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®OPMHUPOBAHUE NMPUJIOHHON T'MIIOKCUA U CEPOBOJIOPOJA HA IIEJIb®E
YEPHOI'O MOPs1

Ieab. OneHka COBPEMEHHOTO COCTOSHHS 3KOCHCTEMBI ceBepo-3amnanHoro meibda Yeproro mops. Meto-
Abl. BrInonHeHa BBIOOPKA CPETHECYTOYHBIX U3MEPEHUH TEMITEPATyphl U COJICHOCTH TIOBEPXHOCTHOTO CJIOSI MOP-
CKOM BOJIBI, YPOBHS MOps U BeTpoBoro pexkuma 3a 2007, 2012 u 2017rr. [IponsBeneH aHanw3 JaHHBIX ChEMKH
NPSMBIX HAaOJIONEHHUH B IIEHTPAIBLHOM YacTH CeBepO-3alaHoro menb(ha YepHOro Mops M CIyTHUKOBBIX CHUM-
koB NASA. PesyabTarthl. 3a nociennue S50 jieT B peunbix Boaax ynas, [lnenpa u J[HecTpa pe3ko yBEIHIHIOCH
KOJIMYECTBO OMOTEHHBIX BELIECTB, TSIKEJIBIX METAJUIOB M HE(PTENPOIYKTOB, YTO CIIOCOOCTBOBAIO MX HaKOILIE-
HHIO B MOPCKOM 3KOCHCTEME. 3a cueT W30bITKa MOCTYIUICHUS] ONOTeHHBIX BEILECTB, B MOPE, B BECEHHEE- JICTHU
MEepHO/I Pa3BHUBAJIOCH AHTPONOTEHHOE 3BTPO(QHPOBAHUE, & B JICTHEE — OCCHHUH INEpUOA, B NMPHIOHHOM CJOE
(dhopmupoBaiics NeGUIMT KUCIOPOIa — THIIOKCHUs. B mocieaHue roapl CokpaiieHne CToka OHOTeHHBIX BELECTB C
IUIOIIAZA BOAOCOOPa PeK 00eCHeyrIo yBEIMICHUE TPO3PAYHOCTH BOJ B PE3YJIbTATE YMEHBIUICHHUS B3BEIICHHBIX
BEIIECTB OPTraHNYECKOT0 ¥ MHUHEPAILHOTO IIPOUCXOKACHHS B Bojie. OJHAKO, OTCYTCTBHE MOHUTOPHHI'A MOPCKOH
Cpenbl He 1aBajlo BO3MOXHOCTh JaTh MOJHYIO OLEHKY COBPEMEHHOTO COCTOSIHMSI BOJHOM SKOCHcTeMEl. B cen-
Ts0pe 2017r. mpou3BeeHa chbeMKa ceBepHOl yaCTH mienbga YepHoro Mops. PesyneTatamu mccienoBanuii Ob1I10
YCTaHOBJICHO Pa3BUTHE TUIIOKCHH B IIPUAOHHOM CJIO€. 3HAUEHHS PACTBOPEHHOTO KHCIOPO/a HA OTHOCHUTEILHOM
riy0okoBosbe mienbda (rnyounsr Goee 20 M) Obutd Huke 2,0 Mu/ir. DTOT mporiece 00YCIOBIEH BBICOKUM
YpOBHEM 3BTPOPHUPOBAHUS B BeceHHee — JeTHHH nepuoa 2017r., 4To MOATBEPKAAETCS TaHHBIMH CITYTHUKOBBIX
HaOmonenuit NASA u pe3ynbTaTaMu HaOJFOICHHH 32 allBEJUIMHIOM BOJHBIX Macc B IPUOPEKHON 4acTH MOPSI B
terutelid mepuoa 2007, 2012 u 2017rr. BeiBoabl. 1o 7aHHBIM MPSIMBIX HAOMIOACHUH YCTAaHOBICHO MPOAOIIKAIO-
IIeecs aHTPOIIOreHHOE IBTpodupoBaHue, GopMupoBaHue AedUIMTA KUCIOPOAa U CEPOBOAOPOA B MIPUAOHHOM
clloe MOpsi Ha yKpauHCKO#l wacTu menbda YepHoro mops. IIpocTpaHcTBeHHBIE MacIiTaObl ECTPYKTHBHBIX
YYacTKOB CON3MEPHUMBI C pa3MepaMHu IUIONIa e IPUIOHHOH rumokcuy 70-X roJJ0B MPOMIJIOTO CTOJIETHS.

KaiodeBble cj10Ba: aHTPONOTEHHOE 3BTPO(PHPOBAHUE, MPUAOHHAS T'HIIOKCHS, CEPOBOIOPOJ, alBEIUIMHT,
mens¢ YepHoro mopst
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THE NEAR BOTTOM HYPOXIA AND HYDROGEN SULPHIDE FORMATION ON THE
BLACK SEA SHELF

Purpose. Estimation of the Northwestern part of the Black Sea Shelf in modern period. Methods. The
sample of average daily measurements of the temperature, salinity on the surface, level, wind velocity and direc-
tion during 2007, 2012 and 2017 had been done. The analyses of the cruise investigation parameters and NASA
satellite photos had been done in this region as well. Results. Increasing of nutrient, heavy metals, oil concentra-
tion in the Danube, Dnieper and Dniester of water runoff was fixed during the last 50 years. It was the reason of
its permanent accumulation in marine ecosystem. Also it was the reason of anthropogenic eutrophication devel-
opment in the sea water in spring and at the beginning of summer time. Later, at the end of summer and in au-
tumn the dissolved oxygen is decreasing in the bottom layers because of destruction of organic matter. In the last
years, decreasing of nutrient from the rivers input was marked. It provided the increasing the transparency in the
sea column and made the water condition more positive. But for assessment of the whole ecosystem state the
complexes monitoring is absolutely necessary. In September of 2017 the special investigation cruise was done.
The result shown the deficit of the dissolved oxygen — hypoxia in the near bottom layer is spreading in the center
of the shelf ecosystem (the depths are more than 20 m). The oxygen concentrations were less than 2,0 ml/I. The
reason of this negative phenomena was provided by NASA satellite photos of eutrophication process in summer
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and marking of upwelling at the shallow waters during the warm period in 2007, 2012 and 2017. Conclusions.
Anthropogenic eutrophication development in the sea water was fixed as well as the near bottom hypoxia and
hydrogen sulphide formation in the Ukrainian part of the Northwestern shelf of the Black sea in the modern pe-
riod. Spatial scale of this phenomena is comparable with the scales from 70's of last century.

Key words: anthropogenic eutrophication, near bottom hypoxia, hydrogen sulphide, upwelling, the Black
Sea shelf
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®OPMYBAHHA NPUJIOHHOI I'MOKCII I CIPKOBOJIHIO HA HIEJIb®I YOPHOI'O MOPA

Meta. OuiHKa Cy4acHOTO CTaHy €KOCHCTEMH MiBHIUHO-3axigHoro menbdy YopHoro mopsi. Meronu. Bu-
KOHaHa BHOIpKa cepeHb0JO00BUX BUMIPIOBaHb TEMIIEPATYPH 1 COJIOHOCTI MOBEPXHEBOTO MIAPY MOPCHKOI BOJIH,
piBHSI Mops 1 BiTpoBoro pexxumy 3a 2007, 2012 i 2017rr. 3pobneHo aHani3 JaHuX 3HOMKH NPSIMUX CIIOCTEpe-
JKeHb B LIEHTPAJIbHII 4acTHHI MiBHIYHO-3aXiqHOTO 1enb(py YopHOTO MOps i CynmyTHHKOBHX 3HIMKIB NASA. Pe-
3yJabTaTH. 3a octanHi 50 pokiB B piukoBux Bogax JlyHaro, [Juinpa i JricTpa pizko 30imbmImiacs KilbKicTb 6io-
TCeHHUX PEYOBHH, BAKKAX METATIB 1 HAQTOIPOIYKTIB, IO CIIPHIO iX HAKOIMMYCHHS B MOPCHKIil ekocucTeMi. 3a
PaxyHOK HaJUTMIIKY HAaIXOIKCHHS OIOr€HHHMX PEYOBHH, B MOPE, B BECHSHO-JIITHIN MepioJl pO3BHBAIIOCS aHTPO-
MOTeHHA eBTPOdiKaIllis, a B JITHIA — OCIHHIN Iepio, B MpUIOHHOMY IIapi (opMyBaBcs Ae(ilUT KUCHIO — TiOK-
cis. B ocTaHHI poKHM CKOpOYEHHS CTOKY 010reHHUX pEYOBHH 3 IUIOMII BOA0300PY pidoK 3a0e3nedmio 301bIIeHHS
MPO30POCTI BOJ B PE3YNbTaTi 3MEHIICHHS 3BKCHUX PEYOBHH OPTAaHIYHOTO i MIHEPAIbHOTO MTOXO/KCHHS B BOJI.
OpHak, BiZICYTHICTh MOHITOPHHI'Y MOPCBKOT'O CEPEOBHIA HE IaBAJI0 MOXKJIMBICTh 1aTH NOBHY OLIIHKY Cy4acHO-
ro cTaHy BojHOI ekocucteMu. Y BepecHi 2017p. npoBeneHa 3iioMKa MiBHIUHIM yacTHHY 1enbhy YopHOro MOpsL.
Pesynpraramu 1ociipkeHb OyJI0 BCTAHOBIICHO PO3BHTOK TIMOKCIT B MIPUAOHHOMY IIapi. 3HAUSHHS! PO3YHHEHOTO
KHCHIO Ha BITHOCHO MTHOOKMX yacTHHAX MIenbdy (rmubunu Oinbire 20 M) Oynu Hmwkae 2,0 mu/n. Leii mpomec
00yMOBJICHHI BUCOKHUM PiBHEM eBTpodikalii y BeCHSIHO — JiTHIH nepiog 2017p., Mo minTBEpIKY€EThCS TaHUMH
CYNYTHHMKOBHX crioctepekeHb NASA 1 pe3ynbTaTaMu CIOCTEPEKEHb 3a alBeTiHI'y BOJHHX Mac B MpUOEpexHiit
yacTrHI Mops B Terumit epiox 2007, 2012 1 2017rr. BucHOBKH. 32 JaHUMHU MPSIMHUX CIIOCTEPE)KEHb BCTAHOBIIE-
Ha TpUBal4a aHTPOIIOTeHHE eBTpo(dyBaHHA, (GopMyBaHHS Ne(IIUTy KACHIO i CIpPKOBOIHIO B MPHIOHHOMY IIapi
Mopsl Ha yKpaiHChKii dacTuHi menbdy Yoproro mops. [IpocTopoBi MacmiTabu AeCTpYKTUBHUX IUISHOK ITOPiB-
HSHHI 3 PO3MipaMH IUTom] rinmokcii 70-X poKiB MHHYIIOTO CTOJITTS.

Karwuosi cioBa: anTpornoreHse eBTpodyBaHHS, IPUAOHHA TIlTOKCisl, CipKOBOACHB, allBEIIiHT, melb( Yop-
HOTO MOpSst

Beeoenue

Bo Bropoii momoBuHe XX Beka, OCHOB-
HBIM HETraTUBHBIM aHTPOIOI'€HHBIM (pakTopom
BIMSHUST Ha UYEPHOMOPCKYIO JKOCHCTEMY
menbga, ObII0 3BTPOPHPOBAHIE MOPCKUX BOJT
n3-3a M30BITOYHOTO MOCTYIUICHHS OMOTEHHBIX
BEIIECTB C PEYHBIM CTOKOM. B pesynbrare, Ha
OONIMPHBIX YYacTKax Mopsi oTMedascs nedu-
OUT KHUCIIOPOAa, OOYCIOBIEHHBIA MUHEpau-
3alMeil OpraHUYecKoro BelecTBa B IMPUIOH-
HOM CJIO€.

[puunnbl  GopmupoBanus aeduuUTa
KHACJIOpOJla B MOPAX OBIBAIOT HPUPOIHBIE U
anTponiorennbie. OnHOW M3 0COOEHHOCTEH
YepHOro MOps SBISIETCS OTCYTCTBHE PacTBO-
peHHOro Boje kucnopoaa Huwxke 200 MeTpoBon
riryounbl. OTCYTCTBHE PACTBOPEHHOTO B BOJIC
kuciopona Hmke 200 MeTpoBoii TITyOHHBI OT-
HOCUTCSA K TPUPOTHON COCTABISIOMICH KUCIIO-
pomHOrO Oaylanca W OOYCIIOBJICHO IOCTYILIE-
HUEeM OoJsiee IUIOTHOW, IO CPaBHEHUIO C 4Yep-
HOMOPCKOM, BOAHOW Maccoil, OImycKalomencs B
riryOuHHbIe ciou. M3-3a oTcyTcTBUS 1Ienbda B

[Tpubocdopckom paiioHe, TPOUCXOTUT KacKa-
IOUHI, T.€. BEPTUKAJIbHOE NepeMEeLIeHUE BOIOH
Macchl BJOJb KOHTHHEHTAJIBHOTO CKJIOHA.
OrpaHn4eHHBIN BEpPTUKAIBHBIH OOMEH COMyT-
CTBYET YCTOWYHMBON BEPTHKAIBHOUN CTpaTH(U-
KaIluy CIIOEB.

Wnas npuuwuna, dopmupoBanus nedu-
LUTa KUCJIOPOAA, MOSBIEHWE M pacnpocTpa-
HEHHUE CEPOBOAOPOZA, CYyry0Oo aHTPONOTeHHAS
U TpHypouYeHa K MIeNb(POBOH 3KOCUCTEME.
BaxHO OTMETUTH, YTO MPAKTUYECKH BECh Uep-
HOMOPCKUH 1esb() pacrojokeH B YKpauH-
CKHX BOJax, YTO COJEPXKUT OOJbIINe IIpe-
MMYIIECTBA AN YKpawHbl W, OJHOBPEMEHHO,
OTBETCTBEHHOCTh 3a KaYECTBEHHOE COCTOSIHHE
Mopckoi cpeapl. OnHako, (akTopsl, OTBET-
CTBEHHBIE 32 KA4eCTBO MOPCKOW Cpejbl, 3ada-
CTYI0O MMEIOT TpaHCIpaHW4YHBbIN xapakrep. K
TaKoro poja (hakTopaM OTHOCHTCSI CTOK KpYyII-
HbIX pek JlyHad, JInenpa u {nectpa, miomans
BOoOCOOpa KOTOPBIX BBIXOOUT 3a MpPEIeIbl
VYkpaunsl. CTOK 3THX pPEK COCTaBISAET OKOJIO
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70% ot obmiero cToka, mocTymnatomiero B Yep-
HOE MOpE M HE BCEr/la COCTaB CTOKa yJOBJe-
TBOPUTENBHOTO KadecTBa. 3a mocnennue 50
JeT B PEYHBIX BOJIAX PE3KO YBEIUYMIOCH KO-
JIMYECTBO OMOTCHHBIX BEIICCTB, TSHKENBIX Me-
TaJVIOB U HEPTEMPOIYKTOB, YTO CHOCOOCTBO-
BAJIO MX HAKOIJICHUIO B MOPCKOW 3KOCHCTEME,
KaK IPUEMHUKE MOJUTFOTAHTOB. 3a CYeT H30bIT-
Ka TIOCTYIUICHHUS OMOTEHHBIX BEIIECTB, B MOPE,
B TEIUIBIA MEPHOJ T0Jla Pa3BUBAJIOCh aHTPOIIO-
TeHHOE IBTPOPHPOBAHHE.

HecMotpst Ha TO, 4TO B HACTOSAIIECE Bpe-
Msl, IPOUCXOJUT BOCCTAHOBJICHUE MICTB(HOBON
9KOCUCTEMbI, B YaCTHOCTH, IEHHOTO (HIIIO-
¢dopHOro moNs 3epHOBA, PACIONOKEHHOTO B
HEHTpe menbda, YTO 0OYCIOBICHO COKpalle-
HUEM CTOKa OWMOTCHHBIX BENICCTB C IUIOIIAIN
BOJIOCOOpa PEK, YBEIMYCHUEM MPO3PAYHOCTH

BOJl B PE3yJbTaTe COKPAIICHHS B3BCIICHHBIX
BEIIECTB OPraHMYEeCKOr0 U MHHEPaIbHOTO
MPOUCXOKICHUS B BOJC U MPEKPAIICHUS JTOH-
HOTO TPAJICHHS H, CIEA0BAIO0 OBl OXKUIATH T10-
BBIIICHUSI KAueCTBa BOJ U JOHHBIX OCaJKOB,
BOIPOC OCTAeTCs OTKPBITHIM. JIjisi pereHust
BOIPOCAa HEOOXOMUMBI TAHHBIC MPSIMBIX H3Me-
peHnii in Situ, Ha OCHOBAaHMM KOTOPBIX MOKHO
C OTIPEICNICHHOM J0JIeH YBEPEHHOCTH CYAUTD O
COBPEMEHHOM COCTOSIHHH INEIb(POBON IKOCH-
CTEMBI.

B Hacrosieii pabote paccMaTpHBAIOTCS
NPUYMHHO-CIICICTBCHHbBIC (DAKTOPBI PEryIisip-
HOTO (POPMHPOBAHMS CEPOBOAOPOJA B MPH-
OpexxHoli obnactu menbda YepHoro Mopsi, Ha
OCHOBaHMUHU H3MepeHHI7[ Mo AOCTYIHBIM JaH-
HBIM.

DaxkmuuecKkuil mamepuan u Memoowvl uccied06anuil

B kauectBe naHHbIX u3MepeHuil B Onec-
CKOM 3aJIBE WCIIOJIb30BaHbl HAOMIOACHUS, pe-
TYJSIPHO  BBIMIOJHSIEMBbIE THIPOPUIUIECKON
nmaboparopueit Omecckoro TocyaapCTBEHHOTO
3KOJIOTMYECKOTO YHUBEPCUTETa, a HMEHHO:
CpPETHECYTOUHBIE M3MEpPEHHUs] TeMIepaTyphl
MOBEPXHOCTHOTO CJIOSi MOPCKOH BOJBI M BO3-
JyXa, COJEHOCTH IOBEPXHOCTHOI'O CJIOS MOp-
CKOH BOJIbI, YPOBHSI MOpPSI, CKOPOCTH U HaIlpaB-
JIEHUs BETpa, HAJIMYHE CEpOBOIOPOAa OTMEYa-
Joch opraHoyienTuiyeckd. llpomsBeneHa BbI-
6opKa AOCTYIHBIX HOaHHBIX II0 TIE€pHUoJaM
HAOJIIOJICHUI ¢ Masi 110 CEHTAOPh BKJIFOUUTEb-

Ho 3a 2007, 2012 u 2017 rT. B COOTBETCTBHE C
MICPUOJIOM PA3BUTHS MPUIAOHHOW THUIOKCHU U
(hopMUpOBaHUs CEPOBOAOPOJA B TCIUIBIA IIe-
puoja BpemeHU. Vcmonb30BaHbI METOABI T'pa-
(puyeckoll M CTAaTUCTUYCCKONW 00pabOTKU Jist
BBIJICJICHHS YACTOTHI M JIMTEILHOCTH alBell-
mura (upwelling) mox nmeiicTBueM CrOHHOTO
Betpa. [lpou3Be/eHa OIEHKA MPOCTPAHCTBEH-
HOT0 MaciTaba MPUJIOHHONW THIOKCHU TI0 pe-
3yJlbTaTaM ChEMKH MHCTPYMEHTAJIbHBIX Ha-
omonenuit B centsiope 2017r. Ha 6a3ze 3kcme-
JIMIIMOHHBIX HcclieIoBaHui ['ocyaapcTBEHHOM
runporpadun YKpauHs.

Pezynomamot ucciedosanuii u ux oocyiicoenue

W3BecTHO, 4YTO K TIJIaBHOW mpoOIeMe
MPUOPEKHBIX W MIETH(POBBIX IKOCHCTEM OTHO-
CUTCS TIPOIIecC (POPMUPOBAHUS TIPUIOHHOMN TH-
MOKCUM M MAacCOBOW TMOENN JOHHBIX OpraHM3-
MOB. OTO 00YCJIOBJIEHO KPYIMHOMACIITAOHBIM
aBTpoupoBaHrEeM BOl UepHOTro MOpsi HAYMHAS
¢ 70-x rogoB XX Beka. B psame myOmukarmii
JICTaJbHO OIKCAH MPOLIECC Pa3BUTHS 3BTPOHU-
pOBaHUsI U YCTaHOBIIEHA 3aBUCUMOCTD TIPUJIOH-
HOW THUIIOKCHH OT CTENeHH TPo(HOCTH BOI U
THIPOMETEOPOIIOTHUECKHX yCItoBuii [ 1-6].

B BeceHnHuil mepuoj, B Havaie MOJOBO-
IIbsl, aKTUBU3UPYETCs mpolecc (POTOCHHTE3a H
HauMHAaeT OYPHO Pa3BUBAThLCS MEPBUUHAS IIPO-
nyknus purtorutankToHa. Konebanust Temmepa-
TYpBI IOBEPXHOCTHOTO CJIOSl HA B3MOPHE HOCST
YETKO BBIPAKEHHBIA CE30HHBIN XapakTep — OT
2°C B stuBape 10 22°C B aBrycre. [Ipu 5T0M MH-
HUMAJIbHBIC 3HAYCHUS 3UMOW MOTYT OBITh OT-
puniarenbibivi — 0,4 °C, a MakcHMaJbHBIC B

utoste npesbimaT 27°C. CyTo4HbBIH X0/ TeM-
[IepaTypbl Ha B3MOPBE TP YMEPEHHOM BETpE U
wtuine Moxer gocrurath 6°C. BeprukanbHas
CTPYKTypa TIONISl TEMIepaTypbl 3aKOHOMEpPHO
MeHseTcsi B TedeHue roxaa. llepex BeceHHHM
IIPOrPEBOM BCsl TOJIIIA UMEET Ty K€ TeMIlepa-
TYpY, 4TO ¥ MOBEpXHOCTh. K Mato dpopmupyetcs
MPOrPETHIA CIOM U XOPOUIO BBIPAXKEHHBIN Tep-
MOKJIMH Ha TJIyOMHE 10 5 M C TpagueHTOM 10
1°C m™. K aBrycry B pesyibTare Hporpesa u
BETPOBOTO TEPEMENINBAHAA TEPMOKIMH OITyC-
kaercs 10 15-20 M, a MakCUMallbHbIE TPAJAUCH-
Tl MOTYT JIOCTHIaTh 3-5°C-mt. Ha menbmmx
TyOMHAX TporpeTrasl BOJHAs Macca 3aXBaThIBa-
et Bcro Tonmry. K HOA0pro TepMomiorepu ¢ 1o-
BEPXHOCTH M 3MMHSASA BEPTUKAIbHAs [UPKYJII-
LU BBIPABHUBAIOT TEMIIEPATypy OT IOBEPXHO-
CTH JI0 AHA. B 3TO BpeMs1 OHa COCTABIIIET OKOJIO
10°C, a TeuyeHue 3UMBI K Havally BECCHHETO
IpOrpeBa IMOCTENCHHO TMoHIKaeTcs 10 2—4°C
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BO BCceW Toie. B neTHuil nepuon B NpUNOH-
HOM CJIO€ B3MOpPbSl OTMEUYEHA 3aKOHOMEPHOCTh
obOpa3oBaHusa JehHUITUTa KHCIOpOIa IO Mepe
3aray0seHs CE30HHOro TepMokinHa. [Iporecc
HaunHaeTcs Ha Manbix (8—15 M) rryOunax B
WIOHE U 3aKaHYMBACTCS B MIONIE, KOTAA TEPMO-
KIIMH JOCTHTAET THA W 3a CUET BEPTHUKAIBHON
OJTHOPOZHOCTH YJIyUIIaeTCsl a’palus NpUI0H-
Horo cios. Ha riryOmHax cBeime 15M HWOKHSSA
TpaHMIla TEPMOKIHMHA CIIEAyeT TOonorpaduu
Mopckoro aHa. [IpunoHHslii cioii popmupyercs
M30JIMPOBAHHOM BOJHOM MacCoW, TI€ B Pe3yb-
TaTe OKHMCJIECHUS U OTCYTCTBHS HCTOYHHMKOB I10-
CTYIUIEHHUsI KHUCJIOpOJia BO3HHKAeT NpPHUAOHHAs
runokcusd. Peaxue anBeKTUBHbIE TOKH MOTYT
BPEMEHHO YJIYUIINTh KHCIOPOAHBIA PEXKHAM, HO
B IEJIOM pAa3BUTHE NPUIOHHOM THMIIOKCHH
YCTOMYMBO W TIPOJOJDKAETCS 10 CEepeAMHBI
oceHHero mnepuopa. OOiiee BOCCTaHOBIICHHE
MIPOMCXOAUT 3UMOM, B pE3YyNbTaTe OCEHHE-
3UMHEW BepTHKaIbHOM KOHBEKIMH [5, 7-9].

OTCcyTCTBUE PETYISPHBIX HAOIIOCHUH B
MOpE — MOHUTOPHHI'A, BEIHYXAeT 00paIaThes
K KOCBEHHBIM JaHHBIM, KOTOPBIE MOTYT OBITh
MOKa3aTeNIIMU COCTOSIHUSI MOPCKOW Cpefbl, B
YaCTHOCTH, YCJIOBHI B MPHIOHHOM CJIOE —
HaJIM4ME WIN OTCYTCTBHE KHUCIOPOAA U CEPOBO-
Jopoza.

PaccmoTpuM BiHsIHME a/IBEKTHUBHBIX TO-
KOB a MPHUIOHHOM CJIO€, KaK TOKazaTenei co-
BPEMEHHOT'O COCTOSIHHSI OTKPBITOIO MOpS B Tie-
penenax ykpauHckoro menbga. K mnpuumne,
BBI3BIBAIOIIEH aJBEKTHBHBIE TOKH, OTHOCHTCS
JIESITENBHOCTD BETpa HaJl NMOBEPXHOCTBIO MOpH,
00yCIIaBITMBAIONINK KBa3U-0JHOHATIPABICHHOE
TE4YEHHE Ha TOBEPXHOCTH MOPS U HAKJIOH YPOB-
Hs Mopd. Ilpu 3TOM 3a CueT rpaBUTALMOHHON
COCTaBIISIIONIEH OajaHca CHJI, HAYMHAET MPOUC-
XOJIMTh BEIPaBHUBAHUE YPOBHS, a B IPUIOHHOM
CJI0€ BO3HUKAET KOMIICHCAIIMOHHOE TEUEHHE
oOparHoro HampasneHus. [lpu ycrmoBum cros-
HOTO BETpa, CO CTOPOHBI Oepera Imo Harpase-
HHUIO B OTKPBITOE MOpe, popMHpyeTcs] TeueHne
B MOpE NPAKTHUECKH TOTO K€ HAaIpaBICHUS,
YPOBEHb TOHMXAETCS W, 32 CUET KOMIIEHCAIlU-
OHHOTO TEUEHH B MPUIOHHOM CJIO€ TIPUAOHHAS
BOJHAas Macca HAuyMHAEeT IEepPEMEIIaThCs II0
HampaBlieHHI0 K Oepery, COXpaHss MpH 3TOM
BCe mpucyliue eil cBoiictBa. K atum cBoiicTBam
OTHOCATCSI, B TEPBYIO OYepenb, TEMIIEpaTypa,
COJICHOCTb M HAJIMYHE WU OTCYTCTBHE PACTBO-
PEeHHOro Kuciopoza jubo ceposogopona. Ilpu
9TOM, HENOCPEICTBEHHO y OEperoBod YepThl
YETKO TPOSABISETCA  SBICHUE  alBEIIMHIA
(upwellig), T.e. BBIXO Ha TIOBEPXHOCTH BOIHOM

Macchl C MHBIMU 3HAUCHHUAMH TEeMIEpaTyphl U
COJIGHOCTH B OTJIMYMH OT (POHOBBIX, XapakKTep-
HBIX U TETUIOrO TIepHoa To/1a Ha YepHOMOp-
ckom 1enbde. [lo 3HaYCHUSM TMOHMKEHHOU
TEMIIEPATypsl U TOBBILIEHHOW COJIEHOCTH MOX-
HO CyIUTHh 00 MHTEHCHBHOCTH alBEJUTHHTA, HIH
CrOHa, a TaKXKe OMNPEACINTh BEPTHKAIBHYIO
CKOpOCTb B MOpE 3Has MECTOpacIoIOKEHHE
M30TE€PM U M3TAIHH B IPUIOHHOM CIIO€ B Opra-
HOJIEITUYECKA OTMETHUTHh HAIWYHE CEepPOBOJIO-
pona B BOJE.

Kak ormeuanocs Bwime, B Hayane 90-x
rOJI0B, B TIEPHOJA 3KOHOMHYECKOTO KPH3HCa,
OBUI0O OTMEYEHO HEKOTOPOE COKpalICHHUE II0-
CTYIUICHUH 3arps3HAIONMX W OHOTEHHBIX Be-
IIECTB C PEYHBIM CTOKOM. OIHAKO IMPEoo-
JKEHHST O BOCCTAHOBIICHMH MOPCKOW Imenbdo-
BOM 3KOCHCTEMBI HE OINpPAaBJAINCh. 3HAUUTEIb-
HBIN TIPOOETT B MOHUTOPUHTOBBIX MICCIIEIOBaHH-
six ¢ 2000 r. o Hacrosiee BpeMsl He MTO3BOJISET
a/IeKBaTHO OIIEHUTHh COBPEMEHHBIE YCIIOBHA, B
YaCTHOCTH Ha OTHOCHTEIHLHOM TTTyOOKOBOJbE —
Ha riryOuHax cBbime 20 M, Te pa3BUTHE THITO-
KCUH HanOoJiee YCTOWYMBO U MPOAOIIKUTEIHHO.
Kpome Toro, ycinoBusi THIIOKCHUHM U 3HAYUTEIb-
HBIE 3aachl OMOTEHHBIX BEIECTB MOTYT JETIO-
HUPOBATh B JOHHBIE OTIIOKEHUS, KOTOpPhIE TIPH
OTIPEJIENIEHHBIX YCIOBUSAX MPOBOIMPYIOT Pa3BH-
THE TUTOKCHH. 3a moutu 50 - JIeTHUH mepuo
3BTpo(pUpOBaHMsS Ha IIenb(e, TaKue 3arachl
MOT'YT OBITh BEeCbMa 3HAYUTEILHBIMU.

Hecmotps Ha cokpalieHue NoCTyIUIeHUIA
OMOTEHHBIX BEIIECTB B MOpPE, COBPEMEHHBIC
JTAaHHBIe HAOIIOACHUI CBUIETENBCTBYIOT — «...0
BHE3aITHOM M CaMOM MHTEHCHBHOM, KaK MUHH-
MyM 3a TIOCJIEAHUE 5 JeT 1BeTeHuu Y€pHoro
MOpsi, KOTOPOE HAa4YaJIoCh YK€ B Mae U JOCTUTIIO
HEBUIAHHOTO pa3maxa B mioHe 2017 r. (cmyT-
HukoBble cHUMKH NASA BecHoit 2017 roma)
[10]. Ha cHuMKax oTMeYeHa HCKIIOYUTEIBHO
BBICOKasi KOHIIEHTPAITHs TUIAHKTOHA Y CEBEPHO-
ro U 3amagHoro nmodepexuit Y€pHoro mMops, oT
neneThl JlyHas u po ycresa JlnHenpa. Iloarsep-
KIECHUEM U PE3YNbTaTOM LBETEHUS CIYXKHUT
MOCHEAYIONMN JTe(UIUT PACTBOPEHHOTO KHC-
JIOpoAa B NPHUJIOHHOM CJIO€ Ha YEPHOMOPCKOM
menbde B ceHTssope 2017r., Koraa OmyCTHBIIH-
€Csl CKOTUICHHUS] OPTaHUKH Ha MOPCKOE JHO YTH-
JIM3UPOBAIM PACTBOPEHHBIN KHCIOPOA B TPH-
JIOHHOM CJIO€ B TPOLECCE MHHEPAIU3ALUU.
Pacnpenenenne pacTBOpEHHOTO KHCIOpOAa B
MIPUIOHHOM CITO€ TpeficTaBiaeno Ha (puc. 1), mo
JTAHHBIM, TIOJTYYE€HHBIM MPSIMBIMU U3MEPECHUSIMH
B ceHTsi0pe 2017T. mpu BBHIIOJHEHHH OKEaHO-
rpadUUecKoi ChbeMKH.
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Tax, HanMeHbIIVe KOHIIEHTPAIFH, MEHEe
20 - 2,5 mr 1Y ormewarorcs Ha rITyOMHAX
cBoime 20M, a TakWe HHU3KUC 3HAUCHUS COOT-
BETCTBYIOT SIBHO BBIPOKEHHOH THITOKCHHU.
OOBIYHO WCCIICIOBATENIA CYUTAKOT KPUTCPHEM
Hayajla TUTIOKCHM TpU 3HAUEHUSIX PaCcTBOPECH-
HOTO KHCIIOpOJIa B BOJIE — MeHee 3 Mr 't Tlo
CyTH, BO BPEMEHHOH TWHAMHKE W TPOCTpPaH-
CTBCHHOM OTOOpPa)KCHUU OTPAKEHO KJIACCHYC-
CKO€ COCTOSTHHE MOPCKOU IIeNb(pOBOH IKOCH-
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46.37

cTeMbl mepuoaa 70-X roJ0B MPOILIOTo CTOJe-
TS, KOTJIa OTMEYaIHCh (hparMeHTapHbIe 00Ja-
CTH TIOPQKCHHS JOHHBIX OWIICHO30B U THOENH
6enroca. CreoBaTeIbHO, MOPCKast SKOCHCTEMA
JlaJieka OT BOCCTAHOBJICHHS W aKTyaJbHOCTh
WCCIIeIoBaHui Oosiee yeM ocHoBaTenbHast. Cy-
Jisl TI0O W3OJMHUSM O0JIacTh PachpOCTpaHEHHUS
THUIIOKCUH OYEHBb BEJMKA M COCTABIIET OKOJIO
200 kM°.
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Puc. 1 — Pacnipeenenue pacTBOPEHHOr0 KucIopoza (a — [Mirir ], 6 — % HACHIMEHHS) B IPHAOHHOM CIIOE
Ha ceBepo-3amnaHoM enbde YepHoro Mopsi

B KoHILle JIeTHEro — Hadajie OCEHHETrO
Nepuo/a MpU COMYTCTBYIOUIMX YCIIOBHSX, Ha
OTHOCHUTEIIFHOM  TJIyOOKOBOJbE  (TITyOWHBI
cBpiie 20 M) TMOA CE30HHBIM TEPMOKITMHHOM
y)KE€ YETKO BBIPAXKEH JIePHUIUT KHUCIOpOJa.
OnHako, 1O [aHHBIM HAOJIONCHUI MOXKHO
OIIPENENINUTh PA3BUTHE TIporecca aepHuuuTa
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KHCJIOpOJa, IO Mepe pa3BUTHA (3ariryOneHus)
TEPMOKJIMHA B HPUOPEKHOM CIIO€ HAa4YMHAs C
KOHIIAa Mas Mecflla. JTOMY CIIOCOOCTBYIOT
JlaHHbIE HAOJIONCHMWH 3a CTOHHBIM BETPOM H
peaxiuel MOpCKOW cpefibl, 4TO MPOSBIISIETCS B
PE3KHX KOJEeOAHUSIX TEMIIEpaTyphl U COJICHO-
CTH Ha TOBEepXHOCTU Mopsl. Tak, 3a cpokn
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(A — maii - cenTs10pB, 2007; B — Maii - ceHTs0ph, 2012; C — Mmaii - ceHTs10ps, 2017)
Puc. 2 — CpenHecyTo4YHbIC 3HAYCHHUS TEMIIEPATYPhI U COJICHOCTH Ha MTOBEPXHOCTH MOPSI
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gHaOmonennii B 2017r. ABHBIX IHUKOB ITOHU-
JKEHHOW TeMIlepaTyphl M MOBBIIIEHHOH cole-
HocTH ObLIO 8 (puc. 2). Bo Bpemst anBeunHra,
Ha MPOTSDKEHUM TEIJIOr0 BPEMEHU I'0/la OTMe-
YaJoCh HaJIMYME CEPOBOJOPOAA B MPUOPEKHON
30He Mops. TakuM 0Opa3oM, yCTaHOBJIEH IPO-
LIECC Pa3BUTUS AECTPYKIHMU OPTaHHYECKOIO
BEIIIECTBA B IIPUIOHHOM CJIO€ Ha MPOTSDKCHUN
BCETO JIETHETO MepHoAa. DTOT BAXKHBIH (aKT,
CBUJIETENIECTBYET O MPOJOJDKAIOLIEMCS] IPO-
1ecce 3BTPO(GUPOBAHUSA YEPHOMOPCKUX BOJ H,
KaK CIJIEJCTBHE, COKpAIlEHUH pPacTBOPEHHOIO
KHCJIOpOoJia B PUAOHHOM ciioe U (popMupoBa-
HUM 31I€Chb CEPOBOJOPOAA B TEIUIBI NEPHUOX
roja.

Ecnu B Hawane Termoro mepuojia roja
MPOLIECCHl IECTPYKLUU HAa MEJIKOBOILE y AHA
JOCTaTOYHO HEMPOAOJDKUTENBHBI, TO Ha TIIY-
OuHax cplime 20M 3TH MPOLECCHl YCTONYMBBI
BO BpEMEHHU W MPHUBOAAT K MacIITaOHOH rude-
mu OeHToca MO Bcel 00nacTh pa3BUTHS IPO-
necca runokcur. Ha mpuOpekHOM MenKoBo-
JIb€, B Hayaje TemJoro nepuoja BpeMeHH, Ha
rryounax ot 10 mo 15 M, mpomcxomuT Bpe-
MEHHOE€ pa3BUTHE TEPMOKIINMHA, KOTOPBIN JH-
MUTHPYET BEPTUKAIBHBIA BOJOOOMEH U, COOT-
BETCTBEHHO, MOCTYIUIEHHE KUCIIOpOJa B HUXK-
Hue cion. [lo mepe pas3BUTUS TEPMOKIIMHA,
KOTOpBI HWXXKHEW CBOEN TpaHUlLEd CcleyeT
penbedy Ha, TPUOPEKHOE MEIKOBOIbE HAUH-
HAaeT BHOBb adpUpPOBATHCS IOCIE CMELICHHUS
TEPMOKJIMHA Ha OOJbIINE ITyOHUHBI U YCTaHOB-
JIEHUs] HAa MEJKOBOJbE TOMOTEPMHH. 3a 3TOT
KOPOTKHH MEpUoJ, 10 2-X HeAelb, OEHTOCHOE
CO00IIECTBO OPraHW3MOB, KaK MPaBUIJIO BBIKH-
BaeT, a Ha OTHOCUTEIHHOM TIyOOKOBOJbE,
cBbie 20 — 25 M, rae Tunokcust opMHUpyeTcs
Ha JIOCTATOYHO JUIMTEJIbHBINA mepuox, A0 3 —
MECSIIIEB, C aBryCTa IO HOAOpbh, THOEIh €ro
Heu30exHa.

OTMedeHHBIE BbIIIE KOJIEOAHHUS TeMIle-
paTypsl M COJIEHOCTH B TIOBEPXHOCTHOM CIIO€
BO/BI y mmoOepexbs OOYCIOBIEHBI TOPU30H-
TaJIbHOM AJBEKIUEH WINM NEepeEMENICHUEM XO-

JIOJTHOM, C IIOBCIICHHOM COJICHOCTBIO BOITHOM
Maccoi MPHUIOHHOTO CJIOS U, KaK OTMEUEHO, C
MOHMKEHHBIM ~COJICP’)KAaHUEM KHUCIOpoAa |
Hainm4dueM cepoBomopona. [1pu atom mpoucxo-
JUT HETaTHMBHOE BIIMSHUE Ha JIOHHBIE OWOIlC-
HO3BI, HO, KaK BHJHO W3 PHUC. 2, TIPOJOJIKU-
TETBHOCTH 3TOTO BO3/IEHCTBHS HEBENUKA, OT 2
-3 CyTOK 110 HEIENH, MOCIe Yero HauyMHAeTCs
WHTCHCHUBHBIN MPOTPEB MOPCKOW BOJIBI U BHI-
paBHUBaHME 3HAYEHUM XapaKTepUCTHUK. I opas-
0 cephe3Hell HeraTWBHBIN A((eKT MmposBiIs-
€TCs IIPH CTOHAX B aBI'YCTE — CEHTAOpE, Korma
WHTEHCHUBHOCTh MHCOJISIIIUM COKpallaeTcs |
BEPOATHOCTH TPOTPEBa HUKHHUX CJIO€ U BHI-
paBHHUBaHUS 3HAUYCHUU XapaKTEPUCTHK
yMeHbIaeTcs (puc. 2).

Ha puc. 2 Taxke mpencTaBieHbl aHAO-
TUYHBIE XapaKTEPUCTHKH JJISI TETUIOTO TepHo-
nma 2007 u 2012 rr. Tak, B 2007 r. u B 2012rT.
SIBHBIX MTPOSIBIICHUH aIllBEeJUIMHTA OBLIO — 4, IpU
XapaKTepHOM IS TIeTh(POBOH IKOCUCTEMBI 32
JUTMTEIIBHBIN TIEPUOJT HAOIIOICHUH 3HAYCHUN —
5. CraemyeT OTMETHTh, YTO CTAaTUCTUYECKHUE
XapaKTePUCTUKA PACCMOTPEHHBIX JIET OBOJb-
HO Pa3HATCA MO CPETHUM 3HAYCHUSIM. Temre-
parypa B 2007 u 2012 rr. 6pu1a Ha 1 — 2 rpa-
nyca Berime, wem B 2017r., (20,7; 21,7 wu;
19,8°C COOTBETCTBEHHO), COJEHOCTh — HHXKE
(13,9; 14,3 u 15,4 %o cooTBeTCTBEHHO). BaxHo
OTMETUTh, YTO THUIPOJIOTUYECCKHE (aKTOPHI
OTHOCSTCS K HEOOXOIWMBIM, HO HEHOCTATOY-
HBIM Tpu (HPOPMUPOBAHUU TPUIOHHOM THIIO-
KCUU M CEPOBOIOPOJIA, TOMHHUPYIOUUM (haK-
TOPOM OCTaeTCsl MPOIECC aHTPOIIOTEHHOTO DB-
TpO(UPOBaHUS U JECTPYKIIMH OPTaHUYECKOTO
BemectBa. ONHAKO, B MPOCTPAHCTBEHHO JIO-
KaJlbHOM MacmiTabe, B TPHOPEKHOW 30HE,
MPAKTUYECKA TIOJHOCTHIO  PEKPEearnoHHOM,
CTPYKTypa U TEpecTpoiika TuapohU3NIECKUX
TOJIe OKa3bIBaeT pelarolee 3HaYeHUE Ha
NPOJOJDKUTEIBHOCT U PacHpOCTpPaHECHHE
HETATUBHOTO BIIMSHUSI JeUITUTA W KHCIOpOaa
1 CEpOBOJIOPOIa HA OCHTOCHBIE OPTaHU3MBL.

Boteoowr

I[To paHHBIM TPSAMBIX  HaOJIHOACHUI
YCTaHOBJIEHO MPOJIOJIKAIOIIEECs aHTPOIIOTEH-
Hoe 3BTpo¢upoBaHue, (popmupoBaHue aedu-
UTa KUCJIOPOAA M CEpOBOAOPOJAa B MPHIOH-
HOM CJIO€ MOPsI Ha YKPanHCKOW 4acTH Inenbda
YepHOro Mopsi Ha COBPEMEHHOM JTane. Bbl-
MIOJIHEHHAsI OLIEHKAa CBHUJETENBCTBYET O HEra-
TUBHOM COCTOSIHUM MOPCKOH cpenpl. C ydeToM
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PEKPEAIMOHHON IIEHHOCTH MOOEPEIkKbs, COXpa-
HCHUA U BOCCTAHOBJICHUS 6I/IOHOFI/I‘ICCKHX pe-
cypcoB menbda HeoOXOIUMO BO30OHOBIICHUE
PETYJSPHBIX KOMIUICKCHBIX HAOJIOJCHUN 3a
COCTOSIHHEM MOPCKOM 3KOCHCTEMBI IS ITOJTY-
YCHUS OICHKU MPOCTPAHCTBEHHO-BPEMEHHBIX
MacimTaboOB HETaTHBHOTO BO3JCHCTBHS Ha
MOPCKYIO Cpeny.
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