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AnHoTanus. Paccmatpusarorcs ocodbennoctr npumeHernss CTD-30HI0B 711 UCCIIEIOBAHMUS MTPOIIECCOB B3aUMO-
JEHCTBUS PEYHBIX M MOPCKHX BOJ B YCThsIX peK. [IpuBeneHb pe3ynbTaThl SKCTIEAUIIHOHHBIX HCCISOBAHMA THAPOIMHA-
MHYECKUX IPOIIECCOB B YCThE peKH UepHOH, MOITydeHHBIE C IMOMOINBI0 JaHHBIX TEXHWYECKUX cpeacTB. IIpencraBiena
METOAMKA BEITIOIHEHHUS SKCIEPUMEHTOB W MIPHUBEICHBI OCHOBHBIC XapaKTEPUCTHKH MPHMEHseMOoro obopynoBanus. Mc-
nonp3oBanue coBpeMeHHBIX CTD-30HI0B MO3BOJISIET MOTydaTh HH(OOPMAIHIO O PACIPENCICHHN OCHOBHBIX THIPOJIOTH-
YEeCKHMX MapaMeTpOB BOJHON cpeasl (YACTHHOM 3JIEKTPOIIPOBOIHOCTH M TEMIIEPATYPHI) B HATYPHBIX YCIOBUAX, YTO HEOO-
XOJFIMO TIPH MOJICIHPOBAHIH THAPOJIOTHYECKOTO PEKIMA YCTHEB PEK.
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Abstract. Several features of using CTD probes to study the processes of interaction of river and sea waters in
river estuaries are considered. The results of expedition studies of hydrodynamic processes at the estuary of the Cher-
naya River (Sevastopol) obtained with the help of these technical means are demonstrated. The method of performing
experiments and the main characteristics of the equipment used are presented. The use of modern CTD probes allows
obtaining information about the distribution of the main hydrological parameters of the aquatic environment (electrical
conductivity and temperature) in natural conditions, which is necessary when modeling the hydrological regime of river
estuaries.
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BBenenue. B HacTosmiee BpEMA B YCJIOBHAX r100aJIbHOTO M3MEHEHHUS KJIMMATa U MOCTOSHHO-
To pocCTa aHTpOHOl"CHHOI\/'I Harpy3kKu Ha HpI/I6pe)KHBIe TCPPUTOPUH, A TAKIKC COKpalICHUA CCTU
THUAPOJOTHYCCKUX IMOCTOB, B TOM YHUCJIC U UX OTCYTCTBUA B YCThAX PCK, Tpe6yeTC$I pa3pa60TKa HO-
BbIX MCTOAOB U3YUCHUA TUAPOJIOTHICCKUX IMPOLECCOB, MPOTCKAOIIUX B YCTHCBBIX 30HAX [1, 2] I[J'ISI
3TOM LIEJIU B OCHOBHOM HUCIIOJIB3YCTCA TUAPOANHAMUYCCKOC MOACIUPOBAHUC [3, 4] OI[HaKO I

© Aumonenxos /]. A., 2022

JOURNAL OF INSTRUMENT ENGINEERING. 2022. Vol. 65, N 7 M3B. BY30B. MPUBOPOCTPOEHME. 2022. T. 65, Ne 7



536 II. A. Aumonenxoe

MOJTyYEHUS PENPE3CHTATUBHBIX PE3yJIbTaTOB HEOOXOIMMbI KaUeCTBEHHbIE HATYPHbIE JaHHbIE, TIOTY-
YEHHBIE C MOMONIbIO CHEIUAIBbHBIX CTAllMOHAPHBIX KCCIEIOBAHUN M BBHIMOJHEHUS KOMILJIEKCHBIX
AKCTIEAUIIMOHHBIX paloT.

s onucaHus TUAPONOTMYECKUX IMPOLECCOB, OOYCIOBIEHHBIX CMENIEHHEM MOPCKUX U peu-
HBIX BOJ, OJHUMH M3 HanOoJjiee Ba)KHBIX MapaMeTPOB SIBISIIOTCS YAENbHAas 3JIEKTPONPOBOAHOCTh
(pacyeTHas COJIEHOCTH) U TeMmIeparypa Bojbl. /s monydeHus Takux JaHHBIX B HACTOSIIEE BpeMs
akTHBHO HcTonb3ytoTcss CTD-30H1b1 paznuuabix pupm-niponsBoautenet [5S—7]. CTD-30804 — 310
o0opyioBaHue ISl U3MEPEHUs TaKUX MapaMeTpoB, KaK TeMIlepaTypa, AaBJIEHUE U AJIEKTPONPOBOI-
HOCTb BOJAHOM CpeJibl Ha Pa3HBIX TIIyOMHAX.

Ilens HacTosmEel cTaTh — pa3paboTKa METOAMKHU Hcronb3oBanus CTD-30H10B Ay uccie-
JOBaHUM THUAPOAMHAMHYECKHUX MPOLIECCOB B 30HAX CMEIICHUS MOPCKUX M PEYHBIX BOJ B YCThSIX Ma-
JBIX peK U anpoOanus METOAMKHU B XOJI€ SKCIIEIUIIMOHHBIX MCCIEAOBAHUN HA MOJIUIOHE B YCThE pe-
ku Yepnoii (CeBacTomos).

JKcHeIMIMOHHbIE HCCIeI0BAHUS U METOAUKA BHINOJHEHUS HATYPHBIX 3KCIIEPUMEHTOB.
B npaktuke 3xcneAMIMOHHBIX UCCIEOBAaHUM pacTeT CIPOC Ha METPOJIOTHYECKH 00eCIIeYeHHbIE Ha-
TypHBIE€ JaHHbBIE, B YACTHOCTH JaHHbIE aBTOMAaTU3UPOBAHHBIX CPEICTB U3MEPEHUs] OCHOBHBIX IMapa-
METpPOB BOJIbl, KOTOpble obecnieunBatoT CTD-30H1b1. B 0CHOBHOM Takue 30HbI UCIIOJIB3YIOTCS IS
MOHMTOPHHTA U UCCIIEOBAHUS TEPMOXAIUHHON CTPYKTYphl BoJg MuUpoBoro okeana. 3HaueHHUE Tep-
MHHA ,,TepPMOXAJIMHHBIA ONIPEAENSAETCA €ro COCTaBOM: ,,T€pPMO** — TeMrepaTypa, ,,XaJluH* — coJie-
HOCTB; 3TH JiBa (pakTOpa BMECTE OMPENEIAIOT IIIOTHOCTh BogHOM cpeapl. CTD-30HabI matoT qocta-
TOYHO TOYHYIO U BCECTOPOHHIOIO KapTUHY paclpeAeseHUs] U U3MEHEHHsI TEMIIEpPaTyphl, COIEHOCTH
¥ TUIOTHOCTU BOJBI [8]. OCHOBHBIE MAaTYMKH, BXOAAIIME B cocTaB cranmaptHoro CTD-3onma, —
JaT4YMK TEMIIepaTypbl, U3MEPUTENb JIEKTPOIPOBOAHOCTH M JATUMK JaBiaeHus. [laTuuk temmepary-
pBl o0ecrieunBaeT U3MEPEHHSI B MECTE PACIIONIOKEHUS MpUOopa B TOJIIE BOJABI M UCHOIb3YETCS IJis
orpezeNneHus: coaeHocTu. V3mepuTenb 3eKTPONpPOBOAHOCTH U3MEPSAET MPOBOJUMOCTb, T.€. DJIEK-
TPUYECKUI TOK, KOTOPBI MOXET MPOXOJUThH Yepe3 TOJIILY BOJbI; C MOMOIIBIO HECKOIBKUX BBHIYHC-
JeHU U BBOJA MOKa3aHMW JaTyuKa TeMIepaTyphl ONpeAensercss cojeHocTh. [laBieHue, KoTopoe
3aBUCHUT OT TIYOMHBI, H3MEPSETCS COOTBETCTBYIONIUM naTtdyukoM [9]. B utore, mocie Toro kak 30H1
OITYCKaeTCsl B BOJly, B €r0 MaMsTh 3alHCHIBAIOTCS MOKa3aHUS PA3JIMYHBIX JATYMKOB, U Jajee C Mo-
MOIIbI0O OOPTOBBIX BBIUHUCICHUN U 00paOOTKHM JaHHBIX Ha BBIXOJIE MOITY4alOT 3HAYEHHS TEMIIepaTy-
PBbl, COJIEHOCTH U TUIOTHOCTH C MPUBSI3KOHN K TITyOUHE.

[Ipumenenne CTD-30H10B Tipu paboTax B 00JaCTH CMEIIEHHUS MOPCKHX W PEYHBIX BOJ B
YCThAX PEK MO3BOJSET HCCIEAOBATh CTPYKTYPY PA3HOPOIHBIX MOTOKOB, MMPOTHO3UPOBATH BO3MOXK-
HbI€ U3MEHEHHUS COCTOSIHUS YCTHEB PEK MO BIUSHUEM MIPUPOAHBIX U aHTPOMOTEHHBIX (PaKTOPOB.

[Ipu mpoBeneHNN KOMIUIEKCHBIX SKCIIEAUITMOHHBIX MCCIIEIOBaHUM B paiioHe p. UepHoi Oblia
pa3paboTaHa u anpoOMpoOBaHa METOAMKA BBIOJIHEHUSI HATYPHBIX 3KCIEPUMEHTOB C UCIIOJIb30BAHU-
eM CTD-30n1a 17151 ycTheB pek. B paGoTax mcmonb3oBajics co3gaHHbIi B MopckoM Tuapodu3nde-
ckoM uHcturyte (MI'M) PAH (CeBacromnoins), ruapo3ona ['AIT-AK-12P [10], BHemHUI BUI KOTO-
poro npenacTaBieH Ha puc. 1.

Puc. 1
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Texnnuyeckue xapakTepucTuku ruapo3onaa FAII-AK-12P

Junana3oH u3MepeHuil TEMIEPATYPBI, “C ..cc.viiiiiiriiiinieiiieenieeriiee et Ot -2 go +38
Iena equHUIBI HAMMEHBIIETO pa3psaa TEMIIEPaTypsl, He 0oiee, °C ......ccccceeeeveneene 0,01
IIpenenbr MOTPEIIHOCTH KaHaaa TeMIIePaTyphl

pu AOBepUTENbHON BepoaTHOCTH 0,95, He 601ee, °C ...oovvveeieieieeieeeee e, +0,03
JlnanazoH U3MEpEHUH AIMEKTPUICCKON MPOBOAUMOCTH, 0.€.:

7 89117621 1 K 10) : SRR Ot 0 10 0,9

S 911711 £ Lc10) ¢ (AR RRRRRRN Or 0,6 mo 1,5
Ilena equHUIBI HANMEHBIIETO pa3psaa

AIEKTPUICCKON TTPOBOAUMOCTH, HE OO, 0.€...cccveererreereerereenireenireenereessaeennennes 2,5-104
IIpenensl MOrpeUIHOCTH JIEKTPUIECKOU MPOBOJAUMOCTH

[P TOBEPUTEIBHON BEPOSTHOCTH 0,95, 0.€..ccuviiiiiiiiiiiiieiiieiceiieeee e +7,5-10-4
Jlnana3zoH u3MepeHuil rugpocTaTuueckoro gaBaeHus, MIIa..........c..cccovininenne, Ot 0 10 2,5
Ilena eqMHUIIEI HANMEHBIIIETO pa3psaa THIpocTaTHIeCKoTro AaBieHus, MIla .......... 6,25-10-4
[Ipenens MOTPEITHOCTH THAPOCTATHYECKOTO JTaBICHUS

pH 10BepUTENBbHOM BEpOSTHOCTH 0,95, MITa ..cooviiiiiiiiiiiiiiiiceiceceeeee +6,25-10-3

MeTtorka BHIMIOTHEHHSI HATYPHBIX SKCIIEPUMEHTOB C MCIOJIb30BAHUEM 30H/1a 3aKII04Yaiach B
MOCIIEI0BATEILHOM BBHITIOJTHEHUH Psijia STATOB.

1. Bb16op mosoxkeHusi CTBOPOB, U3MEPHUTENBHBIX CTAHIIMA U MX KOJIHYECTBA B YCThE. 3aKpen-
JICHHE CTBOPOB M CTAHIIMI Ha MECTHOCTH. [Ipu BEIOOpE CTBOPOB YUUTHIBAIHCH CYIIECTBYIOIINUE TH/I-
POTEXHUYECKHE COOPYKEHHS U OCOOEHHOCTH penibedha MECTHOCTH.

2. BrinosniHeHHEe MPOMEPHBIX padOT ¢ MCMOIB30BAHUEM JIOTIUHS, IXOJOTA ISl ONpeAeTIeHUs
MaKCHMaJIbHOW TTyOMHBI Ha CTAHIIMU U TOCIEAYIONIEr0 HA3HAYCHHS] H3MEPUTEIbHBIX TOPHU30HTOB.
B cBs13u ¢ HEOOMBITUMU TITYOMHAMH B YCThE PEKU IIIAr MKy Topu3oHTaMu coctasisut 0,1 m.

3. U3mepeHuss METo0M 30HIMPOBAHUS B aBTOHOMHOM pekuMe. Ha Kakol CTaHIMH Mpou3-
BOJIMJIOCH U3MEpPEHHUE C BBIIEPKKOIM mpubopa Ha ropu3oHte 30—60 c. [Ipubop HAXOAUICS MOTHO-
CTBIO B BOJIC, IOCTENIEHHO MOTPYXAsCh 10 COMPUKOCHOBEHUS C JTHOM.

4. O6paboTKa MOJTYYCHHBIX IaHHBIX C MOMOIIBI0 pa3paboranHoro B MIM mporpamMMmHOro
obecrnieuenus. Ha naHHOM 3Tare oCyliecTBIsIIaCh BEIOOPKA JAHHBIX U OMPECNISINCH OCHOBHBIE Xa-
PaKTEPUCTUKU BOJIHOM CpPEIbl — TeMIIepaTypa, COJICHOCTb.

OIHOBPEMEHHO C U3MEPEHHUSMH THIPO30HIOM MPOBOAMINCH METEOPOJIOTMUYECKUE HAOMIOACHHS —
U3MEpEeHHEe HallpaBJIeHUs] M CKOPOCTH BeTpa, HAOMIOCHHS 3a TEMIIEpaTypol OKpy»Karolero Bosyxa. Js
WCCIIIOBAHUS TMHAMUKH BOJHOTO TIOTOKA TAKKe MCIONB30BAICS Pa3paOdOTaHHBIA MakeT mpubopa ,,Bu-
3yanm3arop motoka““ [11], mo3BOJISOIINIT ONPeessTh MO CKOPOCTHA TEYESHHS B UCCIETyeMOM 00IacTH 1
BU3YAJIM3UPOBATh TypOYJICHTHBIE MPOLIECCHI B IPUIOHHOM CJIO€ U B TOJIIIIE BOBL.

Ha puc. 2 noka3ana cxema y4actka paboT ¢ OTMEUEHHBIMU CTBOPAMHU M CTaHIUSIMU B JKCIIC-
JTUITMOHHBIX UCCIIEIOBAHUSX, BEIOMHEHHBIX B 2021 1. Ha monuroHe p.YepHoii.

Puc. 2
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[loronHeie ycnoBusi B MepHo MPOBEACHHUS HUCCIEAOBAaHUM OBLIM TUIMUYHBIMU JJISL TEIJIOTO Iie-
pHroa roga: OBUIO SICHO, CKOPOCTh BETpa HE MpeBbIIana 4 M/c, TP 3TOM HalpaBJICHHE BETpa MEHSI-
JIOCh € FOT0-BOCTOYHOTO Ha CeBEepO-3amaHoe, TeMIepaTypa Bo3ayxa usmensuiach ot 23,0 go 24,6 °C.
TemmnepaTtypa Bojbl B ycThe peku u3MeHsnach B npenenax 17,0 °C B ctBope 0 no 23,8 °C B cTBOpe
8, conenoctb — ot 0,5 %o B cTBOpe 0 10 18,3 %0 B cTBOpe 4. Pacxox Boxkl B p. UepHoii, moctynaro-
et B CeBacTomnonbekyro 0yxTty, coctasisii 0, 1 M°/C, 9TO XapaKTEpPHO ISl IEPHOLA MEXKEHH.

[IpocTpancTBeHHass U3MEHUYMBOCTh COJIEHOCTHM B 30HE B3aMMOJEWUCTBUSA PA3HOTHUIIHBIX BOJI
MpeJicTaBIeHa Ha puc. 3, a — CTBOp 4, 6 — cTBOp 7, 6 — cTBOP 8; Ha rpadukax H — riryouHa, S —
COJIEHOCTh, N — HOMEp CTaHIINH.
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Puc. 3

MaxkcumanbHbId BEPTUKAIBHBIN TPAJAUEHT COJIECHOCTH, PACCUATAHHBIN MEXKIy MOBEPXHOCTHIO
Y JTHOM, B HMKHEH 4acTH ydacTka paboT HaOmroqancs Ha ctaniuu 8 ctBopa 4 u coctasiisii 0,2 %o Ha
1 m. CornacHo AaHHBIM MO CTBOpaM 7 M 8 XapakTep pacloOKEeHHsI TTIOTOKOB COJICHOW M MPECHOU
BOJIbI B 1LIEJIOM HE M3MEHSUICS Ha JAHHOM YYacTKE yCThs, TOI/Ia KaK MaKCHMallbHasi COJIEHOCTh K
CTBOPY 8 ymeHbIanach 110 17,2 %o, pu 3TOM cTpaTU(UKAIUSA BOJIBI IO COJICHOCTH ObLIa OoJiee BbI-
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pa’keHa, MaKCUMaJIbHBIM BEPTUKAIbHBIN IPaueHT Ha cTaHuuu 2 ctBopa 8 gocturai 0,9 %o Ha 1 M.
Conenocts B cTBope 2 coctaBmia 10 %o, B ctBope 0 — 0,5 %o0. CnenoBaTenbHO, CpelHUNA TOPU30H-
TaJbHBIN TPAIUEHT COJIEHOCTH Ha yJacTke uccienoBannii — 10,6 %o Ha 1 kM.

3akiouenue. Pazpaborana meroanka ucnonb3zoBanus CTD-30H10B 17151 MCCIETOBAaHUMA TH]I-
POIMHAMUYECKHX MPOIECCOB B 30HAX CMEIICHHUS MOPCKHUX M PEYHBIX BOJ B YCThIX MaJbIX PeK U
BBITNIOJIHEHA €€ anpoOanys B SKCIEIUIIMOHHBIX UCCIEA0BaHUAX Ha nonurone p. YepHoi. Mcnonb3o-
BaHUE JAaHHOW METOJMKHU B HATYPHBIX YCIOBHUSX MO3BOJMJIO MOJYYUTh JAHHBIE O MPOCTPAHCTBEH-
HOM M3MEHUYMBOCTH COJICHOCTH B 30HE B3aUMOJICHCTBUS Pa3HOTUITHBIX BOJ.

Taxkum oOpazoMm, mpumeHeHue coBpeMeHHbIX CTD-30H10B aeT BO3MOXKHOCTH TOJIy4aTh HH-
dbopMaIuio 0 pacnpeesieHnd OCHOBHBIX THJIPOJOTHYECKUX MapaMeTpoB BOAHOU cpelbl (YAeTbHOM
3JICKTPONPOBOAHOCTH (PAaCUETHOM COJICHOCTH) W TEMIIEPATyphl) B HATYPHBIX YCJIOBHSIX, YTO HEOO-
XOJIMMO TIPU MOJEIUPOBAHUH THAPOJIOTUYECKOTO PEXIMA YCThEB PEK.
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