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NOVRUZ BAYRAM IN TURKMENISTAN 

 

Abstract 

Novruz Bayram, the traditional New Year celebration, holds profound cultural and historical 

significance in Turkmenistan. This article explores the various customs, rituals, and symbolic meanings 

associated with Novruz in Turkmenistan, highlighting its role in fostering community spirit and preserving 

cultural heritage. It also examines the contemporary manifestations of this ancient festival in modern 

Turkmen society. 

Keywords:  

Novruz Bayram, Turkmenistan, cultural heritage, traditions, spring festival,  

community, symbolism, renewal. 

 

Novruz Bayram, marking the spring equinox, is a time of renewal and celebration deeply rooted in the 

traditions of Turkmenistan. The festival, symbolizing the arrival of spring and the rebirth of nature, has been 

celebrated for millennia, intertwining with the social fabric and spiritual beliefs of the Turkmen people. The 

diverse customs and rituals associated with Novruz reflect the rich cultural tapestry of the nation, 

emphasizing values of unity, hospitality, and respect for nature.    

This article delves into the various facets of Novruz Bayram in Turkmenistan, from its historical origins 

and traditional practices to its contemporary expressions, highlighting its enduring importance in Turkmen 

society. 

The celebration of Novruz in Turkmenistan is steeped in ancient customs and rituals, reflecting the 

agrarian roots and nomadic heritage of the Turkmen people. Traditional practices have been passed down 

through generations, ensuring the continuity of cultural identity and social cohesion.    

1. Preparation and Cleansing: Weeks leading up to Novruz are marked by thorough house cleaning 

and the preparation of traditional dishes. This act of physical cleansing symbolizes the renewal of life and the 

purging of negative energies from the past year.    

2. Semeni Preparation: The sprouting of Semeni (wheat sprouts) is a central ritual, symbolizing 

fertility and prosperity. Families cultivate Semeni, which is then used to prepare a special dish, also called 

Semeni, cooked over a long period with communal participation. 

3. Gatherings and Feasts: Novruz is a time for family and community gatherings, featuring elaborate 

feasts with traditional Turkmen cuisine. These gatherings foster social bonds and strengthen community 

ties.    

4. Traditional Games and Performances: Various traditional games, folk songs, and performances 

are integral to Novruz celebrations, showcasing the rich cultural heritage of Turkmenistan.    



ˢ˴ˢ˨˩˸ˮ̉˩˿˴˻˩ ˮ˭˨ˢ́˩˶̎˿́ˤ˻ ζ˹ˢ̂̉˹ˢ̒ ˢ˾́˩˶̎η 

 

 

6 

5. Visiting Elders and Sharing Blessings: Paying respects to elders and sharing blessings are essential 

aspects of Novruz, emphasizing intergenerational respect and community solidarity.    

Turkmenistan showcases a variety of unique Novruz traditions, each holding symbolic and cultural 

significance. Some of the most notable include: 

1. Semeni Dish: The slow-cooked Semeni dish, made from sprouted wheat, is a symbol of abundance 

and prosperity. Its preparation involves communal participation, fostering a sense of unity.    

2. National Games: Traditional horse games, wrestling, and other folk games are performed during 

Novruz, celebrating the physical prowess and cultural heritage of the Turkmen people.    

3. Folk Songs and Dances: Special Novruz songs and dances are performed, reflecting the joy and 

spirit of the festival. These performances often incorporate themes of nature, renewal, and community. 

4. Bonfires: In some regions, bonfires are lit, symbolizing the purification of the old year and the 

welcoming of the new. Jumping over the bonfire is a traditional ritual believed to bring good fortune.    

5. Visiting Graves of Ancestors: Paying respect to deceased ancestors is an important part of Novruz, 

reinforcing the connection between generations and honoring family traditions. 

The significance of Novruz Bayram in Turkmenistan is increasingly recognized on a global scale, with 

efforts to preserve and promote its cultural heritage. 
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FABRICATION OF Ag-ZnO AND Au-Ag-ZnO FILMS USING PLASMA JET TECHNIQUE 

 

Summary 

The degradation of organic pollutants based on semiconductor photocatalysts has attracted immense 

interest due to their vast potential for environmental protection and sustainable development. Among 

prominent semiconductors, zinc oxide (ZnO) is considered one of the most promising photocatalysts owing 

to its superior characteristics, such as environmental friendliness, high chemical stability, low cost, high 

efficiency, high electron mobility, large exciton binding energy (60 meV) at room temperature, and excellent 

photocatalytic performance. However, ZnO possesses certain drawbacks, including a wide band gap (3.3 eV) 

that limits its absorption to the ultraviolet (UV) region and a high electron-hole recombination rate, which 

reduces its photocatalytic efficiency. Consequently, continuous research efforts have recently been 

conducted to extend the light absorption range and enhance charge separation efficiency to overcome these 

limitations. One effective approach involves anchoring noble metals, such as Au, Ag, and Pt, onto ZnO 

nanostructures. The surface plasmon resonance (SPR) properties of these noble metal nanoparticles 

effectively improve the photocatalytic capability of ZnO.  

Keywords: 

Ag-ZnO films, Au-Ag-ZnO films. 

 

I. INTRODUCTION  

ZnO films decorated with Ag and Au nanoparticles were fabricated using the plasma jet technique. The 

thickness and physicochemical properties of the Ag-ZnO films were investigated as a function of varying Ag 

precursor concentrations. Furthermore, after depositing Ag nanoparticles at two different precursor 

concentrations, the addition of Au to the material system was also studied. The positive effects of Ag and 

(Ag, Au) nanoparticle deposition on the crystal structure, morphology, and optical properties of the ZnO films 

were comprehensively examined. Finally, the Ag-ZnO and Au-Ag-ZnO systems were evaluated for their 

photocatalytic performance in the degradation of Rhodamine B (RhB). 

 

II.  PLASMA JET-ASSISTED FABRICATION OF Ag- AND Au-LOADED ZnO NANOSTRUCTURED FILMS 

In this section, a combination of hydrothermal synthesis, plasma jet deposition, and photoreduction 

was employed for film fabrication. First, the hydrothermal method was used to synthesize ZnO thin films on 

glass substrates. To prepare the Ag-ZnO films, a plasma jet technique was utilized to deposit and anchor Ag 

nanoparticles onto the ZnO surface. Subsequently, a photoreduction process was applied to reduce the 

HAuCl4 precursor into Au nanoparticles, which were then loaded onto the Ag/ZnO structure to form the final 

Au-Ag/ZnO composite system. 

1. Fabrication of ZnO Thin Films.  

¶ Step 1: Preparation of the ZnO Seed Layer via Spin-Coating 

A precursor solution was prepared by dissolving zinc acetate dihydrate Zn(CH3COO)2.2H2O in ethanol, 

ǿƛǘƘ ŜǘƘŀƴƻƭŀƳƛƴŜ ŀŘŘŜŘ ŀǎ ŀ ǎǘŀōƛƭƛȊŜǊΦ ¢ƘŜ ƳƛȄǘǳǊŜ ǿŀǎ ǎǘƛǊǊŜŘ ŀǘ рл ϲ/ ŦƻǊ м ƘƻǳǊ ǘƻ ƻōǘŀƛƴ ŀ ƘƻƳƻƎŜƴŜƻǳǎ 

solution. This solution was then deposited onto glass substrates using the spin-coating technique. Finally, the 

coated films were anneŀƭŜŘ ŀǘ прл ϲ/ ŦƻǊ м ƘƻǳǊ ǘƻ ŦƻǊƳ ŀ ŎǊȅǎǘŀƭƭƛƴŜ ½ƴh ǎŜŜŘ ƭŀȅŜǊΦ 

¶ Step 2: Hydrothermal Growth of ZnO Nanostructures 

To grow the ZnO nanostructures, a growth solution was prepared by dissolving zinc nitrate 
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tetrahydrate Zn(NO3)2.4H2O and 1.05 g of hexamethylenediamine (HMDA) in 40 mL of deionized (DI) water. 

The reaction mixture was stirred for 1 hour at room temperature. The pre-coated seed layer substrates were 

then placed into a hydrothermal autoclave containing this solution. The hydrothermal reaction was 

ŎƻƴŘǳŎǘŜŘ ŀǘ фл ϲ/ ŦƻǊ у ƘƻǳǊǎΦ 

¶ Step 3: Post-treatment 

The resulting ZnO films on glass substrates were thoroughly rinsed multiple times with deionized water 

ǘƻ ǊŜƳƻǾŜ ŀƴȅ ǊŜǎƛŘǳŀƭ ŎƘŜƳƛŎŀƭǎ ŀƴŘ ǎǳōǎŜǉǳŜƴǘƭȅ ŘǊƛŜŘ ŀǘ ул ϲ/ ŦƻǊ мн ƘƻǳǊǎΦ ¢ƘŜ Ŧƛƴŀƭ ǇǊƻŘǳŎǘ ƛǎ 

designated as the Z0 sample. 

2. Fabrication of Ag-ZnO Films via Plasma Jet Technique. 

The Ag-ZnO films were fabricated using the plasma jet technique. The ZnO films prepared in section 

2.6.1 were placed on glass substrates and immersed in a beaker containing 20 mL of either 5 mM or 45 mM 

AgNO3 5 mM solution. Each sample underwent plasma jet treatment for 2 minutes. The resulting films were 

designated as Zp-Ag5 and Zp-Ag45, respectively. 

3. Fabrication of Au-Ag-ZnO Ternary Composite Films. 

The Au-Ag-ZnO ternary films were fabricated by depositing gold (Au) nanoparticles onto the previously 

prepared Zp-Ag5 and Zp-Ag45 samples using a photoreduction method. The resulting composite films were 

designated as Au-Zp-Ag5 and Au-Zp-Ag45, respectively. The detailed procedure is as follows: 

¶ Step 1: The Zp-Ag5 and Zp-Ag45 films were immersed in 90 mL of a 0.0003 M chloroauric acid HAuCl4 

aqueous solution. 

¶ Step 2: Sodium citrate (0.07 M) was added dropwise to the solution as a stabilizing and reducing 

agent. The system was then subjected to UVA light irradiation for approximately 10 minutes. 

¶ Step 3: After irradiation, the samples were removed, thoroughly rinsed with distilled water, and 

dried. The final products were stored for characterization and designated as Au-Zp-Ag5 and Au-Zp-Ag45. 

For comparison, a gold-decorated ZnO sample (without silver) was also synthesized using the same 

procedure and labeled as Au-Z0. 

 

III. RESULTS AND DISCUSSION 

 
Figure 1 ς SEM surface images of (a) Z0, (b) Zp-Ag5, (c) Zp-Ag45, (d) Au-Z0, (e) Au-Zp-Ag5, (f) Au-Zp-Ag45, 

and cross-sectional SEM images of (g) Z0, (h) Zp-Ag5, (i) Zp-Ag45. 

 

The ZnO thin film (designated as Z0) was synthesized on glass substrates using a two-step process: 

spin-coating of a seed layer followed by hydrothermal growth. To functionalize the surface, silver (Ag) 



ˢ˴ˢ˨˩˸ˮ̉˩˿˴˻˩ ˮ˭˨ˢ́˩˶̎˿́ˤ˻ ζ˹ˢ̂̉˹ˢ̒ ˢ˾́˩˶̎η 

 

 

10 

nanoparticles were decorated onto the Z0 films using an atmospheric pressure plasma jet technique. Two 

different silver nitrate AgNO3 precursor concentrations, 5 mM and 45 mM, were employed to produce the 

binary composite films, labeled as Zp-Ag5 and Zp-Ag45, respectively. Subsequently, gold (Au) nanoparticles 

were incorporated onto these Ag-ZnO templates via a photoreduction (redox) method, resulting in the 

ternary hybrid films designated as Au-Zp-Ag5 and Au-Zp-Ag45. For comparative purposes, a reference sample 

consisting of Au-decorated ZnO without silver was also synthesized and identified as Au-Z0. 

Scanning Electron Microscopy (SEM) was employed to investigate the morphology of the fabricated 

Z0, Zp-Ag5, Zp-Ag45, Au-Z0, Au-Zp-Ag5, and Au-Zp-Ag45 films. The corresponding top-view and cross-

sectional SEM images are presented in Figure 1. Initially, the SEM image of the pristine ZnO (Z0) in Fig. 1(a) 

reveals a structure consisting of vertically aligned nanorods with an average diameter of approximately 500 

nm. The cross-sectional view in Fig. 1(g) confirms a film thickness of approximately 3.1 mm. Upon decorating 

the ZnO films with Ag nanoparticles using the plasma jet technique at AgNO3 concentrations of 5 mM and 45 

mM, the surface morphology becomes noticeably rougher. As shown in Fig. 1(b) and (c), the formation of 

numerous hexagonal pits is observed, with the pit density increasing at the higher precursor concentration. 

Interestingly, the film thickness for Zp-Ag5 and Zp-Ag45 significantly decreases to 1.91 mm and 1.51 mm 

respectively (Fig. 1h, i). The Ag nanoparticle size in Zp-Ag5 ranges from 5 to 30 nm, whereas Zp-Ag45 exhibits 

larger particles between 10 and 50 nm. These results indicate that the plasma process and the AgNO3 

concentration are critical factors influencing the film morphology and the dimensions of the Ag nanoparticles 

in the modified ZnO system. Subsequently, when Au nanoparticles were deposited onto the Zp-Ag5 and Zp-

Ag45 films via photoreduction, the surfaces became increasingly porous. As illustrated in Fig. 1(dςf), Au 

nanoparticles with sizes ranging from 20 to 30 nm are clearly visible. The pre-existing pits on the ZnO 

nanostructure appear to serve as anchoring sites, effectively trapping the Au nanoparticles on the film 

surface. Overall, the SEM analysis confirms the successful growth of ZnO and the effective integration of both 

Ag and Au nanoparticles onto the ZnO framework. 

The X-ray diffraction (XRD) patterns of the Z0, Zp-Ag5, and Zp-Ag45 samples exhibit four distinct 

diffraction peaks at 2̒ ŀƴƎƭŜǎ ƻŦ омΦуϲΣ опΦпϲΣ осΦоϲΣ ŀƴŘ птΦсϲΦ ¢ƘŜǎŜ ǇŜŀƪǎ ŀǊŜ ƛƴ Ŧǳƭƭ ŀƎǊŜŜƳŜƴǘ ǿƛǘƘ ǘƘŜ 

(100), (002), (101), and (102) crystallographic planes of wurtzite ZnO, respectively (JCPDS card no. 36-1451). 

No diffraction peaks characteristic of metallic Ag were observed, which may be attributed to the low 

concentration of Ag nanoparticles (AgNPs). Furthermore, observing the most intense peak at 34Φпоϲ 

corresponding to the (002) plane, the peak intensity decreases progressively for the Z0, Zp-Ag5, and Zp-Ag45 

films. As previously mentioned in the cross-sectional SEM results, the thickness of the Z0, Zp-Ag5, and Zp-

Ag45 films decreases; consequently, the amount of ZnO in the Zp-Ag5 and Zp-Ag45 samples is reduced, 

leading to a corresponding decrease in their diffraction intensities. 

To further investigate the chemical composition and the spatial distribution of elements within the 

fabricated nanostructures, the Au-Zp-Ag45 sample was selected as a representative for STEM-mapping 

analysis (Scanning Transmission Electron Microscopy combined with Energy-Dispersive X-ray Spectroscopy). 

The elemental mapping results for Oxygen (O), Gold (Au), Silver (Ag), and Zinc (Zn) in the Au-Zp-Ag45 sample 

are presented in Figure 4.3. The STEM analysis confirms the simultaneous presence of all four primary 

chemical constituents O, Zn, Ag, and Auτwithin the composite framework. Furthermore, the elemental 

maps demonstrate a highly homogeneous distribution of Au and Ag nanoparticles across the ZnO matrix. This 

uniform dispersion is a critical factor in maximizing the density of active sites on the film surface, which is 

expected to significantly enhance the overall photocatalytic efficiency of the ternary system. 
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Figure 2 ς X-ray diffraction (XRD) patterns of Z0, Zp-Ag5, and Zp-Ag45 samples 

 

 

 
Figure 3 ς STEM-mapping images (elemental maps of O, Au, Ag, and Zn atoms) in the Au-Zp-Ag45 sample 

 

 
 

Figure 4 ς (a) UV-Vis absorption spectra of Z0, Zp-Ag5, Zp-Ag45, Au-Z0, Au-Zp-Ag5, and Au-Zp-Ag45 

samples, with the insets showing the magnified absorption spectra of Au-Z0, Au-Zp-Ag5, and Au-Zp-Ag45; 

(b) Tauc plots for the band gap (Eg) determination of the corresponding samples 
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Table 1 

Calculated optical band gap (Eg) values of the synthesized Z0, Zp-Ag5, Zp-Ag45, Au-Z0,  

Au-Zp-Ag5, and Au-Zp-Ag45 materials 

Sample Name Z0 Zp-Ag5 Zp-Ag45 Au-Z0 Au-Zp-Ag5 Au-Zp-Ag45 

Bandgap Value (eV) 2,94 3,04 3,2 2,88 2,99 3,14 

 

The influence of noble metal decoration on the optical properties of the fabricated materials was 

investigated using UV-Vis absorption spectroscopy. Figure 4(a) displays the absorption spectra of the Z0, Zp-

Ag5, Zp-Ag45, Au-Z0, Au-Zp-Ag5, and Au-Zp-Ag45 samples. For the silver-decorated samples (Zp-Ag5 and Zp-

Ag45), no typical absorption peaks characteristic of Ag nanoparticles were observed. This is likely due to the 

low concentration of the Ag dopants, which is consistent with the XRD results discussed previously. However, 

in samples containing both Ag and Au nanoparticles (Au-Z0, Au-Zp-Ag5, and Au-Zp-Ag45), a noticeable blue-

shift in the absorption peaks (from 545 nm to 528 nm) was observed, coinciding with the increase in AgNO3 

concentration and the reduction in film thickness. The characteristic absorption maxima for Au nanoparticles, 

typically appearing between 526ς545 nm, arise from the Localized Surface Plasmon Resonance (LSPR) of 

conduction electrons [6], as shown in the insets of Fig. 4(a). The relatively low intensity of these Au plasmon 

peaks can be attributed to the low Au loading concentration. Since ZnO possesses a direct band gap [7], the 

optical band gap Eg was calculated using the Tauc equation: 

ʰƘ  Ґ !ḿ (h -E_g ṇ)^n                        

Where ! ƛǎ ŀ ŎƻƴǎǘŀƴǘΣ Ƙ ƛǎ tƭŀƴŎƪΩǎ ŎƻƴǎǘŀƴǘΣ v is the photon frequency, Eg is the optical band gap, and 

ƴ Ґ ѹ for direct transition semiconductors. The Tauc plots of (ahv)2 versus photon energy hv are presented 

in Figure 4(b), and the determined Eg values are summarized in Table 1. The results show that the band gap 

of the Z0, Zp-Ag5, and Zp-Ag45 films increases from 2.94 eV to 3.2 eV as the film thickness decreases from 

3.1 mm to 1.51 mm. Film thickness significantly influences the band gap of ZnO films [9]; typically, thicker films 

exhibit a red-shift (narrowing of the band gap) due to changes in carrier concentration. In this study, the 

increase in Ag content and the corresponding decrease in film thickness are the primary factors driving the 

observed blue-shift in the absorption spectra [1, 2]. 

The calculated optical band gaps (Eg) for Au-Z0, Au-Zp-Ag5, and Au-Zp-Ag45 were found to be 2.88 eV, 

2.99 eV, and 3.14 eV, respectively. Compared to their respective counterparts (Z0, Zp-Ag5, and Zp-Ag45), 

these samples exhibit a noticeable red-shift in their absorption edges. This shift can be attributed to the 

interfacial electron transfer between the gold nanoparticles and the ZnO matrix, as well as the modified 

optical transitions occurring within the ZnO film. 

 
Figure 5 ς Photoluminescence (PL) spectra of the synthesized Z0, Zp-Ag5, Zp-Ag45, Au-Z0, Au-Zp-Ag5, and 

Au-Zp-Ag45 samples; The inset shows the magnified PL spectra in the visible (Vis) light region 
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Figure 5 illustrates the photoluminescence (PL) spectra of the Z0, Zp-Ag5, Zp-Ag45, Au-Z0, Au-Zp-Ag5, 

and Au-Zp-Ag45 samples, excited by a 355 nm laser source. The PL spectra of all samples exhibit a strong 

near-band-edge (NBE) emission in the UV region, alongside a very weak and broad visible (Vis) emission 

originating from deep-level emissions (DLE) associated with intrinsic and extrinsic defects. Since the energy 

levels of NBE and DLE often compete with each other, a reduction in defect centers typically leads to an 

enhancement of the UV emission intensity [8]. As observed in Figure 5, the UV emission intensity of the Zp-

Ag45 film is approximately 1.2 and 3.9 times higher than those of the Zp-Ag5 and Z0 films, respectively. 

Notably, for the Au-decorated samples (Au-Z0, Au-Zp-Ag5, and Au-Zp-Ag45), only the UV emission is 

prominent, while the visible emission spectra almost entirely disappear. This enhancement in the UV 

emission for the Zp-Ag5 and Zp-Ag45 films can be attributed to the Ag nanoparticles decorated on the ZnO 

surface, which increase the population of excited charge carriers and promote the radiative recombination 

rate [5-9]. 

In the case of the Au-Z0 sample, the UV emission intensity in the PL spectrum is enhanced by 

approximately 2.35 times compared to that of Z0. Conversely, the intensities of Au-Zp-Ag5 and Au-Zp-Ag45 

are quenched by approximately 3.67 and 7.3 times relative to their counterparts, Zp-Ag5 and Zp-Ag45, 

respectively. In practice, the enhancement or quenching of PL emission is governed by the energy band 

structures of the semiconductor and the metal, as well as the specific emission states and the direction of 

energy or electron transfer at the metal-semiconductor interface [6, 7]. In this study, the conduction band 

(CB), valence band (VB), and deep-defect level of ZnO are situated at 4.19 eV, 7.39 eV, and 5.09 eV, 

respectively [4]. The Fermi level of Au is approximately 5.1 eV [2, 3], which is in close proximity to the deep-

defect level of ZnO. This energetic alignment facilitates the transfer of defect-related electrons from ZnO to 

the Fermi level of Au. Electrons at the Fermi level, under the influence of the surface plasmon resonance 

(SPR) effect within the Au nanoparticles, are excited to higher energy states and can subsequently transition 

(inject) into the conduction band of ZnO. Consequently, the UV emission intensity is enhanced while the 

defect-related visible emission is suppressed. The inhibition of defect-related transitions in this manner leads 

to an increased radiative recombination rate of electrons and holes, ultimately resulting in the observed 

reduction in photocatalytic activity for the Au-Z0 film. 

 

IV. CONCLUSION 

The plasma jet technique was successfully employed to decorate ZnO films with uniformly distributed 

Ag nanoparticles, establishing a robust fabrication protocol. The simultaneous incorporation of both Ag and 

Au nanoparticles was also investigated, revealing significant modifications in the optical properties and the 

band gap of the decorated material system compared to pristine ZnO. The observed band gap broadening 

and the strong enhancement of UV emission played a pivotal role in modulating the photocatalytic activity 

of the synthesized materials. 
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FABRICATION AND INVESTIGATION OF PHOTOCATALYTIC CO2 REDUCTION INTO CH4 FUEL GAS OVER       

(N, Ta) CO-DOPED TiO2 WITH VARYING NITROGEN WEIGHT PERCENTAGES VIA THE MICROWAVE METHOD 

 

Summary 

The band gap of TiO2 is relatively wide, approximately 3.2 eV; therefore, TiO2 cannot absorb visible 

light, leading to poor solar energy conversion efficiency into hydrogen. To narrow the band gap, donor-

acceptor alloy doping is applied to TiO2 materials while simultaneously increasing the alloy concentration. 

This approach not only reduces the band gap energy but also enhances light absorption in the long-

wavelength region and decreases the overall effective mass [1]. 

Previous studies on (N, Ta) co-doped TiO2 synthesized via the hydrothermal method still face several 

limitations, including being time-consuming, the inability to adjust parameters mid-reaction, and the 

requirement for extensive equipment that is difficult to clean. Furthermore, these studies have been limited 

to fixed masses of N and Ta dopants. Notably, the dopant mass significantly influences the band gap 

alteration, crystal lattice transformation, and the variation in electron-hole pairs within the material system, 

thereby changing the optical properties of the material. Consequently, this study investigates the fabrication 

of modified TiO2 nanoparticles through (N, Ta) co-doping with varying Nitrogen (N) content using the 

microwave method. This is a simple technique that allows for significantly shorter fabrication times compared 

to the hydrothermal method. We have obtained systematic research results regarding the photocatalytic CO2 

reduction capacity into CH4 fuel gas of the synthesized materials [2, 3]. 

Keywords: 

(N, Ta) co-doped TiO2  , (N, Ta) co-doped TiO2 with varying nitrogen weight percentages. 

 

1. INTRODUCTION  

To enhance the photocatalytic activity of TiO2 in the visible light region, numerous studies have 

indicated that doping the TiO2 matrix with non-metals, particularly nitrogen (N), effectively narrows its band 

gap. Consequently, N-doped TiO2 not only exhibits absorption capabilities within the visible spectrum but 

also extends the lifetime of photogenerated electrons and holes. However, the substitution of N into the TiO2 

lattice can induce an increase in oxygen vacancies, which partially impairs the material's photocatalytic 

performance. To further bolster this activity, we conducted co-doping of N with a transition metal, specifically 

Tantalum (Ta). By incorporating both Ta and N at appropriate concentrations, charge neutrality between 

positive and negative charges is achieved, oxygen vacancies are suppressed, and the electron-hole lifetime is 

prolonged throughout the photocatalytic process [4]. 

2. MICROWAVE FABRICATION OF TiO2:(N, Ta) 

The (N, Ta) co-doped TiO2 samples were designated as TN1Ta, TN2Ta, TN3Ta, and TN4Ta, 

corresponding to nitrogen (N) weight percentages of 6%, 7.5%, 9%, and 10.5%, respectively, while 

maintaining a constant Tantalum (Ta) content of 0.5 wt.%. 

¶ Step 1: 11 mL of Tetraisopropyl orthotitanate (TPOT) was mixed with 20 mL of Isopropyl alcohol (IPA) 

and stirred for 10 minutes. 

¶ Step 2: 25% ammonium hydroxide NH4OH was added dropwise to the above mixture. The amount of N in 

NH4OH was calculated relative to the theoretical mass of TiO2 formed in the reaction to achieve weight percentages 

of 6%, 7.5%, 9%, and 10.5% (N/TiO2). The resulting solutions were stirred for 1 hour at room temperature. 

¶ Step 3: Tantalum (Ta) was dissolved in a mixture of HNO3 and HF acids. This Ta-containing solution 

was then added dropwise into the four previously prepared solutions (containing TPOT, IPA, NH4OH, and 

H2O) such that the Ta/TiO2 weight percentage in all four samples remained constant at 0.5%. 
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¶ Step 4: The obtained solutions were placed in a microwave system operating at a power of 300 W 

ŀƴŘ ŀ ǘŜƳǇŜǊŀǘǳǊŜ ƻŦ ммл ϲ/ ŦƻǊ нл ƳƛƴǳǘŜǎΦ 

¶ Step 5Υ ¢ƘŜ ǊŜǎǳƭǘƛƴƎ ǇǊƻŘǳŎǘǎ ǿŜǊŜ ŎŜƴǘǊƛŦǳƎŜŘΣ ŘǊƛŜŘΣ ŀƴŘ ǎǳōǎŜǉǳŜƴǘƭȅ ŎŀƭŎƛƴŜŘ ƛƴ ŀƛǊ ŀǘ олл ϲ/ ŦƻǊ 

1 hour to obtain the final nanoparticles: TN1Ta, TN2Ta, TN3Ta, and TN4Ta. 

3. RESULTS AND DISCUSSION 

3.1. Fabrication of (N, Ta) Co-doped TiO2 with Varying Nitrogen Weight Percentages via the 

Microwave Method. 

By incorporating both Ta and N at appropriate concentrations, the neutralization of positive and 

negative charges, the reduction of oxygen vacancies, and the increase in photogenerated holes collectively 

lead to a decrease in the recombination rate of photogenerated charge carriers. In this section, we investigate 

the influence of (N, Ta) co-doping with varying nitrogen weight percentages (6%, 7.5%, 9%, and 10.5%, while 

maintaining a constant Ta content of 0.5 wt.%) on the crystal structure, morphology, and optical properties 

of TiO2. The four increasing nitrogen weight percentages correspond to the samples designated as TN1Ta, 

TN2Ta, TN3Ta, and TN4Ta, respectively. 

 
Figure 1 ς SEM images of samples (a) TN1Ta, (b) TN2Ta, (c) TN3Ta, and (d) TN4Ta 

 

SEM images of (N, Ta) co-doped TiO2 samples fabricated via the microwave-assisted method with 

increasing nitrogen (N) weight percentages. From the SEM micrographs, it can be observed that the 

synthesized TN1Ta, TN2Ta, TN3Ta, and TN4Ta samples consist of relatively uniform particles with sizes 

ranging approximately from 10 to 25 nm. 

 
Figure 2 ς XRD patterns of TN1Ta, TN2Ta, TN3Ta, and TN4Ta samples 
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Figure 2 illustrates the X-ray diffraction (XRD) patterns of the synthesized TN1Ta, TN2Ta, TN3Ta, and 

TN4Ta samples. From the XRD results, the Miller indices of the diffraction peaks at (101), (004), (200), (211), 

(105), and (204) are in perfect agreement with the anatase phase of TiO2 (JCPDS card no. 21-1272). Based on 

the SEM and XRD results, the fabricated TN1Ta, TN2Ta, TN3Ta, and TN4Ta samples are modified TiO2 with an 

anatase phase structure and particle sizes ranging from 10 to 25 nm. In addition to the particle size 

investigation via SEM images, the average crystallite size was estimated using the Scherrer equation based 

on the parameters obtained from the XRD patterns: 

Ὀ
πȟω‗

‍ὧέί—
 

Where: D is the average crystallite size,  ˂is the X-ray wavelength used in the XRD equipment (˂ Ґ 

мΦрплрс )), b is the full width at half maximum (FWHM) of the diffraction peak, and  ̒is the diffraction angle 

of the (101) crystal plane. 

Table 1 

Average crystallite size and lattice parameters of TN1Ta, TN2Ta, TN3Ta, and TN4Ta samples. 
Sample D (nm) ŀҐō ό)ύ Ŏ ό)ύ ± ό)3) 

TN1Ta 5,9 3,8065 9,514 137,85 

TN2Ta 8,3 3,806 9,505 137,69 

TN3Ta 7,1 3,8077 9,511 137,89 

TN4Ta 6,4 3,809 9,511 137,99 

              

The lattice parameters and unit cell volumes of the synthesized TN1Ta, TN2Ta, TN3Ta, and TN4Ta 

ǎŀƳǇƭŜǎ ǿŜǊŜ ŎŀƭŎǳƭŀǘŜŘ ǳǎƛƴƎ wƛŜǘǾŜƭŘ ǊŜŦƛƴŜƳŜƴǘ Ǿƛŀ ǘƘŜ ŎƻƳƳŜǊŎƛŀƭ ǎƻŦǘǿŀǊŜ ·ΩtŜǊǘ IƛƎƘ Score. The 

results for the average crystallite size and lattice parameters of these samples are summarized in Table 3.3. 

According to the results in Table 1, the unit cell volume increases as the nitrogen (N) weight percentage in 

the (N, Ta) co-doped TiO2 increases. This expansion is attributed to the fact that the ionic radius of N3- (1.46 

)ύ ƛǎ ƭŀǊƎŜǊ ǘƘŀƴ ǘƘŀǘ ƻŦ O2- όмΦпл )ύΣ ŀƴŘ ǘƘŜ ƛƻƴƛŎ ǊŀŘƛǳǎ ƻŦ Ta5+ όлΦсу )ύ ƛǎ ƭŀǊƎŜǊ ǘƘŀƴ ǘƘŀǘ ƻŦ Ti4+ (0.65 )ύΤ 

thus, the unit cell volume expands when N and Ta are incorporated into the TiO2 crystal lattice. Furthermore, 

the combination of Ta5+ and N3- creates N-¢ŀ ōƻƴŘǎ όϤмΦун )ύΣ ǿƘƛƭŜ ǘƘŜ b-Ti and O-¢ƛ ōƻƴŘǎ ŀǊŜ ϤнΦн ) ŀƴŘ 

ϤмΦфптр )Σ ǊŜǎǇŜŎǘƛǾŜƭȅΦ ¢ƘŜ ǎǘƻƛŎƘƛƻƳŜǘǊȅ ƻŦ Ta5+ and N3- leads to the smallest unit cell volume in the TN2Ta 

sample. Additionally, the TN2Ta sample exhibits the largest crystallite size (D = 8.3 nm), indicating that the 

substitution of N3- and Ta5+ ions for O2- and Ti4+ ions is most significant, resulting in the highest degree of 

lattice distortion. This maximum distortion in the TN2Ta sample facilitates the formation and growth of 

nanoparticles. The XRD results and calculated lattice parameters clearly demonstrate the presence and 

impact of (N, Ta) co-doping on TiO2 with varying nitrogen weight percentages [5, 6]. 

 
Figure ς 3 (a) UV-Vis absorption spectra and (b) The dependence of όʰƘǾύ мκн on photon energy (hv)  

for TN1Ta, TN2Ta, TN3Ta, and TN4Ta samples 
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Table 2 

Absorption onset wavelengths and calculated band gap energies of  

TN1Ta, TN2Ta, TN3Ta, and TN4Ta samples 

No. Sample Absorption Onset (nm) Band gap energy (eV) 

1 TN1Ta 452,5 2,83 

2 TN2Ta 447,6 2,77 

3 TN3Ta 438,2 2,74 

4 TN4Ta 471,5 2,63 

 

The co-doping of TiO2 with N and Ta affects not only the crystal structure but also the optical properties 

of the material. Figure 3(a) shows the absorption spectra of TN1Ta, TN2Ta, TN3Ta, and TN4Ta. From the 

absorption spectra in the visible light region, the absorption coefficient ( )h of the semiconductor is calculated 

using the formula: hh  ˄= A1(h -˄Eg)1/2 for direct band gap semiconductors, and hh  ˄= A2(h -˄Eg)2for indirect 

band gap semiconductors [110]. Where h is Planck's constant,  ˄is the incident light frequency, A1 and A2 are 

proportionality constants, and Eg is the band gap energy. Based on the absorption spectra in Figure 3(a) and 

the formula h h  ˄= A2(h -˄Eg)2, the dependence of ( hhn)1/2 on the photon energy (hn) for the samples was 

calculated and presented in Figure 3(b). Furthermore, the calculated absorption onset wavelengths and band 

gap energies for the samples are summarized in Table 2. In Figure 3(a), the absorption edges of TN1Ta, TN2Ta, 

TN3Ta, and TN4Ta gradually shift toward the visible light region, with absorption wavelengths ranging from 

438.2 nm to 471.5 nm. Table 3.4 shows that the band gap of (N, Ta) co-doped TiO2 decreases from 2.83 eV to 

2.63 eV as the nitrogen weight percentage increases from 6% to 10.5%, which is significantly lower than that 

of undoped TiO2 (3.03 eV). This result is consistent with previous studies indicating that co-doping the TiO2 

lattice with the metal Ta and non-metal N narrows the band gap. This can be explained by the formation of 

oxygen vacancies during (N, Ta) co-doping, which create shallow trap states that reduce the band gap. The 

reduction in band gap energy extends the light absorption range, thereby enhancing the photocatalytic 

performance of the fabricated materials [3, 6]. 

 

3.2. Investigation of CO2 Photocatalytic Reduction into CH4 Fuel over (N, Ta) Co-doped TiO2  with 

Varying N Weight Percentages 

The (N, Ta) co-doping with increasing N content extends the light absorption range and enhances the 

photocatalytic activity. Therefore, the TN1Ta, TN2Ta, TN3Ta, and TN4Ta samples were evaluated for their 

ability to photocatalytically reduce CO2 to CH4. The samples were dispersed in H2O, followed by CO2 

adsorption for 30 minutes, and subsequently irradiated by a 250 W mercury lamp. The amount of methane 

produced was analyzed using Gas Chromatography-Mass Spectrometry (GC/MS). 

The GC results for the samples are shown in Figure 4. The results indicate that the TN2Ta sample 

yielded the highest CH4 concentration of 7.79 ҡƳƻƭΦƎ-1cat.h-1, while the TN4Ta sample showed the lowest at 

4.13 ҡƳƻƭΦƎ-1cat.h-1. The CH4 concentrations for TN1Ta and TN3Ta were 7.27 ҡƳƻƭΦƎ-1cat.h-1  and 5.97 ҡƳƻƭΦƎ-

1cat.h-1, respectively. Despite having a lower N concentration and a wider band gap, the TN2Ta sample 

exhibited the best CO2 reduction performance. This is attributed to the stoichiometry of Ta5+ and N3- ions, 

which resulted in the smallest unit cell volume among the samples and the presence of numerous electron-

hole pairs. Consequently, TN2Ta with 7.5% N doping proved to be the most effective for CO2 photocatalytic 

reduction into CH4 fuel. 
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Figure 4 ς CH4 concentration generated from the photocatalytic reduction of CO2 under visible light 

irradiation over TN1Ta, TN2Ta, TN3Ta, and TN4Ta samples 

 

3.3. CONCLUSION 

The successful synthesis of (N, Ta) co-doped TiO2 was investigated, demonstrating the significant 

influence of co-doping on the crystal structure, morphology, particle size, and optical properties compared 

to pristine TiO2. (N, Ta) co-doped TiO2 exhibited high photocatalytic activity. Specifically, the fabrication of 

modified TiO2 nanoparticles via a microwave-assisted method with varying nitrogen weight percentages (6%, 

7.5%, 9%, and 10.5%) was analyzed in detail. The co-doped samples showed a substantial reduction in band 

gap energy, ranging from 2.83 eV to 2.63 eV compared to 3.2 eV for the undoped sample, thereby enhancing 

the photocatalytic performance of the materials under visible light. The (N, Ta) co-doped TiO2 system was 

further evaluated for its application in the photocatalytic reduction of CO2 into CH4. The results indicated that 

the TiO2 sample modified with 7.5 wt.% N (TN2Ta) yielded the highest methane production rate of 7,79 

ҡƳƻƭΦƎ-1cat.h-1. 
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˿͎ͦͦͯ͋͡ ˴͙͙ͪ͡͡ ˹͙͔͍͙ͦ͊͟͡; 

˴͊ͤ͒Φ ͔ͣ͒Φ ͤ͊ͯ͟Σ ͔͍͙͙ͤ͊ͫͣ͘·͚ ͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡ΈΣ ͎Φ ˸͍ͦͫ͊͟Σ ˾̅ 

 

˨ˢ́ˮ˾˻ˤ˴ˢ ̅˻́˻˥˾ˢ̅ˮ˯ ̉ˮ˹˻ˤ ˿̂̆˻˽̂́˹̍̆ ̉ˢ˿́˩˯ ˻́˨˩˶̎˹˻˥˻  

˴˻˾˽̂˿ˢ ˽˻˥˾ˢ˹ˮ̉˹˻˯ ˿́˾ˢˬˮΦ муфоςмфмо 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

͔̇͡ΈΌ ͤ͊ͫͭͦΎ΅͔͚ ͪ͊͋ͦͭ· Ύ͍͡Ύ͔ͭͫΎ ͙͙͔ͦͨͫ͊ͤ ͙͔͔ͤ͊͋ͦ͡ ͤ͊͘;͙ͣ·ͻ ͙͔͔͙͚ͣͤͤ͘ ͺ͔͚ͦͪͣͤͤͦ 

͔ͦ͒͗͒· ;͙͍ͤͦ ͫͯͻͦͨͯͭͤ·ͻ ;͔͚͊ͫͭ ˻͔ͭ͒͡Έ͎ͤͦͦ ͦͪͨͯͫ͊͟ ͎͙ͨͦͪ͊ͤ;͚ͤͦ ͙ͫͭͪ͊͗Σ ͙ͨͪͦͦ͘΄͔͒΄͙ͻ ͍ ͔͙ͨͪͦ͒ 

муфоςмфмо ͎͎Φ ͙ ͍ͫͨͦͫͦ͋ͫͭͯΌ΅͙ͻ ͔ͦͪͪͭͤͦͣͯ͟͟ ͙͍͙͒͊ͭͪͦ͊ͤΌ ͙ͻ ͺ͎ͦͭͦͪ͊ͺ͙͚ ͍ ͪ͊ͣ͊͟ͻ ͔͙ͪ͊͊͘͡ͼ͙͙ 

͍͔ͦͤͤͦπͣ ͔͙ͣͦͪ͊͡Έ͎ͤͦͦ ͙ͨͦͫ͊͟Φ  

˿͔ͦ͒ͪ͗͊΅͙͔ͫΎ ͍ ͔͚ͤ ͍͔͔͙ͫ͒ͤΎ ͫͯ͗͊ͭ͡ ͍ͨͦ·΄͔͙ͤΌ ͍ͯͪͦͤΎ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͚ͤͦ ͔͔ͦͣͨͭͤ͟ͼ͙͙ 

͍͔ͦͤͤ·ͻ ͙͙͍ͫͭͦͪͦ͟ ͙ ͎͔͔͎͍ͤ͊ͦͦ͡Φ  

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

ͣͯ ͙ͤ͒ͪΣ ͦ͋΄͎͊͊͡Σ ͺͯͪ͊͗͊͟Σ ͎͙ͨͦͪ͊ͤ;ͤ͊Ύ ͫͭͪ͊͗͊Σ ͎͍͙ͨͯͦͼ·Σ ͔ͭͣͤͦπ͘ ͔͔ͤ͡·͚ ͼ͍͔ͭΦ 

 

{ƻƭƻƎǳō YƛǊƛƭƭ bΦ 

aΦ5ΦΣ tƘΦ5ΦΣ LƴŘŜǇŜƴŘŜƴǘ ǎŎƛŜƴǝǎǘΣ aƻǎŎƻǿΣ wǳǎǎƛŀ 

 

5!¢LbD hC tIh¢hDw!tI{ hC t9w{hbb9[ hC ¢I9 Dwh¦b5 Chw/9{  

hC ¢I9 {9t!w!¢9 .hw59w D¦!w5 /hwt{Φ муфоςмфмо 

 

!ōǎǘǊŀŎǘ 

¢ƘŜ ŀƛƳ ƻŦ ǘƘƛǎ ǿƻǊƪ ƛǎ ǘƻ ŘŜǎŎǊƛōŜ ǘƘŜ Ƴƻǎǘ ǎƛƎƴƛŬŎŀƴǘ ŎƘŀƴƎŜǎ ƻŦ ǘƘŜ ǳƴƛŦƻǊƳ ƻŦ ǘƘŜ ǇŜǊǎƻƴƴŜƭ ƻŦ ǘƘŜ 

ƎǊƻǳƴŘ ŦƻǊŎŜǎ ƻŦ ǘƘŜ {ŜǇŀǊŀǘŜ .ƻǊŘŜǊ DǳŀǊŘ /ƻǊǇǎ ŘǳǊƛƴƎ ǘƘŜ ǇŜǊƛƻŘ муфоςмфмо ŀƴŘ ŦŀŎƛƭƛǘŀǝƴƎ ǘƘŜ ŎƻǊǊŜŎǘ 

ŘŀǝƴƎ ƻŦ ƛǘǎ ǇƘƻǘƻƎǊŀǇƘǎ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ ƳƛƭƛǘŀǊȅ ƳŜƳƻǊƛŀƭ ǎŜŀǊŎƘΦ 

¢ƘŜ ƛƴŦƻǊƳŀǝƻƴ ŎƻƴǘŀƛƴŜŘ ƘŜǊŜƛƴ ǎŜǊǾŜǎ ǘƻ ŜƴƘŀƴŎŜ ǘƘŜ ǇǊƻŦŜǎǎƛƻƴŀƭ ŎƻƳǇŜǘŜƴŎŜ ƻŦ ƳƛƭƛǘŀǊȅ ƘƛǎǘƻǊƛŀƴǎ 

ŀƴŘ ƎŜƴŜŀƭƻƎƛǎǘǎΦ 

YŜȅǿƻǊŘǎΥ 

ǘǳƴƛŎΣ ŎǳũǎΣ ŎŀǇΣ ōƻǊŘŜǊ ƎǳŀǊŘΣ ōǳǧƻƴǎΣ ŘŀǊƪ ƎǊŜŜƴ ŎƻƭƻǊΦ 

 

˹͔ͫͣͦͭͪΎ ͤ͊ ͔͔ͤͨͪͻͦ͒Ύ΅͙͚ ͙͔͔ͤͭͪͫ ͟ ͙͙͙ͫͭͦͪ ͺ͔͚ͦͪͣͤͤͦ ͔ͦ͒͗͒· ˻͔ͭ͒͡Έ͎ͤͦͦ ͦͪͨͯͫ͊͟ ͎͙ͨͦͪ͊ͤ;͚ͤͦ 

͙ͫͭͪ͊͗ ό͔͔͒͊͡ ς ˻˴˽˿1ύ ͪ͊͋ͦͭ·Σ ͍ͨͦͫΎ΅͔ͤͤ·͔ Ήͭͦͣͯ ͍ͦͨͪͦͫͯ ͙ ͍·͔ͨͦͤͤͤ͡·͔ ͫ ͙͍͔ͨͪ͡;͔͙͔ͤͣ ͔ͤͦ͋ͻ͙͚ͦ͒ͣͦ 

͙͍͚ͤͦͪͣ͊ͭͤͦ ͋͊͘·Σ Ύ͍͡ΎΌͭͫΎΣ ͍ͦπ͔͍ͨͪ·ͻΣ ͔͙͙͒ͤ;ͤ·͙ͣ ͙Σ ͍ͦπ͍ͭͦͪ·ͻΣ ͍͔ͦͫ΅͊Ό΅͙͙ͣ ͒ͦͫͭ͊ͭͦ;ͤ·͔ 

͔ͫͨͼ͙ͺ͙;ͤ·͔ ͔͊ͫͨͭ͟· ͙͍͙ͦ͋ͣͯͤ͒ͪͦ͊ͤΎ ώнϐΦ ˤ͔͔ͣͫͭ ͫ Ή͙ͭͣΣ ͒ͦͫͭ͊ͭͦ;ͤͦ ;͊ͫͭ͊Ύ ͍͔ͫͭͪ;͔͊ͣͦͫͭΈ ͺ͎ͦͭͦͪ͊ͺ͙͚ 

;͙͍ͤͦ ˻˴˽˿ ͍͙͍͔ͦ͋ͯͫ͊͊ͭ͡͡ ͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͙ͻ ͔͚ͦͪͪͭͤͦ͟͟ ͙͊ͭͪ͋ͯͼ͙͙Σ ͍ ͭͦͣ ;͙͔ͫ͡Σ ͙͍͙͒͊ͭͪͦ͟Φ  ˨͔͔͊͡ ͍ 

ͤ͊ͫͭͦΎ΅͔͚ ͫͭ͊ͭΈ͔ ͍ ͨͦͪΎ͔͒͟ ͙͙͔͙ͨͪͦͪͭͭͤͦͫͭ ͒͡Ύ ͙͍͙͒͊ͭͪͦ͟ ͺ͎ͦͭͦͪ͊ͺ͙͚ ;͙͍ͤͦ ˻˴˽˿2 ͋ ͯ͒ͯͭ ͙ͦͨͫ͊ͤ· 

͙͔͔͙ͣͤͤ͘ΎΣ ͙ͨͪͦͫͻ͙͍ͦ͒΄͙͔ ͍ ͙ͻ ͺ͔͚ͦͪͣͤͤͦ ͔͔ͦ͒͗͒ ͍ ͔͙ͨͪͦ͒ муфоςмфмо ͎͎Φ 

˸͙ͯͤ͒ͪ· 

˹͊ ͔ͣͦͣͤͭ ͙ͫͦ͒͊ͤ͘Ύ ˻˴˽˿ ͍ муфо ͎Φ ͔͎ͦ ;͙ͤ· ͙͙ͤͦͫ͡ ͙ͣͯͤ͒ͪ·Σ ͍͔ͯͫͭ͊ͤͦͤͤ͡·͔ ͼ͙ͪͯ͟͡Ύͪͦͣ ͨͦ 

͔́͊ͣͦ͗ͤͤͦͣͯ ͍͔͍͒ͦͣͫͭͯ Ѕ с ͦͭ мл ͙ΌͤΎ мусп ͎Φ3 ώпϐ ό˾͙͙ͫͯͤ͟ мπнύΦ  

 
1 ʕ  муфо ͎Φ ͎͙ͨͦͪ͊ͤ;ͤ͊Ύ ͫͭͪ͊͗͊ ό͔͔͒͊͡ ς ˽ ˿ύ ˨͔͔ͨ͊ͪͭ͊ͣͤͭ͊ ͔ͭ͊ͣͦ͗ͤͤ·ͻ ͍ͫ͋ͦͪͦ ˸͙͙͔͍ͤͫͭͪͫͭ͊ ͺ͙͍ͤ͊ͤͫͦ ͋·͊͡ 
͔͍ͨͪͦ͋ͪ͊ͦ͊ͤ͊͘ ͍ ˻˴˽˿ ώмϐΦ  
2˭͊ ͙ͫ͟͡Ό;͔͙͔ͤͣ ;͔͚͊ͫͭ ˭͎͊͊ͣͯͪͫͦͦ͟ ͎ͦͪͯ͊͟ ˻˴˽˿Σ ͙ͯ͘;͔͙͔ͤ ͺ͔͚ͦͪͣͤͤͦ ͔ͦ͒͗͒· ͙ ͙͊ͭͪ͋ͯͼ͙Ύ ͺ͎ͦͭͦͪ͊ͺ͙͚ ;͙͍ͤͦ 
͎ͦͭͦͪͦͦ͟ ͍ͫͦͫͭ͊͡ΎΌͭ ͔͔ͨͪ͒ͣͭ ͫ͊ͣͦͫͭͦΎ͔ͭ͡Έ͎ͤͦͦ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΦ  
3 ˨ ͊ͤͤ·͚ ͼ͙ͪͯ͟͡Ύͪ ͅ ͎͔ͪ͊ͣͤͭ͊ͪͤͦ ͙ͦͭͦ͗ͫ͡͡Ύ ͍ ͺͦͤ͒͊ͻ ˾͙͚͎ͦͫͫͫͦͦ͟ ͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͙͙ͫͭͦͪ;͔͎ͫͦͦ͟ ͊ͪͻ͙͍͊ 
ό͔͔͒͊͡ ς ˾˥ˮˢύ ώоΣ ˶Φ пнсϐΦ  



˹ˢ̂̉˹̍˯ ˬ ̂˾˹ˢ˶ ζ IN SITU η                    ISSN (p) 2411-7161 / ISSN (e) 2712-9500                    Ѕ3 / 2026 

 

 

21 

 

 

 
˾͙ͫͯͤͦ͟ м ς ̅ͦͪͣ͊ ͙͍͙ͦ͋ͣͯͤ͒ͪͦ͊ͤΎ ;͙͍ͤͦ ˽˿Σ ͍͔ͯͫͭ͊ͤͦͤͤ͊͡Ύ ͼ͙ͪͯ͟͡Ύ͙ͪ͊ͣ ͨͦ ͔́͊ͣͦ͗ͤͤͦͣͯ 

͍͔͍͒ͦͣͫͭͯ Ѕ с ͦͭ мл ͙ΌͤΎ ͙ Ѕ ф ͦͭ мл ͔ͫͤͭΎ͋ͪΎ мусп ͎Φ 

ˮͫͭͦ;͙ͤ͟Υ ώрϐΦ 



ˢ˴ˢ˨˩˸ˮ̉˩˿˴˻˩ ˮ˭˨ˢ́˩˶̎˿́ˤ˻ ζ˹ˢ̂̉˹ˢ̒ ˢ˾́˩˶̎η 
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˾͙ͫͯͤͦ͟ н ς ˿͙͙ͭͪ͊͗ͤ͟ ˽˿ ͍ ͙ͣͯͤ͒ͪ͊ͻ ͦ͋ͪ͊͘ͼ͊ мусп ͎Φ  ˿͍ͨͪ͊͊ ͙ͫͭͦͭ 

˨͔ͣ;͔ͤͦ͟ ˹͙͚ͦ͊͟͡ ˾͍͙ͦͣ͊ͤͦ;Φ ˽ͪΎͣ·͔ ͦ͋΄͎͊͊͡ ͙͍ͣͯͤ͒ͪͦ ͍ͨͦͦ͘͡ΎΌͭ ͙͍͒͊ͭͪͦ͊ͭΈ ͙ͫͤͣͦ͟ 

͔͙ͨͪͦ͒ͦͣ ͒ͦ муфу ͎ΦΣ ;ͭͦ ͍͔͔ͨͦ͒ͭͪ͗͒͊ͭͫΎ ͙͙ͤͫͪͨͭͦͣ͟ ͤ͊ ͔͎ͦ ͔ͦ͋ͦͪͦͭ όом ͣ͊Ύ муут ͎ΦύΦ 

ˮͫͭͦ;͙ͤ͟Υ ώсϐΦ 
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˨͊ͤͤ·ͣ ͙͍ͤͦͪͣ͊ͭͤͦπͨ ͍͍ͪ͊ͦ·ͣ ͊ͭͦͣ͟ ό͔͔͒͊͡ ς ˹ ˽ˢύ ΄ͭ͊͋π ͙ ͔ͦ͋ͪπͦ ͺ͙ͼ͔ͪ͊ͣ ˽˿ ͋·͙͡ ͍͍͔͔͒ͤ· 

͙ͣͯͤ͒ͪ· ͔ͫ͒ͯ͡Ό΅͔͎ͦ ͍͙͒͊Υ  

ζ͔́ͣͤͦπ͘ ͔͔͎ͤͦͦ͡ ͫͯͤ͊͟Σ ͍͒ͯ͋ͦͪͭͤ·͚Σ ͔͎͙͍͔͊ͫͭ͊ͭͫ͘Ύ ͤ͊ с ͦͦ͘͡;͔ͤ·ͻ ͎͙͊͒͟͡ͻ ͎͍͙ͨͯͦͼΦ 

ˤ͙ͦͪͦͭͤ͟ ͎͔͊ͪͯͤͤ͘͟͡·͚Σ ͔ͭͣͤͦπ͘ ͔͔ͤ͡·͚Σ ͔͎͙͍͔͊ͫͭ͊ͭͫ͘Ύ ͤ͊ ͙ͦ͒ͤ ͪ͟Ό;ͦ͟Σ ͤ͊ ͍͙͔ͦͪͦͭͤ͟ ͙͔͔ͣͭͫΎ 

͔͙ͨͭ͡ͼ͊ ͙͘ ͍͔ͫͭͦ͡π͘ ͔͔͎ͤͦͦ͡ ͫͯͤ͊͟Σ ͙͒ͤͦ͡Ό ͒ͦ ͔͎͊͒ͤͦ͘ ͔ͪ͋ͪ͊ ͔ͨ͡;͔͍͎ͦͦ ͎ͨͦͦͤ͊Σ ͊ ΄͙͙ͪͤͦΌ ͍ м 

͍͔ͪ΄ͦ͟Φ ˭͙͔͊͒ͤ ͊ͪͣ͊ͤͤ͟·͔ ͊ͨ͊ͤ͟͡· ͍·͔ͪͤ͘·͔Σ ͍ ͙ͭͪ ͣ·ͫ͊͟Φ ˽ͦ ͋ͦͪͭͯ ͙ͣͯͤ͒ͪ͊Σ ͨͦ ͍͔ͪͻͯ ͍͙ͦͪͦͭͤ͊͟ 

͙ ͤ͊ ͊ͪͣ͊ͤͤ͟·ͻ ͊ͨ͊ͤ͊͟͡ͻ ͍·ͨͯ΄͊͟ ͍͔ͫͭͦ͡π͘ ͔͔ͤ͊͡ΎΦ ˻͋΄͎͊͊͡ ͨͪΎͣ·͔Σ ͔ͭͣͤͦπ͘ ͔͔͎ͤͦͦ͡ ͫͯͤ͊͟Σ ͫͦ 

͍͔ͫͭͦ͡π͘ ͔͔ͤͦ͡Ό ͨͦ ͍͔ͪͻ͔ͤͣͯ ͪ͊͟Ό ͍·ͨͯ΄ͦ͟ΌΦ ˽ͦ͒͊͒͊͟͟͡ ͨͦ͒ ͍͙ͦͪͦͭͤͦͣ͟ ͍͔ͫͭ͡πͦ͘ ͔͔ͤ͊͡ΎΣ ͊ ͨͦ͒ 

͙ͣͯͤ͒ͪͦͣ ͔͍ͫͭ͊ͣ͒ͦ͊Ύ ͔ͭͣͤͦπ͘ ͔͔ͤ͊͡ΎΦ 

˿ ͚͊͗͒ͦ͟ ͫͭͦͪͦͤ· ͍͙ͦͪͦͭͤ͊͟ ͤ͊ ͔͊ͨ͊ͤ͟͡ ͙ ͤ͊ ͦ͋΄͎͊͊͡ͻ ͤ͊΄͙͍͊ΌͭͫΎ ͔͙ͨͭ͡ͼ·Σ ͫ ͎͍͙ͨͯͦͼ͙͊ͣΣ 

͙͘ ͎ͦͦͭͦͦ͘͡ ͎͊ͯͤ͊͡Υ ͤ͊ ͍͙͔ͦͪͦͭͤ͟ ͨͦ ͚ͦ͒ͤͦΣ ͊ ͤ͊ ͦ͋΄͎͊͊͡ͻ ͨͦ ͍͔͒Φ ˽͔͡;͔͍·͔ ͎ͨͦͦͤ· ͫͯ΅͔͍ͫͭͯΌ΅͔͎ͦ 

ͦ͋ͪ͊͘ͼ͊ηΦ 

˹͙͙͗ͤͣ ;͙ͤ͊ͣ ˽˿ ͋·͡ ͍͔ͯͫͭ͊ͤͦͤ͡ ͙ͣͯͤ͒ͪ ͫ ͦͭͦ͗ͤ͡·ͣ ͍͙ͦͪͦͭͤͦͣ͟Υ  

ζ͔́ͣͤͦπ͘ ͔͔͎ͤͦͦ͡ ͫͯͤ͊͟Σ ͍͒ͯ͋ͦͪͭͤ·͚Σ ͔͎͙͍͔͊ͫͭ͊ͭͫ͘Ύ ͤ͊ с ͔ͣ͒ͤ·ͻΣ ͎͙͊͒͟͡ͻ ͎͍͙ͨͯͦͼΥ ͍͙ͦͪͦͭͤ͟ 

͎͔͊ͪͯͤͤ͘͟͡·͚Σ ͚ͦͭͦ͗ͤͦ͡Σ ͫͦ ͍͔ͫͭͦ͡π͘ ͔͔ͤͦ͡Ό ͍͎ͦͪͯ͟ ͎ͦͤͦͦ ͍·ͨͯ΄ͦ͟ΌΤ ͍͔͙͡;͙ͤ͊ ͔͎ͦ ͭ͊͊͟ΎΣ ;ͭͦ͋· ͦͤ 

͊͘΅͙΅͊͡ ΄͔Ό ͙ ͔ͤ ͔ͣ΄͊͡ ͍͙͔͙͒͗ͤΌ ͎͍ͦͦ͡·Τ ͙ͫͤͯ͘ ͦͤ ͔͎͙͍͔͊ͫͭ͊ͭͫ͘Ύ ͤ͊ ͍͒͊ ͪ͟Ό;͊͟Φ ˹͊ ͍ͦͭͦͪͦͭ͊ͻ 

͍͙ͦͪͦͭͤ͊͟ ͙͔ͣΌͭͫΎ ͔͙ͨͭ͡ͼ· ͙͘ ͍͔ͫͭͦ͡π͘ ͔͔͎ͤͦͦ͡ ͫͯͤ͊͟Τ ͙͒ͤ͊͡ ͍͙ͦͪͦͭͤ͊͟ ͦͦͦ͟͡ мл ͍͔ͪ΄͟ΦΣ ͊ 

΄͙͙ͪͤ͊ оκп ͍͔ͪ΄Φ ˨͙ͤ͊͡ ͔͙ͨͭ͡ͼ· нΣ ͊ ΄͙͙ͪͤ͊ м ͍͔ͪ΄Φ ˽͎ͦͦͤ· ͍͔ͫͭͦ͡π͘ ͔͔͎ͤͦͦ͡ ͫͯͤ͊͟ ͔͋͘ ͍·ͨͯ΄͙͟Φ 

˻͋΄͎͊͊͡ ͎ͦ͒ͤͦͦ ͼ͍͔ͭ͊ ͫ ͙ͣͯͤ͒ͪͦͣΣ ͫ ͍͔ͫͭͦ͡π͘ ͔͔ͤͦ͡Ό ͨͦ ͍͔ͪͻͯ ͍·ͨͯ΄ͦ͟ΌΣ ͙ͨͪ΄͙͍͊ΌͭͫΎ ͨͦͭͤͦ͡ ͟ 

͍ͪͯ͊ͯ͟Φ ͙͙̊ͪͤ͊ ͦ͋΄͎͊͊͡ пΣ ͊ ͙͒ͤ͊͡ о ͍͔ͪ΄Φ ˴͊ͪͣ͊ͤ· ͨͦ ͋ͦ͊ͣ͟Σ ͙͔ͤ͗ ͙͙ͭ͊͡Σ ͫ ͔͔ͨͦͨͪ;ͤ·͙ͣ 

͙͊ͨ͊ͤ͊ͣ͟͡Σ ͙͒ͤͦ͡Ό пмκнΣ ΄͙͙ͪͤͦΌ моκп ͍͔ͪ΄Φ ˿͙ͨͤ͊͟ ͼ͔͡Έͤ͊ΎΦ ˨͙ͤ͊͡ ͙ͣͯͤ͒ͪ͊ ͦͭ ΄͍͊ ͍͙ͦͪͦͭͤ͊͟ ͨͦ 

͙͔ͫͨͤ͟Σ ͤ͊ ͔͙͚ͫͪ͒ͤ ͪͦͫͭΣ м ͊ͪ΄Φ ммκн ͍͔ͪ΄Φ ˽ͦ͒͊͒͊͟͟͡ ͍ ͍ͪͯ͊͊͟ͻ ͙ ͨͦ͒ ͙ͣͯͤ͒ͪͦͣ ͻͦ͡΅͔͍͊ΎΣ ͊ ͨͦ͒ 

͙ͨͦ͊ͣ͡ ͔͚͊ͪ͊ͤ͊͘͟ΎΦ ˹͊ ͙͔ͫͨͤ͟ ͙ͣͯͤ͒ͪ ͫͭΎ͎͙͍͔͊ͭͫΎ ͔͔ͨͪͣ·;ͦ͟Ό ͙͘ ͍͚͎͒ͦͤͦͦ ͫͯͤ͊͟Σ ͙͒ͤͦ͡Ό рΣ 

΄͙͙ͪͤͦΌ м ͍͔ͪ΄ΦΣ ͔͎͙͍͊ͫͭ͊͘Ό΅͔͚ͫΎ ͤ͊ н ͎͍͙ͨͯͦͼ·Σ ͔ͨͦͫ͊͗ͤͤ·͔ ͨͦ ͙ͦ͋ͦͣ ͪ͊͟Ύͣ ͙͙ͫͨͤ͟ ͙͍ͨͪͦͭ 

͙͙ͭ͊͡Φ ́͊͊͟Ύ ͔͗ ͔͔ͨͪͣ·;͊͟Σ ͤͦ ͔ͯ͗ ͫ п ͎͍͙ͨͯͦͼ͙͊ͣΣ ͙͔͔ͣͭͫΎ ͨͦ͒ ͍͙ͦͪͦͭͤͦͣ͟ ͒͡Ύ ͔͎͙͍͙͊ͫͭ͊ͤ͘ΎΣ 

͎ͦ͒͊͟ ͦͤ ͨͦ͒ͤΎͭΦ ̂ ͍͊ͻ͙͍ͣͫͭͪͦΣ ͺ͔͡Έ͒ͺ͔͔͔͚͋͡ ͙ ͔ͯͤͭͪπͦ ͺ͙ͼ͔͍ͪͦ ͨͦ ͍͔ͪͻͯ ͦ͋΄͎͍͊ͦ͡ ͤ͊΄͙͍͔͊ͭͫΎ 

͚ͦͦͭͦ͘͡ ͨͦͯ͡΄͙͚ͭ͊͋ͫ͟ ͎͊ͯͤ͡Φ 

˻͙ͭ͡;͙Ύ ͤ͊ ͎ͨͦͦͤ͊ͻ ͙ ͤ͊΄͙͍͙͟ ͤ͊ ͔͍ͦͣ͡ ͍͔ͪͯ͊͟ ͦͫͭ͊ΌͭͫΎ ͤ͊ ͔͙ͨͪ͗ͤͻ ͍͙ͨͪ͊͊͡ͻηΦ 

͙̇ͪͯ͟͡Ύͪͦͣ ͨͦ ͔́͊ͣͦ͗ͤͤͦͣͯ ͍͔͍͒ͦͣͫͭͯ ͦͭ мл ͔ͫͤͭΎ͋ͪΎ мусп ͎Φ Ѕ ф ͋·ͦ͡ ͦ͋ΆΎ͍͔ͤͦ͡ ζмύ ͙͙͔ͦͨͫ͊ͤ 

ͺͦͪͣ· ͔ͦ͒͗͒· ͎͔͔͍ͤͪ͊ͦ͡ ˽͎͙ͦͪ͊ͤ;͚ͤͦ ˿͙ͭͪ͊͗Σ ͊ ͔ͭ͊͗͟ ͔ͤͦͭͦͪ͟·ͻ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·ͻ ͙͔͔͙͚ͣͤͤ͘ ͍ 

͙͍͙͙ͦ͋ͣͯͤ͒ͪͦ͊ͤ ͍ͦͦ͋΅͔ ;͙͍ͤͦ ˿͙ͭͪ͊͗Σ ͙ нύ ͔ͭ͊͋͡Έ ͦ ͔͙͙ͫͤ͊͋͗ͤ ͙͙ͤ͗ͤͻ ;͙͍ͤͦ ˽͎͙ͦͪ͊ͤ;͚ͤͦ 

˿͙ͭͪ͊͗ ͙͍͙͔ͦ͋ͣͯͤ͒ͪͦ͊ͤͣΣ ͙͊ͣͯͤ;ͤ·͙ͣ ͙ ͎ͦͤͫͦͦ͟͟ ͙ͨͪ͋ͦͪ͊ ͍͔΅͙͊ͣη ώоΣ ˶Φ ппсπппуΤ тϐΦ 

˨͊ͤͤ·ͣ ˹˽ˢ ͋·ͦ͡ ͦ͋ΆΎ͍͔ͤͦ͡ ͦ ͙͍͔͙͙ͨͪͫͦͤ ͎͔͔ͤͪ͊͊ͣ͡ ˽˿ ͺͦͪͣ·Σ ͔͔ͪ͊ͤ ͍͔͚ͯͫͭ͊ͤͦͤͤͦ͡ ͒͡Ύ ͔͔ 

ͦͺ͙ͼ͔͍ͪͦΣ ͫͦ ͔ͫ͒ͯ͡Ό΅͙͙ͣ ͙͔͔͙ͣͤͤ͘Ύ͙ͣ ͍ ;͙͊ͫͭΣ ͊ͫ͊͟Ό΅͔͚ͫΎ ͙͍ͣͯͤ͒ͪͦΥ ζ͔͙ͨͭ͡ͼ· ͤ͊ ͍͙͔ͦͪͦͭͤ͟ ͙ 

ͦ͋΄͎͊͊͡ͻΣ ͍͔ͣͫͭͦ ͦͦͭ͘͡·ͻ ͎͊ͯͤͤ͡·ͻΣ ͙͔ͣͭΈ ͦͦͭ͘͡·͔ ΄͙ͭ·͔ΧηΦ  

˽ͯͤͭͦͣ͟ о ͙ͨͪ͊͊͘͟ ͔̊ͺ͊ ˽˿ ό͔͔͒͊͡ ς ˽̊˽˿ύ ͦͭ ол ͦͭ͟Ύ͋ͪΎ муфо ͎Φ Ѕ н ώуΣ ˿Φ мϐ ͋·ͦ͡ ͦ͋ΆΎ͍͔ͤͦ͡ ͦ 

ͭͦͣΣ ;ͭͦ ͙ͫͭͪ͊͗ͤ͊ͣ͟ ͙ ͦ͋Ά͔͒͘;͙͊ͣ͟ ͍͙͍͔ͯͫͭ͊ͤ͊͊ͭͫ͡Ύ ͦͭͨͯͫ͟ ΄͙͔͔͚ͤ͡ ͎ͦ͒ͤͦͦ ͙ ͎ͭͦͦ ͔͗ ͦ͋ͪ͊͘ͼ͊ 

ό͍͔͙͚͎͊͊ͪͫͦͦ͟͟͡Σ ͫ ͦ͋΄͎͙͊͊ͣ͡ ͣ·ͫͦͣ͟ύ ό˾͙ͫͯͤͦ͟ оύΦ ˴͔ͪͦͣ ͎ͭͦͦΣ ͍͔ͫͣ ͦͤͤ͟·ͣ ;͙ͤ͊ͣ ͎͙ͨͦͪ͊ͤ;͚ͤͦ 

͙ͫͭͪ͊͗ ͍͙͍ͯͫͭ͊ͤ͊͊ͦͫ͡͡Έ ͤͦ΄͔͙͔ͤ ͙͍ͨͪΎͤ͘·ͻ ΄ͨͦͪΣ ͨͦ ͦ͋ͪ͊͘ͼͯ ͙ͨͪͤΎͭͦͣͯ ͍ ͍͔͙͙͊͊ͪ͟͡ ώфϐΦ 

˹͔ͦ͋ͻ͙ͦ͒ͣͦ ͔͙ͦͭͣͭͭΈΣ ;ͭͦ ͙͍ͨͪΎͤ͘·͔ ΄ͨͦͪ· ͋·͙͡ ͍͍͔͔͒ͤ· ͍ ͔ͭ͊͋͡Έ ͫͤ͊ͪΎ͔͙͗ͤΎ ͦ͋Ά͔͒͘;͙͍ͦ͟ ͭͦ͡Έͦ͟ 

͍ мфлу ͎Φ ˽̊˽˿ ͦͭ мл ͙Ό͡Ύ Ѕ оо ώмлΣ ˿Φ нΤ ммϐΦ   

ˤ муфу ͎Φ ͎ͫͦ͊ͫͤͦ͡ ˽̊˽˿ ͦͭ ом Ύ͍ͤ͊ͪΎ Ѕ р ͦ͋΄͎͊͊͡ ͙͍ͣͯͤ͒ͪͦ ;͙͍ͤͦ ˻˴˽˿ ͍͔ͣͫͭͦ ͨͪΎͣ·ͻ 

ͨͦͯ͡;͙͙͡ ͺͦͪͣͯ ͣ·ͫͦͣ͟ ώмнΣ ˿Φ ммуπммфΤ моϐ ό˾͙͙ͫͯͤ͟ пπтύΦ  
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˾͙ͫͯͤͦ͟ о ς ˹͙͙͔͗ͤ ;͙ͤ· ˽˿ ͍ ͙͔ͣͯͤ͒ͪ ͦ͋ͪ͊͘ͼ͊ мусп ͎Φ ό͔͍ͫ͊͡ύ ͙ ͙͔͙́ͤ͡ ͍͔͙͚͎͊͊ͪͫͦͦ͟͟͡ ͦ͋ͪ͊͘ͼ͊ 

 ό͍ͫͨͪ͊͊ύ ͎ͫͦ͊ͫͤͦ͡ ͤͦͪͣ͊͡Έ͚ͤͦ ͔͙ͭ͊͋͡ ͍͔΅͔͍͎ͦͦ ͍͒ͦͦ͡Έ͍͙ͫͭΎ ͙͍͙ͦ͋ͣͯͤ͒ͪͦ͊ͤΎΣ ͍͔͔͚ͯͭͪ͗͒ͤͤͦ 

˽̊˽˿ ͦͭ ну ͣ͊Ύ муфп ͎Φ Ѕ нп ώмпΣ ˿Φ мϐΦ 

ˮͫͭͦ;͙ͤ͟Υ ώмрϐΦ 
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25 

 

 
 

˾͙ͫͯͤͦ͟ п ς ̊ͭ͊͋ͫπͪ ͙ͦͭͣͫͭͪ ˻˴˽˿ ˮ͙ͦͫͺ ̆͊ͻͼ͔͍͙; ͙́ͦͨͯͪΎ ͍ ͙͔ͣͯͤ͒ͪ ͦ͋ͪ͊͘ͼ͊ муспκмуфу ͎͎Φ  

˻͋΄͎͊͊͡ ͣ·ͫͦͣ͟ ͙ ͎͙͔͊͒͟͡ ͎͍͙ͨͯͦͼ· ͍ͨͦͦ͘͡ΎΌͭ ͙͍͒͊ͭͪͦ͊ͭΈ ͙ͫͤͣͦ͟ ͔͙ͨͪͦ͒ͦͣ муфуςмфлп ͎͎ΦΣ  

;ͭͦ ͍͔͔ͨͦ͒ͭͪ͗͒͊ͭͫΎ ͒͊ͤͤ·͙ͣ ͔͎ͦ ͎ͨͦͫͯ͗ͤͦͦ͡ ͙ͫͨͫ͊͟Υ ;͙ͤ ΄ͭ͊͋ͫπͪ ͙ͦͭͣͫͭͪ͊ ˮΦ̆Φ ͙́ͦͨͯͪΎ  

͙͔ͣ͡ ͍ ͔͙ͨͪͦ͒ мфлмςмфлр ͎͎Φ  ώмсϐΦ 

ˮͫͭͦ;͙ͤ͟Υ ˴͔ͦ͟͡͡ͼ͙Ύ ˣΦˤΦ ͔́ͪͣ͊Φ  
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26 

 

 

 
 

˾͙ͫͯͤͦ͟ р ς ̊ͭ͊͋ͫπͪ ͙ͦͭͣͫͭͪ ˻˴˽˿ ͍ ͙͔ͣͯͤ͒ͪ ͦ͋ͪ͊͘ͼ͊ муспκмуфу ͎͎Φ ˽͎͍͙ͯͦͼ· ͫ ͙͔͙͔ͦ͋ͪ͊͗ͤͣ͘ 

͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͎͔ͪ͋͊ ͍ͨͦͦ͘͡ΎΌͭ ͙͍͒͊ͭͪͦ͊ͭΈ ͙ͫͤͣͦ͟ ͔͙ͨͪͦ͒ͦͣ ͔ͤ ͔͔ͪ͊ͤ мфлп ͎ΦΣ  

ͤͦ΄͔͙͔ͤ ͙ͣͯͤ͒ͪ͊ ͎͒͊ͤͤͦͦ ͦ͋ͪ͊͘ͼ͊ ςͤ ͔ ͔͔ͨͦ͒ͤ͘ мфлф ͎Φ 

ˮͫͭͦ;͙ͤ͟Υ ˴͔ͦ͟͡͡ͼ͙Ύ ˴Φ˹Φ ˿͎ͦͦͯ͋͊͡Φ  
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˾͙ͫͯͤͦ͟ с ς ˹͙͙͚͗ͤ ;͙ͤ ͔ͯͤͭͪπͦ ͺ͙ͼ͔͎ͪͫͦͦ͟ ͍͙͊ͤ͘Ύ ˻͙͙ͤͫͣ ˴͊ͻ͍͊ͤͦ ͍ ͙͔ͣͯͤ͒ͪ ͦ͋ͪ͊͘ͼ͊ муспκмуфу ͎͎Φ 

˻͋΄͎͊͊͡ ͣ·ͫͦͣ͟ ͙ ͎͙͔͊͒͟͡ ͎͍͙ͨͯͦͼ· ͍ͨͦͦ͘͡ΎΌͭ ͙͍͒͊ͭͪͦ͊ͭΈ ͙ͫͤͣͦ͟ ͔͙ͨͪͦ͒ͦͣ муфуςмфлп ͎͎Φ 

ˮͫͭͦ;͙ͤ͟Υ ˴͔ͦ͟͡͡ͼ͙Ύ ˤΦˤΦ ˢ͍͔͔͍͒͊Φ  
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28 

 

 

 

 

 

 
 

˾͙ͫͯͤͦ͟ т ς ˹͙͙͔͗ͤ ;͙ͤ· ͪΎ͍͎͒ͦͦͦ ͍͙͊ͤ͘Ύ ͍ ͙ͣͯͤ͒ͪ͊ͻ ͦ͋ͪ͊͘ͼ͊ муспκмуфу ͎͎Φ  мс ͺ͔͍ͪ͊͡Ύ мфлу ͎Φ 

ό˨͙͍͊ͭͪͦ͊͟ ͨͦ ͙͙ͤͫͪͨͭͯ͟ ͤ͊ ͔ͦ͋ͦͪͦͭ ͙ͫͤͣ͊͟ύΦ 

ˮͫͭͦ;͙ͤ͟Υ ˴͔ͦ͟͡͡ͼ͙Ύ ˣΦˤΦ ͔́ͪͣ͊Φ  

 

 



˹ˢ̂̉˹̍˯ ˬ ̂˾˹ˢ˶ ζ IN SITU η                    ISSN (p) 2411-7161 / ISSN (e) 2712-9500                    Ѕ3 / 2026 

 

 

29 

ˤ мфлп ͎Φ ͙ͨͪ͊ͦͣ͘͟ ͨͦ ͍͔ͦͤͤͦͣͯ ͍͔͍͒ͦͣͫͭͯ ό͔͔͒͊͡ ς ˽ˤˤύ ͦͭ ом ͍͎͊ͯͫͭ͊ Ѕ рму ͋·ͦ͡ ͦ͋ΆΎ͍͔ͤͦ͡ ͦ͋ 

͍͔͙͙ͯͫͭ͊ͤͦͤ͡Σ ͔͙ͫͪ͒ ͨͪͦ;͙ͻ ͔͎͙͚͊ͭͦͪ͟ ͍͔ͦͤͤͦͫͯ͗͊͡΅͙ͻΣ ;͙ͤ͊ͣ ˻˴˽˿ ͎͍͙ͨͯͦͼ ͫ ͙͔͙͔ͦ͋ͪ͊͗ͤͣ͘ 

͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͎͔ͪ͋͊ ͍͔ͣͫͭͦ ͔͔ͪ͊ͤ ͙ͫͨͦ͡Έ͍͍ͦ͊͘΄͙ͻͫΎ ͎͙͊͒͟͡ͻ ώмтϐΦ  

˾͙͊͒͊͟͡Έ͔ͤͦ ͙͔͔͙͔ͣͤͤ͘ ͍͔ͤ΄͔͎ͤͦ ͍͙͒͊ ͙͍ͣͯͤ͒ͪͦ ;͙͍ͤͦ ˻˴˽˿ ͙ͨͪͦͦ͘΄ͦ͡ ͍ мфлф ͎Φ ˽̊˽ ˿ͦͭ мс 

͔ͫͤͭΎ͋ͪΎ Ѕ рн ώмуΣ ˿Φ мϐ ͋·ͦ͡ ͦ͋ΆΎ͍͔ͤͦ͡ ͙͙͔ͦͨͫ͊ͤ ͺͦͪͣ· ͙͍͙ͦ͋ͣͯͤ͒ͪͦ͊ͤΎ ͒͡Ύ ͎͔͔͍ͤͪ͊ͦ͡Σ ͦͺ͙ͼ͔͍ͪͦ 

͙ ͙͙ͤ͗ͤͻ ;͙͍ͤͦ ˻˴˽˿ ώмфϐ ό˾͙͙ͫͯͤ͟ уπфύΦ  

˨͡Ύ ͙͙ͤ͗ͤͻ ;͙͍ͤͦ ͋·͡ ͍͔ͯͫͭ͊ͤͦͤ͡ ͙ͣͯͤ͒ͪ ͔ͫ͒ͯ͡Ό΅͔͎ͦ ͍͙͒͊Υ 

ζ˨͍ͯ͋ͦͪͭͤ·͚Σ ͊͡ͼ͎͊ͤͤͦͦ͟ ͨͦͪͦ͟ΎΣ ͦ͋ͪ͊͘ͼ͊Σ ͍͔͎ͯͫͭ͊ͤͦͤͤͦͦ͡ ͙ͨͪ͊ͦͣ͘͟ ͨͦ ͍͔ͦͤͤΦ ͍͔͒Φ мфлу ͎ΦΣ Ѕ 

мррΣ ͒͡Ύ ͔͚͙͊ͪͣͫ͟ͻ ͙ͯ͊ͤͫ͟͡ͻ ͍ͨͦͦ͟͡Σ ͤͦ ͫͦ ͔ͫ͒ͯ͡Ό΅͙͙ͣ ͍ ͙ͤͻ ͙͔͔͙ͣͤͤ͘Ύ͙ͣΥ 

мύ ͙ͣͯͤ͒ͪ ͙͎͍ͦͭͦ͘͡Ύ͔ͭͫΎ ͙͘ ͔ͭͣͤͦπ͘ ͔͔͎ͤͦͦ͡ ͫͯͤ͊͟Τ 

нύ ͔͋͘ ͔͎ͤ͊ͫͭ͗ͤͦͦ ͊͡ͼ͊ͤ͊͟ ͙ ͍·ͨͯ΄͔͟ ͨͦ ΄͍͊ͣ ͙͙ͫͨͤ͟Σ ͍͍ͪͯ͊ͦ͟ ͙ ͙͔ͤ͗ͤͣͯ ͪ͊͟Ό ͨͦ͡Τ 

оύ ͍͙ͦͪͦͭͤ͟ ͙͘ ͍͔ͫͭͦ͡π͘ ͔͔͎ͤͦͦ͡ ͫͯͤ͊͟Σ ͊ ͊ͨ͊ͤ͟͡· ͤ͊ ͔ͤͣ ͙͘ ͔ͭͣͤͦπ͘ ͔͔͎ͤͦͦ͡Σ ͔͎ͨͦͦ͗ͤͤͦͦ͡ ͤ͊ 

ͦͦ͟͡·΄͙ ͒͡Ύ ͺ͔ͯͪ͊͗͟Τ 

пύ ͍·ͨͯ΄͙͟Υ ͨͦ ͍͙ͦͪͦͭͤͯ͟Σ ͔͍ͦͣͯ͡ ͋ͦͪͭͯΣ ͣ·ͫ͊ͣ͟ ͙ ͍ͫͦ͋ͦ͒ͤ·ͣ ͫͭͦͪͦͤ͊ͣ ͊ͪͣ͊ͤͤ͟·ͻ ͍͊ͨ͊ͤͦ͟͡Σ 

ς ͙͘ ͍͔ͫͭͦ͡π͘ ͔͔͎ͤͦͦ͡ ͫͯͤ͊͟Τ 

рύ ͦ͋΄͎͊͊͡ ͙ ͍·ͨͯ΄͊͟Σ ς ͙͘ ͍͔ͫͭͦ͡π͘ ͔͔͎ͤͦͦ͡ ͫͯͤ͊͟Τ 

сύ ͔ͨ͡;͔͍·͔ ͎ͨͦͦͤ· ͙͘ ͍͔ͫͭͦ͡π͘ ͔͔͎ͤͦͦ͡ ͫͯͤ͊͟ ͫ ͍·ͨͯ΄͚ͦ͟ ͙͘ ͎ͭͦͦ ͔͗ ͫͯͤ͊͟Φ ˹͊ ͎ͨͦͦͤ͊ͻ ͔ͨͦͦ͗ͤͦ͡ 

͙͔ͣͭΈ ͙͙͡ ͍͔͔͔͍ͤͯ͘͡Ό ͤ͊͊͒ͤͯ͟͡Ό ΄͙ͺ͍ͪͦͯ͟Σ ͦͣͯ͟ ͍ͭ͊ͦ͊͟Ύ ͙͍͔ͨͪͫͦͤ͊Σ ͙͙͡ ͤ͊͊͒ͤͯ͟͡Ό ͔ͤͦͣͪͤͯΌΣ 

͎ͫͦ͊ͫͤͦ͡ ͙͙ͦͨͫ͊ͤΎ4Σ ͙ͨͪ ͔ͫͣ ͙͎͔͎ͨͪ͊͊ͣͦͦ͡ ό͙ͨͪ͡Φ Ѕ мύΦ 

тύ ͙ͦͭ͡;͙Ύ ͤ͊ ͎ͨͦͦͤ͊ͻ ͦͫͭ͊ΌͭͫΎ ͤ·͔ͤ ͫͯ΅͔͍ͫͭͯΌ΅͔͎ͦ ͦ͋ͪ͊͘ͼ͊Υ ͙͘ ͔͚͗ͭͦ͡ ͚ͯͦ͘͟ ͎͚͊ͪͯͫͤͦ ͔ͭͫΈͣ· 

͙ ΄͙͎ͪͦͦͦ͟ ͎ͦͦͭͦͦ͘͡ ͎͊ͯͤ͊͡Τ 

уύ Ή͔ͨͦͭ͡· ͔ͤ ͎ͨͦ͊͊͡ΌͭͫΎΤ 

ˤ͔ͣͫͭͦ ͎͊ͫͭͯ͡ͻ͊Σ ͤ͊ ͔͍ͦͣ͡ ͦͤ͟ͼ͔ ͍͙ͦͪͦͭͤ͊͟Σ ͫ ͍͔͔͚ͤͯͭͪͤͤ ͫͭͦͪͦͤ·Σ ͤ͊΄͙͍͔͊ͭͫΎ ͊ͨ͊ͤ͟͡ ͙͘ ͔ͭͣͤͦπ

͔͔͎ͤͦͦ͘͡ ͫͯͤ͊͟Σ ͙ͭ͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ;ͭͦ͋· ͍͔ͪͻ͙͚ͤ ͚ͪ͊͟ ͔͎ͦ ͙ͨͪͻ͙ͦ͒ͫ͡Ύ ͔ͤͫͦ͟͡Έͦ͟ ͍·΄͔ ͍͔ͪͻ͔͚ͤ ͔͙ͨͭ͡ 

͒͡Ύ ͪ͟Ό;͊͟ ͍͙ͦͪͦͭͤ͊͟Φ 

˽͙͔ͪͣ;͙͔͊ͤΥ ̆ͦͪͤ·ͣ ͣͯ͘·͊ͤͭ͊ͣ͟ ς ͔ͤ͊ͨ͡;͙͙ͤ͟ ͫͯ΅͔͍ͫͭͯΌ΅͔͎ͦ ͦ͋ͪ͊͘ͼ͊5ηΦ 

ˤ ͙ͦͭ͡;͙͔ ͦͭ ͙ͣͯͤ͒ͪ͊ ͦ͋ͪ͊͘ͼ͊ мусп ͎Φ ͦͺ͙ͼ͔͙͚ͪͫ͟ ͙ͣͯͤ͒ͪ ͦ͋ͪ͊͘ͼ͊ мфлф ͎Φ ͔ͤ ͙͔ͣ͡ 

͙ͨͪͤͼ͙͙ͨ͊͡Έͤ·ͻ ͙ͦͭ͡;͙͚ ͦͭ ͙ͣͯͤ͒ͪ͊ ͙͙ͤ͗ͤͻ ;͙͍ͤͦΥ 

ζ˸͙ͯͤ͒ͪ ͙͘ ͔ͭͣͤͦπ͘ ͔͔͎ͤͦͦ͡ ͫͯͤ͊͟Σ ͎ͭ͊ͦͦ͟ ͔͗ ͦ͋ͪ͊͘ͼ͊Σ ͊͟͟ ͙ ͯ ͙͙ͤ͗ͤͻ ;͙͍ͤͦΤ ͍͙ͦͪͦͭͤ͟Σ ͊ͨ͊ͤ͟͡·Σ 

ͦ͋΄͎͊͊͡ ͙ ͍·ͨͯ΄͙͟Υ ͨͦ ͍͙ͦͪͦͭͤͯ͟Σ ͔͍ͦͣͯ͡ ͋ͦͪͭͯ ͙ͣͯͤ͒ͪ͊Σ ͣ·ͫ͊ͣ͟Σ ͦ͋΄͎͊͊ͣ͡ ͙ ͊ͪͣ͊ͤͤ͟·ͣ ͊ͨ͊ͤ͊ͣ͟͡Σ 

͊͟͟ ͯ ͙͙ͤ͗ͤͻ ;͙͍ͤͦ6Φ ˽͎͍͙ͯͦͼ· ͍·ͦͦ͘͡;͔ͤͤ·͔Φ 

˽͔͙ͭ͡ͼ· ͤ͊ ͊ͨ͊ͤ͊͟͡ͻ ͍͙ͦͪͦͭͤ͊͟ ͙ ͦ͋΄͎͍͊ͦ͡ ͍·΄͙ͭ·͔Σ ͦͦ͘͡;͔ͤ·͔Σ ͎͙͔͊͒͟͡Σ ͦ͋ͪ͊͘ͼ͊Σ 

͍͔͎ͯͫͭ͊ͤͦͤͤͦͦ͡ ͙ͨͪ͊ͦͣ͘͟ ͨͦ ͍͔ͦͤͤΦ ͍͔͒Φ мфлу ͎ΦΣ Ѕ нттΣ ͒͡Ύ ͦͺ͙ͼ͔͍ͪͦ ͎͙͒ͪ͊ͯͤͫ͟ͻ ͔͚͙͊ͪͣͫ͟ͻ ͍ͨͦͦ͟͡Σ 

͙ͨͪ;͔ͣ ͔͙ͨͭ͡ͼ· ͍·΄͙͍͊ΌͭͫΎ ͤ͊ ͊ͨ͊ͤ͊͟͡ͻ ͍͙ͦͪͦͭͤ͊͟ ͙ ͦ͋΄͎͍͊ͦ͡Φ ˴͊ͨ͊ͤ͡· ͤ͊ ͦ͋΄͎͊͊͡ͻ ͒ͦ͗ͤ͡· ͋·ͭΈ 

ͤ͊ мκу ͍͔ͪ΄͊͟ ΄͙͔ͪ ͙ ͙͔͔͒ͤͤ͡ ͔͙ͨͭ͡ͼ·Φ 

˹͊ ͔͙ͨͭ͡ͼ͊ͻ ͍͙ͦͪͦͭͤ͊͟ ͙ ͦ͋΄͎͍͊ͦ͡ ͨͦ ͚ͦ͒ͤͦ ͎͍͙ͨͯͦͼ͔Φ 

˽͎ͦͦͤ· ς ͤ ·͔ͤ ͫͯ΅͔͍ͫͭͯΌ΅͔͎ͦ ͦ͋ͪ͊͘ͼ͊Σ ͦͦͭ͘͡·͔Σ ͫ ͍͔͙ͨͪͦͫͭ͊ͣ ͙͘ ͍͔ͫͭͦ͡π ͘ ͔͔͎ͤͦͦ͡ ͫͯͤ͊͟ ͙ 

͍·ͨͯ΄ͦ͟Ό ͍͎ͦͪͯ͟ ͙͘ ͎ͭͦͦ ͔͗ ͫͯͤ͊͟Φ ˽͚ͦ͒͋ͦ ͙͘ ͔ͭͣͤͦπ͘ ͔͔͎ͤͦͦ͡ ͫͯͤ͊͟Φ ˹͊ ͎ͨͦͦͤ͊ͻ ͙͔ͣΌͭͫΎΣ ͨͦ ͦ͋ͪ͊͘ͼͯ 

͒͡Ύ ͙͙ͤ͗ͤͻ ;͙͍ͤͦΣ ͤ͊͊͒ͤ͊͟͡Ύ ό͔͎͋ͦͦ͡ ͔ͣͭ͊͊͡͡ύ ͔ͤͦͣͪͤ͊Ύ ΄͙ͺ͍ͪͦ͊͟Σ ͙͙͡ ͤ͊͊͒ͤ͟͡·͔ ͔͔ͫͪ͋ͪΎͤ·͔ 

͍͔͔͔͍ͤ͘͡·͔ ͙͔͙ͦ͋ͪ͊͗ͤ͘ΎΣ ͦͣͯ͟ ͍ͭ͊ͦ͟·Ύ ͙͍͔ͨͪͫͦͤ·Φ ˽ͦ͒ ͎͙ͨͦͦͤ͊ͣ ͙ͨͪ΄͙͍͊ΌͭͫΎ ͦͤͭͪ͟πͨ ͎ͦͦͤ;͙͙͟ ͙͘ 

͎ͯͦͦ͘͟ ͦͦͭ͊͘͡ ώͭ͊͟ ͍ ͙͎͙͔ͦͪͤ͊͡ ͔͒ͦͯͣͤͭ͊͟ ς ͙ͨͪͣΦ ͍͊ͭͦͪ͊ϐ ͎͊ͯͤ͊͡ ͒͡Ύ ͙͔͎͙͍͙ͨͪͫͭ͊ͤΎ Ή͔ͨͦͭ͡Φ 

˽͙͔ͪͣ;͙͔͊ͤΥ ͔̏ͨͦͭ͡· ͫͯ΅͔͍ͫͭͯΌ΅͔͎ͦ ͦ͋ͪ͊͘ͼ͊Σ ͫ ΄͙ͺ͍͚ͪͦͦ͟Σ ͙͙͡ ͍͔ͤπ ͔͔͍͘͡·͙ͣ ͙͔͙ͦ͋ͪ͊͗ͤ͘Ύ͙ͣΣ 

͊͟͟ ͤ͊ ͎ͨͦͦͤ͊ͻΦ ˽͚ͦ͒͋ͦ ͙͘ ͍͔ͫͭͦ͡π͘ ͔͔͎ͤͦͦ͡ ͫͯͤ͊͟ηΦ 

 
4 ζ͙̊ͺ͍ͪͦ͊͟ ͒ͦ͗ͤ͊͡ ͋·ͭΈ ͤ͊͊͒ͤ͊͟͡ΎΣ ͎͊͒͊͟͡ΎΣ ͙͘ ͔͎͋ͦͦ͡ ͔ͣͭ͊͊͡͡Φ ˹͔ͦͣͪ͊ ͤ͊͊͒͟͡·͍͊ΌͭͫΎ ͤ͊ ͎ͨͦͦͤ· ͤ͊ мκо 
͍͔ͪ΄͊͟ ͍·΄͔ ͙͔͎ͤ͗ͤͦ ͪ͊͟Ύ ͙ͻΦ ˹͔ͦͣͪ͊ ͙ ͙͔ͭͪ͡· ͔͍ͪ͊ͣͪͦ͘ тκу ͍ ͔ͪ΄͊͟ηΦ 
5 ˿ ͣΦΣ ͙͔ͤ͊ͨͪͣͪΣ ώнлΣ /Φ пмрΤ нмϐΦ 
6 ζ˴ ͊ͨ͊ͤ͡· ͤ͊ ͍͙͔ͦͪͦͭͤ͟ ͙ ͦ͋΄͎͊͊͡ͻ ͙͘ ͔ͭͣͤͦπ͘ ͔͔͎ͤͦͦ͡ ͫͯͤ͊͟ όͼ͎͊ͪͫͦͦ͟ ͼ͍͔ͭ͊ύηΦ 
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˾͙ͫͯͤͦ͟ у ς ̅ͦͪͣ͊ ͙͍͙ͦ͋ͣͯͤ͒ͪͦ͊ͤΎ ;͙͍ͤͦ ˻˴˽˿ ͦ͋ͪ͊͘ͼ͊ мфлф ͎Φ 

όˣ͙͎ͪ͊͒· ˩͍͔͚͚ͪͦͨͫͦ͟ ͙ ˢ͙͚͊ͭͫͦ͘͟ ˾͙͙ͦͫͫύΦ 

ˮͫͭͦ;͙ͤ͟Υ ώннΣ ͭ͊͋͡Φ он όуύϐΦ 
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˾͙ͫͯͤͦ͟ ф ς ˻͋Ά͔͒͘;͙͙͟ όΚύ нпπ͚  ˴ͪ·͚ͣͫͦ͟ ͙͎͋ͪ͊͒· ˻˴˽˿ ͍ ͙ͣͯͤ͒ͪ͊ͻ ͦ͋ͪ͊͘ͼ͊ мфлф ͎Φ 

˻͍͙͔ͭͫͯͭͫͭ ΄͔ͺ͙ͫ͟ͻ ͍͔͔͔͚ͤ͘͡ ͤ͊ ͎ͨͦͦͤ͊ͻ ͍ͨͦͦ͘͡Ύ͔ͭ ͙͍͒͊ͭͪͦ͊ͭΈ ͙ͫͤͣͦ͟ ͔͙ͨͪͦ͒ͦͣ мфлфςмфмо ͎͎Φ 

ˮͫͭͦ;͙ͤ͟Υ ˴͔ͦ͟͡͡ͼ͙Ύ ˴Φ˹Φ ˿͎ͦͦͯ͋͊͡Φ 
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˽͙ͪ͊ͦͣ͘͟ ͨͦ ͍͚ͦͫ͊ͣ͟ ˻˴˽˿ ͦͭ нл ͍͎͊ͯͫͭ͊ мфмм ͎Φ Ѕ фу ͋·ͦ͡ ͦ͋ΆΎ͍͔ͤͦ͡ ͔ͨͦ͒ͪͦ͋ͤͦ ͙͙͔ͦͨͫ͊ͤ 

͎ͨ͊ͪ͊͒ͤͦͦ ͙ͣͯͤ͒ͪ͊ ͒͡Ύ ͙͍ͫͭͪ͊͗ͤͦ͟ ͙ ͦ͋Ά͔͒͘;͙͍ͦ͟Σ ͯͭͦ;ͤΎ͍΄͔͔ ͙͙͔ͦͨͫ͊ͤ мфлф ͎Φ  

 

͔̊ͺ͙͔ͫ͟ ΄͙ͺ͍͙ͪͦ͟ ͤ͊ ͎ͨͦͦͤ͊ͻ ͙ Ή͔ͨͦͭ͊͡ͻ 

 

˽̊˽˿ ͦͭ нм ͤͦΎ͋ͪΎ мфлт ͎Φ Ѕ рр ˿͊ͤͭ͟π˽ ͔͔͎ͭͪ͋ͯͪͫ͊͟Ύ ͙͎͋ͪ͊͒͊ ˻˴˽˿ ͋·͊͡ ͔͔͙͔͍ͨͪͣͤͦ͊ͤ͊ ͍ 

˿͊ͤͭ͟π˽ ͔͔͎ͭͪ͋ͯͪͫͯ͟Ό ͙͔ͣͨͪ͊ͭͦͪ͊ ˢ͔ͫ͊ͤ͒ͪ͊͟͡ LLL ͙͎͋ͪ͊͒ͯ ˻˴˽˿ ͫ ͙͍͔͙͔ͨͪͫͦͤͣ ͔͔ ;͙ͤ͊ͣ ͤ͊ Ή͔ͨͦͭ͡· ͙ 

͎ͨͦͦͤ· ͎ͤ͊͊͒ͤͦͦ͟͡Σ ͼ͍͔ͭ͊ ͙͍͎ͨͪͦͭͦͨͦͦ͗ͤͦͦ͡ ͔͙ͣͭ͊͡͡;͔ͫͦͣͯ͟ ͙ͨͪ͋ͦͪͯΣ ͍͔͔͔͍͎ͤͦͦ͘͡ ͙͔͙ͦ͋ͪ͊͗ͤ͘Ύ 

͙͔͙ͣͤ ͙͔ͣͨͪ͊ͭͦͪ͊ ˢ͔ͫ͊ͤ͒ͪ͊͟͡ LLL ώноΣ ˿Φ мϐΦ 

˽̊˽˿ ͦͭ нр ͤͦΎ͋ͪΎ мфмо ͎Φ Ѕ сс ͋·ͦ͡ ͦ͋ΆΎ͍͔ͤͦ͡ ͦ ͙͔͍͙͙ͤ͊ͣͤͦ͊ͤ нпπ͚  ˴ͪ·͚ͣͫͦ͟  ͙͎͋ͪ͊͒· ˻˴˽˿ 

нпπ͚  ˴ͪ·͚ͣͫͦ͟ ˩͎ͦ ˮ͔͎ͣͨͪ͊ͭͦͪͫͦͦ͟  ˤ͔͙͡;͔͍ͫͭ͊ ͙͎͚͋ͪ͊͒ͦ ͫ ͙͍͔͙͔ͨͪͫͦͤͣ ͔͔ ;͙ͤ͊ͣ  ͤ͊ Ή͔ͨͦͭ͡· ͙ 

͎ͨͦͦͤ· ͎ͦͦͭͦͦ͘͡ ͍͎ͣ͊ͭͦͦͦ ͔͙ͣͭ͊͡͡;͔͎ͫͦͦ͟ ͎ͤ͊͊͒ͤͦͦ͟͡ ͍͔͔͔͍͎ͤͦͦ͘͡ ͙͔͙ͦ͋ͪ͊͗ͤ͘Ύ ͙͔͙ͣͤ ͙͔ͣͨͪ͊ͭͦͪ͊ 

˹͙ͦ͊͟͡Ύ LL ώнпϐΦ 

 

͙̅ͯͪ͊͗͟ 

 

͔́ͣͤͦπ͘ ͔͔ͤ͊͡Ύ ͫͯͦͤͤ͊͟Ύ ͺͯͪ͊͗͊͟ ͫͦ ͍͔ͫͭͦ͡π͘ ͔͔͚ͤͦ͡ ͍·ͨͯ΄͚ͦ͟ ͨͦ ͍͔ͪͻ͔ͤͣͯ ͪ͊͟Ό ͦͦ͟͡·΄͊ ͒͡Ύ 

;͙͍ͤͦ ˽˿ ͋·͊͡ ͍͍͔͔͒ͤ͊ ͍ мупр ͎Φ7 ώнрϐΦ ˹͊ ͙͍͔ͫͭͤͦͣ͘ ͼ͍͔ͭͤͦͣ ͙͔ͪͫͯͤ͟Σ ͍ͦͭͦ͋ͪ͊͗͊΄͔ͣ ͺͦͪͣͯ ˽˿ ͨͦ 

ͫͦͫͭͦΎ͙ͤΌ ͤ͊ ͍͎͊ͯͫͭ мусп ͎Φ8 ώрϐ ͺ͙ͯͪ͊͗͟ ͋·͙͡ ͙͔ͦ͋ͪ͊͗ͤ͘· ͔ͯ͗ ͫ ͔ͭͪͣΎ ͍͔ͫͭͦ͡π͘ ͔͔ͤ͡·͙ͣ ͍·ͨͯ΄͙͊ͣ͟ 

ς ͨͦ ͙ͦ͋ͦͣ ͪ͊͟Ύͣ ͦͦ͟͡·΄͊ ͙ ͍͔ͪͻ͔ͤͣͯ ͎ͪͯͯ͟Φ  

˿͎ͦ͊ͫͤͦ͡ ͍͔͔͚ͯͭͪ͗͒ͤͤͦ у ͔͊ͨͪ͡Ύ муфп ͎Φ ζ˹ͦͪͣ͊͡Έ͚ͤͦ ͔͙ͭ͊͋͡ ͍͔΅͔͍͎ͦͦ ͍͒ͦͦ͡Έ͍͙ͫͭΎ 

͙͍͙͔ͦ͋ͣͯͤ͒ͪͦ͊ͤͣ ͙͙ͤ͗ͤͻ ;͙͍ͤͦ ͔ͦͭ͒͡Έ͎ͤͦͦ ͦͪͨͯͫ͊͟ ͎͙ͨͦͪ͊ͤ;͚ͤͦ ͙ͫͭͪ͊͗ ͙ ͒ͦͫͣͦͭͪ΅͙͍ͦ͟ 

͔͎ͭ͊ͣͦ͗ͤͤͦͦ ͍͔͍͒ͦͣͫͭ͊ηΣ ͍͍͔͔͚͒ͤͤͦ ˽̊˽˿ ͦͭ ну ͣ͊Ύ муфп ͎Φ Ѕ нп ώмпΣ ˿Φ мϐΣ ͺͯͪ͊͗͊͟ ͙͙ͤ͗ͤͻ ;͙͍ͤͦ 

˻˴˽˿ ͙͔ͣ͊͡ ͒ͤͦΣ ͭͯ͡ΈΌ ͙ ͦͦ͟͡·΄ ͔ͭͣͤͦπ͘ ͔͔͎ͤͦͦ͡ ͼ͍͔ͭ͊Σ ͍·ͨͯ΄͙͟ ͨͦ ͪ͊͟Ύͣ ͦͦ͟͡·΄͊ ͙ ͨͦ ͍͔ͪͻ͔ͤͣͯ 

ͪ͊͟Ό ͺ͙ͯͪ͊͗͟ ς ͍͔ͫͭͦ͡π͘ ͔͔͎ͤͦͦ͡ ͼ͍͔ͭ͊ ώмрϐΦ  

ˮ͔͔͙͔ͣͤͤ͘ ͼ͍͔͍͚ͭͦͦ ͎͊ͣͣ· ͺ͔ͯͪ͊͗͟ ;͙͍ͤͦ ˻˴˽˿ ͋·ͦ͡ ͍͍͔͔͒ͤͦ ͔ͯ͗ ͙͍ͯͨͦͣͤ͊΄͙ͣͫΎ ͍·΄͔ 

˽̊˽˿ ͦͭ мс ͔ͫͤͭΎ͋ͪΎ мфлф ͎Φ Ѕ рнΣ ͎ͫͦ͊ͫͤͦ͡ ͦͭͦͪͦͣͯ͟ ͒ͤͦ ͙ ͭͯ͡ΈΎ ͺ͙ͯͪ͊͗͟ ͙͘ ͔ͭͣͤͦπ͘ ͔͔ͤ͡·ͻ ͙ͫͭ͊͡ 

͍͔ͫͭͦ͡π͘ ͔͔ͤ͡·͙ͣΦ  

˹͔͡Έ͘Ύ ͔ͤ ͯͨͦͣΎͤͯͭΈ ͙͍͊ͭͤͦ͟ ͙͙͔ͭͪ͊͗ͪͯͣͯΌ ͍ ͔ͭ;͔͙͔ͤ ͔͙ͨͦͫ͒ͤ͡ͻ ͙ͭͪ͒ͼ͙͊ͭ ͔ͭ͡ ͎͙͔ͨͦͭͯ͘ ͦ ͭͦͣΣ 

;ͭͦ ͙͍͔͙͔ͨͪͫͦͤ ͒ͤͯ ͙ ͭͯ͡Έ͔ ͺ͙ͯͪ͊͗͟ ;͙͍ͤͦ ˻˴˽˿ ͍͔ͫͭͦ͡π͘ ͔͔͎ͤͦͦ͡ ͼ͍͔ͭ͊ ͙ͨͪͦͦ͘΄ͦ͡ ͍ мфлн ͎Φ ˩͔ 

͍͊ͭͦͪͦͣΣ ͨͦ ͍͔͚ͫ ͍͙͙͙͒ͣͦͫͭΣ Ύ͍͡Ύͫ͡Ύ ͻ͙ͯ͒ͦ͗ͤ͟πͯ ͙ͤͺ͎ͦͪͣͦͦ͡ ˤΦ˹Φ ˴͙͍ͯͦ͟͡Σ ͍ͦͯ͘;͙͍΄͙͚ ͔͔ ͍ мффу ͎Φ ͍ 

͍͙ͫͦͻ ͨͦͨͯ͡Ύͪͤ·ͻ ͪ͊͋ͦͭ͊ͻΣ ͍ͨͦͫΎ΅͔ͤͤ·ͻ ͙͙͙ͫͭͦͪ ͎͙ͨͦͪ͊ͤ;͚ͤͦ ͺ͔͚ͦͪͣͤͤͦ ͔ͦ͒͗͒· ώнсΣ ˿Φ фсΤ нтΣ ˿Φ 

оуϐΦ ˿ ͯ;͔ͭͦͣ ͍͙ͦͭͫͯͭͫͭΎ ͔͒ͦͯͣͤͭ͊͟͡Έ͎ͤͦͦ ͍͙ͦ͋ͦͫͤͦ͊ͤΎΣ ͊ ͔ͭ͊͗͟ ͙ͤ͊͡;͙Ύ ͔ͫͪΈ͔ͤ͘·ͻ ͺ͎͊ͭͦͪ͊͟ͺ͙;͔͙ͫ͟ͻ 

ͦ΄͙͋ͦ͟ ͍ ͯ͊͊ͤͤ͘͟·ͻ ͪ͊͋ͦͭ͊ͻΣ ͒͊ͤͤ͊Ύ ͎͙͔ͨͦͭ͊͘ ͨ ͔͍ͪ͒ͫͭ͊͡Ύ͔ͭͫΎ ͙͔ͫͦͣͤͭ͡Έ͚ͤͦΦ  ˽͙͍ͪͦͭ ͔͔ͤ 

͍͙͔͔ͫ͒ͭ͡Έ͍͔ͫͭͯͭΣ ͙͔ͤ͊ͨͪͣͪΣ ͙ ͭͦͭ ͺ͊ͭ͟Σ ;ͭͦ ͎ͫͦ͊ͫͤͦ͡ ͙ͨͪ͊ͯ͘͟ ͍ͯͨͪ͊͡ΎΌ΅͔͎ͦ ˸͙͙͔͍ͤͫͭͪͫͭͦͣ ͺ͙͍ͤ͊ͤͫͦ 

ͨͦ ˽˿ ͦͭ о ͤͦΎ͋ͪΎ мфло ͎Φ Ѕ пр ͍͔ͪͻ ͦͨ͊͊͟͟͡ ͨ͊ͨ͊ͻ͙ ͙͙ͤ͗ͤͻ ;͙͍ͤͦ ˭͎͊͊ͣͯͪͫͦͦ͟ ͎ͦͪͯ͊͟ ˻˴˽˿ ͙ ͦ͋΄͙͍͊͟ 

͔͎ͦ ͙͔͎ͤ͗ͤͦ ͪ͊͟Ύ ͒ͦ͗ͤ͡· ͋·͙͡ ͋·ͭΈ ͔ͭͣͤͦπ͘ ͔͔͎ͤͦͦ͡ ͼ͍͔ͭ͊ ώнуΣ ˿Φ сооπсопϐΦ  

 

̅ͦͪͣ͊ ͊͘΅͙͎ͭͤͦͦ ͼ͍͔ͭ͊  

˽̊˽˿ ͦͭ нс ͔͊ͨͪ͡Ύ мфлт ͎Φ Ѕ мс ώнфΣ ˿Φ нϐ ͎͔͔ͤͪ͊͊ͣ͡Σ ͦͺ͙ͼ͔ͪ͊ͣΣ ͍ͪ͊;͊ͣ ͙ ͊ͫͫͤ͟͡·ͣ ;͙ͤ͊ͣ 

 
7 ˹ ͊ ͦ͋ͪ͊͘ͼ͍ͦͦͣ ͙͔ͪͫͯͤ͟Σ ͙͎͍ͨͪ͊͊͡΄͔ͣͯͫΎ ͟ ͒͊ͤͤͦͣͯ ˹˽ˢΣ ͍͙͒ͤ͊ ͍·ͨͯ΄͊͟ ͙ ͨͦ ͍͔ͪͻ͔ͤͣͯ ͎ͪͯͯ͟ ͺ͙ͯͪ͊͗͟Φ  
8 ˴ͦ͘·͔ͪ͟ ͟ ͺͯͪ͊͗͊ͣ͟ ͙͙ͤ͗ͤͻ ;͙͍ͤͦ ˽˿ ͋·͡ ͍͍͔͔͒ͤ ͍ ͍͎͔͊ͯͫͭ мусп ͎Φ 
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ό͙͔ͣΌ΅͙ͣ ͺͦͪͣͯ ͍͔͎ͦͤͤͦͦ ͍͔͍͒ͦͣͫͭ͊ύ ˻˴˽˿ ͒͡Ύ ͤͦ΄͔͙ͤΎ ͍ ͔͔͔ͭͤ͡ ͍͔ͪͣΎ ͋·͡ ͙͍͔ͨͪͫͦͤ ͙͔ͭ͟͡Έ9 ζͤ ͊ 

͔ͭͻ ͔͗ ͍͙ͦͫͤͦ͊ͤΎͻηΣ ͤ͊ ͦͭͦͪ͟·ͻ ͦͤ ͋·͡ ͍͍͔͔͒ͤ ͍ ͍͔ͦͤͤͦͣ ͍͔͍͔͒ͦͣͫͭ ˽ˤˤ ͦͭ нп ͣ͊ͪͭ͊ мфлт ͎Φ Ѕ мтм 

ό͒͡Ύ ͍͔͙͙͊͊ͪ͟͡10ύΦ ˴͙͔͙ͭ͡ ͔͔͎ͨͪ͗ͤͦ ͦ͋ͪ͊͘ͼ͊ ώтϐ ͋·ͦ͡ ͔ͪ͊ͪ͘΄͔ͤͦ ͒ͦͤ͊΄͙͍͊ͭΈ ͍͔ͤ ͫͯ͗͋͡·Σ ͤ͊ 

͒ͦͣ͊΄͙ͤͻ ͊ͤ͘Ύ͙ͭΎͻ ζͨͦ ͙͚͋͗͊͡΄͙ͣ ͙ͯ͊͊ͤ͘͟Ύͣ ͎͍͊ͤ͡·ͻ ͤ͊;͊͡Έ͙͍ͤͦ͟ ͍͔ͦͤͤ·ͻ ͎͍ͦͪͯͦ͟η ώолϐΦ  

˽̊˽˿ ͦͭ с ͔ͫͤͭΎ͋ͪΎ мфлт ͎Φ Ѕ пн ώомΣ ˿Φ мϐ ͤͦ΄͔͙͔ͤ ͙͔͔͚ͭ͟͡ ͦ͋ͪ͊͘ͼ͊ мфлт ͎Φ ͋·ͦ͡ ͔ͪ͊ͪ͘΄͔ͤͦ ͔ͤ 

ͭͦ͡Έͦ͟ ͍ ͔͔͔ͭͤ͡Σ ͤͦ ͙ ζ͍ ͦͫͭ͊͡Έ͔ͤͦ ͍͔ͪͣΎ ͎ͦ͒͊η ώонϐΦ 

ˤ ζ˻͙͙͙ͨͫ͊ͤ ͺͦͪͣ· ͙͍͙ͦ͋ͣͯͤ͒ͪͦ͊ͤΎ ͒͡Ύ ͎͔͔͍ͤͪ͊ͦ͡Σ ΄ͭ͊͋ ͙ ͔ͦ͋ͪπͦ ͺ͙ͼ͔͍ͪͦ ͙ ͙͙ͤ͗ͤͻ ;͙͍ͤͦ 

˻͔ͭ͒͡Έ͎ͤͦͦ ͦͪͨͯͫ͊͟ ͎͙ͨͦͪ͊ͤ;͚ͤͦ ͙ͫͭͪ͊͗Σ ͔ͪͦͣ͟ ͔ͤͫͯ΅͙ͻ ͫͯ͗͋ͯ͡ ͤ͊ ͍ͨ͊ͪͦ·ͻ ͫͯ͒͊ͻ ό͔ͪͦͣ͟ ˭͎͊͊ͣͯͪͫͦͦ͟ 

͎ͦͪͯ͊͟ύηΣ ͦ͋ΆΎ͍͔ͤͤ͡·ͣ ˽̊˽˿ ͦͭ мс ͔ͫͤͭΎ͋ͪΎ мфлф ͎Φ Ѕ рнΣ ͔ͫͦ͒ͪ͗͊ͦͫ͡Έ ͙͙͔ͦͨͫ͊ͤ ͫ ͔͒ͯ͡Ό΅͙ͻ 

͔͔͍ͨͪ͒ͣͭͦ ͙͍͙ͦ͋ͣͯͤ͒ͪͦ͊ͤΎ ͊͘΅͙͎ͭͤͦͦ ͼ͍͔ͭ͊Υ ͔ͭͤ͡ΎΎ ͺͯͪ͊͗͊͟ ͫ ͦ͘͟·ͪΈͦͣ͟ ό͒͡Ύ ͙͙ͤ͗ͤͻ ;͙͍ͤͦ11Σ 

͎͔͔͍ͤͪ͊ͦ͡ ͙ ͦͺ͙ͼ͔͍ͪͦύΣ ͔ͭͤ͡ΎΎ ͪͯ͋͊ͻ͊ ό͒͡Ύ ͙͙ͤ͗ͤͻ ;͙͍ͤͦΣ ͨͦ ͙͙ͦͨͫ͊ͤΌΣ ͦ͋ΆΎ͍͔ͤͤͦͣͯ͡ ͍ ˽ˤˤ ͦͭ мл 

Ύ͍ͤ͊ͪΎ мфлт ͎Φ Ѕ мфύΣ ͙͔ͭ͟͡Έ ό͒͡Ύ ͎͔͔͍ͤͪ͊ͦ͡ ͙ ͦͺ͙ͼ͔͍ͪͦΣ ͦ͋ͪ͊͘ͼ͊Σ ͍͔͎ͯͫͭ͊ͤͦͤͤͦͦ͡ ˽ˤˤ ͦͭ нп ͣ͊ͪͭ͊ мфлт 

͎Φ Ѕ мтмύΣ ͊͘΅͙ͭͤ·͚ ͙ͣͯͤ͒ͪ ό͒͡Ύ ͙͙ͤ͗ͤͻ ;͙͍ͤͦΣ ͎ͫͦ͊ͫͤͦ͡ ͙͙ͦͨͫ͊ͤΌΣ ͦ͋ΆΎ͍͔ͤͤͦͣͯ͡ ˽ˤˤ ͦͭ мл ͣ͊ͪͭ͊ 

мфлф ͎Φ Ѕ мллΣ ͒͡Ύ ͎͔͔͍ͤͪ͊ͦ͡ ͙ ͦͺ͙ͼ͔͍ͪͦ ͎ͫͦ͊ͫͤͦ͡ ͙͙ͦͨͫ͊ͤΌ ͙͔ͭ͟͡Ό ͦ͋ͪ͊͘ͼ͊ мфлт ͎ΦΣ ͙͘ ͫͯͤ͊͟ 

͊͘΅͙͎ͭͤͦͦ ͼ͍͔ͭ͊Σ ͫ ͎͍͙ͨͯͦͼ͙͊ͣ ͊͘΅͙͎ͭͤͦͦ ͼ͍͔ͭ͊ ͍ ͍͔͔ͦͤͤͦ ͍͔ͪͣΎ ͙ ͔͙ͣͭ͊͡͡;͔͙͙ͫͣ͟ ͦͦ͘͡;͔ͤ·͙ͣ ς ͍  

͙͔ͣͪͤͦ ύΦ  

˽̊˽˿ ͦͭ нл ͔͒͊͋ͪ͟Ύ мфмн ͎Φ Ѕ ру ͍͍͔͡ ͒͡Ύ ͙͙ͤ͗ͤͻ ;͙͍ͤͦ ͍͔ͣͫͭͦ ͊͘΅͙͎ͭͤͦͦ ͙ͣͯͤ͒ͪ͊ ͦ͋ͪ͊͘ͼ͊ 

мфлф ͎Φ ͨͦͻͦ͒ͤͯΌ ͪͯ͋͊ͻͯ ͫ ͙ͨͪͫͭΎ͗ͤ·͙ͣ ͎͙ͨͦͦͤ͊ͣ ͨͦ ͙͙ͦͨͫ͊ͤΌΣ ͦ͋ΆΎ͍͔ͤͤͦͣͯ͡ ͍ ˽ˤˤ ͦͭ т ͣ͊Ύ мфмн ͎Φ 

Ѕ нмуΣ ͍͔ͤͫΎ ͍ ͔͎ͤͦ ͔ͤͤ͊͘;͙͔ͭ͡Έͤ·͔ ͙͔͔͙ͣͤͤ͘Ύ όͦ͋΄͎͊͊͡ ͣ·ͫͦͣ͟Σ ͙ͦͭ͡;͙Ύ ͤ͊ ͎ͨͦͦͤ͊ͻ ͙͘ ͔ͭͣͤͦπ

͔͍͚ͦͪ͊ͤ͗ͦ ͔ͭͫΈͣ·ύΦ ͙̏ͭͣ ͔͗ ͙ͨͪ͊ͦͣ͘͟ ͋·͙͡ ͔͔ͦͭͣͤͤ· ͔͙͔ͭͤ͡ ΄͍͊ͪͦ͊ͪ· ͙͘ ͍͔ͪ͊ͤͭͯͻ͊ Ŏ͙ ͔͎ͤͦ ͼ͍͔ͭ͊ 

ό˽̊˽˿ ͦͭ мс ͔ͫͤͭΎ͋ͪΎ мфлф ͎Φ Ѕ рнύ Ŏ ͔͚͊ͣͤͦ͘ ͙ͻ ͫͯͦͤͤ͟·͙ͣ ΄͍͙͊ͪͦ͊ͪ͊ͣ ͔ͫͪͦπͫ ͙͔͎ͤͦ ͼ͍͔ͭ͊ ώопϐΦ   

 

˹͎͔͊ͪͯ͒ͤͦ ͙ͦͭ͡;͙͔ ͯ;͔͋ͤ·ͻ ͦͭͪΎ͍͒ͦ 

 

 ˽ ̊˽ ˿ͦ ͭ мн Ύ͍ͤ͊ͪΎ мфмм ͎Φ Ѕ н ώорΣ ˿Φ мϐ ͋·ͦ͡ ͦ͋ΆΎ͍͔ͤͦ͡ ͦ ͙͍͔͙͙ͨͪͫͦͤ ͙ͦͣ͊ͤ͒ͪ͊ͣ͟ ͯ;͔͋ͤ·ͻ 

ͦͭͪΎ͍͒ͦ12 ͙  ͙ͻ ͨͦͣͦ΅͙ͤ͊ͣ͟ ͍ͨͪ͊͊ ͤͦ΄͔͙ͤΎ ͔ͫͨͼ͙͊͡Έ͎ͤͦͦ ͎͎ͤ͊ͪͯ͒ͤͦͦ ͙ͦͭ͡;͙Ύ ͙͘ ͺ͙͙͎͎ͪ͊ͤͤͦͦ͡ 

͔͔ͫͪ͋ͪΎ͎ͤͦͦ ΄ͤͯͪ͊Σ ͊ ͔ͭ͊͗͟ ͦ ͎͔͙͙ͤ͊ͪ͊͗͒ͤ ͙͙ͤ͗ͤͻ ;͙͍ͤͦ ͍͎͊͒ͪͦͦͦ͟ ͍ͫͦͫͭ͊͊ ͙ ͔ͯͫͨ΄ͤͦ ͦͦͤ͟;͙͍΄͙ͻ 

ͯͪͫ͟ ͯ;͔͋ͤ·ͻ ͦͭͪΎ͍͒ͦ ͙ͭ͊ͣ͟ ͔͗ ͎ͤ͊ͪͯ͒ͤ·ͣ ͙ͦͭ͡;͙͔ͣ ͙͘ ΄ͤͯͪ͊ ͔͔͎ͤͦͦ͘͡ ͼ͍͔ͭ͊ Ŏ ͫ ͦͻ͔͙͔ͪ͊ͤͤͣ ͙͙ͣ 

͎͒͊ͤͤͦͦ ͙ͦͭ͡;͙Ύ ͙ͨͪ ͍ͯͦ͡Έ͔͙͙ͤͤ ͍ ͊ͨ͊ͫ͘ ͙͙͊ͪͣ ώоуϐΦ 

 
9 ζ˻͒ͤͦ͋ͦͪͭͤ·͚Σ ͔͙͎͊ͣͪ͊ͤͫͦͦ͟͟ ͨͦͪͦ͟Ύ όͫ ͚ͯͦ͘͟ ͙͚ͫͨͤͦ͟ ͙ ͍͒ͯͣΎ ͋ͦ;͙͊ͣ͟ύΣ ͔͍͗ͭͦ͊ͭͦ͡-͔͎ͫͪͦͦ ͼ͍͔ͭ͊ ͫ ͔͔ͤ͘͡·ͣ 
͔ͦͭͭͤͦͣ͟ ό΄͊ͤ͗͊ͤύΣ ͙͘ ͻͦͨ͡;͚͊ͭͦ͋ͯͣ͊͗ͤͦ ͙͙͡ ΄͔ͪͫͭΎ͚ͤͦ ͙ͭ͊ͤ͟Σ ͫͦ ͫͭͦΎ;͙ͣ ͍͙ͦͪͦͭͤͦͣ͟Σ ͫ ͎͔͊ͪͯͤͤ͘͟͡·͙ͣ 
ͪ͊͟Ύ͙ͣ ͍·΄͙ͤͦΌ ͍ мς11/2 ͍͔ͪ΄͊͟Σ ͫ н ͍͋ͦͦ͟·͙ͣΣ ͙͔ͤ͗ ͙͙ͭ͊͡Σ ͙ н ͎ͤ͊ͪͯ͒ͤ·͙ͣ ό͙ͨͪ΄͙͍ͤ·͙ͣύ ͙͊ͪͣ͊ͤ͊ͣ͟Σ ͍͔ͫ ͫ 
͙͊ͨ͊ͤ͊ͣ͟͡ ͫ ͣ·ͫͦͣ͟Σ ͎ͤ͊ͪͯ͒ͤ·͔ ͫ м ͦͫͭ͟ΎͤͦΌ ͚ͨͦͭ͊ͤͦΌ ͎͍͙ͨͯͦͼ͔ΌΦ ˽ͦ ͋ͦͪͭͯ р ͔͙ͣͭ͊͡͡;͔͙ͫ͟ͻ ͎͍͙ͨͯͦͼΣ 
ͦͭͫͭͦΎ΅͙ͻ ͤ͊ ͍ͪ͊ͤͦͣ ͪ͊ͫͫͭͦΎ͙͙ͤ ͎͒ͪͯ ͦͭ ͎͒ͪͯ͊Σ ͙ͨͪ;͔ͣ ͙ͤ͗ͤΎΎ όͨΎͭ͊Ύύ ͎͍͙ͨͯͦͼ͊ ͒ͦ͗ͤ͊͡ ͋·ͭΈ ͔ͪ͊ͫͨͦͦ͗ͤ͊͡  ͤ͊ 
͙͙͙ͤ͡ ͨͦΎͫ͊ηΦ ˿͔͔͒ͯͭ͡ ͔͙ͦͭͣͭͭΈΣ ;ͭͦ ͔͙ͭͪͣͤ ζ΄͊ͤ͗͊ͤη ͻ͔͙͔͊ͪ͊ͭͪͯͭ͘͟ ͔ͤ ͼ͍͔ͭ ͙ͭ͊ͤ͟Σ ͊ ͫͨͦͫͦ͋ ͔͔ ͍·͔͙͒͟͡Φ   
10 ˨ ͡Ύ ͦͺ͙ͼ͔͍ͪͦ ͍͔͙͙͊͊ͪ͟͡ ͙ ͚ͦͤͤͦ͟ ͙͔͙͙͊ͪͭͪ͡͡ ͦ͋΄͎͊͊͡ ͤ͊ ͍ͪͯ͊͊͟ͻ ͙͔ͭ͟͡Ύ ͙͔͙ͣ͡ ͺͦͪͣͯ ͣ·ͫͦͣ͟Σ ͙͒ͤ͊͡ ͙͔ͭ͟͡Ύ 
͍·΄͔ ͔ͦͤ͊͟͡ ό͔͙ͫ͡ ;͔͍͔ͦ͟͡ ͍͔ͫͭ͊ͤͭ ͤ͊ ͔͙ͦͤ͟͡ύ ͋·͊͡ ͔ͤͫͦ͟͡Έͦ͟ ͋ͦ͡Έ΄͔Σ ;͔ͣ ͍͔ͯͫͭ͊ͤͦͤͤ͊͡Ύ ͒͡Ύ ͔ͨ΄͙ͻ ;͔͚͊ͫͭ ς 8 
͍͔ͪ΄͍ͦ͟ ͍͔ͣͫͭͦ т ͍͔ͪ΄͍ͦ͟Φ  
11 ˴ ͔ͪͦͣ ͙͙ͤ͗ͤͻ ;͙͍ͤͦΣ ͨͪͦͻ͙͍ͦ͒΄͙ͻ ͫͯ͗͋ͯ͡ ͍ ͍͔͙͙̂ͨͪ͊ͤ͡ ͙ ͔̊ͭ͊͋ ˻˴˽˿Σ ͊ ͔ͭ͊͗͟ ͙͍ͦ͋ͣͯͤ͒ͪͦ͊͡Έ͚ͤͦ 
͔͚ͣ͊ͫͭͪͫͦ͟Σ ͼ͔ͤͭͪ͊͡Έͤͦͣ ͍͔΅͔͍ͦͣ ͔ͫ͊͒͟͡ ͙ ͙͔͚ͨͪͣͤͦ ͙͙͙ͦͣͫͫ͟Φ ˻ͺ͙ͼ͔ͪ·Σ ͨͪͦͻ͙͍ͦ͒΄͙͔ ͫͯ͗͋ͯ͡ ͍ ͍͔͙͙̂ͨͪ͊ͤ͡ 
͙ ͔̊ͭ͊͋ ˻˴˽˿Σ ͊ ͔ͭ͊͗͟ ͙͍ͦ͋ͣͯͤ͒ͪͦ͊͡Έ͚ͤͦ ͔͚ͣ͊ͫͭͪͫͦ͟Σ ͼ͔ͤͭͪ͊͡Έͤͦͣ ͍͔΅͔͍ͦͣ ͔ͫ͊͒͟͡Σ ͙͔͚ͨͪͣͤͦ ͙͙͙ͦͣͫͫ͟ 
͙͔͙ͣ͡ ͔͙͔ͭͤ͡ ͺ͙ͯͪ͊͗͟ ͫ ͔ͭͣͤͦπ͘ ͔͔ͤ͡·ͣ ͫͯͦͤͤ͟·ͣ ͦͦ͟͡·΄͔ͣΣ ͍·ͨͯ΄͙͊ͣ͟ ͊͟͟ ͤ͊ ͫͯͦͤͤ͟·ͻ ͺͯͪ͊͗͊͟ͻΣ ;͔ͪͤ·ͣ 
͙͍͊ͪͦ͊ͤͤ͟͡·ͣ ͦ͘͟·ͪΈͦͣ͟ ͙ ͔͋͘ ͨͦ͒͋ͦͪͦ͒ͦ;͎ͤͦͦ ͔ͪͣͤΎΦ ˨͡Ύ ͚͒͊ͤͤͦ ͔͎͙͙͊ͭͦͪ͟ ͦͺ͙ͼ͔͍ͪͦ ͙ ͙͙ͤ͗ͤͻ ;͙͍ͤͦ ͔͙͔ͭͤ͡ 
ͺ͙ͯͪ͊͗͟Σ ͔͔ͪ͊ͤ ͙͍͔ͨͪͫͦͤͤ·͔ ͨͪͦ;͙ͣ ;͙ͤ͊ͣ ˻˴˽˿Σ ͋·͙͡ ͍͍͔͔͒ͤ· ˽̊˽˿ ͦͭ мо ͣ͊Ύ мфмм ͎Φ Ѕ нм ώооϐΦ  
12 ˻ ͋ ͯ;͔͔͙͙ͪ͗͒ͤ ͯ;͔͋ͤ·ͻ ͦͭͪΎ͍͒ͦ ͍͔ͣͫͭͦ ͔͔ͪ͊ͤ ͫͯ΅͔͍͍͍ͫͭͦ͊΄͙ͻ ͯ;͔͋ͤ·ͻ ͦͣ͊ͤ͒͟ ͋·ͦ͡ ͦ͋ΆΎ͍͔ͤͦ͡ ˽̊˽˿ ͦͭ мн 
ͣ͊Ύ мфмл ͎Φ Ѕ нп ώосΣ /Φ нΤ отϐΦ 
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˹͎͔͊ͪͯ͒ͤͦ ͙ͦͭ͡;͙͔ ͙͙ͤ͗ͤͻ ;͙͍ͤͦ ͙͔ͣͦ͡ ͔ͫ͒ͯ͡Ό΅͙͚ ͍͙͒ ό˾͙ͫͯͤͦ͟ млύΥ 

ζ˻ ͙ͭ͡;͙͔ ͙͎͍ͦͭͦ͘͡Ύ͔ͭͫΎ ͙͘ ;͔ͭ·͔ͪͻ͎͎ͪ͊ͤͤͦͦ ͔͔͎ͨͭͤͦͦ͡ ͫͤͯͪ͊ ͔͔͎ͤͦͦ͘͡ ͼ͍͔ͭ͊ ͭͦ͡΅͙ͤͦΌ 

мκу ͍͔ͪ΄͊͟Σ ͙͒ͤͦ͡Ό ό͔ͫͦ͗ͤͤ͡·͚ ͍͍͔͒ͦύ ммπмн ͍͔ͪ΄Φ ͫ ͍͒ͯͣΎ ͔͔ͨͭͤ͡·͙ͣ ͍͍͙͊ͪͦͪ͊ͣ͟ ͙͔͒͊ͣͭͪͦͣ нκмл 

͍͔ͪ΄͊͟ ͊͗͒͊͟Ύ ͙ ͔ͭͪͣΎ ͙ͫͭ͟Ύ͙ͣΣ ͙͘ ͙ͦ͟ͻ ͍͔ͪͻͤΎΎ Ή͙͙ͨͭ͡͡;͔͚ͫͦ͟ ͺͦͪͣ· ͙͔͔ͣͭ ͍ ͍·ͫͦͭͯ оκп ͍͔ͪ΄͊͟ 

͙ ͙͔͒͊ͣͭͪ ͨͦ ͋ͦ͡Έ΄͚ͦ ͙ͦͫ сκу ͍͔ͪ΄͊͟ ͙ ͨͦ ͚ͣ͊ͦ͡ ͙ͦͫ оκу ͍͔ͪ΄͊͟Σ ͊ ͍͔͒ ͔ͣͤΈ΄͙͔ ͙͙ͫͭ͟Σ 

ͼ͙͙͙ͤ͒ͪ͡;͔͚ͫͦ͟ ͺͦͪͣ·Σ ͙͔ͣΌͭ ͍ ͍·ͫͦͭͯ рκу ͍͔ͪ΄͊͟ ͙ ͍ ͙͔͔͒͊ͣͭͪ мκн ͍͔ͪ΄͊͟Φ ˻͒ͤ͊ ͙͘ ͍͍͊ͪͦͪͦ͟Σ ͤ͊ 

ͪ͊ͫͫͭͦΎ͙͙ͤ м ͍͔ͪ΄͊͟ ͦͭ ͦͤ͟ͼ͊ ͫͤͯͪ͊Σ ͙ͨͪ΄͙ͭ͊ ͟ ͍ͭ͊ͦͦͣͯ͟ ͎ͤ͊ͯ͡ͻͦ ͙ ͍͙ͤͯͭͪ ͔͔ ͨͪͦͻ͙ͦ͒ͭ ͦͫͦ͋·͚ 

ͪͯ͟;͔ͤ·͚ ͫͤͯͪΣ ͦͤ͟ͼ· ͔͎ͦͦ͟ ͙͔͔ͨͪͪͨͤ͟͡· ͟ ͎͍͔ͦͦ͟͡ ͍͔ͪͻ͔͚ͤ ͙͙ͫͭ͟Φ ˨͍͔ ͙͙͔ͤ͗ͤ ͙͙ͫͭ͟ ͙͔͔ͨͪͪͨͤ͟͡· 

͎ͤ͊ͯ͡ͻͦ ͟ ͦͫͦ͋ͦͣͯ ͔͔͙ͨͭͤ͡ΌΣ ͍͔͊ͦͦ͟͟ ͍͒ͯͣΎ ͍͔ͪͻ͙͙ͤͣ ͦͤ͟ͼ͙͊ͣ ͨͪͦͨͯ΅͔ͤͦ ;͔͔ͪ͘ ͍͔͒ ͔͙ͨͭ͡ ͙͘ 

ͪͯ͟;͔͎ͤͦͦ ͫͤͯͪ͊Σ ͍·ͻͦ͒Ύ΅͙ͻ ͙͘ ͔͙ͫͪ͒ͤ· ͙͔͚ͤ͗ͤ ͙͙ͫͭ͟Φ ˽͔͔͙͔ͭͤ͡ ͙͘ ͪͯ͟;͔͎ͤͦͦ ͫͤͯͪ͊ ͙͔͔ͣͭ 

͙ͪͦͣ͋;͔ͫͯ͟Ό ͺͦͪͣͯΤ ͔ͪ͊ͣͪ͘· ͨͦ ͍͔͙ͪͭ͊͟͡Έ͚ͤͦ ͙͎͙͒͊ͦͤ͊͡ м ͍͔ͪ΄ͦ͟ ͙ ͨͦ ͎͙ͦͪͦͤͭ͊͘͡Έ͚ͤͦ ͙͎͙͒͊ͦͤ͊͡ 

сκу ͍͔ͪ΄͊͟Σ ͙ͨͪ;͔ͣ ͍͔͙͔ͤͯͭͪͤͤ ͎ͯ͡· ͔͔͙ͨͭͤ͡Ύ ͤ͊΄͙ͭ· ͎͒ͪͯ ͤ͊ ͎͒ͪͯ͊Φ 

͔̉ͭ·͔͎ͪͯͦ͡Έͤ·͚ ͫͤͯͪ ͔͔ͫͨͭͤ͡ ͙͘ пπͻ ͦͤ͟ͼ͍ͦ ͔͔͎ͤͦͦ͘͡ ͔͔͙͍͎ͣͪͫͪͦ͊ͤͤͦͦ͘ ͫͤͯͪ͊͟Σ 

͙͔͒͊ͣͭͪͦͣ мκму ͍͔ͪ΄͊͟Σ ͙͔ͣΌ΅͔͎ͦ ͦͦͦ͟͡ мн ͔͔ͨͭ͡Έ ͤ͊ ͨͪͦͭΎ͔͙͙͗ͤ м ͍͔ͪ΄͊͟Φ ˾͔͋ͪͦ 

͔͔͎ͫͨͭͤͤͦͦ͡ ͫͤͯͪ͊ ͙͔͔ͣͭ ͦͦͦ͟͡ мκу ͍͔ͪ΄͊͟ ΄͙͙ͪͤ·Φ ˤ͍͙͊ͪͦͪ͟ ͼ͙͙͙ͤ͒ͪ͡;͔͚ͫͦ͟ ͺͦͪͣ· ͔͔ͫͨͭͤ͡· 

͙͘ мн ͦͤ͟ͼ͍ͦ ͔͔͙͍͎ͣͪͫͪͦ͊ͤͤͦͦ͘ ͪͯ͟;͔͎ͤͦͦ ͫͤͯͪ͊͟ ͙͔͒͊ͣͭͪͦͣ мκон ͍͔ͪ΄͊͟Σ ͍͊ͦ͟͟·͔ ͨͦ п ͍  ͪΎ͒ 

ͨͪͦͨͯ΅͔ͤ· ͔͔ͨͦͨͪ͟  ͙ ͙ͤ͊ͫͦͫ͟Έ Σ ͦ͋ͪ͊ͯ͘Ύ ͤ͊ ͚ͤ͊ͪͯ͗ͤͦ ͍͔ͨͦͪͻ͙ͤͦͫͭ ͍͍͙͊ͪͦͪ͟ ͙ͪͦͣ͋;͔͙͔ͫ͟ 

ͺ͙͎ͯͪ· мκу ͍͔ͪ΄͊͟ ΄͙͙ͪͤ·Φ 

ˤ͔ͪͻͤΎΎ ͙ͫͭ͟Έ ͙͎͍ͦͭͦ͘͡Ύ͔ͭͫΎ ͙͘ ͚͎ͭͪͦͤͦͦ ͪΎ͒͊ ͋͊ͻͪͦͣ· ͙͘ ͔͔͎ͤͦͦ͘͡ ͪͯ͟;͔͎ͤͦͦ 

͔͔͙͍͎ͣͪͫͪͦ͊ͤͤͦͦ͘ ͫͤͯͪ͊͟ ͙͔͒͊ͣͭͦͣ мκмл ͍͔ͪ΄͊͟Σ ͙ͨͪ;͔ͣ ͍͔͙͔ͤͯͭͪͤͤ ͪΎ͒· ͎ͣͦͯͭ ͋·ͭΈ ͙ ͙͘ 

ͦ͋·͍͔͎ͤͦͤͤͦͦ͟ ͻͦͨ͡;͎͊ͭͦ͋ͯͣ͊͗ͤͦͦ ͫͤͯͪ͊ ͔͔͎ͤͦͦ͘͡ ͼ͍͔ͭ͊Φ ˤ͔ͪͻ͙͔ͤ ͦͤ͟ͼ· ͋͊ͻͪͦͣ· ͊ͪ͘͟·ͭ· 

͔͔͙͔ͨͭͤͣ͡ ͙͘ ͭ ͚͎ͪͦͤͦͦ ͫͤͯͪ͊Σ ͨͪͦͨͯ΅͔͎ͤͤͦͦ ͎͒ͯͦͦ͋ͪ͊ͤͦ͘Σ ͙ͦ͒ͤ ͪΎ͒ ͨͦ͒ ͎͚͒ͪͯͦΤ ͔͔͙͔ͨͭͤ͡ 

ͦ͊ͤ͟;͙͍͔͊ͭͫΎ ͎͍͙ͨͯͦͼ͔͚ ͙͘ ͎ͭ͊ͦͦ͟ ͔͗ ͪͯ͟;͔͎ͤͦͦ ͫͤͯͪ͊͟Σ ͦ͋ͪ͊ͯ͘Ύ ͎͍ͦͦͯ͟͡Φ ˹͙͙͔͗ͤ ͦͤ͟ͼ· ͋͊ͻͪͦͣ· 

ͦ͊ͤ͟;͙͍͊ΌͭͫΎ ͔ͨͭ͡Ύ͙ͣΣ ;͔͔ͪ͘ ͍͊ͦ͟͟·͔ ͨͪͦͨͯ΅͔ͤ͊ ͻͦͨ͡;͊ͭͦ͋ͯͣ͊͗ͤ͊Ύ ͙ͤͭΈΣ ͫͭΎ͎͙͍͊Ό΅͊Ύ ͦͤ͟ͼ· 

͋͊ͻͪͦͣ·Φ ˮ͘ Ή͚ͭͦ ͙͙ͫͭ͟ ͍·ͻͦ͒Ύͭ ͍͔͒ ͔͙ͨͭ͡ ͙͘ ͔͔͎ͤͦͦ͘͡ ͔͔͙͍͎ͣͪͫͪͦ͊ͤͤͦͦ͘ ͪͯ͟;͔͎ͤͦͦ ͫͤͯͪ͊͟ 

͙͔͒͊ͣͭͪͦͣ мκмс ͍͔ͪ΄͊͟Σ ͫ ͍͒ͯͣΎ ͔͙ͯ͊ͣ͘͟͡Σ ͭ͊͟ ;ͭͦ ͔͙ͯ͘͟͡ ͙ ͔͙ͨͭ͡ ͍·ͻͦ͒Ύͭ ͍ͤ͊ͪͯ͗ͯ ͤ͊ мκс ͍͔ͪ΄͊͟ 

͙͔͔͒ͤͤ͡ ͋͊ͻͪͦͣ·Φ 

˽͔͔͙͔ͭͤ͡Σ ͔͔ͨͪͦ͒ͭͦ ;͔͔ͪ͘ ͊͗͒ͯ͟Ό ͙͘ ͔͔ͨͭ͡ΈΣ ͙͎͍͔ͦͭͦͤͦ͘͡ ͙͘ ͔͔͎ͤͦͦ͘͡ ͪͯ͟;͔͎ͤͦͦ 

͔͔͙͍͎ͣͪͫͪͦ͊ͤͤͦͦ͘ ͫͤͯͪ͊͟ ͙͔͒͊ͣͭͪͦͣ мκон ͍͔ͪ΄͊͟Σ ͔͎ͯͦ͗ͤͤͦͦ͡ ͨͦ ͍͒͊ ͍ ͪΎ͒Σ ͙ͦ͒ͤ ͨͦ͒ ͎͚͒ͪͯͦΣ 

͎ͫͦ͊ͫͤͦ͡ ͙ͪͫͯͤ͊͟Φ ˨͍͔ ͙͙͔ͤ͗ͤ ͙͙ͫͭ͟ ͙͎͍ͦͭͦ͘͡ΎΌͭͫΎ ͙͘ пπͻ ͪΎ͍͒ͦ ͪͯ͟;͔͚ͤͦ ͋͊ͻͪͦͣ· ͙͘ ͔͔͎ͤͦͦ͘͡ 

͔͔͙͍͎ͣͪͫͪͦ͊ͤͤͦͦ͘ ͫͤͯͪ͊͟Σ ͨͦ ͦ͋ͪ͊͘ͼͯ ͙͙ͦͨͫ͊ͤΎ ͍͔ͪͻ͔͚ͤ ͙͙ͫͭ͟Σ ͍͔͙͔ͤͯͭͪͤͤ ͪΎ͒· ͋͊ͻͪͦͣ· ͎ͣͦͯͭ 

͙͎͍ͦͭͦ͘͡ΎͭΈͫΎ ͙͘ ͦ͋·͍͔͎ͤͦͤͤͦͦ͟ ͻͦͨ͡;͎͊ͭͦ͋ͯͣ͊͗ͤͦͦ ͫͤͯͪ͊͟ ͔͔͎ͤͦͦ͘͡ ͼ͍͔ͭ͊ηΦ 

ˮ ͦͺ͙ͼ͔͙ͪ͊ͣΣ ͙ ͙͙͙ͤ͗ͤͣ ;͙͙ͤ͊ͣ ͎͔ͤ͊ͪͯ͒ͤͦ ͙ͦͭ͡;͙͔ ͙ͤͦͫͦͫ͡Έ ͔ͫ͒ͯ͡Ό΅͙ͣ ͦ͋ͪ͊ͦͣ͘Υ ͟ ͦͤ͟ͼ͊ͣ 

΄ͤͯͪ͊ ͙ͦͭ͡;͙Ύ ͙ͨͪ΄͙͍͙͊ͫ͡Έ ͪ͟Ό;͙͟Σ ͙ͨͪ΄͙͍ͤ·͔ ͦͤ͟ͼ· ͦͭͦͪ͟·ͻ ͦ͋΄͙͍͙͊ͫ͡Έ ͔͔ͤ͘͡·ͣ ͫͯͤͦͣ͟Φ ˹͊ 

͔͔͙͔ͫͪ͒ͤ ͔ͨ͡;͔͍͎ͦͦ ΄͍͊Σ ͨͦ͒ ͔͔͙ͫͪ͒ͤͦΌ ͎ͨͦͦͤ͊ ΄͙͔͙ͤ͡Σ ͙ͣͯͤ͒ͪ͊ ͙͙͡ ͔͔͚ͭͤ͡ ͪͯ͋͊ͻ͙Σ ͤ͊΄͙͍͙͊ͫ͡Έ 

͔͙ͨͭ͡Σ ͊͘ ͦͭͦͪ͟·͔ ͙ͦͭ͡;͙͔ ͔͎͙͍͊ͫͭ͊ͦͫ͘͡ΈΣ ͙͔ͣΌ΅͙͙ͣͫΎ ͤ͊ ͔ͤͣ ͪ͟Ό;͙͊ͣ͟Υ ͍ͨͪ͊·ͣ ͦͤ͟ͼͦͣΣ ͫ ͙ͫͭ͟Ύ͙ͣΣ 

͊͘ ͔͙ͨͭ͡Σ ͤ͊΄͙ͭ·͔ ͤ͊ ͍ͨͪ͊ͦͣ ͔ͨ͡;͔Σ ͙ ͔͍͡·ͣ ͦͤ͟ͼͦͣ ͊͘ ͔͙ͨͭ͡Σ ͤ͊΄͙ͭ·͔ ͤ͊ ͔͍ͦͣ͡ ͔ͨ͡;͔ ό˾͙͙ͫͯͤ͟ ммπ

мнύΦ 
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˾͙ͫͯͤͦ͟ мл ς ˹͎͔͊ͪͯ͒ͤͦ ͙ͦͭ͡;͙͔Σ ͦͭͦͪ͟·ͣ ͎͙ͤ͊ͪ͊͗͒͊ͫ͡Έ ͍͊͒ͪͦ͟·͔ ͔ͯͤͭͪπͦ ͺ͙ͼ͔ͪ· ͙ ͙͙͔ͤ͗ͤ ;͙ͤ·Σ 

ͦͦͤ͟;͙͍΄͙͔ ͯͪͫ͟ ͯ;͔͋ͤ·ͻ ͦͭͪΎ͍͒ͦ ˻˴˽˿ ͎ͫͦ͊ͫͤͦ͡ ˽̊˽˿ ͦͭ мн Ύ͍ͤ͊ͪΎ мфмм ͎Φ Ѕ н 

ˮͫͭͦ;͙ͤ͟Υ ώоуϐΦ 
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˾͙ͫͯͤͦ͟ мм ς ˽͙͔ͪͣͪ ͤͦ΄͔͙ͤΎ ͎͎ͤ͊ͪͯ͒ͤͦͦ ͙ͦͭ͡;͙Ύ ͦ͋Ά͔͒͘;͙ͦͣ͟ όΚύ ˿͊ͤͭ͟π˽ ͔͔͎͚ͭͪ͋ͯͪͫͦ͟ ͙͔ͣͨͪ͊ͭͦͪ͊ 

ˢ͔ͫ͊ͤ͒ͪ͊͟͡ LLL ͙͎͋ͪ͊͒· ˻˴˽˿ ͤ͊ ͙͔ͣͯͤ͒ͪ ͦ͋ͪ͊͘ͼ͊ мфлф ͎Φ 

ˮͫͭͦ;͙ͤ͟Υ ώофϐΦ 
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˾͙ͫͯͤͦ͟ мн ς ˽͙͔ͪͣͪ ͤͦ΄͔͙ͤΎ ͎͎ͤ͊ͪͯ͒ͤͦͦ ͙ͦͭ͡;͙Ύ ͙͙ͤ͗ͤͣ ;͙ͤͦͣ ͔ͯͤͭͪπͦ ͺ͙ͼ͔͎ͪͫͦͦ͟ ͍͙͊ͤ͘Ύ  

˿͊ͤͭ͟π˽ ͔͔͎͚ͭͪ͋ͯͪͫͦ͟ ͙͔ͣͨͪ͊ͭͦͪ͊ ˢ͔ͫ͊ͤ͒ͪ͊͟͡ LLL ͙͎͋ͪ͊͒· ˻˴˽˿ ˨͙͙͔ͣͭͪͣ ˽͔͍͙ͭͪͦ;͔ͣ ˸͙͍ͪͦͤͦ·ͣ 

ͤ͊ ͪͯ͋͊ͻ͔ ͙͍ͨͪͦͦ͘͡Έ͎ͤͦͦ ͦ͋ͪ͊͘ͼ͊Φ мфмс ͎Φ όˤ͔͊͒͡͡Έ;͔ͫ͊͟Ύ ͙͍͒͊ͭͪͦ͊͟ ͙ͫͤͣ͊͟ύ 

ˮͫͭͦ;͙ͤ͟Υ ώсϐΦ 
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ˤ ͊͘͟͡Ό;͔͙͔ͤ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͔͙ͦͭͣͭͭΈΣ ;ͭͦ ͍ ͤ͊ͫͭͦΎ΅͔͚ ͫͭ͊ͭΈ͔ ͙͍͙ͪ͊ͫͫͣ͊ͭͪ͊ͫ͡Έ ͙͡΄Έ ͔ͭ ͔͔ͨͪ͒ͣͭ· 

ͺ͔͚ͦͪͣͤͤͦ ͔ͦ͒͗͒· ͙ ͤ͊ͪͯ͗ͤ·͔ ͙ͦͭ͡;͙Ύ ;͙͍ͤͦ ˻˴˽˿Σ ͦͭͦͪ͟·͔ ;͊΅͔ ͍͔͎ͫͦ ͍͔ͫͭͪ;͊ΌͭͫΎ ͤ͊ ͺ͎ͦͭͦͪ͊ͺ͙Ύͻ 

͙Σ ͔͍͔ͫ͒ͦ͊ͭ͡͡ΈͤͦΣ ͙͔ͣΌͭ ͙ͣ͊ͫͣ͊͟͡ΈͤͯΌ ͼ͔ͤͤͦͫͭΈ ͍ ͔͔ͦͤͭͫͭ͟͟ ͙ͻ ͙͍͙͒͊ͭͪͦ͟Φ  

˴͔ͪͦͣ Ή͎ͭͦͦΣ ͙ͨͪ ͔͔͔͙͙ͦͨͪ͒ͤ͡ ͍͔͔͙ͪͣͤ ͺͦͭͦͫΆ͔͙ͣ͟ ;͙͍ͤͦ ˻˴˽˿ ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͙͔ͣͭΈ ͍͍͙͒ͯΣ ;ͭͦ 

͍ ͪΎ͔͒ ͫͯ͡;͔͍͊ ͍ͦͣͦ͗ͤͦ͘ ͍͙ͯͫͭ͊ͤͦͭΈ ͙͡΄Έ ͙ͤ͗ͤΌΌ ͍͔͔ͪͣͤͤΌͯ ͎͙ͪ͊ͤͼͯΣ ͍ ͭͦͣ ;͙͔ͫ͡ ͍ ͍ͫΎ͙͘ ͫ 

͙͍͔ͫͭͤ͘·͙ͣ ͫͯ͡;͊Ύ͙ͣ ͒ͦͤ͊΄͙͍͙͊ͤΎ ͔͔ͦͭͣͤͤͤ·ͻ ͦ͋ͪ͊͘ͼ͍ͦ ͙͍͙ͦ͋ͣͯͤ͒ͪͦ͊ͤΎΦ  

ˢ͍ͭͦͪ ͍·͔ͪ͊͗͊ͭ ͎͋͊ͦ͒͊ͪͤͦͫͭ͡Έ ˣ͙ͦͪͫͯ ˤ͙͙͍͙͊͒ͣͪͦ͡;ͯ ͔́ͪͣͯ ͙ ˤ͙͙͊͒ͣͪͯ͡ ˤ͙͍͙ͭͦͪͦ͟;ͯ ˢ͍͔͔͍͒ͯ 

͊͘ ͡Ό͔͋ͤͦ͘ ͔͍͔ͨͪ͒ͦͫͭ͊ͤͤ͡·͔ ͫ͊ͤ͟· ͺ͎ͦͭͦͪ͊ͺ͙͚ ;͙͍ͤͦ ˻˴˽˿ ͙͘ ͙ͻ ͔ͦ͟͟͡͡ͼ͙͚Σ ͊ ͔ͭ͊͗͟ ˿͔͎͔ͪΌ 

ˤ͙͙͍͙͊͒ͣͪͦ͡;ͯ ͔͙͙̋ͪ͋ͤͤͯ ͊͘ ͯͭͦ;͔͙͔ͤͤ ͔͍͙͙͍ͪͭͦ͘͟ ͼ͙ͪͯ͟͡Ύ͍ͪͦ ͨͦ ͔́͊ͣͦ͗ͤͤͦͣͯ ͍͔͍͒ͦͣͫͭͯ Ѕ с ͦͭ 

мл ͙ΌͤΎ ͙ Ѕ ф ͦͭ мл ͔ͫͤͭΎ͋ͪΎ мусп ͎Φ 

 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˽͔ͦͤͦ͡ ͙͔ͫͦ͋ͪ͊ͤ ͍͊ͦͤͦ͘͟ ˾͙͚͚ͦͫͫͫͦ͟ ˮ͔͙͙ͣͨͪΦ ˿͙͔ͦ͋ͪ͊ͤ ͔ͭͪͭΈ͔ ό˨͔͔͊͡ ς ˽˿π˭LLLΦύΦ ́Φ ·LLLΦ Ѕ ф фтр 

όмр ͦͭ͟Ύ͋ͪΎ муфо ͎ΦύΦ 

нΦ ˴͙͙ͪ͡͡ ˿͎ͦͦͯ͋͡Φ ζΧ͒͡Ύ ͔͊ͣ͘΅͔͙ͤΎ ͍ ͍͔͔ͦͤͤͦ ͍͔ͪͣΎ ͊ͫͫͤ͟͡·ͻ ͔͚͒ͦ͗ͤͦͫͭ͡ηΦ ̊ ͔͍ͪͦͤ ͙͔͚ͨͫ͊ͪ 

˻͔ͭ͒͡Έ͎ͤͦͦ ͦͪͨͯͫ͊͟ ͎͙ͨͦͪ͊ͤ;͚ͤͦ ͙ͫͭͪ͊͗ κκ ˿ͭ͊ͪ·͚ ͔͚̇ͻ͎͊ͯ͘Φ нлнмΦ Ѕ пπр όфпπфрύΦ ˿Φ фпπфрΦ 

оΦ ˾˥ˮˢΦ ̅Φ нмΦ ˻ͨΦ мм ˨Φ омуΦ  

пΦ ˽͔ͦͤͦ͡ ͙͔ͫͦ͋ͪ͊ͤ ͍͊ͦͤͦ͘͟ ˾͙͚͚ͦͫͫͫͦ͟ ˮ͔͙͙ͣͨͪΦ ˿͙͔ͦ͋ͪ͊ͤ ͍͔ͭͦͪͦ ό˨͔͔͊͡ ς ˽˿π˭LLΦύΦ ́Φ ···L·Φ ̉Φ мΣ оΦ 

Ѕ пл фмс όнн ͣ͊Ύ мусп ͎ΦύΦ 

рΦ ώ͔̏ͭͪͦͤͤ͟͡·͚ ͔ͪͫͯͪͫϐΦ ¦w[Υ ƘǧǇǎΥκκǎŀƳƳƭŜǊΦǊǳκƛƴŘŜȄΦǇƘǇΚκǘƻǇƛŎκмнфлспπ҈5м҈уп҈5л҈.9҈5м҈ 

ул҈5л҈./҈5л҈.лπ҈5л҈.9҈5м҈ун҈5л҈.п҈5л҈.р҈5л҈..҈5м҈у/҈5л҈.5҈5л҈.9҈5л҈.о҈ 

5л҈.9π҈5л҈.!҈5л҈.9҈5м҈ул҈5л҈.C҈5м҈уо҈5м҈ум҈5л҈.лπ҈5л҈.C҈5л҈.9҈ 5л҈.о҈5 

м҈ул҈5л҈.л҈5л҈.5҈5л҈.у҈5м҈ут҈5л҈.5҈5л҈.9҈5л҈.фπ҈5м҈ум҈5м҈ун҈5м҈ул҈5л҈. 

л҈5л҈.с҈5л҈.уκǇŀƎŜκтκ ˨͊ͭ͊ ͦ͋ͪ͊΅͔͙ͤΎ мпΦлоΦнлнс Φ͎ 

сΦ ώ͔̏ͭͪͦͤͤ͟͡·͚ ͔ͪͫͯͪͫϐΦ ¦w[Υ ƘǧǇΥκκƻƪǇǎΦƳŜƭƭŜǊΦǎǳκCƻǊƳŀκƻƪǇǎψŦƻǊƳŀψŦƻǘƻπмΦƘǘƳ ˨ ͊ͭ͊ ͦ͋ͪ͊΅͔͙ͤΎ 

мпΦлоΦнлнс ͎Φ  

тΦ ˽˿π˭LLΦ ́Φ ···L·Φ ̉Φ мΣ оΦ Ѕ пм ннн όнм ͍͎͊ͯͫͭ͊ мусп ͎Φύ  

уΦ ˾͙͚ͯͫͫ͟ ˮ͍͙ͤ͊͒͡Φ п ͤͦΎ͋ͪΎ муфо ͎Φ Ѕ нпоΦ  

фΦ ˽˿π˭LLLΦ ́Φ ·LLLΦ Ѕ ф ффо όнн ͦͭ͟Ύ͋ͪΎ муфо ͎ΦύΦ 

млΦ ˾ ͙͚ͯͫͫ͟ ˮ͍͙ͤ͊͒͡Φ мс ͙Ό͡Ύ мфлу ͎Φ Ѕ мруΦ  

ммΦ ˽ ˿π˭LLLΦ ́Φ ··±LLLΦ ̉ΦмΦ Ѕ ол ссс όп ͙Ό͡Ύ мфлу ͎ΦύΦ 

мнΦ ʕ ͔͙ͫͭͤ͟ ͺ͙͍ͤ͊ͤͫͦΣ ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡ ͙ ͎͍͙ͭͦͪͦ͡Φ ͔̂͊͊ͭ͘͟͡Έ ͍͙͔ͨͪ͊ͭ͡Έ͍͔ͫͭͤͤ·ͻ ͪ͊ͫͨͦͪΎ͔͙͚͗ͤ ͨͦ 

˸͙͙͔͍ͤͫͭͪͫͭͯ ͺ͙͍ͤ͊ͤͫͦΦ муфуΦ Ѕ тΦ мр όнтύ ͺ͔͍ͪ͊͡ΎΦ  

моΦ ˽ ˿π˭LLLΦ ́Φ ·±LLLΦ ̉ΦмΣ нΦ Ѕ мп уфс όмс Ύ͍ͤ͊ͪΎ муфу ͎ΦύΦ 

мпΦ ˾ ͙͚ͯͫͫ͟ ˮ͍͙ͤ͊͒͡Φ п ͙ΌͤΎ муфп ͎Φ Ѕ мнлΦ  

мрΦ ˽ ˿π˭LLLΦ ́Φ ·L±Φ Ѕ мл рлу όу ͔͊ͨͪ͡Ύ муфп ͎ΦύΦ 

мсΦ ώ͔̏ͭͪͦͤͤ͟͡·͚ ͔ͪͫͯͪͫϐΦ ¦w[Υ  ƘǧǇǎΥκκǊƛŀмфмпΦƛƴŦƻκƛƴŘŜȄΦǇƘǇκ҈5л҈!н҈5л҈.9҈5л҈ .C҈5м҈уо҈5м҈ 

ул҈5л҈.у҈5м҈уCψ҈5л҈фу҈5л҈.9҈5м҈ум҈5л҈.у҈5м҈упψ҈5л҈!р҈5л҈.л҈5м҈ур҈5м҈ус҈5л

҈.р҈5л҈.н҈5л҈.у҈5м҈ут ˨͊ͭ͊ ͦ͋ͪ͊΅͔͙ͤΎ мпΦлоΦнлнс ͎Φ 

мтΦ ˽ ˿π˭LLLΦ ́Φ ··L±Φ ̉ΦмΦ Ѕ нр лун όнф ͍͎͊ͯͫͭ͊ мфлп ͎ΦύΦ 

муΦ ˾ ͙͚ͯͫͫ͟ ˮ͍͙ͤ͊͒͡Φ нт ͦͭ͟Ύ͋ͪΎ мфлф ͎Φ Ѕ нонΦ  

мфΦ ˽ ˿π˭LLLΦ ́Φ ··L·Φ ̉ΦмΣ нΦ Ѕ он рос όф ͔ͫͤͭΎ͋ͪΎ мфлф ͎ΦύΦ 

нлΦ ʕ ͔͙ͫͭͤ͟ ͺ͙͍ͤ͊ͤͫͦΣ ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡ ͙ ͎͍͙ͭͦͪͦ͡Φ ͔̂͊͊ͭ͘͟͡Έ ͍͙͔ͨͪ͊ͭ͡Έ͍͔ͫͭͤͤ·ͻ ͪ͊ͫͨͦͪΎ͔͙͚͗ͤ ͨͦ 
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˸͙͙͔͍ͤͫͭͪͫͭͯ ͺ͙͍ͤ͊ͤͫͦΦ муфсΦ Ѕ нуΦ мо όнрύ ͙Ό͡ΎΦ  

нмΦ ˽ ˿π˭LLLΦ ́Φ ·±LΦ ̉ΦмΣ нΦ Ѕ мо рсс όнл ͔͒͊͋ͪ͟Ύ муфс ͎ΦύΦ 

ннΦ ́ ͙͊͋͡ͼ· ͺͦͪͣ ͙͍͙ͦ͋ͣͯͤ͒ͪͦ͊ͤΎ ˾͚ͯͫͫͦ͟ ˢ͙͙ͪͣΦ у ͎ͤ͊͡Ύ͒ͤ·ͻ ͙ͭ͊͋͡ͼ ͍ͤͦ·ͻ ͺͦͪͣΦ ˿͍͔ͦͫͭ͊ͤͦ͡ ͨͦ м 

͔͊ͨͪ͡Ύ мфмм ͎Φ ˿˽͋ΦΣ мфммΦ  

ноΦ ˾ ͙͚ͯͫͫ͟ ˮ͍͙ͤ͊͒͡Φ н ͔͒͊͋ͪ͟Ύ мфлт ͎Φ Ѕ нснΦ  

нпΦ ˽ ˿π˭LLLΦ ́Φ ···LLLΦ ̉ΦмΣ нΦ Ѕ пл слс όол ͤͦΎ͋ͪΎ мфмо ͎ΦύΦ 

нрΦ ˽ ˿π˭LLΦ ́Φ ··Φ ̉Φ мΣ нΦ Ѕ мф мно όнн ͙ΌͤΎ мупр ͎ΦύΦ 

нсΦ ʕ ͔͙͚͊ͪ͡ ˴͙͍ͯͦ͟͡Φ ˮ ͺͪ͊͟Σ ͙ ͙͍͔ͪ͟Σ ͙ ͨ͊ͨ͊ͻ͊ κκ ˽͎͙ͦͪ͊ͤ;͙ͤ͟Φ мффуΦ Ѕ р όммпмύΦ ˿Φ фпπфсΦ 

нтΦ ʕ Φ ˴͙͍ͯͦ͟͡Φ ˾͍ͦ͒ͦͫͦͤ͊͡Ύ ͔͔͚ͤͦ͘͡ ͺ͙ͯͪ͊͗͟ κκ ˥͔ͪ͊͡Έ͙͒;͔͙͚ͫ͟ ͙ͫ͋ͦͪͤ͟ ̅˽˿ ˾͙͙ͦͫͫΦ ˽͙͔͙͔ͪͦ͗ͤ͡ ͟ 

͗ͯͪͤ͊ͯ͡ ζ˽͎͙ͦͪ͊ͤ;͙ͤ͟ηΦ ˸͍ͦͫ͊͟Σ мффуΦ улͫΦ 

нуΦ ʕ ͔͙ͫͭͤ͟ ͺ͙͍ͤ͊ͤͫͦΣ ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡ ͙ ͎͍͙ͭͦͪͦ͡Φ ͔̂͊͊ͭ͘͟͡Έ ͍͙͔ͨͪ͊ͭ͡Έ͍͔ͫͭͤͤ·ͻ ͪ͊ͫͨͦͪΎ͔͙͚͗ͤ ͨͦ 

˸͙͙͔͍ͤͫͭͪͫͭͯ ͺ͙͍ͤ͊ͤͫͦΦ мфлоΦ Ѕ псΦ мс όнфύ ͤͦΎ͋ͪΎΦ  

нфΦ ˾ ͙͚ͯͫͫ͟ ˮ͍͙ͤ͊͒͡Φ мт ͣ͊Ύ мфлт ͎Φ Ѕ млуΦ  

олΦ ˽ ˿π˭LLLΦ ́Φ ··±LLΦ ̉ΦмΦ Ѕ нф лтт όмо ͔͊ͨͪ͡Ύ мфлт ͎ΦύΦ 

омΦ ˾ ͙͚ͯͫͫ͟ ˮ͍͙ͤ͊͒͡Φ нм ͔ͫͤͭΎ͋ͪΎ мфлт ͎Φ Ѕ нлтΦ  

онΦ ˽ ˿π˭LLLΦ ́Φ ··±LLΦ ̉ΦмΦ Ѕ нф прн όо ͍͎͊ͯͫͭ͊ мфлт ͎ΦύΦ 

ооΦ ˽ ˿π˭LLLΦ ́Φ ··L·Φ ̉ΦмΣ нΦ Ѕ ор ммс όнф ͔͊ͨͪ͡Ύ мфмм ͎ΦύΦ 

опΦ ˽ ˿π˭LLLΦ ́Φ ···LLΦ ̉ΦмΣ нΦ Ѕ оу нтс όр ͤͦΎ͋ͪΎ мфмн ͎ΦύΦ 

орΦ ˾ ͙͚ͯͫͫ͟ ˮ͍͙ͤ͊͒͡Φ п ͣ͊ͪͭ͊ мфмм ͎Φ Ѕ пфΦ  

осΦ ˾ ͙͚ͯͫͫ͟ ˮ͍͙ͤ͊͒͡Φ нф ͣ͊Ύ мфмл ͎Φ Ѕ ммпΦ  

отΦ ˽ ˿π˭LLLΦ ́Φ ···Φ ̉ΦмΦ Ѕ оо плр όол ͔͊ͨͪ͡Ύ мфмл ͎ΦύΦ 

оуΦ ˽ ˿π˭LLLΦ ́Φ ···Φ ̉ΦмΣ нΦ Ѕ оп оус όмф ͤͦΎ͋ͪΎ мфмл ͎ΦύΦ 

офΦ ώ͔̏ͭͪͦͤͤ͟͡·͚ ͔ͪͫͯͪͫϐΦ ¦w[Υ ƘǧǇǎΥκκǎŀƳƳƭŜǊΦǊǳκƛƴŘŜȄΦǇƘǇΚκǘƻǇƛŎκснрфрπ҈5м҈уп҈5л҈.9҈ 

5м҈ун҈5л҈.9π҈5л҈.9҈5л҈.C҈5м҈ул҈5л҈.р҈5л҈.п҈5л҈.р҈5л҈..҈5л҈.р҈5л҈.5҈5л҈.уκ 

˨͊ͭ͊ ͦ͋ͪ͊΅͔͙ͤΎ мпΦлоΦнлнс ͎Φ 

ϭ ˿͎ͦͦͯ͋͡ ˴Φ˹ΦΣ нлнс 

 

 

 

 

˿͎ͦͦͯ͋͡ ˴͙͙ͪ͡͡ ˹͙͔͍͙ͦ͊͟͡; 

˴͊ͤ͒Φ ͔ͣ͒Φ ͤ͊ͯ͟Σ ͔͍͙͙ͤ͊ͫͣ͘·͚ ͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡ΈΣ 

 ͎Φ ˸͍ͦͫ͊͟Σ ˾̅ 

 

˻˿˻ˣ˩˹˹˻˿́ˮ ˻˾˥ˢ˹ˮ˭ˢ̇ˮˮ ˭ˢˢ˸̂˾˿˴ˮ̆ ˬ˩˶˩˭˹˻˨˻˾˻ˬ˹̍̆ ˣˢ́ˢ˶̎˻˹˻ˤ  

ˮ ˻ˣ˸̂˹˨ˮ˾˻ˤˢ˹ˮ̒ ˮ̆ ̉ˮ˹˻ˤΦ мфлоςмфмн 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˹͊ͫͭͦΎ΅͊Ύ ͪ͊͋ͦͭ͊ ͍ͨͦͫΎ΅͔ͤ͊ ͙ͯ͘;͔͙ͤΌ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ˭͙͊͊ͣͯͪͫ͟ͻ ͔͔͗ͤͦ͒ͦͪͦ͗ͤ͘͡·ͻ ͋͊ͭ͊͡Έ͍ͦͤͦ 

͙ ͙͍͙ͦ͋ͣͯͤ͒ͪͦ͊ͤΎ ͙ͻ ;͙͍ͤͦ ͍ ͼ͔͡Ύͻ ͍͔͔͙ͨͪͦ͒ͤΎ ͙͊ͭͪ͋ͯͼ͙͙ ͺ͎ͦͭͦͪ͊ͺ͙͚ ͔͙ͨͦͫ͒ͤ͡ͻ ͍ ͪ͊ͣ͊͟ͻ 

͔͙ͪ͊͊͘͡ͼ͙͙ ͍͔ͦͤͤͦπͣ ͔͙ͣͦͪ͊͡Έ͎ͤͦͦ ͙ͨͦͫ͊͟Φ  

˿͔ͦ͒ͪ͗͊΅͙͔ͫΎ ͍ ͔͚ͤ ͍͔͔͙ͫ͒ͤΎ ͫͯ͗͊ͭ͡ ͍ͨͦ·΄͔͙ͤΌ ͍ͯͪͦͤΎ ͨͪͦͺ͔͙ͫͫͦͤ͊͡Έ͚ͤͦ ͔͔ͦͣͨͭͤ͟ͼ͙͙ 

͍͔ͦͤͤ·ͻ ͙͙͍ͫͭͦͪͦ͟ ͙ ͎͔͔͎͍ͤ͊ͦͦ͡Φ  



ˢ˴ˢ˨˩˸ˮ̉˩˿˴˻˩ ˮ˭˨ˢ́˩˶̎˿́ˤ˻ ζ˹ˢ̂̉˹ˢ̒ ˢ˾́˩˶̎η 
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˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ 

ͣͯ ͙ͤ͒ͪΣ ͦ͋΄͎͊͊͡Σ ͎͙ͨͦͪ͊ͤ;ͤ͊Ύ ͫͭͪ͊͗͊Σ ˭͙͚͊͊ͣͯͪͫ͟ ͔͔͗ͤͦ͒ͦͪͦ͗ͤ͘͡·͚ ͋͊ͭ͊͡ΈͦͤΣ  

͎͍͙ͨͯͦͼ·Σ ͔͔ͤ͘͡·͚ ͼ͍͔ͭ 

 

{ƻƭƻƎǳō YƛǊƛƭƭ bΦ 

aΦ5ΦΣ tƘΦ5ΦΣ  

LƴŘŜǇŜƴŘŜƴǘ ǎŎƛŜƴǝǎǘΣ  

aƻǎŎƻǿΣ wǳǎǎƛŀ 

 

C9!¢¦w9{ hC ¢I9 hwD!bL½!¢Lhb hC ¢I9 ¢w!b{π!a¦w w!L[²!¸ .!¢¢![Lhb 

{ !b5 ¢I9 ¦bLChwa hC ¢I9Lw {¢!CCΦ мфлоςмфмн 

 

!ōǎǘǊŀŎǘ 

¢Ƙƛǎ ǇŀǇŜǊ ƛǎ ŘŜǾƻǘŜŘ ǘƻ ǘƘŜ ǎǘǳŘȅ ƻŦ ǘƘŜ ƻǊƎŀƴƛȊŀǝƻƴ ƻŦ ǘƘŜ ¢Ǌŀƴǎπ!ƳǳǊ Ǌŀƛƭǿŀȅ ōŀǧŀƭƛƻƴǎ ŀƴŘ ǳƴƛŦƻǊƳ 

ƻŦ ǘƘŜƛǊ ǎǘŀũ ƛƴ ƻǊŘŜǊ ǘƻ ŀǧǊƛōǳǘŜ ǘƘŜƛǊ ǇƘƻǘƻƎǊŀǇƘǎ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ ƳƛƭƛǘŀǊȅ ƳŜƳƻǊƛŀƭ ǎŜŀǊŎƘΦ 

¢ƘŜ ƛƴŦƻǊƳŀǝƻƴ ŎƻƴǘŀƛƴŜŘ ƘŜǊŜƛƴ ǎŜǊǾŜǎ ǘƻ ŜƴƘŀƴŎŜ ǘƘŜ ǇǊƻŦŜǎǎƛƻƴŀƭ ŎƻƳǇŜǘŜƴŎŜ ƻŦ ƳƛƭƛǘŀǊȅ ƘƛǎǘƻǊƛŀƴǎ 

ŀƴŘ ƎŜƴŜŀƭƻƎƛǎǘǎΦ 

YŜȅǿƻǊŘǎ 

ǘǳƴƛŎΣ ŎǳũǎΣ ōƻǊŘŜǊ ƎǳŀǊŘΣ ¢Ǌŀƴǎπ!ƳǳǊ Ǌŀƛƭǿŀȅ ōŀǧŀƭƛƻƴΣ  

ōǳǧƻƴǎΣ ƎǊŜŜƴ ŎƻƭƻǊΦ 

 

˹͊ͫͭͦΎ΅͊Ύ ͫͭ͊ͭΈΎ ͔ͨͪͦ͒ͦ͗͊ͭ͡ ͼ͙͟͡ ͪ͊͋ͦͭΣ ͍ͨͦͫΎ΅͔ͤͤ·ͻ ͙ͯ͘;͔͙ͤΌ ͎͙ͦͪ͊ͤ͊͘ͼ͙͙ ͙ ͺ͔͚ͦͪͣͤͤͦ 

͔ͦ͒͗͒· ͍͔ͦͦͪͯ͗ͤͤ·ͻ ͺ͙͍͙͚ͦͪͣͪͦ͊ͤ ˾͙͚͚ͦͫͫͫͦ͟ ͙͔͙͙ͣͨͪ ͍ ͔ͨͦͦͫ͡ ͦͭ;͔͙ͯ͗͒ͤΎ ˴͙͚͚ͭ͊ͫͦ͟ ˤͦͫͭͦ;͚ͤͦ 

͔͔͚͗ͤͦ͘͡ ͎͙͒ͦͪͦ ό͔͔͒͊͡ ς ˴ˤˬ˨ύ ώмϐΦ 

ˤ мфло ͎Φ ͒͡Ύ ͍ͨͦ·΄͔͙ͤΎ Ήͺͺ͔͙͍͙ͭͤͦͫͭ͟ ͙ ͔͙͋ͦͨ͊ͫͤͦͫͭ͘ Ήͫͨͯ͊ͭ͊͟͡ͼ͙͙ ˴ˤˬ˨ όζΧ͟ ͯ;͙͊ͫͭΌ ͍ 

Ήͫͨͦ͊ͭ͊͟͡ͼ͙͙ ˴͙͚ͭ͊ͫͦ͟πʕ ͦͫͭͦ;͚ͤͦ ͔͔͚͗ͤͦ͘͡ ͎͙͒ͦͪͦ ͙͙͡ ͍͔ͫͦ͋ͫͭͤͤͦ ͔ͭͻ ͔͔ ;͔͚͊ͫͭΣ ͦͭͦͪ͟·͔ 

͙͔͔ͤ͊͋ͦ͡ ͍͔͔ͨͦ͒ͪ͗ͤ· ͍͙ͦͣͦ͗ͤͦͫͭ͘ ͍͔ͦͦͪͯ͗ͤͤ·ͻ ͍͔ͪ͊͗͒͋ͤ·ͻ ͨͦͯ͟΄͔͙͚ͤΣ ͙͍ͨͪͤ͊͊ͦͫ͘͡Έ ͔ͨͦͤ͘͡·ͣ 

͙͍͔ͨͪ͡;͔͙͔ͤ ͙͊͟͟ͻπ͡ ͙͋ͦ ͎͙͍ͦͪ͊ͤͦ͊ͤͤ͘·ͻ ͒͡Ύ ͔͎ͫͦ ;͔͚͊ͫͭ ͍͚ͦͫ͟η ώнΣ ˿Φ ноπнпϐύ ͋·͊͡ ͫͺ͙͍ͦͪͣͪͦ͊ͤ͊ 

˭͊͊ͣͯͪͫ͊͟Ύ ͔͔͗ͤͦ͒ͦͪͦ͗ͤ͊͘͡Ύ ͙͎͋ͪ͊͒͊ ό͔͔͒͊͡ ς ˭ ˬ˨ˣͪύ ;͔ͭ·͔ͪͻ͋͊ͭ͊͡Έ͎ͦͤͤͦͦ ͍ͫͦͫͭ͊͊Φ ˽͙ͪ͊ͦͣ͘͟ ͨͦ 

͍͔ͦͤͤͦͣͯ ͍͔͍͒ͦͣͫͭͯ ό͔͔͒͊͡ ς ˽ˤˤύ ͦͭ нр ͙ΌͤΎ мфло ͎Φ Ѕ нпл  ͋·͡ ͦ͋ΆΎ͍͔ͤ͡ ΄ͭ͊ͭ ͍͔͙̂ͨͪ͊ͤ͡Ύ ˭ˬ˨ˣͪΣ 

͍ͻͦ͒Ύ΅͙ͻ ͍ ͔͔ ͍ͫͦͫͭ͊ ˭͙͊͊ͣͯͪͫ͟ͻ ͔͔͗ͤͦ͒ͦͪͦ͗ͤ͘͡·ͻ ͋͊ͭ͊͡Έ͍ͦͤͦ ό͔͔͒͊͡ ς ˭ˬ˨ˣύΣ ͊ ͔ͭ͊͗͟ ˴͊ͤͼ͔͡Ύ͙͙ͪ 

͙ͨͪ ͤ͊;͊͡Έ͙͔ͤ͟ ˴ˤˬ˨ ζͫ ͔͔͙͔ͦͭͤͫͤͣ ͍͔ͫͻ ͔ͨͦͭͪ͋ͤ·ͻ ͨͦͫͭͦΎͤͤ·ͻ ͙ ͔͙͍͔͔͒ͤͦͪͣͤͤ·ͻ ͪ͊ͫͻ͍ͦ͒ͦ ͊͘ 

ͫ;͔ͭ ͦ͋΅͔͍ͫͭ͊ ˴͙͚͚ͭ͊ͫͦ͟ ˤͦͫͭͦ;͚ͤͦ ͔͔͚͗ͤͦ͘͡ ͎͙͒ͦͪͦηΦ  

˨͊ͭ· ͫͺ͙͍͙ͦͪͣͪͦ͊ͤΎ мπпπ͎ ͦ ˭ˬ˨ˣ όмл ͙Ό͡ΎΣ нл ͙Ό͡ΎΣ нс ͙Ό͡Ύ ͙ но ͙Ό͡Ύ мфло ͎Φ ͍͔͍͔ͫͦͦͭͭͫͭͤͤͦύ 

͋·͙͡ ͦ͋ΆΎ͍͔ͤ͡· ͼ͙ͪͯ͟͡Ύͪͦͣ ˥͍͎͊ͤͦͦ͡ ΄ͭ͊͋͊ ό͔͔͒͊͡ ς ̇ ˥̊ύ ͦͭ ом ͙Ό͡Ύ мфло ͎Φ Ѕ мсм ώоΣ ˿Φ мϐΣ ͒͊ͭ͊ 

ͫͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ΄ͭ͊͋͊ ˭ˬ˨ˣͪ όм ͔ͫͤͭΎ͋ͪΎ мфло ͎Φύ ς ̇˥̊ ͦͭ мо ͦͭ͟Ύ͋ͪΎ мфло ͎Φ Ѕ ном ώпΣ ˿Φ нϐΦ ˽͔ͦͫ͒ͤ͡ΎΎ 

͒͊ͭ͊ όм ͔ͫͤͭΎ͋ͪΎ мфло ͎Φύ ͎ͫͦ͊ͫͤͦ͡ ͙ͨͪ͊ͯ͘͟ ͔̊ͺ͊ ͎͙ͨͦͪ͊ͤ;͚ͤͦ ͙ͫͭͪ͊͗ ό͔͔͒͊͡ ς ˽̊˽˿ύ ͦͭ о ͙Ό͡Ύ мфлу ͎Φ 

Ѕ ом ͫͦ ͫͫ·͚ͦ͟͡ ͤ͊ ̇˥̊ ͦͭ мо ͦͭ͟Ύ͋ͪΎ мфло ͎Φ Ѕ ном ͋·͊͡ ͙ͨͪͤΎͭ͊ ͍ ͊͟;͔͍͔ͫͭ ͒͊ͭ· ͫͺ͙͍͙ͦͪͣͪͦ͊ͤΎ 

͍͔͚ͫ ˭ˬ˨ˣͪ ͍ ͼ͔ͦͣ͡ ώрΣ ˿Φ нϐΦ ˽͙ͪ͊ͦͣ͘͟ ͨͦ ͍͔ͦͤͤͦͣͯ ͍͔͍͒ͦͣͫͭͯ ό͔͔͒͊͡ ς ˽ˤˤύ ͦͭ нн ͔͊ͨͪ͡Ύ мфлп ͎Φ Ѕ 

нмо ͍͔ͫͣ ˭ˬ˨ˣ ͋·ͦ͡ ͙͍͔ͨͪͫͦͤͦ ͫͭ͊ͪ΄͙͍ͤͫͭͦ ͫ нр ͙ΌͤΎ мфло ͎Φ ώсϐΦ 

͍̏ͦ͡Όͼ͙Ύ ͎͙ͦͪ͊ͤ͊͘ͼ͙ͦͤͤͦπ́ ͚ͭ͊ͭͤͦ ͫͭͪͯͭͯͪ͟· мπпπ͎ ͦ ˭ˬ˨ˣ ͍ ͔͙ͨͪͦ͒ мфлоςмфлп ͎͎Φ ͔ͦͭͪ͊͗ͤ͊ ͍ 

͙ͭ͊͋͡ͼ͔ мΦ 
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͙́͊͋͡ͼ͊ м 

͍̏ͦ͡Όͼ͙Ύ ͎͙ͦͪ͊ͤ͊͘ͼ͙ͦͤͤͦπ́ ͚ͭ͊ͭͤͦ ͫͭͪͯͭͯͪ͟· мπпπ͎ ͦ ˭ˬ˨ˣ ͍ ͔͙ͨͪͦ͒ мфлоςмфлп ͎͎Φ  

ώтΣ ˿Φ мммπммнΣ ͫ ͙͔͔͙ͣͤͤ͘Ύ͙ͣ ͙ ͔͙͒ͦͨͦͤͤ͡Ύ͙ͣϐ 

˨͊ͭ͊ ˽͙ͪͦͦ͘΄͔͒΄͙͔ ͙͔͔͙ͣͤͤ͘Ύ ͎͙ͦͪ͊ͤ͊͘ͼ͙ͦͤͤͦπ́ ͚ͭ͊ͭͤͦ ͫͭͪͯͭͯͪ͟· 

мπ͚  ˭ˬ˨ˣ 

мфло  ˿ͺ͙͍ͦͪͣͪͦ͊ͤ ͍͒ͯͻͪͦͭͤ·͚ мπ͚ ˭ˬ˨ˣ ͙͘ рπ͚ ͪͦͭ· пπ͎ͦ ͔͔͎͗ͤͦ͒ͦͪͦ͗ͤͦͦ͘͡ 
͋͊ͭ͊͡Έͦͤ͊ ό͔͔͒͊͡ ς ˬ˨ˣύ ώнΣ ˿Φ ноϐ ͙ ͔ͫ͊ͨͪ пπ͚ ͔͚ͫ͊ͨͪͤͦ ͙͎͋ͪ͊͒· ό͔͔͒͊͡ 
ς ˿ˣύ 

˽ˤˤ ͦͭ но Ύ͍ͤ͊ͪΎ мфлп ͎Φ Ѕ мф ώуΣ ˿Φ нϐ ˣ͊ͭ͊͡Έͦͤ ͍͔͔͒ͦ͒ͤ ͒ͦ ;͔ͭ·͔ͪͻ͎ͪͦͭͤͦͦ ͍ͫͦͫͭ͊͊ 

˽ˤˤ ͦͭ с ͣ͊Ύ мфлп ͎Φ Ѕ нрм ώфΣ ˿Φ нϐ ˨͍͔ͦ͋͊ͤ͊͡ рπΎ ͪͦͭ͊Σ ͍·͔͔͒ͤͤ͊͡Ύ ͙͘ ͍ͫͦͫͭ͊͊ ͔͚́ͯͪͫͭ͊ͤͫͦ͟͟ 
͔͔͚͗ͤͦ͒ͦͪͦ͗ͤͦ͘͡ ͙͎͋ͪ͊͒· ό͔͔͒͊͡ ς ˬ˨ˣͪύ 

˽ˤˤ ͦͭ у ͣ͊Ύ мфлп ͎Φ Ѕ нрн ώфΣ ˿Φ нϐ ˽͙ͪ ͋͊ͭ͊͡Έ͔ͦͤ ͫͺ͙͍ͦͪͣͪͦ͊ͤ͊ сπΎ ͪͦͭ͊ 

нπ͚  ˭ˬ˨ˣ 

мфло  ˿ͺ͙͍ͦͪͣͪͦ͊ͤ ͍͒ͯͻͪͦͭͤ·͚ нπ͚  ˭ˬ˨ˣ ͙͘ ;͙͍ͤͦ ;͔͚͊ͫͭ ͙͚͚̂ͫͫͯͪͫͦ͟ 
ˬ˨ˣͪ 

˽ˤˤ ͦͭ но Ύ͍ͤ͊ͪΎ мфлп ͎Φ Ѕ мф ˣ͊ͭ͊͡Έͦͤ ͍͔͔͒ͦ͒ͤ ͒ͦ ;͔ͭ·͔ͪͻ͎ͪͦͭͤͦͦ ͍ͫͦͫͭ͊͊ 

˽ˤˤ ͦͭ с ͣ͊Ύ мфлп ͎Φ Ѕ нрм  ˨͍͔ͦ͋͊ͤ͊͡ рπΎ ͪͦͭ͊Σ ͍·͔͔͒ͤͤ͊͡Ύ ͙͘ ͍ͫͦͫͭ͊͊ ͔͚́ͯͪͫͭ͊ͤͫͦ͟͟ ˬ˨ˣͪ 

˽ˤˤ ͦͭ у ͣ͊Ύ мфлп ͎Φ Ѕ нрн ˽͙ͪ ͋͊ͭ͊͡Έ͔ͦͤ ͫͺ͙͍ͦͪͣͪͦ͊ͤ͊ сπΎ ͪͦͭ͊ 

оπ͚  ˭ˬ˨ˣ 

мфло  ˿ͺ͙͍ͦͪͣͪͦ͊ͤ ;͔ͭ·͔ͪͻͪͦͭͤ·͚ оπ͚  ˭ˬ˨ˣ ͙͘ ͪͦͭΣ ͤ͊ͤ͊͘;͔ͤͤ·ͻ ͨͦ 
͚ͦ͒ͤͦ ͙͘ нπ͎ ͦ ͙ оπ͎ ͦ ˬ˨ˣΣ ͊ ͔ͭ͊͗͟ ;͙͍ͤͦ нπ͚  ˿ˣ  

˽ˤˤ ͦͭ но Ύ͍ͤ͊ͪΎ мфлп ͎Φ Ѕ мф ˣ͊ͭ͊͡Έͦͤ ͍͔͔͒ͦ͒ͤ ͒ͦ ͨΎ͙͎ͭͪͦͭͤͦͦ ͍ͫͦͫͭ͊͊ 

˽ˤˤ ͦͭ у ͣ͊Ύ мфлп ͎Φ Ѕ нрн ˽͙ͪ ͋͊ͭ͊͡Έ͔ͦͤ ͫͺ͙͍ͦͪͣͪͦ͊ͤ͊ сπΎ ͪͦͭ͊ 

пπ͚  ˭ˬ˨ˣ 

мфло  ˿ͺ͙͍ͦͪͣͪͦ͊ͤ ;͔ͭ·͔ͪͻͪͦͭͤ·͚ пπ͚  ˭ˬ˨ˣ ͙͘ ͪͦͭΣ ͤ͊ͤ͊͘;͔ͤͤ·ͻ ͨͦ 
͚ͦ͒ͤͦ ͙͘ мπ͎ ͦ ͙ нπ͎ ͦ ˭͙͚͙͊͊ͫͨͫ͟͟ͻ ˬ˨ˣ ͙ ;͙͍ͤͦ ͔͎́ͯͪͫͭ͊ͤͫͦͦ͟͟ 
͔͎ͫ͊ͨͪͤͦͦ ͋͊ͭ͊͡Έͦͤ͊ ώмлΣ ˿Φ оϐ 

˽ˤˤ ͦͭ но Ύ͍ͤ͊ͪΎ мфлп ͎Φ Ѕ мф ˣ͊ͭ͊͡Έͦͤ ͍͔͔͒ͦ͒ͤ ͒ͦ ͨΎ͙͎ͭͪͦͭͤͦͦ ͍ͫͦͫͭ͊͊ 

˽ˤˤ ͦͭ у ͣ͊Ύ мфлп ͎Φ Ѕ нрн ˽͙ͪ ͋͊ͭ͊͡Έ͔ͦͤ ͫͺ͙͍ͦͪͣͪͦ͊ͤ͊ сπΎ ͪͦͭ͊ 

 

˽ˤˤ ͦͭ ну ͣ͊Ύ мфло ͎Φ Ѕ нлп ͒͡Ύ ˭ˬ˨ˣͪ ͋·ͦ͡ ͍͔ͯͫͭ͊ͤͦͤͦ͡ ͙͍͙͔ͦ͋ͣͯͤ͒ͪͦ͊ͤ ͙ ͫͤ͊ͪΎ͔͙͔͗ͤ ζͨͦ 

ͺ͔ͦͪͣ ͔͔͗ͤͦ͒ͦͪͦ͗ͤ͘͡·ͻ ͋͊ͭ͊͡Έ͍ͦͤͦη ͫͦ ͔ͫ͒ͯ͡Ό΅͙͙ͣ ͙͔͔͙ͣͤͤ͘Ύ͙ͣ ώммϐ ό˾͙͙ͫͯͤ͟ мπнύΥ 

¶ ˽ ͊ͪ͊͒ͤ·͚ ͎͍͚ͦͦͤͦ͡ ͯ͋ͦͪ ς ͨ͊ͨ͊ͻ͊Τ 

¶ ̊ ͙ͺ͍ͪͦ͊͟ ͤ͊ ͎ͨͦͦͤ͊ͻ ͙ Ή͔ͨͦͭ͊͡ͻ ͦͺ͙ͼ͔͍ͪͦΣ ͎ͨͦͦͤ͊ͻ ͙ ͦͦ͟͡·΄͊ͻ ͺ͔ͯͪ͊͗͟ ͙͙ͤ͗ͤͻ ;͙͍ͤͦ мπпπ͎ ͦ 

˭ˬ˨ˣ ς ЅΦ ˭πs ΦˬΦ 

¶ ̊ ͙ͺ͍ͪͦ͊͟ ͤ͊ ͎ͨͦͦͤ͊ͻ ͙ ͦͦ͟͡·΄͊ͻ ͺ͔ͯͪ͊͗͟ ͙͙ͤ͗ͤͻ ;͙͍ͤͦ ͍͔͙̂ͨͪ͊ͤ͡Ύ ˭ˬ˨ˣͪ ς ˭πs ΦˬΦ 

͙̊ͪͺͭ ΄͙ͺ͍ͪͦͦ͟ ͤ͊ ͎ͨͦͦͤ͊ͻ ͙ Ή͔ͨͦͭ͊͡ͻ ͋·͡ ͙͍͎ͯͪͫͤͦͦ͟Σ ͦͦ͟͡·΄͊ͻ ͺ͔ͯͪ͊͗͟ ς ͨ ͪΎ͎ͣͦͦ 

ͤ͊;͔͙ͪͭ͊ͤΎΦ ˤ·ͫͦͭ͊ ͼ͙ͺͪ ͙ ͙͔ͭͪ͡ ΄͙ͺ͍ͪͦͦ͟ ͤ͊ ͎ͨͦͦͤ͊ͻ ͙͙ͤ͗ͤͻ ;͙͍ͤͦ ͙ ͦͺ͙ͼ͔͍ͪͦ ͍ͫͦͫͭ͊͡Ύ͊͡ м 

͍͔ͪ΄ͦ͟Σ ͤ͊ ͦͦ͟͡·΄͊ͻ ͺ͔ͯͪ͊͗͟ ͙͙ͤ͗ͤͻ ;͙͍ͤͦ ς ѹ ͍͔ͪ΄͊͟Σ ͤ͊ Ή͔ͨͦͭ͊͡ͻ ͦͺ͙ͼ͔͍ͪͦ ς ҁ ͍͔ͪ΄͊͟Φ 

˾͊ͫͫͭͦΎ͙͔ͤ ͦͭ ͙͔͎ͤ͗ͤͦ ͪ͊͟Ύ ͎ͨͦͦͤ͊ ͒ͦ ΄͙ͺ͍͙ͪͦ͟ ͍ͫͦͫͭ͊͡Ύͦ͡ ѹ ͍͔ͪ΄͊͟Φ 

ˤ мфлп ͎Φ ˽ˤˤ ͦͭ ом ͍͎͊ͯͫͭ͊ Ѕ рму ͋·ͦ͡ ͦ͋ΆΎ͍͔ͤͦ͡ ͦ͋ ͍͔͙͙ͯͫͭ͊ͤͦͤ͡ ζ͔ͭͣ ;͙ͤ͊ͣΣ ͙ͦͣ͟ ͙͍͔ͨͪͫͦͤ͊ 

͙͔͔ͤ͗ͤͪͤ͊Ύ ͺͦͪͣ͊ ͙͍͙ͦ͋ͣͯͤ͒ͪͦ͊ͤΎη ͨͯ ͎͍͙ͦͼ ͫ ͙͔͙͔ͦ͋ͪ͊͗ͤͣ͘ ͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͎͔ͪ͋͊ ͙ ͔ͫͪ͟΅͔ͤͤ·ͻ 

͍ͭͦͨͦͪͦ ͍͔ͣͫͭͦ ͔͔ͪ͊ͤ ͙ͫͨͦ͡Έ͍͍ͦ͊͘΄͙ͻͫΎ ͎͙͊͒͟͡ͻ ώмнϐΦ  

 

 

 



ˢ˴ˢ˨˩˸ˮ̉˩˿˴˻˩ ˮ˭˨ˢ́˩˶̎˿́ˤ˻ ζ˹ˢ̂̉˹ˢ̒ ˢ˾́˩˶̎η 

 

 

42 

 

 

 

 

 

 

 

 

 
 

˾͙ͫͯͤͦ͟ м ς ˻͋ͪ͊͘ͼ͍ͦ·͚ ͙ͪͫͯͤͦ͟ ΄͙ͺ͍ͪͦͦ͟ ͤ͊ Ή͔ͨͦͭ͊͡ͻ ͙ ͎ͨͦͦͤ͊ͻ ͦͺ͙ͼ͔͍ͪͦΣ ͎ͨͦͦͤ͊ͻ ͙ ͦͦ͟͡·΄͊ͻ 

ͺ͔ͯͪ͊͗͟ ͙͙ͤ͗ͤͻ ;͙͍ͤͦ мπпπ͎ ͦ ˭ˬ˨ˣ ͙ ͎ͨͦͦͤ͊ͻ ͙ ͦͦ͟͡·΄͊ͻ ͺ͔ͯͪ͊͗͟ ͙͙ͤ͗ͤͻ ;͙͍ͤͦ ͍͔͙̂ͨͪ͊ͤ͡Ύ ˭ˬ˨ˣͪ 

͎ͫͦ͊ͫͤͦ͡ ˽ˤˤ ͦͭ ну ͣ͊Ύ мфло ͎Φ Ѕ нлпΦ 

ˮͫͭͦ;͙ͤ͟Υ ώммϐΦ 
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˾͙ͫͯͤͦ͟ н ς ˹͙͙͚͗ͤ ;͙ͤ ͪΎ͍͎͒ͦͦͦ ͍͙͊ͤ͘ΎΣ ͨͪͦͻͦ͒Ύ΅͙͚ ͫͯ͗͋ͯ͡ ͍ мπͣ  ˭ˬ˨ˣΦ 

˹͊ ͎ͨͦͦͤ͊ͻ ͔͔ͤ͊ͤͫͤ͊ ΄͙ͺ͍ͪͦ͊͟ мΦ ˭ΦˢΦˬΦ ˹͙͊͡;͙͔ ͨͦΎ͚ͫͤͦ ͋͡Ύͻ͙ ͔͎͋ͦͦ͡ ͔ͣͭ͊͊͡͡ ͫ ͙͔͙͔ͦ͋ͪ͊͗ͤͣ͘ 

͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͎͔ͪ͋͊ ͙ ͔ͫͪ͟΅͔ͤͤ·ͻ ͍ͭͦͨͦͪͦ ͎ͫͦ͊ͫͤͦ͡ ˽ˤˤ ͦͭ нс ͦͭ͟Ύ͋ͪΎ мфлт ͎Φ Ѕ ррн  

͙ ͙͍͙ͦ͋ͣͯͤ͒ͪͦ͊ͤΎ ͎ͫͦ͊ͫͤͦ͡ ˽ˤˤ ͦͭ ну ͣ͊Ύ мфло ͎Φ Ѕ нлп ͍ͨͦͦ͘͡ΎΌͭ ͔͙ͦͭͤͫͭ ͙ͫͤͣͦ͟  

͟ ͔͔ͨͪͻͦ͒ͤͦͣͯ ͔͙ͨͪͦ͒ͯ ͙ ͍ͯͫͦͤͦ͡ ͙͍͒͊ͭͪͦ͊ͭΈ ͔͎ͦ мфлу ͎Φ 

ˮͫͭͦ;͙ͤ͟Υ ˴͔ͦ͟͡͡ͼ͙Ύ ˴Φ˹Φ ˿͎ͦͦͯ͋͊͡Φ  

 

 

˽ˤˤ ͦͭ н ͤͦΎ͋ͪΎ мфлт ͎Φ Ѕ ртл ͙ ˽̊˽˿ ͦͭ нф ͤͦΎ͋ͪΎ мфлт ͎Φ Ѕ рс ώмоΣ ˿Φ оϐ ͋·ͦ͡ ͦ͋ΆΎ͍͔ͤͦ͡ ͦ 

͔͔ͨͪ͒͊;͔ ˭ˬ˨ˣͪ ͍ ͍͔͔͙͔͒ͤ ͙͙ͣͤͫͭͪ͊ ͺ͙͍ͤ͊ͤͫͦΣ ͊͟͟ ͔̊ͺ͊ ͎͙ͨͦͪ͊ͤ;͚ͤͦ ͙ͫͭͪ͊͗ ζͫ ͨͦ͒;͙͔͙͔ͤͤͣ 

͍͚ͭ͊ͦͦ͟ ͤ͊ ͔͔ͣͫͭΣ ͤ͊ ͍ͨͪ͊͊ͻ ͙ͦͣ͊ͤ͒ͪ͊͟ ͔͔ͤͦͭ͒͡Έ͎ͤͦͦ ͦͪͨͯͫ͊͟Σ ͍̂ͨͪ͊͡ΎΌ΅͔ͣͯ ˴͙͚ͭ͊ͫͦ͟Ό 

ˤͦͫͭͦ;ͤͦΌ ͔͔͗ͤͦ͘͡Ό ͎͒ͦͪͦͦΌ ͤ͊ ͍͙͙ͦͫͤͦ͊ͤ ͍·͎ͪ͊͋ͦͭ͊ͤͤͦͦ ͍͎ͤͦͦͦ ͔͙ͨͦͦ͗ͤ͡Ύ ͙ ΄ͭ͊ͭ͊Σ 

ˤ·ͫͦ;͚͊΄͔ ͍͔͔ͯͭͪ͗͒ͤͤ·ͻ мпπ͎ ͦ ͦͭ͟Ύ͋ͪΎ ͔͎ͫͦ ͎ͦ͒͊ηΦ  

˽͔͔ͪ͒͊;͊ ˭ˬ˨ˣͪ ͍ ͍ͫͦͫͭ͊ ˭͎͊͊ͣͯͪͫͦͦ͟ ͎ͦͪͯ͊͟ ˻͔ͭ͒͡Έ͎ͤͦͦ ͦͪͨͯͫ͊͟ ͎͙ͨͦͪ͊ͤ;͚ͤͦ ͙ͫͭͪ͊͗ ό͔͔͒͊͡ ς 

˻˴˽˿ύ ͙͍͔ͨͪ͊͡ ͟ ͙͔͔͙ͣͤͤ͘Ό ͙͍͙ͦ͋ͣͯͤ͒ͪͦ͊ͤΎ ͔͔ ;͙͍ͤͦΦ ˽̊˽˿ ͦͭ мо ͔͒͊͋ͪ͟Ύ мфлт ͎Φ Ѕ рф ώмпΣ ˿Φ мϐ ͙ 

˽ˤˤ ͦͭ мр Ύ͍ͤ͊ͪΎ мфлу ͎Φ Ѕ му ͋·ͦ͡ ͦ͋ΆΎ͍͔ͤͦ͡ ͦ ͍͍͔͔͙͙͒ͤ ͒͡Ύ ;͙͍ͤͦ ˭ˬ˨ˣͪ ͙͍͙ͦ͋ͣͯͤ͒ͪͦ͊ͤΎ ͙ 

ͫͤ͊ͪΎ͔͙͗ͤΎ ͦ͋΅͔͎ͦ ͫ ͍ͭ͊ͦ͟·ͣ ͯ ;͙͍ͤͦ ˻˴˽˿ ͫͦ ͔ͫ͒ͯ͡Ό΅͙͙ͣ ͙ͦͭ͡;͙Ύ͙ͣ ό˾͙͙ͫͯͤ͟ оπпύΥ 

¶ ˻ ͺ͙ͼ͔ͪ·Υ ͫͤ͊ͪΎ͔͙͔͗ͤ ͙ ͙ͣͯͤ͒ͪ ͔ͨͻ͎ͦͭͤͦͦ ͦ͋ͪ͊͘ͼ͊Σ ͙͔ͨͪ͋ͦͪͤͦ ;͔͔ͪͤͦ ͋͊ͪͻ͔͊ͭͤͦ ͫͯͤͦ͟Σ ͫ 

͔͔ͤ͘͡·ͣ ͊ͤͭͦͣ͟Σ ͔͔ͤ͘͡·͔ ͊ͤͭ͟· ͨͦ ͍͔ͪͻͯ ͙ ͙ͤͯ͘ ͍͙͍ͦͪͦͭͤͦ͟ ͙͍ͣͯͤ͒ͪͦ ͙ ͫΌ͍ͪͭͯͦ͟Σ ͊ ͔ͭ͊͗͟ ͨͦ 

͍͙ͦͪͦͭͤͯ͟ ΄͙͔͙ͤ͡Σ ͔͔ͫͪ͋ͪΎͤ·͚ ͙ͨͪ͋ͦͪΣ ͋͊ͭ͊͡Έͦͤͤ͊Ύ ΄͙ͺ͍ͪͦ͊͟ ͤ͊ ͎ͨͦͦͤ͊ͻ13Τ 

 
13 ʕ  ͙͎͙ͦͪͤ͊͡Έͤͦͣ ͔͔ͭͫͭ͟ ͙ͨͪ͊͊͘͟ ͦͤ͊ ͙ͦͨͫ͊ͤ͊ ͍͔ͫΈͣ͊ ͪ͊ͭͦ͟͟ ͙ ͭͯͣ͊ͤͤͦΥ ζΧ ͫ ͙͔͙ͭͪ͊ͣ͡ ͙͍͋͊ͭ͊ͦͤͦ͡ ͙͎͋ͪ͊͒· ͤ͊ 
͎ͨͦͦͤ͊ͻηΦ  
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¶ ˹ ͙͙͔͗ͤ ;͙ͤ·Υ ͎ͨͦͦͤ· ͎ͪ͊ͫͤͦͦ͟ ͼ͍͔ͭ͊Σ ͔͔ͫͪ͋ͪΎͤ·͔ ͎͊ͯͤ͡·Σ ͔͋͡·͚ ͙ͨͪ͋ͦͪΣ ͭͪ͊ͺ͔͊ͪͭͤ͊Ύ 

΄͙ͺ͍ͪͦ͊͟ ͔͚͗ͭͦ͡ ͚ͪ͊ͫͦ͟͟ ͤ͊ ͎ͨͦͦͤ͊ͻΣ ͫͦͫͭͦΎ΅͊Ύ ͙͘ ͔ͤͦͣͪ͊ ͋͊ͭ͊͡Έͦͤ͊ ͙ ͙͔ͭͪ͡ ˭ΦˢΦˬΦΣ ;͔ͪͤ·͔ ͔͙ͨͭ͡ͼ· 

ͫ ͔͔͚ͤͦ͘͡ ͍·ͨͯ΄͚ͦ͟Σ ͔͔ͤ͘͡·͚ ͊ͤͭ͟ ͤ͊ ͍͙͔ͦͪͦͭͤ͟ ͙ͣͯͤ͒ͪ͊ ͙ ΄͙͔͙ͤ͡Φ  

˿͔͔͚ͪͭͤͦ͟ ζˤ͔͒ͦͣͦͫͭΈΌ Ѕ нπ͚  ΄͙ͺ͍ͪͦͦ͟ όͭͪ͊ͺ͔͍͊ͪͭͦύΣ ͎͔ͨͦ͊͊ͣ͡·ͻ ͤ͊ ͎ͨͦͦͤ͊ͻ ͨͦͻͦ͒ͤ·ͻ 

͙͍ͣͯͤ͒ͪͦ ͒͡Ύ ͙͙ͤ͗ͤͻ ;͙͍ͤͦ ;͔͚͊ͫͭ ͍͚ͦͫ͟Σ ͍͔͙͚ͯͨͪ͊ͤ͡ ͙ ͍͔͔͙͚͊͒ͤ͘ηΣ ͙͎͍ͨͪ͊͊͡΄͔͚ͫΎ ͟ ˽ˤˤ ͦͭ мл ͣ͊ͪͭ͊ 

мфлф ͎Φ Ѕ млл ͤ͊ ͎ͨͦͦͤ· ͨͦͻͦ͒ͤ·ͻ ͙͍ͣͯͤ͒ͪͦ ͙͙ͤ͗ͤͻ ;͙͍ͤͦ мπпπ͎ ͦ ˭ˬ˨ˣ ͋·͊͡ ͍͍͔͔͒ͤ͊ ΄͙ͺ͍ͪͦ͊͟ ͍ 

͍͙͔͒ ͔ͫͨͼ͙͊͡Έ͎ͤͦͦ ͤ͊͊͘͟ ͔͔͗ͤͦ͒ͦͪͦ͗ͤ͘͡·ͻ ;͔͚͊ͫͭ ͍ ͍͙͔͒ ͔ͫͪ͟΅͔ͤͤ·ͻ ͭͦͨͦͪ͊ ͙ Ύͦͪ͟Ύ ͙ 

͔ͪ͊ͫͨͦͦ͗ͤͤ͡·ͻ ͨͦ͒ ͔͚ͤ ͔ͤͦͣͪ͊ ˭ˬ˨ˣ ͙ ͙͔ͭͪ͡ ˭ͣΦ ͙͍͎ͯͪͫͤͦͦ͟ ͤ͊;͔͙ͪͭ͊ͤΎ ό˾͙ͫͯͤͦ͟ рύΦ ˹͊ ͊͘΅͙͚ͭͤͦ 

͔ͫͭͦͪͦͤ ͍͙͒ͯͫͭͦͪͦͤͤͻ ͎ͨͦͦͤπζ͔͔͍͔ͨͪͪͭ·΄͔͚η ΄͙ͺ͍ͪͦ͊͟ ͒ͦ͗ͤ͊͡ ͋·͊͡ ͙ͤ͊ͤͦͫͭΈͫΎ ͚ͪ͊ͫͦ͟͟ 

͙ͦͪ͟;͔͍͎ͤͦͦ ͼ͍͔ͭ͊Φ ˤ·ͫͦͭ͊ ͼ͙ͺͪ ͙ ͋ͦ͡Έ΄͙ͻ ͙͔ͭͪ͡ ΄͙ͺ͍͙ͪͦ͟ ͍ͫͦͫͭ͊͡Ύ͊͡ тκу ͍͔ͪ΄͊͟Φ 

 
˾͙ͫͯͤͦ͟ о ς ˻͙͍͙͔͋ͣͯͤ͒ͪͦ͊ͤ ;͙͍ͤͦ ˭ˬ˨ˣͪ ͤ͊ ͙͔͔ͨͪͣͪ мπ͎ ͦ ˭ˬ˨ˣ ͎ͫͦ͊ͫͤͦ͡ ˽̊˽˿ ͦͭ мо ͔͒͊͋ͪ͟Ύ мфлт 

͎Φ Ѕ рф ό˽ˤˤ ͦͭ мр Ύ͍ͤ͊ͪΎ мфлу ͎Φ Ѕ муύ ͙ ˽ˤˤ ͦͭ мл ͣ͊ͪͭ͊ мфлф ͎Φ Ѕ мллΦ 

ˮͫͭͦ;͙ͤ͟Υ ώмрΣ ͭ͊͋͡Φ он όуύϐΦ 
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˾͙ͫͯͤͦ͟ п ς ˹͙͙͔͗ͤ ;͙ͤ· ˭ˬ˨ˣͪΦ ˽͔͙ͭ͡ͼ· ͎ͫͦ͊ͫͤͦ͡ ˽̊˽˿ ͦͭ мо ͔͒͊͋ͪ͟Ύ мфлт ͎Φ Ѕ рфΣ ͤ͊΄͙ͭ·͔ ͤ͊ 

͙ͣͯͤ͒ͪ· ˻˴˽˿ ͦ͋ͪ͊͘ͼ͊ муспκмуфу ͎͎Φ ͫ ͦ͋΄͎͙͊͊ͣ͡ ͣ·ͫͦͣ͟ ͙ ͎͙͔͊͒͟͡ ͔͔͗ͤ͘͡·͔ ͍͔ͦͪͦͤͤͤ·͔ ͋͡Ύͻ͙ ͤ͊ 

ͨͦΎͫͤ·ͻ ͔ͪͣͤΎͻ ͍ͨͦͦ͘͡ΎΌͭ ͔͙ͦͭͤͫͭ ͙ͫͤͣͦ͟ ͟ ͔͔ͨͪͻͦ͒ͤͦͣͯ ͔͙ͨͪͦ͒ͯ ͙ ͍ͯͫͦͤͦ͡ ͙͍͒͊ͭͪͦ͊ͭΈ ͔͎ͦ мфлу ͎Φ 

ˮͫͭͦ;͙ͤ͟Υ ώмсϐΦ 
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˾͙ͫͯͤͦ͟ р ς ˹͙͙͚͗ͤ ;͙ͤ ͪΎ͍͎͒ͦͦͦ ͍͙͊ͤ͘Ύ пπ͎ ͦ ˭ˬ˨ˣ ͫ ΄͙ͺ͍͚ͪͦͦ͟ ͤ͊ ͎ͨͦͦͤ͊ͻ ͎ͫͦ͊ͫͤͦ͡ ˽ˤˤ ͦͭ мл 

ͣ͊ͪͭ͊ мфлф ͎Φ Ѕ мллΦ мсΦлоΦмфмм ͎Φ ό˨͙͍͊ͭͪͦ͊͟ ͨͦ ͙͙ͤͫͪͨͭͯ͟ ͤ͊ ͔ͦ͋ͦͪͦͭ ͙ͫͤͣ͊͟ύ 

ˮͫͭͦ;͙ͤ͟Υ ˴͔ͦ͟͡͡ͼ͙Ύ ˴Φ˹Φ ˿͎ͦͦͯ͋͊͡Φ    

 

̇˥̊ ͦͭ нмΦлпΦмфлф ͎Φ Ѕ тл ͋·ͦ͡ ͯͭͦ;͔ͤͤͦΣ ;ͭͦ ζ͙ͨͪ ͨ͊ͪ͊͒ͤ·ͻ ͙ͣͯͤ͒ͪ͊ͻ ό͙͎ͣͪͤͦͦ ͍͔͔͙ͪͣͤύ 

΄͙ͺ͍ͪͦ͊͟ ͤ͊ Ή͔ͨͦͭ͊͡ͻ ͙ ͎ͨͦͦͤ͊ͻ ͦͺ͙ͼ͔͍ͪͦ ͙ ͤ͊ ͎ͨͦͦͤ͊ͻ ͙͙ͤ͗ͤͻ ;͙͍ͤͦ ͒ͦ͗ͤ͊͡ ͤ͊͊͒͟͡·͍͊ͭΈͫΎ ͭ͊ 

͔͗ ͫ͊ͣ͊ΎΣ ͊͊͟͟Ύ ͍͔ͯͫͭ͊ͤͦͤ͊͡ ͤ͊ ͼ͍͔͚ͭͤͦ ͔ͫͭͦͪͦͤ ͎ͨͦͦͤ͊ ͨͦͻ͎ͦ͒ͤͦͦ ͙ͣͯͤ͒ͪ͊ηΦ  

˽ͦ ͫͦͫͭͦΎ͙ͤΌ ͤ͊ ͔͊ͨͪ͡Έ мфмм ͎Φ ΄͙ͺ͍ͪͦ͊͟ ͤ͊ ͎ͨͦͦͤ͊ͻ ͙ Ή͔ͨͦͭ͊͡ͻ ;͙͍ͤͦ ˭ˬ˨ˣͪ ͔͍ͨͪ͒ͫͭ͊͡Ύ͊͡ 

͚ͫͦ͋ͦ ͼ͙ͺͪͯ ͦͭ м ͒ͦ п ͨͦ ͔ͤͦͣͪͯ ˭ˬ˨ˣ ͙ ͙͔ͭͪ͡· ˭ͣΦΣ ͍·΄͔ ͦͭͦͪ͟·ͻ ͎ͪ͊ͫͨͦ͊͊ͫ͡͡Ύ ͔ͫͨͼ͙͊͡Έͤ·͚ ͤ͊͘͟ 

͔͔͗ͤͦ͒ͦͪͦ͗ͤ͘͡·ͻ ;͔͚͊ͫͭ ͍ ͍͙͔͒ ͔ͫͪ͟΅͔ͤͤ·ͻ ͭͦͨͦͪ͊ ͙ Ύͦͪ͟Ύ ώмрΣ ͭ͊͋͡Φ он όуύϐΦ ˿ͯ͒Ύ ͨͦ ͙ͪͫͯͤͯ͟ ͙͘ 

͎͒͊ͤͤͦͦ ͙ͫͭͦ;͙ͤ͊͟Σ ͤ͊ ͙͙ͤ͗ͤͻ ;͙͍ͤͦ ˭ˬ˨ˣͪ ͋·ͦ͡ ͔ͪ͊ͫͨͪͦͫͭͪ͊ͤͤͦ ͔͚͍͙͔͒ͫͭ ˽ˤˤ ͦͭ нс ͦͭ͟Ύ͋ͪΎ мфлт ͎Φ 

Ѕ ррн ͦ ͍͍͔͔͙͙͒ͤ ͟ ͨͦΎͫͤ·ͣ ͔ͪͣͤΎͣ ͋͡Ύͻ ͔͎͋ͦͦ͡ ͔ͣͭ͊͊͡͡ ͫ ͙͔͙͔ͦ͋ͪ͊͗ͤͣ͘ ͎͍͔͎ͦͫͯ͒͊ͪͫͭͤͤͦͦ ͎͔ͪ͋͊ ͫ 

͙͔͔͚ͤ͗ͤͪͤͦ ͚͊ͪͣ͊ͭͯͪͦ ͍ ͍͙͔͒ ͔ͫͪ͟΅͔ͤͤ·ͻ ͍ͭͦͨͦͪͦΦ   

˽̊˽˿ ͦͭ нр ͍͎͊ͯͫͭ͊ мфмм ͎Φ Ѕ пл ͋·͙͡ ͦ͋ΆΎ͍͔ͤ͡· ͔ͫ͒ͯ͡Ό΅͙͔ ͙͔͔͙ͣͤͤ͘Ύ ͍ ͙͍͙͙ͦ͋ͣͯͤ͒ͪͦ͊ͤ 

;͙͍ͤͦ ˭ˬ˨ˣͪΥ 

¶ ˻ ͺ͙ͼ͔ͪ·Υ ͪ͊ͫͤ͟·͔ ͊ͤͭ͟· ͨͦ ͍͔ͪͻͯ ͙ ͙ͤͯ͘ ͍͙͍ͦͪͦͭͤͦ͟ ͙͍ͣͯͤ͒ͪͦ ͙ ͫΌ͍ͪͭͯͦ͟Σ ͊ ͔ͭ͊͗͟ ͨͦ 

͍͙ͦͪͦͭͤͯ͟ ΄͙͔͙ͤ͡Τ ͤ͊ ͎ͨͦͦͤ· ͙ Ή͔ͨͦͭ͡· ͍͔ͯͫͭ͊ͤͦͤ͊͡ ΄͙ͺ͍ͪͦ͊͟ ˭ΦˬΦˣΦΤ 

¶ ˹ ͙͙͔͗ͤ ;͙ͤ·Υ ͭͪ͊ͺ͔͊ͪͭͤ͊Ύ ΄͙ͺ͍ͪͦ͊͟ ˭ΦˬΦˣΦ ͔͚͗ͭͦ͡ ͚ͪ͊ͫͦ͟͟ ͤ͊ ͎ͨͦͦͤ͊ͻ ͎ͪ͊ͫͤͦͦ͟ ͼ͍͔ͭ͊Σ 

;͔ͪͤ·͔ ͔͙ͨͭ͡ͼ· ͫ ͚ͪ͊ͫͤͦ͟ ͍·ͨͯ΄͚ͦ͟Σ ͪ͊ͫͤ͟·͚ ͊ͤͭ͟ ͤ͊ ͍͙͔ͦͪͦͭͤ͟ ͙ͣͯͤ͒ͪ͊ ͙ ΄͙͔͙ͤ͡ ώмтΣ ˿Φ смуϐΦ   

˶Ό͋ͦͨ·ͭͤͦΣ ;ͭͦ ͒͊ͤͤ·͔ ͙͔͔͙ͣͤͤ͘Ύ ͙ͦͨͫ·͍͙͊ͫ͡Έ ͍ ˽̊˽˿ ͦͭ нр ͍͎͊ͯͫͭ͊ мфмм ͎Φ Ѕ пл ͊͟͟ 

͔ͦͭͣͤΎΌ΅͙͔ ͔͚͍͙͔͒ͫͭ ͍͔͍ͫͦͦͭͭͫͭͯΌ΅͙ͻ ͔͙͚ͨͦͦ͗ͤ͡Σ ͦ͋ΆΎ͍͔ͤͤ͡·ͻ ˽̊˽˿ ͦͭ мо ͔͒͊͋ͪ͟Ύ мфлт ͎Φ Ѕ рфΣ 

͔͋͘ ͎͊ͦͦ͟͟π͡ ͙͋ͦ ͙͙ͯͨͦͣͤ͊ͤΎ ͦ ΄͙ͺ͍ͪͦ͊͟ͻΣ ͍͍͔͔͒ͤͤ·ͻ ͍͔͒ͦͣͦͫͭΈΌ Ѕ н ˽ˤˤ ͦͭ мл ͣ͊ͪͭ͊ мфлф ͎Φ Ѕ мллΦ  
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ˤ мфмн ͎Φ ˭ˬ˨ˣͪ ͨͦͯ͡;͙͊͡ ͍ͤͦͯΌ ͎͙ͦͪ͊ͤ͊͘ͼ͙ΌΥ ͍͔ͣͫͭͦ мπпπͻ ˭ˬ˨ˣ ͦͤ͊ ͫͭ͊͊͡ ͍͟͡Ό;͊ͭΈ ͍ ͔ͫ͋Ύ мπоπ

͚ ˭͙͔͊͊ͣͯͪͫ͟ ͔͔͗ͤͦ͒ͦͪͦ͗ͤ͘͡·͔ ͙ͨͦ͟͡ ͍ͦͫΈ͙͎ͣͪͦͭͤͦͦ ͍ͫͦͫͭ͊͊ ώмуΣ ˿Φ ронϐ ͙ ͙͎͋ͪ͊͒ͤ·͚ ͯ;͔͋ͤ·͚ 

͋͊ͭ͊͡ΈͦͤΦ  

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˴͙͙ͪ͡͡ ˿͎ͦͦͯ͋͡Σ ˢ͔͔͚ͫ͟͡ ͔͍͔̊͡Έ͍ͦ͟Φ ͔̅ͦͪͣͤͤ͊Ύ ͔ͦ͒͗͒͊Σ ͍͔͙͔ͦͦͪͯ͗ͤ ͙ ͫͤ͊ͪΎ͔͙͔͗ͤ ;͙͍ͤͦ 

˻ͻ͚ͪ͊ͤͤͦ ͙ͫͭͪ͊͗ ˴ˤˬ˨Φ муфтςмфлм κκ ˽͔͔͎͙͚ͭͪ͋ͯͪͫ͟ ͔ͦ͟͟͡͡ͼ͙͔ͦͤͪΦ  нлмуΦ Ѕ оόмлтύΦ ˿ΦмлмπмлрΦ 

нΦ ˢΦ ˮ͍͙ͼ͙͚͟Φ ˮ͘ ͙͙͙ͫͭͦͪ пπ͎ ͦ ͔͔͎͗ͤͦ͒ͦͪͦ͗ͤͦͦ͘͡ ͋͊ͭ͊͡Έͦͤ͊ όмуфсςмфмн ͎Φ͎ΦύΦ ˴ͦͫͭͪͦͣ͊Σ мфмоΦ руͫΦ  

оΦ ˾͙͚ͯͫͫ͟ ˮ͍͙ͤ͊͒͡Φ ф ͍͊ ͎ͯͫͭ͊ мфло ͎Φ Ѕ мтпΦ  

пΦ ˾͙͚ͯͫͫ͟ ˮ͍͙ͤ͊͒͡Φ ну ͦͭ͟Ύ͋ͪΎ мфло ͎Φ Ѕ нопΦ  

рΦ ˾͙͚ͯͫͫ͟ ˮ͍͙ͤ͊͒͡Φ мт ͙Ό͡Ύ мфлу ͎Φ Ѕ мрфΦ  

сΦ ˽͔ͦͤͦ͡ ͙͔ͫͦ͋ͪ͊ͤ ͍͊ͦͤͦ͘͟ ˾͙͚͚ͦͫͫͫͦ͟ ˮ͔͙͙ͣͨͪΦ ˿͙͔ͦ͋ͪ͊ͤ ͔ͭͪͭΈ͔ ό˨͔͔͊͡ ς ˽˿π˭LLLΦύΦ ́Φ ··L±Φ ̉Φ мΦ Ѕ 

нп отс όму ͔͊ͨͪ͡Ύ мфлп ͎ΦύΦ 

тΦ ˮ͔͔ͤ͗ͤͪͤ·͔ ͙ ͔͔͗ͤͦ͒ͦͪͦ͗ͤ͘͡·͔ ͍͚ͦͫ͊͟Φ ˮ͍͔ͫͨͪ͊ͤͦ͡ ͙ ͔͒ͦͨͦͤͤͦ͡ ͨͦ͒ ͔ͪ͒Φ ˤΦ˴Φ ͔̊ͤ͟ ͨͦ нл ͣ͊Ύ 

мфлф ͎ͦ͒͊Φ ˿͍ͨͪ͊ͦ;ͤ͊Ύ ͙ͤ͗͊͟͟ ˮ͔͚ͣͨͪ͊ͭͦͪͫͦ͟ ˥͍͚͊ͤͦ͡ ͍͙͊ͪͭͪ͟·Φ ˿˽͋ΦΣ мфлфΦ мнлͫΦ  

уΦ ˾͙͚ͯͫͫ͟ ˮ͍͙ͤ͊͒͡Φ п ͔ͅ ͍ͪ͊͡Ύ мфлп ͎Φ Ѕ нтΦ  

фΦ ˾͙͚ͯͫͫ͟ ˮ͍͙ͤ͊͒͡Φ нн ͣ͊Ύ мфлп ͎Φ Ѕ ммлΦ  

млΦ ˾ ͙͚ͯͫͫ͟ ˮ͍͙ͤ͊͒͡Φ м ͦͭ͟Ύ͋ͪΎ мфло ͎Φ Ѕ нмпΦ  

ммΦ ˽ ˿π˭LLLΦ ́Φ ··L±Φ ̉Φ мΣ нΦ Ѕ нн ффс͊ όно ͣ͊Ύ мфло ͎ΦύΦ 

мнΦ ˽ ˿π˭LLLΦ ́Φ ··L±Φ ̉ΦмΦ Ѕ нр лун όнф ͍͎͊ͯͫͭ͊ мфлп ͎ΦύΦ 

моΦ ˾ ͙͚ͯͫͫ͟ ˮ͍͙ͤ͊͒͡Φ мо ͔͒͊͋ͪ͟Ύ мфлт ͎Φ Ѕ нтлΦ  

мпΦ ˾ ͙͚ͯͫͫ͟ ˮ͍͙ͤ͊͒͡Φ нл ͔͒͊͋ͪ͟Ύ мфлт ͎Φ Ѕ нтсΦ  

мрΦ ́ ͙͊͋͡ͼ· ͺͦͪͣ ͙͍͙ͦ͋ͣͯͤ͒ͪͦ͊ͤΎ ˾͚ͯͫͫͦ͟ ˢ͙͙ͪͣΦ у ͎ͤ͊͡Ύ͒ͤ·ͻ ͙ͭ͊͋͡ͼ ͍ͤͦ·ͻ ͺͦͪͣΦ ˿͍͔ͦͫͭ͊ͤͦ͡ ͨͦ м 

͔͊ͨͪ͡Ύ мфмм ͎Φ ˿˽͋ΦΣ мфммΦ  

мсΦ ώ͔̏ͭͪͦͤͤ͟͡·͚ ͔ͪͫͯͪͫϐΦƘǧǇǎΥκκƳŜǎƘƻƪΦƴŜǘκƛǘŜƳκорпофнлфлψ҈5л҈фт҈5л҈фл҈5л҈фл҈5л҈ф/҈ 

5л҈!о҈5л҈!л҈5л҈!м҈5л҈ф!҈5л҈фу҈5л҈ффψ҈5л҈ф9҈5л҈ф!҈5л҈!л҈5л҈!о҈5л҈фоψ҈5л҈ф9

҈5л҈!н҈5л҈фп҈5л҈фр҈5л҈ф.҈5л҈!/҈5л҈ф5҈5л҈ф9҈5л҈фо҈5л҈ф9ψ҈5л҈ф!҈5л҈ф9҈5л҈!л

҈5л҈фC҈5л҈!о҈5л҈!м҈5л҈флψ҈5л҈фC҈5л҈ф9҈5л҈фо҈5л҈!л҈5л҈фл҈5л҈ф5҈5л҈фу҈5л҈!т

҈5л҈ф5҈5л҈ф9҈5л҈ффψ҈5л҈!м҈5л҈!н҈5л҈!л҈5л҈фл҈5л҈фс҈5л҈фуψ҈5л҈ф9҈5л҈!р҈5л҈!

л҈5л҈фл҈5л҈ф5҈5л҈флψ҈5л҈ф!҈5л҈фн҈5л҈фс҈5л҈фпψ҈5л҈фC҈5л҈ф9҈5л҈фо҈5л҈!л҈5л҈

фл҈5л҈ф5҈5л҈фу҈5л҈!т҈5л҈ф5҈5л҈фу҈5л҈ф!҈5л҈фуψ҈5м҈умψ҈5л҈!р҈5л҈!о҈5л҈ф5҈5л

҈!р҈5л҈!о҈5л҈фт҈5л҈ф9҈5л҈ф/ψмфлу҈5л҈.о ˨͊ͭ͊ ͦ͋ͪ͊΅͔͙ͤΎ ннΦлоΦнлнс Φ͎ 

мтΦ ʕ ͔͙ͫͭͤ͟ ͺ͙͍ͤ͊ͤͫͦΣ ͨͪͦͣ·΄͔͙ͤͤͦͫͭ͡ ͙ ͎͍͙ͭͦͪͦ͡Φ ͔̂͊͊ͭ͘͟͡Έ ͍͙͔ͨͪ͊ͭ͡Έ͍͔ͫͭͤͤ·ͻ ͪ͊ͫͨͦͪΎ͔͙͚͗ͤ ͨͦ 

˸͙͙͔͍ͤͫͭͪͫͭͯ ͺ͙͍ͤ͊ͤͫͦΦ мфммΦ Ѕ отΦ мм όнпύ ͔ͫͤͭΎ͋ͪΎΦ 

муΦ ˩ Φ̆Φ ˹͙ͯͫ͡ όͫͦͫͭΦύ ˮ͙ͫͭͦͪ;͔͙͚ͫ͟ ͦ͋ͦͪ͘ ˴͙͚͚ͭ͊ͫͦ͟ ˤͦͫͭͦ;͚ͤͦ ͔͔͚͗ͤͦ͘͡ ͎͙͒ͦͪͦΦ муфсςмфно ͎͎Φ ́Φ мΦ 

͙̆͊ͪ͋ͤΣ мфноΦ сфлͫΦ 

ϭ ˿͎ͦͦͯ͋͡ ˴Φ˹ΦΣ нлнс 
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˥͚͊·͍ͨͤ͊͊ͪͦ͊͘ ˣ͊ͻ͎͔͊ͪͦ͘͡,  

͔͍͔ͨͪͨͦ͒͊͊ͭ͡ 

˸͍ͯͪ͊͒ͦ͊ ˴ͯͣͯ΄,  

͔͍͔ͨͪͨͦ͒͊͊ͭ͡ 

͔͙͚́ͯͪͣͤͫ͟͟ ͎͍͔ͦͫͯ͒͊ͪͫͭͤͤ·͚ ͙͍͔͙͔ͯͤͪͫͭͭ ͙͔͙ͣͤ ˸͊ͻ͙ͭͯͣͯ͟͡. 

ˢ΄ͻ͊͋͊͒Σ ͔͙́ͯͪͣͤͫͭ͊ͤ͟ 

 

˶ˮ́˩˾ˢ́̂˾˹̍˩ ˴˻˨̍Υ ˿́˾̂˴́̂˾ˢΣ ˿˩˸ˮ˻́ˮ˴ˢ ˮ ̏ˤ˻˶̑̇ˮ̒ ˹ˢ˾˾ˢ́ˮˤˢ 

 

ˢͤͤͦͭ͊ͼ͙Ύ 

˴ ͣ͊ͪͭͯ нлнс ͎ͦ͒͊ ͙ͯ͘;͔͙͔ͤ ͙͔ͭͪ͊ͭͯͪ͡· ͔͔ͨͪ΄ͦ͡ ͦͭ ͎ͨͪͦͫͭͦͦ ͙͊ͤ͊͊͘͡ ͫΌ͔͍͗ͭͦ ͟ ͎ͯ͋ͦͦͣͯ͟͡ 

͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ό ͔͙͙͙ͫͣͦͭ͟ ͙ ͊ͪͻ͙͔ͭͭͯͪ͟· ͔ͭͫͭ͊͟Φ ˶͙͔ͭͪ͊ͭͯͪ͊ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͭͫΎ ͊͟͟ ͙͍͚͗ͦ ͎͙ͦͪ͊ͤͣ͘Σ 

ͦͭͦͪ͟·͚ Ή͍ͦ͡Όͼ͙͙͔ͦͤͪͯͭ ͍͔͔ͣͫͭ ͫ ;͔͍͔ͦ͡;͔͙ͫͣ͟ ͙͔ͫͦͤ͊ͤͣ͘Φ ˨͊ͤͤ͊Ύ ͫͭ͊ͭΈΎ ͙͙͔͊ͤ͊ͪͯͭ͘͡ ͍͔͙͔ͤͯͭͪͤͤ 

͔ͣͻ͙͊ͤͣ͘· ͙͔͎ͭͪ͊ͭͯͪͤͦͦ͡ ͙͍͔͔͙ͨͪͦ͒ͤ͘ΎΣ ͪͦ͡Έ ζ͔͙ͫͣͪͭ ͍͊ͭͦͪ͊η ͍ ͍͔͔͚ͫͦͪͣͤͤͦ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙͙ ͙ 

͍͙͡Ύ͙͔ͤ ͎͙͔͔ͨͪͭͫͭͯ͊͟͡Έ͙ͤͦͫͭ ͤ͊ ͍͙ͦͫͨͪΎ͙͔ͭ ͙͊ͫͫ͟͡;͔͎ͫͦͦ͟ ͊ͤͦͤ͊͟Φ 

˴͡Ό;͔͍·͔ ͍ͫͦ͊͡Υ  

͔͙͙ͫͣͦͭ͊͟Σ ͎͙ͤ͊ͪͪ͊ͭͦͦ͡ΎΣ ͙͔͔ͤͭͪͭͫͭͯ͊͟͡ΈͤͦͫͭΈΣ ͎͙͔͔ͨͪͭͫͭ͟Σ ͙͔ͭͪ͊ͭͯͪͤ͡·͚ ͊ͤͦͤ͟Σ 

 ͨ ͔͙ͦͫͭͣͦ͒ͪͤͣ͘Σ ͙ͫͭͪͯͭͯͪ͊ͣ͘͟͡Φ 

 

мΦ ˢ͙ͤ͊ͭͦͣΎ ͔ͭͫͭ͊͟Υ ˿Ό͔͗ͭ ǾǎΦ ̅͊͋ͯ͊͡ 

ˤ ͍͔ͦͫͤͦ ͡Ό͎͋ͦͦ ͙͔͎ͭͪ͊ͭͯͪͤͦͦ͡ ͙͍͔͔͙ͨͪͦ͒ͤ͘Ύ ͔͙͗ͭ͡ ͙ͪ͊͘͡;͙͔ ͔ͣ͗͒ͯ ͔ͭͣΣ ;ͭ ͙ͦͨͪͦͦ͘΄ͦ͡Σ ͙ 

͔ͭͣΣ ͊͟͟ ͦ ͋ Ήͭͦͣ ͪ͊ͫͫ͊͊ͤͦ͘͟Φ 

¶ ̅͊͋ͯ͊͡Υ ̆ ͎͙ͪͦͤͦͦ͡;͔ͫ͊͟Ύ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡ΈͤͦͫͭΈ ͫͦ͋·͙͚ͭ ό͙͔͚͔ͤͤͦ͡ ͍͔ͪͣΎύΦ 

¶ ˿Ό͔͗ͭΥ ͔͍͔̆ͯ͒ͦ͗ͫͭͤͤ·͚ ͨͦͪΎ͒ͦ͟ ͫͦ͋·͙͚ͭΣ ͍·͋ͪ͊ͤͤ·͚ ͍͊ͭͦͪͦͣ ͒͡Ύ ͙ͫͦ͒͊ͤ͘Ύ ͤ͊ͨͪΎ͔͙͗ͤΎΣ 

͙͙͎͙ͤͭͪ ͙͙͡ ͺ͙ͦͫͦ͡ͺ͎ͫͦͦ͟ ͔ͨͦ͒ͭͫͭ͊͟Φ 

¶ ˹͊ͪͪ͊ͭͦͪ ό˾͊ͫͫ͊͘͟;͙͟ύΥ ˤ нлнс ͎ͦ͒ͯ ͙͔͍͔͔͙͔ͭͪ͊ͭͯͪͦ͒ͤ͡ ͔ͯ͒͡Ύ͔ͭ ͔ͦͫͦ͋ͦ ͍͙͙͔ͤͣ͊ͤ 

ζ͔͖ͤͤ͊͒͗ͤͦͣͯ ͪ͊ͫͫ͊͘͟;͙ͯ͟η τ ͙͖ͨͪͣͯΣ ͙ͨͪ ͦͭͦͪͦͣ͟ ;͙͔ͭ͊ͭ͡Έ ͔ͤ ͔ͣͦ͗ͭ ͨͦͤͦͫͭ͡ΈΌ ͍͔͒ͦͪΎͭΈ 

͙͔͔ͤͭͪͨͪͭ͊ͼ͙͙ ͫͦ͋·͙͚ͭ ͎͔͔ͪͦͣΣ ;ͭͦ ͍͊ͫͭ͊͘͡Ύ͔ͭ ͔͎ͦ ͍͙ͫͭ͊ͤͦͭΈͫΎ ͙͍͊ͭͤ͟·ͣ ͍ͫͦ͊ͭͦͪͦͣ ͫͣ·͍ͫͦ͡Φ 

нΦ ˮ͔͔ͤͭͪͭͫͭͯ͊͟͡ΈͤͦͫͭΈΥ ˶͙͔ͭͪ͊ͭͯͪ͊ ͊͟͟ ͔͔͋ͫͦͤ͟;ͤ·͚ ͙͎͒͊ͦ͡ 

˿͎ͦ͊ͫͤͦ͡ ͔͙͙ͭͦͪ ͙͙̑͡ ˴͙͔͍͚ͪͫͭͦΣ ͡Ό͚͋ͦ ͔ͭͫͭ͟ Ύ͍͡Ύ͔ͭͫΎ ζ͙͚ͣͦ͊ͦ͘͟ ͼ͙ͭ͊ͭηΦ ˹͙ ͦ͒ͤͦ 

͙͍͔͔͙͔ͨͪͦ͒ͤ͘ ͔ͤ ͫͯ΅͔͍͔ͫͭͯͭ ͍ ͍͔͊ͯͯͣ͟Φ 

¶ ˢ͡͡Ό͙͙͘ ͙ ͔͙͙ͪͣͤͫͼ͔ͤͼ͙͙Υ ˻ͭͫ·͙͟͡ ͟ ͔ͨͪ͒·͒ͯ΅͙ͣ ͔ͭͫͭ͊ͣ͟ όˣ͙͙͙͋͡Σ ͙͊ͤͭ;ͤ·ͣ ͙ͣͺ͊ͣΣ 

͔͙̊ͫͨͪͯ͟ύΣ ͦͭͦͪ͟·͔ ͎ͦ͋ͦ͊΅͊Όͭ ͍͔͔ͫͦͪͣͤͤ·͚ ͔ͭͫͭ͟ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·͙ͣ ͫͦ͡Ύ͙ͣ ͤ͊͘;͔͙͚ͤΦ 

¶ ˨͙͎͊ͦ͡ ͯ͟͡ΈͭͯͪΥ ˹͙͔͊ͨͪͣͪΣ ͍͔͔ͫͦͪͣͤͤ·͚ Ύ͙͚ͨͦͤͫ͟ ͪͦͣ͊ͤ ͔ͣͦ͗ͭ ͍͔͙ͫͭ ͫͪ͟·ͭ·͚ ͙͎͒͊ͦ͡ ͫ 

͚ͪͯͫͫͦ͟ ͙͚͊ͫͫͦ͟͟͡ ·L· ͍͔͊͟Σ ͍ͫͦ͒͊͊͘Ύ ͙ͯͤ͊͟͡Έ͔ͤͦ ͎͙͙͔͋ͪ͒ͤͦ ͍ͨͪͦͫͭͪ͊ͤͫͭͦ ͫͣ·͍ͫͦ͡Φ 

¶ ͙̇ͭ͊ͭͤͦͫͭΈΥ ˤ Ήͨͦͻͯ ͔ͨͦͫͭͣͦ͒ͪͤ͊ ͙͙ͪͦͤΎ ͙ ͔͔ͨͪͦͫͣ·͔͙͔ͫͤ͡ ͫͭ͊ͪ·ͻ ͫΌ͔͍͗ͭͦ ͙ͫͭ͊͡ ͍ͦͫͤͦͤ·ͣ 

͙͔ͤͫͭͪͯͣͤͭͦͣ ͙ͫͦ͒͊ͤ͘Ύ ͍͎ͤͦͦͦΦ 

оΦ ˬ͍͊ͤͪͦ͊Ύ ͣͦͪͺ͎͙ͦͦ͡Ύ ͙ ͔͖ ͭͪ͊ͤͫͺͦͪͣ͊ͼ͙Ύ 

˶͙͔ͭͪ͊ͭͯͪͤ·͔ ͗͊ͤͪ· ͍ нлнс ͎ͦ͒ͯ ͍ͫͭ͊ͤͦΎͭͫΎ ͍͖ͫ ͔͔͋ͦ͡ ͙͒ͺͺͯͤ͘·͙ͣ όͪ͊ͣ͘·ͭ·͙ͣύΦ 

¶ ˢ͍ͭͦͺ͙͟΄ͤΥ ˿͔ͣ΄͔͙͔ͤ ͍͙͎͊ͭͦ͋ͦͪ͊ͺ͙͙ ͙ ͻ͔͍͔͎ͯ͒ͦ͗ͫͭͤͤͦͦ ͍·ͣ·ͫ͊͡Σ ͎͔͒ ͎ͪ͊ͤΈ ͔ͣ͗͒ͯ 

͙͡;ͤͦͫͭΈΌ ͍͊ͭͦͪ͊ ͙ ͔ͨͪͫͦͤ͊͗͊ ͔͔ͤ͊ͣͪͤͤͦ ͙͔ͫͭͪ͊ͭͫΎΦ 

¶ ˸͔ͭ͊ͨͪͦ͊͘Υ ˶͙͔ͭͪ͊ͭͯͪ͊ ͦ ͙͔͔ͭͪ͊ͭͯͪ͡Σ ͎͔͒ ͔ͭͫͭ͟ ͔͙͔ͦͣͣͤͭͪͯͭ͟ ͫ͊ͣ ͔ͫ͋ΎΣ ͔ͦ͋ͫͯ͗͒͊ͭ ͨͪͦͼ͔ͫͫ 

͍͔͎ͫͦͦ ͙͙ͤ͊ͨͫ͊ͤΎ ͙ ͍͙͔͚͍͔͊ͣͦ͒ͫͭͯͭ͘ ͫ ;͙͔͔ͭ͊ͭͣ͡ ͤ͊ͨͪΎͣͯΌΦ 

¶ ˸͎͙͊;͔͙͚ͫ͟ ͔͙ͪ͊ͣ͘͡Υ ˤ͔͔͙͔ͨͭͤ͡ ͺ͙͊ͤͭ͊ͫͭ;͔͙ͫ͟ͻ Ή͔͔͍ͣͤͭͦ͡ ͍ ͔͙͙ͪ͊ͫͭ͡;͔ͫͯ͟Ό ͍͊ͤͯ͟ ͊͟͟ 

ͫͨͦͫͦ͋ ͍·͙ͪ͊ͭ͘Έ ͙ͪͪ͊ͼ͙ͦͤ͊͡ΈͤͦͫͭΈ ;͔͍͔ͦ͡;͔͎ͫͦͦ͟ ͋·͙ͭΎΦ 
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4Φ ˴͊ͤͦͤ ͙ ζ˿͔ͣͪͭΈ ͍͊ͭͦͪ͊η 

˴ͦͤͼ͔ͨͼ͙Ύ ˾ͦ͊ͤ͊͡ ˣ͊ͪͭ͊ ͦ ζ͔͙ͫͣͪͭ ͍͊ͭͦͪ͊η ͔ͦͫͭ͊ͭͫΎ ͊ͭͯ͊͟͡Έ͚ͤͦ ͙ ͍ нлнс ͎ͦ͒ͯΦ ˿ͣ·ͫ͡ 

͙͍͔͔͙ͨͪͦ͒ͤ͘Ύ ͔ͪͦ͗͒͊ͭͫΎ ͔ͤ ͍ ͔ͣͦͣͤͭ ͙͙ͤ͊ͨͫ͊ͤΎΣ ͊ ͍ ͔ͣͦͣͤͭ ;͔͙ͭͤΎ. 

¶ ˸͔͍͔ͤͦ͗ͫͭͤͤͦͫͭΈ ͙͔͔ͤͭͪͨͪͭ͊ͼ͙͚Υ ˻͙͒ͤ ͙ ͭͦͭ ͔͗ ͔ͭͫͭ͟ ό͙͔ͤ͊ͨͪͣͪΣ ζ˥͔͊ͣͭ͡ηύ ͨͪͦ;͙ͭ·͍͔͊ͭͫΎ 
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PROBLEMS OF LEGAL REGULATION OF A MARRIAGE CONTRACT IN RUSSIA 

 

Abstract 

Relevance. In recent years, according to statistics from the Federal Notary Chamber, the number of 

marriage contracts in Russia has increased by 10-15% annually, making their legal regulation particularly 
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important. This is because there are many controversial issues in practice that require analysis and legislative 

changes. 

The purpose of this study is to identify gaps and contradictions in the legal regulation of prenuptial 

agreements, analyze court practices related to disputes related to their invalidation, and formulate proposals 

for improving the legislation. 

Methods. The study was conducted using the following methods: the formal-legal method was used 

to analyze the norms of the Family Code of the Russian Federation and the Civil Code of the Russian 

Federation; the systemic method was used to identify the relationship between the norms on a prenuptial 

agreement and other institutions of family and civil law; and content analysis was used to study scientific 

publications on the prenuptial agreement. 

wŜǎŜŀǊŎƘ ǊŜǎǳƭǘǎΦ ¢ƘŜ ŀƴŀƭȅǎƛǎ ǊŜǾŜŀƭŜŘ ǎŜǾŜǊŀƭ ǇǊŜǎǎƛƴƎ ƛǎǎǳŜǎΦ CƛǊǎǘƭȅΣ ǘƘŜ ǿƻǊŘƛƴƎ ζŜȄǘǊŜƳŜƭȅ 

ǳƴŦŀǾƻǊŀōƭŜ ǎƛǘǳŀǘƛƻƴη ƛƴ ǇŀǊŀƎǊŀǇƘ о ƻŦ !ǊǘƛŎƭŜ пн ƻŦ ǘƘŜ CŀƳƛƭȅ /ƻŘŜ ƻŦ ǘƘŜ wǳǎǎƛŀƴ CŜŘŜǊŀǘƛƻƴ ƛǎ ǘƻƻ ǾŀƎǳŜΣ 

often leading judges to make decisions based on personal opinions rather than clear criteria, resulting in the 

invalidation of marriage contracts. Secondly, there is uncertainty about how to properly divide the debts of 

spouses and protect the rights of creditors. Thirdly, there are challenges in incorporating new types of 

property, such as digital assets, into the contract. Fourth, there are contradictions in notary practice when 

certifying contracts with non-standard conditions. 

Conclusions. The legal regulation of a prenuptial agreement in Russia faces a number of significant 

challenges. Key issues include the uncertainty surrounding the definition of "extremely unfavorable 

circumstances," difficulties in distributing debt obligations, the lack of rules for new types of property, and 

limitations on the content of the agreement. Addressing these challenges requires a comprehensive 

approach that includes legislative changes, the development of guidelines for notaries and courts, and the 

promotion of legal literacy among citizens. 

Keywords: 

marriage contract, family law, property relations between spouses, extremely unfavorable situation, 

notarization, and problems with law enforcement. 
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͎͙ͫͯͨͪͯ͊ͣΦ ˤ͔͔ͣͫͭ ͫ ͔ͭͣ ͙͊ͤ͊͘͡ ͤ·͔ͤ΄͔͎ͤͦ ͫͦͫͭͦΎ͙ͤΎ ͍͍͚ͨͪ͊ͦͦ ͋͊͘· ͙ ͍͚ͤͦͦ ͙͙ͨͪ͊ͭ͟͟ 

ͨͪ ͍͙͔͔͙͊ͦͨͪͣͤͤΎ ͍·Ύ͍͙͡ ͪΎ͒ ͔ͨͪͨΎ͍͙͚ͭͫͭΣ ͦͭͦͪ͟·͔ ͙ͫͤ͗͊Όͭ ͔͎ͦ Ήͺͺ͔͙͍ͭͤͦͫͭ͟ΈΤ ͼ͔͡Έ ͚͒͊ͤͤͦ ͫͭ͊ͭΈ͙ 

͙ͫͦͫͭͦͭ ͍ ͍·Ύ͍͔͙͙ͤ͡ ͍ͦͫͤͦͤ·ͻ ͔ͨͪͦ͋ͣ͡ ͔͊ͦͤͦ͒͊ͭ͘͟͡Έ͍ͫͭ͊Σ ͔͎͙ͪͯͪͯ͡Ό΅͔͎ͦ ͋ͪ͊;ͤ·͚ ͎͍͒ͦͦͦͪ ͍ 

˾͙͚͚ͦͫͫͫͦ͟ ͔͔̅͒ͪ͊ͼ͙͙Σ ͙ ͔͙͙ͪ͊ͫͫͣͦͭͪͤ ͍ͦͣͦ͗ͤ͘·ͻ ͔ͪ΄͔͙͚ͤΦ 

˻͋ͦͪ͘ ͙͔ͭͪ͊ͭͯͪ͡·Φ ˤ ͍ͦͫͤͦͯ ͙ͯ͘;͔͙ͤΎ ͍͍͎ͨͪ͊ͦͦͦ ͔͎͙͍͙ͪͯͪͦ͊ͤ͡Ύ ͋ͪ͊;͎ͤͦͦ ͎͍͒ͦͦͦͪ͊ ͍ 

͙͚ͪͦͫͫͫͦͣ͟ ͔͊ͦͤͦ͒͊ͭ͘͟͡Έ͍͔ͫͭ ͔ͨͦͦ͗ͤ͡ ͤ͊͘;͙͔ͭ͡Έͤ·͚ ͦ͋Ά͔ͣ ͤ͊ͯ;͚ͤͦ ͪ͊͋ͦͭ· ͨͦ ͍ͦͨͪͦͫ͊ͣ ͔͔͚͎ͫͣͤͦͦ 

͙ ͎͎ͪ͊͗͒͊ͤͫͦͦ͟ ͍ͨͪ͊͊Σ ͊ ͙͔ͣͤͤͦ ͭͪͯ͒· ͙ͭ͊͟ͻ  ͍͍͊ͭͦͪͦΣ ͊͟͟Υ ˸ΦˤΦ ˢͤͭͦͦ͟͡Έͫ͊͟Ύ όζ˿͔͔͚͔ͣͤͦ ͍ͨͪ͊ͦηύΤ   

˸Φ̑Φ ˭͍͎͊ͦͪͦ͒ͤΎΎ όζ˽͙͔ͦͦ͗ͭ͡͡Έͤ·͔ ͙ ͔͎͙͍ͤ͊ͭͤ·͔ ͔͊ͫͨͭ͟· ͋ͪ͊;͎ͤͦͦ ͎͍͒ͦͦͦͪ͊ ͍ ˾͙͙ͦͫͫηύΤ ˴Φ ˢΦ 

˶͔ͭͦ;ͤ͊Ύ όζˣͪ͊;ͤ·͚ ͎͍͒ͦͦͦͪ ͍ ˾͙͚͚ͦͫͫͫͦ͟ ͔͔̅͒ͪ͊ͼ͙͙ηύΤ ˶Φ˸Φ ˽;͔͙ͤ͡ͼ͔͍͊ όζ˿͔͔͚͔ͣͤͦ ͍ͨͪ͊ͦ 

˾͙͙ͦͫͫηύΦ 

˻͍ͫͤͦͤ͊Ύ ;͊ͫͭΈΦ ˽͍͍ͪ͊ͦͯΌ ͍ͦͫͤͦͯ ͊͘͟͡Ό;͔͙ͤΎ ͋ͪ͊;͎ͤͦͦ ͎͍͒ͦͦͦͪ͊Σ ͍ ͔͍ͨͪͯΌ ͦ;͔͔ͪ͒ΈΣ ͍ͫͦͫͭ͊͡Ύ͔ͭ 

͎͍͊͊͡ у ˿͔͔͚͎ͣͤͦͦ ͔ͦ͒ͫ͊͟͟ ˾̅ ό͔͔͒͊͡ ˿˴ ˾̅ύΣ ͦͭͦͪ͊͟Ύ ͙͔ͨͪͣͤΎ͔ͭͫΎ ͍ ͙͔ͫͫͭͣͤͦͣ ͍͔͍͙͙ͫͦͦͭͭͫͭ ͫ 

͔͙ͨͦͦ͗ͤ͡Ύ͙ͣ ˥͎ͪ͊͗͒͊ͤͫͦͦ͟ ͔ͦ͒ͫ͊͟͟ ˾̅ ό͔͔͒͊͡ ˥˴ ˾̅ύΦ ˿͎ͦ͊ͫͤͦ͡ ͔͔͔͙ͦͨͪ͒ͤ͡ΌΣ ͔ͫͦ͒ͪ͗͊΅͔ͣͯͫΎ ͍ 

ͫͭ͊ͭΈ͔ пл ˿˴ ˾̅Σ ͋ͪ͊;ͤ·͚ ͎͍͒ͦͦͦͪ ͙͔ͨͦͤͣ͊ͭͫΎ ͊͟͟ ͎ͫͦ͊͡΄͔͙͔ͤ ͔ͣ͗͒ͯ ͙͡ͼ͙͊ͣΣ ͦͭͦͪ͟·͔ ͔͔͍ͤ͊ͣͪ͊ΌͭͫΎ 

͍͙ͫͭͯͨͭΈ ͍ ͋ͪ͊͟ ͙͙͡ ͔ͣ͗͒ͯ ͎͙ͫͯͨͪͯ͊ͣΣ ͍͔͔ͤ͊ͨͪ͊ͤͤͦ͡ ͤ͊ ͔͔͔͙͔ͦͨͪ͒ͤ͡ ͙ͻ ͙ͣͯ΅͔͍͔ͫͭͤͤ·ͻ ͔͍͙͚ͭͪ͋ͦ͊ͤ 

͙ ͦ͋Ύ͔͊ͭ͘͡Έ͍ͫͭΣ ͊͟͟ ͍ͦ ͍͔ͪͣΎ ͋ͪ͊͊͟Σ ͭ͊͟ ͙ ͔ͨͦͫ͡ ͔͎ͦ ͔͙ͪ͊ͫͭͦͪ͗ͤΎΦ 
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˭͔͊ͦͤͦ͒͊ͭ͟͡Έ ͍͙͍͔ͯͫͭ͊ͤ͊͊ͭ͡ ͪΎ͒ ͦ͋Ύ͔͊ͭ͘͡Έͤ·ͻ ͔͍͙͚ͭͪ͋ͦ͊ͤ ͍ ͦͭͤͦ΄͔͙͙ͤ ͺͦͪͣ· ͙ ͨͪͦͼ͔͒ͯͪ· 

͊͘͟͡Ό;͔͙ͤΎ ͋ͪ͊;͎ͤͦͦ ͎͍͒ͦͦͦͪ͊Σ ͍͟͡Ό;͊Ύ ͔͍͙͔ͭͪ͋ͦ͊ͤ ͦ ͙ͨͫΈ͔͚ͣͤͤͦ ͺ͔ͦͪͣ ͙ ͔ͨͦͫ͒ͯ͡Ό΅͔ͣ 

͙ͤͦͭ͊ͪ͊͡Έͤͦͣ ͍͔͔͙͙ͯ͒ͦͫͭͦͪͤ όͫͭ͊ͭΈΎ пм ˿˴ ˾̅ύΣ ͔ͦͭͦͪͦ͟ ͦͻ͍͊ͭ·͍͔͊ͭ ͔͙ͨͪͦ͒ ͒ͦ ͔͎͙ͪͫͭͪ͊ͼ͙͙ ͋ͪ͊͊͟ ͙ 

͡Ό͚͋ͦ ͔͙ͨͪͦ͒ ͍͔͔͙ͪͣͤ ͍ ͔ͭ;͔͙͔ͤ ͔͎ͦ ͫͯ΅͔͍͍͙ͫͭͦ͊ͤΎΦ 

ˣͪ͊;ͤ·͚ ͎͍͒ͦͦͦͪ ͍ͨͦͦ͘͡Ύ͔ͭ ͫͭͦͪͦͤ͊ͣ ͦͭͫͭͯͨ͊ͭΈ ͦͭ ͍͍͎ͨͪ͊ͦͦͦ ͔͙ͪ͗ͣ͊ ͍͔͎ͫͦͣͫͭͤͦͦ ͙ͣͯ΅͔͍ͫͭ͊ 

͔ͨͯͭͣ ͍͔͙ͯͫͭ͊ͤͦͤ͡Ύ ͔͙ͪ͗ͣ͊ ͔͍͎͒ͦͦͦ͡ ͙͙͡ ͔ͪ͊͒͘͡Έ͎ͤͦͦ ͍͔͙͊͒ͤ͡Ύ ͙͔͔ͨͪͦ͋ͪͭͤͤ·ͣ ͙ͣͯ΅͔͍ͫͭͦͣΣ ͊ 

͔ͭ͊͗͟ ͔ͣͦ͗ͭ ͋·ͭΈ ͔͔ͨͪ͒ͣͭͦͣ ͍͙͎͊ͣͤͦͦ͘ ͔͙ͫͦ͒ͪ͗͊ͤΎΣ ͔͔͚ͫͣͤ·ͻ ͪ͊ͫͻ͍ͦ͒ͦ ͙ ͙ͨͪͤͼ͙͍ͨͦ ͔ͪ͊͒͊͘͡ 

͙ͣͯ΅͔͍ͫͭ͊ ͍ ͫͯ͡;͔͊ ͔͙ͪ͊ͫͭͦͪ͗ͤΎ ͋ͪ͊͊͟Φ ˤ ͍ͫͦΌ ͦ;͔͔ͪ͒ΈΣ ͊ͦͤ͘͟ ͔͊ͨͪ͘΅͔͊ͭ ͔͙ͨͦͦ͗ͤ͡Ύ ͋ͪ͊;͎ͤͦͦ 

͎͍͒ͦͦͦͪ͊Σ ͦͭͦͪ͟·͔ ͎ͣͦͯͭ ͎͙ͦͪ͊ͤ;͙͍͊ͭΈ ͍ͨͪ͊ͦͫͨͦͫͦ͋ͤͦͫͭΈ ͙͙͡ ͔͔͒ͫͨͦͫͦ͋ͤͦͫͭΈ ͎͍ͫͯͨͪͯͦΣ ͔͎͙͍ͪͯͪͦ͊ͭ͡Έ 

͙͡;ͤ·͔ ͔͙ͤͣͯ΅͔͍͔ͫͭͤͤ·͔ ͦͭͤͦ΄͔͙ͤΎΣ ͙͙͡ ͎͙͍͊ͭͪ͊͊ͭ͘Έ ͍ͨͪ͊͊ ͙ ͙͔͔ͤͭͪͫ· ͔͍͔ͤͫͦͪ΄͔͔͙ͤͤͦͭͤ͡ͻ ͔͔͚͒ͭΦ 

ˮͯ͘;͔͙͔ͤ ͔͚͍͒ͫͭͯΌ΅͔͎ͦ ͔͊ͦͤͦ͒͊ͭ͘͟͡Έ͍ͫͭ͊ ͙ ͔͚ͫͯ͒͋ͤͦ ͙͙ͨͪ͊ͭ͟͟ ͍͙͔͔ͫ͒ͭ͡Έ͍͔ͫͭͯͭ ͦ ͙ͤ͊͡;͙͙ ͪΎ͒͊ 

͔ͨͪͦ͋ͣ͡Σ ͍͙ͦͤ͘͟΄͙ͻ ͙ͨͪ ͔͙ͪ͊͊͘͡ͼ͙͙ ͤͦͪͣ ͦ ͋ͪ͊;ͤͦͣ ͎͍͔͒ͦͦͦͪΥ  

мΦ ˻ͼ͔ͤͦ;ͤ·͚ ͻ͔͊ͪ͊ͭͪ͟ ͔͎͙͙͊ͭͦͪ͟ ζ͚͔ͪ͊ͤ͟ ͔͎͙ͤ͋͊ͦͨͪ͡Ύ͔ͭͤͦ ͔͙͔ͨͦͦ͗ͤ͡ηΦ ˿͔ͦ͒ͪ͗͊΅͙͔ͫΎ ͍ 

͔ͨͯͤͭ͟ о ͫͭ͊ͭΈ͙ пн ˿˴ ˾̅ ͔͙ͨͦͦ͗ͤ͡ΎΣ ͒ͦͨͯͫ͊͟Όͭ ͙͍͙͔͊ͤͤͯͪͦ͊ͤ͡ ͋ͪ͊;͎ͤͦͦ ͎͍͒ͦͦͦͪ͊Σ ͔͙ͫ͡ ͍͙ͯͫͦ͡Ύ 

͎ͭ͊ͦͦ͟ ͎͍͒ͦͦͦͪ͊ ͍ͫͭ͊Ύͭ ͎ͦ͒ͤͦͦ ͙͘ ͎͍ͫͯͨͪͯͦ ͍ ͍͔ͫΈͣ͊ ͔͎͙ͤ͋͊ͦͨͪ͡Ύ͔ͭͤͦ ͔͙͔ͨͦͦ͗ͤ͡Φ ˻͒ͤ͊ͦ͟ ͍ ͔͊ͦͤ͘͟ 

͍͔ͦͭͫͯͭͫͭͯͭ ͔͔͔͙͔ͦͨͪ͒ͤ͡ ͎ͫ͊ͣͦͦ ͨͦͤΎ͙ͭΎΣ ;ͭͦ ͔ͤ͊͒͡Ύ͔ͭ ͔ͫͯ͒͋ͤ·͔ ͎ͦͪ͊ͤ· ͍ͨͪ͊ͦͣ ͔͔ͦͨͪ͒͡ΎͭΈ 

͔͙͔ͫͦ͒ͪ͗͊ͤ ͨͦͤΎ͙ͭΎ ζ͚͔ͪ͊ͤ͟ ͔͎͙ͤ͋͊ͦͨͪ͡Ύ͔ͭͤͦ ͔͙͔ͨͦͦ͗ͤ͡η ͍ ͊͗͒ͦͣ͟ ͔ͦͤͪͭͤͦͣ͟͟ ͫͯ͡;͔͊ 

ͫ͊ͣͦͫͭͦΎ͔ͭ͡ΈͤͦΦ ˢ͙ͤ͊͘͡ ͍͙͔͙͔ͨͪ͊ͦͨͪͣͤͭ͡Έ͚ͤͦ ͙͙ͨͪ͊ͭ͟͟ ͍͙͔͔ͫ͒ͭ͡Έ͍͔ͫͭͯͭ ͦ͋ ͍͙͙ͦͭͫͯͭͫͭ 

͔͙͙͒ͤͦͦ͋ͪ͊͘Ύ ͍ ͨͦ͒ͻ͔ͦ͒Σ ͙͔ͤ͊ͨͪͣͪΣ ͔͔͔͙͔ͦͨͪ͒ͤ͡ ˤ͔ͪͻ͍͎ͦͤͦͦ ˿ͯ͒͊ ˾̅ Ѕ руȤ˴ 1˥7Ȥ10 ͦ  ͭ20 ͙ ΌͤΎ 2017 

.͎ ͍͙͍͔ͯͫͭ͊ͤ͊͊ͭ͡, ;ͭͦ ͙͡΄͔͙͔ͤ ͎ͫͯͨͪͯ͊ ͙ͣͯ΅͔͍͔ͫͭͤͤ·ͻ ͍ͨͪ͊ ͋·ͦ͡ ͋· ͔͔ͤͯͣͫͭͤ·ͣ ͔͋͘ ͚͊ͦ͟͟-͙͋ͦ͡ 

͔ͦͣͨͤͫ͊͟ͼ͙͙Φ ˻͒ͤ͊ͦ͟ ͫͯ͒· ;͊ͫͭͦ ͍ͦͫͭ͊͡ΎΌͭ ͍ ͙͔ͫ͡ ͋ͪ͊;ͤ·͔ ͎͍͒ͦͦͦͪ·Σ ͍ ͦͭͦͪ͟·ͻ Ύ͍ͤͦ 

͔ͤͨͪͦͨͦͪͼ͙ͦͤ͊͡Έͤͦ ͔͔ͪ͊ͫͨͪ͒͡ΎΌͭͫΎ ͙͒ͦ͡Σ ͙ ͙ͨͪ Ήͭͦͣ ͤ͊ͻͦ͒Ύͭ ͔ͪ͊ͯͣͤͦ͘ ͍͙͔ͦ͋ͦͫͤͦ͊ͤΣ ͙͔ͤ͊ͨͪͣͪΣ 

͔͔ͫͭͨͤΈ ͙͡;͎ͤͦͦ ͍͊͒͊͟͡ ͎͊͗͒ͦͦ͟ ͙͘ ͎͍ͫͯͨͪͯͦ ͍ ͙͔͔͙͔ͨͪͦ͋ͪͭͤ ͔͎ͦͤͪͭͤͦͦ͟͟ ͙͍͊ͭ͊͟Φ 

нΦ ˴͙͙ͦ͘͡͡ΎΣ ͊ͫ͊͟Ό΅͊ΎͫΎ ͍͍͎ͨͪ͊ͦͦͦ ͔͙ͪ͗ͣ͊ ͎͍͒ͦͦ͡Φ ˨͔͚͍ͫͭͯΌ΅͔͔ ͔͊ͦͤͦ͒͊ͭ͘͟͡Έ͍ͫͭͦ ͍ͨͦͦ͘͡Ύ͔ͭ 

͎ͫͯͨͪͯ͊ͣ ͔͔ͦͨͪ͒͡ΎͭΈ ͍͚ͫͦ ͍͔ͫͦ͋ͫͭͤͤ·͚ ͫͨͦͫͦ͋ ͎ͨͦ͊΄͔͙ͤΎ ͦ͋΅͙ͻ ͎͍͒ͦͦ͡Φ ˻͒ͤ͊ͦ͟ ͤ͊ ͙͔ͨͪ͊ͭ͟͟ 

ͫͯ΅͔͍͔ͫͭͯͭ ͔ͨͪͦ͋ͣ͊͡ ͔͔ͦ͋ͫͨ;͔͙ͤΎ ͍ͨͪ͊ ͔͙͍ͪ͒ͭͦͪͦ͟Σ ͔ͤ Ύ͍͡ΎΌ΅͙ͻͫΎ ͙ͫͭͦͪͦͤ͊ͣ ͋ͪ͊;͎ͤͦͦ ͎͍͒ͦͦͦͪ͊Φ 

˻͍͙͔ͭͫͯͭͫͭ ;͔͙ͭ͟ͻ ͔͊ͦͤͦ͒͊ͭ͘͟͡Έͤ·ͻ ͔ͣͻ͙͍͊ͤͣͦ͘Σ ͔͎͙ͪͯͪͯ͡Ό΅͙ͻ ͙͙͔ͨͪͦͪͭͭ ͍͙͚ͯͫͦ͡ ͋ͪ͊;͎ͤͦͦ 

͎͍͒ͦͦͦͪ͊ ͨͦ ͍͔͙ͫͪ͊ͤͤΌ ͫ ͔͍͙ͭͪ͋ͦ͊ͤΎ͙ͣ ͔͙͍ͪ͒ͭͦͪͦ͟ ό͔ͦͫͦ͋ͤͤͦ ͍ ͙ͫͭͯ͊ͼ͙ΎͻΣ ͎ͦ͒͊͟ ͍͔ͫ ͎͙͒ͦ͡ 

͔͔ͨͪ͒͊ΌͭͫΎ ͦ͒ͤͦͣͯ ͙͘ ͎͍ͫͯͨͪͯͦύΣ ͔ͫͦ͒͊ͭ͘ ͔ͫͪΈ͔ͤ͘·͔ ͙͙ͪͫ͟ ͙ Ύ͍͡Ύ͔ͭͫΎ ͍͙͔ͦͫͤͦ͊ͤͣ ͟ ͔ͫͯ͒͋ͤ·ͣ 

͙͔ͪ͊͋ͪ͊ͭ͘͡Έ͍ͫͭ͊ͣΦ 

оΦ ˽͔ͪͦ͋ͣ͊͡ ͔͙͗ͫͭͦͫͭ͟ ͔͔ͨͪ͒ͣͭ͊ ͎͍͒ͦͦͦͪ͊Φ ˭͔͊ͨͪͭΣ ͍͔ͯͫͭ͊ͤͦͤͤ͡·͚ ͨͯͤͭͦͣ͟ о ͫͭ͊ͭΈ͙ пн ˿˴ ˾̅ ͤ͊ 

͍͟͡Ό;͔͙͔ͤ ͔͙͚ͨͦͦ͗ͤ͡Σ ͊ͫ͊͟Ό΅͙ͻͫΎ ͙͡;ͤ·ͻ ͔͙ͤͣͯ΅͔͍͔ͫͭͤͤ·ͻ ͦͭͤͦ΄͔͙͚ͤΣ ͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭͫΎ ͔ͤ ͍͔ͨͦͤ͡ 

͎͙͙͋ͣ͟Φ ˤ ͔͚͍͙͔͒ͫͭͭ͡Έ͙ͤͦͫͭ ͎͙͔ͣͤͦ ͔͊ͫͨͭ͟·Σ ͔͔͍͔ͤͨͦͫͪ͒ͫͭͤͤͦ ͎͙͍͊ͭͪ͊͊͘Ό΅͙͔ ͔͙ͣ͊ͭͪ͊͡Έ͔ͤͦ 

͔͙͔ͨͦͦ͗ͤ͡ ͔ͫͣΈ͙ ό͙͔ͭ͊͟ ͊͟͟ ͔͔͙͔ͪ͊͒ͤ͘͡ ͦ͋Ύ͔͚͊ͤͤͦͫͭ͘ ͨͦ ͒ͦͣͯ ͙͙͡ ͍͙͙͔ͦͫͨͭ͊ͤ ͔͔͚͒ͭύΣ ͦͫͭ͊ΌͭͫΎ ͍͔ͤ 

͍͍͚ͨͪ͊ͦͦ ͋͊͘·Σ ͻͦͭΎ ͙ͻ Ή͙ͦͤͦͣ͟;͔͔ͫͦ͟ ͍͙͔ͦ͋ͦͫͤͦ͊ͤ Ύ͍͡Ύ͔ͭͫΎ ͦ;͔͍͙͒ͤ·ͣΣ ;ͭͦ ͔ͫͦ͒͊ͭ͘ ͪ͊ͪ͘·͍ ͔ͣ͗͒ͯ 

͔ͪ͊͡Έͤ·͙ͣ ͦ͋ͫͭͦΎ͔ͭ͡Έ͍͙ͫͭ͊ͣ ͙ ͍ͦͣͦ͗ͤͦͫͭ͘Ύ͙ͣ ͔͎͙͍͙ͯͪͯͪͦ͊ͤ͡Ύ ͔͍ͨͦͫͪ͒ͫͭͦͣ ͎͍͒ͦͦͦͪ͊Φ 

пΦ ˻͍͙͔ͭͫͯͭͫͭ ͔͙͙͒ͤͦͦ͋ͪ͊͘Ύ ͍ ͙͔ͨͪ͊ͭ͟͟ ͙͍ͤͦͭ͊ͪͯͫͦΦ ˤ ͫͯ͡;͔͊ ͍͔͔͙ͯ͒ͦͫͭͦͪͤΎ ͋ͪ͊;͎ͤͦͦ ͎͍͒ͦͦͦͪ͊ 

͙ͤͦͭ͊ͪͯͫ· ;͊ͫͭͦ ͫ;͙ͭ͊Όͭ ͔ͤͦ͋ͻ͙ͦ͒ͣ·ͣ ͦͼ͔͙ͤͭΈ ͊ͦͤͤͦͫͭ͘͟Έ ͍͙͚ͯͫͦ͡Σ ͔͔ͨͪ͒ͯͫͣͦͭͪͤͤ·ͻ ͎͍͒ͦͦͦͪͦͣΦ 

ˤ͍͙͒ͯ ͍͙ͦͭͫͯͭͫͭΎ ͔͙͒ͤͦͦ͋ͪ͊ͤ͘·ͻ ͔͍ͣͭͦ͒ͦ ͙ ͦ͋ΆΎ͔͙͚ͫͤͤ ͦͼ͔ͤ͊͟ ͔ͤͫͭ͊ͤ͒͊ͪͭͤ·ͻ ͔͙͚ͨͦͦ͗ͤ͡ ͋ͪ͊;͎ͤͦͦ 

͎͍͒ͦͦͦͪ͊ ͍͙͙͊ͫͭ͘ ͎͍͊ͤ͡·ͣ ͦ͋ͪ͊ͦͣ͘ ͦͭ ͫͯ͋Ά͔͙͍͚ͭͤͦ͟ ͙͔͒ͫͪ͟ͼ͙͚ͦͤͤͦ ͍͙ͦ͡ ͔͎ͦͤͪͭͤͦͦ͟͟ ͙ͤͦͭ͊ͪͯͫ͊Σ ;ͭͦ 

͙͍͙ͨͪͦ͒ͭ ͟ ͦͭ͊ͯ͘͟ ͍ ͍͔͔͙͙ͯ͒ͦͫͭͦͪͤ ͎ͫͦ͊͡΄͔͙͚ͤΣ ͦͭͦͪ͟·͔ ͺͦͪͣ͊͡Έͤͦ ͔ͤ ͙͍͔ͨͪͦͭͦͪ;͊ͭ ͊ͦͤͯ͘͟Σ ͤͦ 

͍·͘·͍͊Όͭ ͔͙ͫͦͣͤͤΎ ͙͔ͦͭͤͦͫͭ͡Έͤͦ ͫͦ͋͡Ό͔͙͒ͤΎ ͊ͦͤ͊͘͟ ͙ ͫͦ͒͊͘Όͭ ͔͔͔͔ͤͦͨͪ͒ͤͤͦͫͭ͡ΈΦ 

рΦ ˹͍ͦ·͔ ͍͙͒· ͙ͣͯ΅͔͍ͫͭ͊Φ ˿͔͙͔ͭͪͣͭ͡Έ͔ͤͦ ͍͙͙͔ͪ͊ͭ͘ Ή͙ͦͤͦͣ͟;͔͙ͫ͟ͻ ͦͭͤͦ΄͔͙͚ͤ ͙͍͔ͨͪͦ͡ ͟ 

͍͙͍͔͙ͦͤͤͦͤ͘͟Ό ͙ͭ͊͟ͻ ͙͍͍͊ͭͦ͟Σ ͊͟͟ ͙͍ͪͨͭͦ͊͟͡Όͭ͊ ͙ ͙ͤ·͔ ͼ͙ͺ͍ͪͦ·͔ ͍ͨͪ͊͊Σ ͊ ͔ͭ͊͗͟ ͔͙ͯͫͦ͗ͤͤ͡Ό 

ͦ͋ͦͪͦͭ͊ ͦ͋Ά͔͍ͭͦ͟ ͙͔͔ͤͭͭͯ͊͟͡͡͡Έ͚ͤͦ ͍͔͙ͫͦ͋ͫͭͤͤͦͫͭΦ ˤ ͤ͊ͫͭͦΎ΅͔͔ ͍͔ͪͣΎ ˿͔͔͚ͣͤ·͚ ͔ͦ͒ͫ͟͟ ͔ͤ 



˹ˢ̂̉˹̍˯ ˬ ̂˾˹ˢ˶ ζ IN SITU η                    ISSN (p) 2411-7161 / ISSN (e) 2712-9500                    Ѕ3 / 2026 

 

 

57 

͔͙ͫͦ͒ͪ͗ͭ ͔ͫͨͼ͙͊͡Έͤ·ͻ ͤͦͪͣΣ ͔͎͔͙ͪ͊ͣͤͭͪͯ͡Ό΅͙ͻ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͙ ͨͦͪΎ͒ͦ͟ ͍͟͡Ό;͔͙ͤΎ ͒͊ͤͤ·ͻ 

ͦ͋Ά͔͍ͭͦ͟ ͍ ͔͙ͪ͗ͣ ͎͍͎͒ͦͦͦͪͤͦͦ ͙ͣͯ΅͔͍ͫͭ͊ ͎͍ͫͯͨͪͯͦΣ ;ͭͦ ͔ͨͦͪͦ͗͒͊ͭ ͫͯ΅͔͍͔ͫͭͤͤͯΌ ͍͍ͨͪ͊ͦͯΌ 

͔͔͔͔ͤͦͨͪ͒ͤͤͦͫͭ͡Έ ͍ ͍͙͔͙͔ͨͪ͊ͦͨͪͣͤͭ͡Έ͚ͤͦ ͙͔ͨͪ͊ͭ͟͟Φ 

сΦ ˽ͪͦͼ͔͒ͯͪͤ·͔ ͙ͭͪͯ͒ͤͦͫͭΦ ̆ͦͭΎ ͊ͦͤ͘͟ ͔͙͍͔ͨͪ͒ͯͫͣ͊ͭͪ͊ͭ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͙͔͔͙ͣͤͤ͘Ύ ͙͙͡ 

͔ͨͪͪ͊͟΅͔͙ͤΎ ͎͍͒ͦͦͦͪ͊ ͨͦ ͎ͫͦ͊͡΄͔͙ͤΌ ͔ͣ͗͒ͯ ͙ͫͭͦͪͦͤ͊ͣΣ ͤ͊ ͙͔ͨͪ͊ͭ͟͟ ͙͒ͦͫͭ;Έ ͔ͦͤͫͤͫͯͫ͊͟ ͊͘;͊ͫͭͯΌ 

͔͍ͤͦͣͦ͗ͤͦ͘Φ ˻͍͙͔ͭͫͯͭͫͭ Ήͺͺ͔͙͍͎ͭͤͦͦ͟ ͔ͣͻ͙͊ͤͣ͊͘ ͊͒͊ͨͭ͊ͼ͙͙ ͎͍͒ͦͦͦͪ͊ ͟ ͙͔ͣͤ͘ΎΌ΅͙ͣͫΎ 

ͦ͋ͫͭͦΎ͔ͭ͡Έ͍ͫͭ͊ͣ ό͙͔ͤ͊ͨͪͣͪΣ ͔͙͋ͦͤ͘͡Σ ͔͙ͨͦͭͪ ͪ͊͋ͦͭ·ύ ͔͋͘ ͍͙͎͊ͣͤͦͦ͘ ͎͙ͫͦ͊ͫ͡Ύ ͎͍ͫͯͨͪͯͦ ͙͍͙ͨͪͦ͒ͭ ͟ 

ͭͦͣͯΣ ;ͭͦ ͍͙ͯͫͦ͡Ύ ͎ͫͦ͊͡΄͔͙ͤΎ ͺ͙͊ͭ͟;͔͙ͫ͟ ζ͙͍͊ͣͦͪ͊͗͊͘ΌͭͫΎηΣ ͙ Ήͭͦ ͔ͣͦ͗ͭ ͙͍͔ͨͪͦͭͦͪ;͙ͭΈ 

͔͍ͨͪͦͤ͊;͊͡Έͤ·ͣ ͔͔͙ͤ͊ͣͪͤΎͣ ͫͭͦͪͦͤΦ 

ˤ·͍ͦ͒· ͙ ͒͊͡Έ͔͚ͤ΄͙͔ ͔͔͙͍ͨͪͫͨͭ͟· ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΦ ˤ ͍͔ͦͭͭ ͤ͊ ͍·Ύ͍͔ͤͤ͡·͔ ͔ͨͪͦ͋ͣ͡· 

͔͍ͨͪ͒ͫͭ͊͡Ύ͔ͭͫΎ ͼ͔͔ͫͦͦ͋ͪ͊ͤ͘͡·ͣ ͔͔ͦ͋ͫͨ;͙ͭΈ ͔͔ͦͣͨͫͤͦ͟͟͡ ͯͯ͡;΄͔͙͔ͤ ͍͍͚ͨͪ͊ͦͦ ͋͊͘· ͍ ͔ͫ͒ͯ͡Ό΅͙ͻ 

ͦ͋͊ͫͭ͡ΎͻΣ ͎͙͍͊ͭͪ͊͊͘Ό΅͙ͻ ͔͎͙͍͙ͪͯͪͦ͊ͤ͡Ύ ͋ͪ͊;͎ͤͦͦ ͎͍͒ͦͦͦͪ͊Υ 

- ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͔͊ͦͤͦ͒͊ͭ͘͟͡Έͤͦ ͔͔͙ͦͨͪ͒ͭ͡Έ ͨͦͤΎ͙͔ͭ ζ͚͔ͪ͊ͤ͟ ͔͎͙ͤ͋͊ͦͨͪ͡Ύ͔ͭͤͦ ͔͙͔ͨͦͦ͗ͤ͡ηΦ ˹͊ 

͍͔ͯͪͦͤ ͊ͦͤ͊͘͟ ͔͔ͫ͒ͯͭ͡ ͔͙͊ͪͨͭ͘͟Έ ͔͔ͨͪ;͔ͤΈ ͍͙͚ͯͫͦ͡Σ ͦͭͦͪ͟·͔ ͍͙͊ͭͦͣ͊ͭ;͔͙ͫ͟ ͨͦ͒ͨ͊͒͊Όͭ ͨͦ͒ Ήͭͦ 

͔͔͔͙͔ͦͨͪ͒ͤ͡Φ ˴ ͙ͤͣ ͣͦ͗ͤͦ ͔͙ͦͭͤͫͭΣ ͟ ͙͔ͨͪͣͪͯΣ ͔ͨͦͤͦ͡ ͙͡΄͔͙͔ͤ ͎ͫͯͨͪͯ͊ ͍ͨͪ͊ ͤ͊ ͙ͣͯ΅͔͍ͫͭͦΣ ͙͔ͤ͊͗ͭͦ 

͍ ͔͋ͪ͊͟Σ ͔͋͘ ͚͊ͦ͟͟-͙͋ͦ͡ ͔͔͚͒ͤ͗ͤͦ ͙͙͡ ͙͚ͤͦ ͔ͦͣͨͤͫ͊͟ͼ͙͙Τ ͍͔͙͔ͯͫͭ͊ͤͦͤ͡ ͙͒ͫͨͪͦͨͦͪͼ͙͙ ͍ ͔ͪ͊͒͊͘͡ͻ 

͙ͣͯ΅͔͍ͫͭ͊Σ ͔ͤ ͙͔ͣΌ΅͔͚ ͎ͪ͊ͯͣͤͦͦ͘ Ή͙ͦͤͦͣ͟;͔͎ͫͦͦ͟ ͍͙ͦ͋ͦͫͤͦ͊ͤΎΤ ͊ ͔ͭ͊͗͟ ͍͔͙͔ͦͦ͗ͤ͘͡ ͤ͊ ͎ͦ͒ͤͦͦ ͙͘ 

͎͍ͫͯͨͪͯͦ ͔͔͙͋ͪͣͤ ͍͔ͫͻ ͎͍͒ͦͦ͡·ͻ ͦ͋Ύ͔͊ͭ͘͡Έ͍ͫͭ ͔ͫͣΈ͙ ͔͋͘ ͍͔ͫͭͪ;͎ͤͦͦ ͍͔͍͔͙ͯ͒ͦͭͦͪͤ͡ΎΤ 

- ͔ͤͦ͋ͻ͙ͦ͒ͣͦ ͯͭͦ;͙ͤͭΈ ͔ͣͻ͙͊ͤͣ͘ ͊͘΅͙ͭ· ͍ͨͪ͊ ͔͙͍ͪ͒ͭͦͪͦ͟Φ ˭͊ͦͤ͟ ͔͒ͦ͗ͤ͡ ͙͔ͨͪͣͤΎͭΈ ͍͙ͨͪ͊ͦ͡Σ 

͎ͫͦ͊ͫͤͦ͡ ͦͭͦͪͦͣͯ͟ ͋ͪ͊;ͤ·͚ ͎͍͒ͦͦͦͪ ͔ͤ ͔ͣͦ͗ͭ ͎͙͍͊ͭͪ͊͊ͭ͘Έ ͙͔͔ͤͭͪͫ· ͔ͭͪͭΈ͙ͻ ͫͭͦͪͦͤ ͔͋͘ ͙ͻ ͎͙ͫͦ͊ͫ͡ΎΤ ͙ 

͔͔ͭͪ͋ͯͭͫΎ ͔ͭ͊͗͟ ͨͪͦͼ͔͒ͯͪ͊ ͍͔͔͙ͯ͒ͦͣͤ͡Ύ ͔͙͍ͪ͒ͭͦͪͦ͟ ͦ ͊͘͟͡Ό;͔͙͙ͤΣ ͙͔͔͙͙ͣͤͤ͘ ͙͙͡ ͔ͨͪͪ͊͟΅͔͙͙ͤ 

͋ͪ͊;͎ͤͦͦ ͎ͫͦ͊͡΄͔͙ͤΎΤ 

- ͒͡Ύ ͔͔͙ͨͪͦ͒ͦͤ͡Ύ ͨͪͦͼ͔͒ͯͪͤ·ͻ ͔͚ͭͪͯ͒ͤͦͫͭ ͔͎͔ͨͪ͒͊͊ͭͫ͡Ύ ͔͔ͨͪ͒ͯͫͣͦͭͪͭΈ ͔ͫͯ͒͋ͤͯΌ ͨͪͦͼ͔͒ͯͪͯΣ 

͍ͨͦͦ͘͡ΎΌ΅ͯΌ ͙͔͙ͣͤͭ͘Έ ͍͙ͯͫͦ͡Ύ ͋ͪ͊;͎ͤͦͦ ͎͍͒ͦͦͦͪ͊ ͙ͨͪ ͫͯ΅͔͍͔ͫͭͤͤ·ͻ ͙͔͔͙ͣͤͤ͘Ύͻ ͙͔͗ͤͤͤ͘·ͻ 

ͦ͋ͫͭͦΎ͔ͭ͡Έ͍ͫͭΣ ͎͙͊ͤ͊ͦ͡;ͤ·͔ ͤͦͪͣ͊ͣ ͎͎ͪ͊͗͒͊ͤͫͦͦ͟ ͍ͨͪ͊͊Φ 

ˤ ͼ͔ͦͣ͡Σ ͋ͪ͊;ͤ·͚ ͎͍͒ͦͦͦͪ ͊͟͟ ͎͙͙͚͋͟ ͙͔ͤͫͭͪͯͣͤͭ ͔͎͙͍͙ͪͯͪͦ͊ͤ͡Ύ ͙ͣͯ΅͔͍͔ͫͭͤͤ·ͻ ͦͭͤͦ΄͔͙͚ͤ 

͎͍ͫͯͨͪͯͦ ͍ ͤ͊ͫͭͦΎ΅͔͔ ͍͔ͪͣΎ ͺͯͤ͟ͼ͙͙͔ͦͤͪͯͭ ͍ ͍͙ͯͫͦ͡Ύͻ ͍͍͚ͨͪ͊ͦͦ ͔͔͔͔͙ͤͦͨͪ͒ͤͤͦͫͭ͡Φ ˻͍ͫͤͦͤ·͙ͣ 

͔͙ͨͪͦ͋ͣ͊ͣ͡ Ύ͍͡ΎΌͭͫΎ ͦͼ͔ͤͦ;ͤͦͫͭΈ ͔͎͙͙͊ͭͦͪ͟ ζ͚͔ͪ͊ͤ͟ ͔͎͙ͤ͋͊ͦͨͪ͡Ύ͔ͭͤͦ ͔͙͔ͨͦͦ͗ͤ͡ηΣ ͍͙͔ͦͭͫͯͭͫͭ 

Ύ͙ͫͤͦͫͭ ͍ ͍͔ͦͨͪͦͫ ͔͔͔͙ͪ͊ͫͨͪ͒ͤ͡Ύ ͎͍͒ͦͦ͡ ͙ ͍ͤͦ·ͻ ͼ͙ͺ͍ͪͦ·ͻ ͙͍͍͊ͭͦ͟Φ ˽͔͔͙͔ͪͦ͒ͦͤ͡ Ή͙ͭͻ ͔͍ͤ͒ͦͫͭ͊ͭͦ͟ 

͍͙͙͒ͭͫΎ ͍ ͔͙ͪ͊͊͘͡ͼ͙͙ ͔͎ͦͣͨͫͤͦͦ͟͟͡ ͨͦ͒ͻͦ͒͊Σ ͫͦ;͔ͭ͊Ό΅͔͎ͦ ͍͔ͫͦͪ΄͔͍͍͙͔ͤͫͭͦ͊ͤ ͔͊ͦͤͦ͒͊ͭ͘͟͡Έ͚ͤͦ 

͋͊͘·Σ ͍·ͪ͊͋ͦͭͯ͟ ͔͙͒ͤͦͦ͋ͪ͊ͤ͘·ͻ ͔͔ͪͦͣͤ͒͊͟ͼ͙͚ ͒͡Ύ ͍͙͔͙͔͔͚ͨͪ͊ͦͨͪͣͤͭ͡ ͙ ͍ͨͦ·΄͔͙͔ͤ ͍ͯͪͦͤΎ 

͍͍͚ͨͪ͊ͦͦ ͯ͟͡Έͭͯͪ· ͎ͪ͊͗͒͊ͤΦ 

 

˿͙ͨͫͦ͟ ͙ͫͨͦ͡Έ͍͚ͦ͊ͤͤͦ͘ ͙͔ͭͪ͊ͭͯͪ͡·Υ 

мΦ ˿͔͔͚ͣͤ·͚ ͔ͦ͒ͫ͟͟ ˾͙͚͚ͦͫͫͫͦ͟ ͔͔̅͒ͪ͊ͼ͙͙ ͦͭ нф ͔͒͊͋ͪ͟Ύ мффр ͎Φ Ѕ нноȤ̅  ˭(͔ͪ͒. ͦ  ͭ но ͤͦΎ͋ͪΎ нлнп ͎ Φ 

N 405-̅˭ύ κκ ˿͙͔ͦ͋ͪ͊ͤ ͔͊ͦͤͦ͒͊ͭ͘͟͡Έ͍ͫͭ͊ ˾̅Φ - 1996. - Ѕ мΦ - ˿ ͭΦ мс 

нΦ ˥͙͚ͪ͊͗͒͊ͤͫ͟ ͔ͦ͒ͫ͟͟ ˾͙͚͚ͦͫͫͫͦ͟ ͔͔̅͒ͪ͊ͼ͙͙ ό;͊ͫͭΈ ͔͍ͨͪ͊Ύύ ͦͭ олΦммΦмффп Ѕрм-̅˭ ό͔ͪ͒Φ ͦͭ ом ͙Ό͡Ύ 

нлнр ͎Φ b омр-̅˭ύ κκ ˾͙͚ͦͫͫͫ͊͟Ύ ͎͔͊ͭ͊͘Φ - 1994. - Ѕ ноу-239. 

оΦ ˻͍ͫͤͦ· ͔͊ͦͤͦ͒͊ͭ͘͟͡Έ͍ͫͭ͊ ˾̅ ͦ ͙͔ͤͦͭ͊ͪ͊ͭ ό͍ͯͭΦ ˤ˿ ˾̅ ͦͭ мм ͺ͔͍ͪ͊͡Ύ мффо ͎Φ Ѕ ппснȤ1) (ͪ ͔͒. ͦ  ͭ

20 ͅ ͔͍ͪ͊͡Ύ 2026 ͎ ͦ͒͊ Ѕ 30-̅˭ύ κκ ˾͙͚ͦͫͫͫ͊͟Ύ ͎͔͊ͭ͊͘Φ ς 1993. - Ѕ пфΦ 

пΦ ˽͍͔͙͔ͦͫͭ͊ͤͦͤ͡ ˽͔ͤͯͣ͊͡ ˤ͔ͪͻ͍͎ͦͤͦͦ ˿ͯ͒͊ ˾̅ ͦͭ р ͤͦΎ͋ͪΎ мффу ͎Φ Ѕ мр ζ˻ ͙͔͔͙͙ͨͪͣͤͤ ͙ͫͯ͒͊ͣ 

͔͊ͦͤͦ͒͊ͭ͘͟͡Έ͍ͫͭ͊ ͙ͨͪ ͔͙͙ͪ͊ͫͫͣͦͭͪͤ ͔͒͡ ͦ ͔͙͙ͪ͊ͫͭͦͪ͗ͤ ͋ͪ͊͊͟η ό͔ͪ͒Φ ͦͭ 6 ͅ ͔͍ͪ͊͡Ύ 2007 ͎ Φ Ѕ 6) // 

ˣ͙͙͔͋ͦͭ͡;͊͟ ˾͙͚͚ͦͫͫͫͦ͟ ͎͔͊ͭ͘·Φ ς 1998. - Ѕ опΦ 

рΦ ˢͤͭͦͦ͟͡Έͫ͊͟ΎΣ ˸ΦˤΦ ˿͔͔͚͔ͣͤͦ ͍ͨͪ͊ͦΥ ͯ;͔͙͋ͤ͟ κ ˸ΦˤΦ ˢͤͭͦͦ͟͡Έͫ͊͟ΎΦ - 3-͔ ͙͒͘ΦΣ ͔͔ͨͪͪ͊͋Φ ͙ ͒ͦͨΦ - 

˸͍ͦͫ͊͟Υ ˹ͦͪͣ͊Υ ˮͤͺͪ͊-˸Σ нлмоΦ - пом ͫΦ  



ˢ˴ˢ˨˩˸ˮ̉˩˿˴˻˩ ˮ˭˨ˢ́˩˶̎˿́ˤ˻ ζ˹ˢ̂̉˹ˢ̒ ˢ˾́˩˶̎η 

 

 

58 

сΦ ˭͍͎͊ͦͪͦ͒ͤΎΎΣ ˸Φ̑Φ ˽͙͔ͦͦ͗ͭ͡͡Έͤ·͔ ͙ ͔͎͙͍ͤ͊ͭͤ·͔ ͔͊ͫͨͭ͟· ͋ͪ͊;͎ͤͦͦ ͎͍͒ͦͦͦͪ͊ ͍ ˾͙͙ͦͫͫ κ ˸Φ̑Φ 

˭͍͎͊ͦͪͦ͒ͤΎΎ κκ ˤ͔͙ͫͭͤ͟ ͙ͤ͊ͯ͟Φ - 2024. - Ѕ ф όтуύΦ - ˿ Φ мор-140. 

тΦ ˶͔ͭͦ;ͤ͊ΎΣ ˴ΦˢΦ ˣͪ͊;ͤ·͚ ͎͍͒ͦͦͦͪ ͍ ˾͙͚͚ͦͫͫͫͦ͟ ͔͔̅͒ͪ͊ͼ͙͙Υ ͍͍ͨͪ͊ͦ͊Ύ ͫͯ΅ͤͦͫͭΈ ͙ ͔ͨͪͦ͋ͣ͡· 

͙͔͔͙ͨͪͣͤͤΎ κ ˴ΦˢΦ ˶͔ͭͦ;ͤ͊Ύ κκ ˿͙͟ͺΦ - 2021. - Ѕм όроύΦ - ˿ Φ оф-42.  

уΦ ˿͔͔͚͔ͣͤͦ ͍ͨͪ͊ͦΥ ͯ;͔͙͋ͤ͟ κ ͨͦ͒ ͔ͪ͒Φ ˶Φ˸Φ ˽ ;͔͙ͤ͡ͼ͔͍͚ͦΦ - 2-͔ ͙͒͘ΦΣ ͔͔ͨͪͪ͊͋Φ ͙ ͒ͦͨΦ - ˸ ͍ͦͫ͊͟Υ ͚̑ͪ͊ͭΣ 

2026. - 291 ͫ Φ  

фΦ ˨͊ͤͤ·͔ ͔͔̅͒ͪ͊͡Έ͚ͤͦ ͙ͤͦͭ͊ͪ͊͡Έ͚ͤͦ ͨ͊͊ͭ͡· ό͙͙ͫͭ͊ͭͫͭ͊͟ ͊͘ нлнл-нлнр ͎͎ΦύΦ ώ͔̏ͭͪͦͤͤ͟͡·͚ ͔ͪͫͯͪͫϐ  

https://notariat.ru/ru -ru/?utm_source=yandex&utm_medium=cpc&utm_campaign=Brend_Poisk_ 

701558722&utm_content=17141917103&utm_term (͒͊ͭ͊ ͦ ͋ͪ͊΅͔͙ͤΎ 07.03.2026). 

ϭ̒ ͣ΅͙͍ͦ͟ ˹Φ˿Φ, 2026 

  



˹ˢ̂̉˹̍˯ ˬ ̂˾˹ˢ˶ ζ IN SITU η                    ISSN (p) 2411-7161 / ISSN (e) 2712-9500                    Ѕ3 / 2026 

 

 

59 

 

 


