aBXKAU CaMa BJIACTUBICTH PO3IIISAIAETHCS SIK
He3MiHHA, NPUTaMaHHa TaKoMy Kiacy 00’ekTiB. Hampukiiaja, TemyioBHid Mpoliec HarpiBaHHS ab0 OXOJOMXKEHHS — e
3aBXK/IM 00’ €KT 13 CAMOBHPIBHIOBaHHIM, a00 Tpoliec cTablnizaliil piBHS B EMHOCTI, 3 SIKOKO PiJIMHA BiIKAYYETHCS HACOCOM
— 11e 3aBX/H 00 €KT Oe3 CaMOBHPIBHIOBAHHSI.

HacnipaBai iCHYIOTh TEXHOJOTIYHI TPOIECH, B SKUX BJIACTHBICTh JI0 CAMOBUPIBHIOBAHHS 3aJICKUTh BiJl 3HAUCHHS
Kepytouoi mii abo Bij iHmMX yMOB (yHKIiOHyBaHHsA. Hampuknaa, npobGapku 3epHa, yepe3 CUTa SKMX BHXOIUTH
mopiOHeHN T IPOAYKT, MOXKHA PO3TIIAAATH, SIK 00’ €KT i3 CAaMOBHPIBHIOBaHHIM, OCKUTBKHI JIEKITTHKOM 3HAYEHHSIM BHTpPAT
3epHa Ha BXOJi BiATIOBINAIOTH JIEKiTbKa 3HAYEHb CTPYMY HaBaHTaXXeHH 11 eekTponpuBoa. OgHAK s HEBHUX KYJABTYP
3pOCTaHHS Moayi MOXe IPUBECTH 10 TAaK 3BaHOTO SIBHILA «3aMETIOBAHH», KOJIU IPOLYKT IepecTae BUXOIUTH Kpi3b
CHTO, 10 BUKIIMKAE 301IBINCHHS CTPYMY HABaHTAXKEHHS, TOOTO BIACTHBICTH O CAMOBHPIBHIOBAHHS BTpavaeThcs [4].
Jpyruii npukiag — pesepByap Mae ITIHAPUYHY (HOpMY, sIKa IIEPEXOIUTh Y KOHYC, 3HH3Y SIKOT'O CAMOIUTMBOM BHTIKa€
piovwHA. SIKIIO piBEHB PiAMHU 3HAXOAUTHCS B IFJIIHAPI, TO IPH 3MiHI BUTPAT PiAWHH HAa BXOA1 B pe3epByap BCTAHOBUTHCS
HOBHIH piBEHB, TOOTO 00’ €KT KEpyBaHHSI Ma€ BIACTUBICTH JO CAMOBHPIBHIOBAaHHA. AJie KOJIU PiBEHb PiINHH 3HAXOAUTHCS
B KOHYCIi, TO 00’ €KT BTpada€ If0 BIACTHBICTS [5].

Hemniniliny AuHAMIiKy MalOTh TaKOXK JEsIKi TEXHOJIOTIUHI arperaTy, HAIPUKIIA], BiIIEHTPOBI HACOCH, SIKi BiIKAYyIOTh
BOJY i3 €eMHOCTI. JIeKiThbKOM 3HAUEHHSIM YacTOTH OOepTaHHS KoJieca Hacoca BiIOBIAAOTh MIEBHI BUTPATH 1 TUCK, TOOTO
Takuil 00’€KT Ma€ BIACTUBICTH 10 CAMOBHPIBHIOBAHHS. AJI€ i3 3HIDKCHHSM PIBHS PIAMHU B €MHOCTI 3pOCTa€ BHCOTA
BCMOKTYBaHHS, III0 MOYKE TIPUBECTH 10 BUHUKHEHHS KaBiTaii. [Ipy 1[bOMY CIIiBBiAHOMICHHS MK IIBUAKICTIO 00CPTaHHS
KoJleca Hacoca, BUTPATaMy 1 THCKOM Ha BHXOI MOXKE€ iCTOTHO 3MiHHTHCS [6].

Hamenmeni mpukinamm poOisiTh aKTyaldbHOIO 3aqady imeHTH(IKallii 3MiH BIACTUBOCTEH 00’€KTa KepyBaHHSI B
3aMkHyTOMY KOmi CAP.

Merta i 3aBAaHHS OCTiIKEHH:

3a JOTIOMOTOI0 IMITAI[IfHOr0 MOJETIOBAHHS 3HANTH 1H(OPMATHBHI O3HAKH, SIKi O CBIUMIIN NP0 3MiHY BJIACTUBOCTEH
00’€eKTa KepyBaHHsI, HE OPYIIYIOUH IpH 1IboMYy GyHKIioHyBaHHSI CAP.
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MeTonu i MmaTepianau A0cCIiIKeHb

JocmimKkeHHs TPOBOJUIIOCS METOJIOM aKTHBHOI'O Ta MACHBHOTO €KCIIEPUMEHTY IpH MogentoBaHHI TecTtoBoi CAP B
cepenouii Simulink [7]. Monens 00’exty kepyBanHs B cxemi CAP (puc. 1) € moenHaHHSIM JIaHKM 3aIli3HEHHS,
IHTErpyIouoi JJAHKH, OXOIJICHOI 3BOPOTHIM 3B’SI3KOM, SIKMH MOXE EPEMUKATHCS, Ta CTATUYHOI 1HEPLIIHOI JTaHKH.

Disturbance
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Puc. 1 Cxema moneioBanHas tectoBoi CAP
Fig. 1 Test ACS simulation scheme

[epeMuKaHHS 3BOPOTHOTO 3B’SI3KY 3aJISKHUTH Bij piBHs Kepyrouoi aii U(t), o dpopmyetsest ITIJ[-perymsatopom, siKuit
OyB HaJAIITOBAHUI 32 iHKeHepHUMH MeToaukamu [2]. Komu 3Hauenus U(t) MeHIe moporoBoro, 00’ €KT KepyBaHHS Ma€e
BJIACTHBICTb JI0 CAMOBUPIBHIOBAHHSI, a KOIIM OlIbIIe, TO 00’ €KT HaOyBa€ IHTErPYIOYNX BIACTHBOCTEN.

dparMeHTH pe3yIbpTatiB MoaentoBanHs TectoBoi CAP mpu /il 30BHIIHBOT0 HEKOHTPOILOBAHOTO 30ypennst F(t) Ha
00’exr 3 mapamerpamu K0o=0,5 unit/%; tau=1 c; T0=2 ¢ o4ikyBaHO MOKa3yIOTh Pi3HY AUHAMIKY, OCKIJIbKU HAIAIITYBAHHSI
[I/I-perynsiTopa He 3MiHIOBAJIKCH IIPH TIEPEMUKAHHI CTPYKTYpH 00’ €KTY KepyBaHHs (pHcC. 2).
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Puc. 2 Pe3yabraTn mogenoBanHs TecToBoi CAP npu nepeMuKaHHi CTPYKTYPH 00’ €KTY KepyBaHHS
Fig. 2 Simulation results of the test ACS when switching the structure of the control object

Ha mpaxtuii 3MiHH B CTPYKTYpi 00’€KTa KepyBaHHS MOXYTh BimOyBaTHCs He Bim 3minu kepyrouoi mii U(t), a
MIOCTYTIOBO B pe3yibTaTi Aerpafarnii obmamHanHs. Tomy Oymu mpoBenmeHi excrepuMeHTH npHu aii Ha TectoBy CAP
CKJIaJI0BOI HEKOHTPOJIHOBAHOT'O 30YpeHHS BHIAJKOBOTO XapaKTepy [UIA BapiaHTiB, KOIW O0’€KT KEepyBaHHS MaB
BJIACTHBICTH JI0 CAMOBHPIBHIOBAHHs Ta KOJIK Hi. ®parMeHTH iX pe3ynbTaTiB 1y1st 00°ekTa 3 mapamerpamu ko=0,5 unit/%;
tau=1 c; To=2 c HaBezeHi Ha pucC. 3.

CkrmamoBa HEKOHTposiboBaHoro 30ypends F(T) BumamkoBoro xapaktepy Oyma CQOPMOBAHO T€HEPATOPOM
TICeB001I0T0 IIyMYy, CUTHAJ B BUXOAY sIKOTo OyB BindinbTpoBanuid GpinbTpoM HU3BKOI YacToTH barTepBopTa 3 4acToToro
3pizy 0,1 pan/c (muB. puc. 1). HomatkoBi ekcriepumentd Ta Hactymuuid aHamizs AUX CAP mo kamamy F(t) — Y(t)

miarBepmy, o aiana3on dactot F(T) obpanuii kopektHO, 60 B HhoMy TectoBa CAP 31aTHA YaCTKOBO MOAABIISITH
30ypeHHS.
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Puc. 3. Pesynbratn ekcnepumeHTiB 3 TecToBoi0 CAP npu aii 30ypeHb BUNIAAKOBOr0 Xapakrepy:
@) 00’€eKT KepyBaHHS Ma€ BJIACTHBICTh JI0 CAMOBUPIBHIOBAHHS;
b) 06’exT KepyBaHHS HE Ma€ BIACTHBOCTI 0 CAMOBHPIBHIOBAHHS
Fig. 3. Experiment results with a test ACS under the influence of random disturbances:
a) the control object has the property of self-alignment;
b) the control object does not have the property of self-alignment

Pe3yabTaTn 10caiiKeHb

Pe3ynbTaTi eKCepUMeHTIB 3a rpadikamMu 2, 3 mokasaiy, 10 NpH 3MiHi CTPYKTYpHU 00’ €KTY KepyBaHHS 3MiHIOETHCS
YacTOTHHH CKJaj] perynboBanoi 3mMiHHOi Y (1) B CAP. Tomy 6yio MpUIHHATO pillleHHs 3a JOMOMOroro mporpaMu Sptool
nakety MatLab orpumatu rpadiku criekTpanbHOI MITBHICTI MOTYKHOCTI MOXuOKK perymoBanus E(t) i mpoanamizyBatu
ix. dparMeHTH pe3yabTartiB a1 00’ ekta 3 mapamerpamu ko=0,5 unit/%; tau=1 c; To=2 ¢ HaBeneHi Ha puc. 4.
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Puc. 4 T'padiku cieKTpadbHUX IIILHOCTElH MOTY:KHOCTI mMoxubku peryawBanusa E(t) CAP:
a) 00’€KT KepyBaHHS Ma€ BIACTHBICTh JI0 CAMOBHPIBHIOBAHHS,
b) 06’ekT KepyBaHHS He Ma€ BIACTHBOCTI JI0 CAMOBHPIBHIOBAHHS
Fig. 4 Graphs of power spectral densities of the ACS control error E(t):
a) the control object has the property of self-alignment;
b) the control object does not have the property of self-alignment

Amnani3 rpadikiB, MpeACTaBICHUI Ha pUC. 4, TOKa3ye, M0 MPH MEPEXO0li CTPYKTYPHU 00’ €KTY KepYBaHH BiJl HASIBHOCTI
BJIACTHBOCTI CAMOBHMPIBHIOBAHHS 1 il IO BTpATH B CKIIaIi CHTHAITY TTOXHOKH peryioBanns E(t) CAP 3’siBisteTbest ckitamoBa
B miama3oni 0,075...0,15 T'm.

s y3aranbHEHHS OTPUMAaHUX pEe3yIbTaTiB, Oylu MpoBeneH] moaaTkoBi ekcnepuMenTH 3 CAP, B SKuX mapameTpu
00’€KTy KepyBaHHs 3MiHIOBAIKCH B diama3oni 0,25<tau/T.<1. Otpumani mani Oyiau aHamoriasi puc. 4.

{06 oTprMaTH YHCENBHY OIIHKY, ska 6 naiga 3Mory mopisHsTH curHan E(t) no i micist sMiHu cTpyKTypH 06 €KTY
KepyBaHHsI, OyII0 IpUIHATE pillIeHHs] BUKOPUCTATH IS (PibTpallii bOro CHTHATy CMYroBHH (DITBTP, 3TEHEPOBAHUNA B
nporpami DSP System Toolbox makery MatLab (puc. 5).

MonynpOBaHUM CHTHAJ 3 BUXOY CMYTOBOTO (BibTpa OYB eKCTIOHEHIIHHO yCepeaHeHUH Ha (QUTbTPi HU3HKOI YaCTOTH
(muB. puc. 1.), Mo K03BONMIO CHOPMYBATH UYHCENBHY OLIHKY CKiIamoBoi E(t). B tabm. 1 mpencraBimeni pe3yabrati
eKCTIepUMEHTIB 3 TecToBOI0 CAP 11 pi3HMX 3HAYEHB MapaMeTpiB 00 €KTY KepyBaHHS 1 HOro pi3HUX CTPYKTYP.
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Ta6u. 1 3HaueHHs YN CceJbHOI OMIHKH MOXMOKH PeryJloBaHHS

[Tapamerpu 00’ exTy UYucenbHa oninka aist ctpykrypu OK 3 UYucenbHa oninka aist ctpykrypu OK 6e3
KepyBaHHS CaMOBHPIBHIOBaHHSIM CaMOBHPIBHIOBaHHS
tau/T,=0,25 0,022 0,059
tau/T,=0,5 0,025 0,068
tau/To=1,0 0,031 0,1918

OOroBopeHHs1 pe3yJIbTaTiB

Hageneni B Ta0in. 1 pe3yabpTaTu BKa3ylOTh Ha Te, IO 3MiHY CTPYKTYPH 00’ €KTY K€pYBaHHSI MOXKHA 11€HTH(IKyBaTH B
3aMKHYTOMY KOHTYpi CAP, OCKIJIbKM 3HaYeHHS YMCENBHOI OIIIHKY MOXUOKH PEryJII0BaHHS JUIsl PI3HUX CTPYKTYp 00’ €KTY
JIOBOJII CYTTEBO Bifpi3HsitoThcs. Ha 6a3i takol ineHTudikaiii MoXxHa moOyayBaTH CUCTEMH aBTOMATHUYHOI J1arHOCTUKA
Ta cucteMu aaanTtauii napamerpis peryisitopa CAP 10 3MiHu CTpYKTYpH 00’ €KTY.

BucnoBknu

Y pe3ynbrari NpPOBEACHOrO JIOCTIDKEHHS PO3B’S3aHO Ba)KJIMBY HAyKOBO-TIPAKTUYHY 3aJauy iaeHTudikaiii
CTPYKTYpHHUX 3MiH 00'€KTa KepyBaHHs O€3MOCepelHbO Il Yac HOpMajbHOro (QyHKIioOHyBaHHS 3amkHyroi CAP.
JloBeneHo, 1o BTpata 00'€KTOM BJIACTHBOCTI CAaMOBHPIBHIOBaHHS, 110 (DAaKTHYHO O3HAYA€ MEpexiJ Bij iHEpLiWHOI 10
IHTEeTpy040i MOJEN, MPU3BOAUTE IO CYTTEBOI 3MiHHM €HEPreTHYHOI'O CIEKTpa CHTrHaly MOXWUOKW perymroBaHHs. Lle
SIBUILE 3yMOBJIEHE THM, I1I0 32 HE3MIHHUX HalAIITyBaHb PEryJIsATOPa YaCTOTHI XapaKTEPUCTUKH CHCTEMH 3MIiLIyIOThCH,
110 Oe3mocepeiHbo BimooOpakaeThest Ha peakiiii CAP Ha 30BHIIIHI HEKOHTPOIILOBaHI 30ypEeHHsT BUIIAJIKOBOTO XapaKTepy.

[InsgxoM [eTanbHOrO CIEKTPaJIbHOrO aHamizy B cepenoBuilni MatlLab Oyno BCTaHOBIEHO, IO KIHOYOBOIO
iIeHTU(IKaIIHHOIO 03HAKOIO BTPATH CAMOBUPIBHIOBAHHSI € MOSIBA IOAATKOBOI BUCOKOCHEPT€THYHOT CKIJIAZ0BOT B OXUOLI
perymoBanus B nianazoni vactor 0,075...0,15 T'm. IlosiBa 1poro xapakTepHOro mika Ha rpadikax CHEeKTpalbHOI
LIUTBHOCTI TIOTY)KHOCTI € JIOCTOBIPHUM MapKepoM CTPYKTYPHOI mepeOyoBU 00’€KTa, 110 J03BOoJsie (iKCyBaTH 3MiHU
HaBITh 32 YMOBH Jii 3aBa/I.

Junst mpakTi4yHOl peaizaiiii MOHITOPHHTY 3alpOlOHOBAHO €(DEeKTHBHUI aJITOPUTM OTPHUMAHHS YUCENILHOI OIIIHKU
CTaHy CHCTeMH, KU 0a3zyeThCsl Ha CMYTOBiM (inbTpamii CHTHaTYy MOXHOKH Ta WOr0 MOJAIBIIOMY €KCIIOHCHIIHHOMY
ycepenHeHHi. ExciepaMeHTansHO MiATBEPHKEHO, 0 st 00'€KTiB 06€3 caMOBUPIBHIOBaHHS OTPUMAaHa YHCENbHA OIiHKA
3pocTae y 2,5—6 pa3iB MOPIBHAHO 31 CTAaHOM 13 CaMOBHPiBHIOBaHHSIM. HaifBHIIa 4yTIHMBICTH 3aIPOITIOHOBAHOTO METOAY
CIIOCTEPITaeThCs MPHU 3HAYHHUX 3alli3HEHHSIX, 30KpeMa TpH CITiBBiITHOIIEHH] ITapaMeTpiB 00'€KTa Ha PiBHI OXWHMIN, €
MTOKA3HUK 30UTBIIYETHCSI MalKe BIIECTEPO.

Po3pobennit miaxin Mae 3HaYHY NPaKTHYHY I[iHHICTB, OCKIJIBKH TO3BOJISIE BIIPOBAIKYBATH CHCTEMH TEXHIYHOL
JIarHOCTHKY Ta aJallTHBHOTO KEPYBAaHH [T CKIIATHIX arperaTiB, TaKUX SK IpoOapKu, pe3epByapH 3MIHHOTO TPOQiito
abo HacOCHI CTaHIli, e 3MiHa IWHAMIKE MOXXE CBIIYHWTH TIPO aBapiifHI PeXUMH Y 3HOC OOJagHaHHS. [ 0JIOBHOIO
TIEPEBArol0 METOAY € WOro MaCHBHUMA XapaKTep — BiACYTHICTh HEOOXiTHOCTI BHOCHUTH TECTOBi 30YpEHHS B CHCTEMY
rapaHTye CTaOUIbHICT Ta OE3MeKy TEXHOJIOTIYHOT O MPOoIleCy Mix Yac imeHTudikarii. .
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