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Metobl JIa3epHO*I/IH£[y]_[I/IpOB£lHHOI‘/,I (t)JIyOpeCLIeHL[I/II/I U UX HCIIOJIb30BaHHE B CPEACTBAaX MOHUTOPHHIA ITO3BO-
JIAIOT pellaTb psaJ KJIIYeBbIX 3a/1a4 110 oéHapy)KeHmo LBeTEeHUH Boaopocneﬁ. PaspaéoTaHa aBTOMaTU3UPOBaHHAA
cucremMa 06pa60T1<1/1 U aHaau3a OGOJBIINX MaCCHBOB (bJIyOpECLIEHTHbIX CIEKTPAJbHBIX XapaKTEPUCTUK KYJIbTYD
MI/IKPOBOL[OPOCJIGI‘/JI, Ona 1mo3BOJIET OIlpeleIATh JOMUHUDPYIOIINE B aKBaTOPUU KYyJbTYPbl Ha YPOBHE poJa U OIe-
HHUBATh BO3MOKHOCTh BO3HMKHOBeHHS WX I[BeTeHUd. C MOMOIIBIO 3TOH CHCTEMBI MOKHO (l)OpMI/IpoBaTI) KaTaJjioru
9TAJJOHHBIX ONTUYECKUX XapaKTepUCTUK KYJbTYpP MHKpOBO,C[OpOCJIefI 1 peajin30BbIBaThb MHTEPAKTUBHBIE aJTOPUTMbI

06Hapy)KeHI/IH OITaCHBIX BUI0B MHKpOBOLIOpOCJIefI.

Knrouesvie c06a: aBTOMATU3UPOBAHHASI CHUCTEMa, WHAEKC CXOJCTBA, HIeHTH(UKAIUSA, KpPACHbIE MPU/IHBDI,
BPEOHOCHBIE IBETEHNUS Bojopoceli, xiaopodmmnt a, JINMD; automated system, similarity index, identification,

red tide, harmful algal bloom, chlorophyll a, LIF.

BBeneunne

IKoJorndyeckue GJATONONYyYHe U YCTONYUBOCTH
TIPUPOTHBIX aKBATOPUil B OCHOBHOM 3aBHCAT OT GMOJIO-
THYeCKOTO Pa3Ho06pa3ns HACENSIONINX X OPTaHM3MOB.
Oco6oe MeCTo Cpe[y 3TUX OPTaHU3MOB 3aHUMAIOT 300-
NIaHKTOH 1 ¢uromnankron (Mukposogopocan). B pe-
3yJIbTaTe TPHUPOAHBIX U AHTPOIOTEHHBIX BO3/elicTBUil
MEHSIOTCSI YCJIOBUSI JKU3HEIEATeTbHOCTH, YTO TIPUBO-
IUT K YTHETEHUIO OJHHUX BHIOB MHKPOBOJOPOCJEN
u GypHOMY DPasMHOXKEHHMIO JPYTUX, YTO YacTO HMeeT
CTUXUITHBII XapaKTep.

B ompeneneHHBIX YCIOBUSX JAOMUHUPOBAHNE OT-
JIeTbHBIX BUJIOB MUKDPOBOJIOPOCTENl MOKET MPHBOINUTD
K 9KOJIOTHYECKUM KaTacTpoaM, BbI3bIBAs 3acOpeHUe
’Kabp y pbi0, obeHeHNe BOAOEMOB KIICJIOPOIOM WU MH-
TaTeJbHBIMU BEIIEeCTBAMU, a TaKyKe HACBIIEHNEe BOJIbI
TOKCUYHBIMH BbijiesieHusmu [1, 2]. CkorieHne MUKpPO-
BOJIOpOCJieil B GOJIBIIIOM KOJIMYECTBE Y IMOBEPXHOCTH
BOJIbI Ha3bIBAIOT LIBeTeHUeM. B cuTyaimsx, Korja OHO
OKa3bIBaeT HETaTHBHOE BO3/IeHCTBHE HA 3KOCHCTEMY,
€T0 Ha3BIBAIOT BPEJIOHOCHBIM I[BETEHNEM BOJOPOCITEi
(BIIB). Bo BpeMs IBeTeHHs BoJa HPUOGPETaeT oIpe-
JleJIEHHBIN OTTEHOK, OTJMYHBIA OT HOPMAJbHOTO, Yalle
BCETO0 KPaCHBI WM KpacHO-GypbIil, IMO3TOMY TaKue
IIBETEHHSI HA3bIBAIOT <«KpAacHBIMH TpujuBamus» [2, 3].
HexkoTtopble aBTOpPBI [aHHBIA TEPMUH WCIOJb3YIOT
B KauecrBe cunonuMa BIIB [4, 5].
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[TpuMep JIOKAJBHOTO I[BETEHHSA MHKPOBOJOPOCIIE
nokasan Ha puc. 1 (11B. BKIajgKa).

BIIB Mosker Bo3zelicTBOBaTh HENOCPEJACTBEHHO Ha
CTPYKTYpPY U (DYHKIUU 3KOCHUCTEM, OOBEKTBI PeKpea-
LUH, TYPU3M, CHIZKATb CTOMMOCTh COOCTBEHHOCTHU, Me-
Iath PBIGOJTIOBCTBY, CENbCKOMY XO3SIHCTBY W JHEpPTe-
ke [6—8]. IloaToMy wmccienoBaHusI, HampaBIeHHBIE
Ha pellleHne Tpo6JIeM paHHeTO OOGHAPY KeHUS W WIeH-
tudukanuu BIIB, sABIA0TCA BaXKHOW CcOCTaBIAIONIEH
MOHUTOPUHTA MOPCKUX aKBaTOPHIl.

Jlns obHapyskeHust GOJIBIMUX CKOILUIEHUI MHUKDPO-
BoZopocJieil UCHOJb3YIOTCSA pa3TNyHble MeTObl, Ha-
npuMep 3a60pbl TPOO, CIYTHUKOBOE 30HAMPOBAHUE,
CKaHUPOBaHUE JieTaTeJbHBIMU M TIPUBSA3HBIMHU allllapa-
TamMu. BusyasbHoe 30HIUpOBaHIE, B TOM YHCJeE C TIO-
MOITITHIO JIETaTebHBIX allapaToB, YA0OHO A o6HApY-
JKeHUST yyKe BO3HUKIINX I[BeTeHWH Ha IOBEPXHOCTH
BOJIBI B HEKOTODPBIX cay4asax [9, 10], ogHako ero Bos-
MOJKHOCTH OTPaHUYEHbI TJIyOMHOII 3ajieranust BeTeHUs,
BpeMeHeM CYTOK, TOTOJHBIMH YCJOBWAMH, KadeCTBOM
BoAbl W T.A. /Iy HeNpephIBHOTO JOJTOBPEMEHHOTO
MOHUTOPUHTA B JIIOOBIX MOTOHBIX YCJIOBUSIX B IIMPO-
KOM [JMama3oHe TIyOWH JIydllle TPUMEHITh TOTPY KHbIe
MOJIyJIN, KOTOpble MOTYT OBITb yCTaHOBJEHBI Ha Oyii-
KOBBIX CTAHIUIX WK HCIIOJIb30BAThCS B OINTOBOJIOKOH-
HBIX 30HJaX. JlJIg TakuX cHUCTEM XOPOIIO 3apeKOMeH-
JIoBaJI ce6s1 MeTO/] JIa3epHO-WHIYIIMPOBaHHOI (ryopec-
nernuu (JIND), a ero aBroMaTusanus GblIa YCIENIHO
MpoIeMOHCTpUpOBaHa B paborax [11, 12].

W3BecTHO, YTO CIEKTPbI (HJIyOpecIieHIInu MHUKPO-
BozopocJieil YyBCTBUTEIbHBI K M3MEHSIONNMCS (HU3N-
YecKUM TMapaMeTpaM Cpejibl: TeMIlepaTyphl, COJIEHOCTH,
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ocBellleHHOCTH U Ap. B Hammx pa6otax [13, 14] 6bL10
MTOKA3aHO, 4YTO 3aBUCUMOCTDH (DIyOpPeCIeHINN OT TeM-
mepaTypbl BOJBI, M3MEHSIONIENCS B IMHPOKOM HATIa30-
He, JUIS Pa3HBIX KYJbTYP MHKDPOBOJOPOCTEIl pa3inyHa.
IIpm aTOM 3aBUCHMOCTb WHTEHCHBHOCTH iyopec-
IeHIuu XJ0pousia @ BHYTPH OPraHU3MOB OT TeMIle-
paTypbl MO3BOJISIET OTJWYATh WX APYr oT apyra [14].
Tak Kak B MUKPOBOJOPOCJISIX MOTYT IPHCYTCTBOBATH
HECKOJIbKO CBETSIINXCS IHTMEHTOB, XapaKTePHUCTHKU
KOTOPBIX MOTYT 3aBHCETb OT TEMIEPATYPbl, U3MepeHHe
IITIPOKOMOJOCHBIX CIIEKTPOB B IITUPOKOM JHATIa30He
TeMIepaTyp BUAWTCI HaM Hambojiee IePCIeKTHBHBIM
pemenneM. [loBepxHOCTb, 06pa3oBaHHAs CIEKTPAMU
dryopectieHIM,  YIOPSAOYEHHBIME TI0 TeMIeEpaTy-
paM, B JaibHelimeM OyZeM Ha3bIBaTb TeMIEPaTyp-
ubiMu criekTpamu  payopecernuu (TCD) mMukposo-
JlopocJieit.

Ha ocunoBe TC® MoryT 6BITH OJYYEHBI:

— 3aBUCHMOCTH HOPMUPOBAHHOW WHTEHCHBHOCTU
dyopectieHIy Xa0poduLIa @ OT TEMIIEPATypbl, Ipy-
TUMH CJIOBaMHU, HOPMHUPOBAHHbIE TeMIEPATyPHbIE KPH-
Boie (payopecuennnn (HTKD) [14],

— 3aBUCHMOCTH JIJIMHBI BOJTHBI MaKCUMyMa WHTEH-
CUBHOCTU (PJIYOPECIEHIINN XJI0POodUITa @ OT TeMIepa-
TYypbl — BOJIHOBBIE TeMIlEpaTypHbIE KpuBbIE (yopec-
neniun (BTK®D).

IIpu [0ATOBpEMEHHOM MOHUTOPHHTE COCTOSTHIUSI
aKBaTOPHUU KOJMUYECTBO JAHHBIX U 06BbeM PaboThl pac-
TYT B TreoMeTpuyeckoii nporpeccuu. lleap paboTsr —
CO3/IaHUe CUCTeMBI, KOTOpas IT03BojnIa 6Bl B aBTOMa-
TH3UPOBAHHOM peXNMe aHaIn3upoBaTh M 06pabaThl-
BaTb GOJIBIIOE YHCJIO CIIEKTPATHHBIX JAHHBIX M HA UX
OCHOBe WAEHTH(UIMPOBATh BUIbBI MHUKPOBOAOPOCIEN
B HCCJIeyeMBbIX 06pa3iax BOJBI.

1. ABTOMaTu3HpOBaHHasl CHCTeMa aHAJN3a
(ayopeciieHTHbIX XapaKTePUCTHK KYJIbTYP
MHUKPOBOJOPOCJIei

Pa3pa60TaHHaﬂ HaM1 aBTOMaTU3WPOBaHHaA CHC-

TeMa pelnaeT Mpo6aeMy o6paGOTKH GOJIBIIIOTO MacChBa
ONTHYECKUX CIIEKTPAIbHBIX JAHHDBIX U (PJIYOPECIIEHTHBIX

XapaKTepUCTHK MHUKpOBoJopocieil. B cucreme peasn-
30BaHbI CJIEAYIONINE BO3ZMOKHOCTH:

a) aBTOMaTH3ausl PaGoThl ¢ GOJIPIIUMHU MacCHBa-
MU CIEeKTPAJbHBIX JaHHBIX O MHKPOBOJOPOCJSIX U Ta-
paMeTpax cpeabl UX OOUTaHUSI,

6) aBTOMaTH3alUsA ONpee/IeHIs BUIOB MHUKPOBO-
JIopocyieil M TPOTHO3MPOBAHUS WX I[BETEHUS Ha paHHell
CcTauu;

B) IOJIyY€HNE HTAJOHHBIX XaPAKTEPUCTUK MUKPOBO-
nopocaeii (TCD, HTK®, BTK®) a1 6aHKOB AaHHBIX;

') MHTEPAKTHBHOCTh ¥ BapHaTUBHOCTH MCIOJIb30-
BaHUS Pa3/IMYHBIX MPOIEAYP aHaIH3a U BO3MOKHOCTH
MMOAKJIIOYEHNUS [JOIOJHUTEIbHBIX OJIOKOB.

Ha puc. 2 mpexacraBieHa CTPYKTypHast —CcxXeMa
OTIMCHIBAEMON CHUCTEMBI, COCTOAIIEH M3 YeThIpeX oc-
HOBHBIX OJIOKOB.

1.1. Baox npedsapumenvnoii 06pabomxu
OoabUUX MACCUBOE OAHHBLX
0 MUKPOBOOOPOCAAX

3anaveil mepBoro 6JI0Ka sBISeTcs 06belnHEHNE
BceX 3KCIIePUMEHTATBHBIX JaHHBIX B TPeXMepHBIH Mac-
CUB CIEKTPOB (DIyOpecleHIn!, YHOPSIOYeHHBIH co-
TJIacHO ITKaje TeMIlepaTypHoro HarpeBa. /lmama3oH
TeMIIepaTyp HarpeBa 3aBUCHT OT KOHKPETHBIX 06pa3IoB
uccaeryeMoil BOAbl WK KYJbTYP MUKPOBOIOPOCIENL.

Ha Bbixoze 6s10ka opMupyeTcsi MaCCUB CIIEKTPOB
duayopectientiuu, cocrodmuii u3 n+ 1 cTpok u m+ 1
CTOJIONIOB, T/le 7 — KOJUYECTBO TOYEeK B JMAIIa30He
IUTMH BOJIH W3MepeHWi#, a 7 — KOJINYEeCTBO TOYeK
B JAMalia3oHe TeMIepaTyp. JlaHHBINI MaccuB, MO CyTH,
SIBJISIETCS MATpUIlel CIIEKTPOB M CJIYKHUT IS TTOCTPOe-
Hug TCOD.

1.2. Baok anaauza u o6pabomxu
MACCUBOE OAHHbIX

JlanHblit 6JIOK TIpeJcTaBIeH Ha PUC. 3 U CJYIKUT
JUTS TIOJTy4eHHsT (DIIyOPECIeHTHBIX XapaKTePUCTUK B Ta-
KOM BH/e, B KOTOPOM BO3MOXXHO HX /laJIbHeiillee
CpaBHEHNe C 3TAJOHHBIMH U BU3yaJbHOE OTOOpAKeHNUe
Ha 3KpaHe oIleparopa.

N Buox Buox naentudukamun MEKpOBoAoOpocIeit
[ Dadim npe/[BapUTeIbHOI
HU3MepPeHHBIX .
— :> o6paGotku daiinos
CIIEKTPOB J— DaHK JaHHBIX
0 BOJIOPOCJISAX
Maccus
JTAHHBIX +
Buiok anamaa |27 OPECIEHTHIE [Toacucrema [MoacucreMa [ [lamens
u o6paboTkn | na]%aMeprl uieHTHUKATIT BU3YATHU3AIIH -onepaTopa:>
MaccHBOB obpastia
JaHHBIX
Baok coxpanenual — CoxpaHuth
JaHHBIX ——  dalin :>

Puc. 2. CrpykrypHas cxeMa aBTOMAaTU3MPOBAHHOI CHCTEMBI aHa/IM3a (PIyOpeCleHTHBIX XapaKTePHCTHK MUKPOBOZOPOCIeit
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Puc. 3. Crpykrypa BXOAHOI U BBIXOHOI HH(pOpMaIu 6J0Ka aHATN3a 1 0O0PAGOTKY MOJYYeHHBIX MACCHBOB JTaHHBIX

OcHoBHOIT ucxoanoii nHdbopMalein Jass paboTbi
6JIOKa CJIYKUT MaTpHUIla CIIEKTPOB (PJIyOpPECIIeHINH,
ToJIy4eHHass B Xoje paboTbl 6JIoKa TIpeIBapUTeSbHOI
o6paboTtku. Kpome TOTO, crcTeMa [gaeT WccieaoBare-
JII0 BO3MOJKHOCTb BBOJIa TpPeX JONOJHUTEJbHBIX Mapa-
METPOB.

Ucxoaubple crieKTpbl (IyopeciieHIInH MOTYT OBITh
TIOJIYYeHbI PA3HBIMU TPUOOPAMU WM TIPU PAa3HBIX yC-
soBuax (AManazoHbl JIMH BOJIH, pa3peliaioias CIIo-
COGHOCTD crieKTpoMeTpa). [l MpHUBeJeHns NX K e/IH-
HOMY BH/Iy peaTn30BaHa BHYTPeHHSAd (YHKIUS UH-
TEPIOJISIIUN  CIIEKTPOB 10 [IJTMHE BOJIHBI, KOTOpast
C ToMoIIbIo mapaMeTpa «PaspelieHnes MO3BOJSAET ¥C-
clefloBaTeNli0  3a/aBaTh 3HadeHue Mmara (To4ek,/HM)
B Tpe6GyeMoOM Juamna3oHe JJWH BoJH. [[1g dopMupoBa-
HUS WHTEPHOJUPOBAHHBIX CIIEKTPOB HCIOJb3yeTCs Me-
TO/T MHTEPIOJISIIINN «CILIATH».

Yamie Bcero mpu aHamu3e GJIyopecleHIINH MUK-
poBoziopocJiell OIEHWBAIOT Ty ee YacTh, KOTopas ¥C-
IyCKaeTcsl CBETOCOOMPAIOINM KOMILTEKCOM (poTOCHH-
TETHYEeCKOTO almapaTa. JTOH 4acTH COOTBETCTBYET MaK-
cuUMyM B criekTpe (JIyOpeclieHIInd Ha JJInHE BOJIHBI
okosio 685 HM. VIMeHHO /J1 3TOT0 MaKCUMyMa paccyu-
teiBatoTcss HTK® nu BTK® B Hamieit cucreme.

B mmpokononocaoM crnekTtpe JIMD MoryT 6BITH
TIpe/ICTaBJIEHBI KU (PIyOpeceHInN KOMONHAIIMOHHO-
ro paccesans (KP) Boabr [15], pacTBopeHHOTr0o opra-
nuveckoro BemectBa (POB) [16], ¢pukobuunos [17]
1 (pJIyOpecIeHI HHBIX MUTMEHT-GeTKOBBIX KOMILIEK-
COB XJIOpo(pUIa @, TTO3ITOMY JJIsI aBTOMATH3NPOBAHHO-
ro aHaau3a (IyopecIieHIInyd CcOOMPAIONIeET0 KOMILIeKCa
HEOO6XOIUMO 33/1aTh COOTBETCTBYIOIIUII AMANa30H JJIUH
BOJIH. 3a 3Ty 06paboTKy oTBeuaeT QyHKIms «O6pe3Kas.
Omna 3agaer auamnaszoH aauH BouH 660—700 M, Tak
KaK TIpU BBICOKUX TeMIlepaTypaxX Ha 6ojiee KOPOTKUX
JUTTHAX BOJIH HAUMHAIOT (DIyOopecimpoBaTh pa3pyliaio-
niuecs: TUrMeHT-6eTKOBble KOMILTEKCHI, a Ha GOJIbIINX

JUTMHAX BOJIH HAYMHAET TIPOSIBJSATHCS (PJIYOPECIIeHITI
JIpyToil yacTn (POTOCHMHTETHYECKOTO amIapara, KoTopas
MoskeT BHecTu o6k B usMepennss HTK® u BTKO.

BaxapiM nH(MOPMAIMOHHBIM TPU3HAKOM 6OJBIIOIN
TPYIIIBI MUKPOBOIOPOCIeil, KpoMe XJopoduiia a, SB-
JisseTcsl HAJW4Ke [JOMOJHHUTETbHBIX NUTMEHTOB — (u-
KOGUJIITHOB, KOTOPBIE IIPICYTCTBYIOT B COCTaBe KPACHBIX
KpUNTO(QUTOBBIX MHKpPOBojopocieit ((puKospuTpuHbI)
u nuanoGaxrepuii (buKonMaHUH U ALTODUKOIMAHUH).
JlaHHble TMIMEHTHI 00JIAIAI0T XapaKTEPHBIMHU CIIEKTPa-
MU aayopecuieHIIME ¢ MaKCHMyMaMH Ha 575 % 10 HM
(pukospurpun) u 640 um (Ppukormanun) nu HTKD.
B onamoii 13 cBoux pabot [18] MBI JAeMoHCTpUpOBAIU
HTK®D ¢ukospurpuna kyasryp Chroomonas salina
u Plagioselmis prolonga. B Hacrosimnii MOMEHT cHC-
TeMa II03BOJIZEeT OCYUIeCTBIATH HMONCK IHKOB (pIyopec-
neHnuu (GpUKOOGMINHOB B AnanazoHax 550—600 u 600—
660 uM 1pu ToMomuu THapaMeTpoB <« DUKOIPUTPUH»
u «DuKoMaHNH» COOTBETCTBEHHO.

g nonyuenus HTK® u BTK® onpeznenenHoro
nurMeHTa npuMendercs Gynkimsa «I[lonmck Makcumy-
MoB». [list ee adeKTUBHOTO HCIIOIB30BAHUSA HEOGXO-
IUMO CTJIaIUTh WHTEPIIOJUPOBAHHBIE CHEKTPbI (DIIbT-
pom Casurkoro—l'ajess co CTeNeHbIO TOJMHOMA, PaB-
HOHl eWHWIlE, W IMUPUHON OKHA CrIaKWBaHUSA 1,5 HM.
[lonoHNUTEBHO AT 06pe3aHHBIX CIEKTPOB B [Hala-
30He JMWH BoJH 660—760 HM cucTeMa pacCUYUTHIBAET
UHTETPAJIBHYIO 3aBUCHUMOCTH (DJIyOPECIEHINH XJIOPO-
duaTa @ ot TeMIepaTyphl.

B mammx sKcmepuMeHTaX WHTEHCUBHOCTH (HJIyo-
peclLieHITNN u3MepsieTcs B HACHIMAIONEM pekiMe o Me-
TOJIMKe, omucanHoil B [13], moaToMy He3HAYNTeJbHBIE
(IIyKTyaluu MOIIHOCTH BO36YKIAIONIETO U3IyYeHHs
He JOJIKHBI BO3/eficTBOBaTb Ha CHUTHAT (IyopeciieH-
nnn. TeM He MeHee CTa6MIBLHOCTH MHTEHCHBHOCTH BO3-
6y KIA0TIero M3AyIeHNs MOKHO OIeHUTD 110 MHTEHCHB-
HOCTU KOMOUHAIIMOHHOTO PaccesiHus BoJbl. /[IMHY BOJI-
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Hbl MaKCHUMyMa KOMOMHAI[HOHHOTO paCCEesTHUs MOYKHO
C IOCTaTOYHO TOYHOCTBIO paccYuTaTh o (opmyJie [15]:

7 -1
)\‘KP = l - 3440 5

B036

T7e Agosé JUTMHA BOJIHBI BO30Y’KIAIONIETO U3JIyde-
HUsI, HM; 3440 — YacTOTHBIN cIBHUT, cM ', epBoit CTO-
KCOBOIT KOMITOHEHTHI BoJbI [19, 20].

B nammmx uaMepeHUIX A BO30YKIeHUSA (JIyopec-
IeHIIMM TIPUMEeHSeTCS Jia3ep C JUIMHOI BOJIHBI 445 HM.
Crexrpbl ¢uyopectieniiun POB u KP Bogbl c1BUHYTBI
BJIEBO OTHOCHUTEJIBHO CIIEKTPa (PJIYOPECIEHIINH XJIOPO-
duna a (310 BUAHO Ha puc. 4), U UX y4eT NPHU aHa-
squse diyopecteHInN XJ1opoduia @ He TpebyeTcs.

PesysnbraTroM paboTbl 6/0Ka aHaam3a u o6paboT-
K MacCHBOB [JaHHBIX SBJISETCS TIpeICTaBIE€HHAS HIKE
nHgopMalnsg, KoTopas B JajbHeilllleM HCHIOJb3yeTcs
B 6JI0Ke UAeHTU(UKAIME MUKPOBOIOPOCTeH WM /IS

(bopMUpOBaHIA  ATAJOHHBIX  XapakTepuctuk  (cM.
puc. 3).

1. UnrepnomupoBanHble minuHbl BoaH TCD X70o-
podbuLia a.

2. Jlnuusl BoaH o6pe3anubix TCD xmopoduira a.

3. /ITMHBI BOJH, COOTBETCTBYIOIINE MAaKCHMAJh-
HO#l WMHTeHCUBHOCTH (hJIyopeclieHInu XJopoduia a
BO BceM TeMIepaTypHoM Juanasone (BTK®D).

4. VIHTerpasibHasi HHTEHCUBHOCTb (DJIyopeCcleHIIH
x70podmIIa @ B o6pe3aHHOM [AMaNa3oHe JJINH BOJH
BO BceM TeMIIepaTypHOM JHalna3oHe.

5. NurencuBHoctn MakcumyMmMa KP Bojgbl Bo BceM
TEMIepaTypPHOM JHalia3oHe.

6. VuTeHcuBHOCTH (DryopeciieHIINU B 06pe3aHHOM
Inata3oHe JIITH BOJIH.

7. lHTeHCUBHOCTH MaKCHIMyMa TIHKa iyopec-
nentun pukobunuos (HTKD Gpurko6uanHoB).

8. lHTeHCUBHOCTD MakKcUMyMa THKa Jyopec-
nennun xaopodpumnia ¢ (HTKD xjpopoduina a).

9. lHuTepnoanpoBaHHas MHTEHCUBHOCTD (hIyopec-
IEeHIINN XJI0popuIa a.

OmepaTtop MOKeT BBIOPATH BO3MOXKHOCTH COXPa-
Huth TCD, a Takxke (QIIyopecleHTHBIE TapaMeTpPhl
o6pasia (HTK®D xsopoduiia @, unrerpaabias JIND
xsopoduinia ¢, BTK® xiopoduiia a).

1.3. Baox udenmudpurxauuu eudoe
MUKpoeooopoc.aeil

JlanHbIil 60K TpeIHA3HAUEH /I PACIIO3HABAHIIA
MIKPOBOJIOpOCJeil B HcCCAeIyeMBIX o6pasliaX Io UX
(IyopecleHTHBIM XapaKTepHUCTHKAM W IO3BOJISET OIl-
pelesnTb BO3MOKHOCTD 1[BeTE€HUS, BUJ MUKPOBOJIOPOC-
JU W OIEeHUTb, MOKET JIU IIBeTeHHe 3TOTO BHa OBITH
omacHbIM. Bce crmoco6bl pactio3HaBaHUsI BUJOB OCHOBA-
HbI Ha BBIIIOJTHEHUU IIPOLleJypbl CPaBHEHUS 3TAJOHHBIX
U W3MePeHHBIX (JIYOPECIIEHTHBIX TapaMeTPOB 3THUX
BH/IOB. B Hameii cucreMe peanan3oBaHO CpaBHEHHE TIO
YeTbIpEM OCHOBHBIM (DJIyOPEeCIeHTHBIM TapaMeTpaM
MHUKDPOBO/JIOPOCJIEIL:

a) crekTpbl (GJIyOpecIeHIMH TIPU 3aJlaHHON TeM-
neparype (20 °C 10 yMoJI4aHUIO);

6) HTK® xmopodumia a;

B) BTK® xsopoduina a;

r) TC®D o6pasia.

[Tpu HamMuuM y u3MepseMbIX 06pasloB (uIyopec-
HeHIMH (PUKOOUIMHOB MOXKET IPOBOJUTHCS TaKiKe
cpaBHenue mo HTK® bukobuamHos.

B kauecTBe 3TAJOHOB HCHOJB3YIOTCS (Diyopec-
I[eHTHbIe TTapaMeTpbl KyJIbTyp MUKPOBOJOPOCIeil, KOTO-
pble coG6paHbl B COOTBETCTBYIOIINe KaTaysoru. Kaskabrii
n3MepeHHbI 06pa3ell BOAbI aHATU3UPYETCS B MPEATIO-
JIO)KEHUH, 4YTO BCS ero (JIyopecleHIMsS HCXOAMT OT
OJIHOIl JIOMUHMPYIOIlell B HeM KyJbTYpbl MHUKDPOBOJO-
pocJieil, B TO BpeMs KakK [pyrue KyJbTypbl YTHeTeHbI
n ux (uryopecueHIns cyuTaeTcsl He3HAUYNTeIbHOI.

B onmanHOM 6/I0Ke  peaJM30BaHbI  CJeLYIOIINe
IIPOIIe/Ty PbIL:

a) gocTyn K GaHKy JaHHBIX aTaloHHbIX TCD
u Ipyrux (JyopecueHTHBIX HapaMeTpoB;

6) BbIGOD U peajiusaliis aJrOPUTMOB Paclio3HaBa-
HUS BUJIOB MUKPOBO/IOPOCJIEl, IPHCYTCTBYIOIIX B BOJI-
HBIX TTpobax;

B) mpejocTaBjienne unTepdeiica A ynpaBieHus
AJITOPUTMaMK PACIIO3HABAHNUS;

r) oro6pakeHue  pPe3yJbTATOB
B rpadmyeckoit 1 TekcToBoi popMax.

paclio3HaBaHUA

1.3.1. banx damnnvix 0 MUKPOBOOOPOCASIX

OCHOBHBIM UCTOYHUKOM WH(MOPMAIMH 7S paGOThI
JITOPUTMOB DeIIeHusT 3a7a4 CBOEBPEMEHHOTO OGHApy-
JKeHUs 3apokjieHud u pacrnpoctpaHenus BIIB u ugen-
TH(UKAINN OTACHBIX BHUIOB MUKDPOBOZOPOCJHEl SIBJIS-
eTcs KaTaJoT 3TAJOHHBIX XapaKTepUCTHK MHUKPOBOJO-
pocJiefi. ITH XapaKTepUCTHKU (GOPMUPYIOTCS B OJIOKe
a"asm3a n 06pabOTKU MAacCUBOB JAHHBIX, MOJTyUYE€HHBIX
B IIpoOIleCcce IKCIIEPUMEHTOB, a 3aTeM 3aHOCATCSA B GaHK
MOCJie COOTBETCTBYIONIEN CTATHCTHYECKOH 06paGOTKH.
BaHk OTKpPBIT [JIs1 UCCleloBaTeell, 4TO MO3BOJISIET pac-
HIMPSTD €T0, YBEJININBAs KOJIUYECTBO ITATOHHBIX KYJIb-
TYp MHKpPOBOJopocJeil. Katajor momoHseTcss HOBBIMI
KyJbTypaMH TOcse JTabopaTOPHBIX HCCJIeJOBAHUI UMC-
TBIX KYJBTYD MHKPOBOAODOCJEl, KOTOpble KYJbTHBH-
pyiorca B 6mobanke HHIIMB /IBO PAH wmm apyrux
6mo6aHKax.

1.3.2. Iloocucmema udenmuguxauuu

OcHoBoil pa3pa6aTbiBaeMOTO HaMU MeToJa pelle-
HUS 327129 CBOEBPEMEHHOTO OGHAPY KEHNUSA 3apOsKICHI
7 PaCIpPOCTPAHEHNUST «KPACHBIX MPUJINBOB» W WIAEHTH-
UK OMACHBIX BUIOB MHUKPOBOAOPOCJEil ABJIsSETCS
CpaBHeHNUe CIeKTPATbHBIX W TeMIepaTypPHBIX 3aBUCHU-
MocTeil JryopeclieHIINN HUccIeayeMoil mpoGbl ¢ 3Ta-
JIOHHBIMU XapaKTePHUCTHKAMU, XpaHsImMucs B « banke
JAHHBIX O MUKPOBOJIOPOCJSIX». KonnmdecTBeHHOU Me-
poii cpaBHeHUS SBJIAeTCS K03(hUIIEHT CXOACTBA.

CyrmecTByeT 1enblii psga GMHAPHBIX METOOB, IO-
3BOJIAIOIMNX PACCUNTATh KO3(UIMEHTLI CXOACTBA Me-
skIy aByMsa obbektamu (mMeton JKaxkapa [21, 22], Ta-
uumoro [21], Cepencena [23], kocunycubIil MeTof [24],
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PEerpecCHoHHbII aHaIn3 0 MeTOAYy HAUMEHBIINX KBaJl-
paroB (MHK) [25] u 1.1.). B pa6ore [14] MBI moka-
341, YTO MOXKHO 3(P(PeKTUBHO pacrmo3HaBaTh MUKPO-
BOZIOPOCJN TIO0 KATAJOTy TPHU TIOMOIIM MOJEePHU3NPO-
BAHHOTO KOCHHYCHOTO MeTO/Ia, KOTOPBIi JJI0OCTaTOYHO
moipo6HO B Heil ormcaH.

Jlns  monmbopa koadduimeHTa MacuiTabupoBa-
nus (o) KocunycHoro Meroga [14] B mpeacrasiseMoit
aBTOMATHU3MPOBAHHOI CHCTEMe WCHOJb3YeTCS IHKJ,
MOCTENIEHHO YMEHBIIAIONIMI o) OT 3HAYEHUS 2 C 3a/aH-
HBIM OIlepaTopoM IraroM. [Ipu HEKOTOpOM 3HAYEHUU O
6yIIeT ompeiesieHO TOJBKO OJHO CXOJICTBO, ITHKJ Oy/eT
OCTaHOBJIEH, a Ha MaHeJb OlepaTopa IMOCTYNIUT MH(OP-
Malis O Ha3BaHUU WUAEHTH(DUIIMPOBAHHOTO BHIA U3
KaTtajora. IloacucTeMa TMO3BOJIsIET BBIOMPATh METO.
TIONCKA CXOJCTBA W (DIyopecIieHTHbIE TapaMeTphl, 0
KOTOPBIM OHO OTIpeJIeJIsSIeTCs.

1.3.3. Ilodcucmenma susyarusauyuu

[ToncucTema BU3yanmM3aluu — 3TO TaHEJ b OTepa-
topa (puc. 4), Ha KOTOPOii HaXOJATCS KaK BKJIAJKH,
TTO3BOJIAIONINE 3ajlaBaTh HEKOTOPbIE MapaMeTphbl aBTO-
MaTH3UPOBAHHOW CHCTEMbI, TaK W 3KpaHbl, OTpasKaio-
mue CIeKTphl (IyopecleHIINN U TIOJTyYeHHBble HAa UX
ocHOBe JryopeciieHTHbIe mapaMeTpbl. [Ipu momorn
rpadpudeckoil MHOOPMAIMH ONBITHBIN OTIepaTop MOKET
TIPOU3BO/IUTh BU3YAJTbHBIN aHATN3 COBMAIeHUS (PJIyo-
DECIIEHTHBIX IapaMeTPOB HCCAelyeMoil MUKPOBOJIO-
pocau U 3TAJIOHHOM, oOlpe/eseHHOl cucTteMoil Kak
COBIIQZIAIONIA.

[Tanenb omepaTopa MO3BOJISIET BBIOMPATH PE3YJib-
TaTbl U3MepeHWil M ympaBisaTh uX o6pa6orkoii. Ha
puc. 4 (1B. BKJaJKa) OTYETINBO BH/EH cUrHail (yo-
pectieHIINU (DUKOIPUTPIHA, KOTOPBIIl MPUHUMAaET MakK-
cuMasbHOe 3HaueHHe TIpu Temrepatype 43 °C, mpu

3TOil Ke TeMIlepaType Hal6JIOfaeTCs JIOKATBHBIH MH-
HuMyM dayopeciieHnn  xjaopoduwiia a. l3MeHenue
duyopectieHInn  XJT0poPUITa @ WMeeT HeJTUHeHbIi
XapaKkTep C OTYETJUBBIM MaKCUMyMoM (iIyopeciieHT-
HOro curHasia npu Temneparype 46 °C. /ljMHa BOJIHBI
MaKCUMaJIbHOU (iIyopectieHINN XJaopodiiia @ yObI-
BaeT B Amama3oHe TeMiepatyp oT 40 mo 65 °C.

2. Pesyabratpl naeHTuUKAIUH KYJIbTYP
aBTOMaTHU3MPOBAHHOM CUCTEMOil

[Tpu nomou Haieit aBTOMaTH3UPOBAHHON CUCTEMBbI
MBI TTOJIYYIJIN U UCCJIEIOBAIN TeMIIePATypHbIE CIIEKTPHI
1 HEKOTOpBble (PIyOopeclleHTHbIE XapaKTepUCTUKU KYJIb-
TYpP, KOTOpBIe N3yJIaINch HaMH paHee cTaThax [13, 14].
B Tabsamie mpescTaBieHBI Pe3yJbTAThI IIPOBEJEHHOTO
HCCJIeIOBaHUS.

Ha ocHoBe psna usMepeHUI /I KasKI0H KyJIbTy-
pPBI CO3/IaHBl ATAJIOHHBIE XAPAKTEPUCTHKM, KOTOPBIE
MPUMEHSINCH IS MAeHTUMIKAIIE OTAEIbHBIX 06pa3s-
1IOB MUKpPOBoOJOpocyeil. B Tabimile mpuBeeHbI Has3Ba-
HusA KyJabTyp (C yKasaHHeM PasHBIX IITaMMOB OJHOTO
BU/JA, €CJH TaKOBble ObLIN), KOJMYECTBO U3MEpPEeHUN
(Q), xoTopble MPOBOAWINCH C 3TUMHU KYJIbTYPaMH,
U MPOIEHTHOE KOJIUYECTBO YCIEITHBIX UAeHTH(hUKAIU
no asyM uyopeciieHTHbIM XapakTepuctukam (HTK®D
u BTK®) tpemst meromamu (MHK, KocuHycHbIii Me-
tox (SI) M MOJAEepHH3NPOBAHHBIH KOCHHYCHBIH METO/I
(SIyop)). Kak BuaHo u3 TabauIbl, AECATbH KyJbTYP
nAeHTHGUIMPYIOTCA 6e3 Omn60K BCEMH MeTOJaMHU
n 1o o6omM WCcCIeAyeMBIM TapaMmerpaM. Omm6kn
neHTN(UKAINE OCTAJIBHBIX 06PA3II0B MHKPOBOJOPOC-
Jell cBA3aHBI C TeM, YTO UX (PIyopeclieHTHbIe XapaK-
TEPUCTUKH WMEIOT BBICOKOE CXOJCTBO BHYTPH POJa,
B vactHoctH B [14] MBI ToOKasaaum 3TO Ha TpHUMepe
Pseudo-nitzschia.

Tect npoueaypsl naenTudUKaun

KoJsmuecTBo yememHpix naeHTHGUKammi, %
Kyabrypa MukpoBogopoc.ieii Q HT®K BTK®

MHK |Slwop| SI | MHK [ Slyon| SI
Chaetoceros sp 4 100 100 100 100 100 100
Chlorella minutissima 3 100 100 100 100 100 100
Dunaliella salina 3 100 100 100 100 100 100
Heterosigma akashiwo 4 100 100 100 100 100 100
Picochlorum maculatum 3 100 100 100 100 100 100
Porphyridium purpureum 3 100 100 100 100 100 100
Pseudo-nitzschia calliantha (MBRU_PC16) 9 56 22 56 10 10 10
Pseudo-nitzschia calliantha (MBRU_PC19) 8 50 25 25 10 10 10
Pseudo-nitzschia delicatissima (MBRU_PD17) 9 67 44 78 10 10 10
Pseudo-nitzschia delicatissima (MBRU_PD119) 7 100 100 100 14 14 14
Pseudo-nitzschia hasleana 8 100 100 100 100 100 100
Pseudo-nitzschia multistriata 4 100 100 100 100 100 100
Pseudo-nitzschia pungens (MBRU_PP21) 9 100 100 100 22 22 22
Pseudo-nitzschia pungens (MBRU_PPNDi_9_18) 8 75 87,5 87,5 25 25 25
Rhodomonas salina 3 100 100 100 100 100 100
Tisochrysis lutea 5 100 100 100 71 71 71
Tetraselmis viridis 3 100 100 100 100 100 100
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3akaoueHnne

Paspa6oTrana aBTOMaTH3NPOBAaHHAs clCcTeMa o6pa-
GOTKM MAaCCHBOB CIIEKTPAJIbHBIX JaHHBIX M UAEHTU(DU-
Kallul  KyJbTYp 9 OOHAPY:KEHHT 3apOKIeHUSI
u pacnpoctpanenusi BIIB u «xpacHpIX mnpuanBoBs
1 BBISIBJIEHUST OIIACHBIX BHJ0B MUKpoOBojopoceii. Cuc-
TEMa MOJKET WCIIOJIb30BATbCS JUUISL  JIOJITOBPEMEHHBIX
UCCJIeIOBAHUIT KaK B HATYpPHBIX, TaK M JabOPaTOPHBIX
YCJIOBUSAX. 3a CUeT aBTOMATH3AIMH IIPOIEAyp OHa IO-
3BOJIIET B HECKOJIBKO Pa3 COKPATHTb BpeMs, 3aTpadn-
BaeMoe Ha 06pabOTKY 3KCIEepPHMEHTAJbHBIX JaHHBIX.
CoBMecTHOe UCTI0JIb30BaHNE OOIINPHBIX KAaTAJIOTOB 3Ta-
JIOHHBIX XaPaKTEPUCTUK MHUKPOBOJOPOCJIEN ITO3BOJIHUT
pa3BUBATbh METO/bI KOMILIEKCHOTO MOHUTOPHHTA 3KO-
JIOTHYECKOTO COCTOSIHUS TIPHPO/HBIX aKBATOPHUI.

B Hacroguieii paGoTe THoKa3aHa yCIIEIIHAs WJeH-
THQUKAIMS POJIOB UCCJIeyeMbIX MHKPOBOIOPOCIENl 110
CO3JJaHHBIM HaMHU 3TasioHaM. OJHaKo HU3Kasg CIelu-
(piraHOCTD (PITyOPECIIEHTHBIX XAPAaKTEPUCTUK IS KaxK-
JIOTO BHJa BHYTPH POJia 3aTpPyAHSET HIeHTH(IKAINIO
Ha yPOBHE BHJIOB, 4YTO TpeGyeT AOMOJHHTENbHBIX HC-
crenoBannii. Heo6XoAuMO OTMETUTb, YTO [JISA psia
MPAKTUYECKUX 33/Ja4 JOCTaTOYHO HIAeHTH(UKAIMHA Ha
ypoBHe poja. Hamnpumep, Bce KyabTyphl poga Pseudo-
nitzschia MOTeHINATIBHO TOKCUYHBI U TPEOYIOT 0CO60TO
BHUMaHUS TPU OGHAPYKEHUH MX BBICOKOI KOHI[EHTpa-
MK B aKBATOPHH.

ABTOMATH3UPOBAHHAS CHCTEMA BBIIOJHEHA TaKUM
006pa3oM, 4YTO MOKET [ONOJHSATHCS HOBBIMH OJIOKAMU
nm (QYHKIUSIMI, PACIINPSIONAMI BO3MOKHOCTH H3Y-
YyeHUs1 (DJIYOPECHEHTHBIX XapaKTepuctuk. JlomosHu-
TeJbHOE HCIOJIb30BaHHE B KauecTBe BXO/HBIX JIaHHBIX
CYTOUHOI 3aBHCHMOCTH HHTEHCHBHOCTU OCBEIEHHOCTH
JIaeT BO3MOJKHOCTb aHAJIM3UPOBATH  (PJIyOPECIEHITHIO
n  uAeHTHUIMPOBATh  MHKPOBOJOPOCIH €  y4eTOM
BJIMAHMS Ha HUX (DOTOCHHTETHYECKH AKTHBHOW pajua-
K. PeasnsoBaHHblE AJTOPUTMBI M HPOIEAYPbI IO-
3BOJIAIOT B IIPOIECCe MX PA3BUTHI U COBEPIIEHCTBOBA-
HUS  CO3/IaThb HAy4HbBIl 3a/esl Il HPOrpPaMMHO-
TEXHUYECKOTO BOILIOIIEHUsI CHCTEMBl B BUJle H3MEPH-
TeJbHBIX cTaHIUil. OHU MOTYT OBITH BBIIOJHEHBI Kak
aBTOHOMHbBIE YCTpOIicTBa, OObeJNHEHHble B OPUTU-
HAJIBHYIO OTEYECTBEHHYIO aBTOMATH3MPOBAHHYIO CHCTe-
My HPOTHO3UPOBAHMUS, aHAJIN3a BO3HHUKHOBEHUS U pac-
IIPOCTPAHEHNsT <«KPACcHBIX HPUJIMBOB». Kpome TOTO,
JlaHHbIe yCTPOiicTBa MOTYT OBITb BHEAPEHbI B OOILYIO
PErHOHATIBbHYIO CUCTEMY 3KOJIOTHYECKOTO MOHUTOPHUHTA.

Baarogapuoctu.  Buosornueckne — MarepHaJibl
B BHAE KYJbTYD MHKPOBOJOPOCHEH IMOArOTOBJIEHDI
n mnpegoctaBaenst HHIIMB JIBO PAH (http://
www.marbank.dvo.ru).

@dunancuposande. PesysbTaThl B 4acTH aBTOMa-
TH3aIMK OGHAPYKEHUSI 3apOKAEHNS M PaclpocTpaHe-
HUS «KPacHBIX MPUINBOB> U UAEHTH(UKAINN OMACHBIX
BUJIOB MHKPOBOZOPOCJEN TOMydeHbl TIpH (PHUHAHCOBOM
nognepkke PH® (rpant Ne 23-77-00004). DBuok
naeHTH(UKAIME  MHKPOBOZOPOCel  paspabaTbIBajcs
B XO/le HCCJEI0BATENbCKON JeITeNbHOCTH B paMKax
rocynapctBeHHoro 3amanns  (mpoekt Ne 0202-2021-
0001).
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