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Primary ice (first to form):

Pl Calm surface: low rate of cooling; ¢ axis preferred vertical; crystal size large to extra large;
crystal boundaries of irregular shape

P2 Calm surface; high rate of cooling; c-axis orientation random to preferred vertical super-
imposed on random; crystal size medium to extra large; crystal shape tabular to
needlelike

P3 Agitated surface, ice cover initiated from frazil; c-axis orientation random; crystal size
small to medium; crystal shape equiaxed and tabuiar

P4 Ice cover initisted by snow; c-axis orientation random; crystal size small to medium;
crystal shape equiaxed

Secondary ice (develops from primary ice):
S1 Columnar-grained; c-axis orientation preferred vertical; crystal size usually large to extra
large, increases with depth; grain cross section of irregular shape
§2 Columnar-grained; c-axis orientation tends to be preferred horizontal, grain size small to
extra large, increases with depth; grain cross section of regular shape
S3 Columnar-grained; ¢-axis orientation preferred horizontal and aligned
S4 Congeaied frazil slush; c-axis orientation random; grain size small to medium, shape equi-
axed and tabular; formed from frazil deposited beneath ice cover
S5 Drained frazil stush; grain size small to medium, shape angular; density low, formed from
frazil that has drained and subsequently frozen
Superimposed ice:
Tl Snow ice; c-axis orientation random; grain size small to medium; grains equiaxed; density
usually 830 to 900 kg/m*
T2 Drained snow ice; c-axis orientation random; grain size small 10 medium; grains equiaxed;
density about 600 kg/m?
T3 Surface ice; layers of columnar ice that have formed on top of primary ice

Agglomerate ice:
R Inclusion of ice of various types due to mechanical processes; c-axis orientation random
to preferred orientation; grain size small to extra large; grain shape columnar to equi-
axed to tsbular; can be associated with rafting or ridging

Grain size Grain diameter, mm
Small <

Medium 1-5

Large 5-20

Extra large >20
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#£3.1.3 AkEE(3)

Development Concentration Floe Size ArTangessnt
New ice Compact {10/10) Giant (> 10 km) Ice field

frazil ice _ Jarge (> 20 km)

gtease ice Consolidated E;GS"' Vast (2-10 k) medium (15-20 km

slush zen togethe Big (500-2000 m) small (10-15 km)

shuga Very close (9-10/10) 4y (100-200 w) Ice patch (< 10 km)
Nlas Close (7-8/10)

dark (0-5 cm)
light (5-10 cm)
rind (to 5 cm)

Petcake ice
Yaung ice
grey (10-15 cm)
grey-white
(15-30 cm)

Firet-year ice
thin (30-70 cm)

mediuvm (70-120 cm)
thick (> 120 cm)

0ld ice
second-year
multiyear

Open (4-6/10)
Very open (1-3/10)
Open water (< 1/10}

Ice free (no ice)

Small {20-100 m)
Ice cake (2-20 m)

Small ice cake
(<2 a)

(Brash ice is
accumulation of
small ice cakes)

Belt (width
1-100 km}

Tongue (lenmgth to
several im)

Strip (width 1 ka
or leas)
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12 BmAKBBE(2)

Ice Terminology

Ice terminology used in this paper is given below. Definitions marked with an asterisk either eare
not included in or are modified significantly from the definitions given in WMQ Sea-ice Nomencleture:

Terminology, Codes and Illustrated Glossary, WMO/OMM/BMC no. 259, 147p., published in 1970 by the World

Meteorological COrganization. Underlined terms are defined elsewhere in the list.

ANCHOR ICE
Submerged ice attached or anchored to the bettom, irrespective of the nature of its formation.

BELT
A large feature of pack ice arrangement, longer than it is wide, and from 1 to 100 k= in width

(ef. strip).

BESET
Situation of a vessel surrcunded by ice and unable to move.

BRASH ICE
Accumulation of floating ice made up of fragments not more than 2 m across (asmall jee cakes), the

wreckage of other forms of ice.

BREAK UP*
A general expression applied to the formation of & large number of fractures through a compact ice .
cover, follcowed by a rapid diverging motion of the separate fragments.

BUCKLING*
The flexure of a flosting ice sheet into a series of open folds ms the result of the elastic insta-
bility of the sheet under lateral pressure. Buckling is usually observed only in thin ice,

BUMMOCK*
The underside of a hummock that projects down below the lower surface of the surrommding ice (compa-

rable to a ridge keel).

CANDLING*
The separation of the elongate ice crystals in fresh and brackish-water ice intc imdividual crystals
{candles! as the result of differential melting along grain boundaries caused by tbhe absorption of
solar radiation. . -

COMPACTING
Pieces of floating ice are said to de compacting when they are subjected to a converging mction which
increases ice concentration and compactness and/or produces stresses which may resait in ice defor-
mation.

COMPACTNESS*
The ratic of the area of the sea surface actually covered by ice to the total area of the sea surface
under consideration. Therefore a compactness of O correspends to ice free and a compactneses of 1, to
compact pack ice (cf. concentration).

CONCENTRATION .
The ratic, Iin tenths, of the sea surface actually covered by ice to the total area of sea surface,
both ice covered and ice free at & apecific locaticn or over a defined area (cf. igce cover). May

be expressed in the following terms:

Compact pack ice -- concentration 10/10, no water visible.

Consclidated pack ice -- concentration 10/10, floes frozen together.

Very close pack ice —— concentration 9/10 to lese than 10/10,

Close pack ice -- concentration 7/10 to 8/10, floes mostly in contact.

Open pack ice -— concentration L/10 to 6/10, many leads and pelynyas, floes generally not in con-
tact.

Very open pack ice -- concentration 1/10 to 3/10.

CONVERGENCE#* . - '
Used to describe the condition when div v, is negative (cf. divergenceL

CONVERGING*
Ice fields and floes are said to be converging when they are subjected to a convergent motion that

increases the concentration and compactness of the ice or increases the stresses im the ice.




CORE* {of a ridge or hummeck}
The centrsl porticn of a ridge or hummock, usually below waterline, that because of pressure or the
drainage and refreezing of low salinity melt water, has become frozen together into a strong, mas-
sive plece of ice.

CRACK
Any fracture which has not yet parted.

DEFORMED ICE
A general term for ice which has been squeezed together and in places forced upward (and downward).

Forms of deformation include rafting, ridging, and hummocking.

DIVERGENCE* duy 3y .
Formally defined as div vy = ¥y~ + 5;1 where vy 18 the ice drift velocity. The divergence can be
considered as the change in ares per unit area at a given point. The word is also used to indicate a
generally diverging motion in the ice.

DIVERGIRG
Ice fields or floes are said to be diverging when they are subjected to a divergent or dispersive
motion, thus reducing the ice compactness and concentratjon, or relieving stresses in the ice (cf.

converging).

DRAFTW™
The distance, measured normal to the sea surface, between the lower surface of the ice and the water

level.

FAST ICE*
Sea ice of any origin which remaina fast (attached with little horizontal motion) along a coast or

to some other fixed object.

FINGER RAFTING
Type of rafting whereby interlocking thrusts are formed, each floe thrusting "fingers" alternately

over and under the other. Common in nilas and grey ice.

FIRST-YEAR ICE
Sea ice of not more than one winter's growth, developing from young ice; with a thickness of 30 cm
to 3 m. May be subdiveded into thin first-year ice/white ice {30-70 cm), medium first-year ice
{70-120 em) and thick first-year ice (over 120 cm).

FLAW
A narrov separation zone between pack ice and fast ice, where the pieces of ice are in a chaotie
state, that forms when pack ice shears under the effect of a strong wind or current along the fast

ice boundary.

FLAW LEAD
A lead between pack ice and fast ice.

FLOE
Any relatively flat piece of sea ice 20 m or more across (cf. ice cake). Floes are subdivided
according to horizontal extent:

Giant floe =-- more than 10 km across.
Vast floe -- 2-10 km across.

Big floe —— 500-2000 m mcross.
Medium floe —-- 100=500 m across.
Small floe ~- 20-100 m across.

FLOEBERG
A massive plece of sea ice composed of a hummock, group of hummocks, or a rubble field, frozen
together and separated from any surrounding ice. It may have a freebcard of up to 5 m.

FLOODED ICE
Sea ice which has been flooded by melt water or river water and is heavily loaded with water and

vet anow.

FRACTURE .
Any break or rupture through very close, compact, or consolidated pack ice {see concentration), fast
ice, or a single floe resulting from deformation processes {cf. lead). Fractures may contain brash
ice and be covered with nilas or young ice. The length may be a few meters or many kilometers,

— 29—




FRACTURE ZONE
An area vhich has a great many fractures.

FRACTURING*
Process vhereby the ice ias permanently deformed and rupture occurs.

FRAZIL ICE
Fine spicules or plates of ice, suspended in water.

FREEBOARD*
The distance, measured normal to the sea surface, betveen the upper surface of the ice and the water

level.

FROST SMOKE
Foglike clouds due to the contact of cold air with relatively warm water. Frost smoke can appear
over openings in the ice or leeward of the ice edge and may persist while ice is forming.

GREASE ICE
A stage of freezing, later than that of frazil ice, in which the crystals have coagalated to form a
aoupy layer on the surface. Grease ice reflects little light, giving the sea a m=tte appearance,

GREY ICE .
Young ice, 10-15 cm thick. Less elastie than nilas, it breaks on swell. Usually rafts under pres—
sure. —_—

GREY-WRITE ICE
Young ice, 15-30 em thick. Under pressure, it is more likely to ridge than to raft.

GROUNDED ICE®*
Floating ice (e.g., ridge, hummock, ice island} which is aground {stranded) in shoal water.

HUMMOCK
A hillock of broken ice which has been forced upward by pressure. May be fresh or weathered. The
submerged volume of ice under the hummock, forced downward by pressure, is called & bummock.

HUMMOCK FIELD#*
An area of sea ice that essentially has all been deformed intc & series of hummocks (cf. pybble
field).

HUMMOCKING
Process vhereby sea ice is forced into hummocks.

ICEBERG
A massive plece of ice of greatly varying shape with a freeboard of more than 5 m, which has broken
awvey from a glacier and may be afloat or aground.

ICE BOUNDARY
The demarcation at any time between fast jce and pack ice or betveen areas of pack ice of different
concentration {cf. ice edge).

ICE CAXE
Any relatively flat piece of sea ice less than 20 m across {cf. floe), If less tham 2 m acroes, it
1s & small ice cake.

ICE COVER
The ratio of an area of ice of any concentration to the total ares of sea surface within some large
geographic locale; this locale may be global, hemispheric, or prescribed by a specific oceanographic
entity, such as Baffin Bay or Barents Sea.

ICE EDGE
The demarcation at any given time between the open sea and sea ice of any kind, whether fast or

drifting.

ICE FIELD
Ares of pack ice greater than 10 km across (cf. ice patch}, coneisting of floes of any size. Sub-
divided as follows:

Large ice field -- more than 20 km across,

Medlum fice field -- 15-20 km across.
Small ice field -- 10-15 km across.



ICE FREE
No sea ice present. There may, however, be some icebergs present (see also open wvater).

ICE ISLAND
A large piece of floating ice with a freebecard of approximately S m, which has broken away from
arctic jce ghelf. Ice islands usually have & thickness of 30-5C m, an area of from a few thous
aquare meters to several hundred square kilometers, a regularly undulating upper surface.

ICE LIMIT
Climatological term referring to the extreme minimum or extreme maximum extent of the ice edge
any given month or period, based on observations over a number of years.

ICE MASSIF
A concentration of sea ice (jce field) covering hundreds of square kilometers and found in the

region every summer.

ICE PATCH
An area of pack ice less than 1C km across (ef. ice field).

ICE RIND
A brittle shiny crust of ice formed on a quiet surface by direct freezing or from grease ice, u

ally in water of low salinity. Thickness to about 5 cm. Easily broken by wind or swell, commo:
breaking in rectangular pieces {ef. nilas).

ICE SHEET*
A general expression for a laterally continuous, reiatively undeformed piece of sea jce with la

dimengions of 10 m or larger.

ICE SHELF
A floating ice sheet of considerable thickness, showing 2 to 50 m or more above sea level, attac
to the coast. Usually of great horizontal extent and with a level or gently undulating surface.
Nourished by annual snow accumulation and often by the seaward extensicn of land glaciers. Pari

it may be aground. The seawvard edge is called an ice front.

KEEL#*
The underside of a ridge that projects downward below the lower surface of the surrounding sea !

LEAD* )
Any fracture or passage through sea ice that is generally too wide to Jump across. A lead may <

tain open water (open lead) or be ice-covered (frozen lead).

LEVEL ICE
Sea ice which has been unaffected by deformation.

MELT HUMMOCK*
A round hillock-shaped raised portion of the surface of the ice cover that is caused by differer

ablation during the summer melt pericd.

MELT POND®
An mccumulation of meltwater on the surface of sea ice that, because cof appreciable melting of t
lce surface, exceeds 20 cm in depth, is embedded in the ice (has distinct banks of ice), and may

reach several tens of meters in diameter (cf. Euddles).

MULTIYEAR ICE
01d ice 3 m or more thick, which has survived at least two summers' melt, The hummocks are even
smoother than in second-year ice, and the ice is almost salt-free. The color, where bare, is usu
ally blue. The melt pattern consists of large interconnecting irregular puddles and melt ponds
a well-developed drainage system. )

NEW ICE
A general term for recently formed ice, which includes frazil jge, &rsase ice. slugh, and ghugs.
These types of ice are composed of ice erystals which are only weakly frozen together {if at all)
and have a definite form only while they are afloat.

NILAS
A thin elastic crust of ice up to 10 cm thick, with & matte surface. Bends eagsily under pressure,
thrusting in a pattern of interlocking "fingers" (finger rafting). Dark nilas, up to 5 em thick |
very dark In color; light nilas, 5-10 cm thick, is rather lighter in color {cf. jce rind).



NIF
Jee is said to nip when it presses forcibly against a ship. A vessel s0 caught, although undamaged,

ig said to have been nipped.

OLD ICE
Sea ice which has survived at least one summer's melt. Most topographic features are smcother than

on first-year ice. May be subdivided into gsecond-year ice and multiyear ice.

OPEN WATER
A large area cof freely mavigable water in which sea ice is present in less than 1/10 concentration

(see also ice free).

PACK ICE
Any accumulation of sea ice, other than fast ice, no matter what form it takes or how it is disposed

(see alsc concentration.)

PANCAKE ICE
Predominantly circular pieces of ice from 30 cm to 3 m in diameter, and up to about 10 em in thick-
ness, with raised rims due to the pieces striking against cne another. It may be formed on a slight
avell from grease ice, shuga or slush, or as a result of the breeking up of ice yind, nilas, or,
under severe conditions of awell or waves, grey ice. It also sometimes forms at some depth, at an
interface between water bodies of different physical characteristics, and floats to the surface. It
may rapldly cover wide areas of water.

POLYNYA
Any nonlinearly shaped opening enclosed in ijce. Polynyas may contain bresh jge or be covered with
new ice, nilas, or young ice. If it is limited on one side by the coast, it is called shore polynya;
1T it is limited by fast ice, it is called a flaw pelynya. If it is found in the same place every
year, it is called a recurring polynya.

FRESSURE RIDGE
A general expression for any elongated {in plan view) ridgelike accumulation of broken ice caused by

ice deformation (¢f. P-ridge, S-ridge).

P-RIDGE*
A line or wall of broken ice that is formed when two adjacent floes move toward each other in a
direction that i{s in general normal to the trace of the boundary between them., The surface expres-
sion of a P-ridge is commonly sinuous in plan view.

PUDDLE#*
An accumulation of meltwater on the surface of sea ice. Puddles are usually only a few metera across
and less than 20 cm deep. As puddles deepen as melting progresses; they become melt ponds.

RAFTING*
Process whereby one piece of ice overrides another; most obvious in new and young ice {cf. finger
rafting) but common in ice of all thicknesses.

RIDGE
A line or wall of broken ice forced up by pressure. May be fresh or weathered.

RIDGING
The process whereby ice is deformed into ridges.

ROTTEN ICE
Sea ice which has become honeycombed and which is in an advanced state of disintegretion.

RUBBLE FIELD*
An ares of sea ice that has essentially all been deformed. Unlike hummock field, does not imply any

specific form of the upper or lower surface of the deformed ice.

SAIL*
The upper portion of a ridge that projects above the upper surface of the surrounding sea ice.

SASTRUGI
Sharp, irregular, parallel ridges formed on a snow surface by wind erosion and deposition. On mobile
floating ice, the ridges are parallel to the direction of the preveiling wind at the time they were
formed.

SECOND-YEAR ICE

014 {ce which hes survived only one summer's melt. Because it is thicker and less dense than first-
Year ice, 1t stands higher In the water. In contrast to multivear ice, second-year ice during the



summer melt shows a regular pattern of numerous small puddles. Bare patches and puddles are usually
greenish blue. =

SREARING
An ares of pack ice that is subject to shear when the ice motion varies significantly in the direc-
tion normal to the motion, subjecting the ice to rotatory forces. These forces may result in pheno-
mens similar to a flaw.

S5-RIDGE*
A line or wall of broken ice that is formed when adjacent fioes move parallel to the boundary that
separates them. S-ridges commonly are quite straight in plan view. The sail of a S-ridge also usu-
ally hes one vertical or near vertical side.

SHEAR ZONE
An area in vhich a large amcunt of shearing deformation has been concentrated.

SHORE LAND
A lead between pack ice and the shore or between pack ice and an ice shelf or a glacier.

SHUGA
An sccumulation of spongy white ice lumps a few centimeters across, formed from grease ice or slush
and sometimes from anchor ice rising to the surface.

SLIUSH
Snow which is saturated and mixed with water on land or ice surfaces, or forms as & viscous mass
floating in water after a heavy snowfall.

SNOW ICE*
The equigranular ice that is produced when slush freezes completely.

STRIP
Long narrov ares of pack ice, about 1 ¥m or less in width, usually composed of small fragments
detached from the main mass of jce and run together under the influence of wind, swell, or current
{ef. belt).

THAW HOLE*
Vertical hole in sea ice formed when a melt pond melts through to the underlying water.

WEATHERING
Processes of ablation and accumulation which gradually eliminate irregularities in an ice surface.

YOUNRG ICE*
Ice in the transition stage between nilas and first-year jce, 10 to 30 em ir thickness. May be sub-
divided into grey ice and grey-white ice. The expression young ice is also commonly used in a more
general wvay to indicate the complete range of ice thickness between O and 30 cm {as in "the formation
and growth of young ice™}. Usually these differences in meaning are clear from the context of the
discussion.
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chic+nd, FAECRARTOLEBENOMBRROBITR, B2RTHRCH - T bh b,

#2 R %T'#@:Eﬁﬂ%ﬂ@ﬁiﬁﬁﬂt@ﬂﬁﬁ?&\ RBHIFEM, & Sz b rBEbiiainT 54
B2 B OMETHE

div V=20 divV >0 div V=div, V divV >0 divvVv=20
A V-0 m-1 | 1 —1 I m—W
e 45 45—80 90 ¥ 90 45-90 45
[ 9, | 45 0—45 ¥ 045 45
div V<0 div V=4divg V div V<0 divV=10
& N | | [—W v N -1
|4, ] |45-90] 90 ¥ 90 |45—90 45
[ #, | | 0_45 x 0—45 15

X P, OECHSBENRENEN,
ToB T2, Tabb

Imax = ’e, - é2
RELe, . e, — ThEREMSe;. €, D5 LOBRKLERIOMY (& > &, RO max >0T
LT LRHATE L, )
Fmax AEO QR T bR EE

A Mmaxid, BAHEEREy & EOTEPHICSAEM ( colillzththy s £ TRbT) CH

5t s, COMAMTEE PROBCHIET 22 LEARNTHE, T2
qDé:' EJ: q’v,f T 457

zoL ok, Fayg+éBotRy S0k HHATE |,

Mften, EDEBE, mH. Bler, fO¥BEAKT S5, Bl max & ?. ¢ i3 3EE I AT iE -
TRBEMT 5, B M maxid, TEELWEBHBSTICRIEE -0 o0 KMHE ( #lad, M il
Tmax=189%,186x 10" s™ 2tHn32 ) ¢REIRSA-D 208 ME( Imax=1154112
x 107 s') Lx 0, BN bR AL RN, FhENdiv V=0 & div Vidivgy VO L & D
T4 PCHC, %Ay TRHMBREICE > c BB Mmax BEF—TH5, B4, 7 & ARENE T
L ABKIEGEFELEZNMMmax DB DT ot R RRODCETEE LT, KitESFHTHDE
R —O#2 T @AM T2 |, Bl maxd BWETH 5, I max OFEHR—TETHEC ik, P B
HEBAORXOTN (ZhE rmax THRDT ) EBIEEET 2L 2BHRT 200 THEYL, 50D
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i, #y, (OMREHEI TR Tmax AR AXFLVWABAOLOE LD, COFABCEY LA/RKEAET
BORME Ft 516 ThD, MBS TICL>THIbNA—EE 42 ML ICERDEA HEAME
BT o hmy, §2lix, y ToDLZ LEUATS 2,

HHEM: & S WL > T BB TN MK OAEMOBH EBBL S > THROC & R LT ¢

FEDE— A PP ZROMYERLETOARLR EUET 25, CARFGDE — 4 » F T
SENFNDOSETREYLHHI 2 b L, FONFSARLZIHEG A0t boHsL, cOL T,
BEKAL & ERIL DR # TR IR SR T v, COBE, AP ECHADL EREUNOR L — £ » |
RER—M5O, ERGEBNKE 2T O208EE, Th EAdRUFEO, TR I 2 o0 8]
EBGMEINL Y, TOBE. AEOKMHI FORLKENTRATE Y, —F, MBEOHERTOKR
bo BEOFHARNOMBL AP HE ETHAC%ET 5, ChALHEREO T EEFC TOEROEI T
ZATHBEEZTT 5, A, divV=0DELEDET— £ bt KT SEAALEEHILOBE A G, A
LARBREAE K2 by divV=div, VDL EDE— 4 v T8 LEMEEHO TR L+ ¢ T OfEX
ﬁ@%éﬂ\ﬁkﬁmﬁféodWV:‘dw0V®&é®%—}thbmfﬁﬁ@§mﬁﬂméhagf
THLEKICBEEOTE L T TR AKIE DR S E AR E T 4,

BKALD R DA TR~ B O 7 o+ 230k 2B DML, 207 0 & 2l Fifo 4 i
T LS, FNFHLONBTEIBR L S, BEYLEHEMNTEL VOIS 2, CODERED T4 KD
hTblLh s, div V>0 iddiv V< 0D OEBHEN OO TH 90° Th s, WEHE
ﬁ%TTﬂH%nkﬁwﬂ%gxyrtDHKEﬁ@mﬁmﬁmK\ﬁu%Lmﬁﬁﬁmﬁjag%ﬁif
b CORH, HBABHEOHHTFTOROHFBLIED By, FHLEAIICHR S Lt 8 Hbh
BB ASEBRCHERT 2,

IKOBRBEEROEEHEN I L el 92 40T H D, CNLHESHEREM: & S A Th (, Fhn
EDIH) AT IR I S 4, SENBYHECIAO LD TS 5,

FRBIE I L o TH| s e S A KD

BIFC BT Ao MG BN Th L, NI COIEMRIE S & Mz HHEM: . S N2

Kiv Ov e @14 22 L 103 B, HERMBEEBIROBISN Db D & R Gallicsr O RIGIRIR I C Tt %
Vi OB, BHEE, —ROBHHE I BEKOMBIC L > THNINE, T b LA, HEE
FEE, FEE B, CHETH S, FEMEEM, . St N2 A HEWICHE 00 o ki & LTH
bbb, ILHERTENMCCONAbORMHE L VBB THL, FlE LT, M & S 2% 28588 bh
BN L > CH AR ShARMKOER LA L THL 9, OB &M + S TR, fkx 88
x4 oD LKTE S,

- 2 - - N
CX. Y T M6 BCe + ypcos (ot —(bte)—g.. »

div V= 2 BCdiv, Vecos [0t —(b+c)—m)

Mz,52
Q=LEiZBCQOQOS (ot —{bte)—u) > @
I'= 2 BClocos (ot—{bte)—I")

M2 S;
Q= X BClocos [(0t—{b+ec )—x) J

M., 5>

LB, C, b, ¢ — HMOAKILM TEHKIE ),
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BN iz, M. DEECE s TAROCEFNTER T L, R1ALDEM: &S GRREGHD
BREL-T, Bfe, , . divV.... HESSOLHATSLWE (150 ) oM, thEhEyx
BRI 1 0T LT HEEL H2E— A P LCEFTAEEEM: +S, KIET288e, . 2, €1, 2 .
Tmax. & |2 EHBEEIHI0 COBE, HHE— 42 tOBEORELELTY ) = » 7 FFHTO
v ( syzygy ) POREMFELN/A (C=0 )  ABE (Parallax inequalities)( N ¥ )2 ER
Ah$(C=1), EBLLHOEHBE(B=1, b=0 ) LN KOIIEBEWEHBEO AL, FKZ
NOHHUBEEL RS TH DY 0 MROIMTHIMKTH 50 TOH 2D, Ml Tyars. =
(TM: +T8, )% &5, 2 TAEYMPK R (&RE ) LOEBELT 2B TH 5,

P divVEQDOBIKLE o Toeh6#HEELERDLEZER L LI B3N, BHdiv VEQORIE
Hn=5{PHEQ )DL 2R AMBIC, 372 n=200 Lt AR E/ i ETAZ LD b TDLHIC,
ROBRK (B ) EREBR () E&ER, MR (ER ) (quadratore )Tl T2.5BETERD
P, chidthoOem (age ) Thbde BEBOHBRICE T 2HYLBYHOFHFIZ~3IHTES
LTAT 255N, 25 ADHGROHAD T — 2IC—KT 5, PHEABERHTERLIN, HDFH
CEDF—4DBAn =006 E3INLMHdiv VEQOMRIRLR, o OHIETC R THNT 20

3. FEM: +S; OEATERORALLEHn KHETHWEMHAIvVY & QORSE
THELIAORIB(X10% s ) (T ) LTOH (1)

# H 44 n
1] ¥
1 5 10 15 20 25 30
divV 183 200 173 106 64 115 179
3.0 4.0 5.3 71 108 1.2 29
—187 —200 —168 —113 —62 —123 —183
9.1 10.1 115 0.9 4.4 7.3 9.0
0 37 iﬂ 34 20 10 13 36
.0 6.0 73 89 3 33 4.8
—375 —40 —35 —21 —10 —44 —37
11.1 120 1.1 2.7 6.5 95 11.0

F RN TRD AN, XA nF - AORASSEHEINR TWa,

Tipoid, BBdivVEQOo, BETAELAOREABAETICETLLERIC, FL(RAWT L
DR be TR LT, BM: +5: ODIEEOTHERTIRTERX | ANp | #1 ANc | b &
BHEEL Thndo BEFEBCINE, n=580Ln=20% TOMMICIZ | ANp I > ANc 2, $4
n=2076n=30En -5 COMMICIZ|I ANp | <! ANc | THALZEHHLLTHLY, Z0H
. n=5&n=200LACHANPD+INCcTH b, AL PHOPRIKFWITZ OHSFRAITE
5(R4)o NP LROIITKERTDLLEDTEDS, TADLHNI IO EEDHFEHEEKPLENTI,
T | ANp | <| ANc |CBET LN ERIERICEX (Y ) £E: TOBMK, Bokik &3k
€, B &, BHETTRHBINLKOCERIELH# L, ¢ DHHOMKBMNITRFL, KOBEE
WHEANp > ANC TSR ELB2WER (=5 )EEHLLER (=20 ) ERCELHMCE
FAFN L b4 RBCALILREPATS L,
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F4 HEM: +S: O1 HEOTHHERKCHFITHURTRERX(X10 * N)OR%
HF¥AOBEHKILA Np & #KI{L A Ne

3§ H # n
KO TR
1 5 10 15 20 25 30
ANp —258 —281 —244 —-151 —91 —164 —252
ANc 263 281 237 141 91 174 258
ANp+ ANc 5 0 -7 =10 0 10 6

FToHdhbiE, BMH M max & ey B, BBEOLEHRLZUBTIERE LD B0 b, TR BN LM
HiZn=SOLEREX, n=200L 2R ITHD, ThLOMAARE n OEIC o TEILT Do &
M: +8: Q1 FEECHEATH R _-o0EMY &L 58M e, 1, 25 nfiO0TCHIbKEZFOET
EhBLECEREBLL 90 UL, ChOBEOHERTEWLCRA EEDL e T> TRANAFITH,
Bfle, Dl d%niFERE, Bifle, ORHEOHECHAN="DE{ L=Z20R)HHLONDLn =20
E210LERBOLR, TN SCIRBALE—DOAE BBIET 5,

#5 AR RORZIERnCETHEM max & e, DREfEE (X105 s 1)
(AT )&+ ofih (Sa)

e 5] #H n
] ¥

1 5 10 15 20 25 390
Mmax 137 143 215 101 141 106 -
2.6 3.9 25 1.5 1.0 0.5 -
228 238 128 164 86 178 135
5.6 6.9 5.5 4.5 4.2 3.6 23
138 143 211 98 142 109 225
8.6 10 86 7.5 7.3 6.7 5.5
231 238 125 160 87 183 137
119 0.9 11.9 109 105 9.9 85
e, 170 176 156 114 —79 95 168
4.0 5.0 4.3 6.0 23 10 3.9
—-170 —-175 —153 —109 —74 —100 —-170
10.2 11.2 10.5 121 4.0 7.3 10.0

—83

6.2

78

8.6

75

10.2

87

125

F O GHaFHoRBRETELSR, A0 F - 2OREALLEHBEINR TR,
AN DR S L ERRC, B max KIS HECHBACT>OBEXS Y, cho 2HEEIETH D0
L OBEORERNBEE, FOLMEED 2L BA T T, AFEBECILKETEIKCH DHA ERL

—133—



wma Tl EAT S Jo
F6, THbIL, MMMy ERAGMITAL D ICHAET 2 500 b BHdIiv V>0RIZdiv V<
0 €At —b Typuer) THBBMRIC, T OMEBO 0 ° EHERLTENET 5o div V=003
DE—F 7 bCETLE—afOFTRAEA Y BENCHIHERCENDT, cho#fdE— tE/MT T
LHAT2D (R6TH, ThoadEEN, EX O (BRBT LT LA USETr ) £R, R—ExBoR L
Yo MR EAOM TIRINCHEMIBALEDL RV TEHLn=10LA0 =249 260 =15
OEE0y, =257°, B, n=30DEA0¢, =249° % T,
%6 MHARAOBRALEARn CHTLHMBdIv VOBE & +OMHEK
divVOEE, 72 oMidiv VO LEOZE L BBEKCHHNCERT 5
div V(s ™ x10%) L EDMAHLT B e, ,, (s X10%), 9,

div V=0 @, &#HE N
"l i v divev | B © Gz (%) o o B
1 _ — — — —_ _
+0— 6.0 —113 113 249 m—u
5 -0+ 0.9 118 —118 251 N—1I
+0- 7.2 —117 117 251 mn—W
10 -0+ 23 107 —107 253 NV —1
+0— 8.5 —105 105 253 I—W
15 -0+ 4.3 80 — 80 257 VI
+0 - 102 - 77 77 257 mn—r
20 +0— 11 - 70 70 251 I—n
-0+ 75 70 - 70 251 v —m
25 +0-— 4.2 — 85 85 246 m-—="n
-0+ 104 B8 — 88 246 NV —1
30 — — — - — —
+0 - 5.9 —112 112 249 m—n
1 183 3.0 163 20 197 |
—186 9.1 —165 - 21 197 I
5 200 4.0 172 28 205 1
—-200 101 —-171 — 29 205 [
10 173 5.3 152 21 214 [
~168 115 —148 - 20 214
15 106 7.1 106 1 219 [
—-113 0.9 —111 - 2 221 1
20 — 62 44 — 74 12 202 N
64 108 77 — 13 198 it
25 115 1.2 116 - 1 198 i
-119 73 —-121 2 192 v
30 179 29 160 19 196 ]
—~183 9.0 —163 — 20 196 I
# 1L THEABROBRBECTRDEIN, ¥AF~20RAPLFHEEIA Thi,

2. BEI+0—J(l—0+ 1) 2divV=00EOAER+ (—)ho— (+)CEDLL
EEBET 5o
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divv>0Rizdivv<oos s EHEROURAKOBEFTEET D, T2 =1,
5,10, 253002k N~—~»0, 0, O—1, t, =0, 0, I—=N, NV, N—>0,6 I. 0—N,
N, Volloe —RLTHHZ Lok, (4AATFEROM, ZEEMAEAEA N0 S LIKITEONRE SH 5 C
LHTE, n=200,2RATCREMBENI-N, V, V=1, U0, I-Ni2hH2, ¢ OBREOME
e, & e, OHINL, PHAKOTUETZ2ENLLOBMEERTHL, COCEW, Mile, BOTHLE
NWEEEBEWT L | HEOMENTD le, i3, divV=00LaDe—Ar P HFEWTHITHD,
FT THANSKLORELZEDuilHT5ME e, OFEA, +2bbH e,p . CH
SOMAEBRMBCERORERTH MM e, . divV, ¢ i & TN

Mo fr i
e div V, 1 A
S PO o (s~ x10%) (;) o ﬁ,ﬁ
1 171 4.0 —-12 159 179 ]
—~173 10.2 12 —161 179 v
5 176 5.0 I 177 184 I
—-175 1 1.2 0 —175 184 I
1o 156 4.3 - 9 147 233 m
—153 105 9 —144 233 N
15 114 6.0 —24 990 238 il
—1169 —0.2 22 - g7 237 v
20 79 0.3 —57 22 168 ]
- 79 2.3 44 — 35 237 i}
- 74 4.0 13 — 61 210 N
—~ 83 6.2 45 - 38 172 ¥
79 8.6 —46 33 239 [
75 102 —14 61 213 m
& 7 123 —45 42 172
25 126 2.3 —340 ] 174
—132 8.5 28 — 104 174 W
30 168 3.9 —13 155 179 ]
—170 100 12 —158 179 v

F AR E RO INTE I, FET—FORELLHEI N TN b,
divV=1dive, VOLEAOHWMICIKE RS, ! e | DRAHESFORAMAD 2 FE ML RN &4
HFHAND (ReHLOD Ce bRTHLD ey OFLE~nlOFTTHET S o lor | DEAMAEEKX
HOMOBAOEREGEHFICED N, TORIOFTERLEHBCRB LA TnI, 2O I, &
Fe, QML TMELET, 52HBALIN—DEE b, +OMBER, divV=0DsrranicEgdb
50

Bife, (M e | EBEoTdivV=00LEREKRTHD, divV=1div, VOEzDe—
AV R BIET 0 KLl B o

KO JERMER W ER - OMENSy T L HRT 2 FAL L 90 ABHMNEEM, +5, OiEH
divV, Q. ', Qo2BELTERAENT 00 KOERMByEHO o, B LByRo-thic
EET 3o KOWHEBK & 5> TRUHTSERLEGLOMERERDVZN LHHATS b IHNER
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wmE, divV>oXiZdiy V(O@&é@iﬂfﬁﬁ%'lhz‘i‘sz DO 90° K TE&ET b, HREBR
STt THWICHE SNk T — 4 7 b1 PITEED B FS 2R L BERES 54, CO%
&, FRLOBRMHEILTWE WL [T e TOR, HM: +S. O 1 HEOHBANTRRANp L
A Ne DRIHAEL, MHZHEOEEO L SKHE--TH AV CARHIGL TN 1 OBERIIIERMBEM, +
5, ORHOTCROIEMmAEL B &b, COT Eid, RO & {, BIBEORB IHEIN 2,
FIANp-+ A Ncid, FROMOFEELLFERC, EHHELTSCET 5UATHERE D 2006
[ANp |+ 1 4Nci>0 O &2 DERERDLL HHERC ZE L WHEORMNOFITRFE, 4L 8 2KOHHE
OHEFHETANP+FANC<ODE EOMYEEH LEREHCELWHK LT L TN L b LR S,
FEPEMBRE RO B EO LT DN TIRBHBYERD B8 a i T 5.
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Meteoroiogiva i Gidrologia FAR

L

IR TOKA TR L TOEH ( HBE¥EL A, A Kirillov )

A TR AMBMANIR S Te b, 500 — b LOKEHLBELTEL, L dABECE D2
il ot WRELE, EBROB LEX, FTOERZHETITA VWY v ERBY X 248% 0\, v EiL
MBI 213 ( ARECE > TEBNITIER LT 2B IR TR ¢ © & 5 % 2@ Hx o HLp %
L&A,

KEFRORERER, TORFE LB B TER ( Practic ) 0EHK L > T LN 2,

XA~ SIWAMPO FHEVKTTFERLEOED 1 AR I N Tvb, - OFBI THALEESE - A%
BIABC» wTFHEN L hEHO— BN TR IR IND,

3 A LD TH MBI O BRAADME TR SRR I h a2, 2K 1 Bo 40 L B% b, d@oBEn
e, Pl AR TOMETEKROBRE, MO KM ETE2HBRO REE EKO H RERERE,
KEROER LGB, kGO & ETOEBOTEKBOKBFOREDCT & 2 4 0O S IBRBOE~ 0
T 3\ IS 3 5 Frokin 3538 (P 3EBR 0 10 & SE 080 0 B8 TR DB IR 4GRS A B + &+ h Fh oS K E
HFTINTErNLZ LT B,

SARIT-ATUMOFEFELL ., FOAELZRD OFMLITLBEIEL TS5, 6. 7T BOMoiThtbi s,

AR OMEHTFAR 8 K5 ~1 0 BIRIE N, Chit i ABOKG B & A0, —SF L2 a0um
BREAL KA BaOMT 28R+ 2 BOR S ET B ot NN KM+ 4 7— £, FEXEC 2T 2
BHROK KA T5 PRSP AR05 1 & BhokBRiC & 5 KBS M R4 TR L K+ 2BV E 08 2 1 2,

9 A i M TR AR oM T F BI0 ERE(L & LA TThb N 5, BRI A 2 = BRI T8I & +
OBETHTRE, TARK LTV 2, TRPMARCONTITS FRIZERL b, 6~7 2 AL BL
CERFEDWTEE2 ~4 5 ALETSF N E RER AR Tha,

120t OBBANC HE N 8 IR THR, FTALARI S W E R, O i b~ TR E L i
BLRHI - T Lo THEBEIH, FALAGHZBNFSEEHEOTR L HBICHA I Th b,

KEFHNA v M, oM 775778, Ev~UTH, F23 1 BET 5 N1 rBOARBIEGR
Tnd, BE 5 FOMICIRBEBARAE., BEUTRONRESS 575 Fade, 7«5 FlELE 5 —
v =M £ TR L A,

BIBMORBFHET > K034 E B >TWAD T, KIFAIL RFB T 20 6 D hcSE 2—F
Th bo HAFPRICHIBH BHAEHRO T BROGE, FR 27795 HS OKR TR FBATFHIA T
\Wwh,

YEROWERBEEOC L s KR FUOEB L~ — ¥ — O, B b Tl % EFF O EEG <82 - 1
ERIHL T b, 8~ B RS ER T 28 T ORI TR 2 0BG e & 2 80 OB+ ki i
ThTtnd,

KT G 2 — (BT 5 C & DAL, e EBCEEI vL458E LT TAIYR 2 308% b+
b= o FTENO WS FFR & AR O TTRLEART P ORI D AM ORI L RUME OB EESNI ¢ 5
FEAFE LI TNWE,

oo EOHTIEIEG AR - BRSO TEIE L, ERNOUEBO MR AKERET oW TE
BEEECOMBKIE LT B,

BRI TR s TEA MO SH T, FOEBE V. Yu. Vized N, N. Zubov @#EHEC L T
1930 ~4 04K R h 2 40T H 5, Ch SEN B EEOMBHRO ¢ o FIENEOR EA
LOAN S LR L LB B E Y o R,

F O, BROH 70 ¢ 0BT 2— RO BRISER I N, RO T L MBSE A LE( 2 AR
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P AT RAREAR A HAEA T 3k, ChOEWRL, EHE coEDlXRO2M & TR
EELC L - TIREIh A, KRFHFHELCOWTORED v < nid & LILEEE & RIEBOSEY, &
EHHR AR o GER TA A o7 2 & REHL T (M Bhd 5,

B0 B FESEoEE R, KEHMOKOER T o v 2 & RO OB - BT 7 o + 20X B
HOBEEL DL, choE7oexndLORERE ov 2l | IDRORE, ¢ ORR, Eit, EBOoXE
AEmAIh L 2ME, EEs LKk — RIS, X toBtE I ¢ 2FRKCE 2 0 3pKOER. K
BROKFELRANTHOHLOFERE % 5

KEBOBH - BE e tx0HRC L > T, BROKEHCERTRATHE Fetkobo kT2 70
R CEHET L AR L ORH T B T S L HBRDH LT EDT & o VOKEHL TOBROKORBOE
1k & DIEEERGRIC B 2B, KM FAELHERT B0 BREEL 2 5,

SFTF AT o2 OEE. MECEEVE, 2 ALz L TH o, TPEFOEL LI, KoM,
AROBBLE, EATIICLRERTR, N b SEIYERAKRETRE T FBIh T2,

FHRLOHARTHARTFRAEORBL OV IBRCERT L LHTE AV, TOERABALC2HTH—&
CHERT(BETR - 3 JiLRIh TN,

T, BHIOKETH% fER T 5 B8 0, MEHDERE &3 CHER X d B RN s b Tw
By

ERECFHELE W THOAE T LS, PN CNOFEET (M28be s LT L > TRRORRMN
Bohtwa,

e TKAFAONEOREL DWIETHNL LKL LS,

AR ARG THICEE, Hr CTFRIS N ( index ) ORFROFMAs TN TN L, VY EBLR
FFabss LA BERMESHC ft » TR FHl2 M+ 2B a0 FFRE L LT TROEHFECE L AR FHE
E X RFodlenEbiTtn b,

6 7 AU MK FR AL ABESOHBTREY 0L THE, 12w 60 ROoEBGoEalL0.8 0, F
ZhbAX20% il vyt L, 2421 P AROEFCHLACHEESOENIL 06710 TH 5,

DL S HFEEEESETOTFAFEE, FCBEFAEOBRR+2EMCHEA TIOTENT LER
£ > TWn B,

HENBAHEFREErsREIN T HEHAE, T, FESHROKBEEOBINF — 2 KB L TRIERE
BT+ D% ST H A 2 ORI OFEBOOIEEN K S g, BACTHREERSATR2E AL B 5,
D% hFHIE - CARF LT OBEBRFHPIORBAESKNE (LDOERITET R 5,

KIRTFRIE L R EBEA T — 20 BBESTTKETH LB b KR FRLFMT 22 0ICL W BBEEES
HRATAC TR AN,

BEHOKRTRIOXE % FET 2546, FRNROE TSR, TOERAE CoOME s HERN 28R
MG L THROSBIEE Evb6n b, %00

{1} KOBT k35 H KO BIE
(2) KEoH Ak L E
(3) koA
4 koOER & FERKOBR
(5) #i¥e Lo MM ( navigationa! recommendation )
F1C1971 — 19755600 3 B+ 8 AoEFAkiiFllonE 4 53X TR,
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ETHOA L5, 3B S8 AoXETHOL2ER L 2HF DWW TOPHOEREL, SEEICA T
b4/ 5 AERYCHITH80~90FDHMCHD, BrOBEKDHE50~70%2 TET T2, &1
Zols, ABUIHBTETHOKODA{ 8 0% ), kBGBRLAMK 84 %) OTFHOER/BMETL H, T
KOBE L 8 9% ) EHMBLOME (87 %) OrNHBBTE AT L 55 5

AATHREEEOF R 8 AT ) THRALOME ( 8 6% ) 2 HBNEWEREGL. —H, KER LK
OEF (B 1%) sREOREES § > T o

MM T ALBIE AR OTH, HEHE -~V TEL 7 2 RO TR O KB RE L SFAACET L
F S OREER A,

WEEBW L 7V —> 5 Vi, vy v#, #58, 57778 ) oFHoREEL, THIEEREC S
Th, 2ABEFCEAT S HBENEGN (R ),

2 ALEBBEOHERE © e OFUE LR T 5 F R0 H » G O RES

1941 1946 1951 1956 1961 1466 1971
~1945| —1950 | —1955| —1960 [ —1965 | -1870} -1975
B 2D 6 3 6 8 g 2 g1 8 3 85 87
6 34 30 3 4 490 57 75 76 75
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#3.2.3 K Tanker Al Propeller §t®

Prop.Chart B4 — 85
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Vac 1.5432 0.9645 | 1-We=0625

Vaw 1.5432 11574 1-Ws=1075

e 22.76 5828 12,97 =T,/ oVabDp

Dw 22.76 4046 1467 =00956 T Va'
Je 0.1195 0.0765 0.0890 c=01028Tc

Jw o 0.0915 0.0870 w=007136Tw
Kqe 0.0401 0.0416 00412
Kqw " 0.0411 0.04125

7 0.1545 g:ilg

Ne¢ 77.48 75.65 65.02 N=Va /TDpx60
Nw ,, 7589 79.82
SHPe 73467 70040 44620 SHP=2rpkqy Dp 7571
SHPw 70760 82650

Total SHP 220400 | 212460 | 209920
SHPe/SHPw 1.0 1003 0.5398
boss [Eigl. SHP X 1.07 Total 2274005 HP
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4 3.2.12(3a) Blade Contour

(43 212{b} Arrangement of Blade and Boss
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B43.2.13 Max. Thickness Distribution

323 Open Sea dOMEE
}ﬁ‘i‘&%jj@iﬂﬁs*iolf}**’ Ere—s g ‘/f?)fﬁ?ﬁ”@fz&bKOpen San:’&%ﬂnn%tﬁijj 15 kts ’Cﬁﬁ?\t“f-%}t

8 DT £ I Bo
(1) fARER
20 ADWT QIO 2 2 »n — B0 7 — # 2 bSO EN e B H T 5 LRl
Ris=156 tan at Vs=15kts

fAL, Arctic Ship #4®Bow Inclination, Reinforced Wing Boessing SO HEE
ANTnking
(2) HIiI%
FAROEEIE ST D4 R 190ton ( 1— t =082 &g ) & Do N AHEE L~ Zik
B EOFIHHNERAL, cheB3.290FR L%,
ZOFEFIC L E, Open SeaFCH\WT & KBS NEAF AR b SRATR {2 D T &4 o
TORERE LT,
7o ~FlifEi# Ncenter = 53 rpm—54 rpr;*
Nwing = 58 rpm —60 rpm
& B M B 27500SHP—295008HP
R HKEALOBIESR B TBEMLDE+ » VIRLANME % o

—165—



4, F & 0B

A EPE L. TR E RS OSE CR £, BAEIELIEBIC T B RN G O R - BECHEL o i
i AR SR T O B, MR IR AT DL AR TSR L D OWRICIRL T 5 £ fRAWD T,
RS I ST & o TIH TS o AR L, ¥ 2 - UM SR AT R, HRITHET & R OM
# - BiRE 1T o7

WA BRI GE £ iH A, EERT TREFEOER L1\, ERT e~ SOBIER U THER
e AEE T ot

KAGT O EME D B AR O EaC DN T, IREARRICE L < FRBIT ~EME L LLBL T
By AU, (& b T o HEREROTIRE K o Taro i 5D A & mbie L o B b
HET~EHTED S

—166—



	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	00000061
	00000062
	00000063
	00000064
	00000065
	00000066
	00000067
	00000068
	00000069
	00000070
	00000071
	00000072
	00000073
	00000074
	00000075
	00000076
	00000077
	00000078
	00000079
	00000080
	00000081
	00000082
	00000083
	00000084
	00000085
	00000086
	00000087
	00000088
	00000089
	00000090
	00000091
	00000092
	00000093
	00000094
	00000095
	00000096
	00000097
	00000098
	00000099
	00000100
	00000101
	00000102
	00000103
	00000104
	00000105
	00000106
	00000107
	00000108
	00000109
	00000110
	00000111
	00000112
	00000113
	00000114
	00000115
	00000116
	00000117
	00000118
	00000119
	00000120
	00000121
	00000122
	00000123
	00000124
	00000125
	00000126
	00000127
	00000128
	00000129
	00000130
	00000131
	00000132
	00000133
	00000134
	00000135
	00000136
	00000137
	00000138
	00000139
	00000140
	00000141
	00000142
	00000143
	00000144
	00000145
	00000146
	00000147
	00000148
	00000149
	00000150
	00000151
	00000152
	00000153
	00000154
	00000155
	00000156
	00000157
	00000158
	00000159
	00000160
	00000161
	00000162
	00000163
	00000164
	00000165
	00000166
	00000167
	00000168
	00000169
	00000170

