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Huceprartiero € kBamidikariifHa HayKoBa Iparls Ha MpaBaxX PYKOIHCY
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3axuct BIOOYHETBCA « _ » 2019 poky o _ TOAMHI Ha 3aciJaHHI
cnemianizoBanoi B4YeHoi pamu K 05.052.06 y BiHHUIIbKOMY HalllOHAJIEHOMY
TEXHIYHOMY YHIBepcuTeTi 3a aapecoro: 21021, m. Binnuug, Byn. XmenbHUIbKE
moce, 95, ayn. 210 I'HK.

3 IucepTaii€ero MoKHa O3HAHOMHUTHCH Y HAYKOBO-TEXHIUHINA 010mi0Teni BiIHHUIBKOTO

HAI[lOHAJILHOTO TEXHIYHOrO YyHiBepcuTeTy 3a anpecoro: 21021, M. Binauug,
BYJI. XMEJbHUIIBKE TI0CE, 95.

ABTtopedepat po3iciaHul «__ » 2019 p.

Buenwnii cexperap
Creliali30BaHOi BUCHOT pajiv C. B. Tumuuk



3AT'AJIBHA XAPAKTEPUCTHUKA POBOTH

OOrpynTryBaHHsi BHOOpPY Temu JociaimxkeHnsi. Cepen IpIOPUTETHUX
HaIpsIMKIB PO3BUTKY Haykw 1 TexHiku («[Ipo BHeceHHs 3MiH 10 3aKOHY YKpaiHu
«IIpo mpiopuTeTHI HAIPSIMKKA PO3BUTKY HAyKH 1 TexHIKW» Bi 9 BepecHs 2010 poky
Ne2519-VI» na nepiox 10 2020 poky) BBaXKJIMBE MiCIle 3aiiMae HayKa PO JIIKYBaHHS
HaWTIOMMPEHININX 3aXBOPIOBAHb (30KpeMa (hizioTepalris MKipy JIFOAWNHK). 3a JaHUMHU
MixnapoaHoi ¢ezaepartiii acomiamiii ncopiazy 01au3bko 3% HaceneHHs 3emili MalOTh
npobiemu 3 xBopoOamu mikipu. B Vkpaini nie JlepxkaBHa IiboBa Iporpama
di3ioTeparnii XBOpUX Ha Mcopias.

Y  diziorepamii HaOyB MIMPOKOIO 3aCTOCYBaHHS METOJ, B  SKOMY
BUKOPUCTOBY€EThCST  yibTpadioneroBe ompomiHeHHs (Y®PO) ypakeHOi IUISHKH
mkipu. JxepenoMm yibTpadiosieTOBOTO BHUIIPOMIHIOBAaHHS BHOPOJOBX JIOBIOTO
nepiojly € PTYTHI Ta30pO3psHI JIAMIIU HU3bKOTO TUCKY, 3 MOTOKOM eHeprii g0 10-
200 MBr/cm? Ta mosxkuHO0 XBuib 280-400 HM. Take BUNPOMIHIOBAaHHS 3a0e3redye
MO3UTUBHUI e(peKT MpH JiKyBaHHI Tcopiasy (nmmais, jdiMpomu bepkutra TOIIO).
Bigomo, 110 BUKOPHUCTaHHS Ta30pO3psSIHUX PTYTHUX JIaMII Ma€ HU3KY HEJOJIIKIB:
a) HeOe3IMeYHe JUIsl IMalli€eHTa Ta IMepcoHany (d4epe3 IMPOKUH CIEKTp Ta IPOCTIp
BHITPOMIHIOBaHH); 0) CKJIaJIHE B eKCILTyaTallii (depe3 Majuil TepMiH CITy>KOHU, BEJIHKI
rabapuTH, HE3PYUHICTh MPOBEACHHS MPOLIEAYPU OMPOMIHEHHS TOIO); B) TOKCUYHE
npu yrwmzamii jgamin. KpiM 1poro, ix 3acTOCyBaHHS YCKIIAJIHIOE HEOOXIIHICTh
3abe3mneueHHs mpu (isioTepamii TaKUX BHUMOT: T) CTaOLIBHOCTI Ta HANpPaBJICHOCTI
CBITJIOBOI'O ITOTOKY; 1) KOHTPOJIO IHTEHCHBHOCTI Ta C€KCIO3HII; €) CHHXPOHI3allil
pexuMiB 3 QyHKIIsIMU opraHizmy. Jiis 3abe3neueHHs AKoCTi (pizioTepariii BUHUKAE
norpeba B cTabUIbHOCTI (OpPMH ONMPOMIHIOBAHHS TOBEPXHI, AaBTOMATHYHOCTI
KepyBaHHA Ta BHU3HAYCHHS TOTJIMHYTOI eHeprii. [l 3MEHIIEeHHS BUSBICHUX
HEJOJNIKIB eKcIutyaTalii pryTHuX mpkepen Y®O, mpu AOCHiHKEHHSIX NapameTpiB
Ol0oTKaHUH, Ta 17 ¢i3loTepartii 11CTaal BUKOPUCTAHHS CBITI0A10H1 Jxkepena Y DO.

3HayHUN BKJIaA B JOCHIPKEHHS Ta BUKOPHCTAHHS CBITJIOMIOJHUX JIKEpen
BUIIpOMiHIOBaHHS BHecnu Bimomi BueHi: F. Vasefi, N. Kollias, G.Stamatas, (nepmo-
cnekrpockomnisi), Allan Halpern (cranmapTu3atiisi HanpsiMiB COCTEPEKEHHS AUITHOK
mikipu), C.B. IlaBnoB (y1ockoHajaeHHs! TeOpii pO3MOBCIOIKEHHS ONITUYHOTO BUIIPO-
MiHIOBaHHs B 01000’ekTax (BO) mpu moOyaoBl JIarHOCTUYHUX Ta JIKYBaJbHUX
cuctem), B.I1. Koxewm’siko (miaBuiieHHs €()eKTUBHOCTI 3aC001B OMTOEICKTPOHIKU Ta
IHTErpaibHO1 ONTUKHU IS iX BUKOpUCTaHHS B meauiuHi), C.M. 3nenko (po3poOka
MenuuHuX iHpopMaianx cuctem), A.M.KopoOoB (cTBopeHHs (i3i0TepaneBTUIHIX
npuctpoiB ta cuctem), €.1. Cokon, O.1. bimii, A.E. ITymkapesa, B.I'. [Terpyk Ta
iamm. Pesynmberatrom mociimkens C.B. [1aBnoma, B.I1. Kokem’sko € HOBI meToau
CTBOPCHHSI ONTHYHUX NPWIAIIB JJIs JIarHOCTyBaHHA W Tepamii moaunau. [lpore,
CHUCTEMHU aBTOMATHYHOTO KEpPYBaHHS MmapamMeTrpamu Ta xapakrepuctukamu Y DO mif
yac (iziorepamii 3 JOTpUMaHHSM BUMOT (a-€) He HaOyJlIu PO3BUTKY dYepe3
HEJOCKOHAJIICTh MPUCTPOIB 3 PTYTHUMHU JPKEpeIaMu BUTIPOMIHIOBAHHS.

Atomatu3zariis cucremu Y DO s ¢dizioTepanii moTpedye MOACTIOBAHHS IS
noOyA0BH cuUCTeMU KepyBaHHs mapamerpamu Y®O i3 3BOpPOTHIM 3B’A3KOM 3a


https://uk.wikipedia.org/wiki/%D0%9E%D0%BF%D1%82%D0%B8%D1%87%D0%BD%D0%B5_%D0%B2%D0%B8%D0%BF%D1%80%D0%BE%D0%BC%D1%96%D0%BD%D1%8E%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%9E%D0%BF%D1%82%D0%B8%D1%87%D0%BD%D0%B5_%D0%B2%D0%B8%D0%BF%D1%80%D0%BE%D0%BC%D1%96%D0%BD%D1%8E%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F

PE3yIbTATOM OMPOMIHEHHS, 1110 € BaXKIMBUM HAyKOBHUM 3aBJAHHSM 1 MAaTUME ICTOTHE
3HAYCHHS JJIS CYy9acHOT MEIUIHOT TalTy3i.

3B's130Kk i3 HAyKOBHMM TporpamMamMm, IUIaHAMHM, TeMaMH. Tema
L[I/IcepTauiﬁHo'l' po0OTH MOB'A3aHa 13 PO3B'A3aHHIM 3aJ]a4u y Tally3l HAYKU Ta TEXHIKH,
mo BukiaaeHi y 3akoni Ykpainu 3a Ne 2519-VI Big 9.09.2010 p. «Hpo BHECEHHSI
3MiH 10 3akoHy Ykpainu «[Ipo mpiopuTeTHI HAMPSIMKH PO3BUTKY HAYKH 1 TGXHIKI/I))))
Ha nepio 10 2020 poky Ta Mikramy3eBoi KOMIUIEKCHOI mporpaMu "310poB's Hartii"
(mocranoBa Kabinetry MinictpiB Ykpainu Ne 14 Big 01.01.2002 p.), Ykazy Ne70/2010
Bix 27.01.2010 “TIpo momaTtkoBi 3aXxoju IOJIO pedOpMyBaHHS CHUCTEMH OXOPOHH
30poB’s HaceneHHsa . PoOoTra BUKOHYBamacs BIANOBIAHO 10 IUIaHY HAyKOBUX
JTOCTIDKeHb  TepHOMUIBCHKOTO  HAIlIOHAJIBHOTO  TEXHIYHOTO  YHIBEPCUTETY
MiHictepcTBa OCBITM 1 Hayku VYKpaiHu Ha Kadenpax OIOTEXHIYHUX CHCTEM,
CBITIIOTeXHIKM Ta enektpoTexHiku, [T "Kminika Mikpoxipyprii oka Memnikyc", B
paMKax Jep>KOIKEeTHUX TeM: «JloChiPKeHHSI KOTHITUBHUX BJIACTHUBOCTEH OJIHO-
pIAHUX OOYMCIIOBAIBHUX CEPEAOBHIL Ta iX CHHTE3y Y BHCOKOIPOJIYKTHBHI
iHpopmMariitHi TexHomori» (Homep aepxkpeectparii 0117U002242); «VY mockoHa-
JeHHs 1H(QOpMaIHHOrO KOMIUIEKCY Ta MOJEpPHIi3allisl MyHKTY IpuiioMy 1H(hopMarii»
(momep nmepxkpeectparii 0118u004721); «YaoCKOHAJIGHHS KOMILIEKCY CIIOCTEpe-
KEHHS 3a O0’€KTaMHM Ta MOJIEpHI3allisl MPOrpaMHO TEXHIYHUX 3aco0iB (HOMEp
nepxpeectpaiii 0118u004720); «YIOCKOHAJIEHHST METOAY BHSBICHHS OO0 €KTY»
(momep aepxpeectpanii 0118u001483);

Meta i 3aBaaHHsl AoCaiaKeHHsA. MeTor poOOTH € pOo3MHpeHHsT (YHKIIIO-
HAJIBHUX MOMJIMBOCTEH (pi3ioTepamii MIISXOM pPO3POOKH METOAy Ta CHUCTEMU
JUHAMIYHOTO YJIbTPadioseTOBOr0o OMPOMiHIOBaHHS. JlJis MOCATHEHHS IIi€l METH
HEOOX1THO PO3B’S3aTH TaKi 3a/1aui:

- [IpoananizyBatd BiJioMi MeETOOM Ta 3aco0W  yabTPadioaeTOBOIO
OTPOMIHIOBAaHHSI Ta OOIPYHTYBaTH HEOOXITHICTh ABTOMATH30BAHOIO KEPYBaHHSIM
rapaMeTpaMu Ta XapaKTepUCTUKAMH OMPOMIHEHHS IIPU 3aCTOCYBaHHI CBITJIOAI0IHUX
BUIIPOMIHIOBaUIB 115 (pi310Teparii;

- OOGrpyHTtyBaTu BHOIp MaremMaTH4HOI Mojeni B3aemoali YPO 3
010TKaHUHOIO JIJIs1 TOOYI0BH CUCTEMH JUHAMIYHOTO OMPOMIHEHHS YIbTpadioaeToM 3
KOHTPOJIEM MapaMeTPIB Ta XapaKTEPUCTHK BILUTMBY Ha 01000’ €KT;

. Po3pobutu iMiTaliiiHy Mozelb BIUIMBY cucTeMu quHamiyHoro Y®O nHa
HIKIPY JIIOJIUHY;

- Po3pobutu cTpykTypy Ta anropuTMu (YHKIIIOHYBAaHHS CHCTEMH
OTMPOMIHEHHS 3 AaBTOMAaTUYHOIO 3MIHOIO: TMapaMeTpiB IHTEHCHUBHOCTI TIOTOKY,
MOMYJISIIT BUIPOMIHIOBAHHS, BpaXyBaHHIM (HOPMH YPaKeHOI TOBEPXHI, €KCTIO3UIIIT;

- [ToOGynyBatu ¢Gi3udHY MOJIEIb CUCTEMH JHHAMIYHOTO OIPOMIHEHHS IS
BepudiKallli pe3ynbTaTiB JOCTIHKCHHS,

- [IpoBectn Bepudikaimito OTPUMAHUX Pe3yJabTaTIB (PYHKI[IOHYBaHHS
CHCTEMH OIPOMIHEHHS 010J0TTYHHX 00’ €KTIB;

O00'ekTOM I0CHIIKEHHSI € MPOLEC IUHAMIYHOTO YJIbTPa(ioIeTOBOTO OIMpPO-
MIHEHHS IIKIPH IIPH IIcOopiasi.

IIpeamMeTroM focC/igKeHHsI € METOJ, MOJENb 1 CHUCTeMa JAUHAMIYHOIO
yIbTPad107IE€TOBOTO BUIIPOMIHIOBAHHS 17151 (hi3ioTepartii.



Metoau npociixxenn. [Ipy BUKOHaHHI qucepTalliifHOI poOOTH BUKOPUCTAHI:
U1 PO3POOKH METOy aBTOMATH30BAHOTO JUHAMIYHOI'O ONPOMIHEHHS Ta MOOYI0BU
(GYHKITIOHATBHOI CXEMH - TPHITYIIEHHS Ta pe3yidbTaTd Teopiit mepeHocy YDO,
OTTHKH, CBITIIOPO3CIFOBAHHS Ta B3a€EMOJIIi €JIEKTPOMArHITHOTO BHUIIPOMIHIOBAHHS 3
01000'€KTOM; KOMITIOTEPHE MOJETIOBAHHS - JUIsl BU3HAYCHHS MapaMeTpiB MaTeMa-
THYHOI MOJIEIII; METOaHM Oi0(i3MKH Ta MaTeMAaTHIHOTO aHaJi3y - JUIS JOCIIHKSHHS
TYCTUHH PO3MOAUTY TIOTOKY TIOTY>KHOCTI JDKEpesia BHIPOMIHIOBAHHS, TEOPisd
O10TEeXHIYHUX CHUCTEM, 1H(HOPMAIIHHO-CTPYKTYpPHE MOJEIIOBAHHS - JJIs MOOYJOBH
MojieNnl (pYyHKIIIOHYBaHHS Ta PO3pOOJICHHS CTPYKTYpPHOI Ta (YHKI[IOHAJIBHOI CXEM
ONTHUKO-EJIEKTPOHHUX MPUCTPOIB Ta CUCTEMH KOHTPOJIIO 1031 OITPOMIHEHHS.

HaykoBa HOBH3HAa OTPMMaHUX pPe3yJIbTATIB.

- OTpuMasno moJajgbIIor0 PO3BUTKY MOJICIIOBAHHS JUHAMIYHOTO yibTpadio-
JIETOBOTO OMPOMIHEHHS MIJISXOM BpPaxXyBaHHS JIOKAJbHOCTI BIUTUBY, CEJIEKTUBHOCTI
JTOBXWHU XBHJII Ha BIAMIHY BiJl CTAaTUYHOT'O 1HTETPAJIbHOTO OMPOMIHEHHS, IO JAJI0
3Mory 3a0e3neunT aKicTh Y @O XBOPOi IUISHKY HIKIPH.

- Bhepuie 3anponoHOBaHO METOJ KOHTPOJIO €Heprii JuHamigyHoro YdDO
IIKIPY OUITXOM BBEJIEHHSI KOPEKIlli BUITPOMIHIOBAHHS, SIKa Ha BIAMIHY B1J ICHYIOUHX
BIJIPI3HSAETHCS ~ MPOCTOPOBO-YACTOTHOIO MOMAYJSAIIEI0 BIUIMBY, IO Jall0 3MOTY
CKOPOTHUTH Yac BUIPOMIHIOBAHHS Ii]1 Yac (i310TepaneBTUUHOL MPOLIETYPH.

- Bnepuie nmoOynoBaHO CTPYKTYpHO-(PYHKIIIOHAJIBHY OpraHi3aililo CUCTEMU
nuHaMiyHOro Y®O nuisixoM BCTAHOBJIEHHS 3MIHM XapaKTEPUCTUK Ta MapaMmeTpiB
BIUTUBY, 110 Jaj0 3MOTY aBTOMAaTHU3yBaTH MPOIEC OMPOMIHEHHS XBOPOi JIJSHKH
MIKIPU 3 BpaXyBaHHSIM BIUIUBY MOIMEPEIHHOTO CEAHCY.

- YIoCKOHAJEHO IMITalllifHy MOJIeNb TPOIECYy PO3CIIOBAaHHSA €HEeprii y
BUIIAJIKOBO-HEOMHOPIAHOMY  OlosioriuHoMy  cepepoBuimli npu  1aii YO
BUIPOMIHIOBaHHS, IO JIO3BOJIMJIO, Ha BIJIMIHY B1JI ICHYIOUHMX MOJIEJICH, OTpHUMATH
MOIIIAPOBUHN PO3MOJILI €HEPrii, siKa MOTJIMHAETHCS TaHUM CEPEJIOBUINEM 1 BU3HAYATH
Ha MOro OCHOBI KOE(ILIEHTU MOCIA0IEHHS NOTY>KHOCTI BUIIPOMIHIOBAHHS MIPH MOTr0O
MPOXOJIXKEHHI Yepe3 pOroBU IIap 1 HIKHIN map enigepmicy

IIpakTH4yHe 3HAYEHHSA OTPUMAHMX pe3yJbTaTiB!

- Po3pobiieno mpoekt wmeauko-texHiuHux BuMmor (MTB) na «Cucremy
JUHAMIYHOTO YJIbTPadioieTOBOrO BUIPOMIHIOBaHHSA Mg (i3ioTeparii», SKUAN
CTBOPIOE HEOOXiMHI Ta JOCTaTHI MEPEAYMOBHU Jig IOTEHIIMHOTO CEepiitHOTO
BUPOOHMIITBA 323HAUYEHOT CUCTEMHU.

- Po3pobiieHo pexumMu KepyBaHHS HaIiBIPOBITHUKOBOIO YIBTPadioleTOBOIO
MaTpPUIIEIO I MOYJIAII] MOTOKIB BUITPOMIHIOBAHHS 3 ()OPMYBaHHSIIM MIPOCTOPOBOTO
PO3MOILTY ONPOMIHEHHS JUTsl ONITUMI3AIlli TapaMeTpiB Tpoleaypu (dizioTeparrii;

- CTBOpPEHO CTPYKTYpPHY CXEMY CUCTEMH Ta alropuTMu AuHamigHoro Y DO 3i
3BOPOTHIM 3B’SI3KOM, KOHTPOJIEM Ta KOPEKIIEI MapaMeTpiB MPOIeCy OMPOMIHEHHS,
10 JTa€ 3MOTY CYTTEBO PO3IIUPUTH ii KITIHIYHE 3aCTOCYBAHHS.

Otpumani B aucepTauliiiHii poOOTI pe3yJdbTaTH HAYKOBUX JTOCIHIJIKEHb
BripoBajkeHo B [T «Kninika mikpoxipyprii Menikyc», m. Teprominb (akt Big 30
oepe3ns 2018 poky) 3 METOH BHUBUEHHS MOJKJIMBOCTI 3aCTOCYBaHHS METOAY Ta
CUCTEMHU AMHAMIYHOTO BUIIPOMIHIOBAHHS Yy PO3pOOKaX HOBHX METOAMK JIKYBaHHS.



Pesynbrat peanizoBaHo y (QopMi aNrOpUTMIB Ta NporpaMm [Jisi PO3PaXyHKY
ONTHMAJIBHUX PEKHUMIB OMIPOMIHEHHS Y (i3ioTeparrii;

Pesynbrati JOCHIIKEHHS BIPOBAKEHO TAaKOXK Yy HaBYAJIBHOMY IpOILIECi
kapenapu «bioTexHIYHUX cHCTeM» TepHOMIIBLCHKOTO HAIIOHATHHOTO TEXHIYHOTO
yHiBepcuTeTy iMeHi IBana [lymios (akt Bixg 5 uepBHsa 2018 poky) 3 MeTor0 0OYyA0BH
CUCTEM Ta TMPUCTPOIB JUHAMIYHOTO YyIbTPadioIeTOBOTO BHUIIPOMIHIOBAHHS 3
ABTOMATHU30BAaHUMH Ta ITHTEPAKTUBHUMH PEeKUMaMHu Jis (pizioTeparii, mpu CTBOPEHHI
anropuT™MiB (YHKIIOHYBaHHA 13 KOHTPOJEM pEXHMIB B TPOIECT TUHAMIYHOTO
BIUIMBY Ha O10JIOT1YHI 00’€KTH 1 MPOTHO30M BIUIMBY 3MIH IMapaMeTpiB PI3HUX THUIIIB
IIKIpU TIPH JIKYBaHHS TICOpiazy;

Pe3ynbraTi nmOCHIIKEHb BIPOBAHKEHO Y palOHHIM KOMYHAJIBHINH MICHKIH
mikapHi M. byuau (akt Big 13 Gepe3ns 2018 poky) 3 MEeTOIO pO3LIUPEHHS HAYKOBUX
JOCHIKEHb ~ TOOYJAOBHM  CHCTEMH Ta  CTBOPEHHS  METOAY  JAUHAMIYHOIO
yIbTpadioJeTOBOr0 BUMPOMIHIOBaHHS y (i3zioTeparnii, 0 JaCTh 3MOTY MOKPAITUTH
OIIHIOBAHHSI SIKOCTI JIIKYBaJbHUX 3aCO0iB Ta MPOTHO3Y MATOJOTIYHUX 3MIH HIKIpH
MIpU TaKUX 3aXBOPIOBAHHSAX , K IICOpia3, JUINAM, BITIJIIT0, aKHE;

OTpuMaHni pe3yJabTaTH IOCTIHKEHb BIPOBAIKEHO y HaykoBo-BUpOOHHUUOMY
EKCIIEPUMEHTAIbHOMY CHiIbHOMY MayioMmy mignpueMctBl « MEJIAID» M. TepHominb
(akT Bim 17 tpaBHs 2018 poKy) 3 METOI PO3IMIMPEHHS HAYKOBUX JTOCIIKCHD IS
MOOYJOBM KOMIT FOTEPHOI CHCTEMH 3 aBTOMATH30BAaHUMU Ta I1HTEPAKTHBHUMH
peXUMaMU  PETyJIOBaHHS JWHAMIYHOTO OINPOMIHIOBAaHHS yJIbTpadioieToMm 3
OITIHIOBAHHSIM SIKOCT1 IPOLIEAYpP MPH JIIKyBaHHI TIcOpiasy.

Ocobuctuii BHecok 3100yBaya. Bci HOBI HayKOBI Ta MPaKTU4YHI pe3yJbTaTH
OTpMMaHi aBTOpOM ocoOucto. B mpaisix, omyOJikoBaHMX B CIIBaBTOPCTBI,
3m00yBaueBl Hanexath: [1] - MeTrog Ta 3aco0M TPOrPaMHOTO KEPyBaHHS
TUHAMIYHUMU CTUMYJISIIIMHUMH DPEKUMaMH 13 KOHTPOJIEM IapaMeTpiB MpoIecy
omnpoMiHeHHs; [2] - cmoci® aHamizy po3MOAUTy €Heprii B OararomapoBiil cucTemi
010JI0T1YHOTO 00’ €KTY IUIAXOM 3acTOCyBaHHs MeToay MoHTe-Kapio Ta iMiTamiitHoro
MOJICTIIOBaHHs BHUIpOMiHIOBaHHS;, [3] - cucremMa I KepyBaHHS JIMHAMIKOIO
MPOTrPaMOBaHUX AaMIUTITYIHUX, TPOCTOPOBHX 1 CHEKTPATbHUX XapaKTCPUCTHUK
BUIIPOMIHIOBAHHS, Ui 3a0e3leYeHHs poOOTH B IMIYNbCHUX pexumax; [4] -
METO/IMKa OI[IHIOBaHHS 1H(QOPMATUBHOCTI 1HAMKAIIL JJII MEINEPCOHATY NP 3MiHi
eKCIO3Hllli Ta MapaMeTpiB OMPOMIHEHHs; [5] - cxemMu s MmoOyJAOBU aBTOMAaTH-
30BAHMX CUCTEM 3 MIABUIICHHSAM PiBHS €()EKTUBHOCTI ONMPOMIHEHHS; [6] - anroputm
Ta TPUCTPIN TMEPETBOPEHHS MapaMeTpiB CBITIOBOTO IMOTOKY; [7] - cuctema Jyis
3a0€3Me4YeHHs] KOHTPOJIIO 03U MOTJIMHYTOI €HepTii OMPOMIHEHHS B JIiana3oHi 4acToOT
MoayJsIii; [8] - MeToauKa poO3paxyHKy JUIsl CTBOPEHHS PIBHOMIPHOTO PO3MOJILITY
OTNIPOMIHEHHSI Ha IIOBEPXHI OI0JOTIYHOTO CEpeoBHINA Ta PEKOMEHJAIli, IO
OTPUMAaHHS ONTUMAJIBHOTO EHEPTeTHYHOIrO TOJIsA JJIS MPUCTPOiB (izioTepamii Ta
cucteMd KoHTpomo; [10] - MomenroBaHHS JIUHAMIYHOTO OMPOMIHCHHS 3
BUKOPUCTAHHSAM CBITJIOIOIHUX BUIPOMIHIOBadYiB y BUrisai matpuii; [11], [12] -
dopMmyna mareHTy Ha KopucHy moneib; [13], [15], - cxeMoTexHiuHi pillleHHS Ta
aIrOpuT™M podoTH mpucTporo (iziorepamii; [14], [18] - koHTpOIb MOTIMHYTOT eHEprii
y Oiomoriunomy cepemoBuii; [21], [22] - waremMaTu4yHa MOJCNb IPOLECY
JUHAMIYHOTO  IMITYJIbCHOI'O  OINPOMIHIOBaHHS  IMOBepxXHi  01000’ekty; [23]-



3a0€3MeUYeHHs] €KOJIOTIYHOTO e(EeKTy Ta MOKIMBOCTI PETYIIOBAHHS MapaMeTpamu
nporecy omnpomiHeHHs y (diziorepamnii; [24], [25] - cuctema mis 3abe3reycHHS
KOHTPOJTIO JIO3W TOMJIMHYTOI eHeprii; [26] — KOHTpoJIb ONPOMIHEHHS 010JIOTIYHOTO
00’eKkTy B IMITyJIbcHOMY pexkuMi; [27], [28] — aBromaTH3ariist mporecy 3 4acTOTHOIO
MOMYJISIIIEI0 Ta CKAHYBAHHSAM JUTSTHKA OTIPOMIHIOBAHHS.

Amnpo0anis martepiajiB gucepramii. Pe3ynpTaTi I0CHiIKEHb TOMOBIIAIHNCH
Ha 16-0x HaykoBUX KOH(pepeHIisx: 5-1i MiKHapOIHI HAYKOBO-TEXHIUHIH
KoH(pepeHmii Mooaux ydeHuX Ta cTynaeHTtiB 17-18 mmcromama 2016 B THTY
(M. Teprominb, 2016 p.); 3-ii1 MikXHapoJHIH HAyKOBO-TPAKTUYHIA KOHMEpeHIil
«AKXTyanbpHI NMPo0OJIEeMH TYMaHITApHUX Ta MpUPOIHUYUX Hayk» (M. Kuig, 2016 p.); 8-
i MDKHapoaHIH  HayKOBO-TEXHIUHIM  KoH(epeHIii  «BumipioBajibHaA  Ta
oOunCIIIOBallbHA TEXHIKA B TEXHOJOTIYHUX Tpormecax» (M. Omeca, 2014 p.);
Bceykpaincbkiii koHpepeHIliT «AKTyanbHl MpoOJeMU Ta MEPCIEeKTUBUA 010MEIUYHOT
imxenepii» (M. Kuis, 2014 p.); 5-1if MixkHapoaHIi HayKOBO-TEXHIUHIN KOHdepeHIIii
«CoBpeMEHHbIC TCHJICHIIMH Pa3BUTUsI CBETOTeXHUKW» (Xapkis, 15-16.05.2013 p);
O-1f  MDKHApOJHIM  HAyKOBO-TEXHIUHIA  KoH(pepeHuli  «CBITIOTEXHIKA |
€JIEKTPOCHEPreTHKa, icTopis mpodiemu, nepcnektuBu» (TepHomnins — Spemue, 23-27
mororo 2015 p.), XIII-oii Bcepoccuiickoil Hay4YHO-TEXHUYECKOM KOH(EpPEHUUU C
MeXIAyHapOAHbIM ydacTueM «lIpoOiembl U MepCrneKTUBBI Pa3BUTHS OTEUECTBEHHOM
CBETOTEXHHKH, DJICKTPOTEXHUKU U JSHEPreTUKW» B pamkax [V CBETOTEXHHYECKOTO
dopyma ¢ MexayHapoaHeM ydactueMm (15-16 Oepesns 2017, m. CapaHCBK);
MixHapoaHiii HaykoBo-mipakTHuHiil koH(pepeniii [TKM-2017 (15-20 tpasus 2017
poky (IBano-@®pankiBcbk - Spemue); [I  MixHapoaHii  HayKOBO-TEXHIUHOT
koH(pepenili «Komm'torepHi  TexHOJIOTii: 1HHOBAIlli, MPOOJIEMHU, PIIICHHS,
(m. XKutomup 17-19 xoBtHs 2017 p.); Marepianu VI MixHApOAHOI HAYyKOBO-
TexHIYHO KoH(pepeHIli «CydacHi mpobdieMu paaioeIeKTPOHIKU, TEICKOMYHIKAIIN Ta
npwianoOyayBanasy, (M. Binauis, 28-30 Bepecus 2017 p.); Marepianu koHbepeHtrii
VI Bceykpaincbkoro 3’i31y €KOJOTIB 3 MIXHApOAHOK y4acTio, (M. Bimaums 21-
22 Bepecust 2017 p.); International reseach and practice conference «Modern
methods, innovations, and experience of practical application in the field of technical
sciences» Radom, Republic of Poland, (December 27-28, 2017); VI MixuapoaHoi
HAyKOBO-TEXHIYHOI KOH(epeHlli «CBITIOTEXHIKA W eJIeTpoeHEepreTuka: 1CTopis,
npoOnemu, nepcrektuBu», (30 ciuns 2 moToro, M. TepHomiuib - M. Spemue —
2018p.); MixHapoaHId HAYKOBO-TEXHIUHIM KOH(epeHLli MOJOANX BYEHHX,
acmipanTiB Ta cryaentiB «Computer science, information technologies and
management systemsy, (28-30 nuctonana 2018 poky, M. IBaHo-DpaHKIBCHK).

B 1minomy pesynpTaTH aucepTariii JOMOBITANKMCS Ha CHUTBHOMY CeMiHapi
Kadeap CBITIOTEXHIKH Ta EICKTPOTEXHIKH 1 O10TEeXHIYHUX cUCTeM TepHOMIIBCHKOTO
HAI[IOHAJILHOTO TEXHIYHOro yHiBepcutery imeHi IBama Ilymios, Ta Ha ceMiHapax
kapeapu OioMenuyHoi 1HKeHepii BIHHMIIBKOTO HAIIOHAJTBLHOTO TEXHIYHOTO
YHIBEPCUTETY.

IMyoaikanii. Pe3ynbratu qucepTaiiii omy0iikoBaHi B 28-1 HAYKOBUX Mpalsx; y
toMy yuciai: B 10-u crarTax (3 skux 7 - y ¢axoBux HaykoBux BumaHasx ([1], [3] -
[8]), 6 pOOIT IHIEKCYIOThCS Y MDKHAPOJHUX HAYKOMETPUYHHUX 0azax JaHuX), 2-0X



naTeHTax Ha kopucHy mojaenb ([11], [12]) Ta 16-u maTepianax i1 Te3ax KOH(DEpPEHIIii
ta ceminapis ([13] - [28]).

Crpyktrypa Ta o0car aucepramii. Jlucepraiis CKjIamaeTscsi 3 BCTYILY,
YOTUPHOX PpO3ALUIIB, BHUCHOBKIB, CIHUCKY BHKOPUCTAaHUX Jkepen 13 168-u
HallMEHYBaHb, 5 - qomaTkiB. 3aranpHuil 00csar pobotn 197 ctopiHOK, y TOMY YHCIHTi
123 cTopiHKH OCHOBHOTO TEKCTY, 41 puCyHKY 1 6 TaOIHIIb.

OCHOBHMUM 3MICT POBOTH

Y Berynmi  oOrpyHTOBaHO BHOIp HampsAMy HAyKOBOTO  JIOCHIKEHHS,
aKTyaJIbHICTh POOOTH, CHOPMYJIILOBAHO METy, 3ajadi, 00’ €KT, IpeaAMET 1 METOIU
nocnipkeHHs. HaBeneHO HaykoBy HOBU3HY poOOTH W MPaKTUYHY I[IHHICTb
OTPUMAHUX PE3YJbTATIB, BIIOMOCTI MpO ampoOallito 1 MMyOJiKalilo pe3yJbTariB,
3B'I30K pOOOTH 3 HAYKOBUMH MPOTPaAMaMHU 1 TJIaHAMU JIOCIIIKEHb.

VY mepmioMy po3aini HaBeACHO pe3yibTaTH aHaNI3y CTaHy JAOCIHIIKEHb Ta
TEHJEHIIi PO3BUTKY (PI1310TEpaneBTUYHUX MPUCTPOIB Ta CHUCTEM, OCOOIMBOCTI
OloOTKaHMH Ta 1IX B3aeEMOJIA MNpH JAil eHepreTMuHux mapamerpis  YPO.
[IpoananizoBaHo e€JeMEHTHY ©0a3y BHUIIPOMIHIOBadiB Ui (i3ioTepanii, 1€
HaOUIbIIUX 3MIH MOTPEOYyIOTh, MepeayciM, JKepena  yiabTpadiosieToBOro
BHUIPOMIHIOBAHHS, 110 CTAJO BAXKIMBUM W aKTyaJIbHHM 3aBIaHHSM JIsI CTBOPCHHS
aBTOMATH30BaHOI cucTeMH quHaMIdHoro Y ®O0.

BcranoBneno, mo st moOyJOBHM aBTOMATH30BAaHUX CHUCTEM 1 MPUCTPOIB
onpoMiHeHHs y ¢i3ioTepanii crnektp YdD-mkepena MOBUHEH BIAMOBIIATH 3aJIaHUM
MEIUYHUMH BUMOTaM. 1HTEHCHBHOCTI ONPOMIHEHHS (30KpemMa TOTYXKHOCTI
BUIIPOMIHIOBaHHS JPKepena), pIBHOMIPHOCT! OMPOMIHEHHSI, BIJICYTHOCTI TOKCHYHHUX
BUIMApOBYBaHb. [l miABUIIEHHS €(EKTHUBHOCTI JIIKYBAJIHHOTO TPOIECY y
¢i3ioTeparnii BUKOPUCTOBYIOTHCS Taki (PaKTOpH: TPUBAIOCTI MPOIECY OMPOMIHEHHS,
JUHAMIYHOCTI PEXUMY MOAYJAUII (3MIHOIO TPYyNU JKEpEN BUIIPOMIHIOBAaHHS B
MAaTpHIIi, HOTr0 YaCTOTH Ta SICKPABOCTI, 1HIIIE).

3a pesyiabTaTamMM aHajli3y CHUCTEM ONPOMIHEHHS IIKIPU BCTAHOBJICHO
HEJOCKOHAMICTh 3acTapimx mpuctpoiB («YYI-1», «YYI-1A» , «OYT-1», «OYK-
1», «Waldmann UV-7001», « Waldmann PUVA-200»), HeClIpOMO>KHICTh BUPIIICHHS
NPUKIAIHUX 3a7a4 - MiABUIIEHHS €(EeKTUBHOCTI Ta aBTOMAaTH3allli KepyBaHHS
OMPOMIHEHHAM B Mpolect ¢i3ioTepaneBTUYHOI npoleaypu. Takox BUHUKAE MOTpeda
JOJATKOBHUX JIOCIIKEHb B3aemMo il Y ®-BUIIPOMIHIOBAHHS 3 IIapaMu O10TKaHWH, JJIs
OI[IHIOBAHHS JIOKAJIBHOTO BIUIMBY, KOHTPOJIO BIIPOJOBXK IMPOIECY OMPOMIHCHHS.
AHaTi30M aHAIITUYHOTO OTJISALY JITEPATypHUX Ta 1HIHMX 1HGOPMAIINHUX JKEpet
BUSIBJICHO, 1[0 BHU3HAYCHHS IapaMEeTPiB BIUIMBY, sKi 3a0€3Me4yl0Th OTPUMAHHS
MaKCUMaJIbHOTO TEPANeBTUYHOTO pe3yJbTaTy MpH Icopiazi ¥ MIATBEPIKYETHCS
aKTyalbHICT, JdaHoi pobotu. Ile mae mimcraBu JUisi  CTBOPEHHST  HOBUX
aBTOMATU30BAHUX CUCTEM, IPUCTPOIB (hi3ioTeparlii.

VY apyromy po3aiii oOrpyHTOBaHO BHOIp MaTeMaTUYHOI MOJIEII JJIsl pO3pOOKHU
MeTony Ta moOyAoBu cucremMu AuHamiyHOro Y®O 3 KOHTpOJEM 1 KepyBaHHSM
napamMeTpaMH ONMPOMIHIOBAHHS.

Po3paxoBaHo 1HTEHCHUBHICTh ONPOMIHEHHS Bij HAMMIBIIPOBIIHUKOBOT MaTpHIll A



(puc. 1) 13 cMMETPUYHUM CBITJIOBHM PO3MOAIIOM [, sikuii 3amano 3anexHictio |1=f(f),
ae [ — KyT MK ONTHYHOIO BICCIO A MaTpuil BHUIPOMIHIOBAaHHS 1 BHOpaHUM
HanpsmkoM C (X,y,z). Ha 3amaniii BijcTaHi BiJ MaTpHIll, SKa 3HAYHO MEPEBUIIYE ii
PO3MIpH, PO3TAIIOBAHO OIPOMIHIOBAJIBHY IMOBEPXHIO S, JOBUIBHO OpPIEHTOBaHY B
npoctopi. Buginuemm enemeHT moBepxHi dS, KM OXOIUTIOE AOBIIBHY TOYKY ITOJIS
BUTIpoMiHIOBaHHS C, ONPOMIHECHHS eJeMEHTapHOi MoBepxHi dS 3rigHO 3aKoHY
KBaJIpaTiB BiJCTaHEW OyJie MaTH BUTJISIL

E. = Lﬂ)z~cos;( 1)

(AC)

Pucynok 1 - ['eomeTpudHa cxema Juisi pO3paxyHKy ONPOMiHEHHS MOBepxHi dS y
BUOpaHii Touri ciTioBoro nojis C (X,Y,2)

ne, Al - onTU4yHA BICh OMPOMIHIOBAYa; « - KYT MK ONTHYHOIO BICCIO JpKepelia
cBiTIa A Ta BepTUKALIO 10 F; £ - KyT MIXK BiCCIO JpKepelia CBITia 1 HApsSMOM J0
To4kH noJist C; y - KyT MK HalPSIMKOM 1HTEHCUBHOCTI BUIIPOMIHIOBaHHA B Toull C i
HOpMaJLTIO 10 dS.

Jist  po3paxyHKy  B3aeMOAIl  BUINPOMIHIOBAHHA 3  HEOJHOPIIHUMH
Ol0TKaHMHAMU BUKOPHUCTAaHI 3HAYEHHS KOE(IIIE€HTIB MOTIMHAHHS W BIIOMBaHHA
O10JIOTIYHKUM CepeIOBUIIEM MIKIpU. B 1pbOMy BUIAAKy MIKIpY JIOJUHU 3PYYHO
NpEACTAaBUTH Yy BUIJISAI 0araToIIapoBOr0 CEPENOBHINA, SIKE MICTUTh HEOIHOPIJIHI
BKJIFOUEHHS: KPOBOHOCHI CyJIMHU (B SKMX BIJOYBA€TbCS PyX KpOB1), BOJIOCSHI
¢douiKysu, TOTOBI 3a71034 Ta 1H. OCKIJIBKU 1€ YCKIIAIHIOE BpaxyBaHHS MPOLECIB, K1
BII0YBatOThCA Npu Aii YO BUINPOMIHIOBAHHS Ha WIKIPY, JUIsl ONUCY IUX MPOIECIB
BUKOPUCTAHO MaTeMaTU4Hl 1 (¢i3u4Hl Mojeni, Ha 0a3l sSKkux chopMyJIbOBaHO
KOHKpeTHI 3aBAaHHs. Jlyig BupilleHHs SKUX Oyllo HEOoOXiTHMM NOOyIyBaTH
T€OMETPII0 BUIPOMIHIOBAHHS, BU3HAYUTH ONTHYHI 1 (Pi3WYHI mapameTpu BCIX HOTo
KOMITIOHEHTIB Ta PO3paxyBaTH pO3MOJIT IHTEHCHUBHOCTI BHIPOMIHIOBAHHS B
010JI0TIYHOMY CEpEeIOBHIIII.

VY nucepraniitHiii poOOTI 7151 pO3paxyHKYy BUKOPHUCTAHO TEXHOJIOTIYHY MOJIETb
npsMoi iMiTarlii poTOHHOTO MepeHocy B cepenoBuIil Ta meton MonTte-Kapio, skwuit



J03BOJISIE TIepeA0aYuTH BTPATH €HEprii Mpy NOIIMPEHHI BUIPOMIHIOBAHHS B HHOMY.
Bin naB 3Mory BUKOpHUCTaTH BITbHHUI Hepexia (OTOHIB y mapi MIKIpH, 0 MICTHTbH
poscisHi uvactku. llnsgx mepexomy OAMHOYHOTO (POTOHY B TaKOMy CepeIOBHIII
BU3HAYCHO METOJOM KOMII FOTEpHOi imitamii ((HOTOHM BBaKalWCs 3a OaNiCTHYHI
gacTtku). KoxkeH (OTOH € eqacTMyHO PO3CITHUM ab0 MOTJIMHEHUM IpH 31TKHEHHI 3
JacTKaMH TKaHWHAMHU IIKipU. Pe3ynbTaTé KOKHOTO BHJYy 3ITKHEHHS MPEACTABICHO
BUIAJKOBUMHU YHCIAMHU 3 PIBHOMIPHHUM pPO3MOJUIOM iX iMOBipHOCTi. IMOBipHICTBH
pPO3CIIOBaHHS 3a JaHUM HAMPSMOM BH3HAYAETHCS BIAMOBITHO IO PO3CIFOBAHHS
OJMHOYHHUX YACTHHOK.

Bukopucrano npumnyiieHHs, mo (OTOH B PO3CIIOBAILHOMY MIapi, MPOXOIAUTH
BUTBHUH mUIsiX NoBxuHOKO |. 3HadeHHs | — BumagkoBa Benn4nHa, sIKa 3aJICKUTH Bijl
KOHIIEHTpAI[ll YaCTUHOK 1 BEJIMYMHU MTONIEPEYHOTO Mepepizy 1apy.

_ )
p() = po,,
ne O 1 Oy - KOHIIGHTpAllll YaCTUHOK 1 BEJIMYMHA TEpepi3y PO3CITHUX YaCTHHOK

BiAMOBiAHO. JloBkKHA NUIAXY | BU3HAYAETHCS BEJTMYMHOIO BUIIAJKOBOIO YHCIA Y, SIKE
pIBHOMIpHO po3mnojiiene B iHTepsaii [0,1]
3)

“p(l)dl

[ p(dl =y

Po3paxynkoBe 3HaueHHs | BU3HAYa€THCS BUPA30OM:
1 (4)
| = In »
p Gext

[MpoiimoBmn auctaHiito |, GOTOH 3aIMIIAETECA BCEPEANHI PO3CIFOBAIILHOTO 00’ €My,
TOAI MOXJIMBA (POTOHHO-YACTKOBA B3aEMOJIA (PO3CIIOBAHHS YW TOTJIMHAHHS)
BUOpaHa BUNIAJKOBUM YHHOM.

ImoBipHICTH po3citoBaHHS (DOTOHIB y BKA3aHOMY HAMPSIMKY MPEACTABJICHA Y
cucteMi KoopauHat (QyHKIIE aBOX 3MiHHMX p(0,¢), Bektopom Crtokca S Ta
matpuiiero Mromiepa M(6,¢p). banictuka GoToHa B G10JIOTTYHOMY CEPEOBUIII SIBIISIE
co0010 MOCIIIJOBHE NEPETBOPEHHS BIAHOCHOI cucteMu koopauHat. Bekrop Crokca,
B3a€EMO/IIIOYU 3 (POTOHOM, 3MIHIOETHCS MPU KOKHOMY po3citoBaHHI. HoBuil BekTOp
Crokca - nmonepenHbo neperBopeHuit BekTop CToKca B HOBY IUIOIIMHY PO3CIFOBaHHS
maTpuniero Mromuepa. Toni, BHUKOPHCTOBYIOUM TE€HEpPATOp BHUMAJKOBHX YHCEN,
HACTymHE 3HaueHHS | BUTBHOT JOBXKWHM TUIAXYy (OTOHA 3amam’sITOBYEThCS 1
OOYHUCITIOETHCS HOBE 3HAYEHHS KOOpPAMHAT 3ITKHEHHS (QoToHy B mpoctopi. Lg
IpoIeaypa TOBTOPIOETHCA JOTH, TOKH (DOTOH MPOXOIUTH Yepe3 PO3CIIOBATBHY
CUCTEMY.

3rimno moxaeni Mounte-Kapno, MoaentoBanHs (POTOHHOT TPAEKTOPIi SIBISETHCS
aJICKBaTHUM JJIs1 IMITAIlli MHOKUHHA PO3CIIOBAIBHUX €(EKTIB B CHUCTEMI BHMAJKOBO
PO3MIIICHUX YaCTOK. bilpllle TOro, msg cxema Ja€ MOMKIHBICTH IS HaOJIUKEHOTO
MiaXoay 10 onucaHHs edekTiB iHTepdepeHIlii, CHPUYMHEHUX MPOCTOPOBUMU
YaCTKaMHU.

Ha ocHOBi aHamizy mpoliecy po3CiroBaHHS B Iapax MIKIPH ¥ €HEPreTHYHOTO
BIUTMBY Ha O10JIOTIYHY TMOBEPXHIO 3 YpaxyBaHHSIM IMAapaMeTpiB ONTHYHOI CHUCTEMH
MaTpHlll BCTAHOBJICHO HEOOXITHICTh PO3POOJIEHHS aJIrOPUTMIB KEpPYBaHHS POOOTOIO




CUCTEMH  JUHAMIYHOTO  yJIbTpadioieToBOrO0  BUIPOMIHIOBAHHS Ta  HMOro
aBTOMAaTH3alii.

Y TperboMy pO3aUT JOCHIIKEHO OCOOJMBOCTI HAMiBIPOBIIHUKOBUX JHKEpE
BUIIPOMIHIOBAaHHS Ta iX MapaMeTpiB, IO 34aTHI 3a0€3MEUUTH aBTOMATH3AIIIIO
AMHAMIYHOTO KEpyBaHHS pexXuMaMu poOoTu. [ 1bOro 3MoAeThOBaHO MPOIIEC
MOIIMPEHHSI BUIPOMIHIOBAHHSI B CTPYKTypax MHIKipu. BpaxoByrouw, mo Oiojoriune

CEPEIOBHUIIE € HEMPO30PUM, HOTO KOCMIIIEHT MOCTAOICHHS JOPIBHIOE A, = L. + M, .

'
OyHKITIS p(F,F) 3aCTOCOBaHA ISl OIMHUCY TPOIECIB IUCTperailii B O010JOTIYHOMY
mapi cepenoBuIna i € (GYHKIIEI T'YCTHHN PO3CIIOBAaHHS B HANPSIMKY I1aIaf0901 XBHJI
7. @oroHu, sKi PYXaloThCs B 3aJaHOMy HAMpPSIMKY [OIIMPEHHS CBiTma
XapaKTepU3ylOTh  €JIEMEHTAapHE  PpO3CIIOBaHHS.  3MOJIEJIbOBAHE  PO3CIIOBAHHSA
CUMETpPUYHE J0 HAMPSMKY Magarovyoi XBHJI, a 3HAYUTh (a3oBa (PyHKIIIS 3amexaTnMe

- ! - _,’
TUIBKK BiJ] KyTa pO3CitOBaHHS € MDK HampsMkKamMu I Ta r , To0T0 p(r,r )= p(9).
ITporec po3ciroBaHHS CBITJIa B HEOJHOPITHOMY CEPEIOBHIIl € BUIAIKOBUI MpoIIeC,
OTIMCAaHUKM HACTYITHUM BHPA30M:

[ p(o)2rsin o =1 )

s anpoxcumariii GyHKIlIT po3CitOBaHHS AJsi KOKHOTO BUNIAJAKY BUKOPHUCTAHO
dazoBy pynkiro Xeni-Ipincreiina:

1 1-g°
PO) = 47 (1+g2-2gcosf)*? (6)
ne p - ryctuHa apy Tkanunu; 6 - xoedimieHT poscioBanHs; ¢ - Koe(illieHT
anizorpomii. [Ipu MozjentoBaHHI ONMPOMIHEHHS B HIapax OlOJIOTIYHOrO CepeoBUIIA
BUKOPUCTAaHO MporpaMue 3abe3nedeHHs Trace Pro, sike 6a3yerbcs Ha meToll MoHTe
Kapuo.

Pucynok 2 - Mojenb onpoMiHEHOTO 0araTonapoBoro 0i0JIOTIYHOTO CEPeIOBUIIA
ne, 1 - mydok ¢oToHiB, 2 - BinOuTHH (PoTOH, 3 - BEpXHIM pOroBui map mkipu, 4 -
HIDKHIM pOTOBUE IIap HIKIPH, 5 - BEpXHIH IIap enigepMu, 6 - HUKHIN 1ap eniaepmu,
[ - nepma, 8 - IpolecC pO3CIIOBaHH/TOTIMHAHHS (DOTOHIB
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PesynpTaTamMyu MOJIENIOBaHHS ONPOMIHEHHS B CEPEIOBHUII BCTAHOBIICHO, IO
PO3MOBCIO/IKEHHST BUITPOMIHIOBaHHS BcepeauHi 61000’ €kTa BiIOYBA€THCS BHACIIIOK
audy3HOT CKIaI0BOI MOTIMHAOYOTO cepenoBuina. Ha (puc. 2) HaBeIeHO pe3ysbTaTH
MOJICITFOBAHHS ONIPOMIHEHHSI 0araTomapoBOro 610J0TIYHOTO CEPEIOBHUIIIA.

['mubuHa NMPOHMKHEHHSI BUIPOMIHIOBAHHS B HEOJHOPIIHOMY CEpPEIOBHILI Ta
3HAYCHHS IMapaMeTpa HEOTHOPIHOCTI (aHI30TpPOITi{) BIUIMBAE HA PO3CIFOBAHHS €HEPTii
B KO’)KHOMY IIapi, TOMy BUHUKAa€ HEOOXIJHICTh B aBTOMAaTH3allli Ta ONEPATUBHOMY
KEepyBaHHI MPOIIECOM ONPOMIHIOBaHHS.

(W/m?)
(W/m?)

Pucynok 3 - Enepretuuni giarpamu npoxoxeHast Y @O kpi3b mKipy:
a) eHepreTUYHa JllarpaMa BEpXHbOTO POroBOTO 1IApy MIKipH; 0) eHepreTuyHa
Jiarpama HWKHBOTO IIapy €NiepMICy

B momkomkeHiit dYacTWHI IIKIpU, TPH 3aXBOPIOBAHHI Icopia3oM, s
J0JIATKOBOTO  CTUMYJISIIIIHHOTO edeKTy HeoOXiJHE BUKOPUCTaHHS JAUHAMIYHOTO
BUIIPOMIHIOBaHHS B IMITYJIbCHOMY pexuMi. B 11bOMy BUITaJIKy BUKOPUCTAHO 3MiHHI Y
Yaci XapaKTepUCTUKHU ONPOMIHIOBaHHS 00 €KTY 3 MOIYJSAIIE€I0 Ha 010pe30HAHCHUX
yacrotax B mianazoHi 0.4 —100T'u. Ha (puc. 3; 4) 300pakeHo rpadiki TOYKOBHX
SHEPreTHYHUX XapaKTePUCTUK BEPXHHOTO POTOBOTO Ta HIKHBOTO IIApy eMigepMicy
y toumi 3 koopauHatamu (0;0). IIpocTopoBi 3HayeHHS SKHX PO3AUICHHI Ha
BEPTUKAJIbHI Ta TOPU30HTAJbHI CKJIAJOBl, IO JO3BOJIIE 3 BHCOKOIO TOYHICTIO
BU3HAYUTH KUIBKICTh €Heprii B OyIp-AKid TOYIll IUIOMIMHU O10JIOT1YHOTO
cepenoBuia. OTprMaHi €HEPreTUYHI 3HAYEHHS y POrOBOMY IIAPiB HIKIPYM B TOYIII

koopauHaT (0;0) GyiM HACTYIHUMHM: MiHiMaJbHUM 3HadeHHAMH € 2.8-107 Bm/m*,
CEpEIHIM 3HAYCHHSM € 2,4-107° Bm | m* , MakCHMAaTTbHIM 4,6-10°Bm /[ m* .

Bracnigok TpOXO/KEHHS ~eJEKTPOMArHiTHOTO  BHUIIPOMIHIOBaHHS  Kpi3b
pOTOBUI MIap Ta IIap emiepMiCy OTPUMAHO HACTYIHI MOKA3HWUKHU: MiHIMAJIbHUM

3HayeHHAMH €  5-10°Bm/m®, cepenHiM 3HauYEHHAM € 45107 Bm | m*

MakcuManbHuM - 11-107° Bm/ m* . OTxe koedillieHT mocnaGieHHs IpH MOPiBHIHHI
CepelHIX TOKa3HWKIB OyJe MOpiBHIOBATH 5,3 pasu, M0 Ja€ MOMJIMBICTH TOYHO
po3paxyBaTd HEOOXIHY €HEPreTUYHy 03y yIbTpadioaeTOBOrO0 OMPOMIHEHHS.
[TotyxHicTh BinouToro Y@ npu noctiiiHii eHeprii BunpomintoBanus CBJI-matpuii
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3aJIC)KMTh BIJ] CTaHy IIOBEPXHI IMOIIKOpKeHOro emaepmicy. Haeenmeni (puc. 3; 4)
JiarpaMu BEJIMYUHH TOTJIMHYTOTO YIbTpadioieTy IapaMu MIKipU B MPOrPaMHOMY
cepenoBwuiii Trace Pro 6 miaTBepAnIN NpaBUIbHICT MIAXOTY 10 CTBOPEHHS CHCTEMU
nuHaMigHOTO Y@ OompoMiHEHHS 13 MOKJIMBICTIO TIOJIATIBIIIOT0 KEPYBaHHS, KOHTPOJIO
1 KOPEKIIii mapaMeTpiB OPOMIHEHHSI.

OTpumani pe3ynbTaTH JOCHIKEHb Ha 3MOJECNbOBaHIA CHUCTEMI, IO
ckianaetscs 3 CBJ/I-marpuni Ha 6a3i cBitnomionis tuimy BIO-UV LED S8D31D ra
KOHTPOJIIO BiIOMTOrO TIOTOKY €Heprii BiJ OMPOMIHEHOi MOBEpPXHi, JO03BOJSIOTH
CTBEP/KYBAaTH, IO MOJCIIOBAHHS IPOIECIB JAMHAMIYHOTO OMPOMIHEHHS IIKipH
yIbTpadi0JIETOM MPH MCOpia3l € 3HAYHUM KPOKOM B KOMILICKCHOMY JIIKYBaHHI ITi€l
XBOpPOOU. YIOCKOHAJIGHHS TEXHIYHOI CHCTEMH Ha 0a3l MPOBEICHHUX IOCIIIKCHBb
JI03BOJIUTH IIUPIIE 3aCTOCOBYBATU (Pi3i0TEpaneBTUYHI TEXHOIOTIT onpoMiHeHHsS YD
IpU 3aXBOPIOBAHHIX ICOp1a3y BHACIHIJIOK aBTOMAaTU30BAHOIO KOHTPOJIIO MapaMeTpiB
opouecy Ta HOro e(eKTUBHOTO KEpyBaHHsS 31 CKOPOUYEHHS Yacy Ta KUIBKOCTI

MPOLEYDP.

64E.006

a) 6)

Pucynox 4 - [lopiBHsIIbHA €HEPreTUYHA XapaKeTePUCTUKA OTPUMAHOTO ITyYKa
¢doToHIB mapamu 1mikipu B Toui koopauHar (0;0); a) BepxHiil poroBuii map mKipw;
0) HKHIN Tap emigepmicy

PesynbraTi mociimkeHb Ha MO CUCTEMHU, IO ckiafaeThes 3 CBJl-maTpuiri
Ha 6a3i gioniB Tuny BIO-UV LED S8D31D Ta koHTpoIItO BiIOMTOrO MOTOKY €HEPrii
BiJI OIIPOMIHEHO1 MOBEPXHi, AaJId 3MOTY BCTAaHOBUTH, 10 AUHAMIYHE OMPOMIHEHHS
HIKipU yabTpadioeToM IMpH Icopiazi 3HAYHO IHTEHCU(DIKYE KOMIUICKCHE JIIKYBaHHS
miei xgopoou. Ilpu 1mpomy Brepie 3a0e3MeYeHO BBEAEHHS 3BOPOTHOTO 3B'SI3KYy 3a
pE3yIbTaTOM OMPOMIHEHHS, IO Ja€ 3MOTY aBTOMAaTHU3yBaTH MPOIIEC Ta ONTHUMI3yBaTH
napameTpu. PesynbTaTamum MojentoBaHHS (puc. 4) MIATBEIKEHO, IO PO3MOILT
eHeprii po3CilOBaHHA Y BEPXHbOMY IIapi € OUIbII HEPIBHOMIPHUM, HI)K B HIXKHBOMY,
0 Jajo 3MOTYy  KOperyBaTH TMpoIlec JIIKyBaHHSA IIKIPHUX 3aXBOPIOBaHb B
IHTEPaKTUB-HOMY UM aBTOMAaTUYHOMY PEXHUMI.
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[loTyxkuicte  BigOburoro VY@ 1npu MOCTIHHIA  eHeprii
BUIIPOMIHEHHA 3amnponoHoBaHoro CBJ[-maTpuiiero, 3aiexuThb
BiJl CTaHy MOBEPXHI ypaxkeHoro emiaepmicy. [diarpamu (puc. 4)

pPO3MOJUTYy  TMOTYXKHOCTI  BIJOMTOrO  Ta  MOTJIHHYTOTO
BUIIPOMIHIOBAHHS IIapaMH IIKIpM MIATBEPIWIA  BaXKJIHBE
NpakTUYHE 3HAYCHHS JTUHAMIYHOCTI, aBTOMaTH3alii Ta
moaymsiii Y @O.

[Ipu moOynoBi amroputmy (puc. 5) poboTH cucTeMu
JUHAMIYHOTO ONPOMIHEHHS OyJi0 MPHUIYIIEHO, IO YacTKU
Cepe/oBUIlA, Ha  SKUX  BIAOYBA€TbCS  PO3CIIOBAaHHA 1
NOTJIMHAHHSA, € CPEpPUYHO CUMETPUYHUMH. AJTOPUTM
nependavae: a) 3anMuc Ta MOIIYK JaHUX MPO THUI HIKipH, popmy
Ta TUIONIY Ypa)XX€HHs, KUIBKICTh MOMEPENHIX MpOUeayp, 03y
ONMPOMIHEHHSA, OTpUMaHHI KoediumieHtd (2); ©6) 3amipu
napameTpiB 3J0pOBOI Ta XBOPOi WIKIpU (3); B) HaJIAIUTyBaHHS
CUCTEMH, BBEJECHHS IapaMeTpiB ONpoMiHEHHA (4); I') 3amycK
CUCTEMHU ONPOMIHEHHS MpHU 3aJaHOMYy HalamTyBaHHI (5); 1)
KOHTPOJIb ~ MPOCTOPOBUX Ta CHEPreTUYHUX IapameTpiB
onpoMiHeHHs (6); €) aHam3 3MIHM HapaMeTpiB OMPOMIHEHOI
IIKIpK — BIAOYJIMCH 3MIHM NPOAOBXHUTH (Tepexiy Ha §), He
BiOynuck 3minu (mepexin Ha 4) (7); €) aHami3 3MiHU
(1310JIOTIYHOTO CTAaHY JIFOJAMHHM TI1]T Yac MPOIEAypH — BIIOYINCH
KpuTu4Hi 3Minu (niepexin Ha 10), He BinOynuck (mepexin Ha 9)
(8); dopmyBaHHS  pe3yabTaTiB  mpouenypu  (KUIbKICTh
HaIpaBJICHOI eHeprii, BiIOUTOT Ta MOTJIMHYTO1; Yac MPOBEACHHS
onpoMiHeHHA, GopMy Ta TUIonLy ornpomiHeHHs) (9); k) 3amuc
chopMOBaHUX PE3yJbTATIB MPOIEAYPH HA EIEKTPOHHY KapTy
naiienTa (10).

OcoOuBICTIO  CHUCTEMHM € KOHTPOJb  IapameTpiB
ONMPOMIHEHHS Ta peecTpauis (Pi310JOTYHOTO CTaHy JIOAUHHU.
Pe3ynbTraToM OmNpoMiHEHHs WIKipM OyJae CTaH Ta BU3HAYEHI
Koe(IilliEHTH MOTJIMHAHHS €HEepTii, sIK1 3MIHIOIOThCA B IIpolieci 1i
OHOBJICHHsI. ABTOMAaTH3AIlisl KOHTPOJIIO Ta MapaMeTPiB MPOIECY
y (i3ioTepanii Ha 0a3i 3aNpPONOHOBAHOI TEXHIYHOI CUCTEMHU
JI03BOJITHh MHUPOKO 3acTocoByBaTH Y DO mpu 3aXBOPHOBAHHAX

IIKIpK Ha TIcopia3, NUISIXOM CKOPOYEHHS TPHUBAJIOCTI Ta
KUIBKOCTI MPOTIEAYP ¥ BUOOPY MapamMeTpiB.

Ha  ocHOBI  BuKOpucCTaHHs  BHOpaHUX  3aco0iB
JOCIIKEHHHS,  3alpOMOHOBAHO  KOHCTPYKTUBHY  MOJIETh

muHamigHOTO Y®O 13 3acTOCYBaHHSAM 3BOPOTHOTO 3B’SI3KY IS
aBromMaTu3alii npoueaypu (iziorepamii 13 BUKOPUCTAHHIM
YaCTOTHOI 1 TPOCTOPOBOI MOJYJISIIIT Ta KOHTPOJIEM MOTY>KHOCTI
BUIIPOMIHIOBaHHS.

VY 4deTrBepTOMY pO31UJII HA OCHOBI BUOpaHOI MOJEI s
IPOBEJICHHS €KCIIEpUMEHTAIIbHUX JOCIIIKEHD Oyso
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po3po0eHO AOoCHiAHUN 3pa3ok s Qiziorepanii. 3acTOCOBaHO HOBI 3aco0u
OTMPOMIHEHHS Ha Cy4YacHIN eneMeHTHiN 0a3i, 3 1H(QpOpPMALIMHUM OIIHIOBAHHIM
OTPOMIHEHHA Ta aBTOMAaTHU30BAaHMM KOHTPOJEM TMPOLEAYpH 3 3aHECEHHSIM
pe3ynbTaTiB B 0a3y gaHuX. BusHadueHo kputepii mis GopMyITIOBaHHS BHUMOT, OO
XapaKTepUCTHK Ta TMapaMeTpiB MOOYJOBH CHUCTEMHU JUHAMIYHOTO ONPOMIHIOBAHHS
IpH Tcopiasi.

CTpyKTypa 3aIlpoItoHOBaHOI cucTeMu IS (iziotepamnii (puc. 6) ckiragaeTbes 3
YOTUPHOX YACTHH: TNepeaaBalbHOI, NPUIMAIbHOI, BUIIPOMIHIOBAIBHOI Ta OIOKY
00po0Oku 1 anamizy (OA-IIK). JIxepeno sumpoMiHtoBaHHs (/IB) sBisie coOoro
matpuiro CBJ[ YO nianazony - 3, a B npuiiManbHiil po3TamoBaHuii GpoTornpuitmay
(®IT) - 2, nepenaBanbHy ¢GyHKIi0 nanux 3 OI1 Bukonye Wi-fi mepenasau. CBJ]
MaTpUII0O PO3TAlIOBAHO B Micli Jisi 3a0e3medyeHHss SKOMOra OuIbIIoro 1
PIBHOMIPHOTO MOTpAIUIiHHA eHepreTudHux mnotokiB Ha PII. Ha ocHoBi BuOpaHux
tumiB BunpominoBadis BIO-UV LED S8D31D nns CB/I-maTpuili, XapakTEpUCTUKU
K01 3HaXoAThcs B Y D-b nianazoHi, po3po0iieHa CTPYKTypHA CXE€Ma CHUCTEMH.

[

Pucynox 6 - CTpykTypHa cxema cuCTeMu KOHTPOJIIO mpoitiecy (dizioreparii: 1 -
kapkac CBJl matpuiii 3 BMoHTOBaHUM Wi-fi IepenaBauem (nepeaaBaibHa YacTUHA), 2
- @I (mpuitmanbHa yacTHA), 3 - BUMIpoMiHIOBasIbHA yacThHa (Matpunig CBJI), 4 —
1K (omparroBanbHa yactuHa), 5 - Wi-fi mepenasau na I1K, 6 — BO

Hwxkue Ha (puc.7) mpenctaBicHa (yHKIIOHAJIbHA CXEMa 3alpOIOHOBAHOI
(d1310TepaneBTUUHOT CUCTEMU [IJI BHUMIPIOBAHHS Ta KOHTPOJIO TMPOIEeCy, IO
3a0e3nedye aBTOMATUYHY 3MIHY NapameTpiB MNpU BIIXWICHHI €HEprii BIIOUTOrO
ONMPOMIHEHHS BiJl HOPMH MPOTSATOM CEAHCY.

dizioTepaneBTUYHA CUCTEMa MICTHTHh CBITJIOMIOAHY MATpHUIll0 1, CBITIO-
YyTJIMBUU €JIEMEHT 2, TEepPeTBOpIOBaY CTpyM-HAmpyra 3, TeHepaTop OIOPHOI
Harpyru 4, KEpOBaHMM MMepeMuKay S5, BUOIPKOBUHN MMIICHUIIOBAY YaCTOTU KOMYTAIlli 6,
CUHXPOHHUU JEeTeKTOp 7, IHTerparop 8§, anamoro-mudposuit nepersoproBad 9, EOM
10, gaTuuku (i3100Tr1YHOrO cTaHy mamienTta 11, Moaynb 3B's3ky 12, 610Kk KOMyTaIii
Ta KepyBaHH 13, n3epkano 14, 06'ekt onpomineHHs 15.
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Cucrema JIWHAMIYHOTO YJIbTPadioeTOBOrO BIUIMBY IIpAIlO€ B JiBa €Tamu
HACTYITHUM YHHOM:

Ha mepmomy ertami mepen mporeaypord MPOBOIUTHCS PO3MIMICHHS MaTpPHIIi
BIIHOCHO Tijia mamienTa. [licist mboro Mixk 00’ekToM ompoMiHeHHs 15 1 matpurero 1
BCTAHOBIIIOETBCA JA3€pkaio 14 Ta MPOBOAUTHCS BHUMIPIOBAHHS MaKCHUMAaJbHOI
IHTEHCHUBHOCTI CBITJIOBOTO TOTOKY cBiTiomiogHoi wMatpuiii 1. Ilpm Takomy
po3MilieHHl J3epkana 14 Bech CBITJIOBHMA TMOTIK CBITIOMIOAHOI Matpuii 1
BiIOMBAETHCSI HA CBITJIOYYTIUBUN €JIEMEHT 2, 1[0 MPHU3BOAWTH O BCTAHOBJICHHS
CTpyMy |, 4epe3 HbOTO.

2 13 10 9

e
y
ke
V
z
:

G

Pucynox 7 - @yHkiioHaigbHa cxema cucteMu KoHTposro Y DO st dizioTeparii

[Ipy uboMy Ha BHXOJl NEPETBOpIOBaYa CTpPyM-Halpyra 3 BUIUIIETbCA
Hampyra:

U, =1R,. (7)
ne |, - CTpyM uepe3 CBITJIOUYTIUBUN €eMEHT 2 MpU MAaKCUMaJbHIA 1HTEeHCUBHOCTI
CBITJIOBOro TOTOKY Y® cBiTtmogionnoi wmatpuii 1; R, - BXiAHHA omip
nepeTBopioBaya crtpym-Hanpyra 3. Hampyra U; mnogaerbcss Ha mnepiuil BXiA
KEpPOBAHOI'0 IIEpeMHKaua 5.

Ha npyruit BXig kepoBaHOro nepemMukaya S5 mnojaeTbcsi Hampyra U, 3
reiepatopa omnopHoi Hampyru 4. 3HaueHHsa Hanpyru U, BH3HaueHO 3i
CHIBBITHOIIICHHS:

U, =U; = 1Ry, (8)
ae |, - TEeMHOBUH CTpyM uepe3 CBITJIOUYTIMBUN eneMeHT 2; U, - BiANOBIIHA
TEMHOBA HaIpyra.

Ha ynpapnsrounii BXiJT KEpOBAHOrO MepeMHKadya 5 3 APyroro BUXOAY OJIOKY

KOMyTaIlii Ta kepyBaHHs 13 3 yacToTol0 (2 TMONAIOTHCS MPSAMOKYTHI IMIYJIbCH, SIKI
3a0€e3MeuyroTh NMepioANYHE TEPEMUKAHHS KOHTAKTIB KEPOBAHOIO IepeMuKaya 5.
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B oaun nHamiBmepion KoMmyTalii Ha BHXOJ1 KEpOBAHOrO IepeMHuKada 5
YTBOPIOEThCS Hampyra (7), a B Apyruid HamiBoepioa Komyrarlii — Hampyra (8). B
pe3ynbTaTi MEePIOANIHOTO TIEPEMHUKAHHS MEepeMuKada 5 3 MOCHII0BHOCTI IMITYJIBCIB
Harpyr U, 1 U, BHOIpKOBHUM ITiICHJIIOBAY€M YacCTOTH KOMYyTarlii 6 BHUIIISETHCS 1

l'IiI[CI/IJI}O(?TBC}I 3MIHHA CKJIaAOBa HAIIPYTH 3 aMHJ'IiTy,Z[OIO
U, -U
_ 1 0
U,=K —*+——2 ©)

e K, - KOeileHT MiICUJICHHsI BUOIPKOBOTO MiJICHIIIOBa4Ya 6 4aCTOTU KOMYTaIlii.

3MiHHA HaIpyra Mic/s MiJCUICHHS BUIPSAMIISIETbCS CHHXPOHHUM JETEKTOPOM
7, SIKH# KEpYETbCS HAMpPYrol0 YacTOTH KOMYyTallli KEpOBaHOTO MepeMHKada 3.
Bumnpsimiena Hampyra HaKONMUYYeThCS B 1HTErpatopi 8, B SIKOMY MPHUTHIYYIOTHCS
HU3bKOYACTOTHI IIYMHU MEPETBOPIOBAJIBHUX 1 MiJICHIIOBAIbHUX OJokiB. Ha Buxomi
1HTerparopa 8 BUIISETHCS MOCTITHA PI3HUIIEBA HAIIPYTa BUTIISAY:

U, = KKK, (

Ul_UO) (10)

ne K, - koe(illeHT BUOPSIMIICHHS CHUHXPOHHOrO JaeTrekTopa 7; K, - Koe]ilieHT
nepenayi iHTerparopa 8.

[Ipn mopanpiioMy MEPETBOPEHHI B aHAIOro-IU(PPOBOMY IepeTBOproBayl 8
dbopMy€eThCS KO, IO BIAMOBIAA€ MaKCUMaIbHIA 1HTEHCHBHOCTI CBITJIOBOTO ITOTOKY
Y® ciTnoaiognoi matpuiii 1.

SK,K,K
N1=CZU3=#(U1—UO)’ (11)
I€ a — CyMapHHM KOE(]IIIEHT TEPETBOPEHHS BHUMIPIOBAILHOTO KaHaly; S -

MmaciTabuuii koedimieHT anajgoro-mudpoBoro neperBopents. Kox (11) 3anucyerbes
B naM'atb Mikpo EOM 10.

Ha npyromy erarmi n3epkajio npruOUpaEeThCS 1 OMPOMIHIOETHCS BUOpaHa AUISTHKA
mkipu 00’ekty 15. Jlikap BuU3HAuae mapamMeTpHd ONPOMIHEHHS, PEXKUM BKIIIOUECHHS
rpyn CBITJIOAIOIB, MEPEBIpsiE Ta aHANI3ye JaHl 3 JATYMKIB (Di310JOTTYHOrO CTaHy
nauienta 11. ITicnst HopMyBaHHS 3HaY€Hb JATUYHUKIB (P1310JOTIHHOTO CTaHy, JIIKap Mae
MOJIUBICTh OINPOMIHIOBaTH YypaxkeHy IUISHKY. IIpu onpomiHEHHI BUKOHYIOTHCS
NEPETBOPEHHS, AHAJOTIYHI MEepUIOMYy €Taly, Ha BHUXOJl aHaJoro-1udpoBOro
nepeTBoproBada 8 QopMyeThCS KO, IO BIANOBIAAE 1HTEHCHUBHOCTI CBITJIOBOTO
noToky Y® cBitinomiogHoi Matpuiii 1, BigOUTOrO Bl 00’ €KTa OnpoMiHeHHs 15:

SK,K,K,
N, =aU; =22/ -U,), (12)
ne U, - Hampyra, oOyMOBJIEHa 1HTEHCHBHICTIO BiAOMTOTO BHUIIPOMIHIOBAHHS BIiJ
o0’ekta ompoMiHeHHst 15; U] - apyre 3HadeHHs pisHuieBoi Hampyru. Kom (12)

3anucyeTbes B maM'atb MikpoEOM 10.

Pi3HMIIS MK pe3ysibTaTaMU BUMIPIOBaHb Ha MEPIIOMY Ta APYroMy eTamnax, Ky
BupaxoBye MiKpoEOM 10, xapakTtepusye MOTIUHYTY OO’€KTOM OMNpPOMiIHEHHS 15
YaCTHUHY CBITJIOBOTO MOTOKY CBITIOA10AHOT MaTpui 1:

N; =N, —N, =0{(U3—Ué). (13)
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B xin1i mpouenypu BCl 1aHi Ipo nepeodir npoiecy OnpoOMIHEHHS 3alUCYIOThCS
Ha 0COOMCTY KapTy Malli€HTa JJIs MOJAIBIIIOTO BiICTE)KEHHS 3MiH JIIKyBaHHS.

Ha (puc.8) mnpencraBieHO MAOCTIIHUN 3pa30K CHUCTEMH JIHHAMIYHOTO
ynbTpadioseToBoro ompomiHeHHs IS ¢izioTeparmii. 3ampormoHOBaHa CHCTEMa
BIJIPI3HAETBCS B ICHYIOUMX  (Di310TEpareBTUYHUX CHCTEM 3a0€3MEeYCHHSIM:
a) MOXKJIMBOCTI BUMIPIOBAHHS Ta KOHTPOJIIO MOTY>XHOCTI Y D-MOTOKY; 6) KOHTPOJIIO
3a piBHeM mnornuHaHHs eHeprii BO B mpormeci mpomenypu (3a po3poOieHuM
QJITOPUTMOM); B) OLIIHIOBAaHHS 010J0TTYHOTO €(EeKTy MPOLEAYPH Ta MPOrHO3YBaHHS
pe3yibTaTy OINPOMIHEHHS, T)aBTOMAaTHU3allli KepyBaHHS XapaKTepUCTUKAMH Ta
napamMeTpamu OIPOMiHEHHS.

Pucynox 8 - 3aranbHuii BUTIIS] TOCTITHOTO 3pa3ka cucteMu (pizioreparii.
1-nepcoHanbHUN KOMIT IOTEP 3 pOO0YOI0 MPOTrPaMolo, 2-MIKPOKOHTPOJIED 3
eJIEMEHTaMH MePEeTBOPIOBAHHS BX1IHOTO CUTHANY, 3-QoTonpuiimad, 4-CBITI0I10AHA
MaTpPHILI 3 BUIPOMiIHIOBAYaMHU

OxkpiM TOro, AOCHIIHUM 3pa30oK 3a0e3nmedyye HACTYIHI PEXKUMHU POOOTH:
MOJYJIAIISL TOTOKIB BHIPOMIiHIOBaHHS (12 pexumiB poOOTH), BMHKaHHSA —
MpoTrpaMHe, MIJISXOM BBOAY BIAMOBITHOTO KOJY; MOIYJISAIIS TPYIl BUIIPOMIHIOBAYiB
(muisxoM BHOOPY BIAMOBIAHOIO PEKHMMY); BHOIP YaCTOTH OMPOMIHEHHS MAaTpPHIII
IHTepaKTUBHO B Jiama3oHi Biax Imc mo 32 c., abo mporpamHe (3riIHO BUOpPaHOTO
pexumMy poOOTH).

OTxe, 3amporoOHOBAHWNA METOJA 1 CTBOpeHa cucTteMa it (QizioTepamii Ha
CydacHiIi eJleMeHTHIM ©0a31 Ta mpoBefeHa ii Bepudikarmis 3a0€3MedyloTh
ABTOMATU30BAaHUM  KOHTPOJb TPOLEAYpU ONPOMIHEHHS TpH  Tcopiazi 3
iHQOpMAIlIHHUM OIIHIOBAaHHSM ¥ 3aHECEHHSM pe3ynbTaTiB B 0a3y MaHUX, IO
JI03BOJISIE€ PO3LUIMPUTH BUKOPUCTAHHS PE3yJIbTaTIB B MPAKTUYHINA MEIULIMHI.
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OCHOBHI PE3YJIbTATH TA BUCHOBKMU 110 POBOTI

PesynbraToM amcepTamiifHOTO JOCHIIKEHHS BHPINICHO BaXJIUBE HAYKOBE
3aBAAHHS M10JI0 PO3IIUPEHHS (YHKIIIOHATLHUX MOXKIUBOCTEH (izioTeparnii, MIITXoM
pO3pO0JICHHS  METOAy Ta  CHCTeMH  JWHAMIYHOTO  yJIbTpadioieTOBOTO
BunpomiHtoBaHHs. [Ipu 11boMy, pOo3B’sI3aHO HU3KY 3a]a4d Ta OTPUMAHO TaKi HOBI Ta
MIPAKTUYHO KOPUCHI PE3YJIbTATH:

1. AHaNITUYHUM OTJIAIOM J@aHUX PO METOMMU Ta TEXHOJOTIi BUKOPUCTAHHS
CHUCTEeM YJIbTPadioNeTOBOTO OINPOMIHIOBaHHS MpHu (izioTeparnii BCTAHOBIEHO, IO
HEOOX1JTHO:  a) aBTOMATU3yBaTh  JMHAMIKY  KEpyBaHHS  MapaMeTpaMud  Ta
XapaKTepUCTUKAMH OINPOMIHEHHs, 0) BUKOPHCTaTH HAaIiBIPOBIIHUKOBI BHUIIPO-
MIHIOBaYl, SKi  JIO3BOJISIIOTH  MPOBOAMTH  IIBUAKY 3MIHY  1HTEHCHUBHOCTI
BUIIPOMIHIOBaHHS,

2. OOrpyHTOBaHO BUOIp  JOCHIDKYBaHMX  IPOIIECIB: a) B3aeMOJi1
yabTpad10JI€TOBOr0 BHUIIPOMIHIOBaHHS 3 OI10TKaHMHOIO, O) IWHAMIKA CHCTEMHU
ONPOMIHEHHS, B) KOHTPOJIIO MTapaMeTPIB Ta XapaKTEPUCTUK BIUIUBY ONMPOMIHEHHS Ha
01000’€KT, T) MAaTEMaTUYHOT'O MOJIeJIFOBaHHS 1 BepHudikaliii. CHHTE30BaHO CTPYKTYpY
Ta AITOPUTMH (DYHKIIIOHYBAaHHS CUCTEMH AuHaMidyHOTo Y @O 31 3BOPOTHIM 3B’ SI3KOM,
o0 Jajo 3MOTYy aBTOMATHU3yBaTH 3MIHY IHTEHCHUBHOCTI OMPOMIHEHHS IUISIXOM
MIPOCTOPOBOI MOAYJISALIT BUIPOMIHIOBAHHS;

3. Briepmre po3pobaeno meton Bu3HadeHHS: a) eHeprii Y®O marpumi CBJI,
0) koedirieHTIB BiIOMBAaHHS 1 TMOMVIMHAHHS IIapaMd  MIKIPpH, B) OJMHUYHOT
MOTYXHOCT1 BUIPOMIHIOBAHHS, IO JaJI0 3MOTY 3aCTOCYBATH MPUHITUI MOJYJISAIIL
E€HEPreTUYHOr0 TMOTOKY Ta 3a0e3meduTH HEeoOXiJHE 03yBaHHS OINPOMIHIOBaHHS
JUISTHKY TIKIpH T ac (izioTeparii;

4. ExciepuMeHTaIbHUM TIUISIXOM OTPHUMAHO 1 JOCHIDKEHO Ha IMITamiiHIN
MOJIEJI TIOIIapOBUN PO3MOALT €Heprii, sSiKka MOTJIMHAETHCS CEPEOBUIINEM MPU HOTO
onpoMiHeHHI Y®, 110 103BOJAMIO BU3HAYUTH KOE(DILIEHT MOCIa0JIEHHS MOTYKHOCTI
BUIIPOMIHIOBaHHS NIPH MPOXOXKEHHI pOrOBOI0 APy 1 HUKHBOTO 1IAPY €MiIepMICY.

5. Po3po06nieHHss cHCTEeMH JIWHAMIYHOTO BHUIIPOMIHIOBAHHS 1 KOHTPOJIO iX
€(EeKTUBHOCTI JIOMOBHUJIO QJITOPUTM 1i poOOTH peXKUMaMU MPOCTOPOBOI Ta
€HEepPreTMYHOi MOAYJALli, 1m0 3a0e3nmevymsio PIBHOMIPHE OIMPOMIHEHHS Ypa)KeHOi
JUISTHKYA LIKIPU.

6. Briepuie po3pobsieHO cuctemy aBTOoMartu3oBaHoro BIUIMBY Y®O Ha
01000°ekT Ta Kputepiii ePexkTUBHOCTI (izioTepamnii, MO0 AAJO0 3MOTY: a) 3MEHIITUTH
TPUBAIICTh TporeaypH (dizioreparnii Ha (15-25%); 0) OLIHUTH TOIIAPOBHHA PO3MOILT
MOTJIMHAHHSA €Heprii (BUSBIICHO, 1[0 €HEPTisS MK POTOBUM IIAPOM Ta HUKHIM IIIapOM
emiiepMicy 370pOBOT IIKIpH 3MEHIIYEThCS 5,3 pasu); CKOPOUCHHSM Yacy IMiJArOTOBKH
CUCTEMHU JI0 Tiporienypu B 1,5+2 pas3u, 301UIbIICHHSIM MPOMYCKHOT 3/JaTHOCT] KAaOIHETIB
¢i13iorepanii Ha 25-33%,

7. Po3po0isieHO cXeMO-TeXHIUHI PIIIEHHS Ta aJrOPUTMU POOOTHU AOCTIAHOTO
3pa3ka cuctemu (DizioTeparii 3 aBTOMAaTH30BAHUM KEPYBaHHSIM XapaKTEPUCTUK Ta
nmapamMeTpiB OMPOMIHEHHS 31 3MIHOIO IPOCTOPOBOI Ta EHEPTETHYHOI MOIYJISIIIT
MOTOKY OIPOMIHEHHS, 1110 aJI0 3MOTY BepH(iKyBaTH pe3yIbTaTH JOCIIHKEHHS;
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AHOTANIA

Ky3s B.I. Meroxa Ta cucremMa [IUHAMIYHOIO YJabTpPagioseToBOro
BHUIIPOMIHIOBaHHA AJs (isiorepamii. — Ksagdidikauiiina HaykoBa mnpaunsi Ha
npaBax PyKOMHUCY.

Jucepraniss Ha 3400yTTS HayKOBOTO CTYTEHS KaHAMAaTa TEXHIYHUX HAyK 3a
cnemianpHicTIO 05.11.17 "bionoriydi Ta MeAUYHI IPUIAAN 1 CHCTEMH' . — BIHHMIIBKUT
HaI[lOHAJILHUHN TeXHIYHUN yHiBepcuteT, Binnui, 2019.

Juceprairisi mpuUCBSIYEHA PO3BUTKY (DYHKITIOHAIBHUX MOKJIUBOCTEH CHUCTEMU
TUHAMIYHOTO  yibTpadioseToBOro OMpOMiHEHHS g (izioTeparii, IUIIXOM
BU3HAYCHHS Ta KOHTPOJIO MapaMeTpiB yIbTpadioleTOBOrO BIUIMBY Ha YpaKeHY
mkipy. [lpoBeneHo aHami3 Kepesn eJIEeKTPOMArHiTHOTO BHIPOMIHIOBAHHS, SIKi
MOXYTh OYTM BHUKOpPUCTaHI NpH TMOOYIOBI cucteMud g (izioTepamii, Ta
MiATBEPAKEHO BUKOPUCTAHHS yIbTpadioaeToBUX CBITIIOAI0/1B. OOrpyHTOBAaHO BUOIp
MaTteMaTU4HOi Mozeni po3noAiny Y@ BUNPOMiIHIOBAaHHS B 010JI0TTYHOMY 00’ €KTI1 JIs
OIIIHKM €HEPreTUYHOT0 BIUIMBY Ta KOE(IIIEHTIB BIIOWUTTS 1 MOTJWHAHHS PI3HUMU
apamMu IIKIpHy.
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[lobynoBano  ¢yHKIIOHAJIBHY  MOJIEJIb  CHUCTEMHU  aBTOMATHU30BaHOTO
JMHAMIYHOTO YJIbTpadiolieTOBOTO OMPOMIHIOBaHHS s (pizioTepamii, HUIAXOM
pPO3pOOKH METOAY Ta CHUCTEMH KOPEKIli Ta KOHTPOJO MPOCTOPOBO-EHEPTreTUUHUX
napaMmeTpiB npoueaypu. [IpoBeneHo MoearOBaHHS MPOIECY PO3CIIOBaHHS €HEprii y
BUIIQJIKOBO-HEOJHOPITHOMY  OlOJIOTIYHOMY  CEpElOBHUIINl  BUKOPHUCTOBYIOUU
nporpaMHe 3a0e3nedyeHHs, sike Oa3yeTbcs Ha Meroai Monte Kaprmo moGymoBaHO
MOIIAPOBHIA PO3MOILT MOTIMHYTOT €HEPTii.

[TpoBeneHO eKkcrepuMEHTa bHI JOCHIIPKEHHS JOCHTIIHOTO 3pa3ka CHCTEMHU
nuHaMmiyHoro Y@ BumpomiHioBaHHA, sKi BrpoBampkeHo B HBECMII «Menamy,
IIT «Kminika wmikpoxipyprii Menikyc» M. TepHomninb, kadenpi «bioMenuuyHUX
cucrem» THTY imeni IBana Ilymrosi, Bydanpkiii ILeHTpalbHIM MICBKIM JIiKapHi
TepHOMiIBCHKOT 00IACTI.

KuarouoBi ciaoBa: ynbpTpadiosnieroBa CBITIOAIONHA MATPHUIl, JUHAMIYHE
OMpoMiHEHHs 61000’ €KTY, MPOCTOPOBO-CHEPTETUYHA MOJYJIALIS, 3BOPOTHIN 3B'S30K,
KOHTPOJIb 03U YJAbTPag10JI€TOBOIO BUIIPOMIHIOBAHHS.

AHHOTALIUA

Ky3s B. 1. MeToa U cucreMa JMHAMHYECKOI0 YJIbTPa(duoJIeToBOro
u3JIydeHuss AJas ¢usnorepanuu. — KBanupukaumoHHbIA HAy4YHBIA TPyX Ha
NpaBax PyKONMCH.

Huccepranysi Ha COMCKAaHUE YYEHOW CTENEHW KaHAWAAaTa TEXHUYECKHX HayK
no crenranbHocTu 05.11.17 "buonorudyeckrue U MEIUITUHCKHUE IPUOOPHI K CUCTEMBI .
— BUHHULIKUI HAMOHAJIBHBIA TEXHUYECKUN YHUBEPCUTET, — BunHuia, 2019.
Huccepranusi TOCBAINIEHA Pa3BUTHIO (PYHKIIMOHAIBHBIX BO3MOMXHOCTEH CHCTEMBI
TUHAMUYECKOTO  yibTpaduoneToBoro oO0mydeHus i (GU3HOTEpanuu, MyTeM
OTpeNeeHUs] W KOHTPOJISI TMapaMeTpoB YJIbTPA(pUOIIETOBOTO BO3JEHCTBUS Ha
NopakeHHYI0 KOXy. [IpoBesieH aHann3 UCTOUHUKOB JIEKTPOMArHUTHOTO U3TyUYEHHUS,
KOTOPBIE MOTYT OBITh MCMOJIb30BAHBI MPU MTOCTPOCHUU CUCTEMBI JIJIsi U3UOTEpAIH,
Y TIOATBEPKIACHO UCIOJIH30BAHUE YIbTPA(PHUOIETOBBIX CBETOUOIOB.

O00cHOBaH BBIOOP MaTeMaTHUECKOW MoJienH pacnpeaeneHus YD u3inyyeHus B
OMOJIOTUYECKOM  OOBEKTE€ IS OLIEHKH DSHEPreTUYECKOro  BO3JCUCTBUS U
KOA(PPUIIMEHTOB OTpakeHHUs U MOTJIONICHUS Pa3IMUHBIMU CI0sIMU KOXkH. [TocTpoeHo
(GYHKIIMOHATBHYIO MOJIENIb CUCTEMbl aBTOMATU3UPOBAHHOTO JUHAMUYECKOTO YJIbTpa-
¢duosieToBOTO 0OMYUeHUS IS (PU3UOTEpaIn, MMyTeEM pa3pabOTKU METOa U CUCTEMBbI
KOPPEKIIMU U KOHTPOJISI MPOCTPAHCTBEHHO-?HEPTeTUUECKUX NTapaMETPOB MPOLETYPHI.
[IpoBeneHo MonenMpoBaHHME TIPOIECCAa PACCESIHUST DJHEPrud B CIIy4alHO-
HEOJHOPOJIHOM OHMOJIOTUYECKONW Cpelie HCIOJb3ysl MpOorpaMMHOE OOecredeHue,
OCHOBaHHO€ Ha Mertojae MoHte-Kapimo W mocTpoeHO MNOCIOMHOE pachpeiesieHue
MOTJIOIIEHHOW SHEPTUH.

[IpoBeneHbl SKCIEPUMEHTANIbHBIC UCCIICIOBAHUS OMBITHOTO 00pa3lia CUCTEMBI
nrHamuueckoro Y® wuznydenud, koropeie BHeApeHsl B HIIDCM «Mepam», OOO
«Knunuka mukpoxupypruu Meaukycy r. TepHonons, kadenpe «buomenunmnHckux
cuctem» THTY wumenu HWMBana Ilymros, bywankoiWl UEHTpaJibHOM TIOPOIACKOU
00sbHUITEI TepHOIIOIBCKOM 001acTH.
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KitoueBble  cioBa:  yubTpaUOJETOBBI  CBETOAMOMA,  JIUHAMUYECKOE
U3IIy4ECHHS, MPOCTPAHCTBEHHO-IHEPreTUYecKass MOAYJsuusa, oOpaTHas CBs3b,
KOHTPOJIb JI03BI YIbTPaUOIECTOBOTO U3TYyUEHUS, MAaTPHUIIA CBETOAHOIOB.

ABSTRACT

Kuz V.I Method and system of dynamic ultraviolet radiation for
physiotherapy. - Qualification research paper, manuscript copyright..

The thesis for a scientific degree of the candidate of technical sciences in
specialty 05.11.17 "Biological and medical devices and systems". — Vinnytsia
National Technical University, — Vinnytsia, 2019.

The dissertation is devoted to the development of the functional capabilities of
a dynamic physiotherapy system by determining and monitoring the parameters of
ultraviolet exposure to affected skin.

An analysis of the existing methods and means of irradiating the skin with
ultraviolet radiation has been carried out, and the physiotherapy devices are not in
compliance with the necessary medical requirements. The elemental base of emitters
in UV physiotherapy devices is analyzed, an alternative to mercury sources, namely
UV LEDs with dynamic capabilities of spatial and energy flow modulation, is found.

The optical characteristics of the main structural components of the skin, the
medical aspects of UV physiotherapy and the mechanisms of the influence of optical
radiation on a biological object are considered, which confirmed the need for further
research of this scientific problem

To solve the problem of local and energy modulation, mathematical modeling
was carried out and an irradiation method based on UV LEDs was proposed by
choosing the optimal light distribution method, which will allow us to build an
automated model of energy distribution of ultraviolet radiation.

The analysis of electromagnetic radiation sources that can be used to build a
system for physiotherapy, and the use of ultraviolet LEDs with a long service life,
non-toxicity, and low inertia, is confirmed. The choice of a mathematical model of
the distribution of UV radiation in a biological object for assessing the energy impact
and the reflection and absorption coefficients of various skin layers is substantiated.
A method of dynamic ultraviolet radiation has been developed, which provides
constant monitoring and changing the spatial and energy parameters of the procedure
during physiotherapy. A calculation was made of surface irradiation with a size of
0.1-0.1 m by a semiconductor diode array to obtain a uniform spatial-spatial field,
which allows a predicted effect on the biological object to achieve a therapeutic effect
during physiotherapy.

Based on the simulated process of the effect of ultraviolet radiation on a
biological object, a model for the interaction of UV radiation with the skin is created
to identify criteria for the effectiveness of physiotherapy, based on the determination
of changes in the absorbing properties of the components of BO as a result of
irradiation.

To determine the energy parameters in the skin layers, a simulation of the
energy dissipation process in randomly inhomogeneous biological media was carried
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out using the Trace Pro 9 software, based on the Monte Carlo method. A layer-by-
layer distribution of the absorbed energy by the skin layers was constructed, which
made it possible to assess the energy level of absorption and reflection of ultraviolet
radiation in BOs.

An automated physiotherapeutic system for the dynamic irradiation of human
skin is proposed, which greatly simplifies the process of setting treatment parameters,
Improves objectivity and provides automation of the modulation process and
determination of correlation dependencies.

Modes for controlling the radiation fluxes in a semiconductor ultraviolet matrix
by modulating pulses and forming a spatial distribution of radiation that can reduce
the duration of the physiotherapy procedure by 15-20% have been developed.

Based on the simulation of energy dissipation in a randomly inhomogeneous
biological environment, a layer-by-layer distribution of absorbed energy was
constructed and it was found that the coefficient of energy attenuation between the
stratum corneum and the lower layer of the epidermus is 5.3 times.

Based on the structural diagram and the algorithm of the physical model of the
device for physiotherapy, it was possible to automate the control of the characteristics
and parameters of radiation, which allowed us to develop a prototype automated UV
system for physiotherapy, with the possibility of changing the spatial and energy
modulation of the radiation flux, which allowed us to verify the studies.

Thus, in the dissertation, the urgent and important scientific and technical
problem of expanding the functionality of physiotherapy devices by solving the
method and system of dynamic ultraviolet radiation was solved. The results obtained
are of great scientific and practical importance in determining therapeutic UV
exposure doses in local and general physiotherapy.

Key words: ultraviolet light-emitting diode, dynamic radiation, space-energy
modulation, feedback, dose of ultraviolet radiation, matrix of light-emitting diodes.
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