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Abstract: We represent assessment of the rats control operator’s actions, starting from the placement of rat control means (chemical, 
mechanical and others) in the object territory until the full its elimination and followed by assessment of the probability of rat 
population recovery. The probability of success is evaluated when using a combination of rat control means. We took into account 
changes in rat population occurring in different calendar periods of the year. The proposed calculation method can be used in training 
programs, as well as for the local forecast of releasing objects from rats and rats’ re-settling. 
 
Key words: Brown rat, probability, stability, population, destruction, recovery, migration, habitat. 
 

1. Introduction 

Experiments are carried out an estimation of many 

actions for the rat control. Results of the experiments 

reflect, as a rule, success of separate operations, such 

as estimation of rodent containers and investigations 

of rodenticides efficacy baits , in laboratory [1-3] and 

field [4, 5], but do not allow to see process completely. 

Modelling by means of the probability theory could 

formalize all process of rats destruction: correct 

containers arrangement, death rates from rodenticides 

among rats of various sex and age, an estimation of 

reduction size among rats and its subsequent 

restoration. Our purpose was to create model, which 

allows to research how change of parameters at any 

stage of rat destruction could influence on results. 

2. Materials and Methods  

To ensure the achievement of goals and objectives 

of this study we conducted a literature data analysis. 

The original study was conducted by the example of 

the rat Brown (Rattus norvegicus Berk.) and contains 
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detailed description of the methods applied and the 

results. 

2.1 Qualitative and Quantitative Control of the Level 

of Consumption of Rodenticide Baits and Rodenticide 

Cover in the Natural Habitat of the Brown Rat 

The bait contained metal sulfides, in particular, zinc 

sulfide (1% by weight of the bait) was added into the 

rolled oats with 10% sugar (0.5% by weight of the 

bait), and wheat flour with 10% sugar, followed by 

quantification of the cations in Brown rat feces. 

Copper and zinc sulfides, the salts that are practically 

insoluble in water, weak alkalis and acids, pass 

through the gastrointestinal tract without being soaked 

and they are completely excreted with the feces. 

Qualitative and semiquantitative determination of 

metal sulfides in the prepared samples of rat feces was 

performed by precipitation chromatography method. 

The bait on the basis of rolled oats also contained 

chlortetracycline (CT-1%), and wheat flour contained 

tetracycline (T-1%). Rodenticide coating on the basis 

of vaseline and talcum (1:1) with 0.5% of warfarin 

contained 5% tetracycline hydrochloride. T and CT 

were found in the bones of Brown rats by the yellow 

fluorescence in the UV-light. After extraction analysis 

of the bones was made, a qualitative identification of 
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CT and T by paper chromatography method was 

carried out. Antibiotics of the tetracycline group were 

also found in the bones and in sections of the front 

incisors of the Brown rats by yellow fluorescence in 

the UV-light (Fig. 1). 

2.2 Quantitative Control of Rodenticide Bait 

Consumption in Conditions of Laboratory 

Management of the Brown Rats, Was Carried out by 

Estimating the amount of Bait Eaten on the Terms of 

the Right to Choose an Alternative Feed with an 

Exhibition for 14 Days 

In assessing the individual steps in the management 

of Brown rat population control the following 

procedure was used: determination of the Brown rats 

number, evaluation of the habitat favourability, the 

determination of the basic movements graph, 

estimation of the probability of facing with the 

medium, then follows the evaluation of success based 

on reducing of the rodent population by chemical and 

physical methods, techniques and strategies, both 

individually and in combination with each other. To 

assess the probability of events occurring at every 

stage of the Brown rat extermination and recovery of 

their numbers, the theory of probability was used. 

3. Results 

Estimating the probability of release of the object 

and its re-colonization by Brown rats is the ultimate 

goal of our study (Fig. 2). 

3.1 Estimation of the Probability of Detection Control 

and Extermination Container 

During 1 day. Consider the picture that describes 

the preferential movement directions of the Brown rat 

in a plane (usually along the walls and partitions) and 

the point of intersection of these ways, called the 

crossroads, the nodes of the graph (Fig. 3 [6]). 

Consider the graph G, the scheme of possible 

movement directions of the rat with a set of V 

nodes—the points of intersection of these paths, call 

them “crossroads”. Choose the “crossroads” where 
 

  
Fig. 1  Transverse section of the upper incisors of the Brown rat in the UV-light. Diurnal oxytetracycline deposition in small 
doses (left) and in high doses (right). 
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Fig. 2  Rat population control algorithm. 
 

 
Fig. 3  The most preferred move directions the Brown rat in the basement of an apartment house (based on 2 h visual 
observation); 1-dust hole; 2-rat movement directions. 
 

rodent activity is maximal. Placement of containers 

with rodent control media in that area may be 

sufficient to ensure that they will be visited by all the 

rodents that live in the area. 

Suppose the node of the “degree i” is the point 

through which i pathways of rats pass, and ri is the 

number of such nodes; 

k is the maximum number of paths that pass 

through one point (node of the graph), and rk is the 

number of such nodes, respectively. 

Suppose А is an event “a rat visits the container 

during 1 day”;  

Suppose C is an event “the rat passes the node of 

degree k during one day”;  

Suppose В is an event “the rat eats the bait”. 

We shall consider the events А, В and С independent, 

although, strictly speaking, they are not. For example, 

after receiving a sublethal dose at the first approach, at 

the second approach to the bait, the rodent can have a 

negative attitude not only to the bait, but also to the 

container. However, the degree of dependence of the 

above events we can recognize as null. 
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s is the number of containers, placed at the nodes 

with degree k. 

The probability P(C), that during 1 day, a rat will 

visit one of the nodes, where k paths crossed is equal 

to the following value: 

1

( )   (1)
k

k i
i

P C kr ir


 
  

the probability of a rat visiting one of those 

“crossroads” will not depend on the other rats’ visit to 

the same bait. 

AC is the event, when a rat passes through the node 

with the degree k and visits the container. 

Accordingly, the probability of the events P(C) and 

P(AC) is the following: 
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The optimal frequency of media placement can be 

considered as such a frequency, when P(AC)t in the 

last 7 days amounts not less than 0.95 (during 

the 95.0)( tACP  period t = 7 days). Suppose t is 

the time, it takes the rat to find the container, then 

during the period of t  days the event “АС” will 

occur with the following probability:  

( ) 1 (1 ( ))  4t
tP AC P AC   ( ) 

If this condition is not fulfilled, the number of 

containers shall be increased by placing the baits in 

nodes with degree k-1, as well as in the nodes with a 

lesser degree. 

3.2 Estimation of the Probability of a Brown Rat’s 

Contact with the Medium inside the Container 

Rodenticide bait inside the container. If we assume 

that the containers are placed correctly and the 

probability of a Brown rat facing with them tends to 1, 

then at the next step we need to estimate the 

probability of next events. 

Suppose the event tBAC)(  is “the rat ate the bait 

and died during the period of time t”. The event 

tBAC)(  reflects the death of a random rat, without 

considering its age. 

According to our data, the probability of the event 

tBAC)( , namely, P(BAC)t in the laboratory and field 

experiments, as a rule, does not exceed 0.9 for the 

poisons of cumulative effect, 9.0)( tBACP , and 

does not exceed 0.7 for the poisons of acute action.  

The probability P(BAC)t under the conditions of an 

increase in the attractiveness of the rodenticide 

medium tends to 1, even under the conditions of low 

numbers of Brown rats and low frequency of media 

placement. High attractiveness of a medium provides, 

ultimately, a high rate of Brown rats death. 

As shown by our experiments, the proportion of 

Brown rats who have eaten the bait on the basis of 

rolled oats was twice as large compared to the 

proportion of Brown rats who have eaten the bait on 

the basis of flour, placed simultaneously with the 

rolled oats-based baits. However, among the rats, 

there were the ones that ate the two kinds of 

rodenticide baits (Table 1). 

According to the theorem of addition of the 

probabilities, the total estimated probability of eating 

any of the two baits, or both simultaneously (using 

experimental data from Table 1) is equal to 0.92. The 

probability of death by the ratio of dead (148) and 

survived (99) rats and their total number (247) was 

0.60. As you can see, the difference between the 

percentage of rats which have eaten the bait and the 

rats which have died owing to the bait’s poisoning 

effect is very high. Therefore, the probability of both 

events should be considered separately. 

Rodenticide baits and coatings (dust or paste) used 

simultaneously perished more Brown rats than when 

applied separately (our data) (Table 2). 

Double difference in the paste performance is 

associated with low adhesive properties of the paste in 

the winter as compared to the results of summer 

experiments. According to the theorem of addition of 

probabilities, the total probability of eating the bait or 

contact with the paste will be 0.89, which is 

comparable with the experimental data (0.83). 
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Table 1  Comparative baits palatability on the basis of wheat flour and oat-flakes with warfarin and markers from 
tetracycline group. 

The rats who ate the rolled oats with 0.025% 
warfarin, 1% chlortetracycline and 10% sugar 

The rats who ate the flour with 0.025% 
warfarin, 1% tetracycline and 10% sugar 

Rats, who ate the both baits 

Number of 
rats 

Proportion of rats who have eaten 
the bait 

Number of 
rats 

Proportion of rats who have 
eaten the bait 

Number of 
rats 

Proportion of rats who 
have eaten the bait 

51 0.82 24 0.40 19 0.30 
 

Table 2  The number of survived and dead rats in areas with different sets of rodenticide media in the period from January 
to June 1987. 

Area No. Rodenticide medium Number of rats survived Number of rats died Proportion of rats died (%)

1 (winter) 
0.5% warfarin vaselin paste plus 0.025% 
warfarin bait used simultaneously 

11 51 82.3 

2 (winter)  0.025% warfarin bait 13 10 43.5 

3 (summer) 0.5% warfarin vaselin paste 22 88 80.0 
 

Thus, the simultaneous use of two or more 

rodenticides in the form of baits or coatings is justified, 

although these events are more dependent2, than in the 

case of simultaneous application of rodenticide baits 

and traps. 

3.3 Estimation of the Probability of Catching a Brown 

Rat by Mechanical Means (Gero Traps and Arc 

Snares) 

H  is an event “a rat will fall into the trap”. 

tHAC)(  is an event “a rat caught in a trap in t  
days” with the corresponding probability tHACP )( , 

under the condition of their placement in the nodes 

with the degree k, which is in the places mostly 

frequented by rats (Fig. 4). 

The probability tHACP )(  of complete trapping 

of Brown rats by arc snares No. 0 in 30 days is 0.9.  

3.4 Estimation of the Probability of Deaths from 

Rodenticide Baits among Young and Adult Brown Rats  

Suppose the event sadF  is “a young animal will 

approach the bait”, and the event adF  is “an adult 

animal will approach the bait”. The probabilities of 

the events )( sadFP  and )( adFP  will be equal to 

incidence of the corresponding age group among 

                                                           
2Independent methods of rodent population control we can call 
those methods that do not cause the appearance of 
cross-adaptations of the rodents that, to a greater or lesser 
extent, reduces the effectiveness of one of the methods applied 
with any other means simultaneously. 

others in the population, or otherwise proportion 

compared with another group. 

The events sadF  and adF  are incompatible. The 

proportion of younger age groups will reach 0.6 in 

summer and drop to zero in winter in the middle and 

Northern latitudes or to 0.1-0.2 in the Southern 

latitudes correspondingly, depending on the 

proportion of breeding females (Fig. 4). 

To simplify the notation, we shall take the event 

tBAC)(  “a rat ate the bait and died during the period 

of time” as equivalent to the event D . 

Suppose sadD  is the event “a young animal will 

die”, and adD is the event “an adult animal will die”, 

then )( sadDP  and )( adDP  are the corresponding 

probabilities of these events in time t. 

The calculation of the probability of death of rats 

belonging to each of the age groups should be carried 

out taking into account the frequency of their 

occurrence in the population, respectively, )( sadFP  

and )( adFP  on the one hand, and the probability of 

death of a young and an adult animal and as a result of 

chemical or mechanical means, on the other. That is: 

)|()()( sadsadsadsadsad FDPFPFDP   

( ) ( ) ( | ) 5ad ad ad ad adP D F P F P D F  ( ) 

The event sadsad FD   means that “in the young 

age group death occurred as a result of contact with a 

bait (a trap)”, the event adad FD   means that “in 

the adult age group death occurred as a result of 

contact with a bait (a trap)” and the event FD  
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Fig. 4  The age structure of populations of Brown rats caught in April and May in the basements of multistory apartment houses. 
 

means that “among the young and adult rats death 

occurred as a result of contact with a bait (a trap)”. 

The event FD  will have seasonal variations 

associated with seasonal changes in age composition 

in the rat population. We shall assume the events 
 

sadsad FD   and adad FD   independent, although 

it may not be the case. For example, adults coming to 

the bait can produce sounds of danger after the contact 

with the rodenticide bait, discharge secrets from their 

glands or simply urinate and discharge feces on the 

bait, so that to warn their relatives of the danger. 

However, we can recognize the degree of dependence 

of the above events as null. 

Assuming independence of the events 

sadsad FD  and adad FD  , we shall write the 

following: 

adadsadsad FDPFDPDFР )()()( 
( ) ( ) ( )  6sad sad ad ad tD F P D F P BAC     　（ ） 

Due to independence of the events sadsad FD   

and adad FD   

( ) ( ) 0 (7)sad sad ad adP D F P D F     

Then 
( ) ( ) ( ) (8)sad sad ad adР DF P D F P D F     

In the case of using of method of catching rats into 

traps we shall denote the following: 

( ) ( ) ( ) ( )  (9)sad sad ad ad tР DF P D F P D F P HAC       

It should be noted that the probabilities 

tt BACPBACP )()(  and 

( ) ( )  (10)t tP HAC P HAC   

3.5 Estimation of the Probability of a Brown Rat's 

Death When the Two Relatively Independent Methods 

(Rodenticide Baits and Traps) Are Used Together 

Suppose )|( EX  is the event “the animal will die, 

provided that the operator is qualified enough”, 
)|( 1EX  is the event “the animal will die, provided 

the operator uses a rodenticide bait”, )|( 2EX is the 

event the animal will die, provided that the operator 

uses traps, and )|( EXP , )|( 1EXP , )|( 2EXP  
are the probabilities of these events, respectively. 

The event tBAC)(  “the rat ate the bait and died 

during the period of time t” essentially reflects the 

skills of the operator. The event ( )tBAC   “the rat ate 

the bait and died during the period of time, the ratio of 

age groups is taken into account”. Therefore, we can 

assume that )|()( 1EXPBACP t   and 

)|()( 2EXPHACP t  . 
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The probability of death of the Brown rat when 

using the two relatively independent ways—baits and 

traps—can be estimated in the following way (i.e., the 

probability that one of the methods “worked” in a 

certain period of time a bait, a trap or both the bait and 

trap):  

1 2 1 2

1 2 1 2

( | ) [( | ) ( | )] [( | ) ( | )]

( | ) ( | ) ( | ) ( | ) (11)

P X E P X E X E P X E X E

P X E P X E P X E P X E

    
   

 

According to the theorem of addition of probabilities, 

the probability of death of the Brown rat is greater if 

there is at least one of the two following events: either 
)|( 1EX , or )|( 2EX , or both. The probability of 

death of the Brown rat when the anticoagulant 

rodenticides are applied alternately, one after another, 

within 30 days, and then changed by the traps, 

according to our data, reaches 0.98-0.99 (Fig. 5).  

3.6 Estimation of the Probability of Release of the 

Object from the Synantropic Rodents 

Estimation of the probability of release of the object 

from rodents, particularly Brown rats, and recovery of 

the rats in number has been described by us previously 

[7]. Then the object was considered as released from 

Brown rats by the operator (event )|( EX ), if his 

qualification, aimed at this activity (event E), was 

confirmed by the death of rodents (event X ). 

Moreover, the operator's work was more successful in 

the months when the natural component of rats death 

(in winter, for example) was more substantial. This 

approach suggests the possibility of predicting success 

based on a priori training of the operator, confirmed 

by specific results of his work on releasing the object.  

In this paper we shall estimate the probability of 

death of the rats at the object. To do this, we shall 

apply the Bayes’s formula again: 

( ) ( ) ( | ) ( ) ( | ) (12)P X P E P X E P E P X E   

[8] 

)(EP is the probability of the event “the operator 

has the necessary skills to release the object”. 

)(1)( EPEP  , )(EP is the a priori 

probability of the event “the operator does not possess 

the necessary skills to release the object”. 

)(XP is the probability of the event “the rat will die”. 

)|( EXP  is the probability of the event “the rat 

will die, provided that the operator is qualified 

enough”, where, )|(1)|( EXPEXP  . 

)|( EXP  is the probability of the event “the rat 

will die, provided that the operator’s qualification is 

not sufficient to release the the object”. 

The probability )|( EXP  we described above. 

The probability )(EP  can be calculated by the 

share of the objects actually released by the operator.  

Thus, we can estimate the probability of death of 

the rat at the object. 
 

 
Fig. 5  Number of Brown rats trapped into arc snares No. 0 from the beginning of trapping within 60 days (based on the 
results of trapping rodents in three basements of multistory apartment houses, the regression line is purple; aligned curve is 
gray). 1-number of rats caught, 2-aligned curve. 
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3.7 Estimation of the Probability of Recovery of 

Synantropic Rodents Number at the Object 

An a priori component, which determines the 

possibility of rats settling at the object, is the habitat 

capacity of the controlled area, and a dynamic 

component is the increase in the number due to 

reproduction and immigration. All this is true, provided 

that the effect of rodenticide media is over or minimized.  

If the rodenticide media work with high efficiency, 

the population of the site by the rodents may be 

delayed for the period of rodenticides effect duration. 

This model must also contain the probability of 

rodents survival in the controlled area: 

 in winter—only by surviving residents at the 

lowest values of the immigration and reproduction 

components; 

 in spring (the period when the young rats go out 

on the surface)—due to replenishment of the active 

population by the youngsters; 

 in summer—due to replenishment of the active 

population by the youngsters and their resettlement;  

 in autumn (during the autumn and winter 

migrations)—due to immigration from undeveloped 

areas (our data);  

( ) ( ) ( | ) ( ) ( | ) (13)P Y P U P Y U P U P Y U    

[8] 

where, )(UP  is the probability of an event “the 

object has sufficient habitat capacity for Brown rats” 

(this value is calculated by the ratio of the total score 

( jK ), which characterizes the favorability of habitat 

at this object to the total score that characterizes the 

most favorable habitat (capacity)- K ), i.e., 
KKUP j /)(  ; KKUPUP j /1)(1)(   

is the probability of event “the object does not have 

enough habitat capacity for Brown rats”. 

)(YP is the probability that the event “the rodent 

appeared at the object” has occurred. 

We presume that the event Y occurs within one 

month. A month is a long enough period of time: (1) 

for the emergence of young animals on the surface, for 

immigration; (2) for the survival of the population of 

Brown rats in terms of its extermination. 

)|( UYP  is the probability that the rodent has 

appeared on the site, provided that the habitat capacity 

is sufficient for its habitation. The appearance of a 

rodent at the object does not mean its settlement in 

that area. 

)|( UYP  is the probability that the event Y  has 

occurred, provided that the object does not have 

enough habitat capacity for Brown rats.  

To characterize the latter conditional probability we 

can use actual statistics on the percentage of objects 

that are not populated by rodents within one month, 

when )|(1)|( UYPUYP  . 

The experimental data on the probability of 

occurrence of Brown rats at the object (area) were 

obtained by calculating the ratio of Brown rats number 

in the rice fields of the Krasnodar Territory in the 

period from December 1981 to June 1982  of 

subsequent account to the previous account (our data). 

We shall take into consideration that the event Y  

can occur at the expense of breeding Brown rat in the 

treated area (event 0Y ), as well as due to immigration 

from neighboring areas (Fig. 6) (event jY ), i.e.; 

0 (14)jY Y Y   
 

 
Fig. 6  The direction of movement of rodents between 
adjacent squares.  
xj-the density of rodents in the square j; 
Кj-habitat capacity in the square j;  
→-direction of movement. 



Probabilistic Model of the Brown Rat Control 

  

753

Then ( | ) ( ) / ( ) (15)j jP Y U P YU P U  

In this case,  
88

0 0 0
1 1

( ) [( ) /( ) ( )] [ ] (16)j j j j j j
j j

P YU K x K K x x P Y U
 

      

where, 0x and jx  are the numbers of Brown rats in 

the treated area and in one of the eight adjacent 

squares, and 0K  and jK  are capacities of habitats 

of these areas. 

If the events 11UY , 22UY ,…, jjUY … are 

independent, the probability of co-occurrence of these 

events is the product of the probabilities of each of 

them, i.e.,

 

8 8

1 1

[ ] ( ) 17j j j j
j j

P Y U P Y U
 

  ( ). 

In fact, these events are relatively independent only 

at low abundance in the treated area. The higher the 

number of Brown rats, the less likely will be the 

probability for the following immigrants to enter the 

treated area due to countering of the settled rats, with an 

increase in their numbers, triggering the mechanism of 

autoregulation. Obviously, when the number of Brown 

rats is high, the condition of independence of the events 

is never observed. Criterion for the assumption of 

independence 11UY , 22UY …, jjUY …may be the 

assignment of probability of occurrence of these events 

to be rare, distributed by the Poisson law. Then, their 

sum will also be subject to the Poisson law. The 

appearance of the rats at the object may be considered 

as rare at their extremely low abundance. For example, 

in the rice fields of the Krasnodar region the density of 

Brown rats less than 0.2 rats per 100 linear meters of 

earth rolls can be considered as low (our data). At this 

density, and lower, rats can hardly form clusters, the 

arithmetic average “distance between the trapped rats” 

tends to the value of dispersion (M ± σ = 390 ± 276 m) 

and, hence, the distribution of this random variable will 

increasingly conform to the Poisson law. The 

probability of recovery of rats population in the treated 

area with such low rats numbers, may be not so small if 

the living conditions there look attractive for the 

immigrants traveling from all the adjacent areas 

simultaneously and independently. This picture was 

observed in the areas of rice fields, which had a lot of 

unprocessed straw, creating favorable conditions in 

terms of feed and shelter (stacks of straw). 

4. Discussion 

The problem of the release of the area from the rats 

under the conditions of “residual” number, in essence, 

boils down to the extermination of individual rats. 

Each of the steps taken in order to catch a rat can lead 

to success or development of persistent reaction of 

avoidance that makes a retry failed. 

As we have shown, young Brown rats are 

significantly more likely to survive when using 

rodenticide baits with anticoagulants [9]. The events 

related to the death of the young and adult rats will 

obviously be incompatible and constitute a complete 

set of events. Then the assertion, that for the 

successful reduction of the number of Brown rats, a 

simultaneous influence on the both age groups is 

needed, can not raise doubts. Since the ratio of age 

groups is a seasonal-dependent quantity, it is obvious 

that the application of techniques, methods and 

strategies against these groups should be strictly 

targeted at these age groups and at the same time, at 

raising the overall effectiveness of reducing the 

number of Brown rats. 

The probability of detecting containers will rise 

with an increase in duration of their exposure, and it 

will be greater in the places mostly frequented by 

rodents. House mice (Mus musculus) visited trace 

platforms (82 pcs) in the territory of mill canteen at 

different frequency (four grades), in this case, the 

proportion of the areas containing the mice traces 

increased within 12 days of observation. The greatest 

number of house mice were caught in Gero traps in 

the mostly visited areas [10]. In the basement area of 

multistory apartment houses, provided the containers 

with the bait were placed in places mostly frequented 

by Brown rats and near the trunk of garbage disposer, 

the probability of eating the bait was the greatest. The 

further away from the place of the activity of the 
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Brown rat the container stood , the worse the bait was 

eaten there [6]. 

With the increase in density of Brown rat 

population, the habitat areas reduce in size, 

exacerbated by the competition for food sources. An 

increase in the number of feeders with rodenticide bait 

or a means of rodent population control becomes 

relevant [11]. However, reducing the distance between 

the feeder makes sense only to a certain limit, as 

further convergence does not lead to an increase in 

their attendance by Brown rats [12]. With a decrease 

in the proportion of population density, the proportion 

of Brown rats who have taken the bait depends on two 

factors: On the one hand, there is an increase in the 

probability of detection of distant feeders due to the 

increase in the size of habitat area of Brown rats, on 

the other hand, food resources increase in calculation 

per one individual. In terms of forced (by humans) 

reduction in the number of Brown rats, the interest in 

artificially laid bait falls [13], which results in 

reduction of the consumption probability. This will 

inevitably lead to a decrease in the effectiveness of 

rodenticide baits [9]. 

It is known that the use of first-generation 

anticoagulants causes cross-resistance to the action of 

second-generation anticoagulants among the Brown 

rats, so it is reasonable to apply rotation of 

rodenticides on the anticoagulant basis with the ones 

on the basis of the acute poisons [14-16] such as zinc 

phosphide or alfa-naftil-tio-carbomide. In this case, 

the results of the use of the both media can give rise to 

avoidance (obverse) of separate rodenticide baits 

components, which means that action of one rat may 

have an impact on others. As we know, if in its 

formulation nutritional supplements are used (sugar, 

vegetable oil), they can result in developing behaviour 

reflex of danger signals [17-19]. The events connected 

with the death from the former will be only 

conditionally independent of the events connected 

with the death from the latter. Media belonging to 

different techniques, such as rodenticide baits and 

rodenticide coating can also be considered only 

conditionally independent. Even more independent 

will be the media belonging to different methods, such 

as the media of gastrointestinal and inhalation action, 

as well as to different means, such as chemical and 

mechanical means. However, this independence is 

also conditional because of the possibility of failure of 

contact with any unknown means (neophobia). 

Despite the reservations stated above, in some cases, 

apparently, it is possible to operate with the concept of 

independence of events due to the fact that the 

influence of one event on another can be negligible. 

The probability of reducing the number of 

synantriopic rodents in the controlled object area will 

be greater if the following factors are higher: (1) the 

probability of finding rodent population control media 

by placing them at the nodes of their movements; (2) 

the attractiveness of the media chosen; (3) the success 

of the means action (effective work of physical means; 

receiving a lethal dose of the active component of 

chemical substance, taking into account the individual, 

age and other intrapopulation variabilities); (4) the 

qualification of pest control operator; (5) indicators of 

instability population (high mortality, low fertility, low 

migration component, relatively homogeneous age 

structure). The probability of recovery in the number 

of synantropic rodents in the controlled object area will 

be higher if the values of the following factors are 

higher: (1) the capacity of the habitat at the object (in 

the area) ( 0K ); (2) increase due to reproduction and 

immigration )( jj ib  ; (3) the number of rodents at 

the adjacent objects (areas) at the given period of time 
)(tx j ; (4) average speed of migration )ˆ(s  in this 

time of year; (5) the current number of rats at the 

controlled object (in the controlled area); (6) the speed 

rate of formation of breeding groups; if the following 

factors values are less; (7) the capacity of the habitat at 

adjacent objects (in adjacent areas) ( jK ); (8) the 

distance from populated neighboring objects to the 

controlled object ( R ) [7, 20].  

Thus, we can estimate the unknown probability of 
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release of the object (area) from the rodents and the 

probability of its re-settlement, provided the 

application of certain algorithm of using different 

techniques, methods and strategies, taking into 

account the structure of the population studied and its 

position in the hierarchy of populations. In our view, 

the relative values obtained on the basis of 

calculations, experimental data approaches to the 

management of rodents that we proposed are 

sufficient to achieve the set goal consisting in finding 

the optimal ways to manage the selected biological 

system. The data obtained can be used in training 

programs, as well as to select the best ways to control 

number of Brown rats. 

5. Conclusions 

The more complex population structure is, if 

possible, independent ways of influencing on the main 

group of this structure there should be in order to 

destroy it. The number of ways producing effect on 

the population can be rigorously defined if the target 

groups are identified. The probability of reducing the 

number of Brown rats at the controlled object is 

enhanced if the following factor values are greater: the 

success of the media application (effective operation 

of physical facilities; receiving a lethal dose of the 

active component of chemical substance, taking into 

account the individual, age and other intrapopulation 

variability), indicators of the instability of the 

population (high mortality, low fertility, low 

migration component, relatively homogeneous age 

structure). The probability of recovery in the number 

of Brown rats at the controlled object will be higher if 

the following factor values are greater: capacity of the 

habitat at the object (in the area), the increase due to 

reproduction and immigration, the number of rats at 

the adjacent objects (in the adjacent areas) at the given 

period of  time , the average rate of migration at this 

time of year, the number  of rats at the controlled 

object (in the controlled territory) at the given period 

of time, the rate of formation intrapopulation 

reproductive groups, if the following factors values 

are less: capacity of the habitat at the adjacent objects 

(in the adjacent areas), the distance from populated 

neighboring objects to the controlled object. 
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