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ARTICLE
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STUDY OF CHICKPEA GENOTYPES (CICER ARIETINUM L.)
RESISTANCE TO FUSARIUM DISEASE WITH DNA MARKERS

Hasanova S.Q., Mammadova A.D., Aliyev R.

Institute of Genetic Resources, Baku,
e-mail: Seide_hesenova24@yahoo.com, afet63@mail.ru, alivevramiz37@gmail.com

The study was conducted to investigate the resistance of 65 chickpea genotypes (Cicer arietinum L.) intro-
duced from ICARDA to Fusarium wilt both under field conditions and through DNA markers (ISSR and RAPD).
As a result, 44 points were synthesized with both markers, 38 of which were polymorphic. DNA marker analysis
showed high genetic variation (GDI=0.45; PIC=0.21) between native and introduced chickpea samples. The value
of genetic distance index was 0.134-0.241. 417 n.c. of A7C RAPD primer, 600 n.c. of OPJ20 primer connected
with H2 locus. and ISSR primers 1250 n.c. of UBC-811 primer, 1200 n.c. of UBC 825 primer. long fragments were
recorded in most genotypes. 33.8% of the samples were evaluated as fusarium sensitive and 66.2% as resistant
samples. Flip 13-123, Flip 13-28, Flip 13-109, Flip 13-75, Flip 13-79c¢, Flip 13-80c, Flip 13-161, Flip 13-52, Flip
13-33, Flip 13-35, Genotypes Flip 13-47, Flip 13-54, Gusar 44, Jalilabad 11, Ordubad 39, Ordubad 41, Flip 13-102,
Flip 13-105, Flip 13-106 according to the phytopathological assessment carried out in field conditions and the results
of molecular analyzes were evaluated as fusarium resistant samples. The information we obtained as a result of the
research can be effectively used in the cultivation of disease-resistant chickpea samples.

Keywords: Chickpea, Fusarium wilt, molecular markers, resistance, electrophoresis, cluster

In Azerbaijan, there is a great need to cre-
ate new pea varieties that meet modern require-
ments, are resistant to stress factors, diseases
and pests, have high productivity and techno-
logical indicators for different regions of the
Republic. As in other countries of the world,
the main biotic factor that reduces the produc-
tivity of chickpeas in Azerbaijan is fungal dis-
eases (ascochitosis, fusarium, olive mold, etc.).
As a result of the lack of a gene resistant to all
of these in plants, the resistance of plants de-
creases during the time.

Chickpeas ranks third in the world among
leguminous plants by the size of cultivated
areas [1]. The world average annual yield of
chickpea is estimated to be about 105,78 kg/
ha, which is lower than expected [2]. Low pro-
ductivity is caused by biotic (Fusarium wilt,
Aschochyta, nematodes, etc.) and abiotic
stress factors together with a narrow genetic
base [3-5]. Especially Fusarium oxysporum
f. sp. is one of the most dangerous diseases
that reduces productivity by 10-90% [6]. Cul-
tivation of disease-resistant pea genotypes is
the most effective method in the fight against
Fusarium [7]. Using DNA markers closely
linked to wilt resistance genes, it is possible to
convert the genes into agronomically superior
cultivars without actually exposing the genes
to the pathogen. Marker-based sampling is an
accurate, easy, and less time-consuming pro-
cess than conventional methods. It has also
been confirmed in previous studies that ISSR
markers are more effective than RAPD mark-

ers [8, 9] Genetic studies confirm that resist-
ance to race 4 is monogenic recessive [10].
A number of studies have been conducted to
decipher the molecular marker closely related
to Foc-4 resistance, and RAPD, SCAR, ISSR,
STMS, etc. markers have been reported to be
closely related to foc-4 [11]. In another study,
it was found that most of the fusarium-resistant
genotypes have the Foc01 resistance gene and
the OPJ20 600 bp fragment [12]. Ratnaparkhe
et al. (1998) associated disease resistance gene
of UBC-825 ISSR primer and Tullu et al. (1999)
reported that CS-27 and UBC-170 RAPD
marker were associated with disease resistance.

The present study was conducted to inves-
tigate fusarium wilt resistance of 65 chickpea
genotypes introduced from ICARDA both un-
der field conditions and through RAPD and
ISSR markers.

Material and methods of research

58 of the 65 chickpea genotypes selected
for molecular characterization against Fusar-
ium were introduced from the ICARDA gen-
ebank, and 8 samples were collected from
different regions of Azerbaijan. Samples were
grown in field conditions for 3 years and the
response to Fusarium disease was determined,
resistant, highly resistant, sensitive and highly
sensitive samples were selected. Disease inci-
dence and persistence were measured accord-
ing to the IBU scale.

Immune (no fungus on plants)

Up to 10% — highly resistant

EUROPEAN JOURNAL OF NATURAL HISTORY N\e6, 2023



Biological sciences

Up to 11-25% — moderate resistant

Up to 26-50% — moderate susceptible

More than 50% — susceptible

In order to group cultivars according to
resistance to Fusarium disease, cluster analy-
sis was performed based on the UPGMA (Un-
weighted Pair Group Method Using Arithmetic
Average) method based on the Euclidean ge-
netic distance.

Leaf samples for DNA extraction were
taken 20 days after sowing. Genomic DNA
was obtained from leaf tissue (2g) according
to the CTAB method. The quality and quan-
tity of extracted DNA was determined using a
spectrophotometer. For the PCR mix, a 25 ul
reaction volume contained 2.5 pul 10 X PCR

buffer, 2 pl ANTP (5 mM), 2 pl primer (10 pm),
1.5 pl MgCI2 (50 mM), 0.2 pl Tag polymerase,
and 20 The extracted DNA was used. PCR was
performed under the following conditions: ini-
tial denaturation at 94°C for 2 min, 40 cycles
at 94°C for 1 min, annealing at 50-55°C for
45 s, annealing at 72°C for 1 min, and a final
denaturation at the same temperature for 7 min.
PCR products were stained with ethidium bro-
mide, electrophoresed on a 1.8% agarose gel,
and documented using the BIO-RAD gel-docu-
mentation system. A molecular size standard of
1000 bp was used to measure the length of the
fragments. The presence or absence of fragments
synthesized with RAPD and ISSR primers was
coded as (1) or (0), respectively (table 1).

Table 1
Name of DNA primers used in the study

RAPD primers Primer sequence Expected fragment length (bp)
UBC 170 ATC TCT CCT G 550
OPJ 20 AGT GGT CGC G 855
AC, TAC TTATAT CAT G 417
R2609 AGAGAGAGAGAGAGAGG 1600

USSR primers Primer sequence Expected fragment length (bp)
UBC 811 GAGAGAGAGAGAGAGAC 1250
UBC 825 ACACACACACACACACT 1200
UBC 864 ATGATGATGATGATGATG 400
ACTG 4 AGAGAGAGAGAGAGAGC 650
UBC 855 ACACACACACACACACYT 500

Results of the research and discussion

In this research work, the resistance of new
cultivars of chickpea (Cicer arietinum L.) in-
troduced from ICARDA to Fusarium diseases
was studied based on structural analysis and
phytopathological assessment (table 2). RAPD
and ISSR primers were also used to distinguish
between resistant and susceptible genotypes
against fusarium.

In the present study, RAPD (UBC-170550,
OPJ-20855, R26091600, A7C417) and ISSR
primers (UBC-8251200, UBC-8111250 and
ACTG4, UBC-864400, UBC-855500) previ-
ously reported to be associated with a disease
susceptibility gene against fusarium used to
distinguish resistant and susceptible genotypes
[12, 6, 10]. The specific fragment expected
with the primers used was synthesized only in
susceptible genotypes. Thus, 417 n.c. with A7C
RAPD primer, 550 n.c. with UBC-170 RAPD
primer, 855 n.c. with OPJ-20 RAPD primer,

600 n.c. with R26091 RAPD primer attached
to H2 locus. length fragment was synthe-
sized. UBC-825 ISSR primer 1200 n.c., UBC
864 primer 400 n.c., UBC-855 primer 500 n.c.,
and UBC 811 primer 1250 n.c. in susceptible
and moderately susceptible genotypes. gave a
clause in length. These fragments were not ob-
served in resistant and highly resistant acces-
sions. (Figures 1, 2 and 3).

Using RAPD and ISSR primers, 44 points
were synthesized for 65 chickpea samples, of
which 38 points (86.3%) were polymorphic (ta-
ble 3). On average, a total of 4.9 points were re-
corded with each primer, of which 3.3 points were
polymorphic. The highest polymorphism was
recorded with primer UBC-825, UBC-811 and
A7C (100%), and the weakest polymorphism
was recorded with primer R2609 (75%). The
highest value of GMI was calculated with prim-
er UBC 825 (GMI=0.95), and the lowest value
was calculated with UBC 855 (GMI=0.33).
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Table 2
The name of the samples used in the study and resistance to Fusarium
Specimen Fusarium Specimen Fusarium Specimen Fusarium
name Continuity name Continuity name Continuity
Flip13-24c |Moderate resistant Flip13-55¢ |Resistant Flip13-81c |High durable
Flip13-26¢ |Moderate resistant Flip13-56¢ |Susceptible Flip13-83c |Susceptible
Flip13-28c |Resistant Flip13-57c |Susceptible Flip13-86¢ | Susceptible
Flip13-30c |Moderate resistant Flip13-58c |Resistant Flip13-89¢ |Resistant
Flip13-31c |Resistant Flip13-59¢ |Resistant Flip13-93c |Susceptible
Flip13-32¢ |Susceptible Flip13-64c |Resistant Flip13-98c |Resistant
Flip13-33c |Moderate resistant Flip13-65¢c |Susceptible Flip13-102¢ |Resistant
Flip13-35¢ |Resistant Flip13-66¢ |Susceptible Flip13-105¢ |Resistant
Flip13-36¢ |Resistant Flip13-67c |Susceptible Flip13-106¢ |Resistant
Flip13-39¢ |Resistant Flip13-69¢  |Susceptible Flip13-108c |Susceptible
Flip13-43c |Resistant Flip13-72¢ |Resistant Flip13-109¢ |Resistant
Flip13-47c |High durable Flip13-74c |Resistant Flip13-120c |Susceptible
Flip13-48c |Susceptible Flip13-75¢ |Resistant Flip13-122¢ |Moderate susceptible
Flip13-50c |Moderate susceptible |Flip13-76¢ |Resistant Flip13-123c |Resistant
Flip13-52¢ |Resistant Flip13-78c  |Moderate susceptible |Flip13-128c |Resistant
Flip13-53c |Moderate resistant Flip13-79¢c |Resistant Flip13-161c |Resistant
Flip13-54c |Resistant Flip13-80c |Resistant Qusar44 Resistant
Flip06-8c  |Moderate resistant Flip 06-161 |Moderate resistant | Agstafa42  |Moderate susceptible
Flip06-133c | Moderate susceptible |Flip 05-169c |Moderate resistant ~ [Flip03-22 | Susceptible
Flip06-61c |Moderate susceptible |Ordubad 39 |Moderate resistant  |Baki30 Moderate resistant
Abseron34 |Moderate resistant Ordubad 41 |Moderate susceptible |Calilabadll |Moderate resistant
Flip 06-33c |Moderate susceptible |Qusar 43 Moderate resistant | Narmin Moderate susceptible

Fig. 2. Distribution of alleles synthesized by primer UBC 170 among chickpea genotypes
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Fig. 3. Distribution of alleles synthesized by primer UBC 811 among chickpea genotypes

Table 3
Name of DNA primers used in the study
Total Number of Percentage Genetic
Primers number | polymorphic of polvmo ghic diversity PIC MI
of bands bands polymorp index
RAPD primers
UBC 170 5 4 80 0,64 0,31 0,13
OPJ 20 6 5 83,3 0,71 0,14 0,17
A7C, . 4 4 100 0,66 0,27 0,07
R2609 4 3 75 0,57 0,25 0,10
ISSR primers
UBC 811 3 3 100 0,42 0,33 0,12
UBC 825 4 4 100 0,95 0,41 0,18
UBC 864 5 4 80 0,54 0,37 0,09
ACTG 4 6 5 83,3 0,63 0,39 0,11
UBC 855 7 6 85,7 0,57 0,22 0,16
Total 44 38 86,3 0,63 0,45 0,13
= o
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Fig. 4. Grouping of chickpea samples according to resistance to Fusarium disease as a result of RAPD
and ISSR markers analysis
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For comparison, let’s note that in the previ-
ous research study, 77 points of which 76 were
polymorphic with RAPD primer and 41 points
of which 32 were polymorphic with ISSR
marker were recorded in 62 pea genotypes [9].

Among the studied genotypes in this study,
86.3% polymorphism was recorded, which is
higher than the value noted in previous studies
[12]. However, the dendrogram based on the
Nei similarity coefficient was only able to dis-
tinguish resistant and susceptible genotypes.
Moderately resistant genotypes were grouped
in separate clusters. Resistant genotypes are
grouped in the first cluster. Sensitive genotypes
are located in cluster II (Figure 4).

Thus, these primers, which were associ-
ated with susceptibility by other researchers,
were also associated with susceptibility in our
study. Among the studied genotypes in this
study, polymorphism was recorded, resist-
ant and susceptible genotypes were identi-
fied. However, in the dendrogram obtained as
a result of the cluster analysis based on the
Nei similarity coefficient, the genotypes were
grouped into two main clusters, the first clus-
ter contained susceptible and highly suscepti-
ble (22 samples), and the second cluster con-
tained resistant and highly resistant genotypes
(43 samples) (Figure 4).

Conclusion

Flip 13-123, Flip 13-28, Flip 13-109, Flip
13-75, Flip 13-79c¢, Flip 13-80c, Flip 13-161,
Flip 13-52, Flip 13-33, Flip 13-35, Genotypes
Flip 13-47, Flip 13-54, Gusar 44, Jalilabad
11, Ordubad 39, Ordubad 41, Flip 13-102,
Flip 13-105, Flip 13-106 according to the
phytopathological assessment carried out in
field conditions and the results of molecular
analyzes were evaluated as fusarium resist-
ant samples. The information we obtained as
a result of the research can be effectively used
in the cultivation of disease-resistant chick-
pea samples.

References

1. Bellemou D., Millian T., Gil J., Abdelguerf A., Laouar M.
Genetic diversity and population structure of Algerian chickpea
(Cicer arietinum) genotypes: use of agro-morphological traits
and molecular markers linked or not linked to the gene or QTL
of interest // Crop & Pasture Science. 2020. Vol. 71. P. 155-170.

2. Anonymous. FAO Chickpea Production Data. 2023.
URL: https// www.fao.org/faostat/en/#data.

3. Sahu V.K., Tiwari S., Tripathi M.K., Gupta N., Tomar R.S.,
Yasin M. Morpho-physiological and biochemical traits analysis
for Fusarium wilt disease using gene-based markers in desi and
Kabuli genotypes of chickpea (Cicer arietinum L.) // Indian J
Genet. 2020. Vol. 80. P. 16.

4. Salotti I., Rossi V. A mechanistic weather-driven model
for Ascochyta rabiei infection and disease development in chick-
pea. Plants. 2021. Vol. 10. No. 3. P. 464. https://doi.org/10.3390/
plants10030464

5. Tadesse M., Turoop L., Ojiewo C.O. Survey of chickpea
(Cicer arietinum L) Ascochyta Blight (Ascochyta rabiei Pass.)
disease status in production regions of Ethiopia. Plant. 2017.
Vol. 5. No. 1. P.23-30. DOI: 10.11648/j.plant.20170501.15.

6. Rana L., Kumari Sh., Khare N., Saxena R.R. Source
of resistance to chickpea (Cicer Arietinum L.) Fusarium wilt
(Fusarium Oxysporum F. Sp. Ciceris) under field conditions in
Chhattisgarh // The Pharma Innovation Journal. 2023. Vol. 12.
No. 9. P. 2396-2399.

7. Srivastava A.K., Dixit G.P., Dixit G.P., Singh N.P., Sax-
ena D.R., Saabale P.R., et al. Evaluation of Chickpea (Cicer
Arietinum L.) / Accessions for Fusarium Wilt Resistance. Jeb.
2021. Vol. 42. No. 1. P. 82-89.

8. De Giovanni C., Pavan S., Taranto F., Di Rienzo V., Mi-
azzi M.M., Marcotrigiano A.R., Mangini G., Montemurro C.,
Ricciardi L., Lotti C. Genetic Variation of a Global Germplasm
Collection of Chickpea (Cicer arietinum L.) Including Italian
Accessions at Risk of Genetic Erosion // Physiology and Mo-
lecular Biology of Plants. 2017. Vol. 23. No. 1. P. 197-205.

9. Hasanova S., Akparov Z., Mammadov A., Amirov L.,
Babayeva S., Nasibova J., Mukhtarova Z., Shikhaliyeva K.,
Izzatullayeva V., Abbasov M. Genetic Diversity Of Chickpea
Genotypes As Revealed By Issr And Rapd Markers // Genetika,
2017. Vol. 49. No. 2. P. 415-423.

10. Tullu A., Kaiser W.J., Kraft .M., Muehlbauer F.J. A sec-
ond gene for resistance torace 4 of Fusarium wilt in chickpea and
linkage with a RAPD marker // Euphytica 1999. Vol. 109. P.43-50.

11. Yadav R.K., Tripathi M.K., Tiwari S., Tripathi N.,
Asati R., Patel V., Sikarwar R.S., Payasi D.K. Breeding and
Genomic Approaches towards Development of Fusarium Wilt
Resistance in Chickpea // Life. 2023. Vol. 13. P. 988. DOL:
10.3390/ life13040988.

12. Babayeva S.M., Nasibova J.A., Akparov Z.I., Shikhaliye-
va K.B., Mammadova A.D., Izzatullayeva V.I., Abbasov M.A. Ap-
plication of DNA markers in determination of fusarium resistance
and genetic diversity in chickpea // Legume Research-An Interna-
tional Journal. 2018. Vol. 41. P. 537-542. DOI: 10.18805/LR-407.

EUROPEAN JOURNAL OF NATURAL HISTORY N\e6, 2023



MeduyuHckue HayKu

MATEPHAJIBI XV MEXYHAPOIHOMN CTYIEHYECKOH
HAVYHOH KOH®EPEHIIUHU « CTYJEHYECKHUH HAYYHBIH ®OPYM 20235

CTATBHA

YK 612.1-07-053

3ABUCUMOCTD YPOBHSI CKOPOCTH
KJIYBOYKOBOU ®UJIBTPALIUU OT BO3PACTA HAIIMEHTA

Homosa M.I, JIymux M.B., lyrymesa B.A.

DI'BOY BO «Boponesicckuil 20cyoapcmeenHulii meouyunckutl ynueepcumem um. H.H. Bypoenkoy,
Boponeorc, e-mail: maria_062003@icloud.com

ITyGnukarust HOCBAIIEHA MOYEYHONH HETOCTATOYHOCTH, KOTOPAsi MOXKET MPHUBOANT K MHBAIMAH3ALMH U JaKe
cTarth NpUYuHON cMepTH. [Iporpeccupyromas noyeyHast HeJOCTaTOYHOCTh PUBOJIUT YaCTO K HEOOPATHMBIM H3MEHE-
HISIM B OpTaHH3Me YeJI0BEeKa, O{HAKO, TP NPUMEHSHHUH IOJICPIKUBAIONICH Tepalii MOXHO 3a1epiKHBATh IIPOrpec-
CcUpOBaHKe 3a00/IeBaHUsS M JOOUTHCS JUIMTENBHON peMuccuu. OTCYTCTBHE JICYSHHS M HAOIIOICHUSI MOXKET TIPUBECTH
K YPTEHTHBIM COCTOSIHHSM. L{ei1br0 pabOTBhI CTaJIO yCTAHOBICHUE B3aMMOCBSI3H MEK/Ty BO3PACTOM NAI[UEHTA 1 IIporpec-
CHPOBaHHEM II0YEYHOH HEJOCTATOYHOCTH. B cTaThe OTpakeHbI JaHHBIE O CTPOCHUU MOYEBBIICIUTEILHON CHCTEMEL,
ee (yHKIMAX, PACKPBITHI MOHATHS OCTpast oyeuHast HepocrarouHocth (OITH) u xponundeckas 6one3ns nouek (XBIT),
OIMCaHBI M3MEHEHNs Ha ee cTaausX. [IpoBeieHO HccleoBaHNe Ha OCHOBE OMOXMMHUYECKOTO aHaJIN3a KPOBHU MallHeH-
TOB aMOyJIaTOPHOTO HAOMIONEHNMS, KaK My)KIUH, TaK H JKESHIIUH C Pa3IMYHBIMI OCHOBHBIMHU [JHArHO3aMH B aHAMHE3€.
OrieHeH oKas3aTenb YPOBHs KPEaTHHHHA JUTsl BRIYMCICHHS CKOpPOCTH KityO0oukoBoit dunbrpanin (CK®D) no gpopmyne
CKD-EPI. Ha ocHOBe maHHBIX aHAJIM30B M pacyeToB ObUIa COCTABICHA CBOAHAS TAONHILA HCCICIYEMBIX C Ompere-
JICHHEM CTaJHU XPOHHYECKOU OOJIE3HU MOYeK. YCTaHOBJICHO, YTO CKOPOCTH KIyOOUKOBBIM (DIIIBTpALlMU CHIDKAETCS
€ BO3pacToM. VY JIIOfIeH CTapyecKoro Bo3pacTa HabIoaI0Ch MAKCUMaIbHOE yraCaHHE MPOLECCOB YIbTPA(QHIBTpaIii.

KuroueBrble ciioBa: CK‘D, MOYKH, XPOHUYECKas 00J1e3HB MO4YeK, KpeaTUHHH, MOYEBbI/IC/INTECIbHAA CHCTeMa, OCTPpast
moyevyHasi HeJOCTATOYHOCTh, BbIBEICHHE, (l)llJ'lepalll/lﬂ

DEPENDENCE OF THE GLOMERULAR FILTRATION
RATE LEVEL ON THE PATIENT’S AGE

Popova M.G., Luschik M.V., Dugusheva V.A.

Voronezh State Medical University named after N.N. Burdenko, Voronezh,
e-mail: maria_062003@icloud.com

The publication is dedicated to kidney failure, which can lead to disability and even cause death. Progressive
renal failure often leads to irreversible changes in the human body, however, with the use of maintenance therapy, it is
possible to delay the progression of the disease and achieve long-term remission. Lack of treatment and supervision
can lead to urgent conditions. The aim of the work was to establish the relationship between the patient’s age and the
progression of renal failure. The article reflects data on the structure of the urinary system, its functions, reveals the
concepts of acute renal failure (ARF) and chronic kidney disease (CKD), describes changes in its stages. The study
was conducted on the basis of biochemical blood analysis of outpatient patients, both men and women with a history
of various major diagnoses. The creatinine level index for calculating the glomerular filtration rate (GFR) according to
the CKD-EPI formula was evaluated. Based on these analyses and calculations, a summary table of the subjects was
compiled with the determination of the stage of chronic kidney disease. It was found that the glomerular filtration rate
decreases with age. In elderly people, the maximum extinction of ultrafiltration processes was observed.

Keywords: GFR, kidneys, chronic kidney disease, creatinine, urinary system, acute renal failure, excretion, filtration

[lo maHHBIM CTaTUCTUKH, B HALIEW CTpaHE
MOHIKEHNE (PYHKIMU HOYEK BBIIBICHO Y 36%
s B Bo3pacte crapme 60 mer u'y 16%
TpymocnocoOHoro Bospacra [1]. Y manueHTOB
B Bo3pacte 70—85 seT yacrora pa3zBUTHS ypeMUI
(TepMUHAIBHONW TMOYEYHOH HENOCTATOYHOCTH)
B 3 pa3a BbILIE IO CpaBHEHUIO € 50—60-1eTHUMH,
IpY 3TOM 10YTH 25% OONBHBIX, MOJIYYAOIINX
nmuan3Hyto Tepanmto, ctapire 80 jer [1]. C xaxk-
AbIM TOAOM YBCJIIMYUBACTCA KOJIUMYECTBO YMCP-
LIMX OT 3aIlyIICHHBIX CTa i HepOmaTuu 1 oc-
noxHeHuil. [loaToMy H3ydeHHe NaHHOW TeMbl
SIBJISIETCS aKTYaJTLHOM JIJIsI JTF0OOTO YeNioBeKa.

Llens nccienoBaHus — MPOCIEIUTD 338 W3-
MEHEHHSIMHA CKOPOCTH KITyOOUYKOBOW (PHIIBTpa-
VM y MAIMeHTOB B 3aBUCHMOCTH OT BO3pac-
Ta Ha OCHOBE aHAJIN3a YPOBHS SHIOTCHHOTO
KpeaTHHHHA.

MaTepna.nLl H METOAbI UCCJICAOBAHUSA

Teopernyeckuil 0030p HayuHBIX IyOJIH-
Kallyi 10 BOIIPOCaM, CBSI3aHHBIX C Pa3BUTHEM
XPOHHYECKOH 00JIe3HU TIOYeK, 00paboTKa aHa-
JM30B BEHO3HON KPOBH MAILEHTOB C Pa3iInd-
HBIMU [ATOJIOTHSIMU Pa3HOTO BO3pAcTa U IOJIa.
Hayunas pabora npoBonuiach Ha 6a3e Jluneu-
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KOM TOPOACKOW MOMUKIMHUKU Ne7 MeTomom
orbopa u 0000meHuss nHHOopMaLuK, pacuéra
CKOPOCTH KITyOOYKOBOW (DMIIBTPAIlNH, COCTaB-
neHus cpaBHUTENbHON Tabmmmbl CK® mo kpe-
aTMHUHY B 3aBHCHMOCTH OT BO3pacTa.

Pesyabratsl ucciienoBanus
U UX 00CYy:KIeHue

MoueBblaenuTeNbHas CUCTEMA — KOMILIIEKC
OpraHoB, KOTOpBIE 0oOecreynBaroT oOpa3oBa-
HUE W BbIBeJeHHEe MouHu. K Hell oTHocsTCS:
[TOYKH, MOYETOYHHKH, MOYEBOH ITy3bIph, MO-
YEUCITyCKaTebHBIN KaHal (yperpa). OyHKIN-
SIMHA MOYEBBIJIETUTEIHHON CUCTEMBI SBIISIOTCS:
BBIJICNIUTENIbHAS (BBIBEACHUE BOJBI U M30BITOK
MUHEpPAJIbHBIX BEIECTB), TOMEOCTaTH4ecKas
(moneprkaHue MOCTOSHCTBA BHYTPEHHEH Cpe-
1e1), perymsus KOC, ocmoTndeckoro jaBie-
Hust, AJl, cuHTE3 3pUTPOMOITHHA(PETYIISAITUS
reMoIro33a), akTuBanus Butamuna D.

ITouku-napHeIii OpraH MOYEBBIIACINUTENb-
HOM CHCTEMBI, pacroyararomuecs B MOSCHUY-
HOW oOsactu (B 3a0pIOMIMHHOM INPOCTPaH-
cTBE), 10 (hopMe HAIOMHUHAIONMUN (PacoNIuHy
pasmepoMm ¢ Kymak. OHHM BBITIOTHSIOT MHO-
JKECTBO JKU3HEHHO BAXKHBIX (DYHKIUS B opra-
HusMe. [IpaBas mouka QU3NOIOrHYECKH HIKE
JeBOH. Y My’K4YMH PACIIONAraroTcs HECKOIbKO
BBIIIIE, YEM Yy JKEHILNH, a y JIeTell HU¥Ke B3pOc-
JBIX, HO K 10 TOIaM TOCTHTaloT YPOBHS HOP-
MBI. Macca TOYeK B3pOCIOTO YeloBeKa CO-
ctaBisieT okono 120-200 rpamm (~ 1% ot mac-
chl Tena Kaxnast). [lepekaunBas COTHU JIUTPOB
KpOBH uepe3 ceOsi, OHU HCIBITHIBAIOT MOIIHYIO
Harpy3Ky €XeJHEBHO, YTO MOMKET MPUBECTH
K paccTpoHcTBY WX pabotsl. llouku ymanstorT
W3ITUIIKHA BOJIBI M TOKCHYECKHE BEIIECTBA, BO3-
Bpamas o0paTHO B KPOBOTOK MUTATEIbHbBIC
BEIIECTBA U HJIEKTPOJUTHI (HATpHUil, Kanui,
Kajgpuui 1 xmnop). CaMbIMH pacnpoCTpaHeH-
HBIMH 3a00JIEBAaHMSMHU MOYEBBIICINTEILHON
CUCTEMBI SIBISIFOTCS: THEIOoHepHUT, ocrpas
W XpPOHWYECKas ITOYeYHas HeI0CTaTOYHOCTH,
IIOMEPYJIOHEPPUT, MOYCKaMEHHAsT OOJIE3Hb.

B cTpoenHun mouku BBIIEISIOT: KOPKOBOE
BeIIeCTBO (TI0 epU(eprn U MEKAY TOYCUHBI-
MU CTOJI0AMH) U MO3roBoe (110 I[EHTPY) — TI0-
yeyHble mupamuabl. HedpoH — cTpykrypHO-
(hyHKIIMOHANBHAS equHUIAa IMOYKH. COCTOUT
M3 KamWUIIPHOTO KITyOOYKa, OKPYKEHHOTO
karcynoil IIlymisHckoro-boymena, kaHaib-
1eB (MPOKCUMAIILHBIN U3BUTOM, memis [eHie,
JUCTAIbHBIA HW3BUTOH), KOTOpBIE MEPEXOIST
B coOuparensHy0 Tpybouky. B Hedpone mo-
cie mporecca KiryOoukoBast (UIBTpAIluu 00-
pasyercsl mepBUYHAs MOYa, B KOTOPOH Coaep-
JKaTcs Ba)KHbIE U TOJIE3HBIE JUIS YeJlOBeKa Be-
LIeCTBAa: BUTAMUHBI, MUHEpAJIbHBIE BEIECTBA,
AMHHOKHCIIOTBI. DTH BEIIECTBa HEOOXOIMMO
BEpPHYTh 00OpaTHO B OPTaHU3M, JUIS 3TOTO MPO-
HUCXONNUT KaHaIbIeBas peabcopOums — ooOpar-

HOE€ BcachbIBaHHE BOABI U PACTBOPEHHBIX B HEll
BEIIECTB U3 EPBUYHON MOYHU ¢ 00pa30BaHUEM
BTOPUYHOM, KOTOpasi U MEPEXOIUT B CIEAYIO-
mwii dTanm — cekperuo. OCHOBHBIMH (PyHK-
LUSAMHU TIOYKU SIBIISIFOTCSL  a30TOBBIJIEIUTEIb-
Has ¥ OCMOBOJIIOMOpETYIHpYIomas. OTH JBE
(YHKIMM Ha3bIBAIOTCS 3KCKPETOPHBIMH, HUX
HapyLICHUSI MPOSBIAIOTCS THUIEPAa30TEMUCH,
ypeMHei, OTeKaMU U «MOYEBBIM CHHIIPOMOM.
Emte onHO# dyHKIIMEH SBISETCS perysaTopHas
WM 3KCTpapeHaibHas. B Hee BXOIAT peryis-
S apTEPUATLHOTO JIAaBIICHHS, 00beMa IIUPKY-
Jupyroel kposu, pH KpoBHU, FOpMOHAIIBHOTO
Oananca, FOHOOOMEHA, CUCTEMBI TeéMOCTa3a.

B nHacrosiiiee Bpemst HanOoJbIlIee pacipo-
CTPaHEHHUE MOIYYUIIO HSATUCEIMEHTHOE CTPO-
€HHME TIOYKH, BBIJENSIOT BEPXHUH CErMEHT,
BEPXHUM NEPEHUN, HUKHUHN [TEPEIHUNA, HUX-
HUM U 3aJJHUM ceTMeHThI. [1oa cerMmenToM 1moji-
pa3yMeBalOT Y4YacTOK BEIIECTBA MOYKH, KO-
TOpBIA O0ECTIEYNBAET KPOBBIO CErMEHTapHas
aprepus. [19Th 3TUX apTepuil onpeaesstoT Ha-
JIUYHE TSITH CETMEHTOB TTOYKH [2].

Kaxmast mouka coefuHeHa IOCPEICTBOM
MOUYETOYHUKA C MOUEBBIM MTY3BIPEM, B KOTOPOM
XPaHUTCS MOYa 70 TeX IMOp, MOKa HE MOCTY-
IIUT CUTHAJI COKPAILEHUs K MBILIIAM Iy3bIps,
a pacciraOieHus: K MOYEHCITyCKaTeIbHOMY Ka-
HaJTy, TAaKUM 00pa3oM MPOHCXOIUT MPOIECC
W3THAHUS MOYH.

Cpennuii 00beM MOYEBOTO MY3BIPS Y MYXK-
yuH coctaBuger 350-750 mul, y JKEHIIMH —
250-550 miu. Ero pasmep 3aBUCUT OT Iona,
BO3pAcTa, KOMIUICKLIIMH, WHIUBUAYaIbHBIX
OCOOCHHOCTEH dYeloBeKa, a MaKCHMallbHOE
HaTOJIHEHNWEe — OT KOJIMYEeCTBa MOCTYNHBIICH
B OpraHu3M XuAKocTH. OT MOYEBOTO My3bIPs
OTXOAUT MOYEHCITYCKATEIbHBIM KaHal, MO KO-
TOPOMY MOYa BBIXOJIUT U3 OpraHu3Ma. Y >KEH-
IIMH ypeTpa KopoTkas (~4 cM) W IIupoxas,
YTO 00yCIIaBIMBAET XOPOIIee MPOHNKHOBEHUE
MAaTOTEHHBIX BO30yAUTENIeH MOYETIONIOBBIX HH-
¢dexuuit (ypeTpur — BOCHAJICHHE MOYCHCITY-
CKaTeJIbHOIO KaHasla, LUCTUT — BOCIAJICHUE
MOYEBOTO ITy3bIpsi, TMHETOHePpPUT — BOCIa-
JICHWE TIOYKH), ¥ MYXYHUH K€ MOYEHCITyCKa-
TEJIbHBIN Kanaji Y3KUM U IJTMHHBIN, CITy>Kallui
JUIST BBIBEICHUSI MOYH U CEMEHHOM JKHJIKOCTH.

CoctosiHue KJIyOO4KOBO# (uibTparnuu 3a-
BUCHT OT KOJIMUECTBA JACHCTBYIOIIUX HEPPOHOB
Y TIPOHUIIAeMOCTH 0a3anbpHO MeMOpaHbl. CKo-
pocTh (pUIBTpAITE MOKHO OTIPEIENUTh C II0-
MOILIBIO KpEaTUHUHA KPOBH, UCITIOJIb3YS pa3iny-
Hele  (opmynbl  pacuera (Kokpodrt-Tonra,
MDRD, CKD-EPIcre (Chronic Kidney Disease
Epidemiology Collaboration Creatinine)) u oH-
JAH-KaJbKYJISITOPbl, B KOTOPBIX OTMEYaeTCs
T10JI, KpEaTUHMH I1J1a3Mbl, BO3pacT, paca [3].

JlaGoparoprast muarHocThka HamOoJee
JIOCTYIIHA W IIUPOKO TpPHUMEHSIEMa ISl BBI-
ABJIEHAS 3a00JIEBAHUNM MOYEBBIIEIIUTEILHON
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cuctemsl [4]. [laTonorus modex xapakTepusy-
€TCsl HEKOTOPBIMH BaKHBIMU OCOOCHHOCTSIMH:
BBICOKHM YPOBHEM 3a0oieBaeMocCTH (y JIeTeit
OOBIYHO BBISIBIISIIOTCS BBIPOXK/IEHHBIE TTAaTOJO-
THH, y B3POCIIOTO HACEJIEHWs — MpHOOpeTeH-
HBIE), 3aTSHKHBIM XapaKTepOM TEUCHUST, HU3KOH
3G PEKTUBHOCTBIO TEpaNny, YaCTOTOH YTpPaThl
TpyaocnocoOHocTH y paboyero HaceleHus,
BBICOKOW JIETalIbHOCTHIO.

OcTpast moYeyHas Hel0CTaTOYHOCTh — 3TO
BHe3amHOe (B TeYeHHWE HECKOJIbKHX YacoB
WM JIHEH) yracaHue (yHKIUH MOYeK, OTHUM
13 OCHOBHBIX KpPUTEPHEB KOTOPOHW SIBIISIET-
Csl TOHMKCHHUE KIyOOYKOBOH (HIBTpALIUH.
XpoHnueckasi 00JE€3Hb IMOYEK — CTOMKHE Ha-
pymieHus (QYHKIHH TIOYeK, XapaKTephu3ylo-
IIMecs CHIDKEHHEM CKOPOCTH KIIyOOYKOBOIt
¢unprpanun <60 mi/mun/1,73 M? B TeueHue
Tpex u bonee MecsitieB [5]. JlanHas naroiorus
XapakTepusyeTcs CTAAMMHOCTHIO M OOBIYHO
MpoTeKaeT OECCUMIITOMHO JI0 O0Jiee TTO3THUX
CTaauii, YacTo SBIAETCS COIYTCTBYIOIINM
3a00eBaHNEM TIPH OCHOBHOM JIMarHo3e,
HO B TOXE BpeMs HallM4We M TSHKECTh Teue-
HUsi OOJIE3HM YacTO MrPaeT OINpeeNSIONIyTo
POJIb B HCXOJIe OCHOBHOTO (CaxapHbIi 1uaber,
aprepuaibHasi THUIEPTOHHS, XPOHHUYECKHUI
rmomepynonedpur). Ilo maHHBIM crarucTu-
KH B OCHOBHOM TIPOSIBISIETCS Y JIMI] 3PEIIOTO
u crapueckoro Bospacta. XbII oObeauHs-
eT B ce0e MalMeHTOB C BBISBICHHBIMU TpPH-
3HaKaMHU [OBPEXKJICHUS TOYCK (M3MCHCHHS
B 00IIleM aHaJU3e MOYU — MMPOTEHHYPHS U pe-
3yIIBTAaTOB  YIBTPa3BYKOBOTO HCCIICIOBAHMS
ITOYCK), a TAK)XKE CHIDKEHHE CKOPOCTH KITy0O0U-
KOBOU (pHIIBTpaIliu.

XpoHudeckasi 00JIE3Hb MMOYEK MOKET OBITh
BbI3BaHA MHOTUMH TPUYMHAMHU, CPEIU KOTO-
pBIX HamboJee pacpOCTPaHESHHBIMU SBISIOT-
CSl — JIUTENbHBIA MPHEM HEKOTOPBIX JIeKap-
CTBEHHBIX CpencTB ( aHTHOMOTHKOB, HECTEPO-
WJHBIX TPOTUBOBOCIIAJIUTENBHBIX CPEJICTB),
HapymeHuss oOMeHa BemlecTB( Meradonuye-
CKAW CHHJIPOM, OXXUPCHHUE), apTepuaibHas
TUIEPTOHUS, CaXxapHBIN JUa0eT, XPOHUYECKUE
BOCIAIMTENBHBIE TIPOIIECCH B OpraHU3Me de-
noBeka. IlaToreHe3 XpoHHWYECKOW MOYEUHOU
HEJIOCTATOYHOCTH: IMPOTPECCUpPYIOIee MOHHU-
xeHue (QyHKUui movyek, a UMeHHO (uibTpa-
UM, CEKpeUun u peabcopOumu. ITO mpouc-
XOIIUT M3-3a THOENW HEHPOHOB W 3aMEIIeHUS
WX COENMHUTENFHOW TKaHBIO, CIEIOBATEIHHO
pa3BuBaeTcs HEPPOCKIEPO3, YTO MEIIAET HOP-
MaJIbHOMY (YHKIITHOHHPOBAHHIO MOYEBbIJICIIH-
TEJIbHOW CUCTEMBI.

B pa3sutuu XbII Beiaensor 5 craauii:

1 cramgumsa( CK®>90 wmu/mun/1,73 m?) —
HOpMaJTbHas KITyOO4YKOBas (PHIIBTPAIUs

2 cragusi( CK® 60-90 mn/mun/1,73 m?) —
MPU3HAKKW HEepONATUH, JIETKOE CHIKECHUE
KITyOOUKOBOM (pMIIbTpanun

3A cragusi( CK® 45-59 mn/mun/1,73 m?) —
ymepennoe cumxenue CKO

3b cramusa ( CK® 30-44 mo/mmn/1,73 m?) —
BBIPQKCHHOE CHIDKEHHE KITYOOYKOBOW (PHITB-
Tparuu

4 cragusa( CK® 15-29 mn/mun/1,73 m?) —
TspKenoe cumxenne CKO

5 cramusa( CK® <15 mur/mun/1,73 m?) —
TepMUHAJIbHAS XPOHWUYECKas TIOYeYHas He-
JIOCTaTOYHOCTh (YypeMHs — CHHIPOM ayTOWH-
TOKCHKAIINM OpTaHW3Ma TPOAYKTaMH MeTa-
0oM3Ma U COCTUHCHUSIMH, KOTOPBIE B HOpME
BBIBOJATCS TMOYkaMu). YacTo 3aBepuaeTcs
MOYCYHOW KOMOM, XapaKTepU3yOIascs yTrHe-
TeHUueM (YHKIUH HEPBHOW CUCTEMEI, TOTepeit
CO3HAHMA, OTCYTCTBHEM pe(]eKcoB H pac-
CTPOMCTBOM (PYHKIIHI BCEX OPTAHOB M CHCTEM.

Craguu 0OJIE3HW MHOTHE aBTOPBI CBSI3bI-
BalOT C IMOBBIIICHHBIM PHCKOM CEpACYHO-CO-
CYIUCTOW HEAOCTATOUYHOCTH, IMPEKICBPEMECH-
HOW CMepThI0 OOJNBFHOTO W CHI)KEHHEM ero
KadecTBa )KU3HM.

OCHOBHOH TPYIHOCTBIO B JHArHOCTHKE
XBII mpu nepBUYHOM OCMOTpPE NALUEHTA SIB-
JISIETCSl HEOOXOUMOCTh HAONIOJICHUS B JIMHA-
MUKe (HEe MEHee Tpex mecsieB) [S].

C T1enpl0  yCTaHOBIIGHUS 3aBHUCHMOCTH
CK® ot BO3pacTta M ToJia HaMH TMPOBEJICH
OMOXMMHUYCCKANA aHalln3 KPOBH OOJHHBIX.
Bcero obGcnenoBano 13 manueHTOB amOya-
TopHoro HabOmomenust ['Y3 «Jlumenko#t ro-
pozackoit nonukinuHUKE No7» (6 4eloBeK KeH-
CKOTO TIOJIa U 7 MYKCKOTO), BO3pPacT KOTOPBIX
ot 20 10 99 nert.

Hawmu ycTanoBieHo, 9To y Bcex MarueHToB
B aHaMHe3¢ mMeeTcs psia 3abosneBanuit. [Ipo-
M3BEJ/ICH pacyeT CKOPOCTH KITyOOUKOBOH (uITh-
Tpauuu o popmyne CKD-EPI.

Ilo maHHBIM aHAIM30B W pacueToB ObLIa
cocCTaBJieHa CBOJIHAs TabnHIIa.

B xome ananmm3a cocTaBieHHON TaOIHIIBI
OBLIO BBISBIEHO, UYTO Yy OOJBHBIX OT 20 JeT
1o 51 roma aguarnoctuposana XbII 2 cranuu,
y o0crnenoBagimiics ot 62 1o 71 roga onpene-
nserca XbII 3A cragus, ot 72 10 76 €T BBISB-
msiercsa 3b cragus, ot 85 mo 99 ner — 4 cragus.

W3BecTHO, 9TO B MHBOIIOTUBHOM H CTapye-
CKOM BO3pacTe Ha (hoHE yMEHBIIICHHUS pa3MEpPOB
MOYeK, 00bEM YallIeuHO-T0XaHOYHON CUCTEMBbI
YBEJIIMYUBACTCS. ITO CBSA3aHO KaK C U3MCHECHH-
SIMA CTPOCHHUS CaMOM CTEHKH, TaK U C PaCIIH-
pEHHEM JIOXaHKHU B CBSI3U C 3aTPYJAHEHUEM OT-
TOKa MOYH y JIIOZIeH TaHHOTO Bo3pacTa (Jarre
BCTpeyaeTcs y JIUI MY>KCKOTo 1osna) [6].

VY nroneil moKWJIoro M CTapyeckoro BO3-
pacra 1-e MecTo 3aHMMalOT COCYJUCTHIC TOpa-
JKeHust Toyek. YacToTa HepoaHTHOCKIIepo3a
HapacTaeT ¢ KayKIbIM TOIOM JKU3HH, OCOOCHHO
y xeHmuH. Crapueckuil He]poaHTHOCKIIC-
P03 — CIIEJICTBHE BO3PACTHBIX M3MEHEHHI COCy-
JIOB TIOYEK, 3aKaHYUBAIOIHIACS MX CKIIEPO30M.
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CpasuutenpHas Tabnuia CK® no CKD-EPI

Ton Iox Kpearunus, CKO, Iaromors: ITaronorus
POKIACHUS MKMOJIB/JT Mi/mun/1,73 m? no CK®
MALMEHT 1| (220022T) Ken 92.0 78.8 Octpsiii tmetnt | XBIT 2
1987
TALWEHT 2 | (3¢ | Ken 95.0 68.7 — XBIT 2
TIAIIVIEHT 3 (31&?;) Mysx| 1033 82 Xﬁ:&‘gﬁﬁ“ XBIT 2
1982
[MALIMEHT 4 (41 ron) Myx 97.3 86.4 — XBIT 2
3110Ka4YeCTBEHHOE
1974 HOBOOOpa3oBaHMe
TALWEHT S | 49 0 | My 119.3 64.4 moencraremof | XBI12
JKEJIE3BI
TATIMEHT 6 | 272 | %en 91.3 65.6 Wndapkr mosra | XBIT 2
(51 ron)
1961 3110Ka4eCTBEHHOE
I[MTALIMEHT 7 (62 rona) Myx 124.8 56.3 HOoBooOpa3zoBanue | XBII3A
& Kapuu
31moKaYeCTBEHHOE
TALIMEHT 8 (7119r502 ) [ Myx| 1349 48.5 HoBoOGpazosanme | XBIT 3A
a TIOYKH
OATMEHT 9 | 1990 My | 1633 383 Pubprnnamms | g g
(72 rona) npeacepanit
NAIMEAT 10| 2247 Ioken | 1147 4.7 Ilepirnbiii XBI1 3B
(76 ner) TOHAPTPO3
1938 XpoHuueckas
IMAIIMEHT 11 (85 rer) Ken 148.5 29.6 00JIE3Hb MTOYEK, XBIT 4
4 cranus
1932
MALMEHT 12| "0 | My 181.7 29.9 Tactput XBIT 4
TDATMEHT 13| D2 | %en | 156.5 25.5 Tunepremsusuas | ypr g
(99 ner) 00JIe3Hb

[locrenenHo Hapactaer ru0enp Mo4e-
HBIX HE(PPOHOB, COMPOBOKIAIOIIASICS YMEHb-
IEHWEeM MAacChl JAEWCTBYIOMUX He()pPOHOB
U Kak CIIEJICTBHE — CHIDKCHHEM (QYHKIMH T0-
yeK. B koHeuHOM cueTe pa3BUBaeTCs MEpBUY-
HO-CMOPIIICHHAS IOYKA, YTO KIMHUYECKHU MPO-
SIBIIIETCST TIOYEYHOH HenoctaTtodHocThio (ITH)
[7]. Y OONBHBIX MOKUIIOTO U CTAPIECKOTO BO3-
pacTa TPOCIEXHUBAETCA TEHACHIUS K Majo-
CUMIITOMHOMY M JIaTeHTHOMY TedeHuro ITH,
9TO 3aTpyIHSET paclo3HaBaHHWE HE TOJBKO €e
XPOHHYECKO, HO U OCTPOH (hOPMBL.

BruiBoj

Ha ocHOBe npoBeneHHOIO MCCIIEAOBAHUS
OMOXMMUYECKOTO aHalli3a BEHO3HOW KpPOBH
U pacueTa CKOPOCTH KIIyOOYKOBO# (uibTpa-
uun o ¢opmyne CKD-EPI moxHO caenatsb
BBIBOJI, YTO CKOPOCTH KIIyOOUKOBOM (puibTpa-
LUH C BO3PACTOM IOHMKAETCsl, 3TO BhIPAXKAeT-
Cs1 OT HOPMAJIBHOTO 3HAYEHUS B JETCKOM BO3-
pacTe 10 XpOHUYECKOM MOYeYHOMH HeZ0CTaTou-
HOCTH B CTapYECKOM.
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HOCJUIEACTBUA HOBPEXJAEHUSA JIBIXATEJIBHOI'O HEHTPA
PA3JIMYHOI'O 'EHE3A

Mycradaesa E.T., [lemiepes B.A., Makeesa A.B.

@I'EOY BO «Bopouescckuii 2ocyoapcmeentulii meouyurckuul ynueepcumem um. H.H. Bypoenkoy,
Boponeoic, e-mail: mustafayeva.yeva@bk.ru

B crarbe aBTOpaMu pacCMOTpeHa aBTOMATHUYECKast CHCTEMA JBIXaHHs1, @ UMEHHO Ta €€ 4acTh, KOTOpasi CIocoOHa
OCYILECTBISITh MPOTEKAHUE JBIXATEIBHBIX MPOLECCOB O3 HEMOCPEACTBEHHOTO M IETAIFHOIO KOHTPOJIS U yIIpaBie-
HHSL CO CTOPOHBI BBILICCTOSIIHNX 110 UEPapXHH TojcucTeM. JlaHHas cucTeMa COZEPXKHT OCHOBHBIC 3BEHbSI, @ TAKKE
PEryIHpYIONINe MEXaHU3MBI, JIOKAJIN30BaHHbIE B IIPOROITOBaTOM Mo3re. DYHKIMOHAIbHAS TeTePOreHHOCT CTPYKTYP
BEHTPAJIBHBIX OT/IEJIOB MPOJOITOBATOr0 MO3ra SIBISICTCS OCHOBOI sl Peain3aliny PasHOHAMPABICHHBIX A(P(EeKTOB.
CymecTByet psifi pakTOpOB, BBI3BIBAIOIIMX MOBPEKJICHHE JIBIXAaTEIBHOIO HEeHTpa. MMM MOryT OBITh IOCHEICTBHS
BITMSTHUS NIIEMUYECKHX, XUMUUECKHX, MEXaHHIECKNUX H OHOIOrnIecKiX (hakTopoB. MHOTHE HEPEMEHHO COIpPSKe-
HBI C TUIIOKCHEHT, KOTOPast BEICTYIIACT 00S3aTEIBHBIM yCIOBHEM PA3BUTHS ATOJIOTMYECKOTO AbIXaHMs. B 3T0ii cBsi3n,
BaXKHYIO POJIb UTPACT KPOBOCHAOXKEHNE MO3Ia H, HPEK/IE BCEro, OTAEA HPOIOJITrOBATOIO MO3Ta, IJie PACIIONOKEH JIbl-
xarenbHbIi nentp. Takke cBoe IeHcTBIHE MOTYT OKa3biBaTh pasiuuHble konueHTpauun CO,. [Iposens anamus nuTepa-
TYPHBIX JJaHHBIX, ABTOPAMH [OKa3aHO, YTO MEXaHUYECKHUE IIOBPEKICHNUS [IPH YEPEITHO-MO3TOBOI TPaBMe, B3aHMOCBSI-
3aHBI CO CTPYKTYPHBIMH U3MEHEHHSIMHU B JIETKHX, TAKXKe, Y MOCTPAJABIINX C IPEUMYIIIECTBEHHBIM CTBOJIOBBIM YPOB-
HEM IIOPa)XEHHS TOJIOBHOTO MO3T'a, B OTIIMYNE OT IPEUMYIIECTBEHHOTO KOPKOBO-IIOJIYIIAPHOTO YPOBHS ITOBPEXKICHNS,
B OCTTPABMATHYECKOM [EPHO/IE 3HAYUTEIIBHO YAllle Pa3BUBAIOTCS JIETOYHBIC OCIOKHEHHS. J{pIXaTeIbHbII LIEHTP BOC-
MPHAMYHUB K BUPYCHBIM (hakTopam, TakuM kak kopoHaupyc 2019-nCoV. Bupyc crioco0eH 0ka3plBaTh OMOCPEI0BAH-
HOE BO3/IeHiCTBUE M Ha MOTOHEHPOHBI, HHHEPBUPYIOIIHE JBIXaTeIbHYI0 MyCKy/IaTypy. B craTbe omucaHbl pa3iHiHbIe
MEXaHU3MBI TOBPEXKICHHS, KOTOPHIC HMEIOT CXOKHE YEPThI B CBOHX MOCIICACTBHSIX.

Ki1roueBble cj10Ba: IHIIOKCHS, FOJIOBHOI MO3L, HIIeMHUsl, IbIXaTeJIbHbII HEHTP, HeilipOHbI, IPO10JIroBaThIil MO3L, BUPYC
COVID-19, uepenHo-M03roBasi TpaBMa, OCTPBIii peCINPATOPHBIIl AUCTPecc-CHHAPOM

CONSEQUENCES OF DAMAGE TO THE RESPIRATORY CENTER
OF VARIOUS GENESIS

Mustafaeva E.T., Pesherev V.A., Makeeva A.V.

Voronezh State Medical University named after N.N. Burdenko, Voronezh,
e-mail: mustafayeva.yeva@bk.ru

In this article, the authors consider the automatic breathing system, namely the part of it that is able to carry
out the flow of respiratory processes without direct and detailed control and management by subsystems higher
in the hierarchy. It contains the main links, as well as regulatory mechanisms localized in the medulla oblongata.
Functional heterogeneity of the structures of the ventral parts of the medulla oblongata is the basis for the realization
of multidirectional effects. There are a number of factors that cause damage to the respiratory center. These may be
the consequences of the influence of ischemic, chemical, mechanical and biological factors. Many are necessarily
associated with hypoxia, which is a prerequisite for the development of pathological breathing. In this regard, an
important role is played by the blood supply to the brain and, above all, the medulla oblongata, where the respiratory
center is located. Also, different concentrations of CO2 can have their effect. Considering mechanical damage in
traumatic brain injury, structural changes in the lungs are noted; also, in victims with a predominant stem level
of brain damage, in contrast to the predominant cortical-hemispheric level of damage, pulmonary complications
develop much more often in the post-traumatic period. The respiratory center is susceptible to viral factors such as
coronavirus 2019-nCoV. The virus is able to have an indirect effect on the motor neurons innervating the respiratory
muscles. The mechanisms of damage are different, but they have similar features in their consequences.

Keywords: hypoxia, brain, ischemia, respiratory center, neurons, medulla oblongata, COVID-19 virus, traumatic brain
injury, acute respiratory distress syndrome

lpixanue oOecrieunBaeT MOJyIepPIKaHUE
HOPMAaJILHOTO YPOBHsI Ta30BOTO COCTaBa KPOBU
¥ HanOoJIee BaXKHBIX MMOKaszareieil. K TakoBbIM

TOPHBIX MEXaHU3MOB, BXOASIINX B COCTAB JIbl-
XaTeNbHON CUCTEMBL. DTH MEXaHU3MbI oOecrie-
YUBAIOT MOCTyIUIeHHE adepeHTHOW UMITYIIb-

OTHOCAT TNapLUHUAIBHOE [aBJICHUS KHUCIOPO-
Jla U YIJIEKUCIIOro ra3a apTepuaibHON KPOBH.
B TecHOU CBSA3M ¢ OTUMHM IIOKA3aTCIISIMUA HaX0-
JIATCSI KOHLUEHTPALM BOJOPOAHBIX HOHOB, KO-
TOPBIE ONPEIETAIOT YPOBEHb l,H. Hopmanbshoe
MIPOTEKAHUE MIPOLIECCOB TKAHEBOI'O U BHELLTHETO
JIBIXaHUsl B PA3JIMYHBIX YCJIOBUSAX CPEIbl MOJ-
JIEPKUBAETCSI C TMOMOUIBIO HEPBHBIX PETYIIs-

caluy, ee NepepadoTKy B COOTBETCTBYIOLIEM
LICHTPE U OTBET B BUE 3)(HEKTOPHBIX BO3/CH-
cTBUNA. IMEHHO LEHTPAJIbHBIN HEPBHBIN ara-
par oObeuHSET OTACIbHBIC YaCTH JbIXaTelb-
HOW CHUCTEMBI B €IUHYIO (DYHKLIMOHAIBHYIO
cucreMy. LleHTpanbHbIi anmapaT npencTaBis-
eT CO0OH CIIOXKHYI CHUCTEMY, BKIIHOUAIOIIYIO
(parMeHTHI CIMHHOTO MO3Ta, IPOIOITOBATOTO
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MO3Ta U OTJENbI KOPbl OONBIINX TONyIIapuit
Mo3ra. CTOUT OTMETHUTb, YTO JIJIsl TOJTHOLEHHO-
ro (DyHKIIMOHUPOBAHHS JIBIXaTEIBHOTO IIEHTPa
HEOOXOINMBI MPOBOJHUKH, O0COOBIC HEpPBHEIC
KJIETKH — JbIXaTeJbHble HEHpOHbI, Omaroma-
PSl KOTOPBIM PEAM3YIOTCsl BCE MHOTO00Opasne
H3MEHEHUH AbIXaHUS HAa Pas3HbIX €ro sTalax.
CeronHs BBLAEISAIOT HECKOJIBKO TPYIMI CIIELU-
ATM3UPOBAHHBIX KJIACCOB HEWPOHOB OJTHOTHUII-
HBIX TI0 pyHKIMH. JlopcanbHas 1 BEHTpajabHas
JBIXaTeNbHas TPYyIIa, KOMITIeKC beTmuHrepa,
KOMIUIEKC Ipe-beTnuHrepa 1 MocTroBas JibIxa-
TeNnbHas rpynma HeiipoHos [1, c¢. 138].

Bech npIxaTenbHbBIM UK BKIIIOYAET JIBE
(haser: BIOXa W BhIIOXa. M peanmusyercs Hero-
cpelcTBeHHO B 4 TakTa. KaXK/iblii TakT BO BpeMe-
HU 3aHAMAaeT IPUMEPHO MooBHUHY (ha3el. B Ha-
yaJie IepBOro TakTa OTMEYaI0T HapacTaHHe ajlb-
BCOJIAPHOI'O Y BHYTPUILJICBPAJILHOI'O JaBJICHUS,
a TaKke 00beMa JIETKUX, YTO COMPOBOXKIACTCS
YBEIMUSHHEM CKOPOCTH TIOTOKA BO3lyXa. 3aTeM
HUIET BTOPOH TaKT, BKIIOYAIONTHN B ceOs 3HA-
YUTENBHOE YBEIMYECHUE AIbBEOIAPHOTO M BHY-
TPUILIEBPAIILHOTO JIaBICHUS BMECTE C yBEIUYe-
HUEM JICTKUX MPU 3HAYUTCIIBHOM YMCHBLIICHUN
CKOPOCTH TIOTOKa Bo3tyxa. Tperuil TakT conpo-
BOXK/Ia€TCS PE3KUM BO3PACTaHHEM allbBEOISIP-
HOTO ¥ BHYTPHILUICBPAIGHOTO JIABIEHHUS B CO-
YEeTaHWH C MaICHIEM CKOPOCTH MTOTOKA BO3/TyXa
Y YMEHBIICHUs 00beMa JIETKHX. 3aBeplIatonnit
TaKT MPe/royiaraeT MoJHOe BO3BPAIEHUE K HC-
XOJIHBIM BEJIMYMHAM aJIbBEOJSIPHOTO U BHYTpPU-
IIEBPAITLHOTO JIABJICHHSI, 00beMa JIETKUX U CKO-
pocTu noToKa Bo3ayxa [2, c. 32].

I'eneparust 1pIXaTeTFHOTO PUTMA OCYIIECT-
BIIAETCSI B CTPYKTYpax IMPOAOJITOBATOIO MO3-
ra W peamusyercs Onmaromapsi peLUNPOKHBIM
B3aMMOCBSI3sIM MEXJIy HEHpoHaMHM HHCIHpPA-
TOPHOU M 3KCIUPATOPHOU rpynm. BaxkHo cka-
3aTh, YTO JBIXaTeJIbHBIA PUTM (POPMHUPYETCS
B pe3yJbTare B3aHMMOJEHCTBUS MEXIy (yHK-
LIMOHAJIHO PA3JIMYHBIMH PyNIIAMH HEWPOHOB
JipIXarenbHOM cuctemsl. [IpoananusupoBas UM-
ITyJbCHYIO aKTUBHOCTh HEHPOHOB JIbIXaTEJIbHO-
TO LEHTpPa, OBLIO BBISBICHO, YTO UMITYJIbCAITUS
MpeoOIaTaroeil YacTH JbIXaTeIbHBIX HEUpo-
HOB HAYMHAETCS TPEHMYIIECTBEHHO B Hava-
Jie BJOXa, a 3aKaHYMBACTCSA Ha Pa3HBIX 3Tarax
JAbIXATCJIIbHOI'O ITHKIJIA. Nmenno HEMPEPLIBHO
YCUJIMBAIOLIASACA aKTMBHOCTb MHCIIHPATOPHBIX
HEHpPOHOB TEHEPHUPYEeT HEOOXOAMMBI ypo-
BEeHb 00BEMHON CKOPOCTH BO3IYITHOTO TIOTOKA
B cucteme Jpixanus. CieayeT UMeTh BBUILY TOT
q)aKT, YTO B ABIXAaTCJIbHOM ILCHTPE aKTUBHOCTH
HEHpOHOB HU Ha CEKyH/y HE OCTAHABIIMBAaeT-
csi. To ecTb NPOUCXOOUT MOCIENOBATEIBHOE
IUKIMYECKOE BO30YKICHUE OTHUX U TOPMOXKE-
HUE IPYruX Ipymmn HeWpoHoB [3, c. 27].

[Tom Bo3melicTBHEM pa3IUYIHBIX (DAKTOPOB
Ha III)IX&TGJ'IBHI)II\/'I LHCHTP, MOXCT BO3HHUKATH
100 BO30YKICHHE OIPECIICHHOW COBOKYII-

HOCTH JBIXaTeIbHBIX HEHPOHOB, JTHOO UX TOP-
MOKEHHE, U3MEHSS IIPU STOM AUHAMUKY CHCTe-
MBI B IIEJIOM. DTO MOXKET MPOSIBIATHCS B BHJIE
YCUIIEHUSI aKTHBHOCTH CHCTEMBI JIBIXaHUS
WM K€ TIPUBOJIUTH K MPEXOAIIeMy HapyIie-
HUIO U KPaTKOBPEMEHHOMY WJIH TTOJIHOMY TIpe-
KpAIIEHUIO €€ pUTMHUYECKON JesITeIbHOCTH.

Llens nccnenoBanust — Ha OCHOBAHUU JAH-
HBIX JINTEPATYPhl OLIEHUTH XapaKTep BIUSHUSI
pa3nuYHBIX (PAKTOPOB, BHI3BIBAIOIINX HAPYIIIE-
HUS, I3MEHEHUS U TIOBPEKICHUS JIbIXaTeIbHO-
TO IIeHTpa.

MarepuaJjbl 1 METOAbI HCCIIETOBAHUS

IIpoBenen ananu3 IUTEPaTyPHBIX JaHHBIX,
OXBATHIBAIOIIMX HMHGOPMALMIO O BIMSHUH
(axTOpOB Pa3IMUHOrO TeHe3a, KOTOPbIE MOTYT
BBICTYIATh YCIIOBUEM Pa3BUTHs IATOJOrHYe-
CKOTO JIBIXaHWsI W TATOJOTHYECKHX SIBICHUI
B JIBIXaTEIILHOM LIEHTE.

Pe3ynbTarhl nccie10BaHus
H MX 00Cy:K/IeHue

PaznuuHble Kilacchl bIXaTelbHBIX HEWPO-
HOB MOJYYalOoT BOJHBI HEPUONUYECKOTO BO3-
Oy>KJIeHHSI 1 TOPMOXKEHHS, KOTOPBIE CO3/Iat0T-
Csl IOCPEeACTBOM (pa3udecKoi mepenadu B CH-
Harcax. OTMeUaloT BIUSHUE BO30YKIAFOIINX
Y TOPMO3HBIX DHIIOTEHHBIX AMHHOKHCIIOT, SIB-
JIAIOUIMXCS HEMPOXUMUUYECKOW OCHOBOM 3THX
OBICTPBIX MEMOpPaHHBIX MpoieccoB. Takum 00-
pa3oM BO30YXKIArOIINe aMUHOKHUCIOTHI, ICi-
cTBys uepe3 N-metui-D -acnaprarHele peuer-
TOPHI HA YPOBHE MPOJIOJITOBATOTO MO3Ta, CTH-
MYJIUPYIOT B TCHEPAIUIO JBIXaTeILHOTO PUTMA
U y4YacTBYIOT B MEXaHHM3MaX MEPEKIIOUCHIS
(a3 ABIXaTENLHOTO ITUKJIA.

K TOpMO3HBIM aMHHOKHCIOTaM, TIOfa-
BISIIOIIMM TIepesiady MEXIy bIXaTeIbHBIMHU
HEHpPOHAMH, OTHOCAT TaMMa-aMHHOMACIISTHYTO
KHCIIOTY W TIUIMH. BEIACIAIOTCS OHU B OTIpe-
JIeJICHHOM MO CIIeI0BaTeILHOCTH B (POPMHUPYIOT
PUTMHUYECKYIO NEATEABHOCTh AbIXaTEIbHBIX
HEUpoHOB. IMuuKH, BO3ACUCTBYS Ha ompene-
JICHHBIE PELENTOPHI, peaan3yeT PyHKINIO ObI-
CTPOTO BBIKITIOUCHUST (Da3bl BIOXa M BBIIOXA.
[Ipoucxoaut 3To ACHUCTBHUE Yepe3 paHHUE DKC-
MIAPAaTOPHBIC HEUPOHBI JUISI BIIOXA U Yepe3 paH-
HUE UHCIIHUPATOPHBIC /Il BbIToXa. TopMO3HbIE
CHUHANTUYCCKUE BIUSHUS Ha JIbIXaTeIbHBIC
HeUpoHbl peanusyrorces npu yyactun TAMKa-
PEIENTOPOB, COMPSDKCHHBIX C XJIOPHBIMU Ka-
HaJaMd MeMOpaH KJIeTOK. DTa aMMHOKHCIIOTa
MIPOJIOHTUPYET TEUCHUE BAOXA U BBIIOXA J0 UX
oKoHYaHus. Brnox uepes mo3aHue HHCIIUPATOP-
HBIC U BBIJIOX Yepe3 MO3THUE SKCITUPATOPHBIE
Heliponsl [4, c. 115-119]. KoppemsimuoHHBII
aHaNmM3 TIOKa3all 3aBHUCHMOCThH CHUJIBI JIbIXa-
TETHHBIX MBIIII U AKTUBHOCTH JIBIXaTEIHHOTO
HEHTpa OT (YHKIIMOHAJIBHBIX XapaKTePUCTUK
CHUCTEMBI JIbIXaHUSI — BEIUYUHBI U U3MCHEHHUS
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COOTHOIIICHUH JIETOYHBIX 00BEMOB, COCTOSHHUS
MPOXOAUMOCTHU JBIXaTeIbHBIX MyTeH U JIerou-
HOTO ra3oo0MeHa [5, ¢. 36; 6, ¢c. 46; 7, c. 1].

JIro60e moBpekIeHNe JBIXaTebHOTO IIeH-
Tpa HEMHHYEMO TpuBeAeT K rumokcuu. OHa
MOXKET SIBIISATHCS KaK CJICICTBUEM, TaK M yC-
JIOBUEM MJI PA3BUTHS MATOJIOTHUYECKOTO IbI-
xaHus. Peructpupyrorcsi ciydyad OCTaHOBKH
JIBIXaHUsS BO CHE BCIE/ICTBHE pa3BUTHUS 00-
CTPYKTHBHOTO aliHO3. DTO HAaTaJIKMUBAET Ha MO-
HACK MEXaHU3MOB, IPUBOSIINX K JAHHOMY Ha-
pymieHuo. Bo BpeMsi cHa M3MEHSETCS TOHYC
pPEeTUKYIIpHON (popMaIuu Mo3ra, a, CiIeaoBa-
TEJBHO, U YPOBEHb BOCIPHUATHS U 00pabOTKH
CUTHAJIOB BCJIEACTBHE (hOPMUPOBAHUS HOBBIX
HEUpOMeMaTOPHBIX B3aMMOOTHOIIEHUHN Kile-
TOK B IIEHTpaJbHON HEpBHOU cucteme. B cBsi3u
¢ 3TUM 0c000€ BHUMAHHE MPHUBICKAIOT TPYII-
M6l HEHPOHOB BEHTPATBHBIX OTIEJIOB CTBOJA
rojoBHOro mosra. OTMeyaeTcsi, 4TO Ha MO-
BEPXHOCTH ATHUX oOnacTeii cTBoJia Mo3ra pac-
MOJIOKEHBI PELENTOPHBIE CTPYKTYPhI, pearu-
pyromue B OOJbIIEH CTENEHN Ha CIBUTH KOH-
IIEHTPAIUU BOJOPOIHBIX MOHOB M M3MCHCHUE
COJIEPKaHUS YTIIEKUCIIOTO ra3a BO BHYTPEHHEH
cpene opraHusMa.

Uto0bl mOnpoOHEE OCBETHTh MEXaHU3M
BO3JICHCTBUS PHJIOTCHHBIX BEIIECTB Ha JIbIXa-
TEJIbHBIM LEHTP, CIEAYET MPOaHAIU3UPOBAThH
VIABTPACTPYKTYPHBIE OCOOCHHOCTH CTPOCHUS
BEHTPAJbHBIX OTAEIOB CTBOJA TOJOBHOTO
Mo3ra. BOnm3u cTeHku MHKpococyla pacro-
naraeTcsi OOINbIIOe KOJMYECTBO AKCOHOB M MHU-
TOXOHJPH, KOTOPBIE PACHOIaraloTcsi B LUTO-
IJ1a3M€ HEHPOHOB, NIMAJIBHBIX KIETOK, aKCO-
miazme. PaccTosiHMe OT MHKpOcocyaa 70 ak-
COHOB U MUTOXOHJIPUN COCTABIISAECT MIPUMEPHO
HECKOJIbKO MUKpOH. Clie10BaTeNbHO, MPOIIECC
mupdy3ur KUCIOpoa M3 KPOBH B CTPYKTY-
pBI MO3ra WiIH, Hao0OpOT, YIIIEKHCIOro rasa
13 TKaHEH MO3ra B KpOBb IPOUCXOJUT 32 CUU-
TaHHBIC CEKYHIBI WIH Ja)Xe MIJLTUCEKYHJIBL.
B gpyrom yuacTke BEHTpajIbHOTO OTAEA
CTBOJIa OBUIM TMOJYYEHBI CICAYIOIIUE JTaHHBIC
MUKPOCKOIIMYECKOIO HCCaenoBaHus. Mexny
CTEHKOW Kanmwiuisipa U sApOM acTPOLIUTA B LHU-
TOIUIa3ME OTUYETIIMBO Pa3JIMYUMBbl LUCTEPHBI
SHJIOTIA3MATHIECKOTO PETUKYIIyMa U MHUTO-
xoHapus. Tak ke 3amMedanu CKOIUICHUS aKCO-
HOB C TOHKOW XapakTepHOH MHEIMHOBOH 000-
nouykoid. IloMumo 3TOrO, MU PacCMOTPEHUU
OTJIEJIbHbIE AKCOHBI PACIIPENEISIIUCH 110 BCEMY
TIOJTI0 3pEHMs], B TOM YHWCIIE€ W BOMU3U CTCHKH
MHUKPOCOCYa, YTO OBbLJIO OTMEUYEHO paHee. Ta-
KO€ PACTONIOKEHUE HEUPOHANBHBIX U TIIHATb-
HBIX CTPYKTYp TUIIUYHO AJI TKAHU TOJIOBHOTO
MO3ra M CIYXHUT HEOOXOAWMBIM YCJIOBHEM,
YTOOBI MMETHh BO3MOXKHOCTH IIPEIOTBPATUTH
BO3HMKHOBEHUE CHUTyalUd, CONPOBOKIAIO-
IIUXCS TUMOKCHEW W HWIIeMHel TKaHW MOo3ra
MIpU HEOCTAaTKe BO BHYTPEHHEH cpene opra-

HU3Ma KUciaopona. B obnacTé BeHTpasbHBIX
OTJICJIOB CTBOJIAa MO3ra PacHojararoTcsi XeMo-
YYBCTBHUTENBHBIE YIBTPACTPYKTYPHI, CIIOCO0-
CTBYIOIIIE ONTHMH3AINN TIpoOIlecca BOCIPH-
ATHS BO3POCIIEr0 KOJMYECTBA BOIOPOTHBIX
MOHOB M MOJICKYJ YIJICKHCJIOTO Ta3a B yCIOBU-
SIX TUIIOKCUU WU TUTIePKATHUU. MuennHu3u-
pOBaHHbIC OTPOCTKU HEPBHBIX KJIETOK, Pacmo-
Jararoniecs: BOJIM3M MHKDPOCOCY/OB, BBITIOJN-
HAIOT (PyHKIIMM MEKHEHPOHHOW HHTETPaIlluu
B JaHHOW 00JacCTH MO3ra W CIIOCOOHBI Tepe-
JlaBaTb WH(POPMAILIUIO OT XEMOPEIENTOPHBIX
YIABTPACTPYKTYPHBIX 2JEMEHTOB K HEHpoOHaM
BUTAJBHBIX IIEHTPOB. MHTepeceH TOT axT,
YTO TI0 X0y CTBOJIA TOJIOBHOTO MO3Ta TSHYTCS
JIUKBOPOTIPOBOISIINE ITyTH K CIIMHHOMY MO3TY
M 5TO BaXXHO /ISl XEMOCEHCOPHBIX JIEMEHTOB
9TUX OTACNIOB Mo3ra. OHU B CBOIO OUEpEb CTIO-
COOHBI BBITIOJHITh MHTEIPATUBHBIC (DYHKIIUH,
BOCIIPUHUMAS HAMIPSIKCHHUE YIIIEKUCIIOTO rasa,
CoJIepKaHKe BOJIOPOTHBIX HOHOB M KHCIIOPOZa
B JIMKBOPE, TKAaHSAX MO3Ta W BONHM3H MHUKpPO-
cocynoB. Ho camyto gocroepHyro nH(popMa-
A0 O HEOCTATKEe KUCIOPOia BO BHYTPEHHEH
cpene OpraHm3Ma BHUTAIBHBIC IIEHTPHI MO3ra
MOJIYy4al0T OT COCYOUCTBIX XEMOPELEITOPOB,
PEIenTopoB KapoTUAHOTO Teibila. Ha ypoBHE
BEHTPAIBHBIX OTIENIOB CTBOJIA MO3ra WH(Op-
Malys B BHUJE HMITYJbCOB COMOCTABISAETCS
C AKTMBHOM CHUTHaJIM3alMedl OT UEHTpPaJib-
HBIX XEMOpELEeNnTopoB. [laHHBIE penenTopbl
B MPOIIECCE IBOJIOIUHU MOCTEIEHHO MOBBIIIA-
JIY YyBCTBUTEIBHOCTh K H3MEHEHUSIM YPOBHEH
YIJIEKHUCIIOTO Ta3a W KOHIEHTPAIUN POTOHOB
BOJIOPO/Ia, & OHH ABJISIOTCS TEMH pa3ApakuTe-
JISIMUA, UHTEHCUBHOCTB KOTOPBIX OMPENEISCTCS
MpolieccaMu HEMOCPECTBEHHO Ha YPOBHE TKa-
HU Mo3ra. CTOUT OTMETUTh, YTO PSJOM C BEH-
TPAIBHOM TOBEPXHOCTHIO  IPOJOITOBATOTO
MO3Ta ypOBEHb KapOOaHTH/IPa3hl 3HAUNTEITEHO
BBICOK. JTOT (DepMEHT OMpEeneisieT YPOBCHB
BOOPOAHBIX HOHOB 1 CO2 B TKAHAX OpraHU3-
Ma. Y BOJOPOJ-MOHOB €CTh TOXKE MHTEpeCcHast
O0COOCHHOCTb, 3aKJIFOYAIOIIAsCS B TYHHEIUPO-
BaHUM HMX B JKHUBBIX KIETKaX, YTO OMpEHeIs-
€T CTPEMUTENHHOCTh Iepenadyn mH(popMaruu
0 CIIBUTE KOHIIEHTPAIIMH STUX NOHOB B TKAHAX
[8, c. 56-59].

Henp3sg He OTMETHTH AEHCTBHE MIIIEMH-
4eCKuX (DaKTOPOB B Pa3BUTHH TMIIOKCHUU. DTO
Tak Ha3blBaeMas IUPKYISTOPHAS THUIIOKCHUS,
COTIPOBOXK/IAIOMIASICS HAPYIICHHEM JOCTaBKH
KHCJIOPOAA K TKaHSIM M CHIDKEHHE TapIHalib-
HOTO JaBJICHUS KHCJIOPOJa B YCIOBHUSIX €T0
HOPMAJILHOTO conIep KaHusl B KpoBu. OgHUM
W3 BUJIOB LIUPKYJIATOPHOW TMTIOKCUU SIBIISICTCS
cocymuctast popma. JlanHast popma pazBuBaert-
Cs TIPY TIATOJIOTHH COCYIMCTOTO pycia WilH Ha-
PYIICHHH €€ POXOANMOCTH. Takoe BO3MOKHO
MpU Pa3BUTHU aTEPOCKIICPO3a, KOAPKTAITUH
aopThl, TpOMOO3eE.

EUROPEAN JOURNAL OF NATURAL HISTORY N\e6, 2023



16

dwmoh NI9HWDXI90 DH %0&02&&@% xninomwoicvdou anugni9 IOHINIUUNWON]

(mmeesHu MoHOAdME
a1elavAead g) sunyead veHHAWW

e

(mmmiead a19HIVBLMLELD0E U
BUPOULOUT BUHIMBWD auU810TaI8)
MUHBKaA8oU WOoNIShUHEXSW Md|

BEUOHOUMW |

aodoryed
XUNIShUWUX aMa1ouaTeog

I

qHa80d L

(veHHaJOUTdEN 1 BELOUTADO0D)
19HMhKndu 81915UTAY0-0HKaT'dd)

diHan

niaHauaLexiafy

EUROPEAN JOURNAL OF NATURAL HISTORY N\e6, 2023



MeduuyuHckue HayKku

EIIIC OJHUM BHUAOM SABJIACTCA KapAUOI'CH-
Hasl TUIIOKCHS, BOSHHUKAFOIIAsl [IPU HECIIOC00-
HOCTH Cepjlla TepeKaynBaTh W JIOCTaBISATH
opranaM HeoOXOAMMOe KOJMYECTBO KHCIOPO-
na. 9ta popma SIpKO MPOSBIACTCS TP BPOXK-
JCHHBIX HJIIn HpI/IO6peTeHHI>IX IMOopoOKax
cepAlla M €ro KjanaHoB, pa3ju4yHbIX (op-
Max apUTMHUU U TPH MOBBIIICHHOM COCY/IHU-
CTOM COTIPOTHUBJIEHUU TOKY KPOBH (PUCYHOK)
[9, c. 48; 10, c. 89]. Tak wnmm wHAUEe Tr00as
13 (popM UPKYIATOPHON THITOKCHH SBIISETCS
CJIICACTBUEM HIICMHUHN TKaHEH TOJIOBHOTO MO3-
ra, KOTopasi IpelCcTaBisieT co00i maTopu3no-
JIOTUYECKHIA TIPOIIECC, BKITFOYAIOIIUN PA3BUTHE
TUIOAPro3a ¢ HapyIIeHHEM aKTHBHOTO TpaHC-
ITOpPTa HEOOXOAMMBIX HOHOB Uepe3 MeMOpaHblI,
OTKJIOHEHUS B ()YHKITUH MEIHATOPOB BO30OYK-
JIEHUs U TOPMOXEHHUS B CTPYKTypax MO3ra,
BO3pacTaHUE YPOBHS MOHU3UPOBAHHOTO Kallb-
uus. B pesynbrare uepeOpanbHOW HIIEMUN
BO3HUKAET OCTPBIA HEOCTATOK MOCTYTUICHUS
KHCIIOpoZla K MO3TY, YTHETeHHEe a’3poOHO-
TO MyTH yTHIW3AIUH TJIIOKO3Bl M 3aMeHa €ro
Ha mIMKoNK3. Tak ke CHU)KEHHE CHHTE3a dHep-
TUH ¥ U3MEHEHHUE KUCIOTHO-OCHOBHOTO COCTO-
stHusl. Pa3BUBArOINMICS alu103 CIOCOOCTBYET
JANbHEHIIeMY YTHETEHHIO MEeTa0OIHYeCKUX
MIPOIIECCOB ¢ 00Opa30BaHWEM KIIETOYHOTO OT-
exa. V3MmeHseTcs MPOHUIIAEMOCTh MeMOpaH
HEHPOHOB U UX (PU3NKO-XMMUYECKHE CBOMCTBA
3a CUeT UMUTOTOKCUMYECKOro aeiicTBus. Bechb
mpolecc ycyryossieTcsi akThBalued cBoOon-
HOpaJUKaIBHOTO OKHCIeHUs. COBOKYITHOCTh
ATUX MATOJOTHYECKUX PEAKIHMA, BO3HUKIINX
Ha (OHE THIOKCHUHU, PUBOANUT K CMEPTH TO-
moBHoro mo3ra [11, c. 363]. B cBoro ouepens,
OJHUM U3 BaKHEHIINX SBJISICTCS MopaxXxeHue
JIBIXaTEIBHOTO IIEHTPa MO/ JICHCTBHEM OHOJI0-
rugeckoro (hakropa, K KOTOPOMY MOXKHO OTHE-
CTH B3aWMOJICHCTBHE C BUPYCHBIMH YacCTHUIIA-
MH. DTO sBJICHHE OBLIO XOPOIIIO MCCIIECAOBAHO
B cBsa3u ¢ snuaemuern COVID-19. Bosnbiioe
KOJIMYECTBO KIMHUYCCKUX I/ICCJIGI[OBaHI/If/'I To-
BOPST O COOTBETCTBYIOIIAsE WH(MEKIIUS COMPO-
BOXKJAeTCS TPSIMBIM WJIA KOCBEHHBIM IIOpa-
JKEHHEM TOJIOBHOTO MO3Ta, B TOM YHCIIE U JbI-
XaTeNIbHOTO LEHTPA, B JOTOJIHEHNE K OCTPBIM
pecnuparopHbIM CHHIPOMAM.

[IpoHUKHOBEHHE BUPYCa B KIETKH IPOUC-
XOJIUT IJIaBHBIM 00Pa30M B CBSI3H C KJIIETOYHBIM
pelenTopoM  aHTHOTCH3MHIIPEBPAIIAFOIIETO
tdepmenta 2 (ACE2), GemkoMm, sKcmpeccupy-
e€MBIM COBMECTHO C MeMOpaHO-CBA3aHHOI
CEepPUHOBOU TPOTEa30il 2 B IHIAOTEITHATBHBIX
KJIETKax Bcero opranusma. Hambombimee co-
nepxanune penentopa ACE2 naOmomaercs
B DIIUTEJHH JIETKUX, TOHKOTO KHIIEYHHUKA, TI0-
YeK W cepArna. Bricokas KOHIIEHTpAIUs TaKkKe
ObL1a Haii/leHa B KOpe TOJIOBHOTO MO3Tra M MUH-
naneBuaHOM Teje. HawOosiee BBICOKHI Yypo-
BeHb dkcnpeccun ACE2 BBIABISUICS B CTBOJIE

TOJIOBHOTO MO3Tra, TO €CTh B MOCTE U, B 4acT-
HOCTH, B IIPOJIOJITOBATOM MO3I€E, COAEpKAILEM
JIbIXaTeNbHbIE LUEHTPbl. TOUHBIM MOMHBIA Me-
XaHW3M IPOHUKHOBEHHS BHPyCa HEHU3BECTEH,
HO OBLIO BBISBJIEHO MHTPAaHA3aJIbHOE IPOHUK-
HOBEHHE BUpPYyCa Ha HEPBHO-CIM3UCTOI rpaHu-
e B OOOHSTENbHBINA HEPB, 3aTEM B pPa3IMYHbIC
00JIaCTH TOJIOBHOTO MO3ra M B CTBOJI MO3ra.
Takke HaOMIOOANUCh CiIyd4ad IPOHUKHOBE-
Hust COVID-19 mo ocu nerkue-0myxaaroniuit
HepB. 3BECTHO, YTO BHPYCHOE MOpaKEHUE
MIPO/IOJITOBATOTO MO3Tra, B KOTOPOM HaXOJAWT-
Csl NbIXaTeNbHBIA ILIEHTP, MOXET BBI3bIBATH
ero IUCc(QyHKUUIO, YTO MPHUBOIUT K CTOMKUM
HapyleHusIM (DyHKUHUM KOHTpPOJIS JbIXaHus,
a JUTepaTypHbIE [aHHBIE CBUACTEIBCTBYIOT
0 BBICOKOH CTETICHH MOPAXKECHHS CTBOJIA MO3Ta
y TMallMeHTOB C JbIXaTeIbHOW HEIO0CTaTOYHO-
cThio. [IpeumMyIecTBeHHO MEeXaHU3MOM 3THX
MaTOJIOTUH  SIBISIETCA  BbI3BAHHAs BHUPYCOM
UMMYHHasl peakius. MOoXHO OTMETHUTb, 4TO
JIpIXaTeNnbHas HEJOCTaTOYHOCTh C JIETAIbHBIM
WCXOZIOM pa3BHBACTCS B pE3yNbTare IpPsIMOHN
nuBaszuu Bupyca COVID-19 B ctBON MO3ra,
YTO TPUBOAMUT K €ro AUCHYHKUIUH (PUCYHOK)
[12,c. 2-3; 13, c. 3; 14, c. 286-287].

HApyrum QaxkTopoMm SBISIETCS MEXaHHYeE-
CKOE€ MOBPEXIEHHE, K HanboJiee yacToMy Mpu-
Mepy KOTOPOTO MOKHO OTHECTH YEPEITHO-MO3-
roBy10 TpaBMmy. OCIIO)KHEHHUSI BO3HUKAIOT OBI-
CTpee | yaile npH Tshkenod gopme. TakoBbI-
MH SBISIIOTCS OCTPOE IMOBPEXkKAECHUE JIETKHX,
OCTPBIM PeCUPaTOPHBIA JTUCTPECC-CHHIPOM,
MTHEBMOHUM M HEHPOTEHHBIH OTEK JETKHX.
KoHkpeTHO K IbIXaTeabHOMY LEHTPY HMEET
ortHomienue. [lpu HeWpopU3HMOIOTHIECKUX
WCCIIEZIOBAaHUAX Y TIOCTPaJaBIINX OCTPBIM pe-
CIIUPATOPHBIM AUCTPECC-CUHAPOMOM BBISBIIA-
JIOCh HapyleHne (YyHKUUS CTBOJIOBBIX CTPYK-
Typ TOJIOBHOTO MO3ra Ha ypOBHE MOCTa U IO-
JIOBHOTO Mo3ra 1pu | crenenu ¢ cyoxoMmmneHca-
nueit, npu Il ¢ nekomnencanueit. CyniecTByeT
HecKkoJbKo npuunH pa3zsutus OPJIC y nanuen-
toB ¢ YMT. Haubonee BaxHBIMH U3 HUX, O€3-
YCIIOBHO, SIBIISIIOTCSI HEMPOTEHHBIM OTEK JIeTr-
KHX, BbI3BAHHBIH BBICBOOOXKICHUEM KaTexosa-
MHHOB IIOCJI€ TIOBPEKACHUA CTBOJIA TOJIOBHOTO
MO3ra, W CHUCTEMHas BOCHAJINTENbHAs peax-
1Usl, CBsI3aHHAsI C JIFOOOM TSKENOW TpaBMOH,
BKJIIOYasi By CTOPOHHIOIO BHYTPHOOJIbHUYHYIO
MTHEBMOHUIO, KOTOpasi HE PEAKOCTh y TAKUX Ia-
uueHTos [15, c. 2].

MexaHn3M BO3HHKHOBEHHSI OCTPOTO pe-
CIUPATOPHOTO JTUCTPECC-CHHAPOMa MHOTO(DaK-
TOpHBIA. Tskenass 4epenHo-mMo3rosas TpaBMa
BBI3BIBAET YBEIMUYEHHE BHYTPUUEPEITHOIO JIaB-
JIEHUs1, KOTOpasi BeleT K MIIEMUU W THIIOKCHUU
TOJIOBHOTO MO3ra. DTH IPOLECCHI BEAYT K aKTH-
BallX PELIENTOPOB IABICHHS, PACTIOIOKEHHBIX
B THUIOTaJaMyce, CTBOJI€ W CIMHHOM MO3Te.
IIpn mnopakeHUM, BBI3BIBAIOIIEM ITOBBIIIEH-
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HYI0 PEaKIMI0 COOTBETCTBYIOIIUX CTPYKTYD,
MPEBBILIAIONIEM BO3MOXKHOCTH KOMIICHCALIUU
COCYIMCTON CHCTEMBI JIETKHX, HAOIFOMAaeTCs
WHTEPCTULUAIBHBIA OTEK M KPOBOM3IUSHUS
B [IepUBa3abHOE NPOCTpaHcTBO. IIpu pazButuun
BOCIAJIUTENILHON PEAKIUK Ha TPaBMY, IPOUCXO-
mut yrsokenenue [IBC-cunapoMa BelencTBUE
JIUCIIOKAIIMK TOJIOBHOTO MO3ra, YTO BEIET K J0-
TTOJTHUTENILHBIM HapyIIeHUsAM (DYHKIIUH CTBOJIA
MO3ra, B TOM YMCJIE U JIbIXaTeJIbHbIX LIEHTPOB,
M3-32 COABJICHUS U HApYyLIECHUS] MECTOIOIOXKE-
Hus (pucyHok) [16, c. 5; 17, c. 608].

IIpu »skcnepumeHTax, MOAEIUPYIOLUX
Oyb00-CIIMHANBHBIE MTOBPEKICHHUS, KOTOPHIC
YacTO BCTPEUYAIOTCS MPU UYEPEITHO-MO3rOBOM
Y CIMHHOMO3TOBOW TpaBMax, ObLIA BBISBICHBI
HEKOTOPBIE 0COOEHHOCTH (DYHKITMOHUPOBAHUS.
[Tpu MaccUBHOM 1OI00HOM MTOBPEXKICHUH, OT-
CCKaromieM BEPXHUC OTACIIbI OT HUXKHUX, IIPO-
HUCXONUT TpPEpPhIBAHUE MPOBOISAIINX IYTEH,
ATOM OOBIYHO JIUCTATHHBIE OT/IENBI B TaTbHEH-
IIEM OTMHUPAIOT. BbUIO HCCIENOBAHO SIBJICHUE
peresepanyy KOPTUKOCIMHAIbHBIX HEHPOHOB,
CBSI3aHHOE CO CIEIU(UUECKON peryIsiuei re-
HOB, CBSI3aHHBIX C pocToM. OHA MOXKET IIPOUC-
XOAUTH IPU BHYTPUMO3TOBBIX, HO HE CIIMHHO-
MO3TOBBIX TIOpakeHUsX. Takum oOpa3oM, Mo-
JKET TPOUCXOANTH BOCCTAHOBIIEHUE (PYHKITHI
JbIXaTEeJIbHOIO LIEHTPAa U COOTBETCTBYIOIIMX
MyTeH TIOCJIE MEXaHWYECKOTO IMOBPEKICHUS,
eciu He ObUIM MOBPEXJICHbI aKCOHBI B MECTE
rnepexoja MpoaoJroBaToro Mo3ra B CIHHHOU.
Taxxe HeHPOIJIACTUYHOCTh MOXKET IPUBOJUTH
K (OPMHPOBAHHIO CIIMHAIBHBIX TEHEPATOPOB
JbIXaTEeJIbHOIO PUTMa IPU MACCUBHBIX Hapy-
LIEHUSIX OCHOBHOTO Te€HEeparopa B IMPOIOJTO-
Barom mo3sre [18, c. 8].

Cpeau npuyuH BOZHUKHOBEHHUSI IATOJIOTH-
YECKUX TUIOB JbIXaHUSI MO)KHO Ha3BaTh XUMU-
YecKoe opakeHHe WK oTpaBiieHue. B padore
[Iuponanosa N.B. u Tuxomupona JI.H., noka-
3aHO, 4TO HpOI[OJIFOBaTBIfI MO3I' YYBCTBUTCIICH
K XMMHUYECKUM (akTopam. BelIH MmpoBeneHbI
HCCIIC/IOBaHUS, TIOKA3aBIIIKE, YTO OKCHOYTUPAT
B BBICOKHMX J103aX MOKET BbI3BaTh HapyILLICHUE
LIEHTPaJIbHOU PEryssiiuu IbIXaHUs, B TOM YHC-
Jie HapylIeHne B paboTe OCHOBHOTO T€HEPaTo-
pa AbIXaTCIIbHOIO puTMa, IpUBOAA K Pa3BUTHIO
alHEeMCTUYECKOTO JblXxaHus. B HU3KUX J103aX
OKCHOYTHpAT IMOBBIIIACT PE3UCTEHTHOCTH Op-
raHu3Ma K pa3IudHbIM (opMaM KHCIOPOIHOM
HEJOCTAaTOYHOCTH, B TOM UYHCJE U K JIOKaJIb-
HOM runokcuud. Ho B BbICOKOH KOHIIEHTpaluu
OH cJBHTraeT OajaHC MpPO — M aHTHOKCHJIAHT-
HBIX CUCTEM TPEUMYIIICCTBECHHO B HCpBHOﬁ CH-
CTEME, B YaCTHOCTHU TOJIOBHOM Mo3re. B atom
cily4ae HaOIIoNaeTcsl YMEHBIICHHWE yCTOWYH-
BOCTH K CBOOOTHOPAMKAIIEHOMY OKHCIICHHIO,
B pE3yJIbTAaTe YEro MOSIBISIETCS IATOJIOrHye-
CKOC€ JIbIXaHHC. bruto BBISABJICHO, YTO IpUYU-
HaMun HOI[O6HOI‘O TUIIAa AbIXaHUA HE SABIAIOTCA

HapylmieHue reMOAMHaMUKN U CHUKCHUC Ha-
MPsDKEHUE KUCIIOpoJa B KpOBU. bbul crenaH
BBIBOJI, YTO OKCHOYTHpPAT OKa3bIBaeT TOPMO-
3si1Iee IEHCTBHE KaK METUaTrop W MOAYISATOD
(pucynoxk) [19, c. 2-4; 20, c. 25].

Taxoke OAHUM U3 IPUMEPOB XUMUYECCKOTO
MOPAXKCHUA ABIXAaTCJIILHOIO LCHTPA ABJIACTCA
B3aMMOJICHCTBUE €0 KJIETOK C MOBBIIICHHBIM
CoJIepXKaHHeM B KPOBH YTIIEKHCIIOTO rasa, Ko-
TOpO€ BO3HHKAET IPH €ro COOTBETCTBEHHO
MOBBIIIICHHOM COJIEPYKAaHUHM B OKPYKaIOIIEM
Bosnyxe. Konnenrpamus, paBHas 2,9% B uc-
CJICAOBAHMU BbBIABJICHHAA KaK IIOrpaHU4YHasd,
BBI3bIBaCT (PYHKIMOHAJIBHBIC CIABUTU B Op-
raHu3Me, B TOM 4YHCIle HapacTaHWe TTyOWHBI
nerxaaus. [Ipu koHnenTpamnmm, 6mu3koit k 3%,
y 4eJIoBEeKa IMPONCXONT MOBHIIIEHNE YyBCTBH-
TEJBHOCTH JIBIXaTeJILHOTO TieHTpa. [1pu Oosnee
BBICOKMX MOXET HNPOHUCXOAUTH JACKOMIICHCA-
ust ¥ POPMHUPOBAHUE TATOJIOTHYSCKHUX (HOpPM
JIBIXaHHS B PE3yJIbTaTe THITOKCHH JIBIXaTeIbHO-
TO IIEHTPA, BHICOKOUYBCTBUTEIHHOTO K ITOMY
dakropy [21, c. 3; 22, c. 947].

BriBog

Taxum o6pa3oM, poBes aHANIU3 JIUTepa-
TYPHBIX JAHHBIX, MOYKHO CAEJaTh BBIBOJ O TOM,
YTO MOJ BO3JCHCTBHEM MHOXECTBa (HakTo-
POB, BBI3BAaHHBIX PA3IMYHBIMHM IHJOTCHHBIMHU
U 3K30T€HHBIMH TNPUYMHAMH, [bIXaTEIbHbIN
HEHTP MOXKET U3MEHSTHh CBOIO JIEATEIBHOCTH
B 3aBUCHUMOCTHU OT THIIa M CHJIbI BO3/IEHCTBUS,
nperepneBasi aJalTUBHBIC WA JIE€CTPYKTHB-
HbIE U3MEHEHMSL.
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VJIK 681.5.09

MPOEKTHBINA PACYET HAJIEXKHOCTU ABTOMATHU3UPOBAHHOM
CUCTEMBbI KOHTPOJIA U YYETA SJIEKTPOOHEPI'MN 3ABOJA
IO MPOU3BOACTBY CKUKEHHOT'O ITPUPOJHOTI'O I'A3A

AgmnaroB JI.A.

Camapcruii 2ocyoapcmeennviil mexnuyeckuti ynueepcumem, Camapa, e-mail: alpatovdenis@inbox.ru

ABTOMATH3aIMs TEXHOJIOTMUECKUX MTPOLECCOB SABIISIETCS OJHUM M3 KIIIOUEBBIX HalpaBIeHUI pa3BUTHS COBpe-
MEHHO IpoMbIIIIeHHOCTH. OHa MO3BONSAET MOBBICHTH IPOU3BOAUTEIBLHOCTh, KAYECTBO M HAJICKHOCTh TTPOM3BOJI-
CTBEHHBIX IIPOIECCOB, a TAKKE CHU3UTH 3aTPaThl Ha MPOM3BOACTBO. OqHAKO, I 00€CIIeUeH s HaJeKHOCTU U 0e3-
OTKA3HOCTH TaKUX CHCTEM, HEOOXOIMM IPOBEJICHHUE MPOCKTHOTO PAcyeTa, YYUTBIBAIOLIETO PUCKH M BO3MOKHBIC
oTKa3bl. JlaHHAs CTaThs MOCBSAIICHA POSKTHOMY PAacyeTy HaJeKHOCTH aBTOMATH3MPOBAHHOW CHCTEMBI KOHTPOIIS
u yuera snexrpodneprun (ACKY DP) Ha 3aBoze o IpOH3BOACTBY CXKIKEHHOTO mpupoanoro rasa (CIII). IIposo-
JIMTCS aHAJIN3 U OLIEHKA TeXHUUECKUX U IPOrpaMMHBIX PELIEHHMIT JIIsl onpe/ieIeHns] CTeNeH! HaleKHOCTH TEeKyIen
cructembl. OCHOBHOE BHUMAHHE Y/ICISACTCS TIEPEXOTHOMY IPOIIECCY HHTEHCHBHOCTH OTKA30B CHCTEMBI B 3aBUCHMO-
cti oT HapaboTku. [Ipou3BoaNTCS MOTEPHHU3AUNUS CHCTEMBI 33 CUeT BHEAPEHUsI Ooliee HaIeKHOTO H yCTOHINBOTO
K OTKa3aM o0opyaoBaHus. Takum 0Opa3oM, JOCTUTAETCsl HEOOXOAMMBIN yPOBEHb HAIEKHOCTH HCCIIEyEMOro 00b-
€KTa, 4TO KpaifHe Ba)KHO, TaK KaK cTabmibHas paboTa CHCTEMBI NMPHUBEIET K MOBBIMICHHIO Y()()EKTHBHOCTH pabo-
THI, yIOOCTBY MCIIONB30BAHHSA M ONTHMH3AINH 3IEKTPOdHEepruu. [lomydeHHbIe pe3yabTaThl M BBIBOABI MOTYT HC-
T10JIb30BATHCsl PH IIIAHUPOBAHUH M 00€CIIeUEHHU HAJIeKHOCTU aBTOMATU3MPOBAHHOI CHCTEMbI KOHTPOJIS U yueTa
9NIEKTPOIHEPIUH Ha 3aBoziax 110 npoussoxactay CIIT.

KiioueBble ciioBa: ABTOMaTl/Balll(lﬂ, pacyeTr HAACKHOCTH, ABTOMATU3UPOBAHHASA CUCTEMA KOHTPOJIA U y4yeTa
3JIEKTPOIHEPIrum, C/KMKEHHBIH l'lpllpOIlelﬁ ras, nepexonnmifl npouecc, MHTEHCUBHOCTH OTKAa30B

DESIGN CALCULATION OF RELIABILITY OF THE AUTOMATED SYSTEM
OF CONTROL AND ACCOUNTING OF ELECTRIC POWER OF THE PLANT
FOR THE PRODUCTION OF LIQUEFIED NATURAL GAS

Alpatov D.A.

Samara State Technical University, Samara, e-mail: alpatovdenis@inbox.ru

Automation of technological processes is one of the key areas of development of the modern industry. It allows
to increase productivity, quality and reliability of production processes, as well as reduce production costs. However,
to ensure the reliability and safety of such systems, it is necessary to carry out a design calculation that takes into
account the risks and possible failures. This article is devoted to the design calculation of the reliability of the au-
tomated electric power control and metering system (ASKU ER) at a liquefied natural gas (LNG) production plant.
The analysis and evaluation of technical and software solutions is carried out to determine the degree of reliability of
the current system. The main attention is paid to the transient process of the failure rate of the system depending on
the operating time. The system is being upgraded by introducing more reliable and fault-tolerant equipment. Thus,
the required level of reliability of the object under study is achieved, which is extremely important, since stable
operation of the system will lead to increased efficiency, ease of use and optimization of electricity. The obtained
results and conclusions can be used in planning and ensuring the reliability of an automated system for monitoring
and metering electricity at LNG plants.

Keywords: Automation, reliability calculation, automated control system and electricity metering, liquefied natural gas,
transient, failure rate

B cocraB mpow3BOACTBA MOXKET BXOJHTH
MHOXXECTBO Pa3IMYHBIX CUCTEM YIIPABJICHUA.
OnHoll W3 TakuX SBISETCS ABTOMATH3HMPO-
BaHHAs CHCTEMa ydeTa W KOHTPOJIS 3JIEKTPO-
9HEPTUU. ABTOMATH3MPOBaHHBIE CHCTEMBbI
KOHTPOJISL U YUeTa JIEKTPOIHEPTHH SBIISIOTCS
HEOTHEMJIEMOW YaCThIO COBPEMECHHBIX MPOU3-
BOJICTBEHHBIX MpeAnpusaTHid. OHU MO3BOJISAIOT
9QPEKTUBHO KOHTPOJIMPOBATH U YIPaBISATH
9HEPronoTpeOicHueM, YTO B CBOIO OYEpelb
CIOCOOCTBYET CHI)KEHMIO 3aTpaT Ha Heprope-
CYPCHI H TTOBBIIICHUIO YKOHOMHYECKON P Pek-
TUBHOCTH Tpom3BoacTBa. OmHako, s obe-

CIIEYCHUSI HAJEKHOM paboThl aBTOMATH3HUPO-
BaHHOW CHUCTEMbI KOHTPOJIS M y4eTa 3JIeKTpo-
SHEPIUU HEOOXOJMMO MPOBOIUTH MPOCKTHBIN
pacueT HaJIe:KHOCTH CHUCTEMBI.

IIpoexTHBI pacdeT HaIEKHOCTH aBTO-
MaTU3UPOBAHHONW CHUCTEMBI KOHTPOJIL WU yde-
Ta anektpodHepruu 3aBoma CIIIT sBiseTcs
BaXXHBIM 3TalioOM IPOCKTUPOBAHUSA CHUCTCMBI.
OH 1O03BOJISIET ONpPENEIUTh BEPOSATHOCTH OT-
Ka3a KOMIIOHEHTOB CHUCTEMBI, OLIEHUTh HaJEkK-
HOCTb CHCTEMBI B LIEJIOM M pa3padoTaTh MEphI
IO YIIyUIIEHHIO €€ Hale)KHOCTU. DTO SIBIISETCS
0COOCHHO aKTyaJbHBIM JJISI CJIOKHBIX CHCTEM,
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COCTOSIIIMX M3 OOJIBIIOTO YHCIA JICMEHTOB
Y UMEIOIIUX OOIIMPHBIC BHYTPCHHHUE U BHEII-
Hue cBs3u [1].

Llenpro TAaHHOTO HCCIEOBAHUS SIBISET-
Csl IPOEKTHBIM pacdyeT HaJSKHOCTH aBTOMa-
TH3UPOBAHHON CHCTEMbI KOHTPOJS M yd4era
ANIEKTPOIHEPTUU HA 3aBOJIE MO MPOU3BOACTBY
CXmxeHHoro npupoanoro rasa (CIID). Uccie-
JIOBaHUE OCYILECTBICHO C LIEJIBI0 OLCHKU TeX-
HUYECKHUX W TPOrPaMMHBIX PEIICHUH, a TaKkkKe
MPEUTOKEHUST ONTHMAJIBHBIX MEp JJISl MOBBI-
[ICHHST HAJCKHOCTH CUCTEMbI U 00ECIICUCHUS
3¢ dexkTuBHOI paboTHI 3aBOIA.

MaTepl/laJ'lbI U METOAbI HCCJICAOBAHUA

ACKY DOP CIII" 3 nuHuu NpeacTaBisieT co-
00i1 MHOTOypOBHEBYIO CHCTEMY, IOCTPOCHHYIO
Ha OCHOBE HCIIOJIIh30BaHUSI COBPEMEHHBIX HH-
(hopMaIOHHBIX TEXHOJIOTHH W TPOTPaAMMHO-
TEXHUYECKUX CPEICTB.

CucreMa mocTpoeHa 10 HepapXHUECKOMY
MPUHLUITY U BKIFOYAET CICAYIOIINE YPOBHHU:

— HWXKHHHA — YPOBEHb KOHTPOJIBHO-H3MeE-
putensHbix mpubopoB (KUII) m ympasmsto-
LIUX YCTPOUCTB.

— CpelHHMH — ypOBeHb HH(OPMAIMOHHO-
BBIYUCIUTEIBHOTO KOMIUIEKCA YHEPTOYCTaHOB-
ku (MBKD);

— BEpXHHUH — ypoBeHb WH(OPMAIOHHO-
BBEIYHCIIUTEIRHOTO KoMmIuiekca (MBK).

M300pazumM CTPYKTYpPHYIO CXEMY, OIHCHI-
BAIOIIYI0 OCHOBHBIE B3aUMOCBSI3H MEKITY KOM-
MOHEHTAaMU CUCTEMBI (puc. 1).

CpeactBa HM3MEpPEHHH JHEPropecypcoB
¥ TePBHYHOTO cOOpa yd4eTHOW HHPOpMAITU
ypoBHS HHGOPMAITMOHHO-U3MEPUTEIHLHOTO
komiuiekca (MMK) pacmomaratorcss Ha HETO-
CPE/ICTBEHHO Ha TEXHOJIOTHYECKOM 000pY/I0-
BaHUU WIH B allllapaTHBIX COOTBETCTBYIOIIUX
MMO3UIIUH.
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Puc. 1. Cmpyxmypuas cxema cucmemvr ACKY 5P
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Puc. 2. Jlocuueckas cxema pacuema naoexcnocmu ACKY OP: A — annapamuas ¢ 21eKmpoycmanosKamu,
B, C — damuuxu snexkmpoodopyoosarnus; D, E — cuemuuku snexkmposuepeuu,; F— YCII/; G — cemwb nepeoauu
Ooannvix UBKDO; H — cucmemnviil 610k onepamopa ACKY OP; I — cucmemnsiii 610k unsicenepa ACKY OP;

J — cems nepedauu oannvix UBK; K — APM onepamopa ACKY OP; L — APM unocenepa ACKY DP

Ta0nuna 1
[TapameTpsl ”HTEHCUBHOCTH OTKa30B dneMeHToB ACKY DOP
Onement ACKY OP MHTEeHCHBHOCTB OTKA30B

AnmaparHasi ¢ 3JIeKTPOyCTaHOBKaMHU A,:=2,08%10"
JlaTauKy 25IeKTPO0OOPYI0BAHHUS/IEKTPOIHEPTHI Apege=5%1 0°
YCII Ap =1%107

Cerb nepenaun ganubix MTBKD A; =3,88% 107
Cucremusliii 6ok oneparopa ACKY OP Ay =5%107
Cucremublii 6110k umxenepa ACKY DP A, =5%107

Cerb nepenaun nannbix NBK A, =4%107
APM omneparopa ACKY DP A =1,4%107
APM umxenepa ACKY DP A, =1,4*107

Jiist pacueTa CUCTEMBI B II€JI0M, HEOOXOH-
MO PacCUUTaTh HAJIGKHOCTh BCEX AJIEMEHTOB CH-
CTeMbI B OTIIeNbHOCTH. Oc000e BHIMAaHUE CTOUT
Y4eCTh W YCIOBHS, B KOTOPBIX NPOU3BOIMUTCS
paboTa cHCTEMBI, TTOCKOJBKY B TE€X WJIM HHBIX
YCIIOBHSIX CHCTEMa MOXKET paboTarh uHade [2].

Jloruueckas cxema Jyis pacuera HaJIeKHO-
CTH IPEJICTaBJICHA HIDKE (pUC. 2).

[Tapamerpsl HapaOOTKK Ha OTKa3 IJIsl OT-
JIENTBHBIX AIIEMEHTOB MTPUHUMAIOTCST UCXOMS U3
oQUIHUaTBHBIX UCTOYHUKOB ITOCTABIIMKa 000-
PYAOBaHUs, IIPU ITOM K HUM IIPEIBABIISIOTCS

MaKCHMaJIbHO BBICOKHE TpeOOBaHUS K HaJeK-
HoctH [3]. PaccMotpum Tabnuiy 1.

[Ipu 3TOM, IPUMEM CIICAYIOIIUE JOMYIIe-
HUS TIPU TIOCTPOCHUH MaTeMaTHYeCcKOi Mojie-
JIY HaJIS)KHOCTH CHCTEMBI:

1) snmementst ACKY 3P mpornumm nepuon
NpUPaOOTKH U OTKA3bI DJIEMEHTOB HE3aBUCHMBI,

2) crpaBelUIMB AKCIIOHCHIMAJIbHBIN 3aKOH
pacrpeneneHus;

CormacHO TIpUBEEHHOW CXeMe, BEpOosT-
HOCTHh 0€30TKa3HOW padOThI CHCTEMBI OyaeT
BBbIpaxarbcsi (hOPMYIIOit:
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P(t)=exp ™ * [1 - (1 —exp WA )J *oxp M) [1 - (1 —exp M )J *exp ¥ [1 - (1 —exp BT )}

0NV A WN e

close

clear

clc

2.08 * 10%-6;
5 * 10*-5;

b;

€5

d;

1 * 10*-5;
3.88 * 10%-7;
S * 10~-5;

5 * 104-5;

4 * 107-7;
1.4 * 10*-5;
1.4 * 167-5;
= [@:200:1074];
= exp(-a.*t).*(1-(1-exp(-b*c*d*e.*t))).*exp(-(f+g).*t).*(1-(1-exp(-h*i.*t
Pdif = diff(P);
Pdif = [e, Pdif];
L = -Pdif./P;
plot(t,L);

grid on;

Puc. 3. [Ipocpammmpiii KoO 018 NOCMPOEHUSI NEPEXOOHO20 NPOYECcad UHMEHCUBHOCIU OMKA3086

VWt =X e T00 A QN T O

))-*exp(-3.*t). *(1-(1-exp(- (k+1).*t)));

File Tools View Simulation
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Puc. 4. I'pagux unmencusnocmu omrkazos ACKY OP

OnpenenuM MHTEHCUBHOCTh OTKA30B JIaH-
HOM cucTeMbl 1o Gopmyre [4]:

_—P'()

At)= 0]

ITocTpoum rpaduK ¢ MOMOIIIBIO TPOrPaMM-
Horo nakeTta Matlab (puc. 3, 4).

Kak BHIHO, TIEpeXOAHBINA MPOLIECC WHTEH-
CHBHOCTH 0TKa30B kK 6000 uacam HapaOOTKH T1e-
PEXOIMT B YCTAaHOBHUBILCHCS 3HAYCHUE, PABHOE
npumepHo 2.8%107, 4To COOTBETCTBYET HE Me-
Hee 35000 yacam cpeniHeit HapaOOTKK Ha OTKa3.

PaccmoTrpum cyniecTByOIIME MIyTH MOBBI-
HICHUS] HAAEKHOCTH IJIsi aBTOMAaTH3UpPOBAH-
HBIX CUCTEM YIPaBJICHHUS.
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1) PesepBupoBanue. Mcnonbdyrorcs pe-
3epBHBIC KOMIIOHEHTHI U CUCTEMBI, YTOOBI 00e-
CIICUHUTH HENPEPHIBHYIO pabOTy CHCTEMBI JjaxKe
IIPU OTKAa3¢ OCHOBHBIX DJIEMEHTOB.

2) MOHUTOPUHT U 0OHAPYKEHUE OTKA30B.
Peanusyrorcsi cucTeMbl MOHHTOPHHIA, KOTO-
pbI€ TIOCTOSTHHO OTCIISKUBAIOT paboTOCoco0-
HOCTb CUCTEMBI © MOT'YT aBTOMaTH4eCKH 0OHa-
PY’KMBaTh OTKa3bl WJIM HEUCTIPABHOCTH.

3) PezepBHOe KomupoBaHue naHHBIX. O0e-
CIICYMBACTCS BO3MOKHOCTh aBTOMATHYECKOM
CUHXPOHHU3allMU 0a3 JIaHHBIX, YTOOBI BOCCTA-
HOBHUTH CHUCTEMY B Cilyyae cOOSl MM HOTEpH
nHpopmanuu [5].

4) OOHOBJICHHS KOMITOHEHTOB CHCTEMBI
n ycranoBka HoBoro I10. IlpomsBoamrcs 3a-
MeHa cTaporo o0Opy/0BaHHs HA HOBOE; pery-
JIAPHO BBIIMIYCKAKOTCA U YCTaHABJIMBAIOTCA UC-
MIpaBJICHUS U OOHOBJICHUS AJISl ONIEPalIOHHOMN
CHCTEMBI, IPOrPAMMHOTO OOecIieueHHs U arl-

MapaTHBIX CPENICTB, YTOOBI HCIIPABUTH M3BECT-
HBIE YSI3BUMOCTH U POOJIEMBI.

5) OOGyueHue M MOAJEPXkKKa MOJIb30BaTE-
neit. CorpynHuKam o0ecrieanBaeTcs J0CTaTou-
HOe oOydeHHe W MOIAEpKKa AJIsl [OIb30BaTe-
JIel CUCTEMBI JIIS MUHUMH3aIlUH BO3MOYKHBIX
omnOOK U MpoOsieM, BHI3BAHHBIX HENPABUIIb-
HBIM HCIIOJIb30BaHHUEM.

[loBblIeHHE XapaKTEPUCTHK MO HaACK-
HOCTH CHCTEMBI OCYIIECTBUM ITyTEM NPHOO-
peTeHnst 0OHOBIIEHHOTO, O0JIee COBEPIICHHOTO
MO OTKA30yCTOWYUBOCTH O0OPYIOBAHHSI.

OOHOBINIEHHE 00OPYIOBAHUS OOECIICUUBACT
¢upma-niocrasumk «CHUKOH», kotopast 0OHOBH-
Jla cBOM Karasior mpubopos 22 uronst 2022 roxa.
3amMeHa pacmpoCTpaHseTcss Ha: JaTIUKU dJIeK-
TPOOOOPYIOBAHKSA, CUCTUUKH SIICKTPOIHEPIHU
U YCTpOWCTBa cbopa U nepeiauil JaHHBIX.

Hwoke npeacraBiieHbl CpaBHUTEIBHBIC TaH-
HbIE HOBOTO 000pynoBanus (Tabnuna 2).

Tao6auna 2

CpaBHI/ITGJ'II:HBIC JAaHHBIC I10 CpeﬂHefI Hapa6OTKI/I
Ha OTKa3 CTaporo u HOBOTro 060py,Z[OBaHI/I$I

Crapoe o6opyroBaHne Hogoe oGopynoBanue
Hasnauenue npudopa Cpennsis Cpenuss
Haspanue HapaboTKa Hazpanue HapaboTKa
Ha OTKa3, 4 Ha OTKa3, 4
JlaTuuKy 311eKTPO0OOPYIOBaHHS ST2000-10 200000 KBAHT ST2000-12 320000
CYeTYHKH AIIEKTPOIHEPTUH ST1000-7 200000 KBAHT ST1000-9 320000
Zggggima cGopa i Hepeia | g nonnen C10 | 100000 | Kowrponnep C110 | 125000

%| untited.m x =+
/MATLAB Drive/Published/untitied. m
1 close
2 clear
3 clc
4 a = 2.08 * 10%-6;
5 b =5 * 104-5;
6 c =b;
7 d=c;
8 e =d;
9 b2 = 3.125%10%-6;
1@ €2 = b2;
11 d2 = c2;
12 e2 = d2;
13 f =1*10"-5;
14 2= 0.8 * 10%-6;
15 g = 3.88 * 10%-7;
16 h =5 * 10~-5;
17 i =5 *10"-5;
18 j=a*107;
19 k = 1.4 * 10~-5;
20 1=1.4 * 10"-5;
21 t = 0:200:10%4;

22 P = exp(-a.*t).*(1-(1-exp(-b*c*d*e.*t))).*exp(- (f+g).*t).*(1-(1-exp(-h*i.*t))).*exp(-j.*t).*(1-(1-exp(-(k+1).*t)));

23 Pdif = diff(P);
24 Pdif = [0, Pdif];
25 L = -Pdif./P;

26 P2 = exp(-a.*t).*(1-(1-exp(-b2*c2*d2*e2.*t))). "exp(- (f2+g).*t).*(1-(1-exp(-h*i.*t))).*exp(-J.*t).*(1- (1-exp(- (k+1).*t)));

27 Pdif2 = diff(P2);
28 pdif2 = [0, Pdif2];

30 plot(t,L);

31 grid on;

32 hold on

33 L2 = -Pdif2./P2;
34 plot(t,L2);

35 hold off

Puc. 5. Obnosnennvlil npoepammmwiil KOO 0Jist NOCMPOECHUsL
nepexoon020 NPoOYecca UHMeHCUBHOCIU OMKA306
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Puc. 6. I'paguru unmencusnocmu omrazoe ACKY DOP ¢ obHosniennbim 060pydosanuem

Bricuntaem napameTp MHTEHCUBHOCTH OT-
Ka30B Ul JIaHHOTO OOOPYIOBaHHS M BHECEM
HW3MEHEHHUsS] B KOJ MNPOrpaMMbl Ul [IOCTpOe-
HUS HeoOXoanMoro rpaduka mo ¢hopmymie 0e3-
OTKa3HOH paboThI, ONMMUCAHHOM BHIIIE (pHUC. 5).

[lepemeHHBIE C MHIEKCOM «2) SIBISIFOTCS
XapaKTepUCTHUKAMU HOBOTO 00OpYZOBaHHSI.
3amycTUB IporpaMmy, HOIYYUM CIIEAYIOIIUE
rpaduxu (puc. 6).

Pe3yabTarhl HCCIEI0BAHUA
U UX 00Cy:KIeHHne

KoppekTHass 1 TO4Hasi OLIEHKA HalEKHO-
CTH HA 3Tare MPOEKTHPOBAHUSI CIIOCOOCTBYET
MUHHMH3AIMH BO3MOXKHBIX COOEB W CHHKe-
HUIO PHUCKOB JKCIUTyarauuu. B Xxome aHamu-
32 M OLEHKH TEXHWYECKHX U TNPOrpaMMHBIX
penieHni, ObIIO0 TOMYYeHO, YTO TEePEeXOTHBIN
MPOIIECC WHTEHCUBHOCTH OTKa30B k 6000 ua-
caM HapaOOTKM MEPEXOANUT B YCTAHOBHBILIECH-
csl 3HAYeHWE, paBHOE mpuMepHo 2.55%107,
yTO coOTBeTCTBYeT He MeHee 39000 wacam
cpenHeil HapaOboTKu Ha oTKa3. B pesynbrare,
paspabotka HanexHoit ACKY OP Ha 3aBome
CIII" noesimiaer 3phekTuBHOCTL padoTHI, 00C-
CTICYMBaeT yIOOCTBO MCIOJB30BAHHS H CIIO-
COOCTBYET ONTUMH3AIINHN SHEPTOMOTPEOICHUS.

3akjaouenue

[IpoektHelii pacuer HagexkHocTH ACKY
OP mpencraBnsier co00W BakHBIM ATarm, o0e-
crieunBaroni 3 (HEeKTUBHOCTD U HAZAEKHOCTD

paboTel Becero mpeanpusitus. [Ipou3Boas 00-
HOBJICHHE CTaporo 00OPYAOBaHHS, MBI MOJY-
YHJIM ONIYTHMBIA BBIMIPBIII 10 HAJISKHOCTH
CHCTEMbI, KOTOPBIA MOATBEPIKIACTCS pacyer-
HBIMH JIaHHBIMH W TIOJyYCHHBIMH TpaduKaMu
0e30TKa3HOI pabOThl CUCTEMBI.
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UCCJIEJJOBAHUE BJIUSSHUS BUBPAIIMOHHOM
AKTUBHOCTHU PEXYIEI'O UHCTPYMEHTA
B HAITPABJIEHUU PE3AHUA HA PAKTHYECKYIO IOJAYY
P TOKAPHOM OBPABOTKE METAJLJIOB

Jlanmmu B.IL., dytunos U.O.

JloHckoti cocyoapemeennbiii mexnuueckuil yuugepcumem, Pocmos-na-/[ony,
e-mail: lapshinl917@yandex.ru, ilya.sandman@yandex.ru

H3BecTHO, 4TO BUOpPAIIMOHHBIE MPOIIECCHI SBJISIOTCS OrPAaHMYMBAROIIMM (AKTOPOM, KaK JIUTs yBEIMYEHHS PO-
M3BOAUTETLHOCTH, TAaK U JIIs TIOBBINICHUS KadyecTBa 00pabaThIBacMOi MOBEPXHOCTH METAIMYECKNX JaeTaneit. Oc-
HOBBIBAsICh Ha CEBEPOAMEPHKAHCKHIX M CBPONEHCKUX paboTax, MPUHATO CYUTATh, YTO PEreHepaliis BUOPALIMOHHBIX
KoJIeOaHUH peXxylleld KPOMKM MHCTPYMEHTA B IPOIECCE MEXaHOOOPaOOTKH BO MHOTOM OIIpEJENseTCsl TaK Ha3bl-
BaeMOIl «BPEMEHHOHU 3a/IepKKO», BO3HUKAIONIEH B HANPaBICHUN Mogadn pesna. VccnegoBarenbekas padora 1mo-
CBSILCHA OLCHKE BIMSHHS BUOPALMOHHBIX EPEMCILCHUH PExXyIeil KPOMKM HHCTPYMEHTA B HAIIPABICHUHU PE3aHUs
Ha (paKTHYECKYIO BEJIMUMHY I10/1a4i HHCTPYMEHTA IPU TOKapHOIT 00paboTKe MMINHAPHIECKOH MeTalInuecKoi 3a-
TOTOBKH. B paMkax mcciaenoBaHus ObLI pa3paboTaH anmapaTHO-IPOrPaMMHBII KOMIIIEKC ¢ HCIOIb30BaHUEM JaTdH-
KOB BHOPALMH, [UTsl U3MEPCHHUsI BUOPALIHOHHOTO YCKOPEHHUSI pe3Lia ¢ LEIbI0 JalbHEeHIIeH OLCHKH ero BHOPALIMOHHON
aKTHBHOCTH. Takske SKCIIepHMEHTAIBHBIM COCO00M ObLI MO00paH HaubosIee ONTUMAIBHEIN pa3Mepa BRIOOPKH
JUIs yladeHNs. HU3KOYaCTOTHON COCTABISIONICH M3 MOMYYEHHBIX CHTHAIIOB BHOPAIMOHHON CKOPOCTH M BHOpaIn-
OHHOT'O MEPEMCIICHHS PEXKYIEr0 HHCTPyMeHTa. TakuM 00pa3oM, ¢ MOMOIIBIO HPOrPAMMHOIT YaCTH KCIICPUMEH-
TaJBHOTO KOMIUIEKCA YaJI0Ch ONPE/IEINTh, YTO UMEET MECTO 3HAYNTEIHFHOE BINSHHE BUOPAIIMOHHON aKTUBHOCTH
HMHCTPYMCHTA B HAIPABICHUH PE3aHUs, 00YCIOBICHHON CIOXKHBIM MPOCTPAHCTBEHHBIM IBI)KCHHEM BEpIIHHBI pe-
JKYILIEr0 MHCTPYMEHTA B IIPOLIECCE TOKAPHOW 00pabOTKU 3arOTOBKH.

KuroueBrble ci1oBa: AHHAMHUKA pe3anus, HeJIHHelTHast AUHAMHKAa, Bnﬁpauvm, nmpouece pesaHusi, TOKapHasi oﬁpaﬁoTKa,
d)aKTl/l‘{eCKaﬂ moaavya

RESEARCH OF THE INFLUENCE OF VIBRATION ACTIVITY
OF A CUTTING TOOL IN THE CUTTING DIRECTION
ON THE ACTUAL FEED DURING TURNING OF METALS

Lapshin V.P., Dudinov 1.O.

Don State Technical University, Rostov-on-Don,
e-mail: lapshinl917@yandex.ru, ilya.sandman@yandex.ru

It is known that vibration processes are a limiting factor both for increasing productivity and for improving
the quality of the machined surface of metal parts. Based on North American and European studies, it is generally
accepted that the regeneration of vibrations of the tool cutting edge during machining is largely determined by the
so-called “time delay” that occurs in the feed direction of the cutter. The research work is devoted to assessing
the influence of vibration movements of the tool cutting edge in the cutting direction on the actual amount of
tool feed during turning of a cylindrical metal workpiece. As part of the study, a hardware and software complex
was developed to measure the vibration acceleration of the cutter in order to further assess its vibration activity.
Also, the most optimal sample size was experimentally selected to remove the low-frequency component from the
received signals of vibration speed and vibration movement of the cutting tool. Thus, using the software part of the
experimental complex, it was possible to determine that there is a significant influence of the vibration activity of
the tool in the cutting direction, caused by the complex spatial movement of the tip of the cutting tool during turning
of the workpiece.

Keywords: cutting dynamics, nonlinear dynamics, vibrations, cutting process, turning, actual feed

Emé B cepenmne XX Beka Obulo ycTa-
HOBJICHO, 4TO BHOpAalMOHHBIC MEPEMEIICHUS
PEeXYIIETo HHCTPYMEHTA B TPOIIECCEe MEXaHO-
00pabOTKH MOTYT BO3HHUKATh B pe3yjbTaTe pe-
reHEepaTuBHOTO AP PeKTa, KOTOPBIH 3HAUNTEIIb-
HO BJIMSET HAa JMHAMHUYECKUE XapaKTEPHUCTUKI
nporecca peszanus [1]. M3BectHo, uTO BHOpa-
LUK SBISIOTCS OPaHUYUBAIOLIMM (DAKTOPOM
JUTSE TIOBBIIIIEHUS TPON3BOIUTEIFHOCTH U Kade-
CcTBa 00pabaThIBaeMOI MOBEPXHOCTH JETaICH
[2]. B eBpomneiickoii [3,4] u B ceBepoaMeprKaH-
CKOH [5] HayuHBIX IIKOJAX, IPUHSITO CUUTATH,
YTO IIaBHBIM (PAKTOPOM, OMPEACIISIFOIINM BIIU-

SIHAE pereHepatuBHoro 3dekra, siBisercs Ha-
JUYre BPEMEHHOW 3a/IepKKM B HalpaBIICHUU
nojaud MHCTpyMeHTa. OJHAKO 3Ta 3aJiepiKKa
SIBJISIETCSL YaCTbIO CIIOKHOTO BHOPAIIMOHHOIO
JIBUKCHUS KPOMKH PEXKYIIEr0 MHCTPYMEHTA,
KOTOpPOE€ BKJIIOYAET B ceOsl U KoyieOaHMsI B Ha-
MIPaBJICHUH PE3aHUs, KOTOPhIC paHee HEe ydu-
THIBAJINCh HU B OTEUECTBEHHBIX, HH B 3apyOeK-
HBIX UCCIICTOBAHUAX [6].

OCHOBBIBasICh Ha BBIIIECKA3aHHOM, ObLIa
MOCTaBJICHA CJICAYIOLIAs 1IeJIb; OLCHUTD BIIUS-
HUE BUOPAIIMOHHBIX MPOIIECCOB PEKYIIETO UH-
CTPYMEHTa B TaHTCHI[MAIILHOM HAaIpPaBJICHUU
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Ha 3Ha4YeHHE (DAKTUYCCKOH MOJa4Yu HHCTPY-
MEHTa IPU TOKApHOW 00paboOTKe MeTajuTnyde-
CKOH 3aTOTOBKH.

MaTepI/IaJ'IbI U METOAbI UCCTCAOBAHUA

B cmydae TokapHO# 00paOOTKHM MeTayun-
YeCKOW 3aroTOBKH MHIMHIPHYECKOW (POpMBI
IIPUHATO BBIIOJNHATH PA3JIOKEHUE PEeabHBIX
neopMalyii pexxymero HHCTpyMeHTa Ha TPU
OCHOBHBIE OCH: X — OCEBOC HallpaBJICHUE Jie-
(dopmanuii, MM; y — paJuaibHOE HallpaBIeHUE
negopManyid, MM; z — TaHI'€HLHAJIbHOE Ha-
npaBieHue Aegopmannii, MM. Takum oOpazom,
Ha puc. | NpeicTaBlIeHO CXeMAaTHYECKOe U30-
OpaxeHHe UHCTpYMEHTa M 00pabarbiBaeMOit
JIeTajy, Ha KOTOPOM BBITIOJHEHO Pa3lioKEeHHUEe
CHJIOBOM PeaKLM CO CTOPOHBI Pe3aHusl Ha OCH
neopManyuy MHCTpyMEHTa X, Y, z [7].

Ha pucynke 1, och x — XapakTepu3yeT Ha-
IIPaBJICHUE [10J]a41 HHCTPYMEHTA, OCb ) — OIIpe-

JIesieT TTyOuHy pe3aHusi, a OCh z — OTpeIelis-
eT HarpasieHue pe3anus. COOTBETCTBYIOIIIM
00pa3oM NpeACTaBICHO Pa3oKeHWE U CHJIO-
BOH peakmuu BIOJbH ATHX OCeil aedopmariiu.
B pamkax wuccremoBaHUS IS JTOCTIIKEHUS
MOCTABJICHHOHN 1efH OyIyT paccMaTphBaThCS
TOJIBKO HANpaBJICHHS MOIa4u U PE3aHusl.

Jns aHanu3a BUOpanMOHHOM aKTUBHOCTU
PeXKyIIEH KPOMKH HHCTPYMEHTa B OCEBOM M
TaHTEHIIMAIGHOM HaIpaBleHHUAX aedopmarnii
OBIJ1a BRITIOITHEHA Pa3pad0TKa CHCTEMBI TSI COO-
pa naHHBIX BHOpoyckopeHuid. CTpyKTypHas
CXeMa CHCTeMbl PErMCTPallid BHOPAIMOHHOM
AKTUBHOCTH TIPE/CTaBlIeHA HA PHCYHKE 2.

B npouecce nccnenoanus ObU10 IpoBeEe-
HO JIBEHA/IIIATh SKCIIEPUMEHTOB, B Pe3yJbTaTe
KOTOPBIX OBLIN 3alMCaHbl CHUTHAJIBI BHOpAIIN-
OHHOTO YCKOPEHHUSI MHCTPYMEHTA 10 JIByM Ka-
HaJIaM U3MEPEHHS JIJIsl COOTBETCTBYIOLIHNX CKO-
pocTeit pe3aHusl.

Vz

Fz

Puc. 1. Opuenmayus oceti oeghopmayuil pesxicyweco uncmpymenma
U npoeKyusl 6eKMopa CUbl peaKyuu co CMopOHbl npoyecca pe3anus Ha smu ocu [7]

JaTdIK
BHOpaL
E—l
l-U ,|MepcoranbHbiit
JaTYlK —> Yeunutens > ALN »( P
»| Npeobpasosatens KoMnbloTep
BlIIOpa-
I
|

Puc. 2. Cmpykmypuas cxema cucmemsi coopa 0aHHbIX
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Puc. 3. Buewnui 6uo cucmemsl usmepenus subpayuil.
a — yCcmaHno8Ka 0amuuKkos UOPOYCKOPEHUs HA PEACYUWULL UHCIPYMEHM, O — YCIMAHOBKA USMEPUMENbHOL
cucmemvl Ha moxkapHwil cmanok 1K625; 6 — anewiHuil 8u0 yHugepcanibHo2o mokapHozo cmanka 1K625

CxopocTh 00paboTKM U3MEHSIach OT
60 m/mMuH (1000 mm/cex) mo 170 m/munH
(2833 mm/cex) ¢ marom 10 m/muH (167 Mm/cek).
AnmaparHast 4acTh H3MEPUTETHLHOTO KOMIIIEK-
ca (puc. 3, a U 6), OCHOBAaHHOTO Ha HCIIOJb-
30BaHMU ABYX BUOpompeoOpaszoBareneil, mpo-
m3BoacTBa Kommanuu Imobdan Tect (Poccwms),
YCTaHABIMBACTCS HAa YHHUBEPCAJIBHBIA TOKap-
HbIi ctanok 1K625 (puc.3, g).

B skcniepuMeHTax UCTIONB30BAIHCh CIETy-
IOLIME AIIEMEHTHI PEKUMA PE3aHUs: CKOPOCTb
pesanus V. =124 m/mun, nonaya $=0.11 Mm/00,
m1yOmHa pezanus ¢ =1 MM. B xauecTBe HHCTPY-
MEHTa OB HCIIONTh30BaHkI AcpkaBka MP TNR
2020 K11 u B kauecTBe pe3lia Ha Hel MATUTPaH-
Has miactuHa 10113-110408 T15K6, a Taxke
IUTACTHHA CMEHHas OTp. «JIOMaHbIi TPEyroyb-
muk»y WNUM 120612 (02114-120612) H30
(T5K10) K3TC, obpaboTke momsepraics Baji
W3 CTAJIA MapKu 45.

[lonmy4eHHbIE CUTHANBI BUOPAIMOHHOTO
yCKOpeHUsi ObutH 00pabOTaHbI B MaTeMaTHye-

CKOM TaKeTe MPHUKIAIHBIX mporpamm Matlab,
rme Owpuia paspaboTaHa IporpamMma, IT03BO-
Jigroniass BBIITOJIHATH HBOﬁHOG HWHTCIpUpOBa-
HUE ¥ TIOJNydYaTb MacCHBBI BHOPOCKOPOCTEH
1 BUOpOTIEpEeMEIIEHHH PEXKYILEro HHCTPYMEH-
Ta BJOJIb HANPaBJICHUH pe3aHus U IOJaYH CO-
IJIaCHO cucTeMe ypaBHeHud 1 [4]:

z= Tﬁdt - ﬁ f;f ddt

b dt
% dx L dx .
x=[=dt = [ drdt

TJIE X ¥ Z — OCEBBIC M TaHTCHIIMAIbHBIC BUOPO-
KOJICOaHHUSI COOTBETCTBEHHO, MM; dx/dt u
dz/dt — oceBas M TaHTEHIHMAJIbHAs CKOPOCTHh
BHOPOKOJICOAHUH  PEXKYIIEro HWHCTPYMEHTA
COOTBETCTBEHHO, MM/ceK; d’x/df w d’z/dr —
OCEBOC W TAHTCHIIMAJILHOE YCKOPEHUE BHOPO-
KoJIeOaHUH peXyIIero MHCTPYMEHTa COOTBET-
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CTBEHHO, MM/CEK?; T — MCCIIETyeMbI HHTEPBAIT
BPEMEHH, CEK.

B momyueHHBIX MaccuBax BUOPOCKOPOCTH
1 BHOpoOTIepeMeNIeH!s] B MPOIecce UHTETPH-
pOBaHHS BO3HWKAET HU3KOYACTOTHAs COCTaB-
JISTIOIIAst BCIIC/ICTBHE OIMUOKH WHTETPUpPOBa-
Hus [4]. B pe3ynprare uero s yaanaeHus 3Toi
COCTABJISIIOLIEH M3 HCCIEIyeMbIX CHUTHAJIOB
MPUMEHSETCS METOJ| CKOJIB3SIIETO CPEIHETO,
KOTOPBIN MTO3BOJISIET YCPETHUTh 3HAYCHUS BU-
OpaIMOHHBIX CHTHAJIOB I10 33/1aHHOW BEJIHYH-
He BbIOOpKHU. sl peanu3anuu 3TOro MeToja
HIDKE TIPeICTaBICHa CUCTeMa ypaBHEHHH (2):

ﬁ:ﬁ_l sz (_J
At dt k5 di
A (2)
1 i+k
X =X, —— X;
b k = /

rae k — pa3mep BBIOOPKH AJIST yCPEIHEHUS BU-
OpaIMOHHOTO CUTHAJA.

BenuuuHa nomauu MHCTpyMEHTa 3a OAMH
MOJIHBIA OOOPOT IIMUHICHS OyJIeT 3aBUCETh
OT €ro BHOpAIMOHHOM CKOpPOCTH BIOJbL OCe-
Boro HampaeieHust naedopmanuii [5]. Takum
o0pa3oM, BenuunHa (HaKTHUECKOH Mmoaaqn pe-
JKYIIETO WHCTPYMEHTa B 30HY 00paboTku Oy-
JeT OIPEAEIATHCS KaK PELICHUE CIIEAYIOIIEro
ONPEAEIIEHHOIO UHTErpaIa:

t dx
sty=[|v, - \ar =
,_Ir Tat

=V, T—x()+x(t-T) 3)

e V — CKOpPOCTb 110/1a4¥ UHCTPYMEHTA BJ10JIb
0CeBOro HampasieHus aedopmannii, Mm/cex;
T — mnocrosHHAas BPEMEHM 3ama3[bIBaHUS,
ompenensieMasi Kak BpeMs OJHOTO 000poTa
IITTUHJETIS, CEK.

1x10° d%z/dt?, mmi/c?

4.2 44 4.6 4.8 5

1gdﬂdt Mm/c

0

’ | t,c

T4 4.2 4.4 46 4.8 5

i ><10'3 Z, MM ,

5 ', \ l | f‘

3 W. Tl «‘WWH W i e
4 4.2 4.4 4.6 4.8 5

a

12.74}

12.66
4

B cBoto ouepenn nepron 00opoTa IIMUH-
JIeJIsl MOKET OBbITh ONPEAEIICH COINIACHO CIEy-
IOLIIEMY BBIpaXKE€HUIO [5]:

L

dz
Ve——
dt
rne L — nepemMenieHue TOUKU PexyIed KpoM-
KM WHCTPYMEHTa BIOJbh 00pabaThiBaeMoil mo-
BEPXHOCTH 3aT'OTOBKH 32 OUH €€ 000pOT, MM.

Ucxons u3 dopmynsr (4) nepuoxa Bparie-
HUS LIMMHIAENS B Iporecce oopaboTku 3aro-
TOBKH OyJIeT 3aBHCETh OT CKOPOCTH BHOpauuit
PEKYIIEro MHCTPYMEHTA BJOJb HAIlPaBICHUS
pe3anus. B cBoro ouepenb xapakrep Koseba-
HUS BEJIMYUHBI TTofadu (3) OyaeT onpeaensTh-
Csl HE TOJNBKO BHOPAMOHHON AKTHBHOCTBHIO
MHCTPYMEHTA BAOJIb OCH X, HO ¥ TEKYIIUM 3Ha-
YEHUEM NIEPUOJia BPALLCHNUS IITHHICIS.

T= “4)

Pe3y.]'ll)TaTbI HCCJIeA0OBAHUSA
U UX 00Cy:KIeHne

Jnst nmomydeHus: HamOosiee JTOCTOBEPHBIX
CHTHAJIOB BHOpAIMOHHOI CKOPOCTH M BH-
OpalMOHHOTO TIepEeMEIICHUSI PEKYIIETo HH-
CTpYMEHTa, a TakxKe Ui JallbHEeHIIero onpe-
JeNICHUS CUTHAJIOB (PAaKTHUECKOW TOAauu
Y TIOCTOSIHHOW BPEMEHHM 3ama3/blBaHus, ObLIO
noo0paHO HECKOJIBKO BapHAHTOB pa3Mepa
BBIOOPKH A ISl YCPEIHEHUS MACCHUBOB JIaH-
HbIX. [Ipu 3TOM pacuer mpoBOAMICS AJS CIy-
yaeB k=40 (puc. 4 a u 6), k=25 (puc. 5 a u 0),
k=10 (puc. 6 a u 6) u k=5 (puc. 7 a u 0).

CortacHO  MOJNYYEHHBIM  PE3yJIbTaram,
OBUTIO YCTaHOBIICHO, BHOPOKOIIEOAHUS DPEXy-
e KPOMKH MHCTPYMEHTA B HAIPABICHUH pe-
3aHHMs B TIpoliecce MeXaHoOOpabOTKH 3HAYH-
TENBHO BIMSIOT HA BEJIMUYMHY 3ara3abiBanus 7,
YTO B CBOIO OYEpe/b BIMSET HA U3MEHEHHUE Be-
JIMYMHBI (PaKTHUECKON TTofauH S, 00yCI0BIEHHO-
TO U3MEHEHHEM TIPEJIeNIOB MHTErPUpOoBaHus (3).

%1072

12.7

Puc. 4. Pesynomamul odpabomku 0anusix 01a cayuas k=40: a — eubpayuontvle cueHaivl
6 Hanpasnenuu pe3anus; O — cueHaIbl NOCMOAHHOU peMeHU U PAKMUYecKoll NoOauu UHCMpYMeHmda
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1x10° d?2z/dt?, mm/c?

LC  1274f

4 4.2 4.4 4.6 4.8 5

dz/dt, mm/c 12.72

4 4.02 4.04 4.06 4.08 4.1

0
-0.5 - LB
4 4.2 4.4 4.6 4.8 5 1.45
1><10'3z, MM ‘ , 1.4
2| W | '
] 1.35
ol b
2} ‘ ‘ | )
4 4.2 4.4 4.6 4.8 5 6

a

Puc. 5. Pesynomamul 00pabomku 0anusix 01a cayuas k=25 a — eubpayuoHHvle cueHaibl
6 nanpasenenuu pe3anus; O — cueHanbl NOCMOAHHOU peMeny U PAKMU4eckoll nooauu UHCmpymMenma

1x10° d’zidt?, mmic?

0 ’ 107 T. o , .
e - 158 1273
4 4.2 4.4 46 4.8 5
1dz/dt, mmic 12725“%'””# - --Hit----Ht-
0.2 ' ' ‘ : : 12.72 : ; te
0 4 402 404 406  4.08 4.1
-0.2 X
-0.4( te 3
- ‘ x102 S, mm/c
4 4.2 4.4 4.6 4.8 5 142/

4 4.2 4.4 4.6 4.8 5 6
a

Puc. 6. Pesynomamol 06pabomxu dannwvix 0nst cayuas k=10: a — eubpayuonnsle cueHaol
6 Hanpasienuu pe3anust, 6 — CUSHAIbL NOCMOSIHHOU 6PEeMeHU U (PaKmMu4ecKkol nooauu UHCMpYMeHma

1x10% d%z/dt?, mw/c?

5
0 5
. x102 T, ¢ ' ,
4 4.2 44 4.6 4.8 5 12.722 1
ydz/dt, mm/c
0.2 ' T t,c
0 4 4.02 4.04 4.06 4.08 4.1
0.2 g
4 42 44 46 48 5 1.404 x10™ 8, mm/c
a j
21x10 Z, MM 14 I
1
0 1.396 t,c
e tec 4 4.02 4.04 4.06 4.08 4.1
4 42 4.4 46 4.8 5 6

a

Puc. 7. Pe3ynomamul 00pabomku OanubiX 015 cyuas k = 5: a — eubpayuonnvle cueHaivl
6 Hanpasienuu pe3anus; O — CueHaIbl NOCMOAHHOU PeMeHU U (PAKMUYECKOl NOOadU UHCMPYMeHmd
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Kpome toro, ObIJIO yCTaHOBIIEHO, YTO HaH-
OoJiee onTUMaNBHBIN pa3Mep BEIOOPKH k cocTa-
BUT 10 371€eMEHTOB, YTO MO3BOJIAET MOIYYUTh
CUTHAJIBl BHOPAIlMOHHON CKOPOCTH M BHOpa-
LIMOHHOTO IepeMelleHus Uil Haubosee Tou-
HOW OIEHKH (aKTHYCCKOW TONauyd WHCTPY-
menTa. [Ipu 3tom nocnenuuit Bapuant (k = 5)
JEMOHCTPUPYET CiIydail, Koraa nepuos Bpaliie-
HUS LIMAHAEIS He U3MEHSETCsl B IIpolecce 00-
paboTKH 3a MCCIeAyeMblii HHTEPBAJ BPEMEHHU.

Bce wuerblpe BapuaHTa, NOATBEP)KAAIOT
KpaifHe Ba)XHOE BIHSIHUE BHOpaIyii BepIu-
HbI PEXYIIEro MHCTPYMEHTa B HallpaBlIEHUH
pe3aHus Ha BEJIWYMHY peajbHOM IOAAYH.
WubiMu cnioBaMu, ydeT BHOpanuil B Hampas-
JICHUHU pe3aHusl I03BOJISET 00jIee KaueCTBEHHO
MIPOTHO3MPOBATh peTeHepaTuBHbIC APdHEKThI
TIpH pe3aHuu.

3aKkjoueHune

Takum 00pa3oMm, pe3yiabTaThl, MOTyYeH-
HbIE B paMKax HCCIEAOBaHMs, MOKAa3bIBAIOT,
YTO peajbHas IM0Aa4a PEXKYLIero HHCTPY-
MEHTa B 30HY 00paOOTKH 3aBUCHUT HE TOJIBKO
OT ero BHOPAIMOHHOW aKTHBHOCTH B OCEBOM
HarpasjieHun aedopManuii, HO TaKKe B 3Ha-
YUTENBHOW CTENEHH ONpeeNseTcss U BHOpa-
LUOHHBIMH KOJEOAHUSMHU B TaHTCHLIUATBLHOM
HampasieHHd aedopMmanuii. DTO MO3BOJISET
YTBEpXK/IaTh, UYTO pETreHEPaTHBHBIN APPEKT
IIpH TOKapHOH 0OpabOTKM METaJIOB HE0OXO-
JIUMO OLIEHUBATh HE TOJILKO T10 ¢ciiey 00padoT-

KM Ha TIpeIbIaylIeM are pe3anus. PeanbHblii
pereHepatuBHblil 3G dexT Oyaer 00ycloBiIeH
CIIOKHBIM JIBWKGHHEM BEpPLIMHBI HHCTPY-
MEHTa, Pa3IOKEHHOTO MUHHMYM BJIOJb IBYX
oceit gedopMaruii.
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MOJAEJIb POBOTU3UPOBAHHOI'O KOMIIJIEKCA ITO KOHTPOJIIO
ITAPAMETPOB KUAKHUX ®PACOBAHHBIX ITPOAYKTOB

MaprtsiHoB B.B.

JloHckoti cocyoapemeennbiii mexnuueckuil yrugepcumem, Pocmos-na-/[ony,
e-mail: 89054516201 @mail.ru

C nenbio NoBbIIIEHHS 3(DPEKTUBHOCTH KOHTPOJIST Ka4eCTBA U IPEOIOICHHUS IIPOOIeMbl KOHTpahakTHOU Ipo-
IyKIUH HEOOXOAUMO BHEAPSTH HETIOCPEICTBEHHO Ha IPOU3BOJCTBE CHCTEMY CILIOIIHOTO BEIXOXHOTO KOHTPOIIS, OC-
HOBA KOTOPOH JI0JKHA OBITh HOCTPOEHA HA HKCIIPECC-METO/IE, PEaIM3yIOLIEro Hepa3pyatouii KOHTPOJIb — 0e3 OT-
6opa poOBI 1 HAPYLICHUS] FEPMETHYHOCTH Tapbl. B cBsA3M ¢ 4eM, B MCCIIEIOBAaHNH 3a/IeHCTBOBAH KOMIIAPATUBHBII
METOJ BECOBOI MMIIEITaHCHOHU IEKTPOMETPHH, CyTh KOTOPOTO 3aKIIOUYEHA B CPABHUBAHHUU «00pa3a» aHAIH3UpYye-
MOTO MPOIYKTA C «00Opa3oM 3TajloHa». ABTOpP OTMEYACT, YTO BHEAPEHHE CHCTEMBI CIUIOLIHOTO BBIXOJHOTO KOHTPO-
JIs Ha NIPOU3BOJICTBE MOTEHIMAIBHO HE JOJDKHO 3HAYUTENILHO YIOPOXKATh CTOMMOCTD BBIITYCKA, C OXHOI CTOPOHEL,
a, C Ipyroif CTOPOHBI, HACHTU(UKAINS TapaMeTPOB XKUIKOTO IPOLYKTa HE JODKHA HETaTHBHO OTPaXKaThCs HA MPO-
M3BOAUTEIFHOCTU aBTOMATH3UPOBAHHON JIMHMHU PO3IIMBA, OCHOBY KOTOPOW Ha COBPEMEHHOM IIPOU3BOACTBE CO-
CTABJISIIOT TPUOJIOKH — MAIIMHBI (PaCOBOYHO-YKYIIOPOYHBIE C IIPEIBAPUTEIILHBIM OIIOJACKHBAHHEM, ONPE/IEIIIONIHe
00IIyI0 IPOM3BOAUTEIBHOCTE. B cTaThe 0TOOpakeHo, 4To B mpolecce paboThl TPHOIOKA Tapa Ha IMHUHU HepeBopa-
YHUBACTCSI, TOYHO MO3UILMOHUPYETCS ISl HAMOIHEH S (KOHTPOJIb KOTOPOTO OCYIECTBIISICTCS, B TOM YHUCIIE, 110 BECY)
M yKyNOPUBAHHUS, T.€. COBPEMEHHBIH TPHOIOK peaan3yeT KIIIOUeBbIe OIepaluy, HEOOXOMMMBIE JUIsl HICHTU(HUKALHN
TapaMeTpOB ¢ MOMOIIBIO METOa BECOBON NMIEIAHCHOM deKTpoMeTpru. 1 TpebyeTcs MuIllb JONOIHUTH KOHTPOIb
H3MEPEHUEM TEeMIIePaTyPbl MPOAYKTA M BHEAPUTH JaTYUK-KPBILIKY.

KiroueBbie c/10Ba: CIUIOIIHO KOHTPOIb, POOOTH3MPOBAHHBII KOMILIEKC, IKCIPecc-HAeHTH(PUKALNS, Hepa3pyIar i
KOHTPOJIb, KOMIIAPATHBHBII aHAJIN3

THE MODEL OF A ROBOTIC COMPLEX FOR MONITORING
THE PARAMETERS OF LIQUID PACKAGED PRODUCTS

Martynov V.V.
Don State Technical University, Rostov-on-Don, e-mail: 89054516201 @mail.ru

In order to increase the effectiveness of quality control and overcome the problem of counterfeit products, it
is necessary to implement a continuous output control system directly at the factory, the basis of which should be
based on an express method that implements non-destructive testing — without sampling and breaking the tightness
of the container. In this connection, the comparative method of weight impedance electrometry is involved in the
study, the essence of which is to compare the “image” of the analyzed product with the “image of the standard”.
The author notes that the introduction of a continuous output control system in production should potentially not
significantly increase the cost of production, on the one hand, and, on the other hand, the identification of liquid
product parameters should not negatively affect the performance of an automated filling line, the basis of which in
modern production consists of triblock filling machines with pre-rinsing, determining overall performance. The
article shows that during the operation of the triblock, the container on the line is turned over, precisely positioned
for filling (which is controlled, including by weight) and capping, i.e. the modern triblock implements the key
operations necessary to identify parameters using the method of weight impedance electrometry. And it is only
necessary to supplement the control by measuring the temperature of the product and introduce a sensor- cover.

Keywords: continuous monitoring, robotic complex, express identification, non-destructive testing, comparative analysis

CoBpeMeHHbIE TIPEATIPUSATHS 34 CUET BHeE-
JPEHHsI aBTOMAaTH3WPOBAHHBIX KOHBEHEPHBIX
JIMHUWA pO3JIMBAa W MPOAYMAHHOW JIOTMCTUKHU
CIOCOOHBI MMOKPBHITh OFPOMHBIN CIIPOC MeEraro-
JIMCOB B TPOMBINUICHHBIX U IPOIYKTOBO-ObI-
TOBBIX OyTHJIMPOBAaHHBIX KHIKOCTSIX, OJIHAKO
HECOBEPIIEHCTBO UCTIOIB3YEeMBIX CTaHAAPTHBIX
MeTONoB M cpenctB [1-3] He mo3BoNsAET OcCy-
LIECTBISTh ONEPaTUBHBINA KOHTPOIb KayecTBa
KaKI0T0 MpoayKTa B maptun. HecoBepiieHCTBO
3aKOHOAATEILHON U HOPMAaTUBHO-TEXHUYECKON
0a3bl, KaK ¥ TPABOIPUMEHHUTEIEHOW CHCTEMBI
B YacTH BBISBICHUS W W3BSTUS KOHTpadakra,
SBJISIIOTCS «J1a3eiikoi» B «HarmonanbHOUM cu-
CTeMe VIpaBICHHUsS KadecTBOM (PacOBaHHBIX
JKUJIKUX ITPOYKTOBY, UTO COJCHCTBYET IIPOHUK-

HOBCHHUIO HEKAUECTBEHHOW MPOJYKIMU HA POC-
CHUICKHI PBIHOK, TIOIPHIBAET 3/I0POBbE M OIa-
roroiyure rpaxaad. B cBoro odepenp, yxe-
CTOYCHUE MEp PEerylIMpOBaHMs PHIHKA JKUIKHUX
(hacoBaHHBIX MPOIYKTOB TOJNBKO CIIOCOOCTBYET
eme OonbllieMy BHEAPEHUIO KOHTPa(aKTHBIX
MIPOYKTOB B PO3HUYHYIO POAaxy [2].

Kak mokazamm wccnemoBanmst [2-4], mist
MPEONOJICHUST  IpoOJIeMbl  KOHTpadaKTHON
MIPOAYKIIMU HEOOXOMMO pa3padoTarh M BHE-
JPUTH HEMOCPEICTBEHHO Ha IPOU3BOACTBE
CHCTEMY CIUIOIIHOTO BBIXOAHOTO KOHTPOJIS,
KOTOpasi JIOJKHA YIOBIETBOPSATE CIIETYFOIHUM
TpeOOBaHMSIM:

- uIeHTH(UKAIMS [apaMeTPOB JKUJIKOTO
IMpoAYKTa HE JOJI’KHA HETaTUBHO OTpaXarbCsAa
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Ha TPOW3BOJUTENHLHOCTH aBTOMATHU3UPOBAH-
HOW JINHUH PO3JIMBA;

- uIeHTU(UKALKS [1apaMEeTPOB >KUIKOTO
MPOAYKTa TOJDKHA OCYIIECTBIATHCS B IPOMeE-
KYTKE MEXIy (acOBKOH M STHKETHPOBAHUEM;

- uIeHTH(UKAIMS [apaMeTPOB >KUJKOTO
IPOAYKTa JOJKHA OCYLIECTBIATHCSA O€3 Hapy-
LICHUS] TEPMETHYHOCTH Tapbl U 0TOOpa MpoObI
(T.H. Hepa3pyLAIOINNH KOHTPOJb);

- BHEIPEHUE CHCTEMBI CIUIOIIHOTO KOHTPO-
JIs1 HE JIOJDKHO 3HAYMTENIBHO YIOPOXKaTh CTOM-
MOCTb BBIITyCKa IPOIYKTA.

Lenbto uccneqoBaHust SBISIETCS TOBBILIE-
Hue 3PEKTUBHOCTU KOHTPOJISI KAYeCTBa KHI-
KHX (pacoBaHHBIX HPOIYKTOB.

MaTepI/IaJ'I])I U METOAbI UCCTCAOBAHUA

B uccinenmoBanum 3aaeiicTBOBaH  Me-
TOJl BECOBOM HMIIEJAHCHOM 3JIEKTPOMETPUU
(BUDM), xotopsrii onmicad B mareate PO RU
2696810 C1 «Crioco0 3KcIipecc-aHanm3a xKuj-
KHX (acoBaHHBIX MTPOIYKTOB U yCTAHOBKA JJIS
ero peanuzaum» [5].

B JloHCckOM rocygapCTBEHHOM TEXHUYE-
ckom yauBepcurete ([AI'TY) Ha 6a3ze kadenpor
«CucremMbl IpPUBOJOB U aBTOMATU3UPOBAH-
HOTO KOHTPOJISD» COOpaH CTAallMOHAPHBIA HC-
CIIeIOBATENLCKUI cTeH (pUCyHOK 1) mo 3kc-
npecc-uAeHTU(HUKALUN [apaMeTpoOB KHJIKO-
'O MPOAYKTA.

KOMMYTATOP

KOMNBbIOTEP

B cocras cTenia BXonuT:

- M3meputens ummuranca E7-20 — npenu-
3MOHHBIN pudop Kiacca TounoctH 0,1;

- Becol pacoBounsie HacTonmbpHEBIE, RS-232;

- lludpoBoil maTduk TeMIepaTypbl

DS18b20;

- KommyTtatop M crenmanbHbId JaT4HK-
KpBIIIKA (PUCYHOK 2);

- Kommetorep co cnienmanmuzupoBanabM [0,
peanu3yromunii aBTOMaTU3NPOBAaHHBINA cOOp U
00paboTKy TaHHBIX.

ANTOpUTM HJIeHTU(UKAIIMK TapamMeTpOB
JKHUJIKOTO (pacoBaHHOTO MPOIYKTA!

- CIiepBa COBEPIIACTCS ONpEeICHIE Mac-
cbl (m) u Temneparypsl (7) IpoayKTa;

- 3aTeM KOMIIBIOTEp OCYILECTBISET pac-
4ET TEKyEN MIOTHOCTH (p,) 1o dhopmyne (1),
a TaKKe IUIOTHOCTEH MpPU CTaHJAPTHBIX MOJI0-
JKUTEIBHBIX M OTPULATENILHBIX TEMIIeparypax
(p,) mo popmye (2);

- u3Mmeputens uMMmurtaHca E7-20 mepe-
JaeT AaHHble 00 snekrpornpoBogHOCTH (G),
conpoTtuBieHnn (R), eMxoctu (C) WIN HHIYK-
TUBHOCTH (L), TaHI'€HCaxX yIJIOB MOTEPh (7g0)
U TOKax yTeukd (/) maTyuKa-KpbIIIKA BHYTPH
repMETHUYHOH Taphl B Ta30BOH cpeae (Ipu HOp-
MaJIbHOM TIOJIOKEHUH) U B )KUAKOH cpeze (mpu
TIEPEBOPOTE Taphl), HA (PUKCUPOBAHHBIX 3HAUE-
HUSIX 9acTOT U3MEPEHUH u3 pabouero auamnaso-
Ha ycTpoiicTa [1, 5];

I KOMMYTATOP I
ONEKTPOHHLIE BECHI
DATYMK TEMNEPATYPHI
HIMEPUTEND
HMMHTAHCA KOMNbLIOTEP

Puc. 1. Cmpykmypa ucciedosamensckozo cmenoa
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- IOJyYeHHbIE JJAHHBIE 00Pa3yIOT CIIEKTPhI
3HAYCHUIA, 3aIIMCHIBAEMBIC KOMITBIOTEPOM U UC-
TIOJIB3YIOTCS JUISL TIOCIIEAYIOINX BBIYHCICHUI
OTHOCUTEJILHOM HANEKTPUUECKON MpPOHULIAe-
MocTH (&) Bojsl 1o hopmysie (3), ee AuHaMUYe-
CKOH BA3KOCTH (77,) MO popmyne (4), ms 4ero
BBIUUCIISIIOTCS Makpo- (7) U MHKpOCKOITHYe-
CKHe BpemeHa (7,) penakcanuu no popmynam
(5 u 6), a xuHEMaTU4ecKast BI3KOCThH (V), 00-
yCIIaBIMBacMasi TEMIIEPATypOH, BBIYUCIISICTCS
o ¢opmynam (7, 8 m 9) [1, 5]:

p.=(R=P)1Y,. M
P, = Pagoc —At-(1=-20°C). 2)
e=C_JC, 3)
7]0 - TO’73 / z-a’ (4)
3er,

p—l ) 5
2e+1 ©)
. e—1 (8—1)2 _ & (6)

YAz figs N\ 16 fPrttg’s At
lglg(v+0.8)=a+blgT, (7)
a=Iglg(v+0.8)-blgT, (8)

. Ig I:lg(v1 +0.8)/1g(v, + 0.8)]

lgﬂ
T,

rae P, — u3MepeHHslii Bec i-ro obpasua B daco-
BaHHOM Tape, KT;

P; — Bec j-oif 9TaNOHHOM Taphl, KT;

Vij = 0.5,1.5...N 1 — 3TajoHHBIA 00BEM
Tapsl,

At = (18,31—13,233-/)20%)-104 — TeM-
neparypHasi TIONpaBka K TUIOTHOCTH Ha OJUH
rpamyc;

t — nckomas remmeparypa, °C;

p, — TUIOTHOCTb JKHUJIKOCTU TIPU TEKYLIEH
temrieparype u mpu 20°C;

C, — EMKOCTb JIaT4MKa B BO3YX€;

C,,, — EMKOCTb JIaTYNKA B HKHUJKOCTH;

1, — IMHAMUYECKas BA3KOCT;

@ — LUKIMYECKasl 4acToTa;

1, ¥ T, — TaOJMYHbBIE TaHHBIE BO3/yXa, 3a-
IPY’KEHHBIE B KOMIIBIOTED;

au b — sMnupudecKre KodPPHUINEHTHI;

T, u T, — crangapTHas Temreparypa xu-
KHX U BSI3KUX Cpel.

Brluncnenne xapakTepucTHUECKOW 4acTo-
THI, TIPH KOTOPO# TipoBoAMMOCTE ((G) He 3aBH-
CUT OT TeMIIepaTypHI () HAXOAUM IO METOMIU-
Ke, U3JI0KEHHOM B [6]

C))

[lepeuens mapameTpoB «00Opa3a» MUTHEBOI BOIBI

Ne HaumenoBanue napamerpa Junana3oH u3MeHeHus
1 | Macca nponykra, m 0,25 -20 xr

2 | O6wvem npoaykra, V' (0,25-20)-10" m*

3 | [norHOCTH IPOIYKTA, p 990 — 1000 kr/m?

4 | OnexTponpoBogHOCTh, G 0,000001 — 0,2 Cm (1/0m)
5 | Conporusnenue, R 5-10°0Om

6 | Tok yreukw, / 106-0,2 A

7 | Emkocts, C 103 - 102 nd

8 | MHayKTHBHOCTS, L 30-120 1l

9 |Temmeparypa, T 1-50°C

10 | dakTop moTepsb, tgd 10— 536/p

—_—
—_—

YrenbHas 3J€KTPOIIPOBOIHOCTD, G

50 — 1500 mxCwm/cMm

12 | MarauTtHas MPOHUIIAEMOCTb, (L (8—-9)-10°Tu/™m

13 | Mozyib KOMILJIEKCHOIO COIPOTHUBIIEHUS, |Z] 900 — 9500 Om

14 | Yroa caura KOMILIEKCHOTO COIIP., ¢ munyc 180° — mmoc 180°
15 | Kunemaruueckas BI3KOCTb, V (0,3-1,8)-10° M’/c
16 | JIlnHamuueckas BSI3KOCTb, /] (0,3-1,8)-103 H-c/m?
17 |Yacrorta, [ 25 -10Tg

18 | Junpnekrpuueckasi NpOHUIIAEMOCTb, & 60-90 ®/m

19 | Xapakrepuctuyeckas 4yacrora, [ 2500-5450 kI'g
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Puc. 2. 3D-mo0env eMKoCmHO-UHOYKIMUBHO20 OAMYUKA-KPBILUKU

COBOKYITHOCTh U3MEPEHHBIX W BBIYUCIICH-
HBIX MMapaMeTpoB oOpasiia hopMuUpyeT «o0dpa3
KHUIKOCTH» (Tabnuia), KOTOpBIH yKe CpaBHU-
BaeTcs C «00pa3oM 3TaJOHay.

Ha tene kpbIKy CBEpXy UMEIOTCS KOHTAK-
THI JIJIS1 TIOJKJTFOUEHHsS] KOMMYyTaTopa. B 3aBu-
CUMOCTH OT croco0a COEAMHEHUS! BO3MOXKHO
MOJTyYUTh KaK MHIYKTHBHBIH, TaK U €MKOCT-
Hbl{ garuuk. [Ipennonaraercs BHeIpeHUe naT-
4yuKa Ha dTarne (acoBKU.

Pe3yabTarhl Hecaeq0BaHus
U UX 00CY:KIeHue

Marmssl (hacoBOYHO-yKYIOPOUHBIE
C TIpe/IBAPUTEIHHBIM OITOJIACKUBAHUEM WJIH XKe
«TpubIOKM» (PUCYHOK 3) — OCHOBa aBTOMATH-
3MPOBAHHOM JIMHUU PO3JIMBA, COBMEINAIOIIAs
HECKOJIbKO (PYHKIMH: OINONaCKMBAaHUE Taphl,
PO3IUB KHIKOCTH M YKylnopuBaHue. B 6omb-
LIMHCTBE CIy4aeB NMPOU3BOAUTEIBHOCTh BCEi
ABTOMATHU3WPOBAHHOW JIMHWU PO3JIMBa 3aBU-
CUT OT NPOM3BOIUTENHFHOCTH TPUOIOKA, a Ta,
B CBOIO O4Y€penb, IMPsIMO IMPOMOPLHUOHATIEHA
KOJIMYECTBY JTO3MPYIOLIMX TOJIOBOK U 0OPaTHO
MPONOpLHOHANBEHA 00BEeMY Tapsbl [7].

Tak, nanpumep, TPUOJIOKH PO3JIMBA BOABI
or 3A0 Kponorkunckuii 3aBog MuCCII
Ha 1,5 1, 5 1 u 19 n [I9T-raper (TPh 32-45-
12, TPB 5 12-12-4 u TPB-100-19) nmerot max-
CHUMaJbHYIO TNpou3BoguTenbHocTh 8000 6/4
(0,45 ¢ Ha OyTBUIKY, 32 OIOJIACKUBAIOIIUE TO-
JOBKH, 45 pa3nuBouHble TojoBkH), 1500 6/4
(2.4 c Ha OyTBUIKY, 12 OMOJIACKUBAIOMIUX TO-
JIOBOK, 12 pa3nuBOYHBIX rojoBoK) u 100 0/4
(36 ¢ Ha OyThUIKY, | pa3jIMBOYHAS T'OJIOBKA).

B mponecce pabotel obopymoBaHus iep-
JKaTellb OMNOJIACKUBATEeNs 3aXBaThIBACT 3aXKHU-
MaMH TOPJIOBUHY OyTBUIKM M IEpeMellacT ee
0 KPYyTY, nepesopauusds TPU 3TOM OYTHUIKY
BBEpX JHOM, a ITOCJIE OIOJACKMBAHUS U CTe-
KaHWsl KHUJIKOCTH OyThLIKa BHOBb nepesopa-
yygaemcsi, BO3BPAIASACH B MOJIOKEHHUE «ITHOM
BHU3». YUCThIe OyTHIIKK C TIOMOIIBIO IPOMe-

JKYTOUHOW 3BE370UYKM IIE€PEAAIOTCS Ha IOAb-
€MHbIe BUJIKM MAallMHbI PO3JIMBA U MOYHO NO-
SUYUOHUPYIOMCA TIOZ, PA3IUBOYHON T'OJIOBKOM.
ByTblKa noonumaemes u onyckaemcsi ¢ IOMo-
IIbI0 KYJAQYKOBOTO MEXaHU3Ma, U 10 CUTHAIY
C JJaT4MKa MOCIEI0BATEIBbHO OCYIIECTBIISETCS
HaronHeHue. [lpuueM KOHTPOJIB 1O3MPOBKH
OCYILECTBIISICTCS KaK ONTHYECKHU (II0 YpOB-
HIO), TaK U TPaBHTAIMOHHBIM CIIOCOOOM (710
secy). Ilociie oxkoHuaHMs Ipolecca HalloIHe-
HUSI Oy TBUIKH NIEPEMELIAIOTCSl B YKYTIOPOYHBIH
0JI0K, T/ YKYIOPOYHbIE TOJIOBKH COBEPILAIOT
epawamenbHo-noCmynamenvHoe — IBUKCHHUE,
IIPOU3BOAUTCS HAKPYUMBAHUE IIPOOKU Ha rop-
JBIIIKO OYTBHIIKK M, Jlayee, mepenada OyThuI-
K/ Ha KOHBEHEpHyIO JIEHTy [uli IOCIeNyo-
Hiel TPaHCIIOPTUPOBKH.

CoBpeMeHHBII TPUOIOK PO3JIMBa yXKE Ha
JAHHbIH MOMEHT COBEpIUAET KIIFOYEBBIE OIE-
panuy, HeoOXOAUMBIE Ui aJanTalud METo-
Jla BECOBOHM MMIIEJAHCHOM 3JIEKTPOMETPUU:
U3MEpeHHe Beca, I[EepPeBOpPOT M HOABEM/
omyckaHue OyTBUIKM, TOYHOE MO3UIUOHU-
poBaHHWE M YAEP)KUMBAaHUE KPBIIKU. biox
PO3JIMBa COAEPKUT HATUMK KOHTPOJIS Tapbl
U TIOTCHLIMAJIbHO MOXET OBbITh JIOIIOJIHEH KOH-
TpOJIeM TeMIIepaTypbl, a KOHTPOJIb HaIlOJIHE-
HUS 110 BECy MO3BOJIUT OCYIIECTBUTH PacyeT
TEKyIleH TUIOTHOCTH, a TaKKe IUIOTHOCTEH
IPHU CTAaHAAPTHBIX TOJOXKUTENbHBIX U OTPU-
LaTeJIbHbIX TEMIEpaTypax.

b0k yKynopku 3a cueT TOUHOIO IO3ULIU-
OHUPOBAHUA U (bI/IKCZiHI/II/I Tapbl KyJIa4yKOBBIMU
MEXaHU3MaMH MOXKET OBITh JIOTIOJHEH KOM-
MYTaTOPOM, TO3BOJISIIOIINM OCYIIECTBHThH U3-
MEpeHHe MapaMeTpPoOB IaTUNKA-KPBIIIKH «HA
BO3IyXe», a MEPEeBOPOT Tapbl, OCYIIECTBIIsIC-
MBII TaKUM K€ MEXaHU3MOM, KaK U IIpU OIIO-
JIJaCKMBAaHUH, MO3BOJUT OCYHICCTBUTL 3aMEp
napamMeTpoB AaTYMKA-KPBILIKH «B KUIKOH
Cpeze», BBIYMCICHUH TPOYUX MapaMeTpoB, CO-
CTaBJICHUHU «00pa3a» UccIeyeMoro NpoayKTa
U CPaBHEHHE €ro ¢ «00pa3oM» 3TaJIOHA.
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Puc. 3. Tpubnox posnuea 600wt u nanumkog 6 I19T 6ymuiiku

C npyroii CTOPOHBI, BCE €IIe OCTAeTCs He-
pELIEHHBIM BONIPOC O JIUTEIBHOCTH HJCHTH-
(uKanmu npoayKTa U, COOTBETCTBEHHO, BIIUS-
HUE Ha MPOM3BOAUTENILHOCTh JHHUHU PO3JIHBA,
Beb KaK ITOKa3bIBACT PAcyeT, B XyALIEM CIy-
yae, Ha MaJibIx 00beMax Tapbl, BPEMEHHU Ha 3a-
MepBI, TIEPEBOPOTHI U pacyeThl OyeT He Ooee
1 ¢. C yBenuueHueM ke 00beMa Tapbl Bpems,
JIOCTYIIHOE JUIsl IPOBEICHUS USHTH(DHUKALINY,
TaKKe YBEJIMYMBACTCS, OJHAKO BO3PACTaIOT
TpeOOBaHUSI K MEXaHH3MaM, OCYIIECTBIISIO-
LIMX NIEPEBOPOT U TPAHCIIOPTUPOBKY.

3akjoueHue

Cucrema CIJIOIIHOTO BBIXOJHOTO KOHTPOJIS
KagecTBa (haCOBAHHBIX NPOTYKTOB, OCHOBAHHAS
Ha SKCIIPECC-METOe BECOBOW HMMIIEAHCHOM
ANEKTPOMETPUH, pealu3yeMa IMpH  YCIOBUHU
MOJICPHU3ALNH JIMHUH PO3JINBA, pa3paboTKu U
BHEJIPCHUIO JTaTYMKOB-KPBIIICK, a Takxke (op-
MHUpPOBaHUS 0a3bl JAHHBIX, XPaHAMIHX «0Opa-
3bI» UCCIIEYEMBIX IPOIYKTOB.
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