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An introduction of new organisation forms in fishing, 
such as flotilla fishing calJ.s for scientific organisation in 
service processes of motherships. An attempt have been 

made to apply one method of operational study based on 
,,theory of congestion and queueing" in order to determine 
and to bring to minimum the losses resulting from frequ­
ent formation of congestions and queuing at motherships. 

INTRODUCTION 

An operation of fishing vessel is composed of catching, transportation and 
reloading. The economical effects are mainly determined by fishing operation 
including fishing days and their output. This tends towards maximalization 
of fishing days in annual outcome of fishing vessel. As the distance of fishing 
grounds to·unloading port is increasing, the number of fishing days is de­
creasing and their output may ntlt cover the losses resulting from extended 
voyages. The restoration of adequate proportion for better economical 
results may be obtained through introduction of fl0tilla fishing where majority 
of transportation duties are handled by transport ships. 

In individual fishing of Polish conventional trawlers operating at North­
-West Atlantic, the .number of fishing days for particular voyages is decreas­
ing to 20%. With introduction of flotilla fishing, the participation of fishing 
days is increasing to ab. 50%. To introduce any new forms in fishing organi­
zation, more scientific elaboration of operational processes occuring in pre­
determined arrangements at sea, are required. The organization of ship serv­
ices based on obtained experience proved insufficient. Frequent queueings 
of ships waiting for unloading and supplies from one side, or non-productive 
laydays of mothers hips from other side resulted from this. In the presented 
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work, an attempt was made to introduce one of operations research methods 
based on technological analysis of reloading and supply processes for df'­
termination of optirr.s.l flotilla operation in servicing of fishing vessels, T:i.e 
work is based on example of Polish flotilla fishing carried out at North-West 
Atlantic fishing grounds in years 1968 and 1969. 

Scientific investigations on flotilla fishing are fragmentary and do not 
specify the problem in complexity, Majority of such investigations deal \!rith 
technology of various types of loading A r i s t o v (1968) , G o 1 o v 1 e v 
(1966), M a c i e j czy k (1961), P r  i 1 u d k o (1969), S c  h u 1 t z 
(1966) , S h i m a d a (1951) , S o b i s c h (1965) , T o l k o d u b o v 
(1965). Minor part of investigations relates to output of reloading operations 
and to general organization principles Du t k i e w i c z and F o r m e l a 
(1963), Go l d m a n  (1967), Ru 5s e k  (1966). Only the works ofK i t­
kin (1968), Ol k h o w s k i j  et.al. (1970), P azy n ic (1966) and 
R u d n e v (1967) deserve mentioning as related to subject of adequate opera­
tions. research on processes of managem 0 nt in fishing ship services, though, 
broach the subject generally or incomprehensively. No works, however, exist 
on optimal management of flotilla fishing assisted by l'" '�therships type B-67 
based on operations research. 

MATERIAL 

The materials relating to cooperation of mothership "Gryf Pomorski" and 
fishing vessels on North-West Atlantic fishing grounds in region of New 
England (position 42°00 'N; 067°00'W) had been collected during the expedi­
tions taking place between 28. 07 .1968-25 .11.1968 and 23, 08 .1969-6 .10 .19:8. 
The materials comprise data related to fishing ships call to mothership with due 
consideration to formation of queueings and the results of technological 
analysis of mooring and reloading processes. 

ln part relating to moorings, the material partly originates from analysis 
of radio communication between mothers hip and fishing vessels, partly from 
documents of mothership �nd from direct observations made at anchoring 
grounds of "Gryf Pomorski". 

The time of fishing ships calling for service, their mooring on and off was 
determined by means of ship· s clock. Collected material formed the base for 
analysis of fishing ships moorings at mothership. It comprises all notifica­
tions made by trawlers for services and laytime of each trawler at "Gryf 
Pomorski". 

METHOD 

Evaluation on utility of scientific methods applied for determination 
of fishing vessels number in operation with mothership 

R u s s e k (1966), when determining the organization of flotilla fishing 
with assistance of mothers hip B-67, calculated the number of delivery ships,, 
dividing the daily output capacity of mothership by average daily output of 
one trawler. In his method, no allowance was given to adverse nature of fish-
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ing ships calling to mothers hip. No consideration was also given to losses due 
to waiting of mothership for trawlers and due to waiting of trawlers for serv­
ices. Ki t kin (1968) and Ru d n e v  (1967), basing on material col-­
lected from flotilla fishing, pointed to possibility in application of operation.� 
research method in such fishing forms. P a z y n i c (1966), basing on 
queueing theory, worked out the diagrams applicable for determination 
of optimal number of delivery ships in cooperation with mothers hip. However, 
his method limited the number of possible variants of flotilla fishing to be 
considered. The actual circumstances are compound and therefore his 
diagrams may be applicable to certain syst<=ms only. An example how to op­
timate the cooperation of factory trawlers with transport ship, based on the 
theory of queueing, presented O 1 k h o v s k i j et al. (1970) . As criterium 
for optimation, they assumed definite number of ships in queue. 

Service processes of side trawlers by mothership B-67 were also in­
vestigated in this work with application of method based on theory of 
queueings, which L u k a s z e w i c z (1965) included simultaneousl_y for 
operational research and for theory of stochastic processes'. In distinction 
to previous authors, the minimum of total losses due to laydays is assumed 
as criterium for optimation, 

Theory of queueings as part of operations research 
in application to investigated processes 

By definition "reloading" denoted the process of loads displacement from 
trawlers into mother.ship and vice-versa. The term "supply" means the supply 
of goods required by fishing ships by mother.ship. "Mooring" is equivalent to 
term "calling at port". "Service time" means the time counted from moment 
of mooring on until mooring off. The terms "mooring on and off" mean the 
adequate processes of fishing vessel fastening on her releasing at sideboard 
of mother.ship. 

Fallowing denominations are used in this work: 

X(1i-t
2

) - number of ships calling for service within time (\-t.,,)

F(x) - commulative distribution of casual variable X

\ 
-t

2
- period of time

t - time unit

k - number of calls

p
k(t) - probability of k calls in time unit t

p (t) - probability of O calls in time unit t
0 

p /t) - probability of at least 1 call in time t

p(ta) - probability for appearance of mean service time ta

p(tx) - probability for appearance of service time t < x

Nt:\.= Z 
- rate of flow, mean rate of calls
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N - number of calls during observed period of timeZ - number of time units t in period observedZkt - number of time units t for k callsv - time of servicev - mean service time1 µ = � - rate of serviceV s - number of service postsm mean number of calls waiting (mean length of queue) st - mean waiting time in queue 
P "t =1-ps - coefficient for idling of service post.

General operational diagram for service cycle for which the theory of queueing is applicable (L u k a s z e w i c z, 1965) is presented below: r---------;o,,by-pass----------. -incoming\ ,-----... waiting ------.. service ____ .,.ir outgoing-'-· ------1!1<'-I!>" resignation of service--------<-
Time distribution of incoming units is rather of random nature and therefore the incoming process must be considered with probability. Many rules exist for queueing which determine the behaviour of vessels in queueing and sequence for.their servicing. The servicing may be performed in single or multi channels interconnected in parallel or in serie. In majority, the model of theory of queueing assumes that the process X(t) complies with three con­ditions (L u k a s z e w i c z, 1965) : For each "t"} 0 and a> 0 the increase X(t+a)-X(t) possesses the di­stribution of probability dependent on length "a" of time duration (t, t+a) only but, not from situation of this time duration on time-line, and thus: 

This represents the stationary flow of calls. For any number of seperated time periods 
k=O,l, ... 

the increaments of process within such time periods 
are the casual independent variables (i. r. flow without consequence). 

(1)
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Probability of process increament in exceeding the unity within any 
period of time £ tends faster to zero than the length of time period 
flow). 

123 

small 
(normal 

(2) 

It appears from these three conditions that the casual variable X(t+a)-X(t) 
is of Poisson distribution (L u k a s z e w i c z, 1965) : 

k = 0,1, ... , (3) 

where: parameter A is the expected number of vessels arriving to s,ystem 
within time unit, 
The assumptions for definition of incoming, service time distribution, number 
of service channels and regulation of queueing may be noted as follows (Go d­
d a r d, 1966): 

X(Y)n (4) 

where: X - defines incoming process, Y - service times distribution and 
"n" represents the number of service parallel channels. The process of 
Poisson on incoming or the exponential time distribution of service is denoted 
by "M". If no other verbal definitions are applied, the �bove mentioned 
formula partains to simplest model with single channel with service condition­
ed by incoming sequence only, without priority and resignation and with 
unlimited length of queue. 

For further considerations, assumed the model which may be presented by 
M(M) s. Thus, the actual schedule of calls was compared by statistical fun­
damentals test of Pearson )I., 2 with theoritical schedule calculated according
to Poisson formula. For analysis of calls, assumed the material originated 
from period within which daily output for one side-trawler exceeded 10 tons. 
Thus, obtained the compliance 'with condition of calls flow stability, eliminat­
ing the variations in mean rate of calls appearing during mothership stay at 
fishing grounds. Similiar example on application of queueing theo,'Y was noted 
for examination of work of telephone -exchange by R o z e n b e r g and 
P r o c h·o r o v  (1965). 

The selected period of time was divided into one-hour timelengths 
(t = 1 hour). Thus obtained considerable number of such units permitted for 
correct performance of test ,..,2 (G r en, 1968). For material designated 
for analysis verified that ratio .l < 1 , what conditions the attainment of 

µ,s 
statistical ballance ( G o d d a r d, 1966) , for system for which the proba­
lities p0, p1,.,. ,pn(t) comply to equation:

(A+ nµ)p = >..p 1
+(n+l)µp 

1 n n- · · n+ 

(:>..+ cµ)p = AP 1+µcp 1n n- n+ 

for 1 ,.;: n < c 

for n 1' c 

(5) 

(6) 

(7)
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where: c = s. 
Godd ard (1966) supplements the following solution for equations of (5), 
'.6) and (7): 

n 
POP 

pn=�
C,C 

Value p O obtained from condition I pn = 1:
�:::co 

p =0 
_i_ 

for hn<c (8) 

for n�c (9) 

(10) 

Knowing p0 and pn' we obtain the following expression for
d a r d , 1966 ) : 

m 
s 

(Go d-

m 
s 

(11) 

Substituting p for formula (11), the values obtained from equation (10) and
divided by A, 0 we obtain:

L (L) 
s! µ 

s 

1 
µs-;\ 

(12) 

where: expression e --p: was introduced owing to its application in tables 
(M a d z i a r, 1968) , 
Idling coefficient of service post calculated from formula: 

(13) 

Optimal number of delivery ships in cooperation with mothership, calculated 
according to minimizing criterion total for losses of fishing fleet and of 
mothership due to demurrages: 

(14)
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where: K0 - total losses on system, Kb - losses of mothership, Kf - losses
of trawlers. The values of Kb and Kf calculated from the follow­
ing formulas: 

K =1' 
b m 

K =A 
f m 

s 

t 

p 

k 
p 

k s 

when�: m - denotes number of vessels serviced by mothership, 
value of one service stand during one hour of time "t", 
value of one trawler during one hour. 

RESULTS 

(15) 

k - work 
k 

p 
- works 

In fishing fleet participated the side-board trawlers B-10, B-14 and B-20 
and stern-trawlers type B-2 3 and B� 18 (tab .1). The side-board trawlers 
were delivering to mothers hip fresh fish for freezing, salted fish and the 
catches for fish meal processing. The trawlers B-20 were additionally sup­
plying part of frozen fish. Stern-trawlers were supplying the frozen product 
and fish meal. 

. For moment of calling assumed the time when fishing ship arrived to anchor­
ing grounds of mothership. In majority of cases, this moment was coinciding 
with beginning of mooring. The differences between time of arrival to anchor­
ing grounds and beginning of mooring, occured under such circumstances 
when mother ship could not start immediate servicing. This caused the forma­
tion of queue of trawlers waiting for unloading or supplies. According to 
previously assumed principle for selection of data for analysis of calls flow, 
selected the month September 1968 .. The investigated period was divided into 
one hour lengths and thenafter, number of calls within each of them was 
noted. The results, are presented in Table 2. Theriafter, distribution _ar­
rangement was made (Gr en, 1968) and mean number of calls calculated: 

L(k· Zk) 177 

Z = 7
20 := 0 . 246

where: .L(k • Zk) is number of calls, and

Z - number of one hour lengths in month. 
Theoritical dispersion of calls was calculated on assumption that it pos­

sesses the characteristics of Poisson arrangement. Both dispersions were 
verified by test X 2, which proved that no grounds exist for rejection of hy­
pothesis according, to which the distribution of fishing vessel calls for serv­
ices complies with Poisson arrangement (Tab. 2). The test was performed 
on level of substantial material Oi, = 0. 05. 

[zk-Zpk(t)]
2 

X 2 = L ( ) 
= 4.463 Zpk t 

2 Value X 0.05; 2 amounts to 5.991 (Go l d s tei n, 1964), thus 
2 2 X. < X O. 05 ; 2. 



Tabl e 1 

General characteristics of fishing fleet 

Type 
Length Breadth Draft Speed Crew Hold Main engine Operat. 

ca�ac. power range 
of ship 

(m) (m) (m) (knots) (pers.) (m ) KMe (daysO 

B-10/14 59 9 4.4 11-12 30 380 1200/800 23/ 28 

B-20 61.5 9.8 4.4 12.8 31/33 598 1375 45 
G· " . 

B-18 87.25 14.1 5.4 13.8 74-82 1680 2250 75 

B-23 69.2 11.0 5.05 14.0 37-42 610 1620 50 

Mother-
.ship 164 21.3 7.8 15.5 256 10130 6550 80 
B-67
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Ta b l e  2 

C 
2 . alculation of value X for actual distribution 

of fishing vessels calls for services 

k zk Pk (t) Zpk (t) [zk-Zpk(t)]
2 [zk-Zpk(ta2

Zpk (t)

0 572 0,779 561 \ 121 0.216 

1 124 0.194 139 225 1.619 

2 21 0.024 17 16 0.941 

3 2 0.0021 1.44 

4 0 3 0.00012 0 2.43 1.687 

5 1 - 0 

Mean service time of ships in cooperation with mothership "Gryf Pomors­
ki" amounted to 403 minutes. Mean service times for particular types of 
delivery ships in relation to purpose of mooring at mothers hip, are given in 
Table 3.

Ta b l e  3 

Mean service time of fishing ships in relation to purpose of mooring 

Main mooring purpose 
Service time (min.) 

B-10 B-14 B-20 B-23 B-18

Reloading of barrels 745 701 659 - -

Delivery of fresh fish 148 153 160 - -

Unloading of frozen 
fish - - 1320 1673 2041 

Supplies 398 362 286 - -

Repairs 703 470 760 878 -

x)
38 35 24 Others - -

x)most frequently delivery of sick case.

Basing on the results presented above, an attempt was made to form the 
simplified mathematical model of fishing ships services by mothers hip B-67. 
Such model would show the possibility to minimize the losses caused by de­
murrage of fishing fleet and of mothers hip .. Four main assumptions in com­
pliance to require�ents of model formations were considered: 
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1. Fishing fleet comprises the motor side-board trawlers type B-20; con­
sideration was given to their good behaviour on sea, their equipment with
freezing arrangements which makes their predisposition for cooperation
with mothers hip B-67.

2. Mean daily output of trawlers based on catches amounts to 16 tons, with
majority of herring.

3. Reloading is effected by alongside method.
4. Mothers hip is servicing two trawlers simultaneously. (Number of service

posts s = 2).
At the assumed mean fishing output of 16 t daily and daily freezing ca­

pacity amounting practically about 6 tons for trawler B-20, complete filling 
of holds with salted fish is attained after 10 days (1000 barrels), while the 
holds with frozen fish are within this time filled-up to about 45%. Owing to 
such reserve, the trawlers may continue limited catches to 6 tons/ day 
directly after determination of queue for unloading. According to indices ob­
tained is period of investigations on output of reloading works, unloading of 
1000 barrels with salted fish and acceptance of adequate quantity of empty 
barrels with salt lasts in average 8. 5 hour; unloading of 60 tons of frozen 
fish and acceptance of cartoons averages to about 7 hours; acceptance of 
food stuff and of fishing gear averages to about 2 hours; opening and closing 
of hatchcovers and mooring operations require 1. 5 hr. Average time of one 
trawler at mothers hip amounts thus to 19 hrs. Assuming, that voyaging from 
fishing 'grounds to mothership and back of fishing vessel amounts in average 
to 5 hrs, the mean value of service time for one call amounts to 24 hrs. 
Rate of service equals to: 

1 
fl = --- = 0.0417

19+5 

Operation cycle �f one trawler, according to assumptions accepted, com­
prises: fishing (240 hrs) + voyage to mothership (2.5 hrs) + layday at 
mother.ship (19 hrs) + voyaging to fishing grounds (2.5hrs). In all, it lasts 
for 264 hrs. If, the mothers hip would service only one fishing ship, mean flow 
of calls would arnount to: 

Nt 1 
.\. = 

Z 
= 264 

= O. 0038

The values 11. for larger number of trawlers operating with mothers hip "m" 
are given in Table 4. 
Assuming that distribution of calls in time complies to Poisson arrangement, 
we find_!he mean waiting time for service tp and mean length of queue. The 
values t in relation to "m", calculated according to formula (12) are given 
in Table P5. In Table 5 are also presented the values of mean length of queue 
calculated according to dependence: 

m =11. t s m p
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Ta b l e  4 

Mean flow of calls A at various numbers 
of fishing vessels ,-'m" serviced by mothership 

m .A m .x_ 

1 0.0038 11 0.0417 

2 0.0076 12 0.0455 

3 0.0114 13 0.0492 

4 0.0152 14 0.0530 

5 0.0189 15 0.0568 

6 0.0227 16 0,0606 

7 0.0265 17 0.0644 

l_) 
0.0303 18 0.0682 

0.0341 19 0.0720 

0.0379 20 0.0758 

Tabl e 5 

Mean waiting time for service tp and mean length of queue � in relation s 
to number of trawlers operating with mothership "m" 

- -

-

m t m m t m 
p s p s -

1 - - 11 7.91 0.33 

2 0.198 0.0015 12 10.29 0.47 

3 0.458 0.0052 13 12.86 0.63 

4 0.821 0.012 14 16.12 0.85 

5 1.287 0.024 15 20.68 1.18 

6 1. 911 0.043 16 27.19 1.65 

7 2.64 0.07 17 35.26 2.27 

8 3.76 0.11 18 48.68 3.31 

9 4.81 0.17 19 70.17 5.05 

10 6.15 0.23 20 114.47 8.70 
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The coefficient for idling of servicing post T in relation to "m" calculated of 
formula (13). The results are presented in Table 6. 

T a b l e  6 

Ratio of coefficient value for idling for servicing post to number 

m 

1 
2 
3 
4 
5 
6 
-; 

8 
9 

10 

· 
of fishing vessels serviced by mothership "m" 

't' m 

0.954 11 
0.909 12 
0.863 13 
0.818 14 
0.773 15 
0.728 16 
0.682 17 
0.637 18 
0.591 19 
0.546 20 

't' 

0.500 
0.454 
0.410 
0.365 
0.319 
0.273 
0.228 
0.182 
0.137 
0.091 

For selection of optimal number of delivery ships applied the formula (14). 
The operation value of one servicing stand for trawler B-20 comprises the 
following tariffs: 
1. Tariff for reloading. According to rates prevailing for investigated period

(T a r y f a, 1960) for reloading
of frozen fish 60 t x 69 Zl/t = 4140 Zl.; for reloading 
of salted fish 80 t x 67 Zl /t = 5360 Zl. ; for reloading 
of empty barrels 15 t x 267 Zl/t = 4005 Zl. and for reloading 
of salt in barrels 25 t x 85 Zl/t = 2125 Zl. Totally the tariffs for re-
loading amount to 15. 630 Zl. 

2. Dues for repair and medical aid services are estimated to average about
1.000 Zl.

3. Freight: At rate 2. OOO Zl. per ton (R u s s e k, 1966) it amounts to 
140 t x 2000 Zl/t = 280000 Zl. 

Dividing the above totals of dues by 19, we obtain the average operation 
value of servicing post during one hour 

k = 15.000 ZL 
p 

The cost of demurrage of one trawler at anchoring grounds during one 
hour, at mean price of 1 ton of fish 10.000 Zl. (F r q t c z a k, 1969) 
amounts to: 

k -
16,10.000 - 6. 670 Zl 

s- 24 -
.

, 
. 

Total losses for mothership and trawlers calculated out of formulas (14), 
(15) and (16) . The results are presented. on diagram 1. The bottom of pre­
sented curve corresponds to optimal number of trawlers B-20 operating with
mother ship and amounts "m" - 13 trawlers.
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Fig.1. Ratio of total losses of trawler and mothcrship 
related to number of trawlers operating with mothership 

DIS CU SS ION 
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From previously presented works relating to application of queueing theory 
to optimate flotilla fishing, only the work of Pa z y  n i c (1966) corresponds 
to assumptions accepted in this model. One of his diagrams corresponds to 
values: 

k k 

s = 2'and f = 2. ln our model, the ratio 
k

p 
amounts approximately 2.25 

s s 
and thus is very near to value assumed by P a z y n i c (1966). Thus, the 
comparison of his result to ours is ·possible. The value "m" taken from his 
diagram, for such assumptions amounts to about 12.5. 

CONCLUSION 

1. Calls of fishing vessels for servicing to mothers hip B-67, during high 
outputs at Georges Bank fishing grounds, correspond in time distribution to 
arrangement of Poisson. 

2. Such arrangement permits for application of theory of queueing as one 
of methods for operations research to minimize the losses resulting from 
demurrages of fishing ships in queue at mothership and of non-productive de­
murrages of mothership. 
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3. Complex solution for management of flotilla fishing may be obtained 
solely by application of electronic calculation technics, owing to large quan­
tity and more complicated nature of production - service parameters than 
were assumed in simplified model. 
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PROBA ZASTOSOWANIA TEORII KOLEJEK DO PROCESOW OBSLUGI 
STATKOW LOWCZYCH NA MORZU PRZEZ STATEK BAZF;, 

S t r e s z c z e n i e

Wprowadzenie polow6w zespolo,vych w rybo16wstwie dalekomorskim wy­
wolalo w praktyce s zereg niedomagan o charakterze organizacyjnym. Do naj­
cz�sciej wyst�pujqcych nalezaly tworzcj'ce si� kolejki statk6w 1-owczych ocze­
kujqcych na rozladunek oraz nieprodukcyjne przestoje statk6w baz. 

Dla rozwiqzania tych trudnosci podj�to pr6b�zastosowania badan opera­
cyjnych w zarzqdzaniu, wykorzystujqc do tego krajowe polowy zespolowe do­
konywane w latach 1968 i 1969 na lowiskach Pln. -Zach. Atlantyku, w opar­
ciu o statek baz� B-67. Na podstawie przeprowadzonych analiz stwierdzono, 
ze zgloszenia statk6w lowczych do obslugi przez baz� w okresie wysbkich 
wydajnosci potowowych noszq charakter rozkladu czasowego Poissona. Uk1ad 
ten pozwolil na zastosowanie teorii kolejek jako jednej z metod badan ope.ra­
cyjnych do uzyskania minimalnych strat wynikajqcycb z przestoj6w statk6w 
lowczych w kolejce przy bazie oraz nieprodukcyjnych przestoj6w samej ba­
zy. 

Dalsze usprawnierria w kierowaniu polowami zespolowymi mozna osiqgnqc 
dopiero przez zastosowanie elektronicznej techniki obliczeniowej ze wzgl�du 
na znacznq liczb� i skomplikowany charakter parametr6w produkcyjno-uslu� 
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gowych, trudnych do rozwiqzania w przyj�tym modelu uproszczonym. 

IIP!tlMEHEHJ/lE TEOPliilil MACCOBoro OECJIYJK!tlBAH!tlH 

:z(JIH P AEOTbl IIJIABEA8 C IIPOMblCJIOBbIM!il CY}lAM!tl B MOPE 

P e s ro M e 

BHe;n;peHme aKcrre;n;mnmoHHOH �opMbl rrpoMhlcna rrpmBeno B rrpaKTMKe K pH,11;y sa­

Tpy;n;HeHlffl l/!M8!01.l\1'IX opramrnanmoHHblH xapaKTep • Cpe;n;H HU 01!8Hl:, qacTO Bb!CTY­

rraJIH oqepe;n;H rrpOMb!CJIOBb!X cy;n;oB Olltli;D;aIOJ.l\liX Ha oopaoOTKY y rrpmqaJIOB ITJiaB.­

oa3bl m cnyqaw 1rnrrpo;n;yKTMBHhIX rrpo.cToeB rrnaBoashl. :z\JIH pemeHWH aTwx saTpy;n;­

HeHwti YCTaHOBJIHJI1'! rrpHM6HffTJ; MeTO;zv,J orrepanmoHHblX liCCJie;n;oBaHlffl 1'!CITOJIJ;3yR 

;l(aHHble 1'!3 ITOJIJ;CKOro 3KCIT8JI1'ln1'IOHHOro ITpOMblaJia B ceBeposarra;n;Hoti ATJiaH�MKe 

B 1968-69 r. c yqacT1'!8M ITJiaBoa3 TMITa E-67. 

Ha OCHOBe rrpoBe;n;eHHOro CTaTHCT1'll!8CKOro aHaJI1'!3a pemRJIM '!TO BO 

Bb!COKMX cpe;n;HeCyTOl!Hb!X YJIOBOB pacnpe;n;eneHwe 3aHBJI6HRH rrpOMb!CJIOBb!X 
. @ 

K oopaooTKe y rrnaBoasbl WMeeT xapaRTep pacrrpe;n;eneHMH IlyaccoHa. 8To 

COOCTByeT ITpMMeHeHHIO TeOpHM MaCCOBOro OOCJIYMHBaH1'lff ;l(JIR ITOJIY1!6H1'!H 

Bp8MH 

cy;n;oB 

crro­

HaM-

MeHJ;ffiHX ITOTep:i; cne;n;yIOl.l\1'!X R3 rrpOCTOH rrpOMhlCJIOBb!X cy;n;oB B oqepe;n;m MJI1'! 1'!3 

Herrpo;n;yRTMBHOro rrpOCTOR ITJiaBoa3bl B cnyqae OTCYCTBHR rrpOMb!CJIOBb!X cy;n;oB ;n;o 

OopaoOTaHil!H, 

;llaJIJ;HefilmMe pa3B1'!Tli8 yrrpaBJieHHR 3RCrre;n;HnROHHb!M rrpOMblCJIOM MOMHO ITOJIY-

1!1'!Tl:, Jiliffil:, TOlJ;RO rrpH ITOMOl.l\R npHM6H8H1'!H 3JieKTpOH1'!1!8CROW o6paoOTKH ;n;aHHb!X 

Ha 8BM. 
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