§HIPBUILDIN smi.nuos.edu.ua | smi@nuos.edu.ua Ne1 (7) 2017

MARINE INFRASTRUCTURE UCCJIEAOBAHUA U PASPABOTKU

Vladimir N.
Parsyak
Mapcak
Bnagumup
Hukudoposuy

Kateryna V.
Parsyak

Mapcak
ExaTepuHa
BnapumupoBHa

VIK 332.122
118

ECONOMIC RESOURCES OF THE WORLD OCEAN
3KOHOMUWYECKMNE PECYPCbl MMPOBOIO OKEAHA
DOI 10.15589/SMI20170118

Vladymir N. Parsyak B.H. IMapcsk, mpo., JOKT. EKOH. HayK
vladymyr.parsyak@nuos.edu.ua
ORC ID: 0000-0002-4756-8977

Kateryna V. Parsyak K.B. Ilapcsik xaH. €KOH. HayK
kateryna.parsyak@gmail.com
ORC ID: 0000-0001-7523-9065

Admiral Makarov National University of Shipbuilding, Mykolaiv
Hayuonansuuii ynusepcumem xopabnecmpoerus umeru aomupana Maxaposa, e. Huxonaes

Abstract. The article provides arguments in favor of the human’s careful use of the natural
resources of the World Ocean, since they are the last planetary reserve of everything neces-
sary to maintain biological life on the Earth. The classification of economic resources of the
World Ocean has been developed and commented on in detail. The sources of their origin
(hydrosphere, atmosphere, lithosphere and biosphere) are shown. People’s needs that make
them search, extract and process the resources are systematized. A great variety of raw mate-
rials necessary for the establishment and continuation of industrial production is considered.
A comprehensive list of alternative energy and recreation possibilities is given. The article
highlights the division of economic recourses into renewable and non-renewable, as well as
replaceable and irreplaceable ones.

Keywords: World Ocean; maritime economy; economic resources; classification of resourc-
es; sources of origin; resource demand; technologies for extracting resources.

AnHoranus. [IpuBeeHbI apryMeHTHI B MOJIB3Yy PAauUTENIFHOTO MCIOIB30BAHUS YETIOBEKOM
[IPUPOJHBIX PECYPCOB MUPOBOrO OK€aHa, KOTOPbIE COCTABJIAIOT NOCIECAHUN IIaHETapHbII
pe3epB BCEro TOro, 4To He0OXOAMMO AJIsl OAACp KaH! )KU3HH Ha 3emiie. Pazpaborana u nie-
TaJIbHO TIPOKOMMEHTHPOBAHA KJIACCU(PUKAINA SKOHOMHUUECKIX PecypcoB MUPOBOTO OKeaHa.
IIpomeMoHCTpHUPOBAaHBI HCTOYHUKN HX MPOUCXOKICHUS: THApocdepa, mutochepa, Onocde-
pa, armocepa. CucTeMaTu3upOBaHbI TOTPEOHOCTH JIIO/ICH, MOATAIKNBAIOLINE UX K TIOMCKY,
J00bIue U iepepaboTke pecypcoB. IIpencraBiena mupokas aauTpa ChIpbs, HEOOXOANMOTO
JUIS. HAJIaXXUBAHUS U MPOAOJDKEHUS IIPOMBIIUIEHHOTO MPOu3BOACTBA. COCTABIEH HUCUEPIIBI-
BAIOIMI TepedyeHb aIbTepPHATUBHON YHEPreTUKH U peKpealui, KoTopbiMu Oorat MupoBoi
okeaH. IToquépkHyTo pa3sjeneHre YJKOHOMHUIECKUX PECYPCOB Ha BO30OHOBIIAEMbIE U HEBO3-
OOHOBIISIEMBIE, & TAKKE TE, KOTOPBIE MOTYT OBITH 3aMEHEHBI WIIN SIBIISIFOTCS] YHHKATBHBIMH.
KiroueBbie ciaoBa: MupoBoil oOkeaH; SKOHOMHKAa MOps; 3KOHOMHYECKHE pECYpCHI;
KjaccuduKalms pecypcoB; HCTOYHUKHM IIPOMCXOXICHMS; MOTPEOHOCTH B pecypcax;
TEXHOJIOTMH U3BJIEYEHUS PECYPCOB.

Amnorauis. HaBeseHo apryMeHTH Ha KOPUCTh 10aHINBOrO BUKOPHCTAHHS JIFOAMHOIO TPUPOJI-
HUX PECYPCIB CBITOBOTO OKEaHY, sIKi CTAHOBIISITh OCTAHHIH IJIaHETApPHUH PE3ePB YChOTO TOTO,
10 HEOOXiTHO UTA MIATPUMKH JKUTTSA Ha 3eMili. PO3po0ieHo i AeTanbHO MPOKOMEHTOBAHO
kiacuikamnio eKOHOMIYHHX pecypciB CBiToBoro okeany. [IpomeMoHCTpOBaHO IKepena ix
MOXO/DKEHHS: Tifmpocdepy, Jitocdepy, 6iochepy, armochepy. CucteMaTn3oBaHO MOTPEOU
JFONEH, SKi TMAMTOBXYIOTH X JIO MOITYKY, BUAOOYTKY ¥ mepepoOku pecypcis. [IpencraBneHo
MIMPOKY MATITPy CHPOBUHHM, NMOTPIOHOT /UIST HAJIATOMKEHHS M MPOJOBKEHHS IPOMHUCIIOBOTO
BupoOHHIITBA. CKIIaZieHO BUUEPITHUN NepelliK aJIbTepHATUBHOI €HEPIeTHKHU 1 peKpeartii, siKu-
mu Oararuii CiToBuit okeaH. [TikpecieHo nojiin eKOHOMIYHUX PECypCiB Ha TOHOBIIOBaHI 1
HETOHOBIIIOBAHI, & TAKOX Ti, SIKI MOXYTh OyTH 3aMiHEHI a00 € yHIKaJIIbHUMHU.

Koarouoni ciioBa: CBiToBHII OKeaH; eKOHOMIKAa MOps; €KOHOMIUHI pecypcu; Kiacugikamis
pecypciB; pkepera MOoXOKEHHS; MOTpedn B pecypcax; TEXHOJOTI] BIITyYeHHS PecypcCiB.
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Problem statement. The events of the recent de-
cades have been presenting more and more discouraging
examples of gradual aggravation of the problems con-
cerning provision of the resources required for preser-
vation of humanity as a species. However, it does not
seem fatal for the current generation, since the reserves
of the World Ocean are abundant. On the one hand, there
is still hope that humans have 200-300 years to go, how-
ever, more and more limiting overall consumption. On
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IMocranoBka npodaembl. COOBITHS, TPONUCXOISIINC
B MHUpE B MOCJEIHUE ACCATHIETHUS, IEMOHCTPUPYIOT BCE
OoupIie 1 OOJBINIE HE CIUIIKOM 00HAIEKUBAIOIINE TIPH-
MEpbI TMOCTEIIEHHOTO 00OCTpPeHUs MpodiaeM ¢ obecrie-
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Muposoro okeana. C 0HOW CTOPOHBI, 3TO PaayeT: eCTh
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the other hand, we should know in advance what these
reserves contain.

First, it is a matter of economy. It is Homo sapiens
who can duly inspect and assess the existing resources.

Secondly, the results of the audit would help to un-
derstand the prospects better and plan the use of avail-
able natural capital rationally.

Thirdly, it would offer relevant arguments in the
debate with businessmen, some of whom aspire to get
everything and as soon as possible, ignoring the conse-
quences.

Analysis of the economic retrospective in the fishing
industry can serve as an illustration of how short-sighted
such a “predatory” approach is. The innovative improve-
ments of fishing gear, uncontrolled and thus irresponsible
behavior of captains and their crews in extraterritorial
waters (including illegal, unreported, unregulated fish-
ing), poorly concealed state protectionism (for example,
in the form of subsidizing fuel purchases) all have led to
an alarming decrease in the population of a huge number
of species of marine hydrobionts.

Alas, their extinction becomes almost inevitable. No
wonder why R. Ellis, a researcher at the American Mu-
seum of Natural History (New York), has given quite an
indicative title to one of is books — “Empty Ocean” [1].
It is surely a deliberate hyperbolization, but with an ob-
vious reference to the looming catastrophe, which, how-
ever, can still be prevented.

Recent research and publication analysis. It is
hard to recall any other scientific problem which would
be considered in such a large number of publications.
Studies of the ecological consequences of maritime eco-
nomic activities occupy a special place among them [2,
3, 4]. Others are reviews of economic resources hidden
in the depths of the World Ocean or the coastal waters
of individual countries, as well as technologies for their
extraction and subsequent processing [5, 6, 7]. Particu-
lar attention is paid to special features of the maritime
economic activity in the context following the adop-
tion of the UN Convention on the Law of the Sea [8,
9]. Besides, Ukraine joined it after the Verkhovna Rada
had adopted the Law of Ukraine “On Ratification of the
1982 United Nations Convention on the Law of the Sea
and the Agreement on the Implementation of Part XI of
the United Nations Convention on the Law of the Sea
19827, No. 728-XIV dated 03.06.99. A lot of profound
proposals have been made for classification of natural
resources, including ocean resources [10, 11].

THE ARTICLE AIM is to generalize the results of
the studies that have been already conducted and supple-
ment them with additional findings to obtain a complete
picture of the economic resources of the World Ocean.
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mpaBa, orpaHUYMBas ceOs B MOTpeOICHUU. A ¢ JIpy-
roil, — He OyIeT JUIIHUM TOHSATh, YTO UMEHHO Haxo-
JUTCSI B «KJIATIOBOI».

Bo-niepBbix, 3TO 35eMeHTapHO Mo-Xo3siicku. Komy,
Kak HU Homo sapiens, po3yMHO HpPOMHCHEKTHPOBATH
U OLICHUTh HAJIMYECTBYIOLINE PECYPCHI.

Bo-BTOpPBIX, pe3ysbTaThl COOTBETCTBYIOIIETO ayqUTa
MO3BOJIMJIM OBl JIydIlle OCO3HAThH MEPCICKTUBY U 0Oojice
panMoHAIBHO IIAHUPOBATh UCTIOJIB30BAHNE HMEIOIIETO-
sl IPUPOTHOTO KaruTaa.

B-TpeTpux, MONE3HBIMH OKaKyTCS BECKHE apTryMeH-
THI B TIOJIEMHUKE C OM3HECOM, HEKOTOPBIM TIPE/ICTaBHUTE-
JISIM KOTOPOTO, KaK U3BECTHO M3 OTIBITA, IPHCYIIE CTPEM-
JICHWE TIOIYYHUTh BCE 0 MAaKCUMyMY» W HEMEUICHHO.
A TaM, XOTb TpaBa He pacTu!

O TOM, HACKOJBKO HE MAIGHOBHICH TAKOW XUIIHU-
YECKUI TOAXOM, CBUICTCIBCTBYCT aHAIU3 JKOHOMHU-
YECKOM PEeTPOCHEKTHBEI TOJBKO JIUIIb B PHIOOIPOMBIC-
noBod cdepe. [IpoBomumble 37eCch MHHOBAIMOHHBIC
YCOBEPILCHCTBOBAHUS OPYIAHH JI0BA; OECKOHTPOJIBHOE,
a IOTOMY ¥ O€30TBETCTBEHHOE MOBEJICHNE KAlIUTAHOB U
PYKOBOIUMBIX MU KOMAaHJ B KCTCPPUTOPHATIBHBIX BO-
Jax (He3aKOHHBIH, HECOOOLIaeMbli, HEeperyJlupyemMblii
MPOMBICENT); TUIOXO CKPBIBAEMBIH TOCYTapCTBEHHBIN
MPOTEKINOHM3M (B (opMe CyOCHIUpPOBAHUS 3aKyHOK
TOIUIMBA, HAIPUMEp) MPHUBETH K TOMY, YTO OTPOMHOE
YHUCIIO BUAOB MOPCKHUX THAPOOMOHTOB OMAcHO MPHOIHU-
3IIUCHh K POKOBOMY MOPOTY YHCICHHOCTH. VX BRIMHUpa-
HUE CTAaHOBUTCS, YBBI, TIOYTH HEW30eKHBIM. CTOUT JH
VIOUBISITHCS, YTO OJHY M3 CBOMX KHUT Jiutuc P. — Hayud-
HBIM COTPYIHUK AMEPHUKAHCKOTO My3€sl €CTeCTBEHHON
nctopun B Helo-Mopke — Ha3Baz BechbMa KpPacHOPEHH-
Bo: «Ilyctoii okean» [1]. VYMpluuieHHas runepoonn3a-
I[Us1, Pa3yMeeTCs, HO C OYEBHUHBIM HAMEKOM Ha 3apOiK-
JIAFOLIYIOCS KaracTpody, KOTOPYIO, OHAKO, €II€ MOXKHO
MPEAOTBPATUTE.

AHaJIN3 MOCJeIHUX HCCIeJOBAHMN M myOauka-
mmii. CIOXKHO Ha3BaTh KaKyrO-THOO HHYI0 HAydHYIO
npo0ieMy, KOTOpOil ObLIO ObI MOCBSIICHO CTOJb 3HA-
yuTeNbHOC 4Hciao myOnmukamuid. Ocoboe Mecto cpe-
AW HHUX 3aHUMAlOT HCCICAOBAHHA SKOJIOTHYCCKHX I10-
CJIEAICTBUM MOPCKON XO3SIMCTBEHHOW JIE€SITEIIbHOCTH
[2—4]. pyrue conepkar 0030pbl SKOHOMHYECKHUX
PECypcoB, CKpPBIBAEMBIX B TOJNIIAX MOABOIHOTO MHpa
TUTAaHETHl WM TPUOPEKHBIX BOAAX OTICIBHBIX CTpaH,
TEXHOJIOIMM MX W3BJICUEHUS U MOCIENYIOIIEeH Iepe-
pabotku [5—7]. 3HauWTeNbHOC BHUMAHHE YICIACTCS
O0COOCHHOCTSIM MOPCKOH XO3AWCTBCHHOHW JeSTEIHHO-
CTH B aHAJIHM3MPYEMOM KOHTEKCTE BCIICH 3a MPHHATHEM
Koneenunn OOH no mopckomy mnpasy' [8, 9]. Hemano
CIETIaHO U COJICPIKATCILHBIX MPEITI0KECHUI OTHOCUTEITh-
HO KJacCH(DUKAIUK MPUPOTHBIX PECYPCOB, BKIIFOYAS
okxeannyeckue [10, 11].

'Hama crpaHa OpHCOeIMHMIACH K HEH II0CIC HPHHSITHS
BepxoBHoit Pamoii 3akona VYkpaunsl «IIpo parudikaiiiro
Konsenuii Opranizamii O6’eqnanux Hariit 3 MopceKkoro mpasa
1982 p. Ta Yromu npo imMmuiemenranito yactuan X1 Konsenmit
Opranizanii O6'ennanux Hariii 3 Mmopcbkoro mpasa 1982 p.»,
Ne 728-XIV ot 03.06.99 .
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Basic material. From the viewpoint of the systems
approach, the economic resources of the World Ocean
should be regarded as an integral part of the natural re-
sources of the Earth. The latter are defined as the physi-
cal bodies and natural forces involved in the production of
material goods and services due to the level of knowledge
and skills that humans have developed. A schematic in-
terpretation of the corresponding classification is shown
in Fig. 1; it incorporates an entire variety of the existing
approaches and points of view as for this subject matter.

Let us consider each of the classification groups in
more detail. By sources of their origin, the resources are
divided into the following groups (index 1):

a) biospheric resources are animals and plants used
for industrial fishing, in mariculture and medicine;

b) atmospheric resources used for energy generation
and sailing, less often in navigation; according to the
American Wind Energy Association [13], the total ca-
pacity of wind generators in the US amounted to 82,000
MW in 2016, which is by 2,000 more than produced by
the country’s hydroelectric power stations, and this trend
becomes peculiar to most of developed economies, such
as those of the European Union countries or China;

¢) hydrospheric resources are basically sea water
itself; it is used in industrial production, agriculture, in
households, in the development of recreation, transporta-
tion of goods and passengers; its dynamic properties are
also useful for generating electrical energy;

d) lithospheric resources are minerals contained in
the surface layer and beneath the seabed;

MARINE INFRASTRUCTURE
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HEJIb CTATBbU. OTnaBas q0mKHOE UACSIM HAITUX
MPEIIIECTBEHHUKOB, MBI 33/Ia]THCh 11€bI0 MAaKCUMaJIBHO
BO3MO)KHO OOOOIIUTH pe3yibTaThl BBHIOJHEHHBIX HUMH
UCCJIEZIOBAaHUI U, JIOTIOJHUB UX COOCTBEHHBIMH, IIOIY-
YHUTh LEN0CTHOE MPEICTABICHHE 00 «apceHale» SKOHO-
MHUYECKHX pecypcoB MUpPOBOTO OKeaHa.

N3noxenue ocHoBHoro marepuana. C no3unui
CHCTEMHOTO TIOAX0Jla, UX CIIEIyeT paccMaTpUBaTh Kak
HEOTBEMJIEMYIO COCTAaBHYIO YaCTh NPHPOIHBIX pecyp-
COB IUTAaHETHl — (PU3UUCCKHUX TET M €CTECTBEHHBIX CHII,
KOTOpBIC ITPU yPOBHE 3HAHWH U YMEHUH, CIOXKUBIIUXCS
Ha KOHKPETHBIH MOMEHT BPEMEHH, BOBJICYCHBI JIIOIbMH
B IMPOLECCHI IMPONU3BOACTBA MAaTCPUATIBHBIX 6J'IaF u 1npe-
JocrtaBineHust ycinyr. Cxemarndeckas: HMHTEpPIPETAIHs
COOTBETCTBYIOIIEH KIacCU(pHUKaNU, BoOpaBmas B ceds
BCE MHOTooOpa3ne M3BECTHBIX HAM MOAXOIOB U TOYEK
3peHus, IpUBECHA Ha pHC. 1.

PaccMoTpuM  Kakayro M3 KJIACCH(HKAMOHHBIX
rpynn noapobHee. HauHEM 3TOT 3KCKypC C PECypcoB,
paCHpeI[eHéHHI)IX MO0 HMCTOYHUKAM HX IPOUCXOKICHUSA
(xom 1):

a) ruapocdepHble — MOpCKas BOAA, COOCTBEHHO.
OnHa HaxXoIUT NPHUMEHEHHE B MPOMBIIIJICHHOM IIPOM3-
BOJICTBE, CEJIBCKOM XO3SIMCTBE, B OBITY, U PAa3BHUTHS
pekpeanuii, nepeBo3Ku Irpy30B U naccaxupon. EE€ nuna-
MHUYECKHE CBOMCTBA OKA3bIBAIOTCSI MOJIE3HBI ISl BBIpA-
OOTKHM DJICKTPUYECKON SHEPTUH;

0) OnocdepHble — KUBOTHBIC M PAaCTUTEJIbHBIE Op-
TaHU3MBI, UCTIOIb3YEMBbIE JUIsl IIPOMBIIUIEHHOTO BBUIOBA,
B MAapHKYJIBType N MEANIIMHCKOH MPaKTHKE;

B) JIMTOC(EpPHbIE — IOJIE3HBIE NCKOTAaeMbIe, KOTO-
pble comeprKarcsi B IOBEPXHOCTHOM CJIO€ U HEAPax Mop-
CKOTO JIHa;

| Exhaustible | | Non-exhaustible |

Renewable || Non-renewable |

I I
[

I I
[

| 3. Exhaustibility

Classification features

4. Renewability

Irreplaceable

5. Replaceability I——I

2. Economic purpose

| 1. By the source of origin I

[ I [

I |

a) biospheric| |b) atmospheric| |c) hydroshperic| |d) lythospheric ¢) of ch:n(;oastal
[ [ [
| 2.1. Biological I | 2.2. Raw materials | I 2.3. Energy | I 2.4. Recreational

Fig. 1. Classification of economic resources of the World Ocean

Puc. 1. Knaccuduxamus S5KOHOMHYECKHX pecypcoB MHUPOBOTO OKeaHa

Classification features — xnaccuuKanoHHbIE TPU3HAKY; /. By the source of origin — VIcTOYHUKN IPOUCXOXKACHUS; a) biospher-
ic — 6uocdepusle; b) atmospheric — armocepusie; ¢) hydroshperic — runpocdepusie; d) lythospheric — nmutocdepHsie; e) of the
coastal zone — npuOpexkHOI 30HBL; 2. Economic purpose — X03dHCTBEHHOE NpeaHaszHadenue; 2. /. Biological — Ononorndeckoe;
2.2. Raw materials — ceipseBoe; 2.3. Energy — sHepretuueckoe; 2.4. Recreational — pexpeaunonnoe; 3. Exhaustibility —
ncuepnaeMocts; Exhaustible — ucuepnaemeie; Non-exhaustible — neuncuepnaemele; 4. Renewability — BO300HOBISIEMOCTS;
Renewable — Bo3oOHOBIsieMble; Non-renewable — HeBo300HOBIsIeMbIe; 5. Replaceability — 3ameHUMOCTb; Replaceable —

3aMeHsIeMOCTh; [rreplaceable — He3aMeHAEMOCTb.
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e) resources of the coastal zone include beaches and
territories where maritime economy enterprises (trans-
port logistics, processing, recreational) are located. Here,
the resource-forming factor is the coast length, and the
shore properties include specific features of the land-
water interaction, the width of the coastal zone, and the
presence of beaches.

By their economic purpose (index 2), economic re-
sources of the World Ocean are divided into the groups
considered below.

2.1. Biological resources include marine animals and
algae for which there exists a solvent consumer demand.
Among the latter, such species as laminaria, fucus, spir-
ulina, dalts, nori, and rhodymenia are the most popular
due to their nutritional and medicinal properties. This de-
mand concerns food products (60 % of the total fish cap-
ture volume), recreation and entertainment (surface and
underwater fishing), creation of decorative and museum
aquaria, production of fish oil and fish flour (the latter
is used for feeding artificially raised fish and domestic
animals). Annually, an average of 80—90 million tons
of various seafood is obtained from the ocean. Animal
proteins in their structure account for 24 % of the global
protein production, surpassed only by dairy (43 %) and
meat (35 %) products [14, p. 5].

It should be noted that there are two conflicting
viewpoints in the assessment of the food resources of the
ocean. As time goes by, supporters of the first viewpoint
become less and less numbered. They are convinced that
the natural capital is endless. Such optimism has led to
numerous instances of fishing gear damaging the habi-
tats of certain species of fish and other marine creatures,
overfishing, and sometimes even extinction of whole bio-
logical species. One of grievous examples is the Steller’s
sea cow, which is considered to be completely extinct
and is therefore included in the Black Book, the list of
animal species that have disappeared from the Earth as
a result of human activity. It is placed in the beginning
of the Red Book, which contains information on endan-
gered species.

A polar opposite viewpoint is a lot more pessimistic;
it predicts a rapid reaching of the limit of economic over-
fishing, and not without reason. Moreover, some regions
and even countries have few fishing facilities: the deple-
tion of fish stocks is so intense that the capture ceases
to be profitable. On the other hand, additional restric-
tions and requirements make it difficult to do business,
increase its operating costs, and force fishermen to deal
with the species that used to be considered unprofitable,
low in quality, or even unfit for consumption. Further-
more, sometimes they push entrepreneurs to violation
of international agreements and even poaching. As esti-
mated by experts, the volume of the illegal market of fish
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r) arMoc(epHble, KOTOpbIe INPHUMEHSIOTCS B IIa-
PYCHOM cIIOpTE, peXe — B MOPEIUIABAHUH, & TAKXKE
TpaHCOPMHUPYIOTCS B 3nekTpodHepruto. [lo maHHBIM
American Wind Energy Association [13], B 2016 1. cym-
MapHasl MOIIHOCTh BETPOBBIX reneparopos B CIIIA pas-
Ha 82 Teic. MBT. D10 Ha JaBe ThICSYM OOJIBIIC, YEM BhI-
pabaTbIBaIOT IHAPOINNEKTPOCTAHINH cTpaHbl. [TonooHas
TEHJICHLIUSI CTAHOBHUTCS XapaKTEepHOH JUIst OOJIBIIMHCTBA
pa3Buthix skoHOMHUK (EBpomneiickoro Coroza, Kuras);

1) IpUOPEXHOI 30HBI — IUISDKU M TEPPUTOPHH, HA
KOTOPBIX PAacCIoiararoTcsi MpeArpusiTHsS MOPEX03sicTBO-
BaHUsl (TPAHCIIOPTHOM JIOTUCTUKH, NepepadaThiBarolIne,
pekpearonHble). Pecypcoobpasyromum (hakropoM 31ech
BBICTYIIA€T JUIMHA TOOEpexXbs, a MapameTpaMHu M CBOM-
crBamu Oepera — crienu@uKa B3aUMOJCHCTBHS CYIIH
1 BOJIBI, ITUPHHA OEPEroBOI 30HbI, HATMYHE TULSDKEH.

C TOUKM 3peHHUs XO3AWCTBEHHOTO MpEIHA3HAYCHUS
(kon 2) sKOHOMHYECKHE pecypchl MHpPOBOTo OKkeaHa
MOAPA3ACTAIOTCS Ha!

2.1. buonornyeckue — MOPCKHE KUBOTHBIE U BO-
JOPOCIH?, HA KOTOPBIC CIIOKHIICS IUIATEIKECIIOCOOHBIN
MOTPEOUTENHCKUAN CIIPOC. B 4aCTHOCTH, OTHOCHUTENHHO
npoxykroB mutanus (60% oT o0miero BBEUIOBA PHIOBI),
OT/IbIXA M pa3BIIeUCHUs (HaABOAHAS U TIOJ[BOHAS PhIOA-
Ka), CO3aHMsI JEKOPATHBHBIX M MYy3€HHBIX aKBAPHYMOB,
BBIPAOOTKH PHIOHOM MYyKH (YIIOTpeOIsIeTcs Il OTKOpMa
MCKYCCTBEHHO BBIPAIINBAEMBIX PHIO, TOMAITHNX KUBOT-
HBIX) U pBIOBETO skupa. Kaskapril ron 3 okeana M3BIeKa-
10T B cpeaeM 80—90 MJIH T pas3InYHBIX MOPENpPOAYK-
ToB. JKMBOTHBIE OCIIKN B MX CTPYKTYpE COCTABISIOT 24 %
OT UX OOIIEMHUPOBOTO NMpoM3BOACTBA. [0 MpuBeneHHO-
My KPHUTEPHUIO UX OIEPEeXkaloT JIMIIb Moso4dHble (43 %)
u MsicHBIC (35 %) mpomykTHI [14, ¢. 5].

Crnenyer OTMETHTBh, YTO B OLIEHKaX MHIIEBBIX pe-
CYpCOB OKeaHa MPOTHBOCTOSAT JPYr APYrYy ABE HOJSp-
HbIE TOUKH 3peHust. CTOpOHHUKH NEpBOH (CO BpeMeHeM
MX CTAHOBHTCSI BCE MEHBIIIEC M MEHBIIIE) YOCXKICHBI, YTO
YeJIOBEYECTBO UMEET JIENI0 ¢ OECKOHEYHBIM MTPUPOTHBIM
noreHnuanioM. CieicTBUEM TaKoOro, ¢ MO3BOJICHUsS CKa-
3aTh, «ONTHMHU3Ma» OKa3aJOCh pa3pylIeHUE OpPYAUSMU
JIOBa Cpe/ibl HEKOTOPBIX BHUIOB PBIO M JPYTHX MOPCKUX
CYIIECTB, UX MEPEJIOB, a UHOT/IA JJa’Ke HCUE3HOBEHUE KaK
6uonorunueckoro Buaa. OUH U3 TaKKUX NeYaIbHBIX IpU-
MEpOB — MOpCKasi KOpOBa, KOTOpasi CYUTAETCS UCTpe-
ONEHHOM MOMHOCTBIO U MO3TOMY 3aHeceHa B «UEpHyro
KHUTY». OTO — MpayHbIil CHOHCOK BHJOB >KMBOTHBIX,
KOTOPBIC MCYE3TH C JIUIA 3€MJIM B Pe3ylbTaTe 4eaoBe-
yeckoit aestenbHocTH. MM oTkphIBaeTcs «KpacHast KHHU-
ray, rae codpaHa wHGOpPMANHS O BHUIAX, HAXOMSIIAXCS
MO/l YTPO30# HOJIHOTO BEIMUPAHMS.

JlnameTpanbHO MPOTUBOIOIOKHBIN B3I Xapak-
TEpU3yeTCsl MPEyBETMUCHNEM TTECCHMU3Ma B IIPOTHO3aX
OBICTPOTO JOCTHKEHUSI MPEAETa SKOHOMUIECKOTO Iepe-

CaMbIMH  BKYCHBIMH  CpeM  CBhEIOOHBIX  BOZOpPOCIHEH
CHELUAIUCTEl U HACTOALIME T'ypMaHbl CUMTAIOT JIAMUHAPHIO,
(byKyc, CIUpyIuHy, TaJIC, HOPH, paauMeHuio. O0 UX MUIEBbIX
M Jlake [IeTIeOHBIX CBOMCTBaxX ciaratoT gereH sl. [lo-suanmomy,
OHH TOTO JICHCTBUTEIBHO CTOST.
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and other representatives of marine fauna lies within the
range of 11 to 26 million tons [17].

In order to avoid extremes, it is important to assess
the ocean’s biological productivity at each of its trophic
levels — food chain components and their terminal links,
which form the basis of human consumption (Fig. 2).
It primarily includes nekton (the specimens of marine
fauna able to move rigorously in the water sometimes
covering considerable distances, even upstream if nec-
essary). Nekton comprises mammals, cephalopods (such
as squids), fish and Malacostraca (shrimps constituting
their majority). According to average estimates, the mass
of nekton reaches one billion tons (50% of which is fish),
and its annual productivity is 360 million tons [12].

The key task of the study just mentioned is to pro-
vide the most favorable prospect for the species diver-
sity and preserve their ability for reproduction. The main
challenge resides in the fact that food chains are subject
to substantial negative impact of human beings, who
should be truly interested in taking care of the natural
ecosystem of the seas and oceans.

The raw material resources of the World Ocean are
divided into the groups and subgroups systematized
in Fig. 3. The raw materials primarily include sea wa-
ter, which is basically a solution of about 60 elements
of the periodic table. This is topped by organic, bio-
genic substances (those emerging as a result of de-
composition of the remains of living organisms, but
not yet fully mineralized) and gases (oxygen, nitro-
gen, hydrogen sulphide, argon, etc.). Table 1 presents
those resources that have the highest concentration
and thus pose interest from the standpoint of industrial
extraction.

MARINE INFRASTRUCTURE
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soBa. OH, KOHEYHO, He Oe3ocHoBareiieH. CkaxxeM 00ib-
me, OTACJIbHBIC PCTUOHBI U JaXKE CTPAaHbl CTpaaaroT OT
neuIrUTa IMPOMBICIOBEIX OOBEKTOB: HCTOIICHHE pPHIO-
HBIX 3aI1aCOB IIPOUCXO/IUT C TAKOW HHTEHCHBHOCTBIO, YTO
BBUIOB TepecTaeT ObITh peHTabenbHBIM. Ho, ¢ mpyroif
CTOPOHBI, JIONIOJHUTENIbHBIE OTpaHUYeHUs U TpeboBa-
HUSL 3aTPYIHSIOT BeICHUE OM3HEca, yBEINYMUBAIOT OIle-
palMOHHbIE PACXO/Ibl; 3aCTABIISIOT PHIOAKOB 0OpaIIaThCs
K BHJAM, KOTOPBIC PAHBILIE CUUTAINCH YOBITOYHBIMH,
HEJIOCTaTOYHO KauyeCTBEHHBIMH, JlaKe HEIPHUTOIHBIMU
K yIOTPEOICHUIO; TIOATAIKHBAIOT K HAPYIICHUSAM MEX-
JTyHapOJIHBIX JIOTOBOPEHHOCTEH, a TO ¥ OTKPOBEHHOMY
OpaxoHbepcTBy. [lo olleHKaM 3KCTepTOB, 0ObEMBI YEp-
HOTO PBIHKA PBIOBI U JPYTHX MPEICTABUTEICH MOPCKOH
(haynbl kosiebserces B peaenax ot 11 mo 26 mua 1 [17].

Jlis Toro 94TOOBI HE BHANATh B Ty N HHYIO Kpaii-
HOCTb, B@KHO OIIGHUTH OWOJIOTHYECKYIO INPOU3BOIHU-
TEJNILHOCTh OKEaHa Ha KaXIOM M3 €ro TPO(PHUIECKUX
YpOBHEH (COCTaBISIIOLIMX LENeld MHTaHWs) U UX KO-
HEYHBIX KOJIell, 00pa3yronmx (yHIaMeHT MOTPEOIeCHHS
yenoBeka (puc. 2). K HUM OTHOCHTCS, IIaBHBIM 00pa-
30M, HEKTOH — TIPEACTaBUTENIN MOPCKOH (hayHBbI, 00ma-
JIAfOIIMEe CIIOCOOHOCTHIO MHTEHCHBHO JIBUTaThCs B BOJIE,
[PeooiIeBas O14ac HEMaJIble PACCTOSHUSA, U, €CIIU T0-
Ha/I00MUTCs, CHITy MOpckoro Tedenusi. Hexron ¢opmu-
PYIOT MJICKOITUTAIOIINE, TOJIOBOHOTHE MOJUIIOCKH (Ha-
pHUMep, KaIbMaphl), peIOBI ¥ BBICIINE paku (Hamboiee
MHOTOUHCIIEHHBIE U3 HUX — KpeBeTkH). [1o ycpenHeHHbIM
OLICHKaM, Macca HEKTOHA JIOCTUTaeT OIHOTO MIJIIHApAA
ToHH (13 HuX 50 % — pbI0a), a ero ro0Bas MPOU3BOIU-
TeNbHOCTH paBHA 360 MutH T [12].

KitoueBoit 3amadeil nccienoBaHus, 0 KOTOPOM MBI
YIIOMSIHYITH, SIBIISIETCSl 0OeCIedeHe MaKCHMalbHO Oa-
TOTPHUATHOM IEPCIIEKTUBBI BCEMY MHOT000pa3HIO BUJIOB
U COXpaHEHHE MX CIIOCOOHOCTH K PAacUIMPEHHOMY BOC-
npousBoAcTBY. Ecim Ham, pasymeercs, He Oe3pasimy-
HO, YTO MPOM30MIET B OyIylleM ¢ MAYIIUMH Ha CMEHY

Human being I
Top | Mammals ‘
carnivores 4
‘( Tuna, marlin, sharks I»
I
Carnivorous 3 B
consumers Fish |

Herbovorous
consumers

j I
Malacostraca Mollusks

Zooplankton

Primary
producers

Phytoplankton

|

Fig. 2. Trophic structure of the World Ocean

Puc. 2. Tpoduueckue ypoBHr MupoBoro okeana

Primary producers — Vcxonusle nponykter; Herbovorous consumers — TpaBosinabie; Carnivorous consumers — XUIHAKA; Top
carnivores — Kpynasle xumnuku; Phytoplankton — ®urtonnankron; Zooplankton — 3oomnankton; Mollusks — Mommocku;
Malacostraca — Bwicmme paxu; Fish — Muoroobpasue poi0; Tuna, marlin, sharks — Tynen, Mapnuusbl, akyasl; Mammals —

Muexonuratomue; Human being — Yemnosek
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This may be hard to believe, but the cost of all the
substances contained in a cubic kilometer of water ex-
ceeds one billion US dollars [16]. Table salt, magnesium,
uranium, and fresh water are produced from sea water.
Let us consider the process in greater detail.

One third of the world consumption of table salt is
obtained by evaporation from sea water with the use of
solar energy. This results in an extremely low cost of the
product. On average, the cubic kilometer of sea water
contains 26 million tons of salt [18]. Its applications are
diverse: cooking, production of hydrochloric acid, glass,
soap, and paper, as well as metallurgy, cleaning of fats,
and prevention of black ice formation on roads and side-
walks in the winter. This totals in more than 14 thousand
methods of table salt application.

In 2015, the US extracted 63% of the total production
of magnesium from sea water. It comes as no surprise, as
a cubic kilometer of sea water contains more than a mil-
lion tons of magnesium compounds [18]. Alloyed with
aluminum, it is used in aircraft and missile construction,
as well as shipbuilding. Besides, the metal is employed
in ferrous and non-ferrous metallurgy, pharmaceutics,
light industry, and agriculture.

The uranium reserves in sea water make up about
4.5 billion tons. However, its concentration is very low,
reaching only 3.3 mg per cubic meter. Various mining
methods are patented in many countries (particularly
Japan and the US), and they are being continuously
improved. These methods are still rather laborious and
expensive: a kilogram of uranium extracted from the
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MOKOJICHUAMH 3eMJIsiH. Kak BBISICHSIETCS, pelnTh €€ —
JIeNI0 OTHIOZb HE JJIEMEHTAapHOE. A TiaBHas IMpUYMHA
3aKIIFOYAETCSI B TOM, YTO LIENH HMUTAHHS MOIBEPralOTCS
CYHIE€CTBEHHBIM HCTAaTHBHBIM BOS}IeﬁCTBHHM CO CTOpO-
HBIL... (KTO OBI MOT TTOAyMaTh!) deIoBeKka — CyIIecTBa,
KOTOPOE, Ka3aJI0Ch ObI, OOJIBIIE YeM KTO ObI TO HU OBLIO
3anHTEPECcOBaH B OCPEKHOM OTHOIIEHHH K IPUPOJHOM
9KOCHCTEME MOPEl U OKEaHOB.

2.2. CrIpbeBbIe pecypchl MHPOBOTO OKeaHa JelsT-
Csl Ha T'PYNIBI M MOATPYIIILI, KOTOPEIE CHCTEMAaTU3UPO-
BaHBI Ha puc. 3. Kak BuanM, peds UaeT, BO-TIEPBHIX, 00
OOBIYHOW MOpPCKOW BOJIE, B KOTOPOM, MEXIY TeM, pac-
TBOpPEHO OKO0JI0 60 3JIEMEHTOB MEPHOANIECKON TabmuIe
J1. MenneneeBa. A CBepX TOro — OpraHHYECKUe, OHO-
TEHHBIEC BEIIECTBA (T€, KOTOPHIE BO3HHUKIIHN B PE3yJIbTATE
pasiioKeHHs] OCTAHKOB OPraHU3MOB, HO €IlIe HE JIOCTHUI-
JIM TIOJTHOW MUHEPATH3alliH ), Ta3bl (KUCIOPO, a30T, ce-
POBOIOPOJ, aproH U T. 11.). Te u3 HuX, 4T0 UMEIOT CaMyo
BBICOKYIO KOHIICHTPAIHIO, & TIOTOMY YK€ CErOfHS HHTe-
PECHBI C TOYKH 3PEHHMS] POMBIIIIEHHOH 00BIYH, MpH-
BEIEHBI B Ta0OII. 1.

B 9710, MOXET OBITH, TPYIHO MOBEPUTH, HO CTOU-
MOCTB BCEX BEIIECTB, COACPIKAIINXCS B KyOHUIECKOM KH-
JIOMETpE BOJIbI, MPEBBIIIAET OJAWH MUILIHAP] J0JUIApOB
CIIIA [17]. VI3 Hee U3BIIEKATOT:

a) MOBapeHHYIO COJb (TPEeTh MHUPOBOTO MOTpedIie-
Hus). JloOBIBaeTCS METOIOM BBITAPUBAHUS C WCIIONH30-
BaHMEM COJIHEYHOH dHepruu. Pesynbrar — upe3BbIuaiHo
HU3Kasg ce0ecTOMMOCTh MpOAyKTa. B cpemnem kyOmde-
CKUI KMJIOMETP MOPCKOH BOJIBI COAEPKUT 26 MITH T COIH
[18]. Kak TonmpKo ee He MCIIONB3YIOT: U BO BpEeMs IIPH-
TOTOBJICHUS TIMIIIN; U ISl IPOU3BOJCTBA COJISTHOM KHCII0-
TBI, CTEKJIa, MBI, OyMaru; B METaJUTyPTUH; ISl OYHCTKH
JKHPOB; JUIs1 OOPBOBI CO JIBJIOM Ha JIOpOrax M TPOTyapax

[ Raw material resources of the World Ocean |

| Sea water | | Solid minerals | | Oil and gas deposits
I
—< Primary I I Concealed |
—{ Placer | 4' Surface |

Fig. 3. Raw material resources of the World Ocean

Puc. 3. CrippeBbie pecypcbl MEUpOBOTO OkeaHna

Raw material resources of the World Ocean — CripbeBble pecypcbl MupoBoro okeaHa; Sea water — mMopckas Boaa; Solid miner-
als — TBepabIe nosesnsie uckonaemsle; Oil and gas deposits — 3anexu HedTH U raza; Primary — kopeHHsble; Placer — pachIHbIE;

Concealed — norpedennsie; Surface — MOBEPXHOCTHbIC

Table 1. Concentration of some chemical elements (their compounds) in the World Ocean [22]

Taomuua 1. KoHueHTpanuus HeKOTOPbIX XUMUYECKUX IEMEHTOB (UX coeAnHeHul) B MupoBoM okeaHe [22]

Name /| HaumenoBanue g/kg Name / HaumeHoBaHue g/kg
Chlorides | Xnopuzpl 19.345 Hydrocarbonates / T'napoxap6oHaThI 0.145
Sodium / Harpuit 10.752 Bromides | Bpomubt 0.066
Sulphates | Cynbdarbt 2.701 Boric acid | Bopnas xuciora 0.027
Magnesium | Marunit 1.295 Strontium /| CtpoHumit 0.013
Calcium | Kanprmit 0.416 Fluorides | ®ropunpt 0.001
Potassium | Kannii 0.390 Other | lpyrne <0.001
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ocean costs $660, while its market value is $264. How-
ever, reaching a competitive price is not such a distant
prospect, especially taking into account the economic,
the military and political, and the technological factors.
Back in the days, there was a report on a Swedish proj-
ect of a floating uranium-producing plant with the pro-
ductivity of 600 tons per year. It was supposed to be set
on 22 reinforced concrete pontoons. The entire structure
was planned to have the dimensions of 860%825 m and
the displacement of 5—6 million tons [19].

The final consideration here is fresh water production.
The increase in the world population and corresponding
water consumption rate on behalf of agriculture, indus-
try, and households all have shaped the problem of wa-
ter scarcity. By 2050, the demand for water will have
increased by 55% worldwide. The World Ocean is in-
tended to play a great role in the problem’s solution. Ac-
cording to the UN, more than 16 thousand desalination
plants with the total capacity of 70 million m? per day
have already been installed in the world [20]. Most of
them account for the countries of the Middle East and the
EU, as well as Australia and the US. This is explained by
the fact that desalinated sea water is quite an expensive
commodity and not everyone can afford it.

The continental and shelf ice of Antarctica and the
Arctic represent substantial reserves of water suitable for
consumption (about 24 million km?). About 2,400 km?
of fresh water enters the ocean with icebergs [23]. Yet,
these reserves are untouchable for the humanity thus far.
One of the reasons is that the problem of transporting
free-floating blocks of ice to the point of end-use remains
unresolved, since they melt very quickly and the water
loses its cost-related competitive capacity as it approach-
es the consumer.

Deposits of solid minerals make up the second group
of raw material resources of the World Ocean. They are
divided into two major classes.

1. Primary rocks occur in the places of their forma-
tion. In turn, they comprise:

a) concealed deposits, which are extracted from un-
derneath the seabed by means of about a hundred un-
derwater mines connected to the coast, natural and man-
made islands created specifically for the extraction of
minerals (limestone, tin, mercury, iron, copper-nickel
ores); for example, coal development using modern tech-
nologies is considered profitable if the mines are located
no further than 25 km away from the coast, the total cost
of the deposits makes up at least $100 million, and its
price is within $30—40 per ton [21];

b) surface minerals covering the oceanic bed,
mainly red clay; the area of the deposits exceeds 100
million km? with their thickness occasionally reaching
200 me, and these colossal reserves rich in aluminum
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3UMOii (B uTore — Oonee 14 ThIC. crt0cOOOB MpUMEHE-
HUA);

6) maramii. B 2015 r. Coenunénnsie HlTater Amepu-
K1 M3BJIEKIIM M3 MOPCKOH Boztbl 63 % 0T 001iero ooséma
MPOM3BOJICTBA 3TOr0 METaula. JTO HE YAWBUTEIBHO:
B KaXIOM e€ KyOMdYecKoM KHIIOMETpe — Ooliee MHII-
JTMoHa TOHH coenuHeHnid Maraws [18]. Tonpko B criia-
BE C AJIOMUHHEM €0 IPUMEHSIOT B CAMOJIETO-, PAKETO
U cypoctpoeHur. KpoMe Toro — B 4epHOii 1 LIBETHOM Me-
TATypruy, (papMareBTHKe, JIETKOH POMBIIUICHHOCTH,
CEITBLCKOM XO3SICTBE;

B) ypaH. Ero 3amacel B MOpPCKO BOJE COCTaBIISIOT
okono 4,5 mapa T OgHAKo B O4YEHb HE3HAUYUTEITHHOU
KoHIleHTpauuu (3,3 Mr Ha OAWH KyOWYeckuil MeTp).
Bo mHornx crpanax (B wactaoctu, B Smonun, CIIA)
3aMaTeHTOBAHbI PA3IMYHBIE COCOOB! JOOBIUH, KOTOPHIE
HENIPEpBIBHO coOBepIIeHCTBYIoTCA. [loka oHM Bce ele
OTHOCHUTEJBHO TPYAOEMKH U JOPOTH: KWJIOTPAaMM YpaHa,
JOOBITOTO N3 OKeaHa, 0oxomautest 660 1o, (MU PHIHOY-
HO¥M ctoumocTh 264 nost.). Ho, kKak BUAMM, J10 TOCTHKE-
HUSI KOHKYPEHTOCIIOCOOHOH IIEHBI (0COOCHHO YUUTHIBAS
HKOHOMUYECKUE, BOCHHO-TIONIMTUYECKNE M TEXHOJIOTH-
yeckre GpakTopbl) ocTaéTcsi HE TaK yXkK U Aajeko. B cBoe
BpeMsi coolmanocsk o pa3paborke B IlIBern mpoexra
IUIABYYEro 3aBoJia 10 J00bIYe ypaHa C IPONU3BOAUTEIb-
HocThi0 600 T B rox. Ero miaHnpoBanm pasMecTHTh Ha
22 xene300eTOHHBIX MOHTOHAX. Bce coopykeHne nMe-
70 pasMepbl B 1uiane 860x825 M M BOJOU3MENICHHE
5—-6 muH. T. [19];

I') IPECHYIO BOIY. YBEIMUYCHHE HaceJeHUs 3eMilH,
COOTBETCTBYIOIIEE TOTPEOJICHNE TPECHONW BOIBI CEIlb-
CKUM XOBHI\/'ICTBOM, TTPOMBIIIJIICHHOCTBIO, HOMOXOSHﬁ-
cTBaMH co3iaiu mpobiemy eé nedunurta (1o 2050 r.
MOTPEOHOCTh B INIPECHOM BOAE Ha IUIAHETE BO3PACTET
Ha 55 %). B e€ pemenun Bce OOIBIIYIO POIH MIPEACTOUT
urpate MupoBomy okeany. [1o ceenenussm OOH, B mupe
y)Xe€ YCTaHOBJIEHO Oosiee 16 ThIC. ONMPECHUTENBHBIX
YCTaHOBOK 0011eit MoHoCcThi0 70 MitH M* B cyTkH [20].
Bonpinast ux yacTh MPUXOAWTCS Ha cTpaHbl biamkHero
Bocroka, Asctpanuto, CIIIA u EC. B stom Her Huye-
IO YAMBUTEIBHOTO: ONPECHEHHASI MOpPCKas Bofa — JI0-
CTaTOYHO JIOPOTOE YIOBOJILCTBUE U MO3BOJIUTH €r0 cede
MOXKET JIaJIeKO HE KaXKIIbIi.

3HauNTENIBHBIE PECYPCHI BOJIbI, IPUTOHOM IS yIIO-
TpeOIeHus, colepKaT MaTePUKOBBIN M IETb(OBBIH €]
Awnrapktuasl 1 Apktukd (okoio 24 mua km?). C aticep-
ramMu B OKeaH moctyraet okoio 2400 kM® mpecHO# BOIbI
[23]. Mexny TeM, oKa 3TO — HENPUKOCHOBEHHBIN pe-
3epB uesnoBedecTBa. Emé u motomy, Mex 1y IpodnM, 4TO
oCTaeTcss HepemEHHON 3a/1ada TPAHCIIOPTHPOBKU CBO-
00IIHO TIIABAIOIINX MACCHBOB JIba K MECTY HCIIOIb30-
BaHUsl — aiicOepru oueHb OBICTPO TAIOT M BOJA MO Mepe
NpUONMKEHHUsT K TOTPEOUTEINI0 TepsieT KOHKYPEHTHYIO
CIOCOOHOCTB 110 KPUTEPUIO €€ IIEHBI.

3aJeu TBEPABIX MOJIE3HBIX HCKOMTAEMBIX — BTOpAst
rpyInna cblpbeBbIX pecypcoB Muposoro okeana. Mx noa-
pa3ziessioT Ha:

a) KOpEHHbIE, KOTOPbIE BCTPEYAIOTCSl B MECTax Iep-
BUYHOTO 3ajeranus. OHHU, B CBOIO OUepellb, COCTOST U3:
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oxide (15—-20%), iron oxide (13 %), manganese, copper,
nickel, vanadium, cobalt, and lead increase annually by
500 million tons [16].

2. Placer deposits are formed as a result of sedimen-
tation of various materials from the river flow in the
shallow marine areas near river mouths. The greatest im-
portance has been acquired by the deposits of building
materials (gravel, sand, clay, shell rock) and metal-con-
taining minerals. Placers are a source of 100 % zirconium
and rutile, 80 % of ilmenite and more than 40 % of tin ore
sold on the world markets. The ocean is a source for 10 %
of the world’s tin mining. Titanomagnetite and magnetite
ores become the feedstock for the production of titanium
and hafnium, which are used in nuclear power engineer-
ing, electronic engineering, as well as in the production
of high-melting and heat-resistant alloys.

Africa’s southwestern coast abounds with diamond-
bearing sands, which account for 5% of the world’s
diamond production. The gemstone is found along the
coasts of Alaska and California, Egypt, Panama, Turkey,
and Chile. In the US, the seabed is the source of 90 % of
platinum. Amber — the raw material for chemical indus-
try, pharmaceutics and jewelry business — is found on
the shores of the Barents, Baltic and North Seas.

The deep-water areas of the World Ocean contain
considerable amounts of such mineral resources as man-
ganese, cobalt, and massive sulphides.

Manganese nodules are basically sediments of the
substances dissolved in water located on a particular
substrate. Ranging in size within a few centimeters, they
cover huge areas of the bottom of the Pacific and Indian
oceans starting from the depth of 3,500 m. These nod-
ules contain manganese (by 4,000 times more than on
land), iron (by four times), copper (by 150 times), nickel
(by 1,500 times), cobalt (by 5,000 times), molybdenum,
zinc, lithium and so on, totaling at about 30 elements.
Their total weight exceeds 60 billion tons.

Cobalt crusts are the layers of the minerals dissolved
in sea water formed on the slopes of seamounts and ridg-
es. Their thickness varies from a few millimeters to 25
centimeters. The crusts mainly contain manganese, iron,
and cobalt, with nickel, platinum and rare earth elements
represented in smaller volumes. Most of cobalt crusts
occur in the western part of the Pacific Ocean at depths
ranging from 400 meters to 4 kilometers within the exclu-
sive economic zones of such island states as Kiribati, the
Marshall Islands, the Federated States of Micronesia, Sa-
moa, and Tuvalu, especially plenty in the so-called Prime
Crust Zone. The International Maritime Organization has
developed a special system of rules for the open ocean
research, which is crucial for future establishment of the
impact of the cobalt crust extraction on both deep-sea
creatures and humans, as well as the fishing industry.
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— TOTpeOEHHBIX, KOTOPEIC NOOBIBAIOT U3 HEIP MOp-
cKoro gHa. HacuWTHIBaOT OKOJIO CTa MOABOAHBIX PYI-
HHUKOB U IIaXT, KOTOpbIe OepyT CBOE Ha4ajo ¢ Oeperos;
NPUPOJHBIX W PYKOTBOPHBIX OCTPOBOB, CO3JaHHBIX
CHELUATIbHO ISl JOOBIUM IOJIE3HBIX MCKONAeMbIX (H3-
BECTHSKA, OJIOBA, PTYTH, KEJICIHOU, MEITHO-HUKEIICBBIX
pyn). YromeHBIE pa3pabOTKH, HampuUMep, MPHU COBpe-
MEHHBIX TEXHOJIOTHSAX PEHTAOENbHbI, €CIIU MIaXThl ya-
JIeHBI OT Oepera Ha paccTosiHhe He Ooiee 25 KM, oOmast
CTOUMOCTH 3amnacoB — He MeHee 100 muH o, [21]
a meHa — B mpeaenax 30—40 momt. 3a TOHHY;

— MOBEPXHOCTHBIX, KOTOPHIE TIOKPBHIBAIOT OKEaHHYe-
ckoe joxe. Cpeay HUX — KpacHbIe MIHHEL. [Inommans 3a-
nexeit npesbiaeT 100 MITH KM? ¢ MOIIIHOCTBIO MECTAMHU
110 200 M. DTH KoJOCCallbHbIE 3alachl €XEroJHO YBEIH-
yuBaroTcs Ha 500 MutH T. OHE O0TaThl OKACHIO ATFOMUHUS
(15-20%), oxuceto xenesa (13 %), mapranmem, Meapio,
HUKeJeM, BaHajreM, ko0aasToM, CBUHIIOM [16];

0) pocchIlHbIE, IMOSBICHHE KOTOPBIX OOBSCHSIETCS
PCYHBIMHU BBEIHOCAMH PA3JIMYHBIX MaTepHalOB HA MOp-
CKOE MEJIKOBOJLE BOMM3M MecT Briagenns. Hambompiee
3HAYEHHE TNPHOOpPENN MECTOPOKACHUS CTPOUTEIBHBIX
MarepuasoB (TpaBus, MecKa, NIMHBI, paKyIIeYHUKA), Me-
TaJUIOHOCHBIX MUHepasnoB. Poccsimu — ucrounuk 100 %
IUpKoHMS U pyTmiia, 80 % minbeMennTa u 6omnee 40 % ono-
BSHHOH Py/bI, KOTOPBIE IPOJAIOTCS HA MUPOBBIX PBIHKAX.
Oxean — ucrounuk 10% mMupoBoii 100b19n onoBa. U3
TUTAHOMAarHeTUTOBBIX M MarHeTUTOBBIX PyIl TOJYYaloT,
eIlle U TUTaH, raHU, KOTOPBIE MCIOJIB3YIOTCS B SJep-
HOW SHEPTeTHKE, MCKTPOHHOHN TEXHUKE, TIPH IIPOU3BOI-
CTBE CIUTABOB — TYTOIUIABKUX U JKaPOIPOIHBIX.

IOro-3amagHoe mobepexxbe AdpuKy U300UIyeT aj-
Ma30HOCHBIMH TIeCKaMH. 113 HUX U3BIIEKAIOT IATh MPO-
IIEHTOB OT 00beMa MUPOBOW JOOBIYM CaMOTO ITOIYJISIp-
HOTO U3 BCEX M3BECTHBIX JIPArOIICHHBIX KaMHel. Haxomsat
ux u Buoms OeperoB Amsicku n Kammdopawmm, Erumra,
[Manamsr, Typrwm, Ynnu. B CIIA mopckoe 1HO — Hc-
TogHUK 90 % maTtuHbl. SIHTaph — UCXOAHOE ChIPHE AT
XMMHYECKOH MPOMBIIUICHHOCTH, (papMaleBTHKU 1 F0Be-
mupHOTO OM3Heca — Haxo#iT Ha Oeperax bapenmesa,
BanTuiickoro m CeBepHOTO MOpEii.

3HaYUTENbHBIE TT0 00BbEMY MUHEPAJIbHBIE PECYPCHI
3aJIeraroT B ITyOOKOBOJHBIX palilOHaX OKeaHa:

a) MapraHiieBble KOHKPEIMH — OCAJKH Ha HEKOM
cyOcTpare pacTBOPEHHEIX B Bozie BemiecTB. [1o pasmepy
HAIIOMHHAIOT KapTo(eTrHy WM HEOONBIIYI0 TOIOBKY
KaIlyCThl M MMOKPBIBAIOT OTPOMHbBIE Y4acTKH jJHa Tuxoro
u MHauiicKoro OKkeaHoB, HaUWHAsI C TIYOHH B 3,5 THIC. M.
Bxutouaror B ce0si MapraHen; (B 4YeThIpe THICSUM a3
OopIie yeMm Ha 3emJIe), JKele30 (B YeThIpe pasa), Medb
(B 150 pa3), aukens (B 1,5 ThIC. pa3), K0OaIbT (B WATH
TBICAY pa3), MOJUOMCH, NHUHK, JTUTHH... COBOKYII-
HO — okoJto 30 anemenToB. VX o0mmii Bec npeBbInaeT
60 mipa. T.;

B) KOOAQNBTOBBIE KOPKH — HACIOCHHS pPacTBO-
PEHHBIX B BOAE MHUHEPAJIOB TOJLIMHONW OT HECKOJb-
KUX MHJUINMETPOB 710 25 cM, oOpa3yeMble Ha CKIOHAX
MO/IBOJIHBIX TOop M XpeOToB. OHM copepiKar, TIIaBHBIM
o0pa3oM, Mapraser, >Kele30, KoOanbT, B MEHBIINX
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Massive sulphides comprise iron sulphide, copper
sulfide, zinc sulfide, silver sulfide, and gold sulphide. In
the eastern part of the Bismarck Sea near Papua New
Guinea, the concentration of gold in them is 15 g/ton,
while that of silver is 100-300 g/ton with the maximum
of 642 g/ton [25].

At present, offshore oil and gas production is quite
common. The respective deposits have been discovered
in the coastal regions of 50 countries, and half of them
have launched extraction. Exploratory drilling is carried
out at the depth of 2500 m, and operational works are per-
formed starting from the depth of 1000 m. A specialized
fleet (3,500 vessels) and a squadron of 2,000 helicopters
are at the disposal of the drilling business. More than
10,000 oil drilling platforms have been built only with
the effort of private enterprises. There is a rapidly grow-
ing network of large-capacity underwater oil storages
and pipelines with the total length close to 60,000 km.

In the aspiration to improve the efficiency of transport
operations, gas processing plants are being built directly
in the open sea on artificial islands. To evacuate liquefied
feedstock from them, Shell has signed contracts for the
development and construction of the world’s largest spe-
cialized vessel. Its length will make up 468 m, while the
width will be 74 m. The project cost is the range of four
to five billion dollars.

Great opportunities are associated with gas hydrate
deposits on the seabed surface and in the near-bottom
silts of the abyssal basins. Gas hydrates are molecular
compounds of gas (most often methane) with water,
mostly having the form similar to ice. They lie at depths
of more than 250 m where the temperature does not ex-
ceed 4 °C, and the pressure is not less than 20 atm. Such
conditions ensure their thermostatic equilibrium. The
world’s reserves of gas hydrates make up about 250 tril-
lion m?, and 98 % of them are concentrated in the World
Ocean. At that, one m? of the hydrate contains 200 m?® of
gas [24]. This fact is especially impressive and promis-
ing for the countries that have to cover the domestic gas
demand through import, and Ukraine is one of them.

2.3 The diagram shown in Fig. 4 provides insight to
the energy resources of the World Ocean.

Wave installations (offshore or coastal) are composed
of two circuits. The primary circuit perceives the energy
of waves and transmits it to the working medium (gas or
liquid), while the secondary circuit converts the received
energy into electrical energy. Air and hydraulic turbines,
hydraulic motors, piezoelectric and electric generators,
and induction electric machines can all be used as energy

converters.
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00b&Max — HUKENb, IUIATHHY W PEAKO3EMEINIbHbIC JJIe-
MEHTBI. bonbIas 4acTh K0OaIbTOBBIX KOPOK BCTPEUAECT-
csl B 3amajHoil yactu Tuxoro okeaHa, Ha TIyOMHAX OT
400 M 10 4 xM, B Ipeiesax UCKIIOUUTENIBHBIX SKOHOMU-
YECKHMX 30H HEKOTOPBIX OCTPOBHBIX TrocynapcTs: Kupu-
Oaru, MapmammoBer OctpoBa, denepaTuBHBIC IITATHI
Muxponesun, Camoa, TyBamy (0cobeHHO H300mIyeT
uMH Tak HaswpiBaecMmas Prime Crust Zone). Ocobast cu-
cTeMa NpaBuwi pazpaboTaHa MeXIyHapoIHOH MOPCKOH
OpraHM3aIyen Uil UCCIEA0BAHUH B OTKPBITOM OKEaHe.
ITorpeOHOCTE B HUX Ype3BbIUaiiHa, MO0 TIOKa HE SICHO
Kak JT100bI9a K0OaJbTOBBIX KOPOK OTPA3HUTCS Ha TITyOOKO-
BOJIHBIX OOUTATENsAX, pIOHOI JTOBNIE U, KaK CIEICTBUE,
Ha JIIO/ISIX;

B) TIOJIMMETAJUINYECKUE CYab(GUabI (B aHIIOA3BIYHOM
WHTepIpeTanuu — massive sulphides) ¢ Takumu xomrro-
HEHTaMH, KpOMe IIPOUero, Kak Cyab(u xenesa, cylnbhua
MeJH, cyab(uI IIMHKA, CYIb(uI cepedpa u cyabhu 30-
nota. B Bocrounoil wactu mopst bucmapxka Bosine Ilanya-
Hogast I'Bunest koHIEHTpanys OJIAarOpOIHBIX METaJUIOB
B HUX TakoBa: 30;ota — 15 Tp., cepedbpa — 100-300 r.
(MakcumaibHO — 642 Tp.) Ha TOHHY [24].

Bpsin M KOro-To MOXKHO yAMBHUTH B Hallle BpeMs
odduropHoit n00bIYel HedTH U Ta3a. Ux Mopckue 3a-
JISKU BBIABICHBI B MPHOPEKHBIX paiioHax 50 crpaH.
[TonmoBuHa w3 HUX BeaeT no0by. M ecnm pasBemodHoe
OypeHue BBIMONHAIOT Ha mryonne 2500 M, To 3KcrTya-
TaIMOHHBIE Pa0bOTHI OCyIIEeCTBISAIOT ¢ otMeTkn 1000 M.
B pacnopsbkeHnH JOOBITYNKOB CIICIMATN3NPOBAHHBIHA
¢atot (3,5 THIC. CYZ10B) M 3CKAaPHIIBS U3 JIBYX THICSY Bep-
TOJICTOB. YCHIUSAMH OH3HECA TIOCTPOSHO TOIHKO HEPTS-
HBIX Margopm Gosee 10 Thic. BricTpo HapaiuBaeTcs
CEeTh MOUIHBIX IOJBOIHBIX HE(PTEXPaHWIUIL, TPYOOIpo-
BOJIOB, JUTMHA KOTOPBIX MPHOIKaeTcst K 60 ThIC. KM.

Crpemsich TOBBICHTH 3()(EKTHBHOCTh TPAHCHOPT-
HBIX OIepalyii, razonepepadaTbIBAIOIINE 3aBOIBI COO-
PYKaloT HENOCPEACTBEHHO B MOpPE Ha MCKYCCTBEHHBIX
ocrpoBax. [yl 9BaKyallMd C HUX CIKMIKEHHOTO CBIPbS
Kommanust «Shell», nampumep, moamucana KOHTpax-
TBHI Ha Pa3pabOTKy M CTPOUTEIHCTBO CAMOTO OOJIBIIOTO
B MHpE CTIEeIIMaIn3npOBaHHOro cyaHa. Ero aimmHa cocra-
BUT 468 M, mmpuHa — 74 M. CTOMMOCTb ITpOeKTa — OT
YeThIpeX JI0 MSTH MUJUTHAP/IOB JI0JUIAPOB.

Bonbve mepcrneKkTHBBI CBA3BIBAIOT C ra3oruapar-
HBIMH 3aJI€)KaMH Ha TOBEPXHOCTH JTHA M B WIIUCTOM TIPH-
JIOHHOM TPYHTE IIIyOOKOBOJIHBIX KOTJIOBHH. ['azoruapa-
TBI — 9TO MOJIEKYJISIPHBIE COCAMHEHNS ra3a (Jale BCero,
MeTaHa) C BOJIOW, MPEHMYIIECTBEHHO NPE/ICTABICHHBIC
Maccoi, Imoxokell Ha oObuHBIN A&H. OHU 3aleramT Ha
r1yOuHax Oojee YeTBEPTH KUIIOMETpa A€ TeMIeparypa
He nipesbimaeT 4 °C, a naBnenue He menbIe 20 at. B Ta-
KX YCIOBHUSIX OOECIIEUMBACTCS HUX TEPMOCTATHUECKOE
paBHOBecHe. 3amachl ra30rupaToB Ha MJIAHETE COCTaB-
JSIOT 0K0JI0 250 TpimH M U3 HUX 98 % cocpenoToueHo
B MupoBom okeaHe. B ogHOM KyOW4Yeckuii MeTp Tuapa-
ta comepkutcst 200 M rasa [24]. DTOT (akT BHIIAAAT
0COOEHHO 3aXBaTbIBAIOIIUM JUIsi CTPaH, KOTOpPbIC BbI-
HYKJICHBI IOKPBIBaTh BHYTPEHHUE ITOTPEOHOCTH 3a CUET
UMITOpTA. YKpanHa — Cpean HUX.
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Fig. 4. Energy sources of the World Ocean

Puc. 4. crounuku sHepruu B MUPOBOM OKeaHe

Types of energy sources — BUAbl UCTOUHUKOB; Ocean / sea currents — okeaHudeckue (Mopckue) tedeHus:; Tides — TPUIIUBBI;
Temperature gradient — TeMnepaTypHbIid rpaguent; Waves — Bonusl; Salinity gradient — Tpaguent coneHHocty; Hydrogen —
BOJIOPOJ; Biomass of marine algae — Gromacca MOPCKHX BOZOPOCIIEH

The UK, the US, China, Japan, and Sweden conduct
the scientific and technical research to increase the coef-
ficient of efficiency of such installations. Stable perfor-
mance of wave power generation is estimated to be 1,700
TWh per year (1 TW = 1012 W). This is sufficient to
meet 10% of the global energy demand. Despite the fact
that wave power is still inferior in its economic positions
to wind and solar power, its potential is even greater.
There are several reasons beyond that. First, waves pos-
sess more kinetic energy than the wind, particularly be-
cause water is by 850 times denser than air. This enables
creation of generators with much smaller dimensions at
equal productivity; they do not require large areas of land
and vast expenses for the production infrastructure. The
generators can be integrated into hydraulic facilities in
ports (breakwaters), city waterfronts, and offshore plat-
forms, supplying nearby consumers (inhabitants of is-
land and coastal settlements, as well as drilling platforms
and recreational complexes) with electricity wherever
they need it. Another reason for the feasibility of wave
power production is that the energy of sea and ocean
waves is non-intermittent (available during any season
and time of the day). In addition, waves cover large
distances without substantial energy losses. This stabil-
ity and predictability reduces the risks of investment
projects [26].

Most technologies employing the energy of sea cur-
rents (the Gulf Stream being no exception) are based on
the operation of impellers with a vertical or horizontal ro-
tation axis, which are immersed in the flow of water. This
sphere of marine energy engineering is the least explored
one. This is partly due to a number of engineering prob-
lems, namely, anti-corrosion protection and reliability of
the equipment with account for the aggressive environ-
ment where it operates unattended for a long time. Nev-
ertheless, the US and Scotland have already performed
tests of the first underwater turbines, which turned out to

be a success.

2.3. IlpexacrasieHue 00 SHEPTETHUCCKUX pecypcax
MupoBOro okeaHa MOXKHO MOJYYUTh M3 CXEMBI, TIPHBE-
JIEHHOM Ha puc. 4.

BonHoBbie ycTaHOBKH (0(dImopHbIe HIH Oepero-
BbIC) CKJIJIBIBAIOTCS U3 JIBYX KOHTYPOB!

MIEPBUYHOTO — M3BJICKACT YHEPTHUIO BOIH U IIepe/a-
&t e€ pabouemy oprany (Ta3y WIH KHIKOCTH);

BTOPUYHOTO — MPEBpAIAeT MOIyYeHHOE YHEPIUIO
B DJIEKTpHYECKyI0. B kadecTBe rmpeodpazoBarerneii sHep-
THH CIy’KaT BO3IYIIHBIC W TUIAPABINYCCKUC TYpPOUHEI,
THIPOMOTOPEI, THE303NEKTPHUCCKUE U AIIEKTpOreHepa-
TOPbI, MHAYKIIMOHHBIC SJICKTPUICCKHUEC MAIlIMHBI.

B Bemmkoopurannu, Kurae, CLIA, Snonuw, [1IBerm
TIPOBOIAT HAYYHO-TEXHUYECKUE FICCIICIOBAHHS C IIEITBIO
MOBBIIICHUS KOI(DHUIIMCHTA MOJIC3HOTO ACHCTBUS TaKUX
ycraHoBoK. CrabmiibHasi IPOU3BOANTENEHOCTH BOTHOBOH
sHepreTuku oreHuBaercs B 1,700 TBra® B roa. Drtoro
JIOCTaTO4HO, 4TOOBI yrmoBieTBOpUTh 10% mI006ambHBIX
9HepreTH4ecKkux mnorpedHocreld. Hecmorps Ha TO, 4TO
BOJTHOBAsI SHEPreTHKa BCE eIé yCTynaeT SKOHOMHYECKUE
MO3ULIMK BETPOBOW U COHEYHOM, €€ MOTEHLHAJl CPAaBHU-
TENBHO BbIIIIE. M BOT MO KakuM IpuIuHaM [26]:

BOJIHBI COZIEpKaT OOJIblle KMHETHYECKOW JHEepIu,
HeXenn BeTep (IIOTOMY, B 9acTHOCTH, 4TO Boma B 850
pa3 IUIOTHEE BO3AyXa). DTO IMO3BOJSET CO37aBaTh Te-
HEpUPYIOIIUE YCTPOWCTBA PABHOM IIPOU3BOAUTEIBHO-
CTH 3HAUUTEIBHO MEHBIIMX Pa3MepoB, HE TPEOYIOMNX
3HAYATENFHBIX 3€MENBHBIX YYacTKOB M 3aTpaT Ha Ipo-
M3BOJCTBEHHYIO HH(pAcTpykTypy. OHH MOTYyT HHTe-
IPUPOBATHCS B THIPOTEXHUYECKHE COOPY)KEHHUS TOPTOB
(BOTHOpE3HI), TOPOACKUX HAOCPEIKHBIX, MOPCKUX TIJIaT-
hopm, cHaOxkas OM3IEeKANIUX TOTpeduTeNeH (KuTEenei
OCTPOBHBIX U NPUOPEKHBIX MOCENICHUH, OypOBbIE IJIaT-
(hopMBI, peKpearioHHbIe KOMIIJIEKChI) JIEKTPUYECTBOM
Tam, I71€ B HEM HYXIal0TCH,

OHEPIUd MOPCKHUX U OKCAHNYCCKHUX BOJIH HCTIPEPHIB-
Ha (BCECE30HHAs U KPYIIOCYTOUHas);

BOJIHBI TIPEOIOJICBAIOT OOJBIINE PACCTOSHHS Oe3 Cy-
IIECTBEHHBIX MIOTEPh SHEPTHU. JTa YCTOMIMBOCTD U MIPE/I-
CKa3yeMOCTb CHMXKACT pPUCKHN MHBECCTUIIMOHHBIX ITPOCKTOB.

BoNbIIMHCTBO  TEXHOJOTMH TIO  HMCIIOJIBb30BAHUIO
SHeprur Mopckux TedeHnH (I'onbhecTpuM — He HCKITIo-

3Opun TBr (Tepasar) pasen 10'? Br.
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The use of kinetic energy of tides has reached a com-
mercial scale. One of the technological methods consists
in fencing off the sea bay where high tides occur with a
barrage. The structure of this hydraulic facility includes
tunnels with turbines installed inside them. Forward and
backward water flow generates electricity. At a favorable
tide rise (from 10— 15 m), such a power plant has an eco-
nomic efficiency comparable to river hydroelectric pow-
er plants. Industrial designs of tidal barrages have been
built and tested in France, Russia, Canada, and China.
The barrage constructed in South Korea is the world’s
largest one at the moment.

The use of temperature gradients in the surface and
deep layers of sea water implies the minimum amplitude
of 25 °C. There are three types of technological systems
[26]: those with a closed cycle, an open cycle, and hybrid
ones.

The systems with a closed cycle use the warm surface
ocean water to convert the working fluid (ammonia) into
steam, as it has a low boiling point. The steam rotates
the turbine, and the latter activates the electricity genera-
tor. Cold water (from the depth of 100 m) condenses the
steam into a liquid and the process is repeated.

In the systems with an open cycle, surface sea water
is placed in a low-pressure container and boiled. The re-
sulting steam drives the turbine, which in turn launches
the electricity generator. Cold water performs a function
similar to the one described above.

Hybrid systems pump warm water from the sea sur-
face through the heat exchanger into the vacuum cham-
ber. There, it is converted into steam, which also evapo-
rates the ammonia. Then the turbine and the generator
come into operation.

Experimental facilities are being tested in Japan,
France, the US and the UK. The main obstacles to the
widespread use of appropriate technologies are their
significant capital intensity, which impedes the entrepre-
neurial initiative, and favorable natural conditions pres-
ent only in tropical coastal waters.

Energy conversion is associated with the use of mem-
brane (osmotic) technologies when working with salt
and fresh water. The salt content makes the molecules of
sea water larger than the molecules of fresh water. Thus,
if reservoirs with sea and fresh water are separated by
means of a membrane allowing only molecules of fresh
water to pass through, sea water molecules draw them
in, creating elevated pressure in the respective reservoir.
This effect is used to activate the turbine, which rotates
the electricity generator. Since 1979, the US, Japan, and
Israel have been conducting scientific developments in
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YeHHEe) OCHOBAHO Ha paboTe JTOMAacTHBIX pabounx KoJec
C BEpTUKAIBHOM WJIM TOPU30OHTAIBHOM OCBIO BPAIlICHHUS,
MOTPY)KEHHBIX B TIOTOK BOJBI. JTa 00JIACTH MOPCKOM
SHEpPreTUKU HaMEHEee UCCIIeI0BaHa, B TOM YHCIIe U3-3a
psila MHXEHEpHBIX MpoOJIeM: aHTHMKOPPO3MOHHOHM 3a-
IXTH 000PYIOBAHMS, €TO HAJAEKHOCTHU C yUETOM arpec-
CHUBHOMH cpejibl, B KOTOPOH OHO 0€3 MPUCMOTpa YeJIOBEKa
HaXOAWUTCS B TEUCHHE AITUTEIHHOTO BpeMeHH. U, Tem He
menee, CIIA u [llomianaus yxe nporecTupoBaiu (1 He
0e3 ycrnexa) rnepBble MO/IBOIHBIC TYPOUHEL.

[Ipwnusel. [IpuMeHeHne UX KUHETHYECKOW SHEPTUH
JIOCTHUTIIO KOMMepUYeCcKnx MacmrTa®oB. OIMH U3 TEXHO-
JIOTHYECKUX MPUEMOB COCTOUT B TOM, UYTO MOPCKOM 3a-
JIMB, TJ€ HAOJIONAIOTCSl BBICOKWE IPHIIMBBI, OTTOPAXKHU-
BaIOT 1aMOOH. B 3TOM IrHApOTEXHNYECKOM COOPYKEHUH
OCTaBIISIIOT TIPOXO/IBI C YCTAHOBICHHBIMH TaM TypOHHa-
MHU. JIBUKEHHE BOJBI B MPSIMOM M OOpaTHOM Harpasiie-
HUH TeHEePUPYET AEKTpolrHepruto. [Ipu GnaronpustHoi
BeIcoTe npwinBa (or 10—15 M) Takas 37eKTpOCTaHIHS
UMEeT JKOHOMHUYECKYI0 3((EeKTHBHOCTh, CPaBHUMYIO
¢ peursivu 'OC. TIpombIieHHBIE 00pa3bl OCTPOE-
HbI U ucneiTanbl BO ®panuuu, Poccun, Kanane, Kurae.
A Ta, yto Bo3BurHyTa B KOxHoit Kopee, Ha 1aHHBIH MO-
MEHT SIBJISIETCSL KpyHENIIel B MUpe.

Hcnonp30BaHne aMILIMTY/BI TeMIEpaTyp (MHHH-
ManbHO — 25°C) B TO-TIOBEPXHOCTHBIX M TITyOWHHBIX
CJIOSIX MOPCKO# Bozibl. Pa3paboTaHbl TpH THIIA TEXHONIO-
THYECKHUX cUcTeM [26]:

C 3aMKHYTBIM LIUKJIOM. bepyT Temayro moBepxXHOCT-
HYIO BOJy OKeaHa Uil NpeBpalleHus B map pabouei
JKUJIKOCTH (aMMHAaKa), KOTopasi IMEET HU3KYIO TOUKY KH-
nenns. [lap Bpamaer TypOuHy, a OHa, B CBOIO OYepe[b,
AKTHBUPYET TEHepaTop, BbIPAOATHIBAIOLIMN AIIEKTPOI-
Hepruto. XosoaHas Boja (¢ nryounst ot 100 M.) koHaeH-
CHpYeT Tap B )KMUAKOCT W TIPOIIECC TTOBTOPSIETCS;

C OTKPBITBIM IUKIIOM. [ToBepXHOCTHAst MOpCKast BOJa
MOMEIIaeTCsl B KOHTEHHEp ¢ HU3KUM JIaBICHHUEM M KH-
nstutest. OOpas3yronuiicss map MPUBOJUT B JIBHIKEHUE
TypOuHy. Ta — reHneparop u, Kak pe3yJbTar, oJIy4acM
JKETAEMYIO AJIEKTPOIHEPTHIO. XOJIOJHAS BO/IA BBHITIOHS-
€T MHUCCHIO, aHAJIOTHYHYIO TPEBIAYILEH;

THOpUIHBIC CUCTEMBI. TerTyro BOIy C MOBEPXHOCTH
MOpsI 3aKa4MBAIOT Yepe3 TeIJIOOOMEHHHK B BaKyyMHYIO
kamepy. Tam e€ npeBpaliatoT B ap, KOTOPBIiA, B CBOIO Oue-
peab, U3BECTHBIM yXKe 00pa3oM BO3/ICHCTBYET Ha aMMHAK.
Jlanee BCTymaroT B IeiicTBHE TypOWHA U TEHEPATOP.

OKCIIEPUMEHTAJIbHBIC  YCTAHOBKM  HMCTIBITHIBAIOT
B Snonuun, CIIA, ®pannuu, BenukoOpurtanuu. [nas-
HBIMH HPEISITCTBUAMH JUISl IIUPOKOTO MTPUMEHEHHS CO-
OTBETCTBYIOIINX TEXHOJIOTHH SIBISIFOTCS: BO-TIEPBBIX, UX
CYIIECTBEHHAsl KalMTaJIOEMKOCTh, KOTOpask TOPMO3HT
MpeANPUHUMATENILCKY0 MHHUIIMATUBY; BO-BTOPBIX, OJa-
TONPUATHBIC TIPUPOJHBIC YCIOBUS CYIIECTBYIOT TOJBKO
B TPOITMUECKHUX NMPUOPEKHBIX BOJIAX.

IIpeoOpazoBanne HEPrUM CBS3aHO C HMCHONIB30BaA-
HHEM MEMOpPaHHBIX (OCMOTHYECKHX) TEXHOJOTHUH IS
paboOThI C COJICHOW U MPECHO# BomoH. [leso B TOM, 4TO
COZIep’KaHUE COJIM, JIeNaeT MOJIEKYJIbl MOPCKOHM BOJBI
OONBIIMMH 110 CPABHEHHWIO C MOJIEKYJIaMH HPECHOH
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this sphere. In 2009, the world’s first osmotic power
plant began operating on the fjord of Oslo (Norway). The
global technical potential of osmotic power production
is estimated at 1,600 TWh, including about 200 TWh ac-
counting for Europe [27].

Hydrogen is another possible substitute for liquid fuel
and natural gas. Many countries of the world are work-
ing on the development of plants for hydrogen produc-
tion from sea water. Thermonuclear fusion with the use
of deuterium-heavy hydrogen is a virtually inexhaustible
source of energy. The deuterium contained in one liter of
water provides as much energy as 120 liters of gasoline.

When talking about

should also mention brown seaweed. It naturally grows

ocean bioenergetics, we

by 30—60 cm per day, in total reaching a length of up to
60 m. Its green mass is recognized as a potential source
of methane, biobutanol, bioethanol, and biodiesel.

The use of renewable energy in the Black and Azov
Seas can be quite beneficial for Ukraine, since it:

— activates and even revives shipbuilding (the en-
terprises diversify their production program fulfilling
the orders of government and business, particularly by
building vessels for an offshore fleet);

— enhances the state’s energy independence, reduc-
ing the need to import oil, gas, and coal irrespective of
the entity which delivers them;

— allows employing the scarce land lots in a more
rational way, moving wind generators to the shelf;

— provides new employment opportunities in the in-
novative form of economic activity;

— diverts investment flows from the construction of
facilities extracting environmentally hazardous oil and
gas and makes these types of fuel literally lose their im-
portance for civilized countries;

— is not accompanied by heat release, thus reducing
the greenhouse effect.

In this context, it is difficult to overestimate the po-
tential of the research specializing in marine energy en-
gineering. Its coordination and funding should be man-
aged by the state maritime administration; its creation in
Ukraine is more relevant than ever.

2.4. Realization of the potential of recreational re-
sources for people’s relaxation and recovery of their
health depends on the attractiveness of the sea and ocean
shores. It is conditioned by convenience of their location,
their accessibility, and climatic features. The uniqueness
of entertaining, historical, cultural, and natural objects,
events and phenomena is also essential. For example, the
French island Mont Saint-Michel is well-known all over

the world and attracts a lot of tourists with the tides oc-
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Bozbl. Ilo 3TOM mpuuuHE, eciiu pe3epByapbl C MOPCKOM
Y TIPECHOM BONIOH pa3ienuTh MeMOpaHo#, koTopas Oymer
[IPOITyCKaTh TOJIBKO MOJIEKYJIbI IPECHON BOJBI, MOJIEKY-
JIbI MOPCKO# BOJIbI OYyIlyT BTSTMBATh MX, CO3/1aBasi B CBO-
€M pe3epByape IMOBBIIICHHOE JaBICHHE. DTOT 3(PQeKT
VYUTBHIBAIOT Ui aKTUBU3AIMH TYpOWHBI, BpaIlaromeit
anektporeneparop. C 1979 r. CIIA, fAnonus, N3pamib
BEJlyT Hay4HbIe pa3paboTKu B Toi obiactu. A B 2009 1.
Ha ¢popre Ocno (Hopserus) Hauana paborarh mepsas
B MHPE OCMOTHYECKasl AJIEKTPOCTAHIMS. [I100anbHbIH
TEXHUYECKUH TTOTSHIINAI OCMOTHYIECKOTO TIPOM3BOACTBA
3MeKTpodHeprun oneHuBaeTcs B 1600 TBtu, B ToM duc-
ne, okosio 200 TBTu — B EBporne [27].

Bomopon — erie oMH BEpOSTHON 3aMEHHUTENb JKHT-
KOTO TOIUIMBA M MPUPOIHOTO Ta3a. Bo MHOrHX cTpaHax
MHpa padoTaroT HaJ CO3TaHIEeM YCTaHOBOK TIO TTPOM3BOI-
CTBY BOJIOpO/Ia M3 MOPCKOM BoAbl. [IpakTuuecku Hencuep-
MacMbIM HCTOYHUKOM BSHEPIUU SABIIACTCA TepMOﬂZ[eprIﬁ
CHHTE3 C TIPUIMEHEHNEM JISUTEpHsI — TSDKEJIOTO BOIOPO-
na. KommgaectBo neiftepus B OTHOM JIUTP BOJBI, CONCPIKUAT
CTOJIBKO K€ PHEPTHH, CKOIbKO 120 11 6eH3mHa.

Korma roBopsT 00 OKeaHWYECKOW OMOIHEPTEeTHKE,
peub UAeT U 0 OypbhIX BOAOPOCIHAX, KOTOPHIE B MPUPOJI-
HBIX yCJIOBHSIX pacTyT Ha 30—60 caHTUMETPOB B JIEHB,
nmocturas [UTHHEL 10 60 M. VX 3enmeHas Macca mpu3HaHA
MOTEHIINAIHHBIM UCTOYHHKOM TIOTyYeHHs MeTaHa, Omo-
OyTaHomna, 6MO3TaHONIA U OMOTU3EIN.

Hcnonb3oBanne Bo300HOBIsIEMO dHEpreTHk YEp-
HOTO M A30BCKOTO MOpEH MOXKET OBITH ITOJIE3HBIM U JUIS
'YKpauHbl, HOCKOJIBKY:

AaKTUBHU3UPYET (a B HAIIEM CIIydae — BO3POXKIALT)
CyaAOCTPOCHUEC, NPCANIPUATHA KOTOPOT'O, BBIITOJIHAA 3aKa3
MPABUTEIILCTBA U OW3HECA, TUBCPCUPHUIUPYIOT MPOU3-
BOJICTBEHHYIO TporpaMMy. B Tom wmcie, crpost cyqHa
s oddrroproro (hiroTa;

VKpeIUIsIeT €€ DHEPreTHUECKyI0 HEe3aBUCHUMOCTH,
YMEHbIIIas MOTPEOHOCTh B UMITOPTEe HEe()TH, rasza, yris,
KOTOpBIE B MOCJIEHEE BPEMsI CTAJl HACTOSILEH MPUTUEH
BO si3bIleX. [IpudeM, OE30THOCHTENIBHO K TOMY, KTO HX
TTOCTAaBIISICT;

pe3epBupYeT, Omaronaps pa3MeIIeHHIO BETPOBBIX Te-
HeparopoB Ha Ielbde, Ae(UIUTHBIC 3eMeNIbHbIC y4acT-
KU JUIsl IPUMEHEHH 10 OoJiee palMoHaIbHOMY Ha3Ha-
YEHUIO;

co3/IaeT HOBHIC paboyre MecTa B MHHOBAIIMOHHOM
BHUJIC XO3SIMCTBEHHOM JCITEIBHOCTH;

OTBJICKACT HMHBCCTHILIMOHHBIC IIOTOKU OT CO3OaHUS
MOIIIHOCTEH O JJOObIUE HKOJOTMYECKH OMACHBIX He(DTH
U ra3za, KOTopble OyKBaJIbHO Ha IJIa3aX TEPSIOT CBOE 3Ha-
YeHHE /IS INBUIM30BAaHHBIX CTPaH;

HE COTIPOBOXKIAETCS BBIJCICHUEM TeIjla B OKpyXKa-
IOIIYO CPeJly, YMEHbIIAs TapHUKOBBIH AP deKT.

TpyaHO NMepeoLeHNnTh B 3TOM KOHTEKCTE HCCIIeI0Ba-
HUSI TIOTEHIINAIa MOPCKOH sHepreTHkH. VX koopanHanu-
el 1 pUHAHCHPOBAHHEM JIOJDKHA 3aHUMATHCS ToCyaap-
CTBEHHAsI MOPCKas aJIMUHUCTPAIHS, CO3aHNEe KOTOPOH
B YKpauHe KaKk HUKOT/Ia aKTyaJIbHO.

2.4. Pexpeannonusle pecypcbl. Peanmzanus ux mo-
TEHIMAaJa JUIsl OT/(bIXa ¥ BOCCTAHOBIICHHS 3710POBBSI JIIO-
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curring there. Undoubtedly, the level of hotel, restaurant
and tourist service is important as well, as is the develop-
ment of sea sports and fishing.

Returning to the classification presented in Fig. 1,
let us consider economic reserves of the World Ocean
from the viewpoint of their exhaustibility (index 3). The
resources are regarded as exhaustible if their volume is
reduced in the course of their extraction and can be com-
pletely eliminated. Typical examples are oil, gas, coal,
uranium, and biological resources. In contrast, the re-
sources are called inexhaustible if their volumes remain
stable (although fluctuating within certain limits), regard-
less of how humans handle them in order to meet their
ever growing needs. The examples include the wind, sea
currents, and solar energy.

The next criterion of classification is renewability
(index 4). There are non-renewable and renewable re-
sources. The former are restored at a rate exceeded by
the dynamics with which the mankind is currently con-
suming them. Meanwhile, the latter are restored with the
course of natural processes and are characterized by a
positive correlation between annual production and con-
sumption. The examples include tides, waves, and the
wind.

Finally, let us consider the interchangeability of eco-
nomic resources (index 5). According to this criterion,
they fall into replaceable (having an alternative) and irre-
placeable ones. For example, the technology of coal, oil
and gas combustion is presently being replaced with some
fundamentally new ways of obtaining energy through the
transformation of the kinetic potential of wind, sea tides
and currents. On the contrary, it is not difficult to imagine
what will happen if the Sun fades, the air disappears, or
the World Ocean evaporates.

CONCLUSIONS. 1. As the technologies and techni-
cal means developed by the humanity are being more and
more elaborated, economic resources that were hitherto
concealed in the World Ocean and underneath its bottom
are becoming more accessible. There is every reason to
assume that taken together they form a reserve capable of
maintaining the life of many generations to come.

2. Despite their considerable volume, the economic
resources of the oceans and seas are extremely vulner-
able and thus need to be used sensibly. The correlation
between the demand for them and the rate of their natural
reproduction should prevent the future generations from
encountering complete exhaustion of the sources avail-

able now.
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JIe 3aBUCHUT OT MPUBJICKATEIFHOCTH MOPCKHX M OKea-
HHYeCcKUX rnobepexuii. Ee 00ycioBmuBaoT u ynoocTBO
PpacioIoKEHNA, U JOCTYII K HUM, U KIIMMaTH4Y€CKHUE OCO-
O6erHocTh. Takke UMEIOT CYyIIeCTBEHHOE 3HAYCHUE YHU-
KaJIbBHOCTh Pa3BIIE€KATEIbHBIX, HCTOPUKO-KYJIBTYPHBIX,
MIPUPOAHBIX O00BEKTOB, COOBITHII M sBICHWI . Bakew,
BHE BCSIKOTO COMHEHHMSI, YPOBEHb TOCTHHHYHOTO, PECTO-
PaHHOTO M TYPUCTHYECKOTO CepBHCA; KyIHTHBHPOBAHUE
MOPCKHUX BUIOB CIIOPTA, PHIOAIIKH.

BosBpaiasicb kK MCXOIHOHM KiaccuduKkaiuu, pac-
CMOTPHUM KOHOMHYECKHE OoraTrcTBa MHUpOBOTO OKeaHa
C TO3UINH UX UCUEPIIaeMOCTH (Ko 3):

HUCUCPITACMBIC — TaKHE, 06’I)CMI)I KOTOPBIX YMCHb-
IIAfOTCSL BMECTE C JI0OBIUCH 1, B KOHIIC KOHIIOB, MOTYT
OBITH CBeZIeHBI Ha HET. TUIMYHBIE IPUMEpHI: HE(TS, ras,
YTOJIb, ypaH, OMOIIOTHIECKHIE PECYPCHI;

HencuepraeMble — ¢ 00beMaMH, KOTOpbIE OCTAIOT-
cA CTa6I/IJ'[I)HI)IMI/I (XOTH u KOJ'[C6J'IIOTC${ B ONIPCACICHHBIX
mpezernax), He3aBUCUMO OT OOpAIIeHUs K HUM YeJIOBeKa
C LIEJIBIO YIOBJIETBOPEHUS €r0 BCE BO3PACTAIOLINX U BO3-
pacratomux notpedHocteit. [Ipumepamu ciryxar: Betep,
MOpPCKHE TEUCHHSI, COJTHEUHAst JHEPTHS.

Crenyromuii kiracCu(pUKaMOHHBINH TPU3HAK — CTIO-
COOHOCTB K BO300OHOBIICHHTO (KO 4):

a) HEeBO30OHOBIIsIEMbIE — TaKHe, KOTOPbIE BOCIIPO-
M3BOIATCS C TEMIIAMH, HE COMOCTABUMBIMU C JHHAMHU-
KOW MX TEKYIIETO MOTPEOICHHUS YCIOBCUCCTBOM;

0) BO30OHOBIIsIEMbIE — BOCIIPOU3BOIMMBIE B Teue-
HHUE TIPUPOTHBIX TIPOIECCOB, KOTOPBIE MPOHMCXOMAT Ha
3emile U XapaKTEepHU3yIOTCs TIO3UTHBHBIM COOTHOIICHHU-
€M MEX]y €XEroJHbIM IPUX0IOM U pacxonoM. IIpume-
PBI: IPUITABEL, BOJHEI, BETEP.

U, HakoHell, B3aMO3aMEHIEMOCTh SKOHOMHYECKUX
pecypcoB (kox 5):

3aMeHsieMble (MMeloIue ajbTepHaTuBy). Ha rmiazax
HBIHCITHETO ITOKOJICHUA 3EMJIAH ITPOUCXOAUT 3aMEHa
TEXHOJIOTHH CKHTaHWA YIS, He(pTH W raza MpUHIIAIN-
aJIbHO HOBBIMH CHOCOOAMM ITOJyYEHHs SHEPTUU Yepes3
npeoOpa3oBaHNEe KHHETHUYECKOTO IIOTCHI[HAa BETPa,
MOPCKHX HPWJINBOB M TCUCHHIH;

He3aMmeHsieMble. He ciioxkHO mpencraButh cede mo-
CIIEZICTBUS, COTIPOBOXKAAONIIE yracaHNE COJTHITA, HCUE3-
HOBEHHE BO3/lyXa WJIM HCIapeHust MUpOBOTro oKeaHa.

BBIBOJBI. 1. ITo Mepe TOro kak ycOBEpIIEHCTBY-
I0TCSI CO3/JaHHBIC YEIIOBEKOM TEXHOJIOTHH U TEXHUUECKHUE
CpencTBa, BcE Ooiiee TOCTYITHBIMU OKa3bIBAIOTCS SKOHO-
MHYECKHE PECypChl, CKPBIBABIIHMECSA J0CENe B TOJIIAX
1 1oJ nokpoBoM MupoBoro okeana. EcTb Bce ocHOBa-
HUS TIPEATIONararh, YTo B CBOCH COBOKYITHOCTH OHHU 00-
pas3yroT pe3epB, KOTOPBI CIIOCOOEH 00eCIIeUnTh KU3HBb
JIofel Ha IUTaHeTe B TeYEHHE eIE MPOIOKUTEIEHOTO
BpPEMEHHU.

2. HecMmoTpst Ha 3HaUNTEITFHBIE 00BEMBI, SKOHOMHYE-
CKHE pecypchl OKEaHOB 1 MOPEH Upe3BbIYaliHO YS3BUMBI
U MOTOMY TOMJIEKAT PalMOHAIFHOMY HCIIOIH30BAHUIO.
CooTHOIIEHHE MEXIy MOTPEOHOCTAMH B HHUX M €cCTe-
CTBEHHBIM BOCIIPOM3BOJICTBOM JIOJI’KHO OBITH TAKOBBIM,
YTOOBI TPSIYIINE MTOKOJIEHUS 3€MIITH HE CTOJIKHYIIUCH
C TOJIHBIM HCUEPIaHHEM UMEIOIIUXCSI HCTOUHUKOB.
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