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an electric machine rotor onto a feedback signal, and, consequently, to improve a diesel engine 

control quality. 
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The article deals with studying the work of the DHT (Kademlia) and analysing the number 

of packets sent in order to optimise network parameters. 

Key words: P2P, peer-to-peer, DHT, network, Kademlia, packets, routing, C++ 

 

P2P, in full peer-to-peer, is a type of computer network often used for the distribution of 

digital media files. Each computer acts as both a server and a client—supplying and receiving files. 

Kademlia is an early implementation of the DHT (distributed hash-table). One of its major features 

is the XOR-based metric for topology construction. Kademlia uses four basic operations: PING, 

FIND_NODE, STORE and FIND_VALUE, of which we‘ll consider FIND_NODE. 

In order to study DHT we need an event simulation with packet counting to make the tests 

run faster. However, this method is also restricted by processor performance. 

 

 
Fig. 1 

 

All peers get a random 160-bit ID. Peers, or nodes, are stored as leaves in a binary tree. Each 

node‘s position is determined by the shortest unique prefix of its ID (Fig. 1). First, a large number 

of peers (about    ) generated in the swarm go through bootstrapping. According to Kademlia, 

each new node must have access  to a bootstrap node and put it in its own list of known nodes 

called bucket[1]. Then the newcomer initiates a search for its own ID. When other nodes get the 
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FIND_NODE request, they store the requestor‘s ID in their buckets. Upon receiving answers, the 

populated. As soon as bootstrapping is over for all the nodes, each of them picks a requestor stores 

IDs of the responders.  

 

 
Fig.2 

 

That‘s how the DHT is random ID from the swarm and sends a FIND_NODE request for 

this ID. With each step the DHT gets more complete. In our tests this step is repeated 200 times. We 

analyse nodes with bucket size 5, 8, 20 and 40. If someone is looking for a node for too long, 

namely packet count exceeds 3000, the queried node is declared dead for this step. The goal is to 

minimise the amount of dead nodes, meaning routing through the table is done correctly. We get the 

best results with bucket size = 8: maximum 4 dead nodes a step (Fig. 2). This maximum is reached 

only once. The dead nodes  mode through 200 steps is 0. Dead nodes appear more often after step 

80 when the table gets closer to its complete state, but they do not rise dramatically. One of the 

most important systems using DHT, Bittorrent, states in its official documentation: each bucket can 

only hold K nodes, currently eight, before becoming "full"[2].  

 

 
Fig. 3  

 

The situation worsens with bucket size = 20 (Fig. 3). We get more dead nodes, the mode 

being 2. They appear more often beginning from step 25. Max dead nodes is 8, occurring once 

closer to the end of the test. We attribute such behaviour to a greater possibility of following the 

wrong route. When a node emits a FIND_NODE request, it asks k = 3 nodes that are closest to the 

queried node if they know the node in question. If they do, the search ends. If not, they in turn 

search their buckets for nodes closest to the queried node and continue searching recursively. 

During this process, the initiator node and the mediator nodes register each other. Big buckets mean 

more unnecessary nodes. Remembering lots of distant nodes leads to faults in later search because 

many far-away nodes can be mistaken as closest to the queried node. We see an even worse result 

with bucket size  = 40, where dead nodes mode equals 2 and the search goes bad from the start of 

the test. 

Conclusion. We have studied the Kademlia DHT FIND_NODE algorithm and found out the 

best value of the bucket size parameter which is 8. The results of our simulation test correspond to 

the official Bittorrent documentation. 
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MATHEMATICAL AND COMPUTER MODELING OF AIR POLLUTION 

IMANBAZAR A., BELGINOVA S., KUANOVA S.,  

Turan University, Kazakhstan 

 

In the modern world, scientific and technological progress, and the intensive growth of 

industrial complexes in many cities of the world leads to numerous environmental problems that 

require thorough scientific analysis. One of the main causes of global warming is atmospheric air 

pollution, an increase in the concentration of harmful greenhouse gases. Therefore, the study of the 

spatial and temporal distribution of these gases and pollutants in the Earth's atmosphere is an 

important urgent task of environmental protection. 

Keywords: air pollution, distribution of substances, mathematical and computer modeling, 

numerical methods, physical processes 

 

In general, mathematical models of the distribution of gaseous impurities and solid particles 

in the atmosphere of settlements can be considered in four directions according to the applied 

mathematical apparatus: 

1) Models using statistical propagation models based on the Gaussian distribution function. 

These propagation models are designed for a flat bedding surface and are modified by introducing 

coefficients that take into account the possible redistribution of the concentration of substances in 

areas near various structures and buildings that are stagnant in terms of the distribution of 

substances.  

2) Models of the air mass flow based on the solution of transport-diffusion equations.  

3) Physical models of wind tunnels that use some properties and features of the air flow in 

wind tunnels These models make it possible to evaluate and reproduce, according to a sufficient set 

of criteria, the distribution of air flows along the streets at different wind directions in the similarity 

of pipes.  

4) Models based on the use of a comparative analysis of the results of natural experiments, 

the results of numerical modeling and physical modeling. Such an integrated approach makes it 

possible to simulate the distribution of impurities in street canyons depending on meteorological 

conditions, such as temperature stratification of the atmosphere, wind direction and speed, air 

humidity, etc. 

A special place in the theoretical study of large-scale movements in the atmosphere inside 

convective columns is occupied by fundamental ideas about the aerodynamics of the air 

environment.  

In many works, to quantitatively describe the dynamics of convective flows in atmospheric 

air, analytical dependencies of the theory of freely convective jets are used. Also, one-dimensional 

mathematical models implemented using numerical methods are applicable in this direction.  

There are models that are based on the Navier-Stokes equations for a compressible, viscous, 

and heat-conducting gas, which consider the influence of phase transitions and the diffusion of 


