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MODERN APPROACHES TO TEACHING CYTOLOGY
AND HISTOLOGY IN THE UNIVERSITY

Abstract. For the formation of systemic ideas about the microscopic functional morphology of

cells, tissues and organs of the human body, the ways and nature of the development of its cellular,

tissue and organ systems, modern teaching of the course on cytology and histology, which should be

aimed at mastering the totality of science, is of great importance. It is shown that the modern prin-

ciples of teaching these disciplines include changing the forms and content of education in accordance

with modern trends, adapting the content of curricula in accordance with the future professional

needs of students. The use of modern interactive technologies allows you to enhance the role of the

student in the learning process, to form his personal and professional qualities.

Keywords: cytology, histology, embryology, teaching methods, interactive learning.

Introduction

At present, there is a change of priorities and
social values: scientific and technical progress is
increasingly recognized as a means of achieving
the level of production that best meets the ever-
increasing human needs, the development of the
spiritual wealth of the individual. For this reason,
the learning process requires constant improve-
ment. Therefore, the current situation requires a
fundamental change in the strategy and tactics of
studying at a higher educational institution when
training specialists.

The main characteristics of a university graduate
are his competence and mobility. Therefore, the em-
phasis in the study of academic disciplines is trans-
ferred to the process of cognition itself, the effective-
ness of which completely depends on the student’s
cognitive activity. The success of achieving this goal
depends not only on the content of training, but also
on how the subject is assimilated: individually or col-
lectively, in authoritarian or humanistic conditions,
based on attention, perception, memory, or on the
whole personal potential of a person, using modern
interactive and traditional teaching methods.
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In connection with the growing role of knowl-
edge in the modern world, they began to act as the
main factor in the development of society, which
served as a powerful incentive for the development
and implementation of new, more effective learning
technologies in educational practice. At the same
time, there is a need to develop basic principles that
are focused on creating conditions for the develop-
ment of the personality of a student as a competent
specialist and an independent citizen of society. The
increased interest of teachers in the construction of
various models of training aimed at the development
of the essential forces of man is caused by the turn
of education to man, his turning on a new round of
history to humanistic ideas [ 1, p. 251-253].

Traditional forms of education

Modern advances in biological sciences, in par-
ticular cytology and histology, have deepened the
understanding of the structure and functions of the
human body, the characteristics of its adaptation
to various influences. Teaching these disciplines
should be aimed at mastering students by a set of
scientific achievements, which is necessary for stu-
dents to form systemic ideas about the microscopic
functional morphology of tissues and organs of the
human body, ways and patterns of development of
its cellular, tissue and organ systems [2].

The learning process includes several forms of tra-
ditional learning: lectures, practical classes, indepen-
dent lessons, current module knowledge control, and
an exam. The classic lecture is an oral systematic and
consistent presentation of educational material. The
mechanism of perception of a lecture consists of several
stages. Information is perceived first, then it is analyzed
in the student’s mind, after which the information is
again expressed in words (in the form of lecture notes).
Synopsis is already a product of the student’s thinking,
which requires considerable mental strain from him.
The lecture material is fixed on practical exercises and
in the process of independent work.

The main form of the organization of educational
work is a practical lesson — completed in the temporal,

semantic and organizational terms stage of the educa-
tional process. As arule, textbooks are used for home-
work. The work of a student in class is supervised by
a teacher, he also assesses the level of knowledge of
each student and the results of work in his subject.

Independent work of a student — an organiza-
tional form of educational activity, in accordance
with the curriculum they acquire practical skills -
carry out the study of cytological and histological
preparations using microscopes. The use of atlases
of electronic (“virtual”) cytological and histologi-
cal preparations can be an innovation of learning.
Addition, as well as partial replacement of the drug
in preparing the student for practical skills, can be
the use of textbooks with digital color photographs,
which can be created both by the department staff
and students in practical classes [3].

The purpose of the work is to analyze the mod-
ern models of learning and identify the most effec-
tive and cognitive tools and methods, justifying the
specifics of their application. Taking into account
the objectives of the disciplines of this study in the
system of training of specialists at the university, the
following basic training tasks can be formulated [3]:

« study of the spatial arrangement of cells, tis-
sues, organs of the human body and their
structural and functional characteristics;

« determination of the regular features of their
embryonic and postembryonic formation and
development;

« study of the mechanisms and patterns of for-
mation and development of body systems in
embryogenesis, including functional, age-
related, protective and adaptive changes and
mechanisms of organs and their structural
components, as well as their histo-functional
features and characteristics.

« using microscopic research in the space of the
studied biological material, the formation of
students’ skills in identifying organs, their tis-
sue components, cells and non-cellular struc-
tures.

4
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The solution of the above problems allows stu-
dents to form ideas about the general patterns of the
cellular organization of living matter in students, to
identify differences in the cellular structure of vari-
ous tissues of the human body. Understanding the
patterns of cellular and tissue levels of the organi-
zation makes it possible to realize the mechanisms,
direction and characteristic principles of the devel-
opment of living matter, histo-genesis and organo-
genesis, the dynamics of embryonic shaping and
individual human development. The study of the
microscopic structure and function of the structures
of the human body is the basis for forming in future
specialists a deep understanding of the nature and
direction of changes in cells and tissues during the
development of pathological states and diseases in
humans [4, p. 57-58].

Modern teaching methods

At the present stage of development, the teaching
of many disciplines requires the use of new didactic
and information technologies. Traditional learn-
ing models offer students to absorb large amounts
of ready-made knowledge. At the same time, there
is practically no need to develop projects based on
learning interaction with other students. Such an ap-
proach to learning is not enough to prepare a com-
prehensively educated and logically minded spe-
cialist who is able to independently master modern
research methods [5, p. 147-150].

Modern methodological approaches to teaching
cytology and histology at the university, where the
study of theoretical and practical issues is carried out
by students in their free time, can be divided into
classroom (classes in classrooms under the supervi-
sion of a teacher or laboratory assistant) and extra-
curricular (homework preparation). In the process
of practice, students gradually acquire the skills of
independent work, where almost all types of these
works are related to the requirements of curricula.

Cytology and histology are fundamental disci-
plines that are designed to form among future stu-
dents a scientific understanding of the structural and

functional organization of vital activity of an organ-
ism, which is the basis for understanding the essence
and morphological manifestations of pathological
processes [2; 5, p. 167-168].

Improving the efficiency of teaching cytology
and histology involves the introduction of innovative
technologies in the traditional educational process.
The use of multimedia technologies allows each po-
sition of the lecture to be supported by demonstra-
tion of cytological and histological sections of organs
and tissues, as well as corresponding electron diffrac-
tion patterns using digital micrographs. At the same
time, multimedia technologies make it possible to
use a large number of demonstrations, which is dif-
ficult when using traditional forms of presentation
of material by a lecturer. The use of multimedia pre-
sentations at lectures significantly increases visibil-
ity, attracts the attention of students, reinforces basic
ideas, facilitates the perception and memorization
of material, and contributes to the organization of
thoughts [6, p. 113-116].

The use of embedded fragments of educational
films that demonstrate volumetric structures tradi-
tionally difficult for students to understand (for ex-
ample: migration of leukocytes through the blood
vessel wall, the process of cooperation of immune re-
sponse cells, the fragmentation process in the human
embryo at early stages of development, and much
other). Significant and much simpler replacement
in the presentations of the demonstration material
in obtaining new, more advanced microphotographs
is essential. Teaching students in practical classes in
cytology and histology, as well as their independent
work, is usually carried out according to the tradi-
tional scheme: students with the help of teachers in
accordance with the curriculum acquire practical
skills - they study cytological and histological prepa-
rations using microscopes.

The use of atlases of electronic (“virtual”) cyto-
logical and histological preparations may become an
innovation of learning. Addition, as well as partial
substitution of drugs in preparing the student for
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practical skills, can be the use of digital color photo-
graphs, which can be created as faculty members, as
well as students in practical classes. To obtain digital
images of cytological and histological preparations,
various complexes of light microscopy can be used,
equipped with a digital color camera and appropriate
software. Such complexes allow not only to demon-
strate the studied drug to students in real time via
an interactive whiteboard or mobile computer class,
but also to select the most successful areas of the
preparation, create electronic files based on them
and further process them to create electronic labels
in electronic images. Significantly increase the infor-
mation content and, accordingly, the quality of the
material in the digital photos obtained cytological
and histological preparations of the designation of
the main structural elements. These photos, both on
paper and electronic media can be used in the edu-
cational process [7, p. 96-98].

To improve the availability and quality of educa-
tion, it is advisable to post electronic methodologi-
cal guidelines illustrated with digital photos of the
preparations on the department’s website. In addi-
tion, the creation of electronic cytological and his-
tological albums for each student for themselves will
give the opportunity to work with them in the future,
not only in the department, but also in preparation
for classes at home.

Currently, the most promising methodological
approach to improving the quality of student learn-
ing is interactive learning, a special form of organizing
students’ cognitive activity, implying specific and pre-
dictable goals of creating comfortable learning condi-
tions. At the same time, the student feels his success,
his intellectual soundness, which makes the learning
process more productive. The educational process,
based on the use of interactive teaching methods, is
organized taking into account the involvement of all
students in the process of learning. Joint activities al-
low everyone to express their opinions, make their in-
dividual contributions, share knowledge, ideas, ways
of working. The principles of the interactive teaching

method include: interaction, the activity of students,
support for group experience, and cognitive (team)
games. The task of the teacher is to facilitate the orga-
nization of individual, pair and group work, as well as
work with various sources of information, including
electronic ones [8, p. 56-57].

Professionalization of training in the study of
cytology and histology at an institution of higher
learning implies that students understand the role
and importance of these disciplines in their future
professional activity, which is a strong enough moti-
vation to study it. Professional problems must pene-
trate deep into the essence of the disciplines studied.

A systematic approach to learning histology and
cytology is manifested in the integration of all levels
of knowledge gained in the overall logical structure
of the university program, which ultimately enhanc-
es the professional level of training,

Findings

1. The modern principles of teaching histology
and cytology include changing the forms and con-
tent of education in accordance with current trends,
adapting the content of curricula in accordance with
future professional needs of students.

2. The use of modern interactive technologies al-
lows you to increase student activity in the learning
process, to form his personal and professional qualities.

3.Itis proposed to create and place on the web-
site of the Department of Histology and Cytology a
digital album of “virtual histological preparations”,
which provides the ability to arbitrarily change the
field of view, select the objects under study and make
their designations. This will increase the interest of
students in the study of the discipline and the quality
of their knowledge. it will be possible to work inde-
pendently not only in the classrooms, but also in any
place convenient for them.

Conclusion

Modern information computer technologies, as
ameans of learning, have a high motivational effect,
create an atmosphere of creativity and cooperation
in the lesson, and activate students to independently
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study additional material. Analysis of the results of
the article confirms the effectiveness of the consid-
ered methods of teaching cytology and histology us-
ing the latest information technologies and sets the
task for researchers to further introduce the newly

developed computer technologies into the teacher’s
practice. It can be assumed that in the future the edu-
cational process will correspond to the new teach-
ing principles as the schools are equipped with more
modern information computer equipment.
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IT-TEXHOJIOTUA

Annoranus. CtaTbs MocpsieHa HHPOPMAITHOHHBIM TeXHOAOTHSM M POAH YeAOBeKa B HHPOP-

MAIJMOHHOM IpocTpaHcTBe. OparMeHTaM NCTOPUH Pa3BUTHS BHIYMCAUTEABHOM TeXxHUKU. HoBruHKaM
it

B o6aacTu I T-TexHOAOTHIL.

KaroueBbie caoBa: IT-rexnoaoruit, nHPOpMaIMOHHO-KOMMYHHKAI[MOHHbIe cucTeMbl, IT-

CIICITAAMCT, 06AaYHbBIE TEXHOAOTHH.

IT TexHOAOIMH IPEACTABASIOT €000 HHPOP-
MAaI[MOHHO-KOMMYHHKAIUOHHBIE CUCTeMbl, KOTO-
pble YIPOIIAOT IOUCK, COOp, XpaHeHHe, 00paboTKy
U pacIpoCTpaHeHHe pa3sAMYHbIX cBepeHui. CTpemu-
TeAbHOe pasBurHe IT-rexHoaoruit Tpebyer x cebe
3PUTEAbHOTO BHUMAHHUS, He TOABKO ITOAb30BaTeAeH,
HO CIIELHAAVICTOB B AAHHOM 00AACTH, TaK KaK TEXHO-
AOTHH OBICTPO Pa3BUBAIOTCS, U KAXKADBIN ACHb HYXKHO
OCBAMBATh YTO-TO HOBOE, YTOOBI OCTABATHCS BOCTpeE-
OOBaHHBIM CITELUAAUCTOM. Ad, A3, TaK KaK Ceidac
I'T TexHOAOTHM 3aXBaTHAN OIPOMHYIO TEPPUTOPHIO
AASL Pa3BUTHS CBOMX BO3MOXKHOCTeH BO Bcex cdepax
yeAoBedecKkon pesiteabHOCTH. [loaTOMy OHM Tak Boc-
TpeboBaHbl Ha phIHKe TPyAd. Celtdac MaAO Takux cpep
YEAOBEYECKON AESITEABHOCTH, TA€ He HY>KHBI ObIAY ObI
3HAHUS HA YPOBHE OOBIYHOTO TIOAB30BATEAS ...

Mup HalIOAHHMAU TaAKeTBbI, OAHO M3 CaMBIX BOC-
TpeboBanHbIx Aetuin [T Texnoaorun. Ceitdac 6e3
IIePEAOBBIX TEXHOAOTUI HUKYAQ, OOIIeCTBY HY>KHbI
HOBBIE AOCTIDKEHHS HAyKH U TEXHUKH, YTOOBI HATH
B HOTY CO BpeMeHeM IIPUXOAUTHCS OBITh AF0O03Ha-
TEABHBIM U KOMMYHHKA0€AbHbIM.

IT-TexHOAOTHH ITOSIBUAKICH 3AAOATO AO TOTO, KaK
MUp BOob1IIe Y3HAA 00 HHPOPMALIMOHHBIX CHCTEMAX
U 9A€KTPOHHO-BBIYMCAUTEABHBIX MAIITMHAX. YMBI Ha-
YKH BCETAQ CTPEeMUAKCH IIPUBECTU UMEIOIIHNeCs B eT0
PaCIOpsDKEHUHN AQHHBIE B CTPOTHUI IOPSAOK — AAST
3TOTO MCIIOAB30BAAKCH Pa3AWYHbIE U300peTeHMs,
MaTeMaTHU4eCKue KOHIeIIINH, 3AKOHbI AOTUKHY U aHa-
antuku. [Ipodeccun, cBszaHHbIE ¢ KOMIIBIOTEPHOM
TEeXHHUKOM, IIPOrpaMMUPOBaHIeM, UHYOPMAIIMOHHbI-

MU TEXHOAOTHSIMU, O4€Hb BOCTPeOOBAHBI U CefJac.
B uHCcTHTYTaX M yHUBepCUTETaX IOSBUAUCH HOBbIE
KadeApBI, 4TOObI 06eCIednTh PHIHOK TPYAQ CIIELIH-
aancramu B obaactu IT-Texnonoruu. ITpodeccus
IT-crerjraAucTa mpeaoAaraeT oOy4eHre Ha poTs-
YKeHUU BCeT0 >KU3HEHHOT'0 ITYTH, U $YHAAMEHT, 3aA0-
’KeHHBIV B YHUBEPCHUTETE, IOMOXET OeAyIoleMy CIIe-
IIMAAUCTY OBICTPO OCBOUTD HOBeMHIINe Pa3paboTKu.
B nacrosimee BpeMs cymiecTByeT orpoMHasi Macca
AUTEpaTyphl, nocesmeHHoMn I'T-Texnosorun. «Aas
JalfHMKOB> — TaK Ha3bIBaeTCs, HABepPHOe, caMas I10-
IyAsIpHAsl CepHsl KHUT, ITOCBSIIEHHBIX OCHOBAM IIpO-
rpaMMHpPOBaHHMS, MPOEKTHPOBAHUS 0a3 AAHHBIX,
Be0O-AM3aiiHY, CeTeBbIM TEXHOAOTHSIM U TaK AdAee.
O6yueHne IO TAKOTO POAQ AUTEPATYPE TOXE AAeT
CBOM ITAOABI M IMeET OTIpeAeAeHHbIe IIPeHMYIecTBa.
PasBurune I'T-TeXHOAOTHH CTOAD CTPEMHUTEABHO pas3-
BHBAETCS, YTO BBICIIee 0Opa3oBaHue IIPOCTO He yCIIe-
BaeT UATH 32 HEH.

[Toxxaayit, HanboOAee N3BECTHBIMU CIIELIMAANCTA-
Mu 110 I'T TeXHOAOTHAM B IIMPOKMX KPyTaX CIUTAOT-
s mporpaMMHCThL. FIMEHHO ¢ HUMM aCCOIMMPYIOTCS
TaKye MOHATHS, KaK < KOMIIIOTeP>, <« MHTepHeT UAU
MHpPOBas MAyTHHA>» U «HHPOPMAIJUOHHBIE TeXHO-
Aorun>. B aToM u ecTh ¢uiIKa — MPOrpaMMHUCTDI
AEVICTBUTEABHO Pa3pabaThIBAIOT AATOPUTMBI, IIPO-
rpaMMBI, IPOrpaMMHOe obecriedeHue, 6a3bl AAHHBIX
U APyTHE 9AEMEHTBI, U3 KOTOPbIX BBICTPalBaeTCs BCA
IT -cucrema. Takue crenMaArCTbI BOCTpeOOBaHbI
U paboTaloT ¢ BHYTPEHHUMH IIPOLIECCAMH, SIBASIIO-
IUMUCS SAPOM KOMIIBIOTEPHOTO MUPA.
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HMurepecnniit ¢axr! IlepBbiM mporpamMmucrom
B MHp€ CYMTAeTCS SKeHIIMHA, rpapuHs AOYb aHTAMI-
CKOTO II09Ta-poMaHTHKa Axxopaxa batipona Apa As-
ryctuHa AaBaefic, oHa B 1843 ropy paspaborasa pas
AHAAMTHYECKO MAIIHHBI COOCTBEHHYIO IIPOrpaMMy —
AATOPUTM BbruMcAeHus unceA bepayaan. A moaroto-
BHAQ OHA 9TO OTMCaHMe KaK pa3 Aas npoekTa Japabsa
Ba66maxKa, C KOTOPBIM paboTaAa B Imape.

Eme oano# npodeccueit crosiBuIei nmpakTuye-
CKHM y ee MCTOKOB M Hepa3pbIBHO cBs3aHHOM ¢ IT-
TeXHOAOTHSMH, SBASIETCSI CUCTEMHbIH aAMHHUCTPA-
TOp. ODTO YeAOBEK, IPU3BAHHBIN ITOAAEPKUBATb
becniepeboiiHoe pyHKIMOHUpOoBaHHe DBM u mpo-
IPaMMHOTO O0ecIieueHus], 2 TAKKe 0becIieunBaTh Ku-
bep-6e30macHOCTb U CHCTEMHO-HHPOPMALIUOHHYIO
3aIMIIEHHOCTD IIPEATPHATHA.

Kcrary, 13 HOBefIINX pa3paboTOK U HAIpaBAe-
Hui I T-TeXHOAOI i1 MOKHO OTMETHUTD OOAAYHBIE TEX-
HoAorun. O6AauHbIE TEXHOAOTUU MAW BBIYUCACHUS
(cloud computing) — ato IT-TexHoAOrUS pacmpe-
AEAEHHOM 06pa6OTKI/I AQHHBIX B KOTOPOM KOMIIbIO-
TepHbIe peCypChl U MOUIHOCTHU IPEAOCTABASIIOTCS
IIOAB30BATEAI0 KaK HHTepHeT-cepBuC. Ecan 00bsic-
HUTb AOCTYIIHBIM SI3bIKOM, TO — 3TO Baia nmoas3osa-
TEAbCKasl, B HEKOTOPOM CMbICA€ pabodasi MAOIAAKA
B MHTEpHeTe, a TOYHee Ha YAAAEHHOM cepBepe.

Hcropust 00AQYHBIX TEXHOAOT UM (BBIYEICACHMIT)
YXOAMT B IIpoLIAoe ¥ HaunHaeTcs B 1970 roay — c roro
MOMEHTA, KaK aMepUKaHCKUM yueHbn Axkosed Au-
KAaizep 03BY4HA CBOIO HAel0. CyTb ee 3aKAI09aAach
B BO3MOXXHOCTH ITPEAOCTaBACHHSI IIOAB30BATEASIM
HMHTEpPHeT AOCTYTIa He TOAbKO K AAHHBIM, a U K IIpO-
I'PaMMHBIM pecypcam.

IToao6ny10 HAeto mpeasaraa u Ayxon MakkapTy,
IIpeAAaras UCIIOAb30BaTh BbIYMCAUTEAbHbIE MOIIIHO-
CTU KaK HHTepHeT-cepBHC. Bckope pabora B aTOM
cdepe npuocraHoBuaack moury Ha 20 aer [1].

ITpenmymecTBa 06AQUHBIX TEXHOAOTHIA:

1. BupTyaabHbIe CepBHCH OCBOOOXKAAIOT OT He-
00X0AUMOCTH paboTaTh C (AELI-HAKOIIUTEASIMU
U pelaloT MpobAeMy IO OrpaHUYeHISIM 0ObeMa Ha
JKECTKOM AKCKE — IIOAb30BATEAIO AAETCS HECKOABKO

rurabaiT 6ecraaTHO, a TP HeOOXOAUMOCTH UX MOX-
HO AOKYTIUTb.

2. He HyXHO HOKyIIaTh AMI}eH3HOHHOE IIPO-
rpaMMHOe obecriedeHue.

3. CepBuc 03BOASIET OAHOBPeMEHHO paboTarhb
C opAHUM (aAOM HECKOABKHM COTPYAHHKAM HAU
TBOPYECKOM I'PYIIIIE.

4. TToAp30BaTeAb MOXKET XPAHUTD UHGOPMALHIO
B AI0OOM PpopMaTe 1 CBOOOAHO MOAYYATD K HEMl AO-
CTYII C AF0OOTO YCTPOMCTBA — IPUBSI3KY K [IAMSITH
KOHKPETHOT'O KOMITBIOTEPA HeT.

5. IIpumMeHeHe TIOAOOHBIX BUPTYAABHBIX XPAHHU-
AUII BBICBOOOXAQET MECTO Ha XECTKOM AVCKE, TOBBI-
11ast CKOPOCTD PabOTHI KOMIIBIOTEPA.

6. PerieHuUs MO3BOASIIOT OTKA3aThCSI OT IITATA AA-
MUHHUCTPATOPOB, 3aHUMAIOIIEr0Cs. 0OCAY>KHBAHIEM
KOMIIbIOTEpPOB U nepudepuu. Bupryasstsie opucer
CYILIECTBEHHO YIIPOIAIOT PabOTy, COKPAIAIOT 3a-
TPaTBl, IIO3BOASIFOT PELIaTh CAOXKHbIE TEXHUYECKIE
3aAQUM B ABTOMATHYECKOM PeXXUMe.

7. VIx MO>KHO UCIIOAB30BATh HA Pa3HbIX AATPOP-
Max, a [IPU HeOOXOAMMOCTH — MaCIITAOUPOBATh. JAa-
CTHYHAsSI ¥ THOKAsI CTPYKTYpPa IIO3BOASIET 9TO AETKO
caeaars [2].

I[praunsl BO3pacTaromeil MOMyASPHOCTH 00AaY-
HBIX TEXHOAOTHII [IOHSTHBL: BOBMOXKHOCTH X [IPHIMe-
HEHIIsI O4eHb Pa3HOOOPA3HBI U [IO3BOASIIOT 9KOHOMHTD
KaK Ha OOCAY>KUBAHHU U1 [IEPCOHAAE, TAK U HA HHPpPa-
CTpyKTYype. AmnmapaTHoe obecriedeHre MOXeT OBbITh
CHABHO YIIPOILEHO [P 00paboTKe AQHHBIX U XpaHe-
HUHY MHPOPMALUH B YAAACHHDIX [EHTPAX AQHHBIX [ 3 ].

O6aaunbte  BbrumcAenus  (amra.  cloud
computing) — 3To MOA€Ab 06ecriedeHIs TOBCeMecT-
HOTO 1 YAOOHOT'O CETEBOr0 AOCTYIIA II0 TPeOOBAHHUIO
K O6IIUM BBIYMCAUTEABHBIM pecypcam (Hampumep,
CeTSIM IIePeAAYU AAHHBIX, CepBepaM, YCTPONUCTBAM
XPaHEHUSI AAHHBIX, IPUKAAAHBIM IPOrPaMMaM,
IIPUAOXKEHISIM M CEPBUCAM — KaK BMeCTe, TaK U 10
OTAEABHOCTH), KOTOPbIE MOTYT GBITb OMEPATUBHO
IIPEAOCTABAEHBI U OCBOOOXKAEHDI C MUHIMAABHBIMU
9KCIIAYaTAIIMOHHBIMU 3aTPAaTaMy 1/ UAU OOpalieHun-

SMH K IpOBaiipepy [4].
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Taxum 00pa3oM, MOXKHO CKa3aTh YTO, 0OAAYIHbIE
TEXHOAOTHUM,— 9TO Pa3AWYHBIE AIIAPATHbIE, IPO-
rpaMMHbIe CPEACTBA, METOAOAOTHH U UHCTPYMEH-
Tbl, KOTOPbIE [IPEAOCTABASIIOTCS IOAB30BATEAI0, KK
HHTEPHET-CEPBUCHI, AASL PEAAU3ALINU CBOUX LieAel,
3244, IIPOEKTOB.

Ecau panblie T0AB30BaTeAb AASL PAOOTHI yCTAaHAB-
AVBaA Ha CBOEM KOMIIbIOTEpe Hy>KHbIe IIPHAOYKEHIIS,
TO Tellepb BCe OOABIIE CEPBUCOB MOSBASIETCS B HH-
tepHeTe. I'paduueckue U TEKCTOBBIE PEAAKTOPHI,
06paboTka BUAEO IIPsIMO B Opaysepe yrke HUKOTO He
yauBAsitoT. [TosiBAsiIOTCSI OyXTaATepCKue U yIIpaBAeH-
JeCcKre [IPOrPaMMBL, II03BOASIOLIKE OBITD B Kypce co-
OBITHI BAAAH OT pabodero Mecra.

HysxHO oTMeTHTBH, KaKk Ha CETOAHSI AKTHUBHO Be-
AyTCsL pabOTHI IO PACIIO3HABAHHIO YEAOBEYECKOTO

roAOCa U U300pakeHHs. YKe KOMIIBIOTepPBbl MO-
I'yT paclio3HaBaTh H300PaXKEHHE, 9TO OUYePEAHOM
npopsis IT Texaosoruu. PoTo ¢ AOKyMEHTOB yiKe
MOYKHO ITPOBEPATDH B ABTOMATUYECKOM PeKUMe, YTO
B CBOIO OYepPeAb CTAAO OOABIINM MOACIIOPbEM AAS
IIPAaBOOXPAHUTEABHBIX OPTaHOB M IOTPAaHUYHOM
CAY>KOBL YBepeHHO€ PacIIO3HABAHUE YeAOBEUECKOM
peun yxe TecTupyercs. C KaXXABIM TOAOM AOBepHs
K IT TexHOAOrHSIM OCOOEHHO AASI IIPUHSTHUS OH-
AQiH-pelIeHNsIM CTAaHOBUTCS Bce Goabire. CeropHs
yoKe IIPEeAAAraloT KOMIIBIOTEPHBIE Pa3paboTK C UH-
TerpUpPOBAHHBIM AATOPUTMOM CaMO3aIIUTbI AAHHBIX
U cucreMa 06e30MacCHOCTU MIPEAOCTABUT AOCTYIL,
€CAU Cpeaa UAeHTUUIIMPOBAHA €10 KaK Oe3omac-
Has. B mpoTuBHOM cAydae AQHHBIMH HEBO3MOXXHO
OyAeT BOCIIOAB30BATbCSI.

Cnucox AuTeparypsi:

1. URL: https://qwizz.ru/o6aaunsie-TexHOAOTHH

2. URL: https://qwizz.ru/it-TeXHOAOIHH-4TO-9TO-TaKOE

3. Barypa T.B. O6aauHble TEXHOAOTUH: OCHOBHBIE IIOHSTHSI, 3aAQ4H U TEHACHIIUHU Pa3BUTHS [aAeKTPOHHbeI

pecypc] / T.B. Barypa, ®. A. Mypsun, A. ®. Cemuy / TIporpaMmHbIe TP OAYKTBI, CACTEMBI K AATOPHTMBIL:

9AEKTPOHHDII Hay4HBIH KypHAA. 2014.— Pesxum poctyma: URL: http://swsys-web.ru/cloud-computing-

basic-concepts-problems.html

4. URL: http://it-ebooks.ru/publ/it_common_questions/cloud_technology/20-1-0-746
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KaroueBble cAOBa: KepaMUYeCKHUIl KUPIINY, CTEHOBbIe MaTepUAAbL, 9HeprocoepexeHne, CTpou-

TEAbHbIE MaTE€PHAADL, ITIPON3IBOACTBEHHDBIE OTXOADL.

B Hacrosiee BpeMsi cbIpbeBasi 6asa CyIjecTBy-
IOIIMX KUPIIMYHBIX 3aBOAOB Pecrrybanku Kaszaxcran
OPHMEHTHPOBAaHA HA MCIIOAb30BAaHHE AECCOBHAHBIX
CYTAMHKOB M A€CCOB, 3HAUYUTEAbHBIE 3aIlachl KOTO-
PBIX IMEIOTCSI IIOYTH BO BCeX 00AACTSIX PeCITyOAUKH
U BBIITYCK U3AEAUH MPOU3BOAUTCS, B OCHOBHOM, IIO
METOAY ITAACTHIeCKOro $OpPMOBAHHUSL.

OaHako 3a11eCOYeHHOCTD 1 BBICOKOE COAepPKaHUe
KapOOHATOB A€CCOBUAHBIX CYTAMHKOB B PSIA€ CAy4a-
eB He II03BOASIeT MCIIOAb30BATh UX AQXKe AAS IIPO-
U3BOACTBA OOBIKHOBEHHOTO TAMHSHOIO KHPIINYA,
OTAMYAIOI]Erocsl He TOAbKO HU3KUMHU PU3HNKO-Mexa-
HUYeCKHMMHU CBOMCTBAaMH, HO U BbIIIBETaMU PacTBO-
PHUMBIX COAeH, OTPAaHMYMBAIOIIMMU €TI0 IPUMEeHeHHUs
B CTPOUTEABCTBE 0OBEKTOB PA3ANYHOTO HA3HAYEHHISL.

Axmyasvnocmov pabomvi: B HacTosimee BpeMs
OAHHM U3 OCTPBIX IIPOOAeM IPOU3BOACTBA Kepa-
MHYeCKOTO KHUPIINYaA SBASIIOTCSI OOAbIIAst pecypco-
U 9HEProeMKOCTb U HM3KHe ITPOYHOCTHBIE ITOKa-
3aTeAu TOTOBBIX uspeAuil. V3-3a HecTabuabHOCTH
XUMHYECKOTO COCTaBa CYTAUHKOB ITPU OOXKHTe H3Ae-
AW He TIOAHOCTBIO IIPOTEKAIOT IPOIIeCChl MUHEPaA-
HO- U CTPYKTYpOOOPa30OBaHIsI AQKe IIPH BBICOKUX
temmeparypax obxura (T=1000...1050°C).

ITeav nayunoii pabomvi: Paspaborka pecypco-
U 9Heprocbeperaromieil TEXHOAOTHU IIPOU3BOACTBA
CTeHOBOM KePaMHKH Ha OCHOBE KOMITO3UITHH A€CCO-
BUAHBII CyTAUHOK — 30Aa TOL] — BoaracToHMTCOACD-
SKAIHUM ITIAAK.

Ocnoénuote 3adauu:

— pas3paboTaTb palMOHAAbHbBIE COCTaBbI TPeX-
KOMITOHEHTHOM KepaMH4YeCKON KOMIIO3UITMHM AAS
IIPOM3BOACTBA K€PAMHUYECKOTO KHPIIHYA METOAOM
IIOAYCYXOI'O ITPeCCOBaHMS C UCIIOAb30BaHHEM A€C-
COBHAHOTO CYTAMHKA JaraHckoro MecTopo>XAeHus,
30AbI TOLI 1 BOAAACTOHUTCOAEPIKAIIETO MIAAKA;

— MCCA€AOBATb BAMSIHIE TeMIIEPATyPbl OOXKHra Ha
H3MeHeHHe QH3UKO-MeXaHUIECKHX CBOCTB 00PasLioB
Ha OCHOBE Pa3pabOTaHHbIX COCTABOB KOMITO3ULIUM;

— YCTaHOBUTb 3aKOHOMEPHOCTU CTPYKTYpPHO-
U $a3006pa3oBaHUS KepPAMUYECKOH KOMIIO3ULIUU
B 3aBUCHMOCTH OT TeMIIepaTyphl 00XKHra;

O6vexm uccaedosanus: KepaMurdeckuil KUpIud.

IIpedmem uccaedosanus: TexHorOrHs KepaMu-
4eCKOTO KUPIIHYA.

Hogu3sna: Hay4Ho 060CHOBaHBI COCTaBBI H CIIO-
COOBI MTOAYYEHHsI Ka4eCTBEHHO! CTEHOBOM KepaMH-
KU Ha OCHOBE A€CCOBHUAHOI'O CYyTAMHKA B COYETAHUU
30apl TOL] ¢ BOAAACTOHMTCOAEP)KAIIMM IMAAKOM
U YCTAaHOBAEHBI UX ONTHMAaAbHbIE COOTHOIIEHMS
C yueToM $pHU3UIECKUX, XUMUKO-MUHEPAAOTHIECKUX
XapaKTEPUCTUK COCTABASIIOIUX KOMIIOHEHTOB, A TaK-
Ke AOMUHUPYIOIIHIX (paKTOPOB KAXKAOTO TEXHOAOTHU-
4eCKOro IepeAeAd IIPOU3BOACTBA UBAEAHII ITO CIIOCO-
6y IIOAYCYXOTO IPeCCOBAHUSL

1. OcHOBHas 9acTh

B rccAeAOBaHMSIX MHOTHX YYEHBIX OTMEYEHbI, 4TO
MOXXHO HATH YCAOBHSI M BO3MOXXHOCTH IIPUMEHEHNUS
HEKOHAMIJUOHHBIX AETKOTIAABKUX TAMH U TAMHOCO-
AepPKaIlliX IOPOA, paHee CYUTABIINXCS HEITPHUIOA-
HBIMH, AASI IIOAYYEHUS] TOTO MAYM HHOTO BHAQ Kepa-
MUYeCKUX CTPOUTEABHBIX MATEPUAAOB.

AASL U3TOTOBAEHUS CTEHOBBIX MATEPHAAOB HaU-
6oAee MUPOKOe IPUMEHEHNe HAIIAU PACIIPOCTpa-
HEHHbBIE AETKOIAABKME TAMHBI, CYTAMHKU M AECCHI
[1;2], APTUAAUTHI [3], AAEBPOAHUTEI [4] u Aerkomaas-
KHe TAMHHUCTHIEe CAQHII [ 2-5].

Crpykrypoobpa3oBaHue B CHCTeMe TAMHA-BOAQ
SIBASIETCSI 6a30BBIM IIPU GOPMOBAHHUU U3AEAUIT ITAQ-
crudeckuM criocobom. CoraacHo paboram A. I1. Pe-
6unpepau Ap. [ 10] ancriepcuu raus B Bope 06pasyior
KOAryAsIL{IOHHBIE CTPYKTYp5L IIpu aTOM YacThIBI
TAMHBI CBSI3aHBI BAHAEPBAaAbCOBCKIMH CHAAMU 4e-
P€3 IPOCAOMKU CPEABL.

1.1 Ocobennocmu cmpykmypoobpasoeanus
Kepamuueckux macc é npoyecce 00xuza

XapakTep HM3MeHEHHH, IIpeTepIieBaeMbIX TAU-
HaMH IIpU HAarpeBaHUH, OIPeAeASeTCS HAAUYHEeM
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B MaTepHaAe TeX AU MHbIX TAMHUCTBIX MHHEPAAOB
u npuMeceil. [IpeBpameHnre HarpeBaeMbIX TAMH MO-
XKeT OBITh Pa3A€ACHO Ha YeThIpe dTalla: HU3KOTeMIIe-
PaTYPHYIO U BBICOKOTEMITIEPATYPHYIO ACTHAPATAIHIO,
IepecTPONKy pelIeTKd M BBICOKOTEMIIepaTypHbIe
M3MEHEHUs.

O6pa3oBaHsI HOBBIX COEAUHEHHI 3a CUeT B3aH-
MOAEHCTBUS OKCHAOB JKeA€3a C TAMHO3eMOM U KpeM-
He3eMOM IIPOHCXOAUT IIPU TeMIleparype obixura
soimze 1000 °C.

B TeyeHune mocaepHEro CTOAETHS IIPOLECCHI ITpe-
BpaIlleHUs] TAMHHUCTBIX MUHEPAAOB IIPH HarpeBaHUH
HCCAEAOBAAU OTeYeCTBEeHHBIE 1 3apyDexKHbIe yUeHbIe.
DBOoABIIIHCTBO M3 HUX CYUTAIOT, YTO B PE3yAbTaTe
00e3BO>KMBAHMSI TAMHUCTOTO MUHEpPaAa KAOAUHHTA
06pasyeTcst METAKAOAUHUT:

Ale3 *28i0,*2H,0 —A1203* SiO, +2H,0

Hamnpuwmep, I1.I1. Byarukos mpoueccsl, mpouc-
XOASIIME B KAOAMHAX IIPU HAarpeBaHHUHM, CXeMaTHye-
cku m3AaraeT Tak. Ha mepBoit cTapun o6sxura raas-
HbIM 00pa3oM B uHTepBaAe Temmeparyp S00-550°C
IPOUCXOAUT 00e3BOXKMBAHUE KAOAMHA T10 PeaKI[UH:

A1203 *28i0, —A1203 +28i0,

B untepBase temmeparyp 800-900°C mera-
KAOAMHHT PACIAAAeTCs Ha OKCHABI C COXpaHeHHEeM
IepBOHAYAABHON (OPMBI KAOAMHHTA. B mMHTepBa-
Ae Temmeparyp 950-10000°C mpoucxopuT Kpu-
CTAAAMBAIHS Y- TAMHO3€Ma, COIPOBOXAAIOIIASICS
3HAYUTEABHBIM 9K30TepMuieckuM adppexrTom. Ilpu
AaapHeimeM HarpeBaHuU A0 1150-1250 °C oxcrabr
A1203 1 2510, B3aUMOAEHCTBYIOT C obpasoBaHeM
MYAAUTA U CBOOOAHOTO KpeMHe3eMa B BUAe KPUCTO-
6aAnTa [TO peaKIuu:

3A1203 * 6SiO, —A1203*ZSiO2 +48i0,

O6pasoBaHue KPUCTAOOANTA COIPOBOXKAAETCS
HeOOADIIIM 9K30TepMUIECKIM 3P PeKTOM.

OTHOCHUTEABHO NPHUPOABI IK30TEPMHIECKOTO
apdexra mpu 900-1050°C umeroTcss mpoTUBO-

peunBble MHeHus. Hexkoropple um3 HuX mepBblit
9K30TepMHUYECKUI 3P PeKT CBA3BIBAIOT C KPUCTAA-
Au3anuen d- ranHO3eMa. Apyrue CYHTAIOT, YTO OH
BBI3BAaH KPUCTAAAM3aIMeN MyAAuTa. Bropoii ak3o-
TepMudeckuil a¢pPexT npu remneparypax 1150-
1390°C GOABIIMHCTBO y4YEHBIX OTHOCAT 3a CYeT
006pa3oBaHMUs MyAAHTA.

1.2 Cocmosanue ucnoAvb3oéanus omxo00e npo-
MBIUACHHOCIY 6 NPOU3600CmeEe KepamuueckKux
u3deAui

Hcnoab3oBaHne IPOMBIIIAEHHBIX  OTXOAOB
B CTPOUTEABHOM OTPACAM SIBASI@TCS YACTDIO PelIeH s
Ba)KHeTIIIel MPobAeMOil COBPEMEHHOCTH — OXpaHe
¥l OYMCTKH OT 3arPsASHEHHUS OKPy>Katomelt cpeast [ 8].

H3yyas, BO3MOXHOCTb HCTIOAb30BaHUsA 30A TOL]
¥ OTXOAOB yTA€060rameHus ycTaHoBUAH [ 8; 9], uro
30ABI C COAEp>KaHHEM roprovux BemecTs MeHee 10%
paccMarpuBaeTcs Kak oTomaommas A0baBka, bosee
KaK BBITOPAOIasl.

®upmoit “Tekoledy Corp” (CIILIA) mpoBoaHAHKC
OTIBITHI IO U3TOTOBAEHHUIO KHPIIMYa U3 Pa3AUYHBIX
IIPOMBIIIACHHBIX OTXOAOB, TAKHX KaK AeTy4asl 30Aa,
AUTEVHBIE IIECKH, aCOECTOBBIE OTXOABI, TOIIOYHBIE
IIAQKH U AD.

Ha XappkoBckoM KepaMH4IeCKOM 3aBOAE ITOAYYe-
HBI TAUTKH AAS TTOAOB 200 X 200 X 11 MM BBICOKOTO
KayecTsa.

2. XapaKkTepHCTHKa ChIpbeBbIX MaTEPHAAOB
H METOABI HCCACAOBAHHS

2.1 Xapaxmepucmuxa npumensiemvix coipve-
6bIX MAMEPUAAOB

I'panyaupoBanHbiit pocPopHbIit maak Gocdop-
Horo 3aBoaa AO «Kas®ocdar> r. Tapas npeacras-
AsieT 00011 3epHUCTBII MaTepraA ceporo 1sera. Mo-
AyAb KpymiHOCTH 3,9-4,1.

I'panysoMeTpHuyecKkHil COCTaB IIAAKA XapaKTe-
pHU3yeTcs COOTHOUIEHUAMHU PppaKIuil MOKA3aHHOMN
B (Tabamme 1).

Tabnuua 1.—- 'paHynoMeTpU4ecKknii CoOCTaB rpaHyIMPOBaHHOIO GOCHOPHOro Lwnaka

AuameTp OTBepCTHUI CUTa, MM

2,5

1,25

0,63

0,315

0,14

menee 0,14

Ocraroxk Ha cuTe,%

14-17

35-37

26-30

14-17

2-5

2-4
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ITo xummaeckomy cocrasy (Tabauma 2) docdop-
Hble IIAAKH OTHOCSTCS K OCHOBHBIM

_ CaO+ Mg
* Si0, +ALO,

Tabnnua 2.— XuMnyecknin CoCctaB rpaHyIMpPOBaHHOIO GoCHOPHOro waka

HanMeHoBanue COAe]))KaHI/Ie OKCHAOB, mac.%

ChIpBs $i0,|AL,0,[TiO,| Ca0 [MgO [Fe,0 [ P,0.[ F [S0,[CO,|Na,0[K,0|m.n.m.
- -
PATYAHPOBARHDIL | 41 151,70 — |46,02| 2,06 | 01,14 [11,76|11,12|01,6| — |01,67| - |01,92
PochopHbIl mAAK

Peskoe oxaaxxAeHHe HNIAAKOBOT'O paciiAaBa B IIPo-
Iiecce rpaHyAsIIUK OOYCAQBAUBAET B OCHOBHOM €r0O
crekaoBUAHOE cTpoenue. CopeprkaHKe CTeKAO(Pa3bI
B HUX cOCTaBAsIeT 65-97% (pucyHok 3).

3. HccaepoBaHne H pa3paboOTKa TEXHOAOTHYE-
CKHX IapaMeTPOB NPOHU3BOACTBA CTEHOBOM Kepa-
MHKH Ha OCHOBE TPEeXKOMIOHEHTHOM KepaMuyJe-
CKOM KOMITO3HUITHH

3.1 Bauanue eArakHocmu Ha $opmosouHvle
CB01ICMBa Kepamuneckoii KoMno3uyuu

AoMuHupyromuMu  GaKTOPaMHU, OIIPEAEASIO-
UMM CTENeHb YINAOTHEHMs, SABASIOTCS AABACHHE
IIpeccoBaHusA U POPMOBOYHAS BAAXKHOCTD IIPecCy-
eMol1 Macchl. B aTolt cBsA3M M3yyeHHe 3aBUCUMOCTHU
CTeNeHU YIAOTHEHUs ¥ ChIPIIOBOM IIPOYHOCTH ITOAY-
¢pabpukara OT IPeCCOBOrO AABAECHHUS M BAAXKHOCTU
MacC UMEOT IePBOCTENEeHHOe 3HaYeHHe B TEOPHH
Y TeXHOAOTHH ITPECCOBAHMS IIOPOUKOBBIX MaCC.

IToaTromy c 1jeAp0 OIpeAeAeHUs: OITHMAAbHOM
$OPMOBOYHOM BABKHOCTU AASI CHIPbEBBIX CMecei
CHCTeM M3YyYaAOCh BAMSHUE BAQXKHOCTHU Ha ChIpbe-
BYIO IIPOYHOCTD [T0AydabprKaTa 0TGOPMOBAHHBIX

Ipu PUKCUPOBAHHOM AABACHUU ITpeccoBaHMs. AaB-
AeHMe TIPeCCOBAHMSA AAS PACCMATPHUBAEMbIX CHCTEM
cocTaBuao 15 MITa [10].

3.2 Bauanue gpaxyuonnozo cocmaea na $op-
MOBOUHDLIE CB0IICMBA KEPAMUHECKOT KOMNOIULUU

B aroit cBsi3u mpu MoAGOpe OINTUMAABHOTO 3€p-
HOBOT'O COCTaBa B MCCAEAYEMBIX ChIPbEBBIX CMECSX
HCXOAMAM U3 ITPEACTABAEHHS O CHCTeMaX TPexCTy-
IIeHYaTOoro THUIIA.

CoraacHo 9TOro MpPHHIIMIA pa3paboTaHHbIE CO-
CTaBbl KepaMUYeCKUX MacC YCAOBHO pa3AeACHBI Ha
Tpu yHKIUU: KPyTHas Gpakuus (YacTUIb pasme-
pom 3,0-0,315), cpeansis dppaxrms (0,315-0,14 Mm),
Tonkas ¢ppaxuus (0,14), npu onpeseAeHHOM COOT-
HOIIEHUH KOTOPBIX IPEATIOAATAETCS AOCTHTHYTD
MHMHUMAABHOM 3aIlIpeCCOBKU BO3AyXa U IOAYYUTD
KaueCTBEHHbII IIOAYPaOpHKAT.

3a CpeAHIOI0 M TOHKYIO PpPaKIIUIO KepaMU4ecKOH
KOMIIO3MITM IPUHIMAAH €CTeCTBeHHbIe 3epHOBbIe
COCTaBbI COCTABASIIONIMX KOMIIOHEHTOB, a COAEpIKa-
HUe KPYITHOM QPaKIMi AOCTUTAH, UCTIOAB3YS IPaHY-
AMPOBaHHbIN $OCHOPHDIH IMAAK B HEMOAOTOM BHAE.

Tabnuua 3. — PpakUMOHHbIN COCTaB UCCIEAYEMbIX KEPAMUYECKMX KOMMO3ULINIA

Kpynnas ppaknus,% | Cpeansis ppaknus,% | Tonkas ¢ppakomst, %

Howmep cocrana (31,)()),—0,3 l(gﬁM.; ’ ((5325—0,(11)5 1:1:) , (Menee (;l,) f4::1) ’
(YucTpiit CyrAMHOK) 1,0-2,45 22,8-24,4 73,2-76,2

2 3,15-4,72 20,97-22,5 72,97-75,82

3 4,6-6,28 20,12-21,63 72,36-75,18
4 6,06-7,86 19,93-21,43 71,52-74,3

S 8,25-10,24 18.56-20,06 70,23-72.98
6 9,71-11,82 17,94-19,43 69,37-72.1

7 11,9-14,19 17,0-18,49 68,08-70,78
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Hanpumep, copeprxaHye TOHKO! $paKIUH B CO-
craBax N2 7-9 camxaercs ot 72,97% (N2 2cocTaB) A0
63,81% (N2 9 cocTas), a yBeAMeHHE KPYTIHOI Qpak-
yu cocraBasieT oT 3,15% A0 22,1% coOTBETCTBEHHO.

3.4 Paspabomka payuonasvHozo pexuma oo-
wuza usdesuii

CoraacHo 3TOI METOAMKE, MAKCUMAABHO AOILY-
CTUMYIO CKOPOCTDb HarpeBa U OXAQKAEHHS MOXXHO
OIIPEAEAUTH IO POpMyAe:

At, *a

V= ;gcz > (1)

rae t, — MAaKCUMAABHO AOITYCTHUMBII Ieperap TeM-
IepaTyp MeXAy IOBEePXHOCTbIO U IleHTpaM Crenku
H3AEANS,

a — K09QQUITMEHT TeMIIePaTypOIPOBOAHOCTH.

K — xoa¢punmenT $popmbl, MpUHUMAEMBIN AAS
maactunbl K = 0,5,

X —K09pPUIIMEHT ONPEACASIONINI pa3Mep H3Ae-
AUT (npn CUMMETPHYHOM ABYCTOPOHHEH Harpese
naacTuHbl paseH 0,5 TOAIMHBL, TPU HECUMMETPHUY-
HoM Harpese — 0,75 1 Ip1 OAHOCTOPOHHEM Harpese
IIPUHUMAETCS TOALITMHA IAQCTHHBL).

Bpems BbIAepKKM H3AEAMH IPU IOCTOSIHHOM
TeMIlepaType OIpeAeAdeTcs o Gopmyae:

cm x* . (2)
TAe m — KO3QQPUIIMEHT, 3aBUCALIMI OT CTelle-
HU BBIPAaBHMBAHUSA TEMIIEPATypPhl B TEA€ HU3ACAHA
95% m = 1,3 mnpu 90% m = 0,97.

IIpu pacueTte pexxrMa 00XXUra H3ACAUI YIUTbI-
BAaAKCh IPOM3BOACTBEHHbBIE YCAOBUs, HA KOTOPBIX
ITAQHHUPOBAAOCH TPOBEAEHHE ITPOMBIIIACHHBIX HC-
IBITAaHMI. BOABPIIMHCTBO KMPIIUYHBIX 3aBOAOB KUP-
IIMYY OOKUTAIOT B TYHHEABHOM M KOABLIEBOM II€YH
MaKCHUMaAbHasl TEMIIEPATyPa, B KOTOPHIX AOCTUTAeT
1000-1100°C.

AASL AOCTIDKEHUS OAHOPOAHOCTH CIIEKH U3ASAMI
IIPOAOAKUTEABHOCTD BHIACPIKKH COCTaBAsieT 2—2,5 4.

PesxuM OXAKACHHS H3AAUT TOADHPAAH IKCITe-
pHMeHTaAbHBIM ITyTeM. OTITHMaAbHAS CKOPOCTD OX-
AKAeHHS cocTaBasiaa 1,6-1,65 °C B mun. [Tpu atom

IIOAYYEHHBIE H3ACAUS He IMEAU TPEINHH U 00AaAAY
BBICOKMMU MEXaHUYE€CKMMH CBOMCTBAMHU.

AAsI TpOBeAEHHSI OTBITHO-IIPOMBbILIACHHBIX HC-
IIBITAHUI OBIAO HCITIOAB30BAHO IIPOU3BOACTBEHHASI
6a3a KMPIIMYHOTO 3aBOAA ITOAYCYXOTO IIpeccoBa-
Husa TOO «barpicXumCepsuc> 1. Ypaanck, 3KO
(pucynok 3).

«roE - SvWY M

UEAR & =q

[V a—

PucyHok 3. NonynpoMBbILLSIEHHbLIE UCTLITAHNUS
Ha 6a3e KepaMn4yecKoro KMpPNmMYHOro
3aBoaa TOO «batbic Xum CepBuc»

B xauecTBe CbIpbeBBIX MATEPUAAOB OBIAM HCIIOAD-
30BaHbI CyrAMHOK Yaranckoro MectopoxxpeHus 3a-
mapHo0-Kaszaxcranckoit obaacTy, IPaHyAUPOBaHHbBIN
pocpopnbit maak u 30aa Kezpiaopauackoit TILI-6.

IIuxTOBOM COCTaB ChHIPHEBBIX CMeCe IPeACTaB-
AeHbl B (Tabaumax 4-5).

Ha cTapuy noaroToBku chIpbeBble MaTepHaAbI
CYLIMAMCH B €CTECTBEHHBIX YCAOBHUAX M AO3UPOBa-
AMICb COTAACHO HMCCA€AYEMbIX IIUXTOBBIX COCTABOB.
I’'AviHHCTBIE KOMITOHEHTHI CBIPbEBBIX CMeCcel TpaHC-
IIOPTHPOBAAKCDH B IPHEMHBIN OYHKep, 3aTeM [I0AABA-
Auch Ha TauHOpbixauTeab MITAA-21 aas ApOOAeHHSL.

Tabnuua 4.- LLinxToBoW cocTaB
CbIPbEBbLIX CUCTEM

CoaeprkaHne KOMIIOHEHTOB,
Homep
macc%
cocTaBa
CYTAMHOK IIAAK

1. 95 S

2. 90 10

3. 85 15

4. 80 20

I'panyanpoBaHHbIN $OCPOPHBIN IAAK U 30A2
HCIIOAb30BAaAUCH Oe3 momoaa. ITepememusanue co-
CTaBOB OCymlecTBAsIAOCH B cMecuTeae CMK-126A.
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3areM cpIpbeBasi CMech Yepe3 ACHTOYHbIe KOHBele-
PBI IOAABAAKCDH B CYyIIMABHBIN Oapaban CM-428.2

Y3, rae cpipbeBasi cMeCh CYIIHAACh AO BAQKHOCTH
8-10%.

Tabnuuya 5.— LLInXxTOBOW COCTaB CbIPbEBbLIX CUCTEM

Homep CopeprkaHne KOMIOHEHTOB, Macc%
cocraBa CYTAHMHOK IMAAK 3oaa TII]
1. 90 S S
2. 80 10 10
3. 70 15 15
4. 60 20 20

MaxkcumaapHast Temmeparypa obskura 950-
1000 °C, 061mas1 IPOAOAKHTEABHOCTD O0KHUIra AASI Pas-
PaboTaHHBIX COCTaBOB cocTaBaseT: 70-72 u., (06ur
TAMHSIHOTO KMPIIMYA IO 3aBOACKOM TeXHOAOTUH — 80 1. ).

Pacxop Tonausa Ha 1000 mT. Kupmmya o cyue-
CTBYIOIIeHl TeXHOAOTMH KePaMHUYeCKOro KHMpInda
150 kr.

Pacxop Tornausa Ha 1000 ImT. KUpIIHYa AAS pas-
PabOTaHHOM TEXHOAOTMH M COCTAaBOB COCTaBHAQ
120-127 kr.

O60xoKeHHbIe KUPIIUYKA UMEAHN YeTKHe I'PaHu,
FAQAKYIO IIOBEPXHOCTh M O0AAAAAU COOTBETCTBY-
omeil nBeToBoM raMMmon. Ousnko-MexaHuyeckue
CBOMCTBA MMOAYYEHHBIX M 3aBOACKHX M3ACAHI IIPEA-
cTaBaeHs! B (Tabanre S).

Coraacuo 'OCT 530-9S «Kupnuy 1 kaMHH Ke-
pamMHYecKHe> U3AEAUS COOTBETCTBYIOT MapKaM 125
u 150. PaspaboTaHHast TEXHOAOTHS M COCTABBI Kepa-
MHMYECKUX KOMITO3UIIUI IPHUHATHI K BHEAPEHUIO, TaK

KaK OHU IIO3BOASIIOT ITOBBICUTH IPOYHOCTD KUPIIHYA,
COKPATHUTh IIPOAOAKHTEABHOCTD OOXKHIra U 9KOHO-
MUTH TOMAUBO Ha 25-30%.

3akaroueHmne

1. BoibpaHbI CHIpbEBBIE MAaTEPUAABL C YIETOM
crenupHIeCKUX XapaKTePUCTHK U UX IIOBEACHUS
Ha CTAAMH IIOATOTOBKH, ITepeMeIIUBAHUs, CYIIKH
U 06XHUra B pa3AHYHBIX KOMIIO3UIJHOHHBIX COOT-
HOIIEHMSIX C IIEABIO CO3AQHUS PeCypco- 1 9Heproc-
Geperaromnieii TEXHOAOTUH IPOU3BOACTBA CTEHOBO
KepPaMUKHU IIOAYCYXOTO IIPeCCOBAHMSL.

2. B nccaepyeMoii cplpbeBOM KOMITO3UITUH IIPO-
BeACHbI KOMIIACKCHBIE SKCIIePHMEeHTAAbHbIE HCCAe-
AOBAHUS C YYeTOM AOMUHHUPYIOMUX GaKTOPOB KaK-
AOTO TeXHOAOTUYECKOTO IIepeAeAd U OTPAaHUYeHHbIe
CA€AYIOIIMMU IIPEAEAPHBIMU KOHIIEHTPAIHSIMH CO-
CTaBASIIOIUX KOMIIOHEHTOB: A€CCOBHAHBIN CYyTAUHOK
30,0-90,0 %; 30aa TOL] 7,0-40,0 %; BoAAACTOHUT-
copepskamuit maak 3,0-30,0%.
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THE SOURCES CAUSING THE DEVELOPMENT
OF TYPE1 DIABETES MELLITUS

Abstract. It is considered that type 1 diabetes mellitus is an autoimmune disease where the beta
cells of the pancreas are damaged. Taking into account that the formation of antibodies is always
preceded by the phagocytosis process, there is a question, what type of cells causes the process of
phagocytosis, there is no answer. The acupuncture stimulation, a new direction, finds a broad ap-
plication in the applied medicine. The human body, no matter how sick and exhausted with illnesses
and drugs it is, contains the mighty resources, thanks to which it can return to its initial healthy state.
The bioresonant therapy promotes the process of restoration of the cells life cycle.

The dynamics of the electric potential level of the patient named G.U.S,, the year of birth is 1957,
has considerably improved after a series of treatment sessions using the R. Voll's device. The patient
reduced the insulin use by 50%. At the same time, the blood sugar level (BSL) often made 6, 3, 7,
8. According to laboratory research, the hydrocortisone level in blood made 1070 against the norm
of 150-660 nmol/l. The microammeter decrease in the indications of adrenals was followed by the
reduction of BSL. It is stated that the microammeter index of adrenals is always higher than those of
the liver, thyroid gland and pancreas. The electric potential of adrenals has never fallen lower than 40
microammeter, whereas, the indexes of the liver, thyroid gland and pancreas fell to 36 microammeter.
It is the increased hydrocortisone level in blood that blocks the functioning of the pancreas and the
increase of sugar in blood. Not a less important role is also played by the level of the liver functional
activity where the inactivation of hormones, as well as of the thyroid gland, which provides the level
of the energy balance, is carried put.

Keywords: bioelectric potential, bioresonant therapy, functional activity of adrenals, hydrocor-
tisone level blood. The blocking of the pancreas functional activity. R. Voll.

Type 1. diabetes mellitus is characterized by the
absolute insulin deficiency caused by the destruc-
tion of beta cells of the pancreas. Type 1 diabetes
can develop at any age. Recently there has been an
increase in the upper limit of the age and more and
more often people of the age between 30 and 40-45

years old are taken ill with type 1 diabetes mellitus.
According to the International Diabetes Federation,
Diabetis Atlas 2011, out of 366269 million patients
who are ill with type 1 and type 2 diabetes 183 mil-
lions are undiagnosed. According to the same infor-
mation, it is projected that in 2030, with the popu-
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lation of 8.3 billion people, 552 million people will
become ill with type 1 and type 2 diabetes.

According to the MHREF as of 01.01.2012, the
entire population of Russia makes 143056340 peo-
ple. There were registered 3549203 patients with
diabetes mellitus. Of them 341159 have type 1 dia-
betes mellitus and 3235044 have 2 type. According
to WHO, about 2 million people in the world die
from diabetes. In Russia, from 125 to 230 thousand
people die from diabetes.

Diabetes is now the leading cause for people aged
between 20 and 74. From 1.200 to 24.000 people
lost sight due to diabetes. Every year, 56.000 amputa-
tions of the lower extremities are produced because
of diabetic angiopathy or neuropathy.

It is considered that insulin-dependent diabe-
tes mellitus is an autoimmune disease at which the
destruction of BETA-cells located in the pancreas
occurs. Therefore, the autoimmune mechanism is
involved into the pathogenesis of diabetes mellitus.
It has been established that the patients with juvenile
diabetes or the diabetes associated with other en-
docriopathies, as well as the elderly people with dia-
betes have the circulating autoantibodies against the
antigens of Langerhans islet cells [1]. The scientific
literature claims that type 1 diabetes is an autoim-
mune disease. The immune system mistakenly per-
ceives pancreatic cells as harmful and attacks them,
destroying them completely or damaging them to
such an extent as to stop the production of insulin.
And further, type 1 diabetes is usually transmitted as
a hereditary disease, so that autoimmune reactions
of the organism can also be genetically conditioned.
However, it can be said that knowing the reason why
a type 1 diabetes mellitus develops can serve as a
preventative measure against getting on the list of
people with diabetes. Here is another statement — the
cause of this disease is often an autoimmune process
that destroys the beta-cell organisms of the pancreas.
The same process helps to block the immune process
which is produced by the body itself [2]. At the same
time, the International Diabetes Federation claims

that the reason of this type of diabetes is completely
unknown and has not been fully studied. Despite the
achievements in the field of type 1 diabetes mellitus
study and the tremendous efforts of specialists in
various branches of medicine, the immunology of
this disease still remains unclear. However, the role
of the immune system in the destruction of B-cells
does not raise doubts. The question between which
cells the phagocytosis, which always precedes the
formation of antibodies takes place, remains to be
answered [3; 4; S]. The starting point in the devel-
opment of type 1 diabetes mellitus is the massive
destruction of pancreatic endocrine cells and, as a
consequence, a critical decrease of the insulin level
in blood.

Are the conclusions that scientists do not know
the true reasons that provoke the deficiency of the
hormone insulin to be agreed? However, then, there
is a statement that the main point in the develop-
ment of type 1 diabetes is the destruction of cells
located in the pancreas. Here, it will be appropriate
to remind that the inactivation of the thyroid hor-
mones, antidiuretic, insulin, and sex hormones takes
place to a large extent in the liver. And what is the
role of the hormone cortisol which promotes the de-
velopment of neoglycogenesis? We tested the level of
cortisol in the blood of a patient with type 1 diabetes
mellitus. At the rate of 150-660, the level was 1070
nmol/l. We believe that cortisol plays an important
role in the development of type 1 diabetes, provided
that the low functional activity of the liver does not
provide its optimal inactivation.

However, doctor U. Douglas believes that as long
as medicine does not catch up with quantum physics
there will be no changes in medicine and there will
be very little progress on the way to achieving the
effective treatment. The use of methods of quantum
medicine for the treatment of diabetes mellitus is de-
scribed in the work of the doctor of medicine Gad
Al-Aga Romani [6]. The main conclusions of the
author are the ability of the pancreas to preserve the
possibility of self-healing of diabetes by the method
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of quantum medicine. For the treatment, the RIKTA
device was used. 14 women out of 19, as well as 8
men out of 13 had a decrease in blood sugar, which
makes 73% and 42% respectively.

The acupuncture stimulation is a synthesis of an-
cient Chinese traditional medical knowledge and the
achievement of biophysics. Many specialists in the
field of quantum therapy noticed that regardless of
the diagnosis of the disease and the outcome of treat-
ment, there is always and in the first place a general
calming effect, the hormoneization of the psycho-
emotional background. As a result of the impact, the
function of individual organs and systems is correct-
ed, and physiological rhythms, disturbed as a result
of any pathologies, are equalized. F. Morel expressed
the idea that the patient can be treated with the help
of electromagnetic oscillations, which are produced
by his/her own organism. In a normal healthy state
these fluctuations are synchronized, and in case of
pathological processes the discord begins.

In the course of bioresonance therapy, the struc-
tures of the body can come into the resonance with
the weak electromagnetic oscillations acting on them
at different levels: those of membrane, cells, organ
systems. Bioresonance therapy affects the functional
state of organs and the whole organism. The applied
frequency comes into the resonance with the natural
frequency of the biological system, both weakening
and amplifying these oscillations. As a result of this
influence, the pathological oscillations fade out and
physiological amplifications are attenuated. Now the
diseases associated with the violation of the endo-
crine, immune and nervous systems under the influ-
ence of an unfavorable external environment created
by people themselves become very important.

Speaking about autoimmune diseases, let’s not
forget about the extreme importance of recognizing
“yours” and “not yours”. According to W. Boyd [ 7], if
the body really forms antibodies to its own hemoglo-
bin, or plasma proteins, then such antibodies should
be contacted with an excessive amount of antibodies,
constantly circulating in the blood [8].

Mesrobianu notes that in order for a certain sub-
stance to possess antigenic properties it is necessary
to possess a sufficiently long “remanence” in the or-
ganism in which it was introduced and that this sub-
stance should be a stable configuration that could be
“analyzed” and “copied” at the level of the lymphoid
macrophagocyte system [9].

It is generally believed that the reflex principle
of the regulation of body functions is a universal
physiological principle and it is ultimately directed
at maintaining the optimal level of its activity, i.e. the
maintenance of homeostasis. Rather, the life cycle of
cells is restored, the tissue respiration is activated.
The role of the thyroid gland in solving the problem
of diabetes mellitus should be emphasized. The thy-
roid gland is a complex endocrine organ that pro-
duces thyroid hormones, which participate in the
regulation of energy, protein, carbohydrate and fat
metabolism, as well as affects the cardiovascular sys-
tem and psyche [10; 11].

The treatment of diabetes mellitus should be
aimed at the fact that the human body is a single
whole. Between all systems there is an inseparable,
organ connection. Today, the electropuncture diag-
nostics has found a wide application in many fields
of medicine. The technology of quantum medicine
is one of the priority directions of the development
of domestic health care. It is well known that all the
diseases affect the body during the weakening of
immunity. However, no matter how sick, exhausted
with ailments and medicines the human organism is,
the powerful resources are the hidden, due to which
it can return to the original healthy state. Having
discovered these resources, you should make them
work and show themselves to the fullest. The bio-
resonance therapy promotes the process of restoring
the life cycle of cells, activating the tissue respiration,
providing the process of the body detoxification. In
the course of the bioresonance therapy, the body
structures can resonate with weak electromagnetic
oscillations acting on them at different levels: mem-
brane, cellular, organ systems. All these come to three
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factors: 1 Normalization of the ionic composition
of cells. 2. Restoration of the membrane function
by the conductivity of ion channels. 3. Restoration
of the function of membranes for the information
exchange of ions. This in the end, of course, ensures
the restoration of the insulin synthesis.

The treatment process includes a certain num-
ber of procedures that fully complement and rein-

force each other, forming a single, complex treat-
ment regimen. The procedures themselves are
physiologically safe, they do not give complications.
The condition of the patient H.U.S., born in 1057,
after the sessions on the apparatus of R. Voll, im-
proves significantly. The difference in indicators of
diagnosis and indicators after the session is shown
in (Table 1).

Table 1.— The level of bioelectric potential in microammeters of
the organs during the diagnostics and after a session

Action Bioelectric potential of the organs
Diagnostics 36 38 42 44 42 44 44 48 | 41.50 Li
Session 46 | 44 | 48 | 48 | 44 | 48 | 42 | 50 | 4625 et
Diagnostics 38 36 38 38 48 40 44 42 40.50

. Pancreas
Session 40 40 44 44 48 42 50 46 4425
Diagnostics 36 38 42 36 42 40 44 48 | 40.75 .

: Thyroid gland
Session 40 44 46 40 50 42 46 46 | 44.25
Diagnostics 44 40 42 48 44 S0 46 46 | 4S5.55

. Adrenals
Session 46 42 46 50 46 54 48 50 | 47.75

These tables show that the bioelectric potential
of the adrenals is higher than that of other organs be-
fore and after the session. After the session, the bio-
electric potential rises for each acupuncture point.
The level of the bioelectric potential of the adrenals
never drops below 40 microammetres, which is not
found in other organs.

According to the scientific literature, when in-
troduced into the blood, cortisol penetrates into
the nucleus of the liver cells, where it binds to the
receptors. A hormone-receptor complex is formed.
Under the action of such a complex the formation
of glucose will increase in the cells of the liver. A
high level of cortisol causes the development of
the resistance to insulin, as a result, the transport
of glucose from the blood to the interior of the cells
is disrupted. It is important to emphasize that when
the functional activity of the liver is disturbed in
the body, first of all, the content of hormones of
the adrenal cortex increases, which do not undergo
the complete cleavage. It is in the liver, where the

inactivation of hormones takes place to a signifi-
cant extent. The data of the laboratory studies of
the blood of the patient H.U.S., conducted in the
Republican endocrinological dispensary on Octo-
ber 28, 2016, showed that the level of cortisol was
1070 at the rate of 150-660 nmol/l. The creation
of a tolerant attitude of the hormone cortisol to in-
sulin reduced the blood sugar to 6.3-7.8. However,
this state turned out to be temporary, which is con-
firmed by W. Boyd’s data that the artificially created
immune paralysis is temporary.

The deviations, discovered with the help of the
R. Voll’s device, from the norm of the bioelectric
potentials located along the system of the radii of
acupuncture points can be reflected by the physio-
logical disturbances of various internal systems and
organs whose energy functioning is provided by the
corresponding radians. The level of influence on the
energy metabolism of organs under the influence
of the bioresonance therapy is well seen from the
graphs below.
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Figure 1. The bioelectric potential of the liver
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Figure 3. The bioelectric potential
of the thyroid glan

Based on the analysis, conducted studies, it should
be mentioned that the bioresonance therapy rather
effectively stimulates the work of organs and the
whole organism. It is clearly manifested in the figures,
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Figure 2. Bioelectric potential of the pancreas
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Figure 4. The bioelectric potential of the adrenals

where the difference in the parameters of the diagnos-
tic process and subsequent treatment is clearly traced.
Consequently, the activity of the organism is not the
amount of cells, it is a set of interacting cells, though,
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i.e. the system, the whole composed of parts, where
the activity of each cell depends on the functioning
of not only neighboring cells, but also separate cells
from it. In particular, the erythrocytes supply oxygen
to all cells of the body, the secretory cells, release hor-
mones, the neurons form a chain and set.

A human being can not be regarded as a set of
organs, as a construction set, it must be approached

as a single whole. The method of the bioresonance
therapy allows to cover the whole human body and
carry out a full health and preventive effect on all
organs and systems.

Similar work will be continued, and we do not
exclude the possibility of solving the problem of
type 1 diabetes.
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Abstract. The results of a survey of 60 patients with deforming arthrosis of the hip joints aged 40
to 70 years are presented. According to the results of ultrasound, after performing a course of intraar-
ticular injections of hyaluronic acid drugs, there is an increase in the thickness of hyaline cartilage, in
clinical studies it was revealed that the course of therapy reduces the severity of pain, increases the
range of motion in the affected joint. According to biochemical studies, a decrease in the activity of
lipid peroxidation processes was established, against the back-ground of an increase in the antioxidant
activity of blood serum. The data obtained confirm the important role of the use of synovial fluid
endoprostheses in the treatment of patients with coxarthrosis.
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KJIMHUWYECKUE USBMEHEHUSA N COCTOAHMUE
CUCTEMbI NEPEKUCHOE OKUCJIEHUE TIUNNAOB —
AHTUOKCUAOAHTHAA CUCTEMA (NMOJ1-AOC) NPU JIOKAJIbHOM
MHBbEKLUOHHOW TEPANMUN KOKCAPTPO3A

Annoranms. [TpepcTaBaeHbI pe3yAbTaTsl 06cAep0BaHms 60 MAIIMEHTOB ¢ AepOPMUPYIOLMIUM APTPO-
30M Ta300eApeHHBIX CycTaBoB B Bo3pacTe oT 40 Ao 70 aer. ITo pesyasraTam Y31 nmocae BbITOAHEHS
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KypCa MHTPaapTHUKYASPHBIX HHbEKIUH ITPerapaToB ITHaAyPOHOBOM KUCAOTHI IIPOUCXOAUT YBEAUYEHHUE

TOAIITMHBI TMAAMHOBOI'O XpAIA, IIPHU KAMHUYECKUX NCCACAOBAHIAX BPIIBACHO, YTO KypC HPOBOAHMOEI

Teparnnu yMeHbIIaeT BhIPA’)KEHHOCTDb 60AeBOro CHHAPOMa, YBEAMYHBAET obbeM ABH)KQHPIPI B II0pa-

JKEHHOM CYCTaBE€. Ilo AdaHHDbIM 6I/IOXI/IMI/I‘-ICCKI/IX I/ICCACAOBaHI/If;I YCTaHOBA€HO CHIDKEHHNE aKTUBHOCTHU

ITpOLIECCOB AUIIOIIEPOKCHAALINH, HA (I)OHC MIOBBIIIEHUS AaHTUOKUCAUTEABHOM aKTUBHOCTH CbIBOPOTKH

KpOBH. HOAy‘-IeHHbIe AJQHHDbIE IIOATBEPIKAQIOT BAJXKHYIO POADb IIPUMEHEHU SHAOIIPOTE30B CUHOBHAAD-

HOMI JKUAKOCTH B A€UE€HUH ITAJUEHTOB C KOKCAPTPO3O0M.

KaroueBnie caoBa: KokcapTpos, ruaAypoHaT HaTpus, SHAOIPOTE3 CHHOBUAABHOM KHUAKOCTH,

MHTPAapTUKYASpHbIe MHBEKITNH, Y 3-HaBUTaITHL.

AxryaApHOCTD. B HacTosmee BpeMs He BbI3bIBa-
eT COMHEeHHMI, YTO IPOIeCChl IePeKUCHOTO OKUCAL-
uust AnruA0B (ITOA) urpatoT 4pesBbIYaiiHO BaXKHYIO
POAD B 5KU3HEAESTeAbHOCTH KAETOK U TKaHeH, Pa3BH-
THU MHOTHX 3200A€BaHHII, B TOM YHCA€ KOKCAPTPO3a
[6; 7; 11]. O6pasyromuecs npyu BOCTIaACHAH AKTHB-
Hble $OPMbI KHCAOPOAA MOTYT OKa3bIBaTh ITATOTeH-
HOe BO3AEHCTBHE Ha GMOMOAEKYABI U CTPYKTYPBI
KAETKH, HEIIOCPEACTBEHHO MHHUITMUPYS IPOIIECChI
ITOA, npuBOASL K AeTPapALiiH KOAAAT€HA, THAAYPO-
HOBOM KHCAOTBI, IIOBPEXACHHUIO COEAMHUTEAbHOM
tkanu [3; 7]. Koxcaprpos (KA) — sereneparusHo-
AucTpoduueckoe 3ab0AeBaHMEe Ta300€APEHHOTO CY-
CTaBa, XapaKTepU3yIoljeecsi BBIPAYKEHHBIM 0OAEBBIM
CYCTaBHBIM CUHAPOMOM 1 OTpaHHYEHHEM ABIDKEHHUH
B HeM, BBI3BAHHBIX AeTPapaliiell CyCTaBHOTO XPSIIa.
ITopaxcaroTcsi Bce KOMITIOHEHTBI CyCTaBa: CyOXOH-
APaAbHas KOCTb, XpSIIll, CBS304YHBIH aIlllapaT, CHHO-
BHAAbHAsI 000A0UKA, KAIICYAQ U [TePHAPTUKYASIPHbIE
tkanu (ITAT). Pa3BUBarOmuiics TpU 3TOM Kackap
BOCIIAAUTEABHBIX COOBITHUIT BEAET K IIPOrPeCCUPYIO-
el TOTAABHOM IIOAMOPIaHHOM HEAOCTAaTOYHOCTHU
¥ rpy6oMy HapymeHuio GyHKuu cycrasa [ 1-4; 10].
ITo AQHHBIM STIMAEMHOAOTMYECKUX HCCAEAOBAHUH,
aTO 3a00AeBaHMe BCTpedaeTcsiy 7—25% eBpOIeriies
AO S5 AeT, C BO3pacTOM 3TOT IIOKa3aTeAb CTAHOBUTCS
BCe BblIIle, M Y AIOAEH CTaplire 75 AeT OH IPHOATDKa-
ercs k 80%. Kokcaprpos (KA) cocraBasier 6oaee
40% Bcex opM OCTe0apTPO3a U ABASIETCS OAHUM U3
S 3a60AeBaHHUI, Yallje BCETO BHI3BIBAIOIIAX HHBAAMA-
HOCTb. B cBsi3u ¢ HabArOAQIOIMMCST pocTOM 3a60Ae-
BaeMOCTH OCTEOAPTPO30M A€YEHHE er0 CTAHOBUTCS

aKTYaAbHOM COLIMAABHOM M MEAMITMHCKOM npo6Ae-
Moi1 [9]. [AaBHBIM 3BeHOM ITATOTeHE3a OCTE0APTPO-
3a, OTIPEACASIIONIHIM €TI0 Pa3BUTHE, TeYeHHEe U HCXOA,
SIBASIETCSI AUCOAAQHC TIPOLIeCCOB aHAOOAM3MA U Ka-
Ta6oamsMa B cyctaBHOM xpsme [S; 7]. Poab Mope-
paTopa 6asaHca KaTabOAMYECKHX M AaHAOOANIECKHX
IPOIIeCCOB B CYCTaBHbIX TKAHSX BHIIIOAHSAET BBICOKO-
MOAEKYASIpHAsl THAAYPOHOBAsI KHCAOTA BHEKACTOU-
noro marpukca (BKM), peryaupys npousBopaCTBO
IIPOBOCIIAAUTEABHBIX U IPOTHBOBOCIAANTEABHbIX
IIMTOKMHOB, CAHTE3UPYeMbIX XOHApotmTamu [ 13].
B ocHOBe MeAMKaMEeHTO3HOM TepanmuH KOKCapTpo-
3a A@XKUT HazHAueHHe HeCTePOUAHBIX TPOTHBOBOC-
IAAUTEABHBIX TpenapaToB. CTaHAAPTHBIM METOAOM
AOKAABHOM TepaIHH, IPUMEHSIONIMMCS IIPH Head-
¢exrusHOCcTH HIIBC, siBAsIeTCA BHYTpHCyCTaBHOE
BBeACHHE TAIOKOKOPTHUKOCTepouAoB. Ilpu arom
KAMHMYECKUIN 3QPeKT BHYTPUCYCTAaBHOTIO IIpUMe-
HeHmst 'KC coxpansieTcst opouH Mecsr, a odepea-
HOCTb IIPOILleAyp orpaHuyYeHa 3—4 HHDBEKIUAMU
B rop. ObpaiaeT BHIMaHHe AOCTATOYHO BBICOKAsI
9acTOTa Pa3BUTHA HEXXEAATEAbHBIX AeKaPCTBEHHBIX
peaxtmii (A0 10%).Y 10% 6oapabx OA oTMedaeTcs
pesucrenTHOCTD k mpuMeHeHuio ['KC. B mocaeanee
BpeMs IPUOPUTETHOE 3HAUYeHNe B AOKAAbHOM Tepa-
MY HEOCAOKHEHHOTO OCTe0apTpPO3a CTAAM UTPATh
BBICOKO- Ml HU3KOMOAEKYASPHbIE IPOU3BOAHbIE I'H-
AAypOHOBOI KHCAOTHL. BBeAeHME B MOAOCTD CycTa-
Ba BBICOKOMOAEKYASIPHOM I'MaAy POHOBOM KHMCAOTbI
B BBICOKOM KOHIIEHTPAIIUH HOPMAAU3yeT yIPyro-
BA3KHE CBOMCTBA CUHOBHAABHOM CPEABL M BKAKOYA-
eT MeXaHHU3M BS3KO-3AACTHYIECKON 3aIuThl. BHOBD
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chopMUPOBaHHASI THAAYPOHOBASI KUCAOTA BOCCTa-
HABAMBAeT rOMeOCTa3 CyCTaBa. YMeHblIeHHe 00AU
U yBeAUYEeHIe TIOABIDKHOCTHU CYCTaBa SIBASIFOTCS He-
IpeMeHHbIM YCAOBHEM BOCCTAaHOBACHHUS U COXpaHe-
HMA roMeocTasa |9 ]. HakonAeHHbIH KAUHUYECKHit
OIIBIT CBUAETEABCTBYET O TOM, UTO TPAAUIIMOHHbIE
KOHCEPBAaTHUBHbIE METOABI A€UYeHHS KOKCapTpo3a
MaA03PeKTHUBHBI, A XUPYPTrUIeCcKoe AedeHHe, BbI-
MOAHSIEMOe B TEPMUHAABHOM CTAAUH 3200A€BaHIS,
SIBASIETCSI AOPOTOCTOSIIIIMIM H He BCETAA OCYIeCTBH-
MBIM B peKoMeHAyeMblil iepuoa [S; 10]. B cBasu
C 9THM, B IIOCAEAHEE ACCATHAETHE BCe H0Aee UHTEH-
CHBHO pa3pabaThIBAIOTCSI X BHEAPSIIOTCS B IPAKTUKY
MHHOBAITOHHBIE METOADBI TPOPHAAKTHKU H ACIEHILT
KOKCApTpO3a, B YaCTHOCTH, ITPeNapaThl THAAYPOHO-
BOW KHUCAOTBI AAS AOKAABHOH MHBEKIIMOHHOMH Tepa-
iy B Tazo6eppenHsli cycras [9]. [pymnma mpenapa-
TOB THAAY POHOBOM KUCAOTBI AASI BHY TPHUCYCTaBHOTO
BBEACHUS HACUMTHIBAET OOAEE ABAAIIATH HAMMEHOBA-
HHUI1 ¥ TOCTOSIHHO YBeAMYUBaeTcs. B 3aBucuMocTH OT
THIIA THAAYPOHOBOM KHCAOTHI BBIACASIIOT IIPEIapaThI
C AMHEtHOM CTPYKTYPOil MOAEKYADBI (MOAEKyASIpHAS
macca ot 500 po S000 K,A,a) U C IIOIePeYHO-CIIUThI-
MH MOAEKYAQMH THAAYPOHOBO# KUCAOTBI (MOAEKy-
AsipHas Macca 6000-7000 kAa) [12]. Kpome Toro,
IpeapaTsl pa3AMYAIOTCSl KOHIIEHTPAIHeH, KoAnJe-
CTBOM MHBEKIIUI1 Ha Kypc. BBeAeHHas B cycTaB rua-
AYPOHOBas KMCAOTA He TOABKO YMEeHbIIAeT yAApHOe
BO3AEHCTBHE ITPU MEeXaHWIEeCKUX HArpy3Kax, yAyd-
IIasi BSI3KO9AACTUIECKHE CBOMCTBA CHHOBHUAABHOM
XKMAKOCTH, HO M OKa3bIBaeT AaHAABTeTUYEeCKHUH U ITPO-
THUBOBOCIIAAMTEABHBIN 9P PEeKT 3a CUeT BAUSHUS Ha
GoA€eBbIE PELIeNITOPHI U BBIPAOOTKY IIPOBOCIIAAUTEAD-
HBIX ITUTOKKHOB [ 8; 10].

ITeap pabGoTpl: M3yyeHHe AKTUBHOCTU IIepe-
KHCHOTO OKHCAEHUSI AUTTHAOB U aHTUOKCUAAHTHOM
3aIHUTHI Y MAIMEHTOB C IIEPBHYHBIM KOKCAPTPO30M
Ha pOHe IPHUMEHEHHUS SHAOIPOTE30B CHHOBHAAD-
HOJ XKUAKOCTH U OLleHKA KAUHUKO-A260PaTOpHOTro
3HAYeHUS BBLIBACHHBIX H3MEHEHUI AAS YAYUIIEHUS
IIPOrHO3UPOBAHIS U [IAQHUPOBAHUS PeaOUANTALIUN
AQHHOI TTATOAOTHH.

MarepHaAbl B METOABI HcCAeAOBaHms: Ha
6ase HAyYHO-METOAMYECKOTO OTAEAA KAUHHKU IIPO-
¢eccopa Kunsepckoro A.10. OO0 «COHAP>»
C TpUMeHeHHeM COBPEMEHHOrO CepTHQHUIHPO-
BAHHOTO O0OPYAOBAHISL: Samsung UGEO H 60,
SamsungMedison EKO 7, ToshibaNemio XG o6cae-
AOBaHO 60 4eAOBeK C IIepBUYHBIM KOKCAPTPO30M: 1O
30 werosek (OcHOBHAS rpynna) C MHTPAapTHUKYASIP-
HBIMH HHBEKI[USIMH 9HAOIIPOTE30B CHHOBHUAABHOM
xupkoctu (Hyruan One 3,0ma) mop Y3-koHTposeM
B KOMOMHAIIUH C BHYTPUMBIIIEYHBIM [IPUMeHEHHEeM
XOHApPONPOTeKTOPOB U 30 YeAOBEK C KOKCApTPO30M
(Tpyrima KOHTPOAST) MAEHTHYHOTO BO3PACTa, Y KOTO-
PBIX B A€UEHUH FICIIOAB30BAAHCH TOABKO CTAHAAPT-
Hble cxembl HITBC u xoHApOnpOTEKTOPOB.

Hy>xHO 0TMeTHTB, 4TO paHee KpUTepHeM HaXOXAe-
HUSL UTABI B CYCTaBe CAY>KHAO OTCYTCTBHE COITPOTHBAE-
HUSI TKAHU IIPY IPOOHOM BBEACHUU PUHOAOTUIECKOTO
PacTBOPA, YTO He BCETAQ BO3MOXKHO ITPH BHIPAKEHHBIX
M3MEHEHHS B CyCTaBaX IIPU KOKCAPTPo3e 2—3 CTaAUM.

OAHOKpPaTHOCTD BBeAEHHS TIpeIapaTa, BhICOKHIA
MOAEKYASIPHBI BeC U OTCYTCTBHE ITOOOYHBIX peaK-
LM SIBASIFOTCS TAQBHBIMH AOCTOMHCTBAMH IIPH BbI-
6ope «HyruanOne>» u3 psiaa APyTHX IPOAYKTOB
THAAYPOHOBOM KHCAOTBL

Kaunnueckoe o6caep0OBaHHE IIPOBOAUAOCH IO
OOLIENIPUHATON CXeMe C YYeTOM HHTEHCHBHOCTHU
6oaesoro cuaapoma (BAILL), orpanuyenus mop-
BIDKHOCTH ITTOP)XEHHOTO CYCTaBa, MOTPeOHOCTH
B AOIIOAHUTEABHbIX CPEACTBAX OIIOPHI IIPH XOAbOE.
AaBHOCTD 3a60A€BaHMA cOCTaBAsIAA 6oAee 3-5 AeT.

BcemM mammeHTaM IPOBOAHMAOCH CTAaHAAPT-
HOe AabOpaTOpHOe HCCAGAOBAHUE KPOBU (o6muit
AHAAU3 KPOBH, OMOXUMHUYECKHI aHAAM3 KPOBH:
C-peaxTuBHBIII 0€AOK, pPeBMATOUAHDIN q)aKTop),
PEHTTEeHOAOTHYeCKOe HCCAEAOBaHHe (0630pHa51
penTreHorpadus Tasa ¢ 3axBaToM oboux Tazobe-
APEHHBIX CyCTaBOB M peHTreHOIrpadus MOpasKeHHO-
ro CycTaBa B IPSMO¥ 1 60KOBO mpoekusx) u Y3U
TazobeppeHHbIX cycTaBoB. Craaust apTposa mo Kaaa-
rper-Aoypency 2-3. Taxke BceM ob6caepyeMbIM
IIPOBOAMAOCH OIPEAEACHHE AaKTUBHOCTH CHCTEMBI
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ITOA-AOC cniekTpo$pOoTOMETPUIECKUM METOAOM.
Onenky 9 $eKTHBHOCTH TE€PAITUU OCYIECTBASAU
gepes 1, 3, 6 u 12 Mecs1eB MocAe HadaAa ACUEHI.
Havaro nccaepoBaHMe aMHHOKHCAOTHOIO COCTaBa
KPOBH U CHHOBHUAABHOM SKUAKOCTH ITOA BAMSTHEM
BHYTPUCYCTaBHOM TepaIHH.

PesyabraTsl 1 X 06cy)AeHHs: Y 60AbHBIX OA
Ta300eAPeHHbIX CYCTAaBOB Yepe3 Mecsl] IOCAe HAaYaAd
AOKAABHO TepaIii CHIDKeHHe HHTeHCUBHOCTH 60AK
o BAIII cocraBasier 32,3%, gepe3 3 mecsria — 64,7%;
Jepe3 6 MecsIleB IOCAE HAaYaAd Teparuu — 78%.

B HOpMe 06beM ABIDKEHHI B Ta300€APEHHBIX Cy-
cTaBax cAepyromuit: crubanue 120° pasrubanue 15°,
npusepetue 30°, orBepaerue 40°, poranust HAPYKHSIS
u BHyTpeHHs1s 45°. ¥ HcCcAeAyeMBIX ITAlUeHTOB IIpU
OCMOTpe B OCHOBHOM CHIDKEH YTOA OTBEACHHUS AO
25° 1 poranuy Kax BHYTPEeHHel TaK 1 HAPYXKHOI A0
20° uro XapaKTepHO AAd 1-2 cTapuu KOKcapTpo3a.
ITocae mpoBeAEHHOTO Ae4eHHS BHY TPUCYCTaBHbIMH
MHDBEKIUSIMU SHAOIPOTE30B CHHOBHUAABHOM JKHUAKO-
CTH Yepe3 3 Mecslla [TOKa3aTeAn 00beMa ABIKEHHI
3HAYMTEABHO YBEAMYHMAHCH y 24 marmeHnToB u3 30,
a UIMeHHO: YToA oTBeAeHus A0 30-35° u poraruu Kak
BHYTpeHHel, TaK U HapyxHo A0 25-30°. B rpymnme
KOHTPOASI TAKHe K€ U3MEHEHNS B YBEAIEeHUH aMITAH-
TYABI ABIDKEHHUIT HAOAIOAQAVICH BCETO Y 8 IAIIMeHTOB.

ITo panubiM Y3M Ta306eApeHHBIX CyCTaBOB y IIa-
ITMEHTOB IIOCA€ BBEACHHS 9HAOIIPOTE30B CHHOBHAAD-
HOW >KUAKOCTH IIPOHCXOAUT YBEAUYEHHE TOAIUHbI
Xpslla Ha CYyCTaBHBIX NOBepXHOCTAX A0 0.2-0.4 mm.
Yro TaxKe CBUAETEABCTBYET 00 3¢ PpeKTUBHOCTH UH-
TPAAPTUKYASPHBIX HHbEKITHH.

Y rpynmsl manueHTOB ¢ MHTPAAPTHKYASPHBIMU
MHDBEKIUIMH 9HAOIPOTE30B CHHOBHUAABHOM SKUAKO-
CTH 1T0A Y 3-KOHTPOAEM B H0Aee 3HAYUTEABHOM Mepe
CHIDKAAACh AKTUBHOCTD IIPOI[ECCOB AUIOTIEPOKCH-
AAIuH, Ha pOHE MOBBIMIEHUS AaHTHOKHUCAUTEABHOM
AKTUBHOCTHU CHIBOPOTKH KPOBH. JTO COYETAAOCH
¢ 6oAee 3HAYUTEABHBIM CHIDKEHHEM ITOKAa3aTeAed
CPB, pesmo¢axropa u COD, yeM B rpymnme 60Ab-
HBIX C TPAAUIIUOHHBIM Ae€YeHHEM AAHHOM IIaTOAO-
THU, ¥ TIO3BOASIET TTAIJUeHTaM COKPAaTUTh yIOTpe-
bAeHMEe HeCTePOUAHBIX IIPOTHBOBOCIIAAUTEABHBIX
IperaparoB, a TAKXKe OTCPOYHUTD IIPOBEAEHHUE Op-
TOIIEAUYECKOH OIlepalluy IPOTE3UPOBAHUSA CYCTa-
B, YTO SIBASIETCSI COLIMAABHO 3HAYMMbIM MOMEHTOM
B COXPAHEHHHU 3AOPOBbsI PAOOTOCIHOCOOHOrO Ha-
ceaenust. ITpuMeHeHe OMOXUMUYECKHUX U YABTPA-
3BYKOBBIX METOAOB HCCAGAOBAHUS AQHHOM TpyIIIe
OOABHBIX IIO3BOAUT NPOTHO3HPOBATh TeYeHUE 3a-
00AEeBaHUS U yCOBEPLUIEHCTBOBATD TAKTUKY A€IEHIUS
U peabuAUTAIIUN.
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PSYCHOLOGICAL INFLUENCE ON THE LEVEL OF
BLOOD PRESSURE IN SCHOOL-AGE CHILDREN ON
THE BACKGROUND OF RENAL PATHOLOGY

Abstract. We have examined 89 children of school age. The children underwent a screening
evaluation of the arterial pressure indeces. An evaluation of the arterial pressure has been established
at the level of over 95% in 35 children. The overwhelming majority of these children has, or suffered
from renal diseases. Such children must be included into a risk group liable to arterial hypertension.

Keywords: children of school age, chronic renal pathology, blood pressure.

Introduction. The prevalence of arterial hyper-
tension (AH) among children is significantly lower
than in adults: according to epidemiological stud-
ies, it ranges from 1 to 5% [2]. Essential hyperten-
sion in children occurs much less frequently than in
adults; its prevalence increases somewhat with age.
In children of the first year of life, as well as early
and pre-school age, arterial hypertension develops
extremely rarely and in most cases has a secondary
symptomatic nature [3]. The children of prepuberty
and puberty age are most susceptible to the develop-
ment of arterial hypertension, which is largely de-

termined by the vegetative dysfunctions inherent in
these periods of childhood. According to J. Berkovic
(2006), in the children with hypertension at the age
of 10 years, the share of essential hypertension ac-
counts for 11%, symptomatic — 89% respectively. In
the study M. Arar (1994) shows that among adoles-
cents prevalence of essential hypertension is 35%,
secondary - 65% [6].

Parenchymal kidney disease, cochlear aorta and
renal artery stenosis are the most common causes
of secondary hypertension at this age. Causes of
elevation of diastolic blood pressure (BP) in ages 6
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to 10 years are usually parenchymal kidney disease
and renal artery stenosis [S]. The sharp increase in
blood pressure in children of this age group may be
due to kidney diseases such as acute pyelonephritis
and hemolytic uraemic syndrome, which can lead
to chronic renal failure and chronic hypertension
[6].

BP is determined by three main factors: vascu-
lar tone, cardiac output and volume of extracellu-
lar fluid [1]. In the early stages of elevated blood
pressure, an increase in the tone of smooth muscle
arterioles may be mediated by the activation of the
sympathetic-adrenal system through stimulation
of postsynaptic al receptors and presynaptic b re-
ceptors by circulating adrenaline with subsequent
release of norepinephrine. Increased activity of the
sympathoadrenal system in most cases is accom-
panied by an increase in the pumping function of
the heart and an increase in cardiac output. Subse-
quently, circulating (angiotensin II, vasopressin en-
dogenous digoxin-like factor) and local (endothe-
lin) vasoconstrictor hormones, which counteract
the vasodilator system (prostaglandins, endothelial
relaxation factor, nitric oxide / L-arginine), are in-
volved in the process [6].

The leading role of regulation of extracellular
fluid belongs to the kidneys. A number of factors in-
duce delayed kidney of sodium and water, leading to
an increase in blood pressure.

The number of functioning nephrons — in case
of parenchymal diseases of the kidneys, loss of the
renal parenchyma leads to a decrease in the filtering
surface. The perfusion pressure increases to compen-
sate for the sufficient excretion of sodium and water.
Renal vasoconstrictors (angiotensin II, adrenaline,
norepinephrine), which also promote tubular reab-
sorption of sodium.

Factors promoting tubular reabsorption of sodi-
um (aldosterone, deoxycorticosterone), activation
of sympathetic innervation of the kidneys, leads to
renal vasoconstriction and increased tubular reab-
sorption of sodium.

The presence of a pressure gradient between the
central arteries and renal perfusion pressure in the
stenosis of the renal arteries.

At AH of any genesis may be observed a combi-
nation of these factors, which does not exclude the
leading role of one of them. In essential AH, the cen-
tral role in pathogenesis is given to an increase in the
intracellular concentration of free ionized calcium in
the smooth muscle cells of the arterioles, which leads
to an increase in their tone. In vasorenal hyperten-
sion in the initial stages, the cause of increased blood
pressure is the activation of the renin-angiotensin-
aldosterone system. With prolonged preservation of
hypertension, the factors that increase the activity of
the sympathetic nervous system, inhibition of the
activity of the vaso depressor renal agents and the
violation of autoregulation of the peripheral vascular
tone, predominate. Hypertension in renal parenchy-
mal diseases is largely due to a violation of excretion
of sodium and water.

The aim of the study. Identify the prevalence
of arterial hypertension and its causes in schoolchil-
dren on the background of renal pathology

Material and methods. 89 children were exam-
ined. The ratio of girls and boys was 1: 1. The average
age of children was 14.2 £ 0.12 years.

The following research methods are used in this
work: anthropometric, clinical, laboratory, instru-
mental and statistical. Blood pressure measurement
was performed by Microlife’s automatic pressure
gauges with replaceable cuffs in the morning on
both hands, three times, at intervals of 3 minutes
between each measurement. In addition, children
with elevated blood pressure additionally performed
electrocardiography.

Results of the research and their discussion.
The average systolic blood pressure during the first
measurement was 120.67 + 1.3 mm Hg. (min -
74 mm Hg, max - 182 mm Hg). Accordingly, for the
second measurement, it was 113.78 + 1.07 mm Hg
(min - 77 mm Hg, max - 164 mm Hg) for the third
one-113.12 + 1.18 mm Hg (min - 74 mm Hg, max -
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~ 172 mm Hg). In the general average, the sys-
tolic blood pressure in the examined children was
115.86 + 1.1 mm Hg(min - 82 mm Hg, max -
-169 mm Hg).

In the following, the evaluation of the obtained
indicators by percentile tables was carried out. It is
generally accepted to use tables spread by gender,
age and height (in the form of percentile corridors).
For prehypertension is an indicator within 90-95%
of percentile's corridor. The figure above 95% at the
first measurement was evaluated as hypertension. If
after two weeks of repeated measurements in such
children the rate was normal, we believed that they
had a labile hypertension, which can be explained
by psychological influence. If the arterial pressure
remained high, we determined the degree of hyper-
tension (I or II, depending on the indicator). In our
study, 11 children with systolic arterial pressure in
the range of 90-95% were registered. We also found
35S children with arterial pressure above 95% pecen-
tile. With regard to diastolic pressure, the number of
children with high blood pressure was significantly
lower. So, in the range of 90-95%, there are nine chil-
dren registered, and above 95% — 14 children.

This discrepancy between elevated systolic and
diastolic arterial pressure is associated with the pres-
ence of renal disease in children, for which there is a
typical increase in systolic pressure, with the preser-
vation of normal diastolic, and high pulse.

A common belief that the main cause of high
blood pressure in children is kidney disease, in our
case, this is confirmed by anamnestic data: two chil-
dren have chronic pyelonephritis, in 17 children out
of 35 in the last three years, acute urinary tract dis-
orders have been reported (cystitis, pyelonephritis,
dysmetabolic nephropathy).

Conclusions

1. Increased arterial pressure in children is ob-
served in a significant percentage of cases requiring
pediatricians to know the method of assessing the
norm of blood pressure by age, sex, and height of
the child.

2. The vast majority of children with high blood
pressure have or had suffered from urinary tract dis-
ease and should be at risk group for the future devel-
opment of hypertension.
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POLAND-UKRAINE: TRANSBOUNDARY EFFECTS
OF THERMAL POWER PLANTS EMISSIONS

Abstract: The emissions of fly ash PM, (particulate matter with particles smaller than 10 ym)
and gases of thermal power plants (TPP) with a capacity of more than 300 MW, operating on coal,
were investigated. Flows of PM fly ash and TPP gases are calculated, which are transferred through

Poland-Ukraine boundary and the concentrations of these emissions on the boundary are calculated.

Keywords: TPP emissions, air pollution, fly ash, gaseous substances, transboundary impact.

According to the requirements of the “Protocol on
Strategic Environmental Assessment” [1], the aim of
our study is to assess the environmental impact of ther-
mal power plants, whose capacity exceeds 300 MW.

Burning coal on powerful foreign TPPs leads
to air pollution with gaseous substances and par-
ticulate matter.

Main emissions of TPPs to the atmosphere.

At coal fired thermal power plants main emissions
are consist from gases: CO,,SO,, NO_and particulate
matter in which the part of PM, | is about 10%.

European Pollutant Release and Transfer Regis-
ter [2] shows the annual emissions of PM,  ash and
CO,,NO, SO, gaseous compounds from coal fired
TPPs which have a capacity of more than 30 MW (e)
(there are 19 TPPs in Poland with a capacity of more
than 300 MW (e), the most dangerous to Ukraine are
Kozienice, Adamow, Belchatow and Polaniec TPPs).

Ukraine TPPs emissions are in [3], but there
are no CO, data. Instead in Ukraine are measured
CO emissions. Also in Ukraine do not measured
the emissions of fly ash PM, , instead in statistical
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data are shown emissions for fly ash for all particle
diameters. The part PM,  of whole fly ash emission
we get by calculations. So, in our paper we can com-
pare emissions of PM ash and NO, SO, gaseous
compounds. There are 14 TPPs in Ukraine with a
capacity of more than 300 MW (e), among them the
most dangerous to Poland are the nearest: Burshtin-
ska and Dobrotvorska.

Model of emissions transport from high
sources

The spread of aerosols from the pipes, their av-
erage annual concentrations in atmospheric air are
usually calculated using a model in which the disper-
sion of particles in the transverse plane (along the Y
and Z axes) is described by the Gaussian distribution
with ¢ and o, dispersions, respectively [4].

In this model, the direction of the coordinate axis
“X” is chosen along the direction of the wind, so the
axis of the plume is directed along the axis “X”. Dis-
persion coefficients o and o, describing the expan-
sion of the plume along the transverse axes’ “Y” and
“Z’, are set numerically depending on the distance
“X”. Numerical parameters that specify the values of
o, and 0 , obtained on the basis of numerous observa-
tions in different atmospheric conditions according
to the category of stability.

In this approach, the whole variety of atmospher-
ic conditions is divided into seven categories accord-
ing to the magnitude of stability: A, B, C, D, E, F, G
[5]. The most unstable category is A, more stable B,
even more stable C and so on to a very stable cat-
egory G. For each category the empirical coefficients

are given, by which the functions Gy(X) and o (x) are
determined [4].

Modern meteorological observations record the
magnitude and direction of the wind in separate
angular ranges or rhumbs. In meteorology mea-
surements are carried out for 16 rhumbs (N-north,
NNE-north north-east, NE-north-east and so on).
Each rhumb covers an angle of 22.5°. The sum of
all angles is 360°. When making calculations, the
basic formula for concentration must be averaged
within one rhumb, due to the lack of more detailed
statistical data. Comparison of calculations using
our model with calculations using the PC CREAM
model [6] showed good agreement at distances up
to 1000 km.

The technique developed by the authors [7; 8]
makes it possible to calculate concentrations for any
fraction and, knowing the composition of the fly ash
by fractions, calculate the sedimentation rate of any
fraction (sedimentation rate of gases in our calcu-
lations is zero). Calculating the rate of gravitational
sedimentation of various size particles, we can find
concentrations in the atmospheric air of any fraction,
calculate flows of fly ash with various sized particles
at large distances from the emission source. This al-
lows us to estimate the mass transfer of PM, across
the border of any country to neighboring states [8].

Transboundary transport of air pollutant
across Poland-Ukraine border

Table 1 shows the results of flow calculations for
fly ash (PM, ) and gases: NO, SO, from Poland to
Ukraine and in opposite direction.

Table 1.— Pollutant flows between Poland and Ukraine

.. Flow of fly ash, t/year Flow of gases, t/year
Direction PM NO_ SO,
Ukraine » Poland 3.19.10° 4,90 10° 6,69 - 10*
Poland > Ukraine 1.22.10° 3.63-10* 5.95.10*

The most dangerous Poland TPPs for Ukraine,
whose flows of the fly ash (PM, ) are more than
100 tons per year are: Kozienice, Adamow, Belcha-
tow and Polaniec. The maximum NO_fluxes over 5

thousand tons/year to Ukraine are expected from
the following Poland TPPs: Belchatow, Kozienice,
Polaniec. The most dangerous for transferring SO,
to Ukraine are Poland TPPs: Belchatow —20.5 thou-
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sand tons/year and Kozienice — 10.6 thousand tons/
year.

The most dangerous Ukraine TPP for Poland
is Burshtinska, whose flow of the fly ash (PM1 0) is
more then 70% of total flow and NO_and SO, flows
are greater then 75% of total flows.

Comparing flows from Ukraine and to Ukraine
(table 1) we can draw the following conclusions:

a) the flow of fly ash PM_  from Ukraine to Po-
land is 2.6 times more than in the opposite direction;

b) the flow of SO, from Ukraine to Poland is 1.12
times greater than in the opposite direction;

¢) NO_flow from Ukraine to Poland is 7.4 times
less than in the opposite direction.

Maximum concentrations of pollutants at Po-
land-Ukraine border are shown in Table 2. Next
to the maximum concentration values in brackets
is the TPP’ name that creates them. All maximum
concentration values on the border are due to work
of Ukraine TPPs.

Table 2.— Maximum concentrations of pollutants at Poland-Ukraine border

Concentration, pg/m?
Country Fly ash Gases
PM, NO_ SO,
Poland 7.13 .10 (Kozienice) 1.24 - 10! (Kozienice) 2.4 - 107! (Kozienice)
Ukraine 1.4-10!(Dobrotvorska) | 1.45-10"!(Burshtinska) 2.0(Burshtinska)

WHO recommends [9], that an average annual
concentration of PM,  for clean air, do not exceed
20 pg/m>. The maximum average annual concentra-
tion of PM flyashis 1.4-10"" ug/m? (Dobrotvorska,
Ukraine). All calculated maximum concentrations
of fly ash at Poland-Ukraine border are at a much
low level, more than 143 times less. Thus, the fly ash
(PM, ) on Poland-Ukraine border due to work of
TPPs does not exceed the standard level for clean air.

The average concentration of SO, in atmospher-
ic air is 1 ppmv [9], 2.86 mg/m?>. As a result of the
transboundary transfer of SO, additional maximum
annual concentrations of SO, of 2.0 pg/m’ (Bur-
shtinska, Ukraine) appear at Poland-Ukraine bor-
der, which is lower than the average concentration
in atmospheric air. WHO recommends an average
daily SO, concentration for clean air of no more than
20 pg/m’. Thus, the transboundary transfer SO,

across Poland-Ukraine border from the reviewed
TPPs does not exceed the standard level for clean air.

As a result of the transboundary transfer of NO,,
additional maximum annual concentrations of NO are
0.145 pg/m’ from Burshtinska, Ukraine. WHO recom-
mends an average annual concentration for clean air
only for nitrogen dioxide (NO,) of no more than 40
ug/m’. If the concentration of the mixture of gases
NO, does not exceed the value of 0.14S pug/m’ then
the concentration of one of them (NO, ) also does not
exceed 0.124 pg/m’. Thus, the transboundary transfer
NO_ across Poland-Ukraine border from the reviewed
TPPs does not exceed the standard level for clean air.

The maximum values of annual environmental
risk for the population, due to emissions of pollut-
ants PM, , NO , SO, of thermal power plants at Po-
land-Ukraine border are given in (Table 3) according
to [10-12].

Table 3.— The maximum values of annual environmental risk
for the population on Poland-Ukraine border

Risk, 1/year
Country Fly ash Gases
PM, NO, 50,
Poland 1.43-10'° (Kozienice) 3.1.10°(Kozienice) 4.8-10°(Kozienice)
Ukraine 2.8-10°(Dobrotvorska) 3.6-10°(Burshtinska) 4.1.10"* (Burshtinska)
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The calculated values of environmental risk due
to the transboundary transfer of fly ash PM,  and
gases from thermal power plants from Poland to
Ukraine and vice versa do not exceed the values of
107¢ per year (negligible risk).

Conclusions

The analysis of data on TPPs emissions in Poland
and Ukraine was carried out.

The total flows of fly ash (PM, ) and gases (NO_
and SO,) are given, which are transferred across
Poland-Ukraine border. These flows and concentra-
tions from the reviewed TPPs do not affect the EU
clean air standard at Poland-Ukraine border.

The maximum annual risk created on Poland-
Ukraine border due to emissions of TPPs is negli-
gible quantity value much lower 107 per year.
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AnHoOTanUsA. B CTaThe MPOAHAAU3UPOBAHbI OCHOBHBIE ITAIIbl U TEOPETHIECKUe ONMCAHMS 3AKOHOMEPHOCTel
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KarxoueBrpie caoBa: ITHAOT, pE3YAbTAT, METOA, METOANKA, TEXHUYECKHE CHCTEMbDI, dpraTuieCcKast CUCTEMA

KITNAOT-CaMOAET >, MOAEAD, I/IH(l)OpMaI_[I/Iﬂ, IMOA€THAsI CUTYyallH:l.

Ha cospemennbie Bosaymmbie cyaa (panee BC)
POCCHUFICKOTO U 3apy0eKHOro MPOU3BOACTBA YCTa-
HABAMBAIOT 9A€KTPOHHBIE CHCTEMBI OTOOpaXKEeHMs
unopmaruu (panee COM), ocHOBOI mOCTpoeHHs
KOTOPBIX SIBASIETCSI OTOOpaXKeHHe AQHHBIX HA MHO-
ropyHKIJMOHAABHBIX IIBeTHBIX HMHAMKaTopax. Ilo
CPaBHEHUIO C SAEKTPOMEXaHMYECKON MHAMKAI[UEeN
Ka4ueCTBEHHO MeHSIeTCsl 00beM 1 COCTaB 0TOOparxa-
eMo¥ HHPOPMAIMHU: IUAOT ITOAYYaeT BO3MOKHOCTD
CYMTHIBAHHS TOAETHO MHPOpMaruu (BHICOTA, CKO-
POCTb, KypPC, KPeH, TaHrax) B KpaTyalimuit mpoMe-
XKYTOK BpeMeHH, 6e3 IepeHOCa B3TASAQ C OAHOTO
npubopa Ha APyToii.

IlepBpie MOMBITKH TEOPETUYECKOrO OIMCaHMS
3aKOHOMEPHOCTEN B 3pUTEABHOM ACSATEABHOCTH ITU-
AOTa AASI CO3AQHUS METOAOB 9PTOHOMHYECKOM paspa-
6orku u coepinercrsoBannst COM 6p1au peanpu-
HATH B KoHITe 50-Xx — Havase 60-x ropos [1]. Lleab
HCCAEAOBAHHII COCTOSIAA B OTIPEACACHIH HEOOX0AU-
MBIX AASI IOAHOTO BOCIIPHSTHS THAOTOM IIPUOOPHO
uHPOPMAIIHK YaCTOT HabArOAeHHsI OcHOBHBIX I1I1,
BBIYMCAGHUH Ha UX OCHOBE TEOPeTHYEeCKUX BepOsT-
HOCTeTt HAOAIOA€HHS IMAOTOM OCHOBHBIX IPHOOPOB
U BEpPOSATHOCTE! IepeHOoCca B3TASAQ TUAOTA C OAHOTO
nprbopa Ha APYTO#i, Ha OCHOBE KOTOPBIX MOTYT IIPO-
BOAUTBCS OL}eHKA AOITYCTUMOTO IT0 9PTOHOMHUYECKHM
OTrpaHHMYEeHMSM KoAmdecTBeHHOro cocraBa COU
U dpronomMudeckas ornexHka komnonosku COM. Hc-
XOAHBIMU AQHHBIMHU AASl HUX CAY>KHUAU BpeMeHHbIe
pasBepTKu 3HadeHUI ocHOBHBIX 111, a MeTopaMM —
KAACCHYeCKHe METOAbI TeOpUU HHPOPMAIIHH, OCHO-
BaHHbIE Ha BOCCTAHOBAEHHH HEIIPEPhIBHOTO CUTHAAQ
C OrPAaHMYEHHOM IUPUHOM CIIEKTPa IIO CUCTEME €ro
AVMICKPETHBIX OTCYeTOB [2].

OaHako, mpeAAO’KeHHast MOAEADb B3aMOAEHCTBHS
maora ¢ COM 6asupoBasach Ha MEXaHUYECKOM HC-
TIOAb30BAHMU PE3YABTATOB U METOAOB TEOPHUH IIepe-
Aauy H”HYOPMAITIH, CIPAaBEAAUBDIX B CAyYae TeXHH-
9eCKUX CHUCTeM, AASL MCCAEAOBAHMUS 3PTOTUYECKOM

CHCTEMBI «IUAOT-CaMOAeT> |3 ]. AaHHOe mpHuBeAo
K IIOAHOM HEAaAE€KBATHOCTHU MOAEAH, NPETEHAYIO-
IIeH, B Ay4IIeM CAy4Yae, Ha ONMCAHHE TOABKO OAHOM
U3 CTOPOH AEATEABHOCTU IHMAOTA — ITACCHBHOIO
3PUTEAPHOTO KOHTPOAS ITapaMeTpUYecKor HHPOP-
Malyiy, peaAbHOHN 3PUTEABHOM AEATEABHOCTH IIUAO-
Ta, HAIIPAaBACHHO Ha obecrieueHne GpOPMHUPOBAHHS
IMMAOTOM YIIPABASIOLIUX ACHCTBHH, HEOOXOAMMBIX
AASI BBITIOAHEHHSI IIMAOTKHOM 3aAQUM U TpebyeMbIx
ITIOA€THOM CUTYyalueHn.

Ilpepsaraemass MeTOAMKA paclpeAeAeHHs
U MePEKAIOYEHNs BHUMAaHUS [IPU TIMAOTHPOBAHHUH
1o mpubopam BbipaboTaHa Ha OCHOBE OIIbITA HaU-
60Aee IIOATOTOBAEHHBIX THAOTOB-METOAUCTOB, OT-
AMYHO BAAAEIOIIHX THAOTHPOBAHUEM IO IPHOOpaM.
OCHOBHBIMU ITOAOKEHUSMH, OIIPEAEASIONUMU IIpa-
BUABHOCTD PaCIIPEAEACHHS U MePEKAIOYEHUs BHU-
MaHHS IIMAOTA [IPU ITHAOTHPOBAHHU 110 IPHOOpaM,
ABASIFOTCSL:

1. YmeHnue nMAOTa IPaBHABHO IPEACTABASITD,
4eTKO aHAAM3UPOBATH MHAOTHPOBAHHE II0 MpU6O-
PaM KaK KOMIIAEKC ITapAAAEAbHBIX IIPOIIECCOB, K KO-
TOPBIM CAEAYET OTHECTH:

«  BBIAEP)KUBAHHE 3AAAHHOTO pexuMa (mmao-

TUpOBaHHUe);

e KOHTPOAb 32 BHIACP)KHBAHUEM 3aAAHHOTO

peXuMa;

e HCIIpaBA€HHE AOITYIIE€HHBIX OTKAOHEHHUM.

ITpu aTOM 60ADBIIAs A0AS BHUMaHUS (110 BpeMe-
HH) YAGASETCS BbIACP)KMBAHHIO 3AAAHHOTO PEXUMa
(MMAOTHPOBaHM), @ MEHbIIAst — KOHTPOAIO H HC-
IIPABACHHUIO AOIIYI€HHBIX OTKAOHEHHUH.

2. BpipeAeHHe U3 Bcero KOMIIAEKCa IPUOOPOB
TeX, UCIIOAb30BaHHe KOTOPBIX 0bAeryaer ¢ Hau-
MEHDBIINM HANPSKEHUEM BbIACPXKUBaHUE 3aAaHHO-
ro pexxuMa noaera. B nporupaom cayvae muaor
He yCIIeBaeT CBO€BPEMEHHO U TOYHO OTPearupo-
BaTbh Ha OTKAOHEHHE BO3AYIMHOTO cypHa. [TosaBas-
eTcs AeQUIIUT [0 BpEMEeHH, YTO YCHAMBAeT HepB-
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HO-TICHXHYeCKOe HaIpsDKeHHe ITHAOTA, CYXKasl ero
06'beM BHUMAHUS M OTPAHUYUBASI BOZMOXHOCTb
AASI CBOEBPEMEHHOTO OCMBICAUBAHUSI IIOAOXKEHHUS
BO3AYIIIHOTO CYAHQ, IPUHSTHE PeIleHuUs U AeFICTBUI
IO THAOTHUPOBAHHUIO.

3. PaspeaeHue BbIpeA€HHBIX IPUOOPOB Ha ABe
TPYIIIbL:

« OCHOBHbIE IIMAOTaXXHbIE, IO KOTOPHIM OIIpe-
A€ASIeTCSI Ml BBIAEPXKHBAETCS ITOAOXKEHHe
BO3AYILIHOTO CYAHa B mpocTpaHcTBe. K HuM
OTHOCSATCSI aBUATOPU3O0HT, OPHUEHTHPYIO-
U B NMPOCTPAHCTBE IOAOXKeHUE Ipo-
AOABHOM M ITOIIEPEYHON OCEN BO3AYLIHOIO
CYAHQ, ¥ KOMITAC, OPUEHTHPYIOLINIT IIOAOXKe-
HIe OTHOCUTEABHO BePTUKAABHOM OCH;

¢ OCHOBHBIe KOHTPOAUPYIOLIHE, ITO3BOASIO-
II[1Ie OIPEACAUTDb U YCTPAHUTb OTKAOHEHHe
BO3AYILIHOTO CYAHA IO OTAEABHBIM Iapa-
MeTpaM ero ABIKeHHs. K HUM oTHOCSTCS
yKa3aTeAb IIOAOXKEHHUsSI BOAYIIHOIO CYAHA
OTHOCHUTEABPHO PaBHOCHTHAABHON 30HBI,
PAaAMOKOMIIaC, BapHUOMETpP, BBICOTOMEP,
ykasareab ckopocTH. KaxAbIil U3 HUX Me-
HSIeT CBOIO 3HAYMMOCTD Ha PA3AUYHBIX ITa-
Iax IOA€Ta.

4. VYacHeHHe 3aBUCHMMOCTH B U3MEHEHMH Ya-
CTOTBI M IOCA€AOBATEABHOCTH IIepeKAIOUeHUS BHU-
MaHHsI ¢ IPHOOPOB MUAOTUPOBAHUS Ha IPUOOPEI
KOHTPOASL, KOTOPAsI OTIPEAEASIeTCSL:

¢ TOYHOCTBIO BBIAEP)KUBAHHS PeXMMa: 4yeM
MeHblIlle II0 BEAUYHHe, peXXe 1 KpaTKoBpe-
MEHHON OTKAOHEHHE HCXOAHBIX 3HAYEHHUI
KpeHa, TaHT'aXXa U Kypca, TeM pexxe IoTpeod-
HOCTbD B [IepeKAIOYeHUU BHUMAHUS Ha MIPH-
6opsr koHTpOAsL. Kpome Toro, uem 60abire
paspemraoiue BO3MOXXHOCTH KOHTPOAH-
pylomux npubopos, TeM daile moTpedyeTcs
IIepeHOCUTD Ha HUX B3TASIA;

¢  XapaKTepOM ABIDKEHHS BO3AYIIHOTO CyAHA:
Ha HeyCTAaHOBMBIIHXCS peXKUMaX U IPU UC-
IIPaBAEHUU OMIHOOK YaCTOTA MepeKAlYe-
HISI BHUMAHHS U BpeMsi QUKCAIIMU B3TASIAQ

Ha KOHTPOAUPYIOIIUX IPpUOOpax MOTYT Ha
KOPOTKHM CPOK BO3PACTH HACTOABKO, 4TO
CTaHYT COM3MEPHUMBI C AOAeH BHMMAaHMUS,
yA€AIeMOTro IpHUOOpaM BBIAEPKHUBAHUS
pexXuMa;

e JTaIOM IIOA€TA: Ha BBICOTE B peXHMe ropu-
30HTAABHOIO IIOAETA IIPH YCTAHOBHUBIIEMCS
ABIDKEHUU TepeKAIoYeHHe BHUMAaHHS 3Ha-
YUTEABHO peXXe, YeM Y 3eéMAH, Ha CHIDKEHHH
C 2IIIEAOHA — PeKe, YeM IPU CHIDKEHHUH I10
CXeMe 3aX0Aa Ha IIOCAAKY.

CocpepoTodyeHHE ONTHMAABHOTO OObeMa BHU-
MaHHs Ha BBIAEACHHBIX OCHOBHBIX ITHMAOTAXKHBIX
U KOHTPOAHPYIOIIMX IPUOOPAX B 3aBUCHMOCTH OT
JTala IIOAeTa U UCIIOAb3YeMOM CUCTEMBI 3aX0Aa Ha
II0CaAKY. YCTaHOBA€HA OOpaTHas 3aBUCHMOCTD
H3MeHeHHUs obbeMa BHHUMAHHUS MHUAOTA Ha IHU-
AOTAXHBIE M KOHTPOAHPYIOIUe IPUOOPHL OT UX
paspemaromen TOYHOCTH ¥ HaTASAHOCTH.

IlepBocTeneHHOCTh aBUArOPU30HTA, KOTOPOMY
YAEASIETCSI OKOAO ABYX TpeTel BHUMaHMs, PeAHa3Ha-
4eHHOTO IMAOTXHBIM IIpubopam. CAeayeT OTMETHTD,
4TO U3-32 HECOBEPIIEHCTBA AaBUArOPU3OHTA IIPH CYH-
ThIBAHUH U3MEHEHUH 10 TAaHI Ky ITUAOTY MIPUXOAUTCS
YAEASTD AMIIIHEee BHMAHHe BapUOMETPY.

TBeppoe yscHeHHe HeOCTIOPUMOI UCTHHBI, YTO
AASL BBIAEPKUBAHHS 3aAAHHOTO PeXXHMa HeOOX0AH-
MO COXPAaHMTb IIOCTOSSHHBIMH He OIIPeACASIoIHe
€ro IapaMeTpbl, a HEKOTOPbIe HCXOAHbIE BEAMYHHBDI,
IIPOU3BOAHBIMU KOTOPBIX SIBASIFOTCSI TOCTOSIHHBIE
CKOPOCTH, BBICOTBI M HAITpAaBACHHUE ITOAETA.

Tax, AASI BBIAEPXKMBAHMS BBICOTHI M CKOPOCTH I10-
AeTa HY>KHO YA€ P>KUBATh MPOAOABHYIO OCh CaMO-
AeTa B IOAOXKeHHH, 06ecleYnBaOMUM FOPU30H-
TaAbHOE€ HaIlpaBA€HHE BEKTOPa CKOPOCTH, a AAL
COXpaHeHHUA MOCTOSHHOTO HAaIlpaBAEHHS IOAETa
He AOITyCKaTh BpallleHhs CaMOAeTa OTHOCHUTEAb-
HO BEPTHKAABHOM OCH, T.€. He AOIIyCKAaTh KPEHOB
U CKOAbXeHHA |4 ]. YMeHue YCTaHOBUTD IPUUHUHY
OTKAOHEHHS BO3AYIIHOTO CYAHA OT 3aAAQHHBIX IIa-
paMeTpOB, YCTPaHUTD €€, a 3aTeM OIIPEAEAUTD OT-
KAOHEHME U MCIIPaBHUTb €ro.

39



Section 5. Technical sciences

JonycTUmeld MapLupyT

Hauny4wmin mapipyT

HenpaeunsHeld MapwpyT

Puc. 1. Cxema pacnpenenenuvs v nepekioyeHmnsa BHUMaHns

Heo6x0AUMOCTD pa3paboTKu MPOAYMAHHBIX
CXeM PaCIpeACAeHUS U TepeKAIOYeHHs] BHUMAHUS
AASI KQKAOTO CaMOAeTa U Ha KAKAOM IJTaIle IIOAeTa,
KOTOpbIe 00AeryaT BOCIPHATHE IIOAOXKEHHUS CAMOAe-
Ta B IPOCTPAHCTBE C HAaMeHbIIeH 3aTPATOM BpeMe-
uu (cm. puc. 1). B ocHOBY Takux cxeM AOAXKHbI GbITD
IIOAO>KEHBI OIIBIT A€THOTO COCTAaBa M TEOPeTHUYeCKHe
HCCAEAOBAHUS], TO3BOASIIONINE BBISIBUTD FAABHBIE 3a-
KOHOMEPHOCTH IIpOIiecca paclpeAeAeHUs U Iepe-
KAIOYEHUS] BHIMAHUSL.

AAst TOrO, 4TOOBI OIPEACAUTD OCHOBHbIE IIPO-
peccuoHAAPHO HEOOXOAUMbIE XaPaKTePUCTUKH ITH-
AoTa B riporiecce yrpaBaeHns BC u xapakrepuctuku
YPOBHSI 9PTOHOMHYHOCTA HEOOXOAUMO IIPOBECTU
AE€TAAbHBIN aHAAW3 B3AaUMOAENCTBUS MTUAOTA C HUH-
dopmanronHo ynpasastomumu cuctemamu (UYC)
U B IIEPBYIO OYepeAb C CUCTeMaMH OTOOPasKeHISI HH-
dopmanun (COUN), UCTIOAB3YS CAEAYIONIYIO CTPYK-

TypHyto cxemy (cM. puc. 2).

TpaekTopua

3apanuve
Ha
nonet

CPEJA

Puc. 2. CTpykTypHas cxema
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Msuoroobpasue ¢opM INpOSIBAEHHST 4YeAOBede-
CKOTO (aKTOpa B aBHAIUH, HEPEAKO IPHBOASIIHX
K OCOOBIM IIOA€THBIM CUTYAIIHSIM, CTABUT IIPOOAeMY
9PTOHOMHUYECKOTO COBEPIIEHCTBOBAHHS ABHAI[IOHHO-
r0 0OOPYAOBAHIIS B YHCAO IIPUOPUTETHBIX IIPOOAEM,
CBSI3aHHBIX C obecredeHrneM 6e30IMacHOCTH ITOAETOB.
OmpepeAeHre IepCIIeKTUBHBIX HAIIPABACHUH 9Pro-
HOMHYECKOTO COBEpIIEHCTBOBAHHUS aBUAI[IOHHOTO
060pyAOBaHHS TPeOyeT CIIelIUaAbHBIX HCCAEAOBAHUI
Ipoljecca B3auMoAercTBus akumnaxka BC ¢ Texauye-
cxumu cuctemMamu BC. Heo6xoAMMBIMU B METOAOAO-
rHYE€CKOM OTHOIIEHHWH 3TAllaMH 3TUX MCCAEAOBAHUI
SIBASIFOTCSL:

e YCTaHOBAEHHE OCHOBHBIX 3aKOHOMEPHOCTEMN
IIPOIIECCOB B3aUMOAENCTBHS akumnaxa BC
¢ Texunueckumu cucreMamu BC;

+ OIpeAeAeHHe HEOOXOAMMBIX AASL AOCTIDKE-
HUSl 3aAQHHOTO KadyeCTBa MMHUAOTHPOBAHUS
XapaKTePHCTHUK IpoIiecca B3aHMOAEHCTBUS
sxumaxka BC ¢ TexHMyecKMMU cHCTEMaMM
Y QHAAU3 NICUXOPU3HMOAOTHYECKIX BO3ZMOXK-
HOCTE YAEHOB 9KHUIIaXKa 00EeCIIeYnTh 9TH He-
00XOAVIMbIE XapaKTePUCTUKY;

« QopMyanpoBaHHe OOBEKTUBHO OOOCHOBaH-
HBIX 9PTOHOMIYECKUX TPEOOBAHMUI K TEXHITIe-
ckuM cucteMam BC, B yacTHOCTH, OnIpepeseHre
00'peKTHBHbIX YHCAOBBIX IOKA3aTeAEl PTOHO-
MHYECKOT'O KauyeCTBa OTAEAbHbIX cucTeMm BC;

« BBUIBACHHE 9PTOHOMHYECKHUX HEAOCTATKOB
9KCIIAYaTHPYEMOTO U IPOEKTHPyeMOro 06o-
pyaosanust BC u onpeaeaerue cmioco6oB ux
yCTpaHeHHS.

BaxHBIM 9TarmoM B U3y4eHUH 3PUTEABHOH Aes-
TEABHOCTH [IMAOTA CTAAQ Pa3paboTKa U IpUMeHeHHe
PA3AMYHBIX TEXHUYECKHX CPEACTB PETUCTPALIHU 9TON
AesiTeAbHOCTH. C IIOMOIIBIO TEXHHUYECKHUX CPEACTB
PEeTUCTpAIlMH 3PUTEABHON AEATEABHOCTH ITHAOTA
OBIAM [IOAYYEHBI TAKHE BaJKHbIE ee XapaKTepUCTHKY,
KaK CPeAHSIS IIPOAOAKUTEABHOCTD PUKCAI[UH B3TASIAQ
MMAOTA HA Pa3AUYHBIX IPUOOPAX, YACTOTA 3PUTEAD-
HBIX OOpaljeHHiT IIMAOTa K Pa3AMYHBIM IIpUOOpawm,
CpeAHee BpeMs [lepeHOCa B3TASIAQ C OAHOTO IIPH60-

Pa Ha APYTOH, CTATUCTUIECKHU YCTONYHMBbIE ITUKABI
B 3pUTEABHOM MapUIPyTe MHAOTA U T.A. [ 5]

OaHako, B OOABIIMHCTBEe pabOT MCCAEAOBAHUS
OTPaHUYMBAAUCH CHSTHEM M CTaTUCTUYECKOH 00-
pa60TK0171 IPOCTEMINNX BPEMEHHBIX II0Ka3aTeAer
3PUTEABHOI AESITEABHOCTH MHUAOTA. Tak, B paboTax
B.I' IBanoBa, 3.A.IoapBepka, H.A. Croasiposa,
B. A. IlonomapeHKo, TpHBeAeHbI IKCIIEPUMEHTAABHO
HOAyYeHHbIE XapaKTePHCTHUKH IMPOIIeCCa CIUTHIBAHIL
IMAOTOM IIOKA3aHUI MPUOOPOB Ha ITalle 3aX0AA Ha
IIOCAAKY U BBIAGACHBI CTATUCTHYECKU YCTONYHBbIE
LIMKABI B IIEPEHOCAX B3TASIAQ C OAHOTO Ipubopa Ha
APYTOI1 M IOAYEPKHYTO, YTO 3HAYEHHe 3PUTEABHOTO
KaHAAQ B TEXHHKe IIMAOTHPOBAHUS HECPAaBHUMO HH
C OAHHM U3 APYTHX KaHAAOB IOCTYIAEHHS HHPOP-
Manuu TUAOTY [6, 7]. CeroaHs AQHHOI TeMaTHke
nocssimens! paboter H. H. Croasposa u 1. B. Kyshe-
nosa (8, 9]. Kparko npoanasusupoBanHble paboTh
MOTYT CAY>KUTD SIPKUM IIPIMEPOM, YKa3bIBAIOIIMM Ha
METOAOAOTHYECKYIO I[eHHOCTb TeOPETHIECKOTO II0-
FICKA U BBIAGACHUST HECAYJaITHBIX XapaKTePUCTHUK 3PH-
TEABHOH AESITEABHOCTH ITHAOTA, KOTOPbIE, AAJKe B BHAE
BO3HUKAIOLIUX I'UIIOTe3, CIOCOOCTBYIOT IleA€HAIIpaB-
ASHHOI OPraHU3aL[H AOPOTOCTOSIIIUX U TPYAOEMKHX
9KCIIePHMEHTAABHBIX UCCACAOBAHUI, M IIPAaBHABHOM
MHTepIIpeTalliH HX Pe3yAbTaToB. BrioAHe ecTecTBeH-
HBIM CACACTBHEM HEAOCTATOYHOI'O TeOPETHIECKOTO
obecreyeHNs] dKCIIEPUMEHTAABHBIX HCCACAOBAHUI
SIBASIETCSI BeCbMa OIPaHUYeHHAsI 00AACTD [IPAKTHYe-
CKOTO IIPHMEHEHHS] X Pe3YABTATOB: IIOAYYEHHbIE IM-
IMMPHYECKHe XapaKTePHCTHKU 3PUTEABHOH AesITeAb-
HOCTH ITHAOTA HUCIIOAB30BAAVCH, TAQBHBIM 00pa3oM,
AASI IIOMCKA OIITUMAABHBIX KOMIIOHOBOK ITPUOOPHBIX
AOCOK CaMOAETOB C 3aAaHHBIM DAEMEHTHBIM COCTa-
BOM M3 paHee anpoOHpOBaHHBIX IPHO60poB. OAHAKO,
AasbHermee B3auMoaerictue muaora ¢ COM, npe-
CAeayIollee MPAKTHIECKH BKHYIO IIeAb CO3AAHHSA 9p-
FOHOMHYECKOTO ObeCIede st AASI KOHCTPYHUPOBAHNS,
ucnbiTannil u akcrayatanun COM BC, opnnmu am-
IMHPUYECKIMHI METOAAMH PeTUCTPAIMU 3PUTEABHOM
AESITeABHOCTH ITMAOTA BBIIBUAO HX ITPUHIIUITHAABHYIO
orpaHn4eHHOCTb. CyTb 9TOM OTpaHHYEHHOCTH CO-
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CTOMT B TOM, YTO 3TU METOABI TOABKO PETrHCTPUPYIOT
BHEIIHME, UTOTOBble IIPOsIBACHHS 1 XapaKTePUCTUKH
mporjecca B3aumopericTsus musora ¢ COM, Ho He
AQIOT OTBETA Ha BOIIPOCHI, KaK IMHUAOT AOAXKEH OIITHU-
MaAbHO B3anMoaericTtsoBaTth ¢ COM u cospaer an
Aansbiit T COM nuAoTy OonTHMaAbHbIE YCAOBHS
aas ynpasaenus BC. AeficTBUTeAbHO, P BHITIOAHE-
HHU Pa3AMYHBIX THAOTAXKHBIX 3aAQ4 IIUAOT BBIHY>KAEH
IPUCIOCAOAMBATD CBOIO 3PUTEABHYIO AESITEABHOCTb
k AaaHOMy THITy COM AASI TOTO, 4TOOBI IIOAYYATD He-
06XOAMMYI0 eMy HHYOPMALHIO AQXKe C IPrOHOMHYe-
CKUX HeCOBepIIeHHbIX IIPHOOPOB.

ITosromy npucyrcrayromue 8 COM nepocTarku
HeM30eXHO OTPKAIOTCS HA XapaKTepe pacIpeAeAe-
HUSI 3pUTEABHOTO BHUMAHUSI IIMAOTA 10 IIPHOOpaM.
OproHOMHYECKIe HEAOCTATKU OTAEABHOTO Iprbopa
BBI3BIBAIOT Y ITHAOTA 3aTPYAHEHHS B IIOAYYe€HUH C HEeTO
MHPOPMAIIMHY, BCAEACTBUE Yero IPOHUCXOAUT 3HAUH-
TeAbHOE YBeAHdeHHe CpeAHeH IIPOAOAKUTEABHOCTH

3PUTEAbHBIX OOpalljeH I ITHAOTA K HEMY, TO €CTb 13-
MeHeHUe BpPeMEeHHBIX XapaKTePHCTHK 3PUTEAbHOM
AeSITeAbHOCTH, UAH M3MEHEeHHe CTPYKTYPHbIX XapaK-
TEPHUCTUK 3PUTEABHOH AESITEABHOCTH IIPH MOIbBITKAX
IIMAOTA CKOMIIEHCHPOBATh MAAYI0 HHPOPMATHBHOCTD
aToro mpubopa. AAsl pacro3HaBaHUS ITHX SIBACHUI
B 3PUTEABHON AESITEABHOCTH IIHAOTA TPebyeTcsl, mo-
MUMO SMITUPUYECKH IIOAYYEeHHbIX 3pUTEAbHbIX MAPIII-
PYTOB IIMAOTA, HAAMYHE HEKOTOPOTO TeOPeTHIECKOTO
3TaAOHA 3pUTEAbHOM AesiTeabHOCTH IraoTa o COM,
CBOOOAHOIT OT 9PrOHOMUYECKUX HEAOCTATKOB.

B 3akAIOUeHHU CAeAyeT OTMETHUTD, YTO METOAMYE-
CKasl HEOOXOAMMOCTD OIIpeAEA€HHS TAKOTO 9TAAOHA
AASI U3yJeHHS IPOIlecca B3aMMOACHCTBHS IIHAOTA
¢ COM, HanpaBAeHHOTO Ha Pa3paboOTKy METOAOB
apronomuyeckoro cosepmencrsoBanus COL, cra-
HOBHTCSI 0COOEHHO O4YeBUAHOM IIPU UCCAEAOBAHUU
3PHUTEABHOM 3aTrPy3KH IIMAOTA 10 TApaMeTPUIeCKOH
MHPOPMAIIHH.
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Abstract. The law of the world is derived from the law of conservation of momentum. It is shown
that the laws of gravity are another form of recording energy conservation laws. The nature of gravity
is revealed as a sum of rotating planes (whirlpools, ethers). Gravity is considered as a changing density
of the medium (space). The relationship between gravity and mechanical laws of energy conservation
(these phenomena are similar) is shown.
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BbiBOl 3AKOHA BCEMUPHOIO TArOTEHU4A
N3 SAKOHA COXPAHEHUA SHEPIUA

Annoranus. BriBepeH 3aKOH BCeMHPHOIO TArOTEHHS U3 3aKOHA COXPAHEHH KOAUYECTBA ABYDKEHHS.
IToxazaHO, YTO 3aKOHBI IPABUTAIIMM — 3TO APyras ¢popMa 3amuceil 3aKOHOB COXpaHEHHUs SHEPIUu.
PacKpbiTa IPUpPOAA 'PABUTAIIMH KaK CYMMbI BPAIIAOIIIXCS TIAOCKOCTel (BOAOBOPOTOB, 3gHPOBOPOTOB).
[paBHUTaLMs PacCMOTPeHa KaK M3MEHSIIOIAsCS TAOTHOCTD cpeabl (mpocTpancrsa). [TokasaHa cBs3b
MEXAY TPaBUTALe I MEXaHUYeCKIMY 3aKOHAMH COXPAHEHUSI SHePIUH (3TH SIBACHHS TOAOOHBL).

KaroueBbie cAOBa: BbIBOA 3aKOHA I'PaBUTALIUH, IPUYMHA IPaBUTAIMK, 3aKk0H HbioTOHa, maoT-
HOCTb, BOAOBOPOT, 3pHPOBOPOT.

B teopuu rpasutanmu [5-9] rpauTanus npea-
CTaBASIeTCSI N3MEHSIIOIEICs, IAOTHOCTBIO cpeAbl (a¢u-
pa) (puc. 1), cOpPMUPOBAHHOMN M3 CYMMBI TAOCKUX
TIPOTOHHBIX BOAOBOPOTOB (3¢upoBopoToB). [1aockue
IIPOTOHHBIE BOAOBOPOTbI CO3AAIOTCS U3 IPEBPAILeHAS

IIOCTYIATeAbHOM 9Hepruu kBaHToB cBera E = MC? =
=hv Bo BpaIjaTeAbHYI0 9HEPIUIO IIPOTOHHBIX BOAOBO-

poros E = W’ MAYL B BHAFIMYIO MATEPHIO.

BOAOBOPOTa J BOAOBOpPOTa

B pesyaprare oTHX B3aMMOAEHCTBHM IIPOMCXOAMT
IpeBpalleHne OAHOM GOPMbI dHEPIHH B APYTYIO —
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HOCTYHaTeAbHOfI BO BpalllaT€AbHY1O, B CTa6I/IAbHYIO
AOKAaAM30BaHHYIO 9aCTHITY C Maccou IIOKOs, B OTAHU-
YK€ OT KBaHTA CBE€TQA, HE NMCIOIIEIO MAaCChI ITOKOA 13-3a

ABYDKEHIL, TaK KaK IIPOMCXOAUT II€pEAAa BpAIIaTEAD-
HOM OHEPIHH OT OAHOI'O SAEMEHTA CPEADBI K ADYTOMY
(aHaAOI‘ BBYKOBOf/i BOAHbI Ha pHC. 2)

PucyHok 1. NpaButauuda

Wanenertie nomHOCI! 3P TeXIPOMGCHUMHON BOTHOT

NGy 'r'vﬁi“ir
L e SN Ao
@

LA

i

ok
-

e

PucyHok 2. 3meHeHne cpeapl 31eKTPOMarHMTHOM BOJTHOWM

CBs3b Me3XAY MAaCCOM KBaHTA CBETa U MAaCCO BO-
AOBOPOTa TIPEACTABASAACh PaHee [ 5-9] u3 Mexanu-
JeCKUX IIPeACTaBACHHI O IocTossHHOM [TAaHKa, Kak
nokasao Ha (puc. 3).

OpaHa 13 OCHOBHBIX 3ap24 pusuku [ 1-4; 10-12] -
3TO BBLISIBACHUE CBSI3el MEeXAY Pa3AMYHBIMU pu3Hde-
CKVIMH SIBACHUSIMH U UX IIEPBOIIPUYUH U HAXOXKACHHE
00BEAMHSIOIIUX X 3AKOHOB.

OcHoBoIOAArarOmMUM 3aKOHOM QH3HKH SBASIETCS
3aKOH COXPAaHEHHSI S9HePTUH, KOTOPBIN TAACUT O TOM,
4TO 9HEPIHs BHYTPH 3aMKHYTOM CHCTEMbI OCTAETCs
IIOCTOSIHHOH, @ BHYTPH CHCTEMBbI IIPOUCXOAUT TOABKO

(1)

06MeH U B3aUMOIIpeBpalleHIe JHePrHil:

E=my}[2+my; |2 = const.

W3 3akoHa coxpaHeHUs dHEPrHMM 3aMKHYTOM
CHICTEMBI CAEAYEeT 3aKOH COXPAHEHHMs MMITYyAbCa KaK
CAeACTBHE OOMeHa dHeprisIMU BHYTpu cucteMsl. Hu-
4TO He yObIBaeT, HUYTO He AOOABASIETCSI, BCE TOABKO

(2)
(3)

3Hepr1/1${ BpamaTEAbPHOI'O ABIDKEHH I BPIBOAUTCA

B3aMMHO IIpeBpallaeTCs.
- By
htpr=ph +p2;
my, +myy, = m1171/ + m2172/ .
Y3 SHEPTUH ITOCTYIIATEAbHOTO ABYDKEHHU S ITyTEM Pa3-

OHeHNs Ha MAAEHbKHe CeIMEHTbI TeAa Amy, 1 AAAb-
HEMNIIero nX CyMMUpPOBaHuUs (MHTErPUPOBaHUSL).

Amv} Am(ro) o’ Jo’
R e E L

i
2
rae J =D Amr’ _ 310 MOMeHT UHEepPIIHN.
i
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Mexanuueckas Moze/s nocTosHHo# [nanka

=0
E L]

(S

/J;l:kxmt

VE=hv &

MocmosnHas Maarka J1 - 3mo macca uau sHepaus
00H020 nepuoda 31eKMpPoMa2HUMHOU 80sHbI

PucyHok 3. NocTtosHHas MNnaHka

Ha (pI/IC. 4) U300pasKeHbI OAHOPOAHBIE TBEPAbIE
TeAd pa3AMYHON GOPMBI U YKa3aHbI MOMEHTbI HHEp-
ITHM 3THX TeA OTHOCUTEABHO OCH, IPOXOASIIeH uepe3
IIeHTP Macc.

=12 -2 =2
L= oML lo=SME lo=SME
~
" T OHKOCTEHHAL
L Teepment
7 g D e
1= MF2 Io=TMF Io= MR
HEOCTEHHETH|
IHIHEAR Huck Huck

PucyHok 4. MoMeHTbI Hepumnn J,
HEKOTOPbIX OAHOPOAHbLIX TBEPAbLIX TEN

MO>XHO 3aMeTHTb, YTO B OOABIINHCTBE CAy4aeB

MOMEHT UHEPLUH IPOIOPLUOHAACH ~ mr’.
J =kxmr*~mr’. (5)
U popmyay coxpaHeHus: sHepruu (4) MOXHO

06061eHHO 3amucaTb Kak
B Jo' _mro’
2

Aro60e Bpamjaroiee TeAO MOXXHO IIPEACTABUTD

=kxmr'o’~mr’o’. (6)

CYyMMOM BpallJaloIUXCs MAOCKOCTeH. B HameM cay-
9Jae HaC MHTepecyeT TOABKO BpPAIAIOUIUNCI AUCK

1
J =—xmr*. Tak KaK MBI TPaBUTAIIHIO IIPEACTaBASIEM
2

KaK CyMMY TIAOCKUX BOAOBOPOTOB (3dHupoBopo-
T0B) (pHC. S, 6), KOTOpBIE B IEpBOM IPUOAMKEHUN
MOXXHO IIPEACTABUTDH BPAIIAIOMUMUCSI AUCKAMY,
90% mnpoueHTOB 9HEPTUH KOTOPBIX 3aKAIOYEHBI
B paauyce r (IpUOAMKEHHOM paAryce BOAOBOPO-
Ta — AWICKA).

AASL IAOCKOTO AMCKA IIPU U3MEHEHHH ero pasMe-
POB r’® U COXpaHEHUU MACCHI 1 = COnst BHIITOAHS-
eTCsI 3aKOH COXPaHeHHs 9HePTHU

E=kxmr’o! =kxmro,. (7)
Ha xoaddunuent k X m mpasyro u aeByro yacTu
ypaBHeHwus (7) cokpaimaem.

Ro! =no,. (8)

ITo anaroruu c opmyaoii (4) sHepruto rpaBuTa-
IIJMOHHOT'O IIOAS], IPEACTABAEHHYIO CYMMOM IIAOCKHX
BOAOBOPOTOB (MMPOTOHOB KaK OCHOBHbIX YaCTHII,
POPMUPYIOIMKX rPABUTAIMOHHOE TIOAE ), MOKHO 3a-
IMCaTh CYMMOM MX OHEPIHUM:

_ _ =2 2 _ 2.3
Esoﬁosopomos - Zsi—sobosopomos - Zk X mr, @ = kM’ = const. (9)
i i

OHepruo pacyéTa BO3AEHCTBUA IPABUTALIUU AAST
PasHBIX paAUyCcOB coep 7, M IIOCTOSIHHOM CyMMapHOM
maccoit M = const (1 13 3akoHa COXpaHeHHs IPaBUTa-
LTI (9)) MO>KHO 3aIIHCaTh KaK
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B
K a
B C
o C Cc> r
S a T "
> A
xv, *i=| X0, "=E | L
T 2 =3
x v, ii=|myitix o, P=E L :
| |
2 2 2 ;
2 3 2 .
X@y:ii=| X a, =k _}I_E
B
Xor=| r, ' XD E | WV

PucyHok 6. PaclumpeHHbI 3aKOH COXPaHEHUST KONTMYeCcTBa ABUXEHUS

kMor} =kMaw;r] = const. (10)
B npasoit u AeBoit yacTsx ypasuenus (10) cokpa-
maeM Ha koagdurert kM:

o't =wr). (11)

Ypasuenus (10), (11) oTo6paxaror 3akoH co-

XpaHeHHs] KOAMYeCTBAa ABIDKEHMS BHYTPH cepbl

Maccort M, aHAAOT COXpaHEHHUS JAeKTPHYECKOTO

sapsiaa. Ypasuenus (11) — aHaAor pacyeta Bo3peii-

CTBUS CyMMbI ITAOCKHX BOAOBOPOTOB Ha IIOBEPXHO-
CTHU BOABI HA APYTOH YAAAE€HHBIN BOAOBOPOT.

Aaaee 3anuiieM ypaBHeHHe CBA3H MEXAY 4acTO-
TOM M IIEPUOAOM BpallleHHUs

2r 2n
T="S0="2 12
0= (12)

[ToacTaBuB 3HaueHus ypaBHenus (12) B ypasHe-
uue (11), moayaum

=2 (13)
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TZ r3
L =1 (14)
TZ 3

2 rZ

Ypasuenue (14) — ato Tpernii sakon Kemaepa,
KOTOPBIIL II0 CYTHU SABASIETCSI CACACTBHEM 3aKOHA CO-
XPaHEHUS] KOANIECTBA ABIDKEHISI MAU SHEPIHHU AAS
CYMMBI IIAOCKHX 9UPHBIX BOAOBOPOTOB.

BriBepaeM u3 Tperbero 3akoHa Kermaepa ypasue-
HU€ IPABUTALIMU UAU 3aKOH BCEMUPHOTO TATOTEHUS.
BrimoannM, o6paTtHOe AeHCTBHE:

P 7 o 27 27
S d -2 . 5 .
FE R S T
2 r2 1 2 [
3 2 3 2
o} =r)w; = E = const (15)
3anuieM 3aKOH COXpaHEHHS KOAUIECTBA ABIDKe-
HUSI HAU BOAOBOPOTA AASL 3€MAH KaK

3 2 .
rSm/ma)SeM/m =E . (16)
yMHO)KI/IM nu PaBAeAI/IM Ha MaCCY COAHHa:
EM
3 2 S Connya
rSeM/lua)SeMllu =E= M (17)
Connuya
3ameHUM =G — CKBO3HOM ITOCTOSIHHOM.
Connya
EM, 1
3 2 S Connya . 8
rS’ewtu 3emau E= - GMComma ( )

Connya

YMHOMHUM 1 passeanM ypasHenwe (18) Ha Maccy

3emMau
Connya ) (19 )
=GM gypy0 e,
Bems
AN
Ra? =G (20)
m

3

ITepenecém Maccy 3eman B ypasHeHuu (20) B ae-

(21)

[lepenecém r? B MpaByIo YacTh ypaBHenus (21)

BYIO 9acCTb
3 2
mr, o, =GM m,,

u nepernumenm ypasHenue (21) kak
Mcma

2
r

3

(22)

2 J—
m o, =G

B ypaBuenuu (22) y Hac CTOUT cAeBa LIeHTPO-
6eXKHas CHAQ, KOTOPAs yPaBHOBEIINBAETCS FPABUTA-

LIMOHHOM CHAOM, CO3AABAsI YCTOMYUBOE ABIDKEHHE 110
opbute CoaHrie — 3eMAsL

M. m
— 2 _ s
Fueumpomeycuux - m3r3a)3 =G 1’2 - Eep) (23)
3
TAC B A€BOM YaCTH HeHTpOGe)KHaH CHAQ
— 2 —
E=mro =ma,. (24)

B npaBoit yacTu ypasHenus (23) rpaBUTAIUOH-
Hasl CHAA TIPUTSDKEHMS AU 3aKOH BCEMHPHOTO Ts-
TOTEHHSL.

:(;h, (25)

epasumayuu 2
8

ITo cyTH 3aKOH BCEMUPHOTO TSTOTEHHS C yI€TOM
IPUOADKEHHUT OBIA IIOAYYEH U3 3aKOHA COXPAHEHMUS
SHEpPrHHU UAM KOAMYecTBa ABuwkenus (1), KoTopbiit
SIBASIETCSI 00 AMESIIOLMM 3aKOHOM, IIEPBOOCHOBOI
3aMKHyTOH cucreMbl. IloAydeHHDII BBIBOA 3aKOHA
BCEMHPHOTO TSTOTEHUS M3 yPABHEHMS 3aKOHA CO-
XpaHeHHs SHeprum u306paxéH Ha (puc. 7).

Hy>xHO 0OTMeTHTD, 4TO pOPMYyABI 3aKOHA BCEMUP-
HOTO TSTOTeHHe OBIAM BBIBEACHDBI C AOIIyILIeHHEM
(ympomeHuem), 9TO BOAOBOPOTBI TAOCKHE | C PaB-
HOMEPHO pacIipeAeAeHHOM Maccoil. PacmupeHHble
YPaBHEHUS AASI TPABUTALIMI BBIBOASITCS U3 IIPEATIO-
AOXEHUSI 00 9KCIIOHEHIHAABHOM PACIIpPeAeACHUN
MacChl BHYTPH BOAOBOPOTA, KOTOPOE ITOAYYEHO U3
9KCIIEpUMEHTA U HaOAIOAEHIS 32 BOAHBIMH BOAOBO-
poTaMu aHaAOraMu 3QHUPHBIX BOAOBOPOTOB. OTH
pacupeHHble pOPMYABI AASI TPABUTALINY [IPUBEAE-
HbI aBTOPOM B CTaThsIX U KHHre «[paBuTanus xak
CyMMa [TAOCKHX 9KCIIOHEHIINAABHBIX BOAOBOPOTOB>
¥ u3o6paxensl Ha puc. 8. B pabore [9] moayuaercs

CAEACTBHE AAS TpeTbero 3akoHa Kemaepa, koadpdu-
M, +m At ypasaenus (14)
M, +m, P '
CaepyeT Taxoke OTMETHTD, UTO ITPH CXKATUU CPe-

OUEHT pacClINpEeHHsI

pot (puc. 1) rpaButanus u3 chepuaeckoit mepexoAuT
B AOCKyI0 (puc. 9). DTO IPOMCXOAUT U3-3a TOTO, YTO
IIPH CKaTHHM AO KPUTHYECKOTO PAAMyCa MAOCKOCTH
paHee CTaTUCTUYECKU PAaBHOMEPHO BPALIAIOLMIMXCS
AWCKOB HAYMHAIOT MEIIaTh APYT APYTy U UX PaBHO-
MepHOe CTaTUCTHYeCKOe BpallleHHe BOKPYT UX LjeH-
TPa Macc HapylIaeTcs.
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2 2 2
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PucyHok 8. PaclumpeHHblie hopMyibl FpaBuTaumm
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FEELIERL Erpaamauuﬁ k

rpaBUTaLmA I EI'paBHTauMH
3 2
I‘i r //_'f?‘\r‘_
Alnpenen I

PucyHok 9. I3ameHeHue rpaBmTaumm Npu cxxaTtum Tena oo KpUTUYeckmnx pasmepos

Booosopom

PucyHok 10. 3aKkOH BCEMMPHOI0 TArOTEHNSA
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CACAOBaTeAbHO, 3aKOH BCEMHPHOI'O TATOTEHHS — KOTOPBIX CTPOHUTCA IIPHUPOAA K KOTOPI)Iﬁ SABAACTCA

9TO aHAAOT MEXaHUYECKOTO 3aKOHA CoXpaHeHus (ko-  BCeoObeMAIOIIUM.
AmyectBa) Awkenus (puc. 10). CxoxecTb moa06- BriBop. 3aKOH BCEMHPHOTO TATOTEHHUS — 3TO 3a-
HBIX [IPOLIECCOB CAEAYET U3 IPHHIIUIA IOAOOKS,, HA  KOH COXPAHEHHSI KOAUYECTBA ABIDKEHIUS AASI CYMMBI

10.

11.
12.

BOAOBOPOTOB (3¢UpoBOpPOTOB).
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