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PR.A,CB INSTYTUTU M.ASZYN PRZBPŁYWOWYCH
t98l Zeszrł 80

,ĄNDRZEJ zBoRowsKl*, NGUYEN MAI NGINH*

, 
Cdań§k

Ship-Model Wake Correlation Baseel on Equiyalent Flat Plate and Form
T'actor Conceptions

In the paper a'metbod of calcutation of the viscous wake component is suggested based on the,

frictional wake of an equivalent flat plate which depends on the Reynolds number and the propeller
diameter-ship length ratio. The friction wake fraction of the flat plate combined with the form factor
gives the viscous wake componeĘt which can be used to correlate the ship and modęl nominal mean
wake fractions. The method proposed has been verified by comparison rvith test results for four series.

of geometrically similar models.

1. Introiluction

Onę of the most important problems of the ship hydrodynamics is estimation of the
velocity field at the propeller diso. The propeller is working in wake caused by: 1) potential
flow along thę hull of finite breadth, 2) development of boundary layer, 3) wave motion
of the free surface of water. These thręe phenomena influence both the velocity distribu-
tion in the wake and the mean inflow velocity to the propeller (advance velocity) Yp and
form three component§ of the wake: potential, viscous and wave.,The advance velocity is
expressed in practice in the form of nondimensional coeffflcient, so called wake fraction

1ry:Vs-Vr ,ys

where /" is the ship speed.
Two kinds of the wake fraction can be distinguished, viz: the nominal wake Wy due to,

thę distribution effect of the hull only and the effectivę wake W, due to the propeller
action. In view of lack of theoretical methods enabling us to predict the velociĘ field in
the wake of the ship's hull it is necessary to use experimental methods and geometrically
similar models. This way of modelling physical phenomena does not ensure the complete
fulfilment of the scaling law. The difference in the Reynolds number of the object and its
model causes differences in modelling viscous effects. This difference is called ,,the scale
effect". Knowledge of the scale efect is necessary to establish a correct method for pre-
dicting any hydrodynamic phenomenon connected with the ship motion, basing on model
experiments.

* Institute of Shipbuilding, Tęchnical University of Gdańsk.
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58 A. Zborowski, Nguyen Mai Nginh

From among three components of thę wake fraction the viscous one is first of all subject
to the scale effect. It is assumed that two other components, viz. the potential wake and the
wave łvake do not clepend on the Reynolds number and are the samę for the ship and the
model. At modęrate Froude numbers the wave component is negligibly small and will
not bę taken into account in the further considęrations.

At present efforts to assess the wake scalę ęffect are based on the following principles:
1. The total wake fraction Wy can be expressed as a sum of two components: viscous

"wake Wy dependent on the R.eynolds number and potential wake Wp dependent on the
Froude number:

' Wn:lĘr+Wp-

2. Potential wakę does not depend on the model scale; it means that it does not change
with the Reyrolds number.

In order to find the scale effect of the wake fraction lły it is neces§ary to know the
,viscous component I/y.

Two ways are usęd to achieve this aim:

- Experimental estirnation or theoretical computation of the potential wake W"
,and its subtraction from wn, known from measurements on the ship model

Wv nod:Wy ^oa-W 
p.

Then assuming Wr:ęgr|st, Wy^o6can be reduced to the ship scale proportionally to the
ratio of the ship arrd model friction coefficients;

- Direct estirnation of the viscous wake fraction Wr.
Most of the methods currently used to correlate ńe modęl and ship wake fraction are

basęd on the first of the above mentioned ways.
In the present work the direct estimation of the viscous wake fraction is suggested.

It is based on the conc€pt ofwake ofthe equivalent flat plate and form factor as used in the
case of correlation of the ship and model resistance. Both the viscous resistance of the
ship Cy and viscous wake fractio n Wy depend on the Reynolds number and the hull shape.
It has been shown that C, can be expressed in the following way

Cv:kCr,, (1)

,rrhere ł is a form factor (function of the hull form only), Cp,, is the friction coefficient
of a flat plate of the same length and wetted surfacę as for the ship (function of the
Reynolds number only).

Similar relation can be assumed in thę case of tŁre viscous component of the wake fraction

Wv:kWo, (2)

where Wg is the flat plate wake.
The purpose of the paper is to prove that thę analogy, as expressed by equation (1)

and (2), betwęen tlre viscous resistance and the viscous compoilent of wake frartion can be
accepted. The analysis carried out is based on the available approximate theory of flat
plate boundary layer and viscous resistance of shipłike body.

The consideration.s are restricted to a turbulent flow and hydraulically smooth surfaces.
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2. scale effect of the nominal wake fraction

According to the statement made in the previous section we have the following relation
for the ship

Wxs:Wys+Wp

Wna:Wr.M+Wp.

łYtłs:Wya-WyM+Wvs
§ubscripts S and M refer to the ship and the model respectiyely.

Equation (5) is used for the estimation of the ship wakę fraction Wus on the basis of
Wyla taken'from model experiments, provided the viscous wake fractions Wy for ship
and model are known. Below the method for calculating this wake component based on
equation (2) is described,

2.1. Calculation of the viscous wake component

The origin of the viscous wakę fraction is connected with the development of the borrn_
dary layer around thę immęrsed part of the ship's hull. We accept there following assum-
ptions:

1) the viscous wake component depends only on the Reynolds number,

- --'. (*| --/óLY

Fig, 1. Calculation of thę wakę fraction from the boundary layer characteristics
óg

IFź)łT;*
|Y:a

1{
.{

2) the velocity profile in the boundary layer follows the exponential function with the
exponent dependent on the Reynolds numbęr 11,2,31.

59

and for the model

From (3) and (4) we find

(3)

(4)

(5)

ź:(;)''"
(6)



Assuming that Yo: Z5, where trZ5 is the ship speed, and rearranging eq. (7) we obtain

.1

*.:+*j(,-#JJ,ff,(*):
o,

_aóof (, "\JĘFi,ę):-; R J \'-Ęlo 
(8)

1:iptIJ-ltH,(*)-
0

11

-J(*)-J;HH,(;)
o

In the equation (8) there are two terms óo/ft and n5 that are not known at thi§ §tage.
Due to this the integration of the velocity distribution will be performed ov€r a square
instead a circle as in eq. (7). This operation will require introduction ofa correction due to
a difference in the integration area:

A. Zborowski, Nguyen Mai Nginh

where Z - local velocity in the boundary layer at a distance y from the body surface, Zo _
velocity at the outer edge ofthe boundary layer, óo - boundary layer thickness,

3) the boundary layer thickness does not depend on the draught ofthe ship.
With the above assumptions the viscous wake component can be obtained by integration

of the velocity distribution in the propeller disc (Fig. 1)

where ó is the correction.
Putting

(7)

óo óo

I(,- ł)*,*,:Łl (r_#.) J ąz _,}4y:, ł;^--,
ou4

ó6

w,,:#I(,_ #)*,

(9)

(10)
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we have 
Wv*bWvt,

Ęuation (10) can be expressed in the following way

(11)

(12)

(14)

(15)

(16)

(l7)

(18)

t
where ó, is the displacement thickness ofthe boundary layer. Equation (12) can be expressed

as follows

, (13)

0o

*,,:#I(,+) ar:ł*a,,
o

4ó, 4
Wrr: *,ń6z:_ H6z,

where ó2 is the momentum thiokness of the boundary layer

ó1 n5ł2
ó2 ng

ór:! cr,,2
where.L is the ship length,

§etting eqs. (14) and (15) into eq. (13) we obtain

4 L n"*żWn:ińT-;; 
",

and setting eq. (1O into eq. (1l) we have

4 L n"Ę2Wv:b-=--L Cv.' nR2 ns

4 L n^+ż
Wo:ą ńTft Co"'

According to Squire I47 óz can be expressed in terms of the ship viscous resistance C7

In equation (17) the viscous coeffi,cient can be expressedinterms of the friction coefroient
of the equivalent flat plate. We will find relation between the wake fraction and the flat
plate friction coefficient to calculate viscous wake fraction ł7y of the ship.

By analogy to the equation (17) we can write for the flat plate

wherc Wo - wake fraction of the equivalent flat plate, a - correction, n9 - exponent
in the boundary layer velocity distribution function, Coo - friction coeffioient of the flat
plate.

Dividing equation (l7) by equation (18) we have

Wy b nr+2 no Cv
--:_+Wr-i * ";r*,'

(19)
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where ng for the ship after Coles [4] and no fot the flat plate after Kacman [1] depend
in the Reynolds number. The dependence can be expressed in terms of the frictional coe_
fficient Cpo instead of the Reynolds number as shown in Fig. 2.

Values of ng and 116 w€f€ calculated for various values of Cvo. Coefficients ą and b
in eq. (l9) were evaluated for various DlL (where D:2R - propeller diameter) and than

Fig. 2. Relationship between €xponent§ ng and ,rg of the boundary layer vetocity profile and C,o

value of Wy was estimated. Detailed computations are given in [ll]. From the computa_
tions it appeared that independently of the DlL ratio the following relationship is valid

Y:? (Ą
Wo Cro

Equation (20) is a basis on which the suggested method for wake correlation of the ship
and her model is founded. From equation (20) it can be concluded that the influence of
ship form on the wake is the same as on the frictional resistance.

The viscous resistance coefficient Cy canbe found from equation (l}

From this

and from eq. (20)

Cv:kCro.

lł:CyICp,

k:WvlWo

'lolls
10
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Wv:kWo. (21}.

We use eq. (21) to calculate the viscous wake component Wv of the §hip and the modęl.-
For this purpose it is necessary to comput e Wg for the flat plate.

3. Computation of the friction wake component for a flat plate

The friction wake componenL Wo can be found by integration of the velocity field,
over the propeller disc. To this aim it is necessary to assume the velocity profile in thą
boundary layer. Research has shown that the velocity profile for the flat plate can be:
approximated either by an exponential or by a logarithmic function [6]. In the first case
we have

in the latter

where I/o:Z5 is the velocity at the outer edge of the boundary layer, Yr:łń * the
dynamic velocity, and t * the shear stress, The logarithmic velocity profile has universal.
charaoter in the sense that it does not depend on the Reynolds number.

3.1. Computation oI Wo for an exponential velocity profile in the boundary tayer

In Appendix 1 of [1l] an equation, (1.18), has been derived in the following form

V:(t\i.
Yo \ó/

b#:,("*#),

. Wo:;fr, §o,

§o :Co(l - Cq)z +arcsin Co *2 ft .. * 
+ #h c3+,..

(22y

(z:},

Qa}l

where

,Co:i-.

From this equation values of Wo have been computed for various DlL ratios and given,
in Table 1 as a function of Reynolds number.

3.2. Computation of t|g for a togarithmic velocity profile in the boundary tayer

In Appendix 2 of [1 1] the following equation (2. 14) has been derived

I lc.
W o : i ł ź 13,894 (b + h) - I,396 (e + g)f .

As in the previous case the values of Wowerecomputed for various D|Lratios andpresen--
ted in Table l.

(25}
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Table l
Relationship between WoOtL) and Cąo for flat pląte

It was previously shown that between the frictional wake component Wo andthefriction
resistance coeffici€nt of the flat plate Cyo therc is a close relation (equation (20J). After
computing I7o this relation could be evaluated, had the function CpoĄ been known.
For this purpose the Schoenherr friction line has bęęn used which is convenient from the

Fig. 3. Relationsbip between the frictional wake fraction and the frictional resistance coeffcient for
a flat plate

1
,,

3
4
5

6
7

8

9
10

11

|ż

lg i"
Cpn'103
Wo 0)\DlL:
lyo (2)|0,025
Wo 0)\DlL=
Wo (2)to,o29
Wg (l)\D|L=
Wo {2)l0,o33
Wo 0)|DlL=
Wo Q)to,o36
Iło 0)\DlL:
l4ro ę)Jo,o39
Wo 0)\DlL:
Wo ę)|o,o42
|Yg (l)|D|L=
Wo Q)|o,Ms

6,3
3,863

6,5
3,547

7,o l7,5 8,0 l 8,5 9,0
1,533
0,@74
0,@74
0,085
0,0853
0,075
0,0755
0,0692
0,0695
0,0ó41
0,0640
0,0593
0,060
0,0560
0,056

2,m9 | 2,429 2,059 | |,767
o,135 | o.1155
0,136 | 0,1l5

0,1382
0,139

0,1185 | 0,101
0,117 l 0,0991

0,t49 l 0,123 0,105 | 0,0896
0,149 l 0,124 0,104 | 0,0880

0,165
o,172

0,138 | 0,1137 0,0968 | 0,0825
0,t38 | 0,1140 0.096 I 0,0811

0,169 | 0,155 0,129 l 0,106 0,090 l 0,0765
0,175 l 0,t60 0,129 | 0,106 0,089 | 0,075

13
14
15

16

0,159 | 0,144 0,125 | 0,0985 0,0842 l 0,0712
0,165 | 0,I50 0,120 l 0,099 0,083 | 0,070
0,148 l 0,135 o,1l2 l 0,0925 0,0785 l 0,0666
0,155 l 0,14l 0,113 | 0,093 0,0774 | 0,065

Notc! 
'7o 

(1) and 
'ro 

(2) ari elculąted from equations (24) md (2D, respcctivcly, Cp9 after §ńoęnherr.
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resistance correlation point ofview [7]

1

ą
:4,13 log (R n 

. Cro) . (26\

The relationship between Vrg and Cpofor various DlLratios is shown in Fig. 3. Numerical
values of the relationship are given in Table l. From Fig. 3 it appears that there is a linear
relationship between Wą and Cp.

Wg:aCpo*b,

whęre a and ó are coefficięnts dependent on the DlL rutio

(27)

D
ą:955,55"+85,09,

_0,01.

(28)

(29)
/D 1z

b:71,5 (;-o,*,

With equation(ż7) Wo can be evaluated. This, introduced to equation (21), enables

us to calculate Wy if the form factor k is known. The form factor can be found from one

of the known empirical formulae or estimatęd fronr model resistance test results,

The way of application ofthę above described procedurę for the correlation of the ship

and the model nominal wake fraction is shown by the equation (5).

4. Comparison of the computed viscous wake with experimental data

The above described procedure for computation of the viscous wake component is a
basis of the proposed ship-model wake correlation method. Now it could be interesting to
comparę the calculated viscous wake according to equation (21) with the experimental

values. It was decided to use for the comparison test results for a series of geornetrically

similar models (geosims). Four series of ,,geosims" were available for which nominal
wake fraction is. known, viz. ,,Victory" series (8 models) [8], ,,Simon Bolivar" (6 models)

[9], ,,Meteoro' §erie§ (3 models) [10] and ,,Tanker" series (5 models) [10]. The ,,geosim"
series are very useful for this kind of comparison because they make possible the influence

of the Reynolds number to be examined. The largest model of ęach series was chosen as

the object for which Wrl wascalculated by means of the proposed nrethod based on the test

results for remainiFg models. The comparison of the computed values with the test results

is given in Tables 2 and 5.

From the results contained in Tables 2 and 5 the following conclusions can be drawn:

1. The wake fraction predicted from model test results by means of the proposed meńod
is in agreement with experimental data. In particular, good agreement is obtaioed in the

case of ,,Victory'o, ,,Simon Bolivar" and ,,Meteor" forms (Tab. 2 to 4). Also in the case

5 Prace IMP, z. 80
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Table 2

Comparison of Wy ca,lculated and obtained from experiment for ,;Victory" model series

1

2
3

4
5
6

7

8
9

10

lsi"
C v.1o3
Cro'l03
CrlCro
Wo

C,,
Wv:Wo =-Qro
WN

Wp:Wx-Wv
C,,

Wva:Woa;-
UFo

źZło:(9) +(10)
Wne (exp)
WY 

^"uoWP: W7 
^ę6a* 

Wr^"^o
Wx(exp)

[^"
cv. !o3
cro.1o3
CrlCu"
Wo

C-
Wv=Wo 7vFo
Wu
Wp=Wn*Wv

C-
Wvta: łl/o$ _=_

Lro
IrllvlE:(9) + (l0)
Wn§(exp)
WV^.ro
Ws1= Wy ąęaa* |/p 

^rroWł(exp)

50
6,Ę
4,2t
3,669
1,147
o,162

0,186

0,434
o,248

0,I06

o,354
o,3t7
0,190
o,4l4
o,434

40
6,55
4,o3
3,475
1,1 60
0,153

0,178

o,404
o,226

o,107

0,333
0,377
0,1 80

o,404
o,4o4

36
6,63
3,92
3,363
1,165
0,148

o,172

0,402
o,23o

0,338
o,317
o,174
0,398
o,4a2

30
6,75
3,765
3,205
1,,17,
0,14l

25
6,85
3,64
3,081
1,18
0,135

0,159

0,3B0
o,221

0,109

0,330
0,31,7
0,1 59
0,383
0,380

2t
6,899
3,53
3,o23
1,168
0,118

0,138

o,255
o,1r7

o,132

o,249
o,244
0,137
o,248
0,255

23

6,92
3,565
2,999
1,,1,9-

0,13l

0,156

o,362
o,206

0,1l0

0,316
o,3l7
0,154
0,378
o,362

18
7,07
3,395
2,834
1,198
o,I23

0,147

0,371
Q,224

0,1l1

0,335
o,3t7
0,145
0,369
o,37t

6
7,82

o,a926

0,3l7

0,109
0,333
0,3l7

17

12
13
l4
15

o,376
o,2l1

0,109

0,320
0,317
0,tr66

0,390
o,376

Notg: (11) ptedicted nominal wako fractioa for the model in the scale a:6l
(12) nominal wake ftrction for the model in the scale a=6 from experim€nt,
(14) nominal wake fraction pfedicted for tie mean value of k for ńe entire series.

Table 3

Comparison of |7y calculated and obtained from experiment for ,,Simon Bolivar" model serie§

1

2
3

4
5

6

7

6

9

10

50
6,34
4,36
3,796
1,149
0,150

o,772

o,275
0,103

0,130

o,233
o,244
0,175
0,285
0,275

36
6,55
4,015
3,475
1,155
0,137

0,158

o,264
0,106

0,131

o,237
o,244
0,159
o,269
o,264

25

6,794
3,67
3,149
1,l65
o,1z3

0,143

o,256
0,I 13

o,132

0,245
o,244
0,143
o,253
o,256

18

7,0u
3,42
2,9a5
1,177
0,113

0,133

o,244
0,111

0,133

0,244
a,244
0,131
o,242
o,244

15

7,7a6

2,796

0,108

o,126
0,236

ll
t2
13

l4
15

of,,Tanker" form the results obtained ar€ acceptable from the practical point of view
(Tab. 5).

2. The Potential w€ke compolLent Wp found as a diference between the measured wake
frąction Yn ald the computed viscous wake Wy (line 9 of Tab. 2 to 5) vades within a
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Comparison of Wv

Table 4

from experiment forealculated and obtained
,,Meteoro' model series

25

6,498
4,ż33
3,550
1,792
a,157

0,187

0,19?.

0,005

0,159

0,159
0,153
0,187
0,187
o,192

l
2
J

4
5

6

7

8

9

10

11

t?
13

1.4

15

i, o,
Cv- 1o3

cFo. 103

CrlCr"
Wo

C,
Wv:Wo 

L̂po
WN

Wp=Włł-Wv
C,

Wvt1Js: Wors,,, 
L̂ro

WNB,ls:(9)*t10)
Wx*,ls (exp)
WV 

^ruoWy: Wy 6ęg9* W* -.ro
lłu @xp)

19
6,677
3,930
3,30
1,19.t

0,145

0,113

0,-|7t
_ 0,002

73,75
6,881
3,640
3,045
1,195
0,133

0,153

- 0,00ó

0,159
0,153

.0,159
0,159
0,153

0,1 59

0,159
0,1 53

aJ73
a,l73
aJ7t

Table 5

Comparison of Wv ca|aiated and obtained from experiment for ,,Tanker" model serie§

very narrow range with the model scale and it can be assumed that IĘp is constant over at
least the modęl range of the Reynolds numbef. Thus thę basic assumptiotl connected with
the adopted method of the ship-model wake correlation is satisfied with the proposed
procedrrre for the viscou§ wake calculation.

Reccived by thc Editor, §eptember 1978

5l

1

2
J

4
5

6

7

8

9

10

lgi"
Cv.1o3
Cro'!O3
C.iCr"
Wo

.C-
Wv:Wo-;-

Lro
WN

Wp:Wx-Wv
C-

W vl,s: Woz.s =-Lro
Wy1,5=(9)+{1O)
Wnl,s(exp')
WY 

^rroWn: Wy 6ęaa* W" 
^uoWx@xp}

55

6,474
4,135
3,586
1,153
o,1 l
0;209

01410

0,210

0,126

a327
0,3t7
o,2a9
o,417
0,4l0

45

6,603
3,915
3,4d
1,151
o,77l

a,197

0,403
0,206

o,126

o,332
0,3!7
o,197
0,405
0,403

35

6,768
3,665
3,182
!,75z
0,160

0,184

0,397
a,213

o,126

o,339
o,317
0,1,85

0,393
o,397

25

6,987
3,385
2,924
7,157
o,146

0,169

0,381
o,żlż

o,126

0,338
0,3l7
0,169
o,377
0,381

a<

7,7,1

2,218

0,109

0,3l7

aJ26
o,334
a3t7

1l
12

13
14
15



68 A. Zborowski, Nguyen Mai Nginh

Roferences

tl] F. M. Kacman, A. F. Pustosznyj, B. M. Sztump, Propulsiwnyje kaczeslwa morskich sudow.
Sudostrojenije, 1972.

t2] K. J. Mi'nsaas, Ship-Model Correlation for Speed and Power of Sotne Słngle Screw Ships. The
Ship Research Institute of Norway, 1976.

[3] K. E. §choenherr, Self-Propulsion Tests with Ship Models Using Separate Scale Factors for
Ilull and Propeller. Journal of Ship Research, Decęmber 1965.

[4] H, B. Squire, D. Youngo The Calcalation of Protile Drag of Ae:.ofo,/§. ARC Rep, and Memo.,
No l838, 1938.

[5] Twaites, Incompressible Aerodynamics. Clarendon Press, Oxford l960.
[6] G. Schlichting, Teoria warstwy przyściennej. Wyd. ,,Nauka", 1974,
|7l A. Zbotowski, Statystyczna koncepcja oporu lepkości statku,Billetyn IMP PAN, Nr 37!772172,

Gdańsk l972.
t8] A. J. Lap, J. D. van Hanen, Scale Effect Experiments on Victory Ships and Models (Part II

and IV). Trans. of INA, 1962. 
i

[9] W. P. A. van Lammeren, Propłlsion Scale Effect. Trans. of NECIES, 1939-40.
[l0l H. Grothues-Spoth, Modellfamilien-Ilntersuchungen iiber das Forschungsschiff,,Meteor" und

einen Tanker, J. S. T, G., 1965.

[ll] Nguyen Mai Nginh, Modelowąnie i obliczgnie współczynników strumien-ia nadążającego statku
w oparciu o koncepcję ekwiwalentnej płaskiej płyty. Praa doktorska, Instytut Okrętowy, Poli-
technika Gdańska, Gdańsk 1977.

Metoda korelacji współczynnika nadążającego modelu i statku oparta na koncepcji
' ekwiwalentnej plaskiej płyty i współcą,nnika kształtu

s t reszcze ni e

' W artykule zaproponowano metodę obliczania składnika lepkościowego współczynnika §trumienia
nadążającego, opartą na znajomości tarciowego strumienia nadążającego ekwiwalentnej płaskiej płyty,
który zależy od liczby Reynoldsa oraz od stosunku średnicy pędnika i'długości statku. Tarciowy współ-
crynnik §tfumienia nadążającngo pomnożony przez wsplłczynnik kształtu pozwala na wyznaczenie
składnika lepkościowego strumienia nadążającego, który możfra wykorzystać do korelacji nominalnego
strumienia nadążającego modelu i statku. Zpproponowana rnetoda została zweryfikowana za pomocą
wnikliwych badań czterech serii geometrycznie podobnych modeli.

Mero.ą KoppeJlnĘilł lronyrHoro ĘoTora MoAeJIr{ rr cyAna

Perrove

B cratre fipe.ąJloxeu MeToA pactlęTa sxgxocrnofi cocranrrłrorqefi xoeóóarlueHra tronyTnoro uoToxa,
B roTopoM xoei!$aqłerr KoppeJIrIItrE MoAeJIb-cyAHo onpe1eJlfleTcfl Ha ocnoBal{ntr pe3ynbraToB pacqeTa
IlollyrHoro IIoToKa rrrocxoń IIJIETEI Il xos(bÓullueETa (loprrau. B Aarłrłolr MeToAe uclloJlb3yloTc, Br3KocT-
EbIe cocTaBJlrlotr{ne ilotryTlloro [oToKa nłocxofi IIJIETbI, 3aBlłcfiIrlue oT {ffcJla PeftrrorrrAca Il oT oTIIo-
rtronfi, AEaMeTpa ,qslrlIcETeJI{ K AjIIłHe cyżłla. flpousre4earłe 9TIIX cocTaBJlrllouln< na ros$(lrquenr Qoplłu
tto3BoJlfi€T onpe,ąeJIIłTL Br3I(ocTItbIe cocTaBJIrIIoIĘIłe [oIIyTIIoro IIoTo(a cyAEa, KoTopble E trcnoJlb3yloT
.4rls KoppenflłM EoMIlEźUIbIIoro not§/Tlloro IIoToKa MoAeJM a cyA}Ia,

flponepxy npeAnoxeHtoro MeTo.Ąa BbmoJIEcEo na ocgoBe pe3yJILTaToB uccfie.qoBaglrfi 4 ccpd re-
oMeTpFI€cKE noAoorrrx voAenęfi.


