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AHOTAIIIA

QOcanan 1. B. Bu3HaueHHsS TEXHIYHOTO CTaHy MaJMBHOTO peEryjsTopa
TypOOBanbHOTO  JABUTYHa 3a  pe3yibTaTaMH  3aBOJCHKUX  BHIPOOyBaHb.  —
KBamidikamiiiHa HaykoBa mpals Ha npaBax pykomucy. Jlucepraumis Ha 3100yTTS
HAayKOBOI'O CTYIeHs JokTopa ¢utocodii 3a cremianpHicTiO 142 EHepretuune
MammHOOyAyBaHHs — HailoHanbHuii aepokocMiuyHUM — yHiBepcuteT iM. M. €.
XKykoBcbkoro «XapKkiBChbKHMM aBlallliHUNA IHCTUTYT», XapkKiB, 2025.

JucepTallis TpUCBAYECHA aKTyajdbHIM TpoOJieMi MiABUILNECHHS HAIIMHOCTI Ta
Oe3MeKku eKcIuTyaTtalii aBlaliiHUX TypOOBaJbHUX JBUTYHIB BEPTOJIBOTIB IUIIXOM
PO3p0OKH €hEKTUBHUX METO/(IB BU3HAUCHHS TEXHIYHOTO CTaHy MAJIMBHUX PETYISATOPIB.
BinMoBH B manuBHIM cUCTeM1 MOXYTh CIPUUYMHSATH CEPHO3HI YCKIIAIHEHHS W aBapiiiHi
curyanii. s 3abe3meueHHs] Mpaie3laTHOCTI arperariB MaauBHOI CUCTEMH B MEXax
MDKPEMOHTHOTO pecypcy W TepMiHy CIyKOHW 13 3a/laHOI0 WMOBIPHICTIO O€3BIIMOBHOI
po0OTH BKpail BaXKJIIMBO BUKOHYBATH CBOEYACHUN PEMOHT. B CBOIO Wepry peMoHT 3a
TEXHIYHUM CTAHOM TMAJMBHUX PETYJISATOPIB € HAOUIbII €(hEKTUBHUM BUJIOM PEMOHTY 3
TEXHOJIOTIYHOT Ta €KOHOMIYHOI TOYKH 30py. JJisl yCHIIIHOTO 3aCTOCYBaHHS TEXHOJIOT]
PEMOHTY 3a TEXHIYHHUM CTaHOM HEOOXIIHO PO3pOOMTH M1arHOCTUYHI METOJH, 37aTHI
OIIHIOBATH TEXHIYHUN CTaH IMAJIMBHUX PETYISATOPIB.

Merta 1pOro AOCHIDKEHHS — II€ po3poOKa MEeToAy JIoKaji3allii HecrpaBHOCTEH
MAJUBHOTO PETYJISATOpPa Ha YCTAJICHHX pPEeXHUMax poOOTH B MPOCTOPI BUMIPIOBAHUX
napamMeTpiB MOro po0odYoro mporecy, XapakKTepHHUX IS 3aBOJICBKMX BUIIPOOYBaHb, a
TAaKOX METOAYy JIarHOCTUYHOTO aHali3y JUHAMIYHHX XapaKTePUCTUK MaTUBHOTO
peryisTopa B yMOBax IiMPHEMCTBA-BUPOOHHKA 3 METOI0 BU3HAYCHHS HOTO CXHUIIBHOCTI
710 HECTIHKOI poOOTH B CKJIaJi CHCTEMH aBTOMAaTHYHOTO KEPyBaHHS.

B poGoTi mpoBeneHnii KOMIUIEKCHUH aHaIi3 JITepaTypHUX JHKEpes, MPUCBIYCHUX
TIaTHOCTYBaHHIO TiApaBIIYHUX CHCTEM. BHSBIEHO, 10 HasSBHI METOOU HE
3a0e3MeuyloTh IMOBIPHICHUX OI[IHOK TEXHIYHOTO CTaHy Ta MaloTh OOMEXEHY
e(eKTHBHICTh 3a YMOB OOMEXKEHHX BUMiptoBaHuUX mapametpiB. Lle chopmymroBao
HAyKOBY MPOOJIeMy, BUSHAUMIIO 3aBJAHHS Ta CIIPSIMYBAJIO MONIYK HOBUX JIarHOCTUIHUX

MIIXO/IIB.
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Po3po0neno HeniHIHY JUHAMIYHY A1arHOCTUYHY MOJEIb NaJIUBHOTO PETYISATOpA,
AKa TOYHO BIATBOPIOE TIAPOMEXAHIYHI Ta MEXaHIYHI MPOLUECH Ha YCTAJICHHUX 1
NepeXiTHUX peXuMax poOoTH. Y MOJedal BpaxoBaHO 3MIHY KOHCTPYKTHBHUX
napamMeTpiB NpH HasABHOCTI JedexTiB. BukoHaHe MOJeNOBaHHA MIATBEPIUIIO
BIJIMOBIJHICTD PE3YJIbTATIB €KCIEPUMEHTAJIbHUM JaHUM, L0 TapaHTye aJeKBATHICTb
MO/IeJI1 JUIsl TOJAIbIIOr0 BUKOPUCTAHHS B 11arHOCTHII].

3 METOI0 3aCTOCYBaHHS MAaT€MAaTHYHOI MOjEJl NaJMBHOTO PETyJiaTopa B METOJI
napaMeTpUYHOTO JiarHOCTYBaHHS, OTPUMAHO JIIHIHHY AiarHOCTHYHY MOJIENb Y BHIJISIII
MaTpHllb KOe(ILi€EHTIB BIUIMBY KOHCTPYKTHBHHX IMapaMEeTPiB Ha mapameTpu podoyoro
npouecy. [ns BpaxyBaHHS HENIHIMHOCTI BIUIMBY HU3KM TapameTpiB (Hampukiai,
KOPCTKOCTI MPYXHUH, IJIONII MPOXIAHUX Tepepi3iB APOcesiB) 3aCTOCOBAHO MIAXiA 13
dbopmyBaHHAM HaOOpy MaTpullb KOE(III€HTIB Bapiallii, MO0 T03BOJUIO OOMEXHUTH
noxuOky nineapu3zaitii 10 0,005%.

Po3po06iieH0 HOBWIA MeTOJ TapaMeTPUYHOTO iarHOCTYBaHHS HECTPaBHOCTEH
NaJIMBHOTO PEryJisiTOpa Ha YCTAJIGHUX PEXHUMax, 3aCHOBaHMI Ha Teopemi baiieca.
Mertop omepye WMOBIpHICHUMHU OIlIHKaMH HAJIEKHOCT1 MOTOYHOTO CTaHy BHUPOOY 10
MEBHOTO Kjacy Je(]ekTiB, BpaxoBye OOMEXKEHICTb BHMIPIOBAaHUX MapaMeTpiB Ta
noxuOKu BHMIpIoBaHHA. Ha TecToBUX BHOIpKax cepeaHid TOKa3HUK TIOBHOTH
knacudikarmii gocsr 79,3%, 1110 € 100pUM pe3yJIbTaTOM.

3anponoHOBaHO OPUTIHAIBHUN MeTOJ Kiacudikaili JMHAMIYHUX XapaKTePUCTUK
NaJUBHOTO peryisaTopa, 1o 0a3yeThcs Ha aHalli3l YacTOTHHX XapaKTePUCTHK Ta
KJIactepu3allii OTpUMaHUX IUHAMIYHUX TapamertpiB. Lleli mMeTon q03BOJIsSE€ BUSBIATH
PEryIsATOpPH, KOTPI MOXYTh Mpu3BecTH A0 HecTiiikoi podotn CAK. BunpoOyBaHHs Ha
190 arperartax migTBEPAWIN BHCOKY €(PEKTHBHICTBH: TOUHICTh Kiacudikamii — 91,3%,
nmoBHoTa — 80,77%, F1-mipa — 85,71%.

ExcrieppuMeHTalbHO MEPEBIPEHO BIPOBAHKEHHS PO3POOJICHUX METOMAIB Y MPOIIEC
PEMOHTY 3a TEXHIYHUM CTaHOM, MPOBEIACHO BXIIHUNH KOHTPOJIb CEMHU MaTUBHUX
peryiasaTopiB mepex peMoHToM. OTpuMaHi pe3yJabTaTH 3acBiITYMIIA  MOJXKIIHBICTH

BUSIBJICHHS Je(EKTIB Ha paHHIX CTaJifgX, Ta ONTUMI3alil0 00CATY PEMOHTHUX POOIT.
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TounicTe knacugikamii ckiana Big 67% no 100% 3anexHO B CKIIaHOCTI 3aBIaHHS Ta
1o110HOCTI BIUTUBY MapaMeTpiB.

BusiBneno oOMexeHHsST METOIB, TMOB’Si3aHI 3 KOPEJAIIMHOI 3aJEKHICTIO MIXK
KOHCTPYKTUBHUMHU TMapamMeTpaMHM Ta CKIAIHICTIO 1AeHTU(IKamli Mojeni, a TaKOX
3alPOTIOHOBAHO  YAOCKOHAJIGHHS:  3aCTOCYBaHHS  ©KCIEPTHMX  CHCTEM  Ta
OaraTtonapaMeTpUYHUX AJITOPUTMIB 17IeHTU(IKAILIIT, 110 JO3BOJIUTH MIABUIIUTU TIUOUHY
JoKai3alii HecrpaBHOCTEH.

TakuM 4YwHOM, y 1ucepTarlii po3po0JEHO KOMIUIEKC METOIB, IO OXOIUTIOE
napamMeTpU4HE J1arHOCTYBaHHS TAJIMBHUX PETYIATOPIB HA YCTAJICHHX PEXKHUMaxX 13
BUKOPUCTaHHSIM WMOBIPHICHUX OIIHOK, KJacU(iKaIlil0 TUHAMIYHUX XapaKTePUCTHUK JJIs
BUSIBIICHHS arperaTiB, BAKOpHCTaHHS AkuX y ckiaanai CAK mMoxxe mpuBeCTH 10 BTpaTH il
CTIAKOCTI, Ta MAXOAU A0 BX1THOTO KOHTPOJIIO MiJ] YaC PEMOHTY 3a TEXHIYHHM CTaHOM.

Haykosa nosuzna pobomu:

1. Ynepie 3anporiOHOBAHO METOJ| BHUSBJCHHS MAJMBHUX PETYJATOPIB, IO
CIUIBHO 13 JBUTYHOM 3JIaTHI1 CIIPUYMHUTH HECTIMKY POOOTYy CHCTEMH aBTOMAaTHUYHOTO
KEepYBaHHsI, IKUH BIAPI3HAECTHCS BiJl BIJOMHUX 3aCTOCYBaHHSM METOJIB KJIacTepH3allii 10
JUHAMIYHUX XapaKTePUCTUK 3a3HAUYEHHUX peryisTopiB, 1 3abe3nedye BUSBICHHSA
HECIIPAaBHHUX PETYJIATOPIB O€3MocepeIHb0 B YMOBAX MiAIIPHEMCTBA-BUPOOHUKA.

2. Po3pobneHo  HOBMH  MeTOJ ~— TapaMeTPpUYHOTO  JTIarHOCTYBaHHS
TIPOMEXaHIYHOTO MAJIMBHOTO PETYJSATOpPa B IMPOCTOPI MapaMeTpiB poOOUOro MpoIiecy,
SKAW BIIPI3HSAETBCS BIiJ BIJOMHUX BHUKOPHUCTAHHSAM BJIOCKOHAJIICHOI MaTeMaTHYHOI
MOJIeNII 3a3HAYEHOTO peryisTopa Ta aHali3oM BHU3HAaYeHHX MetoioM baiieca
HMOBIPHOCTEH MOMJIMBHX TEXHIYHMX CTaHIB 00’€KTa, IO J03BOJISE PO3ITI3HABATH
HECIIPaBHOCTI PETYJATOpAa HAa YCTAICHHUX peXUMax pOOOTH 3a HAABHOCTI CKIAITy
BUMIPIOBAaHUX MMapaMeTPiB, XapaKTEPHOTO Il 3aBOJACHKUX BUMPOOYBAHb.

3. Ha0yau nmogajabmoro po3BUTKY METOIM MOJACIIOBAHHS T1POMEXaHIUYHUX
CHUCTEM: IUIIXOM BBEJCHHS XapaKTEPHUCTHK EJIEMEHTIB, IO 3MIHIOIOTHCS BHACIIIOK
3MIHM TEXHIYHOTO CTaHy, CTBOPEHO HENIHIHY AWHAMIYHY JIarHOCTUYHY MOJCIb

MaJUBHOIO PpEryJsiTopa TypOOBaJIBHOTO JBUTYHAa BEpTOJbOTAa, siKa 3a0e3neuye
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MOJIETIIOBAHHS BIUIMBY HECIIPABHOCTEN Ha IapaMeTpyu poO0OYOro mpouecy Ta Moxe 0yTu

BUKOpHUCTaHa i1 pOopMyBaHHSI METO/I1B NapaMETPUUHOTO 11arHOCTYBAHHS.

IIpaxmuyne 3naueHHs OMPUMAHUX pe3YTbmamis:

1. CtBopeHa AiarHOCTMYHA MaTeMaTH4YHa MOJIeNIb MaJMBHOTO peryJsiTopa
JI03BOJISIE MOJENIOBATH HOro MOBEAIHKY SK Ha CTaTUYHHUX, TaK 1 HAa JUHAMIYHUX
pexuMax poOOTH, IO Ja€ MOMIIMBICTH MPOBOJUTH KOMILUICKCHHHA aHAJi3 TEXHIYHOTO
CTaHy peryJsiTopa, MPOTHO3YBAaTH HOTO TOBEAIHKY B PI3HMX yMOBaX €KCIUTyaTarlii Ta
BUSIBJISITH TTOTEHIIIMHI HECTTPABHOCTI.

2. Po3poOnenuii  MeTon TmapaMeTpUYHOTO  JIIarHOCTYBaHHS — MMAJIMBHOTO
perynsatopa e(EeKTUBHO JIOKali3ye WOro HECHPaBHOCTI 3a OOMEXEHO1 KIUIBKOCTI
JOCTYITHUX JTIArHOCTUYHUX O3HAK. BUKOpPUCTaHHS WMOBIPHICHHUX OI[IHOK JIO3BOJISE B
yMOBaX HEBHU3HAUCHOCTI 3a/1adui Ta HASBHUX MOXHOOK BHMIiPIOBaHb CIPOCTUTH IPOIIEC
BCTAHOBJICHHS JiarHo3y. lleli MeToa mapaMeTpU4HOIrO JiarHOCTYBaHHS TECTOBAaHO B
peaJpHUX YMOBax IIiJl Yac BXiJIHOTO KOHTPOJIO CEMH €K3EeMIUIIPIB TiIpOMEXaHIYHOTO
NaJIMBHOTO  peryisTopa. Pe3ynbrath TecTyBaHHS MPOAEMOHCTPYBAIM  BHCOKI
MOKa3HUKH SIKOCT1 Kiacudikailii Ha pi3HUX pexuMax poOoTu. Po3pobieHna Ha OCHOBI
3a3HAYEHOI'0 METOAY TEXHOJIOTIS BXITHOTO KOHTPOJIO J03BOJIUJIA IHTETPYBATH METOAH
JIarHOCTYBaHHS B MPOIIEC PEMOHTY 32 TEXHIYHUM CTAHOM.

3. Po3pob6nenuit Meton kimacudikailii ITMHAMIYHUX XapaKTEPUCTHK IMAIIMBHOTO
peryisiTopa 03BOJISE BUSBIATH BUpOOM, BUKOpUCTaHHS skux y ckiami CAK moxe
MIPUBECTHU JI0 BTpaTH ii cTilikocTi. Lle#t meToa aHamizye AMHAMIYHI TapaMeTpH arperaTty
Ta KjJacudikye WOTo CTaH, IO Ja€ 3MOTY CBOE€YACHO BUSIBJISATH MOTEHIIIMHO HECTPaBHI
eK3eMIUIpU. MeToj] 3almaTeHTOBAaHWW Ta BUKOPHUCTOBYEThCA Ha minmpuemctBi AT
«DE]l» nmoHaj micTh poKiB, IEMOHCTPYIOUN BUCOKY TOUHICTD Kiacuikartii.

KitouoBi crmoBa: MamuBHUNA PETYIATOP, TypOOBANBHHUI ABUTYH, TiApOMEXaHiuHA
CUCTeMa, MapaMeTpPUYHE HIarHOCTYBaHHA, Ne(EKT, WMOBIPHICHI OIIHKW, HECTIHKICThH
CUCTEMHU AaBTOMATHYHOTO KEpyBaHHA, Kiacuikaiis, KiracTepusaiis, IUHAMIYHI

XapaKTEPUCTHUKMU.
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ABSTRACT

Ohanian I. V. Determination of the technical condition of the fuel regulator of a
turboshaft engine based on the results of factory tests. — Qualification of scientific work
in the form of a manuscript. Dissertation for the Doctor of Philosophy degree in
specialty 142 Power Engineering — M. E. Zhukovsky National Aerospace University
"Kharkiv Aviation Institute"”, Kharkiv, 2024.

The dissertation is devoted to the current problem of increasing the reliability and
safety of the operation of aviation turboshaft engines of helicopters by developing
effective methods for determining the technical condition of fuel regulators. Failures in
the fuel system can cause serious complications and emergencies. To ensure the
operability of fuel system units within the service life and service lifespan with a given
probability of failure-free operation, it is extremely important to perform timely repairs.
In turn, repair of fuel regulators according to their technical condition is the most
effective type of repair from a technological and economic point of view. For its
successful application, it is necessary to develop diagnostic methods capable of
assessing the technical condition of fuel regulators.

The purpose of this study is to develop a method for localizing defects in a fuel
regulator at steady-state conditions in the space of measured parameters of its working
process, typical for factory tests, and a method for analyzing dynamic characteristics of
the fuel regulator in the conditions of the manufacturing enterprise to identify its
tendency to unstable operation as part of the automatic control system.

The work includes a comprehensive analysis of sources in the literature devoted to
diagnosing hydraulic systems. It was found that existing methods do not provide
probabilistic assessments of the technical condition and are limited in effectiveness
under conditions of limited measured parameters. This formulated a scientific problem,
defined the task, and directed the search for new diagnostic approaches.

A nonlinear dynamic diagnostic model of a fuel regulator has been developed. It
accurately reproduces hydromechanical and mechanical processes at steady-state and
transient operating modes. The model takes into account the change in design

parameters in the presence of defects. The simulation confirmed the results'
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correspondence to the experimental data, which guarantees the model's adequacy for
further use in diagnostics.

In order to apply the mathematical model of the fuel regulator in the parametric
diagnostics method, a linear diagnostic model was obtained in the form of matrices of
coefficients of influence of design parameters on operating characteristics. An approach
was applied with the formation of a set of matrices of variation coefficients to take into
account the nonlinearity of the influence of a number of parameters (for example, spring
stiffness, area of passage sections of throttles), which allowed limiting the linearization
error to 0.005%.

A new parametric diagnostics method for fuel regulator malfunctions in steady-
state modes was developed based on Bayes' theorem. The method operates with
probabilistic estimates of the product's current state belonging to a certain class of
defects and takes into account the limitations of the measured parameters and
measurement errors. The average classification completeness index on test samples
reached 79.3%, which is a good result.

An original method for classifying the dynamic characteristics of a fuel regulator is
proposed based on the analysis of frequency characteristics and clustering of the
obtained dynamic parameters. This method allows the identification of regulators that
can lead to unstable operations. Tests on 190 units confirmed high efficiency:
classification accuracy—91.3%, completeness—80.77 %, F1-measure—85.71%.
Implementing the developed methods in the repair process according to the technical
condition was experimentally tested, and input control of seven fuel regulators was
conducted before repair. The results showed the possibility of detecting defects at early
stages and optimizing the scope of repair work. The classification accuracy was from
67% to 100%, depending on the complexity of the task and the similarity of the
influence of the parameters.

The methods' limitations associated with the correlation dependence between the
design parameters and the complexity of model identification were identified, and
improvements were proposed: the use of expert systems and multiparameter

identification algorithms, which will allow increasing the depth of defect localization.
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Thus, the dissertation developed a set of methods that includes parametric diagnostics of
fuel regulators in steady-state modes using probabilistic estimates, classification of
dynamic characteristics for identifying units, the use of which in the composition of the
ACS can lead to a loss of its stability, and approaches to input control during repairs for
technical condition.

The scientific novelty of the work:

1. For the first time, a method for detecting fuel regulators that, together with the
engine, can cause unstable operation of the automatic control system has been proposed,
which differs from the known ones by applying clustering methods to the dynamic
characteristics of the specified regulators, and ensures the detection of faulty regulators
directly in the conditions of the manufacturing enterprise.

2. A new method for parametric diagnostics of a hydromechanical fuel regulator in
the space of parameters of the working process has been developed, which differs from
the known ones by using an improved mathematical model of the specified regulator
and by analyzing the probabilities of possible technical states of the object determined
by the Bayesian method, which allows recognizing regulator malfunctions in stable
operating modes in the presence of a composition of measured parameters typical of
factory tests.

3. Methods for modeling hydromechanical systems have been further developed:
by introducing the characteristics of elements that change due to changes in technical
condition, a nonlinear dynamic diagnostic model of the fuel regulator of a helicopter
turboshaft engine has been created, which provides modeling of the impact of
malfunctions on the parameters of the working process and can be used to form
parametric diagnostic methods.

The practical significance of the results obtained:

1. The fuel regulator's diagnostic mathematical model allows it to model its
behavior in static and dynamic operating modes. This makes it possible to conduct a
comprehensive analysis of the regulator's technical state, predict its behavior in various

operating conditions, and detect potential malfunctions.
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2. The developed method of parametric diagnostics of the fuel regulator effectively
localizes its malfunctions with limited available diagnostic features. Using probabilistic
estimates allows for simplifying the process of establishing a diagnosis in conditions of
uncertainty of the problem and existing measurement errors. This method of parametric
diagnostics was tested in real conditions during the input control of seven instances of a
hydromechanical fuel regulator. The test results demonstrated high classification quality
indicators in different operating modes. The input control technology developed based
on the specified method allowed the integration of diagnostic methods into the repair
process according to technical conditions.

The developed method for classifying the dynamic characteristics of the fuel
regulator allows for identifying products whose use as part of the automatic control
system may lead to a loss of stability. This method analyzes the dynamic parameters of
the unit and classifies its condition, which allows for the timely detection of potentially
faulty specimens. The method is patented and has been used at JSC "FED" enterprise
for more than six years, demonstrating high classification accuracy.

Keywords: fuel regulator, turboshaft engine, hydromechanical system, parametric
diagnostics, defect, probabilistic estimates, instability of the automatic control system,

classification, clustering, dynamic characteristics.
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[NEPEJIIK YMOBHUX ITO3HAYEHDb, CUMBOJIIB, OAMHHULIb I CKOPOUEHD

VYMOBHI TO3HAYEHHS Ta CHUMBOJIH

a

yo — KYTOBE TIONIOKeHHs PY /1.

®poem — KYTOBE TIONIOKCHHSI Baxkenst nepeHanamrysants PO BT.
A — BIIXUIIEHHS KOHCTPYKTUBHOTO NapaMeTpa.

§; — moxuOKa JIiHeapu3aIlii.

AP — nepenaji THCKIB.

6 — KOHCTPYKTUBHUI MapameTp.
Onp — ¢azoBe 3ammi3HEHHs] MK BXIJTHUM 1 BUX1JJHUM CUTHAJIOM Ha eTari MPUHOMHUCTOCTI.

0.« — da3zoBe 3armmi3HEHHs] MK BXITHUM 1 BUXIJJHUM CUTHAJIOM Ha €Tari CKUJIaHHS.

U — KOoeIIIEHT BUTPATH.

{1, i, — cepeaHi 3HaYeHHS PO3MOALTIB JIJIsl CIIPOEKTOBAHUX JIAHUX.

p — rycTHHA po00YO0i piTUHH, Kr/M°.

04, G,— 3HAYCHHS PO3KHUIY PO3IMOALIIB JJIsl CIIPOEKTOBAHUX JIAHUX.

o6p — 0e3po3mipHe CKB.

w — 0a30BUI BEKTOp JiHIHHOT TpaHCchopMaIrii.

D; — niarxos.

F1x — muIormia mpoxigHoro mepepizy Apoceis eKBIBAJICHTa MEPIIOro KOHTYPY (hOPCYHOK.
F,« — mIora mpoxigHoro mnepepizy Apocens eKBiBaJleHTa IPYroro KOHTYpy GOPCyHOK.
Fex — moma mpoxigHoro mepepidy BXIAHOTO Apocelis OJOKY KiIamaHIB perysiTopa
aBTOMaTa MPUUOMHUCTOCTI.

Fg1 — mmomia mpoxigHoro nepepizy apocens E1 nepmroro koHTypy GOpCyHOK.

Fexs — TIJTOMIA TPOXIAHOTO TEpepi3y eKBiBajIeHTHOTO npocens EkB.

Fonr — mnoma npoxinnoro nepepizy O/JIT.

Fpo Br — MOCTIIHA TUTONIA IPOXITHOTO MEepepi3y KianaHa peryasTopa BUIbHOT TypOiHH.
F 7 — Tutonia mpoxigHOTO TIEpepizy KUKIepa CEPBOMOPIITHS.

G, - MAaCOBa BUTpATA IMaJMBa MPOIOPIIiiiHA TUTOITI €KBIBAJIEHTHOTO OTIOPY.

Gp — BUTpaTa najuBa Ha BUXO/i 3 MAJIMBHOTO PETYISITOPA.
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H;j — 3HaueHHs MaTpuIli KOEDIi€HTIB BILIUBY.

K163 — sKOpCTKICTD TIpykuHU Kopekii perynoBannas PO TK.

K164 — KOpCTKICTD TIpykHUHU Kopekitii perynoBanas PO TK.

K63 — skOpCTKICTD TIpykuHU peryntoBannas PO BT.

K264 — sxOpCTKICTD Tipy)kuHU peryntoBanns PO TK.

Krk — )KOPCTKICTh MPYKUHU PO3MOIUTHUOrO KJIanaHy (MiAIIpHOTo KIamaHy Ipyroro
KOHTYPY (POPCYHOK).

K, — Haxun xapakrepuctuku PO BT.

K — YKOPCTKICTB IpYXUHM Andepeniiiinoro knanany All

K3k — JKOPCTKICTh MPYKUHHU 3aIiPHOTO KIlallaHa JPYyroro KOHTYPY.

K — %KOpCTKICTh MPYKUHH.

Kirirn — YKOPCTKICTh MPYXKHHU KJIalaHa MOCTIHHOTO mepenany.

Kojr — )KOPCTKICTh MPYXUHH cepBomnopiiHs ynpasiiaas O/ .

Krirk) — YKOPCTKICTh MPY>KUHU MiAMIPHOTO KJIalaHa MepIioro KOHTYpYy.
Krirk, — )KOPCTKICTB MPYKUHU MiAITIPHOTO KJIANIaHa IPYTOro KOHTYPY.
L, — Hopma Bektopa OH,.

L,,, — Hopma BekTopa OH,,.

M — BiHOIIICHHS aMIUTITY]] BXITHOTO 1 BUX1IHOTO CUTHAITY.

n,,. — 4actota odepTaHHs TypOOKOMIIpecopa.

N, — 9aCTOTa 00EpPTaHHS BUILHOIT TypOiHH.

(1, — BUTpaTa najauBa yepe3 Nepiirii KOHTYp GOPCYHOK.

Q,, — BUTpaTa maJivBa 4epe3 Apyruil KOHTYp HOPCYHOK.

Qs — BUTpaTa NajrBa IPOIOPIIiifHA IO €KBIBAJIEGHTHOTO OTIOPY.
Qxuyrrr — BUTpaTa nanmsa yepe3s KMT TK.

(Q — BUTpaTa MajxBa 3a HACOCOM.

Qo — BuTpara nanuea 3a O/II.

Q7 — BUTpaATa MajauBa B IOPOKHUHY YIIPABIIHHS CEPBONOPIIHS.

P, — THCK manuBa Ha BUXO/]1 3 MAMIPHOTrO KJalaHa MepIoro KOHTypy.

P, — THCK nanuBa Ha BUXO/I1 13 3aMIPHOrO KJalaHa JIPyroro KOHTYypy.
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P — THCK naiuBa 3a A03YI0UOIO TOJIKOI aBTOMATa MPUHOMHUCTOCTI.
Pgx — THCK ManuBa, KepoBaHUM OJIOKOM KJIallaHiB aBTOMAaTa MPUHOMHCTOCTI.

P — THCK NaJIKBa B NOPOXXKHUHI nudepeniiiinoro kinanany bK.

Adx
P.ys — THCK MaJIMBA Mepe]] €KBIBAJICHTHUM JIPOCEIIEM.

Py upy — TUCK TIANIMBA B JIIHIT 31IHBY.

PyMTBT — THCK MajuBa 3a APOCEJEM PETyJSITOpa CHHXPOHI3aTOpa MOTYKHOCTI, NEpes
KJIalaHOM MiHIMaiabHOro THCKY BT.

PyMTTK — THCK NaJIMBa Mepes KjJanaHoMm MiHiManbHoro Tucky TK.

Pynt — THCK manuBa Ha Buxoi 3 KIIT.

Py — TiCK manuBa 3a HACOCOM.

Poyr — tack manusa 3a O/JII'.

P o6imps — THCK TOBITPs TMijiBeIcHOT0 10 AlL

P — THCK manuBa nepej IpocesieM PeryisiTopa CHHXPOHI3aTopa MOTYKHOCTI.

P

ynp KOMaHJIHHHU THCK YIIpABJI1THHAI.

Pio — THCK nanuBa y nopoxHuH1 «FO» ynpaBiiHHS CEPBOMOPITHEM.

P, — THCK manuBa, NPOMOPUIMHUI KBajpaTy 4acTOTH OOEpTaHHA MPHUBOAY POTOpa
TypOOKOMITpecopa, MiaBeAeHMI 10 0JI0Ky KiamaHiB AlL

Re., — kputuuHe 4ynucio PeitHombaCA.

S — nedexTHUH cTaH.

Sgrk — IIJIOIIA MOMIEPEYHOTO Mepepi3y 30J0THHUKA PO3MOAUIHYOTO KIIaraHy APYyroro
KOHTYPY (hOPCYHOK.

Sypxn — €exTuBHA IIIOMAa MeMOpaHu TudepeHiiiHoro kiuamnany All

Syeno — €pexTHBHA TUTOMA MEMOpPaHHU HyJIbOBOTO niepenany All.

Soyr — mioma cepponopuins ynpasiinasa O/II.

X — IepeMIIIeHHS MEXaHIYHUX €JICMEHTIB.

XRK — 3aTSDKKA MPYKUHU PO3MOAUIHFYOTO0 KiIanmaHy (MiAMIPHOTO KIIalany APyroro

KOHTYPY (OPCYHOK).

Xngom — 3ATDKKA NPYKUHK JUdepeniiinoro kanany AlL
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Xspo Br — MOMNEpENHs 3aTsDKKa MPYKMHU MEXaHIYHOrO OJIOKY peryisaropa BUIBHOL
TypOIiHU.

Y; — I-Tuii mapametep poO0OYOro mporecy.

¥y — IPOEKIis BEKTOpa X Ha 0a30BUil BEKTOP W.

YF- BEKTOp BUMIPIOBAaHUX MapaMeTpiB poOOUYOro mporecy.

Vrpannune — 3HAYEHHS TOYKH B IIPOCTOPI ¥, IO TOALISLE HOTO Ha J1BA KIIACH.

—
¥ — BCKTOP BUMIPIOBAHUX J1ArHOCTUYHUX O3HAK.

-

Z — BEKTOp ICTUHHUX 3HAYCHB JIarHOCTUYHHUX O3HAK.

Z; — BIIHOCHE BIIXWJIEHHS 1-TO MapameTrpa poOOYoro mpoiecy BiJ HOro mo4yarkoBOIrO
3HAYCHHS.

Z;; — po3paxoBaHuH JIHIHHE BIAXWICHS MapaMeTpiB poO0YOro Mmpoiecy.

OH,;; — BEKTOp B MPOCTOPI IIarHOCTUYHUX O3HAK, 110 BIAMOBIAAE CTYIEHIO PO3BUTKY
nedeKTy, 1110 IPUBOIUTH BUPIO y HENpale31aTHUN CTaH.

OH,,. — BeKTOp B MPOCTOP1 AIarHOCTUYHHUX O3HAK, 110 BIJMOBIIA€ CTYIIEHIO PO3BUTKY

nedexTy, 1o TPUBOAUTL BUPIO y HECTIPAaBHUI CTaH.

Innexcu
* — BUMIpIOBaHI IMapaMEeTpPH.
1k — mepmmii KOHTYp POPCYHOK.
2K — Apyruil KOHTYP GOPCYHOK.
263 — py»KUHA PETYIIOBAHHS PETYISATOPA YaCTOTH 00epTaHHS BUIbHOI TypOiHH.
264 — mpy»KuHA PETYIIOBAHHS PETYIISATOPA YaCTOTH 00epTaHHs TypOOKOMITpeccopa.
C — constant.
| — linear.
nmax — MakCUMaJIbHEe 3HAYCHHS YaCTOTH OOEpTaHHSI.
nmin — MiHIManbHe 3HAYCHHS YaCTOTU OOEpPTaHHSI.
NTK — 9acToTa o0epTaHHS POTOpa TypOOKOMITpeccopa.
Pax — MaKCUMaJTbHE 3HAYCHHS THCKY.

Ppin — MIHIMaJIbHE 3HAYCHHS THUCKY.



sym — simulated.

var — variable.

BK — 6510k kamnaHis.

BbK1 — nepmmuii gpocens 6J10Ka KIlanaHiB.

BK2 — npyruii npocens 6110Ka KiIamnaHis.

Op — 6e3pOo3MipHHIA.

BUX — BUXIJIHE.

BT — BUJIbHA TypOiHa.

BX — BXIJHE.

ndxn — nudepeHIiiHui KiamnaH.

E1 — apocens nepioro KOHTYpy (GpOpCyHOK.

€KB — CKBIBaJICHTHHIA.

33K — 3)KUMaHHS.

311, UK. — 37MB 13 TU(EpeHITIHHOTO KianaHa.

30J]1. — 30JI0THHK.

311K 2 — 3amipHuif Kj1anaH Jpyroro KOHTYpy GOpPCyHOK.

3PO BT — 3aTsikka npyXKUHU PETyJIATOpPa YaCTOTH OOEpTaHHS BIIbHOT TypOiHH.
KJI — KJIaTaH.

KJIBT — knanaH peryiasropa 4acTOTH 0OepTaHHS BUTbHOI TypOiHH.
KJITK — knanaH peryiasropa 4acToTH o0epTaHHs TYpOOKOMITpecopa.
KMTBT — knamad MiHIMQJIBHOTO TUCKY PETYJISATOpa YaCTOTH 00epTaHHS BUTHHOT
TypOiHH.

KMTTK — knanan MiHIMQJIBHOTO TUCKY PETYJISITOpA YacTOTH 00epTaHHS
TypOOKOoMIIpecopa.

KIIIT — xnanaH MoCcTiHHOTO TIepenaay THCKY.

KIIT — knanaH moOCTIHHOTO THCKY.

MeM( — memOpaHa Hyn0BOTO Tiepenany (All).

H — nacoc.

HIT — HENIPaue3daTHHM.

HC — HECIIPAaBHUU.
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OJI" — ocHOBHA 103yt04a rojika.

I — MaJIUBO.

[TIK 1 — miamipHuil KJanaH nepuoro KOHTypy GOpCyHOK.

[IIK 2 — miamipHuil KJamnad BIAKPUTTS APYroro KOHTYpY (GopcyHOK.

p — NIPUHOMHUCTICTb.

p — poboua.

PI" BT — perymtorounii TBUHT PeryisiTOpa 4aCTOTH 00epTaHHS BUIbHOT TypOiHU.
PI' TK — perymtorounii TBUHT peryisiTopa 4acTOTH o0epTaHHsS TypOOKOMIIpecopa.
PK — posnoninpunii kianas ( miamipHUN KiamaH Apyroro KOHTypy (GpopcyHOK).
POBT — PEryJISITOP YaCTOTU 00€pTaHHS BUILHOI TYpOiHH.

POBT — perynsatop 4acToTu o0epTaHHs BUIbHOT TYpOiHHU.

POTK — perynstop yactoTu obepTrants TypOOKoMIpecopa.

Py — prUar ynpaBJliHHS JBUTYHOM.

CK — CKUJIaHHSI.

CKB — CE€pEe/IHE KBaAPAaTUYHE BIIXHUIICHHS.

CII — cepBomOpUIEHbD.

Cr — KpUTHYHE.

Cp — CEpEeJIHE.

Tax. BT — TaXOJAaTYMK IMPUBOIY POTOpa BUIbHOI TYpOiHHU.

TaxX. TK — TaXOJaTYUK MPUBOY pOTOpa TypOOKOMIIpecopa.

TK — TypOOKOMITpECOp.

yIp — yIpaBJIiHHS.

O — mopoxHMHA CEPBOIMOPIIHS 3 THCKOM YIIPaBIIHHS.

CkopoueHHs
ARX — autoregressive model with exogenous inputs.
DDF — divided difference filter.
EHM — engine health management.
FN — False Negative.

FP — False Positive.
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LDA — Linear Discriminant Analysis.

PCA — principal component analysis.

PLS — partial least squares.

PNN — probability neural network.

RBF — radial basis function network.

ROC — Receiver operating characteristic.

SVM - support vector machine.

TN — True Negative.

TP — True Positive.

AIl — ABTOMAaT NPUHOMHUCTOCTI.

AYX — aMIUTITYyTHO YaCTOTHA XapaKTEPUCTHUKA.

BK — 610Kk kamnaHis.

BT — BinbHa TypOiHa.

I'C — rigpaBiiyHa cuctema.

I'TJI — razoTypOiHHUI ABUTYH.

JI" — mo3yroua roJka.

ExB. — exBiBaJICHTHUH.

EMII — enexrpomMexaHiyHUN MTPUBIiJIL.

30J1. — 30JIOTHHUK.

311K 2 — 3amipHuii KJ1anaH Ipyroro KOHTYpy GOpPCyHOK.
Kn. — knamnas.

KMT BT — knanan MiHIMalTbHOTO TUCKY PETYJISITOpA YaCTOTH 00epTaHHS BUIbHOT
TypOiHH.

KMT TK — knanan MiHIMalTbHOTO TUCKY PETYJISITOPA YacTOTH 0OepTaHHS
TypOOKOoMIIpecopa.

Koed. — koedimieHT.

KIIIT — xnanmaH MOCTIHHOTO Mepenaay THCKY.

KIIT — knanaH moCTIHHOTO THCKY.

JIA — nitanbHU anapar.

MBb PO BT — mexaniunuii 0JI0K peryyisitopa 4aCTOTH 0O€pTaHHS BUIbHOT TYpOIHH.



MBb PO TK — mexaniuHuii 6JIOK peryyisitopa 4acTOTH 00epTaHHS TYpOOKOMITpEcopa.

MI" — Mmanuii ras.

MKB — matpuus KoeilieHTiB BILTUBY.

MKT — enexTpoMarHiTHU# KjanaH peaeiHOro TUIY.

MM — maremaTH4Ha MOJECIb.

OJI" — ocHOBHA 103yt04a rojika.

[ITK 1 — miamipHuil KJanaH nepuoro KOHTypy GopCyHOK.
[IIK 2 — miamipHuil KJanad BIAKPUTTS IPYTroro KOHTYPY GOPCYHOK.
[Iponyk. — MpOAYKTUBHICTb.

PO BT — perynarop 4actoTu o0epTaHHs BUIbHOT TYpOiHH.
PO TK — perymnsitop yactoTu 06epTaHHs TypOOKOMIIpecopa.
CAK — cucremMa aBTOMaTUYHOTO KEPYBAHHS.

CKB — cepenHe kBaapaTUUHE BIIXWICHHS.

CII — cepBonopuICHbD.

Tax. — TaxomaT4uK.

TK — TypOokommpecop.

®OHY — }inbTp HU3BKUX YACTOT.

dYX — azo gyacToTHA XapaKTEPUCTUKA.
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BCTVII

AKTyaJbHiCTh JociaimxeHHst. Jlng 3abe3nedyeHHs (YHKIIOHYBAHHS CHJIOBOI
YCTAaHOBKH JiTanbHUX anapatiB (JIA) BaxkiMBe 3HAYCHHS Ma€ MaJIMBHA CHCTEMa, SKa
CKJIQJA€ThCsl 3 MAJMBHUX 0aKkiB, HACOCIB, (DUIBTPIB, 3BOPOTHUX 1 3aMOO0LKHUX KJIANaHIB,
arperariB JJ03yBaHHs MAJIHBA.

besneka MOIROTY 3HAYHOIO MIpOIO 3a0€3MEUyEThCS BHCOKUMHU IMOKAa3HUKAMMU
HaJIHHOCTI TNaJMBHOI cucTeMu JABUTyHa [l], sika Oe3mocepenHbO 3aJICKHUTH Bij
e(eKTUBHOCTI TEXHIYHOTO O0OCIyroByBaHHs ¥ pemoHTy. BinmoBa Oyab-akoi
(GyHKIIOHATBHOI YAaCTHMHHM arperaty MajJuBHOI CHCTEMH CIPHYHMHSE 3HAYHE
YCKIIAJTHEHHS YMOB TIOJIHOTY 200 BHHUKHEHHSI aBapiiHUX CUTYaIIiM.

st 3a0e3nedeHHs Mpale3laTHOCTI arperariB MaJWBHOI CHCTEMH B MeXkax
MDKPEMOHTHOTO pecypcy W TepMiHy CIyKOHW 13 3aJlaHOI0 WMOBIPHICTIO O€3BIIMOBHOI
po0OTH BKpail BaKIMBO BUKOHYBATH CBOE€YACHE TEXHIYHE OOCIYrOBYBaHHS i PEMOHT
JI0 TOTO, SIK HECIPaBHOCTI, IO PO3BUBAIOTHCS, MEPEPOCTYTh y MOBHOMACIITAOHI 3001,
3amo0iraroyM MPOCTOSIM 1 MIJBUINYIOYM 3arajbHy HAIIHHICT. Y TIOTOYHHM dYac
HaWOLIBI e(DEKTUBHUM € OOCITYrOBYBaHHS W PEMOHT 3a TEXHIYHHM CTaHOM [2], 110
J03BOJISIE  CKOPOTHTH KIIBKICTh TEXHOJOTTYHHMX ONepallid, 3MEHIIUTH BapTiCTh
PEMOHTHOTO KOMILJICKTY JAeTallei 1 3HU3UTH BUTPATH, TIOB’sA3aHi 3 mpoctosmiu [3, 4].

Jlns 3actocyBaHHS 11i€1 ePEeKTHBHOI TEXHOJIOTII 3HAYHY YBary Ciif TPUILUTATH
pO3pOOIIl TOYHUX METOIIB IlarHOCTyBaHHA HecnpaBHocTel arperatiB ['C. Icnye 6araro
JOCIIHKeHb, TMPUCBSYCHUX IarHOCTYBAaHHIO TEXHIYHOTO CTaHY TaKMX arperaris, SK
TiIpaBIiYHI HACOCH Ta TIAPONPHBOAM, PO3POOJICHI pI3HOMAHITHI METOIU IS
BUSABIICHHS Ta JIOKamizamii HecrpaBHocTed. [Ipote  mpobrema  smokamizarii
HECIIPaBHOCTEHW arperaTiB pPO3MOJIILYOr0 THUIY, TaKUX K TaJIHBHI PEryJIATOpH,
3aJIUIIAETHCS HEIOCTATHBO JTOCIIIKEHOIO.

OcoOnuBICTh TiAPABIIYHUX arperariB PO3MOAUTBYOTO THITY, 30KpeMa MaJIUBHUX
PETYISITOPIB, TONATAE Yy BETUKIM KUTBKOCTI PYXOMHX 1 HEPYXOMHUX KOHCTPYKTHBHHX
€JIEMEHTIB, SKi TIO-PI3HOMY BIUTMBAIOTh Ha MapameTpu pobdodoro mporecy. BomHouac

KUIBKICTh TapaMeTpiB, JOCTYIHUX [JIi BUMIPIOBAHHS, JyK€ OOMEXeHa 4Yepes
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KOHCTPYKTHBHI ~ OCOOJMBOCTI IMX arperariB. buibll  TOro, BIUIMB  Pi3HUX
KOHCTPYKTHUBHUX €JEMEHTIB Ha BIAXWJIEHHS BUMIPIOBAaHUX MapaMeTpiB poOOYOro
MPOLIECY YAaCTO € AYKE€ CXOXKUM, 110 pOOUThH 3adady MHapaMeTpuyHoOi iIeHTU(IKaLii
MaTeMaTHYHUX MOJENei MOoraHo OOyMOBIIEHOIO Ta 3HAYHO YCKJIAJIHIOE PO3Mi3HABaHHS
nedeKTiB.

Meronu AlarHOCTYBaHHS, 110 BUKOPHUCTOBYIOTH NapaMeTpUUHY 1IeHTU(IKAIl10
MaTeMAaTUYHOI MOJEINi MaJMBHOTO PETYISATOpa, MAalTh HHU3KY oOMexeHb. llomuinku
BUMIPIOBaHb i HETOYHOCTI MaTEMaTUYHUX MOJIEIICH IPU3BOIATH 0 3HAYHUX TTOXHUOOK Y
OLIIHIII TapaMmeTpiB cTaHy. BuKopucTaHHS A0JAaTKOBOi anpiopHOi iH(popMalii mpo
MOKJIMB1 Ae(EKTH YCKIAJHIOEThCS MPOOIEeMOI0 MiA00py KoedilieHTIB peryispu3allii,
10 MOK€ 3HAYHO MOTIPUIUTH TOYHICTH J1arHOCTYBAaHHS. AJbTEPHATUBHUN MiAXiT —
JIarHOCTYBaHHS B MPOCTOPi MapaMeTpiB poOOUYOro MPOIECY — JO03BOJSE BUKIIOUYUTH
MaTeMaTHYHY MOJIeJb 3 Tpoliecy aiarHoctyBaHHs. [IpoTe TouHicTh kiacudikaiii B
I[bOMY BHUIAJIKy 3aJICKUTh BiJl YHIKaJIbHOCTI BIUTUBY J1e(DEKTIB Ha JIarHOCTUYH1 O3HAKH.

VY BUNAJIKy MaJUBHUX PETYJIATOPIB BpaxyBaHHS I[l€] 3aJIEKHOCTI Ma€ BaXKJIMBE
3HaueHHS. Pi3H1 AedeKTH MOXYTh MAaTH YK€ CXOXXUH BIUIUB Ha 3MIHY BHUMIPIOBAaHUX
napaMeTpiB 4epe3 BHUKOHAHHS pI3HMMHM KOHCTPYKTUBHUMH €JEMEHTaMU HOJIOHUX
byHKIIA. Y CBOIO 4Yepry, BiACYTHICTh IMOBIPHICHHUX OI[IHOK B ICHYIOUMX METOJax
JIarHOCTYBaHHS T1APABIIYHUX CHCTEM € CYTTEBUM HEIOJIIKOM, OCKLIBKH HE J03BOJISE
BpaxyBaTH HEBH3HAUCHICTH, OB’ SA3aHy 3 MOJIOHICTIO BIUIMBIB JIePEKTIB HA TTapaMeTpu
pobouoro mporecy. lle yckiagHIOE TpolLEC BCTAHOBICHHS JlarHo3y Ta HE Jae
MO>KJIMBOCTI OIIIHUTH JTOCTOBIPHICTH M1arHOCTYBaHHS. Y 0araTbox poOOTax, B SIKUX
OnuCyroThcsi MeTonu niarHoctyBaHHs ['C, He mnpuainseTscs OOCTaTHBOI yBaru
KUTbKICHUM  TIOKa3HMKaM €(QEKTUBHOCTI [IarHOCTYBaHHSA, TaKUM SK TOYHICTh
kinacudikamii, moBHOoTa, FIl-mipa, 110 J03BOJSAIOTH OIIHUTH  €(EKTHUBHICTH
pO3p00JIEHOr0 METOIY Ha MPAKTHIILIL.

Pesynbratu ekcruryartanii TypOOBaJbHOTO JBUTYHAa BEpTOIbOTA MOKa3aiH, IO
ICHYIOTh TaKi HECIPABHOCTI MAJMBHOTO PETYJATOPA, K1 MPOSBISIIOTHCS JIMILIE MiJ] Yac
roro podotu B ckiaai CAK, 1 BUSBUTH iX Ha eTamax pPEeMOHTY YU BUPOOHHMIITBA 0e€3

CHeLIaJIbHUX METOAIB HeMOxJIMBO. [IpUKIagoM € KOJMBAaHHS 4YacTOTH OOepTaHHS
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TypOOKOMMIpecopa i BUIbHOI TypOiHU, 10 cripuunHeH1 HecTilkicTio CAK. BigcyTHIiCTh
METONy BHSBIEHHS B yMOBaxX MiANPHEMCTBA-BUPOOHUKA TMAJUBHUX PETYJSATOPIB,
HecTikux y ckinani CAK, nmpu3BoauTh 10 TOTO, IO HECIPABHICTh BUSBISETHCS JIUIIE
M1 Yac eKCIUTyaTallii, CTBOPIOIOYM PU3UKH JIJIsl O€3MEKH IMOJIbOTIB Ta 3HAYHI 3aTPUMKHU
IIpY HAJIAIITYBaHH1 ABUTYHIB.

Takum uyMHOM, 3amaya po3pOOKH €(PEKTUBHOIO METOAY 1arHOCTYBaHHS
HECIIPABHOCTEH TMAaJUBHUX PETYyJATOPIB, SKUW JO3BOJIUTH OTPUMYBATH JOCTOBIpHI
IMOBIpPHICHI OI[IHKM B YMOBaX IMOraHO OOYMOBJICHOI 3ajjayl, a TaKOX 3ajilaua po3poOKu
METOJly BHSBJCHHS B YMOBaX MHiANPHEMCTBA-BUPOOHUKA HECTIHKMX TAJTMBHUX
PETYISITOPIB y CKJIai CHCTEMH aBTOMAaTHYHOTO KePyBaHHS MalOTh BAXKJIMBE NMPAKTHYHE
3HAuEeHHs. [X HAyKOBAa aKTyaJlbHICTh BU3HAYAETHCA THM, IO MUTAHHS CTBOPEHHS TaKHX
METOJIIB HE BUPIIICHI MOBHOIO MIPOI0, a MPOOJIEMH JIarHOCTYBaHHS TiAPaBIIYHUX
CUCTEM B yMOBaxX NOTaHO OOYMOBJICHMX 3aJa4 Ta OOMEXKEHUX JaHHMX JIOCIIJKCHI
HEIOCTAaTHBO.

3B's130Kk po0OTH 3 HAYKOBHUMH NMPOrpaMaMu, IJiIaHaMu, TeMamu. [Ipencrasieni
B pOOOTI MOCHIPKEHHS BHMKOHAHO Ha Kadeapi KOHCTPYKIN aBialliiHUX JIBUTYHIB
HarmioHaibHOTO aepOKOCMIYHOTO YHIBEPCUTETY «XapKIBCHKUM aBlalliiHUM 1HCTUTYT» B
paMKax BUKOHAHHS JAEpPKOIOKETHOI Temu «DOpMyBaHHS TEXHOJOTIH CTBOPEHHS
amanTuBHUX cucTteM KepyBaHHS ['TJ[ macakupchbKUX 1 TPaHCIOPTHUX JIITaKiB»
(AP Ne 0119U100942), a Takox Ha AT «®EJl» B pamkax poOiT MO OCBOEHHIO
TEXHOJIOT1i PEMOHTY 3a TeXHIYHMM cTaHOM 3rigHO NpoekTty AT «DEJ[» PTC HP-3T,
kox P.053/3.

Meta i 3aBaaHHsi AocJiaKeHHs. MeTOw IOCHIKCHHS 1€l aucepTaiiHol
poOoTH € po3po0Ka METOAy JIOKami3alii HEeCHPaBHOCTEW MAJMBHOTO PETYJsTOpa Ha
YCTAJICHUX PEKUMaxX poOOTH B MPOCTOPI BUMIPIOBAHHMX MapaMmeTpiB MOro poOOUoro
Mpolecy, XapakTepHUX Uil  3aBOJICBKMX  BHUMNPOOyBaHb, a TaKoX METOIY
JIarHOCTUYHOTO aHAI3y AUHAMIYHUX XapaKTePUCTUK MAIMBHOTO PETYJIATOpPa B YMOBAX
MATPUEMCTBA-BUPOOHUKA 3 METOIO BU3HAYCHHS WOTO CXMIIBHOCTI 10 HECTIMKOT poOOTH

B CKJ'IaI[i CUCTCMHU aBTOMATHUYHOI'O KCPYBAHHA.
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JI1st HOCATHEHHS MOCTaBIEHOI METH B JUCEPTaliiiHIil poOOTI HEOOXITHO BUPIIIUTH
HACTYITH1 3aBJaHHS

- AHall3 JiTepaTypHUX JDKEpeNl MO0 ICHYIOUMX METOMIB MapaMeTPUUHOIO
JIarHOCTYBaHHSI TEXHIYHOTO CTaHy TIAPaBJIIYHUX arperaTiB, BHUSBJICHHS HEOJIKIB Ta
0OME’KEHb ICHYIOUMX MIIXO/AIB 10 AIarHOCTYBaHHS arperaris.

- Po3poOka HeniHIMHOI JWHAMIYHOT MAaTeMaTHYHOI MOJENl TiAPOMEXaHIYHOro
arperara, 3/1aTHOI MOJIEIOBATH BIUIMB 3MiHU TEXHIYHOTO CTaHy WOTO €JIEeMEHTIB Ha
napamMeTpu podOUYoro mpolecy B Jiama3oHI PEKHUMIB, Ha SKUX BHUKOHYEThCS
J1arHOCTYBaHHS.

- Po3pobka Meronuku JiHeapu3amii A7 CHpPOIICHHS BHKOPUCTaHHA MOJEIi B
MeTO/aX JIIarHOCTYyBaHHsI, Ta OIIHKA MOXUOOK JIiHeapu3aIlii.

- Po3pobOka Metomy, 1m0 €(EeKTUBHO JIOKAII3ye HECIPABHOCTI 3a OOMeEXeHOi
KUTBKOCTI ~ BUMIPIOBAaHUX TMapaMmeTpiB  poOOYoro rmpoiecy 3 BUKOPUCTaHHSIM
HMOBIPHICHUX OI[IHOK TEXHIYHOTO CTaHy.

-Po3pobka metTomy kiacudikamii JIMHAMIYHUX XapaKTEPHUCTHUK MaJIMBHOTO
peryisTopa 3 METOK BHU3HAYEHHS BUPOOIB, SKI MOXXYTh CIPUYMHUTH BTPATy CTIAKOCTI
CUCTEMHU aBTOMATUYHOT'O KEPYBaHHS JIBUTYHOM.

- Po3poOka TexHoJIOTii BXiIHOTO KOHTPOJIFO B MPOIIECI PEMOHTY 3a TEXHIYHUM
CTaHOM J1s1 €(DEKTUBHOT'O 3aCTOCYBAaHHS METO/IB JIIarHOCTYBaHHSI.

- EkcnepuMeHTaibHa ~ mepeBipka  €(EeKTUBHOCTI  PO3POOJICHOTO  METOIY
JTIarHOCTYBaHHS B  yYMOBax BXIUIHOTO KOHTPOJIO IapaMeTpiB  BHPOOiIB, IO
PEMOHTYIOTHCS, 3 OIIHKOIO SKOCTI Kiacudikaiii qeexkTHIX CTaHiB.

O0'exT MOCTiTKEeHHS — T1IPABIIYHI Ta MEXaHIYHI TPOIIECH, SIKi BiIOYBAIOTHCS i
gac poOOTH MATMBHOTO PETYIATOPa TYpOOBAIBHOTO ABUTYHA BEPTOJIHOTA.

IIpeamer moc/iizkeHHs — BIUIMB 3MiHM TEXHIYHOTO CTaHy €JIEMEHTIB MAJIMBHOTO
perynsTopa Ha MapamMeTpd Horo poOO4Yoro mpolecy Ha yCTaJeHHX Ta MepeXiTHUuX
peKHMax, MOJENl Ta alrOpPUTMU [MAPAMETPUYHOTO J1arHOCTYBAaHHS MAJTHMBHOTO
perymsiTopa.

J171s1 BUpIIIIEHHS OCTABJICHUX B AUCEPTAlIiHII poOOTI 3aBJaHb BUKOPUCTAHO

HACTYIMHI HAYKOB1 METOAU JOCIIKEHHSI
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1. PerpocnieKTUBHUI METOJ, KUl J03BOJIMB MPOBECTU AHAII3 ICHYIOUUX
METO/I1B MAPaMETPUYHOIO JIarHOCTYBAaHHS TIAPABIIYHUX arperaTiB; BUSBUTU HEAOIIKH
Ta OOMEXEHHs Cy4YaCHUX MIiAXOAIB JO JIarHOCTYBaHHs, OCOOJMBO B yMOBax
BIJICYTHOCT1 BEJIMKOTO MAaCHBY €MMIPUYHHUX JAHUX, SIK1 BIJOOpa)xaloThb MPOSIBU PI3HUX
nedeKTiB; BU3HAYUTU HANpPSIMH BJOCKOHAJIEHHS METOJIB JIarHOCTYBaHHA Ta 00OpaTu
MIXOJIU JIJISL TOCSTHEHHS METH JOCIIIKEHHS.

2. Mertoau MaTeMaTUYHOTO MOJICTIOBAHHS T1APaBIIYHUX Ta MEXaHIYHUX
IpOIIeCiB JJIsl BU3HAUCHHS MapaMeTpiB poOOUYOro Mpolecy MaJIMBHOTO PEryisiTopa Ha
BCIX peKMMax pOOOTH.

3. Metoau YMCENBbHOTO PO3B’SI3aHHS CHCTEM HENIHIMHUX audepeHiiiHo-
anreOpaiuHuXx PIBHAHb OajaHCy BHUTPAT poOOYOT PIIMHU Ta pyXy MeEXaHIYHUX
€JIEMEHTIB MPU MOEIIOBaHHI PEXKUMIB POOOTH MAIMBHOTO PETYISATOPA.

4, Mertoau miHeapuzallii HENiHIMHOT MaTeMaTH4YHOI MOJIeNll IMaJIMBHOTO
perynsiTopa, 1o 3ade3neuye ii eeKTHBHE BUKOPUCTAHHS B METOAaX JiarHOCTYBaHHS.

5. Metoau niarHOCTYBaHHs B IMPOCTOpi MapaMeTpiB poOOUYOro mporecy 3
BUKOPUCTAHHSIM WMOBIPHICHUX OI[IHOK, 1[0 JIO3BOJISIE BHU3HAYATH BIPOTIIHICTH
PUHAJIEKHOCT] MOTOYHOT'O CTaHy BUPOOY /10 IEBHOTO KJIACy HECTIPABHOCTI.

6. ExcniepumenTanbHi METONM JOCTIIKCHHS JUIS OpraHi3aimii BXITHOTO
KOHTPOJIIO MapaMeTpiB BUPOOIB, IO PEMOHTYIOTHCS, Ta METPOJIOTIYHOTO 3a0e3MeUCHHS
BUIIPOOYBaHb.

7. CratucTUYHMN  aHaAM3  pe3yibTaTiB  €KCIIEPUMEHTIB  JUIS  OLIHKHU
JIOCTOBIPHOCTI OTPUMAHUX PE3YJIbTATIB, PO3PAXYHKY METPUK TOYHOCTi, IMOBHOTH,
knacudikarii ta F1-mipu.

8. Meronu  Teopii  aBTOMATHYHOTO  KEpyBaHHS Uil  BU3HAYCHHS
JiarHOCTUYHUX 03HaK cXWIbHOCTI CAK 3 manuBHUM PETYISTOPOM 10 BTPATH CTIHKOCTI.

9. Mertoau 0OaraToBUMIpHOi CTaTUCTHKH g 0OpoOku 0a3u  JaHuX
JUHAMIYHUX XapaKTEePUCTUK 3 METO 30UThIIeHHS e(eKTUBHOCTI Kiacuikarii
TEXHIYHOTO CTaHy BUPOOIB.

JIOCTOBIpPHICTh OTPUMAHHUX PE3YJbTATIB 1 BHUCHOBKIB Yy JucCEpTaliiHii poOOTi

3a0€31euy€eThCsl BUKOPUCTAHHSAM (YHIAMEHTAIBHUX TMOJIOKEHb T1JIPABIIKU, MEXaHIKH,
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Teopii aBTOMATHYHOTO KEpPyBaHHS Ta CTAaTUCTUKH, IO 3a0e3ledye HayKOBY
OOTPYHTOBAHICTh PO3POOJCHUX MOJENIEH 1 METOAIB; MaTEMaTUYHUM MOJICIIIOBAHHIM
TiIpaBIIYHUX 1 MEXaHIYHUX TMPOLECIB 3 YpaxXyBaHHSAM pealbHUX (DI3UYHUX
XapaKTepUCTUK  arperaTiB, MO MIATBEPKYEThCS  BIANOBIIHICTIO  pe3yJbTaTiB
MOJICITIOBAaHHS ~ JTAaHMM  CKCICPUMEHTAIBHUX  JOCHIIKECHb, EKCIIEPUMEHTAIbLHOIO
MEPEBIPKOIO0 pO3pPOOJIEHUX METOJIIB JA1arHOCTYBaHHS B pPEaIbHUX yMOBaX eKCILTyaTarlii
Ta PEMOHTY NAJIMBHUX PETYJIATOPIB, IO MIATBEPKYE TMPAKTHUYHY 3HAYUMICTH 1
JOCTOBIPHICTh OTPUMAHUX PE3YJIbTATIB; CTATHCTHYHUM aHAII30M OTPHUMAaHHWX JIaHHX,
KWW TOKa3aB BHCOKY TOYHICTh Ta €()EKTHUBHICTh METOJIB JIarHOCTYBaHHS, a TaKOXK
J03BOJIUB BHUSIBUTH Ta BpaxyBaTH MOXJIUBI TOXHOKH Ta OOMEKEHHS METOJIB
JiarHOCTYBaHHS.

HaykoBa HOBH3HA OTPMMAaHUX Pe3yJbTaTiB.

1. Ynepuie 3anporoOHOBAHO METOJ| BHUSBJICHHS MAJMBHUX PETYJIATOPIB, IO
CHUIBHO 13 JBUTYHOM 3JIaTHI COIPUYMHHUTH HECTIHKY POOOTY CHUCTEMHU aBTOMATHYHOIO
KEepYBaHHsI, IKUH BIAPI3HAETHCS BT BITOMUX 3aCTOCYBAaHHSAM METOJIB KJacTepHu3aIlii 10
JUHAMIYHUX XapaKTePUCTUK 3a3HAUYEHHUX peryisTopiB, 1 3abe3nedye BUSBICHHSA
HECIIPABHUX PETYISATOPIB O€3M0cCepeTHRO B YMOBAX MIANPUEMCTBA-BUPOOHHUKA.

2. Po3pobnieHo  HOBHMEM ~ MeTOJ ~— TMapaMeTPUYHOTO  JTIarHOCTYBaHHS
TIPOMEXaHIYHOTO MAJIMBHOTO PETYJISATOpPa B MPOCTOPI MapaMeTpiB poOOUOro Mpoliecy,
SKAW BIIPI3HSAETBCS BIiJ BIJOMHUX BHUKOPHUCTAHHSM BJIOCKOHAJIICHOI MaTeMaTHYHOI
MOJZIeNIl 3a3HAYE€HOr0 pEryjsaTopa Ta aHali30M BU3HAUYCHHUX MeTonoM baiieca
HMOBIPHOCTEH MOMIIMBHX TEXHIYHMX CTaHIB 00’€KTa, IO J03BOJISE PO3IMi3HABATH
HECIIPaBHOCTI PETYJATOpAa HAa YCTAICHHUX peXUMax pOOOTH 3a HAABHOCTI CKIAITy
BUMIPIOBAaHUX MMapaMeTPiB, XapaKTEPHOTO IS 3aBOJCHKUX BUTIPOOYBAHb.

3. Ha0yJim moaajibioro po3BUTKY METOIM MOJICITIOBAHHS T1IpOMEXaHIYHHUX
CHUCTEM: IUIIXOM BBEJCHHS XapaKTEPHUCTHK EJIEMEHTIB, IO 3MIHIOIOTHCS BHACIIIOK
3MIHM TEXHIYHOTO CTaHy, CTBOPEHO HENIHINHY AWHAMIYHY JIarHOCTUYHY MOJCIb
MaJMBHOTO pEryisaTopa TypOOBaJbHOTO JBUTYHAa BEPTOJbOTA, sKa 3abe3medye
MOJICITFOBaHHS BIUIMBY HECIIPABHOCTEH Ha mapameTpu poOOYOro mpoIecy Ta Moxe OyTu

BUKOpHCTaHa sl GOPMYBaHHS METO/IIB TAPaMETPUYHOTO A1arHOCTYBaHHS.



30

IIpakTuyHe 3HAYEHHS] OTPUMAHUX Pe3yJIbTaTIiB

1. CtBopeHa AiarHOCTMYHA MaTeMaTH4YHa MOJIeNb IMAJIUBHOTO pErysaTopa
JI03BOJISIE MOJENIOBATH HOro MOBEAIHKY SK Ha CTaTUYHHUX, TaK 1 HAa JUHAMIYHUX
pexuMax poOOTH, IO J1a€ MOXKJIUBICTh MPOBOJAUTH KOMIUIEKCHUN aHAII3 TEXHIYHOTO
CTaHy peryJisiTopa, IpOrHO3yBaTH MOro MOBEIIHKY B PI3HUX YMOBaX €KCIUTyartarlii Ta
BUSIBJISITH TTOTEHII1MH1 HECTTPABHOCTI.

2. Po3poOnenuii  MeTOon TmapaMeTpUYHOTO JIIarHOCTYBaHHS — MMAJIMBHOTO
perynstopa e€(EeKTUBHO JIOKAJI3ye MOro HECHPaBHOCTI 3a OOMEXEHOI KUIBKOCTI
JOCTYITHUX JTIArHOCTUYHUX O3HaK. BUKOpPUCTaHHS WMOBIPHICHHUX OI[IHOK JIO3BOJISE B
yMOBaX HEBHU3HAYEHOCTI 3aJiaui Ta HassBHUX MOXHOOK BUMIPIOBAaHb CIIPOCTHTH IPOIIEC
BCTAHOBJICHHS JiarHo3y. lleli MeToa mapaMeTpUYHOIrO JIarHOCTYBaHHS TECTOBAaHO B
peaJpHUX YMOBax IiJi 4ac BXiJIHOTO KOHTPOJIO CEMH €K3EeMIUIIPIB TiIpOMEXaHIYHOTO
NaJIMBHOTO  peryisTopa. Pe3ynbTaT TeCcTyBaHHS MPOIAEMOHCTPYBAIM  BHCOKI
MOKa3HUKH SIKOCT1 Kiacudikailii Ha pi3HUX pexuMax poOoTu. Po3pobieHa Ha OCHOBI
3a3HAYEHOr0 METOAY TEXHOJIOTIS BXITHOTO KOHTPOJIIO JA03BOJIUJIA IHTEIPYBATH METOAU
JIarHOCTYBaHHS B MPOIIEC PEMOHTY 3a TEXHIYHUM CTAaHOM.

3. Po3pob6nenuit Meton knacudikalii JTMHAMIYHUX XapaKTEPUCTHK IMAJIMBHOTO
peryisiTopa J03BOJISIE BUSBIATH BUpOOM, BUKOopucTaHHs sikux y ckianl CAK moxe
IIPUBECTH J0 BTpaTH ii cTiikocTi. Lleit MeTos aHanmi3ye AUHAMIYHI ITapaMeTpu arperary
Ta KjJacu@ikye WOTo CTaH, MO Ja€ 3MOTY CBOE€YACHO BHSIBJISTH MOTCHIIIHO HECTPaBHI
eK3eMIUIpU. MeToj] 3amaTeHTOBaHUW Ta BUKOPHUCTOBYEThCA Ha miampuemctBi AT
«DE]l» nmoHaj micTh poKiB, IEMOHCTPYIOUX BUCOKY TOUHICTh KJIacH(piKaIii.

Otpumani pe3yiabTaTH MOXYTh OyTH BHKOPHUCTaHI B PEMOHTHHX, CEPBICHUX Ta
BUPOOHUYHUX ITANMPUEMCTBAX aBiallifHOT Tamy3i I MIABUIICHHS €(GEeKTUBHOCTI
JIarHOCTYBaHHS Ta PEMOHTY TiAPaBIIYHUX CUCTEM JIITAJIbHUX amapartiB, ONTUMI3aIli
TEXHOJIOT1YHUX TPOIECiB KOHTPOIIO SKOCTI Ta MIABHUINCHHS HAIIHHOCTI MPOAYKI; y

HaBYAJIBHUX 3aKJIaJIaX aBialliiHOro MPOo@iaro IS MiArOTOBKU (DaxiBIliB 3 JTIarHOCTHKH
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Ta OOCIYroByBaHHS aBIallIMHUX CHUCTEM, BIOPOBAKEHHS CY4YaCHUX METOIB
JIarHOCTYBaHHS B OCBITHIM mporiec.

BnpoBagkenHsi pe3yabraTiB podoTH. Po3po06iieHi aBTOPOM HayKOBI MOJIOKEHHS
peanizoBaHi:

— B ipoekTi AT «DEJ]» PTC HP-3T, xox P.053/31 peMOHT 3a TEXHIYHUM CTaHOM
Bupo6is HP-3BM-T, HP-3BMA-T;

—Yy HaByaJlbHOMY Tmipoueci B Kypcax «CHCTeMH [1arHOCTYBAaHHS aBlallliHUX
JBUTYHIB 1 €HEPreTUUYHHUX YCTAaHOBOK» Ta «OCHOBM TEXHIYHOI J1arHOCTHKW», SKI
BUKJIAJIAIOTHCS CTYICHTaM CIielialbHOCTI 134 «aBialiiiHa Ta pakeTHO-KOCMIUHA TeXHIKa
B HamionaneHOMy  aepokocMiuHOMYy  yHiBepcuTeTi M. M. €. )KykoBcbkoro
«XapKiBChKUH aBlalliiHUMA IHCTUTYTY.

OcoOucTnii BHecoK 3100yBaua. HaykoBi moJyiokeHHs, BUCHOBKH 1 PEKOMEH IaIl{i,
BUKJIQJICH] B AUCEPTAIlli Ta IPeACTaBIEHI 10 3aXUCTY, BUKOHAH1 ocoOucTO aBTopoM. Ha
3aXMCT HE BUHOCITHCS pPE3yJbTaTH, IO HAJEXKaTh CIIBaBTOpaM, pa3oM 3 SKUMH
omyOJIiKOBaH1 HayKOBI TIpaiii.

Anpobanisi  pesyabTaTiB  aucepramii. OCHOBHI  pe3ynbTaTd  pobOOTH
JOTIOBIAIMCSI, OOTOBOPIOBAJIMCH 1 OTpUMalM MO3UTHUBHY OIIHKY Ha: XXV, XXVI,
XXVII, XXIX MibKHapoJHUX KOHTpecax IBUTyHOOyAiBHUKIB (Ykpaina, M. Xapkis,
2020 p., 2021 p., 2023 p., 2024 p.); International Seminar on New Trends in
Construction, Research and Operation of Flying Objects (Poland, Lukasiewicz Research
Network — Institute of Aviation on May, 2022).

Iyoaikauii. OcHOBHUIT 3MICT aucepTarlii BIZOOpaXXeHO y S5 CTaTTiX, 3 sSKkux 4
CTaTTI Y BUJIAHHAX, SIK1 BXOJIATH JIO MEepeIiKy HayKOBUX ()aXOBUX BHJIaHb YKpainu [5, 6,
8, 9], Ta 1 crartsa y BuaanHi, mo pedepyerscs B 6a3i nanux Sciendo [7]. Okpim 115010,
OCHOBHI pe3yJIbTaTh poOOTH OIMyOIIIKOBaHI B 2 T€3aX HayKOBO-TEXHIYHUX KOH(PEPEHIIiH
[10, 11] Ta B omHOMY TiaTeHTi [12].

VYci monokeHHsI HAYKOBOI HOBU3HH JUCEPTAIlil OTpUMaHi aBTOPOM CaMOCTIHHO. Y
CTaTTSX, IO OIyOJIKOBaHI B CIIBaBTOPCTBI, MPOBEJCHHS JJOCTIIHKCHb 1 aHaii3

pe3yabTaTiB BUKOHAHI aBTOPOM O0COOUCTO; (POPMYITIOBaHHS 3a71a4 1 BACHOBKIB BUKOHAHI
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pa3oM 13 HAyKOBUM KEPIBHUKOM; IMIATOTOBKA W BUIAHHS HAYKOBO-TEXHIUYHUX CTaTel
BUKOHAHO 32 Y4aCTIO CIIBaBTOPIB. Y CHUIBHUX pOOOTax aBTOPY HAJIEKUTh HACTYITHE!

[6] — onepxanHs aHaNITUYHUX BHpA3iB ISl OTPUMAHHS HMOBIPHICHOT
XapaKTepUCTUKU  JOCTOBIPHOCTI ~ airoputMy kijacudikamii AeeKTHUX CTaHIB
MaJUBHOIO PETYJISITOpa, 3aCHOBaHIN Ha TeopeMi baiieca; BU3HAUEHHS J1arHOCTHYHUX
O3HAaK Ta KOHCTPYKTUBHUX TapaMeTpiB, IO JIarHOCTYHOThCS.

[7] — oOrpyHTyBaHHs MeTOomy JiiHeapu3alii MaTeMaTWdHOi Mojaenai B (opmi
MaTpullb KOEQIIIEHTIB BIUIUBY, IO JJ03BOJSE 3MEHIIUTH MOXUOKHU JIiHeapu3allii,
OB’ s13aH1 3 HEIHIWHICTIO MATEMAaTUYHOT MOJIEJIL.

[8] — BU3HAYCHHS OCHOBHUX BHMOT 1 HAlIPSIMiB PO3POOKH METOIiB J[IarHOCTYBaHHS
HECIIPABHOCTEHW arperariB TiApaBIiYHUX 1 MaJUBHUX CHUCTEM HAa OCHOBI aHami3y
JITepaTypHHUX JDKEpeE 3 1i€l mpoosiemMu.

[9] — po3poOka MeTomuMKHM MPOBEACHHS EKCIIEPUMEHTAIBLHOTO JTOCIIKCHHS,
BUKOHAHHA Ta OOpoOKa pe3yibTaTiB EKCIePUMEHTAIBHUX JIOCTIKEHb, aHali3
€(eKTUBHOCTI1 3aCTOCYBAHHS METOTY.

[11] — po3poOka crocoOy iHTerparilii METO/IB MapaMEeTPUUYHOIO AIarHOCTYBaHHS
NaJMBHOTO PETYJSITOPA B TEXHOJIOTTI0 PEMOHTY 332 TEXHIYHUM CTaHOM.

[12] — Bu3HaueHHS MIArHOCTHYHHMX O3HAK, HEOOXIZHUX Isi Kiacupikaiii
HECIIPAaBHOCTEH MAJIMBHOTO PETYJATOpPa, PO3poO0Ka METOay MaTreMaTHYHOI oOpoOKH
0a3y JaHWX JIarHOCTHYHUX O3HAaK, IM0 3a0e3nedye HaWOUIbIly JOCTOBIPHICTH
pO3ITi3HABaHHS CIPABHOTO Ta HECIIPABHOT'O CTaHIB.

Crpykrypa i o0csar aucepramii. J[uceprainis cKiIamaeTsCs i3 BCTYIY, YOTHPHOX
pO3/AiTiB, BUCHOBKIB Ta CHHUCKIB BHUKOPHUCTAHUX JDKEPEN N0 KOXKHOTO PO3ILTY 1
3arajJbHUX BUCHOBKIB. 3arayibHuUi oOcsar aucepraiii ckianae 193 cropinku, 3 Hux 151
CTOPIHKM OCHOBHOTO TEKCTYy, 33 PHCYHKIB TIO TEKCTy, 2 PHCYHKH Ha OKpeMHUX 3
cTopiHkax, 48 tabmuip 1Mo Tekcty, 1 Tabnuig Ha 1 okpemiid cropiuili, 1 gomatky Ha 2
CTOpIHKAX, CIMIUCKIB BUKOPUCTAHUX JIPKEPEN A0 KOKHOTO PO3/LTY, CYMapHO BUKIIAJIEHUX

Ha 14 cTopiHkax.
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PO3J1UT 1 OI'JIAA METOIIB TAPAMETPUYHOI'O ATAI'HOCTYBAHHA
AT'PET'ATIB I'TAPABJIIMHUX I ITAJIMBHUX CUCTEM JIITAJIbHUX
AITAPATIB

INppaBniuni cucremu (I'C) € BaxnuBUM KOMIIOHEHTOM cywyacHuX JIA Ta ix
IBUTYHIB. BOHM mpu3HaveHi Ajid KepyBaHHS ¥ mepemaBaHHS MOTYKHOCTI a0 JIA 3a
J0TOMOro0 piguHu mix TuckoM. I'C 3a3BHuYail BUKOPHCTOBYIOTHCS AJIsSI BHITYCKaHHS U
npuOMpaHHs 1Iaci, KepyBaHHS 3aKpWiIKaMU Ta IHIIUMHU  aepoAMHaAMIYHUMU
MIOBEPXHSMH.

Ho ckiany I'C JIA BXoasTh Taki arperartu, K riipaBiiuHi HACOCH, T1APOMOTOPH,
BMKOHABUl MEXaHI3MH, TIAPABIIYHI aKyMyJasaTopd. [iapaBiiuHi HAcocu TE€HEPYIOTh
HEOOX1IHUI TUCK 1 BUTpaTy poOOYOi piIMHM, a BUKOHABYl MEXaHI3MU IMEPETBOPIOIOTH
TiIpaBIIYHUN THCK poOOYOi PIAMHM HAa MEXaHIYHY CHJIy IS [epeMIlIeHHS
KepyBaJbHUX MOBEPXOHB JIA. AkymynsaTopu 3a0€3MeUyIOTh MOCTIHHUIA THCK Y CUCTEMI
i cTaOUIbHY MOJa4y TAPaBIIYHOT PIIUHU.

I'C aBianifHOTO JBUTyHa € TAKOX YK€ Ba)JIMBUMHU JAJI1 KEPYBAHHS IOJBOTOM.
BoHM BHKOPHCTOBYIOTBCS [UIsl PETYJIOBAaHHS KPOKY I'BUHTA, KEPYBAHHS PEAKTHBHUM
COIJIOM, PEBEPCHUBHUM IPUCTPOEM Ta IHIIUMH ejJeMeHTaMu JBuryHa. Lli cucremu
TAaKOXX BKJIIOYAIOTh TIAPABIIYHI HACOCH, BHMKOHABYI MEXaHI3MH W IHIII BY3JIH,
aHAJIOTIYHI JI0 THX, 5Kl BAKOPUCTOBYIOThCS B ocHOBHIM ['C JIA.

BaxxnmuBuM KoMmoHEHTOM, 10 3abe3rneuye (YHKIIIOHYBAaHHS CHJIOBOi YCTaHOBKH
JIA, € TakoX TIaJJMBHA CUCTEMa, sIKa CKJIQTAEThCS 3 MAJMBHUX OakiB, HACOCIB, (PUIHTPIB,
3BOPOTHHX 1 3aMO0DKHUX KJIaMaHiB, arperaTiB J03yBaHHS MaJIHBa.

be3neka moabOTYy 3HAYHOIO MIPOIO 3a0€3MEUyeTbCs BHCOKUMHU IMOKAa3HUKAMMU
HajiHOoCTI cucteM JIA [1], siki 6e3mocepeHbO 3alIeKaTh BiJl €PEKTUBHOCTI TEXHIYHOTO
oOcnyroByBaHHsI ¥ peMOHTY. BimMoBa Oynb-aKk0i (yHKI[IOHATHHOI YaCTUHU arperary
I'C copuuuHsie 3Ha4YHE YCKIAQJAHEHHS YMOB MOJBOTY a00 BHHMKHEHHS aBapiiHHX
CUTYyaIli}.

Jns 3abe3neueHHst mpane3gatHocti arperatra ['C y mexax MDKPEMOHTHOTO
pecypcy ¥ TepMiHY CIIy)KOM i3 3aaHOI0 WMOBIPHICTIO 0€3BIIMOBHOI pOOOTH BKpai

BXKJIMBO BHKOHYBAaTH CBOE€YACHE TEXHIYHE OOCIYrOBYBaHHS W PEMOHT A0 TOro, fK
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HECIPABHOCTI, 1110 PO3BUBAIOTHCS, MEPEPOCTYTh y MOBHOMACIITAOH1 3001, 3anmobiraroun
MPOCTOSIM 1 MIABUIIYIOYM 3arajibHy HaAiiHICTh [4]. Y mnoTouHmil yac HaWOUIbII
e(heKTUBHUM € 00CIYyrOBYBaHHS I pEMOHT 3a TEXHIYHUM CTaHOM [2, 3], iK1 103BOJISIIOTH
CKOPOTUTH KUIBKICTh TEXHOJOTIYHUX ONEpaliif, 3MEHIIUTH BapTICTh PEMOHTHOIO
KOMIUJIEKTY JIeTajel 1 3HU3UTH BUTPATH, MOB’A3aH1 3 TPOCTOsIMU [6].

Opnak ang 3acTocyBaHHsS 1i€i €(EeKTHUBHOI TEXHOJIOTI 3HAYHYy YyBary ciij
OPUILTUTH PO3pOOIIl TOYHUX METOAIB JIarHOCTYBAaHHS TeXHIYHOTO cTany arperatiB ['C,
AKi 32 YMOBH OOMEKEHOI1 MOCTYMHOCTI MIarHOCTHYHUX JaHUX JO3BOJSTH OTPHUMATH
J0CTaTHBO JOCTOBIpHUH AiarHo3 [7].

JUis  MOCATHEHHS MAaKCHMajbHOI €(QEKTUBHOCTI  IMPOEKTYBAaHHS  CHCTEMH
TiarHOCTYBaHHS CIIiJ] MOYMHATH CYMICHO 3 mpoekTyBaHHsM arperariB ['C [5]. Ha
KO)KHOMY eTami JkutreBoro mukiny ['C cuctema MiarHOCTYBaHHS BHPIIIye TICBHI
3aBllaHHS: TIEPEBIPKY BIUIMBY KOHCTPYKTHBHHX pillleHh HAa TEXHIYHHHA CTaH Hacoca-
perynsTopa ¥ MPUCKOPEHHS JOCHTITHOTO JOBEIEHHS; KepyBaHHS TEXHIYHHUM CTaHOM,
3a0€3MeUeHHs] SIKOCTI MPOAYKIIT ¥ YTOUYHEHHS BHUMOT JO CHUCTEM JIarHOCTYBaHHS B
cepiiiHOMY BUPOOHUIITBI; KEpYBaHHS TEXHIYHUM CTAHOM Y MPOIIECI BITHOBICHHS SIKOCTI
Hacoca-peryssTopa ImiJ 4ac pEMOHTY.

VY 1upoMy po3aiii 0OTOBOPIOIOTHCS METOAM IMapaMETPUYHOTO JIarHOCTYBaHHS M
nokanizaiii HectipaBHocTel arperatiB ['C Ta IHIIUX CUCTEM, SKI BUKOPUCTOBYIOTHCS Ha
pI3HUX eTamax >KUTTEBOro Iukiy. OnucyroTbes ocHOBHI Aedektu arperatiB ['C,
HABEJICHO MPUKIIA/IA 3aCTOCYBAHHS AJITOPUTMIB A1arHOCTYBAHHSA B CKJIAJ[1 KOMIUIEKCHUX
cucteM KepyBaHHA TexHiuHMM cTaHoM JIA. CdopMoBaHO BHUMOTH JO METOJIB
JIarHOCTYBaHHS. Y  pe3ynbTaTi aHanizy CcGOpMOBAHO 3aBIaHHA 3 PO3POOKH
MapaMeTpUYHOTO METONY JJIarHOCTYBaHHS JUIsl PO3MOALIHYOTO TiAPOMEXaHIYHOTO

arperary.

1.1 XapaxkrepHni nedexty arperaTiB aBiaifHUX TiAPaBIIYHAX CHCTEM

JlocBin excruryaTarlii MOBITPSHUX CYACH CBIAYHUTH mpo Te, mo st ['C Baxkkoro
TparcmopTHoro JyiTaka 40% ycix BiIMOB MPUXOIUTHCA HA arperaTtd po3MOAUTbYO0l U

perymtorodoi amapatypu [4]. Yactuna BigmMoB (34%) mpuXOoAWTHCS Ha TMOPYIIECHHS
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repMETUYHOCTI TpyOompoBoaiB. OCTaHHS YacTHMHA BIAMOB PO3MOAUICHA TAKUM YHUHOM:
14% — riapoumniHapu U rigpoMoropu, 8% — Hacocu M HAcocH1 crtaHiii, 6% — 1HII
riipoarperary.

Opnum 3 ocHoBHMX BUAIB BiaMoB arperariB ['C e nerepmeruunicts. [Ipubausuo
25...30% Bix ycix BigMoB I'C JIA BUKIMKaHa HErepMETUYHICTIO €JIEKTPOMArHITHUX
KpaHiB,  30JJOTHMKOBUX  pO3MOJUIIOBayiB,  3aloO0DKHUX  KJAMaHiB,  HACOCIB,
TIPONPUBO/IIB 1 TIAPOUMIIHAPIB. 3HAYUHUM (DAKTOPOM, SIKMM BIUIMBA€ Ha BUHUKHEHHS
HETepPMETUYHOCTI, € BTpaTa MPYXKHUX BJIACTHBOCTEH YIIiIbHEHb YHACTIJOK BILITUBY
HU3BKUX, @ TAKOK BUCOKUX TeMmepaTyp [5].

[TpyurHOO BUHUKHEHHS BHYTPIIIHBOI HETEPMETHYHOCTI arperaTiB Moxe OyTH
TaKOK MOTPATUISTHHS B 3230p 30JI0THUKOBOI MApH T'iAPOPO3IMOLTIOBAYiB 3a0pYIHIOIOUNX
YacTOK, sIKi € TIPOJYKTaMU 3HOIIYBaHHS JIETaJCH arperartiB, MPOAYKTaMH OKHUCHEHHS
poOouoi piarHu a00 CTOPOHHIMU YacTKamu [5].

3a0pyaHIOI04l  4YacTKM B poOOoYiid  pIAMHI TPU3BOJAATH [0 3HOIIYBAaHHS
30JIOTHUKOBUX Tap TiIpOPO3MNOAUIIOBAYIB, TIYH)XXKEPHHUX IMap HACOCIB 1 TiIPOMOTOPIB.
[Ipy upboMy 3a30p y Npenu3IMHUX Tapax 30UIBIIYETHCA, IO BEAE 10 3MEHIICHHS
o6’emroro KKJI HacociB 1 3MiHM peryiroBaHb 1 JIWHAMIYHUX BIJIACTHBOCTEH
TiIpOPO3MOUTIOBAYIB  BHACHINOK 30UTblieHHs BUTOKIB. CTOpOHHI YacTKM TIpHU
MOTPAIUITHHI B 3a30p MPUBOJSTH JO 3aKJIMHIOBAHHS a00 3HAYHOTO 301LIBIIEHHS 3yCHIIh
Ha iX mepeMilieHHs. 3aKIMHIOBAHHS Ma€ PanTOBHUIl XapaKTep, BHACIIIOK YOTO HOro
Jy’e CKJIaIHO CIIPOTHO3YBAaTH.

3 yacoMm JOMIIIKK B poOOUil PIAMHI MOXYTh CIIPUYMHUTH 3aCMIYEHHS KJIAMaHIB 1
JIPOCETIOBAIbHUX E€JIEMEHTIB, 10 BeAe JO0 3MIHH pETyIloBaHb 1 OOMEXeHil
(GYHKITIOHAIBHOCTI arperara.

Jlemo piamie BUHUKAIOTH AePEKTH, TMOB’s3aHI 3 BUXOAOM 13 JaJy arperaris
YHACHiIOK pyiHYBaHHS iX KOHCTPYKTMBHHMX €JE€MEHTIB. IXHA 4acTHMHA CKIajac
3,5...10% Bix 3aranbHOi KIIbKOCTI BiMOB [4]. Y TiapaBmivHiil cHCTeMi YacTHHA BiIMOB
HacociB ckianae 5-8 % [4] Bix 3arambHOi KITBKOCTI, W OUIbIIA X YacTHHA 3yMOBJICHA

KaBITAL[ITHUMU pPyHHYBaHHIMU.
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Jlo pyiliHyBaHb MEXaHIYHHMX €JIEMEHTIB KOHCTPYKIIi arperaTiB MO>KHa BIJHECTHU
3pi3aHHS MPUBIIHOIO BaJMKA, BIAPUBAaHHA IUTYHXKEpa B MiJMN‘SATHUKA, PYWHYBaHHS
HITOKIB T1APOLMIIHAPIB. Po3moaibyl arperaTd MatoTh Y CKJIaJl MHOXHUHY MEXaHIYHUX
€JIEMEHTIB (BaXell i KyJicH, pelKoBi, UepB’siuH1 i HIECTEepEeHYaCT] epeaayl, Npy>KuHHU,
a TaKOX MIJUIMIHUKH), SKI 3HOLIYIOTbCS B Mpoleci poOOTH ¥ mifgaHi BTOMHOMY
pyiiHyBaHHI0. B excrmyaramii i 1eexTu mposBISIOThCS K 30UIbIIEHHS TICTEPE3UCy,
30HU HEYYTIMBOCTI i CTATUYHUX MOXUOOK PEryIIOBaHHS BHACHIOK YTBOPEHHS JIIOPTIB
1 TIJIBUILIEHOTO TEPTS.

Takum ymHOM, TimpaBiiyHi i MexaHiuHi gedextu B arperatax ['C JIA MoxyThb
CYTTEBO BIUIMBATH Ha iX Mpane3aTHICTb. TOMYy CBO€YacHE BUSBIEHHS, JIOKaizalis U
ycyHeHHs1 nedektiB ['C Mae BupimanbHe 3HAYCHHs Ui 3a0e3ledeHHs iX Oe3nevyHoi

e(eKTUBHOT poOOTH B MEXKaxX YCTaHOBJICHOTO TEPMIHY Aii.

1.2 BukopucranHs MeTOAIB MapaMeTPUYHOTO AIarHOCTYBaHHS B CHUCTEMax

KCPYBAHHA TEXHIYHUM CTAHOM JIITAIbHUX anapaTiB

ABTOMAaTH30BaHl CHCTEMHU JIarHOCTYBaHHs aHAJI3yIOTh 1H(pOpMAIlI0 TI0
HACTYITHHUM HampsMKaM: KOHTPOJb CTaHy BHpoOOy ¥ ymokamizaiis gedekris [8, 12, 13].
MeToau miarHocTyBaHHs 00’ €HAHO B iHTErpajbHi cuctemu (puc. 1.1).

CuctemMu IHTETPOBAaHOTO KEpyBaHHS CTaHOM TpaHcmopTHUX 3aco0iB (IVHM)
BUKOPUCTOBYIOThCs KommnaHisimu Honeywell, Pratt&Whitney, Boeing, Bombardier,
Embraer i COMAC nnsi KOHTpOJIIO CTaHy PI3HHX IIJICUCTEM, BKJIIOYAIOYU JBUTYHH,
aBIOHIKY ¥ eneMeHTH KOHCTpYKIi [9]. JlaHl HaAXOoaATh BiJ AATYMKIB, PO3MIIICHUX IO
BCHOMY JIITaKy, ¥ MEPEIaf0ThCSA 10 IIEHTPATI30BaHOI CHCTEMHU, JI€¢ BOHH 00pOOISIOThCS 1
aHamizyroThecs. Llei anani3 m03BoJisie BUSBIATUA OyAb-sKi aHOMaIbHI 3aKOHOMIPHOCTI Ta
TEHJCHIII], IKi MOXKYTh yYKa3yBaTW Ha MOTEHIIIHI pobiemMu abo mepedoi B cucTtemMax
JiTaka, CIIPOTHO3YBAaTH Yac JIO BIJIMOBH, IO JIO3BOJIAE€ OUIbII €(PEKTHBHO TUTAHYBATH
TEXHIYHE OOCIYroBYBaHHS, CKOPOUYIOUM HerepenadadyBaHi MPOCTOI ¥ MiABUIIYIOYH

EKCILTyaTaIliifHy TOTOBHICTh MOBITPSHUX CY/JICH.
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Puc. 1.1. ®yHKIIIi CUCTEMU THTEIPOBAHOTO KEPYBaHHS CTAHOM

CknanoBoro yactuHowo cucremu IVHM € cucrtema kepyBaHHS CTaHOM JIBUTYHA
(Engine Health Management EHM) [10]. Bona mnpexacraBise co0ow iepapxiduHy
posnoaieHy iHbopMaIliiHy CUCTEMY, sIKa peajidye MIICTh eTamiB 00poOKHM i aHali3y
iHpopmarlii: 30upaHHs W 00poOKy Ji1arHOCTHYHOI 1H(GOpMaIlli, MOHITOPUHT 1
JIarHOCTYBaHHS TEXHIYHOTO CTaHy, OLIHKY Mpale3laTHOCTI, MPOTHO3YBaHHS
TEXHIYHOTO CTaHy ¥ MIATPUMKY TpUUHATTS pimieHb. Cucrema EHM cknanmaerscs 3
HA3eMHUX 1 00PTOBUX CUCTEM, K1 MPAIIOIOThH Y TAHJEMI Yepe3 CUCTeMY 3B’ 3Ky JIiTaka.
EHM Bukonye Taki (pyHKIIi: MOHITOPMHT CTaHy W JiarHOCTYBaHHS HECIPaBHOCTEH
MPOTOYHOI YacTUHHM Ta30TypOiHHoro nasuryHa (I'TJI), MOHITOpHHI CTaHy OJIMBH,
BiOparlii i pecypcy. BUKOPHUCTOBYIOTBCS CKIIQJIHI MaTeMaTH4HI aJrOpUTMH, TakKi SK
¢bireTp KamMana, reHeTHYHI allfOPUTMH, aITOPUTMH MAIIMHHOTO HABYaHHS.

VY crarti [11] mpencraBieHO aHami3 3aCTOCYBaHHS JO EJIEKTPOTiIPaBIIYHOTO
Hacoca po3poOieHoi KommaHiero Boeing cucteMu MOHITOPHUHTY TEXHIYHOTO CTaHy
BiIkpuTOi iporpamuoi apxiTektypu (Open Software Architectures OSA-CBM), 3natHoi
JIarHOCTYBATH TaKl HECTPABHOCTI, SIK 3HOITYBaHHS MIAINIMITHUKIB JBUTYHA a00 Hacoca,
yIapHi HAaBaHTAXKCHHS 1 KaBITaIlil0 Hacoca.

[IBunke mepeTBopeHHsT Dyp’€ 3aCTOCOBYETHCS M0 JAHUX aKCEIepOMETpa s
BU3HAYCHHS CTaHy MIJIMIUIHUKIB HAcoca ¥ EJIeKTPOABUTYHA, IO JIO3BOJISIE
iIeHTH(dIKyBaTH 3CYBH BiOpalliiHUX dYacTOT 3a IUIMHOM 4Yacy U mependoadnTtu

3HOILIYBAaHHS MNIAMMUOHUKIB. HelpoHHI CITKM BUKOPUCTOBYIOTHCSI MJii BUSIBJICHHSA W
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kinacugikamii  KaBiTamii  Hacoca. 3 METO0  BHU3HAYEHHS  MPale3JaTHOCTI
€JIEKTPOT1IPaBIIYHOT0 HAcOca, MOTro mapamMeTpu poOOYOoro Mpoiecy KOHTPOJIOIOTHCS
IUIIXOM TOPIBHSHHS BHUMIPIOBAHUX MONEPEAHBO OOpPOOJIIEHHX JaHUX 13 3aJaHUMU
MOPOTOBUMH 3HAYEHHSIMHU.

Pesynbrat BUKOpUCTaHHS i€l CHCTEMH Ha Takux Iuatdopmax, sik F-18 E/F,
OolioBUI O€3MUIOTHUM JITalbHUN amapar 1 BIACBKOBO-TpaHcmopTHHMM mitak C-17

CBiII‘II/ITB npo 30-HpOH€HTHe SMCHIIICHHA BUTPAT HA TeXHIYHE O6CJIYFOBYB&HH$I.

1.3 Bumoru 10 MeToiB napaMeTpuyHOro J11arHOCTyBaHHS

B crammaprax ISO 13374-1, I1SO 13374-2 i ISO 13374-4 [14, 15, 16]
BCTAHOBJICHO PSIJT BUMOT JI0 CHCTEM MOHITOPUHTY ¥ JIarHOCTYBAaHHS TEXHIYHOT'O CTaHY
obnmagHanus. Y poborax [15-17, 22] HaBeaeHO mepeiueHi HUWKYEe BHUMOTH O
aJTOPUTMIB JIIarHOCTYBAHHS :

TounicTe  giarHocTyBaHHS.  SIKICTP  JIarHOCTYBaHHS  NpU  BHU3HAYEHHI
HECIIPABHOCTEW MOKHA OXapaKTepHU3yBaTH JIBOMA TUIAMH MOXMOOK: XMOHI TPUBOTHU i
NPOIYIIEH] HECITPaBHOCTI. AnroputmMu pO3Mi3HaBaHHS HECIIpaBHOCTEMN
XapaKTEePU3YIOTHCSI MHOKHHOIO THUITIB MOXUOOK, sIKI MOYKHA OMKMCATH Y BUTJISAI1 MaTPHIIL
JOCTOBIPHOCTI, KOKHHH IJ- €JEeMEHT $KOi BIAMOBIZA€ WMOBIPHOCTI OTPHMAaHHS
aiarao3y Dj npu ¢akTuyHOMY CcTaHi S;.

AAnTUBHICTH 10 YMOB POOOTH i BUKOPUCTOBYBAHOT'O OOJIaHAHHS.

[IBuakicTs 00pOOKHM MaHWX. MeToau NiarHOCTYBaHHS MaloTh OOpoOJATH AaH1 i
MO/IaBaTH PE3yJIbTaTH B PEAIbHOMY 4Yaci 200 3 MiHIMAJIbHOIO 3aTPUMKOIO.

PobGacTHICTh (CTIMKICTB) A0 NTyMYy ¥ BIIXWICHb Y BUMIPIOBAHUX JIAHUX, & TAKOX /10
3MIHM YMOB BUKOPHCTAHHS.

[IpoctoTa BuKOpUCTaHHS. METOAW AiarHOCTYBaHHS MaiOTh OYTH TPOCTUMH Y
BUKOPHUCTAHHI ¥ IHTEpHpeTaIii sl OTepaTopiB 1 TEXHIYHOTO TIEPCOHATY.

[TinTpuMKa TPUUHATTSA pimieHb. MeToau JiarHOCTYBaHHS MAarOTh HaJlaBaTH
KOPHUCHY 1H(pOpMAIIifo, KA OJJHO3HAYHO IHTEPIPETYETHCS OOCTYTOBYIOYHM TIEPCOHATIOM

P PUHAHATTI PIIICHBb PO TEXHIYHE 00CITyTOBYBAHHS i PEMOHT BHPOOY.
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1.4 Krnacudikanis MeToaiB napaMeTpuyHOro A1arHOCTyBaHHS

MetonaM niarHOCTYBaHHs, OCHOBAaHMM Ha aHaji31 mapaMeTpiB poOOUYOro mporecy,
MPUTAMAHHO AESKI XapaKTepH1 BIIMIHHOCTI, sIKI B CYKYNHOCTI BU3HA4alOTh OCOOJIUBE
MICLIE LIMX METOJIB Y CHCTEMi1 KOHTPOJO cTaHy o0’ekrta. [[iarHocThuHi 1HGOpMaIlis
MICTUTBCSI B 3HAQUEHHAX MapaMmeTpiB poOOYOoro mpoiecy 00’€KTa, SKi 3apeecTpOBAHO
pu Moro poOoTI.

Jlnst knacudikaiiii METO[IB MapaMeTPUYHOIO JIarHOCTYBaHHS iX CUCTEMAaTH3YIOTh
3a  JeKUTbKOMa  KIIOYOBHMH  O3HaKaMH, fAKI  XapakTepu3ylTh  alTOPUTMH
JIarHOCTYBaHHSA. Y  [bOMY  OIJIsAl  KJIacHikalilo BUKOHAHO 32  THUIIOM
BUKOPUCTOBYBAHOI ampiopHOi 1HQopMallii npo cTaH 00’ekTa (eKCHepUMEHTaJbHAa YU
MOJIeNIbHA), 32 TUIIOM MaTeMatn4Hoi monen (MM) o0’ ekTa gociimxeHHs (JIiHIIHA YU
HeJIiHIMHA) 1 3a crmocoOoM Jlokaizailii HecripaBHOCTI. Taka kiacudikailis ocHOBaHa Ha
po6orax C. B. €nidanosa [18], L. I. JJobonu [30], a Takox Ha orIsigax METOIIB
JlarHOCTyBaHHS aBlallifHUX ABUTYHIB [19] 1 enekrpoMexaniunux nmpuBoiis [20].

3rigHo 3 puc. 1.2, metoan o6poOku BUXimHOT iHPOpMAaIlii, 10 BUKOPUCTOBYIOTHCS
3 METOI0 JIOKai3alii HeCNpaBHOCTEH, MOXHA PO3AUINTA HA JBa OCHOBHI KJacu:
METO/H, K1 PAIIOIOTh 13 eKCIIEPUMEHTAJIBHOKO allpIOPHOO 1H(POpMAITIEIO PO 00’ €KT, 1
METOAH, SKI BUKOpHCTOBYIOTH MM. Jlns Benmkoi kimbkocTi arperatiB ['C, 30kpema
PO3MOALILHUX MIPUCTPOIB, HE ICHYE CUCTEMATHU30BaHO1 0a3u TaHuX Je(PEKTHUX CTaHIB, a
CTBOPEHHS Takoi 6231 YCKIAQIHEHO BUMAJKOBUM XapaKTepoM Ae(EKTiB, 10 BUHUKAIOTH,
0arato 3 SKHX TMPOSBISIOTBCS JOCTaTHRO piako. ToMmy mnpu oOmsIAi  METOAIB
MapaMeTpUYHOTO [IIaTHOCTYBaHHS OCHOBHY YyBary Oyae TpPHIAUIEHO MeEToAaM,
OCHOBaHMM Ha BUKopucTaHHi MM pobouoro mporecy. Cepen HEX BIJOKPEMUMO JBa
OCHOBHI HaIlpsSIMH: IMapaMeTPUYHE JIarHOCTYBAaHHsI, OCHOBaHE Ha inmeHtudikamii MM, i

JarHOCTYBaHHS B MIPOCTOP1 MapaMeTpiB poOOYOro MpoIiecy.
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1.5 Orunan MEeToIB MapaMEeTPUYHOIO J11arHOCTY BAaHHS

1.5.1 Metoau napamMeTpUYHOrO [1arHOCTYBaHHS, OCHOBaHI Ha IAeHTU(IKaIli
MM

Metoau 1pOro HampsMy peani3yloTbest B 1Bl cramii. Ha mnepuniii cranii,
BUKOpUCTOBYI0OUM MM, Ha OCHOBI BUMIPIOBAHHMX IMapaMeTpiB poOOYOro Mpolecy
OLIIHIOIOTh ~ BHYTPIIIHI KOHCTPYKTHBHI TMapamMeTpu arperatra, HEIOCTYIHI s
BUMIPIOBaHHS, TaKl sIK )KOPCTKICTh MPYKUH, IOl MPOXIIHUX MEPEPI3IB PETYIIOI0YUX
CJIEMCHTIB Ta TOJOKCHHsS KiamaHiB. Ili J1aHi JO3BOJSAIOTH JOCHUTh TOYHO OIHCATH
MOJKJIMB1 HECTIPABHOCTI JOCIIKyBaHOTO BUpoOy. Jlyig oTpumaHHS AaHOi 1HpopMarlii
BUKOPHUCTOBYETHCA anapaT NapaMeTpuyHoi 11eHTudiKarii.

Ha npyriit cranii aiarHOCTyBaHHS, IPYHTYIOUHMCh Ha OI[IHKaX, OTPUMaHUX y
npoleci MapaMeTpUyHOl 1IeHTU(IKAIIIT MOJIeN arperaTa, MPUUMAaeThbCs PILICHHS 1010
BIJIMOBIIHOCTI TEXHIYHOTO CTaHy 00'€KTa OJHOMY 13 3a3/JaJieTi/[b BU3HAYEHUX KJIACIB
nedextiB. Llelt eranm HEOOXIMHMI I TOCATHEHHSI KIHIIEBOI METH J1arHOCTYBAaHHS —
BU3HAUEHHS KOHKpeTHOoro tumny nedexrty. OmHak 1eit eran miarHoctyBaHHs ['C e
HEJIOCTAaTHLO BUBUCHMM. ABTOpH OUIBIIOCTI JOCHTIKEHh a00 OOMEXYIOTh 3aBIaHHS
JIarHOCTYBaHHS BU3HAYEHHSM OIlIHOK IMapaMmeTpiB ctaHy [21], abo ¢opmynoTh
3aBJaHHS JPYroro eramy HaATO PO3IUIMBYACTO [JI WOTrO MPAaKTHYHOI peamizailii.
PosrasiHemMo nokiasHile nepury cTaaito J1arHoCTyBaHHS.

MM 6ynap-sikoi I'C onucyeTbcs OOHUMU 1 TUMH K 3aKOHAMH T1IpPaBIIiKH, OJIHAK
icHye 0Oe3mid BHUAIB TIepeTBOpeHHs naHoi MM 3 METOW CHpOIISHHS 3aBIaHHS
TexHiuHoro aiaraoctyBanns ['C i arperartis, 1o BXOASTH JI0 1i CKIIay.

EdexTtuBHMI MeTO MIarHOCTYBAaHHS 3 TOYKHU 30py peaiizallii Ta BIPOBAIKCHHS B
eKCIUTyaTalliro HaBegaeHo y ctatti [21]. TigpocucTeMa ckiiamaeTbes 3 TIAPOMIITIHAPA Ta
mporopiriitHoro kianadna. MM y mpocTopi CTaHiB IPEICTaBIICHa CHCTEMOIO HETIHIMHUX
nudepeHIliaTbHIX PIBHAHBD MEPIIOTO MOPAAKY. BxigHumu mapamerpamu u(t) € THCK
poOodoi pimvHM Ha BXOJl Ta HaBaHTa)XKeHHs Ha mpuBia. [lapamerpamu cranmy x(t) €
TACK HABAaHTAKCHHS, IICPEMINIEHHS Ta IIBUAKICTh MEPEMIIICHHS TiAPOMMIIHIPA,

MepEMIIIEHHSI 30JI0THUKA MPONOPIIHHOTO KilanaHa:
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{X(t) = A(t)x(t) + B(t)u(t); (1.2)
y() = C(®)x(t) + D(®)u(?), '
e y(.) — BEKTOp BHXIJHUX ApAMETPIB;

A, B, C, D — marpurii koeiiieHTiB MOAENI.

HecnpaBHOCT1 (BHYTpILIHI BUTOKHM Ta TEPTS B Tinpouriiinapi) Beeaeni B MM I'C y
BUIJISIII HEBIJOMHUX MAapaMEeTpIB CTaHy, IS 1AeHTU(IKAli SKUX BUKOPUCTOBYETHCS
HeNHINHUN GUIbTp po3auieHux pizauip (DDF).

DDF — e anroputm HemniHiiHOI ¢iapTpanii. Ha BiiMiHY BiJ alroputMiB JiHIAHOI
¢urbTpanii, mpu HOro 3acTOCyBaHHI MPOBOAMTHCS AMPOKCUMAIli JAPYTOro MOPSAKY
HEJTIHIKHOI CUCTEMHU B OKOJIMII OI[IHKM TOTOYHOro craHy. Ilpu 1poMy mporec
JiHeapu3allii 3a JOMOMOT0l0 po3KiIajanHs B OaraToBuMipHuil psia Teitnopa ciporie Huii
IUISIXOM 3aMIHU MOXITHUX PO3AUICHUMHU PI3HUIIMH.

B amroputmi DDF cran cucremMu monuentoeTbes sk QyHKIS i momnepeaHboro
CTaHy Ta KEPYHUYHMX BXIIHUX JaHUX, IO 3aCTOCOBYIOTBCS JIO CHCTEMH. AJTOPUTM
OI[IHIOE TIOTOYHHUI CTaH CHCTEMH LUISXOM PEKYPCHUBHOTO OHOBJIEHHS OI[IHKH CTaHy Ha
OCHOBI OCTaHHIX BHUMIpPIOBaHb Ta MepeadadyBaHOrO CTaHy Ha MOMEPEIHHLOMY KPOII
gacoBoro psay. B skocTti mapamerpiB BHUMIPIOBaHHS BHUKOPHUCTOBYIOTHCS THCK
HABAaHTAKECHHS, TEPEMINIEHHS W  MBUAKICTh  TMEPEeMIIIeHHS  TIAPOUMIIHJIpPA,
nepeMIIeHHs 30JI0THUKA MTPOTIOPIIIHOrO KiamnaHa.

Anroputm DDF Mae kinpka mepeBar y MOpPIBHSHHI 3 I1HIIMMH aJdrOpUTMaMH
dinpTpanii, Takumu sk posmmpenuit GinbTp Kanmvmana (EKF): BiH Moxke oOpobistu
CUTHAJIM, 3IEHEpPOBaHI HENIHIMHUMH CHUCTEMaMH 3 HETrayCOBUM  PO3IOALIOM
WMOBIpHOCTI TOXMOOK BHUMIPIOBaHb 1 HE BHUMAarae po3paxyHKy wmatpuii Akoo0i,
HEOOXIMHOT 1A ampoKCUMaIlil CHCTeMH HEIiHIMHMX pIBHSAHBb. Baromoro mepeBaroro
anmroputmy DFF € Te, mo #oro Mo)kHa BUKOPUCTOBYBATH B CHUTYAIllsIX, KOJIU MOJEIb
CUCTEMHU € CYTTEBO HemiHiitHOI0. KpiM TOro, #oro MoKHa BHUKOPHUCTOBYBATH 13
3aIIyMJICHUMH Y1 HETTOBHUMH CIIOCTEPEIKEHHIMH.

OnHak BiH HE MOXKE€ OyTH ONTHUMAJIBHHM aJTOPUTMOM I imeHTHdIkamii MM,
OCKLTHKMA HOTO OCHOBHA METOIO € HE OIlIHIOBAaHHS MapaMeTpiB MOJIENi, a OIIHIOBAHHS

3Ha4YeHb (YHKIII1, III0 PO3PAXOBYETHCS 3 BUKOPUCTAHHSIM MOJIEII.
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OCHOBHHMM HEIOJIKOM JaHOT'0 METOJY J1arHOCTYBaHHS T1JIPaBIIYHUX CUCTEM €
HEMOXXJIUBICTh HOTO 3acTOCYBaHHS JJII CHCTEM 3 HHU3BKOIO CIIOCTEPEKYBAHICTIO.
Hamnpuknan, y perynasaropi najivBa IpUCYTHI OUTBIIE JAECATU PI3HUX B3aEMOMOB'SI3aHUX
PYXOMHX €JIEMEHTIB, KOKEH 3 SIKMX Mae CBIM HaOlp mapaMmeTpiB CTaHy, sIKI HEMOXKJIUBO
BUMIpATU. [Ins nmiarHOCTYBaHHS JA€(EKTIB 3a JOMOMOTOI alrOPUTMY HENIHIMHOI
dinpTpallii, BpaxOBYIOYM BHUCOKUM PIBEHb HENIHIMHOCTI TMOBEIIHKM TaJIUBHOTO
perymnsTopa, BUHHKAE MOTpeda y BUMIPIOBAHHI JJOCTAaTHLOT KUIBKOCTI TapaMeTpiB CTaHy,
TaKUX SK TIEPEMIIIEHHS] Ta MIBHAKOCTI TMEPEMIlEHHs 30JIOTHHUKIB, 10 B 0ararbox
BUTIAKAX 3/[IHCHUTA HEMOXKIIHUBO.

Icnye i1HmME migxig po giarHoctyBaHHs ['C 13 BUKOPUCTAHHSIM HEJIHIMHOT
napamMeTpudHoi igeHTudikamii. Y crarri [22] 3amponoHOBAaHO METOJ MapaMeTpUYHOi
inentudikamii MM  TepTs mITOKa TIAPOIMIIHIApa MO €JIEeMEHTaX VIIUIbHIOBAYiB
riaporuiiaapa. OCKUIBKYA TEPTS — 1€ CKIAJIHUM HENIHIMHUN (I3UYHUN mpolec, SKun
3aJIEKUTH Bl SAKOCTI OOpOOKM MOBEPXHI, MIO YIIUIBHIOETHCA, TEMIIEPATYpH, B'SI3KOCTI
po60Y0T pIIUHM TOIIO, B JIaHIM poOOTI 3aIIPONOHOBAHO BUKOPUCTOBYBATH €MITIPUYHUM
miaxig no imeHtudikamii mMozeni. JlochmimKyBaHa cHCTEMa CKIIAIAEThCS 3 PYXOMOTO
TIAPOIMIIHIPA, INTOK SIKOTO YHIUTBHIOETHCA CaJIbHUKOM. BXiIHMM mapameTpoMm €
IIBUIKICTh MEPEMIIICHHS INTOKA TiAPOIMIIIHApPA, BUXITHUM IapaMeTpoOM — 3yCHILIS,
HEOOXIJTHE JJIs MO 0JIaHHs cril TepTsa. OO0uaBa mapaMeTpyu BUMIPIOIOThCH.

Emmipuuna MM rigpomwiniapa sBiase coO0 Mojaelb XaMmMMepIITeiiHa, sKa
CKJIaJlaeThesd 3 (PYHKIT CTATHYHOI HENIHIMHOCTI, IO OMHCYE CTAaTUYHI BJIACTHBOCTI
1IeHTH(IKOBAHOI CUCTEMH, 1 JIHINHOI mepenaBanbHOl (YHKINI, 10 ONMUCYE TUHAMIKY
CUCTEMH:

flk] = H(g™Dg(IkD), (L3)

ne q~! - omeparop BincTaBaHHs,

H(q™ 1) — nepenapanpha QyHKIis NiHIHHOT YacTHHH,

v(k] u f[k] — BXigHU# ¥ BUXITHKUN CHTHAIM MOJIEI BiIIOBIIHO B MOMEHT Yacy k.

®dyukmis crarngHol  HediHidHOocTI g() BimoOpaxkae 3aJeXHICTh BHXIJIHOTO

CHTHATy TifpaBNiuHOi CHCTEMH Bim BXigHOro, a mnepegasanbHa ¢ynkuis H(g™ 1)
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MpEACTaBlis€ IUHAMIYHY MOBEAIHKY cuUcTeMU. Monens XamMmepliTeiiHa 3a3BUYail
BUKOPUCTOBYETHCS ISl MOJEIIOBAHHSA HEIIHIMHUX CHCTEM 13 JIHIKHOIO JTHUHAMIKOIO.
basucna (¢ynkuis BeiBnera JloOemni BHUKOPUCTOBYETbCS JJid  MPEACTABICHHS
HEJTHIHHOTO BimoOpaxkeHHs QYHKINT CTaTUUHOI HemiHiiHOCTI g () 3 MEHIIOI0 KiTBKICTIO
napaMetpiB. JIiHIiHA AWMHAMIYHA YacTHMHA MOJENl XaMmMMepIITeiiHa Mpe/CTaBlIeHa Y
BUTJISII1 PUIBTPA KOB3HOTO CEPEIHBOTO (4):

H(@™") =ag+a g '+...+ayq ™", (1.4)

3 MeTOo NIABUIIEHHS TOYHOCTI 1eHTU]IKaLli Ta KOMIEHcalli PpI3HUII MIX
TEOPETUYHOIO MOJIEIUTI0 1 (PAKTHUYHOIO 3aJIEKHICTIO IIBUIKICTH/TEPTS, MOJENb
XammepiiTeitHa Oyia mapajieabHO JOMOBHEHA (PI3MYHOI0 HENIHIMHOI MOJEIUTIO TePTs
TUIPOITMITIH/Ipa B MMPOCTOP1 CTaHIB.

106 oOIiHUTH KOEPIIEHTH EMIIPUYHOI Ta 3MIIAHOI MOJeNl TepTs 3a
BUMIPIOBAaHUMHU BXIJHUMH Ta BHXIJTHAMH IapaMeTpaMH, BHUKOPUCTOBYETHCS METOI
MIHIMaJIBHOT cepeqHbOKBaApaTUYHOI momuiku (LMS).

Otpumani pe3ynbTaTd MOKa3aiM, IO PO3PAXYHKOBE 3HAYEHHS CHJIM TepTd B
MaH)K€THOMY YIIUILHEHHI IOCUTh J00pe 30iraerhcs 3 (pakTuuHuM 3HaYeHHAM. OHaK
ICHYIOTh JIBI OCHOBHI MpOOJIEeMH, TIOB'S3aHi 13 3aCTOCYBaHHSM JaHOTO METOAY JI0
arperatiB ['C. I[lo-mepine, 3anumraeTbcs HEBUPIMICHOO 3a1a4ya (i3MYHOI IHTEepIpeTanii
koedirieHTiB eMIipuyHOi Mojeli XamMMepITeiiHa 3 METO MOAaNbINoi Kiacudikamii
nedeKTiB 3a KUIBKICHUMHM 3HAYCHHSIMHU OTPUMaHMX Koe(dimieHTiB. 3acTocyBaHHSA
GI3MYHUX 3aJI€KHOCTEN 3yCHIUIS TEPTS BiJl MIBUAKOCTI PyXy TIPOIMIIHAPA B 3MIIIaH1i
MOJIE TEPTs BUPINIYyE TMPOOIEMY IHTEpIpeTallii, OCKUTBKH MIiC/Is CXOJKESHHS ILIbOBO1
¢byskIii OyayTh OTpuMaHi He TUTbKH KoedirienTn 6a3ucHoi ¢yHkiii BeriBnera [Jobemri,
a ¥ Koe]III€eHTH TEOPETUYHOI MOJEN TepTs, SKI MaroTh Gi3UYHMIA 3MicT. Jpyroro
HEBUPIIICHOIO MPOOJIEMOI0 € TOM (DaKT, MO B TiAPaBIIYHUX arperarax po3moiIbY0ro
TUITy HEMOXXJIMBO BUMIpATH 0€3 iX po3OWpaHHS CWIM TEPTA, a TAKOX IIBHIAKOCTI
MEPEMIIICHHS] PyXOMUX €JIeMEHTIB. HEeBUPIIIEHOI0 TaKOXK 3aTUIIAETHCS 3a/1a4a BUOOPY
BUMIPIOBAaHUX TIApaMeTPiB poOOUOTO MPOIIECY arperara, HeOOXIMHUX I 1IeHTH(IKATIIT

IHIIUX TapaMeTpiB, TAKUX SIK dKOPCTKOCTI MPY>KUH, BUTOKH, 3aCMIUYEHHSI TOIIIO.
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OcoOnuBICTIO T1IPaBIIYHUX arperariB po3MOAUIBYOr0 THUIY, 30KpEMa MaIMBHUX
PEryJSTOPIB, € BEIMKA KUIBKICTh PyXOMHUX 1 HEPYXOMHUX KOHCTPYKTHBHUX E€JIEMEHTIB,
K1 (PYHKI[IOHAJIBHO PI3HOI0 MIPOI0 BIUIMBAIOTh HA MapamMeTpu poOOYOro mpolecy.
[IpoTe KUIBKICTh MapamMeTpiB poOOYOro Mpolecy, NOCTYMHUX sl BAMIPIOBAHHS, yXKe
oOMexeHa dYepe3 KOHCTPYKTHBHI OCOOJMBOCTI JaHUX arperariB. J[0 TOro  BILUIUB
KOHCTPYKTHUBHUX €JIEMEHTIB Ha BIAXWJIECHHS BHUMIPIOBAHHMX MapaMeTpiB y Oararbox
BUTIQJIKAX MOXE OyTH MJyXe CXOXKMM. TakuM dYHHOM, 3ajJada MapamMeTpUYHOI
inentudikamii MM crae morano oOyMOBIIEHOK [8], [0 3HAYHO YCKJIAJHIOE TPOIIEC
i1IeHTHQIKaLI] Ta TOJaIbIly Kiacu]ikalio TEXHIYHOro crany. s BUpilIeHHs 3aaadi
JIarHOCTYBaHHS B yMOBaxX MOraHoi 0OyMOBJIEHOCTI 3aCTOCOBYIOTh B OCHOBHOMY JiBa
MIXOAM. PEryJsipu3allito Mpouecy napaMeTpudHoi iieHtudikamnii adbo AlarHOCTyBaHHS
B MPOCTOplI MapameTpiB, 10 BUMIpOIOTbC [29]. MeTtoau niarHOCTyBaHHS, IO
BUKOPUCTOBYIOTh aJTOPUTMH TMapaMEeTPUUHOI 1IeHTU(]IKaLll, MalOTh JEAKl HEIOJIKH,
HAasBHICTh SKAX 3HAYHO YCKIAIHIOE TIPOIEC JIIarHOCTYBAaHHS TIAPaBIiYHHUX
PO3MOALILYMX arperariB: a) MOMUJIKH BHMIPIOBAaHUX TapaMeTpiB 1 moMuiaku MM
OpU3BOAATH JO BEJIMKUMX MOXMOOK B OIlIHKaX IapaMeTpiB CTaHy 4Yepe3 IOraHy
oO0yMOBJIEHICTh 3adaui; 0) Mpu BpaxyBaHHI JIOJATKOBOI ampiopHoi iH(opMarlii mnpo
MOXUIHBI JlepekTn icHye pobiaemMa migdbopy KoedilieHTiB peryaspu3aitii GyHKIioHaTy,
mo MiHiMizyetbess [29]. Takum YHHOM, peryaspu3aiis 3amadi nmapaMeTPpUUHOI
inenTudikaiii Mojke He JaTH OYIKyBaHOI TOYHOCTI A1arHOCTYBaHHSI.

Hapnakm, mporec miarHOCTYBaHHS B TMPOCTOPI BHMIPIOBAHUX IapaMeTpiB
po0OOYOTo MPOIIECy OMUCYETHCS MAaTEMATUYHUM amapaToM po3Ii3HaBaHHSA 00pa3iB, IO
JI03BOJISIE BUKIIIOYUTH 3 TIPOIECY AiarHOCTyBaHHS MM 1 BUKIIOUATH 11 TOMUJIKH.
TounicTe knacudikamii B TaKOMY pasi 3alleKUTh JIUIIE BiJl CTYNEHS YHIKaIbHOCTI
BIJTUBY TOT'O UM IHIIOTO JIe(PEKTHOTO CTaHy Ha MEBHHUM HAOIp N1arHOCTUYHUX O3HAK.

1.5.2 Metoau AiarHOCTYBaHHS B MPOCTOP1 BUMIPIOBAaHUX MMapaMeTpiB

IIpocTip, y sskOMY 6€3MmocepeIHbO BiOyBAETHCS BU3HAYCHHS CTAHIB T'1IPABIIIYHOT O
arperara, Ha3BeMO JIarHOCTHYHUM, a MapaMeTpu poOOoYoro mporuecy, mo GopMyroTh

I MpOCTip — JIArHOCTHYHUMM O3HakaMu. [Iiaxig A0 M1arHOCTYBaHHS SIK MPOIIECY
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pO3IMi3HABAHHS B MPOCTOP1 BUMIPIOBAHUX JIarHOCTUYHUX O3HAK a00 iX BIAXWIIECHb BiJl
HOPMHM TPHUHIMIIOBO  BIJIPI3HAETHCS  BiJ  JIarHOCTYBaHHA 3  BHKOPUCTAHHSIM
imentudikanii MM, ske moB'si3aHe 3 CYTTEBUMHM NMOXHOKAMH OIL[IHIOBAHHS MapaMeTpiB
CTaHy, OJHHUM 13 JDKEPET SIKUX € caMa MOJIENb.

[Iponienypa nokainizaliii HeCHpPaBHOCTEH TIApaBIIYHOTO arperata B IPOCTOPi
napaMeTpiB po00YOro mpoiecy abo iX BIAXUIIEHb Bil HOPMH € 3aJ1aueto Po3Ii3HABaHHS
o0Opa3iB 1 OopraHi3oBaHa 1HaKIle, HIK MPOIEaAypa, IO BUKOPUCTOBYE 1ACHTH(IKAIIIIO
MM. 1l npouienypa BKIIOYA€E TaKi €Taru:

1) nasuanmns: Ha OCHOBI THPOPMAIIIT TPO MOKIIMBI TEXHIYHI CTAHH TiAPABIIYHOTO
arperata GOpPMY€EThCS CTATOHHUIN OMKC KOKHOTO KJIACY MOKJIUBUX CTaHIB;

2) npuiinsimmsi piuieHHs: 3HAYCHHS TIarHOCTHYHUX O3HAK CTaHy MOPIBHIOIOTHCS 3
CTAJIOHHUMU ONKMCAMH, W MPUHUMAETHCS PIIICHHS MPO HAJCKHICTh MMOTOYHOTO CTaHY JI0
OJIHOTO 3 KJIaciB A€(EKTIB;

3) oyintoeanHs TOKa3HUKIB SKOCTI PO3IMTi3HABAHHSI.

YV mporeci aiarHocTyBaHHA Ha japyromy etami MM He 3acTocoByeThes. li
BUKOPHUCTAHHS HEOOXigHEe Ha eTami ¢GopMyBaHHA KiaciB JedeKTiB 3a yMOBHU
HEJOCTaTHLOI KUIBKOCTI €MIIPUYHUX JaHUX TIPO MOXIMUBI CTaHH 00'ekTa
J1arHOCTYBaHHS.

PosmizHaBanHs nedekTiB y MOpocTOpi KOHTPOJIBLOBAHHMX IapamMeTpiB poOOYoro
NPOIECY € MEePCIEeKTUBHUM HaIpsSIMOM, IO M03BOJIsIE BUKIOUMTH MM 3 mpouenypu
JarHOCTYBaHHS.

Y crarti [23] HaBeAeHO METOA  IarHOCTYBaHHS  HECIPaBHOCTEH B
CJIEKTPOT1IPAaBIIYHUX IMIIHIPOBUX TPHUBOJAX, SKI 3a3BUYail BUKOPUCTOBYIOTHCS B
MPOMHUCIIOBOCTI. METOI0 3amporoOHOBAaHOTO METOAY € BHUSBICHHS Ta 130JIAIIIS
HECIIPaBHUX KOMITIOHEHTIB, IO JO03BOJISA€ MiABUIIUTH HAIAHICTh Ta 3HU3UTU BUTPATH
Ha obOcmyroByBaHHiA. MM cuctemu BioOpa)xaeThcsl y BUTISAAI HAOOpY HETIHIMHUX
mudepeHIliabHIX PIBHSAHB, fAKI MOXKHAa BHUKOPHCTOBYBATH JUIS MOJICIIOBAHHS
MOBEAIHKA CUCTEMHU 3 PI3HUMH BIIXWICHHSMH KOHCTPYKTHBHUX IMapamMeTpiB. Y Iid
po0OOTI MpPOCTIp BUMIPIOBAHMX MapaMerpiB poOOYOro mpoiecy TpaHC(HOPMOBAHO 3a

JIOTIOMOTO0 aJIrOPUTMIB 1IeHTU(]IKAIllT B TPOCTIp KOEDIIEHTIB KEPHDYHKITIH.
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JIns MozeNntoBaHHS TOBEIHKU BY3Jia MPUBOAY €IEKTPOTIAPABIIYHOTO IUJIIHJIPA,
MIAJaHOTO PI3HUM HEJIHIMHUM BIUIMBaM, BHKOPUCTOBYETHCS MOJeib Boibreppa
IpYyroro MOpsAKy, MepeBara sKOi MOJArae B TOMY, IIO BOHAa MOXE BIAOOpakaTw
HENIHIAHY TUHAMIYHY TOBEIIHKY CUCTEMH.

Koediuientu kepupynkuid Boabreppa oniHIOIOTHCS 32 JOIOMOTOI0 PEKYPCUBHOTO
QNrOpUTMY HaMEHIIMX KBAApAaTiB, SIKUA OHOBIIIOE OLIHKH KOE(IIEHTIB KEPHPYHKIIN
Ha OCHOBI IMOTOYHUX Ta MONEPEAHIX BXITHUX 1 BUXITHUX JAHUX CUCTEMHU.

[Ticns  igenTudikamii moneni BonbTeppa aBTOpU BUKOPUCTOBYIOTH 11 s
BUSIBJICHHSI Ta JIOKaJli3allli HECHpaBHOCTEW y OJOIi MPUBOJY EJIEKTPOTiAPaBIIYHOTO
ITiHApa. 30KpeMa, BOHM BUKOPHUCTOBYIOTh KOE(QILI€EHTH KEepHOYHKIINH Momeni A

(dbopMyBaHHS BEKTOpa IIarHOCTUYHUX O3HAK Hg,m CUCTEMH, 110 HOPMAJIBHO MpaIoe. 3

METOI0 BHSIBJICHHS JIe(PeKTy, BEKTOP Hf;m napaMmeTpiB Mojelni Bonbrepa, oTpuMmaHwMii
npu igeHTUudIKalli CcUcTeMd 3 JePEKTHUM CTaHOM, IMOPIBHIOIOTH 3 BEKTOPOM
napameTpiB MoAei H_%’,m, KU Ma€ OYIKyBaHI 3HAYEHHs [JIsl CIPABHOI CHUCTEMH.
[TopiBHSAHHS 3IMCHIOIOTH 3a JOMOMOTOI PO3PaxXyHKYy KOCHHYCHOI BIJICTaHI MIXK
BEKTOpAMU Hé‘;m i Hg,m. SAxio BeKTOp mapameTrpiB HSF;m ne(eKTHOT CHCTeMH 3HAYHO
BIIXWIAETBHCA BIJ BEKTOpa MapameTpiB Hg,m CIpaBHOI CHCTEMH, 1€ BKa3ye Ha
HasSBHICTh HecnpaBHOCTI. {5 jokamizarii HeClpaBHOCTI aBTOPAMU BHKOPHUCTOBYETHCS
MaTpHIlsd BIUIMBY (PI3MYHUX TapamMeTpiB eJEeKTPOTiApaBIIdYHOT CUCTEMH Ha IapamMeTpu
mozem BonbTepa, sSiki B IbOMY BHUIIQJKy BUKOPHUCTOBYIOTHCS K JIarHOCTHYHI O3HAKH.
s wmaTpums oTpuMaHa MUISXOM MOJENIOBAaHHA Je(EKTHUX CTaHIB CHCTEMHU 3a
noromororo ii ¢izmunoi MM 3 mojanbino iIeHTH(IKAIIE 32 JOMOMOI0K MO
Bonbrepa. Takum YWHOM, BEKTOP IarHOCTHYHUX O3HAK HSF}fm, OTPUMaHHUMN IIpU
imeHTudikamii cucteMud 3 JeDEeKTHHM CTaHOM F;, TOpPIBHIOIOTH 3a JOTOMOTOIO
KOCHHYCHO{I BIZICTaHi1 3 KOKHUM 13 BEKTOPIB MapaMmeTpiB mojeini Bombreppa HSF){m, 101(4)
BIIMOBIZAIOTE  MOXIMBMM  JebekTHMM  cTaHam  Fj.  ABTOpM  I€MOHCTPYIOTH

€(eKTHBHICTh TAKOTO MIAXOAY MIJISTXOM BHUSBICHHS Ta PO3IMi3HABAHHS HECIIPABHOCTEH y

0JI01I1 TPUBOJY €IEKTPOT1APABIIYHOIO IIIHAPA B PI3HUX YMOBAX €KCILTyaTallii.
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EdextuBHicTh  MeTOQy — mepeBipsiaca  Ha  3MOJEILOBAHOMY  IPUBOJII
€JIEKTPOT1IPABIIIYHOIO IWJIIHApPA; BBOAWIKMCS PI3HI HECIPABHOCTI, Takl SK 3aimlaHHs
KJIallaHa, BUTIK Yy HAcOCl Ta TepTs B LWIIHIAPL. Y CTaTTl JAEMOHCTPYEThCA, IO
3aMpONOHOBAHUIM METOJ| 3JJaTHUM TOYHO BUSIBIISATA Ta JOKAJIi3yBaTH 1[I HECHPABHOCTI
HaBITh 32 HASIBHOCTI IIyMYy BUMIPIB Ta HEBU3HAYEHOCTEH MOJIEIIOBaHHS.

Opnak cmij 3a3HauYdTA OOMEXKEHHs B 3acTocyBaHHI Mojeni Bonbreppa mis
JIarHOCTYBaHHS HECIPABHOCTEH y BHITaJKaX, KOJU € CTaTU4YHI ACPEKTH 3 OOMEKEHOIO
KUIbKICTIO BUMIPIOBAaHUX MapaMmeTpiB pobOouoro mpoiecy. Monens Bonbreppa — 11e
METOJI OIHCY HENIHIMHOI CHUCTEMH, M0 BHMarae 3HAYHOTO OOCATY JaHUX Ta
OOYHUCITIOBATBHUX PECYPCIB JJIi TOYHOTO OI[IHIOBAHHS ii mapaMeTpiB. SKIO KUIbKICTh
BUMIPIOBAHHMX JIIarHOCTHYHHUX O3HAK JYyKe OOMEXeHa, pe3yibTyroda MOJEIh MOXE HE
BiTOOpa3HTH BCIO CKJIAJHICTh CHCTEMH, IO TPU3BEAC JO HETOYHMX a00 HEIMOBHHX
niarHo3iB. KpiM Toro, sKio JiarHOCTUYHI IMapaMeTpU HEJAOCTaTHhO YYTIUBI JI0
KOHKPETHUX THUIIIB HECHPABHOCTECH, II€¢ MOXKE YCKJIQJHUTH BUSBJICHHI Ta
JIarHOCTYBaHHSI HECIPABHOCTEW 3 BUKOPUCTAHHSIM JAaHOI MOJeNi. Y TaKuUX BHUMAJKaX
MOXYTh 3HQJOOUTHUCS aJbTepHATUBHI METOAW JIIarHOCTYBaHHS a0o0 30upaHHs
TOMATKOBUX JIaHMX JUIsl IABUIIEHHS 1H(QOPMATUBHOCTI JIarHOCTUYHHX O3HAK.
3anporoHOBaHMM Yy i pOOOTI arOPUTM JiarHOCTYBaHHS MpU Kiacudikaiii nedekTin
HE YpaxoBy€ MMOBIPHOCTI iX BHUHHMKHEHHS, IO 3HAYHO YCKIIAIHIOE TMPOIIEC
BCTAHOBJICHHS JI1arHO3Yy.

YacTkoBO HEIONIKH JIarHOCTYBAaHHS, OCHOBAaHOTO Ha BHU3HAYCHHI KOCHMHYCHOT
BiICTaHI MIDK BEKTOpaMu MapamMeTpiB wmoneni BonbTreppa nans cmpaBHOTO Ta
HECIPABHOT'O CTaHIB, YCYHYTI B cTaTTi [24], ne mpeacTaBICHWH METOJl BUSBICHHS Ta
JoKami3amii HeCHpaBHOCTEW MJis TiAPaBIIYHOTO CEPBONPHUBOAY 3 BHKOPUCTAHHIM
moxeni ARX Tta HelipoHHoi Mepexi pamianpHux OasucHux ¢yakuid (RBF).
Koedimieatn wmomemi ARX, 1m0 OMmIHIOIOTECS METOAOM HaWMEHIIMX KBaJIpaTiB,
BUKOPUCTOBYIOTHCS SIK BEKTOP JIarHOCTUYHUX O3HAK JIJIsi BUSIBIICHHS HECTIPABHOCTEH, a
HeliponHa Mepexa RBF BukopucroByeTbest aiist kiacudikaiii HeClipaBHOCTEH.

Mogens ARX € mnpocrimior MOAEII0 MOPIBHIHO 3 Mojewmio Bonbreppa,

OCKUIbKM BOHAa BIJOOpa)kae JUIIE B3a€MO3B'SI3KM MEPIIOrO MOPSAAKY MK BXIJTHUM 1
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BUXIJIHUM CHUTHAJIaMU TiJipaBiiuHoi cuctemu. OnHielo 3 ocHOBHHMX mepeBar ARX-
Mojienl € Te, mo s ii igeHTudikamii noTpioeH MEHIIUM 00’€M JAaHUX MOPIBHSHO 3
Mozeto Bonbreppa, sika BUMarae Oulblle JaHUX Yepe3 ii ckiaaaHicTs. [Ipu npomy 3
MpakTUKK 3acTocyBaHHS ARX Mozemed 11 1oOyJIoBH CHCTEM KepyBaHHS
TIPaBIIYHUX CEPBO-CUCTEM MOJIEN1 IAHOTO TUITY MAlOTh JIOCTATHIN PIBEHBb CKIAIHOCTI
JUTSL BITOOPa)KEHHS B3aEMO3B'SI3KIB MK BX1THUMH Ta BUXITHUMH MapamMeTpamu.

VY nmanit pob6otri kimacudikailisi HECHPABHOCTEW 3IIMCHIOETHCS 3a JIOMIOMOTOIO
HelipoHHOo1 Mepexi RBF TakuM unHOM, 110 onTUMalibHa MeXa MOJUTy MK JedexrtaMu
BU3HAUAETHCA B peE3ysbTarTi MiHIMIZalli wUIboBOT ¢GyHKuil. Takuih migxig g0
kiacugikalli € OJHO3HaYHO OUTBII TOYHUM, HIK 3alIPOIIOHOBAHUHN Y MOMNEpeaH1N poOoTi
€BPUCTUYHUN MIAXiJ, OCHOBAaHWUNW HAa BUKOPUCTAHHI KOCHHYCHOI BIJCTaHI MIXK
BekTopamu napametpiB. Heiiponna mepexa RBF mae kinbka mepeBar y mopiBHSHHI 3
IHIIUMHU TUIIAMH HEWPOHHUX MEpEeX, Takl fK Kpama 30DKHICTb, MEHIIA KUIbKICTh
iTeparliii, HeOOX1THUX JIJI1 HABYAHHS, BIJICYTHICTh JIOKAJIBHOTO MIHIMYMY.

OpHuM 3 OCHOBHHX HEAOJIKIB HelipoHHOT Mepexi RBF € cknagHicTs BU3HaUYeHHS
HEOOXI1THOT KIJTbKOCT1 MPUXOBAHUX BY3J11B HEUPOHHOT MEPEXKI, 1110, B CBOIO YEPry, MOXKE
BIUTMHYTH Ha 11 MpoAyKTUBHICTb. KpiM Toro, HeliponHi mepexi RBF MoxyTs morano
IpaIfloBaTH 13 3alIyMJICHUMH a00 HETIOBHUMHM JaHWMH. HapemTi, HaB4aHHS HEHPOHHOT
mepexi RBF moke Bumaratu 3HauHUX 0OUYHCITIOBAJIBLHUX PECYPCIB, OCOOIUBO BEIIUKUX
HAOOPIB JaHUX UM CKJIQJTHUX MOJICIICH.

OnHuM 13 HaWOUTBII CYTTEBHX HEIOMIKIB JaHOTO MeTony kKiacudikariii nedexTis,
SK 1 METOZly, OITUCAHOTO B CTAaTTI [26], € HEOCTaTHA IHTEPHPETOBAHICTh PE3YJIHTATIB
OI[IHOK CTaHy BHACTIZIOK HEMOXJHMBOCTI BU3HAYEHHS HWMOBIPHOCTI pO3Mi3HABAHHS
nedekriB, ockutbku orinka RBF € merpuunoro. lle yckmamHioe mporiec MOCTaHOBKHU
JiarHo3y, OCOOJMBO B yMOBaxX OTPUMAHHS TMOMIOHMX OIIHOK TPUHAJIEKHOCTI
KJ1acu()iKOBAaHOTO CTaHy 70 IBOX a00 OinmbIe KiaciB AeeKTiB.

VY cyuacHiii aBianii nmomwupeHi npuBoau enekrpomexanignoro tuny (EMII). Born
BUKOHYIOTh Ti JX caMmi (yHKIiI, MO ¥ aBiamidHI TiApaBIi4HI CEPBONPHUBOAM, Ta
MpaloloTh y THX caMUX yMoBax. Tomy OIIHIOBaHHIO TexHiuHOro crtany EMII

MPUILIIETHCS BEJIMKa yBara, 1o BigoOpa)eHo B psai pooir [25, 26, 27, 28].
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Sk npuknan posriasiHeMo podotTy [25]. ABTOpU MPOMOHYIOTH JBOETAIHUMI MpoILieC
JIarHOCTYBaHHS, IKUU MOEAHYE BUKOpUCTaHHS MM 1 anroputMy jgepeBa pimieHb. MM
EMII npencraBneHa y BUIUIAII CUCTEMU 3 JABOX IU(epeHLIaTbHUX PIBHSIHB Y IPOCTOPI
ctaniB. MM EMII BcTaHOBmIOE 3B'SI30K MK TaKMMHU NapaMeTpaMH CTaHy SIK KyTOBa
IIBUJIKICTh OOEPTaHHS Ta CIOXKMBAHUKM MPUBOAOM CTPYM, SIK1 y CBOIO Uepry 3ajexkaTb
BiJl BXIIHMX MapaMeTpiB: HANPYTH KUBJICHHS Ta MOMEHTY HAaBaHTA)KCHHSI Ha TPUBII.
[ToTim, 32 1OMOMOTr0I0 KOPIYCKYJISIPHOTO (PUIBTPY, OHOBIIOIOTHCS OL[IHKH KOE(DIIIEHTIB
MM, mo [103BOJIsIE BUKOPUCTOBYBATHM 11 JJIi BU3HAYECHHS HOPMAJIbHUX 3HAYCHb
napaMmeTpiB pobo4oro mpouecy Ta Tabaull BIUIMBY AedEKTiB Ha mapaMmeTpu poOodoro
nporiecy. Ha mepmioMy erami JiarHOCTYBaHHS TPOBOJIUTHCS Z-test I BUMIPSHUX
napameTpiB pobouoro mnporecy EMII, 1mo 103BoJjiss€e BU3HAYUTH, YU BUXOJISTh
KOHTPOJIbOBaHI TTapaMeTpu 3a MEXI BCTAHOBJICHUX HOPM. Y pa3i HasBHOCTI BIIXUJICHb
napaMeTrpaM HaJalThCA BIAMOBIAHI cuMBOiu "+" abo "-", 3aleXHO Bil XapakTepy
BIIXWJICHHS (7J0IaTHE YU BiJ €MHE BIATOBITHO).

Jlaii BUMIpsiHI MTapaMeTpu poOOYOro Mpolecy 3a JOMOMOTO0 alfOPUTMY SKICHOT
kinacudikarii MOPIBHIOIOTBCA 3 TapaMeTpaMH, IO MOJEIIOIThCS, IS PI3HUX
nedextaux cranie EMIL. llei anropuT™m 103BOJIsS€ JTOKaNi3yBaTH HIMPOKUU CHIEKTP
nedeKTiB, TaKUX SK HECHPaBHICTh JATYUKIB CTPYMY €JIEKTPOJBUTYHA, ITiIBUIIICHA
TEMIIEpaTypa eJleKTPOABUTYHA, HECIIPABHICTh JATYUKIB TOJ0KEHHS IIPUBOTY.

Ha npyromy etami, sgxmo 3a gomomororo MM He BHaeTbcs JOKali3yBaTH
HECIIPABHICTh [0 OJHOTO KOHKPETHOTO JE(EKTy, 3aCTOCOBYETHCS aJITOPUTM
JIarHOCTYBaHHS, MOOYJOBAaHUN 3 ypaxXyBaHHAM 0a3u JaHWUX PI3HUX JIarHOCTUYHUX
O3HaK (HAMpUKJIad, BIOpONMPHUCKOPEHHsS). Y 1bOMY BHUIAIKY BHUKOPHUCTOBYETHCS
aNTOPUTM JIepEBa PIllIeHb, SIKUW, IPYHTYIOUNCh Ha 1H(pOpMAIIii, 10 MICTUTHCS B TaOIUII
BIUTUBY Je(EeKTiB Ha TapaMmMeTpu poOOYOro MPOIECy, M03BOJISE PO3AUIMTH TPYIy
nedeKTIB-MPETEHICHTIB Y IPOCTOP1 JIarHOCTUYHUX O3HAK.

Posrnstnyra MeToanka MiarHOCTYBaHHsS BMMara€ HasBHOCTI BEJIMKOI 0a3u MaHUX
BUMIPIOBAaHUX JTIarHOCTHYHHMX O3HAK, IO MICTUTh JOAATKOBY 1HGOpPMAIlI0 TIPO
CUCTEMY, HAasSBHICTh SKOI JO3BOJHWTH YCYHYTH HEOJHO3HAYHICTh TPH TMOCTAHOBIII

niarHo3y. OnHak sl TaJMBHOTO PEryJsATOpa AYyXKe Ba)KKO 3HAUTH JIOCTYNHY s
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BUMIpPIOBaHb TIpylHy MAIarHOCTUYHUX O3HAK, IO JO03BOJIAIOTH BUPIMIUTH OpoOIeMy
3HAYHO1 KOpPEJALIi BIUIUBIB PI3HUX AE(PEKTHUX CTAaHIB HA BUMIPIOBaH1 NapaMeTPH.

VY BCiX omuCaHUX Yy IbOMY pO3.Ull MeToaax aiarHoctyBaHHs ['C 3acTOCOBYeThHCS
JOCHTh CKJIAIHUK MaTEeMaTUYHUH amapar, IO JIO3BOJISE€ BU3HAYATH HASBHICTH
HECIPABHOCTI Ta JOKAII3yBaTH ii 3 MPUNUHATHOIO TOYHICTIO. O0'€KTaMU TOCIIIKEHHS B
poboTax, IO po3rsaarThes, € arperatu ['C, mo ckiIamaeTscs 3 CepBOKIAmaHa i
TIIPOIWITIHIPA, @ TAKOXK EJIEKTPOMEXaHIYHUN npuBig. CHCTEMHU TaKOro THUIY IIHPOKO
3aCTOCOBYIOThCS K y 3arajbHOMY MalllMHOOYJyBaHHI, Tak 1 B aBIaKOCMIUHIM ramysi
gyepe3 X BHCOKY MHUTOMY MOTYXHICTh. TOMy HE JMBHO, IO PO3pOOJICHO ITy HU3KY
QITOPUTMIB JIIAaTHOCTYBAHHSI TIAPABIIYHUX 1 EJIEKTPOMEXaHIYHUX TPHUBOJIB, SKIi
JO3BOJISIOTh KOHTPOJIIOBAaTH Ta IMMIATPUMYBaTH 1X CIpPaBHUA TEXHIYHUH CTaH B
excruryarairii. KoskeH 3 onmucaHuX ajlrOpUTMIB Ma€ CBOi NEpeBard, sKi BUPaKAFOThHCS
MEePEBAKHO B JIETKOCTI peastizallii Ta B MOMJIMBOCTI BUSIBJICHHsI PI3HUX HETaTUBHHX
HeMHIMHNX edekTiB. OaHaK y KOJHIA 13 pOoOIT HE MPUIUISETHCS JOCTATHHOI yBaru
KUTbKICHUM TTOKa3HUKaM €()EKTUBHOCTI JIarHOCTYBaHHs. Y MPAaKTUYHUX JOCITKEHHSIX
3 TapaMeTPUYHOT AIarHOCTUKH YacTO 3aCTOCOBYIOTHCS KUIBKICHI MOKA3HUKH SAKOCT1 JJISI
erany imeHTUdIKalii, a TaKoXX Pi3HI HenpsMi TOKa3HUKH HAAIMHOCTI eTamy
pO3ITi3HABaHHS, XOU HEJIOCKOHAIICTh OCTAaHHIX MOXE CTaTH JOJATKOBHM JKEPEIoM
noxuOok. Pigko BHKOPHUCTOBYIOTHCS TaKi BaXXJIMB1 IMOKa3HUKHU JIOCTOBIPHOCTI, SIK
TOYHICTh Kiacu@ikaiii, moBHoTa, F-mipa, a TakoXX BIpOTiAHICTh NPaBWIBHOTO Ta
MOMMJIKOBOTO JIIaTHOCTYBaHHS.

Oco0MMBO BaXJIMBO MAaTH OTPUMaHI1 3 HEOOX1THOIO TOYHICTIO IMOBIPHICHI OI[IHKH
MPUHAJICIKHOCT! aHATI30BAaHOTO CTaHY CHCTEMH JO TOTO YU IHIIOTO Kiacy JAeeKTiB y
BUIAJKY, KOJM BIIXWICHHS pPI3HUX KOHCTPYKTUBHHX IapaMeTpiB CHUCTEMH, IO
BIIMOBIZAIOTh JA€PEKTy, MaIOTh MOYXE CXOXHMA BIUIMB Ha 3MIiHY BHMIPIOBAaHUX
JTIarHOCTUYHUX O3HaK. IMOBipHICHA OIliIHKa 3HAYHO CIIPOINYE IPOIEC BCTAHOBIICHHS
JiarHo3y # J03BOJISE€ OIIIHUTH JOCTOBIPHICTH JiarHOCTYBaHHS. [igpomexaHidHa
CHCTEMa arperariB  po3MOALILYOrO THIy CKIIAJIA€ThCSd 3  BEIMKOI  KUIBKOCTI
KOHCTPYKTHUBHUX €JIEMEHTIB, HEBIJMOBIAHICTh SIKMX BHMOraM 3HAYHO BIUIMBAE Ha

Mpale3aTHICTh arperata. Beiamka KiTbKICTh MOXKJIMBHUX JIE€(PEKTIB, CXO0KHX 3a CBOIM
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BIJIMBOM Ha BUMIPIOBAaH1 JIarHOCTUYHI O3HAKH, & TAKOX Jy)K€ OOMEKEHa KUIbKICTb
JTOCTYTHUX /I BUMIPIOBaHHS MapaMeTpiB poOOYOro Mmpolecy, BU3HAYalOTh CKIAJHICTh
MPOLIECY A1arHOCTYBaHHS.

3HauH1 JAOCATHEHHS OTPUMMaHl B c(epi 3acTOCyBaHHS METOJIB JIarHOCTYBAaHHS Y
MIPOCTOP1 MapaMeTpiB CTaHy A0 MPOTOYHOI YaCTUHU razoTypOinHoro Asuryna (I'TJ1). 3a
CBOEIO CKJAIHICTIO MpoToyHa 4yacThuHa [ TJ[ HEe NOCTymaeThCs TaKUM CKJIAJIHUM
BUpOOaM, K arperaT peryIroBaHHs Mojadi manuBa. 3agada aiarHoctyBanHs ['T/] Takox
€ T1oraHo OOyMOBJIEHOIO, a KUIBKICTh TlapaMeTpiB poOOUYOro mpoiecy, Mo
BUMIPIOIOTECS, OOMexeHa. Tak, y po0oTi [29] HaBeneHo meron miarnoctyBanus [T/ y
OPOCTOPl TEPMOTa30JAMHAMIYHMX MapaMeTpiB. SIK 00'eKT AlarHOCTyBaHHsS aBilalliiHUN
I'T]l € cki1aiHOXO HETIHIMHOK CUCTEMOIO, B SIKIM MPOIIEC 1arHOCTYBAaHHS Bi0yBaeThCs
B YMOBaxX 00OMeXeHOI KUJIbKOCTI BUMIPIOBAHUX MapaMeTpiB poOoydoro mnpoiecy Y;. YV 1ii
poOOTI J1arHOCTYBaHHA 3JIIMCHIOETHCS HUISIXOM Kiacudikamii AedekTiB y MpocTopi
TEpPMOTa30JUHAMIYHUX TapaMeTpiB Z. OIHUM 3 KIFOYOBUX E€IEMEHTIB JaHOTO METOIY
JIarHOCTYBaHHS € BUKOpPUCTaHHs JiHeapu3oBanoi MM I'T/l, sika criporrye po3paxyHKH
Ta CKOPOYY€ OOYHUCITIOBAIBHI PeCypcH IpH 30€pe’KeHHI BUCOKOT TOYHOCTI BU3HAUCHHS
napameTpiB poOodoro mporecy. YHiBepcalbHa BCepeKMMHA IMOBY3JIOBa HelliHiitHa MM
BUKOPHUCTOBYETHCS JIUIS OTPUMAaHHsS HAOOpPY OJHOPEKUMHHX JIHIMHUX J1arHOCTUYHUX
MOJICJICH 3a JIOTIOMOIOI QJITOPUTMY JIiHeapH3allii, KWW TOJISITa€ B IOCTITOBHOMY
pO3paxyHKy 3Ha4€Hb MaTpulll KOe(DilieHTiB BIMBY H;; mapameTpiB crany 6; Ha
napaMmeTpu poOodoro mpouecy:

H (1.5)

ij = gt _p_
0;" — 0,

6o
JlinikiHI MoJe 3py4Hi JJIS aHalli3y, OCKUIbKH JIO3BOJISSIOTh BHBECTH AHATITHYHI
CHIBBIIHOIIEHHS, M0 BUKOPUCTOBYIOTHCSA HJIsi PO3paxyHKy (YHKIIT MIIIEHOCTI

WMOBIpHOCTEH, HEOOXITHOT JUIsI CTBOPEHHS AJTOPUTMY JIarHOCTYBaHHS, 1 CKOPOTUTH

Jac BUKOHAHHS JIarHOCTUYHOTO aJITOpUTMY. Y OaraThbOX BHUMAJKAX JIHIMHUX MOJEIEH
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JOCTaTHbO JJIsl BUKOHAHHS JIarHOCTUYHUX 3aBIaHb, OCKUIBKM BOHU MOXYTh JaBaTH
JOCUTh TOYH1 pe3yJIbTaTH.

Cucrema 11arHOCTYBaHHsI, ONIMCAHA B 11if poOOTi, OCHOBaHA HAa TOMY, 1110 KOXEH 13
KJaciB JedeKTiB cnenudivHo BIANOBINAE BIAXWUICHHIO Bl HOPMHU OJTHOTO YU JIBOX
napameTpiB cTaHy. KuIbKICTh mapameTpiB CTaHy, BIAXWUJIEHHS SKUX HE BIANOBIIAIOTh
HOpMaM, BU3HAYa€ KPATHICTh AedeKTy. ANTopuT™M Kiacudikaiii cTaHy IJisg OJHO- 1
IBOKpaTHUX Ae(deKTiB 6a3yeTbest Ha Teopemi balieca 1 mossirae B po3paxyHKy YMOBHOI1
imoBipHocTi P(Dj|Z*) npuiiHATTS pileHHs 1Opo HasABHICTH aAedexkry D; mnpu
CIIOCTEPEXKEHH1 BEKTOPa BUMIPIOBAHUX MapaMeTpiB poOodoro mporecy Z*:
P(Z°)5;) - P(S))

q 7% )
=1 P(Z715:) - P(S)
I[aHI/Iﬁ AJITOPUTM  BKJIXOYA€ CTall BHU3HAYCHHIA 007acTi ICTUHHHX 3HA4YCHb

P(D;|Z¥) = (1.6)
JTIarHOCTUYHUX O3HAK, CIPHYMHCHUX KOHKPETHUM Je()EKTOM, IIIIXOM BHKOPHCTAHHSI
miHiiHOT MM 13 3a3janerins 3aJlaHMMU  BIIXWJIGHHSMHU [apaMeTpiB CTaHy, eTall
3aBAaHHA (QYHKINT IIUTBHOCTI WMOBIPHOCTI B 00JIacTi, 110 BHU3HAYAETHCS, Ta 3aJlaHHS
anpiopHOi UMOBIPHOCTI JJIs1 KOkHOTO nedekty. Koxen 13 MHOKHUKIB popmynu baiieca
00YHCITIOETHCS HA OCHOBI TaKMX MPHUIYIIEHB: 3aKOH PO3IMOALTY HIIILHOCTI HMOBIPHOCTI
BUMIPIOBAaHUX MapaMeTpiB pobodoro mporecy f(Z*|Z) - wHopmanbHUl; amnpiopHi
imoBipHOCTi P(S) BUHMKHEHHS cTaHiB S piBHI MK CO00I0; pO3MOALT ICTHHHUX 3HAYEHb
niarHoctuyHuX napametpiB f(Z|S) — piBHoMipHuid. Ha mincraBi oOuncieHUX 3HAYCHB
yMOBHOi HMoBipHOCTI P(Z*|S) 3a Bimomoi peamizamii BekTopa Z* s KOXHOTO
MOXKIIUBOTro J1iarHo3y Dj oOuucmoeTses iMoBipHICTs P(D;j|Z*) fioro npuiHATTA.

B ninomy neit anroputMm epexkTuBHO Bu3Hayae TexHiuyHUM ctad ['T/[ 1 3 BUCOKOIO
TOYHICTIO JIOKaTi3ye HecmpaBHOCTI. Ha BiIMiHY Big pO3MVISIHYTUX BHIINE METOJIB
nmiarHoctyBaHHsi arperatiB ['C, y poGoti [29] 3ampomoHOBaHO METOAOJIOTIIO
BU3HAYCHHS WMOBIPHOCTI IOCTAHOBKHM TPABWIBHOTO miarHo3y. lled mokasHukK €
KITFOUOBUM TapaMeTPOM TP TTOCTAHOBIII J11arHO3Y.

Opnak a1 3acTOCYyBaHHS Ili€i METOMOJOTIi TpHW JiarHOCTYBaHHI arperarib
TIIPaBIIYHUX CHCTEM HEOOXIMHO TPYHTOBHO mepepobutn Bci ii acmektu. OCHOBOIO

aNropuTMy € HeniHiiHa MM, ToMy € He0OX1IHICTh PO3POOKH BCEPEKUMHOT HENTHIHHOT
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MM rigpasniuHoro arperara. [lpu npomy anroputm jineapuzanii MM Takox minmisirae
NesKi mepepoOIll, OCKUIBKM CTOCOBHO TIIPABIIYHOrO arperata po3risiaioThCs
nedeKkTH, $Ki, Ha BiAMIHY Bl po3naHyTux y pobOoti [ 1. Jloboau, mom'sa3ani 3
BIIXWJICHHSIMH Bl HOPMH MapaMeTpiB KOHCTPYKTUBHUX €JIEMEHTIB SIK y OIK JOJIaTHUX,
Tak 1 y OIK Bi’€MHUX 3HaueHb. OKpPEMHM 3aBJAHHSIM € BU3HAUYECHHSI KOHCTPYKTHBHUX
napameTpiB, L0 MIAJATAIOTH JIarHOCTYBAHHIO, Ta OI[IHKA MOXJIMBOCTI PO3PI3HATH

KJ1acu J1epeKTiB, 1110 BU3HAYAE MOMIIMBICTH JIIarHOCTYBAHHS CTaHy BUPOOY.

1.6 MeToau 10MyCKOBOTO KOHTPOJIIO

Ha erami BXiTHOTO KOHTpPOIIO O0'€KTa MpH MOTO PEMOHTI 332 TEXHIYHUM CTaHOM
NpoIleC BU3HAYCHHS HECIPABHOCTI € JOCHTH JACTCPMIHOBAHMM. 3HAYCHHS IapaMeTpiB
po0oYOro TMpoIecy, 10 BUMIPIOIOTHCS, MOPIBHIOIOTHCS 3 JOMYCTUMHMH 3HAYCHHSIMH,
BCTAHOBJICHUMH Ha TIiACTaBI TexHIYHMX yMoB. OpHaK y TEXHIYHMX yMOBaX Ha
NAJIMBHUN PETYJSATOP BKAa3aHO HE BCi MapaMeTpH, siKi 3a0e3medyroTh Mpare3laTHICTh
CUCTEMU aBTOMATHUYHOTO KEpYBaHHSA Yy CKJIaJll ABUTYHA Ta MAJIUBHOTO PETYIATOPA.

VY cucremi, 1m0 CKIAJAEThCS 3 TYpOOBAJIBHOTO JBUTYHA BEPTOJIbOTA Ta HOTO
NAJIMBHOTO  PETYJIsTOpa, MOXKYTh BHHUKHYTH KOJIMBaHHS 4acTOT oOOepTaHHs
TypOoKoMIipecopa ¥ BinbHOI TypOiHM (BT), mo mnoB's3aHi 3 BHUXOJOM JMHAMIYHOI
xapaktepuctuku CAK 3a mexi 007acTi KOJMBAIBHOI CTIMKOCTI. OIHAK OJHO3HAYHO
BU3HAUWUTU TMPUYUHU, 1[0 BUKIMKAIOTh KOJIMBAHHS 4YacTOTH OOEpTaHHs, Ha eTalll
NEPEBIPKHU IMAJIMBHOTO PETYJSITOpA OKPEMO BiJ JIBHTYHA JOCHTh CKJIQJIHO, OCKIJIBKH,
3TiTHO 3 BUMOTaMHU TEXHIYHUX YMOB Ha MAJIMBHUMA PETYIATOP, KOHTPOIIO MiAJATAIOTh B
OCHOBHOMY HOTO CTaTW4HI MapaMeTpu Ta IIMIIe JesAKi JUHAMI4HI, a CTIMKICTh
JTUHAMIYHOI CUCTEMHU BU3HAYAETHCS B MPOIECI. CIIUTBHUX BUMPOOYBAaHb 13 ABUTYHOM. Y
CBOIO 4epry, IpH BHUMIPOOYBaHHSIX PETYJISATOpa OJHO3HAYHO BU3HAYWUTH MPHUNHH
BUHUKHEHHS KOJIMBaHb YaCTOT OOEpPTaHHS HEMOXKIIMBO, OCKUTBKH MOJKJIMBI CHUTYyaIlii,
KOJIM PETYJIATOP 1 ABUTYH OKPEMO BiNMOBIMAIOTh yCIM BUMOTaM TEXHIYHHUX YMOB, alie
CAK B mitoMmy HecTiiiKa BHACIOK HECIIPUSTIMBOTO TIOEHAHHS YUCIEHHUX (DaKTOPIB,

110 BIUTMBAIOThH HAa JMHAMIYHI BIIACTUBOCTI IBUTYHA Ta PETYISATOPA.
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Tomy nns po3B’si3aHHA TIOCTABJICHOTO 3aBJAaHHS KOHTPOIIO JMHAMIYHUX
XapaKTEPUCTUK  MAJMUBHOTO  PErylsTopa  HAWOUIBII  JOIUIBHO  3aCTOCYBaTH
CTaTUCTHYHHI MIAX1T 1 METOAM Teopii po3mizHaBaHHs 0Opa3is [30].

OCKUIbKM TaJUBHUNA PETYIATOP B yMOBaxX HOro BUPOOHMIITBA JIOCTIIKYETHCS
OKpPEMO BiJ JABUTYHA, 3aBJaHHS pO3MI3HABaHHA JAEPEKTy «KOJIUBAaHHSA YacCTOT
oOepTaHHs» 3BOAUTHCA 10 (opmyBaHHS 0a3M JAHMX MapaMETPiB PEryjsTOpiB, IO
PEECTPYIOTHCS, HACKHICTh SAKUX J0 KIacy CXUIBbHUX a00 HECXWJIBHHMX JI0 HECTIHKOi
pobotn y cknani CAK anpiopi Bigoma. Y Teopii po3mnizHaBaHHS 00pa3iB iICHY€e KiIbKa
OCHOBHUX METOJIIB Kjlacuikailii Ha oCHOB1 06a3 gaHuX 3 anpiopHoro iHpopmarrieto. Le
cTaTUCTUYHI MeTonu (Mmerton baiieca, MeTOa TOCHIIOBHOIO aHaji3y) Ta METOAU
pO3MI3HABaHHS B MPOCTOPI O3HAK (JIOTICTUYHA PpEerpeciss, METOJ OMOPHUX BEKTOPIB,
meron k-maiOmmxkuux cycimi) [30, 32]. Onnak edextuBHa Kiacudikaris 13
3aCTOCYBAaHHSIM JIaHUX METOIB HEMOXUIMBA 0€3 IMorepeHb0i 00poOku 0a3u AaHUX 13
METOI0 3MEHIIEHHS 11 po3MipHOCTI 0e3 BTpaTu 1HHOPMATUBHOCTI B yMOBaX 0OMEXKEHOT
KUTBKOCTI1 €KCTICPUMEHTIB Y HaBYAJIbHIN BHOIPIIi.

Y po6oti [31] po3rissHYTO IPUKIAANA 3aCTOCYBAHHS PSAAY MOITUPEHUX aJTOPUTMIB
U1 kinacugikaiii HecrpaBHOCTEH y MPOCTOpi MapaMeTpiB poOOUYOro mpolecy, Iio
BUHHUKAIOTh TMiJ dYac eKCIuTyaraiii ra30oTypOiHHMX JABUTYHIB. HaBeaeHo oOCHOBHI
METOAMKHA OIIHKA e(EeKTUBHOCTI 3aCTOCOBYBaHUX Kiacudikatopi. Jlo KUIbKICHHUX
METPHUK, PO3pPaxOBaHUX Ha IIIJICTAaBl JIAaHWUX MATPHIll MMOMUJIOK TECTOBOI Kiacuikallii,
BKJIFOYAIOTh  TIOKAa3HWK  NpaBUJbHOI  Kiacuikamii, TOKa3HUK  HENpaBHWIHHOT
kimacu@ikaiiii, BapTICTh XUOHOTO3UTHUBHOTO Ta XHMOHOHETATUBHOTO pE3YJIbTATIB
knacudikamii [30, 32]. Takox ommcaHi MeToau Bizyamizamii epeKTHBHOCTI
knacudikatopiB, Taki sk kpuBl ROC Ta mnaByTtuHHI Tpadiku I8 aHamzy
kiacudikaTopiB Oinbie nBox kiaaciB. [lokazuuk mpaBmiibHOT Kacudikallii i maByTHHHI
rpadikyi BUKOPUCTOBYBAIHCS IS BA3HAYEHHS HAHOUIBIII TOYHOTO KiacudikaTopa.

Amnaniz ocHoBHUX KOMTIOHEHTIB (PCA) — 11€ MeTo 3MEHIIIEHHST PO3MIPHOCTI, SKUH
00YHrCITIIOE KOBapiiiHy MaTPHIN0 HABYAIBHUX JIAHWX Ta BHU3HAYA€E BIAMOBIIHI BIIAcHI
BEKTOPH Ta BJIACHI 3HA4YeHHsA. 30epirarouu Juile HaWBaximBimy iHdopmaiio, PCA

JI03BOJISiE aHA3yBaTU OaraToBUMIpH1 AaHl. JlaHuil anroput™ e(EeKTUBHO MPAIIOE 13
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3amymiieHuMu JanuMu. Opnak PCA e niHIiHUM MeTonoM 1 mepeadauae, mo 0a3oBa
CTPYKTypa JaHUX MOXXe OyTH OTpHMaHa 3a JIOMOMOIOI0 JiHIMHUX MEPETBOPEHBb, TOMY
MOX€ BHUHUKHYTH TmpoOiema Mpu crnpoOl BiTOOpaKEHHS CTPYKTYpU JaHUX 13
HEJHIMHUMU B3a€MO3B’ I3KAMH.

OnHuM 13 KJITIOYOBUX METOJIB PO3Mi3HABaHHS 00pa3iB y J1arHOCTYBaHHI € METO]
yacTKoBUX  HaWMenmmx kBajgpatiB (PLS) — cratuctuunumii  meron, 110
BUKOPUCTOBYETHCS JIJII OAraTOBUMIPHOTO aHAJI3y JaHUX, OCOOJMBO B CUTYaIlisIX, KOJIU
€ BEJIMKa KUIbKICTh 3MIHHUX-TIPEUKTOPIB, 110 CUIIBHO KOPEIboBaHi Mk cobor0. PLS €
PO3IIMPEHHAM METOAY JIHIAHOI perpecii ¥ mnoeaHye QYHKIII aHamIi3y OCHOBHHUX
komrnoHeHTiB (PCA) 1 MHOxkUHHOT JiHiMHOT perpecii (MLR).

OcHoBHa Mera anroputmy PLS — 3mojentoBatu B3a€MO3BSI3KM MK HaOOpOM
3MIHHUX-TIpeAUKTOPIB (X) Ta HabopoM 3MiHHUX-BIATYKIB (Y). PLS pobuts 1e nuisxom
OTPUMAaHHS MPUXOBAHUX 3MIHHHUX, TAaKOX BIJOMHX SK KOMIIOHEHTH abo (hakTopu PLS,
SK1 SIBJSIFOTH COOOMO JIHINMHI KOMOiHamii BuXimHUX 3MiHHUX. L[i mpuxoBaHi 3MIHHI
¢bIKCYyIOTh MaKCHUMajbHY KOBapiallilo MDK NPEAUKTOPOM 1 3MIHHMMH BIATYKaMH, a
TaKOXX 3MEHIIYIOTh PO3MIpHICTh AaHuX. PLS — 1ie niniliHui MeToa; 11e 03HaYae, 110 BiH
MOKE TIPaIOBATH IMOTAaHO, KOJU ICHYIOTh HEIHINHI B3a€MO3B'SI3KH MK ITPEIUKTOPOM
Ta 3MIHHAMH BIJT'yKaMHU.

MaruHa onopuux BekTopiB (SVM) [33] — e MeTo1 HaBYaHHS 3 YUUTEIIEM, AKUAN
MO>KHa BUKOPHCTOBYBATH JJIs 3a7a4 OiHapHOI kiacudikaiii. Bin nonsrae B moOyaoBi
TIEepIUIONINHM, SIKa MAaKCUMI3Yy€ BIJICTaHh MK BEKTOpaMU BUOIPKHA 000X KJIACiB, TAKHM
YUHOM TMOAUIAIOYM iX. Y KOHTEKCTI JIarHOCTyBaHHsS HecmnpaBHocTel SVM Moxe
kimacu(ikyBaTH pIi3HI CTaHM HA OCHOBI BXITHUX JaHUX. BiH 3a0e3medye BHCOKY
MPOAYKTUBHICTh, ajleé MOXKE€ BHUMaraTd 3HAYHUX OOYHCIIOBATBHUX PECYPCIB s
BETMKUX HAOOpIB JaHWX 1 MOXe OyTH YyTJIMBUM [0 HAJAIMITYBaHHS IapaMeTpiB
kiacudikaTopa.

ImoBipricHa Heliponna wmepexka (PNN) — me aBomapoBa mmTydyHa HEWpOHHA
Mepeka, SKa BUKOPHUCTOBYE OaleCiBCBHKMH IMAXia JIs Kiaacu@ikaiii BXITHUX TaHUX.
JliarHOCTHKa HECTPABHOCTEH 3MIMCHIOETHCS MUISXOM BH3HAYCHHS BXITHUX JAHUX JO

BIIMOBITHOTO KJIaCy HECMPABHOCTEH HAa OCHOBI BUXIIHHMX JaHMX Mepexi. OmHieo 3
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nepeBar PNN e Te, 1110 BOHa BUMarae MEHIIE HaBYAJIbHUX JaHUX MOPIBHIHO 3 IHITUMHU
TUIIAaMM HEWpoHHUX Mepexk. lLle mnos's3ano 3 TuMm, mo PNN Bukopucrorye
HemapamMeTpUYHUN MIAXIJT 10 HaBYaHHS, a 1€ O3Hauyae, M0 i He MOTpiOHA BeIMKa
KUIbKICTh HaBUAJbHUX MPUKIAIIB JJI1 OTPUMAHHS TOYHUX porHo3iB. Kpim toro, PNN
MOKe 00poOIISTH SIK Oe3MepepBHi, Tak 1 IUCKPETHI BX1JHI JaHI.

Opnak ognuM 13 HenonikiB PNN e Te, mo BoHa Moxe OyTH TPYIOMICTKOIO B
00YHUCITIOBATLHOMY BIIHOLIEHHI, 0COOJMBO MpU POOOTI 3 BEIUKUMHU HAOOpaMu JaHUX.
Kpim Toro, Tounicte PNN 3anexuTh Bii SKOCT1 BXITHUX JaHUX, a 1I€ O3HAYa€, 1110 BOHA
MOJKe TIOTaHO MPAIOBATH 13 3alTYMJICHUMHU a00 HEMTOBHUMH JaHUMH.

Knacudikarop 13oms11ii noonuHokux HecrnpaBHocted (SFI) BUkopuctoBye BapiaHT
KJIACUYHOI METOJI0JIOT11 JIiHIHHOr0 aHami3y nporo4yHoi yactunu ['T/, BukopucToBytoun
6ank ¢inpTpiB Kammana. Ines monsrae B ToMy, 0 JJI1 KOXKHOTO HECIIPABHOTO CTaHY
¢upTp Kanmana cTBoproe HaOip MOMXJIMBUX OLIHOK HECHPABHOCTI, a B SKOCT1 OLIIHKU
BiZIOMpaEThCS HECTIPABHICTD, SIKa Ma€ HaWMEHIITY METPUKY MOMWIKH. [laHWi anroputm
HE MIIXOIUTh IS OPJAWHAPHOTO 3aBlaHHs OiHapHOI Kiacudikarmii JIarHOCTUYHUX
napamMeTpiB 3 HAaKOIMMYEHOI B €KCIUTyaTallii 0a3u JaHuX, 10 He mependadae mooy0BU
MaTEeMaTUYHOI MOeli 1e(EKTHOTO CTaHy.

B pesynbTaTi mochimkeHb BUSBJICHO, IO HAWOUIBII TOYHUMHU KiIacudikaTopamu
BusiBiwiucs anroputMu PNN Ta SVM, 3 mnokazHukamMu WMOBIPHOCTI MPaBHIIBHOI
kinacudikamii 0,971 ta 0,967 BimmosimHo. OjpHAK IHINI aHaMi30BaHI B I poOOTI
KJacu(ikaTopy TaKOXK MaIOTh JOCTaTHIO TOYHICTH Kiacudikariii. AHani3 eeKTUBHOCTI
Kiacu(dikaTopiB MOKa3aB BIACYTHICTh HAMKPAIIOTO alTOPUTMY; KOKEH METO]T Ma€ TIEBHI1
HiepeBaru Ta 0OMEXEHHs P 3aCTOCYBaHHi 10 MoHiTopunury crany I'T/I. IpyHTyrounch
Ha PO3YMIHHI METOJIB OIIHKA €(QEKTUBHOCTI Ta BPAXOBYIOUM IUIIOCH Ta MIHYCH
KOXXHOTO Kiiacudikaropa, AOCTIAHUK MOXKE MPUUMATH OOIPYHTOBAHI PINICHHS MO0
3aCTOCYBaHHS HAWOUIBII  BIiAMOBIAHOTO METOMY JiarHOCTyBaHHS. JlomaTkoBe
KOMOIHYyBaHHSA KiacuQikaToOpiB, a TaKOX 3aCTOCYBaHHS TMOMNEPEIHBOI OOPOOKH
HaBYATBHOI 0a3W TaHWX MOXE MPU3BECTH JI0 CTBOPCHHS OLTBIN €()EKTUBHUX Ta TOYHHUX
CUCTEM JIlarHOCTYBaHHs HecrnpaBHocTel. [lin momepennboro 0OpoOKor 0a3u JaHUX

CH1I pO3YMITH BUJAJCHHS a00 BUIIPABICHHS MOMWIOK, BIACYTHIX 3HaY€Hb 1 BUKUIB Y
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JaHUX, HOpMaJli3allilo JaHUX, BUOIp BIACTUBOCTEH, SIKI € HAMOUIbII aKTyalbHUMHU a00

KOPUCHUMHU IJId 3aBJAaHHA MAIIMHHOI'O HABYAaHHA.

1.7 BucHoBKM 10 mepuioro po3auty

VY pesynbTaTi aHamildy HagBHUX METOJIB MapaMETPUYHOIO J11arHOCTYBaHHS
TiIpaBIIYHUX arperaTiB MOXHa 3p0OUTH TaKi BUCHOBKH:

1) JiarHocTyBaHHs €  €(EeKTMBHUM  IHCTPYMEHTOM  1H(QOpMaLii{HOIO
3a0e3MeueHHs CUCTeM MIATPUMKH HajiiHocTi arperaTiB ['C.

2) B mpencraBnennx wMertonax miarHoctyBaHHS ['C  BHUKOpPHUCTOBYETHCS
MIUPOKUN CIIEKTP PIZHUX AITOPUTMIB JAlarHOCTYBaHHsA. B yMoBax BIZICYTHOCTI BEJIMKOIO
MacuMBY €MIIPUYHUX JaHUX, $SKI BIIOOpaXarOTh TMPOSBICHHS JAEPEKTIB, IO
pPO3MIISIAAIOTHCS, OCHOBOKO BCiX MeTonuk € HemdiHiiHa MM I'C, ska cnpomoxHa
BiloOpa3ut  (i3UKy TMpoIleciB, M0 BIAOYBalOThCSA, HA JIOCTATHHOMY  JIJIS
JiarHOCTyBaHHS piBHI. [ 3py4HOCTI [A1arHOCTYBaHHS METOJOM IMapaMeTPUYHOI
inenTudikamii abo MeTomoM Kiacudikailii B mpocTopi mapamMeTpiB CTaHIB y KOXKHIN 13
IpOaHaIi30BaHUX POOIT BUKOPHUCTOBYETHCS BEJIbMHU CKJIQJHIM MaTeMaTUYHUN amapar,
KWW J103BOJIsAE€ iepeTBOpuTH HeliHiiHy MM I'C no dopmu, 3pydHOT A1 3aCTOCYBaHHS
NTOpUTMIB JIOKaJi3alii HecnpaBHocTe. OJIHAK KOAEH 3 METO/IIB, L0 OTJISHYTO, HE
Ja€e yABJICHHS MPO €PEeKTHUBHICTH POOOTH aJITOPUTMIB Kilacudikallii cTaHiB B yMOBax
HasIBHOCT1 OOMEXKEHO1 KIJTbKOCT1 BUMIPIOBAaHUX IMapaMeTpiB poOOYIOro mporecy.

3) VY pobotax, moB’si3aHUX 13 TOCTIIKEHHSAM aJITOPUTMIB KiIacudikallii CTaHiB
arperatiB ['C y mpoctopi mapaMmeTpiB CTaHy, HE JarOThCS WMOBIPHICHI OI[IHKU
MPUHAJICKHOCTI MOTOYHOTO CTaHy BHUPOOY J0 TOTO0 YW IHIIOTO Kiacy, IO 3HAYHO
YCKJIQJHIOE TIPOIIEC TOCTAHOBKHM [ilarHO3y B pa3li OTPUMAaHHS OJM3BKUX OIIHOK
MPUHAICKHOCTI TOTOYHOTO CTaHy 10 PI3HUX Ae(eKkTiB. Y CBOIO 4Yepry, HaBecHI
OIIHKK e()EeKTUBHOCTI JIarHOCTYBaHHS MAalOTh BEIbMHU CYO €KTHBHUN XapakTep,
OCKUTHKM JKOJICH 3 METOMIB HE HAJa€ KPUTEPIiB SKOCTI MIarHOCTYBAaHHS, TAKUX SK
BIPOTiTHOCTI /TIarHO31B.

4) PosrnsiHyTuii Meron JlarHOCTyBaHHsS MpoTouHoi uvactuHu [T nae

WMOBIPHICHI OIIIHKK CTaHy, B Pl poOIT MOAAETHCS METOIO0JIOTISI BU3HAYCHHS SKOCTI
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nmiarHocTyBaHHsA. OpHak 1eld anroputM 0OasyeTbcs Ha abcomtoTHO 1HIIINM MM
JOCJIIJIPKYBAaHOTO BUPOOY, sika Omucye aOCOMOTHO 1HINI (Pi3U4H1 mpoiecu. Takox
MOBHICTIO BIAPI3HAETHCA CKJIAJ [JIarHOCTOBAaHUX IapaMeTpiB CTaHy, IapaMeTpiB
po0OUOro MpoIIecy, a TAKOXK XapaKTep B3a€EMO3B’ 3Ky MK HAMH.

BinnmoBinHO, [ BUKOHAHHSA NEpeNiueHUX (QYHKUIA IHTErpajJbHUX CHCTEM
OLIIHIOBaHHS TE€XHIYHOI'O CTaHy, yPaxOBYIOUM CKJIAIHICTh (PI3UYHOT NPUPOIU NE€(PEKTIB,
10 BUHHUKAIOTh B arperarax ['C, 1 HeIOMiKM HassBHUX METOMIB Jiar HOCTYBaHHS, MOXHA
chopMyIIFOBaTH OCHOBHI 3aJiaul pO3pOOKH aJrOpUTMIB JIIarHOCTYBAHHS JIJIsi CKJIATHUX
riIpaBIIYHUX arperarib, 30KpemMa NaJIMBHOTO PEryJsaTopa:

- Po3po0Oka HeniHiiiHOT AMHAMIYHOT BCepeKUMHOT TiipoMexaHiunoi MM arperarty,
31aTHOT TOBHOIO MIpPOIO BIATBOPIOBATH BC1 PEXUMH pOOOTH BHUPOOY, Ha SKHUX
BUKOHYETHCSI KOHTPOJIb TTapaMeTpiB.

- Po3poOka meroauku niHeapu3aiii HeniHiiHOT MM manuBHOTO perysistopa ass
3py4YHOCTI i BUKOPUCTAHHS 3 METOI iarHOCTyBaHHA. IS mbOTO METOay Mae OyTh
BUKOHAHA OIllHKa TOXMOOK JiHeapu3alii ¥ o0JacTi 3acTOCYBaHHsS JIHIWHOI
IarHOCTUYHOI MOJEII.

- Po3poOka Meronmy IiarHOCTYBaHHS HECNpaBHOCTEH arperaty Ha 0a3i Horo
JiHIHHOT miarHocTHYHOT MM, sikuii € 31aTHUM €()EeKTUBHO JIOKaIi3yBaTH HECIIPABHOCTI
B yMOBaxX HasBHOCTI OOMEXKEHOI KUIBKOCTI BHMIPIOBAHHX MapaMeTpiB poOOYOTO
nporecy. [Ipu mpomy HEoOXiTHO omepyBaTH WMOBIPHICHUMH OIIHKAMH TEXHIYHOTO
cTaHy BUpoOy, 3a JOTMOMOTrOI0 SKHX MOJKHA BH3HAYMTH ITOKA3HUKHA JOCTOBIPHOCTI
TiarHOCTYBaHHS.

-Po3pobka Metony kiacudikaiii JUHAMIYHUX XapaKTEPUCTHK IaTUBHOTO
pEryisiTopa 3 METOI0 BH3HAYEHHSI BUPOOIB, SIKIi MOXKYTh CIIPUYMHHUTH BTPATY CTIHKOCTI
CHUCTEMH aBTOMATUYHOT'O KEPyBaHHS JBUTYHOM.

- Po3pobka TexHomorii BXiIHOTO KOHTPOJIIO B MPOIECi PEMOHTY 3a TEXHIYHHM
CTaHOM JJis1 €()EKTUBHOTO 3aCTOCYBAaHHS METO/(IB J1arHOCTYBaHHS.

- EkcmepuMenTansHa  mepeBipka  €PEKTHBHOCTI  PO3POOJICHOTO  METOIY
JIarHOCTYBaHHS B  yMOBax BXIJIHOTO KOHTPOJIIO MapaMeTpiB  BHUPOOIB, 110

PEMOHTYIOTHCS, 3 OLIHKOIO SIKOCT1 KJacudikailii Ae()eKTHUX CTaHIB.
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PO3/11J1 2 DOPMYBAHHI MATEMATHUYHOI MOJIEJI ITAJITMBHOT'O
HACOCA-PEI'YJIAATOPA TYPBOBAJIBHOI'O JIBUT'YHA

Y 1upoMy po3nuli pO3TIASHYTO OCHOBHI eTand (OpMyBaHHS J1arHOCTUYHOI
MaTeMaTHYHOI MOJIeJi MajJUBHOTO PEryIATopa TypOOBaIbHOTO IBUTYHA BEPTOJHOTA,
AKa € OCHOBOIO MapaMeTpu4Horo aiarHoctyBaHHs [1, 2, 3]. IlanuBHuii perynarop
aB1aIliIfHOTO JIBUTYHA € €JICKTPOT1IPOMEXaHIYHOIO0 CUCTEMOIO 3 OaraTbma (DYHKIISIMU Ta
CKJIQIHOI0 KOHCTPYKIII€I0, IO CKIAJAEThCS 3 COTCHb JeTaleil. ToMmy palioHaIbHUN
miaxiag 10 (GopmMyBaHHS QJIrOPUTMY [IarHOCTYBAHHS TIPYHTYEThCS HA JEKOMIO3MIIL
00'ekTa 3 METOI0 ABTOHOMHOIO JI1arHOCTYBaHHS MHOro OKpeMUX (YHKIIOHATbHUX
yacTuH. MarteMaTu4H1 MOJIesl IUX €JIEMEHTIB 3HAYHO MPOCTIlIe MOJIE1 BChOro 00'eKTa,
IO TMoOJIeTHIye iX (OpMyBaHHS Ta 3pPEHITOI0 CHPHUSE MiJBUIICHHIO JIOCTOBIPHOCTI
JTiarHOCTYBaHHA. SIK TpuUKIaa y IbOMY PO3AUTI PO3TISHYTO TIpoiec MoOya0BU
aiarHoctuaHOi MM QyHKITIOHaTBHOI YaCTHHH PETYJISATOpa, 10 3a0e3nedye KepyBaHHS
4acTOTOI0 00epTaHHS POTOPA BUIBHOI TypOiHH.

HaBeneHo kopoTkuii onuc poObOTH MaIMBHOTO peryisTopa. Buxonasuu i3 3aBnaHb
JIarHOCTYBaHHS Ta OCOOJMBOCTEN POOOTH MAJIMBHOIO PETYIATOpa, CHOPMYIHOBAHO
OCHOBHI BUMOTHU JI0 MaTE€MaTH4YHOI MOJEJl Ta BU3HA4Y€HO ii CTpykTypy. Ha mincraBi
3a3HAYEHUX BHUMOT OOIPYHTOBAHO HHM3KY MPUMYIIEHb, IO JO3BOJSIOTH CIPOCTHTH
MaTeMaTHYHY MOJIEbh 0€3 ICTOTHOT 3MIHU SKOCTI J1arHOCTYBaHHS.

[TpuiiHaTO MPUMYIIIEHHS TPO OJJTHOBUMIPHICTh TeUii poO0YO0i piIUHU Ta 11 HYIHOBOT
TEIJIONMPOBITHOCTI, IO JO3BOJISIOTH 3HAYHO CHOPOCTUTH CTPYKTYPY MOJEIi Ta
3MEHIIUTH KUTBKICTh MOJICIbOBAHHUX MapaMeTpiB. MaTeMaTH4HA MOJIENb CKIATa€ThCs 3
171eaii30BaHUX €JIEMEHTIB 13 30CepeKEHUMH MapamMeTpaMu (THCK Ta BHTpaTa poOodoi
PIAMHM), BPaXOBYE CTUCIUBICTh POOOUOT PITUHU, a TAKOK KOHCTPYKTUBHI OCOOJIUBOCTI
perynsaropa (MEXaHIUHI yHOpH, CKIATHONMPO(LILOBAaHI J03yIOUi BIKHA 30JIOTHHKIB,
nepemMukadi peneiHoro tuiy). CKiageHO pIBHSHHSA €JIEMEHTIB 13 30CepeHKCHHUMU

napameTpaMH, 3'€THaHUX MiXK COOO0IO0 T1IPaBIIYHUMHU KaHAJIAMU B OJTHOMY BY3JI1.
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PesynbTaT po3paxyHKy MapaMeTpiB MOJENIl Ha YCTAICHUX Ta MepexiTHUX
pexuMax MOPIBHSHI 3 BUMOTaMH JO LHUX HapameTpiB, BCTAHOBICHUMHU B TEXHIYHHX
yMOBax Ha PEeryssiTop.

Posrnsnyro mpomec nineapusanii MM (Bu3HaueHHA MaTpUIlb KOE(]IIIEHTIB
BILJIUBY), POAHAIII30BaHO MOXUOKM JIIHEapH3allii.

3 oTpUMaHUX Pe3yJbTaTiB 3pO0JEHO BUCHOBKH IIOJ0 MOXKJIMBOCTI 3aCTOCYBaHHS

po3pobiieHoi MM 3 MeTOI0 11arHOCTYBAaHHS TEXHIYHOTO CTaHY MaJMBHOTO PEryJsTOpa.

2.1.  Crucnuit onuc poGOTH pETysiTOpa

CtpykTypa MajlMBHOTO PEryiaTopa MpejacTaBieHa Ha puc. 2.1. Bin cknanaerbes 3
Hacoca, kiamada mnoctidHoro mnepernany KIITI, ocHoBHOi mo3yrouoi ronku O/I,
HiAMIPHOro KianaHa nepumoro koutypy gopceynok [IIK 1, kmanana BIIKpUTTS APYTroro
koHTYpy ¢opcynok IITIK 2 Ta 3amipHoro knamana apyroro xkoHTypy 3IIK 2. Hacoc
dopmye BUTpaTy @y, MPOMOPIIHHY YacTOTi obepTaHHs TypOokommpecopa n,,. KIIII

(popmye mocriinmii nepenan tuckie AP na O/II', mopisHioroun THCKH Py 1a Py Ilpu
MOCTIAHOMY nepenani THCKiB Butpata 4epes O Qo BU3HAYAETHCS IUIOIICHO
MPOXIAHOTO mepepisy Foyr, AKMA 3MIHIOETBCS 3a gonomorow cepsornopuins CIT 3a
KOMaHJIHUM THCKOM Pynp, 10 HAJIXOJUTh Bix peryisaropiB. Yactuna sutpatu O/ #ine

B OCHOBHY IAJIMBHY Marictpaib, a apyra dactuHa (Qcy 1 Qxurrix) HAOXOAHUTH depes
JKUKIIep TOCTIHHOI ol Fo;; Ha 3a0e3mmedeHHss POOOTH CEPBOIOPIIHS Ta PETYJISATOPIB
BIJIITOB1HO.

OII' ta KIIIl y moenHaHHi 3 YyTIMBHUMH €JIE€MEHTaAMHU yTBOPIOIOTH JIBa OCHOBHI
peryisiTopu — 94acTot ooepranusa typobokommpecopa PO TK rta ButsHOI Typ6iHM PO BT.
Jlo d9yTIMBHX €JEMEHTIB BIIHOCHTBHCS MEXaHIUHHH OJIOK peryisiTtopa 4YacTOTH
obOeptanHs portopa Typookommpecopa Mb PO TK ta mexaniunmii 650K perynsropa
gactotu obepranHs BUTbHOI TypOiHm Mb PO BT. Mb PO TK meperBoptoe wactoty
oOepranHs TypOOKOMIIpecopa n,, B MEXaHIYHUN CHUTHAJN, SKHH TOPIBHIOETHCS B
3a/1aBAIbHOMY TIPHUCTPOT 3 MEXaHIYHUM CHTHAJIOM TIOJOKCHHSI Ba)XeJsl KepyBaHHS

JIBUTYHOM ()5, 1€ Qpy 3Q1AE€ Ny SIKINO Ny, pakTHUHE OliblIE 33maH0r0, Mb PO TK
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30UIbIIYyE BUTPATY Qyyrx Y€PE3 KiamaH B 3JIMBHY MaricTpaib, (OpMYyHOYH TaKUM
YMHOM Kepyrouuit TUCK P,,,. [Tofi0Hy CTPYKTypy Mae MeXaHiuHuWii OJIOK peryssropa
gacToTu oOepTaHHs BUIbHOI TypOiHu Mb PO BT 3 Ti€o numie pi3HULE0, 10 B
3anaBasibHoMy npuctpoi Mb PO BT wyactora oOepTanHs BUIbHOI TypOiHM
MOPIBHIOETHCS 13 3aJaHUM 3HAYCHHSM, SIKE BHU3HAYAETHCS TMOJIOKCHHSIM Ba)KeJs
KEPYBAHHS JBUI'YHA Q.5 Ta TOJIOKEHHAM BAXKENA NEPEHAIAINTYBAHHS DPETYIATOpA
4acTOTH OOEpPTaHHs BUIBHOT TYPOIHU (e, Y KOHTYp 3 MB PO BT mocninosuo
BKJIIOUCHHUI pErynsaTop cuHXpoHizamii moTyxHocTi CII, skuit BcTymae B poOoTy
IUIIXOM 3MIHM IUIONIII MPOXIAHOTO mnepepidy Fry, KOMM CYCIAHIA JBUTYH CHJIOBO1
YCTAHOBKM Ma€ OUIbIY TMOTY>KHICTh 32 OJHAKOBUX YMOB poOOTH 000X JBHIYHIB. 3
METOI0 OOMEXEHHS MIHIMaJIbHOrO THUCKY P,; B CHCTEMI Ha pexumMax poOOTH
peryasatopiB PO TK ta PO BT y iX KOHTypW TMOCIiJIOBHO BKJIIOUCHI KJamaHU
miHiMasibHOTO TUCKY KMT TK ta KMT BT Bignosinno. Ockineku CII, KMT BT ta Mb
PO BT 3'ennani nocninosHo, 3Ha4eHHSA Qc77,Qxaspr 1 Qxzpr PIBHI MK CO00TO.

Tperiit perynstop — apromaTr npuitomuctocti AIl — BuU3Hauae MoTpiOHY BUTpaTy
najuBa JIBUTYHA 3a TaKUMHU TapaMeTpaMHu, K M,, Ta TUCK IMOBITPS 3a KOMIIPECOPOM
Prosimps- 0 cknany AIl Bxonsrs nosytoua roika JII' AIl Ta Onok knananis BK, sxi
dopmyrote mepenan tucky AP,; Ha JIIT AIl, mpomopiiliHuii KBajgpaTy 4YacTOTH
00epTaHHs M,,.. B cBOI0 uepry, TUCK Py, BU3HAYAE IUIOLLY MPOXIAHOIO MEPEpizy
JAI' AIl. Yactuna Butpatd Qpx HAAXOAUTH dYepe3 TIAPABIIYHUN TIIBHUK, IO
CKIIAJAEThCS 3 KHUKIEPIB TwIomero Fgpq 1 Fppp 3amis 3abesmeuenHs pobotu BK.
Perynsarop AIl mpaittoe Ha nepexigaux pexumax, konu PO TK 1 PO BT Binkmroueni, i
peryioe uac MPUHOMUCTOCTI MpU Mepexoni 3 pexumy Ha pexum. All moxe
MepeHAATOBYBaTUCh Ha Ounbinie 3HadeHHS AP, ;; 32 KOMaHJIIOIO €JIeKTPOMAarHiTHOTO
kinanana penerinoro tumy MKT. IlipmipHi kiamaHd mEpmIoro Ta APYroro KOHTYPiB
bopMyIO0Th THUCK y cucTeMi P, HeOOXimHUN 1711 QYHKI[IOHYBAHHS BCIX T1IPaBIIYHUX
enemenTiB. Ha Buxoni 3 arperary opmyetbes Butpata manuba Q,,,, SKa MPOIOPIIiiHA
710 TUTOMII KXUKJIEPIB €KBiBaJIEHTHOTO omnopy F,.. Q. 1 € cymoro BuTpar (4, Uepes

MEPIINN KOHTYP Ta @, 4yepe3 APYruid KOHTYP.
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Puc. 2.1. IlpuHuunoBa cxeMa NajJuBHOTO PEryyisiTopa

2.2.

Bumoru 10 MateMaTuyHO1 MOJIeN1 Ta MPUHHATI MPUITYIEHHS

[TanuBHUN PETyNATOp K arperaTr MaJMBHOI CHCTEMH JIBUT'YHA (DYHKIIIOHAJIBLHO Ta
KOHCTPYKTHBHO CKJIQJJAEThCS 3 KUIBKOX PEryJATOPIB MapaMeTpiB poOOUYOro MPOIECY
neuryHa. KoxeH 3 Takux perynaropiB (yHKIIOHYE OKpEeMO Ha MEBHUX peXUMax
JIBUTYHa a0 MpHU MEPeXoi 3 peKUMy Ha pexuM. ToMy eTanm poOOTH OJHOTO MEBHOTO
perysTopa BBAXKAETHCA OAHUM 13 PEKUMIB POoOOTH TMAJUBHOTO PETYISATOpPA 3arajoM.
IIpu mepexoai ABUTyHA 3 OJHOTO PEXUMY Ha IHIIMN TAJUBHUN PETYIATOP TaKOX
NEPEXOIUTh 3 PEKUMY POOOTH OJHOTO PEryJsITopa Ha PEXUM POOOTH IHIIOTO abo
BiIOYBA€ThCS TMEPEHANAINTYBAHHS PEKUMY PETYISATOpa. 3MiHA PEKUMIB TMAaTUBHOTO
peryisTopa € MmepexigHuM MpolecoM. Po3riisHeMo OCHOBHI BUMOTH JIO JIIarHOCTHYHOT
MaTeMaTUIHOI MOJIEN1 MAIMBHOTO PETYISATOPA.

1). 3abe3medyeHHs MOMAEMIOBaHHS pPOOOTH BCIX pEXUMIB poOOTH, Ha SKHX
3MIACHIOETHCS IIaTHOCTYBAHHS MOTO TEXHIYHOTO cTaHy. s perymsaTopa Takux
peXKHUMIB  Tpu: poOoTa perymsTopa BUIBHOI poborta

TypOiHH, perynstopa

TypOoKoMmpecopa Ta poboTa aBTOMaTa NPUHUOMUCTOCTI. Pexum perymaropa

BU3HAYAETHCA 3HAYCHHSIMHU BXUIHUX MApaMETPiB: M, Mgy a

apy()! DOBM 3 P nosimps 1

KOMAaH/IM €JICKTPOMAarHiTHOTO peleitHoro kiamnana tuny MKT.
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2). HasiBHICTh HECIPAaBHOCTI Ha MEBHOMY PEXHMI BU3HAYAETHCS 3a BIIXUICHHIM
KOHTPOJILOBAaHUX TapaMeTpiB poOOYOro mpolecy BiA 3aJaHUX Y TEXHIYHIN
JOKyMEHTAIIi1 3Ha4eHb. TaKuMU KOHCTPYKTUBHUMU MapaMeTpaMHu € JiaMeTpu APOCEIiB,
KOPCTKOCTI TPY>KWH, 3aCMIUYE€HHA KaHaliB ToU0. ToMy MaremMaTMdyHa MOJEIb
MaJUBHOIO PEryJaropa IMOBHHHA BKJIIOYAaTH BC1 J1arHOCTOBaHI KOHCTPYKTHBHI
napamMeTpu Ta 3a0e3MeYUTH MOKJIMBICTh PO3PaXyHKY BCIX BHUMIPIOBAHHMX IMapameTpiB
poOodoro rmpoiiecy MNpH 3MiHI J1arHOCTOBAHMX KOHCTPYKTUBHUX TNapameTpiB. 3
TEXHIYHOI JOKyYMEHTAIlli BIAOMO, L0 Ha PEXUMI POOOTH PEryisiTopa BUIBHOI TYpOiHU
BIIXWJICHHS BUTPATH MaJlMBa HA BUXOJ1 3 peryisitopa ouibi HiX Ha 1,5 % BBakaeTbcs
03HAKOI HECIIPAaBHOT'O CTaHy. 3 JOCBIMY €KCIUTyaTallii BiIOMO, 1[0 BIAXUJIEHHS TOTO K
niarHocTuyHOro mapamerpa Ha 10 % BBakaeTbCs HeMpare3aTHUM CTaHOM. Mexi
HECIIPABHOTO CTaHy Ha IHIIMX peXUMax poOOTH MNAJIUBHOTO PETYIATOpa TaKOXK
BU3HAUYEHO B TEXHIYHOI JOKYMEHTAIlll y BHIJISl JOMYCKIB HAa KOHTPOJILOBAHIl
napaMeTpu poOoUYoro mpoiiecy. 3aB/laHHs J11IarHOCTYBAaHHS JIaHOTO arperaty IoJisirae B
JoKajli3alii MOTOYHOrO CTaHy, IO 3HAaXOJUTHCA B MeEXax MDK HECIIpaBHUM Ta
Henpale3JaTHUM CTaHOM. TakuM 4MHOM, A1arHOCTHUYHA MaTeMaTH4YHa MOJIENb arperara
Mae 3abe3leuyBaTH MOJEIIOBAHHS HE TIJIbKM CIPAaBHOIO CTaHy, ajlé TaKoX WHOro
HECIIPaBHUX CTaHIB, IO BIJMOBIMAIOTH 3aJaHUM MeEXaM 3MIHM KOHCTPYKTHBHHUX
napaMeTpiB.

3). Mogens Mae 3a0e3leUuTH MOJCIIOBAaHHS JWHAMIKA 3MIHM TIapameTpiB
pobouoro mpormecy. L1 BuMora 3ymoBiIeHa HEOOXIIHICTIO AlarHOCTYBaHHS POOOTH
perynsTopa Ha IepexiTHUX peKUMax.

[ToOynoBa maTeMaTWyHOi MOJEJl MAJMBHOTO PETYJsTOpa 3 TAaKOI CKIIAIHOIO
CTPYKTYpOIO Ta KOHCTPYKIIIEIO 3a yYMOBH 3a0e3NeUYeHHS BCIX 3a3HAUYCHHX BHUMOT €
CKJIQJIHUM 3aBJaHHSAM. TOMY HEOOXITHO MPUUHATH HU3KY IPHUIYIIECHb MPO poOOTy
perynsaTopa, siki IpakTHYHO HE BIUIMHYTh HAa BUKOHAHHS LIUX BHUMOT, MPOTE JO3BOJSATH

3HAYHO CIIPOCTUTHU CTPYKTYPY MAaTEMATUYHOT MOJIEII.
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2.3. Onuc MateMaTUIHOT MOJIENT]

[lanuBHUN  perymsiTop  CKIANaeTbcsl 3 TIAPABIIYHUX Ta  MEXaHIYHUX
KOHCTPYKTHUBHUX €JEMEHTIB, CTPYKTYpHO O0'€lHaHUX Yy (PYHKIIOHAJIbHI BY3JH, LIO
BUKOHYIOTH OJIHY 200 Kilbka 3aranbHUX (yHKIiH. Floro MaTeMaTHuHy MoJeNnb MOXHA
nojaTH y BUIIIAL TIAPOMEXAaHIYHOTO JIAHIIOTA, IO CKIANAEThCS 3 1leali30BaHUX
aKTUBHMX Ta IMACUBHUX €JIEMEHTIB 13 30cepe/keHuMu mnapamerpamu [4]. Humu
napaMeTpaMu JJIs TiApaBIIYHUX €JIEMEHTIB JaHIFOTa € TUCK Ta BUTpaTa MaluBa, a JJs
MEXaHIYHUX €JIEMEHTIB JIAHIIOTa — MEPEMIICHHS, ITBUAKICT Ta MPUCKOPEHHSI.

Buxonsum 3 TOro, mo Mpu PEMOHTI MATWBHUN PETYISTOP BUIPOOYETHCS MPH
HOpMaJIbHUX KIIMAaTUYHUX yMOBax Ta MpHU MOCTIMHIM BXIiJHIM TeMmrmepaTypi MajuBa
30°C, TeroBUMH TIPOIECaMH B CHCTEMI MOKHA 3HEXTYBaTH. I €OMeTpis Ta JIOBKHHA
KaHaTIB, a TAKOX 3HAUEHHS BUTPAT POOOUOT PIAMHU JTO3BOJITFOTH MMPUITYCTUTH, IO TEUis
piIvHU — OJHOBHMMipHA, TypOyJleHTHa. Po3risHyTa mMaTemMaTmyHa MOJENbh BPaXOBYE
CTUCJIMBICTh, aji¢ HE BPaxOBY€ IHEPIIHHICTH MOTOKY pPoO0YOi PIAMHU BHACTIAOK Tl
HE3HAYHOTO BIUIMBY Ha JWHAMIKY TMPOIECIB, IO BiIOYBAaIOThCA B MaJTUBHOMY
perynsatopi. Ha octatounomy ertami mopentoBaHHS MM HeoOXimHO BiIperysaroBaTH
TaKUM YUHOM, 1100 3HAYEHHS PO3PaXyHKOBUX MapaMeTpiB Ha MEBHUX PEKUMaAX POOOTH
BIJINOB1/IaJIM TEXHIYHUM YMOBaM Ha MaJUBHUI PETYISITOP.

VY MareMaTu4Hii MOEIi BUKOPUCTOBYIOTHCS TaKi KOHCTPYKTHBHI apameTpu: k; —
YKOPCTKICTh MPYKUHU 1-TO MPYKHOTO €JIEMEHTa; X,; — IM0YaTKOBA 3aTsHKKa MPYKUHH 1-
ro TIPYKHOTO eJIeMeHTa (JI0 IPYKHUX eJIEMEHTIB BimHOCAThCs Taki By3iu sk KIIIT, BK,
CIL, KMT TK, KMT BT, Mb PO TK, Mb PO BT, IIIIK1, TII1K2, 311K2); s; — moma
I-ro rigpomwriHapa; Fj — Tulomia mpoXiIHOTO Iepepidy i-To J03yHUYOro eleMeHTa
(mo3yroui enementu BxoaaTh a0 BysmiB KIII, OAI', BK, KMT TK, KMT BT , Mb PO
TK, Mb PO BT, IIIIK1, TITIK2, 3I1K2). o po3paxXyHKOBHX I[apamMeTpiB poOOUYOTro
MpoIIeCy HAJeXKaTh X;, V; — MEPEMIIICHHS 1 MBHUIKICTh MEPEMIMIEHHS 1-TO TMPY>KHOTO

eJIeMEeHTa CUCTEMH, (); — BUTpaTa poOOUOi PiIMHU Yepe3 1-i IPOCeTIO0Unii eIeMeHT (a
came, BiInoBisHO 10 puc. 2.1, Qy, Qewer Qrrars Qonrs Qam Qe Q2xr Qcrry Qrmrrres Qe

Qxmrer Qrorks Qrosr Qrurrks Qxuar), Pi — THCK poboYOi pilMHK B i-My By3i (THCK
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Ponry Party Pyups Pricr Paws Pporis Py Prurri: Prvrsr, Ppopr, auB. puc. 1). Y tabm.
2.1 mepepaxoBaHi HEOOXIJHI KOHTPOJIbOBAaH1 (BXIAHI) Ta PO3PaxXyHKOBI MapameTpu

MaTeMaTUYHOI MOJIEL.

Tabmuus 2.1. [epenik BXIAHUX Ta pO3paXyHKOBUX MapaMeTpiB MaTEMaTUYHOI MO

Bxinni napamerpu Po3paxyHkoBi napametpu

Ny Nems apybi ap06m1 QHi QeK@’ QHi QKHH! QOHF! Qlk” QZK’ QF[[1 QKMTTK1
Prosimpss MKT, ki, x5, | Qcry Qrkmrer Qrotrs Qrosr Qrurks Qam Pams Pynps
Si» Fripy Femn Fer1r Fsxzs | Pier Paer Proti Perns Prvrrie: Ponry Qrisry Prmrsr

Fos Ppopr, Xi,v;

Huxde onucani eJ1eMeHTH JIaHIIoTa, 10 3aCTOCOBYIOTHCS B MaTEMaTHUYHIN MOJEI.

AKTHBHUM eJeMEHTOM € Hacoc. Burpatu poOouoi piamHu Qp BU3HAYAETHCS SK
JiHIAHA QYHKIIS BIA M, 3 KOEPIIIEHTOM NPOAYKTUBHOCTI D :

Qn =D n,,. (2.1)

Jlo MacuBHUX BIIHOCSTBHCS €MHICHI €JIEMEHTH Ta €JIEMEHTH omnopy. €MHICHHM

eneMeHT [4, 5] BpaxoBy€e TUIbKM CTUCIUBICTh PIIUHU Ta OMUCYETHCS PIBHSIHHAM

Ve + Voar\dP
( E )Ep =0 22)

ne  V.— mocTiiiHuil 06’ €M €MHICHOTO €JIEMEHTA, M :

V,qr— 3MIHHHIT 06’ €M, 110 BUHHKA€ IIPH [EPEMIICHH] MEXaHIUHIX CJIEMEHTIB, M°;

E — 06'emHUIt MOAYb IPYXHOCTI poO0v0i pinunu Ila;

P — Tuck y emHicHOMY enemeHTi, [1a;

Qp— BUTpaTa pobOYOi PiNNHH, M/c.

VY naniii momeni 00'eMHHMII MOIYJIh TPYKHOCTI Ma€ TOCTiIHHE 3HA4YEHHS W HE

3aJIeKUTh BiJl HASBHOCTI B pOOOYId pINMHI TMOBITPS, KUIBKICTh SIKOTO BBa)KA€THCS
3HEBAKIIMBO MAJIOK0.

CTHUCHEHHSAM DPiTWHU B eleMeHTI omopy [6] HexTyroTh. ToJi BiH ONMUCYETHCS 3a

JIOTIOMOTOI0 PIBHSIHHS
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AP
Ql=ﬂF(x) 1'

2.3
Re v 23)

(i)

. . . 3
ne Q; — o0'eMHa BUTpaTa pIIMHU B 1-MYy €JIEMEHTI1, M™/C ;

24| L.
AP“ + 5

U — Koe(DilieEHT BUTPATH;

p — TyCTHHA pO6OYOT PifuHH, KI/M;

AP — nepenaj TUCKiB, [1a;

X — MepeMilIeHHs] MEXaHIYHUX €JIEMEHTIB, M;

F — mwioma mepepisy KaHaiy, M’;

Re.. — xputnune uncio PeliHonbaca ;

U — KiHeMaTHU4Ha B'A3KICTh po00YOi piIUHH, m2/c.

PiBasiHHs (2.3) m03BOIsiE BPaxoOBYBaTH 3MIHY PEKHUMY Tedil pITUHU 32 3aJaHUM
Re., . 3nauenHs Re; Moxxe OyTH BCTaHOBJIEHO E€KCIEPUMEHTAJIIbHUM MUIIXOM, IJIs
r'IpOMEXaHIYHOT O JIAHI[Iora 3 KaHaJIaMM KpyrJioro nepepiszy npuiimemo Re., = 2000.

YeTBepTHil TUII €JIEMEHTA MOKHA ONUCATH K EMHICTH 13 IPYXHUM €JIeMEeHTOM [4].

VY 11bOMy eeMeHTI HE BPaXOBYEThCS 1HEPIlis TeUil PIAUHU Ta ii CTUCIUBICT. PiBHSHHS
NpY>KHOTO efieMeHTa (2.4) Mae BUTJIA
2
m- 2tf+ﬁ d—+k x+S-AP =0, (2.4)

ne AP — nepenaj TUCKIB, [1a;

X — MepeMIIIeHHS MEXaHIYHUX €JIEMEHTIB, M;

S — mToma riAponuIiHIpa, M :

K — sxxopcTkicTh npyxunan, H/™;

M — Maca MEXaHIYHOTO €JIEMEHTA, KT;

f — xoedirieHT AemMpyBaHHS.

KinbKiCTh piuHU, IO BUTICHAETHCS PYXOMOIO YaCTHHOKO MPYXKHOTO €JIEMEHTa B

OJIMHUIIIO Yacy, JTOPIBHIOE
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dx
. . Qm . dt
3arajipHe pIBHSAHHS TAPOMEXAHIYHOTO JAHIIOra (POPMYEThCS BUXOISYM 3 OaslaHCY

BUTpAT piAMHU [4]:

zn: Q; =0, (2.6)
i=1

ae N — KUIBKICTh KaHadiB, IO BXOJATh [0 BY3JOBOi TOYKU TIAPOMEXaHIYHOIO
JAHLIOTA.

Hanpuknaa cknagemo piBHSIHHS OajlaHCy BUTpAT IS T1APABIIYHOTO BY3JIOBOTO
3'eIHaHHS, 300pakKeHOT0 Ha puUC. 2.2, 1€ MPEICTaBICH] TaKi €JIEMEHTH:

—Hacoc 1;

— €MHICHUM €JIeMEHT 2, B SIKOMY 30Cepe/KeHUN 00’€M TIApaBIIYHUX KaHAIIB Ta
MOPOKHUH MPY>KHUX €IEMEHTIB;

— omip 3 Ta omip 4, MO0 OMUCYIOTHh 30J0THUKH 3MiHHOTO Tepepizy OJII" ta KIIII
BIIIOBIJTHO;

— MPYKHUHN €JIeMEHT 3 MOPIIHEM 5 3 MIOMICI0 Skyz77, MPYKUHOIO 6 3 KOPCTKICTIO
k k177772 TIOYATKOBOIO 3aTSKKOIO X,

3anuieMo yMOBY OallaHCy BUTpAT:

QH - Ql - QZ - QKHH - QS’OfC =0 (27)

3anumieMo Gopmynu, MO0 BUPaXKAIOTh BUTPATH, L0 BXOISATH 10 I[LOTO PIBHAHHS,

BUXOJYU 3 TPUIIYHICHHS, [0 TiAPOMEXaHIYHA CHUCTEMa CKJIAJA€ThCsl 3 MPOCTHX

€JIEMEHTIB 13 30CEepeKCHUMH TTapaMeTpaMH:

QH =D- Ny (28)
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Puc. 2.2. Tlpuknaa cxemMu €JIEMEHTIB, 3'€THAHUX MK COOOIO T1IpaBIIYHUMU KaHAIaMU
B OJIHOMY BY3JI1

P, —P
Qoar = 1 Fonr(xonr) X |— ( OAF) 1)
) i
/ / . \\ 29
P, —Porr) +| & Cor U |
( 0[[1") \2 \ 4 - FO,Z[F(xO,Z[F)//
P,)
QKnn =u- Ecnn (xlcnn) X = 17
p - Z_Z
/ . \\ 2.10
e+ | g [ —Reaw )]
H I
Qupv = Skmmt * Ve 2.11
_ (Vc + Sk XKHH) . dPy 212
3IHC E dt .

JInist 11i€i cucTeMu TUCK 3J7MBY MPUIHATO PIBHUM HYIO. SIKIIO MPOXiIHMIA Tiepepis
€JIEMEHTa OMOpYy CHEIiaTbHO MPOQLTLOBAHUH 1 3aJI€KHUTH Bijl MEPEMINIEHHS MPYKHOTO
enementa (Hampuknan, F,(x.,,)), Taka 3aJeXHICTh MOJEIIOETHCS 3a JIOIMOMOTOIO
niHidHO1 iHTepmomsii [5]. TabnuuHa QyHKISL 3MIHU TPOXITHOTO TEpepi3y BiA pyXy
J03yIOYOTO €JIeMEHTa TMpUiiMae Ha BXiJA PO3PAXyHKOBI 3HAUYEHHS TIOJOKCHHS

JIO3YI0UOTO €JIEMEHTa Ta BHJA€ PO3PaxOBaHl 3a JIONMOMOTOI0 JIHIMHOI 1HTEPHOJIALi
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3HAUEHHS MpOoXiAHOro mnepepidy. TOYHICTH JIHIMHOI I1HTEPHONSLIi PETyIIETHCS
KUIBKICTIO TOYOK TaOIMYHOI () yHKIIII.

Pyx (6Ganmanc cun) npyxsoro enementa KIIII onucyerbes audepeHuiaibHUM
PIBHSHHSIM JIpyroro nopsaxky. i toro, o0 Hagam mpu MOZAENIOBAaHHI CKOPUCTATUCS
CTaHJAPTHUMU MPOLEAYPaMH PO3B'A3aHHS CUCTEM AU(PEPEHIIaTbHUX PIBHAHb MEPUIOTO
MOPAJIKY, BHpa3WMO TNEpIly MOXIAHY IO NEPEMIIICHHIO 4Yepe3 OKpPEMUU mnapameTp

MIBUIKOCT1 Vgyz;7 1 MOJISTTIOBATUMEMO HAJIalll 1I€H €JIEMEHT JBOMA PIBHSIHHSIMU:

Xk
= ) 2.13
. Vknn dr ( )
Vknn
= ~B + Vi + Sk + Pr — k(e + xgmm) — HGogm venn),  (2.14)

ne H(X g, Vi) — GyHKISA, 10 MOACITIOE pOOOTY KOPCTKOTO YIIOPY.
s dyHkuig 3a1aHa y BUTISAAI YMOBH, IPU BUKOHAHHI K01 (popMyeThest cuia, 1o
JOPIBHIOE CHJTI MMPOTHU/IIT BiJi CTUCHEHHS )KOPCTKOTO €JIeMEHTa YIopy:
SIKIO Xgryrp > N
H =kyuop Cogzr — 1) + Bypop * Vi (2.15)
1HaKIIe
H=0. (2.16)

3uauenns  k,,,

INPOIOPIIIHHE MOJYII0 TPYXKHOCTI MaTepiany, 3 SKOTO
BurotoBieHuit ynop. Koediunient nemndysanus ynopy p,,, MIOHPAETbCs TakuM
YUHOM, 11100 3a0€3MeUNTH BIICYTHICTh KOJIUBaHb Y KOPCTKIM CUCTEMI.

Tax camo ckiaIeHO PIBHSHHSA JJIS 1HIIUX BY3J11B CUCTEMHU.

2.4.  PesynbTaTH po3paxyHKy MmapaMeTpiB MaTeMaTUYHOT MOJEN1

CxiameHa MaTeMaTH4HAa MOJIETb IMAJMBHOTO  DPETYIATOpa €  CHCTEMOIO
nudepeHIianbHO-anTeOpaiyHuX PiBHIHB MepIoro nopsanky [7]. s po3B’si3anHs Takoi
CHUCTEMU 3aCTOCOBYBAaBCsI CIellialibHUN HesiBHUN BupimryBau ode23t [8, 9]. [TouaTkosi
ymoBH [10, 11] Taki, mo y gyac t = 0 ¢ yci po3paxyHKOBI mapaMeTpH JOPIBHIOIOTH HYIIO.

BinmHOoCHa TOUHICTH pO3paxyHKY CTaHOBUTH 1 E-6.
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[Ticas HanmaroaKeHHd MaTeMAaTHYHOT MOJIEJII Ta NEPEBIPKU (PYHKI[IOHYBaHHS BCIX ii
€JIEMEHTIB 3/1MCHEHO MmiA0ip 3HAaY€Hb KOHCTPYKTUBHUX MapaMeTpiB Yy Mexkax,
JTI03BOJICHUX KOHCTPYKTOPCHKOIO JOKYMEHTAIll€0, TAKUM YWHOM, 00 PO3paxyHKOBI
napamMeTpHy BiIMOBIIajdy BCTAHOBJICHUM Y TEXHIYHUX YMOBAaX 3HAUYECHHSM.

Amnani3 nmapamMeTpiB BUKOHAHO JJI1 YOTUPbOX OCHOBHUX PEKUMIB POOOTH MATUBHOTO
perynsTopa, 3aJJaHuX y TEXHIYHUX YMOBaX.

[Mepmmit pexum (podotu PO TK) 3aaeTbest TakuMu BXITHUMHU ITapaMeTPaMHU:

oem — 660! Pnoeimp;z = 82 MKT -

00 00
n,.=4085— n,A =0— «a,,=120° «
mK x6 m x6 pyo cn?’

p
YBIMKHEHU.

Sx BumHO 3 puc. 2.3, pilIEHHA CXOAUTHCS JO BCTAHOBJIIEHOI TOYHOCTI 3a
0,005 c, micas 4oro BiAOYBAa€TbCS MOJEIIOBAHHA PEXHMY MaKCHUMAJIbHOT BUTPATH
nanusa 70 0,04 ¢, konu Biakputta kianana Mb PO TK crtae mocratHiM ajisa niepexony
Ha pexum poboru PO TK. 3arpumka y Binkpurti kinanana Mb PO TK ob6ymoBnena

rioro cranoro wacy T = 0,1 c. 3a 0,3 ¢ BigOyBaeThCs MEPeXiJl 3 MOYATKOBOTO PEKUMY

MaKCUMaJibHOi BHUTpaTH Ha 3amanuii pexkum pobotu PO TK 3 BuszHaueHum 3a

. Ke
TEXHIYHUMU YMOBaMHM yCTaJICHUM 3Ha4YeHHsM G, = 480 + 10 —
20

Ha puc. 2.4 300pakeHO TMpolleC MiATPUMAHHS YCTaJICHOI BUTpAaTH IajnBa,
po3paxoBaHoro 3a gonomororo MM Ha pexumi po6otu PO TK, ta 3adikcoBaHoro
IpoIleCy MATPUMAHHS YCTAJICHOT BUTPATH TajuBa Ha TOMY K PEKHUMI pOOOTH Tij Jac
NPOBEJICHHS CKCIICPUMEHTY Ha JIOCHIDKyBaHOMY arperaTi. KonnBaHHS BUTpaTH MajinBa
Ha JOCTII)KYBaHOMY arperati B Mexkax 5 KI/TOJl MOSICHIOEThCS HAsBHICTIO MOBITPS B
TiIpaBIIYHUX KaHAJaX arperary Ta KaHauax MiIKIIYeHUX J0 arperaty TpyOoompoBO/IiB

BUMIPIOBAILHIX MaHOMETPIB.
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550 1 500

500 | / I 495

%8 490

400 485

MWANMN AL A AAAMN

g § 430 ) N W
£ 350 g ‘vw:‘
= g
o 300 g‘ 475
é 250 G 470

200 -0'04 - 465 — MM

150 \ 0.3c 460 —— EKCNepUMeHT

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 1 2 3 )
t, c tc

Puc. 2.3 . 3mina Butpatu nanusa G,Ha  Puc. 2.4 . [Iporiec migTpuMaHHs ycTaleHOl
pexumi pobotu PO TK BUTpaTHU nanuea G,.Ha pexumi pobotu PO

TK, po3paxoBaHoro 3a aornoMmoror MM, 1

OTPUMAHOTO B PE3YJIbTATI EKCIIEPUMEHTY

Hpyruii pexum (pod6otu PO BT) 3anaerbes TakumMu BXITHUMH TapaMeTpaMu:

Kec

o= 85° @yoom = 66° Progimpn = 6,575, MKT —

Ny = 37952, n,, = 40802, a, 2

2
BUMKHEHMH.

Ax BuaHO 3 puC. 2.5, BiIOYBa€ETHCS MOJIETIOBAHHS PEKUMY MAaKCUMAIBHOT BUTPATH
nanusa 70 0,02 c, ko BiakputTTa kianmaHa Mb PO BT ctae moctaTHiM 11 Iepexony
Ha pexxuM pobotu PO BT. 3arpumka y Binkpurti kiamana Mb PO BT oOymoBnena
fioro cranoro yacy T = 0,1 c. 3a 0,8 ¢ BinOyBaeThCs mepexif 3 MOYATKOBOTO PEKUMY

MaKCHUMaJIbHOI BHUTpaTh Ha 3amaHuil pexum podotu PO BT 3 BusHaueHum 3a

. Ke
TEXHIYHUMU YMOBaMHU 3HaueHHsaM G,,, = 330 £ 10 —
20

Ha puc. 2.6 300pakeHO Tmpollec MiATPUMAHHS YCTaJeHOI BUTpaTH TMaJHBa,
po3paxoBaHoi 3a gornomoroto MM Ha pexumi pobotu PO BT, a Takox 3adikcoBaHOTO
Mpoliecy MiATPUMAaHHS YCTaJICHOI BUTPATH NaJIMBa Ha TOMY K PEXKHUMi poOOTH Tij dac

MIPOBENICHHS EKCIIEPUMEHTY Ha JOCIIHKYBaHOMY arperari.




80

500 340 _
338 —MM|
400 336 —EKcriepymeHT
334 - v |
o 330 . WMWY WA A MMM MW ANAA
o g 332
2300 g
~ : 330
] E 328 -
8 200 o6
08¢ 324
100 322
320
0 | ‘ | 1,5 2 2,5 - 4 4,5 5
0 0.2 04 t, c 0.6 0.8 1

Puc. 2.6 . Ilpouec niaTprMaHHs BUTPATH
nanusa G, Ha pexxumi poootu PO BT,
pO3paxoBaHOTo 3a jonoMororw MM, i

OTPUMAHOTO B PE3YJIbTAaTI EKCIEPUMEHTY

Puc. 2.5 . 3mina ButpaTtu nanusa G,,, Ha
pexumi podotu PO BT

Tperiii pexxum (podota All) BU3HaYa€ThCSA HACTYTHUMU BXIAHUMU NTapaMeTpaMu:

C Qo = 120°, @pogy = 66°, Progimpn = 2,252, MKT —

Ny = 32202, n,, =02 : =,
BUMKHEHUM.

3rigHo 3 puc. 2.7, pillIeHHsS CXOAMUTHCS 10 BCTaHOBIEHOT TouHOoCTi 3a 0,005 ¢, micns
90ro BiIOYBa€THhCSI MOJEIIOBAHHS PEKUMY MaKCHMalbHOI BUTpatn nanmsa 10 0,015 c,
Koy BinkpuTTs kinanaHiB BK AlIl ctae mocratHiM aiist iepexony Ha pexxum podotu ATl
3arpumka y BigkputTi kinanaHiB bBK All BusHawaeTbcst BUTpAaTOIO poOOUYOi PIIUHHU, IO
MPOTIKAE Yepe3 KUKIEPH Momer0 Fgrq Ta Fgyo, ki 3a6e3neuyrors podoty BK ATl 3a
0,1 ¢ BimOyBaeThCs mepexija 3 MOYaTKOBOT'O PEKUMY MaKCUMaJIBbHOT BUTPATH Ha 3a1aHUM
pexum podotu All 3 BU3HAUYEHMM 3a TEXHIYHHMMHM YMOBAMH YCTAJICHHM 3HAYCHHSIM
G,., = 180 + 10 —a

Ha puc. 2.8 300pakeHO mpoliec MiATPUMAHHS YCTAJIGHOI BUTpaTH TaJIMBa,
po3paxoBaHoi 3a gornomororo MM Ha pexumi po6otu All, a Takox 3adikcoBaHOTO
Mpoliecy MiATPUMAHHS BUTPATH MMAJIMBA HA TOMY K PEXKUMI POOOTH I/ Yac IPOBEICHHSI

EKCIIEpUMEHTY Ha JOCHiIpKyBaHOMY arperari. KonuBaHHs BUTpaTH maivMBa Ha

JOCIIJDKYBAHOMY arperari B MeXax 5 KI/Toj MOSCHIOETBCS HAsSBHICTIO TIOBITPS B
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riIpaBIIYHUX KaHajax arperary Ta KaHajax, MIKIIYeHUX J0 arperaty TpyOonpoBO/IiB

BHUMIPIOBAIbHUX MaHOMETIB.

300 35
195 — MM
250 e
190 ——Excnepument
o 200 185
2180 « 180
© 170 LY L AL Ll
O 400l | [0015¢
0,1 c 165 -
soll | [0.005¢ -
155
0 ' ' ' ' ' 150 -
0 005 014,015 02 025 03 ; . A 5
Puc. 2.7. 3mina Butpatu nanusa G, Ha Puc. 2.8. [Ipouec migTpUMaHHs BUTPATU
pexumi pobotu All nanuBa G,,, Ha pexumi poootu All,

pO3paxoBaHOro 3a gornoMoroo MM, i
OTPUMAHOTO B PE3YJIbTATI EKCIIEPUMEHTY

Jlns BimoOpakeHHsI TUHAMIKM 3MIHU PO3PaxXyHKOBHX IMapaMeTpiB MaTeMaTHIHO1
Moze 0yJ0 3MOJIeTbOBAHO MPOIeC CTPUOKOMNO1I0HOTO IEPEXOTY 3 OJTHOT'O PEKUMY Ha

iU, Y mouatkoBuit yac t = 0 ¢ 3amaerbest pexkum podotu PO TK 3 mapameTrpamu Ha

. 06 06 Kec
BxoAl M, = 3600 — Ngy = 0;, Apyo = 0°, Xposm = 66°, Pnogl-mpﬂ = 8CM—2, MKT -
BUMKHEHUM.

Y MomenT 4acy t = 2 ¢ BigOyBaeThCs CTPHOKONOAIOHE 30UIBINCHHS a,,,, 10 120°Ta

BUX1J Ha pexuM podotu All.

Ha puc. 2.9 300pakeH0 MOpIBHSHHS MPOIECIB 3MIHM BHUTPATH TaJHMBa IIiCIS
CTPUOKOTOMIOHOTrO 30UIBIIEHHS &y, N0 120°, pospaxosanoro 3a gonomororo MM i
3a(hiKCOBAHOTO IIiJl Yac MPOBEACHHS EKCIEPUMEHTY Ha JOCIIKYyBaHOMY arperati. 3
puc. 2.9 gac nepexoxay 3 pexumy podboru PO TK Ha pexum podorn All mopisaroe 2,1 ¢
SK JUTI PO3PAXyHKOBOTO TPOIIECY, TaK 1 JJIs mpoiiecy, 3adikcoBaHOTO MPH MPOBEIACHHI
eKcriepuMeHTy. BimMiHHICTH 32 (OpPMOIO KpPWBOi 3MIHM BUTPATH TaJIWBa 33 4YacOM
MOSICHIOETHCSL HASIBHICTIO B peajbHOMY arperarti cui teptst B cepBonopiuni O/I, tepts

B 30JIOTHUKOBHX IapaxX TipaBIlYHUX KJalaHiB, a TaKOX BIAXWJICHHIM BIJ
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HOMIHAJIBHOTO 3HAYEHHS po3MipiB mpodito nozyrouoro BikHa OI'. ¥ MM arperaty 11
nedeKTH He MOJIETIOBAIUCS, OCKUTBKM BOHU MOMITHO BIUTMBAIOTh TIJIBKU Ha JIMHAMIYHI

BJIACTUBOCTI arperary, 1 He BIUIMBAIOTh Ha YCEpPEIHEH1 yCTalleHI mapaMmeTpu poOodyoro

npouecy.
500
e MM
450
—— EKCIEpUMEHT
400 ; 1
350 -
g 300 -+
e
x 250
o
X
[}
© 200
150
100 -
50 -
0
1 1,5 2 25 3 3,5 4 4,5 5

Puc . 2.9. TlopiBHSHHS NpOIIECiB 3MIHU BUTPATH MaJIUBa G,
pu niepexoi 3 pexxumy podotu PO TK Ha pexum pobotu
ATl, 3M01e7ThOBaHOTO Ta OTPUMAHOTO B pE3yJIbTaTI
CKCTIEPUMEHTY

Otpumani pe3ynbTaTH TMOKa3ylOTh, [0 MaTeMaTHYHa MOJEIb JIO3BOJISE

MOJICTIOBATH CTAI[lOHAPHI MIPOIIECH 3 HEOOX1THOIO TOYHICTIO.

2.5. JliniitHa MaTeMaTH9IHa MOJIEITb MaJTUBHOT'O perynsaropa.

Matpuiist Koedilli€HTiB BIUIUBY

Jlnst mpuckopeHHST poOOTH METOMy JMiarHOCTYBaHHS, a TaKOX 3a0e3redyeHHs
peamizamii MeToAy Ha Pi3HHX OOYHMCIIOBAIBHHMX IUIaTGopMax JaHy MOMACHIH JOILIIBHO
nineapusyBatu [12]. OgHak mpu 1IbOMY HEOOXiTHO OOIPYHTYBAaTH MOXKIIUBICTH 3aMiHU
6a30BO1 MOJIeNI1 HA JHIAHY.

JIist mopanbmioro JOCTIKEHHS OOpaHO pEXUM pPOOOTH pPerynasiTopa BUIBHOI
Typ6inu PO BT . Posrmsaryro 10 KOHCTPYKTHMBHUX MapaMeTpiB, BIIXHWJICHHS SIKUX

HalOUIblIe BIUIMBAIOTh HA KOHTPOJIBOBAHUM mapameTp poboudoro mpouecy Q... llpu
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BUOOp1 CKJIaly MapaMeTpiB poOodoro mporecy posrisaanucs 12 mapameTpiB, sKi
JOCTYTHI JAJisi BUMIPIOBaHHS, IIO TMOB'I3aHO 3 KOHCTPYKTUBHUMH OCOOJHMBOCTSIMU
perymsaropa. [lo iX ckiamy BXOIATh BUTpaTa MajvBa Ha BUXO.I 3 perymsaTopa Q. Ta
3HAUEHHSA THUCKY Yy PpI3HUX MNopoxxkHuHax. [ns pexumy pobotu PO BT, wmexi
HECIIPaBHOIO 1 HEMPale3/aTHOIO CTaHIB BUPOOY BU3HAYANIUCA MO BIAXUIECHHIO BUTPATH
nanmuBa Q,,, Bl 3HAYCHHs, BU3HAYCHOTO B TEXHIYHMX yMOBax Ha perymarop. Cnucok
KOHCTPYKTHUBHUX IMapaMeTpiB HABEICHO y Ta0. 2.2, e BUKOPUCTAaH1 TaKi MO3HAYEHHS

Fcn — mioma mpoxXimgHOTO Tepepidy Apocens peryisaropa CHHXpOHi3aTopa
MOTY)KHOCTI, M’;

Fg1 — IUT0IIA MPOXigHOTo mepepisy apocenst El mepioro KoHTypy GOpCcyHOK, M7

Fexs — IUIOIIA IPOXIIHOTO TIEpePi3y eKBiBaneHTHOrO apocens Exs, M;

Krirr — )KOPCTKICTh MPYXUHU KJIamaHa MoCTiiHoro nepenany, H/wm;

Krirki — KOPCTKICTh PY>KUHU MiAMIPHOTO KJIalaHa Mepuoro KoHTypy, H/m;

Kriro — )KOPCTKICTh PY>KUHU MIAMIPHOTO KJIalaHa Jpyroro KOHTypy, H/m;

K3k, — dKOPCTKICTh MPY>KUHH 3aliPHOTO KJIallaHa APYroro KoHTypy, H/m;

Fgx — mI01a mpoXigHOTO Mepepi3y BXITHOTO Apocess 0J0KY KIIalaHiB peryisiTopa
ABTOMATa IPUHOMHCTOCTI, M;

Fpo Br — TOCTIfiHA TUIONIA MPOXITHOTO TMepepidy KialaHa pPeryiasTopa BUIbHOI
TypGinu, M°;

X3po BT — HOMEPEIHS 3aTsHKKA MPYKUHU MEXaHIYHOTO OJIOKY peryisropa BiUIbHOT
TypOiHH, M.

Cnucok MiarHOCTUYHUX O3HAK HaBENIEHO y Taou. 2.3.

Tabmus 2.2. [lepenik KOHCTPYKTUBHUX MapaMeTpiB PErysTopa

Ilo3HauenHs kiacy

nedexty St | S2 | S3 | Sa | S5 | Se | S7 | Sg | S¢ | Sw

Ilo3zHaueHusa X
FCH F El F €KB k KIIIT k TIIIK 1 k TITIK2 k 3I1K2 F BK F PO BT 3P0
KOHCTp. mapaMeTpa BT
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Ta6muis 2.3. [lepenik 11arHOCTUYHUX O3HAK

ITo3Hauenns
napameTpa Onuc napameTpa poOOYOro Mpouecy
poboyoro mpoiecy
Qore OG'eMHa BUTpATa NaIMBa HA BUXOJI 3 PEryIIsTopa, M /c
P, Tuck manuBa Ha BHUXOA1 3 MIANIPHOrO KjamaHa MNEPIIOTO
KOHTYpY, Ila
P Tuck manuBa Ha BUXOAl 13 3allipHOTO KJamaHa APYroro
2x KOHTYpY, ITa
P TI/ICIf MamiBa 33 JI03yloWOI0  TOJNKOK  aBTOMATa
pUHOMHCTOCTI, [1a
Ponr Tuck nanuBa 3a OCHOBHOIO J103YI0UOIO T'oJIKo10, [1a
Py Tuck nanmsa 3a Hacocowm, Ila
P Tuck mnanuBa, KepoBaHW OJOKOM KIamaHiB aBTOMaTa
bK npuiiomucTocTi, ITa
Tuck manuBa, MPOMOPIIHHMIA KBaJApaTy YaCTOTH OOepTaHHS
Py IPUBOJY POTOpa TypOOKOMIIpecopa, MiIBEACHUNA 10 OJIOKY
KJ1araHiB aBToMaTa npuiiomuctocTi, [1a
Py Tuck manuBa KepyBaHHS B OPOKHUHI CEPBOTIOPIITHS
P Tuck manuBa nepen OpoceseM peryysaTopa CHHXpOHI3aTopa
i noryxHocTi, ITa
Tuck manuBa 3a JApoceneM peryssTopa CHHXpOHI3aTopa
Prursr nory;xHocTi, ITa
)
Pxrr Tuck manuBa Ha BUXO/1 3 KJIallaHa OCTIHHOTO TUCKY, [1a

dopmyBaHHS JIHIHHOT MoJeNl BiIOYBa€ThCS MIISAXOM PO3PAXyHKY €JIEMEHTIB
matpuili koedimientie BBy (MKB) H [13]. Enementn MKB Bu3Ha4aroTh BIUIUB
BIIXWJICHHSI KOXKHOT'O KOHCTPYKTHBHOTO TapaMeTpa Ha pO3paxXyHKOBI mapamerpu Y 1
PO3PaxOBYIOThCS HUISXOM BHPIIICHHS PIBHAHH MaTEeMaTHYHOI MOJEN 13 3aJaHuUM
MTOCTIIOBHUM BIIXHJICHHSAM KOHCTPYKTHBHHMX ITapaMeTpPiB BiJl BHXiIHUX 3HAaueHb. Y
nepmomMy HaOMMKEHHI TPUHHATO, M0 KOHCTPYKTHUBHI MapaMeTpu 3MIHIOIOTHCS 3
onHakoBUM Macmrtabom Bapiamii o = 0,02. Emementn MKB po3paxoByBamucs 3

BUKOPHUCTAHHSIM JJBOCTOPOHHKOT Bapiallii KOHCTPYKTUBHUX MapaMeTPiB TAKUM YHHOM:

-y
Y:
Hy = 572, (2.17)
J J
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ne H;; — xoediuieHT BIUIMBY BiAXWJIEHHS MEBHOIO KOHCTPYKTMBHOIO IMapamerpa Ha

nmapameTp pobGodoro mpouecy; Y;' — 3HaueHHs mHapameTpa PpOOOHYOro IIPOIECY,
po3paxoBaHe 3a MaTEMaTHUYHOIO MOJEJUII0 3 BIIXWJICHHSIM IapamMeTrpa CTaHy B
NO3UTHBHY CTOPOHY; Y;” — 3HaueHHs mapameTpa poO0Yoro mpolecy, po3paxoBaHE 3a
MaTeMaTUYHOK MOJIEJUIIO 3 BIAXUJICHHSM KOHCTPYKTHBHOI'O MapaMeTpa B HETaTUBHUM
0ik; Y,; — moyaTKkoBe 3HAYEHHS IMapaMeTrpa poOOUYOro IMpOoIeCy. 9]-+ = (1 +a)by; -
3HAYCHHS! KOHCTPYKTHUBHOTO MapaMeTpa, BIAMOBIAHE HOTr0 BIIXUJIECHHIO B IOJATHUN O1K
BIZl BHXIIHOTO 3HaueHHS. 6p;, 0 = (1-a)f, j — B3HAUYCHHS KOHCTPYKTHBHOI'O
napamerpa, IO BIAMOBIAAa€ WOro BIIXWUJEHHIO Yy BT €MHUNA OIK BiJl BUXITHOTO
3HAYCHHS.

[TincraBuBmIM NaHi 3HaYeHHS Gopmyny (2.17), orpumaeMo
B -

ZYOla
YV 1abn. 2.4 HaBeleHi KOE(DIUMIEHTH BIUIMBY KOHCTPYKTMBHUX MapameTpiB 6; Ha

Hy; = (2.18)

napamMeTpu pobouoro mporecy Y;, po3paxoBani 3a (opmynow (2.18) mas pexumy

pobotu peryuaropa PO BT.
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Tabmuus 2.4. Matpuiis KoeQili€HTIB BIUIUBY

X3 PT

BT

FCH FEI FeKB kKHH kHHKI kHHKZ k3HK2 FEK F PO BT

Qng -0.29298 | 0.10528 0.32791 | 0.02360 -0.02116 -1.49001 -0.02820 -0.00800 | -0.08103 | -0.17845

P1K -0.10353 | -0.03899 | -0.08346 | 0.00729 -0.13799 0.40023 -0.00324 -0.00130 | -0.02874 | -0.05996
PZK -0.77437 | -0.39160 | -0.23076 | 0.06380 -0.00666 -4.29518 -0.07638 -0.01994 | -0.21211 | -0.47306
PAH -0.09129 | -0.01972 | -0.07201 | 0.00654 -0.00094 0.35382 -0.00264 -0.00037 | -0.02483 | -0.05155

POﬂF -0.14159 | 0.00286 0.00063 | 0.01020 -0.00591 0.01950 -0.00774 -0.00004 | -0.03837 | -0.08175

PH -0.13232 | 0.00244 0.00034 | 0.07145 -0.00542 0.01923 -0.00730 -0.00079 | -0.03613 | -0.07695

PE[( -0.58941 | 0.21111 0.65579 | 0.05012 -0.04544 -2.98292 -0.05478 1.98742 | -0.15743 | -0.35536

Ny -0.00251 | 0.00414 0.00204 | 0.00021 0.00121 -0.00173 0.00011 0.00126 | -0.00084 | 0.00107

Pynp -0.14291 | -0.00466 | -0.00159 | 0.00961 -0.00655 0.01774 -0.00900 -0.00747 | -0.03954 | -0.09270

PCH -0.14376 | -0.00359 | -0.00518 | 0.00883 -0.00329 0.01710 -0.00660 -0.00603 | -0.04022 | -0.08938

PKMTBT 0.00139 | -0.00124 | -0.00355 | 0.00315 -0.00007 0.00611 -0.00236 -0.00415 | -0.04181 | -0.09195

P[(HT -0.00277 | 0.00400 0.00199 | 0.00025 0.00099 -0.00197 0.00012 0.00159 | -0.00075 | 0.00122

OckiTbKM JIiHEapu30BaHA MOJENIb ONEepy€e KOHCTPYKTUBHUMH IapaMeTpamMu y
BITHOCHUX BEJIMUMHAX, TTApaMeTpu poOOYOro Mporecy Takok HEOOXITHO MEPEeBECTH y

BITHOCHY CHCTEMY KOOpIUHAT:
Y, — ¥y,
Zi = T, (219)
ne Z; — BITHOCHE BIIXWJICHHS 1-TO IMapaMeTpa poOoUYoro Mmpoiecy Biji HOro moyaTkoBOTO
3HAYCHHS.
BigHocHI BIAXWICHHS BUMIPSHUX IapaMeTpiB poOodoro mporecy Z, €

T1arHOCTUYHUMU O3HAKAMH PEryJsiTopa.

2.6.  Orminka moxuOoK JiHeapu3aIlii Mojeni

{06 ominuTH MOXUOKY JiHEeapu3allil mapameTpiB poOOYOro Mporecy, HeoOX1aTHO
pO3paxyBaTH PI3HUITIO MK 3HAYCHHSAMH BIAXWJICHB IMapaMeTpiB poOoUoro mpomecy Zj;,
OTPUMAaHUX 3a JOIOMOIOI0 JIHIKHOI MaTreMaTHYHOI MOJeli, Ta BiIIAXUICHHIMH
rmapaMeTpiB poO0OUYOro mporecy Z;, po3paxoBaHUX 3a JOMOMOTOI0 BUXITHOI HEIHIHHOT
MOJIENI IS 3aJaHOTO BIIXUJIEHHS KOHCTPYKTMBHOTO mapameTpa 4;:

6; =272, —Z;, (2.20)

ne Z;; po3paxoBY€EThCS 3a (POPMYIIOI0



87

Zy = Hy; - 4;. (2.21)

[Toxubku mniHeapu3ailii BU3HAYEHI JJIsI BCIX KOHCTPYKTUBHUX MapaMmeTpiB, IO
BUKOPUCTOBYIOTBCS JUIsl ONKCY HECIPABHOCTEH, SKI JIArHOCTYIOThCS. SIK 3a3Ha4u€HO
BUILlC, 3aBJaHHS METOAY JIarHOCTYBaHHsS IMOJISTa€ B JOKadi3allli HECIPaBHOCTI B
o0nacTi, 1€ BIAXWIECHHS KOHTPOJIbOBAHOIO MapameTpa po0oYyoro mpolecy Bij
CIIPaBHOT'O 3HAYEHHS 3HAXOAUThCs B Mexax Big 1,5% mo 10%. Tomy BaximBo, 1100
noxuOka jdiHeapu3alii Oyja SKHaliMEHIIAa MPU PO3PaXyHKY BIIXWICHb MapaMeTpiB
pobouoro mpoiecy Z;; B 3a3HAYCHOMY Jiama3oHi. 3a JOMOMOrOK HEJIiHIHHOI
MaTEMaTUYHOI MOJENI AJI KOXKHOTO JAedekTy Oylo po3paxoBaHO YOTHPU 3HAYEHHS
BiZIXWJICHb KOHCTPYKTUBHOTO mapamerpa Ajso,i, 4150, A10%, 4109, BIANOBIIHUX
BIIXWJIEHHAM KOHTPOJBOBAHOTO TapameTpa po0oYoro mpolecy BiJl CIPaBHOTO

3HaueHHs Ha 1,5% 1 Ha 10% y O0KM 10JaTHHX 1 BiI’ €MHUX 3HAYECHb.

Tabauus 2.5. BinxuaeHHs: KOHCTPYKTUBHUX TapaMeTpiB 4;, 0 BIANOBIIAIOTH

3MiHAMQ,,,

A Q€K6 F CII F El F €KB k KIIIT k TIK1 k TITIK2 k 3I1K2 F BK F PO BT X 3POBT
Ais0 | -0.03257 | 0.15168 | 0.06516 - - -0.00874 | - - -0.00352 | 0.00104
A_i59% | 0.03622 | -0.14880 | -0.05455 | -0.38075 | 2.00779 | 0.00832 | 1.00728 | 0.42656 | 0.00352 | -0.00104
A109% | -0.18160 | 1.02308 | 0.76098 - - -0.06586 - - -0.02441 | 0.00755
A_10% | 0.38395 | -0.81987 | -0.28648 | -0.88770 | 8.19091 | 0.05231 | 4.21052 | 0.56250 | 0.02305 | -0.00664

IIpoyepkn B ocepenkax TaOJWIll O3HA4YalOTh, IO BIAXWJICHHS TaKHX
KOHCTPYKTHBHHUX mapameTpiB K Ky, Kmmki, Ksnkz ,» Fex HE BUKIMKAIOTH BiIXHICHD
KOHTPOJIBOBAHOTO MapaMeTpa poOoUY0ro mpolecy B JOJAaTHY CTOPOHY.

[Ilo6 omiHUTH TMOXWOKU JIarHOCTYBaHHS, 3yMOBIIEHI JiHEApHU3aIli€l0 MOJeNi,
HEOOXIHO MpoaHaNI3yBaTH 3aJIeKHICTh TOXMOOK JTiHeapu3aIlii Bij koedimieHTa Bapiarii
a. Jns mporo 3a dopmymnoro (2.20) Oyno BuU3HAUYEHO NOXMOKM JiHEapu3alii mpu
pPO3paxyHKy IapaMeTpiB pobodyoro mporecy 3 BukopuctanHsM MKB 3 tabm. 2.4 Tta
BIIXMJIEHb KOHCTPYKTUBHMX TapameTpiB A 5oy, A_1 504/, 4109 A-109%- Ll moxubku

po3paxoBaHi y BificoTkax (To6To momuoxeHi Ha 100), Ta HaBeaeH1 y Tabuisax 2.6 - 2.9.
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Tabmuisa 2.6. TToxubku JiHeapu3anii MaTeMaTUYHOT MOJET 3 BIIXMIIEHHAM A1 5o, ;IPH
JIBOCTOPOHHIH Bapiallii KOHCTPYKTUBHOTO napameTpa Ha 2%

Aiswr | Aiswz | disws | Diswa | Aisws | Aiswe | Aisws Ay | Aisyo | Arswro
8,% | .0225 | 0192 | 0188 |0000 |0000 |-0054 | 0000 |o0.000 |o0109 | 0%
8,,% |-0086 | 0151 |-0016 | 0000 |0000 |0011 |0000 |o0.000 |o0020 |00
85, % | .0667 |-1.137 |-0038 | 0.000 | 0000 |-0360 | 0000 |o0.000 |o0176 | %?%?
8, % |.0075 | 0141 |-0.012 | 0000 |0000 | 0012 | 0000 | 0000 |0015 | 2930
85,% | .0119 | 0079 |0013 |0000 |0000 |-0013 |0000 |o0000 |o0022 |00
86 % |-.0111 | 0070 |0013 |0000 |0000 |-0012 |0000 |o0000 |o0027 | 0012
8;,% | .0481 | 0426 | 0325 | 0000 |0000 |-0200 | 0000 |o0000 |o0050 |34
85 % | -0006 | 0074 | 0005 |0.000 |0000 |-0.007 | 0000 |o0.000 |-0.003 | 004
85, % | -0115 | 0071 | 0023 | 0000 |0000 |0002 |0000 |o0.000 |o0045 |14
8100% | .0.114 | -0.047 | -0.004 | 0000 |0000 |0003 |0000 |0000 |0047 |°062
811.% | -0009 | 0017 |-0006 | 0.000 | 0000 |0003 |0000 |o0000 |0030 |%0%
812% |-0005 | 0072 | 0004 | 0000 |0000 |-0.006 | 0000 |0.000 |-0.006 | 00%

Tabmuua 2.7. [loxuOku niHeapu3anii MaTeMaTUYHOT MOJIENI 3 BIAXUICHHAM A_4 5o, j

IIPH JIBOCTOPOHHIM Bapiallli KOHCTPYKTUBHOTrO napamerpa Ha 2%

A 151 | A-1,502 | A-1,5%3 | A-1,5%4 | A-1,5%5 | A-1,5%6 | A-1,5%7 | A-15%8 | A-1,5%0 | A-1,5%10
5, % -0.154 | 0.006 0.049 0453 |-2314 |-0.054 |-2.145 [1.391 -0.028 | -0.039
82, % -0.074 |-0.094 |-0.056 |0.065 |-1.201 |0.011 -0.855 | 0.593 -0.020 | 0.010
83, % -0.468 |-0.359 |-0.214 |1.282 |-7.217 |-0.360 |-5.592 |3.693 -0.086 | -0.185
84, % -0.070 |-0.094 |-0.054 |0.062 |-0.551 |0.003 -0.734 [ 0.573 -0.010 ] 0.012
B, % -0.107 |-0.078 |-0.042 |0.114 |-1.114 |-0.013 |-1.057 |0.930 -0.015 | 0.004
86, % -0.096 |-0.069 |-0.038 |0.122 |-1.022 |-0.012 |-0.996 |0.822 -0.017 | 0.002
87, % -0.367 |-0.036 |0.059 |1.117 |-5.210 |-0.200 |-4.107 |-43.820 |-0.004 |-0.108
g, % -0.016 |-0.066 |-0.017 |-0.081 |0.207 |-0.007 |0.006 0.096 -0.007 | 0.022
89, % -0.044 | 0.058 -0.001 |0.348 |-1.196 |0.002 -1.179 | 0.356 -0.007 | -0.063
810, % -0.056 | 0.042 0.011 |0.294 |-0.607 |0.003 -0.870 | 0.304 -0.015 | -0.028
811, % 0.033 | 0.020 0.019 |0.137 |-0.014 |0.003 -0.304 |-0.081 |-0.011 |-0.014
812, % -0.019 |-0.064 |-0.017 |-0.077 |0.168 |-0.006 |0.006 0.122 -0.005 |0.023
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Tabmuiia 2.8. TToxubku niHeapu3anii MaTeMaTUYHOT MOJET 3 BIIXHMIIEHHAM Ao ; TPH
JIBOCTOPOHHII Bapiallli KOHCTPYKTUBHOTO napameTpa Ha 2%

AlO%l A10%2 A10%3 A10%4- AlO%S A10%6 A10%7 AIO%B AIO%Q AlO%lO
81, % -3.789 -0.801 | 6.003 0.000 0.000 | 0.363 | 0.000 0.000 0.640 | 0.692
8,5, % -1.471 0.744 -1.161 | 0.000 0.000 | 0.158 | 0.000 0.000 0.126 | -0.059
83, % -12.212 | -14.511 | -3.941 | 0.000 0.000 | -3.125 | 0.000 0.000 -0.558 | 0.020
84, % -1.274 0.786 -0.984 | 0.000 0.000 | 0.147 | 0.000 0.000 0.062 | -0.112
s, % -2.008 0.401 0.193 0.000 0.000 | 0.036 | 0.000 0.000 0.050 | -0.093
86, % -1.889 0.360 0.172 0.000 0.000 | 0.031 | 0.000 0.000 0.073 | -0.064
87, % -8.712 -2.577 | 10.917 | 0.000 0.000 | -0.955 | 0.000 0.000 -0.439 | 0.239
g, % -0.022 0.356 0.101 0.000 0.000 | 0.019 | 0.000 0.000 0.038 | -0.145
89, % -2.174 -0.288 | 0.021 0.000 0.000 | -0.027 | 0.000 0.000 0.015 | 0.402
810, % -2.160 -0.200 | -0.161 | 0.000 0.000 | -0.031 | 0.000 0.000 0.103 | 0.193
811, % -0.104 -0.069 | -0.150 | 0.000 0.000 | -0.016 | 0.000 0.000 0.097 ]0.131
812, % -0.016 0.343 0.099 0.000 0.000 | 0.021 | 0.000 0.000 0.026 | -0.154

Tabnuus 2.9. [Toxubku niHeapusalii MaTeMaTUYHOT MOJIEN! 3 BIAXUICHHIM A _1 o, jIpH
JIBOCTOPOHHIH Bapiallii KOHCTPYKTUBHOTO napameTpa Ha 2%

A—10%1 A—lO%Z A—10%3 A—10%4- A—lO%S A—10%6 A—10%7 A—10%8 A—10%9 A—10%10
8, % -14.962 | 1.404 | 2.722 | 8.127 | -5.519 -0.203 | -3.463 10.807 | 7.442 | -0.483
8,5, % -5.103 | -0.992 | -0.859 | 3.145 | -13.077 | 0.237 | -4.210 4157 | 2.806 | 0.180
83, % -41.585 | -7.356 | -6.508 | 19.263 | -44.853 | -6.819 | -10.058 | 26.039 | 17.360 | -3.368
84, % -4519 | -0.712 | -0.763 | 2.739 | -3.072 0.197 | -3.627 3.712 | 2.468 | 0.216
s, % -7.231 | -0.420 | -0.289 | 4.023 | -4.588 -0.130 | -3.923 5.548 | 3.603 | 0.014
86, % -6.747 | -0.377 | -0.266 | 3.765 | -4.212 -0.116 | -3.704 5.132 | 3.368 | -0.007
87, % -31.249 | 1.745 | 3.866 | 14.936 | -14.385 | -3.060 | -7.174 -6.565 | 13.889 | -1.897
8g, % -0.136 | -0.343 | -0.078 | 0.161 | 0.881 -0.035 | 0.039 0.213 | 0.038 |0.131
89, % -7.152 | 0.263 | -0.095 | 3.138 | -4.946 0.009 | -4.422 4,989 | 3.794 |-0.403
810, % -7.216 | 0.182 | 0.016 | 2.606 | -2.539 0.006 | -3.272 3535 |3.805 |-0.201
811, % 0.178 0.073 | 0.073 | 0.778 | -0.075 0.022 | -1.153 0916 | 4.149 |-0.123
812, % -0.157 | -0.331 | -0.076 | 0.156 | 0.719 -0.039 | 0.044 0.240 | 0.042 | 0.139

[Tin wac po3paxyHKy BITHOCHHX BIJXWJIEHb MapaMmeTpiB poOOUYOTo mporecy Zj; 3
BukopuctanHsiMm MKB 3 Tabn. 2.4 y Bumaakax BIAXWICHHS KOHCTPYKTHBHOTO
napamerpa Aq 50, 1 A_q159; NOXHOKa JiHeapusamii mif OUIBIIOCTI BUNAAKIB HE
nepepuinye 2%. OpHak A8 pO3paxyHKy BiJTHOCHOTO A_jsyg BiaXuieHHA Pgg mpu
BIAXWIEHHAX A_j 595, A_1507; NOXUMOKM niHeapu3auii 6, cknamu 5%, 4% 1 44%
BimMmoBigHO. Jlms po3paxyHKy BigXWIeHHS P,, TpH THX K€ BIIXWICHHAX
KOHCTPYKTHBHUX NapameTpiB A_jsos, A_1507, 415048 NOXUOKH O3 cknama 7,2 %,

5,6% 1 3,7% BignoBimHo. Takl 3Ha4HI IIOXMOKHM TMOB'I3aH1 3 HEIIHIMHICTIO
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MaremaTuuHoi Mojeni. Hwwkde Ha puc. 2.10 Ta 2.11 HaBeneHO 3aleKHICTh 3MIHU
BITHOCHOT'O BIAXWJICHHS IapameTpa pododoro npouecy Pgy Bl 3MIHU KOHCTPYKTUBHUX
napametpiB  Knnxi, Ksmkxe, Fex TIpp po3paxyHkKax 3a JOIMOMOIOK  HEJIIHIHHOT

MaTeMaTUYHOI MOJIEL.
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Puc. 2.10. 3anexHIiCTb 3MIHHM BIIHOCHOTO BIAXWICHHS Pgy Bl 3MIHH
KOHCTPYKTUBHUX napameTpiB knr; 1 k3o
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Puc. 2.11. 3anexHIiCcTh 3MiHUA BITHOCHOTO BIIXUJICHHS Pgy BiT 3MiHH
KOHCTPYKTHBHOTO mapametpa Fgi

3 puc. 2.10 BuaHo, mo mnapameTp podouoro mpouecy Pgryp HE 3MIHIOETHCS 3a
HETaTUBHOTO BIAXWJICHHS KOHCTPYKTHUBHUX mapametpiB  Kpmki, Ksmke. Takox
CIIOCTEPIraeThCs 3MiHAa HAXWJLy L€l 3aeKHOCTI (JIHII cTaHy) 31 30UIbIIEeHHAM 4, 110
HEraTHBHO BIUTMBA€ HA TOYHICTh PO3PAXyHKIB 3a JOMOMOTOIO JIIHIMHOI MaTeMaTUYHOI
moxemi. [lpoanamizyBaBmu puc. 2.11, MoxHa 3pOOWTH BHCHOBOK, IO IapaMeTp
pobouoro nporecy Pgx 3MIHIOEThCS Juiie B Mexax —1 < Ag < 0,9, npu 11,oMy 3MiHH
KOHCTPYKTHBHOTO mapameTrpa Fgx Ha Ag = —1 Bce mie HEIOCTaTHBO ISl OTPUMAHHS
BIIXWJICHHS] KOHTPOJIHOBAHOTO TapameTrpa pobodoro mporecy @, Ha 1,5 %. Dakr

HassBHOCT! HEYYTJIMBOCTI MAJIMBHOTO PETYISATOpPa 10 BIA €MHUX BIIXWICHb NEBHUX
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KOHCTPYKTHUBHUX MapaMeTpiB 3MYIIye TIUTH 10 BUCHOBKY, LIO JIIHIHA MaTeMaTU4YHa
mozxenp 3 MKB, ska cdopmoBaHa 3a JONOMOrOI0 AJIrOPUTMY JIiHeapu3amii 3
JBOCTOPOHHBOI Bapialli€ro, MpH ii 3aCTOCYBaHHI JJIsl PO3PAaXyHKIB Z;; JaBaTUMe
HEKOPEKTHI PE3yNbTaTH.

IIpu pospaxyHkax Z;; 31 30UIbIIEHUMHU BIIXWIEHHAMH KOHCTPYKTHBHHX
napaMeTpiB Aygo,; 1 A_100,; TOXMOKHM JIiHEAPU3ALii 30LIBIIMINCS JUIA BCiX MapaMeTpiB
pobouoro mporiecy. Lle mos's3ano 3 TUM, 1110 3MiHA HAXWITY JIIHIM CTaHy 31 30 UTBIIICHHSM
BiIXWIeHHA A; € XapakTepHOK Ui BCIX KOHCTPYKTUBHUX mNapamerpiB. Tomy mpu
po3paxyHkax Z;; 3 BEIMKUMH BiIXWICHHAMH A; CIOCTEPIralThess 30UIbIIEH]
pPO30ODKHOCTI MIK 3HAUEHHAMHU Z;; pO3paXOBaHMX 3a JOMOMOIOI0  JIHIAHOI
MaTEMaTUYHOI MOJIeNl Ta Z; PO3paxOoBaHUX 3a JIONOMOIOI0 HENIHIHHOI MaTeMaTUYHOI
Mojienl. 3BayKalouy Ha BCE BUINE 3a3HAYCHE, MOXHA 3POOUTH BUCHOBOK, L0 JUISI TAKUX
HEMHIMHUX CHCTEM SIK MAJIMBHUN PETYISATOp HEoOXimHO 3amicTh (2.19) 3acTtocyBaTu
aJTOPUTM OJHOCTOPOHHBOI JIiHEeapu3aIlii 31 3MIHHUM KoedillieHTOM Bapiartii o:

YT — Yy
H., ="t 222

Koeopiuienr Bapiamii @; Mae pi3Hi 3HAYEHHSA U1 KOXHOIO KOHCTPYKTHBHOIO
nmapaMeTrpa Ta 3MIHIOETBCA 31 3MIHOI BEJIMYMHU BIAXUICHHS KOHTPOJIHOBAHOTO
napamerpa pobodoro mpouecy. KoedimienT Bapianii «@; NOBUHEH [OPIBHIOBATH
BIIXMJIEHHIO KOHCTPYKTMBHOTO mHapamerpa 4;, K€ TEOPETUYHO BEIE 10 BiIXMIICHHS
KOHTPOJBLOBAHOTO MapaMeTpa pobouoro mporecy Z;. Hanpukmnanm, SKimo B pe3ynbTaTi
BUMIPIOBaHHS KOHTPOJIbOBAHOTO TMapaMeTrpa poO0OdYoro MpoIecy BEIMYMHA WOTO
BimxuieHHs ckiana 1,5 %, To mist aiHeapu3aliii MaTeMaTHIHOT MOENI IIbOro poO0Y0To
IPOLIECY 3 IEIKUM BIIXUIICHHAM IapaMeTpa ctany A; HeoOX1IHO BUOpATH BiANOBIIHUM
KoediIieHT Bapialii: I BIAXUICHHS KOHTPOJBOBAHOTO MapaMeTpa poO0Yoro mporecy
Ha 1,5 % a; = 44 59,;, a 0 Binxunenns -1,5 % a; = 4_4 59, ;. Hamu Gy pospaxosani
MKB 3 pi3HuMEH 3HaueHHSMH Koe]ilieHTa Bapiailii. AHai3 OTpUMaHUX PE3yJIbTaTiB

MOKa3aB, M0 MaKCHMMallbHa ToxuOka sineapu3ailii He nepesunrye 0,005 %. MKB nns
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BIIXWIEHb KOHCTPYKTHBHUX MapaMerpiB Aqsoy i, A_150; A10%), 4-10%; HaBEIAEHI B
noaaTky A.

Orxe, a1 MiHIMIZalll MOXUMOKM JliHeapu3alii HEOOXITHO CKJIACTH TaOIHUIlo
koedimieHTiB Bapiaii. KoedimieHT Bapiallii MOBUHEH 3MIHIOBATUCH B 3aJI€KHOCTI BIJl
BIIXWJIEHHS KOHTPOJILOBAHOI'O MapaMeTpa pododoro mnpoiecy Y; B Mexax Bif 1,5 % mo

10 % 3 rpanamiero He merme 0,05 %.

2.7.  BHUCHOBKH JI0 Ipyroro po3aury

B pesymbrati po3poOKHM MiarHOCTUYHOI MAaTEMaTHYHOI MOJEJi MaJMBHOTO
perynsTopa OTpUMaHO TaKi OCHOBHI Pe3yJbTaTH:

1) Po3risiHyTO KOHCTPYKTUBHY CXE€MYy Ta YMOBH pOOOTH Hacoca-peryisiTopa.
Bunineno ioro ocHoBHi cTpykTypHi ogunuii — perynaropu PO TK, PO BT ta AIL

2) Ha ocHoBi anamizy B3aemojiii CTPYKTYPHHUX €JIEMEHTIB Ha OCHOBHHX 1
NEPeXiTHUX pexkuMax poOOTH JBUTYHA CKIAJCHI BUMOTH JO MAaTeMAaTHYHOI MOJei
nanuBHOro perynaropa. ONHIEI0 3 OCHOBHUX BHUMOT € MOXJIMBICTH PO3PaXOBYBaTU
napaMeTpu poOoUOTro MPOLECy PerynaTopa y HEeCIIpaBHUX CTaHaX.

3) HecrnpaBHi cTaHM 3ampONOHOBAHO MOJIETIOBATH 3a JOMOMOTOI0 3MIHH
KOHCTPYKTHUBHUX MapaMeTpiB, BKIIOYEHUX 10 CKIaay MOJEII.

4) [Ticns mpuAHATTS Py CHPOIIECHbB, SIKI ICTOTHO HE BIUIMBAIOTh HA TOYHICTH
MOJICITFOBaHHS, OYyJIM CKJIaJeH] PIBHAHHSA POOOUYOTO IMPOIECy, 1 B pe3yJbTaTi OTpUMaHa
MaTeMaTH4YHa MOJIeNIb Hacoca-peryniaropa. BoHa € cucTeMorw HENHIHHUX 3BHYAHHUX
nudepeHIliaIbHIX 1 aNreOpaiyHuX PiBHSIHb.

5) BukoHaHo MOjeNOBaHHSA XapaKTEPHHUX IMEPEXiTHUX MPOIECIB y CHUCTEMI.
OTpumMaHi TUHAMIYHI XapaKTEPUCTHKHU BiAMOBIJAIOTh EKCTICPUMEHTAIIBHUM JAaHUM, IO
MIATBEPIKYE CIIPOMOKHICTh MOJIETII.

6) Jlns  3a0e3medeHHS MOJKJIMBOCTI  3aCTOCYBaHHS  BIIOMHX  METOJIB
JIarHOCTYBaHHS BUKOHAHO JIIHEAPW3AIII0 MaTEeMaTHYHOI MOJAENI Ta OTPUMAHO
TIarHOCTUYIHY MOJIENb Y (hOopMi MaTpHIlh KOS(DIllI€EHTIB BIUTUBY I€CATH KOHCTPYKTHBHUX

nmapamMeTpiB Ha IBAaHAIATH MMTApaMETPiB poOOYOTo MPOIIECy.
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7) Bukonano aHaini3 moxuOoK JIHIMHOT MaTeMaTUYHOI MOJEI, TOB'SI3aHUX 13
3aMIHOIO HEJNIHIMHOI Moaemi Ha JiHidHY. [lokasaHo, 1m0 1  OUIBLIOCTI
KOHCTPYKTHUBHUX [apaMeTpiB NOXUMOKM B pPoOOOUOMY Jlala3oHl pPEKHUMIB He
nepeBuIyoTh 2%. OpHak I KOHCTPYKTHBHHX mapameTpiB Kpomxi , Kamxo Ta Fpk
BII3HAYEHO HENIHIWHUM BIUIMB Ha THUCK Pgg. [0 mpobreMy 3amporoHOBaHO
BUPIIIYBaTH 3a JIONOMOTIOK) BUKOPUCTaHHS PI3HUX 3HAUYEHb KOE(QIIEHTIB BIUIUBY Yy
CTOPOHHM MO3UTUBHOT Ta HETATUBHO1 3M1HU KOKHOT'O KOHCTPYKTUBHOI'O MapaMeTpa.

HaGynu mojansiioro po3BUTKY METOAM MOJENIOBAHHS T1IPOMEXaHIYHUX CUCTEM
IUIIXOM YBEACHHS XapaKTEPUCTHK €JIEMEHTIB, 110 3MIHIOIOTHCA BHACTIAOK 3MIHU
TEXHIYHOTO CTaHy (1. 3), 3aBASKH YOMY CTBOPEHO HEJIHIHHY NWHAMIUHY J1arHOCTHYHY
MOJICJIb TATMBHOTO PEryisTopa TypOOBaJbHOIO JBHTYHA BepToyiboTa (1. 4 — 7), sika
3a0e3neuye MOJICTIOBAHHS BIUIMBY HECIPABHOCTEN Ha MapamMeTpu pod0Yoro mpouecy ta
MO3Ke OyTH BUKOpHUCTaHa Il (OPMYBaHHA METO/IB MAPAMETPUYHOIO J1arHOCTYBaHHS,
110 BITHECEHO /10 HAYKOBOT HOBU3HU JUCEPTAIliitHOT poOOTH.

Pe3ynbTaTil 115010 pO3/11TYy OMyOIiKOBaHO B poboTax aBTopa [14, 15].
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PO3A1JI 3 PO3POBKA METOIIB JTAT'HOCTYBAHHA TEXHIYHOI'O
CTAHY [TAJIMBHOI'O PEI'YJIAATOPA

3.1  3aranpHa iH(pOpMaIlis

Ha cporogHimHid JeHb ICHYe€ HEOOXIHICTb PO3POOKHM TEXHOJOT1l PEMOHTY
NAJIMBHOTO PETYNIATOpPAa 3a TEXHIYHHM CTaHOM. 3 Ii€i NMPUYMHMA BUHHUKAE 3a1ada
oprasizaiii €()eKTUBHOIO MPOLECY BXIJHOIO KOHTPOJIO BUPOOY, IO PEMOHTYETHCS.
HeoOxiaHICTh JeTanbHOTO JOCHIKEHHS TEXHIYHOTO CTaHy MaJMBHOIO peryisropa
NoB'A3aHa 3 YaCTUM BUSBICHHSIM B EKCIUTyaTalii HEBiIMOBITHOCTEH BUMOTaMm
TEXHIYHUX YMOB BHUMIpPIOBAaHUX MapaMeTpiB peryndaropa. Lli HEeBiAMOBIIHOCTI MOXYTh
OyTH TPUYMHOIO BIAMOBH BHUPOOIB Yy MOJBbOTL. 30KpeMa, BIAXWUIIECHHS IUHAMIYHUX
XapaKTEePUCTUK TAJIMBHOTO PEryJsiTOpa MPHU3BOAUTH /10 BUHUKHEHHS B EKCILTyaTarlii
HE3racarurx KOJWBaHb HECYYOro I'BUHTA BEPTOJIBOTA, IO 3HAYHO YCKIIAIHIOE MPOIIEC
NUIOTYBaHHS Ta 3HAYHO MIABUIILYE PU3UK aBapiitHOi cuTyalii. TakuM 4YMHOM, B MpoIieCi
BX1JIHOTO KOHTPOJIIO IMapaMeTpiB BUPOOY, IO PEMOHTYETHCA B 3aBOJCHKUX YMOBaX,
MOBHHHI OyTH BHU3HAYEHI BC1 HECIPABHOCTI, AKI TPOSBISIOTHCS B EKCIUTyaTarii. 3
METOI0 Oprasizamii €()eKTHBHOTO BXIJHOTO KOHTPOJIO BHUPOOY, IO PEMOHTYETHCH,
HEOOXITHO pPO3pOOMTH METOIAUKY JI1arHOCTYBaHHS TEXHIYHOTO CTaHy, sKa Oyje
BKJIIOYAaTH B ceO€ METOJUKY JOMYCKOBOTO KOHTPOJIO KOHTPOJIbOBAHHMX IapaMeTpiB
MaJUBHOTO PETYJSATOpPa 1 METOJIMKY JIOKaJli3allii HECIpaBHOCTEH 3a HASBHOCTI CKIIAmy
BUMIPIOBAHHX MMapaMeTPiB, XapaKTEPHOTO JJIA 3aBOJICBKUX BUNPOOYyBaHb. [lepmmii eTamn
NEepeBIpOK TapaMeTpiB TOBHHEH BKIIOYATH KOHTPOJb TIlapamMeTpiB BHUpPOOy Ha
YCTaJCHUX PeKUMax PoOOTH Ta JIOKAJi3alliF0 HeCIPABHOCTEH Ha muX pexxumax. [Ticis
oTpuMaHHs iH(opMalii Mpo CHpaBHICTH BUPOOY HA YCTaJCHUX pexuUMax poOOTH, Ha
JIPYyroMy eTari HeOOX1THO MPOBECTU KOHTPOJIb JUHAMIYHUX XapaKTEPUCTUK MAIUBHOTO
pEryisiTopa Ta BUSBUTH HECTIPABHI PETYISTOPU CXWIBHI O HECTIHKOI pOOOTH B CKIIaIi
CAK 6e3mocepetHb0 B yMOBax MiIPUEMCTBA-BUPOOHHKA.

VY 1mpoMy po3aini BUPIMIYIOTHCS 3aBAaHHA (OPMYBaHHS METOY Ta alTOPUTMY
kimacudikaiii TEXHIYHOTO CTaHy B MPOCTOPI BHUMIPIOBAHUX IapaMeTpiB poOOUYOTo

MpOIECY, XapaKTepHUX [JId 3aBOACBKUX BHUMPOOYyBaHb, SKUW JIOKaJi3yBaTHUMeE
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HECIIPaBHOCTI Ha YCTaJE€HUX pexuUMax poOOTH, a Takok (OpPMYBaHHS METONY
kinacudikanli AMHAMIYHUX XapaKTEPUCTHK MNaJIMBHOTO pEryjasTopa B YMOBAax

MIANPUEMCTBA BUPOOHUKA.

3.2 Po3pobka metony knacudikailii TEXHIYHOTO CTaHy MAJIUBHOIO peryisTopa
y MPOCTOP1 NapaMeTpiB poOOYOTro MPOLECY

BuHukHEHHST HEBIAMOBIAHOCTEH  KOHTPOJbOBAHUX IMapaMETPIiB  MAJUBHOTO
peryisiTopa MmoB's3aHe 3 BIAXWICHHSIMU KOHCTPYKTHBHUX TapaMeTpiB HOTO €JIEMEHTIB
(Hanmpukian, aiameTp Jpoceliss ado >KOPCTKOCTI MPY>KWHM) BiJl CIPABHOIO BUXIIHOIO
cTaHy a0o 3HayeHb, IO BIJMOBIAAIOTH TEXHIYHUM BHUMoOraMm. Meroau jokamizarii
3a3HAYCHUX JEPEKTIB 3a BHUMIPSHUMH TMapaMeTpaMud poOOYOro Mporecy MOXKHa
NOJIUTUTH Ha JIB1 OCHOBHI IPYIY NMapaMeTPUYHUX METOIB [8]:

— MeTolu, 1o 0a3yloTbCid Ha MapaMeTpPUYHIM ineHTHdikalii MaTeMaTHYHUX
MOJICJICH;

— MeToau Kiacudikarlii cTaHiB y IPOCTOP1 BUMIPIOBAHHUX MTapaMeTpiB.

3acTocyBaHHS METOJIB, IO IPYHTYIOTHCS Ha TapaMeTpuuHii igeHTudikaiii, 10
J1arHOCTYBaHHS TEXHIYHOT'O CTaHy JAOCIIIKYBAaHOTO MAJIMBHOTO PETYJSTOPa YTPYIHEHO
gepe3 O0COOJMBOCTI MOro KOHCTPYKII Ta TEXHOJOTii0 BuUMpoOyBaHb. (OCHOBHa
CKJIQJIHICTh JIarHOCTYBaHHS TIOJIATa€ B OOMEXKEHIM KUIBKOCTI JOCTYIHHUX JJIs
BUMIPIOBaHHS TapamMeTpiB pobouoro mporiecy. BiacyTHiCTh MoBHOI iH(opmarliii mpo
poboui TporecH, IO BiAOYBAIOThCS B PETyJIATOpi, HE JO03BOJISIE€ OIIHIOBATH BCi
HEOOX1THI KOHCTPYKTHUBHI TapaMeTpy MaTeMaTUIHOT MOJICITI.

Metoa miarHOCTYBaHHS, IO PO3TJIATAETHCS B JaHiA poOOTi, BIIHOCHTBCSA IO
MeToiB Kiacuikaiii cTaHy B MpocTOpi BUMipIoBaHUX napameTtpis [1, 2]. Bin momsrae
y BUOOp1 HECTIPABHOTO CTaHY BUPOOY 32 BUMIPSHUMH JIarHOCTUYHUMU IMapaMeTpamu 3
MHOXHHHA MOJKJIMBUX CTaHIB Ha IIJACTaBl aHaji3y 3HA4YeHb JIarHOCTUYHHUX O3HAK,
chopMOBaHMX y BHOIPKY 3 UITKUM TOJUJIOM JaHUX Ha kiacu nedexriB. Kmacu
(GOpMYyIOTBCS MIISXOM TPYIyBaHHS IMapaMeTpiB poOOYOro MpoIecy, 3HAYCHHS SKHUX
pO3paxoBaHi 3a JOMOMOTOI0 MAaTEMATUYHOI MOJIEIT PETYJIATOPA 3 BIAXUICHHAM MEBHUX

KOHCTPYKTHUBHUX MapameTpiB sl iMiTanii BianoBiaHux nedekrtiB. KiabkicTh nedekTiB,
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JNOCTYMHUX JJIS J1arHOCTYBaHHS, OOMEXKEHa TNIMOMHOI MOJEIIOBaHHS, KUIBKICTIO Ta

CKJIaJIOM BUMIPIOBAHUX J1arHOCTUYHHUX NapaMeTpiB poOOYOro mpouecy.

3.2.1 Omnuc napaMeTpUYHOrO J11arHOCTYBAHHS MAJIUBHOIO PETYJISITOpa SIK

MPOIIeCy pO3Mi3HaBaHHS 00pa3iB

O3HaKoI0 HASIBHOCTI HECNPABHOCTI MNAJMBHOIO PEryyisiTOpa € BIIXHUICHHS
BHUMIPIOBAHOI'0 MapameTpa poOo4oro Npouecy BiJl BCTAHOBJIEHOTO B TEXHIUHUX YMOBAaX
3HAUEHHS Ha TEBHOMY pPEXKHUMi poOOTH. BiIXujaeHHS KOHCTPYKTHBHOTO IapamMerpa
peryisiTopa BiJi BUXiTHOTO 3HAYEHHS CBIAYHMTH PO PO3BUTOK HECIPABHOCTI, POTE MIPHU
MajoMy BIIXWJICHHI I[bOTO MapaMeTpa 00’ €KT, M0 AOCTIKYETHCS, MOXKE 3aJTUIIATUCS B
CIIPaBHOMY CTaHi. 3roJIoM JIe(DEeKT MOKE PO3BUBATHCS Ta TPU3BOJAUTH JI0 HECIIPABHOCTI.
VY miif po6oTi AMHAMiKa PO3BUTKY HECIPABHOCTI HE po3MIsAaeThes. Posrimsmaerbes
3a/laya OIIIHIOBaHHA CTaHy o00'ekTa 3a pe3yJbTaTaMH BUMIPIOBaHHS MapaMeTpiB
po6oUOro MpoIiecy B 3alaHUii MOMEHT Yacy abo MpOTATOM Tepioay 4acy, 3a sIKUH cTaH
o0'ekTa Ta mapameTpu poOOYOro MpoIecy 3MIHIOIOTHCA HE3HAUHO.

Ha puc. 3.1 300pakeHo 3MiHy CTaHiB Sy, Sy,..., S; PEryIATOpa B IPOCTOPI JIBOX
napameTpiB podouoro mnpoiecy. Koxen nedekr xapakrepusyerbes kpuBoro OCH, mo
BioOpaxae TpaekTopito Horo po3BUTKy [3]. Touka O, 3 AKOT MOYMHAIOTHCS TPAEKTOPII,
€ BHUXIIHUM CIPaBHUM cTaHoM perymaropa. Touka Cj BimoOpaxae MEXy CIPaBHOIO
CTaHy PErysaTopa MPHU PO3BUTKY J-ro Aedekty. [loBepXHs, Ha SKiil pO3TalIOBaHI TOYKH
Cy, Cy,...,Cq, monuIsA€ MHOKHMHHU CIIPABHUX 1 HECIIPABHUX CTaHIB peryistopa. Tak, 1
JOCIIHPKYBAHOTO PETYNIATOpa PEeKUM pOOOTH, HA SIKOMY BIIXHIICHHS MacOBO1 BUTPATH
najuBa CTaHOBUTH MoHaA 1,5 %, BBakaeTbCs HecmpaBHUM cTaHOM. IloBepxHs, e
posramosani Touku Hy, H,...,Hy, BigoOpaxae mexy mpane3aTHOro craHy. 3 JOCBILY
eKCILTyaTallii peryisiTopa BiioMo, 1[0 3MiHa apaMeTpiB PoOOUOTO MPOIleCy OUIBII HIX
Ha 10 % Beae mo Brpatu npane3gatHocTi CAK, mo skoi Bxoauts peryisrop [4]. lpwu
BTpaTi perymaropoM mparesnatHocTi 3amyck CAK mis 3HATTS mapameTpiB poOodoro
mpolecy 3 METOK TMOJANBIIOTO iX aHalli3y 3arpokKy€ TIOBHOK  ITOJOMKOO

JOCITIHPKYBAaHOTO peryisiTopa. ToMy B Tipolecax BHPOOHHUIITBA Ta EKCIUTyaTallii
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HalOUIbII 3aTPeOYBAHOIO € JIIarHOCTHKA CTaHy PEryyaTopa BiJi MOMEHTY JOCSATHEHHS

HHUM HCCIIPABHOI'O CTAHY 1O AOCATHCHHA HCIIPALC3AaTHOT'O CTaHYy.

Y2‘ H
H,

p-
Y
Puc. 3.1. IlomanHs cTaHiB peryysiTopa y mpocTopi IBOX MapamMeTpiB podoUuoro mporecy

Takum uymHOM, 3aBHaHHS (OPMYBAHHS METOJYy J1arHOCTYBAHHsS TOJSTaE B
pO3poOIl  aNrOpUTMYy, 3JaTHOTO [IarHOCTYBAaTH MHOXKMHY HECIPAaBHUX CTaHIB
peryisaTopa, ykiaaeHux Mix nosepxasamu Cq, Cy,..., Cq1 Hiy, Hy,..., Hg. [l po3p’a3anns
IIOTO 3aBAAaHHS CJJ BHU3HAYUTH, 10 SAKOro 3 jaedekTiB (craHiB) Si, S,,..., Sq
BITHOCHUTBHCS TIOTOYHHM CTaH perynsaTopa S, iHGopMallis Ipo sIKU MICTUTBCS Y BEKTOPI

. . ppnd o
BUMIPIOBAaHHX IapaMeTpiB pobodoro mporecy Y*. Ilorounuit cran o6'ekta S

. . o S . . >3
BITHOCUTBCSI JIO TIEBHOTO Kjacy Jae(eKTiB 3 WMOBIPHICTIO J1arHO3iB P(D1|Y ),
P(D2|Y ),..., P(Dq|Y ) [2]. O6GpoOka iHdopMalii ckiIamaeTbes 3 ABOX ertamiB. Ha

. . . . . >3 >3
[IEPLIOMY €Taml PO3PaxOBYIOTHCS allOCTEPIOPHI WMOBIPHOCTI P(D1|Y ), P(D2|Y ),...,
P(Dq|Y) HasgBHOCTI JedexTiB D; 3a yMOBM, IO B PE3yNbTAaTi BUMIpIB OTPUMAaHO
. -2 .
3HAYEHHS BEKTOpa mapaMeTpiB podouoro mporecy Y*. Ha npyromy ertamni BUKOHYETHCS
aHai3 OTPUMAaHMX 3HAYCHb WMOBIpHOCTEH 3 (OpPMYBaHHS MiarHO3Y — TPHAHSITTS
PIIIICHHS MPO HASBHICTh OJTHOTO 3 MOXIJIMBUX CTaHiB. Y Iiii poOOTI APYruid eram He

po3risigaeTbcs. BiH € 00'€eKTOM OKpPEMOro JOCHIJIKEHHS, OCKUIbKM MpPH 3HAYHUX

KOpeJsLisiX MDK CTaHaMU anoCTEplOpHI MMOBIPHOCTI, L0 PO3MISAAIOTHCS, MOXKYTh
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OyTu OJU3bKI MK COOOI0, TOMY OJHHUM 3 BaXKJIMBHUX 3aBJaHb (DOPMYBaHHS METOIY €
OOTpYHTYBaHHS TOPOTOBHX 3HAaY€Hb MHMOBIPHOCTEH, IO BUKOPUCTOBYIOTHCS MPHU
OpuUUHATTI pimieHHs. OCHOBHUM 00'€KTOM IIbOTO JIOCHKCHHS € 3HA4YeHHS
armoCTEPIOPHUX MMOBIPHOCTEH, OTpPUMAaHHS SKUX 3a0e3ledyye BHUKIIAJCHA BUIIE
METOJMKa, 30KpeMa, WMOBipHOCTEeH mpaBwibHOro miarHoctyBaHHs P(D;|S)). Sxmo mi
WMOBIPHOCT1 BEJNUKI, 1€ Ja€ OCHOBY JJisi 3aCTOCYBaHHsS HaWIMPOCTIIIOl peanizallii
JAPYroro 3 pO3MJISIHYTHX BHINE €TamiB: B SKOCTI JiarHO3y TNPUWMAETHCS CTaH 3
MaKCUMaJIbHOIO alloCTEPIOPHOI0 UMOBIPHICTIO.

3 MeTow CHpOIIEHH 3a1ayl Oylo MPUNUHATO HU3KY MPUNYILIEHb. PO3IMIISHYTO
3aCTOCYBaHHS METOJY JIarHOCTYBaHHS HAa OJTHOMY PEKHMi poOoTH perynsropa. Koxen
13 kjacu@iKoBaHUX ACPEKTIB MOB'A3aHUN 13 BIAXUIEHHSM OJIHOTO KOHCTPYKTHBHOTO
napamMerpa, a BIAXWICHHS MapaMmeTpiB poOOYOro mpolecy, IO XapaKTepu3yloTh el
nedekr, He3MiHHI y daci. Take NPUNYIICHHS HE3HAYHO BIUIMBAE HA MPAKTUYHY
3HAYYIIICTh METOJy, IO PO3TJSAIAETHCS, OCKUIBKA KUIBKICTh BUMOI TEXHIYHOT
JOKyMEHTaIlli 0 poO0oYoro MpoIecy Ha CTaIllOHApHUX pPEeXKHUMax poOboTH HabaraTo
OUTBbIIIE KITBKOCTI BHUMOI IOJO AWMHAMIYHUX PEXHUMIB poOOTH. Takok 3 MeToro
CIPOUIEHHS TPUUHSTO, IO MOAL1, SIKi IPU3BOJATH 10 N€(PEKTIB, € HE3ATCHKHUMHU.

3.2.2 Omnuc metony kinacu@ikarii cTaHy TaTMBHOTO PETYJISITOpa

Posrnsnytuit Meron knacudikamii [4] cTaHy peryinsatopa OCHOBaHWUM Ha

BUKOPUCTaHHI XapaKTEPUCTUK JOCTOBIPHOCTI. OCHOBHUM IOKAa3HUKOM JOCTOBIPHOCTI
(v} . . ¢ [ . . .
METOJY € YMOBHA HWMOBIPHICTh P(Dle*), sdKa BH3HAYa€ HWMOBIPHICTH A1arHo3y D,
TOOTO HAasSBHOCTI Ae(eKTy, M0 BIAHOCUTBCS N0 Kiacy S;, TpU BHUMIpPI BEKTopa
. g - . . ~
JTiarHOCTUYHUX 03HaK Z*. Llg iMoBIpHICTh BU3HAYATHCS 3a popmylioro baiieca
—
*
P(Z°S;) - P(S))
a p(771<). ‘
i-1P(Z718)) - P(S))

P(D;|Z*) = (3.1)
ne P(Sj) — anpiopHa UMOBIPHICTH BUHUKHEHHS 1epexTy S;;

J — KUTBKICTh J1IarHOCTOBaHKX Ae(EKTIB; y pasi, AKIo AedeKTH piIBHOWMOBIPHI,
1

- (3.2)

P(S;) =
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P(Z*|Sj) — anocrepiopHa HMOBIPHICTh BHUMIPIOBAaHHS BEKTOpa O3HaK Z* 3a

HasABHOCTI I€(EKTY S;.

IMOBIpHICTH P(Z * |Sj) € HACJIKOM JIBOX HE3aJeKHUX IMOJIN: peanizallii ICTHHHOTO

-

3HaYEHHS BEKTOpPAa O3HAK Z 3a HA’ABHOCTI Je(eKTy §; Ta OTPUMAaHHA BHMIpPSHOIO

3HauU€HHA Z* TpH BIIOMOMY HOro ICTUHHOMY 3HauyeHHI Z. BpaxoBywouu 110
MOCJIIIOBHICTB MOA1H, OTPUMAEMO:
7% = P(71S.) - P(Z*|17
P(Z°|S;) = P(Z]S;) - P(Z7|2). (3.3)
3HaueHHs KOMIIOHEHT BEKTOpPa ICTUHHUX JIarHOCTMYHUX O3HAK Z; BU3HAYAETHCS

3a JIONOMOTOXO JiHiHHOT MaTeMaTu4aHOi Mozieni sk 100yTok koediunienta MKB H;; [5]
Ha BIIXMJICHHS MIapaMeTpa CTaHy, 10 XapaKTepusye NEBHUN qepekT S;:

nie §6; — BIIHOCHE BIIXUIIEHHS KOHCTPYKTUBHOI'O MAPAMETPA BiJl BUXIHOTO 3HAYEHHs 6 ;.

-

Y nmaHoMmy anropuTMi JUIsl pO3paxyHKy BEKTOpa Z TPHUUHATO BiJHOCHE BiIXWICHHS
KOHCTPYKTHBHOTO IapamMeTpa B J0JaTHY CTOpoHY Ha 2 %.
{06 oriHMTH WMOBIpHOCTI, 3a3HaueHi y ¢opmyii (3.3), HEOOXIAHO CIIOYATKY

BU3HAYUTH BIAMOBIAHI (YHKII MIUIBHOCTI PO3MOALTY HMOBIPHOCTEH, IIICIS YOTO

. . . . . o . . ——
MPOIHTErPYBATH B NIEBHOMY J1ama3oHl. Tojl amocTepiopHa WMOBIPHICTH P(Z *|Sj)

JOPIBHIOBATHME
P(Z°15)) = fo, f(Z°15)aey = [, f(Z°12) - F(Z]5;)as;, (3.5)

ne f (7*12 ) — MIUTBHICTH PO3MOIUTY HMOBIPHOCTI P(?ﬁ );
f (Z |S j) — MIUTBHICTH PO3MOALTY HMOBIPHOCTI P(Z |S j);
{2; — 00acTh IHTErpyBaHHs JUIS IEBHOTO AE(EKTY S;.
UYepes BiCYTHICTH OUTHIN AeTanbHOI iH(MOpMAIli PO AePEeKTH, K MPUITYIICHHS

-

OyJI0 MPHUHHATO, IIO PO3MOJII 3HAYCHh BEKTOpA ICTHHHHUX JIIarHOCTUYHUX O3HAK Z y

MIpy PO3BUTKY A€(EeKTy S; — PIBHOMIPHHH, & PO3MOALT 3HAYEHb KOMIIOHEHT BEKTOPY

. N —_ o . ——
BUMIpSHHMX JiarHOCTUYHUX O3HaK Z* — HopManbHui. OCKiIbKM 3HAYCHHS BeKTOpa Z*

MalOTh PI3HUN MOPSIOK, TO JIJIi KOPEKTHOI pOOOTH METOAY AIarHOCTYBAaHHS, a TaKOX
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IUIsL  3py4YHOCTI Horo moOyAoBM HEOOXIAHO HOpMali3yBaTh 3HA4YE€HHsS BEKTOpa

-

BUMIpIOBaHb Z* 1 BEKTOpa ICTUHHMX 3Ha4€Hb Z, PO3AUIMBIIM KOXXHE BIIHOCHE
BIIXWJIEHHS  MapaMeTpa poOOYoro Mporecy Ha  BIANOBIIHE  0e3po3MipHE

CEPEIHBOKBAPATHIHE BIIXUIICHHS T, ;-

IR (Rl
Z; =68V, = —; (3.6)
O-6pl
0;
O-6p i = E (37)

3HaueHHs cepenHbokBaapaTHUHUX BigxwieHb o; (CKB) B3aTi 3 TexHiyHO1

JOKYMEHTAaIlll Ha BUMIPIOBAJIbHI MPUCTPOI Ta HaBesieHl B Tad. 3.1.

Ta6mums 3.1. 3nauenns CKB BumiproBaHUX BIaCTUBOCTEH

CKB 06'emHo0i BUTpatu CKB Ttucky nanusa,
najauBa, Ji/XB ITa
0,033 16887

-

[Ticnms wHopMmauizamii gucriepcis 3HA4YeHb BEKTOpa Z7 i BEKTOpa Z JOPIBHIOE
OJIMHMIII, @ HOPMAIBHUHN PO3MOALT HaOY/Ie BUTTISTY
2
1 -2(z-z)
e . (3.8)
V2m

Jlns po3paxyHky (yHKI po3noainy f (Z |Sj) Ha puc. 3.2 TpejicTaBlieHa cXema

f(Z°\Z) =

—
pO3TalllyBaHHS BEKTOpAa BUMIPSIHUX JIIArHOCTUYHUX O3HAaK Z* Ta BEKTOpa ICTUHHUX

-

3HAYECHb JIarHOCTHYHUX O3HAK Z 32 HAABHOCTI AEAKOro IeeKTy S; y MpoCTOpi ABOX

JIarHOCTUYHUX O3HAK Z; Ta Z,.
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HN2

OHHCQ——— H

O \l'ic OHHc1 OHHm Z1

Puc. 3.2. Cxema 110 po3paxyHKy IILUTEHOCTI PO3MOALTY HMOBIPHOCTI f (?) |S j)

Binpizky OH,. BiamoBizae CTymiHb PO3BUTKY Je(EKTy, IO MPUBOIUTH BUPIO Y
HecripaBHui ctaH, OH,; 1 OH,; npoexkitii Bigpizka Ha ocl koopauHaT. Bimpizky OHyy,
BIJINIOBIJIa€ CTYIIHb PO3BUTKY JePEeKTy, 10 MPUBOIUTH BUPIO y HEMpare3JaTHUN CTaH
(MakcuMaiabHa CTYHiHb PO3BHUTKY nedekty, 1mo pos3rismaerbes), a OHup 1 OHyp,

BIJITOB1JTHO, MPOEKIIii Horo Ha oci koopauHat. OA — BEKTOP BUMIPSHHUX JIIarHOCTUYHUX

-

g . . .
o3HaK Z*, OB — BeKTOp ICTUHHMX 3HA4Y€Hb IArHOCTUYHMX O3HAK Z 3a HasBHOCTI
nedexty S;, O BIANOBINAC BIAXWIEHHS J-TO KOHCTPYKTHBHOIO mnapamerpa Ha 2%.

. . ' . . - . e
Binpizok OO' - mpoexkiis Bektopa OA Ha nipsmy OH,,,;, @ — KyT Mk BekTopamu Z 1 Z*.
3rifiHO 3 JMIHIHHOI0 MaTEeMAaTHYHOI0 MOJICIUTIO PETYISITOpa, Ipoekiis Bektopa OH,,
Ha 0C1 KOOPAMHAT JIOPIBHIOE

L, = \/ OH,..*+ OH,.,*, (3.11)
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ne X,.j — BIUIXWIECHHA KOHCTPYKTHBHOIO TAapaMeTpa, fAKE MNPUBOAUTHL BHUPIO Y

HECIIpaBHUU CTaH, L,.— HOpMma BekTopa OHye.

[Tpoexiis BekTopa OH,;; Ha OC1 KOOPIUHAT TOPIBHIOE

OHHnl = Hlj ) XHnj; (312)
L = JOH 0 + OH, 7 (3.14)
ne X,,; — BIIXWICHHS KOHCTPYKTHBHOIO IapaMeTpa, IO INPUBOJAUTH BUPIO y

Hemnpale3naTHui cral L,, — Hopma Bektopa OHyy,.

OckibkM 3aBJaHHs Kiacuikalii craHy peryasropa S, 10 pO3MIsAaeTbesl B
JAHOMY PO3[LJIi, PO3B’A3YETHCA B MEKaX MK HECIIPABHUM CTAHOM Ta HeNpale3gaTHUM
CTaHOM BHPOOY, Ta BPaxOBYIOUM NPUMYIIEHHS MPO PIBHOMIPHUN PO3MOILT ICTUHHUX

3HAY€Hb JIAarHOCTUYHHMX O3HaK, HIUIBHICTH PO3MOJAUTY WMOBIPHOCTI CHOCTEPEKECHHS

. = . .
ICTHUHHOTI'O 3HAYCHHA BCKTOPaA Z 3a HasiBHOCTI ,IIG(I)GKTY D] JOPIBHIOE€

f(ZIp)) = ;. (3.15)

Hl’l LHC‘

Hami, mo6 cnpoctutu cmiBBigHomeHHs (3.8) moznaunmo AOO’ = a, OO0’ = a,

BO’ =u, AO’ = p, BA = R . BukonaeMo Taki reOMeTpHUYHI IEPETBOPCHHS:

—T—s

cos(a) = _?* Z_» ; (3.16)
1Z=] - |zl

a= ||7’? cos(a); (3.17)

p= ||7’? sin(a); (3.18)

R? = p? + u?. (3.19)

—_— — 2
Ockimvku N(Z; —Z)* = ||Z* = Z || = R?* = p? + u?, dopmyny (3.8) moxna

CIIPOCTUTH:

F(Z12) = \/—_e_é) L (3.20)
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3 dhopmymnu (3.20) BugHO, 0 GYHKITIS PO3MOALTY IIUTBHOCTI HMOBIPHOCTI f (7|Z_) )
npu (IKCOBaHINA BEIMYUHI Z* 3alexdTbh NHUIIC BiI CKasipa U, SIKMH € 3arajbHOIO
3MIHHOIO IHTETpYBaHHS (PYHKIII] HIUTBHOCTI pO3MOALTY f (f |Dj) 1 pynkuii f (?|Z_) )

1106 BU3HAYUTH MEX1 IHTErPYBaHHS (QYHKLIA MILTBHOCTI PO3MOALTY, JUIsl KOXKHOTO
nedexry S; cnioyaTky OyB po3paxoBaHuii ckamsap s; = L,, — a;. Bennuuna S; Bu3Havae
HAaOJMMKEHICTh TMOTOYHOI'O0 CTaHy BHUPOOYy S, M0 XapakTepHU3yeTbCS BEKTOPOM
BUMIPSIHUX JIarHOCTUYHUX IMapaMeTpiB Z* JI0 HEMpalne3JIaTHOro CTaHy BUPOOY Sy, 3
nedexrom S;. Takoxk ciij BpaxyBaTH, WO BIIXUJICHHS KOHCTPYKTHUBHHX IApaMeETPiB

CTaHy, a, OTXKe, 1 BUIXWICHHS JIarHOCTUYHUX O3HAaK, MOXE BIIOyBaTHUCA SIK y OI1K
JOJIaTHUX, TaKk 1 B OIK BIJ’ €MHUX 3Ha4eHb. TOMy JUIsl 3aBJaHHS MEX IHTETpyBaHHS

HEOOXIJTHO BUKOPHUCTOBYBAaTH aOCOJIFOTHI 3HAYCHHS. TakuM YHMHOM, BEpPXHS MeXa

IHTETpyBaHHS JOPIBHIOE |L,m i~ aj|. Toxmi HWKHS MeXa IHTETPYBaHHS JIOPIBHIOE

—|LHn j —sj| = —|aj|. OckinbkM B JaHIM 3aJadi CHOpaBHI CTaHW BUPOOY HE

PO3TIIAIAI0THCS, B aJITOPUTM BBOJIUTHCS J0JIATKOBA YMOBA: SIKIIO a0COJIOTHA BETUYMHA

o . =7 o -

cKajsipa |aj| MeHIe ckansgpa L., TO WMOBIPHICTb P(Z |Sj) (a omke i iHTErpai
dbyHKIIi1 po3noainy f (Z |Sj)) MPUPIBHIOETHCS 10 HYJIS.

o . . =7 . . .

dopMyJsia IS PO3PAXyHKY HMOBIPHOCTI P(Z |Sj) MICJISL TJICTAHOBKU B HeEl

.. . . . . . = S -

OTPUMAHUX CITIBBITHOIIEHD IS MIJILHOCTI PO3MOAITY KMOBIPHOCTI f (Z |Sj), f (Z |Z ) 1

MEX IHTerpyBaHHS HaOyJie HaCTYITHOT'O BUTIISIY

_p?
ez JILHnj—ajl 1 -2

—_— ——e 2 du, sakwyo a; <L, ;

LHn —LHC _|aj| N 21T ] HC ]

P(f’?|5j) =0, axwyoa; <L, ;.

P(Z°|s) = (3.21)

[TincTaBuBIIN CHIBBITHOMICHHS JIJIsl HMOBIPHOCTEH P(Dj) 1 P(f’2 |Sj) y Bupas (3.1),
orpumMaemMo (GiHanbHy (GOPMYTy I BU3HAYEHHS WMOBIPHOCTI P(Dj |?‘)) HassBHOCTI

nedexTy S; mpu BUMIPIOBaHHI BEKTOPA MIarHOCTUYHUX O3HAK Z™*!
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_pz
eT L, j—aj| 1 —u?
% q(LHn B LHC) _lajl V21 ¢ du
P(D;|1Z¥) = — :
z Ly j—a; —u?
T el L3 (3.22)

Jj=1 CI(LHn - LHC) _lajl \/ﬁ
akuo aj < Ly j;
—
P(Dj|Z*) =0, saxwo aj > L,. j
3.2.3 ®opMyBaHHA TecTOBO1 0a3u gaHuX. OlIHKa TOYHOCTI METOLY
JIarHOCTYBaHHS TEXHIYHOTO CTaHy
JI1s1 OIIHKU TOYHOCTI 3alpOTIOHOBAHOTO METOAY HEOOXITHO MEepPEeBIPUTH HOro Ha
JOCTaTHIN KUTBKOCTI JaHuX. OCKUIBKUA JaHUX peajbHUX EKCIEPUMEHTIB 13 BIIOMHUMU
nedeKTHUMH CTaHaMU BUPOOY Malio, BUHHUKAE MoTpeda Taky 0a3y naHux chopmyBaTH 3
BUKOPUCTAHHSIM IMITAIIHHOTO MOJICTIOBAHHS.

TecTtoBa 6a3za nanux cdopmoBaHa 3 iHdoOpMaIllli, OoTpUMaHOI 3a JOIMOMOIOIO

PO3paxyHKIB JTIarHOCTHYHHUX O3HaK 77 i3 BUKOPHUCTAHHSAM JIIHIHHOT MaTeMaTH4YHO1
MOJIEJI.

Bubipka, mo ¢opMyeTbcs, NMOBHHHA BiATOBIAATH BiOMHM XapaKTEPHCTHKAM
TeHEePaAIBbHOT CYKYITHOCTI; Y JAaHOMY BUTIQJIKY BiIXWJICHHS KOHCTPYKTHBHHUX ITapaMeTpiB
CTaHy MarTh OyTH PIBHOMIPHO PO3MOAUICHI B 00MacTi iX 3MiHH. 3 II€I0 METOI JJIst
KOXXHOTO JedeKTy miana3oH MDK BIIXWUJICHHSAM KOHCTPYKTHBHOIO IapaMeTpa, IIo
NPU3BOJUTH 10 HECHPABHOCTI, Ta BIIXWJICHHSM, IO BHKJIMKAE HEMpale3aTHUN CTaH
BUpoOy, OyB po3ninenui Ha 18 piBHMX yacTuH. TakuMm 4uHOM, BHOipKa, chopMOBaHA

IIUIAIXOM TPOBENEHHs 18 pO3paxyHKIB JUIA KOXHOrO JNe(EKTY Sj, Mae PIBHOMIPHHH
po3monin f (Z |Sj). [Ilo6 BuOIpKa BiAMNOBiNaNa HOPMAIBHOMY pO3IMOAUTY TMOXHOOK

: Zxl 7 . . -
BUMIpIOBaHb f (Z “|Z ), JUISl KO)KHOTO BEKTOpa ICTUHHUX AIarHOCTMYHHUX O3HaK Z 3 18

Oy70 3reHepoOBaHO 3a HOPMAJIBHUM  3aKoHOM  posmoairy 100  BekTopiB

-

. =2 . . .
CKCIICPHUMCHTAJIbHUX O1alrHOCTUYHHUX O3HAK Z*, IO BIAPI3HAIOTHBCA Bl BCKTOpaA / Ha

BEJIMYUHY, sKa HE IEPEBHUIIyE 3HAYEHHS +3Gg, j. MiHIMaNbHA KUIBKICTh BEKTOPIB

EeKCIIepMMEHTAJbHUX JIarHOCTUYHUX O3HAaK Z* BHU3HA4yajgacsd 3 HEOOXIIHOCTI
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MIATBEPIKEHHS TINOTE3M MPO BIANOBIAHICTH 3r€HEPOBAaHOI BHOIPKM PO3MOALTY 13
3amanumu  napametrpamu CKB Ta MaremarnyHoro odvikyBaHHs. byma oOpana
po3MipHicTh BuOipku N, mo aopiBHioe 100 enementam. I1[o0 BuU3HAYUTH MOMUIIKY
BUOIpKH, OyJI0 pO3PaxOBaHO KpUTEPIi JOCTOBIPHOCTI CEPENHBOrO 1y, i Ta KpuTepii

noctoBipHOCTI CKB t i 17151 BCiX BUOIPOK JIarHOCTUYHUX O3HAK Z; 3a (popMyIoro

_ i _ s _Owi o Oopi (3.23)
tcz«;i_5 .rtcpi_a K cpi_\/—' cxei_\/—l )
cKe i epi n 2n
nie 8, ;— MOMHJIKA CEPETHBOIO 3HAYEHHS,

O.1si — MoMmika CKB.

3HaueHHS KPUTEPIiB JOCTOBIPHOCTI TMOPIBHIOBAIUCS 3 KPUTHYHUM 3HAYCHHSIM
t-kputepito CThlOJ€HTa, BU3SHAYCHUM i A0oBipuoi imoBipHOCTI 0,95 1 99 cryneHiB
cBoOonu. OTpuUMaHO, IO 3HAYEHHSA KPHUTEPIIO JOCTOBIPHOCTI cepeaHboro tg,i Ta
kputepito jgoctoBipHocTi CKB t.,i mms BCiX BHOIPOK IarHOCTUYHUX O3HAK Z;
BUSIBWJIOCSL OUTbIIIe KPUTHYHOTO 3HadYeHHs t-kputepito CterofeHTa. OTXKeE, 3 TOBIPYOIO
nMoBipHicTio 0,95 cipaBkHi 3HaueHHs reHepanbHux CKB cykymHOCTe# 3 HOpMaabHUM

PO3MOJUIOM J[IATHOCTUYHUX O3HAK Z; MnepeOyBaroTh y [iamnas’oHi 0g,; & Opgis @
reHepallbHi cepesiHi epedyBatoTh y jaiana3oui Z; + 8,,; [6, 7]. 3aranbHa po3MipHICTb
TECTOBOi BHUOIPKM 3 PO3paxXOBaHMMH JIarHOCTUYHUMHU O3HaKaMu CTaHOBUTH 1800

BEKTOPIB A 1Sl KOKHOTO 3 10 nedexTis.

3a 10nmoMoOror MeToAy JMIarHOCTyBaHHS Oyiu KiacugiKoBaH1 CTaHU BUPOOY B YCiX
EKCTICPHUMEHTAX TECTOBOI 0a3M JTaHUX Ta BU3HAYCHI HMOBIPHOCTI P(Dj |?) BIAIOBIIHUX
ctaHiB. s omiHKM AKocTi kKinacudikaiii HeoOXimHO BUOpaTH KpuTepiil sikocti. Bubip
KPUTEPIIO 3alekKUTh BiA IUJIEH pPO3B'I3yBAaHOTO 3aBAaHHSA. Y HAIIOMY BHUIAIKY
HEOOXITHO II3HATHCH JJII KOXKHOTO KJIacy OKpPEMO, siKa YacTHHA JaHUX TECTOBOI
BUOIpKM KOpeKkTHO kiacudikoBana. Kputepiem skocTi kmacudikaiii € MOBHOTa
kimacudikamii — JiaroHajgbHI €IEMEHTH MaTpHIll IOMHJIOK Kiaacudikamii, sKi
PO3pPaxoOBYIOThCS SK BITHOIICHHS KITBKOCTI NPaBHJIBHHMX J1arHO3iB JO 3arajibHOi

KUTBKOCTI IMIEBHUX JIarHo3iB JIs KOXHOTO Kiacy [16].
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t .
Tj=L,
tp]+fn]

ne Tj — noBHOTa Kinacuikauii 1us Knacy Sj;

(3.24)

tp; — KUIbKICTh NPABUIILHUX OLIHOK CTaHy JAaHUX TECTOBOI BUOIpKM JUIs Kiacy Sj;
fM; — KUIbKICTh HENPABUIBHUX OLIHOK CTaHy JaHHUX TECTOBOI BUOIPKH U KJ1acy Sj;

[Tpu ominIl MOBHOTH Kiacudikailii Jj1sl OLIHIOBAHOTO CTaHy Sj BUOUPAETHCS OAUH

aiarno3 Dj i3 1ecaTu 3 MaKCUMaIbHOK HMOBIPHICTIO P(Dﬂ?). Sxmo ouiHka crany Dj
30Ira€ThCsl 3 PEANBHO ICHYIOUMM JE(PEKTHUM CTAHOM Sj, TO TaKa OIIHKA BBAXKAECTHCS
PaBHIILHOKO (tP;), AKIIO Hi — HENPABUIBHOIO (f 7).

VY 1iit po6GOTI 3aCTOCOBYETHCS HE3BAXKEHUI KPUTEPId IKOCTI, IKUN HE 3aJIEKUTH BiJl
po3Mipy BHUOIPKM IJisi KOKHOTO KJacy. 3aCTOCYBaHHS TaKOTO KPHUTEPII0 B JIAHOMY
BUIIAJIKy € KOPEKTHUM, OCKUIBKH KUTBKICTh TAHUX JJIs Kiaacuikarii B TECTOBINA BUOIPII

OJITHAKOBa JIsI KOJKHOT'O KJIacCy. OTpI/IMaHa MaTpulAg MTOMHAIIOK IMPCACTABJIICHA d Tabu. 3.2.
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Tabmuis 3.2 Matpulisi HOMWIOK Kiaacudikarii

1arHo3
Heder D1 Dg D3 D4 D5 D6 D7 Dg Dg D10
Sl 95.61% | 528% | 411% | 0.00% | 0.00% | 3.72% | 278% | 0.00% | 4.78% | 4.11%
Sz 156% | 93.78% | 0.78% | 9.17% | 0.00% | 0.11% | 0.22% | 27.67% | 3.56% | 1.61%
S3 0.00% | 0.78% | 93.33% | 0.00% | 0.00% | 0.50% | 1.11% | 22.44% | 0.00% | 0.00 %
S4 0.00% | 017% | 0.67% | 90.61% | 3.00% | 0.94% | 0.78% | 0.00% | 0.00% | 0.00 %
S5 0.67% | 0.00% | 0.00% | 0.22% | 92.00% | 0.06% | 0.00% | 29.56% | 0.33% | 0.78%
86 0.00% | 0.00% | 0.28% | 0.00% | 0.00% | 76.67 % | 19.06% | 0.00% | 0.00% | 0.06 %
S? 0.00% | 0.00% | 0.83% | 0.00% | 0.00% | 18.00% | 76.06% | 0.00% | 0.06% | 0.00 %
Ss 0.00% | 0.00% | 0.00% | 0.00% | 5.00% | 0.00% | 0.00% | 20.33% | 0.00% | 0.00 %
Sg 1.11% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 76.78% | 15.33 %
SlO 1.06% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 14.50% | 78.11 %

VYcepenHUBIIM TIOKa3aHHS TOYHOCTI JUIsl BCIX JAE€(PEKTIB, OTPUMAEMO CEPEIHIO
apu(METUYHY TOYHICTb JIarHOCTyBaHHSA, piBHY 79.3 %.

Otpumani pe3ynbTaTH TOKa3yloTh €(EeKTUBHY poOOTy Meroay. BiH noxamizye
HECIIPABHOCTI HA OJHOMY 3 OCHOBHUX PEXKHMIB pPOOOTH pEryisTopa 3 CepeaHiM
apu(pMETUYHUM MOKa3HUKOM MOBHOTHU kiacudikamii 79.3 %. Take 3HaueHHs MOKa3HUKA
AKOCT1 TIOB'I3aHE 31 CKIAIHICTIO KOHCTPYKII peryjiasTopa Ta KOHCTPYKTHBHO
O0OMEXEHOI0 KUIBKICTIO BHMIPIOBAHUX JIAarHOCTMYHHUX TapametpiB. [loganbimmit
PO3BHTOK IIbOI'O METOAY IMOB'SI3aHUH 31 30UIBIICHHSIM TOYHOCTI Kiacudikarlii, a TaKox
30UTBIICHHSIM KUIBKOCTI Ae(EKTIiB, 10 IarHOCTYIOThCS, 1110, B CBOIO YEPry, JO3BOJHUTH
aHaJi3yBaTH TEXHIUHMM CTaH peryiasropa OUIbII JOKIaaHO. BHKOpHCTaHHS SK
JTIarHOCTUYHUX O3HAK CTAaTHYHHUX 1 JAUHAMIYHUX XapaKTEPUCTUK KOHCTPYKTHBHUX
BY3JIIB PEryjsaTopa HaJaali JO03BOJUTH JOCSATTH OUIBIIOTI TOYHOCTI Ta TIUOWHH

TiarHOCTYBaHHS.

3.3 Po3pobOka merony knacudikamii AUHAMIYHUX XapaKTEPUCTHK MAIUBHOTO

perynstopa

3.3.1 TIlocranoBka 3amaui
Y mpomeci HamaromKeHHs Ha  BUMPOOYyBadbHOMY CTEHAI  BEPTOJITHHUX
TypOyBaTbHUX ABUTYHIB, N0 CKJIAMy SKUX BXOMSThH IMAUBHI PETYISITOPH EIIEKTPO-

TIPOMEXaHIYHOTO THIY, CIOCTEPIraloThCS KOJMBAHHS YacTOTH OOEpTaHHS BUIBHOI
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Typ6iHu (BT) 1 uvacrotu obGepranns typookommpecopa (TK) B mexax 1-10%. L
KOJIMBAHHS BUHUKAIOTh HA PEXUMI MIATPUMKH MOCTIMHOI 4aCTOTH 0O0EpTaHHS HECYUOTO
IBUHTA, 110 KEPYETHCS PEryJIATOPOM 4YacTOTH oOepTaHHs BuUibHOI TypOiHu PO BT.
Onucanuil 1eQeKT € CUCTEMHUM 1 HE 3aBXIU YCYBA€THCS IUISXOM MEpeHANAIITYBaHHS
NaJUBHOIO peryjisTopa Ha ABUTYHI. JloJaTKOBMU Yac, BUTpPAaye€HUNW HA YCYHEHHS
nedeKTy, IpU3BOAUTH /0 3pUBIB TEPMIHIB IMOCTaYaHHS Ta MOJOPOKYAHHS MPOLECY
BUINIPOOYBaHb ABUTYHIB. TakMM YMHOM, BHHHMKA€ 3ajaya Oprasizanii BUPOOHHUIITBA
NaJIMBHUX PETyJsATOPIB 13 XapaKTePUCTUKAMM, II0 3a0e3MeuyloTh CTIHKYy poOoTy
neuryHa. [lns ii po3p’a3aHHs OyB pO3poOJIEHMI METOOHd, SKHHM J103BOJISE
1IGHTU(IKYBATH MAJIUBHI PETYISATOPH, CXUJIbHI IPU MMOCTAHOBII HAa JIBUTYH NMPUBOJUTH
70 KOJIUBaHb YacTOT 0OepTaHHs Horo poTopiB. Takuil MiAXiT T03BOJSE YCYBAaTH
dakTopH, 110 € MPUUYMHHOIO KOJMBAHb, 1€ JI0 TOCTAHOBKU MAJIMBHOTO PEryysiTopa Ha
JBUTYH, TOOTO B YMOBaXx MiJIMIPUEMCTBA — BUPOOHHUKA peryisaTopa. Y I[bOMY HiAPO3aLII
HABEJICHO PE3YJbTAaTH JOCIIIKEHb 31 CTBOPEHHsS MeToAy Kiacu@ikaiii JUHAMIYHHUX

XAPAKTCPUCTHUK IMAJIUBHOI'O PETYJIIATOPA.

3.3.2 Bubip Ta oOrpyHTYBaHHS KPUTEPIiB, KI BUKOPUCTOBYIOTHCS JJIs aHATI3Y
HECIIPABHOCTEH MaTMBHOIO PETYISTOPA, IO 3yMOBIIOIOTH HecTiikicTh CAK

[Tpr4nHOIO HECTIPABHOCTI, IO PO3TIISAJAETHCS, € T€, 10 CUCTEMA aBTOMATUYHOTO
kepyBaHHs (CAK) naBUryH-TATMBHHUM PETYISATOP 3HAXOIUTHCS HAa MEXI KOJHBAIBHOI
criikocTi. Kiacuuuuii miaxiz 10 BUPIMICHHS ITi€T MPOOJIEMHU IOJSATae B PO3PaXyHKY
3amacy cTidkocti amas CAK, Ta 30UIbIIEHHI 3amacy CTIMKOCTI HUISXOM 3MiHU
Koe(DIIieHTIB MiACUICHHS peryistopa, abo 3Minu tumy peryistopa [9, 10]. Omnax
PO3PaxXyHOK CTIHKOCTI 3a JIONOMOT'OI0 TEOPETUYHUX MAaTEMaTHYHUX MOJIENICH arperara €
CKJIQIHUM 3aBAaHHIM. Jly»e CKIIaJHO BU3HAYMUTHU BCl CHJIM Ta (haKTOPH, II0 BILTUBAIOTH
Ha poOOTy perymsTopa Ta pealibHI XapaKTepUCTHKH IUX BIUIMBIB. ToMmy Hamu
3aMpOTIOHOBAHO 3aCTOCYBAaTH METOJ YaCTOTHOI ifeHTH(IKaIlii, BIAMOBIAHO IO SKOTO
JUHAMIYHI BJIACTHBOCTI arperary BigoOpa)kaloTbCs Yy BUTIISAI aMIUTITYAHO-(a30BOi
4acTOTHOI XapakTepucTuku [9]. OmHak € 3Ha4YHI CKJAIHOIII MO0 3aCTOCYBaHHS

METOAy 4YacToTHO1 imeHTudikauii. Skmo iHdopMalis 0po MNaTUBHUN PETYISATOP
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JIOCTyIIHA, TO IACHTU(IKYBATH XAPAKTEPUCTUKU JBUTYHA HEMOXKIUBO, OCKUIBKU
CIIOYaTKy HE BIJOMO, Ha SKUWA JBUTYH BCTAHOBIIOBaTUMEThCS arperar. Tomy B
NepluoMy HaONIMXKEHH] TpUMaEMo, 10 IPUYKMHA KOJIUBAaHb YaCTOT 00EpTaHHS POTOPIB
JIBUTYHAa KPHUETHCS B MAJMBHOMY DETyJISTOpl, a XapaKTEPUCTHKU BCIX JBHUTYHIB
OJIHAaKOBl U HE BIUIMBAIOTh HAa BUHMKHEHHS IUX KOJAUBaHb. OJHAK, Maro4u JIHIIE
YaCTOTHI XapaKTePUCTUKU arperara, HEMOXJMBO MoOyayBaTu pmiarpamy bone nms
po3imkHeHoro nanirora CAK 1 Buznauutu 3anacu ctiiikocti [10]. Te came crocyeThes
I HIIMX KpUTEpIiB CTiMKOCTI. Yci BOHM noTpeOyroTh moBHOI iHGopmarii npo CAK.
ToMy, BUXOJSYM 3 NPUMHSITOrO BHILE MPUIYIIEHHS MPO «IACAJIbHUM ABUTYH», IS
pPO3B’si3aHHS IOCTaBJIEHOTO 3aBAaHHS HAWIOLUIBHINIE 3aCTOCYBaTH CTATUCTUYHUMN
miaxia. Januii migxig 6a3yeThCs HaA TONIYKY BIAMIHHOCTEH MDK YaCTOTHUMU

XAPAKTCPUCTHKAMMU CIIPABHUX Td HCCIIPABHUX IAJIUMBHUX peFYHSITOpiB.

3.3.3 Peectparris curnany Ta crnocid iioro o0poOku

Ilepen TuM sK mepedTH 10 cHocoOiB Kiacudikamii CXHJIBHOCTI MaJIMBHUX
perynsatopiB Bukimkatd pobory CAK Ha Mexi CTIHKOCTI, PO3TISHEMO Crocid
OTpUMAaHHS JMHAMIYHUX XapaKTepUCTHK arperara, Takux sk AUX 1 ®OUX. IIlob
OTpUMATH HAHUOLIBIN 1HPOPMATHBHI J1aH1, BU3HAYATUMEMO XapaKTEPUCTUKH JIJIsI 4aCTOT,
Oonmu3pkux 10 peanbHoi yactotu KonuBaHb CAK. AUX 1 @YX peecTpyroThCcs ISt
JoTUphOX 3HadueHb dvactoT: 0,4, 0,5, 0,75, 1 T'm. na 30opy Oimbmn aeraabHOi
iH(popMaIlii Tpo 30UIBIICHHS BIUIUBY CHJI TEPTS MPHU MAJIUX MPUPOCTAX 30YKYIHOUOTO
BXITHOTO cuTHaiay Oyno BupimeHo 3amipatd AUX, ®UX gas1 4oTUPHOX 3HAYCHB
amrutityn: 300, 100, 50, 20 06/xB. [Ipomec peectpairii XapaKTepUCTHK 3a0€3MEUy€ETHCS
Ha cteHal AT «DE]l» nuisixoM miBeIeHHS 10 arperaTy K BX1THOTO 30ypEeHHs 4acTOTH
obeptanns npuBony PO BT n,, y Burmisiai cunycoinansHoro curaany npotsirom 20 ¢ ta
peecTpalii BUXITHUX CUTHATIB y BUTJISII THCKY TAJIMBa B MEPIIOMY KOHTYPi (DOPCYHOK,
TUCKY TIAJIMBa B JAPYroMy KOHTYpi ()OPCYHOK Ta BUTpaTH maiuBa. Pexxum, Ha sKoMy

PEECTPYIOTHCS XapaKTEPUCTHUKH, BIMOBIAAE pexxumy poboTu perymstopa obeptiB BT.
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Sx npuknan Ha puc. 3.3 300paX€HO BXIJHUH CHUTHAN Yy BHUIVIAAI YacTOTHU
obepranns npuBogy PO BT n,, 3 ammmirynoro 300 o6/xB, uwactororo 0,4 I'u, Ta

BUXIJHUI CUTHAJ y BUIJIS/1 IOKa3aHb 1aTYMKA TUCKY MaJIMBa B MEPIIOMY KOHTYp1 P;.

O6eptu BT Ta THCK manuBa B NEpIIOMY KOHTYPI

4300
4250
4200
4150
4100
4050
4000
3950
3900

3850
20 22 24 26 28 30 32 34 36 38 40

w w w
w (9] ~
P1, xrc/cm2

n BT, 00/XB
w
[y

N
Vo]

N
~

— — net P1

Puc. 3.3. PeecTpoBaHi BXiTHUI Ta BUXITHUN CUTHATIU

Ockunbku 1151 po3iMkHeHOT CAK 3 HEraTUBHUM 3BOPOTHHM 3B'SI3BKOM My, = Mgy,
BXITHUW CHUTHaJ CIIiJ pO3risamatd 3 TmnodyaTkoBuMm 3MmimeHHsM -180°. Ille oxna
oco0nuBicTh y hopmyBanHi AUX 1 ®UX moB'sa3aHa 3 TUM, 110 BUXITHUN CUTHAI HE €
TaPMOHIYHHUM 1 BIJPI3HIAETHCSA 33 TEMIIOM IMPU MPUHOMHUCTOCTI Ta CKUJIaHHI, TOMY JUIS
HETPsSIMOTo BimoOpakeHHsT (OpMH cUTHATY HOro ¢asu moTpiOHO BUMIPIOBATH SIK Ha
eTari MpUHOMHUCTOCTI, TaK 1 HA eTari CKuAaHHA. /[ mpuiioMUCTOCTI B MekaX OJHOTO
MepioAy BUMIPIOETBCS YaC iy BUHUKHEHHS MIHIMAQJIBHOTO 3HAYECHHS My, Ta 4ac
tpmax BUHUKHEHHS MaKCHUMAJbHOTO 3HadYeHHA P;. PBHUIS MUK Chpmin 1 tpmaxs
MoJIiJieHa Ha Tepioy KOJMBaHHS 1 MOMHOXeHa Ha 360°, Oyne nopiBHIOBATH (Ha30BOMY

3aMi3HEHHIO MK BX1JHUM 1 BUX1JIHUM CUTHAJIOM Ha €TaIrll MPUHOMHUCTOCTI:
. (o)
. (tpmax — tamin) * 360
np - T .
Y mporpamuiii peamizaiii KOOpAWMHATH YaCY Cpmin 1 Cpmax 3AMIHIOIOTBCS Ha

0 (3.25)

MOPSAIKOBUH HOMEP BUMIPY CHUTHANY Mymin 1 Mpmax TOMI Bupa3 (3.25) HeoOXimHO
JOJJTaTKOBO PO3JUIATH Ha YacTOTY 3HATTS cUrHainy F,. Jlns eramy ckumaHHS (a3oBe

3ami3HeHHS 6., 3HAXOAUTHCS TakK camo, SK 1 i 6 3 TIEIO PI3HUICIO, IO BiA

np>
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MOPSAJIKOBOIO HOMEpa BUMIPY MIHIMAJIbHOTO 3HAYEHHS TUCKY MNppin BIAHIMAETHCS

MOPSIAKOBUIM HOMEP BUMIPY MAKCUMAJIbLHOT'O 3HAYEHHS 00EPTIB Myym gy -

_ (Mpmax = Numin) * 360° ]

2
Oy - , (3:26)
6. — (anin - nnmax) -360° (3.27)
CK T-F, .

Amvmiuityna M gns AUX arperaTy BU3HAYA€ThCS SIK BIJHOIICHHS aMILTITYIU

BUX1JIHOT'O CUTHAIY JI0 BX1JTHOTO:

BHUX

M= :
ABX

(3.28)

3.3.4 OuIbTpyBaHHS CUTHATY

Baxmusum dakropom y dopmyBanHi AUX, ®UYX € TOYHICTH BHUMIPIOBAHHS
¢dazoBoro 3amizHeHHs. OCKUIbKM CUTHAJI BUMIPIOBAHHS THUCKY 3alllyMJICHUH, BaXKO
3HAWTHU peaibHl MIHIMyMH Ta MaKCUMYMHU BHUXiIHOTO curHany. lI[o6 ycynyTu mymu i
3rJIaJIMTH CUTHAMN, MPU LbOMY 30epirmu Horo ¢opmy, OyB 3aCTOCOBAHHMM (QUIBTP
HU3bKKUX YacToT (DHY) 3 wacroToro 3pizy w,.= 5 I'i:

We

s+ w, (3.29)

3a gomomoroto z-nepetBopeHHs [11] nmepenarna ¢yukiis ®HY nepeTBoproeThes

H(s) =

Ha peKypeHTHY (pOopMy HACTYITHOTO BUTJIISIY:
Y(n) =Z(W)X(n)+ZR2)X(n—1) +ZB3)X(n—2)+...+Z(19)X(n — 18), (3.30)
ae  X(N) — 3HaYCHHS peaybHOIr0 CUTHAIY B N-i TOYIlI BUMIPY;
Y (n) — 3HayeHHs BiadiTbTPOBaHOTO CUTHAIY B N-i TOYIll BUMIPY;

Z — xoedinientu dinpTpa, orpumani B MatLab (ta6i. 3.3).

Tabmuns 3.3. Koedimientn QpinbTpa HU3BKUX YaCTOT

Z(1) Z(2) Z(3) Z(4) Z(5) Z(6) Z(7)
-0.00261 | -0.00257 | -0.00125| 0.00556 | 0.021976| 0.049349| 0.084531
Z(8) Z(9) Z(10) Z(11) Z(12) Z(13) Z(14)
0.120092 | 0.146672| 0.15653 | 0.146672| 0.120092| 0.084531| 0.049349
Z(15) Z(16) Z(17) Z(18) Z(19)
0.021976 | 0.00556 | -0.00125| -0.00257 | -0.00261
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3 Metorw ycyHeHHs 3aTpumku Bix OHY ¢inbrpanii miniaroThes BCl aHali30BaH1

CHUT'HAJIN.

3.3.5 Bubip metony knacudikamii AMHAMIYHUX XapaKTEPUCTUK NaTUBHUX
PErymsiTopiB

Jlonyckoeuti konmpoas. ONUH 13 BapiaHTIB peaizallli CTaTUCTUYHOTO MIAXO0IY J0
Bu3HaueHHs HecnpaBHOocTi CAK — 1e [10onyckoBUM  KOHTPOJIb  JUHAMIYHOI
XapaKTepUCTUKN MNaJIMBHOro peryisTopa. [lpumyctumo, mo BIiZOMO, $KI HaJMBHI
perynsatopu BUkinkaioTh podboty CAK Ha Mexi CTIMKOCTI Ta BiOM1 iX JHMHAMIYHI
xapaktepuctuk y Buriaal AUX, ®OUYX. BuszHauuMo 1 MaquBHI PETYIATOPH SIK
HecrpaBHI. Ta x 1HQopMallisd HaM BiAOMa MPO MAJIMBHI PETyIATOPH, poOOTa SKUX Y
cknaai CAK He Bukiukana 3ayBaxkeHb. BuszHaummo 1o rpymy sk copasHi. CyTb
meTony mojsrae y BuszHaueHHI AUX, ®UX cnpaBHMX Ta HECNpPAaBHUX arperariB Ta
MEXI1, 10 po3auIse I aABlI rpynu. OmHaK ajig peanizaiii 1[bOro METOAy HEeOoOX1ITHO
BUOpaTH epeKTUBHI O3HAKM CTaHy 1 B MPOCTOpi iX 3Ha4eHb cHopMyBaTHU 3a3HAYEHY
MEXy, IO po3AUIse chpaBHMM Ta HecmpaBHui ctaHu. CykynHicth AUX, ®OUX
CHpaBHUX Ta HECHPAaBHMX arperariB JJjs NPUHOMHMCTOCTI Ta CKHMJAHHS MOJXKHA

criocTepiratu Ha puc. 3.4-3.6.

®YX Ha NPUNOMMUCTOCTI

----- O—e___
50 T e b
r%[ ______________
40— o=
L e e i = = e _
~30 O g TITERT T = U e ----
@ -
20 .
7 —@&— cCnpasHi
10 @7 ==®=- HecrnpasHi
.l
0
0,4 0,5 0,6 0,7 0,8 0,9 1

f, My

Puc. 3.4. ®UX crpaBHUX Ta HECIIPABHUX arperarTiB Ha eTari MpUHOMHUCTOCTI
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®YX Ha CKMaaHHI

—®— (CnpaBHi
15 g -=®-- HecnpasHi

0,4 0,5 0,6 0,7 0,8 0,9 1

Puc. 3.5. ®UX crpaBHUX Ta HECIIPAaBHUX arperariB Ha eTari CKuAaHHS

AYX

0,04
—®— cnpasHi

0,035 2~ --@-- HecnpasHi

0,03

Asux/ABx
S
(9]

Puc. 3.6. AUX cnpaBHUX Ta HECIIPAaBHUX arperarin

Sx BunHoO 13 puc. 3.4-3.6, AUX ta ®UX nBOX rpym arperariB y TakoMy BHUTIISI
BaXKKO PO3PI3HUTH MiXK COOOIO.

Memoo cmamucmuunoeo Hasuanus. BuUXonsuu 3 pe3yJabTaTiB JOMYCKOBOTO
KOHTPOJIIO IMHAMIYHUX XapakTepucTuk (puc. 3.4-3.6) HEoOXigHO 3aCTOCYBaTH METO/,
KWW JIO3BOJIUTH 3HAXOJWTH PI3HUIIO MK CIIPAaBHUMH Ta HECHPABHUMHU MAIMBHUMU
pEryIsaTOpaMHy Y BEIIMKOMY 00cCs31 JaHuX. Y TakoMy pa3i MOKHa BJIATHCS IO METOIIB
CTAaTHCTUYHOI'O MAaIIMHHOTO HaBuaHHg [12, 13], ski geTanbHO ONMMCaHI Ta MIHPOKO

BHKOPHUCTOBYIOTBCA IJIA aHaJ'Ii3y JaHUX.
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MeTon CTaTUCTUYHOIO HAaBYAHHS MOJSATa€ B (pOPMyBaHHI HAaBYAIbHOI BUOIPKHU 3
XapaKTEPUCTUK CHOPaBHUX Ta HECHpPABHUX arperariB, Ha MiACTaBl SAKOi TEBHUU
anropuT™M Oyaye MeXYy TMOAUIy JBOX KiaciB. JluHaMiuHI  XapaKTEpPUCTUKHU
JIarHOCTOBAaHUX MAJIMBHUX PETYJSITOPIB 3aHOCATHCS 10 TECTOBOI 0a3u JaHUX, MICIA
4oro KJIacu(iKylOTbCs aJrOPUTMOM Ha IMiJIcCTaBl MOOYAOBaHOT HUM MEX1 MOMLTY.
HaBuanbHa Ta TecTtoBa 0a3u JaHuUX (GOPMYIOTbCS 3 BUKOPUCTAHHSM OJHAKOBHX
HalOUIbIl 1HQOPMATUBHUX BIIACTUBOCTEN arperariB. Y mpoueci (popmyBaHHs
HaBYaJIbHOI 0a3u [aHWX, HA0OpYy BIACTUBOCTEM KOXXHOTO arperara MNpUCBOIOETHCS
1HJEKC HaJIeKHOCTI JI0 TIEBHOro Kiacy. JlJis HaB4aHHS anroputMy kiacudikaiii 0yio
chopmoBaHO BUOIPKY 3 ABOX kjaciB — 30 chpaBHUX MNaJMBHUX PEryisTopiB Ta 16
HecnpaBHUX. Y Ta0’a. 3.4 3a3HadyeHO HaOIp mapameTpiB PeryisTopa Ajs TPeHYBaIbHOI
Ta TECTOBOI 0a3M JaHUX, 110 3aCTOCOBYETHCS Y CTPOT0 BU3HAUEHIH MOCII1IOBHOCTI.

Tabmuns 3.4. [TapameTpu MaJTUBHOTO PETYIATOPA, 1[0 BUKOPUCTOBYIOTHCS JIJIS
kjacugikalli Horo TMHaAMIYHUX XapaKTEPUCTUK
dazoBe 3amizHeHHS Ha | ®a3zoBe 3ami3HeHHS Ha | BigHOmIeHHS  aMIUIITYA
eramni MPUHOMHUCTOCTI | eTari ckuganasa | M s 4 gacror, g
an, °mns 4 gacror, I'11 0.« 115 °4 vacror, 'l
04 (05 |0,75 |1 04 (05 |0,75 |1 04 |05 |0,75 |1
0 7] 0 0, O | Oc | Ocx | Ocx M M M M

1p 1p 1p p

Tabn. 3.4 BimoOpaxkae TIEPETBOPEHHS YACTOTHHX XapaKTEPUCTHK KOXKHOTO
NaJIMBHOTO PETYJISITOpa Y BEKTOp BIACTHBOCTEH, IO MICTUTh 3HA4YeHHS (Ha30BOTO

3ami3HeHHs HAa MPUHOMUCTOCTI 6,,, CKugaHHI 0., a TaKOXX BUIHOMICHHS aMmIuIiTyn M

np»
JUIL YOTHPHOX 4YacTOT. SIK O3HaKW, IO BH3HAYAIOTh JAWMHAMIKY arperariB, OYIIO
PO3MIITHYTO KUIbKA BapiaHTIB, SKI JO3BOJATH Hajaldi PO3AUIATH Il JiBa KIIACH
HaKpalmuM 4YWHOM. Y TIepmioMy BapiaHTi Oymemo posrisaata 0a3y JIaHUX,
c(hOpMOBaHy CUTHAJIOM THCKY TaJIMBa B MEPUIOMY KOHTYP1 P;,. YV npyromy it TpeTboMy
BapiaHTax 0a3a ngaHux chOpMOBaHA 3 THUX K€ BIACTUBOCTEH IS THCKY TalWBa B
apyroMy KOHTypi P, 1 jms BuTpar mnammBa G, BianosigHo. Kosken arperar

MpecTaBlIeHn y 06a3i JaHUX Y BUTJISAI BEKTOpa 3 12 3HaYeHHSIMU BKa3aHUX y Ta0d. 3.5

BJIACTUBOCTEM.
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llonepeons obpobkra b6azu oanux memooom Diwepa . llepen Thum, K 3aCTOCYBATH
OJIMH 13 aITOpUTMIB Kiacu@ikauii, HeoOXiTHO 00poOUTH 0a3y JaHUX NEBHUM CIIOCOOOM
3 METOI0 OTPUMAaHHS HaWKpaloro Mmojuly JABOX KiaciB. Sk BuaHo 3 puc. 3.4-3.6, mis
JOIYCKOBOT'O KOHTPOJIIO MPAKTUYHO HEMOKJIMBO BIJOKPEMUTH CIIpaBHI arperatu Bif
HecpaBHUX. TOMYy HEOOXITHO 3MEHIIUTH PO3MIPHICTh LOTO MPOCTOPY TAKUM UHMHOM,
11100 y HOBOMY IPOCTOP1 BJIIACTUBOCTEN BiI0Opakayinucsi KOMOIHAIlII BIACTUBOCTEH, IO
AKUX MOXKHa Oylo O YITKO pPO3AUIMTH arperatd Ha naBa kiacu. Jns mporo OyB
3acTocoBaHuM AucKkpuMiHaHT Pimepa [14, 15].

[IpencraBumMo oamH arperar, 1m0 Mae 12 BIacCTUBOCTEW, y BHIJISIII BEKTOpa B
12-mipHomy mpoctopi. UncenbH1 3HaU€HHS BJIACTUBOCTEW arperary € KOopJAuHaTaMu
poro BekTopa. Ilependavaerhes, MO KOOPAMHATH CIPABHUX arperariB TPYMyIOThCS Y
IPOCTOPl 3 TEBHOIO JHUCIEPCIEI0 Ta CEpPeAHIM 3HAYCHHSM, SIKI BIAPI3HSIOTHCS BIJ
CepeIHBOr0 3HAYCHHS Ta JUCIIEPCii HeCIIpaBHUX arperariB. [HIIMMu Cl0BaMH, CTpaBHi
Ta HECIpaBHI arperaTd yTBOPIOIOTH TPYNMH B IIHOMY IPOCTOPi BIACTHBOCTEH, SKi
CKJIaJTHO Bi3yaiizyBaTu. HeoOXimHO JIHIHHO TpaHC(POpMYBaTH BEKTOPU BIACTUBOCTEH
arperaTiB TaKMM YHHOM, II00 iX MpOEKIlii Ha HOBWUI Oa3MCHUN BEKTOp HaMKpalie
BimoOpakanmu moAun rpym. Ilpoekiiss BekTopa Ha 0a3MCHUM BEKTOP € iX CKaJIsIpHUM
TO0OYTKOM:

y=wl-x, (3.30)
JI€ X — BEKTOp pEaIbHUX 3HAYCHb;

w — 0a30BUH BEKTOp JiHIHHOI TpaHCchopmaIlii;

y — IMPOEKIIist BEKTOpa X Ha 0a30BUIi BEKTOP W.

{06 3abe3meynTH MOALT MBOX KiaciB AaHUX, HEOOXiTHO copmyBaTH KpuTepii,
Kl OMUCYBAaTUMYTh Il monaul. OCKUIBKM TMICS TMPOEKIl KOOPAWHATH BEKTOPIB §
pPO3MONUIATECS 32 TIEBHUM 3aKOHOM, METOI0 (OpMYyBaHHS TaKUX KPHUTEPIiB €
3MEHIIICHHS TUIONI TEPeTUHY (YHKIINA MUTBHOCTI PO3MOLTY HMOBIPHOCTEH HJISi IBOX
kiaciB. Haifkpammii crioci® 3a0e3mneuuTH 11e — 30UTBIIUTH PI3HUIIO CePEAHIX 3HAYCHB
Ta 3MCHIIWUTH JAHMCIEPCi0 KOXKHOTO 3 posmnoautiB (a6o #oro CKB). Jlius mpocTtotm

BU3HAYEHHSI HAJIE)KHOCTI MapaMeTpa TOMY UM 1HIIOMY KJIaCy MO3HAYMMO KJIac CIIPaBHUX



118

arperatiB C;, a HecmpaBHux - C,. [Ins BusHauenHs cepenHix 3HaueHb Ta CKB

BUKOPHUCTOBYBATHMEMO BHUPA3HU

1 1
ﬂ1zﬁzyii#2:1v_zyii (3.31)
1 137i€C1 2317i€C2
A S _ (N2 A — S h )2
al—Nl_lze; 3 — 1) ’az_Nz—lA; i — A2)°, (3.32)
YVicly YViclz

ne  fli, fl, — cepenHi 3HAYCHHSI PO3IMOALUTIB IS CIIPOEKTOBAHUX JIAHUX;
01, 0,— 3HAYCHHSI PO3KUY PO3MOALTIB JIJIsl CIPOEKTOBAHUX JTAHUX.
VY pe3ynabTaTi MM MOXEMO CKJIACTH IUIbOBY (QYHKIIIO, L0 CKIAJAEThCA 3

KPUTEPIiB MOJLTY, IKY HEOOX1THO MAaKCHUMI3yBaTH II0JI0 W'

Y
W = argmax M (3.33)
w 0-1 + 0-2

Sx BuaHo 3 BUpasy (3.33), yum OuIbIIEe PIZHUI MDK CEpeJHIMU 3HAYCHHSIMU 1

MEHIIIe CyMa PO3KHU/IB, TUM OUIbllIe 3HAUCHHS 11i€1 PYHKIIIT.

Posnumiemo 611 fetanbHo GOPMYIIH IS PO3PAXYHKY [, flo, 07, 0"

1 1
I R R (334
x;€EC, x;€C,
1 T 1 T
o= D, G ) oy =g ) i) - ), (339
Xi€Cq X;€C;
[TincrapuBmu piBusHHSA (3.34) Ta (3.35) y piBHsHHSA (3.31) Ta (3.32), oTpuMaeMo
BUPA3H:
= w g (3.36)
A T
01 = Z Wi —whuy)? = z (WT(xi - #1)) (WT(xi - H1))
Vi€l Vi€ty (3.37)
= > Wl = u) =) w = (Ny = DwToyw
Vi€Cy
st fi,, 6, IEpETBOPECHHS AaHAJIOT1UHI:
Ao =w' -y ; (3.38)
62 = (NZ — 1)WTO'2W . (339)

[TincraBumo B 1TbOBY yHKIIiO (3.33) orpumani Bupasu (3.36)-(3.39):
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T T 2
Wy —w i)
= .
wi((Ny — 1)og + (N, — 1)oz)w
BBGI{GMO KUIBKAa HOSH&‘-ICHB, AK1 I[OHOMO)KYTB CHpOCTI/ITI/I 3a):[aqy OHTI/IMISaI_II'l'Z

w = argmax (3.40)
w

S=(N;—1Do; + (N, —1)o,; m=pu; —uy;; S=RTR; v =Rw. (3.41)
Tonai 6a3ucHUi BEKTOp W MOK€e OyTH BU3HAUEHUI SIK
w=R1v, (3.42)

[Ticnsa minctanoBku piBHAHB (3.41), (3.42) B (3.33) oTpuMaeMo LUILOBY (DYHKIIIIO B

HACTYIHOMY BUIJISII:

2

v
W = argmax [(R_l)Tm]Tm : (3.43)
w
®aktuuno ((R™1)Tm) — me ymoBHHMIT BekTOp pO3MEKyBaHHA, a Z _ e

v

HOpMAlli30BaHMil  yYMOBHMI 0a3sMCHMIl BEKTOp MEpPeTBOPEHHS. IX  CKaApHuii
N00yTOK - IIe MPOEKIis IIyKaHOro Oa3uc-BeKTOpa Ha BEKTOp po3MexyBaHHs. llei
N00OyTOK Ma€ MaKCUMaJlbHE 3HAUCHHS, KOJM BEKTOpP UV 30Ira€Tbcsl y HAIMpPSIMKY 3
BEKTOPOM po3MexyBaHHs. Toi

v=aR™D'm=aR™)(u — up), (3.44)
nea=1.

3 ypaxyBanusaMm (3.41) 13 (3.44) orpumaemo:
w=aR"R) (i — uz) = aS(uy — 1) . (3.49)

3HaueHHs KOOPJIMHAT PO3PaX0OBAHOTO BEKTOpa W BimoOpaxkeHi y Tadu. 3.5.

Tabmums 3.5. Tabnui koopauHAT 6a3UCHOTO BEKTOpA MEPETBOPEHHS W

Ilo3zHauenusa
Ne w
BJIACTUBOCTEM

0np(0,4T1) | 2.06E-05
0np(0,5T) | -1.81E-05

0rp(0,75T) | -2.94E-05

6,p(1TW) | 2.89E-05
0.(0,4T) | 9.54E-06
0(0,5T) | 1.13E-05
0.(0,75T) | 9.41E-06

N o o1 B W N
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Ilo3HaueHnusa
No w
BJIACTUBOCTEM

8 6. (1Ty) | -1.98E-05
9 M(0,4Tw) | 0.1446

10 | M(0,5Tm) |-0.38533
11 | M(0,75Ty) | 0.38349
12 M(1Tw) | -0.12167

[TomHOXuUBIIM 6a3y AaHUX, IO CKIAJAAETHCSA 3 BEKTOPIB BJIACTUBOCTEH arperaris,
chopMOBaHUX 3a BUXIJIHUM CUTHajIoM P;,, Ha OTpUMaHUN Oa3UCHUU BEKTOp W

OTPUMAEMO HACTYITHI 3HAYCHHS §, BiloOpaxkeHi Ha puc. 3.7.

y %107
Puc. 3.7. Po3niozain 3HaueHb Y 1BOX KiaciB ajis Py

UepBoH1 TOYKM BimoOpakaloTh 3HAUCHHS Y JJI HECIPAaBHHMX arperariB, a CHHI —
CITpaBHi.
Ty x omnepartiro mpoBeaeMo it 6a3u 1aHuX, cHOPMOBAHOT 32 BUXITHUM CHUTHAJIOM

TUCKY B IpyroMmy KoHTYpi P, (puc. 3.8) Ta BuTpaTtu nanusa G, (puc. 3.9).

Puc. 3.9. Po3noxin 3Hauens y ABOX KiaciB s Gy
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Sx BugHO 13 puc. 3.7-3.9, HalikpaliuM YMHOM JIaHl MOJAUISIOTHCS 3a KJIacaMM ISt
0a3u maHuX, cPOPMOBAHOI 3a TUCKOM MajuBa B MEpPUIOMY KOHTypi P;, Ta BUTpaTu
nanuBa G;. OCKUIBKM CUTHaJ BHUMIPIOBaHHS BHUTPAaTH MAJBHOIO BUTPATOMIPOM
HIECTEPEHHOI0 TUMY MIAAA€ThCS OUTBII CKJIAAHINA 00poOIll, HI’)K CUTHAJ BUMIPIOBAHHS
JATYMKOM THUCKY TaliuBa, HJisg MPOCTOTH OOpOOKM cCHUTrHaimy Oylo BHPIIICHO
BUKOPUCTOBYBATH 0a3y JaHUX c()OPMOBAHY 3 BUMIPIOBaHb TUCKY Pjy.

Maroun KOOpIMHATH BEKTOpa W, MOKHA BHU3HAYUTH 1HPOPMATHUBHICTH OOpaHHMX
paHillie BIACTUBOCTEN JJIA aHai3y CXMIBHOCTI arperariB 10 pobotu B ckinaai CAK Ha
MeX1 KOJIMBaIbHOI CTIHKOCTI (Tabu. 3.5). KoxkHa Koop/inHaTa bOro BEKTOPa € BarOBUM
koedimienToM mapameTpiB y BekTopi x. Y Tabiu. 3.5 koedimientu NelO 1 Nel2 maroTh
HalMEHIII1 3HAaYeHHs 1 y BEKTOpP1 X BIAMOBIIAIOTH MapaMeTpy BiIHOMICHHS amIutiTyd M
st yactoT 0,5 T'm 1 1 T'. Koedimientu Nell Ta Ne9 — HaiiOinbliili, BOHU BiIMOBIIAIOTH
napameTpy BigHomeHHs amrutityq M mist wacrotu 0,4 'y 1 quist wactoru 0,75 ', Takum
YUHOM, YMM OUTbIMH mapamerp M mis wactot 0,5, 1 I'p 1 yum MeHme M s gactor
0,4, 0,75 ', TUM BUIIA UMOBIPHICTh TPUHAJICIKHOCTI arperaTta 0 HECIIPABHOI'O KJacy 1
HaBMaku. Buxonsum 3 mnpoBeAeHOro aHamiily, Hajaml s BIOPOBAIKEHHA JaHOI
METOJIMKM Ha TMpPaKTULl JOCTaTHRO OyJe BHUKOPHUCTOBYBATHM TaKi MapamMeTpH, SK
aMILTITYAH BUX1THOTO CUTHANTy TUCKY P;, Ha 4acToTi coctepekeHHs aedekry 0,5 I'm i
KpaTHii dvactori 1I'm, ski MamTh HAWOUIBIII BaroBi Koe()IIIEHTH BIUIMBY.
[ToMHOXUBIIIK BEKTOpP BJIACTHBOCTEH arperariB, c(OpMOBAHUX 3 aMIUTITYJl BHUXITHOTO
curHany TUcKy P;, s dacror 0,5 1 1T'm, Ha oTpuMaHmii Oa3MCHHII BEKTOP
w(10,12), otpumMaeMoO HACTYIHI 3HaueHHs Y, BimoOpaxeni Ha puc. 3.10. IIpu oMy
3HaKd KOMIOHEeHTiB Bekropa w(10,12) crerianbHo IHBEPTOBaHI JUIS 3pY4YHOCTI

CIIPUMHSATTS.

Puc. 3.10. Po3nonin 3Ha4eHs y MBOX KJIACIB I IBOX IMapaMeTpiB aMIutiTyau Py
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3.3.6 Kiacudikanis TuHaMIYHUX XapaKTEPUCTUK MATMBHOTO PETryJsTOpa

Icnye GaraTto anropuTMmiB Kiacudikamli, Akl € epEeKTUBHUMH B PI3HUX BUIAJKAX.
Tpu HaAWOUIBII TOLIMPEHI AJITOPUTMU Yepe3 iX MNPOCTOTY peanizamii ¥ TOYHICTh
pesyabtaTy — 1e K-Nearest Neighbors (KNN), Logistic Regression (LR) ta Linear
Discriminant Analysis (LDA) [13, 16]. V 1iit po00Ti 3aCTOCOBaHO aJIrOPUTM JIHIHHOTO
nuckpuMiHanTHoro aHanizy LDA. TouyHicTh LbOro airopuTMy MpUOJIU3HO TaKa XK, K U
IHITUX JBOX, aJie¢ BiH Ha0araTo cTabUIBHIIIE B OI[IHKaX MpH 30UIbIIECH] HABUAJIbHOI 0a3u
JaHUX.

B ocHoBi knacudikamiiinoro anroputmy LDA  nexuts Teopema baiieca.
IMOBIpHICTh TOTO, IIO 3HAYEHHS V HAJICKHTHh SKOMYCh i3 K kiaciB (amocTtepiopHa
HMOBIpHICTB) JOPIBHIOE JTOOYTKY HMOBIPHOCTI BUHHKHEHHS K-ro Kiacy 7 (ampiopHa
WMOBIpHICTh) Ha WMOBIPHICTh BUHUKHEHHsI 3HaueHHA y y 1bomy kmaci fi(9),

PO3JJICHOr0 HAa CYMYy TaKUX JOOYTKIB I KOKHOT'O I-r0 Ki1acy:

Ty fre (V)
€{=1 mif;(P)

IMOBIpHICTh BUHHKHCHHSI MEBHOTO K Kiacy T, pO3paxOBYEThCS SK BiTHOIICHHS

Pr(Y =k |X=9) = (3.46)

KUTBKOCTI JaHUX, 1110 HaJIeXkKaTh IIbOMY KJIacy Ny, 10 3arajibHOi KUIBKOCTI JaHUX M.

ng
T, = —.
n

(3.47)

OcCKiIbKHM HaM HEBiJOMa pealibHa HMOBIPHICTh BHHMKHCHHS 3HA4YeHHSA Y B K-my
KJaci, OIIHUTH MH 1i MOXEMO 3a JONMOMOTor QYHKIT MUIBHOCTI PO3MOJUTY
nMoBipHocTi. [IpuiiMemMo mpumyiieHHs, IO JaHI Y KOXHOMY KJaci po3IOJiIeH] 3a

HOPMAaJTbHUM 3aKOHOM. Toai PYHKITIS MIUTHHOCTI PO3MOILUTY MAa€ TaKUi BUTIISA:

A~ _ 1 1 A~ A
@) = \/z_TakeXp [— 262 @ - uk)zl : (3.48)

ne [y — cepenHe 3HadeHHs napametpis s K-ro xiacy (dpopmymu (3.36), (3.38));

0 — CEpeIHBbOKBAJIPATUYHE BIAXWICHHS mMapaMeTpiB i K-ro kiacy (hopmymu

(3.37), (3.39)).
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Ha puc. 3.11 BimoOpakeHo GyHKINI MIUTBHOCTI PO3MOALTY § IS TBOX KJIAciB —
CIpaBHUX Ta HECTIPABHUX arperariB. UepBOHMMH TOYKaMU Bin3HauyeHi 3HaueHHS f (J)

JUIsl HECIIPABHUX arperaTiB, CHHIMU — JJIs CIIPaBHUX.

05 o 133
% o On
0.4 ¢ ©
¢ - &
&
03¢ 5
2_./ o <><>
LL O
0.2 ¥
$
01 —*
<> ~
0 1 1 L 1 1 - 1
1 2 3 4 5 6 7
Y

Puc. 3.11. ®yHKIii HIIEHOCTI PO3MOALTY WMOBIPHOCTEH JJIsI IBOX KJIACiB

[Ilo6 copoctutn 3aBAaHHA Kiacudikaiii Ta HEe OOYMCIIOBATH IS KOXKHOTO
3Ha4YeHHs1 Y amoctepiopHy iimoBipHicTs Pr(Y =k | X = § ), HeobOxinHo moOymyBaTH
JHII0 PO3MEXKYBaHHS MK IBOMA KJIaCaMU Ta BU3HAYATH HAJIEKHICTH IO MIEBHOTO KIIACy
3aJIeKHO BiI PO3TAallyBaHHS TOYKH, IO BIJANOBia€ EKCIIEPUMEHTAIBHUM JTaHUM,
BIIHOCHO TpaHUIll PO3MEXKYBaHHsA. [ paHHIsl PO3MEKYBaHHS TMOJIISAE€ KiIacu W
IPOXOJAUTh Yepe3 TOYKY IMepeTHHY (PYHKIIN NIUILHOCTI PO3IMOIITY HMOBIPHOCTEH.
['panuis po3paxoBY€EThCS 3-3a IOMIOMOTOI0 HACTYITHOTO PIBHSHHSL:

p(¥ 1k =Dk =1)
p@ 1 k=2mnk=2)"

VY Micii nmepetuHy ABOX (QYHKIIN po3MOaiTy WMOBIPHOCTI PiBHI, OT)KE JIorapudm

(3.49)

iX BIAHOLIEHHA JOPIBHIOBaTUME HYMO. SIKIO WMOBIPHICTh MPUHAIEKHOCTI
BUMIPIOBAHOTO 3HAYEHHS MEPIIOMY KJIAacy MEPEBUITYE WMOBIPHICTh MPUHAICKHOCTI
IpyroMy, Bupa3 HaOyBa€ TOAATHHUM 3HAK 1 HABMAKU.

Hanani npuiiMemo, 110 IS BCIX KJIACiB JIHCTIEPCis o’ OJIHAaKOBa. Y IIbOMY BHUIIAJIKY
0; =0,8259 1 6, =0,8342 He3HayHO BIAPIZHAIOTHCS OJWH Big OJHOTO, IO

MIATBEPKYE 1€ TpUNyImeHHs. To/1i oIliHKa JUcIepcii Moke OyTH BU3HAUYCHA SIK
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52=— Ki > 0w (350)

k=1i:9;=k

[TincraBumu (3.48) y (3.49), orpumaemo:

A A A2 l\2
~[H1 U |257) Uq
[ﬁ ~ %2 [262 ~ 5a2 + log(m,) — log(nz)] = 0. (3.51)

PitieHHAM IbOTO PIBHAHHA Yrpanuune € TOUKA, KA MOJUISE JBA KIACH:

a3 g
- [W — 552 +log(my) — IOg(ﬂz)]
Yrpauuune = [&_&] . (3.52)
G2 62
Jns ananizoBanoi 6a3u JaHUX Jpappane = 3,6. PO3TalllyBaHHs TpaHMIl TOKa3aHO
Ha puc. 3.12.
1@ o n]
O O & & S e @ o & s38) o O e -0
YrpaH = 3.6
o | I | I | & I I I | I &
1 15 2 2.5 3 3:5 4 4.5 5 85 6 6.5 7

y

Puc. 3.12. I'panuns po3MexxyBaHHS IBOX KJIaciB

[IIo6 omepyBaTu 4YMCIaMU 3aMiCTh 3HAKIB IIPHM PO3B's3aHHI 3a7a4i Kiacudikarlii,

pO3paxoByBaTHUMEMO JiorapudmM YucelbHUKa Ta 3HaMEeHHHUKA piBHAHHSA (3.49) okpemo.
Po3risiHyTe 3HAYEHHs Y HaJeKaTHUME [0 TOro Kiacy, s SKoro O () Oymy Ginbiie.

A /\2
PN ~ M Hg
6 = _—

Kpurepiem edexktuBHOCTI Kiacudikaiii BBaXXa€TbCAd KUIbKICTh HEMPABUIBHO

+ log(my,). (3.53)

kinacudikoBaHUX arperariB. Bamigamis anropuTMy TpOBOAWIACS < HA  YAaCTHHI
HaB4aIIbHOT 0a3u nanuX. Jns Vrpauyune = 3,6 1Ba 3HAYEHHS, IO HAIEKATH [0 KIACy
crpaBHUX arperatiB (puc. 3.12), Oyio BH3Ha4eHO alTOpUTMOM sK HecnpaBHi (False
Negative), a goTHpu 3HAYCHHS, IO HAJEKAThH JIO HECIPABHOTO KJacy, BH3HAYCHI SK

cupasHi (False Positive). BiqHomenss kiibkocTi 3HaueHb False Positive mo cymu False
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Positive ta True Negative (False Positive Rate), a Takox Ta True Positive no cymu True
Positive Ta False Negative (True Positive Rate) mpu 3MiHI TOPOroBOr0 3HAYEHHS
npuitHATT pimeHHs HaHeceHo Ha ROC rpadix (puc. 3.13), sAxkuil BuU3Haudae
e(eKTUBHICTh anroputMy kiacudikaropa. Yum Ounbine moma mig ROC kpuBoto, TuM
kpaiie kinacudikatop Bukonye noaut [17]. I1o oci abciuc BiAKIAAAETHCA BIHOIICHHS
KUTbKOCTI 3HaueHb False Positive mo True Positive , a mo oci opaunat False Negative no
True Negative. V HnHamomy Bunaaky ROC rpadik noOymoanuii mns LDA
knacudikaropa, a mioma mia kpusoro (AUC) nopisaioe 0,86. Axmo AUC nopiBHIOE Bijl

0,8 10 0,9, po3MeKyBaHHS BBAKAETHCA Ay»Ke XxopomuM [16].

Model 1
1 —
08+t (0.31,0.83)
L
D06
)
=
7 AUC = 0.86
o]
a
S04
|_
0.2
ROC curve
0r Area under curve (AUC)
@ Current classifier
0 0.2 0.4 0.6 0.8 1

False positive rate

Puc. 3.13. ROC rpadik nns LDA xnacudikaropa

3.4  BWCHOBKH 70 TPETHIO PO3ALITY

B pesynbraTi po3poOKM METOMIB MapaMeTPUYHOTO iarHOCTYBAaHHS MAJMBHOTO
peryisiTopa OTPUMAHO TaKi OCHOBHI pe3yJIbTaTH:
1) Jlns miarHOCTYyBaHHS TEXHIYHOTO CTaHy IMAJMBHOTO PETYJSITOpa B MpOIeci

BXIJTHOI'O KOHTPOJIIO MIPU PEMOHTI 3a TE€XHIYHUM CTAaHOM OOpaHa KOMOiHAIlisi METO/IIB,
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3rIHO 3 SIKOIO0 CIOYATKY BUKOHYETHCS NEPEBIPKA CIIPABHOCTI (BUSIBJICHHS HECIIPABHOIO
CTaHy) Ha yCTaJE€HUX peKUMax poOOTH, 1 B pa3l BUSABJIEHHS HECIPABHOCTI BUKOHYETHCS
ii posmizHaBaHHs. Ha 3aki0o4HOMY eTall BHKOHYETbCS NEpEBIpKAa JUHAMIYHUX
XapaKTEPUCTUK PETYJIATOPA, 1110 BU3ZHAYAIOTh CTIMKICTh Horo podotu B ckiaai CAK.

2) Jlna peamizaiii METOAy MapaMETPUYHOIO J1arHOCTYBAHHS TEXHIYHOTO CTaHy
OPUMHATO P TaKUX MPUIIYHIEHb: KOXEH 13 Je(eKTiB, L0 KIAaCU(PIKyIOThCH,
NOB'SI3aHMM 3 BIAXUJIEHHSM OJHOIO KOHCTPYKTHUBHOTO IapaMeTpa; BIAXHICHHS
napaMmeTpiB poOOYOro MpoIECy, IO XapaKTepu3yloTh Ne(deKT, He3MIHHI y yaci abo
HE3HAYHO 3MIHIOIOTHCS; BUHUKHEHHS Je(EeKTIB € pIBHOMMOBIpHMM, a TO[li, IO
MPU3BOJATH 10 Je(PEKTIB — HE3aIEHKHI.

3) BuzHaueHo XapaKTEepHUCTHKY JOCTOBIPHOCTI METOAy Kiacudikallli, 3aCHOBaHY

Ha Teopemi baiieca. B ocHOBI MeTONy JE€XKHUTH YSIBICHHS MPO TE, L0 aroCTepiOpHa
o . . . . ——d .
MMOBIPHICTh BUMIPIOBaHHS BEKTOPA [IarHOCTUYHUX O3HAK Z™ 33 HASABHOCTI Je(eKTy S;

€ HACJIJIKOM JIBOX HE3aJIeKHUX IMOAIN: peaizallii iCTHHHOTO 3HAYeHHsI BEKTOpa O3HAK

Z 3a HasBHOCTI JedekTy S; (ONMHCYeThCS PiIBHOMIPHHM PO3MOAITOM HMOBipHOCTI), Ta

-

—
OTPUMAaHHS BUMIPSHOTO 3HA4YeHHA Z* 3a BiIOMOro HOro iCTHHHOTO 3HAYEHHS Z
(omMHUCYy€EThCSI HOPMAIBHUM PO3IOALIIOM MMOBIPHOCTI). B pe3ynbrati BuBeneHO hopMyITy
GyHKITIT IIUTBHOCTI PO3MOAUTY altoCTEPIOPHOT HMOBIPHOCTI.

4) BusnaueHo cmoci0 OTpHMaHHS MeEX IHTErpyBaHHS (YHKIT IIUTBHOCTI
PO3TOLTY aroCTePiOpHOT HMOBIPHOCTI BUMIPIOBAHHS BEKTOpPA JIarHOCTHYHUX O3HAK Z

3a HasgBHOCTI aedexty S;. Bepxus Mexa IHTErpyBaHHs BHU3HA4Ya€ HAOIMKEHICTH
MOTOYHOTO CTaHy BHPOOYy S, IO XapaKTEpHU3YEThCS BEKTOPOM  BHUMIPSHUX

JIarHOCTUYHUX TapaMeTpiB Z* 10 HETIPALIE3JaTHOTO CTaHy BUPOOY Sy 3 AepekToM S;.
Miporo HaOIUKEHOCTI MOTOYHOTO CTaHy /O MOPIBHIOBAHOTO CTaHY € KOCHHYC MIXK
BEKTOpaMH, IO OMUCYIOTh Ii CTaHW. J[7s BpaxyBaHHS MOMKIIMBOCTI JT1arHOCTYBAaHHS
CTaHiB, I SKUX BIAXWUJICHHS KOHCTPYKTUBHUX MapaMeTpPiB MOXYTh BiAOYBaTHUCS SIK Y
O0iK momaTHUX, Tak 1 B OIK Bil’€MHUX 3HAaY€Hb, MEXKI IHTETPYyBaHHS MArOTh aOCOJIIOTHI

3HAYEHHS, a HUKHS MEXa IHTeTPyBaHHS 3aBKIU Ma€ BiJl’ €MHUN 3HAK.
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5) Ortpumano ¢opmyny [iIsi BU3HAYEHHS YMOBHOI WMOBIPHOCTI P(Dﬂ?)
HasABHOCTI JIePEKTY S; NpH¥ BUMIPIOBaHHI BEKTOpPA JIarHOCTUYHUX O3HAK Z* Ha migcrasi
dbopmynu balieca Ta omucaHUX BUILE MPUITYIIEHb.

6) Hns owiHku sxocTi kiacugikaunii cTaHiB c()OPMOBAHO TECTOBY BHOIPKY
napaMeTpiB poOoUYOro mporecy Ta sl KOXKHOTO 3aJaHOTO CTaHy PO3PaxoBaHO YMOBHI
HMOBIpHOCT1 cTaHiB. BH3HaueHO Takuil MOKa3HUK SIKOCTI Kiacu@ikauii sSK MOBHOTA
knacudikaiii. B pe3ynapTaTi cpopMoBaHO MaTpull0 MOMUIOK kiacudikaii. [Tokazano,
0 cepeAHid apupMETUYHUM TIOKA3HUK TMMOBHOTH Kiacudikaiii s BCiX
kiIacu(iKoBaHUX CTaHIB CTaHOBUTH 79.3 %.

7) Tlepeniyeni y nm. 2-6 eneMeHTH pa3oM (OPMYIOTH 3aMPONOHOBAHUNA METO]
napaMeTPUYHOTO JIarHOCTYBAaHHS HECIPAaBHOCTEH TiAPOMEXaHIYHOTO MAJIMBHOTO
peryisTopa Ha YyCTaJE€HUX pPEKHMMax POOOTH B MPOCTOPI BUMIPIOBAaHUX IMapaMeTpiB
poboUoro mporecy, XxapakTepHUX ISl 3aBOJACHKUX BUMPOOYBAaHb, KU BKIFOUCHUN B
YHCJIO TIOJIOKEHb, 110 BUHOCATHCS Ha 3aXHCT.

8) Ilokazano, mi0 AJis BUSABICHHS O€3MOCepeHhO B yMOBaX MiANPUEMCTBA-
BUPOOHMKA HECIPABHUX PETyJATOPIB CXWJIBHHX 10 HecTiiikoi podotu B ckiani CAK,
HEOOX1ITHO BUKOPUCTOBYBATH AMHAMIYHI XapaKTEPUCTUKH arperary, 30KpemMa 4acTOTHI
XapaKTePUCTUKH.

9) CdopMoBaHO CcKJan MapaMeTpiB YaCTOTHUX XapaKTEPHCTHUK arperary, IIo
BUKOPHUCTOBYIOTHCS ISl KUIBKICHOT OIIIHKHM JWHAMIYHOI SKOCTI: aMILIITya BUX1THOTO
CUTHaTY TUCKY maynmBa Ha yactoTax 0,5 I'mi 1 I'm.

10) VYV 3a3HaueHOMYy JIarHOCTMYHOMY TMPOCTOPi BHU3HAYEHO ONTUMAaJbHUUN
HamnpsMOK, TaKWH, IO aHalli3 MPOEKIiM Ha HHOIO BEKTOpa JIarHOCTMYHHX O3HaK
3a0e3nedye HaWOUIBINY JOCTOBIPHICTH PO3Mi3HABAHHS CIPABHOTO 1 HECIPABHOTO
CTaHiB.

11) Ha nanomy HampsMKy, 3a1aHOMY 0a3MCHUM BEKTOPOM, BH3HAYEHO MEKY MiXk
CIIpaBHUM Ta HECTPaBHUM CTaHaMHU, 110 3a0e3nedye HaliMEHITy CyMapHy WMOBIpHICTh

XHOHUX PE3yJIbTATIB PO3II3HABAHHSI.
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12) Ilepeniueni y nm. 8-11 exemMeHTH B CYKYNHOCTI (pOPMYIOTh 3alpONOHOBaHUI
METOJ KOHTPOJIO JMHAMIYHMX XapaKTEPUCTUK NAJIUBHOTO pEryjsTopa, SKHM
BKJIFOUEHH 1O MOJI0KEHb, 10 BUHOCATHCS Ha 3aXHCT.

Pesynbraty 1150ro po3ainy ony0sikoBaHo B podoTax aBTopa [18 - 22].
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PO3JIJT 4 IIPAKTUYHA PEAJI3ALIA TA IIEPEBIPKA METOIB
JIATTHOCTYBAHHA AI'PEI'ATIB

Onucani B TONEpPeAHBOMY  PO3AUIL  METOAM JIarHOCTYBaHHS — arperariB
TiIPOMEXAaHIYHOr0 TUIy OyJ0 BUIPOOYBaHO Ha MPAKTULI SK CKIAJ0BI YacTUHU
MPOLIECY BXITHOTO KOHTPOJIO TIPOMEXaHIYHOTO MAJTUBHOTO PETYISTOpPA MPU PEMOHTI
3a TexHiuHUM ctaHoM [1]. EkcmepumenT OyB moOymoBaHHiA 3 METOK BHUSBJICHHS
nedeKTiB B arperatax, siki MOBEpHYJHUCs 3 eKkciuryaraunii. [Ipy nboMy oOIiHKAa cTaHy
BUPOOY, IO JiarHOCTYETHCS, 3a JOMOMOTOI0 BHUIIEONMHCAHOTO METOAY 3Bipsutacs 3
ICHYIOUMMH METOIMKaMHU PETyIIOBaHHS, & TAaKOX 3 PE3yJbTaTaMu Bi3yalbHOTO OTJISITY
Ta oOMipy JeTanei, 1o BXOASATH JO CKJIaay JAiarHOCTOBaHOTO BHPOOY. OCHOBHHMH
IIJIIMUA €KCTIEPUMEHTIB OYyJI0 HACTYITHE:

— OIlIHKa TPOJYKTHBHOCTI Ta Mpalle3JaTHOCTI T1APaBIIYHOIO arperary Ha
PI3HHUX PEeKUMAX;

- BU3HAYCHHS HaAWOUThIN  1HQOPMATUBHUX  JIATHOCTUYHUX  O3HAK 1
MIHIMQJIBHO HEOOXIIHMUX KOHCTPYKTUBHUX IapaMeTpiB, IO JIarHOCTYIOTHCS, IS
OL[IHKM CTaHy arperatry 3 YypaxyBaHHSIM KOHCTPYKTUBHMX 1 (YHKI[IOHAJIbHUX
0COOJIMBOCTEN JOCIIIKYBAHOTO arperaty Ha pi3HUX pexuMax Horo podboTu;

- TECTYBaHHS Ta MiATBEPKCHHS €(EKTUBHOCTI METOMY J1arHOCTYBaHHS B
peaNbHUX yMOBAX;

- OTpUMaHHS KOpUCHOI 1HGoOpMaIii TPO MOXKIMUBOCTI 3aCTOCYBAaHHS
PO3p00JIEHOT0 METOY J1arHOCTYBaHHS, a TAKOX IMPO MOXKIIMBI OOMEKEHHSI 11010 HOTO
3aCTOCYBaHHSI.

Y naHoMy pO3IUIl ONUCAHO IUIaH TPOBEACHHS EKCIIEPUMEHTY, IPOBEICHO
JETATbHUN aHalli3 OTPUMAaHUX EKCIEPUMEHTAIbHUX JaHUX, a TAaKOXX HaBEJCHO
PE3yNIbTaTH 3aCTOCYBaHHS METOJMy MiarHOCTYBaHHSA. PO3in CKiIamaeThCsi 3 HACTYITHUX
YaCTHH:

- OOTpyHTYBaHHS OOpaHUX PEKUMIB pOOOTH Ta MOPSIIOK MEPEBIPKHU arperaTy
Ha IUX PeXKUMaX;

— METOJMKa 300py Ta monepeaHb01 0OPOOKHU JTaHUX;
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- OOIpyHTYBaHHA BHOOpY OI[IHIOBaHUX MapamMeTpiB Ha IMIJCTaBl aHami3y
TaONHIb KOEQILIEHTIB BILJIMBY 3MIHM KOHCTPYKTUBHUX MapaMeTpiB Ha KOHTPOJIbOBAHI
napaMeTpu podo4oro npouecy A KOKHOIO PeKUMY poOOTH;

- OKPOKOBE 3aCTOCYBAHHS METOJly A1arHOCTYBaHHS;

- IHTEepIpeTalis pe3yJbTaTiB AIarHOCTYBaHHS, BKJIIOYAIOYM TOPIBHSAHHA 3
OUIKYBAaHMUMH T[OKa3HUKAMHM Ta EKCIEPUMEHTAJbHO OTPUMAHOIO OI[IHKOIO CTaHy
arperary;

- KOPOTKMM  BHKJIQJl OCHOBHHUX BHCHOBKIB Ta iX 3HA4€HHS JJId
J1arHOCTYBaHHS T1IpaBIIYHUX arperaris;

- peKoMeHaaNli s MOAANBIINX AOCHIIHPKEHb Ta MOTEHUIMHUX MOKpaIleHb

}IiaFHOCTI/IIIHOFO MCTOAY Ha OCHOBI OTPUMAHUX JaHUX.

4.1.  Omnuc eKCepuMEeHTYy

Ha mignpuemctBi AT «DEJl» Oyno po3po0ieHO TEXHOJOTI0 PEMOHTY 3a
TEXHIYHUM CTAHOM T1IPOMEXaHIYHOr0 MaJMBHOTO peryistopa. OCHOBHOI YaCTHHOIO
Ii€l TEXHOJIOTIi € BUSIBJIEHHSI HECIIPABHOCTEW Ta X JIOKami3alis 3 METOIO MOJAIbIIOro
pemonty. ToMy arperat, 1m0 HaJIdIIOB 0 PEMOHTY, TOBUHEH MPONTH Yepe3 HACTYIHI
CTajii TEXHOJIOTIYHOTO TIPOIECY: BXITHMM KOHTPOJb IMapaMeTpiB, JIOKaTi3aris
HECIIpaBHOCTEH, AedeKTallis Ta caM PEMOHT BUPOOY, 3 TMOAAIBIIUM CKJIaJaHHSAM 1
pEeryiioBaHHSIM. MeToau NapaMeTpUyHOTO JIIarHOCTYBaHHS JO3BOJIAIOTH 3HAYHO
CIIPOCTHTH Ta TMPUCKOPUTH TEXHOJOTIYHHMH MpOIeC PEMOHTY Ha eTalli JIoKajizarli
HecrpaBHOCTI. [IpoTe eexkTHBHICTH aHANI30BaHOTO B pOOOTI METOMY MapaMeTPUIHOTO
JIarHOCTYBaHHSI HEOOXIMHO MiATBEpAUTH. TOMY JaHi Mpo MapaMeTpu 3 arperaris, IO
MPOUNIUTH BXITHUNW KOHTPOJb TapameTpiB, BHUKOPUCTOBYBAJHUCS MJISA OIIIHKH SIKOCTI
KJacudikaIlii HeCrIpaBHUX CTaHIB 3alPOTIOHOBAHUM METOJIOM JiarHOCTYBaHHs [1].

OCKITBKM ~ €KCIIEpUMEHT, 10 ToJsArae B 30WpaHHI pealbHUX JaHUX 13
JOCIIHPKYBAaHUX arperaTiB, € YaCTHHOIO TEXHOJIOTIYHOTO MPOIECY BXITHOTO KOHTPOIIIO
napameTpiB 1 gedekrailii, OMUIIeMo 11l TEXHOJIOT14HI MPOIIECH JIeTaIbHIIIIE.

Bxionuu xoumponv napamempig. PO3TISIHYTHII NalMBHUM PETyIATOP BHUKOHYE

KUlbKa (yHKIIH, K onucyBasiocs Buine B po3auil 2. Koxkna 3 ¢yHKuii arperara
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peanizyeTbcsi Ha TIEBHOMY pPEXHMI, 10 BHU3HAYAETHCA JICKUIBKOMA BXIJTHUMH
(3a1aHMMH) TTapamMeTpaMu: YacToTa O0epTaHHsA pOoTopa TypOOKoMIIpecopa Ny, 4acToTa
obepTaHHsA pOTOpa BUIBHOI TYpOIHH Ny, TOJIOKEHHS Ba)KEI1B KEPYBAHHS JBUTYHOM Oy
1 Opoer , TUCK TOBITpA P,, a Takok AMCKPETHI KOMAaHOU IOJa4l JXKUBJICHHS Ha
enexkTpokiananu. [lpu 1boMy ciifg 3a3HA4YUTH, IO JaHi, OTPUMaHI Ha KOXHOMY 3
PEXKUMIB, MAIOTh PI3HUHN CTYIIHH HEBU3HAUYCHOCTI [2], 3 TOUKHU 30pY OLIHKU TE€XHIYHOTO
ctaHy BuUpoOy. lle BUKIMKaHO KOHCTPYKTHMBHHUMH Ta  (PYHKIIOHATBHUMHU
0COOJMBOCTAMH aHAI30BaHOTO arperary. Hampuknaja, NaluBHUN peryisaTop Mae B
CBOEMY CKJIaJli HACcOC, Bil TPOAYKTHBHOCTI SIKOTO 3aJICKUTh (DYHKIIOHYBAaHHS PEIITH
BY3JIIB arperata, NMPUYOMYy caM TEXHIYHHH CTaH IMX BY3JiB MajJo BIUTMBAE Ha
NPOAYKTUBHICTh Hacoca. ToMy 3 A1arHOCTUYHOI TOYKM 30pYy JaHi, OTPUMaH1 Ha PexKUMI
NepeBipki MPOIYKTHBHOCTI HAcoca, MalTh HU3BKHUW CTYMiHh HEBH3HAYEHOCTI.
Buxonsum 3 1mporo, I MepeBipKy HEOOXiTHO TPOBOJWTH HA IMOYATKOBOMY €TaIli.
[Hmmi mpukiaag — Ue TepeBipKa HalaIITyBaHHS MiAMIPHO-3aMIPHOTO KiarmaHa
BIIKPUTTS IpYroro KOHTYpy (opcyHok. Bin HamamTyBaHHS IIbOrO KjlamaHa 3aJIeKUTh
piBEHb THCKY TE€peja Ta 3a JI03YIOUMM €JIEMEHTOM, II0 HEOOXIJHO BpPaXOBYBaTH IpHU
inentudikamii MM arperaty; 1ie BOXJIMBUH eTam, SKUM Oyle ONMUCAHO JOKJIQTHIIIE
nam. Bin HamamTyBaHHS TaHOTO KJamaHa 3ajieXaTh TAKOXK MapaMeTpu peryisropa —
4acTOTH 00epTaHHS TypOOKoMmIIpecopa 1 BUIbHOI TypOinu. [Ipu mpoMy HajamTyBaHHS
HiANIPHO-3aIMPHOT0  KJIalmaHa JPYyroro KOHTYpY (OpPCYHOK HE 3aJieKUTh BiJ
HaJaIlITyBaHHS IHIIMX KJIamaHiB 1 PeryiasaTopiB. BiamoBigHO, peXHM TEpeBIpKU
HaJAIITYyBaHHSA JAHOTO KJamaHa PO3MIIIEHO Ha MOYATKy CMHCKY. BXiIHMI KOHTPOJb
napamMeTpiB CKIAAA€ThCs 3 HACTYITHUX NEPEBIPOK CIpaBHOI poOOTH arperary:

1. [lepesipka tucky Bim KIIT.

2. [lepeBipka THCKY BIIKPUTTSA MiAMIPHO-3AMIPHOTO KJIAllaHA JPYroro
KOHTYPY (hOPCYHOK.

3. [lepeBipka MpOYKTUBHOCTI KA4ar0YOTO BY3J1a.

4, [lepeBipka TUCKY, TPOMOPIIITHOTO KBaIpaTy YaCTOTU OOCPTAHHS Ny .

d. [lepesipka pobdotu KIIII.
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6. IlepeBipka mnepmoi ToukuM 3eMHOI xapakrepuctuku All, mnepeipka

nepenaay TUCKY Ha audepenuianbuomy knanadi APy ta Ha JII" AIT AP,p.

7. IlepeBipka qpyroi ToUku 3eMHOI XxapakTtepucTuku All

8. [lepeBipka oOMexxyBaua MaKCUMaJIbHOI BUTPATH MaJIUBa.

Q. [lepeBipka HanamryBanns peryiastopa PO TK na pexxumi MT'.

10. [lepeBipka HamamTyBaHHsi peryisatopa PO TK nHa pexumi oOMeXeHHS

MaKCUMAaJIbHOT YaCTOTH OOE€pPTaHHS Ny .

11. [lepeBipka HanamryBanus peryiastopa PO BT.
12. [lepeBipka HanamryBanus perynstopa CIL
13. [lepeBipka quHAMIYHUX XapakTepucTuk perynstopa PO BT.

[lepeBipkr po3MmillieHI B TOPSAJIKY, B SKOMYy BOHH MNpPOBOAWINCA. BoHH
pO3TalllOBaHl TAKUM YMHOM, 110 AedEeKTH, BUSBICHI Ha KOXKHIN MOJaIbIIii nepesipiii,
HE BIUIMBAIOTh Ha JcPEKTH, BHSBJICHI Ha TONEpeaHix mepeBipkax. lled mopsmok
JI03BOJISIE€ MIABUIIUTH 1HGOPMATUBHICT, OTPpUMaHKMX AaHuX [1, 2, 3] 1 TakKUM YHHOM
3MEHIIUTH KUTBKICTh MOXKJIMBUX IPUYMH BUHUKHEHHS HECIIPABHOCTEH.

HactynHuii HeoOXimHHMI eTam eKCHEePUMEHTAIBHOTO JOCHIDKEHHS — 1€
MiATBEP/UKEHHS KOPEKTHOCTI pe3yJbTaTiB Kiacu@ikailii TeXHIYHOTO CTaHy METOJIOM
niarHoctyBaHHsA. IS BUKOHAHHS I1i€1 METH 3a3BHYail y JOCIHIIKYBAaHHMM arperar
CTMOYATKy 3aKjIaJaloTh TEXHIYHY HecmpaBHicTh [4]. Hampukian, BCTaHOBIIOIOTH
IPYKUHY 3 )KOPCTKICTIO, sika He BiamoBigae BumoraM KJI, abo HamamroByrOTh arperat
Tak, o0 BiH He BianoBigaB TVY. Ilicisa mporo pe3yabrat Kiacudikaiii mOpiBHIOETHCS 13
3aB1JIOMO BiJJOMOIO anpiopHOI0 iHGOpMAIIi€ro PO AedeKT.

Y naHOMy BHMAAKy €KCIIEPUMEHT TOE€IHAHUNW 3 TEXHOJOTIYHUM MPOIECOM
PEMOHTY 3a TEXHIYHUM CTaHOM. Y Cl JOCIHIJKEHI arperatu HaailIiy 3 eKcIuTyaTaitii, i
iHbopMarlis po IXHIA TEXHIYHHA cTaH Oyna oOmexeHow. ToMy eTanm miaTBepIKEHHS
pe3ynbTatiB Kiacudikaiii gedeKkTy METOJOM TIarHOCTyBaHHS OyJI0 OpPraHi30BaHO B
Takuii croci6. [Ipu koxkHIN 13 MepeBipOK BUMIPIOETHCS KOHTPOJIBOBAHUM mapaMeTp. Y
pa3i BHUSIBJICHHS HEBIAMOBITHOCTI KOHTPOJIHOBAHOTO TapaMeTpa BHUMOTaM TEXHIYHHX

YMOB arperar peryitol0Th BIAMOBIIHO 10 TEXHOJOTTYHOTO MPOLECY 3 METOI YCYHEHHS
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JaHOi HEBIANOBIAHOCTI. SKIO BIAPEryitOBaTH arperatr He BAAETbCS, LEH AeeKT
(IKCyeTbCA B MPOTOKOJI BUIPOOYBaHb 1 MICHS 3aBEPLICHHS BCIX MEPEBIPOK arperat
cupsIMOBYeThcs Ha nedekraunito. Ha erani nedexranii arperat po30upaeThes, 1 1Isl BCIX
JeTajied 1 BY3JiB, IO MPALIOIOTh HAa PEeXHMaxX 3 BUSBICHUMHU HECHPABHOCTAMH,
BUKOHYETHCS TEPEBIpKa BIAMNOBIIHOCTI PO3MIPIB KOHCTPYKTOPCHKIA JOKyMEHTAIlli.
Takum uwmHOM, pe3ynbTar Kiacudikamii AePeKkTiB METOAOM J11arHOCTYBAHHS
NOpIBHIOBATUMETHCS 3 PE3YJIbTaTOM IOBTOPHOI'O peryJjioBaHHs arperaty abo 3

pe3yapTaTaMu 0OMIpiB JieTasiell Ta By3JiB Ha etami aedexrarii [1].

4.2.  Onuc yMOB IPOBEJICHHS €KCIIEPUMEHTY

BXigHuii KOHTpOJIb MapaMeTpiB JAOCIIIKYBAHOTO arperary MmpOBOJIUBCS Ha TOMY
caMOMYy TiJIpaBIiYHOMY CTCH/Ii, Ha SKOMY IPOBOJUTHCS PETYIFOBAHHS Ta MPE IBJICHHS
arperaTiB  jmaHoro Ttumy. Ilpy 1pbOMy Wi Yac TMPOBEACHHS  IEPEBIpOK
ocuuiorpadyBaircs BCi MmapamMeTpud poOOUYOro mpoiecy, 3a3Hadeni B tabmummi 4.1 [1].
OcHOBHa YacTHHA 3a3HAYCHUX MapaMeTpiB € JIarHOCTUYHUMHU O3HAKaMH METONY
miarHoctyBaHHs.  [Ipu  mpoBefeHHI  TEpEeBIpOK  BUKOPUCTOBYBAIHUCS  3acO0U
BUMIpIOBaJIbHOT TeXHIKK (3BT) 3 MEeTpoMoTiyHMMHU Ta TEXHIYHUMHU XapaKTePUCTUKAMHU,
3a3HauyeHUMH B Ta0J. 4.1. Uac ocuunorpadyBaHHs Ha pekuMi cTaHOBUTH MiHIMyM 10 c.

Yacrora ocumnorpadysanns — 20 I'm.

Tabmums 4.1. [TapameTpu po60UYOTO TIPOIIECY TOCTIKYBAHOTO arperara, 1o

ocruiorpadyBaiucs
IlozHaueHHs Omnuc MicCIs BUMIPIOBaHHS TUCKY 3BT
Praosirp Tuck nositps, mi]ﬁneﬂoro 1o A3 ta JIT17 - A3, IIT18 — ATI

BumipHuk BUTpaTH
Butpata nanuBa Ha Buxoi 3 manuBHoro | BB Kracht VC 1 K 2

80 n/xB
Hatunk trcky T3
P, Tuck Haﬂﬂfﬁoﬂzpii 11 KOHTYpOM ADZ Nagano 0...100
pCy Kre/cm 2
Hatuunk trcky AT
P, THek nanuBa nepez 2 KOKTYpOM | ARy Nagano 0...100

dbopcyHOK

KTc/cM 2
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[lo3HaueHHs Onuc Micus BUMIPIOBaHHS TUCKY 3BT
Hatuuk tucky JT14
Py Tuck nanuBa 3a Hacocom HP-3 ADZ Nagano 0...100
Kkre/cum
TrCK mayimBa 3a OCHOBHOIO T'OJIKOO, 110 Haruu tucky JIT4
Poar ’ ADZ Nagano 0...100
JI03YE. 2
KI'c/CM
Hatuuk tucky TS
Pan Tuck nanusa 3a no3yroyoro ronkoro AIl | ADZ Nagano 0...100
Krc/cm 2
Hatuuk tucky J[T12
Pio Tuck y nopoxxauni «HO» ADZ Nagano 0...100
Krc/cM 2
Hatuuk tucky JIT16
PxMT TK Tuck nanusa 3a KMT TK ADZ Nagano 0...100
Kre/cm 2
Hatuuk Tucky JT15
Pcen Tuck manmsa 3a CII ADZ Nagano 0...100
Kre/cm 2
P Tuck nanusa B l'IOpEf)IZKHI/IHi nudKIanany ﬁg;nﬁgécniyngg
2
KI'c/CM
Hatuuk tucky JIT11
Prrc Tuck manuBa, NpoNopIiHuit Ny ADZ Nagano 0...25
Kkre/cum
Hatuuk tucky JT2
P sy Tuck 3muBy ADZ Nagano 0...10
Kkre/eum
Tuck nepen eKBiBaJIGHTOM CIPOTUBY Haruux tucky JIT8
Pexs ADZ Nagano 0...100
KaMepH 3TOPSHHS 2
KI'C/CM
Hatuwnk tucky JT13
Pxor Tuck 3a KIIT ADZ Nagano 0...25
Kkre/em 2

Jlnst  mepeBipkH JUHAMIYHUX XapaKTepUCTUK arperata Oylo po3poOsIeHO

CHeIiaibHy METOJUKY. SIK peecTpoBaHI mapamMeTpy BUKOPHUCTOBYIOTHCS aMILIITy/a Ta

¢da3oBi 3ami3HEHHS BUXIJHUX CHUTHATIB, ofepkyBaHi mpu 3HATTI AUX 1 OUX

xapakTepuctuk peryistopa. AUX ta ®UX popmyeTbes 11 BUXITHUX CUTHATIB THCKY

najguBa B TEpPHIOMY KOHTypi Py, THCKy mammBa B Apyromy KOHTypi P,., MacoBoi

BuTpat mnanuBa Gy.

JInst 3HATTS XapaKTepUCTUK TMPHUBLL PETyasiTopa 4YacTOTH
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o0epTaHHs TYpOOKOMIIpECOpa M., BUKOHYETHC 3a JOIMOMOIOI0 €JIEKTPOJIBUTYHA 2 (puC.
4.1.) 3 moctiiiHOIO 4YacTtoTOor oOepraHHs. [IpuBin perynaropa 4acTOoTH OOEpTaHHS
BUIbHOI TYpOIHU My, BUKOHYETHCS €JIEKTPOJBUIYHOM | 3 4acTOTOO OOepTaHHS, sKa
3MIHIOETBCSL 332 CHUHYCOiJalbHUM 3aKOHOM. OJIHOYACHO 3 IIMM BiIOYBa€ThCs 3aIluc
JTATYMKOM TUCKY 4 3HAYeHHS TUCKY P, matuyukom 5 — Ttucky P,,, Burparomipom 11 —

MacoBO1 BUTpaTH nanusa Gry.

16 17 18 19 13 14
M — -
’ = bma | _IAszopumm
1 3 5 daHux
!
Pe3ynsmam
M2 1 15
MNanubHud ]
pezynamop
2

Puc. 4.1. Cxema ctenay s 38Tt AUX Ta @UX najiuBHOTO peryisitopa
1 - eNleKTPOABUTYH IPUBONY Myp; 2 - €NEKTPOABUTYH IPUBOY My ; 3 — MATMBHUN
perynsTop; 4 — JaTYUK THUCKY MaJIUBa B MEPIIOMY KOHTYP1; 5 — JaTYUK THCKY MajuBa B
Ipyromy KoHTypi; 6, 8, 10 — rizpaBiiuna maricTpaiib; 7 — IpOCeib MepIIoro KOHTYPY;
9 — npocenb apyroro KOHTYpy; 11 — BUTpaTOMip MacoBOi BUTpATH NAJIHMBA;
12 — npocens eKBIBaJIEHTHOTO OTOPY; 13 — 06a3a MaHuX Ny, Ngry P1x, Poxy Gri
14 — anroput™ 00poOKHM 0a3u gaHuX Ta Kiracudikaiii; 15 — pesynpraTt Knacudikarii;
16, 17, 18, 19, 20 — minii mepenadi iHpopmarlii iuGppoBUMHU KaHATAMHU

Pexxum, Ha AKOMY 3HIMAaIOTBCA XapPaKTEPUCTUKH, BIJIMOBIA€  PEKUMY
HaJAIITyBaHHS PETyIaTopa 00epTiB BUTbHOI TypOiHH. 3MiHA YaCTOTH OOEpPTaHHS My, 32
CHHYCOITaIbHUM 3aKOHOM BiOyBaeThcsi s 4 3Hadennb dactror 0,4, 0,5, 0,75, 1 T'm.
3amuc BUXIIHUX CUTHAIIB HA KOXKHINA 4acTOTi TpuBae 20 cekyH. 3 METOI0 300py O1IbII
neTanbHOi iH(opMarltii mpo 30uTkIIeHHs BIUTUBY crul TepTs Ha AUX, ®UX npu manux
aMIUTITYyJaX 3MIHM BXIIHOTO CHTHANTYy, 3MiHa Mg, 32 CHHYCOITAJIbHUM 3aKOHOM

BiIOyBa€EThCS A1 4OTHPHOX 3HaYeHb amrutity 300, 100, 50, 20 06/xs.
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3Ha4YeHHS Ny, Nyr, Pigs Pogx, G TIpH 3MiHI N, HA BCIX 3a3HAYEHUX 4YACTOTaX 1
aMIUTITYJ]aX 3alUCYIOThCA B 0a3y ganux 13.

Anroput™m 14 nepeTBOproe YaCOBUM Pl KOXKHOTO 3alMCAHOrO BUXIAHOTO CUTHATY
3 6a3u nanux 13 B amruniTyy Ta pa3oBi 3ali3HEHHS BIJTHOCHO CUTHANY Ny.. Y Taodu. 4.2
HABEJICHO 3a3HAYCHUI TepeTBOpeHUil anroputMoM 14 Habip mnapaMeTpiB, IO

BUKOPUCTOBYIOThCS A1t oncy AUX ta @YX nmanuBHOro peryssropa.

Tabnuus 4.2. [Napamerpu AUX Ta DUX

®dazoBe 3ami3HeHHs Ha | ®a3oBe 3ami3HeHHS Ha | AMILIiTY1a M BUXiTHOTO
eramni MPUHOMHUCTOCTI | eTarmi CKUJAHHS | cUTHaTy s 4 4acTor,
Opp, *1utst 4 wacror, ' 0. 1 °4 wactort, 'y I'

04 |05 0,75 |1 04 |05 |0,75 |1 04 |05 0,751

Onp | Oup | Oup | Onp | Ok | Ok | Ok | Ok M M M M

4.3. Busznauenns }IiaFHOCTI/I‘IHI/IX O3HAK Ta KOHCTPYKTUBHUX HapaMeTpiB, 1o

J1arHOCTYIOThCS, ISl IEPEBIPOK

BxinmHuii KOHTpOJIb mMapaMmeTpiB OyJo MPOBEAEHO JUIsI CEMH arperariB. 3a
pe3yabTaTaMH BXiJTHOTO KOHTPOJIIO B KOKHOMY 3 arperaTiB BHSIBICHO HECIIPaBHOCTI Ha

PI3HUX MEepeBIpKax:

ITepesipka 1. IlepeBipka HajmamTyBaHHS ITAIIPHO-3AMIPHOTO KJIanaHa 2-To KOHTYPY
(bOopCyHOK.

ITepesipka 2. IlepeBipka mepinoi Touku 3emMHOI xapaktepuctuku All, mepeipka
nepenany Tucky Ha JII" AIT AP,p;

[lepesipka 3. TlepeBipka npyroi Touku 3eMHO1 Xapakrepuctuku All;

[lepesipka 4. [lepeBipka HanamryBanas perynstopa PO TK Ha pexumi oOMexeHHs
MaKCHUMAaJIbHOI YaCTOTH 00€pTaHHS Ny ;

[lepesipka 5. IlepeBipka HamamryBaHHs perynstopa PO BT.

JI1s1 mepioi nepeBIpkr KOHTPOJIbOBAHUM MapaMeTPOM € TUCK BIIKPUTTS MiAMIPHO-
3aIipHOro KJaraHa Jpyroro KOHTypy (GopcyHOK Py, sikuii Mae cTaHOBUTH 25+1 Kre/cM?.

VY npyriii mepeBipili KOHTPOJILOBAHUN MapaMeTp — Iie Mepemnaj TUCKY MajliBa Ha

JAI" All, sikuil po3paxoBY€eThCsl SIK PI3HULISI MK TUCKOM TajIMBa 3a JO3YIOUOIO T'OJIKOIO
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AIT Pap 1 THCKOM NanuBa 3a OCHOBHOIO J03YIOUOI0 TOJIKOX0 Pojr. 3HaueHHs nepenany
THCKY Mae craHoBUTH AP,g=7,5+0,5 xrc/em’. VYV  iHmmEx —mepeBipkax
KOHTPOJILOBAaHUU MapameTp — Iie BUTpaTa nanuBa. HeoOXiHiI 3HaYEHHS Ta JOMYCTUMI
Jiana3oHu KOHTPOJIbOBAHUX MApaMETPIB Y 3aJIEKHOCTI BiJl IEPEBIPKU MEPEBIPAIOTHCS B

tabOmuii 4.3 [1].

Tabnuus 4.3. 3HaueHHsS KOHTPOJIbOBAHUX NapaMeTpiB Ha MepeBipKax, 10 BUKOHYIOThCS

IlepeBipka, 1110 BUKOHYETHCS Bumora
[lepeBipka HanamITyBaHHS MIAMIPHO -3aMIPHOTO
KJanaHa 2-ro KOHTYpy (opcyHOK

[lepeBipka nepiioi TOUKH 3eMHOT
xapaktepuctuku All,;

nepesipka nepenany Tucky Ha JJI" AIl APpp
[lepeBipka qpyroi TOYKM 3eMHOI XapaKTEPUCTUKU
All

[lepeBipka HanamryBanns peryisitopa PO TK na
pexKUMI OOMEKEHHSI MAaKCUMaJIbHOT YaCTOTH G = 480 £ 8 xr/rox
o0epTaHHs Ny
[lepeBipka HanamryBanus peryiasitopa PO BT G = 330 £+ 5 kr/rox

P, = 25+ 1 krc/em

Gp = 180 £ 10 kr/rox,
AP, =7,510,5 KFC/CMZ,

G = 454 + 22 xr/ron

OcuunorpadyBanHs mapaMeTpiB poOOYOTo TMpoIecy TpU TepeBipii THCKY
BIIKPUTTS TIAMIPHO-3AMMIPHOr0 KJIAMaHy JAPYyroro KOHTYPY HE TPOBOJUIIOCS Yepes
BIJICYTHICTP ~ HEOOXIAHOCTI  JiarHOCTYBaHHsA Ha Iid  mepeBipii.  OCKIUIBKH
GbyHKITIOHYBaHHS IMAMTIPHO-3aIIPHOTO KJIalmaHa He 3aJeKUTh Bl poOOTH IHITUX BY3JIiB
arperary, OyIb-sKa HEBIIMOBIIHICT, KOHTPOJIBLOBAHOTO THUCKY P Moxke Oyrtu
BUKJIMKaHA TUIbKUA Je()EKTOM y caMOMy KIalaHi, [0 CKJIAJAa€ThbCs 13 30JI0THUKA 3
BTYJIKOIO Ta TIPY>KUHU. Takoro piBHA JOKami3allii HECIPaBHOCTI IIUTKOM JOCTATHBO JJIs
HOTO TMIBHAKOTO YCYHEHHS B yMOBaxX BHUPOOHHUITBA. OCKUIbKHM HEMpaBUIbHE
HaJAIITYBaHHS MiIMIPHO-3AMIPHOTO KiamaHa 2-TO KOHTYpY (OpPCYHOK BITUBa€E Ha
MPABWIBHICTh HANAIITYBAHHS IHITUX PETYISATOPIB OCTIIKYBAHOTO arperary, 3 MeTOIo
YCYHEHHsI JTOAATKOBOTO (pakTopa, M0 BUKJIMKAE HECTPABHICTh HA IHIIUX PEXKUMAX, Y
pa3i BUSBJICHHS HEBIAMOBIAHOCTI MiAMIPHO-3aMIPHUIN KJamaH PerylioBaBCs BiMOBITHO

JI0 TEXHOJIOTTYHOT'O MPOLECY Mepe]] TUM K BUKOHYBaIacsi HACTYIHA MEePEeBIPKA.
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[lepen THM, SIK TPUCTYIUTH IO BUSABJICHHS MPUYMH HECIIPABHOCTEH Ta JIOKai3amii
HECIPABHOCTEH 3a JOMOMOI0OK0 METOAY AI1arHOCTYBaHHS ISl KOKHOI MEepPeBipKU 3 TalIl.
4.3 (xkpiMm mepeBipku 1), HEOOXiTHO BHU3HAYMTH TMEPENIK JAIarHOCTOBAHUX
KOHCTPYKTHBHUX TapaMeTpiB arperara, BIAXWICHHS BiJ HOPMH SKMX MOYXE BIUIMHYTH
Ha 3MIHM KOHTPOJBOBAHOTO IMapameTpa poOouoro mpoiecy. 3 II€I0 METOH 3a
nornoMororo MM arperara A KOKHOT EpeBIpKU OyJI0 BU3HAYEHO HASBHICTH BILUIUBY
3MiHH KOHCTPYKTHBHOTO TIapaMeTpa Ha KOHTPOJIbOBaHI MapaMeTpu poOOYOro Mporecy.
Ile#i aHami3 NPOBOAMBCSA HACTYITHMM 4YHWHOM. J[J KOXHOTO 3 KOHCTPYKTHBHHX
napameTpiB, 110 BUKOPUCTOBYIOThCS B MM, 1o uep3i BHOCWIHCS BIIAXWICHHS Ha S %
BiJl HOPMAJILHOTO CTaHy B OIK JOJATHUX 1 B1I’€MHUX 3HaueHb. [Ipu npbomy QikcyBanacs
3MiHa KOHTPOJIbOBAHOTO IMapaMmeTpa poOOUYOro Mmporecy, adCOMOTHA BEIWYUHA SIKOTO
NOBUHHA CTaHOBUTH MiHIMyM 1,5 %, 10 € TpaHUYHUM JOMYCTUMHUM BiIXHIICHHSIM
3riHO 3 TEXHIYHMMHM yMOBaMHU Ha arperaT. HasBHICTh BIIXWUJICHHS KOHTPOJIHOBAHOTO
napameTrpa Bim HopmMu Ha 1,5% 1 Oinblie BKa3ye Ha JOCTaTHIM pIBEHb BIUIMBY
KOHCTPYKTHMBHOTO TIapaMeTpa Ha KOHTPOJIbOBAaHUN mapameTp poOOYOro mpoIecy.
Takwii sxe anani3 OyB BUKOHAHUH 711 BIIXWJICHh KOHCTPYKTUBHUX MapaMeTpiB Ha 40 %
BiJl HOPMaJbHUX 3HaueHb y OIK JOJAaTHUX 1 Bil’€MHHMX 3HaueHb. KOHCTPYKTHBHUU
napameTp, KUl npu BiaxuiieHHI B Mexax 5 — 40% B 00inBi OOKM BUKIMKAE 3MiHY
KOHTPOJIBOBAHOTO TMapaMeTpa pobdodoro mnporecy Ha 1,5 % 1 Ouiblie, BiIOUpPAEThCS AK
napameTp, Mo JIarHOCTYEThbCs. Y TeprioMy HaOJMMKEHH1 NI KOXKHOI TepeBipKu OyB
nepeik napameTpis, J1arHOCTYIOThCH,

chopMOBaHHMIA KOHCTPYKTUBHUX

110

npecTaBiIeHu B Tabmsax 4.4, 4.5, 4.6, 4.7.

Tabnuns 4.4. [lepenik KOHCTPYKTUBHUX IMapaMeTpiB, IO BIUTUBAIOTh HA KOHTPOJIHOBAHI
napaMeTpu poO0UYoro Mmpolecy mpu nepesipii 2

[epe- 732 Jpocens 311

Bipka 2 | KMKIIEp Sosr Shiem0 Jpocens JI | mudx. S Kign | Xngen
[epe- [ponyx.- | IIpommBka IIponuBka BiJIKPHUTTS BiIKPHUTTS

Bipka 2 | Hacoca k1. TK k1. BT' 30I1. N1x1 3011 Ntx2 14 rBUHT
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Tabmuus 4.5. Ilepenik KOHCTPYKTUBHUX MMAPaMETPIB, 110 BIUTMBAIOTH HA
KOHTPOJIbOBAaHUH NapaMeTp poOOYOro Mpoiecy npu nepesipii 3

[epe- 732 Jpocens 311

Bipka 3 | xukiep Sonr Syem0 Jpocens JI | mudx. Sugien Kugn | Xnden
Iepe- IIpoayk.- | IlponuBka IIponuska BiJIKPUTTS BiJIKPHUTTS

Bipka 3 | Hacoca 1. TK ki1. BT 3011 Ntg1 3011 N1k 14 rBUHT

Tabmuis 4.6. [lepesnik KOHCTPYKTUBHUX IMapaMeTpiB, 110 BIUIMBAIOThH Ha

KOHTPOJIbOBaHUH MapaMeTp poOOUYOTo MpoIiecy mpu nepesipiii 4

Hpocens
Iepe- 732 Hpocenb Exs. 31 Iponyxk.
Bipka 4 SKUKJIIED So JIT 2K JIpOCeITb SRk Kri TUGDKIT. Hacoca
Kie3 K164
Ilepe- Koed C IpYy>KHUHA npyxuna | Jiam
Bipka 4 1 TBUHT Tax TK TK TK ki1 TK

Tabmuns 4.7. Ilepenik KOHCTPYKTHBHUX ITapaMeTpiB, 10 BINTUBAIOTh HA
KOHTPOJIbOBaHUH MapaMeTp poOOUYOro mporiecy Ha mepeBipIl 5

[epe- 732 Jpocenb Hpocens  [[Ipocens Exs.

BipKa 5 xuknep |CIT Soar 1x 2K JIPOCEIlb Spk Krk Xonr
Koeg. C

[epe- [ponueka | [IponuBka Jiam tax. BT

BipKa 5 kRK XRK k1. TK k1. BT 3 IBHHT 4 rBUHT k1. BT' kzeg

[Tonanuit y Tabmunsax 4.4, 4.5, 4.6, 4.7 nepenik napaMeTpiB, 10 JT1arHOCTYIOTHCH,
JIOCUTh BeNMKHUMA. bararo 3 mux mapaMeTpiB BUKOHYIOTh OJHAKOBI (PyHKIII1, HAPUKIIa,
3aTsHKKa TIPYKUHHM Ta KOPCTKICTh NMPYXKUHU. BianmoBimHo, sKIO Oyab-sAKi MapameTpH,
0 JIarHOCTYIOTHCS, CHUJIBHO KOPEIIOIOTh 3a CTYINEHEM BIUIMBY Ha JJTIarHOCTHYHI
O3HAKH, PO3PIZHUTH X HEMOXKIUBO [5]. B yMoBax BUpOOHMIITBA /ISl PEMOHTY arperary
JI0OCTaTHBO PIBHS JIOKaTi3allii HeCIIPaBHOCTI, MPU IKOMY Je(PEeKT BU3HAYAETHCS HA PiBHI
HAaWMEHIIIOTO  CKJIAJIaTbHOTO By37a (HAampWKIaJ], BTYJIKa-30JIOTHUK KIamaHa Ta
Npy>KuHAa). 3 METOI BHUKIIOUYEHHS KOHCTPYKTUBHHUX TapaMeTpiB, M0 3HAYHO
KOPENIOIOTh MDK COOOI0 3a CTyNeHeM BIUIMBY Ha [IarHOCTHYHI O3HAKH, OyIJo
PO3pax0OBaHO KOPEISIIIHHY MaTPHUITIO R JIJIst KOKHOT epeBipku [6].

Po3paxyHoOK KOpensIiitHOT MaTpHIll MPOBOJAUBCS 332 TAKOIO (POPMYIIOIO:
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R - *1(Hij — H)(Hy — Hy) (4.1)
] O_i . O} )
ne  H;j i Hy, — eneMeHTH Matpuui KoeQiuieHTiB BIMBY H KOHCTPYKTMBHHX

napaMeTpiB Ha J1arHOCTUYHI O3HAKH,
N — KIIBKICTh IIarHOCTHYHUX O3HAK;
H; i Hy, — cepenni 3HaueHHs cToBILIB j i K;
0; i 0j — CTaH/IaPTHI BIIXWJIEHHS CTOBMLIB I Ta | BUXifHOi MaTpuui H.
Hns npuknaay B Tabn. 4.8 HaBelAeHO 3HAYEHHs KOEQILIEHTIB KOpEsUii MIX

Koe(illieHTaMH BIUIMBY KOHCTPYKTUBHHUX NapaMeTpiB JJisl IEPEBIPKU 2.



Tabnuus 4.8. 3HaueHHs KOeIIEHTIB KOPEsLii MK Koe(illieHTaMH BIUIMBY KOHCTPYKTUBHUX NTapaMeTpPiB AJi MEPEBIPKU 2
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Hpocens BIIKPHUTT | BIAKPUTT

732 Hpocens | 37 Iponyk. | IIponuek | IIponuBk | 5 3057 ST 3011.

KHKIEp | SOJT Sonr Smem0 | 11 w1 | Spgen Kogpicn Xndpicn nacoca | akn TK | axn BT | nyq N2 14 rBuHT
732
KHKIIEP 1.0000 | -0.4779 | -0.2898 | 0.3107 | -0.3588 | 0.3173| -0.3251 | 0.3181| 0.3179| -0.0246 | -0.9978 | -0.9978 | 0.2827 | 0.2828 | 0.2182
Sonr -0.4779 | 1.0000| 0.1896 | -0.7725| 0.8146 | -0.7793 | 0.9096 | -0.9042 | -0.9049 | -0.4876 | 0.4954 | 0.4534 | -0.8107 | -0.8108 | -0.7200
Sonr -0.2898 | 0.1896 | 1.0000| -0.0339 | 0.0851| -0.0411| 0.0287 | -0.0210| -0.0207 | 0.1039 | 0.2827 | 0.2724| -0.0185| -0.0193 | 0.0589
Smem0 0.3107 | -0.7725| -0.0339 | 1.0000 | -0.9940 | 0.9998 | -0.9154 | 0.9167 | 0.9153 | 0.3485| -0.3046 | -0.2908 | 0.8221 | 0.8217| 0.9886
Hpocenb
i -0.3588 | 0.8146| 0.0851| -0.9940 | 1.0000| -0.9957| 0.9139 | -0.9138 | -0.9125| -0.3537 | 0.3517| 0.3383| -0.8190 | -0.8187 | -0.9719
Hpocenb
311
JGKII. 0.3173 | -0.7793 | -0.0411 | 0.9998 | -0.9957 1.0000 | -0.9158 | 0.9169 | 0.9155| 0.3501| -0.3111 | -0.2973| 0.8221| 0.8217 | 0.9872
Snbxn -0.3251 | 0.9096 | 0.0287 | -0.9154 | 0.9139 | -0.9158 | 1.0000 | -0.9999 | -0.9998 | -0.4827 | 0.3411| 0.3000| -0.8928 | -0.8925 | -0.9009
Koo 0.3181 | -0.9042 | -0.0210 | 0.9167 | -0.9138 | 0.9169 | -0.9999 1.0000 | 1.0000 | 0.4840 | -0.3344 | -0.2931| 0.8951| 0.8949 | 0.9038
X 0.3179 | -0.9049 | -0.0207 | 0.9153 | -0.9125| 0.9155| -0.9998 1.0000 | 1.0000 | 0.4876 | -0.3345| -0.2926 | 0.8980 | 0.8978 | 0.9025
IIponyx.
Hacoca -0.0246 | -0.4876 | 0.1039 | 0.3485| -0.3537 | 0.3501 | -0.4827 | 0.4840 | 0.4876| 1.0000| -0.0106 | 0.0432 | 0.6091 | 0.6104 | 0.3251
IIponuBk
axn TK | -0.9978 | 0.4954 | 0.2827 | -0.3046 | 0.3517 | -0.3111 | 0.3411| -0.3344 | -0.3345| -0.0106 | 1.0000 | 0.9944 | -0.3111 | -0.3114 | -0.2131
IIponuBk
axn BT | -0.9978 | 0.4534| 0.2724 | -0.2908 | 0.3383 | -0.2973 | 0.3000 | -0.2931 | -0.2926 | 0.0432| 0.9944 | 1.0000 | -0.2486 | -0.2487 | -0.1991
BiJIKPUTT
S 3071
NtK1 0.2827 | -0.8107 | -0.0185| 0.8221 | -0.8190 | 0.8221 | -0.8928 | 0.8951 | 0.8980 | 0.6091 | -0.3111 | -0.2486 | 1.0000| 1.0000| 0.8103
BIIKPHUTT
S 3001
Ntz 0.2828 | -0.8108 | -0.0193 | 0.8217 | -0.8187 | 0.8217 | -0.8925| 0.8949 | 0.8978 | 0.6104 | -0.3114 | -0.2487 | 1.0000 | 1.0000 | 0.8098
14 rBuHT 0.2182 | -0.7200 | 0.0589 | 0.9886 | -0.9719 | 0.9872| -0.9009 | 0.9038 | 0.9025| 0.3251| -0.2131 | -0.1991 | 0.8103| 0.8098 | 1.0000
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3a pe3yabTaTaMy KOPEJLIMHUX MaTpullb Oyau BIAKMHYTI Mapu MapameTpis, LIO
IIarHOCTYIOThCS, K MaroTh KoedinieHT kopensnii Oimbime 0,99 [1]. Buxomsuu 3
aHajizy poOOTHM METOJy [1arHOCTYBaHHS, BHUKJIAJAE€HOro B po3aun 3, aedexTu
MPaKTUYHO HE TIOMITHI MDK C€O00I0, SKII0O BOHU BHKJIWMKAHI BIIXWJICHHIMU
KOHCTPYKTHUBHUX MapaMmeTpiB, 110 MalOTh KOPEJSLINHY 3aleXHICTh, OnM3bKy 10 1.
JlonatkoBO OyJM BIAKMHYTI MapamMeTpH, 110 J1arHOCTYIOThCS, 3HAUHE BIIXUIICHHS KX
Big HopMm KJI manoiiMoBipHO. [lo Takux mapaMeTpiB BIJHOCATBCA IUIOLII Sojr
TiIPaBIIYHOrO MWIIHIPA, 110 TPUBOJIUTH J0 PYXy OCHOBHY J03ylouy roiky. Husbka
UMOBIPHICTh 3MIHM JiaMeTpa VIIUIbHEHHS TUIPOLMIIHIApA MOSCHIOETHCS CEpPIMHOI0
TEXHOJIOTI€}0 MOr0 BUTOTOBJICHHS. YIIUIbHIOBAaHA MaHXeTa TAPOIMIIHApPAa BUKOHAHA
JUTTSIM TyMH B CHELIaJbHY ONpPaBKY, pO3MIpU K01 TMOCTIHHI. BiakunyBmu
BUIIIEBKA3aH1 KOHCTPYKTUBHI MapaMeTpH, I KOXKHOTO pexumy Oyio chopMOBaHO
nepesiik KOHCTPYKTUBHUX MapaMeTpiB, IO JIarHOCTYIOThCS, SIKUWA TPEJICTABICHUN B

tTabimuusx 4.9, 4.10,4.11, 4.12.

Tabmums 4.9. [lepenik mapaMeTpiB, 0 AIarHOCTYIOTHCS, ISl IEPEBIPKH 2

[TepeBipka

[MponuBka K. [Mponyk. BIJIKPUTTS 14
2 Swewo | Jdpocens I | Kugn | BT Hacoca 3001 Nx1 I'BUHT

Ta6mums 4.10. Iepenik mapaMeTpiB, 110 J1arHOCTYIOTHCS, JIs MIEPEBIPKU 3

ITepeBipka

IIponuBka KiI. IIponyx. BiJIKPUTTS 14
3 Swemo | Jdpocens I | Kuygin | BT Hacoca 3001 N1xy TBUHT

Tabmuns 4.11. Tlepenik mapameTpiB, IO J1arHOCTYIOTHCS, ISl IEPEBIpKU 4

Hepesipka | .,
4 xuknep | I[Ipomyk. Hacoca 1 rBUHT Koed C Tax T K164 ipyskmma TK' | Jliam ki1 TK

Tabmus 4.12. Tlepenik mapameTpiB, MO J1arHOCTYIOTHCS, IJIS1 IEPEBIPKHU 5

‘ HepeBipKa 9) ‘ 732 xuKkiep ‘ Hpocens CII | Koar ‘ 3 'BUHT ‘ K263 ‘ Koed. C rax. BT ‘
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4.4. Inentudikamnis MM arperary

JliarHOCTyBaHHs TipoarperaTiB y npocTopl BUMIPIOBAHUX MapaMeTpiB poOOYoro
MpoIeCY 3 BHUKOPHUCTAHHSM C€TAJIOHHUX MOJEICH, Yy SKHX CIIOYaTKy 3akKiajcHa
MO>KJIMBICTh MOJIENIOBaHHS Je(EKTIB, TATHE 32 CO000 HEOOXITHICTh 1eHTU(dIKAIIi Ta
YTOYHCHHS IIMX MOJIEJICH 3 BUKOPHCTAHHIM peaTbHUX CKCIEPUMEHTAIBHUX JNaHUX |7,
8]. HeoOxinuicte igeHTH(}ikamii giarHocTH4HOi MM  BH3HAYa€ThCS  KiIbKOMA
PUYNHAMH.

Etanonni moneni 3 BigoMumu jaedeKTaMH CIyKaTh OCHOBOIO IS OIIHIOBaHHS
TEXHIYHOTO CTaHy JOCJIPKYBaHOTO BHPOOYy, OJHAK MOXYTh HETOYHO BijgoOpa)kaTu
KOHKPETHUH aHaTI30BaHWM TiIpaBIIIUHUNA arperar, 0 XapaKTepHU3yeEThCs HaOOpPOM
NEeBHUX JIarHOCTMYHUX oO3HaK. KokHa TigpaBiiyHa CHCTeMa Ma€ YHIKaJIbHI
XapaKTepUCTUKH, 3yMOBJICHI HAsABHICTIO BIIXWJICHb IapaMeTpiB JeTalieil Ta
CKJIAJaIbHUX OJMHUIb y MEXKax MPU3HAYEHHUX JIOMYCKIB, a TAaKOX PI3HUMH YMOBaMH
ekcruryaranii. PeanbHl eKCIEpUMEHTANIbHI JlaHi KOHKPETHOTO BHPOOY T03BOJISIOTH
BIIKaNIOpyBaTH Ta YTOUHUTH €TaJOHHY MOJENb, HAOIU3HUBIIM i1 XapaKTEPUCTUKU 10
XapaKTepUCTHUK JTOCTII)KYBAaHOTO arperary.

INigpapmivyai arperaTd MOXYTh BHIPOOOBYBATHCS Ha PI3HUX BHUIIPOOYBATBHUX
CTeH/aX, KOXKEH 3 SKUX Ma€ BIACHHUM TiIpaBIIYHHI omip. 3MiHA TIAPABIIYHOTO OMOPY
CTEHJy 3HAYHO BIUIMBaE Ha pPoOOOTy arperata 1 MOXE COPUYUHUTH 3MIHY
KOHTPOJBOBAHUX TMapaMeTpiB pobouoro mporecy. PeanpHi maHi J0moMararoTh
CKOPHUTYBAaTH MOJIEIb 3 YPaXyBaHHSAM TaKUX 3MIHHUX SK TIPaBIIYHUN OMIp CTEHIA.

[NppaBniyauii omip BUMPOOYBAJIBHOTO CTEHJA, HA SKOMY IPOBOJMBCS JaHUUN
EKCIIEPUMEHT, CKJIAJIA€ThCS 3 EKBIBAJICHTHHX OMOPIB MEPIIOro KOHTYPY (DOPCYHOK,
JIPYyroro KOHTYPY (OPCYHOK Ta Kamepu 3ropsHHs. [imIpaBiaidyHWil omip 3a3HAYE€HUX
€JIEMEHTIB BHU3HAUYAETHCS TMPOXITHUM TEPEPI30M IPOCEIis, MOMINIEHOT0 B KaHall Tedil
po6ouoi pimuan. Y MM arperara 11i Apoceri XapaKTepu3yIThCsl TUIOIIAMH TPOX1THIX
nepepiziB Fi For Fes. 3MiHA omopy 1uX €IEeMEHTIB Bele J0 3MIHM THUCKY po00o4oi

pIAMHU B YyCiX TOYKaX BUMIPIOBAHHS, a TaKOX BHUKJIHMKA€ 3MIHY KOHTPOJIHOBAHOIO
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napameTpa (BUTpaTH majwBa) Ha pexumax pobotu perynstopiB PO TK i PO BT.
[loniOHMM YMHOM BIUIMBa€E Ha poOOOTY arperara HajallTyBaHHS BIAKPUTTS HIAMNIPHO-
3amipHOrO KjamaHa Jpyroro KOHTYpy QopcyHok (mepeBipka 1 Tabn. 4.3).
HanamryBanHsa 1pboro miAmipHO-3amipHOro KjianaHa Mae Ay’Ke IUPOKUN JOMYCK 00
TUCKY BIJKPUTTSA Ta MOYATKOBOi BUTPATU pOOOYOI PIAMHU TPH BIOAKPUTTI KIlaraHa.
3MiHa HajalTyBaHb MIANIPHO-3aMIPHOrO KJAlaHa JPYyroro KOHTYpPY (OPCYHOK Yy
MeXkax 3a3HA4eHOro JIOMYyCKY, TaKOXK SIK 3MIHA OMOPY CTEH]y, MPU3BOJUTH O 3HAYHOI
3MIHM THCKY MaJliBa B TOYKaX BUMIPIOBAHHS Ta 3MIHU KOHTPOJIbOBAHOT BUTPATH MalnBa
Ha pexumax pobdoru peryistopis PO TK, PO BT. ¥ MM nanamtyBaHHS BIAKPUTTS
KJanaHa 3aJlaHe 3HAYCHHSM JXOPCTKOCTI MPYXUHH Kgx Ta T1 3aTSKKU Xgg. TOMY IS
inentudikarmii MM Oynu migiOpani 3HadeHHs mapameTpiB Fii, Fox, Fexs s KRk, Xrx TaKHM
YUHOM, 11100 pO3paxyHKOBE 3HAUEHHS TUCKY B TOYIlll BUMIiproBaHHs Pj, 30iramocs 3
peaNbHUMHM E€KCIIEPUMEHTAJIbHUMU JaHUMU. Y pe3yibTaTi migdoopy abcomtoTHa
NOMHJIKA MDK PO3PaXyHKOBUMM 3HAUYE€HHSIMHU THCKY poOodoi piauau P Ta
eKCIIePMMEHTATBHIME 3HAYCHHAMH He mepesuinysana 1,5 krc/cm” [1]. TIpukiazn 3vinu
TUCKY P 1Mo migbopy 3a3HaueHWX KOHCTPYKTHUBHHX MapameTpiB 1 micis it MM

arperaty Ne652 nHaBeneHno B tadi. 4.13.

Ta6mums 4.13. Tlapamerpu po6odoro nporecy J0CTiKYBaHOTO arperary, a Takoxx MM
10 1 micns ineHTudikamii THCKY Piy

ITapamerp ITicns per. MM MM inentud.
G, M°/c 6.39E-05 6.48E-05 6.49E-05
P1., [la 3313700 2956455 3223633
Poy, Ila 583175 129843.3 416807.3
Pam, [1a 3968425 3472414 3735960
Ponr, [1a 4722750 4234077 4498099
Py, Ila 5004975 4527918 4791700
P adpicn, 112 970425 901782.6 902507.9
P, [1a 789600 725773.3 726582.1
Pio, [1a 4211125 3748461 3989055

Pxwmr Tk, 12 4383125 3822108 4062412
Pcr, I1a 4314250 3806928 4046207
P, [1a 1733500 1699446 1701173

[IpaBunpHUt  WigOIp MapaMeTpiB BUXIAHOTO OMOPY JO3BOJISE TPHBECTH

p03anYHKOBi 3HAYCHHsA THUCKY IIaJIMBa Y BY3JIOBUX TOYKax, pO3TAalllIOBAHUX 10
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MIANIPHO-3aMIPHOrO KjamaHa, JO OJHOIO pIBHS 3 €KCHEPUMEHTAIbHUMH JaHUMHU.
TakuM uyMHOM, y pe3ynbTaTi 1AeHTU(]IKALll 3HAYHO TOJIETUIYEThCA PO3B’sA3aHHS
3aBJaHHS J1arHOCTYBAaHHS, OCKUIBKM B IHIIIOMY BHUIAJKy BUpillyBajiacs O mpoOiema
JoKani3alii HeclpaBHOCTEH CIPUYMHEHUX Oaratopa3oBuUMH jAedekTiamu. Jlo Toro ix,
EKCIIEPUMEHT MOOYA0BaHUN TAKUM YMHOM, IO AIarHOCTUYHA IIHHICTh MmapameTpiB Fyy,
Fox » Few » Krk, Xgx A1 mepeBipok 2, 3, 4, 5 HeBelMKa, OCKUIBKM JIaHI MapameTpu
NEPEBIPAIOTHCS Ta MIAJAMTOBYIOTHCS il Yac MEPEBIPKU CTEHAOBOTO OOJIaIHAHHS Ta
NEPEeBIPKU TUCKY BIIKPUTTS MIAMIPHO-3aMiPHOrO KiamnaHa Apyroro KOHTypy (pOpCcyHOK,

IO BUKOHYETHCA HA CaMOMY ITIOYATKY.

4.5.  Awnani3 pe3yJbTaTiB 3aCTOCYBaHHS METOY J1arHOCTYBaHHS

VYHacHiIoK NpoOBEEHHS BXITHOTO KOHTPOJIIO IMapaMeTpiB Oylo mepeBipeHo [
arperatiB [1]. Hyis kokHOTO 3 arperaTiB OyJ0 BHSBICHO HU3KY HEBIIMOBIIHOCTEH
BUMOT'aM TEXHIYHHUX YMOB IMpHU PI3HUX mepeBipkax. Y Ttadmuii 4.14 a1 KOXHOTO
JOCHIKYBAaHOTO arperara HaJlaHo B O€3pO3MIPHOMY BHPAXKCHH1 3HAUEHHS BIAXUJICHb
KOHTPOJILOBAHOTO NapameTpa (BUTPATH HaKBa) JJis1 KOXHOI MEpPEeBIPKHU, HA K1 Oyi0

BUSBJICHO HGCHpaBHiCTB.

Tabmuns 4.14. 3Ha4eHHS BIIXUICHb KOHTPOJILOBAHOT BUTPATH MAJIMBA JJISI KOKHOTO
JOCJTIJIPKYBAHOT'O arperaTty

Ne arperara [Tepesipka 2 ITepeBipka 3 ITepeBipka 4 ITepesipka 5
652 -0.08096 -0.05806 0.07533 -0.14102
712 -0.05012 -0.06425 0.163871 -0.23646
125 - - 0.15612 -0.49463
608 -0.1058 -0.14972 - -0.24383
246 - - - -0.07391
1044 - - -0.46041 0.359398
7044 - - -0.61575 0.333909

3HaueHHS J1arHOCTUYHUX O3HAK, OTPUMaH1 B pe3yJbTaTi EKCIIEPUMEHTY, IS BCIiX
3a3HAYCHUX arperariB Ha KOXHIA 3 TepeBipok, Oynmu ycepemneHi. Y Ttabmumi 4.15
HaBeqeHO mpukian juisi arperata Ne652. [{ns IlepeBipku 5 Oynu BumaneHi 3 4yucia
JTIaTHOCTUYHUX O3HAK TaKi MapaMeTpu poO0OdYoro Mporecy 3 Oriisiay Ha iX HU3BKY

1HGOPMATUBHICTD: P ;gn, P nre, P kit -
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Tabnuus 4.15. 3HaueHHs JIarHOCTUYHUX O3HAK 3a(IKCOBAHUX Ha KOXKHIN mepeBipiil
nst arperata Ne652

ITo3nauenns | Ilepesipka 2 | IlepeBipka 3 [TepeBipka 4 I[TepeBipka 5
G M/
M 5.96E-05 1.52E-04 1.84E-04 1.01E-04
PlK, Ha
3255025 3959250 4101750 3688408
P2K, Ha
568450 1430400 1998500 803582.1
Pan, ITa 3908400 4642750 4803725 4350846
Poxr, Tla 4780500 5612350 5958650 4802736
Py, Ia 5062525 5920550 6270025 5113234
Pgin, [1a 970450 1190125 1118200 i
P, Ta 789125 1013375 1142725 -
Pro. Ta 4270275 5053125 5339975 4277313
Pmr T, Ia 4444125 5095000 5074650 4039502
Pcr, Tla 4375875 4998600 4927450 3662388
Picrrr, ITa 1667075 1722250 1790200 -

45.1. Amnamz  pe3ynbTaTiB  3aCTOCYBaHHS  METOAYy  JIarHOCTyBaHHA  Ha

nepesipkax 2 Ta 3

PosrnssHeMo moeTamHO 3acTOCYBaHHS METOAY J1arHOCTYBAHHS IS JIOKai3amii
HecrpaBHOCTI B arperati Ne652 mpu mepeBipiii 2. Ha mouaTtkoBoMy ertari HEOOXiTHO
imertudikyBatu MM arperary juist nepeBipku 2. [l mporo Oymnu migibpaHi mapameTpu
Fio Foxo Few, Krxk TakuM yuHOM, IIOO NMpH PO3paxyHKOBIM BHTpATi IMajavBa, PIBHIH
EKCIIEpUMEHTAIBHIN BHUTpaTI MajuBa, PO3PAaXyHKOBI 3HAYCHHS THUCKY manmmBa Py
BIIPI3HSIUCS BiJl €KCIICPUMEHTAILHUX 3HAYCHb HE OuTbINe HiK Ha 1,5 krc/em?. Tlicns
IIHOTO 3a JOMOMOTOI0 i1eHTH(iKoBaHOT MM OyB OTprMaHMil BEKTOpP ICTHHHUX 3HAYCHB

napameTpiB pobodoro mporecy s 1miei nepeBipku Y,. Buxomsum 3 Toro, mo meron
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JIarHOCTYBaHHSI OMEpPYy€e BIJHOCHUMHU BIIXUJICHHSAMH MapaMeTpiB poOOYOro Mmporecy,

Oy710 po3paxoBaHO BEKTOP BIAHOCHHUX BiIXWJICHD OY

Y- Y, (4.2)
Y =
o =

ne Y — BeKTOp 3Ha4€Hb BUMIPSIHUX MapaMeTpiB poOOYOro Mmporiecy.

VY 1abn. 4.16 gns arperata Ne652 1 mepeBipkd 2 HaBeJIEHI BEKTOP MapameTpiB
pobouoro mnpouecy Y, OTpUMaHUN B pPe3ysbTaTi E€KCIEPUMEHTY, BEKTOp IIMCHUX
napameTpiB pobouoro mnpotecy Yy, oTpuMaHuil B pe3ynbTaTi po3paxyHky MM, 1 BekTop
BiJTHOCHUX B1JIXUJIEHb MapameTpiB §Y .

Tabmuis 4.16. Bektopu BUMIpSHUX 3HAYEHD MMapaMeTpiB, JIMCHUX PO3PaXOBAHUX
napamMeTpiB Ta BEKTOP BITHOCHUX BIIXWUJIEHDb IMapaMeTpiB (JIarHOCTUYHUX O3HAK)

[TapameTtp Y Yy oY
G, M /c 5.96E-05 6.49E-05 -0.08096
P1, Ia 3255025 3223633 0.009738
P2, I1a 568450 416807.3 0.36382
Pam, I1a 3908400 3735960 0.046157
Por, I1a 4780500 4498099 0.062782
Pu, I1a 5062525 4791700 0.05652

P ugpicn, 112 970450 902507.9 0.075281
Phme, [1a 789125 726582.1 0.086078
Pio, I1a 4270275 3989055 0.07049

Pxmr Tk, Ila 4444125 4062412 0.093962
Pcm, [a 4375875 4046207 0.081476
Pk, 1a 1667075 1701173 -0.02004

BianoBigHO 10 yMOBHHX IO3HAY€HB, BBEJCHUX Y PO3ALT 3, MO3HAYUMO BEKTOP

. . . —
BIJHOCHUX BIIXWJICHb BUMIPIOBaHb K Z*.

3HavYeHHS BEKTOpA BIIHOCHUX BIIXWUJICHH JMIMCHHUX MapaMeTpiB poOOYOro MmpoIecy

-

. . . g . .
Z Ta BEKTOpa BITHOCHHX BIIXWJICHb BHMIpIOBaHb Z* HEOOXiJIHO HOpMaJi3yBaTH,
PO3AUTHBINY KOKHE BIIHOCHE BIIXWJICHHS MapaMeTpa poOoUdoro mpolecy Ha BiAMOBITHE
0e3pO3MIpHE CEPEHBOKBAIPATUYHE BIIXUIIEHHS T, ;!
&Y 4.3

Zi = ;
Ogp i
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(4.4)

Jlns wiei mepeBipku OyJ0 pPO3paxOBaHO MATPUII0 KOE(IIIEHTIB BIUIUBY, fKa

HaBejeHa y Tabmuii 4.17.

Tabmuus 4.17. MKB nns nepeBipku 2 arperatu Ne652

[Tapametp Hpocens IIponuska | IIponyk. BIJIKPUTTS

SmeM0 pil| K s ki1. BT Hacoca 301 Nkt 14 rBuHT
Gn 2.388381 | -0.95437 | 0.113579 | -0.00453 | -0.00012 0.425753 | 0.301967
P« 0.694873 | -0.36756 | 0.031832 | -0.00076 | -0.00024 0.119594 | 0.084969
Pox 11.50914 | -3.65648 | 0.480829 | -0.0194 -0.00068 1.83465 1.29245
Pan 0.602614 | -0.3191 0.027698 | -0.00049 | -0.00019 0.103815 | 0.073685
POJIF 1.358532 | -0.58121 | 0.061724 | -0.00176 | -7.36E-05 | 0.232056 | 0.061199
Py 1.273371 | -0.54487 | 0.057502 | -0.00211 | 0.002132 0.217228 | 0.057086
Pud)m 0.00961 -0.00691 | 0.226209 | -0.00958 | 0.00212 0.858835 | -0.00092
Pk 0.016462 | -0.00981 | -0.00043 | -0.00183 | 0.001337 1.068246 | -0.00055
Pio 1.405344 | -0.6007 0.063893 | -0.00147 | 6.50E-05 0.24077 0.06417
Pimr i | 1.371144 | -0.58721 | 0.061971 | -0.07018 | -0.00035 0.233966 | 0.061906
Pcn 1.371757 | -0.58627 | 0.062413 | -0.07799 | -2.42E-05 | 0.234683 | 0.062071
Pxor 0.019159 | -0.00946 | 0.000714 | -0.00031 | 0.000634 -0.00816 | 0.000817

Jlns  crpomieHHs 3aBJaHHS Ta  IONEPEAHBOI  OIIHKKM  SIKOCTI  METONY

JIarHOCTYBaHHS,

MKB Oyna po3paxoBaHa TPy BIIXWICHHSX KOHCTPYKTHBHHUX

napameTpiB y noaatHuii 0ik Ha 5%. 3 aHaAMI3y OTpUMaHUX Pe3yabTaTiB J1arHOCTYBaHHS,

3a HEOOXIIHOCTI,

KOHCTPYKTHBHUX IMapaMeTpiB PI3HOI BETUYUHHU.

MOKHa 3actocyBath HaOip wartpunb MKB 1ns  BigxuieHb

Haii 3a momomororo JiHiiiHOT MM (dopmymu (4.5) Ta (4.6)) Oyino BU3HAYCHO

BEKTOPHM BIIXWJIEHb JIarHOCTUYHUX O3HAK, SIKi BIJIMOBIMAIOTH HECIPAaBHOMY Ta

Hemnpare3jaTHOMY CTaHaM Ha JaHii mepeBipiri:

OHHci = Hij XH

cj;

OH,,; = Hij - X,n j,

(4.5)
(4.6)

ne X,. j — BIIXWIEHHSA j-TO KOHCTPYKTMBHOIO IIapaMe€Tpa, IO HPUBOJUTH 00 €KT y

HECIPaBHHI CTaH;
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Xy, j — BIIXWJICHHS |-TO KOHCTPYKTMBHOI'O IapaMeTpa, SIKE IPUBOAUTH 00 €KT y
HeMpane31aTHUN CTaH.

3HaueHHs KOKHOTO 3 BIAXWJIECHb KOHCTPYKTMBHMX MapaMeTpiB X, j, MIO
J1arHOCTYIOThCS, MIAOUPATUCA 1O MOMEHTY JOCSTHEHHS 3HaYEHHS BIIXUJICHHS BUTPATH
nammBa OH,. 0,015 (1,5%). AmnamoriyHo, 3HAa4YeHHS KOXHOTO 3 BIAXWJICHb
KOHCTPYKTUBHUX IapamMerpiB X,, j, 110 TIarHOCTYIOTbCS, MIAOUpAIMCS 3a YMOBH
JOCSITHEHHS 3HAUCHHSI BiXWiIeHHs BuTpatu nanusa OH,, 0,4 (40 %).

[Ticas nporo O6yno BU3HaYeHO HOpMU BekTopiB OH,,. ta OH,,;:

4.7
L, = \/ OH,..*+ OH, .,°+...+O0H,.;*; (47)

4.8
L, = \/ OH,.*> + OH,,*+...+0H,;>. (48)

Byno Takox BH3HAYEHO KOCHHYCHY BIJICTaHb MK BEKTOPOM BIIXWJICHBb JIHCHHUX

-

3HaueHb MapamMeTpiB poOOUYOro mpolecy Z Ta BEKTOPOM BIAXUIIEHb IarHOCTUYHUX

. ——
O3HaK JOCIII)KYBaHOTO arperary Z*:

(a) 'z 9
cos\q) = ————.
]| - |12

3a 3HaYCHHSIMHU KOCHMHYCHOI BiJICTaHI MK BEKTOPOM BiIXWUJIEHb JIMCHUX 3HAYCHB
napamMeTpiB poOOYOro MpoIecy Ta BEKTOPOM BIIXWJICHB JIarHOCTUYHUX O3HAK, & TAKOXK
HOpMamMu BektopiB L,., L,, Oyna Bu3HaueHa QYHKIIS IIUTBHOCTI PO3MOALTY
o . . -3 . A
WMOBIpHOCTI P (Z |Sj) CIIOCTEPEKEHHS  medekTy §; Ta po3paxoBaHi Mexi ii

IHTETpYBaHHS:

=L (4.10)

e J"Lunj_aj| 1 —_‘uzd
S ——e 2 du,
LHl’l - LHC _|aj| V21

7 3HAYCHHS MHOXXHHKIB @ 1 p JUIS KOXHOro |-ro nedeKTy BHpPaxoBYyBajocs 3a

P(Z')s)) =

dbopmymamu
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a=|zZ* (4.11)

cos(a);

p= ||? sin(a). (4.12)

s dyHkiis Oyna npoiHTErpOBaHA B 3a3HAYEHUX MEXKax, MICIs 4Oro Oyjiu OTpuMaHi
3HAYCHHS YMOBHOi HMOBIPHOCTI P(?|Sj). [lincTaHoBKa CIIIBBIJIHOIIEHDL JUIS
iMoBipHOCTEH P (Dj) 1 P(?|Sj) y Bupa3 (3.1) no3Bonmiaa OTpUMaTH 3HAUYCHHS YMOBHOT
HMOBIPHOCTI P(Dﬂ?) HasBHOCTI Jepekty Dj, 10 BIIHOCHTBCS 10 Kiacy Sj, TpH
BUMIPIOBaHH1 BEKTOPA JIIarHOCTUYHHUX O3HAK VA

Jlnst arperatiB, B SIKMX BUSABJICHO HECHPABHICTh Ha mepeBipii 2, Oyna BHKOHaHA
JoKai3alisi HecripaBHOCTI. Y Tabm. 4.18 [1] HaBeneHO 3HAYCHHSI YMOBHOT HMOBIPHOCTI
JUIAL KOKHOTO Kiacy S; nepeKTy, 10 BIIHOCHTBCS JIO MEBHOTO KOHCTPYKTUBHOIO

napamerpa.

Tabauus 4.18. 3Ha4eHHs1 yMOBHOT HMOBIPHOCTI CLIOCTEPEKEHHS nedekTy D; Kiacy

S; i NepEBIpKy 2

[Mponueka k. | [ponyk. BIJIKPUTTS 3071,
Ne Shemo Jlpocens T K 1ipicn BT Hacoca N1 14 rBuHT
652 1.05E-09 | 0.9999999 | 1.28E-20 | 5.14E-105 0 1.38E-26 0
712 | 5.59E-05 1.00E+00 | 4.51E-26 3.07E-63 0.00E+00 2.89E-43 0
608 | 6.00E-12 4.18E-11 | 5.42E-09 6.95E-09 | 6.73E-141 1| 4.10E-93

Posbepemo neranpHimIe pe3yabpTaTH AIarHOCTYBAHHS I KOXKHOTO arperarta. J{is
arperatiB Ne652 ta No712 meton kmacudikyBaB 13 yMOBHOIWO HMOBipHICTIO 0,999(9)
nedexT, MoB'I3aHui 3 BIAXUIICHHSIM BiJl HOPMHU IPOJUBKHU Apocens «[». HempaBunbHe
HaJAIITyBaHHA TPOJMBKH napocens «/I» Beme mo 3Minu mepemnany Tucky Ha All Bin
3a3HAYCHOI B TEXHIUHIA JOKYMEHTAIlii BUMOTH, 110 CIPUYUHSIE 3MIHY KOHTPOJIHOBAHOT
BUTpaTH mnaynuBa. 3 Tabm. 4.15 MokHa BH3HAUMTH, IO Ui arperata Ne652 meperman
TUCKY € APan = Pogr-Pan = 8,72 KFC/CMZ, [0 HE BIANoBijae BuMo31 7,5+0,5 Kre/em>.
Jltst arperata Ne712 meperan APay ckmaB 9,72 kre/cm?, 10 TakoX HE BimmoBimae
BUMO31. 3a pe3ylbTaTamu I1i€i MepeBIpKH BUMPOOYBad BIJKOPUTYBAaB HAJIAIITYBaHHS
npocens «Jl», micns doro 3HadeHHs nepenany Tucky Ha All Tta BuTpaTtH mnanuBa

OMUHWINCS B MeXax Jonycky. Takum 4YuHOM, pe3ylbTaTu Kiacudikaimii gedexty
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30IraloThCs 3 peajbHUMHU NpUYMHAMU Horo BUHUKHEHHs. [[ns arperata Ne608 meton
KiIacu(iKkyBaB 3 YMOBHOI WMOBIpHICTIO 1 nedekT, MOoB'I3aHUM 3 BIAXWICHHSIM
nepenaay TUCKY Ha AMQKIanaHi, 0 € TOMHIKOBOIO OLIHKOIO.

[Ticns xkopuryBaHHS BUTpATW MajiiBa Ha Iepesipul 2 Oylia mpoBeleHa NepeBipka
BUTpaTH NajuBa Ha nepesipui 3. 3 Tada. 4.14 BUIHO, 1110 Ha IepeBipii 3 OyJI0 BUSBICHO
HEBUIMOBIAHICTh BUTPATU NajuBa BuMmoraM TVY mist tux sxe arperatiB NeNe 652, 712 ta
608. YV Tabn. 4.19 [1] HaBeneHO 3HAYCHHS YMOBHOI MMOBIPHOCTI CIIOCTEPEKEHHS

KOXHOTI'O KJIaCy S] ;[e(beKTy, 10 BiI[HOCI/IT]'::CSI A0 IMCBHOI'O KOHCTPYKTUBHOTO IMapaMeTpa.

Tabauns 4.19 3naueHHs yMOBHOT HMOBIPHOCTI criocTepekenHs aepekry D; knacy S;
JUTSI IepeBIpKH 3

IIponuBka K. BIAKpUTTS 301 | 14
Ne Siem0 Jipocens JT | Kugin BT Tpozyk. Hacoca N1x1 TBUHT
652 |0 0 0 0 0 0 1
712 |0 0 0 0 0 0 1
608 |0 0 0 0 0 0 1

Jlns  arperatiB NeNe 652, 712 Tta 608 wMeron kimacudikyBaB 3 YMOBHOIO
iMoBIpHICTIO 1 AedekT, MoB's3aHUil 3 HENpaBUJILHUM HaJalITyBaHHSIM TBHUHTa Nel4.
3rifHo 3 AII0YOI0 TEXHIYHOIO JOKYMEHTAIlI€0, BUTpaTa MajJiiBa Ha JaHIM IMepeBipIl
BUKOHYEThCS HasamTyBaHHsAM nonoxeHHs J[I' AIl 3a qomomororo reunta Nel4. Ilicus
BUSIBIICHHS HECTIPABHOTO CTaHy BHUINPOOyBad y BCIX 3a3HAUYEHHX arperarax
BIIKOPUTYBaB BHUTpPATy MalliBa B MEXaX OOYMOBJICHOTO JOIMYCKY pETYIIOBaHHAM
reuHTa Nel4. Tlpum 1poMy, BHUXOASIYM 3 pE3YNbTATiB TOMEPEIHBOI TMEPEBIPKU Ta
nomaneoi  AedekTarii  By3ITiB BIIXWJICHb  IHIIUX

pe3yIbTaTiB arperara,

KOHCTPYKTHBHUX TlapamMeTpiB He OyJo BHUSBIECHO. TakuM YHHOM, pe3yIbTaTH
kinacudikamii gedeKkTy METOJOM [iarHOCTYBaHHS JUIsl TepeBipku 3 30iraroTrhes 3
peaNTbHIMH TIPUYMHAMHM BUHHKHEHHS, a cCaMe HENPaBWIbHUM HAJIAINTYyBAaHHSM TBHHTA
Nel4.

Jlnst 00'eKTUBHOT OILIHKHK AKOCTI Kiacudikarii mpu mepeBipkax 2 ta 3 HEOOXiTHO

OTpUMATH JEsAKI KUTbKICHI IMOKa3HUKU. J|0 OCHOBHHMX MOKAa3HHUKIB SKOCTI KiacHu]ikarrii

BigHOCATHCS [9]:
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Tounicmos (Accuracy), sika ONUCY€ 3arajbHy YacTKy NpPABUIIBHUX Mepea0adcHb
(momatHUX 1 Big’€MHUX) BiJ 3araJibHOT KUTBKOCTI BHNaakiB [9]. Po3paxoByeThcs mei

ITIOKAa3HHUK K

TP + TN (4.14)
TP + TN + FP + FN’

Accuracy =

ne TP «True Positive», TN «True Negative» — BipHI nepeadadyeHHs aJIrOPUTMY
kiacudikaiii mpo crmocrepekeHHs meBHoro kimacy (True Positive) abo He
crioctepexxeHHi panoro kinacy (True Negative);

FP «False Positive», FN «False Negative» — HeBIpHI nepen0ayeHHs] alrOpUTMY
kiacudikaiii mpo cmoctepekeHHs neBHoro kiacy (False Positive), unm He
crioctepexeHHi nanoro kiacy (False Negative ).

Tounicmo (Precision) — moka3sye, sika YacTKa MO3WTHUBHHUX KiacuQikamid Oyna

CIIpaB/ii BIpHOIO:

TP (4.15)
TP + FP'

Ilosnoma (Recall) — Bu3Hauae, sIKy 9acTKy CHpaBKHIX MMO3UTHBHUX BHUIIAJIKIB

Precision =

KJ1acu(pikaTop 3MIT MPaBUILHO BUSHAYUTH

TP (4.16)
TP + FN’

F1-mipa — rapmoHiiiHe cepeaHE TOYHOCTI Ta MOBHOTH, KOPHUCHE IS IMOPIBHSIHHS

Recall =

kiacudikaTopis, Koju moTpideH O6amanc mixk Precision Ta Recall :

Precision X Recall (4.17)

F1=2X — .
Precision + Recall

OpHak 11 METPUKHU 3aCTOCOBHI JuIie ais OiHapHOT kiacu@ikailii 1BOX KiaciB. Y
CIieHapii, e TUTbKK OJUH Kjiac Moke Matu ictuHHO mo3utuBHI (TP) ominku, a pemrra
KJIaciB  MOXYTh MaTh Tulbkd icTuHHO HeratwBHI (TN) OIlIHKH, TOYHICTH
MYJIBTUKIIACOBOI Kiacudikarii Moxxe OyTH po3paxoBaHa iHakmie. 3a3BUYail Makpo-

ycepennena TouHicTh [10, 11] BpaxoBye TOYHICTH KOKHOTO KJIACy OKpPEMO 1 MOTIM
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ycepeaHtoe 111 3HaueHHs. OJHaK y JaHOMY BHUIIAJIKy LIe METOJl MOXKE HE BIOOpakaTu
peanbHy KapTUHY, OCKUIbKY 11t OubiiocTi kiaciB TP ta FP nopiBHIOBAaTUMYTH HYJIIO.
VY Takux yMoOBax TOYHICTH JJIsi KOXKHOTO Kjiacy, ne MOxuBi juiie TN OIliHKH,
¢akTuyHOo He BHU3HAueHa (ockuibku TP Ta FP nopiBHIOIOTH HyNIO, 1 MU OTPUMYEMO
IOUIeHHS Ha Hy’db). OTxe, B IbOMY BHUIMAJKY Kpalle BHUKOPHUCTOBYBAaTH 3arajbHy
TOUYHICTb (Accuracy) 4d MiKpO-ycepeIHEH1 METPUKH.
3arampHa  TouHicTh  (Overall  Accuracy) Bumiproe 4YacTKy TpPaBUIBHO

KJ1acu(PiKOBaHUX BUIIAJIKIB B/l 3arajbHOT KUIBKOCTI BC1X BUTIAJIKIB:

Bcboro npaBusibHux kiaacudikaunivt (TP + TN) (4.18)

Accuracy = - - 5
Y 3araJjibHa KiJIbKiCTb BUIIQIKiB

Mikpo-ycepennena tounicts (Micro-averaged Precision) — 1ie MeTpuka s
OI[IHKM SIKOCT1 Kiacudikallli, sKka BHU3HAYAETHCA IIUIIXOM arperyBaHHsS ICTUHHO
no3utuBHUX (TP) Ta xubno-mo3utuBHuX (FP) pe3ynbraTiB 3a BcimMa KilacaMu Ta
OOYHUCIIEHHS] TOYHOCTI HAa OCHOBI LIMX arperoBaHUX [aHUX, [0 OOYUCIIOETHCA 3a
bopmynoro  (4.19) [12]. Lls wmeTpuka OCOOJMBO KOPHCHA Yy BHIAAKax 3
He30aJaHCOBaHMMU Ha0OpaMM JTaHUX, OCKUJIBKM BOHA BPaXOBY€E BHECOK KOKHOIO KJacy
B 3arajbHy KUIbKICTh ICTHHHO TO3WTUBHUX 1 XHOHO-TIO3UTHMBHUX pE3yJIbTaTiB,

3a0e3Ieuyour TOUHIIIE YSIBICHHS 3araibHoi e()eKTUBHOCTI KitacudikaTopa:

3arajibHa KibKicTb TP (4.19)

Micro Precision = - - - -
3araJsibHa Kinbkictb TP + 3arasbHa KiJbKicTb FP

[Ilo6 oTpumaTH BXiAHI JaHi IJs1 PO3paxyHKY MOKA3HHUKIB TOYHOCTI Kiacudikarii,

moOyayeMo I IepeBipoK 2 1 3 MaTPHINIO MOMIIIOK Kitacudikarrii.

Tabnuns 4.20. MaTpuiis mOMUIOK Kiacudikarii A mepeBipku 2

TP TN FP FN
Kimac 1 0 3 0 0
Knac 2 2 0 0 1
Knac 3 0 3 0 0
Knac 4 0 3 0 0
Knac 5 0 3 0 0
Knac 6 0 2 1 0
Knac 7 0 3 0 0
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Jlist mepeBipku 2 BUOIpKa CKIIAJIA€ThCA 3 TPhOX €KCIEPUMEHTIB. Y€l KJIacH, KpiM 2
1 6, y BCIX TpbOX BHIaJKax OyJW MPaBUIIBHO KJIACHU(]IKOBaHI alrOPUTMOM, SIK TaKi, B
AKUX Ae(PEeKT BIACYTHIM, ToMy B cToBILI TN MaTpHili HOMWIOK BCTAHOBJIEHO KUIBKICTh
NPaBUJIBHUX HETATUBHUX OIIHOK, IO IOpiBHIOE 3. JIns kjacy 2 anropuTM MpaBUIBHO
nepen0ayuB HAsABHICTh AEPEKTY, TOMY KUIBKICTh BUNAJKIB MPABMIBHUX MO3UTHBHUX
OLIIHOK J0piBHIOE 2. TakoX B1IOMO, IO JJIsi TPETbOIO EKCHEPUMEHTY alrOpUTM
HEeMpaBUIbHO KiacudikyBaB aedeKT 3a kiacoMm 6, xoda OyJio BiIOMO, [0 B PEabHOCTI
nedekt onucyBaBcs kinacoMm 2. Tomy st kimacy 2 € oaHe nmomuikoBo-HeratuBae (FN)
nependadeHus, a Juid Kiacy 6 — ogHe xuoHo-mo3utusHe (FP).

Ha miacraBi matpumi nomwiok (tabn. 4.20) ta dopmyn (4.18), (4.19), nns
nepeBipku 2 OyJid BU3HAYECH] TaKl TOKA3HUKU.

3aranpHa TouHicTh (Overall Accuracy) — 90.48 % [1]. Lle o3nauae, mo 90.48 %
ycix knacu@ikaimiii (BKJIOYAIOYU ICTUHHO IO3UTHUBHI Ta ICTUHHO HETAaTHBHI) OyJH
BUKOHAHI MPaBUITHHO.

Mikpo-ycepennena tounicte (Micro-averaged Precision) — 66.67 % [1]. Ile
Oo3Hauae, IO Cepel YCIX BUIMANKIB, Ae Kiacudikarop mnependadyuB IMO3UTUBHUI
pesynbrat, 66.67 % Oynu MO3UTUBHUMU.

Ili pe3ynpTaTH NOKAa3yIOTh, IO, HE3BaXAlOYM HA BHUCOKY 3arajibHy TOYHICTH
kiacudikaropa, HOro 37aTHICTh MPaBUIBbHO 1IeHTH(IKYBaTH No3uTHBHI Bunagku (TP)
HE Taka BUCOKa, K MorJia 0 OyTH.

[Ilo6 omiHuTH SKICTh KiIacudikamii sl TepeBipku 3, TaKoX OyJI0 CKIaIeHO
MaTpHII0 MOMWIOK Kiacudikarii (tadn. 4.21), a Ha T mizcTaBi po3paxoBaHO 3araibHy

TOYHICTb 1 MIKPO-yCepeTHEHY TOYHICTb.

Tabnuns 4.21. Matpunis moMuiiok kinacudikaiii ajis nepeBipku 3

TP TN FP FN
Kimac 1 0 3 0 0
Knac 2 0 3 0 0
Knac 3 0 3 0 0
Knac 4 0 3 0 0
Knac 5 0 3 0 0
Knac 6 0 3 0 0
Knac 7 3 0 0 0
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Jlist mepeBipkH 3 MOKa3HUKH 3arajlbHOiI TOYHOCTI Ta MIKPO-YCE€PEIHEHOI TOUHOCTI
cwramn 100 % [1]. Cnoig 3a3HauMTH, WO TOYHICTh Kiacudikamii Moxe OyTH

CKOpHUI'OBaHa 3 JOJaBaHHAM JaHUX HOBHX GKCHepI/IMeHTiB.

4.5.2. AHani3 pe3ynbTaTiB 3aCTOCYBaHHS METOAY JAIarHOCTYBaHHS  JUIS

nepeBipku 4

Ha nactynHomy erani 6yJna mpoBejieHa MepeBipka BUTPATH MMajiMBa HA nepesipili 4.
3 Ttabn. 4.14 mix uyac nepesipku 4 HanamrtyBaHHs peryistopa PO TK Ha pexumi
0OMEXEeHHSI MaKCUMaJIbHOI 4acTOTH OOepTaHHs Ny, OyJ0 BUSBIEHO HEBIAMOBIIHICTH

BUTpaTH nayuBa Bumoram TB jus arperatiB NeNe652, 712, 125, 1044, 7044. Y Ttalmn.

4.22 HaBEICHO 3HAYCHHS YMOBHOI MMOBIPHOCTI CIIOCTEPEXEHHsS KOXKHOTO KIAcy Sj

nedeKTy p;, M0 BIIHOCHTHCS [0 IIEBHOTO KOHCTPYKTHBHOI'O MapaMeTpa.

Tabauns 4.22. 3Ha4eHHs: yMOBHOT HMOBIPHOCTI CLIOCTEPEKEHHS nedekTy D;, 1m0
BiZIHOCUTBCS JIO KJ1acy S; Ui epeBipKu 4

IIponyxk.

732 skuKIep Hacoca 1 rBUHT Koed C Tax Tk K164 npysxuna TK Hiam k1 TK
652 1.25E-16 0 0 0 1 0
712 0 0 0 1 0 0
125 0 0 0 1 2.80E-15 3.30E-08
1044 0 0 0 1 0 0
7044 0 0 0 1 0 0

Jlnst Bcix arperatiB, BKazaHUX y Tabn. 4.22, BUSBIEHI HEBIAMOBITHOCTI BUTPATH
MaJiIiBa HOpPMaM yCyBaJIMCs 3a JONOMOror peryitoBaHHs reuHTta Nel. Ilpu npomy ms
arperata 652 3 yMOBHOIO WMOBipHICTIO | OyB kiacudikoBaHud ne)EKT MNPy KUHU
«164», a nna arperatiB 712, 125, 1044, 7044 3 yMOBHOK WMOBIpHICTIO 1
kiacudikoBanuii gedext koedimierra C TaxomaTdydWka, IO BU3HAYAE 3yCHIUIA Bif
HBOTO. HeoOXiHO BiA3HAYNUTH, IO PEryJIOBaHHS BUTPATH NAIHMBA JJIS I1i€1 IepeBIpKH

TaKOX MOIJIO OyTH 371MCHEHE M1I00POM KOPCTKOCTI NpYKUHU «164», sika BapitOeTbCs
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B Mexax 8,5...14,5 H/mm. V cBowo uepry, B MM 3HaueHHs 3a7aHOI >KOPCTKOCTI
npyxuHu «164» ckmagae 8,5 H/mm. Takum yumHOM, BHHHMKAaEe MpoOjemMa MOYaTKOBOI
inenTudikamnii MM nis uiei nepeBipku. YacTkoBO 1151 mpoOiemMa BUPIIIYETHCS, OCKUIBKH
B CIIpaBl JOCIIAKYBAHOIO arperaty 3agiKCcoBaHO (DAKTUYHY MKOPCTKICTh MPYKUHU
«164» Ha MOMEHT MOCTa4yaHHs arparata B €KCIUIyaTallilo, xoya Ieil crmocid € He
npaktuyauM. KoHctpykruHi napametpu «1 rBunTY, «Koed C Tax Tk», «Kips MpyKUHA
TK» maroTh ayxe CHIbHY KOpelsHidHy 3aiexHicTh (He menme 0,98). Tomy Ha maHii
nepeBipill METOA JIarHOCTYBAaHHS HE 3JaTHUN PO3PIZHUTH KJIacu J€(PEKTiB, MOB'I3aHUX
3 BIIXMJICHHSM TaKUX KOHCTPYKTUBHUX mapameTpiB sk «1 reunTY, «Koed C Tax Tk», «Kigy
npyxuHa TK».

3BakarouM Ha HU3BKI MMOKA3HUKW TOYHOCTI Kiacudikailii, kinac 4 0yB 00'enHaHui 3
ki1acoM 3, ockiibku koedimieHTHn MKB nis 1mux JaBOX KjaciB MamTh 3HAYHY
KOPEJSALIMHY 3aJeXHICTh, OMM3bKy 10 1. 3 MpakTU4YHOI TOYKH 30py, B yMOBax
BUpPOOHUIITBA mpu o0O0'eaHaHH] Kiacy 3 1 4 piBeHb JOKadi3allii HECHpaBHOCTI
3aJIUIIATUMEThCS J1OCUTh 1H(QOpPMAaTUBHUM. lle MOSCHIOETBCS TUM, IO NPU PEMOHTI
arperara taxonatuyuk PO TK migysrae o0oB'SI3KOBOMY OIJISIy Ta PEMOHTY 3 METOIO
3aMIHU JeTajed, mo 3Hocuiaucs. ToMmy, y pa3l OTpUMaHHS JAlarHo3y 3a Kjacom 3,
nomatkoBa mepeBipka Taxomarunka PO TK momo BigmoimHocTi koedimienta C He
BUKJIMYE 3HAYHMX YCKJIQJHCHb BHUPOOHHMYOIO TIPOIECY PEMOHTY. AHami3 poOoTH

AJITOPUTMY 31 3MIHCHHMM CITIMCKOM KJjaciB aedekTiB HaBeaeHo B Tadi. 4.23 [1].

Tabauus 4.23. 3HaueHHs yMOBHOI HMOBIPHOCTI CriocTepeskeHHs aepexry D;, mo
BITHOCHUTBCS JI0 KJIacy S 5 IS nepeBipku 4 3 00'eTHaHUMU Kj1acamu 3 Ta 4

Ne | 732 sunep Eg;i? Koedp C Tax T Kios mpyscisa TK | Jliam k1 TK
652 1.25E-16 0 0 1 0
712 0 0 1 0 0
125 2.37E-10 0 1 2.80E-15 3.30E-08
1044 0 0 1 0 0
7044 0 0 1 0 0
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[Ticns oOMexeHHS KUIBKOCTI Kilacu(iKOBaHUX AE(PEKTIB, TOYHICTb METOAYY
3HAYyHO migBHIIUacsa. 3 Tabmu. 4.23 Oyno BH3HAYEHO, 110 METOJ MPUIYCTUBCS OIHIET
MOMMWJIKH, HETpPaBWIBHO KiacudikyBaBmu kinac aedexry «Kigs mpyxkuna TKy». Tlpu
upoMy JepekT OyB YCYHEHUM peryntoBaHHSIM TBUHTa Nel, 110 B JaHOMY BHUMAAKYy
onucyethes kitacoM «Koed C tax. Tk». Y pe3ynbrari Oriisiay Ha ertami gedexrarii He
Oy710 BHSBICHO HEBIANOBIAHOCTEH IHIIMX KOHCTPYKTUBHMX MapaMeTpiB, WIO
JIAarHOCTYIOThCA Ha JaHId MepeBipii. Y TakoMy pa3i MaemMo BHUXITHI JaHl s

PO3paxyHKy MOKa3HUKIB AKOCT1 Kiacudikariii, siki BimoopaxkeHo B Tad1. 4.24.

Tabnuus 4.24. MaTpuig noMuiIoK Kiacudikaii 1is nepesipku 4

TP TN FP FN
Kimac 1 0 5 0 0
Kimac 2 0 5 0 0
Kimac 3 4 0 0 1
Kiac 4 0 4 1 0
Kimac 5 0 5 0 0

[Ticnsa oTpuMaHHS HEOOXITHUX MOKA3HUKIB SKOCTI METOJY J1arHOCTYBaHHS OyIio
PO3paxoBaHO 3arajibHy TOYHICTh Ta MIKPO-yCEepPETHEHY TOUHICTD:

3aranpHa TounicTh (Overall Accuracy): 92 % [1].

Mikpo-ycepennena Tounicts ( Micro-averaged Precision ): 80 % [1].

B minomy, meTon mae xoporny TOUYHICTH Kiacudikailii neexTiB mpu mepesipili
pobortn PO TK, 3a ymoBu kiacudikarmii oOMexeHOi KUIBKOCTI KOHCTPYKTHBHHUX
napamMeTpiB, IO JIarHOCTYIOThCSA, Ta 32 YMOBH 3a0e3NeUYeHHs JIOCTaTHBOI TOYHOCTI

inenTudikamii giaraoctraHoi MM.

4.5.3. AHani3 pe3yibTaTiB 3aCTOCYBAaHHSA METOAY JTIarHOCTYBaHHS Ha MEPeBIpIll 5

CX0X010 3a CKIATHICTIO [JIs JIarHOCTYBaHHS € mepeBipka pobotu PO BT
(mepeBipka 5). 3 tabnuii 4.14 mpu mepeBipii 5 BHUSABICHO HEBIAMOBIIHICTH BUTPATH
nmaguBa BuMoraM TB g arperariBs NeNe652, 712, 125, 608, 246, 1044, 7044. YV

Tabi. 4.25 HaBeICHO 3HAYEHHsS YMOBHOI HMOBIPHOCTI JUIsi KOXKHOTO Kiacy S; nedexry,

1o BiI[HOCI/ITBCH A0 IICBHOI'O KOHCTPYKTUBHOI'O IIapaMcTpa.
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. 3HAUEHHs YMOBHOI HMOBIPHOCTI CLIOCTEPEKEHHS AedekTy D, mo

BITHOCHTBCSA JI0 KJIacy Sj Ul NEPEBIPKH 5

No 732 KuKIIep Jlpocens CIT | Kopr 3 TBUHT K263 Koed. C tax. BT
652 | 4.48E-13 | 3.19E-16 | 0.999614 | 0.000103 0 0.000283
712 0 0 0 0 0 1
125 | 0.148011 | 0.015723 | 0.037391 0.00165 0.797226 0
608 0 0 0 0 0 1
246 | 0.005806 |0.011253 | 0.22254 0.002176 4.70E-08 0.758225
1044 0 0 0 0.167045 0 0.832955
7044 | 0.996796 | 0.003204 0 0 0 0

I[Ipu i mepeBipui  (QakTUyHI  BUTpaTa MajuMBa  peryijooBanacs Ha

BUNPOOYBaIbHOMY CcTeHA1 rBUHTOM Ne3. BigmoBimHo mo Tabmn. 4.25, »oaHa 3 OI[IHOK
METOAY JIarHOCTYBaHHS HE BKa3ye Ha KOHCTPYKTUBHUN mapamerp «3 rBuHT». Lle
MOSICHIOETHCSI TUM, 110 KOpEJIAIliiiHA 3aJIe)KHICTh MK BEKTOpaMH KOe(DIIIEHTIB BIUTUBY
TaKUX MMapameTpiB K «3 TBUHTY, «Kag3», «koed C Tax BT» € myke BeTUKOIO.

Tomy nnst 30UTbIIEHHST 1HPOPMATUBHOCTI A0 CKJIaAy MIarHOCTUYHUX O3HAaK OYB
nomaHui Haxui xapaktepuctuku Kg, perymsaropa PO BT. lleli mapamerp BUMIpro€
CIIBBIHOIIICHHS Pi3HUIII BUTPATH TajJuBa 0 3MIHM 4acTOTH oOepraHHs mpuoay PO
BT 3a Ttakoro dopmyioro:

_ Gp1 — Gz

BT )
Ngr2 — Ngr1

(4.20)

ne Gpp, N1 — BUTpaTa manumBa Ta yactora oOepranHs mnpuBoay PO BT nHa

KOHTPOJIbOBAHIN TOYIll XapakTEepUCTUKH, G,, Ny, — BUTpaTa IMajuBa Ta YacTOTa
obeprannss npuBony PO BT Ha gpyriii Toulll XapaKTepUCTUKH, TMPU I[OMY
Ngra = Ny + 50 00/XB.

Haxwun xapakrepuctuku perynsropa Kg, myxe BmuBae Ha ctiiikicts CAK, 1 Tomy
BiH TaKOX KOHTPOMIOEThCA. OJTHAK JOMYCK Ha 1€l mapaMeTp JOCUTh BEJIMKHUI: 3T1THO 3
TEXHIYHOIO IOKyMeHTaIi€to, koedirieHT K, mae 6ytu menmum 3a 3. Tomy B ®OITHOMY
3 MOCHIKyBaHUX arperatiB koedimieHT K, He BUNAIIOB 32 Mexi 3a3HaueHoi Mexi. Crif

3a3HAYMTH, M0 eH mapaMeTp TaKOX JTy)Ke IIHHUW SK IarHOCTHYHA O3HaKa. Y TalIl.

4.26 nns uiel nepeBipku HaBeseHo koediuienTn MKB 3 niarnoctuyHoro o3Hakowo Kii.
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Tabmuis 4.26. MKB 1151 mepeBipku 5 3 10JJaTKOBOIO J1arHOCTUYHOIO 03HaKkow0 K,

HapaMeTp 732 xuisep | Ipocens CI | Kopr 3 I'BUHT K263 fegf.%T ©
Gn 0.953795 | -0.3965 | 0.141282 | -0.40265 | 10.06294 | -11.8025
Pk 0.274986 | -0.1112 | 0.040035 | -0.11386 | 3.98169 | -3.32609
Pk 2.673904 | -1.06152 | 0.385538 | -0.93313 | 36.36633 | -26.71

Pan 0.243328 | -0.09841 | 0.035441 | -0.10079 | 3.524039 | -2.94449
Poar 0.415407 | -0.16749 | 0.060407 | -0.16329 | 5.703907 | -4.74338
Prac 0.390373 | -0.15746 | 0.056773 | -0.15351 | 5.364108 | -4.45947
Pio 0.432414 | -0.17335 | 0.041002 | -0.16959 | 5.875193 | -4.92797
PxMT TK 0.424202 | -0.17369 | 0.040271 | -0.16986 | 5.994287 | -4.93492
Pcn 0.094528 | -0.00334 | 0.008881 | -0.18008 | 6.624027 | -5.23474
Ker -11.1901 | 0.006296 | 0.0164 | 0.005223 | 0.071857 | 1.346946

3 Tabn. 4.26 BuUOHO, 110 3MiHA

OPOXITHOTO Tepepidy Kukjepa «732 KUKiepy,

3miHa koedimienta «Koed. C tax. BT» taxogatunka PO BT, a Takox 3MiHa )KOPCTKOCTI

npykuHu «Koe3» BUKIHKae 3MiHy KoedimienTa Ky, 1 BUTpaTH manuea, 1o HE BIACTHBO

IHIIMM KOHCTPYKTUBHUM TapaMeTpaM, sIKi BIUIMBAIOTH TUIBKM Ha 3MIHY BHUTpaTU

nanuBa. ToMmy aiarHocTHYHA o3Haka Ky, 103BoJisie METOMy A1arHOCTYBaHHS PO3PIZHATH

nedeKTH, MoB'I3aHi 31 3MIHOK TaKUX KOHCTPYKTHBHUX IMapaMeTpiB AK «732 >KUKIEP»,

«Koed. C tax. BT», «Kaez».

Y Tabn. 4.27 HamaHO pe3yabTAaTH JIarHOCTYBAaHHS MPH JIOJaBaHHI JO BEKTOpa

TIarHOCTUYHUX 03HaK KoedimienTa K.

Tabauus 4.27. 3HaueHHs: yMOBHOI HMOBIPHOCTI CIIOCTEPEKEHHs AedekTy D;, 1mo

BIIHOCHUTBCS JI0 KJacy S > IS MepPEBIPKH S 3 JOIATKOBOIO JIaTHOCTUYHOIO 03HAKOI0 K.

Ne 732 xuxnep | Hpocems CIT Kosr 3 rBUHT K263 Koed. C tax. BT
652 0 0 0.000067 | 0.236260 0 0.763674
712 0 0 0 0 0 1

125 | 0.21977 |0.012778 | 0.028751 | 0.000000 0.736735 0

608 0 0 0 0.000000 0 1

246 | 0.041559 | 0.006783 | 0.038106 | 0.001314 9.02E-08 0.912
1044 0 0 0 0.208568 0 0.791432
7044 | 0.963973 | 0.036027 0 0 0 0
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PosristHemo fetanbHille pe3yabTaTh 11arHOCTYBaHHS KOKHOMY arperata OKpemo.
Jlns arperata Ne652 B pesynbTaTi Kinacudikauii Ae(peKTy METOJOM J1arHOCTYBaHHS 3
yMOBHOW imoBipHicTIO 0,76 1 0,24 Oyno knacudikoBaHo nedekTH, MOB'sI3aHl 3
BIIXWICHHSIM KoediieHTa Taxoaardyuk C 1 HENpaBWIBHUM PEryJIOBaHHSAM T'BUHTOM
Ne3. Jlns ycyHeHHsI HECIIPaBHOCTI, BUSIBJIEHOI MiJ] Yac MepeBIpKU OOMEKEHHS BUTPATH
nanusa peryiasitopom PO BT, BunpoOyBau 311MCHUB peryatoBaHHS BUTPATH T'BUHTOM
Ne3. Binxunenns BuMmipsiHoro koedimienra K, Bi po3paxyHKOBOro cTaHOBUIIO -45%,
0 BioOpaxkeHo y Tabiu. 4.28 BUMIPSHUX Ta PO3PAXYHKOBHUX MapaMeTpiB JUJIsl JAHOTO

arperara.

Tabnuus 4.28. BuMipsiHi Ta po3paxyHKOBI TapamMeTpu poOOUOro Mpoliecy arperaTy

No652
Prmr
Gn P1x Py Pan | Poar |Pu Pio Pcn Kt

TK
Jlo per. 101604 | 3688408 | 803582.1 | 4350846 | 4802736 | 5113234 | 4277313 | 4039502 | 3662388 | -
ITicnsa per. 1.17E-04 3780225 961875 4450000 5031675 5338000 4490125 4245575 3898425 1.02
MM 0000118 | 3687962 | 1230211 | 4197463 | 4679173 | 4973592 | 4180187 | 4164276 | 3784728 | 188521
dZ micnsper. | -013675 | 002429 | 016457 | -0.02228 | 0.0455 | 0.04211 | -0.0474 | -0.04854 | -0.06055
dZ MM 014102 | 0000121 | -0.34679 | 0036542 | 0026407 | 0.028077 | 0023235 | -0.02996 | -0.03232 | -0.45895

BpaxoByroun TOM (hakT, 10 BIiAXWICHHA BuUMIpsHOro koedimieHTa Kg, Bin
PO3paxyHKOBOTO CTaHOBUTH -45 %, 10 3HAYHO TIEPEBHUINY€E BIAXWICHHS BHTpATH
najguBa Ha gaHoMy pexumi (-14 %), MoxkHa 3pOOUTH BUCHOBOK, 110 JJIs arperata Ne652
METOJ JIIarHOCTYBaHHs MPaBWIBHO KiIacH(piKyBaB ne(eKTH, IPH SKUX KOHCTPYKTHUBHI
napamMeTpyu MarOTh HAUOUTBII BIIXUICHHS.

AHaNOriyHl pe3ynbTaTH JIOKaJi3allli HECHpPaBHOCTI, IOB'SI3aHOTO 31 3MIiHOIO
koedirmienTa TaxonaTunka, Oynu orpuMani aist arperatiB Ne608 1 Ne246. [lns arperatis
Ne608 Tta Ne246 Bimxunenns koedimienta K, Bim po3paxynkoBoro ckmano -31 % Ta -
9,2 %, a BigxwiieHHS BuUTpaTu namuBa -24% ta -7,4 %, BigmoBimHo. Jlis arperaris
NeNe712, 125, 1044, nna sxux 3 yMOBHOIO WMOBIpHICTIO, Onau3bpKor 10 1, Oyio
KiacugikoBaHo Je(eKT, MOB'sI3aHUi 31 3MIHOIO Koe(dillieHTa TaxoIaTdyruKa, BiIXUICHHS

koedimienta K, Bim po3paxyHKOBOTo ckjiano: -5,6 % mma arperara 712, 1,3 % nns
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arperata 125 1 -1,1% nana arperara 1044. Lli noka3HUKH HE MEPEBUILYIOTh 3HAYEHBb
BIIXWJIECHb BUTPATH NayvBa. Takuil pe3ysbTaT 3aCTOCYBaHHS METOAY J11arHOCTYBAHHS
MOSICHIOETBCA THM, IO 32 YMOBHM BHCOKOI KOPEJSLIAHOI 3aJ€XKHOCTI KOE(QILIEHTIB
BBy MKB koHcTpykTuBHUX napameTpiB «3 rBUHT», «Koed. C tax. BT», «Kass»,
koedimientn BBy MKB mna mapamerpa «Koed. C tax. BT» maioTh Ha mopsaok
OuTbILII 3HAYEHHs, HDK 3HaueHHs koediuientiB MKB anga mapamerpiB «3 TBHUHT» 1
«Kaez». OTKE, MOXKHA JTIHTH BHCHOBKY, 1[0 METOJ| JIarHOCTYBaHHS Oy/ae CXUJIbHHU 10
OILIIHKK cTaHy BUpoOy, moB’sa3aHoro 31 3MiHO0 «Koed. C Tax. BT». 3Baxkaroun Ha
HAsSBHICTh 3HAYHUX CKJIQJHOIIIB TpPH CHpoO1 PO3PI3HUTH TPHU Kiacu Je(eKTiB 3a
napametpamu «3 rBUHTY», «Koed. C Ttax. BT», «Kog3», HEOOX1THO BBECTH 3aMiCTh TPhOX
OJIMH J1arHOCTOBaHWM KOHCTpykTuBHUN mapametrp «Koed. C tax. BT». Ilpu pemonti
arperata taxomaTunk PO BT i npyxuna 263, 1m0 mMae mapamMeTp >KOPCTKOCTI «Kag»,
HIATaloTh 000B'SI3KOBOMY OTJISIy Ta peMOHTY. ToMy, y pa3i OTpUMaHHS J1arHo3y 3a
kiacoM «Koed. C tax. BT», nogatkoBa mepeBipka Taxonarunka PO BT nHa mpeamer
BifmoBimHOCTI Koedimienta C Ta mepeBipka NpyXWHH 263 Ha BIAMOBIAHICTH i
KOPCTKOCTI. HE BHUKJIMYE 3HAYHUX YCKJIAJAHEHb BHUPOOHUYOIO IPOLECY PEMOHTY

AHani3z poG0oTH MeTOAy 31 3MIHEHHM CITUCKOM KJjaciB JedeKTiB HaBeaeHo B Tadi. 4.29

[1].

Tabauus 4.29. 3HaueHHs yMOBHOI HMOBIPHOCTI CIIOCTEpEKeHHs Aepekty D;, mo

BITHOCUTBCS JIO Ki1acy S ' JUIS nepeBipku 5 3 00'eqHaHUMU K1acamu 4, 51 6 B KJ1ac
«Koed. C tax. BT»

No 732 sxukiep | Jpocens CIT Konr Koeo. C tax. BT
652 0 0 7.19E-05 | 0.999928
712 0 0 0 1
125 |0.092799 | 9.12E-06 0 0.907192
608 0 0 0 1
246 | 0.023568 | 0.0095 |0.039446 | 0.927486
1044 0 0 0 1
7044 | 0.846648 | 0.153352 0 0

[Ticns oOMexeHHsT KUTbKOCTI Ne(eKTiB, MO KIACHU(DIKYIOThCS, TOYHICTH METONY

3HA4HO miaBUIMiacs. 3 Tabiu. 4.29 Oyno BU3HAYEHO, 1110 METOJ] 3pO0OUB OJIHY MOMMUIIKY,
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HEeINpaBWIbHO Kiacu(ikyBaBin Kiac nedexty «732 xuxnep». llpu npomy nedexr 0ys
YCYHEHHMH perysaroBaHHsIM TBUHTa Ne3, 110 B JaHOMY BUIAAKY OMNHCYETHCS KJIACOM
«Koed. C tax. BT». ¥V pesynbrari orysiny Ha erami Aedekranii He OyJl0 BHUABIECHO
HEBIJIMOBIHOCTEN HIINX KOHCTPYKTUBHUX MapaMeTpiB, 110 A1arHOCTYIOThCSI.

OkpeMo HEOOXiTHO MpoaHaTI3yBaTH Pe3yJbTaTH JIOKali3allii HECIPaBHOCTI s
arperata 7044. [Ins uporo arperata 3 YMOBHOIO #moBipHicTIO 0,85 OyB
kinacugikoBanuil nedext «732 xukiepy». lle o3Hayae, 1m0 poO3paxyHKOBI 3HAUYECHHS
TUCKIB Y By3nax MM Ouibiii abo menm Bix (axtuynux. [Ipu BuUMIpsiHIA BUTpaTI
nanuBa 440 kr/rox dhaxtuynuit Tuck 3a CII Pcp cranosus 40 Kkre/em’, a PO3paxyHKOBE
3HaYeHHs THCKY Pcr cranoBmmo 45 krc/cm®. Jiis NPHBECHHS PO3PAaXyHKOBOTO
3HaueHHa TUcKy 3a CII no daxtuynoro mpu BumipsiHid BuTpati 440 xr/rox Oyio
CKOpPUIOBaHO NPOXIAHUI mepepi3 aBromara mnpuiiomuctocti All, skuili Bu3Hauyae
3arajbHUM TiApaBIiuHUN omip B arperari. OTpuMaHuil BEKTOpP BIAXWICHb MapaMeTpiB
poOoYoro mpoiiecy, BEKTOp BHUMIPSHUX 3HAa4eHb MapameTpiB poOOUYOro Mpolecy Ta

BEKTOP PO3PaxyHKOBUX IMTapaMeTpiB poOodoro mpoiiecy HaBeaeHi B Tadi. 4.30.

Ta6mums 4.30. Bektopu mapameTpiB pododoro mporecy aist 7044 arperata st
NepeBIpKH 5

P
GH P11< P21< PAH POI[F I:)H PIO KT PCH KBT

TK
o per. 1.57E-04 | 4068185 | 1488963 | 4746630 | 5713667 | 5972148 | 5159815 | 5044148 | 4010370 | 1.96
ITicns PET. 1.12E-04 | 3816400 | 897275 | 4479100 | 5002525 | 5264050 | 4463850 | 4339175 | 3254625 | 1.96
MM 0.000118 | 3598085 | 869497.5 | 4106958 | 4408927 | 4703700 | 3932608 | 3917467 | 3551756 | 2.316634

dZ IMICJISL PCT. | 0.401786 | 0.065975 | 0.659428 | 0.059728 | 0.142157 | 0.134516 | 0.155911 | 0.162467 | 0.232207 | 0

dZ MM 0.33324 0.130653 | 0.712441 | 0.155753 | 0.295931 | 0.26967 0.312059 | 0.287605 | 0.129123 | -0.15395

[Ticns kopuryBanass MM st arperata 7044 O6ynu po3paxoBaHi 3HaY€HHS YMOBHO1
WMOBIPHOCTI I KOJKHOTO Kymacy §; JnepekTy, W0 BIIHOCHTBCA 10 MEBHOIO

KOHCTPYKTHBHOTO TapameTpa. Pesymbratm kimacudikamii nedexTiB mpeacTaBieHi B

tadi. 4.31.
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Tabmuia 4.31. 3HaueHHs YMOBHOT HMOBIPHOCTI CLIOCTEPEKEHHS AedekTy D, mo
BITHOCHUTBCSA JI0 KJIacy S; Ui nepesipku 5 s arperara /044

Hpocens K
CII o

7044 | 0 0 0 1

732 xukiep Koed. C tax. BT

3 tabn. 4.31 nns arperara 7044 3 ymoBHOIO iiMOBIpHICTIO 1 OyB KilacudikoBaHM
nedext, nmoB's3aHuil 31 3MiHo0 koedimienTa «Koed. C tax. BT». Ilicas momaTkoBoi
inenTudikamii glarnoctuayHoi MM arperaty 7044 6ynu oTpuMaHi OJHAKOB1 Pe3yIbTaTu
JIarHOCTYBaHHS 3  pe3yJibTaTaMH, OTPMMAaHMMM JUIs IHIOMX arperariB, W10
JIarHOCTYIOThC pexkumi poboTtu peryistopa PO BT. Buxoasuum 3 orpumaHux
pe3yibTaTiB, Hajadl HEOOXITHO JOOIpaIfoBaTH METOAWKY ineHTudikamii MM s
MOJKJIMBOCTI BpaxyBaHHSI peajbHUX XapaKTEPUCTUK arperara, Kl BU3HAYAIOTHCS T[T
yac MepeBipoK Ha IHIINX PeKUMax poOOTH.

Jl1st po3paxyHKy sKocTi Kiacudikarii 3a janumu 1adia. 4.29 Oyno BU3HAUEHO, L0
METOJlT 3pOOMB OJHY IOMWJKY, HEMNpPaBWIbHO KiIacu(iKyBaBIIM Kiac JaePeKTy
«732 xxukiep» pu peaabHoMy aedexTi, sikuit onucyerhbes kinacom «Koed. C tax. BTy.

VY Takomy pasi MmaeMo AaHi, mojaaHi B Tao. 4.32.

Tabmumnsg 4.32. Matpuiisd MoMUIOK Kiacuikaii 1 mepeBipky 5

TP TN FP FN
Knac 1 0 6 1 0
Knac 2 0 7 0 0
Knac 3 0 7 0 0
Knac 4 6 0 0 1

[Ticns BU3HAYEHHS MAaTpUIll OMIIIOK Kiacudikaiii Oyna po3paxoBaHa 3araibHa
TOYHICTh Ta MIKPO-yCepeHEHA TOUHICTD:

3aranpHa TouHIicTh ( Overall Accuracy ) cknama 92,86 % [1].

Mixkpo-ycepenrena Tounicth ( Micro-averaged Precision ) ckiana 85,71 % [1].

B minomy meTom mae BHCOKY 3arajibHy TOYHICTH 1 BHCOKY MIKPO-yCEpPEIHCHY

TOuHiCTh Kiacudikaiii gedektiB Ha mepesipii 5. OmgHak, sk 1 npu nepeBipui PIT TK
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(mepeBipka 4), Taka TOYHICTB JIOCSTAETHCS 32 YMOBH KJIacU(iKaIlii 00MeKeHOT KUTbKOCTI

nedeKTiB, 1 mpu 3a0€3MeUeHH] TOCUTh TOYHOI 1IeHTU (KAl JiarHocTUYHOT MM.

4.5.4. Amnani3 pe3ynbTaTiB €KCIIEPUMEHTAJIBHO1 nepeBIpKU METONY

J1arHOCTYBaHHS

OCKUTbKM J1IarHOCTYBAHHS HE MPOBOJAMIIOCS Ha PEKHUMI MEPEBIPKUA HaANAIITYBAaHHS
KJIamaHa BiAKPUTTSA JIPYroro KOHTYPY (QOPCYHOK, ISl MIATBEPHKCHHS MOMJIMBOCTI
JIarHOCTYBaHHS ~aJITOPUTMOM  JlepekTy KiamaHa Oylo BHUKOHAHO JOJIaTKOBH
excriepuMmeHT. g arperara Nel25 Oyio 3/11iCHEHO perystOBaHHS KjlanaHa BIIKPUTTS
apyroro KoHTypy ¢opcyHok. Ha pexumi pob6otu perymstopa PO BT cnouatky Oyio
BUBEpHYTO Ha 1 00epT perymtoBanbHuii TBUHT «10» 1 3apeecTpoBaHi MapaMeTpu
pobouoro mpouecy. Ilicna nporo peryntoBannsa arperara Nel25 Oyno BIZHOBIEHO A0
BuxigHoro crany. Ilorim rBunT «10» OyB 3akpydenuii Ha 1 00epT 3 HACTYyIMHOIO
peecTpalliero mapaMeTpiB pobouoro mporecy Ha pexumi podborm PO BT. Jlns
JoKai3alii HeCIpaBHOCTI, CIPUUYMHEHOTO HETPABUILHUM HaJAIlITYBaHHSM KJlanaHa, 10
CIIMCKY TapaMeTpiB, 10 JAIarHOCTYIOThCS , Ha pexxumi poobotu perynstopa PO BT Oys
BBEJICHUI MapaMeTp KOPCTKICTh NpyXHHH KianaHa «Kgg». OTpuMaHi BeKTOpH
BUMIPSIHUX 3HAYCHb IapaMeTpiB poOOYOTOo MpoIecy, PO3paxyHKOBHX TMapaMeTpiB
poboyoro mpolecy Ta BIAXWJIEHb MapaMeTpiB poOOUYOTo MpoIecy Bil pO3paxyHKOBHX

3Ha4YCeHb HaBeJICHO B Ta0J. 4.33. Pe3ynbraT AiarHOCTYBaHHS HaBeaeHO y Tao. 4.34.

Tabnuns 4.33. Bekropu napametpiB pododoro mporiecy s arperaty Nel25 Ha pexxumi
nepeBipku PO BT npu HanamryBaHHI KJ1armada BIIKPUTTS IPYTroro KOHTYPY (GOPCYHOK

P
G I P 1k P2K PAH POI[F I:)H PIO I;IIZIT PSJ]I/IBy

Per- '1 06- 1.47E-04 3118500 1416900 3745275 4625325 4897275 4150400 4040425 3830075

Per- +1 06- 8.37E-05 4102525 667175 4727950 5043225 5319800 4513975 4346150 4087600

MM 0.000117 3711829 879531.8 4232353 4711939 5006398 4209371 4195269 3884969

dZ per. '1 0.252977 -0.15985 0.610971 -0.11508 -0.01838 -0.0218 -0.01401 -0.03691 -0.01413

dZ per. +1 -0.28657 0.105257 -0.24144 0.117097 0.070308 0.0626 0.072363 0.035965 0.052158
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Tabmuia 4.34. 3HaueHHs YMOBHOT HMOBIPHOCTI CIIOCTEPEKEHHS edekTy D, mo

BITHOCHUTBCSA 110 Kiacy S, 1iis nepesipku PO BT npu HanamtyBaHHi BiIKpUTTS KianaHa

JIPYroro KOHTYypy (popcyHOK
PerymoBanns 732 xuknep Hpé%m Koar 31BuHT | Krk K263 Koed. C tax. BT
-1 obGept 0 0 0 1 0
+1 oGept 0 0 0 1 0

3 Tabn. 4.34 nns eKCIEpUMEHTIB 3 PEryJIlOBaHHSIM KiamaHy TBUHTOM «10» Ha
3aKpy4yyBaHHS Ta BHUBEpTaHHS Ha 1 o00epT 3 yMOBHOIO IMOBIpHICTIO 1 OyB
kiacudikoBanuii gaedext mnpyxuHu kinamaHa «Krk». Ockiabku  gedekt  «Krg»
nependayae HasBHICTh peaIbHUX 3MiH, SIK Y OPCTKOCTI MPYKUHM KiamaHa, Tak 1 B
HOro 3aTsokill peryiroBaibHUM TBUHTOM «10», MeToa JiarHOCTYBaHHS YCIIIIHO

JIOKaJi3yBaB 3a37aJIeri/lb 3aKJIaJIeHy HECIIPABHICTb.
4.6.  Ilpaktuuna peanizaiis MeToay Kiacuikaiii TMHAMIYHOTO CTaHy arperara

Jlns mpakTUyHOI peanizarii MeToay Kiacudikarlii JUHAMIYHOTO CTaHy arperara,
omucaHoro y po3aiuai 3, O6yno po3pobiieHo mporpamHe 3abe3nedeHHs. [13 HammcaHo
moBoro "C#" y cepemoBuiti po3pooku VS 2019 3 Bukopuctanusm "NET Framework
4.5.2 Client Profile”. Anropurmu 00poOku 1anux peanizoBani 3acooamu MATLAB .

[Tpu po3po0iii mporpamHoro 3abe3rneueHHs Oyau BUKOPHUCTaHI Taki 610110TeKu:

1) 6i6mioreka apaiiBepa MATLAB Runtime R2017a MWArray.dll (Bepcis 9.2);

2) 6i61ioTexka 00pooku qanux MLCalc.dll;

3) 6i0mioTeka KOMIOHEHTIB rpadiunoro BimoOpaxenns nanux MLPlot.dll.

OcHoBHI (yHKIIIT:

— CTBOPEHHS TAIKK y 3a3HAYCHIN AUPEKTOPii, KOMIIOBaHHA 10 Hel JaHuX Gopmary
«CSV», «.XIsx»;

— 00po0OKa BXiJIHUX JaHUX;

— rpadiuHe BimoOpakeHHs pe3yabTaTiB 00pOOKH TaHUX;

— 3aIliC PE3YJIBTATIB Y (haidl.
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Bxignumun pganumu  nporpamu ACH e  ¢aitn “NR3USB_300.csv”, skuii
CKJagaeTbes 3 18 CTOBMIIIB Ta 3MIHHOI KIIBKOCTI PAJIKIB.
Buxigni gani I13 3anucyrotecs y daitn « Pesynprat.txt », a came:

— TMPOTHO3 CTIMKOI poOOTH JOCHIAKYBAHOIO arperary y CKIail CHIIOBOI
YCTaHOBKM ABUTYHA. Moske npuiiMaTu 3HaueHHs "Xopomwuit" abo "[loranmii".

— double Y4 — uucioBe 3HauYCHHS, K€ BHUKOPUCTOBYEThCS Ui Kiacuikaiii

JOCIIKYBAHOT'O arperary.

4.6.1. 3aranbHa 610K-cxeMa (pyHkiioHanbHOCTI [13

3aranbpHa OJ0K-cxema (pyHKII0HAIBHOCTI 300paxkeHa Ha puc. 4.2.

' ™
[ 3amyck mporpamu |
-
h A 4
CTBOpeHHH IANKH 3 f].)aﬁna.\m OGpoﬁKa JAaHHX arperaTty, Imo
JIAHHX arperary, Imo BHIIPOOOBYETBCA
BHIIPOOOBYEThCA
) 4
y I"padraHe BIIOOpAKEHHS
OOpoOKa JaHHX arperary, 1o Pe3yIBTATIB BHIIPOOYBaHE. 3armie
BHITPOOOBYETBCS JIAHHX BHIPOOYBaHb B dafin
Y v
[padisze BinoOpaKeHHT ,-‘/ - .
Pe3YIBTATIB BAIPOOYBAHb. 3alHe \  SaKpHTIH IporpaMu /'
IaHHX BHIIPOOYBAaHE B (paiin p =

Y

™
( 3axpurra nporpamm |
A\, /

Puc. 4.2. 3aranpHa 6510k-cxema ¢yHKIioHaIbHOCTI [13
[Tpu 3aBaHTa)X€HHI MpPOTpaMu BinOyBa€ThCs 3aBaHTakeHHs [13 3 HamamToBaHUM
iHTepdericom kopucTyBaya. Todka BXxony B porpamy kiac Program , merox Main().
Y mpomy posnuti He Oyae MOKIaAHO OMKCYBAaTHUCS TMpOTpamMHa peasizaiis
nepeMiieHHs (aiiTiB, Mo 00pOOIIIIOTECS, OCKLIBLKH IIe HEe € 00'€KTOM 1HTepecy AaHOi

poboTH.
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4.6.2. Buxnuk 00poOHMKa o1l HaTUCKaHHS KHONKH «[lomyk Ta AHamiz»

IIpu  natuckanHi  kHomku  «llomyk Ta  AHami3»  BHUHUKAE  MOJIA
button 2_Click (object sender, EventArgs €), sike BUKJIMKAE MPOBIAHUK I BHOOPY
Karajgory, B sakoMmy 3HaxoauTbcs Qain  «NR3USB 300.csv». Skmo ¢aiin
«NR3USB 300.csv» icHye y BUOpaHOMY KaTajio3i, JaHl aHaJII3yIOThCS, a pe3yJIbTaTH
aHaJi3y 3amucyloThes B daiin «Pe3ynbrar.txty no BuOpaHoro kartajnory. Skumio ¢aiin
NR3USB_300.csv» BincyTHid, 3’sBisieTbest moBimomiieHHs «®aitm NR3USB 300 ne
3HaigeHo». biiok-cxema oOpoOHUKa MOii 300pakeHo Ha puc. 4.3.

Hartuckanns kHomkw «[lomyk Ta AHamiz3»
button2_Click(object sender, EventArgse) /

l

Buknuk nposignuka {olderDlg.ShowDialog()
JUIst BHOOPY KaTasiory A 00poOKH JaHuX

A4 Y
[Nopist HATHCKAHHA IToxist HATHCKAHHS [ Buxin B
kHOnkH «OK» KHONKH «BigMiHa» \ TOJIOBHE MCHIO /
I ) )

l

Oronowenns wsixy SourcePath =
folderDlgforFiles.SelectedPath no Bubpanoro karanory.
Oronomenns uysixy SavePath no nanku 3 daitnom
«Pe3ynmpTar.txt»

l .

_ Check(SourcePath) == true _———|

Tak | l "

[Mpuceoennst macusy double[,] Arr3
3HA4EHb .CSV (Paitny MeToa0M
GetCsv(SourcePath) ‘

IToBiAOMIICHHS \
«Daiin NR3USB_ 300 He 3HaiineHo» /

A 4

O06pobka macuBy Arr3 i cTBopeHHA (haiimy
«Pe3ynprart.txt» Mmetogom Predict(SavePath) ‘

Puc. 4.3. bnok-cxema po6otu kHonku «[lomryk Ta AHamiz»
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4.6.3. Meroa 3uuTyBaHHS TaHUX 13 (ailny

Meton GetCsv(path) knac Excel mpusHadeHuii 1)1 3UNTYBaHHS YUCIIOBUX 3HAYCHD
daitty dopmaTy «.CSV» Ta 3amucy ix y macuB Arr3 3 tunom ganux double. Macus
nanux Arr3 mae posmipHicth 16000 psaxiB ta 11 croBmmiB. Y macuB ganux Arr3
BXOJIATh TaKi TapaMETPH K THUCK IMAJIUBA MEPE]I MEePITUM KOHTYpOM (HOpCYHOK Py, THCK
najgvBa TIepe] JIpyruM KOHTypoMm QopcyHok P,,, BuTpara mnammBa G, dacrora
ob6epranns nipuBoay PO BT ngr, yactora o6epranns npuBoay PO TK nrg, yac ¢ikcarrii
KOXXHOTO BHUMIPY, 4YacTOTa 3MIHM IIBUJAKOCTI OOepTaHHA Ngr, aMIUNTyJla 3MiHU

HIBUKOCT1 0OepTaHHS Ngr.

4.6.4. Meron Predict kimtacy CopyAndPredict

Meton public void Predict(double [,] PhaseArray, string SavePath) mpuiimae
macuB gucen 3 turnoM aanux double Ta 3minny SavePath. Merox o6po6iise macuB
PhaseArray 3a mpomomoror ¢yukmii LDAANalysis() 3 6ioxiorekn MLCalc.dll. TTicns
00poOKM daHUX BiNOYBAaIOThCS TapajelibHl MPOIECH BUKIMKY TOBIIOMIICHHS 3
pPe3yIbTaTOM, BUKJIUKY I'padiyHOTO BiOOpa)KeHHs pe3yJIbTaTiB Ta 3alUCy Pe3yJIbTaTiB
y ¢aiin «Pesynprar.txty. ['padiune BigoOpakeHHs pe3yJbTaTiB 3IMCHIOETHCA 3a
normomororo ¢yukmii Plot() 3 6i6miorexku MLPlot.dll. Brok-cxema meromy Predict()

300paxeHa Ha puc. 4.4.
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Mertoa Predict(doublel, ]
PhaseArray, string SavePath)
Oopobka macusy Arr3

—  Prediction=LDAAnalysis(2, PhascArray); <€—— MWArray.dll |
A=(string)Prediction[0]. ToString() A

[ToBinOMICHHSL:
«Xopowui»

—» A=—=]

IToBigoMeHHs:

«[Toranuii»

—» I'padiune BinodpaskeHns pesyastaty Plot() %— MWArray.dll |

3anmc maHUX 00pOOKH B (haiin
«PesynbTaT.(xt»

—>

Puc. 4.4. bnok-cxema BiioOpakeHHs pe3yIbTaTiB 0OPOOKH JaHUX

4.6.5. Bi6nioreka MLCalc.dll

bi6mioreka MLCalc.dll mictuts onny ¢ynukmiro function [Predict, LDAValue] =
LDAAnalysis (Arr3), nanucany moBoro MATLAB. ®yHKIlis npuiiMae MacHB JaHHX
Arr3, o6poOiise #oro 3a momomororo ¢yskiid myfun() ta LDA(), moBeprae 3MmiHHI

Predict ta LDAValue. biok-cxema gynkmii LDAAnNalysis() 306paxena ua puc. 4.5.
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LDA Analysis(Arr3)

|

Popmysannsa Macusis P1400, nct400, 400, P1500,
nct500, t500, P1750, nct750, t750, P11000, nct1000,
t1000 3 macuBy Arr3

l

[Mocnigoeuuit BUKIUK (GyHkuii myfun() s
00podku Macusie P1400, nct400, 1400, P1500,
nct500, t500, P1750, nct750, t750, P11000, nct1000,
t1000. ©opmyBaHHA MACHBIB 3 Pe3yIbTaTaAMH
00pooku P1, P2, P3, P4

!

‘ 00’ ennanns macusis P1, P2, P3, P4 B macus Phases ‘

!

‘ Bukmuk (pyskuii LDA(Phases) ‘

Puc. 4.5. brok-cxema ¢ynkiii LDAAnalysis()

Macusu P1400, P1500, P1750, P11000 — mani THUCKY mepes MepiiuM KOHTYpOM
¢bopCcyHOK Ha 9yacToTaxX 3MiHHM IIBUIKOCTI 30ymkyrodoro curHamny ngr 0.4, 0.5, 0.75, 1
I't BignmoBimHO. PosmipHicTh nx MacuBiB 800 psikiB, 1 cTOBIEIb.

MacuBu nct400, nct500, nct750, nctl000 — me 3HAYEeHHS YacTOT OOEPTaHHS
MIPUBOJY BUIbHOI TYpOiHU, KWW 3MIHIOE IIBUJIKICTH OOCPTaHHS B MEXKax aMILUIITYId
300 06/xB 3a TapMOHIYHUM 3aKOHOM 13 yacToToro 0.4, 0.5, 0.75, 1 I'. Po3mipHICTs nux
MacuBiB — 800 psiakiB, 1 cTOBIEIb.

Macuu t400, t500, t750, t1000 — ne 3HaueHHS (PAKTHYHOTO YaCy, IPH SIKOMY
dikcyBanocs 3HaueHHs yacToT obepranus NCt400, nct500, nct 50, nct1000 BimmoBigHO.

PosmiphicTh nux macuBiB — 800 psiakiB, 1 CTOBIEIIb.

4.6.6. Dynxuis myfun ()

®dynukmis myfun() (function [Ph]=myfun(P1, nct, t)) nepeTBoproe MacuBu JaHUX
P1500 , P11000 , nct500, nctl000 , t500, t1000 , sxi MiCTATH TUMYACOBI TApMOHIYHI
curHaiau, MacuB Ph , mo MicTuTh (ha30Bi 3aIMi3HEHHS CUTHAIY THCKY P, 010 curHamy

Npr 1 BIZHOIIEHHS aMIUIITYJId CUTHAIy TUCKY P, 0 aMIUIITyAu CUTHAJIy 4acTOTH Ngr.
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®ynkmis myfun() obpobiise Tinbku macuBu ganux P1500, nct500, t500 1 P11000,
nct1000, t1000, BuMipsHi mpu 3MiHI IBUAKOCTI oOepTaHHs Npr 3 yactororo 0.5 1 1 T'm.
L1 ynkuis moBeprae macuB Ph, sxuit Mmae po3aMipHicTh 6 psakiB, 1 croBnenb. Macus
Ph HamoBHIOETBCS HACTYITHUMU TapameTpamu, oTpuManuMu 3 macusiB P1500, nct500,
t500 1 P11000, nct1000, t1000:

— BITHOIICHHS aMIUTITYJd CUTHAJIY THUCKY P 10 aMIUNTyau CUTHaJIy 4acTOTH
obepranns Ngr Avhod ;

— KyT (a30BOro 3ami3HeHHS TUCKY P BIAHOCHO cHUTHaldy Ny Ha JUISHII
30ubIIeHHs TUCKY Py DeltaPriem,

— KyT (a30BOro 3ami3HeHHS TUCKY P BIAHOCHO cHUTHalIy Ny Ha JUISHII
3MmeHImeHHs Tucky Py DeltaSbros.

bnok-cxema ¢ynkiii myfun() soopaxena Ha puc. 4.6.
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| myfun(P1, nct, t) \ ,L

I ; CTBOpPEHHA MACHBY LCII, CTOBIILI AKOIO

OromonicHHS MacHBY

e 3ANO0BHEHHI 3HAYCHHsIMU MacuBy nctfiltl
koediuieHTiB Z

JOBXKHHORK PiBHIH pi3HULI MK iHACKCAME

¢ HY/BOBOTO NEPECIUEHHA & 3 KPOKOM 2.
_19<=i<=Kineus . l
- MacuBa P S~ IMouyk MiHIMATBEHOTO 3HAYEHHS
: > 4 PminValue, PminTime macusy Err gns
l KOYKHOTO CTOBIILIS
M 18 ] iB M¢ PIfilt(i [ v
HOMEHHA 18 ENIEMEHTIB MACHBY ilt(1) P N B —
Ha koedimienTH MacuBy Z \ Iowmyk MiHIMAIBLHOIO 3HAYEHHA
nctminValue, nctminTime MacuBy netr ayist
KOKHOTO CTOBIILA
v
" 19<=i<=Ki"eup .
< s [Nomyx MAKCHMAABbHOIO 3HAYEHHS
~._ Macupanct -~ :
~ o PmaxValue, Pmaxtime macuBy Err mns
. l o KOKHOTO CTOBMLIA
Msuosxenna 18 enemenTis MacuBy nctfilt(i) [ { [Momyk MaKCHMATBLHOTO 3HAYCHHSA
4 —— nct | :
Ha Koc(imi€HTH MaCHBY Z \ nctmax Value, nctmaxTime MacuBy nctr it
l KOKHOTO CTOBIILS
Bunanenns nepmmx 18 3Ha4CHb MaCHBIB Ny Hi
P1filt] i netfiltl 1-+j_, @ =1 5
I . . . Tak
OLUYK iHAEKCIB g i 3HAYeHb | Hy1LOBOIO
Yl HICKCID b Y, < ‘ ¢ |
nepeciyenHs MacuBy nctfiltl \ i
Po3paxyHok aMmuitTyau Anct:
l Anct(i)=nctmax Value(i) - nctminValue(i)
BusHaucHHs 3MIHHOT ({ — Pi3HULL MiK l
JIBOMA HAHOIMKIHMH 3HAYCHHAMH { Pospaxynok ammityau AP:
l AP(i)=PmaxValue(i) - PminValue(i)
\ 4
Busrauenns 3MiHeOT Period — cyma mixk Pospaxynox (pa3u DeltaPriem:
TBOMA HAFOMIKTHMH 3HAYCHHAMH tt DeltaPriem(1)=((PmaxTime(1)/67)/
Period(i))*360 - ((nctminTime(i)/67)/
l Period(i))*360
CreopeHHs MacuBy Err, cTOBMII AKOr0
3aMOBHEHHI 3HaUeHHAMHN MacuBy P 1filtl PospaxyHok (asu DeltaSbros:
JOBXWUHOK plBHlﬁ }?I'SHHLU MUK ITHICKCAMH DeItaSbros(i)=((PminTimc(i)/(ﬂ)/
HY/LOBOTO NEPECiTEHHA § 3 KPOKOM 2. Period(i))*360 - ((nctmaxTime(i)/67)/
Period(i))*360
Po3spaxyHok cepeanix 3HaucHs Avuhod, «
Avh macusis AP i Anct

)

(A)
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> j<=6
| ““‘J<

Hi

A

Hi 'DeltaPriem(i)>0 i."
- DeltaPriem(j)<300

Tak l

k++

A 4

DeltaPriem1 1(k)=DeltaPriem(j)

z<=06

zZ++
- Tax l

Hi

Hi  DeltaSbros()>0 i
. DeltaSbros(j)<300

Tak l
|k |

A 4

— DeltaSbros11(k)=DecltaPriem(z) ‘

A 4

Po3paxyHok cepenHboro 3HadeHHs PhasePrieml,
PhaseSbros1 macusie DeltaPriem11 i DeltaSbros1 1

!

3anoBHeHHs MacuBiB Ph 3nadennsmu PhasePriem1,
PhaseSbros1, Avhod

Return Ph

Puc. 4.6. binok-cxema IiArOTOBKH JJaHUX IS IXHBOT Kiaacudikarii
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MacuB BUMIPIOBaHUX 3HAY€Hb THCKY MEpe] MEepUIMM KOHTYPOM (POpCyHOK Piy 1
MacHB 3HAYEHHS 4acTOT o0epTaHHs Npr 3 METOIO (puIbTpaLii GUIBTPOM HU3BKUX YaCTOT
®HY noMHOXkeHO 3rimHo 3 (opmynoro 3.8 po3nity 3 Ha MacuB KOE(]IIIEHTIB,
3a3HayeHuil y Tabn. 3.4 3 po3ainy 3. [ns yCyHEHHsS 3aTpUMKH B NMEPETBOPEHHUX 3a
nonomororo @HY wmacuBax Pl1filt i nctfilt Bunaneno mepmi 18 3HaueHb KOXKHOTO
MacuBY.

3HavyeHHS BIIHOCHOI aMILTITY/IU PO3PaXOBYETHCS 32 GOPMYIIOIO

Avhod = (4.21)

Anct’

3HaueHHs KyTiB (a3oBoro 3ami3HEHHS TUCKY P, BIIHOCHO npgp AUISHKA

30UTBIICHHS TUCKY P po3paxoByeThes 3a popMynoro

tpmax — tnmin) * 360° 4.22
Deltaprl:em — ( Pmax nmln) : ( )
T-F

o€  tpmax— 9ac, IPHU TKOMY THCK Py, mocsrae MakCHMalbHOTO 3HAYEHHS, C;

tmin— 9ac, IPH SKOMY 3HAUEHHS 9aCTOTH OOEPTaHHS Ngr NOCATAE MiHIMAaJIbLHOTO
3HA4YCHHSI, C;

T — TpuBanicTh Iepioay CUrHamiy, ¢ ;

F.— gactora 3anucy curtany (67 I'm).

3HaueHHs KyTiB (a30BOro 3ami3HEeHHsS THUCKY P, BIZHOCHO mnpgr AUISHKH

3MEHIIIeHHS TUCKY P, po3paxoByeThes 3a GOpMyIIor0

tpmin — t - 360° 4.23
DeltaSbros = (Epmin nmax) ; ( )
T-F,

ne  tpmin — 4ac, IpH KOMY TUCK Py, mocsrae MiHIMaIbHOTO 3HaYEHHS, C;

thmax — 4Yac, TpPH SAKOMY 3HAaY€HHS YacTOTH OOepTaHHS Ngp OCATAE
MaKCHUMaJIbHOTO 3HAYCHHS, C;

T — TpuBasicTh MEpioay CUTHAIY, C ;

F. — YacroTa curHaiy 3ammcy CUTHaITYy A0piBHIOE 67 ['11.
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4.6.7. Dynxuis LDA()
®ynkmis LDA() (function [PredictionsP1, Y4]=LDA(Ph)) oopo6mnsie macus Ph i

noBeprae 3MinHi PredictionsPl, Y4, ski € pesynbraTtoM Kiacudikaiii JHHAMIYHHX
XapaKTepUCTHK JOCITIKYBaHOTO arperara, oTpumMaHux 3 macuBy AIr3. Biok-cxema

¢ynxuii LDA() 300paxena Ha puc. 4.7.

([ LDA@h) )

|

OronoureHHs MacHBY
koe(imieHTiB v2

| 4
DopMyBaHHA MacHBY X2 i3 cToBmIiB Nel0 i Nel2

macusy Ph
—»{_ =2
it Tax

A
sum=v1(1)*X2(i)
Y4=Y4+sum

Tak ~ . Hi

¢ 143 5

v 4

PredictionsP1=1 ‘ PredictionsP1=2

return
\ PredictionsP1 /

Puc. 4.7. bnok-cxema kimacudikariii jaHux

Oynukriss LDA() dopmye macuB X2, skl CKIQJa€ThCs 3 TaKUX TMapaMeTpiB
macuBy Ph sk Avhod mist wactot 3minu curaany ngr 0.5 1 1 I'n. ani gyakmis LDA()
MHOKUTh MAacHB TapaMeTpiB X2 Ha KOOpJIWHATH 0a3UCHOTO BEKTOPY MEPETBOPEHH W
M(0,5 I'y) Ta M(1 I'y), sxi BKazani B Tabia. 3.6. 3 po3ainy 3 BigoMo, 10 MeXa MOILTY

JIBOX KJaciB, BU3HaueHa 3a jgomnomMorot anroputmy LDA, nopieaioe 3.0. OnnHak ans
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MPAKTUYHOTO 3aCTOCYBAHHSI TpaHULs TMOAULYy KJAaciB KOpUTyBajacs 3 METOI0
30UIBIIEHHS] TOYHOCTI MPOrHO3y Oe3mocepeaHbO 3a pPEealbHUMHM JAaHUMHU CHUIBHOI
pobotu perynstopa 3 neurynom y ckiaal CAK. 3actocoBana B IbOMY aJICOPUTMI MEXa
kiacugikamii, mo AopiBHIOE 3,4, BUOMpanacsa Ik KOMIPOMIC MK TOYHICTIO MPOTHO3Y
aNropuTMy, SKUd Mae OyTH sSKOMOra BHUUIMM, 1 KUIBKICTIO pEryJsiTopis,
KJ1acu(iKOBAaHUX SIK HECTPABHI, IKUX Ma€ OyTH sIKHaliMeHIle. 3MIIIEHHS MEX1 MOALTY B
01K 30UTbLIEHHS XMOHO-HETaTUBHUX PE3YJbTATIB OYyJ0 BUKOHAHO TOMY, IIO BapTiCTh
XHUOHOTO PINIEHHS alTOPUTMY HUXK4YE BiJl BapTOCTI 3aTPUMKHU IMOCTaBKH PEryJsITOpa.
Taxkum ynnom, Qynkiis LDA() nopiBHIOE 3HAaUEHHSI OTPUMAHOTO CKaJIsipa Y4 3 MEXEI0
noziny. B pe3ynbraTi nopiBHsHHS, ko napametp PredictionsP1 nopisaioe 1 — Bupi0d

cripaBHWIA, 1 sikiio mapamertp PredictionsP1 nopiBHioe 2 — BUpiO HeCIIpaBHUM.

4.6.8. ®ymnxuis Plot() 6i6mioTrexu MLPlot.dll

®yukis Plot() Function Plot(Y4) Buxiukae rpadiunuii iHTepdeiic, Ha sSKOMY
3Ha4YeHHs Y4 BioOpaXeHO 3eJIeHUM KOJIhOPOM, 3Ha4deHHS MacuBy Y1 crpaBHUX
BUPOOIB — CHHIM KOJILOPOM, 3HAUCHHsI MacUBY Y2 HECIPaBHUX BUPOOIB — YEPBOHUM
KOJIbOPOM, SIK Iie TToKa3aHo Ha puc. 4.9. biok-cxemy ¢ynkiii Plot() 300paxkeno Ha puc.
4.8. MacuB nanux Y1 BKJIIOUa€e MEPETBOPEHI JTUHAMIYHI XapaKTEPUCTUKH arperarisB 3
HaBYAJIbHOI BHUOIpKH, sKi 3a0e3meuyioTh cTiiky pobory CAK. MacuB nganux Y2
BKJIFOYA€E TIEPETBOPEHI JUHAMIYHI XapaKTEPUCTUKH arperariB 3 HaBYaIbHOT BUOIPKH, K1

cXuIbHI 10 miaTpuMku podotn CAK Ha Mexi CTIHKOCTI.

Plot(Y4)

4

OronomeHHs! MACHBY
koe(iuieHTiB Y1, Y2

!

I'pagiune BinoOpakenus Y1, Y2, Y4

plot (Y3, 0, ‘g*’, ‘MarkersSize’, 25)
hold on

plot (Y2, 0, ‘r*")

heold on

plot (Y1, 0, ‘b*")

Puc. 4.8. bnok-cxema BUBEeJEHHS JJaHUX Ha rpadik
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' 5

4 Figure 1 = | B S|
File Edit | View Insert Tools Desktop Window Help N

Dcde | @/ 08| KE

0.8

06 [

0.4

0.2

O # %  ## HoMEE W *

Puc. 4.9. I'padiune BimoOpaxeHHs pe3ynbTariB Kiacudikaiii JUHAMIYHOTO CTaHy

4.7.  OuiHka pe3yibTaTiB Kiaacudikarii JMHaAMIYHOTO CTaHy arperaTty

3 po3auny 3 Bigomo, 110 KiacudikaTop AMHAMIYHOTO CTaHy arperarta Oyaye JiHi0
pO3MEXyBaHHS, 37JaTHY PO3JUIATH ABa Kiacu arperatTiB. [lepmmii kinac — 1e arperartu,
SIK1 pa30M 13 JBUTYHOM IPAIOIOTh Ha MEXK1 KOJUBAJIBHOI CTIMKOCTI. Jpyruit kiac — 1e
arperaty, AWHAMIYHI XapaKTePUCTHKU SKUX 3a0e3MeuyloTh CTIHKy poOOTy pa3om i3
IBUTYHOM. Ycboro Oyno mpoanamizoBaHo 190 arperatiB, sl SKUX BIZOMHM (hakT
HassBHOCTI aBTOKoJMBaJbHOrO Tiporiecy y ckmaai CAK. Sfkmo aguHamivyHa
XapaKTepuCcTHKa arperata Oyna kiacudikoBaHa alTOPUTMOM SIK CXUIIbHA IO TMIATPUMKHU
aBTokonmBanibHOTO Tporiecy CAK, mpore Ha ABUTYHI Mpu HOro CHuIbHIN poboTi 3
arperaToM aBTOKOJIMBAJIBHOTO MPOIECYy HE OyJ0 BUSBICHO, B TAKOMY pasi pe3yibTaT
kimacudikamii BBa)Xae€TbCcsl XMOHO-MO3UTHBHUM. | HaBmakwW, SKIIO aJTOPUTM
kiacudikaiii He BUSBHUB KOJHHMX BIIXWICHb JHHAMIYHOT XapaKTEPHUCTHKU arperara, a
MIPY CUTBHIN pOOOTI 3 IBUTYHOM aBTOKOJUBAIBHHN MPOTEC OYB MPUCYTHIHN, TOJI TAKHMA
PE3yNIbTAT BBAXKAETHCS XMOHO-HeraTUBHUM. [[nst 183 arperaTiB mporHo3 HECIPaBHOCTI

30ircs 3 pe3ylbTaTaMHd CTEHJIOBUX BHUIOpOOyBaHb Ha JBUTyHI. [lo3uTHUBHUM
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pesyabratoM (True Positives, TP) BBakanwcs BUIAAKH 3 BUSBICHHSIM CXWJIBHOCTI
arperata A0 MIATPUMKH aBTOKOJMBanbHOro mpouecy B ckiaigl CAK. 3 momMuiakoBHux
omiHok xuOHO-mo3utuBHUX (False Positives , FP) pesymprariB Oymo 2, XxuGHO-
HETaTUBHUX

(False Negatives , FN) — 5. IligTBepmkeHi pe3ynbTatu Kiacudikaiii arperartis
B1J1I00pakeH10y MaTpulll MOMWIOK (Tadu. 4.35).

Tabmuis 4.35. Pesynbratu kinacudikailii arperartiB 3a CXWJIbHICTIO J10
HiATPUMaHHS aBTOKOJIMBaIbHOTO mpotiecy y ckiani CAK

[lepenOauenuit/peansunii | [lo3uTuBHMIA pe3ynbTaT HeratuBHui pe3yaprar
I1o3uTHUBHHUI pE3yJIbTAT 21 5
HeratuBHui pe3ynabpTat 2 162

3 nanux Tabn. 4.35 MOXHaA OLIHUTH SIKICTh Kiacu@ikailii MeTony 3a KUIbKOMa
KPUTEPISIMHU.

Jlns movaTky OyJio po3paxoBaHO TOYHICTH Kiacudikarlii (Accuracy) 3a ¢popmysoro
(4.14), mo BimoOpakae 3arajbHy YacTKy MPaBUIbHHX IepeadadeHb (K MO3UTHBHUX,
TaK 1 HETaTUBHUX) BiJl 3aTaJIbHOT KIJIBKOCT1 BUIIAJIKIB.

TounicTh cranoBuia 96,34 %. Lle o3Hauae, mo B 96,34 % Bumankis kiaacudikarop
IPaBUIBHO BU3HAYMB, UM BUPIO CXWJIBHHUH J0 MIATPUMKH aBTOKOJIMBAJIBHOTO MPOIIECY,
gy Hi. OHAK 11i€T METPUKH MOKe OyTH HEJOCTATHBO JIJISl OI[IHKH SIKOCTI Kiaacudikarii,
BPaxOBYIOUYH TOM (haKT, 10 KJIACH CHJIBHO He30aJlaHCOBaHI.

Tomy momaTtkoBo OyjM po3paxoBaHi Taki KputTepil sk TouHicTh (Precision) 3a
dopmynoro (4.15), mosuora (Recall) 3a dopmymnoro (4.16), Fl-mipa 3a dopmyoro
(4.17).

Tounicts ( Precision ) ckmana 91,3 %.

[ToBHoTa KMacudikaii cranoBuina 80,77 %.

F1-mipa nopisHtoe 85,71 %.

B minomy, po3pobnenunii kinacudikaTop moKasye XOpoIli pe3yJdbTaTh 3 BUCOKOIO
TOYHICTIO Ta JIOCUTH XOPOIIUM OalaHCOM MDK TOYHICTIO Ta IOBHOTOIO, SIK IOKa3ye

snauenHs F1-mipu.
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Jlist BOpOBaIP)KEHHS METOAY pO3II3HABAHHSI HECHPABHOCTEHW y MpOLEC KOHTPOIIIO
SKOCTI PO3pOOJICHO MPOrpaMHUN NPOAYKT, SIKUM TICAS BCTAHOBJIEHHS HA CTEH]
J03BOJISIE ABTOMATHYHO BIJCIIOBATH HECIpaBHI arperatd Ha (IHAIBHUX eTanax
BUPOOHHUIITBA, a TAKOX HA €Tarl BX1IHOI'O KOHTPOJIIO PEMOHTY 3a TEXHIYHUM CTaHOM.

He3Bakaroun Ha JOCUTH TOYHI Nepe0aueHHs] CXMIIBHOCTI arperaTiB 10 NIATPUMKH
ABTOKOJIMBAJIBHUX MPOLECIB MPHU iX CHUIBbHIA poOoTi 3 ABUryHoM y ckianl CAK, meron
Mae Jesiki Hepoaiku. OCHOBHUM HEJIOJIIKOM € BIUIMB BUIAJKOBHX (PAKTOPIB HA J1arHo3,
mo ¢dopmyerbcsi MeTogoM. Ha manuit MOMEHT BIUIMB LMX (PAKTOPIB MIHIMI30BaHO
[UIIXOM PO3UIMPEHHS HaBYAJIbHOI BUOIPKU Ta ii peTeNbHINIOI NIATOTOBKH, HANIPUKIIA,
BUJIYYEHHSIM 3 HEl 3HaYeHb apaMeTpiB, sIK1 OyJIU BUMIPSHI HEKOPEKTHO.

3arajom, wmeron OiHapHOi kiacudikamii arperatriB 3a iX JAMHAMIYHUMH
XapaKTepUCTUKAMU YCITIIIHO 3aCTOCOBYETHCS HA MIAMPUEMCTBI OuUlble 6 pokiB. Sk
MoKasaja MpakTHKa HOTo 3aCTOCYBaHHS, I1€1 TOUHOCTI Ki1acu(ikallii [MiJIKOM JOCTaTHBO.

Ha 1110 po3po06ky Takox 0yino opopMIIeHO MaTEeHT Ha KOPUCHY MOJIENb.

4.8. BHCHOBKHM JI0 YETBEPTOTO PO3ALITY

MerToro excriepuMeHTy Oyiia OIliHKa TEXHIYHOTO CTaHy MMaJuBHOTO PETYNATOpa Ha
pI3HUX peXuMax poOOTH, BUSBICHHS OCHOBHHX OCOOJHMBOCTEH MOTO MiarHOCTYBAaHHS,
BHU3HAYCHHS HEOOXITHMX KOHCTPYKTHBHUX MapaMeTpPiB JJIs JiarHOCTYBaHHS, MepeBipKa
e(hEeKTUBHOCTI METOJy JIarHOCTYBaHHS B peajJbHUX yMOBaX, JOCIIJKCHHS
3aCTOCYBaHHS Ta OOMEXEHb MeTomy. IDlmaH eKCIepuMEeHTY BKIIOUaB OIHKY
mpare3 aTHOCTI arperara Ha pI3HUX peXuMaxX, BH3HA4YCHHS 1H(OOPMATHUBHUX
JTIarHOCTUYHUX O3HAK, BU3HAYEHHS MapaMeTpiB, IO TIAarHOCTYIOTHCS IS KOXKHOTO
peXHMY, TECTYBaHHS METOJy B pEaJIbHHUX YMOBaX, 1 OTPUMAHHS JaHUX IS
MOIAJIBIIIOTO PO3BUTKY METOJIOJIOT1] 1IarHOCTYBAaHHS T1IPaBIiYHOI CHCTEMHU.

Po3poOnenuii MeTo AlarHOCTYBaHHS TECTYBaBCSA HA MPAKTHII B TPOIECI BXITHOTO
KOHTPOJIO CEMH eK3eMIUISIPIB TIIPOMEXaHIYHOTO TAJIMBHOTO perymaropa. 3a
pe3ysbTaTaMu BUKOHAHO OIIHKY €(EeKTUBHOCTI Kitacuikailii CTaHiB.

Meton miarHOCTyBaHHS MPOJEMOHCTPYBAB Pi3HI MOKA3HUKU SKOCTI Kiacudikarii

Ha PI3HUX pexuMax pobdoTu. Ha neskux pexumax BiH BUSIBIISIB HECIPABHOCTI, aj€ B
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IHIINX, OCOOJIMBO B THX, JI€ AIarHOCTYBAJIUCS KOHCTPYKTHBHI apaMEeTpH, IyKe CXOXKI
3a CBOIM BIUIMBOM Ha JIarHOCTUYHI O3HaKW, MeTOJ JAaBaB 300i. Tak, s nepeBipku 3
Meron aaB 100 % npaBuibHUX olIHOK. OIHAK ISl NEPEBIPKU 2, B K1 JIarHOCTYETHCS
TOM K€ MepeNiKk KOHCTPYKTUBHUX MapaMmeTpiB, 3HAYEHHS MIKPO-YCEpEIHEHOI TOYHOCTI
ckaano 67 %, OCKUIbKM METOJ MOMUJIKOBO KiIacu(pikyBaB ae(eKT sl OAHOrO arperara
3 BUOIPKH.

JliarHocTyBaHHS Ha TiepeBipkax 4 i 5 mokas3ano, 10 METOJI He 3IaTHUI PO3PI3HUTH
BiIXWJICHHS B KOHCTPYKTUBHHX IapaMeTpax, SKi MarOTh MPAKTUYHO OJHAKOBUH BILJIUB
Ha JIarHOCTUYHI O3HAaku. Tomy Oyno NPUUHATO pilieHHsS Npo O0'€HAHHSA NESIKUX
KiIaciB  JeekTiB B OJMH KJac, a 3aBJaHHA MOJalbIIOI JoKamizalii JaedexTy
BUKOHYETHCS HA JUISHII TEXHIYHOTO KOHTPOJIIO BIAMOBIIHO JI0 JIFOYUX TEXHOJIOTTUHHX
npoiieciB aedekraii. I3 3aBmaHHsAM 1arHOCTYBaHHS MEHINOI KUTbKOCTI Ae(eKkTiB Ha
nepeBipkax 4 i 5 MeTOa CIpaBUBCS JIOCUTH J1I0OpE, MPHITYCTUBIINCH OJIHIET MMOMUJIKH
JUTsl KO>KHOI nepeBipku. [ mepeBipku 4 3arajbHa TOYHICTH KiIacuikailii cTaHOBUIIA
92 %, Mikpo-ycepeaHeHa TouHicTh cTaHoBmia 80 %. Jlns mepeBipku 5 Ti cami
MOKa3HUKH SKOCT1 kinacudikaiii ckiamu 92,86 % 1 85,71 % BignmoBigHoO.

Buxonsiuu 3 aHanizy OTpUMaHUX pe3yJbTaTiB, IPUUMHA BUHUKHEHHS] TOMUJIKOBUX
OILIIHOK METOAY AIarHOCTYBaHHS MOXHa mHoaumutd Ha aBa tunu [1]. Tleprmii Tum
MIOMHUJIOK TIOB'SI3aHUN 13 BHCOKOKO KOPEISIIMHOKIO 3aJCKHICTIO KOS(IIIEHTIB BILJIUBY
KOHCTPYKTUBHUX IMapaMeTpiB, IO J1arHOCTYIOThCS, HA JIarHOCTHYHI O3HakKW. Taka
3QJICKHICTDh MOSCHIOETHCS TUM, IO HU3KAa KOHCTPYKTHBHHUX €JIEMEHTIB Y KOMILIEKCI 3
IHIIUMH KOHCTPYKTUBHUMH €JIIEMEHTAaMH BHKOHYIOTh OJIHY (YHKIIIIO peryisTopa.
Bupimenns miei npobiemu kinacudikailii TEXHIYHOTO CTaHY JISKUTh y IBOX IJIOMMHAX.
[lo-mepimie, 1€ CTBOPEHHSI E€KCIEPTHUX MIarHOCTUYHUX CHCTEM, IO OYyJ0 YaCTKOBO
3aCTOCOBAHO y I poOOTI MiJ Yac AiarHOCTYBaHHS Ha mepeBipkax 4 Ta 5. YV Takux
CHUCTeMaX J11arHO3 BUHOCHUTHCS E€KCIIEPTOM Ha MmiAcTaBi iHdoOpmallii, oTpuMaHoi Bif
anroputMmy kiacudikaiii, iHpopmarlii Binx BUIPOOYBaNBHOI MIMSHKH Ta PE3yJIbTaTiB
orisay Ta aedeKTarlii geranaei 3rigHo 3 KapTaMu TEXHOJIOTTYHOTO KOHTpOuTto. [ Takoi
€KCIEePTHOI CUCTEMHU JOMYCKAETHCA 3MEHIIEHHS TJIMOWHHU JIOKai3allii HeClpaBHOCTEH B

OL[IHI[I TEXHIYHOTO CTaHy 00'€KTa 3 JOMOMOI'0OI0 METOJY JA1arHOCTYBAHHSI.
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Jlo ogHoro 13 cmocoOiB MIJBUIIEHHS TOYHOCTI alropuTMy KiIacuQikarii
TEXHIYHOI'O CTaHy MOXHA BIHECTH JOJAaBaHHS HEOOXIIHMX N1arHOCTUYHHUX O3HAK. Y
i poOOTI AJIS BUMAAKY AIarHOCTYBAHHS JJIsl MEPEBIPKU S5 OyJ0 BBEACHO JOJATKOBY
JTIaTHOCTUYHY O3HAaKy — HaXWJI XapakTepucTuku perymaropa Kgr. [lpore me He
J03BOJIUJIO 3HAYHO IMIJBUILMTH TOYHICTh Kiacudikamii mpomy pexumi. Lleit daxr
3QIIMIIAETHCS  HEJOCTATHBRO BHBYCHMM 1 MOXKE CTaTH MPEIMETOM IMOAAIBIINX
JIOCJIIKEHD.

Hpyroro npo6iemMor0 MeTOoAYy [IarHOCTYBaHHS € TOYHICTh 1A€HTH(IKALIl
aiarHoctuuHoi MM [1]. Yci momMuniku B OIIHINI TEXHIYHOTO CTaHy OYyJIM 3yMOBJICHI
HeTOouHICTIO imeHTHdikaii MM. V miii po6oTi Oys0 3acTOCOBAaHO JOCUTH MPOCTHI
aNTOPUTM iMeHTU(IKAIIT 32 OJTHIEIO JIarHOCTUYHOO 03HAKOK. TOMY OJTHUM 3 OCHOBHHX
HANPSIMKIB I0JI0 TTOIAJIBIIOTO MOJIMIIICHHS. METOAY JIarHOCTYBaHHS TEXHIYHOTO CTaHy
TiIpaBIIYHUX  arperatiB € po3poOka  ePEeKTUBHUX  METOJIB  1IeHTU(IKaIi]
M1arHOCTHYHUX MM.

Xo4a MeToJ MpOJIEMOHCTPYBAB BUCOKY TOUHICTh Kiacuikarii meBHUX JAeeKTiB,
Oyno Bim3HadeHO mpobsemu 3 imeHTHdikamiero MM. Lg cknagHiCTh HacamIiepen
MOB'sI3aHA 3 B3AEMOIEI0 PI3HUX MEXaHIYHMX Ta TiAPABIIYHUX KOMIIOHEHTIB, IO
YCKJIAIHIOE 3aBJaHHS PO3POOKH BHCOKOTOYHOTO METOAYy Kiacudikarii TeXHIYHOTO
crany. IIpore, 3qaTHicTh MeTOAYy €(hEKTUBHO KiIacudiKyBaTH pi3HI JePeKTH MoKaszye
ioro kopucHicTh. [loMmiITHOIO TepeBaror MeETOAy € HOro 3JaTHICTh ONTHUMI3yBaTH
IpoIleC JIarHOCTYBaHHs, CKOPOYYIOUM Yac Ta PECypcH, HEOOXiIHI i PYyYHHX
nepeBipok. OgHak oOMexeHa e()EeKTHUBHICTh PO3IMi3HABAHHS JESKHX HECTPABHOCTEH
BKa3ye Ha HEOOXTHICTh MOJAIBIIOr0 HOTO BIOCKOHAICHHS.

B minomy, OIHBEH 3 KIIOYOBHX CHIBHHX CTOPIH METONYy € e(EeKTHUBHICTH
kimacu@ikaiii mupokoro cnexkrpy aedekrtiB. Llg edexTuBHICTh NPOSBISETHCA B
IIBUKOCTI T4 TOYHOCTI BUSIBJICHHS TIOIMIMPEHUX HECIIPABHOCTEH, M0 3HAYHO TOKPAIILYE
MPOIIEeC TIarHOCTYBAHHS Ta 3HIKYE BEIUKY KUIBKICTh PYYHUX MEPEBIPOK.

Meron knacudikamii TUHAMIYHOTO CTaHY arperaTry MokKa3aB XOpOIli Pe3yIbTaTH
JiarHOCTyBaHHs, 0e3 oOMexeHb. Pe3ynbTaTu J1arHOCTYyBaHHsSI, PO3IIIIHYTI B po3n. 4,

MOKa3yITh 3JaTHICTh Kiacu(ikaTopa pO3PI3HITH [Ba KIAaCH T1APOMEXaHIYHHUX
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arperaTiB 3a JUHaMIYHUM cTaHoM. /[0 mepmoro kimacy BIIHOCATBCS arperaTtH, IIO
MPaIOI0Th Ha MEX1 KOJUBAJIBHOI CTIMKOCTI CIUIBHO 3 ABUTYHOM, JO JIPYroro Kjiacy —
arperaTi 3 JAVMHAMIYHUMHU XapaKTEpUCTHKaMHM, 110 3a0e3MeuyloTh CTIHKYy poOoTy 3
nuryHoM. 31 190 mnpoananizoBaHux arperatiB, s 183 oOIMHULBL NPOTHO3U
KkiacugikaTopa 301raucs 3 pe3yjJbTaTaMy CTEHIOBUX BUIPOOYBaHb JBUTYHIB. 3arajibHa
TOYHICTh KJ1acudikaTopa ctaHoBUIa 96,34 %, Tounicth — 91,3 %, noBHota — 80,77 %, a
nokazHuk F1 — 85,71 %. Lli MeTpuku BKa3ylOTh Ha BHCOKY SIKICTh Kiacugikaiii Ta
JIOCUTh XOpOIIUA OajmaHC MK TOYHICTIO W MOBHOTOIO, MPO L0 CBIAYMTH 3HaueHHs F1-
mipu. [lomMmunku kinacudikamii mosCHIOIOTHCA BIUIMBOM PI3HUX BUMAJAKOBUX (DaKTOPIB Ta
NOMHWJIOK BHUMIpIOBaHb TIpU TecTyBaHHI arperara. Kiacudikarop ycmimHo
3aCTOCOBY€ETHCS HA MIAMPUEMCTBI TOHA LIICTh POKIB, MPOJAEMOHCTPYBABIIU JIOCTATHIO
JUTSL TPAKTUYHOTO 3aCTOCYBaHHS TOYHICTH Kiacuikalrii.

Hapnani BukopucTaHHs METOAY JIarHOCTYBAHHS HAa YCTAJEHUX PEKUMAX Ta METOAY
kiacugikalili AMHAMIYHOTO CTaHy MOTEHIIHHO MOXE MPU3BECTHU 710 OUIbII €(PEeKTUBHOTO
Ta TOYHOIO BUSIBJICHHS HECHPAaBHOCTEM Yy TIApaBIIYHUX arperatax, TUM CaMUM

CIPUSIIOYH MMOKPAIEHHIO MPOIECY PEMOHTY.
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BHUCHOBKHA

B pe3ynbTari KOMIUIEKCHOTO JTOCHIIKEHHSI BUPIIICHO HAYKOBO-MPAKTUYHY 3a7ady
pPO3pOOKH METOJy MJiarHOCTYBaHHS HECUPABHOCTEH WAJMBHUX PETYJIATOPIB, SKUH
JI03BOJISIE OTPUMYBATU JAOCTOBIPHI MMOBIPHICHI OLIIHKK B YMOBAaXx MOraHo 00yMOBJIEHOT
3amayi, a TaKOoX 3aJady pPO3POOKM METOAy BUSBICHHS HECTIHKMX TMaJIMBHUX
perynsitopiB y ckiani CAK.

OOTpyHTYOBaHO MTIiAXOAM 1O MOJCIIOBAHHS POOOYMX TMPOIECIB MAIUBHOTO
perymstopa Ta po3poOjeHa ¥oro wmaTeMarhdHa MOJENb, pO3pOOJEHI MeToau
JTIarHOCTYBaHHS TEXHIYHOTO CTaHy TMaJIMBHOTO pPETyJIsTOpa Ta TPOBEICHO iX
EKCIIEpUMEHTAIbHY TepeBipKy. OTpHMaHi pe3yJbTaTH JO3BOJIWIM CHOPMYITIOBATH
peKoMeHaaIlli 100 3aCTOCYBaHHS PO3POOJCHMX METOJIB y MPAKTUIl TEXHIYHOTO
00CITyroByBaHHS Ta PEMOHTY T1JIpaBIiYHUX CUCTEM Ha MiMPUEMCTBI-BUPOOHUKY.

VY X011 BUKOHAHHS JIUCEPTAIIMHUX JOCTIIKEHb OTPUMAHO TaKi HOBI HayKOBi Ta
NPAaKTUYHI pe3yJIbTaTH:

1. [IpoBeneHO KOMIUIEKCHUHM aHaII3 JIITepaTypu IMIOAO ICHYHOYHMX METOJIB
JIarHOCTYBaHHSl TiIpaBIIYHUX CHUCTEM, SKAWA T0Ka3aB, IO HasBHI METOIU HE
320€3IeuyI0Th IMOBIPHICHHX OITIHOK TEXHIYHOTO CTaHy, OCOOJIMBO B YMOBaX 0OMEKEHO1
KUTBKOCTI BHMIPIOBAaHUX TIapaMeTpiB poOodYoro mporecy. Y TOW K€ Yac ICHYHOTh
METOAM JIarHOCTYBAaHHS, SKI YCITIIIHO BUKOPHUCTOBYIOTHCS B CYMDKHHX OO0JaCTSX,
30KpemMa IpH JiarHoctyBaHHs npotoyHoi yactuau ['T]. Lle qo3Bonmino chopmynoBatu
npo0aemMy JAOCTIKeHHS Ta BUBHAYUTH OCHOBHI 3a/1adi MOA0 pO3pOOKH HOBHX METO/IB
JIarHOCTYBaHHS, SIK1 ONEPYIOTh HMOBIPHICHUMU OI[IHKAMHU.

2. Po3pobneno neranpHy HENiHIMHY JIWHAMIYHY MaTEMaTUYHY MOJEIb
MAJMBHOTO PETYNATOPA, sIKa BIATBOPIOE (hi3UYHI MPOIECH B MAIMBHOMY PETYJISATOPI Ha
BCIX peXuMMax poOOTH, BKJIIOYAIOYM TepexiaHi. Mopaenb Mae BHIJISAI JIAHIIOTa
CJIEMEHTIB 13 30CEpe/KCHUMHU TapaMeTpaMH Ta CKJIANA€ThCA 3 CUCTEMHU HETIHIMHUX
mudepeHIiaTbHIX 1 anreOpaivHuX pPiBHAHb, [0 OMUCYIOTh B3aEMOII0 OCHOBHUX
CTPYKTYpPHHUX €JIEMEHTIB PpEryjsiTopa: pEryasiTopiB 4YacToTh OOepTaHHS poTopa

TypOOKOMIIpecopa, YaCTOTH OOEpTaHHS BUILHOT TypOiHM Ta aBTOMAaTa MPUHOMHUCTOCTI.
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Bona no3Bosisie MoaentoBaTH A€PEKTH LUIAXOM 3MIHM KOHCTPYKTHBHUX HapaMmeTpiB,
o 3abesneuye i1 BUKOPUCTAHHSA MpH AlarHOCTyBaHHI. [IpoBeaeHO MoOjentOBaHHS
OCHOBHHX PEKMMIB pOOOTH MAJUBHOTO PETYJSATOPA, PE3YJIbTATH SKOIO BIANOBIIAIOTH
€KCIIEPUMEHTAIBHUM JaHUM, 1110 MIATBEPKY€E aJJ€KBATHICTh Ta TOYHICTh MOJIEIIL.

3. OTpuMaHO JIIHIMHY 11arHOCTUYHY MOJIEIb MAJMBHOTO PETysATOpa B (popMi
MaTpuilb KOe(DiliEHTIB BIUIMBY KOHCTPYKTHBHHX MapaMeTpIB Ha MapameTpu pododYoTro
nporiecy. BukopuctanHs 1i€i MojaeNi B ajdropuTMi MapaMeTPUYHOTO J1arHOCTYBaHHS
JI03BOJISIE CIIPOCTUTH 3ajJady JIOKaji3allli HECHPaBHOCTI, 3a0€3MEUUBIIN MOMJIUBICTh
3aCTOCYBaHHS METOJIB JIIHIKHOI anreOpu Juis aHanmizy Ta ileHTU(]IKalii TeXHIYHOTO
ctany arperata. OgHaK sl JeIKUX MapaMeTpiB, TAKUX SIK KOPCTKICTb MPYXKUH Kk,
K3k Ta o mpoxigHoro mnepepisy apocens Fgy Bii3HaueHO HETIHIHHUN BIUIUB 3MiHN
KOHCTPYKTUBHOTO IapaMeTpa Ha MapaMmeTrpu pooOouoro mporecy. [lpu mineapusaiii
MM 3a3HaueHa HENIHIMHICTh ypaxoBaHa MUISXOM BUKopucTaHHa Habopy MKB,
OTPUMAHUX 3 PI3HUMU KoedillleHTaMu Bapiaiii uis BIIXWIEHb MapamMeTpiB y Oik
J0JIaTHUX 1 B1I'€MHUX 3HA4Y€Hb. 3a pe3yJbTaTaMU MPOBEACHOIO aHANI3y MOKa3aHo, 110
noxubka iHeapu3amii He mnepeBumye 0,005 %, o miATBEPIKYE MOXKIUBICTD
BUKOPUCTAHHS I1i€1 JIHIMHOT MaTEMaTHYHOT MOJIEI JUIS JIarHOCTUYHMX IIUISH.

4, Po3pobneno  HOBMET ~ MeTOA ~ MapaMETPUYHOrO  JIIarHOCTYBAaHHS
HECIIPABHOCTEHW T1APOMEXAHIYHOTO MAJIMBHOTO PEryJsiTOpa Ha YCTAICHUX PEKUMAX
poOOTH B IIPOCTOPI BUMIPIOBAHUX IapaMeTpiB POOOYOro MPOIECy, XapaKTEpPHUX IS
3aBOJICBKMX BHUIPOOYBaHb, HAa 0asi JIIHIMHOI J1arHOCTUYHOI MaTeMAaTHYHOI MOJEl 3
BUKOPHUCTAHHSIM MMOBIPHICHHX OIIIHOK TE€XHIYHOTO CTaHy BUpoOy. MeTtoxa 6a3yeThbest Ha
TeopeMi baiieca Ta BpaxoBye MMOBIPHICHI OI[IHKA MPUHAJICKHOCTI TOTOYHOTO CTaHy 0
KOXXHOTO 3 MOXJIMBUX JAedekTiB. Po3paxoBaHi amocTepiopHi HMOBIPHOCTI HAsBHOCTI

KOHKpETHUX Je(deKTiB Ha OCHOBI BHUMIPSHUX JIarHOCTHYHHUX O3HAK BPaxOBYeE
. . LRy . tes >
KOMOIHAITIIO TBOX HE3AJICKHUX TOJIIH: peaizaiii iICTHHHOTO 3HAYeHHS BEKTOPa O3HAK Z

3a HasBHOCTI JeeKTy S;, Ta OTPUMAHHA BMMIPAHOTO 3HAYEHHA Z* 3a BIIOMOTO HOro

. . = . *ee . ~r
icTuHHOMY 3HaueHHI Z. Jlnms peamizamii MeTromy Ha mpakTuii OyB BH3HAYCHHUH

oOMe)XeHUM TMepesik MIarHOCTUYHHUX O3HAaK Ta KOHCTPYKTUBHUX HapameTpiB, IO
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T1arHOCTYIOTHCS, AJISl KOXKHOTO PeXKUMy poOOTH MaIMBHOTO PETyIATopa. Y pe3yiabTaTi
OLIIHKM SKOCTI Kjacu@ikauii geeKTiB Ha IITy4HO c(HOpPMOBaHIN BHOOPII TECTOBHUX
JAHUX CcepenHii apudMETUYHUN MOKa3HUK TOBHOTH Kiacuikaimii s BCiX
KJacu(dikoBaHUX CTaHIB ckiaB 79,3 %, mo 3 ypaxyBaHHSIM 3HAYHOI'O PIBHS MOXMOOK
BUMIPIOBAaHHS € IOCTaTHBO JOOPHM MOKa3HUKOM I BAKOPUCTAHHS JAHOTO METOAY Ha
MPaKTHUIIL.

5. Po3pobneno meron knacugikamli TMHaAMIYHUX XapaKTEPUCTHK MaJMBHOIO
perynstopa, SKAW JO03BOJSE BHSIBISITH BHPOOM  O€3MOCEpelHRO B YMOBax
HiANPUEMCTBA-BUPOOHUKA, SIKI MOXYTh CIPUYMHUTH BTpPaATy CTIHKOCTI CHCTEMHU
aBTOMAaTUYHOTO KepyBaHHS JABUTYHOM. lleii merom 3a JOMOMOrOK JIHIHHOTO
JUCKPUMIHAHTHOTO aHaJI3y J03BOJISIE KIAcU(IKyBaTH PErysiTOPH Ha JIBl KaTeropii: Ti,
mo 3abe3neuyrTh cTiiky poboty CAK, 1 11, 3 axkumu CAK mpamroBatume Ha MEXi
KOJIMBAJIBHOI CTIMKOCTI. Merton 0a3yeTbcsi Ha aHalmizl AWMHAMIYHUX TapaMmeTpiB
perynsTopa, 30KpeMa HOro 4acTOTHHX XapaKTepUCTHK. 3a JIOTIOMOTOI0 aJTOPUTMY
JiHIHHOTO JOUCKpuMiHaHTa Dimepa 3IIHCHEHO KIAacTepi3allild MacHBY JIaHUX
TUHAMIYHMX TlapaMeTpiB Ta BH3HAYEHO KIIOYOBI IMapaMeTpH, Takl SIK aMIUTITYId
BUX1JIHOTO CUTHAIIy TUCKY manuBa Ha yactorax 0,5 I'u Ta 1 I'n, sxi € iHbopMaTUBHUMU
s omiaku  criikocTi CAK. [lpakTudHa IiHHICTP METOMY MIATBEpPJKEHA HOTO
YCHIIITHAM 3aCTOCYBaHHSM Ha ITAMPUEMCTBI MPOTATOM IMOHAJ IecTd pokiB. 31 190
IIPOAHAII30BAaHMX arperariB, MPOTHO3M KiacudikaTopa 30iraucs 3 pe3ysbTaTaMu
CTEHJIOBUX BUIIPOOYBaHb i 183 onMHMIIE, MPU 1IBOMY TOYHICTH Kiacudikarii ckiaa
91,3 %, moHota — 80,77 %, a mokaznuk Fl-mipu — 85,71 %. Metox mo3Bosie
CBOEYACHO BUSBISTH TMOTEHIIMHO HECHPAaBHI PETYIATOPH Ta MPOBOAUTH IXHIO 3aMiHY
a00 PEMOHT 10 BCTAHOBJCHHS Ha JBHUTYH, IO MIABHUINYE HAMINHICTh MATUBHUX
PETYISITOPIB.

6. ExcriepumeHTanbHy MepeBipKy pO3pOOJIEHOTO METOMY MapaMEeTPUIHOTO
JIarHOCTYBaHHS B MPOCTOP1 MapaMmeTpiB poOOYOTO MPOIEeCy BUKOHAHO MPHU CTBOPEHHI
TEXHOJIOT1i BXiTHOTO KOHTPOJIO B MPOIECI PEMOHTY arperarTiB 3a TEXHIYHAM CTaHOM, Ha
MIAMPUEMCTBI, 110 JO3BOJMJIO OIIHUTH €(QEeKTUBHICTb METOAYy Ta IPaKTUUYHY

3aCTOCOBHICTh Yy HpOMHCIOBHX yMoBax. IlepeBipeHO ciM 3pa3KiB MHaJIUBHOIO
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peryusitopa mepeja moyaTkoM peMoHTHuX poOit. Ile mo3Bonuino BusiBUTH AehEKTH Ha
paHHIX CTaAisX Ta ONTHUMI3yBaTH MPOIEC PEMOHTY, 30CEPEIKYIOUHCh Ha KOHKPETHUX
By3JaXx 1 KOMIIOHEHTaX, M0 MOTpeOyloTh YyBaru. MeToa  1arHOCTYBAaHHS
MIPOJICMOHCTPYBAB XOPOIIl TOKAa3HUKH SKOCTI Kiacudikaiii Ha pI3HUX pexKUMax
po6otu. Hampuxnan, nns nepeBipku 3 BuzHadeHo 100 % mpaBWIBHUX OIIIHOK; IS
NEePeBIPKU 2, MpHU SKIA JIarHOCTYBAJUCS KOHCTPYKTHBHI NapaMeTpu 3 JIY>KE CXOKUM
BIUITMBOM Ha JIIarHOCTHYHI O3HAKW, METOJl JIarHOCTYBAaHHS JOIYCTUB IIOMUJIKY B
kiacudikarii ajs OJTHOTO 3 arperariB, 1 3HAYCHHS MIKPO-yCEPEeAHEHOT TOUYHOCTI CKJIajI0
67 %. 3arajiom OoTpuMaH1 MOKa3HUKHU SIKOCTI Kiacudikailii, a came MIKpo-ycepeaHeHa
TOYHICTh, JJIA BIX MEPEBIPOK 3HaxoAwiuch B Mexax 67...100 %. lle cBimuuth mpo
NPAKTUYHY IIHHICTh PO3POOJICHOT0 METOJy MapaMETPUYHOrO JiarHOCTYBAHHS IIPH
fioro 3acTyBaHHI B IPOIIEC BXIIHOT'O KOHTPOJIIO PEMOHTY 32 TEXHIYHUM CTaHOM.

7. B pesynbTaTi eKCIEpUMEHTANIBHOI TMEPEBIPKH METOJY IapaMeTPUYHOTO
JIarHOCTYBaHHS B MPOCTOpP1 MapameTpiB poOoyoro rmporecy Oyau BUSIBICHI TEBHI
oOMEKeHHs 1I0/I0 Horo 3actocyBaHHA. llepiie oOMekeHHs TMOB’s3aHE 31 3HMXKEHHSIM
TOYHOCTI Kiacudikamii aedekTiB depe3 HasBHICTh BUCOKOI KOPEJNSIIHHOI 3aJIeKHOCTI
Koe(iIieHTIB BIUIMBY KOHCTPYKTUBHHUX MapaMeTpiB Ha JIarHOCTHYHI O3HAKH, IO
3YMOBJICHO KOHCTPYKTHUBHOIO OCOOJIMBICTIO AJTUBHOIO peryistopa. Jpyre oomexeHHs
OB’ s13aHE 31 3HMKCHHSAM TOYHOCTI Kiacu(ikalii B pe3ysbTaTi HeJOCTaTHhOI TOYHOCTI
Ta TIMOMHM 11eHTU(IKAIlI] 1IarHOCTUYHOT MaTeMaTHIHOT MOJIEII.

8. Jlnst monomaHHS BUSABICHUX OOMEXEHb Ha 3aCTOCYBAaHHS METONY
JiarHOCTYBaHHS OYyJIO 3aIlPOIIOHOBAHO CTBOPEHHS €KCIEPTHOI J1arHOCTUYHOI CUCTEMH,
[0 YaCTKOBO PEaJIi30BaHO B JIaHiM PoOOTI MijJ yac JiarHOCTYBaHHS HA MEpeBipKax 4 Ta
5. ¥V Takux cucTeMax JiarHO3 BHUHOCHUTHCS EKCIEPTOM Ha TiAcTaBi iHMOpMariii Bifg
anroputMy kinacudikamii, TaHUX BHUMPOOYBAIBHOI MIISHKA MIAIPUEMCTBA, a TaKOXK
pe3yabTaTiB orsiay Ta jgedekTamii AeTaned 3rifHO 3 KapTaMH TEXHOJIOTT4HOT'O
KoHTpomto. [le mo3Bossge 301MbIMTH TMOWHY JIOKaTi3allii HeCIIpaBHOCTEH MPH OIIHIT
TEXHIYHOTO CcTaHy o00'ekta. Takox [ TOKpalleHHS TOYHOCTI ineHTHdikarii

JTIarHOCTMYHOI MOJEIl 3alpONOHOBAHO 3aMIHUTH JOCHTh TPOCTUH  aJTOPUTM



191

iIeHTHQIKalil 3a OJHIEI0 JIarHOCTUYHOIO O3HAKOK Ha OaraTornapaMeTpUYHHM
aNropuT™, 1100 ypaxyBaTH JEKUIbKA JIarHOCTUYHUX O3HAK OJTHOYACHO.

9. 3arajgoM MeTOJ MapaMeTpUYHOro JIarHOCTYBaHHS B MPOCTOPI MapaMeTpiB
pobouoro mporecy Ta MeToa Kiacudikailii JUHAMIYHUX XapaKTEPUCTHUK MaTUBHOTO
peryistopa TMOKa3du BHUCOKY €(QEKTHBHICTh TMpU JIOKadi3alii 1 BUSBICHHI
HECIIPaBHOCTEN MaJMBHOIO PETYJSITOPA, Ta BHUSIBUBCS KOPUCHUM IHCTPYMEHTOM ISt
peanizaiii TeXHOJOr1i BXIAHOTO KOHTPOJIIO MapaMeTpiB M1 YaC PEMOHTY 3a TEXHIYHUM
CTaHOM Ha MIANPUEMCTBI. [HTerpaimiss MeToAy B TEXHOJOII0 BXIIHOIO KOHTPOIIIO
J03BOJIAJIA CUCTEMAaTU3YyBaTU npouenypy J1arHOCTYBaHHA, 3a0e3neunTu
MNOBTOPIOBAHICTh 1 OO'€KTUBHICTH OI[IHOK TEXHIYHOTO CTaHy, a TaK0X 3MEHIIUTH
3aJIEKHICTh PE3yJbTaTIB BiJ JIIOACHKOTO ¢akrtopa. Bukopucranus po3po0ieHoro
METOJly CIpPHUSJIO TMIABUIIEHHIO €(EeKTUBHOCTI PEMOHTY 3a TEXHIYHUM CTaHOM,
JO3BOJIAIOYM  OUIBII TOYHO IUJIaHYBaTH PEMOHTHI poOOOTH Ta ONTUMI3YBAaTH

BUKOPUCTAHHS PECYPCIB.

[TepcriekTBaMu TTOAANIBIIOTO TOCTIIKEHHS €

- po3poOKa BIOCKOHAJIEHOTO METONY iMeHTHdIKaIil AIarHOCTHYHOI MOJeTi
TIpO-MEXaHIYHOTO TAJUBHOTO PEryjsaTopa 3 METOI0 MIJIBHINCHHS TOYHOCTI METOJIB
JarHOCTYBaHHS;

- po3poOKa EKCIePTHHUX CHCTEM, IO JO03BOJISIOTH YpPaxOBYBaTH IpHU
JTIarHOCTYBaHHI ~ JIOCBIJT  €KCIUTyaTaimii Ta METOJAM HEPYHHIBHOTO  KOHTPOJIIO
KOHCTPYKTHBHHUX €JICMCHTIB,;

- BUKOPHCTAHHS JIOJATKOBUX I1H(MOPMATHBHHUX J1arHOCTHYHHUX O3HaK Ta
BUKOPUCTAaHHSI CYYaCHHMX METOJIIB aHai3y JaHWX IS TONIMIICHHS PO3Mi3HaBaHHS
CKIIaAHUX Je(EeKTiB;

— po3mupeHHs cepr 3acToCyBaHHS PO3POOJICHMX METOAIB Ha IHINI THIH
TIPAaBIIIYHUX CHCTEM, IO JO3BOJUTH IMIJBUIIUTH iX HAAIHHICTE Ta €()EKTUBHICTH
eKCIUTyaTaIllii.

ITocTaBrmeHni B aucepTaliiiHiii poOOTI 3aBAaHHS BHPIIICHI, METa OCIIKCHHS

JNOCSATHYTA.
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JOAATOK A MKB JUUIA BIAXMWJIIEHA KOHCTPYKTUBHUX [TAPAMETPIB

Tabmuua A.1. MKB 115 BinXuiieHs KOHCTPYKTUBHUX NapaMeTpiB Aq sy j

A1 50, A-15%) A10%j, A—10%;

FCH FE] FeKB kHH](Z F PO BT X3 PI' BT
QeKG -0.43430 | 0.09627 0.24077 -1.71032 -4.18687 13.80542
PlK -0.13226 | -0.03737 | -0.05813 0.44084 -1.27671 421121
PZK -1.17260 | -0.43866 | 0.12067 -5.01138 | -11.30350 37.27889
PAH -0.11722 | -0.02236 | -0.05109 0.39336 -1.13165 3.73214
POﬂF -0.18529 | -0.00296 | -0.00299 0.04874 -1.78719 5.89219
PH -0.17421 | -0.00283 | -0.00295 0.04673 -1.68018 5.53984
PEK -0.87459 | 0.19384 0.48484 | -3.44553 -8.43520 27.80727
PTl -0.00298 | -0.00007 | 0.00011 0.00071 -0.02719 0.09723
mK
Pynp -0.19166 | -0.00237 | -0.00154 0.03870 -1.84993 6.09573
PCH -0.19396 | -0.00193 | -0.00211 0.03194 -1.86818 6.18654
PKMTBT -0.00279 | -0.00031 | -0.00021 0.00555 -2.00092 6.57396
PKHT -0.00296 | -0.00006 | 0.00011 0.00075 -0.02725 0.09587

Tabauus A.2. MKB st BIIXusieHss KOHCTPYKTUBHHX TIAPaMeETPiB A1 g

FCH FEI FCKB kHHKZ F POBT x3 PI' BT
QEKB -0.54301 | 0.09677 0.12526 | -1.56200 -4.08431 13.25888
PlK -0.18331 | -0.03663 | -0.03279 0.40219 -1.38074 4.48312
PZK -1.54406 | -0.34570 | 0.05417 | -4.88494 -11.62134 37.73321
PAH -0.16248 | -0.02230 | -0.02881 0.35896 -1.22391 3.97352
PO,ZZF -0.25017 | -0.00207 | -0.00267 0.03192 -1.88371 6.11585
PH -0.23522 | -0.00200 | -0.00258 | 0.03087 -1.77113 5.75060
PEK -1.13949 | 0.20310 0.26245 | -3.28459 -8.57433 27.84010
n -0.00354 | -0.00002 | -0.00004 | 0.00053 -0.02633 0.08448
mK
Pynp -0.25870 | -0.00149 | -0.00191 0.02237 -1.94760 6.32399
PCH -0.25937 | -0.00138 | -0.00177 0.02114 -1.95324 6.33854
PKMTBT -0.00339 | -0.00029 | -0.00040 | 0.00410 -2.06185 6.67201
PKHT -0.00353 | -0.00002 | -0.00004 | 0.00053 -0.02637 0.08451




193

Tabmiua A.3. MKB 1715 BinXuiieHs KOHCTPYKTUBHUX NapaMeTpiB A_q 5o,
FCH FEI FeKB kKHH kHHKl kHH_KZ k3HK2 FEK F PO BT X3 PI' BT
Qe‘K@ 0.35407 | -0.09924 | -0.24169 | -0.02428 | 0.00277 1.74043 0.01211 0.00788 4.26954 -13.76602
P, | 010774 | 003663 | 0.05891 | -0.00749 | 005271 | -043240 | -0.00289 | 000239 | 13001l | -415255
P,, | 095527 | 043143 | -0.11753 | -0.06523 | -0.01249 | 509337 | 003526 | 002110 | 1153666 | -37.21005
P,;; | 009547 | 002173 | 005171 | -0.00662 | -0.00063 | -0.38591 | -000257 | 0.00212 | 115246 | -3.68128
Popr | 015090 | 000185 | 0.00328 | -0.01036 | 0.00007 | 003620 | -000016 | 0003%5 | 182187 | 584174
P,; | 014221 | 000169 | 0.00305 | -0.06757 | -0.00006 | -0.03356 | -0.00014 | 000328 | 171614 | 550489
Ppre | 071233 | 019996 | -048617 | 0.04875 | 0.00556 | 350580 | 002434 | -L56823 | 860315 | -27.76840
Py | 000226 | 000011 | -0.00030 | 0.00113 | 0.00000 | -000013 | 000002 | 000005 | 002472 | -0.04021
P,,, | 015221 | 000183 | 0.00579 | 0.00622 | -0.00013 | -0.04379 | -0.00027 | 000183 | 184535 | -5.98640
Pcy; | 016853 | -0.00168 | -0.00421 | -000751 | 000015 | 002482 | 0.00027 | 000302 | 200252 | -6.60369
PKMTBT 052610 | -0.12760 | -0.34777 | -0.05152 | 0.00945 2.27759 0.01884 0.04499 7.43320 -25.01326
Py | 000226 | 000013 | -0.00035 | -000112 | 0.00000 | -0.00017 | 000002 | 0.00005 | 002493 | -0.04190

Tabauus A.4. MKB juist BIIXujIeHs KOHCTPYKTUBHUX TapaMeTpiB A_ 1o,
FCH |:El FCKB kKHH kHl'H(l kHHKZ k3HK2 FEK F POBT x3 PI' BT
Q. | 064938 | 0.00761 | -0.19173 | -001975 | 000070 | 160597 | 0.00280 | 000851 | 412681 | -13.36816
P;, | 024602 | 003623 | 004834 | -0.00607 | 0.01293 | -040105 | -0.00070 | 0.00259 | 138665 | -4.45657
P,, | 201445 | 036454 | -009838 | -0.05343 | -0.00801 | 4.94920 | 000844 | 002279 | 1170885 | -37.78478
P, | 021808 | 002182 | 004247 | -0.00539 | -000015 | -035790 | -0.00062 | 0.00229 | 122860 | -3.95020
Poyr | 032957 | 000163 | 0.00327 | -0.00849 | -0.00001 | -0.02548 | -0.00004 | 000362 | 189385 | -6.10061
P;; | 030995 | 000158 | 0.00314 | -0.06575 | -0.00001 | -0.02462 | -0.00004 | 000352 | 178133 | -5.73809
Prj | 146055 | 020299 | -0.39420 | 0.03982 | 000141 | 334602 | 000583 | -143424 | 864349 | -27.91733
n,,. | 000437 | 000002 | 000010 | 0.00100 | 000000 | 000020 | 000000 | 0.00006 | 002694 | -0.08928
P,,, | 033999 | 000122 | 0.00257 | 0.00519 | -000002 | -001994 | 000006 | 000212 | 195358 | -6.27946
PCH 0.34194 0.00056 0.00068 | -0.00569 0.00004 -0.00948 0.00007 0.00297 1.97996 -6.37498
PKMTBT 0.05324 | -0.02294 | -0.06582 | -0.02268 0.00232 0.35913 0.00450 0.03439 2.91081 -9.58081
PKHT 0.00436 0.00002 0.00010 | -0.00101 0.00000 0.00021 0.00000 0.00006 0.02684 -0.08957




