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NMPUCTPIX ONA BU3HAYEHHSA BIONOMNYHUX MNOKA3HUKIB AKOCTI
NOBEPXHEBUX BO[

/. T. Peym™, B. B. /l[peseuybkuii

Hayionanenuil ynisepcumem 600H020 20Cnooapcmea ma npupoooKOpUCy 6aHHs.
eyi. Cobopua, 11, m. Pisne, 33028, d.t.reut@nuwm.edu.ua

30iticneno ananiz npucmpoie ma memoois, wjo 003601A10Mb 3MEHUUMU YaC BUMIPIOBAHHS KOHYEeHmMpayii
MIKpOOpeanizmie y nosepxuesux ooax. Pospobaeno nopmamuenuii npucmpiti, wo 30iCHIOE agmomamuine
BU3HAYEHHSI KOHUEHMPAYill OKpeMuxX KIACU@IKAYIUHUX 2pYn MIKPOOP2AHi3Mi8 y HenepepeHOMY NOmoyi
800U 3a OONOMO20I0 KOMN TOmepHo2o 30py. OnuUcano KOHCMPYKYilo ma aneopumm pobomu npucmpoio.
Excnepumenmanvno 6usnaueno noxubOKu SUMIPIOBAHMSA NPUCIPOEM KOHYeHmpayiu Oesxux 6uodig
MIKPOOP2AaHi3Mi8. 3anpOnoHO8AHO WISAX 00 3MEHULeHHS YUX NOXUDOK.

Knouosi cnosa: asmomamuune UMIPIOBAHHS KOHYECHMPAyii MIKPOOP2aHizmis, 0OI0I02IYHI NOKAZHUKU
AKOCMI  NOBEPXHesUX 600, KOMN 'IOMepHUU 3ip, MIKDONIAHKMOH, A8MOMAMU308AHA MIKPOCKONIA,
BUMIDIOBAHHS KOHYEHMPAYii 6 NOJIbOBUX YMOBAX.

Ocywecmeénen amamuz yCmpoucme u Memooos, MNO360NAOUUX YMEHbUUMb 6PeMs  U3MepeHUs
KOHYEHMPayuu MUKpOOPSAHU3MO8 6 NOGEPXHOCMHbIX 600ax. Pazpabomano nopmamugHnoe ycmpoucmeo,
ocyuecmensaowee  agmomMamuieckoe OonpeoeneHue KOHYEHMpayul OmoOenbHbIX KlacCUBUKAYUOHHBIX
2PYRN MUKPOOP2AHUSMOE 6 HEeNnpepblHOM HOMOKE G00bl C HOMOWbI0 KOMNbIOMEPHO20 3peHus. Onucarul
KOHCMPYKYUSL U  ANeOpumm padbomuvl YCmpoucmea. IKCNepuMeHmanbHo OnpedeneHvl NoSpeuHocmu
U3MepeHus yCmpolucmeomM KOHYeHmMpayuti HeKomopwix 6U008 MUKpoOopeaHusmos. Illpednodcenvt nymu
VMEHbULEHUSI IMUX NOSPEULHOCEI.

Kniouesvie cnoea: aemomamuueckoe usmepenue KOHYEHMPAyuu MUKpOOP2aHUsMos, Ouoocuieckue
nokazameny — Kawecmea — NOGEPXHOCMHBIX 600,  KOMHbIOMEPHOEe  3peHue,  MUKPONJIAHKMOH,
ABMOMAMUUPOBAHHAS MUKPOCKONUSA, USMEPEHUSI KOHYEHMPAayUull 8 NONEbIX YCILOGUSX.

It was analyzed devices and methods that allow reducing the measuring time of microorganisms
concentration in the surface waters. The portable device that performs automatic measurement of the
concentration of microorganisms classification groups in continuous water flow by means of computer
vision has been developed. The structure of the device and its operation algorithm have been described.
The measurement errors of microorganisms concentrations of certain types were determined

experimentally. The ways to reduce these errors have been proposed.

Keywords: automatic measurement of the microorganisms concentration, biological indicators of surface
water quality, computer vision, microplankton, automated microscopy, concentration measurements in
field conditions.

Beryn

Ha cporomui oIiHKa CTymeHS €KOJIOTiYHOI — KIFOYOBUMH JUTSL MiATPUMKA €KOCHUCTEM.

HEOE3MEeKH TPAIAMUINHHO 3IIHCHIOETBCS HUISXOM
BUMIpIOBaHHS B HAaBKOJMIIHBOMY CEpEIOBHII
BMICTy OKPEMHUX IMOTEHIIHHO IIKiJIJIUBUX PEUYOBHH
a0o0 BIUIMBIB 1 MOPIBHSHHS OTPUMAaHHUX PE3YJbTaTiB
13 3aKOHOJIaBYO BCTAHOBJICHUMH JJIsl HUX TPAHUYHO
JIOTTyCTUMHUMU BelMrHaMH. [1oKa3HUKH rpaHUYHO
JOMyCTUMOT ~ KOHLEHTpauii  pi3HUX  PEYOBHH
PO3po0IIeHi JInIIe ISl JFOJUHKA 1 HE MOXYTh OyTH
NOUIMPEHiI Ha 1HII BHIOM >KUMBUX Opra”izmiB. €
OlTpII YyTHAMBI BHIOW, $KIi MOXYTh BHSBHUTHCS

Bioingukaliiiie MiarHOCTYBaHHS CTaHy BOJIOWM
BlJI3HAYAETHCS BHCOKOIO YYTIUBICTIO bi o)
HaACIa0KUX AHTPOIIOT€HHUX 3MIiH SIKOCTI
CEpeNOBHINA;, JO3BOJISIE CBOEYACHO  BHSIBIIATH
HACJiAKN BIUIUBY TEXHOT€HHHX (DAaKTOPIiB Ha SKiCHI
IIOKAa3HUKHA CTaHy JIOBKIJLJIS. BusHaueHHs
KOHIIEHTpAaIll OKPEMHUX BUAIB MIKPOIUIAHKTOHY IIPU
J1a00PaTOPHOMY PYYHOMY BHMIPIOBAHHI BHMAarac
BimOopy mpod Ta  OOCHDKEHHS  IX  IX
MIKpOCKOIIOM, M0 30UIbIIye TPHUBATICTH BH-
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MIDIOBaHHS,  TOTIPIIVE  TIOBTOPIOBAHICTH  Ta
touHicTh [1]. Lle 30inblIve Yac BHUSIBICHHS 3MiH Y
CTaHi BONOWM Ta TIOTIpIIyE OIEPAaTHBHICTH
pearyBanHs Ha Hux [2]. Excmpec-BumiproBaHHS
Oe3nmocepenHbO B Micii BigOOpy MpoOH IO3BOIISE
YCYHYTH Ha3BaHUH HEJOIIK.

AHaJii3 nonepeaHix 10CiIKeHb

vy raiysi BUMIDIOBaHHS KOHIIEHTpaLil
MIKpPOOPIraHi3MiB Ha CHOrogHi c(hOpMyBaIHUCh IBa
HAIIPSIMKHA: BUKOPUCTAHHS CKAHYIOUMUX IMPOTOYHUX
IIATOMETPIB Ta aBTOMAaTH30BaHa MiKPOCKOITis.

Pyunmii  anHaniz  3anMmaeTscs  HAMOLIBII
MOUIMPEHHM  METOAOM  BHUMIDIOBaHHs, MPOTE
3alpONOHOBAaHI  METOAM, IO 3a JOHNOMOTOIO
aBTOMAaTH30BaHOI MIKpOCKoImii abo ckaHywo4ol
MIPOTOYHOL IUTOMETPil 3MEHIIYIOTh qac
BUMIpIOBaHHS.

Bimomum € mporouHumit  aHamizaTop  —

CKaHYIOUMH MPOTOYHUM nuToMeTp [3], 110 BKITIOYae
MPOTOYHY Kamepy, 3acid ¢GopMyBaHHA TIOTOKY
MpoOH, HKEPEIo KOTePeHTHOTO BHIIPOMIiHIOBAHHSA,
(doToAEeTEKTOp Ta MPUCTPOI KEePyBaHHS 1 0OpPOOKHU
maaux. lIporouny kamepy BHKOHAaHO Yy dopmi
CKaHyl040i KIOBETH 3 OINTHYHO IIPO30POTo
MaTepiaixy 3 BHYTPIIIHIM MPSAMOTIHITHAM KaHAJIOM,
a TakoX cdepuyHOro Ja3epkaiga, BIChb SIKOTO
CmiBMmagae 3 BiCCIO  BHYTPINIHBOTO  KaHAIY
CKaHyI04oi ~KIOBETH. JIKepeno Mosispu30BaHOro
KOTEGPEHTHOTO CBITJa BCTAaHOBJICHO TaK, IO HOro
BHIIPOMIHIOBAHHs ~ HANpaBICHE  B3IOBXK  OCI
BHYTPIIHBOTO  KaHAIy  CKaHYIO4YOi  KIOBETH.
BayTpilHs noBepxHs A3epKajia ONTUYHO MOB'A3aHa
3 (oromerekTopoM. CBIiTIIO, PO3CisHE OJMHOYHOO
YaCTUHKOIO, CKaHYETHCS 1o aneprypi
doronmpuitvaya mig yac ii pyxy B HOTOLi IO
Kalsipy — KIOBETH, 10  J03BOJSE  BUMIDATH
IHIMKATPUCY PO3CifoBaHHs 4acTHHKA. Henomikom
JAHOTO  aHami3atopa €  HH3bKa  TOYHICTh
imeHTH(dikamii MIKpOOpraHi3MiB, OCKUIBKH 32
IHAMKATPUCOI0  PO3CIIOBaHHS  JyK€  BaKKO
BHACJIZOK 3aHAATO MaJioro BIUIMBY 3MiHH OKPEMHX
JeTajeil BHyTPIIHBOT OYy/0BH MiKpOOpPraHi3MiB Ha
BEJINYHMHY 1HJAUKATPUCH PO3CIIOBAHHS.

Bimomuii crioci6 imeHTHIKAIIT (ITOILIAHKTOHY

[4] Ha ocHOBI  BHKOpUCTaHHS  IH(POBUX
Bifle0300paxkeHh Npo0 BOAM Ta  INTYyYHHUX
HEHPOHHUX MEpEeXK TMOPIBHSHO 3  ICHYIOUHUM
nabopaTOpHUM  METOJIOM  JIO3BOJISIE€  301IBIIATH

NPOJYKTHBHICTh ifeHTH(]iKaMii (ITOMIAaHKTOHY Yy

npobax BoaM 3 BONOWM.  IneHTHikaliro
(bITOTUIAHKTOHY BHUKOHYIOTb Ha OCHOBI
bopmyBaHHs 1 poBHUX BiZIc0300paKeHb

npenapaTtis 3 npo0 Boau, nUdpoBoi 00poOKH IHX
BiZIc0300paXeHb 3 BUKOPHCTAHHSIM MAaTeMaTHIHOTO
amapaty Ta aIrOpPUTMIB INTYYHHX HEHPOHHUX
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Mepexx.  Hemomikom ~— ngaHoro  MeToay €
HEMOXJIMBICTh ~ BUSBJCHHS  BJIACHOTO  PYXY
MIiKPOOpTaHi3MiB, OCKIJTbKH KOXEH Kazap

aHATI3y€EThCS HE3AJICHKHO BiJ| IHIIIMX, Ta HEAOCTATHS
JUTSL aHaji3y BIJIEONOTOKY B peaJlbHOMY daci

MIBUAKOMIS, 3YMOBIIEHA OOYHCIICHHSM BHXOIIIB
HEHPOHHOI Mepexi, Ta BHKOHAaHHS aHali3y B
mabopaTopii.

BimoMuM € TakoX MeETOJ JUCTaHLiHHOTO
BHUMIpIOBaHHS KOHIIEHTpanii Bogopocreit Uroglena
americana [5] ta Anabaena spiroides [6], w0
nepefbadae  3alycK  aBTOHOMHOTO  ITiABOXHOTO
IOPUCTPOIO 31  BCTAHOBJIEHHMM  MIKPOCKOIIOM.
[MpucTpiit 3aiiicHIOE pyX 3a 3aJaHUM MapLIPyTOM B
3a[aHiil DUISHIT 03epa i 3amuc KaapiB 3 MiKpOCKOTa
y BHyTpiliHIO nam'site. Ilicns 3aBepiieHHst pobotu

Bimeodaiim  3aBaHTaxyerhcss Ha IIK, nme
3mificHioeThes imenTudikamis Uroglena americana
NITYYHOIO HEUPOHHOI Mepexer, ska Oyna
NONepeHbO HaBYCHAa Ha 300paXEHHAX TaHOl
Bomopocti. HenomikomM — gaHoro  MeTogy €
HEOOXIIHICTb BUKOHAHHSA imeHTHdIKAIT B
Ja00paTOpHUX, a HE TMOJBOBUX yMOBax, IO
YHEMOXIIUBITIOE eKCITpec-aHali3 B MicIti
poOOBiIOOPY.

TakuM 9WHOM BiZJOMi TIPUCTPOI HE TO3BOJIIOTH
BIICTe)XYBaTH BIIACHHH pyX MIKpOOPraHi3MiB,
OCKITBKM aHaNi3YIOTh KaJpu 3 MIKpocKoma abo
CHUTHAJH 3 IUTOMETPa HE3aJEKHO BiJ] MOMEPEIHIX.
Bussnenus BJIACHOT'O PyXy opraHizMiB
MIKpPOTUTAHKTOHY J03BOJISIE 3IIHCHUTH OiIbIII TOUHY
knacu(ikalico MIKpOOpraHi3aMy, OCKIUIBKH TIpU
aHa;i3i MOXJHMBO OJ[pa3y BIIKWHYTH BUAH, HE
30aTHI /IO caMoOCTiiiHOro  pyxy.  Bimowmi
eKCIIepUMEHTabHI ~ 3pa3KH  aBTOMAaTHU30BaHMX
HPUCTPOIB BUMIiPIOBaHHS KOHLIEHTpALi{
MIKDOOPraHi3MiB ~ HE  [I03BOJSIOTH  OTPHMATH
pe3yJIbTaT BUMiPIOBAHHS KOHUCHTpAUii B ONbOBUX
YMOBax i NOTpeOyloTh [OJATKOBOTO 4acy JJis
JIOCTAaBKM Tpo6u B J1aboparopiro abo mepezadi

Bimeodaitly B jaboparopil0 UL aHAJI3y.
BukopuCTaHHST TOPTATUBHOTO MPHUCTPOIO  JJIsSt
BUMIPIOBaHHT KOHIIEHTpaIii OpraHi3MiB
MleOHHaHKTOHy IO3BOJIMIIO O  MIABUIIUTH
OMEPATUBHICTD OI[IHKH CTaHy BOJIOWM.

IHocTranoBka 3agaui

3aBmaHHAM gaHOoi poboTH €  po3poOka
JIOCIIHOTO  3pa3ka IOPTATUBHOTO  IMPUCTPOIO
aBTOMAaTUIHOTO BU3HAYCHHS 0l0JIOrTYHHUX

MOKa3HHKIB SIKOCTI TIOBEPXHEBUX BOJI, 1[0 BU3HAYAE
KOHIIEHTpALii OKpeMuX BUAIB MIKPOIUIAHKTOHY Ta
MOXKe OOYHCIIOBATH IHTETPANbHUI Oi0JIOTIUHUH
MOKAa3HMK SIKOCTI BOOM Ha OCHOBI 3HaiIEeHHX
KOHIIEHTpAITi.
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OcHoBHM Marepiaa JAOCTiTKEHHS.
Po3pobnennit mpucTpiii ckiamaeTbes 3 ONTHYHO
mpo30opoi  MpoTodHOi KoMipku 1, mmdpoBOoro
MIiKpOCKOMa 2, TPOLECOPHOTO MOAYISA 3, MOIYJS
BBCJICHHS-BUBE/ICHHS 4, MEPUCTAIBTHYHOTO Hacoca
JUIS TIoJIadi aHaIi30BaHOi BOJAM S, TIEpPETBOpIOBada
inTepgeiiciB  RS-485/TTL 6, monyns mroauHO-
MAaIIMHHOTO iHTepdelcy 7 3 PIAKOKPUCTAIIYHIM
guciieeM 8, iH(payepBOHOTO NaBada BifcTaHi 9,
JlaBava TiApOCTaTHIHOTO THUCKY 10, maBada BHTOKY
BOJIU B KOPITyC IPUCTPOIO, MOAYJIS KMBJIeHHS 11 Ha
0a3i miABUIYBAIIEHOTO TIEPETBOPIOBAYA HATIPYTH Ta
miTifi-ioHHNX akymynsatopis. Ludposwuii Mikpockon
3  po3auibHOK 3aatHicTiIO 0,5  MKM/mTiKCENb,
c(OKyCOBaHMII Ha BMICT TPOTOYHOI KOMIpPKH,
nepenae 300pakKeHHS MIKpOOPTaHi3MiB  KOXKHY
1/25 ¢ y nmpouiecopHUii MOIYIIb.
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Pucynok 1 — Cxema npucTpoo AJisi BU3HAYEHHS
0i0JIOriYHMX MOKA3HUKIB AKOCTi BOIHU

IIpouecopnuit MOZYJIb SIBIISIE co0oro
eHeproe()eKTUBHAN KOMITTOTEp Ha 0a3i 2-s11epHoro
1,2 ITu mponecopa RK3066 apxitektypu ARM
Cortex-A9MPCore 3 1 I'6 onmepatuBHOT mam'sti Ta
BCTAQHOBJICHOIO orepariifHoro cuctemoro Ubuntu
13.04 (mopr armhf) 3 sgpom Linux 3.0.36.
[Iponiecopuuii Moaysip 3a IOMOMOTOK MPOTOKOIY
Modbus RTU o0OMIHIOETBCS INAHUMH 3 I1HIIAMH
MOJYJISIMUA CHCTEMH.

Monyib  JIOAMHO-MAIIMHHOTO  iHTepdericy
CKJIaJJa€ThCS 3 24" P1AKOKPHCTAIIYHOTO
PE3UCTUBHOTO CEHCOPHOTO JHCIUIR Ha 0asi

koHTposepa auciiero  SPFDS5408A, mmatm 3
MmikpokoHTposnepoM ATmega328P Tta agantepa
inTepdeiicy EIA/TIA-485. Monynbs BHBOJUTH JlaHi
Opo TOTOYHY KUIBKICTh 3HAWOCHUX O00'€KTiB,
IIBUJKICTH BOAM B KOMIpPII Ta MPOrpec aHamizy
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ITOTOYHOI TPOOH, TO3BOJISIE KOPUCTYBAUY HaXiCIaTH
KOMaHIu 30epeKeHHS! pe3yibTaTiB Ha 30BHIIIHIN
HaKOMUYyBad, I €IHAHHSI 0 MEPEXi Ta HaJaHHI
JOCTYNy 10  pe3yibTariB IHIIMM  BY3JaM,
[Iepe3anycKy porpamu aHayi3zy,
repe3aBaHTAKEHHS BCi€l cucTeMu, 3MiHH 00'eMy
mpoou.

Monyne BBENECHHSA-BUBEACHHA CTBOPCHHH Ha
0a3i mikpokoHTposiepa ATmega328P. Bin Bumiptoe
Halpyru Ha JITiH-IOHHOMY aKyMyJIATOpi, JaBadax
TUCKY, BIJICTaHIi Ta BHTOKY BOIM ¥ Tepenae
OTpPHUMAaHi 3HaYCHHS y NIPOLIECOPHUI MOMYJIb, IOAE
LIIMPOTHO-IMITYJIbCHO MOAYJIbOBaHY HAampyry 3
Koe(illiEHTOM  3allOBHCHHS, OTPUMaHUM  BijJ
MPOLIECOPHOTO MOAYJs, Ha JApaiiBep IBUTyHA
L9110, sxuit B cBOIO 4Yepry Ha JBUTYH MOCTIHHOTO
CTpyMy — IIPHBOJ NEPUCTAIBTUYHOrO Hacoca. Ha
MOYaTKy poOOTH MPHUCTPOIO ab0 MO KOMAHII Bij
KOPHCTYBada MOJYJIb BBEJCHH-BUBEICHHS BMUKAE
MEPUCTANbTUYHUHA  HACOC  HAa  MaKCHMAIlbHY
npoayktuBHicTh (30 Mi/xB), 1m0 3abe3meuye
IIBU/IKE TPOKAYyBaHHS aHATI30BaHOI BOIU Bif
TOYKH 3a00py 10 ONTUYHO [TPO30POi KOMIpPKH.

HaBau TiAPOCTaTUIHOTO THCKY 7
BUKOPUCTOBYEThCS JJIsl BHUMIPIOBaHHS TJIMOMHHU
3aHypeHHs. [H(padepBoHM maBau BiAcTaHi 8
(Sharp GP2Y0A21YK, MakcumaiibHa BHUMiplOBaHa
BiJICTaHb 80 cm) BUKOPUCTOBYETHCS JUTSt
BUMIpIOBaHHS BiJCTaHi /M0 JHA BOJOWMH, IO
JIO3BOJISIE TIONEPEAUTH BCMOKTYBaHHS IPYHTY B
MPOTOYHY 4YacTUHY HPUCTPOIO MiJ dYac Horo
3aHypeHHs Ha 3ajlaHy ruOuHy. /laBay BUTOKY BOJH
B KOpIIyC MPUCTPOIO 9 BUKOPUCTOBYETHCS IS
aBapiHOT 3yMMHKH MPUCTPOIO Ta CUTHANI3AIil PO
pO3repMeTH3alilo OnepaTopy, 10 3HAXOAUTHCA Ha
TTOBEPXHi.

[puctpiii xuBUTHCS Hampyrow 5 B 3 momyns
11 mHa 0a3l MiIBUIIYBAIBHOTO IEPETBOPIOBAYA
HaTpYTH Ta JiTiH-IOHHUX aKyMYJISATOPIB CyMapHOIO
emuicTI0O 5200 MA TOJ, 110 3a0€3meuye MPHOITH3HO
2 romuuu 50 XBWJIMH aBTOHOMHOI poOoTu. 3a
HEOOX1THOCTI yac poOOTH MOXKe OyTH 301IbIIEHUIA

JI0/1aBaHHSAM JIO/TaATKOBHUX aKyMYJISITOpiB
TUIIOPO3MIpy 18650.  Moayns  KHUBICHHS
3abe3rneuye THIVKAIIiI0 3aITUIIKY 3apsay

aKyMyJISITOPiB, Ta OOMEXEHHs CTpPYMy W HamnpyrH
i 4ac 3apsyDKaHHS aKyMyJSITOpiB IpW mHopadyi
30BHINTHOI HanpyTHu SB.

3aHypioBaHa YacTHHA NMPHUCTPOIO 3aXUIIAETHCA
BiJl TOTPAIUISHHS  BOIU  BOJIOTO3AaXHINECHUM
Kopmycom 12.
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IIpuctpiit
ANTOPUTMOM:

1) 300pakeHHS BMICTY ONTHYHO TIPO30POL
KOMIPKH TIepeNaeThes ITMGPOBUM  MIKPOCKOIIOM
(MaTpUMYIOTBCSI MIKPOCKOIH, IO BiAMOBINAIOTH
cnerudikanii  UVC) 'y  momyns  oOpoOku
BiZICOMIOTOKY;

2) 510 OTPHUMAHOTO KaJIpy 3aCTOCOBYETHCS
MEPETBOPEHHS 300pakeHHs y 8-0iTHE y BiATiHKAX
ciporo 3a JOMOMOTOI0 0i0II0TEKH KOMIT FOTEPHOTO
30py OpenCV;

3) s nmepeTBOpPEHHS 300pa)KeHHs 3 BiJITIHKIB
ciporo B OiHapHe (YOpHO-Oije) 3aCTOCOBYETHCA
noporoBuit GiasTp 3 moporom Lo;

4) BUOUAIOTBCA 3aMKHYTI
OXOILTIOIOTH  YOPHI  JIISIHKH 32
po3podnenum C. Cysyxki #t K. Ade [7];

5) oOYHMCHIOITBCA  KOOPAMHATH ueHTpiB
KOHTYpIB, iX ruiomi i KOJIbOPH (y Komboposii
mozmeni HSV - KOJ‘IBOpOBI/II/I TOH, HACHYEHICTB,
SCKpaBiCTh) B LICHTPAJIbHIHA TOYIII;

6) I KOXHOTO 00'ekTa, 3HAHACHOrOo Ha
MIOTIEPEIHBOMY Kajpi, MepeBipsieThCsl, YU iCHYE B
OKOJTl Viax ITIKCEITIB cepeInHa KOHTYPY, 3HAUEHOTO
Ha TOTOYHOMY Kajpi; SIKIIO iCHYE, KOOPAUHATH
00'eKTa OHOBJIOIOTBCA 10 KOOPIAMHAT CEpeANHU

(yHKIIIOHYE 32  HACTYIHUM

KOHTYpH, ILO
aITOPUTMOM,

KOHTYDY,
7) BU3HAYAETHCS IIBUIKICTH IOTOKY SIK
]J_IBI/IILKiCTI: SIKy  Mae HAWOUIBIIA  KUIBKICTH

MIKPOOPIaHi3MiB, Ha OCHOBI iX [IEPEMIlLICHHS 32 Yac
MDX TIOTOYHHM 1 TIOTIEPEIHIM KaJpoM (y TTKCEeTsX
3a KajJip); OOYUCIIOETHCS MAKCHUMAIbHUA TPajli€HT
IHTCHCHBHOCTI KOJIOPY Ha 300paXCHHI; y BUIIAJIKY,
SKIIIO BiH MEHIIIE MiHIMaJbHO JOMyCTUMOTO (TOTIiK
pPYXa€eTbcs 3aHAATO IIBUKO), MOJAETHCS KOMaH/A
3MEHIIUTH Hamnpyry Ha TPHUBOAI Hacoca, aie He
MEHIIIE 3HAYEHHs, IO BIANOBIZAa€ MiHIMAILHO
JIOTYCTAMIii  IIBUAKOCTI TIOTOKY B  KOMIPIIi;
BIMOBIJIHO JI0 OTPUMAHOT KOMaHI MiKPOKOHTPOJIEP
monyist popmye HIIM-curnan 3amaHoi CKBaKHOCTI
Ha JIpaiiBep IBUIYHA, YePe3 KUl KUBHTHCS PHBOJL
HACOCa; SIKIIO YITKICTh JOCTATHBO BUCOKA (IPalieHT
KOJBOPY  MDK  CYCiIHIMA  TOYKaMH  BHIIE
MIHIMaJIbHO  HEOOXiHOro) Ta  30epiraerbes
BIPOAOBXK 75 KaapiB, ¢GOpPMYeETbCS KOMaHIa
30IIBIIMTH IIBUAKICTE HAcoca, IO JO3BOJISEC
NPUMIBUIILUTH PO3Mi3HaBaHHA (ikCOBaHOTO 00'eMy
mpoou;

8) sakmo micas 00Xoay BCIX KOHTYpIB Ha
NOTOYHOMY Kajpi Juig o0'eKTa 3 MOIEPEeaHbOro

Kaapy HE 3HAWIUIOCS BIAMOBIMHOCTI, TO TOYKA
OCTAaHHBOI MPHCYTHOCTI 00’€KTa BHOMPAETHCS
nearpom ROl (region of interest — 30Ha

iHTepecy) [8], mmIoma SKOT0 BCTaHOBIOETHCS
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BIBI4i OULIBLIOI0 MaKCHUMajJbHOI IUTOHI 00’€KTa
BIPOJOBX HOro pyxy B MOJi 30py MiKpockoma
Smax- J1o ROI MOBTOpPHO 3aCTOCOBYETHCS TOPOTOBHIA
¢impTp 3 moporom L, ma 15%  meHme Bix
MoYyaTkoBoro Lo, ane He MeHIle, HiX Ha 2 OJUHHMLI;
SKIIO TUIOMIA OTPHUMAHOTO 00’€KTa HE TEePEBHUIIYE
Stax, aJIe HE MEHIIE BEJIMYWHH LIyMY, BiACTEKEHHS
MPOJIOBXKYEThCSI HAa HACTYIIHOMY KaJpi; SKIIO
oA MEHIA, HDK MIHIMAJIBHO JIOIMYCTHUMA,
BCTAaHOBNIEHa [uIA GiIbTpamii ImyMy, 00’€KT
BBa)XKA€THCS TAKUM, 1[0 3aJUIIHUB MOJIE 30PY; SKIIO
IJIoIfa OiNbINa, HiK Spax, TO A0 TOTO K CaMOTO
KaJ[py 3aCTOCOBYETBHCA TIOPOTOBHUA  (imbTp 3i
30inbImeHuM Ha 5%, ane He MeHIle, Hik Ha 1,
moporoM. SIKmo ABOKpaTHE 30INBIICHHA HE
JO3BOJIMJIO  3MEHIIMTH  IUIOMLY A0  Spax
MIKpOOPTaHi3M BBa)KA€THCS TaKUM, IO 3aJHIIUB
MoJie 30py.

9) SKIIO Ha MOTOYHOMY KaJpi 3aJTUIIWINCS
KOHTYPH, IKHM He 3HAICHUH BIAMOBITHII 00'€KT 3
MOTIEPEIHBOTO0 KaApy, BOHH BBAXKAIOTHCS HOBUMH
o0'exTamu, AKi BHepIie 3'IBIINCS B TIOT1 30PY;

10) mnpouecopHHil MoAyNb IS KOXHOTO
BIJICTE&XXEHOTO0 00’€KTa, IO 3HHWK 3 TONSA 30Dy,
0o0YMCITIOE  JTOBXKWHY, IIUPUHY,  BiJTHOIICHHS
IIMPUHU  00'€KTa JI0 JOBKWHH, KOMIIAKTHICTb
(BiIHONIEHHS KBaApaTy IepuMeTpa [0 IUIOMI),
komip B HSV-koopauHatax, MBUAKICTH 3MIiHH
KOJIBOPY B Yaci, BiIHOMIEHHS BiJICTaHi BiJl TOYKH 3
MaKCUMAaJIbHOIO IHTEHCUBHICTIO KOJILOPY IO IICHTPa
Mac J0 abCOJIOTHOI IIMPHHH, PAIiyC CcepeaHbol
JIHIT, MIBUAKICTH BITHOCHO TIOTOKY, IIBUAKICTh
3MIHU JIOBXWHHM (CepeqHE 3HAYeHHS 3a 5
MOCITIZIOBHUX KaJIPiB).

11) obumcreni 3HaUeHHs MapaMeTpiB 00'€KTa X;
NPOXOZTH (hasihikallifo Ta OGUHUCITIOIOTECS CTYICHI
HPHHAIEKHOCTI Ajj 00'€eKTa 10 KOKHOTO BUIY 3a
KOKHMM mapaMeTpoMm. Jliisi KOKHOTO I-ro BUay
MIKpPOIUIAHKTOHY 3 N BHIIB, SKUH TOBHHEH
po3Mi3HATH TPHUCTPiiA, B 0a3y MaHUX BHOCATHCSH
YHCIIOBI Jliarma3oHH M mapameTpiB (TeoMeTpuIHOL
dopMH, PO3NOJITY KONBOPY, PYXJIHBOCTI) Ta
dynkuii nmpuHanexHOCTI  L4i(Xj) KOKHOTO j-ro

napamerpa, 1 mijx yac poOOTH MPUCTPOIO OOUHUCIIEH]
3HAYEHHs IapaMeTpiB  00'eKTa Xj IPOXOIATH
¢asidikariiro Ta  OOYHCIIOIOTHCS CTyIEH]
HOpUHANEXKHOCTI Ajj 00'eKTa 10 KOXKHOINO BHIY 3a
KOXXHHUM rapaMeTpoM. ®opma GbyHKIin
MPUHAJISKHOCT] ONHUCYE CTYMiHb BipOTiIHOCTI TOTO,
mo OO0'€eKT 3 TakuMM 3HA4YEHHSIM [apaMerpa
HaJIOKUTh A0 AaHoro Bupny. Ilicms oOumcieHHs
CTYNEHIB  INPUHAJISKHOCTI 0 BHUOIB  0O0'€KT
BITHOCUTBCSL JI0 TOTO BHIY, JJISI SIKOTO JTOOYTOK
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CTYIIEHIB TPHWHAJEKHOCTI 00'€kTa TO  BCIM
napaMeTpam
m
A :l |:uij(x j)
j=1
MaKCHUMaJIbHUHI

Vi, A" = AL

12) mpokauaBmi 3agaHuii 00'eM BomM depes
NPOTOYHY KOMIpKY, BH3HAUAETHCS KOHIICHTPALLs
KOXKHOTO BHJIy MIKPOIUIAHKTOHY SIK BiJTHOIICHHS
KUTBKOCTI PO3II3HAHUX EK3eMIUIAPIB 10 00'emMy
Bomu. O0’eM TMpOKadaHOI BOAM OOYHCIIOETHCA
JOOYTKOM TUIOIL ITOTIEPEYHOro Tepepizy KOMIpKU S
Ha IHTErpayl IIBHIKOCTI TOTOKY V, B TOJI 30pYy
MIKpOCKOTIa

V= St].l/ndt.
to

13) 3a 3HAWIEHUMU KOHIIETpAIlisIMU
OOYHMCITIOETBCS  IHTETPAIbHUN TMOKa3HUK SKOCTI,
HANpPHUKIAM, iHIEKC carpoOHOCTI.

Pesynpratm  poboTm  mepemaroThes  Uepes
Monyns iHTepdeiicy RS-485 Ha moBepxHIO, B
MOJYJb 1HIWKAIii Ta KEepyBaHHS MPUCTPOEM 7 Ta
BimoOpaxkaroTecsi Ha auciuiei 8. ONTHYHHN JaBadq
BiAcTaHi 9 Ta naBa4 TiApOCTaTUYHrO THUCKY 10
JI03BOJISIFOT  KOHTPOJIIOBATH BiJCTaHb 10 JHA Ta
IIMOWHY TIPY 3aHYPEHHI IPUCTPOIO KOPUCTYBAYEM.

Ockinbkn  mpu  30UIBIIEHHI  KUIBKOCTI
BIZICTE)KYBaHUX  MIKpPOOpraHi3amiB y  Kajpi
301IBLIYETHCS. BUKOPUCTAHHS MPOIIECOPHOTO 4acy,
TO JOJATKOBUM (DaKTOpPOM OOMEKEHHS IIBHIKOCTI
MOTOKY, a BIAMOBIIHO U dYacy aHamizy 00’eMy
npoOH, € CyMapHe 3aBaHTXEHHS S/Ipa Ipolecopa:
npy nepeBuiieHHi HUM 95% QopMyeThest KomMaHga

3MEHIIIUTH  IIBHJKICTh  TPOKAYyBaHHS  BOJH,
HE3AJIEKHO BiX YITKOCTI 300paKeHHS
MiKpOOpTaHi3MiB.

VY 0a3y o3HaK NpUCTPOI0 OyJIu 3aHECEHI MexXi
HEYiTKUX MHOXHWH JUII HACTYIIHUX OpTraHi3MiB
mikportankToHy: Amoeba proteus, Chlorella,
Cyclops varius, Euglena viridis, Melosira varians,
Paramecium caudatum, Pinnularia, Trachelomonas
volvocina, Ulothrix zonata. Pe3ynbraTi THXHEBOTO
MOHITOPHHTY BMICTY 3a3Ha4€HHUX MiKpOOpraHizmiB
y mpobi o0’emom 10 Mi mokasaHudl Ha puc. 2.
[puctpiii 3anyproBaBcs Ha TAMOUHY 1 M B p. Yers
(xoopauHaTu Micus Binbopy mpobu 50°38'33.5"N

26°14'54.8"E) xoxkHOoro gHs o 14 romuHi.
BITPOJIOBIK THIKHS.
CroBijlbHEHE MPOKAadyyBaHHS TOTO CaMoOro

00’eMy piIMHU 4Yepe3 MPUCTPIH 3 BUBEACHHSIM
300paKeHHsI HAa MOHITOP JIO3BOJIMJIIO IPOBECTH
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pydHE  pO3I3HABaHHA  MIKpPOOPTaHI3MIB  Ta
OOYHMCIUTH YHCIO XHMOHHMX pO3Mi3HABaHb, IO
HaBelIeHE Ha pHC. 3 3a BECh IIEPioj] BUMIPIOBAaHb.
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Pucynok 2 — I'pagiku kiibKocTi Mikpooprasismis y
10 mu1 Boam p. Yers

HaiiGinpma KinmbKicTh XHOHUX —CIPAIOBaHb
npucTporo  3adikcoBaHa  mpu  Kiacugikamii
Bomopocreit Chlorella ta Trachelomonas volvocina,
ONMU3BKICT (GOPMH 1 KOJBOPY CHpUuMHMIA 12
XHOHMX poO3Mi3HaBaHb, MO cTaHOBUTH 0,4% Ta
22,9% Big 3aranbHOi  KUIBKOCTI  OpraHi3miB
BIZITOBITHO.

Ulothrix zonata

Chlorella

Pinnularia

Melosira varians

Trachelomonas volvocina  F

Euglena viridis
Paramecium caudatum [
+ T }

Amoeba proteus

Cyclops varius

|
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2 4 6 8 10 12 14 16
KinbKicTe XMGHUX po3nisHaBaHb

Pucynok 3 — CymapHe 4ucJjio XMOHUX pO3MiZHABAHb
MiKkpooprani3miB y npooax 3a 7 gHiB

o

Haii6inpma KUTBKICTh XUOHOTIO3UTHBHUX
CIpaIllOBaHb MPHUCTPOI0 (TOOTO BiTHECEHHA JO
knacuikamiiiHoi rpynu 00’eKTa, SKUH Hacmpas.ii
0 Hei He HaIeXuTh), CHOCTepirajach INpH
MOTPAIUISIHHI B TOJIE 30py MIKPOCKOMA MPO30pUX
(parMeHTiB NepeBa)KHO POCIMHHOTO TOXOXKEHHS,
mo Oysim xubHo KinacubikoBaHi sk ameou (Amoeba
proteus). Takox OJTHE XUOHOHETATUBHE
CIIPaIOBaHHSA MaJIO MiCIle TP BHIOBXKEHIH (hopMi
KIITHHU 32 HAsBHOCTI Yy TpaBHid Bakyosi ameOu
IpyNU MajuX 3€JIeHUX KIITHH, 10 HPU3BENO 10
posmizHaBanHs 1 sk Paramecium caudatum.
Cymapna JacTka XHUOHOMO3UTUBHHUX Ta
XMOHOHETATMBHUX  pO3Mi3HaBaHb it Amoeba
proteus cranoBmia 32%. Pemra mikpoopraHizmis
Oynu po3nisHanHi 3 moxubkamu: Ulothrix zonata —
8%, Paramecium caudatum — 5%, Euglena viridis —
2,1%, Chlorella — 0,4%, Cyclops varius, Pinnularia
ta Melosira varians — 0%. Cepemast moxuOka
kiacuikawii MiKpoopraHi3miB cTaHOBHTSH 1,3%.
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BucHoBku

B pe3ynbTaTi 10oCHipKeHb BIEpiie po3po0ieHO
MMOPTATUBHHUMA TPUCTPIH, M0 3MIHCHIOE BU3HAYCHHS
KOHIIEHTpAIlil OoKkpeMux KiacupikamitHux Tpym
MIKpOOPTaHi3MiB y HeNmepepBHOMY IMOTOL BOJM 3a
JIOTIOMOTOI0  KOMIT FOTEPHOTO 30py Ta HEYITKOI

JIOTIKH. BukopuctanHs ~ eHeproeeKTHBHOTO
mporecopa y IMPOLECOPHOMY MOAYII 301IbIIye
ABTOHOMHICTb MPUCTPOIO Ta JI03BOJISIE

KOHTPOJIOBATH O10JI0TIUHI TTOKA3HUKHU SKOCTI BOIH
y TOJBOBUX YMOBaxX, 4, OTXE, MIABUIIUTU
OTIepaTUBHICTh KOHTPOJIO SIKOCTI BOJIU.
3acTocyBaHHST HEYITKOi JIOTIKH JJISi  TIPOLECY
KJIacudikalii  JO3BOJSE CIPOCTUTH JOJABAHHS
HOBHX BHUIIB MIKpPOOpPraHi3aMiB a0 0a3m O03HaK
MIKpOIUIAHKTOHY TMOPIBHSAHO 3 BHUKOPUCTAHHSIM
HEHPOHHMX MEpEX, OCKUIBKM JJIs1 HaBYAHHSI
HEHPOHHOI Mepei MOTPIOHO OTpPUMATH ACCATKU
KaJpiB 3 Pi3HUMH E€K3EMIULIpaMH MiKPOIIJIAHKTOHY
OJTHOTO BHIY.

OtpuMaHi 3Ha4YeHHsS TOXHOOK MOKa3ylTh, IO
MONANBII JTOCTIIPKEHHS TOIMUIFHO TPOBOIUTH B
HaIpsIMKY BBEACHHS JIOJIATKOBUX Knacuq)ixauiﬁm/lx
O3HAK, IO ONHCYIOTH OCOONMBOCTI BHYTPIIIHOI
6ya0131/1 KJIITHH MIKPOOPTaHI3MiB, L0 103BOJIAIO 6
MNOKpalIiTH TOYHICTb KnacmblKauu Amoeba
proteus Ta Trachelomonas volvocina.

[pucTpiit MOXKe 3aCTOCOBYBATUCH JJISI €KCIIPEC-
aHalizy B KOHTPOJBHHMX TOYKax BoAOMMHU. VY
BUTIAJIKy BUSBIICHHS BIAXWICHHS BEIUYMH Ta
CITIIBBIIHOIIICHD KOHIIEHTpAIIiif OpraHi3miB
MIKpOIUIAHKTOHY BiJl JOMYCTUMHX MEX HEOOXiJTHO
3MIHCHUTH 3a0ip TpoO BOIM IJIst OLIBII IETAIEHOTO
nabopaTopHOTo aHami3zy 3a Qi3NIHUMH, XIMIYHUMH,
010JIOTIYHHMU Ta OAKTEPIONOTIYHUMH MTOKA3HUKAMHU
3 MCTOI0 BH3HAYCHHS KOHKPETHHX pCYOBHH-
3a0pyaHuKiB. Lle 103BOINTH MOEAHATH MIBHAKICTH
aHamizy Oe3rmocepeHbO B MiCIli MpoOoBimbopy i3
HIMPOKUMHU MOXJIHBOCTSIMH nabopaTopHOTO
aHami3zy.

[loganpire 3MEHIIEHHS TPUBAJIOCTI aHANi3y
MOJJIMBE 3aBJSKA BHUKOPHCTaHHIO MIiKpOCKOMa 3
MEHIIMM YacoM BHUTPUMKH KOXKHOTO BiZICOKaJpy,
110 JIO3BOJIUTH 30UIBIIUTH MIBUIKICTH
NepeKkayyBaHHS BOAM  4Yepe3 KOMIPKYy IIpH
30epeKeHH] YiTKOCTI 300pakeHHs MIKpOOpTaHi3My.
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