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REVIEWING THE IMPACT OF SMARTPHONE USAGE ON ACADEMIC PERFORMANCE
AMONG STUDENTS OF HIGHER EDUCATION

Bunyad Ahmad Shayeq
a member of the Scientific Staff, Physics Department,
Faculty of Education, Al-Beroni University

VIK: 53.1

AHAJIN3 BJIMSTHUASA UCITOJIb3OBAHU S CMAPT®OHOB HA AKAJEMHUYECKY1IO
YCIIEBAEMOCTbD CPEJIX CTYJEHTOB BbICIINX YYEBHBIX 3ABEJEHUHA

Bynsao Axmao Hlaiiex
ujlen HayyHO20 NEPCOHANA PUIULECKO20 aKyIbmema nedazo2uiecko2o Gaxyivmema
Yuueepcumema Anv-beponu

ABSTRACT

Adoption of Smartphone by students of higher learning has been a global phenomenon in recent years. It is
more than an integral part of adolescents’ daily lives and has become the most popular form of electronic
communication. Infact, the Smartphone has turned from a technological tool to a social tool. Smartphone and
tablets play a very significant role in higher learning student’s information seeking behaviour in meeting their
learning and research needs. This paper explores the impact of Smartphone on academic performance of higher
learning students. The study revealed high level of awareness about the usage of smartphones by higher learning
students for their academic works. Results showcases that smartphones have tremendous impact on their higher
education. Especially with easy internet access and high speed browsing as it saves time and money rather than
going to cybercafé/college library. Moreover, lack of experts who are technically strong on repairs during fault
occurrence, operational difficulties, high cost of data subscription from service providers and fragility are the major
problems that are encountered while using smartphones. This study aims in finding out the relationship between
smartphone usage and academic performance among students of higher learning. The study involved data collation
based on description of the phone usage habit such as browsing frequency, information sourced, sites visited, and
examining the effect of smartphones on students’ academic related activities. The hours spent on the phones by
students were also gauged and compared with one another focusing on studies and learning perspectives
respectively.

AHHOTALUS

Wcnonp3oBanue CMapT(bOHOB CTYACHTAMU BBICHINX y‘le6HBIX 33B€,I[GHI/II71 B IOCICAHHUE TIOJbl CTaJIO
riao0anbHBIM SIBJIIEHHEM. B J:[aHHOfI CTAaTbC HUCCJICAYCTCA BIIUSIHUC CMapT(l)OHa Ha aKaACMHUYCCKYIO YCIICBACMOCTb
CTYACHTOB BY30B. HGJ'IBIO JAaHHOT'O HCCJIEAOBAaHUA SABJISACTCA BBIAICHCHUC B3aWMMOCBA3HU MCEKAY HCIIOJb30BAHHUCM
CMapT(I)OHOB u aKa,I[eMPI‘IeCKOﬁ YCIEBAEMOCTLIO CpeI CTYACHTOB BbICIINX y‘le6HBIX SaBeﬂeHHﬁ.

cioBa: CmapTdhoHbl, AKazeMuuecKas AesTeIbHOCTh CTYAeHTOB, CTYICHTHI By30B, YCIIEBAEMOCTb.

Key words: Smartphones, Student academic activities, Higher learning students, academic performance.

KiawueBbie

I. INTRODUCTION

Learning is imperative for growth and in today’s

student is in danger, he/she can contact their parents for
rescue and safeguard themselves. Likewise, a student

era the gadgets become a supplement to add value for
learning activities. Invariably the students are those
who either become a beneficiary if they use the gadgets
in appropriate manner or become a trap if used
inappropriately. This study as indicated previously
focuses on the impact of Smartphone among the
students who takers of higher education and the relative
impact on academic performance. A mobile phone is an
electronic  device wused for two-way radio
telecommunication over a cellular network of base
stations known as cell sites (as defined by
Vijayakumaran NairK & Vinod Chandra S.S,
2014).Many definitions of mobile phones validates the
point that its existence in the world was for emergency
purpose but over the time the usage has taken varied
purposes. If students have a mobile phone, then it is
easy to contact anyone at their needs. For instance, if a

with a phone can contact police at any harmful
situation, or contact fire brigade if they find fire
somewhere, or even they can call any useful
departments on their needs. Therefore, mobile phone is
one of the best solutions for any emergency situations.
Mobile phones have become an essential part of
anyone’s day to day life since 1990s. As cell phones
have become more available, they are increasingly
owned and used by college/university students as well.
The aim of this research is to assess the impact of
mobile phones in learning as they enhance students’
learning in different ways. Smartphones easily promote
collaborative and different types of learning through
their wireless connection to the internet. Their adoption
in learning processes by the higher institution
management as student-learning and communication
device tools is useful. Taking a step ahead, the impact
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of mobile learning on students’ learning behaviours and
performance have also been highlighted in recent
research (Wand, Minjuan et al 2009). Mobile phones
motivate students in a classroom environment to be
more engaged to the lesson promoting learner-centred
participation. This indicates the dynamic support that
the Smartphone has brought to students’ learning
practice.

2. LITERATURE REVIEW

The survey conducted by D. North, K. Johnston,
and J. Ophoff (2014) showcased few signs of addiction
to respondent’s mobile phones. Their study explored
the use and role of mobile phones among South African
university students. The focused on four main
categories to examine the students’ mobile phone use
were namely a) reasons to use mobile phones b) pattern
of mobile phone use c)purchasing factors d) behaviour-
related issues. Differences in mobile phone use by
gender were found, with female students showing
increased mobile phone use for safety and socializing,
interest in brand and trends, as well as signs of
addiction. They found that Males and females differ
significantly in some areas of mobile phone use. A
recent study conducted by (Gretchen Krebs, 2012)
shows that smartphones have a huge impact on student
achievement. Skeptically, including some parents,
worry about kids wasting time in class, but so far the
benefits of allowing personal technology in schools
outweigh the risks.

A research conducted by H.M.Abuhassna and
I.M.H. Amin indicates the differences due to age and
gender do not appear to be particularly significant; most
significant differences appear to be due to the mobile
devices used or technologies available. The use or not
of certain technologies like social networking among
students is high compared to downloading podcast or
searching for answers during examinations. According
to (M. J. Stollak, et al, 2011) students who have
smartphones were more likely to both access social
networks and spend time in chatting with others. From
an educational point of view, student can enhance their
academic performance level by watching online
resources and professors may have to be wary of
assigning project works involving social media to
students as some may have an advantage in completing
the work than others. (P. Jubien, 2013) in her
qualitative study concludes that graduate students
combine their personal lives with their student lives
influenced by the use of smartphones. This finding can
be understood as a statement that students can have a
classroom at home or wherever making use of

communication and educational applications
offered by smartphones. she also mentions another
finding about how smartphones are influencing and
changing educational practices. For example, changes
in the way to gather information, to receive instructions
from teachers, to do homework, to collaborate with
classmates, among others. The independent variable
namely age becomes an important factor to be
considered to gauge the impact of cell phone usage
among students and in addition the age being at the
level of adolescence is very critical which has been
postulated by (Elkind, 1967), in his theory. As the

theory focuses on adolescent egocentrism, pointed out
heightened selfconsciousness during adolescence. The
theory highlights that the adolescence stage is critical
because of authority, unwillingness to accept and quick
to find fault with others which leads seeing from one’s
own perspective alone and not being empathetic which
has been conducted among students of the University
of Ibadan. Similarly, his study also showcases that
ostentatious mode of using and disposing of the internet
enabled phones at will, in order to be abreast of current
trends which validates his point that today’s students
are more of attention seekers.

The West African Examination Council WAEC
Chief Examiner Report, 2014 has shown the data from
the Taraba State that most of the students fail English
Language and Mathematics. This may be partly
attributed to high usage of Mobile Phone
telecommunication gadgets and student spend more
time in mobile phone usage instead of concentrating
their classroom work. The free night calls, chatting,
instant messaging, social networking and exam
malpractices etc are greatly influencing the student’s
academic performance. M. Tayseer, et al(2014)
proposed a research article titled "Social Network:
Academic and Social Impact on College Students.
and found that there is a correlation between the
students GPAs and their frequent usage of social
networks like twitter, face book. They also found that
many of their respondents do not use social sites to look
for academic related information; however, many of
them support the idea of having online learning.
Another finding showed that the students tend to use
social networks like Face book and Twitter in social
purposes rather than the academic ones.

This work concentrates on finding the Impact of
smartphone usage on academic performance of higher
learning students in virudhunagar district which
includes 12 Arts and science colleges, 12 Engineering
Colleges and one deemed university.

3. METHODOLOGY

The subjects of the study included students from
the Virudhunagar. Quantitative research method was
adopted and data were treated accordingly. The
population of the study comprised of 40% of the
students from the various institutions during the year
2016. This constituted to the sample for the study. The
data obtained for the survey was collected between
October and November 2016 by questionnaire method.
Closed-ended questions were adopted which in-turn
were interpreted and analysed. A total of 85 copies of
questionnaire were distributed to students of the
various institutions including those from the various
departments of which 80nos were returned with a
response rate of 88.9%. The returned copies of
questionnaire were analyzed using percentage and
frequency count.

4. RESEARCH DESIGN

The design was such as to trace vital predictive
relationship and degrees of association among
variables. In order to analyze the information collected,
the sampling method of research design was adopted.
Simple random sampling method is adopted for data
collection. Simple Random Sampling (SRS) is a simple
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random sample of a given size; all such subsets of the
frame are given an equal probability. Furthermore, any
given pair of elements has the same chance of selection
as any other such pair. This minimizes bias and
simplifies analysis of results. In particular, the variance
between individual results within the sample is a good
indicator of variance in the overall population, which
makes it relatively easy to estimate the accuracy of
results. The study population consisted of all higher
learning students of the Virudhunagar District, Tamil
Nadu State. Thus students were randomly selected on
campus to administer the questionnaire. Henceforth it
is noted that the findings of the study will have equal
applicability to other students in the schools. The
survey questionnaire was accordingly, administered
physically and taken back immediately and some after
few days. This is dependent on the choice of the
individual making up the sample size. A self -
administered process whereby the respondent himself
reads the questions and records answer without the
assistance of an interviewer. The questionnaire was
designed to collect relevant information the questions
were numbered for easy references and arranged so that
the respondents can understand easily the reason and
important attached each question. The form of

questionnaire used provided on easy quick way of
collecting objective information from primary sources
without necessary allowing the respondents to strain

his or her brain for answers. The content validity
ensured of the validity of the study. Coincidently, test-
retest method was also used in this study in order to test
the reliability, out of

forty questionnaire returned, 15 questions were
marked for test-retest.

5. RESULTS AND DISCUSSIONS

Based on the data collected 60% of the students
reported that they have android mobile with internet
connection and have the internet enabled phones.
Around 90% of them have been actively using the
internet mobile services to surf and browse the net. The
following figure shows the analysis of browsing
frequency of respondents. Data was collected around
373 students. Among them the 223 students having
mobile phones with net connection and 200 students
actively used internet mobile services to surf and
browse the net.

Table 1: Showing average hours per day spent on
both academic and social communication by
respondents

Table 1
Average Hours Spent Per Day
Valid Cumulative
Total Hours Spent Frequency Percent Percent Percent
less than 2 hours 55 215 215 275
2 to 5 hours 58 29 29 56.5
5 to 7 hours 68 34 34 90.5
5to 7 hours 19 9.5 9.5 100
200 100 100

According to the table above, the average hours
spent on usage of smartphone by majority of the
respondents (34% lies on 5 -7 hours per day which is
too much for students to spend those hours on academic
activities rather than non - academic issues which
eventually improves the academic performance

because the time needed by student to concentrate on
his/her studies is almost occupied by academic
interactions like online materials, registering online
courses. The information on the table 1 above can also
be presented in figure 1 below.

80

Time spent on usage of
smartphones

W No. of Students

70

60
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50

40

30

20
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2to 5 hours

5to 7 hours more tha
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Table 2
Showing the use of smartphone
Frequency Percent Valid Percent Cumulative
Percent

Valid Academic 110 55..0 55.0 82.5
Valid Academic 65 325 325 325

25 125 125 1000

200 100.0 100.0

W Academic

B Non Academic

Both

As it can be shown above, the majority of
respondents responded positively on the use of
smartphone for academic purposes(55 %) like sharing
of materials or notes provided by lecturers/instructors
compared to 32.5% who use their smartphone for non
academic purposes (32.5%) like communications,
charting with friends browsing some social news for
celebrities So the above testament shows that most of
students in higher learning institutions tends to use
smartphones for academic purpose than non-academic
purpose which let them to improve the quality and
updated learning and increase the concentrations in

class when instructor/lecturer is giving his/her lectures
and this causes the better result in academic
performance. This is also analysed with the help of Chi
Square test.

Hypothesis:

HO: there is no significant relationship between the
usage of phones for academic purposes and non
academic purposes. H1: there is significant relationship
between the usage of phones for academic purposes and
non academic purposes. Table 3: Showing the browsing
frequency of smartphone for academic and non
academic purposes:

Browsing Frequency Academic Non Academic Total
low 25 43 68
Medium 35 20 55
High 63 14 77
123 77 200
Table:4
Computation of Test Statistical for Academic Purpose Compared to hon academic purposes
Browsing (CE)
F Responses 0] E O-E (O-E)2 2/
requency E
Low 25 41.82 16.82 282.91 6.77
Academic Medium 35 33.83 1.17 1.37 0.04
High 63 47.36 15.64 244.61 5.16
Low 43 26.18 16.82 282.91 10.81
Non Medium 20 21.18 -1.18 1.39 0.07
Academic
High 14 29.65 -15.65 244.92 8.26
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Calculated Value

31.11

Where E stands for expected value and O is the
observed value

X2 =32 3(0-E )2 /E=31.108 (H1)

X"2 table value = (r-1)(C-1) = (3-1)(2-1) =2 X
1=2

2 at 0.05 =5.991 (HO)

Conclusion: Since the X2 calculated value of
31.108 is greater than the X"2 table value of 5.991.
Hence, we reject HO and accept H1.

There is significant relationship between the
usages of the mobile for academic purposes like sharing
of materials or notes provided by lecturers/instructors
compare to non academic purposes like chatting on
Facebook, Whatsapp and BBM.

Discussion of Findings

From the analysis of result in table above, the
following findings were made during the research;
213 questionnaires were administered; 200 were
collected while 13 were rejected because of incomplete
source of information.

[1 Most of the respondent expressed their
academic performance was improved due to the proper
usage of mobile phones.

[1 Most of the respondent believed that the biggest
issue in mobile phone usage is the addiction to usage of
social network.

[1 Most of the respondent believed that the
students use their mobile phones on academic network
(using it to learn eBooks) than using it to social network

So we concluded that if the use of mobile phone
is managed and properly harnessed, it would
definitely improve the academic performance of
students.

6. CONCLUSION

Based on the chi square test, it is observed that
there is no significant relationship affecting the
academic performance of students in using
smartphones. Data was collected from students around
Virudhunagar district. The relationship between
smartphone usage and academic activities among
higher learning students was found. Each and every
technology has its own advantages and disadvantages
for students and mobile phone is one of them. Students,
who passed in first class, must be gained some extra
knowledge and surely which is from the internet.
Before the library helps the student to gain some extra
knowledge and now the whole library is in the student’s
pocket as a mobile phone. In this study data both
Description of the phone usage

habit such as Browsing frequency, Information
sourced, Sites visited and etc., were collected and found

that there is no significant relationship affecting the
academic  performance of students in using
smartphones.

RECOMMENDATIONS

Further study may be undertaken as to the
specific extent when can smartphone usage can be
disruptive of learning processes and detrimental to
studies.

[100The professors should give orientation on the
use of smartphones especially for information to
maximize their use as an aid to learning processes.

College Administration may create a hub
wherein texts messages and pictures can be sent
twenty-four seven (24/7) for a safe campus.

A mobileapp may be generated to monitor the
students’ behaviour on Smartphone usage to exhibit the
accurate results.
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AHHOTAILIUS

B »r1oii craTtbhe aBTOp pPAaCCMATPUBACT OPUTHHAJIBbHYIO MOJCIb OJJICKTPOHA, OIUpasiChb Ha THUIIOTE3Y,
BBIIBUHYTYIO B paHEC OHyGHMKOBaHHLIX pa60TaX 0 KOCMOJIOTHYECKOH H (bHSI/I‘IGCKOfI OHTOJIOTUH
KOHHGHCHpOBaHHOﬁ MaTe€puu, B OCHOBEC KOTOpOﬁ JIC)KUT BOJIHOBAsA CHUMMETPU (rnnepchMeTpI/m) u
COOTBETCTBYIOITHM el 3akoH coxpaHeHus. Kmaccumueckoe IpeacTaBiIeHHE O TOM, YTO BOKPYT sApa aTroma
«BPAMIAKOTCA DJICKTPOHBD) BBI3BIBACT HCIIPEXOAANICC COMHCHHUC M3-3a psAda ycnOBHOCTeﬁ, NpUAYMAHHBIX B €ro
OIpaBAaHHUC. C 3Tol TOUKH 3pCHUA, Oonee COBPCMCHHBIC MOJICJIN, Oy CKAIOIIHE BOJIHOBYIO IIPUPOAY «ABHUKCHUA
JJIEKTPOHOB Ha OPOHTAIAX», YXKE ONKe K peallbHOW KapTuHe MUKpomupa. [Io MHEHHIO aBTOpa, 3JIEKTPOHOB B
BUJIEC O(i)OpMJ'IeHHLIX HaCTUull B aTOMHBIX 000109Kax IPpOCTO HET U OBITH HE MOJKET. HpI/I 3TOM KOMIIJICKCHOC
3HA4YCHHE BOJHOBOM SHCPIruu aTOMHBIX 000J1049eK KpPaTHO 3HCPIUu, SaMKHYTOﬁ B 000JI0YKE DJICKTPOHA. Camu xe
AJICKTPOHBI, KAK YaCTHIIbI, CYIICCTBYIOT TOJHKO B CBOOOJHOM COCTOSIHUH. DJICKTPOHBI MPEACTABIIAIOT COOOM
SHEepreTHUeckue OOThI €O c(hepornogoOHON CTPYKTYpOW, MEPEHOCSIHE CTPOTO TO3HPOBAHHYIO SHEPIHIO
3aMKHYTOI'O B HHUX BOJIHOBOI'O BO3MYUICHUA, SABJIAACH 6anch1/1p0M BOJIHOBOH CUMMCTPUU aTOMApHOTO U

MOJIEKYJIIPHOTO BEIIECTBA.

ABSTRACT

In this article, the author examines the original model of the electron, based on the hypothesis put forward in
previously published works on the cosmological and physical ontology of condensed matter, which is based on
wave symmetry (hypersymmetry) and the corresponding conservation law. The classical idea that there are
“electrons orbiting” around the nucleus in atomic orbitals has been persistently questioned because of a number of
conventions invented to justify it. From this point of view, more modern models that assume the wave nature of
the “movement of electrons in orbitals™ are already closer to the real picture of the microworld. According to the
author, electrons in the form of formed particles in atomic shells simply do not exist and cannot exist. In this case,
the complex value of the wave energy of atomic shells is a multiple of the energy locked in the electron shell.
Electrons themselves, like particles, exist only in a free state. Electrons are energy bots with a sphere-like structure,
transferring strictly dosed energy of the wave perturbation closed in them, being a balancer of the wave symmetry
of atomic and molecular matter.

KiroueBble ciioBa: QJICKTPOH; BOJIHOBAsA CUMMETPUA, MPCOHHOC CMCUICHUEC, JJICKTPOHHAA Cy6CTaHL[I/I$[;
MYJIBTHIIAPTOHHAS 3HEpreTHdeckas 000J04Ka.

Keywords: electron; wave symmetry; preon offset; electronic substance; multiparton energy shell.

BBenenue
[Ipennoxxennas B  paMKax  JelcTBYyroLIEH
napajurMbl  MOJENb  DJIEKTPOHA  BBI3BIBAET  PAN
CIIpPAaBENJIMBLIX ~ COMHEHHWH, TO03TOMYy  Tpedyer
JIOTIOJIHUTEIHHOTO HCCIIETOBAHUSI ITH
MIEPEOCMBICTICHHSI. IIpoTuBopeunBoe OITHCaHUE,

OTIpeNIeNAONIee ero Kak YacTHIly, He 00Jagaromryro
BHYTPEHHEH CTPYKTYpOH M pa3MepaMu M, BMECTE C
TeM, IMEIOIIYI0 KITaCCHUECKUIl paanyc, He JOOABISIOT
YBEPEHHOCTH B MPaBOTE HOAOOHBIX 3aKJIIOYEHHM.
IIpencraBnenue 0 TOM, 4TO JJEKTPOHBI
00pa3yroT 3JeKTPOHHBIE 000JI04K1 aTOMOB, HO
MOJIO’KEHHE UX B 000JI0YKE MOKHO OIPEEITUTh TOIBKO
C HEKOTOPOW BEpOSITHOCTBIO, SIBISIETCS HArJSAHBIM
npuMepoM  (EeHOMEHOJIOTHYECKOH KOHLETILNH, IS
00CITy’)KMBaHUSI KOTOPOH MPHIyMAaHO HEMAJO0 BCAKHX
TeOpuil U laXke 3akoHOB. Pazymeercs, Helb3sl OTpUIATh
BCE, YTO OTKPBITO WM TIPEIIOKEHO B BHIEC HAYYHBIX
BEpCH, HO XOTEJOCh OBl BHECTH  OoJbIIe
OTPENeNeHHOCTH W CMBICJa B  OHTOJIOTHYECKOE
MpeICTaBICHUE 3 TON YHUKAIbHON YACTHUIIbI, YTO CHSLIIO

OBl PSI BOTIPOCOB, 10 KpaHEl Mepe, 10 BBIABIDKEHUS
CIIeAyIoIIe, Ooliee pa3yMHON THITOTE3EL.
KocMmonoruyeckuit akckypc, KOTOPBIH 51 IPUBOXKY
HWXKE, TpU3BaH  T[OKa3aTb  HECOCTOSITEIbHOCTh
MTHOBEHHBIX U CUHTYJIAPHBIX SBJIICHUM, JOITYCKAIOUIUX
BepcHuio poxaeHuss BceleHHOW H3 HEKOH TOUKH.
ABTOpaM MOAOOHBIX UICH, OMTUPAIOIIMMCS Ha BHIBOIBI
MaTeMaTU4YeCKUX MOJIeel, cleAyeT MOMHUTh, 4TO
MareMaTMka — O3TO OYeHb TOHKHUH HWHCTPYMEHT,
MIPUJIOKEHUE KOTOPOTO TPeOYET YMEHUS U MaCTEePCTBa,
0COOEGHHO B TaKMX HEMPOCTHIX BelaX, KaK (hU3UKA.
[To3TOMY TTIaBHEIM ¥ ONIPEACIISIONIAM B CBSI3KE (PUIUKU
C MaTeMaTHKOH SIBJSIETCS] OHTOJIOTMYECKUH MOAXO0I K
BBIJIBUTAEMOW  TWIOTe3e, a He abCypaHOCTh
SKCTpaBaraHTHBIX YMO3aKIIOYEHUH, POXXICHHBIX U3
MaTeMaTH4ecKux ¢popmy. B 1ol cBa3w, s 061 GombIIe
JIOBepsT  O0pa3sHOMY MBIIUICHUIO, CO3AaBaEMOMY
WHTYUTHBHBIM amlapaTOM HaUIero IOACO3HAHUA,
KOTOPBIM 00Jaiy M TOJIB30BAJINCh MHOTHE BEIUKHE
Y4EHbIE, Pa3BUBas U YKPEILIAA 3aTEM CBOU IOCTPOCHUS


https://www.doi.org/10.31618/nas.2413-5291.2024.2.99.876
https://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BE%D0%BC%D0%BD%D0%B0%D1%8F_%D0%BE%D1%80%D0%B1%D0%B8%D1%82%D0%B0%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BE%D0%BC
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c MIOMOILBIO
MHCTPYMEHTapHsL.
1. KocMmosornyeckasi o0CHOBA.

W3BecTHO, 4YTO OIpeAeneHue «dJIeMEHTapHas
YacTHLa», NMPUHITOE B (U3MKE, - BecbMa YCIOBHO.
Jlrobass Takag dYacTHLA SBISETCS OPTraHM30BaHHBIM
BOJIHOBEIM BO3MYIIIEHHEM KBAaHTOBOTO HMPOCTPAHCTBA.
WHBIMEH crOBaMH, KBAaHTOBAaHHOCTH IIPOCTPAHCTBA
ompenenseT KBAaHTOBYIO CTPYKTYPY 3IEMEHTapHBIX
4acTHI] ®W WX  (PaKTaNbHBIX  KOHCTPYKIIHH,
(dopMupyrOINXCS B COOTBETCTBHM C BOJIHOBOI
cummerpueit (ROSY) [1] B Buzie rapMOHU3NPOBAHHOTO
BO3MYILEHUSI TPOCTpaHCTBAa. B cooTBeTcTBUM C
KOCMOJIOTHYECKOU KOHLIETIIIUEN aBTOpa [2],
IpaiiBepoM (GOpMHpPOBaHMSI BCEX BHJIOB MaTepuul B
9BOJIOLMK Hamed BceneHHoll Obula NpUBHECEHHAs
u3BHe sHeprus IlepBuuHoro Bo3mymieHus (Primary
Perturbation - Epp) u nanee - 3HEpIus «OTPasKEHHOI 0
Bo3mymieHus win T.H. Temuas saeprus (Dark Energy -
Epe), BomiomeHHas B paclpoOCTpaHSIOMEHCS K
nepudepun BcedeHHONW BOJHE KOPIYCKYJISPHOTO
BO3MYIICHMS, BKIIIOYAIOMIETO B ce0I Hapsmy C
IpyruMu Onu3kyro Ham (a3zy OapHOHHOW MaTepHH.
KauectBeHHass TpaHchopManus  pacIIUPSIOIINXCS
CJI0EB MaTEePHHM Ha CTAANU IEPBUYHOTO HYKJICOCHHTE3a
COINPOBOXKIAJACh IMOUIATOBBIM YBEJIMYEHUEM JUIMHBI
BOJIHBI M PEAaKTHUBHBIM YIUIOTHEHHEM HX JIOKAJbHBIX
KOMITOHEHT, 00YCJIOBJICHHBIM JICHCTBUEM MEXaHH3MOB
BOJTHOBO# cuMmMeTpuu. [lompobyem onpenemTs MecTo
3JIEKTPOHA B 3TOM IIPOIIECCE.

[Ipu BceM yBaXCHHWHW, S HE MOTY NPHUHATH,
Hampumep, Touky 3peHus CrtuBeHa BaitHOepra o0
00pa30BaHUH JJIEKTPOHOB W JIPYTHX 3IEMEHTapHBIX
YacTUI[ Yepe3 JONH CeKyHIBl mocie T.H. boxpmoro
B3pbiBa [3]. Moe Hecornacue ¢ 3TUM BBIIAIOIIAMCS
YYEHBIM ¥ €ro MOCJIeJ0BaTeNIIMH NPOJUKTOBAHO,
MIPEXKIE BCETO, PACXOXKIECHUEM B 00BICHEHNH 0a30BBIX
NPUHIMIIOB, JIEXKAIIMX B OCHOBE MHPOTBOPEHHS U

CTpororo MaAaTEMaTUYCCKOI'O

Mupo3faanns. COMHHTENBHBIE THUIOTE3bl MO MOBOMY
MIPOUCXOXKACHUS U IBOJIOIMK BCeneHHO, TUIlICHHBIC
MPOYHOTO OHTOJOTMYECKOro (DyHIAMEHTa, HHUKAK HE
MIPUBIICKAIOT B CTOPOHHHKH oduInaTEHOM
TapaIurMbl.

Crnemyst KOHIENIIMA KOCMOJIOTHYECKONW MOJIENH,
M3II0KEHHOM B MOMX OoJiee paHHHMX padorax [4, 5, 6],
ITyTh K DJIEKTPOHY HE OBLIT HACTOIBKO CKOPOTEUEH, KaK
rioJtarait mpogeccop BaifHOepr, 1 y’K COBCEM HE MPOCT,
9TOOBI JIOMYCTHTH €ro TOYEYHYI CTPyKTypy. Ilo
OpHUIMATLHO TPUHATOW BEpPCHH BO3pACT Hameh
Bcenennoii cocraBnsier okono 14 MuimapIoB JeT -
nudpa BecbMa CIIOpHas, T.K. B OCHOBY ¢ pacuera Obuia
MOJIOXKEHA CKOPOCTh TMEpelavd JOIICIIICro 1O HaC
AJIEKTPOMArHUTHOTO M3IYYCHUS B Pa3HBIX YaCTOTHBIX
nuanazoHax. Ho 3TOT pacder He yYMTHIBAJ MEPUOT
00pa3oBaHKs MEPBUYHOTO KOHACHCATa, MMEHYEMOTO
Temuoit matepueii (Dark Matter - DM), 3anonuuBiei
meHTp BceneHHON 10 TONOBMHEI €€ pagmyca B
pe3ynbTare Kommpeccud [IepBHIHOTO BO3MYIICHUS, U
Janmee, TeMHBIE (a3sl 00pa3oBaHHSA  MaTepHH,
CIICAYIOIIHE 3a MOMCHTOM BO3HUKHOBEHUS
OTPaKEHHOTO BO3MYIIICHUS, BIUIOTh 10 (OPMUPOBAHHUSI
BOJIOPO/JIa, MOCJIE Yero 3JIEKTPOMArHUTHOE M3JIyYCHUE
MOSIBIJIOCh TOJILKO Ha CTaauu oOpa3oBaHusi Ooiiee
TSOKENBIX AJIEMEHTOB [6].

Takum 00pa3oM, TMOSIBICHHIO 3JCKTPOHA B
MpoIecCe IKCHAHCUU KOPIYCKYJIIPHOTO BO3MYIIICHUS
B TIPOCTPAaHCTBE BceleHHOH  mpeamecTBOBAIO
oOpa3oBaHHe CIEAYIOMHUX OJHA 3a Jpyroi ¢as
KOH/ICHCHPOBAHHOW MAaTEpHH, BIUIOTH JIO POXKIACHUSL
0a30BBIX dYacTWIl OapHOHHOTO BemecTBa  [2].
PeakTBHOE YIUTOTHEHHE MAaTEePHAIBHBIX (paKIuit
¢dopmupyemMoro  BemecTBa  OBUIO  00YCIOBJIECHO
CHIDKCHHEM MUIOTHOCTH SHEPIruu
pacnpoctpansiorierocs: Bo3myienus. B Tabmume 1.1
Ope/CTaBICHbI 3Tambl (HOPMHUPOBAHUS MATEPUATBHBIX
CJIOEB MMPH WU3MEHEHUU SHEPTHH BO3MYIICHUS.


https://ru.wikipedia.org/wiki/%D0%91%D0%BE%D0%BB%D1%8C%D1%88%D0%BE%D0%B9_%D0%B2%D0%B7%D1%80%D1%8B%D0%B2
https://ru.wikipedia.org/wiki/%D0%91%D0%BE%D0%BB%D1%8C%D1%88%D0%BE%D0%B9_%D0%B2%D0%B7%D1%80%D1%8B%D0%B2
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Ta6muma 1.1
IMociie10BaATEILHOCTH KPealnu MePBUYHOI KOHIEHCHPOBAHHOM MaTepuu
Sramst Oransl HOPMUPOBAHUS Hous sneprun Jonst 00péMa IInotHOCTH
BGR— MaTepuu B TIEPUOJL MEPBUYHOTO Bcenennoi SHEPTUH
peart MEePBUYHOTO HYKJICOCHHTE3a Bo3mytieHus (%) (%) (v.e)
IlepBuuHoOe BO3MYylLIIEHHE
(Primary Perturbation - PP) 100 100 1,0
0 /‘{0 = 27TRO
IlepBUYHBI KOHIEHCAT 22,(2)
(Dark Matter - DM) 129 1.(7)
OTtpa:xéHHoe BOJIHOBOE KOPIYCKYJIsipHOe Bo3MylieHne (Témuasi sHeprus)
Bo3mymienue ¢ nimuHoOM
1 BOJIHEL A; = 24, ey o 0.(8)
ITpeoHHbI PENUKTOBBIH CION 17,2839506172 10,9375 1,58024691358
BOIMYIICHIE O IHHECH 60,4938271604 76,5625 0,79012345679
2 BouHBL A, = 44,
KBaPK"B"‘C‘jjggﬂ“KT"B"‘“ 13,4430727023 9,5703125 1,40466392318
BoaMymertte ¢ ATHAOH 47,0507544581 66,9921875 0,70233196159
3 BOJIHBI A3 = 64,
HeHTpOHHI;IJI;IOI:ZeHHKTOBLIH 10,4557232129 8,3740234375 1,24859015393
BoaMymertte ¢ ATHAOH 36,5950312452 58,6181640625 | 0,62429507696
4 BoJHBL A, = 84,
PenuKkTOBBIN CIION TBEPIOTO 8,13222916560 732727050781 1,10985791461
MIPOTHS
BOIMYIICHUE (O ZHIHECH 28,4628020796 51,2008935546 | 0,55492895730
5 BOJHBI Az = 104,
PeMKTOBEIN CIION MSTKOTO 6,32506712880 6,41136169433 0,08654036854
MPOTHSI
BOSMYH.IGHI/IC_C JUITAHOMN 22,1377349508 44,8795318603 0,49327018427
6 BONHBL Ag = 124,
PeNMKTOBEIN CII0H KHIKOTO 4,91949665573 5,60994148254 0,87692477204
IIPOTHSI
Bosumyuenne ¢ AmMHOH 17,2182382950 39,2695903778 | 0,43846238602
7 BONHBI A, = 144,
e T e 3,82627517668 4,90869879722 | 0,77948868625
Pabora MPUPOJHOrO TPUITEPA IOJTANMHOTO  KOMIOHEHT. KOHIEHCHMPOBAHHOE  MPOTOBEILECTBO
KAuEeCTBEHHOTO Tepexoja OJHHX BHIOB MAarepud B  PENMKTOBBIX CIOEB, TPH yTpare KHHETHYECKOM
JPYTHe OMNpelesiiach BOJHOBOW CHMMETPHEH, YTO  BHEPIUH, MPHOOPETANO CTPYKTYPY TSKEIOr0» MO,
NPOABUJIOCE B  IOCIIEIOBATENILHOM —00pasoBaHMM  T.€. MMOJs, OOJagaloIiero  Maccod.  DHEPruio

PEIIUKTOBBIX CJIOEB MPOTOBEIIECTBA C JUCKPETHO
YBEIMYMBAIOIIEHCS JIMHOW BOJHBI  ()PaKTaJbHBIX

E =

KocMmomornyeckas ¢asza, mpu KOTOpOH Moria
MOSIBUTBCS JIeKMPOHHAA cydcmanyus, ciaeoBana 3a
PEUKTOBBIMU  CJIOSIMM  TIPEOHHOTO, KBapKOBOIO U
HEWTPOHHOTO ToJIeil u 3T0 ObUTa (hasa oOpazoBaHUS
IUIOTHOTO (METaJUTMYECKOT0) MPOTHSI, YaCTh KOTOPOTO
OpA TOCICIYIOMEM PACIIUPEHUH B IPOCTPAHCTBE
MpeBpaTuiach B ra3 — OCHOBY Bcell HaOmromaeMoi
HaMmu yacTu BceneHHoil.

3mece HEOOXOOMMO  OTMETHTH  OOWH W3
BOXHEHIINX JTAallOB B DSBONIONHOHHOM IIpOIIECCE
Bceenennoil, mnposBiieHHE KOTOPOrOo BBITEKAET W3

O6paSOBaHI/IH MAaTepHUAJIbHOTO KOHJACHCATa MOKHO
OIMMCAThb BBIPAKCHUCM:

GOmc[1+2+ D2+ O +..+O" T+ D" (L1)

BOJIHOBOM CHMMeTpud. Jle0 B TOM, 4TO TEpexo] B
¢azy 0o0pa3oBaHUsl TBEPAOTO TMPOTHSI HE MOT

MPOU30OWTU BCIEA 32 KBApKOBBIM CIIOEM, Kak
mojarajocb B Moux Oosee paHHMX paOorax.
PenukroBoMy  cioro  TBEpAOrO  MpoTUs, NpU

(dopmupoBaHuM (paKTaTbHBIX 00pa30oBaHUN M3 TPEX
KBAapKOB, MOJDKEH OBUI MPEIIIECTBOBAThH IEPEXO] B
(hazy koHIEeHCAIIUH U30MOPGHOTO PEITMKTOBOTO CIIOS,
COCTOSIIIIETO W3 HEUTPOHOB, B KOTOPOM JE€HCTBHE
MIPEOHHOTO CMENICHHUS sep (KEPHOB) HEHTPOHOB OBIIO
KOMIICHCHPOBAaHO  PEAaKTHBHBIM  JEHCTBHEM WX
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MOBEPXHOCTHBIX ~ 00onouek  [7], 3aBEepIIMBIIHX
(hopMupoBaHUE HEUTPATTLHOMN CTPYKTYPBI 3TUX YACTHII.
T.e., Ha sTOM pyOeke NEepPBUYHOIO HYKJIEOCHHTE3a
KOMRJIEKCHblEe 3HAYEHUA KEAHMOGLIX COCMOAHUIL
cybamomublx  uwacmuy — npeoopazoeanuchy 8
eeujecmeennvle HabO100aemovie ceoiicmea
oapuonnoit mamepuu. Taxoe peoOpa3oBaHUE MOKHO
NPEACTaBUTh B BHIAC (pusuueckoii ananozuu
Opmumosa onepamopa. B >Toil CBs3U, WUMEHHO
HEUTPOH JOJIDKCH HAXOAWUTHCS BO TJaBe TaOJIHIIBI
Mengeneesa.

WHbIMH clOBaMU, HEHTPOHBI, U CIEAYyIOIIKE 32
HUMHU B DBOJIIOIIMOHHOM LIENTU aTOMBI TBEPAOTO MPOTHUS,
SIBIIASICH DJIEMEHTAPHBIMU KUPIUYUKAMUA B CTPOCHUU
OapuoHHOW  MaTepuu, CTOSAT  HA  TpaHHULE,
pa3aessArIel MUKPOMUp, AEUCTBYIOIIUHM 110 3aKOHAM
KBaHTOBOM MEXaHWKHU, U MaKpPOMHUpP, B KOTOPOM B
JEHCTBHE BCTYMAIOT TPAaBUTAIMSA M KIaCCHYECKas
JNeKTpoanHaMuKka  MakcBemra.  ['panmma  9ra,
BI[pOYEM, TakXKe BeChbMa YCJIOBHAa. MexaHU3M
B3aUMOJICHICTBHf W B TOM M B JPYrOM CIIydae
OIpPEJENICH BOJIHOBOW CUMMETPHUEH.

Hanee, mpu pacmupeHud 7/9 YacTu IUIOTHOU
(dbpakiMyu TPOTHUS TMPOU3OILIO IMOCISAOBATEIHHOS
obpa3zoBaHHe PENHKTOBBIX CIOEB Oosiee JETKUX €ro
arperaTHbIX COCTOSTHUH, 3aBEPILIUBIIEECS
dbopMupoBaHreM ra3o00pa3sHoro Bojopoaa  (cm.
Tabmuiy 1.1), cHH)KEHHE IUIOTHOCTH KOTOPOIO NpH
pacmmpeHnd, B COOTBETCTBHH ¢ 3akoHOM (1.1),
MPUBEJIO K YIUIOTHEHUIO MOCIEIOBATENBHOTO psaa
MPOM3BOIHBIX (DPaKTaIBHBIX MaKpOOOpa30BaHUA, 4TO
COIIPOBOXKIANIOCH TaMMa-H3IydYeHHEM | IIOTOKAMHU
HelTpuHo. [lepBbli, MOSBUBIIMICS NPU 3TOM KBaHT
raMMa-u3iIydeHus, ObUl ~ HHINKATOpOM  Hadaia
«cBemnoit» (asel Beenennoit [6], ¢ koTopoi ObLIO
MOJIOXKEHO HAYaJI0 POXKICHUS JIEKTPOHOB.

2. dusnyeckasi 0OCHOBA.

B mpenpinymei riaBe s yHOMSIHYJ HEKYIO
INIEKMPOHHYI0 CyOCmanyuio. ITOT TEPMUH - CBOETO
pola YCJIOBHOCTh, HeoOXommMmas Uil OOBSCHEHHS

MPOUCXOK/AEHHUsT  dnekTpoHa. Iloxg  amekTpoHHOM
cyOcrannmeid  OyaeM  IOHMMaTb  PEAKTUBHYIO
MaTepualbHO-3HEPTeTHIECKYTO AHOMAJIHIO,

oOpa3oBaBiryiocss B Buzae cheporromo0HbIX 000I09eK

BOKPYI' TMPOTOHOB B TMEPBUYHOM CYNEPIUIOTHOU
¢dpakuuu mpoTus. Sl HamMepeHHO HE Ha3BIBAIO OTH
0007109KH 3JIEKTPOHHBIMH, T.K. IPOJIOJIKAK0

HAacTauBaTb HA TOM, 4YTO 6 AMIOMHBIX 0007104KaAX
INEKMPOHO8, KAK YACMUY, NPOCMO Hem U Oblmb He
Modicem, Vi, Pa3yMeeTcs, HeT HUKAKHUX «BPAICHUI».

DOpMHPOBAaHUIO  JHEPTETHUECKUX  000JI0YeK
BOKpPYT  HPOTOHOB B  IPOLECCE  MNEPBUYHOIO
HYKJICOCHUHTE3a MIPEIIECTBOBAIIO HECKOJIBKO

MOTEHIMATBHBIX 3apsI000pa3yromuX (a3, B IepBOi U3
KOTOpBIX, MOJA JAECUCTBUEM NPEOHHOIO CMELIECHUS
MEPBOI CTYNCHH BO3HHKIIO PEAKTUBHOE BO30YXKICHUE
COE/IMHUTENIbHBIX KBaHTOB, OKPY’KaIOLUIMX Y3JIOBbIE
KBaHTHl mpeoHoB [l1]. B mocnenmyromeit dase
KOHJCHCAIUH, TIPH BOJHOBOW TapMoHH3aruu 13
MIPEOHOB B CBS3aHHON CTPYKType KBAapKOB, IIPEOHHOE
CMEIIEHHe BTOPOH CTYIEHW BBI3BAJO YCHIICHHUE
PEaKTHUBHOM  HAIpPSHKEHHOCTH  MPOCTPAHCTBEHHOM
cpenbl, OKpyKarouledl kBapku. [lanee, pacumpenue

¢ponTa KBapKOBOTO cios CIOCOOCTBOBAIIO
JUCKPETHOMY YBEJIMYCHHIO JJIUHBI BOJIHBI U, TpPH
JIOCTIDKEHHH HEOOXOTUMOT0O MMOTCHITUAILHOTO TOPOTa,
B (ha3e (QpakTambHOrO OOBEAMHCHHS TPEX KBAPKOB B

eMHYIO0 CTPYKTYDY, BOKpYT KEpHOB
HOBOOOPA30BaHHBIX ~ YaCTHL, €CIH  JOBEPHUTHCS
Pobepry Xo¢mraarepy [7], oOpasoBamuce T.H.

«ME30HHBIE IIyOBD», Helmpanu3oeasuiue npeoHHoe
cmeujenue Kepuoe neumponos. «Illyowvry asmo ovinu
unu Heumo Opyroe, OCTaBUM IIOKa 3a CKOOKaMw,
HEOCIIOPHMO, OIHAKO TO, YTO B MOMEHT CIIHSHHUS
KBapKOB, COBOKYIIHBI PEAaKTUBHBIA IOTEHIUAJ
HaTpsSKEHHOCTU IIPEOHHOTO cybcrpara,
OKpYXKaIOIIero KepH 4YacTHIbl, mnpeoOpazoBan eé
BOJIHOBYIO (pyHKIHMIO (KOMIUIEKCHBIH 3HEPreTHYECKUI
cTaTyc), 100aBUB B CTPYKTYpy IIecTh npeoHoB. U1
HaKOHell, B clienytomiei (ase Kpealuu, Mpyu CHUKEHUN
IUIOTHOCTH HEHTPOHHOTO CJIOSA, OYepelHas CTYIICHb
MPEOHHOTO  CMCIICHUS  KBAapKOBOW  CTPYKTYPHI
HEHTPOHOB BEI3BAJIA OOpa30BAaHUE IOJOKUTEIHHOTO
€IMHUYHOTO 3apsA/a, IPEBPATHB HEUTPOHBI B IPOTOHEI,
peakmmeld Ha KoTopoe ObpDIO  (popMupoBaHHE
SHEpPreTUYecKux 000JI09eK aTOMOB TBEPIOTO MPOTHS B
BUJIC DJIEKTPOHHOH CyOCTaHIMU C OTPHLATEIbHBIM
€IMHUYHBIM 3aPsJIOM.

OTHOCHTEIBHO KBApPKOB CIIEIYET 3aMETUTh, YTO B
IpoIlecce ECTECTBEHHOI'O CHMXKEHHSA IUIOTHOCTH
MIPEOHHOTO IMOJIs BO BTOPOii (hase pacimpenus ppoHTta
KOPITyCKYJISIPHOTO BO3MYIICHHUS, PCaKTHBHEIC
MEXaHU3MBI BONHOBOW CHMMETPHH  OOYCIIOBHIH
oOpa3zoBaHme OJTHOPOTHOTO MaTepUaIEHOTO
KOHJIeHcaTa [2, 6] ¢ paBHO3HAYHBIM KOMIUIEKCHBIM
3HAYCHUEM JHEPruH (pakTadbHBIX KOMIIOHEHT. To
€CTh, BOIIPEKHW BEIBOJAAM CTaHOAPTHOH MOJETH, HE
CYIIIECTBYET OHTOJIOTHYECKOH OCHOBBI JUIs
(bopMHpOBaHUs Pa3HOMOJISIPHBIX KBapKOB. MexaHu3M
00pa3oBaHMs KEPHOB HEHTPOHOB U TNPOTOHOB (siep
NPOTHUsI) COBEPIIEHHO OAMHAKOB U  OOYCJIOBIICH
HPEOHHBIM CMELICHUEM — PEaKTHBHBIM HHCTPYMEHTOM
BOJIHOBOM cuMMeTpuu. Pa3Hulia COCTOUT JUIIb B TOM,
49T0 00BEINHEHHE TPEX PABHOZHAYHBIX OJTHOIIOJISIPHBIX
KBapKOB B €IMHYIO CTPYKTYPY B BHIC MOJOKHUTEIHHO
3apsHDKEHHOTO TPEOHHOTO CcyOcTpaTa, y HeHTpoHa
BBI3BIBACT PEAKTHBHOE (POPMHPOBAHUE IPEOHHOTO
obJlaka C OTpUIATENBHBIM 3apsoM, 3aMKHYTOTO
BHYTPH 4YaCTHIBl, a Yy MpPOTHA, TapMOHHYECKH
OpPraHM30BaHHOE IIPEOHHOE 00yako (opmupyercs B
BHJIC DHEPTreTHYECKOW OO00JOYKH BOKPYT TPOTOHA.
[TomoOHast pa3HHUIIA B CTPYKTYPHUPOBAHUN OOBSACHIECTCS
TEM, YTO TEPHOABI OCIMJUIALUN BOJHOBOH (YHKINH
HEUTpPOHA U NIPOTHUS OTIUYAIOTCS B [1BA Pasa.

OueBHJIHO, YTO  DJEKTPOHHAs  CyOCTaHIUS
oOpa3oBanach OJHOMOMEHTHO C (hOpMHpOBaHHEM
MIPOTOHOB, EIWHUYHBIA  MOJOXHUTENIBHBIA  3apsf
KOTOpPBIX OBUI CKOMIEHCHPOBAaH OTPHLATEIbHBIM
3apsi1oM 00os104eK. To ecTh peakTHBHOE KOMIIIIEKCHOE
BO3MYILEHHE C(HEPUUECKOTO CJI0S MPOCTPAHCTBEHHBIX
KBaHTOB BOKPYI' TIPOTOHA B BHJE JHEPreTHIECKOH
000JIOUKN HEUTPAIN30BaJI0 COBOKYITHBIH 3aps]l aTOMa.
IIpu >TOM BemiecTBEHHAsT YacTh DHEPTHUH OO0OIOYKH
COOTBETCTBOBaJa €€ Macce, a MHAMAas - SANHUIHOMY
3apsay, TPOTHBOIOJIOKHOMY  3apsdy IPOTOHA.
KonmuectBeHHO Maccy 000JIOYKH OMNpenessieT A0
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PEaKTUBHOM SHEPTHH, pacrpeeneHHas B
chepuveckoil CTpyKType opOuTaiu, oopasyromneics us
rapMOHMYECKH CBSI3aHHBIX DJIEMEHTOB. Benuuuna
9HepeuU, 3aKIIOYEHHOU 6 1I060M PpakmanbHom

oﬁpa3oeauuu, nponopuuonaibna CKopocmu
U3MeHeHUA €20 B0JIHOB0I ¢pym<uuu 3a UUKI
ocyuIIAuU. Maremaruaeckas MOJECIIb 9TOro

nporiecca OyeT mpeacTaBieHa B OTASNBHON paboTe.
W3 Bblllle CKAa3aHHOTO CIEAyeT TaKKe, 4YTO
SHEPrusl IJIOCKOr0 Tena OOOJOYKK aroMa JOJDKHA

KBaHTOBATbCS, T.€. CIPABEJIMBO [OIYCTUThb, 4YTO
CYLIECTBYET HEKHU 3JIEMEHTapHBIM TOINOJIOTHYECKHUN
(hparmeHr, HECyUIUi KBaHT 3aMKHYTOT'O

TrapMOHMYECKOTO BO3MYyIIEHHs, Ha 0a3e KOTOPOro
(dopmupyeTcsi cTpyKTypHO o(hopMIIeHHas: 000JI0YKa C

MYJIbTUIIAPTOHHOU TOIOJIOTUEHR -
Mynvmunapmonnasa 3IHepzemuyeckas 000104Ka
(Multi  Parton Energy Shell — MPES). Anamms

BO3MYILIEHHS IPOCTPAHCTBEHHOM cpenpl [ 1] mo3Bosser
TaKOKe JIOIYCTHTh, YTO JIEMEHTAPHBIMU (pparMeHTaMu
MPES  sBISIOTCS ~ TIPEOHBI, CBsI3aHHBIC B
(hyIIepeHOIOT0OHOH CTPYKTYpe OOOJIOUYKH MPOTHS, C
JBEHAJIIATBIO  «CJICTIBIMK»  30HAMH IO  OCAM
JIOZICKaHOPMUPOBAHHOTO 0a3uca, LEHTP KOTOPOro
COBIAJAET C LIEHTPOM Sipa aToMa.

Bo3HukaeT pe3oHHBIH BOIPOC, - a TAE e 3/7ech
anekTpoHbI? OTBeT Ha Hero mnompoOyeM HailTu B
CIIeAYIOIIEH riaBe.

3. dopMuHpOBaHHe IHEPreTHYECKUX
000J104€K aTOMOB.

Knaccuueckoe npeacrasnenue [9, 10] o Tom, uto
Ha OTpEJIENICHHBIX YHEPreTHYECKUX YPOBHIX B aToMe

Sy = 4m(xR.)? = kS,

rue: XR.s = Ry - cepbl
JHEePreTU4ecKoro yposHs N;

R.s, Ses - paavyc W miiomaab YCIOBHOH cdepsl,
pa3BepTKa KOTOpOW KpaTHO (OpMHPYET IUIONIalh

cdepsl aHepreTHIecKoro ypoBHs N;

paamyc

x = VE

W3 COOTHOILICHNUS TJIABHOT'O KBAaHTOBOT'O YHCJA U
Yucila pa3BepPTOK YCIOBHOW cdepbl, ¢ ydetoM (3.2),
MOXHO OIpEIEIUTh H3MEHEHHE OTHOCHTEIILHOTO

R .
MpPUPALIEHUS PaNyCOB WIL JHEPreTU4eCcKUX YPOBHEH

Inpyu UX MOHOTOHHOM BO3pacCTaHUU.

HAXOJWUTCS  HEKas  3apsDKeHHas  CyOCTaHIWs,
obJylajaromasi Maccom, JIokazaHo W Heocrnopumo. Ho
MOJICNIb aTOMA, MPEIOKECHHAsT bopoM (C HEKOTOPBIMU
BapuanusasmMu oT Tommcona wu Pesepdopma) c
BPAIAIOIIAMUCS BOKPYT spa SJICKTPOHAMH, IaBHO
BEI3BIBACT COMHEHHE Y MHOTHX YUEHBIX. C 3TOH TOUKH
3peHwus, BeIABUHYTas DpBuHOM Lpenmarepom Moaens
C «pa3Ma3aHHBIM» B BHAC UYEPHWIBHOTO IIATHA
9JIEKTPOHOM, JOCTOHHa OoubInero yBaxkeHHs. boimee
coBpeMeHHBIe Mojienu [11], mormyckaromrie BOTHOBYIO
MIPUPOLY «IBIDKEHHS HIICKTPOHOBY» Ha OPOHUTAIIIX, yiKE
OJIIDKE K peabHOW KapTHHE MUKPOMUDA.

B npennaraemoii MoJieNin aToMa SHEPreTUYCCKHC
opOWTald  TPEACTABISAIOT  COOOW  3JICKTPOHHYIO
CyOCTaHIMIO C MYJIbTUIAPTOHHON CTPYKTYPOIi, T/Ie HET
3JIEKTPOHOB, KaK TAKOBBIX. DJICKTPOHBI POIKIAIOTCS U3
9TOM CyOCTaHIIMU M TOTJIOIIAIOTCS €10, KaK HOCHUTEIH
CTpOTO  IO3MPOBAaHHOW  HHepruu. PaccMmoTpum
JETaIbHO 3TO YTBEPIKICHHUE.

®dopMupOBaHUE  SHEPTeTUUCCKUX  opOmTanei
aTomMa, Kak W JO0Oro Jpyroro BHAAa MaTepuH,
OCHOBAaHO HAa BOJHOBOW CHMMETpPHUH, OIPEICISIONICH
MMOCTOSIHCTBO IIJIOTHOCTH SHEPrHHM O0OJIOYCK 3a CUEeT
U3MCHCHHA  JIMHBI BOJIHBI 3aMKHYTOI'O B HHUX
BO3MYIICHHS, YTO CBA3aHO C M3MEHCHHEM pajuyca H,
CJICZIOBATEIILHO, TUIOMIANNA DHEPTCTHUCCKUX YPOBHEH.
B ormoit  cBsA3m, miomaap opOuTaneil  MOXKHO
paccMaTpuBaTb B KAa4Y€CTBE€ OJOKBHUBAJICHTAa OHEPIrUun
pacrpeneneHHOH B HHX SJCKTPOHHOW CyOCTaHIIHH.
[Tnomans chepbl SHEPTETUIECKOTO YPOBHS C TJIABHBIM
KBaHTOBBIM YHCIIOM N MOXXHO OTPEICITUTh KaK:

(3.1)

X ~—  KpaTHOCTb  H3MEHEHHWs  pajauyca

9HEPTEeTHYCCKHX YPOBHEH B JOJISIX pajnyca YCIOBHON
chepsr;

k=2n? — uucn0 pa3BepTOK YCIOBHOH cepbl Ha
sHepreTuueckom yposue N;
U3 (3.1) cnenyer:

nv2

Pesynbrarel, cBeneHnesle B Tabmuiyy 3.1, Ha
npuMepe  (HOPMHUPOBAHHS aTOMApHOrO  BEIIECTBA,
MOATBEPKAAIOT paHee BBIIBHHYTYIO aBTOPOM HICIO
CTPYKTYpPHPOBaHHs KBAaHTOBOI'O MPOCTPAHCTBA B
cooTBeTcTBHU ¢ Ro—pacnpedenenuem [4].

3.2)

Tabmumna 3.1
H3Mel—lel—[ﬂe OTHOCHUTECJIBHOI'O rlpupameﬂml pa)mycon C(l)epbl BHBPFCTH‘ICCK“X ypOBHeﬁ
n 1 2 3 4 5 6 7 -
k=2n2 2 8 18 32 50 72 08 .
Ry =nV2R, | VZR. | 2VZR. | 3VZR. | 4VZR. | 5VZR. | 6V2Rys | 7VZR. %
Ry
2 1,5 133... 1,25 1,2 1,16... 1
RN—l

R
KpOMe TOT'0, aHaJIu3 YHCJIOBOr'o psaa R N us3
N-1

Ta6n1/111},1 3.1 YKa3bIBA€T HA OTCYTCTBUEC HAYAJIBLHOT'O

QJIEMCHTA 3TOro psija, U3 4YCro CropaBCcIJIMBO 6y,ueT
IPEANOJIO0KUTE CICAYIOUYIO 3aBUCUMOCTbD!
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k =

Ucxons u3 (3.3), MOKHO AONYCTHTH, UTO 2d6HOE
Keanmoeoe uucno N = 1/2  coomeemcmeyem
C60000HOMY  3/1eKMpPOHY, KOTOPBIA B  psay
MYJIbTHUIIAPTOHHBIX YHEPreTUYECKUX 000JI0UEK B ITOM
CMBICTIC SBJISETCS HayaJIbHBIM JJIEMEHTOM,
kBazucdepuyeckas CTPYKTypa KOTOPOro, II0J00HO
CTPYKTYpE YCEUEHHOTO MKOCa’Ipa, CHOpMHUpPOBaHA 13
32 rapMOHHUYECKHU CBS3aHHBIX NpeoHoB. OmpeneneHue
«CBOOOJHBIID»  MOXXHO  CMENI0  yIyCTHTh, T.K.
INEeKMPOH, KAK uacmuyd, cyuiecmeyem moabvKo 6
c60000nom eude. Ilnockas NpeoHHas CTPYKTypa
3JIEKTPOHA OTHOCHUT €T0 K TPYIIIE JISNTOHOB, B OTJINYHE
OT KBapKOB, KOTOpHIE HMEIOT OO0BEMHYyIO, Oolee
IJIOTHYIO IIPEOHHYIO CTPYKTYPY.

W3 ananusa naHHBIX, cBeleHHbIX B Tabmuiy 3.1,
CIJIe/IyeT TaKKe, 4TO OpOUTaIM aToMa (POPMUPYIOTCS U3
OHEPreTUUECKHUX KJIACTEPOB, IUIONIAh KOTOPBIX B JBA

1
2nP=n=-
2

(3.3)

pa3a TpeBbIIACT IUIOMAIb CPEPUIECKON 0OOIOUKH
anekTpoHa. To ecThb B KadecTBe EIUHHIBI SHEPTUU
opOuTaneii aroMa CIy)XUT OpOWTaJbHAas pa3BepTKa
o6omnouku snektpona (Orbital Scan of the Electron
Shell - OSES) ¢ yaBOEHHBIM YHCIIOM OpPOUTATBHBIX
KBaHTOB 1o otHomeHnro k MPES cBoGonHoro
9JIeKTpOHa. VIHBIMH ClIOBaMH, OSHEPTUs ATOMHBIX
opOuTaneil CKJIaApIBaeTCs N3 KPATHOTO KOJIHYECTBA
B030yxkneHHBIX KiactepoB OSES u npu mocTmxeHnn
OIIPEAEIEHHOTO TIOpOra IPOUCXOOUT JHCKPETHBIN
MIepexo/] Ha SHEPTETHIECKUI yPOBEHb ¢ 00Iee HU3KUM
MTOTEHITHAJIOM. Otcrona pannyc ctepst
SHEPreTUYeCcKOro YpOBHA, B IepecdeTe paamyca
yCIoBHO# cepbl B paamyc 31eKTpoHa R = V2R,,
oynet:Ry = 2nR, = nD, (3.4)

CBezieM 3TH pacCyKJCHUS B OUepeIHYIO TabnuILy.

Tabmuna 3.2
HN3meHenne njaomaam cgepbl 3HepreTH4ecKMX ypoBHeil

1 .00

n - 1 2 3 4 5 6 7

2

1 .00

k=2n? 3 2 8 18 32 50 72 98
..00

Ry = 2nR, R, 2R, 4R, 6R, 8R, 10R, 12R, 14R,

..00
Sy = 4m(2nR,)? Se 4S, 165, 36S, 64S, 100S, | 144S, 196S,

W3  pmampmpix  Tabmumer 3.2 crmeayer, d9TO — BOCXOIAIIMX TomypoBHsX Bcerma Ha 4. To
JHepreTHyeckoe  (MOTEHIMATBLHOE)  KBAaHTOBAaHHE  OOCTOSITENHCTBO, YTO OTHOILIEHHE MJI01a 1
MPOCTPAHCTBA BOKPYr aTOMHOIO sjpa MPOUCXOMUT  DHEPreTHYECKOro ypoBHs k umciny OSES sBisercs
KpaTHO JUaMeTpy DOJEKTpOoHa. OTO OOBSACHSAET  BEIUMUYHUHOU MIOCTOSIHHOM (’KBUJEHCUTHAS
yBenmuenue kosnmuectBa OSES  Ha  CMEXKHBIX — MOBEPXHOCTH):

N = 25, = const 3.5
. = 28, = const, (3.5
O3HayaeT, 9YTO IUIOTHOCTh OJHEPTUU OpOWTalell  SHEpreTHYEeCKHUX ypOBHEH, M3MeHsIeMas TUCKPETHO OT

COXpaHseTcsi M, CIeJOBAaTeNbHO, COBOKYIHAs Macca
JJEKTPOHHOH CyOCTaHIUU 000 opOHTaNH TakKe

coXpaHseTcs pu MOTJIOIIEHUH ¢doToHOB
hn h

(m = — = — = const). ITloTeHuManbHAs JHEPrUs
CRy cDe

Ey

IMpeobpasys  BeipaxkeHue (3.6) k  Qopme
2 hc -1

Ey ZER_(SN) , TOpUXOAMM K BBIBOJY, 4YTO

e

Ey

En

4TO COIJIACYeTCs C HW3BECTHBIM peIlIeHHEM

ypaBHenuss [lpeaunrepa s atomMa BOAOPOJA.

Ocraercst 100aBUTH TOJIBKO, 4TO ycioBus (3.5) u (3.7)
CIpaBeUIMBBI TAKXKE /IS DJICKTPOHA, T.€. IJIOTHOCTh
9HEPruM 000JIOYKH IIEKTPOHA COXPAHSETCS, TT0100HO
opOutansM aroma. OTO CBOWCTBO  IO3BOJIET
9JIEKTPOHY OBbITH cynepcTaOmiIbHbIM. [Ipu u3MeHeHnn
9HEPruM, OOpaTHO NPONOPIMOHAILHO W3MEHSIETCS

MAaKCHUMAJIBHOTO 3HAYCHHUA El Ha OCHOBHOM YPOBHE€ 10
OJIM3KOr0 HYJIO IpU HOHU3ALNHU, B CTAHMOHAPHBIX
COCTOSAHHUAX 3aBUCHUT TOJBKO OT I'NIaBHOI'O KBAHTOBOT'O
Yuciia Uik paanyca SHEPTETUYECKOI0 YPOBHA:

mv? 2mc?

T 2(Ry)? T 9(RN)? (3.6)
E.S; =E,S, =...= EySy, WIu, ¢ y4eTOM JIaHHBIX
Tabmuier 3.2.:

SN _ p2, 3.7)
S1

MIEPHO]T €T0 BOIHOBOH (pparMeHTaIiuy B MpOCTPaHCTBE,
HWHBIMU CIIOBAMH, U3MEHSETCS JUIMHA BOJIHBI IIepeHoca
CYNEpPIO3ULIHN COCTOSHUI IMPEOHOB, TapMOHHYECKU
CBSI3aHHBIX B c(epornoJoOHOM Tene 3jeKTpoHa. To
ecTb B o0OlIeM ciydae, peakiueil Ha H3MEHEHHE
KMHETHUECKOH  DHEpruM  BEIeCTBa  SBIISIETCS
W3MEHEHHE TEepHOAa OCLWIUISALMU €ro BOJHOBOM
¢GyHKIMH. DTO CleIyeT TakKe W3 HM3BECTHOTO
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HEPENATHBUCTCKOTO ypaBHEHUsI HIpénunrepa
(7, t) = HY(7,t), B KOTOpOM JeficTBHE omepaTopa
sepruv  H mHa BomHOBYW0 Qymkumio P (7, t)
NPONOPIMOHANIEHO PEAKTHBHOMY 3HAaUCHHIO CKOPOCTH

. Y@L
ee U3MEHEHH 3a LUK ih ? [pu 3TOM abcomroTHAs
y(3

CKOpPOCTb  JBIDKCHMSI  JII0O0Oro  BemlecTBa B

NPOCTPAHCTBE,  BKJIIOYas  JJIEKTPOH,  OCTaeTCs

MIOCTOSIHHOW, PaBHOU ABYM TPETSM CKOPOCTH CBETA.
3akJI0YHTe/bHbIe BHIBO/IbI

1. OsHronormyeckue KOPHHU IIIEKTPOHA JIEXKAT B
KOCMOJIOTHYECKOI ITOYBE DJBOJIOLMU BceneHHOMN.
[losBIEHNE 3NEKTPOHOB B MEPUOJ TNEPBUYHOTO
HYKJIEOCHHTE3a OBUIO TPOU3BOJHBIM, CIEAYIOLINM 3a
(dazoit o0Opa3oBaHusI BOJOpPONA B pe3yibTaTe Ocra-
MHHYC-Pacra/ia ¥ HOHH3alUH aTOMOB.

2. DJEeKTpOHBI, KakK MUHUMAJIbHBIE
cepryeckrue BOBMYLICHUS CO CTPYKTYpOH, T0100HO#
CTPYKTypE€ aTOMHOM 000110YKH, SIBJISIIOTCS
SHEPreTHYECKUMH O0TaMH, HEPEHOCAIIUMH CTPOTO
JO3UPOBAHHYIO JHEPIHMI0  3aMKHYTOTO B  HHX
BOJHOBOTO  BO3MYILICHHMS, SBISIACH  OalaHCHPOM
BOJIHOBOI CHMMETPHH aTOMapHOTO M MOJIEKYJISIPHOTO
BEILECTBA.

3. CraOWipHOCTH DIIEKTPOHOB  00yCIOBJICHA
COXpaHEHHEM IUIOTHOCTH JSHEPTUH B CHEpHYECKOM
TCJIC JOTUX YaCTUL] HpU B3aHMOZ[eI>iCTBHHX 3a CYET
N3MCHCHUA DHEPIrUM IABWIKCHUS, MNPOABJIAIOIICTOCA B

W3MEHEHHH  Iepuoja uX  (parMeHranud B
IIPOCTPAHCTBE.

4. Tlepuon (parmMeHTanMy BeUIECTBa MPHU
JBIDKEHUM B IPOCTPAHCTBE  NPONOPLUOHANIEH

CKOPOCTH M3MEHEHHS €r0 BOJIHOBOH (DYHKIIUH 32 MK
OCLMJIIISLHH.

5. MynpTunapToHHOE CTPYKTYpPHpOBaHUE
ATOMHBIX SHEPTeTHYECKHUX 000JI0UEK, ITPEATI0KEHHOE B
MOJIETIM aBTOpPa, OBLIO HOATBEPKICHO aMEPUKAHCKIMHU
yuenbiMu u3  KamudopHuiickoro — yHHBepcuTeTa,
PacCMOTPEBIIMMH aTOM IUIATHHBI IIPU pa3peuieHun
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ABSTRACT

Based on a virtual experiment, an assessment is made of the cross section for a possible nuclear reaction of
reverse beta decay under the influence of electrons accelerated to an energy of 350 keV on the #’Ti nuclide (content
in the natural mixture is 7.44%). It is noted that the probability of such nuclear reactions should be higher when
they are accompanied by the release of nuclear energy (exothermic). A number (list) of chemical elements for
which such reactions are accompanied by the release of energy has been established and presented.

As a result of irradiation of a titanium target with an electron beam, which is formed by an accelerator
described in the literature, 4’Sc can be formed in the target. It has been shown that using the existing gamma
spectrometer it is possible to reliably register the activity of the formed #’Sc 0.2 Bq (with an exposure of 1 hour).
Taking into account this value and the parameters of the accelerated electron beam, the cross section for a possible

nuclear reaction of reverse beta decay was calculated, which was about 1027 cm?.
Keywords: nuclear reaction, reaction cross section, electron accelerator, titanium-47, scandium, gamma

spectrometer, virtual experiment

Introduction

Electrons do not carry a strong interaction, so that
in general their interaction with nuclei is not
significant. At lower energies of the incident electrons,
the nucleus is relatively effectively shielded from them
by the repulsive electrical forces of the electrons of the
atomic shell, so that the bombarding electrons are
usually scattered and do not penetrate the nucleus.
When bombarding atomic nuclei with accelerated
electrons, their elastic and inelastic scattering (with the
formation of bremsstrahlung  radiation) and
Coulomb excitation of atomic nuclei occur. At high
energies in the order of hundreds of MeV to GeV, the
Broglie wavelength of electrons is less than the
effective dimensions of the nucleons, and such fast
electrons penetrate the nuclei, where they can induce
nuclear reactions.

Interesting reaction that may occur during
bombardment of nuclei with accelerated electrons is
called inverse B-decay —electron penetrates into the
core and then is combined with a proton to form a
neutron and emit a neutrino. From the point of view of
the bombarded core this manifests itself as a reaction:

&

This process takes place through a weak
interaction and its effective cross section is very small

[1].

e+NXz=NY; 1+v+1

The result of reaction (1) is the transformation of
a proton in the Xz core into a neutron. The rest energy
of a neutron exceeds the rest energy of a proton by 1270
keV; taking into account the rest energy of an electron
(511 keV), the Kkinetic energy of an incident electron
should be more than 800 keV.

We believe that reaction (1) can also take place at
lower energies of incident electrons, since in the target
core there is an exchange of energies between the
nucleons that make up the core.

Used equipment and calculation methods

The procedure for assessing the cross section of a
nuclear reaction (1) includes: a) virtual irradiation of a
target with a flow of accelerated electrons, and the flow
parameters were taken from the description of a real
accelerator described in the literature, b) determination
of the minimum statistically significant activity of
radionuclides - reaction products using a gamma
spectrometer, which the laboratory has got, c)
calculation of the reaction cross section (1) based on the
parameters of the electron beam and the limiting value
of the activity of the reaction product.

When choosing chemical elements as targets for
assessing reaction cross sections (1), preference should
be given to those elements whose isotopes provide the
release of nuclear energy as a result of the action of
accelerated electrons. By using reference data [2], we
have found a number of nuclides (listed in the first
column of table 1), for which reaction (1) is
accompanied by the release of energy.
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Table 1.
Nuclides for which interaction with electrons occurs with the release of energy
Bindin . Bindin .
Nuclide Contained  energy pegr 1 Nuclide, Energy Ser Period Gamma line Quan-
. product of half- tum
(target) in nature, % nucleon, the reactions 1 nucleon, decay energy, keV yield
keV keV
B-10 19.9 6475 Be-10 6498 1.5E6y B -
Sc-45 100 8622 Ca-45 8639 162.6 d B -
Ti-47 7.44 8661 Sc-47 8665 3.35d 159.4 0.68
Fe-54 5.84 8736 Mn-54 8738 312.2d 834.9 ~1
Ni-58 68.08 8732 Co-58 8739 70.86 d 810.8 0.995
Zn-67 4.04 8734 Cu-67 8737 61.83 h 184.6 0.487

From Table 1 it is clear that scandium is a
promising element for studying the possibility of a
nuclear reaction (1), and this element is also very
promising as a source of nuclear energy during the
transmutation of “°Sc to “°Ca. However, when *Sc is
irradiated with electrons, “°Ca is formed, the decay of
which does not emit gamma rays. Therefore, for a
virtual experiment to determine the cross section of
reaction (1), we choose metallic titanium, since the
product of irradiation with accelerated electrons of the

titanium isotope 4'Ti is #'Sc, the gamma radiation of
which is most suitable for recording by a detector.
Figure 1 shows a fragment of the instrumental
background spectrum recorded for 78700 s and
normalized to a practically acceptable exposure of 3600
s. The real background presented is measured using a
gamma spectrometer equipped with a GEM 30185
EG&G Ortec ultra-pure germanium detector; the
detector is placed in a protective lead screen with a wall
thickness of 10 cm (from the same company).
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<
k= [
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Figure 1. Fragment of a real instrumental background spectrum (the spectrum was measured for 78700 s and

the values of the number of pulses in each channel are normalized to an exposure of 3600 s), marker “—*;

¢

Hypothetical spectrum obtained by multiplying the number of pulses of the real normalized spectrum by 4,
marker “x”.

The peak corresponding to the energy value of 186
keV (due to radiation ??°Ra and 2*°U) is clearly visible
on the instrumental spectrum. The width of this peak at
its base is 8 channels.

To reliably register a peak corresponding to an
energy of 159 keV (¥/Sc), it is necessary that its area
meet the following condition:

§>3VB, )

where B - is the area under the background in the
region of 159 keV (8 channels width), pulses/hour;

S - peak area 159 keV 8 channels wide, isolated
above the background, pulses/hour.

By summing the number of pulses in 8 channels of
the background spectrum located in the region of 159
keV and using formula (2), it is established that for
reliable registration of the peak, which corresponds to
the energy of gamma rays of 159 keV, the required
excess of the number of pulses in the peak above the

pedestal is 18 pulses (with a measurement time of
3600 s).
Experience in gamma spectrometric

measurements shows that the measurement of any
sample is accompanied by an increase in the pulse
counting rate in all channels compared to the
background pulse counting rate due to Compton
distribution pulses (from high-energy gamma emitters)
and bremsstrahlung pulses from high-energy beta
particles. In our case, this will lead to an increase in the
stand (pedestal) under the 159 keV peak, therefore,
when calculating the value of S, one should use not the
real background spectrum, but a hypothetical spectrum
(represented in Fig. 1 by “x” markers), which is
obtained by multiplying the pulses in each channel by
an arbitrarily chosen number 4. In this case, the value
of S will be 36 pulses for exposure 3600 s.

The value of #’Sc activity, which can be reliably
recorded by the equipment described above during a
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measurement time of 1 hour, is calculated using
expression (3):

a=S/(Tmné, (3

where a - activity is 4Sc at the time of
measurement, Bq;

T — exposition, 3600 s;

1 - quantum output for gamma line 4’Sc 159 keV (
0.68), quanta/decay;

¢ - registration efficiency of gamma quanta with
an energy of 159 keV for the equipment used,
pulse/quantum.

With a titanium target area of 1 cm? and a its
thickness of 2 mm, the value § is 0.07 pulses/quantum
and from relation (3) a = 0.2 Bg. The number of atoms
(nuclei) of 4’Sc, which provides an activity of 0.2 Bq
can be calculated using the radioactive decay equation

(4):

dN()/dt = a = -AN(1), €
where N - the number of 4’Sc atoms corresponding
to activity a;

X - the decay constant of 4’Sc, 1/s. The value of N
calculated by (4) is equal to 0.87-10° nuclei.

Electron accelerators with short current pulse
duration and electron beam energy of several hundred
keV are used in various fields of science and
technology [3-6]. We will perform virtual irradiation of
a titanium target with a flow of accelerated electrons
using an accelerator described in [6]. This setup
accelerates electrons to an energy of 350 keV, the
current pulse density on the target is 250 A/cm? with a
pulse duration at half maximum of 1.3 ns. The electron
flow provided by the installation per pulse is 2-:10'2
electrons.

The effective range of electrons with an energy of
350 keV in titanium is 0.036 sm. We believe that
electrons interact with #’Ti nuclei in a target layer equal
to half the effective range (0.018 sm). The mass of a
titanium target with an area of 1 cm? and a thickness of
0.018 sm is 0.08 g and, taking into account the #Ti
content of 7.44% (tabl 1), the number of 4’Ti nuclei that
interact with electrons is 0.8-10%.

Now we can calculate the cross section for
reaction (1), obtained as a result of a thought
experiment using formula (5):

o =N/(FM), &)
where o - the reaction cross section (1), cm?;

N - the number of 4’Sc atoms reliably recorded by
a gamma spectrometer within 3600 s of measurement
(0.87-10%);

F - flow of accelerator electrons through a target
(2-10%2), sm%;

M - the number of #Ti atoms in the target
interacting with the electron flow (0.8-10%9).

Calculation using formula (5) gives ¢ = 0.5:10 %'
cm?. Thus, using a virtual experiment, it has been
established that the presence of a nuclear reaction (1)
on a titanium target can be detected even at ¢ values
less than 1 mb (with a single accelerator pulse).

Conclusion

It has been shown that if, when irradiated with a
beam of electrons accelerated to 350 keV, a nuclear
reaction inverse to beta decay occurs, then the product
of this reaction, 4’Sc is reliably recorded by a gamma
spectrometer. Based on a virtual experiment and
calculations performed, it has been established that the
existence of such a reaction can be detected even if its
cross section is less than 102" cm?.

The authors hope that the results presented will be
useful to researchers who are studying the possibility of
the existence of nuclear reactions inverse to beta decay
by performing real experiments.

The research did not receive any specific grant
from funding agencies in the public commercial or not-
for-profit sectors.
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AHHOTALIIUA

CraTpst aHanmm3upyeT TIOOAJIbHBIE TEHICHIMH B O00OJACTH OXpaHBl TPyNa M 3AOPOBBS COTPYAHUKOB,
MoaA4YCpKMBas Ba’XHOCTb IpeaOTBpalllCHU MMPOU3BOACTBEHHOI'O TpaBMaTnu3Ma qepes MOHUTOPHUHT
HpO(i)eCCHOHaJ'ILHOfI MMpUroAHOCTH. OCBCIIIa}OTCSI CTaTUCTUYCCKUEC JaHHBIC O HECYHACTHBIX CJIydasX Ha pa60Te,
BIIUAHUC TeXHOJ‘IOFHﬁ, Takux kak MU wu III/I(l)pOBI/BaIII/ISI, Ha 0€30IacHOCTD TpyAda, a TaKiKe OOHOBJIEHUS
3aKOHOAATEJIbCTBA U MEKAYHAPOAHBIC CTAHAAPTHI B KOHTCKCTEC YJIyUIICHUA YCJIOBI/Iﬁ pa6OTI)I 1 CHUKCHUS PUCKOB
JJIA 310POBbA pa60THI/IKOB.

ANNOTATION

The article examines global trends in occupational safety and health, emphasizing the importance of
preventing workplace injuries through the monitoring of professional suitability. It highlights statistical data on
occupational accidents, the impact of technologies such as Al and digitalization on work safety, as well as
legislative updates and international standards aimed at improving working conditions and reducing health risks
for employees.

KaroueBble cioBa: oxpaHa TpyZa, NPOU3BOACTBEHHBIH TPaBMaTH3M, MOHUTOPUHT NPO(EeCCHOHATBHON
MpUroaAHOCTH, HH(prBH3aHHﬂ, I/ICKYCCTBGHHHﬁ HUHTCJUICKT, MCKAYHAPOAHbIC CTaHAApThI, OOHOBJIEHUE
3aKOHOAATCJIbCTBA, MPEAOTBpAILICHUC 3a00JICBaHHM.

Key words: occupational safety, workplace injuries, professional suitability monitoring, digitalization,
artificial intelligence, international standards, legislative updates, disease prevention.
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Ilo onenkam MexayHapoJHONH OpraHU3alUU
Tpyaa (MOT) exerogHo oxono 2,3 MJIH. My>XYUH U
JKSHIIMH OTHOAIOT B pe3yJIbTaTe HECUACTHBIX CIIy4acB
Ha paboyeM MecCTe WIM CBS3aHHBIX C pPabOTOM
3aboneBanuii — B cpeareM 6 000 yemoBeK eKeTHEBHO.
Bo BceM MHpe €XEromHO PETHCTPUPYETCS MPUMEPHO
340 MuTH. HECYACTHBIX CITydaeB Ha MPOU3BOACTBE U 160
MUITH. JKepTB IpoQecCHOHATBHBIX 3a00eBanmii [1].

CormacHO maHHBIM bIOpo CTaTHCTHKH Tpyna
CIOA 3a 2022 rom Obuto 3aduxcupoBaHo 2,8
MHIJUTMOHa HECMEPTENbHBIX TPaBM M 3a007eBaHMN Ha
pabouem Mecte u 5 190 cmepTenbHBIX cirydaes 3a 2021
rog. Ilo Bumam  pesrensHOCTH — HauOoJblIee
KOJIMYECTBO HECYACTHBIX CIy4YaeB IPHUXOIMTCS Ha
MHJIYCTPUH TPAHCIOPTHPOBKM U  CKJIQJUPOBAHUS;
3[paBOOXPAaHEHUs] M COLMAIBHOH  TOMOIIY;
pasBievyeHus 1 oTabIxa [2].

B Hos16pe 2023 roma YmpaBneHHe oxpaHe Tpyda
BenukoOpuranuun OITy OJTMKOBAJT €KETOJHYFO
CTaTHCTHKY O TPO(EeCCHOHANBHBIX TpaBMax |
3aboneBarmsx. Lludps! mokaseBaroT, uto 135 padoumnx
NOTHOMM B pE3ysbTaTe HECUACTHBIX CIIydaeB Ha
npousBojcTee B 2022-2023 ronax, a 561 000 pabouunx
MOJTyYHJIM HECMEpTeJIbHBIE TPaBMbI Ha paboueM MecTe
3a TOT ke nepuo. 1,8 MUUIMOHA paboTaIOIIUX JFOACH

CTpajgaloT OT NPOPEeCcCCHOHANBHBIX 3a00JIeBaHUM, W3
koTopeix 875 000 paOOTHUKOB CTPagarOT OT
CBSI3aHHOTO ¢ paboToil cTpecca, NENPECCHH HIIH
tpeBoru, a 473 000 paOGOTHHKOB CTPagarOT OT
3a00JIeBaHU OMIOPHO-/IBUraTeIbHOTO anmnapara [3].

CormacHo maHHBIM  bropo  HalMOHANBHBIN
craructuku Pecrryonmkn Kazaxcran B 2022 roxy 65110
3aperucTpupoBano 2449 HeCUaCTHBIX CIIy4aeB, B TOM
YHCJIE CO CMEPTEIbHBIM HcX0oJoM. M3 obmero umcia
MOCTPaJaBIINX JKCHIIUHBI cocTaBmsaan 18,2%. Ilpm
9ToM 287 dYeNmoBEeK IOCTPajalo TPH TPYHIOBBIX
HECYaCTHBIX cily4asx, 657 - oT mpogecCHOHaIbHBIX
3aboneBanuii, 34 - npu otpasieHusx [4]. Haubonee
BBICOKHMH TIOKa3arenb orMedaercst B KaparananHckoit
obmactu, tme 3a 2022 rom 3adukcuporano 460
cilyyaeB, 4ro cocraBmger 18,8% ot obmero
konmuuectBa. OCHOBHBIE OTPaciu JAEATENBHOCTH C
Hanbonee BBICOKMMHU O MOCTPAJaBIINX SBISIFOTCS
oOpabaTpIBaromass  mpoMbIIUIeHHOCTh  (29,8%) m
TOPHOJ00BIBAIOIIAS TIPOMBIIUIEHHOCTh B Pa3padoTKa
KapbepoB (23,9%).

HanGomprree  Wmcno  MOCTpajaBIIMX — HPH
HECYACTHBIX CIIydasx — KBaIU()UIIMPOBaHHBIE paboune
B Bo3pacte oT 30 10 45 neT, paboTaBIIKe B MEPBYIO
cMeHny (cM. PucyHoxk 1).

[lons nocTpaaaBLUMX NO BO3PACTHbIM rpynnam
B NPOLLEHTAX

= 61 rog u crapuie

16-29 ner

30-45 net 46-60 et

Puc 1. Jlona nocmpadaswiux no 603pacmmsim epynnam 6 npoyenmax

B cBete mpencTaBiieHHON CTATHCTUKH OYEBUIHO,
4TO mpoOiieMa TpaBM M 3a0ojeBaHMl Ha pabouem
MECTE OCTaeTCsS Ha BBICOKOM YPOBHE B Pa3iIUYHBIX
cTpaHax. B cBsI3u ¢ 4eM B COBPEMEHHOM MUPE BOIPOCHI
OXpaHbl TpyJda ® 3I0pOBbS pPAOOTHUKOB Ha
MPEeNNpUsATHIX TPUOOpPETaroT Bce 0oJsiee BBICOKUMN
MMPUOPUTET B KOHTEKCTC CTPEMUTCIIBHOI'O pPa3BUTHUA
TeXHOJ’IOFHﬁ, U3MECHCHUSX B IMPON3BOJACTBEHHBIX
nmponeccax M TIOCTOAHHO MCEHAOMIUXCA YCIOBHUAX
Tpyna. OTHoeHHe K Oe30macHOCTH Ha pabodeM MecTe
CTAaHOBUTCS KJIFOUEBBIM ACIIEKTOM KOPIIOPATHBHOM
OTBETCTBCHHOCTH, BIHSS Ha IPOHU3BOAMTEIHLHOCTS,
KauecTBO Tpylna U OOIIECTBEHHOE JOBEpHE K
OpTaHU3AIHSIM.

OcHoBoIIONIaraloMM JOKyMEHTOM B 00JacTH
OIpeiesIeHusI TI00aIbHON MOJUTHUKY M0 00ECIIeYSHUI0
0e30TacHOCTH U OXpaHbl Tpyda sBisieTcs “ImodampHas
crparerus oxpansl Tpyna” («Crtparerus»), mpuHATasS
MOT emie B 2003 roay, KoTopas PEICTaBISIET COOOM
BAKHBIN JIOKYMEHT, OPUEHTUPOBAHHBIN Ha
obecrieueHre OE30MACHOCTH W 370POBBS paOOTHUKOB

mo Bcemy wmupy. OcHoBHas 1enms Crpareruu
3aKIIFOYAaeTCS B CONCHCTBHM CO3JAHHIO JTYYIIHX
YCIOBUH TpyJa Ul BCEX, C Y4YeTOM pazHooOpasus
TPYNOBBIX DPBIHKOB, JKOHOMHYECKHX CTPYKTYp H
COITMAJIBHBIX CHUCTEM. O}lHaKO, HECMOTPSA Ha TO YTO
I'moGanpHast cTparerus OxXpaHbl TPyJAa HPEACTaBISET
co0OH BaXHBIH JOKyMEHT, HaIpaBICHHBIH Ha
(hopMupoBaHHe KyJIbTYyphl O€30MaCHOCTH U 3a00THI O
3I0pOBbE  pPAOOTHHKOB Ha YPOBHE MHPOBOTO
coo01ecTna, COBpPEMEHHBIE TeHJICHLIUH u
CTPEMUTENBHOE Pa3BUTHE TEXHOJIOTHH  TpeOyloT
repecMoTpa 1o/Xo/a K obecrieueHnio 6e301acHOCTH
pabOTHHMKOB M OXpaHbl TPy/Ja HA NPOU3BOJACTBaX. Tak,
MOT B 2019 rony omy6mukoBan poknan «Oxpana
TpyZla — 0CHOBa Oyymiero chepsl Tpyaa. Onupasch Ha
CTONETHUH OIIBIT», B KOTOPOM aBTOPbI BBIACIAIOT
YeThIpe OCHOBHBIX aCMeKTa, KOTOPBIE MOTYT OKa3bIBAaTh
HauOombIllee BIMsSHUE HA chepy Tpyla, HO MPU ITOM
OTKPBIBAIOT HOBBIE BO3MOXKHOCTH IS yIydIieHui. B
MEPBYI0 OYepenb OSTO TEXHHYECKHH Iporpecc,
BKJIIOYAIOMUKA B ce0sd  BHEIpeHWe IUQPPOBBIX


https://www.ilo.org/moscow/areas-of-work/occupational-safety-and-health/WCMS_693749/lang--ru/index.htm
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TEXHOJIOTHH, POOOTOTEXHUKH U HAHOTEXHOJOTHiA [5].
TexHuueckui!  mporpecc  MOXeT  BJIUSTh  Ha
NCUXOCOLMANbHOE  3A0pPOBRE M CBSI3aH  C
UCIIONIB30BAaHUEM  MaTepHalloB, KOTOpBIE  MOTYT
MPECTaBISATh HEM3BECTHBIE YTPO3bI I 310pOBbs. B
TO K€ BpeMs  MpaBHIbHOE  HCHOJIb30BAHUE
TEXHOJIOTHYECKUX HHHOBALUH MOXET CIIOCOOCTBOBATH
CHIDKEHHIO  BO3JECHCTBHSA  ONACHBIX  BEIIECTB,
TOBHIMNICHIIO  3((EKTUBHOCTH  TpOQeCcCHOHATHHOM
MOJATrOTOBKH M MHCIIEKIIMU TPYIa.

Bropoii BaxHBIN (akTop — HeMorpadryuecKie
u3MeHeHus. BpIcokuil ypoBeHb NPOM3BOJCTBEHHBIX
TPaBM Yy MOJOABIX pPaOOTHHKOB M MOTPEOHOCTH B
COOTBETCTBYIOLIEH MpakTHUKE U CHAPSDKEHUHM I
CTapmMx pabOTHUKOB IOJYEPKHUBAIOT  Ba)KHOCTD
npucrocoOIeHus: K N3MEHEHUSIM B CTPYKType paboueit
CWIBl. YBEIMUYMBILNASCSA NOJI JKCHINUMH B TPYAOBOH
cdepe, OCYIIECTBISIOIINX HECTAHIAPTHHIC BHIbBI
JEeATEIBHOCTH, TAK)KE YBEIMINBACT PUCK 3a00JIeBaHNI
ONOPHO-ABUIaTENbHOIO anmnapara [5].

B-Tpetbux, BO3ECHCTBUE KIIMMaTUYECKUX
U3MEHEHHNI COYETAETCSl C Pa3sBUTHEM U MPHUBOAMT K
pa3NUYHBIM PHUCKaM, BKJIIOYAsl 3arps3HEHHE BO3/AyXa,
MOBBIIICHHYIO TEIUIOBYIO Harpy3Ky, paclpocTpaHeHue
3a00JeBaHUN M MU3MEHEHHE KIMMAaTHUYeCKUX YCIJIOBHH,
BO3JICHCTBYIOIIMX Ha 3aHATOCTh. Bmecte ¢ Tewm,
yCTOIUMBOE pa3BUTHE U 3KOJOTM3ALUS SKOHOMHUKHU
paccMaTpUBAIOTCST KaK CIIOCOOBI CO3/aHHUs HOBBIX
paboumnx mecT.

Hakonen, u3MeHEHUS B OpraHU3alUHd TpyAa
MOT'YT COZIEHCTBOBATH OOJIee THOKUM YCIIOBHSAM TPY/a,
TIpUBJICKasi HOBBIX PaOOTHHKOB, HO TPH 3TOM MOTYT
BO3HUKHYTb HPOOJIEMBI, TAKHE KaK NCHXOCOIHAIbHbBIE
TPYAHOCTHU, HAPyIIEHUE YACTHOW )KU3HHU, yMEHBIICHUE
BPEMEHH Ha OTIBIX, HEJOCTATOUHBINH YPOBEHb OXPaHbI
TpyAa W COIMAJbHON 3aIIMTHL, a TaKXe H3JIMIIHEEe
yBeJIM4eHHe pabouero BpeMeHH.

B cBete yka3aHHBIX IPOOIEM aBTOPHI BBIIENISIOT

mecTb  HampaBJeHWH, Ha  KOTOPBIX  CJEIYyeT
COCpEJIOTOYNUTh, BHUMaHHE TEM, KTO MPUHUMAET
MOJIUTUICCKHE petIeHus, u IpyTUM

3aMHTEPECOBAHHBIM CTOPOHAM:

MIpeBUICHAC HOBBIX PHCKOB B 00JACTH OXPaHBI
TpyJla, T.€. IPOrHO3UPOBAHME, OLEHKA TEXHOJOTUH U
MEPCICKTHBHBIC HCCICAOBAHUS CIIOCOOHBI BBISBIISTH
MOTEHIIMAJbHBIE PUCKH B cdepe oxpaHbl Tpylda M

pa3pabartbIBaTh 3¢ dexTUBHBIE MepbI
MPEIyIPEXKICHIS,;

MHOTONIPOGWIBHBIA TOAXOJ K  YIPaBICHUIO
OXpaHOW TpyHda, KOTOPBIA TpHU3BaH OOBEIUHUTH
CHENMANNCTOB B TaKWX OOJACTIX, Kak IIpaBo,

IUTAHUPOBaHKWE pabodvero mporecca, WHCTPYMEHTEHI,
OKpyXXaromias cpena, (U3WYeCKHe U COIHabHEBIC
MOCJEACTBYS, TMPHUPOJA YeNOBEKa, MEAWIUHA U
HEHpPOOMOJIOTHSA, a TAaKKe OpraHu3alus Tpyla B
JIOTIONTHEHHE K TUIAHMPOBAHUIO pabodero mporecca u
paboTe ¢ Kaapamu;

TIOBBIIICHUE YPOBHA KOMIICTCHTHOCTHU B BOIIPOCax
OXpaHbl TPyJa - B HACTOSILIEE BPEMsI CTAHOBUTCS BCE
Oonee akTyaabHOW HEOOXOMUMOCTh B WMHTETpalldd
OXpaHbl TpyAa B OCHOBHBIE KypChl — OOIIEro
oOpa3zoBaHUs, YTOOBI KaX bl YEIOBEK HAYMHAI
YYHUTBCSI B OITOH 0ONacTM eme IO Hadana CBOCH

TPYIOBOH Kapbepbl W INPOJOIDKAT OO0ydeHHe Ha
MIPOTSDKEHUH BCel cBoel MpodhecCHOHAbHOM KU3HY;

pacupeHue TOPHU30HTOB: CBSI3b c
OOILECTBEHHBIM 3/IpDaBOOXPAHEHHEM - HE00X0AUMO
ynensTh OoJbllle BHUMAaHMS CBS3M OXpaHbl Tpyna C
OOIIECTBEHHBIM 3[JpaBOOXPAaHEHUEM U €€ BO3MOKHBIM
HOBBIM (pyHKIMSAM, HAPUMEP TaKUM KaK IpoIlaraHjga
3I0pOBOTO 00pa3za KHM3HH, NPEIYNPeKICHUE U
yCcTpaHeHHE (OPMHUPYIOMIUXCS  ICHXOCOINAIBHBIX
pHCKOB, Tpo(WIAKTHKa ¥ JIEYEHHE pPacCTPOICTB
NICUXWYECKOTO  370pOBb WM HEMH(EKIMOHHBIX
3a00JICBaHMIA;

MEXIyHapoIHbIEe TPYJIOBBIE HOPMBI M JIpyrue
JOKYMEHTBI, Kacarolluecs OXpaHbl TpyAa - B
MIOCTOSTHHO ~ MeHstoIeiicss cdepe MexIyHapoaHbIE
KOHBEHIIMM W PEKOMEHJALMM  HE  TOJBKO
nepecMaTpUBAIOTCS, 4TOOBI 0CTaBaThCs
JCUCTBEHHBIMH W OTBEYaTb  HM3MEHSIOLIMMCS
MOTPEOHOCTSIM, HO U  pa3pabaThIBalOTCs TaKUM
00pa3oM, YTOOBI OBITH YCTOWYHMBHEIMH TEperd JHIIOM
MEHSIOIINXCS BHI30BOB;

MOBBIIIEHUE POJIM HPABUTEIBCTB M COLMAIBHBIX
MApTHEPOB U pacUIMPEeHHe NaPTHEPCTB - B Pealiu3aluu
3aJaud 0 CO3JaHHI0 Oe30MacHOW U 310pOBOH
MIPOM3BOICTBEHHO! CPEe/bl IJIABHBIMU MTApTHEPAMHU I10-
NPeXXHEMY SIBIISIIOTCS. TPaBUTENILCTBA, OPraHU3allld
PpabOTHUKOB U pabOTOAATENCH, HO TAKXKE HEOOXOAUMO
pacuMpaTh COTPYAHHUYECTBO B JAHHOW oOnactu ¢

OpTaHM3aIIAMHI TPa’KIaHCKOTO o01ecTna,
WHCTUTYTaMH 10 TpoOieMaM OXpaHbl  TpyZa,
HETIPaBUTEIbCTBEHHBIMHU OpTaHM3aIsIMHY,

rOCyAapCTBEHHbIMH W YAaCTHBIMM MHCTUTYTaMU U
YHUBEPCUTETAMHU.

Ha mupoBoM ypoBHE cylIecTBYeT MOCTOSIHHAsS
JUHAMUKa B OOJAacTH OXpaHBl TpyZJa M 3I0POBbA
pa6OTHI/IKOB, HanpaBJICHHAsA Ha CHH)XCHUC
MPOU3BOJICTBEHHOTO TpaBMaTu3Ma M oOecreueHue
0e30MacHbIX yCIOBUH Tpyaa. PaccMOTpUM HECKOJIBKO
KJIIOUEBBIX TEHJCHIMKA B H3TOM 00JACTH, a TaKKe
HOAXOABl K  MOHHUTOPHUHTY  HpO(eCcCHOHATLHOM
MIPUTOJAHOCTH MEPCOHAA.

HudpoBuzauus u TeXHOJIOTHH.

C pasBuTHeM LU(POBBIX TEXHOJIOTHMH H
BHEApCHUEM HHTEPHET BemIeH (IoT) B
TIPOMU3BO/ICTBEHHBIC TIPOIIECCHI CTaHOBUTCSA

BO3MOXHBIM CO3MaHUC MHTCIUICKTYAJIbHBIX CHUCTEM
MOHUTOpHHIA. BOJBINYIO POJIb B MEpexojie Ha HOBbIE
IU(ppPOBBIE TEXHOJIOTUH M OHJIAMH-CEPBUCHl TaKKe
ceirpana maggemus COVID-19, xorma meodxomammo
O6but0 OOecreunBaTh 0€30MacCHOCTE PabOTHUKOB U
COOJIIOIaTh COLMANIbHOE TUCTAHIUPOBaHHE, IIN(POBbHIC
WHHOBALMM CTAJIM KJIIOYEBBIM WHCTPYMEHTOM ISt
nojiepkanust 3G (HeKTUBHOCTH M 0€30MaCHOCTH TPYAA.

[Mpumeps! BHenpeHnst HUQPOBBIX TEXHOJIOTHI
COBEPIICHHO Pa3JIMYHbIE: MCIIOJIb30BaHUE CEHCOPOB U
JaTYnKOB  JUII  HENPEpHIBHOIO  MOHUTOPUHTA
rapamMeTpoB paboueil cpeapl, TaKUX Kak YPOBEHb
mymMa, TEMIEpaTypa, BJIAXKHOCTD M XUMHUYECKHE
BEILECTBA; aBTOMAaTHU3UPOBAHHbIE CHCTEMBI
NPeNyNPEeXKACHUS] ¥ YBEIOMIICHHS O IPEBBILICHHH
JIOIYCTUMBIX HOPMAaTHBOB; pa3padOTKa MOOMIbLHBIX
NPWIOKEHUH U COTPYIHHUKOB ¢ (YHKIHOHAIOM IO
ObICTPOMY COOOILECHHUIO O MPOMCIIECTBHSAX, 3aPOCamM
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Ha OKaszaHHE IIOMOIIM, a TaKXe IPEJOCTABICHUIO
peKOMeHAai 1o Oe30macHbIM MeToJaM paboThl;
UCIIONIb30BAaHUE CHCTEM IIPEJCKa3aHUsi PUCKOB Ha
OCHOBE aHalM3a CTAaTHUCTHUKM NPOUCIIECTBUA U
MHIU/ICHTOB; BHEJIPEHUE LU(PPOBBIX IIATHOPM IS
VOpaBICHUS BCEMH aclleKTaMH OXpaHbl TpPYyAa,
BKITIOYAsl y9eT MHIUACHTOB, TPCHUPOBKHU IIEpCOHANA,
aHaIN3 PUCKOB M pa3pabOTKy IDIAHOB IO YIyUIICHHUIO
6e3omacHOCTH. L[M(poBBIe TEXHOIOTHA TPUMEHSIIOTCS
HE TONBKO Ha CaMHX IIPOW3BOACTBAX, HO M JUIA
o0OyueHus pabOTHHKOB. Tax, HaTpuUMep,
UCITIONB3YIOTCS ~ TEXHOJOTMM  BUPTYIBHOH U
nononHeHHol peansHocTel (VR u AR) mist oOyuyenust
COTPYJIHHUKOB JUIl CUMYJISILIUM ONACHBIX CLIEHAPHEB U
TPEHUPOBOK 1O 0€30macHOCTH, a Takxke Ui
NPeIOCTaBIICHUS COTPYIHUKAM HH)OPMAIUHU O pUCKAX
1 0e30IacHBIX METO/1aX PadOTHI B peajbHOM BPEMEHH,
YTO TpeACTaBISICTCS ropa3no Oombire 3QPEeKTHBHBIM,
YeM TIPEeIOCTaBICHNUE HHCTPYKIIHIA 10 0€30IT1acHOCTH B
OyMa>kKHOM BHJIC WX IPOBEICHIE YCTHBIX TPCHUHTOB.

Cremyer OTMETHTB, YTO BONPOC IU(PPOBH3ALUU
BCTaeT HE TOJBKO HAa YPOBHAX KOMIIAaHWH, HO M Ha
rOCylapCTBEHHOM ypoBHe. Tak, Hampumep, B
Pecniyonmuke Kazaxcran paspaborana “Konuemnius
6e3omacHoro Tpyaa B Pecny6iuke Kazaxcrtan o 2030
roaa” [6], B COOTBETCTBUH C KOTOPOil 0003HAUCHO, YTO
nHpopmanmoHHoe obecrieueHne Oe30MacHOro TpyJa
HUMECT BaXXHOC 3HAYCHUE B COBPEMCHHBLIX YCJIIOBUAX.
WudopmanmorHoe  obecriedeHHe — MpeIIioiaraet
MpOBEICHUE  IIHMpOKOMacIiTabHOW  paboThl 1O
HHPOPMHUPOBAHUIO, KOHCYIBTHPOBAHUIO M OKa3aHHIO
MPaBOBOM TIOMOIIW, B TOM YHCJIE IO BOIPOCAM
coOMOIeHnsT ~ 3aKOHOJATeNnbhcTBA O  Hambolee
PacTpoCTpaHEHHBIX MPO(ECCHOHANBHBIX pPHCKAaX U
crocobax ympaBieHuss UMH. B 3TOoi cBsizu, Oyner
obecrieueHa 1MGPOBU3ALUS  PA3bICHUTESIBHON U
KOHCYJIbTaTHBHON palbOThI 110 OXpaHe TPyJa, a TaKKe
OyayT pacIIMpeHbl BO3MOMXHOCTH TOCYJapCTBEHHBIX
nporpaMM oOy4YeHHs Yepe3 YIOJIHOMOYEHHBIH OpraH
[0 TPyAy IO Pa3biACHEHUIO HOPM TPYIOBOIO
3aKOHOJATeNbCTBA,  €ro  pedopMuUpoBaHHI U
MPaBONPUMCHUTEIIFHON  TIPAKTUKE, B  YaCTHOCTH
MOBBIMICHUST ~ KBATH(OHUKAUK  TOCYIapCTBEHHBIX
WHCIIEKTOPOB IO Tpyny. B paMkax maHHOW 3amadu
IUIAaHUPYETCsl pa3paboTKa M CO3/aHME CIICHHUAIBLHOMN
OHJIAWH-TITAT(GOPMEL.

AHanu3 JAHHBIX U
HHTEJJIEKT.

Boibioe Pa3BUTHUC B NOCJICAHUEC TOABI IMOJYYHIT
HCKyCCTBeHHBIﬁ HUHTCJUICKT, B TOM YHCJIC U B obmacTi
OXpaHbl TPYAa, IPEI0CTABIISISE BO3MOXKHOCTH [UIs OoJiee
TOYHOTO MOHMTOPHHTIA, NPEACKa3aHHUs pPHCKOB U
3¢ ¢dexkTUBHOTO  ympaBiieHUs 0E30MacHOCTHIO  Ha
pabouMx Mecrax Ha OCHOBE aHaJIM3a JaHHBIX.
[Ipumenenne aHann3a JaHHBIX M HCKYyCCTBEHHOT'O
MHTEJUIEKTa TII03BOJSIET 0OoJiee TOYHO  BBISBISATH
3aKOHOMEPHOCTH ¥ (DAaKTOpHI, BIMSIOIIME Ha
0e30macHOCTh TpyZAa. AJTOPUTMBI MOTYT TIOMOYb
MpecKa3aTh PUCKU U ONPEIEATh ONTUMAIEHBIC MEPHI
TIPEIOCTOPOKHOCTH.

AMepukaHcKas KOpHoparus Honeywell
MIPOM3BOJIUT AJIEKTPOHHBIC CHCTEMBI YIPABICHUS U
ABTOMATH3AaIIUH, a TaKKe MIPEA0CTaBIISET

HCKYCCTBEHHBI

WHTErPUPOBAHHBIC pEIICHHUs Ui 0e30MacHOCTH U
OXpaHbl TpyAa, BKJIIOYAs CHCTEMbl MOHHUTOPHHIA
YCIOBUH  TpyAa, HCIOJB3YIOIIME  CEHCOPBl U
TEXHOJIOTHH UCKYCCTBEHHOTO MHTeJUIeKTa. Hampumep,
KOMITaHHS npejasaraer aBTOMAaTHU3HPOBAaHHBIC
penieHus Ui MPOBEACHHS TPYIOBBIX HHCIICKIHH,
MO3BOJIAIOIIUE ITOBBICUTE MIPOU3BOAUTENEHOCT TPYAa
n 6e30macHOCTh Ha pabounx Mectax. Honeywell Taxoke

npeylaraeT  peIleHds  Juii  OOYYeHHS  HOBBIX
cotpynaukoB - Honeywell Connected Workforce
Competency, pa3BepThIBaeMast B obmake

Macmradbupyemas ciyx0a oOydeHHWS U pa3BHTHUS
pabOTHHKOB, KOTOpas 00eCHeYrBaeT KOMILIEKCHOE
00yd4eHHe C TOMOIIBIO CUMYJISITOpA.

VckyccTBEHHBIN MHTEIIEKT U €ro BHEAPEHHE B
pasnuuHble  cepbl  JESATENbHOCTH  KOMIAHHN
BO3pAacTaeT C KaxAbIM TOAOM U IPeIoCTaBiIseT
3HAQUUTEIbHBIE IIPEHMYIIECTBA ISl KOMIIAHMHA |
pabotaukoB. Obmee BHenpenune MU B oxpaHy Tpyna
uMeeT OONBIION MOTCHIMAN YMEHBIICHUS YacTOTHI
HECYaCTHBIX CITy4aes, CHIKEHUS PHUCKOB
poeCCHOHANBHBIX 3a00J€BaHUM M MOBBIIICHUS
o01ero ypoBHs Onaromoiydusi cpead pabOTHHKOB.
OpHako BaXHO IIOMHHUTb, YTO TIIPU BHEIPEHUH
texHosioruii UM B oxpaHy TpyJAa Takke CyIIECTBYIOT
9THYECKUE U KOH(UICHIIMAIBHBIE BOIIPOCHL, U CIIEyeT
coOJIIOJaTh COOTBETCTBYIOIIME HOPMBI U IIpaBHIIa
HCIIOJBb30BaHUs TaHHBIX U TEXHOJIOTHII.

3aK0HOATEIBLCTBO U CTAHAAPTHI.

OmHoll W3 TEeHAEHIWH B 00JacTH OoOecIeueHus
0€3011acCHOCTH W OXPaHbI TPyJia SABJIAETCS IMOCTOSHHOE
N3MEHEHHE 3aKOHOJIaTeNILCTBA B IAHHOW 00sacTu. Jta
TEHICHIUST OOBSICHSETCS CTpEeMIICHHEM O00ecnednTh
OezomacHble M 3/0pPOBBIC YCIOBHSA TpyJda M
pabGOTHHUKOB, CHU3UTh PHCKH IPOU3BOACTBEHHBIX
HECUaCTHBIX  CIlydyaeB M  Npo(decCHOHAIBHBIX
3a00JeBaHUH.

Viydmenne 340poBbS M 0€30MacHOCTH  Ha
pabodyeM MecTe SBISETCS Ba)XKHBIM BOIPOCOM JUIS
EBpomneiickoro Coroza. Emie 1980 romy Obin mpuHAT
€IMHBIH aKT, KOTOPHIH YCTaHOBWJI MHHHMAJIbHBIE
CTaHJApTHl 3alIUThl PAOOTHUKOB, OJHOBPEMEHHO
MO3BOJISIT  TOCY/ApCTBaM-WIEHaM COXPAHATh WU
BBOJUTH Oonee  cTporme  Mepwl.  M3menenne
JKOJIOTUYECKOM  CHUTyallud,  pa3BUTHE  HOBBIX
IU(GPOBBIX TEXHOJOTHH, MOSBICHHE HOBBIX (HopM
3a0oJeBaHnil (B TOM YHUCIIE U MEHTAJIBHBIX) IPUBOAUT
K HE00XOIUMOCTH K MOJICPHHU3AIIH
3aKoHOJarenscTBa. Tak, Hampumep, 10 maprta 2022
roga Ilapnament EC mpussut Pe3sonronuio o HOBOM
cTpaTtermdeckoi mporpamMe EC mo oxpane Tpyaa u
TeXHUKe Oe3zomacHocTH Ha mepuoj mocie 2020 roxa
[7]. Pesomonust BeIABUTACT psif TPeOOBaHHU, B TOM
yucie 6osiee aMONIIMO3HbBIE MEPHI 10 OOPEOE C pakoM,
CBSI3aHHBIM ¢  paboTOH, OoJjee IHMPOKYID W
BCECOOBEMIIIONIYIO0  JMPEKTUBY 110  3a00JIeBaHMAM
OIIOPHO-JIBUI'ATEJIFHOTO amnapara U PeBMaTHYECKUM
3a00JIeBaHMAM, a TaKKe YUET TeHAEPHOTO acleKTa BO
BCEX MEpax M0 OXpaHe TPy/la U TEXHUKE O€30I1aCHOCTH.
Pezomronmst  Takxke ~— mpemnaraeT  pa3paboTaTth
JUPEKTUBY IO MPEIOTBPAICHHUIO TICHXOCOLUAIBHBIX
PHCKOB.
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Tparnueckue cOOBITHS B HIaxTax
TOPHOJO0BIBAIONIETO MPEANpHUATH ApcerutopMuTamn
TemMupray NOCIYXHIM TOJYKOM K HM3MEHEHHIO
3akoHozaTenbcTBa Pecrryoumku Kazaxcran B obnactu
obecrieueHnst 6e30macHOCTH pabOTHUKOB. OCHOBHOM
Kypc B3ST Ha NEpPexox K PHCK OPHEHTHPOBAHHOMY
MOOXOAYy B YIpaBICHHH OXpaHOH Tpynma it
obecrieyeHns MIpaBa HA yCJOBHS TPYAa, OTBEUAOIIHEC
TpeOoBaHUAM Oe3omacHOCTH U TurueHsl. B 2020 roxy
B TPyIOBOE 3aKOHOJATENBCTBO OBLTA  BBEACHA
00s3aHHOCTH pabotomarers 110 OLIEHKE
npodeCcCHOHANBHBIX PUCKOB U BHEIPEHHIO CHUCTEMBI
YIpaBJCHUSI OXpaHOM Tpylda Ha ee pe3yibTarax.
TpeOoBaHMS K BHEAPECHUIO CHUCTEMBI YIPaBICHUS
npodeccHoHANBHBIMHE PUCKaMH yKa3aHbl B IIpaBuiax
yIpaBieHUs npodeccHOHaNEHBIMU pHCKamH,
YTBEPKICHHBIX IpuKa3oM MuHucTpa Tpyla H
conmansHOU 3amuThl HacemeHus PK 11 centsops 2020
roma No 363 («IIpaBmma») [8]. OpmmHako, Kak
yTBepkmaercss B KoHmemmmu Oe3omacHOro Tpyna B
Pecniyommke Kaszaxcrarm mo 2030 roma, comepkanue
IIpaBun TpeOyeT akTyamu3allii B YacTH NETaTbHOU
KOHKPETHU3alMU NOPS/IKa OLUEHKH MPOoeCcCHOHATBHBIX
PHUCKOB, €€ KOJIMYECTBECHHON-PACYCTHON METOJIUKU B
TOM YHCIIe JOPM OTYCTHOCTH, yUeTa U PETUCTPALIUH €€
pesynbratoB. TpeOoBaHMs 1O OXpaHe Tpyaa B
3aBUCHMOCTH ~ OT  pasMmepa  HpennpusTus  He
YMEHBILAIOTCS, HO BCE € MMEIOT CBOM OCOOCHHOCTH.
B 31011 cBs3u mmaHMpyeTcs pa3padoTKa YHPOIICHHBIX
TpeOOBaHMUI K CUCTEME yIIpaBJICHUS OXPAaHOH Tpya Ha
MalbIX H MHKPONPENNPUATHIX C BHEIPCHUEM
BO3MOKHOCTH JKCIIPECC OIEHKU MPO(ECCHOHATHHOTO
pucka (B TOM gucie B oHIAHH popmate) [6].

[Ipomeccel  W3MEHEHHWS 3aKOHOJATENIhCTBA B
00J1acTH OXpaHbl TPyJa CTAIM HEOTHEMJIEMOW YacThiO
CTpaTeruii rocynapcTB W OpraHu3aluii B LENsIX
YIIydlIE€HUsl YCJIOBUH Tpyla U IPEAOTBpAlLECHUs
MMPONU3BOJACTBCHHBIX PUCKOB. ITocTossnHas
MO/ICpHHU3AIIMS 3aKOHO1aTEIbCTBA SBIISIETCS KITFOUEBOi
CTPAaTEruuecKoi MEepoil, HalIpaBJICHHON Ha YIy4llICHUE
OXpaHBI M 0E30MaCHOCTH TPyJa B CTPaHAX IO BCEMY
mupy. Takas MoOJEpHH3alUs CBHICTEIBCTBYET O
CTpEeMJICHHUH cO037aTh pabouyio cpemy, KoTopas
COOTBETCTBYET  COBPEMCHHBIM  CTaHIapTaM |
obecrieunBaeT 6€30MaCHOCTD U 3/I0POBbE PAOOTHHUKOB.

MoOHHUTOPHHT 310POBbSI PA0OTHUKOB.

MOHUTOPHHT 370pOBbs PaOOTHHUKOB CTAHOBUTCS
Bce Oojee BaXHOM TeHIeHIMEH B  oOxacTu
obecrieyeHnss OXpaHBl M 0€30MAaCHOCTH TpyJa. JTa
MIPAKTHKA MO3BOJISIET KOMOAaHusIM Oojiee 3p(HEeKTUBHO
YOPaBIATH 30POBbEM DPAOOTHHUKOB, MPEAOTBPAIIAThH
3a0oJIeBaHUS M TPaBMBI, a TAaKXKe IOBBIMIATH OOIIEe
Onaronoiydue TPYAOBBIX pecypcoB. it NpUHATHS
pEUIeHU O JIOIyCKe MM OTCTPAaHEHHH OT PabOThHI
MOTYT HCIIOJB30BaThCSl aHAJIMTHYCCKHE JIaHHBIE,
MOJyYeHHbIE W3 MOHHUTOPWHra YCIOBHH Tpylna |
3710pOBbsI pabOTHUKOB. Takue CHCTEMBI IO3BOJISIOT
3¢ (}HEeKTHBHO YIPaBIATh pPHUCKAMH W O0eCTeunBaTh
0e30macHOCTh B pabodeii cpene.

MeToxpl MOHUTOPWHTA 3I0POBBSI BapBUPYIOTCS
OT TPaTUIHMOHHBIX MEIWIHUHCKHX OCMOTPOB IO
MPUMEHEHUSI TIepPEAOBBIX TexHoyiorui. Pazsurue
TEXHOJIOTHH OKa3ajlo CYIIECTBEHHOE BIHMSHHUE M Ha

MOHHTOPHHT 32 COCTOSIHHEM 3[0pOBbSi PabOTHHKOB.
Hampumep, kommanus SmartCap  Technologies
paspaboTana  crnenuajgbHble  TOJOBHBIE  YOOpBHI,
MO3BOJIAIOIINIA OTCIIC)KHBATh COCTOSIHHE YCTAlOCTH
pabOTHHKOB B DPEXKHUME pEATbHOrO BPEMEHH, 4TO
MO3BOJICT NIPUHUMATh NPEIYNPEKIAIOIINE MEPBI IS
VIPABICHHSI PUCKOM YCTAJIOCTH WM MHKPOCHAa Ha
pabouem wmecte. I[lommMo »3TOTO, BCEe OoOINBIICE
KOJIMYECTBO KOMITAaHHH IMPUMEHSIOT WHBIE HOCHUMBIC
TEXHOJIOTUM (YMHBIC Yachl WIM OpacieTbl; yMHbIE
OYKH; CMapT OAEXKJa ¥ T.J.), KOTOPbIE IIPEIOCTABIAIOT
JaHHBIE O (PU3MYECKOM COCTOSHHH M AaKTHBHOCTH

pabOTHHMKOB, 4YTO TIO3BOJSET KOMIIAHHMSAM OoJee
5G(QEKTUBHO  yNpaBIATh yCIOBUSIMH Tpyla U
MIPeA0TBpalIaTh NMpOoQEecCHOHATIbHBIE 3a00NeBaHus U
TPaBMBI.

[MpaBurenscTBo BennkoOpuraHum, Hanmpumep, c
2024 roma TIaHEPYET BHEAPUTH CHCTEMY LIU(PPOBBIX
MEIUIIMHCKUX OCMOTPOB MO BCEH CTpaHe, TEM CaMbIM
CHM3MB HAarpy3ky Ha Bpadeil oOmeHd NpaKkTHKH.
Cepaeuyno-cocynucteie  3a007€BaHHA  SBIAIOTCS
BTOPOH M0 BETUYMHE IPUUMHON CMEPTH B AHIJIMH U OT
HUX CTPaJialoT 0KoJIo 6,4 MIJUITMOHA YEJIOBEK, I03TOMY
OKHJIAeTCs, YTO TaKWe MEAUIUHCKHE OCMOTPBI
MO3BOJIAT 3HAYUTEIBHO CHU3UTh PHUCKH CEPICUHBIX
MIPUCTYTIOB U UHCYJIBTOB [9].

B Pecny6nuke KazaxcraH OCHOBHBIM cHOCOOOM
MIPeIyIPExACHUSL TPYIOBOM JesITeIbHOCTU
paOOTHHMKA, HAXOMAIIETOCS B HECOOTBETCTBYIOIIEM
COCTOSIHUM ~ 37I0POBBsI,  SIBISICTCSL  IIPOBEICHHE
00s13aTeNIbHBIX  (TIPEe/IBAPUTENBHBIX, MEPHOANYECKHX,
MIPEACMEHHBIX  (NPEAPEHCOBBIX),  MOCIECMEHHBIX
(TocnepercoBhIX)) u MPOPUIAKTHIECKUX
MEIMIMHCKMX  OCMOTPOB 33  CUET  CPEICTB
paboTomarens, B pe3ynbTaTe KOTOPHIX pabOTHHUK
MOXeT OBbITh M HE JOMYIIEH K OCYIIECTBICHHUIO PabOThI
IpHU HATMYUH (HaKTOPOB, MPEMATCTBYIOLIMX PadoTe.

KazaxcraH Takke TOCTUT 3HAUUTENIFHBIX YCIIEX0B
BO BHEAPEHWH aBTOMATH3MPOBAHHBIX MEIUIIMHCKHX
ocmotpoB. Tak, Hampumep, AO «Campyk-DHEpro»
eme ¢ 2020 roga B TECTOBOM PEXHME HCIOJIB3YET
aBTOMAaTH3HPOBaHHBIE CHCTEMBI MEIUIIMHCKUX
ocmotpoB Ha TOO «3Jkmbacrysckas [POC-1» u AO
«An2Cy», KOTOpblE MO3BOJSIOT MOJy4YaTh MOJHYIO
XapaKTEePUCTUKY (PU3NIECKOT0 COCTOSIHHS COTPYAHUKA
3a KOPOTKOE BpeMsi 0e3 HeoOXOJMMOCTH KOHTaKTa C
MEJIMIIMHCKMUMHU pabOTHUKAMH.

IMomumo sTorO, B OKTAOps 2023 roma B cuily
BCTymunIM u3MeHeHHs B [IpaBmima  mepeBo3ok
MTACCAKUPOB U Oara)ka aBTOMOOMIEHBIM TPAHCTIOPTOM,
COTJIACHO KOTOPBIM BOJIUTENH MOTYT MPOXOIUTH
IpeapeicoBble U MOCIEPENCcoBbIE  METULMHCKUN
OCMOTpBI OHJIAHH MTOCPEJCTBOM aBTOMATH3HUPOBAaHHBIX
CHCTEM, IMIOCJIC MPOXOXJICHUS OHOMETpUYECKON |
(wmm) npyrux cnoco0oB uaeHTHdukanmy [9].

AHanu3 MUPOBBIX TEH/IEHINH B 00J1aCTH OXPaHbI
TpyZa MOJYEpKUBAET JUHAMHYHOCTH M IOCTOSIHHBIE
W3MEHeHHs B TpeOOBaHMAX H  TOAXOHaX K
obecrieueHnI0 0€30MacHOCTH M 3a00Te O 370pOBBE
pabOTHUKOB, B OCOOCHHOCTH B YCJIOBHSX HOBBIX
BBI30BOB TaKHX KaK MaHAEMHUH, U3MECHEHUS KIMMaTa u
sBOMIONIMST  paboumx  mpakThK. HeoO0XoammocTh
MIOCTOSTHHOTO BHUMAaHUsI K BOIIPOCaM OXPaHbl Tpyla U
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3M0pPOBbsSI PAOOTHUKOB B YCIIOBHSX MOCTOSHHBIX
W3MEHEHUHN B MHPOBOH 3KOHOMHUKE Hu
TEXHOJIOTHYECKOM MPOCTPAHCTBE TOJIBKO MPOJOTIKAET
Bo3pactarb.  COBpeMEHHBIE  BBI3OBBI  TPEOYIOT
MHHOBALIMOHHBIX peleHui i ri100aaLHOTO
COTpYOHHYECTBA s oOecriedeHns: 0e30macHOCTH U
OIIaromoTydrs TPYIOBBIX PECYPCOB.
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DISCRETE PROCESSING OF COMPLEX ENVELOPE WHEN TRANSMITTING BINARY
MESSAGES USING NARROW BAND OVERLAPPED SIGNALS
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AHHOTAIUA
YacrotHast 3PPEeKTHBHOCTh, NOMEXOYCTOWYHBOCTh W CJIOKHOCTH PEaM3aIMH SIBIISIOTCS BayKHEHITIMHU

mapamMeTpamMH Iepefadd  JIBOMYHBIX  COOOIIEHHH.

OmHM W3 HAMpaBJICHWH TIOBBIMIEHUS YacCTOTHOM

3(1)(1)CKTI/IBHOCTI/I SABJACTCSA CO3HATCJIBHOC WM KOHTPOJHMPYEMOC BBCACHUC B nepe,uaBaeMLH‘zi CHUT'HaJ1
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MEKCHUMBOJILHOM I/IHTep(i)epeHHI/II/I. HCJ'II)IO pa6OTLI SABJIACTCA peain3alys 5TOro HaIpaBJIC€HUA C UCIIOJIb30BAHUCM
JAUCKPETU3aAllNN KOMILIEKCHOM OFI/I6aIOIHeI7[ NpUHUMAEMOro CHUI'HaJia. PaCCMOTpeHO (bOpMHpOBaHI/Ie
nepeaaBacMoro cCurhala, 06pa60T1<a MNPUHUMAEMOI'0 CUIrHalla € HCIIOJIb30BaHUEM 066J‘IHIOHICFO (bnm,rpa u
aJropuTMa BI/ITep6I/I. HpomBe,ueHa OLICHKa HOMeXO}mTOﬁ‘lHBOCTH nepeaadu mnpu BO3HeﬁCTBHH IIOMEXHU B BUJIC
6ernoro myma.
ABSTRACT

Frequency efficiency, noise immunity and implementation complexity are the most important parameters for
the transmission of binary messages. One of the ways to increase frequency efficiency is the conscious or
controlled introduction of intersymbol interference into the transmitted signal. The goal of the work is to implement
this direction using sampling of the complex envelope of the received signal. The formation of the transmitted
signal and processing of the received signal using a whitening filter and the Viterbi algorithm are considered. An
assessment was made of the noise immunity of transmission when exposed to interference in the form of white
noise.

KiroueBble cioBa: NEPCKPhIBAOMINECA CUT'HAJIBI, MEKCHUMBOJIbHAsA I/IHTep(l)epeHHI/IH, KOMIIJICKCHAaA
orubaronias, TUCKpeTH3alys, 00emsomuil GuibTp, anroput™M ButepOu, HoMexoyCcTOHYHUBOCTb.

Keywords: overlapping signals, intersymbol interference, complex envelope, sampling, whitening filter,
Viterbi algorithm, noise immunity.

Boenene c(t) = cos(2nKt/T) + cos[2m(K + 1)t /T];
Co3HatenpHOE MM KOHTPOJIHPYEMOE BBEICHHE B
nepeaaBaeMbIi CHTHAIT MEXCHUMBOJLHOM s(t) = sin(2nKt/T) + sin[2n(K + D)t/T]. (1)
HHTEepPEPEHIINN SBISICTCS OJHUM W3 HAIpaBICHUI
TOBBILIEHHUS. 4aCTOTHOM d(P(HEKTUBHOCTH mepenavu BHe ykazaHHOro MHTEpBala CUTHAJbl PaBHbBI
JIBOUYHBIX COOOIIEHHI. MexcumBobHAs Hymo. 31aech K — nenoe nonoxxurtenbHoe uncio. Ha
HHTEpepeHIIHS IPpUBOJAUT K YXyAUWCHUIO puc. 1 moka3zaH B HOPMUPOBAaHHOM BHUJE CHUTHAJ
HOMCXO}’CTOﬁ‘{I/IBOCTI/I nepeqayun M yCJIOXKHCHHUIO C(t), a Ha puc. 2 — CUTHaAJI S(t) pu K = 5.

aIrOPUTMa MPUEMA.
Onpenenum Ha untepBaie —T/2 <t <T/2

CHUTHAJIbI:
|
1
c 0
-1
=2
-03 —-025 0 023 0.3
vT
Pucynok 1. Hopmuposannutit cuenan c(t)
.
1
s 0
-1
=2
—03 —025 0 025 0.5
tT
Pucynox 2. Hopmuposannwiii cuenan s(t)
ITonx  nmBoWMYHBIM  cooOmieHWEM  Oynem DneMeHT COOONIIeHHs MOXKET TPUHUMATh J[Ba

IIOHNMAaThb IOCICO0BATCIIBHOCTD OJICMCHTOB. 3HaueHuss O wiam 1. DJIeMEHTHI JBOHYHOI'O
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cooOIeHUs CUHTAIOTCS HE3aBUCUMBIMHU mepeJaBacMbiM  [apaM  3JCMCHTOB  YaCTUYHO
CIy4aliHBIMU ~ BCIUYMHAMH,  HPUHHUMAIOIUMHU MePEKPHIBAIOTCS BO BpeMeHH Ha Benuunny T /2. B
3HayeHuss 0 wim 1 ¢ paBHOW BEPOSTHOCTHIO. pe3yipTare Mpu MPHEeMEe UMEETCS MEKCUMBOJIbHAS
OMHOBpEMEHHO  TEpPEAarOTCs J1Ba  3JIEMCHTA uHTEPGEPCHITHSL.
cooOmieHuss (mapa 3JEMEHTOB) C  IOMOIIBIO

[MycTpb nepenaBaeMomMy COOOIIEHUIO
curHanoB (1) gmurensHOCTRIO T. [Taper 3eMeHTOB
COOGICHMA MOCTYNAIOT [IA  TEpeAaan ¢ COOTBETCTBYET CHTHal Ha HHTEpBae
O<t<M+1)T/2:
untepBanioMm T /2. Takum 00pa3oM, CHUTHAIIbI,
COOTBETCTBYIOIINE MOCJIEI0BATENLHO
— \'M
y(©) = Zm=1{Alanc(t —mT/2) + bps(t —mT/2)]}, &

rne Ala,c(t —mT/2) + b, s(t —mT/2)] -
CUTHAJI, COOTBETCTBYIOLINI OTHOBPEMEHHOM Nepeaaye
mapel 3JEMEHTOB cooOmienus; M — uucmo map
JJIEMEHTOB B COOOWICHWH; Q,, WU b,, TPUHAMAIOT
3HadYeHusA 1 unu —1 B 3aBUCHMOCTH OT 3HaUCHMH 1 niau
0 omementa cooOmeHusi; A —  TOCTOSHHBIH
ko3P umeHT.
[Ipumenenne curHana Buga (2) mid nepegadn
JIBOMYHBIX COOOMICHUH paccMaTpuBaiock B [1, 2] ¢

UCIIONB30BaHHEM  aJTOPHTMA
oberstrorero GuUIbTpa.

Burepbu u

CornacHo [3] MOXHO MOJIy4UTh
CIIEKTPANIbHYIO IIOTHOCTh MOIIHOCTH cUrHana (2)
Y (f). Ha puc. 3 npusenena 3aucumocts Y (f) npu

K =5 B Bune Yy5(f) = 10 1g[Y (f)/Yinax [1, rne
Ynax — MakcumansHoe 3Hauenue Y (f).

0
- 10
-20
s
=30
A A
: 1 2 3 4 5 ] 1 8 9

fT

10

Pucynox 3. Hopmuposanuas 3agucumocmo Yyp(f)

Cpenusis MOIIHOCTH CHTHAJIa 2)
P=f0wY(f)df=4A2’ ammmatyga 44, nuk-

(hakrop j—; = 2. CKOpOCTh Tepenavyd SJIEMEHTOB
4M
T(M+1)
CUUTATh HU)KHEHW 4acTOTOM MOJOCHI YaCTOT CUTHAJIA
(2) o yporHro —30 nb cHeKTpaNIbHON IIOTHOCTH
morminoct F; = (K — 2.5) /T, a BepxHeii yacToTON
F,=(K+3.5)/T, To0 1upuHa  IOJOCHI,

3aHuMaemMas curaanom F = 6/T.

JIBOMYHOTO coobmenus (6ur/c) R = Ecan

Takum oOpa3oM, wHCHONB30BaHME CHUTHama (2)
o0ecreunBaeT XOPOLIMe YACJIbHBIE 3aTPAThl IOJIOCHI
6e3 wncnonp3oBaHUS (popMupoBaTens crexrpa. [lpu
ONTUMHU3aINN  TpUEMa TaKHUX CHUTHAJIOB  MOXCT

yc(t) =

roe g(t) = {

m=1A(by, + jan)glt — (m—1)T/2],

sin[2rm(t/T — 0.5)] — j{1 + cos[2n(t/T — 0.5)]}, uemnvie K
—sin[2n(t/T — 0.5)] — j{1 + cos[2w(t/T — 0.5)]}, neuemnvie K’

HCTIONB30BaThCS alrOpUT™M Butepbu ¢ obensromum
¢mreTpom [1, 2]. Lenbto maHHO# paOOTHI SBISETCA
MpUEM CHUTHAJTa C HWCIIOJIB30BAHHUEM IHCKPETH3ALUU
KOMITJICKCHOM OTHOAIOMIeH.

@®opMUpOBaHUE HA OCHOBeE
orudarouiei

dopMupoBaHUE TEPENaBAEMOT0 CUTHAJIA MOXHO
OCYIIECTBUTh HETOCPEACTBEHHO 10 (opmyrne (2).
Opnako mpu Oosbmux 3HaueHUs X K 1emecoobpazno
WCXOONTh W3 KOMIUIEKCHOM OTrHMOAroIie 3TOro
curHana. 3aMeTum, 4to K ompenenser MON0oKeHUE
MOJIOCHI ~ YacTOT, 3aHUMAaeMOW  IIepelaBacMbIM
CUTHAJIOM.

KoMrIuiekcHy 0 oru0aromyo MOKHO 3aIHCaTh
B Bue [1]:

KOMILJIEKCHOM

3

Curnan g(t) onpenenen

Ha mHTepBase 0 < t < T, BHE 3TOT0O WHTEpBaja OH PABCH HYJIIO. 3/1eCh U Jaliee | — MHUMAs eNHHUIIA.
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BoixogHOM curHanm MogyJsiTopa

y(©) = Rely.(Or*(t)] =
{ Rely.(t)] cos(2nKt/T) — Im[y,(t)] sin(2nKt/T), uemnvie K
Re[y.(t)] cos[2n(K + 1)t/T] — Im[y.(t)] sin[2n(K + 1)t/T], newemnovie K’

e J2mKT  yomnpie K

rae 7(6) = {e_ﬂ”(’(“)t/T, neuemnvie K

; 7*(t) — BenMYMHA, KOMIUIEKCHO COTPSDKEHHAS 110 OTHOIICHHIO K

r(t). Takum 06pasom, y(t) MOKHO MONYIUTH C IOMOLIBIO KBAAPATYPHOIO MOIYJIATOPA.

IIpeaBapuresbHasi 00padoTka
Ilycte Ha BXOJC MPHEMHUKA Ha HHTEpBAJIC
0<t<(M+1)T/2 umeer MECTO CUTHAI

z(t) = y(t) + n(e), €

rme n(t) — moMexa ¢ OJHOCTOPOHHEH
CIEKTPAJIIbHON  IJIOTHOCTBIO MOIIHOCTH N B
JIana3oHe 4acToT, 3aHHMaeMoM cHurHaiom Y (t).

22(O)r(t) = {

JleficTBUTEIbHAS M MHUMAsi YaCTH 3TOTO CHUTHAIA
MOCTYMAOT Ha BXOAbl (DUIBTPOB HIKHHUX YaCTOT
(®HY). Ha BeIXOmax ¢uisTpoB OymeM HMETh
Re[z.(t)] w Im[z.(t)] coorBercTBeHHO. Takum
00pa3oM, IS MOJYYCHHsT KOMILICKCHOH orubaromieit
UCIIONb3YeTCsl  KBajpaTypHas  JeMonyisiuus. B
kauectBe ®HY MokeT OBITH HCIONB30BaH (GHILTP
bartepBopTa. YacToTa cpesa (puibTpa paBHA 4acTOTE
Haiikucta Fy = 4/T s curnana y,.(t).

Ha wunrepsate (M +1)T/2 >t >0 3agaaum
JICKpPETHBIE MOMEHTBl Bpemenu t, = kT,, rxe

3HauCHUsT  TIOMEXH
pacImpesieneHue.

HUMCIOT HOpMaJbHOC

Paccmorpum 00pabotky curnana (4) mytem
nepexoga K KOMIUIEKCHOW orubaromei 3Toro

curnana: z.(t) = y.(t) + n.(t), rme n.(t) -
KOMIUIEKCHAs — Orubaromas, COOTBETCTBYIOIIAs
nomexe n(t). Jlns mNOdydeHHs KOMIUIEKCHOM
orubarolell  MpeaBapuTeNbHO  (QOpPMHUpYyeETCs
CHTHAJ

2z(t) cos(2nKt/T) — j2z(t) sin(2nKt/T), d4eTHble K
2z(t) cos[2n(K + 1)t/T] — j2z(t) sin[2n(K + 1)t/T], ueyerHnie K’

k=101, .., M+1)D/2—-1;, Ty=1/(Q2Fy) -
nepuon auckpermsanuu; D =T/T, =8 — wugucio
JIUICKPETHBIX MOMEHTOB BpPEMEHH Ha uHTepBaie T >
t=0.

Juckpernas KOMIUIEKCHAas
z6(t,) = y°(ty) + n°(ty,). [peacraBum
nc(t,) = ny(ty) + jn,(t,). B [4] mnokazano, uTO
3HaueHus nq(t,) u n,(t;) HE3aBUCHMBIE CITydYalHBIE
BenuuuHbl. M3 [5] Takke cienyer, 4To 3HAYEHUs
ny(t;) xax u n,(t,) He3aBUCHUMBL. JlUCTIEPCHS ITHX

orubaroras

N
BenuunH 02 = 2FyN = P Torna

0

N w A2T T D
g = —_= —_— = —_—= A —_—= A -,
To Toh? Toh? Toh? h2

TIe h? = W/N; W — cpemHsist SHEpTHsI CHUTHaja
y(t) mnpuxomsmiascs Ha DJIEMEHT MepeIaBaeMoro
M+1

coobmenms, W = A%T =

3HAYCHUH MOCTymaeT Ha
oberstrorero GUIbTpA.
Ooensomuii GuabTp
[Mepenarounas ¢yHkIus obensitomiero GpuibTpa ¢
YUYETOM JTUCKPETHU3ALNU

BXOO AUCKPETHOI'O

. DKBUBaJIeHTHas NiepeJaToyHas QyHKIHEH KaHala

{ 1+2.97jz71, uemnwvie K
1—2.97jz7Y, neuemnvie K

[IyreM 00pabOTKH IHUCKPETHOW KOMILIEKCHOM
orubaromniei (hopmupyroTes 3HAYCHUS
_1yD-1,c *
Cm = 5241:0 z°[tqy + 0.5T(m — 1)]g" (ta),
m=1, 2, ..., M. ITocnemoBaTenbHOCTD ITUX
(1.66j/4)z~1
—————  yemnvie K
1+0.318jz~1
(-1.66j/4)z71
——————— neyemnvie K
1-0.318jz71
Beixonnas IOCJIEIOBATEIbHOCTD OTCYETOB
obemsrommero  ¢waptpa ¢, i=1, 2, ..., M+2

SIBIIIETCS. BXOJAHOW it  anropuTma Burepou. B
anroputMe ButepOu wucmons3yroTces ko3dduimeHTs!
SKBHBAJIEHTHOW TiepenaTouHoi GpyHkuuu kanana (7).
Pesynprarom anroputma ButepOu sABASIOTCS
KOMIUICKCHBIE ~ BENMYMHBI Uy, = by, + jay,, m =
1, 2, ..., M; a}, u b}, npuHUMAOT 3Ha4YCHHS | WK
—1 W MOTyT OTIHYATBCS OT COOTBETCTBYIOIIMX
3HAYCHUH A, U b,, W3-32 JCHCTBHUS IIOMEXHU.

MopenupoBanue

MopenmupoBanue poBoAMTCS B cpene Matlab. B
MaTpU4HOM  BHAE  MoAenupyercss  oOpaboTka
JIUCKPETHON  KOMIUICKCHOH  orumbaromieit.  Hinke
IIpUBE/ICHAa IporpaMMa MOJENUpOBaHusi. BxopaHble
napamerpsl nporpammsr: K (Bxomur B (1)); A* (B
nporpamme h2); U — gucino GopMUpyeMbIX CHTHAIOB
Buja (4). B nporpamme Takxke 3aat0TCsl BXOJAIINE B
(2) M, A, T . PesynbTaT paboThl IPOrpaMMbl — YHCIIO
OLIMOO0YHO TPUHATHIX HJIEMEHTOB COOOIICHHUS er.
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function er=viter_ser16(K,h2,U)

rng(‘default’);

M=1000;

A=1,;

T=1,;

D=8,

TO=T/D;

d=0:D-1;

t=d*TO;

const=[-1+1i -1-1i 1+1i 1-1i];

if rem(K,2)==0

g=sin(2*pi*(t/T-0.5))-1i*(1+cos(2*pi*(t/T-0.5)));

q0=[0 1.66i/A];

gl=[1 0.318i];

g2=[1 2.97i];

else

g=-sin(2*pi*(t/T-0.5))-1i*(1+cos(2*pi*(t/T-
0.5)));

q0=[0 -1.66i/A];

ql=[1-0.318i];

g2=[1 -2.97i];

end

sigma=A*sqrt(D/h2);

c=zeros(1,M+2);

er=[0 0];

for u=1:U

a=2*randi([0 1],1,M)-1;

b=2*randi([0 1],1,M)-1;

yc=upfirdn(b+1li*a,A*g,D/2);

nc=normrnd(0,sigma,1,(M+1)*D/2)+1i*(normrn

c(m)=(zc(1+(m-1)*D/2:(m+1)*D/2)*qg")/D;
end

cw=filter(q0,91,c);
v=mlseeq(cw,g2,const,10,'rst");
bv=real(v(1:M));

av=imag(v(1:M));
erl=sum(ne(a,av))+sum(ne(b,bv));
er(1l)=er(1)+erl;

end

end

bonee TOIpOOHO MOSCHUM  HCIOJIB30BAaHHE
¢ynknuu  mlseeq(zw,q,const,10,'rst') w3 3TOM

nporpamMMbl. DYHKIMS ONpeJeNsieT BEIXOJHOH BEKTOP
anropurMa Burep6u. 3neck zw — BXOJHON BEKTOp; q2
- BEKTOP k03 unmeHToB 9KBUBAJICHTHOM
nepeaTouHol (YHKIMM KaHama; const — BEKTOp
OmopHOro co3ee3ausi; uucio 10 3amaer riyOHHY
TPAaCCHPOBKH, 3TO PEKOMEHIOBAaHHOE 3HAUYCHHE,
paBHOE MPOU3BEIEHUIO JUIMHBI BEKTOpa 2 Ha 5; 'rst' —
pexxuM paboTHI, TP KOTOpPOM 00pabOTKa BXOIHOTO
BEKTOpa MPOHCXOIUT HE3aBHUCUMO OT 00paboTKH

MPeIbLAYIIErO.
Pesynprarel  MoOnenupoBaHMs € [TOMOILIBIO
NIPUBEACHHON BBIIIE IPOrpaMMbl IIPUBEJIEHBl B

tabnuue 2. MojenupoBaHue IPOU3BOIMIOCH TIPU
M = 1000, K =5 u pa3nuyHbIX 3HAUYCHHUIX h2, U.
Yucio ommb0YHO MPHUHATHIX 3JIEMEHTOB COOOIICHUS
obo3naueHo N, (B mporpamme er). Uucmo nepeganHbIX
AJIEMEHTOB IBOMYHOTO coobmienus 2MU. Onpenencaa
OLICHKAa BEPOSTHOCTU OIIMOKM IpPHU HCIOJIBb30BaHUH

d(0,sigma,1,(M+1)*D/2)); obemsiromiero  ¢uibTpa W anroputMa  Burtepou
zc=yc+nc; p = N./(2MU).
for m=1:M
Tab6muma 1
Pe3yabTaThbl MOJEJIHPOBAHUS
h? 5 10 15
U 103 10° 10°
2MU 2 x 10° 2x 108 2 x10°
N, 1712 787 42
P 8.56x 107 3.93 x 1076 2.1x1078

CpaBHEHHE pPe3yJbTATOB MOJIEIHPOBAHHS C
[1] moxa3eiBaeT, UYTO IUCKpeTHas oOpaboTka
MMPUHUMAEMOT'0O CUTHAJIa MMPAKTUICCKN HE CHHIKACT
HOMCXOyCTOﬁ‘IHBOCTB nepeaavn.
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PaccmarpuBaeMsblil crioco0 mepenadd TBOMYHBIX
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AHHOTAIIUA

HCCJ’IGI[yCTCSI BO3MOXHOCTb TPUMCHCHUSA

MeToJa NpOrpaMMHOMN

KOMIIEHCAllUM  TEMIEPaTypPHbIX

BO3I[61‘/’ICTBI/II‘/’I Ha UBMCPUTECIIbHYIO CUCTEMY PETUCTPAUU MAJIBIX nepeMemeHI/Iﬁ MHOT'OKaHaJIbHBIM CKBAa>XHWHHBIM
JneopMOMETPOM TPH MCCIIEIOBAHUH HAINPSDKEHHO Ae()OPMHUPOBAHHOIO COCTOSIHUSI MacCHBOB TOPHBIX HOPOJ U
HCKYCCTBEHHBIX COOPY>KEHUN METOJOM NapaUIeIbHbIX CKBAaXKUH.
ABSTRACT
The possibility of using the software temperature compensation of the measuring system for the registration
of small displacement downhole multi deformometer in the study of stress-strain state of rocks and structures the

method of parallel wells.
KiaroueBble cjI0Ba: MHOTOKaHAJBHBIN
TeMIIepaTypHast KOMIIEHCAIHSI.

nepopMoMeETp,

TeMIlepaTypHbI  JApeld, TEeH30JaT4HK,

Key words: multi-channel deformometer, temperature drift, strain gauge, temperature compensation

BBenenmue. ccnenoBanus HanpshKeHU Ha OCHOBE
HATyPHBIX HKCTIEPUMEHTOB, o0ecrieunBarone
MOJTydYeHHe OOBEKTHBHBIX JIaHHBIX, HMEIOT Ba)KHOE
3HayeHWe Kak Uil (OopMHpOBaHMS —TApaMETPOB
pacyeTHON reoMeXxaHHMYeCKOH MOJENN OOBEeKTa, TaK U
JuIst YTOUHEHHUS pe3yabTaToB YHCJIEHHOTO
MOJIETHPOBaHUS HarpsHKEeHHO-/1epOPMHUPOBAHHOTO
cocrosHuss (HJIC) MaccuBOB TOpHBIX IOpPoOx |
KOHCTPYKTUBHBIX SJIEMEHTOB MPOMBIIUICHHBIX
coopyxeHuil.  JloctoBepHOCTH  MHpOpMAIUU O
BEITUYMHAX JICHCTBYIOIIMX HAIPSKEHU B MacCHBE U
IEMEHTAaX KOHCTPYKLUUHM OIPEIeNsieT HaleKHOCTb
OIIEHOK  0€30TacHOTO  COCTOSIHUSI ~ WH)KEHEPHBIX
COOpY>KEHUH.

Heab mucciaenoBanus. Ilponecc HaTypHOro
ONPEACIICHUA  HAIPSAXKCHHOIO COCTOSHUA  MacCHUBa
TOPHBIX TOPOA METOJOM IMMApAJUICIIbHBIX CKBAXWH,
COCTOSIIIMIA W3  IIOCJICIOBATEILHOCTH  OIBITOB  Ha
00BEeKTe, a TaKKe TEXHHYECKHEe M MPOrpaMMHBIE
cpencra, paspaboranst B U] CO PAH [1-5].
[pouenypa mnpoBeaeHHsT HATYpHBIX HCCIEAOBAHUN
JaHHBIM ~ METOJIOM, OIIPEACIISIONas IOBBIIICHHBIC
TpeOOBaHMS K anmapaTypHOd M HPOrpaMMHOMN
peanu3aliy UIMEeT CJICTYOIIe OCOOCHHOCTH:

® IPOJOIDKUTEIBHOCTh MU3MEpeHHs nedopMannii
CTCHOK M3MEPHUTENBHOW CKBa)XUHBI MOXKET JIOCTUTATh,
KaK TPaBHII0, HE MEHE 2-X YacOB;

e TeMIIepaTypa OKpYXKaromled CpeIsl W MaccHBa
TOPHBIX OPOJ MOTYT 3HAYUTEIILHO OTINYATHCS;
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e mpolLecc Oypenus TrapauIeIbHON
BO3MYyILAOLIEH CKBaXHHBI COIIPOBOKAAETCS
MPUHY IUTEITbHBIM OXJIXKICHUEM MaccuBa

HHU3KOTEMIIepaTypHOil BOAOM;
® P W3MEPEHUHM HANpPSHKCHUH B HECKOJIBKUX
TOYKaxX OT YCTbsI H3MEPHUTEIBHON  CKBa)KMHBI
HEOOXOmMMBI ~ TiepeMemieHus  aedpopMoMeTpa U
cTa0mIn3anus MoKa3aHUH M3MEPHUTENBHBIX YCTPOUCTB
B HOBOM ITOJIOXKEHHH.
Yka3aHHBIC BBIIIE OCOOEHHOCTH OIPEICIISIOT

CreluajibHbIe TpeGoBaHUsA K TPOTPaMMHO-
TEXHUYECKOMY  OOECMEeUYEeHHI0 JKCIEepUMeHTa. B
pabore [7] [mOCTaTO4HO  MOAPOOHO  OMHKCAHBI
TEXHUYECKas CTPYKTYpa anmapaTypsl u
MaTeMaTUYECKUi MOAXO0A K KOPPEKIHH Pe3ybTaToB
JKCIIEPUMEHTA. Heo6xoaumocTth KOPPEKIHH
ompeneNsieTcss  KaK  OCOOCHHOCTAMH  ITIPOIIEAYPHI
JaHHOTO  SKCIEPUMEHTa, TaK M  BO3MOKHBIMH
HEIITATHBIMA CHUTYaIlMAMH, & MMEHHO BO3MOKHBIM
[oIaJaHuEM OXJIAXKIAIoLIEN KHIKOCTH B

MU3MEPHUTENBHYI0 CKBOXHMHY W €€ BO3ICHCTBHEM Ha
nepopmomerp. B 3aBucmmMocTH  OT  MecTa

| =—napai
- [lapaz
| e laps 3 |

| w— - Mapad

=]
o

CMelEeHNR, MEM

IIPOHUKHOBEHHSI  JKUJIKOCTH
OCTaHaBIMBaeTcs, JHOO  Tpedyer  KOppeKuuu
MOJY4EHHBIX pe3ynbTaroB. [lomoOHbIE mpoOIEeMBI
paccMaTpUBalIMCh IPU HCCIEJOBAHUU CUTHAJOB OT
WHKJIIMHOMETPUYECKUX JaTYUKOB IIPU H3MEPEHUU
HaKJIOHA CyOropr30HTaIHHBIX(CITa00HAKIIOHHBIX )
CKBaKHH.

Matepuan M MeTOAbl  HCCJIEIOBAHUS.
Paccmotpum poueaypy MPOTPaMMHO -
MaTeMaTHYeCKONH KOPPEKIHH JaHHBIX Ha IIpUMepe
MPOBEAEHHBIX ~ OKCIIEPUMEHTOB B O€TOHE Ha
NpoMBINUIEeHHOM o0bekre. Ha puc. 1. mokazaHsl
rpaduku "Bpems - cMelleHue", oJy4eHHbIe Ha OCHOBE
HEKOPPEKTUPOBAHHBIX JaHHBIX Mpoliecca edopMannu
CTEHOK CKBaXHHBI, CHATBIX C MOMOIIBIO 4-X
KOMITOHEHTHOTO aedopmomerpa. Ha rpaduke BumHO,
YTO MOKa3aHUsA M3MEPUTENBHOM 4acTh KOMIUIEKCa IO
BCEM  H3MEPHUTENBHBIM  TapaMm, O0OyCIOBICHHBIE
TEMIIEPaTypHBIM  ApeidoM  yBENIMYMBAIOTCS  II0
MOJYJIO, XOTSI OCHOBHBIE nedopManuu OoT OypeHus
BO3MYLIAIOIIEH CKBa)KUHBI YK€ 3aKOHYMIMCH Ha 120 —
Oif MHHYTE OT Ha4aja 3KCIICpUMEHTA.

OKCIICPUMCHT R105(000)

Aedopmauua+apend

- v v v
16 17

5 [
et D AL

‘W*-H

Bpema x10 MMH, OT Havana 3KcnepuMeHTa

Puc.1. I'paghuxu usmepennvix cmewjeHul KOHMYpPa CKEANCUHBL 00 KOPPEKYUU

Breigenum nunelinbie cocTaBisromue (1) apeiida
B COOTBETCTBUU C ypaBHeHHEM (2) u3 paboThl [6]

Yout,1 U1 = —Aix[j] + ¥ U]

Yout,2 U1 = —A4x[j] + y. /]
Youtk Ul = —Arx U1 + i [l Q)
rae Youill] - OTKOppekTHpOBaHHBIE MO | - My
KaHajy HU3MEPEHUS CMeEIIeHUH KOHTYpa
M3MEPHUTENBLHOM CKBaXHUHBL, | = 1,2,...K;

k — 4ucno HampaBieHHi U3MEpEHHs CMELICHHI
KOHTYpa CKBa)KHHBI,

j — muckperHoe Bpewms, j = 0,1, .....;

Ai — xo3hPUIMEHT KBa3WIMHEHHON (QYHKIMN
TeMmnepaTypHoro apeiida;

opetiga.

X[j] - orcuérer BpemeHH pabOTBHI CHCTEMBI C
HadJasa 3arucu apeiida,

j=0,1,2,..,N — nuckpeTHOE BpeMS;

N- 4uciio OTCYETOB BPEMEHHBIX PSIOB 32 BpeMs
n3MepeHus apeida;

y[j] — oTcuersr mo i — My KaHaly HU3MEpEHHUS
CMEIIEHHH KOHTYPa U3MEPUTEIbHON CKBasKHHBI.

J11s1 BBIJIETICHNS UCTIONB3YEM OTPE3KHU rpaduka Ha
puc.l. ¢ sBHO BbIpaskeHHBIM fpeiidom ¢ 120 mo 190
MHUHYTBl ~ TIpoliecca  3KcrepuMmeHTa.  [Iporeccs
TIPUBEJICHBI Ha pHC.2.

Puc.2. VYuactkm TpaduKoOB, BBIICIEHHBIX U3
nporieccoB  neopMupoBaHus U Apedda C  SIBHO
BBIPa)KCHHBIM HaKJIOHOM.

Pacuer koadpdunuentos A;, i = 1,2,3,4 meromom
HaNMEHBIINX KBaJpaToOB MNPUBOIAUT K CIEAyHOIIEH
CHCTEME YPaBHEHUH KOPPEKIIHH:
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yij = x1j — (0,277 = tj + 15,78)
Yoj = x2j — (0,206 * tj + 7,178)
y3j = x3j — (0,212 = tj — 2,34)
y3j = x3j — (0,242 = tj — 0,25) 3)
rae Yij — OTKOPPEKTUPOBAHHBIE 3HAYECHUSI
CMELICHUH B MOMEHT {;;
Xj— MCXO/IHBIE 3HAYEHUsI CMEIICHUH OT | — Oif mapsl
0anoYek, MoJlydYeHHBIC B PE3yJbTaTe IKCICPUMCHTA B
MOMEHT {j;

tj - IUCKpeTHOe 3HaUeHHEe OTCYETOB BPEMEHHU.

[Mony4ennsie ko3 duuments! Haknona Ai{0,277;
0,206; 0,212; 0,242} Gnu3KH MO CBOUM a0OCOIFOTHBIM
3HAQUEHHSIM, YTO CBUJICTEIBCTBYET 00 OJMHAKOBOM
BIMSHUM TeMIlepaTypHoOro npeiida Ha Bce 4 KaHaia
H3MEpEHHsI.

[Tocne KOPPEKIMH HCXOOHBIX NAHHBIX C Y4EeTOM
(2) rpacdukn moka3zaHsI Ha pHc.3.

10.00
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Bpems x10 MUH. OT Ha4Yana 3kcrnepuMeHTa

Puc.3. I'paghuxu cmewjeruil KOHMYpPa CKEANCUHBL NOCLE KBASUTUHEUHOU KOPPEKYUU UCXOOHBIX OAHHBIX

Ha rpadukax puc.3 mpakTHYECKH OTCYTCTBYET
OCTaTOYHBIA Jpedd, YTO WIIIIOCTPUPYET YCIEIIHOE
NpUMEHEHHE  MpPEUIOKEHHON  mpomenypsl  (2)
Koppekimu npedda. CrnpaBeIMBOCTh IPUMEHEHHE
JIMHEWHOU KOpPpEKLUN MOKHO 000CHOBATH
KBa3sWIMHEMHON  TEMIIEPaTypHOH  3aBHCHUMOCTBIO
MOKa3aHMUH TeH304aTYMKOB. C POCTOM WM NaJeHHUEM
TEeMIEepaTypbl U3MEHSETCS CHUTHAl HEHarpyK€HHOIO
JIaTyuka - npeii¢ wiu ommOka Hyist. JlaHHas ommOka
YKa3bIBaeTCsl B MPOLEHTaX AMana3soHa. Eciau gaTduk
UMeeT OTHOCHTeNbHylo oumbky Hymst 0,01% , To
abcomroTHast OMMOKa NP N3MEHEHUH TEMITEpaTyphl B
mpouecce npoBeAeHUs dkcrnepumeHta Ha 20 °C,
4yBCTBUTEJIBHOCTH TeH3onarunka Ks = 2 MB/B wu
nuratonieM Harpsbkenun 10 B Oyzer:

Howmep onwma 1 z
Teopetueckve
Aedopwaumn 1 -0ii  2-0 3-eii 4-oi napsi B MK
266 422 857 -828
Hanpsix. no KoopAWHaTam, raBHbie wanpsx. yron Tay & rpa.

XX YY XY S1 S2 HS2 TABAIULA

Bsoa Gk
w Pacver

09 01 06 L1 -03 65 Tayowna | Gk )
Cpeanexaagpatsecive oumbin
DZETA =0013 02 04 01 SRR e0| S

123 09 02 04 11 00 65
124 11 -01 -06 13 -04 69. HAYANO
13-4 09 02 -07 13 02 59. 0.1
234 06 05 -06 09 -08 68

KOHEL MHTEPBAA

0.75

Mapa 4 “
200 |

Mapa 3 ‘
200 |

| Tny6.m ‘ Mapal ‘ Mapa 2 ‘
| oso | 34 | zs0 |

AU =0,01% Ks/°C = (2*10)*0,01*20 = 0,04 mB.

Takum  00pa3oM, CHrHAI  HEHarpyXeHHOTO
JaT4iKa 3a BpPeMs SKCIIEPHMEHTa MOXKET M3MEHUTHCS
Ha 0,04MB. Ilpu koaddunmenre nepenaun kaHaia
usmepenust ~1 Mxm/MkB Bian apeiida (3) B OCHOBHOI
curHay Moxet gocturatbe 40Mkm. /laHHBINA pe3ynbTaT
UMeeT MaKCHMaJbHOEe OIleHOYHOe 3HaueHue. Kakx
BHIHO U3 TpauKOB Ha pUC. | MaKCHMabHEIHA Iperd He
MIPEBBIMIACT 6-8 MKM, YTO MOET OBITh CPaBHHMO C
N3MEHEHHEM TIIOJIE3HOTO CHTHajlla Ha  Yy4acTKax
N3MEpeHnH ¢ He3HAUNTEIbHBIM YPOBHEM HaPSHKEHHH.

Pe3yabTaThl Hccjieq0BaHUSA M UX 00CYKAeHUe.
PaccMoTpuMm  BimMsAHME KOppeKuMM japedda Ha
pe3yNIbTaThl BRIYUCICHNS HAPSDKECHUN [T UCXOHBIX
JaHHBIX (pHC. 4a) U OTKOPPEKTUPOBAHHBIX (pHUC.4b).

Homep onbira 1 =
Teopernueckme
Aeopmaunn 1 -0i  2-0ii 3-eii 4-0fi napi B MKkM.
-047 126 -5.83 -6.34
Hanps. no koopauHaTam, raasHbie Hanpsx., yron Tay B rpaa.
XX Y XY S1 S2 HS2
03 -07 -03 04 -08 73.

Bsoa Gk
u Pacyer

TABNUUA

(b)

Puc.4. Pezynbmamul pacyema 8eautun Hanpsajcenutl 8 6emonHom maccuee.
a - 10 UCXOOHbIM OAHHBIM (CM. puc.1);
b - no omxoppexmuposannvim dannvim (cm. puc.3).

CpaBHeHHue pE3yIbTAaTOB
CPEIHEKBAIPATUUHBIX OLIHOOK
HanpsokeHuit (ctpoka DZETA) mnoka3ssiBaer,

OIICHOK
KOMIIOHCHTOB
4qTo

CpepnexsagpaTseckme owmKkn [ny6una |Gk \)
DZETA -0002 00 01 00 oy
123 03 06 03 04 -07 73.
124 04 07 03 05 -08 74. HAUAND
134 03 06 04 05 -07 7L 01
234 03 08 03 04 -09 73. T
07
| Tny6.m l Mapa 1 ‘ Mapa 2 ‘ Mapa 3 | Mapa 4 “
(a)| 050 [ 03 | 112 | 565 | 649 |
IIPUMEHCHUEC KOPPEKIUU z[peﬁ(ba K
OKCIICPUMCHTAJIbHBIM JaHHBIM 3HAYUTCIIBHO

YMEHbIIACT OIIHOKU OIpCAC/ICHUA W MO3BOJICT
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NOJYy4UTh  OoJiee  TOYHBIE  OLEHKH  BEJIWYHH
HaIPSKEHUN.

BriBOaBI. PaccmoTtpennslit NpUMEpP

NpEe/IOKEHHOH B JaHHOW paboTe NporpaMMHOI
KOMIICHCAIIUM TeMIlepaTypHoro apedda mHoKa3zaHUi
U3MEPUTENLHON CUCTEMBI IpH MPOBENECHUH
SKCIEPUMEHTOB METOAOM MapalIENIbHBIX CKBaXKHH,
Ja€T BO3MOKHOCTb TOBBICUTH TOYHOCTH HAaTYpPHOIO
OIpeNeNeHus NeUCTBYIONIMX BEJIMYMH HaNpsDKEHUR B
MAacCCHBE.
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AHHOTAIUA
B cratbe paccMOTpeHbI OCHOBHBIE (DaKTOPHI, BIHSIONINE Ha JI0JITOBEYHOCTh KEPAMUYECKHUX MO/IIUITHUKOB
CKONIBXKeHUs. [Ipy  3TOM, OCHOBHBIM KpHTEpPHEM pPa0OTOCIOCOOHOCTH  MOALIMITHUKOB  SIBIISIETCS

H3HOCOCTOMKOCTH HMOBEPXHOCTHOI'O CJIOA KepaMH‘IeCKOﬁ BTYJIKH. Onpenemﬂomee 3HA4YCHUC UMCCT P CaJibHaAA
miomaJgb KOHTaKTa BaJia h HO,I[I.HI/IHHI/IKOBOFI BTYJIKH I1I0J Harpy3K0171. Tounoe OIIPCACIICHUC IJIOIa AN KOHTAKTa
3aTpyYAHCHO, OJJHAKO, 3TO MOXHO CACJIAThb HpI/I6J'II/I>K€HHO, 4YTO U NPEIJIOKEHO B CTATHE. YCTaHOBJ'IeHO, 4qTOo
3HAYUTCIIbHYIO POJIb UI'PACT BCJIMYMHA MAKCUMAJIBHOI'O KOHTAKTHOTO AABJICHHA, KOTOPOE, B CBOKO OYCpClb,
OIIPEACIIACT BEJIMIYNHY KOHTAKTHBIX HaHpﬂ)I(CHI/Iﬁ CABHUIa, - BJIMAHUC KOTOPBIX HAPACTACT C POCTOM BBICOTHI U
KOJIM4YECTBA MHKpOHepOBHOCTeﬁ. COBMECTHOE BIHUSHHE 3THX HaHpH)}(GHI/Iﬁ H onpeaeisaeTt pecypce pa6OTBI
MOJUIUITHUKA, YTO YUUTBIBACTCA PACYETOM IO SKBUBAJICHTHOMY HAIIPSXKCHUIO.
ANNOTATION

The article discusses the main factors affecting the durability of ceramic plain bearings. At the same time,
the main criterion for the performance of bearings is the wear resistance of the surface layer of the ceramic
sleeve. The actual contact area of the shaft and the bearing sleeve under load is of decisive importance. The
exact determination of the contact area is difficult; however, it can be done approximately, which is suggested
in the article. A significant role is played by the value of the maximum contact pressure, which, in turn,
determines the magnitude of the contact shear stresses, the influence of which increases with increasing height
and number of micro-dimensions. The combined effect of these stresses determines the service life of the
bearing, which is considered by calculating the equivalent voltage.

KiaroueBble cioBa: MNOJAIMWIIHUK CKOJIBKCHUS, IUIOINaAb KOHTAKTa, Ppecypc,
TMMOAIIHUITHUKE CKOJIBKCHWA, KOHTAKTHBIC HAITPAXKCHUA, YUCTOTA O6pa6OTKI/I IOBEPXHOCTH.

Keywords: sliding bearing, contact area, service life, friction, pressure in the sliding bearing, contact
stresses, purity of surface treatment.

TPpEHUC, HNaBJICHHUE B

B coBpeMeHHOM MamIMHOCTPOEHWH Bce OoibIe
HaxXOIWT TIPIMEHEHHWE TEeXHUYeCKas KepaMHuKa; 3TO
MaTepHuanbl, MOTy4aeMble M3 IOPOIIKOB HAa OCHOBE
KPEMHHMEBBIX HHUTPHUAOB, KapOHWIOB, TYTOIUIABKHX
METAJUIOB, OKCHIOB LUPKOHUS, AIOMHHUS, U Ap.
VYHUKaIbHBIE CBOWCTBA ATHX MaTEpUANIOB AENAIOT MX

IMPpUMEHCHUEC B Ka4y€CTBC KOHCTPYKIIMOHHBIX
MaTeprajioB BECbMa 3aMaH4YUBLIM. Cpezu/l OCHOBHBIX
IMpEUMYyHICCTB KEPAMHUYCCKUX KOHCTPYKIIMOHHBIX

MaTEepHaJIOB CJIEAyeT OTMETHUTHh BBICOKHE 3HAUYCHUS
TBEPAOCTH W JKECTKOCTH, HHU3KHHA KOIPPHUIMECHT
TpPEHHUs, B COYETAHUH C XOPOIIEH U3HOCOCTOUKOCTHIO,
HU3KYI0 IUIOTHOCTh, HECIIOCOOHOCTH IPOBOIWTH
JJEKTPUYCCKUI TOK W HAMATHUYUBATBCS, a TAKKE

BO3MOKHOCTh JIKCIUTyaTallid B Psfe KOPPO3HOHHBIX
cpea. Takoe coueraHue CBOWCTB JeNlaeT MX
MPUBJIEKATENbHBIMU JJIS MCIIOJIB30BaHUSI B KauecTBE
ITOIIIMITHIKOBEIX MaTEPHaliOB, 0COOCHHO B CJIOKHBIX
ycnmoBusx 3kcruryatanmy, [J1.1]. OmHako, mpodnemoit
Ha MyTH K LIHPOKOMY HCIIOJIb30BAHUIO KEPAMUYECKUX
ITOIIIUITHUKOB SIBIISICTCS HU3Kasl IPOYHOCTh KEPAMHUKHU
IIPU BO3JICHCTBUU PACTATUBAIOIINX HAIIPSDKEHUH, YTO
ABJISICTCS MIPUYMHON XPYIKOTO Pa3pyIICHHUs, a TaKKe
H3HOCA IOBEPXHOCTH.

Pemennem Bompoca MoOXeT OBITH IMPHMEHEHHE
KepaMHKH B BHJEC HAHOCTPYKTYPHBIX KEPaMHUIECKHUX
TIOKPBITHH. Hanpuwmep, TIOKPBITHE u3
HaHOCTPYKTypHOro  Kapbuma  kpemuus,  (SiC),
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MO3BOJISIET TOJYYHUTh B HOIMIMITHUKAX CKOJBXECHUS
ko3¢p¢unuent Tpenuss B mnpenenax 0,011-0,015,
Moayns ynpyroctu no 400 I'ma; TBepmocts 1o 90-92
HRC, mpu npounoctu 1800 Mna. Ilpuuem,
CTa0MJIBHOCTh CBOWCTB COXpPAaHSETCSl B JUana3oHe
pabounx Temmeparyp ot -50°C mo +1300°C. OxHaxo,
IpH HAHECCHWH IIOKPBHITHH BO3HHUKAIOT AE(EKTH,

CBSI3aHHBIC, B IIEPBYI0 oOuepelnb, C Pa3HBIMU
BEIMIMHAMHU KOX(pPHUIIEHTOB TEPMHUYIECKOTO
pacIIMpeHus TMOKPHITUS M IIOJUIOXKKH;- pEIICHHUEe

HaxosAT B HAHCCCHHUU psga NMPOMEKYTOUYHBIX CIIOEB,
4YTO JACJHacT MNOAIIMIIHUK OTHOCUTCIBHO JOPOTUM.
Cﬂe;[yeT TAaK)KE€ YUYCCTb, UYTO MPU 3HAYUTCIBbHBIX
Harpyskax u TCPMOIUKIIUPOBAHNHU HEHU30€KHBI
PpeIaKCaAllTMOHHBIC TPOLECCHI B MAaTCPHUAJIC TOKPBITUS, a

9TO TIOKa HE MOXET YyYUTHIBATBCS B  OLCHKE
9KCIUTyaTal[MOHHOTO pecypca MOJIIUITHKUKA. Takke
3HAYUTEIBHYI0 TPYIHOCTh TIPEJACTABJISICT OLCHKA
CITy’)KEOHBIX XapaKTCPUCTUK TMOBEPXHOCTH TPCHUS
MOJIIAMHNKA, @ WMEHHO, €ro TPHOOJOTHYCCKHUX,
(U3NIECKNX U MEXaHUYECKHUX CBOKCTB, [JI.2].

BMmecte ¢ TemM, U3BECTHO 00 YCICIIHOM
NPUMCHEHUT HOAIIUITHUKOB CKOJIBXKEHHS,
BBIIIOJIHGHHBIX ~ IIOJIHOCTBIO M3 KepaMukd. Tak,

coriacHo [JI.3], MOAMINITHUKY CKOJIBLKECHHS U3 OKCHIA
UUPKOHUS W KapOuaa KpemHus, puc.l ycremnHo

UCTONB3YIOTCST  TPH  HEOONBIINX  HArpy3kax B
YCTPOMCTBAX, CBSI3aHHBIX  C MOTPEOHOCTSIMU
OUMOTEXHOJIOTHIA.

.

Puc. 1 Hoowunnux u3z kapbuoa kpemnus, (Star Ceram), u cKOab3AWUL 8ANUK U3 OKCUOA YUPKOHUS

IIpu otomM oTMeuaercs,
MaTrepuabl oOnanaror

4TO KECPaAMHUYECKHUC
YHUKAJIbHBIMU

CeoiicTBa
JCHOBMHEIE KO0 OFEH T

CBoicTEa MUKPOCTPYKTYPbI

DMnotHOCTL glow?

Bogonornowiemine %
LpegHii paszmep cpucrannos [TL0

Mexannueckne ceoicTea

TeepaocTe (HV1) Mma

Conpornane-me l‘!'lﬁb‘, a

Maogyne ynpyrocti (E-mogyns) Ma

KoaddpmupreqT Myaccona

BRINOCTE paspyluernn K MMa*m

Tepmuueckme cBoRcTEa

Maxc. pabouar Temnepatypa *

YARNBEHAA TENAOEMKOCTE MoK 20 °C Dowi{kr*K)

Te MonNpoBOAHOCTE

KoadpdupredT Tenn
Pacusp VR NP 20O

104/K

Taxue BBICOKHE ITOKa3aTesIi CBOUCTB JOCTUTHY ThI
Onaronapst cieayonuM pakTopam:

cavoncs T Y

BTAM¥K)

XapaKTePUCTHKAMH  MEXaHHYECKHUX  CBOWCTB
CPaBHEHHMIO C HEPIKaBEIOIIEH CTalbto, Ta0M. 1:

Io

Tab6m.1

MeTann

Hepxaseowan

Zro,, MgO SiC Crant
cTane
25,70 3.16 7.8
0 0
0 0
50
10,7 23 2 (HV10)
2000 = 2500 1700
500
(DIN EN 843-1) St =Ly
185 ; 440 )
(CTaTreckmnii)
0.3 017 03
683
(SEVNE) 2-3
900 1400 120-280
400 670 502
3 200 45
10,6 4.4 2

1. BBICOKO€E Ka4eCTBO M CTAOMILHOCTL CBOMCTB
HUCXOOHOT'O ChIPbS.
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2. TlpumeHeHHE BHICOKOTOYHOTO HITH(OBAHUS
paboueii moBepxuoctH, Ra<0,5.

3. Hcnone3zoBaHue MeTo1a TOYHOTO
¢dopmosanus, (F-dpopmoBanue), ¢ TepMoycaaKoi.

W3BecTHO Takke, O NMPUMEHEHHH KEpaMUKH, B
YaCTHOCTH Ha OCHOBE JHOKCHIA LUPKOHHS, B y3/ax
CYXOT'0 TPEHHS IPH BEICOKUX CKOPOCTSX CKOJBKEHHUS,
1o 34 M/c, U BBICOKHX TeMIlepaTypax, Kak yKa3aHo B

[4]. 3mech Ke TOBOPUTCS O NEPCIEKTUBHOCTH
MPUMCHCHHUS  TPUOOJIOTHUCCKUX Tap  KepaMHKa-
MeETaJUL,(CTab).

Ha ocHoBe xkapOuma KpeMHHA
marepuann SILCAR- SiSiC, kotopslit
NPUMEHSIETCST B MOJIIMITHUKAX
mpou3BoACTBa ecarbid, [5].

pa3pabotan
C yCIexoM
CKOJTB)KCHUS

Puc.2 Kepamuueckue noowunnuxu ckonvxcenus ecarbid.

[lepeiineM K  pacCMOTpPEHUI0  OCHOBHBIX
(hakTopos, OTPENENAIONUX  pecypc  paboTh
KEPpaMUYCCKUX MOAIIUITHUKOB. FJ'IaBHI)IMI/I, IO HallIEMy
MHEHUIO,  SIBJSIFOTCS: 3aKOH  pacrlpeeIeHus
KOHTAKTHOT'O JaBJICHUSA B MOAMIMNIIHUKE, HANIPAKCHHO-
nehOPMHUPOBAHHOE COCTOSIHKE B IIOBEPXHOCTHOM CJIOE
KEPaMHYECKOTO BKIIQJIBIIIA, CKOPOCTh CKOJBKCHHS,

TOYHOCTH TEOMETPUYECKOH (GOpMBI M  YUCTOTA
00pabOTKH TTOBEPXHOCTH.

[omaraem, 4YTOo NONIIMIHUK paboTaeT B
YCIOBHSAX CYXOTO TPEHHS, YTO COOTBETCTBYET
NPUMEHEHUIO  HOALIMIIHUKOB B CIIELHAJBHBIX

YCTPONCTBAX, TJie HEBO3MOXKHO HCIIONIB30BaTh CMa3Ky,
a Takke paboTe MOJIIUITHUKA B NEPHOJA IIycKa M
OCTaHOBA B YCIIOBHSIX I'paHUYHON cMa3ku. [l aHamm3a
HaIpsHKEHHO-1e(OPMUPOBAHHOTO COCTOSIHUS
KEpaMU4ECKON BTYJIKU IIPEICTAaBUM, YTO KECTKUMI Ball
BO3ACHCTBYET HAa  MOBEPXHOCTb  HOJIIMIHHUKA
pamuansHOW cuioi. Hambonee wacto mpumMeHsemoe
pellleHre KOHTaKTHOH 3ajauu ['epua B JaHHOM Cilydae
HE MOJKET OBITh MCIIOJIb30BAaHO, TaK KaKk 00J1acTb 30HbI
KOHTaKkTa HAaMHOTrO OoJjblIe, 4YeM IPUHUMAeTCs B
3ajaue ['epuna. PemieHune KOHTakTHOM — 3amaun
[raepmana N.51., [7] B 6ombImei Mepe COOTBETCTBYET
HallleMy CJIyd4al, IIOCKOJBKY IUIOMAAh KOHTAaKTa
COM3MepHMa C pa3MepaMH Tell, U PacCMaTPUBAETCS HE
TONBKO COJIKEHHME, HO M OTHOCHUTEIHHOE BpAIICHHE,
OTHAKO, B  OKOHYATENBHBIX  BBIPAKEHHUIX  HE
YUHUTBHIBAIOTCSl PAa3HbIE XapaKTEPUCTHUKH  yIPYTHX
CBOWCTB MaT€pHANOB, KOHTAKTUPYIOLIHUX Tel.

OTMeTI/IM, YTO KOHTAKT BTYJIKM W Bajla BCCria
MpOUCXoauT 1o ayre MeHee 180° mosTomy
(baKTI/I‘-IeCKaH mIomaab KOHTakKTa MCHBIIC, 4YCM
momanab MPOCKOHMKU MNOAUIMIIHHMKA IO BHYTPEHHEMY
auaMerpy.  OmperneneHue — peainbHON  IUIomagu
KOHTAaKTa paC4YCTHBIM IMyTeM HEC TOJIBKO
3aTPyOHUATENFHO, HO W HE JaeT BO3MOXKHOCTH
JOCTAaTOYHO KOPPEKTHO CBS3aTh OTY PaCUETHYIO
IUIOMAAbh C TPAKTHYECKH HAOIOJAaeMbIM H3HOCOM,
MMOCKOJIBKY KepaMHuKa 00JafaeT HeCTa0MIFHOCTHIO
CBOWCTB B W3ACTHSIX U CHIBHOH 3aBUCHMOCTBIO OT
MTOPUCTOCTH.

B nmanHOW paboTe MNPEemokKEHO MPOU3BECTU
YIPOIICHHYIO OLIEHKY peaJlbHOW IJIOMIagy KOHTaKTa
CTaJIbHOTO Bajla C KEpaMUYECKOH BTYJIKOH, KOTOpasd,
OHAaKO, Ha MPAaKTUKE 1acT BECbMa TOYHBIN pe3yibTart.

[Ipennonoxum, puc.3, UYTO TOX JEHCTBUEM
YIOMSIHYTOM paauanbHOM cuibl R Ban, paguycom r1
IpU JUIMHE BTYIKH | CMemaercs B paguaIbHOM
HATIpaBJICHWHU, a €r0 OCh CMEIIAaeTCs Ha PacCTOSHUE
OO:. [Ipu 3TOM cripaBeJIBO BBIPAKEHUE:

R = pir, [*7 p(p) cos pdo, @

Ecin IpEANOIOXNUTh, YTO YIoJl (p U3BECTCH, TO
MOJKHO OTIPENIeNUTh KOHTAaKTHOE JaBJICHHE pP. YTOI @
TAKXeE MOXXHO OIIPEACIINTD OKCIICPUMEHTAJIbHO
METOAOM HaHECCHUS Ha TTOBEPXHOCTH Bajia
MEJIKOJIUCTIEPCHOM KpPacKH.
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Puc.3. Bzaumooeiicmaue éana ¢ kepamuieckol 6MmyaKol noo Hazpy3Kol.

C npyroil CTOpPOHBI, MOXHO TaKXe OLEHUTh
IUIOLIA]lb KOHTAKTa pacyeTHBIM IyTEM, IMPH 3TOM
paccuuThIBaeTCs YCJIOBHAs IIUPUHA 30HBI KOHTAKTa b,
KaK 3TO MOKa3aHo B [8], mpuyeMm pe3yabTaT 3TOTO
pacyera YJIOBJIETBOPHUTEIILHO COBIIaaeT c
9KCIIEPUMEHTOM, B KOTOPOM IIMPUHA b ompeensercs
[0 OTIEYaTKy MEIKOJUCHepcHOM kpacku. COriacHo
HH)KCHEPHOMY DEIICHHIO, B OCHOBE KOTOPOT'O JICKUT
3akoH ['yka, IIMpHHA [UIOIAIKK KOHTAKTa MOYKET OBbITh
ompeneneHa 1mo gopmye (2):

—R(n
b_hl(E1+E2)'

rae h-penmumba cymmbl gedopmanumii Bama u
BTYJIKH T0CJIE NPUJIOKEHUS Harpy3KkH R; 4TO yCIoBHO
COOTBETCTBYET INIyOMHE CMEILIEHHs Baja, ¢ PaAuyCcoM
l1 BO BTYJKY, TOJIIMHOH t. 31€Ch y4TEHO, YTO Bal H
BTYJIKa UMCIOT Pa3HbIe MOJYJIU YIIPYTOCTH.

&)

OT™meTHM, 41O 3aBUCHMOCTb
yIOBJIETBOPHUTEIHLHO MOJTBEPHKIAETCS
OKCIICPUMEHTOM U JAa€T MCHBINYIO NOIPCHIHOCTD, YEM
pacueT o popmyie [eprra.

Cﬂez[yeT OTMCTHUTH, UYTO KOHTAKTHOC JaBJICHHC
HEPaBHOMEPHO 10 mupuHe b. By smtopsl 1 BennunHa
MaKCHMAJILHOTO KOHTAKTHOTO IaBJEHHS, a TaKXkKe U
MIMPUHA TUIOIIAIKH b, 3aBUCAT OT BETMYHMHBI 3a30pa B
MOANIAIIHAKE, OT  CKOPOCTH  CKOJNBXKEHHSA |
TEMIIEPaTypbl, OT MHKPOTCOMETPHH W TBEPIOCTH
MOBEpPXHOCTEH KOHTakTa. Ha puic.4 mokaszana HanGomee
BEpPOSATHAs CEPIIOBHUAHAS (pOpMa SIIOPbI KOHTAKTHOTO

JaHHas

JaBJICHUA, COOTBETCTBYOIAsA KOHTAaKTHBIM
HanpsyKCHUAM Oy . B 3TOM cl1y4dac OLICHUTH
HpI/I6J'II/I)KeHHO BCJIMYNHY MaKCHUMAJIBHOT'O

KOHTAKTHOTO JABJIEHUS MOXHO TO BhIpaxkeHHio (3),
rie cpeanee napieHue p=R/bl.

Puc.4 Cepnosudnas sniopa KOHMAKMHIX HARPAHCEHU

Pmax = —D, 3)

T

DTO TOBOPUT O TOM, YTO MAaKCHUMAaJbHOE
KOHTaKTHOe naBieHue B 1,27—1,3 pa3a Ooinble, yem,
ecii OBl OHO OBUIO YYTEHO KaK pPaBHOMEPHOE,
COTJIACHO pHucC.5:

MY

-

Puc. 5. Tpaouyuonnas snopa KOHMAKMHBIX HANPAHNCEHUL C PABHOMEPHBIM pAcnpedeneHUeM.
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OTMeTuM, 4YTO OCHOBHOM mNpHYMHON wu3HOca  OTMETUM, YTO  HAa  CKOPOCTh  CKOJIBXKCHHS

MOJIIMITHAKA  SIBIIIOTCS ~ HANpPSDKEHHWS  CIBUTA,  OINOCPEIOBAaHHO BIMSCT YaCTOTA BPAICHHS BaJa.

T=f Prnax, TOC -KO3dOUIMEeHT Tpenus. [lpaktuaeckn BnusiHue  CKOpOCTM  CKOJNBXKEHHUSI  BechbMa

NpU3HAKM M3HOCA HAYMHAIOT MOSBIATHCS OPUH  3HAYUTENBHO; Tak, B padore [10] skcrepuMeHTaIbHO

3HAYEHUH Ppgy = 50 — 80 MIla. Takoit pa3zdpoc
CBSI3aH C pa3IWYMeM I1apaMeTPOB IIEPOXOBATOCTH.
IToTeps mpOYHOCTH HOBEPXHOCTHOIO CJIOSI IPOU30MAET
IpH  HEKOTOPOM  HEOJAarompusTHOM  COYETaHWUHU
KOHTAKTHBIX HAaNPsDKCHNH W HANPSDKEHUH CIIBUTA:

-y

=170H +12yw/cr,§ + 412 <[], (4)

rae, Y:G(M3r.)/0(c»<.).

Paccuunratn JAOIMyCTUMO€ HAIIPSDKECHUE CABUTA
3aTPYAHUTEIBHO, OAHAKO, BO3MOXHO 3TO CACIATH IO
KOCBCHHBIM  OLICHKAM, M[pHHUMasA HpI/I6J'II/I)KCHHOZ

O-BKB

[T]=G(cm,)/2,9

Pa3pymeH1/Ie IMOBEPXHOCTHBIX CJIOEB
KOHTAaKTUPYIOIUX MATCPpHAJIOB U OTIACICHUEC YaCTHUIL
H3HOCAa, SIBJISIOTCS OCHOBHBIMH (baxTopamu

YCTaJOCTHOTO M3HOCA BTYJIKH, a MPUYHHON sABISIETCS
3HAUMTEJbHAS  BENIMYMHA  HANpsDKEHUH  CABWIa,
KOTOpbIe, B CBOIO O4YEpe]b, 3aBUCAT OT BEIUIHUHEI
KOHTaKTHOTO JaBJICHUS U YCJIOBHUH TPEHUsI.

Heob6xomumo TaKxe YUUTHIBATb, YTO
IIEPOXOBATOCTh CYIIECTBEHHO BIMSET Ha BEIUYUHY
KOHTaKTHOTO JIABJICHHUS.

U3 pabor A. U. IlerpyceBmya H3BECTHO, UYTO
Onmaromaps HaJINYHUIO MHKPOHEPOBHOCTEH
HaIpsKEHHOE COCTOSIHUE B 30HE KOHTAKTa MEHSIETCS B
CTOPOHY YBEJIMYEHHs CIIBUTOBBIX HANPSDKEHHH, 4TO U
YBEJIMYMBAET MaKCUMAIbHOE KOHTAaKTHOE HaIPsKEHHE
casura. Takum 006pa3oM, BIHSTHHE YHCTOTHI 00pabOTKH
MOBEPXHOCTH  TAKXKe  SBISETCS  ONPEASISIONIUM
(hakTOpOM H3HOCA.

Bribop omnTumanpHOro 3a3opa B HOIUIUITHHUKE
OKa3bIBa€T BIMSHHE Ha €ro pecypc, IOCKOJIBKY
YBEIMYCHHE 3a30pa NPUBOAWT K IOBBIIICHHOMY
W3HOCY  KepaMHUKM  H3-3a  aBTOKojieOaHWMH, a
YMEHBIICHNE IIOBBIIIAET KOHTAKTHOE JaBJICHHE.
[losToMy BaXXHO yCTaHOBJICHHE  ONTHUMAaJbHOTO
3Ha4YeHHs 3a30pa, UYTO TNOTpedyeT MOIy4deHHUs
Npe/IBapUTEIIbHBIX KCIIEPUMEHTAJIBHBIX JaHHBIX. J1Jist
6oee TOYHOM OLIEHKH PACUETHBIX IApaMETPOB MOXKET
WCIIONIB30BaThCSl MaTeMaTHYECKUil ammapaT TeopuHu
YOPYTrOCTH C HEOOXOAMMOCTBIO ydYeTa HW3MEHEHHUS
TEOMETPHUH  COTMPSTAaeMBIX  IOBEPXHOCTEH  MMOJ
Harpy3koi. IlpakTndeckoe 3HaYEeHHE MOXKET HMETh
(dopmyia (5) i onpesiesieHus pecypea, NpUBeIeHHas
B pabore [9]:

— [n]-¢¢
- Zﬂr1n1[lz+((p0/n)]1]l (5)
I'ne [h]-cymmapHBIii mpefenbHO  JOMYCTHMBIH
W3HOC BaJla W BTYJIKHU, €y -PaJMalbHBIN 3a30p,
ONpeJIeIIIEMBIH ¢ yUeTOM U3MEHEHUs TEMIIEPaTyphl, N1
-4acTOTa BpallleHUs Baja, J1, J>-MHTEHCUBHOCTD U3HOCA
Bajla W BTYJIKH,(Po-IIOJIOBHHA yIJIa KOHTakTa. Mepoi
WHTEHCUBHOCTH H3HOCA MOJKET CITy>KHUTh
HKCIEPUMEHTAIBEHO oTpeneneHHoe OTHOIIICHHE
00péMa TIPOMYKTOB HM3HOCA K MAWCTAHIWU TPEHUS.

YCTaHOBJICHO, YTO IIPpU MAJIbIX CKOPOCTAX CKOJIbKCHUA

HayMHAaeT  OOpa3oBBIBATHCA  TaK  Ha3bIBaeMBI
60opo3quaTeIii penbed, a MpH YBEIWYCHUH CKOPOCTH
CKOJIBKECHUS HPOUCXOIUT BBIKpAIIBaHHIE

MIOBEPXHOCTH BTYJIKU. IHTEpECHO, YTO HHTEHCHBHOCTh
W3HAIIMBAaHUS W KOO(PQHUIHMEHT TpPEeHUSI KEepaMUKH
CHaJyaja BO3pAacTaloT, a 3aTeM IOHIDKAITCA. OTO,
OYEBHIHO, CBSI3aHO C TEM, YTO Ha IOBEPXHOCTSX
TpeHHs1 00pasyercsi TPHOOCIION U3 MPOIYKTOB M3HOCA,
KOTOPBIH HPH MaJbIX CKOPOCTSX KOHLEHTPUPYETCS B
30He KOHTaKTa, a C YBEIMYCHHEM CKOPOCTH
CKOJBXKCHHUS ~ CTAaHOBHUTCS ~ Oojlee  paBHOMEPHO
pacIipeieieHHbIM. Kpome TOTO, BO3MOXKHO
(dopMHpOBaHHE KBa3WKUIKOM IUICHKH, KOTOpas
YBENMYMBACT IIOMANb KOHTAKTa, 3a CYET YEero M
TIOHIDKAFOTCS] KOHTAKTHBIC HATIPSKCHUSL.

VYcranoBneHo,[11]  yTto  mpu  CKOpPOCTSX
CKONBXeHus, Oompmie 2-6 M/c  mpeoOrmamaer
a/Ire3MOHHBIN MEXaHM3M HM3HOCA, a 3TO O3HayaeT Ha
MPaKTHKe TEePeHOC YacTHIl METajula Ha MOBEPXHOCTh
kepamuku. Takum oOpa3oM Ha  I[OBEPXHOCTH
00pa3yloTcsi OKUCIBI C BBICOKOH MHKPOTBEPAOCTBIO,
YTO W TOBBIIIAET H3HOCOCTOMKOCTh KepamMuKu. B
pabote [12], Ha npuMepe THOKCUAA LUPKOHUS, TaKKe
YCTAQHOBJICHO 3AIIMTHOE BIMSHHE TaK Ha3bIBAEMOTO
transfer layer mpy BRICOKHMX CKOPOCTSIX CKOJIBXKEHHS.

3akiroueHue.

Takum o00pazoM, Ha pecypc KepaMHUECKHX
MOJIIMITHUKOB ~ CKOJILKEHUSI ~ BIMSIET  CJIOXKHOE
HalpsDKeHHOE COCTOSIHME B 30HE KOHTakTta. Jlimst
OTIpeIeIICHUS COCTaBIISIFOIIMX HarpsHKeHU I
HE00XO0/IMMO YCTAaHOBHUTH Pa3Mephl IUIOIAAN KOHTAKTa
BaJla ¥ KepaMHU4eCKOW BTYJIKHM, YTO MOXXHO CHENaTh

OpUOMIDKEHHO, OMUPAasCh HA  NpeABApUTEIHHBIC
SKCIEpUMEHTANbHBIE  JaHHble. Takxke  cleayer
YYUTHIBATh BIIMSTHUE YHCTOTBI 00paboTku
MOBEPXHOCTEH, BENMYMHBI 3a30pa U  CKOPOCTH
CKOJIB)KEHUSL. IIpornosupoBanue  pecypca H
YCTAaHOBIEHHE MpPEIENbHBIX HArpy30K I03BOJIAET
YCIIEIIHO UCTONB30BaTh KEPAMHUYECKHE IOAUIMITHUKA
CKOIIBKEHUSI B ONpPEIENIEHHBIX CllydasX, Koria
HCKJIIOYAETCs BO3MOYKHOCTb HCTIOb30BaHUS

MCTAJUIMYCCKUX MAaTEpUAJIOB 110 TEM MWIM HWHBIM
COOOpaKEHUSIM.
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AHHOTAILIUS

CTaTI)H TNOCBAIICHA YCTAHOBJICHUIO TAapaMETPOB TOKCHUKOMETPUU U TOKCHYHOCTHU MO)Z[I/I(bI/ILII/IpOBaHHI)IX
MPOAYKTOB KaHHU(OIH, KOTOPBIE MPUMEHSIIOTCS B Pa3HBIX OTPACIIIX MPOMBIIIICHHOCTH. MoauduunupoBaHHEIC
MMPOAYKTBL I(aHI/I(l)OJ'II/I CIIOCOOHBI OKa3bIBaTh OT CJIa00I0 J0 YMEPCHHOI'O pa3apaKCHUA Z[eP'ICTBHﬁ npyu nonmagaHun
Ha CIOU3HUCTBIE OOOJOYKM TIJIa3 U KOXKHBIE IIOKPOBBI. B J03aX BbI3bIBAIOIIHUX TOKCHYCSCKHH 3(1)(1)6KT npu
OJTHOPA30BOM BO3/CHCTBUH, MO MapaMeTpy OCTPON TOKCHYHOCTH MPH BHYTprHoKenymodHoMm BBeaeHuu (DLsg)
YCTaHOBIICHO, YTO MOTU(PHUIIMPOBAHHBIC MPOIYKTH KaHU(POIU MOTYT OBITH OTHeceHH! Kk II1-1V kimaccy omacHocTH
10 CTCIICHU BOSﬂeﬁCTBHH Ha OpTraHU3M.

ABSTRACT

The article is devoted to the establishment of parameters of toxicometry and toxicity of modified rosin
products that are used in various industries. Modified rosin products can have mild to moderate irritation effects
when they get on the mucous membranes of the eyes and skin. In doses causing a toxic effect with a single
exposure, according to the parameter of acute toxicity with intragastric administration (DLso), it was found that
modified rosin products can be classified as hazard class 111-1V according to the degree of exposure to the body.

KnaioueBble ciaoBa: MomuduIpoBaHHBIC

MPOJIYKTBI

KaHI/I(l)OJ'H/I, OAHOKPATHOC BOBZ[GfICTBI/IG,

TOKCHKOJIOTUYCCKas OLICHKA, TapaMETPbl TOKCUKOMETPUHN, TOKCUIHOCTDb, TUTUCHUYCCKUC HOPMATUBBI
Keywords: modified rosin products, single exposure, toxicological assessment, parameters of toxicometry,

toxicity, hygienic standards

Bsenenue

B Hacrosimiee Bpemsi kaHu(boiab (KUBUYHAS U
TaJJIOBas) SIBJISIETCSI HE3aMEHHMOI ChIpheBOW 0a3oit
JUIA TIOMYYEHUS Ha ee OCHOBE MOIM(HIIMPOBAHHBIX
MPOAYKTOB, OTJIMYAIONINXCS CTPYKTYpoH, (u3mko-
XUMHYECKIMH CBOHCTBaMH, OOJIaCTBIO MPHUMEHEHHSI.
MHOrOoTOHHa)KHBIMU MOTPEOUTEISIMU TaKHUX
MPOAYKTOB BBICTYNAIOT HPEANPHUSITHA LEIII0IO3HO-

OyMaXHOH,  JIAKOKpacoyHo#,  monurpaduieckon,
PE3UHOTEXHUUECKOW, XMMUYECKOH, DIEKTpo- U
PaAMOTEXHUYECKOH, MeOeIbHOM, MUIIEBOH,

CTPOUTENNBHON, aBTOMOOWIBHOH, aBTOTPAKTOPHOM M
JIPYTUX OTpaciell MPOMBIIUIEHHOCTH W HapOJHOTO
xo3siicTsa [1, 2].

Ilens uccnenoBanust

[upoxoe mnpuUMEHEHHE MOTUPHUINPOBAHHBIX
npoaykToB kauupomu (MIIK) B HacTosmee BpeMs B
pasHBIX cdepax TNPOMBIIIIEHHOCTH U HapOJHOTO
X03MHCTBA OOOCHOBAJIO aKTYaJIbHOCTb IPOBEICHUS
uccnenoBanuil. llens uccrnenoBaHMs — MONIydYeHHUE
ToKcuKojornueckor xapakrepuctuku MITK B 00béme
HNEPBUYHOTO TOKCHKOJOTMYEeCKoro macmopra. s

NOHMMaHHMs, 4TO CcOo0O0il mpescraBisier KaHU(OIb U
MPOIYKTHI €€ mepepaboTKH HEOOXOIUMO PacCMOTPETh
noapoOHee uX (U3UKO-XUMHYECKHHA cocTaB. boinee
MOJPOOHO 3TH BOMPOCHI OCBEIIEHBI B MOHOTpaduu
B.JI. ®neitmep u H.B. Yepnoii [2].

Oo0uue pu3nko-xuMHUYecKue CBOiicTBa

Kanughono u npooykmuvr ee nepepabomku.
Kanugons — cMona pacTUTENFHOTO MPOUCXOKICHUS.
OHa CcOIEpXKHUT B 3HAYHUTEIHHBIX KOJMYECTBAX B
JKUBHIIE — COKE XBOWHBIX JepeBbeB. [lo cBoemy
cocTaBy KaHHU(OIb TPEACTaBIICT COOOH CcMech
HM30MEPOB UUKIMYECKOH OJHOOCHOBHOM KHUCIJIOTHI
obmieit popmyibl C19H20OOOH. B xuBuIle XBOWHBIX
ITOPOJT COJEPKUTCS B OCHOBHOM OJIMH M TOT XK€ Habop
CMOJISIHBIX KHCJIOT: a6I/IeTI/IHOBa$I, JICBOIIMMapoBasd,

MaI0CTPOBAs, HeoabueTHHOBAS,
lleFI/Illpoa6I/IeTI/IHOBaH, nmaMapoBasd,
JIEKCTPOIMMapOBasi, M30MIUMapoBasi,

TETparupoadueTHHOBAS.

ITo BHemHemy BuIy KaHU(OIb — TBEpAAs
XpYIIKas CTEKJIIO00pa3Has Macca OT CBETJIO-XKEJITOTO JI0
KOPUYHEBOTO LIBETAa C TEMIEPATypOil pa3MATrdeHus OT
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50 go 70°C. Ona XOpomo pacTBOpsieTCS B
OONBIIMHCTBE OPraHUYECKUX  PACTBOpPHUTENEH U
COBMEIIAETCs c PaCTUTENIBHBIMU MacjaMu.
CyLIecTBYIOT pa3nyHble IPOMBIIIIEHHbIE CHOCOOBI
noydenus: kauugoiu. I1o nepBomMy u3 HUX KaHH(DOIb
MOTy4aroT HETIOCPECTBEHHO u3 JKUBHIIBI,
BBITCKAIONICH W3 CIELHUAIbHO CICIAHHBIX HAAPE30B
JKUBBIX XBOHHBIX JICPEBbEB. B JKUBHIIE COOEPKHUTCS
okonmo 30 % xammpomm. OcranpHyo €€ d9acTb
coctasiseT ckunuaap. [Iponecc nomyuenns kaHudoau
U3 JKUBHIBI CBOAWTHCA K OTTOHKE OT HEE CKHITHAapa.
OcTtaTouHbII IPOAYKT NPECTaBIsIET COO0M KaHH (OB,
KOTOPYIO B COOTBETCTBHUH CO CIIOCOOOM IIOJTyYECHUS
Ha3bIBAIOT MOJCOYHOIM KaHugonplo. Ilo apyromy
Croco0y HWCXOIHBIM  CHIPEM  JUIA  IIOJIyYECHUS
KaHU(OIM SBISIFOTCS OCMOJIMBIIMECS ITHH CTapbIX
XBOMHBIX JepeBbeB. Jlsi m3BiedeHUs] KaHUGOIU HX
memny 9KCTPArupyoT OpPTaHUYIECKUMHU
PacTBOPUTEISIMHU, MOCJIC YETO MOJIYYECHHBIH 3KCTPaKT
OT(UIBTPOBBIBAIOT H OTTOHAIOT OT HETO JIETKOJICTYIHE
(pacTBOpHTENb, CKHIHAAP), @ B OCTaTKE OCTAaCTCS
kaaudonb. Ilo kadecTBy KaHH(pOIb, MONyYCHHAS
METOZIOM JKCTPaKIMK (IKCTPAKIIMOHHAS KaHU(OJIIb)
Xy>xe nojcouHoil. Kanngonb Moxer ObITh NOTy4eHa U
U3 TaJIOBOro Macia. TauioBoe Macio — OTXOJX
LEJUTIOI03HOOYMa)KHOW MPOMBIIIUICHHOCTH, COJICPKUT
10 50 % xaHu(oONM, KOTOPYIO BBIIEISIOT OOBIYHO
BaKyyM-pa3rOHKOH WM OTTOHKOM C BOJSHBIM IIapOM.
Kpome Toro, kanudomns B Buie ee HaTPUEBBIX COJEH
(C16H2000O0ONa) MoskeT OBITH TOMy4eHa 00paboTKOi
BOJHBIM PAacTBOPOM THIPOKCHIA HAaTPHS OTXOOB
JeconepepadaTpIBaroONIeld TPOMBIIIIIEHHOCTH (1Iena -,
CTPYXKH, ONMJIKH), IIPU 3TOM 0Opa3ylomuecss COJIu
KUCJIOW KaHM(OJIM NEepexoIsT B BOJHBIH pPacTBOP,
KOTOPBII B OCHOBHOM HCIIONB3YEeTCS ISl TOJTy4EHUs

OocaxIeHHbIX  pe3uHaTtoB. Kanmdoss  HaxomuT
MIPUMEHEHHE B KagecTBe MoaupuKaTopa
CHUHTETHYECKUX OJIUTOMEPOB (aKUAHBIX,

(dbenondopmanpaeTuaHBIX), a TAKXKe IS MOTyUYEHUS
Takux e€¢ TPOAYKTOB MepepadoTKH Kak 3QUPHI
kaHu(poy, KaHU(OIHHO-MAJIEHHOBBIE AIIYKTBl U
pE3MHATHl, KOTOpPBIE HCIIONB3YIOTCA Kak J00aBKH K
CaMbIM pa3HOOOpa3HbIM JIAKOKPACOYHBIM MaTepHajaM.
Dpuper kanugonu. Drepuduranys KaHUPOIH
MHOIOQTOMHBIMU ~ CIIUPTaMU  — TJIMLEPUHOM U
MEHTAPUTPUTOM, TPOBOAMUTHCS C LEIBIO TOITyUEHHS
MPOAYKTOB, UMEIOIINX OoJiee BBICOKYIO TEMIEpaTypy
pasMsT4YeHHsS W Topa3fo 0Oojee HU3KOE KHCIOTHOE
YHUCIIO, YeM HMCXOAHas KaHUu(oib. Ddupsl kaHuDOIN
XOpOIIO pacTBOPAIOTCS B yauT-cruprTe,
apOMAaTHYECKHX YIJIEBOJOPOJAX, COBMEIIAIOTCS C
MaclaMu u HEKOTOPBIMU JpyTUMH
ieHKooOpasytomumMy.  OHHM ~ MCHOJIB3YIOTCSL  JUIS
MPUTOTOBIIEHUS] MACISHBIX JIAKOB, KOTOPBIM MPUIAIOT
MOBBIIIEHHYIO TBEPJIOCTH, TIIHel] u
aTMocepocroiikoctsb. Kpome Toro, adupsr kanudosm
UCIIONB3YIOTCS ~ Kak  J00aBKM K  HUTpOJAKaM,
MOKPBITHSIM, Ha OCHOBE KOTOPBIX OHH COOOIIAOT
MOBBIIICHHYO aATE3HIO0, TISHEI U TBEPAOCTb.
Kanughonvno-maneunosuie ao0oyKmul.
KanundonpHO-ManenHOBBIMH ~ aJIyKTaMH HAa3bIBAIOT
MPOIYKTHl B3aWMOAEHCTBUSI KHUCIOT KaHH(OIH C
MaJICMHOBBIM  aHTHAPHUIOM, MPOTEKAIOIIEro IO

npuHuuny 1, 4 — npucoenunenus (peakuus JlaabHa-
Anbrepa).

Pe3unampt. Pe3uHaThl — COJM KUCIOT KaHU(OJIH.
HauGonpniee  mpuMeHeHME B JIaKOKPAcOYHOM
MIPOMBIIIJICHHOCTH pPE3MHAThl HAaXOAAT B KadyecTBe
CHKKaTHBOB. Kpome TOro, pe3smHaT KaJbIHsS YacTo
BBOJAT B  IUIGHKOOOpa3yloIlMe Ha  OCHOBE
pPACTUTENBHBIX Macel C IEeIbl0 MOBBIMICHHS HX
TBepAocTU. [t 3TOH »Ke Lenu MCIoNb3yeTcs U
CMEIIAHHbII PE3UHAT KajbLMsl W LHUHKA, KOTOPBII
OTIMYACTCA OT pE3MHATa KaJb[HUA MOBBIIICHHOH
BJIATOCTOUKOCTBIO.

Tannosan kanugonv sBIACTCI TOOOYHBIM
MIPOJIYKTOM CyJIb(aT MLEJLIFOJ03HOTO IPOM3BOACTBA
[1]. E€ m3BnekatoT M3 CHIPOro CyJib(paTHOrO MbLIA,
OTAEIEMOT0 OT YEpHOro IeloKa Npu Cyib(aTHOH
BapKe MLEJUIIONI03bl U3 XBOMHBIX MOPOJ JIPEBECHHBI
(cocHBI, enu, NHXTH, JHUCTBEHHHIBI). CMOIISTHBIE
KHCJIOTBI BO BpEMS BapKH OKHCIAIOTCS. B mpomecce
BapKM IIEJUIIONIO3bI B UEPHBIH IIENOK IEPeXonsT
KHUpPHBIE KUCIOTHI, UX 3(QUPHI, a TAKKE MPOTYKTHI UX
OKHCJICHHS, KOTOpPBIE CHAadana THAPOJIU3YIOTCS, a
3aTeM HEWTpaM3YyIOTCs ¢ 00pa3oBaHMEM HATPHEBBIX
COJIEH JKUPHBIX KUCIIOT.

PacTBOp CMOJHCTBIX BEIIECTB B YEPHOM INEIOKE
MPEJACTaBIsICT CO00H KoUToWAHY cuctemy. Ilofm
BIMSIHUEM IIeJIOKa HAaTPUEBBIE COJIM CMOJITHBIX U
JKUPHBIX KHUCJIOT KOAaryJIMpyIOT M BCIUIBIBAIOT Ha
MTOBEPXHOCTH IIEJIOKA B BHJIE JIETKOTO TIEHHCTOTO CJIOS.
IIpn BBAENEHNMM OHU  YBIEKAlOT HEHTpalbHBIC
BEIECTBA W HEKOTOPYIO YacCTh APYIMX KOMIIOHEHTOB
YepHOro mienoka. B pesymbTare obOpasyercst chlpoe
cynbaTHoe Mbo. [lpm  mpou3BoACTBE TOHHBI
melnmroo3sl  oopasyercss 40 — 100 kr cwIporo
CyJIb(aTHOrO MbLIA, COAepIKamiero He MeHee 45 %
CMOJSIHBIX M KHMPHBIX KHCIOT W He Oomee 7 %
MHUHEPAJIBHBIX BEIIECTB.

Ceipoe cynb(haTHOE MbLIO pasjaraloT CepHOi
KHCIOTON  C  BBIACJIEHHEM  COOTBETCTBYIOIIHX
CBOOOHBIX JKUPHBIX U CMOJITHBIX KHCIOT. Cynbdar u
OucynbhaT HaTpHs paCTBOPSIIOTCS B BOJIE, @ CMOJISTHBIE
1 SKUPHBIE KUCIIOTHI ¥ TAJIOBBIN TIEK.

XuMUYECKHH  cOCTaB  TaJOBOM  KaHU(OIH
OTIMYAeTCss OT COCTaBa  KUBHUYHOM KaHUpoOIM.
TammoBele kanudomu coxepxkar B 1,5 — 2,0 pasa

MEHbBIIIE JICBOITMMAPOBOH M MAIOCTPOBOH KHCIIOT,
MmouyTd B S5 pa3 MeHbIIe HE0aOMEeTHHOBOW U
OUTHAPOAOMETHHOBOM  KHCIOT W OTJIMYAeTcs
MTOBBIIIEHHBIM COAEP)KaHUEM TUTHAPOAOHETHHOBOM (B
2,0 — 3,5 pasa) u uzonumaposoii (8 1,5 — 2,0 pasa), a
TaKXKe KUPHBIX KACIOT. B TanmoBoii kaHn(omu, Kak u B
KUBUYHON, COJEPIXKUTCSH COMOCTaBUMOE KOIHYECTBO
abueTHHOBOH, NHMMapoBOM M CaHapaKOIMMapOBOM
kucaoT. CopaepkaHue HEHUTPalbHBIX BEIIECTB B
TaJuIo0Boi KaHngonm nocturaer 7 — 16 %, B TO Bpems
KaK B )KUBUYHOH COCHOBOM KaHH(OJM Ha JIOJIO 3THX
coeqMHEHUI npuxoautes He 6oiee 2 — 4 % [2].

MeToasb! Hccae10BaHUI

OKCHepUMEHTaNbHBIE HUCCICIOBAHNS MPOBEICHEI
Ha 0eCHOpOIHBIX OENBIX MBIMIAX, KPbICaX M KPOJIHKAX
nopoas! nammna. ConeprkaHue, MUTaHAE, YXOX 3a
KHUBOTHBIMH ¥  BBIBEJIGHHE U3  OJKCIIEPHMEHTA
MPOBOJMWIN B COOTBETCTBUU C MEXKAyHApOIHBIMU
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TpeboBanusmu [3, 4]. Tokcuyeckue cBoiictBa MITK
u3y4yaJd B OJHOKPAaTHBIX OKCIIEPUMEHTax NpH
BBE/ICHUH BEIIECTBA B JKENYJOK, HHIAJSILIMOHHOM
BO3JICHCTBIM 1 HAHECEHHH Ha HEIIOBPEXICHHYIO KOXKY
M CIIM3UCThIE OOOJOYKM TIJla3 B COOTBETCTBUHU C
ykazaHmsamu [5, 6, 7]. Pesymerathl mcciemoBaHHN
00paboTaHbl CTATHCTHYECKH C HCHOJB30BaHHEM MS
Excel.

Pe3yabTaThl HeCIeI0BaAHUI U HX 00Cy:KIeHUE

Hamn Opum mpOBEIECHBI TOKCHKOJIOTHYECKHUE
uccnenoBanua 1matu  npoaykroB MIIK: 1) adup
TIIMIIEPUHOBBIN TanoBOM KaHH]OIH, 2) MEHTaHOKC, 3)
kaHudonr TM®, 4) kanudons TtamioBas [, 5)
kaHudonbs MoaupunrposanHas kabensHas KHMK nis
JIAKOKPACOYHOM, IIUHHOW U PE3HMHOTEXHUYECKOU
MPOMBIIIICHHOCTH, MIPOU3BOJICTBA
NIEKTPOU3OJIAIMOHHBIX MaTepHajoB (Tadi. 1).

Bonee moapoOHbIA cocTaB MPOAYKIMN KaHU(DOIIH
MomudumupoBaHHoit  kabempHOit <~ KHMK  (TVY
20.14.71-004-72595312-2023): 1) xaaudob cocHOBast

(T'OCT 19113) - 97 % maccoBoii gosu, 2) riauuepuH
muctuiutuposanublid (TOCT 6824) - 3 %.

HccnenoBaHusMH ~ yCTAHOBJIEHO,  4TO IO
nmapaMeTpy OCTpOM TOKCHYHOCTH TIpU BBEICHUU
BEIIECTB KeIyJOK KpbIc Bce deThlpe mpoaykra MIIK
oTHocATcs K IV KiacCy ManoomacHBIX BEHIECTB H
Tonbko 5 mpoaykrt k III kmaccy ymepeHHO omacHbIX
Bemiects (Tad:xn. 1). Beenenne MIIK Opl10 TpoBeieHO B
BHUJIE MAaCISHON CyCHEH3UHM, PpacCTEPThIX B TOHKHUU
nopomok npoxykrtoB MIIK nepememanHoil B Buze
B3BECH B PACTUTENBHOM IIO/ICOJHEYHOM Macie |
BBEJCHBl C IIOMOIIBI0 MWIJIBI-30HAA B OKEIyAOK
SKCHEpUMEHTANbHBIX  KUBOTHBIX  (DLso). s
W3y4YEeHUs] TOKCHYHOCTH TayuloBoil kauumdonu [| Ha
71a00paTOPHBIX KPBICaX OBUTM HCIBITAHBI TPH JO3BI:
2000, 5200, u 8000 mr/kr. CpegHecMepTenbHas 103a
IIPY BHYTPHIKETYI0YHOM BBEJCHUH BelecTBa S5 (TaldlI.
1) cocraBmno ams Oenbix kpbic 4483+189 mr/xr (11
kiacc omacHoctH o 'OCT 12.1.007-76 [7]).

Tab6muma 1
Pe3yabTaThl IEPBUYHBIX TOKCHKOJOTHYeCKUX HcciaenoBanuii MITK
TOKCHKOJIOrHYECKHE UCCICHOBAHUS
Octpas Pazppaxaro-miee Pasznpaxaro- Wurananuon-
IIpoayxTt TOKCHUYHOCTh TEHUCT- 1mee AenucCT- Has OMacHOCTb,
kaHupoIu MIPY BBEIACHUHU BHE Ha KOX- BH€ Ha KOHB- OIHMCaHNe
B XKEIYIO0K HBIC TIOKPO- FOHKTHUBY IJIa-
(DLsp), Mr/kr BBI, OaJLIBI 3a, OBl
1. Kanudosb >5000, 2, 2, Brissiena,
MOIUGHUIHIPO- BEILIECTBO cinabo pasf- cnabo pazf- rubens )KUBO-
BaHHas Kabeb- MAaJI00TIacHOE paxkaroriee paxkaroriee THBIX HE Ha-
"Hags KHMK IV xmacc* JIeCTBUE JNelCTBUE OJrro1al1ach
2. D¢up >5000, 3, 2, BrisBnena,
TJINIEPUHOBEIH BEIIIECTBO YMEpEeHHO cmabo pasz- rubenb JKUBO-
TaJlJIOBOM MaJIo0MacHoe pa3mpakaro- paxkaroriee THBIX HE Ha-
KaHU(DOIU IV xmacc* ee nencT-Bue neiicTBre OJrroal1ach
>5000, 3, 2, BrisBnena,
3 TlenTanoke BEIIIECTBO YMEpEeHHO cmabo pasz- rubenb JKUBO-
MaJIo0MacHoe pa3mpakaro- paxkaroriee THBIX HE Ha-
1V knacc* 1iee JACHCT-BUe JICHCTBHE 0J1101a1aCh
>5000, 1, 2, Brissiena,
4. Kanugons TM® BEIIECTBO cnabo pasf- cinabo pasf- TubOeIh )KUBO-
MaJI0OOIacHOe paxkaroiee paxkaroriee THBIX HE Ha-
1V knacc* JICHCTBHE JICHCTBHE 0J1101a1aCh
44834189, 1, 2, BrisBnena,
5. Kanndors BEIECTBO cimabo pasn- cmabo pasn- TUOeIh )KUBO-
Tanosas JI YMEPEHHO paxaoriee paxxaoriee THBIX HE Ha-
oracHoe JIECTBHE JIeiCTBHE 01r0/1a1ach
11T kmacc*

* - xinacc onacHoctH Bentectsa mo ['OCT 12.1.007-76 [7]

MecTHO-pa3ipakaromiee JIeHCTBHE BEIISCTBA B
HATHBHBIX KOHIICHTPAIUSIX HM3YYaJOCh HA KPOJIHKAX.
OMHOKpATHBIC AaNIIMKAIIMA BEIIECTB CIIMPTOBBIX
BBITSDKCK (T.K. KaHH(OJIb paCTBOPUMA B OPraHUIECKUX
pPacTBOPHUTENAX M HepacTBOpHMMa B Boje) Ha 4 daca —
BBI3BIBAIM OT c1a0O0# 0 BBIPAXCHHOW 3PHUTEMBI, OT
cabo pasapaxkarouiero 10 yMEpeHHOro NEeWCTBHE Ha
KOXY >KUBOTHBIX (Ta0:1. 1). [To TuTepaTypHbIM JTaHHBIM
[8] Tokcmyeckoe neiicTBue caMoil KaHM(pOIM Ha
YEJIOBEKE OMHMCHIBACTCS, KAK BEIIECTBO PA3IpaXKaroIee
KOKHBIC ~ TOKPOBBI,  BBI3bIBas  MAmyJe3HBIC U
My3BIPEKOBO-TIAIYJIC3HEIC BBICHIITH. OmnmcaHsl

MACCOBBIC CITy4YaW - 9K3aMCHTUPOBAHHBIX JIEPMAaTHTOB
y paborarommx co cmaszkoit JI3-158, copmepxareit
KaHu(OJb, Ba3ETMHOBOE MACIll0, MbLUIA, CTAOMIN3aTOP
(bramormanma  menu). Y  TpeTH  pabOTArOIMMX
TOJIyYCHBI MTOJIOKUTEIBHBIE KOKHBIC MMPOOBI HA CMa3Ky
1 KaHU(DOIb.

[Tocne BHeceHus BellecTBa B HATUBHOM BUE =~ 75
MKT (mopormok MIIK) B HWKHUT KOHBIOKTHBaIbHBIN
CBOJI MPABOT'0 TJIa3a KPOJIMKA HAOI0IAIOCH YIKE Uepes3
MEPBBIC MUHYTHI WHBECLHUPOBAHHE COCYJIOB TIJa3a,
Jlaiee OTEK OTCYTCTBOBAJI UM BBIACIICHUS YBIIAXXHCHUS
a3 Toxe. JlanpHene HaOoJCHHS IOKA3aJIH, YTO ~
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2 neHb BCe NMPU3HAKU pa3fpakarollero AeUCTBUS Ha
rma3  ucuesand. Ilo  wurToraMm  HWccienoBaHUM
BO3JICHCTBHUSI BCEX W3YYEHHBIX MOJIU(PUIIMPOBAHHBIX
MPOJIYKTOB KaHU(OJIH Ha CIU3UCTBIE OOOJIOYKH TJia3
BBI3BAJIO ci1a0oe paszpaxatoriee aerctaue (2 6amna).

UccnenoBanue MHraJIIMOHHOW OINACHOCTH B
HACHIIAIOMNX KOHIEHTPAUAX CPEICTBA B HATHBHOM
BUJIE pacTepThIX B TOHKUM nnopouok MIIK, npooaunu
Ha MbIaX, B TEPMETHYHOM OKCHKATOpe TIpHU
HOopManmbHOM  BiaxHoctm (35 — 40 %) wu
temneparypaom pexume (20 — 22 °C). IIpusHaku
UHTOKCHKAIlMM y Mbllell HaOIronanuch, HO BCE
JKUBOTHBIE OCTaBAJIUCh JKUBBI M II0 IOBEICHUIO HE
OTIMYAJINCh  OT  KOHTPOJBHBIX  JKMBOTHBIX B
nocienyromue 14 muedt Habmomenuit. [lomonbITHEBIC
TpyNObl JKUBOTHBIX cocrosiin u3 6-10 ocobelr B
3aBHCHUMOCTH OT 3a]1a4 UCCIIeIOBaHUH.

3akJrouenue

B unccnenoBanusax Ha kpbicax BecoMm 220 — 240 r
ycraHoBineHo, uro MIIK no mnapamerpy octpoii
TOKCHYHOCTH TIPH BBEICHHUH B JKEIYIOK COTJIACHO
knaccupukarnuu ['OCT 12.1.007-76 otHOcsaTcs kx III-
IV knaccy onacHoctu. MpputaTuBHOE NEHCTBUS BCEX
H3yUYEHHBIX BEIIECTB Ha CIM3HCThIE OOOJOYKH TIJIa3
KPOJIMKOB BBI3Ball - CJ1a00€ pa3apaskaroliero JeiCTBHSI.
Orenka MECTHOTO KOXKHO-pa3ApakaroIiero
JICHCTBHUSA/CBOWUCTB BEILECTB, BHIPAXaIOCh OT CJIa00ro
JO yYMEpeHHoro. B ycCHOBMSX MHIaIAIMOHHOIO
BO3ACUCTBHS B  HACBHIIIAIOIIUX  KOHIEHTPAIHAX
BBISIBIICHBI KIIMHIYECKUE TPOSIBICHIUS] MHTOKCUKAIIIH C
OTCYTCTBUEM T'HOENH JIA00OPATOPHBIX KIUBOTHBIX.

Crnmcok JuTepatypsl
1. KpruatoB 10.A., Crpax A.K. Ilomyuyenue u
OCOOCHHOCTH  HCIIOJB30BaHMUS  IPOKJICHUBAIOLIMX
MaTepHuajJoB HA OCHOBE KaHU(OIU U €€ 3aMeHUTENeH.
M.HUUTIXUM, 1981. 53 c. (O63opHas
undopmaums/Hayd. - uccnen. MH-T TEXH.-9KOHOM.
WCCIIE]. B XUM. KOMILIEKCE).

2. Oneitmep B.JL, UYepnas H.B.
MomudunrpoBaHHas KaHU(OJIIb: MOJIy4eHue,
CBOMCTBa M IpUMeHeHue: MoHorpadusi. MuHck: BI'TY,
2019. 305 c.

3. CII 2.2.1.3218-14 CanurapHo-
SMHAEMHOJIOTHYECKHE TpeOOBaHMS K  YCTPOICTRY,
00OpYIOBAaHMIO W CONCPIKAHMIO SKCIIEPUMEHTAIHHO-
OnoJyoTHYecKnX KIMHUK (BuBapueB) // bBrommerens
HOPMATHBHBIX U MCTOAWYECKHX  JIOKYMEHTOB
TloccamymmHamsopa, 2015. Bemm. 2(60). C. 2-14.

4. TOCT 33215-2014 PyxoBomcTBO  TIIO
COJICPYKaHHIO U YXOJy 32 Ja00paTOPHBIMH JKUBOTHBIMH.
IpaBuina oOOpyHOBaHMs MOMEIICHUN M OpraHU3aIHs
npouenyp. M.: Craunaprungopm, 2016. 13 c.

5. Meronnueckue yka3aHus K IIOCTAaHOBKE
WCCIICAOBAaHMA  Juii  OOOCHOBAaHUS  CAHHTAPHBIX
CTaHIApPTOB BPEIHBIX BELIECTB B Bo3Ayxe paboueil
30Hbl. Meroauueckue ykazanus. MY 2163-80. M.,
1980. 22 c.

6. Unactpyxums 1.1.11-12-35-2004. TpeboBanms k
MTOCTAaHOBKE AKCIEPHUMEHTAIBHBIX HCCICIOBAHUMA IS
TIEPBUIHOM TOKCHKOJIOTHYECKON OLICHKHU "
TUTUEHUYECKON perjiaMeHTaluu BeulecTB. MUHCK,
2004. 42 c.

7. TOCT 12.1.007-76. Cucrema cTaHAapTOB
oesomacuoctu Tpyna (CCBT). Bpenneie BemiecTsa.
Knaccugukarus u obmiue TpedoBaHus 0€30IaCHOCTH.
M.: Cranaaptundopm, 2007. 7 c.

8. BpemHple BemecTBa B MPOMBIIUICHHOCTH.
CrpaBOYHUK AJI1 XUMUKOB, UHXKEHEPOB U Bpaueci. B
tpex Tomax. Tom II. Opranmdeckue BemectBa / [Tox
pen. npod. H.B. Jlazapesa u n.m.H. 3.H. JleBunoii. JI.:
Xumus, 1976. 624 c.



ISSN Print 2413-5291

HALIMOHAIIbHAST ACCOLIMALIMST YUEHBIX (HAY)

EXXeMeCcAYHbIN Hay4YHbIWU XXypHar
Tom 2 Ne99 / 2024

T1ABHBIN PEAAKTOP
Maxkaposckuit JdeHrc AHaTOAbeBUY
AuthorID: 559173
3aseayromuit  Kadeaport
YyipaBA€eHNU MHCTI/ITyTa INpUKAaAHOTO aHaAaun3a

OpraHm3anmoOHHOIO
ITIOBeAeHI n IICIXOA0TO-COMaAbHBIX

TEXHOAOTUIA, PaKTUKYIOII A IICUIXOAOT,

CIIeIaAuCT B cpepe ypasAeHns oOpa3oBaHIeM.

3SAMECTUTEADb I'1ABHOI'O PEAAKTOPA:
Uykmaes Aaexkcanap Vsanosmu
https://orcid.org/0000-0002-4271-0305

JoxTop npodeccop
KadeAprI yroa0oBHOro mpasa. Acrana, Kasaxcran

IOPUANYECKNX  HayK,

PEAAKIIMMOHHASI KOAAET WS

Illtepenson Bepa AnaroabesHa

AuthorID: 660374

Ypaabcknit  (esepaAbHBII  YHUBEPCUTET M.
nepsoro llpesumaenta Poccum B.H. Eabpumna,
VMHCTUTYT HOBBIX MaTepuadoB M TeXHOAOIMI
(ExaTtepuHOypr), KaHAMAAT TEXHUIIECKMX HAYK
CunbkoBckuit AHTOH Baagummposuya
AuthorID: 806157

MockoBckuit rocyAapCTBeHHBI
TexHoaormueckmuii  yHmsepcuter  "CraHkuH',
kadegpa wmHPOpManMOHHON  OGe3omacHOCTU

(Mocksa), KaHAMAAT TeXHNIECKIX HayK
IlItepenson Baagumup Aaexcaaaposud
AuthorID: 762704

Ypaabckmit  (pesepaabHBII  YHUBEPCHUTET VM.
nepsoro Ilpesmaenra Poccum B.H. Eapumna,
ncturyT
Kadeapa
(ExatepmHOypr), KaHAMAAT TEXHUIIECKMX HAYK

JyHaaMmeHTaabPHOTO OOpa3oBaHN,

TeopeTU4ecKom MeXaHUKU
3p1ikoB Cepreit ApaeHOBUY

AuthorlID: 9574

Muctutyt pusukn Metaaaos uM. M.H. Muxeesa
YpO PAH, Oraea
MartemMaTtmdeckon ¢pusuky, abopaTopnst Teopun

TEOPETUYECKO U

HeANHeHHIX ABAeHnii (ExatepuuOypr), KaHauaat
Jus-mat. HayK

ApoHceviko Butaanit Burtaabesma

AuthorID: 1051220

MockoBckuit aBTOMO6I/IAbHO-,Z|,OpO)KHI)II7I
TOCYAApCTBeHHBII ~ T@XHWYECKMUI  YHUBEPCUTET
(MAAW), Kadeapa "Opranusanms "

Oe3orracHoCcTh ABvkeHust' (MockBa), KaHAMAAT
TeXHMYECKNX HayK

Capgosckas BaaenTnna CtermaHoBHa
AuthorID: 427133

JOKTOp TmejarormyecKux Hayk, Ipodeccop,
KyABTYPBI PO,

akageMuk MexayHapoaHol akagemum Briciert

3acAy>XKeHHBII ~ pabOTHMK
IIIKOABL, TIOYeTHHINI mpodeccop Espomerickoro
Mucrturyra PR (ITapmx), uaen Espomerickoro
34aTeAbCKOTO U DKcrepTHOro cosera IEERP.
PeMu3oB Bauecaas AaekcaHapoBuda

AuthorlID: 560445

Aokrop
¢uaocodpckux Hayk, mpodeccop, 3acay>KeHHBII

KyAbTypPOAOTUH, KaHAUAAT

paboTHMK BbIcIIeli 1mKoAB PO, akagemmx
Mexaynapoanoit Akagemuy nHpopMaTU3anuy,
yaen Cowsa mnmcateaenr PO,  aaypear

rOCYy4apCTBEHHON AUTEPATyPHOU IIPEMUM VM.
Mamunna-Cubupsika.

NsmariaoBa MapmHa AaekceeBHa

AuthorlID: 330964

JokxTop rpodeccop
JenapraMeHTa KOPIOPaTUBHBIX (PMHAHCOB W
KOpIIOpaTMBHOIO  ympasaeHus PuHaHCOBOro
yHusepcutera npu Ilpasureanctse Poccuiickoit
Depepanum.

DKOHOMMYECKIX Hayk,

laiigap Kapura Mapaenosna

AuthorID: 293512

JOKTOp IICUXOAOTMYECKMX HayK, AOLeHT. YieH
Poccnitckoro rmenxoaornaeckoro odIecTsa.
Cao06o0aunkoB Mabs Muxaiaosmmd

AuthorID: 573434

ITpodeccop, AOKTOp ICUXOAOIMYECKUX HayK,
KaHAMAAT I1eAarornJecKux Hayk.


https://orcid.org/0000-0002-4271-0305

Uaen-koppecriongeHt Poccuiickoit  akageMum
€CTeCTBeHHBIX HayK.

IToagoabckas Tarbsina AdpanacbeBHa
AuthorID: 410791
ITpodeccop
I'ymaHMTapHO-IIPOTHOCTIYECKOIO

¢axyanTera IICHIXOAO0TUMN
MHCTUTYTA.

AoKTOp ncuxoaormdeckux Hayk. ITpodeccop.

IIpsoxankosa Eaena IOpnesHa

AuthorID: 416259

IIpennosasarteas, mpodeccop Kadeapsl TeOpuUs U

IIpaKTHKa

yIIpaBA€HII (I)aKyALTeTa

roCyAapCTBEHHOTO u MYHUIIUIIaABHOTO
yIpasaeHus], mpodeccop Kadpepbl ICUXOAOTUN U
I1earorMKu AVICTaHIIIOHHOTO oOyueHms
(akyabrera AucraHIMOHHOTO OOyuenmus PBOY
BO MITIITY

Hao6oituenko Eprennsa CepreepHa

AuthorID: 391572

Aokrop

ImeJarormyecknx  Hayk,

IICUXOAOTMIECKMX  Hayk,
npogeccop. I'aaBHbI

crregqmaAamucTt  I1I0 MEAI/IL[I/IHCKOIZ

KaHAUAAT

BHEeIIITaTHBIN
rncuxoaoruy  MuHMCTEpCTBa 34paBOOXpPaHEHM:
Csepaa0BcKoIl 061aCTM.

Kosaosa HaTaabs BaaaummposHa

AuthorID: 193376

ITpodeccop Ha kadeape rpa’kAaHCKOTO IIpaBa
1opuandeckoro ¢paxyasrera MI'Y
Kpymeabnunkas Oabra bopucosna

uthorID: 357563

KaHAMAAQT TICUXOAOTMYECKUX HayK, JOLIeHT,
3aBegyiomas Kadeapoll TeopeTUIecKUX OCHOB
ColMaAbHOM TICUIXOAOTUI. MockoBckuit

rOCyapCTBeHHBIN 001aCTHON yHUBEPCUTET.
ApramoHOBa Aaaa AHaTOabeBHa

AuthorID: 681244

KaHAMAAT IICUXOAOTMYeCKUX Hayk, Poccmiickmii
TrOCyAapCTBEHHDIVI  COLMAAbHBIV  YHUBEPCUTET,

Juanaa Poccurickoro roCy4apCTBEHHOTO
COIIMaAbHOTO YHUBepcuTeTa B I. TOABATTH.
Tapanosa Oabra BaaammuposHa

AuthorID: 1065577

Ypaabckuii (l)e,AepaAbeHZ YHUBEPCUTET M.

nepsoro Ilpesumgenta Poccum B.H. Eabnuna,

Ypaabckuin IyMaHUTapPHBIN MHCTUTYT,
JemapraMeHT IyMaHUTapHOIO  OOpa3oBaHMs
CTYAEHTOB VH>K€HEePHO-TEeXHUYIECKIX
HanpaBAeHNIL, Kadeapa yIIpaBAeHue

nepcoHaaoM 1 ncuxoaoruu (Exarepunoypr)
Psammuua Bepa BuktoposHa

AuthorlD: 425693

Muactutyr  msydeHus

PAO,

AeTcTBa, CeMbu U

BOCITMTaHS AabopaTopust

npodeccroHaaAbHOTO
(Mocksa)

I'ycosa AapOumna Jyaap0OekoBHa

AuthorID: 596021

3aseayiomias Kadeapon mncuxoaornu. JormeHt

pasBuTILI I1e4aroroB

Kadepbl IICUXOAOTIUH, KaHAUAAT
ncuxoaornyecknx Hayk — Cesepo-OceTmHCKmit
rocyjapcTBeHHbINI  yHmuBepcuteT uM. K./
XeTaryposa, IICUX0A0TO-TI€ 4aTOTUIECK AL

(Jaxkyarsret (Baagukaskas).

Mmunaes Baaepuit Baagummposnu

AuthorlID: 493205

Poccuiicknii  rocygapcTBeHHBII TI'yMaHUTapHBIN

yHUBepcuTeT, Kadeipa MUPOBON IOAUTUKU U
OTHOILIEHNI

(Mocksa),

MeXAyHapOAHbIX
(ob1meyHMBEpCUTETCKAST) AOKTOp
HKOHOMUYECKMX HayK

ITonkos Cepreii IOpbesnu

AuthorID: 750081
Bcepoccuiickmit Hay4YHO-MCCAeA0BaTeAbCKUIA
MHCTUTYT Tpyda, HayuHo-mccaejoBaTeabcKmit
MHCTUTYT Tpyda U COIIMAaABHOTO CTpaxOBaHU:
(Mocksa), AOKTOp 9KOHOMIYECKMX HayK
Tumodees Cranucaas Baagmmuposna
AuthorlID: 450767

Poccuiicknii  rocygapCTBeHHBI TI'yMaHUTapPHBIN
YHUBEPCUTET, IOpUANYECKNIT JaxyabTer,
kadeapa ¢puHaHCcOBOrO IpaBa (MockBa), AOKTOP
IOpUANYECKUX HayK

Bacmnabes Kupnaa Anapeesuya

AuthorID: 1095059
Cankr-IlerepOyprekmii HOAUTEXHUYIeCKUI
yHusepcuter Ilerpa Beamxoro,
(Cankr-TletepOypr),

KaHAUAAQT DKOHOMMYECKUX HayK

VmxenepHo-
CTPOUTEALHBII  MHCTUTYT

Coasmakuna Ar0608b Hukoaaesna

AuthorID: 652471

Poccmiicknii  ToCy4apCTBEHHBIM T'yMaHUTapPHBIN
YHUBEPCUTET (Mocksa), KaHAUAAT
HKOHOMMYECKMX HayK

Kapnenko I0puit Amutpuesind

AuthorID: 338912

Lentp
yIIpaBAeHUs] MeANKO-OMOAOTMIeCKUMHI PYUCKaMMU
saopospio  OMDBA, /labopaTopus
TUTVIEHNYEeCKO

CTpaTermieckoro IMAaHNPOBaHNII n
DKOA0ro-

oneHK 0Tx040B (Mocksa),
AOKTOpP OMOAOTMYECKNX HayK.

Maaaxosckmit Baagumup Baagumuposuda
AuthorID: 666188

ITepsoiin TOCy4apPCTBEHHBIN

MeaunuHcKuii yHusepcuteT uM. V.M. Cedenosa,

MockoBckmuit

@akyAbTeTH, dakyabTeT IIOCAEBY30BCKOTO

npodeccruoHaabHOTO 00pa30BaHMs Bpayels,



Kadeapa HeaeKapCTBEeHHBIX METOAOB Tepanuu U
KAMHMYeckon ¢uanoaorun (Mocksa), AOKTOP
MEeAVILINHCKUX HayK.

NabsicoB Oaer PammnroBuqa

AuthorID: 331592

Ypaabckmii  roCyJapCTBEHHBII  YHUBEPCUTET
myTeit cooOmieHns, Kadeapa TeXHOCPEPHOII
OesonacHOCTHU (ExarepunOypr), AOKTOP
O11010TIIeCKUX HAYK

Kocc Buktop Buxroposma

AuthorID: 563195

Poccniicknit  rocyAapcTBeHHBIN — YHUBEPCUTET

Jusmgeckoit KyAbTYpHl, CIOPTa, MOAOAEXKU U
HI
(Mocksa), kKaHAMAAT MEAMLIMHCKIX HayK.

Typu3ma, CIIOPTUBHOM ~ MeAMIIMHBI
Kaaynanma Mapuna AHaTtoabeBHa

AuthorID: 666558

Hayunslit eHTp ncuxmdeckoro 340posbsa, OTaea
10 U3Y4YEeHUIO IICUXMYECKON I1aTOAOTUM paHHEro
Bospacta  (Mocksa),

MEeAMIIMHCKNX HayK.

AETCKOTO KaHAUAAT
CroipouknHa Mapust AaekcaHApOBHa
AuthorlID: 772151

I1arizep,
(ExaTepuHOypr), KaHAUAAT MeAUIIMHCKIX HayK

BaKUMHBI ~ MEAVLVHCKUII ~ OTAeA
Myxmmmna Aroammuaa Bukroposna

AuthorID: 484309

Poccuiickuii SKOHOMIYECKUI YHUBEPCUTET WM.
I'.B. Tlaexanosa, T'oaosnoit By3: POY um. T'.B.

H/leXaHOBa, L[eHTp I"yMaHI/ITapHOIZ II0ATOTOBKU,

Kadeapa mncuxosormm  (Mocksa),  AOKTOp
Ppmaocodcxmx Hayk

Ouaenes CaTocaas Muxaiiaosuu

AuthorID: 400037

MockoBckas rocyapcTBeHHas aKagemus
xopeorpaduu, kadespa TYMaHMTapHBIX,

COIMaAbHO-DKOHOMMYECKIMX AVCOUIIAVIH 48

MeHeA>KMEeHTa VICIIOAHUTEABCKIMX

(Mocksa), 40KTOp Pp1A0COPCKIX HAYK.

VICKYCCTB

Tepentimi Ansuy Muxanaosud
AuthorlID: 449829

Mocxkosckas MeXAyHapoAHas
pekrtopaT (MockBa), AOKTOp (UAOAOTUIECKUX

aKageMuLsl,

HayK
IIkapenkos IlaBea Ilerposuya

AuthorID: 482473

Poccmiicknit  TocysapCTBEHHBIM T'yMaHUTapHBIN
yHuBepcuteT (MockBa), AOKTOp MCTOPMYECKMX
HayK

IMMaaarnua Eaena BaaaumuposHa

AuthorID: 476878

Ypaabckuili rocyAapcTBeHHBIN Ile4arormdecKiii
Kadeapa
COLIMIOAOTUNA

YHUBEPCUTET, TEOPEeTUYeCKON U

MPUKAAJHON (ExatepmHOypr),
KaHAMAAT COIIMOAOTMYECKIX HayK

®panr; CeeraaHa Bukroposna

AuthorlID: 462855

Mocxkosckas rocyapcTBeHHas aKagemus
xopeorpadu,

(Mocksa), kaHAMAaT $prA0cOPCKUX HAYK

HayYHO-MeTOAMYeCKUIl ~ OTAea
®panrs Baszepmusa AngpeesHa

AuthorlID: 767545

Ypaasckmii  QesepaabHBII  YHUBEPCUTET UM.
nepsoro Ilpesumgenta Poccum b.H. Eabnuna,
MHCTUTYT TOCyAapCTBEHHOTO yIpaBAeHUs U
IpeAIllpUHIMaTeAbCTBa (ExaTtepmHOYypr),
KaHAUAAT GUA0COPCKMX HayK

I'aasynos Hukoaaii 'ennagbesna

AuthorID: 297931

Camapckuii  rocyAapcCTBeHHBINI — COLIMAAbHO-
rejarormdecKui YHUBEPCUTET, Kadeapa
¢puaocopun, wmcropum wu TEOpUUM MUPOBOI

KyAbTypel (Mocksa), KaHauzar ¢uA0coPpCKUX
HaykK

Pomanosa llaona EsrenbesHa

AuthorlID: 422218

I'ymanuTapHbIi
colmnaabHOM
KaHAMAaT Gp1rA0coPCKMUX HayK

YHUBEPCUTET,
(ExaTepun0ypr),

daxyabrer
IICUXOAOT UM



OTBeTCcTBEeHHBIN pPeAaKTOP
Uykmaes Aaexkcanap VisaHosuy
JoKTOp 10pMuANYecKNX HayK, ITpodeccop Kadeapsl yTOA0BHOTO ITpasa.
(Acrana, Kaszaxcrah)

Cratby, IocTynalomye B peaklnio, perieH3npyIoTcs. 3a A0CTOBe PHOCTD CBe A€HUIA,
U310KEeHHBIX B CTaThsX, OTBETCTBEHHOCTD HeCYT aBTOPLI. MHeHMe peaKI i MOXKeT He
COBIaAaTh C MHEHMEM aBTOPOB MaTepnaaoB. [ IpuniepenieyaTke cchlaKa Ha KypHaa
obs3aTeabHa.Martepuaasl yOAMKYIOTCS B aBTOPCKON peAaKLIUL.

Agpec peaakiym:

198320, Caukr-IletepOypr, I'opog Kpachaoe Ceao, ya. I'eoaornueckas,
A.44, k. 1, autepa A

Aapec 52eKTpOHHOII ITOYTHL: info@national-science.ru
Agapec Beb-carrra: http://national-science.ru/

Yuapegureas n usagarear OO0 «Jormka+»
Tupaxx 1000 oks.

Ornevarano B Tunorpagun 620144, r. ExatepunOypr,
yauna Hapoanoit Boan, 2, od. 44

XyaosxHuk: Benepckas Buxkropus AaexkcanaposHa
Bepctka: Kopsxkes Apcennii Ilerposuu

Kypnaa zaperncrpuposan PegepaabHoit cAy>k00i11 110 Hag30py B cepe CBsA3H,
1H(POPMaIMIOHHBIX TeXHOAOTMII ¥ MAaCCOBBIX KOMMYHUKAIIMIA.


mailto:info@national-science.ru
http://national-science.ru/

