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Jucepraui€ro € pykomnuc.

Po6ota BukoHaHa Ha Kadempi aBTOMaTH3allii, EIEKTPOTEXHITHUX Ta KOMIT FOTEPHO-
IHTETPOBAHMX TeXHOJOTii HallioHambHOTO YHIBEPCUTETY BOJIHOTO TOCIIONAPCTBA Ta
MIPUPOIOKOPHUCTYBaHHS MiHICTepCTBA OCBITH 1 HAYyKH YKpaiHH.

HaykoBuii kepiBHUK: TOKTOp TEXHIYHUX HAyK, podecop
Jpesenbknii Bonogumup Bonxonumuposny,
3aBigyBad kadeapu aBToMaTH3aIlii, eNeKTPOTEXHIYHUX Ta
KOMIT IOTEPHO-IHTETPOBAaHUX TeXHOJOTiH HarionaasHOTO
YHIBEpCUTETY BOJHOTO TOCIOAAPCTBA Ta MPUPOTOKOPHCTYBAHHS.

OoiiitHi OTIOHEHTH: TOKTOP TEXHIYHUX HAyK, podecop
Paiitep Ilerpo MukoJsaiioBuy,
3aBiqyBad Ka)epyu CHEPreTUIHOTO MCHEPKMEHTY Ta TEXHIYHOT
niarHOCTHKH [BaHO-DPpaHKiBCHKOTO HALIOHATHHOTO TEXHIYHOTO
yHiBepcuTeTy HaTH i Tasy;

KaHIUIAT TEXHIYHUX HayK, TOLEHT

€abnikoBa Tersina OnexcanapiBHa,

JoUeHT Kadenpu exonorii Jlep>kaBHOTO YHIBEPCUTETY
«XKuromupchKa mosiTeXHiKa.

3axuct BigOymetbess «_18 » _rpymaa 2020 p. o 12% ToOAMHI Ha 3acimaHHi
crieriamizoBanoi BueHoi pamu  JI 35.052.04 y HamioHasbHOMY YHIBEpPCHTETI
«JIpBiBchbKa momiTexHika» (79013, M. JIbBiB, Byl YcTusHOBHYA, 5, X y40OBHIA KOPITYC,
aym. 51).

3 aucepTaniero MoXKHa o3HaoMuTHCs y 610mioTeni HarionansHoro yHiBepcurety
«JIpBiBCBhKa nomitexHika» (79013, m. JIbBiB, Byn. [Ipodecopcenka, 1).

Astopedepar posicimanuii «___ » jguctomama 2020 p.

Buenuii cexpemap cneyianizosanoi

suenoi paou /] 35.052.04, o
KaHOuOam mexiyHux Hayk, 0oyenm / /‘Aﬁ//> Bamkypak 10.3.
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3ATAJIBHA XAPAKTEPUCTUKA POBOTH

AKTYyaJIbHiCTh TeMH. 3a0OpymHEHHS TNPHUPOJHUX BOJOWM TOOYTOBHMH Ta
MPOMHUCIIOBUMH BOJaMH € OJIHI€I0 3 BAXKIMBUX CKOJIOTIYHUX TpoOieM VYkpaiHu.
Po3BUTOK BOAHHMX OpraHi3MiB, 30KpeMa MIKPOIUIAaHKTOHY, 3aJIeKUTh BiJ HAsSBHOCTI Y
BOJI THX YM IHIIMX 3a0pyIHCHb. 3a KOHLCHTPAISIMH PI3HUX BH[IB OpTaHi3MiB
MIKPOITAHKTOHY Ta X CIiBBIZHOLICHHSIM MO)KHAa CYIUTH TIPO CTYIIiHb Ta XapakTep
3a0pynHenHs. [Ipuuomy Ha 3HAYHY KUIBKICTH 3a0pyJHEHb MIKPOOPTaHi3MHU pearyroTh
Habarato 4YyTIUBiNIE, HDX aHami3aTopu (I3UKO-XIMIYHMX NapaMeTpiB BOOM Ha
CTaHIITX ABTOMATUYHOTO MOHITOPHUHTY SKOCTI Bomu. HuHI  BHMiprOBaHHS
TiApoOi0NOTIYHNX TMOKA3HHUKIB SKOCTI 3MIACHIOETHCS BpydHY. [IpoOu Boau mpHu 1IbOMY
BiIOMPAIOTHCS 3 HANEpeNl 3alaHUM TIepiooM Y CTepribHi (¢uiakonn. JloctaBka mpoo
3MIHCHIOETHCS B TIPOAE3iH(IKOBAHUX TEPMOKOHTEHHEpax, a ixX ITOCIIIKSHHs TTOBUHHO
OyTH 37miliCHEHO He mi3Himle, HDK dYepe3 6 roauH micns 3abopy npodm uis
HEKOHCEpBOBaHOI MpoOM Ta 12 ToanH Uil KOHCEPBOBAHOI PO3YMHOM (hOPMAIBIETiTy.
B maboparopii 06'eM mpobu mociizoBHO (GUIBTPYIOTH Yepe3 MiKpocuTa i (QiIbTpH 3
pi3HMM JiaMeTpoM, MO0 PpO3XUINTH OpraHi3MHM MIKPOIUIAaHKTOHY 33 PO3MIpOM.
3arpumani QiIbTpaMu MiKpOOPTaHi3MH IOCHTIDKYIOT ITiJi MiKpOCKOIIOM, BU3HAYAIOTh
CepeNHIO KUTbKICTh 0COOMH KOKHOTO BHIY 10 He MeHIne 50 moJsx 30py MiKpocKoma.
Takuiét MeTo[ BUMIPIOBAaHHSA KOHIIGHTpAIlil IIJIAHKTOHY Ma€ psAJ  HEJOJIKiB:
HEOOXiTHICTh TPaHCHOPTYBaHHA NPoOW 10 Jaboparopii Ta B MEAKMX BHUIAIKaX
KOHcepBalil mpoOu; 3HAa4YHI TPHUBAIICTH Ta TPYIOMICTKICTE J1aOOpaTOPHOTO
JOCITIJKeHHS; IoTpeba y BHCOKOKBaTi(hikOBaHOMY IepcoHali jaboparopii, a/ke Bix
Horo kBasiQikamii 3aJeXHUTh TOYHICTH pPE3yNbTaTy BUMiproBaHHs. ToMy po3poOka
METOJy Ta IpHJIaLy JUIsi aBTOMAaTHYHOTO BUMIPIOBaHHsI KOHIICHTPAL MiKPOIIAHKTOHY
y BIIKPUTHX BOJOIMAaX € aKTyaJIbHOI HAyKOBO-TEXHIYHOIO 33/1a4€HO.

[TuraHHAM BUMIpIOBaHHS KOHIICHTpAIli MIKPOIJIAHKTOHY V BIIKPHUTHUX BOIOMMAax
MIPUCBSIUEHI TIpari BiJoMuX ykpainchkux BueHuX E. O. Apucrapxooi, M. T. bakka, O.
M. Bessecinphoi, T. O. €npHikoBoi, F0. O. ITog9ammHCHKOTO Ta 3aKOPIOHHUX BYCHHUX
P. A. Aunepcena, K. B. Em6nerona, K. IcikaBu, M. Kymarai, C. E. 'lOcoHa Ta iHIIHX.
3anporoHOBaHi paHimie NPHCTPOI HE JO3BOJSIIOTH BIJACTE)XYBAaTH BIACHHH pyX
MIKpOOPraHi3MiB, OCKIJIbKH aHAJII3yIOTh CTaTHYHI KaJpH 3 MIKPOCKOIa ab0o CHUTHAJH 3
IIUTOMETPa HE3aJIe)KHO Bij MorepenHix. TakoXk 3amporoHOBaHI paHille aJrOpUTMH,
0 BUKOPUCTOBYIOTHh INTYYHI HEHPOHHI MEpexi I Kiacudikamii MiKpOOpTaHi3MiB,
HE J03BOJISIIOTH 31HCHIOBATH aHAJ3 KOKHOTO KaJIpy BiJIEOTIOTOKY B pPeIbHOMY Yaci, a
OTXKE He J03BOJSIIOTH peasli3yBaTd IOPTATUBHUN TNPHUCTPIA IS HENepepBHUX
BUMIPIOBaHb Y MOJbOBUX YMOBAX.

Henocrarus OTIepaTUBHICTh BHU3HAUEHHS KOHIIEHTpALli{ OpTraHi3MiB
MIKPOITAHKTOHY B TOBIII BOAM CHPUYMHEHA BHUKOPUCTAHHSIM METOAIB DPYYHOTO
BU3HAa4YEHHS (OpM, pO3MIpiB 1 KOHIEHTpaLii OKpEMHX IPYyIl MIKpOOpPTraHi3MiB y BOA,
TIOB’sI3aHUX 3 HEOOXIIHICTIO KOHCEpBallii, TPaHCTIOPTYBAaHHS Ta IATOTOBKH NPOO s
abopPaTOPHOTO JTOCHIKEHHs.. TOMY CTBOPEHHS METOAY 1 MpWiIaTy, MO y MicIi
BiIOOPY MpOOH 3MIMCHIOE aBTOMAaTHIHE BUMIPIOBaHHS KOHIIEHTpAIlii Ta KiIacuQiKkaIlito
MIKpOOPTaHi3MiB, € aKTyalIbHOI0 HAyKOBO-TEXHIYHOIO 3aa9ero.
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3B’A30K po0OTH 3 HAYKOBHMH MPOTrPaMaMHu, IIAHAMH, TEMaMH.

Huceprarniiina po0oTa BHKOHYBaJlaCh BIAMOBITHO J0 TEMAaTUYHHX IUIAHIB 1
HAyKOBO-JOCTiTHUX poOiT HamioHanpbHOTO YHIBEPCHUTETY BOIHOTO TOCIOAApCTBA Ta
MIPUPOIOKOPHUCTYBaHHS (MicTo PiBHE), 3rifHO TTOCTaHOB MiHICTepCTBA HAYKH 1 OCBITH
VYkpaian BiamoBigHO 1m0 3axkoHy Ykpainm Ne433-IV «IIpo mpiopureTHi HampsiMu
IHHOBaLIHOT IisUTLHOCTI B YKpaiHi», 30kpeMa 3a HampsiMoM «[IpunanoOymnyBaHHs sK
OCHOBa BHCOKOTEXHOJIOTIYHOTO OHOBJIEHHS BCIX Taly3ed BHPOOHHUITBa», a TaKOX
HAYKOBO-JOCIiTHIX POOIT:

— “Po3poOKa Ta IOCHTIDKEHHS METOMIB i CHCTEM KOHTPOJNIIO (Di3MKO-MEXaHIYHHX
nmapameTpiB piuH Ta ras3iB” (mepkaBHa peectparis Temu Ne0112U002523, 2012 p.);

— “Po3poOka Ta MJOCHiPKEHHS €JEeMEHTIB 1 CHCTeM aBTOMaru3amii Ta IiX
MonenoBaHH (nepxkaBHa peectpartis Temu NeO110U000823, 2012 p.), ne aBTop OyB
BHUKOHABIIEM.

Merta i 3agaui nocainxkenns. Memoio pooomu € po3poOKa ONTUYHOTO METOY Ta
NOPTaTUBHOTO  TpHWiIagy JUId  HENEepepBHOIO  BUMIPIOBaHHS  KOHIEHTpamii
MIKPOITAHKTOHY Y  BIJKPUTHX BOJOHMax, IO 3a0e3MeYdTh 3HaYHE 3MEHILICHHS
TPHUBAJIOCTI BUMipIOBAaHHS.

OcHnosHi 3a0aui:

1. 3nificHUTH aHaNi3 BIJOMHUX METOMIB i MPHUCTPOIB BH3HAYCHHS T'€OMETPHUIHHX
pO3MipiB 1 KOHIIEHTpaIlii OpraHi3MiB MIKpPOIUIAHKTOHY 1 TIOKa3aTh aKTyaJbHICTh
PO3pOOKH aBTOMATHYHOTO MOPTATHBHOTO MPHUCTPOIO ISl BUMIpIOBAaHHS KOHIIEHTpAIil
MIKpOOPTaHi3MiB Y BIIKPUTHX BOJOHMAaX.

2. Po3pobutu MeTon BHMIpIOBaHHS KOHIIEHTpalii MIKpOOpTaHi3MiB y BOIi, LIO
BKJIFOYA€ aBTOMaTHYHY KJIacH]iKaIlifo Ta BU3HAYEHHS KOHIIEHTPALlil MiKpOOpraHi3MiB.

3. Po3pobut 1 AOCHIAWTH aBTOMATHYHMH MOPTATUBHUK IPOTOYHMI NpHUiIan
BU3HAYCHHsI KOHIICHTpAIlii MiKpOIUIAHKTOHY, III0 Ma€ MiJBUIICHY IIBUAKOJIIO aHATI3y
y TIOPiBHSHHI i3 ICHYIOUNMH 3ac00aMH BUMIipIOBaHb.

4. TIpoBecTH MPOMHUCIIOBI BUIIPOOYBaHHS pO3pOOICHOTO MPUIIATY.

00’ckmom 0ocnidrcenns € IPOIIeC BUMIPIOBAHHS KOHIIEHTpAIii MiKpOTUIaHKTOHY,
II0 BHUKOPUCTOBYETHCA JJIsI BH3HAYCHHS OIOJOTIYHMX TIOKA3HUKIB SKOCTI BOJAU
BIJIKPUTHUX BOJONM.

Ilpeomemom Oocnidyncennsa € TIpuian Uil BHUMIPIOBaHHS  KOHLEHTpALl
MIKpOOPTaHi3MiB Yy BIJKPUTHX BOJOHMAaX.

Memoou docnidrcens. JIns MOCATHEHHS MMOCTABICHOT METH B pOOOTI BUKOPHCTAHO
TaKi METOMH IOCIIIKEHD:

— MOPIBHSJILHUH aHaJIi3 BiIOMUX 3aC00iB BUMIpIOBaHHS T€OMETPUIHUX PO3MIpIB Ta
KOHIICHTpAIIi1 MiKpOOpTaHi3MiB;

— iH(opMaITifHO-KOMIT I0TEpHI MeToau (OpMyBaHHSI Ta OOPOOKH BiJeOKaapiB,
METOJIM TeOpil HEUITKUX MHOXKUH;

— METOIM Teopii MITyYHHX HEWPOHHMX MepexX I Kiacudikaiii opraHi3mis
MIKpPOIIJIAHKTOHY;

— METOZM TeOpii aBTOMAaTHYHOTO YIPABIIHHS;
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— CTAQTUCTUYHE OIIPALIOBAHHS PE3YNIbTATiB BUMIPIOBaHb 3 BUKOPHCTAHHIM 3aC0O0iB
00YHCITIOBAIbHOT  TEXHIKH, JIAOOpATOpHI JOCHIMKEHHS Tpo0 BOIM 3 BOJOIM,
rpadoaHaTITHYHUHN Ta YUCEIbHUN aHAI3 TaHUX.

HaykxoBa HOBH3HA 0fIep:KaHUX Pe3yJIbTATIB MOJISATAE B TOMY, II10:

1. Bniepiie cTBOpeHO HOBHH METOX HETEpepBHOI iAeHTH(IKAIil Ta BUMIpIOBAHHS
KOHIIEHTpanii MiKpoOopraHi3MiB, 10 Iependadae aHalli3 BiZ€OIIOTOKY 3 MIKpOCKoIa 3
BpaxyBaHHSIM 3MiH BMICTY ITOJIsl 30py MIKPOCKOIIA 3 4acOM.

2. Bnepmie  J0CHiDKEHO BJIACHUX PpPyX MIKPOIUIAaHKTOHY B MOTOII  Ta
3alpOIIOHOBAHO ABTOMATHYHO PETYNIOBAaTH IIBUAKICTH BOAHM, IO PYXA€ETHCS B IOJI
30py MIKpOCKOIIa, 3aJIeKHO Bijl 4ITKOCTI OTPUMYBaHHUX KaJpiB.

3. Bnepmie 3anponoHoBaHO MeToJ| Kiacupikallii oprani3amMiB MiKpOIUIaHKTOHY, IO
BUKOPHCTOBYE HEUITKY JIOTIKY, IO JO3BOJISIE OMUCATH MapaMeTph MiKpOOPTaHI3MiB 3
PO3SMHUTHUMH MEXKaMH.

4. VoockoHajeHO MeTox moporoBoi ¢inbTpamii AN BUKOPHCTAaHHS —IIpH
HeTepepBHOMY Bi/ICTEKEHHI MiKpOOPraHi3MiB Yy BiJICONOTOLII.

5. OrpumaB nopajbIIMi PO3BUTOK METOA BU3HAYEHHS T'€OMETPHUYHHX HapaMeTpiB
(ITOIIIAHKTOHY Ha OCHOBI BHKOPHCTaHHS HEHPOHHUX MEpEX sl 0OpOOKH MOTOKY
aHaJII30BaHOI BOJIM.

IIpakTU4yHe 3HAYEHHS O/IePsKAHUX Pe3yJIbTaTiB:

1. Po3pobiieH0 TOpTATMBHHMIA TMPUCTPIA I aBTOMAaTHYHOTO BUMIipIOBAHHS
KOHIICHTpAIil MIiKpOOpraHi3MiB, 1[0 MOXE BHKOPHCTOBYBATHCh JUIS  OIlIHKH
€KOJIOT1YHOTO CTaHy BOJIOWMH SIK B TIEPIOIMYHOMY PEKUMI, TaK 1 HEEPEPBHO.

2. Po3poOiieHo mporpamue 3a0e3rnedeHHs st Kinacuikarii MiKpOIUIAHKTOHY Ha
OCHOBI BUKOPHCTaHHSI METO/IiB KOMIT FOTEPHOT'O 30pY Ta HEWITKOI JIOT1KH.

3. Po3po0iieHo 1 00rpyHTOBaHO METOJ] OOUMCIICHHS KOHLETPalii MiKpOOpTraHi3MiB y
HEeNepepBHOMY TIOTOIII BOJIH, 110 MPOKAYYETHCS B MOJIi 30py MIKpOCKOTIA.

4. Po3poOieHi METOAM MOXXYTh BHKOPHCTOBYBAaTHCH TaKOX I BUMIipIOBAHHS
JIMCTIEPCHOCTI €MYIIbCil, KOHIIEHTpAIlil OKPEMUX KIIITHH Y O10JIOTIYHHX piTHHAX.

BrnpoBagxeHHsi pe3yabTariB podoTH. TeopeTWdHi Ta MPAKTHYHI 3T00YTKH
pobotu BHpoBamkeHO Ha 00’ ekTi «KaHamizamiiiHi O4lCHI ciopyau XaTUPYHHCHKOTO
paiiony Hapoicekoi o6nacti Pecry6miku Vi6ekucran mpomykrTusHictio 4000 M° Ha
no0y Ha 0a3i (iTOTeXHONOTil TITHOOKOTO Oi0JIOTIYHOTO OYHIICHHS BOMU KOMIIAHIi
Chandwin Project Pte.» (axt Bixm 28 rpymust 2019 poky) Ta y HaBYaJbHUH Ipolec
kadenpu aBroMaTu3allii, €ICKTPOTEXHITHUX 1 KOMI FOTEPHO-IHTETPOBAHUX TEXHOJIOT1H
HarionanpHOTO yHIBEpCHTETY BOIHOTO TOCHOAAPCTBA Ta MPUPOIOKOPUCTYBAHHS IMPH
BUKJIAJIaHHI IUCIUIUTIHA «[HTEJIEeKTya bHI CHCTEMH YNPaBIiHHSI» TPH ITiATOTOBII
MaricTpiB 3a cremianpHicTIO 151 — ABTOMaTH3allisi Ta KOMIT IOTEPHO-IHTETPOBaHI
TexHOJOT1 (HoBiaka Bin 15 ciuns 2020 poky).

OOrpyHTOBaHiCTH i /IOCTOBIpHiICTH HAayKOBHX IIOJIOKEHb, BHCHOBKIB 1
peKoMeHIanid auceprTamii MiITBEPKYIOThCS BHUKOPUCTAHHAM CYYacHHX METOZIB
JOCITI/DKEHb 3  BHKOPHCTaHHSIM  METO/AIB  IITYYHOTO  IHTENEKTY, OOpOOKOI0
BUMIipIoBanbHOI iH(opmarii 3a momomoroto mupposux EOM, excrieprMeHTaTbHIMEI
JOCIIKCHHSMH 3 OTPUMAaHHSM BiZICOKAIpiB IMOTOKY BOIW 3 MIKPOIUIAHKTOHOM Y
mpobax BOIHY 3 TOBEPXHEBUX BOIONM, CTATUCTHYHOIO OOPOOKOIO iX pe3yibTariB.
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Oco0ucTuii BHecok 3100yBava. [1, 10, 11] — po3poOka MeTOZiB 1 anrOpUTMIB
BU3HAUeHHsI KOHIICHTpaIii MiKpoIulaHKToHY, [3] — po3poOka MeTomy IiABHIIECHHS
TOYHOCTI HETEepPEepBHOTO BHUMIPIOBaHHS KOHIIGHTpaIlii MikporulaHkToHy, [4, 20] —
po3po0Ka TPUCTPOIO BHU3HAYCHHS KOHIICHTpAIlii Ta O10JOTIYHUX MOKAa3HMKIB SIKOCTI, [5,
22] — anropuT™ MiABHUIIEHHS TOYHOCTI PO3ITi3HABaHHS 0araTOKIITHHHUX OpPTraHi3MiB, [6]
— po3poOKa CTPYKTYpH Ta HaBUYaHHS HEUPOHHOI Mepeki it  Kiacudikarii
MIKpOIUTAaHKTOHY, [9, 15] — croci6 Ta aaroput™ KepyBaHHS IIBHIKICTIO BOAW B OJI 30pY
Mikpockoma, [17] — po3poOka 0a3nm HEWITKMX MpaBHiI I Kiacu(ikalii oprai3miB
MIKpOIUTAHKTOHY 1 €KCTIepHIMEHTalIbHA MepeBipka MOXHOOK BUMIpIOBAHb.

AmnpoOanisi pe3yabrariB gucepramii. Pesymeratm muceprarniiinoi poOoTH
nomoBinanuch Ha [lepmriii Beeykpainchkiit HaykoBo-TexHIUHIN koH(epeHtii “CydacHi
TEHCHII1 po3BUTKY npuiamnooynyBanus” (JIyrancek, 2012), BceykpaiHchkili HayKoBiit
koH(pepentii “CydacHi mpoOIeMn MaTeMaTHIHOTO MOJICTIOBAaHHS Ta 00YHMCITIOBATEHUX
meroziB” (Pieue, 2013), YerBepTiii HayKOBO-NIpakTHYHIA KoH(epeHuii “Metomu Ta
3aco0M HEepyHHIBHOTO KOHTPOJIIO TpoMHCIOBoro obmannanus” (IBaHO-DpaHKIBCHK,
2013), III MixHapoaHiii HaykoBO-pakTH4HiN KoH(epeHuii «CTpareriyni pilmeHHs
iHpopManifHOrO PO3BHUTKY €KOHOMIKH, CycmiibcTBa Ta OisHecy» (PiBme, 2014),
Ilepmriii MiKHApOAHIH HAYKOBO-TIPAaKTUYHIH KOH(EpeHIii MOoJoAuX YYCHHX,
acmipaHTiB 1 CTyIEHTIB ‘‘ABTOMAaTH3allisi Ta KOMIIIOTEPHO-IHTETPOBaHi TEXHOJIOTi”
(Kuis, 2014), Cpomilt Mi>kHapOIHIN HayKOBO-TIPaKTUIHIW KOH(epeHmid “TaTerpoBani
IHTeNeKTyalIbHI poboToTexHiuHi komruiekcu” (KuiB, 2014), MixxHapoaHI HayKOBii
koH(epeHil "CydacHi mpoOIeMyu MaTeMaTUYHOTO MOJICITIOBAHHS Ta OOYHCIFOBAILHUX
meroziB" (PiBue, 2015), BocbMili MiXHaponHii HayKOBO-TIPaKTUYHIN KoH(epeHwii
"InTerpoBani iHTeNeKkTyasbHI pobororexHiuni kommekcn" (Kwis, 2015), 5-iit
HayKOBO-NIpakTH4Hi KoHpepenuii “Meroan Ta 3acodu HepyHHIBHOTO KOHTPOIIIO
npomuciioBoro obmagHanas” (IBaHo-®pankiBcek, 2015), BceeykpaiHCbkili HaykoBO-
MpaKTUYHIA KoH(epeHIii, mpucesdeHii BcecBitHpomy nuto Bogm (Kuis, 2016), IX
MDKHApOIHIM HAyKOBO-TIpakTHUHIA KoH(epeHiii "[HTerpoBaHi iHTENEKTyaJbHi
pobototexHiuni kommuiekcn" (KuiB, 2016), X MiKHApOgHIN HAyKOBO-TIpaKTUIHIH
koH(epeHnii "[HrerpoBani inTenekryansHi podboroTexHiuni kommmieken" (Kuis, 2017),
XI MiKHapogHiH HayKOBO-IPakTH4HIH KoH{epeHwii "[HTerpoBaHi iHTENEKTyallbHi
pobotorexHiuHi kommekcn" (Kwuis, 2018), XII MiXHapoaHili HayKOBO-TIPAKTHYHIH
koH(epeHuii “IurerpoBani iHTENEKTya bHI podoToTexHIuHI KomIuieken” (Kuis, 2019).

My6aikanii. 3 Temu auceprtarii HagpykoBaHo 20 HayKOBUX Tpaib, i3 HUX 6 — Y
(haxoBUX BHUIAHHSX, 110 BXOAATH N0 mepeniky BAK Vkpainwm, 1 — y 3akopIoOHHOMY
BUJaHHI, 13 — y Marepiasax HayKOBO-TEXHIYHHX KOH(EpeHIlild, oTpuMaHo | maTeHT
VYkpainu Ha BUHaxXig Ta 1 — HA KOPUCHY MOJIEITb.

CtpykTrypa Ta odcsr aucepranii. J[ucepraiiis ckinagaeTbes i3 BCTYIY, YOTHPHOX
PO3IiIiB, BUCHOBKIB, CIIUCKY BUKOPUCTaHUX Jukepen (74 Gibmiorpadivyni mocHIaHHS,
10 cropiHok) i 6 monmarkiB. 3aranbHUN OOcCsAr nucepramii craHOBUTH 181 cTOpIHKY,
30kpema 116 cTOpiHOK OCHOBHOTO TekCTy, 44 pucyHkis, 14 Tabmuup. Jlonmarku
CKIIQJAal0Th 38 CTOPIHOK.
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OCHOBHH 3MICT POBOTH

Y Berymi oOTpyHTOBAaHO aKTYyalbHICTh TEMHU JOCIiIKEHHS, CHOPMYIHOBAHO METY
Ta 3a/1a4i JOCIHIKeHHs, HAyKOBY HOBH3HY, HABEJCHO JaHi MPO MPAKTUYHE 3HAYCHHS
oIlep>KaHUX Pe3yNbTaTiB, 3B’sS30K POOOTH 3 HAYKOBUMHU IpOTpamMaMH Ha HayKOBO-
JMOCHITHAUMHU poOoTaMu, Tpo TMyOmikamii 1 ampoOariro pe3ylbTaTiB JOCHiKEHb,
BU3HA4YE€HO 0COOHMCTHI BHECOK BHECOK 37100yBaya y OIryOJIiKOBaHUX IPALsX.

B mepmiomy po3mimi 3mificHeHO aHali3 Ta KiIacH(IKamifo ICHYIOYHX METOMIB 1
3ac00iB BUMipIOBaHHSI KOHIIEHTpAIlii OpraHi3MiB MiKpPOIUIAHKTOHY y BOJI Ta BUSBIICHO,
10 BOHM MalOTh HEJOCTATHIO LIBHMJKOIII0 BUMIpPIOBaHb 1 OOMExeHi (yHKIIOHAIbHI
MOXJIMBOCTI, 3HAUHY 3aTPUMKY Mi>K MOMEHTOM 3MiHHM KOHIICHTpAIlii MiKpoOpraHi3MiB
Ta MOMEHTOM OTPHMAaHHSI Pe3y/IbTaTy BUMIPIOBaHb.

IIpomoHyeThCsT BUMIPIOBaHHS KOHIIEHTpAIii OPraHi3MiB MiKpOIUTAHKTOHY Y
BOZIOIIMaX BHKOHYBATH IIJISXOM IPOIYCKAHHS JOCIIKYBAHOI BOAM Yepe3 HMpPOTOUHY
KOMIpKY 3 C(OKYyCOBaHMM Ha I BMICT MIKPOCKOIIOM, aJrOpPUTMIYHOI 0OpOoOKH
BIZICOTIOTOKY Ta OTPHUMAaHHS B pe3ylbTaTi BEJIMYMH KOHIICHTpAlil OpraHi3MiB
MIKpPOIIITAHKTOHY 33 KO>)KHOIO TPYTIOH0.

BuznayeHo, mo I BUMIPIOBaHB MOXKHa BHKOPHCTOBYBATH CEpiiiHI amaparHi
3acobu (GopmyBaHHS Bimeo3zoOpaxkeHb (mudpoBuit Mikpockom). B moemHaHHI 3
E€HEPTOePEKTUBHUM TIPOIECOPOM I OOPOOKHU BiIEOKAPIB 1€ TO3BOJISE TPOBOIUTH
BHUMIPIOBaHHS B MicIli BiiOOpYy mpoOH 1 3HAYHO 3MEHIITUTH Yac OTPUMAHHS PE3YabTaTy
BHUMIPIOBAaHHS B MOPIBHSIHHI 3 BIIOMUMH METOIaMU 1 TIPUCTPOSMHU.

B apyromy po3aijii npencraBieHo crnocoOM ONMUCY OPraHi3MiB MiKpOIUIAaHKTOHY
(po3mipiB, (opMu, KONbOpy) Ta pPO3POOJICHO METOA BHMIPIOBAHHS KOHIICHTPAIi
OpTaHi3MiB MiKpOIUIaHKTOHY.

BusHaueHHs Oi0JIOTIYHMX TIOKAa3HHKIB SKOCTI BOOU Tependadae OOYHCICHHS
MIEBHOTO IHTETPAJBHOTO IMOKAa3HHWKA SKOCTI HAa OCHOBI KOHIEHTpAIid 1HIMKATOPHUX
oprani3MmiB. BigoMmi nekinbka iHTerpalbHUX O10JOTIYHUX IMOKA3HHUKIB SIKOCTI BOAM, SKi
JTO3BOJISIIOTh KUTBKICHO OIIHUTH SIKICTh BOIW 3a O10JOTIYHMMH MOKa3HUKaMU, Cepe
SKUX OJUH 3 HAaHOUTBII MIMPOKO 3aCTOCOBYBAaHMX IMOKA3HUKIB — 1HIEKC carmpoOHOCTI
[Manmie-byka Ta #oro uucnenni mogudikamii. ¥ psai Mogudikamii 1boro iHAEKCY
3aMIiCTh IHAMKAaTOPHMX BHUJIB BHKOPHUCTOBYIOTBCSI pOAM a00 HAaBiTb pOAWHH
rizpo6ionTiB. Lli TakcoHM HaOararto jerme y BH3HAYCHHI Ta MalOTh MIMPII apea.
Pizni mMomudikamii iHmekcy canmpoOHocTi BkimouaroTh 10 2000 BHIIB IHAMKATOPHUX
OpraHi3MiB pi3HOTO PO3MIpPY Ta CIOCOOY KHUTTSA (TUTAHKTOH, HEKTOH, OeHToC). YacTrHa
3 HUX BITHOCHTHCA IO MIKPOIUIAHKTOHY 1 Mae posmip 2...300 MKM, HaIpHKIa,
Amoeba proteus, Paramecium caudatum, Fuglena viridis, Cyclops varius,
Trachelomonas volvocina, Pediastrum, Coelastrum microporum, Chlorella, Ulothrix
zonata. MIKpOIUIAHKTOH TakKuX pO3MipiB J00pe po3pi3HseThCS 3a JTOTIOMOTOIO
ONTHYHOTO MIKPOCKOIYy I INBHJIKO pearye Ha 3MiHy KOHIEHTpauii 3a0pynHIOBadiB.
Tomy BUMIpIOBaHHS KOHIEHTpAlil MIKPOIUIAHKTOHY TakKOro poO3Mipy J03BOJISIE
OTIEpaTUBHO pearyBaTy Ha 3MiHU KOHIEHTpAIlil 3a0pyJHIOBaUIB.

BumiproBaHHs ~ KOHIIEHTpaIliii pi3HUX TPYN OpPraHi3MiB  MIKpOTUIAHKTOHY
CKIIQZIA€ThCS 3 TIOCHITOBHOCTI Omepariii 3 Tpancdopmariii Ta 06poOKu BieoKaapiB 3
IU(PPOBOTO MIKPOCKOTA, IO CHPSIMOBAaHWUN HAa BMICT KOMIPKH 3 JOCHIIKYyBaHOIO
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Bonoro (puc. 1). JlocmipkyBaHa BoJia MPOKAYy€ETHCS Yepe3 ONTUYHO MPO30Py MPOTOUHY
KOMIpKY MEePUCTATETHIHUM

HacocoM. [IpopyKTUBHICTh Hacoca
3aJa€ThCsl OJIOKOM DEryJIIOBaHHS
BUTpaTH. TIpricTpiit oGpoGrar

TIpu BHMIpIOBaHHI ‘“"ej’g”‘y
KOHLIEHTpaIlii MIKpOIIaHKTOHY ro— N m};::;x;}m
BHUKOHYIOThCSI HACTYTIHI ONeparii: MiKpockor BrrTpar

1) orpumanHs  Kaapy 3 ttt v

1 . 11, Hacoc

MiKkpockomy (puc. 2, a); —y W — >

2) mepeTBOPEHHS KOJIBOPOBOTO 3a6ip
300paKeHHS B  OJHOKAHAJIbHE
(BinTiHkH ciporo) (puc. 2, 6);

3) mepeTBOpPEeHHS 300paKCHHS
3 BIATIHKIB ciporo B OiHapHe
(40opHO-01J1€) 3aCTOCYBaHHSIM aaITUBHOTO TTOPOTY;

Puc. 1. dyHKIiOHATBHA CXEMa MPUCTPOIO

B T

Puc. 2. [Tomryk oprani3MiB MiKpOIUIAaHKTOHY B TIOJIi 30py MiKpPOCKOIIa B TPOTOYHIN
KOMIpIIi:
a — HeoOpoOIeHuiT Kaap 3 MIKPOCKOTIa; O — OJIHOKaHAIbHE 300paXkeHHs; B — OiHapHe
300pa)XeHHS; T — BUBEJCHHH KOPHUCTYBady KaJp
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4) BUIUICHHS 3aMKHYTHX KOHTYpiB (puc. 2, B);

5) BU3HA4YCHHsI KOOPAWHAT IIEHTPIB KOHTYPIB;

6) TOIIyK HOBHUX, OHOBJCHHS KOOPIMHAT ICHYIOUMX Ta BUAAJCHHA 3HUKIAX
KOHTYPIB TMOPIBHIHHAM 3 KOOpAWHATaMU OO'€KTIB ITOCHIKEHHsSI Ha IOTEPETHBOMY
Kapi;

7) BU3HAYCHHS NICPEMIIICHHS 00'€KTIB 3a Yac MiX CyCiTHIMH KaJpaMHu;

8) oOuuCrieHHS NIBUAKOCTI 00’€KTa Ta BCHOTO IOTOKY BOJAM, Ta PETYIIOBaHHS
BUTPATH BOJH JUISI OTPUMAHHS YiTKUX BiJCOKAPIB;

9) obuncieHHs TapameTpiB 00’€KTIB y Kajpi, BU3HA4E€HHsS KONbOPY Ta HOTO
po3mnominy;

10) oOumcneHi 3Ha4YeHHs MapameTpiB 00'eKTa X; NPOXOAATH (asidikauiro Ta
OOYHUCIIIOIOTECS CTYNEHI NPUHANEKHOCTI A; 00'€KTa O KOXKHOIO BHAY 33 KOXKHHM
napameTpoM. Popma (HyHKIIH TPUHATIEKHOCTI OTMCYE CTYMiHb BipOTiAHOCTI TOTO, IO
00'€KT 3 TaKMM 3HAYCHHAM MapaMeTpy HAJICKUTh O JaHOTo BuAy. Ilicis oGurcieHHs
CTYIICHIB TPUHAJICKHOCTI IO BHIIB 00'€KT KIACHU(IKYEThCS O TOTO BUIY, JUIS SKOTO

m

100YTOK CTyNEHIiB MPHHANEKHOCTI 00'ekTa M0 BeiM mapamerpam A, = |_| ,ul.j(x j )
Jj=

. max . .
makcumanermit Ui, A, =2 A, e My (x j ) - QYHKIS NpUHATEKHOCTI 3HAYEHHS

j-To mapameTpa 00'ekTa 110 i-01 KiacugikaniiHo1 rpymnu.

11) 06IMCITIOETRCST KOHIIEHTPAITIS KOYKHOTO BUIY MiKPOIUTAHKTOHY SIK BiTHOIICHHS
KUTBKOCTI PpO3IMI3HAHUX EK3eMIULIPIB 10 00'eMy BOJHM, IO MPOWIIOB Y (OKYyCi
Mikpockora Ci=n;/V; oTpuMaHi 3HadeHHs 30epiratloTbcs B mam'sTh mpucTporo. O6’eM
BOJIH, 0 TIPOUIIOB Y (POKYCi MIKpOCKOIIA, BU3HAYAETHCS K TOOYTOK MIBUAKOCTI BOIH
B KOMIpIIi v Ha MPOMIXKOK 4Yacy Af, 3a sIKUA MPOKAYYETHCSA MPOoda, Ha MIUPUHY ITOJISA
30py MIKpOCKOIa b Ta Ha TOBIIMHY /i mapy BOAM B KOMIpIli, HA AKY C(HOKYCOBaHUIMA
MIKPOCKOIT:

V=bhvAt.

BuwmiproBaHHs BKIIOYa€ BH3HAYEHHS PO3MIpiB, KOJIBOPY, IUIONII Ta KOEQIIli€HTIB
(hopMH KOXKHOTO €K3eMIUISIPY MIKpOIUTAHKTOHY. sl po3paxyHKy 00'€eMy Ta MacH
MIKpOTUIaHKTOHY HEOOXiJHO TaKoX BHKOHATH HOro ineHTH(]ikaIito 3a BUIOBHM
CKJIQZIOM, TaK SIK MPOBEACHHS LUX PO3PaxyHKIB 3aJIe)KUTh Bifl BUAY EK3EMILIIPIB
MIKPOIUTAHKTOHY.

Bimomo nekinbka migxomiB a0 imeHTH(IKAii 00'€KTIB MO iX BiIC0300paKCHHSM.
[ITupoko momMpeHe BUKOPUCTAHHS INTYYHHX HEHPOHHHX MEPEX IS MOMIKCEIbHOT
00pOOKHM BCBOTO BiJICO300paKEHHS JIO3BOJIIE BHSBISATH XapaKTEPHI CIEMCHTU
00’€kTiB, TIpoTe TOTpeOye SIK 3HAYHMX OOYHMCIIOBAILHUX PECypCiB s poOOTH B
pearpbHOMY dYaci, TakK i JIIONCHKMX PEeCypCiB M CTBOPEHHS HAaBYAILHOI BHOIPKH.
3MEHIIUTH OOYUCITIOBAIBHY CKJIAIHICTh MOXIIMBO, SIKIIO BHU3HAUYWTH XapaKTepHi
nmapaMeTpu 00’ €KTiB MEHIII OOYHCITIOBAIBLHO CKIIATHUMH aTOPUTMaMU i BUKOHYBAaTH
Kiacudikalio Ha OCHOBI 3HaUCHb IUX [TapaMeTpiB.

B poborti 3anpononoBaHo MeTox Kiacuikarii opraHi3MiB MiKpOIUIAaHKTOHY, IO
BUKOPHCTOBY€E HEUITKY JIOTIKY. BHKOpHCTaHHS HEWITKOI JIOTIKMA JO3BOJIE OIUCATU
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MapaMeTpu OPTraHi3MiB 3 PO3MUTHMH MEXKAMH Ta OJHOYACHO OOYHCIIUTH CTYIiHB
TIPUHAJIEKHOCTI 00’ €KTa B IOJIi 30pYy MIKpOCKOMA 0 KOKHOT KIIacHU(iKamiifHoI rpymy.

Hus  wnacugikamii MIiKpOOpraHi3MiB 3alpONOHOBAHO BHKOPHCTOBYBATH  iX
mapameTpu (puc. 3):

— aOCOJIOTHI TOBKWHA Ta TUPHHA;

— BIIHOCHAa mUpWHA (BIIHOIICHHS
IIUPUHA 00’ €KTa J0 TOBKHHH);

— €KBIBaJICHTHUH Jiamerp
d,, =+4S/m, me S - moma
MIKpOOpTraHi3aMy;

— KOe(ILIIEHT BUIYKIOCTI  k =S/,

ne S, — IUIoIa BUMYKJIOro 0araToKyTHHKA,
B SIKM BITCAHO IIE¥ MiKpOOPTaHi3M;
— xoediuienT sanosuenns k, = S/(Ib) ,

me [ i b — [oBKHMHA 1 IIUpUHA
MIiKpOOPTaHi3My; Puc. 3. BuznaueHHs mwupunu,

— KOMIIAKTHICTh ¢ = P? / S, ne P - paziyca cepeaHboi JiHil Ta KOJIbopy
TIEpUMETP MIKpOOpTaHi3My; Oprai3smMy MiKpOIUTAHKTOHY

— paziyc cepemHboi JTiHIi (B HaIPAMKY,

B SIKOMY JIOBXXHMHA 00'€KTa HaiO1IbIIa, BiH allPpOKCUMYETHCS Iyrol0 Ta BU3HAYa€ThCs ii
paniyc);

—cepenHili komip (cepemHe apudMeTHYHE I BCIX IMIKCETIB 3HAHACHOTO
OpTraHi3My MIKpOIIAHKTOHY);

— IIBHUJKICTb PyXy BITHOCHO ITOTOKY;

— MIBUAKICTH 3MIHH JOBXHUHU;

— 0araToOKIITHHHICTb.

[IpoBeneHo mocimimkeHHS MeToAy Kiacu(ikarlii MiKpoopraHi3MiB MiKpOITIAHKTOHY
3a JOMOMOTOI0 IMITY4HOI HeWpoHHOI Mepexi. Ha BXoan mTydHOI HEHpOHHOI Mepexi
(puc. 4) moparoThCs Ti caMi apaMeTpH, o 00pOOIISIINCH HEUITKOO JIOTIKOIO 3 METOIO
knacugikanii. KimpkicTh BUXOIIB HEHPOHHOI Mepexi JOpiBHIOBaJA KUIBKOCTI
KiacugikanifHUX TPyH MIKpOOpPraHi3MiB, sIKi po3pi3Hsula HEHpoHHA Mepexa. Buxonu
HEHpoHHOT Mepexi HaOyBanu 3HaueHb 3 aiamazony [0...1], sKi XapakTepH3yBaH
WMOBIPHICTHP  TOTO, 10 aHAN30BaHMKW OO0 €KT HAJNeKHUTh O  BiAMOBIIHOT
knacudikamiinoi rpymu. I1InsxoM KOMIT IOTEPHOTO MOJAETIOBAHHS OyJI0 BCTaHOBJICHO,
o0 ONTUMANbHIUMH 3a CTPYKTYpolO s 3amadi  kimacudikamii  oprafi3mi
MIKpOIDTAHKTOHY 32 IX O3HaKaMH OyayTh OXHOHANPSAMIICHI IITYYHI HEHMPOHHI Mepexi
MPSIMOTO  PO3MOBCIO/DKEHHSI 0€3 €JEMEHTIB 3aTPHUMOK Ta 3BOPOTHHX 3B’S3KIB.
KinbkicTs mapiB, KiTBKICTh HEHPOHIB y IIapax Ta iX (yHKUIi akTuBanii BU3HAYAINChH
EKCIIepUMEHTAJIbHO, IUIIXOM AociipkeHHst Moneneid. [Ipun mpomy Oymo crBopeno 72
MOJIeTi HeHPOHHUX MEpEX 3 PI3HUMH (PYHKIISIMH aKTHBALil Ta KiJbKICTIO HEHPOHIB Y
MpUXOBaHMX Imapax. [Ipn HaBYaHHI HEHPOHHHUX Mepek BUKOPHCTOBYBAJIHCH Ti K cami
JIaHi, 0 W P CTBOPEHHI 0a31 HEUITKHUX JIOTIYHUX MTPABHIL.



Hidden Layer

Puc. 4. CtpykTypa IITYy9HOT HEHPOHHOT MEpEXi I Kiacugikamii
MIKpPOTUIAHKTOHY

[Ticns mpoBeneHHs npouecy HaB4aHHS Oylo 3IMCHEHO TMOPIBHAJBHUI aHaui3
e(eKTUBHOCTI  (YHKIIOHYBaHHS MOJENEH INTYYHHUX HEHPOHHHX MEpex i3
BUKOPUCTAHHSM TECTOBOi BUOIPKM JaHUX, SIKa HE BUKOPHUCTOBYBAJIACh IIPU HABYAHHI.
Kpurepiem edextnBHOCTI Oyna cepenHbOKBaapaTHYHa MOXHOKa. Po3pobiena
HelpoHHa Mepexa Mae 13 BXOfiB, Ha KOXKEH 3 SKUX MOJAETHCS 3HAYEHHS BiIIOBITHOTO
KiacudikamiiHoro mapameTpa, 95 HelipoHiB y mepmiomy mapi Ta 10 HeHpoHIB y
npyromy mapi. KigbKicTh BHXOMIB BIiNMOBiAa€ KUTBKOCTI KiIacH(iKamiHHUX Tpym
MIKpOOPTaHi3MiB, SIKi MOYKE PO3ITi3HATH ITyYHA HEHPOHHA MEpexKa.

3a pesynpraTaMu JOCTIDKEHb APYIOro pO3JUTY OTPUMAaHO MHAaTeHT YKpaiHM Ha
KopHcHy Moaens Nel138448.

B Tpernomy po3aimi po3poOneHo HpUCTPii Ui aBTOMATHYHOTO BHMipIOBAHHS
KOHIIEHTpamnii MIKpOIUTaHKTOHY. Po3po0ieHo MeTomuku 0OpoOKM BHMIpIOBAIBHOT
indpopmarii. Bu3HaueHo HEOOXigHI KOMIOHEHTH s peaiisamii MpHUCTPOIo,
BHTOTOBJICHO Ta BUTIPOOYBaHO MPUCTPIH.

IIpuctpiii (puc. 5) cKIamaeTbCs 3 ONTHYHO TMPO30POi TMPOTOYHOI KOMIpKH,
MEPUCTATBTHYHOTO HAcoca JUIs Tojadi aHalli30BaHOI BOAM, MU(POBOTO MIiKpPOCKOIA,
MPOLIECOPHOTO MOJYJSI, MOMYNSI BBEICHHS-BUBEACHHS, MOAYIS JIFOAMHO-MAIIMHHOTO
inrepdeiicy, cuioBoro apaiiBepa, JaBada TiJpOCTATUYHOIO THUCKY, iH(pauepBOHOTO
JlaBaya BiJICTaHi, JaBaya BHUTOKY BOJAM B KOPIYC IIPUCTPOIO, MOZY/S JIIOIUHO-
MAaIIMHHOTO 1HTEP(ENCy 3 PIIKOKPUCTATIYHUM AMCIJIEEM Ta MOIYJS JKHBJICHHS Ha
0a3i MiJBUWIYBAILHOTO IIEPETBOPIOBaYa HANPYTHM Ta JITiH-IOHHUX aKyMYJISTOPiB.
JlaBad TiAPOCTaTHYHOTO THCKY BHKOPHUCTOBYEThCS ISl BHMIPIOBaHHA DIIMOWHH
3aHypeHHs. BuKkopucTaHHS [aBadya TiJPOCTATUYHOTO THUCKY U1 BUMIPIOBAHHS
TTUOWHA 3aHYPEHHS [03BOJIAE ormeparopy Oauntd i (ikcyBaru TIHMOWHY, Ha SKY
3aHYpIOETbCS NPUCTPiM i Bigbopy mpoOu.  IH¢pauepBoHMIT naBad BincTaHi
BUKOPUCTOBYETHCSl IUII BUMIpDIOBaHHS BIACTaHI IO JHAa BOJOWMHM, IO J03BOJISIE
MOTNEPEeUTH OTIepaTopa NMpo HaOJMIMKEHHS JHa BOJOWMHM 1 3al00IrTH BCMOKTYBaHHIO
JIOHHOTO TPYHTY Ta BiJKJIAJiB B IIPOTOYHY YAaCTHHY NMPHUCTPOIO. JaBadu BUTOKY BOAU B
KOPITyC TIPUCTPOIO BHKOPHCTOBYETHCS MJsI aBapiiHOI 3YMHHKHM TIPUCTPOIO Ta
CHUTHAI3AMIl TPO PO3TEPMETH3AINIO OTepaTopy, IO 3HAXOAWTHCS Ha TOBEPXHi.
Hampyra Ha JiTif-iOHHHX aKyMyJISATOpax BHUMIPIOETHCS 3a JTOTIOMOTOIO aHaJIOTOBO-
U(GpPOBOTO TEpEeTBOpIOBada, MHU(POBUI EKBIBAJIEHT HANpPyrd TeEpeaacTbess Ha
MPOLIECOPHUIT MOIY/Ib W BHKOPHUCTOBYETHCS [UISl CHUTHAJII3allii MPO HU3BKUHA piBEHB
3apsLy aKyMyJSITOpiB.
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" Puc. 5. CprKTypHa cXeMa IMPUCTPOIO

Po6Gota npucTpoto nependadae HACTYITHI OTepartii:

- TpOKadyBaHHS TPOOW UYepe3 MPOTOYHY ONTHYHO MPO30py KOMIpKY, BMICT SKOT
3HaXOAUTHCS B (POKyCi MiKpocKoma;

- (hopMyBaHHSI BiZICOKa APy 3 MIKpOIUIAHKTOHOM;

- BHSBJIEHHS KOXXHOTO OpTaH3iMy MIKpOIUIAHKTOHY LLIIXOM I]poBoi 0OpoOkn
BiJICONIOTOKY;

- 0OYMCIICHHS Ta PETYIIOBaHHS MIBHIKOCTI HOTOKY BOJHM Yepe3 MPOTOYHY KOMIPKY;

- PO3PaxyHOK JJISl KO)KHOTO OpraHi3My MiKpOIUTAHKTOHY HapaMeTpiB GopMu, pyxy
Ta KOJIbOPY;

- BUKOHaHHS KJach(ikaiii KO)KHOTO OpPTraHi3My MiKpOIUTAHKTOHY 3 BUKOPUCTAHHIM
HEYITKOI JIOTIKH;

- PO3paxyHOK KOHLEHTpaLil KOKHOI KiIacH(iKaliifHOI IpynH MIKpOIUIAHKTOHY B
BOII.

Po3pobnenuii npuctpiii (puc. 6) Mae Taki nepesaru:

1. 3MeHIIyeThCS Yac MiXK MOMEHTOM 3a00py mpoOW Ta MOMEHTOM OTpPHMaHHs
pe3ynbpTaTty  BHMiptoBaHHA. JlaHi TpO  KUTBKICTh TEpIIMX BpaxOBaHHX Ta
KITacU(iKOBAHUX OPTaHi3MiB MIKPOIUTAHKTOHY 3’SIBIITIOTbCS HA JIUCIUIET TPUCTPOIO
Bke depes 20 c¢ micasas BuOopy mnyHkry MeHio “Tlouatm BumiproBanus”. Ilpu
BUKOPUCTaHHI TPAIUIIHHIX METOIB 3aTPUMKa CKJIaJIa€ NECSITKH XBUIUH-TOAUHH, 10
noTpiOHI ans BimOOpy, KOHcepBallii, OOCTaBKM MpoOW B saboparopiro Ta ii
JIOCITIJPKCHHSI.

2. IligBuinyeTbCcst TOBTOPIOBAHICTH BHMIpIOBaHb TMOPIBHAHO 3  PYYHHM
MiIpaxyHKOM Ta Kiacu(iKami€lo OpraHi3aMiB MIKpOIUIAaHKTOHY. BukopucTaHHs
MIPUCTPOIO Ofpa3y JEKIIbKOMa OKPEMUMH JIaOOpaToOpisIMH JTO3BOJIUTH BUKIIIOYUTH
CyO'eKTUBHUH BIUIMB JIaOOpaHTa HAa Pe3yabTaTH BUMIPIOBaHb Ta 3Bele 1X IO OmHiel
mkanmd. 30epekeHHsT 3HaueHb 0a3W HEWITKUX MPaBWJI y ONHIA 0a3i JaHHWX JO3BOJISIE
yHiQIKyBaTH KpHUTEpil BiJHECEHHS OpraHi3My 10 IEeBHOI KiacudikariiHoi rpynu
He3aJIeKHO BiJl Cy0'€KTUBHOT JyMKH J1a0OpaHTa.
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Puc. 6. 30BHIIIHINA BUNIISA IPUCTPOIO BU3HAYCHHS KOHIICHTPAIlii MiKPOIUIAHKTOHY:
1 — nucnnei, 2 — nepuUCTaANIBTUYHUN HACOC, 3 — MIPOLIECOPHHUI MOIYIIb,
4 — mudpoBuit MiKpOCKOII, 5 — IPOTOYHA ONTUYHO MPO30pa KOMipKa

3a pesyapraraMy JOCIIKCHb TPETHOTO PO3IUTYy OTPUMAHO MAaTeHT YKpaiHu Ha
BuHaxix Ne112807.

B yeTBepTOMY pO31ii TIpOaHANTI30BaHO OCHOBHI HEBU3HAYEHOCTI, 0 BUHUKAIOTH
MpY BUMIPIOBaHHI KOHIEHTPAIT pO3pOOJICHIM METOJIOM Ta MPUCTPOEM, Ta PE3YNIbTaTH
BUNPOOYBaHHSI IPUCTPOIO.

PesyneraTy IIOMICSIHOTO MOHITOPHHTY KOHIIGHTpauii HaBedeHWX y Tadimmi 1
KJacugikanifHUX TPyl MIKpOIUIAaHKTOHY Yy mpobax o6’emom 10 mi, BimiOpaHux y
MoBEpXHEBOMY Inapi Boxu o3epa bacie Kyt 3 Gepera 3a xoopaunaramu 50°36'16.6"N
26°15'06.1"E moxka3ani Ha puc. 7. Pe3ynpraTi BUMIipIOBaHb CBig4aTh NP0 OpraHidHE
3a0pyaHEHHS BOIOWMU.

CepemHsi KiNBKICTh YCIIIIHAX PO3Mi3HABaHb MIKPOOPTaHi3MiB 3a IOTIOMOTOIO
mTy49HOi HEHpOHHOI Mepexi TMepeBHIIyBala CEepefHI0 KiJTbKICTh  YCIITHHUX
pO3Mi3HaBaHb 3 BUKOPHCTAHHIM HEUiTKoI Jioriku Ha 8 % (92% Ta 85% BiANOBIIHO,
IuB. TaOn. 1), xo4a HaBYaHHS HEHPOHHOI Mepexi MmoTpedyBajo OUTBIINX 3aTpaT yacy
MOPIBHSHO 3 CTBOPEHHSIM O0a3W MpaBWJI Uil 3aCTOCYBaHHS HEUITKOI JIOTIKHM. 3a
ICTHHHHMH pe3ynsrar kiacudikamii B 000X BHIagkax NPUHHATO pe3yNbTaT PydHOI
kimacudikamii KOKHOTO MiKpOOPTaHi3MYy.
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Puc. 7. I'pacikn koHIEHTpAalli{ MiKpoIIaHKTOHY B Bofi 03. baciB Ky, orpumani B
pe3yabTari BUMipIOBaHb PO3pOOJICHUM MPHUCTPOEM

Tab6mums 1. [TopiBHSIHHS TOYHOCTI Kiiacu}ikallii MiKpOIJIAaHKTOHY

[IpaBunbHO KnacudikoBaHo, % Bif
Krnacudikauiiina rpyna (Buz, 3araJibHOi KilbKOCTI
pim) Heuitka norika Heliponna mepexa
Amoeba proteus 84 89
Chlorella 97 98
Coelastrum microporum 75 87
Cyclops varius 100 100
Euglena viridis 95 99
Paramecium caudatum 85 95
Pediastrum 48 75
Trachelomonas volvocina 87 92
Ulothrix zonata 96 96
Cepenne 85 92

@dopmyBaHHS Ta TIEPETBOPEHHs BUMIipIOBaJbHOI iH(popMamii y npucTpol
BUMIPIOBaHHS KOHIICHTPAIil MIKPOIUIAHKTOHY CYIPOBOXKYETHCS BUHHUKHCHHSIM
HEBU3HAYCHOCTEH, SKi BIUIMBAIOTh HAa TOYHICTh BHUMIPIOBAHHS KOHIEHTpAIlii
MIKpOOpPTaHi3MiB:

— HEeBM3HAYEHOCTi, 00YMOBJICHI IITyMOM B CBITJIOUYTJIMBIf MaTpHIli Ta KBAHTYBaHHIM
3a piBHEM BiZICOCUTHATY TIPH IIEPETBOPEHHI 300pakeHHS B IIUPPOBY hopMmy;

— HEBU3HAYEHICTh BM3HAYCHHS KOOPAMHAT TOYOK OO’€KTIB Ha 300paXkeHHI Yy
mugpoBoMy GopMmaTi Ta HEBH3HAUCHICTh Koe(illieHTa TEPETBOPEHHS ONTHYHOI
CHCTEMH;
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— HCBH3HAYCHICTh BH3HAUCHHSI KOHTypa O0O0’€KTa, IO TATHE 3a CO0O0I0
HEBU3HAYCHOCTI BUMIPIOBAaHHS T€OMETPUYHHX PO3MIpiB 00’ €KTa, EPUMETPY, TUIOIII
Ta IapaMeTpiB, 0 PO3PaXOBYIOTHCS HA iX OCHOBI;

— HEBU3HAYCHICTh Kiacudikaiii o0’exta 1m0 meBHOI KiacupikamiitHoi Tpymnm
MIKpOTUIaHKTOHY;

— HEBU3HAYCHOCTI BUMIPIOBAaHHS PO3MIPIB TONS 30py IUGPOBOTO MIiKPOCKOTIA,
MIBUIKOCTI TIOTOKY BOJM Ta TOBIIMHU APy BOJH, HA KM C(HOKYCOBaHO MIKPOCKOIL.

OCHOBHOIO HEBU3HAYCHICTIO BUMIPIOBAHHS T€OMETPUYHIX ITAPAMETPIB, KA HE MOXKE
OyTH CKOMIICHCOBAaHAa, € HCBU3HAYCHICTh, TIOB’S3aHA 13 IUCKPETHICTIO MU(PPOBOTO
Biteokanpy. Pasom 3 HeBH3HaueHICTIO Knacudikaropa (0a3u 3HaHb HEYITKOI JIOTiKH abo
MTY9HOI HEWPOHHOI Mepeki) Ii HEeBU3HAYEHOCTI BH3HAYAIOTh MaKCUMAaJbHO MOKJIMBY
TOYHICTH BUMIpPIOBaHb 32 YMOBH, IO 1HIII 3MEHITICHI 200 CKOMIICHCOBAaHI JI0 HE3HAYHOTO
piBHA. BigXwieHHsS BUMIpSHOTO TapameTpa MIKpOOpPTraHi3My Bill AIHCHOTO 3HAYCHHS
MOYKEe TIPU3BECTH JI0 BiTHECEHHS IThOTO MIKPOOPTaHi3My M0 iHIIOT KiacudikamiiHoi
TPYIH, a OTKE 3MCHIIMTH TOYHICTh BUMIPIOBAHHS KOHIICHTpPAIl OKPEMHUX TPYI
MIKpOIUIAHKTOHY.

BUCHOBKHA
Ha ocHOBI TpoOBEeAEHHX TEOPETHYHHX 1 EKCIEPUMEHTAIbHUX JOCHiKEHb
BHpIIICHa BaXJIMBa HAYKOBO-TEXHIYHA 3ajada — PO3MIUPEHHS (YHKI[IOHATBHUX

MOXJIMBOCTEH Ta 3HAYHE 3MEHIIICHHs TPUBAJOCTI BUMIipIOBaHHS 3aC00iB BHMipIOBaHb
KOHIICHTpAIil OpraHi3MiB MIKpPOIUIAHKTOHY B BIAKpHTHX BojoWMax. [ OOBHI
pe3yIIbTaTh 1 BHCHOBKH IO POOOTI:

1. [IpoananizoBaHo BizoMi MeTOXM 1 NPUCTPOI BHUMIPIOBaHHS KOHIIEHTpaii
OpraHi3MiB MIKpPOIUIAaHKTOHY Ta OIOJOTIYHMX TIOKa3HUKIB SKOCTI BOJ, IO
BUKOPUCTOBYIOTbCSL  JUIS  OLIHKM  E€KOJIOTIYHOTO  CTaHy BOJOWM, BHSBICHHS
HaJXO/PKEeHHST 3a0ypJHMKIB y BOIY Ta BCTAHOBIICHO, IO HEOOXiTHO 3IiHCHIOBATH
BHMIpIOBaHHS B HETIEPEPBHOMY PEKUMi Oe3MOcepeIHbO Ha 00’ €KTI BUMipIOBAHHS.

2. CTBOpeHO HOBHH METOJ BUMIPIOBAaHHS KOHIICHTpAIlii OKpEeMHX TPyl
MIKpOTUIaHKTOHY. BiH Tonsrae y oOTpUMaHHi BIJICONOTOKY 13 300pa)kKeHHAM
MIKpOOPTaHi3MiB y NMPOTOYHIH ONTHYHO NPO30piil KOMIpI, anropuTMivHiii oO6poowi
OTPHMAHOTO BiJIeo Ta Kiacudikarii MikpoopraHi3MiB 3a JOIOMOTOI0 HEHIiTKOT JIOTIKH.

3. Briepuie B sikocTi mapaMeTpiB Juisl Kiacu(ikanii BAKOPHCTOBYIOTHCS IIBHIKICTH
pPyXy MIKpOOpraHiaMy Ta IIBHAKICT 3MiHM JOBKHHH, IO 3a0e3MedyeTsCcst y
PO3pOOIEHOMY MPUCTPOi HIIAXOM aBTOMATHYHOTO PETrYJIIOBaHHS MIBHAKOCTI HOTOKY
BOJIM B BUMIPIOBaJIbHIH KOMIpIIi.

4. Po3po0ieHo 1 3aCTOCOBAHO IMITYYHI HEHPOHHI MEPEXKi YIS i IBUIEHHS TOYHOCTI
HETIepEepPBHOTO BU3HAYCHHS KOHIICHTPAIlii MiKpPOOpPTaHi3MiB, 10 JO3BOJIMIIO 3MEHIITUTH
noxuOKy posmizHaBaHHs 10 8% mus 10 xiacupikaiifHUX rpyn MIKpOOPTaHi3MiB.

5. IlpoananizoBaHo IIpoIeC BUMIpIOBaHHS KOHIIEHTpalii  opraHi3mis
MIKpPOIITAHKTOHY ¥ BU3HA4Y€HO, 1110 IPX BUMIPIOBaHHI BUHUKAIOTh HEBU3HAYEHOCTI, SIKi
CYTTEBO BIUIMBAIOTh HA TOYHICTH KiacH(ikalii opraHi3miB MikporuanktoHy. Cepen
HEBU3HAYCHOCTEH  BHU3HAYAILHUMH €  HEBU3HAUCHICTh  Kiacudikamii  Ta
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HCBU3HAYCHICTH, [OB’3aHA 3 JUCKPETH3AIIEI0 KAAPy MUPPOBOTO BiICOMOTOKY. BoHn
BU3HAYAIOTh MaKCUMaJIbHY TOUHICTh BUMIPIOBaHHSI.

6. Po3poOiieno mpHCTpili  UIsi aBTOMAaTMYHOTO HETEPEPBHOTO  BUMIPIOBAHHSI
KOHIICHTpAIil MiKpOIUIAHKTOHY y BIAKPUTHX Bomoimax. et mopTaruBHHMIA MPUCTpiid
Ma€ PO3MUPEHI PYHKIIOHAIbHI MOXIMBOCTI, MiABUINECHY IIBUAKOIII0 BUMIPIOBaHb y
MOPIBHSAHHI 13 IHIIMMH BiIOMHMH 3aco0aMH BHUMIpPIOBaHb 1 JIO3BOJSE 3MIMCHIOBATU
BU3HAYCHHS KOHIEHTpaIlii 32 30 CeKyH/I MPOIeCy BUMiPIOBAHHS.

HayxoBi Ta mpakTHuHI pe3ynbTaTH BIPOBA/HKEHO B KaHATI3alliifHI OYMCHI COPYAX
Ha 0a3i (ITOTEXHOJIOTIi IIHOOKOTO OIOJOTIYHOTO OYUILEHHS BOAH, a0 MOXKIHBICTH
OLIbII ONIepaTUBHO KOHTPOJIIOBATH TPOLIEC OYHMILEHHS, @ TAKOXK Y HABYAIBHUI Mpoliec
kadenpu aBroMaTu3allii, €ICKTPOTEXHITHUX 1 KOMI FOTEPHO-IHTETPOBAHUX TEXHOJIOT1H
HamioHaJJbHOTO YHIBEPCHTETY BOIHOTO TOCIONAPCTBA Ta MPHUPOIOKOPHCTYBAHHS MPH
BUKJIAJIaHHI IUCIUIUTIHA «[HTEJIEeKTya bHI CHCTEMHU YNPaBIiHHSI» MPH ITArOTOBII
MmaricTpiB 3a crnemianpHicTIO 151 — ABTOMaTH3amiss Ta KOMIT IOTEPHO-IHTETpOBaHi
TEXHOJIOT1i.

Pesynbratu aucepraiiii MOXXyTh OYTH BUKOPUCTAHI B PI3HUX Tally3sIX TOCIIOAAPCTBA
VYkpainu, 30Kpema s CTBOPCHHS aBTOMATH30BaHOI CHUCTEMH MOHITOPUHTY
€KOJIOTIYHOTO CTaHy pPiK Ta BIIKPUTHUX BOJOHM, a TaKOXXK B PUOHOMY TOCTIOAAPCTBI,
BOJIOIIOCTAYaHHI TOIIIO.
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AHOTAIIIA

Peyr J.T. Meton i mnpucrpiii gias BHMIPDIOBAaHHSI KOHIEHTpamii
MiKpoILIaHKTOHY. — Ha npaBax pykomnmucy.

Huceprartis Ha 3M00yTTS HAYKOBOTO CTYMNCHS KaHAWIATa TEXHIYHMX HayK 3a
cnemianpricTIo 05.11.13 “TIpmmagu Ta MeTOoAM KOHTPOJNIO 1 BU3HAYEHHS CKJIATY
peuoBun” — Harmionansuuii yHiBepcuter «JIpBiBchbka momitexHika» MOH VYkpainn,
JIsBiB, 2020.

Jucepranist mpucBsSYEHa MUTAaHHAM 3MEHIICHHS 4acy BHUMIpPIOBaHHsS KOHIIEHTpaii
MIKPOIUTAHKTOHY B BOZAX BIIKPUTHX BOJOHM IUISXOM CTBOPEHHS METOXY
aBTOMATUYHOTO BM3HA4YEHHs KOHLEHTpamii MIKPOIUIAHKTOHY B HENEepepBHOMY ITOTOII
BOJIM Ta PUCTPOIO, 110 HOTO peatisye.

3nmificHeHO aHalli3 Ta KiIacu(ikaliio iCHYIOYHX METOJIB i 3aco0iB BHUMIipIOBaHHSI
KOHIICHTpAIIil OpTaHi3MiB MiKPOIIJIAHKTOHY Y BOJI BIIKPUTHUX BOIONM.

Po3pobneno HoOBHMIT MeTon  HemepepBHOI  ineHTH]IKamii Ta BU3HAYCHHSA
KOHIIEHTpanii MiKpoopraHi3MiB, 10 Ilependadae aHalli3 Bi€OIOTOKY 3 MIKpOCKoIa 3
BpaxyBaHHSAM 3MiH BMICTy TI0JISl 30py MiKpockona 3 yacoM. Po3pobnena 6aza naHux 3
napaMeTpaMH, SIKi BUKOPUCTOBYIOTBCS JUIsl PO3ITI3HABAaHHS OKpPEeMUX KiacudikariitHux
TPy MiKpOOpTaHi3MiB.

Pospobiieno  mpucTpili  ANA  aBTOMATHYHOTO  HETIEPEPBHOTO  BHUMIpIOBaHHS
KOHIICHTpAIil MIKpOIUTAHKTOHY Y BIIKPHTHX BOIOMMAax Ha OCHOBI 3allpOIIOHOBAHOTO
Metony. lleld MOpPTaTUBHUN MPUCTPI Mae po3MHUpeHi (HyHKIIOHATBHI MOXKIHUBOCTI,
3HAYHO MEHIIIy TPUBAJIICTh BUMIPIOBaHb y MOPIBHAHHI 13 IHIIMMH BiIOMHMH 3ac00aMH
BUMIpIOBaHb.

O1iHEeHO TOYHICTh BHMIpIOBaHHS po3poOneHnM mpucTpoeM. [IpoananizoBaHo
JoKepella HEeBU3HaUCHOCTEH BUMIipIOBaHHSI.

Kuiro4oBi cJioBa: KOHIIGHTpaIlisli MiKpOOpTaHi3MiB, Oi0JIOTiYHI MOKA3HUKH SKOCTI
BOJIM, KOMIT' FOTepHUH 3ip, 00poOKa BiIEOMOTOKY, aBTOMAaTHIHA MiKpPOCKOITisI.
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Juccepramusi MOCBSINEHa BONpPOCAM  YMEHBINEHHWS BPEMEHH  HM3MEPEHHS
KOHIIEHTPAllMd MUKPOIIAHKTOHA B BOAAX OTKPBHITBIX BOJOEMOB IIYyTEM CO3IaHHMS
MeTOoa aBTOMAaTHYECKOTO ONpeAelNeHUs KOHLEHTpaluM MUKPOIUIAHKTOHA B
HETPEPLIBHOM MTOTOKE BOJBI M YCTPOUCTBA, KOTOPOE €T0 peaTu3yerT.

OcymiecTBiIeH aHajiu3 M KJIACCH(UKALMS CYIIECTBYIOIIUX METOIOB M CPEICTB
U3MEPEHUs] KOHLEHTPALMM OpPraHM3MOB MUKPOIUIAHKTOHA B BOJE OTKPBITHIX
BOZIOEMOB.
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Pa3paboTan HOBBII METOA HEMPEPHIBHOM WICHTHU(GHUKANUN U ONIPEACICHUS
KOHIICHTPAlUK MHKPOOPTaHMW3MOB, TIPEIyCMAaTPUBACT aHAIM3 BHACOINOTOKA C
MHKPOCKOIIa C YYeTOM W3MEHEHHMH COICp)KaHWS MO 3PEHHS MHUKPOCKOIa CO
BpeMmeHeM. Pa3zpaboranHa 0a3a JaHHBIX ¢ MapaMeTpaMH, KOTOPHIE NCTIONB3YIOTCS IS
pacrio3HaBaHUS OTAEIBHBIX KIACCU(PHUKAIMOHHBIX TPYIIT MUKPOOPTaHU3MOB.

Pa3paboTaHo yCTpPOHCTBO IS ABTOMATHYCCKOTO HEMPEPBHIBHOIO HM3MEPCHUS
KOHIICHTPAIIMA MUKPOIUTAHKTOHA B OTKPBITBIX BOJOEMAaxX Ha OCHOBE MPEHIIOKEHHOTO
MeTona. DTOT TOPTATHMBHOE YCTPOMCTBO WMEET paCHIMpPEHHBIC (QYHKIIHOHAIBHBIC
BO3MOXKHOCTH, 3HAUUTEIBHO MEHBIIYI0 MPOJODKUTEIBHOCTh HU3MEPEHHH Mo
CPaBHEHHIO C APYTHMH U3BECTHBIMH CPEICTBAMH H3MEPEHUI.

OreHeHsl TOYHOCTh U3MEpeHHS pa3paboTaHHBIM YCTPOHCTBOM.
[Ipoananmu3npoBaHbl HCTOYHUKH HEOIPEIEICHHOCTEH H3MEPEHNSI.

KiaroueBble  cjI0Ba:  KOHIIGHTPAIlMs  MHKPOOPTaHW3MOB,  OHMOJIOTHYECKHE
MOKA3aTeNId KaueCTBa BOJABI, KOMIIBIOTEPHOE 3pEHHUE, 00paboTKa BHICOIIOTOKA,
ABTOMATHYECKasi MUKPOCKOIIHS.

ABSTRACT

Reut D.T. Method and device for measuring the concentration of
microplankton. - Manuscript.

Thesis for a Candidate’s Degree in Engineering by specialty 05.11.13 "Instruments
and methods for monitoring and determining the composition of substances" - Lviv
Polytechnic National University of the Ministry of Education and Science of Ukraine,
Lviv, 2020.

The dissertation is devoted to the issues of reducing the microplankton
concentration measurement time in open water by creating a method for automatically
determining the concentration of microplankton in a continuous water flow and a
device that implements it.

The analysis and classification of existing methods and means of measuring the
concentration of microplankton organisms in the water of open reservoirs is carried
out.

New method for the continuous identification and determination of the
concentration of microorganisms has been developed. It involves the analysis of the
video stream from the microscope, taking into account changes in the content of the
field of view of the microscope over time. The database with the parameters that are
used to recognize individual classification groups of microorganisms has been
developed.

A device has been developed for automatic continuous measurement of the
concentration of microplankton in open water bodies based on the proposed method.
This portable device has enhanced functionality, significantly shorter measurement
times compared to other known measuring instruments.

The accuracy of measurement by the developed device is estimated. The sources of
measurement uncertainties are analyzed.
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