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Abstract. Estimation of weight-size parameters for different types of liquefied natural gas fuel tanks used in ocean-
going ships is done in this article. Prediction of volume, empty weight and mass with total fuel capacity of mem-
brane, prismatic, spherical and cylindrical tanks for five containerships from 2500 TEU to 18000 TEU is the main
aim of research. Total fuel capacity for MAN two-stroke low speed diesel engines is estimated for one-way trip.
Weight-size parameters of cylindrical cryogenic tanks with ellipsoidal head are estimated. Estimation of volume
and mass for other tanks types is performed with dimensionless ratio usage obtained for gas carrier vessels. Ob-
tained data are capable of LNG-fuel tanks choiceduring the conceptual design of ocean-going ships. It is foundthe
biggest spaceat constant liquefied natural gas mass need for spherical tanks, further pressurized cylindrical tanks
thenprismaticand membrane ones with slightly different volume. The lowest mass need for membrane tanks, little
heavier aluminum spherical and steel cylindrical cisterns, further prismatic tanks and spherical ones made of steel. It
is shown the lowest weight-size parameters has membrane tanks but it usage need strong change in ship hulls design
techniques. Independent cylindrical tanks type C or prismatic type B are the most rational choice for ocean-going
ships.

Keywords: ship fuel systems; liquefied natural gas; cylindrical cryogenic tanks; prismatic tanks; membrane tank;
weight-size parameters.

AnnoTtanus. [IposeneHo 000cHOBaHKE BHIOOpA THIA TOIUIMBHBIX IUCTEPH CIKMIKEHHOTO MPUPOIHOTO Ta3a 1Mo Mac-
corafapuTHBIMM TapaMeTpaM Uit CYZ0B ¢ JUTMHHON pelicoBOM TUHHUEH (Ha mpuMepe KOHTeHHepoBo30B). [Tomydenbt
3HaYCHUST 00bEeMa U MacChl MEMOPAHHBIX, IPU3MATHYCCKUX, [UIHHIPUICCKUX, CHEPUICCKUX CTAIBHBIX U aJIFOMU-
HHUEBBIX TOMIUBHBIX TaHKOB CIII" B mIMpOKOM JMana3oHe YCTAaHOBJIEHHOW MOIIHOCTH TJIaBHBIX aBurateneid. [Ipen-
CTaBJICHBI PCKOMCH/IAIIMH 110 BHIOOPY THUIIA MUCTEPH JJIsl Ta3000pa3HOrO TOIUIMBA HA CTAHK KOHIICHITYaIbHOTO TIPO-
€KTUPOBaHMUS.

KamoueBble ciioBa: CYAOBBIC TOIUIMBHBIEC CUCTEMBI; CIKIDKCHHBIN HpHpOZ[HLIﬁ ra3; DUWJIMHAPUYICCKUC KPUOTCHHBLIC
TAaHKU; OIPU3MATUYICCKUEC TAHKU, M€M6paHHI)I€ TaHKU, MaCCOFaGapI/ITHLIG IIOKa3aTeCIu.

AHotanis. HaBeneno oOrpyHTyBaHHA BHOOpPY THIy TaJHUBHHUX MHCTEPH 3PiIHKEHOTO MPHUPOTHOTO Ta3y 3a Ma-
corabapUTHUMH TIapaMeTpaMu IS CyIeH 3 JOBIOI0 PEHCOBOIO JiHiI€I0 (Ha MPHUKIAA KOHTEHHepoBo3iB). OTpu-
MaHi 3HAa4YeHHA 00’€My Ta MacH MEMOpaHHHX, MPU3MATHYHUX, NWIHIPUIHUX, CHEPUIHHX CTAJIEBUX Ta ajro-
MiHieBHX manuBHUX TaHKiB 3[II" y mmpokomy [iama3oHi BCTaHOBJIEHOI IIOTYKHOCTI TOJIOBHUX JIBUTYHIB.
[Ipencrapneni pexkoMeHaallii MO0 BUOOPY THITy HUCTEPH UIA Ta30MoAi0HOTO MaauBa Ha CTajili KOHICNTYaIbHOTO
MPOEKTYBaHHS.

KoarouoBi cioBa: cynHOBI NajgMBHI CHCTEMH; 3pI/PKCHMH NPHUPOAHUI ra3; HWIIHAPUYHI KPIOT€HHI LUCTEpHH;
MPU3MATUYHI TAaHKHM; MEMOpaHHI TAHKH; MacOTa0apuTHI OKA3HHUKH.
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MOCTAHOBKA MMPOBJIEMbI

VixecroueHne TpeboBaHUI K BEIOpocaMm B aTMocde-
Py CO CTOPOHBI BOJTHOTO TPAHCIIOPTA SIBJSIETCS OCHOBHOM
MIPUYNHON NPUMEHEHHs CXKMKEHHOTO MPUPOJIHOTO ras3a
(CIIT) B xauecTBE MOPCKOI'O TOILIMBA, T.K. 3TO I1O3BO-
JgeT cHu3uTh BeIOpockl SO, Ha 95-100%, NO, — na
85-90%, CO, — na 20-25% [10]. C 2015 . neiicTByer
MoJI0KeHHE 00 MHJIEKCEe YHEPreTHYecKO I(PPEeKTHBHO-
CTH CyJOB, HalpaBJICHHOE HA YMEHBIIEHHE BHIOPOCOB
auokcuaa yriepoaa, B 2016 r. BcTymaer B CHIly orpa-
HUYeHHE TI0 BbIOpocaM okcuoB azorta Tier III, ucmomnn-
30BaHUE TOIUIMB € conepkaHueM cepol csbime 0,5%
oyner 3ampemierno ¢ 2020 r. B Esponeiickom Corose
u ¢ 2025 . — BO BceM Mupe. ATBTEPHATHBON PUPOI-
HOMY Ta3y sIBJSIETCSI yCTAaHOBKA Ha CyJTHE 000pYy/1OBaHUS
JUISL OYMCTKH YXOJSIIUX Ia30B, B OOJBIIMHCTBE CIIydacB
JIOPOTOCTOSIIETO U KPYITHOradapuTHOTO.

Jlo HelaBHEro BPEMEHU IPUPOAHBIN Ia3 HUCIOJb-
30BaJICSl IPEUMYLIECTBEHHO HA CyAaX C KOPOTKOU peil-
COBOW JINHMEH, TaKMX KakK OyKCHPBI, IIApOMBI, CyJa 00-
CITy>)KHBaHUsSI OYpOBBIX MIaT(opM, KOTOPBIE CTPOMINCH
B OCHOBHOM IIOJI Ha/30pOM KJIACCH()UKAIMOHHOTO 00-
mectBa DNV GL Group. VikecToueHne 3KOJIOTHIECKO-
r'O 3aKOHOJATEJIbCTBA MPHUBEIO K TMOSBICHHUIO ITPOCKTOB
KOHTEIHEPOBO30B, TaHKEPOB, aBTOMOOMJIEBO30B, Ia3o0-
BO30B, OaKEpOB M APYTUX CYJOB C JIHMHHOW PericOBOI
JMHUEH, pabOTaIOINX Ha CXKMKEHHOM IIPUPOIHOM Tase.
ITo coctosHuio Ha maii 2015 r. meiicTBoBano 63 cyaHa,
IBUTATENN KOTOphIX padoramu Ha CIIIT (6e3 yuera ra3o-

BO30B), © OUITHAIEHO ObLT TIOTBEPKIACH MPEACTOS A
BBOJ B OKCIUTyaTaruio emie 76 oobextoB B 2018 1. [7].

[IpuMeHeHne CKMKEHHOTO MPUPOIAHOTO Ta3a Ha HO-
BBIX THIIaX CYZOB TpeOyeT pemieHus HOBBIX 3amad. On-
HOM W3 Hamboyiee aKTYyaJbHBIX SIBISETCS BBIOOp THIA
emkocteil s xpanenuss CIIIT qis cymoB ¢ Gombinoi
YCTAHOBJIEHHOW MOIIIHOCTBIO JABUTAaTeNe W JJIMHHOU
peiicoBoii juauei. [uctepusr CIIT 3aHMMaOT 0OJIbIIE
MMpOCTpaHCTBA, YE€M TaHKH XHUJIKOT'O TOIIJIMBA. KpOMe
toro, B Teuenne peiica CIII' ncmapsercs, 4TO MOXKET
MPUBECTU K OITACHOMY IOBBIMICHUIO AaBJICHUSA B TOIIJIUB-
HBIX EMKOCTSIX, €CJIM Ta3 PeryJsipHO He oTOupaercs (4To
00513aTeNIbHO CIICAYET YYUTHIBATH JJIS CYIOB C BBICOKOM
ABTOHOMHOCTBHO HHaBaHBﬂ).

AHAJIN3 NOCJIEAHUX
UCCJEJIOBAHUM U MYBJIUKALIUIA

HUccnenosanus, nposeaennasie Germanischer Lloyd
UL 5 KOHTCHHEPOBO30B C YCTAHOBJICHHBIMH MOIIIHOCTSI-
MU r1aBHBIX aBurareiied ot 14500 mo 65000 xBt, moka-
3aJi, 9TO TP UCIIOIB30BAHUH CKMYKEHHOTO ITPHPOTHO-
ro Taza OOINbINas YacTh IOMOJHHUTEIBHBIX WHBECTHIIUH
MIPUXOJUTCS Ha KPUOTCHHBIE eMKOCTH. OTMEYanoch, 9To
yIeTbHBIC 3aTpaThl Ha IFIMHIpUYCCKHe TaHKU THma C
BBbILIIE, YEM Ha Ipu3MaTuueckue tuna B [5].

IOxHOKOpEliCKas  CyIOCTpOWTENbHAS  KOMITaHUS
Hanjin Shipping npemioxuia KOHIETIIHIO KOHTEIHEPO-
Bo3a 16300 TEU, obopymoBaHHOTO IBYMsI MEMOpaHHBI-
MU TaHKaMH CKIKEHHOTO TIPUPOIHOTO Ta3a. B kadecTBe
OCHOBHOTO TIPEHMYIIIECTBA UCIIOIB30BAHUS KPHOTCHHBIX
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E€MKOCTEeH Takoro THIa yka3biBaeTcs Oonee 3ddekTns-
HOE HCIIOJIb30BaHUE CYA0BOTO MPOCTPAHCTBA U YMEHb-
IIeHHEe 3aHMMAaeMoro obobemMa MPaKTUYEeCKH B J[Ba pasa
10 CPaBHEHWIO C HWJINHJIPUYECKUMU M CHEPHUECCKUMHU
Tankamu [7].

B mpoexte koHTeitHepoBo3a «Quantum 9000y,
IIPEACTAaBICHHOTO  KJIACCHU(HUKAIMOHHBIM  OOIIECTBOM
DNV, npenycmatpuBaetcs xpanenue CIII' B aByx 11u-
JMHIPUYECKUX OJHOKOPITYCHBIX TaHKaX OOBEMOM II0
2500 M® KaxIblid, XOTS pacCMaTPUBAINCh W JPYTHC
THUIIBI KPUOTEHHBIX €MKOCTEH, B YaCTHOCTH B KaueCTBE
Hanbosee NMPHUEMIICMOM albTEPHATHBBI paccMaTpUBall-
Cs MpU3MaTUYECKUI BKJIaJAHOW TaHK mpousBojactBa [HI
Corporation [10].

Cpenu TOCTYNHBIX TyOJIMKAINH, TOCBSIECHHBIX BbI-
6opy tormuBHBIX nuctepH mng CIII, orcytcTByeT co-
MIOCTAaBJICHNE XapaKTEPUCTHUK PAa3IIMYHBIX THIIOB KPHO-
TeHHBIX TAaHKOB IO 3HAYEHUSIM HCIAPSIeMOCTH C y4ETOM
PETYIISPHOTO 0TOOPa TOIUINBA, MACCOTa0apUTHBIM, CTOH-
MOCTHBIM U APYTUM IapaMeTpaM, KOTOPBIE CIAEeTyeT yuu-
TBIBATh Ha CTaJUU KOHIENTYaJbHOT'O MPOCKTHPOBAHUS
CYZOB.

HEJb PABOTBI — orenka MaccorabapUTHBIX
XapaKTEPUCTUK PA3INYHBIX THIIOB TOIUIMBHBIX IIUCTEPH
COKIDKEHHOI'O MPHUPOJHOrO rasa Aisl CyAOB € JJIMHHOMI
peiicoBoii nuHMEH (Ha mpuMepe KOHTEHHEpOBO30B) Ha
CTaJMN KOHIENTYaIbHOTO POEKTHPOBAHMS.

HN3JTOXKEHUE OCHOBHOI'O MATEPHAJIA

K umciy ocHoBHBIX crioco6oB xpanenust CIIIT otHo-
CATCS: U30TEPMUUYECKUN — XPAHEHUE IIPU IIOCTOSIHHOU
TeMmepaType, o0ecrednBaroield H30bITOYHOE TaBIICHIE
HaCBIIICHHBIX MapoB, OJM3K0e K aTMOC(EpPHOMY, IMOITy-
M30TEPMHUECKUI — XpaHEHHUE Tra3a B pe3epByapax Mpu
MIOCTOSTHHOW TeMIIepaType U JaBICHNH BhIIEe aTMoc(hep-
Horo. J[ist Mopckux sHepreTudeckux komruiekcos CIIT
MaKCHMaJlbHasl TEXHOJIIOTHYECKN OOOCHOBAHHAS BEJINYH-
Ha JaBJICHUs MOJYH30TEPMHUYECKOTO CII0c00a XpaHEeHHs
cocraBnsget 1,2 MIla. Benencrsue Toro, 9to XpaHeHue
Gospiioro o0ObEMa rasa MO JABJICHHEM B COKIKEHHOM
BUJI€ NPUBOJUT K 3HAUUTEIILHOMY YBEIHMUEHHIO MacChl
1 Pa3MEpoB IIIMHIPUUECKUX EMKOCTEH, aKTHBHO 00-
CYXK/IaeTCcsl BO3MOXKHOCTb INPHMEHEHHs IPYTHX THIIOB
TaHKOB, KOTOPbIEC HCTIONB3YIOTCS HAa Ta30BO3aX.

CKIDKEHHBIN TPUPOIHBINA Ta3, MEePEeBO3UMBIN Ta30-
BO3aMH, TPAHCIIOPTHPYETCS BO BCTPOCHHBIX MeMOpaH-
HBIX WJIM TOJYMEMOPaHHBIX TaHKaX, MM BKJIAQIHBIX
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OUCTepHAX C(HEepUIecKor, MPU3MATHUECKOW WM IIH-
muHaprdeckoit Gopmer [3]. CormacHO MeXIyHApOIHON
krmaccuukamun IMO TaHKHM JensaTcs Ha BCTPOCHHBIC
(MeMOpaHHBIC) W BKIaIHBIC THIA A (TIPH3MaTHYECKOI
¢dopmel), B (mpusmarnueckne u chepuueckne) u C (un-
JMUHIpHYCCKHE IMCTepHBI). Bee Tanku, kpome tuma C,
OTHOCSATCSI K aTMOC(EPHBIM C U30BITOYHBIM JIaBJICHUCM
ue Boiiie 0,07 MlIla. Luctepusl Tuna C npoeKTUPYIOTCS
Ha pabouee naBienue 0 2 MIla.

CorylacHO TpaBWiIaM KiacCH(UKAIMU U TOCTPOHKH
Mopckux cyznoB Det Norske Veritas Ha cynax, rae uc-
nons3yercss CIII' B kauecTBe TOIUIMBA, pa3perIaeTcs
yctanaBiuBath Tanku tuna B u C. [ucrepusr Tama C
BBITIOJTHAIOTCA IBYXKOPITYCHBIMU C BAKYYMHO-ITOPOUIKO-
BOH WJIM BaKyyMHO-MHOI'OCJIOMHOM H30JSILMEN, paccuu-
TaHHBIMHU Ha AasieHne A0 1,2 Mlla, © oJHOKOPITyCHBI-
MH C ITOPOIIKOBOH M3OJIAIMEH W HAPYKHOH OOMIMBKOI
CTaIBHBIM JIUCTOM ¢ pabounm nasienuem 0,4 —0,6 MI]a.
JIBYXKOPITyCHBIC TaHKH BBITYCKAIOTCS 00BEMOM OT 5 /10
500 m3, oHOKOpITycHBIE — 0T 700 10 2500 M, KaK B ro-
PUBOHTAIBHOM, TaK U B BEPTUKAIbHOM UCIIOJIHEHUH [12].

OcHOBHOW 3afaucii WCCIICIOBaHUS ObLIa YKPYII-
HCHHAsT OIICHKAa O0BEeMa, 3aHMMAEMOIO Pa3IHIHBIMU
TUTIAMH [UCTEPHA W UX MACCHI TIOPOKHEM U C MOIHBIM
3amacoM TOIUTMBA Ha pelic. B xauectBe oObexTa mccie-
JIOBaHMS BEIOPAHBI ISITh KOHTEHHEPOBO30B, ISl KOTOPBIX
Germanischer Lloyd npoBoaus cpaBHUTEIBHYIO OLIEHKY
3¢ GEKTUBHOCTH Pa3IMIHBIX TEXHOJOTHIA CHU)KCHUS BBI-
O6pocoB B arMoc(epy, BKIOUas U [IEPEBOJ CYI0B Ha pa-
00Ty Ha CXKWKEHHOM MPUPOIHOM rasze (Tadi. 1) [5]. Kpo-
Me TOro, aHajiu3 noptdelisi 3aKka30B MOKa3all, 4YTO CPEIH
MIPOEKTOB CO3JaHMsl CYA0B C JUIMHHOM pelcoBON JIMHHUEH
Ha CIII" HanGompIIee KOTMYECTBO MPUXOTUTCS UMEHHO
Ha KOHTEHHEPOBO3HI [7].

Macca 3amacoB TOIUIMBa OIpelessulach ISl pelica
B OJIMH KOHEII (TIOJIOBUHA TYTH). YACTBHBIH 3P (eKTHBHBII
pacxoJ TOIUIMBa ISl IPUPOIHOTO ra3a M TSHKEJIOTO TOTLTH-
Ba TPHHUMAJICS JJIsI MAITOOOOPOTHBIX JBYXTAKTHBIX I[BH-
rarenedt komnanuu MAN, T.K. IMEHHO TakKue JBUraTelu
YCTaHOBJICHBI HA paccMaTpPUBaeMbIX KOHTEHHEpOBO3ax [9].

[Ipn pacuere nmwMHAPHYECKUX HUCTEpH (0a30BBIi
BapUaHT) JMaMeTp BHEILIHEro KOpIyca MOXKHO OIIpejie-
7Tk Kak: d, = d, + 8, + 6, + a, e d, — jquameTp BHY-
TPEHHETO KOpIyca LUCTEPHBI, a — TOJIIUHA HU30JISILUN
(paccrosiHMEe MEXIy BHEIIHHUM M BHYTPEHHHM KOpITyca-
MU LUCTEPHBI), &, 8 — TOJIIMHA CTEHOK BHYTPEHHETO
1 BHEITHETO KOPIYCOB ITUCTEPHBI [2].

TEU CKOpOCTB, y3710B Mo1mHoCTb [IaBHOTO ABUraTens, KBt Jlnuna petica, MUITb
2500 20 14500 5300
4600 21 25000 13300
8500 23 47500 23000
14000 23 53500 23000
18000 23 65000 23000




BHyTpeHHHMIT 1naMeTp MUCTEPHBI C IUTUIICOUIHBIMU
JHUIIAMU:

rae V — o0beM BHYTPECHHETO KOPITyca LHCTEPHBI, M,
k, — xo>(uimenT 3anaca, yYHTHIBAIONIMN HAIMYHE
«ITyCTOrO0» TPOCTPAHCTBA B ILHUCTEpHE (IPHUHAMAETCS
0,85 —0,95); x — COOTHOILICHHUE «IUAMETp / BHICOTa»
(D/H).

TOJ'IH.[I/IHy M30JIA0UHN, M, MOYKHO OTIPEACIIUTE KaK

TJIE X, — COOTHOIIEHHE «TOJIINHA M30JISAINY / BHEITHUHA
JUaMEeTp IUCTEPHBI».

[Inomans MOBEpXHOCTH BHYTPEHHErO KOpIyca, M,
LUTHHIPUYECKON IUCTEPHBI C IUINTICOMTHBIM JHUIEM:

—O’SdB In| 1+ V3

Sg =dgHgn+2ndy| dg + ,
NE) 2
e Hy, — BbICOTa KOPITyCa IUCTEPHBI, M.

TOJ'[HII/IHa CTCHOK KOPIIYCOB IUCTEPHLI, MM, U3 YCJIO-
BUIi ipouHoctH [7]:

rae [6] — nomyckaeMoe HampsDKeHHEe MaTepHaia Kop-
myca nuctepssl, MIla; P — nasnenue xpanenus CIIT,
MITa; ¢ — k03P PUIHEHT MTPOYHOCTH CBAPOUHBIX IIIBOB;
¢ — npubaBKa K pac4eTHOH TONIINHE CTCHKH.

BeicoTa (anmMHA) BHENIHETO0 KOPITyca LUCTEPHBI, M,
HaXOJUTCS KaK:

H,=H, +38, +a+,

TTomia/ b MOBEPXHOCTH BHEUIHETO KOPITyca IUCTEP-
oI, M? [8]:

0.5y 1 1+£
3

Sy =dyHyn+2ndy | dy +

OOBeM LUCTEPHBI ¢ AIUTAIICOMIHBIMU JIHUIAMHU, M’
[8]:
2dy

Hy

Macca BHYTpEHHErO U BHEIITHETO KOPITYCOB IIUCTEP-
HbI XpaHeHus, Kr [2]:
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Mg = ﬂ:(dB +8B)2 (%(dB +8B)+%(HB +63)j_

2 1
- nde(g(dB +ZHB)j PB>
My = nde(gdH+%HHJ -

—| ™(dy _SH)Z [%(dl-[ _SH)+i(HH _SH)J Pu>

TJ€ Py, Py, — MIOTHOCTH MAaTEPUATIOB BHEIIHETO U BHYT-
PEHHETO KOPIyCOB, KI'/ M>.

CpaBHeHHE pacueTHBIX 3HAYCHWH 00bhEeMa M MaCChI
LUCTEPH C IAHHBIMH, MPHUBOAUMBIMH O(UIIMATEHBIMU
MIPOU3BOANTEISIMU TAKOTO 00OPYZIOBAHUS TOKA3AJI0 BBI-
COKYIO CTENeHb JOCTOBEPHOCTH IIOJyYCHHBIX DPE3yJib-
taroB [4]. Cratuctuyeckass o0paboTKa XapaKTEPHCTHK
LUCTEpH, NpeACTaBIeHHBIX B Katasorax VRV Group,
kommannu «Kpuorenmarn», Cryolor u 1pyrux mo3Bosiu-
JAMOJIyYUTh JOCTOBEPHBIC ANMPOKCUMHUPYIOLINE 3aBU-
CHMOCTH ISl OIpEe/ieNICHNsI 00beMa U MacChl TOPOKHETO
COCyZia OT Macchl NEPEBO3UMOr0 TOIUIMBA B JHANa30HE
snauenus gasienus 0,4 — 1,0 MIla. Tak, o0bem 1MIMH-
Jpudeckux kpuoreHHelx Tankos anst CIII' m ux maccy
MOYKHO OTPENIENUTH 10 3aBucuMocTam: V. = 3,5 m_+ 1,5
um = 0,77 m_+ 2,3, COOTBETCTBEHHO, I/I€ M — Macca
MepeBO3UMOro TOIIHBA.

Orenka 00beMa M MacChl KPUOTEHHBIX TaHKOB JIPY-
I'MX THUIOB IPOBOJIMIACH C HCIIOIb30BaHHEMOE3pazmep-
HBIX KOX((HIMECHTOB, MOJYyYCHHBIX JUIS Ta30BO30B,
W TIPEICTaBICHHBIX B padore [1]. MccnemoBanus mpoBo-
JMJINCh COBMECTHO MAIIMHOCTPOMTENIFHON KOMITaHHEH
Altair Product Design 1 Mu4uranckum yHHBEPCHUTETOM,
MOJTy4eHHbIe KOA3()(UIIMEHThI COOTHOLICHHsSI O00BEMOB
¥ MAaccC Pa3IUYHBIX TUIOB TAHKOB TIO3BOJISIOT UX UCIIONIb-
30BaTh Ul CPaBHEHUS] MaccOrabapUTHBIX IOKa3aTelei
Ha CTaJMN KOHLENTYaJIbHOTO IIPOCKTUPOBAHUS IS pa3-
THYHBIX 00BeMoB niepeBo3umoro CIII.

PesynbraTl OLEHKH OOBEMOB TOIUIMBHBIX EMKO-
CTeH pa3IMYHBIX TUIOB JJIsI KOHTEHHEPOBO30B IIpell-
cTaBjeHbl Ha puc. 1. B kauecTBe 6a30BOT0 3HAUEHHMS /IS
CpaBHEHUsI paccMaTpUBaIICs 00BEM LIUCTEPH JUIS TSDKE-
JIOTO TOIUIMBA (B pacueTax MPUHUMAJIOCh, YTO TJIaBHBIE
JIBUTATENH SIBISIFOTCS,, KaK MPAaBUIIO, JBYXTOIIMBHBIMU
U B TEYEHHE BCETO peiica pabOTarOT HA TSKEIOM TO-
IUIMBE WM Ha TPUPOJHOM Tras3e, mMacca M o0beM 3a-
MaJIbHOTO TOIUIMBA IIPU ATOM HE YUHUTHIBAINCH). Kpome
«4HCTOTO» O0BEMa LMCTEPH OLCHUBAJICS OOBEM OIHU-
CaHHOT'O BOKPYT TaHKOB MapaJulelenurne/a, YIUThIBao-
MU «MEPTBOE» ITPOCTPAHCTBO HAa CyJHE, KOTOpoe 00-
pasyeTcs BCIICACTBUE YCTAHOBKH TOIUIMBHBIX €MKOCTEH.
CpaBHUBANNCh BapuUaHThl YCTAaHOBKM LIJIMHIpUYE-
CKUX, c(pepHyuecKnX, MPU3MATHUECKUX M MEMOpPaHHBIX
TaHKOB.
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Puc. 1. l3menenne o0bemMa UCTEPH 3araca TOIUIMBA YIS TIIABHOTO ABUTATENsl KOHTEHHEPHOTO CyTHA:

a — 00BeM IUCTEepH 0e3 ydeTa «MEpTBOTO IIPOCTPAHCTBAY; O — OOBEM IIUCTEPH C YUETOM «MEPTBOIO IPOCTPAHCTBA»; | — IH-
CTEepHBI TSHKEOTo TorumBa; 2 — npusMatndeckne TaHku CIII; 3 — memOpannsie Tanku CIII; 4 — mUIMHAPHUYECKIE IIICTEPHBI

CIIT'; 5 — chepuueckue tanku CIIT

O0beM Npu3MaTHYECKUX TaHKOB THIIA B, HeoOxoau-
MBIH /TSI TPAHCTIOPTHPOBKH 00ECICYMBAIOIIETO padboTy
TJIABHOTO IBUTATENs B TeueHHe MooBUHEI peiica CIIT, B
2 paza GoJibIie 00beMa IUCTEPH C SKBUBAJICHTHBIM KOJIH-
YECTBOM TSDKEJIOTro TOIUINBa. J{J1st MeMOpaHHbIX U [IHJIHH-
JIPUUECKUX TAHKOB 3TO 3HauUeHui B 2,1 u 2,5 pasa Bbille,
COOTBETCTBEHHO. Hanbompmmiit 006EM moTpedyeTcst st
chepuueckux TaHKOB THIa B — B 3,6 pa3a BbIIre, yeMm
JUTSL IIUCTEPH C TSXKEIBIM TOITHBOM (puc. 1, a). C yuétom
peasbHOro 00beMa, 3aHUMAaeMOro TOIUIMBHBIMH LIUCTEP-
HAMH Ha CyJHE, BKIIOYas «MEPTBOE» IMPOCTPAHCTBO, TO
JUTS IPU3MATHYECKIX TAaHKOB 3TO 3HA4eHHe B 1,65 BrIMIE,
4eM JUIsl eMKOCTeH ¢ He(TSHBIM TOIUIMBOM, Ul MEM-
OpaHHBIX U UJIMHAPHUUYECKHUX, COOTBETCTBEHHO, — B 1,9
n 2,6 pasa, a 1u1s1 chepuaecknx — B 5,3 pasa (puc. 1, 6).

[Ipu BEIOOpE THIIA KPUOTEHHOTO TaHKA CIIEAYET yIu-
THIBaTh HE TOJILKO €ro Ie€OMETPUYEcKyIo (Gopmy, HO U
OCHOBHOI KOHCTPYKIIMOHHBIM MaTEpUal, UCIIOJIb3yEMbIH
IIPY U3TOTOBJICHUU (pHC. 2).

Tax, mpu 0AMHAKOBOM KOJIMYECTBE ITEPEBO3UMOTO TO-
TUTMBa HAUMEHBIIast Macca MOPOKHEUEMKOCTH C YUETOM
Beca U30JIIMU OyJIeT Yy MEMOPaHHBIX CTaJbHBIX TAHKOB,
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Puc. 2. Pacnpenenenue maccsl aist TankoB CIIIT paznuanbix
TUIOB Ha npuMepe KoHTeitnepoBosza 18000TEU:

1 — meMOpaHHbIe cTanbHble; 2 — cdepuyeckrue alTloMHHKC-
BbIe; 3 — IMJIMHJPUYECKHE CTAIbHBIC; 4 — MPU3MaTHYECKUE
CTallbHBIC; 5 — CcepryecKre CTanbHble; O — Macca TaHKa;
B — Macca M30JISILUK; 0 — Macca TOIUTHBa

Macca eMKocTel cdepudeckoil (OpMbI W3 aTFOMHUHUS
u ctamu Oynet Ha 22% u 94% BEIIIe, COOTBETCTBEHHO.
AHaJOTUYHbIC 3HAYCHUS IS IIMHAPUUECKAX WU TIPH-
3MaTUYECKUX TAHKOB M3 ctaiu Beime Ha 30% u 45%,
COOTBETCTBEHHO. CJIeIyeT OTMETHUTD, YTO MACCOBas OIS
M3OJSAIUHN JUII MEMOpaHHBIX TaHKOB cocTaBisieT 63%
n  TOIbKO 37% MPUXOIUTCS HEMOCPEICTBEHHO HAa €M-
KOCTb. [IJIsT pyTHX THTIOB KPUOTECHHBIX EMKOCTEH Ha M30-
nstmwro ipuxonuTes 7 —13% oT obmiero Beca MopoKHEM.

Macca cranbHBIX MEMOPAaHHBIX TaHKOB IOPOKHEM
JUTSL TIATH  PAaCCMAaTPUBAaEMBIX KOHTCHHEPOBO30B CO-
crasuna ot 177 T mia cyana 2500 TEUmo 2966 1 mus
18000 TEU, must chepudecknx eMKOCTeH M3 alFOMUHUS
u ctaad — oT 216 10 3619 T u ot 343 mo 5754 T, coot-
BETCTBCHHO, U CTAIBHBIX MPU3MAaTHICCKUX W IIHJIFH-
npudecknx — oT 230 mo 3856 T u ot 257 nmo 4301 T,
COOTBETCTBEHHO. [oka3zaTenbHON XapaKTepUCTUKON sB-
JSETCS OTHOCHUTENBbHAS Macca TOTUTUBHBIX IIHCTEPH TO-
POKHEM | C TIOJTHBIM 3a11acOM CYKHIKEHHOTO TIPUPOTHOTO
rasa Ha IOJIOBUHY peiica, MpUBEICHHAs K Macce YCTaHOB-
JICHHOTO Ha CYIHE TJIaBHOTO JBUTaTeNs (puc. 3).

Kak BunmHO M3 puc. 3 OTHOCHUTEIbHAs Macca MeM-
OpaHHBIX CTaJbHBIX IIMCTCPH IMOPOKHEM COCTABJIACT
0,62 — 1,53 oT Macchl TJIABHOTO JIBUTATEIIS, TO ke C TOJI-
HBIM 3aIacoM TormBa — 1,66 — 4,12, mis alroMuHue-
BBIX C(EpHUCCKUX EMKOCTECH MOPOKHEM U TOILIUBOM,
coorBercTBeHHO, — 0,76 — 1,87 u 1,8 —4,46, nis Takux
’Ke CTAIbHBIX — 1,2—2,97 1 2,24—15,56. OTHOCUTEIBbHAS
Macca MUIUHAPUIECKUX ITUCTEPH Oe3 TOIIMBA JICKHUT
B auanasone ot 0,81 no 2, ¢ TtorummBom — ot 1,85 10
4,58, TO Xe A npu3MaTHYECKUX TaHKoB — 0,9 —2,22
u 1,94-4,81, COOTBETCTBEHHO.

JIOTIONTHUTEIBPHBIM ~ TIApAMETPOM, KOTOPBIA  HAI0
YUHUTBIBaTH MpH BEIOOpe TaukoB mist CIII ¢ ygetom ot-
6opa TOIUIHBA, SIBISETCS MOBBIIMICHUE JaBICHHE BHYTPH
€MKOCTH BCIIe/ICTBHE HctapsieMocTu. [IpeaBapurtenbHyio
OIICHKY MOJKHO TIPOHM3BECTH IIPH HW3BECTHOM COCTaBE
MIPUPOTHOTO Ta3a MO 3aBUCHMOCTSIM, TIPEJICTAaBICHHBIM B
paborte [6].
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Puc. 3. [IpuBenenHas Macca TOIMIMBHBIX LIUCTEPH /ISl INIABHOTO JIBUTATEIs:

a — 0e3 TommBa; 6 — C TOIIMBOM; / — MeMOpaHHBIe CTanbHbIe; 2 — cepruueckne amOMUHHUEBbICS; 3 — IMIHMHAPHIECKHIE
CTaIIbHBIE; 4 — NMPU3MATHYECKUE CTANIbHBIE; 5 — ChepHIecKHe CTATbHBIC

BBIBO/IBI. 1. IlpoBeneHa orenka maccorabapur-
HBIX XapaKTEPUCTHK TaHKOBPA3IMYHBIX THUIIOB JUIS Xpa-
HEHUS CHKMKEHHOTO MPUPOJIHOTO ra3a, KOTOPbIE MOXKHO
HCIIOJIb30BaTh B KAYECTBE TOIUIMBHBIX LUCTEPH HA CyJax
C JUIMHHOW pelcoBOW JMHUEH (LMIMHAPHYECKHE, MEM-
OpaHHbIC, TPU3MATUICCKUC U CHEpUICCKHUE).

2. YCTaHOBIEHO, YTO IpPU HEU3MEHHOH MepeBo3-
umoit macce CIII" HanbombIlIee MPOCTPAHCTBO HA CYTHE
3aHUMAIOT CepUICCKHE TAHKH, NAIeC HIYT IMIHHIPH-
YECKUE IUCTEPHBI TOJ] JaBJICHUEM, 3aT€M MpU3MaTHye-
CKHC ¥ MEMOpaHHBIC TAaHKH, 00bEM KOTOPBIX OTIHYACTCS
HEeCYIIEeCTBEHHO. B TO ke BpeMsi HauMeHbIasi Macca y
MeMOpaHHBIX TAHKOB, 3aT€M HIYT CHEPUICCKUC IIUCTEP-
HBI U3 aIFOMUHUS U ITWINHIPUYECKHE CTAIbHBIE IIUCTEP-

HBI, TsDKeJIee IPU3MATHUECKUX TAaHKOB TOJIBKO cepuye-
CKHE, U3TOTOBJICHHBIE U3 CTAJH.

3. Iloxa3aHo, YTO HAMMEHBIIUMH MaccorabapuTHbI-
MHXapaKTePUCTUKAMHU PAcCIIoaraloT MeMOpaHHBIC TaH-
K, OJTHAKO WX HCIIOJIb30BaHNE TPEOyEeT CyIIECTBEHHOTO
M3MEHEHHS B METOAMKAX IPOEKTHPOBAHMS KOPITyCOB
cynoB. PeanbHBIMM BapHaHTaMM SIBIISETCS yCTaHOBKA
BJIO)KCHHBIX HUJIUMHAPUYCCKUX TAHKOB THUIIA C wm npu-
3MaTHyeckux tuna B. OxoHuUaTenbHBIN BBIOOP MEXKIY
BapHaHTaMH MOXET OBITh OCYIIECTBIICH MOCIIE TIPOBE/Ie-
HUSI PacYeTOB HCTIAPSIEMOCTH CHKIKEHHOW (ha3bl U M3Me-
HEHHUS B CBSI3M C 3TUM HM30BITOYHOTO JABJICHUS BHYTPH
TaHKa B TEYEHHE pelica ¢ yueToM 0TOOpa TOILIBA.
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