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TexXHonoriax

Banepin MasypeHko

Purpose. The main aim of the research is to produce recommendations in the form
of a methodology that permits designers to establish a discretization step for a
simulation model, when that model is being prepared to be included into infor-
mation and measurement technology, as well as sampling rate of information and
measurement technology, when that technology is implemented at real-time sys-
tem of process control. The methodology should be based on the characteristics
of the model itself and establish simple, clear, and easy-to-use rules. It should be
possible to find discretization steps without physical experiments with real objects.
Design / Method / Approach. The research uses theory of signals and systems
and control theory. The methodology is based on the spectral characteristics of
signals that circulate inside observed/controlled objects and dynamic characteris-
tics of those objects. Findings. The paper presents formulas for calculating dis-
cretization step value that is based on value of relative sampling error of signal
representation, as well as on base of values of time constants given in the object
model. The recommendation on how to adjust it in relation to the real-time system's
main cycle value is represented as well. Theoretical Implications. Results
achieved under presented research develop applied methods of control theory.
Practical Implications. The proposed method has practical results due to giving
useful instruments for real-time systems designers that simplifies processes to de-
fine the value of crucial system parameters. Originality / Value. The observed
problem is quite important because there are no sources that present simple and
clear methodology to solve it in practice. Research Limitations / Future Re-
search. The research is limited by the category of measurement and control sys-
tems that use object model functioning in real-time mode to estimate parameters
that are not directly observed. Paper Type. Methodological.
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ITepion (abo kpok) muckperw3amii 3a 4acoM At € Ba)XJIMBUM TapaMeTpoM
Oynp-sKoi iHpOopMaIifiHo-BuMiproBanbHOI TexHooril (IBT) Tak camo s k 1 Oynb-
sKoi iMiTarditnoi moxeni. Moro BUOIp TIOB'sI3aHUI 3 HEOOXITHICTIO 33T0BOJIEHUTH
JIBOM TIPOTHIIC)KHAM BHMOTaM. 3 OHOTO OOKY, KPOK TUCKPETH3AIil TOLUiTHHO BH-
Oupartu OLIBIIMM Ui TOrO, a0W 3HW3UTH HABAaHTAKCHHS Ha OOYMCIIIOBAJIbHI 3a-
co0u mizx 9ac 0O6poOIeHHsT BUMipIoBabHOI iH(GopMaii. 3 iHmoro 60Ky, Horo Be-
JIMYHMHA IOBUHHA OyTH IOCUTH MaJlolo, a0U 3a0€3MeUnTH Ipale3aTHiCTh MOAei
00'eKTa KOHTPOJIIO, 3aKJIaIeHOI B aJTOPUTMH OIIHIOBaHHS (HANPHUKIAL Y QLIBTp
Kanmana), i ii gocTaTHiO OIM3BKICTH 10 OE3MEpEepBHUX NPOLECIB, IO BHpaXKa-
IOTBCSI IIEF0 MOZAEIUTIO. J[0IaTKOBO CITiJi BpaXxOBYBAaTH, IO KPOK AWCKPETH3AIil
IBT noBuHEH OyTH KpaTHUM JI0 KPOKY AMCKPETH3ALli1, IPUHHATOMY B KEPYIOUOMY
00YNCITIOBaIPHOMY KOMIDICKCI (ABTOMAaTH30BaHIM CHCTEMi KepyBaHHS TEXHOJOTi-
yanMu niporiecamu — ACY TII), To6To miepiony abo TakTy, 3 IKUM CHCTEMA 3UUTY€
MOKa3aHHs BUMIPIOBayiB, IPOBOJHUTH o6p061<y JaHuX 1 popMye Kepyrodi BIUTHBH.

[Turanust BUOOPY KpOKy z[I/ICerTI/Bauu 3a3BUYai PO3MISAAETHCS OTHOUYACHO
y IBOX paKypcax: sk CTOCOBHO IMiTalliiHOr0 MOJICIIOBAaHHSI, TaK i CTOCOBHO pe-
amizanii IBT. He 3Bakatoun Ha Te, 0 KPOK AUCKPETH3aLlil MO)Ke OyTH pi3HUM B
000X IMX BUMAIKaX, THM HE MEHIII HAHOJIBIII pallioHAILHUM CJIi] BA3HATH MiAX1]1,
KOJIM pO3POOHUKH BHOMPAIOTh OJHAKOBHH KPOK TUCKPETH3AIlii K IS iMiTaIiii-
Hoi mMozeni Tak i IBT, Tomy 110 B 000X nux 06'ekrax 3akjiajeHa, 0 CyTi, OJHA i
Ta cama MozeNb 00’ €KTy, 1 il KOpekTHe QyHKIIIOHYBaHHS BH3HAYA€ThCA (cepen iH-
X (pakTopiB) MPaBUIHLHUM BHOOpPOM BennunHU At. MonemoBanas podortu IBT,
BOYEBHU/Ib, CJIi/I TPOBOUTH 3 KPOKOM, SIKMH Oyzie peanizoBaHui Ha mpakturi. [Ipo-
BOAMTH IMiTallifiHe MOIEIIOBaHHS IPOLECY KepyBaHHs 00 €KTOM aBTOMaTu3allii 3
Oyab-KAM KPOKOM, BIIMIHHUM Bifl KPOKY, ipuitHaToro s IBT, 1 sikwii amst qanoi
MOIEIi 110 BU3HAYEHHIO MIOBHHEH OYTH NPaBHIBHUM, MPEJCTABISETHCS HEJOI1ITh-
HUM. 3 iHIIOTrO OOKY, MpaBUWIIbHICTH BUOOPY At Moxke OyTH MiATBEp/KEHA JIHIIE
caMHMM MOJIeJIIOBaHHAM. TakuM YMHOM, OOpaHuil KpOK JUCKpeTu3allii MOBUHEH
OyTH oHAKOBO MPUHHATHUM sIK 1u1st IBT, Tak i 1uist mponecy MoJeIoBaHHs, a IpH
BUOOpi At NMOBMHHI BpaxOBYBAaTHCS SIK aclleKTH, HOB's3aHi 3 peainizauiero [BT
(3ramani B momepeaHboMy ab3aili), Tak 1 CyTHICTh IMITALIHHOTO MOJECITIOBAHHS.
[IpobnemaTrka BU3HAYEHHS MOTPIOHOTO KPOKY AMCKPETH3ALil AETAIBHO PO3IIIs-
HyTO B poboti CaiimoH Ta iH (2017). B poboti Mimpu Ta i (2020) et Bubdip
MPOBOJUTHCS EKCIIEPUMEHTAIBHUM IIUIIXOM 3 BUKOPUCTAHHSM PpealIbHOTO
00’€KTYy, 110 Ha MPAKTHII HE 3aBXKU € MOXIBHM.

MeTta

Meroto gociiKeHHs € GOpMYIIIOBaHHs pEKOMEHIaNiil y BUIIISAI METOJUKH
II0/I0 BU3HAUEHHS Ta PaIliOHAIBHOTO BHOOPY KPOKY AMCKpeTH3amii iMiTamiiHol
MOIeNi, sIKa CTBOPIOETHCS T1iJ] Yac NPOEKTYBaHH 1H(OpPMAaIliifHO-BUMIpIOBAIbHOT
TEXHOJIOT11, TaK caMo SIK ¥ KpPOKy AMCKpETH3allii, 3 IKuM Mae mpairoBaru IBT B
cBoiit peamizanii B ACY TII. Meronuka noBuHHa 0a3yBaTHCs HA XapaKTEPUCTH-
Kax camoi Mojielli, TOOTO Ha mapamMeTpax Ta OIHCax, SAKi BioMi po3poOHUKaM, i
BCTAHOBJIIOBATH IIPOCTI, SICHI Ta 3py4Hi y BUKOPHUCTaHHI IpaBmiia. Meroanka Mae
JTO3BOJISITH 0OpaTH MOTpiOHUI Kpok mie Ha etami npoektyBanHs ACY TII, konu
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MOXXJIMBICTh IIPOBE/ICHHSI €KCIIEPUMEHTIB 3 pealbHuM, (i3NdHUM 00’ €KTOM BiJl-
CYTHSL.

MeTop

[Tix yac mpoekTyBaHHA 1H(POPMALIHHO-BUMIPIOBAIBHUX 1 KEPYIOUUX CHCTEM
KpHTEpieEM NPaBWILHOCTI BUOOPY KpoKy At 3a3BHYail € 3HAXOPKEHHS BETMYNHH
MOXUOKHM, BUKJIMKAHOT JUCKPETU3AlIEI0 CUTHANIB, Y HEOOXiTHNX Mexax. [1oxuo-
KOO TUCKpeTH3allil BBAXKa€ThCS BiAMIHHICTD NIHCHUX 3HAU€Hb CUTHAIY Y TUCKpe-
THI MOMEHTH 4acy Ha BUXOJII aHAJIOTOBOI CUCTEMH BiJ OOYHMCIEHHX 3HAUYCHb Ha
BUXOl TO{ IHICKPETHOI CHCTEMH, SIKa 3aMillla€ aHaJOTOBy. BimHocHMIA cepenHiit
KBa/IpaT MOXUOKH JANCKPETH3ALT:

2_
A JCBP{X ’ ( 1 )
e aﬁ — CepeaHill KBapaT MOXUOKH AUCKPETH3ALlii, GCZE " CepeIHill KBaIpaT BH-
X1IHOT'O aHAJIOTOBOT'O CUTHAIY.

VY cucrtemax mepenadi JaHUX MOPIBHIOIOTHCS MEPBUHHMAN BXITHUH 1 BITHOB-
JICHUH BUXIZHUI aHAJIOTOBI CUTHAJIH, @ 3aMiCTh TOXHUOKHM TUCKpeTH3allii BUKOPH-
CTOBYIOTh IOHSTTS IIOXUOKH BiTHOBJICHHS CUTHATY. BiTHOCHWMIA cepenHii kBagpar
[MOXUOKH BiJTHOBJICHHS:

Ap=—-, 2

ne o2 — CepeIHill KBaapar MOXHOKHU BiTHOBIICHHS, O-CZE L CepelHii KBaapar BXij-
HOTO aHAJIOroBOro curHaiy. [loxubka MUCKpeTH3allii, 1[0 BUHUKAE TPH JTUCKPE-
TH3aIIil 32 9aCOM aHAJIOTOBOTO CHUTHAIY Ha BXOJi 1H(OpMaIiHHO-BUMIPIOBAIBHOT
JIUCKPETHOI CUCTEMH, TaK CaMo sIK i MOXHOKa, [0 BUHUKAE MPU TeHeparlii Juc-
KPETHOTO CUTHAITY, SIKili 3aMiIIae iMiTOBaHHUIA aHAJIOTOBUI CUTHAJ, € HE IO 1HIIE,
SIK TIOXHMOKa BiTHOBJICHHS CHTHay. Uepe3 0OMEKeHYy CMYTy MPOITyCKaHHS CHC-
TEMH TOXHOKa TUCKPETHU3allii Micis MPOXOHKEHHS CHTHANy 4Yepe3 CHCTEMY B
MPAaKTUYHO Peali30BaAHMX BUMAAKAX 3MEHIIIYETHCS:

AZ< AZ 3)

To6To A2 MOYe BUKOPUCTOBYBATHCS B SIKOCTI BEPXHBOT TPAHHIII OIlIHFOBAHHS
IMOXHUOKH ,Z[I/ICI(peTI/ISaI_lﬁ CHCTEMHU.

B 3aza4i BiIHOBJICHHS CUTHAIY KIIFOYOBY PoIib Bixirpae Teopema KorenbHu-
koBa («reopema HaiikBucra — lllenHOHa», «Teopema BIATIKIB»), sika BU3HAYaE,
1110 BiJIHOBJICHHSI aHAJIOTOBOTO CHI'HAJY MICIIsl HOro IUCKpeTH3alii Moxe OyTH BU-
KOHaHe 0e3 BTpar, SIKIO YacToTa JIMCKPETH3allii CUrHaiy fy Oyze BiAmoBiiaTi Ha-
CTYIHIH HEepiBHOCTI:

fn>2f; 4

i€ fr — BEpXHS 4acTOTa, STKOI0 OOMEKEHHI CIIEKTpP IMEPBHHHOTO CUTHAY. JloTpu-
MaHHS JAaHOTO CITiBBiTHOIICHHS 3a0e31e4uy€e TOUHE BiTHOBIIEHHS IEPBUHHOTO aHa-
jgoroBoro curHaimy. OpnHak, Teopema KorenbHUMKOBa 3acTOCOBHA JIMILIE B
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iZleaTi30BaHUX YMOBaX, KOJIM CIIEKTP CHTHaly oOMexxeHui. PeanbHi curnamu ma-
IOTh HECKIHUYCHHHH CIIEKTp 1, BiIIOBITHO, HE MAIOTh IPAaHMYHOI 9acTOTH. ToMy
peanisyBar Gpopmyiy (4) B CTPOrOMy BHUIVISIII HE TPEICTABISETHCS MOXKIMBHM.
Ha mpaxTwmi amst po3paxyHKiB f; B SIKOCTi TpaHUYHOI IPHUIMAIOTh TaKe 3HAYCHHS
YaCTOTH, SIKE XapaKTepPHU3y€eThCs THM, 1110 B Mexxax Bix 0 10 fr 30cepe/nkeHa eBHa
3a/aHa yacTWHA BCiei moTyxHocTi curHany. [TogiOnuit BuOip rpaHudHOl YacTOTH
MIPUBOIUTD IO TIOSIBM IIOXHUOKY BiTHOBIICHHSA. 3HAYCHHS BiIHOCHOI MOXHOKH BifI-
HOBJICHHS CUTHAJTy BU3HAYa€ThCs BIHOMIECHHSM ITOTYXHOCTI, YKJIaJJeHOT Yy MeKax
TPaHUYHO{ YaCTOTH, JIO 3aTaIbHOI MOTYKHOCTI CUTHAITY. YacTHHA MOTYXKHOCTI CH-
THaIy, yKIajeHa B Mexax [—fr; + fr], oGuncmoeTbest Ha ocHOBI piBHOCTI [Tapce-
BaJIA IO (POPMYII:

f
poian _ Lop SGmOAf_ fy " s@rp)df

= 5
! [T s@rpar — fserpas )
BimHOCHUI cepenHiit KBagpaT MOXUOKK BiAHOBICHHS:
2 [F°s@rf)ar .
g: e T ( _ PfBl,ClH) (6)

I ° s@nprar

3acrocyBaHHs cHiBBiAHOMEHB (5), (6) HEOOXiAHO IS OOTPYHTYBaHHS BU-
0opy BenuunHM KpoKy auckperusauii aust IBT i, BiamoigHo, — Uit NpoBeAeHHS

BiAH o . .
MozemoBaHHs. Hanpuknaz, 3agaemocs BeJ‘II/I‘II/IHOIOPf = 0,99, gKii BIIIOBI-

Jla€ BiTHOCHUH cepeqHiil KBaapaT MOXNOKK AUCKpeTH3amii He Bumie 2% 1, Kopuc-
TYIOUUCH (HOPMYIIaMH, SIKi OIIMCYIOTh MOJIEIII CUTHAJIIB, HAsIBHUX B 00 €KTI, Ofiep-
JKYEMO 3HAYCHHS BEPXHBOI IPaHUILIi CIIEKTPA, @ TAKOX MPUITYCTHUMY 110 (4) TpaHHu-
YHY YacTOTY Ta MAaKCUMAaJIbHUH MEePi0J] AUCKPETH3ALT JUTsl KOYKHOTO BHJY CUTHAITY
NpH 33JaHOMY PiBHI CepeIHBOro KBajpara MOXUOKU. 3 OTPUMAHUX Pe3yJbTaTiB
BUOMPAEMO HaMEHIIHH 3 IEPiOIiB.

Criz 3ayBaKUTH, IO KPiM XapaKTEPUCTUK CUTHAIIB i1 9ac BUOOPY YaCTOTH
JIICKpETHU3allii TaKo)K HOBUHHI BPaxOBYBAaTHCS JWHAMIYHI XapaKTEePHUCTHKH 00'e-
kTa. [Ipr MOZETIOBaHHI KPOK JUCKpETH3aLlii BHOUPAIOTh HE MEHIIE BETUYUHH JI0-
MiHyI040i TOCTiIHHOI 4acy o0'ekra. PexkoMeH/IOBaHEe 3a KIIACHKOI 3HA4YCHHS:

1 1 . .
(g - E) B1J 4aCy BCTAHOBJICHHA. Yac BCTAHOBJICHHS, HAIIpUKJIAA, AJI1 allepl1oAn-

YHOT JIAHKH MEPLIOTO MOPAAKY 3 OCTiHO0 Yacy T, ctanoBuTh 3 75. Toxi pexome-
H/IOBaHUH KPOK JMCKpETH3allii CTAHOBUTE!
1,1

At = (— + g) T, 7)

2
IcHyIOTH TakOX iHII peKOMEHMamii, mpoTe BCi BOHM OIM3bKi 10 HaBeneHoi (7).
Hamnpuknan, Bijoma Taka peKoMeH/allist, 100 BUOOPY KPOKY JMCKPETH3ALi] 11~
(hpoBoi MozIeNTi Y CIIBBiTHOMIEHH] IO MOCTIHHUX Yacy 00’ €KTy MOJETIOBAaHHS:

at=(+3)T, 8)

2 4

Hageneny meronuky, sik mokaszano B po6oti Masypenko (2016), Oyio 3acto-
COBaHO Ta MiATBEP/UKEHO ii KOPEKTHICTH IiJ| 4ac CTBOPEHHs iH(opMariiiHo-
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BUMIPIOBAJIbHUX TEXHOJIOTIH.
PesynbTatm

PesroMyeMo oTprMaHi pe3ylnbTaTH y BUIIAAI MeTOOUKH. TlocimoBHICTE Iiit
3 BU3HAUCHHS KPOKY JMCKpeTH3alii [uis peanizanii neBHO1 iHpopManiitHO-BUMi-
PIOBAIIBHOI TEXHOJIOTIi BUTTIAJAE TAKAM YHHOM.

1. 3a popmynamu (5) Ta (6) po3paxoByeEMO KPOK JHCKPETH3aLlii BUXOIIUH 31
CIEKTPaJIbHUX BIACTUBOCTEH CHUTHAIB.

2. 3a popmymoro (7) BU3HAYaEMO KPOK AUCKPETH3AIi1, BUXOISIIH 3 JIHAMIY-
HUX BIACTHBOCTEH 00’ €KTY.

3. Bubupaemo MeHIIe 3 IBOX OTPUMAHHUX 3HAYCHB.

4. OtpuMaHe 3HaYE€HHS KPOKY ANCKPETH3aIlil 3MEHIIyEMO TAaKUM YHHOM, a0OH
BOHO OyII0 KpaTHHM [0 3Ha4eHHS TpuBaiocTi Takty pobdoru ACY TII, TobTo
KPOKY IUCKpeTu3alii, mpuiiaatomy B ACY TII.

Jaii HeoOXiTHO TPOBECTH MOJICIIOBAHHS Ta IEPEBIPUTH aJeKBATHICTh HUQ-
poBoi Mozieni 3 BUOpaHUM KPOKOM AucKpeTH3arii. [InTanHs anekBaTHOCTI Mojie-
Jel po3rIsHyTO B podoTi JKydenko Ta iH. (2019).

BuCHOBKM

B pesynbrati MpoBeNeHNX OCTIIKEHb 0ylI0 po3poOiIeHo 3pydHy Ul Mpak-
THUYHOTO BUKOPHCTaHHSI METOJTUKY BUOOPY KPOKY JHCKpeTH3allii Mozeni B iHdop-
ManiiHO-BUMIpPIOBAJIbHUX TEXHOJIOTISX. 3allpOIIOHOBaHA METOAMKA 00’ €THY€E Me-
TO/IM, OCHOBaHI Ha BUKOPUCTAHHI PI3HUX XapaKTePUCTHK 00’ E€KTY, SIK TO CHIEKTpa-
JIbHI XapaKTePUCTUKH CUTHAIB, IMHAMIYHI XapaKTePUCTUKH JIAHOK, & TAKOXK CyTO
TEXHIYHI mapameTpH, sik To TakT podoru ACY TII, B sikiii Oe3nocepesHbo peati-
3yetbest IBT, Ta BogHOUac He moTpeOye MpoBeaeHHs BUIIPOOYBaHb 3 peabHUM
00’€KTOM.
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