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Ilpoananizoeano ocodaueocmi hynkyionysanns Kivepgizuunux cucmem ma ix komnonenmie. Pozznanymo
MOdHCIUBOCHI IO’ EOHAHHA NEPEUHHUX NePemEopIosauis 0o Kivepgizuunux cucmem. 3anpononosano eapianmu
cmpyKkmypHoi peanizayii kiveppizuunux cucmem. 3anponoHosano dazamopienesy Mmempoio2iuny nepegipky
Kibephizuunux cucmem. 3anponoHo6anoO An20PUMMU REPEGIPKU RPOZPAMHO20 3abe3neueHHs Kidepghizuunux cucmem
HA CUCMEMHOMY, RIOCUCHEMHOMY DIGHAX MA HA PIGHI IHMEIEKMYATbHUX NEPEUHHUX NEPEMBOPIOBAUIE.
Knrouoei cnosa: 3acio eumiprosanns, npozpamne 3ave3neueHs, Memponozivna nepegipka, Kivepgizuuna cucmema,

60ydosana cucmema KepyBanHs, iHMeNeKmyaabHUll RePeUHHILIL NePemeoplosay, anzopumm.

Ilpoananusuposansl ocobennocmu QynKyuoHuposanus Kubepuzuueckux cucmem u ux KOMHOHEHN08.
Paccmompensl 603morchocmu ROOKI0YEHUA REPEBUYHBIX NPeodpa3osamenell K Kubephuszuueckum cucmeman.
IIpeonoicenvl éapuanmol cmpyKkmypHoil peanuzauuu Kuoepgpusuueckux cucmem. Ilpeonoiceno MmHozoyposnesyro
MemponozuiecKylo nposepKy kubdepgusuveckux cucmem. Ilpednorcensvt anzopummol npoeepKu RPOZPAMMHOO
obecneuenusn Kubepusuueckux cucmem Ha CUCMEMHOM U ROOCUCIMEMHOM YPOGHAX, A MAKIICce HA YPOBHE
UHMEIeKMYaIbHbIX NEPEUYHBIX Npeodpaszosamenci.

Knrwouegsle cnosa. cpedcmeo usmepenus, Rpozpammnoe odecnevenue, MempoaouiecKas noeepka, Kubeppuzuueckas

cucmema, 6CMpoOEeHHaAnA cucmema ynpaejieHuA, ul-lmEJlJIEKmthleblﬁ nepeutmbu? npeoépas’oeameﬂb, aneopumm.

Thisarticle presents the features of functioning the cyber-physical sysemsand their components. The cyber-physical
systems are complex sysemswhich components may be located at great distance from one another. The cyber-physical
sysems perform processing of information and functions of monitoring and control equipment. Cyber-physical sysems

infragtructure mainly conssts of subsystems, which electronic components are implemented through the embedded system
control and get information about the environment through sensors and measuring device and can influenceit through
actuators. The analysis opportunity of sensors possible accession to embedded system control isexamined. The classfication
by the sensors output signal type isconsidered. On the basis of the sensors classification concluded that the cyber-physical
sysemsis most expedient to use intelligent sensors. I ntelligent sensors have a number of propertiesthat significantly
digtinguish them from other typesof sensors. Intelligent sensors can automatically choose measuring range, carry out
algorithmic correction of the measurement results, operate in a dialogue with the central control system, take decisions,
transfer measurement resultsin digital form, aswell asalarmsand others. Intelligent sensors can conduct self-tuning, self-
testing and self-examination. I ntelligent sensors performing necessary conversion of measurement data and mathematical
processing of measurement results. Therefore, the use of intelligent sensors enables to release embedded system control from
gsorage and processing of alarge number of intermediate data. Given the above information allows considering the optimal
use of intelligent sensorsin cyber-physical systems. A structural implementation of cyber-physical systemsin two waysis
proposed: 1) all subsystems of cyber-physical sysemsisequal, able to form task and together with other componentsto
participate in solving them, carry out a sdf-tegting, self-examination, etc.; 2) in the cyber-physical sysemsare basic subsystem
that controls and verification all other subsystems, primary means, and sensors performs. According to the results of the
analysis of the cyber-physical sysem and those components characterigtics, a multilevel remote metrological verification of
cyber-physical systemsis proposed. With the proposed algorithm the cyber-physical sysem components can be verified at the
request of any component, subsystem or sysem asawhole. Also a person can initiate a metrological testing process, if thereis
suspicion of incorrect operation or itstime for cyber-physical sysem routine verification. The algorithms of metrological
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verification the software of cyber-physical systems at the system, subsystem and sensorslevels are proposed. 1 deally, the
human factor isexcluded from the verification process. The person will beinvolved in the verification of the cyber-physical
systems software only when are errorswith which the system can not cope on their own.
Key words: measuring instrument, software, metrological verification, cyber-physical sysem (CPS), embedded system
control, intelligent sensor, algorithm.

Beryn. Y wam wac iHdopMamiiiHi TEeXHOJIOTIT
MIPOHUKAIOTh IPAKTHYHO Y BCi CepH JFOCHKOI TiSUTHOCTI
Ta € HaiBaxIMBIMM (pakropoM iHHOBariid. OO ekTH 3
BOymoBanumu cucremamu kepysauus (BCK), o0’ emxnani
MK 0000 uepe3 IiiobalbHi Mepexi, BUKOHYIOTh 0araTo
HOBUX (YHKWIH Ta Xid, IO Aa€ 3MOry 4YacTKoBO abo
MOBHICTIO YCYHYTH JIOJUHY 3 IpOLECy IisUTbHOCTI. 3
KO)KHHM POKOM peaJibHUH 1 BipTyaJIbHUHM CBITH CTalOTh BCE
ONMWKYl OMWUH N0 OJHOTO, YTBOPIOIOYM TEXHIUHY 0a3y
kibepoiznunux cucreM (K®C). KDPC, sx mpaBuio, €
CKJIaJJHUMH CHCTEMaMH, KOMIIOHEHTH SIKHX MOXYTb
nepeOyBaTH Ha BENHWKi# BifcTani omna Bim oxuoi [1-3].
K®C 3piiicHIOIOT ompalfoBaHHs iHpopMmalii Ta BHUKO-
HYIOTh (QYHKLII MOHITOPHHTY Ta YIpaBJiiHHA O00nan-
HaHHsAM. [HQpacTpykTypa KOC criagaeTbest nepeBakKHO 3
IiICUCTEM, €JIEKTPOHHI KOMIIOHEHTH SIKMX pPealli3yIOThCs
yepes BCK [4],
HAaBKOJIMIIHE CEPE/IOBUINE 32 JIONOMOTOI0 IIEPBUHHUX

0 OTPUMYIOTH iH(pOpMAIiio Ipo

neperBoproBauis (I1I1) Ta 3aco6iB BumiproBanus (3B) i
MOKYTh BIUIMBATH Ha HHOTO Yepe3 BHKOHABYI MEXaHi3MH
(BM) (puc. 1).
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- . . ~
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Puc. 1. Cmpyxmypna cxema niocucmemu KPC
Fig. 1. Block diagram of CPS subsystem

BpaxoByroun IIHpOKe 3aCTOCYBaHHSA MiKpOIPOLECOp-
HOI Ta MIKPOKOHTPOJIEPHOI TEXHIKH, OCHOBHE ONPAIFOBAHHS
pe3ynbTaTiB BUMIPIOBAHHS, a CaM€ YCEpEeOHEHHS, alpoK-
cumaltis, (UIBTpals, iHTeproiss, neperBopeHHs Dyp’e
TOILO, PEATI3YIOThCS IEPEBAXKHO MPOrPaMHUM CIIOCOOOM.

IMocTanoBka 3amadi. SIkmo BUMiprOBanbHA iH(OP-
Mallist BijoOpa)ka€ XapakTepUCTHKH 00’ €KTa 30BHILIHBOTO

CepeIOBUINIA 3 IMOXUOKOI, IO IEPEBHINYE TOMYCTUMI
3HAYEHHS, TO i BUKOHABUYMX MEXaHI3MIiB Ha 00’ €KT MOXKE
OyTH HenpaBWIbHOW. lle MOke MpHU3BECTH JO HEKO-
K®OC Ta
HACJIIAKIB, @ 1HKOIM 1 10 HEOE3HEKU IUIA JKUTTA JIIOIAWHU.

PEKTHOTO  (DyHKIIIOHYBaHHS HeOaKaHUX
Tomy mns 3abe3neueHHs] MPAaBUIBHOTO (DYHKIIOHYBaHHS
komItoHeHTiB KDC akTyanbHUM € po3poOJIeHHsT METO/IIB,
METOJIMK Ta 3ac00iB BiJIaJI€HOI METPOJIOTIYHOI TIEPEBIPKH
MEpBUHHUX MEPETBOPIOBAUiB, 3ac00iB BHMIPIOBaHHS Ta
MIPOrpaMHOro 3a0e3MeueHHs 30KpeMa.

Meroto 1i€i poOOTH € 3abe3nedeHHs] KOPEKTHOTO
(YHKI[IOHYBaHHSI KOMITOHEHTIB KiOep(]i3MUHHUX CHUCTEM Ta
TIONIIIIEHHS SIKOCTI iX eKcILTyartalii Ha OCHOBI ITOKpa-
LIEHHS METOJIB METPOJIOTIYHOI MepeBipku KidepdiznuHux
CHCTEM Ta  pO3pOOJICHHS  aJrOpUTMIB  BiATaJNCHOI
0araTopiBHEBOI METPOJIOTIYHOI TEPEBIPKH MPOrPaMHOrO

3abe3neueHHs Kibep(i3HIHNX CHCTEM.

IlopiBHAVILHMIT aHAJ3 NepPBMHHHUX IEPETBOPIO-
BauiB Il KiGepgisuuamx cucrem. Iy BimmganeHol
nepeBipku nporpamuoro 3abesneueHns (I13) kibepdizuuni
CHCTEMHU MiAXONATh SKHAWKpalle, OCKUIBKU iX KOMIIO-
HEHTH Ta IiJICUCTEMH 3’ €HaHI 3 [HTEpHETOM 1 JOCTYI J0
HUX, a OoTke, 1 jgo II3, mo ix oOciayroBye, HasBHHU.
[ToTpiOHO nuIIe 3a0e3NeYUTH IEBHUI TPOrpaMHHI CepBic,
SIKMH JTa€ 3MOT'Y 3aITyCTHTH IPOIIEC IIEPEBipPKH.

3 iHmoro OOKy, IIIKABUM € aHaJi3yBaHHSI MOXKIIHU-
Bocti mix exnanus [T mo BCK, mo mamo O6u 3mory
CYTTEBO CIIPOCTUTH BHMiproBaibHy 4actuHy K®C. 3a
TunoM BuxigHoro curHany I[II1 OyBaroTh: aHaJIOroBi;
uudpoBi; OiHapHI; IMITYJILCHI; IHTENEKTYaJIbHI.

Buxinaum curnamoM ananorosoro I1I1 € HenepepBHa
¢biznuna BernunHa (mepeBaxkHO eekTpuyHa). [lepeBaroro
ananoroBux I1I1 € npocrora ix peamizauii. Hegonikom € Te,
o jtst mix eqnanss takux [T 10 BUMiproBanbHOI cxeMu
MOTPIOHO BHKOPUCTOBYBATH JONATKOBI 3aco0M BUMIpIO-
BanbHOl TexHiku [5]. Lludposi, Ginaphi Ta immysabcHi [T
MOkHa Oe3mocepenubo migkmrounTi 10 BCK, skmo BoHa
Mae nuppoBUil Ta wacTOTHWH BXim. [HTenekryanpHi ITI1
nerko migiMkHyTH 10 BCK 3 BHKOpHCTaHHSIM IPOTOKOIIB
npomucioBux mepex Profibus, Foundation Fieldbus ta is.
(1T117)
MalOTh MEBHI BIACTUBOCTI, AKi ICTOTHO BiJPI3HSAIOTH 1X Bij

[HTENneKTyanpHI TEpPBHHHI NeEpEeTBOPIOBaYi
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iammx BumiB III1. OkpiM NepBUHHOTO MEPETBOPIOBAYA,
IIIIT wmictare B cobi MmikpokoHTponep. ITIIT moxyTh
aBTOMAaTUYHO BUOMPATH Jliana3oH BUMIpPIOBaHHS, 3/1iHCHIO-
BaTH aJITOPUTMIYHY KOPEKI[I0 Pe3y/bTaTiB BUMIPIOBAHHS,
MPAIfOBATH B PEXHUMI JIaJIOry 3 LEHTPAIBLHOI CHCTEMOIO
YIIpaBJIiHHS, NPUIMAaTH KOMaHIH, TIepeaaBaTH Pe3yJabTaTH
BUMiploBaHHs B I1M(poBii ¢(opmi, a Takok aBapiiHi
noBigomiieHHst tomo. I MoxyTh NMpOBOAWTH caMoOHa-
NANITYyBaHHs, CAaMOIIarHOCTHKY Ta caMorepeBipky [6, 7].
IIIT 3nificHIOIOTh HEOOXiIHI MEPETBOPEHHS BHUMIipPIOBAJIh-
HOi iH(popMaIll Ta MaTeMaTH4YHE OINpPAIfOBAHHSA PE3Yiib-
TaTiB BUMipioBaHb. Tomy Bukopucranus IIII1 mae mox-
nuBicTh 3BiIbHUTH BCK Bij 30€epekeHHs Ta OnpalfoBaHHs
3HAYHOI  KUIBKOCTI

NPOMDKHUX JaHHX. BpaxoByrouu

Bumieckazane, y K®C onTuMmanbHUM € BHKOPUCTAHHS
ITITT.

CTpykTypn Kidepdizuuanx cucrem. Oprasizamis
crpykrypu KOC 31iiicHIOEThCS IBOMA CIIOCOOAMU:

1. Bcei migcucremu KOC € piBHOnpaBHUMH, 37aTHi
CaMOCTIHHO (OPMYJIIOBATH 3aBIaHHSA 1 Pa3oM 3 IHITUMHU
KOMITOHEHTaMH OpaTH y4acTb y iX BHUpILlIEHHi, MPOBOJSTH
CaMOIIEPEBIPKY, CaMOIIarHOCTHUKY, CaMOHAJAIITyBaHHS;
toiro (puc. 2).

2. YV KOC € ocHOBHa ImijcUCTEMA, sSKa 3I1HCHIOE
KOHTpPOJIb Ta TEPEeBipKYy BCIX IHIIMX MiJCHCTEM, 3ac00iB
BHUMipIOBaHHS Ta MEPBUHHUX MepeTBOproBauiB (puc. 3).

B opranizanii podorn K®C 3 piBHOnpaBHUMU
mijcucTeMaMyd  OnHAa 13 IACHUCTEM, 3aJIeKHO  Bif
TIOCTABJICHOT'O 3aBJIaHHs, Oepe Ha ceOe (YHKIII0 TOJIOBHOI
(cTae xepiBHHKOM i BUKOHABIIEM OAHOYACHO). [lepeBaskHO
1le MmiJicucTema, Jio SIKOi 3BepHYyBCsl KopHcTyBad. Bei iHmi
MmiICUCTEMH y IIel Yac € BUKOHABISIMHU. Taki cucTeMu €
CKJIaIHUMHM, OCKUIbKA KOXHA 13 MIJCHCTEM MOXKe OyTH
TOJIOBHOIO, TOOTO B YCiX mificucteM € (yHKIIi i BHKO-
HaBIl, 1 KEpIiBHUKA, M0 YCKIAIHIOE 1X MPOrpamMHy
yactuny. ¥ K®C 3 piBHONpaBHUMH MijJIcCCTEMaMH 3BiT-
HICTh MOXE IIOJaBaTUCh JO KOXHOI 3 IIiJICHCTEM.
KopucryBau moxe 3nuiiicHioBatn ympasiinasi KOC Ta
OTPUMYBATH BCIO iH(OPMAILIIIO PO HEl, IPUEHABIINCH JI0
Oynb-skoi 3 miacucrem KOC.

Y pasi opranizamii podoru K®PC 3 0CHOBHOIO
MiICHCTEMOI0 KOHTPOJIO TUIBKH OJHA 13 MiJICHCTEM Mae
¢GyHKIIT KepiBHMKAa Ta BHUKOHaBIS. BOHa € OCHOBHOIO
MiJCUCTEMOI0 1 3a0e3ledye pO3MOALT Ta OpraHi3alliio
pOOOTH MiX IHIIUMHU MiACHCcTeMaMu. Bei iHII miacucTeMu
e BukoHaBIsIMU. Konrtakt mronuau i KOC BimOyBaeThcs
mijcucreMy KoHTpomo. Y 000X

yepes BapiaHTax
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peamizanii K®C wMae Oyrd BpaxoBaHa MOKIIUBICTB

IHII[IFOBaHHS MEPEBIPKU YCiX KOMITIOHEHTIB JIFOIHOIO.

— ITigcucrema 1

IIIT
P— ITigcucrema 2

Mepexa
o)
ﬂj—|

[eXele]

P— ITigcucrema n

Puc. 2. KOC 3 pisnonpagnumu niocucmemamu

Fig. 2. CPSwith equal subsystems
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Puc. 3. KOC 3 ocnosHoio niocucmemoio KOHmponio
Fig. 3. CPSwith basic control subsystem

BaratopiBHeBa MeTtposoriuna mepeBipka K®C.
Merponoriuna nepeBipka KO®C € gocraTHbO CKIIAIHOIO
MPOLEAYPOIO,
pO3TalIoOBYBaTHCA Yy OyIb-IKOMY KYTOYKY 3€MHOI KYIIi.

tomy 1o migcucremu KOC wMoxyTh

BpaxoBytoun Ttaky crnemupiky KDPC sk “3acoly
BHMIpIOBaHHA 3alPOIIOHOBAHO OaraToOpiBHEBY METPOIIO-
riuny nepeBipky K®C. Merponoriuna nepepipka KOC
Mae BifgOyBaTucs Ha BCiX eTamax (YHKIIOHYBaHHS,
MOYMHAIOYM 3 CaMOIEPEBIPKH IHTENIEKTYaJbHHUX TEPBHH-
HUX T[EPEeTBOPIOBAYIB 1 3aKiHUYIOUM 3arajlbHOI0 Iiepe-

Bipkoto KDC, siky Moyke iHIIIFOBaTH OCHOBHA MijicHCTEMa
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KOHTpOJII0 abo obciayroByrounii nepcoHan KdC, skino
BUHHMKJIM CYMHIBH IIOJ0 KOPEKTHOCTI (DYHKIIiOHYBaHHS
K®C abo HacraB yac IiaHOBOi EPEBIPKH.
[piopurern iHILIIOBaHHS METPOJIOTIYHOI IEPEBIPKH
K®C matots OyTn Takumu:
HAWBUINUH PiBEHB: JIIOJMHA,
JIPYTHHA piBeHb: OCHOBHA ITiICKCTEMa KOHTPOJIIO;
TPETill piBEHB. MiJACUCTEMU;
yerBepTuii piBens: 111
lepapxito iHINiIOBaHHS METPOJIOTIYHOI II€PEBIPKH
K®C nonano Ha puc. 4.

THimiroBaHHs OO0’ ekT
HepeBIpKU HepeBipku
| JIroguna
Kibepodismuna
- ; cucrema (KOC
Kibepdiznuna ( )
cucrema (KOC)
IMincucrema KOC
IMincucrema KOC
InTenexryanpaMiA
. MIepBUHHUI
InTenexryanpaMiA
o MIepeTBOPIOBaY
TIEPBUHHUI
MepeTBOPIOBAY

Puc. 4. Iepapxis iniyitosanns memponoeiunoi nepesipku KOC

Fig. 4. Hierarchy of initiation metrological verification of CPS

Aaroputmu nepesipku 13 K®C. Ilepesipka [13 y
K®C wmae BinOyBaTHcsi Ha BCiX pIBHSIX: CHCTEMHOMY,
migcuctemaomy Ta IIIII. Ha cucremHomy piBHi 13
BUKOHYBaTHMe opradizauito podorn K®C, dhopmyBanus
3aBJIaHHS Ta KOHTPOJIb NPaBHIBHOCTI HOro BHUKOHAHHS,
pO3IIOALN 3aBIaHb Mix miacucTemamu tomio. Ha puc. 5
noxano airoput™m mnepeBipku [13 KOC. IHimiroBaHHs
nepeBipku I13 Ha cucreMHOMY DpiBHI 3iliCHIOBaTHME
OCHOBHA MiJICUCTEMa KOHTPOIIIO. SIKIIO B 1€l Yac TpHUBae
nepeBipka [I3 mizcucremu, ab6o I, To BoHa Oyxe
npusynuHeHa. Skmo mix vac nepesipku [13 cucremu He
BUSIBJICHO TOMHIIOK, TO CHCTEMa MpaIfoBaTHMe Jalli B
3BHYAHHOMY PEXHMi I0 HACTYIHOI nepeBipku. SIKmo B
pe3yabTaTi MEPEBIPKU BHUSBICHO MOMWIKH 4u 3001 y I13
CHCTEMH, TO CHCTEMa HaMaraTUMEThCsI iX BUIIPaBUTH.

SIKio cucrema YCITHO BUNPABUTh MOMHJIKH, poOoTa
K®C Oyne nposoBxeHa B IITATHOMY PEXHMi. Y iHIIOMY
BUNAJKY, KOMM NMoMWiIkA y [I3 He BHACThCS BUIIPAaBUTH
CaMOCTiiiHO, iH(OpMaIis TPO MICIE 1 Yac BUSABICHHS
MOMWIKKA Oyne TepefaHa 10 IHTepdelicy KOpHUCTyBaua,
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K®C Oyne mnepeBeneHa B Oe3neyHWil pexxum poOOTH i

BUIIPABJICHHSM IOMHJIOK 3aliMeTbCsi  OOCIYTrOBYIOUMIA
nepconai. [licnst BumpasneHHst moMuinok I13 1 mepeBipku

CHCTEMH il po0oTa B IITATHOMY peXHUMi OyJie BiIHOBIICHA.

TToyarok

Inimiasizargis nepepipku [13 KOC
OCHOBHOIO ITiJICHCTEMOIO KOHTPOJIIO

e nepesipka
113 miacucremu / 1T T

[NpusyrmanTH nepeipky 113
mipcucremu / ITITT

IIposectu nepepipky 13 KOC

T.
3 KOC mpariroe KOpeKTHQ

H1

BI/II'[paBIICHHSI TIOMHJIOK CUCTEMOIO

v

IoBTopHa nepesipka [13 KOC

T.
3 KOC mpariroe KOpeKTHQ

Hi

Curnan Tpusord. [lepexin y 6e3nednuit
pexum podotu. [epenaBanns iHpopmariii
obcyroByrouomy rrepcoray KOC.

v

BurpasiieHHs: TOMHIOK 00CITyTOBYIOUHM
niepconasiom KOC

T«

*‘

IIponosxutn podory KOC y mrrarHomy
pexuMi

Puc. 5. Ancopumm nepegipru 113 K&C

Fig. 5. Algorithm of Softwar e verification CPS

Ha puc. 6 HaBemeHo amroputMm mnepeBipku [13
migcucremu. [HiniroBatume mnepeBipky [13 migcucremu
MepeBAKHO TaKOXX OCHOBHA IIiJICHCTEMa KOHTPOIIIO.
[lincucTema TeX MOXKE IHIIIIOBATH TepeBipky cBoro I13.
Skmio B el yac BingOyBaeThes nepepipka [13 II1I1, To BoHa
Oyne npusynuHeHa. SIKIIo Bke BigOyBaeTbesi IepeBipka
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13 mixcucTeMu, TO TOCTaTHHO JOYEKATHCS 11 3aBEpIICHHS Ha puc. 7 naBeneno anroputm nepesipku 13 IITI1.
0e3 TpOBENEHHS JOAATKOBOI iAEHTHYHOI TEPEBIPKH. Ininitoe mepeipky I13 IIII ocHoBHa mifcucreMa KOH-
[Nopanpmmii anroput™ podoTu aHanoriyauii nepesipii [13 tpomo. Ilepesipka II3 IIIII moxke Oyrtm iHimiiioBaHa
Ha CUCTEMHOMY DiBHi. migcucremoro, a Ttakok IIIII MOXyTe IPOBOAWTH

camoriepeBipky I13. fkmo Bke BimOyBaeThcsi mepeBipka

I13 IIII, To AocraTHbO modyekaTHCs ii 3aBeplIeHHS Oe3

MIPOBEACHHS MOBTOPHOI iMeHTHYHOI nepeBipku. [lomans-

Iniriasmizamis nepesipku [13 macucremu LM aJTOpUTM TEPEeBIpKHM aHaJoriyHui nepesipmi 13 Ha
OCHOBHOIO IIACHCTEMOIO KOHTPOITIO CHCTEMHOMY Ta IMiJICHCTEeMHOMY PiBHSX.
13 I
TaK Iniuianizauis nepesipku 13 11T / BM
[puzynuauty nepesipky [13 IIIT OCHOBHOIO ITiJICHCTEMOIO0 KOHTPOJIIIO

Une
nepesipka I13 11T,
iHinianizoBaHa migcucreMoro /
camornepeBipKa

Tak

Iposectu nepesipky [13 mincucremu

ITposectu nepesipky I13 nigcucremu

la

le
%

POIOBXKYETHCS
nepesipka [13 migcucremu

IIponosxkyeTnes
nepesipka [13 ITIIT

TakKk

13 migcucremu

parfoe KOPEKTHO
PAIOE KOPEKTHO

BunpaBieHHsI TOMUIIOK CUCTEMOIO

v

IToeTopHa nepesipka [13 migcucremu

BunpasieHHs: TOMUIOK CHCTEMOIO

v

IMoBTopHa nepesipka I13 ITIIT

13 migcucremu
PAIFOE KOPEKTHO

113 ITIT
IPALIFOE KOPEKTHO

Curnan tpusord. [lepexin y 6e3nednuii
pexum poboru. [epenasanns iHdopmarrii Curnan tpusory. ITepexin y Gesneunuii
obciryropyrouomy nepconany KOC pexum poboru. [lepenaBanns indopmanii
T o6ciyrosytouomy nepconairy KOC
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Fig. 6. Algorithm of Software verification subsystem CPS Fig. 7. Algorithm of Software verification intelligent sensors CPS
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3anpornoHoBaHi AITOPUTMHU OMHUCYIOTh MOXIIUBHIA
BapianT nepesipku [13 KOC Ha piznux piBHix. B igeani
TpolLeC BiOyBaTUMEThCs O€3 ydacTi JIFOJCHKOTo (pakropa
nepeBipku. Jlronuna Oparume ydacth y mepeipmi [13
K®C, Tinbku komu Oyae BUABICHO MOMHIKU, 3 SKHMU
crcTeMa He 3MOXKe CIIPABUTHCS CAMOCTIHHO.

BucHoBkn

1. PosrsinyBmIM Kiacugikalliro NEpBUHHHUX Ieper-
BOpIOBauiB, 3po0JIeHO BUCHOBOK, mo y K®C wHaiigo-
LIBHIIIE BUKOPUCTOBYBATH 1HTENEKTYasbHI II€PBHUHHI
TIepeTBOPIOBaYi.

2. 3anpoIrOHOBAHO JIBa BapiaHTH OpraHi3allii CTpyK-
Typu KOC:
OCHOBHOIO ITiJICHCTEMOIO KOHTPOITIO.

3 piBHOHpaBHI/IMI/I HiI[CI/ICTeMaMI/I Ta 3

3. 3anponoHoBaHO OaraTopiBHEBY METPOJIOTIYHY TIe-
peBipky K®C, 3rimHo 3 skowo mnepeBipka KDPC wmae
BinOyBaTucst Ha Bcix piBHax: IIIII, migcucremHomy Ta
cucteMHOMY. HallBUIIIMM i€papXiyHUM piBHEM, KU MOXe
iHIIiF0OBaTH MeTposoriuny nepeBipky KOC, e moauHa.

4. Pospobneno anropurmu nepeBipku [13 KOC Ha
piBHI cucremu, migcucremu ta II1I1. 3a 3anponoHoBaHUMEU
aJrOpUTMAaMHU JIFO[IHA He OpaThmMe ydacti B mepesipui [13
K®C, sxmo cucrema caMOCTIHHO 3MOXKE BUIIPABHTH YCi
noMunku y I13.
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