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H3zmepureasp koagduipenrta ocaabdaeHnss BOAHON cpebl
B JJa0OPATOPHBIX M IOJIEBBIX yCJIOBHSIIX
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Hucmumym onmuxu ammocpepvt um. B.E. 3yesa CO PAH
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[Tocrynuna B pepaxiio 19.09.2019 r.

OnucaH coctaB 1 IIPUHIAIT ﬂeﬁCTBHﬁ U3Mepuresa KOBqu)HHHeHTa ocTabIeHIsT BOHHOfI Cpeabl B peaibHOM
Maciitabe BpeMeHU, B TOM 4YHUCJE€ B IIO[JI€THbIX YCJIOBUAX. HPI/IBel[eHbI IIpUMepPbI HCIbITaHUI usMepuresia
B IIOJIEBBIX M naéopaToprIx YCJIOBHAX. I/I3M€pI/ITeJI]> PEKOMEH/IYeTCA KUCIO0JIb30BaThb [Jidd OLIEHKHU MPele/IbHbIX pac-
CTOSTHUI «MIPUEMHHUK — UCTOYHHUK», KOT/[a OIITUKO-3JIEKTPOHHAA CBA3b B IIpejesax HpﬂMOﬁ BUIUMOCTH HJIM Ha pac-

CEsHHOM JIa3€pHOM U3JIy4Y€eHUN BO3MOXKHA.

Knatouesvie caosa: namepenne, KoahduimenT ocabaeHIsT ONTHIECKOr0 U3JIYIeHNsI, BOJAHAS CPe/ia, HOJeBble
u TaGopaTOpHBIE IKCIEepPIMeHThI; measurement, optical radiation extinction coefficient, water medium, field and

laboratory experiments.

Bseaenne

MHorosleTHIe U yCIIEIIHbIEe ICCIe/JOBAHUSA ONTHYe-
CKHX CBOICTB BOJHBIX Cpejl OCYIIeCTBJAIOTcs B IHc-
tutyte okeaHosioruu uM. IL.II. Ilupuiosa (r. Mocksa)
u ero Cankr-Ilerep6yprckom dummane, B MopcKoM rifi-
podusmueckom utcrutyre PAH (r. CeBacromnosib), B 1H-
CTUTYTe BOJHBIX M 3dKojormuecknx mpobsem CO PAH
U APYTUX HAYYHBIX IeHTpax. Hakorien o6UIMpHbIil Ma-
Tepuasi 06 ONTHYECKIX XapaKTePUCTUKAX MODPeN 1 OKe-
anoB [ 1—5], peuHbIX 1 03epHBIX GaccefHOB Ha TEPPHUTO-
pun Poccun [6]. [lyist ero momoiHeHNs CO3/JaHbI Pa3JIi-
HbIe ONTHKO-3JIEKTPOHHBIE cpejicTBa (Hampumep, [7, 8]),
TI03BOJIAIONINE U3MePSITh Bech HAO0P ONTHYECKUX XapaK-
TEPUCTUK BOJAHBIX cpeld: Koah@UIMeHTbl ocaabIeHus,
paccestHUs, TIOTJIOMIEHUS ¥ WHIMKATPUCHI pacCesHUs.
OTH cpe/CcTBa, KaK MPaBUJIO, SIBJSIOTCS MHOTO(YHKIINO-
HAJTBHBIMH, JOCTATOYHO CJIOKHBIMHI OITHKO-3J€KTPOH-
ubie cucremamn (O3C). B To ke BpeMs CyIecTByeT
nmoTpe6HOCTh uMeTh 6ostee pocTbie ODC, TO3BOJIAIONINE
N3MepATh K03 PUITIEHTHI 0cTabIe NS BOTHON Cpe/Ibl.

Ita moTpe6HOCTh BO3HUKAET TIPH IPOBEJEHUN TI0-
JIEBBIX 9KCHEPUMEHTOB, CBI3aHHBIX C TIO/BOIHOI ONTH-
YecKOI CBSA3BIO B HCKYCCTBEHHDIX U €CTECTBEHHBIX BOJIO-
emax (o3epa, peku, Mopckue akBaropuu). [[is BbiGopa
peskMa paboThl HCTOUHHNKOB U IPUEMHUKOB HHMOpMa-
[UOHHOTO ONTHYECKOr0 W3JydeHus HeoGxoauM (XoTs
U He BCerja [0CTATOYeH) OllepaTHBHbBIA KOHTPOJb Ta-
KOl ONTHYEeCKOHl XapaKTepHCTUKH, Kak Kod(pPuIueHT
ocsabyieHns Pexy BOAHOI cpenbl. /lyisT TiporHO3a paboTo-
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CIOCOGHOCTN  ONTHYECKOH TIOABOJHON CBA3M BayKHO
3HATH ATy XapaKTEePUCTUKY TOJBKO [ JBYX JUATIA30-
HOB JUIMH BOJH: «cuHero» (424—490 HM) U <«3eJeHo-
ro» (490—550 HM); 3HAHUS ONTHYECKUX CBONCTB BObI
B IIIPOKOM CIIEKTPAJIbHOM [[Halla30He He TPeGyeTcs.

Anmnaparypa A1 u3MepeHus
K03 PUIHEHTOB OCaa0IeHHs
BO/IHOII cpebl

IIpu BBIMOJHEHUN SKCIEAUIINOHHBIX PAaGOT C BbI-
e3/laMHi, HallpuMep, Ha PeKH, 03epa, IOKPbITbIE JIbJOM,
JKeJIaTeTbHO UMeTh MaJoraGapuTHBIN, MaJioil sHepro-
e€MKOCTH HM3MepUTesh, IT03BOJITIONNI B peaJbHOM Mac-
mrabe BpeMeHH OlpeaessaTh NPopmib Bey (1), tae h —
riyOuHa MOTPYKeHUsI U3MEPUTENsS B BOLY.

B ocHoBe paGoTbl U3MePUTEIS JIEKUT 3aKOH DyTe-
pa, KOTOPBIl CBA3bIBAeT MHTEHCUBHOCTh U3JIydeHus I
Ha BXojle B HCCJIeIyeMyIo Cpe/ly ¢ MHTEHCUBHOCTBIO [{
B TOYKE ee Perucrpaunyy, yJaleHHOI OT UCTOYHUKA Ha
paccTosiHue 7:

11 :IO (_r'Bext)- (1)

YkasaHHbBII 3aKOH cIIpaBe/I/INB [/ HepacCesTHHOTO
u3nydeHus. B HeM He yuTeHO BJIUSHUE MHOTOKPATHOTO
paccestHus Ha [, Ha6JIOJAIONIETOCS B BOJHOI cpefe.
ITO BJMSAHUE MOXKHO 3HAYUTEIbHO CHU3UTD, yMEHbINIAs
YIOJI [I0JIS1 3peHUs] IPUeMHOIl CUCTeMBI IIyTeM pasMellle-
HHUS Iepef TIPUEMHON ONTHKOH NNIMHIpHYecKoil 6JeH-
Zbl. B 4nc/IeHHBIX sKcIlepuMeHTax MeTosioM MonTte-Kap-
JIO yCTAaHOBJIEHO, 4YTO IpHU ee JnHe 6oJjiee 3 CM BKJIA]
MHOTOKPATHO PAacCeSHHOTO U3aydeHHs B I; He IIpeBbI-
maet 4% Ha «CHHel» U «3eJIeHOi» [UIMHAX BOJIH.

Wraxk, niaa onpenesenus: koadduimenta ocaabie-
HUA ey CJeLyeT U3MEPUTh MHTEHCUBHOCTb U3JIyYeHH
(umn pyHKIMOHAJ OT Hee) B TOYKAX BXOJA M3JYYEHUs
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B BOJHYIO CDeJly U B TOUKE pasMelleHuss (poTOmpHeM-
Huka. Ucnoabsys (1), nosyunm:

Bext = —In Iy / Iy - 7). 2)

Hamu cosfian m ucubITaH B JIAGOPATOPHBIX U TI0-
JIEBBIX YCJIOBHUSIX U3MepHUTeNb KOI(PPUIUEHTOB eyt
(puc. 1).

Puc. 1. Biok cxema usMmeputens: / — Ja3epHblil HCTOYHUK; 2 —

ONTHYECKUI IPUEMHHK; 3 — OJOK PeTHUCTPAIN U MHINKAIIII

usMepennii; 4 — xommbioTep; 5 — maaTdopma, Ha KOTOpPOI
¢uxcupyiores 6;10ku 1 u 2

[Tponenypa naMepenust cieaymwomast. [Ipensapu-
TeJTbHO H3MepsieTcss [y W Pe3yabTaThl COXPAHAIOTCI
B KoMmIbioTepe 4. [Ipu6op norpyskaercst B BOLy, 3a UC-
wirodeHneM 6s10koB 3 u 4. JlazepHoe nsiydenne u3 6J1o-
Ka / TOCTymaeT B BOAHYIO Cpely M, OcTabJaAch, pac-
pocTpassiercst B HarpasJienun (oronpueMunka (610K 2
Ha puc. 1). Jlazep paGoTaer B UMILYJIbCHBHOM PEXKUME.

Curnas ¢ oToanosa yCHuaInBaeTcs oleparnoHHbIM
ycuanTesaeM, OII(pPOBBIBAETCS MHKPOKOHTPOJIIIEPOM
STM32F207 u ¢ momorrsio nnTepdeiica Ethernet me-
pemaercst Ha Kommbiotep (670K 4 Ha puc. 1). Pacuer
K02 DUIEHTOB OCTA6IEHNST OCYIECTBISIETCS HA KOM-
IIbIOTEPE € MOMOIIIBIO TIPOTPaMMBbl, peasu3ylonieil dop-
myay (2).

Ha puc. 2 npusesensl ¢ororpadun IIaThl MUTA-
HUS U YIIPABJIEHUS <«3€JeHbIM» WM «CHHUM» II0JIYTIPO-
BOJIHUKOBBIM JiazepoM (IIOMelaercst B repMeTuyecKuii
GOKC), ONTHYECKOI MPUEMHOIl cucTeMbl, GJIOKa PErucT-
panuy 1 UH/ANKAIMK Pe3yJIbTaToB M3MePEHN:.

Bo BpeM: m3MepeHUil B T10Jie 3peHHS NPHEMHIKA
MOXKeT MOIaJaTh PA3JINYHOe KOJINYECTBO THPO30Jieit,
YTO TIPHBOJNT K BapHAIIAM 3HAUeHUH Pey. V3MepeH-
Hble 3HAYeHU: [ 3aIlIChIBAIOTCS B IIAMATh PETUCTPATO-
pa c wactoroii 1 kI'it. CpesHne 3HaYeHUS 3a MTEPUOJT U3~
Mepennit 1 CRO Bqy ompenesgoTess cTaHAapTHBIM CIO-
co6oM.

[Tpu TecTmpoBaHUN PabOTOCTIOCOOHOCTH M3MEpPUTe-
JIT HaMU TIPOBe/IEHBI cepHH Ja60paTOPHBIX 3KCIIepPIMeH-
TOB C Pa3JMYHBIMI THTIaMH BofA. B Tab6s. 1 mpuBeseHbl
HEKOTOpbIe Pe3yJIbTaThl 3THX M3MepeHHi.

Ta6numa 1

PesyubraTsl uamepenus k03 puunenToB ocadaeHus
Pa3JIMYHbIX TUIIOB BOJ B JaGOPATOPHBIX YCIOBHSIX

Tu Boxs! Bext CKO (xomuectBo
A (A=4501m), v | uameperwit 10 000)

Bonomnposox 0,552 0,001889
JosxeBast 2,0134 0,005149
03. Bosipckoe 3.255 0,0060
(;1eTo)
03. Pojicreno 31,131 0,1698
(;mero)

IIpuMepbl pe3yIbTaTOB H3MEPEHHsI
K09(pPHIHEHTOB Pext B JTA00OPATOPHBIX
U TOJIEBbIX yCJIOBHSAX

[lns mpoBesieHust JTabOpPaTOPHBIX HKCHEPUMEHTOB
B CTAIlMOHAPHBIX YCJIOBUSAX ObLTa M3TOTOBJEHA KIOBETA,
B KOTOpYIO 3ajMBajlach HccjenyeMas BoJa, 00BEMOM
1o 50 1. B Hee ToMeIaIICh JIa3epPHBIN NMITYIbCHBIN HC-
TOYHUK W3JIy4eHUsS U (HOTONPHEMHUK B TePMETHIECKUX
6s0kax. B kauectse ucrounnka (puc. 2) UCMOIb30BaICH
MTOJTYTIPOBOTHUKOBDIH HelpepbIBHLIN J1azep DIY Ha 1m-
Hax BosH 445—450 1M, MotTHOCTBIO 4 BT, mepeBeeHHbII
B MIMITYJIbCHBIN PEKUM C YACTOTOMH TTOBTOPEHUST NMITYJIb-
coB 5—14 kI, cpeaneit momHOCTHIO 14—400 MBT B 3a-
BUCHUMOCTH OT JITUTETHHOCTH UMITYJIbCA. YTOJ PACXO-
MocT JiazepHoro uznyuenns 0,5—1,0°. B kadectBe ontu-
YeCKOTo IpHeMHUKa uclosb3oBajics dotoauos BPW 34
(OSRAM), cniekrpajibHast 06J1aCTh TyBCTBUTEIBHOCTH —
400..1100 M, dpotoTtox — 80 MKA, mose 3perus — 120°,
TJIOMTAIh (POTOUYBCTBUTENBHOTO dJIeMeHTa TIIOMAAKNT —
7 mv’. Ha puc. 3 mokasaHa KioBeTa B MOMEHT TIpOBe-
JleHnd m3Mepennit B JaGoparopuu. /[ MCKIIIOUEHUST
BIUAHUS (POHOBOI TOJCBETKN M3MEPEeHNs TTPOBOINJIICDH
B TEMHOM ITOMEITEeHNN.

Cpennee 3navenne koadduiimenta ociaabaeHus
BOJIbI M3 03. Bospckoe B 3THX sKCIIEPUMEHTAX COCTABUIO
3,255 M7, CKO — 0,106. B Ta61. 2 npuBeieHbI pe3yJib-
TaTbl U3MepeHnii KoahUINEHTOB OcTabIeHNs B 3aBH-
CHUMOCTH OT TJIYOMHBI TIOTPY KEHNUS M3MEPHUTEsT B BOLY
Ha 03. bospckoe n B 1a60paTOPHBIX YCIOBHSIX.

Ta6numa 2
PesyubraTsl uamepenust k03(hppuIHenToB ociadaenust
Bo/bI 03. Bosipckoe 31Moil B MOJIEBBIX U JTaGOPATOPHBIX
YCJIOBHSIX

[ny6una norpyskeHus Koaddurent
U3MepuTes, M ocs1ab/eHuss, M
Iloaesvie ycaosus

5,348
5,303
5,223
5,029
4,645
Jlabopamopruiil sKcnepumerm
Kiosera | 4,169

0,
1,
1,
2
2

)

o o L

)

Kax cmemyer n3 tabu. 2, ¢ yBeJU4eHNEM TIyOUHBI
MOTPY>KEeHN M3MepuTeas KoapUIMeHT ocaabIeHns
yMenbiaercss. OObsICHEHNE 3TOMY MOKET OBbITh CJIEIYIO-
muM. C mosSBIE€HNEM JIYHKH BO JIBAY YBEJIUIHBAETCS
MPUTOK KUCJIOPOJA B BOMAY, UTO IMPUBOIUT K [BUKEHUIO
JKUBBIX OPTaHU3MOB B HAIPABJIEHUH JIYHKH, MOBBIIIE-
HUIO UX aKTUBHOCTH U KOHI[EHTPAIMU 110 Mepe TPUOIi-
JKEHUST K OTKPBITOMY YYaCTKY BOJIBI.

ITo nanueM [6], cpemnee 3navyenue Koadduimen-
Ta ocaabiaeHnsa Boabl B 03. Jlama (Aurajickmii kpaii)
B JIeTHee BpeMs Pext = 9,9 M7!, B 3uMHee — 4,8 ML, D10
03€po 0 HEKOTOPHIM Ipu3HakaM (HeIpoTOYHOe, paco-
JIOKEHO GJIM3KO K FOPOJY) MOKHO OTHECTH K TOMY K€
3BTpodHOMY THILY, 4TO 1 03. Bosipckoe. OHAKO U3 cpaB-
HeHNsI Ko3(h@UIMEHTOB OocTabieHns BOJ 3THX 03€ep
cJeyeT, 4TO ecJaM 3WMOil OHM OJIM3KH, TO JIETOM BOJa
B 03. Jlama 3HaunTeIbHO 6OJIee MyTHasI, 4eM B 03. Bosip-

984 Beaos B.B., A6pamoukun B.H., Kyapssues A.H. u ap.



ckoe. MOKHO TPEINONOKUTD, YTO HMPUYMHBI 3TOTO —
MHTEHCHBHOCTD IOCENIeHNus 03ep HaceJeHneM, CTOKH
aTMoc(epHBIX a3po30JIeil I Ap.

3akouenue

Cosnan n3Meputesb KoaOOUITIEHTOB ocTabIeHIs
BOJIHBIX CpeJl, MPOIIEJIINil UCIbITAHUS B TOJEBBIX
VCIOBUAX B JieTHee U 3uMHee BpeMsi (010 JbaoM)
1 B JIaGOPATOPHBIX YCIOBUSX. [loydeHHbIE pe3yabTaTbl
He TPOTHBOpeYaT WMelolelicss B Jureparype uHbOP-
Malii O TMOJOOGHBIX M3MEPeHUsIX, BBIMOJHEHHBIX, Ha-
mpuMep, B JabopaTopHBIX yciaoBuax [6]. Vsmepuresnn
MOKeT OBbITb PEKOMEH/OBAaH [JISI OIIEHKH IIpe/IeTbHBIX
PACCTOSTHUN «UCTOYHUK — MPUEMHHUK» B CHCTEMaxX OII-
THYECKON CBSI3M B TpellesiaX IPSMOil BUAUMOCTU WJIN
Ha paccegHHOM Ja3epHOM W3Iy4eHHN. 3HaHIe 3TOTO
mapaMeTpa B peaJibHOM Maciitabe BpeMeHU BayKHO LISt
OIlEHKW BO3MOKHOCTH OCYIIECTBJIEHNS TaKoil CBA3N
MpH 3aJJaHHBIX XapaKTePUCTUKAX U TTapaMeTpaX CUCTeM
OTITHYECKON CBI3M.

Pa6ora BbImosiHeHa B paMkax [IprmopureTHoro Ha-
npasiennus 11.10 mporpaMMbl pyHIaMEeHTATBHBIX HCCJIE-
noBanuit MOA CO PAH, npoekra 11.10.3.3. «IIpsmbie
1 o6paTHbIe 3a[a4ll 30HAMPOBAHUS aTMOC(EpPH U 3eM-
HOI TTOBEPXHOCTHU, aTMOchepHas KOPPeKIUS I KOMMY-
HUKAIIMOHHBIE OTITHKO-3JIEKTPOHHBIE CHCTEMBI Ha pacce-
SHHOM JIA3€PHOM M3JIyYeHUH>.

ABtopsl 61aromapubl aupekropam TOA CO PAH
I.T. Marsuenko u 1.B. ITraisuky 3a nofaep:xky (8 Tom
qucie (PUHAHCOBYIO) CBOUX UCCAEAOBAHUII B MOJIEBBIX
YCJIOBUSIX.
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V.V. Belov, V.N. Abramochkin, A.N. Kudryavtsev, M.V. Tarasenkov, A.V. Fedosov, E.S. Poznakhareo.
Instrument for measuring the water extinction coefficient under laboratory and field conditions.

The composition and operation principle of an instrument for measuring the water extinction coefficient in
real time are described, including measurements in water under the ice surface. Examples of instrument testing
under field and laboratory conditions are given. The measuring instrument is recommended for estimation of
maximal receiver—source distances when line-of-sight optoelectronic communication or communication on scat-

tered laser radiation is possible.

Usmepurens koadduipenta ociadaeHus BOAHOIN cpe/ibl JaGOPATOPHBIX U MOJIEBBIX YCIOBHIX 985



Ilnara mutanus
U yIpaBJIeHUs
J1a3epoM ———>—

Baok perucrpanun
¥ MHITKAIIT
U3MepEeHUH —— 3

Onruyecknii
TIPUEMHIK

Puc. 2. Bioku 1—3 (M. puc. 1): @ — miata NUTAHWS U YIPABJIEHUS «3€JI€HbIM» N «CUHUM» TIOJYIIPOBOJAHUKOBDBIM JIa3ePOM
(12,2 x 6,0 cM); 6 — omTuUecKast MpUeMHasi cucTeMa, 6JO0K PErMCTPallii U WHANKAIMI PE3YJIbTaTOB N3MePeHNs

Puc. 3. KioBera Bo BpeMst 3MepeHnil koadduienTa ocabaeHus JeTHeil Bogbl 03. Bosipckoe (asrycr 2019 r.)
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