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Counterpressure Modeling of periodic processes is an urgent task for their
autoclave automation, which aims to study the behavior of a device in
Class diagram different environments as well as to find the optimal mode
State diagram of process duration. The quality and length of shelf life of
Activity diagram products depends from the sterilization process, so it is im-
Sequence diagram portant to use new methods and approaches for implementa-
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MATEMATUYHE MOAENIOBAHHA NEPIOANYHUX
MPOLIECIB B ABTOKJIABAX 3 MPOTUTUCKOM

O.M. Kinmenko, B.I'. Tpery6
Hayionanvnuii ynieepcumem xapuoux mexHoaoziti

Mooentosanus nepioouuHux npoyecie € aKmyarbHUM 3A80AHHAM OAs iX asmo-
Mamu3zayii, Mmema SKoi — uU8ueHHs N0GedIHKU anapama 6 PizHux yMo8ax, a maKolc
BHAXOO0JICEHHST ONMUMATILHO20 NPOX00dicentsi npoyecy. Bio npoyecy cmepunizayii
3anedxcamy SAKiCmy i mpuganicmv 30epieantsi RPOOYKMIE, MoMy GANCIUBUM € BUKO-
PUCMAHHS HOBUX MemO0Di8 | nNi0x00i6 O peanizayii i YRpAaeIiHHs YumMu npoyecamu.
s mooentoeans nepioOudHUX npoyecia yce yacmiule 3acmoco8yEmubest 00 €KMHo-
opienmogane Mooenosants. IcHye eenuxuil gubip M08 00 €KMHO20 OPIEHMYBAHHS,
npome Haubibw nowupena yrigixosana mosa mooemosanns UML (Unified Model-
ing Language), sika 6i0HOCUMbCA 00 MO8 8i3YATbHO20 MOOETIOBAHHSL.

Knrouosi cnosa: aemoxnas 3 npomumuckom, diazpama Kuacie, diazpama cmaty,
diaepama disinbHocmi, diazpama nociiodo8HOCMA.

Komm’toTepHe MopentoBaHHs CHCTEM BHKOHYETbCS Yy TaKild IMOCTiIOBHOCTI:
1) onmc cucremu y Tepminax UML; 2) peasnizalliss MOJIEeNi CHCTEMH 3 JOTIOMOT'OIO
migcucremu Simulink makera Matlab uu moniOHoro makera; 3) aHaji3 pe3y/bTaTiB
KOMIIT'IOTepHOT0 MoaentoBanHs [1].
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Hnst onucy B Tepminax UML mepiomu4HUX TpoIeciB B aBTOKJIABI 3 MPOTH-
THCKOM y MOr0o MK BUIUICHI Taki cTaiil i omeparii: mepia crajisi — 3aBaHTa-
JKEHHS anapata; ipyra — poboua crajis (onepanii — mpoayBKa, HarpiB, CTEPHITI-
3allisl i OXOJOKEHHS); TPETSI — BUBAHTAKCHHS arapara (IuB. Tabui.).

Tabnuys. IukJ1 aBTOKJIaBa 3 MPOTHTHCKOM

Onepalist LUKy | YMOBU no4aTKy | KepyBaibHi nii
1 3aBaHTaXCHHS
W) m m
ITouaTok 3aBaHTaKEHHS o, VIM’I (\()/)’2\]7.(.1.) Ve M1®
Kinenp 3aBaHTaXKCHHS 7l M7 V2l
2 Poboua cramis
2.1. TIpoxnyBka hl V27 Vs
2.2. 3amoBHEHHS BOOK0 TE1 V52, v2® 7@
2.3. Harpis h2 Vs va® vi©vg®
2.4. Crepuiizanis TE2 V2
2.5. TIo4aTOK OXOJIOMKEHHS i) \ERRZEACRAT
2.6. OXOIOMKCHHS TE3 V3P, ve©® V4D
2.7. KiHeup 0XONOKeHHS 3 V2¥ vi1W
3 BuBaHTa)KECHHS
[ToyaTox BUBaHTaKEHHS h0, PE1 V4", V7“)’ M17P
Kinenp nukmy 4 M1

Ha mepmiii crazmii poboTa aBTOKIaBa 3 MPOTUTUCKOM (pHC. 1) MOYMHAETHCS 3a
YMOBH, 0 aBTOKIAB opoxkHii h0, kranan V1" inkpurnit, xmamamu V2., v6©
3axpuri, Tenshep M1 Bumxnenuit, kpumika asroxkmasa V7" sigkpura. [l 3aBan-
T@XKCHHS TPOAYKTy BMHKaeThcs Tenbdep, nosmauenmit M1Y. Komn wac tl,
BiZlBe/ICHHIT Ha 3aBaHTAXKCHHs, CIUIMBae, To BuMmukaeTsest M1 i BIIKPHBAETHCS KJla-
nad noaadi BOau V2O, TTicas TOr0, SIK aBTOKJIAB 3allOBHHUTHCS 10 piBHA hl, moum-
HaeTbes poboua cranis. Criepiry BinOyBaeThCsl MPOAYBKA, BIJIKPHBAETHCS KIallaH
mojavi mapu V5P 1a 3aKpUBAETHCS KIIATIaH Moa4i BOAN V2, Komu TeMIepaTypa B
cepenuHi aBrokiaBa nocsrHe 80 °C (mo3naueHo yepe3 TEl), mpoayBka 3akiH-
ayetsest, knaman V5 i kpumka asroxntapa V7% 3akpuBaoThes 1 BiIKpHBa€THCS
kianad mogaui sogu V2. [Ipu mocsrHeHHi piBHSA h2 MOYMHAETHCS HArpiBaHHS: 3a-
kpuBaroThes mpoxysruit kmaman V1 i kmanan momaui Bomm V2¥ra Binkpusarorses
wianann 3muBy V4" i mopaui mapu V5. Crepumizartist mOUMHAETHCS IPU JOCSTHEH-
Hi Temmeparypu crepumisarii TE2, BinkpusaeTscst kiaman momadi Bomn V2 s
perymroBaHHs THCKY. [licist 3akiHUeHHS Yacy cTepuiizallii T2, 3aJaHoro periamMeH-
tom, kmamaan V5 i V4? sakpusatorses, kmamaru nepemmy V3 i mogaui mositps
V6" BinkpusaroTscs. Komn Temmeparypa BCEPEIMHI aBTOK/IABA OMYCTHTHCS O
80 °C (mosHaueno uepe3 TE3), knananu V3 i V6 sakpuparoTses, a KinamaH 31uBy
V4" BiIKpHBa€ThCs. OXOJIOMKEHHS TIPOBOAUTRLCS MPOTATOM BIJBEICHOrO 4acy 13,
micss woro 3akpusaeThest kaman V2 i BinkpusaeTscs mpomysrmit kaman V1%,
Tpers cranisi MOYMHAETHCS TPU CHPAIFOBaHHI JaTYUKA HIKHBOrO piBHA h0 3a ymo-
BH, IO THCK JIOpiBHIOE atMocdepHomy (mosnadeHo uepe3 PE1). Ilicns mporo
3akpuBaethcs kmaman 3By V4, BimkpuBaethcs kpmmka aprokmasa V7! i
BMuKaeThest Tenbdep M1 na BuanTaxenns. Uepes uac 4 M1” Bumukaerses.
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Puc. 1. ABTOKJIaB 3 IPOTUTHCKOM

Cepen miarpam, mo icHytoTh B UML a1 onmucy cucteM, CiIij BUIUIMTH Taki
OCHOBHI THITH Jliarpam:

- KJIacCiB, sIKa MIOKa3y€e CTPYKTYPY CHCTEMU;

- TIOCITIJOBHOCTI, SIKa MOKa3y€e YacoBY MOCIIOBHICTh BUKOPHCTAHHS 00’ €KTIB;

- CTaHy, 1110 BU3HAYAE MTOCTIIOBHICTh CTaHIB 00’ €KTa 3aJICKHO BiJl 30BHILIHIX Jii;

- IIsUTBHOCTI, IO OIHCYE 3MiHY CTaHy 00’ €KTa 3aJIeKHO BiJl BHYTPILIHIX JIii.

Hiarpama knaciB (class diagram) [2] ciy>KuTb AJ1s1 TOAaHHS CTPYKTYPH MOJIE|,
HE 3aJIOKHUTD BiJ] Yacy, BU3HAYA€E THUIM 00 €KTIB CHCTEMH 1 Pi3HI CTATHYHI 3B’A3KH
Ta BIJHONICHHS MDbK HUMH. Ha miarpami kimac 300pakytoTh MPAMOKYTHHUKOM, IIIO
MOJIIIEHUI TOPU30HTAILHAMY JIHISIMH Ha TPH CEKIlii: BEPXHS MICTUTH iM’sI Kiacy,
cepenmHsl — reperik aTpuOyTiB (BXIIHUX Ta BUXIJHUX CHUTHAIIIB 1 3MIHHHUX CTaHy);
HWKHSI — TIepeNTik orepaniii (OmUCyIoTh MOBEIIHKY 00 €KTiB kiacy). s toro,
100 MOOyAyBaTH L0 Jiarpamy, MOTPIOHO CIIOYATKY BHIUIMTH B CHCTEMI OKpeMi,
BIJHOCHO HE3JICKHI KOMIIOHEHTH Ta BH3HAYWTH, SKUM YHHOM BOHH B3a€EMO-
noB’si3aHi. /IBOMa OCHOBHMMH KOMITOHEHTaMH KOMILJICKCY, IO PO3TIISIAETHCS, €
anapar nepioguunoi aii (AILJ]) i konTponep. KonTponep Hajcuinae 06’ €KTy CHTHa-
TM KepyBaHHs BeHTWIsIMA V1-V6, xpumikoro V7 i tenbdepom M1. /s npaBuiib-
HOT'O KepyBaHHS 00’€KTOM KOHTpOJEpy HEOOXiJHO BpaxyBaTH 3HAa4YCHHS PIiBHIB,
TeMIiepaTtyp, TUCKY Ta iHTepBaiiB yacy. KoHTponep npeacrasienuii kiacom Con-
troller (puc. 2), sikuit MicTuTh aTpuOyTH. Jlo aTpuOyTiB BigHECEH] piBEHb, THUCK 1
TeMIiepaTypa, CUTHAIIM Ha BIIKPHUTTS (3aKpuTTs) BeHTHIIB V1-V6, kpumku V7 i
Tenbdepa M1. BpaxoByroun OaratocTaaiiiHICTh TEXHOJOTIYHOrO npouecy, B Al
MPOBEJICHAa JCKOMIIO3MINSI CHCTEMH Ha KijbKa YacTHH, KOXXHa 3 SKHX Oyne
BIJIMIOBIIaTH 32 KepyBaHHS TEXHOJOTIYHUM IIpollecoM Ha meBHid cranii. [lepra
CTaJisl BIAMOBIIAE 3aBaHTAXCHHIO amapara, Apyra — pobodiil cranii, a Tpers —
BHUBaHTaXeHHIO. OO0’ €KT MpeacTaBiIeHN KiacoM Apparatus, aTpuOyTH — BXigHi
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Ta BUXIiJTHI 3MiHHI, piBeHb, THCK 1 TEMIIEpaTypa, onepailii — KepyBaHHS OTOKaMH
Ta MEXaHi3MaMH.

Hiarpama mociigoBHOCTI (sequence diagram) 1mokasye, B sKi IOCIIZOBHOCTI
3’SIBJISIFOTHCS. 00’ €KTH TPH BUKOHAHHI MEBHOI omeparii 1 skuil moTik iHdopmarii
BHUHUKAE MpH 1boMy. Jliarpama mociijOBHOCTI Ja€ 3MOTY OIMHMCATH TMOBHUH UK
poOOTH aBTOKJIaBa 3 YACOBHMH 1HTEpBAIAMH, 1110 33/IaI0ThCS PErIaMEeHTOM. 3a J0-
MOMOT'0I0 TII€T JliarpaMu MOXIIMBO TPOaHAJi3yBaTH YacoBY TOCIIJOBHICTD CTaMdiH 1
omepamiii 1muKmy. BepTukanbHi TPAMOKYTHHKM TIiJi amapatoM IOKa3yloTh
JKUTTEBUU ITUKJI CTAJIiM Ta omeparii, 110 Big0YBalOThCSA MPOTATOM OJHOI'0 YaCOBOTO
iHTepBany. Hanpuknaz, Tpers crajis icHye B 4aci, B IKOMY BiJOyBarOThCS TaKi Jiii:
sakpurts kianana V2 i Bigkpurs knamana V5 (puc. 3).

Apparatus Controller Part1_Control Part2_Control Part3_Control
<<inputs»>>+ <<inputs ==+ <<inputs>>+ <<inputs»>+ <<inputs>>+
+VX0n: signal +PE: double +h: double +h: double +h: double
+HVXOff: signal +h: double <<outputs >+ +TE: double +PE: double
+M10n: signal +TE: double +M10n: signal <<putputs ==+ <<outputs >+
HM10f: signal < zoutputs= =+ HM10fT: signal +/10n: signal +H110n: signal
<<outputs=>+ +VX0n: signal +V20n: signal +V10ff: signal +M10ff: signal
+PE: double HHOfF: signal <<states =+ +V20n: signal +/70n: signal
+h: double +M10n: signal +Time1: double +V20ff: signal +V40ff: signal
+TE: double +10ff: signal +hi: double +V30n: signal <<state s+

; <<stater >+ +V30ff: signal +Time4: double
+0pen_V.X_0 fTime1: double +on_M1() +Y40n: signal +h0: double
+cose_VX[) +Time2: double +off_M1) +V40fF: signal +PE1: double
+on_M1) +Time2: double +open_2() +V50n: signal
+off_M1) +Time4: double +VSOfF: signal +on_Mi()

+h0: double +Va0n: signal +off_M1)
+h1: double +VaOfF: signal +open V7
+h2: double HVTOfF: signal dose_V4)
FTE1L: double <estaters 4+
FTEZ: double +Time2: double
+TE3: double +Time3: double
+PE1: double +hi: double
. +h2: double
+send_VXOn{): { +TE1: double
+send_VXOff(): £TEZ: double
4send_M10n(): () +TE3: double
+send_M10ff():
+open_V1()
+close_V1()
+open_V2()
+close_V2()
+open_Y3()
+lose V3]
+open_V4()
+close_V4()
+open_V5()
+close_V5()
+open_V&()
+close_V&()
+lose_V7()

Puc. 2. liarpama kJacis

Hiarpama crany (state diagrams) mokasye MOCTIIOBHICTh CTaHIB, B SIKHX MOXE
OIMHUTUCA 00’ €KT 3aJISKHO Bifl 30BHIIIHIX MOAIH 1 peakiiii 00’ekra Ha 11i moxaii. Ctan
rmo3HavyaeTscss Wait 1 BiloBizae NEBHOMY IHTEpBaJly Yacy B KHUTTi 00’ €KTa, 300pa-
KYETHCS MPIMOKYTHUKOM 13 3aKPYIJIICHUMH KyTaMH, SIKHi MOYKE MaTd OJHY a0o0 Ki-
JbKa CeKIid. Y CeKIisX HaBOMUTHCS iM’s CTaHy, 3MiHHI CTaHy, BHYTPILIHS ITOBeE-
niHka tomo. OCTaHHS HalJacTilie MICTUTh Taki Jii: entry — Jis Ha BXOJI Yy CTaH;
exit — JIisl Ha BUXO/II 13 CTaHy.
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| : Contraller : Partl Centrol

| Part2 Control | | Parts Control |

| Apparatus |
i:on_MiQ

2:on_M10

3: off_M1Q

4: open_v20

5: cose_v20

5 : open_V50

7 i clése_vs0

5 : oden_ViQ

.
i
.
L]
]
”|

10 : diose_w2(0

11: gpen_v5Q

12 : dlose_w10

13 : dpen_vaQ

14 : lopen_v20

15 {dose_v40

16 + close_wS(Q

17 : bpen_v30

18 fopen_vs0

204 dose_W&()

21% open_va0

23 : dose_v2(

23 : open_vi10

|
i

i

;
i

]

24 : dose_V40

25 : open_V70

26 : on_M1Q

27 : off_M10

Puc. 3. liarpama nocJiigoBHOCTI

28 : off_ M10 |

Hns knacy Controller miarpama crany HaBeneHa Ha puc. 4. @akTU4HO y TaHOMY
BUIIAJIKy CTaH XapaKTEepU3ye CUTYAI[IF0 O4iKyBaHHSI ITiJ] Yac iHTEpBaJIB Yacy, sIKi Mo-
YUHAIOTHCS 3MIHOIO TIONIOKEHHSI BUKOHaB4MX opraHiB (Send). Tak, mpu odikyBaHH1
CHCTeMH B TIPOMDKKY crajii 4 crcrema Ha Bxoxi 3akpuBae mamarn V5 i V4 |
inkpugae kiamann V3" 1 V6, a mpu Buxoi 3 150ro MpoMiKKY 3aKpHBa€ KIanaHd
V3© i V6 i imxpusae VA4". Jliarpama craHy Moxe OYTH BHKOPHCTAHA IUIS
MiHIMI3aIlii TPUBAJIOCTI LIUKITY CTEPUITI3aTOpa MEePiOIMIHOT il

Hiarpama nisutbHOCTI (activity diagram) mpu3Ha4yeHa U ONMUCY 3MIHH CTaHy
00’€eKTa Tix Ji€ro BHYTPIIIHIX Hamepes BU3HAUYEHUX Jii. Ha Binqminy Bix miarpamu
CTaHy, OCHOBHUM €JIEMEHTOM IIMX aiarpam € mist. J{js miei MeTr BUKOpPHUCTaHi OJIO0K-
cxeMu abo CTPYKTYpHI cxeMu anroputmiB. KoxHa i Ha Jiarpami BiANOBiJa€ BU-

KOHAHHIO TIEBHOI omeparii, mepexiji A0 HaCTyImHOI Jii CHpanboBYE TUIBKH IPH
3aBepIleHH] omepaii momnepeHboi Jii.
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i Wait1 O Wait2 ) 4 Wait3 W
. e entry/Send_M10n entry/Send_V50n_V20ff entry/Send_V50n_V20ff V10ff v40n
exitfSend_M10ff_V20n exit{Send_VSOff_v20n_\7Off exitfSend_V20n
L S L J L
4 Wait7 Y Waits 3 4 Waitd W
©% entry/Send_V40ff_¥70n_M10n exitfSend_V20ff V10n entry/Send_VSOff_V40ff V30n_veOn
exit/Send_M10ff exitfSend_V3OFf_VEOff_V40n
= A L -4 .

Puc. 4. liarpama crany

s niarpama (paKTHYHO € aJITOPUTMOM JIOTTYHOI'O KEPyBaHHS aBTOKJIABOM. bins
CTPLIOK 3alUCYIOTh YMOBH IEpEXOay 10 naHoi aii. Tak, Hanmpukiaa, yBIMKHEHHS
temsdepa M1V Binbynerscs Tinbku 3a yMOBH, mO piBeHb Oyme MiHIMATbHHIT
(h0), kmamanu V1©-V7? zaxpuri (V1Off-V7Off), Tensdep Bumknennii (M10fY), a
KpuIka aBTokiasa Bimkpura (V8On) (puc. 5). Uepes uac, BijiBesieHNI HA 3aBaHTa-
xenHs (Timel), Tenbdep BUMKHETbCS. TUNBKH TICHS TOTO, SIK BUMKHETHCS Telb-
dep, kpumika aproxnasa V8

3aKPUETHCSL.

ha, v10n, v2off-veoff, M10ff, v7on

OnM1 Open V4
J/'ﬁmel V10ff 1\
Off M1 Close V1
\l/M 10ff V20ff 1\
Open V2 Close V2

I

Close V2

\J/U 20ff

V50n T

Open V5

]

O W WG Wy W
P N NP N

Open V5 Close V7
\|/ TEL V20n T\
Close V5 YSOff Open Y2

A an. A A s  an

X

Puc. 5. liarpama apisisibHOCTI
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BUCHOBKM

HaBezeni Buiie miarpaMu IaroTh 3MOTY TPEICTABUTHU MPOIIEC CTepHIIi3allii Ta-
KMM YHHOM, 1100 OyJKM BH3HAYEHI BCI 3B’S3KU K MK amapaToM i KOHTPOJIEPOM,
TaK 1 BCepEeAMHI caMoro amapaTta. A Iie, y CBOIO 4epry, JormoMarae OuIbII IBHIIKO 1
SIKICHO HAOYHO 3MOJISIIIOBATH Ta peajtizyBaTh mnpouec. Cria miaKpecauTH, 10 caMe
UML € 3aranbHONPUAHATHM CTaHAAPTOM Yy Taly3i pO3pOOKH MOJENeH CHCTEM 3
HOro MoajbIIo peatizalliclo y BiIOBIIHUX IHCTpYMEHTaJIbHHUX 3acobax. Pos-
pobiieHa MoJleNnb MOXKE BUKOPHUCTOBYBATHCH JUTS BHPIIICHHS PI3HUX 3aBllaHb, SKi
CTIIPUSTHMYTH MOKPAIICHHIO e(EeKTUBHOCTI poOOTH aBTOKIABIB 3 MPOTHUTHCKOM, a
TaKOX JIsl po3pobieHHs JioriuHoi migcucreMu ACY TakuM aBTOKIABOM.
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MATEMATUYECKOE MOAOEJIMPOBAHME
NMEPUOAMNYECKUX NMPOLIECCOB B ABTOKJIABAX
C NPOTUBOAABJIEHUEM

O.M. Kimmenko, B.I'. Tpery6
Hayuonanvubvii ynusepcumem nuuyegbix mexnono2ul

Mooenuposaniue nepuooutecKux npoyeccos A6asemcs akmyaivHou 3adayell 0as ux
agmomamu3ayul, yeib KOmopou — u3ydeHue noseoeHUs annapama 8 paziuyHulx
VCILOBUSIX, A MAKIHCE HAXOHCOCHUE ONMUMATLHO20 PENCUMA NPOMEKAHUsI npoyecca.
Om npoyecca cmepunuzayuu 3a8UCImM Ka4ecmeo U ONUMerbHOCMb XPaAHeHUs: Npo-
O0YKmMO8, NOIMOMY B8ANHCHO UCNONb308AMb HOBble MemOoObl U NOOX00bl OJisl pedu3a-
Yuu U ynpasnenus smumu npoyeccamu. /s Mooeruposanus nepuooudeckux npo-
yeccog 6ce yauje NPUMEHSIEMCs 00bEKMHO-OPUCHIMUPOBAHHOE MOOeIUPOBAHUE.
Cywecmsyem 60160l 8b100p 5A3bIKOE 00BLEKMHO20 OPUCHMUPOSAHUS, OOHAKO
Haubobliee pacnpoCcmpanerue NOIYYUIL YHUDUYUPOBAHHDLIL A3bIK MOOETUPOBAHUSL
UML (Unified Modeling Language), komopbulii OMHOCUMCS K S3bIKAM 8U3YATbHO20
MOOenuposanusl.

Knroueevie cnoea: asmoxias c npomuooasieHuem, OUaspamma Kiaccos, OUaspamma
COCMOSIHUS, OUAZPAMMA 0eSIMETbHOCTIU, OUAZDAMMA NOCIE008ANETLHOCTIU.
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