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[TyGunikyeTbest 3rifHO 3 pilleHHAM BueHol paau JepaBHOTO BUILOTO HABYAJIBLHOTO 3aKIIATy
«JloHenpkuii HaIllOHATBHUI TEXHIYHUN yHIBepcuTeT», MpoTtokoi Ne 10 Bix 19.12.2019 p.

VY 30ipHHKY OIyOJiKOBaHO CTaTTi CHIBpOOITHHKIB (haKyJIbTETy KOMIT IOTEPHHUX HAayK Ta TEXHOJOTiH
HouHTY, a Takox neskuX iHIIMX YHIBEPCUTETIB, AKi € HaykoBumH naptHepamu JoHHTY i akTnBHO
CIIBIIPAIIOIOTh Yy CIIUIBHUX JOCHDKEHHSX. B myOmikamisix HaBeAeHO pe3yNbTaTH HAyKOBHX
JOCHIDKEHBb Ta po3po00K, BUKoHaHUX y 2019 poni 3a HACTYITHUMHU HamnpsIMKaMH: TEOPETUYHI aCIIeKTH
MOJICIIIOBAHHSI Ta aBTOMAaTHU3allil MPOEKTyBaHHS, METOIU Ta 3aCO0M MOJEIIOBaHHS, METOAU Ta 3ac00U
aBTOMATH3allli MPOEKTYBaHHSI, CIIEmiali30BaHi OOYHCIIOBAIBHI CHCTEMH MOJICIIOBAHHS, KOHTPOJb
MIPOIIECIB Ta KepyBaHHA NWHAMIYHMMH cHcTeMaMH. Marepianu 30ipky Mpu3HAYeHi IS BUKIIAJadiB,
HAYKOBHX CITiIBPOOITHHUKIB, iH)KGHEPHO-TEXHIYHMX TMpAaIiBHUKIB, AacHipaHTiB Ta CTYACHTIB, MIO
3aliMalOThCS MUTAHHAMH JTOCIIPKSHHS, MOJICTIOBAHHS Ta PO3POOKH CKIIAIHUX JHHAMIYHUX CHCTEM.
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45 POKIB HAYKOBOI'O CIHHIBPOBITHHUIITBA JOHELIBKOI'O
HAHNTIOHAJIBHOI'O TEXHIYHOI'O YHIBEPCUTETY 3 HITYTTTAPTCbKUM
YHIBEPCUTETOM (HIMEYYHNHA)

Ha mouatky 70-Xx pOKIB MHHYJIOrO
CTOMTTS BiAOYBCA CIHajJ HANPYXEHOCTI Y
BigHocuHax toaimHboro CPCP 3 kamitamictuy-
HUM CBITOM, BIiJJOMHH B iCTOpii SK TEpion
po3psiaku. B €Bponi po3psiaka o3HaMeHyBajlach
MOMITHYHAM ~ JiaoroM 3 DemepaTHBHOIO
PecnyOnikoro HiMeuunHo0, B pe3ysbTaTi sIKOTO
AKTHUBI3yBaJIMCh EKOHOMIYHI BiTHOCHUHH Ta OYJI0
3aIm04YaTKOBaHO MDKAEP)KaBHI MPOTPaMH B Tary3i
HayKH, OCBITH Ta KynbTypu. Himenpke HaykoBe
toBapuctBo (DFG-Deutsche Forschungsgemein-
schaft) ta coro3ne MiHicTepcTBO BUIIOI OCBITH

3aKIIOYMIM  yTOAy TMPO B3aEMHE HAyKOBE
CTaXyBaHHS BHWKIamaviB By3iB. OpgHOWO 3
HailehekTUBHIMX  QopM  miei  cmiBmpari

BUSBHIOCH 10-MicsiUHE CTakKyBaHHS KaHIWMIATIB
Hayk BikoM 10 36 pokiB. Came 3 Takoro
CTa)XyBaHHS TOJIINIHBOTO JeKaHa (aKyIbTeTy
00YMCITIOBATIbHOT TEXHIKM 1 aBTOMAaTH30BAaHHX
cuctem, noueHta kadhenpu EOM (temep — KI)
CeatHoro  B.A.  posmouanocs HayKOBE
cniBpoOiTHuuTBO JoHHTY 3 LTyTraprcekum
yaiBepcutetom (LIY). [dupektop iHCTUTYTY
CHUCTEMHOI  JUHaMiKH Ta  aBTOMAaTHYHOTO
kepyBants (ISR-Institut fiir Systemdynamik und
Regelungstechnik)  mpodecop  Epucrt-Iitep
I'innec, Oyayun umeHom HaykoBoi pamu DFG,
JaB 3roAy Ha mpuiiom CesiTHOrOo B.A. 32 Temoro
JOCHI/DKEHB, 10 30CepeKYBAIMCh HAa PO3p00-
JeHHI ¥ BUKOPUCTaHHI aHANOTO-IU(POBUX
(riOpuaHuX) Mopenel 0araTo3B’sS3HHX CUCTEM
ABTOMATH30BaHOTO  KEpyBaHHSI  MEPEKHHMH
JUHAMIYHAMH 00’ €KTaMU 3 30CEpeIKCHUMH Ta
po3nojineHumMu mapamerpamu. s peamizanii
takux Moxeneii B ISR Oyna iHcTanboBaHa
HOBITHS Ha TOW 4Yac aMepUKaHCbKa TiOpuaHa
obuncmioBanbHa cuctemMa PACER 600. [latoro
MoYyaTKy HaykoBoro cmiBpoOitHunTea 3 ISR €
8 mmcronama 1973 p., konu BijOynace mepima
oeciga B.A. Cearroro 3 E.-/[. I'imiecom, Ha skiit
OyJi0 TOTOKEHO poOOYMil IIaH CTa)KyBaHHS,
BU3HAYEHO PEKUM Jioctymy Jio cuctemu PACER
600 Ta xoio cniBpoOiTHHKIB ISR, 110 3aliManuck
AHaJIOT1YHOI0 TEMAaTHKOIO — TOJIIIHI aCHCTEHTH
Mixaens llaiin, Paitnep Byk, PobGepr Kaiinep,
Knayc [rapk. Ilman craxyBanHs Oyio
MOBHICTIO BMKOHAHO, PE3YJIbTaTH PO3pOOOK Ta

JOCHI[DKeHb  aHaloro-uudpoBUX  MoJENeH
BHUKOPHCTAHO aBTOPOM B JIOKTOPCHKIH IHcepTa-
mii. HaOyTtwii 1mocBim cTaB OCHOBOIO IS

BiJIKPUTTS rasy3eBoi HAyKOBO-IOCJIiTHOT
naboparopii  «CTpykTypu Ta  TporpamHe
3a0e3leUeHHs]  aHAJIOTO-IUGPPOBUX  00UMC-

JIOBAJIIBHUX CHCTEM», IO Aisna Ha (akympTeTi
OTI no 1991 poky. CmiBmpaus 3 LItyrrapt-
CBKHMH KOJIETaMH IIPOAOBXKYBanach depe3
mucTyBaHHSA, B 1975 pomi Oymo 3aBepimeHO
BiJUIarO/KCHHST IU(POBOI MOAETI MEPEKHOTro
nuHaMiyHoro o0’ekra Ha cucremax CDC 6600 1
CYBER. Haykose Bigpsmkensas B.A. CiTHOTO
3a mporpamoro DAAD B 1981 ta 1987/88 p.p.
CIIyTyBaJlil 3aKPIiTVICHHIO KOHTAaKTIB Ta PO3LIH-
PEHHIO TEMAaTWUKH IOCHTiKEHb. 3HAHOMCTBO 3
JIEKaHOM-3aCHOBHUKOM  (pakynbpTery  iHOp-
MaTHKH Ta I1HCTUTYTY NapalielbHUX 1 PO3Io-
ninennx cucrem (IPVS) mnpod. Amnapeacom
Poiitepom mokiano mov4aTox CHiBpOOITHUIITBA B
rajiy3i TOOYJOBHM Mapajie/IbHUX MOJCIIOIUYNX
cepeloBHI Ta iH(pOpPMAIHUX TexHoJorid. B
Oepesni 1989 p. A. Poiitep BimBimaB TOMINIHIN
HIIL. PesymbTaToOM I1Or0 BI3UTYy OYB IUIaH
nepexomy Bij aHaJoro-nupoBUX 10
napajeiabHUX —arapaTHO-IPOrpaMHUX 3aco0iB
MOJIEJTIOBAaHHS CKJIQJIHUX AWHAMIYHUX CHCTeM. B
1990 p. MiKypsmoBa IporpaMa J03BOJHIIA
yKJIQIaHHS PSAMUX yro Mix By3amu Coro3y Ta
®PH. CUMBONIYHAM CTaJI0 MiJMUCAHHS TPHOX
yrog Mmix (akynererom OTI Ta iHCTHTYyTamMu
ISR (E.-A. T'innec), IPVS (A. Poiitep), IAS (P.
JlayGep) B nmHi cepriHeBoro myTuy 1991 poky. A.
Poiitep 3anpocus npod. CestHoro B.A., nexana
¢daxynsrery OTI, Ha 6-MicsYHY HayKOBY poOOTYy
sk rocta-podecopa. Came B meil mepiox, 3
15.12.91 o 15. 06.92, pazom 3 ipodecopamu A.
Poiitepom, E.-JI. T'imnecom, M. Ilaiitiem, P.
Jlaybepom, gnokT.-imk. T. Bpoitanem Oyio
chOpMyNbOBaHO HOBUII HampsM HayKOBOTO
CIIBpPOOITHHIITBA — MapaiejibHe MOJICITIOBAHHS
CKJIaJHUX JIMHAMIYHHX CHCTEM, MOJICIbHA
MiATPUMKa IPOEKTYBAHHS CHCTEM aBTOMaTHU3aLil
TEXHOJIOTIYHUX TNPOLECIB, PO3poOKa mapaiesb-
HUX  aJrOpUTMIB  YHUCEIBHOTO  DIllICHHS
BEJIMKOPO3MIPHUX CHUCTeM AuQepeHIlialbHO-
anreOpaiyaux piBHsHb. B 1992, 1993 1a B 1995
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POKax 3a Ii€l0 TEMAaTUKOIO SK TocTi-podecopu
BigBinanm IPVS B.B. Jlanko i JL.II. ®enpaman.
Tpeba migKpecHIuTH, MO MIATPUMKA HAIIAX
HIMEUbKHUX KoJler B nepenoMHi 1992-1995 poku,
HAJaHHA MOXKIIMBOCTI TPOBIIHUM HAYKOBIISIM
(akynpTeTy BHKOHYBaTH JIOCHI/DKEHHS Ha
HOBITHIX amapaTHO-IPOTrpaMHHUX 3aco0ax Mallu
BUpIlIaJbHE  3HAYeHHs Uil 30epeeHHs
HaykoBoro morteHmiany kadpenp EOM ta IIMI,
mis inTerpamii  JIoHHTY B eBpomeiichkuit
HAyKOBO-OCBITHI{ TPOCTIp.

OpmHi€elo 3 IEHTPATLHAX TEM CITIBPOOIT-
HUIITBA € PO3pOOKA PO3MOMIJICHOTO IMapayieib-
HOro Mozemowuoro cepenosuina (PIIMC).
Konuenmist ~ cepemoBuma  cpopMmylibOBaHa
B.A. Cesaranm, M. Laittnem, T. Bpotianem Ta
A. Poiitrepom B 1992 p. B mporeci po3poOok Ta
peamizanii SIMD-moneneii Mepe:xHUX AMHAMI-
gyaux 00’ektiB (SIMD — Single Instruction
Multiple Data, mnapanenpHi 00YHCITIOBATbHI
CHUCTEMH 3 KEpYIOUMM IPOLECOPOM Ta IIOJIEM
NPOLIECOPHUX  EIEMEHTIB, 10  OAHOYACHO
BUKOHYIOTh OIepalii HaJ MacuBaMH JaHHX
po3mipoMm g0 64*1024 wuwmcen). Ha IPVS-
ceminapi 10.06.1992 B.A. Cparaum Oyio
3po0OJeHO [OTOBiZb, B SKid TNPE3EHTYBAJIWCH
SIMD-mopneni Ta KOHIEHIIST MaCOBO TMapajeiib-
HOT'O MOJIEJIOI0UOTO cepepoBHIa. Toro x THS B
razeti «lITyTraprep mHalTyHr» OIyOIiKOBAaHO
ctarTio «CmiBpOoOITHUIITBO 3 YKpaiHOIO», B SIKiH
KOPECTIOH/ICHT BHKJIaB iHTEPB 10 3 mpodecopaMu
A. Poiitepom 1a B.A. CBATHMM 1 MmigKpeciuB,
mo llryrraprcekuii yHiBepcuteT B ocobi IPVS
Ha/a€ MOXIHUBICTE JIOHEIBKOMY TEXHIYHOMY
yHiBepcuTeTy B 0co0i ¢akynprery OTI (HmHi
KHT) matu Tenemoctyn 10 BHUCOKOIIPOIYKTHB-
HOI TapanenbHOi OOYMCITIOBANIbHOI TexHiKu. B
yMOBaxX, KOJIM B)X€ HE CTajo Taly3eBol
nmaboparopii, KOIM TOBHICTIO OyIO BiJICYTHIM
(¢iHaHCYBaHHS HAyKOBHX pO3poOOK, a B
HITyTrapti TUTBKKA TOYMHAIM BIPOBAJKCHHS
Internet-rexnosoriii, oprasizarist IILOT'O
MDKHapOJHOTO MPOEKTY Majia CBITOBY aKTyallb-
HICTh 3a HAyKOBMM 3MICTOM 1 BiJIKpHBaJa
XOpOIII MEPCIeKTHBH JIJIi MOJIOJAUX HAYKOBIIIB
(akynbTery.

3 MosBOI0 B OOYHMCIIOBAJILHOMY ILIEHTpI
mry (HLRS-Hochstleistungsrechenzentrum
Stuttgart) BucoxonpoxykruBHux MIMD-cucrem
(1993) mnocrano mnutanHs nobymoBu MIMD-
komrioHeHtd PIIMC  (MIMD — Multiple
Instruction ~ Multiple  Data,  mnapasnesbHi
00YHCITIOBAJIbHI CUCTEMH 3 MOBHO(YHKIIOHAb-
HUMH TPOIIECOPaMH, KOXEH 3 SKHX BHKOHYE
CBOIO TPOrpamy-Tipoliec, MO € YaCTHHOIO

3arajibHOr0 aarOpuTMy BHUPIMICHHS CKIaTHOT
3agaui). B 1998 p. incrturyr IPVS (mpod.
K. Porepmens) mepemaB xadempi EOM 12-
By370By cucremy Intel Paragon, uepes IPVS-
cepsep Oyno 3 1997 p. HamaromkeHo JOCTyM A0
BCiX mapayienbHux pecypceiB HLRS.

B 1995 p. BueHa pama Hamoro
VHIBEpCHTETY oOpajia IMOYECHUMH JOKTOPaMH
mpodecopiB  E.-JI. Timmeca, A. Poiirepa,

P. Jlaybepa sk BUEHHX 3i CBITOBUM iM’SIM, IO
BHECITM BUpIMIATBHUNA BHECOK B po030ydOBY
HayKoBoro cmiBpoOiTHUITBAa LLTyTrapTchKoro i
JIoHEbKOTO TEXHIYHOTO YHIBEPCHTETIB.

19.01.2000 p. 3a mOmaHHIM JEKaHIB
YOTUPHOX (baxkynbpTeTiB (indopmaTukw,
CJICKTPOTEXHIKHM, TEXHOJOTIH Ta IHKEHEPHO-
reoge3nyHoro) cexar Y yxBanuB pimieHHS
Npo MiJANUCAHHS PAMKOBOi YrOAM MpPO HAyKOBE
criBpoOITHUNTBO 3 JIOHEIPKUM HaIliOHATBHUM
TEXHIYHUM YHIBEPCUTETOM. YTOAY MiIIICAIN
pektopu, npodecopu O.A. Minaes i J[. Ppiu.
Koopamaaropamu  cmiBpoOiTHHIITBa  OyJ0
npm3HaueHo mpodecopiB M. llaiitma i
B.A. CssartHoro, siki 3 1973 poky 3aiiManucek
uiero crnpaoro. 31 TtpaBus 2011 p. mim dyac
carkyBaHHsI 90-piwuss  JounHTY BinOymock
MiJNUCaHH OHOBJECHOI yrogu pekropamu O.A.
Minaesum i B. Peccenem.

B 2000 p. Buena paga JouHTY obpana
MOYECHUMH  JOKTopamMu  mpodecopis  LIY
M. Ha#itia, I1. I'eonepa i K. Porepmens, mio
aKTUBHO CHiBpPOOITHHYAIOTH 3 (aKylIbTETOM
OTI/KHT, copusitors oprasizauii  oOMiHY
CTYJICHTaMH ¥ acmipaHTaMHu.

3 2000 p. 10 aKTUBHOTO CIIBPOOITHUIITBA
3aJIy4eHO dhenepanpauit HaJIOTYXHUI
obuncmoBaneauit neHtp (HLRS) LIV, sxwii
Hajae TmapayieibHI pecypcu Ui peatizarii
VHIBepCcaJbHUX 1 MPOOIIEMHO OpPiEHTOBAaHUX
napajenbHuX MOJEIIOI0YHNX CepeIOBHILL.
Haniitao ¢byHKIIIOHYE TeNeA0CTyI o
cynepkom’torepie. NEC SX9, CRAY XE6 Ta
iHmMX mnapanenbHux cucteM. Jupexrtop HLRS
npod. Mixaenp Pem mopiuHo BHCTymae 3
JOTIOBIIIMM ~ TIPO  aKTyallbHI ~ PO3pOOKH 1
NEPCHEeKTHBH B Taly3l CyHNEpKOMII IOTHHTY
nepea cryaeHtamu W Bukinagadamu JonHTY. B
2007 p. Ha 6a3i JouHTY mpoiiiioB Mi>kHApO-
HuUil  cemiHap «lIpobnmemu  mapanenbpHOro
MOJICNIIOBAHHS», B SKOMY B3SUIM yd4acTb 6
criBpoOiTHuKIiB HLRS Ha 4oui 3 mpod. Pemiem,
HAYKOBI CIIBPOOITHUKH 1HCTUTYTY TpOOIieM
monemoBanHs B eHepreruni (I[IIME) HAH
VYkpainu, acmipaHTH, CTyJISHTH W BHUKJIagadi
OKHT. 3 2006 p. mpotdecopu Pemr i CsiTHUit €
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YJIeHaMH IMPOTPaMHUX KOMITETiB MiKHApOAHUX
KOH(EepeHIIii «MoeIroBaHHS (Kui),
«MogenoBaHHS Ta KOMITIoTepHa Trpadika»
(Hdoneupk/ITokporchk), 1m0 npooasatees I[TIME
ta (akyaprerom KHT JHonHTY. B 2009 p.
BueHa pamga JoumHTY obpamra M. Pema
MOYECHUM JIOKTOpoM. B mpomy 3 poui B
HIMEUBKHUX Ta YKPaiHCHKUX BUAAHHIX OIyOJiKO-
BaHO CYMICHY HAayKOBY [OMOBigb 3 MpoOIEeM
napajienpHoro MopenmoBanus —«Forschungsge-
biet: parallele Simulationstechnik — Oo6nactb
JOCII/DKCHb:  TApaJielbHe  MOJEIIIOBaHHS
(L. Feldmann, M. Resch, V. Svjatnyj, M. Zeitz).
Ha cumnoziymi 3 wmonemroBanas ASIM’2011
(Bondenororrens, ®PH) Ta  KUIBCBKIU
MDKHapomHIH KoHpepeHIii «MoaenmoBaHHI —
2012» xadenporo KI ta HLRS mnpesenroBano
PO3pOOKH MapasieIbHUX CUMYJIITOPIB MEPEKHUX
OUHAMIYHAX  CHCTeM 3  PO3MOAUICHUMHU
napamerpamu. B gepBHi 2010 p. pasom 3 OIL]
BBeICHO B  ekcruryatanito  100-ByznoBuit
napanensauit knactep NEC 5800, mepemanwmii
kadenpi KI mryrraprcekum HLRS. Bocenn
2013 p. mpoBemeHO MoOJIEpHi3alilo KiacTepa
HUISIXOM PO3IIMPEHHS KUTBKOCTI 00YHCITIOBANb-
HUX By3niB 10 140 Ta 3aMiHM cHUCTeMH 3B’S3KY
MK By3JlaMH Ha Oinbll MOTyxHY. OOnagHaHHS
orpumano Bin LY (HLRS) sx rymanitapha
moromora B umHi 2013 p.

3 2001 poky QyHKIOiIOHYE Tmporpama
DAAD «Crunennii im. Jleonapna Einepa» 3a

npoektoM  «[lapanenbHe  MOJAETIOBaHHS 1
PO3MOJIIJICHE MOJCIIOIYEe  CEPEOBUINE IS
aBTOMAaTHU30BaHUX CUCTEM» (npodecopu

M. Haiitm, I1. I'eonep, M. Pem, B.A. CesaTauit).
Crunenmli  Bupurstrotees 1IY, mo  mae
Oararopiudy HaykoBy cmiBmpamio 3 JoaHTVY i
OpU3HAYeHi Uil MATPUMKH  CTYJICHTIB,
acmipaHTiB Ta MOJOAMX BHKIAJadiB Ha
3aBepIIalbHOMY eTami iX  KBasli(hiKamiifHIX
npaip — MaricTepChbKUX Ta KaHIUIATCHKUX. 3a
ui pokn 74 crunengiatu kadeapu «Kowmm’to-
tepHa imkeHepist» (KI) mpoiinum Haykose
ctaxxyBanHs B LTyTrapTchKoMy yHIBEpPCHUTETI.
3a imimiatuBu mnpodecopa E.-/I. Timieca B
2001 p. 3acHOBaHO HAyKOBY IIporpamy 3
TexHiyHOI ~ KibepHetnku Pro3, 3a  sxoro
MmarictpanraM Tta acmipantam kadeapu Kl
BUJIUISIETHCS JIBI-TpU cTumeHmii Ha pik. Bixke 40
MariCTpaHTiB, YaCTHHA 3 SKUX CTajJH aclipaH-
TaMM Ta AaCHCTCHTAaMH, CKOPHUCTAINCH II€I0
cruneHaiero. HaykoBi JOCHiDKEHHS 3a i€
NPOrpaMor0 BHKOHYIOTHCS HAIIMMK CTHIIEHAia-
tamu B Makc-Ilnank-IHcTUTyTi  ITUHAMIKH
ckiagHux TexHivHux cucrem (MIII, Marne6ypr)

ta B Y # TI'amOyp3pkoMy TEXHIYHOMY
yHiBepcuteTi (I'TY).

Mu maemo monan 80 crminmpHUX IyOiika-
Uil B HIMEUBKUX Ta YKpaiHCHKUX BUAAHHIX. 3a
TEMAaTHKOIO CITIBPOOITHHIITBA 3aXHUIICHO MBI
moktopcbki  (B.A. Cesaramii — 1986,
O. A. ImutpieBa — 2013) ta 16 KaHIUAATCHKUX
Jucepraiiii, B cTajaii MiATOTOBKH 0 3aXHCTYy
3HAaXOIAThCS IIe 5 awcepramii. BumyckHukn
kapeapu I. CremanoB, II. CxkBopIos,
M. Kpachuik, M. Jlocta 3aXUCTHIM JHMCEpTaLlii
BiamoBimuo B LY (2008, 2015), MIII (2008),
I'TY (2012). Jucepramis Muxaiina Kpachika
oTpHMaia MOYECHy MeJallb TOBapHcTBa Makca
IInanka.

Ho 2014 poxy «xadempa aKTHBHO
CHIBIIpaIfOBaJIa 3 AHTJIHCHKUM Ta HIMEILKUM
TexHiYHUMH ¢akyipretamu JouHTY, anrmo- i
HIMEIIPKOMOBHI CTY/ICHTH BHKOHYBalll KYpPCOBI
Ta JWITIOMHI POOOTH 32 TEMaMu HAayKOBOTO
cniBpoOiTHuLTBa 3 iHCTHTYTamu LY. Ctynentu
HIMEIbKOMOBHUX TPyl HPOXOISATh HAyKOBY
npakTuKy B iHcTuTyTax LY. Ha nmanwmii gac B
HLRS nmpamorore  BUMyCKHHKH — Kadenapu
C. l'oronenxo, €. Kopanenko, B. Kymmnapenko,
0. Ulep6axos, O. Yenmos, O. AHIPIOMIEHKO, SIKi
€ BUKOHAaBISIMH TIPOCKTIB 3 e(EeKTUBHOTO
3aCTOCYBaHHsS TapalielbHUX OOYMCIIOBAILHUX
CHCTEM.

3 03 mo 05 nucromaga 2013 poky B
JouHTY BigOyBcs HaykoBHi cemiHap,
npucBsueHuit  40-piuuto  cmiBmpaui 3 LY.
LTyTraprchKy JAeJeramilo OYOIIOBaB PEKTOP
yHiBepcuteTy npodecop Bombdpam Peccens. 3
JIOTIOBIIIMU  BUCTYNHIIM TIpodecopn  AHzapeac
Poiitep, Pymomed Jlaybep, Kypr Potepmens,
Mixaens Latith, Ilerep I'vonep, Mixaens Pem,
Onnisep 3aBonnu, Axim Kinte, Illtedan Bechep,
Bombdranr Enepc. Himenpki konern oTpumanu
MOYEeCHI TIPaMOTH 32 AaKTHBHE  HAayKOBE
criBpoOiTHHITBO 3 JJoHHTY, a Onisep 3aBoanu
0yB oOpanwmii mouecHuM joktopoM JJoHHTY no
kadeapi KI. VYuyacHuku cemiHapy BHCOKO
OI[IHWJIM CTaH CIUJIBHUX HAYKOBUX PO3POOOK,
OKPECIIWIIA TIEPCTIEKTUBH PO3BUTKY JOCHIPKEHb
B raly3i napajeiabHOr0 MOJAEIIOBAHHS CKIIaIHUX
OUHAMIYHAX ~ CHCTEM, 30KpeMa 1oOynoBH
PO3IOMIJIEHOTO  TMAapajedbHOTO MOJICITIOIYOTO
cepenoBuma Ha 0a3i 00’€qHAaHHS TapaielbHUX
pecypcie LY 1 JlonHTY. Ha mopiuHoMy
3i6panni LIY 15.11.2013 poxy B.A. CesarHoro
HaropoJ/PKeHo modecHo wMenammo Ltyrrapt-
CBKOTO  YHIBEPCHUTETY 3a YCIIIIHE HAayKOBe
CIIBPOOITHUIITBO.
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3 xoBTHA 2014 poxy ®KHT JJonHTY
ycmimnHo npaitroe B [lokpoBesky. Hari HiMerbki
KOJIETH 3 PO3YMIHHSIM Ta aKTMUBHUM CHIBUYTTSIM
MOCTaBWINCH [0 CHUTyalii 3 TepeMillleHHAM
yuiBepcutety. IIpodecop Kypr Potepmens
nepenaB kadenpi KI 63 omuHHINI KOMIT t0TEp-
HOro oOnanmHaHHs, npodecop Mixaens Pemn i
Horo cmiBpOOITHHKH CKOMIIOHYBaJIM, BUKOHAJIN
BCci HeoOXimHI ¢opMambHOCTI 1 3a0e3meuniTn
TPAaHCHOPTYBAHHSI BUCOKOIOTY>KHOTO Tapajesb-
Horo MIMD-knactepa, mo wmae 80 o0Oumc-
JMOBaJBHUX BY3MiB. B cmiBmparni 3 JIpBiBCEKOIO
noriTexHikolo  (mpodecop M. B. Jlobyp)
¢dakynapTeT OTpHMaB OOJagHaHHS U JBOX
naboparopiii B pamkax TEMITYC-npoekty. B
2016 pormi mpoaOBKEHO HA 5 HACTYIHHUX POKiB
nitouy 3 2000 poky yroay Ipo HayKOBE
chiBpoOiTHULTBO 3 LITyTrapTchKuM yHiBepcH-
tetoM. Ha xadempax KI i moBHOI miATroTOBKH
CTBOPEHO HiMEIbKE BiJUIIIEHHS, SIKE MOKINKAaHE
rotyBaTu (axiBLiB €BPOMEHCHKOTO pIiBHA 1
cnpuatn  inrerpanii  JomnHTY y cBiTtoBy
CIUTBHOTY TEXHIYHUX YHIBEPCHUTETIB,
BigHOBIIEHO JIAAJI-IPOEKT HIMEIIBKOMOBHOI'O
naBuanas (DSG — deutschsprachige Studien-
gidnge), SKWA  BUKOHYEThCS  CHUTBHO 3
MarneOyp3bkum yHiBepcutretoM ta HTY KIII i
XIII. BunyckHHKH HIMEIBPKOMOBHHX TpYII
ycmimHo mpamooTh Ha (akymereri KHT, Ha
¢ipmax Ykpainu ta Himeuunrn. B morounomy
poli 7 MaricTpaHTiB 1 OAWH acIipaHT Kadeapu
KI mpodimum mOCHiTHUIBKY TPakTUKYy Ha
¢ipmax Himeuuwnn, Bunyckauku ['. Hemanina
ta A. bapagakoB oTpuManu 3ampomieHHS Ha
pobory. Buena Pama HouHTY o6pana
nmouecHUMH JokTopamu mpodecopiB lllTedana
Iaiinpixa (2015, I'TY), Bombdranra Enepca
(2016, 1I1Y), Ulredana Becuepa (2017, yH-T
VYaeMm), Mixaens Baiipixa (2018, [LIVY).
Bunyckauku acmipaatypu K. TemnmuHchkuMit i
A. Maciok 3aXuCTHIM JUcepTalii B crenpasi
JouHTY, npartrorots B MrouxeHi. TeImIMHChKHI
3acHyBaB y llokpoBceky IT-dipmy, nme
NPAIIOIOTh BUIYCKHUKH KadelpH 1 MPOXOMAsTh
BCl BUJM TMPAaKTHK Halll CTyJeHTH. BuzHauHa
monis 2019 poky — crapr cmimsHoro 3 HLRS
HITyTrapTchKOro  yHiBEpPCHUTETYy  ABOPIYHOTO
npoekty «ParSimTech: Po3poOka i imruie-
MEHTALis YKpPaiHCBKOTO JIOCITi THULIBKO-
HaBYAIBHOTO LEHTPY TEXHOJIOTIH MapajienbHOro
MOJICNIIOBaHHsT B J{OHEIbKOMY HaIliOHAILHOMY
TeXHIYHOMY YyHiBepcuteTi (M. ITOKpOBCBHK)».
®dinancyBaHHS poOiT 3a0e3MeuyIoTh defepaibHe
miHicrepctBo Himeuunnu BMBF ta MOH
VYkpaium B pamkax MikypsgoBoi  WTZ-

nporpamu. [IpuckimmBa He3zaJexHa EKCIEPTHA
komicis BMBF  Bucoko omiHmia  3anur
npodecopiB M. Pema i B. CarHoro nHa 1eit
NPOEKT, BHU3HAlNa pe3yJbTaTH  MOMEpPeaHiX
CIIITBHUX PO3POO0OK Ta JOCHIHKCHh  TaKHUMHU,
0 BIANOBIJAIOTH CBITOBOMY CTaHy poOiT B
rajgy3i  mapajelbHOro  MOJCTIOBaHHA — Ta
cynepkoMmm 1oTUHTY. lle BHCOKe HOCATHEHHS
HaykoBoi mkomn JoHHTY «Meronu Ta 3acobu
napaneabHOTo MOJICITIOBAaHHS CKJIQJTHUX
JUHAMIYHAX CHCTEM», 3aCHOBaHOI mpodecopom
JLII. ®enpmMaHOM 1 aKTHBHO MiATPUMYBaHOL
HaIIMMHU HIMEIBKAMH Kosleramu. Ha kamb, Bke
mimu 3 kutT npodecopu JleB IlerpoBuu
®eapaman  (1923-2017), Pynmoand Jlaybep
(1930-2017), Epucr-Hitep T'innec (1935-2019).
Ixui BasuHi KojerMm Ta Y4Hi HPOJOBKYIOTH
YCIIIIHO PO3BUBATH LIeH aKTyalbHHA 1 BITHOCHO
HOBHI HaykoBuil HampsiMok — Parallele Simula-
tionstechnik, Parallel Simulation Technology
(ParSimTech — TexHojoOrii  mapaneibHOrO
MOJICITIOBAHH ).

51 BHCITOBITIOIO IIMPY HOASAKY Mpodecopam
Mixaento LlafiTiry, Auapeacy Poiitepy, Ilerepy
I'vonepy, Kyprty Porepmemo, Mixaento Pemry,

Aximy Kinne, Tomacy bpoitamo, OmiBepy
3aBoguu, Bombsdhpamy Peccemo, I[lrtedany
Becnepy, Ilrtedany Tlaiinpixy, Mixaemnto

Baiipixy Ta ix cHoiBpoOiTHHKaM 3a aKTHBHY
OaraTopiyHy CITIBIpAIlO, 32 BarOMHI BHECOK Y
MiATOTOBKY HAyKOBUX 1 IHXEGHEPHUX KaJApiB
eBponeiickkoro piBHa Ha (dakympreri KHT
JouHTYV.

3aB. xad. Kl nmpod. Cestauit B.A.
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THTEJIEKTYAJIbHA CUCTEMA MIATPUMKHA MPUVHSATTS PINNEHHS I1OJ0
BUBOPY JIIKAPCBKOTI'O ITIPEITAPATY
Tarynosa M. 0., Insina H. O., T'ony6 T.B.

Ilpononyemsca inmenekmyanivHa cucmema NIOMPUMKU HPULHAMMA PILUEHHS U000
8UOOPY TKAPCLKO20 Npenapamy, po3pooieHa 3 UKOPUCTHAHHAM Memoody iMOGIPHICHO20
subopy. Piwenns ¢ cucmemi nputimaemscsi Ha OCHOBI 8a2u 8ION0GIOI KOPUCNYB8AYA NPO
cumnmomu 3axeoproganus. Po3pobiene npoepamue 3abe3neuenHs 0036014€ OYIHUMU
ehekmueHicms BUKOPUCMAHHS MemMO0y NPU CMEOPEHHI cucmem NIOMPUMKU NPUUHAMMA

DIWEHHA.

Knwuoei cnoea:

iMOGIpHICHULL  6UDIp, HEUPOHHI

niompumKka NPUUHAMMSL  pillenns,
mepenci,

iHmeﬂeKmy[l]lea cucmema,

o0bpobka iHgopmayii, asmomamuzayisi

MeOUYUHU, 3aX80PI0BAHHSL, TIKAPCHKI npenapamu.

Beryn. B cywacHOMy cBiTi iH(OopMartiiiHi
TEXHOJIOTII BIAJO TPOHHMKAITH y BCl chepu
misuibHOCTI  JMroauHU. BoHM  nmomomararoTh
HOJICTIIMTH  JKHUTTS CYYacHOTO CYCIIUIBCTBA,
ABTOMATH3yBaTd 1 MPHCKOPUTH BUPILICHHS
pizHOTrO poay mpobiieM. /Ijisi BYSHUX OCHOBHOIO
3a7a4el0 € CHHTe3 aBTOMAaTHYHUX CTPYKTYD,
MOB'SI3aHUX 3 MOJENIOBAHHSM 1HTEIEKTYaIbHUX
MOJKJIMBOCTEH JIOJWHHU, IO 3[JaTHI BHPIIIYBaTH
CKIIQJIHI 3aBJaHHS iHQoOpMamiifHOTO 3a06€e3me-
YeHHs PI3HUX BHIB AisTbHOCTI. CTBOpEHHS
MOJIOHOTO MeXaHi3My JAOTOMOXE ONTHUMi3yBaTH
poOoTy moauHU B Oyab-sKiif 007acTi, 30Kpema i
y memunuHi [1].

ChOrojHiImHIA eTanm PO3BHTKY i1HGOp-
MaTH3allii OXOPOHU 3/I0POB'S XapaKTEePH3YETHCS
HNOBHOMACIITaOHMM BIIPOBA/UKEHHAM MEIMYHUX
iHpOpMallifHUX  CHCTEM, IO  OXOIUTIOIOTh
MPaKTUYHO BCi CTOPOHU JAisUIBHOCTI, BKIIOYAIOUN
KepyBaHHS peCypcaMu, JIIKyBAILHHM IPOIECOM
1 HaJaHHSA MEIUYHOI JOIOMOTH. 30Kpema, Ui
JIOTIOMOTH JTIOJIMHI Y BUOOPI JIIKAPCHKHX 3ac00iB,
IO 3aCTOCOBYIOTBCS IS JIIKYBaHHS 3aXBOPIO-
BaHb, TIIONIYKYy  JIEMIEBIIMX  JiKiB,  a0o0
BU3HAYCHHS, JIO SKOTO CIIEI[iaJlicTa 3BEPHYTHUCS 3
BIJIIOBIIHOI0  XBOPOOOIO, Oyji0o  po3pobiieHO
IHTEJIEKTYaJIbHY CHCTEMY MiTPHUMKH TPUHHATTS
pillIeHHsI.

Peamizaniiss  miei  cucteMum  J103BOJISIE
BUPILIUTU TpoOIEeMH NPU NPUHHATTI MEIUYHUX
pilleHb, 30KpeMa TakKuX, SK HEJOCTaTHICTb
3HaHb, OOMEXEHICTh  4YacOBHUX  PECYpCiB,
BIJICYTHICTh MOJJIMBOCTI 3ally4eHHS BEJIHKOTO
yHuciaa KOMIIETEHTHHX EKCIEepTiB 1 HEMOBHOTa
iH(opMaIlil PO CTaH TAaIli€HTA.

Mera. JlonoMortu JioauHI-He(haXiBIFO
o0paty HeoOXigHI MEAMKAMEHTHU JAJIsl JiKyBaHHS

3aXBOPIOBaHHS HAa  OCHOBI
HE3Ay>KaHHSI.

Marepiaau ta metoau. 11{o0 nocaraytu
BU3HAYEHOI MeTH, OyB TIPOBENSHUH aHawi3
MeToAiB 00poOku iH(opmamii B iHTENEKTyalb-
HUX CHCTeMax Ta JOCHIJPKEHO TepeBarn Ta
HEIOJIKM aHAIOTIYHUX MEIUYHHX CcHcTeM. B
mpolieci peamizalfii 1HTEJICKTyaabHOI CHUCTEMH
MiATPUMKHA TPUHHATTS DPILICHHS LIOAO0 BHOOPY

CUMIITOMAaTHUKH

JMKapchKOTO  Tpemapary Oymu  po3poOieHi
CTpYyKTypa 1  anroput™  (QYHKIIOHYBaHHS
CHUCTEMH Ta 3pyYHHH B 3aCTOCYyBaHHI BeO-
iHTEpdeiic KOpHCTyBaya. [IpoBeneno

TECTYBaHHS KOPEKTHOCTI POOOTH CHCTEMH Ta
BIJIIOBIIHOCTI JI0 BUMOT, 1110 OyJIK ITOCTaBJICHI B
TEXHIYHOMY 3aBJaHHI.

AHaJi3  OCTaHHIX  JOCTiAKeHb Ta
nyomikanii. [yis noOynoBu cuctemu Oynu
PO3MIISIHYTI J1BA MeTOAM OOpoOKHM iH(popmarii —
BUKOPHUCTAaHHS HEWPOHHOI MEpexi Ta MeTon
IMOBIpHICHOTO BHOOpY.

3acTocyBaHHS HEMPOHHUX MEpexK s
00po0Oku iH(dopMallii B cucTeMi HE € AOIITBHAM,
TOMYy M0 Jansi moOymoBM 00’€KTa Ha OCHOBI
HEHPOHHOI MeEpeXi HEOOXiMHO MPOBOIUTH
0araTolMKIOBE  HANANITyBaHHS  BHYTPILIHIX
eJIEMEHTIB Ta 3B'I3KIB MDK HHMH, a Ie
MPHU3BOJUTH JIO0 3HAYHUX YacoBuxX BuTpar. llle
OJHUM IX HEJONIKOM € Te€, IO IIOBEIIHKA
HaBUEHOI HEHPOHHOI Mepexi He 3aBKIH MOXKE
OyTH  OJHO3HAYHO TMepeadadyBaHOO, IO
30UIBIIYE pPU3MK 3aCTOCYBAaHHS HEHPOHHHX
MEpPEeXK B MeIUYHIH ramysi [2].

Ha BigmiHy BiIl HEHPOHHHX MEpEX,
IMOBIpHICHI METO/M 3a0e3MeUyIOTh CHPHUSTIUBI
YMOBHU Il TIPUUAHSTTS PIlICHHS 1 3MIiCTOBHI
rapaHrii sfkocti BuOOpy. 3a  JONOMOIOIO
IMOBIpHICHUX METOAIB MOKJIHMBO 3p0oOUTH BUOIp
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pilleHHS B yMOBax BH3HAYEHOCTI, SIKIIO MO0
KO>KHOI Jii BIZOMO, II0 BOHA HE3MIHHO
MPU3BOIUTH IO NIESKOTO pe3ysbTaTy abo BuOip
pilICHHSA TpU PH3UKY, SKIO KOXHA i
MPUBOJNUTH JIO OJHOTO 3 O€3Mivi MOKIUBUX
NPUBAaTHUX  PE3YJIbTAaTiB, TNPHUOMY KOXKEH
pe3yibpTaT Mae OOYHCIIOBaHY a0 eKCIIEpPTHO
owliHIOBaHy iMoBipHicTIO mosiBu [3]. Tomy mns
CTBOPEHHS IHTENEKTYaIbHOT CUCTEMHU
MIATPUMKA TPUAHATTS pPIMIEHHS IIOI0 BHOOPY
JiKapceKOoro Tmpemnapary OyB BUKOPHCTAHHH
METO]T IMOBiIpHICHOTO BHOODY.

Hocaigxennss anajoriB cucremu. [lepen

pO3pOOKOI0  cHCTeMH  Oynmd  PO3MIISIHYTI
AQHAJIOTIYHI ~ MEIWYHI CHCTEMH  IiITPUMKHU
MPUHHATTS PIIICHHS Ta TPOBEICHO MeTaTbHUI
aHamiz X TmepeBar Ta  HEAONIKIB s

3a0e3MeUYCHHs PO3POOIIOBAHOT THTEICKTYaIbHOI
CHUCTEMH MAaKCUMAaIbHOK e(eKTHUBHICTIO Ta
3pYYHICTIO B KOPHUCTYBaHHI.

3a momomoror momaTky «Mosi anTeuka:
aHaJIOTH JIEKapCTB» KOPHCTYBAa4 MOXKE 3HAUTH
JIETIEBI JIKKA Ta JENIeBl aHaJOTH OPOTUX JIKiB.
Karanmor «Moe€i anTeukny HapaxoBye OJIHM3BKO
1000 Ge3penenTypHHUX JIKIB, 10 MPOAAIOTHCS B
Pocii, 3 BkazaHHAM IX CepegHBOI BapTOCTI.
BukopucroByroun JaHWil J10JATOK MOYJIUBO:
3HAWTH HEOOXIigHI JIiKM, aHAJIOIM JIKIB, Ta iX
[[iHW;  JelIeBi  aHaJorW  JIOPOTHX  JIKiB;
CKOPHCTATHCS TIONIYKOM JIiKiB 32 II€BHHMH
CUMITOMAaMH, KaTEropisiMH, il0Uili PEYOBHHI,
a00 TOBHUM KaTajoroMm; CTBOPUTH JAEKiJIbKa
poiiB s YCiX WICHIB POAMHU.

Jlo HemomikiB AaHOI CHUCTEMH  CIIiJI
BiJTHECTH Te, IO BOHA PO3PaxOBaHa MEPEBAXKHO
Ha KOPHUCTYBadYiB OJHI€I KpaiHW, KOpUCTyBadi 3

YkpaiHu MOXyTh KopucTyBaTucs «Moero
anTeuKo», aje OUIBIICTh JIKIB He Oyne
JOCTYITHOK Ui HUX. TakoX 3HAYHUMH

HEJOMIKaMH € Te, MI0 NMPH BUOOPI CUMITOMIB,
o TypOYyIOTh XBOPOTO, TPAIUIAIOTHCS HA3BU
3aXBOPIOBaHb 0€3 TOSICHeHb, CHMIITOMH Ta
po3umidpyBaHHs 3HAUYCHb SAKAX 3BUYAHHUHA
KOPHCTYBau MOXE HE 3HATH, a TAKOX IOMIJIKH
npu QopMyBaHHI pe3yJbTaTiB ONUTYBaHHS —
NpU  BBEJACHHI CHMITOMIB «Kalllelb, CYXUH
Kalllellb», CUCTeMa PEKOMEHJIYE JIIKH HE TUTbKU
BiJl CyXOro, a i Bl BOJIOrOro BUAY KalllIiO, 110
MO’K€ 3HAYHO HAITKOJUTH 3I0POB 10 XBOPOTO.
Simptomus — Haii0inbIm BijoMa MeIUYHA
eKCIIepTHA cucTema JUTS JIarHOCTHKH
3aXBOPIOBaHb, il MiCis - JOMOMOITH JIHOISIM
JIi3HATHCS, UMM BOHM XBOpilOTb. B oOCHOBI
JMIarHOCTMYHOI CHCTEMHU JIEKHTH 0aza 3HaHb,
HamoBHEHa (axiBISIMH B PI3HUX  OOJIACTSIX

10

MeauuuHd. [lpw  JiarHOCTHII  BUKOPUCTOBY-
IOTBCS.  3aBISIKM  LIUM  QITOpUTMaM  CTae
MOXXJIIBUM 3pOOUTH BHICHOBKH IIPO MOMIHBI
3aXBOPIOBAHHS HABiTh B YMOBaxX HEMOBHHX a0o
HETOYHHUX JaHUX PO CTaH MAaLli€HTA.

HiarHocTrka BigOyBa€TbCcs MOMEHTAIHHO
3  BUKOPUCTaHHSIM  CKJIQJHUX  AITOPUTMIB
ITYyYHOTO 1HTENEKTy: HeMae HeoOXiaHOCTi
3aIOBHIOBATH aHKETy 3 Oe3liudio MoJiB, MI00
orpuMati pe3ynbraTH. CHHCOK MOXIUBHUX
3aXBOPIOBaHb  BIIOOpaKaeTbcd  MPaKTHYHO
MHUTTEBO - Bi/Ipa3y X MICIIS BKa3iBKH YE€ProBOTO
cumnToMy. KOXKeH HOBHH CHMIITOM OHOBIIIOE
CIHCOK HMOBIPHHX 3aXBOpIOBaHb. 3HAWTH CBOI
CHUMIITOMH CHCTE€Mi MOKIJIHMBO 4Yepe3 "pPO3yMHHUI
momyk", abo BIAMOBImalOYM HA MHTaHHSA, SKi
3a/1a€ CUCTEMa J1arHOCTHKH [4].

Henomnikamu  cuctemu  Simptomus €
HeTpale31aTHE [10JIe AJIsl BBEACHHS CUMIITOMY —
NPy HATUCKaHHI Ha fIKE 3 SBIISETHCS IOMUIIKA
«COoii Ha caiiTe», MpOTE BKa3aTh CHMIITOM
MOJMJIMUBO  3aBISKH JBOM  aJbTEPHATUBHUM
momykaM — oOpaBmK Ha 300pakeHHI XBOpY
YaCTHHY Tila, a00 aBTOMATUYHI TUTAHHS JiKapsl.

Ille omHuM HEOOIIKOM € HETOYHICTh
mig0opy MUTaHb CHCTEMOIO — KOPUCTYyBady, II0
BIAIIOBiZa€ HAa IWTAaHHA CTOCOBHO OXHI€l
KaTeropii XBopoO, MOXYTh OYTH 3allpONOHOBaH1
MUTaHHS  1HIOI, aOCOMOTHO  HECyMIiCHOI
Kareropii (HampuKIaa, KOPHCTyBady, SKOTO
TypOye Kamienb, 1 BiH BiJNOBiJa€ Ha THUTaHHS
PO HBOTO, CHUCTEMa I[IOYMHAE TPONOHYBATH
MUTaHHA Tpo 3yOHWH Oinmb, sKi 30BCiM He
ITOB’sI3aHi 3 KalllJIEM, Ta Ha OCHOBI HUX CTaBUTHU
MOJKJIUBI JIIarHO3H).

ExcrieptHa cucrema «JlomammHiidi JTOKTOP

2.2» - mpocra MeOUYHa EKCIepTHA CHCTEMA.
Bona Bu3Hauae XxapakTep 3aXBOPIOBaHHA,
IPYHTYIOUMCh Ha BIONOBIISIX KOPHCTYyBaya,

OTpUMaHHUX B pe3yibTaTi agiajory. basa 3Haub,
mo BKiIoyae Omuspko 100 mommpeHux
3axBOpIOBaHb, Oyna B3dra 3 kuHuru: K.Heitnop
«Ix moOymyBaTH CBOIO €KCIIEPTHY CHCTEMY.
Jlnsi BUKOPHCTAaHHS CHUCTEMH HEOOXITHO
3aBaHTAXUTH ii Ha CBI KOMI'IOTEep Ta
3amyctutd ii. BikHO 3 TimoTe3amMu 3aBXKAH
3HaXOAMTHCS B POOOYOMY CTaHi, TOOTO Micis
KOXKHOT BiJITIOBi/Ii KOPUCTYBaua, CUCTEMa 3MiHIOE
CBO€ MPUITYILEHHS 1010 HOT0 XBOPOOU.
Pesynpratn cmim  anamisyBaTH  micis
BIJINIOBII Ha BCI 3ampOIOHOBAHI IUTAHHS,
MEPErJISIHYBIIH BC1 BUAAHI CUCTEMOIO TIITOTE3H Y
BikHax "OcHoBHa rimoTe3a" 1 "JlomaTkoBi
MPUITYIIEHH" Ta YBaXHO BWBYHBIIM OIHUC JI0
BCIX IpeICTaBIeHUX XBopoO. Jlami ciix
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MPOAHANII3YBaTH CXOXKICTh  CIIOCTEPEIKYBAHUX
CUMITOMIB 1 CHMITOMIB B ONHCAaHHI KOXHOI
xBopobu [5].

OCHOBHMMH HEAONIKaMH € Te, IO
cUcTeMa Ma€ HEeBeNWKy 0a3y 3HaHb, IO HE
JTIOTIOBHIOETKCH, 3acTapiiauit 30BHINTHIN
iHTepdeiic, Ta HaUTONOBHILIE — AJIST TOTO, 1100
OTpUMAaTH  pe3yiabTaT, KOpPHCTyBad  Mae
BiAmoOBICTH OUIpIe HiX HAa 60 mHUTaHp A
OTPUMaHHSI OCHOBHOT TIIOTE3H 3aXBOPIOBAHHS.

3poOuBIIHN aHAJTI3 aHAJIOTTYHUX MEIUIHUX
cucteMm, Oymo BupimeHo 3a0e3meuuTH B
IHTENEeKTyalbHIA CUCTEMI MiITPUMKH TPUHHITTS
pilleHHsT 040 BHOOPY JIKapCHKOTO TMperapary
CHpsSIMYBaHHsI pO3POOKH — IS KOPHUCTYBadiB 3
VYkpainu (yKkpaiHCBKiI JIKH Ta IIiHH), BHCOKY
TOYHICTh (DOpPMYBaHHSI CHMITOMIB, 3alIUTaHb Ta
PEKOMEHAIH JTiKapChbKUX 3aco0iB, HAIINHICTD
Ta BIIMOBOCTIHKICTh, MOXKIIMBICTh PO3MIMPEHHS
0a3u 3HaHb, Ta 3py4YHUIl i cy4acHU# iHTepdeiic
KOpHUCTYBaua.

CTpykTtypa cuctemu. Snpom iHTenmek-
TyalpHOI cucTemu € 0a3a 3HaHb, IO MiCTUTH B
co0i 3HaHHsA ekcmepTiB  (JikapiB)  HIOAO
npeaMeTHoi obnacti. BoHa ckiagaeTscs 3 JBOX
KOMITOHEHTIB!

- (haKTIiB — CTATUYHUX JaHMX, [0 BBEICHI
JikapeM (CHMIITOMH Ta Ha3BH XBOPOO, MEIUYHI
npenapaTv, 10 3aCTOCOBYIOTBCA IS 1X
JMKyBaHH], aHAJOTH 3alpOIOHOBAaHWUX JIIKiB,
MEpeIik MUTaHb Ta BapiaHTIB BIJAMOBIACH s
BU3HAYCHHS 3aXBOPIOBAHHS, PEKOMEHIAIIIT 010
Kareropii  cmemiajicra, J0  SKOTO  CIiJ
3BEPHYTHUCS 3 IAHUMH CUMITOMaMH);

- TIpaBUII HaOopy IHCTPYKIIH, M0
JTO3BOJISIE OTPUMATH HOBI (DaKTH, HA OCHOBI THX,
0  MamTbesAd  (peKOMeHHaIil  MeIUYHHX
npernapaTiB Ta KaTeropii jikaps B 3aJie)KHOCTI
BiJl BBEZICHHX KOPUCTYBA4eM CUMIITOMIB).

baza  mammx  (poOoua  mam’sTh)
NpU3HAYeHa Ui THMYacoBOTO  30epiraHHs
MOYaTKOBUX Ta NPOMDKHUX JaHUX, W0 €
pe3ybTaTOM  CIIJKYBaHHS  IHTEJICKTYaIbHOI

CUCTEMH TIATPUMKHU NPUHHATTS PIllICHHS MI0A0
BUOOpPY JIIKAPCHKOTO IMperapary 3 KOPUCTYBa-
4eM, 110 BeZIe 3 HEelO JiaJior.

[lincucrema cminkyBaHHS — 3a0e3medye
BEJICHHS JIIaIOTy 3 KOPUCTYBaYeM iHTEIIEKTYalb-
HOi CHCTEMH, B XOAl SKOTO CHCTEMa 3allUTye B
HBOTO (PaKTH Ta CUMIITOMH, 110 HOro TypOyIOTh,
HEOOXiMHI i1 TpoIecy MIpKyBaHHS  Ta
BU3HAYEHHSI KaTETopii JIIkapchbKHUX 3ac00iB.

MaiumHa JOriyHOrO BHBOAY SBJISIE COOOIO
MEXaHi3M MIpKyBaHb, 1110 Ornepye 3 (GakTtamMu Ta
npaBwiaMd 3 0a3W 3HaHb Ta JIAHUMH, IO
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OTpHMaHi BiI KOpUCTyBaya CHCTEMH, Ta
30epiraroTecss B poOodiii mam’siti. OCHOBHOIO
METO0 MAIlIMHH JIOTIYHOTO BUBOJAY € peaizallis
cTpaterii BUOOpY BiANOBIAHOTO MpaBuia, (HakTy.
30KkpemMa, BOHAa Kepye HYOTHpPMA IPOIECaMU:
BHOOpPOM AaKTHBHHUX TIpaBWi 1 (QakTiB, IX
3iCTaBJICHHSIM, BUPILICHHSM KOH(ITIKTIB,
BUKOHaHHSIM 0OpaHOro 3a3HAYEHOr0 MpaBHUiIa.

[lizcuctema mosicHEHb HeOOXimHA Ui
TOTO, MO0 JaTH MOXKIHUBICTE KOPHCTYBady
KOHTPOJIIOBATH XiJl MIpKyBaHb CHCTEMH 3
BUOOpY TmpemapaTy Juid JiKyBaHHS. Y pasi
BiJICYyTHOCTI KOHCTPYKTHBHHX IIOSICHEHb MIOZO
PEKOMEH/IAIIii IEeBHOTO JIIKAPCHKOTO Mpenapary,
KOpUCTYBad HE MaTHME JOBIpH IO CHUCTEMH, 1
BOHA  HE MaTtume HEepPCIIeKTHB  JUIA
BUKOPUCTaHHS.

[lincucrema mpuaOaHHS 3HaHb aBTOMATHU-
3y€ TPOIECH HATIOBHEHHS CHCTEMH 3HAHHSMH,
3milicHIOBaHi Jikapem. Jlikap BHOCHTH CBOi
3HAHHS B IHTENEKTYalbHYy CHUCTEMY, a caMe B
KOMIIOHEHT TIPUIGAHHA 3HaHb. I0ro 0CHOBHUME
GYHKISIME € aBTOMaTH3allisl  MpOIecy
HAINlOBHEHHs 0a3M 3HaHb Ta akTyajisaiis 0a3u
3HaHb. JlIs  QYHKUIOHYBaHHS  MiJCHCTEMH
MpUI0aHHS 3HAHDb PO3POOISIOTHCS ANTOPUTMH
(GYHKIIOHYBaHHSI MOAYJISI HAKONIMYEHb 3HAHb Ta
BeO-iHTepdeiich KOPUCTYBadiB, MO JTO3BOJSAIOTH
3MIMCHIOBATA  oOmepamii MaHImyJTIoBaHHSA  3i
3HAHHSAMH.

[lpu poGOTi 3 IHTENEKTYaJIbHOIO CHCTE-
MO0  WIATPUMKH  TPUHAHATTS  pIIICHHSA,
KOpHCTYyBa4 CHCTEMH 3a JIOTIOMOT OO
BcecBiTHBOT Mepexki [HTepHET 3aX0IUTh /10 BEO-
Opaysepa, /e BBOIUTH aJpecy CHUCTEMH
MiATPUMKHA TPUAHATTS PIlIEHHS MO0 BHOOPY
Jikapcekoro mpemnapary. Ilpm  cmpamtoBaHHi
3anmuTy, BiH OaunTh mepes cobor iHTepdeiic
KOpHCTYBa4a, KyJI1 MOXKE BBECTH HEOOXiTHI /s
aHai3y JaHi.

[Ticns BBeAeHHS, AaHI 3a TOIIOMOTrOI0 BeO-
cepBepy TMepemaroThCsi B pobo4yy mam’ATh
IHTEJIEKTYaJIbHOT CUCTEMH, 3BiJIKM MOTPAILUISIOTH
JI0 HIIUX KOMITOHEHTIB CHUCTEMH, B PE3yJIbTaTi
40ro dbopmyeThest pe3yabTat pobotu
IHTEJIEKTYaJIbHOT CHCTEMH, IO IMOTpPAIUIs€ B
pobouy maM’sTh Ta 3a JOIOMOIOI0 BeO-cepBepa
Bi10OpaskaeThes B iHTEpdelici KopucTyBaya.

InrenekryanpHa  cucTeMa  MIATPUMKH
MPUIHATTS PIIEHHS 100 BUOOPY JIKAapPCHKOTO
npernapary Tpalfoe B JIBOX PEKUMaX: PEKHMI
npuaOaHHs 3HAH 1 B peXKUMi BUPILICHHS 3a/1a4i.

VY pexxumi npunOaHHs 3HaHb CHUIKYBaHHS
3 CHCTEMOIO 3JIHCHIOE (Yepe3 TOCEPeTHUIITBO
iHKeHepa TI0 3HAHHIX) eKcrepr. B  mpomy
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pexumi  Jikap, BHUKOPHCTOBYIOYM KOMITOHEHT
npunOaHHs ~ 3HAaHb,  HANOBHIOE  CHUCTEMY
3HAHHAMH, SKi JO3BOJISIIOTH I1HTEJIEKTYaTbHIH
CHCTEMi B pEXMMi BUPILICHHS CaMOCTiiHO (0e3
eKcliepTa) BHpINIyBaTH 3aBIaHHSA  BHOOpY
JKapChKOTO TIperapary.

VY pexumi KOHCynbTamii CHIJIKYBaHHS 3
IHTENIEKTYaJIbHOI0 CHCTEMOIO 3[IHCHIOE KiHIle-
BUI KOPHCTYBad4, SIKOTO LIKAaBUTh Pe3yNbTaT Ta
(abo) cmocib #oro orpumanHs. B oMy pexxumi
JlaHi, 010 3aJaHi KOPUCTyBaueM, Micis o0poOKu
iX iaJoroBUM KOMIIOHEHTOM HAQJXOAATh B
pobouy mam'siTh. MamnHa JOTi9YHOTO BHBOIY Ha
OCHOBI BXiJHMX JaHuUX 3 poOoyoi mam'sTi,
3arajJbHUX JAaHHUX MpeaMeTHOi 00aacTi 1 mpaBmi
3 0a3u 3HaHb (POPMYE pIIIeHHS 3a1adi.

Ha pucynky 1 mnpuBeneHo CTPYKTypy
IHTENEKTyaIbHOT CUCTEMH HiATPUMKH
MPUAHATTS PIilIEHHS 100 BHOOPY JIKapCHKOTO
npernapary.

basa 3uanp

[Tixcicrema
TpHOIAHHS 3HAHD

[lizcncrema
TOACHEHD

Mannita
JI0ITHOTO BHBOAY

[lizcnerema
CIIVIKYBAHHA

Basa nanm
(poBoua man'aTs)

Bet-cepaep

|
Turepdeiic
KOpICTyBaua

Beb-Gpayaep

[HepHer

Puc. 1 — CtpykTypa iHTeNeKTyaJIbHOI CHCTEMH
MiATPUMKH TPUWHSATTS PIIICHHS I0A0 BUOOPY
JKapChKOTO IpernapaTy

Aaroputm podotu CHCTEMH.
VY3aragbHeHUH ~ aropuT™  (YHKLIOHYBaHHS
IHTENEeKTyaIbHOT CHUCTEMH HiATPAUMKH

NPUAHSTTS pillIeHb HACTYTHHNA:

1) B iHTENIEKTyalbHY CHCTEMY 3aBaHTAKY-
€ThCSI CIIMCOK CTAaHJAAPTHHUX 3allUTaHb, MOPSIOK 1
3MICT SKHX € HE3MIHHUM JUIS KOXXHOIO 3
KOPUCTYBauiB;

2) KOpUCTyBa4 OOMpae OJHY 3 JCKUIBKOX
BIATIOBiEH Ha KOYKHE 3aITUTAHHS;

3) Ha OCHOBI BIJIMOBIJCH HAa CTaHIAPTHI
3alUTaHHS, BU3HAYAETHCS MOJYJTh Oa3u 3HaHb,
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IO MICTUTh TPYyNy HACTYHNHHX (YTOUHIOIOYHX)
3anWTaHb, MO0 HaJeXkKaTh OOpaHiil cTaHmapTHii
IMOCJIIIOBHOCTI;

4) B cHCTEMY 3aBaHTaXXy€ThCs BIAMOBIIHA
rpyna yTOYHIOIYHX 3alUTaHb, BU3HAYAETHCSA 1X
KUTBKICTh Ta pPO3PaxOBYETbCA Bara OJHOTO
3aluTaHHS;

5) xopucTyBady BiOOPaXyHOTHCS 3amu-
TaHHS, BiH pOOHTH CBiil BHOIp:

- TpW BIATIOBiNI «HI» Bara 3alMTAHHS
BiJTHIMAEThCS Bijl 3arajibHOi Barw, BiOyBaeThCs
MepexiJ 0 HACTYIMHOTO 3allUTaHHsS, OOpaHOTro
BUTIAJIKOBHUM YHHOM 3 YCi€l IPYyIU 3alUTaHb;

- TpH BIINOBiAI «HE 3HAIO» a00 «TaK»

IO 3arajlbHOI Bard [JONAETHLCS  BIAMOBIIHO
nmojosuHa abo IOBHA Bara  3alMTaHHA.
BinOyBaeTbcst  mepexim 10 HACTYITHOTO

3amuTaHHs, abo 1.6.;

6) BUXimHI IaHi, BBEICHI KOPHUCTyBadeM,
30epiratoTbcs, KOJMM 3arajibHa Bara BiATIOBinei
craHoBuTh OuTBIIe 80% (0.8);

7) MPOBOAMTHCS 3iCTABICHHS BHXIiTHHUX
¢aktiB 3 0a30l0 3HaHb, BHU3HAYAETHCS
IICHTU(IKATOp 3aXBOPIOBAHHS, IO OTPHUMAaB
HaOIbLIY Bary;

8) pesynbTar poOOTH CHCTEMH Y BHIJISII
MepesTiKy JIKapchbKUX 3aco0iB BiJOOpaxaeThCs

KOPUCTYBAu€eBi.
brok-cxemy AITOPUTMY pobotn
IHTENEeKTyallbHO1 CUCTEMU M ITPUMKHA

NPUAHSTTS PIllICHHS MPEJCTABICHO Ha PHCYHKY
2.

Peanizauis cucremu. KopuctyBau Ha
MoYyaTKy poOOTH 3 IHTENEKTYalbHOK CHCTEMOIO
MOTPAIUISIE HAa TOJIOBHY CTOPIHKY CHCTEMH, Ha
AKii BIH Ma€ MOXJIHBICTh O3HAHOMUTHCS 3

OCHOBHOIO iH(OpMAIliEf0 TPO CHUCTEMY Ta
po3noyaru podoTy 3 HElo.

Konu kopucTyBad HaTHCKa€ KHOIKY
«Po3mouarn poboty», Ha cepsep

BIJIMIPaBIISIEThCS 3alMT 3a JONOMOTrol Java
Script (JS) mis ortpumaHHs imeHTH(IKATOPIB
CTaH/JApTHHUX 3alHUTaHb. BOHM HAIXOHATH Yy
BUTJIAZI jSON-00’€KTIB Ta KOHBEPTYEThCS B
macuB JS. Ha pucynky 3 300paxeHuit
pe3ysbTaT, OTpPUMAaHUil Bifl cepBepa.

B 1eif yac kopucTyBadeBi BiioOpakaeTbCs
nepiie MUTaHHS 13 c(QOpPMOBAHOTO MAaCHBY
CTaHJApTHUX 3amuTaHb. Komm KopucTyBay
HATHCKa€ Ha BIAMOBiNb, 3 MAaCHUBY CTaHIAPTHHUX
3allUTaHb BHJAISETHCS EIEMEHT MACHBY, IO
BIJINIOBI/Ia€ [IbOMY 3aITUTAHHIO (PUCYHOK 4).

OcTaHHIM CTaHAAPTHUM 3alUTAaHHAM €
MepeNik TPyl 3axXxBOPIOBaHb MEBHOT YacTHHU
TiNa, Je B KOPHCTYBaya BHUHHUKAIOTH OOJHOBI
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BinuyTTs. Konmu kopucTtyBau obupae HeoOXigHy
YaCTHHY TiJ1a, PO3IMOYMHAETHCS 3aBAaHTAKECHHS
YTOYHIOIOUHX 3alUTaHb, [0 HaJeKaTh 10 TPYIH
BIMIOBiICH Ha cTaHAapTHI 3anuraHHsA. Ha
PUCYHKY 5 300pakeHO 3YNWHKY (YHKIIii
CTaHMApPTHUX 3allUTaHbh Ta 3amycK (QYHKIIi
YTOUHIOIOYMX 3amuTaHb. Ha 1bOMy pHCYHKY
TaKOX MOKHa MOOAYUTH OTPUMaHy Bija cepBepa
Bary BIJIMTOBi/i Ha 3alUTaHHS, a TAKOXK KUTBKICTh
NHTaHb, 0 HAIEXKATh 10 L€l TPyIH.

Tlouarox

1

3asaHTaKeRHA
CTAHIAPTHHX 3ANHTAHb

Popuysanas
BianoBized Ha
CTanzapTH
SANHTAHEA

3

38epesenttn BRXIIMAX

Basaauenna MoxVaE
gaxtis

5a3d 3HaHB

A

3aBanTaZeHnA
YTOHHIOIOWHX 3ANHTAHD

icrasnenns
BHXITHEX (akTis
3 5a3010 3HAHD

10

Bupexenus
pimenHA

Biao6paxerss
NHTAHAA

6

Budip sianosiai
Ha MHTAHHA

Ocrarne
nHTaRRA?

Pucynok 2 - briok-cxema anroputmy
POOOTH IHTENEKTYAIBHOI CHCTEMH
O O Wucnexrop Koncone [ Otnagumk M Cere {3} Crwam () Mpodaiinep L

o v

[{"id":"1"},{"1d":"2"},{"id":"3"}, {"1d": 4"}, {"1d":"5"}, {"id":"6"}, {"1d":"7"}]

» areay(7) [ 17, nge, mgn, mgn mgn mge ]

[{"id":"1","guestion™:"\ue414\ues3b\ue4sf \UB43a\uB43e\uBs33\uasele \UB432\Ue438 \ueslde\ut
\uesse\ued3a™},{"id":"2", "question_id":"1","answer": "\uB416\ue45e\ues3d\ues3a\uesse"1]]

1
1

»
Pucynok 3 — Orpumanuii Big cepBepa
pe3ynbTar

[TouaTrkoBa Bara Bi/NOBi/EH KOpHCTyBava
nopiBHIOE Hym0. Komn kopucTyBay BiAmoBigae
«TaKk» Ha YTOYHIOIOUE 3alMTaHHs, TO Bara, IO
Oyj1a oTprMaHa NP 3aBaHTAKEHHI YTOYHIOIOYUX
3aluTaHb, JAOAAETbCA 1O TMOTOYHOI  Baru
BiJMOBiAel KopUcTyBaya (PUCYHOK 6).
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O® O Vucnerop [ Korcons [ Ornagume T Cers

uf

{} cowm D Mpodaiinep L

T Nouck & koHcoan
2
standard: 2,3,4,5,6,7
[{"id":"2","guestion”™: "\u@412\uB43a\uB438\UB436\UB45E\UB442 \uB44r \uB432\uB45e\uds3a \ue:
2
3
4
standard: 3,4,5,6,7
[{"1d":"3","question”™:"\u@427\ue438 \ue454 \uB43e\ue43b\ue435\uedse\ues33\uedse\uessf \ui

hugsa22'\ues3a\uas3a™}, {"id": "e", "question_id":"3", "answer™: "\uasld\ua43s \ues37iuesid\ues:
3
s

Pucynok 4 — BunaneHss eneMeHty
MacuBy

0 Wucnexrop [ Kowcons [ Omnagunk P Cers {3} Cruan () Npogaiinep £

v
end
false
start
rososa
{"weight":@.14285714285714285, "count™: 28"}
28

{"1d":"5", "title™: "\u8433\uad55 \ued3f\uB435\ua44a\ U442 \uB435\UB43d \ UBSIT \UBSSE\UBSAT" , "
\ueq3s\uease\uedln\uedd1\ues42\ved3e \ued3bluedse\ueda7 ued3d\ues B\ ued3o \uess2\uesas\ue

Pucynoxk 5 - 3ynuaka QyHKIii
CTaH/IAPTHUX 3aIUTaHb Ta 3aITyCK (PYHKIII{
YTOYHIOIOUHX 3aIIHTaHb

» O Wkenexrop Koucons [ Omnagume T Cems

@ v

weight: @.14285714285714285

{} Cruam ml’lpmbaﬁnep ER

yes: s

no:

dont:

{"1d": 78", "title”: "\we433\ue456\ue43f\ue435\uUe448\ued42\ U435 \UBd3d \ ued37\uB4sE \uBdaf ", "

\u@433\ued3e \ue43l\ued3e\uedabluedde?”, "disease_id":"1", "group_id":"1"}

44 Gysae y sac HyaoTa nia yac ronossoro Gomm?
Pucynok 6 — Ctas Baru BiAIIOBiAeH mpu
3HAYEHHI «TaK»

Ha pucyHKy Takox MOXHa IOOaYUTH
IIOTOYHI 3HAYE€HHS MAaCHUBIB BIANOBIJEH, IO
CTOCYETBCS JI0 KOXKHOI 3 HUX («TaK», «HE 3HAIO»,
«HI»); OCKIIIBKH KOpPHUCTyBadueM Oylia HATHCHYTa
KHOTIKa «TaKk», iAeHTu(ikatop NTHUTaHHI OyB
JOJAaHUH JI0 MacuBY BIAMOBiEeH «Tak», Ta
3MIHEHO [TIOTOYHE 3HAYEHHS Bary BiAOBIAEH.

Konu xopucTyBay BiANOBiae Ha TMUTaHHS
«HEe 3HA», TO IO 3arajbHOi Barv BIiIIIOBIIEH
JOJIA€THCS  TIOJIOBMHA 3HAYCHHST Baru OJHi€i
BiZmoBii (pUCyHOK 7).

» O Whenekrop Korcone [ Omnagumk T Cems

@ v

weight: @.21428571428571427

{} Crnn ml'lpod)aﬁnep {

yes: §
no:
dont: &

{"1d":"17", "title": "\ued3c\ue45e\ued33\uadaa\uedas\uedaduesdc”, "question” : Mued11\uedse’
\ue4482", "disease_id":"3","group_1d":"1"}

Bink & ronosi mac nynscywuwid xapakTep?
Pucynoxk 7 - CtaH Baru BiAmnoBijaei npu
3HAYCHHI «HE 3HAIO)»
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3 PHUCYHKY BHJIHO, III0 3HAYCHHS IMOTOYHOT
Bard BIJIIOBIJAEH 3MIHMJIOCS — JIO 3arajbHOI Baru
BigmoBime#t Oyna gomaHa TIOJIOBMHA Bard
BIAMOBII, @ TAaKOX B MAacCUB BIJIIOBIACH «HE
3HAIO» TOAABCS iMCHTU(IKATOP MUTAHHS.

Ilpu BiOmOBIAI HA 3alMTaHHA «HI», BIT
IMOTOYHOrO 3HAYEHHS Bard BiJHIMA€ThCS Bara
BIJITIOBi/Ii, & TAKOXK JI0 MAaCHUBY BIJIOBIJIECH «HIi»
nonaBcs ineHTrn(ikaTop MUTaHHA (PUCYHOK 8).
™ O Wucneop [ Korcone [ Otnagume N Cers {3} Crunn () Mpodaitnep L

]
weight: .87142857142857142
yes: §
no: 17
dont: B
{1d":"3", "title™: "\ue4s33\UBsSE\ U823\ U435\ LRSS0\ UBAS 2\ LUBSI5\LB43d \ LRSI T\ UBASE\ LBSAF", "
\Ued3bl\uB43e\UB432\UB4382" , "disease_id":"1", "group_id":"1"}
¥ B3C BUHWKAE BiAWYTTA "CTUCHEHHA" ronosu?

Pucynok 8 - Ctan Baru BiAmoBineit mpu
3HAYEHHI «HI»

TakuM YUHOM, KOPUCTYBA4 BiTIOBIa€ Ha
PST yTOYHIOIOYMX 3alTUTaHb, TOKH 3arajibHa Bara
BigmoBimelt He mepeBUIINTs 3HaYeHHS 80%
(0.8). Ha pucynky 9 300pakeHuii craH 3MiHHUX
nepea THM, SIK CHCTEMa BU3HAYUThH Pe3yJIbTAT
OTUTYBaHHS.

@ 1 Vkcnexrop [ Kowcons [ Otnagume T Cems

o}

{} Crunn (D Mpodaiinep {

31

count: 28 countNow: 23

meight: 8.7141857142857141

yes: 2,5

no: 17,26,32,20,38,18,27,15,21,29
dont: &,22,28,16,13,19,18,14,11,12,31

{"1d":"8", "title™: "\u433\ue456\ued3f\ue435\ue448\UB442 \uB435\ue43d \ ued37 \uBdse\uedf ", "
Yue43s\uedle \us4d3l\uesle\us4sb\uedded”, "disease_id":"1", "group_id":"1"}

Yu Oysa€ y BaC HymoTa Nia 4aC ronosHoro Goam?

Pucynok 9 — Cran 3MiHHHX Iepen
BU3HAYEHHSM PE3YJIbTaTiB ONUTYBAHHS

IIpn HacTymHil BimMoBimI KOpHCTyBaya
«TaK», 3arajbHa Bara BIIINOBIJeH NEPEBUIUTH

80% i cuctema BU3HAUMTH pe3yibTar, Mo Oyme
BiToOpakeHUH KopucTyBadeni (pucyHok 10).

® O Vincnexop Koncons [ Omnagune N Cen {) Crwm (D Npogaiinep @0 Mamers B Xpawnmawe
weight: 0.7142857142857142
yes: 2,5
no: 17,26,32,29,38,19,27,15,21,25

dont: 8,22,28,16,13,19,18,14,11,12,31

{"1g7:7327, "titlem:
\UB432\UB434\UB44c\UB431\u04302"

\ 2\uB43c \vB430Y
) "disease_id":"5", "group_td":"1"}

\uB438\00439

¥ sac wecriiia xonnba?
1
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welght: @.857142857142857

Pucynok 10 — BuzHaueHHs pe3ynbTariB
OTIUTYBaHHS

Ha pucynky wMoxHa mo0auuTH, IO
OCKiNIbKM 3arajbHa Bara nepesummia 80%,
CHUCTEeMy HaNIWNUIM JaHi 3 pe3y’dbTaTaMu
ONMHUTYBaHHA y BHIIIAAL json-o00’ekry. Ilicms
BOI'0 aBTOMAaTHYHO 3aBaHTAXKYETHCSI CTOPIHKA 3
iHQopMaIli€r0o  MmOA0  3aXBOPIOBaHHSI IS
KOpHCTyBaua Ta JIKApCHKUMHU 3aco0amu, IO
3aCTOCOBYIOTBCS JJISl HOTO JTIKYBaHHS.

BucHoBku. TakuM dYWHOM, po3poOiieHa
cucTeMa TroToBa J0 eKcioryaramii. 3 i
JIOTIOMOTOF0 KOPHCTYBa4 3MOXe BU3HAYUTH CBOE
3aXBOPIOBAaHHS Ta 00paTH JiKapChKUi mpenapar
Ut oro mikyBaHHs. HaykoBe 3Ha4YeHHS SIBIISE
co00I0 BHCOKAa TOYHICTh POOOTH CHUCTEMH
3aBISKM  METOAYy  IMOBipHICHOTO  BHOOpY.
MoxnuBUMH BapiaHTaMyd I MOJepHizarlii
poboTH cucTeMU B MallOyTHBOMY € TIOKPAIECHHS
3py4HOCTi BeO-iHTep(delcy KopucTyBada Ha
IHIOIMX MOBaxX, a TaKOX JIOOTPAIIOBaHHS
CTOPIHKH 3 pe3yJibTaTaMu pOOOTH CHCTEMH TaK,
mob Ha HIA BigoOpaxkaBcs Jiana3oH IiH
JIKapChbKOro 3aco0y y pi3HUX anTeKkax Micra, B
SKOMY MEIIIKa€ KOPUCTYBAY.

K. CexkcenbaeB, b. K. CynranoBa, M.K. Kicina, Indopmauiiini TexHonorii B pO3BUTKY

cydacHoro iHdopmartiitHoro cycrinbcta. Kazane: «Monoauii BueHnin», 2015.

. C. KopHeer, Bukopucranus anapaTy HEHPOHHUX MEPEX JIJIsi CTBOPEHHS MOJIEINI OLIHKY Ta

yIpaBIiHHS pU3UKaMu mianpuemMctBad. Kuis: "YHiBepcurer 6aHkiBehkoi cripau”, 2007.

[HTenekryanbHi iHpOpMaILiiiHi cHCTEeMH B yMOBaxX HEBMU3HAUEHOCTI i1 pu3uKy [EnekrponHmit

pecypc] — Pexxum moctyny no pecypcy: https://studfile.net/preview/6020505/page:26/.

CepBic OHIaWH-IIarHOCTHKH 3axBoproBaHb Simptomus [EmekrponHmii pecypc]

Pexum

Jlireparypa
[1]
[2
(3]
[4]
JIOCTYIy IO pecypcy: http://simptomus.ru/.
[5] HomamHit  gokrop 2.2 [Enextponnuii pecypc]

Pexum pmoctymy 1o pecypcy:

http://www.aiportal.ru/downloads/expert-systems/home_doctor_2_2.html.

14



ISSN 2074-7888, HaykoBi npaui JloHEIbKOT0 HAIllOHAILHOTO TEXHIYHOTO YHIBEPCUTETY, Cepis
"TIpobieMu MozaentOBaHHS Ta aBToMatu3anii mpoektyBanusa" Nel (14), 2019

References

[1] K. Seksenbaiev, B. K. Sultanova, M.K. Kisina, Informatsiini tekhnolohii v rozvytku
suchasnoho informatsiinoho suspilstva. Kazan: «Molodyi vchenyiy», 2015.

[2] D. S. Kornieiev, Vykorystannia aparatu neironnykh merezh dlia stvorennia modeli otsinky ta
upravlinnia ryzykamy pidpryiemstvas. Kyiv: "Universytet bankivskoi spravy", 2007.

[3] Intelektualni informatsiini systemy v umovakh nevyznachenosti i ryzyku [Elektronnyi resurs] —
Rezhym dostupu do resursu: https://studfile.net/preview/6020505/page:26/.

[4]  Servis onlain-diahnostyky zakhvoriuvan Simptomus [Elektronnyi resurs] — Rezhym dostupu do
resursu: http://simptomus.ru/.

[5] Domashnii  doktor 2.2 [Elektronnyi resurs] — Rezhym dostupu do resursu:
http://www.aiportal.ru/downloads/expert-systems/home_doctor_2_2.html.

Haoitiuwna oo pedaxyii 09.12.2019 p.

TarynoBa Mapis IOpiiBHa — KaHIUAAT TEXHIYHUX HAyK, AOUEHT, HamioHambHWI yHIBEpCUTET
«3armopi3bka nomiTexHika» (Byn.JKykoBcbkoro, 64, M. 3amopixks, 69063, Ykpaina).

E-mail: mary.tyagunova@gmail.com.

Inpina Haranis OaexcanapiBHa — CTyJeHTKa MaricTpaTyp, HarioHanpHWA yHIBEpCHUTET
«3armopi3bka nosiTexHika» (Byn.XKykoBcekoro, 64, M. 3amopixxs, 69063, Ykpaina).

E-mail: natka7natka@gmail.com.

I'onyd Tersna BacuaiBua — acucreHt, HamionambHuii yHiBepcuTeT «3amopi3bka MOJITEXHIKa»
(Byn.XXykoBcbkoro, 64, M. 3anopixoks, 69063, Ykpaina).

E-mail: golub.tv6@gmail.com

INTELLIGENT DECISION SUPPORT SYSTEM FOR DRUG SELECTION

An important aspect of medical informatization is the development of effective expert systems
that are available for use by unskilled users. Such systems are designed to help the patient in the
initial diagnosis of the disease, as well as the choice of drugs, the nearest pharmacies,
recommendations for the use of drugs, the choice of the doctor of the required specialty, etc.

In this paper, a description of the developed decision-making system is presented, which allows
an ordinary user to independently perform the initial diagnosis of the disease and the selection of
suitable drugs. The system’s operation is based on assigning various weighting factors to questions,
depending on the answers received from the user, and the subsequent logical conclusion using the
probabilistic choice method. The use of this method is preferable, in comparison with the use of
artificial neural networks, due to the greater uncertainty in the behavior of the latter.

The system includes the following main components: a knowledge base (contains facts and
rules), a logical inference machine, a database (acts as a working memory, and stores current user
responses), subsystems for communicating with the user, explanations and knowledge acquisition. The
expert system is implemented as a web application using the Java Script programming language and
the JSON data exchange format.

The tests carried out showed the system's operability and its suitability for practical use.

Keywords: decision support, intelligent system, probabilistic choice, neural networks,
information processing, automation of medicine, diseases, drugs.
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PO3POBKA TA MOJAEJIFOBAHHSI uCI/ICTEMI/I «PO3YMHUI BY IMHOK»
3 NIABUILIEHOIO HAJIIMHICTIO HA BA31 ARDUINO
®enpko A.O., 3enenrsona [.A., Tsarynosa M.1O.

B pobomi npusedeno pospobry ma moolemoeanus cucmemu "posymuuii OyOuHok" 3
niosuweHo Haoditunicmio Ha 6aszi nonyaspuoi naamgopmu Arduino. 3anpononosana
cucmema "posymnozo 6younky" mae apximexmypy, 6 axiu niama Arduino eucmynae y
PO MPUCTHPOIO-NOCEPEOHUKA, A KOMN'IOMep CKOHDIeYPOBaHull max, wo MONCHA
30iticno6amu gidoanene Kepy8aHHs cucmemoio 3i cmapmouy uu nianwemy. Onucamo
Mmooeniosanns cucmemu 8 naxemi Proteus VSM. Taxoow 3anpononosano cnocoou
niOBUWeHH S HAOTUHOCMI CUCmeMU ma nPugedeHo pe3yibmamu mecny@aHHs..

Knrwowuosi cnosa: mixpoxonmponep, Arduino, Proteus VSM, knienmcokuii 000amok,

niosuuerHs HadiuHoCmi

Beryn. CywacHa JrogWHa — MPUALISE
BEJWKY VyBary piBHIO KOM(OPTHOCTI cepemo-
BUIIa mnpoxkuBaHHiI. Jo ymMoB koMQopTy
BXOJISITh, HAMPHUKIAJ, KIIMAT-KOHTPOJb IMPHMi-
meHHs, MoOyToOBI MOTpeOW, piBeHb Oe3IeKn
noMemkanHs. B pesynprari peamizamii ycix mux
noTped PiBeHb CKJIAHOCTI CUCTEM IHXKECHEPHOTO
OCHAIIEHHsSI KBapTUP Ta NPUBATHUX OYIMHKIB
MIBUJKO 3pPOCTAaE, TaK c€aMO SK 1 3pOCTae
KUIBKICTh TPUCTPOIB, SKi BXOIATH JIO CKIIAAY
nmoniOHMX cucteM. B maHiit poGoti posrisga-
€TbCS  KOMIUIGKCHa  CHUCTEMa  «PO3yMHHI
OyIMHOK», sKa JIOTIOMarae KOpPUCTYBaueBi 3
BUDILICHHSAM  33ja4i  KepyBaHHS  TaKOIO
CKIIQIHOI0 CHCTEMOI0, Oepydn Ha cebe OCHOBHI
MOTOKH JIAHWUX Ta 3aJIMINA0YU 32 KOPUCTYBadueM
JIIIE TPUHHSATTS OCHOBHUX PillICHb.

Ha pmaHmit MoMeHT po3poOka cucteM
«PO3YMHOTO OYIMHKY» CTaja 3HAa4HO IPOCTi-
00, HDK KiJibKa poKiB ToMy. Ha cyuacHomy
CBITOBOMY pHHKY IIPOIIOHYETHCSI ~ BEJIMKA
KUTBKICTh TOTOBUX pillleHb I peaizarii
NOJIOHUX cHCTEM, ajie (YHKIIOHATBHICTh TAaKUX
TOTOBUX CHCTEM HE 3aBXIH 33J0BOJIbHSE
noTpedH KiHLIEBOIO KOPUCTyBaya, TOMY OJHUM
13 Cy4acCHHUX CIHOCOOIB JIOCSATHEHHS ONTHUMAalb-
HOr0 Ta 3pYYHOrO PIllIEHHS € Po3po0Ka BJIACHOI
CHCTEMH «PO3YMHOTO OyIHHKY.

OpHuUM 3 TONyJNSIPHUX BapiaHTiB Ui
NPOEKTYBaHHSI CXEMH «PO3yMHOTO OYIWHKY» Ha
ceorozHi € miaargpopma Arduino, modynosana Ha
0a3i mikpokoHTpoJepiB Atmega [1]. 3aBnsku
JOCTYITHIA BapTOCTI KEPYHOUUX KOHTPOJIEPIB i
BEJIMKIN KIJIBKOCTI CEHCOPIB MOXKHA OOy yBaTh
a0COIOTHO OY/Ib-Ky CHCTEMY.

Ha nanuit MOMeHT npu po3polui cuctem
Ha 0a3i Arduino B SIKOCTiI KEPYIOUYOro IIPUCTPOIO

16

BUKOPHUCTOBYIOTH camy Iuaty Arduino. B Takmx
TUTIAX CHCTEM VIPaBIiHHS IUIATOIO 3/iHCHIO-
€TBCSI 32 JOTIOMOTOI0 KHOIOK Ta CHKOEPIB, SIKi
00’€mHYIOTBCS Yy Kepylody MaHemb. SKiio
HEOOXiTHO 3MIMCHUTH BilJalieHUil KOHTPOJb, TO
BUKOPHUCTOBYIOTH GSM Monyii, II0 B €HOXy
CTpIMKOTO TIOHIMPEHHS [HTepHETYy BXKe CTae
HepommbHUM. [l peamizamii  BimmaneHOTO
KEpYBaHHA MOXHA TaKOX BHKOPHUCTOBYBATH
koHTposiepu ESP, siki miaATpUMyIOTH MPOTOKOIN
WiFi, ane Taki KOHTpOJEpPH 3HAYHO JOPOXKUI 3a
Arduino [2].

B naniit po0OoTi 3amponoHOBaHO CHCTEMY,
y SIKIli B SIKOCTI KEPYIOUOT0 MPUCTPOIO BUCTYIAE
3BUYAlHUII KOPUCTYBAallbKU KOMIT IOTEp, a
Arduino SBJISIETBCS TPUCTPOEM TIepesadi JaHuX.
IlepeBarn Takoro BuKoOpucTanHsi Arduino y
TOMY, L0 3HW)KYETHCSI HaBaHTaKCHHA Ha caM
MIiKPOKOHTPOJIEP, @ 3aBISKH KOMIT FOTEPY MOXKHA
3IIHCHIOBATH CITOCOOM BiIJAICHOTO YIPABITiHHS
CHCTEMOIO 3a JOIIOMOrol0 Mepexi IHTepHer.
TakoX NPONOHYETHCA BapiaHT CHCTEMH 13
KepYyBaHHSAM 3 MOOUTEHOTO TenedoHy.

Opnnak tiargopma Arduino € ckopiiie
aMaTOPChKUM, HDK NpodeciiHuM pilleHHsIM. Y
3BSI3Ky 3 I[IMM  BHHHMKAE  HEOOXIJHICTh
3a0€e3[eUYnTH IIIIBUIIEHHS HAIIHHOCTI CHUCTEM
«pO3yMHOTO OYIWHKY», TOOyMOBaHMX Ha 0asi
Arduino.

AHaJgi3 ocTaHHIX JOoCHiIXKeHL Ta
nyojikauii. «Po3ymHuit OyauHOK»  (aHIIL
Smart home) — me KOMIUIEKC pilleHb ISt
aBTOMaTH3allii TMOBCAKISHHOTO JOTJISAY 32

KUTJIOBUM TPUMIIICHHAM, SKHHA 1030aBIIsie
JIIOAMHY BiJl BUKOHaHHs pyTWHHUX niH [3]. TyT i
no0yToBa TexHiKa — BiA pOOOTIB-MHUIIOCOCIB 10
NPUIAJIiB, KEPOBAHUX 13 CMapT(QOHY, 1 CHCTEMH,
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3/IaTHI KOHTPOJIOBATH BCE, IO BiAOYBA€THCS B
MIOMEIIIKaHHI.

OCHOBHMUMH  KOMIIOHEHTAaMH  CHCTEMH
«PO3YMHOTO OYIHHKY» € CEHCOpH, aKTyaTOpH,
OpUCTPIH  KepyBaHHA, a TAaKOX IPOrpaMHE
3abesneuenns [4]. YV cucremax  mesKmX
BUPOOHUWKIB, B TOMy uuciai i Big Arduino,
KOPUCTYBau MOKE PO3POOUTH MpOrpamy caMoc-
TIHHO, B IHIIMX — BHUKOPHCTOBYIOTHCS TOTOBI
pIIIeHHS, B SIKHUX KOPUCTYBa4deBl MOCTYIIHI JIAIIIE
THUIIOBI ClLIeHAapii.

CydacHi CHCTEMH «PO3YMHOTO OYIHHKY»
TIOJILISFOTE Ha JAEKiIbKa pisHOBUIB [5]:

- OCHAILICHI BJIACHUM KOHTPOJEpPOM abo
00YHCITIOBAJIbBHUM CEPBEPOM;

- CHCTEMH, SIKI BUKOPUCTOBYIOTh B SIKOCTI
npoiecopa cMapTdoH qH TUTaHTIET
KOpHUCTYBaua;

- CUTEMH, SIKi OIIPAIbOBYIOTH iHPOpMAIIiIFO
32 JIONOMOTOI0  BIJUIQNIEHOTO — CcepBepa, IO
HAJIKUTh  KOMIaHii-pO3pOOHUKY  (XMapHUH
cepBic).

Ha ceoropHimHiii 1eHb, PUHOK CHCTEM
«PO3YMHOTO OYyIWHKY» PO3BHBAETHCS CTPIM-
KAUMH KpOKaMmd. Po3risiHeMo HacTymHi TOTOBI
pimenHs, Taki sk, Revogi Sence Kit, Xiaomi
Smart home Suite, Fibaro Starter Kit.

Revogi Sence Kit — e iHTenekryaipHa
crcteMa Oe3MeKu JUTS )KUTIOBUX MPUMIIeHb [6].
Janwit HaOip [MO3BONIIE JIETKO CTBOPHUTH
cCHUCTeMY, sika 00’ €IHy€ BCi JOMAIIHi MPUCTPOi B
OJIHy ekocucTteMmy. Bcima mpuctposimu y Habopi
MO’KHA YIPaBISATH 3a JIOIIOMOTOI0 CMapTQOHY
a0o MyaHIIeTy.

OnHi€l0 3 TepeBar CUCTEMH «PO3YMHOTO
OynuHKY» Bim kommnanii Revogi € 3amoBoneHHs
€CTeTHYHUX TOTped KOPUCTYBa4a, OCKUIBKU
NPOAYKINSE Ma€ CTUIbHUA Ta KOMITAKTHHUN
BUTIIA. TakoX MOMIOHI CUCTEMH JOCUTh MPOCTi
JUTSE MOHTaXy 1 HEe TOTPeOYIOTh OKpEeMHUX JiHIH
JKUBIICHHS Ta JIiHIA 3B’s3Ky, a MoTpiOHa yuie
WiFi Touka poctymy. JIo HEMONIKIB I[bOTO
pIlIEHHS MOXHA BiTHECTH HEBEINKY KLIBKICTh

aKTyaTOpiB, a TaKOX HEBEIIMKUH CHEKTp
CEHCOpiB, SKI  MOXHAa  BCTaHOBHTH Yy
MIPUMIIIEHH.

Kommanis Xiaomi — KuTalichbKa KOMIIAHIsA,
3acHoBano Jleem II3tonem y 2010 pomi [7].
CrenianizyeTbcss Ha BUPOOHMLTBI €JIEKTPOHHOT
TEeXHIKM, B TNepury 4epry cmapToHiB Ta
«po3yMHUX TmpucTpoiB». Ha pgaHuii MOMEHT

KOMITaHisi Mae JiHiHKy mnpuctpoiB Xiaomi
Smarthome Suite, sKki KOHTPONIOIOTHCS 3a
nonoMororo  Xiaomi MiHome — emuHOTO

JIOATKY, SKUH Kepye MPOAYKTAMH PO3YMHOTO
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JoMy Xiaomi: BiH BHKOPHCTOBYETBCS JUIS
VIPaBIIHHS Ta CHIIKYBAHHS 3 TIPUCTPOSMHU, IS
MIKTIOYCHHS iX O MEpeXi, a TakoX It
MiAKITIOYEHHS! TMPHUCTPOIB OAMH IO OJHOTO 32
nmormomororo WiFi ta Bluetooth. Jlo cxmamy
Xiaomi MiJia Smart home Security Kit BxoasTs
pI3HOMaHITHI CEHCOpHW, aHami3aTopH, Kamepa
CIIOCTEPEIKEHHS, miCUCTeMHU KepyBaHHA
peKHUMOM pOOOTH TMOOYTOBHX MPHCTPOIB, a
TaKOX CyYaCHHH MOTYKHUU LEHTP KEpPYBAHHS
cuctemoro oesneku — komyrarop MiControlHub.
Lle roroBHUI MPUCTPIH, SIKUH TOTPIOHO TIiAKITIO-
gut B MiHome, a Bxke 10 HhOTO MPUENHYBATH i
iHmi  mpuctpoi. Jleski mpuCTpoi  MOXKYTh
npamioBaTH OKpeMo Bia xaba. Takox Ha xali €
CHCTeMa TiJICBIYyBaHHS, SKa MOXe BiIoOpaxaru
no 16 miH. KonbopiB. B HamamTyBaHHsSIX Xaba
MOXXHa OOpaTh peXuM, 00 MiICBIYyBaHHS
BMHUKAQJIOCSI aBTOMAaTHYHO, SIKIIO B NPHUMILICHH]
HEIOCTAaTHBO OCBITJICHHSI.

Sk 1 y BUMAAKY 3 MPOAYKLIEI0 KOMMaHii
Revogi, mnpoamykmis xommanii Xiaomi Mae
CydacHWH TW3aiiH, a TaKOX BOJIOMi€ OUTBIIOI0
KUTBKICTIO PIllICHb y MOPIBHSHHI 3 KOHKYPEHTOM.
Fibaro Starter KIT EU Z-Wave — novaTtkoBwuii
KOMIUIEKT JIJISl OpraHizarii po3yMHOTO OYIHHKY
Fibaro [8]. ¥ ueii Habop BXOASTH, HANPHUKIAJ,
KOHTposiep po3yMmMHoro OynumHky Fibaro Home
Center Lite Z-Wave, po3yMHHUI CEHCOp PyXy
Fibaro Motion Sensor 3Bl Z-Wave, cerncop
BigkputrTs asepeit / BikHa FIBARO Door /
Window Sensor 2 Z-Wave, ceHcop MpOTiKaHHS
Bogu Fibaro Flood Sensor Z-Wave, cencop
numy Fibaro Smoke Sensor Z-Wave, po3ymHa
posetka Fibaro Wall Plug Z-Wave. Fibaro Home
Center Lite - e koHTposep sl JOMAIIHBOT
aBTOMAaTH3allil, SKUH BUKOPUCTOBYETBCS JUIS
VIPaBIiHHSA CHCTEMOIO PO3YMHOTO OYIWHKY
Fibaro. Moxna 3'emnatu 1o 230 aktyaropiB i
CEHCOpIB  3a  JIOIIOMOTOK  O€3IpOTOBOTO
nporokony Z-Wave. Kowmmekc mpamoe 3i
3py4HAM  TpadiuHUM  iHTEepdeiicoM, KN
JI03BOJISIE  KOHTPOJIFOBATH  BCi  MPUCTPOT i
CTBOPIOBATH CIICHAPII.

OnHak, PO3TISHYTI CUCTEMU €
KIHIIEBHMH, «3aKPUTUMMY, OCKLIBKH IIi TIPOEKTHI
pilIEeHHS € TOTOBUM HPOJIYKTOM 1 HE MPU3HAYEHI
JUIst  iHTerpamii B yMOBH, He TepeadadeHi
NacropTHUMH JaHUMHM. JIIs TaKMX ISl Kparie
BUKOPHCTOBYBATH MOIYJSIPHY HUHI TuiaTdopmy
Arduino. Po3poOmsitoun cucremy Ha  0asi
Arduino MoxHa caMOMy BHW3HAuUaTH BapiaHT
KiHLEBOI CHCTEMH, Oepyddm [0 yBard TaKOX
CIOCOOM MOHT2)XKy Ta HaOOpH BHXIJHUX JaHUX
JUTSL KEPYBaHHS I[I€10 CHCTEMOIO.
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Arduino — irtamilficbka KOMIIaHisl, IO
3aiiMaEeThC  PO3POOKOI0 1 BHUPOOHHUIITBOM
KOMITOHEHTIB 1 TIPOTPaMHOT0 3a0e3MeUeHHS s
CUCTEM «PO3yMHUU OYIAMHOK», TpPH3HAUYCHUX
i HecneriamcTiB [6]. [lpuMitTHEM € Te, 1m0
el po3pOOHHK CTBOPUB TIOBHICTIO BIAKPHUTY
apxiTeKTypy 3alpONOHOBAaHHUX CHUCTEM, IO AAJI0
MOJXJIMBICTh CTOPOHHIM BHUPOOHHKAaM pPO3po0-
JSTH HOBI Ta KOMIIOBaTH Be icHyrodi Arduino-
CYMICHI TIPUCTPOI, & TAKOX BUITYCKATH TSI HUX
nporpaMHe 3a0e3neueHHS.

AnapaTHa 4YacTHHa CHCTEMH CKJaJia-
€TBCSA 3 IUIATH 13 MIKPOKOHTPOJIEpOM (IIPOIIeco-
pHa IUIaTa) 1 BCTAHOBJICHMX Ha HIH Iar
po3mIkpeHHs, sAKki B moOyTi HasuBaroTh Shield.

[MinkmroueHHs IaT PO3IMIMpPEHHS 10
IpPOLECOPHOI IUIaTU JO3BOJIE JOAABaTH [0
«pO3YMHOTO  OyOMHKY» HOBI  KOMIIOHEHTH.

3ibpaHa cuctemMa Moke OYTH SIK TIOBHICTIO
aBTOHOMHOI0, TaK 1 TpaIoBaTH CyMICHO 3
KOMIT'FOTEPOM Yepe3 CTaHIapTHUM IPOTOBHIA a00
Oe3apoToBuii iHTEpdEiic.

[lnarpopma  Arduino  mpencraBieHa
BEJIMKOIO KUTBKICTIO TUIAT, sIKi 0a3yloThCs Ha
pi3HUX THIIAX MiKpokoHTpoJepiB: Arduino Uno,
Nano, Mega, Leonardo, Mini Ta inmi. Bei mi

TUIATH  BIAPI3HSIOTBCS  KIJIBKICTIO — TIOPTIB
BBOJY/BUBOJIY, a TaKOX pI3HUMU THUIIAMHU
MIKpOKOHTPOJIEPIB.

Takox miardpopma Arduino mae 3HaUHUH
Ha0ip aKTyaTopiB, cepell HUX: CIEKTPOIBUTYHH,
pelie Ta pi3HOMaHITHI epeMuKadi, JiMMepH IS
TUTABHOTO 3MIHIOBaHHS 1HTEHCHUBHOCTI OCBIT-
JICHHS Ta iHIIE.

Kommnekc na mmatdopmi  Arduino Hajgae
TaKi repeBaru:

- MOXKJIMBICTP ~ aBTOHOMHOI  po0oTH,
00yMOBIIEHa HAsBHICTIO BIACHOTO KOHTPOJIEPa;

- IIMPOKI MOXKIIMBOCTI 3 HaJaIITyBaHHSI
pobotn cucremu (KOpHCTyBad caM IIHIIE
nporpaMy, B SKid MOXyTb OyTH mepeabadeHi
crieHapii Oyab-s1Koi CKIIaTHOCTI);

- IPOCTOTAa  TPOLECY  3aBAHTAKCHHS
NpOrpaMu B KOHTPOJIEP: MPOrpamMaTop Ui [bOro
He moTpibeH, aoctatHbo Matu USB-kabenb (B
MIKpPOKOHTpOJIEpI € TPOIIMBKA 3aBaHTa)KyBada
Bootloader);

- IOCTyIIHA  BapTICTh KOMITOHEHTIB,
0o0yMOBIIeHa BiJICYTHICTIO y TOTO YH 1HIIOTO
BUPOOHUIITBA MOHOIOJBHUX NpaB (apXiTeKTypa
€ BIJIKPHUTOIO).

Jlo HemomikiB MOJKHA BIJHECTH T€, IO
KOHTposiep Atmega, BCTAaHOBJICHWH Ha IUIATy
Arduin0, € OIHONOTOYHMM 1 HE MOXKE
BUKOHYBATH 3aBJIaHHS MapajieibHO.
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Ha opganuii  momeHT icHye Oarato
cepeIoBHII MOCTIoBaHHs ardhopmu Arduino,
IIe 3yMOBJIEHO 3HAYHOIO IOIMYJISPHICTIO JaHOI
1aThopMH, cepell HUX BUAUISIOTh HACTYIIHI:

- Tinkercad:;

- Virtual BreadBoard;

- Proteus VSM 8.1.

3a [IOmMOMOror WBOTO Kiacy MporpaM
MOKHAa HE€ TINBKH TIPOEKTYBaTH €JIEKTPOHHI
CXeMH, a ¥ BIPTyaJlbHO WIAKIIOYATH iX 10
EJIEKTPUYHOTO KOJa 3a JOMOMOror BOyIOBa-
HOTO CHUMYJISTOpa. Y PEXHMI PEaJbHOTO 4Yacy
MOXXKHa CIIOCTEpIraTH 3a IIOBEHIHKOIO CXEMH,
MEPEBIPATH 1 HANAroKyBaTH ii Mpale3JaTHiCTb.
Ko B TakWil CUMYIATOP AOAATH BIpTyaJlbHY
mwiatry  Arduino, TO MOXHa  BiJICTEXHTH
MOBEIiHKY cxeMH 1 B Arduino-mpoekrax. s
HAJIArOJDKCHHS CKEeT4iB y 0aratboxX BIJIOMHUX

cepBicax  MPHUCYTHS  TaKOXX  MOXJIHBICTh
3aBaHTXXEHHS  CHOPaBXHIX  CKeTdiB,  fKi
«3aBaHTAXYIOTBCS» B MOJENb, 1 3MYIIYIOTh

BECTH CXEMy 3 MiJKIIOUCHUMH €IEMEHTaMH TaK
camo, SK 1 3 BKJIIOYCHOI PEabHOI IUIATOIO.
TakuM YMHOM, MOMIJIHBO CHMYIIOBATH POOOTY
JOCUTHh CKJIaJHUX TPOEKTIB 0e3 (i3udHoro
migKIFo9eHHsT Arduino, Mo iCTOTHO MPUCKOPIOE
po3poOky. JlaHi cepefoBHIA MPEACTABISIOTHCS
SK Y BUTJISI/II OH-TIAMH CEpBICiB, TaK 1 y BUTIISII
TOTOBUX MPOAYKTIB i pi3HOMaHITHI
oTepartiiiti CUCTeMH.

B xomi mpoBeneHHs aHATi3y ICHYHOUUX
CHCTEM «PO3YMHOTO OyIMHKY» OyJIO BUSBIICHO,
0 TOTOBI pIMIEHHS HE 3aJ0BOJBHIIOTH YCi
noTpedu KOpPHUCTyBada, TOMY B SIKOCTi OCHOBHOI
mwiatrGopmMu po3poOKH BUPIIIEHO BHUKOPHUCTOBY-
BaTH AalapaTHO-OOYMCIIOBAJBbHY  ILUIaTGOpMY
Arduino, sixka OyJe 3miiiCHIOBaTH KOMYHIKAIIIO 3
NpOrpaMHUM 3a0e3eueHHsM dYepe3 MOCIHi0B-
HUU OPT KOMIT I0TEpa.

Metoo pmaHOi poOOTH € TIiABUIIECHHS
HaJIMHOCTI CKJIQJHUX CHCTEM «PO3YMHOIO
OYIMHKY», COPOSKTOBAaHMX Ha 0a3i IMOIMyJIIpPHOI
miatopmu Arduino.

Marepiaaum i meromm. B 3arampHOMy
BUTJISI/II CHCTEMA «PO3YMHHUH OYAMHOKY» CKIlajia-
€ThCSI 3 JBOX pIiBHIB: TMEpIIMH piBEHb
LHEHTPaJIbHUNA KOHTpOJIEep, SIKuil 00pobiroe maHi
SK1 TOCTYNAalOTh 3 CEHCOPIB i BUIA€E Kepyroui
CHUTHAJIM Ha OCHOBI OTPUMAHHUX JAaHUX; APYTUid
PIBEHb CKIIAJIA€THCS 3 CEHCOPIB Ta akTyaTopiB. B

Takid  apXiTEeKTypi  TOJIOBHHH  KOHTpOIEp
SIBIISIETHCS IPUCTPOEM 3 KHOTIKAMHU KEPYBaHHS Ta
mucmieeM.  [lpu  BukopHucTaHHi  aThopmu

Arduino, ToJIOBHHI KOHTPOJIEP HPEACTABIAETHCS
y BUDIsLal ogHOi 3 mwiaT Arduino (Hanpukia:
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Arduino Nano, Arduino Leonardo Ta inmii), sika
B CBOIO HUepry 0a3yeTbcsi Ha MIKPOKOHTPOJIEpi
Atmega.

B naniii po0OoTi TpPOMOHYETHCS iHIIA
apxiTeKkTypa, Jic TOJIOBHHN KOHTPOJIEp BUCTYIIA€
y SKOCTI TPHUCTPOIO-TIOCEPETHUKA, TOOTO BiH
npuiiMae JIaHi 3 CEHCOPIB Ta mepeac 11 JaHi Ha
KOMIT'FOTEp 4YHM cepBep. B Takiii cucremi
KOMIT'FOTEp YW CepBep BUAAIOTh Kepyrodi
CUTHAJIM Ha TOJIOBHUN KOHTPOJIEP, IKUA B CBOIO

KEepyro4oro KOMIIT FOTepa, BinOyBa€eThCA
BIIKPHUTTS BIKOH YW BBIMKHCHHs CBiTia. I[lpm
TaKOMy TMIOXOAli Ha KOMII'IOTEp HYH CepBep
BCTaHOBIIIOETHCS IPOTpaMa, sika po3podIieHa At
CUCTEMH «PO3YMHOTO OYAHHKY», TpPU IHOMY
cepBep MoOxe OyTH CKOH(IrypoBaHHWA TaKUM
YMHOM, L0 MOKHA KEPyBaTH JaHUM «PO3YMHUM
OyauHKOM»  BifmaneHo, 4Yepe3 OyIb-SKUH
MIPHUCTPiii, 0 Mae BuXia B Mepexy [aTepuer. Ha
pucynky 1  300pakeHO  3ampoIOHOBaHY
apxXiTEeKTypy 3 BUALJICHUM KOMIT FOTEPOM.

qepry BiIalaBJ'IHG Kepy}oqi CUT'HaJIM  Ha
AKTyaTopH, HaIpuKiazmg, 110 CUTHAITY 3
) y L
4
l.l . 4
\ Kepyrounii
\\ Komn'oTep ado Tonoemuii
cepeep KOHTpoJiep

Iuna pannx

Hadbip cenocopis Ta
ARTYATOPIB

PucyHok 1 — ApXiTeKTypa CHUCTEMHU «PO3yMHUI OYAMHOKY 3 BUAIJICHUM
KOMIT F0TEPOM

Opranizailis BiaJIcHOTO0 JOCTYIy, s
KEpyBaHHA  CHCTEMOIO  4Yepe3  cMapT(oH,
3abesnedyeThesi 3a gomomoroto Web-cepsepy,
SIKA BCTAaHOBJIOETbCS HA KEpPYIOUHMHA KOM-
m’rorep. Baanum BapianTOoM sl oprasizarii
TaKkoi CHCTEeMU € BHUKOPHCTaHHS OJHOIJIATHOTO
koMmIT’totepa Raspberry Pi B sikocti mpuctporo
kepyBanusa. Ockineku Raspberry Pi mpamioe Ha
6a3i omepamiiinoi cucremu Linux, To s
BiJAJICHOTO  KOHTPOJIO  HEOOXiTHO  JIHIIE
HanamrtyBati 3udaiinuii LAMP cepsep. Bci
JaHi y cucremi nepenarothest y popmari JSSON,
SKi MOYKHA TIEpEe/IaTH Ha CIIelialbHO PO3pOo0IIeHy
web-cTopinKy, dYepe3 sKy MOXKHAa BiJIajeHO

KepyBaTH CHUCTEMAaMH JAaHOTO  «PO3yMHOIO
OYIMHKY.
Crektp  oOmagHaHHS, K€  MOXHA

BCTAHOBUTH B OKUTIO, BKpall IIUPOKHHA 1
pi3HOMaHITHUH, TOMY KOXXHa YacTHHa CTPYK-
TYPH IPEACTaBIIsIE COOOI0 CKIIaIHYy CUCTEMY, L0
JIO3BOJISIE  BHUPINIYBATH TPAKTHYHO OYIb-sIKi
3aBAaHHs, IOCTABJIEHI 3aMOBHHUKOM. Y IaHii
po0OTi BpaxoBaHi OCHOBHI (YHKII1 CHCTEMH, SIKi
HAMOUIBII TIOMIMPEHi 1 IIMPOKO BUKOPUCTOBY-
IOTBCSI B «PO3YMHUX OYIHMHKax» IO BCHOMY
CBITY.

OOpaBm BCi HEOOXiJHI KOMIIOHEHTH,
HEOOXiJIHO TporpaMHO omucard (QyHKIIi, Mo
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BUKOHYIOTBCS CHCTEMOIO KEPYBaHHSI «PO3YMHUH
OymumHOK». IIporpamy MoOXHa pO3IUIMTH Ha
CMUCJIOBl YaCTHHH, KOKHA 3 SIKHX BIJIOBIga€
oIHIH 3 (PyHKIIH, SKI BUKOHYIOTBCS «PO3YMHUM
JIOMOM.

[lepmoro  ¢yHKIiErO, SKy  BHKOHYE
cUCTeMa «pO3yMHHII OyJWHOK», € CHCTeMa
KOHTPOJIIO OCBITIeHHs. JlaHa cuctema 0a3yeThest
Ha CEHCOopaXx pyXy Ta piBHA OCBITJIEHOCTI.
['onoBHUI KOHTpOJIEp CHCTEMHU OTPUMYE JIaHi 3
[IUX CEHCOPIB, 1 BUKOHYE HEoOXiaHi 1ii. [pyroro
(YHKIIIEI0 CHUCTEMH «pPO3yMHUH OYIUHOK» €
KOHTPOJIb TEMIIEpaTypd Yy MPUMINICHHI, M0
OpraHi30BaHO HACTYIIHUM YHHOM: CHCTEMa
OTPUMY€ JaHi 3 CEHCOpY TeMIIepaTypH, Micis
IbOTO NPOXOAWUTH TIOPIBHSHHSA 3HAYeHb 3
BCTAHOBJICHHMH, SKIIO TEMIIEpaTypa BHIIE, HIK
NOTPiOHO, TO BMHKAETHCS CHCTEMA OXOJIO-
JDKEHHS, SIKIIO HIDKYE — CUCTEMa OTaJICHHSI.

Hacrynna cucrema — nie cucrema Oe3nekH,
SKa CKIIQJIAEThCS 3 JIBOX OCHOBHHUX ITiJICHCTEM,
nepiia — Oe3neka BiJi MPOHHKHEHHS, Jpyra —
MPOTHIIOKEKHA Oe3MeKa.

CucreMa KOHTPOIIO PO3yMHHUX TPUCTPOIB
npaiioe 3a JIyXKe MNPOCTUM  AITOPUTMOM:
cUcTeMa OYiKye KOMaHAy BiJl KOpUCTyBaya, Ta
M0 KOMaHJIi aKkTHUBYE TOM UM 1HIIMH NPHUCTPIM.
ANTOpUTM  3amycKaeTbCsl  IUKIIYHO, Y
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MPOMiXKKaX MK Tepefaucio JaHuX, ClieliaabHa
(GYHKINS OTPUMY€E KEPYHUl CHUTHANM IJIs JaHOl
CHCTEMH.

MopentoBaHHs € HEBiA'€MHOI0 YaCTHHOIO
pO3poOKN OyIb-IKOi CHCTEMH KepyBaHHS Ta
JI03BOJISIE  HAJIATOJUTH BHKOHAHHS OCHOBHHUX
3aBlaHb Ta QyHKIH cucremu. Ha manomy erari
pOOOTH TPOBOIUTHCS MOAETIOBAaHHS OCHOBHHUX
GYHKIIN cHCTEMH «pPO3YMHHHA OYIHMHOK» B
cepenosuii Proteus VSM.

[Taker wmopnemtoBanHs Proteus VSM vy
0a3oBOMy BapiaHTI HE Ma€ KOMIIOHEHTIB,
nmoB’s3aHnx 3 Tuiarpopmoro Arduino, ToMy €
JeKiNnbKa BapiaHTIB pO3pOOKM Mopem Juis
cuctemu Ha 0a3i mnardgopmu Arduino: mepmmid
— 3i0paTd TPUHIUIOBY CXEMy 3 MaclopTy Ha
npuctpiit Ha Arduino UNO, ockinbku 115 miara
0a3yeTbcsi Ha MiKpokoHTposepi ATmega3?28,
AKUH TpUCYTHIH y Oa3zoBoMmy makeri Proteus
VSM, npyruii — CKOpHCTAaTHCA B>KE€ T'OTOBOIO
6i6mioTekoro Arduino.

Jns 1aHOTO TPOEKTY HaM 3HAIOOJNSTHCS
HacTymHi 6i0moTexu ans Proteus VSM:

- Arduino UNO Library — 6i6mioreka
nonae mwiaty Arduino UNO y kaTanor HasBHUX
IIPUCTPOIB ;

- Gas Sensor Library — nomae cencopu
razy cepii MQ;

- PIR-Sensor Library — nomae cencopu
Pyxy;

- DHT-11 Library JOJa€  CEeHCOopHU
Temneparypu ta Bosorocti DHT-11;

- LDR Sensor Library - nomae cencopu
OCBITJICHOCTI.

Beci 1 010/110TeEKH HEOOXiAHO CKOITIIOBATH
y nanky ...\Proteus\LIBRARY.

HactynmHuME KpoKaMH MOJICITIOBaHHS €:

- CTBOPEHHS TIPOCKTY B CEPEIOBHIII
Proteus VSM;

- BUOip Ta J0JaBaHHS KOMIIOHEHTIB, 3
SAKHX OYAyeThCs CUCTeMa, a came — BHOIp

CEHCOpIB, aKTyaTOpiB Ta MiIKPOKOHTPOJIEPY s
JAHOT CUCTEMH «PO3YMHOT0 OYANHKY»;

- 00’€e1HaHHSI BC1 KOMIIOHEHTIB Y TIPUHIIN-
MOBY CXEMY CHUCTEMHU;

- HAJAIITYBaHHS KOHQirypaminaux daii-
JIB UL CTOPOHHIX 0107Ti0TEK;

- PO3po0Ka MPOLIUBKK JIJIsi MIKPOKOHTPO-
Jepy,

- po3po0OKa KIII€HTCHKOTO MAOAATKY IS
KepYyBaHHS CHCTEMOIO.

OckibKd B JaHId cucTemi Iuiatdhopma
Arduino € Jmme npuiiMadem/mepeaaBayeM
iHpopmalii, a pilieHHs TOpuiiMae TOIOBHUU
KOMIT'FOTEp, TO Ha OCHOBI BCIX JaHHUX, IO

20

MepealoThCcsl, W  BigOyBaeTbes
CHCTEMOIO.

["onoBHUIT KOMIT T0TEp KEPY€E CHCTEMOIO 32
JIOTIOMOTOI0 «KOMaHJIHUX CIIiB», MOCHJIAIOYH i
ClI0OBa IO MOCIiOBHOMY TMOPTY, IO SIKOT'O
MIIKITIOYEHNA TOJIOBHHHA KOHTPOJIEP CHUCTEMHU.
Kontponep anamizye HamiclaHe «Kepyroue
CIIOBO», Hampukian, cioBo «heatsystemy,
AKTUBYE CHCTEMY ONAJCHHA Ta BMHUKAE I[I0
CHUCTeMY, NPH [bOMY Mepenarodn iH(opMaIiio
mpo ii craH Ha TrojoBHUM komm torep. Ilpum
BOMY KOXHE «KEepyloue CIIOBO» O00OB’S3KOBO
MOBHHHE OyTH BiJOKpEMIIEHE CIIeIlialbHIM
CHUMBOJIOM, B IaHOMY BUTIQJIKy LI€ CUMBOI «(@).

Sk Oymo 3a3HavyeHo panime, Arduino €
CKOpiIlle TIPUCTPOEM Tiepemadi TaHuX, Ha
CTOPOHI MIKPOKOHTpOJIepa HE MNPUHMAIOTHCS
OCHOBHI pimeHHs. Bei pimeHHss mpo poboTy
CHUCTEeMH TIPUHAMAIOThCS Ha KOMITIOTEpi, M0
AKOro miakmovaeTbes miata Arduino. Kiienr 3a
JOTIOMOTOI0  MPOTPaMHOTO  JTOJIATKy  MOXKe
3IIHCHIOBATH KOHTPOJIb HaJ CHUCTEMOIO, IIpH
BOMY IIeH TONAaTOK MOke OyTH SIK MOOLTEHUM
Tak 1 Oyn;p-KMM IHIIUM, OCKUIBKH JaHi
HaJXOJATh B YHIBEpCAILHOMY (pOpMaTi.

Po3pobiieH0  KITIEHTCBKHH  JOJATOK,
HamMcaHW Ha MOBI TporpamyBaHHs Java 3
BUKOPHCTaHHSAM  0i0JioTeKH Swing s
cTBOpeHH: rpadigHoro iHTepdeicy cucTemMu.

s TecTyBaHHS PO3pOOJIEHOI CHCTEMH
HEO0X1JTHO 00’eTHATH CEepEe/IOBUILIEC
MmopnemoBaHHs Proteus VSM Ta po3pobnenuit
KIIIEHTCHKUM ONATOK, L€ MOXKHa 3poOuTH 3a
JIOTIOMOTOI0 ~ JIOMIOMIKHOI ~ Tporpamu,  sKa
CTBOPIOE BIpTyaJbHUH MOCHIIOBHHN TOPT —
Virtual Serial Ports Emulator (VSPE).

Crnocodn  migBMIIeHHst  HagilHOCTI
cucremMu. IlinBUINEHHS HAamiHOCTI CUCTEMH Ha
0a3i MIKpOKOHTPOJEpiB TPOIOHYEThCS 3iiC-
HUTH HACTYITHUMH CIIOCO0aMHu, a came:

- pe3epByBaHHS KOHTPOJIEPIB;

- 3/IIICHEHHS Pe3epBY 10 JKUBJICHHIO;

- pe3epByBaHHS KaHAJIiB 3B’ SI3KY.

[Mpu «rapsaomy» pesepByBaHHI JBi (a0
oimpire) miat margopmu Arduino miAKIIOYa-
IOTBCSl TapajieNibHO 10 JDKEperia JKUBIICHHS,
NPUYOMY TPHUCTPOI 3HAXOIATHCS B AKTHBHOMY
crani mocriitno [10]. [lns peamizamii 1poro
J0JaMO /0 po3poOieHoi cHucTeMH IIe OXIHY
wiaty Arduino UNO.

Y cxemi mpHCYyTHI JBa KOHTPOJEPH
Arduino UNO, ski HiAKIIOYEHI 10 CEHCOPIB
napanenbHo. Takoxk  o0uaBa  KOHTpOJEpU
MOB’s13aH1 3a JOMOMOTOI0 TIOCIIIZIOBHOTO TIOPTY,
SKUH npeacTaBieHnii qeoma konTakTamu 0 (RX)

KepyBaHHs
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i 1 (RX) xoxsoi 3 miar. Takuit cmoci
MIIKITFOUYECHHS JO3BOJISIE OTPUMYBATH JTOCTOBIpHI
IaHi 3 CeHCOpiB Ha 000X KOHTpOJIepax
OJIHOYACHO, Ta HAJICWJIATH iX IO MOCIiJOBHOMY
nopty (peampHOMy YW BipTyanpHOMY). llpm
[OMY KOHTPOJICPH MAaIOTh OJHAKOBHI MPOTrpam-
HUU KOA, aje 3a OJHiI€l YMOBH: OCKUIBKU
MOCIIZIOBHUN TOPT HE MOXE NpUHAMaTH JaHi
OJTHOYACHO BiJ IBOX KOHTPOJIEPiB, TO HEOOXIITHO
BCTAHOBUTH 3aTPHUMKYy ISl Tepefadi JaHuX.
[lepeBipsiemo pe3ynbTaT poOOTH CHUCTEMH, TPU

CUMYJTIATIT BUKOPHCTOBYEMO IHCTpYMEHT
cepemosuma Proteus VSM - «Bipryanpanit
TEepMiHaID).

PesepByBanns mmatdopmu  Arduino 3
BUKOPUCTAHHSIM CUTHAJIBHOIO APOTY — TaKWUH
cI1ocio MOKHA HaIllEBHE BIMHECTH 0 TaK 3BAHOTO
«reroro» pesepByBaHHA. [y 3nicCHEHHS
pe3epBy 3 BHKOPHCTAaHHAM CHUTHAJIBHOTO APOTY
i3 TOJIOBHOTO KOHTpoOJepa Ha pe3epBHUMI
MOCTYIIAa€ CUTHAJI 3 II'SITUBOJIBTOBOI JIiHIi,
PE3EpBHUI KOHTPOJIEp TIOCTIHHO B3YUTYE TIIeH
CUTHAJ, 1 TIOKA HaAXoIuTh 5B, 3HaXomuThCs y
pexxumi ouikyBanHs. [licist Toro, sk Ha BXiX
PE3epBHOTO KOHTpOJepa MEepecTae HaAXOIUTH
curHan B 5B, pe3epBHUII KOHTpoOJIEp NEPEXOIUTH
JI0 aKTHMBHOTO CTaHy Ta IHILIOE BHUKOHAHHSI
OCHOBHOTO Konay nporpamu. JIoku pesepBHUI
KOHTpOJIEp 3HAXOAWUTHCA B CTaHI OYiKyBaHHA,
HOro TMOpTH BIKIIOYEHI, a MiCIs Tepexoay B

AKTUBHMH CTaH BCi [OPTH  MOYHHAIOTH
NpalioBaTH y WTaTHOMY pexumi. IIpu Bcbomy
BOMY OJIMH KOHTaKT KOHTpOJIEpY

3ape3epBOBAaHUI Ta IiJKIIOYEHHN O KOHTAKTY
nepe3aBaHTaXEeHHS! KOHTPOJIEPY, 0 HE0OXiTHO
JUIS BUINAJKIB, KOJIM FOJOBHUIA KOHTPOJIEP MOXeE
MOBEPHYTHCS B pOOOUHIA CTaH.

Jnst 31CHEHHST «XOJIOJHOTO» PE3epBY,
HEOOXiTHO y CXeMy BKIIOYUTH MTPUCTPIA AJs
0E3MEeYHOTr0 NMEepPEeMUKAHHS CUTHAY XUBJICHHS.
IIpy npoMy HEOOXiTHO BpaxOBYBaTH YMOBH
MEPEKIIOUeHHS  KOHTPOJIEPIB, OCKUIBKK ISt
Pi3HUX 3a/1a4 iCHYIOTH Pi3Hi BapiaHTHU MEPEKITO-
yeHHs. Hampukiaa, y HaWIpocTimmMX 3agadax
(Hampukiax, B CHCTEMI BMHUKaHHS/BUMHKAHHS
CBiTJIa) TEpeMHUKaHHS MOXKHA 3MIMCHUTH 3a
nmoriomororo  Mmikpocxemu CD4030BE, ska mo
CyTi € 3BHYAHUM JIOTIYHHM EJIEeMEHTOM
«surrogaroue ABO». Ha Bxomu Mikpocxemu
CD4030BE nogaroTbcst ABi Hanpyru: nepia — 3
JoKepena JKUBJICHHSI, a JIpyra — 3 I’ ASTUBOJIBTOBOI
TiHI{ TOJOBHOTO KOHTpoJiepy. Y BUNIANKY, SKIIO
MiKPOKOHTPOJIEpP TOJOBHOI IUIaTH BiAMOBHTH 1
nepecTaHe TMOJaBaTH IKUBIICHHS Ha I SITH-
BOJILTOBY JIIHIIO, TO 3 BHXIJIHOTO KOHTAaKTY
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mikpocxemu CD4030BE Oyne BBIMKHEHO IiHiIO
’KMBIICHHS Ha PE3epPBHUI KOHTPOJIED.

Takoxk, SK MeXaHi3M [EepPEeMUKAHHS,
MOJKHa TEX BUKOPHCTOBYBAaTH MiKPOKOHTPOJIEP,
Hanpukinag Attiny85, ane npu mpoMy HEOOXiTHO
BpPaxOBYBAaTH Yac MEPEMHUKAHHS, SKUH 3aJIC)KHUTh
BiJl MIBUJIKOCTI poOOTH MIKpOKOHTposiepa. Y
TakOMy  BHUNAIKy [0  BXO#iB  Attiny85
MiIKITIOYalOTECA T STHBOJIBTOBA  JHIA 3
TOJIOBHOTO MIKpOKOHTpOJepa Ta Hampyra 3
JoKepena  JKMBJICHHSA. B MIKpOKOHTpoIep
MIPOIIMBAETHCS IPOTpama, KOTpa aHami3ye BXiIHI
HaTpyTH, 1 y BUMAJKY, AKIIO BiACYTHS HAIpyTa 3
TOJIOBHOTO KOHTpoJepy, 3alesrneduye moaady
HaNpyTrH Ha Pe3epBHUIA.

PesepByBanHs JoKepen KUBICHHS
3a0e3eYyeThCs 3a JIONIOMOTOIO CIeIialli30BaHUX
Mmikpocxem LTC4412 ab6o LTC4416, sxi
BIJICTeKYIOTh OOpWBH JiHII JKUBICHHS Ta
3MIACHIOIOTh IUIABHE TEPEMHKAHHS JDKEpel
Hanpyry. [laHi cXeMu MiIKITIOYarThCs 0 JIBOX
JOKEepen OKUBJICHHS, a caMe OCHOBHOTO Ta
pE3epBHOTO, a BHUXOAH IIIKIIOYAIOThCS 10
BXimHoi Hampyru miargpopmu Arduino. Ilpum
OPOMY HEOOXiJJHO BpaxoBYBaTH, IO MpHU
MepEMUKaHHI JKUBJICHHS BUHUKAE 3aTPUMKa, B
el mepiog KOHTpojep Oylie HEaKTUBHUM, alie
NIPY BiAHOBJICHHI XUBJICHHS TIOYHE TIPAIFOBATH B
IITATHOMY PEXKHMI.

PesepByBanus KaHaJB 3B’SI3KY
3a0e3MeYyeThbCsl 3a JAONOMOTOI0 BHKOPHUCTAHHS
SK JPOTOBOIO TakK 1 0E3JApOTOBOTO 3’€IHAHHSL.
Jns 0e3IpOTOBOTO  3’€JHAHHS  MOXKHA
BUKOPUCTOBYBaTH IutaTi posmupeHHs RF, sxi
MpaimpTs Ha 4YactoTi 433 MIn, mi miatu
NpEeJCTaBICH] y BUTISAAI JIBOX OKPEMHX IIIAT:
onHa mipartoe y pexkuMi niepenadi (TX), a iama y
pexumi npuiiomy  (RX). i TUIaTH
MIKIIFOYAKTHECA 10 KOHTAKTIB IIOCIIJOBHOI'O
mopty TX ->TX, RX->RX.

Jnst peamizanii pe3epBy HEOOXITHO [BI
wiatd Arduino UNO, mepiiia 3 HUX BHUCTYIIAE Y
poxi mepenasada iHpopmarlii, 10 Hel miaKIroYa-
I0ThCSI BCI CEHCOPU CHCTEMH Ta MoayJsib TX s
0e31poTOBOI Mmepenadi 1Mo MmoCiiIOBHOMY IOPTY.
Hpyra mumara Arduino migKIIOYaEThCS 10
KEepYyIUoro KOMIT'IoTepa Ta NpUHMae AaHi 3
ceHcopiB 4epe3 moayib RX. JlomaTkoBo, yis
MiABHIIEHHS HaAIHHOCTI, 001AB1 wiatu Arduino
MOEAHYIOTHCS (PI3UUHUM CEPEIOBHUILIEM.

[Tpu TakoMy MiAKIFOYEHHI, SIKIIO0 BAHUKHE
mpoOjemMa 3 00OpUBOM JIPOTY, TO TIepeaada JaHuX
NPOJIOBXKUTBECA TI0 PE3EePBHOMY O€3ApOTOBOMY
KaHay 3B’s3Ky. | HaBIakW, SIKIIO 3HUKHE
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0e3apoTOBUI 3B’S30K, TO Tiepejada IPOJOB-
’KUTBCSA TI0 JPOTOBOMY 3’ €JHAHHIO.

Hdns  pesepByBaHHS  JiHII  Tepenadi
HAUMPOCTIIINM CIIOCOOOM € TyOJIOBaHHS MOCIi-
nmoBHOTO Topty. llpn peamizamii Takoro cioco0y
BUKOPHUCTOBYIOTECA N1Bi maté Arduino Ta mo
YOTHPH KOHTAKTH Ha KOXHIH 3 HuX. s 1poro
HEOOXiZIHO MPOTrpaMHO CTBOPUTH JOJATKOBUHN
mocmimoBHUK mopT Ha miatax Arduino UNO.
IIpn ¢isuyHOMY pPO3MIIIEHHI CHUCTEMH Yy
NpUMIIIEHH] BC1 KaHAIM 3B’ SI3Ky MPOKIAJAI0ThCs
OKpeMO OAWH BiJ IHIIOTO, IO IiABHIIYE
HaAIMHICTH MPU BUXO/I 3 JIay OJHOTO 3 KaHAJIIB
3B’A3KY.

Pe3yabTaTn Ta iX 00roBOpeHHs.

Cucrema MOBHHHA IPAIFOBATH SIK MOXKHA
OinmbIre yacy 0e3 BiAMOBH, sl IBOTO 3HAMIEMO
OCHOBHI ITOKa3HUKH HangifiHocti. Iloka3Hukun
HAJIMHOCTI:

a) Iloka3Hmk OE€3BIAMOBHOCTI — BIIACTH-
BiCTh 00'€ekTa O€3yNMUHHO 30epiraTv Ipare3aar-
HICTB MIPOTATOM IIEBHOTO Yacy (HampaItoBaHH:).
Jns modatky po3paxyeMo Hac O0e3BiAMOBHOL
pO0OTH ISl KOYKHOTO KOMIIOHEHTa oKkpemo [9]:

1) MK Arduino UNO — 175200 ro.

2) CeHcop TeMIIepaTypH Ta BOJIOTOCTI

DHT-11 — 80000 rog.

3) Cencop aumy MQ?2 — 60000 rog.

4) Cencop oceitiienass BH1750 — 65000
TOJI.

5) Cencop pyxy HS-SR501 — 70000 rog.

6) Pene — 100000 ro.

0) [HTeHCHBHICTh BIIMOB i-TO €IEMEHTY
BU3HA4Ya€eThCsA 3a hopMylioro (1):

1

i ==
Ti
1

D)

1

Tox 175200

6

X“MK -

(1/ron.)
Agnyq =125%107° (1/ron)

57*10

/lmq

Ay 750 =153*107° (1/ron)

, =16,7*107° (1/ron.)

Agrs0q =142*107° (1/ron)

A

pene =10%1078 (1/ron)

B) ImoBipHicTe ©0e3BigMOBHOI poboTH
OJTHOTO EJIEMEHTY CHUCTEMH [0 E€KCIIOHEHTHOMY
3aKOHY PO3IOALTY Yacy, BU3HAUYAEThCS:
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2t
R(t)=e g 2
e A; — 1HTEHCHUBHICTb BIAMOB 1-TO
eiaementy, l/rom; t — wdac, SKMi TIOBHHHA

mpaIioBatu cucreMa (s po3paxyHky t=10000
TOJIMH).
3 po3paxyHKiB OTPHMY€EMO:

-5,791.0-5*10000

P, () =¢ = 0,9445
Py (1) = 0,8824
Prgz (1) = 08461

Ppere(t) = 0,9048

PospaxyeMo moka3HWKM HAmIHHOCTI IS
CHUCTEMH B ILIIOMY.

3rigHo rpady HamiHOCTI, IMOBIPHICTBH
0e3BiIMOBHOI POOOTH CHUCTEMH 3 IOCIIiIOBHOIO
CTPYKTyporo eneMmeHTiB ynpoaosx 10000 rogun
BH3HAYAETHCS 3a hopmyinoro (3):

n
PCMCI’HQW = .H Pi (t) (3)
i=1
B pesynbrari oTpuMyeMo:
PCHCWL&\IU = 0’4297
[HTeHCHUBHICTH BIAMOB CUCTEMHU:
In0,43 _
=220 g 4%107° (I/ron)
10000
CepelHE HaIpalllOBaHHS Ha  BIIMOBY
CHUCTEMH,  BH3HAYAEThCA 3@  HACTYIHOIO
bopmyoro (4):
1
cucmemu = (4)

cucmemu

3 po3paxyHKIB OTPUMYEMO, MO T uemenu =
11905 rommu. Buxomsauwm 3 TOro, mo CHCTEMa
npamroe 24 ronuau 365 MHIB y poOIli, OTPUMYEMO
CepEeIHE HAITPALIOBAHHS Ha BIIMOBY Y pOKaX:

11905

= —— =~ 1,35 poku.
24*365

cucmemu | piune

Buxoasum 3 OTpuMaHUX JaHUX MOXHA
MO0AYNTH, 0 OYIKYBAaHHK Yac HaIpalfOBaHHS
Ha BIIMOBY ckiiazae 1,35 poku, TOMy HEOOXITHO
PO3TJISTHYTH CHOCOOM MIJABHINEHHS HaJiHHOCTI
JIaHO1 CUCTEMH.
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Po3paxyemo moka3sHMKH HaIilfHOCTI ISt
«raps4oro» pesepny. s moyaTky po3paxyemo
IMIOKa3HUKA HaIIHHOCTI TUIBKHU TS
MiKPOKOHTPOJIEPY, @ MOTIM sl BCi€l CHCTEMH.
Ha pucynky 2 300paxeHo rpad HamidHOCTI JUIs
«rapsaIoTro) pe3epBy ABOX MIKPOKOHTPOJIEPIB.
Biporignicts 6€3BiTIMOBHOI poOOTH «TapsIOro»

pesepBy Ha JiHii AB BH3Hauaetbcs 3a
dopmysoro (5):
P =1-(1- PMKl)*(l_ PMKZ) )

3rigHo 3 opmynoro (5) Ta 3HAUYEHHSIMHU
OTpUMaHNMH paHime otpumyeMo Pag = 0,997,
[Tizpaxyemo iHIII TapaMeTpu 3rigHO (opMysiam
3 Ta 4, B pe3ynbTaTi 4Oro OTPUMYEMO TTOKa3HUK
IHTEHCHBHOCTI BIIMOBH CHCTEMH Ta CEpPEIHE
HaNpalfoBaHHs Ha BiIMOBY Y POKax:

A=1*10°1/rox.
Tpiume = 101.47 poxiB.

Pmk

Pmk

Pmk

Pucynok 2 — I'pad HagiifHOCTI «Trapsiaoro
pe3epBy ABOX MIKPOKOHTPOJIEPIB HA YMOBHIH
niHii 38’s13ky AB

Tenep po3paxyemMo HagidHICTH HJs BCi€l
cuctemun. Ha pucyaky 3 300paxkeHo rtpad
HAIIMHOCTI JUTSl CHCTEMH 3 «rapsiauM»» Pe3ePBOM.
[Minpaxyemo mapameTpu 3riHO opMmyiam 2 Ta
3, Ta OTPUMYy€EMO:

PCHCTeMn = 0,4536
)\‘CMCTCMI/I: 79%* 10»5 1/ron.
Teperenu = 12658 TO7I.
Tpiane = 2,44 poKiB.

Ha pucynky 4 HaBemeHo rpadiku, ski
MOKa3yI0Th e(eKTHBHICTh BUKOPHUCTaHHS
«rapsrg0T0» Pe3epBy B CHCTEMI.

Pdnt Pmq

Pbh1750

Psrso1 Ppene Ppene

Pmk

Pucynok 3 — I'pad HagiifHOCTI 715l CHCTEMU 3 «TrapsYuM» PE3epPBOM

Pe3epe MIKpOKOHTPONEPIB Y CUCTEMI
3

25

3

15

t, pokie

03

Cuctema Ges pesepey CHCTEME 3 pEIEpEOM

Pucynox 4 — I'padiku e(peKTHBHOCTI
BUKOPHUCTaHHSI «TapsaoTo» pe3epBy
MIKPOKOHTPOJIEPIB Y CUCTEM1 «PO3YMHUIA
OYIMHOK»

BucHoBku. B jamiii po0OTI HaBeaeHO
apXITEKTYypy JUIS MOOYIOBU CUCTEMH «PO3YMHHUH
OyauHOK», B sKid tutata Arduino e mocepeaHu-
KOM MDK CEHCOpaMu Ta KoMil'totepom. Ilpu
BUKOPUCTAaHHI JaHOi apXiTeKTYpH MOXKIHBO
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3MIMCHIOBATH BiJTaJIeHUH KOHTPOIb «PO3YMHOTO

OyauHKY» 3a JONOMOrol cMmapTgoHy uHu
TUTAaHIIETY, SAKHH TIJKIIOYaEThes 10 BeO-
3aCTOCYHKY, BCTAHOBJICHOMY Ha KEpYIOUOMY

koMm’roTepi. JlaHi B cuctemi mepenmaroTbCs Y
¢dopmari JSON, ne mozsomnsic po3pobutu API
JUISL BIJUIaJICHOrO KEPYBaHHS Ta BIJACTEKCHHS
napamMeTpiB CUCTEMHU.

Monens 3aIPOHOHOBAHO] CHCTEMH
MPOTECTOBAHO Y CEPENOBHUINI MOJICITIOBAHHS
Proteus VSM, mis koHTponepy po3poOieHo
«TPOIIUBKYY, sIKa 3abe3neuye QyHKIIOHYBaHHS
CUCTEMH.

Takox Oyno pO3MNISIHYTO 3ajady IiJBH-
[IEHHS TMOKAa3HHUKIB  HAIIMHOCTI  CHUCTEMH,
30KpeMa, BIpOTiZHOCTI 0€3BIAMOBHOI POOOTH.
3anpornoHOBaHo JCKiIbKa ClIOCO0IB IMiIBUIIICHHS
HaJiHHOCTI PO3pPOOJICHOT CUCTEMH a came:
rapsgyuii, XOJOJHMM Ta TEIJIMH  pe3epB
KOHTPOJIEPIB; pe3epB JiHINM KUBICHHS; pe3epB
JiHI} nepenavi TaHUX.

BuUKOpUCTaHHS «rapsdoro», «TEmioroy Ta
«XOJIOJHOTO» PEe3epBYBAaHHS KOHTPOJEPIB st
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CHCTEMH «PO3YMHHUH OYIMHOK» HEOOXiAHO TOA1,
KON  3MIMCHIOETHCS  BiIMAJICHE KEpPyBaHHSI
cucreMoro. Ilpn BUHWKHEHHI TmpobOIeMHU 3
TOJIOBHUM KOHTPOJIEPOM CHCTEMH, PE3CpPBHHIA
BCTymmae y nifo Ta 3abe3neuye OesmepebiitHe
(GYHKITIOHYBaHHS CUCTEMH.

[Ipu BUKOpPHUCTaHHI «Tapsyoro» pe3epBy-
BaHHs CHCTEMa Ma€ JOCHTh BHCOKY HaIilHICTh
Ta  IIBUAKICTE  pPOOOTH, OCKUIBKH  TIPH
BIIKJIFOYEHI OIHOTO 3 KOHTPOJICPIB Tepemada
JaHUX TPOJOBKHUTECSA. AJie TNpH TrapsdoMy
pe3epByBaHHI 00HIBa KOHTPOJIEPH 3HAXOISATHCS
B aKTHBHOMY CTaHi, 1[0 HETAaTUBHO BILJIMBAE Ha
eHeproe()eKTHBHICTh CUCTEMU.

[Ipy BHUKOpHCTaHHI «TEMJIOTO» PE3EPBY
CUTyallii TpUONM3HO Taka cama, fK 1 TpH

«rapsuoMy», 3a BHHATKOM TOTO, IO NpH
BUMKHEHI T'OJIOBHOI'O KOHTpOJiepa BiIOYICThCS
3aTpUMKa, sKa HEoOXigHAa MIsd BBIMKHEHHS
PE3EepPBHOIO KOHTPOJIEPA.

«XO0JIOTHUI» pes3epB 3abe3mneuye
ONTUMAJbHY eHeproe()eKTUBHICTh Ta HAMINHICTh
CUCTeMH, aje OUIbII CKIAIHWNA Y peaizalii,

OCKIIBKM Ma€ JOJATKOBI  €JIE€MEHTH, SKl
3MIHCHIOIOTH ITEPEMUKAHHS.

Js IOCATHEHHS HaNOUTBIION
e(PeKTUBHOCTI MOXHa BUKOPHUCTOBYBaTH BCI

HaBelleHl CIIOCOOM MIABMILEHHS HAIIMHOCTI SIK
OKpeMO, TakK i iX KOMOiHaITiIO.

Po3pobiieHa MoJieNib CHCTEMH TMPOTECTO-
BaHa Ta MPHUIaTHA JUIS 3aCTOCYBaHHS y PEabHUX
YMOBax.

JOCTYIY:

Pexxum poctymy:

JOCTYILY:
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DEVELOPMENT AND MODELING OF A SMART HOME SYSTEM WITH INCREASED
RELIABILITY BASED ON ARDUINO

The article describes the architecture for designing a Smart home system in which the Arduino
board is the connecting node between the sensors and the computer. Using this architecture, you can
remotely control a Smart home using a smartphone or notepad — these gadgets are connected to the
web service installed on the user's computer. Data in the system is transmitted in JSON format, this
allows user to develop an API for remote control and monitoring of system parameters. To simulate
and test the proposed system, the Proteus VSM was used. The necessary software for the system
controller has been developed.

The problem of increasing the reliability of the system, namely the probability of failure-free
operation, was also considered. Several methods have been proposed to increase reliability by
redundancy. Hot and cold redundancy of controllers, redundancy of power supply lines, as well as data
transmission lines are described. When using hot standby, the system provides a sufficiently high
reliability and speed, since data transfer will continue even if one of the controllers fails. However,
with this method, both controllers are turned on and require electricity.

The cold redundant system provides high energy efficiency and reliability, but the
implementation of such a system is more complicated due to the additional elements for switching the
reserve. All the described redundancy methods can be used both separately and in combination, which
can increase the effect. The developed model of the Smart home system is tested and suitable for use.

Keywords: microcontroller, Arduino, Proteus VSM, client application, increased reliability

Fedko Anton — Master of Department of Computer Systems and Networks, National University
«Zaporizhzhya Polytechnic» (Zhukovsky Street, 64, Zaporizhzhia, Zaporizhzhia Region, 69061).
Email: fedkoanton.a@gmail.com

Zelenova Irina — PhD, Associate Professor of Department of Computer Systems and Networks,
National University «Zaporizhzhya Polytechnic» (Zhukovsky Street, 64, Zaporizhzhia, Zaporizhzhia
Region, 69061)

Email: irina.zeleneva@gmail.com

Tyagunova Marya — PhD, Associate Professor of Department of Computer Systems and Networks,
National University «Zaporizhzhya Polytechnic» (Zhukovsky Street, 64, Zaporizhzhia, Zaporizhzhia
Region, 69061)

Email: mary.tyagunova@gmail.com

25


mailto:fedkoanton.a@gmail.com
mailto:irina.zeleneva@gmail.com
mailto:mary.tyagunova@gmail.com
mailto:fedkoanton.a@gmail.com
mailto:irina.zeleneva@gmail.com
mailto:mary.tyagunova@gmail.com

ISSN 2074-7888, HaykoBi npaui JloHEIbKOT0 HAIllOHAILHOTO TEXHIYHOTO YHIBEPCUTETY, Cepis
"IIpobneMu MonenmoBaHHs Ta aBToMaTH3auil npoekryBanusa" Nel (14), 2019

YIK 681.5

DOI: 10.31474/2074-7888-2019-1-33-42

ABOUT FEATURES OF MANAGEMENT PREPRODUCTION OF ELECTRONIC
VEHICLES
Victoria Smolij

As a result of undertaken studies new conception of management is worked out by
designer preproduction of electronic vehicles, leaning against single informative space of
arrangement of electronic vehicle, operative management designer preproduction and
control system by the resources of enterprise, allowing to promote management efficiency
designer preproduction of electronic vehicles.

Key words: designer preproduction, electronic vehicle,

management conception,

informative space, arrangement of electronic vehicle, operative management, resources
of enterprise, system of support of making decision.

Introduction. The offered conception of
management embraces the next stages of
creation of electronic vehicle designer
preproduction of electronic vehicles: arrange-
ment, constructing, preproduction, test and
directly production of preproduction model of
good [1, 3-5].

Analysis of recent research and
publications. The feature of the offered
conception of management of designer
preproduction of electronic vehicles is that,
leaning against single informative space of
arrangement of electronic vehicle, operative
management designer preproduction and control
system by the resources of enterprise, a cost and
prime price of preproduction model of electronic
vehicle cutout is arrived at; reduction of terms of
producing of new electronic vehicles; the
competitiveness of enterprise rises at upgrading
of electronic vehicles, reliability, oscillation and
resonant stability [2, 6, 14].

An achievement such of results is maybe
by means of application of the developed system
of support of making decision, realizing a
management the systems of arrangement and
designer preproduction and their cooperation in
single informative space, that changes
maintenance of designer preproduction in a root,
orients a management arrangement of electronic
vehicle on the resources of enterprise, providing
management efficiency designer preproduction
on the whole [5, 8, 16].

Purpose of research. For an enterprise -
producer of electronic vehicles there is providing
of management efficiency, including
minimization of material production inputs new
good or good with the parameters of quality and
reliability, excelling analogues, reduction of
duration of process of production etc., maybe by
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the decision of management task exactly
designer preproduction by means of choice of
arrangement, parameters and properties of
producible block of electronic vehicle (exactly as
the completed structurally executed good).

Materials and methods of research. For
realization of management conception it is
necessary designer preproduction of electronic
vehicles without the changes of technical
equipped of production on the whole to
modernize control system only. It is necessary to
work out the system of support of making
decision, providing with a managing personnel
facilities, methods and instruments, providing
possibility to realize the offered conception of
management [7 — 11, 15].

Results and Discussion. The conceptual
model of the automated management of designer
preproduction of electronic vehicles looks like,
brought around to a fig. 1. The designer
preproduction implies producing of pre-
production model of good with the parameters of
quality, excelling analogues on condition of cost
and unit cost cut out and reduction of terms of
producing of good [16 - 19].

By analogy with existent classification of
CASS of planning, making, tests of and other,
the functions of components of the developed
system of support of making decision of
designer preproduction of electronic vehicles are
analogical to the functions of ERP-, MES-,
PDM-systems, applied on the enterprises of
instrument-making industry [12, 20]. Applica-
tion of the functions realized in the developed
system of support of making decision analogical
to the functions executable PDM - by the
system, provides integration of data about
arrangement of electronic vehicle, got as a result
of planning and design. The constituent of the
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developed system of support of making decision
of designer preproduction, realizing the
functions of PDM, are the systems, executes a
management data about electronic vehicles,
including the design of electronic vehicle as an

object of designer
management by arrangement
vehicle [13 - 15].

preproduction  and
of electronic

Data about electronic vehicles

Changes

Functions of PDM - systems

Management by data about <

Data about clients Functions of ERP - systems

Brief-case of orders

Management by resources

electronic vehicles

Design of electronic vehicles%
and constituents

Realization experimental  re-
searches on unknown parameters
Management by arrangement of
electronic vehicles

Management by arrangement of
model elements of replacement
Choice of types and parameters|
of the systems of vibroisolation

\

SSMD DPP EV

System of support of making
decision of designer preproduc-
tion of electronic vehicles

Management by mutual relations
with customers

Planning of indexes of manage-|
ment of designer preproduction
Determination and research of]
efficiency of management of de-
signer preproduction

Management by projects

Functions of MES - systems

Plans

Technical documentatio
Data about electronic

Operative management designer pre-
production of electronic vehicles

Managements given
about the maximum

vehicles
Changes

On-line data about de-
signer preproduction of
electronic vehicles

tion.

Forming of sequence and mainte-
nance (scenarios) of managing
influences of designer preproduc-

Control of providing of efficiency
of management of designer pre-
production of electronic vehicles
Manual supervision of designer
preproduction

value of efficiency

On-line data about man-
aging influences of ar-
rangement of electronic
vehicle

Fig. 1 - Conceptual model of the automated management
of designer preproduction of electronic vehicles

Functions of MES - the systems in the
developed system of support of making decision
of designer preproduction of electronic vehicles
suppose implementation of operative manage-
ment designer preproduction of electronic
vehicles on the basis of generated by the system
of support of making decision of management
scenarios realizing optimal maintenance and
sequences of operations of arrangement on
condition of observance of condition of
management efficiency designer preproduction
on the whole [14].

The constituent of the developed system
of support of making decision of designer
preproduction, realizing the functions of ERP,
are the systems, organizes interrelation with the
customer of company-producer of electronic
vehicles, management by the developed projects
and determines the possible size of management
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efficiency designer preproduction of electronic
vehicles, that will allow to the company to
produce competitive good, save the markets of
sale and get a profit at minimum material
production inputs preproduction model of good.

The developed system of support of
making decision of designer preproduction of
electronic vehicles supposes an association and
active cooperation of functions of the examined
systems with the purpose of achievement of the
required properties, quality, reliability, to
resonant and oscillation stability of electronic
vehicles on condition of minimization materially
- technical production inputs, achievement of
cost expended on retraining and in-plant training
of personnel effectiveness, expenses on
consultative services of experts etc.

The system of support of making decision
designer preproduction of electronic vehicles
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supposes implementation of functions of design
of electronic vehicle taking into account setting
and supposed external environments with the
purpose of receipt of great number of effective
decisions on a management by arrangement of
electronic vehicle for the achievement of the
required parameters of quality, reliability,
oscillation and resonant stability of electronic
vehicles. Realization of similar arrangement is
possible by the managing affecting of designer
preproduction, providing the achievement of
financial viability of production of pre-
production model of good, exception of tests,
returns, revision of good, reduction of time,
material production inputs and formalizations of
knowledge and experience of experts.

In the conceptual model of the automated
management the designer preproduction of
electronic vehicles is distinguish next basic
essence: management  efficiency  designer
preproduction, electronic vehicle, model element
of replacement. Every type of essence at the

Appearance of additional
"loop" is in DPP

Stochastic distribution

Xpenses on adaptation of sce
narios of improvement of pa-
rameters and arrangement of

construction of conceptual model appears as a
separate rectangle with the name inwardly, thus
the dependent types of essences are represented
in a double scope.

The attributes of essence appear as
ellipses with the name of the attributes
connected by a continuous line with
corresponding essence (or by a relation). Every
type of relation is shown as a rhombus with the
name of relation inwardly. Thus a rhombus is
surrounded by a double line, if a relation is set
between a dependent type to essence, from
existence of that it is in dependence. The
separate elements of diagram unite continuous
lines (determined raising of management task
designer preproduction of electronic vehicles) or
dotted lines (stochastic raising of management
task). Because connections (relations) of

corresponding types of essence are not binary,
therefore they are connected by no directional
ribs.

Expenses on educating

of personnel
producible wares P

Heavy economic tolls on

of managing influences |
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Economic ex-

formalization
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Use of single scenario for
DPP of different objects

Necessity to involve plenty of
enterprises for collection of sta-
tistics

Necessity of concordance of the
recommendations given out by
the system with supposed DPP,

Fig. 2 - Conceptual model of management efficiency designer preproduction of electronic vehicle

It should be noted that for a management
the designer preproduction of electronic vehicle
is examine the technical and economic indexes
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of management (management efficiency) and
stochastically  up-diffused  selections  of
managing influences, divided by teaching and
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verification for formalization of management
process.

The conceptual model of management
efficiency is brought designer preproduction of
electronic vehicle around to a fig. 2. On a fig. 2
the attributes of essence are not shown, because
we deal with a management designer
preproduction of electronic vehicle a few levels
of organization are distinguished in that, each of
that includes elements from different levels,
therefore in detail relations are explained in
description to the conceptual model of the
system of support of making decision.

Here it should be noted that for a
management the designer preproduction of
electronic vehicle is examine the technical and
economic indexes of management (management
efficiency) and stochastically up-diffused
selections of managing influences, divided by
teaching and verification for formalization of
management process.

Management process implementation of
certain sequence and maintenance of the
managing influences sent both to arrangement of
electronic vehicle implies designer
preproduction of electronic vehicles and
operative management by a personnel and
resources of enterprise.

Thus, both for modern firms - producers
of domestic electronic technique and for
scientific and production enterprises airplane and
rocket productions, a management process has
identical procedure leaning against subjective
presentations and skills of personnel in this area
designer preproduction of pre-production model
of good.

The unstructured and semistructured
multicriterion tasks decide by means of the
developed system of support of making decision
of designer preproduction of electronic vehicles.
The decision of the examined multicriterion
tasks will allow not only to improve quality,
reliability, resonant and oscillation stability of
electronic vehicles, but also to provide financial
viability of production of pre-production model
of good, eliminate tests, returns on the revision
of good, to shorten time, material production
inputs and formalized knowledge and experience
of experts [15].

In the examined automated management
[16] subsystems are distinguished: creations of
preliminary character of good, implementation
of design of object of designer preproduction,
realizations of experimental researches on
authentication and research  of failing
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parameters, estimation of quality, reliability,
oscillation and resonant stability of electronic
vehicle, estimations of management efficiency
designer preproduction of electronic vehicles,
system of support of making decision, including
the subsystems of receipt and treatment of
knowledge.

It should be noted that each of them is
fully independent and universal for the different
sort of tasks, and also each of subsystems is
characterized the high degree of noninteraction,
that allows to realize the different variants of the
parallel including of components of the system
and organize an interface for a few users with
the simultaneous processing of data.

Examining the computer integrated
production of electronic vehicles, characterized
by the high degree of automation and application
of computer-aided designs, it should be noted
that, the object of designer preproduction is
characterized repetition, concurrent execution of
operations of arrangement and constructing,
difficult internal organization.

On an electronic vehicle as an object of
designer preproduction is laid on row of
requirements on the parameters of quality,
reliability, oscillation and resonant stability, it is
here necessary to execute the requirements of
financial viability and management efficiency
designer preproduction, characteristic for the
electronic vehicles of the different setting and
external  environments. All  requirements,
touching both arrangement and properties of
electronic vehicle and management efficiency
designer preproduction of electronic vehicle,
must be realized in developed system of support
of making decision [15].

It should be noted presence and variants of
differentiation of the developed system of
support of making decision and degree of her use
for different on purpose and to composition of
objects of designer preproduction.

In the process of functioning the system of
support of making decision carries out:

- Ground of necessity of initializing of
management process;

- Task of type of object;

- Choice of setting of object;

- Analysis of external environments;

- Prognostication of the possible states of
object by means of probabilistic criterion
leaning against the base of knowledge and
rule of support of making decision;

- Maps the state of object to his components
and vice versa,;
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- Offers methodologies of  upgrading,
reliability, resonant and oscillation stability
of electronic vehicle by means of the offered
criteria of arrangement of block of electronic
vehicle and constituents;

- Provides the selection of instruments of
mathematical design;

- Contains explanations about that, how to
work with the instruments of mathematical
design;

- Identifies the wunknown parameters of
mathematical models by realization of
experimental researches on a corresponding
chart, methodology of the programmatic and
technical providing of experiments;

- By means of the worked out criterion of
management  quality  the  designer
preproduction  of  electronic  vehicles
(management efficiency) is watch rationality
made alteration in a management designer
preproduction of electronic vehicle and their
influence is determined on the technical and
economic indexes of management on the
whole;

- Provides subsequent treatment of control
program for a technological equipment,
tuned to the same not only under a
corresponding technological equipment but
also under quality parameters, reliability,
oscillation and resonant stability of
electronic vehicle.

On the other hand this single cycle of
management is mapped to some association of
making electronic vehicles, subject to strict
hierarchicalness, being with each other in
different conceptual relations. It does not allow
to talk about possibility of successive
implementation of each of operations above
some certain object, and supposes the presence
of possibility of application of separate operation
on the package (great number) of objects or great
number of operations on one object, not except
possibility of the simultaneous processing of
great number of objects.

In the offered conception of management
it is assumed designer preproduction, that the
type of object for that make an electronic vehicle
determines not only external environments but
also possibility of bringing of modifications in a
management  his  designer  preproduction
(management effect), assuming variations of
technical and economic indexes and some
variations on speed implementations of designer
preproduction. The base of knowledge and
mechanism of receipt of decision are related to

setting of object and object of exploitation,
determined by the probabilistic criterion of
management  efficiency, that systematizes
knowledge of experts and experience of
specialists engaging in the problem of upgrading
and reliability of electronic vehicles.

The variants of terms are possible
exploitations that is taken into account in the
mathematical model of object, that gives
universality in-process designer preproduction
the offered management. There is transformation
of indexes of quality, reliability, to oscillation
and resonant stability of electronic vehicle
depending on the results of design on the basis
of criteria of arrangement of object of designer
preproduction. At changing of mathematical

model of electronic vehicle management
methodology is applicable designer
preproduction  either for other external

environments or for other objects.

The hierarchy of the prospected objects of
designer  preproduction is  characterized
encapsulation, when the elements of subsequent
levels consist of great number of elements of
previous levels. Such the organization is possible
for different objects, what universality of the
offered algorithm allows to mark and to reflect
his principles on a management by other
systems.

Requirements to instrumental part are
conditioned by realization of mathematical
model as a complex of programmatic and
technical facilities, supporting a receipt and
transformation of informative character of
electronic vehicle in accordance with the criteria
of his arrangement. Also the distinguishing
feature of instrumental part is methodology
plugging in the arsenal of tools of the
experimental setting equipped by rigging for
authentication of failing parameters of object of
designer preproduction.

A return to the management is needed
designer preproduction, because virtual building
on in form system of support of making
decision, including designing complexes, brings
in some changes in a structure and parameters of
electronic vehicle, that must be passed on a
management by designer preproduction and to
watch rationality made alteration on the criterion
of management quality designer preproduction
of electronic vehicles (management effect).

A single algorithm taking into account all
these facts differs in large universality and
flexibility, because allows to reform on control
system designer preproduction of any electronic
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vehicles without depending on their informative
filling.

In respect of task of type of object, then it
the simplified enough classification and scien-
tific and practical interest here present not
classification, and standing after it components
of probabilistic criterion of management
efficiency. The values of components of
probabilistic criterion are identified in the
process of educating of the system of support of
making decision determine, take into account
and visualize the base of knowledge of
probabilistic descriptions of frequencies of
refuses, reasons of refuses, influencing active
factors and correlation of technical and
economic parameters for a management designer
preproduction for the certain type of electronic
vehicle and external environments.

The automated management designer
preproduction of electronic vehicles is based
mainly on dialogue instructions acting on behalf
of accepting decision. In order that realization of
such possibility took place, it is necessary to
supply a person, a decision-making, by
instruments, allowing to get, process and analyze
information, and mechanism, for preparation of
decision-making. To that end it is necessary to
build the row of informative, programmatic,
technical and intellectual subsystems of the
developed system of support of making decision
of designer preproduction of electronic vehicles.

Management process implementation of
certain sequence and maintenance of the
managing influences sent both to arrangement of
electronic vehicle implies designer preproduc-
tion of electronic vehicles and operative
management by a personnel and resources of
enterprise. Thus, both for the modern firms of
producers of domestic electronic technique and
for scientific and productive enterprises airplane
and rocket productions, a management process
has identical procedure leaning against
subjective presentations and skills of personnel
in this area designer preproduction of pre-
production model of good [16, 19, 20].

The unstructured and semi structured
multicriterion tasks decide by means of the
developed system of support of making decision
of designer preproduction of electronic vehicles.
The decision of the examined multicriterion
tasks will allow not only to improve quality,
reliability, resonant and oscillation stability of
electronic vehicles, but also to provide financial
viability of production of pre-production model
of good, eliminate tests, returns on the revision
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of good, to shorten time, material production

inputs and to build an algorithm knowledge and

experience of experts.

Integration of the developed system of
support of making decision is arrived at by
implementation of row of functions of the
systems of production of electronic vehicles,
presenting the results of  modulating,
arrangement and  management  designer
preproduction as data, mechanisms of processing
of data and receipt of knowledge making the
base of knowledge of the system of support of
making decision.

The managing affecting process of
designer preproduction acts from outside, in
particular on behalf of decision making, in order
to ratify the offered scenarios of managing
influences of arrangement of electronic vehicle,
corresponding to the condition of management
efficiency designer preproduction. In a
fundamental chart the variant of the use of the
developed system of support of making decision
is envisaged also for the design of electronic
vehicles of the different setting and external
environments with the use of the experimental
setting for research of failing parameters or
additional research of electronic vehicle and
constituents.

The offered fundamental chart of the
system of support of making decision of
designer preproduction of electronic vehicles
will realize the mechanism of educating of the
system of support of making decision, sent to
adaptation of scenarios of achievement of
necessary parameters, properties and arrange-
ment of electronic vehicle under the existent
terms of financial viability of production and
corresponding technical and economic indexes
of making of pre-production model of electronic
vehicle.

Facial, decision making as the making
developed system of support of making decision,
it is necessary to distinguish the row of
functions:

- preparation of information;

- input of information;

- implementation of design;

- preparation and input of information in the
system of support of decision-making;

- analysis of the results got from the system of
support of making decision;

- implementation of directive management
directly designer preproduction of electronic
vehicle, including of necessity executions of
the given out recommendations.
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For the decision of existent productive
situations it is necessary formally to describe the
actions of face of decision making, consisting in
that his activity is presented by the task of great
numbers of requests for implementation:
designs, arrangements, operative management
designer preproduction, research of management
efficiency [14, 17 - 20].

Query on behalf of decision making can
touch implementation of design, task of
preliminary variant of arrangement, research of
resources of enterprise on making of pre-
production model of good and their variation.

Person an accepting decision, leaning
against subjective knowledge and experience,
can obtain the certain indexes of efficiency for
some period of time and amount of heuristic
iterations, however the developed system of
support of making decision, leaning against the
mechanisms of educating and multicriterion
optimization, allows to bring down expenses and
prime price of pre-production model of
electronic vehicle; to reduce the terms of
producing of new electronic vehicles; to promote
the competitiveness of enterprise at upgrading of
electronic vehicles, reliability, oscillation and
resonant stability; to economize the facilities
expended on retraining and in-plant training of
personnel, expenses on consultative services of
experts etc.

On results a design the system of support
of making decision forms the components of
criteria of arrangement of electronic vehicles, on
results processing of statistical data are criteria
of arrangement, on the basis of questioning of
experts, from literary sources and statistics are
management scenarios designer preproduction,
coming from the analysis of technical and
economic, skilled and other of indexes of
production of electronic vehicles is management
efficiency. Synthesizes all these indexes, the
system of support of making decision prospects
and processes, preparing information facial
decision making [14 - 16].

Except the functions of search of optimal
scenarios of achievement of the required
parameters of quality, reliability, to oscillation
and resonant stability of electronic vehicle in the
process of designer preproduction the offered
system of support of making decision, both
produces variants and adapts existing before
methodologies oscillation, shock and other
variants of defense of electronic vehicles from
external influences to the existent economic
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terms and market mechanisms of development of
production of electronic vehicles.

Similar family systematization is possible
by means of statistical treatment of results of the
expert questioning, formalization of procedure of
management and forming of case frames for the
certain types of electronic vehicles. Introduction
of the offered innovations in the existent chart of
management of designer preproduction of
electronic vehicles will give an opportunity to
tune the prospected management under the
certain setting of the produced good and
condition of exploitation, to attain optimal
combinations of economic and administrative
parameters of management designer preproduc-
tion of electronic vehicles.

For the achievement of the put aim it is
necessary to organize questioning of experts
concerning the estimations of priorities of results
of application of the offered methodology of
management of designer preproduction for
different objects with subsequent statistical
treatment of results of questioning. It is also
necessary to estimate adequacy of the got
experimental data, define priorities of parameters
and their functional intercommunications and on
them to produce the analysis of the got results
with organization of feed-back for the estimation
of efficiency of management of designer
preproduction of electronic vehicles. As a
method of decision of this task the method of
analysis of hierarchies is applied.

Integration of the developed system of
support of making decision is arrived at by
implementation of row of functions of the
systems of production of electronic vehicles,
presenting the results of modulating, arrange-
ment and management designer preproduction as
data, mechanisms of processing of data and
receipt of knowledge making the base of
knowledge of the system of support of making
decision [14 - 16].

The managing affecting process of
designer preproduction acts from outside, in
particular on behalf of decision making, in order
to ratify the offered scenarios of managing
influences of arrangement of electronic vehicle,
corresponding to the condition of management
efficiency designer preproduction. In a funda-
mental chart the variant of the use of the
developed system of support of making decision
is envisaged also for the design of electronic
vehicles of the different setting and external
environments with the use of the experimental
setting for research of failing parameters or
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additional research of electronic vehicle and
constituents.

The offered fundamental chart of the
system of support of making decision of
designer preproduction of electronic vehicles
will realize the mechanism of educating of the
system of support of making decision, sent to
adaptation of scenarios of achievement of
necessary parameters, properties and arrange-
ment of electronic vehicle under the existent
terms of financial viability of production and
corresponding technical and economic indexes
of making of pre-production model of electronic
vehicle.

Conclusions.  New  conception  of
management is worked out by designer
preproduction of electronic wvehicles, leaning
against single informative space of arrangement
of electronic vehicle, operative management
designer preproduction and control system by
the resources of enterprise, allowing to promote
management efficiency designer preproduction
of electronic vehicles.

First it offers to examine designer
preproduction of electronic vehicles as system
determined and stochastic constituents, allowing
depending on setting of object of designer
preproduction to  determine  management
scenarios for the achievement of the required
parameters and arrangement of electronic
vehicles.

Decision of stochastic task of management
the receipt of functional dependences supposes
designer  preproduction  for research  of
management efficiency including quality and

amount of management cycles, allows to
optimize the technical and economic and
administrative indexes of management, that it is
necessary to realize supports of making decision
in the developed system.

The worked out conceptual model of the
system of support of making decision, leaning
against single informative space of arrangement
of electronic vehicle, operative management
designer preproduction and control system by
the resources of enterprise, allows to provide the
required properties, quality, reliability, resonant
and oscillation stability of electronic vehicles on
condition of minimization of material and
technical production inputs, achievement of cost
expended on retraining and on effectiveness.

Worked out informative and algorithmic
providing of management, including the criteria
of arrangement and management quality
designer preproduction of electronic vehicles,
designer preproduction of electronic vehicles, it
is necessary to realize supports of making
decision in the developed system.

Worked out algorithms of management
designer preproduction, choice of types of
objects and construction of model of electronic
vehicle, including the stages arrangements,
constructing, preproduction and tests of
electronic vehicle, support intercommunication
with the experimental setting with the
corresponding rigging, allow to get failing
information about the object of designer
preproduction and estimate his parameters and
arrangement  without producing of pre-
production model of good.
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PO OCOBJIMBOCTI YIIPABJIIHHA KOHCTPYKTOPCBHBKOIO IIIAI'OTOBKOIO
BUPOBJIEHHSA EJIEKTPOHHUX AITAPATIB

B pesymemami  npogedenmux  Oocniddcenv — po3pobnrena  KOHYyenyis — YNpAaeiiHHs
KOHCMPYKMOPCLKOIO Ni020MOBKOI0 GUPOOHUYMBA eeKMPOHHUX Anapamis, wjo CRUPAEMbCs HA EOUHUT
iHghopmayitinuti  npocmip KOMNOMYGAHHA eNeKMPOHHO20 anapamy, ONePaAmusHO20 YNPAGHiHHA
KOHCMPYKMOPCHKOIO NI020MOBKOI GUPOOHUYMEA | CUCMeMU YAPABTIHHA pecypcamy niOnpuemMcmad,
wo 003607A€  NIOGUWUMU  ePEKMUBHICIb  YRPAGTIHHA — KOHCMPYKIMOPCLKOIO — NIO20MOBKOI0
BUPOOHUYMEA ENEKMPOHHUX anapamis.

Copmosanuii Komniekc mMexXHiuHuUX 3aco0ié 011 MEXHON02IYHO20 Npoyecy BUpoOHUYMEA
OI0KI eIeKMPOHHUX anapamis, KUl 00380JA€ NPOBAOUMU HOBI HAYKOB0-00CHIOHI pe3yibmamu y
BUPOOHUYME0. 3aNPONOHOBANHUTI KpUMEPIl AKOCMI MEXHON02IUH020 npoyecy 6upoOHuymea ONOKY
eeKMPOHHO20 anapamy, wo 38's13ye HaAOoitiHicmb 8Upody, WO GUNYCKAEMbCA, 3 1020 MEeXAHIYHUMU,
MEXHIYHUMUY | EKOHOMIYHUMU NApamempamu.

Pospobneni npoepamno-mexuiuni Komnaexcu 015 MOOEMOBAHHA MEXAHIYHUX HAGAHMANCEHD
OI0KI@ eNeKMpPOHHUX anapamie i CKIA008UX GUPIUYIOMb 3A80AHHA MOOEMOSAHHSA eNeKMPOHHO20
anapamy aK 00'€Kmy KOHCMPYKMOPCLKOI ni020mosKu eupobHuymea i 00360810mb 2eHepyeamu
nowamkogy iHgopmayiio 0 cucmemu NIOMPUMKU VXBANCHHS PIUEHb, WO PO3POOIAEMbC, |
aHanizyeamu pilleHHs KOHCMPYKMOPCbKOL Ni020MO6KU SUPOOHUYMEA eleKMPOHHUX anapamis, uwo
NPULLMAIOMbCAL.

Y Oemepminosaniii nocmanosyi piuenHs 3a0ayi CuHme3y eleKmpPOHHO20 anapamy 3
ONMUMATLHUMU GIOPAYITIHUMY, MENA0SUMYU | MEXAHIYHUMU NAPaAMEmPamu nepeodaiacmocs WisIxXom
3ACMOCY8AHHA IMepayiiHux aneopummis, wWo no uepsi GiONPaAYbO8YHMb CHOYAMKY I€pApXito
CKAA00BUX ENIeKMPOHHUX anapamis, nomim ei0noeioHol 20106HOI epynu YUHHUKIE, WO 8i0N08IOAOMb
npiopumemy, wo 8i0bUBAE YyMOBU eKcnayamayii, a nomim 0e3nocepeoHbO KONCHO20 3 YUHHUKIE.
Cmoxacmuuna NOCMAHOBKA PIWEHHA 3a0aui CUHME3y eleKMPOHHO20 anapamy 3 ONMUMATbHUMU
napamempamu 8 NIOWUHI Mmexnpoyecy 1020 eUpoOHUYMEa NPUNYCKAE pilleHHs 3a0adi ONMUMAIbHO20
VIPABNIHHA Y PAMKAX AOANMUBHOI CUCmeMU 3a KPUMmepieM KOMNOMY8AHMS, WO 38'3V€ napamempu
eeKMPOHHO20 anapamy i 1020 CKIA008UX 3 NAPaAMempamu mexnpoyecy toz20 eupooHuymea. Y
O0emepMinO8aHill NOCMAaHO8Yl pillenHs 3a0adi cuHme3y eleKmpoHHO20 anapamy 3 ONMuMalbHUMU
GiOpayiiHuMy, MenIo8uUMU | MeXaHIYHUMU Nnapamempamu nepeobavacmocs WaAXoM 3ACMOCY8aANHS
imepayitiHux aneopummis, no uepsi.

Iposisuu docnioxcenns ocodbaugocmeti Mooeiel Onucy MexHoN02IUHO20 Npoyecy UPOOHUYMEA
ENeKMPOHHUX anapamie, Ciio 3d3HAYUMU, WO 6 OeMePMIHOBAHII NOCMAHOBYL HeODXIOHO GIOuLYKamu
ONMUMANbHI NApamMempu eieKmpoHHO20 anapamy, a 6 CMOXACHMUYHIL - ONMUMANbHULU CYeHAapill
00CACHEeH ST HeOOXIOHUX BIACTMUBOCIEN 8 KOHKPEMHOMY MEXHONI02IUHOMY Npoyeci BUpoOOHUYmMaEa.

IIposedennss excnepumMeHmanrbHux O00CHONCEHb 3d OYIHKOW OOCHOBIPHOCHI NPONOHOBAHOZ0
MemMoJy NPUNYCKAE OOCTIONCEHHS] MEXNPOYECi8 BUPOOHUYMBA eIeKMPOHHUX ANApamie KOHKPEemHUX
niONpueMcms  2any3i 3 GUKOHAHHAM X MNOPIGHANLHO20 AHANIZY, 6HPOBAONCEHHIO OMPUMAHUX
pe3yabmamie i po3pooKu peKkomMeHOayill i npono3uyil no MOOepHI3ayil ICHYIOUUX MeXnpoyecis.

Coopmynvosana mema pobomu, wo nonseac 8 CmMeOpeHHi Memooy CuHme3y eneKmpOoHHUX
anapamié 3 ONMUMATLHUMY — GIOpAYIUHUMY, MENI08UMY 1 MEXAHIYHUMU napamempamu 8
OemepMIiHOBaHIL NOCMAHOBYI | Npoyecy NPOEKmMy8aHHs, W0 3a0e3neyyc OnmuMdalbHiCmb, 8
CIMOXACTMUYHILT NOCMAHOBUI.

Knwuoei cnoea: xoncmpykmopcbka nid2omoska SUpoOHUYmMed, eleKmpoHHULlL anapam,
KOHYenyisi ynpaeuinHs, ingopmayitinuii npocmip, KOMNOHOBKA eNeKMPOHHO20 anapamy, onepamuseHe
VAPABNIHHA, pecypcu NiONpUEMCmea, cucmema niOMmpumMKY NPULHAMMA pilieHs.

Cwmouiii  Biktopis MukojaiBHa — JOKTOp TEXHIYHMX Hayk, npodecop, CXigHOYKpaiHCHKUI
HauioHansHuH yHiBepcuTeT iM.B.dans (np. Lentpansauid, 59 a, M. CeBepomonensk, 93400, Ykpaina).
E-mail: vmsmolij@ukr.net.
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YIIPABJIIHHA TAM’ATTIO I CTPYKTYPU JAHUX B OHEPAHIﬁHHX
CUCTEMAX FREERTOS TA PREDICATE OS
laiinmyx K. C., lllepuenxo O. I'.

B pobomi nasedeno pezyromamu 00CaiodcenHss ma NOPIGHANbHO2O AHANIZY AN2OPUMMIB
OUHAMIYHO20 PO3NOOJINY nam’'ami ma 6a308uUx cmpyKmyp OaHUxX, Wo SUKOPUCHOBYIOMbCS
y 6bydosanux onepayitinux cucmemax FreeRTOS i Predicate OS. 3anpononosaro
NOHAMMS  YMOGHOI GEPXHbOI MedCl uacy 6UKOHAHHS onepayii ma KoegiyicHmy
0emepMiHOB8AHOCHI, WO 00380810Mb BUKOHYBAMU KINIbKICHY OYIHKY OemepmMiHO8aHOCHI
pobomu aneopummy. [locriodcennsi euxomyeanucs Ha 60azi naam@opmu STM32 i3
3ACMOCYBAHHAM maumepa Ucoxoi po30inbHoi 30amuocmi DWT. Ompumani pesyromamu
MOJNHCYyMb OYMU KOPUCHUMU Ol PO3POOHUKIE NpOSPAMHO20 3abe3nevenHs npu eubopi
AneoOpUMMi6 OUHAMIYHO20 PO3NOOLLY nam’ami ma ix napamempis.

Knrouoei cnosa: ancopummu OuHamMivHo20 po3nooiy nam'smi, 0emepminizm areopummy,
OUHAMIYHI CNUCKU, Yepau, HAKIAOHI 6UMPAamu pecypcie, Onepayitini cucmemu peaibHo20

uacy.

Beryn. BukopucranHs AHHAMIYHOTO PO3-
nmoniny mam'siti (JIPII) y BOymoBanux cucremax
peasibHOro yacy (CPY) € oOMexeHHM, OCKIIBKH
3HIDKY€E YaCOBUH JETEPMiHI3M CHCTEMH, 00yMO-
BITIO€ HAKJIa/IHI BUTPATH OMEPAaTUBHOI MaM'ATi Ta
NPOILIECOPHOTO Hacy, 30UIbIIye dYac BiATYKY
[1,2]. [pore, JPII Bce yacTiiie 3aCTOCOBYEThCS
y BOynoBanux CPY, Ha 110 € KinpKa npuyuH: 1 —
nosiea anroput™miB JIPIT 3i cTtaiuMm yacom BHKO-
HaHHS; 2 — T0sIBA IOCUTh MOTY>KHUX anapaTHUX
tatopm Uit BOYJOBAHUX CHCTEM; 3 — BUKOPH-
cranss J[PIl maxinse mporpamHe 3a0e3redeHHs
OUTBIIOI0 THYYKICTIO, HDK Y pa3i CTaTHYHOTO
po3nominry mam'sti. [Ipukmamamu orepamiiftHIX
cucteMm peanbHoro uvacy (OCPY), mo BukopH-

croBytoThk JIPIl, MOXyTh criyryBatu Taxi, ik RT-
Linux GPL, QNX Neutrino, MARTE OS [1] Ta
iH.

OxpiM 301IbIICHHS THYYKOCTiI NpOrpam-
Horo 3abe3medenns, JIPII takox omocepemko-
BaHO JIO3BOJISIE JIOCATTH 3aM00IiraHHs PECYpCHUX
B3aeMHUX OnokyBanb [3, 4], mo Oyno
BUKOPHCTAaHO B  aBTOPCHKIM  omepamiiHii
cuctemi Predicate OS. OpmHuM 3 KITIOYOBHX
apxiTekTypHux ejeMeHTiB 3a3HaueHoi OC e
TMIOIITOBI CKPUHBKY 3a/1a4 (4epry MOBiJOMIIEHB),
peaiizoBaHi Ha 0a3i JMHAMIYHMX CIMCKIB, IO
poOOHUTH  PO3MOMIIPHUK TaM'siTi Ta dYepru
MOBIJIOMJICH, ~ HAaWOUIBII ~ BY3bKHM  MiCIIeM
CHUCTEMH B IUIaHI BHTpPAT MPOLECOPHOIO 4Yacy i
mam'sari. Hnst OLIIHKHA JKUTTE3IaTHOCTI
BUKOPUCTAHOI apXiTeKTypu Oyl0o NpUHHATO
pimeHHss BUKoHaTH nopiBHsAHHS Predicate OS 3
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TaKOI0 TMOIYJIAPHOI0 BOYIOBAHOI OMeEpaIiiiHO0
CHCTEMOIO peasibHOTo vacy, ik FreeRTOS [5].

AHaJi3 OoCTAaHHIX JOCTiXKeHbL Ta
myOTiKaii. Icnye BEJNKA KITBKiCTh
anroput™miB JIPII [6-12], cepen siKuX HasiBHI sIK
Ti, II0 MIIIHO YBIWIIIM B iH)KEHEPHY MPaKTHUKY,
Tak 1 Ti, MO NPEIACTABIAIOTh BHUKIKOYHO
TeopeTHuHni iHTEpec. Cepen yCiX alroOpUTMiB
JPIl nume peski XapaKTepU3YIOTHCS CTaluM
4acoM BHJIIJICHHS Ta 3BUIbHCHHS OJIOKY IaM'sTi
(mpuknanamu MoxkyTh ciryryBatu TLSF Ta Half-
Fit), pemra xx Mae wac O(n) mist 000X, abo
onHi€l 3 BKasaHuX omepariii [6, 8, 9, 11]. B [10]
JIOBOJIUTHCSI  JCTEPMIHOBAHICTL 32  4acoM
anroputMy DL malloc, sikuit 3acrocoByeTbcs B
0araThoX OIEpaliiHUX CUCTEMax 1 peamizalisx
CTaHJaPTHOI 0i0mioTexu stdlib MOBU
nporpamyBanHss C, Xoya BiH He 3HaWIIOB
mpoKoro 3acrocyBanHs B OCPY.

Onepariitna cuctema FreeRTOS wHanae
n'saTth cxeMm posmominy mam'sti [13], mepma 3
SKUX JI03BOJISIE JIMILIE BHIUIATH TaM'siTh, 1 HE
niaTpuMye (QyHKIIT 3BUTBHEHHS OJIOKIB MaM'sTi.
[Hmi wotupu mpenacTasiieHi anroputMaMu Best-
Fit, First-Fit, po3anomibHUKOM 3i CTaHIAPTHOI
oiomioreku stdlib, a Takoxx moaudikariero First-
Fit, mo pgo03BOJIIE OpraHi3OBYBaTH CKJIAIOBY
Kymy Ha 0a3l KiJIbKOX He CyMDKHUX oOiactei
mam’ari. HesBakaroun Ha Te, mo FreeRTOS
no3uifionyerscs sik OCPY, 3actocoBaHi B Hii
anroputMu Best-Fit i First-Fit matoTe Haiirip-
Wi yac BUAIEHHS OJI0KY, piBHUE O (n), oe mix
napamMeTpoM N PO3YyMI€EThCSI JOBXKHHA CITUCKY
BUIBHUX OJIOKIB.
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Panime 3raganmit  anroputm  TLSF,
Bukopuctanuii B Predicate OS, He migTpumye
(dhyHKIIT AMHAMIYHOI 3MiHH po3Mipy Kymu sbrk(),
OHAK 1e¢ OOMEXKEHHS HE MPEeICTaBIsSETHCS
KPUTHYHUM IS TIEpeBaKHOI OLIBIIOCTI BOYIO-
BaHUX CHUCTEM.

Mertor0 maHoi cTaTTi € JOCHIMKEHHST 1
NOPIBHSUTPHUN aHaNi3 alrOpUTMIB AWHAMIYHOTO
pO3MOLTYy MaM'siTi, a TaKOXX 0a30BHX CTPYKTYP
JAHUX, [0 BUKOPHUCTOBYIOTHCS B OIEpAIliifHAX
cucremax FreeRTOS Ta Predicate OS.

Marepiaan Tta Metoau. /[ KinbKicHOT
OITIHKM Ta TOpiBHAHHA anroputmiB JIPII BuKO-
PUCTOBYBAJIMCS HACTYITHI IMOKA3HUKH: MiHIMa-
JbHE, CepelHE 1 MaKCHMalbHE 3HAYCHHS 4Yacy
BUKOHAHHS OTepallii; CTaHIapTHE BiIXUICHHS
HAa OCHOBI 3MIIICHOI OIIHKK  JUCHEPCIi;
koedillieHT KoBapiamii. Y pasi JOCHTiKCHHS
omepariii BUIUICHHS IMaM’SITi B Pi3HAX alrOpUT-
MaxX, Tpd  PO3PaxXyHKYy  BHIIE3a3HAUYECHUX
MOKA3HUKIB Opaiucs 10 yBard JIMINE BHITaJIKU
BJAJIOTO  BUKOHAaHHA  omeparii  (pyHKIis
MOBEPTAE HE HYIHOBUN MOKAKIHK).

HesBakatoum Ha Te, IO MepenivyeHi
MOKAa3HUKH HAJal0Th JICSIKY XapaKTEePUCTHKY
aNrOpUTMY, BOHH € MalOiHGOPMATHBHAMH B
KOHTEKCTI OIIHKH JeTepMiHi3My, TOMYy SIK B
OCTaHHbOMY BUMAJKy HaHOUIBIINI 1HTEpec
MPENICTABISIE PO3KWZ BUIMAAKOBOI BEINYHHH
BiTHOCHO JIeSIKO1 BEPXHBOI MEXi, a HE BITHOCHO
CEpeIHLOTO 3HAUYEHHS. Y 3B'A3KY 3 IIMM B POOOTI
BBEJICHO TOHSTTS YMOBHOI BEPXHBOI MEXi 4acy
BUKOHAHHS oOmepalii, a TakoxX KoedillieHra
JETePMiHOBaHOCTi,  CMHCI 1  aJNrOpUTM
PO3paxyHKY SIKUX HaBeJJEHO HUXKYE.

Hexait nano N pe3ynbTaTiB BUMipIOBaHHS
4yacy BUKOHaHHA Jeskoi omepariii. MHoXuHa
JIAHUX BIJUTIKIB JUTUTHCS HA PIBHI iHTEpPBAIU IO
d BijTikiB B koxxHOMY (1):

d = |N/k], 1)

ne k mae nopsgok 6nm3bko 10.
Od4eBUIHO, MO0 KUIBKICTh OTPUMaHHMX
IHTEpBaJiB M Oyze BU3HAYATHCS BUpa3oM (2):

_ IN/k|,if Nmodk =0
m _{lN/kJ+ 1,if N mod k # 0,

Jns KOXKHOTO iHTEpBaly 3HAaXOIUTHCS
MaKCHMaJbHE 3HAYEHHS, IO Ja€ M JIOKAJbHUX
makcumymiB LM;. CepenHe apudmeTnuHe BCIiX
JOKAIBHUX MAaKCUMyMiB HAa3BEMO YMOBHOIO
BEPXHBOIO MEXeI0 yacy BukoHanus Th (3):

)

Th=—YT, LM;. A3)
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Koedimient JETepPMiHOBAHOCTI Kg
pO3paxoBYEThCS  SIK  CEpEJHE  KBajJpaTHUYHE
pisaunp t; —Th (4), me t; - i-it Bimmk. Ipu
OBOMY BpaxOBYIOTbCSI JIMIIE Ti TOYKH, IO
nexars Butie Th (puc. 1):

Kq =3, (t = Th)2,if t; = Th >0, (4)

Ie T — KIIbKICTh TOYOK,
BUKOHY€EThCS ymoBa t; — Th > 0.

L AKHUX

800

7o0} (i)

—Th

600 f

I 4
¥ 10
Puc. 1 — YMo0BHa BepXHs MeKa 4acy BUKOHAHHS
omepartii.

Jiss oTpuMaHHsI KIIbKICHUX XapaKTepHuc-
TUK pizaEx anroputmiB Pl 6yno Bukopuctano
JIBI CXeMH TIPOBEACHHS SKCIICPUMCHTIB:

Cxema 1. B Mexax OIHOro KpPOKY LIHKITY
BUKOHYETHCS BiCIM 3aITUTIB HA BHIIIJICHHS OJIOKY
mam'siTi 1 CTUTBKM K omepariidi 3BUTbHEHHS.
Ilopsinok 3amuTiB Ha BHUJUICHHS 1 3BIJILHCHHS
650Ky mam'sTi nepemirnanuii [14].

KimpkicTp  iTepamili mukily y  BCIX
eKcrepuMeHTax moctiiHa i cranoButh 8000.
Po3mip kynu Hg y Bcix BUMagkax JOpiBHIOE 15
K6. JliamazoH po3mipiB 3amuTyBaHHX OJIOKiB
nopisaioe [0,..,Hg/Q — 1], ne Q - mapamertp,
KU npuiiMae 3HadeHHs 1 abo 20, mo BiamoBi-
JIa€ IBOM OKPEMHM BapiaHTaM €KCIIEPHMEHTY.

OyHKIiI0-TIepeXOITIoBaY HEBJIAJIOTO
BuniieHHs nam'sati B FreeRTOS [2] BiakiroueHo.

Cxema 2. Ha xoxHii irepamii mUKIY
BUKOHY€ETHCSI a00 BHIIAAKOBA KiNbKICTH 3aluTIiB
Ha BWIIJICHHA OJOKy mam'sTi, a0 BUMAJKOBa
KUTBKICTh 3allUTiB Ha 3BUIbHEHHs. [Ipuyomy,
3alUTH Ha BUAUICHHS BUKOHYIOTBCS 4YacTille,
HDK Ha 3BUIbHeHHs [14]. Kinbkicth itepamiii
nopiBaroe 64000. Sk i y pasi mepmioi cxemu,
MIPOBOJISITECSL OKPEMi €KCIIEPUMEHTH JUTSl PI3HUX
3Ha4yeHb napamerpa . B 000x cxemax BeneThCs
MiIpaXyHOK KUILKOCTI BiJIMOB.

3 Meror OUIbII PETEIbHOrO aHajizy
JESIKUX AITOPUTMIB, BHKOPHCTaHi CIeliajibHi
BCTaBKH Y BHUXIZHOMY KOJi, IO JO3BOJIIOTH
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JOCATTH «ICKOMIIO3UIID» OAep:KyBaHUX Tpadi-
KiB 1 BUKOHATH iX iHTepImpeTartito (puc. 7-8).

Omnepanii BumieHHs ONOKYy  mam'siTi
(malloc()) i 3BineHenHs (free()) € HepeeHTe-
pabenpHIMH, 1 TOMY OCHOBHUII KOJT BiJITOBITHAX
¢GyHKII  Mae  BUKOHYBaTHCS  BCepeauHi
kputnunux cekuiii (KC). HesBakaroum Ha Te,
mo oOpoOHWKM 3aBIaHb-aBTOMAaTiB B Predicate
OS [3] € aroMapHUMH i HE MOXYTh [IEPEPUBATH
BUKOHAHHS OJWH OJHOTO, BOHH MOXYTh
MepepUBaTUCS 00poOHUKaAMU amapaTHUX
nepepuBanb, ToMy opranizamis KC axryanpna
TaKOX 1 AU TaHO1 OIepaIliitHol CHCTEMH.

3 METOI0 AOCTiIKEeHHS pOOOTH PO3IOALIb-
HUKIB 13 OOpOOHMKIB amapaTHUX IepepUBaHb,
BUKOPHUCTOBYBaJMCS MOau(iKoBaHI BapiaHTH
BUIIICONMCAHUX CXEM: MapaJIeNbHO 3 LUKIOM B
OCHOBHIl Mporpami, MO MICTUTh 3aIUTH
malloc() i free(), Ti * 3amuTH MO Yep3i HAIXO-
JIATA TakoX 3 OOpOOHWKA OIHOTO 3 anapaTHUX
TaiiMepiB cuctemu [14].

Cnucku i uepeu. Sx Oymo 3a3HadeHO
panimre, B Predicate OS uepru peamizoBano Ha
0a3i ABO3B'SI3HMX AMHAMIYHUX ciuckiB. Koxen
€JIEMEHT CIIHCKY MA€ HACTYITHI MOJIS: TTOKKIUK
Ha JIOBINBHI JIaHi; MOKXYNKWA HA TIOMIEPETHIH i
HACTYIMHUI e€JeMEHTH; NpiopuTeT (MOKIMBA
opraizaimiss 4epr 3 MpiOpUTEeTaMH); KpaiHii
TepMiH OOpOOKHM; KOA TOBimoMIIeHHS (TIOAiY).
OcranHi [Ba TONS aKTyalbHI IS TOIITOBUX
CKPHHBOK 3aiad. [Ipy CTBOpPEHHI CITHCKY,
BKa3y€eThCS MaKCMMaJIbHA KIJIbKICTh €JIEMEHTIB,
SKY BiH MOX€ MICTHTH (711 CTBOPEHHSI CITHCKY 3
HEOOMEKEHOIO KIJIbKICTIO €JIEMEHTIB, HEOOX1IHO
BkazaT koHcTaHTy MAX LIST SIZE).

3 Ti€l IPUYUHM, 110 CIIMCKH BUKOPHUCTOBY-
I0TBCS IS OpraHi3amii He TiTbKH dYepr 0e3
NPIOPUTETIB, a ¥ Yepr 3 MpiopUTETaMu, CTBO-
peHHsI crHcKiB Ha 0a3i MacuBiB (0€3 BUIIJICHHS
OKpeMoro OJIOKy mam'sTi MiJ KOXEH eIeMEHT
CITUCKY) € CKJIAJHHUM, 1 HepalliOHAJIbHUM B IUIaHI
HaKJIaJHUX BUTPAT MPOIECOPHOTO Yacy.

B FreeRTOS uepru € 6e3npiopitreTHuMy, i
opraHizoBaHi Ha 0a3i macuBiB. Uepru cymirieHi
i3 3acobaMu CHHXpOHi3alii (BilikoBI ceMadopH,
paxyHKoBi cemadopu, M'toTeKkcH a00 PeKypPCHBHI
M'toTekcn). TakuM 4YMHOM, 4Yepra MOXKe
nepebyBarn B OJIoOKOBaHOMY a00 BUIBHOMY
crani. Psag ¢yHkuiii ans poGotm 3 uepramu
MaloTh [apamerp, M0 33ha€ TauMmayT mais
BuKOHaHHS omneparii. B Predicate OS momiOHi
MEXaHI3MH CHHXPOHi3allii He MOTpiOHI, dYepe3
BUKOPUCTaHHS napajaurMu ABTOMAaTHOTO
nporpamysanss [3, 15].
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FreeRTOS ne namae API mns poGotu 3i
crrickaMu [16], Xoua BUKOPHCTOBYE ABO3B'I3HUI

copToBaHM{ (32 CmamaHHAM)  JUHAMITHHN
CITUCOK TPH IJIaHYBaHHI BUKOHAHHS 3a71ad.
OmiHKka  aCHMIITOTHYHOI  CKJIaJHOCTI

QITOPUTMIB 32 4YacoM, a TaKOX HaKJaIHUX
BUTpAT Mam'aTi, 0OyMOBJIEHUX BHUKOPHCTaHHSIM
ANTOPUTMAMH  Pi3HHX CIYKOOBUX CTPYKTYp
JIAaHUX, BHKOHYyBaJlacsi Ha TIACTaBi aHaji3y
BIAMOBIAHUX  BUXIAHUX KOIiB. Y  BCIX
EKCIIEpUMEHTaX, BUMIPOOYBaHHS POBOAMIIMCS 32
YMOBH BiJICYyTHOCTI B CHCTeMi Oynb-SKHX 3a/1ad,
mo 3a0e3nedye KOPEeKTHICTh OAepIKyBaHHUX
BUMIpIB Yacy.

PobGotra BukoHana ©Ha 0a3i amapaTHOI
miaTdopmu MikpokoHTponepa STM32F103CS,
mo mae sapo Cortex-M3, 20 K6 SRAM Ta 64
K6 FLASH. TakroBa yactota - 8 MI'11. Bumipto-
BaHHS YaCOBHX IHTEPBAIIB 3MIHCHIOBATIOCS 32
JTIOTIOMOTO0 TaiiMepa BHCOKOI PO3AUITBLHOI 3/1aT-
Hocti DWT (Data Watchpoint and Trace unit).
Ilepemaya pe3ynpTaTiB €KCIEPUMEHTY Ha XOCT
BUKOHYBaJlacsi 3a JIOIOMOTOIO iHTepdeicy
USART. Bepcii  onepauidHux  cHCTEM:
FreeRTOS 10 i Predicate OS 1.1.

Pe3yabTaTtu Ta iX 00rosopenHsi. Pe3yinb-
Tatu gocnimkeHns anroputMis JIPI1 HaBeneHo B
tabi. 1-4 Ta Ha puc. 2-5. Bymo po3riasHyTO
YOTHPH CXEMH pO3IOAITY  TaMm ATi, M0
BUKOPHCTOBYIOTECS B ONepaliiHill cucremi
FreeRTOS (heap2.c-heap5.c), a Takox aBi
peamizanii anropurmy TLSF, 3actocoBanoro B
Predicate OS: peamizarisi BukiIt0o9HO Ha MOBi C,
Ta 13 3aCTOCYBaHHSM aceMOJIEPHHX BCTaBOK
(komangun CLZ ta RBIT 3 cucremn komaHna
Cortex-M3). Tlo3HaueHHs, BUKOPHUCTOBYBaHI B
TabIuMIAX: F — BiJICOTOK Bi/IMOB TP 3alMTax Ha
BujtineHHs Onoky nam’sati, Tmin, Tmaxs Teep —
BIJMOBIIHO, MIHIMAAbHUN, MaKCHMAallbHHHA Ta
cepenHill Yac BUKOHaHHS oreparlii (B TakTax
nporecopy), S - cTaHZapTHE BiAXWIECHHS Ha
OCHOBI 3MIIICHOT OLIHKKA jaucrepcii, K
koedimieHT KkoBapiamii, Th — yMOBHa BepxHs
MeXxa 4dacy BUKOHaHHS, K, KoeilieHT
JICTEPMIHOBaHOCTI.

3 oTpUMaHHMX pe3yNbTaTiB BHIHO, MIO0
anroput™ Best-Fit xapakrepusyerbcs HanOiIb-
IIMM YacoM BHKOHAaHHS (Cepex PO3IIISTHYTHX
ANTOPUTMIB), Ta HAUTIPIIUM JETEPMiHI3MOM.
Yac BHKOHaHHS OIepaliii BUAUICHHS Ta
3BUIBHEHHS NaM ST Ui LBOIO QJITOPUTMY
MPOTOPLIHHMN (parMeHTalii Kymu (puc. 6).

Po3kup  dvacy  BHUKOHAHHS  omeparii
malloc() nnst anropurmie DL malloc ta First-Fit
Ha PUCYHKY 2 MEHILE, H)K Ha pUCYHKax 3-4, mo
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00yMOBIICHO BiAMIHHICTIO Y CXeMax MPOBEACHHS
eKCTIICpUMCHTIB: Yy pa3l mepmoi cxeMu, Ha
MOYaTOK KOXKHOTO KPOKY MOJIETIOBAHHS KyTia
3HAXOJUTHCS B He(pparMeHTOBAaHOMY CTaHi.
Kimekicts 3amurie malloc() ¢ikcosana, i 1e
00yMOBIIOE OOMEXEHICT PO3MIPY CTPYKTYpP
JaHuX (CIMCKIB, JAepeB) Ui KOXHOTO 3
3a3HAYCHUX AITOPUTMIB. Y pa3i BUKOPUCTaHHS
JIpYyroi CXeMH, pO3MIpH CTPYKTYyp IaHUX HE
JIETEPMIHOBAaHI aJTOPUTMOM MOJCITIOBAHHS, 1
PO3KHJ 4Yacy BHUKOHaHHS oOIepauii MOMITHO
301TBIIYETHCS.

Sk y pasi IMIUIeMEHTalii ajaropuTMy
TLSF Bukmrouno moBoro C, Tak 1 B pa3si
BUKOPUCTAaHHS aceMOJIEPHUX BCTAaBOK, HAMrip-
mui yac BUKOHaHHSA omepamiii malloc() i free()
nopiearoe O(1), ofaHak Ppi3HHIT MK JaHUMH
JBOMa BapiaHTaMHM peajizalii oueBuaHa (pHc. 2-
5). Skmo mis TLSF (C) koedimient
netepMinoBaHocTi K, ckianae 1.62 (ta6m. 3), To
st TLSF (C + ASM) K; = 0. Anroputm TLSF
Jenio nocrynaetbes anroputvam DL malloc ta

First-Fit 3a cepemniM wyacom BHKOHaHHS (TaOI.
3), omHaK Ma€ TPAKTHYHO  iJCATBHHIA
JIETePMIHI3M, y pasi BHKOPHUCTAHHS
acemOnepHux BcTaBok (Ky =0 mpotn Ky =
15.75 ta Kz = 0.83 ansa DL malloc Ta First-Fit

BIJIMOBIIHO). YMOBHa BEpXHSI MeXa dacy
BukoHanHs Th  omepamii  malloc()  ms
anmroput™miB  TLSF ta First-Fit npubiuzHo

omrakoBa: 373 ta 359 BignmoigHo (TabI. 3).
Takoxx momiTHa piI3HHMIA y pe3yibTaTax
eKCIepUMEHTIB A BuUMaikiB Q = 1 (3amuty-
BaHi po3Mipu OJIOKIB HaslekaTh fiana3oHoBi [0;
15359]) ta Q = 20 (3anmTyBaHi po3Mipu OJIOKIB
Hanekate JianmasoHoBi [0; 767]): kinmbkicTh
BiAMOB y pa3i @ = 20 3HaYHO HIKYA, HIK IS
Q=1 Tak, mpu Q=1 Ta papyrid cxemi,
BIICOTOK  BiIMOB JUIA BCiX  aJTOpUTMIB
CTaHOBHUTH He MeHIIe 36%. Y pa3zi x Q = 20, F
3MEHIYEThC Maibke A0 HyJs, 1 Jume B
anroputMy Best-Fit summaersest piBHOIO ~38%.

Ta6n. 1 — Jocmimkenns anropurmiB JIPIT 3a nepmoro cxemoro (Q = 1, omepaitisi BUIiICHHS

nam’siTi).
Ne (cxeﬁir;é)aﬁgdauiﬂ) F,% Timin Tmax Teep 5 K, %
1 Best-Fit (heap2.c) 97 180 2848 1685 500 30
2 DL malloc (heap3.c) 46 197 571 241 89 37
3 First-Fit (heap4.c) 46 201 299 253 9 4
4 First-Fit (heap5.c) 53 195 308 251 18 7
5 TLSF (C) 47 287 783 583 74 13
6 TLSF (C + ASM) 47 222 373 358 25 7

Ta6n. 2 — Jlocmimkenns anroputMiB JIPII 3a apyroro cxemoro (Q = 1, omepariist BHIiICHHS

mam’sTi).
Ne (cxeﬁirssaﬁfauia) F,% Tmin Tmax Teep S K, %
1 Best-Fit (heap2.c) 64 183 2555 1611 527 33
2 DL malloc (heap3.c) 36 199 573 287 110 38
3 First-Fit (heap4.c) 36 204 332 257 12 5
4 First-Fit (heap5.c) 40 198 326 254 20 8
5 TLSF (C) 36 290 803 587 74 13
6 TLSF (C + ASM) 36 229 374 360 26 7

Tabu. 3 — ocmimkenns amroputmis JIPTI 3a apyroro cxemoro (Q = 20, omepartist BUAIJICHHS 1TaM’sITi).

% | e ﬁf;’epa‘gg‘am) F.% | Tin | Tmax | Teep | S | K% | Th | Kq

1 Best-Fit (heap2.c) 38,3 | 183 | 4563 | 2674 | 764 29 3572 | 121.00
2 DL malloc (heap3.c) 0,0 199 573 294 95 32 509 15.75
3 First-Fit (heap4.c) 0,1 204 394 279 32 11 371 0.83
4 First-Fit (heap5.c) 0,1 198 382 272 31 11 359 0.80
5 TLSF (C) 0,1 365 818 639 80 13 806 1.62
6 TLSF (C + ASM) 0,1 225 373 352 42 12 373 0.00
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Puc. 2 — Jocmimxenns aaroputMis JIPII 3a nepioro cxemoro (Q = 1, oneparis BUIIJIEHHS [1aM’ATi).
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Puc. 3 — {ocnimkenns anroputmis JIPTI 3a npyroto cxemoro (Q = 1, omepartist BUIIICHHS 11aM’sITi).
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Puc. 4 — Jocnimxenns anroput™is JIPII 3a npyroto cxemoro (Q = 20, onepaitisi BUIUICHHS am’sITi).
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Puc. 5 — Jocmimkenns anropurmis JIPII 3a apyroro cxemoro (Q = 20, onepaltist 3BiIbHEHHS aM’sITi).
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Ta6n. 4 — docnimkenns anroputmiB JIPII 3a npyroro cxemoro (Q = 20, oneparisi 3BUIbHEHHS

mam’sTi).

Ne (cxegrggaﬁfauiﬂ) Timin Tmasx Teep S K, % Th Ka
1 Best-Fit (heap2.c) 144 2644 2135 611 29 2587 0.96
2 DL malloc (heap3.c) 196 434 248 53 21 406 2.11
3 First-Fit (heap4.c) 178 256 211 14 7 249 0.17
4 First-Fit (heap5.c) 178 256 211 14 7 249 0.17
5 TLSF (C) 236 610 369 77 21 593 1.28
6 TLSF (C + ASM) 193 398 283 50 18 397 0.00

Best-Fit (cxema 1) First-Fit (cxema 1)

200
B
= =
% 100 54
a4 i)
- -2
] D
2 4 B 2 4 5
ko koot
Best-Fit (cxema 2) First-Fit (cxema 2)
200
B
£ £
5 100 54
a1} o
- - 2
0 0
2 4 2 4
kot oot

Puc. 6 — 3miHa TOBXKHHYU CIHCKY BUTHHHUX OJIOKIiB
B anroputmax Best-Fit Ta First-Fit mpotsrom
4yacy MOJICITIOBaHHSI, B 3aJICKHOCTI BiJl CXEMHU

EKCIICPUMEHTY

Yacmomuuii  ananiz aneopummy TLSF
(omeparmist BHIUIEHHS TaM’sTi, peawizaimis 3
aceMOJepHUMH BCTaBKamu, cxema 1, Q = 1).
Byno BumineHo Tpu OKpeMHMX BUMAIKU (OIHMH
BHUIIAJI0K BIJMOBIAa€ OJHIN T @00 CYKYITHOCTI
ritok anroputmy): F1 (BigHocHa vactoTa 0.39) —
inmexcu fi ta si [1], po3paxoBani Ha TmmiacTaBi
3alUTAaHOr0 PO3Mipy OJIOKYy, BIJIOBIJNAIOTH HE
MOPOXXHBOMY ~ CITHCKY BUTbHMX OnokiB; F2
(BimHocHa uactota 0.61) — immexkcu fi Ta Si
BKa3ylOTh Ha MOPOXKHIN CIHCOK, 1 iX HEOOXiqHO
KOPEryBaTH, BUKOHYIOUM IIONIYK HaHOIMKYIOro
HE TIOPOXKHBOTO CIUCKY 3 OJIOKaMHU OiNIBIIOTO
posmipy; F3 (BimHocHa wuactora 0.03)
BUJIIGHHS 3HAHJIEHOTrO BUILHOTO OJIOKY 0e3
BiJIOKPEMJICHHSI HAJTMIIIKOBOT YacTUHH (pHC. 7).

Takum unHOM, Ha rpadiky F1 mu Gaunmo
BUTIAJIKA «PSMOTO BIIydaHHs». [lpu 1pomy,
HAJUTAIIIKOBA YaCTHHA MOYKE BiIIIATHCS, a00 Hi.
I'padix F2 BiamoBimae Bumaakam mpoMaxy.
HapgnumkoBa yacThHA MOXKe BIIIUIATHCS, a00 Hi
(3a3Buuaii, BiAIUIIETHCSA, ajie JEKUIbKA TOYOK
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BHM3Y BINOBINAIOTh BWITAJKaM, KOJU OJIOK
0llpa3y TOBEPTAETHCS PO3MONUIBHUKOM). F3 —
«mpsiMe  BIy4YaHHs» abo mpomax, aie 0e3
BiokpeMyeHHs Onoky. ['padixu F1-F3 memro
3CYHYTi 3 TPUYMHHM TIOSBH Y KOJIi BCTaBOK
TpacyBaHHS.

TLSF + ASM F3
00

180 180 180 180

Puc. 7 - Yacrornuii anamniz anroputmy TLSF.

Yacmomnuii ananiz anecopummy First-Fit
(omeparrist BUmieHHs mam’sti, cxema 1, Q = 1).
Bunineno wotupu okpeMux BUMNAIK# (puc. 8):
F1 (BimHocHa wyacrora 0.997) — Bumamoxk 3
BIJIOKPEMJICHHSIM HAJUIMIIKOBOI 4acThHU; F2
(BimHOCHa wacToTta 0.003) — 6e3 BiJOKpEMIICHHS;
F3  (BimmocHa  4actora  0.167) 3
BIJIOKPEMJICHHSIM HAaJ|IMIIIKOBOI 4YacTHUHH, 0e3
00’eTHaHHS 3 HACTYITHUM BiIbHUM Oinokom; F4
(BimHOCHa wactoTta 0.830) - 3 BimOKpEMIICHHSAM
HQJUIMIIKOBOI YacTUHH, 3 00 €JIHAaHHAM 3
HACTYITHUM BUTBHUM OJIOKOM.
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Puc. 8 - HacrotHuii aHamni3 anroputmy First-Fit.




ISSN 2074-7888, HaykoBi npaui JloHEIbKOT0 HAIllOHAILHOTO TEXHIYHOTO YHIBEPCUTETY, Cepis
"[Ipobnemu MoAenoBaHHs Ta aBTOMaTu3anii npoektyBanus" Nel (14), 2019

Bnaue xonemanmu SLI [1] na noxasznuxu
anecopummy TLSF. Koncranta FLI Bu3Hauae
KUTBKICTB OiTOBHX Mar meprioro piBas (2°FLI),
B TOU 4ac sk koHCTaHTa SLI BU3HAaUa€e KUTbKiCTh
O0iToBux wmanm gpyroro piBHS (2°SLI) mns
KOXKHOTO  Jiama3oHy po3MmipiB  OmokiB. 3
ypaxyBaHHSM TOTO, IO BHKOPUCTOBYBaHa
anmapatHa matdgopma wmictute Jume 20 K6
SRAM, Oymo  JOCHiDKEHO  3aJIeXHICTh
MOKA3HUKIB aNTOpUTMy JIUINE BiJl 3HAYEHHS
koHcTanTu SLI B miamasowi [1; 4] (Tadm. 5).

Tabn. 5 — BmumB koncrantn SLI Ha
noka3Huku 1 LSF (omeparist BuaiieHHs maMm’sITi,
cxema l,Q =1).

SLI | F,% | Tmin | Tmax | Teep | S | K, %
4 47 222 | 373 | 358 | 25 7
3 48 225 | 372 | 354 | 32 9
2 50 222 | 373 | 352 | 36| 10
1 54 224 | 372 | 347 |42 | 12

Baunmo, mo 3menmenns SLI Beme no
30iIbIIeHHsT  KoedillieHTy KoBapiaiii, Jaerio
3MEHIIIYE CEpPEIHE 3HAYCHHS 4Yacy BUKOHAHHS
omepariii, Ta Maibke He BIDTHBAE HA Tiyin 1 Tinayx-

Bnnue eupisnioganns posmipy 610Ky Ha
nokasuuxu anzopummie Best-Fit ma First-Fit.
FreeRTOS mo3Bosisie 3amaBaTh BUPIBHIOBAHHS
po3Mipy OJIOKY maM’siTi, piBHE CTYNEHIO JIBINKH
Bix 1 mo 32. 3 orpumaHux pe3ynbraTiB (Tabm. 6)
BUIHO, 10 y pa3i Best-Fit, BupiBHIOBaHHS
JO3BOJIIE ICTOTHO CKOPOTHTH Yac BUAUICHHA
0JIOKY, Ta JIeI0 CKOPOTUTH BiJJCOTOK BiAMOB. Y
pasi First-Fit, BupiBHIOBaHHS TO3BOJISE IEIIO
CKOPOTHTH Yac BH[UICHHS OJIOKY, 1 MIPaKTHIHO
HE BIUIMBAE HAa KUJIBKICTH BIAMOB.

THapanenvruti BUKUK QyHxyit
posnodinvruxa TLSF 3 ocnosnoi npoepamu ma
00pobHUKa nepepugsanv matimepa. Pesynpratn
BUMIipiB uacy Bukimky ¢ynkuii malloc()
anroputMmy TLSF i3 UKy B OCHOBHIH Tiporpami
(cxema 2) HaBenmeHO Ha puc. 9. 3aBISKH TOMY,
mo ocHOBHHH kox ¢yHkuiii malloc() 1 free()
anroputMy TLSF B omepamiiiHiii cucremi
Predicate OS  3axuiieHWid  KPUTHYHUMH
CEeKI[ISIMH, CHCTEMa TIpalloe€ KOPEKTHO, XO0ua
BUJIHO, IO cepeaHiii yac Bukonanus malloc()
3pic Maibke BIBiWi, 1 JeTepMiHI3M dacy ii
BUKOHAHHSI MTOTiPIIABCA.

Tab6n. 6 — BruiuB BupiBHIOBaHHs po3Mipy 070Ky Ha noka3zHuku anroputmiB Best-Fit Ta First-Fit.

BupiBHroBanHs,0alT 1 2 4
\ Asroput™ Tcep Tnax F,% Tcep Tnax | F,% Tcep Tmax | F.%
Best-Fit 2477 | 5034 97 2141 | 3509 97 1937 | 2935 97
First-Fit 260 340 46 259 328 46 254 300 46
Tabu. 6 (PoIOBKEHHS)
BupiBHIOBaHHS, 02MT 8 16 32
\ Asroput™ Tcep Tinax F,% Tcep Tnax F,% Tcep Tnax F,%
Best-Fit 1601 | 2702 97 1108 | 1742 95 649 | 1025 94
First-Fit 254 300 46 255 301 46 254 | 301 46
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= 800
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Puc. 9 — Yac Bukiuky malloc() TLSF 3 ocHoBHOT
MPOTpamMu, 3a YMOBH Napaie’IbHUX BUKIIUKIB
($yHKLIH po3noAiIbHUKA 13 00poOHMKa
nepeprBaHb TaiiMepa.
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Oyinka 4acoeoi cknadHocmi aneopummis
JIPII. Pe3ynpraTu OIIHKM YacOBOi CKIIAIHOCTI
po3rsiHYyTHX y  poboti amroputmiB  JIPIT
HaBeJICHO B Ta0JI. 7-8 (BiANOBIHO, ISt (DYHKIIIH
BHJIIJICHHS Ta 3BUTLHCHHS ITaM'sITi).

Tabn. 7 — AcUMIITOTHYHA CKJIAAHICTH 3a
yacoM (yHKUIH BHIUIEHHA Ham'ATi B PI3HUX
anroputmax JPII

Ne AnroputM (cxema) Q 0 O

1 | Best-Fit (heap2.c) Q(1) | 6(n) | O(n)

2 | DL malloc (heap3.c) Q1) | 6(1) | O(1)

3 | First-Fit (heap4.c, Q(1) | 6(n) | O(n)
heap5.c)

4 | TLSF Q1) | 6(1) | O(1)
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Tabin. 8 — AcuMOTOTHYHA CKJIAAHICTH 3a
gyacoM (yHKIIH 3BiIPHEHHS MaM'sITi B PI3HUX
anroputMax J[PII

Ne Anroputm (cxema) Q 0 @)
1 | Best-Fit (heap2.c) Q1) | B(n) | O(n)
2 | DL malloc (heap3.c) Q1) | 6(1) | OL)
3 | First-Fit (heap4.c, Q(1) | 6(n) | O(n)
heap5.c)
4 | TLSF Q1) | 6(1) | O(1)
Haxnaoni  sumpamu  nam’smi  Ha

30epicannsi CcyncO08UX OAHUX PO3NOOLIbHUKA
BU3HAYAIOTBCA B  Oalrax BIAOOBIAHO IO
HaBEICHUX HIDKYE BHUpPa3iB (B 3aJCKHOCTI Bif
CXeMH / aNropuTMy AWHAMIYHOTO PO3IIOILITY
mam’siTi), B SIKUX N — KUIBKICTh OJIOKIB, Ha SKi
(hparMeHTOBaHO KYITY.

Best-Fit (heap2.c): M = 22 + 8n.

First-Fit (heap4.c): M = 24 + 8n.

First-Fit (heap5.c): M =24 +8(k+ 1) +
8n, e k — KiIBKICTh PETiOHIB TIaM ATi.

TLSF: M =20+4-2FM. (1425t +
16n, abo M = 1108 + 16n, npu FLI =4 Ta
SLI = 4.

DL malloc: M = 2196 + 16n, + 32n,,
JIe 1y — KUTBKICTh OJIOKIB PO3MipOM MEHIIIE HiX
256 6aiir (smallbins) [6, 11, 17], n, — KinbKicTh
OJoKiB  po3MipoM 256 OadT abo Oinblie
(largebins).

3 MeTOI0 TOPiBHSHHA, B Ta0N. 9 HaBEACHO
3HAYCHHS HAKJIQJIHUX BUTpAT mam’sati M s
pizaux cxem / amroputmiB JIPII, Buxoxsum 3
TIPUITYIIEHHS, 10 B cucTeMi HasBHO 10 OIOKiB
po3mipom 200 6aiit, Ta 10 6m0KiB po3mipom 300
Oaiit. [To3navuenns B Tabmmii: My, % - HaknaaHi
BUTpaTH MaM’ATi y BiJICOTKax Biji 3araJbHOTO
00’emy mam’sTi ans MikpokoHTponepy 3 20 Ko
SRAM; M,, % - te 5 came s mata Raspberry
Pi 33116 RAM (3nauenuss M; i M, okpyrieHi
Ta HaOJIFDKEHI).

Cnucku. OyHKIIT 115 pOOOTH 31 CIIICKAMHU
B Predicate OS marotp koHCTaHTHHE uac. Ha
puc. 10 (a, 6) moka3aHO yac JOJJaHHS HOBOTO

eNeMEHTY 10 CIHCKY JJIs JBOX BHMAIKIB: (a) —
CIIHCOK OyJI0 CTBOpEHO 3 OOMEXKEHHsIM Ha
KIJIBKICTh €JEMEHTIB, SKI BiH MOJKE MICTHTHU
(n=20; sKIIO CHOMCOK MICTUTh MaKCHMAJIbHO
JIOTTYCTAMY KIJIBKICTh €JIEMEHTIB, Tpu Ccrpobi
JIOJIaHHS 1€ OHOTO, (DYHKITIS 0pa3y MOBEPTaE
ynpasninas), (0) — 0e3 oOmexeHHs. 3a
aHaiorieto, Ha puc. 10 (r, T), HaBeIeHO
pe3yIbTaTH [T BUTYYCHHS €JIEMEHTY 31 CITUCKY.
OyHKHil ans podbotr 3i cnimckamu B FreeRTOS
TaKO’)K  MalOTh  KOHCTAaHTHMH  vac, 3a
BUKITIOUEHHSIM (YHKIIi TOJAHHS eJeMEHTY 0
criucky VListInsert(), mairipimii yac BUKOHAHHS
sikoi ctanoButh O(n) (puc. 10, B). Ha puc. 10 ()
MOKa3aHO Yac BUAAICHHS €IeMEHTY 31 CIIHCKY B
FreeRTOS. YacoBi noka3HUKH QyHKIIT poOOTH
3i cnuckamu B Predicate OS Tta FreeRTOS
HaBezieHo B Ta0u. 10.

Tabn. 9 — Haxmagai BuUTpaTH mamsti y
pa3i BUKOpHCTaHHi pi3HUX aaroputmis JIPII.

AnroputMm (cxema) M My, % | My,,%
Best-Fit (heap2.c) 182 1 10°5
First-Fit (heap4.c) 180 1 107>
First-Fit (heap5.c), 200 1 107°
(k =2)

TLSF 1428 7 10~*
DL malloc 2676 13 10~*

(€)
500

450
400
350
300
250

2000

1500

-~ 1000

500

]
s 0 15 00 400
1o

350 32

a0 314

280
308

200 200 30
T2 3 5 10 15

Koyt Koot

200 400
k

Puc. 10 — Yac BukonanHs QyHKiid podbotu 3i
crniuckamu B Predicate OS ta FreeRTOS.

Tab6n. 10 — Yacosi mokasuuku GyHKIli# poboTr 3i cririckamu B Predicate OS ta FreeRTOS.

Ne oC Onepauis OyHKIIA Tomin | Tmax | Teep Th | K,
1 add add_list_item 435 | 439 | 439 | 439 | O
(3 oOMeKXEeHHSIM)

2 Predicate OS add d:?;g"ﬁg‘t'tﬁ?m 302 439 439 | 439 0
3 delete — = 320 328 328 328 0
(3 oOMEXEeHHSIM)

4 delete delete_list_item 221 328 328 | 328 0
5 add vListInsert 45 1563 297 774 | 63
6 FreeRTOS delete uxListRemove 31 31 | 31 | 31 | O
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Pesynprati OWIHKM HaKIagHUX BUTpAT
mam’siti M B OaliTax Ha ciayxO00BI maHi s
pobotu 3i cickamu B 060X mociimkyBanux OC
HaBesleHO B Ta0i. 11. [To3HaueHHs, BUKOpUCTaH1
B TaOJMIN: N — KIJIBKICTh €JICMEHTIB B CITHCKY,
M,% - BigHOmeHHs M 1o 3arajgbHOTO 00’ €My
OTepaTUBHOI mam’sTi, it Bumaaky n = 20 ta
00’emy SRAM 20 KG6.

Ta6m. 11 — Hakmagai BuTpatd mam’sTi
npu poOOTi 31 CIHCKaMHU.

oC M M,n=20 | M,%
Predicate OS | 16 + 36n 736 4
FreeRTOS 20 + 28n 580 3

Yepeu. Bcei ¢yHkmii aas  pobotu 3

yepramu B 000X mocmimkyBaaux OC MarTh
KOHCTaHTHWUH dac. Yac BHKOHAHHS oOIepamii
momanHs (enqueue) Ta BuaanenHs (dequeue)
enemeHnty 3 depru B FreeRTOS naBemeHo Ha
puc. 11 (B) i (m) BigmosimHo. B Predicate OS
MOJKJIMBE CTBOPEHHS Yepr 3 MpiopuTeTamu adbo
0e3. Yac BuKOHaHHsS omepailiidi JOAaHHS Ta
BUJIAJICHHS €JIEMEHTY 3 4YeprH Uil BHIAJKIB
yepru 0Oe3 TMpIOPUTETIB Ta 3 TNPIOPUTETAMH
HaBeJleHO Ha puc. 11 (a, 6) Ta (T, T) BiAMOBiAHO.
YacoBi nmoka3zHUKH (PyHKIIIH poOOTH 3 yepramu B
Predicate OS ta FreeRTOS HaBeneno B tabun. 12.

Haxmanni BuTpaTs npu poOOTi 3 uepramu
B FreeRTOS 3zanexars Big KoHQirypamii
mpoekTy. Y pasi MiHiManbHOI KoHGIrypamii (He
BUKOPHUCTOBYETHCS TPYITyBaHHS 4Yepr, BUMKHEH1

byHKLi HaJaro/KeHHs TOILO), BOHH
CTaHOBJIATH 72 OaliTH HA OJTHY YEPTy.
Hakmamai BuTpaTé npu poOOTi 3 depramu

B Predicate OS Bu3HauaroThCst Bupazom (5):

M=16 - mqc + 17 + 32 - qc + (5)
+36 - (sn + pq),
Je mQc — MakKCUMaJbHO MOKJIMBA

KUTBKICTh 4Yepr B CHCTEMi, BHU3HaueHa y aiimi
KoH(iryparii, gc — 3aranbHa KiIbKICTh 4epr B
CHUCTeMi, SN — cyMapHa KUTbKICTh €JIEMEHTIB B
BCiX ueprax, pq KUIBKICTH ~ 4Yepr 3
npioputeramu. Tak, y pa3i HassBHOCTI B CUCTEMi
omHi€el yepru Oe3 MPiOPHUTETIB, MO MIicTHTH 10
eneMeHTiB, npu mqc = 32 orpumaemo 597
OaiiT.

190
185

175

170
12 3 1 2 3

wiot

170

160
1 2 3 12 3 1 2 3

koot koot koot
Puc. 11 — Yac BukonanHs QyHKmi podboTu 3
gyepramu B Predicate OS ta FreeRTOS.

Tab6u. 12 — Yacosi noka3uuku ¢yHkIiii podoru 3 yepramu B Predicate OS ta FreeRTOS.

Ne oC Omnepartis Tomin Tinax Teep Th Ky
1 enqueue 380 520 518 520 0,00
2 G npeir(])%l:f:faw) 392 784 | 602 | 777 | 1,36
3 Predicate OS dequeue 283 | 485 | 385 | 484 | 0.26
4 dequeue 283 486 | 376 | 486 | 0,00

(3 mpiopiteTamu)
5 enqueue 177 179 177 179 0,004
6 FreeRTOS dequeue 166 | 166 | 166 | 166 | 0,002

BucHoBku. Byno BUKOHaHO TOCIIIKEHHS
Ta TOpiBHsUIbHUKA aHaiz ainroputmiB [IPII Ta
0a30BUX CTPYKTYp JAHHWX, IO BHUKOPUCTOBY-
I0ThCSl B omepaniiHux cucremax FreeRTOS i

Predicate OS. Ha migcraBi oTpumaHux
pe3ynbTaTtiB,  MOXHA ~ 3pOOMTH  HACTYIHI
BHUCHOBKHU:

1. SIkmio oaMH ajaropuTM XapakTepu3sy-
erbest yacom O(1), a mpyruii yacom O(n), To 11e
1ie He 03Hayae, M0 Ha MPaKTUIll JeTepMiHI3M
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nepuioro Oyxae kpamum. Hanpukian, DL malloc
Mae Hairipmii yac Bukonanus O(1), a First-Fit
- O(n). ITIpore, koedilieHT nETEPMIHOBAHOCTI
nepioro gopisHioe 15.75, a nst First-Fit — 0.83
(tabm. 3).

2. SIKm0 QITOPUTM  XapaKTepPU3YEThCS
yacoM O(n), 1ie 1Ie He 03HAYAE, 110 Ha MMPAKTHII
BiH Mae€ moraHuil nerepminiaMm. Hampuknan, B
peabHUX YMOBAaX, JOBXHHA CIHCKY BIJTBHUX
o6mokie B amroputmi First-Fit 3miHoerbcs B
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JOCUTH BY3bKOMY Jiana3oHi (puc. 6), mo poOuTh
fforo mMaibke TeTepMiHOBaHHM.

3. BukopucTtanHs aceMOJICpHUX BCTaBOK
13 3actocyBanHsMm komaHy CLZ rta RBIT i3
cucremn komann Cortex-M3 mosBonse mocartu
MPAaKTHYHO 1l€aJ]bHOTO JeTepMiHI3My B pasi
anroputmy TLSF.

4. 3i 30inpmenHsM koedimienty SLI B
anroputMi TLSF po3kua vacy BHIUICHHS OJIOKY
3MEHIIIY€EThCS.

5. Y pasi BUKOpHCTaHHs anroputmy Best-
Fit, BupiBHIOBaHHS po3Mipy 00Ky Ha 32 GaiiTu
JIO3BOJIIE CYTTEBO CKOPOTUTH Yac BUAUICHHA
nam’sati. OpHak, 3 OrJsiLy Ha BEJHMKHHA dac
BUKOHaHHS anroputMy Best-Fit ta cuipHy He
JIETePMIHOBAHICTh, HOTO BHUKOPHCTAHHS BOada-
€ThCSI HEpAIliOHAILHUM (THUM Iade, B 3ajadax,
0 HOTPEeOYITh POOOTH B PEKHMMI PEaTbHOIO
4acy).

6. HebaxxaHO BUKOPHCTOBYBaTH (YHKIIii
JUHAMIYHOTO YIPaBIIHHS TaM’SITTIO BCEPEIHHI
0OpOOHUKIB TEepeprBaHb, OCKUIBKH II€ MOXE
CYTTEBO TIOTIPIIUTH PEAKTHBHI BIACTHBOCTI Ta
JICTEPMIHOBAHICTh CUCTEMH.

7. BukopucTaHHS CIUCKIB Ta dYepr B
Predicate OS mop’s3aHe i3 3HAYHO OUTBIINMHU
HaKJIaJHAMH BUTpaTaMHd TaMm’ATi, HIK ¥y
FreeRTOS. IlutanHs mpo Te, 4M BHUNpaBAaHi
Taki BUTpaTH HA  TPaAKTUII, MOTpedye
JTIOTaTKOBOTO JOCTIKEHHS.

BapTo TakoX BiI3HAYMTH PI3HUIIO MiXK
QIrOpUTMOM Ta HOTO IMIUIEMEHTAIIEI0, 1
mmaM’sITaTd TPo Hel MPH TOCTIMHKEHHI YacOBUX
BJIACTHBOCTEH allTOPUTMIB, aKe Yac BUKOHAHHS
MO’K€ 1CTOTHO 3ajJ€XaTH HE TUIBKHM BijJ JIOTIKH
aNropuTMy, aie i Bix crocoly ioro peamizariii.

Otpumani B [faHiii poOOTI pe3ynbTaTé
MOXYTh JIOTIOMOTTH MPaKTHYHUM TPOTpamicTaMm
OiMBII  CBIIOMO  WiAXOMUTH JIO  BUOOPY
agroputmiB JIPII mis cBoix mpoekTiB Ta ixX
napameTpiB. 3ampONOHOBaHI MOHSTTS YMOBHOI
BEpPXHBHOI MEXi HYacy BWUKOHaHHS omeparii Ta
KoeQilieHT JeTepMiHOBaHOCTI MaroTh
TEOPETHYHY Ta TNPaKTUYHY I[HHICTH, 1
JTO3BOJISAIOTH KIJIBKICHO OIIHIOBATH JIETEPMIiHI3M
IMIDIEMEHTOBAHHX aJlTOPUTMIB.
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DATA STRUCTURES AND MEMORY MANAGEMENT IN THE FREERTOS AND
PREDICATE OS OPERATING SYSTEMS

The results of the study and comparative analysis of dynamic memory allocation algorithms
(DMA) and basic data structures used in the FreeRTOS and Predicate OS embedded operating
systems are presented. These systems use such algorithms of DMA as Best-Fit, First-Fit, DL malloc
and TLSF. Dynamic lists and queues are the basic data structures of these operating systems. The
following indicators were used to quantify and compare algorithms of DMA: minimum, average, and
maximum values of operation time; standard deviation based on offset variance estimate; covariance
coefficient. Although these indicators provide some characteristic of the algorithm, they are
uninformative in the context of deterministic estimation, since in the latter case, the largest variation
is the variation of the random variable relative to some upper bound rather than the average. In this
connection, the notion of conditional upper limit of operation time, as well as the coefficient of
determination, is introduced in the paper and an algorithm for their calculation is given. Two variants
of TLSF algorithm implementation are considered: exclusively in C language and using assembly
insertions. It is shown that the use of CLZ and RBIT commands from the Cortex-M3 command system
allows to achieve practically perfect determinism of the algorithm operation. Frequency analysis and
analysis of the influence of the parameters (constants) of the algorithms on their time and statistical
performance were performed for individual algorithms of DMA. Additionally, algorithms of DMA and
lists and queue functions have been evaluated for their asymptotic time complexity and memory
overhead for storing service data. The studies were performed using the STM32F103C8 (20 Kb
SRAM) platform, using the high resolution DWT timer. The results obtained can be useful for software
engineers in selecting the algorithms for dynamic memory allocation and their parameters.

Keywords: dynamic memory allocation algorithms, determinism of algorithm, dynamic lists,
gueues, resource overhead, real-time operating systems.
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HMAPAJIEJIbHUAM BUPIIIYBAY JTU®EPEHIIAJIBHAX PIBHSIHDb HA BA3I

BJIOKOBUX OBYUCJ/IIOBAJIBHUX METOAIB
Mipomkia O.M., Mapries I'.E.

binvwicmos cyuacnux npozpamuux naxemig 014 upiuieHHs OugepeHyianrbHux pieHAHb
noby008aHi 3a NOCHIOOBHUMU  AN2OPUMMAMY, AKI He MOJCYmb  3abe3neyumu
epexmueno20 po3napanento8ants npu 3aCMOCY8aHHI HA NAPALETbHUX APXIMeKmypax.
O0Ho10 3 207108HUX NPOOIEM NPU PO3POOYI PO3NOOIIEHO20 NAPATIETLHOZO MOOETIOIOY020
cepedosuyd € NOWYK Al2OpUmMmis 01 no6yo0os8u eupiulyeaua, AKUL 3MOHce BUKOHY8AMU
NOWYK piuenHs i3 3a0aHOI0 MOYHICMIO V 6CMAHOGIEHUL Yac, MA GUKOPUCTIOBYBAMUME
ApXimeKmypHo-pelesanmui  NPUHYUNU 1o GIOHOWEHHIO HAAGHUX OOUUCTIOBATLHUX
3acobie. Poboma npuceaueHa nNpaKMUYHOMY 3ACIMOCY8AHHIO — HYOMUPUMOYKOBOZO
O7I0K0B020 ~ YUCENbHO20 Memody 3a0is  noby008u  NPOSPAMHO20  SUpiulysaia
ougepenyianvuux pieHAHL 3 YPAXYBAHHAM O0COOAUBOCMEU HAAGHUX NAPANETbHUX
004UCTIOBATILHUX — apXimeKmyp. 3anponoHosanull eupiuyeay 0y8 3anpocpamosaHull
mosor npoepamysants C, hopmam SUKIUKY K020 0Y0 0OPAHO HA OCHOBI AHANIZY THUUX
BUPTWLYB8AYI8 OuepeHyianbHUX PIBHAHL MA iX cucmem ma a0anmo8ano 3 Ypaxy8auHM
ocobausocmeii 00panoi mosu npozpamyeants. Ompumanuii eupiulyéay 6yn0 YCniuHo
nepesipeHo Ha Mecmosux 3a0a4ax HA OCHOBI CUCHeM pIGHAHb Nepuiozo i 0pyeo2o
cmynenig. TecmysauHs noxazano 6UCOKy CHMIUKICMb ma MOYHICMb NpU pPO38 SA3AHHI
cucmem kinvkicmrio 0o 10,000 piewsine. B cmammi Hasedeno npukiad gopmamy
BUKOPUCMANHA ~ pO3POONEHO20  BUpiUYy8aya  Npu  YUCETbHOMY  MOOEN08AHHI
AepoOUHAMIYHUX NPOYeCi8 Y (hpazmenmi Waxmuoi 6eHMUNIAYIIHOL Mepedici.

Knrouoei cnoea: esupiwysay, oupepenyiini pieHsAHHs, ONOKOGUL YUCEAbHUL MemOoOo,

PO3NApanenio8ants, apxXimeKmypHo-peresanmuuli nioxio.

Berym. st BUPIIICHHS 3ajaui
YUCENFHOTO  PO3B’S3aHHS  JU(EepeHIliaTbHAX
PIBHSHD 3a3BHYail BUKOPHUCTOBYIOTH IPOTPaMHi
BUIITyBayi, sIKi peai3yloTh YHCEIbHI METOIU
Eitnepa [1], Cimricona [2], Amamca [3], Pynre-
Kytu [4]. OcHOBOIO IWX METO/IB € TTOCIIiJOBHUN
MiJXiJ J0 BUPINICHHS 3aaa4i, a caMe mpsMa
3aJIeKHICTh HACTYIHOTO 3HAa4YeHHS (YHKIIi BiJ
pe3y/bTaTiB IMONEPEIHBOTO KPOKY alIrOpUTMY,
IO TPU3BOJMTH 10 OOMEKEHHS B MOXKIHBOCTSIX
BUKOPUCTaHHS TapalielbHUX 3aco0iB Ha piBHI
anroput™iB [5]. B mpoTunexHicTh 10 HUX,
0stoxoBi oOuncroBanbHI Metoqu (BOM) Oymm

po3polJicHI 3  ypaxyBaHHSM  HEOOXIJIHOCTI
BUKOHAHHS  OOYHUCIEHb Ha  TapalelIbHUX
KOMIT'IOTepHUX  cucrteMax. BOM-po3pobku

3arpornoHoBaHo B pobotax denpamana JI. I1.,
HOmutpiesoi O. A., Hazaposoi 1. A. ta inmmx [6—
8]. 3anaua moOynoBu PO3MOIIIIEHOTO
NapajelbHOr0  MOJEIIOIOYOT0  CepeJOBHUINA
(PIIMC) [9-11] ansa MomemOBaHHS CKJIaTHUX
OUHAMIYHAX CHUCTEM BHMAara€e MporpaMHoi
peaiizaiii 4YMCETPHUX METOMIB, sSKi O JaBamu

3MOTY BUPILITYBaTH pi3HOMaHITHI
JuQepeHIianbHi  pIBHSIHHA 13  ONTUMAalbHAM
3aJy4eHHSIM  YCiX  HasBHUX  NapajelbHUX
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pecypcis, peaiizyrouu TaK 3BaHMM
apXiTEeKTypHO-PEJeBAaHTHUN MiAXiZ y BHKOpPHC-
TaHHI JOCTYITHUX OOYHCIIOBAJIHHHUX PECYpCiB.
Just npukmnany Oynu oOpaHi CUCTEMH PIBHSIHB Y
YaCTHHHHUX HOXiTHUX, AKi OIUCYIOTh
aepoANHAMIYHI ITPOIIECH.

Po3podka BupimryBaua. 3rimHo 3 [12],
PIBHSHHSI M-KPOKOBOTO K-TOYKOBOTO OGJIOKOBOTO
METO/y MalOTh HACTYITHUI BUTIIA:

m K
Un’i =Un’0 +iT Zbi,jl:n,j*m +Zal,an,J (1)
1 1

ae U,; — HaOmmwKeHl pillleHHd B TOYLi |
Oomoky n B MoMmeHT vacy ir;n=12..N;
i=12...K; Uno HaONM)KeHe pIIIeHHS B

HyJBOBiH TOuIi Oioky n. Jlns mepmoro 670Ky
1le 3HAYCHHsI CIIBIAJa€e 3 TOYaTKOBOI YMOBOIO
3agaui  Komr, s BCiX HACTYIMHUX 13
3HAYCHHSM OCTAHHLOI TOYKH TOMEPEAHBOTO
010Ky, TOOTO:

u(0),n=0;
Uik, N>0;

(2)

un,O
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Fj= f(tn + jr;un'j) 3HaYCHHS
YaCTUHHU B Toulli | Omoky n, me n=12,...,N;
I:n—l,j = f (tn—l + jT;un—l,j )

YacTHHM B Toulli | Omoky n-1; a

npaBoi

3HA4YCHHA HpaBOI

i B
koedimientn Jlarpamxka.

I[lpu k=4 B pobori [13] orpumano
¢dopmynu (3) TSI YOTHPUTOUKOBOTO OJIOKOBOTO
METOY.

BaxnuBorw ocoOmuBicTiO 1UX GopMyn €

Te, MO OOYMCIEHHS TOYOK OJIOKY BHUKOHYETHCS

HE3aJIeKHO, M0 Jla€ 3MOry  3acTOCyBaTH
po3mapanentoBanHs. Ha ocHoBi dopmyn (3)
po3po0IIeHO MIPOrpaMHUIA BUpilIyBady,

3arajJibHUN aJrOPUTM SIKOTO HaBeJeHO Ha puc. 1.

Bukauk Bupimysaya. ®opmar BUKIUKY
BUPIlIyBaya JJisl 3py4HOCTI 3p00JICHO Y 3BUYHUI
JUTSL IHIIMX TPOTPaMHUX BUPINITYBadiB CIOCIO.
Jami HaBeneHI MpUKIaAW BUKJIUKIB BUPIITyBadiB
B Pi3HUX MaTeMaTHYHHUX MPOTPAMHHX MAKETaX.
Cucrema Matlab BuKoOpHCTOBYE HACTYIMHUN
dopmar BukaHKy dyHKIii [14]:

[t,y]=0de45(odefun, tspan, y0, options),

cuctema Mathcad mopsi 3 iHIIMMU TPOMOHYE
JUTSL BAKOPUCTaHHS HacTymHy QyHKio [15]:

rkfixed(init, x1, x2, intvls, D),

a B cucreMi Wolfram Mathematica MoxnHa

BUPIIIATH nmudepeHiiatbHe PiBHSHHS
HACTYITHUM YUHOM [16]:
DSolve[{y'[x] == z[x], Z[x] == -y[x], y[0] ==
0,2[0] == 1}, {y[x], z[x]} x].
Buxnuk BHPIIIyBayiB B THIIX
MaTeMaTHUYHUX 0i0moTekax Mae cBOi

0CcOOJHMBOCTI, aje BHKOPHCTOBYE Ti K OCHOBHI
rapaMeTpy: MeXi Jliana3oHy TOIIYKY pillleHHS,
IMOYATKOBI  3HAYEHHS, CIIOCI0  OOYHMCICHHS
3HAYEHb [IPABOI YaCTHUHHU.

Buxonmsum 3 anamizy BupimyBadiB |y
BIJIOMHX MaTeMaTHYHUX MAaKeTaxX Ta ajJrOPHTMY
poboTu BuUpilmiyBaya OJOKOBOTO YHCEILHOTO
METO/MY, TPOMOHYEThCS HACTYNHHU Qopmar
BUKJIMKY PO3pOOJICHOrO BUpIIIyBaya:

int solver(*fn, t0, tf, *y0, nf, **x, **y, *n),

ne *fn — mocunaHHs Ha (QYHKIIO OOYUCIICHHS
NpaBUX YaCTHH CHCTeMH JudepeHLialbHIX
piBHsHb; t0, tf — Mexi niama3zoHy MOIIYKY
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bav4_solver(...)

Y

Iniyianizauia /

Y

Livkn no
Bnokax *

lNapanenbHa
yacmuHa

Liukn no
yHKLiAxX

*

4 4
OB4ucneHHs OBuncnerHs
HacTynHoro HacTynHoro
HabnuxeHHs HabnwkeHHA
ans 1-i Toukm anA 4-i ToukK
Gnoky Bnoky

OBMiH 3Ha4YeHb HOBUX HabnuxeHb MiX npouecamu
3a TUNOM KOXKHWUIA KOXHOMY

Yu amiHunoce
wock binbLue, HiX
Hag?

Hi

©

A 4

‘ Buxig '

Puc. 1 — Y3arajibHeHH aaroputM podoTH
napaneabHOTo GJIOKOBOTO BUPIITyBayva

pimenss; *y() — MacHuB IMOYaTKOBUX 3Ha4YeHb; nf
— KimbKICTh GYHKIIH B cucremi; **x, *n —
BUXI1JIHHI MacHB 13 3HaYE€HHSIMHU aOCIINC TOYOK, B
SAKMX 3HAMJIEHO pIMIEHHS CUCTeMH Ta iX
KUIBKICTH  BIANOBIAHO; — **y MaTpPHIIL
3HalJIEHUX 3HAUEHE.
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T
MM T20

u

n,

Ups = Uy o + %(9&,0 +34F,, +24F,, +14F,, —F,,)

(251F, , + 646F,, — 264F, , +106F, ; —19F,, )

, =g +&(29an0 +124F, | + 24F, , +4F,, —F., )

©)

Up s =Upo + 2—2(7 F.o+32F,, +12F, , +32F,  +7F, ,}

30ibpIIeHa KUTBKICTh TTapaMeTpiB Ta MEeBHI
0COOJIMBOCTI X BHUKOPHCTaHHS  3YMOBIIEHI
0COOJIMBOCTSIMH MOBH TporpamyBanHs C, 110
OyJa BUKOpHCTaHa /ISl peai3allii BUpINIyBaya.

Po3napanemoBannsa. Cucrema ¢dopmyn
(3) wMae dYOTMpU HE3QICKHUX  PIBHIHHS,
OO4YHMCIEeHHS SKAX OOLUJIBHO BWKOHATHA Ha
YOTUPHOX OOYHCIIOBAIBHHUX €JIEeMEHTaX. 3a
YMOBH BHKOPHUCTAHHS IPOLIECOPY 3 KUIBKICTIO
o0uHCITIOBaTIbHUX  sfep 4+, st OOYHCICHHS
TOYOK Onoky oxHiel (QyHKIIT  IOMITBEHO
BUKOPHCTOBYBaTH nepeBaru TEXHOJIOT11
OpenMP [17], a mnpu po3p’si3aHHI CHUCTEM
nmudepeHIiaTbHIX PiBHSIHB JIOLILIEHE
BUKOPHCTAaHHS  JEKUTBKOX  TIPOIECOpPiB  Ta
oi0miorekun MPI [18] mist oOMiHY HaHUMH MK
HUMH.

Ilpukjaaan BUKOPUCTAHHS.

Buxioni oani ona moodenrweanns. OHIEO
3 3a7a4, SKi BUPINIYIOTbCA 32 JOTOMOTOIO
PIIMC na xadenpi komm’rOTepHOI iHKeHepii
HouHTY (M. IlokpoBCEK), € MOJEIIOBaHHS
HIAXTHUX BeHTWIANinHNX Mepex (ILIBM) sk
CKJIQMHUX NOUHAMIYHUX 00’ekTiB. PosrimgHemMo
onny 3 wmogeneit IIBM, sxa 3amaHa 3a
JIOTIOMOTO0 CUCTEMH JU(epeHIliabHAX PiBHIHD
Y YaCTUHHUX TOXITHUX:

oP; o0Q;
i 2 P i 2.

——=r.Q7 + =———+r1;(&,1)Q7;

oe TQITE 5 TR “
B oP; _ paz 0Q; .
ot F o0&

JloxiagHe MOsSICHEHHS MapaMeTpiB MOJei
MOXXHa 3Haiith B poborax [10,19]. I3
3aCTOCYBaHHSAM  PO3POOJICHOIO  BHpIllyBaya
BHKOHAaeMO  MojemoBanHs  rigku  1IBM

nopxuuoro L =1000 M 3 KpokoM 3a IIpOCTOpPO-
Boro koopaumHatoro A& =100wM, rmiomero

norepeuHoro mepepisy F =5.98 m° ta nuro-
MUM aepOJIMHAMIYHHM OTMOPOM 1.9e-03.
OguuM  KIHIEM TiIKa, 100 MOJCIIOETHCS,
BUXOAUTH B arMocdepy, BBaXKATUMEMO, LIO
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BiTHOCHUH THICK Ha IbOMY KiHIIi TLTKH TOPiBHIOE
HymO (P = 0), a Ha iHIIOMY KiHII TiIKK €
BEHTHJISITOP, SIKMI CTBOpIOE nempecito H =-1
klla BimHOCHO aTMOC(EpHOTO THUCKY.

Dyukuyia 004UCTIEeHHA NPAGUX YACHIUH
cucmemu. Ilicns TIEPETBOPEHHSI CHUCTEMH IS
MPHUIATHOTO JUTsI OOYHCICHHS BUTISAAY (DYHKITiS
oOYHNCIIeHHsT TpaBUX dYacTWH cucremMu 3 19
PiBHSHb MaTHME HACTYITHHIA BUTJISL;

int RHS(double x, double *y, int n, double *rhs)
{
* OBumMcneHHs gonoMixkHUX koedoiLieHTis *alpha,
betta Ta gamma
¥/

double Patm = 0.0, Hvent = -1000.0;

rhs[ 0] = alpha * (Patm-y[1]) - betta * y[0] *
fabs(y[0]);

rhs[ 1] = gamma * (y[0]-y[2]);

rhs[ 2] = alpha * (y[1]-y[3]) - betta * y[2] * fabs(y[2]);

ths[17] = gamma * (y[16]-y[18]);

rhs[18] = alpha * (y[17]-Hvent) - betta * y[18] *
fabs(y[18]);
}

[Mapwi eJIEMEHTH MacHBY rhs
BiJIMIOBI/IalOTh TOTOKAaM TOBITPA y (hparmMeHTax
rinku [IBM micns ampokcumamii Mofem 3a
MPOCTOPOBOIO KoopauHaTow. Hemaphi eneme-
HTH MaCHUBY MICTSTh 3HaYCHHS THCKY Ha MeXax
Mix Qparmentamu rinku [1IBM.

Cunmaxcuc 6uKaIuKy supiuiysaua
int main(int argc, char** argv)

{

int NumSections = 10;

int i, nx, nf = 2 * NumSections - 1;

double *x, *y, yO[nf];

for (i=0;i<nf;i++)

y0[i] = 0.0;

solver_ex(RHS, 0.0, 100.0, &y0[0], nf, &x, &y, &nx,
0.1,0);

printXY_Excel(x, y, nx, nf, 1);

return 0; }
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Pesynbratn o6umciaenb. Ha puc.2 Ta
puc. 3 HaBemeHI pe3ydbTaTH MOJCIIOBAHHS
(parMeHTy IIaXTHOI BEHTWIALIHHOI Mepexi 3a
JIOTIOMOT0I0 po3po0iieHoro BupimryBaya Ha 0asi

Motok nosiTpa B rinyi LLIBM

] 2 4 6 8 10 12 14 16 18 20
Tis)

Qi Q Qa3

04 ——05 Q6 —Q7——08——Q9——0Q10

Puc. 2 — Pe3ynpTaTu monentoBanHa. [loToku
noBiTps B ¢pparmenTax rinku [HIBM

Hopanbmi  npocaimxkenns. [lomanbiia
poboTa Haja BUpINIyBaueM IUTAHYETHCS B JIBOX
OCHOBHHX HANpsIMKaxX — JIOCHIIPKCHHS BUKOPHC-
TaHHS PI3HHUX MIJXOMIB JI0 PO3MapaeIOBaHHS
BUpillyBa4a 3 METOI0 3MCHIICHHS 4acy
BUKOHAHHS  QITOpPUTMy Ha  HapajeibHUX
apxiTeKTypax Ta TEeCTyBaHHS BHpIlllyBaya Ha
pi3HUX cucTeMax AudepeHIiaTbHUX PiBHSIHb.
KpiMm TOro, 0O0OB’SI3KOBUM € TIOPiBHSHHS
po3pobneHoro  BupimryBada i3 3aco0amu
po3B'sa3aHHs Au(epeHIlialbHUX PiBHSHb Ta iX
CHUCTEM, W0 ICHYIOTh, 3 METOK BHSBJICHHS
KJIaciB 3amad Ta OCOOJIMBOCTEH amapaTHUX
o0uMCIIOBaJIBHUX  TuIATGOpM,  TpU  SKUX
3aCTOCYBaHHsI po3pO0JIEHOr0 BUPINlyBaya MOKE
3MEHIIUTH YacoOBi IMOKa3HWKH a00 301IBIIUTH
TOYHICTH PIIICHHS.

BucHoBku. Y pe3yibTari JOCIIIKEHHS
po3po0JieHO TapajielibHUN  BHUpIlyBad,
peanizye aaroputM YOTHPUTOYKOBOTO

Oymo
SIKWAI

YOTUPUTOYKOBOTO OJIOKOBOTO YHCCJIIbHOT'O

MeTOoy 3 Kpokom 3a yacom t = 0.01.

Tuck 8 riayi LLIBM

P {Pa)

T{s)

P1 P2 P3 P4 ——P5 P6 ——P7 ——P8 ——P9

Puc. 3 — Pe3ynpTaTu MonentoBanHs. TUCK B
¢parmenTax rinku [1IBM

0JIOKOBOTO YHCENBHOTO METONY 3 YpaxyBaHHSIM
ocobnrBoCTeH apXiTeKTypH napaneiabHOl
00YHNCITIOBATBFHOT CHUCTEMU. Bupimysau
JTO3BOJISIE 3HAXOAWTH pilleHHS audepeHIians-
HUX piBHSHb Ta/abo iX cHCTEM 3 3aJaHOI0
touHicTio. [lomanpimomMy mociKeHHIO TTiiira-
I0Tb BUKOPUCTAaHHA €IIEMEHTIB  TEXHOJOTii
OpenMP, miono onrtumizaiii  BUKOPUCTAHHS
00YHCITIOBAJILHUX PECYpPCIB Y OOYHUCITIOBAILHUX
OaraTosiIepHUX BY3JIaX 3i CIIUTFHOIO ITaM’ SITTIO, a
TaKOXK BUKOPUCTAHHS po3pobeHoro
BUpIllyBa4a Ha PI3HUX PIBHAX pPO3MapaleNto-
BaHHS MOJIeNell CKIaJHUX JAWHAMIYHUX CHCTEM
Opd  IX MOJENIOBaHHI B  PO3MOIUICHOMY
napajgeabHOMy — MOJENIOIYOMY  CepelOBHIII,
PO3pOOKOI0 SKOTO 3aiiMarOThcs B Jiaboparopii
HaJIIPOAYKTHBHUX  oOuncieHb  JloHeu»Koro
HAIllOHAJILHOTO TEXHIYHOTO YHIBEPCUTETY B M.
IToxpoBCEHK.
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BLOCK NUMERICAL METHOD BASED PARALLEL SOLVER
FOR DIFFERENTIAL EQUATIONS

Most modern software packages for solving differential equations are based on sequential
algorithms that cannot provide efficient parallelization when applied to parallel architectures. One of
the main problems in distributed parallel simulation environment development is search for
algorithms for a solver that can give a mathematical problem solution with a given accuracy within a
specified time, and will use architecturally-relevant principles with respect to existing computing
resources. A separate class of problems when using such principles is in load balancing between
individual computing nodes while reducing the number of exchange operations between them.

The paper is dedicated to a practical application of a four-point block numerical method for the
development of the software differential equations solver, taking into account the features of parallel
computing architectures to be used. The proposed solver was programmed in C programming
language, the call format of which has been chosen based on analysis of other solvers for differential
equation and their systems and adapted to the specific features of the selected programming language.
The solver is built using two approaches for computing processes parallelizing in modern computer
architectures: multi-platform shared memory multiprocessing programming in C (OpenMP) and
parallel library for distributed memory systems (MPI). The resulting solver was successfully tested on
different test problems based on differential equation systems of the first and second orders. The
testing showed high stability and accuracy during solving systems with up to 10,000 equations. In the
article an example of developed solver usage for numerical simulation of mine air network
aerodynamical processes, represented by the system of differential equations in partial derivatives, is
shown.

Keywords: solver, differential equations, block numerical method, parallelization,
architecturally-relevant approach.
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