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Abstract. The analysis of architectural and structural types of the research vessels (RV) which
are built and being built shows that twin hull ships with usual lines and small waterplane area
(SWATH) can be used. Therefore, the reduction in the acoustic characteristics of the vessel is
rather significant for the RV, since its main task is exploration of fish resources for subsequent
work of fishing vessels, as well as for naval supporting research vessels. It is expected that the
efficiency indicator is determined by the amount of information obtained as a result of the work
of the RV. The method of obtaining the information resides in the RV inspecting the water col-
umn or the seabed. At that, the noise of the ship itself affects the operating radius of measuring
devices. Thus, the approximate method is suggested. On the basis of it, the specified ultimate
noise level for the SWATH can be estimated. The paper suggests the generalized dimensionless
indicator of the propeller noise level; it depends on the velocity of the vessel, its draught and
the characteristics of the propellers. With displacement being the same, the RV SWATH has
significantly better noise level properties, mainly due to the recessed propellers, which makes
this option more preferred than that of the RV.

Keywords: small waterplane area twin hull (SWATH); research vessel; propeller noise; pro-
peller cavitation.

AHHOTALIHSI. PaCCMOTpCHO, IIpU KaKnux TpC6OBaHI/I$[X 3aaHusl Ha IMPOCKTUPOBAHUEC HAYYHO-
HCCJICAOBATCIBCKOIO CyJdHaA 6yZ[CT ].[eJ'IeCOO6pa3HBIM PacCMOTPCHUEC BapHaHTA KaTaMapaHa
C MaJjoi TJI0MaJIbO BaTCPJIMHUU.

KiroueBbie ca0Ba: CyqHO C Majiol IUTOIAABI0 BaTePIIMHHM, HAYYHO-HCCIIEIOBATEIHCKOES
CYZIHO; IITyM TPpeOHBIX BUHTOB; KaBUTALUS TPEOHBIX BUHTOB.

AHoTauis. Po3miaHyTo, pu SKMX BUMOTaX 3aBIaHHS Ha IPOCKTYBaHHS HayKOBO-JIOCIITHOTO
cynHa OyJie TOWiTFHAM PO3IIISL]] BapiaHTa KaTaMapaHa i3 MaJIolo TUIOIIEI0 BaTepIiHii.
KurouoBi cioBa: cynHO i3 Majior0 IUIOIICIO BATEpIiHii; HAYKOBO-IOCIHIIHE CYIHO; IIyM
IpeOHMX TBUHTIB; KaBiTaIlisl TpeOHIX TBUHTIB.

References

Artyushkov L. S. Predvaritelnyy vybor osnovnykh elementov grebnykh vintov morskikh
transportnykh sudov pri otsenke potrebnoy moshchnosti i optimalnoy chastoty vrashcheniya
[Preselection of the main elements of the propellers of marine carrier vessels in assessing the
required power and optimal frequency of rotation]. Shornik nauchnykh trudov LKI “Prob-
lemy morekhodnosti morskikh sudov i plavuchikh sooruzheniy” [Collection of scientific pub-
lications of Leningrad Shipbuilding Institute “Problems of seaworthiness of marine vessels
and floating structures”], 1985, pp. 16-21.

Dmitriev A.N. Proektirovanie podvodnykh apparatov [Underwater vehicles design].
Leningrad, Sudostroenie Publ., 1978. 240 p.

Dubrovskiy V.A. Oblasti primeneniya i osobennosti proektirovaniya sudov s maloy
ploshchadyu vaterlinii [Fields of application and specific features of the small waterplane
area twin hull design]. Sudostroenie za rubezhom — Shipbuilding Abroad, 1988, no. 2,
pp- 5—19.

132



N°1 (3) 2015

smi.nuos.edu.ua | smi@nuos.edu.ua
IR BUILDING

MARINE INFRASTRUCTURE

Yefimenko A.A. K opredeleniyu funktsionalnoy otdachi nauchno-issledovatelskogo sudna [On determination of
the functional output of a research vessel]. Sbornik nauchnykh trudov NUK [Collection of Scientific Publications of

NUS], 1986. pp. 109—114.

Yefimenko A.A. K voprosu o tselesoobraznosti primeneniya dvukhkorpusnykh nauchno-issledovatelskikh sudov
[On the question of the reasonability of application of the twin hull research vessels]. Shornik nauchnykh trudov NUK
[Collection of Scientific Publications of NUS], 1987, pp. 100—106.

Kozlov L.1. Sozdanie gidrograficheskikh sudov razlichnogo naznacheniya i metodika sopostavleniya ikh tekh-
niko-ekonomicheskoy effektivnosti. Avtoreferat Diss. [Development of hydrographic vessels of various applications
and methods of comparing their technical and economic efficiency]. Nikolaev, 1979. 23 p.

Medvedev N.F. Suda dlya issledovaniya Mirovogo okeana [Vessels for the world ocean research]. Leningrad,

Sudostroenie Publ., 1971. 216 p.

Narusbaev A. A. Vvedenie v teoriyu obosnovaniya proektnykh resheniy [Introduction to the theory of justification
of design choices]. Leningrad, Sudostroenie Publ., 1976. 224 p.

Semenov-Tyan-Shanskiy V. V. Statika i dinamika korablya [Ship statics and dynamics]. Leningrad, Sudostroenie

Publ., 1973. 608 p.

Voytkunskiy Ya.l. Spravochnik po teorii korablya. Tom 1. Gidromekhanika. Soprotivilenie dvizheniyu sudov.
Sudovye dvizhiteli [Reference book on ship theory. Vol. 1. Hydromechanics. Resistance to the ships motion. Ship

propellers]. Leningrad, Sudostroenie Publ., 1985. 766 p.

Khudyakov L. Yu. Issledovatelskoe proektirovanie korabley [Ship design study]. Leningrad, Sudostroenie Publ.,

1980. 240 p.

Bryan L. The Procurement of Warships. Naval Architect, 1985, no.1, pp. 36—56.
Mitsui Deosen K. K. Polupogruzhennoe sudno [Semisubmersible ship] Patent Japan, no. 58-11355, 1983.

Mitsui Deosen K.K. Ustroystvo dlya sozdaniya plavuchesti putem otkachki vody na polupogruzhennom sudne
[The device for generating buoyancy by pumping water on a semisubmersible ship] Patent Japan, no. 58-11356,

1983.

Mitsui Deosen K.K. Reguliruyushchee ustroystvo dlya sozdaniya podemnoy sily za schet vytesneniya vody na
polupogruzhennom sudne [ The controlling device for generating the lift capacity due to the displacement of water on

a semisubmersible ship] Patent Japan, no. 58-24315, 1983.

Problem statement. The analysis of architectural
and structural types of the research vessels (RV) which
are built and being built shows that the twin hull vessels
can be used there both with normal lines and the small
waterplane area twin hulls (SWATH). The application of
the twin hull circuit allows us to significantly increase
the capacity of the vessel being designed according to
the areas per ton of deadweight (specific capacity), that
is very important for RV.

Let us consider the choice from two types of lines of
the twin hull RV — RV with conventional lines and RV
with lines which are characterized by small waterplane
area. In both cases, the increase of the specific capa-
city compared to single hull RV can be considered as al-
most similar. Stability (the main indicator of the safety of
navigation for small vessels, including RV) in catamaran
with conventional lines is significantly higher than that
of a single hull vessel, while the SWATH ships have the
same or slightly higher one than that of the single hull.
Navigability in the head sea is much better in SWATH
ships, and the loss of speed in sea disturbance is much
less than that of a conventional vessel and a catamaran
with conventional lines. However, the hull weight and
the cost of construction of the SWATH ships will be
higher than that of the other two competitive variants. Its
draught is also higher but the speed performance at slow
speeds is worse.

The overall balance of the pros and cons seems not in
favor of SWATH ships. However, in practice, RV SWATH
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IMocranoBKka mpodJjeMbl. AHAIU3 APXUTEKTYPHO-
KOHCTPYKTHBHBIX THUIIOB MOCTPOCHHBIX U CTPOSIIUXCS
Hay4yHO-HccaenoBaresnbekux cynoB (HUC) mokasbiBaer,
YTO 3[1€Ch MOTYT IPUMEHSTHCSI IBYXKOPITyCHBIE Cy/1a —
KaK ¢ OOBIYHBIMH OOBOJAMM, TAK M C MAJIOH IIIOIIAABIO
Barepmuann (CMIIB). TlpuMeHeHHE IBYyXKOPITYCHOM
CXEMbI TI03BOJISIET 3aMETHO YBEIWYHUTh BMECTUMOCTD
MIPOEKTUPYEMOTO CyAHAa O IUIOIIAIIM B pacdeTe Ha TOH-
HY BOJOM3MENIeHHs (YIeIbHYI0 BMECTUMOCTD), YTO JIJIS
HUC ouenp BaxHO.

Paccmorpum nmoapoGHee BBIOOP M3 ABYX THIIOB 00-
BozoB nByxkoprnycHoro HUC — HUC ¢ o6brunbIME 00-
Bomamu 1 HUC ¢ o6Bomamu, KOTOpBIE XapaKTepH3yIOTCs
MaJIOH TIIOINA/bI0 BaTepiIMHUK. B 000uX cityyasx npu-
POCT yaeIBbHONW BMECTUMOCTH IO CPAaBHEHHUIO C OTHOKOP-
mmycHbiMA HHC MOXKHO cuuTaTh NPUMEPHO OIMHAKOBBIM.
OcroliunBocTh (TVIaBHBIM TIOKa3areilb OE30IacHOCTH
IUTaBaHUS AT HEOONBIINX CYIOB, B TOM YHCIIE TS
HUC) y karamapana ¢ 00bIYHBIMHE 00BOJJAMHU 3HAYHUTEIb-
HO BBIIIIE, YeM y OIHOKOPITyCHOTO cynHa, a y CMIIB —
Takasl K¢ WJIM HEMHOTO BBIIIE, YEM Y OXHOKOPITyCHO-
ro cygHa. MopexomHOCTh Ha BCTPEYHOM BOJHEHUH
y CMIIB 3HaunTenpHO Ty4llle, a MOTEPU CKOPOCTH Ha
BOJIHEHHH — HAaMHOTO MEHBIIE, YeM y TPaJUIHOHHOTO
Cy[Ha U y KaramapaHa ¢ 0ObIYHbIMH 00BoamMu. OHaKo
Macca KopIryca u cTouMocTb noctpoiiku y CMIIB 6yner
BBIIIE, YEM y JBYX JAPYTMX KOHKYPECHTHBIX BapHaHTOB,
OcaJiKa TaKKe BBIIIE, a XOA0BbIE KauecTBa Ha MaJjbIX XO-
Jax — XyXe.
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ships are being built. These RV include, in particular, the
ships “Halcyon” and “KiloMoana” (the USA), “Frede-
rick G. Creed” (Canada), “Kaiyo” (Japan) as well as some
others. According to the authors, this is explained as fol-
lows. At the turn of 1960—1970-ies the classification of
RV included civil RV (they were divided into universal,
oceanographic, hydrographic and others) and supporting
RV vessels of the naval forces (NF) of different coun-
tries [7]. The main purpose of the supporting RV ships
of NF is conducting special studies related to the deve-
lopment of new types of naval armaments. An important
feature of these studies is the need to maximally decrease
the intensity of physical fields of RV, the acoustic field in
particular. The same requirements are applied to the civil
RV, whose main task is the exploration of fish shoals for
the future “guidance” of fishing vessels on these shoals.

The main sources of noise on any ship are the main
engine and propellers. There is a standard technical solu-
tion to reduce the level of noise of engines, i.c. to use a
diesel-electric power plant on the supporting RV of NF.
In this case, the diesel itself can be placed on a special
soundproof basement. Then the noisiness of a diesel en-
gine is significantly reduced, a relatively noisy reduction
gear is eliminated, and there are usually no problems
with noisiness of the propeller motor.

There remains the problem of propeller noise. It is
known that the main component of the noise of the pro-
pellers is the noise generated by cavitation. In addition
to the value of the disk ratio of the propeller itself, the
propeller cavitation is also determined with the propeller
penetration under the free surface and the vessel speed.
The magnitude of the propeller penetration under the free
surface is determined by the ship draught. In this case,
the increased draught of the SWATH ships becomes an
advantage, since the propeller cavitation and hence the
noisiness level in the whole vessel can be substantially
delayed there. The corresponding analysis shows that
those research vessels which were built in the form of
SWATH ships are the supporting vessels of naval forces.
Execution of the functions of RV may be associated with
the use of towed hydroacoustic stations.

As is known, the transverse stability of SWATH ships
and a single hull vessel is nearly the same, and the lon-
gitudinal and transverse stability of SWATH ships (un-
like the single hull vessel) may also be nearly the same.
At the design of single hull tugboats in accordance with
the current regulations in stability it is needed to check
the stability under the influence of the cross-jerk of the
towing line along with the verification of stability un-
der conditions of wind and sea disturbance. To be able to
perform SWATH ships towing of hydroacoustic station
in a mathematical model of RV SWATH ships we need
to include the requirement of the stability at the towline
shock. Given the proximity of the transverse and longitu-
dinal stability of SWATH ships here it may be necessary
to consider the spatial inclination [9]. To improve the sta-
bility of SWATH ships one can use the suggestions con-
tained in Japanese Patents No. 58-11355, No. 58-11356
and No. 58-24315 when necessary [13—15]. However,
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OOmmit 6anaHC IJIFOCOB M MUHYCOB BBIIVISITUT, Ta-
KnM o0pa3oM, ckopee He B nonbsy CMIIB. Onnako Ha
npaktuke CMIIB-HUC crpositcs. K takum HUC or-
HOCSTCA, B YacTHOCTH, cyaa «Halcyon» n «KiloMoana»
(CHIA), «Frederick G. Creed» (Kanana), «Kaiyo» (Smo-
HUS), @ TaKKe HEKoTopwle Apyrue. Ilo MHEHHWIO aBTO-
POB, 3TO OOBsICHSIETCS CIEOYIOIINM. YKe Ha pyoOexe
1960—1970-x rr. mpu xinaccupukannu HUC Beimens-
much rpaxnanckue HUC (onn mompa3aemnsumch Ha YHH-
BepcajibHbIe, OKeaHOTrpauueckue, THuaporpadhuIecKue
u ap.) u HUC-BciomoratensHbIe Cyja BOGHHO-MOPCKHUX
cunt (BMC) paznuunbix crpan [7]. OcHOBHOE Ha3Have-
nue HUC-pcnomorarensusix cynoB BMC — mposene-
HHUE CHEeNUAIBHBIX MCCIIEAOBAHUM, CBSI3aHHBIX C CO3/1a-
HHEM HOBBIX 00pa3I[0B MOPCKHUX BOOPYKEHHH, 8 BaXKHOM
OCOOEHHOCTBIO TaKUX HMCCIIEOBAaHUH SIBISIETCS] HEOOXO-
AAMOCTb MAaKCHUMaJIbHOTO CHUWIXCHHSA HAIPSXKECHHOCTU
¢usnueckux noneir HUC, B 4acTHOCTH aKyCTHYECKOTO
noins. Takue e TpeOOBaHMS NMPEABABISIIOTCI U K TEM
rpaxxaanckuM HUC, ocHoBHOM 3a7a4yeil KOTOPBIX SBIISI-
eTcs pa3BeqKa KOCSIKOB PHIOBI JUTSA ITOCIEIYIOMIETO «Ha-
BE/ICHUS» Ha 3T KOCSIKH ITPOMBICIIOBBIX CYHOB.

OCHOBHbIE HCTOYHHUKH IlIyMa Ha JIIOOOM Cy/IHE — IJIaB-
HBIN JIBUTATENb U IpeOHble BUHTHIL. /151 CHIDKEHUS yPOB-
HS IITyMa JIBUTaTeNed CTaHIapTHBIM TEXHHYECKHUM pellie-
HUeM siBisieTcs npumenenne Ha HUC-BeriomoraTenbHbIX
cynax BMC nu3enp-3NeKTpUIecKOd 3IHEePreTHYeCKOi
yCTaHOBKU. B 3TOM cityuae cOOCTBEHHO OHM3€Ib MOXKET
OBbITh pa3MeIlleH Ha CIEHaIbHOM 3BYKOU3OJIHPYIOIEM
¢ynnamenTe. Torma IIyMHOCTh JH3ENsl CYLIECTBEHHO
CHIKAETCsI, OTHOCUTEIBHO IIyMHAsl PeIyKTOpHas Iepe-
Jlavya MCKITI0YAeTCs, a ¢ IIYMHOCTBIO TPEOHBIX AIIEKTPO-
IBUTATEIIeH poOIeM OOBIYHO HE BOSHHUKACT.

Ocraercss mpobnema mryma TpeOHBIX BHHTOB. M3-
BECTHO, YTO OCHOBHOHM COCTAaBJSIOLICH LIyMa BUHTOB
SIBJISIETCSI IIyM, TTOPOXK/IaeMblii kKaBuTauei. KaBnranus
rpeOHOTo BUHTA OTIPEAEISIETCSI, IOMUMO BEINYHHBI JHC-
KOBOTO OTHOWIEHHsI COOCTBEHHO BUHTA, TAKXKe 3ariyoie-
HHEM BHHTA MO/l CBOOOIHYIO HOBEPXHOCTH U CKOPOCTHIO
cynHa. Benmunza e 3anryOieHus BUHTA 10 CBOOOAHYIO
TIOBEPXHOCTh OlpeAesieTcss ocaakond cyaHa. I B atom
cimyuae Bo3poctias ocagka CMIIB oka3biBaeTcs ero Jo-
CTOUHCTBOM, ITOCKOJIBKY 3/1€Ch BO3MOXKHO CYIL€CTBEHHO
OTAAJNTh KaBUTALMIO BUHTOB M, COOTBETCTBEHHO, ypO-
BEHb IIYMHOCTH CyaHa B ImeioM. COOTBETCTBYIOIIUH
aHaJIM3 MOKA3bIBACT, YTO TE€ HAYyYHO-HUCCIECIOBATEIbCKUE
cyna, KoTopsle 6buTH TocTpoeHs! B Bapuante CMIIB, —
9TO MMEHHO BCIIOMOTaTeJIbHBIE CyJla BOGHHO-MOPCKUX
cwi. Bemonnenne HUC cBoux ¢QyHKIMA MOXET OBITH
CBSI3aHO C IIPUMEHEHHEM OyKCHPYEMBIX THIPOaKyCTHYe-
CKHUX CTaHIIUH.

Kax m3BectHO, momnepedyHas ocroiunBocth CMIIB
1 OHOKOPITYCHOTO CyOHa IPUMEPHO OJHOTO TOPSIKA,
a TpojoNibHas W TomepeuHas ocTtoWunBocth CMIIB
(B OTAMYME OT OJHOKOPIIYCHOIO CY[IHA) TaKKe MOTYT
ObITh OHOTO mopsiaka. [IpM IMPOEKTUPOBAHMH OIHO-
KOPITyCHBIX OyKCHPHBIX CyZOB B COOTBETCTBHHM C JCH-
CTBYIOLMU HOPMaTHBaMH OCTOHYMBOCTH HEOOXOANMO,
Hapsily ¢ IIPOBEPKOM OCTOWYMBOCTU B YCIIOBHUSX BETpa
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based on the available materials on RV SWATH ships,
their margin of stability for towing of hydroacoustic sta-
tions appears to be sufficient.

In this case, for the initial stages of construction
of the supporting RV of NF, as well as the exploration
RV for commercial purposes it seems urgent to develop
the approximate methods, on the basis we could assess
the feasibility of application of the SWATH ship option
according to the given level limit of noise. The deve-
lopment of the appropriate approximate methods is the
problem which is solved in this article.

Latest research and publications analysis. General
principles of the formation of efficiency criteria for the
civil and surface ships are considered in [8], and the for-
mation of the efficiency criterion of the civil or surface
ship for the case, when the useful effect cannot be ex-
pressed in monetary terms, is considered in [11]. Diffe-
rent approaches to the determination of the useful effect
(efficiency indicator) for RV are considered in [2, 4, 6,
7], and a number of aspects of the comparison of con-
ventional and multihull vessels in [3, 5]. The connection
among the acoustic characteristics of the propellers, on
the one hand, and the elements of the propeller and the
ship as a whole, on the other hand, is studied in the refe-
rence book [10].

THE ARTICLE AIM is to evaluate the feasibility
of using a SWATH catamaran as a research vessel by de-
veloping an approximate method based on the maximum
permissible level of noise from the propellers.

Basic material. The peculiarity of research vessels,
which distinguishes them from the majority of the civil
courts of other classes is that the useful effect of their
operation in most cases, as for the warships, cannot be
adequately expressed in monetary units. Therefore, the
criterion of the type of difference (profit is the difference
between the income and expenditures) cannot be applied
here. We have to use the criterion of the fraction type,
also known as the criterion of “cost—effectiveness” [8,
11]. In this case, the criterion of efficiency F is expressed
as F'=S/9 (minimized) or as F'=3/§ (maximized). Here
S is a source indicator and 3 is an efficiency indicator.
The view of the efficiency indicator is determined by the
view of the related utility function. Thus, in the simplest
cases it can be the mathematical expectation of the nu-
merical value of the parameter which characterizes the
efficiency (the linear utility function) or the probability
of the set task performance (the discontinuous utility
function) [11].

The determination of the source indicator for RV will
not obviously contain any specific features, and to find
the efficiency indicator of RV the following two basic
approaches are known in the literature:

—the efficiency indicator is identified with the amount of
information obtained as a result of the RV operation [2, 7];

— the efficiency indicator is identified with the regu-
latory labour intensity of the performed research, and this
value can either be averaged [6] or determined separately
for different types of studies performed [4].
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W BOJIHEHUS, IIPOBEPSITH OCTOHYMBOCTH MO JACHCTBHEM
TIOTIEPEYHOT0 phIBKa OykcupHOTro Tpoca. J{ns obecrie-
YeHHsT BO3MOXKHOCTH BeimonHennss CMIIB Oykcupos-
KA THIPOAKyCTHUECKOM CTAaHIMH B MaTeMaTH4eCcKyIo
monens HUC CMIIB HyxHO BKIIOYHTH TpeOoBaHUE
B YaCTH OCTOMYMBOCTH IPHU PhIBKE OyKCHPHOTO Tpoca.
C yueToM 0JM30CTH MONEPEYHOH M MTPOJONBEHON OCTOM-
yusoct CMIIB 31eck MOKET OKa3aThbCsd HEOOXOIUMBIM
paccMOTpeHHe NPOCTPAHCTBEHHOTO HaKJIOHEHHUs [9].
[Ipu HEOOXOOMMOCTH Ui TIOBBIIICHHUS OCTOWYMBOCTH
CMIIB MOXHO HCIOJIB30BaTh MPEIIOKEHUS, CONEpKa-
muecs B mareHtax Smonmmm Ne58-11355, Ne58-11356
u Ne58-24315 [13—15]. OnHako, UCXO/As U3 UMEIOIIHNX-
cs marepuanos no HUC CMIIB, ux 3anac ocTol4uBo-
CTH A1l OYKCHPOBAHUS T'MIPOAKyCTHUECKHX CTaHIUH
OKa3bIBACTCS JOCTATOUHBIM.

B TakoMm cimywae s HaYaJdbHBIX CTAIUi MPOEKTHU-
posanus HMC-BciomorarensHoro cynia BMC, a Taxoke
passenouHoro HUC nns mpoMBICIOBBIX Liened Ipea-
CTaBISIETCSl aKTyalbHOH pa3paboTKa MpUOIMKEHHOH
METOJIMKH, Ha OCHOBE KOTOPOH MO 33JaHHOMY Ipe/ieb-
HOMY YPOBHIO IITyMa MOXXHO OBIJIO OBl OIIEHUTH IIEJIEeCO-
obpasHocTs npuMmeneHus Bapuanta CMIIB. Pa3paboTka
COOTBETCTBYIOIICH MPUOIIKEHHON METOAMKH U SBJISCT-
sl peraeMoi B JaHHOM cTaThe MpoOJIeMO.

AHaJIN3 NOCJIeHUX JOCTHKEHUH U myOJMKaluii.
OO0mue npuHIUIE GOPMUPOBAHUS KpUTEPUEB AP PeK-
TUBHOCTH JUTS TPAXKIAHCKUX CYZOB M HaJBOIHBIX KOpaO-
neil paccmorpeHsl B [8], a ¢opmupoBaHue KpHUTEpUs
3¢ GEKTUBHOCTH TPaXKIAHCKOTO CY/IHA WK HAaJIBOTHOTO
KOpaOJst sl ciydas, Korja IMoJe3HbIH 3G QeKT He Mo-
XKeT OBITh MPEICTaBIICH B JICHS)KHOM BBIPRKCHHH, pac-
cMoTpeHo B [11]. PasnudaHbIie MOIXOIBI K ONIPEASIICHIIO
monie3Horo 3ddexra (mokazarens 3PpPeKTUBHOCTH) I
HAy4HO-HCCIICIOBATEILCKUX CYIOB PAacCCMOTPEHHI B [2,
4, 6, 7], a psi aCIEKTOB COMOCTABIEHUS TPATUIIUOHHBIX
U MHOTOKOPIYCHBIX CyoB — B [3, 5]. CBa3p Mexnay
AKyCTHYECKHMH XapaKTepPUCTUKAaMH TPEOHBIX BHHTOB,
C OJJHOM CTOPOHBI, ¥ 3JIEMEHTaMH IPEOHOT0 BUHTA U CYJI-
Ha B IIEJIOM — C JIPyTOii, MCCIeN0BaHa B CIIPABOYHHU-
ke [10].

HEJBbIO PABOTDI siBisiercs orieHKa Iiesiecoodpas-
HOCTH HCIIOJIb30BaHUS KaTamapaHa ¢ MaJIoi IUIOIIabo
BaTepPIMHUM B KadeCTBE HAyYHO-HMCCIIEIOBATEIHCKOTO
CymHa TyTeM pa3pabOTKH MPUOIIKEHHON METOIUKH,
OCHOBaHHOI Ha MpE/ENbHO JOMyCTHMOM YPOBHE IIyMa
OT TpeOHBIX BUHTOB.

H3n0xeHne 0ocHOBHOTO MaTepuana. OCOOEHHOCTh
Hay4YHO-HCCIIEJOBATEILCKUX CYy/I0B, KOTOpas OTINYaeT
UX OT OOJIBIIMHCTBA TPaXKIAHCKHUX CYJJOB HHBIX KJIaCCOB,
COCTOHT B TOM, YTO IOJIE3HBIN APPEKT OT UX PYHKIIHO-
HUPOBAHMS B OONBIINHCTBE CITyYaeB, KaK U I BOCHHBIX
kopaOnelf, He MOXXeT OBITh aJIeKBaTHO BBIPAaXXEH B Jie-
HEXHbIX eauHuIax. I[loaromy kpurepuii TIa pasHOCTH
(«puOBLIE» — «Pa3HOCTH JIOXO/a W M3/IEPKEK») 37eCh
IIPUMEHEH OBITh HEe MOXeT. [IpuxoauTcst uCcronb30BaTh
KPUTEPHiA THITa APOOH, N3BECTHBIN TAKKe KaK KPUTEPHit
«cronMocTb — 3 dexTuBHOCTEY [§, 11]. B 3TOM ciyuae
kpurepuii apdexTuBHOCTH F BhIpaxkaercs kak F = S/0
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We will use only the first indicator for the purposes
of this paper. Let us assume that the way to get informa-
tion is that RV, moving with the velocity v over the esti-
mated time 7, examines the water column or the seabed,
and the range of action of the measuring instruments is
equal to R,,. Due to the influence of its own noise, associ-
ated with the velocity of the vessel, on the value R, we
will obtain that R, = R (v).

Then the initial calculated dependence, taking into
account [2], can be accepted in the following form:

-at the inspection of the water column

4
3:Q:§KQIVT9nR%(v); (1)
- at the inspection of the seabed
D=0=KpT5nR3(v). 2)

Here Q is the calculated amount of information; K o
K, are the coefficients of the information density, which
are assumed to be known and the same for the compared
variants of RV.

In order to prevent a sharp decrease in values R (v)
at high velocities, the constraints of the form p, <[p,] or
N, <[N,] are considered for all types of research carried
out in view of their specific features. They are determined
in the design engineering assignment for the supporting
RV of NF, as well as for the RV intended for exploring
fish shoals. Here p , [p,] are the actual and the maximum
permissible sound pressure, and N, [N,] are the actual
and the maximum permissible noise levels. The values
p, and N are related to the operation of the vessel and
characterize the noise level of the vessel. The normative
values [p,] and [N, ] are defined with the requirements for
the operation of the hydroacoustic equipment on vessel.
If the actual characteristics of the noise level of the ves-
sel p,and N, exceed the standards [p,] and [N, ], then the
efficiency of the hydroacoustic equipment operation will
sharply decrease due to the violation of the requirements
of the acoustic compatibility.

It is further assumed that in the initial stages of the
contrastive analysis we can assume that the permissible
noise level of the vessel as a whole is identified with an
acceptable level of noise of the propellers. The cavitation
noise of the propellers has the overwhelming contribu-
tion to the hydroacoustic compatibility of the naval noise
sources and hydroacoustic facilities placed on the ship.
The role of other components of the noise of propellers
(especially the so-called "singing" of the propellers and
noise from the stern gears) is less important, since the
frequencies of "singing" usually do not coincide with the
operating frequencies of the hydroacoustic stations [12].
To associate the allowable noise level with the velocity
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(MPHEMU3UpYeTCs) WM Kak F = D/ (MakcUMH3npyeT-
cs1). 31ech S — pECYpCHBIA TOKa3aTelb U D — TOKa-
3arenb addexruBHOCTH. Bua nokaszarens 3¢ ¢pexTuBHO-
CTH OTpEeIsieTCs] BUIOM COOTBETCTBYIOIEH (PyHKIUH
nosie3HocTu. Tak, B MPOCTEHINUX CIydasx 3TO MOXKET
OBITh MATEMaTHYECKOE OKU/IaHUE YHCICHHOTO 3HAYCHHS
mapameTpa, Xapakrepusyromero 3hGeKTHBHOCTh (JIH-
HelHas QYHKIHA TOJIC3HOCTH) UIIH 5K€ BEPOATHOCTD BBI-
TIOJTHEHMS TIOCTABJICHHOH 3a1a4n (pa3pbIBHAST (DYHKIHS
mosie3octn) [11].

Omnpenenenne pecypcHoro mnokaszarens ans HUC
He OyzeT, OYeBHIHO, COACPKATh KaKUX-THOO crenudu-
YECKUX 0COOEHHOCTEH, a JUIsl HaXOXKAEHHS ITOKa3aTelIs
s¢pdexruBaoctn HMC B nuteparype U3BECTHBI CIIEIyIO-
IIKe J1Ba OCHOBHBIX MOAXO0/a:

— moka3atelb 3(P(EKTUBHOCTH OTOXKIIECTBIIACTCS
C KOJIMYEeCTBOM MH(OpMAIH, TOITYUYESHHON B Pe3yibTaTe
pabotsrt HUC [2, 7];

— mokazarelb 3(P(EeKTHBHOCTH OTOXKIECTBIIACTCS
C HOPMAaTHBHOW TPYIOEMKOCTHIO BBIIOIHSAEMBIX HCCIIe-
JIOBAaHWH, TPHUYEM 3Ta BEIMYMHA MOXET JHOO ycpen-
HATBCS [6], OO OIpenensaThCS pa3ienbHO 10 pasiInd-
HBIM BHJIaM BBITIONTHAEMBIX UCCIIEIOBaHuUi [4].

st neneit naHHOM paboTHI Oy/ieM MPUMEHSTH TOJb-
KO TIEpBBIA MoOKa3zaTedb. [IpearnonaokuM, 4To crocod
noiydenuss uH(opmammmu coctout B ToMm, yro HUC,
JIBUTasiCh CO CKOPOCTBIO V B TEUEHHE PaCUEeTHOTO BpeMe-
uu T, o6CcnenyeT ToILy BOBI MIIM MOPCKOE JHO, TIpH-
YeM pasuyc JIeHCTBHS N3MEPUTEIbHBIX IPUOOPOB PaBeH
R.. W3-3a BMsAHMA COOCTBEHHOTO IyMa, CBA3aHHOTO
CO CKOPOCTBIO Cy/HA, Ha BEJIMYUHY R, MOJTyYHUTCS, YTO
R, =R (v).

Torga nucxomHas pacueTHasl 3aBUCUMOCTD C y4ETOM
[2] MoxeT OBITH IPHUHATA B TAKOM BHJIE:

— Ipu 00CIIENOBAaHNH TOJNIIH BOABI

4
3:Q:§KQ1VT37TR%(V); (1)
— IIpH 00CTIEIOBAaHUT MOPCKOTO THA
2
D= Q = KszTaTCRa (V) (2)
3mecs 0 — pacdeTHBIH 00beM uHpOpMarmm; K o
K_, — xoaunmeHTs III0THOCTH HH(POPMANNH, KOTO-

2
PpbIC IpEANOJIaratoTcsd U3BECTHBIMU U OAMHAKOBBIMU JJI1

comnocTasnsieMblx BapuanToB HUC.

Jnst Toro 4toObl HE JOMYCTHUTHh PE3KOTO CHIDKCHUS
BEJIMYMH R (V) IPH BBICOKHUX CKOPOCTAX, B 3aJaHUH Ha
npoektupoanne HUC-BcomorarensHsix cynoB BMC,
paBHO kak u s HUC, npepna3sHadyeHHBIX TSI pa3Bel-
KM KOCSIKOB PBIOBI, IS BCEX BUAOB BBIIOJIHSIEMBIX HC-
CJIEZIOBAaHUH C YU4ETOM HMX CHEHH(HUKH OTOBOPEHBI Orpa-
HHUYEHUS BUA p, < [pA] WA BUJA NA < [NA]. 31ech D
[p,]— daxTHyECcKOE ¥ TPENETBHO IOMYCTHMOE 3BYKOBOE
nasnenue, a N, [N,] — daxTudeckuit u npeenbHo 10-
MyCTUMBIH ypOBEHB IymMa. Bennuunel p, u N, cBs3anbl ¢
(YHKIIMOHUPOBAHUEM CYJHA U XapaKTePH3YIOT yPOBEHb
myma cyana. Hopmaruenele Benmuuunsl [p,] u [N, ] onpe-
JeNSAI0TCST TpeOOBaHUAMH K (YHKIIMOHHUPOBAHUIO yCTa-
HOBJIEHHOTO Ha CyJHE THAPOaKyCTHYECKOTO 000pynoBa-
Hust. Ecan dakTndeckne XapakTepUCTUKH yPOBHS IIyMa
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of RV, two characteristic velocities of the vessel are in-
troduced. They are a non-cavitational velocity of the RV
sailing v, and a velocity corresponding to the second
stage of cavitation v,,.

The velocity v,, corresponds to the time when the
cavitation noise of the propellers begins to prevail over
the noises of the propellers of a different nature. There-

fore, the speed v, , is always greater than the speed, corre-
sponding to the onset of cavitation. At that, the difference

increases with the increasing level of the background
(in other words, with the increasing propeller noise level
of the non-cavitational nature). If the actual velocity of

the RV measured in knots is v_> v, then the noise level

S— "KI?
increases rapidly in the range v, < v, < v ,. When the
velocity of the ship v, exceeds the velocity, correspon-

ding to the second stage of cavitation v, (i.e. atv,>v, ),

then further growth of the noise level almost does not

happen.
According to [9], for the velocities v, and v, ,, mea-
sured in knots, we have
1+0,1(hg —0,5D
iy ~28 g > 5) ©)
T
1+—-
Ap
9y
Vo & 28 |—[1,0+0,1(hp —0,5Dp)]; )
Op
2P 8R

GP: = ,
p-vy - Fg  p-vi-mDy(1-w)’(1-1)Zy

where h,, D, is the depth of the propeller axis immersion
and its diameter, these values are measured in meters;
A, is the propeller advance ratio;

v, is the propeller disk-area ratio;
TCD2

is the hydraulic cross section area of the pro-
peller;
v,=v(l —w) is the flow velocity in the disk of the pro-
peller;
w and ¢ are the wake fraction and the thrust-deduction
ratio;
P, and R are the propeller thrust and the water resistance
to the ship movement;
o, is the thrust-load coefficient of the propeller.

Then let us assume that D, is always equal to D, if
the vessel draught allows it. The optimal propeller dia-
m[1]

meter on propulsion is D,

13 A N
VB VSZB’

where 7 is the frequency of the propeller rotation, rpm;

Dy =

N is the power of main engines, kW; v is the velocity of
the ship, knots; Z, is the quantity of the propellers.
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cymHa p, u N, TpeB3oiayT HopMmaTuBel [p,] u [N,], TO
3G eKTUBHOCT (HYHKIIMOHMPOBAHUS THAPOAKyCTHYe-
CKOTO 000pYIOBaHHUSI PE3KO CHU3UTCS M3-32 HapYIICHHS
TpeOOBaHUil B 4aCTH aKyCTUYECKOH COBMECTUMOCTH.

Janee npenmnornaraercs, 9To Ha HAYaJbHBIX CTAIUAX
COITOCTABUTENILHOTO aHAJIHM3a MOXHO CUHMTaTh, YTO JIO-
ITyCTUMBIN YPOBEHb LIIyMa Cy/IHA B II€JIOM OTOXKAECTBIIA-
€Tcs C JOIyCTUMBIM YPOBHEM IIIyMa I'pDEOHBIX BHUHTOB.
Pemratoruii Bkitag B obecniedeHne THAPOAKYCTHIECKOM
COBMECTHUMOCTH KOpaOeNbHBIX HCTOYHUKOB IITyMa U pa3-
MEIICHHBIX Ha KOpadie THIPOAKyCTHUECKHX CPEICTB
OKa3plBa€T KaBUTALMOHHBIA IIyM TpEOHBIX BHHTOB.
Ponp nmpyrux cocTaBiSIOMIMX MIyMa TPEOHBIX BHUHTOB
(B 4aCTHOCTH, TaK HAa3bIBAEMOTO «IICHUS TPEOHBIX BHH-
TOB M IIyMa OT JCHABYIHBIX YCTPOICTB) MEHee CyIie-
CTBEHHA, OCKOJIBKY YacCTOTHI «II€HHsD» OOBIYHO HE COB-
MajaloT ¢ pabOdYMMM YacTOTaMH THAPOAKYCTHYECKHX
crannuit [12]. JInst Toro 9to0BI CBS3aTh JOMYCTHMBIHA
ypoBeHb 1yma co ckopocteto HUC, BBomsATCS nBE xa-
paKkTepHbIE CKOPOCTH CydHAa — JOKAaBUTAI[MOHHAS CKO-
pocts xona HUC v, u ckopocTh, OTBeHaromas BTOPOK
CTa/IM¥ KaBUTALUH V, .

CKopoCTh V,, COOTBETCTBYET TOMY MOMEHTY, KOT/a
KaBUTAILMOHHBIN IIIyM rPEOHBIX BUHTOB HAUMHAET IIPEBa-
JINPOBaTh HAJl IIyMaMH BUHTOB Ipyroi npupozsl. I1os-
TOMY CKOPOCTb V,, BCET/Ia BBILIE CKOPOCTH, OTBEYAOIIEH
Havyaly KaBHTAIWW, NPUUIEM pa3IN4Ne YBEIUIUBACTCS
¢ poctoM ypoBH: (poHa (FMHAUE TOBOPSI, C POCTOM YPOBHS
IIyMa BUHTOB HEKaBUTALMOHHON mpuponsl). Ecim dak-
THYECKasl, u3Mepsemas B ysinax ckopocts HUC v > v,
TO YpOBEHb IIymMa OBICTPO BO3pacTaeT B JWana3oHe
Ve SV < v, Korma ckopocTh kopalins v IpeBBINIAET
CKOPOCTb, OTBEYAKOIIYI) BTOPOW CTA[MU KABUTAIUU V,,
(T.e. Ipu v, > v, ), MaIbHEHIIEr0 pocTa ypoBHS IIyMa
MIPAKTUYECKH HE MPOUCXOAUT.

Cornacho [9] nng n3MepseMsIX B y3J1aX CKOpPOCTeH
V., UV, HMEEM

1+0,1(hg —0,5Dp) .

v =28 5 3)
T
1+ /1—2
P
Viy & 28\/(‘59"[1,0+0,1(hp -0,5Dp)]; )
P
2P, 8R

GP: = .
pvy-Fy  pvi-mDa(1-w) (1-1)Zg

tae h,, D, — TyOuHa IOrpy»KEHUs OCH TPEOHOTO BUHTA
U €T0 JUaMETP, 3TU BEIMYMHBI U3MEPSIOTCS B METPaX;
kp — OTHOCHTEJIbHAS TOCTYITh TPEOHOTO BHHTA;

L, — AMCKOBOE OTHOLUEHHE IPEOHOrO BUHTA;

2

Fo = TCDB
B - JR—
4

rpeOHOTO BUHTA,
v,= V(1 — w) — CKOpPOCTh MOTOKA B JVICKE BHHTA;
W, t — K03 (UIHMEHTH! IOIyTHOTO IIOTOKA U 3acachIBa-
HUS;
P, R — ynop rpeGHOro BUHTa ¥ COIPOTHBIECHUE BOJBI
JBIDKCHUIO CYHA;

miomanab THUIAPABIMYCCKOTO CEUCHUA
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’
K2

to the first and second stages of cavitation, for the con-
ventional RV and v",  and v",, for SWATH RV ships will
be different. This is due to various draughts and, con-

Let us note that the rates v/, and v',,, corresponding

sequently, with different values of depth of immersion
of the propeller axes hB, which are substituted into the
equations (3) and (4).

The general formula for the determination of the le-
vel of cavitation noise N, at its any spectral composition
can be presented in the following form [11]:

NA = NAI + E(vs)(NAz 7NA1);

Ve —V
E=E(vg)=—XL
Vg2 — VK1

Vs ZVKI, OSESI, (5)

where N, and N, are the levels of the subcavitating and
the developed cavitational noises respectively, which
are determined according to the approximation formu-

las [11], at that N, >> N .

If we assume that the actual noise level of the ship
N, is always higher than N, , then the structure of for-
mula (5) implies that the restriction of the form N, <[N ]
can be transformed into the form N, + AN, < [N ],

A
where AN, = E(v)(N,,— N,)) is indicated, or to the fol-
lowing form

[NJ-Nag
E <=—a- 4
(VS) NAZ_NAI
or
E(vy) <[E]; ©)
_ [NA]_NAI
[E]= NN, (7

As follows from the relation (7), the specified value
[E] on the right side (6) is determined, firstly, with the
characteristics of the hydroacoustic complex (value [N,])
and secondly — with the noise levels N, and N . In this
case, the numerical values of N, and N, are determined
with the facts that the first stage of cavitation began and
the second stage of cavitation is reached, respectively.
However, both of these values do not depend on the ve-
locity which the ship has is such cases [11]. Therefore,
the specified value [E] can be considered to be indepen-
dent of the main elements and on the velocity of the RV.
The actual value E, found using the equation (5), de-
pends on the actual velocity of the ship v . Furthermore,
through the critical velocities v,, and v,, determined by
the formulas (3) and (4), the given value depends on the
draught of the vessel and the characteristics of the pro-
peller. Thus, the value E is one of the characteristics of
the projected ship, i.e. the dimensionless generalized in-
dicator of the propeller noise level.

Let us consider further the comparative analysis of
the conventional RV and the RV SWATH ship in their
functional adaptability for research, involving the use of
hydroacoustics. The permissible velocity of the search
[v] is determined with the condition [v]: E(v) = [E].
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o, — KO3 PUIMEHT Harpy3Ku rpeOHOro BUHTA MO YIIO-

py-
Hanee nmpumem, uro Bcerna Dy, = D, eciu 3710 mo-
3BOJISIET OcajKa CynHa. ONTHMaIBHBIN 110 XOAKOCTH JIHa-

MeTp rpebHoro BuHTa, Dy, M [1]

Dy~ g
Jng \vsZy

TJIe 71, — YacTOTa BpalleHus BUHTa, 00/MHUH; N — MOII-
HOCTh IJIABHBIX JIBUraresie, KBT; v, — CKOpOCTh KO-
pabns, y3.; Z, — KOIMYECTBO TPEOHBIX BUHTOB.

OTMeTHUM, 4YTO CKOpPOCTH, OTBEYAIOIIME MEpBOM
U BTOPOH CTaausiM KaBUTaLUHU V'Kl u v’K2 JUIsL Tpajau-
uuonnoro HUC u v, m v na HUC-CMIIB, Gymyt
Ppas3IuYHbBL. DTO CBSI3aHO C PAa3IMYHBIMU OCAIKAMH U, CO-
OTBETCTBCHHO, C PAa3JIMYHBIMHU BEIUYAHAMH TITyOHHBI
TIOTPY’KEHUS OCEN BUHTOB /i, KOTOPBIE MOACTABISIOTCS
B cootHomeHus (3), (4).

Oomast popmya aJsi ONpeeSICHHs YPOBHS KaBUTa-
LMOHHOTO Iyma N, IIpy J1000M CHEKTPAJILHOM €ro Co-
CTaBe MOXKET OBITH IPeCTaBIeHa B TakoM Buze [11]:

NA = NAI + E(Vs)(NAz B NAI);

V¢ —V
E=E(vg)=—"XL,
VK2 VK1

Vg ZVKI, OSESI, (5)

rae N, v N, — ypOBHH JIOKABUTALMOHHOTO H Pa3BUTO-
ro KABUTAIHOHHOTO IIIYMOB COOTBETCTBEHHO, OPE/IEIIs-
eMBI€e TT0 armpoKCUMHUpyIomuM hopmynam [11], mpuaem
NAZ > NAI'

Ecimu nmpuHATH, 9TO (DaKTHYECKHH YpPOBEHH IIymMa
kopabns N, Bcerna mpesblmacT N, , TO U3 CTPYKTYphI
(Gopmyisl (5) cienyet, uto orpanndeHue Buaa N, < [N, ]
MOXeT ObITh HpeobpasoBaHo k Buxy N, +AN, < [N ],

e ob6o3naseno AN, = E(v)(N,, — N, ), Wn K BHIy

[NgJ-Ny
E(vg)< ol ™ Var
s Np-Ny
Wi
E(vy) <[E]; (6)
_[NA]_NAI
[}3]—7]\]/12 N, @)

Kak cnenyer u3 coorHomenus (7), HOpMaTHBHASA
BennuuHa [E] B mpaBoii yactu (6) ompenensiercs, BO-
TIEPBBIX, XapaKTEPUCTHKAMH THPOAKyCTHYECKOTO KOM-
mekca (BeauauHa [V, ]), a BO-BTOPBIX — ypPOBHAMH ITyMa
N, uN,,. IIpy 5TOM YUCIIEHHBIE 3HAYEHUS BENUYMH NV |
u N, onpeseNaioTcs TeMu (hakTamu, 4TO Havajach Tep-
Basi CTa¥sl KAaBUTAIMHU U YTO JOCTUTHYTA BTOPAs CTa M
KaBUTAIH COOTBETCTBEHHO. OTHAKO 00€ 3TH BEITHMIMHBI
HE 3aBHUCAT OT CKOPOCTHU, KOTOPYIO CYIHO B 3THX CIy4asx
nmeer [11]. [Toaromy HOpMaTHBHas BenuuuHa [E] Mo-
KET CUMTAThCS HE 3aBUCSIICH OT IVIaBHBIX AJIEMEHTOB
u ot ckopoctit HUC. A ¢dakrudeckas Bennunna E, Hali-
JICHHAs 110 COOTHOUICHHIO (5), 3aBUCHT OT (haKTUUECKOM
cKopocTH cynHa v. Kpome Toro, yepes onpezesnseMble
Gopmynamu (3), (4) KPUTHYECKUE CKOPOCTH V, H V,,
yKa3aHHasl BEJIMYMHA 3aBHCHT OT OCAIKH CyAHa U OT
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And if the velocity of the search v_is given, the smaller
the value £ will be at a constant velocity of the search,
the more stringent requirements can be presented to the
acoustic compatibility of the ship and the hydroacoustic
complex (HAC) and the more effective HAC with the
larger radius of action can be applied.

It should be noted that the water displacement D of
the RV SWATH ships it is not the value D = D, which
is obtained by the graphical study from the condition of
obtaining the given capacity, and the value D = D,, which
is obtained from the mass equation of the twin hull ship
in the initial approximation, taking into account all the
features of the body weight and propulsion. The assump-
tion D = D, leads to the exaggeration of the benefits of
RV SWATH ships [5].

For the comparative analysis of the impact of the ar-
chitectural and structural type of RV on the value of the
cavitation critical velocities let us consider the determi-
nation of the relative draughts of the conventional RV

T 7"
t'=——= and the RV SWATH ship " = ——=. Here T,

T" are the draughts, and V’, V"' are the volumetric dis-
placements for the conventional RV and the RV SWATH

ships respectively.

Statistical dependences of the form ¢’ = #(J') and
t" =t'(V") are suggested by V.A. Dubrovsky, [3], and in
the real range of the volumetric displacements for the
RV, when V' < 5000 m?® and V" <5000 m?, we can take
approximately

0204061, 404070
W NG
V=107V Vr=10"V",

where the values V' and V"’ are measured in m®.

On the basis of the outlined prerequisites for a num-
ber of variants of the conventional RV and RV SWATH
ships at the systematically varying volumetric displace-
ments for the constant velocity of the search the values
E = E(V) were counted — Fig. 1.

Fig. 1 shows that in the entire range of the ordinate
of the dependence £ = E(V) for SWATH ships is sub-
stantially less than that for the conventional RV. This is
connected with the big immersion of the propellers in the
SWATH ship compared with the conventional vessel and
the possibility of the cavitation removal. Then the bet-
ter acoustic equipment may be fitted in SWATH ships,
which will have a greater radius of action at the same
velocity of the search, or at the other equal conditions
the velocity of the search can be improved. Both of these
factors will allow increasing the efficiency indicator of
SWATH ships, determined by the formula (1), (2). Howe-
ver, for the objective judgment about the desirability of a
particular architectural and structural type of RV we need
to perform the calculation of the source indicators for the
conventional RV and the RV SWATH ship and make a
comparison of options according to the “cost—effective-
ness” criterion.
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XapaKTepUCTUK IpeOHOro BuHTa. TakuM 00pa3om, Belu-
ypHa E mpenctapiseTr coboil OgHy W3 XapaKTepHUCTHK
MIPOSKTUPYEMOTO CyIHA — Oe3pa3MepHBI 0000IIEHHBII
MOKa3areib YPOBHS IIyMa I'PEOHBIX BUHTOB.

PaccmoTpuM nmanee COMOCTaBUTENBHBIA —aHAIIN3
tpaaunnonHoro HUC u HUC-CMIIB B oTHOIIEHNH UX
(YHKIMOHATIHHOM MPUCTIOCOOIEHHOCTH ISl HICCIIE0Ba-
HUH, CBSI3aHHBIX C MPUMECHECHUEM THUAPOaKyCcTUKH. Jlo-
MyCTHMAsi CKOPOCTB MOKMCKa [V ] ONPENETUTCS yCIOBHEM
[v]: E(v) = [E]. A ecrn cKOPOCTb TIOWCKa v, 3a[1aHa, TO
YeM MEHbIIE OyIeT MPHU MOCTOSHHON CKOPOCTU MOMCKA
BenmunHA FE, TeM Oolee JKeCTKHEe TPeOOBaHUS MOXKHO
MPEIBSIBUTh K aKyCTHYCCKONH COBMECTUMOCTH KOpPaoOis
u ruapoakyctrdeckoro komriekca (IAK) u tem Gomee
s¢dexrusnblii [AK ¢ 6onpmmm paanycom geidcTBus MO-
KeT OBITh MPUMEHEH.

Crnemyer yauThIBaTh, yTo Bomom3menicane D HUC-
CMIIB — s10 He Benmuuna D = D, KoTOpas monyya-
eTCsl myTeM rpaduIecKkor MpopabdOTKH U3 YCIOBHUS TO-
Jy4YeHUsl 3aJ]aHHON BMECTUMOCTH, a Benmuuuna D = D,
KOTOpas MOIyYaeTcsl U3 ypaBHEHHS MacC JBYXKOPITYCHO-
TO KOpabisi B HAYaIbHOM MPHOIMKEHUH C YIETOM BCEX
0COOEHHOCTEH B 4aCTH Macchl KopIryca 1 Xxoakoctu. Jlo-
nymenue D = D, TOBEAET K NPEYyBENTUMICHUIO PEUMY -
mects HUC-CMIIB [5].

JIst COMOCTaBUTENLHOTO aHalu3a BIUSHUS apXu-
TEeKTypHO-KOHCTpyKkTUBHOro tuna HUC Ha Bennuuny
KPUTHYECKUX [0 KaBUTAIMM CKOPOCTEH pPaccMOTPUM
OTIpeIeNIeHNe OTHOCHTENBHBIX OCaI0K TPaTUIIMOHHOTO

’ "
HHC ¢ = fW u HUC-CMIIB ¢" = STW 3necs T,
T" — ocanxu, a V', V" — 00ObeMHBIE BOIOU3MEILEHUS
st tpaguuonHoro HUC u HUC-CMIIB cootBet-
CTBEHHO.

Crarucruueckue 3aBucuMoctd Buma ¢ = t'(V7)
ut"=¢(V'"y npennoxenst B. A. lyoposckum [3], u B pe-
anmpaoM it HUAC mmama3soHe 0OBEMHBIX BOLOM3MEIIE-
Hui, korga V' <5000 v u V"' < 5000 M?, MOXHO ipubu-
YKEHHO NIPUHUMATh

o 2,0+0,6V) . 4,0+0,7V.
7 N
V=107V, V'=10"V",
7€ BEIUYUHb V' 1 V"' u3MepSIOTCs B M.

Ha 06a3e u3110’keHHBIX TPEATOCHUTOK IS Psijia Bapu-
anToB Tpagunronaeix HUC u HUC-CMIIB nipu cucte-
MATHYECKH U3MCHSIONINXCSI 00BEMHBIX BOIOM3MEIICHU-
SIX JJTS1 TIOCTOSIHHOW CKOPOCTH TIOMCKA OBLTH TOACYUTAHBI
BermumnHb £ = E(V) — puc. 1.

W3 puc. 1 BUgHO, YTO BO BCEM JAMana3zoHe OpJuHa-
Thl 3aBucuMocTd E = E(V) mms CMIIB cymiecTBeHHO
MeHblue, yeM ans TpaguuuonHoro HUC 3rto cBsizaHo
¢ OonpHIMM Torpy)eHneM rpeOHbix BuHTOB 'y CMIIB
10 CPaBHEHHUIO C TPAIWIMOHHBIM CYTHOM U C BO3MOX-
HOCTBIO oTjaneHus kaBurauud. Torma Ha CMIIB wnn
MOXeT OBITh yCTaHOBJIEHO Oornee 3¢pdexkTnBHOE aKkycTH-
Yyeckoe 000pyJOBaHUE, KOTOPOE IPH TOH K€ CKOPOCTH
noucka OyJer uMeTh OONBLIMH pajuyc ACHCTBUS, HIIH
TIPH TIPOYUX PABHBIX YCIOBHUAX CKOPOCTDH MOUCKA MOXKET
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Fig. 1. Dependence of dimensionless generalized indicator of propeller noise £ on volumetric displacement of the vessel V:

Puc. 1. 3aBucumocts 6e3pa3MepHOro 0000IIEHHOTO MOKa3aTels [IyMa rpeOHBIX BUHTOB £ 0T 00bEMHOT0 BOJIOM3MELICHUS CyiHa V:

———— — conventional single hull RV | TpaguionHoe ogHoxopmycHoe HUC;

CONCLUSIONS. 1. As a result of the completed
research for those subclasses of the research vessels, the
operation of which is associated with the use of hydroa-
coustics and for which the requirements of the acoustic
compatibility are relevant in connection with this, an ap-
proximate method for pre-selection between the conven-
tional single hull RV and the RV SWATH ships is sug-
gested.

2. The suggested dimensionless generalized indica-
tor of the propeller noise level is the value £, determined
by the dependence (5), which depends on the velocity
of the vessel, its draught and the characteristics of the
propellers.

3. It is also shown that the relation between the ac-
tual N, and [N, ], which is permissible according to the
conditions of the acoustic noise levels compatibility of
the form N, <[N,] can approximately be replaced by the
relation (6) of the form £ < [E], which is much more
convenient for practical use. The values E and [E] are de-
termined with the relations (5) and (7) respectively there.
At that, the specification [E] depends on the charac-
teristics of the hydroacoustic complex and the physical
conditions of the formation of the cavitational noise, but
it does not depend on the velocity of the ship and its main
elements.

4. According to the results of the performed sys-
tematic comparative calculations over the entire investi-
gated range of the volumetric displacements for the con-

stant velocity of the search the dependence of the form

— RV SWATH ship | HUC-CMIIB

ObITh noBeimieHa. O0a 3TUX (axkTopa MO3BOJIAT YBEIH-
YUTH ompezessieMblil mo dpopmynam (1), (2) mokasaresnb
sapdexruBaocT CMIIB. Ho, pa3symeercs, ans oObek-
TUBHOTO CYXJIEHHS O MPEIIOYTHTEIFHOCTH TOTO HIIN
HHOTO apXWUTEKTypHO-KOHCTpyKkTHBHOro tuna HUC ne-
00XOIMMO BBIITOJTHUTH Pacd€T pecypCHBIX IOKa3arelei
st Tpanuimornoro HUC nu HUC-CMIIB u mpoun3sBe-
CTH COIOCTaBJICHHE BapHAHTOB IO KPHUTEPUIO «CTOH-
MOCTb —3(h(hEKTHBHOCTBY.

BBIBO/IBI. 1. B pesynbrare BBIOTHEHHOTO HUCCIIE-
JOBaHUA JUIA TEX IMOAKIJIACCOB HAy4YHO-HCCIIEI0OBATENb-
CKHUX CYIOB, (YHKIMOHHPOBAHHE KOTOPBHIX CBSI3aHO
C IPUMEHEHNEM THIPOaKyCTUKH U JUIs KOTOPBIX OKa3bl-
BAaIOTCSl B CBSI3U C 9THM aKTyaJIbHBIMU TPEOOBAaHUS aKy-
CTHYECKOH COBMECTUMOCTH, TMPEIIOKEHA MPUOIKEH-
Hasi METOIMKA JUIS MPEeIBapUTEIBHOTO BBIOOpA MEXIy
TpaauoHHbIM ofHokopirycHeiM HUC u HUC-CMIIB.

2. TlpemnoxeHHbIH Oe3pa3MepHbI  000OIEHHBIIH
MOKa3aTenb YPOBHS LIymMa TPEeOHBIX BHHTOB — 3TO
ompeziersieMast COOTHOIIeHueM (5) BennunHa E, KoTopast
3aBHCUT OT CKOPOCTH Cy[HA, OT €r0 OCAJKU U OT Xapak-
TEPUCTUK TPEOHBIX BUHTOB.

3. ITokazaHo TaKxe, YTO COOTHOIICHNE MKy (haKTH-
4eCKAM N, M JIOTTyCKaEMBIM TI0 YCIIOBHAM aKyCTHYECKOM
COBMECTUMOCTH ypoBHsMHU Imuyma [N, ] Buma N, < [N,]
MPUOIIKEHHO MOXKET OBITh 3aMEHEHO 3HAUYUTEINILHO Ooliee
YAOOHBIM JUTS IPAKTUYECKOTO IPIMEHEHNS] COOTHOLIIEHH-
eMm (6) Buna E < [E], tne BenmunHe E 1 [E] onpenemnsror-
cst cootHoweHusiMu (5) u (7) coorBeTcTBeHHO. [Ipn aTOM
HOpMaTuB [F] 3aBUCHUT OT XapaKTEPUCTUK THAPOAKYCTH-
YEeCKOT0 KOMIDIEKCa ¥ OT (PU3MUECKIX YCIOBHHA (POpMHPO-
BaHUS KABUTAIIMOHHOTO IIyMa, HO OT CKOPOCTH Cy/THA U OT
€r0 IVIaBHBIX JIEMEHTOB HOPMATHB [E] HE 3aBHCHT.

4. ITo pe3ynasraTaM BBIIIOTHEHHBIX CHCTEMAaTHYECKUX
COIIOCTaBUTEJIFHBIX PACUYETOB BO BCEM OOCIIEIOBAHHOM
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E = E(V) for the SWATH ships goes much lower than for
the conventional single hull RV (see. Fig. 1). This is due
to greater draught and, accordingly, due to the possibi-
lity to remove the propeller cavitation in the RV SWATH
ships compared to the conventional RV.

5. This circumstance potentially allows us to signifi-
cantly increase the efficiency indicator, determined by
the relations (1), (2), for the RV SWATH ships compared
with the single hull RV. However, for the final selection is
necessary to determine the source indicators of the com-
pared options and perform the final selection between the
conventional RV and the RV SWATH ship according to
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Juara3oHe 00bEMHBIX BOMOM3MEIIEHUH I IOCTOSH-
HOW CKOPOCTH TTOWICKA 3aBUCHMOCTh Buaa E = E(V) mns
CMIIB npoXoAuT 3HAYUTENBHO HUKE, YEM IS TPAIUIIN-
oHHbIX ogHOKOoprycHbIX HUC (cM. puc. 1). Do cBsizaHo
¢ OoJbIlIEll OCAaIKOW M, COOTBETCTBEHHO, C BO3MOXKHO-
CTBIO OTJAJIUTh KaBHTAlMIO TpeOHbIX BUHTOB y HUC-
CMIIB no cpaBHenuto ¢ TpaauinonasiM HUC.

5. YkazaHHOE OOCTOSTENBbCTBO IMOTEHIMAILHO IT0-
3BOJIICT CYIIECTBCHHO YBEIUYUTH OIPEHCISIEMBIA CO-
ornomeHussmMu (1), (2) mokaszarenp 3()(HEKTHBHOCTH
HUC-CMIIB no cpaBHeHuto ¢ ogHokopnycueiMm HUC.
OpHako [ OKOHYATEIHHOTO BEIOOpa HEOOXOAUMO
OTpPEACNUTh PEeCYpPCHBbIE TMOKa3aTeNu COMOCTABISEMBIX
BapHaHTOB W BHIIONIHUTh OKOHYATCIHEHBINA BBIOOP MEXK-
ny tpaguumonasiM HUC u HUC-CMIIB no kputeputo

the “cost—effectiveness” criterion.

«CTOMMOCTB —3(h(hEKTUBHOCTHY.
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