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3AT'AJIBHA XAPAKTEPUCTHUKA POBOTH

AKTyajgbHicTh TemMM. B cyudacHomy iHdoOpMamiiiHOMy  CyCHUJIbCTBI
MaTE€MaTUYHE MOJICTIOBAHHS, SK 3aci0 OTpUMaHHS TOYHHUX 3HAHb, MPOHHUKAE Yy BCI
chepu JIOJACHKOI AISUTBHOCTI, BUMAaraloyud IOOYJOBM HOBHX JIOCTATHRO TOYHHUX
mozenei. [IpoTe Ha TemepiliHiil 4ac BOHO € pajlle MUCTEITBOM, SIKE€ BU3HAYAETHCS
JIOCBIJIOM JIOCTIHHKA, HK Haykoro. IlinBuineHHs e€(eKTUBHOCTI MPOIECy MOOYI0BH
MaTEeMaTHYHUX MOJIEJICl BUMAarae CUCTEMaTH3allli OKPEeMUX MOJEIBHUX PO3pPOOOK i3
HaIpaIfOBaHHAM  3arajlbHUX  METOAOJOTIYHUX  MIAXOAIB 10  MOJCIIOBAHHS
y3arajJbHEHUX KJIaciB 3aj1ad.

Ha cporomuimHid neHb mporecu B (PI3UKO-TEXHIYHUX O0’€KTax JOCTIIKEHI
HabaraTo MOBHIIIE, HIX B iX OIOTEXHOJOTIYHMX, MEAUYHUX Ta BeO-iHpopmariiitHux
aHajorax, SKhx OO0’ €QHy€ CIOPIAHEHICTh 13 NpOLEecaMy, IO XapaKTepHl s
(GyHKIIOHYBaHHS KUBHUX OpraHi3MiB. OJIHI€I0 3 HAWBAKIIUBIIINX BIACTUBOCTEH KUBHUX
CUCTEM € 3JaTHICTh JO POCTY, MPUYOMY BHACIIJOK BHCOKOTO PIBHSI CaMOOpraHizalii
IIUX CHUCTEM, AKUH 3a0e3medye iX aBTOHOMHICTD Ta 3J]aTHICTh KOHIIEHTPYBATU peCypcu
Ha TOJIOBHOMY HAIPsIMKY, Ha Mepedir pocTy BU3HAYAIBHUHN BIUTUB Ma€ JIMIIIE OJUH ab0
JIEKUJIbKa OCHOBHUX (hakTopiB. Taki CUCTEMU OTPUMAIIM HA3BY CUCTEM 13 JIMITYIOUUMU
daktopamu. Tomy nopsa 13 KJIaCHYHUMHU MOJEIISIMU HEOOMEXXEHOro pocTy ManbTyca
Ta oOmexeHoro pocty DeprioabcTta po3MIANAIOTHCS MOJAEIT 3 JIMITYIOUUMHU
(akTOpaMu KOHKYpPEHTHOI B3aemojii oprai3miB Jlotku-Bonbreppu ta Konmoroposa
i3 X y3aranpHEHHSIMH B pobOOTax R.H.MacArthur, M.E.Gilpin, M.Shaffer,
A.Jl. bazukina, I'.}O. PizHH4YeHKO, a TakoX MoJeni pocTy MOHO, 0 aHaJi3yIOThCS Y
poborax M./ lepycanumcekoro, k. PoGincona, A.b.Py6ina, J[x. Mapi,
J.C. Isopeubkoro, B.B. AnekceeBa, B.C. IBneBa, H.Pamecbkoro. Mojaeni Mouno
JO3BOJISIIOTh B1IOOpa)KaTh MIHJIMBICTH BIUIMBY JIMITYIOYOrO (DakTopa B 3aJ€XKHOCTI
B1Jl HOTO KOHIIEHTpAIlil, 40ro BaXKKO JOCITTH B Ki1acuuHii mozeni Jlorku-BonsTeppu.

Touna mpuB’si3ka Mojeneld 10 OCOOJMBOCTEH JOCHIIKYBAaHOTO OO0 €KTa
3MIMCHIOETBCS HA OCHOBI METOAIB TapaMmeTpuyHoi ineHTudikamii. HemixiHuMiA
XapakTep MoJelel CcucTeM 3 JIMITYIOUUMH (DaKTOpaMu MPHU3BOJUTH 10 HASBHOCTI
YUCJICHHUX JIOKAJIBHUX MIHIMyMIB (yHKIIIOHAy SAKOCTI 1€l  imeHTudikaii.
VYHiBepcaqTbHUM METOJOM MiHIMI3AIll Takoro poay (QYHKIIOHATIB € METOJ
HaIpsIMHOTO KOHYCa, IO BIJIHOCUTHCS JO KJacy METOJIIB BUMAJKOBOTO TMOIIYKY 1
3anponoHoBaHuil y poborax JI.A.Pactpurina ta po3BunytHii y poborax I1.I'.Craxina,
M.II1.luBaka, 1O.f.Ko3aka. YHIBepcalbHICTh 3raJlaHOr0 METOAY MOPOKYE TMEBHI
CKJIQJJHOCT1 B HAaJIAIITYBAaHHI MOro MmapamMeTpiB, a TaKOX iX 3HAYHY OOUYMUCIIOBAJIbHY
CKJIQHICTE.

OcranHIM YacoM Baanocsd NoOyAyBaTH pPsii MOJAENIEH CUCTEM 13 JIMITYIOUUMHU
(hakTopamu, 10 3HAYHO PO3LIUPSIOTH C(Pepy iIXHBOTO 3aCTOCYBaHHS. Y POJIi METO/IIB
igeHTrudikaiii BUKOPUCTOBYBABCA MiJXiJA, SKHM Mojsrae y moOyIoBi MOYAaTKOBOTO
HAaOMDKEHHST TMapaMeTpiB MOJENl Ha OCHOBI CHEIIaJbHUX CIIBBITHOIICHh Ta
HACTyMTHOMY YyTOYHEHHI HOro TpamieHTHUM MeTonoM. CKIIagHICTh 3acTOCYBaHHS
METO/IIB BUKJIMKAE HEOOXITHICTh PO3POOJICHHS BIAMOBITHUX MPOTPAMHUX 3aCO0IB IS
ix peasizari.
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[cayroul meTonu imeHTU(IKAII] MOJENeH CUCTEM 3 JIMITYIOUMMHU (haKTopamu
MOBHICTIO OpIEHTOBaHI Ha cHenudiky KOHKPETHUX MPUKIAAHUX Tally3eu, 10
NPU3BOAUTH /10 HEBUIIPABIAHUX 3aTpaT 3YCUJIb JJI JOCSITHEHHS TOYHOCTI MOJEIIEH.
Oco0uBICTIO TOOYJOBAaHUX MaTEMaTUYHUX MOJIEJIEH 3a3HAYEHOro Kjacy Ta METO/IIB
iX 1AeHTH(]IKAIll TaKOX € PO3PI3HEHICTh Ta YacCTKOBICTb. 30KpeMa, HasBHI pI3HI
MOJICJII OJHOTO Tporecy (Moneni aJjig pI3HUX eTamiB peadimiTaiii Micias CepleBo-
CyIMHHUX 3aXBOPIOBaHb) Ta KUIbKa METOMIB 1JeHTHdIKAII MapamMeTpiB Mojel
(MeTomu  imeHTH(]IKAIii KOPOTKOTPUBAJIOTO Ta JAOBTOTPHUBAJIOTO  ITiIBUIIECHHS
BiJBiTyBaHOCTI Be06-caiiTy), 1m0 yTpyIHIOE TIOIIUPEHHA MOJAENEH cucreM 3
JTIMITYIOYUMHU (pakTOpaMu HAa HOBI1 MPEAMETHI Taiy3i 3 OJHOYACHUM 3a0e3MeYCHHSIM
HEOOX1THOI TOYHOCTI MporHO3yBaHHS. Lle mopomkye HayKOBO-IPUKIIATHY MPOOIEMY,
MOB’sI3aHy 3 MOTPeOaMK CIPOIICHHSI MTPOIIECY MOJIETIOBAHHS CUCTEM 13 JIIMITYIOUNMU
dbakTopaMu 3 OJHOYACHUM 3a0€3MEYCHHAM HEOOX1THOI TOYHOCTI Ta pO3POOKHU IS LIUX
[UJIeH 1HXKEHEPHOTO 1THCTPYMEHTApII0.

3B’930K po00TH 3 HAYKOBMMH INpOrpaMamu, ImjiaHamMu, temamu. HaykoBo-
JociiHa poOoTa 3a TEMOIO AMCepTallii MPOBOAWIACS Y BIAMOBIIHOCTI 3 TEMATUYHUM
IJJAHOM HAYKOBO-JIOCHITHUX poOIT, 1m0 (IHAHCYIOTBCS 32 PaxyHOK KOIITIB
Jiep>kaBHOTO Oro/KeTy MIHICTEpCTBOM OCBITH 1 HayKH YKpaiHH, 30KpeMa B paMKax
teMu «MojientoBaHHST JAUHAMIKA YOPABIIHCHKUX, MapKETUHTOBHX, BUPOOHUYUX,
(1HaHCOBHUX Ta €KOJIOTIYHHUX TIPOIIECIB B OpTaHi3allliHUX CHCTeMax» (lIep KaBHUMN
peectpamiiianii  Homep 0106U012531) — 3anponoHOBaHO MOJEIb CUCTEMU 13
BHYTPIIIHIM JIMITyI0ouuM QaktopoM. [lpu mociaimkeHHSX 3rigHO IUIAaHY HAyKOBO-
JOCIITHUX POOIT, SIKI BUKOHYIOThCA 37400yBayaMu HAyKOBOIO CTYIEHS y Mexax
po0oyoro yacy, 30kpemMa B paMkax TeMu « OnTumizalis CTPYKTYpHU 30BHIIIHIX 3B’ SI3K1B
€KOHOMIYHOTO0 00’€KTy Ta ajanTallisi Horo (pyHKUIOHYBaHHS J0 3MiH €KOHOMIYHOTO
cepenoBuiay (aepxkaBHuil peectpariiinuii Homep 0103U003581), — po3pobieHo
MaTeMaTUYHy MOJIeNIb CUCTEMH 13 30BHIMIHIM JIIMITYI0ouuM (aktopoM. [Ipu BuKoHaHHI
HayKOBO-IOCHIIHUX poOIiT Ha TeMy «Teopis moOymoBu Ta MeTonu peamizaiii B
peaTbHOMY Yacl MDKIUCIUTUTIHAPHUX MAaTEMAaTHUYHUX MOJIENIeH 3MIHU CTaHy CKJIQHUX
00’exTiB» (HOMep nepxkaBHOi peectpartii 0114U000569) aucepranTomM po3poOiIeHO
€MHUM METO 17IeHTU(IKAIlIT MO/IeNIel CUCTEM, SIK 13 BHYTPIIIHIMH, TaK 13 30BHIITHIMU
mimitytouuMu  pakrtopamu. [lpy BHUKOHAaHHI HAYKOBO-IOCHIHUX pPOOIT HA TeEMy
«Po3pobka apxiTekTypu ©0a3u 3HAHb Ta METOMIB TONIYKY HOBHMX 3HaHb JIJIs
IHTEJEKTyallI30BaHUX CUCTEM B EKOHOMILD» (HOMEp Jep’KaBHOI peecTparlii
0102U002563) nucepTaHTOM pPO3POOJEHO MAaTEMAaTHYHY MOJEIb XapaKTEPUCTHUK
pEe3yNbTaTiB HAaBYAHHS y CHUCTEMaxX aBTOMATH30BAaHOTO HaBYaHHS. [Ipu BHKOHaHHI
HayKOBO-JIOCTIAHUX POOIT Ha TeMy «MaTeMaThudHi MOJIeJIi MPOIIeCiB HABAHTAXKCHHS Ta
pernakcailii B CKJIQIHUX cUcTeMax» (aep>kaBHUM peectpanitauii Homep 0113U000848)
JMCEePTAHTOM 3alpPONOHOBAHO METOJ 1AeHTUdIKAIli mapamMeTpiB MOJEI JUHAMIKU
1000BO1 TIIiKEMIi XBOpPOro Ha IfykpoBui miaber. [lpu BUKOHAHHI HayKOBO-IOCIITHUX
pobiT Ha Temy «MakpomMoJIemIOBaHHS CKJIATHUX CHCTEM Ta TPOIECIB B yMOBax
CTPYKTYpPHOI ~ HEBHM3HAYEHOCTI HA OCHOBI HETOYHUX JaHUX» (JIepiKaBHUMN
peectpamiitauii Homep 0111U010356) mucepTaHTOM YIOCKOHAJICHO MOJENb PEaKIii
MaIieHTiB Ha (I3MYHI HABAHTAKEHHS PI3HUX €TamiB pealOuTiTaiii mcis cepreBo-
CYyIMHHHUX 3axBOpIOBaHb. [li 4ac BHKOHAHHS HAYKOBO-IOCTIIHHX POOIT 3TiAHO
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MDKHapoaHOro npoekTy «Po3poOka BeG-onrtonoriii sik 3aco0iB 0OMiHY JaHUMHU Ta
HNIATPUMKH TIPUUAHSATTS pIllIeHb JJI TMOKpAIIeHHS EKOHOMIYHOI CITIIBIpaIl Mix
VYkpainoto Ta CIIA» aucepTaHTOM  3alpoOINOHOBAHO MeEToa  iAeHTUdiKaril
y3arajJbHEHHX MOJIeJied CHUCTeM 13 JIMITYIOYUMU (akTopamMud JjIsi BUITQJIKIB
BIJICYTHOCTI CIIOCTEPEIKECHb JMHAMIKH aKTUBHOT'O cepeioBHIna abo cyoctpaty. [1ig gac
BUKOHAHHS HAyKOBO-JOCHIJIHUX POOIT 3TiTHO MDKHApOJIHOTO MpoeKTy «Po3pobka
IHTEJIEKTYaIbHOT ~ MIPENM3iHHOI  CHCTEMH KEpyBaHHA TEIUIOBUMH 00’ €KTaMm
JTUCEPTAHTOM YyJIOCKOHAJICHO MeToA imeHTh(ikamii Moaem XiMIKO-TEXHOJIOTTIHOTO
nporecy OpoBapHOTO OpOIIHHS B YAaCTHUHI 3HMKEHHS TPYIOMICTKOCTI MpOIERypU
imeHTudikamii, YHUKHYBIIM 1i 0araroeTamHoCTi, Ta WIABUIIEHHS TOYHOCTI
MaTeMaTUYHOT MOJIETI.

Meta i 3apaui gociaigxeHHs. MeTo0 NOCHIIPKEHHS € MiABUIIEHHS TOYHOCTI
IIPOTHO3YBaHHS IOBEMIHKA CHCTEM 3 JIMITYIOUUMU dbakTopamu 'y crocio
pO3pOOJICHHST y3araJbHEHUX MOJEJIe IUX CHUCTEM, METOMIB Ta 1HKEHEPHOIO
THCTPYMEHTApIIO iX 1AeHTU(IKALII].

JI71s1 JOCSITHEHHS! TTOCTABJICHOI METH B JUCEPTAIlli BUPIIIYIOTHCS TaK1 3a/1a4i:

1) aHami3 iCHyIOYHX MIJIXOJIB JO MOOYJIOBH MOJCICH CHCTEM i3 JIMITYIOUUMHU
(hakTOpamMu Ta METOAIB iX 1eHTU]IKAIIIT;

2) po3pOOJICHHS HOBUX Yy3arajlbHEHUX MOJENIeH CHUCTeM 3  JIIMITYIOUUMH
(bakTopamu;

3) po3po0JIcHHS 3aralbHUX METOJIB i7eHTU(IKAIli CUCTEM 13 BiIOKPEMJICHUMHU
JTMITYIOYUMU (haKTOpaMu MIPH BIFACYTHOCTI JaHUX iX CIOCTEPEKEHb;

4) po3po0JicHHS. Ta BUKOPHUCTAHHS HOBOTO aJTOPUTMIYHOIO 3a0C3MECUCHHS IS
(dbopMyBaHHS apXITEKTypU MPOrPAMHOrO CEPEJOBHINA MIATPUMKH MOJEIECH CHUCTEM 3
JTMITYIOYUMU (haKTOpaMu;

5) 3acTocyBaHHS PO3POOICHUX MOJIEICH Ta METOIIB IS JOCIIKEHHS ITPOLIECIB Y
XIMIKO-TEXHOJIOTITYHUX CHUCTEMax, OlOJIOTIYHMX cHucTeMax (mpoueciB pealumiTamii
XBOPHX Ha CEPIIEBO-CYIMHHI 3aXBOPIOBAHHS, TJIIKEMil XBOPUX Ha IYKPOBUH miaber),
3aCBOEHHSI 3HAaHb B HAYaJbHUX CUCTEMax, MPOTHO3YBAaHHs BiABIayBaHOCTEe Beo-
CaMTIB.

O06’ekm  00CniOxceHHs. TPOLEC TNPOTHO3YBAHHS TMOBEAIHKM CHCTEM 3
JIMITYIOYUMHU (PaKTOpaMHU Ha OCHOBI IAHUX 13 BUMIPIOBAJIbHUX CUCTEM.

IIpeomem Oocniodxcennsa: MaTeMaTH4HI MOJENl CHCTEM 13 JIMITYIOUUMHU
(dhakTOpamMu Ta METOAM iX 11eHTUDIKALII].

Metoau npocaigxeHnsi. JlocnmiJpKeHHs, BUKOHaHI IiJI Yac poOOTH Haj
JUCepTalli€l0, TPYHTYIOThCS Ha METOJIaX CHUCTEeMHOTO aHajidy, OITHUMI3allii,
pO3B’sI3aHHSl JKOPCTKUX cHUCTeM JudepeHllialbHuX pPIBHSIHb, a TaKoX Teopii
JUHAMIYHUX CUCTeM. BUKOpHCTaHHS METO/IB ONTHUMI3AIlll Ta YUCIOBUX METOIIB JaJI0
MOXJIMBICTh COpMYBATH METOAM I1eHTU(]IKAII MOACIEH CUCTEM 13 JIMITYIOUUMHU
(dakTOpamu, a TAaKOX METOJM MPOTHO3YBAHHS aKTUBHOTO CEPEOBUINA IUX CUCTEM Ha
OCHOBI 17IeHTH(IKOBAaHUX MOJICIICH.

HaykoBa HOBH3HAa oJep:kaHUX pe3yJbTariB. HaykoBa HOBU3HA moJsirae y
PO3BUTKY METOJIB MPOTHO3YBAHHS IMOBEIIHKH CHUCTEM 13 JIMITYIOUMMHU (PaKTOpamu
3aBISKH PO3POOJICHHIO YHIBEpCAJIBHUX METOMIB ideHTUdikamii X MojeneH,
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pPO3pOOJIEHHST HOBOTO KJacy MAaTeMaTUYHUX MOJENed 13 PO3IIMPEHOI0 Ceporo
3aCTOCYBaHHA y TMPUKIATHUX JOCHIKEHHAX. OTpUMaHO Taki HOBI HayKOBI
pe3yNbTaTH:

BIIEpILE:

— 3aMpPONOHOBAHO Ta OOIPYHTOBAHO y3arajlbHEHy MOJENb CUCTEMH 13 BiJIOKpEM-
JCHUMH JIMITYIOUMMHU (aKkTOpaMu, sKa BIPI3HAETHCSA BiJ ICHYIOUMX BpPaxXyBaHHSM
BIUTMBY  TIAMOPSIKOBAaHMUX TMPOIECIB HAa  3a0€3MEUYEHICTh CHUCTEMH, BIUIMBY
BIJIOKPEMJICHUX JIMITYI0uuX (HakTopiB Ha MIANOPSAKOBAHI MPOLIECH, 3MIHU 0a30BUX
PIBHIB aKTUBHOCTI CHCTEMH, €(peKTOM 1ii 1HTiOyBaHHS MNPOIYKTOM CHCTEMH, IO Y
CYKYNMHOCTI JaJl0 MOXJIMBICTb c(hOpMyBaTH SJIpOo MaTEMaTUYHUX MoOjelen
PO3ILIMPEHOT0 KJIACy CUCTEM 3 JTIMITYIOUUMU (HaKTOpamu;

— 3aMpPONOHOBAHO Ta OOIPYHTOBAHO y3arajbHEHY MOJIEIb CUCTEMH 13 30BHILIHIM
JIMITYIOYUM HABaHTAKEHHSAM, fKa Ha BIAMIHY BIJ ICHYIOUHMX MICTUTh BEKTOPHE
PIBHSIHHSI TUHAMIKH aKTUBHOCTI CHCTEMH, BPaXOBY€ HEJIHIMHICTh Peaklii CUCTEMHU Ha
MPUKJIaJeHE HaBaHTAXXEHHS Ta JIIHIMHUI XapakTep cTad1j1i3aTopa akTUBHOCTI CUCTEMH,
0 JaJ0 MOXJIUBICTE CHOPMYBATH SIAPO MATEMATUUYHUX MOJIeNIed 3 PI3HOTHUITHUMHU
HABAHTAKEHHSAMH HA CUCTEMY 13 JIMITYIOUUMHU (HDaKTOpaMu;

— pO3p00JICHO y3arajJbHEHHH MeToja 1AeHTUdIKamii Mojaeler cucreM 13
JIMITYI0YUM (HaKTOPOM, SIKUM BIJIPI3HAETHCS MPOLEAYPOIO BUAUICHHS 0a30BOr0 PiBHA
Ta BUOOpPY ONTUMAJIBHUX 3HA4Y€Hb JIMITYIOUOrO0 MapaMeTpa, pPI3HULUEBUMH
CHIBBIAHOLIEHHSMH /I HAJAIITYBAaHHA IOYAaTKOBUX 3HAY€Hb IHIIMX I[apaMeTpiB
MOJIeN1, MPOLEypPO0 YTOUYHEHHS MOYAaTKOBUX 3HAYEHb MapaMeTpiB MOJENI Ha OCHOBI
IPaJlIEHTHOTO METONy, IO Y CYKYHHOCTI 3a0e3ledyye CTBOPEHHS 1HXXEHEPHOIO
IHCTPYMEHTAapI0 A 1AeHTU(IKAIll aJeKBaTHUX MaTEMaTUYHUX MOJIENEH CUCTEM 3
JTIMITYIOYUMH (DaKTOpaMu 3 PI13HOIO MPUPOJIOIO MPOIIECIB Y HUX;

— po3pobieHo Meroi  imeHTH(iKamii Moaeled cuUcTeM 13 JTIMITYHOYOH
3a0€3MEYEHICTIO JIJIsi BUIAJIKIB BIJICYTHOCTI CIIOCTEPEKEHb JUHAMIKA aKTUBHOCTI abo
3a0€3Me4YeHOCTI CUCTEMH, IKMI BIIPI3ZHAETHCS MPOLETYPOI0 (POPMYBaHHS PI3HHUILIEBUX
CIIBBIJTHOIIEHb JJI1 HaJaIITyBaHHS MOYATKOBUX 3HAYEHb MapaMeTpiB MOAENi, IO
3a0e3neuye moOyOBY aJIEKBaTHUX MOJIENIEH IIMPOKOTrO KJIacy CHUCTEM 13 JIMITYIOUUMU
(dakTopamu;

— po3pobsiecHO  MeToj  iAeHTudiKaiii Mojeled CHUCTeM 13  MHOXKHUHOIO
BIJIOKpEMJICHUX JIMITYIOUMX (DAKTOpIB JUIsi BUMAAKIB BIJICYTHOCTI CIOCTEPEKEHb
JTUHAMIKM aKTUBHOTO CEPEIOBHUINA Ta CyOCTpary, sIKUM BIAPIZHAETHCSA MPOIEIYpaMU
MoOy/I0BM  JBOBUMIPHOT HEPIBHOMIPHOI CITKM JJii TIOYAaTKOBUX HAOJIMKEHb
JIMITYIOYOTO TapaMeTrpa Ta MOro yTOYHEHHA Ha 0a30BId MHOXXHHI TMOILIYKY, LIO
JO3BOJIMJIO  1A€HTU(DIKYBAaTH MOJENIb J1000BOT JAMHAMIKK TUIIKEMii XBOpPOro Ha
IIYKpOBHI 11abeT;

HA0YJIM MOAAJIBLIIOr0 PO3BUTKY:

— MOZEJIb  XIMIKO-TEXHOJIOTIYHOTO  mporecy OpoBapHoro OpomiHHS 13
3aCTOCYBAHHSAM METONy 1AeHTH}IKalii MoJeiel 13 JIMITYIOUnM 3a0e3MeYeHHsIM, 10
a0  MOJIMBICTb  CIHPOCTUTH  Mpoueaypy iAeHTudikaiii, yHUKHYBIIM  ii
0araToeTarrtHOCTI, Ta NIJIBUIATH TOYHICTh MAaTEMAaTHYHOI MOJIEII;
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— MOJeNIb JTUHAMIKM BiABIyBaHOCTI BebO-cailTiB 13 3aCTOCYyBaHHSM €JUHOTO
MeTony iaeHTUdikamii Mojened 13 JIMITyrOUYUMU (dakTopaMH, M0 3a0e3MeYusio
CTBOPEHHS CIPOIIEHOTO 1H0prMeHTap110 TUTST cny>1<6 miaTpuMKu BeO-calTiB sk is
KOpOTKOTeleHOBOFO TaKk 1 Ui JOBTOTEPMIHOBOTO TPOTHO3YBAHHS JTWHAMIKH
BiJIBITyBaHOCTI;

YI0CKOHAJIEHO:

— MaTeMaTHYHy MOJENb peakilii MamieHTiB Ha (I3MYHI HaBaHTAXCHHS PI3HUX
eTariB peadimiTaili micias cepleBO-CYJIMHHUX 3aXBOPIOBaHb BBEJCHHSM BHUpA3y IS
B1JIOOpa)keHHs HEJHIMHOT peakilii opraHiaMy Ha MpukiagcHi (i3udHl HaBaHTAXEHHS,
a TaKOXX 3aCTOCYBAHHSM IEpeMUKaya TraJibMyBaHHs 30ypeHb XapaKTEPUCTUK CUCTEMHU
MpH 3HATTI (PI3MYHUX HABAaHTAXEHB, IO JAJI0 MOXJIMBICTH aJeKBaTHO BiAOOpa3uTH B
€IMHIA MOJIET SIK HeIHTEHCUBHI, TaK 1 CyOMaKcHMasabHI HABaHTAXKEHHS 1 TUM CaMHUM
CIIPOCTUTH 1HCTPYMEHTAPi MPOTHO3YyBaHHS BU3HAYEHHS JIOMYCTHMHX HaBaHTaKEHb
Ta MABUIIUTHA HOr0 TOYHICTE;

— MaTeMaTHYHy MOJENIbh  XapaKTEPUCTHK  pe3yJdbTaTiB  HaBYaHHSA,  SKa
BIJIPI3HSETHCS BpaxyBaHHSIM JIMHAMIKKA YCHIIIHOCTI Ta HOBU3HM HaBYAJIBHOIO
Marepiaiay, M0 Jajd0 MOXJIHMBICTh aJ€KBAaTHO IMOETANHO MPOTHO3YBATH YCIIIIHICTh
OCBOEHHSI MaTepially B CUCTEM1 aBTOMAaTU30BAHOT'O HaBUAHHS.

IIpakTuyHe 3HAYEHHS OePKAHUX Pe3yJIbTATIB IOJSITae y TOMY, III0 HA OCHOBI
noOyJOBaHUX Yy3arajJbHEHUX MOJEIEH CHCTEM 13 JIMITYIOUMMH (aKkTopamMu Ta
MIOXOAIB A0 iX 1AeHTH(]IKaLii, pPO3POOJIEHO AJrOPUTMIYHE Ta MPOrpaMHE
3a0e3neueHHsl, sIKe J03BOJISIE 1IEHTU(IKYBATH 11 MO ISl IUPOKOTO KJIACy CUCTEM.

Ha ocHOBI 3amponoHOBaHOI Yy3araJlbHEHOI MOJENI CHUCTEMH 13 30BHIIIHIMHU
JIMITYIOYMMH HABAHTAKEHHSMHM Ta MeToAy i1 1JeHTU(ikauli moOyJoBaHO €AUHY
MOJIEJIb TPOIECIB pealimiTalli mcis JIIKyBaHHS XBOPOO CEpIEBO-CYIMHHOI CHCTEMH.
Ha ocHOBI 3anmponoHOBaHOi y3araJibHEHOI MOJIENI 13 JIIMITYIOUOIO 3a0€3MEeUeHICTIO Ta
y3araJbHEeHOro MeTOJy ii 1eHTrdikarii Mmooy oBaHO METOAM 1neHTudikamii Moaenen
poIieciB OPOAIHHS Y XIMIKO-TEXHOJOTIUHUX CHUCTeMaX, 1IeHTUdIKaIlii Moaeli 1000Boi
JUHAMIKH TJIIKeMii XBOPHX Ha IIYKpOBWI AiabeT, moeTamHoi imeHTudikaii moaenei
Bi/IBiIyBaHOCTI BeO-caliTiB.

[IpakTuuHe 3HAYE€HHS POOOTU MIATBEPIKYETHCA 3aCTOCYBaHHSM PO3POOJICHUX
Mozelied Ta METOMAIB iX iJeHTU(iKalii TpU CTBOPEHHI MPOTrpaMHOro CepeAOoBHILA
MOJIEJIFOBAHHS CUCTEM 3 JIIMITYIOUMMH (PAKTOpaMH, iK€ IPAKTUYHO BpoBakeHo B K3
TOP «TepHomniJibCbKa YHIBEPCUTETChKA JIKApHS» IS MOJCIIOBaHHS J0OOOBOI
JUHAMIKH TJIIKeMii XBOpHUX Ha ykpoBui aiadet, JIBH3 «TepHoninbchkuii nepxaBHUAN
MenuuHuii yHiBepcuteT M. [. f. T'opOadeBchkoro» st MOJICIIOBAHHS peakilii
MaiieHTiB  Ha (I3UYHI HABaHTAXXEHHS IICIs CEPIEeBO-CYJIMHHUX 3axBoproBaHb, TOB
«SIBape» nmnms  MoOAeNIOBaHHA JIWHAMIKM  BifgBimyBaHocTi Be0O-caiitiB, T30B
«Arpoxommnanisa «Jlpyk0a» s MOJENIOBaHHS JWHAMIKH POJIOYOCTI TPYHTIB,
TepHOMIbCBKOMY HalllOHAIBHOMY €KOHOMIYHOMY YHIBEPCHUTETI IJISI MOJEIIIOBAHHS
JUHAMIKH YCIIIITHOCTI B CUCTEMAaX aBTOMATH30BAHOTO HABUAHHSI.

Ha ocHOBiI mpoBeneHUX TOCHIKEHb 3700yBadeM pO3pOOJICHO METOIWYHE Ta
mporpamMHe 3a0e3NeueHHs, K€ BUKOPHUCTAHO y HaBYAILHOMY Mpoleci Ha Kadeapi
KOMIT FOTEpHUX HayK TepHOMUIHCHKOTO HAI[IOHAIHHOTO €KOHOMIYHOTO YHIBEPCHUTETY
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Mpy BUKJIAJAHHI TUCHIUIUIIHU ,,AHaJi3 TPOEKTHHX BUMOT , a TaKOX Ha Kadeapi
€KOHOMIYHOi KiOepHETHKH Ta 1HGOPMATUKHU IILOTO K YHIBEPCUTETY MpHU BI/IKJIaI[aHHl
TUCIUIUTIH “MoJieTtoBaHHs. B YIPABIIHHI COLIATIbHO-EKOHOMIYHUMU CHCTeMaMI/I 1
“TexHOoJI0T1s MPOEKTYBaHHS Ta aJAMIHICTPYBaHHS 0a3 JaHUX Ta CXOBHII JaHUX .
OcoOuctuii BHecok 3700yBaya. Yci HayKOBI pe3yJbTaTd, BHUKIAJEHI Y
TUcepTaliiHiii  poOOTI, OTpUMaHI aBTOPOM OCOOUCTO. Y JIPYKOBAHMX Mparlsx,
omyOJIIKOBAaHUX Y CITIBABTOPCTBI, aBTOPY HaJie)KaTh Taki pPe3yibTaTH: METOJ
imeHTrdIKaIii mapamMeTpiB MOJEIi AMHAMIKHA T0OOBOI TIiKEMii XBOPOTO Ha IyKPOBUH
niabet [2]; meton imeHTH(]IKAMl MaTeMaTHYHUX MOJENICH JWHAMIKHA BiJIB1TyBaHOCTI
Be06-caiiTiB Ha OCHOBI €IMHOTO METOMy iAeHTH}IKalii MoJene 13 JIMITYIOUUMHU
dakropamu [3]; eauHa MaTeMaTMYyHa MOJENb peakulii NamieHTiB Ha ¢Gi3U4yHI
HAaBAaHTAKCHHS PI3HUX €TaIliB pealiTiTallii mcis CepreBo-CyIMHHUX 3aXBOPIOBaHb [4];
€IMHA MOJENb JMHAMIKK BiABiAyBaHOCTI BeO-caliTiB Ha OCHOBI CHCTEMH
nudepeHIiaibHuX piBHAHD MOHO [5]; MOJIeTIOBaHHS JUHAMIKH BYTJIEBOIIB Y KPOBI 32
JIOTIOMOTOI0  cucTeMHu JudepeHlianbHuX piBHIHR MoHO [6]; BHUKOpUCTaHHA
XapaKTEPUCTUKU BTOMJIIOBAHOCTI Y MPEACTABICHHIX MEPEMHUKAYIB MEXaH13M1B peaKilii
CHCTEMH Ha 30BHIIIHE HaBaHTaXCHHs [7]; moOymoBa MOYATKOBHX 3HAYCHb IS
imeHTrudikarmii KOMIOHEHTIB MOJell J000Boi auHaMiku Tiikemii [8]; mapabomiuHa
3aJICKHICTh JUIS TPEJACTABICHHS JUHAMIKK TIIIOKO3H, sKa TMOCTynuwia B KpoB [9];
MPE/ICTABJIICHHS TIEPEeMHUKayiB MpU i CyOMakCMMaJIbHUX HaBaHTaXEHb Y IMpaBiid
YaCTHHI BEKTOpHOTO audepenuiaabHoro piBHsAHHS [10]; 3arampHa CTpyKTypa cuCTeMHU
nudepeHIliaTbHUX PIBHAHD I MOJICITIOBAHHS XapaKTEPUCTHK CEPIIEBO-CYAMHHOI
cuctemu [11]; dbopmanbHe npencTaBieHHs NMOEIHAHHS BIUIMBIB MapacUMIATUYHOI Ta
CUMIIATHYHOI aBTOHOMHHUX HEPBOBHUX CHCTEM Ha CEpIEBO-CyIHMHHY cucTemy [12];
ITOPUTM TEHepallii MHOKWHY 3a/a4 JUIsl MePeBipKH HABUYOK anroputMmizamii [13];
crioci0 (opmanizaili OMIHKA BMIHb Ta HaBUYOK PO3B’S3aHHS aJITOPUTMIUYHMX 3ajad
[14]; maremaTHuHa MOEIb XapaKTEPUCTUK pe3yJbTaTiB HaBuaHHsS [15]; cTpykTypH
CEMaHTUYHUX KJIACIB JIJIsl TeHepallli TECTOBUX 3aBAaHb [16]; CTpyKTypy MHOXHUH IS
dbopmamizarii mpoOIeMHUX HaBYANBHUX cuTyallii [17]; omiHka o6iacTi cTabiIbHOCTI
SIBHOI CXEMH PO3B’sI3aHHS cUCTeMHU JuQepeHIianbHuX piBHIHL MoHO [18]; cTpykTypa
aJUTUBHO-MYJIBTUILTIKATUBHOT MO CKJIATHOCTI TBepmkeHb TecTy [19]; Monens
ONTUMI3AIlil YaCOBMX BUTPAT Ha JOCSATHEHHS NOTpiOHOro piBHs ycmimHocTi [20];
MeTo ieHTU(dIKaIli MOIeNl XIMIKO-TEXHOJIOTIYHOTO MPoIiecy OpoBapHOTO OPOJIHHSA,
AKUU TPYHTYETbCS HAa €JUHOMY METOAl 1JeHTU(iKalii Mozene 13 JIMITYIOUUM
cyoctparom [21]; CHIBBIIHOIIECHHS OI[IHKA BIUIMBY KOHIIEHTPAIIA J10JaTKOBOTO
o0csTy 1Hr10yI0U0ro NpoayKTy [22]; npeacTaBieHHs MOXUOOK 1eHTU (KAl HEeUITKUX
napaMeTpiB MOJIENI XIMIKO-TE€XHOJIOTIYHOTO TMpolecy OpoBapHoro Opominus [23];
QJITOPUTM YTOYHEHHSI HEUITKUX TPAEKTOPIA CIOXKUBAHHS CyOCTpary i IPOIeCy
OpoBapHoro OpojiHHs [24]; MeToxd ampoKcUMallli TeMIepaTypHOro MoJisi B 00 €KTi,
SAKUW MIIJAEThCS TEMIIEpaTypHOMY BIUIMBY [25]; MareMaTthyHa MOJAECNb MPOIECY
3aBaHTAKCHHS TEPMOKEPOBAHOTO 00’ekTy [26], y3araJibHeHa MOJElIb CHCTEM 13
JimiTyrounmM akropom [27], mapabosiyHa MOEb MOCTYIUICHHS TIIFOKO3H B KpoB [28],
MIPEICTABJICHHS TUHAMIKH CyOCTpaTy B XIMIKO-T€XHOJIOT1YHIM CUCTEMI 3a JOTTOMOTOIO
HEYITKOTO TIpoIleCy 13 TPUKYTHOIO (YHKIIEH HalexXHOCTI [29], oriHka o0csry
HAJIXO/DKEHHS TJIFOKO3M B KPOB 3a JOMOMOIOI0 KalbKyisTopa kamopikHocti [30],
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nepemMuKadl MDK pPEeKMMaMH HaBaHTAXKCHHS Ta BIIHOBIEHHS HOPMAJIBLHOTO CTaHy
cepreBo-CyauHHOT cuctemu [31], moeaHaHHS MOJENel ra30BOi JUHAMIKU JUXATbHOT
CUCTEMH 13 JIHMHAMIKOIO TOKY KpOBI B CEpIEBO-CyAMHHOI cuctemMu [32], Momeinn
CKJIaJIHOCTI 3aBjaaHb [33], CTPYKTypa CEMaHTUYHUX KJaciB JUIA T€Hepallli TECTOBUX
3aBnaHb [34], MeTox €BOJIOLIMHUX IOCIIAOBHOCTEH aisi (OPMYBaHHS CTPYKTYpH
CHCTEMH KOHIICTITIB B OHTOJIOTIAX [35], CTpyKTypa CUCTEMH €IEKTPOHHUX HAaBYAIBHHUX
KypciB [37], mpeacTaBlieHHs CTPYKTYpH IPOOJIEMHUX OHTOJIOTIH y Oa3ax manux [38],
CHIBBIAHOMIEHHS JUIsi TMOOYJOBH TIOYATKOBUX 3HA4YEHb TapaMeTpiB  MOJENi
OioTexHoJyoriuHOTrO TIporiecy OpominHs [39], Momens ympaBiiHHS TEPMOKEPOBAHUM
o6’ektom [40], crtpykrypa MonyiniB ineHTH(iKamii Ta MTPOrHO3yBaHHS MOJENI
aMHaMikK  Tiikemii  [41], Mopenms JOWHAMIKM TPHPOAHOTO iHCyniHy [42],
CIIBBIAHOIIEHHS [JJI1 TeHEeparii OCHOBM TECTOBOTO 3aBiaHHs [43], cTpykTypa
CEMaHTHYHOrO Kiacy ‘“Merox” g TeHepalii TecTOBUX 3aBaaHb [44], cucrema
0a30BUX KjaciB i1 (opMyBaHHS OHTOJIOTIH MpeaMeTHHUX oOsacreit [45], maTpui
NPEJCTABICHHS CKJIAIHUX TECTOBHX 3aBaaHb [46], BHKOpHCTaHHS 3alli3HIOYOTrO
apryMEHTY B MOJICITIOBaHHI BILTMBY MPHUPOJIHOTO 1HCYNIHY Ha AMHAMIKY TiikeMii [47],
MO/IEJIb HaIXO/DKCHHS TIFOKO3HU B KpoB [48].

Anpobauisa pe3yabtaTiB aucepramii. OCHOBHI TOJOKEHHS JucepTarii
JIOTIOB1IANIUCA Ta  OOrOBOPIOBAIMCS HA  MDKHApPOAHMX Ta  BCEYKPAiHCHKHUX
KoH(epeHIisix, ceMiHapax Ta cummnosiymax: JliTHIH mikomi-cemiHapi “IHaykTHBHE
MOJICIIIOBAHHS: T€OPis 1 3aCTOCYyBaHHSA MDKHApOAHOTO HAYKOBO-HABYAJIBLHOTO LIEHTPY
iHpopmMariitnux TexHosorii 1 cucteM HAH ta MOH Vkpainu (Kuis — XKykun, 2015);
IX, X1, XIII MixuapoHux HayKOBO-TeXHIYHMX KOHpepeHuisx “JlocBig po3poOku i
3acrocyBanHs CAIIP B  wmikpoenekrponini” CADSM’2007, CADSM’2013,
CADSM’2015 (Lviv-Polyana, 2007, 2013, 2015); IV wixHapoaHiii HayKOBO-
npakTuyHii KoHpepenuii “Iadopmartiiini ynpasistoui cuctemu ta Texnosorii” [YCT-
2015 (Ogeca, 2015); IX, X, XI, XII MikHapoJHIX HAYKOBO-TEXHIYHUX KOH(EPEHIIISIX
“CyyacHi mnpoOyieMu  paJiOCNEeKTPOHIKH, TEJICKOMYHIKAIIA Ta KOMIT IOTEPHOL
imkenepii” TCSET?2008, TCSET’2010, TCSET 2012, TCSET’2014 (Lviv-Slavsko,
2008, 2010, 2012, 2012); 3th, 4th, 5th, 6th, 7th IEEE International Conferences
“Intelligent Data Acquisition and Advanced Computing Systems” IDAACS’2005
(Sofia, Bulgaria, 2005), IDAACS’2007 (Dortmund, Germany, 2007), IDAACS’2009
(Rende, Cosenza, lItaly, 2009), IDAACS’2011 (Prague, Czech Republic, 2011),
IDAACS’2013 (Berlin, Germany, 2013); II MibkHapoaHiIi HayKOBO-TIPAKTHYHIN
KoH(pepeHtlil «[HpopmariliHi TEXHOJIOTIT Ta KOMIT toTepHa iHxkeHepis» (Xapkis, 2011);
MDKHApOJIHIM HayKOBO-TIPAKTUYHIN KoH(epeHii ~THgopMaliiiiHi TEXHOJOTii Ta
komm 'torepra imkenepis” (ITKI-2010) (Bimawms, 2010); XIII BceykpaiHchbKii
HayKOBO-TIpakTU4HIA KoH(pepeHiii ’CydacHi mpoOjeMu MPUKIAJIHOI MaTEeMaTUKH Ta
inpopmarukn”  (JIeBiB, 2006); HAyYKOBO-METOOWYHHUX ceMiHapax Kadeapu
KOMIT FOTEpHUX HayK TepHOMIBCHKOTO HAIlIOHATHHOTO €KOHOMIYHOTO YHIBEPCHUTETY
(2006- 2015).

IMyoaikanii. OcHOBHI pe3yJabTaTh AWCEPTAIIMHOI POOOTH BUCBITIICHO B 48
JIPYKOBAHUX TMpaIsgx, y TOMY YHCIl 6 cTaTeil B TMEpioAUYHUX HAYKOBHX BHIAHHSIX,
3apEECTPOBAHUX Yy MIKHAPOJHUX HayKoMeTpuuyHHMX Oa3zax, 20 crateil y ¢paxoBux
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HAyKOBHUX BHUJAHHSAX YKpaiHu, 22 — y Marepiaiiax KoH(pepeHuid, npuuomy 18 i3 HUX
3apeecTpoBaHo y HaykoMeTpuuHii 6a31 SCOPUS.

Crpykrypa aucepramii. /[ucepTaiisi cKiamaeTbCcs 31 BCTYIy, LIECTH PO3/ILTIB,
BHUCHOBKIB, CIHCKYy BHKOPHCTaHHUX JDKeped Ta pnonatkiB. PobGora wmictuts 306
CTOPIHOK, Y TOMY YHCJIl OCHOBHOI'O TEKCTY - 255 cTopiHok, 20 Tabmuik, 143 pucyHkH,
255 HaliMeHyBaHb BUKOPUCTAaHUX JXKEPEIL.

OCHOBHMUM 3MICT POEOTH

VY BeTymi HaBeJICHO 3arajibHy XapaKTEPUCTHKY po0OTH, OOTPYHTOBAHO aKTyaanlch
TEMH, BU3HAUYEHO OO’€KT Ta MPEAMET JOCIIIKCHHS, c@opMynLOBaHo MeTy 1 3amadyi
JOCIIPKEHHSI, PO3KPUTO HAyKOBY Ta MPAKTHYHY ILIHHICTh OTPUMAaHUX PE3yJIbTATiB, a
TaKOX MOJaH1 BZIOMOCTI PO anpoOarliro AUcepTaiiiftHoi poOoTH.

Y nepmioMy po3aiii TOJAaHO 3arajibHUM OrJIsiA MpOOJIEMaTUKUA MOJICTIOBAHHS
CUCTEM 13 JIMITYIOUMMH (DaKTOpaMu, 30KpeMa THUIIU MOJIENIed CUCTEM 13 JIMITYIOUUMHU
(dakTopamu, TAXOIU 10 MOOYIOBHM METOMIB iX imeHTU(iKaiii, 3acodbu (hopMyBaHHS
MPOrpaMHUX MPOAYKTIB JUI YHCIOBOTO MOJIENMIOBaHHA. BcraHoBieHo (parMeHTairiro
MAXO/IB JI0 MOOYIOBU MOJIENIEH CHCTEM 3 JIMITYIOUMMH (DaKTOpaMu, sSika YTPYIHIOE iX
CTaHJAPTHU3AILII0, 1110 MPU3BOAUTH JIO0 3HAYHHUX 3aTPaT 4acy Ha po3poOJIeHHS MPOrpaMHUX
KOMIUIEKCIB TIPOTHO3YBaHHS Iepediry MpoLeciB y 3raganux cucreMax. Lle mano 3mory
copMyBaTi OCHOBHY MpOOJiEMY, PO3B’SI3aHHIO SIKOI TPHUCBSIUEHE AaHE JOCIHIIKEHHS,
00yMOBJIEHY BIJICYTHICTIO y3araJIbHEHUX MOJIEJIEH CUCTEM 13 JIMITYIOUUMHU (haKTOpaMmu
Ta METOAIB iX 1AeHTU]IKALIl A pO3B’A3yBaHHSA NPUKIAJAHMX 3a/ad 3 PO3LIMPEHOIO
cdeporo 3aCTOCYBaHHS y IPUKIIATHUX JTOCTIIKSHHSIX.

AHai3 mTepaTypHUX JPKEpen Ta MpakThKa JAOCTIKEHb CUCTEM 13 JIMITYIOUMMU
(akTopamMH 103BOJISIE BBAKATH JIIMITYIOUMMHU OKpeMHUH (akTop ab0 HEBENIMKY iX
MHOXKMHY, KOJIM BOHM BH3HAYalOTh TMOBEMIHKY Ta (DYHKIIOHYBAaHHS CHUCTEMH,
BUKJTIOYAIOYX BIUIMB 1HINX (hakTopiB. Take BUKITIOYCHHS MOKE OyTH aOCOJIOTHHM abo
HETMOBHUM, KOJIM 1HIII (haKTOPH BUKJIIOUAIOTHCS B OCHOBHOMY, X04a iX HE3HAUHUI BIUIKB
MOK€ BimuyBaTucs. UWCIEHH! IOCHIPKEHHS B EKOJIOTIYHIM Ta OI10JIOTIUHIN ramy3six
MIPUCBSYECHI CUTYaIllsIM, KOJIM B Tiporieci (DYHKIIOHYBaHHS CUCTEMH OHMH JIMITYIOUHA
dakrop 3amiHseTbes 1HMMM. OJHAK 3HAYHUNA TPAKTUYHUNA 1HTEPEC MPENICTABIISIOTH
MIPOLIECH, B SIKUX JIMITYIOUMH (pakTop He MiHse€ThCs. OHIEIO 13 HAUMPOCTINIMX MOAETEH
CUCTEMH 13 JIMITYIOUUM (AKTOPOM € KIaCMYyHa MOJAENb XWXKak-keprBa JIOTKu-
Bonbreppu, B SKiii YMCENBHICTH KEPTB € JIMITYIOUUM (QakTopoM. Y wid Mojedni
IHTEHCHBHICTh B3aeMoii xwkakiB X (t) Ta xeptB S(t) mpomopiiiiina 1o0yTky X (t)S(t)
iXHBOI YHCENbHOCTI. B Takili Momen Mana KUIbKICTh XIDKaKiB MOXKE€ KOMIICHCYBATHCS
POCTOM YHCEIBHOCTI KEPTB, IO HE BIAMOBIIAE AicHOCTI. B X0a1 gocimkeHb B3aeMo/Iii
MIKpPOOPTraHi3MiB 13 cyOcTpaToM y 010TexXHOJIOor uHuX peakTopax JKak MoOHO BUSIBHB, 110
IHTEHCUBHICTh 3raJIaHO1 B3a€MO/IIT MPEACTABIAETHCS JPOOOBO-PAIiOHATEHOIO (DYHKITIETO,
3HAYEHHS SIKOI 3HIXKYIOThCSI 13 pOCTOM KOHIEeHTpauii cyocrpary. IlincTaBuBiim
MIPE/ICTaBICHHS IHTEHCUBHOCTI B3aEMO/I1i, BCTaHOBJIEHE MOHO, B MOJIENb XMKaK-)KEPTBa
1 BHKIIIOYMBIIM MOXJIMBICTh POCTY YHCIA KEPTB, OTPHUMYEMO MOJENb MPOIECIB Y
NEePI0AUYHOMY O10TEXHOJIOTTYHOMY PEAKTOPI
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dy .\ S(t)
e —[pl— pzjx(t),

p,+S(t) "
den SQ)
50 =P o= X0,

X(0)=X,, S(0) =S,
ne X (t) - koHueHTparist Mikpooprasizmie, S(t) — KOHIIEHTpaITisl CyOCTpaTy, MOKUBHOTO
CEpEIOBUINA MIKPOOPTaHi3MiB, SIKe MIATPUMYE TepeOir Mmpolecy Ta € Horo JIMITYIOUUM
¢daxkropoM, p,- p,- mapamerpu Mojeni. JlimiTyrounii (hakTop BIUIMBAaE Ha BIHOCHY
IHTEHCUBHICTh B3a€MOJii aKTUBHOTO CEpE/IOBUINA Ta CyOCTpary: MpU MaKCUMaJbHUX
HOro KOHIIEHTpAIISIX IHTCHCUBHICTh B3a€MO/I1T OJIM3bKA 10 MAKCUMAJIBHOI, a TTPH HU3bKUX
KOHIIEHTPALISAX — 0 HYJIbOBOI.

MaxkcumalibHa 1HTEHCHBHICTh B3a€MOJIli HE MOXe OyTH 30UIbLIEHa HAPOILIEHHSIM
KOHIIeHTpalii cyoctpary. [Ipu pa3oBoMy BHECEHHI MEBHOI KOHLEHTpaIlii cyOcTpaTy Ta
AKTUBHOI'O CEPENIOBMILA B CHCTEMY, BHACIIJIOK B3a€EMOJII 13 cyOCTpaToM KOHILIEHTpPALIis
AaKTUBHOIO CEPENIOBUILA 3pOCTAE JO0 MAaKCHUMAJIbHOTO 3HAYEHHs, a IOTIM, BHACIIIOK
BUYEPIaHHS CyOCTpaTy Ta CMEPTHOCTI Cepell €JIEMEHTIB aKTMBHOTO CEPEIOBHINA, BOHA
penykyeTbest 10 HyJs. KoHmeHTparisi cyOcTpaTy BHACHIIOK B3a€MOJIl 3 aKTUBHUM
CepeI0BUIIIEM MOHOTOHHO CIA/Ia€ JI0 HYJIS.

[Toxibna nquHaMika B3a€MOJIil aKTUBHUX Ta MIATPUMYIOUUX CEPEIOBUII BIACTUBA
3HAYHIA KUIBKOCTI MPAKTUYHO BaXKIMBUX ABTOHOMHHUX CHCTEM, Kl MPEJICTaBISIOTH
00’€exTH, 10 HE € OioJoTiuHUMH. ) IUX cucTeM XapakTepHe BOyJOBaHE YIpaBIiHHS
OUTBIIICTIO TIpolieciB Ta mapameTpiB. lle mo3BoJisie €IuHOMY HaNBaXIUBIIIIOMY
JaiMiTyrouomy (akTopy BU3HA4YaTH (PyHKIIIOHYBaHHS BCi€i cucteMu. Jlo Takux cucreM
MOKHa BIJHECTHM EHIOKPUHHY CHCTEMY IalliEHTa XBOPOrO Ha IyKpPOBHUH Aiaber,
cucteMy 3a0e3leueHHs] BIABIIYBaHOCTI BeO-caiiTy, cucteMy aBTOMAaTHU30BAHOIO
HaBYaHHA. [HIIMI TUN BIUIMBY JIMITYIOUOTO (pakTOpa BHUHHMKAE MPU HOTo Aii B poil
30BHIIIHBOTO 30yKyBaya Ha aBTOHOMHY cucTeMy. Ciold MOKHa BiJJHECTU PEAKIIII0
CEpIEBO-CYAMHHOT CHUCTEMHU TMaIll€eHTa IMiJ Yac peadumTallii Mmicias 3aXBOPIOBAHb
3raJlaHoi CUCTEMH Ha 3HauHe (pi3nyHe HaBaHTaxxeHHs. [Ipu monepenHix AOCTIIHKEHHIX
X CHCTEM HE aHaji3yBaBCs BIUIUB JIMITYyIOUMX (aKTOPIB, 110 3aBaAWIO MOOYIOBI iX
y3arajJJbHEHUX MOJICJICH.

st BpaxyBaHHS OCOOJUBOCTEH KOHKPETHUX OO €KTIB MOJEIIOBAHHS MICIHA
BCTAHOBJICHHS 3arajbHOi CTPYKTYpH MOJEI1 HEOOXITHO 3AIMCHUTH 11 mapaMeTpudHy
imeHTrdiKario. 3a BIACYTHOCTI PI3KUX KOJIMBAHb JOCTIKYBAaHUX XaPAKTEPUCTHUK IS
imeHTudikamii X MojeNnel JOCTaTHIM € 3aCTOCYBAaHHS CEpPEIHHLOKBAIPATUYHOTO
KPUTEPIIO SIKOCTI. Moro MiniMizamist 101aTKOBO YCKJIQTHIOETHCS HEJIHINHICTIO MOJIEI,
0 MPU3BOJAUTH JO YHUCICHHUX JIOKAJIbHUX EKCTPEMyMIB (PYHKI[IOHAY SIKOCTI
imenTudikarii. 3 METOI0 BUSBJICHHS TJI00AJBbHOTO €KCTPEMYMY MOKHA BHUKOPUCTATH
YVHIBEpCaJIbHUN METOJ HAmpsIMHOTO KoHyca PacTpuriHa, 1o BiJHOCHTBCS 1O Kjacy
METOJ[IB BHUMAAKOBOro momryky. OpHak miepebip JOKaJbHUX EKCTPEMYMIB 3a
JOTIOMOTOFO ITHOTO ITiIX0Ty MPU3BOIUTH JI0 3HAYHUX OOUYMCITIOBAIBHHMX 3aTpaT. MeHI
3aTpaTHi MoIU(IKOBaHI TPAIIEHTHI METOJ ONTUMI3AIlli 3JaTHI BUSBISITH JIUIIE
JIOKaJIbHI EKCTPEMYMH.
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Po3pi3HEHICTh ICHYIOUMX TMIJIXOMIB A0 MOJICTIOBAHHS CHCTEM 13 JIMITYHOUUMU
¢dakropamMu Ta MOOYTOBU METOIB iX ieHTU(IKALI] YCKIAIHIOIOTh BUOIp MPOTOTHUIIIB
IV TOCHIJDKCHBb 3TaJaHUX CHCTEM B HOBHX MPEAMETHHUX OOJACTSIX, MO0 TOPOIKYE
3rajany mpooOieMy nocmipkeHHs. Jlns BupimeHHs i€l mpoOnemMu HeoOXigHO
pO3B’sI3aTH KiJIbka HAYKOBO-TEXHIYHMX 3a/1ad. llepiia momsrae y moOymoBi 3araibHUX
MOJIeJIel cucTeM i3 JiMiTyrounMu gaktopamu. HactymHa mossirae y moOy1oBi MeToIy
imeHTudikamii Momenai cucTeM 13 miMmiTyrounMmHu - ¢aktopamu. lle Bukiukae
HEOOXiIHICTh CTBOPEHHS TPOTPAMHOTO CEpPEJOBHINA MOJCITIOBAHHSA 3TrajlaHuX
cucteM.CranmapTu3ailisi MoOyJOBM MAaTEeMAaTHYHUX MOJEICH MIBUIIYE MOKIHUBOCTI
MMOBTOPHOTO BUKOPUCTAHHS 3T€HEPOBAHOTO MpOorpamMHOrO Koxy. Jlims 3HIKEeHHS
TPYJAOMICTKOCTI TPAKTUYHOTO BUKOPHUCTAHHS 3araJlbHUX MOJENIed Ta METOIIB
HEOOXITHO MOOYIyBaTH CHCTEMY MOJENEH I OKPEMHUX MPUKIATHUX MPEAMETHUX
oOyacTei.

Y apyromy po3aijii 3anpornoHOBaHO Ta OOrPYHTOBAHO MOJIENb MPOLECIB 13
BIJIOKPEMJIEHUMH JIIMITYIOUUMH (DaKTOpaMu, MNPEACTABICHO JOCIIIKEHHS BIUIMBY
napamMeTpiB MOJEJIEd MPOIECIB 3 JIMITYIOUMM (DAaKTOPOM Ha CHUCTEMHI 3MIHHI,
po3pobieHo MeToj ineHTudikaiii Mojenl MNpPOIECiB 3 JIMITYIOUUM (PaKTOpoOM 3a
CIIOCTEPEKEHHAMM 3MIHHUX aKTUBHOCTI Ta 3a0€311€UYE€HOCTI CUCTEMHU.

AHami3z cucteM 13 JIMITYIOYMMH (akTopamMu pi3HOI TPUPOAU  JI03BOJIUB
y3araJbHUTH MOJIeTb OI0TEXHOJIOTIYHOIO peakTopa ISl I1X MOJENIOBaHHA. Y
pe3ynbTaTi TAaKOTO Y3arajlbHEHHS KOHIIGHTpALll0 MIKPOOPraHi3MIB Yy peakKTopi
PO3TIIAAAEMO SIK XapaKTEPUCTUKY aKTUBHOCTI MPOIECY YTBOPEHHS MIKPOOPIaHi3MiB Yy
CUCTEMI, a KOHIICHTpaIlilo cyOCcTpaty — sk 3a0€3MeUeHIiCTh 3rafaHoro mnpouecy. s
MIJIKPECICHHSI 0COOJIMBOCTI B3a€EMO/III XapaKTEPUCTUK aKTUBHOCTI Ta 3a0€3MEUYEHOCTI
MPOIIECIB Yy CUCTEMI 3 JIMITYIOUUM (HaKTOpOM Yy PO3TIsia BBedeHO (yHKIIT MoHO
MEepIIOro

s
M, (m, S(t)) = meS@’ (2)

Ta IPyroro pomy
M, (m, P, S(0) = L @3)

+P(1)

®yukiisi MOHO JApyroro pojy BHKOPHUCTOBYETHCS JUIsI MOJCIIOBAHHS SIBHIIA
1HTI0yBaHHS (OCTA0JICHHSI) AaKTUBHOCTI TPOIECIB y CHUCTEMI B 3aJIeKHOCTI BiJ
IHTEeHCUBHOCTI  yTBOpeHoro mnpoxaykry P(t). Ilapamerp m oTpuMaB Ha3By

JIMITYIOHOTO TlapameTpa. BiH BU3Hayae TpUBAIICTh NMEPIOy MiJIBUILEHOT aKTUBHOCTI
CUCTEMH, a MOro HYJThOBE 3HAYCHHS MEPETBOPIOE (PYHKIF0O MOHO MEpImioro poay B
OJIMHUIIIO, TUM CaMUM 3BOJISIYM BiAMOBIAHY KOMIIOHEHTY AU(EPESHINIATBHOTO PIBHSIHHS
710 JIIHIHHO.

3aragpHa cxema B3acMOll KOMIIOHEHTIB aHaJI30BaHUX CHCTEM IIOJaHa Ha
PUCYHKY
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30BHiLIHE
HaBaHTaXEHHA

3abesneyeHicTb 3aranbHOro npotecy

L .

A\ 4

v AKTUBHICTb ) _
. npouecy m AKTUBHICTb AKTUBHICTb
R AKTUBHICTb npouecy m+1 npouecy M
" npouecy 1
: I
A\ 4
3abesneyeHicTb
3abe3neyeHicTb npouecy m
npouecy 1

Puc. 1. 3aranpHa cTpyKTypa CUCTEM 13 JTIMITYIOUUMH (paKTOpaMu

VY cucrtemax 13 30BHIIIHIM HABaHTA)KCHHSIM OCTAHHE BIUTMBAE JIMIIIEC HA MOKAa3HUKU
AKTUBHOCTI CHCTEMH 1 CIYXHUTh JUIsl HUX JIMITYrounM QakrtopoM. HemniHiliHi edekry,
AK1 TIPU 1[bOMY BHUHUKAIOTh, OIMHUCYIOTHCA 3a JomoMorow ¢yHkiii MoHO mnepuioro
poay. BianoBigHi Moe1 po3IIIsIatoThes B po3. 4.

B iHmux cucremax JIMITYIOUMMH (DaKTOpaMu CIIyKaTh KOMIIOHEHTH CHCTEMH,
TOMY BOHM OTpUMAaJId Ha3By BHYTPIIIHIX JiMITyrouux (axtopiB. B ocHOBHOMY ix
B3a€EMOJIiII Ma€ XapakTep, MOMIOHMM 10 B3aeMOAll KOMIOHEHTIB cucremu (1) 13
JESKUMH y3araJibHEHHSIMU. B okpemMux BuUIIagKaXx Ha 3arajbHy 3a0€3MeuYeHICTh
CHUCTEMH BIUIMBAIOTh AKTHUBHOCTI JEAKUX MIANOPAIKOBAHUX MpoleciB. YactuHa 13
OCTaHHIX 3a3Ha€ BILUIMBIB CBOIX JIOKAJILHUX 3a0€3II€UEHOCTEN, 1110 HE B3a€EMOIIIOTH MK
co00I0 1 TOMY OTPUMAaJIM Ha3BY BIJIOKPEMJIEHUX JIMITYIouuXx (aktopis. IIpuknagom
TaKO1 CKJIAAHOI CHCTEMH € MOJICTb JUHAMIKH TJIKeMIii XBOPUX Ha IyKpOBUH miaderT,
AKa MICTHTh CYKYMNHICTh PI3HMX HIANOPSAKOBAHUX IPOIIECIB, IO B3aEMOJIIOTH 13
3arajJbHOK0  3a0€3MEUYEHICTI0 CHCTEMH Ta MOXYTh OOMEXKYBaTUCA BIACHUMH
3a0€e3MeYeHOCTAMHU.

PosrisitHemMo y3araiabHEeHy MaTreMaTH4HY MOJI€Nb CHUCTEM 13 BHYTPILIHIMU
JiMiTyrouuMu  (akTopaMu, SKa MICTUTh M MOIANOPSIKOBAaHUX TIPOIECIB, IO

BIUITMBAIOTh Ha JUHAMIKy 11 3arajpHoOl 3a0e3medenocti S(t). Bzaemomis mporieciB i3
3arajJbHOI0 3a0€3MEYCHICTIO MPEACTABISEThCS 3a JonomMororo (¢yHkiii Mono,
YaCTKOBMM BHUIAJKOM sIKOI € JiHIMHAa QyHkuis. Hexai t'  — MomeHT wacy

JOCSITHEHHSI  3MIHHOKO ~ aKTUBHOCTI  i-TO  MIAMOPSJAKOBAHOTO TMPOIIECY  CBOTO

MaKCHMaJbHOTO 3HaueHHs, f, — dacTka (iHAIBHOTO PIBHS 3MiHHOT aKTUBHOCTI i-TO
IPOLECY BIIHOCHO CBOTO MakCHUMalbHOro piBHA X, Cji. — BEKTOp apryMEHTIB

GyHKIIT yIpaBIiHHA | -M TapaMeTpoM i-To mpouecy. [Ipu mux IOomyIIeHHsIX 3rajiaHa

y3arajibHEHa MOACIIb Ha6YBa€ BUTIBIAY
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5 (0=2 P, M(.S )X, @)
%xim:(pimz(p;,sr(t)ﬂ(t))—p;)xi, (t<tu)v (X,©>X,)i=Im,
%s ®)=—piM,(pL, S @)X, (t), i=1m, (t<t' )v(X,®)>X,,),i=1m, (6
_%XKUZQ (t>t A (X @) <X,,) i=1m, (7)
ESJU:Q (t> ) A (X, <X, ), i=1m, ®)

PO=-p oS0, i=im, ®)

X, (0) x.o’S(O) So’ S (0) S. 0! xi,f :fixi,max’ x(trinax):x (10)
p! =H,[C!. T(v)] (1)

i,max !

B moneni BimoOpakeHo edekt crabimizarii 3MiHHUX cTaHy (piBHsAHHS (5) — (8)),
KOJIM aKTHUBHICTh MIAMOPSIKOBAHOIO MPOIECY CTA€ HUKYOKO MEBHOTO KPUTHYHOIO
piBHa X, MiCIS JOCATHEHHS LI€I0 3MiHHO CBOIO MaKCHMAJIbHOro 3HadeHHs. Takox
y piBHsHHI (9) mpeicTaBicHO MuHAMIKy mpoaykty P(t) cucremu i3 BpaxyBaHHSIM
edekTy 1HriOyBaHHS aKTUBHOCTI iI-ro mporecy (dyHkiiss MoHO apyroro poay B
pieasaai  (5)), a Takok TepeadaueHO MOMIIMBICTH YIPABIIHHSA IapamMeTpaMu
nignopsakoBanux mporeciB (piBusHHS (11)). Ilpu moOymoBi 3arajJbHOTO METOLY
imenTudikarmii miei Moaeni HeoOXITHO BpaxXyBaTH BEIMKWN pPIBEHb HEBH3HAYCHOCTI,
AKUW MOXe OyTM B HIM NPUCYTHIA Yy BHMNAAKY CIOCTEPEKEHHS JIMIIE 3a
KOHIICHTpAIli€l0 3arajibHOi 3a0e3neueHocTi. Takwii METOJ JOCTaTHhO — BaXKKO
moOymyBatu 0Oe3MoCepeIHbO0, TOMY PO3IJISHEMO ACKUIbKA JOMOMDKHHMX 3aaad, SKi
J03BOJISITH MIJITOTYBAaTU TOOYAOBY METOMy iaeHTUu(IKaIli MojeNi 3 3arajibHOI0
3a0€3MeUeHICTIO.

Ha mepiromy eTami JOLiIBHO JOCHIAMTH Hakmpocrtiry moziens (1) i3 cimeiicTBa
3aIPOIIOHOBAHUX, SKa MICTUTh KJIIOUOBI OCOOJMBOCTI CKIIQJIHIMIMX BapiaHTIB. 3a
JIOTIOMOTOI0 aHAITHYHUX CIIBBIJHOIIECHb, SKI MIATBEPKEHO EKCIIEPUMEHTAIBHO,
BCTAHOBJICHO BIUIMB 3MiHW TapaMeTpiB MOJENI Ha AWHAMIKY 1i 3MIHHUX, SKHHA
npeacraBieno B Tabn. 1. Cepen ycix 3MiH TapaMeTpiB KIIOYOBY PpOJIb BiJirpae
JIMITYIOUMH Tapamerp pP,, AKUMM BU3HAdae 00JacTh aKTUBHOCTI 3MIHHOI aKTHBHOTO

CEpEeIOBUIIA TAKUM YUHOM, IO 11 HEMOXJIMBO BUIIPABUTH 3MIHOIO 1HIIIMX MapaMeTpiB.
[{s BIacCTHBICTH MOCTYXKHJIAa OCHOBOIO I METOMY 1MeHTH(IKAIli MOl TIPOIECiB 3
BHYTPIIIHIM JIIMITYIOUUM ()aKTOPOM 3a CIOCTEPEKEHHSIMHU 3MIHHMX aKTUBHOCTI Ta
3a0€3Me4YeHOCTI CHCTEMH.

OcKiIbKHM 3MIHHEM MOJIEJII He BJIACTHBI Pi3Ki BUIAAKOBI KOJMBAHHS, ISl OLIHKH
AKOCTI 11eHTudikaiii BAOpaHO CEepeTHbOKBAAPATUIHUN KPUTEPIi:
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N —~ ~
QP =281, P -3y + (X(t, ) - X))’} (12)
j=
[Ipu KoxHOMY Ha0Opi 3HaYeHbL P mapaMeTpiB Mozedi A moOyJOBU 3HAYEHD

sminnux 3aGesnedyenocti S(t;, P) ta akrmeuocti X(tj, P) cucremum HeoOXiHO

pO3B’sI3aTH  CHCTEMy HENiHIMHMX nudepeHmianbHux piBHaEb (1), S;, X]
CIIOCTEPEKEH1 3HAUCHHS 3MIHHUX CHUCTEMH B MOMEHT 4acy t ji-
Ta0murg 1
BruuB 3min mapametpiB mozeni (1) Ha quHaMiKy 11 3MIHHUX
XapakTtep 3MiHa aKTHBHOCTI CUCTEMH 3miHa
3MIHH 3a0e3mneueHocTi
rapamMeTpiB MPOIIECIB CUCTEMU
Pict Xo HIBuiIe JOCATHEHHS! MAKCUMAIbHOTO IBue BUUepIaHHs
3HAYEHHS cyocTpary
Pict Sp PicT MakcMMallbHOTO 3HaYCHHS Ta IBume BUUepaHHs
TEPMiHY HOTO TOCSTHEHHS cyocTpaty
Pict p; PicT MakcHMallbHOTO 3HAYCHHS IBume BUUepIaHHs
cyOcTpaty
Pict p 3MEeHILEeHHS PiBHS MaKCUMAaJbHOTO CroBinbHEHHS
SHAYCHHS, IPUCKOPCHHA uoro CIIOKMBAaHHS
JIOCSITHEHHSI cyocTpary
Pict p3 3MEHILIEHHS! MaKCUMaJIbHOT'O 3HAUEHHS [Ipuckopennss
CIIOKMBAHHS
cyocTpary
Pict p4 [IBuIIe JOCATHEHHS! MAKCUMAIBHOTO CroBinpHeHe
PiBHS Ta 3BY)KE€HHS 00J1acTi CITO’KMBaHHS
MaKCUMaJIbHHUX 3HAUYCHb. cyocTpary

Ines meromy ineHTH}IKALIT ITOJISATaE Y BUBEICHHI CITIBBIIHOIICHD JIJI1 HAOJIMYKEHOTO

BCTAaHOBJICHHS TapaMeTpiB MOJIENI 332 BIJOMUMH 3HAYEHHSMU JIIMITYIOUOTO Iapamerpa
p,. Lli CHIBBIOHOIIEHHS OTPUMAaHO 3a JOINOMOIOK PI3HULEBOI AaNpPOKCHMAIIl]

nudepeHiaIbHuX pIBHSIHB cucteMu (1) uist IesIKkux cnocTepekKeHUX 3Ha4eHb 3MIHHUX
cucteMu. OCKUIbKM TepIle PIBHAHHA CUCTEMH MICTUTh, OKPIM JIIMITYIOUOTO, 1€ JIBA
napameTpH, JJisl iX BCTAaHOBJICHHS BUKOPUCTOBYIOTHCS JiBa CIIBBIAHOILIEHHS Ta TpU
crioctepexkeHHsa. OcTaHHI JTO3BOJISIIOTh HAOJU3UTH 3HAYEHHS MOXIAHOI aKTHBHOCTI
cucteMu. B pe3ynbrari OTpUMYEMO CHUCTEMY JABOX JIHIMHUX pIBHSHb JJIs
BCTAHOBJICHHS JIBOX MapaMeTpiB Mepiioro qudepeHIiiaasHoro piBHSHHSA cucteMu (1)

AI:_)’2 = 6 , (13)
Sy 1
A=| Pst S, ., B2 _ Py b= Dy 112 w0
M 1 P, DX,J+1/2 ’
P, + SJ+1/2 ,
Dy, = (XS = XS AL —t5,), Sy 4y = 227001 (15)

2
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Ta OJ[HE CITIBBITHOIIIEHHS JIJIsl TapaMeTpy APyroro AuepeHIialIbHOTO PIBHIHHS

p, +S e
P; = — S4 X ° s, 3, s 3= (SJ+1 1) /(t.]+l t3.1), (16)
AN

ne X, S, — cnocrepesxkeHi 3HaYeHHs 3MiHHUX aKTUBHOTO CEPEOBHILA Ta CyOCTpaTy,

J — 1HJEKC CIOCTEPEKEHHS, SKOMY BIANOBIAa€ MaKCHUMaJIbHE 3HAYCHHS 3MIHHOI
aKTUBHOTO  cepefoBUINA. Pi3HUIEBI  CIIBBIJHOMICHHS OYyIyIOThCS  HaBKOJIO
CIIOCTEPEXKEHHS 3 1HAEKCOM J, OCKUJIbKA BOHM HaWiHQOpMaTHBHIIII. TakuM YHMHOM
MOYaTKOBI 3HAYCHHS MapaMeTpiB MOJEII Terep MOXKYTh OyTH BCTAHOBJICHI HA OCHOBI
3HaYEHHs JIIMITYI090T0 IapaMerpa. ToMy 3aMiCTh IOBHOTO TEPENTiKy P HapaMerpiB y
npezacrasieHHI (12) MoykHa BUKOPHCTOBYBATH 3HAUYEHHS JIIMITYIOUOTO ITapameTpa p, .

CxknaznHicTh 1OOYIOBM IOYaTKOBOTO 3HA4YEHHs JIIMITYIOUOrO IlapameTrpa [,
MOJIEN1 MOJSITaE B TOMY, 1[0 BIH MOK€ MIHSATHUCS B JOCTaTHHO IIMPOKOMY Jl1ana3oHi.
OnHak sIK HEeBa)XKO OauuTH, MoXigHa Bia GyHkuid Mono (2) — (3) mo miMiTyrouoMy
napameTpy M Bij’eMHa 1 crajiHa 3a a0COIOTHOIO BEJTUYUHOIO

d S(t d S(t
v msey=——0 o Lmmposm)=- O o )
m (m+S(t)) dm (m+P(t))
Lle cBITUUTH MPO 3MEHILIEHHS BIUIMBY JIIMITYIOUOIrO MapaMeTpy MpH 3pOCTaHHI Horo 1
PO JOUIIBHICTh 3aCTOCYBaHHS PI3HMX KPOKIB MpU MOOYAOBI CITKH i MiaOOpy
HalKpaluxX 3HAa4Y€Hb JIMITYIOUOTO MapameTrpa, 00 13 3pOCTaHHSIM 3HAYEHb
OCTAaHHBOT'O KPOK 3MIHM 3HAY€Hb Ha CITILI 3pOCcTaB. B posi mpocToro nojgaHHs Takoro

3pOCTaHHS! BUKOPUCTAHO BIAPI30K T€OMETPUYHOI MPOTPECii BUTY
Kmax
K B _.
W4 (kmin ! I(max ) - {P4 j }
i=Kmin

e |2 B'-S, : (18)

3HaueHHs mapaMmerpy B BuOHMpaeThcs  eKCIIEPUMEHTANbHO, 3  METOI0

3a0e3MeyYeHHs] JOCTaTHBOTO 3MIIIEHHS MAaKCUMyMy aKTHBHOCTI TIpOIleCY Tpu

nepeMillleHHl 3Ha4YeHb JIMITYI04oro mapameTpa mo Bys3nax citku (18). IToOymoBy

HEPIBHOMIPHOI CITKM pO3MOYMHAEMO 13 TOYKH, IO AaCOLIIOETHCSA 13 MOJOBHUHOIO
MOYaTKOBOI KOHIIEHTpaIIii cy6CTpaTy

W, (k ): {Pfko }' kr?win = k:’lax =k, =-1. (19)

B mnoganpmiomMy 311HCHIOEMO TOMOBHEHHS HEPIBHOMIPHOI CITKM Ha OCHOBI

3MCHIICHHS] Ta 30UTbIIEHHS 3HAYCHHS JIMITYIOUYUX IapaMeTpiB MPHU YMOBI, IO

MiHIMaQJIbHE 3HAYEHHS HA PO3IIMPEHIN CITIII OTPUMYE BITHOCHE 3MEHIIIEHHS O1TBIIT HIXK

min !

Ha BEIMYUHY O, 3HAYCHHS SKOI BCTAHOBIOETHCSA EKCIEPHUMEHTaIbHO. ToOTO mpm

BUKOHAHHI HACTYITHOI YMOBH

m|n Q1 P, min Q P,
P4 Wi (ki ( ) PaWa (Knin ~Lko) ( ) > 5Q — kmin = kmin _1’ (20)
A Qp,)

HIDKHST MeXa HOpHI[KiB €JIEMEHTIB TE€OMETPUYHOI Mporpecii, ki (OpMYyIOTh CITKY,
3MEHIIIYETHCS HA OJIMHMIIIO, a IPY BUKOHAHHI YMOBH
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min )Ql(p4)— min )Ql(p4)

94€W4(kmin Kinax PseW, (kmin Kinax +1

min Q.(p,)

P2 €W, (Kenin

>5, > K =k +1. (21)

BEPXHA MeEXa TOPSAAKIB €JIEMEHTIB TE€OMETpUYHOi mporpecii 30UIBLIYEThCS Ha
OJIMHUIIIO.

[Ticnst 3aBepIieHHs MPOLIECY TMOMOBHEHHS HEPIBHOMIPHOI CITKH, MiHIMaJbHE
3HaueHHS (YHKLIOHAy SKOCTI Ha Hii BKa3ye Ha 0a30Be 3HAUEHHS JIMITYIOUOTO
napamerpa P

4,base

P, = argmin {Q,(p,)}- (22)

Pa GWA (kmin vkmax )

Bubpane 3HaueHHs JIMITYIOYOTO MapaMeTpa BU3Ha4Yae 0a30BY TOUKY 1 KPOK JUIs
MoOy/I0BM MHOXMHHM TOYOK 3 METOI TOYHINIONO BHOOpPY IOYAaTKOBUX 3HAYCHb
napameTpiB Mozeni. Ll MHOKMHA 3a7a€ThCs 32 JOTIOMOTOI0 PIBHOMIPHOT CITKH BUJLY

B/3|B

— D kpaee [
p4vkbasev| EW‘lykbase - {B ISO }|=l ’ (23)

nepuie 3HaueHHs SKOI MEHIIE HDK 3HAaueHHs 0a30BOi TOUKM (i1 0a30BOi TOUKU
Iz[B/ 2]), a OCTaHHE 3HAuUCHHS HAOIMKAETbCA O TOYKM HEPIBHOMIPHOI CITKH,

HACTYITHOT mmiciist 6a30Boi (A1 TOYKK HAcTymHOi micis 6a3oBoi | :[B/ Z]B ). Koxne
3HayeHns i3 citkm W, IpHCBOIOETHCA MapaMeTpy P, , 3a JOIOMOTOK0 SKOTO Ha

OCHOBI BCTaHOBJICHUX Pi3HHUIICBUX criBBigHOMmEHb (13) — (16) OymyroThcs HaOIMKEH]
OI[IHKM IHIIUX MapaMeTpiB Moneni. Hagami iX yTOYHIOEMO a JIOIOMOTOIO
Moar(IKOBAHOTO IrpajiieHTHOTO MeToay JleBenOepra-MapkBap/Ta Ha OCHOBI KpUTEPIIO
(12). Cepen 1ux MOYATKOBHUX 3HAYCHb MapaMETPiB MOJCN BHOMPAETHCA TeE, IO
3a0e3reuye MIHIMYM HalMEHIIOi 3 MaKCHUMaJIbHUX BIJHOCHUX MOXMOOK HAa TOYKaX
inenTudikarmii mogemi

X Akoasel } _ Yy € o Sl Y Qe
mlin52kbase":max|x(ti’p )= XIS, pr=)—S]|

; v = Koaeed Y [ o 22 Ky acel (24)
| max| X (1, 5| max| S, p)|

JUIss KOHTPOJIIO 3JaTHOCTI 3alpONOHOBAHOTO METOJY BCTAaHOBIIIOBATH TIJIOOATIbHY
TOYKY MIHIMyMY (YHKIIIOHANy SKOCTI 1IeHTU(]iKalii JTOCTII)KEHO HOro TOYHICTh Ha
PO3B’sI3aHH1 MOJICTILHUX 3aJ1ay, sIKI BUKJIIOYAIOTh BIUIMB MOXHOKK mojeni. Ha puc. 2
HABEJCHO OOYMCIICHI 3HAUYEHHS (DYHKIIOHAIY SKOCTI Ha By3JaX HEPIBHOMIPHOI CITKH
Ta TIPEJCTaBJIICHO BIAMOBIAHY TMOBEAIHKY 3MIHHOI aKTHUBHOTO CEpEeIOBHIIA.
CrnocrepexeHi 3Ha4eHHS I11€1 3MIHHOI TTO3HAYEHO 31POYKaAMH.

[Ticns BuOOpy 0a30BOro 3HAYEHHS JIIMITYIOUOTO MapaMmeTpa, IOCIHIIKEHHSIM
BaplaHTIB TMOYATKOBMX 3HAY€Hb JIIMITYIOUOrO MapaMeTpa Ha PIBHOMIPHIN CITLI
BJIAJIOCS] 3HU3UTU MaKCUMalbHy BiIHOCHY noxuOKy 10 piBHs 0.0005%, mo Bka3ye Ha
3IaTHICTh METOJy BITHOBJIIOBATU 3HAYEHHS MTapaMeTPiB MOJIECIII.
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Mopsipok By3na citkun

(a) (0)
Puc. 2. Bubip 0a30Boro 3HaueHHs JIMITyIO40ro napameTpy: (a) 3HaueHHs QyHKIIOHATY

SIKOCTI Ha BY3J1aX HEPIBHOMIPHOI CiTKH; (0) AMHAMIKa 3MiHHOT aKTHBHOTO
CEpEIOBHINIA, 10 BIAMOBIA€ 3HAYCHHSIM JIIMITYIOUOTO TTapameTpa

R

Y TperboMy po3aiji po3poOeHO METOAM 1AeHTH(IKALIl MOJENl MPOIECIB 3
JTIMITYIOUMM  (AaKTOPOM 3a CIIOCTEPEKEHHSIMHU Jivie cyOocTpaTy abo 3MIHHOT
aKTUBHOTO CEpPEeOBUINA, MOJIETl 13 BIJOKPEMJICHUMH JIMITYIOUMMH (haKkTopamu 3a
CIOCTEPE)KEHHSIMU ~ 3arajibHO1  3a0€3MEYEHOCTI MpOIECiB cUCTeMHU. Po3risiHyTO
0COOIMBOCTI O6araToeTamHoOro MeToay 1eHTU(IKAIl, SKUN 3yCTpIYaeThCs y 3aj1avyax,
10 BPaxOBYIOTh BIUIUB JIOJCHKOIO (pakTopa.

[Ipu po3B’si3aHHI peaIbHUX 3a]1a4 BUHHUKAIOTh YCKJIQJHEHHS, IOB’sI3aH1 3 THUM, IO
3HAYEeHHS HE BCIX 3MIHHUX MOXXYTh OyTH BUMIpsHI. B 1IboMy BUMaKy MOKHaA OyTyBaTu
PO3B’S3KH 3ajau MPH JEAKIM T0AaTKOBIM 1HGOpMAII] 00 3MIHHOI, 3HAYEHHS KO He
BUMIPIOIOTECS. Y 111l pOOOTI 3ampOnOHOBAHO METOMU 1MeHTU(DIKAIT MO/IETIeH CUCTEM 3
JTMITYIOYMMH  (haKTOpaMH TpPHU BIICYTHOCTI CHOCTEPEKEHb 3MIHHMX AKTHBHOCTI a0o0
3a0€3MeUeHOCT] MPOLECIB CUCTEMU. BaXkiTMBO BIA3HAUMTH, 1110 CTPYKTYpa MOMEPEIHBOTO
METOJy TOBHICTIO 30€piraeTbcs, Tak 110 MOKHA TOBOPUTH MPO OKPEMI BIATraTyKEHHS
paHilie 3amporOHOBAHOTO MIIXOAY 13 BpPaxXyBaHHSAM TOTO, IO Y (YHKIIIOHAT SKOCTI
imeHTH]IKaIli BKIIOYAIOTHCS JIMIE TiI 3MIHHI, 3HAUEHHS SKHX CIIOCTEpPIrarOThC.
VY 1abi1. 2 HaBe1eHO OCHOBHI MIIXO/U 10 YCYHEHHSI HeBU3HAYEHOCTEH Y CIIOCTEPEIKEHHSIX
3MIHHHX.

[Ipu 30epexkeHH] CTPYKTypu 3arajlbHOro MeTony ineHTU(ikaii HeoOX1IHO
OLIIHIOBATM 3HAYEHHS BEJIMYMH, SIKI HE MOXYTb OYTH CIOCTEpEKEHl. Y BUNAIKY
BIJICYTHOCTI CIIOCTEPEKEHb CyOCTpaTy HEBU3HAYCHICTh BIAETHCS YCYHYTH 32 JOTTOMOTOIO
JWIIE OJHIE] €MIIPHUYHO BCTAHOBJIEHOI CTaloi f,, AKa BU3HAYAE€ YACTKY 3aJIUILKY

3a0€e3MeYeHOCTI CUCTEMH B TOYIl JOCATHEHHS MaKCHUMyMY AaKTHBHOCTI B1JIHOCHO
MMOYAaTKOBOTO 3HA4YEHHs 3a0€3MeYeHOCTi. Y BWIIAJKy BIJICYTHOCTI CIOCTEPEKECHb
AKTUBHOCTI HEBHU3HAYEHICTh BJAETHCS YCYHYTH 3a JIONOMOIOIO CTanoi f., OMIHKH X,
MaKCHMaJIbHOTO 3HAUYEHHsI 3MIHHOI aKTUBHOCTI CUCTEMH, a TAaKOXK YacTKU f, CyCLAHIX
3HaYeHb aKTUBHOCTI BiJl i MAaKCHMaJIbHOIO 3HAYEHHSI.
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Tabmuws 2
Metoau ycyHEeHHs] HEBU3HAYEHOCTI B i7ieHTU(DIKaIlI] peaTbHUX 3a/1a4
[lepenik cnocTepexeHUX [lepenik 3MIHHUX 3acobu yCyHEeHHs
3HAYE€Hb MOJeNl HEBU3HAYEHOCTI
3a0e311eYeHICTh CUCTEMU S (t), X (t) EmmipudHi OmiHKH KOHCTAHT
e *
S j X, fo, £,
AxTHBHIiCTH cucTemu X Je S(t), X(t) Emmipudna oninka
KOHCTaHTH f
3aranpHa 3a0e31eYeHICTh S (t), Cucrema I0IOMIXKHHUX
CHCTEMH S;? y " ' EKCIIEpUMEHTIB 13
{Si (1), X, (t)}i:11 I1IKJIFOYECHHSM BIUIUBY
{ X (t }M OJHOTO MiAIOPAAKOBAHOIO
i (t) i=m+1 IpoIiecy Ha KO)KHOMY KpoIIi

HabGarato cknagHima cuTyanis OpU YCYHEHHI HEBU3HAYEHOCTI B 3ajadax 13
MIAMOPSIKOBAHUMU TPOLIECAaMHU Ta BIAOKPEMJIEHUMH JIMITYyIounMH (hakTopamu. [lpu
oprasizauii JONOMDKHMX EKCIEPHMEHTIB 13 MiJKIIOYEHHSIM €IUHOTO MPOLECY Ha
KOYKHOMY HACTYITHOMY KpOIIl, OTPUMY€EMO CIIOCTEPEKEHHS 3arajibHOi 3a0€3Me4YeHOCTI
MpU BIACYTHOCTI CIIOCTEPEKEHb 3a MIANOPSIKOBAHMMH aKTUBHICTIO Ta CyOCTpaTOM.
3HaueHHs MIANOPSIKOBAHOT AKTUBHOCTI BJA€ThCS IEpepaxyBaTd 3a JOIOMOTOIO
JBOBUMIPHUX CITOK TMiA00OpYy 3HA4Y€Hb 3arajJbHOTO Ta YAaCTKOBOTO JIIMITYHOUHMX
napameTpiB.

Po3rnstHeMo 0CHOBHI 0COOIMBOCTI 3alPONIOHOBAHUX BiATay>KeHb. [Ipu BiACYyTHOCTI
CIIOCTEPEXKEHb 3MIHHOI AKTUBHOCTI HA OCHOBI IONEPEIHIX CIIOCTEPEKEHb MOKHA

BCTAaHOBUTH npubnusHe 3HadenHs BeqmunH X, fy, fs. Orpumani Benwumnm me

NOTpeOyIOTh HAATO TOYHOTO BU3HAYEHHS, OCKUIBKM BOHM BUKOPHCTOBYIOTHCS JIMILIE
11 TOOYTI0BY MOYATKOBUX 3HAYEHb, SIK1 B MOAAIBIIOMY Oy1yTh YTOUHSATHUCS.

Ha ocHoBi cnioctepesxens 3a 3minHoo S(t) ta 3aganoi wactku fg moGynosano

OIiHKy 4Yacy ! JOCATHEHHS MaKCMMaJbHOro 3HaueHHs 3MiHHOM aktuBHOcTi X (t).

3 [i€l0 METOI0 BCTAaHOBJIEHO HOMEpP J MOMEHTY CIHOCTEPSIKCHHS MaKCHMATIbHOIO
3HAUYEHHS 3MIHHOT aKTUBHOCTI

J =arg min(| ST - 1S, |), (25)
J

Ha OCHOBI BCTAQHOBJEHOrO HOMEpa Ta 3aJaHOrO MapaMeTpa X, BH3HAYAEMO

MaKCHMajibHE CIocTepekeHe 3HaueHHs X  3MiHHOI akTUBHOCTI, 4dac {  ioro
JOCSITHEHHS Ta KOHIICHTPAIIiIO 3a0€3MeUeHOCTI S |, K€ I1i 3HAYCHHS CYIPOBOIKYE

t"=t°, (26)
X" =X], (27)
" =5° (28)

Jlns noOyJ0BM OINIHOK TMOXIAHUX 3MIHHOI aKTHBHOCTI OyayemMo HaOJMKeHi
3HAYEHHS 3MIHHOT aKTUBHOCTI B TOYKAX, CYCIJHIX 13 TOUKOIO MaKCUMyMy

X;+1:Xj—1: foJ*- (29)
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Ha ocHOBI pi3HMIIEBHX ampoKCHUMAIiil OyayeMO OLIHKH MOXITHUX (QyHKIIT
AKTUBHOCTI CHUCTEMH B TOYKaXx, IO MPUJIATAIOTh 10 TOYKU JOCATHEHHS MaKCUMyMy
3]liBa Ta chpaBa. B MmojanpllioMy BHKOPUCTOBYIOTBHCS CHIBBIIHOIICHHS paHiIIe
OTIMCAHOI'0 METOY iIeHTU(]IKAITii.

VY BuUMajKy CHOCTEPEkKEHHS 3MIHHOI aKTHUBHOCTI iI MaKCHUMajbHE 3HAYEHHS Ta
TOYKAa, B SKiH BOHO JIOCATAETHCA, BiAOMi. Bimommii Takok HoMep J TOYKH
CIIOCTEPEKEHHSI MaKCUMAJIBLHOTO 3HaueHHs. bynyemo HaOmmkeHe 3HaYeHHS MOXI1THOI
3a0€3MeUYeHOCTI Yepe3 HOPMOBAHE 3HAYEHHS MOXITHUX 3MIHHOT aKTMBHOCTI. B Tou,
10 Mepeye ToUIll MAaKCUMYMY TOX1JIHa 3MIHHOI aKTMBHOCTI JI0JIaTHA, a B HACTYITHIM
TOUIll — BiJg €MHA. B TOH e yac 3MIHHA 3a0€3I1eYE€HOCT] JIMIIE MOHOTOHHO CHAajac.
Tomy mJ1s1 3MIHHOI aKTUBHOCTI PO3TJISIAEMO PIZHUINIO TMOXITHUX 3J11Ba Ta CIpaBa Bij
TOYKM MaKCHMyMYy, III0 €KBIBaJ€HTHE CyMl iX aOCONIOTHUX BenaudyuH. HopmyBanHS

30iMCHMMO 3a PaxyHOK BiJHOIIEHHS II0YAaTKOBOIO piBHA 3abe3medeHocTi S, 110

MaKCHMAaJIbHOTO PIiBHS 3MIHHOI aKTHBHOCTI cHCTeMH. B pe3ymbTaTi OTpUMY€EMO
CHIBBIIHOIIECHHS I OLIHKHU 3HA4YE€HHS MOX1IHOI 3a0€3MMEeUYEeHOCT] B TOYI[l JOCITHEHHS
MaKCUMYyMY 3MIHHOI aKTUBHOCTI

*

S
_ 0 e e e e e
Ds, =- NT (X5 = X5q = X)) (., —64). (30)
J
KoHuentpariito 3a6e31meuyeHocTi B TOYI[l MaKCUMyMYy 3MIHHOi aKTHBHOCTI CHUCTEMH
HaOIMKYEMO 3a JIOTTIOMOTOI0 EMITIPUYHOTO CITIBB1IHOIICHHS

S, =S, f., (31)
ne fs — mocriiina, Mo BU3HAYAETLCA 1714 IEBHOTO KIACy 3a1a4 eMIripudaHo. Ha ocHOBi
MoOy/1I0BaHUX CIMIBBIAHOIIEHL C(HOPMYEMO OLIIHKU 3HAYEHBb 3a0€3MEUEHOCTI B TOUYKAX,
cycimHiX 3 Toukor 1y, ski HeoOXimHI JUIg MOOYJAOBH IOYATKOBUX HAOJMKCHb

napameTpiB P, P,:
« . « bt
Sy2 =5; =Dg : 2 = (32)

Hackinbkn TOYHO HEOOXITHO 3aJaBaTH OIIIHKM TIOYAaTKOBOTO 3HAYEHHS
HECTIOCTEPEKYBAHOT 3a0e31eueHOCTI abo MaKCHMaJIbHOTO 3HAYEHHS
HECITOCTEPEKYBAaHOT 3MIHHOI AaKTUBHOCTI CHUCTeMHU? AHa3 PE3yNbTaTiB UYHUCIOBUX
€KCIIEPUMEHTIB CBIIYUTH MPO TE€, 10 BUKOPUCTAHHS JIUIIE CIOCTEPEKEHb 3HAYEHB
3MIHHOI aKTHMBHOCTI HE€ Ja€ 3MOTY BIJIHOBUTH TOYHOIO IOYaTKOBOTO 3HAYEHHS
HECIIOCTEPEKYBAaHOT 3a0€3MeYeHOCTl, OJHAK CHOCTEepPEKYyBaHI 3HAYEHHS 3MIHHOI
AKTUBHOCTI HAOJKAIOThCS JIOCTaTHRO TO4YHO (moxubka ckiagae 0.4%). Ilpu
CIIOCTEPEKEHHI JIMILE 3MIHHOI 3a0€3MEeYE€HOCTI BUKOPUCTAHHS PI3HUX MOYATKOBHX
OLIIHOK MaKCHMaJIbHOTO 3HAaY€HHs 3MIHHOi aKTUBHOCTI MICJIsl ONTUMI3allll mapaMeTpiB
JI03BOJISIE IOCTaTHHO TOYHO BIJHOBUTU JMHAMIKY 3MIHHOI aKTHBHOCTI (MaKCcHUMaJibHa
noxubka 0.0015%).

PosrnsnyTti Metoau ineHTUdIKalii € 6a3010 11 ToOy10BU MeTOAY 1AeHTUdIKaIl
MOJICNII CHCTEM 13 BIJIOKpEMJICHUMU JIMITyIOunMH (dakTopamu. He3Baxkaroum Ha Te,
mo 3ampornoHoBana Moneib (4)-(11) oxommoe BCi CHCTEMH 13 BHYTPIIIHIMHU
JTIMITYIOUUMHU (PakTOpamH, siKi aHaTI3yIOThCs y L1 poOOTI, Y BUNIAKy BIJOKPEMIIEHUX
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JTIMITYI0OudX (DaKTOpiB MpPAaKTHUYHE 3HAUEHHS Ma€ COpPOIICHAa MOJENb, y SKii He
BPaXOBY€ETHCS BILTUB MPOIYKTIB MiAMOPSAKOBAHKUX MPOIECIB, MOKIIUBICTh YIPaBIiHHS
OCTaHHIMHM, a TaKOXX TpaHcdopmarllii 6a30BOro piBHA aKTHUBHOCTI MiAMOPSIKOBAHUX
IIPOIIECIB.

JlommycTiMoO, 10 OPraHi30BaHO EKCIIEPUMEHT, KOJHM CIIOCTEPEKEHO 3HAYCHHS
3arajibHOI 3a0€3I[E€YEHOCTI CHUCTEMH IIJI BIUIMBOM 3MIHHOI AKTHUBHOCTI €JIHUHOIO
HiATOPSAKOBAHOTO MPoILecy 13 MiMiTyrounM gaktopom. Toi 3rajaHa Mojieiab Ha0yBae
BUTJISITY

%s )= p.M.(p,.S O)X, (1), (33)

X0 = (PIM, (1,57 @) - X, 0, (34)

570 =-PiM, (L, )X, ) (35)

Xl(o)le,w S(O):So’ SlX (0)281)(’0’ Xl,f = flx X(trlnax):Xl,max . (36)

Ha ocHOBI pi3HHMLIEBOrO MpeAcTaBieHHS 13 PIBHAHHA (33) OTpUMYyeEMO MONEPEIHIO

1,max !

OLIIHKY IlapameTpa P,

S (ht) -3
Pro = h — (37)
tXl,OMl(DZ’SO)
BBakaroun 3HauyeHHs JiMiTyrodoro ¢akrtopa S(t) Bimomum, 3 piBHsHHS (33)
OTPUMYEMO

X, (1) :i%sa) 1+ s%)
1,0
Ile criBBIAHOIIEHHS AO3BOJISIE OIIHIOBATH 3HAYEHHS 3MIHHOI aKTMBHOCTI MEPIIIOTO
MiAMOPSAKOBAHOTO TPOLIECY 3a JIOTIOMOTOK0  CIIOCTEPEKEHUX 3HA4YeHb 3araibHOi
3a0e3rneyeHocTi cucteMud. Ha OCHOBI 3rajlaHOro CIIBBIIHOIICHHS 32 JI0MOMOTO0 METOTY
ieHTudIKaIlli MOJIENI 3a CIIOCTEPEKEHUMH 3HAUEHHSIMH aKTUBHOCTI, Oy/Ty€EMO MOYaTKOBI
HaOJIMOKEHHS Koe(illieHTiB TudepeHIiaTbHuX piBHIHb (34) Ta (35).
Ockinbku  iieHTUdIKAIS 3IIACHIOETBCS Ha OCHOBI CIIOCTEPEKEHHS 3HAYEHb
3a0€3MeUeHOCT] CUCTEMU, BUKOPUCTAHO KPUTEPIid

Q,(p) =_z::(§ (t.P)-S°)’ (39)

OnHak y 1IbOMY TAXO/11 IPUCYTHI JIBa JIMITYIOUHX MTapaMeTpH, 3HAYCHHS SKUX Ma€
OyTH BCTaHOBJIEHE B X0l mpouenypu iaeHtudikamii. [loyatkoBi 3HaYeHHS] mapaMeTpiB

(38)

MOJIENI BCTAHOBIIIOEMO HAa OCHOBI BUOOPY 3HAYEHB JIIMITYIOYMX MapaMeTpis P, Ta p; ,
a TaKOXX PI3HUIIEBUX CIIBBIAHOIIEHB I MOOYI0BH TaKMX MOYATKOBUX 3HAYECHb. ToMy
KpuTepiii ineHTu(ikamii MOXHA TPEACTaBUTH SK JeiKy (YHKIIIO Bl  3HAYCHb
JMITYIOUHMX MapameTpiB:

Q,(p,, p)=Q,(B(p,, p2)). (40)
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Jnst BuOopy ix 06a30BHX 3HAYEHb OYAyEMO CTPYKTYpPY JBOBUMIPHOT HEPIBHOMIPHOT
CITKM Ha OCHOBI T'€OMETPHYHMX TPOrpeciii, aHAJOrYyHO A0 MOIEpPEIHbO OMUCAHOTO
BUIAAKY

k
B B max
W42(kmin ! kmax) = E Bk ) SO’ E Bkl ) S0 ' (41)

KKy =Kmin
3M1ICHIOETCSL TIOMOBHEHHS CITKU ISl MEHIIHMX Ta OUIBIIMX 3HAYEHb JIMITYIOUHX
napameTpiB, SKIIO 1€ MPU3BOAUTH JI0 CYTTEBOTO 3MEHIICHHS 3HaueHb (DYHKIIOHATY
akocti imeHtudikamii. Ilicms 3aBepieHHA mMpolecy MOMOBHEHHS —JIBOBUMIPHOL
HEpPIBHOMIPHOI CITKM BHOMpaeMo 0a30By TOYKY MOJANIBIIOTO TMOIIYKY 3a KpUTEpieM
MIHIMyMY (PYHKITIOHATY SIKOCTI
= argmin Q3(p2, pj) : (42)
(P2 P JW, (K K
Ha ocHoBi 6a30B01 TOUKH Oy 1yeMO 0a30By MHOKMHY TIOIITYKY, Ha sIKii BUOMpPAEMO
HaWKpally TOYKY 3a KpUTEpIeEM MiHIMI3alil MaKCUMalbHOi BIJHOCHOI MOXHUOKU
imeHTrdIKaIil mcas YTOYHEHHS MapaMeTpiB MoJeil MOAU(DIKOBAHUM TpaJllEHTHUM
MeTooM. Skmo xoya O o/JHAa KOOpAMHATA TOYKM MIHIMyMY IIONAJa€ Ha MEXY
MHOKMHHU TIOLIYKYy, TO 0a30Ba Touka mnepemimaeTbcs B Hei. [Ipoiec 3aBepiiyerbes,
KOJIM 3HA4YCHHS 0a30BOi TOUKH CTaO1MI3yETHCS.
VY 4erBepTOMYy po3aiji MOOYI0BaHO y3araJibHEHY MOJIEIb CHUCTEM 13 30BHIIIHIM
HaBaHTAXXCHHSM, SIKE BUKOHYE POJIb JiMiTyrodoro ¢akrtopa. HaBanTtaxkenus S(t), sk

4, kbase'kl,base

MIPaBUJIO HAPOCTAE, A MOTIM MUTTEBO MPUIIUHAETHCA. TPUBAIICTh IPOLIECY cTadLII3alli
aKTUBHOCTI CHUCTEMHU JO T[IOYaTKOBOTO PIBHS Ta MOro JuHaMiKa — BaKJIMBI
XapaKTEPUCTUKU 3[aTHOCTI CHCTEMH BIJHOBIIIOBATUCA MICIS BEJIIMKUX HABAHTAKEHb.
SIKIIO peakifisi CHCTEMHU XapaKTePH3YEThCS BEKTOPHOIO 3MIHHOIO akTUBHOCTI X (t),

OTPUMYEMO 337134y Ko ayist nudepeHniiianbHOro piBHSIHHS:
L0, SIBGOIM, (B, BS©) - .- M,(5,. BEONXO.  @43)
%(t )= X (44)

ExcnepuMeHTabHO BCTAHOBJICHO, IO IMOX1JHA IHTEHCHMBHOCTI PEakiii CUCTEMHU
dX (t) dS(t)

0"

IpOMOopITiifHA TOX1IHIN (DYHKIIT HAaBaHTAKCHHS , OJIHAK IS BIAMOBIIHICTD

HEe MoBHA. MHOXHHMK Yy BUTJIAAI (GyHKLIT MOHO 0118 MOXiAHOT (PyHKIIIi HABaHTAaKEHHS
3abe3reuye cTabuII3aIlili0 peakilii CUCTEMU: clladKe pearyBaHHS Ha 3MIHM HEBEJIMKUX
HaBaHTaxkeHb S(f) Ta MakcuManbHe BpaxyBaHHS 3raJaHuX 3MiH JUIS BEJIHKHX
HaBaHTaxeHb. [1[06 3abe3meunTty nudepeHIiiioBHICTh MPEICTABICHHS 30BHIIIHHOTO
HABaHTa)XCHHS Ta 3MEHIIUTH MOXUOKHU YUCENIbHOTO AU(EpPEHIIIIOBaHHS, 3a IOTIOMOTOI0
KyCKOBO-€pMITOBOI 1HTepHOJAii B(S(t)) 3a1icHIOEThCS HAOIMKEHHS EKCIIEPHUMEH-
TaJbHUX 3HAYEHb HABAHTAXKEHHS B KJIaci PYHKIIH 3 HEEPEPBHOIO MOXI1THOIO.

Peakirist cucreMu Ha 3HSATTS HaBaHTAXCHHS BPAaXOBYETHCS Y APYroMy AOJAHKY
— p,X(t) mnpaBoi wyactuHu piBHsHHS (43). I[I7aBHICTP MIIKIFOYCHHS TaKOTO

sMeHmieHHs  3abesmeuye  muokEEK  (L— M, (P,,B(S(t)))). Tlpm  Bemmkux
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HABAaHTA)XCHHAX BIH MPAKTUYHO PIBHUM HYIIO, a MPH 3MEHIIECHHI HAaBaHTAKEHHS
IIBUJIKO TIPSIMY€E 10 onuHUIl. Lleii MHOKHUK 3MEHINy€e BIUTMB BeqUKUX 3HaueHb X (1)
HA TIOYATKOBIM cTajil 3HATTS HaBaHTAXKEHHS Ta TMIOBHICTIO BpaxoBy€ BILIUB
3MeHIIeHuX 3HaueHb X (t). Lle m03Bossie BUKOPUCTOBYBATH BUILY 1HTEHCHUBHICTH P,
npouecy 3HATTS 30yIKEHHs, 10 Kpalle Yy3rOJKYeTbcsl 3  pe3yjibTaTaMu
EKCIICPUMEHTIB.

Hapenena mojens Moke OyTH 00’€1HaHa i3 3araibHOI0 Mozaeuto (4)-(11) B oxHii
dbopmanbHii cTpykTypi. lle mae miacTaBm cromiBaTHCS, IO I BCTAHOBJICHHS
napameTpiB IMEpIIOi 3aCTOCOBHHI paHille onmucaHuil Metof] ineHtudikaimii. CTpykTypa
camoro Jau(epeHIiaTbHOTO PIBHSIHHS J03BOJISIE CIIPOCTUTH PI3HUIIECBI CITIBBIIHOIICHHS
s MOOyIOBM — TMOYATKOBUX — 3HAu€Hb  MMapamMerpiB  Mojenmi. BukopucranHs
CHIOCTEPEKEHUX 3HAUYCHDb PEeaKilii CUCTEMH J0 Ta MICHs 3HATTS HaBaHTAXXCHHS OOHYJISIE
OJIHY 13 KOMIIOHEHT MPaBOi YaCTUHU AUPEPEHIIAIBHOrO PIBHIHHSA (43) 1 MAKCUMAJIBHO
CIIPOIIly€E MPOUEAYPY MOOYAOBH PIZHUIEBUX CIIBBIIHOIIEHh Ha OCHOBI IIHOTO
nudepeHIliaTbHOTO PIBHSIHHS /I BCTAHOBJICHHS TOYaTKOBUX 3HAYEHD MMapaMeTPiB

- X, =X, P, + Ly,

pl ~ ]
L-L L, (45)
1 X,,-X
pz ~ z+1 z ’ (46)
><z+1/2 tz-v-l _tz
ne t, — MOMEHT 3HATTA HaBaHTAXCHHS, p, — JIMITyrounmid mapamerp. YmcioBi

EKCIIEPUMEHTHU MMOKa3aJld TOYHICTh 1AeHTU(IKaLll MOJENI 3 BIAHOCHOIO MOXUOKOI Ha
piBHI 3.5% 17151 KyCKOBO-TIOCTIMHMX HaBaHTaXE€Hb, 110 MiATBEPIKY€E IOLIIBHICTD
3aCTOCYBaHHS paHillie po3po0JICHOr0 METOAY 1IeHTU (KAl

Y m’aToMy po3aiji OMHMcaHO MPOTrpaMHE CEPEIOBUINEC MOJETIOBAHHS CUCTEM 13
mimityrounmu  (paktopamu. CHUIbHI €1EMEHTU MOJelied Ta METOJIB 1eHTUudikaril
MPU3BEAYTh A0 TyOJIOBaHHS KOy iX MPOTPAaMHOI peai3alii, Yoro MOKHa YHUKHYTH
PO3pOOUBIIIK €IUHE CEPEOBUILE MOJCIIOBaHHSA. HalBaXJIMBIIIMMU KOMIIOHEHTaAMHU
CEpeIOBHUILA € MPOTrpaMHI MOJYJII, K1 MATPUMYIOTH MPOLECH ONUCY Ta 1AeHTU(IKAIT
PO3pOO0IEHUX MOJENIEN CUCTEM 13 JIMITYIOUMMH (PaKTOpaMH, a TaKOX MPOTHO3YBAHHS
Ha OCHOBI ineHTU(diIKOBaHUX Mojeneld. (Cxema B3aeMOJli OCHOBHUX MOJYJIIB
cepenoBHUIla HaBeJeHa Ha puC. 3.

B xona1 nmporpamHuoi peanizaiiii MeTOIB 1AeHTU(]IKALT CUCTEM 13 JIIMITYIOUUMHU
(dakTopamu, onucaHux y 1ii poOoTi, chopMOBaHO MEBHUN TEXHOJOTTYHHUM JTAHIFOKOK
Bil peecTpauii 3MIHHUX MOJENl J0 TpOLEIypd MNPOrHO3YBAHHS  3TIAHO
11eHTU(IKOBAaHOT MOJENi, SKUA MPEeACTaBICHO B BEPXHIA 4YacTUHI JlarpaMyd Ta
BUJIJIEHO 32 JIOMOMOTrOI0 30UIbIIEHUX CTPIIOK. (DYHKIIOHAIBHO MOMIOHI MOAYJIi
MOEHAHI 3a JIOTIOMOT'OK0 MEHIIIMX CTPIJIOK 3a MPUHIIMIIOM ITiIBUIIICHHS KOHKPETH3allii
peanizoBanux (yHKIIH. Moaymni peandizoBaHO TaKUM YHHOM, II0 BOHHU JOMYCKAIOTh
OararokpaTHe BUKOpUCTaHHA. KpaTHOCTI BUKOPHUCTAHHS LUX MOJIYJIB HAaBEICHO B
Tadur. 3.



22
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Puc. 3. Jliarpama B3aeMo1ii OCHOBHUX MOJIYJIIB CEPEIOBUIIA MOJICTIOBAHHS CHCTEM i3

JTIMITYIOUUMH QaKkToOpaMu

Ha pgiarpami tudpamMmu B Kojdax IMO3HAYEHO MOJENI, fAKI peali3oBaHO 3a
JOMIOMOTOI0 BIANOBIIHOTO MOAYJA. BHKOpUCTaHO Taki mo3HayeHHs: 1 — Mopenb
XIMIKO-TE€XHOJIOTTYHOT' O Tpolecy OpoBapHOro OpomaiHHS, 2 — MOJENb YCIIIIHOCTI B
HaBUYaJbHUX CUCTEMAaX, 3 — MOJEIb BiJIBiAyBaHOCTI Beb-caiiTy, 4 — Monenpb npouecis
pealimiTamii mclis CepleBO-CYAUHHUX 3aXBOPIOBaHb, 5 — MOJeNIb J0OOBOI AMHAMIKH

rJIKeMii

XBOpUX Ha LYKPOBUH J1a0erT.

JiarpamMa TpenCTaBiAe€ peai3alliio

PO3pOOIEHUX METOIB 3a JOIMIOMOTO0 CYKYITHOCTI MOAYJIB, K1 PO3ALIBHO PEai3yloTh
3arajibHi CXeMH Ta KOHKPETH1 0COOJMBOCTI METO/IIB 1IeHTU(]IKALIIT OKpEMUX MOJIETIEH.

KpaTHOCTi BUKOpUCTAaHHS OCHOBHUX MOJIYJIIB CHCTEMHU
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Y 1mpOoMy BHIAJKYy 3arajibHl CXEMH METOIIB € CHUIBHUMH JUISI MOJCNIEH 13
MOMIOHUMH CTPYKTYypaMH, IO MiBUIIY€E KPATHICTh iX BUKOPHUCTAHHS Ta €KOHOMUTH
3yCHWIIIS Ha iX peamizaimifo. Ik BUIHO 13 TaOMUIIl CepedHs] KpaTHICTh BUKOPHCTAHHS
OCHOBHHUX MOJIYJIIB CE€pelOBUIIa OJIM3bKa 10 ABOX. Y XOJ1 BKJIIOUEHHS B CEPEIOBHUIIE
HOBUX MOJENeld IIsI KpaTHICTh MOXKE 3pOCTaTH, 30KpeMa IMpH MOBTOPHOMY
BUKOPUCTaHHI MOAYJIIB 13 TMOUIYKy TMapaMeTpiB YOpaBIiHHSA MpoLecaMu Ta
3aCTOCYBAHHSIM HEUITKUX MOJEIICH.

Y mocromy po3aiii po3po0ieHi y3aranbHeHI MOACII Ta METOIU iX imeHTrudiKarii
3aCTOCOBAHO JUIsl PO3B’SI3aHHS KOHKPETHUX MPUKIAAHUX 3a7ad, I10 JO3BOJISE
BUKOPUCTOBYBATH 1X SIK MPOTOTHUIIM ISl TOOYAOBH MOJIETIEH B OKPEMUX MPEIMETHUX
00JnacTsX.

ABTOpOM pO3p00JEHO HOBHMM MiIXiJ O MOJCIIOBAHHS IPOIECIB peadimiTarii
XBOPHUX Ha CEPIIEBO-CYIUHHI 3aXBOPIOBaHHS. MOETIOIOTHCS OCHOBHI XapaKTePUCTUKU
CEPLIEBO-CYAMHHOI CUCTEMH, K1 KOHTPOJIOIOTHCS M1 Yac mpolecy peaduitanii, To0To
4acToTa CEpIEBUX CKOPOUYEHb Ta BEPXHIM apTepialbHUN THUCK. MeTow mporiecy
peabumiTailii BBaXKAa€TbCAd MPUCTOCYBAHHS CEPIEBO-CYJIMHHOI CUCTEMH OPraHi3My 0
HOPMAJIbHOTO (PYHKI[IOHYBaHHS y COIIAJIbHOMY CEPEIOBHUIIl 13 3aCTOCYBaHHSIM
JI030BaHOI (P13MYHOI AKTUBHOCTI.

[Iponec peabumitamii po30uBalOTh Ha JBa etanu. Ha mnepmiomy erami, SKdl
MOYMHAETHCSI HA OCTaHHIM CTajli MEIUKAaMEHTO3HOTO TEpioay JKYBaHHS, HaBITh
HOpMaJibHa ()13MYHA aKTUBHICTH XBOPOT'O MOKE CTAHOBUTH HEOE3NEKy JJI 3/I0pOB’s
Ta XKUTTS TalleHTa. BU3HavyalbHUM MapaMeTpOM TaKOi aKTUBHOCTI € 1i TPUBATICTb.
[Ipn npaBWIBHOMY J103yBaHHI TPHUBAJIOCTI (PI3UYHUX HABAaHTAXKEHb y 1€l mepioa
OpraHi3M MepecTae BiAUyBaTH BTOMY ITiJ] YaC TPUBAIMX HEIHTEHCUBHUX HABAHTAXKCHb.
Tonl opraHi3aM TpeHYIOTh Ta KOHTPOJIIOIOTH PIBEHb pealumiTamii  3a JI0NOMOTOHO
IHTEHCUBHUX (I3WYHUX HABaHTaXEHb, HE JIOMYCKAIOUYM HAJMIPHOTO 3pOCTaHHS
3HaUYE€Hb TMYJIbCYy Ta THCKYy. Lle cTaHOBHTH 3MICT Jpyroro eramy peadimiTarii.
Emmipuyni mianyBaHHsS iporpamMu peadutiTaliii MICTATh PU3HKH BUXOAY 3a JOMYCTUMI
MEXl HAaBaHTAXEHb KOHKPETHOI'O OpraHi3My, M0 BHKJIHMKA€ HEOOXIJIHICTh
BUKOPHCTAHHS MaTeMaTHYHOTO MOJICTIOBAHHS MPHU IJIaHYBaHHI MporpaMu (Hi3udHUX
HAaBAHTAKEHb peadLIITallll OKPEMUX MALIEHTIB.

VY nporoHOBaHOMY MiAXOJI MOACITIOEMO Jnmie 3MiHn D, p mynbcy H Ta THCKY

P BimHOCHO 1X 0a30BUX 3HAYEHDL
H=H,+h, P=P +p. (47)
JIIsi MOJEeNIOBaHHS TPHUPOCTIB SIK MYJbCY, TaK 1 THCKY BHUKOPHCTOBYETHCS
BIIMIOBITHO HaJaIlTOBaHA y3arajlbHEHa MOJEJIb CUCTEMHM 13 30BHIIIHIM JIMITYIOUUM
daktopom. lle MO3BOJMMIIO 3aMIHUTH OKpEMi, paHilie 3amporiOHOBAaHI MOJEIN s
pI3HUX TMepiofiB  pealdimiTamii, €IUHOI0 MOJICIUIIO, OTPHUMABIIM  3MCHIICHHS
MaKCUMaIbHOI BiTHOCHOI ToxuOku Ha 23%. ['padiku MOAEIbOBAHUX XapPaKTEPUCTHK
OpraHi3My Ha THUIOBI HAaBaHTAXEHHS, 110 3aCTOCOBYIOTHCA IIiJI 4Yac JAPYTroro eramy

peabiniTaiii HaBeIeHO Ha puc. 4.
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Inesmadiikauist cTaHy cuctemu, Makc. noxubka = 4.2661%
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Puc. 4. PesynpTaty i1eHTU]IKAIIT YaCTOTH CEPIIEBUX CKOPOYEHB (a) Ta THCKY (0) Ha eTarti
peabuTiTaIli MalieHTa micis CyIMHHO-CEPIIEBOT0 3aXBOPIOBAHHS

VY Bunaaky O1OTEXHOJIOTITYHMX OpOJMIIBHUX IPOLECIB JIMITYIOUUM (PaKTOPOM
CIY)XKUTh HE 3O0BHIIIHSA CHJIA, a BHYTPINIHA KOMIIOHEHTa CHCTEMH, a camMe —
KOHIIEHTpallisl y Hill cyOcTpaTy abo KIHIIEBOTO MPOAYKTY. B XiMIKO-TEXHOJOTI4HY
CUCTEMY BHOCHUTBHCS CyOCTpaT, CUCTeMa MIKpOOpraHi3MiB, a TaKOoX Jesikl (pepMeHTH.
B pe3ynbTaTi peakiiii yTBOprOIOTHCS OCHOBHI (I[JTHOB1) Ta MOOIYHI MPOAYKTH, IPUIOMY
B SKOCTI1 YIIPaBJISIOUOr0 MapaMeTpy BUCTYIIA€ TEMIIepaTypa.

ABTOpOM  po3poOsieHO  MeTod  iAeHTH(ikamii  MareMaTHYHOI  MoOeni
TEPMOKEPOBAaHUX XIMIKO-TEXHOJIOTIYHMX IIPOIIECIB B yMOBaX HEBHU3HAUYEHOCTI.
InentudikoBana MoaeNnb  BUKOPUCTOBYETHCA IS CUHTE3y  YIpaBIiHHA
TEXHOJIOTTYHUMH TPOLIECAMH, IO 3a0€3MeUyI0Th MIHIMaJIbHI THTEHCUBHOCTI MOOIYHUX
MPOJYKTIB Ta YTPUMAHHS IHTEHCHUBHOCTI OCHOBHOI'O MPOJYKTY B MEXaX 3aJaHOTO
JOIMYCTUMOIO 1HTepBaldy. MeTon TIPYHTYETbCS Ha MOJEIl HEUITKUX XIMIKO-
TEXHOJIOTIYHUX TPOILECIB Ta TEHETUYHOMY aJTOPUTMiI CHHTE3y KEpYyHUYOTo
TeMIIEPaTyPHOTO PEXUMY 13 BpaxXyBaHHSIM HEBU3HAYEHOCTI OLIHOK SIK OCHOBHOTO, TaK
1 moOlyHMX npoAykTiB. g mnoOymoBH aHCaMONIO TEPMOKEpPOBAaHUX MoOAeen
TpaeKkTopii KOHKPETHUX peanizamiii XIMIKO-TE€XHOJIOTTYHOT O IIpoLIECY
BHUKOPHCTOBYIOTBCS MOJICJII aBTOHOMHHUX XIMIKO-T€XHOJIOTIYHUX IIpoIeciB. Y il
MOJIEITl PO3TIISAAETHCS JUIIE AUHAMIKa cyOcTpaTy Ta 3MIHHOI aKTUBHOTO CEpPEIOBHIIA
P TIOCTIMHOMY TEMIIEPATYPHOMY PEKUMI.

B nonepennbo mpoBeIeHUX MOCTIKEHHSX MPU JTOCATHEHHI MOPIBHSHO BUCOKOI
TOYHOCTI TIPpHM PO3B’s3aHHI MOJICIBHMX 3a7a4 13 BHCOKHMMHM TpaJi€HTaMH 3MiHHOI
AKTUBHOTO CEPEJOBHINA Ta CyOCTpaTy, OBEJIOCS 3aCTOCOBYBATH TPHUETAIHY CXEMY
YTOYHEHHS [apaMeTpiB MOJEJl: Ha NeplioMy eTamnl YTOYHIOBATH 3HAYEHHS
KOoe(ILIEHTIB P, Ta P,, HA IPYrOMy €Tall yTOYHIOBATU 3HAYEHHs KOE(]ILI€HTIB P, 1
p,, @ HA OCTaHHbOMY, TPETbOMY €Tall — JOJATKOBO YTOUHIOBATH 3HAYEHHS BCIX
MOJIETBHUX Koe(ilieHTIB. Takui miaxiJl YCKJIaJIHIOE MPOIleC 1IeHTU(IKAIlli Ta CTABUTh
1] CyMHIB HOTO €()EeKTUBHICTh MPU 3HAYHUX 3MIHAX XaPAKTEPUCTHK AOCIIIHKYBAHUX
XIMIKO-TEXHOJIOTTYHUX MPOIIECIB.

TakuM 4YMHOM BHMHHMKA€ 3ajada CTBOPEHHS HOBOI Mpoueaypu moOyI0BU
MOYATKOBUX 3HAYEHb MapaMeTpiB aBTOHOMHOI MOJENl  XIMIKO-TE€XHOJOTTYHUX
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mporieciB 13 mimiTyrounM (akrtopom. Taka mporeaypa OyayeTbcs Ha OCHOBI METOMY
1meHTrdikarii MoJiesi IpoleciB 3 JIMITYIOUUMU KOMIIOHEHTaMU 3a CIIOCTEPEIKCHHSIMU
cybcTpary, omnmcaHoro B po3a. 3. EQexkTuBHICTH 3amporoHOBAHOTO  MiAXOIY
JOCTIKEHO €KCIIEPUMEHTANBHO I MOJIETeH 130TepMIYHUX MPOIECiB OpOAIHHS MPHU
temneparypax 11, 12 ta 16 (C°). IlopiBHIHO HEBEIWKI PI3HHUIII B TeMIIepaTypax
IPOBEJICHHS IIPOIIECIB CIPUUYUHSAIOTH CYTTEBI BIAMIHHOCTI B JHUHAMII iX 3MIHHOI
aKTHBHOTO cepeoBHiia (puc. 5).

120
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N A
'\ 16°C 100 v
s 5 \ ", = 8 .I].G Ci
24 °c =
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Puc. 5. Konnentparii cyoctpary (a) Ta akTUBHOTO cepeioBHIIa (0) Ipu MOCTIHHUX
TEMIEPATYPHUX PEKUMAX

ChiBcTaBieHHS TOXMOOK TpHUETATHOI CXEMH Ta IPOMOHOBAHOTO METOIY
inenTudikarmii HaBeaeHo B Ta0. 4. [lopiBHIOIOUN arperoBaHi OLIIHKKA IMOXHOOK IO BCIiX
EKCIIEpUMEHTAaX MOXHa CTBEPKYBaTH, 110 TMPONOHOBAHMN METOJ J103BOJISE
IIIBUIIIUTH TOYHICTH ineHTH]iKamii Ha 34%.

Tabmuis 4
MakcumanbH1 BITHOCHI MOXUOKH 1IeHTH(IKAI[lT TPUETAITHOT CXEMHU Ta MIPOIIOHOBAHOTO
MeTony imentudikarii quist remrepatypuaux pexumiB 11°C — 16°C (%)

MeTtoaun Buan T=11°C | T=12°C | T=16°C | Cepenns MaxkcuMainbHi
imeHTudiKari 3MIHHUX nmoxuoka IIOXHUOKHU
Tpueranna X 0.9 1 2.9 1.6 2.9

cxeMa S 0.8 1.3 1.8 1.3 1.8
[IporoHoBanuii X 1.0 0.8 1.9 1.2 1.9

METO/I S 0.3 0.7 0.6 0.5 0.6

CydacHull CTaH OCBITHBOI Tally3l XapaKTepU3YEThCS (HOPMYBAHHSAM L1JIICHOTO
CBITOBOTO OCBITHHOI'O MPOCTOPY, LIO0 PO30yAOBYeETbCA Ha 0a3l KOMIETEHTHICHOTO
MIIX0y, SIK OCHOBU KOHKYPEHTOCTIPOMOKHOCTI CTY/ICHTIB Ha CBITOBOMY PUHKY IpaIli.
[TinBuieHHs e(heKTUBHOCTI HaBUYaHHS Tependadae HOro 1HAUBIAyaIi3aiio. Y 3B 3Ky
13 pO3BUTKOM 1H(OpPMAIIMHUX TEXHOJOTIM Taka IHAMBIAyai3alisi MOXe OyTu
peanizoBaHa y NUCTaHINHIN dopmi 13 BUKOpUCTaHHIM Beb-pecypciB BuKiamaya, sKi
KOXKEH 13 CTYJICHTIB MOE OCBOIOBATU 1HIMBIAYyaJbHO, 3BEPTAIOUMCH /IO BHKJIajJaua
JIMILE 32 KOHCYJIbTAlisIMU. BakKIuBUM €IeMEHTOM PO3BUTKY 1HCTPYMEHTApPil0 CHUCTEM
tunty IDEA MoXe ClIyXuTH MaTreMaThdyHa MOJENb YCHIIIHOCTI HaBYaHHS, sKa
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JI03BOJIUTH OLIHIOBATH PECYPCH HEOOX1IH1 7Sl JOCATHEHHS MIEBHOTO PIBHS YCHIIITHOCTI
K MO MOTOYHIA TeMl, Tak 1 MO Kypcy B IuioMy. BoHa 103BOJMUTH pallioHAIBHO
IUTAaHYBaTH poOOYM Yac CTy/ICHTA.

Mix 4dYeproBUMH ceaHCaMU TECTYBaHHA CTYACHT TMEperisgac HaBUaIbHUIA
MaTepiall, OTPUMYy€E KOHCYbTAIll 1 MpoOye 3p03yMITH Ta YCYHYTH MPUYUHU TTOMUIIOK
y momepenHix ceaHcax. be3 Takoi poOOTH CTyIEHT pHU3HKYE 13 HE3HAUYHUMU
BIIXWJICHHSIMH 0araropa3oBO IOBTOPIOBATH MOINEPEAHBO JOCSITHYTI IMOKA3HUKH.
YactoTra mnpoBeNEHHS CEaHCIB 3aJeXHUTh BiJI XapakTepy CTYAEHTa, PIBHSA HoOro
MIJTOTOBKH, a TAKOXK 00CATY HOTO poOOYOro 4acy 1 peryatoeThCcsi HUM 1HIUBITyaJIbHO.
ToMy aprymMeHTOM MOAEJI YCIIIIHOCTI BBa)KAEMO KUIbKICTh K HOro HaBYaJIbHHX
TECTyBaHb.

B pom 3miHHOI akTUBHOCTI posriggaemo ycmimHuicte X (K) crynmenra,
Ipe/ICTaBIICHY 3a JOMIOMOIOI0 CTOOATBHOT CUCTEMU. B sIKOCTI 3a0€31e4eHOCTI MPOoLIeCy
HaBYAHHS PO3TJiIaeMo Jesky BenmmuuHy S(K), 1m0 He mijyisarae BHUMIPIOBaHHIO Ta
IHTEPOPETYEThC SK BIAHOCHUW CTYIIHb HEMI3HAHOCTI CTYJAEHTOM 3B’SI3KIB
HAaBUYaJbHOTO Marepiany, SKUH BiH 30upaeTbcsi BUBYATH. OCKIIBKH PO3IIISAAEMO
BIJIHOCHO KOPOTKHM TeEpioj] BUBUYECHHS OJIHIET TeMH KypcCy, TO e(peKT 3a0yBaHHS HE
posrisaaeTbes. Lle 103Bosisie CipOCTUTH MOJEIb CUCTEMHU JI0 BUILY

;'k (k) =p,M,(p..S(K), X (k) <100,

d

i X () =0, X(k)=100, (48)
(;j—kS(k):—pSMl(pz,S(k))x(k),

X(k,)=X,, S(k,)=100.

VY OuIbIIOCTI MOAENEN MPOIECIB 3 JIMITYIOUUM (PAKTOPOM TPAEKTOPIsl 3MIHHOI
aKTUBHOTO CEpPENIOBUIA Ma€ KynojonoAioHy ¢opmy. OaHak y LbOMY BHMAIKY,
BHACIIIJIOK BIJCYTHOCTI TOMITHOTO 3HWXEHHS YCIIIIHOCTI TPAEKTOPiS 3MIHHOI
aKTUBHOT'O CEpeJoBHUINAa Mae G-moJiOHy ¢opMy, IO 3HAYHO CIPOIIYE IIPOIEC
inenTudikarii. BHacmiok BIUIMBY JIIOACHKOTO (PakTopa 1AEHTU(IKAIIID MPOBOIUMO
MOETAlHO, B3SIBIIM 32 OCHOBY OarartoeTanmHuii MeTon 1feHTHdIKAIli, KOJIH
11eHTU(IKOBaHI 3HAYEHHsS NapaMeTpiB MOJENl MONEePeAHbOr0 €Tamy CIIyXaTh
MOYaTKOBMMH 3HAYCHHSIMH JJIs TapaMeTPiB HACTYITHOTO.

[Tponenypy moeranHoi iaeHTU(DIKALlT PO3MNOYMHAEMO Bil TPhOX CIIOCTEPEIKEHUX
3HauYeHb ycmimHocTi. g 1noOyZOoBM MOYATKOBOTO IMPOTHO3Y MaKCHUMAalbHO
CIPOIIyEMO TIpeIcTaBiieHHs Mojieni (48). 3okpema MmoKIIagaeMo

p; =0. (49)

BBakaroun 3Ha4YeHHs apameTpy [, BUOpaHuM, 13 mepmoro JugepeHiagbHOro

PIBHSIHHS MOJENI OTPUMYEMO TPEICTABICHHS Il [OYaTKOBOTO HAOIMKEHHS
3HAYEHHS [EpUIOTo napaMeTpa

1 XJl - XJl—l (50)
Ml(pz’ S(ko)) le - le—1 ’

1€ J, — HOMep OCTaHHBOT'O CIIOCTEPEKEHOIO 3HAUEHHS YCIIIITHOCTI.

0

P, =
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YucnoBl eKCHEpUMEHTH MIATBEpIMId €(QEeKTHBHICTh  aHaJI30BAaHOTO METOAY
inenTudikamii, nmoxuOka iaeHTudikamii He mnepeBunryBaia 5%. IneHTudikoBana
MOJICNIb J03BOJISIE BUSBIATH TPUXOBaHI TEHJEHINT 3MiH YCIIIIHOCTI B MpOIEeCi
HAaBYAJIbHUX TECTyBaHb 1 CHUTHAJI3yBaTH CTYJACHTOBI MPO HEOOXITHICTh TOIIYKY
3aco0iB TiBUIIECHHS €(DEKTUBHOCTI MPOIIECY OCBOEHHS 3HAHb.

B ymoBax cydacHoro indopMaiiiitHoro cycnijibcTBa iH(opMaliiiiHi Ta KOMepIiiHi
MOXKIMBOCTI Beb-caiiTiB Ham3BUUaiHO Benuki. OHAK 1X MOMKJIHMBOCTI peali3yloThCs
JUIIE 32 YMOBHM JIOCTaTHbOI  BiABIAYyBaHOCTI. OCHOBOIO (GOpMyBaHHS JTOCTATHHOI
BiIBiAyBaHOCTI ~ BeO-caifiTy € #oro KOHTEHT. 3aBASKUA IOCTIMHOMY OHOBJICHHIO
KOHTEHTY BCECBITHbOI MeEpeki HEOOXiJHO BXKMBATH CICIIAIbHUX 3aXOJIB IS
peKiIaMyBaHHs HanoBHeHHs BebO-caliTy cepen 1isiboBOi ayauTopii. Buainsemo 6a3oBy
BIJIBIIyBaHICTh Ti€i TemaTuku BeO-cailiTy, ska 3abesnedye picT HOro 3arajibHOI
BI/IBITyBaHOCTI. Bci 3axoau 11010 MiABUINEHHS BiJIBIAYBAaHOCTI BUMAararTh MEBHUX
3arpar. ToMy HEOOXiHO OIiHIOBaTH €(EKTUBHICTh TaKOTO 3aCTOCYBaHHS  3a
JIOTIOMOT'OI0 MaTeMaTUYHUX MOJIETIEH.

[Ipu MojentoBaHHI BiABIAYBAHOCTI JUIsI YCYHEHHS BHUIAQJKOBUX KOJMBAHb
BUKOPHCTOBYETHCS 3TJIa)KyBaHHS €KCIIEPUMCHTAIBHUX AaHUX. [IpW oMy 3aIHIIOK
3r1aJKyBaHHSI TOBUHEH MICTUTH MIHIMAJIbHO TOB’si3aH1 3HAaYeHHA. Tomy BHOUpaeMo

taki kpatHocTi K, K, 3rmampkyBaHb CHOCTEpeKEHUX 3HA4Y€Hb 3arajbHoi Y°© Ta

0a3oBoi X° BimBimyBaHOCTEH, sKi 3a0e3mevarh MiHIMAIbHY KOPEIhOBAHICTh iX
3aJTMIIKIB.
Amnani3z 3ria/pKeHoi 3aranbHOl BigBigyBaHocTi Y (t) mo3Bosise po30uTH 1 Ha

IHTEpBaJIM BIAHOCHOI MOCTIMHOCTI Ta IHTEPBAJU CYTTEBUX HPHUPOCTIB 3a MOPOTOBUM
(bopMallbHUM KpUTEPIEM

Y'(t)>D (51)

min !
7€ ToporoBe 3HaueHHs D . BCTaHOBIIOETHCA EKCIIEPUMEHTAIBHO. MOIEIIOBaHHA

3aCTOCOBYEMO TUIBKHM JUIS IIMX YacOBUX I1HTEpBaliB. TakMM YHWHOM JOCSTAETHCS
CYTT€BE 3HMKEHHS CKIJIQHOCTI MOJIEI.

Mopens BiaBiayBaHOCTI BeO-caliTy BKJIIOYa€e CIIBBITHOIICHHS BIJBIIYBAHOCTI
aKTUBHOI TeMAaTUKU. B SKOCTI OCTaHHIX BUKOPUCTAHO CITIBBIJHOIICHHS JIMITYHOYOi
3abesneueHocti  Buay  (5)-(8), JMOMOBHEHY MPEACTABICHHSAM  PE3yJIbTYHOUOl
BizBimyBanocTi Bchoro Beb-caiiry Y (t) y Burmani

Y () =Y(t,)+ 0 (X () - X, )" e™. (52)

HasiBHicTb 3B 513Ky 6a30BO1 BIJIBITyBAHOCTI 13 3arajbHOIO MOSICHIOETHCS BILNIMBOM
pOCTYy TOMYJSPHOCTI ©0a30BOI TeMaTHMKA Ha TOKPAIIEHHS BHJIUMOCTI CTOPIHOK
TEMaTUKU B TONIYKOBUX cucTeMax. [lokpalieHHss BUIUMOCTI CIPHYMHSE TTOCHICHHS
BIJIBITyBaHOCTI OaraThoX TeMaTuk BeO-caliTy, THM caMUM BHUKJIMKAIOUYW ITiIBUIIICHHS
3arajibHOi B1JBITyBaHOCTI.

[nenTudikaris aHaai30BaHOT MOJIEN BIJIBIIYBaHOCTI 3/11MCHIOEThCS B 2 eTanu. Ha
MepIIoMy eTami 3a JIONMOMOIOI0  CIIOCTepeXeHOi 0a30Boi  BiaBimyBaHocTi X
1aeHTu(iKyeMo napameTpu P, — P, 0a30BOI BIABIAYBAHOCTI, a HA APYroMy eTami —
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napamerpu tpencrasieHas (52). J[ns moOymoBH 3HAYEHb OCTaHHIX JIOrapupMyeMO
criBBigHomeHHs (52), OTpUMYIOUN CUCTEMY JIIHIHHUX PiBHSIHb

In(g,) +a, In(X(t,) - X,)-a, =In(Y(,)-Y(t,)), i=13 (53)

JUTSI BCTAHOBJICHHS TTOYATKOBHX 3HAYEHD, SIKI B TIOIATBIIIOMY YTOUYHIOEMO TPATIEHTHAM
MeToaoM. OCHOBHA CKJIAJIHICTh Y BUKOPUCTAHHI MOMEPETHBO PO3POOICHOI METOTUKH
MoJIsITa€e y MOALI MiAXOJIB HA 3aXOAU 13 KOPOTKOTEPMIHOBHM Ta JIOBFOTEPMIHOBUM
POCTOM aKTHUBHOCTI.

JlocmipKeHHS, MPEICTaBICH] B PO3/. 3, YMOXKIMBIIIOIOTE CIPOILICHHS MPOLETypPH
1meHTrdikarii 3ampornoHOBaHOl MOJIe NUIIXOM BUKOPUCTAHHS METOAY 11eHTU(IKAIIIT
OaraToeTamHOl MOJIENl 3 CIIOCTEPEIKYBAHOI 3MIHHOK aKTUBHOTO CEpEIOBHINA, KU
HE BHMAara€ BHOKPEMJICHHS IPOIECIB KOPOTKOTEPMIHOBOTO Ta JOBFOTEPMIHOBOIO
NpPUPOCTIB  BiABIAyBaHOCTeW. Okpemi  pe3ynbTaTd  1AeHTH(IKAIll  Mojesen
BiJIBITyBaHOCTI aKTHBHUX TEMAaTHK HaBEJEHO HA pHC. 0.

i, aps=3.4az

ni=6, eps=1.8359% 10
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3 37

1 1

53 54 55 56 5/ 58 59 60 61 62 63 53 54 55 5 57 58 50 60 61 62 63

TUXKHI TUXKHI

Puc. 6. Inentudikaris moaeni 3poctanns 0a30Boi BigBigyBaHocTi Beb-caiity API2Cart na
apyromy (a) Ta TpetboMy (0) eTamax

Bapro Big3HAauMTH, 110 HA YETBEPTOMY €Tami BCl HACTYNHI 3HAYEHHS
BI/IBITyBaHOCTEH HayiexkaTh BUOpaHoMy 5% iHTepBaiy mporHosy. Kpok nporunosy mo
erarmax ckuaagae 1, 4, 1, 2 THXKHIB, IO YMOXJHUBIIOE KOHTPOJIb JHHAMIKH
BiIBiIyBaHOCTI BeO-caliTy 13 3a0BIJIbHOIO TOYHICTIO.

Ha creoromuimHiii feHb AiabeT € HEBWIIKOBHOI XBOpPOOOK 1 MaKCHMallbHa
KOMIICHCAIlISl TOPYIIEHOT0 OOMIHY PEYOBHMH € OCHOBHOIO METOK Yy MIATPUMIIL
310poB’s martieHTa. [IporHo3yBaHHs KOHIIEHTpAIlli TIIFOKO3U B KPOBI B 3aJICKHOCTI BiJT
pallioHy Xap4yBaHHS Ta 703 1H €KI[Ii MITYy4HOTO 1HCYJIHY 3aco0aMH MaTeMaTUYHOTO
MOJICITIOBAHHSI YMOJKJIMBIIIOE Y3TOJKCHHSI Xap4yyBaHHS Ta JIO3YBaHHS IHCYJIHY 13
XapaKTepoM HaBaHTAKEHHS Ha opraHi3M mamieHta. PiBenb G(t)rimoko3u B KpoBi

3HUXKYETHCS i €0 IHCYIIHY, B skoMy BUALIseMo mpupoaHio | (t) Ta mryuny N(t)

KOMITOHEHTH, Ta MiABHIYEThCS 13 mocTyruieHHs M G_ (1) riroko3u i3 Txi.
CrocrepexeHHsl 3a PIBHAMHM IIYKPY B KPOB1 Ta 00CATaMu CHOKUTUX BYTJIEBO/IIB

BKa3ylOThb Ha Te, IO OCTaHHI HEOOXiTHO PO3MiIMTH Ha Karteropii mutreBux S!(t),

mBuakux S) (t) Ta nosinerux S)(t), me | mosHawae mMomeHT wyacy t, cnoxuBanHs
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BYTJIEBOIB. BinmosinHi 00csaru BupoOieHoi riaroko3u nozHadaemo sk G (t). O6csr
iH’eKmii mMTYyYHOTrO iHCYMiHY, 3AIHCHEHOI B MOMEHT Hacy J,, mo3HadaemMo sk U ",
a pO3MOJi IHTEHCUBHOCTI Horo fii B yaci — sk N*(t). V poni ocraHHbOro BUOpaHO

dyHKIit0 — aHanor posmnoniry dimepa, mapaMeTpu SKOi BCTAHOBIIOEMO OKPEMOIO
nporeayporo ieHThdIKaIli Ha OCHOBI CHEIIaJIbHO BHUMIPSHUX OOCSTIB 1HCYIIHY.
B pe3ynbraTti oTpuMyemMo Mojienb JA000BOi JMHAMIKH TJiKeMii, B SKii 3arajJbHOIO
3a0e3meueHICTIO BUCTyMHae rmoko3a G(t) B KpoBi, MiAIOPSAKOBAHUMH aKTHBHOCTSIMH —

KoHLeHTpawii iHcyminy |1(t), U*N"(t) Ta BupoOneHoi i3 ByIJIEBOMIB TIIOKO3H
G, (t), manopsakoBaHHME 3a0€3IEICHOCTAME — KOHICHTPALIIl CIIOKUTHX BYIJICBOAIB

S/ (1)

d 3 Ny | (O)G(t w U Ot -t )N (1)G(t)
Sem=33 po-t,)6.,0-p, 0 | . 64
dt i1 j-1 p, +G(t) et p, +G(t)
d G()-G,
—1I(t) = — (1), 55
V) (p 0 pll() (55)
dG/ (t St _
(V) _ Gie'—()_—pfi Gl (t), t>t, (56)
dt S P S )
dS(t St _
EO__pe Y 61 t>t, (57)
dt D P +SI()
G(to):Gw I(tO)ZIO’Gri,i(tj):gi’ Sij(tj):Sij:O (58)
N (1) = (t-t, ) (L+blt—t, )*) (59)
Jie N, — KUIBKICTb Xap4yBaHb MpPOTATOM J00H, N, - KUIBKICTh iH €KIIA iHCYIiHY,
a,b,k — mapamerpn ¢yHKUii AMHAMikK mTy4HOTrO iHCYMiHY, G, |,,J, — mo4aTkoBi
KOHIICHTpAIlli TJIIOKO3W B KpPOBI, MPHUPOJHOTO I1HCYJiHY, BHPOOJEHOI TJIOKO3U 3
BYIJICBOAIB BHAY i, ,S! - 06csar cnoxuBaHHS i-X BYIJIEBOAIB Mg 4ac |-ro
XapuyBaHHS.

3actocoBaHO mpoleAypy TmoeTamHoi igeHTu(ikaiii Mojaeli Ha  OCHOBI
MOCJIIIOBHOCTI JIOMOMIXKHUX 3aJ1ay Ta CIEliaIbHO OPraHi30BaHUX eKcriepuMeHTiB. Ha
MIEePIIOMY €Talll PO3TISAAETHCS HalmpocTima KoHdirypais mozemi. [{s kondiryparis
BUHUKA€E B HIYHUI yac, MpH BIJCYTHOCTI BIUTUBY XapuyBaHHS Ta MiHIMAJIbHOMY BIUIHBI
MITYYHOTO 1HCYNIHY. 3HAYEHHsI TIIOKO3U BUMIPIOIOTHCS TEPIOJUYHO, a 3HAYCHHS
1HCYJIIHY BUMIPIOETHCS B TOYATKOBUH MOMEHT IPOBEJCHHS €KCIIEPUMEHTY

d ... | G

E G(t)=-p, D16’ (60)
G(t)-G, | :

— ( )= ( NN p, )1 (D), (61)

G(tz)sz, I(tz):lz . (62)
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Jnsa inentudikamii 1ie€i KoH@Irypamii BUKOPHUCTOBYETbCA OMHCAHWA B poO31. 3
METO/JI 1IeHTU(IKaLlli TPU CIOCTEPEKEHH1 JHIIe 3MIHHOT 3a0e3nedyenocti. Ha apyromy
eTam Ha OCHOBI CHEI[IaJIbHOTO EKCIEPUMEHTY BCTAHOBIIOEMO 3HAYCHHS 1HCYJIHY
NPOTATrOM 4acy oro eexTuBHOI Aii. Ha OCHOBI IMX 3HAa4YEHBb TPATIEHTHUM METOJIOM
ieHTH(IKyeEMO 3HAYCHHsS IMapaMeTpiB perpeciiiHoi Mojaem mrydHoro iHcyminy (59).
Ha Tperbomy erami BpaxOBYeTbCS B3a€EMO/IiS TIIIOKO3H, IO MOCTyMae 3 DKew, Ta
MITY4YHOTO 1HCYINiHY. [Ipu 3BMUYaliHOMY Xap4yyBaHHI MPHUCYTHI Pi3HI TUIHU BYTJIEBO/IIB.
Onnak 171 CHpoIeHHS 1AeHTU(IKalii IMapaMeTpiB MOJeNl OpraHi30BaHO TpH
CHeIlaJbHUX EKCIEpPUMEHTH, KOJM B CEaHCI XapyyBaHHS CHOXKUBAIUCA TUIbKU
MUTTEBI, a00 TIIBKM IIBHJKI, a00 TUIbKK MOBUIBHI ByriaeBojau. CriocTepekeHHS
MIPOBOAMIIMCS BiJl MEPIIOTO PAHIIIHBOTO XapYyBaHHS 3 1H €KLIEI0 MTYYHOTO 1HCYIIHY,
10 J03BOJISIE€ MPOCTIIIE BCTAHOBIIOBATH MOYATKOBI YMOBHU MOJETIOBAHHS JUHAMIKU
rimikeMii. JIns imeHTudikamii oTpuMaHuX KOH(Irypaiiii Mojeni BUKOPHUCTOBYETHCA
po3polsieHnit MeToa  ieHTHdIKalii Mojaeli 13 BIIOKPEMIICHUMH JIIMITYIOUUMHU
(dakTopamu.

Pe3ynbTaT €KCIEpUMEHTIB MIATBEPUKYIOTh TOYHICTh 1AEHTH(IKALII Moaeni
HITYYHOTO 1HCYNIHY (BiIHOCHa mnoxuOka 6.9%), a Takox Mojeiel TIiikeMii mnpu
CIIOKMBAHHI JIMIIE MUTTEBUX BYIJIEBOJIB (BiqHOCHa moxuOka 5.3%), MBHIKHX
(BimHOCHa moxuOKa 6.3%) Ta MOBUIBHMX BYIJIEBOJIB (BigHOCHa moxubOka 4.4%).
[IporHo3na Mopenb A000BOI  AWMHAMIKA  IJIKeMii TpU  CIIBCTaBJIEHHI 3
CIIOCTEPEKEHUMH JJAHUMH MOKa3ajla MaKCUMAaJIbHY BIIHOCHY MOXHOKY Ha piBHI 9.2%.
PesynbraTu geskux 3rajjaHuX eKCIEpPUMEHTIB IPOJIEMOHCTPOBAHO Ha puc. 7 Ta puc. 8.
VY 3B’s3Ky 3 OOMEXKEHHM YHCIIOM CIOCTEPEKEHb 3a KOHIEHTPAIISIMU TJIFOKO3U MPHU
CIIOKMBAHHI OKpPEMHX THIIIB BYIJIEBOAIB B OJHIM mporeaypi iaeHTHdIKaIil
BUKOPHCTOBYBAJINCH JaHI JIBOX EKCIEPUMEHTIB, MOJCIbOBaHA JWHAMIKA IS SKHX
MpeCTaBlIeHa CYLUIBHOIO Ta IITPUXOBOIO JIIHISIMH.
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(a) (6)
Puc. 7. Pe3ynbTaTtu i1eHTUdIKaLIT MOIeNEH IITYYHOTO 1IHCYIIHY (a) Ta MUTTEBUX

ByTJIeBOIB (0)
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Puc. 8. Pe3ysbTar inenTudikariii Moaesi MOBIILHUX BYIJIEBOAIB (@) Ta MPOrHo3 1000BOi
JTUHaMIKy TItikemii (0)

BUCHOBKH

VY nuceprariiitHiii poOOTI BUPIIIEHO aKTyallbHY HAayKOBO-TIPHUKJIAJHY MpOOJIeMy
CIPOLIEHHSI TMPOIECY MOJEIIOBAHHS CHUCTEM 13 JIMITYIOUMMH (daKTopamMu Ta
MIJBUIEHHS TOYHOCTI MOJICTIOBAHHS 3aBISKH PO3pPOOJECHHIO HOBOTO  KJacy
MaTeMaTUYHUX MOJENIeH CHCTeM 3 JIMITYIOUnMH (haKTOpaMu, HOBUX y3arajdbHEHUX
METOJIIB iX 1eHTH(IKaLll Ta 1HKEHEPHOTO 1HCTPYMEHTAPII0 3 PO3IIMPEHOI0 CPEeporo
3aCTOCYBaHHA B MPHUKIATHUX  JOCITIIKEHHSX. Y  pe3ymbrari BUKOHAHHS
TUCEPTALIMHOTO AOCTIKEHHS C(hOPMYJIbOBAHO TaKl BUCHOBKH Ta pEKOMEH/IAIII].

1. IlpoBenenuii aHami3 MAXOMIB 10 MIABUIIEHHA €(EKTHUBHOCTI JOCIIIKEHb
HOBUX KJIACiB 3aj1a4 3a JOTIOMOTOK0 MaTeMaTUYHUX MOJIeNieH MOKa3aB aKTyalbHICTh
y3arajJpHECHHS HalpalbOBaHUX IIIXOJIIB MPH MOJEIIIOBAHHI CUCTEM 13 JIMITYIOUUMH
dakTopamMu 3 METOIO PO3POOKH y3araJbHEHUX MAaTEMAaTUYHUX MOJIEJIEH Ta METOIIB 1X
imeHTrdikaiii 1 MOICIIIOBaHHS MPOIECIB B 010COIIaIbBHUX CUCTEMAaX Ta 3HUKCHHS
TPYJAOMICTKOCTI PO3POOKM 1HXKEHEPHOrO IHCTPYMEHTApIIO JIsi PO3B’SI3aHHS HOBUX
3a/1a4 y 11 06acTi.

2. 3amporoHOBaHO Ta OOIPYHTOBAHO Yy3arajbHEHy MOJENTh CHCTEMH 13
BHYTPIIIHIM JIIMITYIOUUM (PAKTOpOM, SIKa BKJIOYAE PIBHSHHSA TUHAMIKH aKTHBHOTO
cepenoBuilia, cyOcTpaTy Ta MPOAYKTY CHUCTEMH, BPaxoBy€ 3MiHY 0a30BUX PIBHIB
3MIHHOT aKTUBHOTO CEPEIOBUIINA, a TAKOXK €(PEKT ii IHr10yBaHHS TPOTYKTOM CUCTEMHU.
[le ymoxiuBWIO (GOPMYBaHHS SApa PO3MIUPEHOTO KIIACY MOJENEH CHUCTEM 3
JTIMITYIOYUMHU  (aKTOpaMH, SIKE CIPOIIYE MOJEIIOBAHHS MPOIECIB y XIMIKO-
TEXHOJIOTIYHUX, HaBYaJIbHMX, BeO-iHpopMaliiHUX cUCTeMax Ta CHUCTeMax
MPOTHO3YBaHHS JUHAMIKH IJIIKeMIil XBOPUX HA LIYKPOBUH A1a0eT.

3. 3anponoHOBaHO Ta OOIPYHTOBAHO Yy3arajlbHEHy MOJEIb CHUCTeMH 13
30BHINIHIM JIIMITYIOUMM HAaBAHTAKCHHSIM, SIKa BKIIIOUA€ PIBHSHHS JUHAMIKA 3MIHHOI
aKTUBHOTO CEPEJOBUINA CHUCTEMH, BPAaXOBY€ HENHIMHICTh pEakIlii CHUCTEeMU Ha
NPUKJIAJCHE HaBAaHTAXCHHS, 110 BUCTYNAae B POJl JIMITYyrO4oro Qakropa Ta
IHTEPIIONIOEThCA KYCKOBO-KYOIYHMMH MHOTOwWwIeHaMu EpwmiTa, a Takox JHIMHHIMA
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XapakTep cTadiiri3aTopa aKTUBHOIO CEPEJOBUIA CUCTEMHM, KUl BMUKAETHCS MICIs
3HATTSA HaBaHTKECHHSI. Moiesib YMOXKIIMBIIIA YHI(IKAIlIIO M1IX0/IIB 10 MOJIETIOBaHHS
PI3HOTUITHUX HABAaHTAKECHb HAa OpPraHi3M IaIlieHTa B Mpoleci peadimiTarii micis
CEPIEBO-CYJMHHUX 3aXBOPIOBAHb.

4. Po3pobiieHo enuHMA METO ieHTU]IKaIii MOJene CUCTeM 13 JTIMITYIOUrM
dakTopoM, KUl MICTUTH MPOIEAYPY BUAUICHHS 00JacTi Ta BHOOPY ONTUMATbHUX
3HA4YeHb JIMITYIOUOTO TMapameTpa, PI3HUIEBI CHIBBIHOLICHHS JUIs HAlAIITyBaHHS
MOYATKOBUX 3HAYCHB 1HIINX IMApaMETPiB MOJEII, MPOIEAYPY YTOUHEHHS TTOYaTKOBHX
3Ha4YE€Hb TapaMmeTpiB MOJEN Ha OCHOBI TPAIEHTHOTO METOAY, L0 YMOKIIMBHIIO
yHI(pIKYyBaHHS Ta CHPOIICHHS MAXOAY 10 iJeHTHdIKaIli Mojenel cucreM i3
JIMITYIOYOI0 3a0€3MeUYEHICTIO Ta JTIMITYIOUUM 30BHIIIHIM HaBaHTAKCHHSIM.

5. Po3po0sieHo apxiTeKTypy Ta MporpaMHi MOJYJII CepeIOBUINA MOCITIOBAHHS
CUCTEM 13 JIMITyIOUMMHU (paKTOopamH, B K1 PO3pOOJIEHI METOAU 1AeHTH]IKaLii
peali3oBaHO CYKYIHOCTSIMU MPOTPAMHUX MOJYJIIB 13 MOETAMHOK JETaI3aIl€l0, 0
YMOXJIMBUJIO €KOHOMIIO 3yCWJIb 13 IX MporpaMHOi peaiizaiii Ta 3a0e3neduio
dbopMyBaHHS TPOTPAMHOIO THCTPYMEHTAPII0 aHaji3y MIMPOKOTO KOJa MPUKIATHUX
3a/1a4 31 30€peKEHHSIM BIIKPUTOCTI CEPEIOBUINA J0 MOAATBIIUX TOMTOBHEHb.

6. [3 3acTtocyBaHHSIM €IUHOTO METOAY IACHTH(}IKAIII MoOAeNel CHCTeM 13
JTIMITYIOYUMHU (paKTOpamMH MOOYJOBAaHO MAaTeMAaTHUYHY MOJENb Peakilli MaIi€HTiB Ha
G13MYHI  HABAaHTAXKEHHSA PI3HUX €TaliB peabumirTamii MICIAsS CepleBO-CYAMHHUX
3aXBOPIOBAaHb, PO3POOJICHO MaTEMaTUYHY MOJICTh XapaKTePUCTHUK pPE3yJIbTaTiB
HAaBYaHHA 13 MOETAIHUM IPOTHO30M YCHIIIHOCTI OCBOEHHS MaTepialy B CHCTEMI
aBTOMAaTH30BaHOIO0 HAaBYaHHI 13 MAaKCHMAJIbHOIO BIJHOCHOI IIOXHOKOIO 6%;
noOyJ0BaHO MaTEMaTUYHY MOJI€Nb PEaKIil Mali€HTIB HA (PI13MYHI HABAaHTAXEHHS 13
BIIOOpaXEHHSAM B €IWHIA MOJelll SK HEIHTCHCHUBHHX, TaK 1 CyOMaKCHMaJbHHX
HABAHTAXKEHD 1 3HIHKCHHSIM MaKCHUMAaJIbHOI TOXUOKHM MPOTHO3YBaHHS Ha 23%.

7. Ha ocHOBI enuHOTO MeTOMy iAeHTH]IKAIIT MOACIEH CHUCTEM 13 JIMITYIOUMMHU
(dbakTOpaMu CTBOPEHO METOJ iJeHTH(IKaIlll mapamMeTpiB Moaeial AUHAMIKHA J000BOT
TJIIKeMIi XBOPOro Ha LIYKPOBHM /11a0€T 13 MAaKCUMAJIbHOIO BIIHOCHOIO MOXUOKOIO, KA
He mnepepummia 9%; yIOCKOHAJIEHO MeTox iaeHTHdIKamii Momaenel XiMikKo-
TEXHOJIOTIYHOTO Tpollecy OpoBapHOro OpOAIHHSA 13 CHPOIICHHSM MPOIEAYpH
11eHTU(iKkailii Ta 3MEHIIEHHIM MOXUOKU MateMaTudHoi Mojeil Ha 30%; mokpamieHo
MeToJ iaeHTh(dIKaIll MaTeMaTUYHUX MOJCICH TUHAMIKHM BiJBiyBaHOCTI BeO-caiiTiB
13 3aCTOCYBAaHHSIM SIK JUIsI KOPOTKOTEPMIHOBOTO, TaK 1 JJIi JIOBTOTEPMIHOBOIO
MIPOTHO3YBAHHS JUHAMIKH BiJ[BITyBaHOCTI 0€3 BTpaTH TOYHOCTI MPOTHO3YBAHHSI.
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Maciyuauk P. M. MaremaTu4Hi Moaedi cucreM i3 JiMiTyrouumn pakropamu
Ta MeToaM ix irenTudikaumii. — Ha npaBax pykomnucy.

Jucepraiiss Ha 3700yTTsS HAyKOBOTO CTYMEHS JIOKTOpa TEXHIYHHX HayK 3a
crnemianpHicTio 01.05.02 — MarematnyHe MOJENIOBaHHS Ta OOYMCIIOBAIbHI 3acO0U. —
Hamionansauit yHiBepcureT «JIbBiBchKa nonitexHikay MOH Ykpainu, JIssiB, 2016.

Jluceprailisi MPUCBAYEHA BUPILICHHIO BAXKJIMBOI HAYKOBO-TIPUKJIAIHOI MPOOIeMU —
COpPOIICHHSA TMPOIECY MOJETIOBaHHA CHUCTeM 13 JIMITylOUMMH (akTopamu 3
OJTHOYACHUM 3a0e3MeYeHHSIM HEOOX1HOT TOYHOCTI Ta PO3POOKM UId LHX LIJIeH
1HKEHEPHOr'0 1HCTPYMEHTapit0. 3anporoHOBaHO Ta OOIPYHTOBAHO 3arajibHy CTPYKTYpY
Mojziesiel cucteM 13 JiMITyrounMH (pakTopamu. Po3po0iieHo y3araibHEHY MOJCHb
CHUCTEM 13 MHOXKMHOIO BHYTPIIIHIX JIMITYIOUHX (PaKkToOpiB, IO BPaxoBYE €(PeKTH
1HT10yBaHHS Ta 3MiHY 0a30BUX PiBHIB AKTUBHOCTEH MPOILIECIB.

[To6ynoBaHO y3araJibHEHHUI METOI 1IeHTU(DIKAIlT TapaMeTpiB MOJIEJIEH CUCTEM 13
JTIMITYIOYUMHU (paKkTOpaMu, SKUN BKIIIOYAE TMPOIEAYPH BUOOPY MOYATKOBUX 3HAYEHD
JIMITYIOYUX TapaMeTpiB, MOOYJAOBH MOYATKOBUX 3HAYEHb MapaMmeTpiB MOJEeil Ha
OCHOBI ~ 3HA4€Hb JIMITYIOUMX MapaMeTpiB Ta PIZHULEBUX alpPOKCUMAIIN
nudepeHiadbHUX PIBHAHb MOJEN, BHOOpPY ONTHUMAJIbHHX 3HAYE€Hb JIMITYHOUHX
napameTpiB 3a KpUTEpIEM MiHIMI3alil MaKCUMaJIbHOI BIIHOCHOI MOXUOKH MoJenl 13
3HAQYEHHSIMM MMapaMeTpiB, YTOUYHEHUX 3a JIOMIOMOI0K0 MOJU(IKOBAHOTO TPaIEHTHOTO
Metoay. Po3pobiieni Mmoaudikaiiii y3araaibHEHOro METOAY 1AeHTU(IKallll HA BUIAIKU
CIIOCTEpEeKEHb 3HadyeHb Juiie (akropamu oxHlei 3MiHHOI Mogeni. I[loOymoBaHo
MOJICNIb CHUCTEMM 13 30BHIIIHIMA HAaBAHTAKEHHSIMH pI3HUX THIIIB a TaKOX
MoAudIKaIliio y3aralbHEHOT0 METOTY 1/IeHTU(DIKaIlii, 1110 BpaxoBYeE ii 0COOIMBOCTI.

Po3pob6ieHo apxiTekTypy Ta MporpamMHi MOIYJl CEPeIOBHINA MOJICTIOBAHHS
CUCTEM 13 JIMITYIOUUMHU (DaKTOpaMu, SIKE pealizye po3poOJICHUI y3aralbHEHUNH METOT
imenTudikamii. YA0CKOHAJICHO MOJEIl Ta MeToau iaeHTHdikamii aIs IpoIeciB
peabumiTamii MICaAs CEpIEBO-CYIUHHUX 3aXBOPIOBAaHb, OIOTEXHOJOTIYHUX TPOIECIB
OpoAiHHS, MPOTHO3YBaHHs AOOOBO1 JUHAMIKH TJIIKEMIi XBOPUX Ha IIYKpOBUU n1aler,
MPOTHO3YBaHHA BiABIAyBaHOCTI BeO-caliTIB mpH 3acTOCYBaHHI PEKJIAMHUX aKIIii,
PO3p00JIEHO MOJIETh YCHIITHOCTI B CUCTEMaX aBTOMAaTHU30BaHOTO HABYAHHS.

Kniouosi cnosa: y3aranbHeHa MOJENb CHUCTEMH, JIMITYIOUMM (aKTop, METO.
iaeHTudiKalli, MOYaTKOBE 3HAUEHHS Mapamerpa MOAENl, MOAU(IKOBAHUN Tpajl€eHTHUNA
METO/I, POTPaMHE CEPEIOBUIIE MOJICITIOBAHHSI.

Macuunbik P. M. Martemarnyeckue MOAEJM CHUCTEM C JUMHUTHPYHOLIUMH
(¢axkropamu u meToabl ux uaeHTu(pukanumn. — Ha npasax pykonucu.

Jluccepranyst Ha COMCKAaHHE YYEHOW CTENEHHM JOKTOpAa TEXHUYECKHX HAYK IO
crienmanbHocT 01.05.02 — Marematuueckoe MOAEITUPOBAHUE W BBIUYHUCIUTEILHBIC

MeToabl. — HannonaneHbelll yHuBEpCUTET «JIpBHBChKaA nonuTaxHuka» MOH Yxkpaunsl,
JIpBOB, 2016.

JuccepTranusi MOCBAIIEHA PEIICHUI0 BAKHON HAYYHO-TIPUKIIATHON MPOOIEMBI —
YIPOIICHUIO TMPOIecca MOJSIUPOBAHUS CHUCTEM C JIMMUTHUPYIOIIUM (pakTopam Mpu
OJIHOBPEMEHHBIM 00ecTieueHUr TpeOyeMol TOUYHOCTH W pa3paboTKe JJIsl ATUX IeNeH
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WH)XCHEPHOT0 MHCTpYMEHTapus. BelsiBieHa (parMeHTanus noaxoa0B K MOCTPOSHUIO
MOJIeJIell CUCTEM C JIMMUTHPYIOIUM (aKTOpamMH, 4TO MPHUBOIAUT K 3HAYUTEIHHBIM
3aTparaM BpeMEeHH Ha pa3paboTKy IpOTrpaMMHBIX CPEACTB MOJICINPOBAHUS YKa3aHHBIX
cucteM. [IpemioskeHa cxemMa MOJICIUPOBAHUS CUCTEM C JIUMHUTHUPYIOIIMMHU (PaKTOpaMu
C MMPUMEHECHUEM CIIENUATIBHON TPOTPAMMHOM CPEIBL.

Pa3paborana 060011eHHas MOJENb CUCTEM C BHYTPECHHMMH JIMMUTUPYIOIIUMHU
dakropamu, yuuThiBaromas 3p(eKTsl THrUOUpOBaHUS U U3MEHEHHS 0a30BbIX YPOBHEH
aKTUBHOCTH TMPOILIECCOB a TaKXKe BIHAHUE TMOMYMHEHHBIX IMPOIECCOB, JUMUTUPO-
BaHHBIX OTACIBHBIMU JIMMUTUPYIOIUMHU (DaKkTOpamMu, Ha OCHOBHYIO XapaKTEPUCTUKY
CHCTEMBl. AHalM3 BIMSHUA HM3MEHEHHH MapaMeTpoB YIPOIIEHHOW MOJAEIH C
JUMUTUPYIOIIMMU  (aKTOpaMH Ha JUHAMUKY TIEPEMEHHBIX MOJEIN TO3BOIHI
BBIJICJIUTH U3 YKCIIa TApaMETPOB OCHOBHOM, TUMUTHpYomuil. [loctpoen 06001eHHbIN
METOA UACHTU(DUKAIMK [apaMeTpoB MOJENeH CUCTeM C JIMMUTHPYIOIIUMU
dakTopaMy,  BKIIOYAIOUIMM  Mpoueaypbl  BbIOOpa  HayaJbHBIX  3HAYEHUI
JUMUTHPYIOIIUX [apaMEeTpOB, IOCTPOCHMsS] HAYaJbHBIX 3HAYEHUNH MapaMeTpoB
MOJIeJIell Ha OCHOBE 3HAYEHUH JHMMHUTHPYIOIIMX MapaMeTpoB M  Pa3HOCTHBIX
anmpokcuManuii  nudepeHmanbHbpIX YpaBHEHU MOJENH, BBIOOpA ONTUMATbHBIX
3HaYEHUH JIMMUTUPYIOUINX MapaMeTpOB MO KPUTEPUIO MUHUMH3AIMN MaKCUMATbHON
OTHOCHUTEIFHOW MOTPEIIHOCTH MOJENH CO 3HAYCHHSIMH IapaMETPOB, YTOUHEHHBIX C
MOMOUIbIO0 MOJU(ULIMPOBAHHOTO I'PAIUEHTHOTO METO/IA.

Pazpaboransl  MoaM(pUKAIMM  TPEMIOKEHHOTO  000OIIEHHOTr0  METoja
UJeHTU(DUKAIIMY TTapaMeTPOB MOJIeNIe CHCTEM C JIMMUTUPYIOINIUMHU (aKkTopamMu Ha
Clydau Hajguuusi HaAOJIIOJCHHM TOJBKO 3a OJHOW IMepeMeHHON Mozenu. B cioyuae
€IMHCTBEHHOTO JUMUTUPYIOIIETO (PakTopa MOAUPHUIUPYIOTCS TOJBKO Pa3HOCTHHIC
COOTHOIICHMSI I TOCTPOCHUS HAYaJbHBIX 3HAYCHHWH MapaMeTpOB MOJEICH IpHu
MOMOIIA  JOTIOJHUTEIBHBIX ~ OOIMX OIICHOK, KOTOPBIC OMPEIESIAIOT  KIIAcc
HEHaO0I0JaeMbIX TIEPEMEHHBIX MOJCNIN. B ciydae MHOKECTBEHHBIX JTUMUTHPYOIIHX
(dakTOpoB peanusyercs Mpoleaypa nodtanHod wuaeHTudukanuu. Ha kaxaom wus
ATAmoB Ha 0ase CIeNUaJbHO OPTaHW30BAaHHOTO SKCIEPUMEHTA WIACHTU(UIUPYIOTCS
napaMeTpbsl MOJENH OTIEIBHOIO BCIOMOTaTrensHOro mpoiecca. IloctpoeHa mopaens
CHUCTEMBbl C BHENITHUMH Harpy3KaMyd pas3JudHBIX THUIIOB a TakkKe Moaupukaims
000011IeHHOTO MeTOa UICHTU(DUKAIIMY, YIUTHIBAIOIIASl €70 OCOOCHHOCTH.

Pa3paborana apxutekTypa W MNPOTPAMMHBIE MOAYJIH CpPEAbl MOJICIUPOBAHUS
CUCTEM C JUMUTUPYIOIHUM (PaKTOpPOM, KOTOpPOE peann3yeT OOOOIICHHBIA METO]
UJIeHTUGUKAIIMKT W ero MOAu(UKAIMU C TOSTAlHOM JeTamu3anueil M KpaTHbIM
UCTIOJIb30BAaHUEM  JIJIE  MOJeJedl B pPa3MYHbIX  TPEIMETHBIX  OOJACTSX.
VYcoBeplIeHCTBOBaHBI MOJCIA W METOJbl  HUJICHTU(DHKAIMKM JJIS  TPOIIECCOB
peabunuTanMyu TOCJHE CEePICYHO-COCYIUCTHIX 3a00JieBaHM, OMOTEXHOJOTHYECKUX
MIPOIIECCOB OpPOKCHMS, MPOTHO3UPOBAHUS CYTOYHOW JHHAMHUKUA TIUKEMHH OOJBHBIX
caxapHbIM JUa0ETOM, TPOTHO3UPOBAHUS MTOCEIIAEMOCTH BEO-CATOB MPU MPUMEHCHUN
pEeKIIaMHBIX ~ aKIOWid,  pa3paboTaHa  MOJACNIH  YCIENIHOCTH B  CHCTeMax
aBTOMATU3HPOBAHHOTO OOYYCHMS.

Kntouesvie cnosa: 000OUIEHHAsT MOJENb CHCTEMBI, JIUMUTUPYIOUIUH (akTop,
MeTOJ UJeHTU(UKAITIY, HaYaJIbHOE 3HAYCHUE napameTpa MOJIEIIH,
MOAUGUITUPOBAHHBIN TPAIUSHTHBIN METO/I, TPOTPaMMHAs Cpeia MOJCITUPOBAHUS.



40

Pasichnyk R. M. Mathematical models of the systems with limiting factors
and methods for their identification. — On the rights of manuscript.

The thesis for the doctor of technical science degree, specialty 01.05.02 —
mathematical modeling and numerial methods. — Lviv Polytechnic National University
of Ministry of Science and Education of Ukraine, Lviv, 2016.

The thesis is devoted to solving an important scientific and practical problem:
simplification of modeling the systems with limiting factors while ensuring the
required accuracy and development of the engineering tools for this purpose. The
analysis of the approaches for modeling the systems with limiting factors and their
identification methods has been conducted. The general structure of the models for the
systems with limiting factors has been offered and justified. This structure implies the
ability to influence the overall characteristic of the system through external limiting
loads, some support factors for the activity of systems’ main processes, a set of limited
processes.

The generalized model of the systems with a set of internal limiting factors has
been developed. This model takes the effects of inhibition and changes in the
processes’ base activity levels into account. The generalized method for parameters’
identification of the models for the systems with limiting factors has been built. It
includes the procedures for selecting initial values of limiting parameters, building
initial values of models’ parameters based on the values of limiting parameters and
difference approximations of models’ differential equations, selection of optimal
values for the limiting parameters based on criterion of minimizing the model’s
maximum relative error with parameters’ values, which are specified using a modified
gradient method. The modifications of generalized identification method have been
developed for the cases when only variables of activity or security for the processes of
the systems with individual and multiple limiting factors are observed, or when the
systems are subject to the influence of the human factor. The model of a system with
external loads of various types has been constructed, as well as the modification of the
generalized identification method, which considers its peculiarities.

The software architecture and simulation environment modules for modeling the
systems with limiting factors have been developed, which implements the introduced
generalized identification method and its modifications with step-by-step detailed
elaboration and multiple usage for the models in different subject areas. The models
and identification methods have been improved for the rehabilitation processes after
cardiovascular diseases, biotechnological fermentation processes, forecasting daily
dynamics of blood for glucose diabetics, forecasting Web sites’ traffic when using
promotions. A model of the progress in computer-aided learning has been created.

Keywords: generalized system’s model, limiting factor, identification method, initial
value of the model’s parameter, modified gradient method, software environment for
modeling.
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