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This article presents the results of a study on the effectiveness of processing vegetable seeds with a humic
preparation. In the region of the Republic of Kazakhstan, the influence of the humic preparation "Rostok™ on the
germination and productivity of vegetable crops was studied.

Seed treatment with a humic preparation "Rostok™ involves the improvement of production technologies not
only in terms of quantitative and qualitative improvement, but also in terms of maintaining environmental safety

and balance of agro ecosystems.

Presowing seed treatment with a humic preparation "Rostok™ contributed to an increase in the field germina-
tion of seeds of the "Rubin" radish - by 15% and increased the yield by 1.3 kg / m2.

Presowing treatment with a humic preparation "Rostok" allows to increase the germination energy of vege-
table seeds, allows unconditioned seeds to be brought to sowing conditions in terms of germination, which makes
it possible to save seed material, increase the yield of vegetable crops.

Keywords: humin, preparation, yield, vegetable, germination, control, growth.

Introduction: The modern scientific system of
agriculture involves the transition to greening and bi-
ologization, aimed at producing environmentally
friendly products with minimal use of chemicals [1].

Ensuring food security of the Republic of Kazakh-
stan is a priority task. Vegetable crops are of great im-
portance among the plant growing products. Carrot,
radish and beet varieties are among the most responsive
crops to mineral nutrition and the use of growth stimu-
lants.

The difficult economic conditions prevailing at
the present time set the task of vegetable producers to
obtain high, stable yields and high quality products us-
ing resource-saving and economical technologies. This
problem can be solved by directly managing the growth
and development of plants using new agricultural tech-
niques. A modern direction is the search and develop-
ment of such techniques that could increase the yield of
crops with minimal use of chemicals. One of these ar-
eas is the use of hemic preparations produced on the
basis of natural organicsources, incl. peat. Due to the
structural features and physicochemical properties,
they are characterized by high physiological activity,
activate the metabolism of beneficial micro flora, in-
crease the defense mechanism of plants against the ac-
tion of unfavorable climatic factors, and contribute to
the formation of a high yield of vegetable crops. The
studies of the authors (V.S. Vinogradov, Yu.V.

Smirnov) revealed a positive ecological effect of treat-
ments with humic stimulants on vegetable crops [2].

Seed treatment with a humic preparation "Rostok"
involves the improvement of production technologies
not only in terms of quantitative and qualitative im-
provement, but also in terms of maintaining environ-
mental safety and equilibrium of agroecosystems [3].
In modern technologies for the cultivation of vegetable
crops, great importance is attached to the methods of
pre-sowing seed treatment with new environmentally
friendly preparations that improve the sowing quality
of seeds, stimulate the growth and development of
plants, increase productivity, as well as foliar dressing,
which increase both the yield and the quality of prod-
ucts [4].

According to a number of researchers, the use of
plant growth regulators (PPP) is one of the most prom-
ising ways to increase plant productivity. Their effec-
tiveness is largely determined by the potential capabil-
ities of the plants themselves, as well as the growing
conditions [5].

Both natural and synthetic compounds can be used
as exogenous plant growth regulators. Their use makes
it possible to enhance or weaken the signs and proper-
ties of plants within the normal range set by the geno-
type, to increase the resistance of plants to adverse con-
ditions, to compensate for the shortcomings of varieties
and hybrids Due to their high efficiency in small doses,
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these drugs usually meet the current increasingly strin-
gent requirements for environmental safety [6].

The use of growth stimulants provides an increase
in the yield and quality of grown products, an increase
in resistance to diseases and other stressful influences,
an improvement in fruit set, an acceleration of ripening,
a decrease in the content of nitrates, radionuclides, etc.
Plant growth regulators are classified from various po-
sitions: by chemical composition, crops, influence on
the physiological processes of plants, etc. [7].

The goal is to develop a technology for the use of
a humic preparation "Rostok™" for obtaining environ-
mentally friendly vegetable products. Presowing treat-
ment with a humic preparation "Rostok™ allows to in-
crease the germination energy of vegetable seeds, al-
lows unconditioned seeds to be brought to sowing
conditions in terms of germination, which makes it pos-
sible to save seed material, increase the yield of vege-
table crops.

Research method: The high efficiency of the use
of humic preparations has been proven many times. To
develop a technology for the use of a humic preparation
"Rostok™ for obtaining ecologically safe vegetable
products.

The influence of the method of extraction, compo-
sition and concentration of the reagent, stages of puri-
fication from impurities on the chemical composition
of humic preparations from peat was studied.

On the basis of technological experience and the
results of field tests, since 2001, the research and pro-
duction center "Eureka”, created as part of the depart-
ment, began to carry out experimental production of a
modified highly purified humic preparation "Rostok™.
It is obtained by chemical modification of humic acids
extracted from peat. As a result of changes in the struc-
ture and properties of humic acids, their biological ac-
tivity and ability to penetrate through cell membranes
increase [8].

The preparation contains complex compounds of
humic acids. It is recommended for use in agriculture,
communal, forestry and personal subsidiary plots in the

120 -

form of aqueous solutions for treating seeds (tubers,
bulbs, seedlings, cuttings, etc.) and plants of all types
of crops at various phenological stages of development
in 2-4 terms after 10 -15 days. The drug can be used in
the form of pre-sowing treatment (0.5 1 / t 1% of the
drug, solution consumption 10 | / t) and foliar treatment
(100 ml of 1% drug per 100 | of solution, solution con-
sumption 200-400 | / ha; with low volume spraying
with 200 ml / ha of 1% preparation).

The drug has a significant effect on the redox pro-
cesses in the plant cell, activates protein synthesis and
carbohydrate metabolism, has stimulating and anti-
stress properties. The energy of seed germination, root
formation, growth and development of the aerial part,
product quality, plant resistance to diseases increase,
and the passage of phonological phases is accelerated
[91.

Germination (laboratory and field) - the ability of
seeds to form normally developed seedlings. Field ger-
mination is lower than laboratory germination, since it
is impossible to create optimal conditions in the field,
as in the laboratory.

It is possible to increase the germination energy
and germination capacity by pre-sowing treatment with
the Rostock preparation (0.5 1/t), adding it to the dress-
ing agent. In addition, plants develop a more powerful
root system.

According to the results of our research, the humic
preparation "Rostok™ increased the germination energy
of vegetable seeds (table 1). So the germination of
seeds treated with a humic preparation on table beets of
the "Bordeaux 237" variety and the radish of the "Ru-
bin" variety was one hundred percent. Germination of
seeds of carrot varieties "Nantskaya™ was very high
93%, while in the control the level of germination of
carrot seeds was 71%.

Figure 1 shows that the use of the humic prepara-
tion "Rostok" made it possible to improve the germina-
tion of beet seeds and provided a 16% increase to the
control.

100 1
80

60— g

40 +——

20

0 +——

Control without
processing

GP "Rostock”

Ryad
Row 1

Control Gain

1

Figure 1. Germination of seeds of Beetroot "Bordeaux 237" treated with SE "Rostok" and increase to control%.

The positive effect of the treatment of carrot seeds with the humic preparation "Rostok™ is evidenced by the
excellent result of field germination of 93%. Which exceeded the control option by 22%, the data is shown in
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Figure 2. Germination of seeds of “Rubin” radish treated with SE “Rostok” and% increase to control.

Our observations are confirmed by long-term field
and production tests of the humic preparation "Rostok™
on vegetable crops. 1 would like to note that, at present,
it is used in the farms of many regions of Russia and
Kazakhstan.

The sprout helps to increase the field germination
of seeds, the energy of germination, and affects the
growth and development of vegetable crops. Experi-
ments on vegetable crops confirm the studies of the ef-
fect of the humic preparation "Rostok" on the germina-
tion energy of spring wheat, barley and oil flax, when
using which the germination energy increased by
23.5%, 37.1%, 8.2%, respectively. In studies of the use
of the humic preparation "Rostok™ in a tank mixture
with herbicides, it was possible to increase the field ger-
mination of wheat - 81.2%, barley - 78.8%, and flax -
91.2.

The drug activates metabolic processes, resulting
in an increased consumption of minerals from the
soil. Seedlings on the plots did not appear all at once,
they are stretched to one degree or another. This can be
explained by the fact that not only the pre-sowing treat-
ment but also the quality of the seeds, the conditions of
moistening the upper layer of the soil, its temperature,
the uniformity of the depth of seeding, the quality of
soil preparation and other factors affect the amicability
of the seedlings.
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The physicochemical properties of alloys of the CalnTe,-Caln,Tes system and the electrical properties of the
CalnTe, compound were studied by complex methods of physicochemical analysis: differential thermal analysis
(DTA), X-ray phase analysis (XRD), microstructural analysis (MSA), as well as the determination of microhard-
ness and density, the phase diagram of the system was built. The phase diagram of the CalnTe,-Caln,Tes system
is partially quasi-binary. Eutectic equilibrium and peritectic transformation occur in the system. In the CalnTe,-
Caln,Te4 system, only on the side of the Caln,Tes compound, solid solutions reach 8 mol. % CalnTey, solid solu-
tions based on CalnTe; are practically not found. The electro-physical properties of the CalnTe, compound have

been studied.

Keywords: system, density, microhardness, phase, solid solution

Introduction

The components of the CalnTe,-Caln,Te, system
were synthesized by the ampoule method from CaTe,
InTe and In,Tes compounds. The properties of the ele-
ments of the main Il subgroup are given in detail by the
author of [1]. In systems with the presence of calcium,
semiconductor materials with luminescent properties
were studied in [2, 3]. Indium chalcogenides and the
ternary and quaternary phases and solid solutions de-
rived from them are semiconductor materials with
functional properties. Indium sulfide and selenide com-
pounds are photoelectric [4-8], and telluride com-
pounds are semiconductors with thermoelectric proper-
ties [9,10]. From this point of view, the study of the
CalnTe,-Caln,Tes system is of scientific and practical
importance.

The purpose of the work is to study the phase equi-
librium in the CalnTe,-Caln,Te, system, build its phase
diagram and study the electrical properties of the
CalnTe, compound.

Experimental part

Alloys of the CalnTe,-Caln,Tes system were syn-
thesized from CalnTe; and Caln,Tes components in
evacuated quartz ampoules up to a pressure of 0.133 Pa.
The alloys were synthesized in the temperature range
1100-1400 K. For homogenization, the alloys were

subjected to heat treatment at 610 K for 240 hours. Then
the samples were studied by the methods of physico-
chemical analysis (DTA, XRF, MSA, measurements of
density and microhardness).

Differential thermal analysis (DTA) of the alloys
was carried out on an NTR-73 low-frequency pyrome-
ter. Chromel-alumel was taken as a thermocouple, the
heating rate was 10 K/min.

X-ray phase analysis (XPA) was performed on a
D2 PASER X-ray diffractometer. At that time, CuKa
radiation and a Ni filter were used. The microstructure
of the samples was analyzed using a MIM-8 micro-
scope.

The microhardness of the alloys was measured us-
ing a PMT-3 metallographic microscope. The density
of the samples was determined by the pycnometric
method; toluene was taken as the working solution. The
electrical properties of the CalnTe, compound were
carried out in vacuum by the compensation method
[11,12].

Results and its discussion

Of great interest are the physicochemical and
physical properties of ternary and more complex com-
pounds of calcium with other metals. Therefore, the
study of the chemical interaction of CalnTes-
Caln,Tesin the internal section of the Ca-In-Te ternary
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system is one of the important issues. Synthesis of al-
loys of the system was carried out from the CalnTe, and
Caln,Tes components by the ampoule method under a
vacuum of 0.133 Pa. The resulting alloys are compact
black substances. The alloys were subjected to heat
treatment for 300 hours at 400°C to homogenize them.

Components CalnTe; and Caln,Tes are gradually
triturated during prolonged exposure to the open air.
The reason for this is that when exposed to air, they
gradually absorb moisture from the air and undergo
changes. Alloys of the system dissolve very well in
strong mineral acids (HCI, HNO3). Homogenized sam-
ples were studied by the methods of physicochemical
analysis.

1%
1000
800
600
400
200

Al

During the differential thermal analysis of alloys
of the CalnTe, - Caln,Tes system, it was found that
more than two endothermic effects are observed on
their thermograms. A large number of effects on ther-
mograms indicates that a complex interaction occurs in
the system. The results of the microstructure analysis
show that the alloys of the system in the solid state are
single-phase and two-phase. Since the CalnTe, com-
pound is peritectic in the system and as a result of the
decomposition of this compound at high temperatures,
three-phase fields are also present.
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Fig. 1. X-raypatterns of alloys of the CalnTe,-Caln,Tessystem.
1- CalnTez, 2-40 mol %, 3-70 mol %, 4- 100 mol.% Caln,Tea.
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Fig.2. Phase diagram of the CalnTe;, - Caln;Tes system.
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Based on the Caln,Tes compound, a sufficient
area of the solid solution is formed. To refine the region
of the solid solution, alloys containing 3, 5, 7, and 8 mol
% CalnTey, which were kept at 200 and 400 °C for 150
hours, were subjected to heat treatment and cooling by
placing them in ice water at these temperatures. After
that, microstructural analysis of samples containing 3,
5, 7 and 8 mol. % CalnTe,. As a result, it was found
that the solubility region at room temperature based on
the Caln,Tes compound is 8 mol % CalnTe,. At the eu-
tectic temperature, the region of the solid solution
based on Caln;Te, corresponds to an interval of 15 mol
% CalnTe,.

In order to confirm the results of differential ther-
mal and microstructural analyzes, an X-ray phase anal-
ysis of alloys with 40 and 70 mol % Caln,Tes of the
CalnTe, - Caln,Tes system (Fig.1). According to the
results of X-ray analysis, it was found that the diffrac-
tion lines obtained on the diffraction patterns of the al-
loys consist of a mixture of diffraction lines of the pri-
mary components. That is, the CalnTe; - Caln,Tes sys-
tem has a quasi-binary character in the solid state. At
higher temperatures, the system is partially quasi-bi-
nary. As a result, the results of the analyzes comple-
ment each other.

By measuring the microhardness of the phases of
the CalnTe; - Caln,Tes system, a comparison was made
of the components that make up the system. As a result
of measuring the microhardness in the system, two
types of values were determined. The microhardness
value (1650-1750) MPa corresponds to the microhard-
ness of the CalnTe, compound, and the value (1900-
1990) MPa corresponds to the microhardness value of
the a-solid solution based on the Caln,Tes compound.

Based on the results of physicochemical analysis,
a phase diagram of the system was constructed (Fig. 2).
The state diagram of the system is partially quasi-bi-
nary, accompanied by eutectic equilibrium and
peritectic transformations.

The liquidus of the system is limited by the mon-
ovariant equilibrium curves of the a-solid solution
formed on the basis of the Caln,Tes and CalnTe, com-
pound, which is in equilibrium with the liquid. In the
range of 0-70 mol % Caln,Tes, as a result of the decom-
position of the CalnTe, compound, two-phase regions
consisting of M + CaTe are observed below the liquidus
curve. Another two-phase region consists of (M+ o) be-
low the liquidus curve in the region of 70-100 mol %
Caln,Tes. As a result of reprecipitation, three-phase
fields arise in the concentration range of 0-85 mol %
Caln,Tes from (M+ CaTe +CalnTez) and M+at
Caln;Tes. The region of the a-solid solution formed on
the basis of the Caln,Tes compound is 8 mol %
CalnTe..

Temperature dependence of electrical conduc-
tivity (o), thermo-EMF. (o), current strength (I) and re-
sistivity (p) of the CalnTe, compound were studied in
the temperature range of 300-350 K. The dimensions of
the samples were 1.5x0.5x0.4 cm.

The temperature dependence of the electrical con-
ductivity (o) of the CalnTe, compound is shown in fig.
3. It can be seen from the graph that the electrical con-
ductivity increases with temperature. Additional con-
ductivity occurs in the temperature range of 300-350 K,
the specific conductivity is formed with a subsequent
increase in temperature. The electrical conductivity of
the CalnTe, compound at room temperature is 6 = 2.96
10°Qtem™?, and at 350 K itis 6 =4.2 10* Qtcm™,
The CalnTe, compound also has a relatively high resis-
tivity.

The thermo-EMF of this compound is also given
in fig. 3. The thermo-EMF of the CalnTe, compound
decreases with temperature. The value of its thermo-
emf at room temperature o. = 620 pV/deg, and at 350 K
its value is o, = 350 pV/deg.

lgo,0Om-1.sm- a,

1 mwAl A IA v

1 6

. 5
AN | 4
arc . 3
i 28 29 30 31 32 33 34 35

103/ T,K

Fig.3.Temperature dependence of electrical conductivity and thermo-EMF of the CalnTe;
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Fig.4. Temperature dependence of the electric current (a) and resistivity (b) of the CalnTe, compound.

On fig. 4 a shows the temperature dependence of
the current strength of the CalnTe, compound. The
CalnTe, compound has a lower resistance, so the tem-
perature dependent increase in current flowing through
the CalnTe; is large. The value of the current strength
at room temperature is | = 310° A, and at 350 K | =
2.510* A. An increase in the current strength depend-
ing on temperature indicates that the CalnTe, com-
pound has a semiconductor property.

The temperature dependence of the resistivity of
the CalnTe, compound is shown in fig. 4 b. As can be
seen from the temperature dependence of resistivity,
the temperature dependence is linear and decreases
with temperature. The resistivity of the CalnTe, com-
pound is significantly lower than the resistivity of the
CalnSe, compound. The reason for this is related to the
increase in the proportion of metallic bonds in the series
Se—Te. The resistivity of the CalnSe; and CalnTe;
compounds is p = 75.108 Qcm and p = 3.107 Qcm, re-
spectively.

Conclusion

The chemical interaction in the CalnTez-Caln,Tey
system was studied by the methods of physicochemical
analysis and its phase diagram was constructed. As a
result of the decomposition of the CalnTe, compound,
the state diagram of the system becomes partially quasi-
binary. The process of eutectic equilibrium and
peritectic transformation takes place in the system. In
the CalnTep-Caln,Tes system at room temperature,
solid solutions based on Caln,Tesreach up to 8 mol %
CalnTe, and on the basis of the CalnTe, compound, the
solid solution region is practically not defined. The
temperature dependence of the electrical conductivity
(o), thermo-EMF (a), current strength (I), and resistiv-
ity (p) of the CalnTe, compound has been studied in the
temperature range of 20-150°C.
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Abstract
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This article assesses the anthropogenic component in a complex system of factors, which negatively affect
the ecology of the arid territory of the eastern part of the Terek-Kuma artesian basin as a whole, including ground-

water resources.
AHHOTAIHSA

B cTaThe MpPOU3BOAUTCS OLIEHKAa aHTPOIOTCHHOHW COCTaBIIAIONICH B CHCTeMe KOMIUIeKca (hakTOpoB, Hera-
TUBHO BIIMSIIOLIMX HA 3KOJIOTHIO apHHOW TEPPUTOPUH BOocTOYHOI YacTu Tepcko-Kymckoro apresnanckoro dac-

ceifHa B I1eJI0M, BKIIIOYasi peCypcChl OI3EMHBIX BOJ.

Keywords: artesian waters, depression, underground runoff, desertification
KiroueBble cioBa: ApTE3UaHCKUEC BOAbI, ACIPECCUs, HOJI[SGMHLIfI CTOK, OITYCTBIHUBAHUC

B ycnoBusx apuIHOTO KIIMMAaTa M OTCYTCTBUS I10-
BEPXHOCTHOTO CTOKa BOIIPOCHI IMHUTHEBOTO W XO35H-
CTBEHHOTO BOJIOCHAOKEHUS TEPPUTOPUIN BCETJA CTOAT
HanOonee octpo. Ilonck m pazBenka MECTOPOXKACHUI
TMOJA3EMHBIX BOJI, OI€HKA UX €CTCCTBCHHBIX M 3KCILTya-
TaDMOHHBIX 3aI1aCOB CTAHOBATCA NPUOPUTETHBIMU IJIsL
YCTOMYMBOrO pa3BUTHUS HAPOJHOIO X03sHcTBa. B aTnx
[ENSIX HE0OXOAUMO JETALHO U3ydYaTh BOTPOCH! (op-
MHUpPOBAHUS W pa3MeEIIeHHs ITOA3EMHBIX BOJ, IPOCIIe-
JKUBATh €CTECTBEHHYIO IWHAMHUKY IBIDKSHHS OT 00Ja-
CTel IMTaHUs 0 00JacTell pa3rpy3Ku, OIICHUBATh B3a-
UMOCBSI3b  MEXKIY BOJIOHOCHBEIMH TOPHU30HTaMH,
MOBEPXHOCTHBIMH, TIOJJ3¢MHBIMHI U MOPCKAMH BOJIaMHU.

Hauunas ¢ CCPECAUHBI MATUACCATBIX TOAO0B HA TEP-
putopun BocTouHOM yacTu Tepcko-Kymckoro apresu-
aHCKOT0 OaccelHa eXerofHO MPOBOAMINCEH PEKUMHBIE
HaOJroIeHNUs HaJl YPOBHAMH, TEMIIEPaTypaMu U XHUMU-
YCCKHUM COCTAaBOM IIOJA3€MHBIX BOI, YTO ITIO3BOJIMJIO BbI-
SCHUTH YCJIOBUSA LMPKYIAUUM U ApPEHaXXa apTe3uaH-
CKUX BOJI, HX 30HAJIILHOCTH, BIIEPBBIC JIaTh KOMIUICKC-
HYIO OIICHKY HX 3amacoB M pecypcoB. K HacTosmemy
BpeMeHH pobypeHo 6osee 3000 apTe3naHCKUX CKBa-
JKUH, KOTOPBIE SKCIUTyaTUPYIOT OAKMHCKHE W allliie-
POHCKTE BOJIOHOCHBIE TOPHU3OHTHI ILIMOLIEH-YETBEP-
TUYHOTO KOMILICKCA.

Ha Gompmreit tomanu Tepcko-Kymckoit o6mactu
Jlarectana ammepoHCKUE BOJABI UMEIOT THUAPOKapOo-
HATHO-HATPUEBBIA cOCTaB W MuHepanusanuoo 0,4-0,6

r/in. Jlume mo Mepe mpuOimkeHus K akBatopun Kac-
MUHCKOTO MOpST MUHEpAM3aIisl ammepoOHCKAX BOJ
YBEIMUUBAETCS 3a CUET XJIOPUJHBIX COJIel HaTpus. B
LIEJIOM aMIlIepOHCKUM BOJOHOCHBIH KOMILIEKC COJEp-
JKUT TIPECHBIE U cTaboMUHEpaTn30BaHHBIE BOJIBI XOPO-
IIeTO Ka4eCTBa, IPUTOIHBIC TS TUThsI. [lebutsl 60J1b-
NIMHCTBA CKBAYKUH M3MEHSUIUCh B HAUYaJbHBI MOMEHT
AKCIUTyaTaIluy B Ipenenax 2-151/cex, Iuib B OTIeNb-
HBIX ciy4asx pocturas 50i/cex, mpu H30BITOYHOM
Hanope 16-19 merpoB. IOxHee, ¢ mnorpyxeHuem
KpPOBITM amIllepoHa, 3HAYUTEIBHO BO3PACTAIOT H30BI-
TOYHBIE HAIOPbI, cOCTaBisisl B cpeaHeM 30-35M u no-
CTHTas B OTJICIEHBIX HACCIICHHBIX MTYHKTaX 44M.
bakuHCKHME BOJOHOCHBIE TOPU3OHTHI  BOJIO-
OoOMIIBHBI Ha Beelt Tepputopun bacceitna. CpexHue Je-
o6utel 90% apTe3MaHCKUX CKBRXKWH B HAYAJIBHBIH MO-
MEHT JKCIUTyaTallid U3MEHSUTUCH B TpeJienax oT 2 J0
1071/cek. [Topsiaxa 10% Bcex HccnenyeMBIX B 9THX pai-
OHaX CKBaXWH MMeNr 0ojiee BHICOKHE NEeOUTHI, HO HE
npebrmatomue 300/cek. [lo ruapoxuMmdecKoMy co-
CTaBy apTE3MaHCKUE BOJBI OAKMHCKUX OTJIOKCHUM
MpEeACTaBICHbl MPEUMYIIECTBEHHO JBYMS XHMUYe-
CKUMH THIIAMH BOJX: CYyIb(})aTHO-KAIBIUCBEIMH U
HATPUCBBIMU U THAPOKAPOOHATHO-HATPUEBBIME. B 00-
JIACTSAX, MPUMBIKAFOIIUX K 00JIACTSIM TUTAHUS, HA FOTO-
3amajie, CoJIEpP’KaTcsi B OCHOBHOM CyJb(haTHO-HATpHE-
BBIE U CYJbh(aTHO-KAJIBIIMEBbIE apTE€3UaHCKHE BOJBI C
muHepanu3anued 0,6-1r/n. Ilpu nBrxeHUN Ha ceBep,
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CeBepo-3amajl, CeBEPO-BOCTOK Cyib(aTHbIE BOIBI B
TJIMHACTO-TIECYaHBIX MOPCKHMX OCajKax OaKHMHCKOTO
spyca 3aMeIaroTCcsl Ha I'HpOoKapOOHATHBIE, MUHEPAJIH-
3anus KOTOpHIX KoieOnercs B mpexaenax 0,4-0,8r/m,
YBEJIMYHMBAsCh B BOCTOYHOM HaIlpaBJIeHHH 10 1T/ 1
nmocturas 2-3r/1'y 6eperoBoit INHHH.

VYBenndyeHrne MOTPEOHOCTH B BOJE IPHBEIO K
MHOTOKPaTHOMY POCTY HOOBIYM apTEe3MaHCKUX BOT;
KpOMeE TOTO 3KCILTyaTalus ITOAaBIISIONEro OOIbIINH-
CTBa apTE3MAHCKUX CKBAXXHH B TCUCHHUE NECITHICTHIH
BeJach Ha MPEIeIbHOM THAPOINHAMIIECKOM PEXUME,
4TO NMPHUBEJO K MaJCHUI0 HAOPOB B BOZOHOCHBIX I'O-
PHU30HTaX, UCTOIICHUIO 3allacoB MPECHBIX apTe3uaH-
CKUX BOJ, YXYJIIEHHIO UX kKauecTBa. I[lomumo nperpa-
JlaluK BOJTHBIX pecypcoB, B Tepcko-Kymckoit oOnactn
JlarectaHa pe3ko yXyALIMIOCH COCTOSHHME MacTOWIL,
AKTUBU3UPYETCS HACTYIUICHHE IECKOB, 3aChIMAOTCS
HaceJeHHbIe MyHKTH.. OCHOBHOHM NPHYUHON OIYCTHI-
HUBaHUA YepHBIX 3eMelns 1 KI3Ispekux macTOuI cre-
[IUATUCTHI CAUTAIOT IIEPEBHITIAC, YBEIHMUCHHE TOITYCTHU-
MBIX Harpy3ok Ha mactomma. OmHako HeoOxommma
OIlCHKA W APYTHX, HE CTOIb OYEBUIHBIX, (PAKTOPOB,
00yCIaBIMBAIOIIMX OIyCTBIHUBAHUE, CPEAN KOTOPBIX
MOBCEMECTHOE CHMKEHUE YPOBHS I'PYHTOBBIX BOJ TOJ
BIIMSIHUEM JETIPECCUH B HATIOPHBIX TOPU30HTAX, PACIO-
JIO)KEHHBIX HauboJiee OJIM3KO K TOBEPXHOCTH,

C o101 nenpio ObUI 1) H3yUeH eCTEeCTBEHHBIN, HE
HapyUICHHBIN OKCILTyaTallded, TUAPOAMHAMUYECKUI
PEXUM TOI3EMHBIX BOJ IUIHOICH-TUICHCTOIICHOBOTO
BOJIOHOCHOTO KOMIUIeKca [2]; 2) mpociiekeHa IWHA-
MHKa U3MCHEHHUS HATIOPOB B MIPOAYKTHBHBIX BOJAOHOC-
HBIX KOMIUICKCaX TTHOLCH-YSeTBEPTHIHBIX OTIOKESHUH
3a BeCh NEPHOJ SKCIUTyaTallill apTe3MaHCKOro Oac-
ceitHa [4]; 3) mocTpoeHa MaTeMaTHYECKas MOJIEIb TIPO-
Iecca 3KCIIyaTallid BOZOHOCHBIX KOMIIJIEKCOB, C TO-
MOIIBIO KOTOPO#i BOCIIPOU3BENEH MEXaHU3M (POPMHUPO-
BaHUS, PA3BUTHUS U PACIIPOCTPAHEHUS JETIPECCHOHHOM
30HbI [1];4)uccnenoBaHo BIUSHUE OOpa30BaBIICHCS
PETHOHANBHON JETPecCuy Ha CTPYKTYPY IMOJ3EMHOTO
CTOKa M MOJIydeHa COBPEMEHHas IHIpOAUMHAMHYECKas
KapTHHA IMOJI3€MHOTO TMOTOKA B IUIMOIIEH-YETBEPTHY-
HBIX oTnoxeHmsx CeBepo-JlarectaHcKOro apTe3maH-
ckoro OacceriHa [5].

Kax ormeueno B [2], Ha Teppuropun Tepcko-Kym-
CKOT'0 MEXIYPeUbs B JOAIKCILTYaTallHOHHBIH IIEPHOJI, B
TPYHTOBBIE BOJIBI pasrpy’kanachk OOJbIIast YacTh apTe-
3MaHCKUX BOA. BennmumHa HAaMOPHOTO MHMTAHUS, pac-
cuntaHHas B [3] 6amaHCOBBIM MeToZOM it Tepcko-

Kymckoro yuacTka 1o pa3HOCTH pacXo/0B HCIapeHus
u uHQuUIbTpauu coctapisna 489 Teic. M%/cyt, mio-
maaHoil Moayans pasrpysku 0,26 /c kM2 DTo 03Ha-
YaeT, YTO KETr0JHO YPOBEHb I'PYHTOBBIX BOJI YBEIHYH-
BaJICS 32 CUET MPUTOKA apTe3UaHCKUX BOA Ha 8,2 MM.
s marecranckoit wactu Tepcko-Kymckoro Oacceitna
9Ta nu(pa BHIIIE U COCTaBILLIA B cpeaHeM 13 mm/rox,
Ha OT/ENBHBIX IUIOMASX MOBBIIAsAch 10 30 MM/Tox 1
Oonee. bmaromapsi €XerogHOMy INPHTOKY YpPOBEHb
TPYHTOBBIX BOJ HaXOAWJICA Ha OoibpIIel dacTu oOua-
CTH Ha riryonHe oT 1 10 5 MeTpoB.

Ecnu cpaBHUTH cOBpeMEHHBIE KapThl aOCONIOT-
HBIX TIbE30METPUYECKUX YpPOBHEH a1 OaKWHCKOTO U
aNIIepoOHCKOTO0 BOJOHOCHBIX KOMILJIEKCOB, ITOCTPOCH-
HBIE 0 pe3ybTaTaM MOJAEIUPOBaHUS [6], cTaHET oue-
BUJIHBIM, YTO MOYTH JUISl BCEX TOYEK O0JIACTH HAIIOPHI
B allIepOHCKOM BOJOHOCHOM TOPH30HTE CTaHOBSTCS
HIDKE, 9YeM B OAKHHCKOM, T.€. BEpTHUKaJIbHAsI COCTABIIA-
oIIasi CKOPOCTH (GMIBTPALMKM U3MEHHIIA CBOE HAIpaB-
JICHHE Ha IPOTHBOTIOJIOKHOE. JJaHHOE 00CTOSATETHCTBO
CBHJETEJIECTBYET O TOM, YTO TPYHTOBBIE BOABI IIepe-
CTalOT MOJy4YaTh IOAMHUTKY OT HAIOPHBIX BOA IUTHO-
LIEH-YETBEPTUYHOT0 KOMIJIEKCa U3-3a ACTIPECCHH B I10-
cinenneM. J{axxe npeneOperast BETMYMHON HCIIAPEHUS C
3epKajia TPYHTOBBIX BOJI, TOJIBKO CHHXKEHUE CKOPOCTH
BEPTUKAIBHOM (PUIbTpanuy Hen30eKHO BIEYET 3a CO-
001 HauaJo Ipolecca MOHKEHUST YPOBHS IPYHTOBBIX
BOJI.

[Tanenne M30BITOYHBIX HANIOPOB JIO0 HYJS B OJH-
XKaWIINX K TOBEPXHOCTH BOJOHOCHBIX TOPHU3OHTAX
HaOII0aeTcsl B HEKOTOPBIX HACEJICHHBIX MYHKTAX yKe
B 70-e roapl: 3T0 BpeMsi MOXKHO CUHUTaThb TOYKOU OT-
CueTa, HauMHas1 C KOTOPOH YPOBEHb TPYHTOBBIX BOJ
HEYKJIOHHO CHIDKAeTCsl, MPUYEM CKOPOCTb IaJCHUS
YPOBHS U IUIOIIA/Ib, HA KOTOPYIO 3TO SIBJIEHHE PacIpo-
CTpaHseTCsl, HAXOIUTCSl B TPSMO IPOINOPLUOHAIBHOM
3aBUCHUMOCTH OT MacITaboB 00pa3oBaBIIIEHCs AeTpec-
CHH{ B HAIIOPHBIX IUIACTAX IUIMOLEH-YETBEPTUYHBIX OT-
JIO’KEHUH.

ITo pesynbraram pacueToB AJsi TeppuTopun Tep-
ck0-KyMCKOro Mexmypedbsi CTpOUTCS cXeMaTH4ecKast
KapTa aOCONIOTHBIX BEJINYWH CHI)KCHHSI YPOBHS TPYH-
TOBBIX BOJ|, KOTOpasi, Oyay4n COBMEIIEHA CO CXEMOH
riryOWH 3ajeraHus ypoBHS rpyHTOBEIX Box ([3]), maer
KapTHUHY U3MEHEHNS YPOBHsI IPYHTOBBIX BOJI 3a IIEPHO/]
JKCIUTyaTauu bacceiina, n300paKeHHY 0 Ha puc. 1.
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Puc. 1. Cxemamuueckasi kKapma CHUdICEHUs. YPOBHSL 2PYHMOBLIX 800 U 0OIACMEL, NOOBEPIHCEHHBIX
AHMPONO2EHHOMY ONYCHLIHUBAHUIO.
Tnybuna 3aneeanus yposHs 2pYHMOBLIX 800:
1-om0o0o Im; 2—omloo3m; 3—om3005m; 4—om5aool0m.
S — pacuemnas 6enUUUHA CHUIICEHUS YPOBHSL 2PYHMOBBIX 800 (CM).

Takum 00pa3oM, COBEpUIEHHO OYEBHIHO, 4YTO
MPOIIECC CHIDKEHUS YPOBHS T'PYHTOBBIX BOJ| OXBaTHI
Bcio Tepputopuio Tepcko-Kymckoro mexaypeuss Ja-
recraHa. Hanbosee 3HaYMTENBHBIC CHIKECHUSI YPOBHS
TPYHTOBBIX BOJ Ha CEBepo-3amaje, a0COMIOTHBIC 3HA-
YEHHSI CHHKEHHUS YPOBHS IPYHTOBBIX BOJ 31€Ch JOCTH-
raroT 90 u Oonee caHTHMETPOB; IHdpa 70 cM OXBATHI-
BaeT NOYTH BeCh paiioH [IpuKyMCKOM 30HBI OHATHUH,
a3HaueHue 50 cM XapaKTepHO Ui Bcell 001acTH, HaXo-
Jdiencs Hall Jenpeccuei.

Ha ceBepo-3amage paccMaTpuBaeMoil TeppHTO-
puH, BHYTpH U30IUHUH 90CM, JIEXKHUT 00JIacTh C YPOB-
HEM IPYHTOBBIX BOJI OT 1 10 3M, IpU CHIDKCHUH YPOBHS
TPYHTOBBIX BOJ Ha |M yka3aHHas IUIOLIa[b TepeineT
U3 pa3psaa BEICOKONMPOAYKTUBHBIX B Pa3psi CpeJHe- U
HHU3KONPOYKTUBHBIX. bosbIas xe yacth obmacT, riue
YPOBEHb TPYHTOBBIX BOJ M3MEHsETCS OT 3 A0 5M, OT-
HOCHUTCSI K Pa3psily HU3KOMPOTYKTHBHBIX U NPU CTOJb
3HAQYUTENBHBIX CHI)KEHUSAX YPOBHS 31€Ch HAUMHAETCS
IpoIecC OMyCThIHUBaHMA. VIMEHHO 30Ha, OYepUeHHas
Ha KapTe u3oauHueit S0cM — 3To Ta MIIOIIaIb, Te OImy-
CTHIHMBAaHHE HEW30€XXHO M3-3a HEYKJIOHHOTO CHIDKE-
HUS YPOBHSI TPYHTOBBIX BOJI.

Eme 6omee yCKOpPUTH IPOLIECC CHUKEHUS YPOBHS
TPYHTOBBIX BOJI MOYKET MPIMEHEHHE IPUHY JUTEITbHBIX
OTKAaYeK B apTEe3MAaHCKUX CKBAXKUHAX, MEPECTAIOIINX
CaMOU3/IMBATLCS: B 9TOM CIIy4ae BO3MOKHO IPOHUKHO-
BEHHUE WU OTTOK IPYHTOBBIX BOJ U CMELINBAHUE UX C
apTe3MaHCKMMHU BOJAMU OJIM3KUX K MOBEPXHOCTH
HaMOPHBIX IJIACTOB.

Xopolee Ka4ecTBO apTE3UAaHCKUX BOJ ILUIMOLEH-
YETBEPTUYHOTO BOJOHOCHOTO KOMILIEKCA (HMCKIFOYast
Xa3apCKUi M XBAJBIHCKUN BOJOHOCHBIE TOPHU3OHTHI)
MO3BOJISIET MCTIONB30BATh UX JJISI OPOIICHUS CENbCKO-
X03sIcTBEeHHBIX yroauid. Ha Tex miomanasx, rae mno-
JI0OHOE OpOIIIEHNEe UMEET MECTO, MOKET HAOIIOAaThCS
KpPaTKOBPEMEHHOE TIOBBIIICHHE YPOBHS TPYHTOBBIX
BOJI, B TOM CJIy4ae, €CJId MMOKPOBHAsl TOJIA MeCYaHU-

cras. Ecnu e BepxHssA 4acTb TOKPOBHOW TOJIIIM TIpe-
UMYIIECTBEHHO TJIMHUCTaA ( YTO XapaKTCpHO IJid
OOJIBIICH YacTH paccMaTpuBaeMO# 00JacTH), BCA H0-
MOJIHUTEJIbHAS BJIara OyIeT MmoTpadeHa Ha UCTapeHHe,
TaK Kak CKOPOCTh WCIApeHHs B HAlIeM cliydae
HAMHOT'O BBIIIE CKOPOCTH QuibTpanuu B riauHax.. Opo-
[ICHHE CEJIbCKOXO3IUCTBEHHBIX 3eMellb TpeOyeT Jo-
MTOJTHUTEIBHO OOJIBIIAX O0BEMOB JOOBIYM apTe3WaH-
CKHUX BOJI: €CJIH HCCAKACT OJIMH BOJJOHOCHBIH TOPU30HT
— pa3paboTYUKU MEPEXOAT Ha OoJiee TiyOOKHe ropH-
30HTBI WM CTaBAT HACOCHL. Tak, B pe3ysibTaTe OKyJib-
TypUBaHMSA OJHMX IUIOIIAAEH, 00e3BOXKHMBAETCS BCS
TEPPHUTOPHS B IIEITIOM.

CJ'Ie}IyeT OTMETHUTH, YTO PpPCaJIbHBIC BEJINYNHBL
CHMKEHHSI YPOBHSI TPYHTOBBIX BOJ| Ha OKOHTYPEHHOMN
TEPPUTOPHUHU MOTYT OKA3aThCSl 3HAYMTEIILHO BBIIIIE, YeM
pacyérHble, 10 TOi MPUUYKMHE, YTO (PUKCUPOBAHHEIH 00-
KOBO#H ITPUTOK MOJI3EMHBIX BOJI HA 3aIlIaHOW 1 I0ro-3a-
MaIHOM TPaHUIIAX 00JACTH HA CAMOM JIEJie HE SIBIISIETCS
MOCTOSTHHBIM M €T0 BEJIMYMHA CHIDKACTCS M3-3a HAJH-
YHsI MHOYKECTBA KCILTYyaTUPYIOIIUXCS BO03a00POB Ha
CONpeneNbHON TEPPUTOPUH.

Takum 00pa3oM, MOXKHO CJIeNIaTh BBIBOJI, YTO OIy-
cTeiHUBaHUEe Tepputopuit  CemepHoro Jlarecrana
MOXXHO HalpsAMYIO CBA3aTb C IMMOBCEMECTHBIM CHHXKE-
HUEM YPOBHS TPYHTOBBIX BOJ BCIICJACTBUE Pa3BUTHUS
PETHOHANIBHOM NTENPECCHH B HATIOPHBIX BOJIOHOCHBIX
TOPH30HTAX IUIMOLICH-YSTBEPTHYHBIX OTIOKCHHHA W3-
3a Ype3MEepPHOI MHOTOJICTHEH SKCILTyaTalluH apTe3HaH-
ckux BoJ Tepcko-KymMckoro apre3naHckoro 6acceiHa.
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SWOT ANALYSIS OF GEORGIAN GASTRONOMIC TOURISM

Introduction

Georgia has always been the prize stone of great
empires. Unfortunately, there were constant attacks,
sometimes they captured some part of our homeland,
sometimes the whole country. Sometimes this hap-
pened for a short time, other times the occupation lasted
for hundreds of years. If one can see something good in
all this, it is the variety of Georgian cuisine. However,
our culinary arts were not only influenced by invaders.
Due to its convenient geographical location, Georgia
has always been at the crossroads of trade routes. First,
it is enough to mention the Great Silk Road. Foreign
merchants traveling on these roads also had a great im-
pact on Georgian food culture.

Over the centuries, Georgians took the best of eve-
rything that foreigners had, later rejected and forgot
something, changed and kept others according to Geor-
gian taste. However, the influence of foreigners is visi-
ble in many ways, and a prominent example of this is
"Foreign Spice"”, its name clearly indicating that it was
imported from a foreign country. This is how many
dishes have come to this day, for example, khinkali or
kali, whose roots, as experts claim, are from Asia, but
Georgians added their own nuances to their recipes and
cooking methods and turned them into real Georgian
dishes.

Another important advantage of Georgian cuisine
is its diversity. Every corner of this small country is en-
livened by its unique culinary art. Not in every corner,
sometimes the dishes are different even at the level of
the ancient village. "In the villages of Kartli: in Dzegvi
and Nichbis, the local population still prepares "garlic
khinkal", which may be made elsewhere (eg in Tet-
ratskaro), but the mentioned dish is mainly characteris-
tic of these villages. The same villages are character-
ized by another peculiarity in terms of traditional cui-
sine. This is a wild growing "capar", which the locals
collect and pickle for the winter. (This member of the
caper family is also used in folk medicine)." To the sur-
prise of the participants of a one-week tour in Georgia,
they eat khachapuri every day and it is always different.
Let's take the Racha-Lechkhum-Kvemo Svaneti region,
which is quite small and very few in number. While
traveling here, the tourist gets acquainted with three dif-
ferent historical-geographical provinces of Racha,
Lechkhumi and Kvemo Svaneti, as if similar but differ-
ent architecture, life, cuisine, wines, and it is impossible
not to bring the visitor into admiration.

One of the important elements for the develop-
ment of Georgian gastrotourism is Georgian wine and
Georgian wine tourism. Wine tourism is considered a
sub-species of gastronomic tourism, but for Georgia,
wine and wine tourism are so important (Taktakishvili,
2017). that they often become the reason and basis for
implementing gastronomic tours.
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In addition to the above-mentioned factors, Geor-
gian gastronomic tourism has other positive and nega-
tive aspects. We considered that a simple analysis will
more clearly present the state of this type of tourism in
Georgia. Considering the educational (professional)
factors and consumer demand is crucial in this process
(Abashidze, 2023; Kvirkvaia et al., 2018).

Overally, the tourism industry in Georgia is still in
its early stages of development, but it has the potential
to be a major driver of economic growth. The govern-
ment has taken steps to promote tourism, such as easing
visa restrictions and investing in infrastructure (Papava,
Charaia, 2021; Gamsakhurdia et al., 2017, Sikharuli-
dze, 2018). Tourism can also play a significant role in
small and medium size business development in Geor-
gia, including through fintech technologies also (Lash-
khi et al., 2022a; 2022b); Tourism as one of the drivers
of the Georgian economy (Kadagidze et al., 2021,
Tsutskiridze, Charaia, 2023; Anguridze et al., 2015),
makes a significant contribution to the Georgia wellbe-
ing and life standard uprise.

SWOT analysis

At the beginning, | will explain a few important
points from each graph of the SWOT analysis in a rel-
atively broad way, and at the end, a summary and de-
tailed list of these issues will be presented in the form
of a table.

Strong sides

v’ Positive image of Georgia as a tourist country
and permanent increase in the number of foreign tour-
ists and visitors over the last 20 years. Work in this re-
gard began as early as 1998, when the State Department
of Tourism and Resorts of Georgia was created, and in
terms of image promotion and branding, activities were
especially intensified since 2004, which, along with the
resolution of other issues (security, unilateral cancella-
tion of the visa regime with tourist generating coun-
tries, etc.) A steady and steady increase in tourists and
visitors followed. The only exception was the regres-
sion caused by the pandemic in 2020-21 (Meladze at
al., 2022; Charaia at al., 2021; Papava, Charaia, 2021).

v One of the distinctive and authentic elements
of Georgian cultural heritage - Georgian cuisine, which
is a delicious and amazing mixture of spices, herbs, rec-
ipes and cooking methods left here by many ancient
civilizations.

v' A diverse range of authentic local Georgian
dishes and Georgian wine (Saferavi, Khvanchkara,
Kindzmarauli, Rkatsiteli, Tsolikauri and others) and
dishes (Khachapuri, Khinkali, Kubdar, Shkmeruli,
Chakafuli, Tsiv, Tkemali and others) brands, which are
well known domestically and internationally in the
tourist market;

v Tasting of local cuisine and wine ranks first
among the tourist activities carried out by foreign visi-
tors in Georgia, and satisfaction with Georgian table
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and hospitality is quite high. Unfortunately, the same is
not true of the quality of tourism services in general,

v’ Establishing a close connection between the
local population and tourists through wine and food
products, which is a good way for guests to have a full-
fledged cultural exchange with the locals. That's why
Georgian gastronomy can become one of the factors
that bring foreign tourists to the country again and
again, the so-called. will facilitate re-visits;

v Rich tangible and intangible cultural heritage,
modern and creative culture, which makes Georgia a
fascinating tourist destination. 3 cultural monuments
(Mtskheta, Gelati and Zemo Svaneti), one natural mon-
ument (wetlands of Georgia), as well as 4 intangible
cultural monuments (Georgian polyphonic song, Geor-
gian way of making wine in a pitcher, Georgian alpha-
bet and Georgian wrestling) are included in the
UNESCO list of material culture monuments.

v Traditional hospitality of Georgians. "The
guest is God's!" This expression shows how much a
Georgian appreciates a guest, whom he considers a gift
from God. "Wonderful" is another Georgian word that
emphasizes the natural hospitality of Georgians. "Su-
perb™ is a synonym of the best, the best, excellent, and
the content indicates that the Georgian kept and in-
creased the best for a stranger, a guest;

v Georgian traditional table, the same bread cul-
ture, which in 2020 was awarded the status of an intan-
gible cultural heritage monument of national im-
portance. The Georgian table is very complex, multi-
faceted and multi-layered, followed by archaic ele-
ments and angular features. Its etiquette, tradition,
tamada, merikife and toasts are a truly Georgian phe-
nomenon, the like of which cannot be found anywhere
else, which makes it very attractive and interesting for
tourists;

v' A Georgian village, where tourists can taste
ecologically clean products and authentic dishes (sour-
dough, dambal-cottage cheese, sulguni, Gudi cheese,
churchkhela, honey, etc.) and wine;

v' Georgia's convenient geographical location,
due to which it can play the role of a tourism hub in the
South Caucasus in general and, among other things, a
gastronomic tourism center;

v Convenient geopolitical location of Georgia in
the region. Historically, Georgia and Thilisi have al-
ways represented the political center of the South Cau-
casus. Today, the Great Silk Road, Trasecka and, re-
cently activated, the Middle Corridor remain almost the
only routes for freight and passenger traffic between
Asia and Europe due to the Russia-Ukraine war. In ad-
dition, due to the conflict between Azerbaijan and Ar-
menia, it is impossible to carry out combined gastro-
nomic tours in the South Caucasus without traveling to
Georgia;

Weaknesses

v | consider the biggest obstacle facing the de-
velopment of Georgian gastronomic tourism to be the
lack of a strategic plan that will be approved by all par-
ticipants of this sector;

v Also, itisaserious challenge that food product
manufacturers and restaurant business representatives
do not properly realize the great potential and profita-
bility of gastronomic tourism, which is why most of
them consider the local population as the main target

segment and pay less attention to tourists. While work-
ing on this topic, | asked almost all famous restaurants
in Thilisi to fill out a simple questionnaire that did not
require any confidential information. I received an-
swers from only 10% of respondents. This speaks for
itself about the attitude of the managers of these enter-
prises towards tourism. Due to such a small number of
responses, of course, this study turned out to be statis-
tically unreliable, but it still provides an opportunity to
draw certain conclusions. For example, at Odabade res-
taurant, which positions itself as a place to offer authen-
tic Georgian, in particular Maghreb dishes, 50% of
guests are foreigners. A few other restaurants have
slightly less but similar statistics.

v Lack of complete inventory and register of lo-
cal authentic food products and dishes remains an im-
portant problem. An inventory of food-related tangible
and intangible heritage such as utensils, customs, reci-
pes, products, etc. should be carried out. Then it is nec-
essary to identify from them those special products,
dishes and drinks of local gastronomy that have the
greatest potential to be introduced in the tourist market,
in order to create the basis for creating a new gastro-
nomic offer or renewing the existing one.

For the rest of the information on weaknesses, see
below in Table N 1.

Opportunities

v' Development and adoption of a strategic plan
for the development of gastronomic tourism, which will
make it possible for this type of tourism to move from
the tracks of spontaneous development to planned evo-
lution; This, of course, is the most important and diffi-
cult task, but at the same time, it is possible to make a
stable, thoughtful development of this sector, based on
the principles of sustainability, and therefore, the eco-
nomic, ecological and socio-cultural benefits obtained,
will be balanced.

v Georgia is not perceived in the international
market as a gastronomic tourism destination, which
makes it difficult to "sell" it, but this so-called "Under-
estimation™ is a possibility even if the right steps are
taken;

v' Today, in Georgian gastronomic tourism,
technological innovations tested in marketing are al-
most not used, but their use can become the main driv-
ing force of this type of tourism; This should be done
through a combination of digitization, big data manage-
ment and artificial intelligence to be able to predict cus-
tomer behavior and needs. Such activities will primar-
ily facilitate business to facilitate access to customers
throughout the value chain.

v" Improving the scenario, environment, places
and system of hosting tourists in order to perfect the
gastronomic tourism product - there is an opportunity
to create museums, gastronomic interpretation centers,
meeting and event halls, etc., which will contribute to
the diversity of the tourism product and the satisfaction
of tourists.

See the rest of the information about the possibili-
ties below, in Table N 1.

Threats

v' Greater diversity of gastronomic tourism
products and more aggressive marketing among Geor-
gia's competitors in gastronomic tourism. There is quite
a lot of competition in this field, so without competitor
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analysis and comparative analysis it is impossible to de-
velop this type of tourism correctly. Especially since
most of our competitors have a better quality-price ra-
tio, more diverse products and better marketing com-
pared to us.

v' Failure to consider the changed behavior and
needs of tourists as a result of the pandemic, especially

SWOT analysis of Georg

in family kitchens and cellars. In the post-pandemic pe-
riod, people pay more attention to the observance of
sanitary-hygienic norms, healthy food, ecologically
clean products and general health care. If these issues
are not taken into account, it will be difficult to hope
for the satisfaction of tourists.
See Table N 1 below for more information on haz-
ards.
Table 1.

ian gastronomic tourism

Strength

Weakness

1. Positive image of Georgia as a tourist country;
2. Georgian cuisine, as one of the distinctive and
authentic elements of Georgian cultural heritage;

3. Adiverse assortment of authentic local Georgian
dishes;

4.  Georgian wine and food brands, whose aware-
ness is high in the international tourist market;

5. The priority of tasting local cuisine and wine
from the tourist activities carried out by foreign visi-
tors and high satisfaction with Georgian table and hos-
pitality;

6. Establishing a close connection between the lo-
cal population and tourists through wine and food
products and a full-fledged cultural exchange between
them;

7. Rich tangible and intangible cultural heritage,
modern and creative culture;

8. Traditional Georgian hospitality and Georgian
bread as a unique cultural heritage;

9.  Georgian village where tourists can taste ecolog-
ically clean products and authentic dishes and wine;
10. Convenient geographical location of Georgia;
11. Convenient geopolitical location of Georgia;

12. The abundance of Georgian restaurants, family
kitchens and family wineries;

13. As a result of the increase in the income of the
local population, a large part of it has the opportunity
to visit Georgian restaurants, get a good gastronomic
experience, travel to get new impressions;

14. Popularity of culinary television programs and
shows;

15. Permanent increase in the number of foreign
tourists and visitors over the last 20 years.

1. Absence of a strategic plan for the development of
Georgian gastronomic tourism;

2. Improper image and branding of Georgia as a gas-
tronomic tourism destination;

3. Improper marketing of Georgian cuisine in the
global market;

4. Lack of competitive gastronomic tourist product
corresponding to international standards and its diver-
sity;

5. Inappropriate hybridization of the gastronomic
tourism product with other types of tourism. An ex-
ception may be the MICE business, however, there is
quite a large reserve here as well.

6. "New Georgian cuisine", if it exists, could not be-
come as important an element for gastronomic tourism
as the Spanish Nueva Cocina (New Cuisine) for the
Basque Country and Spain.

7. Lack of modern technologies and innovations in
the marketing of gastronomic tourism;

8. Absence of complete inventory and register of lo-
cal authentic food products and dishes;

9. The scarcity of culinary events and the absence of
a calendar of gastronomic festivals and celebrations
with fixed dates;

10. Absence of an effective distribution system for the
existing gastronomic tourism product;

11. Uneven distribution of gastronomic tourism prod-
ucts and events between regions of the country;

12. Absence of an international quality certification
system for Georgian food products;

13. Absence of a national quality model of gastro-
nomic tourism enterprises, which is why the risk of
tourists getting a low-quality experience is high;

14. Lack or absence of personnel trained in accord-
ance with modern international standards;

15. Lack of experience in receiving foreign tourists
and lack of relevant skills, including foreign lan-
guages;

16. Absence of training programs aimed at training
chefs so that they can properly use more local prod-
ucts, be able to perform the function of a guide and
interpret, which will increase the quality of this type
of tourism;

17. Inadequate quality of gastronomic tourist services
and Georgian tourist services in general,

18. Absence of authoritative national, regional and lo-
cal associations and networks of gastronomic tourism;
19. Inadequate awareness of the great potential and
profitability of gastronomic tourism by food producers
and restaurant business representatives.

20. Orientation of the modern Georgian peasant on the
quantitative index of production, not on the qualitative
one;

21. Unbalance of products and dishes in Georgian gas-
tronomy (e.g. lack of fish dishes);

22. Absence of programs for research and monitoring
of gastronomic tourism markets, as well as assessment
of the impact of this type of tourism on the territories,
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Opportunities

Threats

1. Development and adoption of a strategic plan for
the development of gastronomic tourism, which will
make it possible for this type of tourism to move from
the tracks of spontaneous development to planned
evolution;

2. Georgiais not perceived in the international mar-
ket as a gastronomic tourism destination, which makes
it difficult to "sell" it;

3. Today, the technological innovations tested in
marketing are almost not used in Georgian gastro-
nomic tourism, but their use can become the main
driving force of this type of tourism;

4.  Growing interest of local and foreign tourists in
Georgian food products and cuisine;

5. The possibility of creating interesting culinary
routes through small catering establishments and fam-
ily kitchens in the regions of Georgia;

6. Planning and holding gastronomic festivals and
events on fixed dates, especially in regions, which will
make it easier for tour operators to include them in
tourism programs;

7. Based on the growing interest in local food prod-
ucts and family cooking, the creation of cooking
schools, courses, farmers' markets and others;

8. Creation of communication and cooperation
mechanisms, both between the state and private struc-
tures, and between the sectors involved in gastronomic
tourism.

9. Improving the scenario, environment, places and
system of hosting tourists in order to perfect the gas-
tronomic tourism product.

10. Planning events for local communities that en-
courage them to give a name to their gastronomic tra-
ditions, strengthen their sense of pride and help pre-
serve their cultural identity.

1.  Greater variety of gastronomic tourism products
and more aggressive marketing among Georgian com-
petitors in gastronomic tourism;

2. More and more interest in gastronomic tourism
in our neighbors, as well as in our competitor countries
in tourism in general, and concern for the development
of this sector;

3. The Covid-19 pandemic and the slow pace of
tourism recovery in the post-pandemic period;

4.  Failure to take into account the changed behavior
and needs of tourists as a result of the pandemic, espe-
cially in family kitchens and cellars;

5. Due to the lack of effective quality control mech-
anisms for local products and dishes, unmet expecta-
tions and dissatisfaction of tourists

6. Difficulties in lending to gastronomic tourism
businesses, especially startups, high interest rates and
high collateral fees;

7. Ignoring the requirements of a healthy lifestyle
and healthy food and not making appropriate changes
in Georgian cuisine;

8.  Unstable political situation of the region and the
country (Abkhazia and Samachablo occupied by Rus-
sia; Russia-Ukraine war, Karabakh conflict)

9. Increased political risks due to the Russia-
Ukraine war, disruption and slowdown of global logis-
tics connections, danger of deepening inflationary pro-
cesses and economic recession in the world;

10. Increased natural disasters due to global warm-
ing, climate change, difficulties in the production of
agricultural products;

11. Improper condition of water supply, sewage,
roads and other communal infrastructure in the re-
gions;

Conclusions

It can be safely said that Georgia has an excellent
potential for the development of gastronomic tourism,
which, unfortunately, is only partially utilized. The
strengths and opportunities of Georgian gastrotourism
are so impressive that even in the absence of any well-
thought-out strategic plan, the business manages to
achieve success in this field independently, without as-
sistance from the state. But this cannot continue indef-
initely, especially since our direct competitors con-
stantly take care of the diversity of their gastronomic
tourism products, carry out quite aggressive marketing,
and there is constant promotion of this industry by the
state.

In order for Georgian gastronomic tourism to de-
velop stably and take its proper place in the global tour-
ism market, there are many problems to be solved, but,
in my opinion, it is first necessary to develop a strategic
plan that will be approved by all participants of this sec-
tor.

This strategic plan should define key strategies
such as: product strategy, market strategy and target au-
dience and positioning strategy (WTO, 2019).

As the World Food Travel Association points out
in its 2020 report, such a well-planned tourism strategy
can bring many benefits. In particular:

-+ Attracting new and repeating visitors;

Improving visitor experience;
Positive economic impact;
Sharing positive impressions;
Protection of local heritage;
Education of the local population.

Hopefully, soon Georgia will have such a plan de-
veloped, approved and adopted with the participation
of all the main stakeholders of the field, and our country
will take a proper place in the international market of
gastronomic tourism.
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Introduction

Standards, guidelines, protocols and algorithms
are beneficial for practising professionals, reducing the
risk of errors and legal liability. Their use provides for
the development of technical skills and strengthens
them with practice. For growth, it is necessary to refine
and improve existing standards, to introduce evidence-
based theoretical knowledge into practice, as well as to
generalize good practice and transfer it to theoretical
knowledge.

It is worth noting that the role of practising profes-
sionals is essential in any field, and the number of such
professionals is of greater necessity than that of think-
ing and creative professionals. According to the data of
one of the studies, to raise “n” number of thinking pro-
fessionals (considering small groups), we need to teach
“n?” number of people. According to this, if we train 25
professionals, 5 of them will be thinkers, and 20 will be
practitioners.

Theory, if not tested in practice, remains a useless
doctrine. Application of theory in practice requires nec-
essary learning and skills. First, it is critical to compre-
hend theoretical knowledge and access its essence.
Knowing basic facts by heart applies to practical tasks
but only in standard cases. In reality, the share of non-
standard cases is not so insignificant. Therefore, next to
template knowledge, thoughtful knowledge plays an
important role, especially in terms of developing theo-
retical knowledge and improving practical activities.
This requires a thoughtful knowledge of the most gen-
eral concepts and regularities (Balanchivadze &
Tkebuchava, 2020). Unfortunately, the existing educa-
tion system cannot provide such knowledge, neither in
general education nor in higher education institutions
(Kvirkvaia et al., 2018). Graduates of humanitarian
specialities are more or less equipped with such
knowledge, while in educational programs of natural
science and technical direction, less attention is paid to
providing above mentioned.

The knowledge of general regularities is crucial
for the formation of critical thinking, which is neces-

sary for the creation of a new business or the mainte-
nance and development of the sustainability of the ex-
isting one because the business process is subject to the
general regularities of the processes in the world, in-
cluding ones such as a global pandemic or wars
(Charaia et al., 2022; Papava, 2021), and being aware
of those facts is the tool that is necessary for business
development.

Research hypothesis:

e Business is a process subject to the fundamen-
tal regularities of the universe;

e Critical thinking is necessary for the correct
management of business processes, which is based on
the knowledge of fundamental concepts and regulari-
ties;

e Critical thinking basics should be included in
the business management and administration curricu-
lum.

The objectives of this work are:

e Equipping interested parties (students, busi-
nesspeople, managers and others) with such knowledge
will enable them to perceive business processes, iden-
tify contributing and hindering factors influencing busi-
ness, and based on the general regularities of the pro-
cess, conduct correct analysis and make evidence-
based, valid and optimal decisions;

e Studying the level of awareness of fundamen-
tal concepts and regularities and determining the need
to acquire this knowledge.

Goals:

e Finding and studying scientific literature
about the general regularities of the world's develop-
ment;

o Determining the impact of general regularities
on business processes;

e Conducting sociological research in order to
study the level of awareness of fundamental concepts
and regularities and to determine the need to acquire
this knowledge;

e Analyze, judge and draw conclusions about
the processed material.
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The subject of research is fundamental concepts
and regularities. As for the object, it is the business pro-
Cess.

The work is mainly analytical, and the following
research methods are used: analysis and synthesis, de-
duction and induction, systemic, structural-functional,
comparative and sociological.

The paper discusses the fundamental concepts and
provisions necessary for conscious perception, analysis
and optimal decision-making of processes; their defini-
tions and content are obtained from various sources; the
author's view is presented; used examples and events
are explained based on the logical chain of general
statements.

Business — as a process

In a simple sense, the world is a set of processes
and conditions. We can say that the process is a set of
infinite states.

Process - (Latin: processus) “Any sequential alter-
nation of events, the path of development.”
(Chabashvili, 1989). It is a set of real, dynamic, chang-
ing events. Each specific process has a beginning and
an end. In general, processes in the universe, existed,
exist and will exist indefinitely.

Condition:

1. The state of existence of someone or some-
thing, general circumstance, situation.

2. Existence, being, in one form or another®.
(Linguistic Technology Group, n.d.), (Cambridge
Dictionary, n.d.)

Relative, a concept of abstract content, represents
a process in instantaneous time. To turn it into a reality,
you need to capture the process in some way in instan-
taneous time (e.g. photography). If the process is really
slow and we cannot notice dynamics in a short period,
then we are talking about a condition in a given period.

The fact that business is a process and not a state
is confirmed by the concepts and definitions in the sci-
entific literature, such as "business process", "produc-
tion process”, and "business management process". For
example:

o “The purpose of business process manage-
ment is to make the organization more flexible and ef-
fective towards changes, not only for customers and
employees but for other interested parties as well”
(Helms, 2021; Lashkhi, 2022; Abashidze, 2023)

e “Management is a continuous process, the ba-
sis of which is the preparation, adoption, execution and
correction process of decisions (Lipartia, 2020)

e “In General, management principles can be
defined as starting norms, rules and regularities con-
cerning the management process, the observance of
which helps to achieve the goals and solve the tasks fac-
ing society” (Lipartia, 2020)

Thus, business is a manifestation of the process
and is subject to all the regularities characteristic of the
process. Therefore, knowledge of these regularities is
not only necessary but vital for the conscious manage-
ment of business processes.

Any process happens in a certain environment,
which is called a system. The business process occurs
in a business system. It can be holdings, corporations,
factories, workshops, brigades etc.

Elements of a business process - civil dictionary
defines a system as any combination of regularly ar-
ranged and defined interrelated parts. System compo-
nents are called system elements. For example, the
workshop system may include workshop building, ma-
chines, people working in the workshop and so on.

As it is apparent from the definition, the elements
of the system are arranged in a certain regularity. They
have a specific role and function in this system. The in-
terconnection of elements implies not only their pas-
sive, mechanical connection but also their mutual influ-
ence on one another. Any element of the system di-
rectly or indirectly affects all the others, and any
element is directly or indirectly affected by all the oth-
ers. Therefore, they are in a dialectical unity with each
other. Elements, as well as the results of their interac-
tion, are characterized by distinct features.

Business process parameters

A parameter is:

“The characteristic quantity or quantities of the
main properties of an object or event” (Chabashvili,
1989)

“A quantity that allows us to characterize some
phenomenon, some property of a device (e.g., electrical
conductivity, thermal conductivity etc.)” (Chikovaba,
1960).

“A quantity characteristic to any system, task, be-
haviour, or event” (Uridia, 2004).

Those are called system parameters. Parameters
can be quantitative and qualitative. A quantitative pa-
rameter is measured and expressed in numbers, re-
sponds to the question - how much? But the qualitative
parameter is not measured and expressed in numbers,
responds to the question - what kind? Quantity and
quality cannot exist independently. Any subject and
event is determined by both quantitative and qualitative
data. The interaction of elements affects the parameters
of the system.

System elements themselves are subsystems of the
given system, and they can be called first-order subsys-
tems. Of course, they also have their own elements,
which are second-order subsystems of the system, and
so infinitely. Furthermore, any system is a subsystem
of a higher-level one, and that too endlessly. Therefore,
one expression of the infinity of the universe is the per-
petuity of division and union. The universe is an infi-
nitely large system that is infinitely divided into an un-
limited number of subsystems.

The processes in the system are influenced by cer-
tain factors.

Factor - [Latin factor maker, creator] “The deter-
minant of any event or driving force of a process”.
(Chikobava A. , 1962)

The system, as a part (element) of the supersys-
tem, is influenced by other elements of the supersys-
tem, which are called external factors of the system.
Also, the elements of the system interact with each
other. The influence of both external and internal fac-
tors affects the parameters of the system.

If the general parameters do not change as a result
of the interaction of factors affecting the system, the
system is in equilibrium.
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Equilibrium - “a state of immobility, created by
the simultaneous influence of mutually opposing equal
forces”. (Linguistic Technology Group, o. q.)

Generally, there are two types of equilibrium:
static and dynamic. (Picture 1)

1. Static equilibrium

A+ B=AB

2. Dynamic equilibrium

Source: author

Picture 1 — Static and Dynamic equilibrium

Dynamic equilibrium is the relationship of system
elements that determines the stability of system param-
eters. The system strives for equilibrium. That is, it tries
to maintain the existing equilibrium or to restore the
disturbed one.

The system maintains dynamic equilibrium if the
influence of the factors affecting it compensate for each
other.

Balance is characterized by stability. The more
firmly a system maintains or easily restores equilib-
rium, the more stable it is.

A ball on a flat horizontal surface is in a state of
indeterminate equilibrium. The ball at the top of the
convex surface is in unstable equilibrium, while the ball
at the bottom of the concave is in stable equilibrium
(Picture 2).
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Picture 2 - Different types of equilibrium of a ball on a support
(1) indeterminate equilibrium, (2) stable equilibrium, (3) unstable equilibrium
Source: www.physics.aidio.net

There are open and closed systems. In an open sys-
tem, the exchange of mass and energy with the environ-
ment is actively taking place. A closed system is iso-
lated from the environment and is characterized by
strong autonomy, although there is no entirely closed
system. The more open the system is, the more the en-
vironment influences it and the more tools the system
needs to maintain or restore equilibrium.

The concept of a system includes not only the
unity of material elements but also certain non-material
unities that are used to manage material systems. One
of the essential principles of business management is
the principle of systematic management, which consid-
ers the business organization as "a unified system, con-
sidering its internal structural and external interconnec-
tions and interdependencies"  (Tughushi &
Kirimlishvli, 2005).

Le Chatelier's principle for dynamic equilib-
rium, its general character

Under conditions of constant external and internal
factors, the system reaches and maintains equilibrium.

French chemist Henry Le Chatelier developed a
principle for reversible chemical reactions that can be
generalized for any dynamic equilibrium:

If a dynamic equilibrium system is affected by
some new factor, processes that will try to compen-
sate for this impact will be triggered in the system.

For example: if in a market where the supply and
demand for a given commaodity at a given price are in
equilibrium ("equilibrium point™), the supply of the
commodity is increased, the price will accordingly de-
crease in order to increase sales. The price will continue
to fall until equilibrium is established between the sup-
ply and demand of the good (the new "equilibrium
point").

Considering Le Chatelier's principle, in case of
changes in the factors affecting the business, it is pos-
sible to predict the result of this change. Furthermore,
it is possible to determine what kind of change of a spe-
cific factor is needed to get the desired result.
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Three basic laws of Dialectics

The processes happening in the world are subject
to certain general laws and principles. Those apply to
business processes as well.

Avtandil Dzamashvili, PhD, explains in his book
"Philosophy" — ,,In the theory of dialectics, i.e. devel-
opment, there are three principally essential issues:
First - this is the question of the driving force of the
reality development. What inexhaustible power causes
the constant movement-development of reality? A cer-
tain kind of answer was formed to this question, it was
given the form of a law, and in the theory of Dialectics,
it was called the Law of Conflict and Unity of Oppo-
sites; The second issue concerns the mechanism of de-
velopment: - how does development take place, that is,
how do qualitatively new things occur, what is the
mechanism of transition from the old to the new? - The
set of opinions formed as an answer to this question
also took the form of a law in the theory of Dialectics
and was named - the Law of the Transition of Quanti-
tative Changes to Qualitative Changes; The third ques-
tion is even more fundamental for the development it-
self. Development is the transition from the old to the
qualitatively new. So, the question is about the relation-
ship between the old and the new. Is the new an im-
provement on the old? Therefore, does the developing
movement have any definite direction? The formulated
answer to this question, which was given the form of a
law, was called the Law of the Negation of the Nega-
tion”. (Dzamashvili, 2009)

The Law of Unity and Relationship of Oppo-
sites

“All objects, events, and processes are character-
ized by internal contradictions, the sources, and force
of growth and development. Thus, the movement of re-
ality is created not because of external factors but be-
cause of causes that arise and are in all objects and in
us.

The law emphasizes the possibilities of under-
standing the universe by understanding any integral
system as fragmented and complex, with incompatible
elements and tendencies (forming a unity in a battle).
This interpretation explains that the fact of develop-
ment lies in the growth of contradictions, which at a
particular stage destroys the old and creates the new”
(Brown, 2021)

Based on the content of this law concerning the
system, the term "different" implies elements, and for
the existence of the system, at least two elements that
are different from each other are necessary. Without
their coexistence and interaction, the system cannot ex-
ist. For example: in the absence of any element of the
business system or their inactivity, the business as a
system will not be able to fully perform the function
that was planned, that is, the desired result will not be
achieved.

The Law of the Transition of Quantitative
Changes to Qualitative Changes

Quantity refers to the exhaustive parameters of
phenomena or objects, and quality is a stable system of

certain characteristics. The law of transition of quanti-
tative changes into qualitative changes is based on the
following: when the quantity changes, the quality will
necessarily change. (Basic laws of dialectics and their
application. A New View of the Foundations of
Philosophy, 2019).

"The law of transition of quantitative changes to
qualitative is a kind of accumulative system. It is said
that small, constant quantitative changes, step by step,
create a transition to a new quality, like a leap. At this
moment, the previous state is eliminated, and a new one
is created, depending on the nature of things and the
conditions of their development. If such a jump occurs,
all the quantitative changes up to this stage are can-
celled, and the process begins again, until a new quality
is formed" (Brown, 2021)

Quantitative changes mean changes in the quanti-
tative parameters of the system. And in the qualitative
change - changes in qualitative (characteristic) param-
eters. For example: Quantitative parameters for busi-
ness systems can be: revenues, costs, profits, working
hours and others. Qualitative changes - micro, small,
medium and large business, VAT payment, legal form
and others.

The law states that not all changes in the quantita-
tive parameter(s) lead to a change in the qualitative pa-
rameter(s). Still, there is a limit to the shift in the quan-
titative parameter(s) that will lead to a change in the
qualitative parameter(s). For example: let's assume that
the income of the LLC was 50 thousand GEL per year
(quantitative parameter) and it was a VAT non-paying
organization (qualitative parameter). LLC began to de-
velop and grew by 10 thousand GEL every year. Alt-
hough the quantitative parameter (annual income)
changed, the qualitative parameter (non-VAT-paying
organization) was unchanged, because according to the
legislation, an organization whose annual income ex-
ceeds 100 thousand GEL becomes a VAT-payer. Ac-
cordingly, the LLC will need 5 years to reach the criti-
cal threshold of quantitative change (annual income),
beyond which its qualitative change will occur (VAT-
paying organization).

A good example of the transition from quantitative
changes to qualitative changes is: ice-water-steam. A
change in water temperature (quantitative parameter)
from 0 to 100°C does not cause a change in the aggre-
gate state (qualitative parameter) of water, at 0°C and
below water turns into ice, and at 100°C and above -
into steam.

It should be noted that the threshold of transition
from quantitative change to qualitative change can shift
if certain other parameters change. For example: in con-
ditions of low atmospheric pressure, the temperature of
evaporation of water is lower than 100°C.

The Law of the Negation of the Negation

Negation implies a transition from one qualitative
state to another - replacing the old quality with a new
one, when the development process is progressive.
(Kentchiashvili, 2023) The essence of the law of the ne-
gation lies in the fact that the new exists only until it
becomes old and is replaced by something new, which
in turn exists until it itself turns into the old. (Basic laws
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of dialectics and their application. A New View of the
Foundations of Philosophy, 2019).

The law of negation is a direction of development
based on the negation of previous experiences while
preserving the positive content of past stages. Thus, this
postulate is a manifesto of upward progress, which de-
stroys the old and creates the new, and the chain of
growth has no end. Such continuous negation is char-
acteristic of all processes and phenomena observed in
nature, society, and thought. (Brown, 2021).

The law implies the following: nothing in the uni-
verse is unchanged and everything (including the sys-
tem), after certain quantitative changes, undergoes a
qualitative change. Depending on the content of the
law, the original qualitative condition will be negated
by the new qualitative condition, that is, the first quali-
tative condition is negated, and the second qualitative
condition is the negator.

Moreover, the second qualitative state will not be
unchanged and after certain quantitative changes it will
be rejected by another qualitative state, that is, the ne-
gator will be rejected, and so on endlessly. Here it is
implied that the first qualitative state was the negator of
the qualitative state before it, and so on ad infinitum.
This law expresses the infinity of the world in time, that
is, the qualitative change of the world has been and will
always be.

In business management, it is necessary to conduct
processes in such a sequence that our desired result is
achieved.

Structure and function, their dialectic unity;

The structure of the system consists of its ele-
ments, which, as we mentioned, represent subsystems,
respectively, have their own structure (elements) and so
on. The relationship of these elements represents a pro-
cess, that is, a function is performed. Therefore, struc-
ture and function are inseparable - there is no function
without structure and no structure without a function
(The Law of Unity and Relationship of Opposites).
Structure determines function and function determines
structure i.e. function depends on structure, and struc-
ture depends on the function. In such a case, it is said
that structure and function are in dialectical unity with
each other.

Therefore, any structural change in the business
process affects the result of the process, and, if it is in
our interest to change the result (function), it is neces-
sary to make appropriate changes in the structure
(structure).

Results of sociological research

Within the framework of the article, online socio-
logical research was conducted. The purpose of the re-
search was to study the level of awareness of funda-
mental concepts and regularities and to determine the
need to acquire this knowledge.

There were 144 participants, the number of valid
questionnaires - 144, invalid — 0.

Sociological research revealed:

e The research group has some knowledge about
the basic laws of dialectics, systems and dynamic equi-

librium (Conscious knowledge is present in the follow-
ing percentage terms: about the 3 basic laws of dialec-
tics -14,8%; about the system - 21,5%; about the dy-
namic equilibrium - 20,4%; about Le Chatelier's prin-
ciple - 12,7%).

e The vast majority of the research group is in-
terested in deepening knowledge about fundamental
concepts and regularities (77.1%) and believes in the
necessity to include a relevant training course in educa-
tional programs (79.6%).

Conclusion and recommendations

Thus, based on the analysis of the processed ma-
terials and the conducted sociological research, the hy-
pothesis presented in the article is confirmed, namely:

e Business is one of the specific cases of pro-
cesses in the world;

e The business process is subject to the general
regularities, characteristic of other processes;

e The correct management of business pro-
cesses requires the ability of critical thinking, which is
based on the knowledge of fundamental concepts and
regularities;

e The level of awareness of fundamental con-
cepts and regularities is noticeably low;

e Itisnecessary to include a module for teaching
the general basics of critical thinking in business man-
agement and administration educational programs, as
revealed by the results of sociological research;

e Putting theoretical knowledge (given in this
paper) into practice will reduce the risk of making
wrong business process decisions. This will have a pos-
itive impact on the optimal management of business
processes and, accordingly, business development.
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THE ROLE OF THE LEADERSHIP STYLE IN IMPLEMENTING ORGANIZATIONAL CHANGES
ON THE EXAMPLE OF COMPARING GEORGIAN AND FRENCH ORGANIZATIONS

Introduction

The 21st century can be called the era of great
technologies. A few years ago, we could not have im-
agined the progress of artificial intelligence
(Abashidze, Dabrowski, 2016), when countries would
think about stopping it or adding regulatory bodies to
existing institutions for regulation. As is known, the
Italian Personal Data Protection Authority has banned
(temporarily suspended) the use of ChatGPT4 and the
French government has decided to mobilize additional
measures to study the usefulness of this version of arti-
ficial intelligence (www.emarketerz.fr, 2023)

The development of technologies has its positive
side and plays a big role in the progress of various sci-
entific and industrial fields. Therefore, the pros and
cons of new technologies should be well studied and
the expected risks should be determined with great care
and foresight.

According to research conducted by the American
banking organization Goldman Sachs, new technolo-
gies have the potential to make significant changes in
the global economy, as well at a local level, including
small developing nations (Lashkhi et al., 2022; Charaia
et al., 2021). In particular, artificial intelligence, ac-
cording to their calculations, can increase global GDP
by 7% (almost 7 trillion dollars) and productivity by 1.5
percentage points within 10 years.

According to them, the progress of artificial intel-
ligence systems could have a big impact on employ-
ment markets. Up to 300 million full-time jobs could be
automated and replace humans (GoldmanSachs, 2023).

Especially in the age of technology, a large role is
given to the leaders and the strategy they choose and
the relationships between the persons/colleagues in the
implementation of changes in the organization.

In business management theories, technological
innovation and managerial innovation are often sepa-
rated from each other (Jaouen and Le Roy, 2013). For
authors Birkenshaw, Hamel and Moll (Birkinshaw, Ha-
mel and Mol, 2008) Management innovation is the key
to success. The term Managerial Innovation was coined
for the first time in 1981 by the scientist Kimbarlim,
who wanted to distinguish technological innovation
from other types of innovation (Kimberly, 1981).

In managerial innovation, the emphasis is not
shifted to the introduction of technological innovations,
but the main attention is given to the mobilization of
human resources and their preparation for relevant in-
novations.

The innovative management style and innovative
vision of the leader is very important to achieve success
in today's world. Otherwise, companies will not only be
uncompetitive, they may even be destroyed
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(Gamsakhurdia, 2013). We know many such cases in
the industry. For example, the Blockbuster company,
which owned about nine thousand stores by 2004 and
in 2019, only a few branches remained (Clifford, 2011).
The company's management refused to cooperate with
Netflix and could not compete with Hollywood videos.
Incorrect assessment of market innovations and manag-
ers' unrealistic expectations of dominance among com-
petitors led the company to failure.

A similar situation developed in the case of Ko-
dak, a company that employed eighty thousand people
by 1980, faced unforeseen events at the beginning of
the 21st century. The main reason for its failure was
improper evaluation of digital technologies. The lead-
ers of that time failed to adequately assess the trends of
the coming era. In 2012, the company was forced to sell
its patents to Apple and Google in order to avoid finan-
cial crisis.

From these examples it becomes clear how im-
portant is the objective assessment of the situation and
the adequate attitude to the innovations on the part of
the leaders and governing bodies.

When implementing changes, the leaders of the
organization are of crucial importance, who act in dif-
ferent ways based on their personal qualities to achieve
the set goals. Back in the 80s, psychologist Kirton pro-
posed an interesting theory by studying adaptive-inno-
vative attitudes to events. According to existing theory,
every manager (individual) has to choose between ad-
aptation and innovation. Individuals at both ends of the
continuum are creative, just in different ways. Individ-
uals with high adaptability prefer to find solutions using
established systems, while individuals with high crea-
tivity prefer to go beyond current norms to find new
answers to unsolved problems.

One of the main factors in the implementation of
innovative approaches is the constant updating of ac-
quired knowledge (Kvirkvaia et al., 2018). In success-
ful countries, a lot of attention is paid to permanent
training of employees, which is often financed by the
organization and the state, in whole or in part (Papava,
Charaia, 2021). Various funds and services have been
created for such a development approach, which partic-
ipate in the financing of employees according to certain
criteria. In France, there are several funds that are di-
rectly interested in financing the training of managers,
for example, AGEFICE, FAFCEA, FAFPM, FIFPL,
SPP, PCM, VIVEA.

The paper gains from examining in more details
how Georgian and French firms approach and manage
change. Each of them has unique cultural norms, values
and management techniques. This article examines and
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contrasts leadership styles in these two different cul-
tural contexts to offer light on the cultural implications
leaders must take into account when undertaking digital
transformation initiatives. Organizations can modify
their change management techniques to optimize effect
and prevent cultural pitfalls by recognizing cultural pit-
falls.

Georgia's regional dynamics, religious beliefs and
historical traditions all influence the country's leader-
ship. France's leadership reflects the country's cultural
origins, as well as its historic traditions. French leaders'
underlying motives and priorities may be influenced by
their cultural emphasis on intellectualism, art and the
legacy of the French Revolution.

An important factor in determining a country's
leadership style is its political climate. Because Georgia
has relatively recent democratic history and political
uncertainty, it may have distinct leadership difficulties
compared to France, a well-established democratic
country with a lengthy political history. In order to gain
a better understanding of democratic procedures and
political institutions, it can be useful to examine how
leaders are elected and maintained in each nation.

It is not uncommon for the economic factors to in-
fluence leadership decisions. For instance, Georgia, a
developing nation, might place greater emphasis on im-
proving infrastructure, attracting foreign investment
and expanding the economy (Sikharulidze, Charaia,
2018; Wang 2018). Considering that France is a devel-
oped country, social welfare, economic stability and in-
ternational trade links might be of higher importance.
Analyzing the leadership philosophies of each nation
within the context of these economic priorities reveals
the techniques used by its leaders.

With the help of these analyses, we can better un-
derstand leadership dynamics in different cultural con-
texts, which will also facilitate the development of in-
ternational policies and practices to encourage efficient
leadership.

Literature review

There are studies researching leadership styles in
France and Georgia factors conditioning them. It is
worth to note, that national culture seems to be an im-
portant factor shaping leadership styles in those coun-
tries.

Niforos (2010) shows that the experience French
leaders gain in fast-evolving global environments
demonstrates the versatility of French management
techniques. National identity can be attributed to some
shared characteristics (adherence to humanistic values,
structured management and respect for individual free-
dom and choice). Despite the fact that they have taken
different paths to reach the same conclusion—that sub-
cultures and supracultures are capable of coexisting un-
derneath or above national boundaries, resulting in hy-
brid cultural archetypes transcending national borders.
Buckermann (2011) demonstrated that French national
culture had a profound effect on the corporation's inter-
nal organization. Multinational companies that started
out as national businesses and developed over time
without engaging in significant cross-pollination with
foreign companies typically exhibit such a condition. A

multinational company's highly uniform cultural ap-
proach has both advantages and disadvantages. When
cultural frictions are not encountered during communi-
cation, internal tensions and frictions can be reduced,
which can be advantageous. When there is a uniform
cultural structure, it might be difficult to be tolerant of
diverse cultures. Due to the emphasis on personal net-
works, auto-reproduction of elites and suppression of
culture-foreign components, such a close-knit society is
difficult to alter. Through the analysis of French organ-
izational leadership's power sources, outcomes and
triad model, Yang, Tossan & Law (2022) provide an
overview of French organizational leadership. As a re-
sult of these relationships, which offer great legitimacy
to the French leadership process, French leadership is
fundamentally based on having connections with influ-
ential institutions such as top management and the
Grandes écoles. Hierarchical, honor-based and ends-
over-means leadership forms are suggested as part of
the triangle model for French leadership. French lead-
ership places a high priority on results as outcomes. The
general traits of French leadership may be explained by
enlightenment ideology since the French Revolution
from an historical and cultural perspective.

According to the findings of Jacque Lou & Ferdi-
nand (2020) both transactional and transformational
leadership styles were used by the branch manager to
effectively manage the manufacturing company. At a
moderate level, authoritarian leadership was the least
used, while laissez-faire leadership was moderately
used. A manufacturing organization under study re-
ported that the leadership styles used had an impact on
the effectiveness and productivity of its employees. As
a result, the employees gave an exceptional effort to
their work. Human resource management involves im-
plementing effective leadership techniques that support
the achievement of the organization's goals and objec-
tives, as well as the workforce's desired outputs and
productivity. Management should devise plans that en-
courage workers to be innovative at work, use transfor-
mational leadership to make them feel like they belong,
give workers a greater sense of responsibility, give
them less direction from superiors, and let them express
themselves creatively. Khan (2019) states that it is
common in France for cultural organizational chal-
lenges to be unclear, inconsistent and weak in leader-
ship. The main barriers to change are senior manage-
ment's aversion to change, stereotypes, a lack of under-
standing, employees' mistrust of outsiders, nationalism,
etc. It is possible that not every province in a huge
country like France shares the same culture. In order to
navigate this challenging path, the manager can employ
transactional or transformational leadership techniques.
Thus, not all organizations will accurately reflect the
suggested leadership styles.

Gambier and Eclapier (2023) found that French
organizations are characterized by commanding leader-
ship. It is known as dissonant leadership, which lacks
empathy for the workforce and can negatively impact
an organization in many ways. French leadership cul-
ture is characterized by a rigid hierarchy that empha-
sizes respect for authority and hierarchical rigidity.
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Nagshbandi and Jasimuddin (2018) found that
higher degrees of knowledge-oriented leadership can
improve open innovation outcomes. In other words,
knowledge-oriented leadership positively impacts open
innovation.

According to Evans (2010), women tend to apply
greater restraint and prudence to financial management
and are constantly concerned about not becoming over-
indebted when it comes to financial management.
There may be a reason why certain venture capitalists
in France are less willing to invest in women-owned
businesses if they are seeking a quick return on invest-
ment because women are generally more cautious and
long-term-oriented. There is less risk for women and
they are solidly rooted in the long term.

There are several researches studying leadership
styles in Georgia, which provides mixed results.

Tkeshelashvili (2009) in her study demonstrates
that Georgians rank their society highly in terms of in-
group collectivism, assertiveness and power distance.
Study suggests that Georgia is in close proximity to
several Eastern European countries. Even though data
from culture dimensions indicates that it should be
more like authoritarian leadership, employees in Geor-
gia see the predominant leadership style as Middle-of-
the-Range Leadership. As a result of the correlation
analysis, a high in-group collectivism culture dimen-
sion was more influential at work than a high assertive-
ness culture dimension or a high power distance culture
dimension. Employee orientation is higher than ex-
pected as a result of these two factors.

Yasar and Chinelo (2015) studied 201 from the
396 employees at Georgian Qil and Gas Corporation
(GOCQG). They investigated the effects of Georgian Oil
and Gas Corporation's leadership style on employee
performance experimentally. They found that collabo-
ration affects job quality positively, supportive commu-
nication has a positive impact on motivation and dele-
gation affects employee satisfaction positively. Worker
loyalty was positively and strongly correlated with the
measure of aiding subordinates. Employee involvement
in decision-making is recommended in order to foster a
sense of community and improve job quality. This
study proposes that a Caucasian setting can be used to
study leadership style in order to build successful and
profitable businesses.

Minadze and Minashvili (2018) found in their re-
search that transactional leaders are considered to be
more consistent with supervisory actions. They point
out avoidant leadership as the least utilized style in
Georgian organizations. The transformational style and
the employee engagement showed the strongest linear
relationship.

Maridashvili (2015) states that it is important to
remember that managers create their leadership style
based on intrinsic rewards rather than extrinsic rewards,
where business policies, empowerment, success and
achievement, as well as praise for a job well done, stand
out above others. Depending on the level of manage-
ment to which these managers belong, their motivations
and leadership philosophies vary.

Methodology

In this study, we examine the attitudes of leaders
in French and Georgian organizations during organiza-
tional changes involving academic, industrial and pub-
lic sectors. The purpose of this research is to gain in-
sight into the factors that influence leadership ap-
proaches during times of change by examining the
differences and similarities in attitudes across these two
distinct cultural contexts. The research was conducted
in French and Georgian organizations. Among others
heads of Georgian Technical University, East European
University, Georgian startup Atomus took part in the
research.

From the French side, representatives of 13 organ-
izations participated in the research. 15 percent were
led by the representatives of the industry sector, fol-
lowed by almost equal percentages of coaches, commu-
nication specialists, network marketing and public ser-
vice officers/supervisors. From Georgian side, leaders
of 5 companies took part in the research.

The survey was voluntary and the anonymity of
the respondents was strictly protected. Qualitative data
was collected through semi-structured interviews.
Stratified random sampling was used to ensure that a
variety of organizations and leaders are represented. A
proportionate number of organizations from each stra-
tum was randomly selected to participate in the study.
The population was divided into three strata according
to academic, industrial and public administrative sec-
tors. After selecting the organizations, leaders (manag-
ers, executives and decision-makers) were interviewed
and surveyed.

Results and discussions

New leaders with less than 3 years of experience
predominated among the participants. The majority (7
respondents) consider themselves a humanistic leader.
5 respondents of the surveyed managers consider the
combination of financial progress, group development,
collective goodwill, timely fulfillment of set goals as
success. They think that making change requires mak-
ing employees satisfied with their jobs. To achieve fi-
nancial success and achieve goals, leaders must priori-
tize their team's needs and satisfaction during the im-
plementation of change.

Six managers consider experience as their ad-
vantage, four managers - education, one - kindness to-
wards colleagues, for the rest two managers - a combi-
nation of these criteria. In addition to emphasizing the
importance of fostering a supportive and caring work-
place, the participant attributes the success of the trans-
formation to a combination of experience and educa-
tion. Still they iterate that having happy employees is
important to make change happen.

Eight respondents consider themselves innovative
leaders, two believe that they are not innovators, one
hopes that the group perceives itself as a news-loving
leader. The rest believe that they do not have time for
constant news. They believe that employees value in-
novation as well and looking forward for innovative
leader, consistently introducing new ideas. Change pro-
cess can go smoothly if employees perceive leaders as
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people who promote a culture of change and embraces
novelty.

Seven respondents believe that to improve the re-
sults, it is necessary to better train the heads of organi-
zations, while two believe that it is necessary to develop
digital skills better and the rest think that motivating
group members more is a necessary condition for the
country's progress. Obtaining better results and promot-
ing good change within an organization require organ-
izational leaders to improve their abilities and
knowledge through greater training.

Nine respondents think that digital transformation
is a very important factor for the development of the
organization, the believe that a good knowledge of
technologies is a necessary skill for the development of
organizations. Participants highlight how technological
skills play an important role in driving the growth and
progress of their firm (Zivzivadze et al., 2021). They
emphasize the importance of digital transformation and
its ability to transform enterprises.

Eight respondents consider women leaders to be
innovators. However, the supremacy of Cope Zim-
merman's law (protection of parity in management
boards) in innovative matters is not strongly expressed
by the interviewees and they believe that a lot depends
on the situation.

Six leaders consider artificial intelligence as a
means of increasing competitiveness in their organiza-
tions and part of them think that it is possible to replace
humans with this method. Though it is interesting that
most of them do not use the assistance offered by the
Bank of Entrepreneurs (methods of introducing and di-
agnosing artificial intelligence in enterprises).

As the research showed, the majority of the heads
of the organization like the collaborative style and con-
sider themselves humanistic leaders. For them, success
is a combination of financial progress, group develop-
ment, collective goodwill.

The research revealed that the interviewees con-
sider better training of the employees of the organiza-
tion as one of the prerequisites for advancement. The
most important factor for them is digital transformation
of organizations and high level knowledge of technol-
ogies.

It is not necessary to consider the unconditional
success of the organization as only the involvement of
female leaders and protection of parity for the partici-
pants in the research. A large part of them consider ar-
tificial intelligence as a means of increasing competi-
tiveness in the future and a small part of the interview-
ees does not rule out replacing humans with them.

Results demonstrated in the survey of French lead-
ers show characteristics of transformational leadership
where a leader is humanistic, corporate culture-ori-
ented, open-minded and focused on technical capabili-
ties. It is the quality of leadership that motivates and
inspires followers to achieve remarkable outcomes.
Transformative leadership is a kind of leadership that
motivates and inspires followers. Individuals and or-
ganizations are transformed through the adoption of a
clear vision, the stimulation of creativity, the creation
of a positive and collaborative culture for the team
members to reach their full potential.

Through their humanistic and people-centered ap-
proach, the leader develops strong relationships, while
his or her innovative thinking encourages creativity and
innovation. In addition, transformational leaders are
characterized by an open mindset, are open to feedback
and are willing to consider alternative perspectives. In
addition, the emphasis on technical skills corresponds
to the transformational leader's desire to embrace
change and incorporate applicable technology for im-
proved organizational performance.

In general, the leadership style found in the survey
of French executives displays many characteristics of
transformational leadership.

From the Georgian side, representatives of 5 or-
ganizations participated in the research. They were rep-
resenting manufacturing, education, business associa-
tion, retail and public sectors.

Only one of the surveyed leaders stated that his
leadership style is humanistic. Two of them stated that
they were just goal oriented and two of them said they
were good managers with sound knowledge and capa-
bilities.

Only one of them stressed importance of team
when talking about success, while others stated that fi-
nancial success of the company and respect towards
leader by the team, together with the team spirit are all
important when talking about success.

Three leaders stated that they implement changes
in the organization very often, while all of them agreed
that digital transformation has an important impact on
their organization. Four respondents believe that Al
cannot replace human jobs in the nearest three years.

As a result of the company's focus on profitability
and sustainability, its financial success was considered
critical. Furthermore, the team's regard for the leader
was deemed vital, highlighting how important it is for
leaders to have credibility and influence within their or-
ganizations.

Some Georgian leaders emphasize the humanistic
aspect, while others emphasize goal achievement and
management expertise, based on the survey results.
Success is seen as a combination of financial achieve-
ment, team spirit and leadership respect. With a will-
ingness to embrace digital transformation, the leaders
do not appear proactive in their approach to change.
Even though Al is acknowledged as an important tech-
nology, it is widely believed that it will not completely
replace human work any time soon.

Based on the qualities exhibited by the leaders sur-
veyed in Georgia, the leadership style presented here
combines Transactional and Situational leadership, as
well as Task-Oriented and Transformational leadership
qualities.

Georgian leaders' leadership styles appear to be a
combination of a variety of approaches based on the re-
sponses. Transactional elements are used to set goals
and manage tasks, situational adjustments are used
based on the context, transformational elements are
used to inspire the team and a forward-thinking attitude
is used to lead digital transformation. This finding is not
surprising and Georgia is currently experiencing a pe-
riod of transition, since it balances its historical legacies
with the winds of change that are sweeping the country
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today. It is certain that some corporate leaders have
been influenced by the country's history, particularly
the Soviet era. It was during this period that people de-
veloped their visions and demonstrated a feeling of
conservatism when it came to changes. Since they have
traveled through an era of stability and uniformity, they
may be inclined to conserve tried-and-tested tech-
niques.

A new generation of young, energetic leaders em-
brace change, however. Their drive for growth and in-
novation motivates them to challenge traditional think-
ing. In addition, they are transformational leaders and
growth catalysts since they are constantly searching for
new and better ways to accomplish their goals.

Georgia's corporate scene has a distinct dynamic
as a result of the coexistence of these two opposing
leadership styles. Although conservative leaders tend to
provide stability and continuity, their rivals offer a
fresh perspective and energy. In the country's growth
and development, this clash of viewpoints creates both
opportunities and problems.

Furthermore, this changeover period fosters syn-
ergies and learning opportunities between the two
groups. As the younger and older leaders connect and
exchange ideas, the older leaders can gain insights into
new techniques, while the younger leaders can gain
wisdom and lessons from their past experience. To-
gether, they contribute to shaping Georgia's economic
ecosystem in a way that combines tradition and moder-
nity in the future.

Conclusion

It is imperative that leaders adopt agile and adap-
tive leadership approaches as the digital landscape
changes constantly. It is advised that leaders in both
Georgian and French organizations are able to adapt
quickly to market changes, customer demands and
technological developments. When leaders adopt an
agile mindset, they can experiment, fail quickly, learn
and adapt their strategies accordingly.

In both Georgian and French contexts, leaders
play an important role in implementing digital transfor-
mation. To implement a successful transformation, one
needs visionary leadership, effective change manage-
ment, cross-functional collaboration, digital leadership
capabilities and agility. Leadership in digital transfor-
mation can be optimally adapted and optimized by
comparing Georgian and French practices during digi-
tal transformation and by understanding the modern
trends and findings in digital transformation.

The findings of the research are in line with the
literature review, which shows that national culture is
an important factor determining leadership style. Geor-
gian leadership style is characterized with mixed qual-
ities of different leadership styles, while study of
French organizations showed that the leaders mostly
utilize transformational leadership style that is partly
aligned to the literature reviewed above. Based on these
findings it can be said that the process of the change in
French organizations will be more supported and the
employees will be in the center of the process. While in
Georgian organizations, this process largely depends
on the background and philosophy of a leader itself.
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The banking sector is a key driver of economic growth in Georgia. The sector has been resilient during the
COVID-19 pandemic, with low levels of non-performing loans and strong capital buffers. However, the pandemic
has had a negative impact on the local economy, leading to a decline in economic activity and a slowdown in credit
growth. The post-pandemic period is expected to be challenging for the banking sector, as it will need to support
the recovery of the local economy. The sector will need to focus on providing credit to businesses and households,
as well as on developing new products and services to meet the needs of customers.This paper discusses the current
trends in the development of the banking sector in Georgia in 2019-2022, in relation to the issues of economic
growth and the problems and challenges that the pandemic and post-pandemic periods have shown us.

Keywords: banking sector, Georgia, pandemic, economic growth, digitalization, competition, customer ser-

vice, inclusive growth.

Introduction

The development trends of the banking sector and
its impact on the local economy include the paradigm
of the development of the banking sector (Anguridze et
al., 2015) in terms of overall economic development
and the impact of the global shock of the Covid
pandemic in the pandemic and post-pandemic period,
2019-2022. It should be noted that this is the first
complex research of its kind in the direction of the
economy and the banking sector in the recent past.

The second thing, which is very interesting, is the
connection between the banking system and the
economy of Georgia, what is the impact of innovative
and digital products on the banking sector, especially in
the pandemic and post-pandemic periods, and on the
other hand, the impact of the banking system on the
economy, as well as the impact of the macroeconomic
background (Dilanchiev, Taktakishvili, 2021; Wang et
al., 2018) on the development of the banking system in
general in crisis and post-crisis periods.

The financial shock caused by the COVID-19 pan-
demic has put severe pressure on global financial mar-
kets and the banking sector. In December 2019, a novel
coronavirus (COVID-19) emerged in the city of Wu-
han, China, and spread globally (Gautam et al., 2022,
Zhou et al., 2021). The World Health Organization
(WHO) declared COVID-19 a global pandemic on
March 11, 2020, and declared a public health emer-
gency (Gautam et al., 2022). The COVID-19 pandemic
suddenly appeared in a world that was not prepared for
such an event, which devastated the economies of coun-
tries around the world and also seriously and rapidly
affected the global economy (Duan et al., 2021, Fer-
nandes, 2020). Its losses exceed the global financial cri-
sis of 2008 (Hanif et al., 2021).

COVID-19 poses a significant threat to public
health and economic development (Zhou et al., 2021).

This disease has increased uncertainty and risks, dras-
tically reducing global activity (Padhan and Prabheesh,
2021). Notably, studies examining the impact of
COVID-19 have rapidly emerged. Researcher Fer-
nandes (Fernandes, 2020) stated that COVID-19 has re-
duced global demand and supply. Yue, Giselle Kork-
maz, and Zhou (Yue et al., 2020) showed a reduction in
consumption and investment. Research by Devpura and
Narayan (2020) found that COVID-19 cases and deaths
exacerbated oil price fluctuations. Gubareva (Guba-
reva, 2021) and Cholak and Oztekin (Colak and
Oztekin, 2021) analyze credit crunch due to COVID-
19. Researchers Akhtaruzzaman, Boubakeri, Luci and
Sensoi (Akhtaruzzaman et al., 2021) investigated the
role of gold as a hedge during the COVID-19 pandemic
crisis, also known as coronomic crisis (Papava,
Charaia, 2020). COVID-19 is also negatively affecting
the performance of various firms and industries (Fu and
Shen, 2020, Gamsakhurdia, Fetelava, 2023; Shen et al.,
2020) and the insurance sector (Wang et al., 2020).

The paper discusses the impact of innovative
technologies and digitization on the banking sector,
digital banking essentially refers to the use of modern
technology to deliver banking products. Some believe
that digital banking essentially means an online or
mobile banking platform, but to truly grow digital, we
believe it should go beyond that.

The transition from the existing banking service
platform to a digital one implies the use of the latest
technologies at all functional levels and on all service
delivery platforms, where financial education takes a
significant impact (Kvirkvaia et al., 2018; Zivzivadze
et al., 2021). Digital banking should similarly be
considered not only on the internet or mobile banking
platform (Abashidze, Dabrowski, 2016), but also at the
branch, head office, online service delivery platform,
ATMs and points of sale. The paper shares a study
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published in 2022 on these issues - The Impact of
Fintech on Financial Institutions: The Case of Georgia
(Charaia et al., 2021; Lashkhi et al., 2022).

Research Methodology

The effectiveness of the banking sector's financial
condition is determined by economic performance,
commercial and financial performance, and others.
Otherwise, the successful implementation of financial
plans of commercial banks will have a positive impact
on its financial situation. In the opposite case, the cost
of production increases, the income from sales
decreases, and the financial condition and solvency of
the firm are threatened.

The research is based on analytical, synthetic,
structural, trend, grouping and comparison methods.
The objects of the research are the limited liability
enterprises: "Engurhesi” and "Gardabni thermal
station”. The companies operate in the field of energy.
The research was conducted based on the financial
statements of commercial banks in 2019-2022.

During the dynamic analysis, a comparison of
each indicator of the financial statement with the
previous period is used. Through it, the management
can analyze the multi-year financial situation of the
enterprise to find out what causes specific changes.
Base indicators can be used for the analysis, in
particular, the data of any past period, which may be
presented as a percentage. At this time, each subsequent
year is compared to the base year and deviations are
determined. Dynamic analysis is also called horizontal
analysis.

Structural  analysis shows the structural
composition of financial indicators as a percentage. At
this time, each article and/or group of articles of the
financial statement is presented as a percentage with
respect to the main (base) indicator of the statement. In
contrast to the dynamic analysis, at this time the
financial statements of a specific period will be
analyzed. Because of this, it is static and non-dynamic.

During the comparative analysis, specific
indicators are compared at the intra-enterprise and
inter-enterprise levels. If the comparison of individual
indicators of enterprises and their subsidiaries is

considered at the domestic production level. At the
inter-enterprise level, the performance of a particular
enterprise is compared with that of a competing
enterprise or with the industry average of a given
industry. Both comparisons are made with the help of
trend analysis, reflecting changes in financial indicators
over a specified period of time.

Statistical materials from the database of the
National Bank of Georgia, commercial banks, the
Ministry of Finance, Saxstat, the International
Monetary Fund and the World Bank are widely used in
the work.

Banking Sector Trends in Georgia

As already mentioned, according to 2021-2022,
the market of banking services was represented by 15
commercial banks, where the level of business
concentration is quite high. The correlation of system
concentration index and interest rates was also used to
evaluate the banking system. The specific share of the
3 largest banks in relation to total assets is taken as the
international level of concentration. The banking
system of Georgia with the level of concentration of
assets (77%) passes by such countries as Montenegro
(83%), Moldova (70%) and Iceland (100%), however,
if we take into account another parameter, the annual
interest rate of basic lending, according to all credit
products (meaning both retail lending, mortgage and
business loans), Georgia has one of the highest interest
rates (11.8%). And with this rate, we have the highest
rate in Europe and the region of Azerbaijan (17.18%)
and Ukraine (14.24%), together with Somkheti
(11.62%).

In the post-crisis period, bank assets increased
from 60.5 billion GEL to 70.3 billion GEL, or by 56%.
From this, the share of the two largest commercial
banks (TBC Bank and Bank of Georgia) in the total
assets of the system is 44% and 38% respectively,
which is 72% in total, the credit portfolio is 77%, and
the share of net profit was 71% of the total profit of the
system. If we add one more systemic "Liberty Bank" to
these two banks (4.7%), their specific share in total
assets, i.e. the level of concentration, is already close to
77%.

Assets (thousand Gel) 2022 2021 2019
TBC Bank 24,135,160,161 20,145,371,858 18,032,113,318
Bank of Georgia 26,625,502,407 21,788,183,848 17,139,080,625
Liberty Bank 3,623,271,954 3,111,348,075 2,144,192,712
Total 54,383,934,522 45,044,903,781 37,315,386,655
Total System Assets 70,350,872,000 60,568,539,000 47,183,367,000
Concentration level 7% 74% 79%

It should be noted that since 2015, according to 2022, the specific share of system-forming banks in total
assets has increased from 59% to 77%, i.e. by 22 percentage points. Likewise, the rate of credit investments has

increased, up to 55% and 82%.



34

German International Journal of Modern Science No61, 2023

Credit portfolio 2022 2021 2019
TBC Bank 17 834 148 836 16 739 135 187 12,616,108,774
Bank of Georgia 16 316 961 029 15 385 154 749 11,165,922,704
Liberty Bank 2501 952 397 1 975 000 866 1,240,836,088
Total Credit Portpholio 36 653 062 262 34 099 290 802 25,022,867,566
The volume of total loans 44 224 210 000 42 189 443 000 31,078,641,000

As a percentage of profit 82,88% 80,82% 81%

The net profit rate has increased even more. In 2021, the net profit of the leading 2 banks alone amounted to

85% of the entire system, and in 2022 it reached a record 90%.

Net Profit 2022 2021 2019
TBC Bank 967,251,772 940,330,426 392,114,132
Bank of Georgia 924,342,950 831,973,935 390,435,262
Net profit 1,891,594,722 1,772,304,361 782,549,394
Total net profit 2,090,774,000.00 2,082,611,000 953,635
As a percentage of profit 90.47% 85.10% 82.00%

The increase in the assets of systemic banks is
largely due to the significant increase in the assets of
the first two largest banks, at the expense of the increase
in retained earnings. It should be noted here that the rate
of banking concentration in the listed countries varies
between 55-68%. Accordingly, we have a banking
concentration rate higher than the European average
(71.12%), and we also have a lending rate much higher
than the European average (10.4%).

These data also show that in conditions of high
banking concentration, high interest rates should also
be explained due to relatively low competition. Higher

than the European average and with 100% banking
concentration, the base lending rate in Iceland (100%)
is 5.76%, in Montenegro 5.92% with 72%
concentration, and 6.12% with 74% concentration in
Albania. The relatively high lending rate in Romania is
6.49%, much lower than our banking concentration of
67%. Credit rates higher than the European average are
in Belarus - 9.03% and Moldova - 8.18%, and in the
South Caucasus countries: Armenia - 11.62% and
Azerbaijan - 17.8%, although the level of banking
concentration does not exceed 68% (Chart 7).
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Diagram 1. Banking concentration and lending interest rates, 2020-2021, years %

Source: The World Bank.

The assets of "Bank of Georgia" increased from 9
billion GEL to 26.6 billion GEL from 2015 to 2022,
which is equivalent to an increase of 38% from 29% in
the system index. The growth of TBC Bank's assets was
even higher, increasing from 6.9 billion GEL to 24.3

billion GEL in the same period, which is a systematic
increase from 23% to 34%.

At a certain stage of development of the banking
services market, high market concentration should not
be evaluated negatively. The leading system-forming
banks also represent a unique business barometer, both
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in terms of attracting investors (Lashkhi, Charaia,
2017; Charaia et al., 2020; 2022; Sikharulidze, Charaia,
2018) in the sector, as well as offering the rules of the
game to other market participants, introducing
innovative banking products, and pricing banking
products. However, on the other hand, high market
concentration, due to the enterprise-wide effect, gives
certain advantages to leading banks compared to
competitors and primarily in dealing with customers,
which is then expressed in a positive correlation
between concentration and profitability.

In fact, such a high concentration naturally bears
the hallmarks of an oligopoly, where there is such a
market structure when two. A large bank offers a large
part of all products to its clientele. In an oligopoly,
enterprises compete in different ways. They care more
about product differentiation so that consumers know
the difference between the products they manufacture.
In an oligopoly, firms are price seekers, although there
are few in the market

Profitability of the Georgian Banking Sector

Naturally, with the increase in assets, the profits of
the banking sector also increase. The past 2 years ended
with a record profit of 2 billion GEL, which is not so
much business, but retail lending growth, which
contains certain risks and which is discussed in the
liquidity analysis.

We believe that despite a number of problems, the
banking sector of Georgia is one of the most successful
sectors of Georgian business, we also see that
according to the statistics of the last five years, the net
profit of the banking sector is increasing, if according
to the same data of 2019, the net profit was 953 million
GEL, at the end of 2022, the profit rate has increased to
2,090 million GEL, or 2.1 times, and the average annual
profit is 1.3 billion GEL, without looking at 84 million
GEL in 2020 or reduction to profit.

The growing profit of the banking sector in the
country can be explained especially by the double-digit
economic growth of 2021-2022 and the improved
banking supervision and service system in accordance
with international standards, but on the other hand by
higher lending rates than the size and partially high
interest spread, the analysis of which will be offered in
the relevant part of the study.

Higher interest income from loans to individuals
is due to higher interest rates compared to business
loans, on the one hand, due to risk factors, and on the
other, to the relatively short term of the loans. It is
interesting that the interest income of the banking
sector grew by an average of 14% per year, including
the increase in the crisis year 2020 by 12% compared
to 2019.

Its disproportionate connection with the sharply
reduced profit of 2020 is explained by the fact that
according to the banking reporting methodology, the
system suffered a loss of -943 million in March 2020,
due to the increased volume of possible losses on loans,
which amounted to - 1,165,198 million GEL and was
caused by the uncertainty that led to the shutdown of
the economy during that period due to the Covid
pandemic.

In the vertical segment of interest income, the
specific share of interest income received from lending
to individuals was stable in the range of 53%, although
in 2022 this indicator decreased to 50%, which is
explained by the decrease in the rate of lending,
although in the case of legal entities, if in 2019-2021 it
was 35% of the total interest income, 20 In 2012, it was
slightly reduced to 34%.

The fact that the pace of lending to individuals has
been increasing in recent years is related to the
development and availability of retail products,
including installments, services, both in terms of
reducing interest rates and extending maturity. | would
also like to point out that this trend is also noticeable in
EU member states. Trends and modern integrated
banking products and technologies are still identical
everywhere.

The total credit portfolio of commercial banks
increased from 31 billion GEL to 44.2 billion GEL in
2019-2022, which is 42%, and by 11% in the average
annual rate. In addition, in the credit portfolio, loans
granted to households, including entrepreneurs, have
increased by 49%, with an average annual increase of
12%, including individuals by 47%, while loans
granted to legal entities have increased by only 35%,
with an average annual increase of 9%. While, loans
issued to legal entities in 2022 compared to 2021
decreased by 82 million GEL, which is mainly
explained by the effect of the exchange rate, the
dollarization of loans on loans issued in foreign
currency (70%) is much higher than the base rate and,
accordingly, it was also reflected in the volume of loans
under the conditions of 16% strengthening of the GEL.

This trend is more noticeable if we consider the
credit portfolio in a vertical section (Graph 16). It can
be seen from the graph that the ratio of loans to
households and legal entities in total loans, %, was
almost equal in 2019-2022 and was within 51-49
percent, and in the crisis year 2020, it was at all equal.
This proportion changed in 2022, when the share of
household loans in total loans increased from 51% to
54%, and on the contrary, it decreased from 49% to
46% in 2022, which confirms the effect of the exchange
rate.

We believe that this transformation of the system,
which is reflected in the equal proportional
development of lending to individuals and legal
entities, in contrast to the years 2012-2017, when the
specific share of lending to individuals increased to
56%, will be reflected in the expansion of new banking
services, increased digitization, increased service
quality and new products. All this will contribute to the
modernization of the country's economy. As we can
see, in 2012-2017, the rate of retail lending by
commercial banks was increasing, which was taking
place against the background of the decrease in
business lending activity, and naturally cannot be
evaluated positively. Despite such a high growth of the
credit portfolio, its structure gives a very interesting
picture in terms of business lending and loans to
households.

We believe that the decrease in retail lending rates
is still related to the new banking regulations, as for the
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growth of business lending, it can be an echo of high
economic growth on the one hand, and state programs
supporting business on the other hand.

Georgian banks really need to introduce
innovative approaches even more actively in business
relations, by introducing new business models of digital
banking. Recently, banks are increasingly actively
moving to new B2B models, which is only welcome,
because the bank should become a partner of the
entrepreneur in the form of a financial advisor and
consultant. It is significant that, according to research
commissioned by the European Commission, the
growth rate of small businesses is on average 3 times
higher if the organization is led by digital technologies.
Due to high competition and lack of capital, a small or
medium-sized company that wants to raise awareness,
stimulate sales or generally position the company is
faced with a choice - to use traditional, expensive media
or to give preference to Internet communications, spend
minimal resources and continuously monitor what
customers think about their company, practically
switching to a marketing research and sales platform.

The change in the mentioned proportion and the
growth of retail lending rates significantly led to an
increase in the profitability of the banking sector,
because compared to business loans, consumer loans
are on average 3-4% more expensive, and the maturity
is shorter. This problem creates serious risks for the

banking sector, especially as it has already been
mentioned that 85% of the profit of the system falls on
the share of the three commercial banks forming the
system.

Profitability of banks, on assets and capital

Return on assets (ROA) and return on equity
(ROE) at the end of 2022 were 3.8% and 30.2%, indi-
cating a fairly large equity multiplier of 7.9. It is true
that as of the end of 2022, as of the 4th quarter, the rates
of return on both capital and assets have decreased
compared to 2021 (4.1% and 37.3%, respectively),
when the capital multiplier was 9, although it is still at
a high level. For comparison, in the fourth quarter of
2019, the rate of return on assets and capital was 2.4%
and 19%, respectively, although with a high (8%) cap-
ital multiplier. Naturally, in the crisis year 2020, due to
the loss of the system in the first 3 quarters, the indica-
tors of the multiplier were negative, this is especially
true for the 1st quarter, when the indicators of returns
on assets and capital were -6.9% and -64%, respec-
tively. However, in 2021-2022, following the growth of
assets, we see a significant increase in profitability,
which also indicates an improvement in the efficiency
of scale, in terms of a decrease in the ratio of expenses
to income, although, as we mentioned, this indicator is
still on a growth trend.

Profitability ratios
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Source: National Bank of Georgia.

Both ROA and return on equity (ROE) measure
how well a company is using its resources. But one of
the main differences between the two is how they treat
a company's debt. ROA determines how much leverage
a company has or how much debt it has (Papava,
Charaia, 2021). After all, its total assets include any
capital it borrows to run its operations.

On the other hand, ROE measures only the
company's return on equity, which does not include its
liabilities. Thus, ROA accounts for the company's debt

and ROE does not. The more leverage and debt a
company takes on, the higher ROE will be relative to
ROA. Thus, when a company takes on more debt, its
ROE will be higher than its ROA. Assuming that
income is constant, assets are now greater than equity
and the denominator of the return on assets calculation
is also higher. This means that the company's ROA falls
while its ROE remains at the previous level.

One of the biggest problems with ROA is that it
cannot be applied across industries. This is because
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companies in one industry have a different asset base

than those in another. So the asset base of companies in

the oil and gas industry is not the same as in the retail

industry. Some analysts also believe that the basic ROA

formula is limited in its applications, which are most
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suitable for banks. Bank balance sheets are a better
representation of the true value of their assets and
liabilities because they are recorded at market value
based on market accounting of historical value.
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The study uses the equity multiplier, which is a
risk indicator that measures the portion of a company's
assets that is financed by shareholders' equity rather
than debt. The equity multiplier is calculated by
dividing the value of the company's total assets by the
total equity in the company's shares. In our case it is the
ROE/ROA ratio. A high equity multiplier indicates that
the company is using a large amount of debt to finance
its assets. The equity multiplier is also known as the
leverage ratio or financial leverage ratio and is one of
three ratios used in the DuPont analysis.

A high equity multiplier indicates that the
company is using a large amount of debt to finance its
assets. Companies with higher debt burdens will have
higher debt service costs, meaning they will need to
generate more cash flow to maintain a healthy business
(Gamsakhurdia et al., 2017). The structural analysis of
income also shows that the annual growth of non-
interest income in the horizontal segment after a 3%
drop during the corona shock period of 2020, which
was also reflected in an 11% decrease in commission
income, is characterized by a ZTRD trend. If interest
income grew steadily by 19% in 2021-2022, on the
other hand, non-interest income increased by an
average of 44%, including commission income by
33%.

The impact of non-interest income on financial
performance has been the subject of several studies.
Return on assets (ROA), obtained by dividing net
income by total assets, is one of the most widely used
metrics of financial success. Return on equity (ROE),
calculated by dividing net income by total equity, is
another measure of financial performance. According
to studies, interest-free income and financial success
are positively correlated. Profitability determined by
ROA and ROE was determined to be significantly

affected, in particular, by non-interest income. It should
be noted that the COVID-19 pandemic also had its
impact on this particular issue as well. Hasko et al
(2021) based on 51 banks in Europe (a study based on
the period January-September 2020) showed that a
10% loss in non-interest income compared to the same
period in 2019 was mainly due to a decline in trading
and fee income. However, the impact on financial
performance was minimal as banks were able to rely on
government support and liquidity infusions.

After the covid pandemic shock, the specific share
of interest income in total income decreased from 82%
to 75%, and the share of non-interest income increased
from 18% to 25%, which is 4 percentage points higher
than in 2019, and should be evaluated positively in
terms of the dependence of interest income and
therefore the reduction of risks, although from
commissions The received incomes remain stable
within 8%. In the structure of non-interest income, the
leading position is still the income from conversion
operations, i.e. from currency purchase and sale
operations, the rate of which exceeded the percentage
rate of 2019 itself, and the total income has increased
from 8% to 12%, from 359.8 million GEL to 886
million GEL, and by 4 percentage points even the
income from commissions itself circle (570 million
GEL).

Important factors driving the dollarization of
deposits are the inflation rate and volatility, as well as
currency depreciation, in low-income countries
(Charaia, Papava, 2019; 2022). And the asymmetric
exchange rate policy encourages depositors to have
deposits mostly in foreign currency in order to maintain
their purchasing power. From the point of view of de-
dollarization of deposits and credits, the development
of the liquid capital market in local currency will be
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important in the medium term, along with the
development of the stock market in the long-term,
which with the de-dollarization of deposits, as we can
see, the Georgian banking system is distinguished by
one of the highest profitability and Net interest margin,
equity multiplier and debt service leverage are at the
European average. In addition, in countries with
dollarized and highly import-dependent economies,
interest rates and their differentials are high, resulting
from risks arising from currency devaluation.
Consequently, price elasticity to monetary and credit
shocks is often higher in countries with dollarized
economies, because inflation is more responsive to
monetary and credit shocks due to weak policy
transmission mechanisms.

In the conditions of high concentration and
oligopoly market, where the assets of two banks are up
to 75% of the total banking assets, which is discussed
in detail in the corresponding chapter of this paper, the
SEB is obliged to intervene more actively in the market
for the sake of macroeconomic stabilization and limit
the profits of banks, both in the direction of increasing
the refinancing rate, interest margin and interventions
in the market.

Conclusions

The Georgian economy has been resilient in the
face of global shocks, but the high dollarization of the
economy and the current account deficit remain
challenges. The banking sector is in a good position,
with decreasing dollarization of both loans and
deposits.

The economy grew by 10.3% in 2021-2022, but
unemployment and poverty remain high. The
government should focus on inclusive growth, which
means promoting the growth of micro and small
businesses and employment.

Digital technologies can help small businesses
grow, but they need access to capital and support. The
Georgian economy has been resilient in the face of
global shocks, but the high dollarization of the
economy and the current account deficit remain
challenges.

The banking system in Georgia is facing a number
of challenges, including a high net interest margin, low
non-interest income, and a lack of guarantee
mechanisms for small and medium-sized businesses.
The development of the stock market could help to
reduce the banks' reliance on interest income and
increase non-interest income. The future of Georgian
commercial banks will depend on their ability to adapt
to the new digital era and provide customers with fast
and secure services. The main problem of lending to
small and medium-sized businesses in Georgia is
access to capital and lack of guarantee mechanisms.
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Abstract

Graph theory and enumerative combinatorics are two branches of mathematical sciences that have developed
astonishingly over the past one hundred years. It is especially important to point out that graph theory employs
combinatorial techniques to solve key problems of characterization, construction, enumeration and classification
of an enormous set of different families of graphs. This paper describes the construction of two classes of bigeo-
detic blocks using balanced incomplete block designs (BIBDs). On the other hand, even though graph theory and
combinatorics have a close relationship, the opposite problem, that is, considering certain graph constructions
when solving problems of combinatorics is not common, but possible. The construction of the second class of
bigeodetic blocks described in this paper represents an example of how graph theory could somehow give a clue
to the description of a problem of existence in combinatorics. We refer to the problem of existence for biplanes. A
connection between the mentioned construction, the Bruck-Ryser-Chowla theorem and the problem of existence

for biplanes is considered.
Keywords: Bigeodetic Blocks, BIBDs, Biplanes.

Introduction

A balanced incomplete block design (or simply a
block design) on a set S with | S| = n, where | S |is the
cardinal number of S, is a family of subsets By, B, ...,
By of S called blocks such that:

(@) |Bil =k 1<i<h.

(b) If x e S, then x belongs to exactly r blocks B;.

(c) If x, y are distinct elements of S, then {x, y} is
contained in exactly A blocks.

This block design is denoted (b, n, r, k, 4).

Just like any other combinatorial structure, block
designs are defined in terms of certain parameters
whose values determine the answer to the question of
existence, that is, which values of these parameters pro-
duce the configuration in question and which do not.
Given a (b, n, r, k, 2)-design, there are necessary con-
ditions that its parameters must satisfy, namely, bk = nr,
r(k-1)=An-1).

The conditions previously described on the param-
eters of a block design are necessary, but not sufficient.
It means that we can use them to rule out the existence
of a block design for certain groups of parameters.
However, being given the values of the parameters,
which satisfy the conditions previously mentioned,
does not guarantee the existence of a block design with
those parameters. There are many groups of possible
parameters for which the existence problem has not
been settled.

A design with b = n is called symmetric. In such a
design r = k and hence such structure is called (n, k, 2)-
design. For symmetric designs, there is an additional
restriction for their existence [4, Theorem 3.1].

Theorem 1. (Bruck-Ryser-Chowla) Let n, k, 4 be
integers for which there exists a symmetric (n, k, A)-
design. If n is even, then k - 1 equals a perfect square.
If n is odd, then the equation

X2 = (k- A)y? + (-1)- 92322

has a solution in integers X, y, z not all zero. =

The set of vertices and edges of a graph G are de-
noted V(G) and E(G), respectively. An undirected
graph is one having edges with no direction. Two ver-
tices of a graph G are adjacent if they are connected by
an edge. A graph in which every pair of its vertices is
adjacent is called complete. The complete graph on n
vertices is denoted K. A path in a graph G from vertex
Vo to vertex vy is a sequence Vovi...vy of different verti-
ces and is denoted P(vo, vn). The number of edges of a
path P determines the length of this path and is repre-
sented by | P | . The length of a shortest path connecting
vertices u and v in G represents the distance between
these two vertices. The greatest distance between any
pair of vertices of G is called the diameter of G, which
is denoted d(G). The number of edges incident to v is
called the degree of vertex v and is denoted deg (v). G
is said to be regular of degree k (or k-regular) if every
vertex of G has equal degree k and biregular with de-
gree sequence (k, 1) if for any vertex v of G deg (v) = k
or deg (v) = I for fixed values k and I, k = I. A subgraph
H of a graph G is a graph whose vertices and edges are
subsets of those of G. A loop is an edge that connects a
vertex to itself. Multiple edges are two or more edges
that are incident to the same two vertices.

In this research a graph is undirected, without
loops or multiple edges. Bigeodetic graphs were de-
fined by Srinivasan [5, p.102] as graphs in which each
pair of nonadjacent vertices has at most two paths of
minimum length between them. K-geodetic graphs
have been defined in [1, p. 188] as graphs in which each
pair of nonadjacent vertices has at most k paths of min-
imum length between them. Thus, a k-geodetic graph is
geodetic when k = 1, bigeodetic when k = 2, trigeodetic
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when k = 3, and so on. The minimum number of verti-
ces whose deletion (implies also the deletion of the
edges incident to the deleted vertices) disconnects G is
called vertex connectivity of a graph G. A graph G is
called p-connected if its vertex connectivity is equal to
p. A block is a graph whose vertex connectivity p is
greater than 1. In [1, pp. 190-201], a general study of k-
geodetic graphs has been performed and bigeodetic
blocks have been considered there as a particular case
of k-geodetic graphs.

A cover of a graph G is a set {G3, G, ..., Gn} of
complete subgraphs of G such that Giu Gy U ... U G
= G. A cover of G is called a ®-cover if any two ele-
ments of the cover are edge-disjoint.

Let G be a graph having vertices vy, vz, ..., Vn. Let
A = {Gi, Gz .., Gn} be a cover of G, where

V(Gj) =1V ,V; ,...,V; ¢,1<i<m.Foreachi,1<i<
I I 17, Ji

m, take new vertices v;.,v: :,...,vi . and construct a

igi Vil Vi
complete graph K(G;) on these vertices. Take n new
vertices Vio, Voo, ..., Vro@nd connect vij to vio for 1 <1<
jiy 1 <i<m. The resulting graph is denoted G*(A).

Consider a (b, n, r, k, A)-design on a set S = {x,
X2, ..., Xn}. Let K, be a complete graph with vertex set
{X1, X2, ..., Xn} and G; be a complete graph on vertex set
of Bj, 1<i < h. Clearly, A = {Gy, Gy, ..., Gp} is a cover
of K,. Construct graph Ky*(A) and denote it Ky*(r, K,
A). This is a k-connected, biregular block with degree
sequence (r, k). It has n(r + 1) vertices and nr(k + 1)/2
edges. In Figure 2, K7*(6,3,2) is constructed using the
blocks of a (14, 7, 6, 3, 2)-design.

The described procedure to generate graph Kq*(r,
k, 4) and the following theorem with its respective cor-
ollary are taken from [5, pp. 103-107].

Theorem 2. Let x# = max[max(|Bin Bjl : i, j =
1,...,b, i #]), 4. Any pair of nonadjacent vertices of
Kn*(r, k, 4) has at most  distinct paths of minimum
length between them. The diameter of Ky*(r, k, 1) is 4
if Bin Bj= & forevery i, j, i #jor5if Bin Bj= & for
some pair of distinct values i, j. =

Corollary 1. If (b, n, r, k, ) is a symmetric design,
then in Ko*(r, k, 1) there are at most A paths of mini-
mum length between each pair of vertices. «

Results

Next, we present two constructions of bigeodetic
blocks using block designs (Theorem 3 and Claim 1).

The construction described in Claim 1 has a spe-
cial connotation because even though it describes a
simple observation about the existence behavior pattern
of the employed symmetric ((n+n+2)/2, n+1, 2)-de-
signs in a very short interval of integer values, the last
section of this paper suggests that this simple observa-
tion could not be just a coincidence and could give a
clue to the description of a more general problem of ex-
istence.

Theorem 3. For every n=0or 1 (mod 3), n > 4,
there exists a bigeodetic block on n? vertices with di-
ameter 4 or 5, with vertex connectivity 3 and degree
sequence (n-1, 3).

Proof. When n=0 or 1 (mod 3), n > 4, there exists
an (n(n-1)/3, n, n-1, 3, 2)-design on a set S [2, Theorem
15.4.5]. Thus, taking G; to be a complete graph on ver-
tices of B, 1< i < n(n-1)/3, graphs Gy, ..., Gn(-1y3 form
a cover of the complete graph K, on vertex set S. Con-
struct graph Ky*(n-1, 3, 2). This graph has n? vertices.
According to Theorem 2, this is a bigeodetic graph of
diameter 4 if Bin Bj= J forevery i, j, i=jor5if Bin
Bj= & for some pair of distinct values i, j. It is easy to
observe that Kn*(n-1, 3, 2) has degree sequence (n-1, 3)
and is 3-connected forn > 4. =

Next, we give the blocks of (10, 6, 5, 3, 2) and (14,
7,6, 3, 2) designs, which are used to construct the bige-
odetic blocks shown in Figures 1 and 2.

(1) {x1, X2, Xa}, {X1, X2, X3}, {X3, Xa, X5}, {X2, X4, X5},
{x2, X5, X}, {X1, X5, X}, {X2, X3, X6}, {X1, X3, X5}, {X1, Xa,
X6}, {Xa, X4, X6}

(II) {Xl, X2, X4}, {Xl, X2, X3}, {Xs, X4, Xs}, {X3, X4, X5},
{Xx2, X5, X6}, {X3, X6, X7}, {X1, Xe, X7}, {X1, X4, X7}, {X2, X3,
X7}, {X1, X3, X5}, {X2, Xs, X7}, {X2, X4, X6}, {X1, X5, X6}, {X4,
Xs, X7}.
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Fig. 2. A Bigeodetic Block generated by a (14, 7, 6, 3, 2)-design.

Claim 1. Foreveryn=1or 2 (mod 4), 2 <n <10,
such that (n-1) is a perfect square or n=0 or 3 (mod 4),
3<n<12, such that (n-1) is a prime power, there exists
an (n+1)-regular, (n+1)-connected bigeodetic block of
diameter 4. =

Remark. When n=1 or 2 (mod 4), 2 <n <10,
such that (n-1) is a perfect square or n=0 or 3 (mod 4),
3<n<12, such that (n-1) is a prime power, there exists
a symmetric block design ((n>+n+2)/2, n+1, 2) on a set
S with blocks Bj, 1 < i < (n?+n+2)/2 (the final section of

this paper lists all symmetric ((n>+n+2)/2, n+1, 2)-de-
signs so far found. Note that they obey the “simple pat-
tern” of existence mentioned in the initial part of this
remark). Let G be a complete graph on vertex set S, and
Gi be a complete graph on vertex set Bj, 1 < i <
(n*+n+2)/2. Gy, ..., GZn+2)2 form a cover of G. Con-
struct graph G™p2ns2)2(n+1, n+1, 2). This graph is an
(n+1)-regular, (n+1)-connected one and has
(n>+n+2)(n+2)/2 vertices. According to Corollary 1,
this is a bigeodetic block. Since any two blocks of a
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design ((n?+n+2)/2, n+1, 2) have two common ele-

ments, the diameter of G™(n%ns2)2(N+1, N+1, 2) is 4. = (1) {x1, X2, Xs}, {X1, X2, Xa}, {X1, X3, Xa}, {X2, X3, Xa}.
Next, we give the blocks of (4, 4, 3, 3, 2) and (7, (i) {x1, X2, X3, Xa}, {X1, X3, X5, X7}, {X1, X4, X5, X6},
7,4, 4, 2) designs, which are used to construct the bige-  {X1, X2, Xs, X7}, {X2, X3, X5, X6}, {X2, Xa, X5, X7}, {X3, X4, Xs,
odetic blocks shown in Figures 3 and 4. X7}
X11 X10 X14

@) @) O

\4 \ ) \)
X32 X30 X33

Fig. 3. A Bigeodetic Block generated by a (4, 4, 3, 3, 2)-design

Fig. 4. A Bigeodetic Block generated by a (7, 7, 4, 4, 2)-design.
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Corollary 2. If (b, n, r, k, 2) is a block design, then
Kn*(r, k, 2) is a bigeodetic graph of diameter either 4 or
5 -

Srinivasan, Opatrny, and Alagar [5, p. 111] con-
sidered that it is possible to construct n-regular, k-con-
nected bigeodetic blocks of diameter d, where k, n, d >
2,k<n.

They have denoted this class of blocks B(k, n, d)
and have posed the following problem:;

Is class B(k, n, d) nonempty for every k, n, d > 2, k
<n?

Claim 2. Foreveryn=1or 2 (mod 4),2<n <10,
such that (n-1) is a perfect square or n=0 or 3 (mod 4),
3 < n < 12, such that (n-1) is a prime power, class
B(n+1, n+1, 4) is nonempty. =

Concluding Remarks

Similar constructions to those ones described in
Theorem 3 and Claim 1 for bigeodetic blocks can be
formulated for trigeodetic blocks using (b, n, r, k, 3)-
designs. Thus, when n =1 (mod 2), n > 5, there exists
an (n(n-1)/2, n, 3(n-1)/2, 3, 3)-design [2, Theorem
15.4.5]. In the same way, when n= 0 or 2 (mod 3), 3 <
n < 14, n = 12, there exists a symmetric ((n+n+3)/3,
n+1, 3)-design, namely: (5, 4, 3), (11, 6, 3), (15, 7, 3),
(25, 9, 3), (31, 10, 3) [2, Appendix 1], (45, 12, 3), (71,
15, 3) [3, p. 105], which is called a triplane.

For any fixed integer value 4 > 2, the question of
whether there exists an infinite number of symmetric
(n, k, A)-designs is unresolved. In particular, when A =
2, such a design is called a biplane and there exists only
a few known examples, namely, (4, 3, 2), (7, 4, 2), (11,
5, 2), (16, 6, 2), (37, 9, 2), (56, 11, 2), (79, 13, 2). The
first two biplanes are here used to generate two bigeo-
detic blocks (see Figures 3 and 4). Ryser [4, pp.114-
115] proved that if in a symmetric (n, k, A)-design n is
odd and (k, ) = 1 where (k, A) denotes the positive
greatest common divisor of k and A, then (k- 4, 1) =1
and the equation x? = (k - 2)y? + (-1)("- 12,172 associated
with the Bruck-Ryser-Chowla theorem has a solution
in integers x, y, and z, not all zero. It is evident that for

n=0 or 3 (mod 4) with n > 3 and (n-1) a prime power,
(n*+n+2)/2 is odd and ((n*+n+2)/2, n+1, 2)-biplanes
satisfy the conditions established by Ryser. As a result,
when substituting n, k, and A into x? = (k - 2)y? + (-1)@
S V2222 for (n>+n+2)/2, n+1, and 2, respectively, an
equation with a solution in integers X, y, and z, not all
zero is generated. Consequently, for n=0 or 3 (mod 4)
with n > 3 and (n-1) a prime power, (n>+n+2)/2 is odd
and ((n>+n+2)/2, n+1, 2)-biplanes satisfy the necessary
condition established in Theorem 1 for their existence.

Due to the fact that some special families of block
designs turned out to be finite, it is believed that only
finitely many symmetric designs exist for any fixed 4 >
1. Assuming that this is true, one could formulate the
question if for a given finite integer interval, biplanes
and their existence respond to the same simple pattern
of behavior described in the construction of the Claim
1 bigeodetic blocks.

Assume that n belongs to a finite interval of integer
values and m is a fixed integer, m > 12. Could it be pos-
sible that being n =1 or 2 (mod 4), 2 <n <m, such that
(n-1) is a perfect square orn=0 or 3 (mod 4), 3<n<
m, such that (n-1) is a prime power, there exists a sym-
metric block design ((n?+n+2)/2, n+1, 2)?

Note that the answer to this question is in the af-
firmative for m = 12.
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At the turn of the XX-XXI centuries, humanity is
facing new challenges and demands.

It is worth noting that the main reason for
overcoming all problems is the survival of humanity
and care for their well-being. Therefore, the greatest
responsibility rests on the correct and rational
management and functioning of the "economy".

Unfortunately, in the civilized and economically
developed countries of the modern world, in the
officially accepted economic theories and practical
economic management activities, the Lord, the
principles of the Christian faith and moral norms are
almost completely neglected.

Mankind (human) is the only subject in the world
created for perfection, which God created in His own
image and according to His likeness: “and God blessed
them, and God said unto them, “Be fruitful and
multiply, and replenish the earth, and subdue it; and
have dominion over the fish of the sea, and over the
fowl of the air, and over every living thing that moveth
upon the earth.” (Genesis 1,27-28).

Therefore, taking care of the well-being of the
"phenomenon™ created for perfection requires great
responsibility, caution, intelligence and great
spirituality. It is not correct to create only material
wealth and best social conditions for the society,
maximum satisfaction of their demands and it is enough
to say that their well-being is ensured.

Today, when society has reached the highest peak
of civilization with its "invaluable™ ruduns, taking care
of their well-being remains an urgent problem.
Reduced costs and increased profits through scientific
and technical progress another new question has arisen:
In particular, have welfare and trends of caring it
increased or decreased? Is it still relevant to search for
ways to solve it and to develop overcome methods for
humanity, or has it become passive?

We will not be morally correct if we do not
mention the great role and importance of the
achievements of scientific and technical progress in
improving the living conditions of mankind, raising
their level and well-being. It can be said with
confidence that its result is an increase in the life
expectancy of the population, a decrease in mental and
physical workload. But the main thing is not how much

the process lightens a person's burden, but how the
lightening of the burden affects his spiritual mental
thinking. Is there a place for a person to realize a clear
mind, or does he do everything through conditioned
reflexes. “Happy is the man who finds wisdom, And the
man who gains understanding; For her proceeds are
better than the profits of silver, And her gain than fine
gold”. (Proverbs 3:13-14)

As we know, scientific and technical progress is
seriously affected by globalization and integration
processes, which are the main source of modern public
relations. In their background, it seems that living
conditions are improving and perfecting, but the
general economic situation around the world is
becoming difficult. Relations between states and
individuals are becoming complicated, the presence of
unruly economic elements is observed. The growth of
globalization and integration processes in general and
scientific-technical progress in particular has
accelerated the growth of unsustainable, unmanageable
economic processes in the world. It is observed that
similar economic models are used by different
countries, without considering any traditional interests,
which is followed as if by identification of models of
economic systems of the state, which intensifies the
competitive struggle in the market and causes a desire
for monopolistic or oligopolistic tendencies. The latter
ends with chaos, the proliferation of the shadow
economic elements to capture the market, economic
and financial crises that affect the population. The
socially vulnerable layer has increased, the number of
unemployed has increased, the pressure directed at each
other by people has increased (expansion), Because of
this, the number of mentally, physically, morally and
socially damaged population has increased, in
balancing of which only economic laws and regularities
are powerless. ,,Envy captured the uneducated nation“.
Therefore, the quantitative side is not of decisive
importance for achieving the result, but the qualitative
side is given priority. We learn about this from the Holy
Scriptures. “Then Elijah said, “I’m the only prophet of
GOD left in Israel; and there are 450 prophets of Baal.
Let the Baal prophets bring up two oxen; let them pick
one, butcher it, and lay it out on an altar on firewood—
but don’t ignite it. I’ll take the other ox, cut it up, and
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lay it on the wood. But neither will 1 light the fire... O
Baal, answer us! But there was no reply of any kind.
Then they danced, hobbling around the altar they had
made... altar of the LORD that was broken down. And
Elijah took twelve stones, according to the number of
the tribes of the sons of Jacob, unto whom the word of
the LORD came, saying, Israel shall be thy name... And
the water ran round about the altar; and he filled the
trench also with water.” (B.C. Testament, Third Kings
18,22-45)

Humanity has to wrestle with wolf laws and fight
for existence, fight for survival. 5@ Everything they do
on earth is done by processes that are considered
unnatural. Humanity cannot or does not use the world
as it was given. The country was given to man as
"food", as a means of life, but life must first of all be a
relationship with God. The world and food were created
for human so that they could have a connection with
God through them. Only food taken for God's sake
could be life-giving. The infinite tragedy of Adam
(mankind) is that he perceived food as "life in itself".
i.e. He believed in food, when the only object of faith
and hope is God. “They have mouths but cannot speak,
and eyes but cannot see. They have ears but cannot
hear, and noses but cannot smell.“ (Psalms:
113,13,14,15) They forget that the Creator of the
universe is God: “The earth is the LORD's, and all its
fullness, The world and those who dwell therein.«
(Psalms: 23,1-2). For the salvation of humanity, the
"Bible" written by people enlightened by God's grace is
the head of the main source from which all sciences,
including economics, should be fed. That the Bible is a
book about the world and man, about humanity and its
future, about its ultimate destiny, about its daily
existence. "Man - the crown of the supreme of all
creation" is not just fancy words. The main focus of
Scripture is on humanity, God makes connection with
him who bears his image and is called to receive the
likeness (deification theosis) connection between God
and man, between God and people, between God and
humanity... connection is always two-sided.

The fact, which is unfortunately real, clearly tells
us that a part of humanity is trying to adapt to the
management of the world through the use of unnatural
rules. Surround anomalous methods to society and
make them consider as natural phenomena and
regularities. Fast-paced civilization, acceleration of the
scientific-technical ~ process, internationalization,
intensified migration processes, free movement of
foreign capital, acceleration of the pace of
globalization, obviously made it more difficult,
expensive and dangerous to take care of the well-being
of humanity on earth and highlight its positive results,
including their safety. So what's going on? Is it only the
weakness of economic science, or the result of the
imperfection of economic science in general?

Today the world is facing a common dilemma.
This dilemma is the big cross that all humanity has to
carry, that the Lord gives us this cross, and sometimes
its carrying is heavy and sometimes it is lightened
(depending on the spiritual condition of the person).
However, this does not mean that humanity does not
participate in the creation of its cross, the vertical of

which is the spiritual connection with the Lord, and the
horizontal is the spiritual connection with other people.
In this way, humanity should create two spiritual
pillars, which include: striving for God and striving for
neighbor. The apostle Paul says: Bear one another's
burdens and thus you will fulfill the law of Christ. The
Lord remind us, humanity: “Come to me, all you who
are weary and burdened, and | will give you rest. Take
my yoke upon you and learn from me, for | am gentle
and humble in heart, and you will find rest for your
souls. For my yoke is easy and my burden is light.”
(Matthew 11,28,29,30)

Globalization is a natural process, how global the
economy is, what stage of globalization the earth is in,
is also a result of this natural process. "Globalization is
an inevitable event and is connected with the
development of scientific and technical progress. It can
be said that the whole world has become global, but this
does not necessarily mean that big countries have to
absorb small countries.”

Some people think that the spiritual or national
values of small nations create conflict and
confrontation, which may turn into enmity and strife. In
fact, this is not the case at all. These values, their
diversity, on the contrary, enrich the world, eliminate
conflict and confrontation. However, at the same time,
it is necessary to form a moral axis of human values that
will promote dialogue between civilizations. The main
thing is that in the current of modern processes, we
should understand well where the subject is and where
the object is. The object is very often nations, and the
subject tries to wrap his ideas around that object and
remove the national-moral, spiritual achievements,
values, which is very dangerous for us. We need to
know what is acceptable and what is not, what is
pseudoculture.

Today, as political scientists point out, the tragedy
that took place in the USA on September 11, 2001
announced to the world the beginning of a new,
unprecedented post-modern era in the history of
mankind, which requires a fundamental revision of the
centuries-old relations between states and peoples. It
seems paradoxical, but the stronger the state is from an
economic or military point of view, the greater the
threat posed by international terrorism, which can
attack nuclear power plants, chemical plants, secret
laboratories and other important facilities. It is from the
point of view of this global common threat and world-
scale international cooperation that all problems that
prevent the cooperation of states and people's well-
being, stability of development should be reviewed.
This is the only reasonable alternative to the new reality
created in the world. From a geopolitical point of view,
the modern system of international relations is based on
rivalry not between nation-states, but between nation-
empires. This will be one of the most important
characteristics of our life, which can be called the most
modern. A period where a part of degraded humanity
tries to adapt to the world using wrong, unnatural
methods and offers it to us in a natural format.

Based on all of the above, we come to one
conclusion, which allows us to make a reasonably well-
thought-out mix, that:
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1. All these problems cannot be solved only by
means of economic factors. It is necessary to develop a
synergistic social economy.

2. It is not enough and perfect to have a planar
perception of the created problem, where the cutoff
system is the point of intersection of the axes of the
coordinate plane, if this problem is not discussed in the
spatial perspective, where the Supreme Lord is, and the
cutoff point is the justice.

3. Itisnot correct to idolize wealth and profit as
the main means of satisfying the needs of humanity,
unless the main thing is understood that ,,and also
everyone to whom God has given wealth and
possessions, and given him power to enjoy them, and
to receive his reward and to rejoice in his labor-this is
the gift of God.* (Ecclesiastes: 5,18)

4. It should not be understood that the Christian
faith condemns wealth and the rich man. The result of
human economic activity is expressed in the creation-
accumulation of material wealth and money, and up to
that point it is stated in the Law of Great Justice: "We
should not belittle the wealth acquired by righteousness
and spent in good deeds." And not as it happens today:
"Aid to a foreign country today is money paid by the
poor in a rich country and received by the rich in a poor
country."

5. It is not enough to recognize that properly
formulated economic theories and factors can account
for the "making of bread" of human existence, unless it
is taken into account that *"Moses has not given you the
bread from heaven, but My Father gives you the true
bread from heaven. (John: 6,32)

It is written and forever remains written, 'Man
shall not live by bread alone, but by every word that
comes out of the mouth of God.* (Matthew: 4,4)

6. Only the recognition that it is necessary to
develop the theological-economic principles is not
enough for the perfect solution of this problem, if it is
not taken into account to which period of human
government the vector of this problem leads. What is
needed to fix this and why? Therefore, we come to the
conclusion that the current situation requires
fundamental study, analysis and implementation of
certain experiences and views of that time. We have in
mind the period of the rule of the judges to show the
present and future generations that the main political,
economic, social power and strength of mankind is a
strong religious feeling, fear, love of the Lord and mod-
esty to Him, which led to the recognition of the
theocratic period as the period of ideal governance in
human history.

And finally, no matter how many reforms,
theories, concepts, proofs, arguments, practical
examples we should consider, it is undeniable that
axiom of caring for well-being of humanity lies in
salvation of humanity from the sin.
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Abstract

Before the Fukushima Daiichi Nuclear Power Plant (NPP) accident, the prospect of expanding the nuclear
power plants fuel base was also associated with the use of MOX fuel (mixed oxide uranium-plutonium fuel). The
Fukushima Daiichi nuclear accident, which has led to the reactor core meltdown, revealed an insufficient
knowledge of the fuel nuclides temperature properties in a temperature range wider than the operating temperatures
ranges of existing reactors (above 1000 K).

The paper presents the results of calculating the temperature dependences of the fission and radiative capture
nuclear reactions cross-sections averaged over the thermal neutron spectrum for uranium 238, uranium 235 and
plutonium 239. A fundamental difference in the temperature dependences of the uranium 235 and plutonium 239
nuclear reactions cross sections averaged over the thermal neutron spectrum is found and explained for the studied
temperature range. The temperature dependences of the heat sources densities for MOX fuel and uranium oxide
fuel for thermal reactors are calculated as well.

For the first time, the fundamental difference between the temperature dependences of the heat sources den-
sities for the MOX fuel and uranium oxide fuel is shown.

The accident dynamics theory based on the fundamental difference in the temperature dependences of the
heat sources densities for the MOX fuel and oxide uranium fuel is presented. It allows to identify and explain
several characteristic temperature features of the accident dynamics at the Fukushima Daiichi Nuclear Power Plant

Unit 3, where one third of the reactor fuel load was MOX-fuel.

Keywords: Fukushima Daiichi NPP 1 severe beyond design basis accident, thermal reactors, core meltdown,
MOX fuel, uranium oxide fuel, plutonium 239, accident dynamics.

1. Introduction

The most important tasks of the further nuclear en-
ergy development strategy include ensuring the safe
operation of nuclear power plants, fuel base expansion
and spent nuclear fuel reprocessing.

All operating nuclear reactors and even the latest
advanced reactors, including the so-called Generation
IV reactors, are fundamentally dangerous, since they all
have a supercritical fuel load that ensures their cam-
paign duration, and the chain reaction is maintained us-
ing a control system that regulates the reactor reactiv-
ity. And only now the development of nuclear reactors
fundamentally differing from the previous generations
reactors, which do not have a super critical load of nu-
clear fuel and do not require the reactor reactivity reg-
ulation, is carried out. The authors classify these nu-
clear reactors as the Generation V reactors.

The safety requirements for the new Generation V
reactors are fully met by the wave uranium-plutonium
reactor of L.P.Feoktistov (also called in the USA as
"Traveling-wave reactor" and in Japan as "CANDLE"
reactor) characterized by internal safety [1-52]. This
new type of a reactor also allows to eliminate the nu-
clear fuel enriching procedure in the nuclear fuel cycle

and to use in it the natural (and even technical) uranium,
i.e., spent nuclear fuel.

At the same time, the wave reactor dynamics is the
open physical system dynamics, which is described by
the nonlinear dynamics theory, i.e., is characterized by
several features that are fundamental for the nonlinear
dissipative structures theory. One of those is the ura-
nium-plutonium fissile medium nonequilibrium under
conditions of neutron field high densities and high tem-
peratures. It should be also noted that in the wave nu-
clear reactors a strong change of the fuel nuclide com-
position occurs, e. g., under the appropriate modes of
wave neutron-nuclear burning in a uranium-plutonium
fuel medium, the burnup of uranium 238 may exceed
70 % of its initial concentration, and plutonium 239
may be completely absent initially. This fundamentally
distinguishes the wave nuclear reactors from the previ-
ous generations reactors, in which operating modes are
implemented using the reactor control system, in which
a fuel burnup is about 4 %-6 % per a campaign, that is,
the fuel composition practically does not change, and
the neutron flux density and temperature are not high
(e. g., for VVER F~10"® + 10™ n/(cm? s) and T
=280°C).
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The basic kinetics of a wave reactor (the neutrons
and nuclides kinetics) are connected by direct and in-
verse relationships with the kinetics of heat transfer and
radiation-induced fuel defects [59; 60]. The fuel defects
kinetics affects the reactor reactivity through a geomet-
ric dimensions change caused by plastic deformation,
swelling or destruction of fuel under load and irradia-
tion, as well as through its density change. The dissipa-
tive thermal structures formation and temperature non-
linear modes with Kurdumov blow-up implementation
[44, 45, 47-49] or the dissipative structures formation
of uranium-plutonium fissile medium defects can sig-
nificantly affect the reactor kinetics, mainly, the very
implementation and stability of the slow nuclear burn-
ing wave in a reactor.

The hypothesis of a wave-type georeactor located
at the boundary of the liquid and solid Earth’s cores
also requires that its kinetics should be studed at tem-
peratures from 5000 K to 7000 K [37].

Before the Fukushima Daiichi nuclear accident,
the prospect of the NPP fuel base expanding was also
associated with the use of the MOX fuel (mixed oxide
uranium-plutonium fuel).

The Fukushima Daiichi nuclear accident, which
has led to the Generation Il reactors core meltdown,
revealed insufficient knowledge of the temperature
properties of fuel nuclides in a wider temperature range
(exceeding 1000 K) than the operating temperature
ranges of existing reactors.

The paper authors’ previous works, in which the
temperature properties of the reactor fuel fissile media
were studied, e. g. [44, 45, 47-51], were mainly focused
on the temperature features of the wave neutron-nu-
clear burning processes.

After the Fukushima Daiichi nuclear accident,
several papers were published, e. g., [52-53], in which
the peculiar temperature properties of the thermal nu-
clear reactors fuel nuclides were associated with the
possible features of the accident development at the Fu-
kushima Daiichi NPP Unit 3. However, this was per-
formed very carefully, in the form of conjectural hy-
potheses since there were very few physical data on the
Fukushima Daiichi accident itself. The paper [58] was
almost entirely devoted to nonlinear temperature blow-
up modes in fissile media, but their possible connection
with the Fukushima Daiichi nuclear accident dynamics
features was given only a brief mention.

However, today, years after the Fukushima
Daiichi nuclear accident, some data have appeared, al-
beit in a very meager volume and, unfortunately, pub-
lished not in scientific journals, but in the media, con-
firming the authors’ theoretical assumptions. The paper
[49] was mainly focused just on the accident features.
Thus, the decision was made to publish it, apparently,
because of the lack of other publications on this topic
in scientific journals and due to the fact that the paper
was given attention in the electronic media, e. g., in
[54], which in itself was a rarity for scientific papers,
and in [55] posted on the Internet website and available
to a wide range of readers interested in the accident
causes and consequences, which was evidently of con-
siderable public interest for obvious reasons.

Indeed, in [55] there is a section titled “Fukushima
plutonium effect”, which is almost entirely based on the
statement in [40] about a possible connection between
the features of the accident at the Fukushima Daiichi
NPP Unit 3 with nonlinear temperature blow-up modes
in uranium-plutonium fissile environments. However,
this chapter is supplemented with an important Figure
21 [55, 56], which is a video recording of the Fuku-
shima Daiichi NPP Unit 3 accident dynamics with its
analysis and conclusions made by the nuclear reactors
designer Setsuo Fujiwara in [57, 58]. The video indi-
cates that there were three explosions, which could be
heard when the video was played back slowly. The first
was an explosion of hydrogen formed as a result of the
steam-zirconium reaction of water decomposition, to
which the smoke white color corresponds in the video;
the orange color of the burning flame above the Unit 3
reactor indicated a very high temperature of ~ 3000 K,
that is, the melting point of the reactor oxide fuel during
the second explosion; and the third explosion, accom-
panied by black smoke, indicated an explosion in the
uranium-plutonium fuel medium and its release. Setsuo
Fujiwara [57,58] believed that the second explosion
was caused not by a hydrogen explosion, but by the re-
actor rapid transition to a supercritical state, that is, by
its acceleration on prompt neutrons due to a tempera-
ture and pressure increase inside the reactor vessel,
which resulted in the boiling bubbles collapse. Such
process led to the reactor reactivity increase because the
void reactivity coefficient was negative, and therefore
Setsuo Fujiwara called the accident at Unit 3 a nuclear
explosion.

It should be noted that, as will be seen below in
this paper, the independent expert’s conclusion in
[57,58] about the neutron runaway of the Unit 3 reactor
was an important argument in favor of the authors’ the-
ory, which initially assumed the presence of neutrons.

In [59, 60], experimental data are presented from
[61] on measuring the radioactive isotope sulfur-35
concentration in sulfate aerosols and in gaseous sulfur
dioxide in the oceanic air in the La Jolla Village on the
Pacific Beach of California, based on which it was con-
cluded that ocean water was irradiated by neutrons with
a fluence of 4 x 10 n/m?, since the sulfur-35 radionu-
clides were formed in ocean water containing chlorine-
35 during neutron irradiation.

It is worthy of mention that in both [55] and
[57,58] the assumption was made about the Unit 3 re-
actor fuel melting, which also testified in favor of nu-
clear reactions involving neutrons, since due to the
chemical reactions it would hardly be possible to heat
up to melting points and melt such an amount of oxide
fuel.

In the paper [62] it was reported that TEPCO (To-
kyo Electric Power Company) published the results of
a month-long study that began on February 12, 2015, in
the Unit 1 reactor building in collaboration with the In-
ternational Research Institute for Nuclear Decommis-
sioning (IRID). The two companies collected the exper-
iment data from its inception to March 10. The project
used cosmic rays to view the building interior [63, 64].
Analyzing the muons flux generated by elementary par-
ticles during cosmic rays colliding with the atmosphere,
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TEPCO was able to generate an X-ray image of the re-
actor interior. Muons can pass through concrete and
iron, but they get blocked and change direction, when
collide with the high-density materials such as pluto-
nium and uranium, creating a "shadow" on the X-ray
image. According to the study, TEPCO stated that the
fuel has melted because there was no shadow around
the reactor core, i.e., that the fuel was not where it
should be, which indicated that the fuel was likely to
have been melted and "moved down." The operator also
reported that there was not any water accumulation in
the reactor pressure vessel core and that it was possible
that fuel fragments were in the spent fuel pool, but their
sizes would be calculated later. TEPCO also said that
the results confirmed the previous assumptions about
the fuel meltdown. They planned to continue measure-
ments until enough data should be obtained to conduct
a statistical analysis and to get a possibility for the ob-
tained data use in determining the fuel masses configu-
ration. This would allow the work plan development for
their removal. Perhaps the removal would to be per-
formed by robots due to the high radiation doses in the
reactor.

Thus, in [62] the first experimental evidence of the
reactor core melting is presented.

Consequently, today enough data is already avail-
able to reasonably assert that the accidents have devel-
oped in accordance with a theoretical model based on
the dynamics of nuclear reactions involving neutrons,
since due to chemical reactions it would hardly be pos-
sible to heat up to melting temperatures and melt such
an amount of oxide fuel.

Therefore, in compliance with the foregoing, this
paper presents the results of a theoretical study of the
reactor fuel nuclides temperature properties in a wide
temperature range (above 1000 K) and the temperature
dependences of the heat sources densities for MOX fuel
(a mixture of uranium and plutonium 239 dioxides) and
oxide uranium fuel (a mixture of uranium 238 and ura-
nium 235 dioxides) aiming to identify the possible dif-
ferences between these dependences, as well as to iden-
tify and explain several characteristic temperature fea-
tures of the accident at the Fukushima Daiichi Nuclear
Power Plant Unit 3, where one third of the reactor fuel
load was the MOX fuel.

To summarize, it should be noted that the text re-
lating to wave nuclear reactors and the nonlinear dy-
namics of wave neutron-nuclear burning is included at
the beginning of the introduction to this paper not by
chance, since to explain the dynamics features of the
destroyed nuclear reactors nuclear fuel during the acci-
dent, after it and up to the present is possible using the
dynamics of wave burning, temperature blow-up
modes, and radiation defects dissipative structures in
nuclear fuel.

2. Theory.

Firstly, let us first note that the theoretical model,
on which the hypothesis of the accident development at
Fukushima Daiichi Unit 3 presented in the article is
based, is a development and addition to the model, the
development, and study of which we began earlier, for
example, in works [56-62] and are still under way.

However, all of our previous works only mentioned the
accident at Fukushima Daiichi Unit 3 and suggested the
possible contribution of the aggravation modes to this
accident.

2.1. Dependences on the reactor fuel tempera-
ture for the cross sections averaged over the thermal
neutron spectrum.

Since the accident at the Fukushima Daiichi Nu-
clear Power Plant occurred at BWR reactors (boiling
water reactors having the thermal neutron spectrum),
this paper presents the results of the temperature de-
pendences calculations obtained for the nuclear fission
and radiative capture reactions cross sections averaged
over the thermal neutron spectrum for uranium 238,
uranium 235 and plutonium 239. It is known that the
neutrons energy spectrum in thermal reactors differs
from the Maxwellian spectrum due to its non-equilib-
rium because in the reactor core the neutrons formation
processes during nuclear fission (with the neutron en-
ergies being distributed over the fission spectra for fis-
sile nuclides), as well as the neutron moderation and
absorption processes take place all the time. As a rigor-
ous theory of neutron moderation in a reactor fuel fis-
sile medium, which could naturally include neutron
thermalization, does not exist, the model approxima-
tions use for estimating the neutron spectra is neces-
sary. The most widely used approach is based on the
neutron gas model assuming that thermalized neutrons
are distributed over the Maxwellian distribution ener-
gies, but not at the core fissile medium temperature, but
at the neutron gas temperature. In this case, the effect
of absorption or insufficient moderation in the medium
on the spectrum shift from the "pure™ Maxwell is eval-
uated using the input temperature of the neutron gas
given by the following semi-empirical expression [65,
66]:

o =T*[1+14+3, (,kT)/Z (V)] @
where T is the fissile medium temperature; 2, s
the macroscopic (thermal) cross section of the medium

absorption; é is the average logarithmic energy decre-
ment during moderation; X is the macroscopic cross

section of the medium scattering; £X (1B) is the

medium moderating capacity at 1 eV.

The fissile medium temperature coincides with the
neutron gas temperature only in two cases: zero absorp-
tion and infinite moderating power of the medium.
Nevertheless, this expression is quite convenient for
obtaining average cross sections in the thermal region
for thermal reactors.

The cross sections are averaged over the neutron
spectrum according to the following expression:
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where O isthe nuclear reaction microsection; E is
the neutron energy; Er_p is the limiting energy of ther-

mal neutrons.

The result of averaging according to expression
(2) for the capture, fission, and absorption microsec-
tions with the microsections O dependences on the

neutron velocity V, of the o [ ]/vn type (or different

from them) typical for exothermic nuclear reactions has
a general form (here the expression for the fission reac-
tion microsection o is given):

Jr . [300 g, (T)-F (.

<0,>——0
T . .. . .
where O ;¢ is the fission thermal microsection at a

N ). ©

neutron velocity of 2200 m/s; THr is the neutron gas
temperature calculated according to (1); Q¢ (THF) is
the Westcott factor (Tables 1, 2) for the fission reaction
[66-68]; F (er) is the correction function;

er = rp/(kT) is the dimensionless maximum

energy for the Maxwell spectrum, i.e., the "crosslinking
energy" of the Maxwell and Fermi neutron spectra.
For the microsections of other neutron nuclear re-
actions, e.g., radiative capture and absorption, expres-
sion (3) with the cross sections averaged over the ther-
mal neutron spectrum has a similar form. The Westcott
factor (Tables 1, 2 [68]) describes the difference be-
tween the microsections O dependence on the neutron

velocity v, and the [ l/vn law and strongly de-

pends on the medium temperature. The Westcott factor
equals 1 if the corresponding reaction cross section ex-

actly obeys the ~ ]/Vn law.

The correction function F(z) is obtained from the
solution of the transcendental equation for crosslinking
the Maxwell and Fermi spectra:

D, (E,)=D4(E,) . Itis known that its argu-

ment z depends on the limiting “crosslinking energy”
and approximately equals 5 for VVER and 6 for RBMK
[66, 67]. The values of the function F(z) are tabulated
and available in reference books. It should be noted that
the function values change with temperature, which af-
fects the average cross sections.

Expressions (1) and (3) are used to calculate the
temperature dependences of the nuclear fission and ra-
diative capture reactions cross sections averaged over

the thermal neutron spectrum for 232 U and 233 Pu,

and the temperature dependences of the radiative cap-
ture cross sections averaged over the thermal neutron

238
spectrum for "5, U..

When calculating the neutron gas temperatures ac-
cording to expression (1), the fissile fuel medium tem-
perature varied in the interval from 300 K to 2100 K
and the neutron absorption microsections varied in the

thermal energies range from 0.025 eV to 0.181 eV; the
neutron scattering microsecti..is at an energy of 1 eV
for the fissile fuel medium nuclides were taken from the
nuclear database ENDF/B-VI11.0. The upper limit of
2100 K for the investigated temperature range was de-
termined by the Westcott factor values limited by that
temperature of the neutron gas [68].

When calculating the temperatures of the neutron
gas according to expression (1) as applied to thermal
reactors with water as a moderator, the medium moder-

ating capacity, i.e., the &ZS term, is determined mainly

by the hydrogen moderating capacity. The medium ab-
sorption macroscopic cross section contained in expres-
sion (1) as the numerator of the second term enclosed
in brackets, is determined mainly by the absorption

. . . 238
cross sections values in the thermal region for “g, Uas

a nuclide, which usually makes up more than 90 % of
the nuclear fuel composition for thermal reactors.

Therefore, for the values of &=~§,=1,0,

238 238
G, =0." =2, bam,

~ H ~
o, ~ o, ~20,4bamn, a

where &, is the average logarithmic energy decrement

for hydrogen and &>*® is the radiative neutron capture

. . . 238
reaction microsection for 9 U, the bracketed second

term in expression (1) can practically be neglected, and
the neutron gas temperature will practically coincide
with the fissile medium temperature. If the nuclei heav-

ier than hydrogen, e. g., carbon, oxygen, or 232 U itself,

were considered as the main moderator, then the second
term in the brackets in expression (1) could no longer
be neglected, and the neutron gas temperatures would
significantly exceed the fissile medium temperature. In
calculations, e. g., for the uranium dioxide fuel or MOX
fuel without a water moderator, the main moderator is
oxygen, and the main absorber, as in the previous case,

is ZSEU. Then, since &, =0,12, GS ~ 3,45

barn, and 6238 = 0(2:38 ~ 2,7 barn, the neutron gas

temperature calculation according to expression (1) for
the fissile medium temperatures in the interval from
300 K to 2100 K will give the temperatures values in-
terval from 1200 K to 4600 K for the neutron gas. In
this case, the application of the approach based on the
relations (1) and (3) is impossible due to the lack of the
Westcott factor tabular values for neutron gas tempera-
tures exceeding 2100 K [68].

The calculated temperature dependences of the
nuclear fission and radiative capture reactions cross
sections averaged over the thermal neutron spectrum

for zgg U and 233 PU are shown in figures 1 and 2. In

Fig. 2 the calculated temperature dependence of the ra-
diative capture cross sections averaged over the thermal

23811 -
neutron spectrum for “, U is shown as well.
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Table 1.

Westcott factor for ZSZ Pu fission and radiative capture reactions [68].

T,K 300 400 500 600 700 900

1100

1300 1500 1600 1800 1900 2100

g 1,058 1,150 1,305 1518 1,768 2,290 2,746 3,091 3,328 3,412 3521 3,552 3,572

0. 1154 1374 1,713 2159 2,672 3,724 4,630 5314 5,782 5,947 6,164 6,226 6,269

Table 2.

Westcott factor for 232 U fission and radiative capture reactions [68].

T,K 300 400 500 700 800 900

1000 1100 1200 1300 1400 1500 1700 2100

g; 0976 0954 0,938 0,920 0,914 0,910 0,907 0,903 0,900 0,893 0,891 0,887 0,887 0,885

g. 0978 0,964 0,960 0,970 0,978 0,987 0,993 0,998 1,000 1,001 0,999 0,996 0,986 0,958

Table 3.
Nuclear reaction cross sections for thermal neutron energies [66, 69].
Nuclide Vo of', b o, b a'™=0¢/ct Ie, b I, b
U-235 242 580 107 0.184 142 277
U-238 0 2.7 0 277 0
Pu-239 2.88 750 315 188 312

As is seen from Fig. 1, in the studied temperature
interval there is a fundamental difference in the temper-

ature dependences of the ZggU and ZSZPU nuclear

fission reactions cross sections averaged over the ther-
mal neutron spectrum. The averaged cross section of

the 232 Pu fission increases with the temperature in-
crease and reaches a maximum at 1500 K, and then de-
1.6 OF bam
1.4
132
1
08
0.6
0.4

02
1] 500 1000

creases with the temperature increase, i.e., the depend-
ence has a resonant form. The averaged cross section of

235 . .
the "y, U fission gradually decreases with the temper-
ature increase. Similar temperature dependences of the
235 239 . .

92 U and 94 Pu nuclear fission reactions cross sec-

tions averaged over the thermal neutron spectrum are
also obtained in [69].

——LI235

=—=—Fulil

T.H

1500 2000 2500

. .. . 2 2 .. .
Fig. 1. Dependence on the fissile fuel medium temperature for the gg U and Zi Pu fission cross sections

averaged over the thermal neutron spectrum (the cross sections values are normalized to JI (fission thermal

microsection) and given in Table 3).
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Fig. 2. Dependence on the fissile fuel medium temperature for the Zgg U, 232 U and ZSZ PU radiative capture

cross sections averaged over the thermal neutrons spectrum (the cross sections values are normalized to the
thermal microsection GCT of the neutron radiative capture with their values given in Table 3).

Dependences in Fig. 2 show a significant increase

of the 233 Pu radiative capture cross section with the

. Lo 235
temperature increase and a slight increase of the ~, U

238 - .
and "o, U radiative capture cross section.

2.2. Dependences on the reactor fuel tempera-
ture for the cross sections averaged over the total
neutron spectrum.

As already noted, the calculation of the cross sec-
tions averaged over the thermalized part of the spec-
trum using expression (3), which includes the tabular
values of the Westcott factor, is possible for thermal re-
actors with a water moderator and with moderators con-
sisting of nuclei with small atomic numbers, and there-
fore having a high moderating ability. However, if
heavier nuclei, such as carbon and oxygen, serve as the
main moderator, problems already arise with calcula-
tions according to (3) due to the lack of tabular values
of the Westcott factor at neutron gas temperatures
above 2100 K.

To calculate the dependences on the fissile me-
dium temperature for the cross sections averaged over
the neutron spectrum, an approach has been developed
that does not rely on the Westcott factor values use.
This approach, in contrast to the one presented above,
is developed not only for thermal reactors, and there-
fore allows to calculate the cross sections averaged over
the total neutron spectrum (for neutron energy range
from thermal to 10 MeV). Its main provisions are pub-
lished in [41, 42, 43, 47-51].

As is known, the influence of the medium nuclei
thermal motion is reduced to the resonances width in-
crease and the resonances height decrease. This effect,
by analogy with optics, is usually called the Doppler
effect [66]. Since in the low energies range the reso-
nance levels are observed only for heavy nuclei, the
Doppler effect is noticeable only during the neutrons
interaction with such nuclei and is stronger, the higher
the medium temperature.

In the Microsoft Fortran Power Station 4.0 (MFPS
4.0) software environment a computer program has
been developed that allows calculating the resonant
neutron reactions cross sections dependences on the
neutron energy with an allowance for the Doppler ef-
fect. In the calculations, the neutron reactions cross sec-
tions dependences on the reactor nuclides neutron en-
ergy taken from the ENDF/B-VI1.0 database and corre-
sponding to an ambient temperature of 300 K were
used as input data. For instance, in Fig. 3 the result of
calculating the radiative neutron captures cross sections

dependences on the 233 U energy (in the lower energy

range) at the various fissile medium temperatures in the
range from 300 K to 3000 K are shown.

Using this program, the dependences of the scat-
tering, fission, and radiative neutron capture reactions
cross sections for the main reactor fuel nuclides

235 238 239 239 .

wU, LU, U and “5,PuU at various tem-
peratures in the range from 300 K to 3000 K are ob-
tained.

A program has also been developed and used for
obtaining the calculated dependences of the cross sec-

tions 5‘,’ (F,T,t) averaged over the neutron spectrum

for the main reactor nuclides and the main reactor nu-
clear neutron reactions at the indicated temperatures.
Here the neutron spectrum was specified in a combined
form as follows: in the form of a Maxwell spectrum

o 1 (En) for energies below the limiting thermali-
zation energy E::pM ; in the form of the Fermi spec-
trum Do (En) for the moderating and absorbing me-
dium if energies were above E::pM , but below E¢ (
E: was the upper energy of the Fermi spectrum neu-

.. 2 . .
trons); as the fission spectrum for SZ Pu if energies

were above E¢ but below E;™ [70, 71]. The neu-
tron gas temperature for the Maxwell distribution was
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specified by a relation like the expression (1), but some-
what modified based on the approach given in [66]. Ac-
cording to this approach, formally, the shortcomings of
the standard moderation theory in the sphere of ther-
malization can be partially reduced if, instead of the av-

erage logarithmic energy loss & of the standard theory
(which does not depend on the neutron energy and, as

is known, is used for a medium of nuclei with atomic
numbers exceeding 10 &= 2/A), the variable

E(2)=E0(2), where (z)=(0-2/2) and

z=E, /KT, should be introduced.

Fig. 3. Calculated dependences of the 232 U neutron radiative capture reaction cross sections on 232 U energy
at the various temperatures in the range from 300 K to 3000 K.

So, within the framework of the considered for-
malism, the neutron gas temperature was specified by
the following expression:

T, =T 1+l,8w , (4)
EX

S

where E was the averaged logarithmic energy
decrement during moderation over the entire Maxwel-
lian spectrum energy range é( Z) at KT =1eV.

In Fig. 4 the calculated temperature dependences
of cross sections 5} (F,T ) averaged over the neutron

spectrum for the main reactor nuclides *3% U, %% U

239 .
and 91 PuU for the main reactor nuclear neutron reac-

tions are shown.

As is seen, the calculated dependences on the fis-
sile medium temperature in the range from 300 K to
6000 K for the cross sections averaged over the com-
bined Maxwell and Fermi spectrum can behave as fol-
lows:

- first grow and then fall with the temperature
increase, i.e., have a resonant character (e.g., for

239
s PU );
- both grow with the fissile medium temperature

238 |
increasing (e. g., for 92 ) and fall (e. g., for 5 U).
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239
This can be explained by the fact that for 94

the resonant region begins at much lower energies than

235

for ;U (Fig. 5 [72]), and with the fuel temperature
increase the neutron gas temperature also increases and

causes a shift of the Maxwellian neutron distribution

239

of neutrons falling into the 94
creases, which just makes the averaged cross sections

maximum towards higher neutrons energies, i.e., the
neutron gas spectrum hardening, at which the number

resonant region in-
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to grow. For 2§§ U this process is not so significant be-

cause its resonant region is located higher in energies,
and the neutron gas spectrum hardening associated with
the fuel temperature increase (in the considered range)
does not cause a significant increase in the number of
neutrons falling into the resonant region. Note that, as
is seen from the same Fig. 7, for uranium 235, the res-
onance, which can cause the dependence of the fission
cross section averaged over the thermal spectrum like
for plutonium 239, is located much higher than for plu-
tonium 239, approximately at about 1 eV.

238

The 92~ data presented in Fig. 4 (due to the high
fission threshold exceeding 1 MeV, the averaged cross

238
section of the 92 = fission is practically insensitive to
the neutron spectrum hardening caused by the fuel tem-
perature increase) confirm the temperature dependence
of the radiative capture cross section, since its resonant
239

region is located as low as the 94 resonant region.
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Fig. 5. Nuclides fission cross sections for uranium 235 (curve 1), uranium 238 (curve 2) and plutonium 239
(curve 3) depending on neutron energies [72].

2.3. Dependences on the reactor fuel tempera-
ture for the MOX fuel and uranium dioxide fuel
heat source densities.

The heat source density of the MOX fuel (a mix-
239

ture of 28U dioxide and 94 dioxide) in a thermal
reactor with water as a moderator, e. g., BWR, was cal-
culated according to the expression:

S(T)zqu -CD-<GF;U(T))- NP, (5)
where Q,,=210.3 MeV was the thermal energy

of one 2°Pu nucleus fission; @ =10"° 1/(cm?s) was

the neutron flux density; <0Ff)u> was the fission cross

239

section averaged over the 94 Pu

thermal spectrum
(see expression (3)); N Pu was the plutonium nuclei
concentration.
In calculations, the MOX fuel density value was
assumed 10.82 g/cm?,
The heat source density for uranium dioxide fuel
. 235 . 238 L
(a mixture of g U dioxide and 92 dioxide) in a

thermal reactor with water as a moderator was also cal-
culated according to an expression similar to (5), at

Q435 =203.0 MeV and the uranium dioxide fuel den-
sity of 10.82 g/cm?.

It was assumed that the neutron flux density ©
should remain constant with the fissile medium temper-
ature increase, since the main neutron absorption was

238
associated with 92 = | and its radiative capture cross
section averaged over the thermal spectrum should in-
crease insignificantly with the medium temperature in-
crease in the studied range (Fig. 2, T~hle 2).

An analysis of the heat sourc. density depend-
ences on the fissile medium temperature obtained for
MOX fuel (Fig. 6) shows that with a temperature in-
crease from 300 K to 1500 K the source density nonlin-
ear increase by 45 % at 300 K is observed. With a fur-
ther temperature increase to 2100 K, some density de-
crease is observed. But an analysis of the heat source
densities dependences on the fissile medium tempera-
ture obtained for uranium dioxide fuel (Fig. 7) shows
that with the temperature increase from 300 K to
2100 K, a nonlinear decrease in the heat source density
is observed. Such behavior of the heat source densities
is explained by the obtained temperature dependences

2 .. . ..
of the 3?1 Pu fission cross section and the 23U fission

cross section averaged over the thermal spectrum (Fig.
1).
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3. Experiment: the temperature dependences
obtained for heat source densities and the dynamics
features of the accident at the Fukushima Daiichi
Nuclear Power Plant Unit 3.

Thus, a fundamental difference in the temperature
dependences of the heat sources densities for MOX fuel
and uranium oxide fuel has been discovered and ex-
plained for the studied interval of temperatures. More-
over, the obtained temperature dependences of the heat
source densities for the fissile fuel medium presented in
Figs. 6 and 7 allow to identify some features of the ac-
cident at the Fukushima Daiichi Unit 3

As is known, one third of the nuclear fuel load at
this Unit was MOX fuel, the rest of the fuel was ura-
nium dioxide one. The accident developed as follows.
When trying to cool the overheated nuclear reactor by
pumping cold sea water through it, due to the water de-
composition an uncontrolled formation of hydrogen gas
occurred, which led to an explosive mixture formation
and explosion, which caused the nuclear reactor de-
struction. The thermal water decomposition tempera-
ture is quite high, 3800 K. Therefore, most likely, the
hydrogen formation occurred not as a result of thermal
hydrolysis of water, but at a lower temperature as a re-
sult of the steam-zirconium reaction [82-85], i.e., the

exothermic reaction of the interaction of fuel elements
zirconium cladding and water with the zirconium diox-
ide formation and the gaseous hydrogen release (Zr +
2H20 = ZrO, + 2H; + Q, where Q=6530 kJ/kg was the
released heat).

The steam-zirconium reaction has several features
as follows: it starts at approximately 1173 K — 1223 K,
develops very quickly, and at 1473 K (as the released
heat additionally heats the zirconium, an autocatalysis
develops) becomes self-sustaining.

Since the hydrogen explosion at the reactor oc-
curred after the restoration of the cooling water supply
to the reactor, it could be concluded that due to the
long-term disruption of the heat removal system caused
by the tsunami impact, the superheated reactor fuel
temperature reached the values of the steam-zirconium
reaction beginning in the interval from 1173 K to
1223 K. The heat source density dependence on the fuel
temperature obtained for the MOX fuel (Fig. 6) showed
that in that case the heat source density of the Unit 3
MOX fuel should increase, reaching a maximum at
1500 K. Such behavior of the heat source density of the
MOX fuel could cause the further MOX fuel heating to
a temperature of 1473 K, at which the steam-zirconium
reaction of the hydrogen gas formation would begin to
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develop very quickly and would become the self-sus-
taining one. It should be emphasized that according to
the heat source density dependence on the fuel temper-
ature obtained for the uranium dioxide fuel (Fig. 7),
there would not be any very rapid formation of hydro-
gen for the uranium dioxide fuel.

Therefore, the difference in the temperature de-
pendences of the heat sources densities for MOX fuel
and uranium oxide fuel could cause a more intense hy-
drogen release, and, consequently, a more powerful hy-
drogen explosion of Unit 3 compared to the case when
its total fuel load would be the ordinary uranium diox-
ide fuel. This conclusion coincides with information re-
ports about a more powerful hydrogen explosion at
Unit 3 compared to the hydrogen explosion at the Fu-
kushima Daiichi NPP Unit 1, where there was no MOX
fuel loading.

Further fuel heating to the oxide fuel melting point
2800 K could be explained by the water pumping sys-
tem destruction during a hydrogen explosion, and
hence by the long-term absence of heat removal neces-
sary to prevent fuel melting. This is also possible with
the same dependences of the heat source densities for
MOX fuel (Fig. 6), although, as already noted, there is
some decrease of the heat source density when the tem-
perature rises from 1500 K to 2100 K, and, apparently,
even at the thermal sources densities dependences of
the uranium dioxide fuel (Fig. 7). For eliminating all
the above assumptions as to the fuel temperature
change, it is necessary to look for the solutions of the
heat transfer equation with the heat source densities ob-
tained for given initial and boundary conditions. Now
it is not possible to do this just because of the lack of
information about the initial and boundary conditions
and their possible changes during the accident develop-
ment at the Fukushima Daiichi NPP.

However, to explain the possible kinetics features
of the fuel heating to a melting temperature of 2800 K
associated with the discovered temperature features of
the MOX fuel (Fig. 6), and the Z°Pu cross sections av-
eraged over the neutron spectrum (Fig. 4), the follow-
ing considerations seem to be of interest.

As a result of the steam-zirconium reaction, espe-
cially after a hydrogen explosion that disrupted the sys-
tem of water supply to the reactor, the water amount in
the reactor decreases, which causes its moderating abil-
ity decreasing and the neutron spectrum hardening, i.e.,
the maximum of the Maxwellian distribution of ther-
malized neutrons shifts towards higher energies. For a
harder neutron spectrum, the temperature dependence
of the 23%Pu fission cross sections averaged over the
thermal neutron spectrum shown in Fig. 1 and used for
calculating the temperature dependence of the MOX
fuel heat source density (Fig. 6) should be replaced by

the temperature dependence of the 233 Pu fission
cross sections averaged over the neutron spectrum for
E =3kT (Fig. 4). Since this temperature dependence of

239 . .
94 PU fission cross sections averaged over the neu-

tron spectrum demonstrates a nonlinear growth with a
maximum at a temperature of 3000 K, the temperature

dependence of the heat source density for the MOX
fuel, which is calculated according to expression (5),
should behave in the same way. In other words, in con-
trast to the dependence in Fig. 6, in this case the tem-
perature dependence of the heat source density for the
MOX fuel with a maximum at 3000 K is obtained.
Thus, due to such a heat source density temperature de-
pendence, a smooth, non-linear increase of the MOX
fuel temperature can occur from the steam-zirconium
reaction beginning temperature of 1173 K...1223 K,
through its autocatalysis temperature of 1473 K to the
fuel melting temperature of 2800 K. Consequently, first
the MOX fuel in the Fukushima Daiichi NPP Unit 3
should have melted and contributed to the reactor ura-
nium dioxide fuel melting.

The periodic (pulsating) emergency increase of
the temperature and pressure in the Unit 3 destroyed re-
actor during the reactor cooling, the cause of which was
previously unknown, can also be explained by the non-
linear temperature dependence of the heat source den-
sity for MOX fuel obtained in a resonant form (Fig. 6).

The revealed features of the MOX fuel tempera-
ture behavior and their supposed influence on the acci-
dent kinetics in the Unit 3 could be eliminated by ex-
cluding the thermalized tail (the Maxwellian part of the
spectrum) from the energy spectrum of neutrons being
moderated. To do this, at the first stage of an overheated
reactor cooling, it would be necessary to technically im-
plement the replacement of a water moderator-coolant
with a moderator-coolant having a mass number signif-
icantly greater than the mass number of hydrogen, e. g.,
nitrogen, carbon monoxide, liquid metal tin, lead, mer-
cury, bismuth or a bismuth-lead mixture, which would
lead to the neutron spectrum hardening and would also
allow to avoid the hydrogen explosions.

It should be especially noted, as noted above in the
introduction to this paper, that the authors’ theoretical
model of the accident dynamics, which, in their opin-
ion, explains well the known experimental data on the
accident dynamics, is based on the dynamics of nuclear
reactions involving neutrons. But where did neutrons
come from? The authors try to find an answer to this
difficult question, since according to information re-
ports, the nuclear power plant reactors were "shut
down™" after having received a message about a tsunami
and there should not seem to be any neutrons.

Several events scenarios are possible here.

It can be assumed that the operator, having re-
ceived a message about the tsunami and not assuming
that something extraordinary might happen, i.e., that
the protective breakwater would not be able to prevent
the wave hitting, did not execute an emergency shut
down of the reactor, but launched the usual procedure
for automatically bringing the reactor to minimum
power, which is usually carried out before any preven-
tive works. Note that the procedure itself for the reactor
power reduction from the operating level is carried out
via a gradual power decrease by small amounts and
therefore takes a rather long time.

It is also known that after the reactor is “shut
down”, in the reactor core for a long time (about 1 hour,
there is even a corresponding term in the formula for
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the correct calculation of the reactor residual heat re-
lease, taking into account the delayed neutrons contri-
bution), there is enough of delayed neutrons emitted by
accumulated fission fragments. Indeed, the epicenter of
the earthquake that occurred on March 11, 2011 and
generated a tsunami was located at a 180 km distance
from the coast, where the Fukushima Daiichi NPP in-
dustrial site was located [68]. Tsunami speed was 200
m/s. Consequently, it reached the nuclear power plant
in 15 minutes after the reactor was "shut down".

Itis also possible that after the reactor was subject
to emergency “shut down”, due to the MOX fuel tem-
perature features described in detail above the fuel
melted and accidentally formed its supercritical mass,
which created a neutron flux during the fission chain
reaction development.

It is also known that after the reactor is “shut
down” in the reactor core for a long time (about 1 hour,
there is even a corresponding term in the formula for
the correct calculation of the reactor's residual heat re-
lease, taking into account the contribution of delayed
neutrons) a sufficient number of delayed neutrons emit-
ted by the accumulated fission fragments. Indeed, the
epicenter of the earthquake that occurred on March 11,
2011, and generated the tsunami was 180 km away
from the coast where the Fukushima Daiichi nuclear
power plant site is located, for example [86]. I
VICTUED A tsunami velocity of 200 m/c. Conse-
quently, the tsunami reached the nuclear power plant 15
minutes after the reactor was “shut down”.

Thus, at the time of the tsunami strike, there could
be enough neutrons in the NPP nuclear reactors to start
all neutron-nuclear processes mentioned above.

Moreover, based on the current state of the fuel,
which continues to heat up during four years after the
accident and therefore requires continuous pumping of
thousand tons of water through the destroyed reactors
to cool them, as well as on the reports about the periodic
pulsations of the pumped water temperature, it can be
assumed that it is the neutron-nuclear processes, such
as wave burning, temperature blow-up modes, and the
dynamics of dissipative structures of radiation-induced
defects, that are responsible for these processes.

In conclusion, the authors of the article express
their gratitude to all of their colleagues V. D. Rusov, A.
A. Kakaev, E. V. Grehan, S. I. Kosenko, O. I. Pantak,
who in their works have laid the basic foundation for
the development of further research into the very im-
portant features of the great accident at unit 3 of the Fu-
kushima Daiichi nuclear power plant.

Conclusions.
A fundamental difference in the temperature de-
pendences of the fission cross sections averaged over

235 2
the neutron thermal spectrum for o, U and 3?1 Pu

is found and explained.

The heat source densities temperature depend-
ences for the thermal reactors MOX and UO; fuels are
calculated.

The MOX fuel temperature behavior features dis-
covered during the research made it possible to explain

some dynamics features of the accident at the Fuku-
shima Daiichi Nuclear Power Plant Unit 3.

It is necessary to note in conclusion that so far, no
data have been published on neutrons either during the
accident at the Fukushima Daiichi Nuclear Power
Plant, or after it and even up to the present day, alt-
hough a remote antineutrino technology for monitoring
the reactor fuel nuclide composition has already been
developed, e. g. [38, 78], which can also be used to ob-
tain data on neutrons.
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Abstract

Timely detection and treatment of sick cows in the early stages of the disease will ensure rapid recovery and
restoration of their reproductive ability. In the system of measures for the elimination of infertility and cow manure,
accounting and analysis of reproduction is of great importance.

Annotasiya

Xasto inoklorin xastaliyin erkon morhalslorinds vaxtinda askar edilmasi vo mialicasi onlarin tez sagalmasini
va reproduktiv gabiliyyotinin borpasini tomin edocokdir. Inoklorin sonsuzlugunun ve sonsuzlugunun aradan
qaldirilmast tizrs todbirlor sisteminds ¢oxalmanin ugotu vo tohlili boylk shomiyyst kasb edir.

Keywords: endometritis, infertility, pathological process, microbial infection, pregnancy, economic damage
Acar sozlar: endometrit, qisirlig, patoloji proses, mikrobla yoluxma, bogazliq, iqtisadi ziyan

Inoklorin qusir qalmasi hor bir tasarriifata boyiik
igtisadi ziyan vurur, ¢linki bu zarar cavan heyvanlarin
alinmamasimdan vo qusir inoklorin saxlanmasina
¢okilon xarclordon ibarotdir. Dayarsiz gidalanma, pis
qullug, heyvanlarin diizgiin saxlanmamasi va istifadasi
kimi bir ¢ox sabablor buzovlarin qisirhgma vo asagi

mohsuldarligina  sobob  olur. Qusirliq  cinsiyyat
orqanlarimin  miixtolif  Xostoliklori, o climladon
endometrit naticasinda bas vAzerir.

Dogumdan sonraki endometritlor oasason do

stdgilik komplekslorinds bdyik igtisadi ziyana sabab
olur. Buna gors ds, dogumdan sonraki endometritin
qarsisinin - alinmas1 va mualicasina  xususi diggot
yetirilmalidir.

Bu giine godor dogumdan sonraki dévriin ilk 10-
14 gunlnds kaskin vo xroniki endometritlorlo xasto
inoklorin garsisinin alinmasi vo mualicasi U¢in kifayat
godar samarali tisullar tam iglonib hazirlanmamisdir.

Bu xostaliklorin mualicasi uzun miiddat arzinds
dormanlardan istifade vo boyiik is vaxtinin Sorf
olunmasimi tolab edir. Endometrit ¢ox vaxt inaklarin
muvaqgati qisirligina va qisirfligina gotirib ¢ixarir ki,
bu da siiriiniin ¢oxalmasini agag1 salir vo tosorriifata
béyik igtisadi ziyan vurur. Siirliniin artib-coxalmasi —
heyvandarligda ¢ox vacib vo mirokkab prosesdir.

Endometrit- balaligin selikli qisasinin iltihabidir.
Gedisanma goro kaskin va xroniki, tozahirine goro
aydm kliniki slamatlari geyd olunan va subkliniki
(gizli), eksudatlarin xarakterina gors - seroz, kataral,
irinli, fibrinozlu endometritlor geyd edilir.

Endometritlorin  inkisafinin  asas  soboblori
streptokoklar, stafilokoklar, diplokoklar, Escherichia
coli vo paratifoz c¢oOplori, vibrioz, trixomonoz,
brusellyoz va varomin téradiciloridir.

Valyuskin K.D. qisir inaklarin 84% -do mikroblar1
ayirib vo balaligin mikroblarla ¢irklonmasi vo xroniki
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endometrit, hamginin inoklorde endometrinin digor
patologiyast arasinda miisbat olagenin olmasin
milayyan etdi[3].

Bir ¢ox muslliflor hesab edirlor ki, inoklorin
oksoriyystinds ~ endometritlor ~ zamam1  qarisiq
mikrofloranin inkisaf etmasi bas verir.

Mikroblar sini vo tobii mayalanma, vaginal
muayine zamani, dosonak va qullug asyalari vasitasilo
inoklorin cinsiyyot organlarina daxil olur. Inoklori
yoluxmus sperma ilo mayalandirdiqda
mikroorganizmlor sperma {zorino diisiir vo onlarla
birlikds balaliq buynuzlarina ve yumurtaliq yollarina
nifuz edorak orada iltihabin bag vermasins vo yaxud
yumurta, ziqot va riiseymin 6liimiins Sabab olurlar.

Dogumdan 2-3 hofto sonra bas veran
endometritlor gox vaxt sonun longimasi, balaligin
diismosi, balaligda dogumdan sonra bas veran iltihab
proseslarinin naticasi, hamginin bogazligin miixtalif
marhalalorinda bas veran balasalmalarin
agirlasmasidir.

Balaligin iltihabi iltihab prosesinin balaliq yolu va
balaliq boynundan, diiz bagirsaqdan, sidik kisasindon
yayilmasi naticasinds do inkisaf edos bilar.

Qaraciyar, boyroklordos, agciyorlordo vo digor
organlarda olan infeksiya ocaqlarindan mikroblarin
bura diismosi ehtimali da istisna edilmir. Rasionda A,
E, D vitaminlarinin vo B qgrupunun vitaminlorinin,

minerallarin, xlsusilo kobalt, sink va mis
mikroelementlarinin catigmazlig endometritin
gedisatini miirokkoblosdirir. Orqanizmin

migavimatinin zoiflomasi, boyik qgan itkilori, uzun
masafoloro dasinma da endometritin inkisafina sorait
yarada bilor. Inoklorin qaranlig, riitubotli, havasiz
binalarda saxlanmasi, gozintinin olmamasi, bir ¢ox
alim vo praktiklorin fikrinco, balaliqgda iltihabi
proseslorin inkisafina sobab olur.

Endometritlordo patoloji proses selikli gisada va
vazili birlogdirici toxumada lokalizo olunur. Balaliga
daxil olmus mikroblar hayati foaliyystinin mohsullart
ilo toxumalar1 qiciglandirirlar. Mikroblarin vo onlarin
toksinlarinin tasiri naticasinds iltihab ocagi meydana
golir ki, onun yayilmasi: mikroblarin virulentliyindan,
balaliq yolunun toxumalarinin miigavimatindon va
patogen amilo onun reaksiyasindan  asilidir.
Mikroblarin zaif virulentliyi, organizmin vo balaliq
toxumalarinin ise giiclii reaksiyasi neaticosinds iltihab
ocaginin otrafinda tez bir zamanda qranulyasiya sathi
amala galir ki, onun leykositlori mikroblarin balaligin
daha dorin toboagslorino niifuz etmasino mane olur.
Organizmin belo bir reaksiyasi xiisusils yay vo payiz-
qis dovriindo cavan heyvanlarda 6ziinii daha aydin
gostarir vo adoton iltihab prosesinin lokallagmast vo
balaligin selikli qisasinda - kaskin kataral endometritin
inkisaf etmasi ilo basa catir[1,2].

Qoca, yaxud, dayarsiz yemloms, Xastaliklor
naticasinds zaiflomis inoklords organizmin goruyucu
reaksiyast zoif gorunir, yaranan granulyasiya sathi
mikroblarin vo onlarin toksinlerinin ballaigin daha
dorin qatlarina niifuz etmosinin qarsisini ala bilmir.
Koskin irinli-kataral endometritin daha agir formasi
inkisaf edir. Eyni zamanda, balaligin vozili tobogasi vo
ozolo gisasi iltihab prosesino qosulur, eyni zamanda
reflektor pozgunluqlar daha ¢ox dziinii gostarir. Iltihabi

prosesin inkisafi hiperemiya vo toxumanin sulu sisi ilo
baglayir. Balaligin damarlar1 geniglanir vo ganla dolur,
glclonmis transudasiya sulu sisin inkisafina sabab olur.
Hiperemiyanin bu moarhslosinds balaliq toxumalarinda
oksidlosdirici proseslorin aktivliyi kaskin sokilds artir.

Hiiceyrolor arasinda leykositlor, mono- vo
poliniivali hiiceyralor amolo golir, ¢ox vaxt ganaxma
bas verir. Balaliq vozilori selikli qisada bas veron
iltihaba tez cavab verir; onlarin siskinliyi vo epitelin
biiziigmosi, vazilorin bosluguna qanaxma qeyd edilir.
Selikli qisanin vo vozilorin reaksiyasi, homg¢inin
mikroblarin tosiri noticosindo balaliq boslugunda
kataral vo ya irinli-kataral etsudatin omslo golmasing
sabab olur. Damarlarin reaksiyasi va onlarm giiclii
genislonmosi qanaxmaya sobab ola bilor vo o zaman
eksudat ¢ohray1 vo ya qirmizi rong alir. {ltihabin bu ilk
morhalasi, ddem sobobindon balaliq divarinin bir godor
galinlagmasi, onun  yumsalmasi ilo  Oziinii
gostarir.Hiiceyralor arasinda ¢ox vaxt leykositlor, mono
vo poliniivali hiiceyralor yaranir.Patogen amil 0z
tosirini davam etdirorsa, onda patoloji proses
uzunmiiddatli, yarimkaskin xarakter alir va birlagdirici
toxumanin artmasi ilo 6ziinii gostorir. Boazon selikli
qisada fibrinoz ¢okiintiilor yigilir.

Bu morhalo balaliq yolunun toxumalarinda
oksidlogdirici proseslorin aktivliyinin azalmasi ilo
miisayiot olunur - oksigenin udulma gostoricisi vo
katalaza vo peroksidaza fermentlorinin aktivliyi azalir.
Xroniki formaya ke¢id zamani balaligin selikli
gisasinda, azala va vazili qatlarinda stabil dayisikliklor
bas verir; ¢cox vaxt bu doyisikliklor geri donmayon
xarakter alirlar[3,4].

Balaligda yigilan kataral vo ya irinli-kataral
ekssudat, mikroblarin hoyat faaliyyatinin mohsullar1 vo
onlarin toksinlori epitelin degenerasiyasina, onun
dayisilmasine sobob olur. Epiteldon mohrum olan
selikli gisanin sahoalori vo inkisaf edon birlogdirici
toxumada capiqlar amolo golmoyo baglayir. Bu vaman,
gan damarlarinin  koskin  sixilmasi  sobabinden
toxumalarin qidalanmas1 pozulur. Balaliq veazileri
capiglar ilo sixilir, onlarn damar menfozi tutulur,
bunun naticasi olaraq kistoz bas verir. Balaligin gan
damarlar1 doyisir. Birlosdirici toxumanin tozyiqinin
altinda onlarmm monfazlori koskin sokildo daralir vo
balaligin bozi hissalorindo toxumalarin qidalanmasi
pozulur. Bununla paralel olaraq toxumalarda maddalor
miibadilosi proseslorin foallig1 koskin sokildo asagi
diisilir vo qan axininin siirati azalir. Bir sira tadqiqatlarla
mioyyaon edilmisdir ki, balaligda xroniki iltihabin
inkigaf etmosi noticosindo onlarin  togalliisetmo
qabiliyyati koskin sokildo agag1 diisiir.

Biitiin bu patoloji proseslor balaligin selikli
gisasinin nazilmasi va atrofiyasi, qalan qatlarimnin iso
qalinlagmast ilo basa c¢atir. Miometriyada balaliq
divarlarinin qalinlagmasina sobob olan hiperplaziya
olamatloari inkisaf etmoaya baglayir.

Diaqnozun qoyulmast bir ¢otinlik yaratmur.
Vaginal vo rektal miayins, homg¢inin anamnez
molumatlar1 diagnozun qoyulmasi {igiin kifayat qodor
osas verir.

Organizmin miiqavimetini artirmaq maoqsadilo
inoklori kifayst qodor tam doyerli yemlos, yaxsi
saxlanma soraiti ilo tomin etmok, miintozom gozintilor
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vermak on vacib mosoladir. Dogumdan sonraki
miirokkoblogsmolorin -~ qarsisinin -~ alinmasi  {igiin
heyvanlarin bogazliq dovriindo vo dogumdan sonraki
dovrds onlarin harakati xiisusi shomiyyat kasb edir.

Bogazliq dovriinds gozintinin olmamasi vo ya
heyvanlarin kifayat qodor harokat etmomasi sinir-ozalo
sisteminin zaiflomoasing, balaligin tonusunun vo onun
togolliisetma gabiliyyatinin pozulmasina vo bunun
naticosi olaraq ¢otin doguma, ciftin longimosine vo
cinsiyyat orqanlarinin zosif involusiyasina sabab olur.
Dogumdan sonraki ddévrdo bu fosadlarin qarsisini
almaq Uc¢iin heyvanlarin diizgiin qidalanmasi ilo yanast,
giindolik gozinti (dogumdan 2-3 giindon sonra
baslayaraq) tomin etmok lazimdir. Bogaz inoklors
bogazligin son giiniino godor olverisli dogumu tomin
etmok moagsadils faal gazinti vermak lazimdir ki, buda
dogumdan sonraki dovrs miisbat tasir gdstarir va ciftin
vaxtinda ayrilmasina kémok edir.

Dogumdan sonraki miirokkoblogmolarin garsisini
almag tcun dogumdan sonra 7%-li ixtiyol mohlulu va

V.V.Mosino gors plevraiistii novokain blokadasi totbiq
oluna bilor.
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