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O HeonpeaenéHHOCTU KaNnMBpPOBKU AATHUKOB 3/IEKTPONPOBOAMMOCTH
CTD-30Hp0B «Sea Bird» npu usmepeHusixX 1 B pacyétax npakTMyeckom
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PaccmoTpeHbl dakTopbl, onpeaensiowne CyMMapHylo CTaHAApTHYO HeonpeaenéH-
HocTb (CCH) kannbpoBKKM AAaTYMKOB yaeNbHOM 3nekTponposoaumoctu (Y3I1) npeunsu-
oHHbix CTD-30HA08B. [IpoBeaeH pacyéT cTaHfapTHbIX HeonpeaenéHHocter (CH) otaens-
HbIX KOMMOHEHTOB U AaH aHanu3 ux Bknaga B CCH kanubpoBku aatunkos Y3I1 natu
OCHOBHbIX Mogenei CTD-30Ha08B pupMbl «Sea Bird». MNokazaHo, yto pacwmperHas CCH
Kanmbposku patunkos Y31, paccMoTpeHHbix Mogener CTD-30H40B B N060M TOuke
AnanasoHa oT 53 MCM/cm go 27 MCM/cM He ByaeT npeBbiwats (2,2+1,0)-10-3 MCMm/cM.
A oTHoCHTENbHAs pacwupeHHas CCH KanubpoBKKM 3TUX AATYMKOB He NpeBbicuT 4,2:1073
n 6ynet onpepenstbcs BennumHoi CCH kanMbpoBKM 3TanoHHOM sueiku. PaclumpeHHas
CCH onpeanenenus conéHoctn Us no aaHHbiM CTp-u3mMepeHuii npu wnpmHe oxeata K=2
6ypet pasHa 0,0031+0,0034 npu Bknage CCH kannbposku CTD-30HAA Ha ypoBHE
0,0004+0,0008 pna 31<5<39; -2<T<25 °C; 27<C<53 mCm/cMm 1 0<p<10000 pbap.
Mo a3kcnepuMMeHTanbHbIM AAHHBIM PACCYMTaAHbl XapaKTEPUCTUMKM 3aBUCUMOCTEN KO-
duumeHTa YyBcTBUTENbHOCTH Of/0C, CpeAHEKBAAPATUYHBIX OTKNIOHEHWIA YaCTOTbl BXOA-
HOro curHana s(f;) u nokasaHmi gatumnka s(C3;) OT 31eKTPONPOBOAMMOCTH MOPCKOM
BOZbl. BbinonHeH aHanu3 BpeMeHHOro yxona KanMbpoBOYHbIX XapaKTePUCTUK AATYMKOB

Y3I1 3a Bpems Mexay KannbpoBkamu.

KnioueBble cnoBa: MHOropa3oBble U3MEpPEHUS, AaTumnk Y31, kanubpoeka, CTD-30HA,
CONEHOCTb, CTaHAAPTHasl, CyMMapHas U pacluMpeHHas HeonpeaenéHHoCTb, Ko3hhuum-
€HT YyBCTBUTENbHOCTH, CTAaHAAPTHOE OTKNOHEHUE, BPEMEHHOM YXOL.

BBEOEHUE

3a nocnenHue pecsatunetns CTD-30HAbI CTanu
OCHOBHbIM CpeacTBOM cbopa rmapoPm3nyecKon nH-
popmMaummn, ncnonblyeMon ANna onpeneneHmna Coné-
HOCTM (NpakTMyeckon u abCconTHOM) MOPCKOM
BOAblI KAK OCHOBbI A5 pacyéTa eé Bcex QyHAaMeH-
TanbHbIX TepMoanHamuyecknx csorcts [IOC, SCOR
and IAPSO, 2010].

MpakTnyeckas CoONEHOCTb NpencTaBaseT cobow
BEIMYMHY, BbIYMCNSEMYIO MO AAHHBIM U3MEPEHUN
OTHOCUTENIbHOM (YAEeNbHOM) 3N1eKTPONPOBOANMOCTHU
R (0), temnepaTypbl T 1 faBneHus p, C UCMONb30Ba-
HUMEM MEX[AYHAPOLHOro aNropMTMa NPaKTUYeCKoM
wkanol conéHoctn 1978 ropa (MWC-78) [Perkin,
Lewis, 1980]. Oxxnpaemas nporpammont WOCE Heo-
npeaenéHHOCTb B 3HAYEHUAX NPAKTUYECKON COné-
Hoctu coctaenget 0,002 [Saunders et al., 1991]
npu ycnoBUK, YTO TEMMEPATYPY U YAENbHYHO 31eK-
TponposoanMMocTb (Y1) MOXHO M3MEpUTL C HEO-
npenenéHHoCcTblo, He npesbiwatouwen 0,002 °C
n 0,002 MCM/cM, COOTBETCTBEHHO.
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Onsa pasznnyHbiX KOMOUHALKUKA CONEHOCTU S
n CTp-napaMeTpoB BKAAL4 COCTaBASOWNX Heonpeae-
NEHHOCTM pacyéTa CONEHOCTMU, 3aBUCALLUX OT HEO-
npeaenéHHoctn usamepenuna Y30 u(S,), Temneparypel
u(S;) v pasnenusa u(S,) pasnuyeH. [ina AnanasoHa us-
MEHEHMUs CONEHOCTU, XapaKTepHoro aas MupoBoro
okeaHa 31<5<39, Bknaa coCTaBAAOLLMX, 3aBUCALLMX
oT HeonpenenérnHocter Y3 u TeMnepatypbl 61130k
OPYr K Apyry, @ BKNa4 COCTaBAAIOLLEN, 3aBUCALLEN OT
HeonpenenéHHOCTU U3MepeHUs 4aBNEHUS BO MHOTO
pa3 MeHblue. B KpaliHMX TOUKax 3TOro AManasoHa oT-
HoweHune u(S.)/u(S,) coctasnger (1,32+1,02) ans
S$=31n(1,02+0,78) pna S=39 npu u3MeHeHUn TeM-
nepatypbl oT -2 go 35 °Cu gasnenuu ot 0 go 10000
nbap, cootetcTBeHHO [PamasuH, 2017]. A npu HK3-
KMX CONEHOCTAX BKMa4 COCTAaBNAOLWEN, 3aBUCALLEN
OT HeonpenenéHHOCTU U3MepeHusa gatymka YIIl,
urpaet Hanbonee 3HaYUTE/BbHYIO POJib B CYMMApHOM
HeonpeaenéHHOCTM pacyeTa CONEHOCTU.

BMmecte ¢ Tem gatumnku Y3II1 angiotca Haubonee
CNOXHbBIM U Y93BMMbIM 3BEHOM MpU NOJIyYEeHUU
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CTp-vHpopMaLmu, YTO CBA3aHO C UX KOHCTPYKTUB-
HbIMU 0COBEHHOCTAMM U METOLAMU UX KaNnnBpPOBKM
[PamaszuH, 2016; PamasuH, JleBawos, 2016].

Llenbto HacTosiwen paboTel aBngeTcs aHanms
W OLLEHKa BCEW COBOKYMHOCTU HaKTOPOB, BAUSIOLMX
Ha HeonpenenéHHOCTb KaMbpPOBKK U U3MEPEHMUS
3TUX AATYMKOB, @ TaKXKe BJIUSHUSA HEONpeneneéHHo-
CTU UX KanMBPOBKM Ha CYMMAPHYK HeonpeaenéH-
HOCTb OnpeaeneHns NpakTMYeckon CONEHOCTU MOp-
CKOM BOAbI.

O6opynoBaHue. B teyenune 10 net c 2008 no
2017 rr. MeTponoruyeckown cnyx6oi nsmeputenen
napametpos mopckoi sogbl BHUPO (MC BHHUPO)
6binn oTkanmubpoBaHbl Aatumku Y311 122 304808
pasanyHbIX Mogenen. 3T KanubpoBkuK Bbinn Bbl-
NOMHEHbI C UCNONb30BAaHMEM 3apybOeXXHOro npeum-
3MOHHOro KannbpoBoyHoro obopynoBaHus, cxema
KanMbpoBKU NpeacTaBneHa Ha puc. 1.

r————- B
3KC | CTO-3omHge |
1 OO OM I "SeaB‘n-d“ I 3TanoHHan Avelka |
[ i._ = yan
MG Tepmobak
«Hart Scietific» Kauubparop
F18 7051A ¥I1 CT-01
= | _/
| CNTC }—d TIK |
R ’

Puc. 1. Cxema kanubposku pgaTtumkos Y3 CTD-30HA0B
«Sea Bird»:

JKC — 3TanoHHag kaTywka conpoTuBneHns moaenb 5685A

«Tinsley» (UK); MMC — npeun3noHHbIN MOCT COMPOTUBNIEHMIA

mopenun F18 «ASL» (UK); CMTC — cTaHAapTHbIA NNATUHOBbIN

TepMoMeTp conpoTueneHuin mogenn 162CE «Rosemount»
(USA); MK — nepcoHanbHbIM KOMMbIOTED

Kannbposke gatumkos Y3I1 nogsepramnce 107
CTD-30H80B MOBbIWEHHON TOYHOCTKU [JleBawos,
2003], npu atom 98 30HA08B (91,6 %) npuxoannuch
Ha pasnuyHble Mogenu gpupmel «Sea Bird».

MATEPWUAJIbI U METO/AbI

B KauyecTBe YyBCTBUTENIbHOTO 3JIEMEHTA AATYM-
koB Y31 stux mogenen CTD-30HA0B ncnonb3yeTcs
KOHAYKTOMeTpuueckas suenka, Bbinyckaemasa dup-
Mol «Sea Bird» nop Ha3BaHueM SBE4. dueika
[Pederson, Gregg, 1979], ncnonbsyemasn B patumnke
SBE4, MeeT Tpu KONbLEBbIX NNATUHU3UPOBAHHbIX
3anekTpoaa wupuHon 10 MM, pasMeLéHHbIX BHYTPU
Tpybku M3 nupekca gamHon 190 MM M BHYTPEHHUM
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AnameTtpoM 7 MM. KpaiHue anekTpoabl pacnonoxe-
Hbl CUMMETPUYHO OTHOCUTENBbHO LLEeHTPasbHOro
M Ha paccTtosiiumn oT Hero B 50 MM. BHyTpeHHuiA aun-
ameTp TpybKM Ha y4acTke Mexay KpahHUMM INeKT-
poOaMM CYXXEH A0 4 MM,

B maHHOM paboTe npuBeaeHbl pe3ynbTaTbl IKC-
NepUMEeHTaNbHbIX UCCIEA0BAHUIA METPONOTMYECKUX
XapakTepucTuk gatymkoB Y3 5-Tn Haubonee yacto
npumeHseMbix moaenen CTD-30Ha0B PUpMbl «Sea
Bird».

Kanubposka gatumkos YOI CTD-30HAa ocy-
WecTBAANaCb METOAOM UX CIMYEHUS C 3TANIOHHOM
auernkon kanubpaTtopa CTO1 «ldronaut», Bxoadue-
ro B COCTaB KOMMJieKca MeTponormyeckoro obopy-
[O0BaHMSA: «YCTaHOBKM Ang uamepeHus YII1 mop-
ckon Bogbl BHUPO» (cBupetensctso 06 yTBepxae-
HMKM TMNa cpepcTea usmepeHmn RU.E.31.001.A
N2 42535). NamepeHus npoBOAMANCH B MPELU3UOH-
HOM TepMobake mogenn 7051A «Hart Scientific»
06bEMOM 216 n, 3aN0IHEHHOM MCKYCCTBEHHOM MOp-
CKOM BOLOM CONEHOCTbIO 34,4+35,2 c noMoLLbio
MHOrOpa3oBbIX U3MEPEHWUIN NO 7+8 TOYKAM B TEM-
nepaTypHoM amnanasoHe ot -1,6 °C no 25 °C (pexe
30 °C), uto obecneunBano usmeHeHus Y3I1 B ona-
nasoHe ot 2,7 Cm/M po 5,3 (5,8) Cm/m.

MckyccTBEHHAs MOpCKas BoAa NPUroTaBaMBa-
nacb n3 conn pupmbl «Red Sea» (M3pawnnb). Temne-
paTypa BOAbl KOHTPO/MPOBANACh C MOMOLLbI CTaH-
[apTHOro MJ1aTMHOBOrO TEPMOMETPA CONPOTUBNEHUMN
(CNTC), aBnsatowerocs pabounm stanoHoM O pazpsaa,
CyMMapHas cTaHfapTHas HeonpepenéHHocTb (CCH)
U3MepeHusa TemMnepaTypbl KOTOPOro B paboyem 06b-
éMe TepMocTaTa Uscrre = (1,2+1,6)-10-# °C [PamasuH,
2018].

HectabunbHOCTb TEMNEpPaATypbl M Hanbonbluas
pa3HOCTb TEMMepaTyp MeXAy ABYMS TOYKaMu B pa-
6ouelt 30He kKanMbpoBKM TepMOCTaTa, B KOTOPbIX
pasmewanucb CIMTC n gatumk 30HA3, B TEYEHUE He
MeHee 1+3 MUHYT He npesbiwan +0,0002 °C.

Mpu 3TOM BLINONHANMCH CAeayloLme onepaumu:

1. W3mepeHue YIIT 3TaNIOHHON SUYEKON.

2. N3mepeHume YII1 gaTunkom 30HAA.

3. OnpepeneHne pasHOCTM MOKa3aHUIM faTyumka
1 06pa3LoBOM 9UeNKM NPU U3IMEPEHUN UMU OLHOM
W TOM Xe TemnepaTtypbl 1 YII1 nogaepxupaemon
B paboueli 30He KanMbpoBKM TepMmocTaTa.

MakTopbl HeonpepenéHHocTu. K pakTopam,
onpenensoWmUM HeonpeaeneHHOCTb KaaubpoBKU
MOXHO oTHecTu [[MoxoayH, 2006; PykoBoacTso...,
1999]:

1. HeonpepeneHHOCTb pe3ynbTaTa U3MeEpeHUS
Y301 3TanoHHOM g4einkon.

113



A.H. PAMA3MH

2. HeopHOPOAHOCTL TEMNEPATYPHOTO MONS U HecTa-
O6UNbHOCTL NOALepXaHMsa TeMnepaTypbl B paboyel
30He KannbpoBKM TepMoCTaTa, onpeaenstoLme npo-
CTPaHCTBEHHO-BPEMEHHYIO HeCcTabunbHOCTb nons YITl.

3. HeonpeneneHHOCTb pe3ynbTata naMepeHus
Y30 kannbpyemoro gatymka 30HA4a.

[Onsa pacyéta HeonpeneneHHOCTM pesynbTaTta
KannMbpoBKM B KXKAOM TOUYKE MCMONb30BANAN CYM-
MapHYK CTaHAapTHY HeonpepeneHHocTb (CCH)
OLLEHKM.

CCH pesynbraTa KanubpoBku Us,,, AaTumka YIII
30H4a CKN1aAblBaeTCs U3 Cneaylmnx HeonpeaeneH-
HoCTeMn:

— CCH u3amepeHunsa YII1 sTanoHHOM g4eiku B pa-
6ouyeM 06bEMe TepMoCTaTa Uy,

— CCH nonga Y301, obycnosneHHOM HeogHOpPOA-
HOCTbIO TEMNepaTypHOro NoJsis U HeCTabunbHOCTbIO
nopaepxanus Temnepatypbl U Y31 B paboyeii 30He
TepMOCTaTa Uscp;

— CCH usmepeHus Y31 kanubpyemoro gaTymka
30HAA Ugc,

CCH pesynbTtaTa KanubpoBku Us,,, AaTumka Y3l
CTO-30H8a MOXeT BbITb NpeacTaBneHa B BUAE:

Usyon = \/(uza)z +(uzc(r))2 +(Use,)’

(1)

PE3YNbTATbI U OBCYXAEHUA

CCH usmepeHus YOIl aTanoHHOI A4eiiku B pa-
6ouem 06bLEMe TepMocTaTa Uy HAXOAMM U3 Bblpa-
XeHus:

Ugy = (uA3 )2 +(u33 )2 ’

[apTHOE OTK/IOHEHME OLEHKM CpeaHero 3HayeHus
pe3ynbrata nsmepenus Y[ nameputenbHom Cxemsl
3TAaNOHHOW SYeNKKU U MOXeT BbiTb onpeaeneHa us
COOTHOLLEHMUS:

1 i —=
Uy = \/— (€5 _Ca)z =
-1

m-(m-1)*

B 1 m ( N,-N .
m-(m—l) ; oN/oC”’
roe m — yucno HabnwgeHun koga Y3 CTO01 ¢ no-
MOLLLbIO 3TANIOHHOM A4erkn; 392m=62; Ni — i-i pe-
3ynbTaT HabnwaeHns kopa Y3 npobbl MOpcKoOW
BoAbl 3nekTponposoanmoctbio C;; N u C; — cpea-
HUe 3HayeHusa koga u YIT M3 m HabnwoaeHUN’;
ON/0C=1,004 en. kopa / MCM-cM1 — KO3 DUUMEHT
YyBCTBUTENBHOCTM M3MepuTenbHoh cxembl CTO1
npu nsmepenun YIII.
PaccunTaHHble 3HaYEHUS U,5 AN BCEX TOYEK Ka-
nMbpyeMoro Amnana3oHa 3aHeceHbl B Tabn. 1.
Ug; — CCH n3MepeHnunsa Y3I1 3TanoHHOM a4enku,
oueHuBaemas no tuny B, onpenensercs U3 COOTHO-
weHus

(3)

Ugy = \/(uz&u )2 + (uﬂCT01 )2 ) “)

rae uy,, — CCH KannubpoBKK 3TaNOHHOW AYENKHM,
3HaYyeHns KOTopol pasmelleHbl B Tabn. 1 [PamasuH,
2021]; ugergy — CH 3TanoHHoi a4emkn kanmbparopa
CTO01, obycnoBneHHas AMCKPETHOCTbIO €€ namepe-
Huii. OHa MoxeT ObITb OnNpeneneHa U3 COOTHOLe-
HUS:

@) 1107 55.10% mc 5
N u =——=58. MCMm/cMm.
roe u,; — CTaHAapTHas HeonpenenéHHocTtb (CH) n3- AcTol 3 / ()
mepeHusa Y3II tuna A, npencraBnsget coboi CTaH-
Ta6nmua 1. CCH n3MepeHUi 3TanoHHOM S4Yerikn 1 eé cocTaBnaowWwmnx B paboyer 30He TepMocTaTa
B TeMnepaTtypHOM auanasoHe -1,6 + 30 °C
Temnepatypa Boabl B 6ake, °C 30 25 20 15 10 5 1 -1,6
Uscpre -1074,°C 1,6 1,6 1,5 1,4 1,3 1,3 1,2 1,3
Y3, mCm/cMm 58 53 48 43 38 33 29 27
Yumcno nsmepennn CMTC, m 47 62 41 60 41 52 54 39
1 " N.-N
U,, = . :
2 \/m-(m—l) ,;(a/\//ac)
U,510-6, MCm/cMm 2,9 2,6 3,1 2,6 31 2,8 2,7 3,2
Us e, 1074, MCM/CMm - 11,1 9,3 8,1 6,3 5,1 5,2 5,4
Upcrey 1074, MCM/cM 0,6 0,6 0,6 0,6 0,6 0,6 0,6 0,6
Ugy = (U )2 + (u/.zcrm )2
Ugy 1074, MCM/cM 111 9,3 8,1 6,3 5,1 5,2 5,4

114

Trudy VNIRO. Vol. 184. P. 112-124



O HEONPEAENEHHOCTU KANTMBEPOBKM OATHMKOB SJIEKTPONPOBOAMMOCTH ...

OkoHyaHue mab. 1

Temnepatypa Boabl B 6ake, °C 30 25 20 15 10 5 1 -1,6
2 2
Usy = (uA9) +(u33)
Uy 1074, MCM/cM 11,1 9,3 8,1 6,3 5,1 5,2 5,4
usr-104,°C 1,6 1,6 1,6 1,6 1,6 1,6 1,6 1,6
9C/AT, MCm cm71/°C 1,07 1,04 1,02 0,98 0,95 0,906 0,87 0,85
oC
uzc(r) =Usr E
Usem 10-4, MCm/cM 1,71 1,66 1,63 1,57 1,52 1,45 1,39 1,36

B Tabn. 1 npeacrtaBneHbl pe3ynbTaThl pacyéTa
3HaYeHUs HeonpeaenéHHOCTEN Uy, Uys, Upgs, Usy ITa-
JIOHHOW SYerKKM ANg BCeX TOYEK KannubpoBKMy.

Pe3ynbmam enusHusa ¢pakmopa. Pe3ynotatbl pac-
UETOB U,y U Ugy, NpUBENEHHbIE B Tabn. 1 nokasbiBa-
lOT, UTO COCTaBNAOLWAA CYMMApHOM Heonpenenéx-
HOCTU AYEMKM Us_ MPAKTUYECKM NOJHOCTbIO OMpe-
[engeT 3HaYeHue Ug,, a cneposatenbHo u CCH us-
MepeHua YII1 aTanoHHOM q4eikn B paboyeM 06b-
éMe TepMoCTaTa Uyy 3HavyeHUs HeonpenenéHHo-
CTEN Uy W Ugcro;MPEHEBPEXMMO Manbl.

CCH nona ¥Y3N uy ., 06ycnoBneHHas HeofHo-
POAHOCTbIO TEeMMepaTypPHOro nons U U HecTabunb-
HOCTblO MoAAepXaHus Temnepatypbl B paboyei
30He KannbpoBKM TepMOCTaTa Uy, MOXET BbITb OLe-
HeHa no Tuny B. CymMapHas ctaHpapTHas Heonpe-
AENEeHHOCTb Uycry MOXET ObiTb NpeAcTaBieHa
B BMAE:

_ Uy v Uy v _
e \/(ar/ac) +(ar/ac)
(Ury)” + (upy)” aC |

oT /oC

*oor

_ b, —b 0,0002-(-0,0002)

T2_2.\/g_ 2.\/2

=0,000115 °C,

=u

roe b, v b_ — COOTBETCTBEHHO BEPXHSS U HUXHSAS rpa-
HULbl pacnpeneneHns HepaBHOMEPHOCTM M HecTa-
O6UNbHOCTM Nons TeMnepaTypbl B paboyen 30He Kanu-
6pOBKM, HOCSALLMIN PAaBHOBEPOATHbIN XapakTep; Usr —
CCH npocTpaHCTBEHHO-BpPEMEHHAs HEOAHOPOAHOCTb
TeMnepaTypHOro nons B 30He KanubpoBKw
(tabn. 1) [Pamasnn, 2018]; 0C/0T — ko3dUUMEHT YyB-
CTBUTENBHOCTU U3MepeHuns YOI MOpCKoM BoAbl B Tep-
Mobake, 3Ha4YeHMs KOTOPOro HaXx0AMM U3 BbIPAXKEHUS:

Tpyasl BHAPO.T. 184. C. 112-124

o 9C(35.7,0)
or ~ aT
=(c,+2¢,T, + 3¢, T +4¢,T.)-C(3515,0), (7)

rae Cy, Cy, C3, €4 — KOIOPUULMEHTbI YPABHEHMSA 3aBU-
cuMocTu Y31 ctaHpapTHoi Mopckoii Boabl (IAPSO
Standard Seawater) oT TeMnepaTypbl MeXAyHapoa-
HOW NpaKTMYeCKOW WKanbl Temnepatypbl 1968 r.
(MMWT-68) [Perkin, Lewis, 1980].

Mpu 3ToM, NnpegnonaraeTcs, YTO 3Ta HepaBHO-
MEepPHOCTb TEMMEPATYPHOro Mos U ero Hectabunb-
HOCTb CNpaBen/InBbI AN1S BCEX TOUEK paboyeli 30Hbl
KanMbpoBKM TepMocCTaTa, B KOTOPbIX HaxoasaTca
CIMTC, sTanoHHaga ayerka u gatumnk Y31 30oHOa B Te-
yeHue BpemMeHu Kanubposku (1-3 MUH.)

Pesynemam enusHus ¢pakmopa. Pe3ynbtathbl pac-
YyéTa 3HaveHnn oC /0T m CCH Uscr MPEACTaBNEHHbIE
B Tabn. 1, nokasbiBatoT, yto BenmunHa CCH nong YT
Uscry HAX0AMTCS B Npeaenax (1,4+1,7)-10~* mCMm/cM
W Urpaet He3aMeTHy ponb B CCH namepenunsa Y3I1
3TaNOHHOM fiYeikM B paboyem obbeme TepMocTaTa
Us5 npu Kanubposke CT-30HAa.

CCH nsmepenuns patunkom Y3I CTD-30HAQ Usc
B paboueli 30He KanMbpOBKM TepMOCTaTa MOXET
6bITb MpeacTaBieHa B BUAE

Use, =\(Ue,)” +(Uge,)' (8)

A€ Uy, U Uge, — COOTBETCTBEHHO OLIEHKM Heomnpe-
[eneHHoCTM no Tuny A u Tuny B.

Mcnonb3ya AaHHble pe3ynbTaTta KanMbpoBKM
patyuuka Y3I1 30HA4a, oueHky CH no Tuny A MOXHO
onpenennTb U3 COOTHOLLEHMUS

1 ! =2
Usrs :\/m;(cﬂ_cs) =
— 1 - f_?i_f_? 2
_\/n-(n—l);(af/aC) ’ )
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roe C;; — i-v pe3synbrat HabnoaeHna Y[ ¢ nomo-
Wb AaTYMKA 30HAA B MpoLEcce ero KaambpoBKM;
N — YMCNO MHOrOpPa3oBbIX U3MEPEHWUI B OAHON U3
TOYeK KanubpoBKM, BbIMOMIHEHHbIE C MOMOLLbIO AAT-
ymKa 30HA3A; @ — cpepHee 3HaveHue Y3l ns n-us-
MepeHun; f; — i~ pe3ynbTaT U3MEepPEeHUS YacCTOoTbl
AaTuMKa; f; — CpeAHee 3HauYeHue 4acToTbl u3Mepe-
HUIM U3 n HabnopeHui; df/0C — Ko3DbUUMEHT UyB-
cTBUTENbHOCTM AaTumka Y3 (Mu/Cm-m1) npu nsme-
pSi€MOM 3HAYEHMM 3NEKTPONPOBOANMOCTM B TEPMO-
6ake. 3Ha4eHns n U f3 6pannCb M3 COOTBETCTBYIO-
wero dana KanubpoBsKy.

MoXeM yBepeHHO NpeanonoXuTb, YTO Heonpe-
[eneHHOCTb pe3ynbTaToB usMepeHunin Y[ ¢ nomo-
Wbt AaTYMKa 30HAA TUNA A UMEET HOpMabHbIW 3a-
KOH pacnpepenenus. Toraa, oueHka CH u,, onpene-
NFEeTCS U3 COOTHOLLEHMS

_ 1 .n fo_fS 2 _
uACE_\/n.(n—l) 255730 =
s(£) __s(G3)

10

T@f/o0)~n Nn 4o

me fierDfa; 1)
oC 4 oC

s(C3)) = 8f\/ 1 ;fg, —g's(f%), (12)

roe s(C,;) v s(f,;) — akcnepuMeHTanbHble CTaHAAPT-
Hble OTK/IOHEHKs n3MepeHunin Y3 C3i n yactoThl f3;
AATYUKOM 30HAA OT CPELHEr0 3HAYEHUS.

3HayeHus f, u s(f,;) paccunTbiBanUCh Henocpen-
CTBEHHO B (aine ¢ KanMbpoBOYHbIMU OAHHbIMU
C MCNONb30BaHUEM CTAaHOAPTHbIX QYHKUMMK
Microsoft Excel 2003: CP3HAY n CTAHOOTKJ/10H.

KospuumeHT 4yBCTBUTENBHOCTD AaTymka YIII
0f/90C (Mlu/Cm-M1) Nnpu nsamMepsemMoM 3HAYEHUMU
3N1eKTpONpoOBOAMMOCTM B TepMobake onpeaensinuch
cnepyoowmm obpasom

g umA—f=|—f_(f+Af)| (13)
oC aT50AC  C—(C+AC)”

roe C=¢(f) — cTaTMyeckas (kannbpoBouHas)
byHKumna npeobpaszosanHus (COM) gatumka Y3
CTD-30HAa.

Ona nameputeneinn CTD-30HA0B PupMbl “Sea
Bird” SBE19plus, SBE19plusV2, SBE1l6plus,
SBE16plusV2, SBE37SM n SBE37SI COIN umeeT Bug,

g+hfrei-f et
B [1+8:T+e-p]

(14)

’
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Ona CTO-30Hpa SBE25

2, : £3, : £4
C:[gm frei-fPejf ]’ (15
[1+8-T+¢-p]-10

roe f — 4acToTa M3MEpPEHHOro curHana, klu; 7T —
Temnepartypa, °C MIMTLW-68; p — nasnenue, nbap;
g, h, i, j —xannbpoBoyHbie Ko3ppuumeHTol COIT,

YyeT BAMSHMSA TeMnepaTypbl U AaBAEHUS HA No-
CTOSIHHYIO S'YEMKM OCYLLECTBASETCA C MOMOLLbI 3M-
NMUPUYECKOrO BbIpaXKeHMS:

1+3T+ep,

roe 6 = 3,25-107¢ °C-1 — nonpaBouYHbli KO3 dULM-
€HT Ha BMaHME TeMnepaTypbl T; ¢ = -9,5700-10-8
nb6ap! — nonpaBoyHblit KOIGDULMEHT HA BAUSHKE
[LaBneHus p.

Ona papa CTA-3oHpoB mMopenu SBE37SM
n SBE37SI:

f = fuserneo = (1,0 +WBOTC-T) /1000,0, (16)

WBOTC — nonpaBoYHbIM KO3DPUUMEHT BAUSAHUS
TeMnepaTypbl Ha U3MepsSeMyl 4acToTy CMrHana
finsrrreo (AN KaXAO0W AYEUKM UHOMBUAYANBHO
onpegensetcs Ha GMpMe U3roTOBUTENE M yKasaH
B cepTudukaTe KanmbpoBkm).

Mony4yeHHble NO AAHHBIM KAaNMOPOBKM NATU pas-
nnuHbix Mogenen CTD-30HA0B «Sea Bird» 3HayeHus
0f/0C, s(f;) v s(C,;) 9BNSIAUCL UCXOAHBIMU AAHHBIMU
ang soluncneHuns CH naMepeHus patunkom 30HAa
Uyc, (10), ouenénHon no tuny A.

BbluncneHHble 3HaveHnsa CH u,, B AnanasoHe
Kanubposku (27+53) MCm/cM 30HA0B SBE19plusV2
N2 6794 n SBE25 N2 0342 3aHeceHbl B Tabn. 2.

OueHka HeonpenenéHHOCTM AaTymMka Temnepa-
Typbl N0 TUNY B ug-, 06ycnoBneHa AUCKPETHOCTbIO
Af yacTtoTHoro cnocoba nsmMepeHuin 3oHAa

A
Uge, = / : (17)
Tz
oC
Ona scex mopenen CTD-30Hp0B «Sea Bird»

Af=10-3 .

PaccumTaHHble 3HaYeHUS Ugy, ANS AManasoHa
usmeHeHua Y30 (27+53) MCM/cM npeacTaBneHsl
B Tabn. 2.

Heobxoammo otMeTuTb, Yto gng CTD-3o0HA0B
mopenen SBE19plus, SBE16plusV n SBE37 3Haue-
HWS CYMMapHbIX HEOMPEAENEHHOCTEN Uycry U Usy HE
OT/IMYAOTCA OT 3HAYEHUMW, PACCYMUTAHHbBIX AN 30H-
noB SBE19plusV2 N2 6794 n SBE25 N2 0342, a 3Ha-
yeHns CCH uy, 3aBMCAT ULWb OT KOIMYECTBA MHO-
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Tabnuua 2. 3HayeHUs CTaHLAPTHbLIX HeonpeaenéHHocTen kannbpoeku gatumkos Y3 CTD-3oHp0B SBE19plusV2 N2 6794

u SBE25 N2 0342

Temnepatypa Boabl B 6ake, °C 25 20 15 10 5 1 -1,6

Y3, mCm/cMm 53 48 43 38 33 29 27
SBE19plusV2
N — YUCNI0 U3MEPEHMIA 30Ha 502 325 476 326 417 431 309
s(f,), 1072 Ty 1,5 1,8 2,6 2,5 2,5 2,6 3,2
of/aC, Mu/Cm M1 508,9 531,1 555,5 586,4 617,8 646,9 663,4
5(C,;)-1075, Cm/m 3,0 3,5 4,7 4.4 4,1 4,0 4,8
A(C,;)-1073, CMm/M 5,8 6,8 9,2 8,5 8,0 7,9 9,5
Uy, = ﬂ s(C3) = E-s(fs’,)
(of / 8C)~In of
Uy 1076, CM/M 1,3 1,9 2,1 2,4 2,0 1,9 2,7
Ugey 1076, CM/M 1,1 1,1 1,0 1,0 0,9 0,9 0,9
Use, = (Usg, )2 + (UBC3)2
Usc,-107, CM/M 0,17 0,22 0,24 0,26 0,22 0,21 0,29
SBE25
n 74 75 58 32 21 23 -
s(f,), 1072 Ty 0,9 1,2 1,0 1,0 1,1 1,1 -
of/0C., Tu/Cm M1 502,6 524,2 548,0 574,7 605,3 633,6 -
s(C,;)-10-5, Cm/m 1,7 2,3 1,8 1,8 1,8 1,7 -
A(C,))-1073, Cm/M 3,4 4,5 3,5 3,5 3,4 3,4 -
Uye, ~1076, CM/M 2,0 2,6 2,3 3,1 3,8 3,6 -
Ugey 1076, CM/M 11 1,1 1,0 1,0 0,9 0,9
Us,-1076, CM/M 0,23 0,28 0,25 0,33 0,39 0,37
Ona Bcex CTD-30HO08B
Usen 1073, CM/M 1,66 1,63 1,57 1,52 1,45 1,39 1,36
Us5-107°, CM/M 111 9,3 8,1 6,3 5,1 5,2 5,4
Ugyn = \/uza )’ + (uzc(r))z + (”>:C3)2

Us,5p' 1073, CM/M 11,2 9,4 8,3 6,5 5,3 5,4 5,6
Us,5," 1073, MCM/cm 1,12 0,94 0,83 0,65 0,53 0,54 0,56
Ugr- 1072 2,1 2,0 1,9 1,7 1,6 1,8 2,0
Usysp 1073, MCM/cM 2,2 1,9 1,6 1,3 1,0 11 11
Ugr 103 4,2 3,9 3,8 3,3 3,1 3,5 3,9

ropa3oBbiX U3MEPEHUN U HAXOAATCA Ha YypPOBHE
(0,17+0,29)-10-* mCm/cMm.

Pe3synomam enusHusa ¢pakmopa. Bknan CCH wm3-
MepeHus aatumkom Y3I[1 30HAA Ug B CCH kanu-
6poBku gatunkos YII1 KpalHe He3HAYMTeNeH 1 He
npesbiwaet 0,29 10-4 MCM/cM. IM MOXHO npeHe6-
peub.

Pesynbratbl Bbluucnennss CCH kannbpoBku par-

unka Y3I CTD-30HAQ U, (1) NO paccunTaHHbIM
AaHHbIM CCH Uys, Uscp U Usc, (TABN. 2.) NoKasbiBaeT,

Tpyasl BHAPO.T. 184. C. 112-124

4TO €€ 3HaYeHMe HaXOoOMTCS B MHTepBaJie 3HaUYEeHUN
(0,60+1,16)-10-3 MmCm/cMm.

OtHocuTenbHas CCH kanuMBpOBKM 3TUX AaTUM-
KOB Ug, ONPEAE/IUTCA M3 BbIPAXEHMS

uzc(s,rég,o)
Up ==,
T C(35,T68,0)
roe u — CCH kanubposku patumnka Y3 us,,,
npu 3Ha4Y€Hnmn Y3 C(S,T5,0) Npo6bl MOPCKOIt BOAbI

CONEHOCTbIO S, OTHOCUTENbHOM INEKTPONPOBOAHOCTH
R; npu Temnepatype T,g M1 aTMOCHEPHOM AABNEHUMN.

(18)

117



A.H. PAMA3MH

Kak BUAHO 13 Tabsi. 2 3HAYEHMA Up, HAXOAMTCSA
B npeaenax (1,6+2,1)-107>, 4To COOTBETCTBYET OL,EH-
Ke ypOBHS HeonpenenéHHOCTU M3MepeHus R, npo-
6bl MOPCKOM BOAbI, BbINONHAEMbIX C MOMOLLbI CO-
nemepa Portasal npu T =24 °C: upr = (2,1+2,2)-10°
ana S =35 [Menn, 2011].

PacwupernHaa CCH pesynbrata KanMbpoBkM
Us,,, AaTYnka Y3I1 30HAa Ans ypoBHs nosepus 0,95
bypet paBHa

Ug = K-tysp, (19)

roe K=1,96 — koadpduumneHT oxBaTa, onpepense-
Mbii no dopmyne Benua-CatTepcBenitTa Kak Ko3g-
dunumneHT CtbtopgeHTa € 3OHEKTMBHBIM YMCIOM CTe-
nexen csobonbl [PykoBoacTBO, 1999] v, 61M13KOM
K o gns Bcex kannopyembix CTD-30HA0B.

TakuMm o6pasoM, pacwmpeHHas CCH kanubpos-
Kn patunkoB Y[ naTn pacCMOTpPEHHbIX Moaenen
CTD-30Ha0B «Sea Bird» B no60# Touke AMana3oHa
(53+27) mCm/cm (5,3+2,7 Cm/M) ByneT onpepe-
natocs sennunHon CCH kanubpoBKKM 3TAaNOHHOM
s4erku (Tabn. 2) n He ByaeT npeBblWaTh

U, =K-u, =

Zyan Zyan

~1,96-(1,12+0,53)-107 <(2,2+1,0)-10° mCw/cm. (20)

A oTHOocuTenbHasa paclwmpeHHas CCH kanubpos-
KM 3TUX [ATYUKOB Ug, HE NPEBbICUT BEIMYMHDI PaB-
Ho (4,2+3,0)-107>.

CCH pacuéTa npakTM4eckoi CONnéHoCTH, Bbinon-
HEHHOro No MexayHapoaHomy anroputmy MLC-78
no gaHHbIM CTp-usmepernnin CTD-30Hp0B [Perkin,
Lewis, 1980] ¢ yuétom CCH paTunMKoB MOXHO onpe-
[ennTb U3 BbIpaXeHMS

Usae = \/L’(Sc)2 +u(S; ) +u(S,)’ =

oS, oS ., oS
:\/(uEysn %) +(UET ﬁ) + (UEp %

(21)
),

rae Uy, Usy, Uy, — CCH n3mepeHus gatunkamm YII,
TemnepaTtypbl U OABNEHUS, COOTBETCTBEHHO. Benu-
YymHa

oS oS oS
> Ugr ‘8_T>>u>:p '5’

u Pp—
> ac
no3ToMy BblpaxkeHue (21) npumet Bupg,

oS

Us =Us,, a_c (22)

A CCH onpeneneHunsa npakTMyYeCckom CONEHOCTH
6yneTt paBHa

_ [, 2,2 _ 05y, 2
Us =\Us, =~ TlUpss = \/(UZyan'a_C) F Upss -

A€ Uy, = (1,1240,53)-10- MCw/cw (rabn. 2); Z_-g _

(23)

npeactaBneHa B Tabn. 3 ong AManasoHOB 3HAYEHUN
31<5<39; -1,6sT<25 °C; 27<(C<53 mCm/cm
n 0<p<10000 pbap cooTBeTcTBEHHO [PamasuH,
2017], @ upss = 0,0015 — cymmapHoe cTaHAapTHOE
oTKNoHeHne anroputma [MWC-78 oT 3kcnepuMeH-
TaNbHbIX AaHHbIX [Perkin, Lewis, 1980]. Pe3ynbtaThl
Bbiuncnenunin CCH onpeneneHns npakTM4eCcKom co-
NEHOCTH, BbINOJIHEHHbIX No dopmyne (23) npes-
cTaBneHbl B Tabn. 3.

PacwunpenHas CCH onpeaeneHns npakTMyeckom
conénoctn Us = 2ug no paHHbIM CTp-nsaMepeHun
npu WwupuHe oxeaTa K=2 (C ypoBHEM [0CTOBEPHO-
ctn 95 %) bynet pasHa 0,0031+0,0034.

Ta6nuua 3. 3HaueHns CCH npakTuyeckor conéHocTu, paccumntaHHol no gaHHeiM CCH kannbpoBku patumka Y31 Us,5, KOIDOULMN-
€HTa YyBCTBUTENBHOCTM 35/0C n Upes = 0,0015 ana armanasoHa 3HaveHnin 31<5<39; -2<T<25 °C; 27<C<53 mCm/cm
n 0<p<10000 pbap.

roc Uiy 107, 35/C, enc/mMCm cmt (Usyn * 05/0C)x10-3, enc us, enc

' MCm/cm S=31 §=35 5=39 §=31 §=35 5=39 §=31 §=35 5=39

-1,6 0,56 1,400 1,411 1,421 0,784 0,790 0,796 0,0017 0,0017  0,0017

1 0,54 0,94 0,83 0,65 0,508 0,448 0,351 0,0016 0,0016  0,0015

5 0,53 1,152 1,161 1,171 0,611 0,615 0,621 0,0016 0,0016 0,0016

10 0,65 1,016 1,025 1,033 0,660 0,666 0,671 0,0016 0,0016 0,0016

15 0,83 0,904 0,913 0,92 0,750 0,758 0,764 0,0017 0,0017 0,0017

20 0,94 0,812 0,82 0,827 0,763 0,771 0,777 0,0017 0,0017 0,0017

25 1,12 0,735 0,742 0,749 0,823 0,831 0,839 0,0017 0,0017  0,0017
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M3 paHHbIX Tabn. 3 cnepyet, YTO OCHOBHOM
BKnag npu ouexHke CCH onpenenenns conéxoctu Us
BHocuT CH MatemaTtmyeckoro anroputma eé onpe-
LeneHus Upss

lpss =\l Y+, + (e Vo (25)

rae ug, = 0,0007 — ctaHfapTHOE OTKAOHEHWE ypaB-
HeHnusa S=f(R,T4g); U,, = 0,0003 — ctaHpapTHOe OT-
KnoHeHue ypasHeHus ansa SSW ry = C(35,15,0)-A(T);
Upy = 0,0013 — cTraHpapTHOE OTKNOHEHME BAUSHUS
nasnenus R =f(p,T) anroputma MLWC-78 [Perkin,
Lewis, 1980].

CnepoBaTtenbHo, pacwmperHas CCH onpeneneHus
npakTnyeckon conéHoctm no CTp-u3aMepeHUsIM He
MOXET 6bITb MeHbLIe BennunHbl Upee = 0,003, ocHoB-
HOM BKNafL B pac4Y€T KOTOPOM BHOCMT HeonpeaenéH-
HOCTb YPaBHEHMS BAUSHMS OABJIEHUS, paclUMPEHHAA
CH kotopoit ug, = 0,0026. A Bknaa CCH kanubposku
fatuuka YOI, temnepatypbl 1 gasneHus CTD-30H408B
B pacwupeHHyto CCH onpeneneHuns npaktuyeckon
conéHoctu gna 31<S5<39; -2<T7<25 °C; 27<C<53
MCm/cM n 0<p<10000 pbap He BymeT nNpeBbIWaTh
0,0004+0,0008 paxe 6e3 y4éta KOppenauumn Mmexay
CTp-nepeMeHHbIMU, CMOCOOHOM 3HAYUTENBHO CHU3UTD
eé 3Havyenune [Menn, 2011].

CpenHee CTaHAAPTHOE OTKNOHEHUEe U3MepeHUus
s(f;), s(C3;), koadduuMeHT YyBcTBUTENBHOCTHM Of/0C
U nx GYHKUMOHANbHOE B3aMMOLENCTBUE, HAPAAY
C OLLEHKOW CYMMApHOM HeonpenenéHHoCTU Kanu-
6pOBKM, UMEIOT BaXKHOE 3HAYEHUEe AN METPOIOoru-

== df/dC-SBE19plusV2
=9=5(fi)-SBE19plusV2
==fe=5(C3i)-SBE19plusV2

yeckom oueHkun patunka CTD-30HAa. Ha rpadukax
puc. 2 npeacTaBneHbl 3aBUCUMOCTU KO3IbPULUMEH-
TOB YYBCTBUTENbHOCTM AaTymkos Of/0C, cTaHpaapT-
HbIX OTKNOHEHU s(f;) u s(C3;) oT M3MepsieMoW 3nek-
TpONpoBOAMMOCTM MOpCcKoi Boabl AByx CT[-30H-
nos SBE19plusV2 n SBE25.

Kak BMAHO 13 rpadmKoB 3HaYeHUs Ko3bpuuu-
€HTOB YYBCTBUTENBHOCTU Y 060MX 30HAO0B MpPaKTU-
4yecku COBMNadatoT.

Ona SBE19plusV2 ¢ ymeHbwennem Y31 mop-
CKOM BOAbI, YTO 0OYCNIOBNEHO CHUXEHMNE eé Temne-
paTypbl, NPOUCXOANUT YyBENMYEHMUE 3HAYEHUI CTAH-
DapTHbIX OTKNOHEHUN s(f;) u S(C3;) n3mepeHuit va-
cToThl f3; 1 Y3I1 G5, 0T cpenHero 3HaveHuns. B 1o Bpe-
M$i KaK y 30HAa SBE25 oHM ocTaloTcs npakTnyecku
HensMeHHbIMU. 3HayeHus s(f;) n s(C3;), aaTumka Y3I1
30HAa SBE19plusV2 npeBbiwaeT COOTBETCTBYHOLLMNE
3HaveHuns s(f;) v s(C3;) patumka 3oHaa SBE25
B (1,7+2,6) pa3a (Tabn. 2). Ha rpadukax puc. 3a.
npeacTaBneHbl 3aBUCMMOCTU CTaHAAPTHbIX OTKNO-
HeHuin usmepenunn Y3I1 s(C3;) naTynkos nNatm moae-
nen kannbpyembix CT-30Ha08B «Sea Bird» ot anek-
TPONPOBOAMMOCTMH.

Kak B1AHO 13 rpadmKoB CTaHLapTHbIE OTK/IOHe-
Husa s(C3;) He npeBblWaeT B LLENOM BEAUYUHDI
5-10° Cm/m (0,5-1073 mCm/cm) y SBE25 nexut
B npegenax (1,7+2,3)-10-> Cm/M (Tabn. 2).
Y SBE16plusV2 — B npepenax (1,2+3,1)-10-> Cm/M.
Y 30Haa SBE37SM — B npeapenax (2,6+4,4)-10->
Cm/M. Y 30Hp0B SBE19plusV2 — B npepenax
(3,0+4,8)-10-> Cm/M.

~@—df/dC-SBE25
=f—5(fi)-SBE25
—=>=3(C3i)-SBE25

- 5,0 s
N e\ <
- 3
— 640 a - 4,0 "]
< <
= & S
-I-E \ Km B 3:0 ?:-
Y 590 3
z .\Q 20 &
» B ’ (o]
§ > : :X’ <
% 540 = A =
.— % B *
._.-" k_,\\. 1_‘0 ‘:_!'
N €
490 00 &

2.7 2,9 3,3 3,8 4,3 4,8 5,3

yan, Cm/m

Puc. 2. Tpadpumku 3aBucumoctu napametpos 9f/0C, s(f)) u s(C3;) aatumkos kanubpyembix CTD-30Ha08 SBE19plusV2 N2 6794
u SBE25 N2 0342 ot Y3Il.
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a) 9,0

) 5. —0—SBE19+Ne 5112
80 1— - ~—SBE19+V2 Ne 6794

||| —A—SBE16+V2Ne 6329

Z 705 i =@—SBE25N00342 |

3 ~#=SBE37SM N2 6952 _|

[Fs]

d

o

—

*l\

=

$

L)

2,7 29 33 3,8 43 4.8 53
van, cm/m

6) 7,0 7,0
)7, =¢=5(C3i)-SBE19plusVv2 !
«=—5(C3i)-SBE25
. 6,0 % 5(T3i)-SBE25 6.0
b= 5(T3i)-SBE19plusV2 <
250 = P 50 &
) :Q Ve .
< 4,0 N> 4,0 g
o Wl 8
330 N—N 30 %
= A;:% i~
X P fines
20 B XX | N Tl
1,0 | | XX 40
2,7 2,9 33 38 43 48 53 58
¥3an, Cm/m

Puc. 3. fpadmkn M3MEHYMBOCTM: @) — CTAHAAPTHbIX OTKNOHEHUI namepeHui YT s(C3;) AaTYMKOB NATM Monenew
kannbpyembix CTD-30H80B «Sea Bird»; 6) — cTaHAapTHbIX OTKNOHEHUI U AaTunkos Y3II1 s(C3;) u Temnepatypsbl s(73;)
SBE19plusV2 n SBE25, ot Y311 (Temnepatypbi)

CraHpapTHOe OTKNOHeHue usmepeHns s(C3i) aB-
NFeTcs METPOJSIOFMYECKMM NapaMeTpOM, XapakTepu-
3YHOLWMM HeonpeaenéHHOCTb JaTuYMKa Kak CpesCcTBa
U3MepeHUs, PACKPbIBAKOLWKUIA Mepy ero NpeunsnoH-
HocTu [PekoMeHpauun no cTaHaapTM3aLUK
P50.01.097-2014, 2015].

Mcnonb3yem s(C3;) ANg OLEHKM MHTEpBana Heo-
npenenéHHocTn namepeHunin Y[ gaTuymkamMu 30H-
[oB. IHTepBan HeonpenenéHHOCTH, COOTBETCTBYIO-
Wi yposHto gosepus 0,95 B npeanonoxeHumn Hop-
MaNIbHOTo 3aKOHa pacnpeneneHuns pesynbTaToB M3-
MepeHui patumkamum Y3l gng aTux 30HA0B Haxo-
UM 13 BblpaXeHus

e(C3,) =2-5(C3)). (26)

B 1abn. 2 pa3meweHbl 3HaveHns g(C3;) ans Bcex
7 ToueK MHOropasoBbix M3mepeHuin SBE19plusV2
n SBE25 B gnanasoHe ot 2,7 Cm/M po 5,3 Cm/m.

Kak BnaHo u3 1abn. 2 ¢(C3;) ana CTD-30HAa
SBE25 v 30Hpa SBE19plusV2 He npeBblwaeTr
45-10-5CM/M 1 9,5-10-°> CM/M COOTBETCTBEHHO.

3HaveHus g(C3;) ona Apyrux mopenen 30H40B
SBE16plusV2, SBE37SM n SBE19plusV2 nexat BHy-
Tpu AuanasoHa (4,5+11,6)-10-°> Cm/M, unu
(0,45+1,2)-10-3 mC™m/c™M (puc. 2). Mpu 3ToM Habnto-
[aeTcsq HeKoTopas TEHAEHLMS K YBEMUYEHUIO 3HA-
yeHun g(C3;) B 06nacTn HU3KMX TemMnepaTyp U 3Ha-
yeHun YII1y Bcex 30HA08B, Kpome SBE25. AHanormy-
Hasl, HO 6onee BbipaXkeHHaa TeHAeHUMs HabnogaeT-
€Sy TeMnepaTypHbIX AATYMKOB 3TUX 30HA0B [Pama-
3uH, 2018], B To Bpems kak y SBE25 oHa nonHocTbio
oTCyTCTBYET (pUC. 26).

BpeMeHHOM yxoa KanubpOBOUHbIX XapaKTepu-
CTUK 0aT4YnKOB YIT1, BbIpAXKAOLWMIACA B USMEHEHUM
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ko3@dunumnento COIM 1 BAUSIOWMIA HA 0OLLYIO0 HEO-
npepsenéHHoOCTb M3MEpPEHMS, BOSHUKAET B NpoLecce
akcnnyataumm CTD-30HAa. Ong ero oueHkun 6bim
MCMNOJIb30BaHbl 3KCMEPUMEHTASIbHbIE AAHHbIE Kanu-
6pOBOK pacCMOTpeHHbIX Bbiwe moaenen CTD- 30H-
noB “Sea Bird”, BbinonHeHHbIx 3a nepuog ¢ 2008 no
2017 rr.

Mo ypaBHeHuam (14-15) ona kaxaporo 3Haye-
HMA 4aCcTOThbl AATUYMKaA f;;, C YY4ETOM COOTBETCTBYIO-
WMX KanMbpoBoUHbIX KO3bdUUUEHTOB g, h, i, j Nnpo-
BOOMNCA PaCYET pa3HOCTM 3HaYeHun Y3 AC Bbl-
YMUCNEHHbIX ANS C,,j M nocnenywLwen C,-,/-+1 Kanubpo-
BOK N5 KX A0M M3 7 TOYeK AMana3oHa U3MeHeHUs
31eKTPONPOBOAMMOCTH. 3aTEM BbIUUCNIANCA yCpea-
HEHHbI BPEMEHHOM yXO0[4 MOKa3aHWM AATYMKOB
Mexay ABYMS BamxanlumMMm Kannbpoekamu

7
AC—.:Z,(C/J _Ci,j+1).
771

B Tabn. 4 npencraBneHbl pe3ynbTaThl pacyéTa
3HaYeHMN BpeMEeHHOro yxona gatyukos Y3II
CTD-30Hmo0B “Sea Bird” AC-10-* Cm/M 3a BpeMmsa 1
Mexay KanubpoBKaMu 1 ero cpegHee 3a mecsy,
3HaueHue AC-10-4 Cm/M.

Kak BUAHO M3 Tabn. 3, BpeMEHHOM yX0A4 OAT4YM-
koB Y20 CT[1-30HA0B KonebneTcs B 04eHb LWMPOKUX
npepenax, gocturas 25,3-10-4 3a 10,1 mecaua
u B ToxXe BpeMsi 5,4-:10-7 Cm/M — 3a 20,8 Mecaua.
YCTaHOBUTb PYHKLMOHANIbHYH 3aBUCUMOCTb MEXAY
BE/MYMHOM BPEMEHHOI0 YX0a U BpEMEHEM MeXAy
KanMbpoBKaMu He yAanocb 1U3-3a O4YeHb 3HAYUTESb-
HbIX BPEMEHHbIX UHTEPBANOB MEXAY HUMM (Tabn. 3).
AHanus nony4yeHHbIX JaHHbIX NOKa3an, YTo, BpEMEH-
HOM apeind B NepBy o4yepeab 3aBUCUT OT YCIOBUM
3KCMAyaTauMmn M KavecTsa yxoaa 3a gatymkamm Y3II1,

(27)
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Tabnuua 4. 3HaueHus BpemMeHHoro yxoaa AC-10-* Cm/M nokasaHuit gatumnkos Y3 CTD-30HA0B «Sea Bird» 3a Bpems t Mexay
LBYMsl KanmbpoBKaMu

TemnepaTtypa Boabl B TepMobake, °C 25 20 15 10 5 1 -1,6
Y3l Boapl B Tepmobake, CM/M 5,3 4.8 4,3 3,8 3,3 2,9 2,7
Mogpenb CTD-30Haa, Bpems CpepHuit yxon PacxoxaeHus nokasaHui gatunkos YII1 mexay AByMs 6nmxanwmmm
CEepPUIMHbIA HOMEp T, Mecal,  3a Mecal, kanubposkamu C=(C1-C2)-10-* Cm/m
10,1 1,71 25,3 23,6 22,1 20,6 19,2 18,0 17,3
EE'?%T“SVZ 50,3 -0,16 130  -116  -106 97 91  -86 -84
20,8 0,05 0,0 0,3 0,7 1,2 1,6 1,9 2,1
SBE25 N2 0342 116,3 0,10 16,9 15,6 14,6 13,6 12,7 11,9 11,2
SBE16plusV2 N2 6329 35,0 0,14 4,0 4,5 51 5,7 6,2 6,5 6,6
SBE19plus N2 5112 41,3 0,01 0,4 0,0 0,0 0,2 0,6 0,9 1,1
SBE19plus 60,4 0,20 16,7 16,0 15,2 14,4 13,4 12,6 12,1
N2 4896 66,2 -0,21 -26,0 -22,4 -19,3 -16,5 -14,0 -12,2 -11,2
16,4 0,50 9,5 10,4 10,7 10,3 9,5 8,6 8,0
N 296 0,14 48 57 58 55 48 40 35
11,7 -0,06 -0,6 -0,7 -0,8 -0,8 -0,8 -0,7 -0,7
SBE 19plus 34,3 0,29 14,2 13,6 12,9 12,0 11,0 10,1 9,6
Ne 6952 65,5 -0,22 -249 -22,5 -20,0 -17,5 -15,0 -12,9 -11,8

KOHAYKTUBHAS si4eiKa KOTOPOro B 3HAYUTENbHOM
CTeneHu NoABep>KeHHbIX 3arps3HeHno M gaxe 06-
pacTaHuio.

BMecTe ¢ TeM, MOXHO caenaTb BbIBOZ, O TOM, YTO
BPEMEHHOM yX0[4 KaNnMbpOBOUYHbIX XapaKTepPUCTUK
MMeeT pa3Hy HanpasaeHHOCTb, T. e. AC nMeet Kak
NoNOXUTeNbHOE, TaK U OTpULATENIbHOE 3HaYeHue.
YcpepHeHHOe cpefHee 3HavYeHMe BPEMEHHOro yXo-
[a no BceM kanubpoBkaM 7 30HAOB cOCTaBnser
1,7-10-> CM/M B MecsL, NpU CTAaHAAPTHOM OTKJIOHE-
HWUK OT cpegHero paBHoM 5,1-10-> Cm/M B Mecsll.

3AK/NNIOYEHUE

AHanms akcnepuMeHTanbHbIX AAHHbIX Kannbpo-
BOK CTD-30HA0B, BbIMOMIHEHHbIX C MOMOLLbIO Npe-
LM3NMOHHOTO 060pyaoBaHMS, MO3BONSET CAENATh
BbIBOA, O TOM, YTO:

— pacwuperHHas CCH kannubpoBkM paTymMKoB
Y3 paccmoTpeHHbix mogenein CTD-30HA0B «Sea
Bird», a Takxxe npakTMyecKku NtobbiX NpeLm3nOHHbIX
CTD-30Hm0B, B Ntoboi TouKe ananasoHa ot 53 MCm/
cMm po 27 mCm/cm He bGyneT npeBbiwaTh
(2,3+1,2)-107%> MCM/cM. A oTHOCKTENbHAsA pacwWwu-
peHHas CCH kanubpoBKM 3TUX [ATYMKOB HE MpPEBbI-
CUT BEIMYMHDI, paBHOM (4+5)-107>;

— pacwupeHHaa CCH kannubpoBKM faTYMKOB
Y3 B no6oi Touke gnManasoHa 53+27 mCMm/cm by-
net onpepenarbca BennumHon CCH kannbpoBku
3TaNIOHHOM guenku (Tabn. 2);

— pacwuperHHas CCH onpepeneHuns npaktuye-
CcKon conéHoctn Us no paHHbIM CTp-uamepeHunit

Tpyasl BHAPO.T. 184. C. 112-124

CTD-30H80B paccMOTpeHHbIX Mogenen «Sea Bird»
HaxoauTcs B npegenax 0,0034+0,0036. E€ 3Haue-
HME He MOXeT 6biTb MeHblle Upgs = 0,003, 06ycnos-
NIeHHOW OTKNoHeHueM anroputma MWC-78 ot akc-
nepuMeHTaNbHbIX AaHHbIX. OCHOBHOWM BKNasg B eé
pacyéT BHOCMT HEONPEeAEeNEHHOCTb YPABHEHUS BNN-
AHKUA AaBneHus, pacwmperHas CH kotopoi Ug,.pas-
Ha 0,0026. A Bknag CCH kannbpoBku gatumnka YII1
CTD-30Hp0B B pacwupeHHyto CCH onpeneneHus
npakTMyeckonW conéHoctm pns 31<S5<39;
-2<T<25 °C; 27<C<53 mCMm/cM n 0<p<10000 pbap
6ypeTt HaxoauTbca Ha ypoeHe 0,0007+0,0010 paxe
6e3 yuyéTa Koppensauumn mexay CTp-nepeMeHHbIMMU,
CMocoOHOM BHECTU 3HAUYMTENbHbIN BKJ1a4 B YMEHb-
lWeHne e€ 3HaUYEeHUS;

— 3HayeHusa CCH, obycnoBneHHOM NpoCTpaH-
CTBEHHO-BPEMEHHOM HEOLHOPOAHOCTbIO TEMMEpa-
TypHOro nons B pabouyeit 30He KanMBPOBKK Uscr
AN KaXA0M TOYKM KannMBpOBKM, MOXHO CYMTATb
NPaKTUYEeCKN BENMYNMHOM MOCTOSSHHON UAU U3MEHS-
IolWencs HesHauuTenbHo. Ecnu, npu kannbpoeke
[aTYMKOB TeMnepaTypbl B TepMobake eé 3HauyeHue
6yneT B OCHOBHOM onpefensatb BennumHy nx CCH,
TO npu Kanubposke Aatyunkos YII1 e€ 3HauyeHueM
MOXHO npeHebpeyb (Tabn. 2);

— BkJag CCH namepenuns patumkom YII1 30HAa
Usc, B CCH kannbposku aatumnkos Y3I1 kpaiHe He-
3HauMTeneH u He npesbiwaet 0,29-10-* mCm/cm.
MM MOXHO npeHebpeub;

— CTAHAAPTHOE OTKNOHEHWE M3IMEpEeHMUS OT
cpepHero s(C3;) patumkos Y3I1 nccnenoBaHHbIX MO-
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neneit CTO-30HA0B He npeBbiwatoT 5-10-4 MCm/cM
onga 3oHp0B Mogenen SBE19plusV2, SBE16plusV2
u SBE37SM, 1 2,3-10~* mCm/cm — ana SBE25, ge-
MOHCTPUPYS TEM CaMbIM BbICOKMI NOTEHUMAN KaK
NnpeunsnoHHoe CpeacTBo naMepenus Y31 Mopckon
BOAbI;

— BPEMEHHOM yxoA KannbpoBOUHbIX XapaKTe-
PUCTUK MMeeT pa3Hyl HanpaBiaeHHOCTb, T. e. AC
MMeeT KaK MoNoXUTeNbHOe, TaK U OTpuLlaTenbHoe
3HayeHue. YcpegHeHHOe cpefHee 3HayeHue Bpe-
MEHHOro yxofa no scem KanubpoBkam 7 30HAOB
coctaBnset 1,7-10-> CM/M B Mecau, Npu cpefiHeKBa-
[lpa4yHOM OTKNOHEHUM oT cpeaHero 5,1-107> Cm/M
B Mecal,;

— BpeMeHHOoM aperd KanMbpoBOYHbIX XapakTe-
pucTuk gatyunko YOI B nepByto oyepenb 3aBUCUT
OT YCJIOBUI 3KCMTyaTauuu 1 KayecTsa yxoaa 3a Aat-
ynkamu YII1, KoHOAyKTOMeTpUuyeckas gyenka KoTo-
pOro B 3HaYMTENbHOW CTENEHM NOABEPXKEHA 3arps3-
HEHMUI.
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About the of calibration uncertainty of conductivity sensors
of CTD-probes «Sea Bird» in measurements and in practical salinity

calculations

A.N. Ramazin

Russian Federal Research Institute of Fisheries
and Oceanography (VNIRO), Moscow, Russia

The factors determining combined standard uncertainty (CSU) in the calibration of
precision CTD probes conductivity sensors are considered. Calculation of standard
uncertainties (SU) of individual components is done and analysis of their contribution
into CSU calibrations of conductivity sensors of five basic models CTD-probes «Sea
Bird» is done. It is shown that expanded CSU calibration of conductivity sensors of
CTD-probes reviewed models at any points in the range from 53 mS/cm till 27 mS/
cm will not exceed (2.2+1.0)-10-3 mS/cm; relative extended CSU calibration of these
sensors will not exceed 4.2-10-> and will be determined by CSU value of reference
conductivity cell calibration. Expanded CSU of salinity Us determination according to
CTp measurements dat at coverage factor K=2 will be equal to 0.0031+0.0034 upon
contribution of CTD-probe CSU calibration at the level 0,0007+0,0010 for 31<5<39;
-2<T<25°C;27<C<53 mS/cm and 0<p<10000 dbar. According to experimental data
the characteristics of sensitivity coefficient 9f/dC dependencies of standard devia-
tions of input frequency s(f;) and sensor readings s(C3;) from sea water electrical
conductivity are calculated. Analysis of calibration characteristics of conductivity
sensors temporal drift between calibrations is conducted.

Keywords: repeated measurements, conductivity sensor, calibration, CTD probe,
standard, combined and expanded uncertainty, sensitivity coefficient, standard

deviation, temporal drift.
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TABLE CAPTIONS

Table 1. Combined standard uncertainty (CSU) measurements of the reference cell and its components in the
thermostat working area at temperature range -1.6 + 30 °C

Table 2. Values of standard uncertainties of conductivity sensors calibration of CTD-probes SBE19plusV2 No.
6794 and SBE25 No. 0342

Table 3. Values of combined standard uncertainty (CSU) of practical salinity calculated according to TSU of
measurements of the reference cell uy, sensitivity coefficient 85/0C and upcs = 0.0015 for the range of values 31
<5< 39; -2 °C<T< 25 °C; 27 mS/cm <C< 53 mS/cm and 0 <p< 10000 dbar

FIGURE CAPTIONS

Fig. 1. Calibration scheme for conductivity sensors CTD probes “Sea Bird” sensors. Symbols: 9KC — Standard
resistor model 5685A «Tinsley» (UK); MMC — Precision Thermometry Bridge F18 «ASL» (UK); CMTC — Standard
Platinum Resistance Thermometer model 162CE «Rosemount» (USA); MK

Fig. 2. Graphs of parameters dependence 9f/9C, s(f;) and s(C3;) of calibrated CTD probes SBE19plusV2 No. 6794
sensors and SBE25 No. 0342 sensors from conductivity

Fig. 3. Variability graph: a) — standard deviations of conductivity s(C3;) measurements of five models of
calibrated CTD-probes «Sea Bird» sensors; b) — standard deviations of conductivity sensors s(C3;) and
temperature s(73;) SBE19plusV2 and SBE25, from conductivity (temperature)
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