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SECURITY CONCERNS FOR CRYPTOCURRENCIES

Amandzholova S.T., Mussabekov D.S.
International Information Technology University, Almaty, Republic of Kazakhstan
e-mail: 31.10.93@bk.ru, shokataeva@gmail.com

Blockchain based platforms, like crypto currency payment systems, has multiple layers of protocols that
transfer data to each other. Most of these data transfers are based on popular protocols, where each of them
may have their own security problems that could be exploited. Attackers can get IP address of victim and
may identify where user lives. Some blockchain based technologies offer smart contracts, which are
transparent and exposes its operations for public and that is why it requires another level of encryption
which will add more complexity and thus create more vulnerabilities. There are multiple ways to solve
security problems, like introducing multiple types of encryption and using some methods to provide proof-of-
work in order to make computational work of each participant reliable. Another major security concern of
cryptocurrencies is mining pools. A lot of participants combining their computational power to perform
mining, because it is safer and even participant with weak computational power can get some kind of
reward. However, mining pools are working in blockchain as single entity and they are under control of
single party, like operators of these pools. It is all known that party that controls more than half of
computational power can make any changes to blockchain. Some of these mining pools started to get
significant part of mining power of whole blockchain system and it may lead to security problems.

Key-words: blockchain, Bitcoin, Ethereum, Litecoin, consensus algorithm, mining, encryption.

bBnokueiin mexnonozusicvina necizoenvbeen naamgopmanap e3apa aknapam macublManiay2a apHani2an
OipHeuie xammamanap monmapulHan mypaosi. AKnapammul macblManioaumsli Xammamaiapoa sasuKecmep
natioanana anramvli Kayincizoik npoonemanapvl o6ap.Onap wcabiprenywiniy [P-mexen-scalivin ecenmetl
anaovl JCoHe CONl  APKbLIblL  OMbIY  MYPRbLILIKMbGL  MeKeH-dicalibld  Oine  anaowvl.Ketibip  Onoxuetin
MEXHON02UACLIHA Heziz0eneen naam@opmanap 06a20apramaranamsi KOMpaKmiiepmen Kamamamacsl3
emedi. bipax xompakminepoezi depexmep auibiK, AHU Ke3 KeleeH OJ0KYelH KoN0aHyuibl oepekmepoi Kope
anaovl. Jlepexmepi cakmay ywin Kocblmwia —wugpnay Koadawwiiaovl. Kocvimwia — wugpnay
bazdapramanvipobl  Kypoenendipedi Oe, Jicaya OCANObLIAKMAPEA JHCON  ausybl  MyMKiH.Kayincizoix
npobnemanapvin weuryoiy OipHeute HCObL OAp, MbICATLL, WUPDPLAYOblY OipHewle MYpAepin eHei3y JHCoHe
KamulCyubLiapobly ecenmey HCYMbICIMAPbIH CeHIMOI emy YUliH JHCYMbIC 0dnel0epiH YCbIHYOblY Keloip
adicmepin Konoany. Kayincizoikke mazvl matinune nyinoap epexkuie xe3kapac 6ap. Kamwvicyuvliapoviy
Konwiniei MAHUHEKe APHANIEAH KOMNbIOMEPIIK ecenmey KyamvlH Oipikmipedi, olimkeHi Oyn eme ceHiMmOi
JHcane apoip KamwvlCcyuivl Kem OeceHOe Kanoail 0a Oip colilakbl aia anaobl. [leceHMmeH, MAtiHuUHE NYi10apbl
Onokuetin Jucyiycinoe 0ip cyOvekm peminoe, JiCoHe MY ONePaAmoOpiap apKblibl JceKe MYA2aiapobly
bakwvLiayvinoa mypaovl. Ezcep 0ip mynza OyKin O10KYelHHIHecenmey KYAmvlH JCAPMbICLIHAH KOOiHe ue
bonca, on omvl 63eepme anadvi. Kazipei matinune nynndapuvinely ecenmey yaecmepi 6Cin Jlcamolp, HcoHe
COHBIMEH KAYincizdikke OQUNIaHbICIblL KULIHUBLILIKMAPOLL MYObIPY MYMKIH.

Tipek co30ep: OnoKuetin, OUMKOUH, dUp, 1AUMKOUH, KOHCEHCYCa an20pUummi, MauHuHe, wugpey.
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Inam@opmvi, ocnosanuvie Ha MexHOIO2UU OLOKYEUH, COCMOSM U3 HECKONbKUX ClI0e8 NPOMOKOI08,
KOmopble nepeHocsim OaHuble mexcoy cobou. Boavuuncmeo cnocob6o8 nepeHoca OAHHbIX UCNOAb3VIOM
NONYNAPHLIE NPOMOKO/IbL, KOMOpble MO2SYW UMemb C80U COOCMBEHHble NpobiemMbl O 0e30NaACHOCMU,
KOmopble MO2ym UCHOb306amb 310ymblutieHHurku. Onu moeym eviuuciums P adpec sicepmewt u y3namo
aodpec e2o npoocusarus. Hexomopuole mexnonozuu na 6aze 610K4YeiH UMEOm YMHble KORMPAKMbl, KOMOpble
AGNSIOMCS. NPO3PAYHBIMU, MEM CAMbIM GbIAGIAIOM 6 NYONUUHbIL 0OCMYN KAK OH pabomaem, u3-3a 4e2o
mpebyemcst 006a61mb OONOTHUMENLHYIO NPOCIOUKY C WUPDPOSaAHUEM, KOmopas 000asum 0ONOIHUMENbHYIO
COJACHOCMb U MOJICEm OMKPbIMb HO8ble ysazeumocmu. Ecmb Heckonwko cnocoboé peuienuss npoonem ¢
be3onacHocmvlo, maxKue Kak 6HeOpeHue HeCKONbKUX 6U008 WUPDPOSAHUS U UCHOAb308AHUE HEKOMOPbIX
Memo0os 0 NPedOCmasieHusi 00KA3amenbcmed pabomvl, ymoodvbl COeiamv GbIMUCTUMENbHbIE PAOOMbL
yuacmHukog 6oaee Haoexcuvim. Ewe 00no omuoutenue Kk 6€30nachocmu npeocmasisiom ManiiHeo8vle nyibi.
O2pomHOe KOMUUeCmB80 YUACMHUKO8 00bEOUHSIOM C80U BbIMUCTUMETbHbIE MOWHOCTIU O MAUHUH2A, MAK
KaK 3mo HaoedcHee, U KaxNCObll YYACTHUK MONCEM NOAYYUMb XOMb KaKylo-mo Hazpady. OOHaKo nyvl o1
MatHuHea pabomaiom 6 OAOKYelHe KAK OOHA CYWHOCMb U HAXOOSMCS NOO KOHMPOAEM Uy, MAKUux Kax
onepamopvl nynos. Mzeecmmno, umo eciu 0OHO IuYo 6iadeem 0onee ueM NOJOBUHOU GbIYUCIUMETbHOU
MOWHOCMU 6Ce20 DNIOKYEliHd, MO OH UMEEem B03MONCHOCTb €20 UsMeHsmb., Hekomopvie uz cyuecmeyouux
MAHUH20BBIX NYAI08 HAYALU 3AHUMAMb 3HAYUMEIbHYIO YACMb SbIMUCTUMENbHbIX MOUWHOCHel Ol0KYelHd,
Komopble Mo2ym npusecmu npooiemam 6e30nacHocmu.

Knroueevle cnosa: 6Onokueiin, Oumxoun, 9Qup, JAAUMKOUH, AI2OPUMM KOHCEHCYCA, MAlHUHE,
wugposanue.

Introduction. This article describes some security concerns around cryptocurrencies.In
distributed networks, each participant should update their copy of data. In order to determine what
data is valid for all there are multiple types of consensus algorithms. However, most of these
consensus models work when each participant will provide some kind of identification. Because
participants in cryptocurrencies are anonymous that kind of consensus is not acceptable. In order to
determine what data is valid, network will generate some kind of puzzle, which each miner should
solve. Miner that successfully solved puzzle will receive reward of freshly minted new coins. There
are multiple types of algorithms that will generate new puzzle and they may have some weaknesses
against malicious attackers. Mining also depends on computational power, which leads to rise of
mining pools, where multiple participants collaborate in order to solve puzzle. That could lead to
another problem, where combined computational power of one community will exceed half of
networks power. This could lead to tampering blockchain data and may result to double spending.

Concerns around Bitcoin

This and past years have been noticeable rise of cryptocurrencies like Bitcoin, Ethereum,
Litecoin and etc. These cryptocurrencies are decentralized and makes users to be able to send
money and create contracts between parties even if there is negative trust. This has a great potential
for creating new type of system in finance, which could be more efficient than today’s existing
centralized examples.

However, it is difficult to say that these cryptocurrencies are well secured. For example, Bitcoin
has a complex protocol layers that interact with each other. Each of these layers design may have
some security risks. Also, Bitcoin is part of many other types of altcoins (alternative names of
cryptocurrencies based on Bitcoin) that compete each other and each of them constantly evolving.
Figure 1 shows approximate structure of Bitcoin’s protocol layers.
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Figure 1 — Bitcoin’s protocol layers

Open Source API

Cryptocurrencies eliminates central points of failure by distributing its own influence all over the
network, they have the potential to become more robust financial infrastructure. Today about 20
billion of USD are being exchanged via cryptocurrencies [1]. Even if Bitcoin has such a success, it
is difficult to check its security. This also led to boom of «altcoinsy, Bitcoin derivatives, which have
simple modifications of the same template in order to compete it for market share. Ecosystem of
cryptocurrencies undergo constant changes and modifications due to being an open source software
where communities contribute improvements to improve its performance.

In Bitcoin, new money is created by coin minting process. In current time roughly 25 bitcoins
are created in every 10 minutes on average.Epoch is considered as each ten minutes that Bitcoin
works. Blockchain will generate new challenge or puzzle, at the start of new epoch. Each Bitcoin
nodes compete each other to solve puzzle of current epoch. Whoever provides acceptable solutions
to the puzzle will get newly minted coins for this epoch.

Bitcoin broadcasts message through the entire network, which is where consensus mechanism
relies on. Each time there is some kind of tasks to solve that is being found by miner and this
message should be distributed through the network as soon as possible. Messages are being
broadcast over peer to peer overlay network. Randomized process is being used to form network
topology. Each node contains the list of peer addresses. New nodes update their data by querying
other existing nodes that are listed inside of their source code. Each node maintains outbound 8
connections to peers, by choosing from list randomly. Also, each node accepts 125 incoming
connections from other peers.

However, this peer-to-peer network is not perfect, and is vulnerable to deanonymization attacks
[2]. This type of attack can expose public IP address of account that created transaction. Also, they
can detect nodes where user’s node is connected to the Bitcoin network. If users are under Network
Address Translation (NAT), attackers can identify IP addresses of Internet Service Providers, where
it can point to user’s address where he could live. Some people say that ISP can work as
anonymizer and suggests to use multiple layers of VPN’s making IP address geolocation useless.
However, those entry nodes can be served via unique user identification in these cases. Out of eight
nodes knowing only three nodes, which can serve as unique user identification, during the session.
This works when Bitcoin client is still online. The main idea is when user creates a new

transactionit would be most likely forwarded via entry nodes. Entry nodes can be known at the time
6
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when connection appeared and will be used to find where this transaction was originated from.
Attacker can make connections to Bitcoin server, as many as he could. Then he will listen how
users broadcasting their addresses on the connections and attacker will receive IP addresses. At last
attacker will listen for transaction and will correlate them for clients.

If we simplify case, each individual Bitcoin miner works independently, only communicating
through messages by using its protocol. However, in the last years, a lot of Bitcoin participants join
together, by forming “mining pools”, instead of working as independents. This is made in order to
reduce the payoff uncertainty [3].

Nearly all of these mining pools are being administered by “pool operator”, who will direct how
the computational power of this pool will be used. Bitcoin whitepaper compares between mining
and voting in as a democratic election, where entity that has more CPU power, will have more
votes [4].

Several times, one of the largest mining pools had more than third of computational power [5].
Some of the most popular mining poolshad more than half of the total capacity to mine new
bitcoins. That made community, that works with Bitcoin, to express a requirement for some kind of
solutionsto resolve this problem.

One of the main factors that made mining pools to grow it their enforcement mechanism. Each
member of this pool does not trust each other, but they are submitting their cryptographic proofs to
operator of pool and to other members that participate in mining, to demonstrate that their
contributions of their computational work is beneficial to pool.

Smart contracts

Even if Bitcoin is created by purpose to make an electronic cash services, that allows participants
of bitcoin to send their digital currency account to other participants, it is obvious that network will
be foundation for implementation of complex applications that works with finance. Bitcoin has
interface that works as programming language to define policies that controls access of users. For
example, creating script code where specific amount of virtual currency is possible to besent with
the agreement of 2 out of 3 principals. Ethereum, which is largest competitor of Bitcoin, has
programming model to control how money will flow in the system [6]. Users will implement
application like code which will beexecuted as processes, these processes are known as “‘smart
contracts”. Smart contracts are being executed by Ethereum’s blockchain network to receive or send
currency and some other types of data from one user to another. Ethereum’s documentation has
examples of creating payment mechanisms such as auctions, lotteries, and elections, by using
programming language that looks like a Javascript which is called Solidity and a language that
looks like a Python which is named as a Serpent.

The model of using smart contracts has a lot of potential, but creating a simple coded contract
may have some errors [7].There have not yet created any frameworks that provides security for
smart contract-based applications.Also, because smart contracts are being executed by blockchain
network, which has peer-to-peer architecture, that means that these contracts are not transparent,
which means that they don’t have any private state. Smart contracts are considered as a trusted third
party instead of centralized financial institutions for its correctness and availability, but not for
privacy.

Applications that requires privacy, which is very common in financial operations, because
financial information has sensible information of its owners and their businesses, cannot be
implemented by only smart contract. It will require additional layer of cryptography, which adds
more complexity.
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Ways to improve privacy

In order to improve Bitcoin’s privacy, more sophisticated cryptography should be used. Even
though, Bitcoin is implemented in the way where each user is anonymous, it is based only on
cryptography, like only digital signatures, and it could reveal some vital information.Some
researchesdiscovered that it is easy to monitor blockchain of Bitcoin and trace how funds flow by
inferring connections between related transactions [8].

The second direction is to provide new type of rules, where in multi-party mining, will be
considered as “fair”, by using a cryptography as a primitive within cryptographic protocol. Fairness
means that each participant will receive specific amount of output from this collective computation
or no one of them do. Fairness is mostly impossible without trusted intermediary. By considering
cryptocurrencies as a basis, it is possible to implement some kind of policy that uses fairness among
with penalties.Penalty from attacker will be taken and will be distributed to honest participants as
compensation [9].

Public key cryptography is used as ownership of bitcoin. The network associates money between
public keys that will be supplying them.It is possible to send virtual currencies between accounts
(public keys), by sending messages that are signed. We can consider Bitcoin as machine that has
multiple types of states; each state at specific time will correspond to amount of money in accounts.

Researching the “consensus protocols” has taken a lot of time and effort, in order to make
multiple computers in same network to be able to achieve some kind of agreement. There are
several notorious problems, because each of these types of networks are susceptible to failure and
some participating computers are vulnerable to attackers. There are multiple protocols, such as
Paxos [9] and PBFT [10] that provides their own types of consensus.

One of the main differences of Bitcoin’s consensus protocol from other popular types is the
competitive environment. Bitcoin based on anonymous distributed network. It is possible to any
participant to be a miner and because of anonymity, users do not have names. Nearly all consensus
protocols are dependent on information that identifies each user and their work is similar to a
collecting the votes, where majority will be considered as a winner. Without having any participants
with authority, it is hard to securely count their votes. Systems that makes participants to be able to
generate their own identifiers are susceptible to Sybil attack [11], where attackers will just generate
a large number of accounts to overfill with their votes.

Bitcoin’s security based on selection of computational resources. Consensus is reached, after
completion of some kind of task, it is considered secure until computational power of community is
higher than the attackers. This is preferable in decentralized system, where each participant is
anonymous, and each participant can get benefits of computing power.

Proof-of-work, that is sometimes called as a Cryptographic puzzle, has been analyzed and
proposed for a lot of other purposes, by including timed-release encryption [12], spam prevention
[13], Denial of Service resistance [14], and defense against Sybil attacks [15].

Suggestions around consensus protocols

James Aspnes studied Byzantine agreement without using Public Key Infrastructure in a model
where at some bounded rate computational puzzles can be solved [16]. However, this work uses
pre-existing authenticated channels between honest parties.

Some reasearches made analysis new methods of reaching consensus that are inspired by Bitcoin
[17]. Each process will make some number of random queries and diffuses anonymous messages.
The protocol of Dziembowski [18] don’t depend on global single value in order to start consensus.
Instead of that, each participant will create its own task, and global task will be generated by

8
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combining all tasks of each participants. Large networks may require some extra data to be
transferred, which will add some extra cost during the communication.In Bitcoin’s protocol,
participants that are lucky enough to find solution challenge must send a message, and the amount
of these puzzleswill be varying. While these puzzles are parallelizable, Miller [17] shows the
implementation puzzles that will be broadcast sequantally.

Some researchers have some propositions to separate encryption based on timelock, from a
scratch-off puzzle scheme [19]. Where, instance of task will be used as public key for encryption of
message, and solution will be used to decrypt the message. However, these types of consensus
protocols are based on methods that considered as a very computationally expensive, which is
impractical to use for now.

As explained above, Bitcoin miners compete to solve computational challenges, also known as a
puzzle and reward will be sent to a user who solved this puzzle. There are no shortcuts to find the
solution of this puzzle; attacker needs to have the amount of computational power more than the all
other honest participant together. Even though, Bitcoin’s puzzle is called a proof-of-work puzzle,
the requirement of the puzzle varies from the descriptions [20].

This first requirement should not be able to find some kind of «shortcuts» in order solve it faster
than other honest participants. This could be expressed as an explicit parameter y, which means the
efficiency of attacker’s puzzle solving vy is higher than the honest parties that follows this algorithm.

Another requirement is the parallel effort should be used to solve puzzle efficiently. In Bitcoin,
all participants communicate only to send and trade their solutions that they have found. Even if
their works aren’t coordinated, they should not waste their effort for redundant work.A traditional
proof-of-work puzzle may be solvable by step by step computation that is carried by single party.
Because this methodworks in deterministic way and also sequential, all participants, which are
independent, can’t solve it faster that those who works alone. This puzzle constrictions have that
kind of properties are designed in the way that they can only be solved by using brute force search
of large space of solutions. Because this amount of data to search is large, each participant will
search in random regions without overlapping each of their searches.

It is also required that puzzle solutions to be nonmalleable, which makes seeing solutions for
specific types of puzzles that will not provide any help to solve another puzzle.This means that
puzzle must require new work to solve it. If puzzles do not satisfy this rule, then participants can
just solve easily new tasks based on precomputations of previous solved tasks.Stebila pointed that
early definitions of puzzles did not prevent this scenario [21].

Bitcoin consensus

In Bitcoin consensus, solving a puzzle makes solver to determine which transactions will be
committed to blockchain, and select the account’s public key to send a reward. This could be
defined by adding additional data to payload. If honest participant commits message which is
connected to some kind of payload, which is considered asm, that contains public key that belongs
to party where reward should be sent, for other competitor it should not be possible to get some
kind of advantage in getting solution of this puzzle which is connected to different payload, which
is considered m* for the same puzzle. In Bitcoin, each epoch is defined by a unique puzzle instance,
which is globally known, mostly one payload message and one ticket will be added to blockchain.
Participant will gain reward if and only if his message is associated to solved puzzle. If users could
be able to change a payload of attacked ones winning ticket that he had chosen, then the adversary
can listen for the victim’s ticket’s announcement in the network, and then will start to propagate the
modified ticket, where it contains its own public key for reward and will attempt to outrace the

9
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victim. There is a possibility that network will consider the adversary as the winner of this epoch,
especially if the adversary has better network connectivity than the victim.Ability to see solution of
puzzle, won’t help to produce new solution that will be connected to another payload, which is
considered as m+.

The difficulty, nonmalleability, and non-transferrability combined could be considered called
incompressibility. This will prevent an attacker to solve different puzzles based on previous
solutions and stealing others work.

Puzzle is parametrized by parameters (d,t,to,y). Where:

e t means the amount of work that is needed to solve single puzzle solution

e ymeans maximum amount of process finding solutions which adversary can speed up

e d affects the average number of attempts to find a solution

e to means initialization overhead of the algorithm

This puzzle consists of the following algorithms [21]:

1. G (1% — params: made for public parameters of task or puzzle. For each of the functions
there parameters are considered implicit.

2. Work (puz, m) — ticket: This algorithm takes instance of puzzle puze {0,1}", and message
for payload, which is considered as m. The Work algorithm will make an attempt to get a solution
for puzzle, and terminates itself when one is solution is found. Solution will be searched in solution
space by using brute-force method, where each attempt takes t steps, and for initialization is t°.

3. Verify (puz, m, ticket) — {0,1}: Will check if instance of puz and payload, that is considered
as m, are valid to each other. If validation is passed, it will be considered as a winning ticket.

This work algorithm has attempts that will be repeated, and each attempt will increase the
probability to create winning ticket.

As explained above Bitcoin is based onon peer-to-peer broadcasting network that makes suers to
be able to anonymously publish their solutions for puzzles. There is also other type of consensus
called “Monte-Carlo Consensus”.This protocol is based on number of processes, considered as n,
and f, which can be considered as a tampered or corrupted, starts with each correct process Pi
receiving an input value proposedie{0,1}+, and must satisfy the following properties [22]:

e After some time, single value should be outputted from each process, which are considered as
correct ones;

e Same value should be outputted from each process, which are considered as a correct one;

e Inputs with invers-polynomial probability will be inputs to the output values;

Participants of Bitcoin mining will be trying to find the solutions of puzzles, where each solution
is used to create new task for next puzzle, and then by solutions that are chained together. They help
to each other by following rule: authoritative solution will be considered one that has the longest
solutions chained together. Each participant that works as node tries to expand their own longest
chain of solutions, and when node finds new solution, it broadcast this solution over the network to
other nodes. If there are proper parameters, this guarantees that the hones parties will eventually
agree on their own chains of solutions.

In contrast of traditional consensus protocol, also including Monte Carlo protocol that was
mentioned above, where processes should terminate and output result value, the Bitcoin never does
it. Each process provides an output in order to register current most possible value, and lastly this
register makes itself stable that the chance of changing is negligible.

10
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Concerns around mining pools

In cryptocurrencies, there is an assumption that there is no single entity with large part of the
computational power in the network. If this assumption is violated, this could lead to attacks like
changing history of transactions, making double spending, which will negate all security properties
of blockchain.

However, because of two new types of mining, like mining pools and hosted mining, which
leads to the concentration of mining computation power, and have made a serious doubt of security
of Bitcoin and other similar cryptocurrencies. One of the main reasons of existence of mining pools,
is that solo miners wish to minimize their risks and make rewards income more stable. Multiple
times, the largest mining pools had over a third of computational power of network. For example,
GHash.10, has made more than half of total mining power. Also, there are hosted mining, which
makes users to outsource their mining effort to one of these service providers. Services like Alydian
[23], which has Terahash computational power. That kind of services are becoming popular,
because it could reduce miners cost.

That kind of large mining pools present potential threat to security to Bitcoin and similar other
cryptocurrencies.There are also several works [24] that shows that it is possible to collaborated
mining to deviate from honest protocol. Having more than a third of mining power could lead to
disproportionally large rewards that will create some kind of “selfish mining”.

Nowadays, there are even more mining pools, which are overstepped previous ones. Image
below shows mining pools shares [24]:

Ecbot: 0.1%
—

Waterhole: 0.1% — AntPool- 17.1%
KanoPool: 0.3% . .
1Hash: 0.3% —_
Bitcoin.com: 0.6% ~ .
GBMiners: 1%
Bixin: 1.1%
BW.COM: 1.9%
BitFury: 2.8%
BTC.com: 16.1%
BitClub Network: 2.9% /Y
sscoIN: 2.9% / ||

Unknown: 3.4% ' |

BTCC Pool: 3.4% P
|
F2pPool: 7.6% | |

slushPool: 9.5% |

ViaBTC:. 15.9%
BTC.TOP: 13%

Image 1 — Hash rate of mining pools

Mining pools, such as AntPool, BTC.com, ViaBTC and BTC.TOP has taken significant part of
shares. Even if there are appearing more mining pools which makes harder to take most of
computational power of whole system, there is high possibility that some mining pools can merge
into larger ones and eventually will threaten the system.

While there are alternatives to centralized mining pools, like peer-to-peer mining pools, and even
if they have been deployed for several years, they are not so popular and have low user adoption.
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This happens because Bitcoin’s reward mechanism does not provide any incentives for
decentralized types of collaborative mining.

Conclusion. The goal of this article if to provide some security concerns around
cryptocurrencies. These cryptocurrencies are implemented on stack of multiple technologies that are
displaced in several layers. Each of these layers may be susceptible to malicious attacks even if they
are constantly evolving by communities.When in distributed network common data needs to be
changed, like for example, change of money balance of accounts, there should be some kind of
consensus. Most of existing consensus models requires identification of each participant of this
network. However, in cryptocurrencies each member is anonymous, and that kind of consensus is
meaningless. That is why network generates some kind of puzzle, where each of miners should
solve. Participant that solved this puzzle will be rewarded with freshly created coins. This part of
blockchain based cryptocurrencies may have some weaknesses against attacks. If the result of
successfully solved puzzle will be dependent on previous solved puzzles, this may lead to
exploitation of previous results and participants will do less work. If result is malleable, then
malicious attacker can hijack solved result change reward address to his own and then broadcast all
over the network. There is a high possibility that his result will be accepted as a real one by
network. Entity that has more than half of computational power can be able to tamper and change
data of whole blockchain and may be do double spending. Even if this entity will have about the
third of computational power, this could lead to “selfish mining”, where participant can get more
rewards than other participants. That problem has become high concern because of mining pools
and hosted centralized mining services, where multiple participants collaborate their mining efforts
in order to make stable reward income.
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HOTEHHHUAJIBHO OITACHBIX I'PYIIII
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IIposeden ananuz epynn coyuanvhou cemu «BKoumakmey, codepicawux NOMeHyuaibHO ONACHbLL
xkoumenm. OOOCHOBAHA NEPCREKMUBHOCHIb U AKMYATbHOCTNL UHmMepHem-paseedku. Onucanvt 0cobenHocmu
pabomel ¢ makum npuroxcernuem, kax Avalancheonline u memoowst npumenenus oannozo npunoscenus ons
yenetl unmepnem-pazeeoku. Hazsanwvl coyuanvio onachvie coobujecmsa, HatlOeHHble nymem UCNONb3068AHUS
Odannoeo npunogcenus. ITloxazanvl  memoovl HaxodcOeHus NOOOOHLIX 2pPYNN  uYepe3  NPUILONCeHUe
Avalancheonline. Tloryuennvie pezynomamol ucciedosanusi ObLiU NPOAHATUSUPOBAHLL U  NPUHSIMbL
coomeemcmeyoujue mepvl N0 OIOKUPOGKe SPYNN, COOEPHCAWUX HECOOMBEMCMBYIOWUL KOHINEHMN CO2AACHO
npasunam Ucnorv3oganusi coyuanvrou cemu «BKoumaxmey. Iloxasanvl npobOiemvl npedomepaujeHust
NOSIBNEHUSL COYUATLHO ONACHBIX 2PYNN, 4 MAKICe NPeON0ICEHbl BAPUAHINBL UX PEULEHUS.

Kniouesvie cnosa: unmepnem-passeoxa, coyuaivnvie cemu, Avalancheonline, xowmenm, epynnoi
«BKoumaxmey, coobwecmea, caiimei.

blkmuman xayinmi xonmenm Oap «BKonmakmey» aneymemmik iCeNiCiHiy MONMAPbIH  MALOAy
arcypeizindi. Mnmepnem-oapnayoviy Oonawasel men ozekminicine Heeizoencen. Mnmepnemme Avalanche
OHJIAUIH J#CaHe 0Cbl KOCbiMUuianbl FIHmepHem axbli-OtublHbIH MAKCAmmapuvl YuliH KOJLOaHy a0icmepi CUsKmol
KO010aHyObly epexuienikmepi cunammanzat. Ocbl KOCLIMUWAHbIY KOMe2iMeH MAabbii2aH aieymemmiK Kayinmi
Kogamoap amanowvl. Ocvindai monmapowvl mabyea apuanean a0icmep «Avalanchey ownaiin eminimi apxwiibl
Kepceminedi KOpbIMbIHObLIAD MALOAHObI JHCOHE KepeKmi wapaiap OpbIHCbL3 MA3MYHObL KAMIMUMbIH
monmapovl ONOK-may2a AalvlHadvl, aneymemmix oceni «BKowmakmey natidanauy epeoicenepine catikec.
Oneymemmix Kayinmi monmapowviy natioa 601yblH 0010bipMay HpobieManapsl, COHOAU-AK 01apobl uieuty
HCON0APBI KOPCEMIIZEH.

Tipek co30ep: unmepnem-6apaay, aneymemmix Jceniiep, Kaiobikmapowsl oHaain, konmenm, VKontakte
MONnmMapwl, KaybIMOACmMblKmap, caummap.

The analysis of groups of the social network «VKontakte» containing potentially dangerous content was
carried out. The prospects and relevance of Internet intelligence have been grounded. Features of work with
such application as Avalanche online and application methods of this application for the purposes of
Internet intelligence are described. The socially dangerous communities found by using this application are
named. The methods for finding similar groups are shown through the Avalanche online application. The
results of the research were analyzed and appropriate measures were taken to block groups containing
inappropriate content, according to the rules for using the social network «VKontakte». The problems of
preventing the emergence of socially dangerous groups are shown, as well as solutions for their solution.
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Beeoenue. ntepHer-pa3Beaka — OpraHU30BaHHBIA Ha PETyJIspHOM OCHOBE COOP MU MOHUTOPHUHT
M000# 3HAYMMOM I KOMIAHUK WHpopManuu B ceTu MHTepHeT. Psx MEeTon0B U MHCTPYMEHTOB
WHTepHeT-pa3Be Ky MO3BOJIAIOT U3BJIEKATh U3 CETH BAXKHYIO JJIs BeJeHUsI Ou3Heca MHPOpMalLIo,
HE JIOCTYIHYIO IIPM HCIOJIb30BaHMM CTAHJAPTHBIX METOJIOB MOUCKa B MHTepHeT, Hampumep, ¢
MOMOIIBIO TIOMCKOBBIX cHUCTeM. [l03TOMy CTOMUT BBIOpPAaTh MOIIHBIE TOUCKOBHKH, IPABHIBLHO
o100paTh CJI0Ba M BOT OHAa — MHTEPHET-pa3Be/Ika B ICHCTBUM.

WuTepHeT-pa3BeKa BKIIOYAET B ce0sl:

—  TNOHUCK (MOHUTOPHUHT) MHpOpMAIUKU B ceTH VIHTEpPHET C LIENbIO BBISIBICHUS AEATEIbHOCTU
KOHKYPEHTOB, JIEJIOBBIX TAPTHEPOB;

—  HCCIIeIOBaHUE CaUTOB (TEXHUYECKUE TAaHHBIC, aHATU3 KOHTEHTA U MHOTOE JIPYroe);

—  MOHUTOPHHT JESITEIbHOCTH COTPYJIHUKOB KOMIIAaHUH 3aKa3uuka B ceTu MHTepHeT;

—  MOHUTOPHUHT Hanuuus B ceth HTepHeT nHpopMaiuu o pupme, 00bEKTE;

—  MOHUTOPHHT MOSIBJICHUS B CETH KOMMepUYeCKo nH(pOpMAalMK KOMIIAaHUH;

—  TOHUCK MH(OpMALIUU MO 33/J]aHHOMY O0BEKTYy, TeMe B opymax, Oiiorax, TOCTEBbIX KHUTAX,
JOCKax OOBSBICHUM, THEBHUKAX [ 1].

[IpakTuueckn Bce unTanmu wid ciblmand, 9to 90 % wHopmanuu maxe rocyaapcTBEHHas
pa3Beika J0OBIBACT M3 OTKPBHITHIX MCTOYHHKOB, KOTOPHIE B HACTOSIIEE BPEMs INIaBHBIM 00pazoM
cocpenotoueHsl B WEB. [losToMy Takoe BHUMaHWe TPUKOBaHO K IHTEpHET-pa3Beake.

IMpunoxenue «KAVALANCHE ONLINE»

[Iporpammubiii  komruiekc Avalanche mnpenHasHadeH s MOHUTOpPUHTA HM3MEHCHHH,
npoucxonsamux B Hurtepuere. OH cobupaer uHbopmanui0 ¢ BeO-CTpaHHIl MO 33JAHHOMY
QITOPUTMY U CKJIQIbIBACT 3TY UH(POPMAINIO B COOCTBEHHYIO 0a3y JaHHBIX.

[Tomumo 3TOTO, KOMILUIEKC 00J1aaeT TMOKMMHU HACTPOMKaMHU MapaMeTpoB IMOMCKA, MO3BOJISET
OCYILIECTBIISITh HAKOIUIGHME HH(OpMalMM M XpaHUTh €€ B yA0OHOW Qopme (coznaHue
nH(OPMALIMOHHBIX KapToyeKk 00bekToB). Takke peann3oBaH MEXaHU3M OIpeAeNCHUS CBs3ei
MeXxay 00beKTaMH U rpaduueckas BU3yanu3alus 1uarpaMMbl CBsI3ei.

[lepeuens GHyHKIIMOHATBHBIX BO3MOXHOCTEH:

a) aBTOMAaTH3UPOBAHHBI MOHUTOPHHI PAa3IMYHBIX BHEIIHMX HH()OPMAIMOHHBIX PECYpCOB, B
tom umciie RSS nent, hopymos u nouckossix cuctem (Google, Yandex);

0) aBTOMaTH3UPOBAHHBII MOHUTOPHUHT COLIMATBHBIX MEIHA:

1)«BKonTrakte» (vk.com);

2) Facebook (facebook.com);

3) Teuttep (twitter.com);

4) Livejournal (livejournal.ru);

5) SAunexc. broru (blogs.yandex.ru);

B) OCYILIECTBIICHHE TOUCKA M0 «HEBUIUMOMY» WHTEPHETY (MOUCK MHTEPHET-CTPAHMII, KOTOPHIE
He OBUTH MTPOUHEKCUPOBAHBI TIOUCKOBBIMU CHCTEMAMHU);

') BOBMOXHOCTB TIOJIMTUCKY HAa HCTOYHUK U3 00IIel 0a3bl 3HAHUIA;

o) cbop, pyOpukamusi, XpaHEHHE B IICHTPAIM30BaHHOW 0aze JaHHBIX, MOJATOTOBKA U
Mpe/ICTaBJICHUE JUIA aHanu3a OONBIINX OObEMOB TEKCTOBOW WHGOpPMAIMU O JIOOBIX 3aJaHHBIX
00BEKTAX IIOUCKA;

15


https://start.avalancheonline.ru/landing/?next=%2F#page-top

W3BECTHS HAYYHO-TEXHUYECKOI'O OBIIECTBA «KAXAK», 2018, Ne 1 (60)

) BO3MOXHOCTb PE3EPBHOIO KOIIMPOBAHUS IPOEKTOB;

3) BO3MOXKHOCTb 3aJ[aHHsI periiaMeHTa 00X0/1a UCTOYHHUKOB,

1) IpeJoCcTaBIeHUue cCOOpaHHON HH(GOPMAIMK B BUAE HOBOCTEH U PyOpHK, a TAKXKE B KOHTEKCTE
00BEKTOB MOHUTOPHHTA B BUJIE KAPTOUEK MIEPCOHBI, OPraHU3aluH, COOBITUS H T.J.;

K) OBICTpPBI TIOJTHOTEKCTOBBIN MOUCK Ha 0a3e TeXHoJoTHH Sphinx;

J1) aBTOMaTHYECKOE OIIpE/IeTICHIE HEUETKUX y0seil HOBOCTEH;

M) TPEJOCTaBICHHE BO3MOXKHOCTH BEACHUS MH()OPMAIMOHHBIX KapTOuYeK (IOChEe) Ha OOBEKTHI
MOHHUTOPHHTA,

H) aBTOMAaTU3UPOBAaHHbIN cOOp JaHHBIX U3 COL[MAJIbHBIX CETEH;

0) OBICTPBIN MOJHOTEKCTOBBIN MOUCK O 0OBEKTaM MOHUTOPUHT A,

1) BO3MOXHOCTb IIOCTPOEHHUSI CBsi3ed MeEXIy OOBEKTaMH MOHUTOPUHTAa C Trpaduueckoit
BU3YaJIU3ALUEN;

P) BO3MO>KHOCTb IHPUKPEIUIEHUS PA3IUYHBIX JOKYMEHTOB ((ailloB) K KOHKPETHOMY OOBEKTY
MOHHUTOPHHTA,

C) BO3MOYKHOCThb T€HEpalul OT4ETOB. BO3MOXHOCTH MHOTONOJIB30BAaTEIbCKON pabOThl, U
pasrpaHuyeHue MpaB AOCTYyIa K IPOEKTaM.

Ocobennoctu padorsl ¢ kKAVALANCHE ONLINE»

B xone uccienoBanus moTpebOBaNIOCh CO3/IaHNE HOBBIX OOBEKTOB, TPYII, a TAaKXKe IMMOCTPOCHHUE
rpadga y4JyacTHHUKOB, JApy3ed W BbIOOpka rpymm. Jlamee mnpuBeAeH NPHHIIUI HCIOJIH30BAHUS
TIPUIIOKCHHSL.

['maBHOE MEHIO SIBIISIETCSI OCHOBHBIM HaBUTAI[MOHHBIM JIEMEHTOM BHYTpH IpoekTa. Ilepexon B
TJIABHOE MEHIO OCYIIECTBIISIETCS C JIFOOOTO DKpaHa, IMMyTeM Ha)XaThs COOTBETCTBYIONICH KHOIKU Ha
TaHeJu HHCTPYMEHTOB (PUCYHOK 1).

AVALANCHE-ZIEMOHCTPALIS r.

HoBbIi oKpaH JlaBuHbl  3ampochbl Ha CripaBKky
Hactpoitka nctouHukos

| ] . [eircTeytoume: 19
E I I I Otintoyertbie: 0
1 \/

* UMEIOTCS CIIOMaHHbIe

WHdopmalms Jlenta 9999+  AHa/mMTMKa Big Data @

* ¢ ¢ @

06beKTbI 86 Cxema briokHoT 0 |Omersl

J1aBuHa lMynbe

CaMoe [11aBHoe 1o TeMam f P~
o

OnepaTMBHOE ONOBELEHWE O BaXHbIX

COBbITUAX u

9kenopt [Moanucku 5  Cratuctuka cucteMbl [poeKTbl

PI/ICYHOK 1 — I'maBHOE MEHIO MPUIIOKCHUA
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Jnsi co3maHus HOBOTO OOBEKTa HEOOXOIMMO HaxaTh KHONKY «Co3aaTe» W BBIOpaTh TUI
CO3/1aBa€MOI0 OOBEKTA.

Hnst cozmanus oObekTa Thna «llepcona», HeoOXoAMMO BHIOpAaTh €ro M3 CHHCKA M 3allOJIHUTH
0JIs1 HAKOIUIEHHOW MH(popManueit 06 o0bexTe nHrepeca (pucyHok 2).

AHaAIIOTUYHBIM 00pa30M CO3/1AI0TCSI OOBEKTHI APYTUX THIIOB.

CosgaHune o6bekTa

Bbibepute TN o6bekTa O6beKT TUna: lNepcoHa
14 Mo andasuty 1F MonynsapHble
(&) Komnanus -~ damunus MBeaHos

@ KoMnaHna-KnneHT
ma Cepren
@ TOP user

KpeauTHasa kapTa

@ O6beKkT

@ Mpodvns coumnansHon cetu

@ CeTeBOM KOMMYHUKaTOP

=) Ceresoii ncesaoHNM

Pucynok 2 — Co3nanue oowekra tuma «Ilepcona

1 Asgro3anonnenue. [Ipu BeIOIHEHHH JEWCTBUS MPOUCXOAUT aBTO3AIMOIHEHNE KaPTOYKH IO
AQHKETHBIM JTaHHBIM TpOoduiist (PUCYHOK 3).

BbinosiHeHue geicTBus €»

ABTO3anonHeHume

AxkkayHT: AHTOH UBaHoB (id253874959) ~ @ KOHTpOﬂb

BHumaHune!

3anonHeHHble NoAs O6beKTa MOoryT 6biTh NMepesanucaHbi!

«” BbINOMNHUTH 3aKkpbiTb

Pucynok 3 — JlelicTBue « ABTO3amOJHEHUE»
2 I'pad mpyseii. (Tonbko mst couuanbHoi cetn «BKonTakte»). IIpy BBIMOTHEHHH AaHHOTO
nevictBus cepBep AvalancheOnline ctpouT rpad conmanbHbBIX CBSI3€i OTHOCUTENBHO UCCIIEAYEMOTO
oOnekTa (mpoduitst CoONMaNbHOM ceTH) (PUCYHKH 4, 5).
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BbinosHeH1e feicTaus (7]

Ipad apysen
BaanmMoceasaHHsIX y3nos: 239
Ceszen 2064

MyxumH: 172
HKeHlwmH: 67

[ata cBopa: 24.06.2016

+ [Mepe3arpy3nTs AaHHbe « Hauats oTpUcoBKy rpaca

Pucynoxk 4 — Bemmonuenue aevicteus «Ipad apysein»

[Tocne otkpeiTHs rpada B BeO-Opayzepe, K HEMY MOXHO NPHUMEHATH pa3inyHble (QUILTPHI (B
MpaBOM YacTH PKpaHa).

CK CBRaM

Ofrexr 1

Pucynok 5 — OtpucoBka rpada npysei

NmeroTcst GUabTphI 10:

— 1oy,

—  KOJIMYECTBY JIpy3€eH;

— rpymnmne BkoHTtakre;

— ropomy;

— oOpazoBanuto (BY3).

Jlmametp kpyra Ha guarpamme cooOIaeT O KOJIMYECTBE CBsi3el y moib3oBarens. Uem Oosbiie
KpYyT, TeM OOJbIlIe Y JaHHOTO Tpodums apy3eit B cormansHoi cetu «BKonTtakrey. [lonb3oBarenu ¢
OOJIBIIIMM YHCIIOM CBSI3€H PACIIONIOKEHBI OIKe K IIEHTPY rpada.

[Ipy ogHOpPA30BOM KIMKE MBIIIBIO MO JTHOOOMY OOBEKTYy Ha Tpade, B JEBOW 4YacTH dJKpaHa
oTkpoetcs uHdopmarus o npodpuie «BKonrakrey.
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Taxxe, Ha naHHOM rpad)e UMEETCSI BO3SMOXKHOCTH NPOBEPUTH HAJIMYUE CBS3U MEXIY JABYMsI
00beKTaMH ¥ HAlTH MEXly HUMHU KpaTdalluii MapmpyT (pucyHox 6) [2].

{7) KocTamm tepuce

f) [pupiit Naxomca
con

aHap

O6pasosasse v

Nouck cansu

Pucynok 6 — OTprcoBKa CBsI3€H MKy IBYMs OOBEKTaMU
Brimmeonucannbie AelicTBUsI ObLTH MCIIONIB30BaHbI JIS aHAIIN3A.

Haxo:xk1eHne NoOTeHIIHAIBHO ONACHBIX IPYIIT

«['pynmbl cMepTu», CKIIOHSIONME eTel K cyuuuay B coucetd «BKontakTe», akTuBU3npoBaiu
CBOIO JIeSTeNIbHOCTh. CaMBbIMU MHOTOYHCIIEHHBIMU CMEPTEIbHO-OMACHBIMHU UTPaMH MPOILLJIOTo roja
B COLMAJIBHBIX CETSIX SBISUINCH: CUHMM KHUT, MOpPE KHUTOB, TUXUW IOM, MJEUHBIA MyTh, pa30yau
Mmens B 4:20, 57, £53, 58, D28, pacnpocTpaHsBIIHECs ¢ HEBEPOSITHOU CKOPOCTHIO.

B sHBape 3TOro0 rojia 1o UTOraM aHaiu3a TeroB, THIMUYHBIX JUIS OJOOHBIX TPYIN B MyOIUYHBIX
COOOIIIEHUAX HA CTEHAX TPYIIM B colceTH «BkoHTakTe», 0OHAPYKEHO OKOJIO 4 THICSY TETOB ATHUX
TPYIII 32 JICHb.

Kak coobuun mpecc-cexkpetaps «BKonTakre» EBrennii KpacHukos, coo0iiecTBa, mOCBSIICHHbIC
OTHCAHUIO CIOCOOOB CyWIUIAa WM ONpPAaBIAHUIO ATOW TeMbl, «BkoHTakTe» OIOKHpYyeT Ha
perynspHoii ocHoBe. [lo ero cmoBaMm, Takue cooOmiecTBa OJOKHPYIOTCS HaBcerjna u 0e3 mpasa
obOxanoBanusi. Kpome T0ro, B MOHUTOPHUHTE COLIMANIBHON CETH C IENbIO BBISIBICHUS U OTPAaHUYEHUS
JocTymna K npouiIsiM U coo0IIecTBaM, OKa3bIBAIOINX HETATUBHOE U OMACHOE BIIMSHUE Ha JIETeH U
MOJPOCTKOB, YUACTBYIOT criennanucTsl « TBoeit Tepputopuny. [lcuxomoru momMoraroT ornepaTHBHO
OKa3bIBaTh TMOJJEPKKY TMOAPOCTKAM, HAXOJSAIMIMMCS B  KPUTHYECKOW TCUXOJIOTHYECKOMN
curyaruu [3].

Kak cooOmjaercss B HOBOCTAX, Ha YKpauHe cpeau jaerel HaOupaeT 000pOTHI HOBas
cyunuaansHas urpa «Kpachas coBay. [IpuHIum omacHo#i Urpsl Takoi ke, Kak U BO BCEM M3BECTHOMN
yxe urpsl «CuHuii Kut» [4].
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Taxxe ommcaH MeXaHU3M, COTJIACHO KOTOPOMY 3JI0YMBILIUIEHHUKHM 3aMaHUBAIOT JETEN B 3Ty
cMepTenbHyo Urpy. Tak, cHadana JETH B CETH IOJIyYalOT CCHUIKY, 110 KOTOPOW HY)KHO IEPEHTH
(oma sK0ObI BBIOpackiBaeT OIIMOKY). bmaromaps 9TOW  CCBUIKE  «KypaTOpbD»  Y3HAIOT
OpPUEHTUPOBOYHBIN aJpec, I/ie MPOKHUBAECT YIACTHUK UTPHL. A TIOTOM, €ClIM PeOCHOK OTKa3bIBACTCs
BBIIIOJIHATh KAKOE-TO 3aJlaHUE, 3JOYMBILUIEHHUKHA €ro IIAHTaKUPYIOT TEM, YTO 3HAIOT aJpec U
MPUENYT K HEMY Ha «Pa300pKu».

B «Kpacuyto coBy» urpator Tak: B juuHble cooOuienus «BKonTakre» mumier 3araaodHblii
KypaTop U rOBOPUT, YTO HYXKHO «HE cnarb 12 aHei». Bo Bpems urpsl KypaTop npoBepsieT UTpoKa
coobmenneM «Cosa He crut?». OTBeuaTs HYHO «CoBa HUKOrAa He cuT». Urpok nomkeH ObITh
BCET/Ia OHJIAMH, a KOTJ]a KypaTop CKHIBIBAET BUJIEO — €r0 HY)KHO cpa3y MOCMOTpeTh. BeinonHsemsb
3ajlaHue, He CIuilb 12 nHe — noiyyaenib npus3 [5].

IMonck y4acTHMKOB MTPHI
B nepByro ouepenb, Y4aCTHUKOB OYEHb JIETKO MOKHO OIPENENUTh IO TeraM, CBSI3aHHBIM C
JTAaHHOW UTPoi (PUCYHOK 7).

HoBocTu @ E————

#KkpacHasncoBa 2
#KpacHas coBa

@, — HpasuTea 1

#KpacHascosa

I
N e
Hpasutca %

#KpacHan coBa

T Hpasutcs

#KpacHasacoBsa

#rouysHurpy Q EEE—
£ . 3

Hpasutca 18
#KpacHan coBa,s XAy Tebs..

e HpasuTtca 5
===
AdipacHaacosd ‘ —

Hpasutca 22
#KpacHas cosa

Pucynok 7 — [ToucK y4aCTHUKOB UT'PbI

Janee He0OX0MMO BBIOpaTh NpoGHIIb yyacTHUKA Urpbl «KpacHas coBa», co3aaTh OOBEKT THUIIA
«Ilepconay», caenaB aBTO3amOJIHEHUE, MOCTPOUTH T'pad Apy3eil JaHHOTO MOJIL30BATENs (PUCYHKH
8-10).

Takum oGpazom, uepes neiictue «lloctpoenue rpada apyseit» MOXKHO ONpeNeTuTb MpoQuIn
JPYTUX Y4YaCTHMKOB OIIACHOM HWIPbI, TAaKK€ TIPYINIBI, B KOTOPBIX OHHM COCTOAT M TOpPOJ MecTa
JKUTEJIbCTBA, COIVIACHO JTAHHBIM aHKETHI I10JIb30BATEIEH.

Hawn6os1ee onacHbie rpynmnsl
Kak Obpu1o0 mMoOkKa3aHo Ha HpeAbLAYLIEM IpUMeEpe, YIAIOCh HAMTH clexyroliie MOTEHIHAIbHO
OMacHble TpyHIbl B couuaibHOM ceTn «BKoHTakTe», KOHTEHT KOTOPBIX HE COOTBETCTBOBAJ
npaswiaM Caiita, a IMEHHO:
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Hanucare coobiueHue ®

JobaButs B Apy3ba

Opysba 70 HOBOCTU
N2/ »
Makcum Hasap Bapsapa

Crténa ManbkeBuy Haranbs

Mopapku 74

JeHb poxaeHus

noaonUCHYMKOB

doTorpacduu Anekcesa 670

THE END

| THE END

6 anpens

MokasaTb noapobHyto uHdopmaLmio

670 1041

doTorpadpum BMUAEO3anuchb

THE END

3anucu Anekces

flaTa poxgerms
flon:

Topog
Obpasosane:

LpyssR
Fpynnbt

Canan

KiHoMatma

KiH0iKaig - Nyuwwe.

CapKaam

000000000000 O0DDODO0DO0OGC

NR / HOBLIW P3N

IMovck canan

O6bexT 1.
He auibpan ~
O6vexT 2

He exibipan

Pucynox 9 — JleiictBue «Iloctpoenue rpada apysein»
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I saxoauna suepa B 0:42

ManeHbkana AeBo4yka, Nosepuna B no6oBb

JeHb poxaeHus: b
lNopoa: Capanyn

CemeiiHoe nonoxeHue: B aKTUBHOM NOUCKe
MecTo y4ébbi: Likona N7

MokasaTb noapobHyto uHbdopMauyuo

Hanucate coobujeHune

9 2 7 1 22
Dob6aBuTts B Apy3bs “ee Apysen noanucyYuka doTorpadun Buaeo3sanuchb ayauosanucu

Opysba 9 HORGETA doTorpadum KOnu 7 nokasaTb Ha KapTe

lx ‘ ‘ N -

Kcernus Onecs Oanun
‘ (?/ : @
fApocnasa Tumyp JNapa

Bce sanucu 3anucwu 0Onn

Mopapkwn 1

_”_

1 des B 0:26

A nobuna, a Tel cMeancsa

2% OTnpasBuTbL NOAapoK
Hpasurtca 1 KommeHTupoBaTh 8

Pucynox 10 — I[Tpoduinb yuacTHHKA UTPBI Yepe3 TMOKCK MO CBSI3SM YUaCTHUKOB

npaBoHapymeHus 1. 5.13.3 pazaena «Co3nanue u ucnoiab3oBanre CooOIIECTB», COMEPIKAIIETO TI.

6.3.4. (1) «COIECPKUT ONMUCAHUE CPEJCTB M CIOCOOOB CYHIIMIA, JTIOOOE MOACTPEKATEIILCTBO K €ro
coBepIIeHno» (pucyHok 11)

+ 5.13.3. B CoofecTae, B TOM Y1CNe B ONUCaHUK, Ha rnasHoi doTorpaduu CoobyecTsa, B ansbomax, B HOBOCTAX,
0BCYKALHUAX, ONPOCAX, AYAUO3ANUCAX, BUALOIANUCAX, HA CTEHE, He AoNYCKAeTCA pasMewenre KonTenTa (B
3HAUEHWM, NPEAYCMOTPEHHOM N, 7.1.1. HacToswmx Mpaeun) UeAMKOM uau no yacTsM 6es npepsapuTentHoro
paspelueHis NpaBoobnagarens, a Takxe MHGopPMaLMK, NPeAyCMOoTperHon n. 6.3.4. HacTosiwmx Mpasun.
Monbaopatens, agMUHUCTpUPYIOLWMIA CoobLLecTBo, 0BA3aH CaMOCTOATENbHO CNEANUTD U NPECaKATb He
cooTBeTCTBYHOWEe MpaBunam pasmellenre Hpopmaurm B CoobliecTse, n Npu HeoBXoOAUMOCTY BNOKUPOBATL

nonL30Barensim, Hapywaloumm Hacrosume I'Ipaavma, AOCTyrI K COOﬁmEGTBy, MCI’IOI‘IbByR C‘)yHKuVIOHaanbIe
BOAMOXHOCTH CauTa.

+ 6.3.4.3arpy)arb, XpaHuTb, MybJIMKOBaTh, PacnpoCTPaHsTh N MPEA0CTaBNsATE AOCTYN VTN HBIM ODPasoMm
MCNOMb30BaThb Nt06YH UHDOPMaLIMIO, KOTOpas:

+ (@) coaep>XXuT yrpo3bl, AUCKPeAUTUPYET, OCKOPGSET, MOPOUYUT YeCTb U JOCTOMHCTBO UK AENIOBYIO penyTaLuio
WY HapyLLIAeT HEMPUKOCHOBEHHOCTb YaCTHOM XWU3HU Apyrux Monb3oBaTesnei unm TpeTbUX N

+ (6) HapyLiaeT NpaBa HECOBEPLLEHHONETHUX NNL;

+ (B) ABNsieTCS BYNIbrapHOW UM HEMPUCTOMHOM, COAEPXXUT MOpHOrpatduyeckme N306paXKeHUsa 1 TEKCTbI UK
CLIEHbI CEeKCyaNlbHOro xapakTepa C yyacTUeM HECOBEPLUEHHONETHHX;

+ () cooep>XUT CLIEHbI 6ECYENOBEYHOIO 06PALLIEHUSA C XKUBOTHBIMU;

L) (A) COAEPXXUT onnucaHue CpeacTs U Crnoco60B cynumaa, nto6oe NMOACTPEKATENbCTBO K €ro COBEPLUEHUIO;

Pucynoxk 11 — [IpaBuna caiita counanbHoit cetu «BKonTtakre»
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NmMenHo TakuM 00pazoM ObLIH OTIPEIEIICHBI CISAYIONINE TPYIIIIBL:
—  «cobepu MOH KPOKOJMIIBY CIIe3bI» [6];
—  «MBI BCTpETUMCS, 51 o0emiaro» [7];
—  «brotherly cemetery» [8];

— s Halel TBOK TYJIbIY» [9].
BrisiBnieHsl  HanOoJsiee aKTUBHBIE YYAaCTHHKU JaHHBIX COOOINECTB W TOpOja IPOKUBAHUS
YYaCTHUKOB.

Cnoco0bl npeaorepameHuss BOSBHUKHOBCHUS MOTCHIUAJIBHO OIMMACHBIX I'PyIIIx

Kak cooOmaer pykxoBonutens otaena monepaunu «BKonrtakre» MBan Kophuees: «Co cBoeit
CTOPOHBI «BKonTakTe» MNpUHUMACT rio0anLHbIE MCPbI 110 MOHHUTOPHHTY HW HPCCCUCHUIO
IMPOTHUBOIIPABHOTO KOHTCHTA, KOTOpI:IfI B KOHEYHOM HTOre OBET MO0 Hallel penyranyun u 10
IJIOMIaJIKE B IEJOM. Y Hac €CTh psSjJ Mep, COOCTBEHHBIX TEXHUYECKMX HaApabOTOK C
WCIIOJIb30BAHUEM MCKYCCTBEHHOTO MHTEJUIEKTA. ITO TIOMOTAeT HaM aHAJIM3UPOBATh TEKCThI, UCKAThH
B HHUX KakKHe-TO OOIHe 3aIenku, oO0muid moaxoa K GOpMHPOBAHUIO CJIOB B MPOTHBOIPABHOM H
IIOTECHIIUAJIBHO OIIaCHOM KOHTCHTEC. B COBOKYITHOCTH 3TO IIO3BOJIAECT HaM OTCJICKUBATH TEMY
MOACTPECKATCIbCTBA K CYUINAY U YAAIATH OTOT KOHTCHT B ClIy4dac HCO6XO}II/IMOCTI/I. Mkl 6n01<1/1pyeM
KOHKPETHBIE TPYIIIbI, T1e aKKyMYJIHpYyeTcs Takas nHopmanus.

OHH DOCTOSHHO MCHAIOTCsA, Pa3MbIBAIOTCA KakuMHU-1100 cuMBojiaMu. OTCIEKHBATh WX
CTAaHOBUTCS CJIO’KHEE. 3a 3TUM BCIUIECKOM Mbl BUJAMM ILI€JICHANpPaBICHHYIO aTaky OO0TOB. DTo
OYEBUJIHO, TTOTOMY YTO MOSBISETCS HECKOJBKO THICSY CTPAHUI], CO3JAHHBIX UCKIIOYUTENBHO IS
TOT0, 4TOOBI MyOJIMKOBATh TaKUE XEMITeTH. TO €CTh BOT HOBBIE aKKAyHThI 3apPETUCTPUPOBAIIUCH, U
MepBoe, U €IWHCTBEHHOE, UTO clenaiu, Hanucamu: «Tuxuii mom. Bo3eMu meHs B urpy. Pa3oymum
MmeHs B 4.20». U BcE, 6obliie Ha 3TUX CTPAaHUI[AX HUYETO HE TPOMCXOINT.»[6].

Takum oOpa3zom, HEOOXOIMMO BOBPEMsI OTCIIEKUBATh U MPEIOTBPAIIATh MOSBICHHE MOJOOHBIX
«TpYHI CMEpTU», MpoBepsis HauboJiee aKTHBHBIX YYaCTHHUKOB, YTO, HalIpHUMEp, MOXKHO CHAEaTh
yepes npuiokenue Avalanche. JlanHoe npuiiokeHue 1aetT BO3MOKHOCTh BUIETh CBSI3H y4aCTHHKOB
TPYII MKy cOO0M, COOMPATh CTATUCTUKY IO MOJIb30BATENSAM, BBIOUpast oripeieeHHbIe (UIbTPHI,
Takue, Kak: «o0pa3oBaHUey», «TPYIIB» U «ropoja». [lanee, onpeaenus, B KaKUX TPYIIax COCTOSAT
MOTEHIIMATIbHbIE YYAaCTHUKU MOJOOHBIX CYMIMIAIbHBIX WUIP, BBIIOJHUTH «IIOCTpoeHHe Trpada
Ipy3ei» MaHHBIX MOJb30BaTENIel, MMEIONIUX HauOOJbIIee KOJIHYECTBO CBS3CH, MO CTpaHUIIAM
KOTOpBIX B JAajbHEiIIeM HEOOXOAMMO BBIMOJIHUTH COOTBETCTBYIOLIMN aHAW3 W IPOBEPUTH Ha
aKTUBHOCTb MOJIH30BATENIsl HA YYaCTUE B «TPYIIaxX CMEPTH.

3axnouenue. B 3akiaroueHne XOTUM ellle pa3 HaoMHUTh, yTo BcemupHas CeTb — MOIIHBIM
MHCTPYMEHT B padoTe CelUaNIncTa HUHTEPHET-pa3Be/IKM, XOTS U HE IIaBHBIHA, KOTOPBIA COJEPKUT
Maccy IM0JIe3HOM MH(pOpMalU, HO JIETKO MOXET M Je3uHpopMmupoBaTh. [loHMMaHNe CUIIBHBIX U
cl1abbIX CTOPOH MHTEPHET-Pa3Be]KU IO3BOJSIET MCMOJIb30BaTh MHTEpHET C Lenbl0 MOHMTOPHUHIA
pa3nuuHbIX MIHTEepHET-pecypcoB (pa3InyHbIX CAaliTOB, B TOM YHCie CAWTOB KOHKYPEHTOB, OJIOTOB U
(GopyMOB, COLMATBHBIX CeTei), MOHUTOPUHTI HWH(POPMAIMOHHOTO IO0JII BOKPYI HMHTEPECYIOLIETO
00BEKTa, OTCIEKHUBAHUS (DAKTOB YTEUKH KPUTHUECKH BaXXHOH HMH(pOpMAlUKM B CETh, a TaKxkKe
BBISIBJICHHE KaHAJIOB TAKOBBIX yTEUEK.
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VK 547.912.66

IPPEKTUBHAA TPAHCIIOPTUPOBKA HE®TH TP HU3KHUX
TEMIIEPATYPAX. JEIIPECCOPHAS TIPUCAJIKA HOBOI'O
HOKOJIEHUSA OTEYECTBEHHOI'O ITPOU3BOJACTBA

Bex6acos T.M.},Asxkranues B.Y 2
'Kasaxckuii nayuonanouuil ynusepcumem um. ano-Papabu
2TOO «PayanHankoy
Anmamet, Pecnyonruxa Kazaxcman
e-mail

Tpancnopmupoeka Hepmu 6 YCI06UAX HUBKUX MeMnepamyp, HA YYacmkax, He 000pYOO8aAHHbIX
HAcpesamenbHbiMU YCHAHOGKAMU, MOJCem Obimb OCIONCHEHA NPOONIeMamu MeKyyecmu U GblNA0eHUs.
OMA0IACEHULl NAPAPUHO8, CMON U acarbmenos. UMeHHO ¢ makumu OCAONCHEHUSAMU MPAHCHOPIMUPOBKU
CMATKUBAIOMCSL NPU MPAHCNOPMUPOGKE MOBAPHOU Hepmu no MazucmpanbHoMy mpyoonpogody « Kymkons-
Kapaxoun-Lllvimkenmy.  [lenpeccopnas  npucadka  6vlnia  npu3gana  Oopomecsi  coO  6ceMu
BbIUIENEPEUUCTIEHHBIMU OCTONCHEHUAMU MPAHCROPMUPOBKU. [lenpeccopuas npucaoxka Ho8020 NOKOJEHUS,
npoussedennas xkomnaunuei TOO «PayanHanko», Ovlia paspabomana Kax 3amena ycmapeguiel u He
MEeXHOI02UUHOU  0enpeccopHol  npucadke, KOMOpAs NPUMEHANACL HA  BbLUUEYKA3AHHOM  YYACHKe.
Henpeccopnas npucadxa npowiia 6ecb CHeKmp HeoOXOOUMbIX UCHbIMAHUL, 6KII0Yas 1abopamopHvie u
npomvlutiennole ucnoimanus. «Panden-5102» npegsowna npumensemyio 00 95mo20 HNPUcaoKy no
MHO20uUcieHHbiM napamempam. B 2016 200y ona Oviia HomuHuposawa Ha npemuto «JIyuwuti mosap
Kazaxcmanay.

Knrwueswvie cnosa: denpeccopnas npucaoka, «Panoen-5102», Kymxonvckas nepmecmecs, memnepamypa
nomepu mexyyecmu, peonoz2uyeckue ceoticmea Hepmu, Kasmpawncoun, omeuecmeenHas OenpeccopHas
npucaoxa.

JKvinvimy KoOHOBIP2bLIAPHI HCOK VUACKeAep APKblIbl MOMEH2I MeMNepamypanvlk Hcagoauoa MyHaiobl
MacvLIManoday, aKKblumolk Maceieci MeH napagun, waislp KHeaHe acghaivmer wo2iHoiiepiniy naoa 60xysl
Kuvindamaowl. Kozapvida kepcemincen macwvimanoay macenenepi «Kymron-Kapaxoun-Lllvivkenmy
0azblMbIHOARbl  MASUCMPATbObL  MYHAll  KyOwulpvl  Ootibinoa  Ke3deceldi. Ocbl  Maceneni uweuryee
0enpeccopavbiKKOCLIMOap - XUMUANLIK peazenmi Hecizoencen. «PayanHanxoy KLUIC wwleapean scana
Kamapivl 0enpeccopivlk KOCHA eCKi JiCoHe MEXHONOSUANBIK eMeC KOCNAaHbl aman OmKeH ayMaKma
ayvicmuipyea Hezizoendi. Ocvl peazenm Oapavlk OAKbLIAYOAH, COMbIH [uwlinOe 1AOOPAMOPUANLIK JHCIHE
oHepKacinmik cvlHakmapoan, ommi. «Panoen-5102» ocvidan OYpuiH KOIOAHBLIZAH KOCNAOAH KONME2eH
napamempiep oovvinuia acmel. 2016 scvinda on «Koin mayapely coliiiblKKa YCblHbLIObL.

Tipek ce30ep: Oenpeccoprvix Kocna, «Panden-5102», Kymxon mynaii kocnacwol, MYHatiobly aKKblUmblK
AHCORANTY MEMNEPAMYPAChl, MYHAUOLIY peono2usiivlk Kacuemmepi, Kasmpancoiin, omanowix denpeccopiviy
Kocna.

Transportation of oil in low temperature conditions via areas that are not equipped with heating
facilities, can be complicated with flow problems and wax deposition. Complications like these are being
faced on the main pipeline by the route «Kumkol-Karakoin-Shymkenty. Pour point depressant is the
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chemical that should help to overcome these complications during transportation. Pour Point depressant
produced by «RauanNalcoy LLP was developed as the replacement for outdated and non-technological
chemical that was applied on the described route. Pour Point Depressant passed all needed tests, including
laboratory and field trials. «Randep-5102» surpassed pour point depressant that was used before by many
parameters. In 2016 it was nominated for « Product of the Year» award.

Keywords: pour point depressant, «Randep-5102», Kumkol oil mixture, pour point, rheological
properties of oil, Kaztransoil, domestic pour point depressant.

Beeoenue. TpancrnoptupoBka He(TH B YCIOBUS HU3KHUX TEMIEparyp, Ha Yy4acTKax, He
000py/I0BaHHBIX HArpeBaTEIbHBIMU YCTAHOBKaMH, MOKETOBITH OCJIOKHEHA ITPOOJIeMaMU TEKYYECTH
U BBINAJICHUS OTJIOKEHUH NapaduHOB, cMOJI U acaibTEeHOB IIPU COMPUKOCHOBEHUHU C XOJIOTHBIMU
cTeHKkamMu TpyObl [1]. IMEHHO C TakuMHU OCIIO)KHEHUSMU TPAHCHOPTUPOBKU CTAJIKUBAIOTCS IMPHU
TPaHCIOPTUPOBKE TOBapHOW HedTH Mo MaructpaipHOMy TpyOompoBony «Kymkomns-Kapakonn-
[IbIMKEHTY.

JlaHHBI MarucTpajdpHBIH MapuIpyT He 0O0OpyIOBaH MOAOrPEBATEIbHBIMU arperaTamu, a
TpaHcropTupyemasi HedTecMech o00JagaeT CcpeaHedl TemmepaTypoll TEeKydyecTh ONHM3KOM K
+9...+15 °C. B 3umHee Bpems Temmeparypa I'pyHTa M TPaHCIOPTUpPYyeMOl HedTecMEecH MOKET
omyckatbesi g0 +2 °C m +3 °C cootBerctBeHHo [2, 3]. [l perieHust maHHOW TPOOIIEMbI
AO «KasrpaHcoilm» 0053a70 HEIpOIoJIb30BaTENel, KOTOpPbIE CAAal0T HEPTh B MarucTpalbHbIN
tpybonpoBon «Kymkonbs-Kapakoun-1lIsIMKeHT», HCIONB30BaTh JEMPECCOPHYIO MPHUCAIKY B
MepHo/] CEHTIOpb—anpensb exxeronHo. JlenpeccopHas npucajaka Obuta npuzBaHa 00OPOTHCS CO BCEMHU
BBILIEIIEPEUYHUCICHHBIMU OCIIOKHEHUSMU TPAHCTIOPTUPOBKHU.

Opnnako y npumensemor a0 2015 roga nenpecCOpHOM MPUCAIKU UMEJCS Psifi HEIOCTATKOB.
[Ipucanka mocraBisjach B BHJE BSA3KOM Macchl, KOTOPYIO HEOOXOAWMO OBbLIO pPacTBOPUTH B
IU3eIbHOM TOIIUBE Mepea BBOJOM. OCIOXKHSUICS JaHHBIM Ipolecc Takke HEeOOXOIUMOCTHIO
paszorpeBaTh JAenpeccopHyro npucaaky no 60 °C mepen CMEMIEHHMEM M TOJBKO IIOCIIE 3TOTO
pacTBOpATh €€ B Ju3eNbHOM TorumBe. JlaHHbI mpouecc TpeOoBan OT HEIPONOJIb30BaTeseh
JOTIOTHUTEIBHBIX 3aTpaT Ha O0O0OrpeB U CHElHalbHble YCTAaHOBKH JUISl TPUTOTOBJICHUS
nenpeccopHoil cMecu. HectabunpHble 1IeHBI HA 3UMHEE JU3EIbHOE TOIUIMBO TaKKe BHOCWIU CBOIO
JIENTY B MPOLIECC MIAHUPOBaHUS OrO/KETa JIJIs 3aKyTa JIEIPECCOPHON MPUCAIKU Ha KaXKIbIi TO/I.

B 2015 roay xomnanus TOO «PayanHanko» coBMeCTHO cO BceMH HeApOomoJib3oBaTessiMu 1 AO
«Ka3tpaHcoim» NpoOBENd ONBITHO-IPOMBIILUICHHBIE HCIBITAHUS OTEYECTBEHHOW JENpecCOPHOU
npucagaKd HoBoro nokoJieHust «Panmen-5102» [4], koTopas Obla pa3paboTaHa /i MPUMEHECHHS Ha
BbILIIEYKa3aHHOM Mapiipyre. OHa He TOJIbKO HE MMela HEJOCTATKOB JENPECCOPHON IPHUCAIKH,
KoTopas npuMensuiach A0 2015 roga, HO U TPEBOCXOAMIIA MOCIETHIO M0 MapaMeTpaM JICPECcCUuun
Y UHTUOUpPOBaHUs NapaGpUHOOTIOKEHUI.

ITon6op u ncnbiTanue «Pangen-5102» 1t MarucTpajbHOro He)TenpoBoaa
Kymkouanb-Kapakoun-IIbiMkenT
PaboTel Mo pa3paboTke OTEUECTBEHHOH jaenpeccopHoi mpucaaku Hadamuch B 2010 rogy. bein
IpOU3BEJIEH 0TOOP MPOO CO BCEX MECTOPOXKICHUM, KOTOpbIE Mocie GopMHUPYIOT HehTecMeCh s
TpaHcnopTupoBkHu Mo Mmapuipyty Kymkonbs-Kapakoun-IlIsimkent. Jlanee kaxislii oOpaserr ObLI
oOpaboTaH B akkpeauToBaHHOM madopatopun TOO «PayanHanko». bbuin u3ydeHsl peojgoruueckue
CBOICTBA U TeMIEpaTypa TEKY4eCTH KaXa0oro obpasina topapHoi HeTu. B Tabnuue 1 mpuBeneHbl
3HA4YEeHUsl TeMIIepaTypbl TEKY4eCTH TOBapHOW HepTu MmecTopokiaeHuid KyMmMKoIbCcKOro peruosa.

ITpo6s1 661N 0TOOpaHb! U UccnenoBansl B 2011 roxy.
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Tabmuua 1 — Temmeparypa moTepu TEKy4ecTH TOBapHOW He(TH MecTopokiaeHuid KymKkoibckoro
peruona

AxnraOymnax Ammpicait Konsbic-bekrac [T6KKP Typraii

Trex., °C 6 21 15 9 6

Jlanee ObUIM M3YdYEHBI BIUSHHE ICTIPECCOPHON MPUCAAKH HA PEOJIOTHYECKHE XAPAKTEPUCTHKH U
TeMIepaTypy TeKy4ecTH, TPAHCIOPTHPYEMON HEPTECMECH.

Tabnuma 2 — Peoslornueckue xapakTepucTUKu o601iel Hedrecmecu oOpabOTaHHOM NMpHUCAJKAMH U
X0JIOCTOr0 00pasia.

O6pazert Bszkocts o0Opasua, cP BsizkocTs 00Opasua, cP
Temmeparypa, °C 10 10 18 12 9 6
Hedts x0onocras 7,1 68,7 0,7 8,1 47,5 47,5

npo0a
JlenpeccopHast 5,2 27,1 0,5 0,9 2,6 475
CMECh
«Pannen-5102» 5,2 12,7 0,5 0,9 2,5 28,6
[TapannensHo «Pangen-5102» npouuia CXOXKHUHU KOMIIJIEKC WCTIBITAHUI B

HTII AO «Ka3zrpancoitm. Cnemumanuctel HTI[ moarBepmmm  3¢hGEKTHBHOCTh 1€CCOPHOM
npucaaku TOO «PayanHanko» 1 pekoMEHI0BaIH K ONBITHO-IIPOMBIIITICHHBIM HCIIBITAHUSIM.

«Panpmen-5102» Taxxke mpolIa KOMIUIEKC HCIBITAHUH B COOTBETCTBHU C TpeOOBaHUSIMU
PJI 153-39-026-97 u «Cxemoii mpoBelneHUs padOT IO OTPACIEBOMY JIOMYCKY K MPUMCHEHHIO
XUMIIPOJIYKTOB B HEPTIHOM OTpaciny, yreepxkacHHoi Munsaepro PO 01.02.2002.

B 2015-2016 rr. mempeccopHas mpucajaka IMpoIia MaciTabHOe 8-MeCSYHbIC MPOMBIIIJICHHBIC
ucnbiTanugs B TOO «CII «Kazl'epMymnaii», AO «IKKP», AO «TYPTAU-TIETPOJIEYMp,
TOO CII «<KYATAMJIOHMYHAI», AO «HK «KOP», AO «CHIIC-Aii Jan MyHnaii» u Obuia
pEeKOMeH/I0BaHAa K MpoMblluieHHOMY npumeHenuto Ha 2016-2017 rr. TOO «PayanHanko»
coryiacoBajo npuMmeHenue aanHoi npucajaku ¢ TOO «ITIKOII» B 2014 1.

Pe3ynbTaThl NpOMBIIUICHHBIX UCIIBITAHUI MOXKHO BUIETh HIDKE B TaOnuimax 3, 4.

Tabnumna 3 — Temmneparypa motepu Tekydectu oOmiel HedrecMecu 0 Hayana W CpefHss moTeps
TeKydecTd 00paboTaHHON He()TH B XO/1€ UCTIBITAHUIN

Cpennsas TeMiieparypa noTepu

Jlo Hayana UCIBITaHHI .
TEKY4ECTH B XOJE UCIIBITAHUI

TTeK., OC 9 0
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Tabmuua 4 — JluHamuueckass BA3KOCTh 00pa3loB oO0miel HedTecMecw A0 Havajga M CPeaHSA
BA3KOCTh 00paboTaHHOM HE(TH B X0O€ UCTIBITAHUI

BsizkocTs 00Opasua, cP
O6pa3ernn
Temmneparypa, °C 20 10 5
Jlo Hauajaa UCIBITAHHH 7,8 36,3 95,8
Cpennsisi TMHAMUYECKast B3SIKOCTh B XOI€ 6,5 12,8 19,2
UCIBITAaHUH

MCMbITAHWIA
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Temnepatypa, °C

Pucynok 1 — I'paduueckoe oToOpaskeHUE 3aBUCUMOCTH TUHAMUYECKOHN BSI3KOCTH ISl 00pa3IioB
obmel HepTecMecH 10 HavYalla U CPEeIHSSI BA3KOCTh 00paboTaHHON HE(TH B X0/1¢ UCIIBITAHUI

3axnouenue. JlenpeccopHas npucaaka HoBoro nokosieHus TOO «PayanHanko» «Panen-5102»,
pa3paboTaHHass CHEUMaIbHO JUISI HepTeCMeCH, TPAaHCHIOPTUPYEMOH IO MarucTpaabHOMY
TpyOOIIPOBO/ly MPEB30ILIA MPUMEHIEMYIO 0 3TOTO MPHUCAIKY [0 MHOTOUUCIIEHHBIM MapaMeTpaM.
«Panzen-5102» nocraisiercs B KHUIKOH Gpopme, KOTOpas MPOCTa B 3aKauKe U He TpeOyeT BHICOKOM

TeMIleparypsl npoaykra nepen BBogoM. Ilpucagka TOO «PayanHanko» mpeB3onuia cBOM aHaJIOT

IO OCHOBHBIM PCOJIOTUYCCKHUM XAPAKTCPUCTHKAM, O6pa6OTaHHOﬁ (S11¢] He(l)TI/I. Ycnemnineie

npombliuieHHble ucnbiTanuss B nepuoa 01.09.15-01.04.16 rr. BBUIMIMCH B PEKOMEHAALUMU CO
cropousl AO «Ka3TpaHCOWI» Ui TNPOMBIIUIEHHOTO HCIIOJIb30BaHUS

«Pangen-5102» Ha
HeprenpoBoae Kymkons-Kapakoun-11IpimkeHT.
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OreuecTBeHHas jaenpeccopHas mpucaaka «Panpen-5102» mnonydmsia MHOTOYUCIICHHBIC
MOJIOKUTENBHBIE OT3BIBBI OT HEIPOIOJIb30BaTENEH, KOTOpBIE CHAal0T HE(PTh B MAarucTpajbHBIN
HeprenpoBon Kymkonb-Kapakoun-Illeimkent. Takke ona (mempeccopHas mpucaaka «Panjger-
5102») Obl1a HOMHHHUPOBaHA Ha IpeMuro Jyqmuii Toap Kazaxcrana B 2016 roxy.
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SHEPTI'O®®EKTHUBHBIE TEXHOJIOI'MHU
B CUCTEMAX OTOIIVIEHUA

Kenxanun A.P., Hypneucosa K.M.
Kaszaxckuu nayuonanvuwiii ucciedosamenbcKuii mexHUYecKull YHugepcumem
um. K.U. Camnaesa, Anmamsi, Pecnyonruxa Kazaxcman
e-mail: supermassiveblackhole1234@mail.ru, nurpeisova_km@mail.ru

B oannou cmamve paccmompenvl «9HepeocOepecaioujuey mexHoI02UuU 8 CUCMeMax MenioCHAOICeHUs. 8
cmpanax CHI' u oOanvnem 3apybescve. OmmeueHa HeOOXO0OUMOCMb  NOOPOOHO20 — U3YVYEHUs.
9HepeocHepedcenss C NPUMEHEHUEM COBPEMEHHBIX TMEeXHOL02UIL NPU GbIPAOOmKe Menia U €20 UCHOIb308aHUS
nompebumensimu. Paccmompensvt 60npocyl payuonaibHo20 UCNOIb308AHUSL HEBO300HOBIAEMBIX NPUPOOHBIX
pecypcog 6 cghepe meniocHabICeHUs, IKOHOMUU DHEpeuUu Npu nepeoaye meniad OmM UCHMOYHUKA K
nompedumento. Tloxazanvl 803MOdJCHVIE NYyMU peuienus npoodaemvl dHepeocOepedicenus Ha smane
nompeOneHuUst, BANCHOCMb MENIOUZOIAYUOHHBIX CGOUCHE 02PANCOAIOWUX KOHCPYKYUL, nomepu npu
nompeOieHuU Menaa 8 JAHCUNLIX 00Max. YKazamvl npeumyujecmed npuMeHeHUs: SHep2odIPhdeKmueHvix
MexHoL02Ul.

Knwuesvie cnosa. meniochaboicenue, dHepeopecypchl, nomeujenue, OmonieHue, dHepeochepedicenue,
dexnapayus, — CMpPYKmMypd, — AGMOHOMHbLIL  UCMOYHUK — Menia,  ozpajcoaioujue  KOHCMPYKYUU,
MENI0INEKMPOYEHMPATb.

byn maxanaoa TMJ[ endepinde owcone wem endepoezi icwliy dcylenepinoe «DHepeus yHemoey»
MEexXHONI02UACbIH K,‘apaCIﬁblpbl]lLZObl. }Kbl]ly KO3l MeH mymbulHyubliap nanoaiaHamoli JHCBLLY, 3amaHayu
MeXHON02UANAPObL  KOJOAHA OMBIPLIN IHEPRUAHbL YHeMOey e2diceli-mezycelili  3epmmey  Kaxcemminiel
Kepcemineen. Kaiinap xe30en mymbiHywibiza HCol1yObl MACLIMANOAY Ke3iHOe OSHEepUAHbl YHeMoey
Macenenepi Kapacmeipbiiadvl. Kawapmoeuimaiimeln mabusu pecypcmapobl  HCbLIYMEH  HcAbOblKmay
canacvinoa muimoi natioanawny. Typevin yiliepoe2i JHCbliyObl MYMbIHY Ke3iHOe WbIebIHOAD KYPbLIbIMbIH
manoay. TymuvlHy cameicblHOa dHepeus yHemoey NpoONeMACHIH Weuly HCondapsl KepcemineeH. DHepeus
YHeMOelmiH — MexHONo2UANApObl  KONOAHYOblH — APMBIKWBLILIKMAPbL  Kapacmulpsliadsl.  Kopway
KOHCIPYKYUSALAPBIHBIH HCOLTY OKUAYIAY KACUEMMEPIHIH MAHbL30bLIbI&bl KOPCEMINISEH.

Tipex ce30ep: owcvliymen H#abObIKMAY, SHEPLEMUKANbIK DeCYPCMap, YUu-jcauiiap, XHcolly, 3Hepeus
yHemOey, OeKaapayus, KYPbLibiM, A8MOHOMObL JHCbLLY KO3i, KOpULay KYpPblLIblCHAPbl, HCHLLY HCIHE INEeKmp
cmanyuslapsl.

Consider the «energy-saving» technology in heating systems in CIS countries and far abroad. The
necessity of a detailed study of energy savings with the use of modern technology in heat generation in the
heat source and use by consumers. The issues of energy saving in the transfer of heat from the source to the
consumer are considered. Rational use of non-renewable natural resources in the sphere of heat supply.
Analysis of the structure of losses when consuming heat in residential buildings. The ways of solving the
energy saving problem at the consumption stage are shown. The advantages of using energy-efficient
technologies are considered. The importance of thermal insulation properties of enclosing structures is
shown.

Keywords: heat supply, energy resources, premises, heating, energy saving, declaration, structure,
autonomous heat source, enclosing structures, heat and power plant.

30


mailto:supermassiveblackhole1234@mail.ru

W3BECTHS HAYYHO-TEXHUYECKOI'O OBIIECTBA «KAXAK», 2018, Ne 1 (60)

Beeoenue. Pa3BuTHE 5KOHOMHKH COIPOBOXKIAETCS POCTOM MOTPEOICHUS SHEPropecypcosB.
Peanuzanuss OOBABICHHBIX HAIMOHAIBHBIX MPOTPAaMM, OCOOCHHO B YAaCTH <«JIOCTYMHOTO U
KOM(MOPTHOTO JKHJIbsD», BPSJ JIM MOMET OBbITh YCIEHIHO OCYIIECTBIeHa 0e3 J0CTaTOYHOTO
KOJIMYECTBA MPHUPOIHBIX pecypcoB. K coxkaneHunto, B Halllel CTpaHe JOCTATOYHO 3alyTaHa CUCTEMa
JocTyna K aHepropecypcam. [leiicTByromas 3akoHonaTtenbHas 0a3za MpOTHBOpEYMBA W OOJbINIE
3alIUIIAET MHTEPEChl €CTECTBEHHBIX MOHOIOJHMCTOB. boiee TOro, cToMMOCTb NMPHUCOSAWHEHHS K
CeTIM M CHUCTEMaM DJHEPropecypcoB HE TOJIBKO JOpOra, HO HMMEET M IMOJBOJHBIC IOTOKH.
OOBEKTHBHO, MMPUPOTHBIE PECYpChl HEe OecKkoHEeYHbI. J[00bIYa, TPaHCTIOPTHPOBKA M IOCTaBKA MX 0
NOTpeOUTEIIsE CTOUT OOJIBIINX CHJI U cpeacTs [1].

PacdeTs! MOKa3bIBAIOT, YTO TOJBKO B chepe ObITa MOTEHIMAIBHBIE PECYPCHI SHEPrOCcOepEKEHUS
coctaBisitoT HEe MeHee 50 %. OgHako mpoOaeMbl 3HEprocOepeKeHHs BOT YK€ B TE€UEHUE psja JIeT
OoybIlle  NIEKIAPUPYIOTCS, YeM TMpakTHYeckw pemaiorcs. HeobOxomammo chopmupoBate u
COBEPIIEHCTBOBATh ~ DKOHOMHYECKHE W  OpPraHM3alMOHHO-TIPABOBBIE  MEXaHHM3MBI  Oolee
WHTCHCUBHOTO BHEJPEHUS SHEProdPPEeKTHBHBIX TEXHOJOTUH TPH COXPAHEHUH, TOBBIIICHUN
KagecTBa M YCTOMYMBOCTH (DYHKIMOHHPOBAHMS CHCTEMBI KOMMYHAJIBHOW WHQPPACTPYKTYPHI
TOPOJICKOTO X03sicTBa [2].

CeronHsiHee COCTOSIHUE W JAlbHEHIee pa3BUTHE IIEHTPAIM30BAHHOTO TEIJIOCHAOXKEHNS,
3aHUMAIOIIETO OJIHO M3 TJIABHBIX MeCT B HMH(]PACTPYKType W IKU3HEOOECIEYEHUH TOPOICKOTO
X035UCTBa, C KaXIbIM TOJIOM Oyner TpeboBaTh Bce OoJibllie W OOJBIIE KalWTadbHBIX 3aTpar.
3arpaThl Ha TEINIO — B CWIIy KJIMMAaTHYECKUX ycioBui KaszaxcraHa — SIBISIOTCS OCHOBHBIMHU B
Ol0/DKEeTe rocylapcTBa, PETMOHOB M HaceleHus. OJTO NOoTpedyeT KOMIUIEKCHOIO MOoaxojAa K
paccMOTpeHHI0  3(P(PEKTUBHOrO MCMOJIB30BAaHMS SHEPreTHUYECKMX pPECYpCcOB Kak MpH HX
IIPOU3BOJICTBE, TPAHCIOPTUPOBKE, TaK W NpU NOTPEOIEHHUH, C Y4eTOM COaJaHCUPOBAaHHOCTHU
HHTEPECOB, KaK MIPOM3BOIUTENCH, Tak U moTpedurenei [3].

[loBbllleHNE  MHBECTUIMOHHOW  IPUBICKATEIBbHOCTH  BHEIPEHUS  HHEProdPQeKTUBHBIX
TEXHOJIOTUH JIOJDKHO CTUMYJIMPOBAThCA CO CTOPOHBI YAaCTHBIX MHBECTOPOB. YUMTBIBas ypOBEHb
TEXHUYECKOT'O COCTOSHUSI CHUCTEM TEIUIOCHAOXKEeHHs M KBATM(PUKALHUIO OOCIIyKHBAIOIIETO
IepcoHajla B 3BEHE IPOM3BOJACTBA TeIula B OoJiblIed Mepe HEOOXOOUMO CcAenaTh YIOp Ha
BHEJPEHHE SHeprocOeperarmx TeXHOJoruil B cdepe mnorpedieHus. TyT ecTb cepbe3Hble
po0eMbl Kak B cepe CYIIECTBYIOIIEr0 KUINIIHO-KOMMYHAJIBHOTO (OH/A, TaK U B chepe HOBOTO
crpoutenbeTBa. K cokaneHuto, CyliecTByrolias JIMOepalbHOCTh CTPOUTEIbHBIX HOPM W IIPaBUII
MO3BOJISICT TUPAKUPOBATh IPOEKTUPOBAHME M CTPOUTEILCTBO HSHEPro3aTPaTHBIX JKUIBIX U
OOIIECTBEHHBIX 3/aHUil. Mepbl MO CHIKEHMIO YAEIbHBIX 3aTpaTr 3HEpPrud Ha OTOIJICHHE U
BEHTWIALMIO Ha CTaJdd INPOEKTUPOBAHMS INPUHUMAIOTCS HEAOCTaTOYHbIE, a KayecTBO
CTPOMTENbCTBA 3a4acTyl0 CBOJAT MX Ha HeT. [leficTBue Mep JOJDKHO ObITh HAlpaBJIeHO M Ha TO,
4TOObl BBIPAOOTaTh HKOHOMMYECKHM U TEXHHYECKM OOOCHOBaHHbIE U 3KCIIEPUMEHTAIBHO
MOJITBEPXK/IEHHBIE HOPMATHUBBI, COOJIIOZICHNE KOTOPBIX KOHTPOJIMPOBAJIOCH Obl HE TOJBKO Ha BCEX
CTaJUsIX WHBECTUIIMOHHOTO Tpoliecca, HO M MpU THoclenyromei skcruryarauuu [4]. Heobxoaumo
IPUHATH MEPbl CHIDKEHUS HKOJIOTHUECKOM Harpy3Kd Ha OKPY)KAIOLIYI0 CpeAy He TOJBKO 3a CYeT
aOCOJIIOTHOTO  CHIJKEHMsI HCHOJIb30BAHUS JHEPropecypcoB, HO M 3a CUeT TPUMEHEHUs
HKOJIOTUYECKH YHUCTOr0 OOOPYAOBaHUS, TEXHOJOTHYECKUH TMPOLECC KOTOPBIX MPOXOAUT CO
3HAYUTEIbHBIM CHI)KEHUEM BPEIHBIX BHIOPOCOB B aTMOc(hepy.

Ocnosuas wacms. B HaCTOAIICC BpEMs CYHICCTBYCT LB pan TCXHOJIOFHf/'I, MO3BOJJAOIINUX
SHAYUTCJIBbHO CHHU3UTHL pacxod OSHEPropeCcypCoB I TEIUIOCHAOKEHMS  KHJIBIX JOMOB H
MPOMBIIIJICHHBIX HpeIIHpHHTHfI. I/ICHOHB3yeMLIe 3Heproc6epera10mﬂe TCEXHOJIOTMHM B CHUCTEMaAX

31



W3BECTHS HAYYHO-TEXHUYECKOI'O OBIIECTBA «KAXAK», 2018, Ne 1 (60)

noTpeOIeHnsT Terla JaloT OJAWHAKOBBIA 3((EeKT He3aBUCHMMO OT TOTO, LIEHTPAIM30BAaHHAs WIH
aBTOHOMHAsl CUCTEMA TEIJIOCHA0KEHUS.

Cnop o 1enecooOpa3sHOCTH MPUMEHEHHS 3THX CHCTEM B IIOCIIEAHEE BPeMsl pPa3ropaercsl BCE C
Oompmeit cmnoil. OpHako OH OECHOYBEHEH, €CAM B KaXJAOM ClIydae IPUCYTCTBYET
KBaJTM(HUIIMPOBAHHBIA, TEXHUKO-DKOHOMHYECKHI pacdeT M 03a00YEHHOCTb HKOJOTHYECKOU
0e301acHOCThIO [5].

AHanu3 CTpyKTYpbl NOTEPh IPU NOTPEOJECHUM TEIUIa B JKUJIBIX JOMAax MO3BOJISIET ONPEAEIUTD
OCHOBHBIE ITyTH PELICHHUs IPOOIEMBI SHEProCcOEePEeIKEHHS Ha dTame MOTPEOICHUS:

1. IlpumeHeHHE TOpPU3OHTAIBLHOM MOKBAPTUPHOM pa3BOJKM CHUCTEMBbl OTOIUIEHHUS C
WHIUBUAYAJIbHBIM YIPABICHUEM U YY4E€TOM MOTpeOJIIeMON TEIUIOBOM »HHEpruu Jii HOBOTO
CTPOUTENIBCTBA U YCTAHOBKHU PETUCTPATOPOB TEILIA JJISl CYLIECTBYIOLIET0 KMIOTO (QOHIA.

2. Pa3paboTka m BHenpeHHE SHEProdPPEKTHBHONW CXEMBl MPUTOYHO-BHITSDKHOW BEHTHIISAINH
JUId 3/aHUM C TIOBBIIIEHHOW TepMeTH3allMell OrpaKIarolluX KOHCTPYKIMM, obecrieunBaronieit
KOM(OPTHOCTh TMPOXKMUBAHUS, 3AIIUTy U COXPAHHOCTb CTPOUTENBHBIX KOHCTPYKIHUH OT
MOBBIIIEHHON BJIAXKHOCTH.

3. Ilepexomq OT MONIHBIX IIGHTPAJIBHBIX TEIUIOBBIX MYHKTOB K  HCIIOJIB30BAaHUIO
aBTOMATU3UPOBAHHBIX HMHAWBHUAYaNbHBIX TeIuloBbIX myHKTOB (MTII) B kaxmom 31aHuu C
KOJIMYECTBEHHO-KAUEeCTBEHHBIM pErylMpoBaHHEM MOTpeOJeHHs] Termjga B 3aBUCHUMOCTH OT
TEeMIIEpaTypbl HApY)KHOTO BO3JlyXa M IEPEeX0JIOM Ha BHYTPHUJIOMOBOW TeMIlepaTypHbIi Trpaduk
80-60 °C ¢ BO3MOXHOCTHIO IPUMEHEHHUS IJIACTUKOBBIX TPYO B CHCTEMAax OTOTUICHHS M TOPSIETO
BOJIOCHAOKEHUS.

4. Hcnosb30BaHHE COBPEMEHHBIX CTPOUTENBHBIX MaTe€pUaJOB M TEXHOJIOTMH, TakUX Kak
BO3BEJICHUE OIrPAXJAIOIMUX KOHCTPYKIMH METOJOM HEChEMHOH onalyOKu, MOBBILICHHUE
TEIUIOM30JILMOHHBIX CBOMCTB  (pacasoB, YCTAHOBKA OKOHHBIX KOHCTPYKLIMH IOBBIIIEHHON
TE€PMETUYHOCTH U T. J., TIO3BOJISIIOIIMX 3HAYUTEIBHO CHU3UTh NMOTEPH TEIUIA Yepe3 OTrpakJaroliue
KOHCTPYKLIMU M OKHA.

YacTe U3 BBILIENEPEUUCIICHHBIX TEXHOJIOIMH, KaK HalpuMep, MOBBIIICHNE TEIIOU30 ISLMOHHbIX
CBOMCTB OTpaKIAlOLIUX KOHCTPYKLUH, 3alIUCaHbl B HOPMAaTUBHBIX JTOKyMEHTAaX U 00s3aTeNIbHbI K
NPUMEHEHUIO, IPYI'He jK€ OCTaBICHBI HA YCMOTPEHHE MPOSKTUPOBIIUKOB U cTpouTesei [6].

PaccmoTpenue cTpyKTypbl IOTEph TEIJla IPU IMPOU3BOJCTBE, TPAHCIIOPTUPOBKE U NMOTPEOICHUN
MI03BOJISICT HAMETUTbH Ul peajln3alliid OCHOBHBIE ITYTH IMOBBIIIEHUS SHEProd(p(PEeKTUBHOCTU B 3TOU
chepe:

1. IIpubnu3uTe HCTOYHMKM TeIUIa, pabOTalOIIMe Ha Tra3e, K IMOTPEOUTENI0 C ILEJblo
YMEHBIIEHUs MOTepb TeIla MpH TPAHCIOPTHUPOBKE IIyTeM YCTPOMCTBAa IMPHUCTPOCHHBIX,
BCTPOEHHBIX, KPBIIIHBIX ABTOMATU3UPOBAHHBIX KOTEIbHbIX.

2. OpraHu3oBaTh CHCTEMbl JUCIETYEPU3ALMM, YIOpPaBICHUS M ydeTa IPOMU3BOJICTBA U
NoTpeOIeHUs TEIIOBOM SHEPTUH, UCIIOJb3Ys CaMble COBpEMEHHbIE MH(OPMAIIMOHHBIE TEXHOJIOTHH,
YTO TMO3BOJIUT TEPEBECTH CUCTEMY TEIUIOCHAOXKEHUS Ha KaueCTBEHHO HOBBIM ypOBEHb
MHTEJUIEKTYAJIbHBIX CUCTEM.

3. MHcnonp3oBaTb BMECTO CYILECTBYIOIIETO KaueCTBEHHOTO METOJAa pEryjlupoBaHUS C
temnepaTypHbiM rpapukoMm 150-70 °C KoaMuecTBEHHBIH METOJl OTIyCKa TeIUla ¢ YacTOTHO-
PETYIIMPYEMBIM  AJIEKTPOIPUBOJOM LHPKYJIALMUOHHBIX HAcOCOB C IOCTOSHHOW TeMIlepaTypoi
terionocutens 115-60 °C B oronurtenbHbli nepuoa u 75°C B HEOTOMUTENBHBIN MEPHO, KOTOPBIN
MIO3BOJISIET CHU3HUTH KOPPO3UMOHHBI M3HOC TEIUIOBBIX CETEH W NEPEHTH Ha MCIOJIb30BaHUE
TUTACTUKOBBIX MaTepHAJIOB Ha 00OpaTHOM TPyOOIIPOBOIE.
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4. Tlpu wHamuyuu OOOCHOBAaHUS SKOHOMHYECKOTO J(PQeKTa UCIOJIb30BaTh JUIS IeNel
TETIOAICKTPOCHAOKEHHSI TPOMBIIIJICHHBIX MPEIIPUATHN U KWIbIX pailonoB MuHH-TOLl Ha Gaze
COBPEMEHHBIX Ta30MOPUIHEBBIX WM Ta30TYpOMHHBIX YCTaHOBOK, YCTPOMCTBO 3JEKTPHUYECKUX
HA/ICTPOEK CYIIECTBYIOIIUX KOTEIBHBIX C HWCIOJb30BAHHWE MAPTYpPOMHHBIX WM Ta30TypOMHHBIX
arperaros.

[Ipy mnpoexTHpOBaHMM M CTPOUTENBCTBE OSKCIEPUMEHTAIBHOIO JKWIOro panoHa KypkuHo
(Poccusi, MockoBckast 00J1acTb) HEKOTOPBIC U3 BBIIIENEPEUUCICHHBIX TEXHOJOTUM ObUIHA YCIICIIHO
BHeApeHbI. B yacTHOCTH, s TEIUIOCHA0KEHNST MUKPOPAHOHOB OBUIH MCIIOJIb30BaHBl AaBTOHOMHBIE
MCTOYHUKH TEIUIOCHA0KEHHUS C KOJIMYECTBEHHO-Ka4eCTBEHHBIM CIIOCOOOM PETYIMPOBAHUS OTITYCKA
TeIla, AaBTOMATU3UPOBAHHbIE WHIUBUAYaJbHbIE TEIUIOBBIE IYHKTHl C I0r0J03aBUCUMBIM
pErylIupoOBaHUEM Ui KaXJIOTo 3JaHUs, U1 4YacTH 3JaHUl ObLIM 3allpOEKTUPOBAHBI CHUCTEMBI
OTOIJICHUSI C TOPH30HTAJIBHOW TOKBAPTUPHOW pa3Boakod [7]. B omHOM H3 aBTOHOMHBIX
HMCTOYHUKOB TeIUIa OblJla UCIOJIh30BaHA KaTaJUTHYECKash yCTaHOBKAa POCCHIICKOTO MpPOU3BOJICTBA,
MTO3BOJISIOIIAS 3HAYUTENIbHO CHU3UThH KOJMYECTBO BPEIHBIX BHIOPOCOB B atMocdepy. B HacTosee
BpeMsl IIMPOKO Pa3BUTO CTPOUTENBCTBO «TEIJIBIX JOMOB» — 3JaHUM C ITOBBIIIEHHOMN
TETUTON30JISIUEN OTPaXKIAFOIINX KOHCTPYKITUH.

HuBunuzanms cuCTeM UEHTPAIM30BAHHOIO TEIUIOCHAOXKEHUS, KaK OTMEYalT MHOTHE
AKCIUTYaTUPYIOUIHNE OPTraHU3alluM, JOJDKHO TIPOUCXOJUTh HMMEHHO TaKUM IIYTEM U TJIaBHBIM
0o0pa3oM cO3JlaHUEM YCIOBHM JUIsi HEpa3pbIBHOCTH BCEW LENd OT BbIPaOOTKH Termia 0
notpebutens. TakuMm myreM NOLUIM TEIUIOCHAOXKaIOL[Me OpraHu3aluud B cTpaHax BoctouHoit
EBponbl ¥ 10OUIUCH peaqbHOTO CHUKEHHMS 3aTpaT Ha OTOIUICEHHE, TOBBICUB KOMMEPUECKYIO
MIPHUBIICKATEILHOCTH KBAPTHUP, OCTPOEHHBIX B 60—70 romax mpoimioro crouetus [8].

OpnHako, ONBIT BHEAPEHHS] HOBBIX TEXHOJIOTMI HE MOJYYMJI IIUPOKOTO PacHpOCTpaHEHHUs B
Hamel crpaHe. [I[puMeHeHne MHXKXEHEPHBIX CUCTEM, MO3BOJIAIOIIMX 3HAYUTEIBHO CHU3UTH PACXO]
MIPUPOJHBIX PECYPCOB, YMEHBUINTh BPEIHYIO HArpy3Ky Ha OKPYXAIOLIYI0 Cpely, MO-IPEKHEMY
HOCHUT CIyYalHBIM SNH30JUYeCKUil Xapaktep. [Ipy HOBOM CTpPOMTEIBCTBE U PEKOHCTPYKIIHH
MPOJIOJHKAIOT NPUMEHSTHCS TPAJIULUOHHBIE CUCTEMBI BEPTHKAJIbHOM Pa3BOJKH CUCTEM OTOILICHUS,
HE TO3BOJISIOIINE OPraHM30BaTh WHJWBUAYAJIbHBIM YY4e€T W pEryJUpOBaHHUE TeIla, BMECTO
WCIIOJIb30BAHUSI ABTOMATU3UPOBAHHBIX WHAUBUIYAJIbHBIX TEIUIOBBIX IYHKTOB, PACIIUPSIOTCS H
PEKOHCTPYUPYIOTCST  IIEHTpalbHbIE TEIUIOBBIE MYHKTBI, HE O00ECIeYUBAIOLUIUE HKOHOMHUIO
3IEKTPO3HEPIUH, TEIUIA U BOJBI.

3axnouenue. PaccMoTpenue Bonpoca «9HeproddGeKTUBHOCTEY 3a4acTyi0 HOCUT (OpMabHBIN
XapakTep, OTCYTCTBYET KOHTPOJIb 3a BHEJPEHUEM pecypcocOeperaronux TeXHOJIOTHM Ha 3Tamne
clayu ¥ Kcrryarauud. OCHOBHBIMU MPENATCTBUSAMU HA IIYTH aKTUBHOTO BHEIPEHUS MEPOIPUSITHIA
M0 SHEProcOEpeKEHUI0 SBISIOTCSA: BO-TEPBBIX, BO MHOTHX CIy4asX HEKOTOpPOE YBEIHUEHUE
KalUTAJIbHBIX 3aTPaT MPU CTPOUTENHCTBE U OTCYTCTBUE MEXaHU3Ma BO3BPATA BIOKEHHBIX CPEICTB,
BO-BTOPBIX, MPUBEPKEHHOCTh TPAAUIIMOHHBIM TEXHOJOTHSIM, OOSI3HH HOBOTO. {7151 perneHus 3aaa4y
MOBBIIIIEHUE IHEProdPPEeKTUBHOCTH DKOHOMUKH, TMPUAAHUS ITOMY MPOIECCY CHUCTEMHOTO
XapakTepa CYIEeCTBYIOT JIBa HallpaBJICHMUS.

Bo-niepBbIX, 3TO cCO3/aHUE YCIOBHH SKOHOMHYECKOW 3aMHTEPECOBAHHOCTH CYOBEKTOB BO
BHEJIPEHUU HOBBIX TEXHOJOTHMM M SKOHOMUHM PECYpPCOB, BO-BTOPBIX — aJMUHUCTPATUBHBIN
KOHTpoJb. HeoOxomumMo co3maTh MPaBOBYHO OCHOBY Il  CTUMYIUPOBAHMS  BHEIPECHUS
9Heprod’(pPeKTUBHBIX, PecypcocOEeperammux TEXHOJIOTHI BCEMHU XO3SIMCTBYIONIUMHU CYOBEKTaMU
BHE 3aBHCHMOCTH OT ()OpM COOCTBEHHOCTH.
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B TermocHaGXeHMM KPYMHBIX TOPOJOB HEOOXOJMMO  TMPOBECTH pabdOThI JUIs BBIOOpPA
HSKOHOMHYECKMX W HAYYHO-OOOCHOBAHHBIX HOPMATHBOB 1O 3()()EKTUBHOCTH BHEIPEHUS
pecypcocOeperaromux TEXHOJIOTUH C IENbl0 OIpenesieHus YAEIbHBIX IIOKa3aTeledl pacxoja
pecypcoB, TPOBEPKH TUNOTE3bl A(PQPEKTUBHOCTH BHEIPEHHUS HOBBIX TEXHOJOTHH IPU HOBOM
CTpOHTENbCTBE. BHECTH M3MEHEHHs W JIOTIOJHEHHUS B CYHIECTBYIOIIME HOPMATHBHO-TEXHUYECKHE
JOKYMEHTBI, C Y4€TOM 0053aTeIbHOTO UCIOIB30BaHUS YHEPT0I(P(PEKTUBHBIX TEXHOIOTHH.
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KHHEMATHYECKHUE XAPAKTEPUCTUKHU PABOYUX OPI'AHOB
MAIIINH C IUKJTOUIAJIBHBIM JIBUXEHUEM

JIu C.B., Myp3axmeroBa Y.A., Cunakos U.H., Hum B.M., 3nagaunos A.T.
Kaszaxckas asmomobunvro-oopoosrcuas akademusi um. JI.b. I'onuaposa (KazA/[HN),
Anmamet, Pecnyonruxa Kazaxcman
e-mail: lee.sergei@list.ru

Tlonepeunoe ceuenue pabouezo opeana (PO) mawunvr npedcmasisiem cob0U NIOCKYIO MpPeEyeoibHYIO
Gueypy. Touku smoii pueypvl npu BpauAMeEnbHOM OBUICEHUU BOKPY2 08YX NAPANLIENbHBIX OCell ONUCHIBAION
Kpueble JUHUU — CUNOYUKIOUObL C NPAMOIUHEUHbIMU Gemesimu. bBokoevie obpaszyiowue cevenus
NepeKamvl8aonics no IMUM 6emesam, Kak no nanpasisiowum. Umenno sma ocobennocmu ogudicenus PO (no
83AUMO02UOAIOWUM KPUBIM) UCHOIL3VEMCA 6 PYUHOU Mawiune. Mawunvl 015 pe3Kku TUCmosblx Mamepuaios
OMHOCAMCSL K PYUHBIM CHpOUmenbHulm mawunam (PM), pabouuil opean Komopuix npugooumcs 8 08UdlCeHue
dguecamenem, a BCHOMO2amenvHoe O08UJICeHue (nodaua) — onepamopom epyunyio. Pyunvie mawunv
(HOOJICHUYDL) 0711 Pe3KU U PACKPOS TUCTNOBLIX MAMEPUATO8 MO2ym OblmMb UCNOIb308AHbL 6 CIPOUMETbCGE,
Ha Manvlx pemoumuo-mexanuveckux npeonpusmusx (CTO, macmepckue), 8 YCIOBUAX CENLCKO20 XO3AUCMBa
(Macmepckue no peMoHmy MexHUKU), Ha NPeOnpusmusax OblMo8o20 OOCIYICUBAHUS. HACENEHUS,, 4 MAKICEe 6
JUYHOM U NOOCOOHBIX YACMHBIX X03sucmeax. B cmambe onpedenenvl KUHeMAMUYecKue XapakKmepucmuxy
PO pyunoii mauwiunvl ¢ YukaiouOAIbHLIM OBUICEHUEM.

Knwouesvie cnosa: mawuHbl CmpoumenbHo20 HPOU3EOO0CHEA, HPOU3EOOUMETHLHOCHb, YUKIOUOANIbHOE
odsudicerue, pabouuil Opean, OCHOBHbIe NAPAMEMPDbI, 83aAUMO02UOAIOWUe KPUBbLE, 2UNOMPOXOUIA, CAMETUM.

Kympvic opeanvl mawunanly Konoeney KUMAacvl meeic yuloypvluimsl niuiini oonvin madwvinaovl. Tikenetl
dunuandapel 6ap unoYuKIoUObl — eKi napaielb 0Cb AUHALIACLIHOA AUHAAMALbLL KO38ANbIC OV KopcemKiul
oann Kuculx cunammauovl. bazeimmagbiuimeiy-ax ocvl QUAUANOAPLIHG OOAIMIH KANBINMACMBIPY HCARbI
poan. On MauuHaoa KoA0AHbLIAMbIH HCYMbIC OP2aHbl KO3EAAbICHIHbIY OCbl epeKuienizi 60avin madwviiaobl.
Kecy mamepuandapuin kecyze apnanean Mawunaniap HCYmvic Opeanbl KO3aNmKblumsl OACKapamuli KOIMEH
AHCYpEemiH KOHCMPYKYUANbIK MAUUHANAPRA IHCIHE KOCAIKbl KO32aMblcKa (MAMAKMAaHObIPY2a) Hcamaobi.
Kecemin mamepuanoapovr kecy dicone Kecy YiH KOIMEH JICYMbIC icmeumin MawuHanap (xavwsliap)
KYPbLIbICIA, KiWi JHCOHOEY JHCIHe MEeXAHUKANbIK KICInopwvlHOoapoa (webepxananap, uiebepxananap), ayvli
WapyaublivblblHOa  (HcabO0bIKmbl  JHCOHOeY — UleDEepXananiapulioa), MeMmieKemmiK —Kbl3Mem Kepcemy
KaCINOpbIHOAPBIHOA, JICIHe KOCANKbl uwiapyawslivikmap. Maxanrada yuxiouomi Ko32a1blcmagsbl KOAMEH
arcypemin mawunansviy PO KuHeMamukanvlx Cunammamanapsl AHbIKMAan2aH.

Tipex ceo30ep: KYpbliblc MEXHUKACHI, OHIMOLNIK, YUKIOUOMbBIK KO38AIbIC, HCYMbIC OpeaHbl, He2i3el
napamempiepi, o3apa OykmenzceH KUCbIKMap, 2unOmpoxouo, cameuium.

The cross-section of the working element (RO) of the machine is a flat triangular figure. The points of this
figure, when rotated about two parallel axes, describe curves — hypocycloids with rectilinear branches. The
lateral cross-sections are rolled along these branches, both along the guides. It is this feature of RO motion
(by mutually bending curves) that is used in the hand machine. Machines for cutting sheet materials refer to
hand-held construction machines (PM), the working organ of which is driven by the engine, and auxiliary
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motion (feed) — by the operator in manual. Manual machines (scissors) for cutting and cutting sheet
materials can be used in construction, at small repair and mechanical enterprises (workshops, workshops),
in the conditions of agriculture (workshops for the repair of equipment), at public service enterprises, as
well as in personal and subsidiary private farms. The article defines the geometric characteristics of the RO
of a manual car with a cycloidal motion. It is necessary to choose the geometric characteristics of PO in
terms of minimum energy consumption.

Keywords: construction machinery, productivity, cycloidal movement, working body, basic parameters,
mutually bending curves, hypotrochoid, satellite.

Kunemarnueckuil aHaiu3 M ompejesieHne KUHEMaTHYeCKMX IapaMeTpoB pabodero opraHa
PY4YHOHM MalIMHBI BBIMOJIHEHO aHATUTHYECKUM MeToJoM. [IpuMeHeHune 3Toro mMeroja BO3MOXKHO,
KOI/Ia TOJIydYeHbl M M3BECTHBI (OpPMYJbl [Js ONpeAeseHUs HEOOXOJAMMBIX KHHEMaTHYEeCKHX
napameTrpoB. B Hamem cimydae paboumii opraH (MOABMXKHBIM HOX) MAaIIMHBI COOCHO CBSI3aH C
CaTeJUIMTOM U COBEpILIAET ¢ HUM LUKIOHJIAIbHOE (IUIaHETapHOE) ABMXKEHUE, ITPU 3TOM BEPIIMHBI
paboyero opraHa ONMUCHIBAIOT Ty, WJIM MHYIO THIIOTPOXOUAY (PUCYHOK 1).

JIro6ast Touka CBSI3aHHAs C IPOM3BOSIIMM KPYrOM BPAIAeTCsl BOKPYT ABYX MapajlieNbHbIX Oceil
npoxoaaumx yepe3 HeHTpbl O u O1. CxopocTh Touku M (pUCYHOK 1) cymmupyeTcs u3 JTUHEHHON

ckopocTH 1eHTpa O IpHU €ro BpalleHHH BOKPYT 1ieHTpa O1 paBHOM (), *€ W NMHEWHON CKOPOCTH

@, -I' npu Bpamennn Touku M BOkpyr nienTpa O. CKOpocTh TOYKHM M paBHa HyJIIO, TaK Kak 3Ta

TOYKa SBJSETCS TOYKOM KOHTAKTa TIPOM3BOAIIETO Kpyra C HEMOJBIKHON HAMpaBIISIOMICH
OKPYXHOCTBIO.

a)

5)

a — TUNIOTPOXOUAA pu Z = 3; 6 — BHEIIHSISI U BHYTPEHH:S orudaromue npu Z = 3;

Pucynox 1— OGpa3oBanue Tpoxousa
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Torma:
a)z'e+a)l'r:O)
OTKy/1a
o1/o=—-elr=-1/z
[Tomyuaem

y/0==1/z; y=-0/z

VYrnoBasi CKOPOCTh MPOU3BOASIEIO Kpyra, Py €ro BpallleHnu BOKpYr 1eHTpa O B Z pa3 MEHbILIE
YTJI0OBOM CKOPOCTH 3TOrO LIEHTPA IPU €ro BPALleHWH BOKPYT LeHTpa (1, HANpaBJICHHE YIIIOBBIX
CKOpOCTEN MPOTUBOMOJIOKHOE, TO3TOMY OHH UMEIOT Pa3JIMYHbIE 3HAKHU.

B pyuHOI1 MamuHe HaMU NIPUMEHEH IUIAaHETAapHbIM MexaHu3M [[xeiimca, B KOTOpoM BoawsIo
MOJIy4aeT BpallleHWe OT MPHUBOJHOTO JBUTATeNsl, a CaTeJUIUT 2 OOKaThIBaeTCSd BHYTPH KOPOHHOTO
3ybuaTtoro koJieca 3 (pUCyHOK 2).

Pucynoxk 2 — Mexanusm Jxeitmca

OTKJI0HEHHE paIuyCcOB KoJIeca U caTeJuIMTa IIpU Yucie BepiiuH paboyero oprana PO paBHbIX Z:

R_z+1 r=z-e,

r z

Hepez[aTquoe YHUCJIO INIAHETAPHOTO MEXaHN3Ma OT BOJUJIA K CATCIUIUTY

N ze
| = = =—7

r-R ze—e(z+1)
MPOTIOPIIMOHATIEHO YHCITy BEpIIUH pabodyero opraHa z. B Harneil KOHCTPYKIUHM PYYHOM MAalIdHbI
YHUCJIO BCPUIMH pa60qer0 opraHa Z=3m IIpHU SKCHCHTPUCUTETC e=3 NnepeaaTo4YHoOC YUCIO
IUIAHETapHOro0 MexaHu3Ma Oyxer paBHo i=3e/—e=-3, a BepmmHbl pabodero opraHa OyayT
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ONMCHIBATh TUIIOTPOXOMAY — KBajApaT C IMpPSAMOJMHEHHBIMM cTopoHaMH. [lpu mnocTosHHOI
IIOJABOJMMON MOIIHOCTH YacTOTa BPALLEHUS caTeJIMTa pabodyero opraHa U KpYTSIIMM MOMEHT
3aBUCST OT MEPEAATOYHOTO YMCIa | TUIAHETApHOTO MeXaHu3Ma. [Ipu yBeIHMYeHHUU TepelaTOYHOrOo
yucia | IUTAHETapHOTO MEXaHHM3Ma IPOMCXOJUT YMEHBIICHUE YacTOThl BPALICHUS CATEUIUTA
pabodero opraHa ¥ yBeIM4EHUE KPYTSIIETO MOMEHTA Ha HEM.

CkopocTb 1BUXKEHHUS padovero opraHa sBIsETCs] OJHUM M3 OCHOBHBIX IapaMETPOB, OT KOTOPOTO
3aBUCHT IIPOU3BOIUTEIILHOCTh PYYHOUM MalIUHBI.

[MpomuddepenunpoBaB Mo BpeMeHH ypaBHEHHE THIIOTPOXOHUIBI OINPENEIUM CKOPOCTh TOYKH,
onuchIBaroleil runorpoxouny [1,2]:

Vx = - i1l (Sin zy + € SiN y) 1)
Vy = - w1r (-COS zy + C COS )

Torna, abconroTHAs BeTMYUHA CKOPOCTH:

V = wir V/+c?— 2c cos (z+1)w , (2)

rae @, =dy/dt — yrioBas ckopocTs TOUKH.
CKOpOCTB V= f (l//) NEPUOAUYCCKN UBMCHACTCA OT MUHUMAJIBHOI'O 3HAYCHHA: Vmin = (()lr(C —1)
JI0 MaKCHMAJIbHOTO 3HAYCHHS V, . = a)lr(c +1), YTO BUHO W3 aHaAIM3a BhIpakeHus (2).

OnpenenuM CpeaHIO CKOPOCTh TOYKH paboyero opraHa MpOWHTETPUPOBOBAB BhIpaxeHHE (2).
Torna:

p/2 p/2

Iv(ty)dyx = %wlr j J1+c2—2ccos(z + 1y dy. (3)

<
|
o |~

MoskHO onpeaciisiTb CPECAHIOKO CKOPOCTh TOYKH pa60qero OopraHa ¢ I[OCT&TO‘IHO?I JJIA
HHXXCHCPHBIX paCy€TOB TOYHOCTBIO, KaK CPCAHEC KBAAPATHUYHOC WM CPEIAHEC apI/I(bMeTI/I‘ICCKOG
3HaYCHHE MAaKCUMAaJIbHOM U MUHUMAaJIbHOM CKOPOCTH.

Torna cpeansAa KBaapaTUiHaA CKOPOCTb OIIPCACIUTCA 110 BBIPAKCHUIO:

pl2 1/2

Vo, = % [#)y | =wrii+c® (4)
0

Cpennsas  apudmerudeckass CKOPOCTh  OMNpEIENUTCS Kak cpeaHee apudmernyeckoe
MAaKCHUMaJIbHOM 1 MUHUMAJIbHOU CKOPOCTEM:

V..
chap = H = ('U_lze ' (5)

Hcnonw3ys 3aBucumoctd (1-5) MOXHO ONpEeAeNUTh OCHOBHBIE KMHEMAaTHYECKHE MapaMeTphl
pabouero opraHa M IJIAHETAPHOTO MEXaHW3Ma Ha CTaJUHM MPOEKTUPOBAHMS PY4YHOH MariuHbl. B
HallleM cCilyyae Mpu 4YHcie BepUuIMH pabodero opraHa z = 3 u mapamerpe Qopmbl ¢ = 3
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MPOU3BOJIAIIAS TOYKA OINKCHIBACT THUIOTPOXOHUIY, MPAKTUUYECKHA COBMAJAMOIIYI0 C KOHTYPOM
KBajpara.
CKOpOCTh MPOU3BOIAIICH TOYKH OYAeT MaKCUMAIIbHOU Vmax ipu = 45°, 135°, 225°, 315°

T.€. KOT/1a IPOU3BOJAAINAS TOYKA HAXOAUTCS B CEPEAMHE BETBU THIIOTPOXOUIbI COS(Z +1)|// =-1
(2). CxkopocTh IPOU3BOSAIICH TOYKH OyJeT MHHHUMAIBHOU Vmin Tipu i = 0°; 90°; 180°; 270°; T.e.
KOIJa IIPOU3BOJAINAsA TOYKA HAXOOUTCS B BEPIIMHE I'HIIOTPOXOHUJIBI COS(Z +1)W =1 (2). Taxum

o6pa30M, BHUJHO YTO CKOPOCTH TOYKHU B CCPCANHEC BCTBU I'MIIOTPOXOUILI B IBA pas3a 60JII)HIG, 49EM B

1% 4
BepiirHe BeTBU (pucyHok 3). [Ipu aTtom oTHOImIEeHHEe —M&X — — — 2.
Vmin z
v/owr
7
6 — — —
5 / >N\ / ———— / g 7=
S L SN / s o N A ) Eee =
L s LA T FN N T, N e B
i o’ N {\/ . o T, . - 20y N
VN AT S X W--zw,08
/// e 7 g \,/ A L T NN N\— "z oo
o 4 X - r Pl S i >

0 20 40 60 ) 100 120 140 160 180 200
Pucynok 3 — 3aBucumocts 6e3pa3MepHOil CKOPOCTH HOKa OT yIJia €ro MoBOpoTa

Haiinem yckopenust BepuinH pabouero oprana. Jlius storo npoauddepeHippyeM no BpeMeHH
ypaBHenue (1):

w, = —w’r(zcos 2+ ccosy)

2 (. _ (6)
w, =wr(zsinzy—csiny)

Torma a0COJIFOTHAS BEJTUYUHA YCKOPCHUH:

w= W2+ w2 = 02ryz? +c? - 2zccos(z + L)y . (7)

VCKOpeHI/Ie W U3MEHAETCS B npeaciax:
2
OT Wi, =@y ze(c— Z) npu O = Prin
2
10 Wiy = 07 26(C+2) ipn = Py
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B otanune oT cKOpoCTH, yCKOpEHUE BEPIIMHBI pabOUero opraHa UMEeT MUHUMAaJIbHOE 3HAUE€HUE
B CepeHaxX BETBEU IMIIOTPOXOU/IbI, & MAKCUMAJIBHOE 3HAYCHNE B BEPIIMHAX BETBEH.
Cpennee ycKOpeHHE BEpIIMHBI pabovero oprasa:

p/2 p/2

:—Iw (t)dt= iwlrj'\/z +c? —2zccos(z +1)tdt. 8

CpenHee KBapaTUIHOE YCKOPEHHE:

W, = ja)l dt | =wlrvz?+c? . 9)

OnpenenuM HOPMAIBHOE W TAHTCHIIMATBHOE YCKOPEHHS BEPIIMH pabOvero opraHa Jyisi 3TOTO
pasioKUM YCKOpEeHHE W Ha JIBE COCTAaBISIOMKME Wn W Wi HaIpaBiCHHBIE MO HOPMAIH U IO
KacaTeJbHOU K KOHTYpY pabodero opraHa.

Torma HOpMaTbHOE YCKOPEHHE MOYKHO 3aIiCcaTh B BUJIE:

\ﬁﬁ) _wn, W,

n n

n

rjae N o_ BEKTOP, HAMIPABJICHHBIH 110 BHEIIHEW HOPMaJIH K KOHTYPY;
\n\ —  MOJYJIb 3TOT0 BEKTOpa.

[Tocne npeoOpazoBaHuii Mosrydaem

otr “21C “+(z-L)ccos(z+1)y
J1+c¢? —2ccos(z +1y

(10)

HopmaneHoe  yckopenue Wn u3MeHsercs B mpenenax oT W =a)1l‘(c—2) bi (0]

W, = @fr(c+2).

TaHreHuManbHOE YCKOPEHHE:

(\}\),P) W, W Ty

W, = =
bl i

rae ¥ —BEKTOp, KacaTeJIbHBIA K KOHTYPY;

7
‘ — MOJYJIb 3TOT'O BEKTOPA.
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[IpuHrMas BO BHUMaHUE, YTO ‘T ‘ = ‘I’I , UIMeeM

2, (z+2)csin(z +1)y

| (11)
J1+c?—2ccos(z +1y

W, =—

W3 ananmsa BelpaxkeHuss (11) BuAHO, 4YTO TaHI€HLMAJIBHOE YCKOPEHHE OIPAaHUYEHO
npeaenamu, He 3aBUCSIIUME OT apameTpa GopMbI TUTIOTPOXOHIBI C:

—afr(z+1)<w, <@fr(z+1).

Bwvi600wi:

1. MaremaTtudeckoe MOJICTUPOBAHNE TEOMETPHUUECKHUX U KHHEMATHYECKUX TMapaMeTpoB
MO3BOJIAET HA CTAIMU MPOCKTUPOBAHUS OMNpPEACTUTh (HopMy, pasmMepsl, KOHUTYpaIUI0 pabouero
oprana (HOXa), a TaKKe MPOAHATU3UPOBATH M3MEHEHHUS CKOPOCTH W YCKOPEHHS €ro BEpIIUH,
YCTAaHOBHTh WX MHUHHUMAJIbHBIE W MaKCHMaJbHbIC 3HAYCHUS W TEPUOJI WX HW3MCHCHHS.
CpaBHUTEIIBHBIN aHAJIN3 00CECIIEYNBAET ONIEPATUBHYIO OIICHKY BapWAaHTOB NMPOEKTHBIX PEIICHUN W
BBIOOp HanboJiee parMOHAIBHOTO ISl OTIPEICICHHBIX (3aJaHHBIX) YCIOBUU.

2. YCTaHOBIIEHO, YTO CKOPOCTh TOYKH B KaXKJIOM BEPIIMHE THIIOTPOXOUIHI MUHIMAJIbHA, a B
cepelrHe KaKJI0M BETBM MaKcuMaibHa. TakuMm oOpa3oM, MpH HEpeMEeNIeHHH OT BEPUIMHBI 10
CepeMHbl MPOU3BOAAIIAS TOUKA JBIKETCSA C YCKOPEHHMEM, a OT CEpeIuHbl BETBH A0 CIEAYIOIIEH
BEPIIMHBI TOYKA JABIKETCS C 3aMEIJICHHEM.

3. Tlonmyuyensr BwIpaxkeHus ckopoctu (5—7) u yckopeHus (6-11) touku PO, ucnosb3ys
KOTOpbIE MOXKHO OIpPEAEIUTh Ha CTaJuU MPOEKTUPOBAHUSA CKOPOCTh U YCKOPEHHE 000N TOUKH
BepirH PO PM.

4. Breicokas 3ddexkruBHOCTh PO ¢ THUNONMKIMYECKHM JBHXKEHHEM TOBEPXHOCTEH
obOecrieunBaeT KOHKYPEHTOCIIOCOOHOCTh HOBOTO HANpaBJICHUS COBEPLICHCTBOBAHMSI PYYHBIX
CTPOUTEIbHBIX MaluH [3].
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HNHTEI'PUPOBAHHAA UHOOPMAIIMOHHASA CUCTEMA JOCTYIIA
K HAYYHO-OBPA3OBATEJIBHBIM PECYPCAM
B KOPIIOPATUBHBIX CETAX

Paxmaryaiiaes M.A., Hopmaros III.b, Kapumos Y.Y.
Tawkenmckutl yHugepcumem uHGopMayuoHHulx mexuonocui um. Myxammaoa an-Xopezmu,
Tawkenm, Y30ekucman
e-mail: marat56@mail.ru, shb.normatov@gmail.com, oktam13_89@mail.ru

Cmamus skmouaem pesyibmamsl UCCIeO08AHULL NO CO30AHUI0 UHMESPUPOBAHHOU UHMOPMAYUOHHOU
cucmemvl. Cucmema opuenmupo8ana Ha obecneyenue 0OCMynd K 31eKmpOHHbLIM HAYYHO-00PA306aMeNbHbIM
pecypcam 6 KOpnopamueHou OubIuomeuHol cemu Gulcuiux yueOmvix 3asedenutl. Paccmompenvt 6onpocul
63AUMOOCICBUSL PA3TUYHBIX NOOCUCHEM CUCeMbl, KAK HA YPOGHEe MEeMmAOAHHbIX, MAK U HaA YposHe
DYHKYUOHATLHBIX HPOSPAMMHBIX KOMNIEKC08. OCHOBHbIMU NOOCUCTHEMAMU UHMESPUPOBAHHOU CUCHIEMbl
AGIAIOMCS:  UHODOPMAYUOHHO-OUOTUOMEUHAs  cCUCmeMd, — OnpeodelieHue  ananoed,  UHQOPMAYUOHHASL
bezonacrhocms. [lpu cozoanuu unmezpuposannoil cucmemvl ucnonvzyiomes memoowvt Cloud Technology,
€030anUsl INEKMPOHHBIX OUOIUOMEK U KOPNOopamueHvlx cemell. HMnmezpupogannas cucmema Ciyxicum He
MONLKO Ol CO30aHusi 6a3 OAHHBIX HAVHHOU UHGOpMAyUU U NPeOOCMASNIeHUs K HUM OOCMYNnd, HO U
AKKYMYIUPOBAHUSL  MUPOGLIX — UHMDOPMAYUOHHLIX — Pecypcos U3 JUYEH3UOHHBIX — UCTHOYHUKOS
(EBSCO Information Services, Springer u 0p.). Hekomopule 8axicHvle pe3yibmamol UCCLe008AHUL GHeOpPeHbl
npu  co30aHuy  KOPHOpAmueHoU  UHDOPMAYUOHHO-OUOIUOMEUHOU cemu 8Y308  Y3bexucmana u
Tawkenmcko2o yHusepcumema UHQOPMAayUOHHbIX MEXHOLOSUIL.

Knwuesvle cnosa: unmecpuposannas — cucmema, — UHGOPMAYUOHHO-OUOTUOMEYHAST — cUCmeMA,
SNEKMPOHHBILL  KAManoe, UHGOPMAyuonHas 6e30nacHocms, 6a3a  OauHbX, HAYYHO-00PA306aMENbHbIE
pecypebl, 06auHble MEeXHOA02UU, IIeKMPOHHAS OUOIUOMEKA.

Maxkanaoa unmezpayusnanean axnapammoelx JcyueHi Kypy OouviHuwia 3epmmeynepdiy Hamudicenepi
Kenmipineen. JKyiie dscoeapbi 0Ky OpbIHOAPIHBIY KOPNOPAMUSMIK KIMANXAHANIK HCENICIHOe 31eKMPOHObIK
ELUIBIMU  JICOHE  Oinim  Oepy pecypCmapblHa  KOAXCeMiMOLIKMI  KaMmamacsls emyze 0OAbIMmMAanzaH.
Memadepexmep Oeneeliinde, COHbIMeH Oipee QYHKYUOHANObIK OA0apiamanvl Keuienoep Oeneetliinde Oe
Jicyiieniy apmypai Kiwi dcyuenepiniy esapa apexemmecyi Mmaceneci KapacmulpulizaH. Hnmezpayusnviy
Jocyueniy Heeisei  Kiwid oficylienepi:  aknapammoelx KimMAanxamanelk Jicyle, aHANOZMblK — aHLIKMAamd,
aknapammulx  Kayincizoik 6oavin mabwiiaovl. bipmymac ocyiieni xypy xeszinoe Cloud Technology,
NEKMPOHOBIK — KIMAnXanaiapovl —JicaHe KOPNopamuemix — oiceninepdi Kypy adicmepi KOoa0aHAObL.
Humeepayuanwvix scyiie mex KaHa 2blIbIMU AKNApAmMmully 0epeKKOPAAPbIH JHCACAVEA JHCIHE O0Napea Kol
AHCEMIMOINIKMI  KAMMAMACHL3 emyee 2aHad eMec, COHbIMeH Oipee auyeH3usiwly kesoepoen (EBSCO
Information Services, Springer dicone m.0.) dHcahanoblK aKknapammolx pecypcmap JICUHAKmayea Kvlsmem
emedi. O30excman KOO dcone Tawikenm axnapammovlx MexHOIOSUANAP YHUBEPCUMEMIHOe KOPROPATIUEMI
aAKnapammulK-Kimanxanaivly Jceicin Kypyoa oipkamap manvi30bl 3epmmeyiep Hamuicerepi eneizinoi.

Tipex co30ep. unmezpayusnvly Jicylie, AKNapammolK-Kimanxauauwlx dfcyle, 21eKMpoHObIK Kamanoe,
aKnapammulx, Kayincizoik, 0epeKkKop, blIbIMu Jicone Oinim bepy pecypcmapwvl, OYammsl MeEXHOI0UALAP,
9IEKMPOHObI KIMAanXaud.
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The article includes the results of studies on the creation of the integrated information system. The
system is aimed to provide the access to electronic scientific and educational resources in the corporate
library network of higher education institutions. The issue of interaction of various subsystems of the system
both at the level of metadata and at the level of functional software complexes is considered too. The main
subsystems of the integrated system are: information library system, analogue definition, information
security. The methods of Cloud Technology, creation of electronic libraries and corporate networks to create
the integrated system are used. The integrated system serves not only to create databases of scientific
information and provide access to them, but also to accumulate global information resources from licensed
sources (such as EBSCO Information Services, Springer, etc.). Some important research results were
introduced in the creation of the corporate information library network of universities in Uzbekistan and the
Tashkent University of Information Technologies.

Keywords: Integrated system, information library system, electronic catalog, information security,
database, scientific and educational resources, cloud technologies, electronic library.

Beeoenue. B HacTosiiee BpeMs 3a/1a4M pa3BUTHS KOPIOPATUBHBIX HH(POPMAILIMOHHBIX CeTell s
JIOCTyIa K OOIIMM pecypcaM CTaHOBSTCS HanmbOoJee aKTyalbHBIMUA. JTO CBS3aHO C POCTOM oOBheMa
JAHHBIX W MpoOJieMamMu OTCeBa HEHYKHOW WJIM MEHee akTyalbHOW mHpopmammu. B cucreme
BBICIIIETO 00pa30BaHUsI OCOOCHHO €CTh OOJbInas MOTPEOHOCTh B JIOCTYINE K IIEHHBIM Hay4HO-
oOpa3zoBaTelbHBIM  pecypcaMm, uX d3(PPeKTUBHOMY HAKOIJIEHHIO W  HUCIOJIb30BAaHUIO B
KOPHOPaTUBHON CETH, KOTOpas JOJIKHA MO3BOJISITh HE TOJIBKO MUCKIIOUYUTh AYOJMpOBaHHUE JaHHBIX,
HO U OTIPEJENIATh aHAJIOTH JOKYMEHTOB U IJIaruar.

B mnocnenHee BpeMs B Hay4yHBIX W MPHUKIAIHBIX HCCIEAOBAHUAX BCe OOJIbINE MOSABISIOTCS
paboThl, MOCBSIICHHBIE pa3pabOTKe METOJIOB M MPOrPAMMHBIX CPEICTB MHTETPALlMM Pa3HOPOIHBIX
nHpopMannoHHBIX cUCTeM [1-3]. BOTBIIMHCTBO CyIIECTBYIOMIMX WH()OPMAIIMOHHBIX CHUCTEM IS
MPEeIOCTaBICHUA JOCTyNa K MCTOYHMKAM HaydyHOHM MHQOpMAIMM OpPUEHTHUPOBAaHBI Ha
WCIIOJIb30BAHUN CTAHJAPTHBIX OMOIMOTEUHBIX MOJACHUCTEM (KaTajoru3auusi, KOMIUJIEKTOBaHHE,
CTaTHCTUKA U Jp.), KOTOpPbIE Yalle BCero paboTaroT aBTOHOMHO OT JPYTrUX aBTOMAaTU3HPOBAHHBIX
cucTeM 3Toi koprnopauuu. Habmonaercst 1yonupoBaHue TaHHBIX, TOBTOP IPOrpaMMHBIX MOJIyJIEH,
C OJIMHAKOBBIMM  (YHKUHMOHAIBHBIMU CBOMCTBAMHM, 3aMEUICHHE IMPOLIECCOB  00pabOTKU
uHpopmanuu u ap. Bo MHOTHX cilydasiX HE YUYUTBIBAETCS «1I€Ha» HUHPOpPMAIUH, €€ CTaTyC, YPOBEHb
nocrtymna. nu TOKyMEeHT CUUTAeTCs] HCTOYHUKOM OTKPBITOTO JOCTYIA, HJIK K HEMY JOCTYI 3aKpPbIT
(orpanuueH). Ilpuuem Her cTpororo 00OCHOBaHHS KaK OTKPBITOCTH, TaK 3ampera JOCTyIa.
[ToaTromy mmeercsi Gojblias HEOOXOJMMOCTh B aHaIW3e HayyHOW uH(opmanuu, B pa3paboTke
METO/IOB U CPEACTB HHTETpallH Pa3IW4YHbIX (PYHKIHOHAJIBHBIX MOJYJIEH [UIsi TOBBIICHHS
3¢ dEeKTUBHOCTH HE TOJBKO JOCTyNa K HayyHbIM 0a3aM JaHHBIX, HO M pEIICHHUS BOIIPOCOB
CaHKIIMOHMPOBAHHOTO JOCTyIa, 3allUThl 0a3 [aHHBIX, OMpEAENICHUS aHAJIOTOB (M IUIaruara)
nokymeHToB.  Hmke — paccmoTrpeHa — (QyHKIMOHaNbHAs  CTPYKTypa  HHTETPUPOBAHHOMN
MH(OPMALIMOHHON CUCTEMBI ISl GOPMUPOBAHUS HAYYHOH MHGOpPMAIIUK U TIOUCKA B 0a3aX JaHHBIX,
XapaKTePUCTHUKH 3a7a4 MOACUCTEMBI HH(DOPMAIIMOHHON 6€30TTaCHOCTH, MOMCKA aHAJIOTOB TEKCTOB B
WMHTETPAIUH C SJIEKTPOHHOU OMOIMOTEKON HAyYHOH JOKYMEHTAIIUH.

OcHoénas yacms. PacCMOTPUM CTPYKTYpPY MHTEIPUPOBAaHHOM aBTOMAaTU3UPOBAHHOMN CHCTEMBI

st 00paboTKH, Nepeayl U XpaHeHHs JTaHHBIX B KOPIOPATUBHON MH(POPMALIMOHHO-ONOIHOTEUHOM
CETH BBICIINX Y4eOHBIX 3aBeJICHUI (pUCyHOK 1).
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HNudpopmanmnonnas

0€30I1aCHOCTh Baza COKu

nmojHoTekcToBasa bJ1
I1/C «Anaaor»
baza Crarucruka
HNupopmannoHHo-
ouoIMoTeYHAasA
cHCTEeMAa
baza Kaapsl

II/C «MHTerpanus»

ba3pl nannnix I[IDP

" OyXrajJrepus

Nudop CHUCTEMBI IPYTHX YPOBHEU

Pucynok 1 — ®ynkunoHansHas cTpykrypa MHTerprpoBaHHON HH(OOPMAITMOHHOW CUCTEMBI

IMoacucrema UBC

Nudopmanmonno-oubauoteunass cucrema (MbC) mnpennasHadyeHa [uisi aBTOMAaTU3AIMH
GyHKIMH KOMIUIEKTOBaHUsI (DOHIOB OMOIMOTEK, KaTaJOTHU3allMd Ha OCHOBE MEXIyHApOIHBIX
dbopmaToB, moucka wuHpopManuK, (GOPMHUPOBAHUSA  CTAaTUCTUYECKOW  uH(popmamuu 00
WCII0JIb30BAHUU PECYPCOB U T.JI. DTO IJIaBHAS MOACUCTEMAa HHTETPUPOBAHHOM CUCTEMBI, KOTOpas O
CYIIECTBY M o0ecrieurBaeT GOPMHPOBAHNE HAYYHO-00Pa30BaTEIILHBIX PECYPCOB M JOCTYIl K HUM B
pa3IMYHBIX pEKUMax (QYHKIUOHUPOBAHUS (JIOKATLHOM, OHJIAWHOBOM M JIp.) M BBIIOJHSCT
creayromue QyHKIUU:

% mo3BossieT (POpPMUPOBATH M 00padATHIBATH AIIEKTPOHHBIE KATAJIOTH U TIOJTHOTEKCTOBBIC Oa3bl
JTAHHBIX JJIGKTPOHHBIX YUEOHHKOB, KHHT, MEPUOJUYECKHX H3JAaHUN, CIPaBOYHO-METOINYECKOM
TUTEpaTypel U Jp., a Takke (QOPMUPOBATH CBOAHBIN DIEKTPOHHBIM KaTaloT YYaCTHHKOB
KOHCOpILIMYMa B KOPHIOPATHUBHOMU CETH,

% OHa OPHEHTHpPOBaHA Ha pPabOTy, KaK B JIOKAJbHBIX BBIYUCIUTEIBHBIX CETSX, TaK U B
KopriopaTuBHBIX WHTepHET ceTsix ¢ wucnonb3oBanueM VPN TexHomorun 6€3 OrpaHUYCHUS
KOJIMYECTBA TI0JIh30BATENICH TIPU YCIOBHH, YTO KIIMEHTCKOH miatdopmoii sisercs Windows;

% TMO03BOJIsIeT 00pabaThIBATh M ONUCHIBATH JTFOOBIC BUIIBI M3/IaHUH, KK TPAJUIIMOHHbIC (KHHUTH,
yu4eOHHKH, KYpHalbl, CTaTbU W T.A.), TaK W HETPAJUIIMOHHBIE (ayIMO- U BHJICOMATEPHAIBI,
KOMITbIOTEepHBIE (haiiiibl M MpOTrpamMMBbl, KapTorpadudeckre MaTepraibl 1 HOTHI U T.1.);
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% TOJHOCTBIO COBMECTHMa C MEXIyHapoJHbiMH cTaHgaproMm sizpa DUBLIN Core mns
omucaHus OuOmMorpadUYecKnX JaHHBIX ¢  MOJJICPKUBACT JJIGKTPOHHBIE KATajJord Ha
kommyHuKaTHBHBIX popmatax MARC21, UNIMARC n RUSMARC,;

% IO3BOJISICT BBOAUTH JAHHBIC B DJICKTPOHHBIN KaTaJOr B YIPOLICHHOW (OpME MO CTPYKTYype
DUBLIN Core u 3aTem koHBepTHpOBaTh B CTpykTYpy MARC;

% OCYIIECTBJISICT IUCTAHIIMOHHBIA JOCTYI K AJICKTPOHHBIM OMOJMOTEYHBIM pecypcaM 4epes
WHTEepHeT 1 MO3BOJISET 3aMMCTBOBATH 3aIUCH Y IPYTUX OHOIHOTEK;

% MO3BOJISICT CO3/IaBaTh JIMYHBIA DJICKTPOHHBIA KAaOWHET JUIS YUTATENICH, BECTH y4eT HX
3aKa30B (CTaTHCTHKY), JAWCTAHIMOHHO OOCTYKMBATh, MOJABaTh 3aKa3bl KaK MO 3JIEKTPOHHOMY
KaTaJoTy OMOIHOTEKH, TaK JUTEPATYPHI . KOTOpasi B HEH OTCYTCTBYET.

[Moncucrema UBC Opima paspaborana B Heckosbkux Bepcusx (RARMAT u ARMAT++) B
TamkeHTCKOM YHHBEpCUTETE MH(POPMAIMOHHBIX TEXHOJOTHH W BHEApPEHA B KOPIOPATHBHOW CETH

MH(OPMAaLMOHHO-PECYPCHBIX LIEHTPOB BY30B PECITYyOJINKH.

Moacucrema «MHTETpaIUsy.

Ora noacucrema BbioaHsAeT ¢pynkuuu uHrerpaunn UBC ¢ npyrumu noacucreMaMu, KOTOpbIE
HampsIMyl0 HE CBs3aHBI C (OPMHUPOBAHWUEM pECYpCOB, HO BBINMOJHSIOT BaKHBIC (DYHKITUU
oOecrieueHHs JOCTOBEPHOCTH WH(POPMAIMM W CAHKIIMOHHPOBAHHOTO JIOCTYNa K HHUM. TaKuMH
MOJICHCTEMaMH  MOTYT OBITh ~aBTOMATH3WPOBAaHHBIC CHUCTEMBI ()OPMHPOBAHHS  CBOJIHOTO
JIEKTPOHHOTO KaTajiora, pacyeTa IIaHOBO-dKOHOMHYECKUX W OYXTalITEPCKUX PacueTOB, CHCTEMBI
JOKYMEHTOO0OpOTa U YIpaBJICHHUs, OINpe/eieHHs] aHTUILIaruara, ooecrnedeHus "HHOPMalMOHHON
0€30MacHOCTH, TEKTPOHHOTO MPaBUTEILCTBA, HHTErpanuu ¢ MBC npyrux ypoBHEH W KIaccoB U
Ap.

OcHOBHOE Ha3HAYCHHE MOICUCTEMBI:

®  MHTErpauus Pa3WYHbIX MOJCUCTEM C Pa3HbIMU (PYHKIHMOHAJIHHBIMU BO3MOXHOCTSMHU Ha
YpOBHE METaJIaHHbIX U 0a3 TaHHBIX;

®  HCKIIIOYEHHUE NyOIUPOBAHUS JAHHBIX U (DYHKIMI B MHTETPUPOBAHHBIX MOJACHCTEMAX;

e o0ecrneyeHue OMEPATUBHOCTU IMEpelayd JaHHBIX MEXAy (QYHKUUSIMH (TOJCHCTEMaMu),
0a3amMu TaHHBIX Pa3HBIX YPOBHEH;

e cOop u 06paboTka JaHHBIX A7 (POPMUPOBAHUS CTATUCTHUECKUX JAHHBIX O Pa0OTE CUCTEMBI
B 1I€JIOM U OTJEJIbHBIX €€ MOJCUCTEM U 3aJay;

e (dopmupoBaHHe 0000IIEHHBIX JaHHBIX (TA0JHUII) U3 PA3HBIX KCTOYHHUKOB.

[TpuHIMIEI, 32J10KEHHBIE B MHTETPUPOBAHHOW CUCTEME, CPOJIHU MpUHIUNaM KoHuenuuu Library
2.0 u Cloud Computing. [{ns uHPpOpMAIMOHHO-OMOINOTEUYHBIX CPEll OHU CBOJSATCS K CIETYIOIIUM
TpeOOBAHUSM:

®  OpHEHTAalUs HA UHAUBUIYYM;

®  aKTHBU3AILMIO POJIM TOJIH30BATENs B CO3JaHUM, KaK HHTETPHUPOBAHHBIX WH(MOPMAIIMOHHBIX
PECYPCOB, TaK U OPUTHHAIBHBIX, TUYHBIX;

®  pa3BUTHE BUPTYAIbHBIX TUYHBIX KAOMHETOB MOIH30BATENS;

® OpraHu3alui0 U TPOBEIACHHE COBMECTHBIX (OPYMOB — «UHUTATENb—OMOIMOTEKAph) WIIH,
0oJee pacIIMPEHHBINH — «IUTATEND — OUOIMOTEKAPh — CO3/1aTelb HH(POPMAIIMOHHBIX PECYPCOBY;

®  pacmMpeHHEe BO3MOXXHOCTEH CBOJHBIX JJIEKTPOHHBIX KaTajJOoroB W CHUCTEM JOCTyma K
MOJTHOTEKCTOBBIM 3JIEKTPOHHBIM pecypcaM KOJIJIEKTUBHOTO TOJIh30BaHMUS;

®  pa3BHUTHE CPEJICTB U METOJOB CaMOOOCITYKUBAHHUSI B MIOTY4eHUH HH(OPMAIIMOHHBIX YCIIYT;
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¢ MakCHUMalbHOE, JKOHOMHYHOE  HCIOJIb30BAaHHE  IOJb30BATEIAMH  TEXHHUYECKHX,
TEXHOJIOTHYECKUX U MHPOPMALIMOHHBIX PECYPCOB KOPIIOPATUBHON CETH.

[Ipu co3naHnu UHTETPUPOBAHHON CHCTEMBI B YCIOBUAX (DYHKIIMOHUPOBAHHE €€ KOPIIOPATUBHON
OUOIMOTEYHOH CceTH BY30B (pOpMHUpPYETCS MHPOPMALMOHHOE MPOCTPAHCTBO HA TOJIOBHOM CEpBEpeE.
WudopmaniioHHOE TMPOCTPAHCTBO TPEAOCTABISAET BO3MOXXHOCTh XpaHUTh KaK TJIaBHYIO 0a3y
JAHHBIX KOPIIOPATUBHBIX MH(POPMALIMOHHBIX PECYPCOB, TaK U MEPCOHAIIBHBIE JTaHHbIE OUOINOTEK —
4JICHOB KOHCOpLuyma (Tabmuia 1).

Tabmuua 1 — HMupopmarnroHHOe MpOCTpaHCTBO rosioBHOro cepsepa (Information space of the
General Server)

IlepconajibHble KaOMHETHI OMOJIMOTEK — YIEHOB

I'naBHas 6a3a 1aHHBIX KOHcopuuyma B npocrpancrBe General Server

KOPNOPATUBHBIX HH()OPMALMOHHBIX
pecypcoB B General Server

CraTHCTHKA 1-H OMOIHOTEKH
(3ampochl, KaTerOpUu 3armpocoB,
BBITIOJTHEHHBIE YCITYTH,
WCITOJIh30BaHHAS JTUTEpaTypa )

CrarncTuka KOpIOpaTUBHOW CETH U
0a3 JaHHBIX (3aMPOCHI, KATETOPHUH

3aIpOCOB, BBIITOJTHEHHBIEC YCIYTH, DJIEKTPOHHBIH KaTaior
WCIIOJIb30BaHHAS JIUTEpaTypa ) i-if OubIMOTEKN
CBOIHBIN AJIEKTPOHHBIN KaTajaor 1 N

[TomHOTEKCTOBBIC Oa3bl IaHHBIX,

[ToTHOTEKCTOBBIC HCTOYHUKH CO3J/IaHHBIC B OMOIHOTEKE

KOpITopaTuBHOM cetn (oOmue
HWCTOYHHKH)

JlaHHbIe MOJIB30BaTEIICH
OMOIMOTEKH

CCBIJIKM Ha HCTOYHUKH

ID — password 6uGnuoTeku
JlaHHBIE MOJIB30BATEIICH

Teopernuecku Ha TonoBHOM cepBepe (General Server) MokeT OBITH MPOCTPAHCTBO IS
HeorpaHuueHHoro konudectBa Ombmuorek (ot 1 mo N). IlepcoHanbHble KaOWHETH OMOTUOTEK —
YJIEHOB KOHCOpIIMyMa B mpocTpaHcTBe General Server BKITIOYAIOT ClEAYIONIME TaHHBIE O KaxaA0H
OuONIMOTEKe: CTaTUCTUKAa OMOMMOTEKH (3alpoChl, KATETOPHH 3alpPOCOB, BBHIMOJIHEHHBIE YCIYTH,
WCII0JIb30BaHHAS JIUTEPATypa), DICKTPOHHBIN Katanor, [loTHOTeKCTOBBIEe Oa3bl JAHHBIX, CO3JAHHbBIE
B OubnmmoTeke, JlanHbie nojp3oBarenei oudanoreku, ID — password 6ubnmmorexu [4].

AJMUHUCTPUPOBAHUE 0a3pl  JaHHBIX  MPOUCXOAUT  LEHTPAIU30BAHO. KauectBo
oubnuorpadguueckux 3amucell MpOBEPsSIeTCS BHICOKOKBATU(DUIIMPOBAHHBIMHU  CIIEIIUATHCTAMHU.
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CBoaHBII NIEKTPOHHBIN KaTanor ¢popmupyercs Ha ocHoBe MARC21 kommyHHKaTHBHOTO (popmaTa.
Tem Oubmuotexam, koropeie padorator Ha UNIMARC, oka3wpiBaeTcs MOMOINL B KOHBEPTALUU
oubnmmorpaduueckux 3amuceii Ha MARC21. Jlns oOmena OubamorpaguyecKuMH 3amucsiMu
ucnomnb3yercs cranaapt ISO 2709. Kaxgas 6ubnuoTexa MOXKET co3/1aBaTh CBOE MH(OPMAIIHOHHOE
MOJNPOCTPAHCTBO B TIIABHOM cepBepe, (opMUpoBaTh CBOM JIMYHBIE WH()OPMAIMOHHBIE PECYPCHI,
UCTIOJIB3Yysl KOpIOpaTHBHBIE, (OpMUpOBaTh 0a3y CTATUCTHYECKHX JaHHBIX 00 WCIOJIB30BAHUU
pecypcoB u noJb3oBareisix. Kpome Toro, €cth BO3MOKHOCTD CO3JJaHHS MEPCOHATBHBIX KaOWHETOB
JUIS  guTaTelied OMONIMOTEK W KOPIOPATUBHBIX pecypcoB (Tabmmma 2). DTO IMO3BOJISICT
MOJIL30BATEIISIM, HCIIONB3YSl JTUCKOBOE IPOCTPAHCTBO HA TOJIOBHOM CEPBEpE, CO3/1aBaTh CBOIO
WHIWBHIYAIBHYIO JJIEKTPOHHYIO OHMONHMOTEKY, BECTH CTATHCTUYECKUH YYeT IIO0JIb30BAHUS
JTUTEPATYPHI.

Ta6muma 2 — CtpykTypa nepcoHanbHOro kabuHera moJsib3oBatens (Structure of user personal
cabinet)

IepcoHajibHbBII KaOMHET MOJIb30BaTEJISA

CraTucTHKa i-ro mojib30BaTess (3ampockl, KATETOPUH  3alIPOCOB, BHIIIOJHEHHBIE YCIYTH,
HCIIOJIb30BaHHAS JINTEpATypa )

[TepconanbHas MEKTpOHHAsS OMOIMOTEKA

. NmnoptupoBaHHbIE
DJIEKTPOHHBIN KaTaJior
uH(pOpMaIMOHHBIE pecypchl | MHpOpMamoHHbIE pecypchl,
MOJIb30BATENs U MOJIE3HbIE
JUIS. UHIUBUYaIbHOTO CO3JIaHHbIE MOJIh30BaTEIEM
CCBUIKU
M0JIb30BAHUS

ID — password mosib30BaTeNst

IMoacucrema «AHaJor»

JlaHHasi TIOJICHCTEMAa B MHTETPHUPOBAHHOW CHUCTEME CIIY)KUT HE TOJBKO ISl TIOMCKAa aHAJIOTOB
TEKCTa, TeM HAay4HBIX pa0OT, HO M JUISI ONIpeesieHus Tuiaruara. [jis pemeHus 3a1aui UCKITIOUCHHS
IUIaruara B JMIJIOMHBIX paboTax M MaruCTePCKUX JIUCCEPTAIMSIX Pa3paboTaH OTACIBHBIA MOJIYJIb
«OTIpE/ICTICHUSI TOXOKUX TEKCTOB» W WHTETPUPOBAH B aBTOMATU3WPOBAHHYIO HH(OPMAIIMOHHO
oubmuoreunyto cucrtemy (MUBC) Ha 6a3oBoM ypoBHe. [l coopa 1 GopMUPOBAHUS CTATUCTHUECKUX
JaHHBIX WCIIOJIB3YeTCS MOJYJIM BBOJA, KaTajoru3alus, CTaTUCTHKA M KOMIUICKTOBAHUS
uHpopmannoHHo-6ubaroTeyHoi cucrembel APMAT. Ha 6aze APMAT dopmupyercs anekTpoHHas
OubnMoTeKka AUIUIOMHBIX paboT W auccepranuid. [TodHBIH TEKCT KaXAOro BBEAEHHOTO pecypca
(mumiaoMHbBIE pabOTHIl U JHCCEpPTAIMK) WHACKCUpYyeTcs (mpeoOpasyeTcss B HOPMaIH3UPOBAHHYIO
dbopmy) u coxpansiercst B hopmare «mediumtexty B crennansHON 6ase s MPOBEPOK HA HATHYHS
riaruata. Cucrema oOHapyKeHHsI 3aMMCTBOBAHHS TEKCTOB JJISl MPOBEPKH HCXOJHOTO TEKCTa Ha
OpUTHHAIILHOCTh pacujIeHseT MOJHBIA TEKCT Ha MEJTKHE MHOXXECTBAa CJIOB, MPUMEHHB METOJ
[luxrna, w OTHpaBisieT Ha TOWCK B WHICKCHPOBAHHYIO 0a3y HIUIUIOMHBIX pabot. Kaxmoe
HaWJEHHOE CXOJICTBO MMEET OTPEEeIEHHBIN BeC (3aBUCHUT OT TOro Ha ckoJyibko IIIuHTIIOB pa3aeneH
BECh UCXOJHBIA TEKCT) CyMMa KOTOPOTO BJIMSET Ha MOKa3aTeldh OPUTMHATBHOCTH TEKCTA T.€. YeM
00JbIIIe HAWICHHBIX [ITMHTIIOB TEM MEHbBIIIE OPUTUHABHOCTD.
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OmHuM W3 pe3ylnbTaTOB HMHTErpalid HWH(GOPMAIMOHHBIX CHUCTEM SIBISIETCA KOPIIOpPAaTUBHAsS
Katasnornzauus. KoprmoparuBHast karanoruzauus OyneT COAEHCTBOBATH MOJYYEHHUIO MEPBUYHBIX
JTAHHBIX JJIs (OPMHUPOBAHUS CBOJHOTO 3JICKTPOHHOro Kartanora. OCHOBHOW MpoOIeMOi mpwH
KOPIIOPAaTUBHOM KaTaJoru3aluu sBisiercss ayOnupoBanue wuHpopmaruu (6ubmuorpaduyueckux
3ammcell). B menmsx pemieHWs MaHHOW TPOOJIEMBbI OMPEAENieHO MHHHMAJIbHOE KOJIMYECTBO
AIIEMEHTOB (MeTaJaHHBIX) OnOmmorpaduueckoit 3amucu (tadmuna 3). Ecim 6ubmuorpaduyeckue
3anucu OyayT OTIMYAThCS, KAK MUHUMYM, OJIHUM [1apaMeTPOM, TO OHU OyIyT CUMTAThCS Pa3HBIMHU.
B ciyaae 100 % coBnagenusi, Onbianorpaduueckue 3amucu OyayT CUNTaThCs AyOJSTHBIMH.

Tabmuna 3 — [lepedeHp 6a30BBIX METAIAHHBIX JUTSI OTICaHUsT OMOIHOTrpadudecKoit nHpopMauu

Ne na Cy6 U HaunmenoBanue MeTagaHHbBIX
1 100 A ABTOD
2 245 A OcHoBHOE 3arinaBue
3 245 b [Iponomxenus 3arnaBus
4 245 H Howmep vactu
5 773 r [Ipumedanus (0TAeNbHBIII HOMEP MHOTOTOMHOTO M3/1aHNs)
6 260 C I'ox m3manus
7 020 A ISBN
8 300 A O6beMm
9 901 T Tun noxkymeHra

Ioacucrema «Mudopmanuonnas 6e30MaACHOCTb)

OyHKIMs 00ecreyeHus 3alUThl CUCTEMBI B KOPIIOPATUBHBIX CETAX OT HECAHKIIMOHUPOBAHHOTO
noctyna ocymiecTBisiercs noacucreMoil «Mudopmanmonnas ©OezonacHocth (MbB)», kotopas
HeoOxoIuMa JUIsl peanu3aluu 3aad 00ecredeHHsl 3alUuThl PeCypcoB OT HECAHKIIMOHUPOBAHHOTO
JIOCTYIIa B YCIOBUSX:

®  HaTU4Ms IUJIATHBIX AIEKTPOHHBIX PECYPCOB;

®  peryisipHbIX aTak Ha 0a3bl JaHHBIX KOPIOPATUBHOM CETH;

e 00OCHOBaHHBIX TpeOOBaHMIl COXPAHHOCTH IEJIOCTHOCTH HAy4YHO-00pa30BaTEIbHBIX
PECYPCOB, AK€ €CIIM OHU MOTYT OBITh MPEJ0CTaBIICHBI ISl OTKPHITOTO JOCTYIIA;

e Hanuuue B 0aze MaHHBIX CeTH KOH(QUIACHIMATHLHOW WHGOPMAIMU O TMOJIb30BATEINAX
pECYpCOB;

e Hamu4Me CIHENUANbHBIX TpPeOOBaHUI MO AOCTYNy K Hay4yHOM HH(OpManuu, UMEIOIeH
BAKHOE 3HAUEHHUE C TOUKHU 3PEHUSI BOEHHOTO, MOJUTHYECKOTO U MHOTO MCIOJIb30BaHUs;

® U Jpyrue CHelualbHble TpPeOOBaHUA K HAyYyHOH, TEXHOJIOTHYECKOH HWH(OpMAIIHH,
MPEACTABIISIONIEN HHTEJUIEKTYaIbHYIO HEHHOCTh CTPaHbl WJIK KOPIOPALIUH.

[IpyurHaMu  aKTyalbHOCTH  TpOOJNeMBbI  oOecriedyeHHs  OE30MACHOCTH  HAYYHBIX |
o0Opa3oBaTeNbHBIX HHPOPMAIIUU MOTYT OBITH CIIEAYIOIIHE:

®  pe3Koe Bo3pacTaHue 0O0beMa CoXpaHseMoi HH(pOpPMAIMK U YHCIEHHOCTH TIOJIh30BaTENeH;
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® BO3pacTaHHE BAKHBIX OOIIECTBEHHBIX, SKOHOMHKO-CTPATETMYECKUX AKTHUBHBIX CBOWCTB
uHpOpMaLnu;

®  OTHOCHTEJBHO BBICOKAS IIEHA CPEICTB 00eCIeunBaromKX 0e301MacHOCTh HH(popMaIy;

®  TOJHOCTHIO HEC(POPMHUPOBAHHBIE CIIOCOOBI U METOJIBI 0OECIIeUeHUs] OE30MaCHOCTH JAOCTYIIA
K pecypcam oOagaTesieli HayqHO-00pa30BaTeIbHON HHPOPMAIIHH;

®  TOBBIIICHUS CTOMMOCTH UCTOYHUKOB HAyYHOU MH(POPMALINY;

® HEBBICOKHII ypOBEHb 3HAHHS MO WH(POPMALMOHHOW OE30MacCHOCTH caMHX OOJamaTemnei
pecypcoB (mupextopoB UPLI, 3aBenyromux OUOINOTEK U COTPYIHUKOB);

® BO3MOXKHOCTh HCIIOJIb30BAHHUSA TMOCIEIHUX JOCTHKCHHHA HAyKd U TEXHOJIOTUH JUIs
OpraHu3aIluy HeCAaHKIIHOHUPOBAHHOTO JIOCTYIIA.

[Toncucrema Nb npennazHaueHa Juisl BBINOJIHEHUS CIEAYIOIMX 3a0a4:

e  kJjaccu(uKays 1 OIlCHNBaHUe HH(OPMAIIMOHHBIX PeCypcoB ¢ ToukH 3peHwus Ub;

e ayTeHTU(HUKALUS ¥ aBTOPU3AIIIO TTOJTH30BATENEH H COTPYTHUKOB OMOIHOTEKH;

e  yIpaBlieHHE JOCTYNOM K HH(OPMAIIMOHHOM pecypcam;

e  3ammTa HHQOPMAIIMOHHBIX PECYPCOB U MEPCOHAIBHBIX TAHHBIX OT HECAHKIIHOHHPOBAHHOTO
JIOCTYTIa;

e ofecrmeueHue MENOCTHOCTH HH(opmanuu (06a3 JaHHBIX Hay4YHO-0OpazoBaTeIbHOU
uHpopmanun);

e ofecrneueHne N0CTYTHOCTH HH(OPMALIMOHHBIX PECYPCOB U CUCTEM.

B wuHTErpupoBaHHON cHCTEME B HACTOAIIEE BpPeMsS MNPEAYCMOTPEHO HECKOJIBKO YpOBHEU
WH(POPMAITMOHHON 3aIUTHI:

¢ 3aIKTa OT HECAaHKIMOHUPOBAHHOTO yAJIECHUS, JOTIOJIHEHUS U PEIaKTUPOBAHUS.
MH(OPMALIMOHHBIX PECYpcOB (IIPOBEPKa JIOTMHA U MapoJis MOJIb30BaTes, MPoBepKa poJieil, 3amuTa
OT mo100pa (TOTMBITKA B3JI0MA) JJOTHHA W TTApOJIsl MyTeM T'eHepaliii KOMOWHAIIMA CUMBOJIOB).

e 3amura ot SQL Injection.

e 3amuTa 6a3bl JAHHBIX TOJIOBHOTO cepBepa (0T MPSIMOTo JOCTYyIa K 0a3aM JaHHbBIX).

3axnouenue. PaccMOTpeHHBIE BBIIIE PEIICHUS TPOXOIAT anpoOalnio, a HEKOTOPbIE MOJICUCTEMBI
y)Xe ObLIM OompoOOBaHBI NPH peann3aii WH(OpMaIMOHHO-0nOMroTeuHoit cetu 60-Tu  By30B
VY306ekucrana.

[lepBass Bepcust cuCTeMbl BKIOYasia (POPMHUPOBAHUE KOPIOPATUBHBIX HH(POPMAIIMOHHBIX
pecypcoB (6onee 800 Thic. 3amucedd u 25 THIC. MOJHOTEKCTOBBIX JOKYMEHTOB); MPEIOCTABICHUE
J0CTyla K CBOJAHOMY D3JIEKTPOHHOMY KaTalloTy U IOJHOTEKCTOBBIM pecypcam; (OopMHUpPOBaHHE
nu4HOro kabuHeta u np. [lomonHenue 06a3bl JAaHHBIX HOBBIMH pPECypcaMu IMPOU3BOAUTCS IPH
nojziep>)kke MuHHCTEpCTBa CpefHero M crnernuansHoro ooOpazoanus (MBCCO) PVY3, kotopoe
BbI/IENISI€T (PUHAHCOBBIE CPEJICTBA HA CKAHMPOBAHUE YUEOHMKOB, YU€OHO-METOJUUECKUX TOCOOUN 1
3JIEKTPOHHYIO KaTaJIOTU3ALMIO, a TAK)Ke aIMUHUCTPUPOBaHKE 0a3 TaHHBIX U CETH.

Peanuzanus 6a30Boi Bepcuu CHCTEMBbI O3BOJIMIIO:

e [IpenocraBuTh OHJIAWHOBBIN JOCTYIl K 3JIEKTPOHHOMY KaTajory M 0a3e JaHHBIX Hay4dHO-
oOpa3oBaTesibHONH HHPOPMALIMU B pEKUME BUPTYaIbHOM OMOIHOTEKH.

e CylIlecTBEHHO MOBBICUTH (0COOEHHO B perroHax) 3(¢(eKTHBHOCTH yueOHOro Ipolecca,
OCBOEHMS MAaTEpUalOB CTYACHTAMH 3a CUET OIEPATUBHOTO JOCTYNA K IIEHHBIM 3JEKTPOHHBIM
Hay4YHO-00pa3oBaTeIbHBIM pecypcaM, OpraHu3alui HHTEPAKTUBHOTO PeXHMa 00y4YeHUs, BKIItoYast
TeJIEKOH(pEPEeHIIMM M TeJe-JeKIMM M Pa3BUTHS CHCTEMbl JUCTAHLUOHHOTO OOydeHHs |
TECTUPOBAHUS 3HAHUH.
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e  ®opmHupOBaTh IMOJHOTEKCTOBBIE HAay4yHO-0Opa3oBaTelbHBIE 0a3bl JAHHBIX(BKIIOUAs Oa3bl
JAHHBIX YJIEKTPOHHBIX YUCOHUKOB, AUCCEPTAIMA, HAYYHBIX CTaTel, MynbTuMeana (yaeOHbIe KHHO-,
MYJIbTHILTUKAIIMOHHBIE (PHIIBMBI, MY3bIKaJIbHbIC TIPOU3BEACHUS U JIP.) IO CTAaHAAPTaM OTBEYAIOLIIM
MEXTyHApOAHBIM TPEOOBAHUSM.

e Cokparuth 3aTparhl (PUHAHCOBBIX, TPYIAOBBIX M MAaTEpPHAIbHBIX PECYpCOB OMOIMOTEK W
BY30B Ha CO3/IaHUE U MOJJIEPKKY 3JIEKTPOHHBIX KaTajJoroB, JPYrux BUJIOB OMOIMOTEYHO-UHPOP-
MAalMOHHBIX PECYPCOB a TAKKE€ MACCOBBIX YCIYT I10JIb30BATEISIM.

e OmepaTuBHO O0O0ECIEYUTh CTYIEHTOB, TIpeNoOAaBaTeliedl H HAyYHBIX COTPYIHUKOB
HE00X0IMMOH HAyYHO-00pa3oBaTeNbHON MH(OPMAIIHEH B CETH AIIEKTPOHHBIX OMOIHOTEK.

e JloBBICUT CKOpPOCTH MOMCKAa JAHHBIX B 3JIEKTPOHHBIX OMONMOTEKax (MO CPaBHEHMIO C
TpaJMLIMOHHBIMU METOJJaMH TIOMCKA).

e (OOecneunTh KOPHOPATUBHBIN 00MEH HH(OpMaLIMel MeX/ly By3aMH ¥Y30eKrucTaHa Ha OCHOBE
nepeioBbix TexHoJoruit (VPN, aBToMaTH3MpOBaHHbBIX OMOIMOTEYHBIX CUCTEM U T.11.).

e JloBbICUTH YpOBEHb MpENOJAaBaHHWA U OCBOEHUS Y4eOHOTrO Marepuana 3a CyeT
3¢ ($EeKTUBHOIO HCIOIb30BaHUs 3JIEKTPOHHBIX YYEOHMKOB M 0a3 JaHHBIX, a TAaKXKE Ppa3BUTHUS
m1aTGOpMBbI JUCTAHIIMOHHOTO 00pa30BaHUsL.

Cnenyromuii »Tam mnpoekrta — peanuszanus uHTerpanuu nojacucreMm «WHdopmanmonnas
0€30MacHOCTb» U «AHAJIOr» B KOPHOPATUBHON ceTH By30B. PelieHue 3a1a4 3T0ro ypoBHs O3BOJUT
oOecneunTh CaHKIMOHUPOBAHHBIA JOCTYN K HAay4HO-OOpa30BaTEIbHBIM pecypcaM, C Y4eTOM
aBTOPCKMX TMpaB M LEHbl HCTOYHUKOB HHpopmauuu. [loncucrema «AHajor», KoTopas Yyxke
anmpoOupoBana B TamkeHTCKOM yHHBepcUTeT uHbopmarmoHHbix TexHosnoruit (TYUT), Oyner
pemaTh KOMIUIEKC 3aJad MO OINpPENENEHUI0 KAaK aHaJlOroB CTaTei, AMCCepTalMid M KHWI, TaK U
BBISIBJICHUIO IJIarMaTa B CETHU By30B Y30€KUCTaHa.
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AJAIITUBHBIE OITUYECKHUE CUCTEMbI HA OCHOBE
CTUMYJI-UYBCTBUTEJBHBIX THAPOTI'EJIENA

Cyaeiivenos M.2.!, Baiinax6aesa C.T.!, Koanaesa C.H.?
L Anmamuncruil ynueepcumem snepeemuxu u ceazu, Anmamot, Pecnyénuxa Kazaxcman
2 Benopycckuii 2ocydapemeennuiii yuugepcumem mpancnopma, I'omens, Pecnybnuxa Benapyce
e-mail: saltanat.baipakbayeva@gmail.com

Ilpeonooicen Hosvill NO0X00 K pazpabomke adanmueHvlx ONMUYECKUX CUCTHEM, OCHOBAHHBIU HA
UCTIONIL30BAHUU CIMUMYI-4Y8CIBUMENbHbL

X eudpoeeneti, CHOCOOHBIX CYUIECMBEHHO UMEHAMb CHIeNeHb HabYXanus npu U3MeHeHUuu memnepanmypul
unu Kucniomuocmu cpeovl. Ilpednosiceno ucnonb3o6anue COIHeYHOU IHePeUL 8 COGOKYRHOCHU C ONMUYECKUM
anemenmom. Hszmenenue obvema eens, nadyxarowezo 8 padouell HCUOKOCMU, 6bl3bleAem nepemeujeHue
NOpWiHs, NOOCOCOUHEHHO20 K Oonmuyeckomy adnemenmy. Hamenenue obOvema 2ens, 3anOIHSAIOULE20
NOPWIHEBYIO CUCIEMY, 8 CB0I0 Ouepedb, npomeKaenm 3a cyem OUCMAHYUOHHO20 83aumodelicmaus ceneil. Tlpu
MAKOM  63aUMOOCUCMEUU UBMEHEHUe MeMnepamypvl 00HO20 U3 00pasyos, NPUBOOUm K UMEHEHUIO
KUCIOMHOCMU Cpeobl 8 DyghepHom 0bbeme mexcoy 00pasyamu, 6bl3bleaioujemy UsmMeHeHue 00bema 6mopo2o
obpasya. B oannou pabome nokazan HOGul NPUHYUN Ha8eOeHus 2eauoycmanosox Ha Connye, 0CHOBAHHbLIL
HA UCHONb306AHUU CHUMYI-4YECMEUMENbHbIX 2udpocened. Paccmampusaemcsi KOHKpemuwlii npumep
a0anmueHOU ONMUYECKOU CUCHEMbL NPEOTONCEHHO20 TMUNA.

Knwouesvie cnosa: cmumyn-uyecmeumenvbHwlil 2eib, CMENeHb HAOYXaHUsl, A0AnMugHvble ONMUYecKuUe
cucmembvl, KUCTIOMHOCHb CPeObl, COHEYHAS IHEPLEMUKA, HUZKOMOAEKYIAPHbIE CONU, NOTUMEDDL.

Cesimmanoviewsl dHcogapsl 2udpozenboepOiy He2isiHOe ICiHy OeHeellin meMnepamypa MeH OpMAHblY
KbIUKBLIObIZbIHA  OaUllanbicmbl mybezelili 032epyei axenemin 0OeliMOi ONMUKANbIK dcylenepdi dceme
3epmmey amanoapsl YcoiHvliean. Kyn snepauscoln ONmuKanbly d1eMeHmnen Kamap KoI0any magxcipudeci
yevinvinean. Kymovic cyiivikmulevinoa icinemin 2envoiy KoOaeMiniy o32epici ONMUKANLIK I1eMeHMNeH
KOCbLIZaH NOPUWIEHHHIY KO32ANbIChIH K030blpaovl. [lopuiendi owcytiede moamvipvligan 2elb 03 anobl
2enb0epliy KaublKmulK acepaecyl apxulibl sxcyszeze acaovl. Myuoail aceprecy Hamudicecinoe OIp HYCKAHbIY
memnepamypaculibly o32epici Oygepni aykuimMoagbl — HYCKAnap apacelHodgbl  Opma KblUKbLIObIKMbLIY
e32epyine COKMbIpaobl, 632epic Hamudiceci KONeMHIH eKiHWi HYCKanvlk e32epicke akenedi. bepineen
Makanaoa 2enuoKypanoapovly KyHee KapamyblHbly JHCAHA KASUOACbl KOPCEMINeeH, JCIHe O CHUMYI-
cesimman euopoeeiv Hezizine cylenzeH. YColHblI2aH mypoe2i OelimOi ONMUKATLIK JiCYUeHiH 0d1 03i
Kapacmuipwlidobl.

Tipex co30ep: ce3immandvizbl KHcOAPbL 2UOpo2envoep, ICiHy OeHeelli, OeliMOl ONMuKaiblK JHiCylle,
KbIUKBLIObIK OPMANAP, KYH IHEPLEMUKACHL, A3 MOJEKYPabl my30ap, noaumepep.

A new approach to the development of adaptive optical systems based on the use of stimul-sensitive
hydrogels capable of significantly changing the degree of swelling with a change in the temperature or
acidity of the medium is proposed. The use of solar energy in combination with an optical element is
proposed. The change in the volume of the gel swelling in the working fluid causes displacement of the piston
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connected to the optical element. The change in the volume of the gel filling the piston system, in turn, itis a
due to the remote interaction of the gels. With such interaction, a change in the temperature of one of the
samples leads to change in the acidity of the medium in the buffer volume between the samples causing and
the change in the volume is the second sample. In this paper, we show a new principle for directing solar
units on the Sun, based on the use of stimulus-sensitive hydrogels. In addition is given a concrete example of
an adaptive optical system that is using for.

Keywords: stimul-sensitive gel, degree of swelling, adaptive optical systems, acidity of environment, solar
energy, low-molecular salt, polymer.

B macrosiiiee BpeMsi coJiHEUHAsi PHEpPreTHKAa pPa3BUBACTCS B HECKOJBKUX HampaBlieHUsX. B
JaCTHOCTH, HECMOTpS Ha CYIICCTBCHHBIC YCIIEXH B TOBBIMICHUA S(P(EKTUBHOCTH COTHEUHBIX
(hOTORNIEKTPUUYECKUX TaHENeH, aKTyallbHOW OcCTaeTcs pa3paboTKa COJIHEYHBIX KOJUIEKTOPOB U
KOHIIEHTpaTopoB [1—4]. KoHCTpyKIMsi Takoro poaa CHCTEM MOXKET OBITh JOCTAaTOYHO CIIOKHOU (B
TOM YHCIIE€ U C TOYKH 3PEHHUS HCIOJIb3yeMbIX ONTHYeCKUX cxeMm [5]). Oanako B nuTeparype
MPOIOJDKAIOT OOCYXKIaThCA U YCTPOMCTBA, OCHOBAHHBIE HAa MCTOJb30BAaHUU UCTOPUUIECKU TIEPBOTO
KOHIICHTpAaTOpa H3JIy4eHHUs — TMapabdOJWYecKOro oTpaxkarens [6,7], mociengHue MOTYT OBITh
WCIIOJIb30BaHbI M B KOMOWHAIIUN C COJTHEUHBIMHU (DOTODIEKTPUUECKUMHE TTAHEIAMH [ §].

N3BecTHO, 4TO OCHOBHBIM HEIOCTATKOM TaKOTO POJa CUCTEM SIBJISIETCS HEOOXOIUMOCTh MEHSTh
pacrosiokeHrne pabodero y3ia CUCTEMBbI B MPOCTPAHCTBE MO MEpPEe TOT0, KaK MCTOYHHUK W3ITy4EHUS
(ConnIle) MeEHsIET CBOE TOJIOKEHHE OTHOCHUTENhHO cucTteMbl. Kak moxkazano B [9], mpobiema
HaBeJieHUsl renuoyctaHoBoK Ha CoHIle SBISETCS BECbMa CEpbEe3HOW, M Ha €€ pelleHue
MPOJIOJKAIOT 3aTpauuBaThCs 3HAYUTENbHbIE YCHINA. B HacTosiiee BpeMs s 3TOU 1IeNU TJIaBHBIM
oOpazoM wucHonp3yloTcs ciuensmue snaekrponpuBoabl  (COIl), B cxeMy KOTOPBIX BXOIAT
(boTONEKTpUYECKHE NAaTYUKH CiekeHUs. OCIOXKHIIOMMNM (HaKTOpPOM IPU HCIOJIB30BAHUU CHUCTEM
HABEJCHUSI TAKOT0 THIA SIBISIETCA OOJAaYHOCTh, KOTOPas MOXET MPHUBOJIUTH K 3aMETHOMY
OTKJIOHEHHIO OCH KOHIIeHTpaTopa oT HampaBieHuss Ha Connue. [ mpeonosneHuss JaHHOTO
3aTpyaHeHus. TpeOyroTcs nomnoyiHuTenbHble yeunus. B [10], B yacTHOCTH, OmMMCHIBAaeTCs cUCTEMa
HaBEJICHHS, B KOTOPOH OCYILECTBIISICTCS HEMPEPHIBHOE MEPEMEILIEHUE TeTM0YCTaHOBKH HE3aBUCUMO
or Toro, Haxomutrcs Ju CojHIE B MNPSAMOM BHUIUMOCTH WJIM K€ CKpPHITO 3a oOJakamu.
OmnpeneneHHble 3aTPyAHEHUs CBSA3aHbI TAKXKE C MaccorabapUTHBIMU XapaKTePUCTHUKaAMH CaMOro
KOHILIEHTPATOPa, HAa TIEpeMelIeHINEe KOTOPOTO TAaKKe 3aTPauyuBaeTCs OMpeesieHHasl SHEePrus, KpoMe
TOTO BO3HHKAET HEOOXOIMMOCTh B JKCIUIyaTallMOHHOM OOCTYKMBAaHUU KOHCTPYKTHUBHBIX Y3IJIOB
CUCTEMBI.

B nmanHoil paboTe HOBBIN MPUHIMI HaBEIEHUS TeTMOYyCTaHOBOK Ha CoJHIIe, OCHOBAaHHBIA Ha
UCIOJIb30BAHUU CTUMYJ-4YBCTBUTEIBHBIX THAporeneid. OCHOBHOM WX OCOOCHHOCTBIO SIBISIETCS
CIOCOOHOCTh CYII[ECTBEHHO MEHSTH CTeNeHb HaOyxaHus (KOJIMYECTBO MOTJOMICHHOW THUApPOTETIeM
KUJKOCTH) TPU OTHOCUTEIFHO MajbiX (B IMpeaenax HECKOJNbKHX TpamycoB llenbcus) Bapuanmsax
TEeMIIepPaTypbl, KUCIOTHOCTA U MOHHOM CHIIBI OKPY’KAIOIIEro pacTBOpa. DTH BElIeCTBa B HACTOSAIIEE
BpeMsi xopomio wusyueHsl [l11]. B dacTHocTH, CyIIeCTByeT BO3MOXKHOCTH CHHTE3HPOBATH
TEPMOUYYBCTBUTENbHBIE TUAPOTEIH C 33JaHHBIM U3MEHEHHEM CTETEeHU HaOyXaHUWs MPHU BapHAIMSIX
TEeMIIepaTyphl B 33IaHHOM JAuana3oHe. [ TocTkeHus 1eneil JaHHON paboThl BXKHO TaKXkKe, 4To
OCMOTHYECKOE JaBliCHUE, CBA3aHHOE ¢ HaOyXaHUEM Teisl B BOJE WM JIPYTHX >KUIKOCTSIX MOMKET
JOCTUTATh 3HAYUTEIHHBIX BENUYUH. FIMEHHO STOT (hakT MO3BOJISIET PEAM30BHIBATH MOPIIHEBBIC
CUCTeMBI, B KOTOpPhIX pabOo4YMM TENOM SIBIIIETCS CHJIBHO HAOyXamoImHUid TUIPOTENb,
o0ecreunBarONINiA IBHYKEHUE TIOPIIHS (M COMYTCTBYIOIIEE COBEPIICHUE MEXaHUIECKOM pabOThI) MO
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Mepe HaOyxaHwsi reyist B paboyeil KUAKOCTH. YMECTHO IMOAYEPKHYTh, YTO HJICH, CBSI3aHHBIC C
BO3MOKHOCTSIMM HKCIIOJIb30BAaHUS TMOJIMMEPOB C HETPUBHAIBHBIM TMOBEACHUEM B COJHEYHOU
SHEPreTUKE BbICKA3bIBAIOTCS YXKE IOCTATOYHO AaBHO [12].

Kak mnokazano B jgaHHOUW paboTe, MPEeUMYIIECTBOM HCIOJb30BaHUSI CTUMYJI-UyBCTBUTEIbHBIX
TUApPOTeNIe Ui peaiu3alliy aJanTUBHBIX ONTHYECKUX CHCTEM (YaCTHBIM CIydaeM KOTOPBIX
SIBJISIIOTCS. CUCTEMbI HaBEJICHUS reruoycTaHoBOK Ha ComHIle), paboTa KOTOPBIX OCYIIECTBISECTCS B
pexuMe camoHacTpoiiku. HarpeB pabouero sieMeHTa COJIHEYHBIM H3IIYYCHHEM IPUBOIUT B
JeCTBHE MOPIIHEBYI0 CHUCTEMY, KOTOpas, B CBOI OYepelb, OOeCleuynBaeT HaBeIECHUE
renroyctaHoBkr Ha Cosnile. Takke Ba)KHO, YTO MOJIMMEPHBIE THIPOTEIH CIIOCOOHBI BCTYINATh B
JTUCTAaHIIMOHHBIE B3aumojeicTBus [13—15]. [Ipu Takux B3aUMOJEHCTBUIX U3MEHEHUE COCTOSHUS
CIIMTON CETKH, JIOKaIM30BaHHOM B ONpPEIEIEHHON o00lacTu pacTBopa, CIOCOOHO W3MEHSThH
COCTOSIHUE TeJIsl, JIOKAJIM30BaHHOTO B JAPYroi oOmactu. J[MCTaHIIMOHHBIE B3aUMOJCHCTBUS MEXKAY
TUAPOTEISIMU, B CBOIO OYEpEIb, IMO3BOJIAIOT pPEaln30BaTh HEHPOHHYIO CETh JJIEMEHTHOU Oa3ze
Takoro poja. Takue HEHPOHHBIE CETH JOMYCTUMO pacCMaTpHBaTh KaK MaKpOCKOIHYECKYIO
peann3aiuio CUCTEM MOJEKYIAPHOTO mporpammupoBanus [16]. MIMeHHO 5TO0 0OCTOSITEIHCTBO
MO3BOJIACT, IO KpaiHedl Mepe, B TEPCHEKTUBE, TMOJHOCTHIO WCKIIOYUTh HCIIOJIh30BAHHE
BBIYUCITUTEIBHBIX JJIEMEHTOB B CHUCTEMax aJalNTHBHOW ONTHKH, WCTOJB3YIOIIUX TMpearaeMbli
MPUHIMI. DTH QYHKUWU MIPUHUMAeT Ha ceOsi HeWpoHHas ceTh, cHOPMUPOBAHHAS dJEMEHTaMU Ha
OCHOBE CTHUMYJI-YyBCTBUTEIBHBIX THAPOTENCH, OOMEHUBAIOIINXCA MEXKIY COOOM XMMHUYECKUMU
CUTHaJIaMH, U 00ecrieunBaroIlas CaMOHaCTPOMKY ONITUYECKON CUCTEMBI.

[Ipn HaOyxaHuu MOJMMEpHBIE THIPOTENId CIIOCOOHBI Pa3BUBATH 3HAUUTEIBHOE OCMOTHYECKOE
naBienre [17]. DTo mO3BOJISIET, B TOM YHCJE€ HCIOJb30BaTh MX B TOPIIHEBBIX CHUCTEMax
CIIeAyIOIIel KOHCTPYKIIUH (PUCYHOK 1).

3 | /4
2
/7
5/ 6
o °°o° 7
o°°° 8

PI/ICYHOK 1- KOHCTPYKI_II/ISI HpOCTCﬁH.ICFO MOPHIHEBOI'O 3JICMCHTA
Ha OCHOBC CTUMYJI-HYBCTBUTCIBLHOT'O TUAPOTCIIA

JlaHHasi cucteMa CoACpPKUT:
— pabouee BeriecTBoO — rujporens (1);
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— ro¢pupoBaHHBIM HHAMHIP (2), NPOHHUIAEMBIA M J>KMIKOCTH, B KOTOpoil Halyxaer
TU/IPOTeb;

—  HapYXHbII KpyroBoi muiauHp (3), cHaOKEHHbIH OTBEPCTHAMMU JJIS TOCTYIIA )KUIKOCTH;

— nopuieHs (4);

—  HapY)XHBII KOXYX YCTPOWCTBA, HEMNPOHULIAEMBIH I padoueit xuakocTa (5);

—  pabouyro XKHUIKOCTH (6);

— ympaBmsitomivii - snemeHT  (7),  oOecrneuuBaroOlIMil  BBIACIIEHHWE  PAaCTBOPEHHBIX
HU3KOMOJICKYJISIPHBIX BELIECTB MJIM )KHIKOCTH, B IIEJISIX BO3IACUCTBUS HAa pabodee BEIIECTBO;

— KaHaj, oOecreuuBarOmMii OOMEH MOHAMHU W/WIH pabodeld KUIKOCTBIO C YIPAaBIISIONIUM
AIIEMEHTOM CHCTEMHI (8).

Cucrema pabGoraeT cremyromuM oOpa3oM: padodee BEHIECTBO — CHJIBHO HaOyxarouuin
rujporens (1) — pa3MenmarT BHYTpU TOPPUPOBAHHOTO IUIUHAPA (2), KOTOPHIHA, B CBOIO OYEPEib,
pa3MenaloT BHYTpU HapyxkHOro Kpyrosoro uuiamsiapa (3). K rodgpupoBannomy nunusiapy (2)
oicoeIMHAIOT nopuieHb (4). Hapyxsblil nmnuazap (2) 3akiIoyaloT B HapyXHbIH KOXyX (5),
KOTOPBIN 3aMOJHAIOT paboyvei )KuAKOCThIO (6). B mpocTeiiimem cirydae B Ka4eCTBE TaKOW KUIKOCTH
MO>KET HCII0JIb30BAThCA PACTBOP HU3KOMOJIEKYISIPHOM CcOJu, Hampumep, xjopuaa Hatpus. Koxyx
(5) moxacoenuHSIOT K yHpaBisOmeMy djieMeHTy (7) depe3 KaHal OOMEHa JKHIKOCTBIO H/WIIH
HU3KOMOJIEKYISIPHBIMU HOHaMH (§), oOecrieunBaoMMy H3MEHEHNE CTeNeHN HabyxaHusi paboyero
Bemectna (1).

[TpuHUMI necTBUS yNpaBisSIONIEro 3J€MEeHTa B pacCMaTpUBaeMON CHCTEME TaKKe OCHOBAaH Ha
HCIOJIb30BAHUN CTUMYJI-UYBCTBUTEIbHBIX, KOHKPETHO, TEPMOUYBCTBUTENbHBIX ruaporeneii. [lpu
W3MEHEHUH TEeMIIepaTypbl XapaKTepUCTHUKU TUIPOTENs] U3MEHSIOTCS, B YAaCTHOCTH, CYIIECTBYIOT
MOJIUAJIEKTPOJIUTHBIE TUIIPOTENIN, CTENEHb HMOHU3AIMU KOTOPBIX M3MEHSETCS MOJ| BO3JEHCTBUEM
temnepatypsl [17]. B mpocreiiiem ciydae ajis 3TOM LETW MOYKHO HMCIIOJIb30BaTh IeJId Ha OCHOBE
ciaboii, HampuMep, MOJIMAKPUIIOBOI KUCIOTHL. B maHHOM ciiyyae, U3MEHEHHE CTENeHH MOHHU3AIMN
TUAPOTreNsl IpU U3MEHEHHHM TEMIIepaTyphl CBS3aHO C TeM, YTO MPU HW3MEHEHUH TEeMIIepaTyphbl
MEHSIETCS CTeTIeHb TUCCOLUAN KapOOKCHIIbHBIX TPYIIIL.

N3meHeHne KOHLEHTpALUUKW HU3KOMOJIEKYJIIPHON KOMIOHEHThl B pabodeil »xuakoctu (6),
OKpyxaromei nuauHApsl (2) u (3), BEI3BAHHOE U3MEHEHUEM COCTOSIHUS T'elisl, BXOSIIEro B COCTaB
YIPaBISIOIErO deMeHTa (8), MPUBOAUT K U3MEHEHHUIO CTeleHHu HaOyxaHHs paboyero BellecTBa
(1), Tak Kak CTeHKH IWIUHAPOB (2) u (3) SBIAIOTCA MPOHHUIIAEMBIMU W JUIS JKUJIKOCTH, W JUIS
HU3KOMOJICKYJISIPHOH KOMIIOHEHTHI. B CBOIO ouepesb, M3MEHEHUE CTereHH HaOyXaHHs THAPOTess
obecrieunBaeT nepeMelieHre nopuHs (4), CoBepIIaAlIIero MeXxaHudeckyr padboty. CoOCTBEHHO,
paccmarpuBaeMasi cXema HCIOJIb3yeT SBJICHHWE AWCTAHIIMOHHOTO B3aWMOJICUCTBHUSI THUIpPOTENEH,
aHAJIOTUYHOE TOMY, KOTopoe 0O0HapyxeHO B [ 13—15]. OTiauuue coCTOUT B TOM, YTO AJIsl peau3aluu
MOPIIHEBBIX CHCTEM INpEAJaraéMoro THUIIA HET HeOoOXOAMMOCTH 00s3aTelbHO HCIOJIb30BaTh
KaTHOHHYIO W aHHOHHYI0 ceTku. Kak Oyzner sCHO U3 JajbHEWIIEro, JUCTAaHLMOHHOE
B3aMMO/ICHCTBHE MOXXET OBITh 00ECIeuYeHO, B TOM 4HUCIE, U MEXIY T'MIPOTeilsiMH Ha OCHOBE
CIIUTBIX MOJUKHUCIOT. [ToguepkuBaeM, 4To pabouasi KUIAKOCTh 3amoJIHAET 00beM Koxkyxa (5) He
IIOJIHOCTBIO, TO €CTh JUCTAHLIIMOHHOE B3aMMOJCHWCTBUE HE OIPAHUYEHO YCIOBHEM IIOCTOSHCTBA
cymmapHoro oowema reneit. [loguepknBaeM Takke, 4TO B paccMaTpuUBaeMoi cucreme Jie-(akTo
MOXKET MPOUCXOJUTh YCWJIEHUE OTKJIMKA Ielid Ha U3MEHEHHE TEPMOJIMHAMUYECKHX IapaMeTpoB
OKpyXKarolllel cpenpl, HampuMmep, 3a C4YeT TOro, 4YTo 00beM Trejsl, BXOJSIIEr0o B COCTaB
YIIPaBIISAIOLIETO 3JIEMEHTA, 3aMETHO MPEBBIIIAET 00BEM T'eJIsl, 3aMOIHSIOIEr0 MOPIIEHb.
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XapaKTep HUCIIOJIBb30BaHUA HOpH.IH@BOfI CUCTCMbI NPCAJIOKCHHOIO0 THIIA IJIA Heﬂeﬁ HaBCACHUA
renuoyctaHoBoK Ha COJHIIE HIUTFOCTPHPYET PUCYHOK 2.

a) 6) B)

a) — BHJI CBEpXY, 0) BUJ C3a/; B) TPEXMEPHBINA B, | — mapaboyimueckoe 3epKao,
2 — TIOPIITHEBBIE 3JIEMEHTHI, 3 —TaTYMKU YPOBHSI OCBEIIICHHOCTH, 4 — OJIOK yIIpaBJICHHS
MOPITHEBBIMH DJIEMEHTAMH, 5 — KaHAJIbI CheMa JaHHBIX C JIATYNKOB OCBEIICHHOCTH

Pucynoxk 2 — Cxema UCT0JIb30BaHUSA MOPITHEBBIX JJIEMEHTOB HA OCHOBE
MOJIMMEPHBIX TUAPOTeNeH sl HaBeleHUs TeuoycTaHoBkH Ha CoJHIle

Ha panHoM pucyHKe TmoOKka3aH mapaOOJMUYecKuil KOHILIEHTPATOp COJIHEYHOH SHEpruu
(mapaboauyeckoe 3epKajio) Ha TPU MOPIIHEBbIE CUCTEMBI MPEATIOKEHHOTO THMA. DTH TPU CUCTEMBbI
MOAKIIIOUEHBl K TPEM YIPABJISAIOUIMM D3JEMEHTaM, Ha KOTOpbIE TaKKe HampaBIlseTCs IOTOK
coHeyHoro usnydeHus. llpu Hamiexamem nogdope XapakTepUCTHUK TUApPOTeNeil U3MeHeHue
CTeeHH uX HaOyxaHusi B TpexX IMOPIIHEBBIX Yy3Jax obecrneynBaeT TpPeOyeMyl0 OpHEHTAIHI0
1napaboJIMYEeCKOTO 3epKaja B TMPOCTPAHCTBE 3a CUET HEOJAMHAKOBOTO HArpeBa YIpPaBIISIOIMIUX
aneMeHToB. Kak Oyaer moka3zaHO HHKE, YIPaBJISIOLIUE SJIEMEHTHI MOTYT OBITh MOJKIIOYEHBI K
MOPUIHEBBIM CUCTEMaM Takke B TupdEepeHIMaTbHOM pEeXUMe, YTO MOBBIMIACT 3(P(HEKTUBHOCTH
CaMOHACTPOUKH cucTeMbl. CXOTHBIM 00pa30M MOXKHO peaanu3oBaTh U 0oJiee CI0XKHbIC aJJalTHBHBIC
CUCTEMBbI, B KOTOpBIX I[E€peMeIleHHEe 3epKal B MPOCTPAHCTBE OOECIEUMBAETCS MOPIIHEBHIMU
3JIEeMEHTaMU, B TOM 4Hclie, nuddepeHInanbHbIMHI.

Kak ormeuanocs Beiiie, 3pPeKT TuCTaHIIMOHHOTO B3aUMOJCHCTBYS THAPOTENEH, MOJI0KEHHBIN B
OCHOBY MpeiaraéMoi MOPITHEBOM CHCTEMBI, IEPBOHAYAILHO ObUT OOHApPY)KEH Ha IMpUMeEpe Mapbl
B3aMMOJICHCTBYIOIINX KAaTUOHHOM M aHMOHHOW ceTok [13—15], B »TOM ciydae ogHa U3 CETOK
SBISETCS JOHOPOM, a Jpyras — aklenTopoM HOHOB Bojopoaa. OJHAKO IUCTaHIIMOHHOE
B3aUMO/ICHCTBUE MOXKET UMETh MECTO U MEXIY JABYMsS CUIUTBIMU MOJMMEPHBIMU CETKaMU, MpU
JMICCOLIMAIIMU KOTOPBIX 00pa3yroTcs MOABMKHBIE KATHOHBI. JTOT CIOy4ail yJI0O€H TeM, YTO OH
MO3BOJISIET PEaU30BhIBaTh U (epeHInaTbHbIe MOPITHEBbIE CHCTEMBI PACCMOTPEHHOTO BHIIIE
THUIIA, OTIMYAIONINECS TEM, YTO TMepeMeleHIe TOPIIHS ONpPeaesaeTcss He aOCOTIOTHBIM 3HAYCHHEM
TEMIIEPaTyphl, a B3BEIICHHON Pa3HOCTHIO TEMIIEPATYP MEXKAY ABYMS YIIPABISIIOIIUMH dJIEMEHTAMH,
SIBJISTFOIIIUMHUCS TApAIJIeNIbHO TaTYMKaMH MHTEHCUBHOCTH MOTMAIAI0INIEro Ha HUX u3nydeHus. Kpome
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TOTO, T'€JIM HA OCHOBE MOJIMAKPUIOBOM KUCJIOTHI B HACTOAIIEE BPEMS BBIITYCKAIOTCS IPOMBIIIJICHHO;
OHU HIMPOKO UCIOJIB3YIOTCS B U3JIECTUSAX MEIUKO-TUTUEHUYECKOTO HA3HAYEHUSI U CTOUMOCTh TaKHX
BEILIECTB CPABHUTEIILHO HEBEJIMKAa (MO CPAaBHEHUIO C TENIMH JPYrUX THUIIOB, MOJy4aeMbIX B
1ab0PATOPHBIX KOJMYECTBAX).

MexaHu3M JUCTAaHIIMOHHOTO B3aUMOJCHCTBUA MEXAY IOJUMEPHBIMH TEIIIMH Ha OCHOBE
CIIUTOM MOJTUAKPUIOBOM KUCIOTHI, UMEIOIIUMH PA3JIMUHbBIE TEMIIEPATYPhI, COCTOUT B CIEAYIOIIEM.

[Ipu HarpeBanuu oOpa3ia Tels MOJUAKPUIIOBOM KHCIOTHI MOBBINIACTCS 3HAYEHHWE KOHCTAHTHI
JMCCONMAITMN KapOOKCHIIBHBIX (DYHKIIMOHAIBHBIX Tpymil. Kak cieacTBue, MOBBINIACTCS CTEICHb
noHu3anuu cetku. Kak mokazano B [17—19], npu nomMenieHuu resisi B paCTBOP HU3KOMOJIEKYISIPHOM
KHCJIOTBI HWJIM COJIM UMeeT MecTo J(PQeKT TmepepacnpeqesieHus] KOHIICHTPALWK, TpHYeM
KOHIICHTpAIUST HU3KOMOJICKYJISIPHBIX HOHOB HAaJ TejieM TeM OOJblle, 4YeM OOJIbIIe CTENeHb
voHu3auu cetku. ClieoBaTeIbHO, TMOBBINICHUE CTENEHW HOHM3AIMU CETKW TMPU TOBBIIICHUU
TeMIIepaTypbl 0OECIIEUMBAET TMOBBHIINICHHE KOHIIEHTPAIIUU HU3KOMOJICKYISIPHON COJIM B PacTBOPE
HaJ rejeM, BXOJSIIMM B COCTaB YIPABISIOLIErO 3JIEMEHTa. JTO, B CBOK OYEPE]b, BBI3BIBAET
CHUKEHHUE CTENEeHN HAaOyXaHUs Telisl, BXOIIEr0 B COCTaB MOPIITHEBON CUCTEMBI.

[IpuBeneM oSKcmepuMeEHTAIbHBIE JaHHBIC, JOKA3bIBAIOIIME CYIIECTBOBAHUE 3aBUCUMOCTH
KOHIICHTPAIIUHA HU3KOMOJICKYJISIPHBIX HOHOB B PACTBOPE HAJ[ T€JIeM OT TeMIIePaTyphI.

B skcmepuMenTax perucTpupoBaNNCh 3aBHCUMOCTH pH pacTBopa Haa reiieM OT BPEMEHH U
Temreparypbl. MccnegoBanach cucremMa «ruAporeir + pacTBOp», B KOTOPOM HMEET MECTO
M3MEHEHNE KUCIOTHOCTH CPEeJIbl HaJl THAPOTEIEM IIPH H3MEHEHUSIX TEMITEPATyPhI MOCIEIHETO.

[IpuMeHHUTENBHO K Ciy4aro, KOT/ia UCIOJIb3YETCsl pacTBOp KUCIOTHI, HaOII0AaeMoe M3MEHEHNE
pH HemocpencTBEHHO CBUAETEILCTBYET 00 MU3MEHEHUU KOHIIEHTPAIIMU HU3KOMOJIEKYJISIPHBIX HOHOB
B pacTBope Haj ruaporeneM. [IpuMeHuTeNbHO K CIy4aro HU3KOMOJIEKYISIpHOU coii Bapuanuu pH
TaK)Ke CBUETEIbCTBYIOT O BapUAIUAX KOHUEHTPAMU HU3KOMOJIEKYIIPHOW KOMIIOHEHTHI, TaK Kak
n3Menenne pH B pacTBope Haj TeileM OJHO3HAYHO CBUIECTEILCTBYET 00 W3MEHEHHHM CTENEeHU
noHu3anuu rens. B cooTBeTcTBHM ¢ MexaHU3MOM 3d¢ekTa nepepacrpeneicHusl KOHIEHTPaluu
[17,18] 310 03HAUaeT, 4TO B paCTBOPE HAJ I'eJIeM U3MEHSACTCS M KOHIICHTPALIUS COJIH.

B tabnuue 1 mpeacraBieH mpuMep pe3yibTaTOB SKCIEPUMEHTOB M0 M3MEPEHHUIO BPEMEHHBIX
3aBucuMocteit pH pactBopa Haj rugporesneM Ha OCHOBE MOJIMAKPUIIOBOM KUCIOTHI.

Tabmuna 1 — Bpemennsie 3aBucumoctd pH pacTBopa KHCIOTHI HaJ TeleM MPH Pa3IUYHbIX
MCXOJHBIX 3HAa4eHUsIX pH KUCIOTHI; YMCIO MPOTOHOB BOAOPOJa MpUXOslIeecs] Ha A0OaBICHHYIO
KHUCIIOTY, PAaBHO KOJIMYECTBY KapOOKCUIIBHBIX TPYII B 00pasiie rTuApores.

pH kucioTsI 4,70 421 3,002

pH BogHOTO pactBopa 7,38 7,61 8,059
15 muH 8,11 8,08 6,780

30 muH 8,18 8,12 6,680

45 muH 8,10 8,02 6,744

60 MuH 8,09 7,97 6,895

75 muH 8,09 7,89 6,891

I/I3MepeHI/I${ OTHOCATCA K CJIy4aro, KOrJa K Ie¢Jiro ,Z[O6aBJ'I${J'IOCL pacuCTHOC KOJINYCCTBO KUCIIOTHI,
OTBCUAIOIICC YCJIOBUIO PABCHCTBA IIOJIHOI'O YHCIIA MoJIeH MOJICKYJI KHUCJIOTBI U IIOJIHOTO 4YHUCJIa
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MOHOTEHHBIX (PYHKIMOHAJIBHBIX TPYII (CpeaHsisi KOHLIEHTpAIHs IpoToHOB Bojopoaa = 0,0075 M).
JlaHHBIE SKCIEPUMEHTHI HOCAT BCIIOMOTATENIbHBIA XapakTep W MPHU3BaHbI MPOIEMOHCTPHPOBATH,
YTO paBHOBECHE B PACCMAaTPUBAEMON CHCTEME YCTaHABIMBAETCS IOCTATOYHO OBICTPO.

BbIBOI O TOBBIIIEHHMH YYBCTBUTEIBHOCTH CHUCTEMBI «THAPOTeNb + pPacTBOP» K BapUalUsaM
TeMIreparypbl BciieACTBUE 3(PGEKTOB HMOHHOTO OOMEHa MOATBEPKIACTCS HEMOCPEACTBEHHBIMHU
JTaHHBIMH SKCIIEPUMEHTOB, TPEACTaBICHHBIMU B Tabmiuie 2. M3 mpencTaBieHHBIX JTaHHBIX BUIHO,
YTO TPU ONPEACICHHBIX YCIOBHAX KOHIICHTPALUs MPOTOHOB HAJ TUAPOTEIEM MOXKET MEHSATHCS
oosiee yem B 10 (!) pa3 (mokaszarens 10 cooTBercTBYeT M3MeHeHHI0 pH pacTBopa Ha eIUHHMILY);
MPEJCTaBIICHBI TaHHBIE TPEX CEPH IKCIIEPUMEHTOB.

Tabnuna 2 — 3aBucumoctu pH pacTBopa xjopuaa HaTpHs HAJl T€JIeM OT TeMIIePaTyphl; KOJTUIECTBO
MOJIEKYJI COJIM B CHCTEME PaBHO KOJHMYECTBY KapOOKCHIIBHBIX T'PYIIT B 0Opasiie ruaporeis. Macca
HaBecku 0,1008 1 (o6pazer; Nel), 0,1046 r (o6pazerr No2) u 0,1019 r (o6pazerr Ne3).

Temneparypa, °C pH
Bona O6pa3er Nel O6pa3ery Ne2 O6paszerr Ne3

25 5,927 7,15 7,17 7,12
30 5,920 8,275 8,299 8,288
40 5,925 8,421 8,531 8,504
50 5,946 8,357 8,573 8,610
60 5,932 8,522 8,384 8,505
70 5,928

KoHTpospHbIe M3MepeHsl, TPOBEACHHBIC B YHCTOW BOJE, NMOKA3bIBAIOT, YTO B ATOM cirydae pH
Cpeabl HaJl TeJieM OCTaeTCs MPAKTUYESCKA HEM3MEHHBIM.

PesynbTaThl SKCIIEPUMEHTOB, OTPAKAIONIMX BIMSHUE KOHIEHTPAIIMUA KHCIOTHI Ha TOBEICHUE
paccMaTpuBaeMoOl CUCTEMBI, TIPEACTABJICHBI B TAOIHIIC 3.

HccnenoBanucek crieayromue 00pasiibl:

—  Nel — obpaszert, coaeprKaiuii KOJMYECTBO MPOTOHOB BOJOPO/ia B 2 pa3a MEHbIIIE KOJTHUECTBA
KapOOKCUIIBHBIX Tpymi B oOpasue runaporens (CpenHsis KOHIEHTpalus MPOTOHOB BOAOpOJA =
0,00375 M);

—  Ne2 — oOpazen, conepkamuii KOJIMYECTBO MPOTOHOB BOJOPOJAA, PABHOE KOJIUYECTBY
KapOOKCUIIBHBIX Tpymi B oOpasue runaporens (CpenHsis KOHIEHTpalus MPOTOHOB BOAOPOJA =
0,0075 M),

—  Ne3 — oOpasern, coaepkaluii KOJMYECTBO MPOTOHOB BOJOPOJAa B TMOJTOpa paza OOJbIe
KOJIMYeCTBa KapOOKCHIIBHBIX Tpynm B oOpasie ruaporens. CpemHssi KOHIEHTpalUs MPOTOHOB
Bojopona = 0,01125 M. Konuentpauust conesoro pactBopa [NaCl] = 0,0075 M (6s11 1o6aBiieH B
CyXOM BH/JIE).

W3 mpencraBneHHBIX pE3yNbTaTOB BUIHO, 4YTO CTENEHb BOCHPHUMYUBOCTH K BapUaIUsSM
TEMIEPATYPhl CHIKAETCS TI0 MEPE YBEIWUCHHSI HHTETPATbHOW KHCIOTHOCTH CpPEIbl.

Takum o00pazoM, MONTy4eHHBIE PE3YIbTAThl TMOATBEPKAAIOT BHIBOJ O HEMOCPEICTBEHHOM
BIUSHUM UW3MEHEHUS TEMIIepaTyphl Telsl Ha OCHOBE IMOJIUKHCIOTHI Ha KOHIICHTPAIUIO
HU3KOMOJIEKYISIPHONH KOMIIOHEHTBI HaJl TUAPOTEIIEM.
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Tabmuua 3 — 3aBucumoctu pH pacTBOpa COJIIHOW KHCIIOTHI Haj TeleM OT TEMIIEPaTyphl MPHU
Pa3jiIndHbIX COOTHOHMICHUAX KOJMYECTBA MOJICKYJI KHCJIOTBI B CHUCTEMC W KOJMYCCTBaA
KapOOKCHIIBHBIX Tpynn B obOpasie ruaporens. Macca HaBecku 0,1001 r (oOpasem Nel), 0,1004 r
(o6pazer; No2) u 0,1002 1 (o6pazerr Ne3).

Temneparypa, °C pH
Bona O6pazern Nel O6pazery Ne2 O6paszerr Ne3

25 5,927 3,678 2,379 2,344
30 5,920 3,792 2,303 2,388
40 5,925 3,926 2,242 2,310
50 5,946 4,313 2,201 2,274
60 5,932 4,434 2,196 2,274
70 5,928

Mexanu3m gaHHOTO 3(QexTa CBs3aH C TeM, YTO IPH BapualUsAX TEeMIEpaTypbl U3MEHSETCS
CTENEHW WOHU3AIMHN KHUCJIOTHI, a, CJIEI0BAaTENbHO, M BeaW4YnHa MHOXutens [lonHana. Dddext
YCUJIMBAETCS HOHOOOMEHHBIMH MPOLIECCAMH MEX]Ty KUCIBIM TelieM U pacTBopoM. CrenoBaTenbHo,
BO3HHUKACT BO3BMOKHOCTD PCAIN30BaTh aJalITUBHBIC OIITUYCCKHUE CUCTEMBI ITPCAJIOKECHHOTO THUIIA Ha
OCHOBE CEpUITHO BBIMTYCKAEMbBIX THAPOTEIICH.
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KOHIEIIMSA PA3SBUTUS MOJIEKYJIIPHON NHO®OPMATUKH
KAK CUHTE3A ®U3UKO-XUMHUHU IOJIUMMEPOB U
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IIpeocmasnena paspabomanuas asmopamu Konyenyus pazgumus MONEKYAAPHOU UHDOPMAMUKU KAK
cunmesa Qu3UKO-XuMUuL NOAUMEPOS U UHPOPpMAYUOHHBIX mexHonocull. B Konyenyuu ompasicenvt nooxoout K
paspabomke 0A308bIX NOJNONCEHUU MOJEKYIAPHOU UHDOPMAMUKY, SABTAIOUEUCS HOBLIM  pA30e10M
nHanonayku. [Tloxazano, umo ni00OMEOPHOE pazsumue MOJEKVISPHOU UHGOPMAMuUKU Modcem Ovlmb
Peanu308aro Ha 0CHO8e NOCe008AMENbHOU HelUpOCemesol meopul MeXCMONeKYIAPHBIX 83AUMOOEUCMBUlL C
yuacmuem UHMeLIeKmyanbublx Makpomonexyn. Ipunyunuanvruoe omauuue udeti oannou Komyenyuu om
CYWECMBYIOWUX AHANO208 COCIOUN 8 MOM, YMO OHA OPUEHMUPOBAHA HA Peanu3ayuio Kubep@huuyeckux
cucmembl HaA MOJLEKVIAPHOM YyposHe opeanusayuu mamepuu. [Ipeonacaemasn Konyenyus paccmampugsaem
0Oble MAKPOMONEKYIbl Kak cucmemvl nepepabomku ungpopmayuu. Taxoti nooxoo, ¢ 0OHOU CMOPOHDI,
n03607sem C030amb HOCIe008AMENbHYIO KAPMUHY NPOMEKAHUs I60TI0YUY, KOMOPAs NPeouecmsosand
ouonoecuueckoi. C Opyeoil CMOPOHLL, BO3HUKAEM BO3MONCHOCMb OJisl 0becneyeHuss HAnpaesieHHol u
KOHMPOAUPYEMOU  380MIOYUL, NPOMEKAIOWeEl 8 KB8AUOUONOSUYECKUX cucmemax ¢ mem, umoowl, 8
YACMHOCMU, NOAYYAMb MAMEPUAbl U CUCMEMbL He TONbKO C 3apanee 3a0aHHbIMU CEOUCMBAMU, HO U C
3A0aHHOU peakyuell Ha UMEHeHUe XapaKmepucmuk oxpyscarowell cpedvl. Konyenyus paspabomana xax
UHCIMPYMEHM NPAKMUYecKol peanu3ayui wmazos, HanpaeieHHblX Ha OOCIMUMICEHUE CIMPAmesuiecKux yeneu
passumusl Kazaxcmanckou Hayku, onpedenennvix 6 Ilocranuu Ilpesuoenma PK om 10 aneaps 2018 2.

Knwuesvle  cnosa:  MmonekynapHas — UHPOPMAMUKA, — UHIMEIEKMYAIbHblE — MAKPOMOLEK)YIbl,
Kubepguszuueckue cucmemvl, 3anucb UHGopmayuu, 2ucmepe3uc, Gazosvle nepexoosl, 2UOpPo2ei.

THonumepnepoiy usuxa-xumusicol MeH aKnapammoix, MEeXHONO2UANAPOLIY CUHME3] peminHOe MONEKYIANbIK
UHGOpMaAmMuKaubly OAMYbIHBIY aABMOPILAP 33IPLeceH MYAHCbIPIMOAMACHl YCbIHbLIObL. TYorcuipbimoamada
HAHORLLNBIMHBIY JHcaya 06aiMi OObLIN MAdLLIAMbIH MONEKYIANbIK UHQOPMAMUKAHBIY He2i32l epedicenepin
azipneyce amandap xoepcemineen. Monekyianvlx UHGOPMAMUKAHBIY dceMici 0amybl UHMENNIEKmMYai0bl
MAKpOMONEKYanap KAmvlCYbIMEH JICYpPemin MONEKYIaapanvl peKemmecyiepoiyy pemmi Heuposcyiieni
meopusicyl Hezi3inde Jicy3eze acblpbliybl MyMKin exeni xopcemindi. Ocvl Tyoicoippimoama uoesnapuiibiy
backa yKcac MYIACHIPLIMOAMANAPOAH AUBIPMAUBLIBIZLI—OY T Tyorcvipuimoama Mamepus
YUbLIMOACMBIPBLILYbIHbIY,  MOAEKYIAAbIK  OeHeelinoeel Kubepusuxanviy oicylienepoi ocyszeze acvlpyed
bazeimmanzan. ¥ceimviiamein Tyoiculpuimoama Ke3 KeazeH MAaKpoMONeKYIaHvl aknapammosi oHOeyoiH
Jrcytieci peminde Kapacmuipaosl. Mywnoaii aman, 6ip dcasvinan OUONOLUANBIK 60I0yUdea Oelin 06012aH
IBOMOYUAHLIY ~ OAMYbIHbIY — JICylieni  KOPIHICIH — Kypyea  MYMKIHOIK  Oepedi.  Exinwi  dicazvimaH,
K8A3UOUONOSUANBIK JiCYllenepoe JCYypemin 0ablmman2an Hcane 0aKblIaHaAmolH I60TOYUAHBL KAMAMAMACHI3
emy yulin, aman aumkanoa anobih ana OenzileHzeH Kacuemmepi 2aHa emec, COHbIMEH KAmap Kopuiazaw
OPMAHBIY CURAMIMAMANAPLIHBIY 032epicmepine dcayan bepemin mamepuanroap men xcyienepoi anyea
MyMmKiHOIK myaosl. Tyacvipoimoama 2018 ocvinoviy 10 xaymapwinoa KP Ilpesudenminiy JKondaywinoa
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OencineHeen  KA3aKCMAHOBIK — EbLILIMObL  OAMBIMYObIH — CIPAMEUSIbIK — MAKCAMMAPbIHA — Jicemyee
bazblmman2an Kaoamoapobl NPAKMUKAIbIK JHCy3e2e acblpyobll KYPAibl pemiHoe 23IPNIeHeeH.

Tipex ce30ep: monexynanvlk UHGOPMAMUKA, UHMELLIEKMYai0bl MAKPOMOIEKYIANap, KubeppuuKaiviy
acytienep, aknapammol JHeazy, SUCMePe3uc, Pazanvlk ayblcyiap, cuopo2eiboep.

The concept of the development of molecular informatics as a synthesis of physicochemistry of polymers
and information technologies developed by the authors is presented. The Concept reflects approaches to the
development of the basic provisions of molecular informatics, which is a new section of nanoscience. It is
shown that the fruitful development of molecular informatics can be realized on the basis of a consistent
neural network theory of intermolecular interactions involving intelligent macromolecules. The fundamental
difference between the ideas of this Concept and existing analogues is that it is oriented towards the
realization of the cyberphysical system at the molecular level of the organization of matter. The proposed
Concept considers any macromolecule as an information processing system. This approach, on the one
hand, makes it possible to create a consistent picture of the evolution that preceded the biological evolution.
On the other hand, there is an opportunity to provide a directed and controlled evolution proceeding in
guasi-biological systems in order, in particular, to obtain materials and systems not only with predetermined
properties, but also with a given response to changing environmental characteristics. The Concept is
developed as a tool for practical implementation of the steps aimed at achieving the strategic goals of the
development of Kazakhstan's science defined in the President's Message of January 10, 2018.

Keywords: molecular informatics, intellectual macromolecules, cyberphysical systems, information
recording, hysteresis, phase transitions, hydrogels.

MonexynsipHass HMH(OpMaTHKa SBISIETCS HOBBIM pa3lesioM HaHOHaykd. OHa crocoOHa
OCYLIECTBUTh  PEBOJIOLMOHHBIE  M3MEHEHHWE B  CaMOil  OCHOBE  (DU3MYECKOH  XUMHUH
BBICOKOMOJIEKYJIIPHBIX COEAMHEHHUH M ee NMPHIOKEHUI. DTo, B MEPBYI0 OYEPE/b, CBSI3aHO C TEM,
yto JKusHp Ha T1iaHere 3emis  OOYyCIOBJIEHA CHEIU(UUESCKUMH CBOWCTBAMH  BIIOJIHE
OIPENIeNIEHHOT0 KJlacca THAPOQHIBHBIX HNOJMMEPOB, CIIOCOOHBIX IEpeaaBaTh M MPeoOpa30BbIBATh
IeHEeTUYECKyl0 HMH(opManuioo (K 3TOMY Kiaccy BeIIeCTB OTHOcHTcsA, B uacTHoctH, JIHK).
MonexynsipHas ©HPOpMATHKa MPHU3BaHA OTBETUTh HA BOIPOC O TOM, HACKOJIBKO YHUKaJIbHBIMHU
ABJIIOTCSL CBOICTBAa JaHHOIO Kjacca IOJMMEPOB, B TOM YHCIE, Yepe3 J0Ka3aTesIbCTBO
CYIIECTBOBaHMsI KHOEPIOIMMEPHBIX CUCTEM, 00JIa/Iat0IIMe ONpeIeIeHHbIMU ITpU3HakaMu JKHUBOTO.
B nepcnektuBe 53TO JenaeT BO3MOXHBIM  CO3JaHUE BIIOJIHE OIPEAEICHHOro  Kjacca
kubeppusnyeckux cucteMm (pazpaboTKa KOTOPBIX SIBISETCS HEOTHEMJIEMOM YacThIO KOHLEHIMH
Wnpycrpuanuzanust 4.0), aHAJOIMYHBIX TEM, 4TO pa3padaTbIBalOTCS B HACTOSIIEE BpeMs, HO
ONEPHUPYIOIIMX Ha CYNPaMOJIEKYISIPHOM YpPOBHE OpraHu3alud MaTtepuu. B ympouieHHO#
TPAaKTOBKe, Takue KuOepdu3nueckre CHCTEMbl SBISIIOTCA NPOMEXYTOYHOH (QOpMOM MexTy
OMOJIOTUYECKUMU CHCTEMaMH U COBPEMEHHOM BBIUMCIUTENbHON TEXHUKOW Ha MOJIyIIPOBOJHUKOBOM
OCHOBE.

B nannoit Konuenuuu oTpakeHbl HOAX0/1bl K pa3paboTke 0a30BBIX MOJOXKEHUNA MOJEKYISPHOM
MHGOPMATHUKU U €€ JalbHEHIIeMy pa3BUTHIO Ha OCHOBE IOCIIE0BATEIbHOW HEHPOCETeBOI Teopun
MEXMOJIEKYJIIPHBIX B3aUMOJICHCTBUI C yYaCTUEM HMHTEIUIEKTYAJIbHBIX MTOJIMMEPOB, SBISAIOUICICS, B
TOM 4YHCJIE, OCHOBOM IPAaKTUYECKOIO CpEACTBA YIPABJICHUS MPOLECCAMH, NPOTEKAIOIIMMHU B
HaHOMMPE, MPU OMOIIM MAaKPOCKOTINYECKUX BO3/IEHCTBUI.

Konnenuus pazpaborana Kak HHCTPYMEHT MPAKTUYECKON pean3alluy [1aroB, HalpaBJICHHBIX Ha
JOCTHUKEHHUE CTPATErMUECKUX LI€JEe pa3BUTHs Ka3aXCTaHCKOM Hayku, onpeneneHHbIX B [locnanun
IIpesunenta PK ot 10 suBapst 2018 r. Ilo cymectBy, peub HAET O TNIyOMHHBIX TpaHC(HOpMAIMIX
BCEH HAyKH O MOJIMMEpax B HAIIPABJICHUSAX, PABHO KaK U HAHOHAYKH, XapaKTep KOTOPHIX ONPEEIIEH
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YEeTBEPTON TEXHOJOTHMUYECKOW PEBOIONMEN M CTaHOBIICHHMEM «IIH(PPOBOro» 0OIIECTBA, 3HAYECHUE
kotopsIx A Kazaxcrana orpaxeno B uutupyemom llocinanun.

«udpoBuzanus» oOmiecTBa B LEJIOM O3HAYaeT, B TOM YHCIE, AKTHBHOE NPOHUKHOBEHHE
MH(GOPMAIMOHHBIX TEXHOJIOTUI B MHBIE OTPACIH 3HAHUS, IPUYEM TaKO€ MPOHUKHOBEHHE 3aBEJOMO
HE MOXET OBITh CBS3aHO C OJHUM JIMIIb HCIOJIb30BAHUEM BBIYMCIUTENbHBIX YCTPOWCTB U
IIPOrpaMMHOTO OOecreueHus], Kak 3TO UMEET MECTO B HACTOSIIIEE BPEMSI.

Konnenuus Harenena Ha oJydeHUe CIEAYIOUINX Pe3yabTaTOB B OirKaiIieil IepCreKTuBe:

e o0ecneunTh OHKCHEPUMEHTAIbHOE OOOCHOBaHME 0a30BOM KOHILENIUU MOJEKYISIPHOU
WHPOPMATHKA M TIONyYEHHE HOBBIX XHMHYECKUX OOBEKTOB, B MAaKCHMAIBHON CTEHCHH
PacKpBIBAIOLINX MOTEHIIHAT MOJIEKYIIPHOU HHPOPMATUKY;

e 51aTh 00OCHOBaHHE BO3MOKHOCTH peajiu3alui Kuoep(OrU3n4ecKux CUCTEM MOJIEKYJISIPHOTO
YPOBHSI, B TOM YHCJI€ HA OCHOBE MTPOBEJCHUS aHAJIOTUU C HEPOHHBIMU CETSIMU, PEaIi3yeMbIMHU B
HACTOSIIeE BPEMsI IPEUM YIIIECTBEHHO CPEICTBAMU KOMITBIOTEPHOI'O MOJIEIIUPOBAHUS;

®  [POJEMOHCTPUPOBATH NMPUKIIAJHBIE BOZMOKHOCTH PEaIN3alUy KOHLENIIUU MOJEKYISIPHON
nH(OpPMATHKU Ha IpUMeEpe pa3pabOTKU MPUHIMITHAIIBHO HOBBIX CUCTEM BBOJa MH(OPMAIIHH;

e pa3BUTh 0a30BYI0 TEOPUIO MOJIEKYISIPHOW HMHPOPMATUKH KaK OCHOBBI JJIsi CO3JaHUS
MPUHIMITHAIBHO HOBBIX KHOEp(DU3NUECKUX CUCTEM;

e pa3paboTaThb METOAMKY IOJIYYEHHsS aJrOPUTMOB, IO3BOJIAIOIIMX OOECIeUUTh pelIeHHe
KOHKPETHBIX 33/1a4 Ha OCHOBE aHAJIOTHH C HEUPOHHBIMU CETAMH;

® [POJEMOHCTPUPOBATH OOIIEHAYYHOE 3HAYEHHE MOJEKYJISApHON HHPOPMATHUKU C TOUYKHU
3peHMs MOJEPHHU3AallMM NPUHLMUIIA YHHBEPCAJbHOI'O  3BOJIIOIMOHM3MA, B TOM YHCIE,
¢dbunocodhckuMu cpeIcCTBaAMU;

e pa3paboTaTh IMOCIEAOBATEIbHYIO AMATEKTHYECKYI0 TEOpHUI0 HH(OpMaAlMu Ha OCHOBE
MOJIYYEHHBIX TEOPETUYECKUX U IKCIIEPUMEHTAIBHBIX PE3YyJbTATOB.

Konuenuusa paspaboTtaHa Ha OCHOBE paHee TIOJYUYEHHBIX CBEIEHUH O T[OBEACHUU
ruipoUIbHBIX MOJMMEPOB, B YAaCTHOCTH, Ha OCHOBE JAHHBIX O HETPUBUAIBLHOM MOBEACHUU
ruApoUIbHBIX HHTEPIOIMMEPHBIX AacCOIIMAaTOB — 0CO00Oro Kiacca IOJMMEPHBIX CHCTEM,
BIIEpPBbIE OOHAPYKEHHBIX U UCCIEAOBAHHBIX KA3aXCTAHCKOW MIKOJIOW (PU3UKO-XUMUHU MOJIMMEPOB
I'.A.MyHa, a Tak’Ke Ha OCHOBE paHee MOJIYYEHHBIX CBEJIEHUN 00 3BOJIIOLIMH MAaKPOMOJIEKYIISIPHBIX
CHUCTEM, IIOJYYEHHBIX B XOJE MCCIEIOBaHUM MO TMPOEKTY, BbINOJHsIBIIEMYycd B AVYOC
(«Pa3paboTKa HOBBIX BEIYMCIUTEIBHBIX CHCTEM Ha OCHOBE HAHOTEXHOJIOTHI») B 2011-2014 rT.

A uMeHHO, Hay4dHOH mikojoi I'.A. MyHa paHee ObLT U3y4eH IUPOKUN KPYT CUCTEM Ha OCHOBE
TUAPOPIIBHBIX HHTEJUICKTYAIbHBIX MOJUMEPOB (KaKk B JIMHEWHOW, Tak U B CHIMTON (opme),
COJIepIKAIllX KaK HOHOTCHHBbIC, TaK U HEHOHOTEeHHbIC (DYHKIHMOHAIbHBIC Tpymmbl [1-4], a Takke
MIOCTPOCHBI TEOPHH, IMO3BOJISIONINE OMUCHIBATH (U3UKO-XUMUYECKHE OCOOCHHOCTH TOBEACHUS
TaKUX CHCTEM, B TOM 4YMCJE€ Ha OCHOBE HEMOCPEACTBEHHOr0 0OOOIIEHMs IIUPOKOro Kpyra paHee
IIOJIyYEHHBIX SKCIIEPUMEHTAIbHBIX JaHHBIX [5].

HccnenoBanust B JaHHOM HalpaBJIEHUM MO3BOJMIM OOHApY>KUTh HOBBIM YHHMKAJIbHBIN KIlacc
MaKpOMOJIEKYJISIPHBIX OOBEKTOB — T'MJIpO(MIbHBIE UHTEPIIOJUMEPHBIE accoluaThl [6,7], KOTOpbIe
MIPEJCTABISAIOT COO0M AMHAMMUYECKHE CeTKH, CIIOCOOHBIE K 9BOJIOLIMU B peaIbHOM BpeMeHH [8], uTo
JenaeT 0ObEKThl TAKOTO poJia UCKIIOYUTEIBHO BaKHBIMU I TOHUMAHUS MEXaHU3MOB 3BOJIIOINH,
KOTOpast Mpe/IIecTBOBaIa OMOIOTHYECKOM.

BbiBOA O CyllecTBOBaHMM acCOLMATOB, AHAJIOTU KOTOPBIX OTYETIMBO IIPOCIIEKUBAIOTCS B
cucTeMax CaMOM paszIMyYHOW MPHPOJIBI, B CBOIO OYepellb, MO3BOJIMI 0OOCHOBATh OOIIEHAYUHBIH
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IPUHLMI «CJIOKHOT0», B COOTBETCTBUM C KOTOPBIM CHUCTEMA MOKET TPAaKTOBATHCS KaK CIIOXKHAs
TOrJa U TOJIKO TOT/a, KOI'/la CYIIECTBYET KOMIUJIEMEHTapHbIN €il aHasor HeliponHol cetu [9,10].

Ha »T0li OcHOBe OBLIO J0Ka3aHO, YTO CYIIECTBYET MEXAaHHU3M HBOJIOIHH CIIOKHBIX CHCTEM,
aIbTEPHATUBHBIA TEM, 4YTO BOCXOJIT K TeopuM mpoucxoxaeHus supoB Y. Jlapsuna [9,10].
[IpeioskeHHass B IMTUPOBAHHBIX pPAa0OTaX TPAKTOBKA TMO3BOJSET MPEOJOJIETh 3aTPyIHEHUS,
MPUCYIIME TEOpUAM, B pPaMKaX KOTOPBIX NPEINPUHUMAIUCH TOIMBITKH PACKPBITh MEXaHU3M
SBOJIIOLIMM, MPEAIIECTBYIOIIEH OHOJOTUYECKOW, MCIONb3ysd MPEJICTaBICHUS O CIydalHbIX
MYTaLUAX U OCIEAYIOIIEM 3aKpEIJICHUH 0JaronprusTHOTO MpU3HaKa.

B ocHOBe mepeunciieHHBIX BBINIE BHIBOJIOB JIS)KAT, B TOM YHCJIE, HOBBIE PE3yJIbTAaThl B 00JacTH
MIPUMEHEHUSI HEHPOHHBIX CETeH K MCCIEOBAHUIO CUCTEM COIMATBLHOM Tpupo s [11], u Teopemsbl o
HEHPOHHBIX CETAX, TOBOPSIIUE, YTO B TOM Cllydae, KOrja HEHpOHHas CeTh COBEpIIAET Olepaluu
HaJ, COBOKYIHOCTSIMU JIOTMYECKUX TI€PEMEHHBIX, 0€3 OrpaHW4YeHHUs OOIIHOCTH MOXKHO
paccMaTpuBaTh HEHPOHHBIE CETH C LEIOYUCICHHBIMU KOAPPHUIIUEHTAMH.

Baxxnyto poiab B 000CHOBAaHMM HOBOT'O MOJXO0/a K MCTOJKOBAHUIO «CJIOKHOIO» UTPAIOT TAKKe
JTaHHbIE TakuX paboT kak [12,13], moka3piBaroliye, 4To B CUCTEMAX Pa3IUYHONW MPUPOJBI MOTYT
HUMETh MECTO CXOAHbIE (ha30BbIE MEPEXO/IBI.

KonkperHsie maru, obecrneunBaromiye peanusanuio KoHienumnm, cocTosT B CIeAyIOIIEM.

- Co3maHue HEWpPOCETEBOW TEOPUHM MEKMOJIEKYISPHBIX B3aUMOJICHCTBUH C y4acTHUEM
MHTEJUIEKTYaJbHBIX MOJUMEPOB, OCHOBAHHOW Ha HMCIOJb30BAHUM aHAJIOTHI MEXAy MOBEIECHUEM
CIIOXHBIX MAaKpOMOJIEKYJSPHBIX CHCTEM M HEWPOHHBIMU ceTAMH. VIMeHHO 3Ta aHanorus u
MIO3BOJISICT TIPOJIMTHh CBET Ha CYIIECTBOBAHME HETPUBHUAIBHBIX 3BOJIIOLMOHHBIX MEXaHU3MOB,
KOTOpBIE, C OIHOW CTOPOHBI, IMO3BOJIIOT PACKPBITh MPHUPOAY 3SBOIIOLUHU, NPEIUIECTBYIOIIEH
OMoJIOrMYecKoil, a ¢ Jpyroil CTOpPOHBI, pa3paboTaTh HOBBIE MOAXOABI K CO3/IaHHUIO
KHOepPU3NYECKUX CUCTEM MOJIEKYIISIPHOTO YPOBHSI OpraHU3alii MAaTEPHUH.

- Co3ganue oOIIe TEOpUH MOJIEKYJISIpHOW WH()OPMATUKH, OCHOBAaHHOW Ha HCIOJIB30BaHUHU
paHee NOJIYYEHHBIX PE3YJIbTATOB, OTPAXKAIOLIMX XapaKTep B3aUMOACUCTBUS MAaKpPOMOJIEKYN B
BOJHBIX pacTBOpax, NIPUBOIAILMIN, B TOM YHCIIe, K 00pa30BaHUIO TaKUX HETPUBHAIBHBIX CHUCTEM
KaK ruJipouiibHble HHTEPIOIMMEPHbIE ACCOLUATHI.

- Co3gaHue HOBBIX NOAXOJOB K IOCTPOCHHI0 M MaTeMaTH4YE€CKOMY ONMCAHUI0 HEHPOHHBIX
ceTell Kak OCHOBBI JJIi MOJIEKYJSPHOM HMH(OPMATUKM M MOJIEKYISIPHOTO MPOTrPaAMMHUPOBAHUSA,
MO3BOJIAIOIIUX IPEOI0JIETh PACIPOCTPAHEHHOE 3a0iyKAeHHE, GOPMYITUPYEMOE KaK «JIOTHYECKast
HEIPO3PAYHOCTh HEMPOHHBIX CETEW).

- MopgepHuszanus NpUHLUIA YHMBEPCAJIBHOIO DBOJIOLMOHU3MA Ha OCHOBE KOHUENLUU
MOJIEKYJIApHOM HH(OPMATHKH, YTO MO3BOJMT JOKa3aTb, 4YTO IIOJYYEHHbIE PpE3YJIbTAThI
NeMCTBUTEIBHO MMEIOT OOlLIeHayYHOe 3HAa4yeHHEe, BIJIOTh JI0 JI0KA3aTelNbCTBAa HEOOXOAUMOCTH
[IePECMOTPa CaMbIX OCHOB CUHEPIreTUKH KaK Hay4HO! JUCLUIUIMHBI, HALlEJCHHON Ha o0ecrieueHue
JNEHUCTBEHHON MEXIUCUUINIMHAPHON KOOIIEPALUH.

- Coznanue JualeKTHUYecKoM Teopuu UHGOpMauu (HA OCHOBE TPAKTOBKH MOHSITHUS
«uH(popmanus», obecrneuuBaroulel ee  CONpsDKEHHE C  MPUHIUIOM  YHHBEpPCAJIbHOI'O
HBOJIFOLIMOHM3MA), YTO OOECHEYUT BO3MOXKHOCTH CO3JIaHUS MEXIUCLHUIUIMHAPHON MIaT(OPMBI
g peanu3auuu  KuOepPHU3MUEeCKHX CHCTeM MaKpOMOJIEKYJISIPHOTO YPOBHS OpraHu3aluu
MaTepuH, U BHECEHHs] HEOOXOIUMBIX KOPPEKTHUB B KoHIEMUo uHAycTpuanuzamus 4.0 ms PK
KaK CTpaHbl, 00JIaJJatoliei 3HaYnTeIbHBIMU 3allacaMy MCKOTIAeMOT'O CHIPhSI.

[TpyHuunuaneHoEe oTyIMuME uael naHHOW KOoHLEenuu oT CylEecTBYIOIIMX aHAJIOTOB COCTOUT B
TOM, YTO OHAa OPHUEHTHPOBaHA Ha pealu3aluio KUOepPU3MUECKHUX CHCTEMbl Ha MOJIEKYISPHOM
ypoBHe  opraHuzanuu  Mmatepuu. [Ipemmaraemass  Konuenuuss  paccmaTpuBaeTr — JtoOble

63



W3BECTHS HAYYHO-TEXHUYECKOI'O OBIIECTBA «KAXAK», 2018, Ne 1 (60)

MaKpPOMOJIEKYJIBI KaK cucmemsl nepepabomku ungopmayuu (OCHOBBI JJIS YEro ObLTH 3aJI0KEHBI B
IUTHPOBAHHBIX BhIIIE paborax). Takoit mWOAX0A, € OXHOW CTOPOHBI, IO3BOJSET CO3JaTh
IIOCJIEJOBATEIbHYI0 KapTUHY HPOTEKAHUS 3BOJIIOLMM, KOTOpas IMpeAUIecCTBOBaJIa OMOJIOTMYECKON
(manHas mpoOsieMa, 4To OyJeT MOKa3aHO HUXKE, HE PelIeHa JI0 CHX TI0pP).

C apyroii CTOpOHBI, BOBHHKAET BO3MOYKHOCTb JJII TOTO, YTOOBI 00ECIEYUTh HAIPABICHHYIO U
KOHTPOJIUPYEMYIO 3BOJIIOIHMIO, MPOTEKAIONIYI0 B KBAa3UOMOJIOTUYECKAX CHCTEMAaxX C T€M, YTOOBI, B
YaCTHOCTH, MOJIy4aTh MaTepHalbl U1 CUCTEMBI C HE MPOCTO € 3apaHee 3aJaHHbIMU CBOICTBaMU, HO U
C 3aJaHHOM peakuuel Ha M3MEHEHHE XapaKTEpPUCTUK OKpYXKarolled cpeabl. XapaKTepHbIM
IIPUMEPOM IPUMEHEHHS TAaKOI0 poJia CUCTEM SBJISIOTCS CPEJCTBA KOHTPOJIUPYEMOW JIOCTABKU
JIEKapCTBEHHBIX IIPENapaToB K MOpaXeHHbIM opraHaMm. B mpenerne, cpeacTBa Takoro pojia JOJKHBI
00ecneunTh «TOUYEYHOE» BO3JCHCTBHE MMEHHO Ha MOPA)KEHHBbIE WJIM aTUIHMYHBIE KIETKH, WIH HX
OTJIeIbHBIE COCTABJISIONINE, BIUIOTH A0 ucnpasieHus aedexkros JJHK.

Cy1iiecTByroII1e TOUYKH 3pEHUSI Ha MEXaHU3MBbI IBOJIIOLIUN MaKpOMOJIEKYJISIPHBIX CUCTEM (ILIUpe
— Ha MEXaHW3MBbI 3BOJIIOLUH, MPEAIIECTBYIONIME OMOJOrMYECKON), B LIEJIOM pa3lesioT 0a3oBbIe
uiaen mnojaxona, Bocxomammx Kk Teopun Y.JlapBuHa (IpUMEpPOM  COBPEMEHHBIX padoT,
OTTAJIKMBAIOLIUXCA OT IaPBUHUCTCKOW TOUKU 3peHus, sSBisitoTes [14,15]).

B cootBeTcTBUM € 3TUMU KOHUENIUSIMH CUUTAETCS, YTO:

— OGOpa3zoBaHue HOBOrO KadecTBa (B OHOJOTMM — BHJIOTE€HE3) HOCUT MYTalMOHHBIN

(proKTyallMOHHBINA) XapakTep, TO €CTh HOBblE MPHU3HAKU 3JIEMEHTOB CHUCTEMbl BO3HUKAIOT

BCJICJICTBUE MOJU(DUKAIIUN yXKe CYIIECTBYIOIMHMX (B OMOJIOTHU — MyTallMii T€HOMA) 101 KaKUM-

00 BHEUIHUM BO3/ICHCTBUEM.

— MyTanuu HOCAT CTOXaCTUUYECKUM/CITydaliHbIA XapaKTep.

— Myranuu, UHTEepIpeTHpyeMble Kak OJaronpUsTHbIC, 3aKpeIUISIOTCS 3a CYeT MEeXaHH3Ma

€CTECTBEHHOT'O 0TOOpa.

[IpumenuTensHO K 3amadaM oOmiell OMoJIOTHH, JapBUHUCTCKAs TOYKA 3PEHHs MO3BOJIMIIA, Kak
W3BECTHO, HMHTEPHPETUPOBATH LEIYI0 COBOKYIMHOCTb AKCHEPUMEHTAJIbHBIX JaHHBIX. OJHAKO
MOTBITKA MPUMEHUTH ATY KOHIICMIMIO K CHCTEMaM HHOW HPUPOJIBI Yallle BCEro CTAJIKHBAIHUCH C
HEMPEOJOTUMBIMU TPYIHOCTSIMHU.

MaxkcuManbHO HarJIHYI0 WUIIOCTPAIMI0 K XapakTepy TaKuX TPYIHOCTEH MOXKHO JaTh,
aHAJIM3UPYyd DBOJIOLHMIO TO3HAHMSA B YeEJIOBEUeCKOM oOImiecTBe, 0ojiee KOHKpPETHO, MPOLEcC
WHHOBAIIMOHHOTO pa3BUTHs. B 3Toi oO0macTu wuccneoBaHMN CiydallHOM MyTalMd MOYHO
MIOCTaBUTh B COOTBETCTBUE IMOSIBICHHE HOBOTO M300peTeHus (Hay4yHOUW Waed, KOHLENIUU U T.1.).
[Ipoueccy 3akpemyieHuss MyTaldd, OYEBHUIHO, CTaBUTCS B COOTBETCTBUE WMIUIEMEHTAIUS
COOTBETCTBYIOIIEH UAEH B OOIIYIO CUCTEMY Hay4HbIX 3HAHUU (BHEAPEHUE U300PETEHUS B IPAKTUKY
U T.1.).

PaboTs1, mpoBecHHBIC B 00JACTH TEOPUM WHHOBAIMH, B TOM 4Hcie, 0000meHHbie B [16,17],
OJIHO3HAYHO TMOKAa3bIBAIOT, YTO HAIWYUE «ONarompusTHOTO TMpPHU3HAKa», TO €CTh HaIu4ue
MOTEHIIMATBFHON BBICOKOW OT/Ia4M OT BHEAPEHUS N300PETCHHSI HITH UMILIEMEHTAIIMM HayqYHOU HJIeH,
OTHIOIb HE JOCTATOYHO JJsi TOrO, YTOOBl OHHM JIEHCTBUTEIBHO OKa3aldHCh BOCIPHHITHIMHU.
CymiecTByeT MHOKECTBO NMPUMEPOB UeH U U300peTeHU, O KOTOPBIX TOBOPSAT, YTO OHM OOOTHAJIH
cBoe BpeMs. boyiee KOppeKkTHO, Takue (aKTOpbl B HACTOALIEE BpeMsl TPAKTYIOTCS 4yepe3 IMOHATHE
MH(GOPMAIIMOHHOTO COTPOTHUBIIEHUS OOIIECTBA, KOTOpOEe Ha OOJbIIEH YacTH UCTOPHUU JIHOOOTO
rocyapcTBa OCTAaBAJIOCh 3HauuTenbHbIM [16,17]. Ilepmonbl mncTtopuu, B TEUYEHHUE KOTOPBIX
MHHOBALIMOHHOE CONPOTHUBJICHHE OOILIECTBA CYIIECTBEHHO ITOHMKAJIOCH, SBISIOTCS, HAIpPOTUB
JOCTAaTOYHO PEJIKMMHU, BILUIOTH O TOTO, YTO UCTOJb3YIOTCSA TAKUE TEPMUHBI KAK «TPEYECKOE UyIA0»,
TEXHOJIOTMYECKasl PEBOJIIOLINS U T.JI.
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Harnsianeie mpuMepsl TaKOTO poja MOKA3bIBAIOT, YTO «OJIarONPHSTHBIA MPU3HAKY 3aKPEIUIIETCS
TOJBKO TOT/A, KOTJa Ui 3TOT0 TOSBUWIMCH HEOOXOOMMBbIE MPEANOCHUIKH, HHAa4Ye TOBOPA,
MOAU(UIPOBATIACh caMa CUCTeMa, K KOTOPOH MPUHAIICKUT 3JIEMEHT — HOCUTEIb 3TOTO MPHU3HAKA.

Eme oHOM nipo06seMoil, KOTOPYIO HE YJAeTCsl PEIIUTh B paMKaxX MyTallMOHHON MHTEPIPETALUU
SBOJIIOIIMOHHBIX IPOLIECCOB, SIBJISETCS KpallHE HEpaBHOMEPHBI XapakTep SBOJIOIHUH, YTO
XapaKTepU3yeTCsl CIEeMUAIBHBIM TEPMUHOM — apoMopdo3 (ckaukooOpasHble TpaHChOpMaIUU
3JIEMEHTOB CUCTEMBI, IPOTEKAIOIINE TPAKTUUECKU 0AHOBpeMEHHO [10]).

OTH, paBHO KaK U OCTABILINECS HEYIIOMSHYTHIMH 3aTPYAHEHUS MYTAllUOHHBIX TEOPUI IBOJIIOLIUU
IpUBENIU K pa3pabOTKe MPUHLMIIMAIBHOIO HOBOI'O MOJAX0JA, AJbTEPHATUBHOIO MYTAllMOHHBIM
TEOPHSIM IBOJIIOIMH, BIIEPBbIE OTpakeHHOTO B [ 10] Ha ypoBHE KaueCTBEHHON MHTEPIPETALIUH.

B cooTBeTCTBUM € 3TUM MOJAXOJOM BO IJIaBY yIJIa CTAaBUTCS SBOJIIOIMUS CHUCTEMbI KaK TaKOBOM.
Oro mnpeamnoyaraeT Hajlu4Me, KaKk MMHHMMYM, JBYX CTaaui sBomtouuu. Ha mnepBoil cragum
TpaHCPOPMUPYETCSI COBOKYIHOCTh CBSI3€H MEXAY 3JEMEHTaMH CHCTEMbl, a CaMM 3JIEMEHTHI
OCTalOTCS TNPAKTUYECKHM Heu3MeHHbIMU. (JlaHHas, naTeHTHas, CTaJus HHTEPIPETHPYETCS Yepes
9BOJIIOIMIO aHAJOra HEMPOHHOM ceTH, KOMIUIEMEHTapHON paccmaTpuBaeMoil cucreme.) Ha BTopoi
CTaJlMM OCYIIECTBIIAETCS OTOOp 3JIEMEHTOB, B HauOOJbIIEH CTENEHM OTBEYAIOIIUX HOBOMY
COCTOSTHUIO CUCTEMBI.

OBOJIFOIMS aHAJIOTa HEMPOHHOM CETH, KOMIJIEMEHTApHOM CIIOKHOM CHUCTEME INPOU3BOJBHOMN
MIPUPO/IBI MOXKET OBITh ONKCaHa B TEPMUHAX UH(POPMAIIMOHHOTO MOAX0/1a, TaK KaK HOBOE KauecTBo,
MOPOXK/Ia€MOE BO3HHUKHOBEHHMEM CBsi3€li BHYTPU CHCTEMbI, BCErJla MOJET paccMaTpuBaTh B
TepMHUHAX Nepeaayr CUTHAJIOB TOW UM UHOW MPUPOIBI.

CoOTBETCTBEHHO, 0OOCHOBAHHBIM SIBJISIETCS BOTIPOC O pa3pabOTKe OOIIEero moaxoja, KOTOPbIi
MoOT Obl OBITH IPUMEHUM K CHCTEMaM Pa3IMYHON MPUPOJII Ha OCHOBE HCIOIb3yEMON aHAJIOTUU C
HEHPOHHBIMU ceTAMU. [IpuMeHHuTenpbHO K 00JacTH (PU3NYECKON XUMHUHU 3TOT MOJXOJ TOBOPHUT O
11e7Ieco00pa3HOCTH Pa3pabOTKM HOBOW HAYYHOM ITUCIUILIMHBI — MOJICKYISIPHOW HHGOPMATHKH,
YaCTHBIM CJIy4aeM KOTOPOM SBJISIETCS MOJICKYJsApHOE mporpammupoBaHue [18]. Tounee, ”MEHHO
MOJIEKYJsipHasi HMH(pOpMaTUKa TO3BOJIIET OOECIEeYUTh MHCTPYMEHTBI, HEOOXOauMble s
HaIlpaBJIEHHOTO CO3/aHMs IMPOrPaMMHUPYEMBIX CTPYKTYpP MOJIEKYJISPHOTO YPOBHSI OpraHU3aluu
MaTepuu, IOHUMaeMbIX B yxe [18].

Pemenune crtonp oOmieil mpobinembl mpearnojiaraeT, B TOM 4YHCle, Takke U Quiocodckoe
OCMBICIICHHE TMOJYYaeMbIX PE3yJIbTaTOB, TaK Kak peanu3anus mnpemnaraemMod KoHuenuuu
MO3BOJISIET BO MHOTOM IE€PECMOTPETh (PyHJAaMEHTaJbHble OCHOBBI COBPEMEHHOI CHHEPreTHKH U
MOJIEPHU3UPOBATh IPHUHIIUI YHUBEPCATBHOIO 3BOJIFOLIMOHU3MA.

OcraHoBUMCS KpaTko Ha cBs3u npemnaraemod Konuenuuu u konuenuuu WHayctpuanmzanus
4.0. Kak wusBecTHO, ujAeU, MOJIOKEHHbIe B ocHOBY WMuaycrpuanuzamuu 4.0, BO MHOTroMm
OpUEHTUPOBaHbl Ha CO3JAaHHE «HUHTEpHETa Bellel» W KuOep(PU3MUECKUX CUCTEM pPa3IUYHOIO
Ha3HA4YE€HUs, KOTOPbIE B TOM YHCII€, pACCMAaTPUBAIOTCA KaK CPEACTBO MPEOJOJIECHUSI HEraTUBHBIX
TPEHOB, CBA3AHHBIX C (PyHIaMEHTAIbHBIMU TpaHCHOPMALMSIMH B MUPOBOM SKOHOMHUKE. J[aHHbIE
TPEH Bl YK€ HAUMHAIOT PEaTM30BBIBATHCS B HACTOSIIEE BpEMs; TaK OTJENbHbIC HEMEIKue (pUupMbI
y’Ke OOBSBMIM O 3alyCKe OIBITHOTO IPOU3BOACTBA TOBAPOB INHPOKOIO MOTPEOJICHUS MpH
IIOMOILX CPEACTB TPEXMEPHOU NEYaTH.

Pe3ynbTaThl AaHHOW MpOTrpaMMbl MO3BOJSAT PACIPOCTPAHUTh OCHOBHBIE HJEH KOHUEHIIUU
Nunyctpuanuzamus 4.0 Ha MOJIEKYJSIpHBIA YypOBE€Hb OPraHU3allMM MaTE€pPUU 3a CUET HOBBIX
MOJXO0JI0B K HAIMpPAaBICHHOMY MOJYYEHHUIO TMOJUMEPHBIX MATEpPUaJIOB HE TOJbKO C 3aJaHHBIMHU
CBOMCTBaMH, HO U C 3aIaHHOM peakMENd Ha U3MEHEHUE BHEIIHUX BO3JACHCTBUI.
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OTO NO3BOJISET KapAMHAJIBHO NEPECMOTPETh CYLIECTBYIOIINE M0AX0/bl MEXKAUCLHUIIIIMHAPHON
KooTepanuu B ee¢ (yHIaMEHTAJIbHBIX OCHOBAaX. A MMEHHO, B HACTOSAIIEEe BpeMs IPHU3HAHO, YTO
CYIIECTBOBAHHWE MEXIAMCUUIUIMHAPHBIX O0apbepoB M BBIpAKEGHHAs (parMeHTalnus HAaYyYHOTO
3HAHUS NPUBOJAT K IOSBJICHUIO HETaTUBHBIX TPEHJAOB, CBS3aHHBIX, B TOM 4YHCIIE, C NAJCHUEM
MIPOU3BOAUTENLHOCTH KaluTajla, BKJIAJAbIBAEMOr0 B HHHOBallMOHHOE pa3BuTHe. Jlaleko He
ciydyailHO B oOwieitHom pokiane Pumckoro xmy6a [19] roBoputrcss 0 HEOOXOAMMOCTH
cranoBieHust Hooro IIpocsemienus. B nutupoBaHHOM JOKIIA[€ MPU3HAETCS, YTO MEPEXO] «OT
paccMOTpEHUs] peaIbHOCTH Kak LIeJIOro K €€ pas3iesieHUuI0 Ha MHOXECTBO MEJIKUX (parMeHTOBY,
HEKOT/Ia TI0JIOXKEHHBI B OCHOBY (pusocodun Hayku HoBoro Bpemenwu, yxe He OTBE4aeT TEKYIIHM
noTpeOHOCTAM IUBMWIM3alMKM. HacymHol HEoO0XO0AMMOCTBIO SIBISIETCS CTAHOBJIEHHWE HOBOM
¢unocopun Hayku Kak (yHIaMEHTa SKOHOMMKHM 3HaHMM, 4TO M BblpaxkaeT TepMuH «HoBoe
[IpocBemienne». B 3TOM KOHTEKCTE YMECTHO HAmOMHHUTb, 4To Pumckuit kny06 nae-¢akro
MpeACTaBIAeT CcO0O0M DBIUTY MEXAYHApOJHOTO OSKCIEPTHOTO COOOIIECTBAa, HMEHHO J3Ta
OpraHu3alys HeKOTJa BHEpUIa SKOJOTUYECKUH TUCKYPC B TJI00AIbHYIO MIOBECTKY.

K oroii TOuke 3peHHs BO MHOTOM MPHUMBIKACT M KOHICHIMS «IOJHOTO» Mupa [20-22],
BBIpaXKaollasg, B TOM YHCIE, HEOOXOJUMOCTh B IOHMCKE MNPUHLMUIIMAIBLHO HOBBIX MHyTEeH IS
pa3BUTHUSA HAYKH U1 OCHOBAaHHOW HA HEW YKOHOMUKH.

B 10 )€ Bpems He CcymiecTByeT AeHCTBEHHON HaydHOUW W/miu (unocodcekoit maatGopmbr mist
CUCTEMHOMU MEXIUCIUTUTMHAPHON KOOIEepalnH, MOSIBJICHUE UCCIIeI0BAHUM
MEXAUCIUIUIMHAPHOTO XapaKTepa, Kak MpaBWIIO, ONpeAensercs ciaydailHbIMu ¢akropamu. Ha
perieHrue JaHHOW MpoOJieMbl B OMPEACIICHHOW CTEMEeHHM MPETEeHAYyeT CUHepreTvuka [23] u TecHO
CBSI3aHHBIM C HEK MNPUHIMI YHUBEPCAIBHOTO »HBOJIONMOHU3MA [24]. Jlekimapupyercs, 4TO
CUHEpreTuka crnocoOHa OOBEIUHUTH pa3jMYHble HAyKH, OTTAJIKHBAsChb OT MpPEACTaBICHHH,
BOCXOJISIIIMX K TEOpPUHM KAUYECTBEHHOIO PEIICHHUS CUCTEM YypaBHEHUH B OOBIKHOBEHHBIX
MPOU3BOAHBIX (B paMKax J[1aHHOW TEOpPHUH BBOJATCS B PACCMOTPEHHE TaKUe MOHATHS Kak
«Oudypkauua» u T.4.). OgHako cam 1Mo cebe MPUHIUI YHHUBEPCATBHOTO 3BOJIIOIMOHU3MA HE
SIBJIIETCSI MHCTPYMEHTOM, KOTOPBIM MOKET OBbITh HEMOCPEICTBEHHO NPHUMEHEH Ha MpaKTUKE.
HNannas Konnenmus mo3BojseT o0ecneduTh CO3JAaHME TAKMX HWHCTPYMEHTOB 3a CUET OOIIero
OMHCAHUS CIIOXKHBIX CHCTEM pa3JIMYHON HPHUPOJBl Ha OCHOBE HH(YOPMALMOHHOTO MOAXO0J]A,
MPUMEHEHUE KOTOpPOro oOecreyuBaeTcs YCTaHABIMBAEMOM aHANIOTHell MEXIy CIOXHBIMU
CUCTEMAaMU Pa3JIMYHOUN MPUPOJIBI U HEUPOHHBIMHU CETSIMU.

B stom cmpbicie Konnenuus siBiaseTcs OTBETOM Ha HauOoliee TITyOWHHBIE HYKJIbI MHUPOBOM
HAyKH, CBSI3aHHBIE C CUCTEMHBIM CHSATHEM MEXJIUCHMILIMHAPHBIX OaphepoB (MMEHHO MO ATOM
IIPUYMHE B HEE BKIIOYEHBbl HAIPABIICHUS, CBS3aHHBIE C JIEJbHEUIIMM pa3BUTUEM TEOPUHU
HEHPOHHBIX ceTeil U (PUIoCOPCKUM OCMBICIEHHEM MOJIy4aeMbIX pe3ynbTratoB). C ¢dunocodekoit
TOYKU 3PEHUS, €€ MOXKHO pacCMaTpuBaTh KaK MPAKTHYECKOE BOIUIOIICHUE UJEU, OTpakaroulen
HEOO0XO0JMMOCTh NMPOU3BO/ICTBA HOBBIX CMBICIIOB, YTO, KaK MOKa3aHO B [25], U sBiIsseTCA OCHOBOM
IUIS IPEOJ0JICHUS MHOTOYMCICHHBIX KPU3MCHBIX TPEHIOB, SBIISIOLIUXCS MPOSBIEHUEM OOIIEro
CUCTEMHOI'0 KpH3MCa MHIYCTPUAJIbHON LMBWIM3ALMHU. B TO ke Bpems OHa, MOJUYEPKHUBAEM €Ile
pa3, TMO3BOJIAT aJalTHUPOBATh OCHOBHBIE NOJIOKEHUsI KoHuenuuun WHnyctpuanmzamus 4.0 x
dbynnamenTanbHbIM  TIoTpeOHOCTSIM PK, Kak cTpaHbl, OpUEHTUPYIOIIEWCS Ha TMepexox OT
CBIPHEBOM SKOHOMMKHM K HaykoeMkoil. KuOepdusnueckue cucTeMbl, HalleJ€HHbIE Ha CO3/JaHue
Hanbosee MEePeoBBIX (PU3UKO-XUMUYECKHMX METOJOB IepepadOTKU HCKOMAeMOro ChIpbs, H
CMOCOOHBIE YNPABISIEMO NEPecTpauBaTh XapaKTep MPOU3BOACTBEHHBIX MPOIECCOB, MOTYT OBITH
CO3/1aHbl TOJILKO HA OCHOBE KOHIIECTILUU MOJEKYIIpHOH HWH(MOPMATUKH, HUHTETpPUPYIOIIEH
COOCTBEHHO MH(POPMATHKY B COBPEMEHHOM 3HAUEHHH ITOTO CJIOBa U (PU3UUYECKYIO XUMHUIO.
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Takum oOpasom, Konuenmus HaleneHa Ha pelIeHHE OJHOW W3 Hambosee (QyHIaMEeHTaIbHBIX
mpo0IeM COBPEMEHHOW HAyKHW M TEXHHKHU B IEJIOM — CO3JlaHUE ICHCTBEHHOU TuIaT()OpMBI IS
CUCTEMHOW MEXJUCIUIUIMHAPHON KOOIEpaluu IMyTeM MOJEPHU3AIMA OCHOB CHHEPreTUKU U
IIPUHIIMIIA YHUBEPCAIBHOI'O 3BOJIIOLMOHU3MA HA OCHOBE aHAJIOIMHU MEXAY CI0KHBIMU CUCTEMaMU
pa3IMYHOM MPUPOIBI U HEMPOHHBIMU CETSMHU. B 3TOM CMBICIIE €€ MOcie10BaTelIbHAsA peaan3aus
crocoOHa OKa3aTh pelIaloliee BO3JCHCTBHE Ha Pa3BUTHE COBPEMEHHON HAyKH 4Yepe3 CHSTHE
MEXIUCIHUIUIMHAPHBIX 0aphepOB U YIPOIICHUE MEXIUCIIUIUIMHAPHBIX 3aMMCTBOBaHUH.

PaccMoTpuM mpenMeTHO, KaKk UMEHHO MOXET ObITh peain30BaH MOJAX0J, 00ecreunBaroIuil
3allUCb B CTPYKTYpPhl CYIPaMOJIEKYJISpHOro YypoBHsS. Jlisl HariasgHOCTH, OTTOJKHEMCS OT
pPacCMOTpPEHUsSI MaKpPOCKONMYECKUX AaHAJIOrOB CHCTEM, C TMOMOUIBIO KOTOPBIX MOXET OBbITh
oOecrieyeHa 3anuch HHGOPMAlMM Ha CYNPAMOJEKYISPHOM YPOBHE — MaKpPOMOJIEKYISPHBIX
KIIyOKOB, CIIOCOOHBIX UCIBITHIBAThH (Da30BBIE IEPEXOIBI.

B paborax [26,27] Obl10 OOHAPYKEHO HOBOE SIBIICHWE — JIUCTAHIIMOHHOE B3aMMOJICHCTBUE
ruzaporeneil. MexaHusm JaHHOTO SIBJEHHUSI OCHOBBIBAETCS HAa MIEPEHOCE HOHOB BOJIOPOJa OT CETKH,
BBICTYIAIOIICH B POJIM JIOHOPA MPOTOHOB (ciabas CIIMTas MOJMKKCIOTA), K CETKE, SBJISIONICHCS
UX aKUEeNTOpOM, B KadyecTBE KOTOPOrO0 MOXKET BBICTyNaTh, HampuMmep, ciabdo CIHIMTOe
MOJIMOCHOBAHUE.

JlaHHOE SIBJICHUE MPEICTABIISIET, B TOM YHCJIE, M TPAKTUYECKUA HHTEPEC, B YACTHOCTH, C TOUKHU
3peHus cenekTuBHOM copbumun [28—30]. MokHO yKa3aThb TakKe W HEKOTOpble Ipyrue
MepCHeKTUBHbIE 00JIaCTU MPUMEHEHUS TaKOro poja sBieHuil [17], HanpuMep, TENI0BbIE HACOCHI.
[lpuHIMD AecTBUS TaKMX HAcOCOB OCHOBBIBA€TCS Ha OOpaTMMOM HaOyXaHUM TUIporeniei,
3aMOJHAIOIMX MOpPIIHEBYIO cucteMy. Ponb 3ddexra AUCTAHIMOHHOTO B3aHMMOJEHCTBUS
rujaporeneil 371ech COCTOMT B TOM, YTO OJIMH M3 Tejeil BBICTYNMAaeT B KauecTBE aKKyMyJlsaTopa
TEIUIOBOW SHEPIrUH, a BTOPOH CIIY)KUT pabOYUM TEJIOM MOPIITHEBON CUCTEMBI.

NmenHo ekt AUCTaHIIMOHHOTO B3aUMOICHCTBHS THAPOTEJICH MPeICTaBIsIeT 3HAUYNTEIbHBIN
UHTEpEeC TaKXKe M C TOUKH 3PEHHUS] CO3JaHUsl HMCKYCCTBEHHBIX HEWPOHHBIX CETed Ha OCHOBE
ruipoGUIbHBIX MOJUMEPOB, YTO B CBOIO OYEPE/b, BAXHO JUISl PEANM3alMU CHUCTEM, B KOTOPBIX
MPOTEKAaeT MCKYyCCTBEHHas 3Bojtonus [31] U cucteM MOJIEKYISIPHOrO MPOTpPaMMHUPOBAHUS, Kak
3TO OTMEYaloch BhImIe. JIefiCTBUTENBHO, B JAHHOM CJy4Yae aHaJoTd OTACIbHBIX HEHPOHOB CETH
MOTYT OBITh pealu30BaHbl HEMOCPEACTBEHHO HAa OCHOBE CHIMTBHIX CETOK, OOMEHHBAIOIMIMXCS
MeXAy COO0M AMEKTPOXUMUYECKUMHU CUTHATaMHU.

Opnako, HMCHONB30BaHME HMMEHHO TMap, COCTOSIIHUX U3 KATHOHHOW M aHMOHHOM CETKH,
WCIIOJB30BaHHBIX B [26,27], He sABIIeTCA 00sA3aTeNbHBIM Ui peanm3anu ¢ dexra
JUCTAHIIMOHHOTO  B3aMMOJCHCTBHUS  ruaporeileid. A wuMeHHO, B pabore [32] Obuio
AKCIIEPUMEHTAIBHO MPOJEMOHCTPUPOBAHO, UTO IIPU MOMEIICHUH 00pa3Iia refisi Ha OCHOBE cliaboit
MOJIMKUCIIOTH B PAacTBOPE HU3KOMOJICKYISPHOH coiid mMmeeT MecTo 3(h(exT noHHOro oOMeHa,
MIPUBOAAIINAN K 3aMETHOMY BO3pPACTaHUIO KHCIOTHOCTH cpe/bl Haj reneM. JlaHHbli addekt Taxxe
MOHO HCHOJB30BaTh AN peanusanuu 3¢G(HEeKTOB TUCTAHIIMOHHOTO B3aUMOJCHCTBHS, TaK Kak
CYIIECTBYET MUPOKHUI criekTp pH-uyBcTBUTENBHBIX THApoOrenel [33], cocTosiHue KOTOPBIX OyaeT
U3MEHATHCS TM0J] BO3JEHCTBHEM HW3MEHEHHMS KHUCIOTHOCTU CpEAbl, BBI3BAHHON H3MEHEHUEM
COCTOSIHHSI 00pasifa, CIIy)KaIllero yIpaBIIAONIMM d3JeMeHTOM cucTeMbl [34]. IIpuMeHHUTETbHO K
CIIy4al0 HUCIHOJIb30BaHUs rejed B TEIUIOBBIX HAcOCaX, U3MEHEHHE COCTOSIHUS Telis JOCTUTaeTcs
HEMOCPEJICTBEHHO HW3MEHEHHEM €ro TeMIlepaTypbl, TaKk KaK MpH HarpeBaHuM oOpas3la Tes
MOJIMAKPUIIOBON KHCTIOTHI TOBBIIIAETCS 3HAYEHHWE KOHCTAHTHI AMCCOLMANNU KapOOKCHUIIBHBIX
(YHKIIMOHANBHBIX TPYMI. AHAIOTHYHBIM 00pa3oM, OCYIIECTBIISIETCS Tepenaya XUMHYECKOTO
CUTHaJla B aHaJIOraxX HEHPOHHBIX ceTel. [Ipu sToM moBeneHNE MaKPOMOJIEKYISPHBIX KITYOKOB HE
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MOXET CYIIECTBEHHO OTJIMYAThCSA OT MOBEJIEHUS MAaKpPOCKOIHWYECKUX aHAJIOrOB /10 T€X MOp, MOoKa
WX pa3Mepbl CYyHIECTBEHHO MPEBHIIAOT JuinHy [lebast.

3anuck nH(GOPMAIIUN OCYIIECTBISIETCS O1arogaps ToMy, 4To (a3oBble NEPEX0Jbl B CUCTEMAX
Ha OCHOBE TOJUMEPHBIX THAPOTENEed COMPOBOXKIAIOTCS THUCTEPE3UCHBIMU  SIBICHHSIMH,
COOTBETCTBYIOIMU ITpuMep U3 padbotsl [12] npeacrasien Ha pucyHke 1.
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Pucynoxk 1 — TemmnepaTypHbie 3aBUCUMOCTH ONITUYECKOM TIJIOTHOCTH BOJHOTO pacTBopa mon-N-
M30IPOMNUIaKpUIaMiIa, OJTydeHHbIE TPH MOBbIEHUH (1) 1 moHMKeHuH (2) TeMnepaTypsl

Pucynox 1 mokasbiBaeT, 4TO CyIIECTBYET MaIa30H TEMIIEpaTyp, B KOTOPOM paccMaTpuBaeMas
cCUCTeMa MOJKET HaXOJIUThCA B JIBYX Pa3IMYHBIX COCTOAHUAX. OAHO U3 TaKUX COCTOSHHUM MOYHO
paccMaTpuBaTh KaK COOTBETCTBYMOIIee jorndeckomy Hymo (Q1), a Bropoe (Q2) — nmorudeckoit
eaunuue. CieaoBaTeNbHO, TaKask CUCTEMA MOKET CIIYKUTh STYEHKON MAMSTH.

[ToguepkuBaem, 4TO 3a cueT mepexoja K MHOTOKOMIIOHEHTHBIM CHCTEMaM IeTJIsl TUCTepe3nca
MOXKeET OBITh cJejlaHa JOCTAaTOYHO MHMpPOKOW. Kak BUIHO W3 [NaHHBIX, MPEACTABICHHBIX Ha
pucynke 2, (azoBbie mepexoipl THOPUIHBIX THUIpOrelied Ha OCHOBe comojuMepa BOOI-BBED-
BOMDA Takxke CONpPOBOXKAAIOTCS THCTEPE3UCHBIMU SABJICHUSIMH, IMPUUYEM PA3IAUUEC MEXKIY
KpUBBIMHU, TIOJIYyYCHHBIMU TPU HAarpeBaHUU U OXJAXKJCHUHM CHUCTEMBbI, SBIISIETCS BeChMa
3HAYUTEIbHBIM.

[ToguepkHem emie pa3, 4ro Jdr00as cucrema, oOnajaromias MeTed TUCTepech3a, MOKET
UCIIOJIb30BAaThCA KaK suelika maMatu. Hanuume suyeexk mnamsTH, Kak MOKAa3bIBaeT AaHAJOTUS C
PaAMOTEXHUYECKUMU CHUCTEMaMHU, SBIISAETCS HEMPEMEHHBIM YCIOBHEM ISl pealu3aluul 00
MPOrpaMMUPYEeMOi CUCTeMbI. FIMEHHO MOSTOMY OJHOM M3 OCHOBHBIX MPOOJIEM, BO3HUKAIOIIUX HA
MyTH TMPAKTUYECKOW peaiu3aluu MpOrpaMMUPYEMbIX HAHOCTPYKTYp, SIBIsSIETCS oOOecreueHue
3anmucd WHQOpPMAIMK B HAHOMAIITA0HBIE CHUCTEMBI, B YACTHOCTH, 3allUCH CaMOW MpOTrpamMMBbl,
obOecrieunBaromiell BBIMOJHEHWE 3a/laHHOM TIOCIeIOBaTENbHOCTH omepanuii. CrienoBaTenbHO,
0a30BbI€ BOMPOCHI KOHIEMIUH MOJIEKYISIPHOTO MPOTPaMMHUPOBAHHUS, TIPEAToIarariei pa3paboTky
HAHOMACIITAOHBIX CHUCTEM, CIHOCOOHBIX BBIMIOJHATH OMEPAlMU IO 33aJaHHOW MPOrpaMMe, MOKHO
paccMaTrpuBaTh, B TOM YHCIIE, U OTTAJIKUBAACh OT aHAJIOTUH C PAIMOTEXHUYECKUMHU CUCTEMaMH.

JlaHHas aHaNoOTus, pa3yMeeTcs, He SBISETCS MOJTHOW. A MMEHHO, JIIoOble HaHOMACIITAOHbBIE
CUCTEMBl B pPAacTBOpPE HAXOMAATCA B TEIUIOBOM JIBH)KEHUH, MO3TOMY MO OTHOIICHUIO K HUM HE
MPUXOAUTCS TOBOPUTH 00 aHANOTaX PaJMOAICKTPOHHBIX CXEM, B KOTOPBIX KECTKO (PHKCHUPOBAHO
HampaBJIeHHE TEYEeHHs TOKa MO CUTHAIbHOMY TpoBoay. CremoBareinbHO, BO3HUKAET o0O0IIas
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3a/iava, CBA3aHHAs C aJpecanueil 3anucu HHGpopManuy B SYCHKN MaMSATH, CIIOCOOHBIE Xa0THYECKH
IIEpPEMEILATHCSI IPYT OTHOCUTEIBHO APYra.

ViV

L]
14 -

12 4

~

T T T T T T
185 300 315 330 HE 360 Ts TB K

Pucynok 2 — U3meHenue napaMeTpoB HaOyxaHus resieit conoaumepoB BOOI-BED-BOMODA B
pexuMax HarpeBa u oxnaxaeHus; [BOOI':[BBO]:.[BOMDA]=66:29:5 m01.%, [CA]=4 mo11.%

Jlanee, THUCTepe3UCHBIC SIBICHUS, KaK TPaBUIO, MPHUCYIIH TAaKAM CHCTEMaM, ISl KOTOPBIX
3aBHCUMOCTh TIapaMETPOB, XapaKTEPHU3YIOUIMX COCTOSSHUE CHCTEMBI, OT TEPMOJMHAMHYECKUX
BEIMYWH (WJIM WHBIX YIPaBISIOMIMX MapaMeTPOB) HOCUT S-oOpasnbiii xapaktep. (Tounee, Takas
3aBUCUMOCTh HE€ SBJISIETCA OJHO3HAYHOW, IO KpalWHEW Mepe, B OINPEICICHHOM JHana3oHe
YIPABJISIONINX TAPaMETPOB.)

Takue 3aBUCHMMOCTH HCIIOJB30BaHBl MpPHU IOCTPOCHUHM pHUCYHKA 3, KOTOPBIH TakkKe
WUTIOCTPUPYET — MpeiaraéMblii  aITOPUTM  MAKPOCKONMYECKOW  3amucu  MHpOpMaluu B
pacrpeielieHHbIe CHCTEMBI, TIPOSIBIISIONINE THCTEPE3NCHBIC CBOMCTBA.

Jlnst OTpeiesICcHHOCTH Ha JaHHOM PHUCYHKE MOKa3aHbl 3aBHCHMOCTH MPUBEICHHOTO 00BEMa
MakpoMoJiekyssipaoro kiyoka V/Vo, rae Vo — 00beM KiIyOka B HEBO3MYIIIEHHOM COCTOSIHHH OT
temnepatypbl T; To — cpenusis Temneparypa ¢a3oBoro nepexona. Kak oTMeuanoch BbIe, MHOTHE
TEPMOYYBCTBHTEIBHBIC MAKPOMOJICKYJIbI JICHCTBUTEIILHO MPOSBISIOT TUCTEPE3UCHBIC CBOICTBA TIPU
(ha30BBIX TIEpex0/iaX, a UX MOBEJICHUE MOXKET ObITh MHTEPIPETHPOBAHO TPU MOMOIIU 3aBUCUMOCTH
MPEJCTaBJICHHOTO Ha pUCYHKE 1.

[Ipenmonaraercs, 4YTO HCHOJB3YeTCS CHCTEMa SYEEK IaMATH, Kaxaas M3 KOTOPBIX
xapakrepusyercst 3aBUCUMOCTBIO V/Vo(T) moka3aHHOrO Ha PUCYHKE 3 BHIAa, HO TEMIIEpaTyphl
npsiMoro (Harpes, Ti2) u oOpatHoro (oxyaxaeHue, Ti1) (pa30BoOro nepexoja He COBMNAAIOT, TOUHEE,
UMEeT MEeCTO:

Tip > Ty >...> Ty, 1)
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Pucynok 3 — Cxema HCTIOJIb30BaHUs TUCTEPE3UCHBIX SIBJICHUH TSI 3aTTUCH WH(OPMAITUN
B pacrpezieIeHHbIE CPEIb

C pu3uKO-XMMHUYECKOI TOYKU 3PEHHUS, TAaKOE pa3inyuue B TemIepaTypax MPsMBIX U OOpaTHBIX
($a30BBIX TEPEXOJ0B MOXKET ObITh OOYCIOBJIEHO, HAmpUMEp, HEOJUHAKOBBIM XUMHUYECKHUM
COCTaBOM HCHOJb3yeMbIX Makpomodekyi. (M3sectHo [3,4], 4To BOCOPUUMUYUBOCTh MaKPOMOJIEKYJT
K BapuaiusM TeMIepaTypbl 00yCIOBIIEHa TE€M, YTO B UX COCTaB BXOJAT Kak TuIpodoOHbIe, TaKk U
rupopiibHble  (PYHKIMOHAIbHBIE TPYIIbl, OTHOCUTEIBHOE COJEP)KAHUE KOTOPBIX MOXKET,
OYEBHJIHO, MEHSTHCSL.)

PaccMoTpuM TOBeJeHHE OTAEIBHOM sUeiKHU (s4eiika ¢ HoMepoM |, BEpXHSS 4acTh PHCYHKA 3),
cuutas, 4yTo ee wucxonHas temmeparypa T < T;;. Ilpu mnoBbimeHun Temneparypsl 10 Ty,
MIPUBEACHHBIN 00BEM MaKpOMOJEKYJIbl U3MEHSETCSI CKauYKOM (CTpenka OT TOYKU A; 10 Touku B;
PHCYHOK 3), 94TO COOTBETCTBYET MpsiMOMY (ha3oBoMy repexoay. OOpaTHbIN Mepexo. MPOUCXOIUT
TakkKe CKauykoM (cTpenka oT Touku C; 10 TO4uku D; pucyHok 3), HO HpU JPYroM 3HAYCHHUH
temmepatypsl (T;1).

Boimonnenue ycnosuit (1) u (2) mo3BomsieT o00ecneyuTh MaKpPOCKOMHUYECKYIO —3aIliCh
nH(pOpMAaILIUK B CHCTEMY pacCMaTPUBAEMOTO TUIIA TOJBKO 33 CUET BapHallUil TeMIepaTyphbl Cpebl,
B KOTOPOHW HaxoIiTcs MaKpOMOJIEKYNbl, (opMmupyromue sueiikn mnamstu. [lokaxem 370,
OoOpaTUBIINCH K PUCYHKY 4, HA KOTOPOM TOKa3aH MpUMEp 3aBUCUMOCTH TEMIIepaTypbl OT BPEMEHH,
o0ecreunBaroIUil 3aMKuch 3aJaHHONW TOCIEJOBATEIILHOCTU JIOTHYECKUX MEPEMEHHBIX B SUEHKH,
YIIOPSAA0YEHHBIE TI0 HOMEDY.

IlepBorit umnynsc (1, pucyHok 4), oOnajnaromuii HauOoOJbIIEH aMIUIMTYJOW BO Bcel
paccmarpuBaemoii nocnenoBarensHoct (T > Tp,), obecnieynBaeT NpsMOi (a30BbIi MEPEXo BO
BCeX sueikax cucreMbl 0e3 uckmoueHus. Mmmynsc 2, pucyHok 4, obecreunBaeT oOpaTHBIN
(ba30BBIil Mepexo]1 BO BCeX sSUEHKaxX CHCTEMBI 32 MCKIIIOUEHHEM MepBoil. B pesynbrare B siueiiky c
HoMepoM 1 Oyzer 3amMcaHa JiorMyeckas eIuHHIA (Ipearnojaraercs, 4yTo HalyXIllee COCTOSHUE

70



W3BECTHS HAYYHO-TEXHUYECKOI'O OBIIECTBA «KAXAK», 2018, Ne 1 (60)

MaKpOMOJIEKYJISIPHOTO KIyOKa OTBEYAET JIOTUUECKOM €AMHHULIE, a CKATOE — JIOTMYECKOMY HYI0). B
TOM CJIy4yae, €CJIM B JIAHHYIO SYEHKY CIEAYET 3aIucaTh JIOTMUECKUN HOJIb, UMITYJIbC | MCKIIOUaeTCst
Y3 TOCIIEIOBATEILHOCTH, MpEACTaBiIeHHON Ha pucyHke 4. [loguepkHem, 4TO UMITYJIbC 2 B JIFOOOM
CJIydae OCTAeTCs ¥ 3alIMChIBAET BO BCE STYCHKU, KpOME MIEPBOM, TIOTUYECKUE HYIIU.

B cuny ycnoBuii (1) u (2) octanbHble UMIYJIBCHI U3 MOCJIEA0BATEIILBHOCTH PUCYHKA 2 YK€ HE
OyIyT OKa3bIBaTh BIIMSHUS HA COCTOSHHSI TICPBOU SUCHKH.

Ecnu B sueiiky ¢ HomepoM 2 TpeOyeTcs 3anucaTh JOTUYECKYIO €IMHUILY, TO Ha CUCTEMY B LIEJIOM
MOJAeTCsl eIle OJUH HMMIYJIbC, IMOJOOHBIM PACCMOTPEHHOMY BBINIE HMITYJIbCY 1, aMIuIMTYyaa
KOTOPOTO YJOBJIETBOPSIET YCIOBUIO

Ty >T > Ty, 3

OTOT UMITYJIbC 00ECIIEeYMBAET 3aIIUCh JIOTHUYECKON €IMHULIBI BO BCE STUEHKH, HAUMHAs ¢ HOMepa 2
(ctpenka oT Touku A, 10 Touku B, pucyHok 4). Cnenyromuii uMnyinbc oOpaTHON MOJISIPHOCTH (110
OTHOIIEHUIO K CPETHEMY YPOBHIO TEMIIEpaTyphl) BO3BpAIIAeT JIOTHYECKHE HYJIU BO BCE SIUEHKU C
HOMepaMu OoJbiie 2.

A T
T2
Tn2
Tnl
Ti
o o t.
R R vy
1 0 1 0 1

PI/ICYHOK 4 — Cxema MaKpOCKOHquCKOﬁ 3aI1ucu I/IHq)OpMaI_II/II/I B COBOKYIIHOCTD SYCECK,
06nanafomnx TUCTCPC3UCHBIMU XapPaKTCPUCTUKAMHA

JlelicTBysl najiee MO MHAYKIMH, MOKHO IOKa3aTh, 4YTO IOCJIEJOBATEIBHOCTb NPEAIOKEHHOTO
TUNa JAEHCTBUTEIBHO OOECHeyuBaeT 3aluch IMPOU3BOJIBHOM IOCIIEA0BATEIBHOCTH JIOTMYECKHX
IIEPEMEHHBIX BO BCE SIUEHKH CHCTEMBI.

[ToyepkuBaem, 4TO AaHHBIA NMPUMEP HOCHUT CYry0O WILTFOCTPATHBHBIN XapakTep, OH IpU3BaH
TOJBKO  TPOJIEMOHCTPUPOBATh, YTO  3alUChb  HMH(POpPMAMM  HA  CYNPAMOJIEKYJISPHBIN
(Muxpockonuueckuil) ypoBEHb BO3MOXKHA W TOTJAa, KOTJa Ha CHCTEMY OKa3bIBaeTCs
MaKpOCKOIMMYECKOE BO3JEiCTBHE, MpUYeM TOT (aKT, 4TO SYEHKHU MaMATH MEPEeMEIaloTcs APYyr
OTHOCHTEJIBHO JIpyra XaoTHYeCKUM 00pa3oM, y)Ke He UMEET ONPEENISIONIero 3HaueHHsL.
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Bonee ymoOHble cnocoObl 3amucu WHGOPMALMKU MOTYT OBITh PEaJH30BaHbl UMEHHO 3a CYET
HCIIOJIb30BAHUS HEHPOCETEBBIX CBOMCTB PAaCCMaTPUBAEMbIX CUCTEM, YCIOBUEM IS 3TOTO SIBIISAETCA
ACUMMETPUYHBIN XapakTep MaTpPHUIIbl OOPAaTHBIX CBS3EH.
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FEATURES OF ION-EXCHANGE BETWEEN HYDROGELS BASED
ON SOFT POLYACID AND LOW-MOLECULAR SALT SOLUTION
IN THE FIELD ENHANCED THE CONCENTRATION
OF LOW-MOLECULAR CATIONS

Suleimenov I.E.}, Baipakbayeva S.T.!, Kopishev E.E.? Koldayeva S.N.3
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An analytical description of the previously discovered ion-exchange effect between hydrogel based on soft
polyacid and a solution of low-molecular salt is proposed. This issue also has an academic interest, because
of ion exchange has a significant effect on any processes in which polyacids participate in both crosslinked
and linear form. An explicit equation is obtained for the value of the Donnan multiplier, which reflects the
redistribution of the concentrations of low-molecular ions between the solution and the volume of the
hydrogel. The range of control parameters of the system is determined in which the amplitude of variations
in the acidity of the solution over the gel reaches a maximum with temperature variations. It is shown that
this range corresponds to grids with large degrees of swelling. The possibilities of practical use of ion-
exchange grids with high degrees of swelling are discussed, in particular, for the realization of heat pumps
using an acid gel as a working fluid and functioning under the influence of solar heat. Also it is necessary to
emphasize that the carried out theoretical analysis shows that hydrogels based on weak polyacrylic acids
placed in a solution of a low molecular weight salt, which can indeed serve as the means of regulating the
pH of the medium by the means of temperature.

Keywords: polyacid, ion-exchange, dissociation constant, hydrogels, thermosensitive, heat pumps,
polymer, low-molecular salt.

OJICI3 NOAUKBIUKDLLIObL HCIHE A3MONEKVAAPIbl MY30ap He2izinoe2i 2udpocenvOiy apacblH0agbl anidblHOA
bauikanean UOHObL AAMACY JCEPAEPIHIY AHATUMUKATLIK CUNAMMAMAChl YColHblIan. Kapacmuipuiivin
omblpean Maxbipbin aAKAOEMUIBIK Kbl3bIZYUbLILIKMbL 0d MYOblpamsll dicativl 6ap, cebebi UoHObL armacy
mizineen MeH CbI3bIKMblK Mypoesi NOAUKbIUKbIIOApOagbl Ke3 KeleeH npoyeccmepoe blKHAl Kepcemeoi.
Asmonexynapavl  uOHOApOblY epimiHOi MeH 2uopoceib KOJNeMIHIH apacbiHod  KOHYEHMPAYUsCbIHbIY
anmacyvina moumapuic bepe aramvin auKbiH mypoeei [Jonnan kebelumxiwiniy Mani OoublHUA MmeHOeyep
wwvil3zapovinean. Kyiieniy 6ackapy napamempiepiniy ayKblMbl MeH OHblH 2efb ycminoe2i epiminOiHiH
KbIUUKBLIObIRBIHLIY AMNIAUMYOANbIK 032€pic, MeMnepamypa 032epeeHoe MAKCUMYM WaMacvina ue 0OO0ybl
anvlkmulizaH. bepineen aykvim yaken Oeneelidezi ICIHYy MOPIAPbIHbIY AVKbIMbIHA Jicayan Oepemini
Kepcemineen. YikeH Oeneetioezi ICiHyee ue UOHAIMACY MOPAAPLIHbIY MAXCIpUbenik MyMKiHOIKmepi
OUNACMBIPLLILIN  JHCATNBID, COHBIY [WIHOE, KbIUKLLIObL 2e1b0epOi HCYMBICbIK OeHe pemiHoe KOoNoaHy
APKBLIbL JCHLTY HACOCMAPLIH WbIZAPY YIMIH JCIHE KYH JHCLIYVbIHBbIY bIKNATbIMEH iCKe KOCbLTY Kabiiemine ue
Oonyvl mankvliaHvin scamulp. Kone Oe dcypeizineen meopusnblK, capanmama a3 MONeKyIsApabl KbluKbliod
OPHANACKAH 2ICI3 NOAUAKPUNAM  KbIUKbIIObIK Hezizindeci eudpocenvoep pH opmanwi memnepamypa
apxacwvinoa pemmeyee 601amvlHbl AUKbIH 0de0eHeO.
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Tipex ce30ep: nNOMUKBIUKBLLIOBIK, UOHObL AAMACY, OUCCOYUAYUS MYPAKMbLIbIbL, 2UOPO2enbOep,
MePMOCe3iMmanobLIbIK, JHCbILY HACOCMAPbL, NOIUMEPIED, a3 MOJLEKYIAPIbl MY30ap.

Ilpeonooiceno ananumuueckoe onucanue pamee OOHAPYICEHHO20 PEeKma UOHHO2O 0OMeHA MerHcOy
euopoeenem Ha 0CHoge Claboll NOTUKUCIOMbL U PACTHBOPOM HUBKOMOAEKYAApHOU conu. Paccmampusaemviil
60NPOC NPeOCMAsisiem MaKdce U aKadeMuyeckull uHmepec, max KAk UOHHBIL 0OMeH oKa3vieaem
cywecmeenHoe gausHue Ha 1i0dble nPoYeccsl, 8 KOMOPbIX NPUHUMAIOM ydacmue NOTUKUCIOMbL U 8 CLUUMO,
u 6 JauHeunou ¢opme. B senom eude nomyyeno ypasHmenue ua 3Hauenue MHodMcumens JloHHaHa,
ompasxcarouje2o nepepacnpeoeienie KOHYeHMpayuti HUKOMOAEKYIAPHbIX UOHO8 MeNHCOY PACMBOPOM U
obvemom eudpoeens. Onpedenen Ouana3on Ypasisiowux napamempos Cucmemvl, 8 KOmopom amniumyod
sapuayuil KUCIOMHOCMU PACMEOPA HAO 2efeM NpU GApUAYUSIX MeMNepamypbl 00Cmueaem MaxKcumyma.
THoxazano, ymo oanHvlil OUANA30H omeedaem cemxkam ¢ 60avuwumy cmenensamu Haoyxanus. Oocysrcoaromes
603MOICHOCTU NPAKMUYECKO20 UCTOTb308AHUSL UOHOOOMEHHBIX CEMOK C OOIbUUMU CENeHAMU HAOYXaHUsl,
6 YacmHoCmu, 0I5l peanu3ayul Menaio8blX HACOCO8, UCHONLIYIOUUX KUCTOMHDLL 2elb 8 Kayecmae pabouezo
mena, U QYHKYUOHUPYIOWUX NoO0 B030€UCMmBUeM COAHEYH020 menad. A makoce NnpoeeoeHHblil
meopemuyeckull aHanu3 nOKA3bleaem, Ymo 2Uuopo2elu Had OCHO8e CAabblX NOAUAKPULOBBIX KUCTIOM,
noMewjeHHble 8 pPACMEOp HUSKOMOLEKVIAPHOU CONU, OeUCMBUMENbHO MO2YN  CILYHCUMbL  CPeOCmEoM
pezynupoganust pH cpedvl npu nomowu memnepamypbot.

Knwuesvle cnoea: noauxucioma, UOHHBIL — OOMeH, KOHCMAHMA  Ouccoyuayuu,  2uopozenu,
MEPMOUYECMEUMENLHOCHb, MENI08ble HACOCHL, NOAUMEPYL, HUZKOMOLEKVAAPHBIE COTIU.

The interaction of gels based on soft acids with low-molecular salts and acids was previously
studied in many works [1-5]. An important feature of such systems is the effect of redistribution of
concentrations, due to which concentrations of low-molecular electrolyte outside and inside
hydrogel can differ significantly. In particular, if the density of the net charge is high [6, 7], the
counterions are almost completely displaced into the solution over the gel, which, therefore,
accumulates the solution, which is significantly depleted in the low-molecular component. (Note
that this effect was proposed in [8] for the deionization of natural waters.)

The simplest for the theoretical description is the case of grids on the basis of hard polyacid or
grids based on soft polyacid neutralized by a strong base (for example, nets based on sodium
polyacrylate). In such cases, the total number of dissociated functional groups remains unchanged
and simple equations describing the effect of redistribution of concentrations can be obtained [6, 7].
On the contrary, if hydrogen ions are present in the system under consideration, then some of them
are bound by the functional groups of the grid, that is, the degree of ionization that determines the
Donnan multiplier can vary.

The simplest for the theoretical description is the case of grids on the basis of hard polyacid or
grids based on soft polyacid neutralized by a strong base (for example, nets based on sodium
polyacrylate). In such cases, the total number of dissociated functional groups remains unchanged
and simple equations describing the effect of redistribution of concentrations can be obtained [6, 7].
On the contrary, if hydrogen ions are present in the system under consideration, then some of them
are bound by the functional groups of the grid, that is, the degree of ionization that determines the
Donnan multiplier can vary.

There is a kind of feedback when the density of the grid charge (through the effect of
redistribution of concentrations) effects, among other things, the concentration of counterions
remaining in the volume of the gel, but at the same time, the density of the grid charge itself
depends on the concentration of such ions.
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The nature of the phenomena under consideration is influenced, in particular, by the temperature,
since the dissociation of the constant soft polyacid also depends on this thermodynamic variable.
Consequently, it is possible to provide a change in the concentration of hydrogen ions (pH of the
medium) in the solution above the hydrogel due to temperature variations. It can be expected that as
the dissociation constant increases, the density of the grid charge will increase and, consequently,
the number of hydrogen ions displaced into the solution over the gel will also increase. it will
become more acidic. This effect can be considered as the basis of a wide class of pH converters
having different purposes. In particular, on this basis, it is possible to realize heat pumps operating
directly by heating with solar energy, the principle of which is as follows. The working body -
hydrogel based on polyacrylic acid - is placed in the control element connected to the working body
filling the spool member. When the gel is heated in the control element, the pH of the medium
contacting with the gel filling the spool member changes. At present, numerous varieties of pH-
sensitive hydrogels are known [7], the degree of swelling of which varies significantly with
comparatively small variations in the acidity of the medium. This is due to the fact that hydrogels of
this type include both hydrophilic and hydrophobic functional groups. The role of the latter is that
even with an insignificant decrease in hydrophilic interactions, hydrophobic interactions provide a
grid collapse.

Swelling of such gels is a reversible process, which makes it possible to realize the heat pump
due to the heating-cooling cycle (of course, it is advisable to use the liquid itself as a coolant, which
is certainly justified, for example, in the case of natural water withdrawal to the surface).

Therefore, it is of interest to study the effect of variations of dissociation constant polyacid on
the nature of the effect of redistribution of concentrations. Moreover, from the point of view of
promising practical applications, it is important to determine the range of parameters in which the
response of the system to a change in temperature (through the variation of the dissociation
constant) will be maximum.

This issue is also of academic interest since ion-exchange has a significant effect on any
processes in which polyacid participates in both crosslinked and linear form. In particular, these
processes significantly affect the formation of complexes between soft polyacids and non-ionic
polymers under conditions where the medium contains low-molecular salt [9, 10]. It is pertinent to
emphasize that from the point of view of the theoretical description of the analogy between
crosslinked and linear polymers (with respect to ion-exchange effects) are sufficiently deep, since
the size of macromolecular coils considerably exceeds the Debye length [10].

Thus, despite the rather detailed study of the nature of the interaction of gels based on soft
polyacids with solutions of low-molecular salts and acids [1-5], there remains a significant
previously unexplored issue of the effect of the change of dissociation constant polyacid on the
behaviour of the system as a whole. The purpose of this paper is to fill this gap.

It is also pertinent to emphasize that the system under consideration (in which the binding of
hydrogen ions by functional groups of the grid proceeds) is obviously a special case of systems in
which ion-exchange occurs in the traditional sense of this term (metal ion binding by a polymer
network, for example). Processes of this kind have also been studied in detail in the literature,
including, theoretically [13]. In particular, considerable attention was paid to the regeneration of
ion-exchange resin. (From a chemical point of view, an ion-exchange resin placed in a solution of
an alkali metal salt has an analogue of an acid hydrogel placed in a solution of such a salt.)

However, there is a significant difference between ion-exchange resin and hydrogels — the
degree of grid swelling. As shown in this paper, large values of the grid swelling degree can lead to
significant differences in the nature of ion-exchange processes compared to the tightly cross-linked
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ion-exchange resin. To prove this statement, in this paper we derive the Donnan factor equation
without using any approximations related to the dissociation constant as a small parameter of the
problem.

We write the Donnan balance equation for the case of the system, which comprises a 1:1 salt,
1:1 acid and grid based on a crosslinked soft polyacid. For definiteness, we shall consider a grid
based on polycrystal acid, placed in a solution containing sodium chloride. We will also assume that
in the initial state the network is a crosslinked copolymer of polyacrylic acid and sodium
polyacrylate, i.e. it is assumed that already in the initial state the acid gel is partially neutralized.

We have:

[Na'] =a[Na'], (1)
[H'], =a[H"], )
[ClI'] =a7Y[CI'], (3)

where the chemical symbol in square brackets denotes the concentration of the corresponding ions,
a is the Donnan coefficient, the indices i, e refer to the ion concentrations inside and outside the
hydrogel, respectively.

Equations (1)—(3) should be supplemented by equations expressing the condition of neutrality of
the medium outside and inside the hydrogel

[CI"], =[H"]. +[Na"], (4)

[-COO ]+[CI '], =[H ], +[Na']; (5)

as well as by the equation of conservation of the total number of carboxyl groups (it is assumed
that the grid density remains unchanged)

[-COO ]+[-COOH]=N, . (6)

The system of equations describing the equilibrium state of the system under consideration
closes the equilibrium equation in the dissociation constant of carboxyl groups

[H*];[-C00~] = K[-COOH] (7)
and balance equations for low-molecular components

w{CI ], +(1-w)[CI ], =¢, (8)

w[H*]; + 1 =w)[H"], = w((1 — @)N, — [-COOH]) , (9)

where q is the mole fraction of sodium polyacrylate in the grid.
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We emphasize that it is this form of recording the balance equation for hydrogen cations that
differs from those used earlier. It is this form of the equation used that corresponds to the situation
when a partially neutralized gel based on soft polyacid is placed in a solution of low-molecular salt
1: 1; the total number of hydrogen ions (both mobile and bound) in such a situation is less than
when a gel based on pure polyacid is placed in the solution.

Denote the total concentration of low-molecular ions in the solution over the gel (index e) and
inside the gel (index i) through

[Na*]e; +[H¥ei = cey = [Cl7]ey - (10)

We proceed to dimensionless variables (adjusted concentrations and adjusted value dissociation
constant)

Cei, = 0. 4 = L, —
Xei =73 Xo =73 X = ;= sk =—. (11)
0 0

Then we can proceed to the following system of equations for dimensionless unknowns
(@—aVx,=(wa™t+ (1 —w))n (12)
w+ @ -w)aHk(1—n) =wn(n-—q). (13)

Equation (12) makes it possible to express the reduced concentration of ionized functional
groups through the Donnan multiplier

n = @ 1x (14)

w+a(l-w)

Expression (14) makes it possible, with the help of (13), to obtain a unique equation for the
Donnan factor

(aw + (1 - w))xio(l (a2~ 1)xo ) S Clins)) ( (@-1)xo _ q) . (15)

- w+a(l-w) w+a(l-w) \w+a(l-w)

Equation (15), in particular, shows that instead of the given dissociation constant, determined in
accordance with formulas (11), it is expedient to use the reduced value, defined as

k
koz—zf—o. (16)

X0

The convenience of using the form (16) is connected with the fact that when the degree of
swelling of the gel changes, the density of the grid also changes. The equation (16), on the other
hand, is given only by the initial conditions of the experiment.

Knowing the Donnan multiplier, it is possible to find the salt concentration outside and inside the
hydrogel, as well as the concentration of hydrochloric acid in the solution over the gel, according to
formulas
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[Cl7]e axo C ety X0

No =Xe = w+a(1-w)’ Ny =X = w+a(l-w) (17)
_[HYe _,(-n) _  wn
y= No k an  aw+(1-w) (18)

The algebraic equation (15) has in the general case the fifth power and does not have an analytic
solution. The results of its numerical solution are shown in Figures 1-6 (curves 1). The same
figures show the dependence of the hydrogen ion concentration in the solution above the gel (curve
2) and their derivatives da/dko (curve 3) and dy/dko (curve 4) on the decimal logarithm of the
reduced dissociation constant ko for different values of the control parameters.

It can be seen that, as expected, the acidity of the solution over the gel increases markedly as the
reduced dissociation constant increases. However, there is also a non-obvious nuance: the
maximum derivative of the concentration of hydrogen ions in the solution over the hydrogel over
logko falls on the region near logko = 0, and this value varies little with the control parameters of the
system, as shown in Figures 1-6.

a  davdhy ¥, dy/dky

3 |_|_.|

0 logk
4 3 2 -1 0 1 !

Figure 1 — Dependences of the Donnan factor « (curve 1), the reduced concentration of hydrogen
ions in the solution above the gel (curve 2), their derivatives da/dko (curve 3) and dy/dko (curve 4)
from the decimal logarithm of the reduced dissociation constant ko for xo= 0,14; w = 0,05; g = 0,05

The necessity of the system's deduction to this range is also emphasized by Fig. 7 and Fig. 8,
which shows examples of the phase portraits dependencies of the hydrogen ions reduced
concentration in solution over the gel (the dependences dy/d(logko) from y). The figures emphasize
that the range of conditions in which the response of the system for changing in the value of the
dissociation constant is maximal and very narrow. Consequently, if we talk about practical
applications, it is advisable to ensure that this system is tuned to the optimum or conditions, closer
to it. These figures also show that it is possible to approximate the theoretical curves that obtained
as the resolution to an algebraic equation of the fifth degree with simpler dependencies, which is
justified from the point of view of the subsequent development of the engineering calculation
technique for devices such as heat pumps based on the hydrophilic polymer networks.
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Figure 2 — Dependences of the Donnan factor « (curve 1), the reduced concentration of hydrogen
ions in the solution above the gel (curve 2), their derivatives da/dko (curve 3) and dy/dko (curve 4)
from the decimal logarithm of the reduced dissociation constant ko for xo = 0,14; w =0,15; g = 0,05

a, de/d(loghy) y, dy/d(loghy)

Figure 3 — Dependences of the Donnan factor « (curve 1), the reduced concentration of hydrogen
ions in the solution above the gel (curve 2), their derivatives da/dko (curve 3) and dy/dko (curve 4)
from the decimal logarithm of the reduced dissociation constant ko for xo = 0,14; w=0,3; q = 0,05

Therefore, it is this range that is desirable to be used for implementing any systems in which the
temperature variations of the dissociation constant of the polyacid are used, since the response of
the system to the temperature variation will be most pronounced. At the same time, this range
corresponds to relatively small concentrations (close in magnitude to the absolute value of the
dissociation constant, measured in moles/ litre), so the question arises of optimizing the operation of
the system, which is why the theory developed in this paper is necessary. It is important that this
theory does not use approximations related to the consideration of the dissociation constant as a
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small parameter since the range most interesting from the point of view of potential practical
application corresponds to the values of the reduced dissociation constant close to unity.

o, da/d(loghy) ¥, dy/d(loghn)

Figure 4 — Dependences of the Donnan factor « (curve 1), the reduced concentration of hydrogen

ions in the solution above the gel (curve 2), their derivatives da/dko (curve 3) and dy/dko (curve 4)
from the decimal logarithm of the reduced dissociation constant ko for xo= 0,14; w = 0,6; q = 0,05

a, da/d(logky) v, dv/d(logky)
3 r 0,28
2,5 == _} o

0,2

0,16

0,12

0,08

Figure 5 — Dependences of the Donnan factor « (curve 1), the reduced concentration of hydrogen
ions in the solution above the gel (curve 2), their derivatives da/dko (curve 3) and dy/dko (curve 4)
from the decimal logarithm of the reduced dissociation constant ko for xo=0,3; w=0,4; g = 0,05
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o, do/d(logkp) y, dy/d(logko)
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Figure 6 — Dependences of the Donnan factor « (curve 1), the reduced concentration of hydrogen
ions in the solution above the gel (curve 2), their derivatives da/dko (curve 3) and dy/dko (curve 4)
from the decimal logarithm of the reduced dissociation constant ko for xo= 0,14; w = 0,05; g = 0,05

The necessity of the system's deduction to this range is also emphasized by Figures 7 and 8,
which show examples of phase portraits of the dependencies of the given concentration of hydrogen
ions in solution over the gel (the dependences dy/d(logkoe) on y). The figures emphasize that the
range of conditions in which the response of the system to the change in the value of the
dissociation constant is maximal is very narrow. Consequently, if we talk about practical
applications, it is advisable to ensure that this system is tuned to the optimum or conditions close to
it. These figures also show that it is possible to approximate the theoretical curves obtained as a
solution to an algebraic equation of the fifth degree with simpler dependencies, which is justified
from the point of view of the subsequent development of the engineering calculation technique for
devices such as heat pumps based on hydrophilic polymer networks.

dy/d(logky)

Figure 7 — The phase portrait (the dependence of dy/d(logko) on y) of curve 2 from Figure 5
and its approximation by a parabola
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dy/d(logko)

Figure 8 — The phase portrait (the dependence of dy/d(logko) on y) of curve 2 from Figure 6
and its approximation by a parabola

Thus, conducted theoretical analysis shows that hydrogels based on weak polyacrylic acids
placed in the solution of a low molecular weight salt can indeed serve as a means of regulating the
pH by the means of temperature. This effect can find application in such devices as heat pumps,
which is source of energy from solar heat. (The temperature range that is easily achievable when
heated by direct sunlight is 40-60 °C, which corresponds to the temperature range of
thermosensitive systems based on epy hydrophilic polymer networks.)

Thus, the carried out theoretical analysis shows that soft polyacrylic acid hydrogels placed in a
solution of a low molecular weight salt can indeed serve as a means of regulating the pH of the
medium by means of temperature. This effect can find application in such devices as heat pumps,
the source of energy for which is solar heat. (The range of temperatures that are easily achievable
when heated by direct sunlight is 40-60 °C, which corresponds to the range of temperature
sensitivity of systems based on hydrophilic polymer networks.)

The theoretical analysis also shows that there is a rather narrow range of values for the
dissociation constant of the reaction (reaction providing the effect of temperature sensitivity), in
which the response of the system to the temperature change reaches a maximum. Consequently, the
optimization of systems of this type can be associated not only with the selection of concentrations
of working substances but also with the transition to other types of interactions. Promising in this
respect are the interactions of non-ionic hydrogels and surfactants, due to which hydrogels become
polyelectrolyte. The susceptibility to a temperature, in this case, is ensured by the fact that the
hydrophobic interactions responsible for the formation of surfactant micelles within the hydrogel
are temperature dependent.
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B nacmosuwee epems 6 cmpanax ocrnoguvix npouzgooumeneii ypana: CILIA, Kanaoe, Ascmpanuu, Kumae,
Poccuu, Kazaxcmane u Y3zbexucmane paspabomxa 2uOpOCeHHbIX  YPAHOBLIX — MECHOPOICOeHULL
OCYUeCMBIAEHCsl NPUMEHEeHUeM eOUHOU mexHono2uu. B npaxkmuke sxcniyamayuu 2uOpO2eHHbIX YPAHOBbIX
MECOpOdNCOeHUll UX pPA3pabOmKa OCYUeCMENemMCcs — NPeoelbHO NPOCMbIM  CHOCOOOM, HA3bIBAEMbIM
MEMOOOM NOO3EMHO20 CKBANICUHHO20 Gblujenayusanus. Ilpedrazaemvle ¢ 0anHoll pabome UHHOBAYUOHHDIE
MEXHON02UU  Pa3padomKy  2UOPOSEHHLIX — MeCMOPONCOeHULl  Ypana  Npednondzaiom  NOIYYeHue
KPYRHOMACWMAOHO20 IKOHOMUUECKO20 IPhexma 8 CPABHEHUU C CYUeCMEYIOWUMU MEXHOI0SUAMU, YN0 8
€010 Ouepedv SGNAEMC AKMYANbHbIM 60NPOCOM HA Ce20OHAWHUL OeHb 3a-3d HU3KUX YeH HA 20MOGblll
npooykm (3aKuchb-oKuCb ypauma) 0o00blunblX npeonpusmuill. B pabome npedcmaeénenvi uHHOBAYUOHHDIE
pazpabomxu, KOMopvle NPU3BAHLL pPeuiumb  HACYWHble GONPOCLL  NPEONPUAMULL N0  CHUIICEHUIO
cebecmouMocmu.  20pHO-N0020MOBUMENLHLIX  PAOOM, YMEHbULEHUsSI HOPMbl  NOMpediieHUuss OCHOBHO20
XUMUYECKO020 peazenma 000biuu (CepHas KUCI0ma,).

Knwuesvie cnosa: nopunedas ck8ajiCuna, sblujelauuéanie, 20MexHoa02us, ypam, 000viua, noo3emHoe
BIUENAYUBAHUE, CUCTEMA PA3PADOMKU, MECHOPONCOCHUE, CXeMA PACHONIONCEHUSL CKBANCUH.

Kasipai yaxkeimma necizei ypaum enodipywi endepoe: AKIL, Kawnaoa, Ascmpanus, Kvimail, Pecell,
Kasaxcman owcone Osdexcman ypan Ken opvlHOapbii ueepy Oipbieail mexHono2us OoublHua dHcyzeee
acvipuinadsl. 1 uodpozeHdi ypaH KeH OpbIHOAPbIH NAUOANAHYy Madcipubecinoe dHcep acmvl YHRLIMATLIK
warimanay 20ici 0en amaniamelH eme KapanamblM MaciiMer onapovl dcacay icyseze acvlipvliaosi. Ocbl
AHCYMBICMA  YCOIHBIIRAH YPaH cymeei KeH OpblHOapblH ucepyOiy UHHOBAYUANBIK —MEXHON0USNAPbL
KOIOQHbICMARbl MEXHON0SUANAPEA Kapa2aHod ayKblMObl IKOHOMUKALLIK MUIMOLTIKMI YCbiHAObI, Ol 63
Ke3zeciHOe may-Ken OHOIPICi KaCINOPbIHOAPbIHbIY OdlibiH OHIMIHe (YpaH OKCUOI-ypaHblHa) moMeH bazameH
Oatinanvicmul ©3ekmi macene. By Jcymbic may-KeH JHCYMbICMAPLIHbIY KYHbIH mMoMeHOemyee, Hezisei
XUMUANBLIK —~— peazenmmepdi  (KYKIipm — KbIUKbLIbIH) — MYMbIHYObl  moMeHOemyee  0Aeblmmaiean
KaCINOPbIHOAPObIH 63EKMI MACeNeNEPIiH weuLyee apHaAIaH UHHOBAYUSILIK d3ipaemenepoi YCblHAObL.

Tipex ce30ep: nopuieHbOIK YHebIMA, WAUMANAY, 2e0MeXHON02Usl, YPAH, may-KeH oHOIpY, dcep acmbl
wanmanay, ueepy Jcyeci, KeH OpHbl, YHELIMAIAPObl OPHALACIBIDY .

At present, in the countries of the main uranium producers: the USA, Canada, Australia, China, Russia,
Kazakhstan and Uzbekistan, the development of hydrogenous uranium deposits is carried out using a single
technology. In the practice of exploitation of hydrogenous uranium deposits, their development is carried out
in an extremely simple way, called the method of in-situ leaching (recovery). The innovative technologies for
the development of hydrogen deposits of uranium proposed in this work suggest a large- ale sceconomic
effect in comparison with existing technologies, which in turn is an urgent issue today because of the low
prices for the finished product (uranium oxide-uranium) of mining enterprises. The work presents innovative

86



W3BECTHS HAYYHO-TEXHUYECKOI'O OBIIECTBA «KAXAK», 2018, Ne 1 (60)

developments that are designed to address the pressing issues of enterprises to reduce the cost of mining and
preparation work, reduce the consumption of the main chemical production reagent (sulfuric acid).

Keywords: piston well, leaching, geotechnology, uranium, mining, underground leaching, development
system, deposit, scheme of wells location.

CylIHOCTh TEXHOJOTHYECKOW CXEMBbI METOJIa MO3EMHO-CKBaXXUHHOTO BhienaunBanus (IICB)
3aKII0YaeTCs B ClieAyronieM. BeimenaunBaronme xumuueckue pactBopbel (H2SOs + H20),
HarHeTaeMble IO 3aKaYHbIM CKBOXMHAM, (WIBTPYIOTCS Yepe3 MOpPhl W TPEHIMHBI B MAaCCHBE
TUJIPOTEHHOrO Tutacta (WM 3aJeKH) 0 OMMKAWIIUX COCEAHMX OTKAYHBIX CKBOXWH. Bo BpeMms
¢uibTpauu  XUMHUYECKHE pacTBOpbI, oOoTramasch KOHIIEHTpalMel ypaHa IIyTeM €ro
BBIIIEIAYUBAHUS, CTAHOBSITCS IPOTYKTUBHBIMU PACTBOPaMH, KOTOPBHIE OTKAYUBAIOTCS 110 OTKAYHBIM
CKBa)KMHAM Ha JIHEBHYIO IMIOBEPXHOCTh U MOJAIOTCA U UX NepepabOTKH, I OCYLIECTBISIETCS C
MIOMOIIBI0 TPOIIECCOB COPOLMHU, IecOpOIMM U Jp., MOCIE KOTOPBIX H3BJIEKAETCS YpaHOBBIN
KOHIIEHTpAaT. TeXHOIOTHsI TTOI3EMHOTO CKBOXKMHHOTO BBINIEIaYUBaHUs Hanbosee 3ppexkTuBHa s
pa3paboOTKH THAPOTEHHBIX MECTOPOXXKJICHMH ypaHa ¢ kodddunueHntom Quibrpanmu Oomee 0,5
M/CYTKH.

[Ipu cymecTByromeld TEXHOJOTHH SKCIUTyaTallid THUAPOTCHHBIX YPAHOBBIX MECTOPOXKICHUMN
MPUHATHl CHUCTEMBI PACIIOJIOKEHUS TEXHOJOTHYECKUX CKBAXKHUH: JIMHEWHBIC (MW PSATHBIC),
IUIOUIA/IHbIE (MU STYEUCThIEe) U KOMOMHUPOBAHHbIE.

W3 paznuuHbIX cXeM JMHEHMHON CHCTEMBbI PacrojOKeHHUs] TEXHOJOTHYECKHX CKBaXUH Hanboliee
pacnpoCTpaHEHHOW B MpPaKTUKE SKCIUTyaTallMM THAPOTEHHBIX MECTOPOXKJIEHUHN ypaHa SIBIISIIOTCS
TpexpsiiHasl CUCTEMA, COCTOsIIAs U3 MIEPBOTO 3aKaYyHOTO psijia, BTOPOro OTKAYHOTO Psijia U TPETHETO
3akauyHoro psna. Ilpu 3ToM paccrosiHMe MeXAy pslaMu U CKBaXUHAMH B POy MPUHHUMAETCS
cootBeTcTBeHHO 50 1 15 M u Gonee. T.e. noObIUHAs sUeiika OOBIYHO COCTOMT W3 ABYX 3aKa4YHBIX U
MEXAYy HUMHU OJHOW OTKaYHOW CKBaXHHbBI, NPHUHAUICKAINIMX K TpPEeM MOCIeI0BaTeIbHO
PaCMoJIOKEHHBIM PSAAM.

Ha pucynke 1 mnoxa3zaHbl CTpeiIKaMU CXEeMbl PaCHpOCTPAHEHUS XUMHUYECKOTO pacTBODA,
M01aBaeMOT0 MO 3aKa4yHbIM CKBaXMHAM Ha IUIOIIANAX naccuBHbIX 30H II1 u Il u HanpaBnenue
MMOTOKOB MPOYKTUBHBIX PACTBOPOB B CTOPOHY psiJia OTKAUHBIX CKBaKMH. Ha macCMBHBIX 30HaX MpH
paboTe OTKAYHBIX CKBRXUH MPOHUKIINN paHHEEe XMMHYECKUI pacTBOP, CTAHOBSICH MPOJYKTUBHBIM
pacTBOpOM ypaHa, YaCTHYHO OyJeT (UIbTPOBATHCS B OOpAaTHOM HAMpaBICHUH B CTOPOHY psla
OTKAYHBIX CKBQ)KHUH, YTO SBIISIETCS MAJOBEPOATHBIM, TaK KaK MOTOKM XMMHYECKOIO pacTBOpa,
M0IaBa€MOT0 TI0 3aKaYHBIM CKBXUHAM, CIYXaT KaK T'HJIPaBIMYECKUE 3aBECHI.

Bo Bcex paboTax MHOTOYMCIEHHBIX aBTOPOB [1—7] 6e3 HCKIIOUYEHHs YyKa3aHHbIE JTUHEIHBIC
CUCTEMBI PACIIOJIOKEHUS CKBRKUH MPUHUMAIOTCA KaK JTy4IINe TEXHUYECKUE PEIICHUSI.

K HenmoctatkaM psIHBIX CHUCTEM PACIOJOKEHHUS 3aKaYHBIX M OTKAYHBIX CKBAXXUH OTHOCATCA
(W) (S14%:0) 1107 (<

1. DkcmmyaTtanusi TUAPOTEHHBIX YPAHOBBIX MECTOPOKIECHUH OCYIECTBISIETCS ¢ MPUMEHEHHUEM
OOJIBIIOTO KOJMYECTBA JOPOTOCTOSIIMX 3aKAYHBIX M OTKAYHBIX CKBAXXUH, YTO TpeOyeT OOIbIINX
3aTpar Kak MO KalWTaJOBIOKEHUSM, TaK U MO IKCIUTyaTallMOHHBIM pacxojam.

2. TpeOyetcst OonbIoit pacxon cepHoit kucnoThl: (1:50) (Ha 1kr koHIIEHTpaTa ypaHa pacxon 50
kr H2S04).

3. [IpoucxoasaT 3HAUUTETHHBIC TOTEPH KaK XUMHUUYECKUX, TAK MTPOTYKTUBHBIX PACTBOPOB.
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Pucynok 1 — CymectByromas TpexpsiiHas CHCTEMAa
pa3MeIIeHUs] TEXHOJIOTUYECKUX CKBAKUH

PaccmoTpuM crienyromuii mpeaiaraeMplii HaMH BapHaHT PACIIONIOKEHHS TEXHOJOTHYECKHX
CKBa)XHMH Ha KCILTYaTallMOHHOM OJIOKE MIPUBOJMMOM paHee.

[To KOHCTPYKTHBHOMY O(OPMIICHHIO OTKa4Hasi CKBR)KMHA OTJIMYACTCS OT 3aKAYHOW CKBAaXKHHBI
HaJM4YHeM YCTAaHOBKM TJIyOMHHOTO HAacoca ¥ OTCYTCTBHEM TPYOHOTO OTBOJA JUIsl IIOJAuH
BBILIETAYHBAIOLICIO PACTBOPA B MACCUB THAPOTEHHOIO IJIACTa, IIPHBAPEHHOTO CBAPOYHOIl paboTOi
K OTOJIOBHHKY CKBa)XHHBI. Takum 00pa3oM, OTKayHasi CKBa)XHHA C TPYOHBIM OTBOZOM aOCOJIIOTHO
CBOOOJTHO MOXKET BBITOJIHATh U POJIb 3aKAYHOU CKBa)KHUHBI.

OTKauHyI0 CKBO)XHHY, UMEIOIIYI0 TPYOHBIH OTBOJ, MPUBAPCHHBI K CBOEMY OTOJIOBHHUKY,
Ha30BEM IIOPIIHEBONW CKBa)XUHOM, KOTOpPAask MOXKET BBIIOJHATH (DYHKIMU KaK OTKAYHOM, TaK U
3aKauyHOM CKBa)KMHBI, T.C. OTKAuHas CKBa)XMHA O€3 M3MEHEHUs] KOHCTPYKTHBHOTO O(GOpPMIICHUS,
BBINOJIHSACT (DYHKIHMIO 3aKaYHOW CKBa)XHMHBbI. Ha OCHOBaHMHM BO3MOXKHOCTH HCIIOJIb30BaHUS
OpUHIUIA PabOThl MOPIIHEBBIX CKBAXHH MOXKHO pa3paboTaTh MHHOBALMOHHYK TEXHOJOTHIO
A00BIYM TPOAYKTHBHBIX PAaCTBOPOB ypaHa M JPYrUX IIOJIE3HBIX KOMIIOHEHTOB B YCIOBHSX
THIPOTr€HHBIX MECTOPOXKICHUH ypaHa.

CyIIHOCTB 3TOW TEXHOJIOTHH 3aKJITI0YAETCSI B CICAYIOLICM.

[ToTOK XMMHYECKOTO pacTBOpa, TOJAaBAEMOTO MO BEPTHKAJIBHO PACIOJIOKEHHOW IOPIIHEBOM
CKBa)KMHE BOKPYT €€, (QHIbTPYeTCS B MacCHBE THAPOTCHHOTO YpPaHOBOTO IUTACTA IO KPYrOBOM
romany. [1o uCTeYeHNI0 HEKOTOPOTO MeproIa BpEMEHN 00pa3yIOLIUIACs TPOAYKTHBHBIH PacTBOP
ypaHa OTKAayMBaeTCS 10 JTOM JK€ NOPIIHEBOW CKBAXMHE HAa JHEBHYIO IOBEPXHOCThb IS
nepepadoTKH.

Ha skcruryaTtanimoHHBIX OJIOKaxX MM y4acTKaxX 0e3 MPUMEHEHHUs 3aKaYHBIX CKBaXKHH MOPIITHEBHIC
CKBOKMHBI Pa3MEINAIOTCS OJHOPSAHO WM MHOTOPSITHO B 3aBHCUMOCTH OT TpeOyemoi
MIPOM3BOICTBEHHOW MOIIHOCTH PYIHHKA.

Pexxum paboThI MOPUIHEBBIX CKBAKUH MPUHSAT BBIOJHEHUEM CIICAYIOUIMX OTIEPALUil: BpeMs OT
BpPEMEHH TPOBOJUTCS PEBEPCUPOBAHHME MOTOKOB XUMHUYECKHX PAaCTBOPOB, MOJABAEMbIX B MACCHB
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THJPOTEHHOTO TIACTa, TO €CTh IMPOBOJHUTCS MEPUOIUUECKas CMEHA IMpollecca 3aKauyKu Ha IPOLece
OTKA4KH ¥ HAa000POT.

Ha pucynkax 2 u 3 mokazaHa cxema pa3pabOTKH SKCIUTyaTallMOHHOTO OJIOKAa THIPOTEHHOTO
YPaHOBOT'O MECTOPOKIACHHUSL.
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Pucynox 2 — [uki 1 — TpexpsiiHas cuctemMa pa3MeneH st OPITHEBbIX CKBAXKHUH,
rJie CpeHuM psil (CKBOXHUHBI 4, 5, 6) B OTKAYHOM PEXHUME,
a Bepxuuii (1, 2, 3) u HwxHUH (7, 8, 9) psaabl B 3aKaYHOM PEKUME

[IpemiaraeMasi cxema paCHOJIOKCHUS TEXHOJIOTMYECKHX CKBOKHH — TPEXPsIHAs IJHHEHHAs
CHCTEMa: TPH psijia TOPLIHEBBIX CKBAXUH paOOTAOMIMX LUKIMYHO B OTKAYHOM M 3aKaYHOM
pEeKMMaX.

[Tpy mpuMeHEeHNN MHHOBAIIMOHHOW TEXHOJIOTHH J0OBIYM MPOAYKTUBHBIX PACTBOPOB ypaHa IS
pa3paboTKM yKa3aHHOTO OJIOKa TPeOYeTCsl BCEro JEBSATh MOPIITHEBBIX CKBAYKHH.

Haubonee Onu3kuM K mpeuiaraeMoil HAMH TEXHOJIOTHH SIBJISICTCSl MHHOBAIMOHHBIH maTeHT [8].
«Cnoco0® BCKpBITHSI ¥ OKCIUTyaTallud THIPOTEHHBIX MECTOPOKACHHWH YpaHa, BKIIIOYAIOIINI
BCKPBITHE M JKCIUTyaTallMI0 CUCTEMOW TEXHOJOTMYECKUX CKBAKMH OTIMYAIOUIMICS TEM, YTO BCE
CKB&)KMHBI YCTAHABIMBAIOTCS B OJHMH DS M KaXJas CKBaOXKMHA pabOTaeT B aBTOMATHYECKOM
PEBEPCUBHOM PEXHMME UCIIOJNIb3YeTCs KaK JUIsl 3aKa4MBaHUS PAaCTBOPUTENS, TAKXKE U ISl OTKAYKU
NPOJIYKTUBHOTO PacTBOpa, a MEPHO] BPEMEHHU CMEHBI PEKUMOB 3aKaYKH U OTKAYKH OTIPEIEISeTCS
o opmysie...».
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Pucynox 3 — [{uki 2 — TpexpsiiHasi cCUCTEMa pa3MEIICHHS TOPIITHEBBIX CKBAXKHUH,
rae cpeaHuit psaa (CKBaXUHBI 4, 5, 6) B 3aKa4HOM PEKUME,
a Bepxuuii (1, 2, 3) u HrwxHuUM (7, 8, 9) psibl B OTKAYHOM pEXKUME.

K HenocTaTtkaM ykazaHHOTO MPOTOTUIIA OTHOCATCS:

1. He moka3zana poJib MOPUIHEBBIX CKBAXKWUH IMPH pPa3pabOTKe HWHHOBALMOHHOW TEXHOJOTHH
AKCIUTyaTaI[Mi TUIPOTEHHBIX MECTOPOKICHHIA;

2. He paccmoTrpen Bompoc UWHTEHCH(HKAIMM I[POLIECCa BBIMIEIAYUBAHUS  MOJIE3HBIX
KOMIIOHEHTOB, B TOM YHCJIE YpaHa B YCIOBUSAX TUPOTEHHBIX MECTOPOKICHHIA.

3. He noka3ana pentabenbHOCTh pa3pabOTKH TUAPOTEHHBIX MECTOPOXKACHUN ypaHa.

4. He pa3paboTaHna HHHOBAIIMOHHAS TEXHOJIOTUS SKCIUTYaTallud TUAPOTEHHBIX MECTOPOKICHUH.

Omnpenenenrne 3KOHOMUYECKOH YPPEKTUBHOCTH NPU MPUMEHEHUU MHHOBAIIMOHHOMN TEXHOJIOTHH
pa3paboTKu THIPOTEHHBIX MECTOPOKICHUH ypaHa ¢ MOPUTHEBBIMU CKBOKUHAMMU.

1. CrouMoCTh COOpYKEHMSI OJHOU OTKa4HOM CKBakHHBI 8 771 000 Tr
2. CTOMMOCTb COOpYXEHHS OJTHOM 3aKayHOM cKkBaxuHbI 6 271 0001r

3. CTOMMOCTB COOpYXEHHUS OJTHOTO OJIOKA MPH CYIIECTBYIOIIEH TEXHOJIOTHU
8 x 8771000 + 16 x 6 271 000 = 170 504 000 tr

5. CtouMOCTb COOPYKCHUA OJHOTO OJI0Ka npu WHHOBAIIMOHHOM T€XHOJIOTHHU
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9 x 8771000 = 78939 000 1r
(CTOMMOCTB OTKA4YHOW CKBa)KMHBI (OPIIHEBOW ckBaxkuHbI) = 8 771 000 Tr)

6. DKOHOMUS [0 KAITUTAJIOBJIOKEHUIO HA OUH OJIOK COCTABIISIET
170 504 000 — 78 939 000 =91
565 000 tr

7. CpenHuii ro10BOM TJIaH YPAaHOBOTO pyAHHKA — pazpaboTka 12 70OBIUHBIX OJIOKOB.
I'onoBast skoHOMHYECKast APPEKTUBHOCTH MO KAIIUTAIbHOMY BIIOKEHHUIO MOYKET COCTaBUTh
12 x 91 565 000 = 1 098 780 000 tr
Hacrosiiass MHHOBaMOHHAs TEXHOJIOTHMSI JOOBIYM TPOJYKTHUBHBIX YPaHOBBIX PpPacTBOPOB
o0JanaeT cleayIUMU TPEUMYILECTBAMU:
1. He TpeOyeT npuMeHEHUs 3aKauHbIX CKBAYKUH.
. [IpenenbHO HU3KUI ypOBEHb NOTEPH U pa3yO0KUBAHUSI.
. BbIcokasi ”HTEHCHBHOCTH MpoIiecca BhllleTaunBaHusl.
. [IpyumeneHne aBToMaTHYECKOM CUCTEMBI YIIPaBICHUS MPOU3BOACTBEHHBIMU IPOIIECCAMH.
. YMeHbIIIeHHe pacxoia cepHoi KuciaoThl A0 50 %.
. Db dexTBHAsS 00pbOa ¢ XUMUYECKON KOJTbMaTAI[MEH CKBaKUH.
. [IpenenbHO HU3Kast c€0ECTOUMOCTD TOOBIUN €TUHUIIBI IPOAYKTUBHOTO PACTBOPA.
. [Tony4yenune kpymHoMacImITabOHONH SKOHOMUYECKOH 2PPEKTUBHOCTH.
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B cmamuve onucamnvt ocnosubie sxonocuteckue npooiemvl, CEA3AHHbIE ¢ YMUAUIAYUCT 8bICOKOMOKCUUHBIX
MEXHO2EHHBIX OMX0008 MAbAYHLIX Npou3eoocms. Ilpuseden  CpasHUMENbHBIN KAYECMBEHHbIU U
KOAUYECMBEHHbI AHAMUZ COCMABA OUONI02UYECKU AKMUBHBIX 6CULCCME PABIUUHBIX 8U008 HEKOHOUYUOHHO20
mabauno2o cvipvbs. B paspabomannom cnocobe uzeieuenue HUKOmMuHA u3 mabaunoco (MaxopouHo2o) colposi
(omxo0bl npouzeodcmea) GxuOUAen IKCMPAKYUIO CbIPbsl, KOMOPYIO OCYWECMEIAION OpP2aHU4eCKUMU
pacmeopumensimMu ¢ NOCiedyIoWUM Ux OmeOHOM. B npusedennoil mexnono2uueckoil cxeme nepepabomru
MEXHO2EHHO20 MAOAYHO20 CbIPbs, UCNHOJL3YEMCs AGMOPCKA MOOeIb GAKYYM-CIUBHO20 IKCMPAKIMOPA.
Ixempaxyusi ocywecmensemcest no yupkyaupyrowemy muny. Onmumuzuposantas KOHCmpyKyus bapabana
BAKYYM-CIIUBHO20 IKCMPAKMOPA NO360JI5em NOJHOCIbIO HACLIMUMb UCXOOHOE CbIPbe IKCMPA2eHmom 0e3
00pazoeanust 8030YUWHLIX 3A30P08 6 Cloe Cbipbs. JJOKA3AHO, YMO NPEONIONCEHHASE MOOELb IKCMPAKMOpa
saensiemces bonee dPPEKMUHON NO CPABHEHUIO C UCHONL3YEMbIMU, KAK 8 OOHOCHYNEHYAmoOM, MaK U 6
MmHoecocmynenuamom pescume (38,74 % u 90,07 % — 6 asmopckoii moodenu, no cpasuenuio ¢ 55,12 % u 83,24
% — 6 kraccuueckoil, coomeemcmeento). llpednacaemulii Memoo no360Jisienm NOGLICUMb CHENeHb U3BeYeHUs.
8bICOKOMOKCUYHbIX ANKAIOU008 Oonee yem Ha 25 % (0o 98,7 %), 6 cpasHenuu c ucnonvsyemvimu
MemoouKamu.

Knrouesvle cnoea: mexnozeennoe colpve, omxoovl, mabdax, aiKaiouobl, HUKOMUH, IKCMPAKYUS, BAKYYM-
CAUBHOU IKCMPAKMOP.

Maxanada memexi OHOIDICIHIH JHcO2apbI MOKCUHOL MeXHO2eHOI KAA0bIKMAPLIH NAtloaza Hcapamybiid
baunanvicmyl  Hezizel IKONO2UANLIK Macenenepi xapacmoipviiean. [llapmka calikec emec memexi
WIUKI3AMBIHbIY IPMYPAL Myprepiniy OUono2usnblK 0enceHOl 3ammapbiHbly KYPAMbIHbIY CAlbICIMbIPMATb
Cananvlk JHcaHe CAHObIK MAndaysl Keamipineen. Temeki (Maxopka) wukizamvlHaH (6HOIpic KaniovlKmapbl)
HUKOMUHOI anyovly eHoen2eH 20ICiHOe OP2aHUKANbIK epimKiulmepmen oaapobly Ke3eKmi aublpybl apKblibl
Jcy3eze acvlpamvii, wWuKizam dxcmpakyuscel oap. TexnozenOi memexi wukizamvin Kauma oHOeyoiy
Kenmipineen MexHON02UANbIK Cbl30ACbIHOA  8AKYYMObI-KYUbLIAMbIH 9KCMPAKMOPObIH ASMOPAbIK MO0
navoanrauviazay. OKCMpaKyus —auHanbLlcmel muni  OoubiHwia icke acaovl. Bakyymowi-Kyiiviiamuin
aKCmpaxkmop  6apadanvinbly MUiMOi  KOHCMPYKYUACHL  WUKi3am KabamulHOA ayaivlk CAHblIAYCHI3
IKCMpazenmmi an2auikbl WUKi3ammsl MOAbIK Ciyipyee MYMKIHOIK Oepedi. ¥CblHbLIZAH IKCMPAKMOp MOOei
OYPUIHHAH KONOAHBLIAMBIHOAPMEH CANbICIbIPEAHOA, Oip camulibl peminde 0e, KON Camvlivl pedicumoe oe
(canvicmuipmanst Knaccukanvikma — 55,12 % owcone 83,24 %, asmopavik moodenvde — 58,74 % owcone
90,07 %-2a coiikec) aiipvikwa muimOi 60abLIN  MAOBLIIAMBIHOLIZLL  0dNEN0eH2eH. YCbIHbLIEAH 20iC
KOJOGHBIIAMbIH 20iCMeMeMeH CATbICIBIPRAHOA HCOAPbl MOKCUHOI ankariouomaposl any oapexcecin 25 Y-
Odan acmam (98,7 % Oetlin) apmmuipyza sincagoaii sHcacariovl.

Tipex ce30ep: mexHoz2eHOi WUKI3am, KaloblKmap, meMeKi, aIKaiouomap, HUKOmuH, SKCTPaKLU,
BAKYYMObI-KYUBLIAMbIH IKCTNPAKMOP.
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The article describes the main environment issues caused by disposal of high toxic tobacco production
wastes. The article describes comparative quantitative and qualitative analysis of different types of off-spec
tobacco raw materials. As per developed method, nicotine extraction from wild tobacco (production wastes)
includes raw material extraction using organic solvents and further stripping them. The described manmade
tobacco raw material processing method uses author’s model of vacuum-drain extractor. The extraction is
performed in the form of circulation. Optimized design of drum of vacuum-drain extractor allows to fully
saturate source raw materials with extractant without air gaps in a layer of a raw material. It has been
proven that the suggested extractant model is more efficient compared to already used ones both in single-
stage and multistage conditions (58.74% and 90.07% - in the author’s model, compared to 55,12 % and
83,24 % — in classic one, respectively). The suggested method allows to increase the high toxic alkaloids
extraction rate to more than by 25 % (up to 98,7 %), compared to methods used.

Keywords: technogenic raw materials, wastes, tobacco, alkaloids, nicotine, extraction, vacuum-drain
extractor.

B ycnoBusix phIHOYHOW JKOHOMHKHA OCTPO CTOUT TIpoOiemMa TMOJHOTO UCIOJIb30BaHUS
MMEIOIINXCSA CHIPBEBBIX pecypcoB. OCOOEHHOCTHIO HCCIEAOBAHUS SBJSIETCS HCIOJIH30BAHUE B
KaueCTBE CBHIPbS — TEXHOTEHHBIX OTXOJOB Ta0a4HOTO MPOMU3BOACTBA. HekoHIUIIMOHHOE TabayHOe
ChIpbe W TabayHasi KPOIIKA COJEPKHUT 3HAUMTEIbHOE KOJMYeCTBO (110 4,5 %) BBICOKOTOKCHYHBIX
KOMIIOHEHTOB aJIKAJIOWTHOW TPYIIIbI, HAan0OJiee TOKCHYHBIM W3 KOTOPBIX SIBISETCS HUKOTHH.
TaGauHnple KOMIIAaHMM B CWJIy NpOGUIs CBOEH MNEATEIbHOCTH HE CHOCOOHBI YTHIM3UPOBATH
TEXHOTCHHBIC OTXOJbl CBOMX MPOM3BOJACTB, B PE3YJIbTaTe YEro OHH BBIBO3STCS B OTBaJIbl. B
pe3ynbTaTe Yero MpOUCXOJAUT HeoOpaTuMas Jerpajalus MoYB, B MECTaX OTBAJIOB, a B PE3yJIbTATe
MPOIIECCOB €CTECTBEHHOW J3p0o3uM W MporieccoB AUGGY3UU, BBICOKOTOKCUYHBIC aTKATIOWIBI
MOMAIAI0T B TPYHTOBBIE BOJIbI, YBEIMUMBAS TP 3TOM IUIOIIAb HETIPUTOIHBIX K OCBOSHHIO MTOYB JI0
12-13 % B roa. B cpeanem, Toapko onHO TabayHoe mpemampustue npous3Boaut oT 900 mo 1400
TOHH OTXOJIOB B TOJI, UTO €I1ile 0oJiee yCcyryoaseT SKOJIOTHISCKYIO cuTyanuio B PeciyOnuke.

IIpu stom corimacHo manHbiM MCX PK 6onee 80 % wuncektunuaaeix (10 810 ToHH)
repOounmuaHbIX (10 240 ToHH) npemapaToB uMmnopTupyercs B Kazaxcran u3 Kuras, Typuuu, Poccun
n Ykpaunsl. [Ipon3BOJICTBO BETEPUHAPHBIX IpenapaTtoB B PecmyOiuke OTCYTCTBYET, B TO BpeMs
KaK TOTpEeOHOCTh TOJHKO B BHUTAMHHHBIX IperapaTax, K KOTOPbIM OTHOCHUTCS HHKOTHHAMU],
oneHuBaeTcsa He MeHee yeM B 420-425 TOHH B ro.

PactutensHbIe aJIKaJIOUIBI 00JIaaloT  APKO BBIPAKXEHHOW  MPOTHBOOITYXOJIEBOH,
MIPOTUBOBOCIANIUTEILHON, aHECTE3UPYIOIIEeH, CIa3MOJUTHYECKOH, CHOTBOPHOW, THMO- H
TMIIEPTEH3UBHOM, XOJIUHICTEPA3HOM M IPOTHBOMAISAPHIHON akTHMBHOCTHIO [1-3]. Paspaborka
METOJIOB HX CEJICKTHUBHOTO W3BJCYCHUS M3 TEXHOTCHHOTO PACTHTEIIBHOTO CBIPbS BBICOKO
aKTyallbHa, MOCKOJIbKY MOXET CTaTh OJHUM M3 ATAlOB B PEIICHUU MPOOIEMBbI HMIIOPTO3aAMEIICHHS
B OTEUECTBEHHOW (hapMIIPOMBIIIIEHHOCTH, TPOU3BOJICTBE PACTUTENbHBIX AaHTUOKCHUIAHTOB,
KpacuTeneH, apoMaTH3aTOPOB, JyOUTENeH 1 XUMUYECKHX CPEJICTB 3allUThl PACTEHUH.

Lenp nccnenoBaHusi: cO3AaTh YHUBEPCAIBHYIO 10 OTHOLIEHUIO K TUIY MCIOJIB3yEMOTO ChIPbS,
TEXHOJIOTHUIO JIealTKaJOUIN3allii OTX0I0B Ta0AYHOTO MTPOU3BOICTBA.

OOBEeKTOM HAIIUX MCCIENOBAHUN SIBISUIUCH TEXHOTEHHBIE OTXOJAbI TabA4HOTO MPOM3BOJCTBA
AO «Dumunn Moppuc Kazaxcran», HEKOHIUITMOHHBIE BUJIBI Tabaka, MaXxOpKH M TabauHasi KPOIIKa.

[Ipu pa3paboTke METOMOB MOJNy4eHHS HUKOTHMHA M3 Tabaka, MEPBOOYEPEIHON 3amadeil ObLIOo
KaueCTBEHHOE, a 3aTeM KOJIMUYECTBEHHON OIpe/IeIeHIHe OCHOBHBIX 0aJIaCTHBIX BEIIECTB B COCTaBe
Ta0aYHBIX OTXOJOB. TOYHBIE JAaHHBIE O KOJIMYECTBEHHOM M KAYeCTBEHHOM COCTaBE ITO3BOJISIOT,
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YUUTBIBAS CTPYKTYpHBIE OCOOCHHOCTH KOMIIOHEHTOB pacTeHHUs pa3paboTaTb MaKCHMAaJIbHO
3G PEKTUBHYIO TEXHOJIOTHIECKYIO CXEMY €T0 TIepepadOTKH.

Jlisi poBE/IGHUST aHAJM3a PACTUTEIBHOTO CHIPBS, JIMCThSI Tabaka M MaxOpKa BHICYIINBAIKCH,
M3MENBYAIINCh 10 pa3Mepa 4acTUl] 3-7 MM U HUCIOJb30BAIUCH Ul KCTPAKLUN MUHIUBUyaIbHBIMU
M CMEUIaHHBIMH OJKcTpareHTamu. ChIppe H3Menpyaioch. HaBeckH momemainch B KOJOBI C
00paTHBIM XOJIOJWJIBHUKOM, 3aJMBAJUCh SKCTPAreHTaMH B COOTHOIICHMH 1:5 W HacTamBaluCh B
TEUEHUE CYTOK IIpu KOMHATHOW temmeparype. Ilocie d4ero MeTomoM TOHKOCIOWHOM
xpomarorpaduu ¢ ayreHTHYHBIMH OOpa3maMu ObLI MPOBEAEH KAaYeCTBEHHBIH aHAIN3 BOJHBIX,
BOJIHO-aIleTOHOBBIX (0T 1:9 10 7:3 V/IV), BogHO-ciipTOBBIX (0T 3:7 10 9.5:0.5 V/V), sTHIaneTaTHBIX
1 3(UPHBIX U3BJICYECHUI MAXOPKU U TaOAYHOM KPOILIKH.

KonunuectBenHoe onpesneneHne oOHApYKEHHBIX TPYII MPUPOJHBIX COEAUHEHUN MPOBOIMIH T10
MeroqukaMm [ocymapcTBeHHO#W  (apmakomen u  pa3paOOTaHHOW aBTOpPAaMH  METOO0JIOTHH
dburoxumudeckoro ananuza [4-6]. [lonmyueHnHbie JaHHBIC IPUBEIEHBI B TabmuIe 1.

Tabnuma 1 — Pe3ynbrarhl KOJIMYECTBEHHOTO aHaAJIN3a OCHOBHBIX Ipymi BAB TabayHoro ceipbs

KonmuecTBeHHOE CoNlep)aHne B IPOIIEHTaX
Knacc BAB Maxopka TabayHas kpouka
Yriesoast 4.41 3,88
[Tonmucaxapusi 14,33 15,21
CB0oOOHBIE OPraHUYECKUE KUCTOTHI 6,19 5,84
DEHOTOKUCIOTEI 9,88 11,21
OKCHKOPHYHBIC KHCITIOTHI 5,03 4,13
AMWUHOKHCIIOTHI 2,39 2,37
AnKanonasl 6,56 6,92
I'muko3uer peHoIbHbIE 5,01 4,95
['uKo3u 61 TPUTEPTICHOBBIC 0,57 0,82
Kymapunst 0,57 0,39
daBoHOUIBI 5,41 6,12
JlyOuiibHbIE BellecTBa 4,77 4,18
DdupHble Maca 0,64 0,43

C yderoM MOJNYyYEHHBIX AAHHBIX IO COCTaBYy comyTcTBYromux rpynn BAB Tabaka, Obuiu
pa3paboTaHbl TEXHOJOTMYECKHE TMapaMeTpbl CENEKTUBHOTO W3BJICYEHUS CYMMBI aJKaJOWJOB,
BKJIIOUYAsl OMNpEACIEHUE INPUPOIBbl ONTUMAIBHOIO AKCTPAr€HTa M ONTHUMAJIbHOIO COOTHOLIEHHS
CBIPBE:IKCTPAreHT; TEMIIEPATYPHOI'O U BPEMEHHOTO PEKUMA IKCTPAKIIHH.

Jlns  yCTaHOBJIEHUs BIMSHUS TPUPOJBI IKCTpareHta Ha BbIXoJ BAB Obina mpoBeneHa
OKCTPAKLMS CHIPbsl PACTBOPUTEISMHM  Pa3IMYHON MOJSPHOCTH. ONTUMAIBHBIM 3KCTpPareHT
noj0Mpaii  SKCTParupoBaHUEM HU3MEJIBYEHHOTO U BBICYIIEHHOTO ChIPbS Pa3HOIOJSPHBIMU
pacTBOPUTENISIMU IPU KOMHATHON TeMIIepaType U Mpu HarpeBaHUU.

[TonmydeHHble JTaHHBIE CBUAETEIBCTBOBAIM O TOM, YTO HAaUMEHee OOrarble COMYTCTBYIOIIUMHU

BCIICCTBAMH OKa3aJlnChb XJ'IOpO(I)OpMHBIfI n ,Z[I/IXJ'IOpMeTaHOBHﬁ 9KCTPAKTBI paCTCHUA. 3KCTpaKI_II/ISI
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CBHIPbsI CMECBIO YKa3aHHBIX pacTBOpHUTENEH ¢ noOaBiieHMeM OyTaHOHA, NPU aHAJIM3E MOKas3aia
MIOMHUMO YBEJIMYCHHS COJCPKAHUSA aJKAIOUIOB, TAKKE YCIOKHEHHE KAaueCTBEHHOTO COCTaBa
o0mmx sKcTpakToB. [loaTOMy 1t OTPAOOTKHM MapaMEeTPOB TEXHOJIOTHUECKOTO PEKMMA BBIICICHHS
QJIKaJIOUJIOB M3y4aeMOTO pACTeHHs, Mbl OTKAa3aJUCh OT HCIOJb30BAHUSA KOMIUIEKCHBIX
IKcTpareHToB. JlambHelee nccieIo0BaHie MPOBOMIIA C MCIIOJIB30BAHUEM IETPOJICHHOTO 3dupa
(ppakmmst 40-70), nquxitopMeTana, Xxjaopodopma, OeH30J1a, ITUTIAICTaTa M OSH3MIOBOTO CITUPTA.

Jlnst  ompeneneHuss ONTUMAIBHOTO COOTHOIIEHHS CHIPBE:IKCTPAreHT, Mbl HCIOJIb30BaIH
HamOoJiee YacTO BCTpEUAIONIUecs B HAY4YHOW nuteparype cocraBel — 1:3, 1:4, 1:5, 1:7 u 1:10.
[TonyuenHble pe3ynbTaThl CBEJIEHBI B TaOIuULE 2.

Tabmuma 2 — ConepkaHue ankajllOUAOB, B 3aBUCHMOCTH OT COOTHOILEHHUSI ChIPhE:PacTBOPUTEND,
0
B %

DKCTpareHT CoOTHOIIEHNE CBIPBE:IKCTPATEHT

1:3 1:4 1:5 1:7 1:10
[Terpomneitabrii 23¢up 0,94 1,18 1,27 1,31 1,35
JuxinopmeTaH 2,21 2,67 3,23 3,36 3,45
DTHiarerar 3,01 3,43 3,89 4,05 4,14
Xaopodopm 0,77 1,18 1,33 1,41 1,46
benzon 1,44 1,79 2,08 2,19 2,23
benzunossriii cimpt 2,57 2,88 3,12 3,20 3,24
OTUIIOBBIN CIUPT 2,12 2,49 2,77 2,85 2,89

W3 nmanHBIX Tabmuubl 2 cielyeT, YTO MaKCUMalbHOE HM3BJICUCHHE CYMMBI allkaJlOMI0B, BHE
3aBUCUMOCTH OT THIA U TMOJIAPHOCTH HCIOJB3YEMOIr0 JKCTpareHTa, HaONolaeTcsl MpH
COOTHOIIEHUH ChIPbE:pacTBOpUTENDb 1:5, nanbHeiiee yBelIMueHUE KOJIMYECTBA HKCTPAreHTOB, HE
JIaeT CYIECTBEHHOTO MPUPOCTA BHIX0/Ia CYMMBI aJIKaJIOUIOB.

HccnenoBanue BIUSIHUS TEMIIEPATYPHOTO (DaKTOpa Ha MOJIHOTY U3BJICUEHUS CYMMBI aJIKaIOUuI0B
0TX0JI0B TabayHOro MPOU3BOJCTBA, MpoBoAWIM mpu Temmneparypax 20, 40, 60, 80 u 100 °C. B
cllydae eclid TeMIlepaTypa KUIIEHUS pacTBOpUTENs Obla HIDKE (Hampumep, MeTposieHbIi 3¢up,
¢bpakus  40-70, guxmopmeTaH wuiau  XJI0opoopMm), B KauecTBE IMOPOTOBOIO 3HAUCHUS
MCII0JIb30BaJIach TeMIiepaTypa ero kunenus. [lomydeHHble pe3ynbTaThl MpeACcTaBICHbI B TabIuIe 3.

JlanHble TabaMLBI 3 CBUAETENBCTBYIOT, YTO IOPOTOBOM TeMIIEpaTypoi mpolecca, pu KOTOpoi B
SKCTpaKTax HaOJI0NAeTCs MaKCHMAIbHOE COJEpKaHMe CYMMbI ajlKalouioB, sensercs 60°C, a B
cllyyae TUXJIOpMeTaHa — TeMIIepaTypa ero KUIeHMs.

IIpu oTpabOTKE BPEMEHHOIO pEeXHMa 3KCTPAKIMH, Mbl HMCXOIWIN U3 HaWJEHHBIX paHee:
ONTUMAJILHOTO COOTHOIIEHUS ChIpbe-3KCTpareHt (1:5) u onTuManbHOM TemnepaTypbl KCTPaKIMH
60 °C nmna merponeitHoro a¢wupa, sTHiIanerara, xiaopodopma, 6eH301a, OEH3WIOBOIO CIHUPTA U
stanouna, u 40 °C — ana quxyiopMeTaHa.

Bpemst skcTpakiuu BappupoBaiid oT 1 10 5 yacoB. IlomydeHHble naHHBIE NPEACTaBIEHBI B
Tabnure 4.
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Tabnuua 3 — CoxepxaHue aaKaJOUJOB, B 3aBUCHMOCTH OT TEMIEpAaTyphl IPOILEcca SKCTPAKIIUY,

B %

DKCTpareHT Temmeparypa 3KCTpaKIuu
20°C 40 °C 60 °C 80 °C 100 °C
[Terponeitabrii 23¢pup 1,09 2,54 3,60 - -
JuxnopmeTran 2,59 3,02 - - -
DTuiamerar 3,45 3,89 4,32 2,59 -
Xnopodopm 1,02 2,11 3,85 - -
benszon 1,80 1,85 2,61 3,02 -
Ben3unoBsIii criupt 2,85 2,99 3,88 4,06 421
OTUIIOBBIN CIIHPT 2,51 2,74 3,64 3,81 -

Tabnuia 4 — Beixoa cyMMBbI aJIKQJIOUIOB B 3aBUCUMOCTH OT BPEMEHHOTO PEXXUMa IKCTPAKIUHU, B %

OKCTpareHT Bpewms skcTpaknun
HacrauBaHue 24 yaca | 1 yac | 24aca | 3 gaca | 4 yaca | 5 yacoB
[lerponeitnblit 23¢pup 2,54 3,60 3,74 3,98 4,09 4,16
JluxnopmeTan 0,21 3,02 3,19 3,37 3,44 3,49
Ortunanerar 0,43 4,32 4,53 4,71 4,79 4,85
Xnopodopm 2,11 3,85 4,03 4,19 4,25 4,28
benzon 1,80 2,61 2,77 2,94 3,01 3,06
benzusnossiii ciupt 2,85 3,88 4,26 4,59 4,77 491
DOTUIIOBBIA CIIUPT 2,51 3,64 3,81 3,99 4,07 4,14

W3 Tabnuiel 4 cneayeT, 4To MPU COOTHOILIEHUM ChIpbe-pacTBOpUTENb 1:5 u Temmepatype 60 °C,
a, B ciydae auxiopmeraHa — 40 °C, onTuManbHBIM SIBIIIETCS TpexdacoBoe HarpeBaHue. [Ipu
JalbHEHIeM YBEITMYEHWHW BpPEMEHU OJKCTPaKIMH B YyKa3aHHBIX YCIOBHUSX IPOHUCXOIUT
HE3HAYUTENIbHOE YBEIIMYCHHE KOJUYECTBEHHOTO cojepxaHus ankanouaoB. Kpome toro, mis
TIOBBIIIICHUST CTETIEHU W3BJICUCHHS] CYMMBI anmKajlouJoB Tabaka, HaMu ObUIa ONTHMH3UPOBAHA
yCTaHOBKA JUIl LUPKYJISIMOHHOM SKCTpaKIMM, KOTOpas BKJIIOYaeT B ceOs aBTOPCKYIO MOJEIb
BaKyyM-CJIMBHOTO dKCTpakTopa (pucyHok 1)[7].

B skctpakrop (1) mocioitHO 3arpyxaroT Tabak, MaxOpKy WIM TaOayHYIO KPOIIKY, 3aJUBAOT
9KCTPAr€HTOM M IPOBOJAT AIKCTPAKLIMIO B TEUYEHHE ONPEICIICHHOTO BPEMEHM. 3aTEM BBITSKKA
CIIMBaeTCs 4Yepe3 CIMBHOM ILITyllep B BbIMApHOM ammapaT (2), rae Npu Iojade TerloareHTa
OTTOHsIETCS pacTBOpuUTENb. OpraHM4eckuil pacTBOPUTENb KOHJIEHCUPYETCS B XOJOAWIbHUKE-
KoHjeHcaTtope (3) M ciauBaeTcs caMOTEeKOM B COOpPHMK (4), OTKyJa BIEPEMEIIKY CO CBEXKHUM
pacTBOpUTENIEM TIOJAeTcs BHOBb Ha Cbipbe. TakuMm 00pa3oM, NPOUCXOJUT LUPKYIALHUS
9KCTpareHTa. DKCTpaKUus MPOBOJUTCS IO HMCTOIIEHUS PAaCTUTENIBHOTO MaTepuajna IpH MOMOIIU
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CIIEIUATIBHO Pa3pabOTaHHON KOHCTPYKIMM BaKyyM-CIMBHOTO 3KCTpakTopa. OTroHKa M3BIEKaTels
U CIUB BBITSDKKM HPOUCXOOUT Nepuoauuecku. Ilocnme MOCTHXKEHHS ONpeAeseHHOro BBIXOJa
AIKAJIONIO0B TMCPCKPBIBAIOT BCHTUJIb HA JIMHUW TIOJA4YM OTroHa B OKCTPAKTOP, M3 BBITAXKU
OTTOHSIOT PAcTBOPUTENIb JIO TOJYYEHUS TyCTOro OJKCTpakTa. llpormecc sKCTparupoBaHus
IIPOM3BOJIUTCS IMyTEM BpalleHus OapabaHa Ha pelbCOBOI CTaHUHE.

OKcTpareHT

folliy r—

a 1
g Coipbe

-

Pucynok 1 — YcranoBka /st HUPKYISIIMOHHOM 3KCTPAKIUU
HUKOTHH-COIEPKAIIETO PACTUTEIIBHOTO ChIPhS

BaKYYM-CHHBHOﬁ OKCTPAKTOPp IOACIICH Ha pa60qI/Ie 30HBI. Cam alrrapar cHaOXXeH KOpImycoM B
BHAC 6apa6aHa C YCTaHOBJICHHBIMU Ha HETO «PCJIbCaMn» I10J CTaHHHY, Ha KOTOpOfI pasMCIacTCAa
caM allrapar. Ha KOpIyce UMCOTCA 3aJINBHOM M CIIMBHOM mrynepa, BaKYYMHbIﬁ KJ1ariaH, JIFOKH I10
0okaM UL 3arpy3Ku ChIPbS, HaA JIFOKAX UMCIOTCA CIICHUAJIBHBIC MMa3bl AJI1 HACAAKU IMOA PCAYKTODP.
BHy’TpCHHHH pa6oqa;l 30Ha cHaOKeHa CHUTOM, HAa KOTOPOC I'Py3UTCA CBIPHEC, d TAKIKE CIICIUAJIbHBIMU
KaHaJIaMU IJId CJIMBA SKCTPAKTaA.

B OKCTPAKTOPEC HAOCTUTACTCA MAKCHMAJIbHAA CTCIICHL H3BJICYCHU, 6J1ar0ﬂap;1 CO3JJaHHIO
BaKyyMa BHYTpPU KOpIIyCa, B pa60qel71 30HC, a TaKKC COKpall€eHUd BpPEMCHU OSKCTpPAKIHU.
KOHCpr’KHI/IH 6apa6aHa BAaKYYM-CJIIMBHOTO 3KCTPAaKTOpa IMO3BOJIICT TIOJHOCTBIO HACBITUTH
HCXOJHOC CBIPHC SKCTPArcHTOM 0e3 06p330BaHI/I$I BO3YHIHBIX 3a30pOB B CJIOC ChIPbA. CYH_IGCTByeT
BO3MOXXHOCTBb CO3daHHA 6aTapeH N3 JaHHBIX 3KCTPAKTOPOB.

Pacuetsl MoKaszajid, 4TO HNPCHJIOKCHHAd MOJC/Ib 3KCTPAKTOpA ABJIACTCA 3¢)¢)CKTHBHOﬁ KaK B
O,Z[HOCTyHCH‘-IH.TOﬁ 9KCTpaKIWUH, TAK U B MHOTO CTynquaTOﬁ OKCTPAKIIUU (Ta6J'II/II_Ia 5)
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Tabmuma 5 — CpaBHeHue mokazaTeneil 3(PQPeKTUBHOCTH pa3pabOTaHHONW MOJenu B
OJIHOCTYIIEHYAaTOM Y MHOTOCTYIIEHYAaTON SKCTPAKIUAX

OnHocryneHvarast MHorocrtyneHn4arast
DKCTPAKLIHS 9KCTpaKUHA
PazpaboTaHHBIN SKCTPAKTOP a=58,74% a=90,07 %
Tpamumonnsie Mmoaenu [8,9] a=5512% a=283,24%

Takum oOpa3om, pa3paboTaHa onTUMaibHasi MOJENb JKCTPAKTOpa Ul BBLACICHUS CYMMBI
QJIKAJIOUJI0B U3 TabauHOTO PACTUTENIBHOIO ChHIPbS; ONPEIENIEHbl ONTUMAJIbHbIE TEXHOJIOTHUYECKUE
napaMeTpbl UX CEJIEKTUBHOTO HU3BJICYEHHUS (IKCTPAKUMSI ChIpbd OEH3WIOBBIM  CIIUPTOM;
COOTHOIIEHUE PACTUTEIBHOE ChIphE:IKCTpareHT — 1:5; Ttemmeparypa 3kcrpakuuu 60 °C; Bpems
AKCTPAKIMK — 3 Yaca) MPpH UCTIOJIb30BAaHUHU Pa3pab0TaHHON MOIEIH.

Pa3paboranHas TexHosjorus  sBiaseTcs  A(Q(GEKTUBHBIM  CIIOCOOOM  JealIKaJOUAN3aluH
BBICOKOTOKCUYHBIX OTXOJ0B TaOaYyHOTO MPOU3BOJICTBA.
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MPABIWJIA O®OPMJIEHUS CTATEN

1. Kypuan «M3Bectus HTO «Kaxak» myOinKyeT HalMCaHHbIE Ha PYCCKOM, Ka3axCKOM,
AHTIIUHCKOM U KOPEUCKOM SI3bIKaX OpPHTHHAIBHBIE CTaThU, 0030phl. JKypHan maet mHGOpMaIHIO,
CBSI3aHHYIO C JI€ATEIbHOCTHIO 00IIECTBA.

2. B opurmHaibHBIX CTAaThAX MOTYT pacCMAaTPUBATHCA PE3YNIbTAThl KaK TEOPETUYECKHUX, TaK H
npuknaaasix HAP.

3. ABTOpBI, JKENaIOUIMe OIYOJMKOBATh OO30PHYIO CTaTblo, JOJDKHBI —TIPEABAPUTEIHHO
corjacoBaTh €€ TEMAaTUKy, NPEJCTaBUB aHHOTauuio Ha 1-2 ctp. B o030pax cienyer ocsewiaTh
TEMBI, MPEJICTABIISAIONINE JOCTATOYHO OOIINI MHTEPEC 1O BHIOPAHHON TEMAaTHUKE MM OTPa)KaIOIINe
KaKOH-JIMO0 BaXXHBIN acCIEeKT MPUMEHEHHUS B TIPOMBIIIJICHHOCTH, CEIbCKOM XO3SHCTBE, METUIIMHE U
T.1. JJomyckaercst 000011eHe pe3yapTaTOB MHOTOJIETHUX UCCIIEI0BaHNN HAyYHbBIX KOJUIEKTHBOB.

4. OOveM craThu He maoibKeH mnpeBbimarh 10 crpanun ¢opmara A4. CraThsi A0OKHA
HAauMHATbCd C BBEACHMSI. B HeM J0KHBI ObITh JaHbl: COJAEp)KaTelbHas IOCTaHOBKA
paccMaTpuBaeMoOro B CTaTh€ BOIIPOCA, KPaTKHUE CBEJIEHUS 10 €r0 UCTOPUHU, OTIIMYHE IpeiaraeMoiu
3aaud  OT YK€ M3BECTHBIX, WM MPEUMYIIECTBO M3JaraéMoro MeEToJa IO CpPaBHEHUIO C
cymectByomiuM. OCHOBHas 4acThb CTaTbU JIOJDKHA cojAepkaTh (OPMYIMPOBKY 3aladd U
npearaeMblii METOJ ee pelleHus], 3aKII0UNTEeNbHAs YacTh — KpaTKoe 00CYXKJIEHUE MOJIYyYE€HHBIX
pe3yabTaTOB U, €CIM BO3MOXHO, MpUMEp, WUIIOCTPUPYIOIINK UX 3(PPEeKTUBHOCTH U CHOCOOBI
MIPUMEHEHHUSL.

5. Bce cratbu mpoxoasaT IMEHHOE PELieH3UPOBaHHUE.

6. ABTOpHI MOTYT TMPEICTaBUTHh DJCKTPOHHYIO BEPCHIO CBOCH CTaThll TIO ajpecy:
izv.ntokaxak@mail.ru

TpeOoBanus kK 0)OpMIICHUIO PYKOTIHCEH

CraThy MPEICTABIAIOTCS B DIEKTPOHHOM BHJIE B TeKCTOBOM pemakrope Word 97, dopmysbt
HaOMparoTcs ¢ momoIisio peaakropa MS Equation 3.0 (2.0) wiau Chem Draw.

Ipudt Times New Roman 12 pt. MexxcTpounslii uHTEpBan oauHapHbIi. [Tosst: Bepxuee — 2,0
cM, HmkHee — 2,0 cm, neBoe — 2,0 cm, mpaBoe — 2,0 cM. AG3a1r — kpacHas ctpoka — 0,5 cMm.

TekcT cTatbu JOMKEH HAYMHATBCA C YKa3aHUS:

c nesoti cmoporvl — uHaekcoB MPHTU u Y AK, nHuowce npuBoaarcs:

—  Ha3BaHHe CTaTh¥ (IIPOMHCHEBIE OYKBHI, (POPMATHPOBAHHUE T10 IIEHTPY),

(haMnIMM 1 MHUIIMAIBI aBTOPOB (ITPOITUCHBIE/CBETIbIE, (POPMATHPOBAHUE TIO IIEHTPY),

- Ha3BaHHEC OpraHU3allui U €€ MECTOHAXOXICHUC,

e-mail aBTOpoB

pe3toMe (KpaTKoe HM3IIOKEHHE COAEP)KaHWS CTaThH, JAOIIee MPENCTaBICHHWE O TeME U CTPYKType
TEKCTa, a TAK)KE OCHOBHBIX pe3yibTarax, /—10 mpeasioxenuii),

—  KJIIOYEBBIE CJIOBA, 00ECIIEUNBAIOIIHE TOJTHOC PACKPBITHE coepxkanus ctathr (7—10 cjioB),

- TCKCT CTaThH,

—  CIIMCOK JINTEPATYpBHl,

- ®.1.0. ABTOPOB, HA3BaHUC CTAaTbU, PC3IOMEC, KIIFOUCBBIC CJIOBA Ha TPEX A3bIKAX (Ha Ka3axCKOM,
AHTIUICKOM U PYCCKOM).

PucyHku 10KHBI OBITH IPEICTABICHBI B OTJEIBHOM (ailie.

Crates npencrasisiercs B doc mim docx dopmare, a Taxke uaeHtndnas komust B pdf ¢popmare,
Ha DJIEKTPOHHBIM ajapec KypHala, B OTIENbHBIX (Qailnax IyOnupyrOTCS PHUCYHKH, TaOJHIIbI,
rpaduky, cxembl, a TaKKe MPUBOAATCA CBEICHUs 00 aBTOpax (MMs, OTYECTBO, yu€Has CTEIMEHb,
y4eHOe 3BaHue, CIyKeOHBIH aipec, MecTo paboThl, TOHKHOCTh U TeTeOHBI 7S CBSI3U).

Cchulku Ha JHUTEpaTypHbIE HCTOYHUKMA B TEKCTe TMPUBOAATCS B KBAJAPATHBIX CKOOKax.
bubnuorpaduuecknii cnmrcok odopmisiercs B cootBerctBuM ¢ TpeboBanusimu ['OCT 7.1-2003
«bubnuorpaduueckast 3anuch. bubnuorpaduyeckoe omucanue: oOmue TpeOOBaHUS U TpPaBUIIA
COCTaBIICHUS.
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