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O BHEAPEHUUN OTEHECTBEHHOI'O ®OTOJTIOMUHECHEHTHOI'O
JATUUKA KUCJIOPOJA JJIAA PABOTHBI B YCJIOBUAX T'NITOKCUHU

B 2008r. Ha UepHoM MOpe cpaBHUBAJINCH Pa3HbIE METOIbI N3MEPEHNST HIU3KNX KOH-
LEeHTpauii Kucaopoaa: MeTol BuHkepa 1 TaTYMKK: JIEKTPOXHUMHUUECKHE 1 (POTOTIOMU-
HECLIEHTHbIE pa3HBIX MoanQuKauuii. OTedecTBEHHBIH (HOTOMFOMUHECLEHTHBIN NaTInK
(®JI1), wMerommit XOpoLIMEe TEXHHYECKHE XApaKTEPUCTHKH. BBICOKYIO UYYBCTBUTEINb-
HOCTb K KHCJIOPOZY U MOJTHYIO MHEPTHOCTh K CEPOBOIOPOY, BO3MOKHOCTD KQJIMOPOBKH B
ra3oBOM cpejie BBITIIAAEN HauboJiee MepCreKTUBHBIM. [l AMHAMHUYECKOW KOppeKLUH
3anazapiBanus (5 — 6¢) ero nokazaHuii B peskiMe 30HIMPOBAHUS MpeiokeHa Gopmyia,
yunTtbiBatomas 20 cMexHbIX 0TcueToB. OHA MPaKTHYECKU YCTPaHsET TUCTepe3nC JaHHbIX
Ha crycke W moabeme. Hawmnydinue pe3ysbTaThl: COBMAIeHUE NAHHBIX MEXKIY COOOM,
BO3MOXKHOCTb pa3peliaTb TOHKYIO CTPYKTYpY paclpelelieHus] KACIOPOAa U OTCYTCTBHUE
CJIOSI COCYIIECTBOBAHMS KHCJIOPOJa W cepoBoIopoaa, mokazamu OJIJI n 6e3meMOpaHHbIi
nmatauk, ucrons3yromuticss MO PAH ¢ 1999r. OcranbHble METOABI 3HAYUTEITFHO 3aBbI-
any KOHLEHTPALMIO KUCIOpOoIa 1O/l €r0 HIKHEH rpaHuLeil, T.e. B CyOBOCCTaHOBHTEIb-
Hoil 30He UepHoro mMopst. DJI] nokaszani, 4To TaM, Kak U YK€ B CAMOM CJIO€ CEPOBOIOPO-
Ila, KOHIIEHTpanus Kuciopoaa He npesbimaet 0,02MkM.

KJIIOUYEBBIE CJIOBA: YepHoe Mope, pedoKc 30Ha, SUNOKCUSA, UBMEpPeHUe KUCIOopoOd.

[IpencraBnenus o pacnpeneeHUH KUCIOPOJa Ha IPaHULe adpOOHBIX U aHa-
9poOHBIX BoJ UepHOro MOpsi MEHSUIMCH TI0 Mepe yCOBEPLICHCTBOBAHUS METOJIOB
ero u3mepenusi. CHavasa Obis10 nipencrasiieHue o C-cioe [1, 3] (HamoxeHue pac-
npeneneanii O, 1 H,S), KOTopoe CMEHHIOCHh MOHATHEM CYOKHUCIOPOAHBIN CIOM
(suboxic layer) [8, 10], korna konuenTpauust O, BO BCeM €JIoe OT OKCUKJIMHA JI0
rpanuibl H,S He npebimiaer 1 MkM, a 3aremM BBeJeHHE CYyOOKHCIMTENLHOW W
cyOBOCCTaHOBUTENBHOM 30H [4 — 6] (@ meproii O, NPUCYTCTBYET, HO OH HE pac-
XOJ/IyeTcsl Ha OKHCIICHWEe OPTraHWKH, a BO BTOPOW OTCYTCTBYET COBCEM, T.€. HHXKE
npeiesia 4yBCTBUTEILHOCTH, KOTOPBIN cHavyasa Obut paBeH 1 — 2MkM). [Mocnen-
HUH pe3ynbTaT ObUT MOTy4eH Oyiarogaps NCIOIb30BaHUIO 0e3MeMOpPaHHOTO JJIeK-
tpoxumMuueckoro aatunka (bJI), koTopeiii Hauan nmpumeHsTbCsS Ha YepHOM Mope
onuum u3 aBtopoB (I1.A.Crynxkac) ¢ 1999r. [IpeumymectBom b/ siBnsiercs BbI-
COKOe OBICTPOJICHCTBHE, a HEJJOCTATKOM — OTCYTCTBHE JabopaTopHOi KamuOpoB-
KW ¥ HEKOTOpasi HecTaOUIIbHOCTh ToKa3aHuil. OCHOBHBIE pe3ysbTaThl [3 — 5] ObI-
JIM TI037Ke TOJTBEPIKACHBI BOJIBT-aMIIEPOMETPUUSCKUM MeTooM [7, 9], XoTs oHM
UHTePIPETUPOBAIUCH B TepMUHaX SUboOXiC layer.

B Hacrosiee Bpems i paboThl B YCIOBHUSIX TMIIOKCHH, T.€. [UI U3MEPEHUs
HU3KHX KOHLEHTpauuii (J;, CTajJo BO3MOXHBIM HCIOJIb30BaTh (hOTOIFOMUHEC-
ueHTHblid natunk (DJI/I) oredecTBeHHOM pa3paboTku [2]. OCHOBHBIM MpenUmy-
ectBoM DJIJT siBsieTcst ero yHUKalbHast n3duparteabHoCcTh K O, (Tak Kak TOJb-
KO KHCJIOPOJ TYLIMT JIIOMHHECLEHLIMIO), a TaKKe BO3MOXXHOCTb KaJMOPOBKH B
razoBoii (haze. OCHOBHBIM HEJIOCTATKOM — CPaBHHUTEIBHO OOJbIIAS MHEPLHOH-
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HOCTb, 0COOEHHO B MEPBBIX BBIyCKaX, BKJIroUas ontoabl pupmsl Aanderaa. Omu-
ceiBaeMbiii DJIJ] MMen MHEPIMOHHOCTL S5 — 6¢, BIMSHKE MOCIIEAHEN YIaI0Ch KOM-
MEHCUPOBAaTh TMHAMUYECKOW Koppekive AaHHbiX. CTaHaapTHas GopMylia Koppek-
LU 110 IByM TOUYKaM MO3BOJISET XOPOLIO BOCIPOU3BOJAUTE TOHKYIO CTPYKTYpPY pac-
nipeneneHnst Oz, HO 3HAUYMTENBHO YBEJIMUYMBAET LIYMbI Jayke TMocie CrIaKUBaHUs MO
kocuHyc (punbTpy ¢ ocHoBanneM 10. Hamu BeiBenena hopmyna, mo KoTopoi ckop-
PEKTHPOBAHHBIN OTCUET BBIYMCIETCS M0 21 NepBUUHOMY OTCHETY:

S (i) = S(i) +k /770D (S(i + j) = S(i - )]
j=1

®Dopmyna, Bkouas koadduuuent 770, momyueHa HaX0XKISHUEM MPOU3BO-
HOM KBaJapaTH4YHOM ammpokcumanuu rno 21 Touke, K — TeopeTHyecku paBeH OT-
HOIIIGHWIO BPEMEHH 3ara3/iblBaHus K MHTepBaly MeXIy oTcuetamu. Takas kop-
PEKLIMsI BOCTIPOM3BOMT OCHOBHBIE 0COOEGHHOCTH pacnpenesieHusi O, (ero mnosbi-
IICHHBbIC U MOHW)KEHHBIE TPAIUCHTHI) U MO3BOJIACT B 3HAUUTEIBHOM CTENeHU yO-
paTh TUCTepe3rC JaHHBIX MPH CITyCKe M MoabeMe 0e3 yBeJTMUYSHHUs YPOBHS IIyMa,
MOJTy4aeMoro MpH KOPPeKLMH MO 2-M TOYKaM, TaK YTO OHa MOXKET PeKOMEeH[IO-
BaThes i 06pabotku curHanoB MJIJ] (B HaleMm citydae ObLTO TaKOe COOTHOIIIE-
HHE MapameTpoB:. ckopocTh 30HaupoBanus 0,8 m/c, yactora onpoca 8 I'ly, 3anas-
neiBanue 5 — 6¢).

OkenepuMmeHTabHble padoTel poBoauiuck ¢ 8 no 19 urons 2008r. B paii-
oHe r.I'eneHmKuK.

Ha puc.1, a nokasansl npodunu O,, OHOBPEMEHHO MoJTy4YeHHbIe Ha cT.14.5
npu nomoiuu DJIJ] u memOpanHoro gaturika SBE-43. B croe BbICOKHMX KOHLIEH-
Tpauuii O, AaTUYMKWA TMOKa3bIBAIOT MPUMEPHO OIMHAKOBBIA T'MCTEPE3UC MEXKIY
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Puc.1.Pacnpenenenne kucnopona no ®JIJI un matunky SBE-43 npu crmycke u
nogbeMme: 0e3 Koppekumu (@), ¢ AMHaMH4ecKoil koppekuwmeii (6). 1 — naHHbIe
®JI]T B cnoe 0 — 200m, 2 —To xe st SBE-43, 3 —HwxHsIst yacTs npoduns DI
npy yBenuueHuu Maciitaba B 20 pas, 4 —1o xe a1 SBE-43, 5 —mnotHOCTh (@) 1
TeMIlepaTypa Ha CIycke U nogbeme (6).
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npoduIIIMH Ha cIlycKe ¥ nojbemMe (MHepUHOHHOCTh 0boux 5 — 6¢). Ho mpu yBe-
nuueHuu maciuraba B 20 pa3 BugHbI Gonbime pacxoxaeHus. M3 puc.l, 6 BugHO,
YTO KOppeKLMs MpakTHiYecku youpaet rucrepesuc nokazanuii @JI[ Bo Bcem crnoe
0 — 200m, a nns SBE-43 —Tonbko JIS BEICOKMX KOHIIGHTpALMid, TaK Kak MpU
HU3KUX O, ero BbIXOJ Ha HyJeBble MoKa3zaHus 3atarusaercs mpumepHo Ha 100c.
[Mostomy natunk SBE-43 npakTuUuecku He NPUTOJICH JJis paboThl B PEJIOKC 30HE
B 30HIMPYIOLLIEM PEXHUME.

Ha puc.2 nokazaHo cpaBHeHHE AaHHBIX (DOTONIOMUHECLUEHTHOTO U Oe3MeM-
OpanHoro naturkoB Ha c¢1.19.1 G/] omyckaincs B peskuMe CBOOOIHOTO MafCHUs).
Ha puc.2, a ®JI]] 6e3 koppeKiuy NoKa3bIBaeT JBa MPOQUIIS — Ha CITyCKe W TO/b-
eme, a curHai bJ[ pacnionaraercs mexmy Humu. [lociie BBeieHUsS KOppeKIuu oba
npoduis 3HAUYUTENBHO CONMMKAIOTCS MeXTY co00 U ¢ npoduiiem BJl, npuuem He
TOJILKO B MEJIKOM, HO M B YBEJIWYeHHOM MaciuTtabe (Ha puc.2, 6 nokasaHbl JaH-
Hbie DJI/] Ha noabeMe Npu KOPPeKIrH 1o 2 Toukam). 3aeck nanHbie BJ] u OJI]
B3aMMHO MoATBepxAaloT apyr apyra. ®JIJ[ kak B maHHOM ciy4ae 3TalOHHBIM
npubop, noareepxkaaet, uro bJ] npaBuiabHO HM3MepseT MapLUaIbHOE IABJIEHHUE
0,, a b]l moaTBepkmaeT MpPaBUIBLHOCTH AWHAMHUYECKOHW KOPPEKIMH IJaHHBIX
®JI/], Tak kak moka3aHus b/l Takoii koppekiuu He TPeOYIOT. DTOT pe3yJbTaT
NpeAcTaBiseTcsl HAM OYeHb BaXKHBIM, Tak Kak paHee AaHHble b/ He umenu Heza-
BUCUMOTO (T.e. U3MEpEeHHs] APYTUM JaTUMKOM) TMOATBEPIKACHHUs, KpOME Kak Io
Mmetoay BuHkiepa, XOTs OH He O4eHb [Is 3TOTO MOAXOIMT.

Cnocobnoctes @JIJ] pabGotath B pekume MOBBIILIEHHON UyBCTBUTEIBHOCTH
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Puc.2.CpasHenue npoduis O, Ha c1.19.1mo nandeiM BT (oHM KOppekimu He
TpebytoT) u manHbiM DJIT: nepBuuHbie naHHbie DJIII, T.e. 6e3 KOPpeKIUH Ha
BIIMSIHUE TEeMIIepaTyphbl U 3anasfpiBanue (@), ¢ koppekuueit (6). 1 —npodumis O,
no BJI Ha cnycke, (2', 2", 2) —no ®JIJ] Ha cmycke, Ha MOJbeMe W COBMEILCHUE
3TUX mpoduiiei mocie KoppeKLn 1Mo 21 Touke COOTBETCTBEHHO (LIKAbI BBEPXY),
3 — HwxHAA yacTb npodunsa O, o B]] npu yBennuennn maciraba B 17,5 pasa,
4 — 10 )¢ 1o ®JIJ] mpu noxbeMe, KOPPEKLUUS MO 2-M TOYKaM (IIKalbl CHU3Y),
5 —npod ik MIOTHOCTH MPH CITyCKe ¥ MOAbEME.

34



Puc.3.Pacpenenenne wmu-
18 — HUMaJbHBIX KOHUEHTpauuii O,
115 2 6 14 i3 7 no ®JIJI Ha BOOIBLOEpEroBOM
paspese. Ct.16.1 — 16.7pac-
CTaBJIEHbl IO Mepe 3ariyoJe-
1 HUsI TPaHWLBl a3pOOHBIX BOJ,
200 WX pealbHBIl TOPATOK 000-
o oms s oms om ows 3HaueH 1muppamu.  CurHan
I B B B R ®JIJ1 Ha moagbeme, KOPpEeKLUs

mo 21 rouke. Ha cr. 16.6 cko-
I L B i R pOCTb  30HAMpOBaHWS  ObLIa

v ows ob oe oi ows TIOHWKEHA B 2 pasa.

KoHueHTpauws kucnopoga, mn/n

ny6uHa, m

nokaszaHa Ha puc.3. Mi3amepeHus ObLTH BBITIOHEHBI Ha MTyOuHax npuMepHo 5S00m
Ha paspese NpoTskeHHOCThIO okoJio 20 kM HanpoTwue r.I eneHmkuk. [ yOuHbI, Ha
kotopbix curHan @DJIJ] mepecraBag MEHATbCS, COOTBETCTBOBAJIM YCIOBHBIM
mnotHocTsM 15,85 — 15,9Gr/m?, a Bepxmsis rpanmua H,S cooTeTcTBOBaNA YyC-
JIOBHO#M miotHocTH 16,15 — 16,2Gkr/M3, 1.e. ona 6buta Ha 15 — 20m Hwke. Ha
200 M mmotHocTh Obia 16,51 — 16,5Xr/M>, 4TO COOTBETCTBYET XOPOIIO BbIpa-
JKEHHON cepoBomopoaHoii 30He. Ha puc.3 pasmax mkaiaer 0 —0,025mi/7, T.e.
npumepHo 1 MKM, W BHJHA W3MEHUUBOCTh pacrpeseneHus (O, BOTU3N IPaHUIIbI
a’po0HBIX BOJI: caMma 3Ta ITyOHMHA Ha pa3pese MeHslach MPUMEPHO Ha S5 M, Kpome
TOrO 3aMETHO MEHSUICS TpafveHT KoHueHTpauuu O,, uHoraa (kak Ha ct.16.2u
16.6)B comeprkaHUK KUCIOPOa PETUCTPUPOBAINCH "CTYMEHbKH" U 9KCTPEMYMBI.
Cnalble MCKaXXEHUsI CUTHANa BUIHBI TOJIbKO Ha npoduisax 16.2u 16.3.3T1o mo-
ryT OBbITh ciefpl TypOyJIeHTHOrO 3a0poca KHCIopoJa K 30HE cepoBOAOPOAaA, HO
MOTYT OBITh W IIyMaMH 3JIEKTPOHUKH, MPOBEPUTH TO, HE UMes CTATUCTUKH W3-
MepeHHii, HeBO3MOKHO.

Ha puc.3 uyBctBurensHocTs DJIJ], onpenenseMas ypoBHEM IIyma 3JIEKTPO-
HUKH, cocTapsisuia npumepro 0,0004mn/n v 0,02mMkM. Takum o6pa3om, HaMU
YCTaHOBJICHO, YTO Ha TPaHHUlle CYOOKUCIUTENbHON 1 cyOBOCCTAHOBUTEIHHOM 30H
0, pacxoayeTcsi MPAKTUYECKH TONHOCTHIO, T.€. ¢ TOUHOCTHIO U3MEPEHMH, cpaB-
HUMO# ¢ TaKOBOM 11 OOJILIIMHCTBA JIPYTUX XUMUUYECKHX MapaMeTpOB — CEPOBO-
JIOPOJ, Maprasell, »ese30 u np. [IlpuvyeM HU B OJJHOM cily4ae HEeT TakoW CHTya-
LMK, 9TOOBl HU3KWE KOHUEHTpauuu O, B COThIC JOJIM MUKPOMOJISI TSHYJIHCH B
Buje "xBocta" Ha Gosbinue TiyOuHbl. HeT, Bo BeceX ciydasx MOXKHO yKasaThb pes-
KYIO TpaHHUILy, HUKE KOTOPO# KUCIIOPOJ OTCYTCTBYET, T.€. OH MOJIHOCTBIO pacxo-
JyeTcs Ha rpaHuLe CyOOKHCIUTENbHONW U CyOBOCCTAHOBUTENBHOM 30H, TaK UTO B
HEMOCPEeACTBEHHOM OKMCJIEHHUHM CepOBOJOPOJA MOJIEKYISAPHbINA KHUCIOPOJ HUKA-
KOTO y4acTusl yxe He MpPUHUMAaeT. DTO, HACKOJIbKO HaM M3BECTHO, MAKCHUMAJIBHO
BBICOKAs YyBCTBUTEIBHOCTB JIJIsl U3MEPEHUIt Kucopoaa Ha YepHom Mope.

Takum oOpa3oM, Mo HallleMy MHEHHUIO, B HACTOALIEE BPeMs HET UIeaIbHOrO
crocoba M3MepeHHs HU3KMX KOHLEHTPALMii paCTBOPEHHOTO B BOJIE KHUCIOPOJA,
T.€. TAKOTO, YTOOBI U3MEPEHHSI MPOBOIMINCH OBICTPO, TOUHO W C BBICOKOM YyBCT-
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BUTEJLHOCTBIO. DOTONMIOMUHECLIEHTHBIM JaTuvk paspabotku LIAI'M, HecMotps
Ha HEJOCTAaTKH, MPHUCYLIME TaKOMY METOAY HM3MEpEHHi, sBJsieTcs YOOOHBIM U
MEePCHEKTUBHBIM NMPUOOPOM /ISl U3MEPEHUs] HU3KMX KOHLEHTPALUi KUCI0pOoaa B
peskume 30HIMpoBaHus. B HacTosiee Bpemst HanOosiee TOUHbIE U IOCTOBEPHbIE
JaHHble IO paCIpEleNIEHUIO KHCIOpoJAa JIydllle BCEro IOJydaTh, IO HAleMy
MHEHHUIO, PU OTHOBPEMEHHOM NMPUMEHEHUH 1aTYUKOB 00OUX THIIOB.
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AHOTALIA'Y 2008p. na YopHOMy MODi MOPIBHIOBAIHCS Pi3HI METOIW BUMipIOBAaHHA
HU3BbKMX KOHLEHTpALiii KUCHIO : MeTon BiHkiepa i natdunku: enekTpoxiMivHi Ta ¢oTo-
JIFOMiHECIIEHTHI pi3HMX MoauQikamiii. BiTuusHAHUI (HOTONFOMIHICIIEHTHOTO JaT4UK
(DJIM), mo Mae XOpOoLIi TeXHIYHI XapaKTePUCTHKH | BUCOKY YYTIHMBICTh IO KUCHIO i TIOB-
Hy IHepTHICTb O CIPKOBOJHIO, MOXIIMBICTh KaliOpyBaHHA B ra30BOMY CepelOBHII BHU-
03B Hai6inbm nepcnekTUBHUM. [l TuHaMidHOT Kopekiii 3amizHioBaHHA (5 — 6¢)
foro mokaszaHb B PeXHMi 30HAYBaHHS 3alpornoHoBaHa (opmyiia, o BpaxoBye 20 cymi-
KHUX BiIUTiKiB . BOHa mpakTHYHO ycyBae rictepesuc OaHUX Ha CHycKy i mimiiomi. Haii-
Kpamli pe3ynbTaTu : 30ir JaHWX MK CO00I0 , MOKJIMBICTH TO3BOJISITH TOHKY CTPYKTYpPY
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PO3TOITY KUCHIO 1 BiICYTHICTh IIapy CIiBICHyBaHHS KHCHIO i CIPKOBOJAHIO , TIOKa3asln
@JI]] i 6e3mMemOpaHHUX AaTYmK , o BUKopucToByeThest IC PAH 3 1999p. Pemta meto-
IiB 3HAYHO 3aBUILYBAJIM KOHLEHTPALIiF0 KUCHIO MiJl 10T0 HIKHBOIO MEXeE0 , TOOTO B Cy0-
BOCCTaHOBiTeNIbHOM 30HI YopHoro mops. ®JIJ] mokaszaB , mo TaMm , SIK i BXKe€ B CaMOMy
mapi CipkOBOJIHIO , KOHIEHTpaLis KucHio He nepeBuiye 0,02mMkM .

ABSTRACT In July 2008, on the Black Sea new photoluminessensor domestic pro-
duction was tested. When measuring low oxygen atrations compared the traditional
method of Winkler and sensors: membrane and meredree electrochemical and
photoluminescent in 2 modifications. The best rss(dgreement between both sensors
and the lack of the layer of co-existence of oxygad hydrogen sulfide) showed mem-
brane-free sensor used on the Black Sea since d88%omestic photoluminescent sen-
sor. The latter has good technical characterishiigh sensitivity to oxygen and the total
inert to hydrogen sulfide, a calibration in the gasse, a relatively small time constant (5
— 6 sec). The formula for dynamical corrective @tthas been proposed, it largely elimi-
nates hysteresis between data on the descent aadtas the probe. It is shown that
above the layer of hydrogen sulfide in the subrédnczone of the Black Sea oxygen
concentration does not exceed 0.02.uM
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