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ABSTRACT 

Distribution of heat in reservoirs depends upon the transport 

of heat in turbulent eddies, in addition to convection and the 

absorption of solar energy. This turbulent transport is described 

by the coefficient of vertical turbulent heat exchange. As stated 

in this paper, this coefficient can be evaluated by measuring temp-

erature variations and vertical flow velocities. However, because 

suitable instrumentation is not widely available, an alternative 

indirect method is proposed. The amplitude and phase shift of 

temperature oscillations are used to formulate a Fourier series 

for temperature variations at various depths. The influence of the 

volumetric absorption of solar radiation is included. Equations are 

presented for the prediction of temperature distribution with depth, 

for separate regions above and below the depth to which solar radiation 

penetrates. 
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CALCULATING THE COEFFICIENT OF VERTICAL TURBULENT 

HEAT EXCHANGE IN SEAS AND RESERVOIRS 

By 

E. P. Anisimova and Candidate of Physical and 

Mathematical Sciences A. A. Pivovarov 

The coefficient of vertical turbulent heat exchange for natural 

reservoirs can be determined in two ways. 

The first of these is the direct method based on simultaneous 

measurement of the varying temperature values and the vertical 

component of the flow velocity, with subsequent statistical 

analysis. 

These direct methods permit a deeper understanding of the 

mechanism of turbulent exchange but require for their use special 

highly sensitive, low-inertia apparatus and, therefore, until now 

have not been widely used (References 4, 6). 

1 



The second way is-the indirect method based on the use of partial 

solutions of the equations for turbulent transfer of heat with 

given initial and boundary conditions. These methods, based on 

measurement of the average value of the distribution of.temper-

ature with depth and its changes with time, have obtained wide 

use in calculating the coefficient of vertical turbulent heat 

exchange in seas and oceans and makes it possible to explain the 

number of consistencies in its fluctuations (References 1, 2, 7). 

F'el'dstad's Method (References 5, 7), of all the exceedingly 

numerous variances of the indirect method, seems to us to be more 

promising for computing the coefficient of vertical turbulent heat 

exchange K. 

The basic principle of the F'el'dstad method is the assumption 

that the propagation of heat in reservoirs proceeds only along the 

vertical and occurs only by vertical heat convection. As opposed 

to this, we consider that the diffusion of heat is caused both by 

vertical turbulent flow and by the flow of radiant energy 

penetrating to some depth. 

If the penetrating solar radiation is absorbed by the water in 

agreement with Reference 3, then taking the equation: 

I(z I A ) = P  
m=i 
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and considering the coefficient of turbulent exchange to be 

constant with time, the basic equation for diffusion of heat 

along the vertical is written in the form: 

v
, 

—A r _; ( at  
m ~.1 

! 

i 
t 

Here c, p, and t are the heat capacity, density, and temperature 

of the water respectively, T is'time, A is the albedo of the 

water surface, Im  and a  are the relative portion and coefficient 

of attenuation of the part of the spectrum of the decreasing Io(T) 
1 

of the total solar radiation. The initial coordinates are located 

on the water surface and the axis Z is directed vertically down- 

ward. 
s " 

Let us express the temperature change at any depth as the sum of 

the steady periodic variations: 

N 
t (z, .) _ [,I (1)(z) cos n wT +A()  

- a=1 

N 

_ AR (z) cos In . — Yn (z)1 (3) 
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An(z) and On(z) are the amplitude and phase shift of the tempera—

ture oscillations determined from the relationships: 

A 121 

An (z) _ [A,[' ] 2  + 
[Anzl (z) 1a; ~?n = arctb.A(11 

n 

Similarly, we represent the change with time of the flow of'the 

decreasing radiation in the form of a Fourier series with the 

same number of members, i.e.: 

R 
1 — A to (T) _ [BRIt cos n + Bn2l sin n 21 . (4) 

n=1 

T 

where B12  _ _ J 
1 

C
PA Jo  (2) cos 2 T dc; 

0 

T 

B"2 j =  1 J i A lo ( )sIn 2'TI  tid,, - 
o P 

Here T is the period of the temperature oscillations. 
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Let us substitute the assumed form of solution (3) and expression 

(4) in equation (2). After simple transforms, equating to zero 

the coefficients for the conditions cosnwt and sinnwt we obtain: 

d da LI<An (d 1( d dzrs I-  

sin 5n Pru 1/1, B11 
[-(iuc' 

 —Cos 5'n Pm Int Bi-1  
m , 1 m--1 

v —g ' 

n 
it 

 d 
1( LI 

~^ = Cos Y. L I~rn Irtt Belle P 
m` 

 + K&
n dz  nt ml 

ti 
r
"" z 

+ stn ?n L.r R~ rm  Bn~1 e lint (6) 

nt t 

Multiplying both parts of these equations by An  we will write them 

in the form: 

[t' I 1<An 
, 

1 
t1 fin = Sn,l nt (z)' 

(7) 

dA , 

i <An n 

i 

5 



[An 
(2) (z) Bn

l) -- 

ee 
n, m 
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• m-1 

S( )m (") _ fA
n
tl (z) B

'
(1) T  

+ Anl (z) B(n)~ Im tG'rn 
m' , 

The resulting equations (7) and (8) differ from the analogous 

system of F'el'dstad in the presence of the right hand parts Sn,ll) 

and Sn,~2), showing the influence of the volumetric absorption of 

solar radiation by the water. 

Let us proceed to the method of determining the coefficient of 

turbulent exchange on the basis of (7) and (8). Without any addi-

tional assumptions about the form of K(z) or about the distribution 

of the amplitudes and phase of the temperature oscillations, only 

equation (7) can be integrated directly. Integrating within the 

limits of the layer from zl to z2 we obtain: 

no, A2 Sf i z~dz 
An d .r 

I Aa d-- 
J=~ ~An  dzn  1L' 

where 



Equation 11 does not permit determination of a single value of K(zl) 

.if the value of K(z2) is unknown. As in F'el'dstad's method, a 

single value solution may be obtained only if it is assumed that at 

some depth zl = h, the amplitude of the temperature oscillation . 

An  = 0. In this case, the first term in the right side of equation 

(11), for fixing the depth of z2 = h, is expressed as 0 and the 

value of K(zl) becomes a single-valued function of depth. 

However, insertion of the fixed depth z2 = h, by which An(h) = 0, 

essentially limits the field of use of this method to depths signif-

icantly less than h. Thus as seen from (11), at the depth z --o.h, 

the value of the coefficient of turbulent exchange tends to zero 

independently of its true value K(h) at this depth. To prevent this 

error, it is necessary to determine the.value K(z2) by some other 

independent method and to make supplementary assumptions concerning 

the character,of the changes K(z) in the layer (zl,z2). In the 

first approximation, it is possible to state (Reference 5) that within 

the limits of a comparatively thin layer, K(z) = a constant. 

Then Equation 11 takes the form: 

z, 
— S(11 riz - 

(12) 
h`1 1a2 7 d ?n 2 d - 

l ~t  dz  ~zs l ~~ dz ]~' 
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With S (1)(z)--i3O this equation becomes identical to the corres-
n,m 

ponding formula from Reference 5. With the same assumption of a 

constant K within a thin layer, it is possible to obtain a second 

calculation formula for determining the coefficient of exchange on 

the basis of equation (8), specifically: 

5
a,
121 (z) n~ 

~~z1 zs = d ~n  2 d2 
(!3} 

_) n 
`4n ( d2 ~n dzz 

The approximate coincidence of the values of K may be obtained by 

substituting the values z  and z2 in the right side of equation (13) 

and can serve as a criterion for selecting the thickness of the 

layer (z1 z2). 

Calculation of K by equations (11) and (13) in the general case 

requires the use of the amplitude An  and phase shift 4)n  of the 

temperature oscillations. For the deep layers where the volumetric 

absorption of radiation becomes insignificant, K(z) can be defined 

only by the distribution of the amplitudes of the temperature oscil-

lations. Actually, in this case, it is possible to neglect the 

values Sn(l)(z) and Sn(P(z). In the assumption, K is constant with-

in the confines of the layer (zl, z2), and equation (8) gives a ratio 

between the changes in amplitudes according to depth and the 

phase shift of the temperature oscillations. Using these condi- 
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tions, it is possible to write a definitive formula for layers where 

the absorption of radiation is insignificant, as follows: 
_._ 

% i 

n w A1)  d% 

S l 
K Z  zr  

l r A A
n 

 d"A  
An An '4-

n 
 L n 3' d%- % 1  

I 

Thus equations (11) through (14) permit various methods of calcu-

lating the full range of changes in the coefficient of turbulent 

exchange with depth. 

As an example, let us calculate K(z) for Uchinsk Reservoir (Moscow 

Oblast) using the results of observations for the daily range of 

water temperatures and the penetrating solar radiation obtained for 

the summer of 1963. Observations of water temperature and measure-

ments of radiation penetrating to'different depths were carried out 

from a float fixed at a depth of 11 m approximately 200 m from the 

shore. Observations on August 2 and 3, made when there were no 

clouds or waves, were selected for calculating K(z), allowing for 

volumetric absorption of the solar radiation. 
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Daily ranges of temperatures and solar radiation penetrating to 

various depths are shown on Figures 1 and 2. On the first of these, 

we see that the data from observation of temperature at all depths 

is approximated sufficiently well by 1 to 2 harmonics of a Fourier 

series. The daily range is clearly expressed for all depths, and 

the amplitudes of the temperature oscillations decrease regularly 

with depth. 

The observed data testified to the fixed character of the tempera-

ture oscillations and to the determining influence of the vertical. 

heat exchange, i.e., the main premises of the method of determining 

K(z) correspond to actual conditions. 

Figure 3 shows the range with depth of the amplitudes and phase 

shift of the temperature oscillations. In this figure we see that 

the change in the phase shift with depth in the given case can be 

assumed as linear. This change in the amplitude of the temperature 

oscillations for depths less than 0.2 m has an exponential character. 

K(z) is computed according to formulas (11) and (12). The value 

K(z) computed from formula (12) without calculating the effects of 
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Figure 1. - Diurnal temperature chart for different depths (0-4 m) 
of Uchinsk Reservoir: 1 - Observed data; 2 - Approxi-
mations by a Fourier series with two members. 
(Temperature vs. hours) 

Figure 2. - Diurnal chart of total solar radiation penetrating 
the water to different depths (0-1 m). (Cal/cm min 
vs. hr). 
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Figure 3. - Change with depth of amplitude Al and shift of Phase 1 
of the first harmonic of temperature variations. 
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Figure 4. - Change with depth of coefficient of vertical turbulent 
heat exchange: 1 - According to formula (12); 2 -
According to formula (11). 
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volumetric absorption of solar radiation, i.e., for'Sn( )(z)--->O 

for depths greater than 0.2 m, is shown on Figure 4 by the dashed . 

line. The value of K in the layer 0-0.2 m is negative and equal to 

minus 1.7. Starting with the depth of 1 m, K becomes nearly constant. 

On the same Figure 4 are expressed values of K(z) obtained from 

formula (11), taking into consideration the influence of the pene-

trating radiation (the value of K in the layer 4-5 m is assumed 

equal to 1.66 cm2/sec from the data calculated by formula (12). 

Thus, in the layer 0-0.2 m, the value of K becomes positive. At a 

i depth of 0.5 m, consideration of the volumetric absorption of solar 

radiation leads to a decrease in the value of K and the maximum 

disappears. At a depth of only 1 m, the radiation term in the 

expression for K no longer has a practical effect on the value of 

the coefficient of exchange. 

Thus, considering the influence of the volumetric absorption of 

penetrating solar radiation, qualitatively changes the range of 

the coefficient of exchange with depth and makes it physically 

more trustworthy, which testifies to the necessity of considering 

volumetric absorption when calculating K(z) in the surface layers 

of the reservoir. Below this layer, formulas (11) and (12) give 

identical results. 
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To verify the applicability of formulas (12) and (14) or calcula-

tion for depths where the absorption of radiation has become 

negligible, computations were made from the observation data from 

August 2 and 3, August 3 and 4,'and August 21 and 22. The results 

of these calculations are given in Table 1. The first line gives 

the values of K(z) calculated from formula (12) for linear changes 

in the phase shift of the temperature oscillations with depth, 

shown on Figure 3, and the values of K(z) from formula (14) with 

an approximation of the function An  given as An  = 0.82e70.514z. 

The results show good agreement with the value of K computed by the 

i 
different methods. The two lower lines of Table 1 were calculated 

i 

by formula (1.4). In both these cases, the phase changes with depth 

were not linear and the calculated K was obtained only from the 

amplitudes of the temperature oscillations. 

The data from the calculations showed that beginning with a depth 

of 1.5 m, the coefficient of exchange K(z) can be considered for 

all practical matters to be constant and equal to 1 to 1.5 cm2/sec. 

In the upper layer, the values of the coefficient of heat exchange 

are less.at  the surface. 
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Table 1 

Value of K (cm2/sec) 

As calculated Depth, m 
Date by formula 1 3 4 5 6 7 8 

i Aug 2- 3 (12) 

(14) 

Aug 3- 4 (14 ) 

Aug 21-22 (14)  

1.60 1.50 1.65 1.60 - - - - 

1.50 1.50 1.55 1.55 - - - - 

- 0.90 0.95 0.95 0.90 - - - 

0.65 1.35 1.35 1.35 1.35 1.35 1.30 1.35 
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n0p'11041imecK1Ix xone6aHnri, T. e. 
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K dA n = Cos yn Pin 1nz 'B 2-Pm  + ` 
y M-1  

-a 
-1 sin 1m Bn2~ a m1  

L 

4. 
~y 
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yMtio1KHB o6e 4aCT11 3THx -  paseHCTB Ha A n  3aninuem Hx B BHae 

dz [KAn Qz I +n An = Sn1)m (z); (7) 

t  

I< An (dyn } — An z R  dz = Sn,)m (z). ($) 

rae 
Snl)

m 
 (z) = (An') (z) Bn1) -- 

v 
7 -s 

—A(') (z) Bn2)J  
M-1 

i A[21 (Z) B121 ~ I Im gm m (10) . 

m=1 

noaygeHlible ypaMILH1151 (!) It (8) OT.1Hga10TC51 OT alia...iorimioii CHCTeMbI (I)benbaCTaaa 

mumeM rpasblx gaCTOIf Sn, m H Sn!'m, orpawatoluux Baimme o61,em tioro norn011jet11151 

comiegnoil paAHaumi Boaoii. 
neperiAeM K MCTO,1N' Onpe,'[e.'it2mm K031P(~IIRIMITa Ty'p6y.le11T11or0 o6MeHa Ha ocnOBa-

i!n!t (7) it (8). Be3 KaKlIX-31160 kOnO.1fIIlTe,1bIIIlX ❑ peanono>Kemik o BHAe K (z)' iinll 0 
?acnpeaeneHllu astn.nHTy.1 H (~a3 TeMnepaTypllblX Koae6aimg Nimmio ItelIocpeACTBeHHO npo-
1:!ITerplipOBaTb .Ql[Illb ypaBneHlle (7). BbInO.-IHaa TaKOe HnTerpuponamie It npeAenax um 
1 zl  AO zz  Hafi le%l 

rA2 d 4, ~no, An Sn, m (z)~ riz 

K (Zl) -- A-  (z.) l n  dz  IZ2 ZI 

[ A2 
IA A  dz - 1 d o lZt 

l 1) 

% Paslfellue (11) tie 1`103130.TneT 0a1103HagH0 onpeaennrl, 31tatiemic IC(zl), eciiH tieil3BecTHo 
"Milne K(Z2). KaK Ii B nteroae 4DbeabACTa to OAH03uagtioe peweime mwmio nOnygilTb, 

","I npeanOnOWIITb, EITo Ha iteKOTOpoif rny61me zl =h aMnnHTyaa TeMnepaTypllblx Koae6a- 
``rIi A n  =0. B 3TOaI caygae nepBoe c.laraealoe B npaaoi

1. 
 i ( gaCTII (11), npH HKCHpOBaHHON 

"16HIIe,Z2=h o6pa1116eTCa I; 11y'nb It Beiugrua K (zi ) CTallOBIITCA_ OAH03HagH01i (byHKgHC$ 
•fy6Hi1~1. 

DAHaKO BBeaeHue c~HKcuponaimoii my6HHm z-  =h Ila KOTOpoii A n  (h)=0, cyuxeCTBeiIHO 
" ' Dal!;t`mBaeT o61laCTb npll?ICtlefftig 3TOrO meTO,ja r.-iy6ima1f11, 31[aiiIITCnbHO Meiibuimi h. 
l Pli oTOhl, Ka K.Bllaallo 113 (11), Ha ray'6imax z --+ h Be.11MIHa K0344HutieliTa Typ6yyieiITHO-
~~ 06MCHa CTpCSIIITCH K lty'.110 HC3aB11Ci1)fO OT ee lICTHHIIoCO 31tatiemin K(h) Ha 9TON ray-

FIfife. oRAH I1CK.11ogellllft 3TOfi otuj16KIf lle06xOAHmo OIIpelte.711M 3!IageHHe 1<(z2) KaK1IAI-nI160 
•PyrnM He:ian!!cn \Ib!m CIIoc000m m160 npHIMT1, aonomillTe.11,11ble npeano.,iwKefille o xapaK-
I'Pe H"Nlel1CHHH K(z) B CAOc (zl ' z2). B neprom npOnimemm mommo noaOH:itTb [5], vro 

11peAeaax CpflnuilTenbHO T011KOro C.IoH K(z)=const. Toraa Bbipa}HeHIIC (ll) npilHHnlaeT 
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BtIA 

ZI  

[
„~ 2- S01 it Art n, m  (`) l d2 

1 '22 
Z2. (12) 

d'Yn — A2 
(12) 

l n  dz [ n dz_Jzl 

r1pH Sn(11 (z) --f 0 3TO Bwpaa.enue CTailOBlITCH To>ICACCTBellllbini CooraeTCraylouieii cpop- 
MVJIe 11.3 pa60Tbl [5]. 

B TOM a<e npeAnono>I(eH1IH nOCT0511ICTBa K B npeAenax TOIIKoro ulo51 t•ION(Ho non}-
WITb BTOPYIO paC4eT1Iy10 cpopmyny ;wm onpe,Te.seHH51 K03C 4)IInHeHTa 061"Iena Ha oCHOBe 
)'paBllellHn (8), a tl!1(eH110: 

1'1 
Sn, m 

(z) Kzl z'- Id_•rn_ d-An_ 
13) 

An 1 dz An dZ2 

B KatleCTBe KpnTeplrsl :vim Bu6opa To:II-nnm,r ca051 (ZI  Z,,) It apilmeaunlOCTU yTOii paC-
'IeTlloii (')Opmy.1bl '11WNCT Ul}*A 1ITb 6.111 3KOC comi-I ime Be,iu,ultl K, no.Tyvaemblx npu noit-
;T3Hoexe B np aByfo vaCTb (1:3) : Have!ntii ZI  It z2. 

PaC'I('T K no ypaBHemislml (11) It (13) n o6uien( C,lyElae Tpe6YeT ucnonb3OBalum ant 
r:.WTyA An  H CABtira chat 4,:  TenuleParypnb(x Ko:IC6amtrl- Jj.isl r.ry6oxtlx cnoeB, rje 
06-LCnril(je ❑or.lomemic pa;InalUllt M1110BltTCn \+.11.10 C\'lllecl- Benllbinl, •'1.151 BbIllumemm K(zi 
MWK1I0 OrpammlITLCH TO.ibFo pacnpeZe:rcirnem anln,1IITya T0IrIeP8-rYPIIbIX Kme6aHlrlt. 

lJe11CTBIITCI3LII0, B 3rom C7y iae Mo)Ii110 Ilpene6pe46 nemi,i 11aJltl S11  (1

'

)", (•Z) 14 Sn(
'2zn  (z), 

B npeAnO.'IWKcnr,H K=const n ❑ pu,ie.1ax cI01k (z, z2) ypaimen He (3) AaeT COOTimmenve 
me)K;ty 113meuenllcm no r:ly6nlle anInIllTy;TL1 It c:iBnra cpaa Tc",InepaTyPubtx KOse6alnllr. 
Hcnonb3OBaB 3T11 yC.worls, oKon9aTCnbriylo paC4CTIIVIo (~opatyny An51 cnoeB, rae norno-
ulelnie paArlat ulr HecyuleCTBCIIHO, -  nk0%no 3an11caTb B BIIAC 

zl 

n (o f A2 dz 

Z 
1 Z, 

11 "_ da:lrt  
'1 

I tl3An  
,r ~An dzc, 

z-
-- A,, `' rA,  dz- Izl  

TaKIBI o6p.I, Bblpa:Kelnl51 (111 -- (11) nosnon rK)r pa3nuvuLlntlt cnoco6anlH pacCull 
IblBaTb n0,411b1ii xoA 113nleuelrllsl K03c41tj1InUICIITa Typ6y:ienTuoro o6nlena c my61mort. 

B Biiw npllniepa npor,c;iem paCIlc•T K(Z) .-1.351 YtimicKoro BoAoxparllmlluta (MOCKOH-
CKa51 o6lacTb), IICnUnb306a8 pe3n•ILrlr<< Ha6.-I icimil Hatt c}•roLlklbul xouoN( Tenlneparypu 
BOAbI It npomn<a!ometi co.-motmort pa••IUanurli, n0.iytlellllbre ,ICTOM 1963 r. Ha6nlo,znHSI Ha: 
TentnepaTyporl BORN Il 1c3-NIc Pell nsl paanaulul, npollm<alomcii ua pa3lnvlble rny6Hnbr, np:)-
1c3BOA11,iuCb C nOlrroua, ycranotiacimoro r,a my61tne 11 et npnalepno B 200 m OT 6eper. 
1Zn51 Bb141ICneIII15I K(Z) C y"ICTonI o63,ennlaro r(ornomemm co.inevHorr paAuattlnl 6bI:H1 Bwrr 
patiw na6lloAeumi 3a 2-3 aBrycra,,,ubmo,lllemible npu 6C3061a4Honi He6e H OTCYTCTBC!! 
-eonuelm51. 

CYT0411brii xO"•i TCM11CpaTypb1 It nponUlCllOuteii na pi13,11t4kIbIC 17a~6imu connevuort pa-
A1lauuu npe:icraB,len Iia pue. i It 2. Ha nepnonr 113 HIM BlUJI10, vro ;unite Ha6mowmg 
Tenlneparypbl na ncex my6miax ,1OCT2TO4rio xopomo arinpoKCllnlrlpyerC51 O,'IHoi!-AByMsi rap-
arolulKaXIl1 pslAa (Dypbe. CYTo911b11i xoA Reno Bblpax(cH Ha Bcex rny6nuax, aDTnIHTytia T01-
neParypllbtx Koie6annrl 3aKouoxeprio y6brnau c my611HO i. 

gatmble na6 oaeutrll CBIIACTCIbCTB}'IOT 06 YCTalIOB1IBnICnlC1l xapaKTepe TCntrieparyp-
Ublx KOne6alrllii, 06 onpe;tc.imome\I B,iiiliimll BepTllKiabuoro 06mena - Terma, T. e. OCnOnHw'. 
upeAnocbinKlr nreTOAa OIIpClCaenntl K(Z) COOTBCTCTBYIOT jek1CTBtITenLHOCTti. 

Ha ptic. 3 IM6aaNKeii xol c mv61moi1 aNUI,luTyAbl 1t c-ZBnra (pas TeminepaTyptlbix KC" 
ic6atiiifi•  Ha 3Tau pIICY1IKe BIIAIro, 4TO 113NIeltenllC c.imira cpaa c rav61moii B Aammf C-ly 
vae Nio;Kno C41ITaTb n11116111lbl.l. I'13n1CI1e11II0 Ace anlrI.1HTYALl TCMrIeparypHb(x Kone6aH1111 r 
foy6uport miwe 0,2 at HnleeT 3iccnollcllu m.ibnblrt xapaKTep. 

PaCLIeT K(Z) Bbinon11511I01 no c Ofimynam (11) 1t (12). 31ra4CHII51 K(z), paccvliTannwe 
no 4)oprlyne (12) 6e3 yvera BnHAH11%, o6•bennloro nornOlueim5l connettuori parinaunrl, T,'e_, 
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25 0 

24  ~✓̀  
0 

23 L I 

25— ° 

23f—J— 

25r 

24~ 
C1,5

23L 

n 0, 

Z,M  

Pile. 3. 1'1anleHellHe c r:ly6HHoii aximm-
ry,ald il l  H caama (11a3 cl nepaoil rap- 

%IOHHKH Tcnulcparypllb[X KO.1CoaHllii. 

2 K,cml,ceH 

I 

I 

0 

24 
1 

•23L—1 yl I 

0 
2315r~ o 

2 fl~
I 

o 0 

22,5 I 1 

22,5 ° o — 
° 04 M 

2115 I 1 I I 

19 23 03 07 11 15 19 Baca 

01 2 

PnC. 1. CYT 1,IIIbIfi XO.1 TCMHQp;1T\'p61 ml pal'H'!- 
HWX ray6I1HaX [0-4 it] Y ,muc Koro I,n.10 Xpall11.1II Lua. 
I—AaHHble Ha6.uonelllll'1, ;I nI1p O':~il Ala I11IA pslso\1 

CDypbe.c .iayMsl -I.1e1laN!n. 

Han;cM' MNI. 

2 

L,M f 

Pllc. 4. 113nlesenne c ray6mloii Koslp- 
^~.. 9CPTI1KaabliorO T> p6v.ienT- 

Ha Tenaa: 1—no (110 PNIYIIL` 
2—no d)opMy.,Ie 1111. 
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nPH Sn T (Z) 0 ;1: sl roy6Hi1 601bwe 0,2 ,it nPCT1CTal3ACHbi Ha puc. 4 nyHKTHPHOII Kplfa(j,:; 
B c ioe 0-0,2 .it 3ila~leime K n01y4aeTC51 OT HuaTeJlbHbl\I It aBHblhi --- 1,7. Ha4HHaH c r1V• P P _ 
OHM I At K CTaHOBilTu nOVTII nOCT0311IHblh1, 

Ha TOM )Ke pnc•  4 HaHecellbl 3Hatimlfl K(z), noayveumue no (Iopmyoe (11) c yElero.',l 
[011AlInH npOMIKa10111eil pajilauHli [31-latiellne K  n C1oe 4-5 At npHH51TO paI31iwj 
1,66 c.1.2/ceK 113 aaHf1b1X paC4eTa no (bopiiy1e (12)1. rlpu 3TOM B cane 0-0,2 X 3HaveHHe 
1< CTaHOB1ITC5T 110JIMMITe.1blibl\I. Ha r.ly6ime 0,5 ,H ylleT o6l,emHoro nomoLuemig C01Hc4Ho11 
PBAllaullit BeAeT K VhlCltbnlelllflO 311avealisi K it bTaKCII>ly)I npona mm Ha rJfy6HHe )Ke I "it 
paAHaut(OHHbf{I 41e11 B Bbipa)KeHIiH A7H K YX(e ITpaKTll4CCKII He CKa3blaaezcF. Ha BeJIIl41m.,,  
KO3(h()IiUIIeHTa 06meHa. 

TaK1IhI o6pa30x, y4CT B.l11HI111St 06-be>IHoro nOr10luelllln 11POTHIF( oll eH coJ1l,,C4llOil 
Pa,jnaLIMI Ka4CCTBe11110 bteMICT Xoj xo3,t #)HulleliTa o6meiia c ray6HHOri. AeiiaeT ero 
'IeCKII 6o.lee AOCTOreplibi?f, 4TO CBII:ICTe16CT13yCT 0 Hco6xoximoclu yvera 06be\IHOro no-
raomelI.m npH pacveTaX .K (z) ii Bepxife>t c.loe Bo;1ou.mn- I-IINKC STOPO C.IOB (pOpJly.7bl (11) 
.it (12) ,71110T 0,11111aKOBble PC3VJIbTaTbl. 

AJ[a rIPOBepKli nPll.leMNOCTII paC4eTlIbIX (POPMWI (12) it (14) aan rily61111, rAC no-
ro0II1,eHIie paaHauiill CT31TOBlITCSI HCCYIueCTBCIiHblM, 61,1.111 BI,IR0111Cilbl PaC4CTbi no AaHEbl-m 
Ha6J110AenHii 2.-3 auyMl, 3-4 anrycra it 21-22 aBryCTa. Pe.ly.M TaTbl 3THX pacueTO3 

j rlpeACTaBJlelibl B Ta61. 1. 

Ta6.zut4a I 
3Ha4CHH9 K (C.It21COK) 

Aarl 
Pacvcruaa 
(pophly Ia 

i'ay6iwa, .v 

1 
— -- 

I 2 I 3 I 4 
—_-- 

I 5 6 I 7 I 8 

2-3,Vlll (12) 1,60 1,50 1,6 1,60 — — — — 
(14) 1,50 1,50 1:53 1,55 — — — — 

3-4.VIll (14) — 0,90 0,95 0,95 0,90 — -- — 
21-22,V111 (14) 0,G5 1,35 1,35 1,35 1,35 1,35 1,30 1,35 

B nepnorl CTPOKC ,laitbf 3Ha4Cint i K(z), PaCC4IM11I1-1ble no (popmpe (12) npH Jifnlert- 
• 110ht 113Meiiemin CABHra (~83 TCMnepaT)'PitblX K0.1C6ailltil c ray61morl, npe,lCTaB1eHHOM H3 

(' pHC. 3, 11  31fa4emisi K(z) n0 (#)OpMy.ic (14) npli a1111POKCI1'Tau1111 A,1  (pyHKullert B1f,la 
A,, =0,82 e-0.514 `'. Pe3y.1bTaTbl P£lC9CTOB nOKa361B3I0T XOPCIIIYIO COrJiacoBaHHOCTb 3tla- 
40i1Hr1 K, Bb1411C.lC11ilbIX pa3.111411bl.-,m cnoco6ahlu. ABC noC1elHHe CTPOKH Ta6n. I pacctBlr 

c _ T8Hb1 n0 (POPhIy.10 (14). B o6oilx 3TIIX C.1y42AX irime.ilCllife tha3bl C rJly6ifHOH He 5iB15i10Cb 
1H1IeriHblht it paC4CT K ❑ POROJIMCA TO.IbKO 00 1%IFI.1l1Ty$a\f TCMIIepaTVpHbIX KOJ1e6aHllrl. 

aallflbie PaC4CTOB nOKI131,111alOT, "ITO Ha41111aSi C rI1V61111bl 1,5 * ,1t K09f~(#lltuifeHT 06hlefia 
K(z) MO)KHO C4IITaTb npaKT4140CKu nOCTOHnnbihl 11 paBllblhl 1-1,5 C.1L2jCCK, B BepXHehi cme 
3HatieHiln K0341 nqueilTa 06hiena Tema y:IICHbwa1OTC5I K nOBepXIIOCTH. ' 

JII iTEPATYPA 
_ 1 - 

[11 B o r y ca a B C x It ii C. r. rozloaoii X0,1 i:03(#)(PmuieHTa Typ6y:IeHTHOA TeMnepaTv 
ponpOBo;IHocrn no BCPTIIKa.11f B Mope. Tp. MI'I I .%li CCCP, T. XIII, 1958. — [21 H B a It n-
e a 3. C. B.lnHinte 1I3MCHCIIII9 K03O(#)I1111le1ITa Typ6yaeHTfioro o6hleHa Ha pacnpocrpaHeinle 
TehlnepaTypliblX 130,111 RO BCPTHKalll B Mope. Tp. mm All CCCP, T. X111, 1958—
'31 K 0 I e C H It K O B A. r. Bb14nCJIeltite CYT09HOr0 xOAa TellnepaTypbl MOPH 1-10 Ten10BomV 
6aJlancy Ha ero nOBepXIIOCTH•  113B. All CCCP, cep. reotp113. ]V2 2, 1954. — '[41 K O JI e c H it-
K O B A. r. HeKOTopbie pe3y.lbTaTbl nPHNIOro onpeaeaci im IIHTeHCnBHOCTII BepTnKajiwior0 
Typ6ylesTHoro 06mena B Mope. C6. «HeKOTOpbie np06oembi if pe3yJlbTaTbl oKeailOJl0r1t4e-
CKHX 1ICC.1CAOBaHllfD>, 1959. — [5] rl II B O B a p o B A. A. Onpe,7w teHlte K03(p#Tljfetm Typ-
6V1eHTI10i[ TCillRep3TYpORpOB0An0CTIt n0 BePTIIKaml B Mope. Tp. 1v1rI'i AH CCCP, T. •l. 
1954. — [61 C n e p a it C K a sT A. A. Nccneacitiainie Typ6ylCflTtIOCTII MaJIORpOTOMHbIX 80:10-
xpaHtmum. Tp. 3-ro BCeCo103HOr0 rIfApOJlortl4eCKOro CW3F1a, T. IV, 1959. — [7] III T O K M a H 
B. B. BePTlIK6JIbR0e PaCnpoCTpaneHlle Termot3biX BOJin B Mope 11 KOCBeiiHbie Meroubl onpe• 
1enciu 53 K03(lt(p1I11HCt1TB TCRJionpOnOA11OCTII. Tp. I'lli-Ta OKeaH aorHH All CCCP, T. 1, 1046• 

I110CROBC101A COCyJIa PCTB0ltitblN rI0CTYt1ft9;1  
yHHBCPCRTCT 6 111 1964 
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