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BIOLOGICAL SCIENCES

CAPSID BUG (HETEROPTERA, MIRIDAE) OF UZBEKISTAN

Daminova D.,
Ganieva Z.,
Mirzaeva G.

Institute of Zoology at the Academy of Sciences of the Republic of Uzbekistan

Abstract

This article highlights the 158 species of myrid bugs from 66 genera, which were classified by different
scientists in this field. In Uzbekistan, this is the only list with such a volume.

Keywords: Myrid bugs, Uzbekistan, Central Asia, landscapes.

Fauna of hemipterans (Heteroptera) in Central
Asia has always attracted lots of researches since the
middle of X1X century as evidenced by their first list
dated back 1849 published by Leman, as per the collec-
tions, in Bukhara and Samarkand (Puchkov,1963).
Since the second half of the XIX century, these re-
searches have been replenished by the regular publica-
tions of new descriptions of the Central Asian species
by V.E. Yakovlev (1889), O.M. Reuter (1879), Horvath
(1926) Puthon, V.F. Oshanin (1870) at all., that were
included in the consolidated article by V.F. Oshanin in
1891, containing over 530 species.

Further on, when the classic paper by V. Oshanin,
the catalog on HEMIPTERA, HETEROPTERA)
(Oshanin,1909), was issued, a range of researches of
hemipterans of Central Asia was carried out, in which
the major contribution was made by A.N. Kirichenko
(1951, 1952, 1964) for Tadjikistan; by R.B. Asanova
(1962) for Kazakhstan; by Yu. A. Popov (1966) to
study the mountain system of the Western Tien Shan
where he touched certain regions in Uzbekistan.

In Uzbekistan, the hemipterans are represented
with collections of the species composition in moun-
tainous regions of the Turkestan Range by Z.A. Pa-
zhitnova (1952), V.V. Yakhontov and A.G.
Davletshina (1960) represented the ancient delta of the
Amu-Darya River, though the major their researches in
the republic were held in humanized landscapes and
were mostly related the cotton-lucerne agrobiocenosis
in Samarkand, Bukhara, Tashkent, Andidjan, Kash-
kadarya, Surkhandarya and other regions (Ostanova,
1955; Yakhontov, 1957; Alimdjanov, 1960; Dubovsky,
1961; Tuychiev, 1974; Bloomer, 1988; Khamraev,
1992; Daminova, Aripova, Khamraev, 2004; Da-
minova, Khamraev, 2008; Daminova, 2017), associ-
ated with the exposed harm to, first of all, the cotton,
the major culture of the republic.

Miridae, the caps bugs, refer to the largest family
among the hemipterans by the size of the species com-
position in the class (Heteroptera) which make the half,
if not the bigger part of the species diversity of bugs of
most plant associations. Most of species live on sap,
however, predators and zoophytofags can be found
among them.

That being said, the capsid bags widespread in hu-
manized landscapes count to over 45 species in the

abovementioned works, which indicates the inadequate
coverage of this family in Uzbekistan, since most re-
searches of their fauna have not been investigated in
natural biotic communities. When investigating the en-
tomofauna of the South-West Kyzylkums (Davletshina,
Avanesova, Mansurov, 1979), 16 species of capsid
bugs were identified; in special investigations of the
fauna of myrids of the Southern Aral Sea Region A.S.
Boltabaev (1995) describes 37 species. V.G. Puchkov
(1977), by the results of his own collections, as well as
collections of .M. Kerzhner, notes the data on distribu-
tion of 5 little-known and 2 new species of the myrids
in deserted and half- deserted regions of the country,
but the highest variety of capsid bags by species and
size (62 species) were represented in the mountainous
regions of the Western Tien Shan (Popov, 1966) and
Pamir-Alay (Kerzhner, Muminov, 1964). For instance,
on a single high-altitude part of the northern slope of
the Turkestan Range (Guralash Juniper Reserve Park)
in the abovementioned paper by Z.A. Pazhitnova
(1952), including 20 species of specified capsid bags,
over 10 endemic forms are registered typical for the
high-mountain regions of the Central Asia, among
which the Myrmecophyes genus, as A.A.Bsikos (1971)
noted, is the most massive insect damaging the high-
mountain pastures of Tien Shan and Pamir-Alay.
Among these species, new and little-known species of
this genus for Uzbekistan are described. According to
the author’s observations, their strength ranged from 32
to 92% of all insects decreased.

Moreover, the collection materials of the Museum
of Nature of the republic were used, where the myrid
collections of the Korzhantau, Ugam, Pskem and Chat-
kal Ranges were represented, as well as collection of
capsid bugs of the Zoological Institute of the Academy
of Sciences of Uzbekistan, identified by Yu.P. Popov
in Kyzyl-Kumam, Karshi and Jizzakh regions and the
Golodnaya Steppe.

Totally 158 species of myrid bugs were identified
out of 66 genes. The list first submitted for Uzbekistan
in this volume is not intended to the exhaustive in terms
of the species composition, though the represented ma-
terial may be of scientific concern of the Miridae class
prevalence in the republic.
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Species composition of Miridae class capsid bugs of Uzbekistan
No Species Area- and zone-based prevalence
Mountainous terrains Deserted and Cultural land- | Alluvial tugai of
with river valleys steppe terrains scapes river valleys
1 2 3 4 5
Families MIRIDAE (CAPSIDAE)
for families DICYPHINAE
1 Dicyphus (Mesodicyphus) monta- +
nus Popp.
2 D. (M.) testaceus Reut. + + +
3 D. orientalis Reut. + + +
4 |D. (Brachyceraea) thoraecicus +
Reut.
5 | Campyloneura decorata Kir. + +
for families DERAEOCORINAE
6 Deraeocoris (Camptobrochus) + +
pilipes Reut.
7 | D.(C.) punctulatus Schill. + + + +
8 D. (C.) serenus Dgl. Sc. +
9 D. (s. str.)scutellaris Fabr. +
for families MIRINAE
Tribe Mirini
10 | Capsus cinctus Kol. + +
11 | C. spinolae Mey. +
12 | Neocoris basalis Reut. +
13 | Charagochilus gillenhale Fall. + +
14 | Polimerus (s. str.) nigritus Fall. +
15 | P. (Poeciloscytus) asperulae Fieb. + +
16 | P. (P.) cognatus Fieb. + +
17 | P.(P.) dissimilis Reut. + + +
18 | P.(P.) unifasciatus F. + + +
19 | P.(P.) vulneratus Pz. + +
20 | Ligocoris (Apoligus) lucorum M.- +
D.
21 | L.(A.) contaminatus Fall. + +
22 | Lygus (s. str.) gemellatus H.-S. + + +
23 | L.(s. str.) pachychemis Reut. + +
24 | L.(s. str.) pratensis L. + + + +
25 | L. rugulipennis Popp. + + + +
26 | L. (Agnocoris) rubicundus Fall. + + +
27 | L. (Orthops) campestris L. + +
28 | L. (0O.) basalis Costa + +
29 |L.(0.) kalmi L. + + +
30 | L. (O.)montanus Schil. +
31 | L. (0. pilosulus Jak. +
32 | L. (0.) sanguinoletus Reut. +
33 | Dichrooscitus pseudosabinae Reut. +
34 | Brachicoleus decolor Reut. + +
35 | B.scriptus F. + +
36 | Calocoris conspersipes Reut. +
37 | C. fedtschenkoi Reut. +
38 | Adelphocoris lineolatus Gz. + + + +
39 | A. jakovlevi Reut. + +
40 | Phitocoris varipes Boh. + +
41 | Phitocoris kirgizicus J. Pop. +
42 | Ph. (Ktenocoris) confinis J. Pop. +
Tribe Stenodemini
43 | Stenodema (s. str.) holsatum F. +
44 | S.(s. str.) laevigatum L. + +
45 | S.(s.str.) virens L. + +
46 | S.(s. str.) v. turanicum Reut. +
47 | S.(Brachystira) calcaratum Fall. + + +
48 | S.(B.) trispinosum Reut. +
49 | Notostira erratica L. +
50 | N. poppiusi Reut. +
51 | Trigonotylus pulchellus Hahn. +
52 | T. ruficornis Geoffr. + +
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53 | T.brevipes Jak.
54 | Leptopterna longicornis Reut. +
Tribe Myrmecorini
55 | Myrmecoris gracilis rubricatus Jak. | +
Tribe Halticini

56 | Myrmecophyes acutifrons B. + +
57 | M. dubius B. +
58 | M.ermaki B. + +
59 | M. hirsutiventris B. +
60 | M. geniculatus Reut. +
61 | M. kiritshekoi Horv. +
62 | M. korshinskii Reut. +
63 | M. lacteipennis B. + +
64 | M. limbatus Reut. +
65 | M. macrotrichus Horv. +
66 | M. monticola Horv. +
67 | M. muminovi Kerzh. + +
68 | M. nitens B. +
69 | M. nigripes Reut. +
70 | Microsynamma basalis Reut. +
71 | Scirtetellus seminitens Horv. +
72 | Chorosomella jakovlevi Horv. +
73 | Labops (Pachytoma) brevipennis +

Reut.
74 | Anapus pectoralis Horv. +
75 | Orthocephalus bivittatus Fieb. +
76 | O.eleagni Jak.
77 | Halticus apterus L. +
78 | H. pusillus H.- S. +

Tribe Orthotylini

79 | Cyllecoris decorate Kir. +
80 | Globiceps (Globicellus) dispar +

Boh.
81 | G. (Kelidocoris) cruciatus Reut. +
82 | Cyrtorrhinus caricis Fall.
83 | Blepharidopterus angulatus F. ? +
84 | Orthotylus (s.str.) marginalis Reut.
85 | O. (s. str.) elaeagni Jak. +
86 | O. (s.str.) minutes Jak. +
87 | O. (Melanotrichus) fieberi F.- G. +
88 | O. (M.) flavosparsus Sahlb. + +
89 | O. (M.) turanicus Reut. +

Tribe Pilophorini
90 [ Pilophorus sinuaticollis Reut. | + |
for families PHYLINAE
Tribe Hallodapini

91 | Hallodapus (Plagiorryamma) +

suturalis H.- S.
92 | H.(P.) concolor Reut. +
93 | Aspidacanthus myrmecoides Reut. +

Tribe Phylini

94 | Nasocoris argyrotrichus Reut. +
95 | Oncotylus (s. str.) desertorum Reut. +
96 | O. (s. str.) punctipes Reut. +
97 | O. (s. str.) reuteri Osh. +
98 | O. (s. str.) vitticeps Reut. +
99 | O.(Cylindromelus) setulosus H.- S. +
100 | Eurecolpis flaveolus Stal. +
101 | Acrotelus pilosicornis Reut. +

102 | Conostethus salinus Sahlb. +

103 | Pronotropis punctipennis Fieb.

104 | Macrotylus cruciatus R. +

105 | Psallopsis kirgisicus Frey. +

106 | P. longicornis Jak. +

107 | Malthacosoma adspersum Reut.

108 | Solenoxyphus (Macrocoleus) lepi- + +

dus Put.




6 Norwegian Journal of development of the International Science No 40/2020

109 | S. (M.) fuscovenosus Fieb. +

110 | Coniortodes absinthii Scott + +

111 | C. kiritshenkoi Kerzh. + + +

112 | Amblytylus testaceus Reut. + +

113 | Megalocoleus brevicornis Reut. +

114 | M. chrysotrichus Fieb. + + +

115 | M.confusus E. Wagn. + +

116 | M. dissimilis Reut. + + +

117 | Orthonotus fuscicornis Reut. + +

118 | Psallus (s. str.) cognatus Jak. + +

119 | P. (s. str.) nebulosus Reut. +

120 | P.(s.str.) pumilus Jak. +

121 | P.(s.str.) atomosus Reut. +

122 | Atractotomimus picturatus Kir. +

123 | Sthenaropsis gracilicornis Linnv. +

124 | S. obscurus Popp. + +

125 | S. variegates Popp. + +

126 | S. piperatus Linnv. + +

127 | Criocoris quadrimaculatus Fall. +

128 | Salicarus  (Salicarus) concinnus + +
Putsh.

139 | S. (S.) halimodendri Putsh. + +

130 | S. (Lobicris) basalis Reut. + +

131 | Monosynamma basale Reut. + +

132 | Plagiognathus (s. str.) alpinus Reut. + +

133 | P. arbustorum F. + + +

134 | P. (s. str.) bipunctatus Reut. + + +

135 | P. (s. str.) chrysanthemi Wif. +

136 | P. (s. str.) fulvipennis Kirschb. + +

137 | P.(Zophocnemis) bicolor Jak. + +

138 | P. (Poliopterus) albipennis Fall. + +

139 | P. pictus Fieb. + +

140 | Atomoscelis brevicornis Reut. + +

141 | Chlamydatus pulcarius Fall. + +

142 | Ch. pullus Reut. + +

143 | Ch. flaveolus Stal +

144 | Campylomma diversicorne Reut. + + + +

145 | C. verbasci Mey. + + +

146 | C. nicolasi Put. et Reut. + +

147 | C. annulicornis Sign. +

148 | Auchenocrepis reuteri Jak. +

149 | Sistelanotus discoidalis Horv. +

150 | Maurodactylus albidus Kol. + +

151 | Eumecotarsus breviceps Reut. +

152 | Tuponia (s. str.) elegans Jak. + + +

153 | T. (s. str.) sahlbergi Reut. + + +

154 | T. roseipennis Reut. + + +

155 | T. pallida Jak. + + + +

156 | T.prasina Fieb. + + + +

157 | T. tamaricis Pz. + +

158 | Exaeretus meyeri Frey. +
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MUSICAL MODEL OF MORNING EXERCISE TAKING INTO ACCOUNT THE PHYSIOLOGICAL
REACTION OF THE BODY OF SCHOOLCHILDREN IN A CHILDREN'S CAMP (FOR EXAMPLE:
ARTEK INTERNATIONAL CHILDREN'S CENTER»)

Golubev D.

phd-student department physiology, deputy for organizational and methodological work of the

Department for physical culture, sports and tourism
Demchenko D.

head of the Department for physical culture, sports and tourism
FGBOU VO National State University of sports, sports and Health. P.F.Lesgafta,

35 Dekabristov str., Saint Petersburg, Russia

FGBOU International Children's Center "ARTEK", Russia,
Republic of Crimea, Yalta city district, urban-type settlement Gurzuf, Leningradskaya str. 41.

Abstract

The article presents the results of the influence of the developed musical model with optimized physical
exercises from modern fitness areas (yoga, Pilates, aerobics, taibo, functional training, etc.) on the student's body.
We studied 45 children of school age. The objectives of the study were: to find the relationship between musical
rhythm and heart rate; to identify the physiological “response™ to the morning motor stimulus embedded in a
specific musical model. The heart rate was recorded using the Polar sports technology in Finland. The study es-
tablished the relationship between musical rhythm (bpm) and heart rate, as well as optimized physical exercises

that are adequately superimposed on the musical model.

Keywords: charging, children's camp, circulatory system, school children, biological feedback

Introduction

An important component of a person's health-im-
proving activity is morning exercise [1, p. 314]. The sit-
uation around this event is diverse in all countries. In
Australia, this is a block of stretching exercises to mu-
sic, residents of European countries perform highly in-
tensive" blocks " of strength exercises, in the United
States-this is a minimal-simple set of exercises without
additional load [4, p. 5684].

The ARTEK international Children's Center
(hereinafter referred to as "ARTEK") is a research site
and an object of Federal significance. There are nine
camps on the territory of the center, and in each of them
the morning begins with physical activity to music.
Employees of the Artek sports center note that morning
exercises do not have a single structure and stage [2,
p.166]. To date, the physical education instructor
chooses the musical accompaniment, motor actions and
the rhythm of their performance to his "taste", guided
only by General guidelines. All this makes it difficult
for students to repeat and remember.

The absence of a single model of morning exercise
that takes into account the speed of music playback
(bpm), optimization of physical exercises from modern
fitness programs and the physiological response of the
body of schoolchildren predetermined our study.

Organization and methods of research

During the two summer camps, we surveyed 45
students (average age 14.9 years, average weight 50.2
kg, average height 165.8 cm). A musical model of a
certain rhythm (BPM) is proposed, equipped with phys-
ical exercises from modern fitness programs (yoga, Pi-
lates, tai-Bo, functional training). This model was
memorized and presented by the physical education
and sports teacher to students every morning. The study
of the functioning of the circulatory system during

morning physical activity was carried out using sports
equipment from Polar, Finland. The heart rate (herein-
after referred to as heart rate) was recorded. The results
of statistical analysis are presented in the form of arith-
metic mean and standard deviation (M+q). According
to the student's criterion, the sample was examined for
belonging to the normal distribution law. Indicators
where P>0.05 were considered significant. The analy-
sis was performed in the Microsoft Exel 2017 statistical
package.

Research result

Performing physical exercises is accompanied by
an increase in the level of metabolic processes in the
human body. The circulatory system is the most acces-
sible for evaluating an urgent response to a motor stim-
ulus. Heart rate is the oldest biomarker of quantitative
"measure" of functional state [3, p. 47]. The connection
of the physiological parameter with the speed of musi-
cal accompaniment (bpm) is traced (tab. 1). The relia-
ble average value of the maximum heart rate was 127.7
beats per minute, which corresponds to a musical
rhythm of 128 (bpm). These data indicate the perfor-
mance of morning motor activity in a zone of low (aer-
obic) intensity [5, c. 1147]. The average heart rate val-
ues of individual blocks report the highest energy ex-
penditure, which falls on the fourth block (tai-bo). This
block is represented by dynamic Boxing hand move-
ments and jumps. The decrease in motor activity occurs
gradually, through marching steps, stretching and
breathing from the block (yoga) at a musical rhythm of
124 (bpm). The physiological response of the cardio-
vascular system at this stage of morning activity reveals
a decrease in heart rate to 100.6 beats per minute. We
believe that these heart rate values are acceptable and
do not cause significant functional changes in the body.
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Table 1
Average heart rate values in the music model periods (M1, n=45)
Heart rate (bpm/min) speed of music accompaniment (bpm)
88,1+6,4* 124
111,2+8,3* 126
125,7+3,2* 128
127,3+4,6 126
100,6+8,2* 124

*- reliability of differences p>0.05 during periods of different musical accompaniment speeds relative to the

first day of measurement

A graph was constructed based on the average
group monitoring data (Fig. 1). It is worth noting that
with an increase in the musical rhythm (bpm), the heart
rate increases gradually, as indicated by the General lin-
ear trend. Also, we believe that the increasing trend in
(Fig. 1) it is explained by the features of selected phys-
ical exercises from modern fitness areas (Pilates, yoga,

functional training, taibo, etc.) and performing them
with certain muscle modes to music. However, it
should be taken into account that the established pat-
terns were also influenced by such factors (incentives)
as climatic, psychological, social and similar loads to
which the child's body successfully adapted.

—— bpm HR NuHeiiHas (HR)
160
§ 140 _
S 120 > —— " . -
o _ -
S 100 - N
L i
= 80
w
o 60
w
i~ 40
=
T 20
0
1 2 3 4 5
—&—bpm 124 126 128 126 124
HR 90,1 111,3 125,8 127,3 100,6

BPM (SPEED OF MUSIC ACCOMPANIMENT)

Figure 1 Heart rate dynamics for the proposed musical model of morning exercise

The measurements revealed the sequence of fitness directions, the time frame for each motor exercise, the
optimal model of musical rhythm (bpm), and pulse values for each stage of morning exercise (Fig.2).

fitness BpemMsi (MUH)
pilates 2
strengh 3
functional training 2
tai-bo 3
yoga 2
HanpasfeHUs1  BbINONIHEHUSA

my3bika (bpm)

120
124
128
124

120

mopenb

YCC (ya/muH)

80-90

90-115

115-130

120-130

90-120

c¢msnonornyeckas peakuus

Figure 2 The structure of morning exercise, taking into account the musical rhythm, physiological response, time
interval and optimized physical exercises from modern fitness areas
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Thus, a certain musical model and optimized mo-
tor activity is expressed in an adequate physiological
response and repeatability of students.

Conclusions

The results of our research allow us to draw the
following conclusions:

1. The undulation of the physiological re-
sponse of the cardiovascular system fully duplicates the
musical model embedded in the structure of morning
exercise

2. Reproduction and visualization of the music
model, as well as optimization of physical exercises
from modern fitness areas developed in the course of
the study contributes to improving the quality of the
health process in the children's camp
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Abstract

Results of the cytological analysis of a meiosis metaphase | at a full series of monosomal lines of soft spring

wheat variety Milturum 553 are presented in this article. On the basis of the conducted researches it was established
that conjugation of chromosomes has the polygenic control system where entering genes stimulators and inhibitors,
genes with autonomous functional activity and genes with the interfaced action type. Existence of the genes having
identical efficiency in double and one doses is revealed. Besides, reasons for variation from control were deter-
mined for the analyzed traits of sisterly disomik.

AHHOTAIUSA

B manHO# cTaTbe MpenCcTaBICHBI Pe3yIbTaThl MUTOIOTHIECKOTO aHamu3a MeTtadassl | Meiio3a y momHoi ce-
pHH MOHOCOMHBIX JINHHUI COPTa SIPOBOM MSTKO# mieHuibl Munbtypym 553. Ha ocHOBaHUM POBEICHHBIX UCCTIe-
,IIOBaHI/II‘/JI YCTAHOBJIEHO, YTO KOHBIOTAIIAA XPOMOCOM UMEET MOJUTCHHYIO CUCTEMY KOHTPOJIA, Kyaa BXOOAT I'€HBI
CTUMYJIATOPBI U I/IHFI/I6I/ITOpBI, reHbl C aBTOHOMHOM (byHKHI/IOHaHI)HOf/’I AKTUBHOCTBIO U T'C€HBI C COITPAKECHHBIM THU-
MOM JICHCTBUS. BBISIBIICHO HAMYKE T€HOB, 00IaJarOIINX OINHAKOBOM 3()()eKTUBHOCTHIO B TBOMHOM U OJJHOM [10-
3ax. KpOMe TOrO, OBLITH OIIPEACIICHBI IPUYUHBI OTKIIOHCHUA OT KOHTPOJIA IO aHAJIM3UPYCMBIM ITPpU3HAKaM CCCT-
PUHCKHUX NTUCOMUKOB.

Keywords: soft wheat, monosomal lines, meiosis, chromosomes, genes.
KiroueBble ciioBa: Markas NIMEHNUIa, MOHOCOMHBIC JIMHUH, MeﬁOB, XPOMOCOMBI, I'CHBI.

Mirkas mmennna Triticum aestivum L. sBisercs
AJUIONeKCAIIONI0M M BKIIIOYAET B ce0s1 TPU IeHoMa: A,
B, D, npuHayiexaIinM pa3sHsIM BHIaM poaoB Triticum
Aegilops [1-3]. B cocTaB Ka)1oro reHoMa BXOIUT 110 7
xpomocoM (2n = 14). Ha ocHOBaHHHU IPOBEIEHHOIO
HYJUIMCOMHO-TETPACOMHOI0 aHajin3a ObLIO YCTaHOB-
JICHO, 4YTO IIO Tpl/l Hapbl XpOMOCOM, l'lpI/lHaIlﬂe)KaH_lI/lM

pa3HBIM TeHOMaM, 00JIaIal0T CXOTHBIM COAEpKaHHUEM
TeHETHYECKOW HH()OPMAITNH U SBIIIOTCS TOMEOJIOTaMU
[4]. Tocme sTOTO Kakmast XpOMOCOMa IOJTyUYHIa JBOM-
Hoe 00o3HaueHue, riue nudpa ykasblBaeT Ha MPHUHAJ-
JIEKHOCTb €€ K KOHKPETHOM MOMEJIOrM4HOM IpyIIe, a
OykBa — K reHOMy. B pe3ynprare Takoii Hymepamuu
KaxJast U3 7 TOMEOJIOTMYHBIX TPYII BKJIIOYAET 10 TPU
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xpomocomer: 1A, 1B, 1D (rpymma 1), 2A, 2B, 2D
(rpymma 2), 3A, 3B, 3D (rpymma 3) u T.1. 10 7.

XpOMOCOMBI, MPUHAUIeKAIINE K pa3HbIM I'€HO-
MaM, HO BXOZAIIME B OJHY I'OMEOJIOTHYHYIO I'PYIILY,
crocoOHbI B poaze Meiio3a KOHBIOTUPOBATH MEXKIY
co0oii, 00pasyst MyJIbTHBaNEHTHL. B Hacrosiee Bpems
YCTaHOBJICHO, YTO IIPOLECC AMIUIOMIU3ALUH aJuIoIo-
JMIUTOMIHBIX HIIEHUI] 00eCIIeYNBaCTCsl CIIOKHBIM T'e-
HETUYECKUM KOMILIEKCOM, B 00IIeil COBOKYITHOCTH KO-
TOpOro ompenessomas QyHKIHsI OTBOIUTCS XPOMO-
come 5B [5-6]. Jlokyc, OTBETCTBEHHBIN 3a JAHHBIN
MpOIlecC Yy aJIOTeKCAIUIONAHON MINEHUIIB, OBIT 000-
3naued cumBosioM Ph (Pairing homeology) u nokaiu-
30BaH B JUTHHHOM IUiede 5B xpomocomsrl [7]. B oTHO-
HICHHH MEXaHHU3Ma JICHCTBUS 5TOrO TeHa CYIIECTBYIOT
TUTIOTE3bI, KOTOPBIC OTHOCATCA B OCHOBHOM K IBYM Ka-
teropusim [8-10]. 1) Jlokyc Ph (Phl) nmeiictByer Ha
NpeAMEHOTHYECKUX CTaHsX, YIPABISIS MPEeIMEHOTH-
YEeCKUM BBIPABHUBAHHEM FOMOJIOTOB U TOMEOJIOTOB. 2)
Jlokyc Ph (Phl) Bkitouaercs B ucnpaBieHHE FOMEOIIO-
THYECKOT0 CHHAIICHCA W IIOJAaBJICHHE KPOCCHHTOBEpa
MEKTy TOMEOJIOTaMH.

Kpome Ph-mokyca xpomocomsr 5B y MsITKo# Tiiiie-
HHIBI OOHApyKEHO HaJM4He elle ABYX CYIPecCOpOoB
TOMEOJIOTUYHOW KOHBIOTAINH, PaclONIOKEHHBIX B KO-
poTkoMm tuiede xpomocoM 3A u 3D [11-14]. ITocne mo-
Jy4eHHs PELECCUBHBIX (OpM U J10Ka3aTeIbCTBA MOHO-
TeHHOCTH WHTHOMPYIOIIUX CBOUCTB XpoMocomsl 3D,
JI0Kyc ee Obu1 0003HaueH cumBosioMm Ph2 [15-16]. Co-
OTBETCTBEHHO, WACHTUYHBIH T'eH 5B XpoMocomBbl cTan
uMmeHoBaThes kak Phl [16].

W3 nonynsiuuy pacTeHU MSTKOW MIIEHUIBI BbI-
JIeTIeH TPEeTHH T'eH, YMEHBIIAIOMNI KOHBIOTAIHIO T0-
meosoros, Ph3 [17]. Ero mpoucxoskaeHne CBSI3bIBAIOT
CO CHOHTAHHOM MyTalued I'eHa, pacloJIOKEHHOro B
JUTMHHOM Tutede xpoMocomsl 5D. ITo cBomM xapaxTe-
PHCTHKaM OH MEHee aKTHBEH, YeM IperoaraemMas ro-
measuiens Phl. Hamunure reHoB-cynpeccopoB roMeosio-
TMYHOTO CIIAPUBaHHS XPOMOCOM OOHAPYKEHO TAKKe B
KOpOTKOM miede xpomocombl 3B [18], B miuHHOM
mwieye xpomocomsl 2D [19] u B xpomocome 2A [20].
Kpome Toro, B IuTepaTypHBIX HICTOYHUKAX €CTh CBEJIC-
HHUS O HAINYUH MHHOPHBIX CYNPECCOPOB B JJIMHHOM
mede xpomocoM 3A, 3D u B xpomocome 4D [21-22].

OnHako perynsys MeHOTHYECKUX POLIECCOB HE
OTPaHUYMBACTCSI TOJIBKO CYNPECCHPYIOINMHU (DaKTo-
pamu. ITo pe3yspraTaM DUTOT€HETHYECKUX UCCIIEI0BA-
HHMH MsTKas IMIIeHnIa 00J1agaeT CHCTEMOM I'€HOB, NMe-
IOIIEH TPOTHBOIIONIOKHOE JICHCTBUE HAa MOMAapHOE Cra-
pHBaHHE TOMOJIOTOB M TIOMEOJIOroB. Yacto reHbl ¢
AJIBTCPHATUBHBIM IIPOABJICHUEM OKa3bIBAIOTCA B O}]Hoﬁ
rpymnmne cueruieHus. Tak, KOpoTKoe IIed0 XPOMOCOMBI
5B BiusieT Ha KOHBIOTALMIO TOMEOJIOTOB B HarpasJie-
HUH, TIpoTHBONONokHOM SBL [23]. U3 BBIIEHA3BAH-
HBIX XPOMOCOM HAJW4HE I'€HOB-CTUMYJIATOPOB OOHa-
pyxeno B 3A, 3B, 3D, 2A, 2B, 2D [11, 12, 18, 19, 24-
25]. B mpenenax TeHOTHIIA MATKOW TIIIEHUIBI HAHO0-
Jiee CHIIBHBIM CTUMYIHPYIOIINM 3PQPEeKToM oOnanaer
xpomocoma 3B. OtcyTcTBHE €€ Y pacTeHHI BHI3BIBACT
HOsiBIIEHHE OOJBLIOrO KOJMYecTBa yHHBaJIEHTOB. Ilo
BeIpaxkenuto J. Cupca [22] 3B HeceT reH HOPMaIbHOTO
cunaricuca. Xpomocomsl 5D 1 5A 061amaroT ¢rmocod-

HOCTBIO CHIDKATh aCHHANTHYCCKUN d(PQEKT, BbI3BaH-
HBIM M3MeHeHneM Temiepatypsl [26-27]. Jlokyc, 06y-
CJIaBJIMBAIOIIMHA JIaHHOE CBOWCTBO ObUI 0003Ha4YeH
cumBosiom Itp — low temperature pairing [26, 28].

Takum 00pazom, NMpoBeNeHHBIH KpaTKud 0030p
HMEIOLINXCS JINTEPATypPHBIX JaHHBIX HE JaeT IOJIHOTO
NIPE/ICTaBICHUS. O CHCTEME IMTOIC€HETHYECKOro KOH-
TpOJIi KOHBIOTAlMM XPOMOCOM Y MSATKOW TIICHUIIBI.
CrnenyeT OTMETHUTD, YTO KOHBIOTAINS XPOMOCOM TIpe-
CTaBIISIET COOOH JOCTATOYHO CIOKHBIH MEHOTHIEeCKHUN
MIPOIIECC ¥ COCTOUT M3 HECKOIBbKMX 3TarnoB. K Hum ot1-
HocsiTest: 1) mpaBmIBHOE pachpeneneHie (yHKIHA
MEXAy TOMOJIOTaMH IIPH TOJIOCHOW KOOPUEHTAIUU
LIEHTPOMED; 2) TPOIECChl COMMKEHNE U PacIo3HaBa-
HUS TOMOJIOroB; 3) (opMUpOBaHHE CHHAIITOHEMAITh-
HOTO KOMILIEKca; 4) KPOCCHHTOBEP U 0Opa30BaHUE XH-
asm [29-32].

OCHOBHOW 11€bI0 TPOBOJMMBIX HCCIEIOBAHUMH
SIBJISUIOCH OIPENIENIEHHE CHCTEMBI IIUTOTCHETHIECKOTO
KOHTPOJISl KOHBIOTAI[MK XpoMocoM y Triticum aestivum
L.

3agaun MCIEJOBAaHHUS — INPOBECTH LUTOJIOTHYE-
ckuii aHanm3 mertadassl | Melo3a y HCXOTHOTO copTa
MUIEHULBI ¥ CO3aHHOM 110 HEMY ITOJIHOM CEpUU MOHO-
COMHBIX JINHUH.

Marepuai 1 MeTOIUKA HCCIeTOBAHMS

B kauecTBe 00BEKTOB HCCIIEAOBaHUS OBUIH B3STHI
COPT SAPOBOIT MATKOI mineHuIbl MuibTypym 553 1 co-
3[1aHHasl 110 HEMY TOJIHAs, UTOJIOTHYECKU UJICHTU(H-
LUPOBaHHAsl CepHsi MOHOCOMHBIX JIMHUH. 3akianka u
MIPOBE/ICHHUE OIBITA OCYIIECTBISLIACH B CTPOTO KOHTPO-
JMPYEMBIX ycHoBUsIX (Temmuna) B llmeTHe-BeceHHHN
nepuoa. IloceB cemMeHHOro MaTepHaia MPOBOIMICS B
cocynpl. [ToBTOpHOCTH UeThlpexkpartHas. [1o kaxnomy
BapuaHTy B moBTopHOCTH BhiceBanu 20 3epeH (1o 5 3e-
peH B cocyn). Cocyasl B Ipeaenax JIMHUH pacmojara-
nuck B onuH psaja (o 4 cocyna). Pager mo cremmaxy
pasMelanuch peHAOMH3UPOBAHHO.

Pactenus BeipamuBany npu 17 yacoBoM ocBere-
HUH. J[OTOTHUTENFHOE TOCBEUNBAHUE OCYIIECTBIISIIN
namnamu /IPJI®-400. B mpouecce Bereranuu ocBe-
IICHHOCTH yBenuuuBaiu ¢ 8 — 10 Teicsy mrokc (oces —
Bcxozbl) 10 12-18 Thicay jroKC (IBETEHHE — BOCKOBAs
cnenocTs). TeMnepaTypHbI UK TOJAEPKUBAICA B
HavansHbI nepuos 18/16°C, na Gosee mo3aHMX dTamax
pasutus — 22/18°C. Tlonus ocyliecTBIsICS depes
JICHB, /10 TIOJTHOTO HACHIIIIEHHSI OYBHI. BiIa>kHOCTH BO3-
Jyxa noaaepkuBanack B npeaenax 50 — 70%.

B MexdasHblil mepuoa BeIXOJ B TPYOKY — KOJIO-
LIEHHE TPOBOAMIN (PUKCALIUIO MHUKPOCTIOPOLUTOB. 115t
3TOTO C KaXJIOTO PACTEHUsI Opaiy Mo 0JHOMY KOJIOCY.
B xauectse ¢ukcaTopoB ucnonbs3oBany cmecu Heroko-
mepa [33]. LluTomoruyeckue HCCISIOBaHUS Meio3a
OCYIIECTBISUINCH HA BPEMEHHBIX JIaBJICHBIX alleTOKap-
MUHOBBIX IIpenaparax ¢ IoMoLbo Mukpockomna MbIU-
3. MuKpodOTOCHEEMKY MPOBOAMIN 110/ MUKPOCKOTIOM
MBU-11, cunabxennsiM MukpodoTtoHacagkoir MDH-
12Y4.2. Ins aHanu3a Opaid TOIBKO MEPBBIE U BTOPHIC
LBETKU HIKHEHN 4acTH Kojoca. [Ipu 3ToM B caMoOoIbI-
JICHHOM TIOTOMCTBE MOHOCOMHBIX PacT€HHH aHAIU3H-
POBaJIM KaK MOHOCOMHUKH (2n=41), TaKk U CECTPUHCKHE
JTUCcOMHKH (2n=42).
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B meradase | y ucxomHoro copra u JUCOMHOM 4a-
CTH monmyJsinuy npu yBenndenunu 20x10 ompexnemnsum
KOJIMYECTBO KJIETOK 0€3 YHHBAJIEHTOB, KJIETOK C 2 1 00-
Jiee YHUBAJICHTAMHU M KOJIMYECTBO KJIETOK C MYJIbTHBA-
JeHTaMU. Y MOHOCOMHBIX PAaCTCHHUI TaKXkKe OIpeje-
JSUTM KOJIMYECTBO KIIETOK C HaJMuMeM JByX M Oojee
JIOTIOJTHUTEIBHBIX K MOHOCOME YHUBAJICHTOB U KJIETOK
C pPa3IM4YHOro poja MysbTHBaNeHTamMu. [Ipu yBenmnye-
Huu 90x10 B KJIETKaxX BCEro aHAIM3UPYEMOro MaTepu-
aJia ONpeeNsIN KOJMYECTBO NATOYKOBUIHBIX U KOJb-
LIEBBIX OMBAJICHTOB, YHMCIIO XHWa3M Ha KJIETKY W Ha OH-
BasieHT. [Ipu 3ToM mst aHanM3a OTOMPANUCH TONBKO
KJIETKH C XOPOIIO IPOCMATPHUBAEMBIM PACIIONI0KEHHEM
xpoMocoM. [lonydeHHbIE AKCIEpUMEHTaJbHbIE NaH-
HBIE TOJBEPTAINCH CTATHCTHYECKUM MeETO/aM aHa-
nu3a, pa3pabOTaHHBIX AJISl KAUEeCTBEHHBIX MPU3HAKOB
[34].

Pe3yabTaThl HccleJOBAHUSA U UX 00Cy:KIeHHe.

B3sThIil B KauecTBe 00BEKTa UCCIICAOBAHUS COPT
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SIpOBOW MSITKOM mireHuisl MuibTypym 553 xapakre-
pusyercss cTabWIIBHBIM TMPOXOXKACHHEeM Meitoza. Ha
craguu Metadasbl | MUKpOCTIOPOLIUTHI UMEJIH B OCHOB-
HOM 21 OuBajeHT ¢ mpeobiagaHueM KoHpurypaumi
3aKkpbIToro Tumna. Hanudyue yHuBaneHToB B MeTadas-
HBIX KJIETKaX oTMevaock ¢ yactoToit 1,08%. Kommye-
CTBO MAJIOYKOBUHBIX OMBAIEHTOB HAa KJIETKY COCTa-
Bwio 0,78, a uncio xua3m Ha ouBaeHT — 1,998. Kpome
OMBAJIEHTHBIX ACCOIMAIMHA XPOMOCOM HAOIIOIAUCH U
TeTpaBajeHThl. J{0JIs KIIETOK ¢ Mog00Horo poaa obpa-
30BaHUSAMH B 00IEM 00beMe M3Y4YEHHOTO MaTepuana
He nipesbirano 1% (0,93 %).

AHanmM3 MHKpPOCIOPOLUTOB Y MOHOCOMHBIX pac-
TEHU# nokasa, uto B Metadase | Meiiosa npeobianaiu
KJIETKU C HOPMaJIbHBIM CHHAIICUCOM XPOMOCOM, UMEI0-
IMe XapaKTepHBIC IS HUX KOH(UTYPAIIUH, COCTOS-
e u3 20 6uBaneHToB u 1 yHuBanenra (puc. 1, a). Oa-
HAKO B PsIJie CIIy4acB HAOIIOIANCH KICTKU C TPEMS U
Oosee yauBajgeHTamu (puc. 1, 0), a Takke — ¢ MyJIbTH-
BajieHTamH (puc. 1, B, T).

2

Pucynor 1 Kongueypayus xpomocom 6 memaghaze | metioza y monocomuvix pacmenuti Munomypym 553:
a-20»+1,0-19»+ 36— 18+ Iy» + 1", 2— 19» + 1»'; cmpenxkamu ykazanuvl yHusarewmel (a, 0, ), mem-
pasanenm (8), mpusanenm (2). Y. 90x10.

IlpoBeneHHbI IIUTOJOTHYECKUNA aHalu3 MeTa-
(azpl | y ceput MOHOCOMHBIX JIMTHHUHN TIOKa3ajl, 9TO OT-
KJIOHEHHsI OT UCXOJHOTO COpTa (KOHTPOJIb) IO aHAIH-
3UPYEMbIM MPH3HAKAM HAOJII0AI0OCh HE TOJBKO Y MO-
HOCOMHOW YacTH TOIYJISAIUA, HO U Y CECTPUHCKUX

nucoMUKOB. Eciin maHHOE SBIEHHE Y MOHOCOMHBIX
pacteHuil 00BSICHASTCS NCKIIFOYSHUEM 13 TeHOTHIIA Ya-
CTH TeHETHYeCKOW MH(pOpMAIIUU, TO COXpaHeHHE 3¢-
(ekTa MOHOCOMHHM TP BOCCTAHOBJICHHH JIBOHHOMN
JI03bI XPOMOCOM TPEOOBAJIO CBOETO 00BSICHEHUS.
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Jnst BBISICHEHMS IIPUYMH, 00YCIaBIMBAIOIIUX OT-
KJIOHEHHE JUCOMHBIX PACTECHUH OT PEKYPPEHTHOTO PO-
JUTEINISl U UX pa3lInuus Mexay coOol 1o reHOTUIHYe-
CKOMY IIPOSIBJICHUI0 MEHOTHUYECKHX INPHU3HAKOB, OBLI
IIPOBEJIEH CIELUANIbHBIN OnbIT. [0 psily MOHOCOMHBIX

JIUHUK OBUTH 0TOOPaHBI CECTPUHCKUE AUCOMHUKH U IIPH
CTPOTOH MU30JIALIMY ITOTYYSHO TIOTOMCTBO TPEX ITOKOJIe-
HUA. Pe3ynbTaThl LUTOJIOTMYECKOTO aHainM3a MeTa-
¢assl | meiio3a 1Byx Takux HabopoB (4A u 3B) npen-
CTaBJIeHbI B Tabauue 1.

Tabu. 1

Hpouecc CTA0OMIM3ANH MeTa(l)aSbl | Meii03a B MOTOMCTBE CAaMOONbLIEHHBIX CECTPUHCKHUX TUCOMHUKOB

AHan3upyeMsblil IpU3HAK Xpomocoma | Monocomuk | Cecrpunckuit | CamoomnsutienHoe notromctBo | Copt
JIMCOMHUK CECTPUHCKHX IHCOMHKOB M
1 [ 2 ] 3 553
|. YactoTa 00pa3oBaHus KJIETOK C aCHHAIITUYECKUMH XPOMOCOMaMHU
1. KonndecTBO M3y4eHHBIX Kie- | 4A 1119 489 512
TOK 3B 1154 370 1376 1196 1613 1392
KonnuectBo knerox ¢ yHuBa- | 4A 3,13*** 2,86** 0,78
neHTamu, % 3B 4,68*** 5,95%** 4,08*** 2,29 | 174 1,08
1. YactoTa 00pa3oBaHus NaJOYKOBUIAHBIX OMBAJICHTOB U XHA3M
KommdecTBo M3y4eHHBIX KIETOK | 4A 272 102 112
3B 265 102 202 187 150 161
KonnuectBo  maslouKOBUOHBIX | 4A 6,35%** 6,43*** 3,33
OMBAJICHTOB Ha KICTKY, % 3B 7,40%** 7,76*** 4,76* 4,48 3,33 3,71
3. Yucno xua3m Ha OMBaJICHT 4A 1,97** 1,97* 2,10%**
3B 1,99 1,97** 2,01 2,01 2,03** | 2,00

OtkioHenus ot copra Munbsrypym 553 mocrosepnst npu: *P = 0,05 — 0,01; **P = 0,01 — 0,001; ***P <

0,001.

Kak BumHO U3 Tabmwmb! 1, mpu moovyepeHoM Hc-
KITIOYCHNH U3 TeHoTHIa XpoMocoM 4 A u 3B, Habmona-
JIOCh JOCTOBEPHOE YBEIWYCHHE KOJIUYECTBA KIIETOK C
IBYMs B OoJiee JOMOTHUTEIBHBIX K MOHOCOME YHUBA-
JIEHTOB (KJIETOK C aCHHANTHYECKUMH XPOMOCOMAaMH),
KOJINYECTBA MAJOYKOBUIHBIX OMBAJICHTOB Ha KICTKY U
CHIDKEHHME YHClia Xha3M Ha OuBajeHT. [Ipu 3tom 3¢-
(heKT MOHOCOMHUH MOJTHOCTHIO COXPAHSIICS ITPHU BOCCTA-
HOBJICHUU JBOMHON 03Bl XPOMOCOM Yy CECTPHHCKHUX
JIMCOMUKOB. BO3BpaT reHoTuna K KCXOJAHOMY COCTOSI-
HUIO HAOJIOAJICS IO XpoMOocoMa 4A yike B TIEPBOM ca-
MOOIIBUIEHHOM IMOTOMCTBE CECTPUHCKHUX AUCOMHUKOB, a
1o xpomocome 3B — Bo BTOPOM U TPETbEM MOKOJIEHUSIX
(tadm. 1).

Kaxk yxe oTmMeuanocs paHee, KOHBIOTAINS XPOMO-
COM SIBJISIETCA JOCTATOYHO CIOKHBIM MEHOTHYECKHUM
TIPOIIECCOM W BKJIFOYAeT B ceOst psix 3Tanos. [loaTomy
€CTh OCHOBAHHUS CUUTATh, YTO JAHHBIN MPOIECC UMEET
TIOJIMTEHHYIO0 CUCTEMY KOHTpoJiA. B ciydae uckmode-
HUS M3 TCHOTHIIA YaCTH ICHETHYCCKOW HH(pOpMAaIuu
MIPOUCXOUT MEPeorpe/ieIeHNe TeHETUIECKUX CBA3EH,

JUTSL BOCCTAaHOBJICHUS KOTOPBIX, B psizie CiTydaeB, TpeOy-
€TCs HECKOJIBKO MEHOTHYECKHUX ITUKIJIOB. TakuM o0Opa-
30M, U3y4EeHHE MEHOTHYECKUX IPH3HAKOB Y MOHOCOM-
HOM 9aCTH MOy U CECTPUHCKHUX AUCOMHKOB 103~
BOJISIET HE TOJIBKO JAOTIOIHUTENBHO BBISIBIATh HATHINE
T€HOB, HO M yCTaHABJIMBATh XapakTep HX NEHCTBHSI U
B3aUMOJIEICTBUS.

[To pe3ynbTaraM NpOBEACHHBIX HCCIICIOBAHHUN
OOJIBIIMHCTBO MOHOCOMHBIX JINHUI MIMEJH TOT %K€ ypo-
BEHb 00pa30BaHMsI MYJbTHBAJICHTOB (TETPABaJICHTOB),
YTO M UCXOJHBIA copT. VckitoueHue COCTaBMIM JIH-
HUH, MOHOCOMHBIE 110 XpoMocoMmam 2A, 1B, 3B, 2D u
7D (tabn. 2). IIpu 3TOM OTCYTCTBHE OJHOW J03BI XPO-
MocoMbl 1B u 3B BbI3Bano 10CTOBEpHOE YBENHUYEHHE
4aCTOTHI 00pa30BaHUSI TETPABAICHTOB, YTO CBUJICTENb-
CTBYET O HAJIMYMH B HAX T€HOB, CIIOCOOCTBYIOIINX I0-
JIABJICHUIO CHHATICHCA TOMEOJIOT0B. B ciywae remusu-
TOTHOT'O COCTOSIHUS XpoMocoMbI /D Habromanocs 11o-
CTOBEPHOE CHIDKEHHUE JIONU KJIETOK C TETPaBaICHTAMH,
a 2A u 2D — XpoMOCOMHBIE accolualuy MOA00HOTO
pona B MeTadase | He HaOIFOATHCE.

Tabnuua 2

O0pa3oBaHue MyJIbTHBAJEHTOB B MeTagda3se | Meiio3a y MOHOCOMHKOB M CECTPHMHCKHUX AUCOMHKOB
M0 KKPUTHYECKHM» XpomMocoMaM copTa MuabTypym 553

XpomMocoma MoHocoMuk CecTpHUHCKUI TUCOMUK
KomuuectBo [IpOLIEHT KJIETOK ¢ KommuectBo Krnerok ¢ terpasa-
M3YYECHHBIX KJIE- | TETpaBaJIEHTAMH | TPUBAJEHTAMM | M3YYCHHBIX KJ€- nenramu, %
TOK TOK
2A 1312 0,00£0,00%** 0,08+0,08 861 1,16+0,36
6A 1464 0,75+0,22 0,07+0,07 681 0,00+0,00%*
1B 1427 2,454+0,41** 646 1,39+0,46
3B 1154 1,99+0,41%* 370 0,54+0,38
2D 1344 0,00£0,00%** 0,82+0,25 816 0,61+0,27
7D 1175 0,26+0,15%* 0,08+0,08 486 1,03+0,46
MS553 1392 0,93+0,26 1392 0,93+0,26

[Ipumeganne. JlocTOBEpHO OTIIMYAIOTCS OT HexoaHoro copTa mpu: *P <0.05—0.01; **P <0.01-0.001; ***p

=0.001.
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VY pacrenuii, MOHOCOMHBIX 1O xpomocome 2D,
MIPUMEPHO C TOM K€ YaCTOTOM BMECTO TETPaBaJI€HTOB
dhopmupoBanuch TpuBaneHTsl (puc. 1, r). Ux nanuuue
B €IMHUYHBIX KIJIETKaX TaKke OTMEYaJIoCh Y MOHOCO-
MHUKOB 2A, 6A u 7D. IIpaktuuecku Bo Bcex Cirydasix B
00pa30oBaHUM TPHUBAIECHTOB IPUHMMAJA YYacTHE aHa-
m3upyemasi xpomocoma. Cpean CecTpUHCKHX JHCO-
MHKOB JIOCTOBEPHOE OTKJIOHEHHE ITOJIYYE€HO TOJIEKO TI0
6A xpoMocoMe, I/ie KIETKH C MyJIbTHBAJICHTaMH HE 00-
Hapy>KEeHBI.

[Ipr muronornyeckod MAECHTU(HUKALUE XPOMO-
COM, YYaCTBYIOIIUX B 0Opa30BaHMUU MYJIBTHBAIECHTOB
UCTIONIB3YIOTCSI 1B OCHOBHBIX ITOKA3aTENsI. DTO CHIXKE-
HHE JIOJIU KJIETOK C TEeTpaBaJICHTaMH, BIUIOTh JI0 MOJ-
HOT'O UX OTCYTCTBUSI IIPH HCKITFOUEHUH M3 T€HOTHIIA O1-
HOW J103BI “KPUTHYECKON” XPOMOCOMBI M y4acTHE MO-
HOCOMBI B ()OPMHUPOBAaHHH TPHUBAJICHTOB. Mcxonms u3
JTAHHOTO TIOJIOXKEHUSI, @ TAKXKE Pe3yIbTaTOB IIPOBEICH-
HBIX HCCeqoBaHuii (Tabi. 2), eCTh OCHOBAHHS CUH-
TaTh, YTO 0Opa30BaHNE TETPABAIEHTOB Y MIIbTypyM
553 00ycnoBICHO B OCHOBHOM CHHAIICHCOM JIBYX Tap
TOMEOJIOTHYHBIX XpoMocoM: 2A u 2D. Habmogaemere
MEXKAYy HUMH Pa3IU4Ms TI0 YacTOTE BCTPEYAEMOCTH Y
MOHOCOMHKOB MeTa(ha3HBIX KJIETOK C TPUBAJICHTAMH,
OYEBHHO, CBSA3aHBI C TIPOSIBIICHUEM UX HEaJEeKBATHOMN
poK B JaHHOM miporiecce. B3siB 3a 0CHOBY 3TH Moka3a-
TEJIN, MOXKHO MPEIIIOJIOKHTh, YTO BEPOSITHOCTH CHHAII-
cHca BBIIIEYKa3aHHBIX T'OMEOJIOTOB B OOJBIIEH CTe-
MIeHU ompeesieTcs XxpoMocomoit 2D, yem 2A.

Heckonbko HeoObI4HO TIpOsIBUIICS 3Q(EKT MOHO-
coMuu 1o xpomocome 6A. Ee reMU3UroTHOE COCTOS-
HHE HE OKa3alo CYIIECTBEHHOTO BIMSHHS Ha 4acTOTY
(opmupoBanus TerpaBaneHTOB. OHAKO y CECTPHUH-
CKHX JVCOMHKOB HAJH4YHE MOJOOHOTO POAa XPOMO-
COMHBIX (opmupoBaHUil B MeTadaze | He HabmIOma-
7ock (tabu. 2). [lo MaHHBIM JTATEPATYPHBIX MCTOYHH-
koB [10, 35], B 6A XxpomocoMme y copTa IMIIEHHUIIBI
Kaixian-Luohanmai 6sut BeisiBen ren ph (phKL), ko-
TOPBIii, IO MHEHHUIO aBTOPOB, YCUIIUBAET CUHAIICHC Yy~
JKEPOAHBIX XpoMocoM. OJTHAKO Pe3yJIbTaThl IPOBEICH-
HBIX HAMH HCCIIEIOBaHUI CBUJICTEIBCTBYIOT O TOM, YTO
JeiicTBre XpoMocoMbl 6A copta MunbTypym 553 Mo-
JKeT OBITh CBSI3aHO TOJIBKO C HAJIMYMEM B HEl IeHa UH-
rHOMTOpa CHHAIICHCAa TOMEOoJIoroB. B naHHOM citydae y
CECTPUHCKHX IMCOMHKOB cpaboTall cBOero pona 3¢-
(heKT cBepXx/103bl, KOTIa TEHOTHIT CBOEH KOMIIEHCATOP-
HOHM CITIOCOOHOCTBIO HE CMOT Cpa3y OTpearupoBaTh Ha

MOSIBJICHHE BTOPOH O3B XpPOMOCOMEI 6A. B ciiokuB-
LIEHCST CUTyallud OBUIM TOJHOCTBIO HCKIIFOUCHBI BCE
BO3MOXKHOCTH (DPOPMHUPOBAHUs TETPABAIECHTOB y aHa-
JIM3UPYEMOTO T€HOTHIIA.

[To maHHBIM LUTOJIOTMYECKUX HAOIIOAEHHH, Xa-
paKkTep CHHAICHca XpOMOCOM Y MOHOCOMHBIX pacTe-
HUH ONpenesuicsl HEe TOJBKO HaMYMeM WM OTCYT-
CTBHEM MYJIbTUBAJICHTOB, HO U YaCTOTOH 0Opa3oBaHus
JIOTIOTHATEIBHBIX K MOHOCOME YHHBAJIEHTOB (PUCYHOK
1, 6). Ux mammame Morio OBITh 00YCIOBICHO KaK OT-
CYTCTBHEM CHHAIICHCa XPOMOCOM (ACHHAIICHC), TaK U
MIPeXAEBPEMEHHBIM paciajoM OMBaJICHTOB B mpodase
Melo3a (aecuHaricuc). B ¢Bs3u ¢ TeM, 4TO METOIKa
MIPOBOIUMBIX HCCIIEOBAHUIT HE IO3BOJISIET UIICHTU(H-
LIUPOBaTh MPHPOAY HUX IMPOHMCXOXKACHHS, LENeco00-
pa3Ho, UCXO/s U3 JAHHOTO OIPEEJICHUs JIBYM BBIIIIe-
yKa3aHHBIM siBIeHUSAM [36-37] 1 mosb3ysich peKOMeH-
nanusmu R.K. Soost [38] orpanuuntcs B nanbHeiiem
TIOHSITHEM acHHaIcuca, 0e3 ero AeTali3anum.

JlocToBepHOE OTKJIOHEHHE OT MCXOAHOTO COpTa
(KOHTPOJIB) MO TAaHHOMY ITOKa3aTeNio OBUIO MOTYyYeHO
B OJMHHAANATH CIIydasx u3 21 Bo3MoxkHOTO (Tabmuma
3).

CornacHO pe3ynbpTaTaM IMPOBEINEHHBIX HCCIENO-
BaHHI OTCYTCTBHE OJIHOM J103bI XpoMocom 1B, 2B, 2D,
3A,3B,4A,4B, 4D u 7A y cepu MOHOCOMHBIX JIMHUAN
BBI3BAJIO YBEJIMUEHHE KOJIMYECTBA KJIETOK C aCUHAIITH-
YECKUMH XpOMOCOMaMH. MaremMaTHuecku JoKazye-
MBIH OTPUIATENBHBIA 3PPEKT MO JaHHOMY NPU3HAKY
MPOSIBWICS TOJBKO IIPU TEMU3UTOTHOM COCTOSHUH
xpomocoMbl 5D. HanGosbIiree KoIMYeCTBO KIETOK C
HapyUICHUsIMHA CHHAIICHCa HAOII0aoch Y PacTeHUMH,
MOHOCOMHBIX 10 xpomocomam 3A (5,12%) u 3B
(4,68%), a maumensinee — 1A (0,40%) u 5D (0,41%).
ITo ycpenHeHHBIM TaHHBIM YPOBEHb ACHHAIICHCA Y MO-
HOCOMHKOB TIPEBbIIIAN HCXOAHBIH copT Ha 1,07%.

W3yyenune meradasbl | Meiio3a MUKPOCTIOPOLIUTOB
CECTPHHCKHX JAUCOMUKOB (2N=42) Takke BBIABHIO HX
HEOJHOPOAHOCTH IO TPOSIBICHHIO PACCMaTPHUBAEMOTO
npusHaka (tabn. 3). JlocToBepHOE OTKIOHEHHUE OT pe-
KypPpPEHTHOTO POJAWTENS JIOKAa3aHO IO CEMH JIMHUSIM.
[Mpuuewm B msitu ciayyasx (3A, 4A, 3B, 2D u 4D) y cect-
PHHCKMX THCOMHKOB HAOJIONANIOCh COXpaHEHHE 3¢-
(heKTa MOHOCOMHH, a B OCTAJIBHBIX IBYX ciydasx (5B
1 6B) cymecTBeHHOCTD pasIuuui MEXAY TUCOMHBIMU
pacTCHUSAMH ¥ KOHTPOJIEM OBUIO MOITYYEHO MPH OTCYT-
CTBHMHM TaKOBOTO JJI1 MOHOCOMHOMW YacTH TMOIYJISIIIHH.
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Tabmuna 3

Kowprorarms xpoMocom B MeTadase | Meiioza MUKPOCITOPOIIUTOB MOHOCOMHBIX U THCOMHBIX PACTEHHI COpTa
nmeHu Bl Muibtypym 553

Jlunus, Mo- MOHOCOMHK CeCTpUHCKHUI THUCOMHK +3¢dekr BoccTa-
HOCOMHAsl IO | KOJMYECTBO | KIIETOK C JOMOJHHM- | KOJUYECTBO | KIJIETOK C YHH- HOBJIEHUS JIBOH-
XpomMocome HN3YCHHBIX TCJIBbHBIMU K MOHO- HU3YCHHBIX BaJICHTaAMH, % HOH J03bI XpOMO-
15meeTok, | coMe yHHBaJICHTaMH, 15neeToK, COMBI *)
T. % IT.
1A 1002 0,40+0,20 704 1,42+0,45 1,02*
2A 1312 1,75+0,36 862 1,05+0,35 -0,70
3A 1542 5,1240,56%** 538 3,3540,78%** -1,77
4A 1119 3,13+0,52%** 489 2,86+0,75** -0,27
5A 1669 1,02+0,25 718 0,97+0,37 -0,05
6A 1464 0,61+0,20 681 0,59+0,29 -0,02
7A 1295 2,93+0,47%** 387 1,29+0,57 -1,64
1B 1427 2,38+0,40** 646 1,39+0,46 -0,09
2B 626 2,88+0,67** 779 0,64+0,29 -2,24**
3B 1154 4,68+0,62%** 370 5,95+1,23%** 1,27
4B 1692 2,30+£0,36** 705 1,56+0,47 -0,74
5B 1349 0,74+0,23 539 2,60+0,69* 1,86**
6B 1023 1,08+0,32 586 2,39+0,63* 1,31*
7B 1069 1,78+0,40 473 1,69+0,59 -0,09
1D 1264 1,34+0,32 443 0,45+0,32 -0,89
2D 1344 4,61£0,57*** 816 2,33+0,53* -2,28*
3D 1148 1,74+0,39 442 2,04+0,67 0,30
4D 847 2,60+£0,55** 506 2,96+0,75** 0,36
5D 1228 0,41+0,18* 514 2,14+0,64 1,73**
6D 1210 1,82+0,38 439 1,37+0,55 -0,45
7D 1175 1,62+0,37 486 2,26+0,67 0,64
X cp. 25959 2,15+0,09** 12112 1,84+0,12* -0,31
M 553 1392 1,08+0,28 1392 1,08+0,28

Pasmuuns nocrosepust npu: *P = 0,05-0,01; **P = 0,01-0,001; ***P < 0,001.
*) 3nech u ganee 3hGeKT BOCCTAHOBICHHS ABOWHOMN 10361 XPOMOCOMBI OMPEICIISIICS [0 PA3HOCTH BBIPAKEH-
HOCTH NPU3HAKA Y MOHOCOMHKOB M CECTPUHCKUX JIHCOMHUKOB.

ITo xpomocomam 7A, 1B, 2B, 4B u 5D, rae yrpata
OJIHOM J103bl KaX/10M U3 HUX NPUBOAMIIA K 3aMETHOMY
OTKJIOHEHUIO TIPOSIBIICHHSI aHATM3UPYEMOTO TIPHU3HAKA,
CCCTPUHCKUE JUCOMHKH NMPAKTUYCCKHU HE OTINYAINCH
OT CBOETO PEKYPPEHTHOTO POAUTEIIS.

CBoe0o0Opa3Hoe BIUSHIE Ha KOHBIOTAIIHIO TOMOJIO-
THUYHBIX Map oKa3ana XxpoMocoMma | A, MOCKOJIBKY OHO
BBISIBIISIOCH 110 PAa3HOCTH YaCTOTHI 0Opa30BaHUsS Kie-
TOK C JIOTIOJHHUTEIEHBIMUA YHUBAJICHTAMHA Y MOHOCOM-
HBbIX U IMCOMHBIX PacTeHUU JAaHHOHN NuHUMU. B nemom
JKe MTOKa3aTelh ACHHATICUCA JITIS] CECTPUHCKUX TUCOMHU-
KOB OKa3aJICsl HIDKE, 9eM Y MOHOCOMHKOB, HO JTOCTO-
BEpPHO BBIIIIE, Y€M y UCXOAHOTO copTa Munbtypym 553
u cocrasui 1,84%.

MonocomHsple pacterus B Meradasze | meiiosza
(hopMHUpOBAJIH B OCHOBHOM KOJIbIIEBbIC OHBAJICHTHI.
OpnHako B 00IIIei COBOKYITHOCTH XPOMOCOMHBIX acco-
[Uanui HaOJOIATUCh U OMBAJICHTHI MAJIOYKOBHUTHON
dopmbl (Tabn. 4). X KONMHUYECTBO Ha KIETKY C HOP-
MaJlbHOM KoHBIOTaImedl xpomocom (20” + 1") B cpen-
HeM 110 cepuu coctamio 1,08, uro okazamock Ha 0,30

Gosbllre, 4eM y peKyppeHTHOTO poauTenss MuIbTypym
553.

ITo maHHBIM TIpeICTaBIEHHBIM B Ta0wIle 4, KO-
YECTBO INMAJIOYKOBUIHBIX 6I/IBaJ'leHTOB BapbUpPOBAJIO T10
muausm ot 0,78 (1A) no 1,57 (2D). bauskue mo 3ua-
YCHUIO C NICPBBIM ITOKA3aTCJIEM MMEJIU PACTCHUA, MO-
HOCOMHEIE 10 XpoMocomaMm 1D, 5D u 7D, co BTopsIM —
3Bud4D.

ITo pesynabpraTam IpOBENECHHOIO MaTeMaTH4e-
CKOTO aHaJIN3a CYIIECTBCHHOCTD PA3IMUUH MEXTy MO-
HOCOMHBIMH PAacTCHUSIMH M MCXOJIHBIM COPTOM ObLIa
JI0Ka3aHa Mo IIATH XpoMocoMaM reHoMma A (Bce, Kpome
1A u 6A), mectn xpomocoMaM reHoma B (Bce, kpome
5B) u Tpem xpomocomam reroma D (2D, 4D, 6D). ITpu-
YEeM BO BCEX ITHX CIIydasix JIOJIs MAIOYKOBHIHBIX OW-
BAJICHTOB B MeTa(bEBHBIX KIJIETKaxX MNpeBbIIIajia aHalo-
THYHBIH TTOKa3aTelb y KOHTPOus (Tabi. 4).

ITo wacToTe 0Opa30BaHuUs MATOYKOBUIHBIX OWBa-
JICHTOB HE COOTBETCTBOBAJIM HCXOJHOMY copTy 12 nu-
HUHA CECTPUHCKHX JUCOMHKOB, TPH M3 KOTOPBIX IPH-
Hajutexat reHomy A (3A, 5SA u 6A), mecth reHomy B
(Bce, kpome 7B) u Tpu — renomy D (2D, 4D u 5D).
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Tabmuma 4

Yacrora (HOpMHUPOBaHUS TATIOYKOBUIHBIX OWBaCHTOB B MeTadase | Meiio3a y MOHOCOMHBIX pacTeHHi U CeCT-
PHHCKHX JUCOMUKOB MuibTypym 553

JIunus, mo- MoOHOCOMUK CecTpUHCKUH TUCOMUK + 3¢ dexT BoccTa-
HOCOMHAs IO | KOJIMYECTBO KOJIMYECTBO Ia- KOJINYECTBO KOJIMYECTBO Ia- HOBJICHUSI JBOM-
XpoMocoMe W3YYEHHBIX | JIOYKOBHIHBIX OM- | M3YYEHHBIX | JIOYKOBHUJIHBIX OU- HOH 110361
KJIETOK, IIT. BaJICHTOB Ha KJIETOK, IIT. BaJICHTOB Ha
KJIETKy, % KJIETKy, %

1A 258 3,90+0,27 144 3,62+0,34 -0,28

2A 279 5,9540,31%%* 145 3,48+0,33 -2 4T

3A 338 5,70+£0,29%** 136 5,33+0,42** -0,37

4A 272 6,35+0,33%** 102 6,43+0,53%** 0,08

5A 300 4,75+0,27* 129 4,95+0,42%* 0,20

6A 184 4,25+0,33 104 2,14+0,31%** -2,11%**

TA 215 5,70+£0,36%** 28 4,76+0,88 -0,94
I'enom A 1846 5,2540,12%%* 788 4,39+0,16 -0,86***

1B 269 5,80+0,32%%* 94 4,86+0,48%* -0,94

2B 173 6,10+0,41%** 139 4,76+0,39* -1,34*

3B 265 7,40+0,36%** 102 7,76£0,58%** 0,36

4B 302 5,80+0,30%** 141 4,71+0,39 -1,09*

5B 272 4,05+0,27 115 6,19+0,49%** 2,14***

6B 253 5,30+0,30%** 121 5,33+£0,45** 0,03

7B 236 5,30+0,33%** 109 4,05+0,41 -1,25*
I'enom B 1770 5,70£0,12%%* 821 5,38+0,17%%* -0,32

1D 290 3,95+0,26 108 4,00+0,41 0,05

2D 268 7,85+0,37%%* 110 4,81+£0,45%** -3,04***

3D 265 3,65+0,26 82 4,24+0,49 0,59

4D 275 6,95+0,34%** 110 5,9540,49%** -1,00

5D 276 3,95+0,26 126 6,38+0,48%** 2,43***

6D 264 6,35+0,34%** 85 3,86+0,46 -2,49%**

7D 264 3,9540,27 125 3,71+0,37 -0,24
I'enom D 1902 5,2540,11%%* 746 4,76+0,17** -0,49*

X cp. 5518 5,40+0,07%%* 2355 4,81+0,10%* -0,59%**
M 553 162 3,71+0,32 162 3,71+0,32

*P=0,05-0,01; **P =0,01-0,001; ***P < 0,001.

Coxpanenue 3¢p¢dexTa MOHOCOMHH (JIOCTOBEp-
HOTO OTKJIOHEHHS ITPU3HAaKa OT KOHTPOJIS, BEI3BAHHOTO
MOHOCOMHBIM COCTOSTHUEM XPOMOCOMBI) Ha0II0JalI0Ch
TIPU BOCCTAHOBIICHUH JBOIHOM O3Bl XpoMocoM: 3A,
4A, 5A, 1B, 2B, 3B, 6B,2D, u 4D. B getnipex cirygasx
(4A, 5A, 3B u 6B) maHHBII mpolecC COMPOBOXKIAICS
TeH}IeHHI/Ieﬁ K YCUIICHUIO BBIPAXKCHHOCTU XapaKTepa
OTKJIOHCHUA aHAJIU3UPYEMOI'O IIPpHU3HaKa OT €TI0 IPOsAB-
JICHHS Y KCXOHOTO COPTa, a B IBYX ciy4asx (2B u 2D)
— IOCTOBEpHOE CHIKeHue (Tadm. 4).

CylIeCTBEHHOCTh Pa3IMuUil MEXAYy CECTPHH-
CKMUMH JHCOMHKAMHU aHEYIUIOMIHBIX JUHUN 6A, 5B,
5D u pekyppeHTHBIM poauTenieM OblIa MojiydeHa npu
OTCYTCTBUHM TAKOBOTO y MX MOHOCOMHKOB. ITpnmeua-
TEJNBHO, YTO JAWCOMHBIE PAacTeHHs 1Mo 6A Xpomocome
uMmenn Ooiiee HU3KUH YPOBEHb YacTOTHI 00pa30BaHUs
MAJIOYKOBUIHBIX OMBAJICHTOB, a 10 XpoMocoMaM 5B u
5D — Goitee BeIcOKHMIA. BoccTaHoBIeHNE ABOMHOM 1035
xpomocoMm 2A, 7A, 4B, 7B u 6D conpoBoxmaiock cra-
Owin3anuell reHOTUNa B OTHOIICHUH JE€TEPMHUHUPYE-
MOT'O MU aHAJIM3UPYEMOT0 PU3HAKa.

Ilo ycpenHEHHBIM [aHHBIM, XapPaKTEPU3YHOILIUM
YHCIIO XHWa3M Ha OMBAJIEHT, MOHOCOMUKH U CECTPHH-
CKHE JIMCOMHKH INPAKTUYECKH HE OTIMYAIUCH OT HC-
X0AHOTO copTta MmibTypyM 553. OHaKo KOHKpETHOE
MPOSIBIICHHE XHMa3MOOOpPa30BaTENBLHOTO Mponecca B

3HAQUUTEIBHONW CTENEHH OIPEAEsIOCh O0COOCHHO-
CTAMH KaXIOH MOHOCOMHOH nuHUM (Tabiuna b5).
HawuGosnbliee konmuuecTBo Xxuasm Ha GusanenT (2,054)
3apETUCTPUPOBAHO TIPH T'EMU3UTOTHOM COCTOSIHUH
xpomocomsl 7B, a nanmensiiee (1,961) — xpoMocoMsI
7A. JlocTOoBepHOE OTKIOHEHHE MOHOCOMHBIX PaCTEHUI
OT PEKypPEHTHOT'0 POIUTENS OBUIO MOJIY4EHO IO TSITH
xpomocoMaM reHoma A (Bce, kpome 3A u 6A), 4eThI-
pem xpomocomam renoma B (1B, 4B, 5B, 7B) u tpem
xpomocomam reroma D (2D, 4D, 6D). [lpuuem, TonbKO
B Tpex ciyyasx (1A, 5B u 7B) addexr monocomun
TPOSIBUIICS C TIOJIOKUTEIbHBIM 3HAKOM.

Cpeny CeCTpMHCKHX JMCOMHKOB caMasi BBICOKAs
gactoTa 00pa3oBaHUS XHa3M B OWBaJICHTaX 3a(UKCH-
posana mo 6A xpomocome (2,036), a camas Hu3Kast —
mo 3B xpomocome (1,968). CyiiecTBEHHOCTh MX OT-
KJIOHEHHS OT UCXOJTHOTO COPTa M0 JaHHOMY NPU3HAKY
ObLTa MOKa3aHa B siTH ciny4asx (1A, 4A, 6A, 3B, 6B).
CecTpuHCKHE TUCOMHUKH TI0 6A XpoMocome uMenu 00-
Jlee BBICOKHE IOKa3aTelld XHa3Moo0pa3oBaTeIbHOIO
npotiecca, a mo xpomocomam 3B u 6B Gonee Huzkue,
IIPU OTCYTCTBHH HPOSIBJICHUS 10 HUM 3P eKkTa MOHO-
comun. Ero coxpanenne HaOIIONAIOCH Y JNCOMHBIX
pacTeHHi, BBIACICHHBIX M3 MOMYJISLMH MOHOCOMHBIX
muHui 1A n 4A (1abn.5). Bo3Bpar k ucxoqHomy -
COMHOMY COCTOSIHHIO XpoMocoM 2A, 5A, 7A, 1B, 4B,
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5B, 7B, 2D u 4D conpoBOKIaJICsi BOCCTAHOBICHHEM
TE€HOTHUIIA 110 YaCTOTe 00pa30BaHUs XUa3M B OUBaJieH-
Tax JI0 ypOBHs HEAOCTOBEPHOI 3HAUMMOCTU. Binsinue

XpoMocoMbl 5D Ha mposiBI€HHE TAHHOTO IPHU3HAKa

YJIABJIIMBAJIOCH JIMIIb [0 PA3HOCTH MEXIy MOHOCOMHU-

KaMH U CECTPUHCKUMHU JUCOMHKaMU (Tabir. 5)
Tabnuua 5

KoaunyecTBo xna3m Ha OuBaJjieHT B MeTada3ze | Meiio3a y MOHOCOMHBIX PACTEHHIl M CECTPHHCKHX THCOMH-
KOB COpPTa mineHunbl Muiastypym 553

JIunusd, MmoHo- MoHocoMuK CecTpUHCKUI TUCOMUK + sadpdext Boccra-
COMHas 1o U3y4eHO cpeziHee KoJu4e- n3yueHo | CpeaHee KOJMYECTBO | HOBJIEHMS JBOHHOM
XpoMocoMe KJIETOK, CTBO XMa3M Ha OM- | KIETOK, | Xua3M Ha OUBaJIeHT, JIO3BI XPOMOCOMBI

IIT. BAJICHT, IIT. IIT. IIT.
1A 258 2,013+0,009* 144 2,015+0,005* 0,002
2A 279 1,986+0,002* 145 2,01140,005 0,025***
3A 338 1,987+0,004 136 1,990+0,005 -0,003
4A 272 1,972+0,005** 102 1,975+0,008* 0,003
5A 300 1,984+0,004* 129 1,996+0,006 0,012
6A 184 1,998+0,005 104 2,036+0,008**** 0,038***
TA 215 1,961+0,005%**** 28 1,981+0,010 0,020
I'enom A 1846 1,986+0,001*** 788 2,003+0,001 0,017***
1B 269 1,978+0,004** 94 1,985 +0,007 0,007
2B 173 1,989+0,006 139 1,990+0,006 0,001
3B 265 1,987+0,005 102 1,968+0,009** -0,019
4B 302 1,982+0,002** 141 1,992+0,003 0,010
5B 272 2,015+0,004* 115 1,981+0,007 -0,034***
6B 253 2,007+0,005 121 1,980+0,006* -0,27***
7B 236 2,054+0,005*** 109 1,990+0,006 -0,064***
I'enom B 1770 2,001+0,001 821 1,984+0,0003 **** -0,017
1D 290 2,007+0,004 108 1,996+0,006 -0,011
2D 268 1,973+0,005** 110 1,995+0,007 0,022*
3D 265 2,012+0,004 82 2,004+0,007 -0,008
4D 275 1,973+0,005** 110 1,998+0,007 0,025**
5D 276 2,004+0,004 126 1,986+0,007 -0,018*
6D 264 1,969+0,005*** 85 2,015+0,007 0,046***
7D 264 2,011+0,004 125 2,011+0,005 0,000
I'enom D 1902 1,994+0,002 746 2,000+0,003 0,006
Xcp. 5518 1,990+0,002 2355 1,995+0,002 0,005
M 553 162 1,998+0,006 162 1,998+0,006

Pasmuuns nocroBepus! npu: *P = 0,05 — 0,01; **P = 0,01 — 0,001; ***P < 0,001.

Takum 06pa3om, pe3ynbTaThl MPOBEJECHHOTO IIH-
TOJIOTMYeCcKoro aHanuza meradassl | y cepuun MOHO-
COMHBIX JIMHHH ITOKa3aj, YTO HCIOJIb30BaHUE, KPOME
MOHOCOMHKOB, CECTPHHCKUX JANCOMHKOB 3HAYUTEIHLHO
pacimpseT BO3MOXKHOCTH U3yUYEHHUS! CHCTEMBI [IUTOTE-
HETHYECKOTO KOHTPOJISI KOHBIOTAIUHA XPOMOCOM B MEH-
o3e. [IpoBeieHre MOHOCOMHO-AMCOMHOTO aHAJIHU3 MO3-
BOJISIET BBIABIIATH JOTOJHHUTEIIBHBIE T€HBI, KOHTPOJIH-
pymolye TOT WIM HMHOW MEWOTHMYECKH MpHU3HAK,
YCTaHaBJIMBATh XapakTep MX ACHCTBUS U B3aUMOJEH-
ctBus (Tabn. 6). Bo3Bpar reHoTHIIA K HCXOJIHOMY CO-
CTOSIHHIO TIPY BOCCTAHOBJIEHUU IBOMHOM O3Bl XPOMO-
COM YKa3bIBaeT Ha TO, YTO JaHHas XpOMOCOMa UMEET
TeHBI C aBTOHOMHOM (PYHKITHOHAIBFHONH aKTHBHOCTBIO.
Coxpanenue xe 3pPeKTa MOHOCOMHHU Y CECTPUHCKHIX
JVICOMUKOB CBHIETEIILCTBYET O HAJIMYKMHU B aHATU3UPY-
€MOI XpOMOCOME T'€HOB C CONPSDKEHHBIM THUIIOM JeH-
CTBHSI, TaK Kak JUIl BOCCTAaHOBJICHHS T€HOTHIA B JJaH-
HOM Clly4yae TpeOyeTcsi HECKOJIIbKO MEHOTHUECKHX IIHK-
708 (Tabi1. 2).

Kax BuaHO 13 Tabuumel 6 CUHAIICHC TOMOJIOTMY-
HBIX map onpenensui 13 xpomocom. leiicreue 10-tu
XPOMOCOM OBUIO CBA3aHO C HAJIMYMEM B HUX T'€HOB CTH-
MmyssaTopoB. Ipu atom 5 xpomocom ob6iaany reHaMu
C aBTOHOMHOH (YHKIIHOHAIBHOW aKTUBHOCTBIO M 5 — C

COMPSDKEHHBIM TUNIOM jeicTBus (Tabn. 6). [elictBue
K€ OCTAJBHBIX 3 XPOMOCOM OIPEACISIOCh MPUCYT-
CTBHEM I€HOB-UHTHOUTOPOB.

B muroreHeTMyeckoM KOHTPOJIC CHHAIICHCA OT-
JIENTBHBIX TIJIEY XPOMOCOM (KOJIMYECTBO IalOYKOBHII-
HBIX OWBAJCHTOB Ha KIICTKY) MPWHUMAJO ydactue 17
xpoMmocoM. 13 Hux aeiictBue 15 xpomocom ObLIO CBS-
3aHO C NPUCYTCTBHEM TI'€HOB CTUMYJSTOPOB, a HeH-
ctBue 2 xpomocoM (5B u 5D) — ¢ mpucyTcTBHEM T'€HOB-
uHTAOUTOPOB. [1ATH XpOoMOcoM 001aay TeHAMH CTH-
MYJISITOpaMU CHHAIICHCa OTIEIBHBIX TUIEY C aBTOHOM-
HOU (pyHKIMOHATBHOM aKTUBHOCTBIO ¥ 9 TeHOB MO00-
HOTO poJia JICHCTBHUSI C CONPSDKEHHBIM THUIIOM JIeH-
CTBHSL.

Xmna3zmMo00pa3oBaTeIbHBIN IPOLECC y COpPTa IIIIe-
Ul MunsTypym 553 ompenensuin 15 xpomocom.
Cpenu Hux neiictBue 10 XxpoMocoM onpenensiock re-
HaMH{ CTUMYJIITOPaMH, JIeHiCTBHE OCTAJIBHBIX 5 XpOMO-
COM — reHaMH HHruouTopamu. B mepBoM cirydae 8 xpo-
MOCOM 00Jnajiajii reHaMH C aBTOHOMHOHM (yHKIHO-
HaJbHOW aKTMBHOCTHIO U 1 Xpomocoma (4A) — reHamu
C CONpSHKEHHBIM THUIIOM JAeHcTBUS. B orTHomeHun
HAIIPaBJICHHOCTH [EWCTBUS T'€HOB HHIHOUTOPOB, TO
3/1eCb MOKHO JIMIIb YCJIOBHO Pa3AeiIuTh XPOMOCOMBI
Ha TPM TPYIIIBL, IpeICcTaBIeHHbIE B Ta0IuLE 3.
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Tabnuna 6

CucremMa HUTOT€HETHYECKOT0 KOHTPOJISI KOHBIOTAIIMH XPOMOCOM Y COPTa SIPOBOii MATKOH MIIEHUIbI
MuabTypym 553

KonunuecTtBo
KOHTPOJIH-PY-
IOIUX  XPOMO-
coM

MeitoTudeckuit
MIPHU3HAK

M3 HuX XpoMOCOMBI C re-
HaMu

B ToMm gucie ¢

aBTOHOMHOM
(hyHKIMO-HATB-
HOM AKTHUBHO-
CTBIO

COXPaHSAIOLIUMU
CBOIO 3¢ pexTuB-
HOCTh IIPU TEMH3HU-
TOTHOM COCTOSTHAH

COTIPSDKECHHBIM
THIIOM JCHCTBUS

3A,
4A,
TA,
1B,
2B,
3B,
4B,
2D,
4D,
6D

MIPOMOTOPaMH
CuHarcuc roMosno-
THYHBIX T1ap

13

TA, 1B, 2B, 4B,
6D

3A,
2D,4D

4A, 3B,

5B,
6B,
5D

HHTHOUTOPaMH

5D 5B, 6B

2A,
3A,
4A,
5A,
6A,
TA,
1B,
2B,
3B,
4B,
6B,
7B,
2D,
4D,
6D

CuHarncuc oTaeib-
HBIX IIJIeY XPOMO-
coM

IIPOMOTOPaMHU
17

3A, 4A, 5A, 1B,
2B, 3B, 6B, 2D,
4D

2A, TA, 4B, 7B,
6D

5B,
5D

UHTHOUTOpaMU

5B, 5D 5B, 5D

2A,
4A,
SA,
6A,
TA,
1B,
4B,
2D,
4D,
6D

MIPOMOTOpPaMH

XwnazmMoo0paso-Ba-

o 15
TEJIbHBIN IPOLECC

2A, 5A, TA, 1B,

4B, 2D, 4D, 6D 6A

1A,
3B,
5B,
6B,
7B

HHTHOUTOPaMH

5B, 7B 3B, 6B
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Abstract

The article shows the harmfulness of termites to residential premises and cultural and historical monuments
in Central Asia and the use of anti termite bait against termites created by scientists of Uzbekistan.
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Among the all countries of the Central Asia, one
of the most dangerous pests is considered termites,
which induce great impairment to buildings and struc-
tures, in particular, cultural-historical memorials.

Termites are astonishingly sustainable social in-
sects, their adaptive capabilities are not only preserved,
but also improved over millions of years. From the side
of biologists of various directions, interest in the life of
termites is increasing, because termites are dangerous,
being serious pests of structures, despite their use in the
circulation of substances in nature in the conservation
and multiplication of soil fertility. At the world level,
the conducted research on termites aspire to studying
the biology, ecology and distribution of termites and
great attention is paid to the development of a scientif-
ically-based control strategy to prevent their harmful-
ness. In particular, at present, in world practice, due to
the emergence of environmental problems, it is becom-
ing increasingly difficult to conduct measurements
against termites [1].

Researches and scientists of the Zoology Institute
of the Sciences Academy of Uzbekistan are implement-
ing many scientific projects in this field, including, the
research on the development and application of effec-
tive methods to combat termites.

The Resolution of the Cabinet of Ministers “On
the Action Program for the Environmental Protection
of the Republic of Uzbekistan for 2013-2017” contrib-
utes to the further expansion of the scope and improve-
ment of the quality of work carried out in this direction.
This program clarifies a number of tasks to further im-
prove the environmental balance.

Nowadays about 3 thousand species of termites
exist — these are insects living in a hot climate, feeding
on plant debris and other cellulose-containing materi-
als, furthermore, they play an important role in ensuring
the stability of ecosystems. Large-scale development of
steppe zones in Uzbekistan has led to a change in the

biology, ecology of termites and a change in their hab-
itat.

The basic building materials are wood and clay in
Uzbekistan and termites are easily adapted to this envi-
ronment, owing to the similarity of these conditions to
their way of life. Thus, termites began to settle closer to
people, also adjacent to historical monuments and me-
morials of cultural heritage. This has led to an extension
in the destruction by termites. Therefore, the fight
against termites is one of the acute problems of science.

This is also pertinent to the Central Asian region,
owing to the drying of the Aral Sea, a great number of
environmental problems arise (drying, salinization of
soils and etc), which leads to even more unexpected and
severe conditions in these ecologically distressed re-
gions. In recent years, the harmfulness of termites has
been increasing from year to year in the regions of the
Avral Sea basin (Karakalpakstan and Khorezm region).
Scientists explain this process by means of several bio-
tic, abiotic and anthropogenic factors. Millions of kilo-
meters of soil became empty from great amount of wa-
ter, giving rise to the level of groundwater. The region’
s ecosystem is modifying, in particular, flora and fauna.

Separate termite families were first discovered in
Uzbekistan in 1875. These are Turkistan’s Ana-
canthotermes turkestanicus Jacobs, 1904 and the large
Caspian A. ahngerianus Jacobs, 1904. Land reclama-
tions led to the rise of groundwater. Ahead of them, ter-
mites rose from the underearth. Every spring, families
of tens of thousands of individual termites fly into the
air. They can flap their wings for several hours, and if
the wind also helps them, they travel tens and hundreds
of kilometers. Termites of the genus Anacanthotermes
are dry woody insects. Their favorite food is dry vege-
tation. In recent years, termites’ attack on buildings and
structures of cities and rural territories have increased
dramatically and this creates a turbulent situation in the
Central Asian republics, including Uzbekistan. [2].
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In the territories of Uzbekistan, these insects pose
a special threat on the wooden structures of historical
monuments. According to the observations of experts,
about 50 historical monuments in Khiva, about 30 thou-
sand residential buildings in other regions of the coun-
try are suffered from termites. The fight against ter-
mites began in the 50s of the last century. However, the
chemical methods used then caused serious harm to the
environment. Moreover, at that time the environmental
aspect of the problem was not taken into consideration.

The availability and abundance of food in residen-
tial buildings, some protection from abiotic and biotic
environmental factors compared with their natural hab-
itat causes the latter to migrate from their natural habi-
tat to synanthropic territories. The social way of life,
the high number, the complex relationship, the func-
tional specialization of castes in termite mounds, good
protection from external environmental factors, the
availability and abundance of food in residential build-
ings, make them able to quickly restore the population
from a negligible number of survivors after fighter
measures.

According to statistics, in recent years, more than
15 thousand residential facilities have been infected
with termites in Uzbekistan. The damage caused by

X o
Picture 1 The damage of termites to the wood structures of the mosque “Juma” in the historical complex of
Ichan-Kal’a, Khiva, Uzbekistan.

Employees of the Entomology Laboratory and the
Termite Control Center annually monitor termite infec-
tion in all regions of the Republic. Populations of Tur-
kestan and large Transcaspian termites have increased
dramatically in recent years. Termites are identified in
72 districts and cities of the republic. Cultural and his-
torical monuments, civil and industrial buildings suffer,
especially in rural areas. In the Republic of Karakalpak-
stan and ten regions of the country, termites have al-
ready caused significant damage. In the Beruni and
Khojeyli districts of Karakalpakstan, there are villages
where all houses are infected with termites. Houses col-
lapse, residents are forced to leave their homes. In
Khiva, out of 56 historical monuments, termites have

them is extremely large. Creating colonies in the build-
ing elements of residential and non-residential prem-
ises, they destroy historical monuments, industrial, hy-
draulic structures, housing stock, willingly eat paper,
cardboard, fabrics, and other cellulose-containing ma-
terials [3].

For example, inside the fortress of the historical
complex “Ichan Kal’a” in Khiva, inscribed on the
UNESCO World Heritage List, there are 56 buildings
and structures that are of great historical significance.
In the construction of most of these buildings and struc-
tures, in addition to richly decorated wooden columns,
wood materials were used. When examining the objects
of the historical complex, clay sculptures were discov-
ered, which indicated that they were infected with ter-
mites (Picture. 1)

The Science Academy has allocated funds for
basic research, which confirms the seriousness of the
problem of termite control. On the basis of the Zoology
Institute of the Science Academy of Uzbekistan, the
Decree of the Cabinet of Ministers of the Republic of
Uzbekistan No. 27, dated February 2, 2012 created the
SUE “Republican Center for the Control of Termites of
the SARU”.

undermined 31 ancient monuments. Almost all wooden
piers are infected along the highway from Beruni to Nu-
kus.

How to fight against termites? It is known that it
is possible to reduce the number of their populations
mechanically, physically or by spraying the surface
with insecticides, but these methods are not very effec-
tive and do not give the desired effect.

In 2003, the US Department of Agriculture initi-
ated a joint project with the Zoology Institute of the Sci-
ences Academy of the Republic of Uzbekistan to de-
velop a strategy to deal with termites in historical sites.
Dr. Ashok Raina, of the US Department of Agricultural
Research Service located in New Orleans, a Taiwanese
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yellow-termite specialist, was responsible person for
the project from the side of the United States of Amer-
ica.

For the first time in world practice, a laboratory
led by prof. A.Sh. Khamraeva. As a result of joint ef-
forts, in partnership with American scientists, high-tech
technologies based on local resources were developed
that are being successfully implemented in the field of
protection of residential premises, cultural heritage
monuments, buildings and structures [4].

For this, the properties of nutrients in the prepara-
tion of pathogenic and toxic food for termites were
studied. For this purpose, 39 plants of the flora of the
Republic were tested, including 5 species of plants at-
tracting termites: sunflower (Helianthus annus L.),
Russian broom (Sorghum saccharatum (L.) Pers.),
Camel thorn (Alhagi pseudalhagi (MB)). Desv.), White
Corn (Sorghum vulgare Pers.), Wheat Stalks (Triticum
L.). Among these plants, it was found that the sunflower
stalk is especially effective in the preparation of a food
substrate for pathogenic bait against termites.

When studying the food specialization of termites,
it was revealed that several termite nests were directly
connected to each other and as a result created one sin-
gle colony. As you know, in public insects, including
termites of the genus Anacanthotermes, there is a phe-
nomenon of trophollaxis - the exchange of food be-
tween family members. The family of social insects is
a single organism. It is laid, grows, reproduces and is
regulated like any other living system. Features of the
termite's nutritional profile suggest that slow-acting ter-
mitocides and pathogens can be much more effective
than fast-acting ones. When using such drugs, nutri-
tions in the food chain can fall into the deep layers of
the nest [5,6].

In addition, experimental laboratory studies on the
transmission of the entomopathogenic fungus Beau-
veria tenella in the food chain show that the infection
caused by Beauveria tenella fungus in termites is trans-

mitted from patients to healthy through food by troph-
allaxis, and it can spread throughout the colony. Trans-
mission of the infection caused by the fungus through
infected individuals reduces the rate of use of the ento-
mopathogen biomass, and is aimed exclusively at the
pest population, which reduces costs for termite control
and contributes to the improvement of the environment.
In this regard, the Beauveria tenella strain was used in
the composition of the bait against termites based on a
sunflower stalk (Helianthus annuus). In this case, the
bait food eaten by one termite with a slowly acting toxic
agent through the feeding chain causes poisoning of a
wider range of castes in the population, and most im-
portantly, those individuals that are deep in the nest and
play a major role in the reproduction of termites (repro-
ductive castes). [7.8].

Thus, an industrial design was developed - a cy-
lindrical container (SARU patent Ne. SAP 2013 0098)
and a utility model - Anacanthotermes termite extermi-
nator (SARU patent Ne. FAP 2013 0080) (Picture 2).

Anacanthotermes - termite exterminator com-
prises a cylinder-shaped cardboard body with through
holes uniformly formed on the surface. The body is
filled with a mixture of crushed plant matter saturated
with an entomopathogenic fungi preparation. As a re-
sult of the improvement of the termite exterminator, the
attractive and pathogenic properties of its body and the
vegetable feed enclosed inside it with a biological agent
have increased.

Poisoned bait against termites, enclosed in a con-
tainer, fortified at the sites of infection of wood struc-
tures with termites, within 3-6 months destroy the en-
tire colony of termites. An industrial design and utility
model are important for the biological method of con-
trolling termites of the genus Anacanthotermes by poi-
soning the entire colony. The release of pilot batches of
anti-termite baits began to be carried out on the created
“ANTITERMIT” technological line. Production is sim-
ple, the cost of baits is Io.

Picture 2 Installation of anti-termit baits
a)lIn residential premises,b) In the historical complex "Ichan-Kal’a” - on the columns of the mosque "Juma™
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Extensive tests of anti-termite baits have shown
their high efficiency in the fight against termites in res-
idential, public buildings and historical monuments.
With the establishment of these baits in the mosque
“Juma”, which was heavily infected by termites, in the
historical complex Ichan-Kal’a in the city of Khiva,
Khorezm region, the historical monument was com-
pletely cleared of termites.

In order to tackle with the abovementioned issues,
to implement the Program of Action for Environmental
Protection of the Republic of Uzbekistan for 2013-
2017, approved by the Resolution of the Cabinet of
Ministers of the Republic of Uzbekistan; together with
the science-production department for the protection
and use of cultural heritage sites of the Ministry of Cul-
ture and Sports of the Republic of Uzbekistan and from
the Science Academy of the Republic of Uzbekistan
has assigned Agreement Ne 9, dated 05.24.2017, on the
topic: “Development and implementation of environ-
mentally friendly methods of preserving historical and
natural cultural monuments from the damage by ter-
mites. "

In accordance with the identified problems, two
tasks were solved:

1.  to research the peculiarities of the biology
and ecology of termites inhabiting the natural and cul-
tural-historical memorials of the republic;

2.  to create and put into practice the composi-
tion of poisoned baits against termites, a favorite food
substrate and highly effective biological and other
means;

In 2017, in the historical complexes, such as
“Fayoz Tepa”, “Al Hakim At-Termiziy”, “Kokildor ota
honokokhisi”, “Kirk kiz” situated in Surkhandarya re-
gion, termites’ infection was identified. Anti-termite
measures were taken to eliminate them. In particular, in
the historical complex “Al Hakim At-Termiziy” 4110
pieces of poisoning baits against termites were in-
stalled; in “Fayoz Tepa” complex - 2240 pieces, in
“Kokildor ota honokokhisi”” complex - 1750 pieces and
in the historical complex "Kirk Kiz" - 1900 pieces were
installed.

A positive result was obtained from the toxic ef-
fect of the poisonous baits, where anti-termite baits
were previously installed in historical objects in Khiva,
Khorezm region, monitoring termites showed that
when examining the 21 premises of “Ichan-Kala” his-
torical complex, including the “Kukhna Ark”, “Pakhla-
von Mahmud” complexes; in “Polvon Kori” trading
house; madrasahs “Kozi Kalom”, “Kutlug Murod
Inok”, “Abdullahon”, “Muhammad Amin Inok”, “Mu-
hammad Rakhimkhon”, ‘Allakulikhon”, “Abdu-
rasulboy”, in the Tosh Hovli Palace and others, thus ter-
mites and their clay sculptures have not been identified

[9].

All in all, details of the feeding characteristics of
termites are described. The widespread use of patho-
genic and toxic feeds as part of anti-termite baits has
shown their high biological effectiveness in the fight
against termites in residential premises, public build-
ings and historical monuments. Currently, scientists of
the institute are conducting scientific research to further
increase the effectiveness of anti-termite baits. The suc-
cesses of science in this area contribute to ensuring en-
vironmental and socio-economic stability.
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Abstract

The discrete logarithmic problem is one of the main problems of modern number theory. In mathematics, you
need to use the apparatus of group theory, a part of discrete mathematics, to get a discrete logarithmic problem.
Now let's focus on some of the later concepts of this device. The associativity theorem occupies a very large place
in algebra: it allows you to define the product of any finite number of elements in a group, not just two elements,
and use simple rules for parentheses when viewing these products.

Keywords: Discrete logarithmization. Associative theorem. Exponential. Subexponentially.

do not yet know what the multiplication of these three ment s as follows.élA;{elen;eit;n the group for & 1)

elements is: the axioms of the group speak of the prod-
uct of only two elements, and the expression a-b-c
is not yet defined. But the law of associativity , on the
one hand, multiplying element a by element b - ¢, and
on the other hand, multiplying element a-b by ele-
ment C, we get as one element. This element, which is

the product of elements & and b - and the product of which has properties, cannot be. The absence of such

elements a-b and C, can be defined in the written or- ' .
. element 1’ comes from the unity theorem of the next
der @,b,C and designated asa-b - . neutral element.

in the group where the condition is met , there is

an element 1. This means that in the group mentioned

in the contract other than 1, but for any element a, it
is exactly the same

a-1'=1-a=a ¥}

there is no definition that the second element 1"

Theorem: If an element @ of group G is found for an element 1a that satisfies one of the conditions
a-1, =aorl -a=a , thenitmustbe 1, =1.

Evidence: First, let's assume that a -1, =a. For any element b, let's note thatb -1, = (b-1)-1,,and 1 is
replaced by a‘-a, b-1 =b-a’-a-1, =b-a'-(a-1,)=b-at-a=b. So we have
1,-b=@-1)-b=a"-a-1,-b=a"-(a-1,)-b=a"-a-b=b. And so, for any b there will be
b-1, =1, -b=b.

In the independent case, take b =1. We get the following equality: 1-1, =1.

However, on the other hand, by the definition of element 1, the equality 1-1, =1, is satisfied .From these
two equations, it turns out that 1, = 1. This was the very thing to prove.

Thus, from the definition of 1-a =a, we can get the equilibrium 1, =1. The condition for the reverse

element is specified as follows: Element atis equal to at-a=a-a " =1 foreach element a. It also says
that not the only element of a’l, but only the found one. Prove this loneliness, i.e. prove the following theorem.

Theorem: If any element ™ is found for this a that satisfies one of the conditions a-a’ =1 or a’-a=1
,thenitmustbe @' =a ™.

Evidence: Let a-a’=1 . From this (a™')-(a-a)=a'-1=a™" , ie. (@*-a)-a’=a" and
1-a’=a" then @' =a . Thus, from the definition of a’-a =1, we can conclude thata’ =a "

Thus, for a given a , it is the only element X that satisfies the equations ax =1 or Xa =1 , namely the
element X=a .
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Now let's take the element @ . element & satisfies the equality a’t-a =1, that is, for element alitis
only anew element x=(a™)™".So (a™) " =a .
Now let Q, b € G be, then in this group
xa=>b )
consider the equation. Obviously, this equation has a solution: X = ba™ . This solution is unique, because if
the element C (3) is the solution of the equation, then ca=Db,i.e. C= caa” =ba™. Just S0,
ax=>b 4)
the only solution to the equation is the element a'b.
Effects. If ab =ac, isalso ba = ca, then b = c. Now we prove the following important equilibrium:
(ab)t=a'b* (5)
Indeed, the element (ab)™
ab-x=1 (6)
is the only element of group X that satisfies the conditions, but
ab-(b'a*)=a(b)a’ =a-1-a'=a-a’ =1.
-14-1

It follows that the element X = b ~"a ™" satisfies condition (6), i.e. indeed, (ab)™ =b™a

Using the method of mathematical induction we can easily get the overall result:
(a,...a,)" =a;'a;’..a;". In the independent case, the equilibrium c(a,...a,)" =ca;'a ’..a," is ob-
tained, called the second rule of opening brackets.

The discrete logarithm problem is a problem about a function g *'in a finite multiplicative group (. Discrete

logarithmic problems are often found in the multiplicative group of deduction rings or in the group of elliptic
curves in boundary fields and finite fields. In General, the algorithm for solving the discrete logarithm problem is
unknown.

The solution of the equation ( X =@ for data g andis called @ discrete logarithm based on the element

g.
Theorem: Let it be any natural number. For any natural number m < n, the following equality holds ( the
first rule of parentheses):

(a,..a, Xa,,,..a,)=a,..a, @

For example, in one limiting multiplicative group G, give the equation g* =a (7). The solution of discrete

logarithm problems is (7) to find any positive integer X that satisfies the equation. If it has a solution, it will have
at least one natural solution that does not exceed the order of its group. This solution grossly complicates the
estimation of the search algorithm from above.

In most cases, the state G = <g> is considered , that is, the cyclic group is considered . In this case, the

equation is always the solution. In the case of an arbitrary group, the question arises about the solution of a discrete
logarithmic problem.

Example. The discrete logarithm problem is easier to consider by using the module of a Prime number as a
subtraction of rings .

Let's give a comparison like this:

3* =13 (mod17)

Let's analyze this problem by sorting method. Let's write a table of all powers of the number 3. Each time we

accrue the remainder in 17 breakdowns.
Table
Degrees of the number 1.

3t=3 $=9 3¥=10 3*=13 3®=5 3¥=15 =1 3$¥=16
3=14 30=38 =7 32=4 3B¥=12 =2 B=6 3%=1

The solution of the comparison we are considering is X = 4, since 3*=13.1n practical terms, the module
is the largest number, and in this case the sorting method is very slow. Therefore, faster algorithms are likely to be
considered. On the solution of the discrete logarithm problem in the limit Abel group and ways to solve J. Buch-
mann, M. J. Jacobson, and E. Teske.[1] is mentioned in articles. The algorithm uses a table consisting of a pair of

elements O(]< g >|) and multiplies OQ< g >|) This algorithm is also very slow and almost not used. Specific
groups have their own most effective algorithms.
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a* =b(mod p) ®)
consider the comparison.
Where [0 is a Prime number and is not divisible by b.if a ZIpZ is a constructive element of the group ,

then (8) in any number of b there is a solution to the equation. Such numbers @ are called the original roots of

equations whose number is ¢(p -1), where ¢ is the Euler function. (8) solve the solution of the equation by the
formula:

>P-2(1 - a’)~ b (mod p) o)

However, the complexity of calculating this formula depends on the sorting method. The following

O(\/B-Iog p) algorithm has complexity.
Algorithm

1. propertyH = LX/I_JJ + 1
2. caleulation C = @ modp

ki
3.C mfdp, 1 E u '““‘_: H creating and sorting a table of values
2 b-a mﬂdp, 0<v<H creating and sorting a table of values

o ki
5. find common elements in the table. For them € =b-a (mﬂd _I-‘)_.’ here

a’ Y = }Imod p).

6. conclusion £ 1 — .

In addition, there are many algorithms for solving discrete logarithm problems minus fields . Shanks'method
is one of the first methods that showed that it is possible to solve discrete logarithmization problems faster than
the sorting method . Now let us proceed to the description of this method.

y=a*modp (10)
let's solve the equation.
Step 1. take two integers M and k on which the satisfying inequality MK > p .
Step 2. let's calculate two rows of numbers .
y.ay,a’y,...,a™ y(mod p)
a™,a’,...,a""(mod p)
All calculations are made using the p module.

Step 3.
a™=aly (11)
find the numbers 1 and j for which the equation holds .
Concept 2.1
X=im-j (12)

(12) the number (10) is the solution of the equation. In addition, these are integers I and j that satisfy

equation (11).
Evidence. (12) the correctness of the equation comes from the following chain of equations . Every calculation
in it is made modulo ), and the divisions are multiplied by the inverse element:
aim aim y aim y
a aly a
Now prove that we have found integers I and j that satisfy equation (11). to do this, we fill in the table
with all digits of type (12).

ax :aim—j —

=Yy (13)

] ] Table 2
Distribution of 1M — ] numbers
il ji— 0 1 2 m—1
1 m m-=-1 m-=2 1
2m 2m-1 2m-—2 m+1

k km | km-1 km—=2 | ~ |  (k—Dm+1
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From this we see that the table consists of all the
digits from 1 to km . That s , the output from MK > p
in the table are all numbers from 1to [J. Thus, all in-
dicators X < P are in the table , i.e. you can specify(

the number X satisfying 10 (12) and find in the table,
so the solution to equation (11) will always be . Arith-
metic operations of these algorithms have a complexity

d
equal to O(EXP (C(lﬂgplﬂg lﬂg}]) ))
Where C and 0 < d <1 any risers. The effectiveness
of the algorithm depends on the proximity of C to 1
and d to 0.

This is the first sub-exponential discrete logarithm
algorithm . In practice, its effectiveness is not suffi-

cient. In this algorithm, d = E

The method of discrete logarithm through digital
field meters the best parameters for estimating com-
plexity are currently the following numbers:

c=(92+26+13)"%/3~1.902
d=1/3

You can improve the result for special types of
digits. In some cases, you can create an algorithm to

stabilize ¢ ~1.00475, d =2/5. Such algorithms,

depending on the proximity of stability Cto 1, can out-
perform the algorithms in the presence of d =1/3.
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Abstract

The article is devoted to a further detailed description and justification of the thermodynamic model of aging

as an ontogenesis aspiration for completion. It is especially noted that moderately high ambient humidity of the
environment contributes to an increase in the duration of human life and other living creatures from the standpoint
of hierarchical thermodynamics. The authors believe that the presented description of aging allows us to more
clearly understand and recognize this complex and multi-stage phenomenon by a wide circle of researchers.

AHHOTAIUSA

Cratbsa ITIOCBAIIICHA Z[aﬂbHefIIlIeMy ACTAJIbHOMY OIIMCAHUIO U 000CHOBaHUIO TepMOI[HHaMPI‘ICCKOfI MOJACIIN
CTap€HUA KaK CTPEMIICHHUS OHTOI'€CHE3a K 3aBEPIICHHUIO. Oco0bo OTMEYACTCA, YTO IMOBBIMICHHASA BJIAXXHOCTH OKPY-
JKaroIIe cpebl CIocOOCTBYET YBEIMUEHHIO MPOJOKUTEIFHOCTH KU3HH YEIIOBEKa M JPYTUX KHUIIBIX CYIIESCTB C
MO3ULUHU UEPAPXUUECKON TEPMOAUHAMUKHU. ABTOPBI MI0JAararoT, 4TO MPEACTABIEHHOE ONMCAHNUE CTAPEHUS TI03BO-
JgeT 0oJiee SICHO MOHATHL M 0CO3HATEL OTO CIOKHOE U MHOFOCTaﬂHﬁHOC SIBJICHUEC IIUPOKUM KPYI'OM HCCIIEA0BATE-
JICH.

Keywords: ontogenesis, aging, thermodynamics, gerontology, geriatrics, cancer, water, humidity.

KnawueBblie ciioBa: OHTOI'CHE3, CTApCHUEC, TCPMOJUHAMUKA, 'CPOHTOJIOTUA, T€pruaTpus, pakK, BoJa, BJIaxK-

HOCTb.

Epigraph
“One of the principal objects of theoretical re-
search in any department of knowledge is to find the
point of view from which the subject appears in its
greatest simplicity.”
J. Willard Gibbs
“The properties of living things are the outcome of
their chemical and physical composition and configu-
ration.”
Thomas Hunt Morgan

[Ipexnae Bcero, HEOOXOAUMO OCO3HATH, YTO JATh
CTPOroe JeTajlbHOE OJHO3HAUHOE OIpe/IeJICHUE cTape-
HHS C OOIIEH €IMHOM ITO3HIIMH HEBO3MOJXKHO, IIO-
CKOJIBKY 3TO CJI0XKHOE MHOTOCTAaIUITHOE SBJICHUE CBS-
3aHHO C Pa3HOOOpPA3HBIMH HEpPapXHUECKUMH IpeBpa-
[ICHUSMH B OpraHU3Me. 37eCh yMECTHO BCIIOMHHTH

cnosa Jimutpus MBanoBuua MenaeneeBa, 4To BeCbMa
naryOHBIMH JUIsl HAYKHU SBJISIFOTCS “yTOITMH MEUTaTEeNb-
HOCTH, XXCEJAIOUIeH MOCTHYh BCE OJHHM IOPBHIBOM
meicin” [1].

B cBs3u ¢ 3THM, NO-BHAMMOMY, IIE€I€CO00pa3HO
paccMaTpuBaTh CTapeHHE KaK IPOSIBICHHE Pa3BUTHSA
OHTOTEHE3a M CTPEMJICHHE €ro K 3aBepLICHHI0. JTa
TOYKA 3pEHUs] aBTOPOB 4YacTO, B NMPHUHIUIIE, COTacy-
€TCsl C BBICKA3bIBAHUSAMHU, IPEACTaBICHHBIMU B Hay4-
HOHM W Hay4HO-TOMyJspHOU nutepatype [2,3]. B 06-
IeM, MOYKHO YTBEp#kAaTh: «CTapeHHe — COBOKYIHOCTh
U3MEHEHMH B OHTOTEHE3€e, IPUBOIAIINX K €ro 3aBep-
meHuto». C MO3MLMU TEPMOJUHAMUKH CTapeHUE —
3TO COBOKYNHOCTh CaMOIIPOM3BOJIBHBIX IIPOLECCOB,
MIPOTEKAIOIINX B OpPraHn3Me Ha ()OHE MHHUIMHPOBaH-
HBIX OKPY’KaloLlEeH Cpelloil HecaMOIPOU3BOJIbHBIX IIpe-
BpAIIEHUH BHYTPH 3TOT0 OPraHU3Ma.
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Hepapxudeckasi TEpMOJTHHAMUKA CTAPCHHUS Opra-
HHM3Ma B OHTOTCHE3€, MCIOJB3YS PUHIIAI CTAOHUITBHO-
CTH BEIECTBA, MPOSBIISIETCS CIEAYIOIUM 00pa3om [4-
11].

CynpaMoneKysipHas TePMOJMHAMHUKA B COOTBET-
CTBUH CO BTOPBIM HAayajioM OTOMpaeT Hauboiee cra-
OWNIBHBIC CYNPaMOJICKYJSIPHBIC CTPYKTYpPBI, KOTOPbIC
HaKaITMBAIOTCS B TKAHAX (CYMPaMOICKYIISIPHBIX JKH/I-
KOKPHCTAUTMYECKHX 00pa30BaHMAX, OpraHeiax wu
KJeTkax) opranu3ma. CoriacHO MPUHIUIY CTa0UIBHO-
CTH BEIECTBA, NMPEKIE BCETO, B OpraHM3Me HaKaIlIH-
BAIOTCSI DHEPTOEMKHE BEIECTBA - COCOMHCHHUS a30Ta
(N) u docthopa (P), a Takxke, B MEHBIICH CTEICHH,-
cepsl (S). Takoe cpaBHHTENBLHOE 0OOTAIIEHHE TKAHEH
OHEPro€MKuUM — MaJ'[OCTa6I/IJ'H)HI)IM XUMHNUYECCKUM BEIIIC-
CTBOM CITOCOOCTBYET YCKOPEHHOMY PacIiajy 3TOTO Be-
ecTBa B mporecce MeTabonmu3ma. HampaBieHHOCTH
BCEX XHMMHYECKHX peakuuil (crammii) merabonmima
OIpeNieNsieTCss BTOPBIM  HA4YajJOM TEPMOJUHAMHKH.

CraOwiibHble MPOAYKTHI MeTaboIM3Ma, 00OTaleHHbIE
KHCIIOPOJOM, B MEHBLIEH CTeneHH (II0 CPAaBHEHHIO CO
CTPYKTypaMH, COJepKallluMH a30T, Gocdop, a Tarxe
cepy) y4acTBYIOT B 00pa30BaHUU CYNPaMOJIEKYIISIPHBIX
CTPYKTYpP U B CBSI3H C 3THM (TaK:Ke B COOTBETCTBUH C
MPUHIUIIOM CTaOMILHOCTH BEIIECTBA) CPAaBHHUTEIBHO
JIETKO BBIBOASATCS U3 OpraHu3Ma. B KoHEeUHOM pe3yJib-
TaTe HaKOIUICHHWE CTAOMJIBHBIX CYNPaMOJIEKYJISIPHBIX
CTPYKTYp B TKaHAX OpraHH3Ma 3aTpyAHsET OTOOp XH-
MHYECKUX HEPrOEMKHX CTPYKTYp. CynpaMoieKysp-
HbIE CTPYKTYPBI OPTaHU3Ma CTAaHOBSATCS KECTKUMH, Me-
TabOIHM3M B KOTOPHIX 3aTPyAHEH. DTH KECTKHE COCTa-
pHBIIHECS CTPYKTYPBI COAEPXKAT CPaBHUTEIHLHO Mao
BOJbI U MHOI'O CTa6I/IJ'II>HI)IX OpraHn4eCKuX U HeEopra-
HUYECKHX CTPYKTYpHBIX oOpasoBanuii. OOMeH Be-
IECTB B OPTraHU3ME CTAHOBUTCA 3aMCTHO 3aTPyHCH-
HBIM U OpTaHu3M rorubaet. XopoIo U3BECTHBIN PUCY-
HOK 1 mutrocTpupyer ckazaHHOE.

Pucynox 1 Cmapenue uenosexa.
CynpamonexynapHas mepmoOUHAMUKA — OBUNCYIASL CULA USMEHEHUST XUMUYECKO20 COCMABA MKAHell 0p2a-
HU3MQ.

Kak yxe yka3pBamoch, CaMOIPOU3BOJIBHEBIC CTa-
JTUHM OHTOTeHe3a (CTapeHHsI) MPOTEKAIOT Ha JOHE Heca-
MOTIPOHM3BOJIBHBIX MPOIECCOB HHUIIMHPYEMBIX B Opra-
HHU3ME BO3JCHCTBUSIMHU OKpYyXarouieil cpenpl. Jlei-
CTBUS  OKpYXXalolleW  cpempl, Kak  IPaBHIIO,
TIEPUOANICCKA MEHSIOTCS B aIallTHBHOM JUIS KH3HH
OpraHu3Ma Juara3soHe.

Pacmupennoe o6o0meHHoe ypaBHenue ['mboca —
000011IeHHOE YpaBHEHHE IMEPBOTO M BTOPOrO Hayal

dG" =3 dG] ==Y 54T+ Vidp, —Z%xkﬁdxh +z%p,hdmki

TEPMOJAMHAMUKHN YYHTHIBACT BCC M3MCHEHHUS B Opra-
HU3ME, CBSI3aHHBIC C CAMOIIPOU3BOJIFHBIMU B HEM IIpe-
BpAaIllCHUSIMHA, ¥ HECAaMOIIPOU3BOJIFHBIC U3MCHCHUS B
9TOM OpraHW3Me, HHHINUPYEMBIX OKpPYKaloIIe cpe-
TOH.

B ofmiem cirydae CIOXHBIX TEPMOJMHAMUICCKAX
cucteM (CHCTEM, B KOTOPBIX HAOJFOMAeTCsl HE TOIBKO
paboTa pacuIMpeHus), U3MEHEHHE CBOOOHON SHEPTHH
I'n606ca MOXKeT ObITh IPEJCTABICHO B BUIC:

{\ displaystyle dG *

<}=\sum_{i}dG_{i}A{*}=-\sum_{i}S_{i}dT_{i}+\sum _{i}V_{i}dp_{i}-\sum _{i}\sum _
£k L3 x Lk {iyrdX_{k_{i}}+\Vsum _ {i}Vsum _{k_{i}}\mu_{k_{i}}dm_{k_{i}}} (@)

3neck G - cBoboaHas rreprust [ mbo6ca; T - Temrme-
parypa; S sutponus; V - o0beM; p - naBieHue; X - Jro-
Oas 00oOmIeHHAs cujla, KpOMe NaBleHHs; X - Jrobas
000011IeHHas! KOOpAWHATA, KPOME 00beMa; i - XUMUYe-
CKHi (3BOJFOLIMOHHBII) MOTEHIMAI; M - Macca K-Beiie-

CTBa; paboTa, BEINIOIHAEMAst CHCTEMOI, SIBIIETCS OTPH-
narenbHoi. MHIeKe | OTHOCHTCS K KOHKPETHOM DBOJIIO-
uH, a K — k - My KOMITOHEHTY | 3BoTOInH. BepxHuii
MHJIEKC * 03HAYaeT, YTO PACCMATPUBAETCS MOBEICHNE
KBa3HPAaBHOBECHOW KBA3M3aKPBITOW CIIOKHOH CH-
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cTeMbl. BrleynmoMsiHyTOe ypaBHEHHUE SIBIISIETCS 0600-
IIEHHBIM YPaBHEHUEM, ITOCKOJbKY B HPUHLUIE OHO
YUUTBHIBAET BCE B3aUMOACHCTBUS (BHYTPEHHHE U BHELI-
HHE) BCEX CTPYKTYP KKJOI0 HEPAPXUUECKOr0 YPOBHS
HE3aBUCUMO OT MacIuTaba 3TUX B3auMozaeiicTsuil. Jlo-
TUYHO PacCMaTpPUBaTh 3TO YPABHEHUE KAaK ypaBHEHHE
CO 3HAUUTEIBHO pa3AeiICHHBIMU MapaMeTpaMH, KOTO-
pbie MOTYT 3(h(hEeKTHBHO UCIIOIB30BATHCS TOJIBKO B OT-
HOIIIEHUH OTIENbHON WM CMEXHON HepapXuil CTpyK-
Typ. Ilpu 3TOM mpexncTaBIeHHOE ypaBHEHHE 3HAYH-
TEJIFHO YIIPOIAETCSI B CBA3H C IPECHEOPEKUMO MATBIMU
3HAYEHUSAMHU OOJBIIMHCTBA €r0 OTHAENIBHBIX YJICHOB.
BaxHO OTMETHTb, YTO YNPOIIEHHbIE COOTHOIICHHS,
nosydeHHble W3 ypaBHenus (1), MCTONB3YrOTCS MpH
W3y4YECHUH TPOIM3MOB U BO MHOTUX (DU3HOIOTHUECKHX
U JPYTUX HCCIENOBAHUAX. 3aKOH BPEMEHHBIX Hepap-
XH{ BIEpBbIE 000CHOBAN MPABMILHOCTH ITOIX0/I0B OC-
HOBAaHHBIX Ha Uepapxuueckoi tepmoauHamuke. Cie-
JyeT TakKe OTMEeTHTb, YTO INPEJCTABIECHHOE ypaBHe-
HHUE JOJDKHO COEPXKATh WICHBI, KOTOPhIE YUUTHIBAIOT
B3aUMO/ICHCTBUS MEXIy OMOJIOTHIECKIMU 00BEKTaMHU
(manpumep, KIETKaMH, OpraHU3MaMHd | JIPYTHUMH
CTPYKTYpaMH), BO3HHUKAIOUIMMHU B pPE3yJbTaTe NeH-
CTBUH (PU3MUECKUX IOJIEH, MPOUCXOKICHNE KOTOPHIX
CBSI3aHbl C XUMHUYECKUMH, (HU3UKO-XMMHUYECKHIMH U
(u3MUECKMMU TIpoLIeCCaMU B )KUBBIX cHCTeMax. MHO-
rMe U3 yIOMSHYTBIX B3aUMOAECUCTBUN, KOTOPBIE YaCTO
CTPOTO HE WICHTU(DHUIUPYIOTCS KaK «Clla0bley B3aHMO-
JIEWCTBHS B )KHBOM MHPE, MOT'YT OBITh OTHECEHBI K TPO-
MU3MaM, MEXaHU3MBbI KOTOPBIX UHOT/AA HeACHBL. CloX-
HOCTh M3YUYEHHs YIOMSHYTBIX «CJIa0BIX» B3aHMMOJICH-

BBICOKOYYBCTBUTENIBHBIX HPHOOPOB, KOTOpPBIE MOTJIN
OBl M3MEPATh O3TH B3aUMOAEWCTBHA. TeM He MeHee,
OHOJIOrMYECKHE TATYMKKA MOTYT OOHAPYKHUTh 3TH B3a-
UMHbBIE BO3ACHCTBUS  OMOJIOrMYECKUX OOBEKTOB.
MOo2KHO yTBEpKIaTh, YTO IIEpeadya «CTPYKTYPHOU UH-
(dopManum» MexIy OHOJIIOTHYECKHMH MOJIEKYJIaMu U
Ha/IMOJIEKYJISIPHBIMH  CTPYKTypaMH OpraHW3MOB HeE
00s13aTeIbHO TpPeOyeT HENOCPEJICTBEHHOIO TECHOTO
KOHTaKTa B3aMMOAEHCTBYIOIINX CTPYKTYp (Hampumep,
npu mepenade MHGOPMAIMH, KOTOpas HaOIIONAeTCs
IIpU KOHTAaKTE HYKJIEOTHIOB BO BpeMs 0Opa3oBaHUS
neneit IHK nm npu o6pazoBannn AuMepoB KapOOHO-
BBIX KHCIIOT).

[IpexacraBnenHast MOZIENb OHTOTeHE3a, KaK cTape-
HUsI OpraHu3Ma, XOpOIIO COTJIACYeTCsl C M3BECTHBIMHU
MHOTOYHCICHHBIMH KOJIMYECTBEHHBIME OLICHKaMU [4-
6]. Ona MoxeT OBbITh MPUMEHEHA KO BCEM CTaIusIM
OMOJIOTHYECKOH DSBOJIOIMM HEPApXUUECKUX IKHBBIX
CTPYKTyp. Mozenb MoeT OBITh PacCMOTPEHA B paM-
Kax QmiocodcKoro mayamm3ma.

PucyHok 2. mimmroctpupyeT U3MEHeHNE YAETbHON
cBoOoHOM 2Heprun (GpyHkunn) ['m66ca obpa3zoBanus

XUMUIECKUX (4G ") 1 cynpaMosIeKy ISpHBIX — MEKMO-

JNIeKyJAPHEIX CTPYKTYP (4G'™) B OpranusmMe B mporecce
oHTOTreHe3a. [IpencTaBieHHbIE 3aKOHOMEPHOCTH OTpa-
KarOT TEHAEHIMIO U3MEHEHUs YIOMSHYTBIX BEJIUYMH.
3aMeTHM, 4TO COTOCTaBJICHHE 3THX BEIWIHH MOKHO
CXEMaTHUYECKH IETaTh B «IIPUBEACHHOM - COIIOCTaBH-
MOM MacmTadey, Kak 3TO C/IEJIaHO Ha PUCYHKE B CTaThe

[10].
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Pucynox 2. Cxema usmenenust yOenbHoU XUMUYECKOU IHEP2OEMKOCIU Ouocucmemvl (OUOMKAHU OP2AHUIMA)
A u mepmodunamureckoli cmabuIbHOCMU ee HAOMOAEKVISAPHLIX cmpykmyp. B 6 onmoezenese scusvix cyuecms.
Bonuucmeie nunuu, conposgosicoaroupue Kpugsle usmeHeHus yoerbHulx c60000HbIxX 3Hepeull [ ubbca obpasosanus

xumuveckux (AG™) u cynpamonexynsapnoix (AG™) cmpyxmyp, cumeonusupyiom Konebanus >mux 6eiuun 6 pe-
3yIbmMame nepuooudecKux 6030eticmauil okpyicaiowell cpeosl. Lllxkanvl (ocu opounam) usmenenus napamempos
8eUUUH NPEOCMABIEHHbIX HA cXeMe — PUCYHKe pasHomMacumadHule.

Becbma BayKHBIM SIBJISIETCSI BOIIPOC, CBSI3aHHBIN C
oboraimieHneM 3J0Ka4eCTBEHHBIX 00pa3oBaHUU (paKo-
BBIX OIyXOJIeH) BOJOM, UTO SIKOOBI CIIOCOOCTBYET HMX

OMOJIOXKEHHIO C TOYKH 3PEHUS] XMMUYECKOTO COCTaBa.
OnHaKo MPUYMHBI HOBBIILIEHHOTO COACPKaHHs BOJBI B
MOJIOJIOW HOPMAaJBbHOHM (3OPOBOIT) TKAHM U PaKOBOU
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TKaHH pa3iIu4Hble. PaccMoTpuM pabouyro mpocreii-
LIYI0 MOJENb, KOTOPas C MO3ULUH HEPAPXUIECKOM TEP-
MOJMHAMUKH (CYIpPaMOJIEKYJISIPHON TEPMOIUHAMUKH)
OOBSCHSET IPUYUHBI 3TOTO PA3JINMSL.

Pa3BuTne HOpMaNBbHOW TKaHU B OHTOTEHE3€ MPOo-
TEKaeT M0 HU3BECTHBIM MEXaHU3MaM, CBA3aHHBIM CO
cuntbiBanueM nHpopmanuu ¢ JJHK (PHK). IIpu stom
00pa3yroTcsi HOpMallbHbIE CYIIPaMOJIEKyJISIpHBIE JKUJI-
KOKpHcTayummdeckne cTpykTypsl [10], comepxarme
Oenku u npyrue KOMHOHEeHTHl. CTapeHue TKaHH CBS-
3aHO CO CHIDKEHHEM yIeJIbHOI cBOOOTHOI 3HEpTruu 00-
pa3’oBaHUA CYIMPAMOJIEKYISIPHOM CTPYKTYpBI, COIPO-
BOXKJAIOIIUMCS YMEHBIIEHHEM KOJIMYECTBA BOJBI.

[NosiBNIeHUE 3110KaYECTBEHHOTO 00pa30BaHUs JIFO-
00ro THMa, KaK MoJIaralT, 00yCIOBIEHO HApYIIEHHEM
ocHOBHOM cTpykTypsl 1ieneii JIHK, a Takxe ¢ snurexe-
TUYECKUMHU W3MEHEHHSIMH B €€ JABOHHON CIUpaid.
YKa3aHHbIE U3MEHEHHS MPUBOAMT K CHUHTE3Y HOBBIX

0eJKOB, KOTOpBIE HE B COCTOSIHUM y4acTBOBATh B 00pa-
30BaHUU HOPMAJIBHBIX PETYJISPHBIX JKHIKOKPUCTAILIU-
yeckux cTpyktyp Tkanei [10]. He uckmtoueHo, uto mo-
SIBJICHUE CPABHUTEJIBHO MPOYHBIX XUMHUYECKHX CBSI3eH
B JPYrHX HpeoOpa3oBaHHBIX (HAIpPUMEp, METHIUPO-
BaHHBIX WM alleTHJIMPOBAHHBIX) MOJIEKYJIax MeTabo-
JIUTOB IIPH CTAPEHUH TKaHEH TaKkXKe CIOCOOCTBYET I10-
SIBJICHUIO 3JI0KAUYeCTBEHHBIX CTPYKTYp. Bo Bcex ymo-
MSHYTBIX ~CIy4dasx HaOJIoJaeTcs  OIpejesieHHas
aHANOrWs C TPOLECCaMH HOSBICHUS AC(PEKTOB IPH
KPHCTAJUTN3alNUA HEOPTraHMYECKUX BEIECTB B JOCTa-
TOYHO HEPaBHOBECHBIX YCIOBHAX. Tak, GOPMBI CHEXH-
HOK, KaK KpUCTaJUIOB PA3IMYHBIX MOMYJISALUH, MOTYT
MEHATBCS [IPU MX 00pa30BaHUU B HECKOJIBKO pazinya-
IOIINXCSl HEPABHOBECHBIX YCJIOBHsIX. OCHOBHBIMU (pak-
TOpaMu, ONpeAeNIIOUME (OpMBI U Te(PEKThI CHEKH-
HOK, SIBJSIFOTCSI TeMIlepaTypa W COJepiKaHWe BJard B
atMmocdepe. [ledexTsl MOTYT BOSHUKATh M3-32 TIPUCYT-

CTBUA MHUKpPOYACTUIl B aTMOCPEPC.

Cheorcunxa 6 yuanaxpunamuom xiee (no Theodore Gray).

B pesynabraTe ymoMSHYTBIX HPOLECCOB MHOTUE
ruapodrIbHBIE TPYNIBI U (parMeHTsl OCIKOB U Jpy-
THX MOJIEKYJI HE B COCTOSHHHM y4acTBOBAaTh B 00pa3o-
BaHUM HOPMAJIBHOM CyNpaMOJIEKYJSIPHOM CTPYKTYpbI
TKaHH. DT TPYNIBI U PparMeHThl B3aNMOACHCTBYIOT €
MOJIEKYJIaMH BOJBI, YTO MPUBOIUT K YBEIUYCHHUIO €€
KOHIIGHTPAI[UH B 3JI0Ka4eCTBEHHOH (paKkoBOM) TKaHH.
Pocrt u pa3BuTiie HOpMaILHOM 310POBOM TKaHU CTaHO-
BUTCSI HEKOHTPOJIUPYEMBIM T€HETHYECKUM aIlapaToM
OpraHusMa.

B 06oux cirydasx, HOpManbHON U PaKOBOW TKaHH,
JCUCTBYeT Hepapxuyeckas TepMmonuHamuka [11]. B
TIEPBOM ciIydae (HOpMabHasi TKaHb) KOJUYECTBO BOJIBI
TIpY CTapeHWH yMeHbInaercsi. Bo BTopom ciydae (pa-
KOBasI TKaHb) KOJIMIECTBO BOJIBI Bo3pacTaeT. Hopmais-
HbIE TKaHU CTAHOBSTCS )KECTKHMH B OHTOTCHE3E, UTO
3arpynHseT oOMeH BelecTB. Tor/ia Kak 3JI0KauecTBeH-
HbIe TKaHH, HE3aBUCHMO OT THUIIA paKa, CTAHOBSTCS 00-
Jee MATKMMH (3IaCTUYHBIMHU) NPHU MX Pa3BUTHUH, YTO
CIIOCOOCTBYET META00IU3MY .

PactBopuMOCTh OenkoB (ompesersieMasi UX B3au-
MOJICUCTBHEM C PACTBOPUTEIIEM - BOJIOHM (hH3HOJIOTHYE-
CKHX JKHJIKOCTEH) 3aBUCHUT OT UX NpHpoabl U PH cpezp

[12]. 3menenne pH MoxeT ciocoOCTBOBATh Kak arpe-
ranuy (KpUCTaJUTM3alnH), TaK ¥ YBEINYEHHUIO PacTBO-
PUMOCTH OETTKOB B (PM3NOJIOTHUYECKUX JKAIKOCTSIX Op-
ranusMa. [loaTomy npu Bo3AecTBUM Ha OHKOJIOTHYE-
CKHE HOBOOOpa3OBaHWS CYyLIECTBEHHOE 3HA4YCHHE
UMECT, KaKUC aMHHOKHCIOTHBIC OCTAaTKH (OCHOBHBIC
WA KUCIIbIC) TPe00JIa1aloT B COCTaBE OCIIKOB U METITH-
JI0B, CHHTE3UPYEMBIX B KOHKPETHBIX PAKOBBIX KIIETKAX.
OTO 00CTOATENHCTBO JOJKHO IO3BOJISITH HAa3HAYaTh
LIEJIOYHBIC MM KHCIIbIE TpernapaThl (a TakKe JUETHI)
TIPH JICYCHUHU PAKOBBIX 00ybHBIX [13].

TepMmoanHaMuKa TO3BOJISIET CAENATH CIe OAWH
BBIBOJI, XOPOIIO COTJIACYIOIIMHCS ¢ HaOMIOACHUSIMU:
YCIIOBHSI TIPOKHUBAHUS (OKpy)Karommas cpena) MOIDKHBI
CYILECTBEHHO BIHATH Ha NPOJODKHTEIBHOCTD 310PO-
BOW JKM3HHM YENIOBEKa M >KUBOTHBIX. 31ECh, NPEXIC
BCEro, Ha0 YIIOMAHYTH BJIAXXHOCTH BO31yXa, KOJIHUYC-
CTBO KHCJIOpOJla M NPHCYTCTBHE BPEAHBIX BELIECTB B
atMocdepe. CpaBHUTENHLHO BBICOKAS KOHIIEHTPALIHS
BOJIbI B aTMoc(epe, KaK U MOJIOZbIE (OHTOICHETUYECKH
n  (QunoreHeTMYeCKH) NPOAYKTHl TMUTAHUS, HECO-
MHEHHO, CIIOCOOCTBYET MPOIOJIKHTELHOCTH >KU3HH.
OTO sIBJI€HUE MBI HA0JII0/1aeM B rOJTyOBIX 30HAX POXKH-
BaHus Jroaei (PucyHok 3).


https://www.popsci.com/authors/theodore-gray/
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Mowg: g, {7~ iR
Q °'8 o
o Wkapus, ° Okuuasa,
Hnkos, [peuus AnoHus
Kocta-Puka

Puc. 3. I'onybvie 50161 npodicusanus doa2odicumernet
Pucynox uz unmepnema

X 0pOI1I0 U3BECTHO, YTO BIAXKHOCTB ITPU KOM(pOPT-
HOH TemIepaType croco0CTByeT KOM(OPTHOCTH MPO-
JKUBAaHUS M 3JI0POBBIO desoBeka. [loaTomMy MHoOrHe
JIFOJIM YCTAHABIMBAIOT YBIAKHUTEIN aTMoc(epbl nin
COCYIIBI C BOJIOH B )KMJIBIX IIOMEIICHUSAX.

C npyroi#i CTOpPOHBI, TOBBIIICHHAS BIIAYKHOCTH
JIOJDKHA CTIIOCOOCTBOBATh Pa3BUTHIO PaKOBBIX 3a0olie-
BaHMH, YTO CHIKAET NMPOAODKUTEIBHOCTD KU3HU Op-
raam3ma. OgHaKo 3TOT 3PPEKT, Kak MOXKHO MOJIaraTh,
OOBIYHO HECKOJIbKO MEHBUIMH, M0 CPaBHEHHUIO C d(-
q)eKTOM YBEJIUYCHUA TPOAOJDKUTEIBHOCTU KU3HU YEC-
JIOBEKa BCJICJCTBUE YBEIMYCHUS BIIAXKHOCTH aTMO-
cepsl.

CraenaHHOe 3aKJIIOYEHHE O TOJIB3€ MOBBIIICHHOM
BJII&YKHOCTH BO3/yXa C MO3MIHH TEPMOJANHAMUUECKOM
TEOPHH COTIIACYETCsI C N3BECTHBIMHU (TaKke 000CHOBBI-
BaeMbIMU TEPMOJMHAMUKOM) PEKOMEHAALMSIMH, Kaca-
IOMIMMHUCST OOMIIBHOTO MUTHSI YUCTOH BOJIBI IPU OTCYT-
CTBUU MEIMLMHCKUX NIpOTUBONIOKa3zaHuil. Kpome Toro,
TEPMOIMHAMUYECKasi MOJIENb CTAPEHUSI COTIIACYeTCs C
PEKOMEHAAUAMH YHOTPEOJIATh B TPEKIOHHOM BO3-
pacTe TOJIBKO JKeJieo0pa3Hyto MUIlly, UCKIIFOUUB U3 pa-
IIMOHA TBEPAYIO IUIIY, a TAKXKE OTAABATh IIPEAIIOYTE-
HHE UCTOJIb30BAaHUIO OHTOT€HETHUECKH U (PUITOreHeTH-
YECKU MOJIOZIBIX TIPOAYKTOB IMUTAHUSL.

Takum o00pazoM, ¢ MO3ULIUU TEPMOAWHAMUKHU
MOXHO OOBSICHUTH MHOTHE U3MEHEHHUSI, POSBIISIONIH-
ecsl B pe3yJbTaTe CTapeHus] B OHTOTCHE3E, YTO T03BO-
JSIET 1aBaTh BayKHBIC METUIIMHCKHE PEKOMCHJAINH.
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Abstract

The article discusses the features of balancing the regime of a powerful two-phase induction equipment, as a
means of improving the quality of electricity. Asymmetrical loading of a three-phase network worsens the power
consumption mode and increases losses. When balancing in two phases, in conditions of compensation of the
reactive power of the inductors, adjustable capacitive and inductive balancing elements are used. To calculate the
changing load mode, a circuit model is constructed in the basis of controlled sources and a modified nodal analysis.
The study of current consumption by phases was carried out by circuit simulation, using optimization and building
vector diagrams of currents. In practice, in order to increase energy efficiency, it is recommended that the micro-

controller mode control system be tuned according to the regulation characteristics.

Keywords: balancing device, induction load, power quality, steady mode, automatic control, vector dia-

grams, hybrid analysis, mathematical modeling.

Introduction. Powerful unbalanced load dramati-
cally affects the quality of electricity in a three-phase
network. At the same time, one of the factors compli-
cating the use of induction heating can be considered
the complexity of controlling the electrical modes of
power supply systems and induction equipment when
using asymmetric power consumers.

The fact is that the power supply of relatively pow-
erful induction devices (ID) is often performed asym-
metrically. It happens that their three-phase symmet-
rical design is either impossible for structural or tech-
nological reasons, or impractical for technical and
economic indicators. The power of induction devices
can range from hundreds of kilowatts to tens of mega-
watts. At the same time, the voltage in the windings
does not exceed the level of standard values for plants
distribution networks. Therefore, currents in linear or
phase wires reach thousands of amperes. The connec-
tion of such powerful loads to a three-phase network
causes a long asymmetric mode in currents and volt-
ages, usually characterized by negative sequence cur-
rents [1]. The asymmetry of the power supply network
sharply worsens the working conditions of electric ma-
chines and other equipment, up to accidents, causes ad-
ditional losses, reduces the wire throughput [2].

In conditions of complete obviousness of the op-
erating modes of the ID, in fear of a deterioration in the
quality of the voltage, enterprises often switch from in-
duction to gas heating. Despite the obvious harm to the
environment, as well as the high cost of natural gas, gas
heating technology has gained some popularity [3].
This is often due to a lack of necessary equipment and

staff qualifications. Often, the feasibility study of deci-
sions taken is carried out without taking into account
the components of the compensation for harm from gas
burning and the component of energy saving from the
use of high-tech control systems [4]. The feasibility
study of the decisions made should be solved after over-
coming the difficulties in applying effective and accu-
rate calculation methods, as well as building flexible
and accurate control systems for the electric modes of
inductors.

Formulation of the problem. The article pro-
poses an approach to the analysis and modeling of
asymmetric modes of inductors according to three-line
circuit diagrams, without using the method of symmet-
rical components and generalizing the characteristics
[1,2,5].

The indicated approach to simulations requires de-
tailing the presentation of rather large circuits, includ-
ing cable sections of the distribution network, power
transformers, induction devices, booster transformers,
inductors, capacitor banks, frequency converters and
other equipment. You may notice that the construction
of such a system leads to the creation of models of enor-
mous size, but the capabilities of modern computing
tools allow us to solve such problems [6, 7]. Some dif-
ficulties of the indicated approach lie in creating a com-
plex of correct, convenient models. Models should
have a well-known algorithm of work in a single lan-
guage space of a circuit simulator [7, 8]. Due to the
cumbersomeness of the mathematical description, the
symmetry of only a two-phase induction device is
shown below and only some results are presented [9,
10].
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Solution. The overall level of development of
modern modeling systems in electrical engineering and
electrical technology, in comparison with the past,
seems very high [11, 12]. Improving software in the
field of modeling at the turn of 2020 is associated with
improving the quality of the interface, since computa-
tional methods and algorithms have achieved tremen-
dous efficiency [7]. Specialized software has also
reached a high level [6, 12]. However, unresolved ap-
plied problems remained in narrow areas [13].

To overcome some difficulties in a detailed repre-
sentation of asymmetric induction equipment, the au-
thor's software was used in the work, which can be re-
placed by a modern, advanced circuitry simulator. An
example of a general view of a single-phase inductor

Power balancing devices usually include special
balancing devices (BD) based on static capacitor banks,
electromagnetic chokes, frequency inverters and other
electronic modules, as well as setting up the power sup-
ply system of inductors in a mode close to current res-
onance [2, 9].

2 ~. ‘ .
{" . 44 '_

Fig. 1 Inductors for aluminum extrusion

for heating aluminum ingots is shown in Fig. 1. Accord-
ing to technological requirements, a pair of inductors
can be included in the distribution network. When con-
nected to different phases, the induction load becomes
two-phase and, in order to equalize the currents con-
sumed by the installation in three phases, usually resort
to the mode balancing procedure [14, 15].

A sharp difference in the consumed currents by
phases leads to a voltage distortion that significantly
exceeds the limits established by GOST and worsens
the operating modes of the rest of the workshop equip-
ment [16]. With significant unit capacities of inductors,
it is difficult to overestimate the importance of balanc-
ing an asymmetric load, and the uniformity of the dis-
tribution of power of inductors into three phases ac-
quires special relevance.

The scheme for including a two-phase induction
load in a three-phase distribution network is shown in
Fig. 2. Inductors ID1, ID2 are connected between the
phases AB and BC and are shunted by the batl, bat2
capacitor banks. To account for losses in the capaci-
tance, the inclusion of resistors in the model circuit is
provided.

Ao

B

(‘ Q- R -
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lcaz ibalZ lcn
C G

o Balancing device |-

Fig. 2 Diagram of a two-phase ID with a balancing element

An inductance or capacitance is used as the bal-
ancing devices. Naturally, both balancing elements
must be able to regulate, therefore, bends are provided
in the throttle. Due to lower losses, the use of a capaci-
tor bank is preferred.

The purpose of the elements C1 and C2 in the local
compensation of the reactive power of each inductor by
transferring the induction device to a mode close to the
resonance of the currents. To adjust the parameters of
the device in the course of changing the load mode, an
automated control system (ACS) is used. To create an
algorithm for the automation, control curves are used
that take into account the nature and depth of the load
change. In addition to the condition of symmetry of

phase currents, the calculation of the regime in the arti-
cle is complicated by the technological requirement for
the power of inductors. In the calculations, a twofold
increase in the current in one of the inductors, relative
to the other, should be ensured.

The impedance and reactance of the investigated
inductor are equal to rig = 0.039 Ohm; xijg = 0.174 Ohm
(with L1 = 5.539 10H). Natural power factor cos ¢n =
0.219; the current in the inductor has a value of lig =
2130 A. The active power consumed by the inductor is
equal to Pig = 177 kW. For the resonance mode at cos
i = 1, the capacitance of the capacitor bank of the
compensating device (C1 = 16183 uF) was determined
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at the beginning of heating at a temperature T = 20°C
and the steady-state mode was calculated.

It is possible to recall the condition of resonance
of currents in parallel branches (Fig. 2) and show the

ImIXBI]: Imllaz]v

Estimated characteristics are easier to obtain by
circuit simulation using controlled models. The results
should be taken into account when analyzing the mode
of balancing, as well as when describing the sequence
of operations in the executable algorithm of the control
controller.

The curves of changes in the operating parameters
of the ID are shown in Fig. 3 and 4. When changing the
depth of load control A [2, 17], the curves shown in Fig.
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Fig. 3 Adjustment characteristics

The unbranched section current is denoted by I(2,
C), the inductor current is denoted by I.(A, C), and the
capacitor bank current is Ic(A, C). It should be noted
that taking into account the increase in the temperature
of the equipment, a change in operating parameters is
noticeable. For example, taking into account the non-
ideal reactivity leads to some inequality of the current
modules of the inductor and capacitor bank (Fig. 4). In
practice, there are fluctuations in the voltage of the net-
work, so the discrepancy between the parameters can
be even more significant, and the balancing procedure
can slightly move the inductor mode from the reso-
nance of the currents, so the control device must ac-
cordingly process the dynamics of the process. In the

X11

We can briefly dwell on the structure of the ele-
mental basis used to generate circuit models processed
by nodal analysis. Most modern circuitry simulators
built using a computing core based on modified nodal
analysis use a similar basis [11]. Unlike simulators, the

Bik+1

resonance characteristics during adjustment and load
changes in the parameters of the elements.

L,

Co=— 1
= R (L) .

3. It should be noted that the practical range of param-
eters during heating is relatively small, since the induc-
tor current varies by 8-10 %. The curves shown in Fig.
4, correspond to capacity regulation. Taking into ac-
count the internal resistance of the bat; , for each induc-
tor, the intrinsic resonance shifts (Fig. 4) with some in-

crease in the capacity of the compensating battery up to
16.2 mF.
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Fig. 4 Resonance curves
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algorithm of the control system, some inertia and a re-
gion of insensitivity to changes in operational charac-
teristics should be provided. Additional information for
describing the balancing procedure is obtained from the
vector diagrams (Fig. 7, 8) of the settings of the operat-
ing parameters that are generated by the results of math-
ematical modeling.

As the main calculation method, a modified nodal
analysis has been programmed in the software environ-
ment for mathematical modeling of induction devices
[7, 10, 16]. A generalized expression of a computa-
tional method converted to a symbolic region is given
below:

Viy I al
, > Jyy
Bnn_ VkY L cee ] (2)
l17 e
Z EnZ
Zon || ||Thz || © -

software described here provides direct access to the
textual description of the models generated in the
ASCII code, by analogy with the Ansys modeling sys-
tem model files, and to the numerical results of machine
analysis.
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A simplified mathematical formalization of the el-  The capacitive element is denoted by the Latin letter C.
emental basis used in constructing circuit models and A schematic image of the element C with the number-
modeling is presented below. The description of the ing of the connection nodes is shown in Fig. 6 a. The
idealized capacitive element (Fig. 5, a) is formed in the  schematic image of the element L with shown in Fig. 6
form of a matrix and presented, either in the time or in  b.
the frequency domain, in the form of a symbolic image.
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\‘in L,
m -

T
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a

Fig. 5 Elemental basis of mathematical models

When forming a system of modified nodal equa-  dies below for the Y- and Z-branches generated in the
tions manually, one should use the capacitance element  time domain.

Va®-V,0-Elic®dt=0, -V, 0+V,0)+Z ic®dt=0. @
m n iC
m |0 0 1 V_(t) 0
o0 1| |vo| = |of @)
i (-1 1 1jdt i (t) 0
In complex form, the component equations are written similarly
Uc :Vm —\/n —-j—= C lc  wm —\/m +Vn—jm—]'c:-ic=0. (5)

Corresponding matrix expressions describing reactive elements in the computational space have dimensions
of the second and higher order

m n IC

" " : m |0 0 1 V_ 0
m JoC - joC V., O wm ; . (6)
_ _ mlo= » [0 0 -1 V.| = |0
n - J(DC J(DC Vn 0 . .1 .
. (-1 1 - JR I 0
For the mathematical model of a capacitive ele- For modified nodal equations, inductive element

ment, it can be represented both in the form of a Z-  dies for Y- and Z-branches are also formed on the basis
branch (resistance —1/joC) and in the form of a Y-  of component equations.
branch (conductivity joC).

V. (1) -V, () - L i) =0, V(D) +V, (t)+L i (t)=0. @

Bringing the equation into a matrlx generalized expression, we obtain a unlversal stamp suitable for conver-
sion to a hybrid calculation method

m n |

n [0 0 1| [V, @ 0
o o -1||ve| = |of ®
i -1 1 L9 i 0

dt

Quite similarly to capacitance, component equations can be formulated in complex form:
UL:\/m —vn:jOJL-iL Wl —Vm +vn+j(DL-iL=0. 9

And, accordingly, get a matrix expression for reactivity
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For the mathematical model of inductance, it is
possible to represent both in the form of a Z-branch (re-
sistance joL) and in the form of a Y-branch (conduc-
tivity —1/jmL). The list of bipolar, three-pole, four-pole
circuit elements, models and macromodels in the lan-
guage basis is described in the literature [8, 11, 18] and
is integrated into the software structure. The presented
matrix expressions have no special features and are au-
tomatically integrated into the general description of
the circuit model generated by performing computa-
tional procedures.

It can be noted that behind each passive element
there is a second or third order model, and a fifth and
higher order model corresponds to each controlled
source, so the order of the resulting system of equations
is very high. However, for machine analysis methods,
the dimension of systems of equations is not critical.
The circuit model of the induction installation accord-
ing to Fig. 2 is shown in fig. 6.

In the circuit model (Fig. 6), designs of controlled
sources are used to diagnose operational parameters in
the steady state, as well as in transition mode, in the
analysis of dynamics and phase characteristics. In the
same model, if necessary, study the frequency charac-
teristics. Application of the described mathematical
support of calculations allows one to obtain numerical
arrays of solutions for a set of steady-state modes of in-
duction devices. Despite the linear nature of the analy-
sis problem, to obtain a symmetric distribution of the
currents 1y, I, 13 in phases, for a given ratio of 1/2, the
currents of the inductors L4 and Ls (Fig. 6) have to use
an iterative calculation.

The number of design options is significant and
the approximation to the desired result is performed us-
ing the optimization procedure. For two variants of the
initial conditions (ILs = 2l.s, 2IL4 = I15), two source data
files are generated from the model of a two-phase in-
duction installation (Fig. 6).

ESy

N
\

Fig. 6 Simplified diagram of a two-phase ID model with a balancing inductor

The procedure for solving the circuit optimization
problem using executable modules of the application
software package [11, 12] can be characterized by the
following sequence of manipulations. In the English-
language directory of the root directory, group execut-
able, service, command modules, as well as the neces-
sary libraries. In the circuit modeling module, a modi-
fied nodal analysis method is programmed based on
topological and component equations using sparse ma-
trix densification subsystems, as well as a state variable
method for several implicit methods of numerical inte-
gration [8].

A genetic algorithm with local search is pro-
grammed in the optimization module [25, 27, 28]. A

text file with a description of the model is formed in the
ASCII code [19]. The control program is built to solve
the problem in several stages. Start of the control mod-
ule, launches the computing project and imports the
model. The analysis module performs the calculation of
the i-stage and generates a file with the results of the
calculations. File markup allows you to cyclically write
and read the results of subsequent steps. At each stage,
the results are evaluated in the optimization module,
where a new evolutionary calculation task is formed,
and the result file is kept open during the entire compu-
ting session. The criterion for completing the optimiza-
tion is the fulfillment of the given condition for the
equality of the symmetrized currents [I(ES:) = I(ES;) =
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I(ESs)] according to the model (Fig. 6) and the current
distribution between the inductors L4 and Ls (11 and I,
given by the proportion 1/2) )

The results of the optimization calculation of the
regime of a two-phase induction installation with a bal-
ancing choke in the final version are unloaded in a table

B ™ ‘
Fig. 7 Vector diagram (VD) of a two-phase ID with a balancing choke

A brief description of the generated vector dia-
gram for the obtained symmetric mode of the two-
phase induction installation is presented below.

When using inductive BD, a lagging angle & of
current lc, is obtained, relative to voltage U, close to —
n/2. Own losses in the inductor determine the degree of
difference of the current angle from 90 degrees. And
the losses in compensating capacities determine the dif-
ference between the angles au, a2 of the currents of the
bat;, bat, from 90 degrees. The diagram is constructed
in such a way that in each of the vertices of the sym-
metrical triangle of linear stresses there are correspond-
ing vector expressions of the Kirchhoff law for the
node. The reliability of the mode balancing, with dif-
ferent compensation of the reactive power of the induc-
tors, can be easily checked according to the first Kirch-
hoff law for any node of the initial circuit (Fig. 2).

The equivalent symmetric mode is characterized
by the same phase consumption (la = Ig = Ic) with a
lagging power factor (pa = s = ¢c ~ 7/3). The load of
two inductors during balancing by the choke in the ob-
tained version is distributed asymmetrically. In the
shown in fig. 2 sequences of switching on the inductors
ID1 and ID2, the power of the first inductor (element
L4 in Fig. 6) is twice the power of the second Ls. The

form. The results of the calculation of the first produc-
tive stage are presented in the form of a vector diagram
in Fig. 7. The calculation was performed according to
the model (Fig. 6).

numerical values of the operating parameters are
formed in the tables and are also shown in the vector
diagram (Fig. 7). According to the VD, the power of the
first inductor can be approximately estimated at 0.8
MVA.

It can be noted that the disadvantage of the ob-
tained symmetrical ID mode is the relatively large in-
ductive currents consumed in phases. This corresponds
to a relatively small value of the power factor cos ¢ =
0.5 of the induction installation, requiring additional
compensation. Nevertheless, the goal of balancing the
ID during machine search is achieved. With the corre-
sponding replacement of the description of the induc-
tive balancing element L6 in the model (Fig. 6) with the
capacitive C6, a new source data file is formed and the
next stage of the computational project is executed. The
results of the optimization calculation of the two-phase
ID mode with a balancing capacitor bank are presented
in the form of a vector diagram in Fig. 8.

The vector diagram is generated according to the
scheme of a two-phase induction installation shown in
Fig. 2 using the expression of the first Kirchhoff law for
nodes. The current of the balancing element connected
between phases A and C is designated Ic,.
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For a capacitive balancing device (bat), currents in
phases acquire a leading angle & of current I, relative
to voltage Ug,, close to +rt/2. The supporting vectors for
constructing the VD are the reactance currents lpa and
Inaz. They also have close to +90 degrees, ahead of the
angles a1 and a. The angles are fixed relative to the
linear voltages Ua, and Upc.

Judging by the diagram, the equivalent symmetric
mode of the modified version of the circuit (Fig. 2) is
also characterized by the same phase consumption (la
= lg = Ic C), but with a capacitive power factor (pa =
¢s = @c) of a relatively small value (~0.5). Thus, a sym-
metric distribution of currents in phases during the op-
timization search is achieved. When balancing the in-
ductors in a three-phase network with a capacity, the
load of two inductors is also distributed asymmetri-
cally. As shown in fig. 2 sequences of switching on the
inductors ID1 and 1D2 the power of the first inductor
(Fig. 8) is twice as low as the power of the second.

The reliability of the mode balancing, with differ-
ent compensation of the reactive power of the induc-
tors, can be easily checked according to the first Kirch-
hoff law for any node of the initial circuit (Fig. 2).

Iab_ILl_IBKlzo’ Ibc_ll_z_lsxzzov

i+l —i,=01.+i_ —i_,=0,
g +1,—1,=0.

It should be noted that even in the presence of per-
fect modeling systems and multivariate calculations, it
is not possible to detect a regime with a symmetric cur-
rent distribution in the circuit of a complex multicom-
ponent two-phase installation without using the optimi-
zation search procedure. Therefore, when building a
real-time ACS, you should use the appropriate software
modules for calculating the model mode and optimiza-
tion. Another possible solution may be the approach to
programming the microcontroller for a specific circuit

model of the ID and the chosen optimization method.

ca

E B
Fig. 8 Vector diagram of a two-phase 1D with balancing capacity

=1240A

Conclusion. The article discusses the means of
balancing the regime of two-phase induction equip-
ment, designed to improve the quality of electricity in
the network. With asymmetric loading of a three-phase
power supply system in two phases, adjustable reactive
elements are used for balancing. In contrast to the prac-
tice of calculating the generalized parameters of the
system and symmetrical components, when modeling
and tuning the microcontroller control system of the lo-
cal installation, it is proposed to use the current opera-
tional characteristics of regulation. A schematic model
is constructed in the basis of a modified nodal analysis.
To reduce the complexity of solving the problem, bal-
ancing the current consumption in phases was per-
formed by circuit simulation, using optimization and
building vector diagrams. The use of simulation and
optimization software allows you to calculate the sym-
metrical modes of other induction plants with an arbi-
trary nature of the load distribution between the induc-
tors, for varying degrees of reactive power compensa-
tion.
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Abstract

The deposition of coatings in a plasma is a thermodynamically nonequilibrium process in an open system.
From the results of the experiment it can be seen that the wavelength is about 10* m, i.e. mass transfer rate is ~
10 m/s. Since the mass transfer rate, for the diffusion coefficient we obtain the estimate D ~ 10 m?/s. This
corresponds to the mode of low diffusion. The experimental results obtained in the work fit into the model of
macroscopic localization of plastic flow. This model shows that the localization of plastic flow in metals and alloys
has a pronounced wave character.

Our theory of crystallization of a cylinder of finite dimensions relates to problems with a moving phase
boundary. The movement of the phase boundary leads to a nonlinearity of the system of equations, which leads to
the appearance of autowaves.

AHHOTAUSA

OcaxieHre MOKPHITHH B IUIa3Me NPEICTaBIsIeT cO00i TepMOIUHAMHYECKH HEPaBHOBECHBIN MPOLIECC B OT-
KpLITOﬁ cucreme. 13 PE3YILTATOB SKCIIEPUMECHTA BUIHO, YTO AJIMHA BOJHBI COCTABJIACT MMOPsAKa 104 M, T.C. CKO-

pocTh MaccomnepeHoca coctasnseT ~ 10# m/c. TTockosbKy CKOPOCTh MaccorepeHoca V ~+/D/t, 1o xs xo-

sdpunmenta audPysuu nomyyaem ouenky D ~ 108 m%/c. Dto orBeuaer pexumy Manoit aud@ysun. IoaydeHHbIe
B paboTe dKCIIEPUMEHTAIILHBIC PE3YIbTAThI YKIIABIBAIOTCS B MOJIENh MaKPOCKOTIMUECKOH JTOKATN3alliu TJIacTH-
YEeCKOro Te4eHHs. B 3Toii MoJeNn nokazaHo, 4To JIOKaJIU3alys JIaCTHYECKOTO TEYCHUs] B METalIax U CIUIaBax

HMEET SIPKO BBIPAKECHHBIN BOJIHOBOM XapakTep.

PaszBuTas HaMu TeOpUs KPUCTAIIIN3AINY [IMITUHIPA KOHEYHBIX Pa3MEPOB OTHOCUTCS K 3aJja4aM C TIOJIBUKHON
rpaHuIle pas3aena ¢as. J[BukeHne rpaHuIlbl pasjena (a3 MPUBOAUT K HEJTMHESHHOCTH CHCTEMBI YPaBHCHUH, YTO

U MMPUBOJAUT K BOBHUKHOBCHUIO aBTOBOJIH.

Keywords: high-entropy alloy, plasma coating, autowave, mass transfer, nonlinearity.
KiroueBble ciioBa: BLICOKOBHTpOHI/IfIHLIfI CIJIaB, MJIa3MCHHOC MOKPBITUC, aBTOBOJIHA, MACCOIICPEHOC, HEJIN-

HEHHOCTb.

BBenenue. CaMu TepMHUHBI «aBTOBOJIHOBOH ITPO-
meccy, «aBToBoiHa» (AB) Obimm mpemmoxensl P.B.
XOXHOBBIM, XOTsA TEOPpUA aBTOBOJIH 6I)U'Ia HayaTa MaTec-
Mmatukamu - pabotsl P. ®umepa (1937), A.H. Konmo-
ropoga, I'.U. Ilerposckoro u U.C. TTuckynosa (1937),
H. Bunepa u A. Pozentmrora (1946), A. Treropunra
(1952) - 3a10:1r0 10 UX IKCICPHUMEHTABHOTO OTKPHI-
tus [1]. B nocnenyromem teopus ABII ctana HEOTH-
eMJIEMOM YacThI0 TEOPUH CaMOOpPTaHU3alWM WU CH-
HepreTuku [2-4].

Bonpmoit knacc AB-cpen yClIOBHO MOXKHO OIM-
caThb C MOMOIIBIO CIEAYIOLEH cXxeMbl. B OTKphITYIO
pacrpesie/ieHHyI0 CUCTEMY M3BHE MOCTYMAeT dHEepPrus
WM BEIECTBO, OoraToe SHeprueil. DTH MOTOKHU YIIpaB-
JISIOTCA JIOKAJIbHBIMY CBOMCTBAaMU PErYJIUPYIOLIEH 110-
BEPXHOCTH WU, TOYHEE, IIOIPAHUYHOIO €0 MaJlOH
TOJIILMHEL. B CBOIO ouepespb JIOKaNIbHbIE CBOHCTBA I10-
BEPXHOCTHU 3aBUCAT KaK OT BOJIH TEMIIEPATYPhI, TIOTCH-
[Maja KOHIEHTPAIMH, PAacHpOCTPAHSIONINXCS BOJb

TOHKOTO TOTPAHHUYHOTO CJIOS, TaK U OT MPOLECCOB,
MMPOUCXOAAIINX B IMMOJJIOKKE.

Bo BropoMm kimacce AB-cpen moBepXHOCTHBIE d(-
(eKTHI He CTOJb BhIpakeHbI. JIOKabHasT TIOJIOKUTEIb-
Hast oOpartHas cBsi3b obecrnieunBaeT Hannune N-oOpas-
HOW XapaKTEPUCTUKU CPEebl C MaJAOIIUM YYacTKOM
«OTPHULATEIHHOT0» CONPOTHBIICHUS B JIIOOOM 3JIEMEH-
TapHOM 00BeMe. K TakuMm cpenam u mpocTpaHCTBEHHO-
BPEMEHHBIM CTPYKTYpPaM B HHX OTHOCSITCS aBTOKOJIE-
OarenpHBIe peakunn bemoycoBa-)KaboTtwHCKOTO, ITO-
MEHBI B AJIEKTPOHHO-BIPOYHON IMJIa3Me MOIYIPOBO/I-
HUKOB U psia ApyTux [2].

K TperpemMy Kiaccy MOXKHO OTHECTH CJIOXKHBIC
MHOTo(a3HbIe Cpe/ibl, B KOTOPbIX HEPABHOBECHOCTh U
ABII nomnepuBaroTcs 3a CYET SHEPTUU JIa3ePHOTO
H3JIy4YCHUs, SHCPIUU HOHHOM IUIa3Mbl, KaKk B HalllUX
JKCIIEPUMEHTAX, TEPMOXUMHUYECKUX PEAKLIUN U IPYTUX
UCTOYHHUKOB. [1o00HbBIE SIBIICHHSI ONpPENENSIOTCS He
TOJIBKO MU dy3ueii 1 Terionepeadei, Ho U THAPOIH-
HaMUYEeCKUMH ITOTOKAMH, B YAaCTHOCTH KOHBEKLIHEH,
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WCIapeHNeM, KHIICHHEM, IOBEPXHOCTHBIM HaTsKe-
HueM. OOpa3oBaHHE CTPYKTYp C Y4acTHEM MOBEpX-
HOCTHBIX SIBJICHHH paccMaTpUBAJIOCh B MOHOTrpaduu
[5] v Hamu B pabore [6]. Takum 06pa3oM, aBTOBOJIHA —
OJIMH U3 PE3yJIbTaTOB CAMOOPTaHU3ALIMHU B TEPMOIUHA-
MUYECKH AKTUBHBIX HEPABHOBECHBIX CHCTEMaxX. JTO
CaMONOAEPKUBAIOIIMICSA BOJIHOBOM Mpolecc, Cymie-
CTBYIOIINM B HEJIMHEWHBIX CpellaX, COAep KalluX pac-
npeaenéHHble UCTOYHUKHM 3Hepruu. llepmon, mivHa
BOJIHBI, CKOPOCTh pACHpOCTPAHEHUS, aMIUIUTyAa H
JpyTHE XapaKTEPUCTHUKU AaBTOBOIHBI ONPEACISIIOTCS
HCKITIOYHTENIEHO JOKAITHHBIMH CBOMCTBAMH CPEJIBL.

Kpome nBmxenus (ppoHTa TOPEHHUS K aBTOBOJIHO-
BBIM IIPOIIECCaM OTHOCSTCS KojeOaTelbHbIe XUMHYe-
CKHE peakIlMy B aKTHUBHBIX Cpelax, paclpoCTpaHeHHE
UMITyJIbCa BO30YXKIEHUs II0 HEPBHOMY BOJIOKHY,
BOJIHBI XUMUYECKOM CHUTHAIN3AIIUH B KOJIOHUIX HEKO-
TOPBIX MHUKPOOPTaHU3MOB, aBTOBOJIHBI B CETHETOJICK-
TPUYECKUX W TONYIPOBOJHUKOBBIX IUIEHKAX, TOMYJIs-
[IMOHHBIC aBTOBOJHEI, PACIPOCTPAHCHHUE SIHUISMUA H
MHOTHe Apyrue siBienus [7-16].

Taxoe mHOTOOOpa3ne ABII mpuBOANT K MHOT000-
pasuio MEXaHW3MOB WX BO3HHKHOBEHISI, KOTOPHIC HE
BCET/1a IIOHATHBI 1 HE BCET/1a OMTUCHIBAIOTCS TPOCTHIMH
MaTeMaTHIeCKUMHU MojesIMH. Tak Heso 0O0CTOHT co
MHOruMH ABII B KOHIEHCHPOBAHHBIX Cpeax M CUCTe-
Max.

@)

Pucynox 1 Yemanoegra snexmpoumnynscrozo noauposanust II111-40

3. ITocne Beirpy3ku u3 Banubl DI1I1-40, nonarka
MPOMBIBAETCS B YJIbTPa3ByKOBOW BaHHE (puc. 2) u 00-
pabaTpiBaeTCS MApOM MOPH MOMOIIM MapOCTPYyHHOTO
ycrpoiictBa YIIC 4.3-reiizep (puc. 3).

B Hacrosiieii pabote Mbl pACCMOTPUM BO3HHKHO-
Benue ABII mpu ocakieHUM HUTPUA THTAHOBBIX U BbI-
cokosHTponuiiHbIx mokpbiTuit CUTIZrCrNi, kotopsie
HCCIIeIOBaHbI HAMHU B Mpeabiayieii pabore [17]. Dtor
BOIIPOC [T0KAa HUKEM HE IOJIHUMAJICSI KpOMeE Halleit pa-
60ThI [6]. OHM TaK)ke YaCTUYHO OTPAKEHBI B paboOTax
[18-20].

Metoaunka 3xcnepuMenta. Hutpua tutaHoBbIe
U BbICOKORHTpomHiiHbIe oKpbITHs CUTIZrCrNi nano-
CHJIMCh Ha TypOMHHBIE JIOTIATKX U Ha 00pa3Ibl U3 CTAIIN
20X13.

Ilepen HaneceHMeM MOKPHITHUI TYpOHMHHBIE JIO-
HaTKH ¥ 00pa3Lbl MOABEPTaIiCh OYHCTKE U MTOJIHPOBKE
IO cIemyrolIeil cxeme.

[IpenBaputenbHas IOATOTOBKA!

1. BusyanbHBIi OCMOTP M IpeBapUTeNbHAas
OYHMCTKA JIOMATKH Os13bt0 cModeHHoi Hedpacom C2-
80/120, ¢ 1enbio yaaneHust OCTATKOB CMAa3KH.

2. O4nCTKa ¥ TOJMPOBKA JIONIATKH B BaHHE YCTa-
HOBKH 3JIEKTPOJIUTHO-TIa3MeHHO# nonuposku JI1I1-
40 (puc. 1 a), npu creayronMx MapameTpax: cocTaB
pacTBOpa Uil OJIUPOBKH -5% BOIHBINA PACTBOP CyIIb-
(ara amMoHus; TemmnepaTtypa pactsopa- 85 °C; nanps-
skenne karog-agon 300 B, Tok 40 A; JIMTENBHOCTE 00-
pabotku 6 muH (puc. 1 6).

4. ITocne mapoCTpyHHOM OYMCTKH JIOMAaTKa IPOTH-
paercst Os13bI0 CMOYEHHOM CITUPTOM M IOMEIIAETCsl B
CYUIMJIBHBIN IIKa() C HEIbI0 CYLIKH U TpeIBapUTENb-
Horo nporpesa 10 150 °C.
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Pucynoxk 2
Vasmpaseyrosas sanna ons owucmxu demarnetl
Iporiecc HaMbUICHHUS:

Pucynok 3
Hapocmpyiinoe ycmpoticmso YIIC 4.3-zetizep

1. [ToaroroBieHHas IONaTKa yCTaHABIMBAECTCS B BAKYYMHYI0 Kamepy ycraHoBkn HHB 6.6-111 (puc. 4 a) mpu
TTOMOIIIM OCHACTKY HA CAaTEJUTUT Bpamiarorierocs croia (puc. 4 0).

a)

Pucynox 4 Baxyymnas xamepa yemanosku HHB 6.6-H1 (a) u camennum epawarowecocs cmona (6)

2. TlpowmsBomutcs QopBaKkyyMmHas OTKa4yka Ka-
Mephl ycTaHOBKH a0 masineHus 1[la (Bpems oxomo
15mun.).

3. JlanpHeimas oTKauyka KaMepbl TPOU3BOJUTCS
BBICOKOBaKYyMHbBIM TU(Q(Y3UOHHBIM HACOCOM JI0 JaB-
nenus 5*10°Ma. (Bpems 20-25 mun.).

4. 3ateM B Kamepy 4epe3 HaTeKaTelb ra3a Mpous3-
BOJHUTCS HAITyCK aproHa M ¢ MOMOILBIO OJI0Ka yrpaBiie-
HUS AJIEKTPOMArHUTHEIM HaTekareneM « BYOH» mon-
JEpKUBAETCS NaBiicHue B kKamepe 2*10MTa.

5. Jlns mpoBeneHns mporecca HOHHON OYNCTKA |
HarpeBa BKJIIOYAeTCs IUIa3MEHHBIH MCTOYHHK C HaKa-
nenHsiM katogoMm I[IMHK | ycranaBnuBaercs TOK
Hakaia 120 A ¥ nOHHBIH TOK SA.

6. Briroyaercst 670K ONOPHOTO HANPSIKEHUSI U Ha
JieTaib 1mojaercs HanpsbkeHue cmerenns -1000 B.

7. BrutowaeTcs IpUBOJI CTOJIA M yCTAHABINBACTCS
BpaiieHue 5 06/MuH.

8. B reuenun 5-7 muH. nouHblt Tok ITMHK
IUIABHO J0BOIUTCS 10 65-70 A, mpu 3TOM MpOU3BO-
JUTCSI KOHTPOJIb HarpeBa JIONATKU MIPU IIOMOIIH ITHPO-
Mmetpa CMoTpHd 7 ChOKYCHPOBaHHOTO Ha JAETAIN Yepe3
OKHO KaMepHl.

9. TIpu nocTrxkenun Temneparypbl 450° C (Bpems
20-25 MuH.) npekparaercs nojaya aproHa 1 B Kamepy
HaIycKaeTcss a30T 0CcO00i YHCTOTHI, NaBJICHHE IMPH
3TOM IOANEPKUBAETCA Ha ypoBHe 1,8-2,2*10]a.

10. BriIr04aroTes 3JIeKTPOLYroBbie ucraputen (3
IYTOBHKA) C YCTAaHOBJICHHBIMH THTAHOBBIMH KaTOJaMH
mapku Bt 1-00, Tok ayru 95 A, Tox ¢okycupyromiei
karymku 0,3 A, TOK CTaOWIM3UPYOLIEH KaTyIIK{
0,9A.

11. OnopHoe Hanpsbkenue cHikaercst 10 250 B,
tok [IMHK 65-70A.

12. Tpu yCTaHOBICHHBIX MapaMeTpax, B PexKuMe
HAIBUICHUS ¢ HOHHBIM aCCHCTUPOBAHHUEM, IPOUCXOTUT
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(hopMHpOBaHHE HUTPUI-TUTAHOBOTO MOKPBITHS HA T10-
BEPXHOCTH JIOIIATKH.

B mnporecce HaHeceHHs TOKPBITHS HEOOXOIUM
MOCTOSIHHBIA KOHTPOJIb TeMIepaTypbl. [Ipu cHUXeHUN
temneparypsl ¢ 450 °C 1o 420 °C nHeo6x0auMo TOBBI-
CUTh TEMIIEpaTypy IyTEeM KpPaTKOBPEMCHHOT'O ITOBBI-
menus onopHoro HanpspkeHus 10 1000 B. Ipoxomku-
TENBHOCTh HAaHECEHUS TOKPBITUS cocTaBisieT 2 u. [Ipu
3alaHHBIX TIapaMeTpax HambuleHUs TommuHa 10-12
MKM.

13. Tlocne 3aBeprieHHs HANBUICHHS BBHIKIIIOYA-
FOTCSI JTyrOBbIC UCTIAPUTEIH U MIPOU3BOAUTCS a30THPO-
BaHHE MOKPBITHS, Uil YEro HaIlpsHKEHUE CMEICHHUS
nobimaetcs 10 500 B, nonnsrii Tok [TMHK 60A Bpems
20 MuH.

14. lanee mpekpamiaercs noava ra3a, BIKII0Ya-
ercst I[IMHK, npexpamaercs nogaua onmopHOro Hamps-
JKCHHMS, BBIKITFOYACTCS BPAICHUE CTOJIA M MPH OCTH-
seHuu Jonatkoii Temneparypsl 150 °C mpoucxoaut
HaIycK aTMoc(epHOro Bo3ayxa B KaMepy M BHITpY3Ka
JIONATKH.

st mpurorosienust mumiean CrNIiTiZrCu 6pa-
JICh MHKPOMOPOIIKH COOTBETCTBYIOIIMX METAILUIOB U
CMEUIMBAINCh B IKBHATOMHBIX IPOMOPIHAX. 3aTeM
MIPUTOTOBJICHHAS! CMECh TMOPOIIKOB OMEIIAIach B Me-
JIIOLUH CTaKaH IUIAHETapHOU HIapOBOM MEJIbHULIBI U3-
TOTOBJICHHBIH M3 KapOuaa BojbdpaMa u 10OaBISLIHCH

a)

Meltolue Tesa (mapsl auamerpoM 5-10 Mm) Takke u3-
TOTOBJICHHBIEC U3 KapOuaa Bojb(ppama, Macca KOTOPBIX
6bu1a paBHa 10-Tu Maccam cMecH OpOIIKOB (puc. 4 a).
Ilocne crakaH HamonHsau OeH3uHOM «['amomiay,
IUIOTHO 3aKPBIBAIM KPBIIIKY M BKJIIOYAIIU IUIAHETap-
HYIO IIaPOBYIO MEIBHUILY (CKOPOCTh BpAIlICHUS PaBHA
500 o6/muH., BpeMs paboTsI 5 1.).

ITonyueHHBII TOMOTE€HU3UPOBAHHBIA COCTAaB 3a-
TEM CYIIWICS B BaKyyMe H IPH TOMOIIH IpeccHOpMBI
TIPECOBAJICS B TNIOCKHUH quick quamerpoM 100 M u Tom-
mmHOM B 5 MM. Jlajnee quick moMemancs B BaKyyMHYIO
TEpPMO IeYb U CIIEKANCsl B HEll B TEYEHUH 3-X 4YacOB.
Takum 06paszom, nzrorosiennas mumiedb CrNiTiZrCu
(puc. 4 0) ucmoap30BaaCh I JATBHEHIIIETO MarHe-
TPOHHOTO HaHECEHMs MOKpbITUK Ha yctaHoBke HHB
6.6/ 1. HaneceHue MOKpBITHI IPOU3BOAMIOCH HA TTOJI-
TOTOBJICHHBIC TYpOWHHBIC JIOMATKU. BakyymHas ka-
Mepa ortkauymBanachk jgo naienus 0,003 [la 3arem
Bkirouasicst [IMHK npousBoamics vamyck Ar no nas-
nerns 1 [1a Ha MOTOXKKY MMOABANICS OTPUIIATEITHHEIN
motermman cmemenns 1000 B u B Teuennn 10 muH.
MIPOU3BOIMIIACH OYHCTKA M HATPEB IMOBEPXHOCTHU TIOA-
noxku. [Tocne naBnenue aprona monmxkanu jao 0,1 TTa
W BKIIOYaicss MarHeTpoH. CMelleHHe Ha TOJIOKKE
yMmeHbInanock 10 150 B, Tok MarHeTpoHa mojaepiKu-
BaJIcs OCTOSTHHBIM 3 A. JlomaTka pacroJiaranach B Ka-
Mepe Ha paccTosiHUM 15 cM, BpeMsi HallbUIeHUS COCTaB-

js10 1 yac.

6)

Pucynox 4 Mukponopouwiku memanios cCMemusaniich u NOMEWALUCh 8 MeoWull CIMakan RAAHeMAapHOU wa-
DPOBOU MeNlbHUYbL (@), COCMA8 3ameM CYWUILCS 6 8aKyyMe U npu NOMOWU NPecc-hopmuvl RPecco8aics 8 nioc-
kutl ouck ouamempom 100 ymm u monwunoii 6 5 mm (6)

TypOunHBIE TONIaTKH O€3 TIOKPHITHUS BHITJIAIAT TaK
(puc. 5 a), uMeroT BUJ HUTpHIA THTaHA (pHC. 5 0), TYp-
6unHas norartka ¢ nokperrieM CrNiTiZrCu moka3sassl
Ha pHcC. 5 B.

MUKpOTBEpAOCTh TTOKPBITUS H3MEPSIIACh Ha TIPH-
6ope HVS-1000A c BBIBOJIOM JaHHBIX Ha KOMIIBIOTEP
yepe3 0,1 mumtumerp. O611as miomaap oopasia Obiia

20 x 20 mM. M3mepeHust IpOBOIMIIUCH BIIOJb M TIOTIE-
pek. [yl HaHeCEeHUsI TIOKPHITHH B KaUueCTBE TTO/I0XKEK
HCIOJb30BaIH MOJIMPOBAaHHbIE AUCKU K3 cTanu 20X13
nuamerpoM 20 MM (puc. 6), OTHOBPEMEHHO pa3Melnae-
MBI Ha ITO/UTOKKOJIEpIKATENIE C IIETbI0 OCAKICHUS 10-
KPBITHS Ha Pa3HbIE TOUIOKKH B MIACHTHYHBIX YCIIO-
BUSIX.
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Pucynox 5 Typounnsie nonamku 6e3 nokpvimust (@), ¢ HUMpUI MUMAHOBbIM ROKpulmuem (6) u ¢ nOKpsimuem
CrNiTiZrCu (g)

Pucynox 6 Ioruposannvie oucku uz cmaau 20X13

[MonupoBaHHbIE TUCKA TOTOBUIIUCH CIIEIYIOIIMM
o0pazom:

1. Illnudoska u moimMpoBKa 0Opasia Ha IILIH-
¢oBanpHO-TIONIMpOBaTEHOM cTranke MetaServ 250.

2. Ulnugposka SIiC abpasuBHOW OGymaroii
CarbiMet P180 ¢ nomaueii X0I0aHONU BOJIBI.

3. TMonupoBka KpyroM (TKaHb C KECTKUM ILJIe-
TeHHeM, 0e3 Bopca) W alMa3HOM MacTo! ¢ YaCTUIIAMH:
1) auametpa 9 MKM, 2) YacTHIIAMH 3 MKM.

4.  TlomupoBka KpyroMm (Msrkas mopucTas Xu-
MHYECKH CTOWKas TKaHb, 0e3 BOpCa) C HCIOJIh30Ba-
HHEM MONUPOBAHHON cycreH3un Ha ocHoBe AlxO3 (ua-
ctuibl tuamerpom 0,05 Mxwm).

B pesynpraTe ObLTa MOJydYeHa 3€pKaJbHAs MO-
BEPXHOCTB, IIEPOXOBATOCTh HCCIIEIOBaHA HA aTOMHO-
cunoBoM mukpockorie NT-206 u, B kauecTBe npumepa,
moka3aHa B Ta0n. 1. CpenHsisi mIepoXoBaTOCTh COCTa-
Buia 13 HM.

Tabmuna 1
ITapamMeTpbl IePOXOBATOCTH U CTATHCTHYECKHE XaPAKTEPHCTHKH IO/VI0KEK
[ommoxxka [IlepoxoBatocTh Ra, HM Hucnepcus Rq Accumerpus Rsk Okcnecc Ry
Cranp 20X13 13,34 18,23 0,17 7,35
Cranp 20X13 13,00 16,6 0,14 6,46
Cranp 20X13 13,89 21,42 0,15 8,97
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Jnist TypOUMHHBIX JIONATOK TaKKe ObLIa IMOJTy4YeHa 3epKalibHasi IOBEPXHOCTb, HO [UIMTEIBHOCTh MOJIMPOBAHUS
Obu1a 3HaunTeNbHOM. Hebounbinas yacts (13 50 mTyK) pe3ysibTaToB Noka3zaHa Ha puc. 7.
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Pucynox 1T Aemosonnsl 6 nokpoimuu vumpuoa mumana (a) u CrNiTiZrCu (6)

O0cyx1eHne pe3yJbTaTOB JKcHepuMeHTa. B
oboux crydasx HaOMIOJAeTCs KBa3UIEPUOIMUYECKas
CTPYKTYpa, T.€. BOJIHOBOH mporiecc. 13 puc. 7 BUIHO,
YTO JIMHA BOJIHBI COCTaBseT nopsaaka 10 m, T.e. cko-
pocTs Maccomepenoca cocrtasnser ~ 10 m/c. Ilo-

~+/D/t, 10

it koaddurmenta auddy3un morydaeM oreHky D ~
108 M%/c. D10 OTBeuaeT pexxuMy Manoi 1updy3un.

[Tonmy4eHHble HamMM BBINIE DKCIIEPUMEHTAJbHbIC
PE3yNBTaThl YKIAAbIBAIOTCS B MOJEIb MaKPOCKOIIHYE-
CKOM JIOKaJIM3alMH IJIACTHYECKOTO TEUSHUS, Pa3BUTOM
B pabote [12]. B 310it paboTe mokazaHo, YTO JIOKAIIHU-
3aIusl TIACTHYECKOTO TEYEHHsI B METAJUIaX M CIUIaBax
UMEET PKO BBIPAXKEHHBIA BOJIHOBOM Xapaktep. Ilpu
9TOM Ha CTaJHAX JIETKOTO CKOJBXKEHHs, THHEHHOTO U
apaboIIIecKoro AeOpMaIMOHHOTO YIIPOYHEHUS, a
TaKXKe Ha CTaAUM MPEIBAPUTEIBLHOIO pPa3pylICHUs
HabroaeMble KapTHHBI JIOKATU3aIllMd CyTh pa3HbIe
THUIIBI BOJITHOBBIX ITPOILIECCOB. Amnainu3 BOJIHOBBIX Xapak-
TEPUCTUK TaKUX MPOLECCOB MO3BOJIMI U3MEPUTH CKO-
pocth ux pacrpoctpanenus (~ 104 m/c), JMHy BOJNHBI
(~10"2 M) 1 yCTaHOBUTB, YTO JUCIIEPCHOHHOE COOTHO-
[IEHUE IS TAaKUX BOJIH MMEET KBA/PATHUHBIN Xapak-
Tep.

B Hamreit pabote [6] MBI paccMoTpenu 3agaqy o
KPHCTALIM3AMN OCaXIAeMOr0 HOKDPHITHA B (opMme

CKOJIBKY CKOPOCTb MacCOIepeHoOCa V

LWIMHIPA KOHEUHBIX Pa3MepoB € MOABM)KHOI TpaHU-
el pasnena ¢as. HecrammonapHoe ypaBHeHHE au-
(y3uH, OIMCHIBAOIIEE TOT MPOIIECC B OABMKHOM 11~
JIMHJIPUYECKON cHUCTeMe KOOpJIMHAT, IBWKYUIEHCS 10
3akony P(t), umeer Bua:

oC 82C 10

©_y ac

r
0z° r ar or

rae JI- kosddurment nuddy3um.
B pesynbrate peleHue MoinyueHo B BUJE:

C,R 2r
C(r,z)=—%1,| =
Nz R
PaI[I/IaJ'ILHaH H OCCBasi COCTABJIAOIIUC I'paJuCHTA
KOHIICHTpAlluX paBHBbI:

6C 2 C, 2r
oz J_ R)
oC RC,  (2r
o n?

O0a ypaBHEHUS, COJIEpIKAIIUC (byHKuMI/I Beccens
10(2r/R) m 11(2r/R), moka3pIBalOT BOJHOBOW XapakTep
3aTBEp/CBaHMUs MOKPHITHA (pHC. 8).
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Pucynox 8 I'papuxu ¢pynxyuit Beccens (cpasuu ¢ puc. T)

Pa3BuTas HamMu TeOpHs KPUCTAUTM3ALUH LUIUH-
Jipa KOHEYHBIX pa3MepOB OTHOCHUTCS K 3aJadaM C I10-
JBIDKHOM TpaHuUIel pasznena (a3 1 HOCUT Ha3BaHUE —
3amada Credana [21]. C MaTemMaTHueckold TOUYKH 3pe-
HUSI KpaeBbIe 3a/1a4M TaKOTO TUIIA TIPHHIIUINAIBHO OT-
JUYHBI OT KJIACCHYECKUX 3aJad TEMIONPOBOJHOCTH
wm auddy3un. Bemencreue 3aBHCHMOCTH pa3Mepa
o0JyiacTu mepeHoca MOTOKa OT BPEMEHHU K 3TOMY THUILY
3aJ]a4 HEIPUMEHNUMBI KJIACCHYECKUE METOJIbI pazjerie-
HUS MEPEMEHHBIX Y HMHTETPAIbHBIX IpeoOpa3oBaHuit
®dypre, Tak Kak, OCTaBasCh B paMKax KIACCHUYECKHX
METOJIOB MaTeMaTH4ecKol (HU3MKH, He yAaéTcs coria-
COBaTh pElICHHE YPaBHEHMS C JBIKCHHUEM TPaHUIIBI
pa3 nena ¢asz. J[BmxeHune rpaHuIb! pa3 fena a3 npu-
BOJUT K HEJMHEHHOCTH CHCTEMBI YpaBHEHHWH, 4TO U
MPUBOJUT K BOSHUKHOBEHHUIO ABTOBOJIH.

3axiniouenne. B 3akmroueHMM MOXHO CHenaTh
CJIC/TYFOIIIIE BBIBOIBI:

PaccmaTtpuBaroTCs  aBTOBOJIHOBBIE — ITPOLIECCHI,
BO3HHKAIOIIHE P OCAKICHUH TIIA3MEHHBIX TIOKPBITHIL.
Jnst moydeHus: MOKPBITHI HCIONIB30BAIMCh HATPHUJIBI
THTaHa M BBICOKOOHTPOMNUIHBIEC CIUIaBbl. [IpoBoaummch
M3MEpPEHUsI MUKPOTBEP/IOCTH BJIOJIb U TONepek o0pasiua
B kommuectBe 710 50 mryk. I'paduku MUKpoTBEpIOCTH
NPECTAaBISIIOT COOOM MEpUOANYECKHE CTPYKTYpBI C
mmHOH  BomHel mopsamka  10% M. Kosdmuument
mupdysun umeer mopsgok 108 m%c, T.e. MBI MMeem
cucTeMy ¢ Majtor i dy3ueit.

Ocax/ieHre TOKPBITHH B IUIa3Me MHPEACTABISIET
co00 TepMOIMHAMUYECKH HEPABHOBECHEIH MpoIiece B
OTKpBbITOM cucteMme. HenmmHeHOCTh ypaBHEHUI BO3HU-
KaeT u3-3a JABWKEHHs TPaHullbl paznena (a3 u Manoi
quddy3rr MOBEpXHOCTHBIX aTOMOB. B aTom ciydae
BO3HMKaeT aBTOBOJHOBOW mpouecc. I[lomyueHHsie
HaMU JKCIIEPUMEHTAIILHBIE U TEOPETHYECKUE Pe3yJb-
TaThl YKJIaJbIBAIOTCS B MOJIETIb MAKPOCKOITMYECKOH JI0-
KaJIM3aluy TUIAaCTHYECKOro TedyeHus. B aroit monenu
MIOKa3aHO, YTO JIOKATHM3AIHS IIIaCTHYECKOTO TEUECHUS B
MeTaljIax U CIUIaBax UMEET SIPKO BBIPAKEHHBIH BOJIHO-
BOM XapakxTep.

Pa3BuTas HaMu TeOpHA KPUCTAIUIM3ALUH LMIINH-
Jpa KOHEYHBIX pPa3MepOB OTHOCHUTCS K 3a7adaM C I10-
JBIOKHOM rpaHMieii pa3gena ¢a3 U HOCHUT Ha3BaHHE —
3amaya Credpana. C MareMaTnyecKO TOYKH 3PCHHS
KpaeBble 3aJayd TAaKOro TUIA NPHHIUINUAIBHO OT-
JUYHBI OT KJIACCHMYECKUX 3aJay TerIoNpOBOIHOCTH

wm auddysun. BeneacTBue 3aBUCHMOCTH pasMepa
o0JacTy mepeHoca MOTOKa OT BPEMEHU K 3TOMY THILY
3a7a4 HETIPUMEHUMBI KITACCHYECKHE METOIbI pa3zere-
HUSI TIEPEMEHHBIX M MHTETPAIBHBIX IpeoOpa3oBaHMi
®Dypbe, Tak Kak, OCTaBasCh B PaMKax KJIACCHYECKHX
METOJIOB MaTeMaTHIeCKoH (pr3uku, He yHa&Trcs coria-
COBaTh PELICHHE YpPaBHEHMS C JBIKCHUEM T'DaHUIIBI
pa3 nena a3. [IBmkeHne TpaHUIIE pa3 faena (a3 mpu-
BOJUT K HEIMHEWHOCTH CHCTEMbl YPaBHEHMIi, YTO H
MIPUBOAUT K BOSHUKHOBEHHIO aBTOBOJIH.

PabGora BbIMONHEHa 1O mporpamMme MUHHCTEp-
cTBa oOpa3oBaHus W Hayku PecryOmmku Kaszaxcran.
I'pantsr Ne0118PK000063 1 Ned.0781.
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Abstract

The studies were conducted on the premises of Andrianovskiy LLC in the Bogradsky District of the Republic
of Khakassia. The article analyzes the changes in some hematological and biochemical parameters of blood in
heterosexual groups of cattle of Hereford breed in different seasons of the year (spring, summer, autumn and
winter). In spring, blood parameters significantly differ from the autumn and summer seasons. The decrease in the
number of red blood cells in the blood of animals of different sex and age groups may be due to inadequate feeding
in the winter due to a lack of proteins.

AHHOTALUSA

HUccnenoBanus nmpoBoawinck B xo3siictee OOO AnapuanoBckii» borpazckoro paiiona PecryOnukn Xaka-
cus. B cratbe IpOoaHaJIU3UPOBAHbBI UBMEHCHHA HCKOTOPBIX I'EMATOJIOT'MYCCKUX U OHOXUMHYECKUX napamMeTpoB
KPOBH Y Pa3HOIOJIOBO3PACHBIX TPYHIT KPYITHOTO pPOraToro ckora repeopickol Mopobl B pa3HbIe CE30HBI roja
(BecHa, 11eTO, OCEHB U 3uMa). BecHO# mapaMeTpsl KPOBHU JOCTOBEPHO OTIIMYAIOTCS OT OCCHHUX M JICTHHX CE30HOB.
‘YMeHbIIICHHUE YHCIIa SPUTPOUUTOB B KPOBU JKUBOTHBIX PAa3HbBIX IMOJIOBO3PACTHBIX I'PYHIT MOXKCT OBITH 06yCJ‘IOBJ‘I€HO

HCMOJHOICHHBIM KOPMJICHUEM B 3UMHUN nepuona 3a CU€T HeJIoCTaTKa OCJIKOB.

Keywords: hereford breed, hematological and biochemical parameters, seasons.
KuroueBble ci1oBa: repedopackas mopo/ia, reMaToJIOTHIeCKre N OMOXUMHUIECKHE TIOKa3aTeNH, CE30HbI TO/1a.

Hanuune B KpOBETBOPHBIX OpraHax M CHCTEMax
OpraHM3Ma HHTEPOPELENTOPOB CIYKHUT J0Ka3aTeib-
CTBOM TOI'O, 4TO KpOBeTBOpHBIe OpFaHBI BKJIIFOYCHBI B
cucteMy peICKTOPHBIX B3aMMO/ICHCTBHI U Yepe3 HUX
B JICATCIBHOCTh BCETO OPraHNU3Ma KakK I[eJIoro.

IToatomy mMeTox MOP(HOIOTHUECKOTO U OHOXUMHU-
YECKOT'0 aHAIHM3a KPOBHU UCIIONB3YETCS HE TOJNBKO MPH
MOCTAHOBKE UArHO3a W MPOTHO3a MHOTHX 3a00ieBa-
HUH, HO U proOpeTaeT OONBIIOE 3HAYCHHE TIPU HOP-
MHpPOBaHHH KOPMIICHUS B pa3HBIE CE30HBI TO/1a )KUBOT-
HBIX W IPOTHO3a WX MPOAYKTUBHOCTH.

Psan uccnenoBareneil nposiBISIFOT OTPOMHBIM MH-
Tepec K kpoBHu. OTHAKO MOUCKHU CBA3H MOPQOIOrHye-
CKOIro cocrasa KpOBI/I C HpO}IyKTI/IBHBIMI/I KadyeCTBaAaMU
MOKa3alld, YTO OH KOCBEHHO CBSI3aH C MPOIYKTHUBHO-
CTEIO.

B pesynbraTe M3MCHECHUS TEXHOJIOTHH BEICHUS
CEJIbCKOXO3SHUCTBEHHOIO TPOU3BOJCTBA W yCIOBHH
OKpY’)KaloIIe Cpelpl, BO3HHKAET HECOOTBETCTBHE
MEXIy OMOJOTHYSCKOW IMPHPOJON KHUBOTHOTO Opra-
HHM3Ma M €ro (QH3HOJOTHUECKAMH BO3MOXHOCTSIMH [2,
C.2].

B nepuon aganTanuu K HOBBIM TEXHOJIIOTHYECKAM
MPOIIECCaM BBIPAIMBAHUSI, OPTaHU3M JKHBOTHBIX IO-
CTOSTHHO HCIIBITHIBAET MHOTOYHMCIICHHBIE BO3ICHCTBUS
OTpHLATENbHBIX (aKTOPOB BHeWIHEH cpeabl. OH OTBe-
YaeT Ha HUX CTPEcC-peakiuei, 4ToObl 00eceunuTh co-
rJlacOBaHHOE (DYHKIIMOHUPOBAHKE BCEX (PU3HOJIOTHYE-
CKMX CHCTEM, aKTHBU3UPOBATh 3AIIUTHBIC CHIIBI Opra-
Hm3Mma [1, C. 5].

Llens paboThl — H3y4nTHh MOP(OPYHKIMOHAIEHOE
COCTOSTHHE TIOKa3aTelell KPOBH y MOJOBO3PACTHBIX
TPYI KPYIMHOTO POTaToro CKOTa repedopicKoil mo-
POZIBI B Pa3HBIE CE30HBI TOJ1A.

HccnenoBanust Mo HM3y4eHHIO MOPQPOdYHKIIHO-
HAJIbHOMY COCTOSIHHUIO ITOKa3aTelieil KpOBU Y MOJIOBO3-
PacTHBIX TPYIIT KPYITHOTO POraToro ckora repedopi-
CKOM MOPO/IbI TPOBOAUIHUCH B X03siictBe OO0 AHIpH-
aHOBCKit» borpanckoro paiiona PecnyOnuku Xakacuu
B pa3Hble CE30HBI roja (BecHa, JIETO, OCEHb M 3MMa).
Jlist oripenienienust ypoBHS o011ero 0enka, KaibIus, He-
oprannyeckoro Qocdopa, XxojecTeprHa, IIIFOKO3bI HC-
nrons30Bany npudopsr: bBuAH-E 9343 (mporpammupye-
MBI OmoxuMudeckuii ananm3arop). KpoBs y Bcex xu-
BOTHBIX Opany W3 SIPeMHOH BEHBI PAaHO YTPOM JO
KOPMJICHHSI.
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HccnenoBanus, BKIIOUYAONINE B ceOsl ompezene-
HHE KOJIMYECTBA JICHKOLUTOB, TUM(OLUTOB, MOHOLH-
TOB, TPaHYJIOLUTOB, NPOLEHT JUM(OLNTOB, NPOLEHT
MOHOLIMTOB, TPOLUEHT TIPaHYJIOLUTOB, APUTPOLMTOB,
KOHLICHTPAIMIO TeMOrJI00MHa, TeMaTOKpUTa, CPEeIHUI
00bEM SPUTPOLIUTOB, CPEJHEE COJECP)KAHHE I'€MOTIIO-
OMHa B 3pUTPOLHUTE, CPEAHIO KOHIEHTPAIMIO I'eMO-
TJIOOMHA B PUTPOLUTE, INUPUHY PACTIPEIEIICHUS DPUT-
pOIHTOB, TPOMOOIIUTOB, CPEeTHUN 00BEM TPOMOOIIHTA,
[OIMPHUHY pacIpeAeieHusi TPOMOOINTOB, TPOMOOKPHT,
npoBoawin Ha iprbope Mindray BC-2800Vet (Betepu-
HapHBIA TEMaTOJIOTHYECKIA aKHOATH3aTO).

[omyuennsie naHHBIe 00paboTaHBl OHOMETpHUe-
cku B «Microsoft Excel».

KpoBb, sBIssCh BHYTpEeHHEH cpeoil 11 Bcex op-
TaHOB U TKaHel, HarboJiee MOJIHO OTpa)xaeT B cede pas-
HOOOpa3Hble OHOXMMHYECKHE M (DU3MYEcKHe Npo-
IIeCCHI, MPOUCXO/AIINE B Opranu3me. B cBs3u ¢ aTum
HaMy OBUTM TIPOBEAEHBI MCCIIENOBAaHMS M0 U3YyYEHHUIO
MOp(OIOTHYECKOTO ¥ OMOXMMHYECKOTO COCTaBa

KPOBH Y )KUBOTHBIX, B3SITHIX B BECEHHUI, JIETHUH 31M-
HUN U oceHHuM nepuoxas! roga. IIpu 3Tom ycraHOB-
JICHO, YTO TOJy4YeHHBIC PE3YJIbTAaThl OTIUYAIOTCS OT
aHANOTMYHBIX TUTEPaTyPHBIX mokasareneii [3, C. 290].

DKCIeprUMEeHTAIbHBIC HCCICIOBAHUS IO KPOBH Y
JKUBOTHBIX MMO3BOJIMJIN BBISIBIISITH CKPBITO MPOTEKAIO-
K€ MAaTOJOTHYCCKHUE ITPOLIECCHI, TOSBICHUE OCIIOXKHE-
HUI 1 HapyIICHUs 0OMCHA BEIIECTB.

Amnanu3z Mop(}oIorHIecKoro cocTaBa KpOBU KPYII-
HOTO pOraroro ckora repedopicKoil MOpobl CBHIE-
TEJILCTBYET 00 ONTUMATBHOM yPOBHE (POPMEHHBIX dJie-
MEHTOB B HEW M HE3HAYUTEILHOM HX Pa3lUuuM I10
rpyIIaM, CIe0BaTENbHO, (PU3UOIOTUIECKIX BO3MOXK-
HOCTSIX JKHBOTHBIX.

[ToHmxkeHrne abCONIOTHOTO 4YHCIa JIUMGOIUTOB
MIPOUCXOIUT B BECEHHHUI MIEPUO/T, YTO COCTABUIIO HIKE
¢usnonormueckor HopMbl y Herened Ha — 33,4%, ObI-
koB-ipomsBoautenei Ha — 30,2%, ObruKOB (OTHEM) Ha
— 40,6%, u y xopoB Ha — 69,8%. Pe3ynprarel npuse-
neHsl B Tadmmne 1.

Tabmuma 1

Buoxumuyeckue u reMaToJIOrHYecKHe MOKA3aATeIU KPOBU KPYITHOTO POraToro ckora (KopoB)
B pa3Hble Ce30HbI roja

TTokasarenu Ce30H roja
3UMa I JIETO I BECHA | OCEHb
I'eMaTOIOrHYECKHE ITOKA3aTETH
JletikonuTsr, 10°/1 6,7+0,9 74+14 74+14 7,42+1,2
Jlumdonnte, 107/ 54+1,3 16+0,7 16+0,3 1,7+0,6
Momnouutsl, 1071 0,7+0,1 1,0£0,2 1,0+£0,2 0,65+0,6
I'panyorutst, 107/ 1,3+£05 3,602 36+1,0 3,23+0,5
Opurponutst, g/l 41+0,8 7,11+0,1 7,11+0,1 7,43+0,2
I'emorno6us, g/l 110+ 2,6 109+0,2 109,2+ 3,1 1248 +4,7
BroxuMuIecKkue moKa3aTen
OO0t 6eloK, I/11 767+04 70+£04 49+0,3 8,8+0,8
Dochop Heopranmdeckuit, Mr/% 591+0,9 6,0 +0,9 92+1,6 119+15
Kanbiuii, mr/% 7,8+1,7 8,9+0,8 14,7+ 0,6 14,2+0,2
I'moxo3a, Mr/% 55,6+3.9 51,0+0,8 39,4+4,7 62,7+4,5
XomectepuH, MI/% 169,00+4,7 164,0+6,5 140,22 + 11,6 1515+7,8
[enounas gocdarasa, % 60,17+0,7 51,0+1,0 57,88+1,1 60,9+1,8

B nanpHeieM B JETHUH U OCEHHUN NEPUOABI UX
KOJINYECTBO HAXOAWJIOCh B Mpeaeiax (GU3HOIOTHYe-
CKO¥ HOPMBI, KpOME OBIYKOB B IEPHO OTheMa (B JICT-
HUH MEPUOJ), YTO COCTABHIIO — HIDKE (PH3HOIOTHYC-
cKo¥t HopMBI Ha 52,8%.

[IpouenTHOE coneprkaHme TMM(OLUTOB y KOPOB B
BeceHHUil meproz coctasmwio 1,6 x¥/1, a ocennuii — 1,7
x%/11, 4o HIKE (PU3HOIOTMYECKOM HOPMEI, COOTBET-
ctBerHo Ha — 20,83% u 30,30%. OT0 popmMeHHBII A1e-
MEHT, KOTOPBIH OTBEYAET 32 BRIPa0OTKY UMMYHHUTETA U
0opp0y ¢ MUKpOOaMU M BHpyCaMH H WTpacT 3HAUH-
TENBHYIO POJh B 00pa30BaHUN HMMYHHBIX TelL.

IoHmwkeHHOE coaepkanne TMM(OIMTOB B KPOBH
y KOpOB 06’B${CH$[6TC$I TEM, 4TO B HUX OpFaHPBMC OKHC-
JIUTEIbHO-BOCCTAHOBUTEIIBHBIC MPOIIECCHI MPOTEKATH
o4eHb cinabo.

OPUTPOLUTHI CITy’KAT HOCUTEISIMU [€MOTJIOOHNHA,
00ECIICUNBAIOIIETO OPTaHU3M KHUCIIOPOIOM, IEPEHOCST
YTICKUCIBIN ra3 U3 TKaHEH B JIETKUE, IPUHUMAOT y4a-
CTHE B PETYJISIIIMU KHCIOTHO - MIETIOYHOTO PABHOBECHS,
TPAHCIOPTHPYIOT K TKAHSIM aMHUHOKHCIOTBI, JIATU/IEI,

a7copONPYIOT TOKCHHBI, YIaCTBYIOT B psific (hepMeHTa-
TUBHBIX Tiporieccos [2, C.3].

B 3umMHuii nepuon cogepxaHue KOIMUECTBA 3PUT-
POIIMTOB B KPOBHU Yy OBIKOB-TIPOM3BOJUTENIEH COCTa-
Bwio 3,7 v/n, y kopoB 4,1 r/n, y wereneit 4,4 v/n, uto
HWKe Qu3nonornyeckoii Hopmsl Ha — 41,27%, 34,92%,
na — 30,16%, a B BeCeHHUI1, TETHUI U OCEHHHUH CE30HEI
rojia CTabMIH3UPOBAIOCH.

YMeHbIIICHNE YHCTa IPUTPOIUTOB B KPOBU JKU-
BOTHBIX Pa3HBIX MOJIOBO3PACTHBIX TPYIIT MOXKET OBITH
00YCIIOBIICHO HETIOJIHOIIEHHBIM KOPMIJICHHEM B 3UMHHUIN
MEepHo. 3a CUET HeJocTaTka OeNKkoB, BUTaMuHA B, KO-
OasbTa, JKese3a, Meau B kopMax. [Ipu JTHTeIbHBIX UH-
TOKCHKAIMSX MOTYT HAOJIOAAThCS BOCIAIUTEIBHBIC
MPOIIECChI, OTPABJICHHS, HHBA3HOHHBIC OOJIC3HH.

CHMXCHHE YPOBHS TPaHYJOLUUTOB B KPOBU Y
HeTeNiel oTMeueHO B oceHHui mnepuon Ha 53,6%, y
OBIYKOB — B 3UMHU#1 iepuoa Ha 29,2%.

YpoBeHb reMOrI00MHa Y OBIKOB-TIPOU3BOAUTEICH
B 3UMHHUH NepUOJ] MOHMKeH Ha — 3,7%. BrisaBisuiock
M3-3a HEMOJHOIICHHOTO KOPMJICHUS MPH HEJOCTAaTKE B
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parone Oenka, KobanbTa, Kele3a, M U BUTAMHHA
B[2, C.3].

VYV ocTanbHBIX MOJOBO3PACTHBIX TPYII B BECEH-
HUM, JJETHUN W OCEHHUN CE30HBI I'ojJla HAXOIWUJICS B
npezaenax (U3MOJIOTHYECKOH HOPMBL. TpPOMOOIMTHI,
WIMPUHA PACHpEIeNICHUs] SPUTPOLIUTOB, CPEIHAS KOH-
UEHTpalMs TeMOTITIOOMHA B JPUTPOIMTE, CpPEIHHUN
00BEM IPUTPOIIMTA U JIP. TIOKA3aTESIH B KPOBH BO BCE
TIePHUO/EI TOJ]a HAXOAWIINCH B TIpeenax (pU3N0I0THYe-
CKOM HOPMBIL.

IIpu GMOXHMHUYECKOM HCCIICAOBAHHH CHIBOPOTKH
KpPOBHU Y HMBOTHBIX OIPEIEISIOTCS MOKa3aTesu, yKa-
3BIBAIOIIMEC HA MPOUCXOMASIINE B OpPraHU3ME HU3MEHE-
HUSL.

JlanHbple TaOJMIl XapaKTePH3YIOT YPOBEHBb IPO-
[IECCOB B OpPTraHU3ME JKHUBOTHBIX, TIC MPOUCXOMAAT HE-
3HAYUTEIBHBIC U3MEHECHHUS B CBIBOPOTKE KPOBH.

ConeprkaHue XOJIECTEPHHA B OCCHHUMN TEPUOJ Y
OBIKOB - TMpom3BoAuTeNel cocraBmio 218,5 mr/%, a'y
kopoB — 151,5 mr/%, 4ro Hmwxke ¢Qusnonornueckoit
HOPMBI cooTBeTcTBeHHO Ha — 6,90% u 5,30% (Tabdm. 2,
3,4).

Tabnuna 2

BuoxuMuYeckne U reMaToJI0rHYeCKHe MOKa3aTe Il KPOBH KPYIMHOT0 POraToro cKoTa
(0ObIKM - TPOM3BOANTEJIM) Pa3HbIe Ce30HbI roJa

IToka3arenu Ce30H roja
3UMa | JIETO BECHA | OCEHb
['emaTosornueckue noxkazaTeiau

Jletikorutel, 1071 58+0,5 8,1+0,7 8,2+0,7 6,25+ 0,6
Jlumdonuter, 1071 3,7+0,6 38+1,1 18+0,1 480+0,3
Mounonutsl, 10° /1 0,7+0,1 0,9+0,3 09+0,1 0,83+£0,5
I'panynonutsl, 10%/n 15+0,1 2,2+0,6 52+0,6 3,65+04
OpurpouuTsl, g/l 3,7+0,9 6,2+0,2 72+0,2 7,16 £0,8
I'emorno6uH, g/l 95,3+3,1 110,0+5,3 1155+ 3,3 118,0+5,6

buoxumMmdeckue nokasaTenu
OO6rwmii 6ok, /11 7,3+0,58 6,14 + 0,94 414+04 6,49+1,7
dochop Heoprad., Mr/% 58+0,9 98+1,3 118+1.3 116 +2,7
Kanpimii, mr/% 6,6 +0,3 12,80+1,9 128+1,9 11,7+15
I'mroko3a, Mr/% 66,8 + 3,2 60,8 +5,7 57,8+£5,1 60,2 +2,6
XoJsectepuH, MI/% 189,0+7,4 161,20 + 16,8 161,2 +£16,7 218,5+15,2
[lenounas gocdaraza, % 57,9443 50,22 + 2,7 55,22+29 60,96 £ 3,7

Tabnuua 3
Mopdoaornyeckne NoKa3areju KPpOBH KPYIHOIO POraroro CKora (Hereji) pasHble Ce30HbI roia
IToka3zarenu Ce30H rojia
3MMa | JIETO | BECHA | OCEHb
I'eMaTOI0rMYECKIE MTOKA3ATEH

JletikouuTsl, 107/ 6,4+1,2 7,9+1,2 7,2+2.2 5,4+1,2
Monouurtsl, 1071 0,6+0,1 1,0+£0,2 1,0+0,2 0,6+0,1
I'panynonutsl, 107/ 1,2+0,4 28+1.2 3,8+0,2 1,2+04
OpurponuTsl, g/l 4,4+0,3 6,4+0,2 74+0,2 44+0,3
I'emorno6uH, g/l 118,4+2,0 103+ 2,2 106 +2,2 120,4+2,0

Broxumuueckue mokasaTean
OO6wmii 6eNoK, /1 6,37 +£0,7 749+1,0 449+17 711+£17
dochop Heoprad., Mr/% 9,35+1,1 5,03+2,6 10,03+ 2,7 7,03+2,7
Kanbiuii, mr/% 6,5+0,4 11,7+1,2 16,7+15 127+15
I'mroko3a, mr/% 38,727 492+29 37,2+2,6 61,2+2,6
XomnectepuH, Mr/% 183,7 49,3 208,5+15,3 208,5 15,2 211,5+5,2
Illenounas pocdarasza, % 43,76+ 4,2 499+39 49,96+ 3,7 58,0+ 3,7

Coneprxanue menovHon Gocdarasel y HeTenel B
3UMHUI TIepUO]] HIDKE (PU3HOIOTUIECKON HOPMEI Ha —
12,48%, a B BeceHHHil iepuoy y HuX ke Ha — 1,08%.

OT0 BBI3BAHO HEIOCTATKOM B PAIlFIOHE OTACIHHBIX
MUHEpAIbHBIX BEIIeCTB (IIMHKA, MATHHUS) 1 BATAMHUHOB
B CTOMJIOBBIA MEPHUOJ, KOIAa B OPraHU3ME KHUBOTHBIX
HaKaIUIMBAETCsl OOJIBIIIOE KOJIMYECTBO HEIOOKHCIIEH-
HBIX TIPOSYKTOB OOMEHA, KHCIIOT, KOTOPBIE CBSI3BIBAIOT
OmkapOOHATBl ¥ JpyrHe IIEeJOYHbIE KOMITOHEHTHI
KPOBHU.

B Becennuii nepro 6€0K B KpOBU Y OBIKOB-TIPO-
M3BOJUTENEH HUKE (PU3MOJIOTHYECKOW HOPMBI HA —
43,21%, y ObikoB (othéM) — 38,40%, y xopoB — Ha
32,82% u uereneit — 38,40%.

Crnemyer OTMETHTB, CHIDKCHHE O0Iero Oenka B
CBIBOPOTKE KPOBH TPOSIBISIETCS BCICICTBUE HEIO-
cTaTKa Makpo - © MHKPOJJIEMEHTOB, BATAMHUHA.

YBenuueHne ypoBHsi Heopranueckoro gocdopa
B CHIBOPOTKE KPOBH Y KOPOB B BECEHHHUI MEPUO CO-
craBmiio 9,2 mr/%, B ocennuit nepuoz 11,9 mr/%, urto
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COOTBETCTBEHHO BBINIEC (DHU3HOJOTHUCCKOW HOPMBI Ha
32,43% u 70%.

VY ObikoB-nipousBouteici — 11,8 mr/% B BeceH-
HU# Iepuo/, a B oceHHuit cocrapui — 11,6 mr/%, Bolie
(hM3MOIOTUYECKOW HOPMBI COOTBETCTBEHHO Ha —

65,00% u 65,71% . DTO MPOSBIAETCS PH HEIOCTATKE
(OPMEHHOTO dJIEMEHTa B KOpPMax IIPHU IUIOXOM €ro
ycBoeHl/II/I, BCJICACTBUC HapyH_leHI/lH COOTHOLICHUA
KabIims U Gocdopa.

Tabimna 4
MopdoJioruueckue noka3arejau KPoBH KPYNHOI0 poraToro ckora (0bIYKH 10 roia) pa3Hble Ce30HbI roja
Tlokazarenu Ce30H rojia
3MMa | JIETO | BecHa | OCEHb
I'eMaTOIOrHYECKUE ITOKA3ATEIN
Jletixormrtsy, 10 ¥n 9,2+0,6 8,1+0,5 8,5+0,5 6,3£0,5
JlumdonuTsl, 109n 41+0,9 25+0,2 2,5+0,2 4,840,2
Momnonurtsl, 10%/1 1,0+0,2 1,2+0,1 1,2+0,2 0,8+0,1
I'panynonurtsl, 10 %/n 28+0,6 22+05 4,9+0,5 3,7+0,5
OpurponuTsl, g/l 7,3+0,3 73+04 7,3+£0,4 7,2+0.4
I'emorno6uH, g/l 98 + 5,7 1145+ 47 114,5+4,7 118,04+4,7
Broxumuueckue mokasaTein

OO61uii 6eoK, /1 7,98 + 1,05 6,49 + 1,07 4,49 + 1,07 7,61 +1,07
dochop Heoprad., Mr/% 7,98 £0,74 6,03 £ 2,67 10,03 2,67 6,03 £ 2,67
Kanpmii, mr/% 6,1+0,3 11,7+1,.2 16,7+1,2 10,7+1.2
I'mroko3a, Mr/% 579+18 60,2 +2,9 50,2+2,9 62,2+29
Xonectepus, Mr/% 171,8+5,8 218,5£15,3 208,5+15,3 201,5+15.3
Illenounas docdarsa, % 64,5+ 3,2 60,9+ 3,9 599+39 52,0+£39

3UMOii y BCeX MOJIOBO3PACTHBIX TPYII MPOUCXO-
JUT CHIDKCHHE KaJbLUsA: Y OBIKOB — MPOU3BOAUTEINCH
coctaBmio 6,6 mr/%, y 6prakoB (oTpéM) — 6,1 Mr/%,
kopoB — 7,8 mr/% u y Hereneit — 6,5 Mr/%, uTo HIKE
(U3HOTOTHUECKOH HOPMBI COOTBETCTBEHHO Ha —
30,32%, 36,0%, 16,9 u na — 30,7%, a B BECEHHMI], JIE€T-
HUN U OCEHHUH NEpPUOIbl COOTBETCTBOBAIO YCTaHOB-
JICHHOW HOPME — 3TO MPOMCXOJUT 32 CYET HEeJ0CTaTKa
BUTaMuHa /[ B KpoBu.

Conep:kaHue ypoBHS caxapa B CHIBOPOTKE KPOBHU
y HeTenel BecHoit cocraBisieT 37,2 Mr%, 4To HUXe Gu-
3noJyornyeckoid HopMbel Ha — 6,9%. D10 cHIKeHne B
CPaBHEHUH C HOPMOM MOXET IPOSIBIISITHCS BCIIEICTBUE
Jeduimra IerkoycBOsIEeMBIX YTIIEBOJIOB B KOpMax. JTO
CBUICTENECTBYET O ciaboi paboTe pyOla W MeyeHd,
TaK Kak OCHOBHOIl CHHTE3 TJIIOKO3HI B IIEYEHH OCY-
IIECTBIIETCS B ITPOLIeCcCe TIIIOKOHEOTreHe3a U3 JISTYInX
’KHUPHBIX KHCJIOT, 00Pa3yIOIIUXCs Tpy OpOIKEHHH.

Takum 00pazom, MpoaHaNU3UPOBAHbI H3MEHEHUS
FeMATOJIOTHUYECKUX M OHMOXMMHUYECKHX rnapamMeTpoB
KPOBH Y Pa3HOIOJIOBO3PACHBIX TPYII KPYITHOTO pora-
TOTO CKOTa repedop/CcKoil MOpPoAbl B pa3HbIe CE30HBI
rozaa (BecHa, JIeTo, OceHb U 3uMa). BecHoii napameTpsl
KPOBH JIOCTOBEPHO OTIMYAIOTCSI OT OCEHHHX M JIETHUX
CE30HOB. YMEHBIICHHE YHCIA 3PUTPOLUTOB B KPOBH
JKMBOTHBIX PAa3HBIX MOJIOBO3PACTHBIX TPYII MOXKET
OBIT 00YCIIOBJICHO HETONHOLICHHBIM KOPMIICHHEM B
3UMHUH TIEPHOJ 33 CUET HeJOCTaTKa OSITKOB | Ip.

B 3uMHe - BeCEHHUIT TepUOABI, HEOOXOIUMO TIPO-
BOJHUTh NPO(UIAKTHYCCKAE MEPOIPHUSITHS, HaIlpaB-
JICHHblE HAa HOPMAalW3alHUI0 YIJIEBOJIHOTO, MHUHE-
paIbHO-BUTAMHHHOTO H OeikoBoro oOmeHoB. [lpm
JUTUTENIBHBIX MHTOKCHKAIMAX MOTYT HaOJIIoAaThCs
BOCHAJNTENbHBIE TPOLECCH, OTPaBICHHs, WHBA3HOH-
Hele Oosie3HH. OKHCIMTENbHO-BOCCTAaHOBUTEIIBHBIC
MPOLIECCHl Y BCEX BO3PACTHBIX TPyl repedoplackoi
MOPObI UAYT 00JIee NHTEHCHUBHO MO CPABHEHUIO C 3UM-
HUM TEPUOJOM, OHU XapaKTepU3YIOTCS JYYLIUM pa3-
BUTHEM U 00Jiee BBICOKOH POJYKTHBHOCTBIO.
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