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Abstract. The possibility and expediency of application of the compressed natural gas trans-
portation technology for its transportation to the shore terminals has been considered in the
connection to the Black Sea shelf. The aim of research is to analyze the prerequisites and
detail the concept of construction of the offshore natural gas output and transportation sys-
tem and prove the economic expediency of the CNG-technology to transport the gas from
the Black Sea offshore deposit to the shore terminals. It is established that the approximate
distance of the gas transportation through the offshore zones does not exceed 100...120 km
for the majority of the identified deposits. The research results can be applied to design
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the self-propelled and non-self-propelled CNG-ships. The obtained results of the analysis of technical and economic
conditions of the CNG-technology application for the natural gas transportation from the Black Sea offshore deposits,
as well as the obtained results during the preliminary technical and economic justification demonstrate the technical
and economic expediency of the practical application of the CNG-technology.

Keywords: compressed natural gas, movable pipeline, gas pipeline, barge, well.

AHHOTanusi. PacCMOTPEHBI BOZMOXKHOCTh | 11EI€CO00pa3HOCTh IPUMEHEHNS AMIs menb(a UepHOro Mops TEXHOIIO-
THH TPAHCIIOPTUPOBKH CXKATOTO MPUPOIHOTO Ta3a JJIs IOCTABKH €T0 K OeperoBbIM TepMHUHANaM. /loka3zaHa akTyaib-
HOCTb TaKOH TPaHCIIOPTUPOBKH IPH HEOOXOANMOCTH OBICTPOTO OCBOEHMS JOOBITOTO MPHPOAHOTO T'a3a M3 HEAaBHO
MIPOOYPEHHBIX Ta30BBIX CKBAKUH.

KuroueBble ci10Ba: cyxaThlil IPUPOIHBIH I'a3, TOIBIKHBIN TPyOOIPOBO/I, Fa30MPOBOA, Oapxka, CKBaXKHUHA.

AHoTanis. PO3mITHYyTO MOXKIIMBICTG 1 TOMIIBHICTS 3aCTOCYBaHHS IS mIeNb(hy YOpHOTO MOPS TEXHOJIOT11 TpaHCIop-
TyBaHHS CTHCHEHOTO MIPUPOTHOTO Ta3y IS JOCTaBKH HOTO 10 OeperoBux TepMiHaiiB. JloBeeHO aKTyalbHICTh TaKO-
TO TPAHCHOPTYBAHHS MPHU HEOOXiTHOCTI IMIBHIKOTO OCBOEHHS BHIO0OYTOTO IMPHUPOTHOTO Ta3y 3 HEJABHO MPOOYPEHUX
ra30BUX CBEPJIOBHH.

Kur04oBi c10Ba: CTHCHEHUI TIPUPOIHUIA Ta3, pyXOMUI TpyOOIIPOBi/I, Ta30MPOBi, Oapka, CBEPIATOBHHA.
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Problem statement. Development of gas production IocTranoBka npodiembl. OcBOEHHE U BBOJ B IKC-
fields of the deepwater shelf of the Black Sea requires | IUIYaTalHIO rasoBBIX MECTOPOKACHUH IyOOKOBOXHOIO
menbda YepHoro mMopst TpeOyeT pemieHus psijia TeXHH-
YECKUX M TEXHOJIOTMYECKHUX IPOoOiIeM, OIHOH M3 KOTO-
PBIX SIBIISIETCS TIPOOJIEMa TPAHCIIOPTUPOBKH ITPUPOTHOTO
raza kK OeperoBbIM TepMUHaNaM. Ha ceroqHsHuil 1eHb
dynamics of natural gas cost growth which reaches the | ppu yuere mumammki pocra 1eH HAa NPHPOIHEINA Ta3,
level that allows providing commercial development of | mocTurmmx ypoBHS, KOTOpBIH IMO3BOJISIET 00ECHEYUTH
shelf fields, it becomes especially urgent. Apart from ex- | PEHTabenbHYI0 paspabOTKy LICIb(OBBIX MECTOPOXKIL-
HUH, OHa CTAaHOBUTCS OCOOCHHO akTyanpHOU. Kpome
. o . CYIIECTBYIOIMX TPaJUIUOHHBIX TEXHOJOTUI MOPCKOU
via underwater pipelines and liquefied natural gas car- y Y p P

) ) TPaHCIOPTHPOBKH Ta3a MOABOIHBIMH TPYOOIPOBOIAMH
riers (Liquefied Natural Gas — LNG), the technology |,y rasoposamu B cxxakennom coctosuu (Liquefied
of compressed natural gas sea transportation is poten- | Natural Gas — LNG), NOTEHIMAIbHO MEPCIEKTHB-
tially prospective (Compressed Natural Gas — CNG). | HOH sBIsIeTCS TEXHOJOIHsI MOPCKOM TPaHCIOPTHUPOBKU

solving a number of technical and technological issues,
one of which is the problem of natural gas transporta-
tion to the shore terminals. Currently considering the

isting traditional technologies of sea gas transportation
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The growing interest of scientists to the issues of devel-
oping the CNG technology and technical means of its
implementation is explained by potential advantages:
possibility to load natural gas into the tanks on the board
of a CNG ship directly from the shelf field and unload
into the gas pipeline or gas network onshore. It signifi-
cantly decreases capital investment and transportation
cost in comparison to developing the system of under-
water gas pipelines, especially in the deep water or LNG
plants and ships. Thus, the attention should be paid to
the development of the CNG technology for commercial
production of shelf natural gas fields.

Apart from that, the economical aspect of this issue
is important because the development of the CNG tech-
nology and forming the park of gas carriers on its basis
allows optimizing the logistic processes of shelf natural
gas transportation, increasing the diversification level of
gas supply to specific regional markets.

Analysis of latest research and publications. The
main system of a CNG ship is a cargo-piping system
with the tanks for pressurized gas transportation. The
first attempts of practical implementation of this technol-
ogy were made in the USA in the 1960s. However, high
specific metal quantity and the weight of high-pressure
gas cylinders (~2 t/m? of available storage) as well as
correlation of natural gas, metal and other resources pric-
es existing at that time did not provide an opportunity
to reach the economic efficiency of transportation and,
thus, there was no interest in developing and using the
CNG technology.

Currently we can observe actions in developing the
key components of the CNG technology in different
states of the world. Within the last 10—15 years several
famous foreign companies developed concept projects of
CNG ships which differ in the structural scheme of the
cargo system. In particular, the specialists of the Trans-
Canada Pipeline company offered a variant of a gas car-
rier with horizontal cylinders made of a gas pipe rein-
forced with the fiber glass composite material. There are
technical solutions of some companies, for example En-
erSea Transport and TransOcean which offer to locate
the cargo cylinders in special airproof cooled modules in
order to decrease the mass of these cylinders.

There is another interesting solution offered by Sea
NG: production of the cargo tank in a form of a long
pipe winded in a special coil. It decreases the safety co-
efficient for the cylinders from 2,5 to 1,7. Such projects
are being actively developed in the Russian Federation
especially for Arctic transportation.

However, these developments do not have practical
implementation, though in due time there were expecta-
tions about the possibility to build CNG ships in Norway,
North Korea and the Russian Federation in 2011-2012.
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ckaroro npupogaHoro rasa (Compressed Natural Gas —
CNQG) Ha cnenmajibHBIX CymaxX. Bospocmmit uHTEpec
YUEHBIX K Bompocam pazpabotku TtexHosnorun CNG
U TEXHHYECKUX CPEJICTB €€ pealn3aluu O00yCIOBICH
MOTEHIMAJILHBIMU TIPEUMYIIECTBAMH, KOTOpPBIC 3aKIIIO-
YalOTCSl B BO3MOXKHOCTH 3arpy3KH TPHPOJHOTO rasa
B emkoct Ha Oopty cymHa CNG HemocpeacTBEHHO
¢ menab()OBOr0 MECTOPOXKACHHS M Pasrpy3Ku B raso-
TIPOBOJI WJIM Ta30BYIO CETh Ha Cylle. DTO 3HAYUTEIBHO
YMEHBIIAET KaluTaJbHbIE BIOKEHUS U CEOCCTOMMOCTD
TPaHCIIOPTHPOBKH MO CPABHEHHUIO C CO3JIAHUEM CUCTEMBI
TIOIBOJTHBIX T'a30IPOBOOB, OCOOEHHO Ha NIIYOOKOBOJI-
HBIX Y4aCTKax, HJIM 3aBOJIOB IO CXKMIKEHHIO Ta3a U CY/IOB
LNG. ITosTomMy HanbGosbiue ycuius HeoOXOIUMO CO-
cpenoTounTh Ha pa3paborke TexHonoruu CNG, B 0CHOB-
HOM JUIs BBOJIa B KOMMEpUYECKHH 00OpOT MIEeTb(OBBIX
MOPCKHX MECTOPOXKCHUH MPUPOIHOTO rasa.

Kpome Toro, BaxeH U SIKOHOMHUYECKUI acHeKT 3TOH
po0JieMbl, MOCKONBKY pa3Buthe TexHomornn CNG
U CO3IaHWE HA €€ OCHOBE IapKa CyJO0B-Ta30BO30B pa3-
JIMYHOM €MKOCTH TIO3BOJIUT ONTHMH3UPOBATH JIOTUCTH-
YEeCKHE TMPOIECChl MEPEBO30K MPHPOJHOTO ras3a IIeb-
(hOBBIX MECTOPOXKICHUA, OyJIET CIIOCOOCTBOBATh POCTY
YPOBHSI AMBepcU(UKAIIMK OCTABOK I'a3a Ha OT/IENIbHBIC
pEeruoHaIbHbIE PHIHKH.

AHanu3 uccaefoBaHui M myO0uMKanuii mo npo-
oseme. OcHoBHOM cucteMoii cynHa CNG sBnsercs rpy-
30Basi CHCTEMa C €MKOCTSMH JUIsl TIEPEBO3KM Ta3a I0j
napiaeHueM. llepBble MOMBITKM MpPAaKTHYECKOW pea-
3allM ITOW TEXHOJOTWH ObuM ocymiecTBieHsl B CILIA
eme B 1960-e roasl. OfHAKO BBICOKAS METAUIOEMKOCTh
M BEC ra3oBbIX OAIOHOB BBICOKOTO MaBieHus (~2 1/m°
TI0JIE3HOT0 00BEMa), a TAKXKE CYIIECTBYIOIIEE B TO BPEMSI
COOTHOIIICHHE IIeH Ha MPUPOHBII r'a3, METaII U Ipyrue
pecypchl He CHOCOOCTBOBAIM JIOCTHIKEHUIO SKOHOMH-
4yeckol A(PEKTUBHOCTH MEPEBO30K M, COOTBETCTBEHHO,
BBI3BAJIM TaJICHUE MHTEpeca K pa3paboTKe M UCIIOIb30-
BaHuto TexHonoruu CNG.

B Hacrosimee Bpemsi HaOMIOAaeTCsl aKTUBH3ALUS
JeITENILHOCTH TI0 pa3paboTKe KIFOYEBBIX KOMIIOHEH-
toB TexHosornn CNG B pa3Hbeix crpaHax mwupa. Tak,
Ha IpoTsbKeHuu nocienuux 10—15 jet psin u3BeCTHBIX
3apyOeKHBIX KOMIIAaHUH Pa3padoTai KOHIENTyallbHbIC
mpoekTsl cynoB CNG, KoTOpble OTIMYAIOTCS MPExXIe
BCEro KOHCTPYKTHUBHBIM pELICHHEM TI'py30BOH CHCTe-
Mbl. B wactHocTH, cnienmanuctsl pupmsl « TransCanada
Pipeline» mnpeioxuiay BapuaHT Tra3oBo3a C TOPU30H-
TaJbHBIMH OaJIIOHAMH, H3TOTOBJICHHBIMH W3 T'a30BOH
TpyOBI, YIIPOYHEHHOH CTEKJIIOBOJIOKOHHBIM KOMIIO3HUIIN-
OHHBIM MarephajoM. 3BecTHBI TEXHNYECKUE PEIICHHS
OT/IEJIbHBIX KoMIaHuH, Harpumep «EnerSea Transport»
n «TransOceany», KOTOpbIE TPEUIATAIOT Il CHHKECHUS
Macchl TPY30BBIX OaJUIOHOB pacrHoiararb MHOCIEIHUE
B CIICIHAJBHBIX TEPMETUYHBIX OXJIAXKIAEMbIX MOIYJISX.
WHTEpecHBIM IIPEICTABISETCS U KOHIETITYaIbHOE peliie-
HUe, npeiokenHoe Gpupmoii «Sea NG», cyTh KOTOPOro
3aKJIFOYAeTCsl B U3TOTOBJICHUH TPY30BOH €MKOCTH B BH/IC
JUIMHHOMEPHOI TpyObl, HAMOTAaHHOW B CIICIHAJBHYIO
OyxTy B QopMe KaTymKu. DTO MO3BOJSET YMEHBIIUTh
KOO QUIMEHT 3amaca MPOYHOCTH sl OayuloHOB ¢ 2,5
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In comparison to the stipulated developments, to
meet the demands on gas transportation via the sea the
Ivano-Frankivsk National Technical University of Oil
and Gas (IFNTUOG) together with the Admiral Ma-
karov National University of Shipbuilding (NUS) and
the Paton Electric Welding Institute (EWI) offered the
technology of compressed natural gas transportation on
typical container ships due to the development of the
cargo system in a form of separate cargo sections so that
each of them corresponds to the standard 20- or 40-foot
sea container in geometry [1-3].

Such constructive solution allows avoiding the ne-
cessity to build or buy special CNG ships. The main ob-
ject for investment in this technology is a CNG module
on the basis of a sea container.

The offered CNG-module with a high-pressured long
pipe for compressed natural gas transportation (Fig. 1)
consists of a standard 40-foot open-type sea container
where there is a high-pressured tank in a form of a spe-
cial coil on the footing. The coil consists of sequentially
connected straight or curved pipe sections. The coil is
fixed to the body of the CNG-module securely using spe-
cial locks.

CNG-modules connected with linear fittings into the
blocks are placed in the holds or on the deck.

A container ship equipped with CNG-modules
with the deadweight up to 70 thous. tones can transport
12 mln m?® gas within a voyage. This allows using such
container ships for transportation of significant gas vol-
umes (5 bln m? per year and more).

For smaller transportation volumes and during trans-
portation in inner water areas to short distances special
barges and barges fleet are recommended to be used. In
this case the structure of the CNG-modules is not re-

stricted by the dimensions of a standard container. In par-
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1o 1,7. [TogoOHBIe MPOEKTHI B HACTOSIIIICE BPEMS aKTHB-
HO paspabarsiBarorcsi ¥ B Poccniickoii denepanyn, oco-
OEHHO JUIsl aPKTUYECKUX TIEPEBO30K.

OiHAKO MMOKa 3TU Pa3padOTKU HE UMCIOT IPAKTHYC-
CKOT'O BOTUIOMICHHS, XOTSI B CBOE BPEMSsI ITyOIMKOBAIIUCH
MIPOTHO3bI  OTHOCUTEIBHO BO3MOXKHOCTH IOCTPOMKH
CNG-ra3oBo3oB B Hopseruu, FOxnoit Kopee u Poccuii-
ckoit denepanuu yxe B 2011-2012 rogax.

B ommune ot npuBeseHHBIX Pa3padOTOK, JUIsl HYX[
NEepPeBO3KU ra3a uepe3 Mopckue Ttepputopuu lBaHo-
@®paHKOBCKUM HAIMOHAIBHBIM TEXHHYECKHM YHUBEp-
curetoM Hedtu u raza (MOHTYHI') coBmectro ¢ Ha-
LIMOHAJILHBIM YHHBEPCUTETOM KOpPaOJIeCTPOCHUSI MIMEHH
anmupana Makaposa (HYK) u Wuctutyrom siekrpo-
cBapku umenn E. O. Ilarona (M3) npeanoxena TexHo-
JIOTHSl TPAHCIIOPTUPOBKH C)KATOTO TPHPOHOTO ra3a Ha
TUIIMYHBIX CyJaX-KOHTEHHEpOBO3ax 3a CYET CO3JaHus
IPY30BOil CHCTEMBI B BUJE OTAEIBHBIX I'PY30BBIX OT-
CEKOB, KaX/bli W3 KOTOPHIX TI0 CBOMM TI'€OMETphye-
CKUM rabapuTaM COOTBETCTBYET CTaHAapTHOMY 20- uiu
40-pyroBoMy MOpckomy KoHTeHHepy [1—3].

Takoe KOHCTPYKTHBHOE pEIICHHE IO3BOJISIET W3-
0exaTh HEOOXOAMMOCTH CTPOUTEIILCTBA WM TPUOOpeE-
TEHUs CHELUATU3UPOBAaHHBIX CyA0B-Ta30B030B CNG.
OCHOBHBIM OOBEKTOM KalUTAJIOBIOXKEHUH B JIaHHOM
texHosioruu sipisiercss CNG-Moaylib Ha 0CHOBE MOPCKO-
ro KOHTeHHepa.

[Ipennoxkennsrii CNG-Momyns ¢ JUIMHHOMEPHOM
TpyOOii BEICOKOTO JIaBJICHUSI JIJIsl TPAHCIIOPTHPOBKH CHKa-
TOT0 MPHUPOJHOro rasza (puc. 1) coCTOMT U3 cTaHAapT-
Horo 40-(yToBOro MOpPCKOTO KOHTEHWHEpa OTKPBITOTO
THIIA, B KOTOPOM Ha (yHJIaMEHTaX HaXOIUTCS €MKOCTh
BBICOKOTO JaBJICHHS B BHJE IPOCTPAHCTBEHHOTO 3Mee-
BHKa, COCTOSILEr0 M3 IMOCIJIEA0BATEIBHO COCTUHEHHBIX
MPSMOJIMHEHHBIX W KPUBOJIMHEHHBIX YYacTKOB TpYO.
QDuxcupytoT 3mMeeBUK K koprnycy CNG-Momynst *KecTKo
C TIOMOIIBIO CHENUABHBIX (rKcaropoB. CoeMHEHHbIC
npssMoiMHeHHbIME puTHHTaMu B 010k CNG-Momynu
pa3MeliaoTcs B TPIOME M Ha naiyoe.

O6opynoBannbiii  CNG-MOaynsiMu  KOHTEHHEPOBO3
BoJOM3MeNIeHneM 10 70 TBIC. T MOXET MepeBe3TH 3a

82

Fig. 1. CNG-modules for gas transportation with container
ships:

Puc. 1. CNG-momynmu [uis TEpeBO3KM Tra3a Ha cyaax-
KOHTEHHEPOBO3aX:

a) — connected CNG-modules | coenunennsie CNG-Monynu;
b)—6) — spatial coil of a CNG-module / mpocTpaHCTBEHHBIH
3MeeBHK ogqHoro CNG-monyist
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ticular, a layout scheme for a long pipeline of standard
(720 mm) pipes is developed which is reinforced with
proper fiber glass armouring [4, 5].

The results of previous research including the ones
made by the IFNTUOG and the NUS prove the prospects
of transportation of compressed natural gas through sea
water areas using container ships and barges. The report
on scientific research work “Transportation of natural
gas in the compressed form by the Caspian Sea” made
by the IFNTUOG in 2012 shows reasonability of using
the CNG-technology when forming a logistic gas trans-
portation chain for natural gas transportation from Turk-
menistan to Azerbaidjan over the Caspian Sea with its
further piping into the TransCaucasus gas pipeline and
transportation to Turkey.

Along with this the issues of technological integra-
tion of specific elements of the CNG technology require
deeper studying in terms of the complex system for
production and transportation of natural gas from shelf
fields as well as the ones devoted to feasibility of these
systems.

The article aim is the analysis of existing prereq-
uisites and development of the details for the construc-
tion concept of the system for production and trans-
portation of natural gas from shelf fields, providing
preliminary grounds for economic feasibility and ef-
ficiency of the CNG-technology use for gas transpor-
tation from shelf fields of the Black Sea to the shore
terminals.

Primary material statement. A special feature of
the oil and gas power engineering at the beginning of the
21st century is gradual depletion of major and giant fields
of natural hydrocarbons and complicacy of the condi-
tions of oil and gas production, shifting to the large-scale
development of the fields with small resources, increase
of the depth of oil and gas production, gradual shift of
gas and oil production processes to the zones and shelves
difficult to access. This leads to the growth of the first
cost of oil and gas production. At the same time these hy-
drocarbons still play the leading role in the world power
engineering, and predictions of the world experts show
that within further 30-50 years the part of oil and gas in
the energy balance will comprise about 50 %.

At the end of the 1990s — beginning of the 2000s
a number of new hydrocarbon fields were opened on
the shelf of the Black Sea [6]. At the same time several
structures with high prospects were found especially in
the zone near Kerch (Prikerchenkiy area). Among them:
Glubokaya, Yuzhno-Kerchenskaya, Abikha, Pallasa,
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oauH peiic 12 miH M raza. DTO MO3BOJISIET HCIIOIB30-
BaTh TaKHe KOHTEHHEPOBO3BI ISl TPAHCIIOPTUPOBKHY 3HA-
YUTENLHBIX 00BEMOB Ta3a (5 mupa M® B roj1 u Oosiee).

Jnst MeHbIINX 00BbEMOB TPAHCIOPTUPOBKH, a TAKXKe
MIPU TIEPEBO3KE BO BHYTPEHHUX AKBATOPHSIX HA CPaBHH-
TEJIbHO HEOOJIBILIME PACCTOSIHUS TPEIAraeTcs HCIOib-
30BaHUE CIIENUAIBHBIX OapX M KapaBaHOB Oapxk. B stom
ciydae koHCTpyKims CNG-Momyneli He OrpaHuuruBaeTCs
pa3MepaMu CTaHapTHOTO KOHTelHepa. B yactHocTH, paz-
paboTaHa cxemMa KOMIOHOBKH JUTHHHOMEPHOTO TPyOOIIpo-
BOIa U3 cTaHAapTHHIX (720 MM) TpyO, YCHIEHHBIX COOT-
BETCTBYIOIINM CTEKIIOBOJIOKOHHBIM apMHUpPOBaHUEM [4, 5].

Pesynbrarsl IpebIy X NCCIESI0BaHUH, B TOM YHCIIE
u BoinonHeHHbIX B UOHTYHI u HYK, cBunerenscrByior
0 TNEPCHEKTUBHOCTH TPAHCIIOPTUPOBKH IIPUPOIHOTO Tas3a
B KOMIIPHMHPOBAaHHOM BHJIE 4Y€pe3 MOPCKUE aKBATOPUH
C TIOMOIIBIO CYIOB-KOHTEHHEPOBO30B U Oapik. Tak, B OT-
4yeTe O Hay4HO-HCCIeZoBarebckol padore «Tpancrop-
TUPOBKA TPUPOIHOIO Ta3a B KOMIIPUMHUPOBAHHOM BHJIE
yepe3 Kacnmiickoe mopey, BbimonHeHHOH B UOHTYHI
B 2012 romy, nokazaHa IenecooOpa3sHOCTh MPUMEHEHHS
texHonorun CNG npu (HOpMHUPOBAHUM JIOTHCTHUYECKOM
ra30TPAHCHOPTHON LIETIH [UIsl TPAHCTIOPTHPOBKU HPHUPOJ-
Horo Ta3a ot TypkMeHucrana B AzepOaifpkan uepe3 Ka-
CIMICKOE MOpE € MOCIEAYIOMIEH 3aKaukoi ero B TpaHckas-
Ka3CKUH ra30IpoBOJl U TPAHCIIOPTUPOBKOW K TEPPUTOPUH
Typuum.

BwMmecre ¢ TeM panpHEHIINX YITyOJICHHBIX HCCIENO-
BaHUi1 TPeOyIOT BOIPOCH! TEXHOJIOTHIECKOIO HHTETPUPO-
BaHUS OTJIENBHBIX AieMeHToB TexHonorun CNG B pam-
KaX KOMIUIEKCHOM CHCTEMbI JIOOBIYH U TPAHCIIOPTHPOBKH
MIPUPOIHOTO T'a3a IeNb(POBBIX MECTOPOKACHUN U HCCIe-
JIOBaHHsI SKOHOMUUECKOH A(P(PEKTHBHOCTH TAKHX CHCTEM.

HEJIb CTATBM — ananu3 cymecTBYIOMNX Tpe-
MOCBUIOK M JIETANM3aLHs KOHLEMIUH MOCTPOCHUS CH-
CTE€MBI JIOOBIYM W TPAHCHOPTHPOBKU TPHPOTHOTO Tasa
menb(OBEIX MECTOPOXKACHUH, MpeaBapUTeIbHOE 000-
CHOBaHHE SKOHOMHYECKOH IIeIeco00pa3sHoCTH H -
(eKTHBHOCTH HCTONB30BaHus TexHomorun CNG s
TPAHCIIOPTHPOBKH I'a3a U3 HIeIb(OBBIX MECTOPOXKICHUI
UYepHOTro MOpSI K OEPETOBBIM TEPMHHAIAM.

H3noxenne ocHoBHOT0 MaTepuasia. OcCOOEHHOCTBIO
pa3BuTHs HedTera3oBoi sHepreTuku B Hayane XXI Beka
ABJIACTCA MOCTCIEHHOC MCTOMICHUC KPYIHBIX U CBECPX-
KPYIHBIX MECTOPOKIACHUH INPUPOIHBIX YINIEBOJOPOIOB
U YCIIOKHEHHUE yCIOBUH N0OBIYM HE(TH U Ta3a, Iepexon
K MacCOBOMY OCBOCHHIO HEOONBIINX MO 00BeMaM 3ara-
COB MECTOPOXICHHH, YBEIMUEeHUE ITyOnH HedTera3ono-
OBIYH, TIOCTETICHHOE TIepeMeIIeHIe ITPoIieccoB Hedrera-
30[100bIYM B TPYIHOIOCTYIHBIE PalOHBI M IIEIb(OBHIC
30HBL. Bce 310 mpuBOIHT K pocTy ce0ecToMMOCTH H00BI-
4y HeTH 1 raza. BMecte ¢ TeM 3TH yrieBoxoposis! Ipo-
JIOJDKAIOT 3aHMMaTh OIPEAEISIONIEe MECTO B MHUPOBOM
SHEPreTHKE, a MPOTHO3bI ABTOPUTETHBIX MUPOBBIX DHEP-
TeTHYECKUX areHTCTB CBUETEIHCTBYIOT, UTO U B TEUCHUE
cnenytomux 30—50 ner gonst HedTH U ra3a B SHEpPreTU-
4yeckoM OaaHce cocTaBuT okoio 50 %.

B xonie 1990-x — wauane 2000-x rofqoB Ha IenbQhe
UYepHOro Mopst ObIT OTKPBIT PsiJi HOBBIX YIIIEBOJOPOIHBIX
MECTOPOXKICHHH [ 6] 11 00HAPyKEHO HECKOIBKO BEICOKOTIEP-
CTIEKTHUBHBIX CTPYKTYP, 0COOeHHO B mpefernax [Ipukepuen-
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Yakornaya, Moryana, Lychagina, Soyuznaya [7]. The
sea depth in the zone near Kerch is 30—500 m and more
(Fig. 2).

One of the deterrents for the rapid growth of gas pro-
duction in terms of the indicated structures is a partially
unsolved problem of natural gas transportation onshore.

Thus, a very important task of nearer future is the de-
velopment of a rational system of sea transportation for
maintenance of shelf fields of the Black Sea. This task
gets special urgency in terms of the necessity of rapid

development and start of produced natural gas transpor-
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ckoro yuyactka. Cpenu Hux [myooxkast, FOxuo-Kepuenckasi,
Abwuxa, [Tamnaca, SIkopnas, MopsiHa, JIsraaruna, Coro3Hast
[7]. TiryGraa Mops B patione [IprkepueHCKOro ygacTka Ha-
xoautcst B peaenax 30—500 m u 6oree (puc. 2).

OmHuM U3 CACpXKUBAIOMMX (AKTOPOB, MPETIST-
CTBYIOIIUX CETOHS OBICTPOMY HapalldBaHHUIO 0OHEMOB
ra30700bIYM B paMKaX YKa3aHHBIX CTPYKTYp, SBIISCTCS
YaCTUYHO HepeHleHHbIﬁ BOIIPOC JOCTAaBKU ITPUPOIHOIO
ras3a Ha CyIIy.

Takum o0pa3oM, BaKHOW 3amadeid Omkaliero
OyIylIEero CTAaHOBUTCS CO3JaHHWC pAIMOHAJIBLHOU CH-
CTEMBI MOPCKOW TPAaHCHOPTUPOBKHU Ui OOCITyKHBaHHSA
menb(GoBbIX MecTopoxaeHuit Yeproro mops. Ocobyro
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Fig. 2. General map of the Ukrainian sector of the Prikerchenskiy area of the Black Sea:

Puc. 2. O630pHas kapTa yKpauHCKoro cekropa IIprkepueHckoro yyactka YepHoro Mopst:

1—oil and gas fields /| mectopoxxaenust Heptu urasa; 2— oil and gas prospective structures / He(hTera3onepcrneKTUBHBIC CTPYKTYPbIL:
a — prepared for drilling / monrotoBieHsl kK OypeHuto; 6 — detected by seismic exploration / OOHAPYKECHBI CEHCMOPA3BEIKOIA;
6 — possible and prospective / IpOrHO3HO-TIEPCIICKTUBHBIC; 3 — exploration well 1 / mouckoBasi ckBakuHa 1; 4 — parametric
well 403 / mapamerpudeckas ckBaxxuna 403; 5 — isobaths / u306ate1; 6 — tectonic deformations | TEKTOHHYECKHE HAPYIICHHS
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tation from recently drilled wells. Using sea transport
on the CNG-technology basis is reasonable in terms of
absence of industrial pipelines which is explained by sig-
nificant remoteness or water area depth.

Special features of the systems which provide imple-
mentation of the CNG technology are considerably de-
fined by the specific character of some projects of gas
transportation by sea. The composition and parameters
of the system elements will depend, first of all, on the pa-
rameters of the gas supply source and the gas transporta-
tion system where it will be unloaded further. For a CNG
ship aimed at gas reception from shelf fields it is neces-
sary to provide a system for complex gas treatment in the
composition similar to the systems of gas treatment for
uploading into the gas pipeline on the shore fields. There
should be a gas compression system on a ship for provid-
ing piping into the tanks onboard.

The analysis of feasibility of using different carri-
ers for gas transportation from shelf fields of inner water
areas proves that in the Black Sea it is desirable to use
the variant of special barges of production-transportation
types which are moored to a submerged entrance buoy of
the STL-type (Submerged Turret Loading) or to a pro-
duction platform on the shelf. It is reasonable to use two
types of barges. The technological industrial equipment
for produced gas purification, dehydration, compression
and intermediate storage is assembled on a barge of the
first type. Barges of the second type are used directly
for compressed gas transportation. The combination of
separate objects of the technological chain “drill — tech-
nological industrial equipment (technological barge) —
transport barge” is provided by means of using special
flexible pipelines. The loaded transport barge is trans-
ported by a tug along the proper route, and the place for
uploading is taken by the next one (Fig. 3).

When designing the main systems of CNG ships for
maintaining sea fields it is necessary to provide execu-
tion of the following tasks:

— acceptance of compressed gas in the sea directly
from the well onto a CNG ship using the underwater
loading complex of the STL-type;

— complex natural gas treatment;

— aftercompressing of gas which is supplied from the
wells up to the pressure of 20,0...25,0 MPa;

— gas storage in special tanks under the pressure of
up to 25,0 MPa during ship motion to the destination;

— gas supply for unloading in the destination using
the underwater unloading complex of the STL-type and
complete unloading of ship tanks.

When implementing the CNG transport technology
special attention should be paid to the processes of gas
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aKTyaJbHOCTB 9Ta 3aj1a4ya NPUOOpETaeT B yCIOBUSIX He-
00XOJMMOCTH OBICTPOTO OCBOEHHS M Hayasla TPaHCIIOp-
THUPOBKH JIOOBITOTO MIPUPOHOTO I'a3a U3 TOIBKO YTO TPO-
OypeHHBIX CKBaXWH. [Ipn OTCYTCTBHM MPOMBIIIICHHBIX
TpyOOTPOBOJIOB, YTO OOYCJIOBICHO 3HAYMTEILHOHN y/a-
JICHHOCTBIO WM TIIyOMHOW aKBaToOpHH, IeJIeco00pa3Ho
UCIIOJIb30BAaHHE MOPCKOTO TPAHCIIOPTa HA OCHOBE TeX-
nonorun CNG.

OcoOeHHOCTH CHCTEM, 00ECIIeUHBAIOIINX Peaj3a-
o Texaonorun CNG, B 3HaUNTENFHON Mepe omperie-
JISIFOTCSL CHeUU(UKON KOHKPETHBIX IPOEKTOB MOPCKOH
TPaHCIIOPTHPOBKH ra3a. CocTaB M mapamerphl JIeMeH-
TOB CHUCTEM OyIlyT 3aBUCETh, B IIEPBYIO OUepe/ib, OT Iapa-
METPOB HCTOYHMKA MOCTABOK I'a3a U ra30TPaHCIIOPTHOH
CHCTEMBI, KyJia OH OyJIeT pa3rpy>KaTbcsi BIIOCIEICTBUH.

s cynaa CNG, nipeiHa3Haue€HHOTO JIJIsI IpHeMa rasa
¢ 1enb()OBBIX MECTOPOKACHUH, HEOOXOIUMO TPETyCMO-
TPETh CHCTEMY KOMIUIEKCHOM MOJIOTOBKH Ta3a B COCTa-
BE, aHAJIOTUYHOM CHCTEMaM IO/ITOTOBKH Ta3a K 3arpy3ke
B Ta30IPOBOJT Ha OEpPEroBhIX MECTOPOXKIeHUsIX. Ha cynHe
TaKKE JOJDKHA OBITh Hala)KCHA CHCTEMa KOMITPUMHPOBA-
HUS ra3a J1yist 00SCIICUCHHUs 3aKaUYKU B EMKOCTH Ha OOpTY.

AnHanu3 1enecoo0pa3HOCTH HCIIONB30BaHMS  pas-
JIMYHBIX CYHOB-HOCHTEJEH JUIS TPAaHCHOPTHUPOBKH Taza
13 menb(GOBEIX MECTOPOXKICHNUH BHYTPEHHUX MOPCKHX
AKBATOpPUI CBUIETENILCTBYET, YTO B aKBaTOpUH YepHOro
MOpsI IPEATIOYTUTENICH BAPUAHT UCIIOJIb30BAHHS CIIEIIN-
aJIbHbIX 63p>1< MMPOU3BOACTBECHHO-TPAHCIIOPTHOT'O THIIA,
MIPUIIBAPTOBBIBAIOLIUXCS K TIOTPY>KEHHOMY ITPUEMHOMY
6yro tima STL (Submerged Turret Loading) winm k no-
ObIBaroreil miarpopme Ha menbde. [Ipu sToM meneco-
00pa3Ho MPUMEHATH /iBa THIa 6apx. Ha Gapxe mepBoro
THIIa MOHTHPYETCS TEXHOJIOTHYECKOE MPOMBIIUICHHOE
000py/IOBaHUE ISl OYUCTKH, OCYIIKH, CIKATUSI M ITPOMe-
YKYTOYHOTO HAKOIUICHHs 10OBITOTO Ta3a. bap»wu Broporo
THIIA MCIIONB3YIOTCSl HETMIOCPEICTBEHHO VISl TPAHCIIOP-
THPOBKH Ckaroro ra3za. CodeTaHne OTJACNBHBIX 00BEK-
TOB TEXHOJIOTMYECKOHN LIENH «CKBAKMHA — TEXHOJIOTNIe-
CKO€ MPOMBIIUICHHOE 000py/I0BaHHE (TEXHOIOTHYECcKast
0aprka) — TpaHCIOPTHAs Oaprxka» 00eCIeUunBaCTCs MMy TeM
WCIIONIb30BAHMS CTICIHAIBHBIX THOKMX TPYOOTPOBOIOB.
3aIoIHEHHY0 TPAHCIIOPTHYIO 0apXKy TPaHCHOPTHPYIOT
OyKCHpPOM IO COOTBETCTBYIOLIEMY MapIIPyTy, @ MECTO
JUTSI 3aTPY3KH 3aHUMAET clieayromias (puc. 3).

[Ipn NpOEKTHPOBAHUHM OCHOBHBIX CHCTEM CYIOB
CNG st 06CiTy>KUBaHUSI MOPCKHX MECTOPOXKICHUI He-
00X0MMO 00ECIICUNTh BBITIOIHEHNE CIIEAYIONIHX 3a/1a4:

— IIPUEM C)KaToTO Ta3a B MOPE HEMOCPEACTBEHHO U3
ckBaKWHBI Ha cyqHO CNG ¢ MCTIONIh30BAaHUEM ITOIBOJI-
HOTO 3arpy304HOro Komruiekca tuna STL;

— KOMIUIEKCHYIO TIOATOTOBKY MTPUPOJHOTO Ta3a;

— JIOXKMMaHHE Ta3a, TOCTYIAIOIIET0 U3 CKBAXUH, 710
nmasinerus 20,0...25,0 MlIa;

— XpaHEHHeE Ta3a B CIEIHaIbHBIX EMKOCTSIX ITO]] 1aB-
nerneM 1o 25,0 MIla B TeueHue mepexoa cyaHa K Me-
CTy Ha3HAYCHHMSI;

— Tojiady rasa Juisl pasrpy3KH B MecCTe Ha3Ha4eHHs
C UCITIOJIE30BAHNEM ITOABOIHOTO PA3TPy304HOTO KOMILIEK-
ca tuma STL 1 momHOE ONOpOYKHEHHE EMKOCTEH Cy/IHA.
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Technological ship Transport ship or barge
or barge up to 25 MPa up to 25 MPa
. Ly . -
—-— =
Shipment
terminal
Uploading
Unloading

Fig. 3. Technological chain of sea gas transportation on the CNG-technology basis:
Puc. 3. TexHonoruueckas Lenb MOPCKON TPaHCIIOPTUPOBKY ra3a Ha ocHoBe TexHosoruu CNG:

technological ship or barge up to 25 MPa — texHonorn4eckoe cynHo win oapxa 1o 25 Mlla; uploading — 3arpyska; unload-
ing — pasrpyska; transport ship or barge up to 25 MPa — TpaHCTIOpTHOE CyIHO win Oapxka no 25 Mlla; shipment terminal —

Pa3rpy304HBI TepMUHAT

treatment, compression, intermediate storage and load-
ing into the cargo systems of the transport. In order to
increase the mobility of some elements as well as of the
transport system in general the authors offer to use the
ships (barges) of two types as it was stated before. A tech-
nological ship (barge) is constantly in the zone of a shelf
field (a well or a well group) and provides gas purification
and drying, gas condensate, LPG and other hydrocarbon
products emission, gas compression, intermediate stor-
age of hydrocarbon products. Such vessels allow solving
a number of problematic issues of the CNG technology.
First of all they provide continuous performance of the
wells and qualitative treatment of their products.

Intermediate cargo systems of technological ships
(barges) allow reaching agreed operation of board com-
pressor units with possible discharges of connected
wells. This task is partially solved due to equipping of
compressor stations as a part of a ship with compressors
of various production with the drive from gas and elec-
tric engines.

More high-power compressors with the drive from a
gas internal combustion engine shall operate to decrease
the expenditures on gas compression. Possible mis-
matches in production shall be adjusted due to activation
of the compressor of lower power with the drive form an
electric engine which meets the conditions of frequent

repetitive activation in a better way. The precondition is
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Ocoboro BHMMaHHUS NpH peann3aludl TPaHCIOPT-
Hoit TexHomorun CNG I OTAETBHBIX MPOEKTOB Tpe-
OyIOT MpoIecChl MOATOTOBKH, KOMIIPUMHPOBAHUS, MPO-
MEKYTOUYHOTO HAKOIUICHHUS U 3arpy3KHd ra3a B IPy30BBIE
CHUCTEMBI TPAHCIIOPTHBIX cpencTB. C IENMbI0 MOBHIIIIE-
HUA YPOBHA MO6I/IHbHOCTI/I OTACIIBHBIX 3JICMCHTOB, KaK
Y TPAHCIIOPTHOH CHCTEMBI B IIEJIOM, aBTOPHI IpeIyia-
raloT, KaKk y>Ke OTMEYaloCh paHee, UCIIOIb30BaTh Cyaa
(6apyxu) aByx TumoB. TexHoMOrHYECKOE CyaHO (Oapika)
MTOCTOSTHHO HAaXOIUTCS B paioHe IIenb(oBOro MecTo-
POXIEHUS (CKBaXKMHBI MJIH TPYIINBI CKBaXKHH) U o0ecrie-
YHBAET OYHCTKY U OCYIIEHHE ra3a, BBIICICHHE Ta30BOTO
xoHgeHcara, LIIDJIY u apyrux ymieBOZOPOIHBIX IIPO-
JYKTOB, KOMIIPUMHPOBAHUsI ra3a, MPOMEKYTOUHOE Ha-
KOITJICHHE YTIIEBOJOPOIHON MpoayKuuu. Hammane Takux
CYJIOB CHIOCOOCTBYET PELICHHUIO 1IEJ0r0 psijia MpodiIeM-
HbeIX BompocoB TexHomoruu CNG, mpexae Bcero ode-
CIICYMBACT BO3MO)KHOCTH HEMPEPHIBHON AKCILTyaTalluu
CKBa)KUH U KaYE€CTBEHHYIO IIOATOTOBKY UX IMPOLYKLIUH.

[IpomexxyTOYHBIE TPY30BBIE CHCTEMBI TEXHOJIOTHYC-
CKHX CyJ0B (0apik) MO3BOJISIOT JOCTHYb COIIACOBAHHOM
paboTbl GOPTOBBIX KOMIPECCOPHBIX YCTAaHOBOK C BO3-
MOYKHBIMH JICOMTaMHU TIOAKITFOYCHHBIX CKBKUH. JTa JKe
3ajjaya 4aCTHYHO pEIIaeTCs 3a CYET KOMIUICKTOBAHHS
KOMITPECCOPHBIX CTaHIWH, BXOAAIINX B COCTAaB CY/OB,
KOMIIpeccopaMy pa3HOM MPOU3BOANUTEIBHOCTH C IPUBO-
JIOM OT I'a30BbIX U IJICKTPUICCKUX Z[BHFaTeHCﬁ.

Jis yMeHBIIIEHHUS 3aTpar Ha C)KaThe Tasa MpH ONTHU-
MaJIbHOI Harpys3ke JOJDKHBI paboTarh Ooiiee MOIHBIC
KOMITPECCOPHI C TIPUBOAOM OT Ta30BOTO JBHUTATEINS BHY-
TPEHHETO CropaHust. Bo3MOXKHBIC HECTHIKOBKH B TIPOU3-
BOJIUTENILHOCTH CJIEyeT KOPPEKTHPOBaTh 3a CYET BBe-
JIEHUS B JIECTBHE KOMIIPECCOPOB MEHBILIEH MOLIHOCTH
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using compressors which include the node for their pro-
duction regulation in a certain range.

In general the loading process is performed accord-
ing to three schemes when using the ships and barges of
the technological and transport type.

The most complicated variant is loading of a trans-
port ship from the supplying source (a well or a well
group) and the cargo system of a technological ship si-
multaneously (Fig. 4).

At the same time the process has the following
stages:

— uploading of a transport ship due to the pressure of
the gas from the supplying source;

— uploading of a transport ship due to the pressure of
the gas from the cargo system of a technological ship;

— uploading of a transport ship with the gas of the
cargo system of a technological ship using compressors;

— uploading of a transport ship with the gas from the
supplying source using compressors.

In any circumstances the compressors are used when
loading the ship with the gas from the supplying source or
gas of the cargo system of a technological ship. In some
cases there is need of simultaneous execution of these
processes. The parameters and the amount of compressor
units which are supplied to the technological ships shall
meet the conditions of field development, consider spe-
cial features of wells products treatment and the opportu-
nity to change the volumes of gas to be transported.

High pressure in the wellhead provides decrease of
expenditures for gas compression and allows using not
as powerful compressors. It is obvious that the types and
production of the compressors shall be defined by the
parameters of the loading process in general and separate

elements in particular.
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C MPUBOMIOM OT BICKTPUYECKOTO IBHUTATENs, uTO Oonee
OTBEYACT YCIOBHSM YacTOTO TIEPUONYCCKOTO BBEICHHS
B jeiicTBue. HeoTheMIIEMBIM YCIIOBUEM SIBIISICTCS TAKIKE
HCITOTE30BAHNE KOMITPECCOPOB, COMEPIKAIIUX Y3€I Pery-
JIUPOBAHUS MX TPOU3BOAUTEIBHOCTH B OMPEICICHHOM
JIMara3oHe.

B 1esioM mpu UCMOJIb30BaHUH CYI0B HITH Oap Tex-
HOJIOTHYIECKOTO ¥ TPAHCIIOPTHOTO THIIA MPOIIECC 3arpy3-
KU PEaM3yeTCs 10 TPEM CXEMaM.

CaMbIM CITOKHBIM W3 BAPHAHTOB SIBIISICTCS 3arpy3Ka
TPAHCIIOPTHOTO Cy/HA U3 UCTOYHUKA CHAOKeHus (CKBa-
YKWHBI WA TPYIITBI CKBAXKWH) M TPY30BON CHCTEMBI TEX-
HOJIOTHYECKOTO Cy/IHA OJTHOBPEMEHHO (puc. 4).

Ilpu 5TOM CleayeT BBIACTUTH CIEMYIOIINE 3Tarbl
nporecca:

— 3arpy3Ky TPaHCIOPTHOTO Cy/IHA 3a CUET JIABICHHSI
ra3a UCTOYHUKA CHAOKEHUS,

— 3arpy3Ky TPaHCIOPTHOTO CYy/IHA 3a CUET JIABICHHS
rasa rpy30BOii CHCTEMbI TEXHOJIOTUYECKOTO CY/IHA;

— 3arpy3Ky TPAHCIIOPTHOTO CyIHA Ta30M TPy30BOi
CHCTEMbI TEXHOJOTMYECKOr0 CYJHA C HCMOJIb30BAHUEM
KOMITPECCOPOB;

— 3arpy3Ky TPaHCIOPTHOTO CY/IHA Fa30M M3 HCTOUHH-
Ka CHaOXKEHMS C MCTIOIB30BAHMEM KOMITPECCOPOB.

IIpu m100BIX 0OCTOSATENHCTBAX KOMIIPECCOPBI HC-
MOJTB3YIOTCS TIPH 3arpy3Ke TPAHCIIOPTHOTO CYAHA Ta30M
HUCTOYHUKA CHAOEHUsI WIH/M Ta3oM TPy30BOM cHCTe-
MBI TEXHOJIOTHYECKOTO CYy[AHA. B OTHENBHBIX CiTydasx
BO3HHUKAET HEOOXOJAMMOCTh OJIHOBPEMEHHOW peasn3a-
MM OTUX TPOIECccOB. ITapaMeTpsl W KOMHYECTBO KOM-
[IPECCOPHBIX YCTAHOBOK, KOTOPBHIMH KOMILIEKTYIOTCS
TEXHOJOTHYCCKHE Cy[a, TOJKHBI COOTBETCTBOBAaTh
YCIOBUSIM  Pa3pabOTKH  MECTOPOXK/ICHUS, YUUTHIBATH
0COOEHHOCTH MOATOTOBKH MPOAYKIIMH CKBAKHH U BO3-
MOXKHOCTh HW3MEHEHUs OOBEMOB Ta3a, IMOJIEKAIIETrO
TPaHCIIOPTHPOBKE.

Hanuuue BBICOKMX JTAaBICHUI HA yCThE KCILTyaTa-
IMMOHHBIX CKBaXHH CHOCO6CTByeT CHM)KCHHIO 3aTpar
Ha KOMIPUMUPOBAHUS ra3a U MO3BOJSIET MCIOJIb30BATh
MCHEC MOIITHBIE KOMIIPECCOPHBIC YCTAHOBKU. HOHHTHO,
YTO THUIBI U TPOU3BOUTEILHOCTh HUCIOIB3YEMbIX KOM-
peccopoB OymyT OMpe/eNicHb! mapaMeTpaMu mporecca
3arpy3KHd B LIEJIOM M OT/CJIbHBIX TANOB B YaCTHOCTH.

Process vessel or barge

Transport vessel or barge

Compressor > >l
A source of gas Gas —> station Cargo vessel
o o Cargo system
(one or several conditioning system
transport vessel
wells) system , technology o

Fig. 4. Scheme of implementation of the transport ship loading process:
Puc. 4. Cxema peanusanuu rnpouecca 3arpy3Ku TPaHCIIOPTHOTO CyIHa:

a source of gas (one or several wells) — ucTounnk ra3a (oHa WIN HECKOJBKO CKBAXKHH); gas conditioning system — cuctema

IIOATOTOBKU Tasa; compressor station

— KOMIIPECCOpHas CTaHLusA; cargo vessel system technology — rpy3oBas cucrema

TEXHOJIOTUUECKOTO CYJHA; cargo system transport vessel — rpy30Basi CHCTeMa TPAaHCIIOPTHOTO Cy/iHa; process vessel or barge —
TEXHOJIOTUUECKOEe CY/IHO WM Oapika; transport vessel or barge — TpaHCHIOPTHOE Cy/ITHO Win Gapika



gHIPBUILDING smi.nuos.edu.ua | smi@nuos.edu.ua

MARINE INFRASTRUCTURE

Therefore, for each project of natural gas transpor-
tation over the sea using CNG ships it is necessary to
perform the optimization search in order to equip techno-
logical ships with the equipment which meets the require-
ments of the specific project to the maximum extent and
provides high economic feasibility. On the other hand,
it is necessary to provide the required level of unifica-
tion of technological and transport ships (barges) which
could allow using them at various fields.
of
Ukrainian enterprises and organizations for the CNG
shipbuilding and their further use in the Black Sea the
authors see a nonself-propelled barge (Fig. 5) with the

Considering current technical opportunities

cargo system as the most prospective sea transport.

Motion of barges from a well to the shore shall be
performed using tugs. The approximate maximum veloc-
ity of tugging is 10 knots (18,5 km per hr).

In order to bring forward the practical implementa-
tion of the CNG technology and to efficiently use the
available ships two variants were considered in the pro-
cess of the analysis:

— reequipping of existing barges for the needs of
compressed natural gas transportation;

— design and building of new barges for compressed
natural gas transportation.

Capacity of wells and well pads were also taken into
account as well as the opportunities of further develop-
ment of the CNG ships fleet.

The preliminary selection and calculation of the pa-
rameters of transport barges is performed considering the
day well (well group) production 300 and 600 thous. m®.
At the same time relative parameters (per length unit) of
the cargo system in a form of a long pipeline shall take
the following values:

— inner volume — 0,431 m?;

— steel mass in the long pipeline — 157,1 kg/m;
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TEMA HOMEPA: CYJOCTPOEHUE

Takum 00pa3om, aJsi KaXJIOro IMPOEKTa MOPCKOM
TPAHCIIOPTUPOBKU NPUPOIHOTO r'a3a ¢ UCIOJIb30BAaHHEM
cynoB CNG HeoOX0auMO MPOBEACHNWE ONTHMHU3AIIHOH-
HOTO TTONCKA C [ETbI0 KOMIUICKTAIIMH TEXHOJIOTHIECKIX
CyZ10B 000pY/IOBaHHEM, KOTOPOE B HAUOOJIbIIIEH CTETIEHH
OTBeYaeT TPEeOOBaHMSAM KOHKPETHOTO IMPOEKTa M 00e-
CIICYUBACT B I[CJIOM BBICOKYHO 3KOHOMHYCCKYIO A deK-
TUBHOCTb. C Ipyroi cTOpoHsI, TpedyeTcst obecneynBarhb
U HEOOXOAMMBIN ypPOBEHb yHH(UKALUU TEXHOJIOTHYE-
CKHX ¥ TPAHCTIOPTHBIX CYA0B (0ap:k), KOTOPHIi TO3BOIISIT
OBl NCTIONB30BATh MX HA Pa3IMUHBIX MECTOPOXKICHHSX.

C yd4eroM CeropHsIIHUX TEXHHMYECKHX BO3MOXK-
HOCTEH YKpaMHCKHMX TNPEANPHATHA U OpraHu3anuii 1o
n3rotoBieHuio cynoB CNG u ux JanbHEHIero UCroib-
30BaHus B OacceitHe UepHOTo Mopsi Hanbosee meperek-
THUBHBIM MOPCKHMM TPAHCHOPTHBIM CPEACTBOM, MO MHE-
HUIO aBTOPOB, SBISCTCS HECAMOXOIHas Oapika (puc. 5)
C YCTaHOBJIEHHOW Ha Hell rpy30B0Oil CUCTEMOIL.

[lepemerenre 6ap OT CKBaKHHBI 10 MOOEPEKbS
JIOJDKHO OCYIIECTBIISITHCS C MOMOIIBIO Oykcupos. [Ipu
9TOM OPHEHTHUPOBOYHAS MAKCHMAJbHasi CKOPOCTh OyK-
cupoBku coctaBut 10 y3 (18,5 xm/q).

C menbio YCKOPEHHS IIPaKTHUECKOH peanu3aluu
texHonorut CNG u Hanbosee 3 PeKTHBHOTO UCTIONB30-
BaHMsI UMEIONIET0Cs MapKa TPAHCIOPTHBIX CYJOB B IIPO-
Liecce aHaIn3a pacCMaTprBAIIUCh JIBa BApUAHTA!

— TepeodOopyIOBaHUE CYLIECTBYIOIUX Oapik IOf
HYXJIbl TPAHCIIOPTHPOBKHU CKAaTOTO MPUPOIHOTO Ta3a;

— MPOEKTUPOBAHUE U CTPOUTEIHCTBO HOBBIX OapiK
CHEUHUAIBHO JUIS TPAHCIIOPTUPOBKH CHKATOTO IIPHPOIHO-
TO rasa.

VY4uTHIBAIKMCh CYIIECTBYIOLIHE TPOU3BOIUTEIHHO-
CTH CKBa)XUH M OOBEIMHEHHBIX KYCTOB CKBaXHH, a TaK-
K€ BO3MOKHOCTH JTAJIbHEHIIIETO0 Pa3BUTHS Mapka Cy/l0B
CNG.

[IpenBapuTenbHblii BHIOOP W pacdeT IapamMeTpoB
TPAHCIIOPTHBIX Oap’K BBINOJIHEH HCXOJS W3 CYTOYHOH
MIPOU3BOJUTEIBHOCTH CKBAXHHBI (TPYIIBI CKBAKHH)
300 u 600 ThIC. M. [IpH 9TOM OTHOCHTEIILHBIE TTApaMe-
Tpbl (Ha €AWHMILY JTMHBI) TPYy30BOH CHCTEMBI B BHJIC
JUIMHHOMEPHOT'0 TPYOOIIpOBOAA NPHHUMAIOT CIIEIyIO-
IIMe 3HAYCHMS:

— BHyTpeHHH 00beM — 0,431 M7,

— Macca CTajlu B JUIMHHOMEPHOM TpyOOonpoBoje —
157,1 xr/m;

Fig. 5. Sea transport vehicle for CNG technology implementation
Puc. 5. Mopckoe TpaHCIIOPTHOE CPeCcTBO Julst peann3anui texaoinorun CNG
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— fiberglass mass in the long pipeline — 36,5 kg/m;

— gas mass in the long pipeline (under working pres-
sure 20 MPa) — 72,2 kg/m;

— long pipeline mass with gas (under working pres-
sure 20 MPa) — 265,87 kg/m;

— gas volume under standard conditions (s.c.) in 1 m
of the long pipeline with gas (under working pressure
20 MPa) — 107,8 m®.

On the basis of relative parameters of the long pipe-
line a table is offered for barge selection (Table 1).

According to the results obtained the basic param-
eters of the barges which shall be equipped with cargo
systems for compressed gas transportation can be the fol-

lowing:

Variant 1 Variant 2
length — 70 m; length — 75 m;
width — 9 m; width — 15 m;

board height — 3,5 m;
freight-carrying
capacity — 900 t

board height — 4,0 m;
freight-carrying
capacity — 2000 t

Efficiency of transportation on the basis of the CNG
technology significantly depends on the gas delivery points
on the shore, the levels of infrastructure, distribution and
delivery networks development. The opportunities of the
Crimean gas network were studied via these points. Cur-
rently there is quite a developed system of the main gas
pipelines in the territory of the peninsula. The system
scheme is shown in Fig. 6, and the main parameters of
some gas pipelines and zones are represented in Table 2.

The analysis of the existing gas transport system of
the Crimea, the flow capacity and the loading level of
some gas pipelines and zones allows making the conclu-
sion on potential possibility of transportation of additional
gas volume via this system. Moreover, the Glebovskoye
underground gas storage facility allows controlling the
transportation volume and making strategic gas reserves.

During the study it was found out that the areas near
Feodosiya and Tarkhankut (Ocheretay bay) are poten-
tial places for constructing receiving terminals for CNG

ships unloading.
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— Macca CTeKJIOIJIACTHKA B JUTMHHOMEPHOM Tpy0o-
mpoBoze — 36,5 Kr/m;

— Macca rasa B JUIMHHOMEPHOM TpyOomnpoBoje (rpu
pabouem masnennn 20 MIla) — 72,2 xr/m;

— Macca JUIMHHOMEPHOTo TpyOompoBoga ¢ Ta3oM
(ipu pabouem nasienun 20 MIla) — 265,87 kr/wm;

— o0beM Ta3za MpH CTaHIAPTHBIX YCIOBHAX (C.Y.)
B | M JJIMHHOMEPHOTO TPyOOMpoBoIa ¢ ra3oM (IIpu pa-
6ouem pasinenun 20 MIla) — 107,8 m>.

Ha ocHOBe OTHOCHTENBHBIX MapaMeTpPOB IJIMHHO-
MEpHOTo TpyOOIpoBo/Ia MpeIaracTcsi Tabana JUis Bbl-
6opa 6apxu (Tabdm. 1).

Hcxonst n3 moiy4eHHbIX pe3yabTaroB 0a30BbIe apa-
MeTpbI 0apiK, KOTOPbIe HEOOXOIMMO 000PYIOBAaTh IPY30-
BBIMH CUCTEMaMHU JJIsl IEPEBO3KH r'a3a B C)KaTOM COCTOSI-
HUH, MOTYT OBITh CIECAYIOIINMH:

Bapuant 1
mmHa — 70 M;
mMpuHa — 9 M;
BBICOTa OopTa — 3,5 M;

rpy30-
noabeMHOCTH — 900 T

Bapuant 2
mHa — 75 M;
mupuHa — 15 M;
BBICOTa OopTa — 4,0 M;
rpy30-
noabeMHocTs — 2000 T

D heKTUBHOCTh IMEPEBO30K Ha 0a3e TEXHOJIOTHH
CNG B 3HauMTENILHOM cTereHn Oy/eT 3aBUCETh U OT Ha-
JIMYMS ITyHKTOB TIPHEMa ra3a Ha ooepexbe, ypoBHS MO/
TOTOBJICHHOCTH MX HH(PACTPYKTYPBI U Pa3BUTOCTH CETEH
pacnperniesieHust ¥ mocTaBky ra3a. C 3TUX MO3WIMH Hc-
CJIeIOBAJICH BO3MOXKHOCTH T'a30IpOBOIHOM ceTi Kphim-
CKOT'0 MOIyOCTpoBa. B HacTosmiee BpeMs Ha TEPPUTOPUH
MIOJTyOCTPOBA CYIIECTBYET IOCTATOUHO Pa3BUTas CHCTEMA
MarucTpalIbHbIX ra30IPOBOOB, CXeMa KOTOPOH ITpUBe/ie-
Ha Ha pHUC. 6, a OCHOBHBIC XapAKTEPUCTHKN OTJEIBHBIX
ra30IMpoBOIOB M yYaCTKOB OTPaKEHbI B Ta0II. 2.

AHanu3 CylEeCTBYIOIIEH ra30TpaHCIOPTHON cUcTe-
MbI AP KpbIM, IPOIyCKHOM CIOCOOHOCTH M YPOBHS 3a-
Ipy3KHU OTAEIBHBIX Fa30IPOBOIOB U yUaCTKOB MO3BOJIET
CclieNaTh BBIBOJ O MOTCHIHAIBHON BO3ZMOKHOCTH TPAHC-
IIOPTUPOBKU 3TOM CHUCTEMOM [JOIOJIHUTEIBHOIO KOJIM-
YecTBa IPHPOIHOTO Ta3a, KOTOPBIH MOXET MOCTYNaTh
oT 1enb($oBBIX MecTopokaeHHid. KpoMe Toro, Hamuue
['meOoBCKOro MoA3EeMHOTr0 XpaHWIMINA Ta3a MO3BOJISET
OCYIIECTBIIATh PETYINPOBAHHE OOBEMOB TPAHCIOPTH-
POBKH U CO3/]aBaTh CTpaTEernyeCcKUe Pe3epBhl rasa.

B mpomuecce nccnenoBaHusi OBIIIO BBISICHEHO, UYTO
MTOTEHIMAJIBHBIMI MECTAaMH CO3[aHUS TPUEMHBIX Tep-
MHUHAJOB JUIs pasrpy3ku cynoB CNG moryTt ObITh T1I0-
WaaKu B pailoHe ropoga deonocus U B pailloHe MbIca
TapxankyT (Oyxra Oueperaii).

Table 1. Characteristics of long pipelines (under working pressure 20 MPa)

Taéamua 1. XapakrepHCTHKU JUIMHHOMEPHBIX TpyOoIpoBoaoB (npu pabouem aasinennu 20 MIla)

Freight-carrying Length of long 3 Gas volume
capacity, t pipeline L,m Gas mass, t Innngw;lug{;Z; m under s. c. V, m?
I'py3onoxbeMHOCTh | JJIMHA JUITMHHOMEPHOTO Macca raza, T 06ge 1\1/31 W O6bem raza
Cy/lHa, T TpyOomnpoBoaa L.,, M ’ npu c.y. V, M*
750 2820 203,7 1216 304180
1000 3760 271,6 1620 405600
1500 5640 407,4 2430 608360
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Table 2. Characteristics of gas pipelines and gas pipeline branches of PJSC “Chernomorneftegas”
Ta6auua 2. XapakTepucTHKa ra30IpoBOIOB U Ta30mpoBoaoB-0TBOA0B [TAO «UepHoMopHedTerasy»

N°2 (2) 2014

Gas pipeline diameter
Main gas pipeline name Length, km and wall thickness, mm
HanmeHoBaHHE MarucTpaabHOTO ra30MpoBoIa JiHa, kKM Jlnamerp rasonpoBona
1 TOJIIMHA CTEHKH, MM
Gas pipeline Glebovka — Simferopol / Tazonposon ['me6oska — Cumpepormnons 101,8 529x%8
including /B TOM 4ncine:
— transition over Donuzlav island (2nd thread — 0,65 km) / nepexon uepe3 0,65 529x%8
0. Jlony3nas (2-s Hutka — 0,65 kM)
— looping in the area 17,4 km — 59,0 km / mynmnr Ha y4yactke 17,4 kM — 59,0 km 41,6 529x8
Gas pipeline Simferopol — Sevastopol / T'azonpoBox Cumdeponons — CeBacTonons 56,6 530%7,5
Gas pipeline Dzhankoy — Simferopol / T'azonpoon [Ixankoit — Cumdeporonb 92,1 529x7
Gas pipeline Crimea border — Dzhankoy / T'azonpoBon rpanuiia Kpeiva — J[xankoit 72,6 720%10
Gas pipeline Krasnoperekopsk — Glebovskoye UGSF 97.0 1020%10
lNazompoBox Kpacuomnepekornck — [me6osckoe [TXI ’
Interindustrial collector Strelkovoye — Dzhankoy
. N 58,2 325%8
MexnpombIIIIeHHBIH KomuiekTop CrpenkoBoe — JxaHKoi
Gas pipeline Golitsyno — shore / 'azonpoBox ['onmumpiao — Geper 155,379
Gas pipeline Golitsyno — Ocheretay bay (2nd thread)
. 62,7 426x16
lNazonpoBox ['onumpbiao — 6. Oueperaii (Bropast HUTKA)
Gas pipeline Ocheretay bay — Glebovka / T'azonpoBon 6. Oueperaii — [T1eboBka 43,2 530%8
Gas pipeline Arkhangelskoye — shore / T'a3onpoBon ApxaHreabckoe — oeper 53,95 426x16
Gas pipeline Glebovka — Simferopol / T'azonposon ['me6oBka — Cumpepornons 121,9 530%8
Sevastopol (2nd thread) / CeBactomnons (BTopast HUTKA) 53,5 426x16
Razdolnoye
Glebovskoye UGSF .
Dzhankoi
Chernomorkoye ;
Lenino
Tarkhankut foreland Kerch
o -

Yevpatoriya
Saki

Simferopol

Sevastopol Alushta

Fig. 6. Process flow scheme of the main gas pipelines of the Crimea
Puc. 6. Texnonoruueckas cxema MarucTpaibHbIX razonposonos AP Kpeim

20

_Sudak
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Table 3. Results of feasibility study on the project of using the CNG technology for natural gas transportation from shelf fields of

the Black Sea to the terminals near Feodosiya and Tarkhankut

Tabmmuna 3. Pe3ynbrarhl TEXHUKO-OKOHOMUYECKOT0 000CHOBAHHUS MPOeKTa npuMeHeHust TexHonorud CNG ist nepeBo3KH PUPOHOTO
ra3a u3 eab(hoBbIX MECTOPOKICHUH YepHOro Mops K TepMHUHAIIaM, pa3MELICHHBIM B paiionax deogocuu u Mbica TapXaHKyT

Duaily cargo turnover, thous. m*/day
CyTOouHSIH TPy30000pOT,
Ne Parameters / Ilokazatenn ThIC. MY/CYT.
300 600
3

| Annual cargo turnover, min m3 /year 109,5 219,0
T'onoBoit rpy30000pOT, MITH M?/TOZ
Barges parameters, m: / TlapameTps! Oapix, M:

2 length / nmua 70 75
width / mmpuHa 9 15
board height / BbicoTa Gopra 3 4
Required number of ships for cargo turnover handling:

3 Heo0xoanMoe KOIUYeCTBO CY/I0B AJIs 00CITY)KMBAHMS IPY30II0TOKA: 3
barges | Gapx

1 1
tugs / OyKCHpOB
Investment, min USD / Kanuranosnoxenus, muH jgoi1. CIIIA
Total / Becero 17,8 29,6

4 | Including: / B Tom 4ucne:
barges with cargo systems and tugs / 6ap>u ¢ Tpy30BbIMH CUCTEMaMU ¥ OyKCHUPBI 14,3 253
freight-handling terminals / TOTpy309HO-pa3rpy304HbIC TEPMIHAIBI 3,5 4,3

5 | Maintenance expenses, min USD/year / DxcIuyaTalliOHHBIE PACXO/Ibl, MJTH JIOJ./TOJT 2,875 5,15

6 Transportation first cost, USD/1000 m? x 100 km 26.25 2352
CebecTonMOCTb TPaHCTIOPTUPOBKH, j1071./1000 M* x 100 kM > >
Transportation rate, USD/1000 m? x 100 km for the first six years

7 T o 5 60,4 54,1

pancnioptHbIi Tapud, 101./1000 m* x 100 kM Ha TIEpBBIC MIECTH JICT
Transportation rate, USD/1000 m?® x 100 km for further years

8 o 5 31,5 28,2

Tpaucnoptablit Tapud, 101./1000 M* x 100 kM Ha ClIeTyFOIIE TOBI

When holding the preliminary feasibility study (FS)
of the reasonability of sea gas transportation on the ba-
sis of the CNG technology the variants of small cargo
flows were considered, that is 110 and 220 mln m* per
year which corresponds to the day volumes of 300 and
600 thous. m* . The average transportation distance is
100 km. The FS results are shown in Table 3.

According to the analysis of existing and prospective
places for shelf gas production and potential points of
connecting to the gas transport system of the Crimea the
approximate distance of gas transportation over water ar-
eas for the majority of the detected fields is not more than
100...120 km.

CONCLUSION. 1. The results of the technical and
economic conditions analysis of using the CNG technol-
ogy for natural gas transportation from shelf fields of
the Black Sea as well as the results obtained due to the
preliminary FS prove technical and economic feasibil-
ity of using this technology in practice. 2. For technical
implementation of the projects on natural gas transporta-
tion using the CNG technology it is necessary to hold a
number of studies of technological processes executed
at different stages. It is also required to perform the op-
timization search in order to provide the equipment for
the ships so that this equipment shall provide their high
economic efficiency.
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[Ipu mpoBemeHWH TPEIBAPUTEIHFHOTO  TEXHUKO-
sKoHOMITYecKoro obocHoBanus (TDO) nenecoodpazHOCTH
MOPCKOH TPaHCTIOPTUPOBKHU Ta3a HA OCHOBE TEXHOJIOTUH
CNG paccmarpuBajiich BapUaHThl peau3allii MallbIX
rpy30n0TokoB, a umeHuo 110 u 220 muH M* B rof, 4to
COOTBETCTBYET CyTOuHbIM oObemam 300 u 600 Thic. M.
CpenHee pacCTOSIHHE TPAHCHIOPTHPOBKU TPHHATO DPaB-
HbM 100 kM. Pesynbrarel TOO npuBeneHs! B Taou. 3.

Hcxons w3 aHanm3a CyMIECTBYIONINX U IMIEPCIICKTHB-
HBIX MECT JI00BIYH ra3a 1eab(OBOI 30HbI U OTCHINAb-
HBIX TOYEK ITOIKIIOUCHHUS K Ta30TPAHCIIOPTHON CHCTEME
KpbiMa, OpHeHTHPOBOYHOE PACCTOSIHUE TPAHCIIOPTUPOBKH
ra3a gyepe3 MOPCKHE aKBATOPHUH IS OOJBITMHCTBA BBISIB-
JICHHBIX MecTopoxieHui He npesbimaet 100...120 kM.

BBIBO/IbI. 1. PesynsraTel aHamm3a TEXHHYECKUX
U OKOHOMHUYECKHX YCJIOBHH IPUMEHEHHS TEXHOJIOTHH
CNG pnst mepeBO3KH TPHUPOTHOTO Ta3a IMIenb(OBBIX
MECTOPOXKJCHUI YepHOro Mops, a TakKe MOJy4YeHHbIC
B mporiecce mpensaputenbHoro TOO pe3yasraTsl CBU-
JICTEJILCTBYIOT O TEXHHUUYECKOW M SKOHOMHYECKOH Iiee-
c000pa3HOCTH TPAKTUIECKOTO MPUMEHEHHS STOH TeX-
Honoruu. 2. JIyisi TEXHUUYECKOW peanu3aluu MPOEeKTOB
TPAHCIIOPTHPOBKH MPUPOTHOTO ra3a ¢ UCTIONb30BaHHEM
texHosorut CNG HEoOXOIUMO MPOBEICHHUE psila HC-
CIIEZIOBAaHUH TEXHOJOTHYECKUX IIPOIIECCOB, pean3ye-
MBIX Ha OTJENBHBIX JTalax, a TaKKe OCYIIECTBICHUEC
ONTHMHU3AIIOHHOTO TOWCKA C IEThI0 KOMIUIEKTOBAHUS
CYIIOB 000pyIOBaHHEM, 00CCIICYMBAIOIIIM HX BHICOKYIO
SKOHOMHUYECKYTO () (HEeKTHBHOCTB.



gHIPBUILDING smi.nuos.edu.ua | smi@nuos.edu.ua N22 (2) 2014

MARINE INFRASTRUCTURE TEMA HOMEPA: CYAOCTPOEHUE

CHnucoK JIuTepaTypsbl

[1] TMar. 33882 VYkpaina, MIIK (2006) F17C 5/00. Crnoci0 TpaHCIOPTYBaHHS CTHCHYTOTO mpupoaHoro razy [Tekcr] /
Kpmxkanisepkuii €. 1., 3aiines B. B., Pomanoscskuii I @. [Ta iH.]. — Ne u200804626 ; 3asBn. 10.04.08 ; omy06um. 10.07.08 //
[Ipomucnoa BnacHicTh. — 2008. — Brom. Ne 13.

[2] Iar. 42693 Ykpaina, MIIK(2009) B67D 5/00 F17C 1/00. Tpaucnoptauit CNG-moxnyns [Texer] / KpmxkaniBebkuit €. 1.,
3aiines B.B., 3aiines Ban. B., 3aiines /1. B. ; IBano-®pankiB. Hau. TexH. yH-T Hadtu 1 razy. — Ne u200903995 ; 3assm.
23.04.09 ; omy6m. 10.07.09 // IIpomuciiosa Bracuicts. — 2009. — Brom. Ne 13.

[3] Mar. 42694 Ykpaina, MITIK(2009) B67D 5/00 F17C 1/00. Crioci6 MOPCHKOTO TPaHCIIOPTYBAHHS CTHCHYTOTO MPUPOIHOTO
razy B CNG-monymsax [Teker] / KpmxaniBeskuii €.1., 3aiines B. B., 3aiines Ban. B., 3aiiues /1. B. ; IBano-®pankis. Hail.
TexH. YH-T HadrH i razy. — Ne u200903996 ; 3assn. 23.04.09 ; omy6n. 10.07.09 // TIpomucinosa BnacHicts. — 2009. —
bron. Ne 13.

[4] Jexaap. mart. Ha KopucHY Mozeab 67664 Yikpaina, MIIK F17C 5/00. Crioci6 TpaHCIIOPTYBaHHS CTUCHYTOTO IIPUPOIHOTO
razy pyxomum tpydompoBogom [Tekcr] / Ilaton b.€., Kpmxaniscbkuii €.1., CaBuupkuii M.M. [Ta iH.] ; 3asBHUK
i mareHToTpuMay [BaHo-DpaHKiB. Hall. TeXH. YH-T HaQTH i rasy. — Ne u201114580 ; zassn. 08.12.11 ; ony6n. 27.02.12 //
IMpomuciosa BracHicTb. — 2012. — Bromn. Ne 4.

[5] Jdexaap. nart. Ha kopucHy Mozxeab 67658 Ykpaina, MIIK B63B 25/00. bapska-1utit Uit TpaHCIOPTYBaHHS CTHCHYTOTO
npupopHoro ra3y [Texct] / I1aton b. €., Kpmxkaniscokuit €. 1., CaBunpkuit M. M. [Ta iH.] ; 3asBHUK 1 TaTeHTOTpUMad [BaHO-
OpankiB. HaIll. TeXH. yH-T HadTH i razy. — Ne u201113979 ; 3asmn. 28.11.11 ; omry6m. 27.02.12 // [IpomuciioBa BIacHICTb. —
2012. — Bron. Ne 4.

[6] KpuxaniBebkuii, €. 1. TexHiK0-eKOHOMIUHI aCIIEKTH TPAHCTIOPTYBAHHS MIPUPOTHOTO ra3y i3 MOpchkux ponosuin [Teker] /
€.1. Kpmwxkanisepkuid, O.T. [13p00a, A.I1. Ixyc, 10.B. Miponos // HaykoBuii BicHuk IBaHo-®paHKiB. Hall. TE€XH. YH-TY
HadTH i ragy. — 2013. — Ne 2(2) 35. — C. 7—-15.

[7] HadrorazonepcnextuBHi 00'ekTH Ykpainu. HaykoBi i MpakTHYHI OCHOBH MOIIYKiB POJOBHUII BYIJICBOIHIB B YKPaiHCHKOMY

cextopi [Ipukepuencrekoro menbdy Yoproro mops [Texer] : MmoHorpadis / I1. . ['oxuk, M. 1. €Bnomyk, E. A. CraBunbkuit
[tain.]. — K. : EnensbBeiic, 2011. — 440 c.

© E.U. Kpsokanosekwuid, O.I. [[3e6a, B. B. 3aiiues u ap.

Crarplo peKOMEHIYET B IIe4aTh
II-p TeXH. HayK, npod. FO. H. Kopobanos

HaunoHanbHbIA YyHUBEepPCUTET KopabnecrpoeHus nMmeHu agMmupana MakapoBa

HAYYHO-UCCNEQOBATENIbCKUA UHCTUTYT

ASPOrnaPOANHAMMUKUA N NMPOYHOCTH

NMPOEKT PEHHOIo TPAMBAHA

MpeumyLiecTBa NpoeKTa:

@ CyIHO UMEET BBICOKYIO OCTOMYHBOCTb;

@ >HepreTHyecKas yCTaHOBKA Cy[JHa SKOHOMUYHA U JIOIy-
CKAaeT HCIIOJIb30BAaHUE SHEProcOeperaroIux TEeXHOIOIuil
JUISL OKCILTyaTalliy B 30HAX OT/bIXa U MPUOPEKHBIX paio-
Hax CIUIOLIHOM rOpoJCKON 3aCTPOMKH;

@ Cy[IHO MMEET OTPaHWYCHHYIO OCaJKy C BO3MOKHOCTHIO
BBICAJIKM TTACCAXHPOB HAa HEOOOPYIOBAHHBIN OEpeT;

4 MUHHMaJbHOC HETAaTHBHOE BIHMSIHHE HAa OKPY)KAIOMIYIO
cpey OT KCILTyaTaluu CyaHa.

OCHOBHbIEe pa3MmepeHun
N XapaKTepUCTUKM Nnpoekra:

Kkab.455, npocn. Fepoes CrarmHrpapa, 9, Jnuna naubonemas — 17,61 m
r. Hukonaes, YkpauHa, 54025 npuna HanGonbmas — 6,40 M
Ten.: +38 (0512) 70-91-05 lupuna xopryca — 2,10 M
e-mail: valery.nekrasov@nuos.edu.ua Boicora Gopra — 2,20 M
Bboprt HagBoaublil — 1,45 M
Ocagxka — 0,75 m
Mogpo6Has nHopmauun: Bomomsmererne — 31,0 T
O HaCCEDKI/IpOBMeCTI/IMOCTL MaKCUMaiabHas — 72 4ell.

nuos.edu.ua/science/ Dxunax — 3 uen.
Cxopocth MakcuManbHast — 19,5 km/9 (10 y3)
MomrHocTh MakcumanbHas — 38,3 kBT (52 k.c.)
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