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(54) BATATOKAHAIIbHUIA NPUCTPIW BUSHAYEHHSA XEMMIHIOBOI BIAOAII MDK CUTHANAMM

(57) Pedpepar:

BaraTokaHanbHW MNpPUCTPIA  BM3HA4YeHHS XeMMIHroBOi Biggani Mpk curHamamu Mictutb  (m-
iHdbopMaLiiHMX BXO4iB, M-HAKOMUYYKUUX MIYUNBHUKIB Ta M-KOAOBUX BMXxoAiB), nepwwui C-BXxig
CVHXpOHi3alii 3'eQHaHMIiA 3 BXOOOM MEPLUOro ABIMKOBOro mMiYnrbHUKA, napanenbHi BUXOAU SIKOro
3'egHaHi 3 BignNoBigHUMKW Bxogamu uudpo-aHanorosoro nepetsoptoBada (LAIM), Buxig skoro
3'egHaHW 3 NepLIMu onn?nw+rpn-KomnapaTopiB. [onoaTkoBO BBEAEHWUW OPYrMIA BXiO CUHXPOHi3auii

)

Co cknay y HynbOBWI CTaH 2 NIYUNBHUKIB MPUCTPOIO, Y KOXHOMY KaHani OAaTKOBO BBeAeHa

onTuyHa BicurHanbHa NiHist 3B'A3Ky, BXi4 AKOI 3'€QHaHWMA 3 BUXOLOM BiOMOBIAHOrO CEeHcopa, a Buxig
3'eQHaHMA 3 OpyrMM BXOAOM BiAMOBIAHOrO j-ro Komnapartopa, BuXig SKOro 3'€QHaHui 3 nepLuMmm
BXOJaMM KOXHOro 0o4aTKoBO BBeAEHOro (j+1+m)-ro cToBnueBOoro foriyHoro enemeHta "BukniovHe
ABQ", a gpyri Bxoau psgkoBux noriyHmx enemeHTiB "BuknioyHe ABQO", nounHatoum 3 (i+1+m)-ro,
000AaTKOBO 3'eQHaHi 3 BUXOAaMu j-UX KOMMapaTopiB, BWUXi4 BiAMOBIAHOTO JOrMYHOrO enemMeHTa
"BukntouHe ABO" gopaTtkoBO 3'egHaHMM 3 iHCpOpMaUiNHMM BXOOOM BiAMOBIAHOMO HAKOMUYYHOYOro
nivnnbHUKa, NapanenbHU BUXig SKOro € BignoBigHMM BUXOO0M MPUCTPOLO.
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KopucHa mofenb HanexuTb Ao 3acobiB obumcnioBanbHOi Ta iHOPMAaLMHOT TEXHIKM | MOXe ByTu
3acTOCOBaHa ANS MOHITOPUHIY TEXHOMOrMYHUX MpoueciB nNpoMucrnoBux o6'ekTiB Ta (OHOBOrO
MOHITOPUHIY MPUPOLOOXOPOHHUX OO'eKTIB, LUMSIXOM BM3HA4YeHHS XeMMIHroBOi Biggami Mk
BMMIPSTHUMKW MOTOYHMMM XapaKTEPUCTUKaMM KOHTPONbOBaHMX 0O0'ekTiB. Hanpuknag, y npoueci
CMOCTEPEXEHHS Ta MNITONUCY XapakTepucTUKMN dhayHn Ta propu y npMpoaHMX 3anoBigHUKaX.

Bigomuii npucTpii ons Bu3HadeHHa XeMMIHroBol Biggani Mk ABOMa aHanoroBUMu cCuUrHamamm
[Cnpop A.l., KpynikoBcbkuin B.6., BosHa H.A., Hukonanuyk A.M., IMpucTpin BUSHa4YeHHSA XEMMIHIOBOI
Biggani Mk gBoma curHanamu. lNateHT YkpaiHm Ne 127093 U, Bron. Ne 13, 2018, dir. 1, dir. 2],
LLUNSAXOM iX NepeTBOPEHHS y UMPOBI koaM Ta 064YMCNEHHS iIHTErPOBaHOT MOAYMBHOT Pi3HULI MiDK HUMM,
3rigHo 3 ouiHkoto EBkNigoBoi BigcTaHi:

n
Zi =Y |x i
i-1

ae: n - ob'em BUBIPKM XapakTepUCTUK OO'eKTa MOHITOPUHIY; Xi, Yi - BiAnoBigHi UMGPOBI koan
aHanorosux curHanis x(t) Ta y(t).

MMpuUCTpin MICTUTb CUHXPOHI3aTOpP, NEpLINA Ta APYrMin BXOAW aHaNoroBux NoTeHujianis, TpeTin BXig
€TanoHHOro MOTeHuiany, $Ki BigNOBIOHUM YMHOM 3'egHaHi 3 Bxogamu ABOkaHanbHoro AL
napanenbHoro Tuny, WO MICTUTb KOMMapaTtopw, wwudpaTop po3psiaHO-No3nuiiHMX kodiB Xaapa

A \Y
Ginbworo Yi Ta MeHLWoro sHaueHHs i LMdpoBMX KOAIB, BUXOAWN AKOro 3'egHaHi 3 BignoBigHMMMK
BXogamu 6araTopo3psiAHOro HaKONMUYyBanbHOIO CyMaTtopa, BUXOAWN SIKOro € BUXO4aMu MpUCTPOIo.

Heponikamn Takoro npucTpoto €. obmexeHi dyHKUiOHanbHi MOXIMBOCTI, siki 0OYMOBREHI
HEMOXISIMBICTIO  OQHOYACHOrO  BM3HAYEHHA  MaTpuui  OUiHOK  XeMMIHroBOi  Biggani  Mix
xapaktepuctnkamu baratonapameTpuyHnX 06'eKTiB MOHITOPUHIY; iHLIMI HEOONiK BiAOMOro NPUCTPOo
06YMOBMNEHMIN HASBHICTIO (Di3NYHNX NOTEHUIaNbHNX NiHiN 3B'A3Ky 3 [)KepenaMu aHanoroBux curHanis.

Bigomui npucTpin (Hanbnvx4yni aHanor) - BU3Ha4YeHHs CyM LMpoBKX 3Ha4YeHb Baratbox BXigHMX
aHanoroBux curHanie [Hukonanmyyk A.M., Bosna H.A., TMityx |.P. MNpoekTyBaHHs cneuianizoBaHnx
Komn'toTepHMx cuctem /HasyanbHui nocibHuk / - TepHoninb: TOB TepHo-rpad; 2010, c. 245, puc.
8.14], Ak MiCTUTb M-iH(pOpMaLiNHNX BXOAiB, M-HAKONUYYOUMX NIYUNBHUKIB Ta M-KOAOBUX BUXOAIB
npuctpoto, C - BXig CUHXPOHI3aUii, 3'e4HaHUn 3 BXOOOM MepLIoro ABiNKoBOro nidnneHuka (A), Buxoam
AKoro 3'egHaHi 3 BignoBigHUMM BXodamu UMdpo-aHanorosoro nepetsoptoBaya (LAI), Buxig sikoro
3'egHaHWi 3 nepwumMu Bxogamu m-komnapatopis (K), gpyri Bxogm skux 3'egHaHi 3 noTeHuianamu
BignoBigHUX aHanorosux curHanis [(Xu(t), Xz(t),...,xm(t))] Buxoan komnapatopis (K) koxHoro kaHany
nNpUCTpor 3'egHaHi 3 NepwMMuM BXoAaMu BiAnOBIAHWUX NoridyHMx enemerTis "I", gpyri Bxogu €Akux
3'egHaHi Mix coboto Ta BxogoM cuHxponisadii (C), a Buxogu 3'egHaHi 3 iHopmauiiHuMK BXo4amu
Bi4NOBIOHUX ABIVKOBUX NiunnbHUKIB (JT), napanensHi BUXOAM SKUX € BUXO4AMU MPUCTPOIO.

Heponikom Takoro GaratokaHanbHOrO MPUCTPOKD € OBOMexeHi (PyHKUiOHamnbHI MOXIMUBOCTI, SKi
06yMOBneHi TUM, WO Ha MOro BMXxOdax, Ha iHTepBani BUBIpkM (N), POPMYETLCHA TiNbKU BEKTOP
HaKoMMYEeHMX LMGPOBKX 3HAYEHD |Xyj| aHanoroBux curHanis (xi,j(t)), arigHo 3 BMpasom:

n n n n
Zy=2%n Zp=2Xp  Zj=2Xj  Zm=2Xim

i=1 : i=1 D i=1 D i=1

Tob6TO, TakMi NPUCTPIA He OO3BONSE BM3HAYUTM MATPULIIO OUIHOK XeMMIHroBoi Biggani Mix
napamu BCixX oundpoBaHUX BXigHMX aHaNIOroBUX CUrHaniB.

IHWKUM HedonikoM Takoro MPUCTPOK € BiACYTHICTb ©6e3npoBigHOI NiHiA 3B'A3KY MK BXogamu
KOMMapaTopiB Ta BMXO4aMU BifAaneHUx CEeHCOopIB, WO )OPMYIOTb aHanoroBi CUrHanu xapakrepmucTuk
o6'ekta, WO 0OMEXye MOXMMBICTb iX 3aCTOCYBaHHS Ha TEPUTOPIAX EKOSOriYHO-, MOXEXHO- Ta
BMOyxoHebe3neyHnx OO'eKTiB, a TaKoX 3anoBigHWX MPUPOSOOXOPOHHUX 30H, OO0 SKMX, Hanpuknag,
HanexuTb npupoaHuin 3anosigHuk "lopraHn" y Kapnatcekomy perioHi YkpainHm [Knimyk FO.B. Ta iH.
MpupogHun 3anosigHuk "lopraHn”. PocnuvHHuA CBIiT. - [pupoaHo-3anoBigHi TepuTopii YkpaiHu.
PocnunHHui cBiT. Bun. 6. - K.: ditocouioueHTp, 2006. - 400 c.]

B ocHoBy ygockoHaneHHsi 6araTokaHanbHOro MpPUCTPOI0 BM3HAYEHHS XEeMMIHroBOi Biggani Mik
curHanamy rnocTaBreHa 3ajadva  po3LMPEHHA MOoro  OYHKUIOHANbHUX MOXIMBOCTEN  LUMSIXOM
00OAaTKOBOrO BBEOEHHSI Y KOXXHOMY KaHamni onTU4YHOI GicurHanbHOI MiHiT 3B'sI3Ky MK ceHcopamu Ta
BXO4AMM BigNoBigHMX KOMMNapaTopiB, 4OAATKOBO BBEAEHUI OPYIMIA BXif CMHXPOHI3auii npuctpoto Co,
3'eQHaHWMA 3 nNepLIMMKM BXOAamW BCIX HaKoMMYyBamnbHWUX MiYUMBbHUKIB MOAYMNbHUX Pi3HUUB |Xi-Xj|
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oLMdpPOBaHMX aHaNoOroBMx CUrHanis, 4OAATKOBOrO BBEAEHHS Y KOXXHOMY KaHani NoriYHoro enemeHTa
"BukniouHe ABO" 3 npamum Buxogom [Hukonanvyk A.M., BosHa H.A., OJasnetoBa A.A. JloriyHun
enemeHT "BukniovyHe ABO" 3 napadasHumm Buxogamu. NateHT Ykpaidm Ne 138509 Bron. Ne 22, 2019,
dir. 2] Ta maTpuui NIYUMBHUKIB MOOYMNBHUX Pi3HULBL MDK napaMmy oundpoBaHUX XapakTepucTUK m-
KaHarnbHOro 06'eKTa MOHITOPUHTY.

MocTtaBneHa 3agaya BUPILLYETbCA TWMM, WO Yy 0OaratokaHanbHWA MPUCTPIA  BU3HAYEHHS
XeMMiHroBol Biggani MK curHanamu, Wo MICTUTb: Mm-iHOPMaLiNHUX BXOAIB, M-HAKOMUYYO4YNX
NiYNNBHKKIB Ta M-KOOOBUX BUXOAIB NPUCTPO0, nepwunin C-BXig CUMHXPOHi3auii 3'egHaHun 3 BXOOOM
nepLloro [AOBiMKOBOro nivuMnbHUKA, napanenbHi BUXOAW €KOro 3'edHaHi 3 BianoOBiAHMMM BXogaMu
umdpo-aHanorosoro nepetsoptoBaya (LIAlM), Buxig skoro 3'€egHaHuMi 3 nepwmMm BXOogamMm m-
KOMMnapaTopis, 3rigHO 3 KOPWCHOK MOAEnno, AOAATKOBO BBEAEHUN ApPYrnid BXid CUHXpOHisauii Co

(m2 +m)

CKuay y HynbOBWI CTaH 2 NiYMNBHKKIB NPUCTPOLO, Y KOXHOMY KaHarni AOAaTKOBO BBeAeHa
onTuyHa OGicurHanbHa niHia 3B'a3ky [[puHYnwunH T.M., Hukonanvyk AM. Cnoci6 6icurHansHoro
nepegaBaHHsa onTUYHMX curHanie. MNMateHT YkpaiHn Ne 144938 Bion. Ne 21, 2020, dir. 2, cir. 3], BXia
SKOT 3'eQHaHUN 3 BUXOA0M BiAMNOBIQHOro CeHcopa, a BuXia 3'eaHaHnin 3 ApyrMm BXOAOM BignoBigHoOro j-
ro KomnapaTtopa, BUXi4 SKOro 3'eQHaHWi 3 MepmMMu BXOOaMM KOXHOrO O04aTKOBO BBEOEHOro
(j+1+m)-ro croenueBoro noriyHoro enemeHTta "BukniouHe ABQ", a apyri BXoan psiaKOBMX MOMYHMX
enemeHTiB "BukniouHe ABO", noumHatoum 3 (i+1+m)-ro, goaaTtkoBO 3'egHaHi 3 BUXOAAMU  j-MX
KomnapaTtopiB, BUXig BignoBigHoro noriyHoro enemeHTta "BukniovyHe ABO" gopgaTtkoBO 3'egHaHWMiA 3
iHdbopMmauiiHMM BXOAOM BIiAMOBIOHOMO HAKOMWYYHOYOro MiYUIIbHUKA, NapanenbHU BUXiO SIKOrO €
BiANOBIOHUM BMXOO0M MPUCTPOIO.

Ha ir. 1 npeactaBneHa CTPYKTypHa CXema MPUCTPOLO, SIKMA MicTUTb: C-BXig CUHXPOHi3auii; 1-
nepLvn OBINKOBMIN NiunnbHUK; 2 - LIATT; y KOXXHOMY KaHani mictuTb: 3 - komnapaTop; 4 - ONTUYHY
BicurnanbHy niHito 3B'A3ky (dir. 2); 5 - ceHcop; 6 - noriyHun enemeHT "BuknoyHe ABO" (pir. 3); 7 -
HaKOMUYYIOYMI NiYNAbHKK; 8-Zi-11 BUXig MPUCTPOLO.

MpucTpin npautoe HaACTYNMHUM YMHOM. Ha moyaTtky LMKy HakoMMYeHHA N - BMBIPOK LMdPOBUX
3HayeHb |Xii-Xij| MOAYMNbHUX Pi3HWLb LUMMPOBMX IHTErpanbHUX OUIHOK XeMMIHroBoi Bigdani Mix m -
aHanoroBuMu curHanamu xi(t), Bci niyuneHukm (1,7) curHanamm (Co) CKMOAOTECA Y HYNIbOBUIA CTaH.

Y KOXHOMY UMKMi poOOTM MNPUCTPOID, Ha iHTepBani ogHiei BMOIpKM amnniTyaHO-MoAyNboBaHi
CUrHanm KoXHoro BignoBigHoro ceHcopa (5) nepegaTbes BicUrHanbHOK OMTUYHO NiHiED 3B'sA3KY (6)
i y BUrnadi noTeHuianis HagxoOaTb Ha neplli BxoAw BignoeigHUX komnapartopis (3), a Ha ix apyri
BXOOM - CTyniH4aTi noTeHuianu 3 Buxony LIAIT (2), ki kogyloTbCs BUXO4aMM NepLIoro nivunbHuka (1)
nig Aieto KOXHOro iMnyrnbcy BXxoAy cuHXpoHisauii (C).

Mpn ubOMyY, BUXIOHI LWMPOTHO-MOAYMNBbOBAHI CUrHanM 3 BUXOAIB komnapaTopiB (5) monapHo
nopdalTbCs Ha Mepli Ta Apyri BXoAW BigNOBIgHWMX NoriYHMx enemeHTiB "BukniouHe ABO" (6). Y

(m2 +m)

pesynbTati, Ha BUXoJax BCiX 2 noriyHnx enemeHTiB (6) POpMylOTbCA NayvkM iMMNynbCiB
YHITapHUX KOAIB MOAYNbHUX Pi3HUUb |Xi-Xj|, SIKI HAKOMMYYKTbCA Y BIANOBIOHUX niYunbHUKax (7),
napanenbHi BUXoau SKkux € Buxogamu (8) npuctpoto, 3rigHo 3 matpuueto gaHux (dir. 4).

KinekicTb uuMkniB (n) onpauioBaHHA [AaHWX BU3HAYaAETbLCA PO3PAOHICTIO  HaKonuyyBanbHUX
niymnbHukiB (7) i 3a0a€TbCS 30BHILLHIM MIKDOKOHTPONEPOM, SIKMA OOHOYACHO CUMHXPOHi3ye Oarato
MiKpo4mniB Takoro NpUcTpolo.

Ak cnocTepexyBaHi napamMeTpu MPUPOOOOXOPOHHMX OB'EKTIB MOXYTb BWKOPMCTOBYBAaTWCA
aBTOHOMHi CEHCOpU METEOopONoriYHMX [AaHUX 3 BiAHOBIIIOBANbHOK CUCTEMOIO >KUBMEHHS TuUNy
(aTmocepHOro TUCKy, BOFIOrOCTi MOBITPA Ta 3eMHOI NOBEPXHi, TemnepaTypu, BUCOTU CHIrOBOro
MOKPMBY, OCBITNEHOCTI, POCTY Ta iH.), AKi MOXYTb OyTU po3milleHi Ha pi3HMx Bucotax (700-1700 m.
H.p.M.) Ta BaXKOOOCTYMHWX EKCMEepPUMEHTAalbHMX CrOCTEPEexXyBanbHUX AiNsHKax dnopu i dayHu
3anoBigHNX TEPUTOPIN.

TexHiyHn pesynbTarT.

Takum YMHOM, LWINAXOM YAOCKOHAaneHHs BiJOMOro MpUCTPOK [0AAaTKOBOIO BBEAEHHS Yy WNOro
CTPYKTYpY (M) - ceHcopiB aHanoroBux curHanie Xj(t) Ta (m) - GicMrHanbHUX ONTUYHKX NiHIN 3B'A3KY, a Y

(m2 +m)

KOXXHOMY 2 BUXiAHOMY KaHani 4O4aTKOBOro BBeAEHHS fnoriyHux enemeHTis "BukntouHe ABO"
Ta HaKOMUYYHUNX NiYUNBHUKIB, JOCATHYTO PO3LUMPEHHSA (DYHKLiOHANbHUX MOXINBOCTEN MOPIBHSHO 3
HaWbnWk4IMM aHanoroMm Ta opmMyBaHHSA Ha BMXOAax 3arnpONoOHOBAHOIO MPUCTPOK MaTpuLi OLHOK
XeMMIHroBol Biggani Mixk napamm m-BXxigHMUX aHaNOroBUX CUrHanis.
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Kpim ubOro, gaHum nNpucTpini peanisoBaHUin y BUINAAI MIKPOENEKTPOHHOro Kpuctana 3abesnevye
cyTTeBe Ha 1-2 mopsgku 3MeHLweHHs ob'eMy iHopmauii, sika pPeecTpyeTbCa CUCTEMOK (HOHOBOMO
MOHITOPUHIY MPUMPOOOOXOPOHHMX OO'EKTIB, WO B MOAanbLUOMYy OMpaubOBYTLCA ANS BU3HAYEHHS
KOpensilinHnX 3B'A3KIB MiXkK AMHAMIKOK XapaKTepuUCTMK 6araTboX CEHCOPHMX AaHMX 3arneXxHo Big nopwu
POKY.

Takmi npucTpin  ecpekTMBHO MoXe OyTM 3acTOCOBaHWM O  MOHITOPMHIY MapaMeTpiB
BNOyxoHebe3neyHnx o6'ekTiB HagTOrasoBoi, XiMiYHOI, EHepreTM4Hoi Ta IHWKX ranysen
NPOMMUCIIOBOCTI.

®OPMYJIA KOPUCHOI MOJESI

BaratokaHanbHM NPUCTPIN BM3HAYeHHS XeMMIHroBOI Bigdani MiX curHanamu, Wwo Mictutb (m-
iHbOpMaLiiHUX BXOAiB, M-HAKOMUYyOYMX MiYMMABHUKIB Ta M-KOOOBUX BMXxoAiB), nepwwmin C-Bxig
CUHXpOHi3auii 3'egHaHM 3 BXOO4OM MEPLUOro ABIMKOBOrO nNiYMnbHMKA, NapanenbHi BUXOOW SKOro
3'egHaHi 3 BignosigHMMKM Bxodamu LuMdpo-aHanoroBoro nepetBoptoBayda (LLAI), Buxig skoro
3'eQHaHMI 3 NepWMMN BXO4AaMNU M-KOMNapaTopiB, KM Bi.qpisuﬂe('rnt{gf r'nI'B/IM O MICTUTb A00aTKOBO

BBEOEHWIN OpYrni BXig cuHXpoHidauii Co CkMay y HYNbOBUA CTaH 2 NiYMNBHKKIB NPUCTPOLO, Y

KOXXHOMY KaHani 0O4aTKoOBO BBeAeHa OonTudHa OicurHanbHa niHis 3B'A3Ky, BXig sKOi 3'egHaHun 3
BMXOAOM Bi4NOBIAHOIO CeHcopa, a BuXig 3'egHaHnn 3 pyrMM BXOAOM BigMoOBIQHOrO j-ro komnapaTopa,
BMXig SIKOro 3'€4HaHUN 3 MepLUMMM BXO4AMMN KOXHOro A0AaTKOBO BBeAeHOro (j+1+m)-ro cTtoBnueBoro
noriyHoro enemeHTa "BuknioyHe ABQO", a gpyri BXoAu psgKoBUX NOrYHMX enemeHTiB "BukniodHe
ABO", nouynHaroum 3 (i+l+m)-ro, gogaTkoBO 3'€dHaHi 3 BMXO4aMM J-MX KOMMapaTopiB, BUXig
BignNoBigHOro noriyHoro enemexnTa "BukniouHe ABO" gogaTtkoBo 3'egHaHui 3 iHbopMaLinHM BXO4OM
BiANOBIOHOINO HAKOMWYYKOYOro MNiYUNbHMKA, MNapanenbHUN BUXi4 SIKOTO € BigNOBIOHUM BUXOLOM
NPUCTPOIO.
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