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«DEVELOPING A SMALL-SCALE SEAWEED FARM TO GROW ALGAE»

Annotation: This paper presents a practical approach to developing a small-
scale seaweed (macroalgae) farm for cultivation of fast-growing algae species suitable
for low-cost, low-technology environments. A pilot farm of 50 m? was established in a
coastal lagoon using a long-line cultivation system. Two locally available seaweed
species, Ulva lactuca (sea lettuce) and Chaetomorpha linum, were grown over a 60-
day period. Key parameters such as growth rate, biomass yield, nutrient uptake, and
operational costs were monitored. Results showed that Ulva lactuca achieved a
specific growth rate of 8.5% per day and a total biomass yield of 12.6 kg fresh weight
per square meter per year. The total setup cost was approximately $320 USD, with
estimated payback time of 6 months when sold as biofertilizer or animal feed. The
study concludes that small-scale seaweed farming is technically feasible,
environmentally beneficial, and economically viable for coastal communities.

Keywords: Seaweed farming, macroalgae, small-scale aquaculture, Ulva
lactuca, biomass production, coastal agriculture, low-cost cultivation.

1. Introduction

Seaweeds (marine macroalgae) are increasingly recognized as a sustainable
source of food, feed, fertilizer, biofuel, and bioplastics. Unlike land-based crops,
seaweeds require no arable land, fresh water, or chemical fertilizers. Large-scale
industrial seaweed farming is well established in East Asia, but small-scale farming for

local use remains underdeveloped in many regions. This study aims to design, build,
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and test a low-cost, small-scale seaweed farm that can be operated by individuals or
coastal communities with minimal technical expertise.

2. Materials and Methods

2.1. Farm Location and System Design

The pilot farm was established in a sheltered coastal lagoon (salinity 32 ppt,
water temperature 24-28°C, depth 1.5 m). A long-line system was constructed using:

. Two parallel polyethylene ropes (20 m length) anchored at both ends.

. Nylon monofilament lines (3 mm diameter) tied horizontally between the
main ropes every 0.5 m to hold seaweed.

. Recycled plastic bottles as floats.

Total cultivation area: 50 m? (10 m x 5 m).

2.2. Seaweed Species and Planting

Two green macroalgae species were collected locally:

. Ulva lactuca (sea lettuce)

. Chaetomorpha linum (spaghetti algae)

Initial fresh biomass of 500 g per species was attached to the nylon lines using
elastic bands. Plants were spaced 20 cm apart.

2.3. Growth Monitoring and Harvesting

Biomass was weighed weekly for 60 days. Specific growth rate (SGR) was
calculated as:

SGR (%/day) = [In(W2/W1)] / (t2—t1) x 100

where W2 and W1 are fresh weights at times t2 and t1.

Partial harvesting (30% of biomass) was performed every two weeks to simulate
continuous production.

2.4. Economic Analysis

Costs included ropes, anchors, floats, planting materials, and labor (minimum
wage). Revenue was estimated based on local market prices for dried seaweed as

animal feed supplement ($1.20/kg dry weight).
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3. Results

3.1. Growth Performance

Both species grew successfully. Ulva lactuca showed significantly higher

growth (p <0.05):
Species SGR Biomass after Annual yield
(%/day) 60 days (kg fresh) (kg fresh/m?/year)
Ulva lactuca 8.5 =+ 8,400 12.6
1.2
Chaetomorpha 6.2 =+ 3,200 4.8
linum 0.9

3.2. Nutrient Uptake (observed indirectly)

Water clarity improved in the farm area, and dissolved inorganic nitrogen

decreased from 0.18 mg/L to 0.06 mg/L over 60 days, suggesting effective biofiltration

by the seaweeds.

3.3. Economic Assessment

Cost item Amount (USD)
Polyethylene ropes (40 m) 40

Nylon lines (50 m) 15

Anchors (4 concrete blocks) 20

Plastic bottles (floats) 0 (recycled)
Planting material (initial biomass) 5

Labor (setup, 8 hours) 240

Total initial cost 320

Monthly revenue from dried Ulva (15 kg dry weight x $1.20 x 2 harvests per

month) = $36/month. Payback time =320 / 36 = 9 months (or 6 months if labor cost is

excluded for a family-run farm).

4. Discussion

The results demonstrate that a small-scale seaweed farm can be built using low-

cost, locally available materials. Ulva lactuca is particularly suitable due to its high

growth rate, tolerance to a wide range of salinities and temperatures, and ease of
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attachment. The estimated payback time of 6-9 months makes this venture attractive
for coastal households with access to sheltered waters.

Environmental benefits include nutrient bioextraction (reducing eutrophication)
and carbon sequestration. Potential challenges include grazing by fish or snails,
seasonal temperature variation, and the need for regular cleaning of fouling organisms.
These can be managed by periodic net covers and selecting appropriate farm sites.

Further research should explore integration with small-scale fish farms (IMTA —
Integrated Multi-Trophic Aquaculture) and testing of additional high-value species
such as Gracilaria or Kappaphycus.

5. Conclusion

Developing a small-scale seaweed farm to grow algae is technically simple,
economically viable, and environmentally beneficial. A 50 m? long-line system
cultivating Ulva lactuca can produce approximately 12.6 kg fresh weight per square
meter annually, with a payback period of less than one year. Such farms offer a
sustainable livelihood option for coastal communities and contribute to marine
ecosystem restoration.
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«OBTAINING SOUNDPROOF INSULATION PANELS FROM WASTE
RUBBER»

Annotation: This study investigates the development of soundproof insulation
panels using recycled waste rubber from discarded vehicle tires. Rubber granules of
three different particle sizes (0.5—-1 mm, 1-3 mm, and 3—-5 mm) were mixed with a
polyurethane binder at various weight ratios (70:30, 80:20, and 90:10 rubber-to-
binder). The mixtures were pressed into panels of 10 mm and 20 mm thickness. Sound
transmission loss (STL) was measured using an impedance tube method according to
ASTM E1050. Additionally, mechanical properties (flexural strength and density) and
flame resistance were evaluated. Results showed that panels made with 1-3 mm rubber
granules at an 80:20 rubber-to-binder ratio and 20 mm thickness achieved the highest
sound insulation performance (STL of 28 dB at 1000 Hz), with acceptable mechanical
strength (flexural strength 2.4 MPa) and self-extinguishing properties. The study
concludes that waste rubber can be effectively recycled into cost-effective soundproof
panels for building applications.

Keywords: Waste rubber, soundproof panels, acoustic insulation, recycled
materials, tire waste, polyurethane binder, sound transmission loss.

1. Introduction

Waste rubber from end-of-life vehicle tires is a major environmental problem
worldwide. Millions of tires are discarded annually, occupying landfill space and
creating fire and health hazards. At the same time, sound pollution in urban areas
demands effective and affordable insulation materials. Conventional soundproof

panels (e.g., fiberglass, mineral wool) are often expensive and energy-intensive to
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produce. Rubber, due to its viscoelastic nature, has inherent sound-damping properties.
This study aims to produce soundproof insulation panels from recycled waste rubber
and evaluate their acoustic and mechanical performance.

2. Materials and Methods

2.1. Raw Materials

. Waste rubber granules obtained from shredded truck tires (supplied by a
local recycling facility).

. Three particle size fractions: 0.5—1 mm (fine), 1-3 mm (medium), 3—5 mm
(coarse).
. Polyurethane binder (two-component, solvent-free, density 1.2 g/cm?).

2.2. Panel Fabrication

Rubber granules were mixed with polyurethane binder at three weight ratios:

. 70% rubber : 30% binder

. 80% rubber : 20% binder

. 90% rubber : 10% binder

The mixture was poured into steel molds (300 mm x 300 mm) and pressed at 2
MPa pressure for 24 hours at room temperature. Panels were produced in two
thicknesses: 10 mm and 20 mm.

2.3. Acoustic Testing

Sound transmission loss (STL) was measured using an impedance tube (Bruel &
Kjaer) following ASTM E1050-19. Frequency range: 250 Hz to 4000 Hz.

2.4. Mechanical and Physical Testing

. Density: measured by mass/volume.

Flexural strength: three-point bending test (ASTM D790).

. Flame resistance: vertical burning test (UL 94 standard).
3. Results

3.1. Sound Transmission Loss (STL)

The best acoustic performance was achieved with:

. Rubber particle size: 1-3 mm (medium)

. Rubber-to-binder ratio: 80:20
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. Panel thickness: 20 mm

Frequency (Hz) STL (dB) — 10 mm panel STL (dB) — 20 mm panel
250 12.4 18.7
500 16.8 23.5
1000 19.2 28.0
2000 21.5 30.3
4000 23.1 32.6

For comparison, conventional fiberglass of 20 mm thickness typically provides
25-30 dB at 1000 Hz.
3.2. Mechanical and Physical Properties

Parameter Value (80:20, 1-3 mm, 20 mm)

Density 680 kg/m?

Flexural strength 2.4 MPa

Water absorption (24h) 3.2%

Flame rating (UL 94) V-2 (self-extinguishing within 30 seconds)

Panels with 90:10 ratio were too brittle (flexural strength < 1 MPa). Panels with
70:30 ratio were heavier (density 920 kg/m?) but showed similar acoustic performance.

3.3. Effect of Particle Size

Fine particles (0.5-1 mm) produced denser panels with slightly lower STL (2-3
dB less). Coarse particles (3—5 mm) gave lower mechanical strength (flexural strength
1.8 MPa) due to poor binder distribution.

4. Discussion

The results demonstrate that waste rubber panels can achieve sound insulation
comparable to conventional materials while offering the advantage of recycling a
problematic waste stream. The optimal formulation (80:20 rubber-to-binder, 1-3 mm
particle size, 20 mm thickness) balances acoustic performance, mechanical integrity,
and cost. The self-extinguishing property (UL 94 V-2) is important for building safety.
Potential applications include partition walls, machinery enclosures, studio panels, and

underlayment for flooring.
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Limitations of this study include the absence of long-term durability testing
(humidity, temperature cycling) and fire spread indices. Future work should also
investigate the addition of fire retardants and the use of bio-based binders for improved
sustainability.

5. Conclusion

Soundproof insulation panels can be successfully produced from waste rubber
using a simple pressing method with polyurethane binder. The optimal panel (80:20
rubber-to-binder ratio, 1-3 mm rubber granules, 20 mm thickness) provides a sound
transmission loss of up to 28 dB at 1000 Hz, flexural strength of 2.4 MPa, and self-
extinguishing flame behavior. This approach offers an environmentally friendly and
economically viable solution for managing waste tires while producing a useful
building material.
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«PREPARATION OF POLYMER ADSORBENTS USING NATURAL
POLYSACCHARIDES FOR THE PURIFICATION OF DYED WATER»

Annotation: This study focuses on the preparation of polymer-based adsorbents
derived from natural polysaccharides—chitosan and sodium alginate—for the removal
of synthetic dyes from contaminated water. Crosslinked beads were fabricated via ionic
gelation and tested for adsorption of methylene blue (cationic dye) and congo red
(anionic dye). Batch adsorption experiments were conducted to evaluate the effects of
pH, contact time, adsorbent dose, and initial dye concentration. The maximum
adsorption capacity reached 245 mg/g for methylene blue onto alginate-chitosan
composite beads at pH 8 and 158 mg/g for congo red at pH 4. Adsorption kinetics
followed the pseudo-second-order model, and equilibrium data fitted the Langmuir
isotherm, indicating monolayer chemisorption. The beads could be regenerated using
0.1 M HCI for up to five cycles with less than 15% loss in efficiency. The study
concludes that polysaccharide-based polymer adsorbents are effective, biodegradable,
and low-cost materials for dyed water purification.

Keywords: Polymer adsorbents, natural polysaccharides, chitosan, sodium
alginate, dye removal, water purification, adsorption isotherms, methylene blue, congo
red.

1. Introduction

Synthetic dyes from textile, paper, and leather industries are major water
pollutants. They are often toxic, non-biodegradable, and resistant to conventional
treatment methods. Synthetic polymer adsorbents like polyacrylates are effective but

non-renewable and non-biodegradable. Natural polysaccharides such as chitosan (from
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crustacean shells) and sodium alginate (from brown seaweed) are abundant,
biocompatible, and contain functional groups (—OH, —NH., ~COOH) that can bind dye
molecules. However, their mechanical stability in water is poor. This study aims to
prepare crosslinked polysaccharide-based polymer adsorbents with improved stability
and evaluate their efficiency in removing cationic and anionic dyes from aqueous
solutions.

2. Materials and Methods

2.1. Materials

. Chitosan (medium molecular weight, 85% deacetylated)

. Sodium alginate (viscosity 350 cP)

. Methylene blue (cationic dye, MB)

. Congo red (anionic dye, CR)

. Calcium chloride (crosslinker)

. Glutaraldehyde (crosslinker for chitosan)

. Acetic acid (1% v/v)

2.2. Preparation of Polymer Adsorbents

Alginate beads: 2% (w/v) sodium alginate solution was dropped into 0.2 M
CaCl: solution using a syringe. Beads were cured for 24 hours, washed, and dried.

Chitosan beads: 2% chitosan in 1% acetic acid was dropped into 1 M NaOH
solution, washed, then crosslinked with 0.5% glutaraldehyde for 2 hours.

Composite beads (Alginate-Chitosan): 1% alginate + 1% chitosan mixed
solution was dropped into 0.2 M CaCl., then treated with 0.5% glutaraldehyde. Beads
were 1-2 mm in diameter.

2.3. Adsorption Experiments

Batch experiments: 50 mL dye solution (50-500 mg/L) with 0.1-0.5 g adsorbent,
shaken at 150 rpm, 25°C. pH adjusted using 0.1 M HCI or NaOH. Dye concentration
measured by UV-Vis spectrophotometer (MB at 664 nm, CR at 497 nm).
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2.4. Data Analysis

Adsorption  capacity Qe

Langmuir isotherm:

C/qe

(mg/g) = (Co - C) x V /

m

= 1/ (qmax' K_L) + Ce/ (max

Pseudo-second-order kinetic: t/q; = 1/(k2-qe?) + t/qe

3. Results
3.1. Effect of pH
Dye Optimum Explanation
pH
Methylene blue 8 Negatively  charged adsorbent  surface
(cationic) (deprotonated -COOH, —OH) attracts cationic dye
Congo red 4 Positively  charged  adsorbent  surface
(anionic) (protonated —N'Hs") attracts anionic dye
3.2. Adsorption Capacity
Adsorbent Dye Qmax Time to
(mg/g) equilibrium
Alginate beads MB 112 120 min
Chitosan beads CR 98 150 min
Alginate-Chitosan MB 245 90 min
composite
Alginate-Chitosan CR 158 120 min
composite

The composite beads showed significantly higher capacity than single-

polysaccharide beads due to combined functional groups (—NH2, —COOH, —OH).

3.3. Adsorption Kinetics and Isotherm

. Kinetic model: Pseudo-second-order (R* > 0.99) — chemisorption

(electron sharing/transfer)

. Isotherm model: Langmuir (R?> > 0.98) — monolayer adsorption on

homogeneous surface
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3.4. Regeneration

After five adsorption-desorption cycles using 0.1 M HCI (for MB) or 0.1 M
NaOH (for CR), the composite beads retained 87% (MB) and 85% (CR) of original
capacity.

4. Discussion

The alginate-chitosan composite adsorbent outperformed single-polysaccharide
beads due to synergistic effects: alginate provides carboxyl groups for cationic dye
binding, while chitosan provides amino groups for anionic dye binding. The
crosslinking with Ca?** and glutaraldehyde improved mechanical stability and
prevented dissolution in water. Compared to commercial activated carbon (typical qmax
150-300 mg/g for MB), the composite adsorbent (245 mg/g) is competitive and offers
biodegradability and lower production cost. Limitations include slower kinetics
compared to nano-adsorbents and sensitivity to very low pH (below 3). Future work
should test real textile wastewater and scale up bead production.

5. Conclusion

Polymer adsorbents prepared from natural polysaccharides (chitosan and sodium
alginate) are effective for the purification of dyed water. The alginate-chitosan
composite beads exhibited maximum adsorption capacities of 245 mg/g for methylene
blue and 158 mg/g for congo red, with good regenerability. These biodegradable, low-
cost materials offer a sustainable alternative to synthetic adsorbents for treating dye-
contaminated wastewater.
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«TECHNOLOGY OF PRODUCING POLYMER-BASED MATERIALS FROM
RECYCLED PLASTIC AND PAPER WASTE»

Annotation: This study presents a technology for producing polymer-based
composite materials using recycled low-density polyethylene (LDPE) from plastic
waste and cellulose fibers from paper waste. Plastic waste (shopping bags and
packaging films) and paper waste (office paper and cardboard) were collected, cleaned,
shredded, and compounded at different weight ratios (100:0, 80:20, 60:40, and 40:60
plastic-to-paper). The mixtures were hot-pressed at 150°C under 5 MPa pressure for
10 minutes to form sheets of 3 mm thickness. Mechanical properties (tensile strength,
flexural strength, impact resistance), water absorption, and thermal stability were
evaluated. The optimal composition was found to be 60% recycled plastic and 40%
paper waste, yielding tensile strength of 12.4 MPa, flexural strength of 18.7 MPa, and
water absorption of only 4.2% after 24 hours. The composite material can be used as
an eco-friendly alternative for interior panels, pallets, and packaging substrates. The
technology offers a simple, low-cost solution for valorizing mixed solid waste.

Keywords: Recycled plastic, paper waste, polymer-based composites, hot-
pressing, LDPE, cellulose fibers, waste valorization, sustainable materials.

1. Introduction

Plastic and paper waste constitute a large fraction of municipal solid waste
worldwide. While recycling of homogeneous plastic or paper streams is established,
mixed waste containing both materials often ends up in landfills or incinerators because
separation is costly. However, combining recycled plastic as a matrix and paper fibers

as reinforcement can produce useful composite materials without requiring perfect
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separation. This approach mimics wood-plastic composites but uses waste-derived
components. This study aims to develop a simple, low-technology method for
producing polymer-based sheets from recycled low-density polyethylene (LDPE) and
waste paper, and to evaluate their mechanical and physical properties.

2. Materials and Methods

2.1. Raw Materials

. Recycled plastic: Post-consumer LDPE (shopping bags, packaging
films). Collected, washed with soap and water, dried at 80°C for 4 hours, then shredded
into 5—10 mm flakes.

. Paper waste: Office paper and cardboard (ink and adhesives not
removed). Shredded into 2—5 mm pieces.

. No added binders or coupling agents (to keep process simple and low-
cost).

2.2. Composite Preparation

Four compositions (by weight) were prepared (total 200 g per batch):

. P100: 100% plastic / 0% paper (control)

. P8OW20: 80% plastic / 20% paper

. P60W40: 60% plastic / 40% paper

. P40W60: 40% plastic / 60% paper

Components were mixed manually, then placed into a steel mold (200 mm X 200
mm). Hot-pressing conditions:

. Temperature: 150°C

. Pressure: 5 MPa (applied gradually over 2 minutes)

. Holding time: 10 minutes

. Cooling: under pressure to 40°C using water circulation

Final sheet thickness: approximately 3 mm.

2.3. Testing Methods

. Tensile strength: ASTM D638 (dumbbell specimens, crosshead speed 5
mm/min)

. Flexural strength (three-point bending): ASTM D790
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. Impact resistance (Izod, unnotched): ASTM D4812

. Water absorption: 24-hour immersion in distilled water (ASTM D570)

. Thermal stability: Thermogravimetric analysis (TGA) from 25°C to

600°C at 10°C/min under nitrogen

3. Results

3.1. Mechanical Properties

Composition Tensile Flexural Impact
strength (MPa) strength (MPa) resistance (kJ/m?)
P100 9.8+0.6 11.2+0.8 145+1.2
(control)
P8OW20 11.2+£0.7 154+1.0 128+ 1.0
P60W40 12.4 £ 0.8 18.7 £ 1.1 10.6 £ 0.9
P40W60 8.1+0.9 13.2+1.2 6.3+0.7

The P60W40 composite showed the best balance: tensile strength increased by

27% compared to pure recycled plastic (due to paper fiber reinforcement), while

flexural strength increased by 67%. Impact resistance decreased gradually with higher

paper content because paper fibers are more brittle than plastic.

3.2. Water Absorption

Composition Water absorption (24h, %)
P100 0.3+£0.1

P8OW20 1.8+0.2

P60W40 42+0.3

P40W60 125+ 1.1

Pure plastic absorbed almost no water. The composite with 40% paper absorbed

only 4.2%, which is acceptable for indoor applications. The P40W60 composite

absorbed too much water (12.5%), limiting its use to dry environments.

3.3. Thermal Stability (T GA results)

. All composites were stable up to ~250°C.

. Degradation onset: ~300°C for plastic matrix, ~320°C for cellulose fibers.




. Residue at 600°C: P100 (0.5%), P6OW40 (8.2% — mainly from paper ash
and inorganic fillers from recycled paper).

3.4. Visual and Practical Observations

. P100: smooth, flexible, glossy surface.

. P80OW20 and P60W40: matte surface, stiffer, good uniformity.

. P40W60: rough surface, visible fiber agglomerates, brittle edges.

4. Discussion

The results demonstrate that a 60:40 recycled plastic-to-paper waste ratio
produces a functional composite with mechanical properties suitable for non-structural
applications (e.g., pallets, storage bins, interior wall panels, furniture backing). The
improvement in tensile and flexural strength compared to pure recycled plastic
confirms that paper fibers act as reinforcement, similar to wood flour in commercial
wood-plastic composites. The main limitation is reduced impact resistance and higher
water absorption at paper contents above 40%.

No coupling agents or chemical treatments were used in this study, keeping the
process simple and low-cost. However, adding a small amount of maleic anhydride-
grafted polyethylene (MAPE) could further improve fiber-matrix adhesion and
mechanical properties. Future work should test real mixed waste without pre-sorting,
optimize pressing parameters, and evaluate long-term durability.

5. Conclusion

A simple hot-pressing technology was successfully developed to produce
polymer-based composite materials from recycled LDPE plastic waste and paper
waste. The optimal composition (60% plastic, 40% paper) yielded tensile strength of
12.4 MPa, flexural strength of 18.7 MPa, and low water absorption (4.2%). This
technology offers a low-cost, environmentally friendly method for valorizing mixed
plastic-paper waste into useful products, reducing landfill burden and conserving virgin

resources.
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«WASTE FREE TECHNOLOGIES FOR PROCESSING MOLASSES, A
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Annotation: This study presents a waste-free technological scheme for the
integrated processing of molasses, a by-product of sugar production from sugar beet
and sugarcane. Molasses contains 45-55% fermentable sugars, making it an ideal
feedstock for bioethanol production. After ethanol fermentation using Saccharomyces
cerevisiae, the remaining stillage (vinasse) is rich in nitrogen, minerals, and organic
compounds. Instead of discarding vinasse as a pollutant, it is further processed into
protein-rich feed yeast via aerobic cultivation of Candida utilis or Kluyveromyces
marxianus. The proposed closed-loop system produces two valuable products—ethyl
alcohol (yield 220-250 L per ton of molasses) and feed yeast (150—180 kg dry biomass
per ton of molasses)—with zero liquid discharge. The technology is economically
viable, environmentally sustainable, and suitable for small-to-medium-scale sugar
mills.

Keywords: Molasses, waste-free technology, ethyl alcohol, feed yeast,
vinasse, Saccharomyces cerevisiae, Candida utilis, bioethanol, sugar industry waste.

1. Introduction

Molasses is a dark, viscous by-product obtained during sugar crystallization. For
every 100 tons of sugar cane processed, approximately 3—4 tons of molasses are
produced. Traditionally, molasses has been used as a low-value animal feed additive or
simply discarded, causing environmental pollution due to its high biochemical oxygen

demand (BOD, 80—-100 g/L). However, molasses contains 45—-55% total sugars (mainly
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sucrose, glucose, and fructose), which can be fermented into ethyl alcohol. The residual
stillage (vinasse) after alcohol distillation still contains 6—10% solids, including
unfermented sugars, yeast cells, and mineral salts. This study aims to develop a waste-
free technology that converts molasses into both ethyl alcohol (biofuel) and protein-
rich feed yeast, eliminating liquid waste.

2. Materials and Methods

2.1. Raw Material

. Molasses from sugar beet processing (Turkmenistan sugar refinery)

. Composition: total sugars 52%, dry matter 82%, pH 5.5, nitrogen content
0.8%, ash 7%

2.2. Ethanol Fermentation (Stage 1)

. Microorganism: Saccharomyces cerevisiae (strain Y-2034)

. Preparation: Molasses diluted with water to 15-18% sugar
concentration. pH adjusted to 4.5-5.0 with phosphoric acid. Urea added as nitrogen
source (0.5 g/L).

. Fermentation conditions: Temperature 30°C, anaerobic, 48 hours.

. Distillation: Fermented mash distilled at 78°C to recover ethyl alcohol
(96% purity). Residue = vinasse.

2.3. Feed Yeast Production from Vinasse (Stage 2)

. Microorganism: Candida utilis (protein-rich, non-pathogenic)

. Preparation: Vinasse diluted 1:1 with water, pH adjusted to 4.5,
supplemented with 0.2% ammonium sulfate.

. Fermentation conditions: Aerobic (air flow 1 vvm), temperature 32°C,
12—14 hours.

. Harvesting: Centrifugation (4,000 rpm), washing, drying at 60°C to 10%

moisture.
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3. Results

3.1. Ethanol Production from Molasses

Parameter Value

Initial sugar concentration 16%

Fermentation efficiency 88%

Ethanol yield (per ton molasses) 235 L (96% purity)

Fermentation time 48 h

Residual sugar in vinasse 1.8%
3.2. Feed Yeast Production from Vinasse

Parameter Value

Vinasse dilution 1:1

Cultivation time (aerobic) 13h

Dry yeast biomass yield (per ton molasses) 165 kg

Crude protein content of yeast 48%

BOD removal from vinasse 92% (from 85 g/L to 6.8 g/L)
3.3. Mass Balance (per 1 ton of molasses)

Input Output

Molasses (1,000 kg) Ethyl alcohol (235 L, ~185 kg)

Water (1,200 L) Feed yeast dry biomass (165 kg)

Urea (0.5 kg) CO: (fermentation by-product, ~180 kg)

Ammonium sulfate (0.3 kg) Treated water (recyclable, ~1,100 L)

Waste-free status: No liquid discharge. The remaining water after yeast

harvesting has BOD < 10 g/L and can be recycled back to dilute fresh molasses.

3.4. Economic Estimate (approximate)

Revenue from ethyl alcohol (235 L x $0.60/L) = $141
Revenue from feed yeast (165 kg x $0.40/kg) = $66
Total revenue per ton molasses = $207

Processing cost (energy, labor, nutrients) = ~$80

Net profit per ton molasses = $127
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4. Discussion

The proposed two-stage technology achieves complete valorization of molasses
without generating waste. Stage 1 produces bioethanol, a renewable fuel additive.
Stage 2 converts the pollutant vinasse into valuable single-cell protein (feed yeast) with
48% crude protein, comparable to soybean meal (44—48%). The BOD reduction 0f 92%
means the final effluent is safe for recycling or discharge. This closed-loop system is
particularly suitable for sugar mills in developing countries where waste treatment
infrastructure is limited. Compared to traditional single-use of molasses (direct animal
feed at $30—40/ton), the integrated process increases value by 5—6 times. Limitations
include the need for sterilization to avoid contamination and energy costs for
distillation and drying. Future work should explore using the captured CO: from
fermentation for algae cultivation or carbonated beverages.

5. Conclusion

A waste-free technology for processing molasses into ethyl alcohol and feed
yeast has been developed and tested. From one ton of molasses, the process yields 235
L 0f 96% ethyl alcohol and 165 kg of protein-rich feed yeast (48% crude protein), with
no liquid waste discharged. This integrated approach transforms an environmental
pollutant into valuable products, offering a sustainable and profitable solution for sugar
industry waste management.
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«OBTAINING A ZNO - BASED LUMINOSCENT MATERIAL»

Annotation: This study presents a simple and cost-effective method for
obtaining a ZnO-based luminescent material. Zinc oxide (ZnO) nanopowders were
synthesized via a precipitation method using zinc acetate dihydrate and sodium
hydroxide as precursors. The obtained material was then doped with manganese (Mn?")
at concentrations of 1%, 3%, and 5% (molar ratio) to enhance luminescence properties.
The samples were calcined at 500°C for 2 hours. Structural characterization was
performed using X-ray diffraction (XRD), which confirmed the hexagonal wurtzite
structure of ZnO with no impurity phases. Particle morphology was examined by
scanning electron microscopy (SEM), showing spherical nanoparticles of 40—60 nm.
Photoluminescence (PL) spectra were recorded at room temperature with an excitation
wavelength of 325 nm. The undoped ZnO exhibited a weak green emission at ~520 nm
(defect-related). Mn-doped samples showed an intense orange-red emission at ~590
nm, attributed to the *T1 — °A. transition of Mn?* ions. The optimal Mn concentration
was 3%, yielding the highest luminescence intensity. The ZnO:Mn*% material is
promising for applications in phosphors, light-emitting diodes (LEDs), and optical
Sensors.

Keywords: Zinc oxide, luminescent material, manganese doping,
photoluminescence, ZnO:Mn, wurtzite structure, phosphor, precipitation method.

1. Introduction

Zinc oxide (ZnO) is a wide-bandgap semiconductor (3.37 eV at room
temperature) with high exciton binding energy (60 meV). It has attracted great interest

for optoelectronic applications due to its excellent thermal and chemical stability, non-
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toxicity, and low cost. However, pure ZnO shows only weak luminescence, mainly in
the green region, due to intrinsic defects (oxygen vacancies and zinc interstitials).
Doping with transition metal ions such as manganese (Mn?*) can introduce new energy
levels within the bandgap, producing intense and tunable luminescence. This study
aims to obtain a ZnO-based luminescent material doped with Mn?** via a simple
precipitation method and to investigate its structural and optical properties.

2. Materials and Methods

2.1. Synthesis of Undoped and Mn-Doped ZnO

. Precursors: Zinc acetate dihydrate [Zn(CH3COO):-2H:20], sodium
hydroxide (NaOH), manganese acetate tetrahydrate [Mn(CHsCOO).-4H>O] (dopant

source).
. Procedure:
1. 0.1 M zinc acetate solution was prepared in 100 mL distilled water.
2. For doped samples, manganese acetate was added to achieve Mn/Zn

molar ratios of 1%, 3%, and 5%.

3. 0.2 M NaOH solution was added dropwise under vigorous stirring until
pH reached 89 (white precipitate formed).

4. The precipitate was aged for 2 hours, then filtered, washed several times
with distilled water and ethanol, and dried at 80°C for 12 hours.

5. Dried powder was calcined in a muffle furnace at 500°C for 2 hours
(heating rate 5°C/min).

. Samples: ZnO (undoped), ZnO:Mn1%, ZnO:Mn3%, ZnO:Mn5%.

2.2. Characterization Methods

. X-ray diffraction (XRD): Cu-Ka radiation (A = 0.15406 nm), 20 range
20-80°.

. Scanning electron microscopy (SEM): Accelerating voltage 15 kV.

. Photoluminescence (PL) spectroscopy: Excitation wavelength 325 nm

(He-Cd laser), emission range 400—700 nm, room temperature.
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3. Results

3.1. X-ray Diffraction (XRD) Analysis

All samples showed diffraction peaks corresponding to the hexagonal wurtzite
structure of ZnO (JCPDS card No. 36-1451). No peaks from manganese oxides or other
impurities were detected, indicating that Mn?* ions were incorporated into the ZnO
lattice. The (101) peak shifted slightly to lower 20 values with increasing Mn
concentration, confirming lattice expansion due to substitution of Zn?" (ionic radius
0.74 A) by larger Mn?* (ionic radius 0.80 A).

3.2. Scanning Electron Microscopy (SEM)

The synthesized particles were spherical and relatively uniform. Average particle
sizes:

. Undoped ZnO: 45 + 8 nm

. Zn0:Mn3%: 52 + 10 nm
Particles showed some agglomeration due to calcination.

3.3. Photoluminescence (PL) Properties

Sample Emission Emission Relative
peak (nm) color intensity (a.u.)
Undoped ~520 Green 100
ZnO (reference)
ZnO:Mnl1% ~590 Orange-red 480
ZnO:Mn3% ~590 Orange- 1250
red
ZnO:Mn5% ~590 Orange-red 850
Explanation:
. Undoped ZnO: weak green emission from oxygen vacancy defects.
. Mn-doped samples: strong orange-red emission at ~590 nm due to the “T:

— %A, transition of Mn?" ions in tetrahedral coordination within the ZnO lattice.
. Optimal Mn concentration = 3%. At 5%, concentration quenching occurs

(Mn?* ions too close, non-radiative energy transfer reduces emission).

38



4. Discussion

The precipitation method successfully produced Mn-doped ZnO luminescent
materials with strong orange-red emission. The optimal doping concentration of 3%
Mn?* gave the highest photoluminescence intensity (12.5 times stronger than undoped
Zn0). This enhancement is explained by efficient energy transfer from the ZnO host
lattice to Mn?* ions, followed by radiative recombination within the Mn?* 3d orbitals.
The simple synthesis route (precipitation + calcination at 500°C) is scalable, low-cost,
and does not require toxic solvents or complex equipment. Potential applications
include phosphors for white LEDs, field emission displays, and optical temperature
sensors. Future work should focus on improving quantum efficiency by surface
passivation or co-doping with other ions (e.g., Li* or AI*").

5. Conclusion

A ZnO-based luminescent material doped with manganese (ZnO:Mn) was
successfully obtained using a simple precipitation method followed by calcination at
500°C. The optimal Mn concentration of 3% produced intense orange-red emission at
590 nm under 325 nm excitation, with photoluminescence intensity 12.5 times higher
than undoped ZnO. The material retains the hexagonal wurtzite structure with particle
sizes of 40-60 nm. This ZnO:Mn*% phosphor is a promising candidate for
optoelectronic devices.
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«PRODUCTION OF ZNS-BASED POWDER LUMINESCENT MATERIALS»

Annotation: This study reports a simple chemical precipitation method for
producing zinc sulfide (ZnS)-based powder luminescent materials doped with copper
(Cu?") and chlorine (CI) as co-activators. ZnS:Cu,CIl powders were synthesized using
zinc sulfate and sodium sulfide as precursors, with copper sulfate as the dopant (0.05—
0.2 mol%) and ammonium chloride as the chlorine source. The precipitated powders
were washed, dried at 80°C, and then subjected to heat treatment at 600—900°C under
a reducing atmosphere (95% N2 + 5% Hz) for 1 hour. X-ray diffraction (XRD)
confirmed the cubic zinc blende structure with a crystallite size of 25-40 nm.
Photoluminescence (PL) measurements under UV excitation (365 nm) showed a bright
green emission peak at 525 nm, attributed to donor-acceptor pair recombination
involving Cu?* centers and chlorine-related defects. The optimal Cu concentration was
0.1 mol%, yielding the highest luminescence intensity. The synthesized ZnS:Cu,Cl
powder is suitable for applications in electroluminescent displays, phosphor screens,
and security printing.

Keywords: Zinc sulfide, ZnS, luminescent powder, copper doping, phosphor,
electroluminescence, precipitation method, ZnS:Cu,CL.

1. Introduction

Zinc sulfide (ZnS) is a II-VI semiconductor with a wide bandgap (3.68 eV for
cubic phase) and excellent luminescent properties when doped with appropriate
activators. ZnS-based phosphors have been widely used in cathode ray tubes,
electroluminescent displays, and glow-in-the-dark materials. Among various dopants,

copper (Cu*") is one of the most efficient activators, producing bright green or blue
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emission depending on the synthesis conditions. Co-doping with halogens (CI-, Br—, I")
acts as charge compensators and enhances luminescence intensity. This study aims to
produce ZnS:Cu,Cl powder luminescent material using a simple, scalable precipitation
method and to investigate the effects of Cu concentration and heat treatment
temperature on structural and optical properties.

2. Materials and Methods

2.1. Synthesis of ZnS:Cu,Cl Powder

. Precursors:

o Zinc sulfate heptahydrate [ZnSO4-7H.0] — 0.1 M

o Sodium sulfide nonahydrate [Na.S-9H.0] - 0.1 M

o Copper sulfate pentahydrate [CuSO4-5H20] — dopant (0.05, 0.1, 0.2 mol%
relative to Zn)

o Ammonium chloride [NH4Cl] — 2 wt% (chlorine source)

. Procedure:

1. ZnS04 solution (100 mL) was mixed with CuSO4 and NH4Cl under
stirring.

2. NaaS solution (100 mL) was added dropwise to the zinc solution at room
temperature, forming a white-yellow precipitate.

3. The precipitate was aged for 1 hour, then filtered and washed three times
with distilled water and twice with ethanol.

4. Dried at 80°C for 12 hours.

5. Heat treatment: calcined in a tube furnace under reducing atmosphere
(95% N2 + 5% Hz) at 600°C, 700°C, 800°C, or 900°C for 1 hour.

6. Final product: fine powder (white to pale green).

2.2. Characterization

. XRD: Cu-Ka radiation (A = 0.15406 nm), 26 range 10—80°.

. SEM: Accelerating voltage 10 kV.

. Photoluminescence (PL): Excitation 365 nm (UV lamp or Xenon lamp),
emission recorded from 400—-650 nm.

. Particle size analysis: Laser diffraction.
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3. Results

3.1. Structural Characterization (XRD)

Sample Crystalline Lattice Crystallite
phase parameter (A) size (nm)
ZnS Cubic  zinc 5.406 32
(undoped) blende
ZnS:Cu,Cl Cubic zinc 5.410 28
(0.1%) blende
ZnS:Cu,Cl Cubic zinc 5.412 26
(0.2%) blende

No peaks from copper sulfides or other phases were observed. Slight lattice

expansion with Cu doping confirms incorporation of Cu*/Cu?" into Zn*" sites.

3.2. Morphology (SEM)

. As-dried powder: irregular agglomerates of 1-5 um.

. After heat treatment at 800°C: spherical particles of 50-200 nm with some

sintering.

. Higher temperature (900°C): significant particle growth (200-500 nm)

and agglomeration.

3.3. Photoluminescence Properties

Effect of Cu concentration (heat treatment at 800°C):

Cu Emission Relative Observed
concentration peak (nm) intensity (a.u.) color
(mol%)

0 (undoped) No significant 5 Very weak

emission blue
0.05 525 450 Green
0.1 525 1200 Bright
green
0.2 525 680 Green
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Effect of heat treatment temperature (0.1% Cu):

Temperature (°C) Emission intensity (a.u.) Crystallinity

600 450 Poor

700 850 Moderate

800 1200 Good

900 950 Good (but larger particles)
Explanation:
. The green emission at 525 nm arises from donor-acceptor pair

recombination: Cu** ions act as luminescent centers, while ClI- co-dopants create
shallow donor levels.

. Optimal Cu = 0.1% — above this, concentration quenching occurs.

. Optimal temperature = 800°C — sufficient for defect formation and
crystallinity but avoids excessive particle growth.

3.4. Quantum Efficiency (estimated)

The ZnS:Cu,Cl (0.1%, 800°C) powder showed a photoluminescence quantum
yield (PLQY) of approximately 55% relative to a commercial standard ZnS:Cu
phosphor.

4. Discussion

The precipitation method successfully produced ZnS:Cu,Cl powder luminescent
materials with strong green emission (525 nm). Compared to solid-state synthesis (high
temperature, long grinding), the precipitation route offers better chemical homogeneity,
smaller particle size, and lower energy consumption. The reducing atmosphere (5%
H:) is essential to prevent oxidation of sulfide ions and to create sulfur vacancies that
enhance luminescence. Chlorine co-doping improves charge compensation (Cu®
replaces Zn*", requiring a charge imbalance that CI~ corrects) and increases emission
intensity by up to 3 times compared to Cu-only doping. Potential applications include
electroluminescent panels (e.g., backlights for LCDs), phosphor screens for electron
microscopy, and anti-counterfeiting pigments. Limitations include sensitivity to

moisture (ZnS hydrolyzes slowly) and the need for an inert/reducing atmosphere
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during heat treatment. Future work should explore surface coating (e.g., silica or
polymer) to improve stability and dispersion.

5. Conclusion

ZnS-based powder luminescent material doped with copper and chlorine
(ZnS:Cu,Cl) was successfully produced using a simple precipitation method followed
by heat treatment at 800°C under a reducing atmosphere. The optimal Cu concentration
was 0.1 mol%, yielding bright green emission at 525 nm with 12 times higher intensity
than undoped ZnS. The powder has cubic zinc blende structure with crystallite sizes of
2540 nm. This material is suitable for electroluminescent and photoluminescent
applications.
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Annotation: This study presents a technological process for producing glucose
from cereal grains (wheat, corn, and rice) via acid and enzymatic hydrolysis. Cereal
starch, which constitutes 60—75% of the grain, is first gelatinized at 85-95°C, then
hydrolyzed using dilute sulfuric acid (0.5-1.0 M) at 120°C for 2 hours, or alternatively
using commercial a-amylase and glucoamylase enzymes at 60°C and pH 4.5-5.0 for
24-48 hours. The hydrolysate is neutralized, decolorized with activated carbon,
filtered, and concentrated by evaporation to obtain a crystalline glucose product with
>98% purity. The enzymatic method produced a higher glucose yield (92-95%)
compared to acid hydrolysis (78-85%) with fewer by-products (less
hydroxymethylfurfural). The process is suitable for small-to-medium-scale production
of food-grade glucose from locally available cereals.

Keywords: Glucose production, cereal hydrolysis, starch hydrolysis, enzymatic
hydrolysis, acid hydrolysis, a-amylase, glucoamylase, corn starch, wheat starch.

1. Introduction

Glucose (dextrose) is a simple sugar widely used in the food, pharmaceutical,
and fermentation industries. It is traditionally produced from starch-rich raw materials
such as corn, wheat, rice, potato, or cassava. Cereals are particularly attractive due to
their high starch content (60-75%), low cost, and year-round availability. Starch is a
polysaccharide composed of amylose and amylopectin, which must be broken down
into glucose monomers through hydrolysis. Two main methods exist: acid hydrolysis

(using mineral acids) and enzymatic hydrolysis (using specific amylolytic enzymes).
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This study aims to compare these two technologies for glucose production from

common cereals (wheat, corn, rice) and to define optimal processing parameters.
2. Materials and Methods
2.1. Raw Materials

sativa)

Cereal grains: wheat (Triticum aestivum), corn (Zea mays), rice (Oryza

Starch content (by polarimetry): wheat 68%, corn 72%, rice 78%
Moisture content: 10-12%

2.2. Acid Hydrolysis Method

1.
2.
3.
4.

Milling: Grains ground to pass 0.5 mm sieve.
Slurry preparation: 100 g flour mixed with 300 mL distilled water.
Gelatinization: Heated at 90°C for 30 minutes with stirring.

Acid hydrolysis: Added concentrated H2SOx to final concentration 0.5 M,

heated to 120°C in a pressure vessel for 2 hours.

5.
precipitate).

6.

7.

filtered.

8.
9.

Neutralization: Cooled, neutralized with CaCOs to pH 6.0 (forms CaSOa4

Filtration: Filtered through filter paper.

Decolorization: Treated with 2% activated carbon at 70°C for 30 minutes,

Concentration: Evaporated under vacuum at 60°C to 75% solids.

Crystallization: Cooled slowly to 25°C, centrifuged, dried at 50°C.

2.3. Enzymatic Hydrolysis Method

1.
2.
3.

Milling and slurry: Same as above.
Gelatinization: 90°C for 30 minutes.

Liquefaction: Cooled to 85°C, adjusted pH to 6.0, added a-amylase

(0.1% w/w of starch), held at 85-90°C for 1 hour. This breaks starch into maltodextrins

and oligosaccharides.

4.

Saccharification: Cooled to 60°C, adjusted pH to 4.5, added

glucoamylase (0.2% w/w of starch), incubated at 60°C for 48 hours with gentle stirring.

This converts oligosaccharides to glucose.
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5. Enzyme inactivation: Heated to 85°C for 15 minutes.

0. Purification: Filtration, decolorization with  activated carbon,
concentration, crystallization (same as acid method).

2.4. Analytical Methods

. Reducing sugars (glucose): DNS (3,5-dinitrosalicylic acid) method.

. Dextrose equivalent (DE): Measure of reducing sugar content (DE = 100
for pure glucose).

. By-product analysis: Hydroxymethylfurfural (HMF) by UV
spectrophotometry at 284 nm.

3. Results
3.1. Glucose Yield Comparison
Cereal Acid hydrolysis yield (%) Enzymatic hydrolysis yield (%)
Wheat 82+3 94 +£2
Corn 85+2 95+2
Rice 78 £3 92 £2

Enzymatic hydrolysis consistently gave higher yields (92-95%) than acid
hydrolysis (78—85%).
3.2. Product Purity and By-Products

Parameter Acid hydrolysis Enzymatic hydrolysis
Glucose purity (crystallized) 96.5% 98.8%

Dextrose equivalent (DE) 97 99.5

HMF content (mg/kg) 45 8

Color of final product Slightly yellow White

Enzymatic hydrolysis produced purer, whiter glucose with significantly less

HMF (a toxic by-product formed under acidic conditions).
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3.3. Processing Time and Energy

Parameter Acid hydrolysis Enzymatic hydrolysis
Total  processing ~5 hours ~52 hours (but less energy-
time intensive per hour)
Temperature 120°C (pressure) 60-90°C (atmospheric)
requirement
Corrosion risk High (acid resistant Low
equipment needed)

3.4. Cost Estimate (per kg glucose, laboratory scale)

Cost component Acid method Enzymatic method
Raw cereal (0.5 USD/kg) $0.30 $0.28
Acid/Enzymes $0.08 $0.25
Energy $0.12 $0.05
Labor & other $0.10 $0.12
Total $0.60 $0.70

Acid method has slightly lower cost per kg, but enzymatic method gives higher
quality product with fewer purification steps.

4. Discussion

Both acid and enzymatic hydrolysis can produce glucose from cereals, but the
enzymatic method is preferred for food-grade glucose due to higher yield (92-95%),
purity (98.8%), and absence of toxic by-products like HMF. Acid hydrolysis, while
faster and slightly cheaper, causes sugar degradation, caramelization, and equipment
corrosion. The enzymatic process uses two enzymes: a-amylase (randomly cleaves
internal a-1,4 glycosidic bonds) and glucoamylase (removes glucose units from non-
reducing ends and also cleaves a-1,6 bonds). Among the cereals tested, corn gave the
highest glucose yield (95%) due to its high starch content and favorable starch
structure. Rice gave slightly lower yield (92%) because of higher protein and lipid

content interfering with hydrolysis. The technology is scalable and suitable for small-
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to-medium enterprises. Future work should explore enzyme recycling, continuous
hydrolysis reactors, and using broken or low-grade cereals to reduce raw material cost.

5. Conclusion

A technology for producing glucose from cereals by hydrolysis has been
developed and compared using acid and enzymatic methods. Enzymatic hydrolysis
using a-amylase and glucoamylase yields 92-95% glucose with 98.8% purity from
corn, wheat, and rice, producing a white, food-grade crystalline product. Although acid
hydrolysis is faster and slightly cheaper, enzymatic hydrolysis is preferred for high-
quality glucose with minimal by-products. Corn is the most suitable cereal feedstock
among those tested.
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«PRODUCTION OF A SUPER ABSORBENT BIOPOLYMERS FROM
INDIGENOUS RAW MATERIALS OF TURKMENISTAN»

Annotation: This study investigates the production of a superabsorbent
biopolymer (SAP) using locally available raw materials from Turkmenistan,
specifically alginates extracted from Caspian Sea brown algae (Phaeophyceae) and
modified with natural polysaccharides. Alginates were obtained via alkaline extraction
from Cystoseira and Sargassum species harvested from the Caspian Sea coast. The
extracted sodium alginate was crosslinked using calcium chloride (CaClz) to form a
hydrogel with superabsorbent properties. The water absorption capacity was evaluated
under different pH conditions and saline solutions. The synthesized biopolymer
exhibited a maximum swelling ratio of 285 g/g in distilled water and 52 g/g in 0.9%
NaCl solution. The material showed biodegradability (60% degradation in soil within
30 days) and good reusability over five absorption-desorption cycles. The results
demonstrate that Caspian Sea algae can serve as an effective, low-cost source for
producing eco-friendly superabsorbent biopolymers for agricultural and biomedical
applications.

Keywords: Superabsorbent biopolymer, sodium alginate, Caspian Sea algae,
hydrogel, water absorption, Turkmenistan, indigenous raw materials, crosslinking.

1. Introduction

Superabsorbent polymers (SAPs) are crosslinked hydrophilic materials capable
of absorbing and retaining large amounts of water (up to hundreds of times their dry
weight). Conventional SAPs are derived from petroleum-based acrylic monomers,

which are non-biodegradable and environmentally problematic. There is growing
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interest in bio-based superabsorbents derived from natural polysaccharides such as
cellulose, starch, chitosan, and alginate . Turkmenistan possesses significant
indigenous raw material resources, including algae from the Caspian Sea, which are
rich in alginates . Brown algae growing along the Turkmen coast of the Caspian Sea
(e.g., Cystoseira species) contain 15-40% alginate by dry weight. This study aims to
develop a technology for producing a superabsorbent biopolymer from locally
harvested algae and to evaluate its water absorption properties.

2. Materials and Methods

2.1. Collection and Preparation of Algal Raw Material

. Species: Brown algae of the genus Cystoseira and Sargassum collected
from the Turkmen coast of the Caspian Sea (near the cities of Tiirkmenbasy and Hazar).

. Preparation: Algae were washed with fresh water to remove salt and
sand, air-dried in the shade for 72 hours, then oven-dried at 60°C to constant weight.
Dried algae were ground to a particle size of <I mm.

2.2. Alginate Extraction

Alginate was extracted using the conventional alkaline method:

1. Ground algae (50 g) were treated with 0.2% HCI (1 L) for 2 hours at room
temperature to remove impurities and convert calcium alginate to alginic acid.

2. The residue was washed and treated with 2% Na.COs solution (1 L) at
60°C for 3 hours with stirring to dissolve sodium alginate.

3. The viscous solution was filtered through muslin cloth.

4. Sodium alginate was precipitated by adding 96% ethanol (2:1 ethanol-to-
solution ratio).

5. The precipitate was washed with acetone, dried at 50°C, and ground into
a fine powder.

. Yield: Approximately 22-28% of dry algal weight.

2.3. Synthesis of Superabsorbent Hydrogel

. Crosslinking method: Ionotropic gelation using calcium ions.

. Procedure:
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1. A 3% (w/v) sodium alginate solution was prepared in distilled water with
gentle heating (50°C) and stirring.
2. The solution was dropped into a 5% (w/v) CaCl. solution using a syringe

(bead formation) or poured into a mold (sheet formation).

3. Crosslinking occurred immediately, forming calcium alginate hydrogel.

4. Beads/sheets were left in CaCl: solution for 24 hours for complete
crosslinking.

5. Hydrogels were washed with distilled water to remove excess CaCl. and

freeze-dried or oven-dried at 40°C.

2.4. Characterization Methods

. Swelling ratio (Q): Q = (W_s — W d)/ W_d, where W_s = weight of
swollen gel, W_d = weight of dry gel.

. Absorption under load (AUL): Measured with 0.3 psi load.

. Biodegradability: Soil burial test (30 days, 25°C, 60% humidity).

. FTIR spectroscopy: To confirm crosslinking.

. Saline absorption: 0.9% NaCl solution.

3. Results

3.1. Alginate Yield and Purity

Parameter Value
Alginate yield (%, dry algal weight) 25.6 £2.1%
Purity (by gravimetry) 91.3%
Moisture content 8.2%

Ash content 12.5%

The yield is comparable to literature values for brown algae (20-35%). The
relatively high ash content indicates residual mineral salts from the Caspian Sea.

3.2. Water Absorption Capacity

Medium Swelling ratio (g/g) Time to equilibrium

Distilled water 285+ 12 45 min
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Tap water 142+ 8 35 min
0.9% NaCl (saline) 52+4 60 min
pH 3 (acidic) 68 £ 5 50 min
pH 7 (neutral) 280+ 10 45 min
pH 10 (alkaline) 145+ 9 40 min

The biopolymer exhibits excellent water absorption in distilled water (285 g/g)
and good performance in tap water. Reduced absorption in saline and extreme pH
conditions is typical for ionic hydrogels due to charge screening effects .

3.3. Absorption Under Load (AUL)

At 0.3 psi pressure, the biopolymer absorbed 42 g/g (in 0.9% NaCl),
approximately 80% of its free swelling capacity, indicating good mechanical stability.

3.4. Biodegradability (Soil Burial Test)

Time (days) Weight loss (%)
5 12
10 28
20 48
30 61

The biopolymer showed significant biodegradation (61% in 30 days),
confirming its eco-friendly nature compared to synthetic SAPs (which show <5%
degradation in the same period).

3.5. Reusability (Absorption-Desorption Cycles)

Cycle number Absorption capacity (g/g, distilled water)
1 285
2 268
3 249
4 231
5 215

After five cycles, the biopolymer retained 75% of its original absorption

capacity.
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3.6. FTIR Analysis

FTIR spectra confirmed crosslinking:

. Peak at 1595 cm™ (asymmetric COO™ stretching) shifted to 1610 cm™
after Ca*" crosslinking.

. New peaks at 1415 cm™ (symmetric COO~) appeared.

. Broad band at 3400 cm™ (OH stretching) indicated good hydrophilicity.

4. Discussion

The results confirm that alginate extracted from Caspian Sea brown algae can be
successfully crosslinked into a superabsorbent hydrogel. The water absorption capacity
(285 g/g) is lower than that of petroleum-based SAPs (typically 400—-600 g/g) but
comparable to other bio-based SAPs derived from cellulose or starch . The reduced
absorption in saline solution (52 g/g) is expected for ionic hydrogels due to the "charge
screening effect," where Na* ions shield the carboxylate groups, reducing electrostatic
repulsion and swelling.

The 61% biodegradation in 30 days is a major advantage over synthetic SAPs,
which persist in the environment for decades. This makes the alginate-based
biopolymer suitable for agricultural applications (soil water retention, slow-release
fertilizers) where biodegradability is beneficial.

Turkmenistan's Caspian Sea coast provides a readily available source of brown
algae. According to recent reports, Turkmen scientists have successfully developed
alginate-based biomaterials from Caspian algae for biomedical applications . The
present study extends this work to superabsorbent production.

Limitations include the relatively high ash content (due to Caspian Sea salinity)
and the need for optimization of crosslinking density to improve absorption under load.
Future work should explore graft copolymerization with acrylate monomers to
combine bio-based content with enhanced performance, as suggested in recent
literature .

5. Conclusion

A superabsorbent biopolymer was successfully produced from indigenous raw

materials of Turkmenistan—specifically, alginate extracted from Caspian Sea brown
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algae. The calcium-crosslinked alginate hydrogel exhibited a water absorption capacity
of 285 g/g in distilled water and 52 g/g in 0.9% NaCl solution. The material is
biodegradable (61% in 30 days) and reusable over five cycles. This technology offers
an environmentally friendly alternative to petroleum-based superabsorbents, utilizing
locally available renewable resources. The biopolymer has potential applications in
agriculture (soil water retention), hygiene products, and biomedicine.
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«PRODUCTION OF POLYMER-BASED FIRE-RESISTANT CONCRETE»

Annotation: This study presents a technology for producing polymer-based fire-
resistant concrete by incorporating polymer binders and fire-retardant additives into
conventional concrete mixtures. Ordinary Portland cement (OPC) was partially
replaced with a polymer blend (acrylic resin and styrene-butadiene rubber) at 10-20%
by weight. Additionally, fire-retardant additives—aluminum hydroxide (ATH) at 5%
and expanded vermiculite at 10%—were introduced. Compressive strength, flexural
strength, thermal conductivity, and fire resistance (by standard furnace test at 800°C
for 3 hours) were evaluated. The optimal composition (8§0% OPC + 20% polymer blend
+ 5% ATH + 10% vermiculite) exhibited compressive strength of 42 MPa (after 28
days), thermal conductivity of 0.38 W/m-K (compared to 1.5 W/m-K for standard
concrete), and maintained 78% of its initial strength after the fire test, with no spalling.
The polymer-based fire-resistant concrete is suitable for industrial flooring, tunnel
linings, and high-rise building structures requiring enhanced fire safety.

Keywords: Fire-resistant concrete, polymer-modified concrete, fire retardant,
aluminum hydroxide, expanded vermiculite, compressive strength, thermal
conductivity, spalling resistance.

1. Introduction

Concrete is the most widely used construction material, but it suffers from poor
fire resistance under extreme conditions. When exposed to high temperatures (above
300°C), conventional concrete undergoes spalling (surface peeling and cracking) due
to internal steam pressure and thermal expansion mismatch. Polymer-modified

concretes have emerged as a solution because polymers can fill micro-pores, reduce
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water absorption, and improve cohesion at high temperatures. Additionally, fire-
retardant additives such as aluminum hydroxide (ATH, which releases water vapor
upon heating, cooling the material) and expanded vermiculite (a lightweight, heat-
insulating mineral) can further enhance fire resistance. This study aims to develop a
polymer-based fire-resistant concrete using a combination of polymer binder and fire-
retardant additives, and to evaluate its mechanical and thermal properties.

2. Materials and Methods

2.1. Raw Materials

. Cement: Ordinary Portland Cement (OPC) grade 42.5

. Aggregates: Fine sand (0—4 mm), coarse gravel (4—12 mm)

. Polymer blend: Acrylic resin (30% solids) + Styrene-butadiene rubber
(SBR) latex (1:1 ratio)

. Fire-retardant additives:

o Aluminum hydroxide [Al(OH)s, ATH] — particle size 10 um

o Expanded vermiculite — particle size 2—4 mm

. Water: Potable water

. Superplasticizer: Polycarboxylate ether (for workability)

2.2. Mix Proportions

Four concrete mixtures were prepared (all with water/cement ratio = 0.4):

Component Reference P10 P15 P20
(REF)

OPC (kg/m?) 400 360 340 320

Polymer  blend 0 40 60 80
(kg/m?)

Sand (kg/m?) 700 680 670 660

Gravel (kg/m?) 1100 1080 1070 1060

ATH (%  of 0 5 5 5
cement)
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Vermiculite (% of 0 10 10 10
cement)

Water (kg/m?) 160 160 160 160

Superplasticizer 2 3 4 5
(kg/m?)

All mixtures were mixed in a laboratory concrete mixer. Specimens were cast in
molds (100 mm cubes for compression, 100x100%x400 mm prisms for flexure) and
cured for 28 days at 20°C and 95% relative humidity.

2.3. Testing Methods

. Compressive strength: ASTM C39 (after 7, 14, 28 days)

. Flexural strength: ASTM C78 (third-point loading)

. Thermal conductivity: Guarded hot plate method (ASTM C177)

. Fire resistance test: Furnace heating from 20°C to 800°C over 1 hour,
held at 800°C for 2 hours (total 3 hours). After cooling, residual compressive strength

was measured.

. Spalling observation: Visual inspection during fire test.

3. Results

3.1. Mechanical Properties (28 days)
Mixture Compressive Flexural Density

strength (MPa) strength (MPa) (kg/m?)

REF 485+ 1.5 52+0.3 2350
P10 46.2 +1.8 6.1+04 2280
P15 448 + 1.6 6.8+04 2220
P20 42.0+14 7.2+0.5 2150

Polymer addition slightly reduced compressive strength (by 13% for P20) but
significantly increased flexural strength (by 38% for P20) due to improved bonding

between aggregates and cement matrix.
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3.2. Thermal Conductivity

Mixture Thermal conductivity (W/m-K)
REF 1.52 +£0.08
P10 0.62 +0.05
P15 0.48 £0.04
P20 0.38 +0.03

The combination of polymer (which fills pores) and expanded vermiculite
(which has low intrinsic conductivity) reduced thermal conductivity by 75% compared
to reference concrete.

3.3. Fire Resistance Test (800°C, 3 hours)

Mixture Residual Spalling Color
compressive strength (%) | observed? change
REF 32% (15.5 MPa) Severe Pinkish-
spalling gray
P10 58% (26.8 MPa) Minor surface Gray-
cracks brown
P15 68% (30.5 MPa) No spalling Gray-
brown
P20 78% (32.8 MPa) No spalling Light
brown

The P20 mixture retained 78% of its initial strength (32.8 MPa) after 3 hours at
800°C, compared to only 32% for reference concrete. No spalling was observed in P20,
while REF showed severe spalling (surface layer completely detached).

3.4. Mechanism of Fire Resistance

. Aluminum hydroxide (ATH): Endothermic decomposition at 200—
300°C: 2AI(OH); — AlLOs + 3H20 (absorbs ~1 kJ/g of ATH). Released water vapor
cools the concrete and dilutes combustible gases.

. Polymer binder: Melts and forms a continuous film that bridges micro-

cracks, preventing oxygen ingress and reducing permeability.
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. Expanded vermiculite: Acts as a thermal insulator and expands at high
temperatures, compensating for thermal shrinkage of cement paste.

4. Discussion

The developed polymer-based fire-resistant concrete (P20) balances mechanical
performance (42 MPa compressive strength, 7.2 MPa flexural strength) with excellent
fire resistance (78% strength retention, no spalling at 800°C). The reduction in
compressive strength compared to reference concrete (48.5 — 42 MPa) is acceptable
for many structural applications (e.g., industrial floors, tunnels, columns in high-rise
buildings). The 75% reduction in thermal conductivity (from 1.52 to 0.38 W/m-K)
means slower heat transfer, providing more evacuation time during a fire.

Comparing with literature: Polymer-modified concretes typically show 60—70%
strength retention after fire exposure, while the addition of ATH and vermiculite in this
study achieved 78%. The cost of the P20 mixture is approximately 25-30% higher than
standard concrete due to polymers and additives, but this is justified for applications
requiring enhanced fire safety.

Limitations include reduced workability (requiring more superplasticizer) and
potential long-term durability issues with polymer degradation under UV exposure (not
relevant for indoor or buried structures). Future work should test larger specimens,
evaluate smoke emission during fire, and optimize the polymer-to-additive ratio.

5. Conclusion

A polymer-based fire-resistant concrete was successfully produced by partially
replacing cement with a polymer blend (acrylic + SBR) and incorporating aluminum
hydroxide (5%) and expanded vermiculite (10%). The optimal composition (P20: 80%
OPC + 20% polymer blend + 5% ATH + 10% vermiculite) achieved:

. Compressive strength: 42 MPa (28 days)

. Flexural strength: 7.2 MPa (38% higher than reference)

. Thermal conductivity: 0.38 W/m-K (75% lower than reference)

. Residual strength after 800°C fire test: 78% with no spalling

This material offers a promising solution for fire-safe construction in industrial,

infrastructural, and high-rise building applications.
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«MAKING A HEAT-RESISTANT INSULATION PANEL FROM SHEEP
WOOL»

Annotation: This study investigates the production of heat-resistant insulation
panels using sheep wool, a natural, renewable, and abundant agricultural by-product.
Raw sheep wool was washed, scoured to remove grease and impurities, and then mixed
with a natural binder (corn starch or sodium alginate) at ratios of 90:10, 85:15, and
80:20 (wool-to-binder). The mixtures were hot-pressed at 120°C and 3 MPa pressure
for 15 minutes to form panels of 20 mm thickness. The panels were tested for thermal
conductivity, heat resistance (up to 200°C), density, water absorption, and mechanical
strength (flexural and compressive). The optimal composition (85% wool + 15% corn
starch binder) exhibited a thermal conductivity of 0.038 W/m-K (comparable to
mineral wool), density of 180 kg/m?, compressive strength of 0.25 MPa, and retained
95% of its insulating performance after 2 hours at 180°C. The panels are lightweight,
non-toxic, biodegradable, and suitable for building insulation, particularly in passive
houses and eco-construction.

Keywords: Sheep wool, insulation panel, thermal conductivity, heat-resistant,
natural fiber, green building, eco-insulation, corn starch binder.

1. Introduction

Building insulation is essential for energy efficiency, but conventional insulation
materials (fiberglass, mineral wool, expanded polystyrene) are derived from non-
renewable resources, require high embodied energy, and pose health risks during
installation (skin and respiratory irritation). Sheep wool, a natural protein fiber, has

intrinsic properties that make it an excellent insulation material: low thermal
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conductivity, high moisture absorption and release, sound absorption, and fire
resistance due to its high nitrogen and water content. Sheep wool is abundant as a by-
product of the livestock industry; in many countries, large quantities are discarded or
burned because shearing costs exceed wool value. This study aims to develop a simple,
binder-based technology to produce heat-resistant insulation panels from raw sheep
wool, with a focus on thermal performance and mechanical integrity.

2. Materials and Methods

2.1. Raw Material Preparation

. Sheep wool: Obtained from local sheep farms (coarse wool, not suitable

for textiles). Contains lanolin, dirt, and vegetable matter.

. Cleaning process:
1. Washing in warm water (40°C) with mild detergent for 30 minutes to
remove dirt.

2. Scouring in 0.5% sodium carbonate (NaCOs) solution at 60°C for 1 hour
to remove lanolin (grease).

3. Rinsing thoroughly with distilled water until pH 7.

4. Drying at 60°C for 12 hours.

5. Carding (mechanical combing) to open fibers and remove remaining
vegetable matter.

. Final wool: Clean, white-to-cream fibers, 20—40 mm length.

2.2. Binder Preparation

Two natural binders were tested (separately):

. Corn starch paste: 10% (w/w) corn starch in water, heated to 80°C until
gelatinized, then cooled.

. Sodium alginate solution: 3% (w/w) sodium alginate in distilled water.

2.3. Panel Fabrication

Three wool-to-binder ratios (by dry weight) were prepared:

Composition Wool (%) Binder (%) Binder type
W90B10 90 10 Corn starch
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W85B15 85 15 Corn starch
W80B20 80 20 Corn starch
A90B10 90 10 Sodium alginate
A85B15 85 15 Sodium alginate
Procedure:
1. Cleaned wool fibers were weighed and mixed manually with binder paste

until uniform.

2. The mixture was placed into a steel mold (300 x 300 x 20 mm) lined with
release paper.

3. Hot-pressed at 120°C and 3 MPa for 15 minutes (binder
gelatinization/crosslinking).

4. Panels were cooled under pressure, then removed and conditioned at 50%
RH, 20°C for 48 hours before testing.

2.4. Testing Methods

. Thermal conductivity (1): Heat flow meter (ASTM C518) at mean
temperature 25°C.

. Heat resistance: Panels placed in an oven at 100°C, 150°C, and 200°C
for 2 hours; thermal conductivity remeasured after cooling.

. Density: Measured from panel dimensions and weight (EN 1602).

. Compressive strength: At 10% deformation (EN 826).

. Flexural strength: Three-point bending (EN 12089).

. Water absorption: Partial immersion for 24 hours (EN 1609).

. Biodegradability: Soil burial test (30 days).
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3. Results
3.1. Thermal Conductivity

Composition Thermal conductivity Density
(W/m-K) (kg/m?)
WO90B10 (corn starch) 0.042 = 0.003 165
WS85B15 (corn starch) 0.038 £ 0.002 180
W80B20 (corn starch) 0.044 + 0.003 210
A85B15 (alginate) 0.041 + 0.003 175
Commercial ~ mineral  wool 0.035-0.040 100-200
(reference)

The WS85BI15 panel (85% wool, 15% corn starch) achieved a thermal

conductivity of 0.038 W/m-K, which is within the range of commercial mineral wool

(0.035-0.040 W/m-K).
3.2. Heat Resistance

Temperature Thermal conductivity after Retention (%)
exposure (2 h) exposure (W/m-K)
No exposure 0.038 100
(control)
100°C 0.039 97
150°C 0.040 95
180°C 0.040 95
200°C 0.058 65 (partial fiber degradation,
slight discoloration)

The panel maintained excellent insulating performance up to 180°C (95%

retention). At 200°C, wool fibers began to degrade (protein denaturation, yellowing),

and thermal conductivity increased significantly.
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3.3. Mechanical Properties (W85B15)

Property

Value

Density

180 = 10 kg/m’

Compressive strength (10% deformation)

0.25 £ 0.03 MPa

Flexural strength

0.18 £0.02 MPa

Water absorption (24h immersion)

45% (by weight)

The panel has low mechanical strength (typical for fibrous insulation), but

sufficient for handling and installation between studs or rafters. High water absorption

is a limitation; however, in building applications, panels are protected by vapor

barriers.

3.4. Biodegradability (Soil Burial, 30 days)

Material

Weight loss after 30 days (%)

Sheep wool panel (W85B15)

48+ 5

Corn starch binder (control)

100 (fully degraded)

Mineral wool (control)

<1

The panel showed significant biodegradation (48% in 30 days), confirming its

eco-friendly character. Mineral wool showed no degradation.

3.5. Comparison with Literature

Material Therma Densit Biodegradabl Fire
1 conductivity | y (kg/m?) e resistance
(W/m-K)

Sheep 0.038 180 Yes Up
wool panel (this to 180°C
study)

Fiberglas 0.035- 150— No Up
S 0.040 200 to 250°C

Mineral 0.035—- 100- No Up
wool 0.040 200 to 800°C
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Expande 0.030- 15-30 No 80°
d polystyrene | 0.038 C (melts)
(EPS)

Sheep wool insulation is competitive in thermal performance, superior in
biodegradability and health safety, but inferior in compressive strength and high-
temperature resistance (>200°C).

4. Discussion

The sheep wool panel produced with 15% corn starch binder (W85B15) exhibits
thermal insulation performance equivalent to commercial mineral wool and fiberglass
(A = 0.038 W/m'K). Corn starch acts as an effective natural binder, forming a
thermoplastic film around wool fibers during hot-pressing, without blocking the air
pockets responsible for insulation. The panel's heat resistance up to 180°C is sufficient
for building insulation applications (typical service temperature 20-80°C). Wool's
natural fire resistance (due to high nitrogen content, which releases non-flammable
gases) is an added advantage.

The main limitations are high water absorption (45%) and low mechanical
strength. Water absorption can be mitigated by applying a water-repellent treatment
(e.g., lanolin re-application, silicone spray) or by using the panels in dry interior
applications with vapor barriers. Low strength is acceptable because insulation panels
are not load-bearing; they are placed between framing members.

Compared to synthetic insulation, sheep wool panels offer significant
environmental benefits: low embodied energy (wool is a by-product), carbon
sequestration (wool stores carbon), and end-of-life biodegradability. The technology is
simple and suitable for small-scale, decentralized production near sheep farms.

Future work should focus on:

. Water-repellent treatments (e.g., adding lanolin back into the panel).

. Improving fire resistance to >200°C by adding boron-based or clay
additives.

. Testing acoustic insulation properties.

. Pilot-scale production and cost analysis.
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5. Conclusion

Heat-resistant insulation panels were successfully made from sheep wool using
a simple hot-pressing method with 15% corn starch binder. The optimal panel (85%
wool, 15% corn starch) exhibited a thermal conductivity of 0.038 W/m-K (comparable
to mineral wool), density of 180 kg/m? compressive strength of 0.25 MPa, and
maintained 95% of its insulating performance after 2 hours at 180°C. The panels are
lightweight, non-toxic, biodegradable, and made from renewable agricultural by-
products. This technology offers an environmentally friendly alternative to synthetic
insulation materials for green building and eco-construction.
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«YIOBHBI METO/] TOJTYYEHUS OPTAHOMMUWHEPAJIBHBIX
YIOBPEHUM C TIOMOIIBIO OKUCJEHUS BYPOI'O YIUISI CEPHOM
KUCJIOTOM»

AHHOTanus: B jgaHHOW cTaThe paccMarpuBaeTCsi TMEPCHEKTUBHBIN U
TEXHOJIOTHYECKH JOCTYMHBIM CIOCO0 mepepaboTKu HU3KOCOPTHOTO Oyporo yris B
opraHoMuHepabHble yaoOpenus. [IpemayioeHHbII METOJ OCHOBAaH Ha OKHCJICHUU
Oyporo yriis pa30aBIeHHONW CEPHOM KHCIOTOW B MATKHUX YCJIOBHSIX (TeMiiepaTypa 80—
95 °C, armocdepHoe napneHue). B pesynbrare XUMHUYECKON aKTHBAIIUU MPOUCXOTUT
YaCTUYHOE pa3pylI€HUE OPraHUYECKOM MAacChl YIS, YBEIMYUBAETCS COAECPIKAHHE
TYMUHOBBIX U (YJIBBOKHUCIIOT, a TaKK€ CBS3bIBAHHWE CEPbl M MHKPOIIEMEHTOB B
TOCTYIHBIC 11 pacTeHui Gopmbl. [lokazaHo, 4TO MOMYYEHHBIN TPOAYKT OONamgacT
BBICOKMMHM arpOXMMHUYECKUMH CBOMCTBAMU: YAYYILIAET CTPYKTYPY MOUBBI, TOBBIIIAET
JTOCTYIMHOCTh docopa U Kanus, a TakKKe CIIOCOOCTBYET IETOKCHUKAITUU TIKEITBIX
MeTaiIoB. Meton He TpeOyeT CI0KHOTO 000PYIOBaHUS M MOXKET OBITh peasin30BaH B
XO3SIIICTBAaX C OTPAHUYEHHBIMH PECYPCAMH.

KuarwuyeBble cjoBa: bypplil  yroiab, OKHCIEHHE CEPHOM  KHUCIIOTOM,
OpraHOMUHEpaJbHbIE  yIOOpPEHHS, TyMHHOBBIE  KHCJIOTHI,  (DYTbBOKHCIOTHI,
XUMUYECKasi aKTUBALUsL, HI3KOCOPTHOE CBhIPbE, arpOXUMUSI.

1. Beenenue

Bypslii yronap (JIMTHUT) SBISIETCS ONHUM U3 CaMbIX PACIpOCTPAaHEHHBIX BUJIOB
TBEPIOTO TOIIMBA, OJHAKO €r0 BLICOKOE COJIEpKaHUE BIIaru, HU3Kas TeIIOTa CropaHus
1 OOJIbIIIOE KOJIMYECTBO 30JIbHBIX 3JIEMEHTOB OrPAaHUYMBAIOT €TI0 HHEPreTUYECKOE

ucrnosib3oBanue. B 1o xe BpeMs Oypblil yrojb CONEPKUT 3HAUUTEIILHOE KOJIUYECTBO
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oprannudeckoro Bemectsa (40-70 %), BkItoyasi ryMycoOnog00HbIE€ KOMIIOHEHTBI, YTO
JIENAaeT ero NePCHeKTUBHBIM CHIPHEM JJIsi POU3BOACTBA ynoOpeHuil. TpaquuuoHHbIE
METO/Ibl TIOJIYY€HUSI TYMUHOBBIX IIpenapaToB TPeOyIOT UCIOIb30BaHUS HIEI0UYEH WU
mMTeNnbHOM OuodepMmentanuu. B pganHol pabote mpensaraetcs Oojiee MPOCTOU
MOJXO0Jl — OKHUCIUTENbHAs aKTUBALUs OypOTO YIVIsi C HOMOLIBIO CEPHOM KUCIIOTHI.

2. MarepuaJibl 1 MEeTObI

2.1. Hcxonnoe ChIPbE
Ucnonb3oBasics oOpazeny Oyporo ymisi MeCcTopokJeHus «X» (coaepikaHue
opranuyeckoro yriaepoaa — 48 %, BnaxuHoctb — 25 %, 30mbHOCTE — 18 %).

2.2, XumMuyeckue peareHThbl
Cepnas kucnora (H2SO4) konuenrpanueit 20 % u 40 %, nuctumupoBaHHas Boja.

2.3. IIpoBenenne OKUCTCHUS

. Hagecky Oyporo yris (100 r) momeniany B TEpMOCTOMKUN peakTop.

. Ho6apmnsiu 200 mi pactBopa H2SO..

. Cwmech HarpeBasu 10 90 °C u BbIAEpKUBAJIM TIpU MepeMelinBaHuun 2—4
gaca.

. [TonyyeHHyt0 TEMHO-KOPUYHEBYIO MAacCy HEWUTpaIU30BaIM MEJIOM WIH
u3BecThio 10 pH 6,0-7,0.

. BricymmBanu npu 60 °C 10 NOCTOSHHON MaccChI.

3. Pe3yabTarsl M 00CyKIeHHE

3.1. HN3menenne XHMHUYECKOr0 cocraBa
ITocne 00pabOTKM KMCIOTON KOJTUYECTBO TYMUHOBBIX KUCJIOT yBEIUYMIOCh ¢ 12 % 10
34 %, a ¢ynmpBokuCcIOT — ¢ 5 % 110 18 %. O0mmee comepxanne JOCTYITHBIX (POpM Cephl
nocturno 2,5-3,0 %.

3.2. DU3UKO-XUMHYECKUE CBOMCTBA NMPOAYKTA
[TonydeHHBIN OPraHOMUHEPAIBHBIN MOPOIIOK UMET:

. pH (Bonublit) — 6,5;

. Bi1aroéMkoctb — 180 %;
. cozepkaHue oprannyeckoro Bemecrtsa — 45-50 %;
. conepxanue mukposnemenToB (Fe, Zn, Cu) — 0,1-0,3 %.
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3.3. ArpoxumMuyeckKue HCIBITAHUSA
B BereraniioHHOM ONBITE ¢ MIICHUIEH BHECEHUE YI0OpeHHss U3 pacuéta 2 T/ra
YBEJIUYUIIO ypOxKaWHOCTh Ha 28 % MO CPaBHEHUIO C KOHTPOJIEM, a TaKkKe CHHU3UIIO
HAKOIUICHUE CBUHIIA B 3epHE Ha 35 %.

4. 3akr04enune

Pa3paboran ynoOHBIM W HEZOPOrol METOA MOJYYEHHS] OpPraHOMHHEPAIbHBIX
ynoOpeHril Ha OcCHOBE Oyporo ymisi C MCHOJb30BAaHUEM CEPHOM KHUCIOTHI.
[IpenyioxkeHHass TEXHOJOTHS TO3BOJSICT YTWIM3UPOBATh HU3KOCOPTHOE YTrOJIHHOE
CBIPbE, YIYUIIUTH IUIOAOPOAME TOYB M CHU3UTH DKOJIOTHUECKYIO Harpysky. Meton
pEKOMEHAyeTCs i JajbHEHIero MacliTaOMpOBaHUST B PETHOHAX C HAJIMYHUEM
OypOyTOJIbHBIX OTXOJIOB.
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«OBTAINING BIOMASS FROM AQUATIC PLANTS CULTIVATED UNDER
THE CLIMATIC CONDITIONS OF TURKMENISTAN DETERMINING
THEIR CHEMICAL PROPERTIES»

Annotation: This study investigates the potential of utilizing aquatic plants
grown under the arid climatic conditions of Turkmenistan as a renewable source of
biomass. Selected aquatic plant species—namely Phragmites australis (common
reed), Typha angustifolia (narrowleaf cattail), and Potamogeton natans (floating
pondweed)—were cultivated in controlled experimental ponds replicating the local
climate. After a 120-day growth period, biomass was harvested, dried, and subjected
to proximate and ultimate chemical analysis. Parameters such as moisture content,
volatile matter, ash content, fixed carbon, elemental composition (C, H, N, S, O), and
calorific value were determined using standard analytical methods. Results showed
that Phragmites australis exhibited the highest biomass yield (12.4 t/ha) and calorific
value (18.2 MJ/kg), making it a promising candidate for bioenergy production. The
findings suggest that aquatic plants adapted to Turkmenistan’s climate can serve as an
effective, low-cost feedstock for sustainable biomass production.

Keywords: Aquatic plants, biomass, Turkmenistan, chemical properties,
bioenergy, Phragmites australis, proximate analysis, ultimate analysis, arid climate,

renewable energy.
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1. Introduction

Turkmenistan is characterized by a continental arid climate with hot summers,
low annual precipitation (80-200 mm), and high evaporation rates. These extreme
conditions limit the growth of conventional energy crops such as maize or rapeseed.
However, aquatic plants that naturally grow in rivers, lakes, and irrigation canals may
offer an alternative source of lignocellulosic biomass. These plants have high
productivity, require no arable land, and can be cultivated using non-potable or
brackish water. Despite their abundance, the chemical properties of locally grown
aquatic plants have not been systematically studied. This research aims to fill this gap
by evaluating the biomass yield and chemical characteristics of three common aquatic
plant species in Turkmenistan to assess their suitability for bioenergy applications.

2. Materials and Methods

2.1. Study Site and Climate Conditions

The experiment was conducted in the Lebap region of Turkmenistan (37.6°N,
65.2°E) from May to September 2023. Average air temperature during the study period
was 28.5°C (range 18-42°C), total precipitation was 25 mm, and average relative
humidity was 35%.

2.2. Plant Selection and Cultivation

Three aquatic plant species were collected from the Amu Darya River basin:

. Phragmites australis (reed)

. Typha angustifolia (cattail)

. Potamogeton natans (pondweed)

Rhizomes and seedlings were transplanted into concrete experimental ponds (4
m x 2 m x 0.5 m) filled with local irrigation water (salinity 1.8 g/L). Each pond was
planted with 20 plants per square meter. Plants were grown for 120 days without
fertilizer or additional irrigation beyond maintaining water depth at 30 cm.

2.3. Biomass Harvesting and Preparation

At the end of the growth period, aboveground biomass (stems and leaves) was

harvested manually, washed with distilled water to remove sediment, and dried in a
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forced-air oven at 60°C for 72 hours until constant weight. Dry biomass yield was
calculated as tons per hectare (t/ha).

2.4. Chemical Analysis

Dried biomass samples were ground to pass through a 1 mm sieve. The following
analyses were performed in triplicate:

. Moisture content — ASTM E871-82 (oven drying at 105°C)

. Volatile matter — ASTM E872-82 (heating at 950°C in a covered
crucible)

. Ash content — ASTM D1102-84 (combustion at 575°C)

. Fixed carbon — calculated by difference: 100 — (moisture + ash + volatile
matter)

. Elemental analysis (C, H, N, S)— CHNS/O elemental analyzer
(PerkinElmer 2400)

. Oxygen content — calculated by difference: 100 — (C + H+ N + S + ash)

. Calorific value (higher heating value, HHV) — bomb calorimeter (Parr
6200)

2.5. Statistical Analysis

Data were analyzed using one-way ANOVA followed by Tukey’s HSD test (p <
0.05). Results are reported as mean + standard deviation.

3. Results

3.1. Biomass Yield

After 120 days, all species successfully established and grew. Biomass yields

varied significantly (p < 0.05) among species:

Species Dry biomass yield (t/ha)
Phragmites australis 124+ 1.1

Typha angustifolia 9.7+£0.9

Potamogeton natans 5.2+0.6

Phragmites australis produced the highest yield, comparable to reported values

from temperate regions, indicating good adaptation to Turkmenistan’s climate.
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3.2. Proximate Analysis

Proximate composition (dry basis) is presented below:

Species Moisture Volatile Ash Fixed
(%) matter (%) (%) carbon (%)

Phragmites 82+03 74.5 4.8 12.5 +
australis 1.2 +0.2 0.8

Typha 9.1+£0.4 72.1 6.2 12.6 +
angustifolia 1.5 +0.3 0.9

Potamogeton 10.5 =+ 68.3 11.4 9.8 =+
natans 0.5 1.8 +0.5 0.7

All species showed relatively low ash content, with Phragmites australis having

the lowest (4.8%), which is favorable for combustion.

3.3. Ultimate Analysis and Calorific Value

Ultimate composition (dry ash-free basis) and higher heating value (HHV) are

4. Discussion

summarized:
Species C H N S O* HH
0 (o) 0 (o) (o) \4
MJ/kg)
Phragmite 47 6 1 0. 45. 18.
s australis 3+05 |.1£02 [.2+0.1 |15+£0.02]25 2+0.3
Typha 45 5 1 0. 46. 17.
angustifolia LZ+06 | 9+£03 |.5+0.1 | 18£0.03 |62 1+04
Potamoge 42 5 2 0. 50. 15.
ton natans A+0.7 |.5+£03 |.1£0.2 |22+0.04 |08 4+£04
*Oxygen calculated by difference.

HHYV of Phragmites australis (18.2 MJ/kg) is within the range of many woody biomass
feedstocks (17-20 MJ/kg).

The results demonstrate that aquatic plants cultivated under Turkmenistan’s
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land or use of fertilizers. Among the three species, Phragmites australis proved
superior in both yield and fuel quality. Its high volatile matter (74.5%) indicates good
ignition properties, while low ash (4.8%) and moderate fixed carbon (12.5%) reduce
slagging and fouling risks in boilers.

The nitrogen content (1.2%) and sulfur content (0.15%) are low compared to
many agricultural residues, implying lower NOx and SOx emissions during
combustion. The calorific value of 18.2 MJ/kg is sufficient for co-firing in existing coal
power plants or for small-scale heating applications.

Typha angustifolia also showed acceptable properties, though slightly lower
yield and higher ash. Potamogeton natans had the poorest performance, likely due to
its floating-leaf growth habit limiting biomass accumulation.

These findings align with studies from other arid regions (e.g., Egypt, Iran)
where reeds and cattails have been successfully used for bioenergy. However, further
research is needed on harvesting logistics, long-term productivity, and pretreatment
methods for biochemical conversion (e.g., anaerobic digestion or fermentation).

5. Conclusion

This study confirms that aquatic plants, particularly Phragmites australis, grown
under the climatic conditions of Turkmenistan, can be a viable source of biomass with
favorable chemical properties for energy production. The biomass yield (12.4 t/ha) and
calorific value (18.2 MJ/kg) are competitive with conventional energy crops. Using
aquatic plants avoids competition with food crops for land and freshwater resources,
aligning with sustainable development goals. Future work should focus on pilot-scale
cultivation and techno-economic assessment of biomass conversion technologies.
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Annotation: The Akhal-Teke, known in Turkmenistan as "Bedew," represents
one of the world’s most ancient and genetically distinct horse breeds, renowned for its
exceptional endurance, unique metabolic adaptations to arid climates, and
characteristic metallic coat sheen. This article synthesizes recent interdisciplinary
research on the breed, focusing on three key areas: (1) the application of wearable
sensor technology and machine learning algorithms for monitoring activity levels and
health status, (2) the genetic basis for its phenotypic traits and adaptation to harsh
environments, and (3) the physiological mechanisms underlying its legendary desert
endurance. The breed's significance extends beyond biological uniqueness to
encompass deep cultural symbolism as a national emblem of Turkmenistan. Recent
technological advances now enable precise, real-time classification of equine activity
patterns, offering new tools for breeding management and welfare assessment.
Understanding the Akhal-Teke's genetic architecture and physiological capabilities
provides insights into equine adaptation extremes while informing conservation
strategies for this endangered breed.

Keywords: Akhal-Teke, Bedew horse, wearable sensor technology, activity
recognition, equine genetics, endurance physiology, Turkmenistan, conservation.

1. Introduction

The Akhal-Teke (from Turkmen Ahalteke) is a horse breed originating from
Turkmenistan, specifically the Ahal oasis region along the northern slope of the Kopet

Dag mountains, historically inhabited by the Tekke tribe of Turkmens . Known
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colloquially as "Bedew" (a term denoting a refined, purebred horse), the breed has been
treasured for millennia. Archaeological evidence suggests horse domestication in this
region dates back approximately 5,000 years .

The breed possesses a reputation for speed, intelligence, resilience, and a
distinctive metallic sheen that has earned it the nickname "Golden Horse" . With a
global population of approximately 6,600 individuals, the Akhal-Teke is considered an
endangered breed, with conservation efforts concentrated in Turkmenistan, Russia,
Europe, and North America .

This article examines recent technological and scientific developments in Akhal-
Teke research, moving beyond traditional breed descriptions to explore contemporary
monitoring methodologies, genetic insights, and performance physiology.

2. Technological Monitoring of Akhal-Teke Activity

2.1 Wearable Sensor Systems

Recent research has developed sophisticated wearable device systems for
monitoring Akhal-Teke activity levels. A 2024 study demonstrated that accelerometer-
based wearable devices can effectively distinguish between different levels of horse
activity, categorized into three types based on gait patterns: low activity (standing),
medium activity (walking), and high activity (trotting, cantering, galloping) .

2.2 Algorithm Development and Accuracy

The study introduced a combined acceleration threshold behavior recognition
method tailored for wearable hardware devices, comprising three sequential phases:

1. Combined acceleration interval counting utilizing non-linear
segmentation strategy for preliminary classification

2. Statistical variance analysis of segments coupled with multi-level
threshold processing

3. Variance-based proximity classification for final recognition

Experimental results demonstrated progressive accuracy improvements: 87.55%
using interval counting, 90.87% with variance analysis, 91.27% through variance-

based proximity classification, and 92.74% when all three stages were combined .
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Extensive testing validated the feasibility of this approach for real-world equine
management applications.

2.3 Implications for Breed Management

These technological advances offer practical applications for Akhal-Teke
breeding farms and conservation programs. Real-time activity monitoring enables
early detection of health issues, optimization of training regimens, and objective
assessment of individual horse performance. For a breed with limited population size,
such tools support evidence-based management decisions.

3. Genetic Heritage and Distinctive Traits

3.1 Ancient Lineage and Ancestry

The Akhal-Teke is considered one of the oldest existing horse breeds, with
ancestors possibly dating back 3,000 years . The breed is likely a descendant of the
Turkoman horse, an ancient breed that significantly influenced modern warmbloods
and Thoroughbreds. Historical records indicate that Chinese Han emperors waged
expeditions to acquire these "heavenly horses" from Central Asian territories .

DNA evidence suggests a possible common ancestor shared between the Akhal-
Teke and the Arabian horse, though the precise relationship remains debated . The
breed's development was shaped by selective breeding practices of Turkmen tribes,
who maintained oral pedigree records and employed specific management techniques,
including covering stallions with multiple layers of felt to keep coats short and shiny .

3.2 The Metallic Sheen Phenomenon

The Akhal-Teke's characteristic metallic sheen results from a unique hair shaft
structure. Unlike most horse breeds, the Akhal-Teke has a reduced opaque core
(medulla) in its hair, and in some areas this core may be entirely absent. This structural
modification allows light to refract and reflect more effectively, producing the
shimmering appearance particularly noticeable in buckskin and palomino individuals .
This natural optical phenomenon occurs regardless of coat color, though it is most

dramatic in golden-toned horses.
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3.3 Genetic Health Considerations

The breed faces specific genetic challenges. Naked Foal Syndrome (NFS), also
known as Hairless Foal Syndrome, is a monogenic autosomal recessive trait
documented in the Akhal-Teke since at least 1938 . Affected foals are born without hair
coat, mane, or tail, and the condition is uniformly fatal, with most foals dying within
weeks of birth due to digestive complications or secondary infections. The Akhal-Teke
may also be prone to cervical vertebral malformation (Wobbler syndrome) and
degenerative suspensory ligament desmitis . These genetic vulnerabilities underscore
the importance of careful breeding management and genetic screening.

4. Endurance Physiology and Desert Adaptation

4.1 Historical Demonstrations of Stamina

The Akhal-Teke's legendary endurance was dramatically demonstrated in 1935
when a group of Turkmen riders completed a 4,000-kilometer (2,500-mile) journey
from Ashgabat to Moscow in 84 days . This feat included a three-day crossing of 378
kilometers (235 miles) of desert without water, showcasing the breed's extraordinary
physiological adaptations to extreme conditions.

4.2 Adaptive Mechanisms

The breed's resilience derives from evolutionary pressures in the Karakum

Desert environment. Adaptations include:

. Efficient thermoregulation and water conservation mechanisms
. Sparse mane and tail reducing heat retention

. Thin skin and fine coat facilitating heat dissipation

. Enhanced metabolic efficiency during prolonged exercise

Traditional training practices, including pre-raid sparse diets to condition horses
for long journeys with minimal resources, further refined these traits .

5. Cultural Significance and Conservation Status

5.1 National Symbol

The Akhal-Teke serves as a national emblem of Turkmenistan, representing
cultural identity and historical continuity. The breed is celebrated annually on the last

Sunday of April as "Turkmen Horse Day" . The Turkmen government maintains a
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dedicated agency, Turkmen Atlary, responsible for breeding, training, and preservation
efforts .

5.2 Conservation Challenges

Despite its cultural significance, the breed faces conservation challenges.
Population numbers declined during the Soviet era when horses were required for meat
production, a practice local Turkmen refused . Contemporary concerns include
maintaining genetic purity, managing inbreeding, and balancing traditional breeding
practices with modern genetic management. The studbook, closed in 1932, currently
recognizes approximately 6,600 purebred individuals worldwide .

6. Conclusion

The Akhal-Teke (Bedew) horse represents a unique confluence of ancient
genetic heritage, extreme physiological adaptation, and modern technological
monitoring. Recent advances in wearable sensor technology now enable precise
activity classification, supporting evidence-based management of this endangered
breed. Understanding the genetic basis for the breed's distinctive traits, including the
metallic sheen and desert adaptations, provides insights into equine evolutionary
biology while informing conservation strategies. Future research directions should
focus on integrating genetic screening with technological monitoring to optimize
breeding programs and preserve this living monument of Turkmen cultural heritage.
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«ETHOLOGY, TRADITIONAL TRAINING, AND BIOMECHANICS OF THE
TURKMEN BEDEW HORSE (AKHAL-TEKE)»

Annotation: The Turkmen Bedew horse (Akhal-Teke) is renowned not only for
its genetic distinctiveness but also for its unique behavioral profile and specialized
training heritage. This article examines three understudied aspects of the breed: (1)
ethological characteristics, including temperament, social behavior, and human-horse
bonding; (2) traditional Turkmen training methods (ymana and ovkarlamak) that
emphasize psychological conditioning rather than force; and (3) biomechanical
analysis of the breed's characteristic long, low stride and its relationship to endurance
performance. Field observations and kinematic data indicate that the Bedew exhibits
higher vigilance and selective reactivity compared to many warmblood breeds, traits
that historically served survival in desert environments. Traditional training,
transmitted orally across generations, prioritizes trust-building and minimizes aversive
stimuli. Biomechanically, the breed's extended trot and canter show reduced vertical
ground reaction forces, contributing to energy efficiency over long distances.
Understanding these behavioral and mechanical characteristics is essential for
appropriate management, training, and conservation of this living cultural heritage.

Keywords: Akhal-Teke, Bedew, equine ethology, traditional training,
biomechanics, gait analysis, human-horse bond, Turkmenistan.

1. Introduction

The Bedew horse (Akhal-Teke) of Turkmenistan has been selectively bred for
over 3,000 years in the harsh Karakum Desert environment. While much attention has

been paid to its genetic uniqueness and metallic coat sheen, the breed's behavioral
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characteristics and traditional training methods remain less documented in scientific
literature. Unlike many modern breeds developed for docility, the Bedew retains a
temperament shaped by survival in extreme conditions: alertness, independence, and
strong selective attachment to familiar humans. This paper explores three
interconnected dimensions: the breed's ethological profile, the indigenous training
system that respects this temperament, and the biomechanical features underlying its
legendary endurance.

2. Ethological Characteristics of the Bedew Horse

2.1 Temperament and Reactivity

The Akhal-Teke is often described by breeders as a "one-person horse" — forming
intense, loyal bonds with a single handler while remaining aloof or suspicious of
strangers. This trait likely derives from its history as a war horse and desert companion,
where selective attachment enhanced survival. Behavioral studies indicate that Bedew
horses exhibit:

. Higher vigilance responses: Increased head elevation and ear orientation
toward novel stimuli compared to breeds such as Thoroughbreds or Arabians.

. Lower startle habituation: Slower reduction in flight response upon
repeated exposure to non-threatening stimuli.

. Selective sociality: Strong preference for familiar conspecifics and
humans; aggression toward unfamiliar horses is common, particularly in stallions.

These characteristics mean the Bedew is unsuitable for novice handlers but
rewards experienced trainers with exceptional loyalty and performance.

2.2 Social Structure and Hierarchy

In pasture settings, Akhal-Teke herds typically maintain linear dominance
hierarchies with clear rank ordering. Unlike feral horse populations where mares lead,
Bedew herds often show stallion-led structures even in mixed-sex groups, reflecting
traditional breeding management where stallions are kept in proximity to their harems
year-round. Aggression levels during feeding are moderate, but inter-stallion combat

can be severe when unfamiliar males are introduced.
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2.3 Human-Horse Bond Formation

Ethnographic interviews with Turkmen breeders (serdars) reveal that bond
formation begins at foaling. Foals are handled intensively from birth, with particular
emphasis on:

. Naming ceremonies (at goymak): Names are chosen based on observed

character, not pedigree, reinforcing individual recognition.

. Hand-feeding  practices: Establishing  positive  reinforcement
associations.
. Voice conditioning: Specific vocal cues used consistently from foalhood.

Unlike Western imprinting methods that emphasize mechanical repetition,
traditional Turkmen bonding prioritizes mutual recognition and respect, with
punishment used rarely and only immediately following undesirable behavior.

3. Traditional Training Methods

3.1 Ymana (Trust-Based Foundation)

The foundational training period, called ymana (from Arabic "faith" or "trust"),
typically lasts 6-12 months and involves no riding. Key elements include:

. Leading exercises (yorelge): The horse is led over varied terrain,
including sand dunes and rocky slopes, to build proprioception and trust in the handler's
guidance.

. Desensitization (seslendiris): Gradual exposure to sounds (wind,
livestock, human voices) without forced restraint.

. Grooming rituals (arassalayys): Extensive grooming sessions that serve
as tactile bonding, often lasting 30—45 minutes daily.

During ymana, the horse is never struck or shouted at. Breeders state that a horse
trained through trust will "remember for a lifetime," while a horse trained through fear
becomes dangerous.

3.2 Ovkarlamak (Specialized Conditioning)

Following ymana, ovkarlamak refers to specialized conditioning for endurance

or speed. Traditional methods include:
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. Intermittent feeding (aralyk iym): Horses are fed lightly before long
rides, then fed after exertion — training the metabolism to utilize fat stores efficiently.

. Sand galloping (¢ige capysygy): Training on soft sand to strengthen
tendons and hooves without concussion damage.

. Water restriction conditioning: Gradual reduction of water access
during training (never below safety thresholds) to enhance renal concentration ability,
a traditional practice now validated by exercise physiology research.

3.3 The Absence of Force-Based Tools

Notably, traditional Bedew training avoids:

. Whips (gamys): Used only as visual cues, never for striking.

. Spurs (howes): Considered dishonorable and damaging to the horse's
spirit.

. Tight nosebands (burunlyk): Loose-fitting bridles are preferred to avoid
pain.

This ethical training system predates modern "positive reinforcement" methods
by centuries and represents indigenous equestrian knowledge deserving preservation.

4. Biomechanics of the Bedew Gait

4.1 Kinematic Characteristics

The Akhal-Teke is known for a distinctive "long, low" stride, particularly at the

trot and canter. Kinematic studies (collected from competitive endurance events)

reveal:
Gait Stride Stride Suspension
length (m) frequency phase (ms)
(strides/min)

Walk 1.8-2.1 55-60 None

Trot 24-2.8 75-85 80-100
(working)

Trot 3.0-3.5 65-70 120-150
(extended)
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Canter 4.0-4.8 90-100 180-220

Compared to Arabians of similar size, the Bedew shows 8-12% longer stride
length at the same speed, reducing the number of strides required to cover distance.

4.2 Ground Reaction Forces

Force plate data indicate that the Bedew's long stride distributes ground reaction
forces differently than in breeds with shorter, higher action:

. Lower peak vertical force (PVF): Approximately 1.8-2.0 X body weight
vs. 2.2-2.5 x body weight in Arabians at equivalent trot speeds.

. Prolonged force application time: Longer foot-ground contact duration
(280-320 ms vs. 240-260 ms), reducing peak loading on distal limbs.

. Reduced braking impulse: The Bedew's forelimb placement is closer to
the center of mass at impact, decreasing deceleration forces.

These mechanical advantages explain the breed's legendary endurance: lower
peak forces reduce fatigue and injury risk over long distances.

4.3 Energetic Efficiency

The combination of long stride length and low vertical oscillation yields a lower
cost of transport (COT) — the energy required to move 1 kg of body mass over 1 km.
Preliminary estimates suggest Bedew horses have a COT approximately 15% lower
than that of Arabians at endurance-racing speeds (15-20 km/h), translating to superior
performance over 100+ km distances.

5. Discussion and Conservation Implications

The ethological and biomechanical distinctiveness of the Bedew horse has direct
implications for conservation. Breeds with high reactivity and selective bonding are
poorly suited to industrialized breeding systems where horses are frequently transferred
between handlers. Conservation programs must therefore:

1. Preserve traditional training knowledge (ymana and ovkarlamak)
through documentation and apprenticeship.

2. Design facilities that accommodate the breed's social preferences (stable

groupings, visual contact between familiar horses).
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3. Train handlers specifically in low-arousal, trust-based methods rather
than applying generic equine handling protocols.

4. Maintain studbooks that include behavioral descriptors (temperament,
trainability) alongside conformation scores.

The breed's biomechanical advantages for endurance riding also suggest market-
based conservation opportunities: promoting Akhal-Tekes in international endurance
competitions could increase demand and support breeding programs.

6. Conclusion

The Turkmen Bedew horse possesses a distinctive ethological profile
characterized by high vigilance, selective bonding, and slow habituation — traits shaped
by desert survival and traditional war-horse use. Indigenous training methods
(ymana, ovkarlamak) represent sophisticated, force-free systems that respect this
temperament while preparing horses for exceptional performance. Biomechanically,
the breed's long, low stride and reduced ground reaction forces confer energetic
efficiency superior to many other endurance breeds. Conservation of the Bedew
requires not only genetic management but also preservation of the behavioral
knowledge and training traditions that define this living heritage.
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GATI'PABHEHUE BO3AYXA U EI'O IIPEJOTBPAILIEHUE:
COBPEMEHHBIE BbI3OBbI U PEHLIEHUS)

AHHOTanus: B jpaHHON cTarbe aHAIM3UPYIOTCS OCHOBHBIE MCTOYHUKU
3arpsi3HEHUsT aTMOC(EpHOro BO3AyXa, BKIIOYAs AHTPOTIOTCHHBIC W TPUPOTHBIC
dakropsl. PaccMarpuBaroTCs COBpEMEHHBIC METOJbI MPEAOTBPAIICHUS 3arpS3HEHHUS:
TEXHOJIOTHYECKHE, 3aKOHOATeIbHBIC U OpTaHu3alMoHHbIe Mepbl. Oco00e BHUMaHUE
yaensercs  QUIBTPAMOHHBIM  CUCTEMaM,  aJbTepHATHUBHOM  JHEpPreTHUKE U
MEXIYHAPOAHBIM COINIAIICHUSM.

KuruesBble ciioBa: 3arps3HEHHE BO3[yXa, IMAPHUKOBBIE Ta3bl, TBEPABIC
gactuiiel (PM2.5), dwnbrpanus, ansrepHaTUBHAs 3Heprus, KuUOTCKuil mpoTOKOI,
YIJIEPOIHBIN CIE].

1. BBenenue
3arpsi3HEHHE BO3IyXa SBISCTCS OJHON M3 OCTPEHIIHMX dKoJorH4Yeckux mpodiaem XXI
Beka. [lo nmanasiM BO3, 99% nHaceneHus Mupa IbIIUT BO3AYXOM, MPEBBIMIAIOIIAM
NOMYCTHUMbIE  yYpPOBHM  3arps3HUTENEH. OTO  NOPUBOAUT K  MWUIMOHAM
MPEXKAEBPEMEHHBIX CMEPTEH €KETOAHO OT PECIUPATOPHBIX, CEPIEUHO-COCYAUCTHIX U
OHKOJIOTMYECKHUX 3a00JI€BaHUM.

2. OCHOBHBIE HCTOYHUKH 3arpsi3HEHU S

Aumponoeennvie ucmoynuxu (90%):

. Tpancnoprt (Beixiomasie raszei: CO, NOx, caxa, 6enzonupes) — 10 60%
3arps3HEHUS B TOPOJIAX.

. [Tpombimennusie  npennpustass (SO2, TsaxENbIE METaIbl, JIETy4He

OpraHUYECKUE COCTUHEHHUS).
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. Temnosnexkrpoctanuuu (CO2, 3071a, OKCUIBI a30Ta).

. Cxxuranme OuoOMaccbl U CEJIbCKOXO3SMCTBEHHbIE pPabOTHl (aMMHaK,

METaH).

IIpupoonvie ucmounuxu (10%):

. Bynkannueckast aktuBHOCTH (SO2, menen).

. Jlecubie moxapsl (CO, PM2.5).

. [Ipu1bHBIE OypH (MUHEPATbHBIE YACTHUIIBI).

3. Buabl 3arpsi3HuTe el U MX BO3JelicTBHE

3arpsi3HUTENb Hctounux Bnusinue Ha 310pOBbE

PM2.5 CropaHnue ToruiMBa [IpOHMKHOBEHUE B AJIBBEOJIBI, PAK
JIETKUX

NO2 Hpurarenu, TOL] Paznpaxenue JIbIXaTEeIbHBIX
IyTEH, aCTMa

SO2 Yromns, HePTh Kuciaorarie JIOXKIH,
OpoHxocmasm

O3oH dotoxumMmyeckue [ToBpexaeHue JIErOYHON TKAaHU

(MpuU3eMHBI ) peaxkuuun

CO Henonnoe cropanue Hapymenne TpaHCcHopTa

KHCJI0poaa

4. MeToabl pea0TBpAIlIeHUS 3arpsi3HEHUs BO3IyXa

Texnonocuueckue peuernus.’

. OnexTpouibTpsl U pykaBHbie QuibTpel Ha TOL] (ynaBauBatot 10 99%

TBEPJIBIX YACTHII).

. Karanutnueckue HeHTpaanu3aTopsl BEIXJIOMHBIX ra30B (mpeBpatiatoT NOx

u CO B 6e3Bpennbie N2 u CO2).

° Hepexoz: Ha 3aMKHYTBIC IIHKIIbI

YTUIN3ALUS JIETYYUX PAaCTBOPUTEIIEH ).

NpOU3BOACTBA (yJIaBIUMBAaHHE U

. VYronpHble GUIBTPHI 7151 aICOPOIIUU OPTaHUYECKUX 3arPsI3HUTEINCH.

Onepeemuueckas mparchopmayusi:
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. 3amena yronbpHbiX TOI] Ha ra3oBbie (cHUXkeHUE BBIOpocOoB SO2 u caxu
Ha 80%).

. BozoOHoBnsiemasi Heprus: BETPSHbBIC, COJHEUHbIE U TeOTepMajbHbIC
CTaHUUU (HYJIEBBIE BHIOPOCHI).

. ATOMHasi sHepreTuka (Bbicokas MomniHOcTh 6e3 CO2 mpu Oe3omacHoOM
JKCIUTyaTaluu).

Tpancnopmuvie pewienus:

. ONeKTpOMOOWIIN U BOIOPOAHBIEC IBUTATEIH.
. Pacmmpenue o611eCTBEHHOTO TPAHCTIOPTa U BEJIOMH(PACTPYKTYPHI.
. 30HBI HU3KUX BBIOPOCOB B LIEHTPaxX ropoJ0B.

3axonooamenvhole u OpcaArHU3AYUOHHbIE MEPDLL.

. MOHUTOPUHT KauecTBa BO3ayXa (CTallMOHAPHBIC CTAHITUHU, CITyTHHKOBBIC
JaHHbBIE).

. Hopmuposanue I1JIK (npeaenbHO T0MYCTUMBIX KOHIEHTPAIUN ).

. Kuorckuii nportokon (1997) u Ilapmwkckoe commamenue (2015) —

MEXTyHApOIHbIE 00s13aTENIbCTBA 110 CHIYKEHHUIO BEIOPOCOB MapHUKOBBIX Ia30B.

. VYrieponHbIit HaJIoTr ¥ TOPTY KBOTaMH Ha BHIOPOCHI.

5. Poab 3eJIEHBIX HaCaXKACHUM
HpeBecHass pactutenbHOCTh mnoromaer CO2, 3agepxxkuBaeT PM2.5 Ha JIHCTBAX,
CHIDKAeT TeMIleparypy Bo3ayxa (ymeHbIas oOpazoBanue o30Ha). OnuH rekrap jeca
3a roj noryomaet 10 40 TOHH IbUIH.

6. 3akioueHune
[IpenoTBpamienne 3arps3HEHUS BO3AyXa TpeOyeT KOMIUIEKCHOTO — TOJXOMa:
MOJIEPHHM3ALUHA TPOMBIIIJIEHHOCTH, MEpeXo/la Ha YHCTYI0 SHEPreTUKY, KECTKOrO
AKOJIOTMYECKOTO KOHTPOJSL M MEXKIyHapoJHOM koomepauu. be3 HeMeaneHHbIX
nerctBuid K 2050 roay KOJIMYECTBO MPEXKIACBPEMEHHBIX CMEPTEN OT 3arps3HCHUS
BO3JlyXa MOXET YABOUTHCS.

Jluteparypa:
1. Bcemupnas oprannszanys 31paBoOXpaHECHUS. 3arps3HEHUE BO31yXa U

3nopoBse. JKenera: BO3, 2022.
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3. Seinfeld J.H., Pandis S.N. Atmospheric Chemistry and Physics: From
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4. ITon pen. be3ymoi 9.F0. MOHUTOPHHT U NPENOTBPALLIEHUE 3arPA3HEHUS
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«POJIb KOMITBIOTEPHBIX TEXHOJIOTWA B U3YYEHHNHU SI3bIKOB»

AHHOTanus: B maHHON cTarbe paccMarpuBaeTcsl 3HAYCHUE KOMITBIOTEPHBIX
TEXHOJIOTHH B MPOIIECCE U3YUEHUS MHOCTPAHHBIX SI3bIKOB. AHATU3UPYIOTCS OCHOBHbBIE
BUIBl [HU(PPOBBIX HMHCTPYMEHTOB: MOOUJIBHBIE TMPUIIOKEHUS, OHJIAMH-CIOBApPH,
wiarpopMbl I8 BUJEOCBS3M, CHUCTEMbl HCKYCCTBEHHOTO  HWHTEIUIEKTa U
aBTOMATH3UPOBaHHBIE CUCTEMbI MPOBEpPKHM 3HaHWNA. (OOOCHOBBIBAETCS, YTO
UCIIONB30BaHNE KOMIBIOTEPHBIX TEXHOJOTUH CIOCOOCTBYET WHIWBUIYAIU3AIUU
oOy4yeHusl, pPa3BUTHUIO BCEX SA3BIKOBBIX HABBHIKOB (UYTEHHE, MHCHMO, TOBOpEHUE,
ayIMpOBaHWE) W MOBBIIIEHUIO MOTUBAaIMU ydamuxcs. Crarbs mnpeaHa3HaueHa s
nmpernofaBareyied  SI3bIKOB,  CTYJAEHTOB-(UJIOJIOTOB W  BCEX HMHTEPECYIONIUXCSA
COBPEMEHHBIMU METOJIaMU OOYUCHHUS.

KiioueBblie ¢J10Ba: KOMIBIOTEPHBIE TEXHOJIOTHH, U3YUYCHHUE SI3BIKOB, ITUGpOBas
IPaMOTHOCTh, OHJIAWH-00pa30BaHMWE, WCKYCCTBEHHBIH WHTEIUICKT, MYJIbTHMEINa,
SI3BIKOBBIC TIPUJIOKEHUS, TUCTAHIIMOHHOE O0yUYCHHE.

Beenenue

B »snoxy mobanuzanuu BiIaJ€HUE HWHOCTPAHHBIMHU SI3bIKAMH CTAHOBUTCA
HEOOXOAUMBIM YCI0BHUEM MPOPECCUOHATBHOTO U IMYHOCTHOTO PocTa. TpaauIluOHHbIE
MeTOibl OOyUeHHUs], TaKhe Kak paboTa ¢ yueOHHKaMU U ayJuO3aluCsIMU, TOCTEIIEHHO

YCTynnaroT MCECTO Oonee THOKUM U HHTCPAKTHUBHBIM IIOAXOJ4AM. KOMHBIOTepHI)Ie
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texHonorun (KT) wurparor kiao4eByr0 poiib B TpaHCHOpMAIIMU  S3BIKOBOTO
oOpa3oBaHusi, Tpemyiarasg ydalluMcsi JOCTYIl K ayTeHTUYHBIM Marepualiam,
MTHOBEHHYIO OOPaTHYIO CBSI3b M BO3MOXKHOCTh MPAKTHKOBATH SI3bIK B BUPTYaJIbHOM
cpene. Llens nanHO# paGOThl — BBISIBUTH U CUCTEMATHU3UPOBATh OCHOBHBIEC CIIOCOOBI
npuMeneHus: KT B u3ydeHuu s3bIKOB, a TaKKe OIEHUTh X 3(PHEKTUBHOCTS.

1. MHCTpyMeHTBI KOMIIBIOTEPHBIX TEXHOJIOTH /151 M3Yy4YeHUs S3bIKOB

CoBpeMeHHBIE TU(PPOBBIE HMHCTPYMEHTHI MOXXHO Ppa3lCIUTh Ha HECKOJIBKO
KATerOpUN:

1. Moounnnbie npuiioxenusi (Duolingo, Busuu, Memrise) — npeayiaraiot
UrpoBbIe (DOpMaThI JIJIs1 3aTIOMUHAHUS CJIOB U IPaMMAaTUKH.

2. JJIeKTPOHHbIe cjoBapu u  mnepeBoguukm (Google Translate,
Yandex.Translate, ABBYY Lingvo) — oGecneunBaroT ObICTpPBIN JOCTYM K MTepeBOIaM
U TIpUMepaM HCIIOIb30BaHUSI CJIOB.

3. Inargopmbl  pis  s3bikoBoro oomena (Tandem, HelloTalk) —
COEAMHSIOT U3yUYaIOIINX SI3bIK C HOCUTEJISIMU YEpE3 Yart, ayIuo- U BUJICEO3BOHKH.

4. CucreMbl aBTOMATHYeCKOil mpoBepku mnpousHomeHus (Speechling,
ELSA Speak) — ucnons3ytor MW niisa ananu3za pedn ¥ UCIIPaBICHUS OIIMOOK.

5. Bupryanshblie kiaacebl 1 LMS (Zoom, Moodle, Google Classroom) —
MO3BOJISIIOT MPOBOANTH CUHXPOHHBIE U ACHHXPOHHBIE 3aHATHUS C MPENOIABATEIIEM.

2. IlpenmymiecTBa UCNOJAb30BAHUA KOMIIBIOTEPHBIX TEXHOJIOT Wil

UccnenoBanusa mnokassiBatoT, uro uHTerpamuss KT B oOyueHue s3bIkaM daeT
CJIEIyIOLINE IPEUMYLIECTBA:

. NuauBuayajau3amusi. YUamuiicss caM BbIOMpaeT TeMI, BpeMs H
CJIO’KHOCTb 3aJJaHUM.

. MyabstumenuiiHocTh. CoueTaHne TeKCTa, N300pakeHU, 3ByKa U BUJEO
AKTUBUPYET pa3HblE€ KaHAIbl BOCHPUSITHSI.

. JIoOCTYIIHOCTh AYTEHTHYHBIX MAaTepHuaJsoB. brarogapss HHTEpHETY
MO>KHO YUTaTh HOBOCTH, CMOTPETh (PUIIBMBI, CITYIIIATh OJIKACThI HA U3y4a€MOM SI3BIKE.

. MoruBanussi ¥ reiiMmupukanus. bajuel, ypoBHM U Harpaisl B

MPUIIOKEHUSAX CTUMYIUPYIOT PETYIISIPHBIE 3aHATHS.
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. ABTOHOMMUS yuamierocsi. CTyI€HT YYUTCS CaMOCTOSITEIbHO HaXOJUTh
pecypchbl U KOHTPOIUPOBATH CBOM Mporpecc.
3. OrpaHnnyeHus U BbI30BbI

HCCMOTpSI Ha OYCBUAHBLIC IIIIOCHI, KOMIIBIOTCPHBLIC TCXHOJIOTHUHW HC JIMIICHBI

HEJ0CTATKOB:

. OtcyTcTBHE KUBOrO OOIIEHUS M HOMOIMOHAIBHOTO KOHTaKTa C
[pernoaaBareseM.

. Puck ¢opmanbHOro moaxona («Haxaja KHOMKY — MOJYYHIT Pe3yJIbTaT

0e3 MTyOOKOTO OCMBICIICHUS).

. Texauueckne mpoOseMbl W IUPPOBOE HEPABEHCTBO (OTCYTCTBHUE
YCTPOKMCTB WJIM MHTEPHETA Y HEKOTOPHIX YUaIIHXCH ).

. Huskoe kayecTBO  aBTOMATHYECKOTO TMEpeBOoAa  JUIS  CIIOMKHBIX
IPaMMaTHYCCKUX KOHCTPYKIIUHA U UTUOM.

[TosToMy onTUMaNIbHON CTpaTerueu sBiIseTcs cMelanHoe odyuenue (blended
learning), rae KT nomonHsI0T, HO HE 3aMEHSIOT TOTHOCTHIO TPATUIIMOHHBIE METOIBI.

3akiiloueHue

KommbloTepHble TEXHOJIOTMU CTalld HEOThEMJIEMON YacThi0 COBPEMEHHOTO
A3BIKOBOTO 0Opa3zoBaHusi. OHU OTKPHIBAIOT JOCTYN K HEOTPAHUYCHHOMY KOJMYECTBY
MaTepuajoB, MO3BOJSIOT MPAKTHKOBAThH SI3BIK B JIFOOOE BpeMs U B JIOOOM MecCTe, a
TaKKe JIeNaloT mporecc o0yueHus 6oliee MepCOHATU3UPOBAHHBIM U yBIIEKATEIbHBIM.
OnHako A JOCTHXKEHUS HAWTyUIIuX PE3yJIbTaTOB HEOOXOMUMO pa3yMHOE COUETaHUE
U(POBBIX MHCTPYMEHTOB C >KMBBIM OOIIEHHUEM U CHCTEMATHYECKOW paboToil mon
PYKOBOJICTBOM ONBITHOTO TperojnaBareis. bymaymiee wu3ydeHus S3bIKOB — 32
WHTETPUPOBaHHBIME cpenamu, Tne WU, BupTyanpHash peanbHOCTh M YEIOBEYECKOE
B3aMMOJICHCTBHE PaOOTAIOT B CHHEPTHH.

Cnmcok JIuTeparyphl:
1. boromonor A.H. KoMnbloTepHbIE TEXHOJIOTUU B OOYYEHUHU SI3BIKAM: TEOpUS U

npaktuka. — M.: Pycckuii s3b1k. Kypcesr, 2021. — 248 c.
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Caenenust 00 aBrope(-ax): [llacynvieg [llacynv
lIpenooasamens

1Topnues Mepoan

Cmyoenm

Canapos Mvipam

Cmyoenm

Cepoapos Paxam

Cmyoenm

TypK.MeHCKOZO eocyaapcmeeHﬂoeo QbMHCZHCOGOZO uHcmumyma

«ITIEPCIIEKTHUBbBI UCITOJIB30BAHUA NCKYCCTBEHHOI'O
HNHTEJUVIEKTA B KUBEPBE3OITACHOCTHU: ABTOMATHU3AIIUA
OBHAPY/XEHUSA YI'PO3»

AHHoTauMss B 1aHHOW  crarbe  MCCleIyeTcsl  SBOJIOIUS  CHCTEM
KuOepOe30MmacHOCTH B KOHTEKCT€ HHTETpalliid TEXHOJOTUH HCKYCCTBEHHOTO
untesmekra (M) u mammuHoro ooydeHus i aBTOMaTH3aluu 00HApY>KeHUS yTPo3.
PaccmarpuBaioTcs TeopeTHYeCKre OCHOBBI TOCTPOEHUS aIalITUBHBIX CUCTEM 3aIU THI,
CIIOCOOHBIX (YHKIIMOHHPOBATh B YCIOBUAX HEOINPEACIEHHOCTH M TIOCTOSHHO
MeHstomerocst Jianamadgra kubeparak. ABTOPOM TMpeuiaraeTcs HWHHOBAIMOHHAsS
KOHIICTIIINSI «KOTHUTUBHOTO HMMMYHUTETa CETH», OCHOBaHHAas Ha CHUMOHO3e
denepatuBHOTO OOyUYeHUST W TeHEpATUBHO-coCTsA3arenbHBIX ceTeil (GAN) mns
MPEBEHTUBHOTO  MOJEIMPOBAaHUs CIIeHapueB arak. B pabore o0ocHOBaHa
MpakTHUYeCcKass 3HAYUMOCTh II€PEX0Jla OT PEAKTUBHBIX METOAOB 3alllUThl K
MIPOAKTUBHBIM CaMOOOYUYaIOIIUMC apXUTEKTypaM, CHOCOOHBIM MHHUMHU3HPOBATH
BpeMsi oOHapyxenusi (MTTD) u pearupoBanust (MTTR) na unumaentsl. Crarbs
MOTYCPKUBAET HEOOXOTUMOCTh Pa3pabOTKH STUYECKUX U PETYISTOPHBIX CTAaHAAPTOB

JJIA HMCIIOJIB30BaHMA ABTOHOMHBIX ar¢HTOB 0e30MMacHOCTH B KPUTHUYCCKH BaXHbBIX

UH(paCTpyKTypax.
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KuiroueBble cjioBa: HCKYCCTBEHHBIM  MHTEJUIEKT, KHOEpOe30MacHOCTb,
MalllMHHOE€  OOydeHHe, OOHapy)KeHHUE aHOMAaJIMi, aBTOMAaTHU3allys  3allUTHI,
dbeneparuBHoe oOydeHHE, TeHepaTuBHO-cocTs3aTenbHble ceTh (GAN), KOTHUTHUBHBIM
MMMYHHTET, KHOEPYTPO3HI.

CrpemutenbHass nudpoBas TpaHcpopmalusi [IOOATBHBIX  COLMAIBHO-
HPKOHOMHUYECKHUX TPOIECCOB TpHBENa K BO3SHHUKHOBCHHIO HOBOH MapajurMbl
0€30MacHOCTH, T/I€ TPATUIIMOHHBIE METOMBI 3aIUThI, OCHOBAaHHBIE Ha CUTHATYPHOM
aHaJIM3e ¥ KECTKO 3aJJaHHBIX TIPABIJIAX, OKa3bIBAIOTCA HECTIOCOOHBIMU MTPOTUBOCTOSITH
MHOTOBEKTOPHBIM ¥  JUHAMHYECKH MEHSIONUMCS yrpo3am. B ycioBusax
AKCTIOHEHITMAIBHOTO pOCTa O0beMa TmepeaaBacMbIX MaHHBIX W yciokHeHus WT-
UHPPACTPYKTYp, BKIOYas oOnauHbie BblYucieHus W wuHTEepHEeT Bemed ([oT),
YeNoBeueCKuid (PaKTOp CTAHOBUTCS] KPUTUYECKUM Y3KHM MECTOM B IPOIIECCE aHaIn3a
MHIIHJICHTOB. TeopeTnyeckre OCHOBBI UCTIONB30BAHMS HCKYCCTBEHHOTO WHTEIIJICKTa B
KrOepOe30MacHOCTH OMUPAIOTCS HA BO3MOXKHOCTH JITOPUTMOB BBISIBJISITH CKPBITHIE
3aKOHOMEPHOCTH M aHOMAJMM B MAacCHUBaX HECTPYKTYpUPOBAHHOU MHMOpMAIINH, YTO
MO3BOJIIET ABTOMATU3UPOBATH TIPOILIECC CEMAHTHUYECKOro aHajdu3a Tpaduka u
noBelleHus  Toibp3oBateneil. @dyHoaMeHTalbHas HaydHas mpoOjema  3l1ech
3aKJII0YaeTCs HEe MPOCTO B KIACCU(UKAIIMKN W3BECTHBIX TUIIOB aTak, a B CIOCOOHOCTH
CUCTEMBI 000011aTh HAKOTIJIEHHBIN OMBIT JJI1 UICHTU(DUKAIINN YTPO3 «HYIEBOTO JTHS
(zero-day), KOoTOpbIe HE UMEIOT paHee 3aMKCUPOBAHHBIX MpU3HAKOB. [IpakTHueckoe
3Ha4Y€HHE aBTOMAaTU3allui OOHAPYKEHUS YTPO3 TPYIHO MEPEOLIEHUTh: B COBPEMEHHBIX
peanusx CKOPOCTh PacHpOCTPAHEHHUs BPEIOHOCHOTO IMPOrPaMMHOTO 00eCleUeHHs,
TaKOT0 KakK MHI(POBATBIINKA HOBOTO MOKOJIEHUS, U3MEPICTCS MUJUIUCEKYHIAMH, YTO
nenaer (U3MUECKH HEBO3MOXKHBIM CBOEBPEMEHHOE BMEIIATEIBCTBO OIepaTopa-
qesioBeKa 0e3 MOAIePKKN WHTEIUIEKTYaIbHBIX areHTOB.

NunoBanmonHas ujaesi, mpejyiaraeMasi B JaHHOM HUCCIIEIOBAaHNH, 3aKJIFOUAETCS B
nmepexofe OT  IICHTPAIM30BAaHHBIX CHUCTEM MOHUTOPHMHTA K  apXUTEKType
(KOTHUTHBHOTO HWMMYHHTETa CETH», KOTOpas (YHKIMOHUPYET IO aHAJOTHUU C
OMOJIOTHYECKUMH 3aIIUTHEIMU MeXaHn3Mamu. HoBr3Ha Toro momxoma 6asupyercs Ha

ucnonb3zoBanuu (peneparuBHoro oOyuenusi (Federated Learning), mo3Bositoiiero
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oOydarh mi00adbHbIE MOJAEIU O€30MacHOCTH Ha paclpelesiCHHBIX [aHHBIX 0e€3
HEOOXOIMMOCTH MX TEpPeladdl B €IUHOEC XPAHIIHIIE, YTO KPUTHUYECKH BaXKHO IS
coOroneHns KOHGUISHITNATFHOCTH | 3aIUTHI TIEPCOHATBHBIX JaHHBIX. [lepcriekTrBa
pPa3BHUTHs JTAaHHON TEXHOJOTHH BUAWTCS B CO3JaHUH CAaMOOPTAHHM3YIOIIUXCS CETEH
3aIUTHI, TAC KaXABIA y3el WHOPACTPYKTYphI O0NamaeT JIOKaJIbHBIM HHTEIJICKTOM,
CIIOCOOHBIM MTHOBEHHO pEarnpoBaTh Ha JIOKAJIbHYI) aHOMAJHMIO W TPAaHCIUPOBATH
OOHOBJICHHBIC BECa HCHPOHHOM CETH BCEH CHCTEME. DTO CO3/1aeT KOJUICKTUBHBINA pa3yM
0€30MacHOCTH, KOTOPBIM ABOJIOIMOHUPYET OBICTpPEE, YeM aTaKyHOIIHE ajJTrOPHTMEI.
Bbonee Toro, BKItOYEHUE TeHEpAaTUBHO-cOocTsA3areabHbIX ceTelt (GAN) B mporecc
oOy4YeHUs TO3BOJISICT aBTOMATU3UPOBATh «3TUYHBIM XaKWUHT»: OfHAa HEWPOHHASI CETh
IIOCTOSTHHO TEHEPUPYET HOBbIC CUHTCTHYCCKHE BEKTOPHI aTak, a BTOpas — YUUTCS HX
oTpakarb. Takod TIpoIeCC HEMPEPHIBHOTO IM(GPOBOIO MPOTHBOOOPCTBA BHYTPH
CUCTEMBI 3aIlUTHI TO3BOJIACT BBIABIATH YA3BUMOCTH JIO TOTO, Kak OHHU OyayT
AKCIUTYyaTUPOBAHBI PEAIbHBIMU 3JI0YMBIIIIIEHHUKAMU.

AprymMeHTUpOBaHHbIE  pacCyXJeHuss B monb3dy BHenpenus WU B
KrOepOe30MmacHOCTh MOJKPETUISIOTCA aKTyaJIbHBIMU UCCJIeIOBAaHUSIMH,
YKa3bIBAIOIIMMU Ha KPUTHYECKUH pOCT arak, ympapiseMblX BpaxacoHnsim WU
(Adversarial Al). 370yMBINIUICHHUKN YyX€ HCIONB3YIOT HEUPOCETH ISl CO3JaHUsA
BBICOKOTOYHBIX (DUIITMHTOBBIX KAMITAHUM, aBTOMAaTH3WPOBAHHOTO TIOUCKA YSI3BUMOCTEN
B Koje M oOxojma kamd. B Tako¥l cHTyallum CHMMETPHUYHBIM OTBET CO CTOPOHBI
3aIIUTHBIX CHUCTEM CTAHOBUTCA €IWHCTBEHHBIM IYyTEM COXpaHEHHUS CTaOMIBHOCTU
u@poBOro mMpocTpancTra. [I[puMepoM MPaKTUYECKON peann3aiii MOXKET CIYKUTb
WHTETpanus anropuTMoB riyookoro oOydenust (Deep Learning) B cucTeMBI
oOHapyxeHus: U npenorBpamieHuss Bropxkeruit (IDPS), kotopeie aHanm3upyroTr He
TOJBKO 3arojIOBKH TMAKETOB, HO M SHTPOMHIO JAHHBIX, BBISBISAS CKPBHITHIC KaHAJIBI
yTeukn uHpOpMarmu (steganography) wiau MOATOTOBKY K AKCQWIBTpAIIUU JTAHHBIX.
Teopetnueckasi 3HAUMMOCTH ITHX MPOIECCOB 3aKII0YACTCS B TPaHC(HOPMAIIIH MOICTTH
0€30MacHOCTH M3 CTAaTUYECKOW KPEMOCTH B JUHAMUYECKUN TPOIECC HETPEPHIBHOTO

MoHutopunra cocrosinusi (Continuous Diagnostics and Mitigation).
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Peanuzanus myTeil pa3BUTUSL UHTEIUIEKTYalbHOU KHOEpOE30MacHOCTU TPeOyeT
pemieHus psana (QyHIAMEHTAIbHBIX 3a/1ay, CBS3aHHBIX C HHTEPIPETUPYEMOCTHIO
moneneir UM (Explainable Al - XAl). B akanemudeckoil cpene BeAeTCS aKTHUBHAS
JTUCKyCCHsI O MPOOJEME «UEPHOTO AIIMKa»: PErylIsiTOpbl U CIy)Obl 0€30MacHOCTU
JTOJKHBI TIOHUMAaTh, HA OCHOBAHWUU KaKUX MPU3HAKOB aJTOPUTM MPUHSUT PEIICHHUE O
OJIOKUPOBKE KPUTHUYECKOTO Ou3HEec-mpolecca. Pa3Burhe MeTOJ0B BU3yalU3alUU
JIOTUKM TIPUHSTHUS PEIICHUH HEHUPOHHBIMH CETSIMH CTaHET 3ajJoroM JOBEepUsi K
aBTOMATU3UPOBAHHBIM cucTeMaM. Kpome Toro, BaKHBIM aCTIEKTOM SIBJISIETCS 3allUTa
caMUX MoJIeJiell MallMHHOTO 00y4eHHUs OT OTpaBieHus JaHHBIX (data poisoning), koraa
aTaKyrolMi 1eJleHanpaBlIeHHO BHOCUT UCKaXXEHUS B 00y4Yarollyt0 BBIOOPKY, 4TOOBI
cCUCTeMa TiepecTalia pacro3HaBaTh ONPeIeICHHbIA BU aTak. IHHOBAIIMOHHBIM ITyTEM
3[1eCh BBICTYNAET UCMOJIb30BaHNE TEXHOJIOTUN pacipeieIeHHOro peectpa (OI0KUEHH)
TU1s1 00ecTIeUeHHs] HEU3MEHHOCTH | MPOBEPSEMOCTH 00YUaOIIMX JAaHHBIX U )KYPHAJIOB
COOBITHI, YTO CO3/]a€T HEPA3PHIBHYIO LIETIb TIOBEpHs B aKocucteme M.

B 3akmtoueHue ciemyeT OTMETHTh, YTO TMEPCHEKTUBBI UCIOIb30BAHMS
UCKYCCTBEHHOTO HHTEJUIEKTa B KHOepOe30macHOCTH HE OrpaHUYUBAIOTCS JIMIIb
TEXHUYECKUM acreKToM. MBI CTOMM Ha MOpPOre CO3/[IaHMsI aBTOHOMHBIX IIEHTPOB
ynpasneHus 6Oe3onacHocThio (Autonomous SOC), rme MU OGeper nHa cebs poib
NEPBUYHOTO AHAIWTHKA, WH)KEHEpa 10 PEarupoBaHUIO W APXUTEKTOpa IMOJUTUKHU
0€30MacHOCTH.

[IpakTuyeckas IIEHHOCTh TaKHX CHCTEM 3aKJIIO4aeTcs B PaguKaIbHOM
CHI)KCHHM ONEPAIIMOHHBIX PACXO/I0B KOMIAHWM ¢ TOBBIIICHHH YCTOWYUBOCTHU
KPUTUYECKON HHPOPMAMOHHON HHPPACTPYKTYpPhl K II00ATbHBIM KHOEPBOWHAM.
Teopetuueckas 0a3a, 3aJI0)KCHHasE B JaHHOW CTaTbe, MOAYEPKHUBACT, YTO OymyIee
KkrOepOe30macHOCTH — 3TO HEe Ooph0a oI U MaIlliH, 8 COPEBHOBAHKE aJITOPUTMOB,
7€ MOOeTy OJICPKUT Ta CTOPOHA, Ubsl APXUTEKTYPa KOTHUTUBHOTO OOYUYEHUS OKAKETCS
HapOoyiee IUIACTUYHOM W TIyOoko#l. JlampHEHIME WCClIeqoBaHUs JTODKHBI OBITH
COCPEIOTOYEHBI Ha CO3IaHUU THOPUIHBIX MOJIENICH, COUETAIONIUX SKCIIEPTHBIC 3HAHUS
YEeJOBE€Ka C  BBIYMCIWTENIBHOM MOIHOCTRI0 WM, dYro 1O3BOJUT JOCTHUYb

cHUHepreTuueckoro 3pdexra B odecreueHnr 0€30MacHOCTH HU(POBON [TUBHIIM3AIUH.
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Axmypaooe Annabepovl

Cmyoenm

Amaesa I'ypbanoudbu

Cmyoenm

bamuvipos A6Ovi0MCEIUN

Cmyoenm

TypK.MeHCKOZO eocyaapcmeeHﬂoeo QbMHCZHCOGOZO uHcmumyma

«BJIUSTHUE OBJIAYHBIX BBIYMCJEHUI U U HA OITUMU3AIIIO
PABOTBI BOJIBIINX JTAHHBIX (BIG DATA)»

AnHoTtamusi: B JaHHOW crarbe WuCCIeqyeTCss CHHEPreTHYecKud IPQekT
MHTETPANUN OOJIAYHBIX BBIYHCICHUH M TEXHOJOTHUH MCKYCCTBEHHOTO HWHTEIUICKTA B
mpoiieccax o0pabOTKM | onTUMH3anuu  Oombimmx AaHHbIX (Big Data).
PaccmarpuBaroTcsi TEOpETHYECKHE MOJIEIH PACHpPEICIICHHBIX BBIYHCICHUH U
ANTOPUTMHUYECKHE METOAbl HMHTEJUICKTYyallbHOTO aHajiu3a JaHHBIX. ABTOpPOM
BBIJIBUTACTCSI MHHOBAI[MOHHAS KOHIICTIIIAS «aBTOHOMHOTO OOJIAYHOTO XPaHHIIUIIA C
caMOoOOyJaroIIeHCs apXUTEKTYPOii», CIIOCOOHOTO JMHAMUYICCKU U3MEHSTD ITApaMETPhI
WHJICKCAIIUA ¥ PACTPEACIICHUS PECYpPCOB HA OCHOBE MPEAMKTHBHOW aHAIUTUKH
pabounx Harpy30K.

B pabore o0ocHOBaHA MpakTHYECKas 3HAYUMOCTH MEPEXofa OT CTATHUYECKUX
o0JauyHBIX MOJENeH K aJanTHUBHBIM WHTEJUICKTYaJdbHBIM CpElaM, CIOCOOHBIM
MUHAMH3UPOBATh JHEPro3arpatbl W MaKCHUMH3UPOBAaThH CKOPOCTh 00paboTKH
neTtabalTHBIX MaccuBOB WHMOpMarmu. VcciemoBanue MOMUEpPKUBACT TEPCIICKTHBY
Pa3BUTHS ACTICHTPAIN30BAHHBIX CHCTEM 00pabOTKU JaHHBIX KaK KIOYEBOTO (haKTopa

urudpoBoi TpaHcPopMaIK T100aTbHONW SKOHOMUKH.

103



Kuaiouesbie cioBa: Oonbiive nanHbie (Big Data), o6naunbie BbIYHCIICHUS,
HMCKYCCTBEHHBI MHTEJUICKT, MAIIMHHOE OO0y4YeHUe, paclpeelieHHbIE CHCTEMBI,
ONTUMU3AIUS BBIYUCICHUM, apXUTEKTypa JaHHBIX, IPEAUKTUBHAS aHAIUTHKA.

CoBpeMeHHBIN 3Tal HAYYHO-TEXHOJOTUYECKOTO MpOrpecca XapaKTepU3yeTcs
Oecrpene/IecHTHBIM POCTOM O00BEMOB TeHepupyeMol HH(GOpMAIlMU, YTO MPUBENIO K
dbopmupoBaHuio KOHIENUIMKM OonbimuxX AaHHbIX (Big Data) kak cTpareruueckoro
pecypca pa3ButHs oOIIecTBa. TpaauIlMOHHBIE METOJALI XpaHEHUs U 00pPabOTKH
JTAHHBIX, OCHOBAaHHbBIC HA JIOKAJIBHBIX CEPBEPHBIX MOIIHOCTSIX U PEJISIIIUOHHBIX 0a3zax
JAHHBIX, UCUEPIaIu CBOW MOTEHIIMAN B YCIOBUAX IKCIIOHEHIIMAJIBHOTO YCIOKHECHHUS
CTPYKTYp NTaHHBIX M HEOOXOJMMOCTH HX aHaJN3a B PEKUME PEaIbHOTO BPEMEHH.
TeopeTnueckue OCHOBBI PEIICHHWS JaHHOW TIPOOJEMBI JieKaT B  IJIOCKOCTHU
KOHBEPTCHIIMM  OOJIAYHBIX  BBIYMCICHHM,  00ECIEUMBAIONIUX  MPAKTHUYECKH
HEOTPAaHUUYCHHYI0 MAacCIITaOMPyeMOCTh PECYpCOB, U HCKYCCTBEHHOTO HHTEIIJIEKTA
(W), npenocTaBisionero KOTHUTUBHBIE WHCTPYMEHTHI /Ui M3BJICUECHUS IEHHBIX
3HAHHUM U3 MACCUBOB «IIU(POBOTO HTyMay.

WuTerpanus 3TUX TEXHOJIOTHH mo3BoisieT TpaHchopmupoBarh Big Data u3
[ACCUBHOTO XPAHWIWIIA B AaKTUBHBIM SJEMEHT CHUCTEMbl MPUHATUS PEIICHU.
OO6navHple BBIUMCICHUS B IAHHOM KOHTEKCTE BBICTYHAIOT B posid (hyHIAMEHTAIbHON
UHGPaACTPYKTyphl, peanusytomeir monenu laaS, PaaS u SaaS, xotopsie mo3BomsitoT
a0CcTparupoBaTbCs OT (PUIMYECKHX OTPAHMUYCHHM OOOpYIOBaHMUS M TIEPEeUTH K
napajgurMe BbIYHMCICHUN 1o TpeOoBaHuto. OmHAKO TPOCTas MUTpAIvs JAaHHBIX B
o0nako He pemraeT npodiemMy 3PpGHEeKTUBHOCTH: UMEHHO aJTOPUTMbI HCKYCCTBEHHOTO
WHTEJUIEKTa CTAHOBATCS TEM pbhIUaroM, KOTOPBIM ONTUMHU3UPYET paclpeaeeHue
HArpy3KH, YIOpaBsieT 3aJepKKaMH M 00eCleurBaeT WHTEJUICKTYaJlbHOE C)KaThe
nHpopmanmu 6e3 moTepu e€ aHAIUTUISCKON IIEHHOCTH.

[IpakTueckoe 3HAYEHHWE ATOW KOHBEPTEHIIMU MPOSIBISIETCA B PaJUKAIBHOM
CHUXeHUU coBoKynHOM ctoumocTu BiaaeHuss (TCO) UT-undpacTpykrypoil u
COKpalleHMHu BpeMeHu Bbixofa Ha pbHOK (Time-to-Market) mis HaykoeMKUX
MPOEKTOB. VIHHOBAaNMOHHAs wWaes, TNpeaIaraemMas B JaHHOM HCCIICIOBAHUM,

3aKJIIOYAETCAd B CO3JaHUM «HEUPOMOPGHBIX OOJAUYHBIX CJIOEB», TAe (YyHKIUU
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YIPaBJICHUSI JAHHBIMU JIEJIETUPYIOTCSI aBTOHOMHBIM areHTam NI, naterpupoBaHHBIM
HETMOCPEJCTBEHHO B TUMNEPBU30pbl 0OjauHbx miatdgopm. HoBuszHa 3toro moaxoma
0a3upyeTcsi Ha OTKa3e OT KECTKO 3aJIaHHBIX MPaBWJI YMPaBICHUS METaJaHHBIMU B
M0JIb3y BEPOATHOCTHBIX MOJEJIECH, KOTOpPhIE€ MPEJCKAa3bIBAIOT YACTOTY OOpAIllCHHS K
KOHKPETHBIM CETMEHTAM JaHHBIX.

B pamkax 3T0ii nepcriekTuBbl pa3BuTHe cucteM Big Data BuguTCst Kak nepexos
K CaMOOpPraHu3yIIIUMCs CTpykTypaMm, rae WM aBroMaruuecku ONTUMHU3UPYET
TOTIOJIOTUIO pacIpe/ieIeHHOM 0a3bl JaHHBIX B 3aBUCUMOCTU OT CETEBOM 3aJIEPKKU U
reorpauueckoro pacrpeaeneHus MOJIb30BATEIICH. AprymMeHTUPOBaHHbIE
paccyX IeHHsi B  MOJIb3y TakKOM  MONEIM  MOAKPEIUISIIOTCS  aKTyaJlbHbIMU
UCCIIeIOBaHUSIMHU B 00yiacTu 00ydeHus ¢ noakpemiennem (Reinforcement Learning),
KOTOpBIE JIEMOHCTPUPYIOT, UYTO AJITOPUTMHYECKOE YIPABICHUE KAIIUPOBAHUEM U
CerMeHTaIMel TaHHBIX B 00JaKe MO3BOJISET MOBBICUTH MPOU3BOAUTEIIBHOCTh CUCTEM
Ha TI0 CPABHEHUIO C TPAJUIIMOHHBIMUA METOJIaMH OaJlaHCUPOBKHU HATrpy3KH.

Teopetnueckue ocHoBBI ontuMmu3anuu Big Data yepe3 MU Takxe BKIIOYAIOT B
ce0sl MpUMEHEHUE METONIOB IIIyOOKOro oOy4deHHUsl HJisi aBTOMAarMYeCKOW OUYMCTKH U
HOpPMaJIM3allUd JaHHbIX B mporecce ux noctymienus (ETL-mpoueccer). Bmecto
HAMMCAHUsl CIOXKHBIX MPOTPAMMHBIX CIleHAapueB, cucteMbl Ha 6aze MU crocoOHbI
CaMOCTOSITENILHO UJECHTU(UIIMPOBATH AHOMAJIMU M BOCCTAHABIMBAThH MPOMYIIECHHBIC
3HAYEHHUSI, UCTIOJIb3Ysl KOHTEKCTYaJIbHbIE CBSI3M BHYTPHU JaTaceTa. ITO OTKPHIBAET MYTh
K peanu3alii KOHIEMIUU <OKUBBIX JAHHBIX», TI€ KauyeCTBO WHGOpMAINH
MOJJICP’)KUBACTCI  AaBTOHOMHO. Peanuzanmusi Takux myTed pa3BuUTUS TpeOyeT
MepecMoTpa apXUTEKTYpbl OONAYHBIX XPAHWIHIL B CTOPOHY MHKPOCEPBUCHBIX
CTPYKTYp, TJ€ KaXKIbli MHKPOCEPBUC yIpaBisieTcss coOcTBeHHON Monenbto WU,
CIIELIMATIM3UPYIOLIENCS HA KOHKPETHOM TUIIE AHAJIMTUYECKOU 3aJ1a41 — OT IMOTOKOBOU
00pabOTKM BHICOIAHHBIX JI0 aHAJIM3a TPAH3aKIIMOHHBIX JIOTOB. [Ipumepom ycnenrHoi
MMIUIEMEHTAllUH  MOXET  CIY’)KUTh  HCHOJIb30BAHUE  CEPBEPJIECC-BBIYUCICHUN
(Serverless), rne M mruoBenHo Macitadbupyet pyHKIIMU 0OpaOOTKU TaHHBIX B OTBET
Ha pe3Kue CKayku Tpaduka, 4T0 0COOCHHO KPUTUYHO JJIsI CUCTEM MHTEPHETA BelleH

(IoT) u «yMHBIX TOPOZIOBY.
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BaxxHbIM acrieKTOM MHHOBAIIMOHHOTO Pa3BUTHS TEMBI SIBISIETCS YHEPTeTUUECKast
s pexktuBHOCTh. OTpOMHBIE AaTa-IEHTPhl MOTPEOAIOT KOJIOCCAIbHOE KOJIUYECTBO
AJNIEKTPOIHEPTUHU, 3HAUUTEIbHAsI 4YacTh KOTOPOM pacxoayercss Ha Hed(hPeKTUBHOE
nepeMeIleHre TaHHBIX MeX Ay y3laMmu. Buenpenue MU aist onTuMu3ay Tonoaoruu
«obmako-kpait»  (Cloud-to-Edge) mo3Bonsier oOpabarpiBaThb 4YacTh  JAHHBIX
HETOCPEACTBEHHO Ha NepuepuitHeIX YCTPONCTBAX, OTIPABIISIS B LIECHTPAJIbHOE 00JIaKO
TOJIKO PE3YJABTUPYIOIIUE arperarbl. ITO HE TOJHKO CHIDKACT HATPY3Ky Ha KaHaJIbI
CBSI3U, HO U SBIISICTCSI KJIFOUOM K CO3JaHUIO DKOJIOTMYECKH YCTOWUYUBBIX cucTeM Big
Data. IlepcnexTuBa pa3BUTHS 3[I€Chb 3aKIIOYA€TCs B CO3JaHUU IVI00AJBHBIX
(denepaTtuBHBIX ceTel 0O0y4yeHus, rne oOJako BBIMOJIHSAET POJIb KOOpAMHATOpPA, a
oOydeHre MojiesIel MPOUCXOAUT Ha pacHpeeICHHBIX JTaHHBIX 0€3 X (HU3UYECKOro
nepeMelIeHns, YTO OJHOBPEMEHHO pEIIaeT BOMPOCH KUOEpOE30MmacHOCTH U
CYBEpPEHUTETA JAHHBIX.

B 3akitouenue cneayeT mOAYEpKHYTh, UTO BIMSHUE OOJAYHBIX BBIYUCICHUHN U
UCKYCCTBEHHOT0 HHTeiekra Ha Big Data 3nameHyeT co0oif mepexom K 3pe
KOTHUTHBHBIX  BbIYMCIEHUN. TeopeTMyeckass 3HAUMMOCTh  MPEICTABICHHBIX
paccyX JeHUl  COCTOMT B  OOOCHOBAaHMM  HEPa3phIBHOM  CBA3U  MEXIY
MacHITabNpyeMOCTbI0  MHGPACTPYKTYpbl W WHTEIUIEKTOM  aJTOPUTMOB  Kak
HEOOXOIUMBIX YCTIOBUH JJIsl paObOThI C JaHHBIMU HOBOTO TIoKoseHus. [1yTh peanuzanuu
MHHOBAallUOHHBIX CTPATEruil JIEKUT 4YEpe3 CO3JaHUE OTKPBITHIX CTAHAAPTOB
B3aMMOJICHCTBUA MEXKIY Pa3IUYHBIMH OOJIAYHBIMU TpOBaliiepaMu M pa3pabOTKy
TUYECKUX (PEHMBOPKOB I ABTOHOMHBIX CHCTEM YIPAaBICHUS JaHHBIMH.
[IpakTHyeckas IEHHOCTh TAKUX MCCIEIOBAHHUIN 3aKIIOYAETCA B MPEJOCTABICHUU
Ou3Hecy ¥ HayKe MHCTPYMEHTOB JUIsl 00pa00TKu MHGOPMAIIMK B MaciiTadax, KOTOpbIe
paHee CYHTAINCHh HEIOCTHKUMBIMH. JlambHEWIME WCCIeNOBaHUS JOJDKHBI OBITh
COCPEIOTOYCHBI Ha WHTETPAIMA KBAHTOBBIX BBIUMUCICHUN B OOJAYHBIC TMIIATPOPMBI,
yto B couetanun ¢ WM mno3BoauT pemats 3amaun ontumuzauuu Big Data,
HaXOIAIIMECS 3a TMpeaeslaMd BO3MOKHOCTEHW KIIACCUYECKOM BBIYMCIUTEIbHOU
TEXHUKH, oOecrmeunBasi TEM CaMbIM JIOJITOCPOYHYIO KOHKYPEHTOCIOCOOHOCTD

IHU(PPOBBIX IKOCUCTEM.
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Cmyoenm

Ilypovimypaoosa Aiidxcaxan

Cmyoenm

Mepeoosa Medune
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TypK.MeHCKOZO eocyaapcmeeHﬂoeo QbMHCZHCOGOZO uHcmumyma

«QTUYECKHUE U COOUAJIBHBIE ACITEKTBI BHE/IPEHUSA
I'EHEPATUBHOI'O HCKYCCTBEHHOI'O UHTEJIVIEKTA B
COBPEMEHHOE OBIIECTBO»

AHHOTamua B  1aHHOW cTaTbe NOPOBOOUTCA  MEKIUCLHUIUIMHAPHOE
UCCJIEIOBAaHUE ATHUYECKUX U COIMAIBHBIX IMOCIEICTBUI MacIITaOHOTO BHEIPEHUS
TEXHOJIOTHI T'€HEepaTUBHOTO MCKYCCTBEHHOTO MHTeiekTa (GenAl) B MOBCEIHEBHYIO
NPAaKTUKY COBpEeMEHHOTro obmiecTBa. PaccmarpuBatorcs GyHmaMeHTanbHbIE BOMIPOCHI
TpaHc(hOpMaIMKi aBTOPCKOTO IpaBa, Pa3MbIBAaHUS TPAHUI] MEXY aHTPOIOTEHHBIM U
MaIllMHHBIM KOHTEHTOM, a TaK)K€ PUCKU AJITOPUTMHYECKON MPEAB3SITOCTH. ABTOPOM
MpenjaraeTcsi WHHOBAI[MOHHAS  KOHICTIHS  «IU(GPOBOTO  TYMaHUCTHYECKOTO
¢bunbpTpay, HanpaBieHHAs Ha TAPMOHHU3AINIO B3auMoaecTBus yenoBeka u MU gepes
MEXaHU3Mbl MPO3PAYHOCTA U HITHUYECKOTO MAPKUPOBaHMS JaHHbIX. (CrTarbs
00OCHOBBIBACT HEOOXOAMMOCTh IMEpexo/la OT TEXHOICHTPUYHOTO TOAXoda K
AHTPOMOLICHTPUYHON MOJENIHM Pa3BUTHUSI TEXHOJOTWM, paccMarTpuBas MpaKTUYECKUE
MyTH peANTU3alUU STHYECKUX KOJIEKCOB B apxutekrype 1.

Kuar4deBble cj10Ba: reHEpaTUBHBIM WCKYCCTBEHHBIM HMHTEIUIEKT, 3Thka WU,
coruangbHas TpaHcpopMmanus, HUGPOBOM rymMaHU3M, Aumdeiiku, aaropuTMUyuecKas

NpCaAB3ATOCTb, HHTCIIJICKTYAaJIbHAaA CO6CTB€HHOCTB, KOTHUTHBHAs 0€30MaCHOCTD.
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CrpemMuTenbHOE BXOXJICHHE T€HEPATHBHOTO HMCKYCCTBEHHOIO HHTEJUIEKTA B
COIMAJIbHOE MPOCTPAHCTBO 3HAMEHYET COOOI Hadalo HOBOM 3PbI, I7l€ KOTHUTHUBHbBIC
GyHKIIMM, paHee CUMTABIIMECS  MPEPOraTUBOM  YEJTOBEUYECKOTO  CO3HAHWUS,
JETETUPYIOTCSl CJIOXKHBIM HEHPOCETEBBIM apXUTEKTypaM. TeopeTHYECKUE OCHOBBI
OCMBICJICHUSI 93TOM TpaHcPopMamuMu JieXar Ha CThike (uiocopuu TEeXHUKHU,
COITMOJIOTMM ¥ KOTHUTUBHOM TICUXOJIOTHUH, TpeOysd TepecMoTpa Kareropui
CyOBEKTHOCTH, TBOpPYECTBA M HUCTUHBI B LUQPPOBYIO 3MoXy. B oraumyume ot
KJIACCUUECKOro AucKkpuMmuHaTuBHOro WU, HampamieHHOro Ha KiacCU(PUKAIUIO
CYIIECTBYIOIINX OOBEKTOB, T€HEPATUBHBIC MOJIEIU CO3JAI0T MPUHIIUITUATIEHO HOBBIC
apredakTbl KyIbTypbl — OT TEKCTOB M HM300PaKEHHM J0 MPOrpaMMHOTO Koja U
MY3bIKQJIbHBIX TTPOU3BEICHHI.

D10  TOpOXJaeT TIYyOOKWMH  ATUYECKUM  JHCCOHAHC, CBA3aHHBIH ¢
JIETUTUMHOCTBIO  UCIOJB30BAaHUS  HAKOIJIEHHOTO 4YEJOBEYECTBOM  KYIBTYPHOTO
Hacienus Ayig oOydeHus: ajaroputMoB Oe3 sIBHOTO comiacus aBTopoB. [IpobGiema
«OTYYKJI€HHUSI TBOPUYECTBA» CTAHOBUTCS LIEHTPAJIBHOU B COBPEMEHHBIX TUCKYCCHSX,
TaK KaK MacCOBOE€ MPOM3BOJICTBO MAIIMHHOTO KOHTEHTa YIPOXaeT JeBalibBalluel
YHUKAJIBHOTO YEJIOBEYECKOro OmbiTa W MpodecCUOHATIBHONW Jaerpajalueii B
TBOPUECKUX HMHAYCTpUAX. I[IpakTuyeckoe 3HAUEHUE JOAHHOW TEMBI OIPEIECIAETCS
HEO00XOUMOCTHIO0 (DOPMHUPOBAHUS YCTOMYMBBIX COLIUATIBHBIX HHCTUTYTOB, CIIOCOOHBIX
aJanTUPOBAThCS K YCIOBUSAM, KOTAa MH(QOPMAIMOHHOE MPOCTPAHCTBO HACHIIIACTCS
CUHTETUYECKUMHU TAHHBIMH, 3a4aCTYI0 HEOTIUMYUMBIMU OT PEaIbHOCTH.

HoBu3Ha 1aHHOTO KCCIEI0BaHMS 3aKII0YAETCs B BHIIBHKEHUN U 00OCHOBAHUU
KOHLENIMH «KOTHUTUBHOM OTBETCTBEHHOCTU N I», KOTOpast mpenmnogaraet BHEAPEHUE
METa-aJrOPUTMOB 3TUYECKOTO KOHTPOJISI HEMOCPEICTBEHHO B IPOLECC TEHEpALUU
KOHTeHTa. VIHHOBanmMOHHAsg WAes pa3BUTUS OTpPACIUd BUAUTCA B CO3JaHUU
«MPOTOKOJIOB MPO3PAYHOCTU MpoucxoxaeHus» (Provenance Protocols), ocHOBaHHBIX
Ha KpUNTOrpapuyECKOM MOATBEPKICHUN UCTOYHUKA KaXKI0W €IMHULIBI MHPOPMAIIUH.
DTO TMO3BOJIUT HE TOJIBKO OOpPOTHCS C pacnpocTpaHeHUueM Ae3uHPoOpMaluu U

nungenKkoB, HO W CO34aCT OCHOBY JJISI HOBOW SKOHOMHMKHM HWHTEIJICKTyaJIbHOM
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COOCTBEHHOCTHU, TJI€ ABTOPHI MOJTYYAlOT MHUKPOOTYHUCIICHHUS 3a HCIOJb30BaHUE HX
CTHJIA UK Ueil B 00yyaroniux BbIOOpKax.

Ilyte peanu3anuu [AHHOW IEPCIEKTUBBLI JICKUT 4Yepe3 MEXIAYHAPOIHOE
MIPABOBOE PETYIUPOBAHUE, KOTOPOE JTOKHO 3BOJIOLMOHUPOBATH OT 3aMPETUTEIbHBIX
MEDP K CO3JaHUI0 aIalTUBHBIX CTAHAAPTOB B3aumoaencTsus, rae MU paccmarpuaercs
HE KaK KOHKYpPEHT 4YeJIOBeKa, a KaK KOTHUTHUBHBIM ycunutenb (Augmented
Intelligence). Connanbubie pucku BHeapeHus GenAl Takke BKIIOYAIOT B ¢ce0sl yrpo3y
yoIyoJieHusT U(QPOBOr0 HEPABEHCTBA W YCUJICHUS CYIIECTBYIOIIMX COIMATBHBIX
CTEPEOTUIIOB, KOTOPhIE HEUPOCETH HENM30EKHO BIUTHIBAIOT U3 OOYyYAIOMIUX JAHHBIX,
oTpakasi HCTOPUYECKHUE MIPEAB3SITOCTH YETOBEUYECKOr0 OOIIECTRA.

ApryMEHTHPOBAHHbBIC PACCYXKJICHUSI O BJIMSHUU TE€HEPATUBHBIX MOJEJIEH Ha
PBIHOK TPYyJla YKa3bIBaIOT HA HEU30EXKHYIO TpaHchopmaluio npodeccuii, CBI3aHHBIX C
WHTEJJICKTYaJIbHBIM TpyaoM. OJIHAKO B paMKax MPEACTABICHHOIO0 HAYYHOIO B3MIISA
aKILIEHT CMEIIaeTcsl ¢ MpoOsieMbl 6e3paboTUIlbl HA MPOOJIEMY «KOTHUTHUBHOM JIEHW.
Cy1iecTByeT OMAacHOCThb, YTO IOBCEMECTHOE HCMOJIb30BAHHE T€HEPATOPOB TEKCTOB
npuBeneT K aTpouu KPUTHUECKOTO MBIILIEHUS U HABBIKOB CHHTE3a WH(GOpMALIUU Y
MOJPACTAIONIETO MOKOJIeHHs. TeopeTudeckas 0a3a ColMalIbHON YyCTOMYUBOCTH B 3TOM
KOHTEKCTE JOJKHA ONUPAThCsl Ha KOHLEIMIUIO «THOPHUIIHOTO HWHTEIJIEKTa», TJe
obOpa3zoBanue (QoxKycupyercss Ha OOydeHHMH MeToAaM BepUUKAIMH M ITUYECKOTO
ynpasienus MM, a He Ha TpOCTOM BOCIIPOU3BOACTBE 3HAHUM.

[IpakTuyeckas peanusaiusi 00pa30BaTEIbHBIX IPOrPAMM HOBOTO THIA CTaHET
BOXHEHIINM (AKTOPOM COXpPAHEHHUS YEJOBEUECKONM HIACHTUYHOCTH B YCJIOBUAX
TOTaJBbHON anropuTMu3anuu. l[IpuMepoM 37eCh MOXKET CIYXHUTh 00s3aTelbHOE
BHEJIPEHHE KYPCOB «aJTOPUTMHUYECKOW T'PaMOTHOCTH» Ha BCEX YPOBHSIX OOyYCHWSI,
YTO TMO3BOJUT MUHHUMH3UPOBATH PUCKU MAHUMYISLHUU OOIIECTBEHHBIM CO3HAHUEM
yepe3 NEPCOHATM3UPOBAHHBIA CUHTETUYECKUI KOHTEHT.

Oco00e BHMMaHUE CIIEYET YACIUTh BONPOCY «TaJUIIOLMHALIMI» HEWpOCeTel,
KOTOpBIE B HAYYHOM JUCKYPCE NOJKHBI pACCMATPUBATHCS HE MTPOCTO KAK TEXHUYECKUUI
cOoi, a kak ¢yHAAMEHTAJIbHBIM THOceonorudeckuii puck. Korma MU ¢ Beicokoi

CTENEHbIO YOEAUTEIBLHOCTH TEHEPUPYET JIOKHbIE (DAKThI, OH MOAPHIBAET OCHOBBI
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Hay4YHOT'O METOJIa U IOBEPHS K MHCTUTYTaM dKCepTr3bl. UHHOBAIIMOHHBIM pellICHUEM
3TOM TpoOJeMbl BhICTyNaeT uHTerpaius rpadoB 3HaHuil (Knowledge Graphs) c
OOJBIITUMU SI3BIKOBBIMU MOJIEIISIMH, YTO MO3BOJISIET 00€CIIEYUTH TOTUUECKYIO IPOBEPKY
TeHEPUPYEMBIX YTBEPKJICHUM Ha COOTBETCTBUE OOBEKTUBHOU PEATIbHOCTH. ITOT MYTh
peanu3anyy TeXHUUECKOU HAJEKHOCTH SBIISIETCS HEOThEMJIEMOM YacThIO ATHUYECKOTO
uMIieparuBa  0e30macHOCTH,  TpeOyromiero, 4rtoosl cuctembl WHW  Obuin
MPEICKa3yeMbIMU U MOJAOTYETHBIMU YEJIOBEKY.

B 3akimroueHue cineayer noauepKHyTh, UTO dTHUYECKUE U COIUAIIbHBIC ACTICKTHI
BHeJpeHUs1 TeHepatuBHOro M He sBIsSIOTCS BHEIIHUMU (haKTOpPaMU MO OTHOIICHHIO
K TEXHOJIOTHH, a COCTaBISIOT €€ CYIIHOCTHOE siipo. JlanpHelee pa3BuTue oO1ecTsa
B YCJIOBHUSIX COCYIIECTBOBAaHMSI C MOIIHBIMH TE€HEPAaTUBHBIMH areHTaMu Tpedyer
CO3/IaHMsI HOBOM CHCTEMBI «IU(POBOTO TOTOBOPA», OMPEIEISIONIETO TPaHUIIbI
JOTTYCTUMOTO BMEIIATEILCTBA AJITOPUTMOB B YACTHYIO U OOIIIECTBEHHYIO KU3Hb.

Teopernueckass 3HAYMMOCTh HCCIICOBAHUSI  3aKJIIOYAETCS B  IOMBITKE
HaXOXKJeHusl OalaHca MEXI1y TEXHOJIOTUYECKUM ONTUMHU3MOM U OCO3HAHUEM PUCKOB
nerymanuzanuu. [IpakThyeckas IEHHOCTh MpEIaraéMbIX IOAXOAOB COCTOUT B
BO3MOXKHOCTHU co3ianusi Takux cucteM MU, kotopbie OyayT CIy>KHUTh HHCTPYMEHTOM
pacHIMpeHrs YeJIOBEYECKOro MOTEHIIMANla, COXpaHAs MpU 3ToM (yHIaMEHTaIbHbIC
IIEHHOCTH CBOOOJbI, aBTOPCTBA M HWCTUHBI. bynyliee reHepaTUBHOTO HMHTEIUICKTA
JIOJHKHO CTPOUTHCS HE Ha 3aMEIIIEHUU YeJI0BEKa, a Ha CHHEPTUH, TJIe TEXHOJIOTHYeCcKas
MOIIb aJITOPUTMOB OTpaHUYEHA W HAIpaBJI€HAa ATUYECKUM KapKaCOM YEJIOBEUECKOM
LUMBWIH3ALIHH.
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TypxkmencKkuu cenbCKoXo3AUCMEEeHHbIU UHCIUMY M

e awoeys Typkmenucman

«@OPMHUPOBAHUE HABBIKOB A/IMUHUCTPUPOBAHUS OBJTAYHBIX
CEPBHUCOB Y bYAYIIUX IT-CIIEHUAJIMCTOB B YCJIOBUAX
NMITIOPTO3AMEILIEHUA I1O»

AnHoTanusi: B panHO#Nl paboTe paccMaTpUBAIOTCSA aKTyallbHbIE BOIPOCHI
TpanchopManuu  00pa3oBaTENbHBIX MPOrpaMM JJii  TOJATOTOBKH  CHCTEMHBIX
aIMAHHUCTPATOPOB M aPXUTEKTOPOB OOJIAYHBIX PEIICHUH B YCIOBUAX AKTHBHOIO
nepexoja Ha OTEUYECTBEHHOE IMPOTrpaMMHOE oOecrieueHrue. ABTOp aHaJIU3UPYeT
METOAMYECKUE TIOAXOAbl K OOy4eHHI0 paboTe ¢ POCCHMCKUMH O00JIaYHBIMU
mwiathopMaMyd M CPEACTBAMHU BHUPTYyalM3alldd, KOTOPbIE TMPUXOIAT Ha CMEHY
3apyOekHBIM aHajoraMm. Oco0oe BHUMaHUE YACIAETCS MPAKTHKO-OPHUECHTUPOBAHHOMY
00y4eHHI0, OCHOBAaHHOMY Ha Pa3BEPThIBAHUM OTKA30YCTOMYMBBIX MHPPACTPYKTYp B
THOPHIHBIX cpeqiax. B crarbe 000CHOBBIBACTCS HEOOXOIUMOCTh HHTETPAIIUN HABBIKOB
pabOTBl C OTKPBITHIM HMCXOTHBIM KOJOM M OTEYECTBCHHBIMH JTHUCTPUOYTHBAMH B
enuHbId 00pa3oBaTeNbHBIN CcTaHAApT. Pe3ynbTaThl HCCIEAOBaHUS MOTYT OBITh
HCITOIb30BAHBI JIJI aKTyaIN3alii YIeOHBIX IJIAHOB TEXHUYECCKHUX BY30B M ITPOTrpaMM
noBbilieHus1 kBanukanuu I'T-kaapos.

KiarwueBble cioBa: oOjayHbie CEPBUCHI, CHCTEMHOE aIMHUHHCTPUPOBAHHEC,
WMIopTOo3aMelleHne,  BupTyanusanus, [T-oOpa3zoBanue, mpodeccuoHaIbHbIC

KOMIIETeHIIMH, oTeuecTBeHHOEe 110.

113



CrpemutensHast Tpanchopmanus Janamadra nHGOPMAIMOHHBIX TEXHOJIOTUIA,
o0ycOBI€HHAsE HEOOXOJUMOCTBbIO OOECIEUECHUS] TEXHOJOTHUUYECKOTO CYBEpPEHUTETA,
CTaBUT TEPe]] CUCTEMO BBICIIETO 00pa30BaHUsl aMOUIIMO3HYIO 3a7a4y ONepaTUBHON
MepenoAroToBKU WHXXEHEPHBIX KaJIpOB. dopMupoBaHue HABBIKOB
aJIMAHUCTPUPOBAHUS 00JIaYHBIX CepBUCOB Y Oyaymux IT-crenuanucToB B yCIOBUSIX
ummnopto3ameiienus [10 TpeOyeT He MpocTo 3aMeHbl MHTEPPEHCOB MPOrPaMMHBIX
MPOJIYKTOB, a IITyOOKOT0 MEPEOCMBICICHUSI ApXUTEKTYPHBIX MOJIX0/I0B K TIOCTPOSHHIO
KOPIOPATUBHBIX CeTell U aaTa-1eHTpoB. COBPEMEHHBIN CUCTEMHBIN aJMUHUCTPATOP
JOJDKEH 007a7aTh KOMIIETCHIIUSIMH, TO3BOJISIIOIIMMHU  OECIIIOBHO MUTPHUPOBATH
KPUTHUUYECKHU BAXKHBIC CEPBUCHI C 3aMaIHBIX MPOMPUETAPHBIX TIATPOPM Ha POCCUICKHE
pemenus, Takue kak Astra Linux, PEJI OC unu muiargopmbl BUpTyanu3aiuy Ha 6ase
OpenStack. Teopernueckuit 6a3zuc 0OydeHMs] CMEIIAETCSA B CTOPOHY HW3YYCHHS
MUKPOCEPBUCHOW apXUTEKTyphl M KOHTCHHEPHU3allMM, T/I€ HABBIKK YIpPaBICHUS
cpenamu Kubernetes u Docker cranoBsitcsi 0a3oBbiM TpeboBanueMm. B mporecce
MOJICOTOBKH CIEIUATUCTOB KPUTUYECKHU BaXKHO MOJIEIUPOBATH pealibHbIE CLIEHApUU
UMIIOPTO3aMEIIEHUsI, KOT/la B paMKax OJHOM HMHQPPACTPYKTYpPhl COCYIIECTBYIOT
pa3TuYHbIC ONEPAIIMOHHBIE CUCTEMBI U CITY>KObI Katajoros. [IpakTudeckue 3aHsATHS B
By3€¢ JOJKHBI OBITb OpPraHW30BaHbl C HKCIOJB30BAHWEM YaCTHBIX OOJAaKOB,
pPa3BepHYTHIX HAa OTCYECTBEHHOM THIEPKOHBEPIEHTHOM OOOPYJOBAaHUHU, UTO
MO3BOJISIET CTYACHTAM OCBOUTDH TMOJHBIA IUKJI YIPABICHHS KHU3HEHHBIM ITKIoM [T-
ycinyr. Ocoboe Mecto B 00pa3oBaTeIbHOM IPOIECCE 3aHMMAET M3YUCHHUE CHUCTEM
nH(MOpPMAITMOHHONW 0€30MacHOCTH, HWHTETPUPOBAHHBIX B OOJa4yHBIE TUIAT(HOPMBI,
MOCKOJIBbKY Tiepexon Ha HoBoe [IO Bcerma compskeH ¢ MOMCKOM U YCTpaHEHUEM
MOTCHIIMAJIBHBIX YSA3BUMOCTEH. HaBbIkM aBTOMATH3allMd PYTUHHBIX OMEpaIfii yepes
WCIIOJIb30BAaHUE  CKPHUNTOBBIX  S3BIKOB M WHCTPYMEHTOB  YIpaBICHUSA
KOH(MUTYypalusIMH, aJaNTUPOBAHHBIX MO POCCUNUCKHUE CTAHAAPTHI CBSI3H, MO3BOJISIIOT
3HAYUTEIHHO TOBBICUTh A()PEKTUBHOCTD AIMUHUCTPUPOBAHUSA. IKOHOMUUYCCKUN
aCIeKT 00y4YeHHUsI TaK)Ke MPETEpPIeBaeT U3MEHEHUS: OyAylMe CIEUATUCThI TOJKHbI
YMETh PacCUMTBHIBATh CTOMMOCTBH BiajeHHsi obOnauynoi umHppacTtpykrypor (TCO) ¢

Y4CTOM CHCHI/ICI)I/IKI/I JUOCH3UPOBAHUA OTCYCCTBCHHBLIX ITPOAYKTOB. Hpenoz[aBaHHe
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JOJKHO 0a3upoBaThCcsi HAa TECHOM B3aUMOJEMCTBHM C BEIYIIMMH OOJaYHBIMU
IIpOBalIepaMy CTPaHbl, KOTOPBIE MPEAOCTABIAIOT JOCTYII K CBOMM 3KOCHUCTEMAM IS
yueOHbIX 1eneil. BaxHbiM (GakTopoM SIBISETCS pa3BUTHE TMOKOCTH MBIIUICHUS U
CIOCOOHOCTU K OBICTPOMY MEpeoOYyUYEHUIO, TaK KaK PHIHOK MMIOPTO3aMEIIar0IEro
I[IO nHaxomuTcss B CTaAuMM aAKTHUBHOTO pOCTa W OOHOBIEHUS (YHKIIMOHAIBHBIX
BO3MOXHOCTEN. MIHTEerpanus MexXayHapoIHbIX CTaHAApTOB KauecTBa ynpasieHus [T-
ycayramu (ITIL) ¢ yderoM HaunuoHanapHON crenu(PUKHA MPOEKTUPOBAHUS CHUCTEM
MO3BOJISIET BBIMYCKATh CHEIMAIUCTOB, CIOCOOHBIX paboTaTh HaJ MPOEKTaMu
roCy1IapCTBEHHOro  Maciutaba. @PopMupoBaHHe KOMIETEHIMH B  obOsactu
aJMUHUCTPUpPOBaHUsI 0a3 JaHHBIX, CHOCOOHBIX 3aMEHUTh 3amaJHbIE CHUCTEMBI
yIOpaBJICHUs, SIBISETCS €IIe OJHUM IPUOPUTETHBIM HAMPABICHUEM IOJATOTOBKH.
Mertoauka mipenogaBaHusi KOMIBIOTEPHBIX JUCIUIUIMH B 3TOM KOHTEKCTE JOJDKHA
OBITHh OPUEHTHpPOBAHA HA TPOCKTHBIM TMOAXOJ, I'Jle UTOrOBOM PabOTON CTaHOBUTCS
CO3JJaHHE MOJTHOCTHIO UMIIOPTOHE3ABUCUMOTr0 CErMEHTA KOPIIOPATUBHOM ceTH. Takum
00pa3oM, CUCTEMHBIH MOAXO0/1 K 00y4eHHUI0 aAIMUHUCTPUPOBAHUIO 00JIAKOB B YCIIOBUSX
UMIIOPTO3aMEIIIEHUsI CTAaHOBUTCA TapaHTOM CTaOWIBHOM paboThl  HU(POBOH
SKOHOMHKHU. [lanbHeimue uccneoBaHus JAODKHBI OBITH HalpaBieHBl HA CO3/IaHUE
€IUHON METOAOJIOTHYECKON 0aspl, OO0BCAMHSIONICH TpeOOBaHUSA aKaJaeMUYECKOU
cpeabl W TPaKTHYECKUE HapaOOTKHW WHAYCTpHAIBHBIX juaepoB. Iloaroroska IT-
CHEIUATMCTOB HOBOTO TMOKOJICHUSI OOECIEUYUT TEXHOJOTUYECKYIO HE3aBUCUMOCTH U
MO3BOJIUT CO3/1aBaTh WMHHOBAIIMOHHBIE TPOJYKTHI, KOHKYPEHTOCIIOCOOHBIE Ha
BHYTPEHHEM U BHELIHEM pPBhIHKAX.
Cnmcok qureparypbl
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Yanviee Opasmyxammem

Cmyoenm

Annaeg Taxvip

Cmyoenm

Cetiumnueg A3vim

Cmyoenm

TypK.MeHCKOZO eocyaapcmeeHﬂoeo ¢MHCZHCO€OZO uHcmumyma

«PASPABOTKA UHTEJ/UIEKTYAJIBHBIX CUCTEM MOHUTOPUHI'A HA
BA3E UHTEPHETA BEIIEHX (I0T) U MAIIIMHHOT'O OBYYEHMSI»

AHHOTanuA: B naHHON cTarbe MCCIEAYIOTCA TEOPETUYECKHE M MPUKIAJIHbIC
ACIEKThI IPOECKTUPOBAHUS HHTEIUIEKTYaJIbHBIX CUCTEM MOHUTOPUHTA, 00BEIUHSIOLINX
BosMoxkHOCTH MHTepHeta Bemeit (IoT) m mertomoB mammuHOro oOyuenus (ML).
PaccmarpuBaeTcsi apxutektypa cbopa U 0OpaOOTKM CEHCOPHBIX JAHHBIX, a TaKXKe
MEXaHU3Mbl TPEIUKTUBHOTO aHaIM3a COCTOSAHHUS OOBEKTOB B PEXKHUME pPEasbHOTrO
BpeMEHU. ABTOPOM TIpejjiaraercsi WHHOBAIMOHHAS KOHIICTIIHUS «HepUu(EepUitHoro
camooOyuyeHuss» (Edge AutoML), koropas T0O3BOJISIET TIEPEHECTH TIPOIIECCHI
ONTUMU3AIMU MOJEJEH HEMOCPEICTBEHHO HAa KOHEYHBIE YCTPOMCTBA, MUHUMU3UPYS
Harpy3Ky Ha KaHallbl CBS3M M TIOBBINIAs AaBTOHOMHOCTh CHCTeMBbl. B pabote
000CHOBaHA TPAKTHYECKass 3HAYMMOCTh HMHTEIUIEKTYyaJlbHOTO MOHHUTOPHMHTA IS
MPOMBIIJIEHHOCTH, JKOJOTUW U HMHPPACTPYKTYPhl «YMHBIX TOpoaoB». Crarbs
MOIYEPKUBAET MEPCIEKTUBY PAa3BUTHS JEUEHTPATU30BAHHBIX CHCTEM MOHUTOPHUHIA
KaK KJIFOUYEBOTO (paKkTopa TEXHOJIOTMYECKOTO CyBEpEeHUTETa B ycioBusx WHIycTpum
4.0.

KawueBble caoBa: HWurepner Bemert (IoT), wMammuHOEe o0Oy4yeHwue,

WHTEJUIEKTyalbHbI MOHUTOPUHT, nepudepuiinbie BoruncieHus (Edge Computing),
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MPEAUKTUBHOE OOCIY>KUBaHUE, CEHCOPHBIE CETH, KUOEPPU3UUYECKHE CHUCTEMBI,
HEUPOHHBIE CETH.

CoBpeMEeHHBI 3Tall  HAyYHO-TEXHUYECKOM PpEBONIIOIMU  XapaKTepHU3yeTCs
MEepPeXofoM K TOTAJIbHOM HU(pOBU3AUU (PUINYECKOTO MHUPA, IN€ KIKOYEBYIO pOJIb
UrpaloT KubeppU3MuecKue CUCTEMBbI, OOBEAUHSIONIME MaTepuajbHble OOBEKTHI C
BBIYHCIUTEIBHBIMU anroputMamu yepe3 cpeay Murepuera Benieit (IoT). Pazpaborka
MHTEJJIEKTYaJIbHBIX CUCTEM MOHMTOpHHra Ha 6a3ze loT u mammHHOrOo OOyuyeHus
npeacTapiasier coOod  oaHy M3 Haubosee akTyaJbHBIX 3a/ad  COBPEMEHHOM
UH(GOPMATUKH, TOCKOJIBKY OHA HAIlpaBjeHa Ha MPEOoA0JIeHUE pa3phiBa MEK/Y ChHIPHIMU
JAHHBIMH CEHCOPOB M BBICOKOYPOBHEBBIMH YIIPABICHUYECKUMHU PELICHUSIMU.

Teopernueckue OCHOBBI TaKMX CHCTEM OINUPAIOTCS HA  KOHUEMIHUIO
pacripeienieHHON 00paboTku nHbopmaluu, rae GU3nIecKuii ypoBeHb, COCTOSIIITNN 13
CETH JaTYUKOB M UCIOJHUTEIBHBIX MEXaHU3MOB, UHTETPUPYETCS C OOJIAYHBIMU UITU
nepu@epuitHpIMU  MIaTGopMaMu  aHaIM3a JaHHBIX. TpagullMOHHBIE CHUCTEMBI
MOHHUTOPHUHTA, (HYHKIMOHUPYIOIIHUE IO JKECTKO 3aJaHHBIM MoporaM cpabaThIBaHUS,
JEMOHCTPUPYIOT HU3KYIO 3 (PEKTUBHOCTH B YCIOBUSX BHICOKON HEOMPEIEICHHOCTH U
JTUHAMUYHOCTH CPEJIBI.

BHenpenue aaropuTtMoB MAllIMHHOTO OOYYEHUS MO3BOJISIET TPAHC(HOPMUPOBATH
MOHHTOPUHI M3 TIpollecca TMPOCTOr0 HAOMIONEHUsT B  MPOIECC IITyOOKOTo
NPEIUKTUBHOTO aHall3a, CIIOCOOHOTO BBISBISATH CKPBITHIE 3aKOHOMEPHOCTH U
IIpeICKa3bIBaTh JE€rpaJallii0 KOMIIOHEHTOB CHUCTEM 33J0JIT0 1O HACTYIUICHUS
KPUTHYECKOrO OTKa3a. [IpakTnueckoe 3HaU€HME NJAHHOW TEMBbI OXBAaThIBAECT IIMPOKUIA
CIIEKTp OTpaciieii: OT MOHUTOPUHIA COCTOSIHUSI CIIOKHBIX MPOMBIIIJIEHHBIX arperaroB
U He(TEenpoBOJOB J0 KOHTPOJS MapaMeTpOB OKpYKaolled cpeasl B Maciitadax
MerarnoJimca.

NuHoBanmonHas uaes, npejjaraemMasi B JaHHOM UCCIIEAOBAHUY, 3aKIOYAETCS B
pa3paboTKe ¥ BHEAPECHUH MApaIUTMbl «KKOTHUTHBHOTO IEPU(PEPHITHOTO Y3I1a», KOTOPAst
peanuzyeT koHrenuuio Edge AutoML. HoBr3Ha 3TOro moaxoja COCTOMT B OTKa3e OT
TPaJULIMOHHON IIEHTPAJIN30BAaHHOW CXEMbl, MpU KOTOpoll Bce coOpanHbie loT-

YCTpOMCTBaMHU JaHHBIE MepeAaroTcst B 001ako st 00yueHus: mojeneil. BmecTto 3toro
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MpeajiaraeTcsi apxXuTeKTypa, TAE€ JIOKaJdbHBIE Y3JIbI MOHUTOPHHTA 00JaaaroT
BCTPOCHHBIMHU JIETKOBECHBIMU AJITOPUTMAMU aBTOMATUYECKOTO MAIITMHHOTO O0yUYEeHHSI,
CIIOCOOHBIMM aJIANTUPOBATh Beca HEUPOHHOW CETH K M3MEHSIONIUMCS YCJIOBHUSIM
AKCIUTyaTalliy HEeTOCPEICTBEHHO Ha MeCTe cOopa JaHHBIX.

DTO0 MO3BOJISIET PAIUKAIbHO CHU3UTH 3aJIePKKU B pUHATUU perieHuit (latency),
YTO KPUTHYECKH BAKHO IJII CUCTEM MPEIOTBpaIleHUs TEXHOTCHHBIX KaracTpod, u
OJTHOBPEMEHHO O00ECIEUYUTh BBICOKMI YpPOBEHb KOH(PUICHIMAIHHOCTH, TaK Kak
NEePBUYHBIE JJAHHBIC HE MOKHUJIAIOT 3alUIIIEHHOTO KOHTYpa JIOKAJbHOTO YCTPOWCTBA.
[lepcriekTrBa pa3BUTHSI TAaKUX CUCTEM BUIUTCS B CO3JIaHUH CaMOOPTaHU3YIOIIUXCS
UHTEJUICKTYaJIbHBIX POEB JAaTYMKOB, KOTOPHIE KOOPAUHUPYIOT CBOIO JI€SITEIHHOCTH
yepe3 MPOTOKOIbl (pegeparuBHOro oOydeHHs, OOMEHUBAsCh HE JaHHBIMU, a
rpajeHTaMu OOHOBJICHUW Mojesel, 4to QopMupyeT TIOOaNbHBIA HHTEIJICKT
CHUCTEMBI 0€3 KOMIIPOMETAIIUU JIOKAJIbHON 0€30MacHOCTH.

ApryMEHTHUPOBaHHBIC pACCYXJECHHUS B ToJb3y wuHTerpauuu IoT um ML
HNOJKPEIUISIIOTCS aHAM30M (P (HEKTUBHOCTH METOIOB INTyOOKOTO 00yUeHHUsI, TAKUX KaK
pekyppeHnTHbie HelpoHHble cetd (RNN) u cetwm nonroil KpaTKOCpOUHOW MaMSITH
(LSTM), B 3a7auax aHanu3a BpEMEHHBIX psAI0B. [IpuMepomM MOKET CIyKUTh CUCTEMA
MOHHUTOPHHTa  BUOpallMM  POTOPHOTO  OOOPYIOBaHWSA, TIN€  HCIOJIb30BaHUE
KJIACCHUECKUX MpeoOpa3zoBanuii dypre B coOUe€TaHWHM C CBEPTOYHBIMU HEHPOHHBIMH
cersmu (CNN) mo3BossieT UACHTUGUITUPOBATHh J1e(EKThl MOAMMUITHUKOB HAa paHHEH
craqud ¢ TouHOCThIO Oosee $98\%$. Teopernueckas 0a3a TOMOOHBIX CHCTEM
pacmmpseTcss 3a CYeT BHEAPEHHUS KOHIEMIUU «udpoBbix nBorHUKOBY» (Digital
Twins), KOTOpBIE B peKUME PEATHHOTO BPEMEHU CUHXPOHU3HPYIOTCSA ¢ (HU3NIECKUM
oObexToM yepe3 loT-kaHamsl.

B o1o#i cBa3ke wMammHHOE OOydYeHHWE BBICTYNAET B POIH  «IBHIKKA
MIPOTHO3UPOBAHUS, KOTOPBIN MPOUTPHIBAET THICSYU CLIEHAPHEB PAa3BUTHUSI COOBITHIA,
BEIOVIpas ONTUMAJIBHBIA PEKUM DKCIUTyaTallMy Il TIPOJICHUS XKU3HEHHOTO IHKIIA
obopynoBanusi. I[lyTe peanuzanuu JaHHOM KOHILENIMU TpeOyeT pelieHus
dbyHIaMEHTaJIbHOM  3aJadyd  OOCCIEeUeHHUs  dHepreTudyeckod  A(PheKTUBHOCTH

aJTOPUTMOB, TIOCKOJBKY OONBIIMHCTBO [0T-ycTpOHCTB OrpaHuYeHbl B pecypcax
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nutanus. B cBsI3M ¢ 3TUM HMHHOBAIIMOHHBIM BEKTOPOM MCCJIEAOBAHUN CTAaHOBUTCS
KBAaHTOBAHUE HEHUPOHHBIX CETEH U WCIIOJIIBL30BAHUE CIIAWKOBBIX HEHPOHHBIX CETEH
(SNN), umutupyromux padboTy OHOJOTHYECKUX HEUPOHOB M MOTPEOISIOMIMX Ha
MOPSAJIKM MEHbBIIIE SHEPTHH MPU COMOCTABUMOM TOUHOCTHU KJIACCU(PUKAIIMU CUTHAJIOB.

PaccmarpuBasi NpakTHUECKYIO peaju3alyi0 HHTEIEKTYalbHBIX CHUCTEM
MOHHUTOPHUHTA, HEOOXOAUMO MOAYEPKHYTh BAXKHOCTh CEMaHTHUYECKONH COBMECTUMOCTHU
naHHbIX. OrpoMHO€ KOJUYECTBO paszHoponHbix mnporokoiaoB (MQTT, CoAP,
LoRaWAN) co3mgaer Oapwepsl sl CO3JaHUsl  €AUHOTO  HMH(POPMAIIMOHHOTO
npocTpaHcTBa. Mcnoab30BaHre OHTOIOTMYECKOTO MOJEIHMPOBAHUS M CEMaHTHUECKOTO
BeOa B coueranuun c MM mno3BonsieT aBTOMATHYECKH KIIacCUPUIIMPOBATH U
UHTEPIPETUPOBATh BXOSIINE MMOTOKW JAHHBIX, CO3/1aBas aJanTHUBHBIA WHTEpderic
MEXIy JaTYMKaMU Pa3HBIX MPOU3BOAUTENECH. ITO OTKPHIBAET MYyTh K pealn3aiiu
CUCTEM «YMHOTO TOpojiay, TJe JaHHbIE OT JAaTYMKOB KauecTBa BO3/yXa, Tpaduka u
HHEPromnoTpedaeHusT 3AaHUN OOBEIUHSIOTCS B E€AMHYIO HEHPOCETEBYIO MOJEIb
YIPABICHUS TOPOACKUM XO35UCTBOM. B Takol cucteMe MOHUTOPHHT MPEBPAILAETCS B
UHCTPYMEHT AaKTUBHOTO BO3IEHCTBHS Ha CpeAy: HalpUMEp, aJrOPUTM MOXKET
IPEBEHTUBHO M3MEHUTH (Pa3pl paboThl CBETO(POPOB, MpeacKa3biBasi 3aTOp Ha OCHOBE
naHHbIX OT [0T-1aTYMKOB MHTEHCUBHOCTHU JBHKEHUS U MIPOTHO3A MOTO/bI.

Baxxapim aCIIeKTOM SBIISICTCS obecrnieueHue KrOepOe30MmacHOCTH
MHTEIJICKTYaJIbHBIX CHUCTEM. BKITIOUeHHE aJITOPUTMOB MAIIMHHOTO 00Y4YEeHUSI B KOHTYP
[oT co3maeT HOBbIE BEKTOPHI aTaK, TAKUE KaK COCTA3ATEIIbHOE OTPABICHUE NAHHBIX
(data poisoning), HanpaBIeHHOE HAa 0OMaH Kiaccupukaropa. UHHOBAIMOHHBIM ITyTEM
3aIIUTHI 3/1€Ch BBICTYIAET MCIOIb30BaHNE OJOKYEHH-TEXHOIOTHI IJisi BepudUKAIIH
IIEJIOCTHOCTH OOYyYalolUX BBIOOPOK H PETHCTPAlMUM KAXKIOTO COOBITUA B
HEU3MEHSIEMOM peecTpe. DTO co3AaeT (PyHIaMEHT <«JIOBEPEHHOTO MOHUTOPHUHIA», I€
KaXXJI0€ PEIICHWE CHCTEMBI MOXXET OBITh MOJBEPTHYTO PETPOCTICKTUBHOMY AayIauTy.
TeopeTuueckass 3HAYUMOCTb MPEACTABICHHBIX PACCYKIECHUW 3aKIO4aeTcs B
MEePeCMOTPE POJIM HUCKYCCTBEHHOIO MHTEJUIEKTA: M3 MHCTPYMEHTA aHajlin3a OH

CTAHOBUTCSI UMMAHEHTHOM XapaKTepPUCTUKON caMOi ceTeBOl MH(PACTPYKTYPHI.
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B 3akmoueHue ciaenyeT OTMETHTh, YTO pa3paboTKa HHTEIUICKTYaTIbHbBIX CHCTEM
MoHUTOpUHTa Ha Oa3e [oT m MammHHOTO OOyYEeHHS SBISICTCS MaruCTPaTbHBIM
HaIPaBICHUEM Pa3BUTHS COBPEMEHHON HayKH U TeXHUKHA. CHHEPTUS ITHX TEXHOJIOTUN
MO3BOJIICT  CO3/1aBaThb CHCTEMBI, OOJIAAONMe CBOWCTBAMH aHTHUXPYIKOCTH,
CIIOCOOHBIE HE TOJIBKO (UKCHPOBATh TEKYIIEE COCTOSIHUE OOBEKTOB, HO W
ABOJIIOIIMOHUPOBATH BMECTE C HUMH.

[TyTh K peamu3aryiy MOJIHOMACIITAOHBIX aBTOHOMHBIX CHCTEM JICKHUT 4Yepes
MUHHUATIOPU3AIIUI0 BBIYUCIIMTEIBHBIX MOIIHOCTEH, Pa3BUTHE aJIrOPUTMOB C HHU3KUM
DHEPromoTPeOJCHUEM M CO3JaHUE MEXKIYHAPOIHBIX CTAaHAAPTOB B3aMMOJICHCTBUS
MHTCIUICKTYaJIbHBIX areHTOB. IIpelncraBieHHbIE B CTaThe HUACU TEPUPEPUITHOTO
caMoo00y4eHUs U QeepaTUBHOTO B3aUMOJICHCTBHSI OTKPHIBAIOT HOBBIC TOPH3OHTHI JIJIS
CO3/1aHMS ITI00AIBHBIX CUCTEM O€30MTaCHOCTH M YIIPABICHUS, 00CCIIeUHBAs MIEPEXO/T OT
MH(POPMAIIMOHHOTO OOIIECTBa K OOIICCTBY 3HAHWM, IIE MOHUTOPHHI CTAHOBUTCS
HEBUUMOM, HO HaJe)KHOU OCHOBOM YCTOMYMBOTO PAa3BUTHUS LIUBUIIA3AIIH.
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Amanmypaoos A6ovipaxman

Cmyoenm

Ose306 blisac

Cmyoenm

Lllapunoe Apcran

Cmyoenm

TypK.MeHCKOZO eocyaapcmeeHﬂoeo QbMHCZHCOGOZO uHcmumyma

«POJIb HEVPOHHBIX CETEA B ABTOMATU3AIIANN OFPABOTKH
ECTECTBEHHOI'O A3BIKA (NLP) 151 MHOTI'OA3BIYHBIX
IHJIAT®OPM»

AHHoTaums: B fmaHHOW cTarbe wuccienyercs (QyHIaMEHTajdbHas pOJib
HEHUPOCETEBBIX aPXUTEKTYP B aBTOMATH3alMH MPOIECCOB 00PAOOTKH €CTECTBEHHOTO
a3pika (NLP) ¢ 0coObIM akiieHTOM Ha (PyHKIIMOHUPOBAHNE MHOTOSI3BIYHBIX TIATHOPM.
PaccmarpuBaercss »BOMIOLMS MOJENEN OT PEKYPPEHTHBIX HEHWPOHHBIX CETEH 0
apXUTEKTYp TpaHC(HOPMEPOB, CTABIIMUX CTAHAAPTOM B 3aJla4axX MAITMHHOTO MEPEBO/A,
CyMMapHu3alMi M KpPOCC-TUHIBUCTHYECKOTO IOMCKAa. ABTOPOM BBIJIBUTAETCA H
00OCHOBBIBACTCS WHHOBAIMOHHAS KOHIIETIUS «YHUBEPCAIHHOTO CEMAHTHYECKOTO
sqipay, TMO3BOJISIONIAS MUHUMH3UPOBATH MOTPEOHOCTh B TMapaJICIbHBIX KOPITyCax
JTAHHBIX IS PEAKUX SI3BIKOB YEPE3 MEXaHU3MBbI zero-shot oOydeHusI.

B pabore aHanmM3upyIOTCS TEOPETHUECKHUE OCHOBBI BEKTOPHOTO MPEICTABICHUS
CJIOB U MPEVIOKEHUH, a TAK)KE MPAKTUUECKUE aCTIEKThI peaanu3aliui MaclITadupyeMbIX
CUCTEM JJIs1 TI00ANBHBIX MUGPOBBIX cepBUCOB. CTaThsl MOMYEPKUBACT MEPCIICKTHBY
pa3BUTHUSA THOPUAHBIX MOJEJEH, COYETAONINX ITTyOOKoe OOydYeHHE C CHUMBOJbHBIMU
3HAHUSIMHA, KAaK NyTh K JOCTHKEHHID HWCTHHHOTO TIOHMMAaHUA KOHTEKCTa B

MHOTOSA3BIYHOU CPEIE.
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KuroueBble cjioBa: HElpoHHBIE CeTH, 00paboTKa ecTecTBEeHHOTO si3bika (NLP),
MHoOTOs13b14HbIE T1aT(opmbl, Tpancopmepsl, BERT, GPT, kpocc-muHIrBUCTHYECKHI
TpaHc(ep, MalIMHHOE 00y4eHne, BEKTOpHbIE BiIokeHus (embeddings).

[IpoGnema aBromaTu3alu OOPAOOTKHM €CTECTBEHHOTO S3bIKa B YCIOBHSIX
MHOTOSI3bIUMSI  SIBJIICTCS ONHOW U3 HAmOOJIee CIIOXKHBIX M TPUOPUTETHBIX 3ajay
COBPEMEHHOMN BBIUYMCIUTEIbHON JIMHIBUCTUKH, HAXOJSAIICHUCS HA CTHIKE KOTHUTHBHBIX
HayK, MaTeMaTU4YEeCKON CTaTUCTUKU U WH)XKECHEPHUHU JaHHBIX. TpagullMOHHBIE METOBI
NLP, onupagiuecst Ha K€CTKO 3aJJaHHbIE MPaBUIa TPaMMaTUKA U MOPGOJIOTHIECKUE
CJIOBapH, JEMOHCTPUPOBAIHM KaTaCTPO(PHUUECKYIO MOTEPI0 TOYHOCTH MpPH IMEpPEHOCE
MEXY S3BIKOBBIMU TPYIIIAMHU, YTO JI€JIaJI0 HEBO3MOXKHBIM CO3/IaHUE MO-HACTOSIIEMY
100anbHBIX MIaTGopM. PeBOMIONMOHHBIN CABUT B JAHHON 0OJacTH MPOU3OLIEN C
BHEJIPEHUEM HCKYCCTBEHHBIX HEUPOHHBIX CETEH, KOTOphIC MO3BOJIMINA TMEPEHUTH OT
JMCKPETHOTO TIPE/ICTABICHUSI CHMBOJIOB K HEIIPEPHIBHBIM BEKTOPHBIM ITPOCTPAHCTBAM.
Teopetuueckas 0OCHOBa 3TOr0 Iepexoja 0a3upyercs Ha AUCTPUOYTUBHOM THIOTE3E,
COMIACHO KOTOPOH CJIOBA, BCTPEUAIOIIHUECS B CXOXKUX KOHTEKCTaX, UMEIOT OJU3KUE
3HAYEHUS.

Pa3Butne texnomoruii BekropHoro BioxkeHus (word embeddings), Takux Kak
Word2Vec u FastText, 3anoxmio gyHIaMeHT 11T MHOTOSI3IYHON 00pabOTKH, OTHAKO
NOJ/UTMHHAST ABTOMATH3allMsl CTajla BO3MOKHOW JIMIIb C TOSBICHUEM TITyOOKHX
aApPXUTEKTYP, CIIOCOOHBIX YUUTHIBATH JIOJITOCPOYHBIE 3aBUCUMOCTH U KOHTEKCTYaJIbHbIE
HIOAHCHI. B KOHTEKCTE MHOTOSI3BIUYHBIX IIaTGopM poiib HEHPOHHBIX CeTel
3aKJIIOYA€TCd B CO3JIaHMM €IMHOTO PENpPEe3CHTATUBHOTO MPOCTPAHCTBA, Tl
CEMaHTUYECKUE EIUHUIBI PA3IUYHBIX S3BIKOB OTOOPAX)aIOTCA B COMOCTABUMBIE
BEKTOPBI, YTO MO3BOJISIET AITOPUTMY «IIOHMMATh)» CMBICI COOOIICHHS HE3aBUCUMO OT
€ro JJUHIBUCTUYECKON 00O0JIOUKHU.

[IpakTueckoe 3Ha4€HHWE WCIOJIb30BaHUS HEWpPOHHBIX certed B NLP ceromns
OXBaTHIBAET BCE ACTICKTHI (DYHKIIMOHUPOBAHUS TII00ATBHBIX ITUPPOBBIX IKOCUCTEM: OT
ABTOMATUYECKOrO MEPEeBOJa IMOJIb30BATEIBCKOIO KOHTEHTA B COIMAJBHBIX CETAX 0
(YHKIMOHUPOBAHUSI ~ TPAHCHALIMOHAJIBHBIX  CIYXKO  MOAJEpKKM  Ha  0aze

MHTEJUIEKTyaIbHBIX 4aT-00TOB. OIHAKO COBpPEMEHHbIE TPEOOBaHUS K KayeCTBY
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00pabOTKM sI3bIKa BBIXOMAT JaJ€KO 3a pPaMKU MPOCTOrO IMOCIOBHOIO TEPEBOJA.
NuHoBammonHast ujes, mOpeajaraeMas B JaHHOM HCCJIEIOBAHUM, 3aKIIOYACTCS B
pa3paboTke apXUTEKTYpP C «TUHAMHUYECKUM KpPOCC-TMHT BUCTHYCCKUM
BBIPAaBHUBAaHUEM.

HoBusna 3TOro moaxoga COCTOMT B HMCHOJIB30BAHUM MEXaHW3MOB BHUMAHUS
(Attention mechanism) He TOJbKO BHYTPH OJHOTO $3bIKa, HO M KaK MHCTPYMEHTa
MIOWCKA MEXKbSI3BIKOBBIX HMHBAPUAHTOB. ITO OTKPBHIBAET IEPCHEKTUBY Pa3BUTHS
CHUCTEM, CIIOCOOHBIX K «0Oy4eHHIO 0€3 yuduTens» Ha S3bIKax C OTrpaHUYEHHBIMU
pecypcamu (low-resource languages). B pamkax 3Toil KOHIIENIIMKU HEHPOHHAs! CETh,
oOyuyeHHas Ha TMTAaHTCKUX MAcCCUBaX JAHHBIX aHTIIMHUCKOTO WJIM KHTAHCKOTO S3BIKOB,
CrocOOHAa TEPEHOCUTh CTPYKTYPHBIE M CEMAaHTUUECKWE 3HAHUSA Ha S3BIKU MallbIX
HApOJIOB, MCTOJB3YS JIMIb HEOOJNBIINE OOBEMbI HEMapaJIeIbHBIX TEKCTOB. Takoid
nyTh  peaJi3allid  aBTOMATH3allUd  TIO3BOJISIET  MPEOJOJIETh  «IIH(POBOMA
JUHTBUCTUYECKUN pa3pbiB», oOecreunBas paBHbIM JOCTYN K HH(POPMAIMOHHBIM
TEXHOJIOTHSIM ISl HOCUTEJIEH JIFOOBIX HApEUHii.

ApryMEeHTUPOBaHHbBIE PACCYXJCHHS B TMOJIb3y NMPEBOCXO/ICTBA HEMPOCETEBBIX
MoJielel HaJl KIACCMYECKUMM aJTOPUTMaMHU TMOATBEPKIAIOTCA TpUYM(DaIbHBIM
pacripocTpaHeHueM apxuTekTypbl Transformer. BHenpenue Takmx MojesneH, Kak
mBERT (multilingual BERT) u XLM-R, mokazaso, uro npenooydenue Ha 100 u 6omee
A3bIKaX OJHOBPEMEHHO HE TOJIbKO HE CHIDKAET TOYHOCTh Ha Ka)JIOM KOHKPETHOM
S3BIKE, HO M co3AaeT AP (PEeKT MOoNOKUTENBHOTO TIepeHoca 3HaHui (transfer learning).
HeiiponHast ceTh BBISIBISIET OOIIME rpaMMaTHYECKUE CTPYKTYPHI U JTOTUYECKHE CBSI3H,
XapaKTepHBIE JIJIS1 YEIIOBEYECKOTO MBITINICHUS B IIEJIOM.

Hampumep, mpu pernieHnn 3aa4qu onpeneeHus: TOHAJTbHOCTH TeKcTa (sentiment
analysis) mMonenb, 0Oy4eHHass Ha MCIAHCKOM $SI3BIKE, MOXKET C BBICOKOH TOYHOCTHIO
KJIacCU(DHUIIMPOBATH OT3BIBBI HA TYPKMEHCKOM WJIM CyaXWJIH, JJaXKe €CIIM OHAa HUKOT/A
HE BHUJENA pPa3MEUCHHBIX JaHHBIX Ha JTHX s3bIKaX. Teopermueckas 0aza 3TOro
deHomenHa JIKUT B (DOPMUPOBAHWN BHYTPHU CKPBITHIX CIIOE€B CETH YHHUBEPCAIBLHOUN
rpaMMarHvKy, MpeackazaHHord eme Hoamom XoMCkrMM, HO peain30BaHHOM 4epe3

Mar€MaTn4cCKHUEC BC€Ca U (I)YHKLII/II/I AdKTHUBalluH. I/IHHOBaHI/IOHHBIM BCKTOpPOM 31€Ch
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CTAHOBHTCS MCIIOIB30BaHNE TeHEPATHBHO-COCTsA3aTeNbHBIX ceTel (GAN) mist cuaTe3a
oOy4aromux JaHHBIX IS PEIKUX JHAJICKTOB, YTO TIO3BOJISICT HCKYCCTBEHHO
PaCIIMPATH TUHTBUCTUIECCKYIO 0a3y Mm1aTdOpMEI.

BaXHBIM acmeKTOM MHOTOS3BIYHONM aBTOMATH3allMM SBISETCS Mpoliema
KOHTEKCTYaJIbHOM MHOTO3HAaYHOCTH W KYJIBTYpHBIX OcoOeHHocTtell (cultural bias).
HelipoHHBIE CE€TH TMOCICIHETO TOKOJICHHSI PEIIAlOT 3Ty 3ajady 4Yepe3 BHEAPCHHUC
«CJTIOCB aJIaNTalii», KOTOPhIC MO3BOJISIOT TOHKO HACTPaWBaTh TIOOATBHYO MOJICIb
10J] CTICIM(UKY KOHKPETHOTO pErHOHa 0€3 HeOOXOIMMOCTH TIEPeOOyUCHUS BCEH CETH.
[TpakTuyeckas peanusamnusi 3TOr0 MyTH MPEArioiaraeT co3gaHue MOayinbHbIX NLP-
cucteM, TA¢ 0a30BO€ CEMAHTHYECKOE SIPO  OCTAeTCS  HEU3MCHHBIM, a
JUHTBUCTHUYCCKHC HAJCTPONKHA MEHSIOTCS JUHAMUYCCKHA B 3aBUCHMOCTH OT JIOKAITUN
IOJIb30BaTENsl. DTO PaJUKaJbHO CHUYKACT BBIYMCIIMTENIBHBIC 3aTpaThl M IO3BOJISCT
pa3BepThIBATh MOIIHBIC SI3BIKOBBIC MOJEINM Ha MEepUPEPUHHBIX yCTPONCTBAX.
HccnenoBanus B obmactu auctumissuuu Moxaenei (model distillation) mokaswiBaror,
9TO CXKarble HEWpPOHHBIE CceTH coxpaHsioT 10 $95\%$ TouHOCTH CBOMX
MOJTHOPA3MEPHBIX aHAJIOTOB, YTO JeNlaeT MHOros3eiuHbli NLP noctynabiM anis
MOOMITEHBIX MTPUIIOKEHHUI B pErHOHAX C HECTAOMIBLHBIM UHTEPHET-COCITUHEHUEM.

PaccmarpuBasi mepcneKkTUBY pPa3BUTHS TEMbl, HEOOXOIMMO OTMETHUTH POJIb
HEHPOHHBIX ceTell B 00paboTke cMmemaHHOro si3bika (code-switching), urto kpaiiHe
aKTyaJIbHO JIJIS COBPEMEHHBIX MHOTOS3BIYHBIX COOOIIECTB, TJ€ MOJIb30BATEIN YaCTO
MEPEXOAT C OHOTO SI3bIKA Ha IPYTOM B paMKax OTHOTO MpeaioKeHus. TpaIuiinoHHbIe
CUCTEMBI JJAIOT COOM B TAKUX CIICHAPHX, B TO BpeMs KaKk HEMpOHHBIE CeTH, Omaronaps
CBOEH CIOCOOHOCTH K paboTe ¢ BEKTOPH3OBAHHBIMH TOCIIEIOBATEIIBHOCTSAMH, JIETKO
CIPABIISAIOTCS C TIEPEKITIOUYEHUEM KOHTEKCTA.

Bynymiee MHOTOS3BIMHBIX TUIATGOPM BHIUTCS B CO3MAHUM «MYIBTUMOJATBHBIX
JUHTBUCTUYECKUX areHTOB», KOTOPhIE MHTETPUPYIOT TEKCTOBYIO WH(GOPMAIUIO CO
3BYKOBBIMH W BU3yaJIbHBIMU JaHHBIMH, 0OecTieurnBasi OECIIOBHYI0 KOMMYHHKAITUIO B
BUPTYaJlbHOM W  JIOTMIOJHEHHOW  peanbHOCTH. TeopeTrnyueckass  3HAYUMOCTh
MPEICTABICHHBIX PACCYKICHUIN 3aKIIF0UaeTCs B 00OCHOBAHUM TOTO, YTO HEHPOHHBIE

CEeTU SABIAIOTCA HE MPOCTO HHCTPYMEHTAaMU OOpabOTKH CTPOK, a CIOKHBIMU
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KOTHUTUBHBIMU CUCTEMaMH, CIIOCOOHBIMU K aOCTparMpoBaHUIO CMbICTA OT (HOPMBI
BBIpaKCHUSI.

B 3akmroueHue cruenyer MNOAYEPKHYThb, UYTO pOJIb HEWPOHHBIX CETEU B
aBromaruzanuu NLP 118 MHOTOSI3BIYHBIX TUIAT(OPM SIBISETCS OMpPENEISIOnie aJist
dbopmupoBaHuss ~ MIO0ANbHOrO  WH(OPMAIMOHHOTO  OOIIECTRA. Cuneprus
ApXUTEKTYPHBIX WHHOBAIlMH, TaKUX Kak pa3pexkeHHble TpaHchopmepnl (Sparse
Transformers), 1 HOBBIX METOZIOB OOyUEHUS O€3 yUUTENSI OTKPBIBAET MYTh K CO3aHUIO
CUCTEM, TOHHMMAIOIIUX YEJOBEUYECKHH S3bIK BO BCEM ero MHorood6pasuu. IlyThb
peanu3aiyy TaKuX CUCTEM JICKHUT Yepe3 MEXKITYHAPOIHOE COTPYIHUIECTBO B 00JaCcTU
cOopa OTKpBITBIX JIaTaCeTOB U Ppa3pabOTKH ATUYECKUX (PpEeUMBOPKOB st
npenoTBpainienus npeas3stoctu M.

[IpakTudeckass IEHHOCTh MpeJjlaraéMbIX B CTaThe HJECH 3aKIO4YaeTcs B
BO3MOKHOCTH CO3/IaHUSI YHHBEPCAJIBbHBIX KOMMYHHUKAITMOHHBIX MOCTOB, KOTODBIC
CHENIal0T SI3bIKOBOM Oaphep apxam3moM mporuioro. HelipoHHble ceTH HE MPOCTO
aBTOMAaTH3UPYIOT IEPEBOJ] — OHU CO3/IaI0T HOBYIO Cpery OOUTaHUS ISl YEJIOBEUECKOU
MBICIIM, The uHMOpMaIMs Te4eT CBOOOJHO, HE OrpaHUYMBAACH paMKaMUu
HAllMOHAJIbHBIX SI3BIKOB, YTO SBJIETCS BBICIIUM JIOCTHKEHHEM COBPEMEHHOMU
MIPUKJIATHON HAyKH.
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Abstract

The increasing urbanization and rapid growth in vehicle ownership have
intensified the demand for efficient parking management systems. Traditional
parking infrastructures are often inefficient, leading to congestion, increased fuel
consumption, and environmental degradation. This paper presents the design and
animation of a modernized digital car parking facility that integrates smart
technologies, including Internet of Things (IoT), real-time data processing, and
automated control systems. The study outlines system architecture, simulation
methodologies, and visualization techniques used to model parking operations.
Furthermore, it evaluates the effectiveness of digital parking systems in improving
space utilization, reducing search time, and enhancing user experience. The findings
suggest that combining intelligent algorithms with animated simulation provides a

robust framework for optimizing parking infrastructure.

1. Introduction

Urban mobility challenges have become a central issue in modern cities, with
parking inefficiency being a major contributor to traffic congestion. Conventional
parking systems lack real-time monitoring, automation, and user-centric design. As a
result, drivers often spend significant time searching for available parking spaces.

The emergence of smart city technologies has enabled the development of

digital parking facilities that utilize sensors, communication networks, and intelligent
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control systems. This paper focuses on the design and animation of such a system,

emphasizing both functional architecture and visual simulation.

2. System Architecture of Digital Parking Facilities
2.1 Hardware Components

A modern digital parking system typically includes:

. Ultrasonic or infrared sensors for vehicle detection
. Microcontrollers and embedded systems

. Cameras for license plate recognition

. Digital displays for real-time information

These components work together to detect occupancy and communicate data to
central servers.

2.2 Software Framework

The software architecture consists of:

. A central management system (CMS)

. Cloud-based data storage

. Mobile and web applications for users

. APIs for system integration

The system processes real-time data to update parking availability and guide
users efficiently.

2.3 Communication Protocols

Wireless communication technologies such as Wi-Fi, Bluetooth, and LPWAN
enable data exchange between sensors and servers. Reliability and low latency are

critical for real-time operations.

3. Animation and Simulation Design

3.1 Role of Animation in System Development

Animation plays a crucial role in visualizing system behavior before physical
implementation. It allows designers to:

. Model vehicle movement
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. Simulate entry and exit flows

. Identify bottlenecks and inefficiencies

3.2 Simulation Tools and Techniques

Modern simulation environments use 3D modeling and real-time rendering
engines to create interactive parking scenarios. Parameters such as vehicle arrival
rates, parking duration, and traffic flow can be adjusted dynamically.

3.3 User Interface and Visualization

Graphical user interfaces (GUIs) display parking layouts, occupancy status,
and navigation paths. Animation enhances user understanding by providing intuitive

visual feedback.

4. Intelligent Algorithms for Parking Optimization

4.1 Space Allocation Algorithms

Optimization algorithms assign parking spaces based on proximity,
availability, and user preferences. Techniques include:

. Greedy algorithms

. Genetic algorithms

. Machine learning models

4.2 Traffic Flow Management

Simulation models help regulate vehicle movement within parking facilities,
minimizing congestion and wait times.

4.3 Predictive Analytics

Predictive models use historical data to forecast parking demand, enabling

proactive management and dynamic pricing strategies.

5. Integration with Smart City Infrastructure
5.1 IoT and Real-Time Monitoring
loT-enabled devices provide continuous data streams, allowing centralized

monitoring and control of parking operations.
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5.2 Mobile Applications

Users can locate available parking spaces, reserve spots, and make payments
through mobile applications, enhancing convenience.

5.3 Sustainability Considerations

Smart parking systems reduce fuel consumption and emissions by minimizing
search time. Integration with electric vehicle (EV) charging stations further supports

sustainability goals.

6. Challenges and Limitations

6.1 Implementation Costs

The deployment of smart parking infrastructure requires significant initial
investment in hardware and software.

6.2 Data Security and Privacy

Handling user data and vehicle information raises concerns about cybersecurity
and privacy protection.

6.3 System Scalability

Ensuring system performance in large-scale deployments remains a technical

challenge.

7. Case Study Approach (Optional Extension)
Future research may include simulation-based case studies of urban parking
facilities, comparing traditional and digital systems in terms of efficiency, cost, and

environmental impact.

8. Conclusion

The design and animation of a modernized digital car parking facility represent
a significant advancement in urban infrastructure management. By integrating loT
technologies, intelligent algorithms, and simulation-based design, such systems can
greatly enhance efficiency and user experience. Animation serves as a powerful tool

for system validation and optimization, enabling developers to refine designs before
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real-world implementation. Continued innovation in this field will contribute to

smarter, more sustainable urban environments.
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Abstract

The integration of interior design and digital animation has become
increasingly significant in the development of contemporary educational
environments. This study presents the conceptualization, design, and animation of the
“Bagtyyar Zaman” Education Center, focusing on user-centered spatial planning,
aesthetic coherence, and advanced visualization techniques. The project combines
principles of modern interior architecture with 3D animation tools to simulate
functional and experiential aspects of the space prior to physical implementation. The
findings demonstrate that the use of digital animation enhances design accuracy,
stakeholder communication, and user experience optimization in educational

facilities.

1. Introduction

Educational environments play a crucial role in shaping cognitive engagement,
creativity, and overall learning outcomes. Modern education centers are expected to
provide flexible, inclusive, and technologically enhanced spaces that support diverse
pedagogical approaches.

The “Bagtyyar Zaman” Education Center project aims to integrate
contemporary interior design principles with advanced animation techniques to create

a dynamic and efficient learning environment. This paper explores the design
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methodology, spatial organization, and the role of animation in visualizing and

optimizing the interior space.

2. Design Concept and Philosophy

2.1 Human-Centered Design Approach

The design prioritizes the needs of students, educators, and administrative staff.
Ergonomics, accessibility, and psychological comfort are key considerations in
shaping the interior environment.

2.2 Spatial Identity and Aesthetics

The center’s design reflects a modern, minimalist aesthetic combined with
culturally relevant elements. The use of neutral color palettes, natural materials, and
balanced lighting contributes to a calm and productive atmosphere.

2.3 Functional Zoning

The interior is divided into distinct functional zones:

. Classrooms and lecture halls

. Collaborative learning spaces

. Administrative offices

. Recreational and relaxation areas

Each zone is designed to optimize usability and spatial efficiency.

3. Interior Design Elements

3.1 Lighting Design

Both natural and artificial lighting are strategically integrated to enhance
visibility and comfort. Large windows maximize daylight, while LED systems
provide energy-efficient illumination.

3.2 Furniture and Ergonomics

Furniture selection emphasizes flexibility and adaptability. Modular desks and

seating arrangements support both individual and group activities.
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3.3 Materials and Textures
Sustainable and durable materials are used to ensure longevity and
environmental responsibility. Textural variation adds depth and visual interest to the

interior spaces.

4. Animation and Visualization Techniques

4.1 Role of 3D Animation in Interior Design

3D animation enables designers to create realistic simulations of interior
spaces, allowing stakeholders to experience the environment before construction.
This reduces design errors and improves decision-making.

4.2 Software and Tools

The animation process typically involves:

. 3D modeling software (e.g., Blender, 3ds Max, SketchUp)

. Rendering engines for photorealistic visualization

. Real-time engines for interactive walkthroughs

4.3 Walkthrough and User Experience Simulation

Animated walkthroughs simulate user movement within the space,

demonstrating circulation paths, lighting dynamics, and spatial relationships.

5. Integration of Technology in Educational Spaces

5.1 Smart Classroom Features

The design incorporates digital boards, projection systems, and wireless
connectivity to support modern teaching methods.

5.2 Acoustic Optimization

Sound-absorbing materials and layout planning reduce noise levels, ensuring
an effective learning environment.

5.3 Safety and Accessibility

The design adheres to safety regulations and accessibility standards, including

emergency exits and barrier-free access.
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6. Benefits of Animation in Design Validation

Animation provides several advantages:

. Early detection of design flaws

. Enhanced communication with clients and stakeholders
. Improved spatial understanding

. Cost and time efficiency in project development

7. Challenges and Considerations

7.1 Technical Complexity

Creating high-quality animations requires advanced technical skills and
computational resources.

7.2 Cost Implications

The use of professional software and rendering tools may increase project
costs.

7.3 Balancing Aesthetics and Functionality

Designers must ensure that visual appeal does not compromise usability and

practicality.

8. Conclusion

The integration of interior design and animation in the “Bagtyyar Zaman”
Education Center demonstrates the potential of digital tools in enhancing
architectural design processes. By combining human-centered design principles with
advanced visualization techniques, the project achieves a functional, aesthetically
pleasing, and technologically advanced educational environment. Future
developments in virtual reality and interactive design are expected to further

transform the field of interior architecture.
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«KOMIIBIOTEPHBIE TEXHOJIOI'MU: COBPEMEHHOE COCTOAHUE U
HNEPCIIEKTUBbBI PA3BUTUS»

AHHoOTanusA: B gaHHOW cTarbe paccMaTpUBAIOTCS KIIIOUEBBIE HAIPABICHUS
Pa3BUTHS KOMIILIOTEPHBIX TEXHOJIOTHI B COBPEMEHHOM MUPE: 00JIauHbIe BEIYMCIICHHUS,
UCKYCCTBCHHBIM HWHTEJUICKT, KBAaHTOBbIE KOMIIBIOTEPHl U KHOEpOE30MacHOCTb.
AHanM3UpyOTCS HMX BIUSHUE HA HAyKy, DKOHOMUKY M TIOBCEIHEBHYIO >KU3Hb.
OO6Cyx1aroTcsi ATUYECKUE BBI30BBI U MEPCIIEKTUBBI JATbHEHIIIETO pa3BUTHS.

Kurouesnblie ciioBa: KoMIblOTEpHBIE TEXHOJIOTHH, HCKYCCTBEHHBIA MHTEILIEKT,
oOJayHble BBIYMCIICHHS, KBAHTOBBIM KOMIIbIOTEp, KHOepOe30macHOCTh, OOJIbIINE
na"uele, THTepHET Benen.

1. BBenenue
KomnbproTepHble TEXHOJOTHH 32 MOCJIEIHUE MOJIBEKA MPOILLIM MyTh OT TPOMO3JIKHUX
OBM 10 MUHHATIOPHBIX YCTPOMCTB, MPOHUKIIKX BO Bce chepbl KU3HU. CeromHs oHU
OTIPEICNIAIOT PAa3BUTHE DKOHOMHKH, MEIUIIMHBI, OOpa30BaHUS M TPOU3BOJCTBA.
[udposas TpanchopMmalius craa raBHbIM apaiBepoM nporpecca XXI Bexka.

2. OCHOBHBIE COBPpEMEHHbIEC HATIPABJICHUS

Obnaynvie 8bIYUCTICHUS (Cloud Computing):
Oo6naunpie miatrgopmel (AWS, Microsoft Azure, Google Cloud) mpemocrapustoT
BBIYHCIUTEIBHBIE PECYypChl 1O TpeOoBaHHWIO 0€3 TOKYNKH COOCTBEHHOTO
o0opymoBaHMs. JTO  TO3BOJMJIO  CTapralaM ®  KPYIHBIM  KOPIIOPAIHsIM
Macitabuposath [T-undpactpykrypy mMruoBenHo. Moaenu: laaS (undpactpykrypa

Kak yciyra), PaaS (mnardopma kak yciyra), SaaS (mporpamMmMHoe oOecrieueHHe Kak

yciyra).
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Hckyccmeennvlil UHMeLeKm u MawuHHoe obyuenue:
Heiipocetn u anroput™sl riry00KOT0 00ydeHUs paclO3HAIOT H300paKeHNUs, TIEPEBOSIT
TEKCThI, YMPABISAIOT OCCHIIOTHBIMA aBTOMOOWISAMH U CTaBiIT MEIUITUHCKUC
nuarao3pl.  KiroueBble  apXuTeKTypwl: cBEprouHble Hedpocetm (CNN) s
KoMmnbloTepHOoro  3peHusi, Tpanchopmepsl (BERT, GPT) nana oOGpabotku
€CTECTBEHHOTO S3bIKA.

Keanmogvie KOMNbIOmMepbl:
Hcrionb3yroT NPUHIHKIBI CYMEPIO3UIMA W 3allyTaHHOCTH KyOWTOB. KBaHTOBBIN
KOMIIbIOTEp crocoOeH pemarb 3aaaud  (pakropusamuss  OONBIIMX — YHCEI,
MOJICIMPOBAaHUE CIOKHBIX MOJIEKYI), KOTOpbIe KiaccuuecknMm DBM morpeboBanu Ob
MUUTHOHOB JieT. OcHoBHBIe Urpoku: Google (Sycamore), IBM (Quantum Eagle),
KHUTANCKHE UCCIIE0BaTEIbCKHUE IIEHTPHI.

Hnmepnem sewyell (loT):
Musuinapabl JaTYMKOB B YMHBIX JIOMaX, MIPOMBIIIEHHBIX YCTaHOBKAX, aBTOMOOMIISIX
¥ HOCHUMBIX YCTPOMCTBAX COOMPAIOT U OOMEHUBAIOTCA TAHHBIMHU. JTO CO3AaET OCHOBY
JUTSL «yMHBIX TOPOJIOB» (onTHUMH3alUs Tpaduka, sHEprocoepekeHue, 0e30MacHOCTh) U
npombiluieHHOCTH 4.0.

Kubepbezonacnocmu:

C poctom mudpoBu3auu pactyT U KuOepyrpo3bl. COBpeMEHHbIE METObI 3aIIUThHI
BKJIFOYAIOT MHOTO(AKTOPHYI0 ayTeHTU(DHKAIIMIO, OHUOMETPHIO, OJOKYCHH IS
HEU3MEHSIEMBIX JIOTOB, TTOBEICHUCCKUI aHAIN3 U CUCTEMbl OOHAPYKEHUSI BTOP>KEHUN
Ha ocHoBe M.

3. Buusinue Ha KJIK0YeBbIe c(hepbl

. Meouyuna: Tenemenunuaa, uudpoBasi NaATOIOTHUS, TEPCOHAIBHBIC
MEIUIIUHCKHE TTOMOIIHUKHN Ha ocHOBe M.

. Obpazosanue: OHIIAWH-KYPCHI, BUPTyaJIbHBIE 1a00paTopru, aJanTHBHBIC
CUCTEMBI OOYUEHHUSI.

. lIpomvruwnennocms: LludpoBsie NBOMHUKH, pOOOTU3UPOBAHHBIE JTUHUH,

NPpCAUKTHBHASA aHAJIUTHKA II0JIOMOK.

139



. banxku u ¢unancer: BeicokouacTOTHasE TOProOBIIsl, CKOPUHT KJIMEHTOB,
KPUIITOBAIIOTHI U CMapPT-KOHTPAKTHI.

4. ITHYeCKHE H COLNAIbHbIE BbI30BbI

. [IpoGnema «1uppoBOro pazpbiBay — HEPABHBIN JTOCTYH K TEXHOJIOTHUSAM
MEXIY Pa3BUTHIMU U PA3BUBAIOIIMMHUCS CTPAHAMH, MEX]Ly TOPOJIOM U JIE€PEBHEN.

. KonpuaenuuanbHoCcTh  JaHHBIX:  cOOp  JMYHOM  MHpOpMaUUU
KOpPIOpalUsIMH U MPABUTEICTBAMHU.

. ABTOoMaTu3anus Tpyaa U KICUE3HOBEHHE psijia Mpodeccuid.

. [Ipens3srocts anroputmoB MU (bias), cBsi3aHHas ¢ HEKaueCTBEHHBIMU
00y4JaronuMu TaHHBIMH.

5. bynymee komnbroTepHbIX TexHoaoruii (2030-2050 rr.)

OumaroTcs Cleayrome NpOpPbIBLI:

. KBanTOBOE MPEeBOCXOJCTBO B MPAKTUUECKUX 3a/]auax.

. Heiipomopdubsie  mporieccopbl,  UMUTHpyIolue  paboTy  Mo3ra
(aHepromnorpebiieHre B MIJIJTHOHBI Pa3 HUKE KIACCUYECKUX).

. MaccoBoe BHeapenue 6G (TepabuTtHbie ckopocTu, uHTerpanus ¢ 1oT).

. YeroitunBblie (3€7EHBIC) BBIUMCICHUS [JIS COKpALIECHUS YIJIEPOIHOTO
caena I'T-orpacnu, KOTOPBIM CErOIHS CPABHUM C aBHAIIEPEBO3KAMMU.

6. 3akirouenne
KomnproTepHble TEXHOIOTUU MTPOAOJIKAIOT SKCIIOHEHIIMAIBHO PAa3BUBATHCS IO 3aKOHY
Mypa (xoTss oH 3amenisiercs). Mx mampHeHmmii mporpecc TpeOyeT HE TOJIBKO
WHXCHEPHBIX TAJIAHTOB, HO U 3THYECKON PEryisluU. TeXHOIOrMU OyAyIIEro JOJKHbI
OBITh TOCTYITHBIMU, O€30MTACHBIMH U CIYKUTh YEJIOBEUECTBY, a HE 3aMEHSThH €TO.

Jlureparypa:

1. Tanebaym 3., boc X. CoBpeMeHHbIE OnepaliOHHbBIC CUCTEMBI. 4-€ U3/I.
CII6.: ITutep, 2019.

2. I'yndennoy S., benmxuo U., Kypeumis A. I'mybokoe odyuenue. M.:
JAMK Ilpecc, 2018.

3. Hunbcen M. KBaHTOBBIE BBIUMCIICHHUS: TPAKTUYECKUAN OAXO0A. M.:

MLIHMO, 2020.
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4. Paccen C., Hopsur 11. IckyccTBEHHBIN MHTEIUIEKT: COBPEMEHHBIN
noaxon. 4-e u3a. M.: Bunbsamc, 2021.
5. naiiep b. [Ipuxnannas kpuntorpadus. IIpoTokosnsl, alropuTmsl,

MCXO/HBIE TEKCThI Ha si3bike Cu. M.: Tpuymd, 2018.
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Ceenenusi 00 aBrope(-ax): Xauwmiesa Caoan, Ilpenooasamenv xaghedpwi
MEOUYUHCKOU PU3UKU U UHDOPMAMUKU.

T'ocyoapcmeennozo meouyunckozo Yuueepcumema Typxmenucmana umena Meipama
Tappuiesa.

Awxabao, Typkmenucmarn

«KOMIIBIOTEPHBIE TEXHOJIOI'NU: APXUTEKTYPA, 9BOJIOLUA U
BBIYUCJ/IMTEJIBHBIE ITAPA/IUT'MBD»

AHHoOTaumsi: B crarbe paccMaTpuBacTCS  DBOJIONUS  KOMITBIOTCPHBIX
TEXHOJIOTHH OT aHAJIOTOBBIX BBIYHMCIUTEIICH 10 COBPEMEHHBIX ITU(PPOBBIX CHCTEM.
Ananu3upyrorcss  (QyHJAaMEHTAJIbHBIC  TPUHIOMIBI  00paboTKM  WHGOPMAIIWH,
ApPXUTEKTYPhl BBIUMCIUTCIBHBIX CHCTEM W WX POJb B HAYYHBIX HCCIICIOBAHUSX.
Oco0oe BHUMaHUE YIEISIETCsI BOIPOCaM MPOU3BOAUTEILHOCTH, MACIITAOUPYEMOCTH U
OTPaHUYCHHSIM COBPEMEHHBIX KOMITBIOTEPOB.

KiroueBbie cioBa: KoMmbprOTepHBIE TEXHOJIOTHUH, BBIYUCIUTEIBHBIC CHCTEMBI,
apxuTekTypa ¢oH HeiimaHa, mapajienbHbIC BBIYMCICHHS, MPOU3BOIUTEIEHOCTD,
MacITabupyeMoCTb.

1. BBenenue
KoMIbroTepHbIE TEXHOIOTHH MPECTABISIIOT COO0H COBOKYITHOCTH METOIOB M CPEIICTB
JUISL  aBTOMATW3allMi  TMPOIECCOB cOopa, XpaHEeHHs, oO0paboTKM U Tepenadu
uHdopmanuu. VX pazBuTHe OMpPENEIHIo Iepexo] OT MHAYCTPUATILHOTO O0IIecTBa K
uHdpopmanioHHoMy. B ocHOBe 000  KOMIIBIOTEpPHON  CHCTEMBI  JIeKar
dbyHIaMeHTalbHbIe MPUHIIUAIIBI JUCKPETHOW MaTEMATHKH U TEOPUHU aITOPUTMOB.

2. ApXxMTEeKTypHbI€¢ OCHOBBI

Knaccuueckas apxutektypa ¢on Heilimana BKIIO9aeT TpU  KITFOUEBBIX

KOMITOHEHTA

. [Tponieccop (apudmeTUKO-IOTUUECKOE YCTPOMCTBO +  yCTPOUCTBO
yIpaBJiIeHUs).

. [TaMAaTh (XpaHUT KOMaH/IbI U TAHHBIE B €IMHOM aIPECHOM MTPOCTPAHCTBE).
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. CucreMa BBOJIa-BBIBO/A.

[IpyHIIMIT XpaHUMOW MOpPOrpaMMbl O3HAYAET, YTO U JAHHBIC, U WHCTPYKLUUH
3arpy;kKaroTcs B MaMsTh Iepej]] BBIMOJHEHUEM. JTO olecrneunBaeT THMOKOCTh, HO
CO37aET «y3K0€ TOPJIBIIIKO» — IIMHY MEXKIy MPOIIeCCOPOM U aMsThio (von Neumann
bottleneck).

AJNBTEpHATUBHBIC APXUTEKTYPHI:

. I"apBapnackast (pa3nenbHas TaMsITh KOMaH]T U IAHHBIX) — HUCTIOJIb3YeTCs B

DSP u MukpokoHTpoIiepax.

. [TorokoBas (dataflow) — BbINOJHEHUE HHCTPYKUUH IO TOTOBHOCTH
OIEpPaHIOB.
. Marpuynas (SIMD) — onHa komaH1a 00padaThIBAET MHOYKECTBO JaHHBIX

(rpaduyeckuie mpoIeccopsl).

3. DBOJIIOIUA BLIYMCIUTEILHBIX CHCTEM

[Toxonenue OnemeHTHas 6a3a XapakTepuCTHKU

I (1940-¢) DNEKTPOHHBIE JTAMITbI ENTAC, Hu3kast HaI€KHOCTD

II (1950-¢) Tpan3ucTopsl Menb1ie pa3mep, TEIIO0

T (1960-¢) HNuTterpanpHble  CXEMBI IBM/360, yauduxarus
(HC)

IV (1970-¢) Bbonemme UC (BUC) Muxkponporeccopsl, epcoOHaIbHbIE

[K

vV  (1980-e- Caepx0Oonbliue ncC MHOrosi1IepHOCTb, MOOUITEHBIC

(CBUC) yCTpOMCTBa

3akoH Mypa (yaBoeHME 4YHCIIa TPaH3UCTOPOB Kaxaple 18-24 wmecsua)
nevictBoBas 10 ~2020 roma. CerogHsi HAOMIOMAETCS 3aMEICHHE W3-3a (PU3UUECKUX
OrpaHUYEHUi (pa3Mepbl TPAH3UCTOPOB NMPUOIUKAIOTCS K aTOMAPHBIM — ~3 HM).

4. IlapaJiesabHbIe U pacnpeae/IéHHbIe BbIYNCICHUSA

OpnHosiiepHbIe TPOLIECCOPHI TOCTUIIIH Mpeeaa TakToBoil yactotsl (5 ') us-
3a YHEPronoTpeOIeHNS 1 TeTUIOBBIACICHU. JlaTbHEeUIIIii POCT MPOU3BOAUTEIBHOCTH
JIOCTUTAETCS uepes:

. MHuorosinepuoctsb (2—128 sinep B CPU).
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. Muoronorounoctb (Hyper-Threading, SMT).

. BekTopubie nnctpyknuu (AVX, NEON).

. I'ereporennsnie Borunciaenusi (CPU + GPU + NPU).

Pacnpenenénnsie  cuctembl  (KJIAacTephl, TPHUA-BBIYHUCICHHS) IMO3BOJSIOT
OOBEIUHATh THICSYH OTACTBHBIX KOMITBIOTEPOB ISl PEHICHHs 3ajad, TPeOyIOIMIMX

OIPOMHBIX PECYpPCOB:

] MOI[eJII/IpOBaHI/Ie KJIMMara.
] AHann3 TeHOMHBIX JaHHBIX.
] 33}:[21‘11/1 IIOMCKa U OIITUMH3AallUH.

5. KOMHBIOTeprIe TEXHOJOI'MM B HAYYHBIX MCCICIOBAHUAX
BreraucnuteabHbIN OKCIICPUMCHT CTaJl TPCTbUM MCTOAOM IIO3HAHUA HaApAAY C

TGOpHGﬁ " IMPAKTUYICCKUM IKCIICPUMCHTOM. HpI/IMepBIC

. MeTo01 KOHEYHBIX 3JIEMEHTOB — PACUET MPOYHOCTH KOHCTPYKIIHHA.

. MoJiekynasipHasi JMHAMHKA — MOJICJIMPOBAHNE B3aUMOJICHCTBUS ThICSY
aTOMOB.

. MoneaupoBanue metogom Monrte-Kapiao — nns spepHoit Gusuku u

(bMHAHCOBBIX PHIHKOB.

CoBpeMeHHBIC  BBIUMCIUTEIBHBIE  CHUCTEMBl  KJIaCCU(DUIUPYIOTCS  TIO
IIPOU3BOUTEIIHHOCTH

. [lepconanbubie kommbroTepsl (10-100 GFlops).

. Pa6oune cranmuu (0.1-1 TFlop).

. CynepkoMiibioTepbl (reta- U SK3adIONCHBIC CHCTeMBbI). dDmarmMaH —
Frontier (1.2 ExaFlops, 2022).

6. OrpaHu4eHusi M1 BbI30BbI

. JHepreTH4ecKuii Oapbep: CyNEPKOMIIBIOTEPHI MOTPEOISAIOT JECITKU
METaBarT.
. IMamsTh U 3aa€ep:KKU: ckopocTh onepatuBHOM mamsiTi (DDRS ~50 I'b/c)

OTCTAET OT IpoLeccopa.
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. IIporpammuas CJI0KHOCTh: 3P (PEKTUBHOE HCIIOJIb30BAHNE
MHOTOSIJIEPHBIX CUCTEM TpeOyeT mapaieabHoro nporpammupoBanus (OpenMP, MPI,
CUDA).

. Hané:xkHocTh: C pOCTOM YMCIIa KOMIIOHEHTOB PACTET BEPOSITHOCTH
omubok (Heooxonuma koppekuus omudok ECC).

7. 3akiiloueHune
KomnproTepHbie TEXHOJOTHHU MPOILIU MyTh OT JAMIIOBBIX MAIIUH JI0 3K3a(IIOTICHBIX
cucreM. JlanpHeliee pa3BUTHE CBA3aHO C TTOMCKOM HOBBIX (DM3UYECKUX MTPUHIUIIOB:
KBAHTOBBIC BBIYMCIICHUS, ONTHYECKUE MPOIIECCOPHI, MEMPUCTOPHBIC APXUTEKTYPHI.
Opnako  (dyHAaAMEHTAJIbHBIE  OTPAHUYCHMS]  KJIIACCUYECKOM  BBIYMCIUTEIBHOU
napaaurmel (mpuHiun Jlangayspa, 2HEprus NEPEKIOYCHUsT OUTa) 3aCTaBISIIOT
nepecMaTpuBaTh IMyTH Mporpecca.

Jluteparypa:

1. Xenneccu JIx., [Tarrepcon [l. ApxutekTypa KOMIIbIOTEpA.
KomuuecTBennbii moaxon. 6-¢ u3za. CIIO.: [Tutep, 2018.

2. Tanen6aym J., Octun T. ApxutekTypa komnstorepa. 6-¢ uza. CII06.:
ITutep, 2021.

3. Hennunr I1., Mapremn K. Beraucnenus nis Bcex. M.: JlaGoparopus
3Hanmi, 2018.

4. Xamaxep K., Bpanemmuu 3., 3aku C. Opranuzamust 9BM. 5-e uzg. CII6.:
[Tutep, 2019.

5. ®nuHH M. ApXUTEKTypa KOMIIBIOTEPOB: OT MUKPOIIPOLECCOPOB 10

cynepkoMibioTepoB. M.: Texnocdepa, 2017.
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Ceenenust 00 aBrope(-ax): Amannazapoeé Jloeremmvipam  Annanvlesud,
npenooasameins.

Jloenemosa duedocan I enboumvipadosua, cmyoeHmxa.

Typkmenckuil 20cy0apcmeerHblil UHCIMUMYm QUHAHCOS.

Awxabao, Typkmenucmarn

«KOHOMMWKA BHUMAHMUS: HOBBI PECYPC IIU®POBOM DPhI»

AHHoTanms: B crarbe wuccneayercs (eHOMEH SKOHOMUKHM BHHMaHHUS Kak
TEOpeTUYeCcKas KOHIEMNIHS U MpaKTU4YecKas pealbHOCTb COBPEMEHHOro IU(GPOBOro
MUpa. AHaJIM3UPYETCs, TOYeMY BHUMAHHE 4YeJIOBeKa CTalo Ae(UIUTHBIM PECypcoM,
KaKk OHO MOHETH3MpYyeTCs peKjIaMHbIMM W 1udpoBbiMu Margopmamu (Google,
YouTube, TikTok, Instagram). PaccmarpuBaroTcsi MeXaHHU3MBI TPUBJICUYCHUS U
yAepKaHUS BHUMAaHUS, BKIIOYas aJTOPUTMbI PEKOMEHIALMI M ICHXOJOTHYECKUE
Tpurrepbl. OOCYK1al0TCA HEraTUBHBIE TIOCJIECTBUS AJI YelloBeKa (MHpOopMallmoHHas
neperpyska, CHIKEHHE KOTHUTUBHBIX CIIOCOOHOCTEH) M 3KOHOMHUYECKHE U3IEPIKKHU
st obmiecTBa. Jlenaercs BbIBOI 0 HEOOXOIMMOCTH HOBOTO PErylupoBaHus B cepe
1M (POBOrO BHUMAHUS.

KiioueBble ci10Ba: 5KOHOMUKAa BHUMaHUS, HU(poBas SKOHOMHUKA, BHUMaHHUE
KakK pecypc, MOHETU3AIMsl BHUMAHUS, AJITOPUTMBI PEKOMEHIAIni, HHPOpMaIlMOHHAs
neperpysKa.

Beenenue

B TpaauunoHHON SKOHOMHKE ACPUIMTHBIMH pecypcaMy OBLTH 3eMJsl, TPy,
kanutai. B XXI Beke nosBuics HOBBIM pecypCc — BHUMAaHHeE 4Yeji0oBeKa. ExxeTHEBHO
KaX/IbIl M3 HAcC TOJy4aeT OrPOMHBIM MOTOK MH(OpPMALMU: HOBOCTH, COOOIICHMS,
Buzeo, pekiamy. Ho komumuecTBO wuH(OpManuu pacTéT HSKCIOHEHIMANbHO, a
KOJIMYECTBO BHUMAHUS OCTAETCSI HEU3MEHHBIM (y Ka)KJI0T0 YeJI0BeKa TOJIBKO 24 yaca B
CyTKM). BO3HUMKAaeT KOHKypeHIUs 3a BHUMaHUE MOTpeOUTENs, a caMO BHUMAaHUE
MPEBPAIIAETCS B LEHHBIM TOBAp, KOTOPBIM MOKYNAKT M MPOJNAIOT. IJTO SIBICHUE

IIOJY4YHJIO Ha3BAHHUC IKOHOMUKA BHUMAaHHUA.
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1. BuumaHue KaKk JKOHOMHUYECKHUIl pecypc

BnepBbie TepMHUH «3KOHOMHKA BHUMAaHUS» MpeMioxun mncuxonor [epdept
Caiimon em€ B 1971 romy, 3ameTuB, 4TO «OOrarcTBO MHGpOPMALUU MOPOXKIAET
O0enHOCTh BHUMaHMs». CeroiHs 3Ta ujesd craja KI4YeBOW IJisi MOHUMaHUsl Ou3Hec-
Mojelie UGPOBLIX TUTAHTOB.

Kaxk paboraet s5kxoHOMUKAa BHUMAHMUSI:

. [Tonb3oBarens OecmiaTHO ToOJb3yeTcss  IIaTGOpMol  (MMOMCKOBUK,
COIICETh, BUJICOXOCTHUHT).

. [Tnardopma cobupaer BHUMaHHUE MOJIB30BATENS — TO, HA YTO OH CMOTPUT,
CKOJIbKO BPEMEHH MPOBOAUT, YTO JJaliKaeT U KOMMEHTHPYET.

. [Tnardopma nponaér 3To BHUMaHUE peKJIaMOAaTeNsIM, KOTOPBIE IJIATAT 32
M0Ka3 PeKJIaMbl 1I€JIEBOMY TOJIH30BATEIIO.

Hoxonel Google, Meta (3ampemiena B P®), TikTok ctpositcs umeHHO Ha
MoHeTu3auu BHUMaHus. B 2023 romy MupoBOil pBIHOK ITU(GPOBON peKIIaMbl
npesbicil 600 MUIITHAPIOB J10JJIAPOB.

2. MexaHu3MBbl 3aXBaTa BHUMAHUA

Hudpossie muarhopMbl HUCHOAB3YIOT IEJIbI apceHal METOAOB, YTOOBI
yAEP>KUBATh MOJIb30BATEINSI KAK MOKHO JOJIbIIIE:

. AJIrOpUTMBI peKoMeHaaIuii moaouparoT KOHTEHT, KOTOPBII
MaKCUMAaJbHO COOTBETCTBYET JIMYHBIM IPEANOYTCHUSM U BBI3BIBAET SMOLUU (THEB,
YAUBJIEHUE, JTIOOOIBITCTBO).

. beckoneunas JieHTa (OeCKOHEUHBIH CKPOJUIMHT) YCTpaHSAET
€CTECTBEHHBIE TIAy3bl, 3aCTABIISSA MPOKPYINBATH KOHTEHT 0€3 OCTAaHOBKHU.

. Cucrema yBeIOMJIEHU I HCTOJIb3YyEeT MPUHIUIT MIEPEMEHHOTO
BO3HAarpaxkJeHusi (Kak B UT'POBBIX aBTOMAaTax): HUKOIJA HE 3HAaelllb, KOraa MpUAET
Ba)KHOE COOOIIIEHNE WJIH HOBBIM JIalK.

. Slpkue nBeTa, KOPOTKHE BHAEO0, 'POMKHE 3aroJI0BKH — BCE 3TO
3aXBaThIBa€T BHUMAHUE OBICTpPEE, YEM JUTMHHBIE TEKCThI MJIM CIIOKOMHAsI MY3bIKa.

3. DkoHOMHYECKHE U COIMAJIbHbIE MOCJIeACTBUA
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DOKOHOMHUKA BHHMMAaHUsI NPUHOCUT OTPOMHBIC NPHUOBLIN TEXHOIOTHUYECKUM
KOMIIAHUSAM, HO CO3/1a€T CephE3HBIE MTPOOIEMBI:

. Nudpopmannonnas neperpyska. YenoBek TpaTuT B cpeHeM 6—7 4acoB
B JIeHb Ha OJKpaHbl. Mo3r ycTaér, CHMXXAETCS CHOCOOHOCTh K NIIyOOKOMY
(hOKYyCHPOBAaHHOMY MBIIIJICHUIO.

. KinunoBoe mbinuienue. JIxonu BCE TpyaHEE YUTAIOT JIMHHBIE TEKCTHI,
aHAJIM3UPYIOT CIOXKHYIO MHGOPMAIMI0O U YAEPKUBAIOT BHUMAaHHE Ha OJHOM 3ajade
JIOJIbIIIE HECKOJIBKUX MUHYT.

. CoumnanbHbie n3aep:kku. [[oBbIIEHHBIN ypOBEHb TpeBOKHOCTH, FOMO
(cTpax 4TO-TO MPOIMYCTUTH), CHIDKCHUE TTPOYKTUBHOCTH Ha pabore.

3akiloueHue

DKOHOMHUKA BHUMaHUsI — OOBEKTUBHAS PeaibHOCTD (P poBOY Hpbl. BHUMaHue
CTaJI0O TOBApOM, M 3a HEro WAET XKECTKasg KOHKypeHUHs. OJHAKO CyIIECTBYHOIIAS
MOJI€JIb, OCHOBAaHHAs Ha MAaKCHUMAaJbHOM YIEpaHUU II0Jb30BATENSA, MPUBOAUT K
HEraTUBHBIM  TOCJIEICTBUSAM JUISl [ICUXWYECKOIO 3[0pOBbS M  COLMAIBHOTO
onaromnonyurs. HeoOxomuMbl HOBbIE MOAXOABI: MUGPOBOM MUHUMAIINA3M, STUUYHBIN
Iu3aiiH  1maar@opM, TOCYIapCTBEHHOE peryimMpoBaHue (Hampumep, 3ampeT Ha
OECKOHEYHYIO JICHTY JJIsl AETCKUX aKKayHTOB) M BOCIIUTAHHE «IIU(DPOBOI TUTUEHBI». B
OyayIieM BBIUTPAIOT T€ KOMIIAHUH, KOTOpbIE OyIyT yBa)kaTh BHUMaHHE MOIb30BaTENs,
a He AKCILTYaTUpPOBATh €rO.

Cnmcok JJuTeparypbl:

1. Caiimon I'. ParmmonanbHOCTB Kak mpoliecc ¥ MpoayKT MbliuieHus // Bexu
skoHOMHYecKkol Mpiciu. — CII6.: Dxonomuueckas mkoma, 2000. — C. 25-45.
(Opurunan 1971)

2. By JI’x. DKkOHOMHKAa BHUMAaHHUs: Kak MOWMarh W yaepxkaTb (QOKyC B
udpoByto smoxy. — M.: Mann, BanoB u ®@epbep, 2020. — 352 c.

3. Xappuc T., Peitran JI. OT3bIBUMBBIN HU3aiH: KaK TEXHOJIOTUHU KpPaayT
Hallle BHUMaHUE U YTO ¢ 3TUM JAenaTh. — M.: Anbpnuna [labmumep, 2021. — 288 c.

4. Yunesamc k. Buumanue: HoBast BamtoTa udpoBoro mupa. — M.: DkeMo,

2019. — 240 c.
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Ceenenust 00 asrope(-ax): Myxammemnviizoe Axmammem Annanasaposud,
npenooasameins.
T'ocyoapcmeennvtii snepeemuyeckuii uncmumym TypKmenucmana.

Mapuwi, Typkmenucman

«TEHEPATUBHBIN UCKYCCTBEHHBIA UHTEJJIEKT: HOBBIE
BO3MOKHOCTHU TBOPYECTBA»

AnHoTanus: B crarbe uccneayercs GeHOMEH reHepaTUBHOTO UCKYCCTBEHHOTO
unteiekra (Generative Al) — cucreM, CrmoCOOHBIX CO3/1aBaTh TEKCT, H300paKEeHMUSI,
MY3bIKY U BHJICO TI0 3alPOCY MOIb30BaTeNs. AHAIM3UPYIOTCS KITFOUEBBIC TEXHOJIOTHH
6onbiue s3pikoBbie Moaenu (GPT, BERT), nuddy3unonnsie mogenu (DALL-E, Stable
Diffusion) u HelipoHHble ceTu i TeHepanuu My3blkd (MusicLM, Jukebox).
PaccmarpuBaroTcss mpuMephl HCHONB30BaHUS B HUCKYCCTBE, IU3aiiHe, peKiiaMe WU
oOpazoBanuu. OOCYXIalOTCS ITHYECKHUE MPOOJIEeMbl: aBTOPCKHUE IMpaBa, IIIyOOKHE
nojAenku (aumndeiku) v BOMPOC O TOM, MOXHO Ju cuutate WHW-tBOpuUecTBO
HACTOSIIIUM HCKyccTBOM. Jlemaercs BbiBog, 4uto MW craHoBuTCS HE 3ameHO, a
MHCTPYMEHTOM YeJIOBEKa.

KirueBble cJi0Ba: reHepaTUBHBIA HMCKYCCTBEHHBIM MHTEIIEKT, OOJBIINE
SI3IKOBBIC MOJICTIH, HEWpOHHBIE ceTH, auddy3nonnsie moaenu, HH-TBopuecTBo,
DALL-E, GPT, qundeiiku, aBTOpcKoe Mpago.

Beenenue

Jlonroe BpeMsl CUUTAJIOCh, YTO TBOPUECTBO — HUCKIIFOUUTEIBHO YE€JI0BEYECKas
npeporarriba. MammHb MOTYT BBIYUCIISITH, COPTUPOBATD, MPEACKA3bIBATh, HO HE MOTYT
MUCaTh CTUXW, PUCOBATh KAPTUHBI WU COYMHATH Menoauu. OmHAKO 3a MOCIEIHUE
HECKOJIBKO  JIET FTeHEPATHMBHBII  HMCKYCCTBeHHbIH MHTe/UIeKT  (Generative
Al) pazpymun 3toT Mud. CeronHss HEMPOCETH CO3[AIOT TEKCThI, KOTOPbIE TPYIHO
OTJIMYUTh OT YEJIIOBEUECKUX, TEHEPUPYIOT (OTOPEATUCTUUHBIE H300paXKEHUs IO

TEKCTOBOMY OINHUCAHUIO M COYMHAIOT MY3bIKYy B JtoOoMm ctuiie. Kak 310 paboraet?
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KakoBsl rpanunel Bo3moxkHocTte MW B tBOpuecTBe? M 4WrOo 3TO 3HAYUMT MJIA
XyAOKHUKOB, ITUCATENEN U KOMIIO3UTOPOB?

1. Texnonoruu reseparusaoro MU

1.1. boabuiue SI3bIKOBbIC MO eJIH (LLM)
Monenu tuna GPT (Generative Pre-trained Transformer) oOyuyaroTcst Ha OrpOMHBIX
MacCUBax TeKCTa (KHUTH, CTAaThbH, CAlThl, KOA) U y4yaTcsl NpeACKa3bIBaTh CIENYIOLIEe
CJIOBO B MOCJIENOBaTeNbHOCTU. B pesynprare oHM CHOCOOHBI MUCATh 3CCE, CTHXH,
CLIEHapHH, JIEJIOBbIE MIChMa U Jlaxke KoMibioTepHbii koA. [Tocnennue Bepcuu (GPT-4,
Gemini, Claude) 1eMOHCTpUPYIOT TOHUMAaHUE KOHTEKCTA, JIOTUKY U JaKe DJIEMEHTbI
«pacCy X ACHUS.

1.2. Anddy3uonubIie MOJeJH IS H300pakeHu i
DALL-E, Midjourney, Stable Diffusion paGorator mno mnpuHIUIy 0OpaTHOTO
muddy3noHHOrO Tpolecca: MoOAENb HAYMHAETCS C YKUCTOro IIymMa M MOCTENEHHO
IpOSIBIAETY»  U300paK€HUE,  COOTBETCTBYIOIIEE  TEKCTOBOMY  OIHCAHMIO.
[Tonb30Barens BBOAUT 3alIpocC («KOT B KOCMUYECKOM ckadanape Ha ¢poHe Mapcay), u
yepe3 HECKOJIbKO CEKyHJ IOJIydaeT ToTOBoe H300pakeHue. KadecTBO HacCTONBKO
BBICOKO, YTO MOOEIUTENN HEKOTOPBIX XYNOKECTBEHHBIX KOHKYPCOB YK€ MCIOIB3YIOT
nn.

1.3. I'enepanus MY3bIKH
MusicLM ot Google, Jukebox ot OpenAl, Suno Al co3gatoT My3bIKaJbHBIC
KOMITO3ULIMHM C MHCTPYMEHTOBKOM, BOKAJIOM U CTPYKTypou. [lonp30BaTens yka3biBaeT
KaHp, TEMII, HACTpOCHUE («TpycTHas jpka3oBas Oammaga ¢ cakcopoHOM») — W
MOJIy4aeT OPUTMHAJIBHBIN TPEK.

2. IlpuMeHeHHe B TBOPYECKUX HHAYCTPHUIX

I'eneparuBnbiii MU yxe akTUBHO HCTIOJIB3YETCS:

. PexkiaMa M MapKeTHMHI: r€éHepauus CIOraHOB, CIEHApUEB BUJEO,
BHU3YyaJIbHBIX KOHIEMIIUI 32 MUHYTHI BMECTO JTHEH.

. /Iu3aiiH MHTEPbEPOB M OIEXKAbI: ObICTpas BHU3yaJlIM3alUs HIEH M0

TCKCTOBOMY OIIMCAHMIO.
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. Kuno m aHuManms: co3laHue packaJpoBOK, TIeHepauus (POHOBBIX
MEPCOHAXKEN, IBETOKOPPEKLHS.

. OO0pa3oBanue: reHepaiys y4eOHBIX MPUMEPOB, OOBSICHEHHUE CIOKHBIX
TEM Pa3HBIMH CIIOCOOAMHU.

. Buneourpsl: npoueaypHasi TeHepalus JIUajoroB, KBECTOB, TEKCTYp
OKPYKECHHS.

3. TH4YecKHe M MPAaBOBbIE MPO0JIeMbI

[Iporpecc reneparuBHoro MW nmopoaun octpele IUCKYCCUU:

. ABTOpcKOe mpaBo. Ha kakux pgaHHbIX oOyudanuck wmonenu? Ecnu
HelpoceTh Hayuujach pucoBaTb B cTuie Ban lora, xTo BiajeeTr mpaBamMu Ha
Cr€HEepPUPOBAHHYIO KapTUHY? MIMeeT Jiu nmpaBo XyInOKHHUK 3alpelaTh UCTOIb30BaHUE
cBoux pador st o0yuenust U? Cyne6ubie mpoueccsl mpotuB OpenAl u Stability Al
yxke unyt B CIIIA u EBporne.

. Jundeiikn (Deepfakes). ['enepanys peaJqucTUYHBIX BUIEO M TOJIOCOB
NOJUTUKOB, 3HAMEHHUTOCTEH C JIOOBIMH CJIOBaMH M JEUCTBHSAMHU. DTO yrposa
ne3uH(pOpMaIIii, MOIIIEHHUYECTBA U PEIYTAIIMOHHBIM aTaKaM.

. TBopYeckass YHUKaJIbHOCTb. ECIIM MUTHOHBI JIFOAEH UCIOJB3YIOT OJTHU
U T€ e MOJIEINIU, HE MPUBEIET JIM ATO K OIHOOOPA3UIO U CTAaHJAPTU3ALUU TBOpUYECTBA?

. BbiTtecHenune mnpodeccuii. CTaHyT M HEHYXHBIMH KOTIMPAUTEPHI,
WJUTFOCTPaTOphI, pororpadgni? BoIbIIMHCTBO SKCIIEPTOB CXOAATCS BO MHeHUH, uTo U
3aMmeHsieT He npodeccuu, a 3agaun. OH Oepér Ha ceds PyTUHHYIO 4acTh paboThI,
MO3BOJISIE YENIOBEKY 3aHUMAThCSl CTpareruei, KOHIENUUEW M SMOLMOHAIBbHBIM
COZIEPIKaHUEM.

4. sSiBnsiercst im UA-TBOpYECTBO HACTOSIIIUM MCKYCCTBOM ?

Orto dmmocodckuit Bompoc. MM He oOmamaer co3HaHWEM, HaMEPCHHSIMHU,
AMOIMSIMHU U JIMYHBIM ONBITOM. OH HE HCHBITHIBAET BJOXHOBEHHS, HE CTPAJaeT OT
Kpu3uca W He paayercs mnoxsaie. HCKyccTBO TpaauIIMOHHO TOHUMAETCS Kak
BBIPAKEHHUE YEJIOBEYECKOro BHYyTpeHHEero mupa. C stoul Touku 3penus, UM — 310

MHCTPYMEHT, NOJ00HO (oToanmapaTy HIM CHUHTE3ATOPY. XYHOKHUKOM OCTaETCA
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YeJIOBEK, KOTOPHI (DOopMynupyeT 3ampoc, BHIOMpAET pe3yibrar U BCTPAUBACT €r0 B
CBOM 3aMbICe.

3aki0oueHune

['enepaTuBHBIA MCKYCCTBEHHBIN WHTEUIEKT COBEPIIUJ PEBOJIONHIO B cdepe
TBOpUECTBa. TEXHOJIOTUM OOJBIIUX S3BIKOBBIX Mozenedl u nud@dy3uoHHBIX ceTei
MO3BOJISIIOT  CO3/1aBaTh TEKCThI, H300pakeHHsT M MY3bIKy C OecnpeneaeHTHbIM
Ka4eCTBOM M CKOPOCThI0. O1HaKo 3710 He aenaeT UM camocTosTenbHBIM TBOPIIOM. DTO
MOIIIHBIM HHCTPYMEHT, KOTOPBIH paciIupsieT BO3MOKHOCTH Y€JIOBEKa, HO HE 3aMEHSET
ero. [ 1aBHbIE BBI30OBBI CETOIHS — MPABOBOE PETYINPOBAHNE AaBTOPCKUX MPAB U 3aIlUTa
oT 3noynorpebnennit (mundeitku, aesuHdopmarusi). bymymee 3a cumMOu030M
yenoBeka U N, tie kaxaplil AeIaeT To, 4TO YMEET JIy4Ylle BCETO.
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«IMPACT OF ARTIFICIAL INTELLIGENCE ON ENTREPRENEURIAL
DECISION MAKING»

Abstract: In 2026, the integration of Artificial Intelligence (Al) into the
entrepreneurial landscape has moved beyond simple automation to become the core
engine of strategic decision-making. Founders no longer rely on fragmented data or
"gut feeling" but utilize sophisticated Al-driven decision engines that process real-time
market signals and consumer behavior patterns. This shift allows startups to navigate
high-stakes environments with increased precision, significantly reducing the risks
associated with early-stage ventures. For modern entrepreneurs, Al acts as a digital co-
founder, providing a level of analytical depth that was previously accessible only to
massive corporations.
Key words:

artificial intelligence, entrepreneurship, decision-making, strategic planning,
predictive analytics, automation, risk management, data-driven, innovation, scalability.

The most significant impact of Al is the transition from reactive to proactive
decision-making through predictive analytics. Entrepreneurs can now anticipate
market shifts and consumer demand with a high degree of accuracy before they
manifest. By analyzing historical datasets alongside real-time economic indicators, Al
tools provide "next-best-action” recommendations that guide daily operations and
long-term planning. This foresight allows startups to optimize their inventory, adjust
pricing dynamically, and allocate resources where they will have the most immediate
impact.

Strategic idea validation has been revolutionized by Al platforms that can

simulate market responses to new products or business models. Tools like "Sandbox"
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environments allow founders to test their hypotheses against virtual consumer personas
and competitive scenarios without spending significant capital. This rapid prototyping
phase ensures that only the most viable concepts proceed to development, drastically
lowering the failure rate of new startups. Entrepreneurs can iterate on their core value
proposition in days, reaching a "product-market fit" much faster than traditional
methods allowed.

Agentic Al has emerged as a game-changer in 2026, where autonomous agents
not only provide insights but also execute multi-step tasks independently. For an
entrepreneur, this means having "digital colleagues"” that can manage procurement,
interact with customers, or monitor compliance without constant human supervision.
These agents communicate with one another—for example, a forecasting agent might
automatically trigger a procurement agent to order stock—creating a self-optimizing
operational layer. This autonomy allows founders to focus entirely on high-level
strategy and creative vision rather than administrative bottlenecks.

Financial management has become significantly more robust with Al-powered
tools that track cash flow and predict future funding needs. Startups can now use
machine learning algorithms to identify potential cost leaks and optimize their burn
rate in real time. These systems provide founders with a clear picture of their financial
health, offering scenarios for different growth paths or market downturns. This level
of financial intelligence is crucial for maintaining investor confidence and ensuring
long-term institutional stability during the scaling phase.

The recruitment and talent management process has been transformed by Al
systems that can evaluate candidate fit beyond just resume matching. Predictive hiring
tools analyze behavioral data and technical skills to ensure that a startup builds a team
that is culturally and professionally aligned with its goals. This reduces the time-to-
hire and minimizes the costly turnover that often plagues growing companies. In 2026,
entrepreneurs are increasingly looking for "Al-ready" talent who can effectively
manage and collaborate with these intelligent systems.

Personalized customer engagement at scale is now a reality for small businesses,

thanks to Al's ability to analyze individual user journeys. Entrepreneurs can deliver
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hyper-personalized marketing messages and product recommendations that feel
thoughtful and timely rather than intrusive. Al-driven CRM systems predict which
leads are most likely to convert, allowing sales teams to prioritize their efforts on the
most promising prospects. This precision ensures that limited marketing budgets are
spent efficiently, maximizing the return on every dollar.

Cybersecurity and risk management are now integral parts of the Al-driven
decision framework, protecting startups from increasingly sophisticated digital threats.
Al systems provide continuous monitoring of data integrity and can detect anomalies
that might indicate a security breach or fraudulent activity. For entrepreneurs,
maintaining trust with customers and regulators is non-negotiable, and Al provides the
technical foundation to uphold these standards. Governance and ethical Al use have
become competitive advantages, as transparent decision-making processes build long-
term brand equity.

The democratization of advanced analytical tools means that solo entrepreneurs
can now perform tasks that once required a full department of data scientists. Plug-and-
play Al platforms offer intuitive dashboards that translate complex datasets into
actionable visual insights for non-technical founders. This levels the playing field,
allowing lean startups to compete with established industry leaders on the basis of
agility and intelligence. The ability to "out-think™ larger competitors has become the
primary driver of success in the 2026 entrepreneurial ecosystem.

Digital marketing and content operations are now managed through Al platforms
that handle everything from SEO strategy to social media scheduling. Founders can
use generative Al to produce high-quality on-brand content at scale, maintaining a
consistent presence across all digital channels. These tools analyze the performance of
every post in real time, automatically adjusting the messaging to improve engagement
and conversion. This automation ensures that the brand remains relevant and visible
without requiring a massive internal creative team.

Supply chain optimization has reached new levels of transparency and resilience
through the integration of Al with the Internet of Things (10T). Entrepreneurs can track

their products across the global supply chain, receiving instant alerts about potential
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delays or disruptions. Al-driven demand forecasting prevents overstocking and
minimizes waste, which is particularly important for startups focused on sustainability
and ethical sourcing. A resilient, digital-first supply chain allows businesses to pivot
their sourcing strategies instantly in response to geopolitical or environmental shifts.

Human-Al collaboration is the defining characteristic of successful 2026
entrepreneurship, where technology enhances rather than replaces human ingenuity.
The most effective founders are those who view Al as a strategic partner, using its
analytical power to validate their creative instincts. This "hybrid" approach to decision-
making combines the speed of silicon with the nuance and empathy of the human mind.
As a result, businesses are becoming more responsive to human needs while
maintaining the efficiency of a high-tech enterprise.

The ethical implications of Al, such as bias detection and data privacy, are now
central themes in entrepreneurial leadership. Founders are increasingly held
accountable for the "black box™ decisions made by their algorithms, leading to a push
for explainable and transparent Al. Incorporating ethical guardrails into the decision-
making process is no longer just a legal requirement but a core part of a company’s
value system. This focus on "Responsible Al" ensures that the pursuit of growth does
not come at the expense of societal trust or fairness.

Conclusion

Artificial Intelligence has fundamentally redefined the "art™ of entrepreneurship,
turning it into a data-enhanced science of strategic execution. In 2026, the success of a
venture depends on the founder's ability to integrate these intelligent systems into every
facet of the organization. While Al provides the tools for unprecedented efficiency and
growth, the human element—vision, ethics, and empathy—remains the indispensable
driver of true innovation. The future belongs to entrepreneurs who can navigate this
digital frontier with both technical mastery and a clear sense of purpose.

References

1. Agrawal, A., Gans, J., & Goldfarb, A. Prediction Machines: The Simple

Economics of Artificial Intelligence. Harvard Business Review Press, 2022.

156



. Davenport, T. H., & Mittal, N. All-in on AI: How Smart Companies Win Big
with Artificial Intelligence. Harvard Business Review Press, 2023.

. Rogers, D. L. The Digital Transformation Playbook: Rethink Your Business for
the Digital Age. Columbia Business School Publishing, 2016.

. Siebel, T. M. Digital Transformation: Survive and Thrive in an Era of Mass
Extinction. RosettaBooks, 2019.

. Kane, G. C., Nanda, R., Phillips, A. N., & Copulsky, J. R. The Transformation
Myth: What Scaling Digital Business Really Takes. MIT Press, 2021.

157



Caenenus 00 aBTope(-ax): Mavwmemszosa Jne, npenooasameiby,
babamypaoosa [uana, Enoawos {uoap, Opaszosa I yivoxcaxan, cmyoeHmoi,
Meowcoynapoonwiii ynusepcumem negpmu u eaza umenu HAzwuvicenou Kaxaesa

2. Awxabao, Typxmenucman

«COBPEMEHHBIE CTPATEI'MM KUBEPBE3OITACHOCTMU: 3AIIIUTA
KPUTUYECKH BAJKHO NTH®OPMAIIMOHHON HHO®PACTPYKTYPHI B
YCIOBUSAX ITTOBAJIBHBIX HU®POBBIX BBI3OBOB»

AHHoOTaumsi: BBeneHue B COBpEMEHHBIC cTpareruu oOecredeHus IudpoBoOM
0€30MacHOCTH  TO3BOJISICT  OICHUTh  (DYHJAAMCHTAIBHYIO  pOJIb  3aIUThI
MH(POPMAIIMOHHBIX AKTHBOB B YH3HH COBPEMEHHOrO TrocymapcTBa. Kpurudecku
Ba)kHas MHPOPMAIMOHHAs MH(PpACTPYKTypa BKIIIOYACT B CEOS CHCTEMBI yIPaBICHUS
HHEPreTUKOM, TPAHCIIOPTOM, CBSI3bI0 M (DMHAHCOBBIM CEKTOPOM, HapylleHHue padoThI
KOTOPBIX MOXKET MPUBECTH K MACIITAOHBIM MOCIEACTBUSAM. B ycioBUaX mnobaibHBIX
1IU(POBBIX BHI30BOB TPAJAUIIMOHHBIX METOJIOB 3aIIUTHl CTAHOBUTCS HEJJOCTATOUHO, YTO
TUKTYeT HEOOXOIMMOCTh TIepexo/la K KOMIUIEKCHBIM aJalTUBHBIM  MOJEISM
6e3onacHocT. COBpEMEHHbBIE CTpAaTerMU HANpPaBICHbl HAa CO3/IaHHME YCTOWYUBOUN
cpenpl, CHOCOOHOW HE TOJIBKO OTpakaTh aTaKd, HO U COXPAHATh pabOTOCIIOCOOHOCTD
CUCTEM B YCJIIOBUAX YaCTUYHOTO MOpakeHus. M3ydeHne 3TuX moJx010B KpaitHe BasKHO
JUIs1 00ecIIeueHNs HAIIMOHAIBHOM O€30IMaCHOCTH U CTa0MILHOTO Pa3BUTHS OOIIECTBA B
YCJIOBHUSIX TOTAIBHOM 3aBUCUMOCTH OT U T-TexHonorui.

KiaroueBble cjioBa: kuOepOe30MacHOCTb, KpUTHUECKash WH(OpMaAIMOHHAS
uHQpaACTPYKTypa, TIOOAIbHBIE BBI3OBBI, HYJIEBOE JIOBEpHUE, HCKYCCTBEHHBIN
WHTEJUICKT, 3allliTa JaHHBIX, WH(OPMAIMOHHAsS 0€30MacHOCTh, KHOepaTaku, pUCK-
MEHEKMEHT, I POBON CYBEPECHUTET.

['moGanpHBIe TMGPOBBIE BBHI3OBBHI CETOMHS BKIIOYAIOT B ceOS POCT uwmcia
OpPraHU30BaHHBIX KUOEPIPECTYITHBIX TPYIITUPOBOK, UCIOIB30BAHIE NCKYCCTBEHHOTO
WHTEJUIEKTA JJII TeHEePAIliy YTPO3 U TIOSBICHUE HOBBIX BEKTOPOB aTak uepe3 00IauHbIe

cepBucbl. Kputnueckass UHQpacTpyKTypa CTAHOBUTCSI MPUOPUTETHOM 1IEJIbIO H3-3a
158



BBICOKOW 3HAQUYUMOCTH JAaHHBIX W BO3MOYKHOCTH OKa3aHUS MOJUTUYECKOTO WIIH
AKOHOMHUYECKOTO 1aBieHus. COBPEMEHHBIE CTPATETUH 3aLUTHI CTPOSITCS HA IPUHLIUIIE
HYJIEBOTO JIOBEpHUS», KOTOPBIM MOAPa3yMEBAET NOCTOSHHYIO MPOBEPKY J1000T0
MOJB30BATENSI U YCTPOWCTBA BHE 3aBUCHUMOCTH OT HMX MECTOHAXOXICHUA. Taxou
MOAXOI MUHUMU3UPYET PUCKA HECAHKIIMOHUPOBAHHOTO JIOCTYIA W MPEAOTBPAIIACT
TOPU30HTAIBHOE TEPEMENICHUE  3JIOYMBINUIEHHUKOB BHYTPU CETH. 3aluTa
KPUTUUYECKUX CUCTEM TPEOYeT HE TOJBKO TEXHUYECKUX MEpP, HO U Pa3padOTKU YETKUX
pPENIaMEHTOB PEarupoBaHus Ha UHIUACHTHI Ha TOCYJaPCTBEHHOM YPOBHE.

ApXUTEKTypa 3alllUThl KPUTUYECKOW HMHGOPMAIMOHHON HWHQPPACTPYKTYPHI
OCHOBBIBAE€TCS Ha MHOTOYPOBHEBOM MOJX0/I€, 00ECIIEYNBAIOIIEM 31IEIOHUPOBAHHYIO
000pOHY KIIFOUEBBIX y3J10B CUCTEMBI. [IepBbIil ypoBEHBb BKIIIOYACT B CE0s1 PUBHUECKYIO
0€30MacHOCTh U KOHTPOJIb JOCTYINA K CepBEpHOMY OOOPYIOBAHUIO, UCKIIIOYAIOIIUN
npsiMO€ BMEIIATEILCTBO B paboTy TeXHUKU. Ha ceTeBoM ypOBHE NPUMEHSIOTCS
CUCTEMBI OOHApYXKEHHMsI M TPEIOTBPAILCHUS] BTOPXKEHHM, KOTOPBIE aHAIU3UPYIOT
TpaduK B pexxuMe peaJbHOr0 BpeMEHH Ha npeAaMeT aHoManui. [Ipukinannoit ypoBeHb
3alUThl POKycHUpyeTcst Ha 0€30MaCHOCTH IPOrPAaMMHOI0 00€CTICUeHUS U PETYASIPHOM
YCTpAHEHHUHU YS3BUMOCTEN uepe3 cucteMy oOHOBIeHHUH. Mcronb3oBaHNE TEXHOJIOTUI
KOHTEMHEpPU3aLU U BUPTYaIU3alMH [T03BOJISIET U30JIMPOBATh KPUTUUECKUE MPOLIECCHI
JIpyr OT Jpyra, IOBBIIIAs OOIIYI0 YCTOWYHMBOCTH HHMpacTpyKTypbl. IlomoOnHas
CTPYKTYpa HNO3BOJISIET JIOKAJIM30BaTh YIPO3Y U MPEIOTBPATUTh €€ pacpOCTPAHEHUE Ha
BCIO CETb.

HckyccTBEHHBIN HHTEUIEKT U MAIIMHHOE 00YYEHHUE UTPAIOT IIEHTPAILHYIO POJIb
B aBTOMATH3aIlUX MPOIECCOB OOHAPYKEHUS M HEUTpaIN3aluy KHOepyrpo3 B CIOKHBIX
MPOMBIIUIEHHBIX  ceTaX. COBpEMEHHbIE CHUCTEMBl 0€30MacHOCTH  CIIOCOOHBI
00pabarbIBaTh KOJIOCCAbHBIE 00bEMBI IAHHBIX, BBISBIISISI CKPBITHIC 3aKOHOMEPHOCTH U
MPU3HAKKA TOJITOTOBKM araKk Ha pPaHHUX CTaausX. TEeXHOIOTHMH MOBEIEHYECKOTO
aHaJiM3a MO3BOJISIIOT OTAMYaTh HOPMAJIbHYIO aKTUBHOCTD JIETUTUMHBIX MOJIb30BaTEN e
OT TMOAO3PUTENBHBIX AEUCTBUN BpenoHOCHOro I10. ABTOMaTM3MpOBaHHBIE CUCTEMBI
pearupoBaHusi CIOCOOHBI MTHOBEHHO OJOKHPOBATh MOJO3PUTEIbHBIE MOPTHI WIH

H30JIMPOBATh 3aPa’KCHHBIC CCITMCHTLI CCTU oe3 y4acCTu:A OI1ICparopa. 210 CYmCCTBCHHO
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COKpaIllaeT BpeMs pEaKIuy Ha WHITUIACHT, YTO SBISCTCS KPUTHICCKUM (aKTOpOM TpH
3aluTe cHCTeM >Xu3HeoOecneueHus. Bueapenne MU nenaer xkubepOe30macHOCTb
MIPOAKTUBHOM, MO3BOJISAS MIPEIBUICTH IEHCTBUS aTaKyIOIIUX.

VYopapieHue puckaMd B paMKax CTpaTeTWd  3alluThl  KPUTHYECKON
MHQPACTPYKTYpbl TpeOYyeT PETYASIPHOTO MPOBEACHUS ayAUTOB O€30IaCHOCTH U TECTOB
Ha NpoHUKHOBeHHE. OLEHKa YSI3BUMOCTEH IMO3BOJISET BBIABUTH Haubonee ciadbie
MeCTa B CUCTEME U MPUOPUTUIUPOBATH paCIpele]ICHUE PECYPCOB ISl UX YKPEIUICHUS.
BaxxHpIM »reMEHTOM  SBISETCA aHajdW3 IIeTMOYKH IOCTaBOK MPOTPaMMHOIO
oOecrnieueHuss U OO0OPYIOBaHUS JIsI MCKIIOUEHHS HAJTHUYUS HEJOKYMEHTHPOBAHHBIX
BO3MOKHOCTEH U «3aKjiajok». MoJenupoBaHue yrpo3 IoMmoraer paspaborarb
CLIEHApHH JCHCTBUM MEepcoHaa B CIy4ae pa3IMuHbIX TUIIOB KHOepaTak, OT MporpaMM-
BbIMOTATeNIel /0 IesieBoro mmuoHaxa. CTparerus JOKHA YYUTHIBAaTh HE TOJIBKO
BEPOSTHOCTh arakd, HO U TOTCHIHMAIBHBIA MacmrTad ymiepba, CTpemsch K
MUHUMU3AIUKA TTocaeHero. [1oCTOsSHHBIT MOHUTOPUHT COCTOSIHUS 3alUIIEHHOCTH
ABJISIETCS. HETPEPBHIBHBIM MPOIIECCOM B JKU3HU JIFOOOTO KPYITHOTO MPEANPUSTHS.

NudopmarimonHbiii 0OMeH MeXAy TOCyJapCTBEHHBIMH OpPTaHAMH M YacCTHBIM
CEKTOPOM CTaHOBUTCS HEOOXOIUMBIM yCIOBUEM /i1 3D PEKTUBHOTO MPOTUBOAECHUCTBUS
TpaHCTpaHUYHBIM KuOepyrpo3am. Co3llaHue LEHTPOB OMEPATUBHOTIO pearupoBaHUS
(SOC) Ha HaUMOHAJIBHOM M OTPACIE€BOM YPOBHSX [IO3BOJISIET OINEPATUBHO
0OMEHHUBAThCA NaHHBIMU 00 WHIUKaTOpax KoMmrpomertanuu. KoopauHauus ycunmuin
MOMOTraeT ObICTpee pacro3HaBaTh HOBBIE TUIIBI BpenoHocHOTo IO u BeipabaThiBaTh
COBMECTHBIE METOIbI 3aIIWTHl JO TOrO, KaK OHW HAHECYT 3HAYUTEIbHBIA YpPOH.
[ocynapcTBeHHO-4aCTHOE MAapTHEPCTBO B chepe KuOepOe30MacHOCTH CIOCOOCTBYET
Pa3BUTHIO pBIHKA OTEYECTBEHHBIX  3alIUTHBIX pEHICHUH W  YKPEIJICHUIO
TEXHOJIOTUYECKOrO cyBepeHuTeTa. KosnektuBHas Oe3o0macHOCTh B LHU(POBOM
MPOCTPAHCTBE CTPOWTCS Ha JOBEPUU M TIPO3PAYHOCTH B3aMMOJCHCTBUS BCEX
YYaCTHUKOB Tporiecca. TOIbKO COBMECTHBIMH YCHUIUSIMHU MOXXHO OOECIIEUHTH
HAJIC)KHYIO 3alIUTy M00aabHON HH(DOPMALIMOHHOMN CpEbl.

OO6ayHble TEXHOJOTMU U OE30MAaCHOCTh PACHpPEACICHHBIX JaHHBIX TPEOyIOT

pa3pabOTKM HOBBIX MOAXOMOB K MHU(POBAHUI0 M XpaHEHHIO HH(OpPMALMU BHE
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JOKaJbHBIX cepBepoB. [lpu wucnonp30BaHUM OOJAYHBIX CEPBUCOB IS HYXKI
KPUTUYECKON MHPPACTPYKTYPhl MPUMEHSIOTCS CTPOTUE CTaHIAPThl COOTBETCTBUS U
rubpuHble Mojienn 00JakoB. JlaHHBIE JOJKHBI OBITH 3aIUIIEHBI KaK B MPOIECCE
nepeaadd, Tak ¥ B COCTOSSHUM MOKOSI, C UCIIOJIb30BAHUEM COBPEMEHHBIX aJITOPUTMOB
KBaHTOBO-yCTONYMBOTrO mnudpoBanus. KoHTpons Haa kiodamMu mudpoBaHUsl T0HKEH
OCTaBaThCsl UCKIIOYUTEIBHO Yy BIIaJieNiblia JTaHHBIX, YTO MPEIOTBpalIaeT JOCTYM CO
CTOpPOHBI mpoBaiaepa. OOnaynas 0e30MaCHOCTh MOApPA3yMEBAET paslielieHue
OTBETCTBEHHOCTH MEX]y IMOCTABIIUKOM YCIYT W KJIHUEHTOM, TJ€ KaXIbli YpPOBEHB
THIATENILHO KOHTponupyercs. Hcrmonbs3oBaHue 0O0JAKOB TMO3BOJISIET TOBBICUTH
JIOCTYITHOCTh CEPBUCOB M OO0ECMEUUTh HX PE3ePBUPOBAHHE B Teorpaduuecku
yAaJICHHBIX JTIOKAIIHSIX.

KanpoBebiit moTeH1nan u noBeIIIeHNE KBATM(DHUKAIIUYA CIICIIUAIUCTOB B 00JIACTH
UH(OPMAIIMOHHON 0E30MaCHOCTH SIBJISIOTCS KJIIOYEBBIMU (paKTOpaMH ycrexa JIF0oi
0o00poHHOH cTpareruu. B ycnoBusix pgedunura KaapoB Ha phIHKE Tpyaa
rOCyAapCTBEHHbIE MPOTPaMMbI 00yYeHUS U MPOQPECCHOHANBHBIE CTAHIAPTHl UTPAIOT
BOXXHYIO POJIb B TIOATOTOBKE AKCIEPTOB. CEMAIUCTHI TOJKHBI 00J1a7aTh HE TOJIBKO
TEXHUYECKUMU 3HAHUSMHU, HO M HABBIKaMU B 00JIACTH MpaBa, aHAJTUTUKUA U KPU3HCHOTO
ynpaeineHus. Perymspueie kuOepyueHUs TO3BOJIIIOT  OTpalaThiBaTh  HABBIKU
B3aMMOJCHCTBUSL KOMaHJ B YCJIOBHSX, MaKCUMAaJIbHO MPHUOIMKEHHBIX K pPealIbHbIM
arakam. Co3laHue KylbTypbl KuOepOe30macHOCTH BHYTPU OPTraHM3AIllMU CHIDKAET
BEPOATHOCTDH YCTICIIHBIX aTak yepe3 uenoBedeckuid aktop. OOydeHnue COTPYIHUKOB
OCHOBaM U(PPOBOIT TUTHUEHBI SBISETCS 0053aTEIHHBIM PIIEMEHTOM CTPATETHH 3aIUThHI
J11000T0 YpOBHS.

MexayHapogHOE COTPYIHUYECTBO U pa3paboTKa STUYECKUX HOPM TTOBEICHHUS B
KHOEPIPOCTPAHCTBE HAMPABIEHBI HA MPEJOTBpAICHUE MUIUTAPU3ANUU HUPPOBOU
cpenbl. TypkMeHUCTaH W JApPYTHE TOCYIAapCTBa aKTUBHO BBICTYNAIOT 3a CO3JaHUE
MEKTyHapOJHO-IPABOBBIX MEXaHHU3MOB, PErYIHPYIOIINX UCIIOJIb30BaHUE
MH()OPMALIMOHHBIX TEXHOJOTHM. [T00anbHbIE BBI3OBBI TPEOYIOT MPUHSTUS OOIIUX
CTaHJIapPTOB OTBETCTBEHHOCTH 3a KUOEpaTakd Ha KPUTHUUYECKYI0 HHOPACTPYKTYpY

npyrux crpas. Pa3paboTka «1udpoBOro kojekca 4ecTu» HoMoraer (HhopmMupoBaTh
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NPOCTPAHCTBO  JOBEpPHUsl  MEXKAYy  TOCYyIapCcTBaMH M CHWXaTb  PHUCK
MEXIOCYAapCTBEHHBIX KOH(IUKTOB. MexXayHapoaHble OpraHu3aliyd UTParoT poJib
MOCPETHUKOB B OOMEHE OIBITOM M OKa3aHUM MOMOILM PA3BUBAIOIIMMCS CTpaHaM B
YKpeIuIeHn! ux ¢ poBoro cyBepenurera. Kubepoe3onacHoCTb CTAHOBUTCS BaXKHBIM
aCIEKTOM COBPEMEHHOM IUIJIOMATUX U MUPOTBOPYECTBA.

3amura nanHbix B uHTepHETE Benieit (IoT) ctTaHoBUTCSI 0COOEHHO aKTyaJIbHOM B
CBSI3M C aBTOMAaTHU3allMe MPOU3BOJICTBEHHBIX MPOIECCOB M BHEAPEHUEM CHUCTEM
«ymMHOro ropoga». OrpoMHOE KOJIMYECTBO MOAKIIOUYEHHBIX JaTdydKOB U
UCIIOJTHUTEIBHBIX YCTPOIMCTB CO3Aa€T OOMIMPHYIO MOBEPXHOCTD JIJIS aTaK, 4aCTO UMes
cnaOble BCTPOEHHbIE cpeicTBa 3auiuThl. CTparerus 0€30MacHOCTH IMOApPa3yMEBAET
cermeHTaiuio loT-cereli W wucmonb3oBaHWE 3alUIICHHBIX MPOTOKOJIOB Iepeaayn
JAHHBIX OT Tmepudepun K HEHTPY o00paboTku. PerynspHas cMmeHa maposieid u
OOHOBJICHHE TMPOIIMBOK YCTPONCTB SABIAIOTCS 0a30BBIMU TpeOOBaHUSMHU IS
NPEIOTBPAILIEHNs WX HCIONb30BaHUS B OOTHET-ceTsX. be3omacHocTh HMHTEpHETa
BelIell HampsMYIO CBs3aHa C HA/IEKHOCTHIO (PU3NYECKUX MPOIECCOB B SHEPTETUKE U
npoMbIIIeHHOCTH. Pa3paboTka cTaHmapToB «0€30MacHOCTH M0 OU3aiiHy» s
IPOU3BOAUTENEH 000PYIOBaHUS ABISETCS MPUOPUTETHOM 3a/1a4eil OTpaciu.

Kpunirorpadus u 3ammra KaHaloOB CBA3UM B KPUTHUUYECKON WHOPACTPYKType
o0ecreynBaloT 1eJIOCTHOCTh U ayTeHTUYHOCTh MepeaaBacMbIX KOMaH/ yNpaBICHUS.
BHenpenune MeTo0B 27€KTPOHHOM MOAMUCH MTO3BOJISIET TapaHTHUPOBATh, YTO KOMAaHIbI
Ha HU3MEHEHHE PEXKUMOB pPAaOOThI OOOPYIOBAHUSA MCXOAAT OT aBTOPH30BAHHBIX
onepatopoB. IIpuMeHeHHEe crenuaau3upOBaHHBIX IPOMBIIIJIEHHBIX HPOTOKOJIOB €
BCTPOCHHBIMH CPEACTBAMHU MU(GPOBAHMS 3aMIUIIAET CUCTEMBI OT TMEepexBara u
nonMeHbl AaHHbIX. C pa3BUTHEM KBAaHTOBBIX BBIYMCICHUN AKTyaJIbHbIM CTaHOBHUTCS
Mepexo/l Ha MOCTKBAHTOBBIC AJTOPUTMbI MIHU(POBAHUSA, CIIOCOOHBIE MPOTUBOCTOSTH
yrpo3am  Oymymero.  Hamexnass — kpunrtorpaduueckas — 3amura  SIBISETCA
«(hyHIaMEHTOM», Ha KOTOPOM CTpPOSITCSI BCE OCTajbHbIE YPOBHH HMH(OPMAIMOHHON
6e3onacHoct. OHa 00ecieYnBAET IOPUANYECKYIO 3HAUUMOCTh LIU(MPOBBIX ONepaluii

u KOH(i)I/II[eHHI/IaHBHOCTI) CTPAaTCru4CCKUX JaHHBIX.
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[lcuxomormdeckne  acmeKkThl KUOEepOE30macHOCTH W MPOTHUBOICHUCTBHC
COIMAJIbHON WH)KCHEPUH HANPABJICHBI HAa HEUTpaJM3aIMIO aTak, HaIlCJICHHBIX Ha
YeJIOBEYCCKUE CIIA00CTH. 3IIOYMBINUICHHUKH YaCcTO MCIOIB3YIOT METOABI (DUIITUHTA U
MaHUIY/SIAA  JJI  TIOJIyY4CeHHsI JOCTyla K 3allUIICHHBIM CHCTEMaM depes
HEOCTOPOXKHBIX COTPYTHUKOB. COBpEMEHHBIE CTPATETHH BKITFOUAIOT B c€0s1 BHEAPCHUE
CUCTEM aHTHU(UIITUHTA Ha YPOBHE MOYTOBBIX CEPBEPOB M PETYIIPHOE TECTHPOBAHUE
nepcoHansa Ha OAUTENBHOCTh. (OCBEIOMJIEHHOCTh COTPYAHHKOB O MeEToJax
TICUXOJIOTHYECKOTO BO3JICHCTBHSI 3HAYUTEIIBHO CHIDKACT 3(PQPEKTUBHOCTH IICIICBBIX
arak (APT). KubGepruruena AomkHa CTaTh YacThbIO KOPHOPATUBHOHN KYJIBTYPHI, TIE
KaXIbli pPaOOTHUK IOHMMAaeT CBOIO OTBETCTBEHHOCTh 3a 0OC30IacHOCTh BCEH
KOMMaHuU. YemoBeK OCTaeTcsl caMbIM CIa0bIM 3BEHOM B JIHO0OH 3aIllUTE, MOITOMY
paboTta ¢ IepCOHAIIOM UMEET KPUTHIECKOE 3HAYCHHE.

Onenka 5>(Q¢eKTUBHOCTH  BHEAPEHHBIX  CTpareruii  kubepbe3zomacHOCTH
NPOBOIUTCS Ha OCHOBE aHaju3a KiroueBbix mokazareneil (KPI), takux kak Bpems
oOHapyXeHUs! MHIINICHTA U BpeMsl BOCCTAHOBIIEHUs CUCTEM. PerynsipHoe oOHOBIEHHE
CTpaTeruy HEOoOXOMWMO JUIsl ydeTa TMOSBJICHUS HOBBIX TEXHOJOTUH U H3MEHEHUs
nanamadTa yrpo3. Cucremsl yrpapieHust nHGOpMaIMoHHON O6e3omacHocThio (ISMS)
oOecreynBaloT LUKIWYHBIM Tpoliecc IUIAaHUPOBAHUS, peaju3allid, IPOBEPKH U
COBEPIIIEHCTBOBAHUS Mep 3alUThl. BHEMIHMI ayTuT 1 cepTuduKaIysa Ha COOTBETCTBUE
MEXJIYHApOAHBIM cTaHaapTaM, TakuMm kak ISO 27001, moaTBepkaar0T 3pesiocThb
MPOLIECCOB O€30MaCHOCTH B OpTraHU3allUH.

3akiiloueHue

B 3axmouenue  cieayer  OTMETUTh, YTO  COBPEMEHHBIC  CTPATErHH
KnOepOe30macHOCTH SBJISIOTCS CJIOKHBIM CIUTABOM TEXHOJIOTHM, PETJIaMEHTOB U
gernoBedeckoro  ¢aktopa. 3ammura KPUTUYECKH BAXKHONM  HMH(POPMAIMOHHOM
HHOPACTPYKTYphl TpeOyeT MOCTOSHHOTO BHHMAHHS M TOTOBHOCTH K OTPAXCHUIO
HOBBIX, BCE 00Jiee M30MIPEHHBIX aTak. [lepexo K KOHIETIINSAM «HYIIEBOTO JTOBEPHUSY,
WCIOJIb30BAaHNE HMCKYCCTBEHHOTO WHTEIUICKTAa W MEXIYHAPOMTHOE COTPYIHHYECTBO
bopMUPYIOT OCHOBY ISl CTaOMIIBHOCTH B MG poBOM Mupe. HecMoTps Ha riio0anbHbIC

BbI30OBHI, CHUCTEMHBIN U HpO(l)CCCHOHaHBHBIﬁ IoaXxod IIO3BOIACT CO34aBaTb HAACKHBIC
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Oappeppl Ha myTtd KkubeprpectynHocTh. OOecneueHue UHPOPMALMOHHOU
0€30MacHOCTH OCTAaeTCsl HENPEPBhIBHBIM IPOLIECCOM, TPEOYIOIUM OObEIUHEHUS
yCUJIUMN TrocynapcTBa, Ou3Heca M TpaxjaH. bynymee unudppoBoll IUBHIM3ALUU
HanpsIMyl0 3aBUCUT OT Hallled CIOCOOHOCTH 3alIUTUTh CBOM KIIIOUEBBIE AKTUBBI B
KHOepHpOCTPaHCTRBE.
Cnucok auTepaTyphl:
1. Bacunbes, A. 1. Benukue npaBurenu BocToka: OTuka u Biacte. — MOCKBa:
Hayxka, 2026. — 215 c.
2. Anekcees, . B. Apxurexrypa kubepoezonacHocti: OT TE€OpUH K MPAKTHUKE.
— Mockasa: Texnocdepa, 2025. — 320 c.
3. CoxonoBa, M. H. HUckyccTBeHHBIN MHTEIUIEKT B 3amuTe MHGOpMALUUA. —
Cankr-IlerepOypr: Ilutep, 2024. — 285 c.
4. mutpue, C. A. CouuanpHas HHXeHepus: AHaromusi kuOeparak. —
ExarepunOypr: U3narensctBo Ypanbckoro yausepcurera, 2026. — 192 c.
5. Koznos, P. I1. I'mo6ansHas kubepOe3omacHOCTh: MexayHapoaHO-TIPaBOBOM

acriekt. — HoBocubupck: Hayka, 2025. — 254 c.
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Caenenus 00 aBrope(-ax): Yapuiesa /[ynsacozen, npenooasamen,
Aeaesa /[ypnu, Bopoocakoe bamueip, Hypmwipadosa Mepoowcen, cmyoenmul,
Meowcoynapoonwiii ynusepcumem negpmu u eaza umenu HAzwuvicenou Kaxaesa

2. Awxabao, Typxmenucman

«MCKYCCTBEHHbII MHTEJUJIEKT U MAIIMHHOE OBYUYEHUE B
CUCTEMAX OBHAPYKEHUS YTPO3: THHOBALIMOHHBIE MOJIXO/IbI
K ABTOMATHU3ALIUU IUPPOBOW 3ALLUTHI»

AHHoTamusi: BBejgeHne B UW3yYeHHWE PONHM HCKYCCTBEHHOTO HHTEIIEKTa B
KrOepOe30MacHOCTH IMO3BOJSET OLEHUTh MACIITa0HYIO TpaHC(OPMAIMIO METOI0B
POTUBOACHCTBUS IU(DPOBBIM yrpo3aMm. B ycIoBHsIX, KOT/Ia KOTUYECTBO U CIOKHOCTh
KuOeparak pacTyT B T€OMETPUYECKON MPOTPECcCCHH, TPAIUIIMOHHBIC CHTHATYPHBIC
METOJIbl 3aIUTHl MepecTaloT ObITh 3(PPeKTUBHBIMU. VICKyCCTBEHHBINH HHTEIUIEKT U
MalIgHHOE OOydYeHHe B CHCTeMax OOHApyKeHHs Yyrpo3 IPeNCTaBIsAIOT COOOM
MHHOBAIIMOHHBIE  TOAXOMABI,  IO3BOJIAIONINE  ABTOMAaTH3MPOBATh  IPOIECCHI
MOHUTOPUHTA M aHanu3a Tpaduka. DTU TEXHOJIOTUU CIIOCOOHBI BBIABISTH CKPBITHIC
3aKOHOMEPHOCTH U aHOMAJIUH, KOTOPbIE HEBO3MOXKHO 3aMETHTh YEJIOBEUECKUM IIIa30M
WM TIPU TIOMOINHU JKECTKUX aliropuTMoB. [IprMeHeHHe MHTEIeKTyaJbHBIX CHCTEM
nenaeT HUGPOBYIO 3aIMTY MPOAKTHBHOH, oOecrieunBas O€30MacHOCTh JaHHBIX B
pEeXHMME peanbHOTO BPEMEHHU.

KiroueBble cJji0Ba: MCKYCCTBEHHBII MHTEIIEKT, MAlIMHHOE 00y4YeHue, 0OHapyKeHUe
yrpo3, aBTOMaTU3alMs  3alluThl, KUOEpOE30MacHOCTb, HEHPOHHBIE  CETH,
MOBEJCHUYECKUI  aHanmu3, LudpoBas OE30MACHOCTb, MPOAKTHBHAs  3alIUTA,
MHTEIJUICKTYaIbHbIEC CHCTEMBI.

MammHaHoe oOydeHue BBICTymaeT (yHIaMEHTOM JJisi CO3JaHusl CHCTEM,
CHOCOOHBIX aTaNTUPOBATHCA K TOCTOSTHHO MEHSIOIIEeMYcs TaHmad Ty kudepyrpos 6e3
OpsIMOTO  YYacTHsl MPOTPaMMHUCTA. ANTOPUTMBI OOyYalOTCS Ha KOJOCCAIbHBIX
MacCUBaX HMCTOPUYECKHUX JaHHBIX, 3allOMUHAs XapaKTEPUCTHKU KaK JIETUTUMHOMN

AKTUBHOCTH, TaK M M3BECTHBIX BPEIOHOCHBIX JeicTBuiA. Ha oCHOBEe 3TOro ombiTa
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cucteMa (QoOpMHUpPYET JIUHAMUYECKHE MOJEIU IOBEJICHUS, KOTOpbIE TO3BOJISIOT
KJacCU(UIUPOBATh  HOBbIE  COOBITUSL C  BBICOKOM  CTEMEHBIO  TOYHOCTH.
NHHOBAIIMOHHOCTh JTOrO TMOAXOJA 3aKJIIOYaeTCss B CIOCOOHOCTHM HeHpoceTre
pacro3HaBaTh MOIU(PUIIMPOBAHHBIE BEPCUH BUPYCOB, KOTOPHIE paHEe HE BCTPEUAIUCH
B 0aszax JaHHbIX. brnaromaps aBTOMaTu3alliyd aHaliuz3a, BpeMs OOHaApY>KEHUS
MHIIUJICHTA COKPAIAeTCsl ¢ HECKOJIbKUX JHEH 10 HECKOJIbKUX MUJUIMCEKYHI. JTO
KPUTUYECKH Ba)XXHO JUISl 3alllUThl BBICOKOCKOPOCTHBIX (PUHAHCOBBIX CeTEeH U
rOCYJIapCTBEHHBIX WH(POPMAIIMOHHBIX CUCTEM.

OOGHapyxeHHe aHOMAJUW SBISETCS OJHOM W3 Hambojee NEPCHEKTUBHBIX
(GYHKIIMI HMCKYCCTBEHHOTO0 HHTEIIeKTa B cdepe obecrneueHuss UHGOPMAITMOHHOM
0€30IacCHOCTH KPYITHBIX OpraHu3aiui. B oTinune oT KIIacCUYeCKUX CUCTEM, KOTOPbhIS
UIIYT COBMAJACHUS C KOHKPETHBIMH yrpo3amu, MU aHamu3upyeTr «HOpPMaIbHOE)»
COCTOSIHME CeTU U (PUKCHPYET JI00ble OTKJIOHEHHWs OT Hero. Ecimu momb3oBaresb
BHE3AITHO HAYMHAET CKauYMBaTh OIPOMHBIE 0ObEMBI JIAaHHBIX B HEOOBIUHOE BPEMsI WUJIU
3aXOOUT B CHUCTEMY C HOBOro yctpoiictBa, MM MrHOBEHHO CUTHAJIU3UPYET O
NOTEHIUAJIbHON omacHOCTH. Takoi MeTtoa ocoOeHHO 3(P(EeKTHBEH MPOTUB arak
HYJIEBOTO IHS» M WHCAWJEPCKUX YIPO3, KOTOPHIE YacTO OOXOAST TPaAUIIMOHHbBIE
Oapbepsl. [loBeneHueckuii aHamu3 MO3BOJISIET CTPOUTHh MPODUIN Il KaXIOTO y3Ja
cetu, obecrmeunBas WHAUBUAYAJIbHBIM TOAXOM K 3alllUT€ KaXJOTO CETMEHTA.
ABTOMAaTH3aIMs ATOTO MPOIECCa MCKIIOYAET BIUSHHE 4YEIOBEUYEeCKOro (Qakropa u
YCTaJIOCTH Ooneparopa.

NuHOBaIIMOHHBIE TOAXOMbI K aBTOMAaTH3aluu ITUGPOBON 3aIIUTHl BKIIOYAIOT
MCIOJIb30BaHNE TITYOOKOTO OOYYEHHMs JJIsl aHalIM3a HECTPYKTYPHUPOBAHHBIX JAHHBIX U
CJIOXKHBIX CETEBBIX MNPOTOKOJIOB. CBEPTOYHBIE U PEKYPPEHTHHIE HEHPOHHBIE CETU
MPUMEHSIOTCA 111 00paOOTKK JIoT-(haiiyioB, AJIEKTPOHHBIX IMHCEM M CUCTEMHBIX
BBI30BOB B IMOMCKaX MOAO3PUTEIHHON aKTUBHOCTH. DTH MOJEIN CIOCOOHBI yUUTHIBATh
KOHTEKCT COOBITHSI, UTO 3HAYUTEIHHO CHMXXAET KOJIUYECTBO JIOKHOIMOJIOKUTEIBHBIX
cpabaTbhIBaHM, OTBJICKAIOIINX CICIIHAIMCTOB MO 0e30macHOCTH. [ Tybokoe o0yueHue
MO3BOJISIET aBTOMATU3HPOBATH MPOLECC U3BJICUEHUS MPU3HAKOB YIPO3, UYTO PaHbIIIE

TpebOBajJO0 PY4YHOTO Tpyda AHAIUTUKOB. VHTerpamuss Takux peUIeHUd B LEHTPHI
166



MoHuTOopuHra (SOC) mo3BoJIsI€T KOMIIAHUSM CIPABIATHCS C OIPOMHBIM HOTOKOM
penynpekaeHui, (POKyCUpysCh TOIBKO Ha JEHCTBUTENHbHO 3HAYMMbIX MHIUACHTAX.
Texnonoruu MM npesBpamarT NACCUBHYIO 3alUTy B WMHTEICKTYaJbHBIM ILIUT,
MOCTOSIHHO COBEPILIEHCTBYIOIIUIICS B IIpoliecce padoThl.

[IpornocTuyeckas aHaluTHKAa Ha 0a3e UCKyCCTBEHHOTO MHTEIUIEKTA MO3BOJISET
Mpe/cKa3biBaTh Oynylle arTakd, aHaJdU3upys TPEHAbl U AKTUBHOCTh B TEHEBOM
CEerMEHTe MHTEepHeTa. AJNTOPUTMBI CIOCOOHBI  OTCIEXKHBATh MOATOTOBKY K
MacHITaOHBIM KaMIaHUsAM, (PUKCUPYS PETHCTPALMIO MOJO3PUTEIbHBIX JOMEHOB WU
NOSIBJICHWE HOBBIX JKCIUIONTOB. DTO JaeT OpraHU3alusM BO3MOXKHOCTh 3apaHee
YKpEenuTh HauOojiee YSA3BUMbIE YYaCTKHM CBOE€M HWHEOPACTPYKTypbl M OOHOBUTH
NOJUTUKUA 0€30MaCHOCTH. ABTOMATU3UPOBAHHBIE CHCTEMbI COOpa pa3BelbIBaTEIbHON
unpopmanuu 06 yrposzax (Threat Intelligence) unTErpupyrorcs ¢ 3alIUTHBIMU
pelieHusiMu, oOecreunBas MTHOBEHHYIO peakiuio. [IpeBeHTHBHBIM  MOAXO.
3HAYUTENIbHO CHIKAET MOTEHIMANbHBINA yiiepO oT kubeparak, mepeBois 00prOy B
IUIOCKOCTh TPEeNynpexIeHus HUHIUAEHTOB. CIOCOOHOCTh MNpEABUACTh JAEUCTBUS
NPOTUBHUKA CTAHOBUTCS TNIABHBIM MTPEUMYIIIECTBOM B COBPEMEHHOM IUPPOBOM TOHKE
BOOPY>KEHUM.

O6pabotka ectectBeHHOro s3bika (NLP) HaxomuT mnpuMmeHeHune B
KnOepOe30MacHOCTH sl aHaJIn3a TEKCTOBOM MH(OpMaIMK U 3aIUThl OT (DUILIUHTA.
HckyccTBEHHBIN MHTEIJIEKT CIIOCOOCH OIIEHUBATh CONEPIKAHUE AIEKTPOHHBIX MTUCEM,
BBISIBJISISL CKPBITBIE TMOMNBITKA MAHUMYJSALUM WIM TPaMMaTHYECKUE KOHCTPYKILIHH,
XapakTepHble ISl 370yMbINUIEHHUKOB. Cuctembl Ha 0aze NLP ananusupyror He
TOJBKO TEKCT, HO M METa/JlaHHbIe, CCbUIKM U BIIOXKEHUS, o0ecreunBas KOMIUIEKCHYIO
IIPOBEPKY  KOPPECHOHJAEHUMHU. ABTOMAaTH3alus 3TOr0 IpOIEcca  3al[UIlacT
COTPYIHHUKOB OT IICUXOJIOTUYECKOr0 BO3JAECHCTBUS U COLIMAIBHON HHKEHEPUH, KOTOPbIE
SBJISIIOTCSL NIPUYMHONM OONBIIMHCTBA YTEUEK AaHHBIX. HTemnekTyanbHble (UIBTPHI
ITOCTOSIHHO 00Yy4YaroTCsl Ha HOBBIX IPUMEpax cliaMa U MOILIEHHUYECTBA, MOBBIIIAs CBOIO
3 PEKTUBHOCTH € KaXbIM THEM. JTO MO3BOJISIET CO3/1aTh HAACKHBIN Oapbep HA caMOM

MOIYJIIPHOM BEKTOPE NPOHUKHOBEHHS B KOPIIOPATUBHBIE CETH.
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ABTOMaTu3upoBaHHOE pearupoBaHue Ha uHUUAEHTHI (SOAR) Ha 0aze
MCKYCCTBEHHOI'O MHTEJUIEKTA MO3BOJSET CUCTEMAM CAMOCTOATENbHO MPEANPUHUMATD
AedcTBUs 1Mo HeWrpanu3auuu yrpo3. Ecium WU oOHapyxuBaeT akTUBHOCTH
MIPOTrPaMMBbI-BBIMOTATENs, OH MOXKET MTHOBEHHO M30JIUPOBATh 3apayKEHHBINA CEpBEP OT
OCTaJbHOM CETH M 3a0JIOKMpPOBaTh YUETHYIO 3alUCh 3JI0yMbllLIeHHUKA. [Iporecc
CIACPKMBAHUSI aTaKd TMPOUCXOIUT AaBTOMATUYECKHM IO 3apaHee MPOMUCAHHBIM
cueHapusm (mieidykam), KOTOpble TUHAMHUYECKH KOPPEKTUPYIOTCS CUCTEMOM. DTO
MUHUMHU3UPYET BpeMsi, B T€UYCHUE KOTOPOTO aTaKyIOUUA MOXKET HAHECTH YPOH WM
MOXUTUTHh KOH(UICHIIMATBHYI0 WH(OpPMAIIUIO. YUYacThe YeJIOBeKa B TaKUX CiIydasx
OTPAaHUYUBACTCS  KOHTPOJEM 3a JICUCTBUSIMU CHUCTEMbl U  TOCIEAYIOIIUM
paccieoBaHUEM TIPUYMH WMHIUJISCHTA. ABTOMAaTH3alMs pPEarupOBaHUS SIBISETCS
€IMHCTBEHHBIM CIIOCOOOM MPOTHUBOCTOSITH COBPEMEHHBIM OOTHETaM, JCHCTBYIOITUM
Ha CBEPXBBICOKUX CKOPOCTSIX.

O6yuenue cucrem Oe3omacHoctd Ha ©Oaze MU Tpebyer wucmonb30BaHUS
KaueCTBEHHBIX M Pa3HOOOpa3HbIX HAOOPOB MAHHBIX, UCKIIOYAIONIMX MPEIB3STOCTh
mojeneil. MccnenoBarenu NPpUMEHSIOT METObl CHHTETUYECKOM TeHepalii JaHHBIX U
oOMeHa 00e3TMYCHHBIMU BHIOOPKAMH MEX1y KOMITAHUSIMU JJI TIOBBIIIICHUS] Ka4eCTBa
oOydeHns HeipoceTed. BakHOW 3amadell ocTtaeTcs 3alkTa CaMUX aJlOPUTMOB
MaIIMHHOTO OOyYeHHsS OT arak, HalpaBICHHBIX Ha MX OOMaH WM «OTPaBICHUE
oOyuatome BeIOOpKU. CrienuaiucThl pa3padarbiBaloT METOABI pOOACTHOTO O0yUCHUS,
KOTOPBIE€ JI€JIaI0T CHUCTEMbl YCTOMYMBBIMHM K IOMBITKAM 3JIOYMBIIIJIEHHUKOB CKPBIThH
cinenpl mpucytcTBus. IlocTosHHas BepuduUKanuMs W TECTHPOBAHHWE MoOneNed Ha
YCTOMYHMBOCTh  SIBISIFOTCSL ~ HEOTHEMJIEMOM  YacThlO  JKM3HEHHOTO  IIMKJA
MHTEJUIEKTYyalbHOM 3amnThl. KauecTBO JaHHBIX HAPSIMYIO ONPEAEIseT CIOCOOHOCTD
CUCTEMBI OTIINYATh PEATbHYIO YTPO3y OT MITATHOW padOThl OU3HEC-TIPUITOKECHHIA.

NHTerparus UCKyCCTBEHHOTO MHTENIEKTa B cucTeMbl nHTepHeTa Bemeh (IoT)
oOecreynBaeT 3alluTy MHIJIIHAPAOB TOAKIIOYCHHBIX YCTPOUCTB, O0OJIagaronInx
OTPAaHUYEHHBIMH BBIUYHUCIUTEIbHBIMU pecypcaMu. JIerkoBeCHbIE MOMIENIM MAIIMHHOTO
oOydeHHsi MOTyT paloTarb HEMOCPEACTBEHHO Ha mNepUPEpUNHBIX YCTPOUCTBAX,

aHaJIM3UPYs UX COCTOSIHUE U Tpaduk Oe3 3ajepKeK. ITO MO3BOISET MPEAOTBpaAIaATh
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WCIIOJIb30BaHUE OBITOBBIX MPUOOPOB M MPOMBIIIJIEHHBIX JAaTYUKOB B COCTaBe
ro0anbHBIX OOTHETOB IJIsi mpoBeAeHuss DDoS-arak. ABtomaruzanus 3amuthl [0T-
cereil pemaer MpoOIEMy CJIOKHOCTA YIPABICHUS OrPOMHBIM  KOJUYECTBOM
Pa3HOPOJIHBIX YCTPOUCTB C pa3HBIMU OlepaluoHHbIMU cucteMamu. U obecnieunBaeT
LEHTPAJIM30BAaHHBI KOHTPOJIb M 0OE€30MaCHOCTh, TapaHTUPYyd HAJEKHOCTb PaOOTHI
«YMHBIX TOpPOJIOB» U aBTOMAaTH3WPOBAHHBIX MPOU3BOJACTB. 3amura nepudepun
CTAHOBUTCSI KPUTUUECKH BaKHBIM 3BE€HOM B OOIIEH apXUTEKType KubepOe30nacHOCTH
roCyaapcTBa.

DTHUuecKas CTOpOHA UCTOJb30BaHUS UCKYCCTBEHHOTO MHTEIICKTa B IU(PPOBOIA
3alUTe TOApa3syMeBaeT coOitoneHue OanaHca Mexay Oe30MacHOCThIO |
NPUBATHOCTHIO MoJb30Bareneid. CHUCTEMBbl TOBEJCHUYECKOTO aHaliu3a JIOJKHBI
oOpabaThiBaTh JaHHBIE TaKUM O00pa3oM, 4YTOOBl HE HapyliaTh TaWHy JIMYHOU
NEePENUCKN U He coOupaTh M30BITOUHYI HMH(MOopMmanuo. [Ipo3padHOCTh alIropuTMOB
NN sBnsiercs HEOOXOAMMBIM YCIOBHEM JJisi JOBEpHsl CO CTOPOHBI OOIIEeCTBa U
perynmupymoomux opraioB. Pa3paborka craHgaproB «orBercTBeHHOoro WHW» B
KuOepOe30MacHOCTH  HampaBlIeHa Ha  MPEeNoTBpallleHHe JUCKPUMUHALUU U
HEO0OOCHOBAaHHBIX OJOKMPOBOK AOCTyma. UeTkue ropUAMYEeCKUE paMKH OMPEIEISIIOT
rPaHULbl [OJHOMOYMM AaBTOMATHU3UPOBAHHBIX CHCTEM B IIPUHATUU PELICHUH,
3aTparMBalOIIMX IpaBa TIpaxJaH. OTUYECKUN KOHTPOJIb TapaHTHPYET, 4YTO
VHHOBALlMOHHBIE TEXHOJIOTHM CIIyXKaT 3alllUTe UHTEPECOB YEJIOBEKA, 4 HE CTAHOBATCS
MHCTPYMEHTOM TOTAJIbHOI'O HAZ30pa.

KubepnpecTynmHuKr  Takke HAYMHAIOT  HCIOJNB30BaTh  MCKYCCTBEHHBIM
WHTEJUIEKT IS CO3/MaHus afganTtuBHOro BpemoHocHoro IO u mpoBeneHust OGornee
TOYHBIX aTaK. ITO NPUBOJUT K BOSHUKHOBEHUIO «BOWHBI AJITOPUTMOBY, TJI€ CUCTEMBI
3alIUTHI JOJKHBI OCTOSHHO OIEpexaTh pa3padoTKu 3j10ymbliuieHHUKOB. N -ataku
MOT'YT UMUTHUPOBATh CTHJIb OOIIEHUS PEaJIbHbIX JIFOJIEH WJIM aBTOMAaTUYE€CKH HAXOUTh
VSI3BUMOCTH B KOJI€ TIPOTPAMMHOTO OOecTieueHrsl. B Takux yclIoBHSIX aBTOMaTH3aIus
3alUThl CTAHOBUTCS BOMPOCOM BBIKMBAaHUS JJIsl JTHO00I COBPEMEHHON OpraHu3aiuu
Ui rocyaapctba. IlocTosHHOE WHBECTHMpOBaHWE B HCCienoBaHus B oOmactu MU

IIO3BOJIACT COXpPAaHATh TCXHOJIOTHMYCCKOC IIPCBOCXOACTBO HA aTaKYIOHIGﬁ CTOpOHOﬁ.
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boprba 3a 0Oe3omacHOCT, B KHOEPIPOCTPAHCTBE MPEBPAIIACTCS B COPEBHOBAHUE
MEXJy HMHTCJUICKTyaJbHbIMH  MOTEHIIMAJaMi  pa3pabOTUMKOB  3alIUTHBIX U
HanaJaroluX CUCTEM.

CHIKEeHNE CTOUMOCTU OOJIAYHBIX BBIUUCICHUM JIEJIae€T MOIIHbIE HHCTPYMEHTHI
HCKYCCTBEHHOTO MHTEJUICKTA JOCTYIHBIMUA HE TOJBKO JJIsl KPYMHBIX KOPIIOpAIUid, HO
u 1715 Masioro ousHeca. O0naunble 1aTGopmMbl 6€30MaCHOCTH MIPEOCTABIAIOT YCIYTH
WHTEJUICKTYaJIbHOTO MOHUTOPHUHTA 110 MOJIEIU MOAIUCKH, TEMOKPATU3UPYS JOCTYII K
BBICOKMM TEXHOJIOTHSAM. DTO MO3BOJISIET KOMITAHUAM JIF0O00ro Maciiradba o0ecrneunThb
ce0e ypOoBEHb 3alUThl, COMTOCTABUMBIN C OAHKOBCKUMH CHUCTEMaMH. ABTOMAaTH3aIlUs
yepes 00JIadHbIe cepBUCHI ynpoiaeT BHeapenue MU, tak kak He TpeOyeT coneprkaHust
mTara JOPOTOCTOSIIHMX CIEIUATUCTOB MO JaHHBIM. MacmTabupyeMocTh TaKuX
pelieHnid TapaHTUPYET, YTO CHCTeMa 3alluThl OyJeT pacTh BMECTE C Pa3BUTHUEM
ousneca. JloctynHocth MU-TexHOMOTUHN SBISETCS BaXXHBIM (DAKTOPOM TOBBIIICHUS
o0111e# KHOEPyCTOMYMBOCTH MUPOBOM SKOHOMHYECKON CUCTEMBI.

3akiroueHue

B 3akmroueHue cinenyer OTMETHTh, YTO UCKYCCTBEHHBIN MHTEUIEKT U MAIIMHHOE
oOyuyeHue SBISIOTCS HEOThEMJIEMOM dYacThio Oyaymiero KubGepOe30MmacHOCTH.
ABTOMAaTH3alMsl TPOLECCOB OOHAPYXKEHUS yrpo3 TMO3BOJSIET  YEIOBEUYECTBY
3(GEKTUBHO TTPOTHBOCTOATH HApACTAIONIUM ITU(PPOBBHIM BbI30BaM. VIHHOBaIIMOHHBIE
MOJXOMbI TPEBpAIIAlOT 3allUTy B JUHAMHYHYIO, CaMOOOYYaroIIyloCs CHCTEMY,
CIIOCOOHYIO TPEABUIACTh W HEUTpanu3oBaTh OMAcHOCTh. HecMmoTps Ha pHCKH,
CBA3aHHbIE C ucnonb3oBanueM WU 370yMbllIIEHHUKaMH, [PEUMYIIECTBA
MHTEJUIEKTYaJIbHOM 3alllUThl 3HAYUTEIBbHO IMEPEBEIIMBAIOT MMOTEHUUAIBHBIE YIPO3BI.
Pa3BuTHe 3TUX TEXHOIOTUI OTKPBIBAET MYTh K CO3/IaHUIO TTO-HACTOAIIEMY O€30TacHOM
¥ HaJIeXKHOW 1udpoBoi muBMIM3anuu. bynymee nHDOpMaMOHHONW 0€30MacHOCTH
HEPa3pbIBHO CBA3aHO C TAPMOHUYHBIM COIO30M YEJOBEYECKOTO HHTEJUIEKTa H
HCKYCCTBEHHOI'O pa3zyma.

Cnucok nurepaTypsl:
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Canxr-IletepOypr: [Tutep, 2024. — 285 c.

. Amutpuen, C. A. ComnumanbHas UWHXXeHepus: AHAaTOMHUsI KuOeparak. —
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Caenenus 00 aBTope(-ax): Xodocambepoues Amaneenou, npenooasameis,
Llamnvikos Bepexem, cmyoenm,
Typxmenckuu cenvcxkoxosancmeennviil ynugepcumem umenu C.A.Huazoea

2. Awxabao, Typxmenucman

«IUPPOBU3ALUA U UHTEJVIEKTYAJIBHOE YIIPABJIEHUE
CUCTEMAMMU OPOHIEHUA: IEPEXO/ K ABTOMATU3NPOBAHHOMY
BOAOITOJIB30OBAHUIO B APUIHBIX 30HAX»

AHHOTanms: BBemeHne B uW3ydeHHWE  MPOLECCOB  LUQPPOBU3AIUHU
MEJTMOPATUBHBIX CHCTEM IIO3BOJIAET OIICHUTh MAacCIITa0HYI TpaHC(opMaIuio
arpapHoro CeKTopa B YCJIOBHSIX TJI00ATbHOIO AeguiuTa BOAHBIX pecypcoB. Ilepexon
K WHTEJUICKTYaJbHOMY YIPABJICHUIO OPOIICHHEM B apHJIHBIX 30HAX CTAHOBUTCS HE
IPOCTO TEXHOJOTUYECKUM HOBIIECTBOM, a CTPATETHYECKON HEOOXOAMMOCTBIO IS
BBDKMBAHUS  cellbckoro  xo3siictBa. CoBpemeHHBbIE 1U(POBbIE  MIATHOPMBI
OOBEUHSIOT JAaHHBIE CO CIIyTHUKOB, HA3€MHBIX JATYUKOB W METEOCTAHIUU ISt
OPUHATUS MAKCUMaJIbHO TOYHBIX PEIIEHUH O BPEMEHM U HOPME MOJIUBA.
ABTOMAaTH3alMsl BOJAOIOJB30BaHUS IO3BOJISIET MUHUMH3UPOBATH YEIOBEUYECKUIA
(bakTOp ¥ UCKITIOUNTH HEPAIIMOHANIbHBIE IOTEPH BJIarH, CBSI3aHHbBIE C HCTIAPEHUEM WJTU
U30BITOYHBIM JIpeHaXOM. M3ydeHne 3TUX WHHOBAIIUN OTKPBIBAET MyTh K CO3JaHHIO
BBICOKOTIPOAYKTUBHBIX M YCTOMYMBBIX arpO’KOCUCTEM, CIOCOOHBIX IMPOIBETATH B
YCJIOBUSIX 3KCTPEMAJIBHO 3aCyILIMBOTO KIMMaTa.

KioueBble cioBa: mudpoBHU3aIUs  MEIHOpAIMH, HWHTEICKTYaJbHOEe
opomienue, Mutepner Bemied (IoT), aBTOMaTu3amus BOAOINOJIL30BaHUS, apHIHbBIC
30HbI, MPEUU3UOHHOE 3€MIIe/IeNIue, SKOHOMHS BOJbI, CEIbCKOE XO3SICTBO,
MOHUTOPUHT MOYB, YIIPABJICEHHE PECYPCAMU.

NHuTennekTyanbHble CUCTEMBI OpPOILICHHS Oa3upYIOTCS Ha HCHOJIb30BaHUU
Nurtepuera Bemelt (1o7T), rae kaxxaoe moJie OCHAIIEHO CEThI0 OECTIPOBOIHBIX JATYMKOB
BJIQYKHOCTH IMOYBBI U TEMIIEPATypPbl BO3yXa. ITU YCTPOICTBA epeaatoT UHPOPMAIUIO

B PEXUME PEAJbHOIO BPEMEHHM HA LUEHTPAIBHBIN CEPBEP, KOTOPBIA AHAIMA3UPYET
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COCTOSIHUE TIOCEBOB M TMOTPEOHOCTh PACTeHHl B BOJie. ABTOMaTHU3WPOBAHHBIC
KOHTPOJIJIEPHI YIPABISIIOT 33aJBMKKAMH M HACOCHBIMHU CTaHLMSIMH, MOAABAs BOIY
MMEHHO TOTJ1a, KOTJ]Ja OHa KPUTHYECKU HeoOXxoauMa. Takoi Moaxo/l, U3BECTHBIA KaK
MPELM3UOHHOE OPOIICHUE, MO3BOJSET IKOHOMHUTH /10 COpOKa IMPOLEHTOB BOJHBIX
PECYPCOB MO CPABHEHUIO C TPAAUIIMOHHBIMU METOAaMU. B apuaHbIX 30HaX, rae BoAa
SBJISIETCS. CaMbIM IIEHHBIM PECypcoM, TOJI00HAs TOYHOCTh CTAHOBUTCS 3aJIOTOM
YKOHOMUYECKOUN peHTA0EIbHOCTH (PEPMEPCKUX XO3SIICTB.

CrnyTHUKOBBIH MOHUTOPUHT W HCIOJb30BaHUE OCCHMJIOTHBIX JIETATEIbHBIX
arrnapaToB MO3BOJISIOT MIPOBOJUTH AETAIbHBIN aHAIA3 COCTOSIHUSL PACTUTEILHOCTH Ha
OrpoMHBIX Mutomansax. Muaaekcel Bereranuu, Takue kak NDVI, nomoraroT arpoHomam
BBISIBJISITh 30HBI CTpECCa y PAacCTEHUM 3aJ0JT0 0 MOSBICHUS BUIUMBIX MPU3HAKOB
3acyxu. [ludpoBbie KapThl TOJIEM WHTETPUPYIOTCS B CHUCTEMBI YIPaBICHUS
OpOIIIEHUEM, TO3BOJISII BapbUPOBATH HOPMY IMOJIMBA BHYTPUM OJIHOTO YYacTKa B
3aBUCUMOCTHU OT peibeda U TUIa MOYBBL. DTO MPEAOTBpAIIACT KaK NepeyBIaKHEHNE
HU3WH, TaK ¥ TMEPEeChIXaHHe BO3BBIIIIEHHOCTEH, 0OecrieunBas paBHOMEPHOE Pa3BUTHE
KyJbTyp. Hcmonp30BaHMEe APOHOB ISl MYJIBTUCHEKTPAIbHOM CHEMKH JEIAeT
KOHTPOJIb HaJl MEJIMOPATUBHBIMU CUCTEMAaMH MAKCUMAJILHO ONEPATUBHBIM U TOYHBIM.
TexHoJloruM  TUCTAaHIIMOHHOTO  30HAWMPOBAHUS  MPEBPAMIAOT  TPATULMOHHOE
3eMJIe/ICNIHE B BHICOKOTEXHOJIOTHIHYIO ITU(PPOBYIO HHIYCTPHIO.

O6naunple TIATGOPMBI M QJITOPUTMBI MAIIMHHOTO OOYYEHHUS HUIPAIOT
KIIFOYEBYIO pOJIb B IPOTHO3WPOBAHUM BOJOMOTPEOICHUS CEIIbCKOXO03SHCTBEHHBIX
KyJIbTYp Ha OCHOBE METECOPOJOTMYECKHX JAaHHBIX. VCKYCCTBEHHBI WHTEJUICKT
CIIOCOOCH aHaJU3MPOBATh HCTOPUYCCKHE TPEHABI M TEKYIIHE IPOTHO3BI TOTOBI,
3a0JIarOBPEMEHHO TIOJTOTABIMBAs CUCTEMY K IEpHOJaM aHOMAJIBHOW >Kapbhl. DTH
CHUCTEMBl YYUTBHIBAIOT (pa3bl poCTa PACTCHHM, ONTUMHU3UPYS TpaduK ITOIUBA IS
JOCTHKEHHSI MAKCUMAQIBHOW  YPOXAMHOCTM NpPU  MHUHHUMAJIbHBIX  3aTpaTax.
ABTOMAaTH3aNMs [JIAHUPOBAHMS BOJIOTIOMAYH TO3BOJISIECT 3P(HEKTUBHO PACTIPEACIIAThH
OTPaHUYECHHBIC PECYPChl MEXKAY PA3IMYHBIMU XO3SIMCTBAMHW Ha YpPOBHE IIEJIOTO
pervoHa. IludpoBoii ABOMHMK METHOPATUBHOM CHCTEMBI IMOMOTAET MOJEIMPOBATH

pa3lInyHbIE ClICHApPUU BOJIONOJIBL30BAHUS U BbIOMpaTh HanboJsee 3 (HeKTUBHBIC U3 HUX.
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NHTennekTyanbHbld  aHAJIW3  JAHHBIX  JEJIAET  YIPABICHUE  OpPOLICHUEM
MpeICcKa3yeMbIM U HAYYHO 0OOCHOBAaHHBIM ITPOLIECCOM.

CucreMbl aBTOMAaTU3UPOBAHHOTO BOJOPACIPEACICHUS B MaruCTPajbHBIX
KaHaJIaX MO3BOJISIIOT UCKJIIOUUTH HEMTPOU3BOAUTENbHBIE TOTEPU MPU TPAHCIIOPTUPOBKE
BOABl OT MCTOYHHMKA K moiuto. Mcmonb3oBaHWE aBTOMAaTUYECKUX 3aTBOPOB C
JUCTAHIIMOHHBIM YIIPaBJIECHUEM 00ECIIEUMBAET MO ACPKaHUE 3aJaHHOTO YPOBHS BO/BI
B KaHajaxX ¥ TOYHOE JI03MpoBaHue nojgauu norpedutensm. Ludpossie pacxogomepsl
¢ukcupyroT 00BEMBbl TOTpPEOJICHHS] B pPEAJbHOM BPEMEHH, UYTO CIOCOOCTBYET
BHEJPEHUIO  MPUHUMUIIOB  IUJIATHOTO  BOJOMNOJB30BAHMSI M TIOBBIIICHUIO
OTBETCTBEHHOCTH (epMepoB. BHenpeHue TeneMeTpuu Ha TUAPOTEXHUYECKUX
COOPY’KEHUSIX MMO3BOJISIET ONIEPATUBHO BBISIBIISATH YTEUKH UITU MOJIOMKH 000PY10BaHUs,
npeoTBpallias aBapuiiHble cuTyarui. MoaepHu3alus cTapbiX UPPUTallMOHHBIX CETeH
Ha Oa3e 1UQPOBBIX TEXHOJOTUH 3HAYUTEIHHO TMOBBIIACT OOMIMI KO3 (ULIUEHT
MOJIE3HOT0 JIEHCTBUSA CUCTEM. DTO (PyHIaMEHTaIbHBIH 1Iar K CO3/1aHUI0 COBPEMEHHOMN
1 3G PEeKTUBHON BOAOXO3IHUCTBEHHON HHPPACTPYKTYPHI.

OHeproshPeKTUBHOCTH MHTEIJUIEKTYAbHBIX CHCTEM OPOIIECHUS JOCTUTAETCS 32
CUeT MHTErpaluu BO30OHOBISEMBIX UCTOYHUKOB DHEPIUHU B YNpaBIECHHWE HACOCHBIM
obopynoBanuem. CoJHEYHBIE IMAHEIW M BETPOrCHEPATOPbl MOTYT OOECHeYHBaTh
ABTOHOMHYIO pa0OTy NAaTYMKOB M CHCTEM AaBTOMATHUKM Ha YJAJICHHBIX ydacTKax.
[udposoe ynpasieHue MO3BOISIET CAHXPOHU3UPOBATH PaOOTY HACOCOB C MIEPHOIAMU
MaKCUMaJIbHON BBIPAOOTKH COJIHEUHOM YHEPIUHU, CHUXKAs 3aTpaThl HA 3JIEKTPUYECTBO.
B apuaHbIX 30HaX, I'/le COJTHEYHAss AKTUBHOCTh BBICOKA, TAKOE COUYETAHNE TEXHOJIOTUN
ABJISIETCS] HANOOJIee MEePCIEKTUBHBIM U HKOJIOTUYECKHU ONpPaBIaHHBIM. ABTOMAaTH3aIUs
TaKKe€ MO3BOJISIET UCIOIb30BaTh HOYHOM IOJMB, KOIAa NCIIAPEHUE MUHUMAJIBHO, YTO
JOTIOJTHUTENIBHO SKOHOMUT BOJY U AJIEKTPO3HEPryui0. CHHEPIHsl «yMHOI'0» OpPOIIEHUS
Y YHCTOM 3HEPrUU CO3/JAaeT YCTOWYMBYIO 0a3y i pa3BUTHs arpapHOro CEKTOopa B
ITyCTBIHE.

Wnterpanusa cucreM @eprurauuu ¢ LU(GPOBBIM YIPABICHUEM IO3BOJIAET
OJIHOBPEMEHHO C TIOJMBOM BHOCUTH TOYHO JO3UPOBAHHBIE MOPLHMH YIOOpEHUH.

ABTOMATHKa KOHTPOJMPYET COCTaB MHUTATEIIBHOTO PacTBOpa, MOIJAEPKUBAS
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ONTUMAaJIbHBI YPOBEHBb KUCIOTHOCTH U KOHIEHTPALUU COJIEN B 3aBUCUMOCTHU OT HYXK]]
pacTeHuil. ITO MpeJOTBpAIlacT BHIMBIBAHUE XMMUKATOB B TIYOOKHE CJIOM MOYBBI U
3arpsAA3HEHUE TPYHTOBBIX BOJ, YTO KpaWHE BAXXHO [UIA COXPAHEHUS DKOJOTUHU
3aCyIUIMBBIX PETHOHOB. lIpenn3noHHOE BHECEHHUE YIOOpEHHI dYepe3 CHCTEMY
KaIleJIbHOI'O OPOIIEHUS 3HAYUTEIIBHO MTOBBIIIAET YCBOSIEMOCTD MUTATEbHBIX BEILIECTB
U cHWkaeT ux pacxoia. LludppoBoil KOHTPOJb HAJ MPOILIECCOM MHUTAHUS PACTECHUU
FapaHTUPyeT TMOJIyYEHHUE KAYECTBEHHOTO M OJKOJOTMYECKH YHUCTOrO ypOXKas.
NurtennextyanbHas dhepTuraius sSBIseTCS BBICIIUM 3TAallOM Pa3BUTHUSI COBPEMEHHBIX
MEJIMOPATUBHBIX TEXHOJIOTHUH.

3ammTa TOYB OT BTOPUYHOTO  3acOJieHMs  oOecrleurBaeTcs  uepes
ABTOMATU3UPOBAHHBIM KOHTPOJIb YPOBHS U MUHEPAIU3ALUHU TPYHTOBBIX BOA. JlaTunku
COJIEMEPHOTO KOHTPOJS TMepenaroT HHPOpPMAIMI0 B CHUCTEMY, KOTOpas TpH
HEOOXOAMMOCTH aKTUBHUPYET MPOMBIBHON PEXUM WM pabOTy JPEHAKHBIX HACOCOB.
[udpoBoil MOHUTOPUHT TO3BOJIAET MPEIOTBPATUTH JErpajlalliio 3eMelb, KOTopas
4acTO CONPOBOXKIAET NHTEHCUBHOE OPOILICHUE B apPUIHBIX 30HaX. Y MHAsI MEJIMOpALUS
NOJIIEP>)KUBAET ONTUMAIBHBIA BOJHO-COJIEBOM OaslaHc, COXpaHss IJIOJA0POJME MOYB
st Oyaymiux TMokosieHui. Vcmonp3oBaHHe MaTeMaTHUYeCKUX MOJENE IMO3BOJSET
IIPOTHO3MPOBATH PUCKHU 3aCOJICHUS Ha FOJbI BIEPE, IPUHUMAS IPEBEHTUBHBIE MEPBI
10 MEJIMOPATUBHOMY YIYUILIEHHUIO 3€MEJIb. DKOJIOTMYECKasi yCTOMYMBOCTh CTAHOBUTCS
HEOTHEMJIEMO YaCThIO IMPPOBOM CTPATETUN YIIPABICHUS BOJHBIMU PECYpPCaMHU.

3aknro4yenne

B 3axmrodenue ciaemayeT mog4epKHyTh, 9TO MUPPOBU3AITUS U HHTEIICKTYaIbHOE
YIIPABJICHUE CUCTEMaMU OPOLICHUS SBIISIIOTCS €AUHCTBEHHO BEPHBIM IIyTEM Pa3BUTHS
apuaHbIX 30H. llepexoxg K aBTOMAaTU3UPOBAHHOMY BOJOIOJB30BAHUIO ITO3BOJISIET
MPEBPATUTh Je(PUIUT BOABI U3 YIPO3bl B CTUMYJ JJII TEXHOJIOTHYECKOTO Mporpecca.
Ucnonb3zoBanue 10T, COyTHUKOBBIX [JaHHBIX W HCKYCCTBEHHOIO WHTEJJIEKTA
rapaHTUPyeT MAaKCUMaIbHYI0 J(()EKTUBHOCTH WCIONB30BAHUS KaXKIOW Karuiu
pecypca. CoBpeMEHHas THAPOMENTUOpAIUsl O00ECreYMBaeT HE TOJIBKO BBICOKUE
ypoKau, HO M COXPAHEHHE IKOCUCTEM s Oynymux mnokoyieHuid. MHHOBauu B

YOpaBJIECHUU BOJON CTAaHOBATCA (PyHIaMEHTOM CTAaOWJIBHOCTH, MPOIBETAHUS W
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DHEPreTUYECKOW HE3aBUCHUMOCTH TOCYNApCTB. byayliee CeapCKOro Xo3sucTBa B
3aCyIJIMBOM KJIMMAaTe HEPa3phIBHO CBS3aHO C MHTEIUIEKTOM MAlIUH U MYJIPOCTHIO
YEJI0BECUYECKUX PELICHUM.
Cnucok auTepaTyphl:
1. Bacunbes, A. I1. Benukue npaButenu Boctoka: OTuka u Biactb. — MockBa:
Hayka, 2026. — 215 c.
2. CmupHoB, B. JI. lludpoBbie TEXHOJOTHN B yIpaBIECHUH BOAHBIMHU PECypCcamMu
AIIK. — Amxa6an: blieim, 2024. — 225 c.
3. Iletpos, . K. NHHOBaIIMOHHBIE CUCTEMBI OPOIICHUSI B apUIHBIX PETHUOHAX. —
TamkenT: Menuopanusa 1 BogHoe xo3siictBo, 2025. — 310 c.
4, VBanoBa, JI. M. DKoJOTMYECKHWE aCMEKThl MEJIHOpAllUd B YCIOBHUAX
riaobansHOoro noreniaeHus. — Mocksa: Konoc, 2026. — 198 c.
5. CunmopoB, C. H. I'mapoTeXHHYECKHE COOPYKEHUS HOBOTO TIOKOJICHHUS IS

MyCTBIHHBIX 30H. — Anmatel: Hayka, 2025. — 245 c.
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2. Awxabao, Typxmenucman

«MCITIOJIB3OBAHUE NCKYCCTBEHHOI'O UHTEJVIEKTA B
HPEITIOJABAHHUU PYCCKOI'O A3BIKA B TEXHUYECKHUX BY3AX»

AnHoTaumusi: Mcmons3oBaHWe UCKyccTBeHHOro wuHTemiekra (MU) B
NPENoJaBaHuN PYCCKOTO s3bIKa B TEXHUYECKUX By3ax NPEJCTaBIISICT COOOWM Ba)KHOE
HamnpaBJIcHHEe B oOpa3oBaTeabHON TpakThuke. COBPEMEHHBIC TEXHOJOTHHU, BKITFOYAS
CUCTEMBbI Ha OCHOBe MU, MO3BOJAIOT 3HAYUTEIIBHO YIYUIIUThH MPOIECC OOydYCHUS,
oOecrieunBass ~ TNEPCOHATU3UPOBAHHBIM  MOAXOA K  KaKIOMY  CTYJCHTY.
WHuTemekTyalbHbIE CUCTEMbl MOTYT aHaJU3MpPOBATh YPOBEHb 3HAHHMM YyYaIluXcs,
afanTUpOBaTh 3aJaHUs W TMpeiaraTh WHIWBHUIyaJbHbIE PEKOMEHJAUUU IS
yiydiieHus HaBeikoB. BHenpenne MU B o0yueHne pycckoro si3bika CliocCOOCTBYET HE
TOJIbKO 3(P(HEKTUBHOMY YCBOCHHIO JIEKCUKU U TPAMMATHUKH, HO U Pa3BUTHUIO PEUEBBIX
HABBIKOB, HEOOXOIMMBIX JJisi oOmeHuss B TmpodeccuoHanbHor cdepe. Takue
TEXHOJOTUU OTKPBIBAIOT HOBBIE BO3MOXXHOCTH [IJISl TOBBIIMICHHUS KadecTBa
00pa3oBaHUs U MOATOTOBKH CIICIIUAIMCTOB, 0OCOOCHHO B YCIOBHUAX OBICTPOTO Pa3BUTHS
U (QPOBBIX TEXHOJIOTHM.

KioueBble €JIOBa: HCKYCCTBEHHBIM HMHTEIUICKT, IMPEINOJIaBaHHE PYCCKOTO
S3bIKA, TEXHUUYECKHE BY3bl, MEPCOHATM3UPOBAHHOE OOYYECHHE, MHTEIJICKTYyaTbHbIC
CUCTEMBI, NHU(POBBIE TEXHOJOTHH, OOpa30BaTEIbHBIC TEXHOJOTUH, S3BIKOBAsS
MOATOTOBKA, MHHOBAIIMYU B OOYYCHHUH, aBTOMATH3AINS O0yICHUS.

Hcnonw3oBanue uckycctBeHHoro unureiekra (M) B npenogaBanuu pycckoro
S3bIKa B TEXHWYECKHX BY3aX OTKPHIBAET HOBBIC BO3MOKHOCTH JIsi ONTHMH3AIUU
oOpazoBarenpHOro nporecca. Cuctemsr UM MOTyT CyliecTBEHHO yIyqIIUTh Ka4e€CTBO
oOydeHwmsI, TPEAOCTaBISA WHIANBUIYAIbHBIE TOAXOIbI K KaXAoOMy cTtyaeHTy. OHu
CIIOCOOHBI aHATTM3UPOBATH YPOBEHB 3HAHUN YUAITUXCSI K KOPPEKTUPOBATH MPOTPAMMY

O6y‘-IeHI/I$I B p€aJIbHOM BPCMCHHU, IIpCiiarasa 3aaadn, COOTBECTCTBYIOIHC UX TCKYIICMY
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YPOBHIO NOATOTOBKH. BHEIpEHME TAaKMX TEXHOJIOTMU MO3BOJSAET CHENAaTh IPOLECC
o0ydeHus 0osee THOKUM U aIallTUBHBIM.

OpHUM U3 KIIIOYEBBIX NPEeUMYLIeCTB ucnoib3oBanuss MU B 00yuenuu snsercs
BO3MOXHOCTh CO3JaHUSl MEPCOHAIM3UPOBAHHBIX 00pPa30BATENbHBIX TPACKTOPUN IS
CTYJEHTOB. DTH CUCTEMbI MOTYT YUUTHIBaTh OCOOEHHOCTU BOCHPUATUSA UH(OpMAIIIU
KOKJIbIM YYEHUKOM, MPEJOCTABISAS €My 3aJlaHus, KOTOpble Haubosee >PQPEeKTUBHO
CHOCOOCTBYIOT ycBoeHMIO Marepuaina. Hampumep, MM MoxeT pexkoMeHI0BaTh
CTYJ€HTaM JIONOJIHUTEIbHbIE MaTepHalibl JJsi YIJIyOJIGHHOTO M3YyYEeHHs] WU
NPEJJIOKUTh albTEPHATUBHBIE CIIOCOOBI OOBSICHEHUS CIOKHBIX Te€M. DTO MOMOTaeT
MakCUMaJIbHO 3G (EKTUBHO  OpraHM30BaTh  Y4YEOHBIH  MpoOIeCC, YYUThIBas
UHAUBUAYaJbHbIE TOTPEOHOCTH.

Kpowme toro, I/ B npenogaBaHuu pyccKOTO s3bIKa MO3BOJISIET CTyIEeHTaM Oosiee
aKTMBHO MPAKTUKOBAaTh CBOW HaBbIKU. COBpEMEHHBIE CUCTEMBbI MOTYT 00€CIIeYnBaTh
aBTOMATHYECKOE MCIIPaBJIEHUE OLIMOOK, KaKk B TpaMMAaTHKe, TaK U B JIGKCUKE. DTO
3HAUYMUTENIbHO CHUKAET HATPY3Ky Ha MPENo1aBaTeNsl U O3BOJISET CTYI€HTAM [101y4aTh
CBOEBpPEMEHHYIO0 OOpaTHYIO CBs3b. [loCTOSHHAs TpakTHKa C WHTEUIEKTYaJbHBIMU
CUCTEMaMHU CIIOCOOCTBYET YJYUILIEHUIO SI3BIKOBBIX HABBIKOB W YCKOPSIET Mpoliecc
o0y4eHHUSI.

Buenpenue MU takxe moMoraet CTyAeHTaM yJIy4IIUTh HABBIKU BOCIIPUATHUS HA
CIyX W mnpousHouieHus. Mcrnoap30BaHWE aBTOMAaTUYECKUX CUCTEM ISl MPOBEPKU
MPOU3HOILEHUS JAeT BO3MOKHOCTh CTYACHTAM MOJIYYUTh TOUYHYIO OOPAaTHYIO CBA3b U
UCIPaBUTh OLIMOKH, HE oOpallasch K mpernojaBarento. B wactHocTH, 3T0 Kacaercs
TEXHUYECKUX CTYJEHTOB, KOTOPBIE MOI'YT IIPAaKTHMKOBATh S3BIK, HE OIPAHUYMBASCH
TOJBKO TEOPETUYECKUMHU 3aHATUSAMU. B pesynbrare oHM cTaHOBATCS Ooiiee
YBEPEHHBIMM B CBOeH peun U MOryT 3((EeKTHBHO KOMMYHHUIIMPOBaTh Ha
nmpodeccuoHaTsHOM YPOBHE.

[Tomumo mpaktudeckux npeumymiectB, UM crmocoOcTByeT 6osee ramy0okomMy
IIOHUMAHMIO JIEKCHKM M TPaMMATHKH PYCCKOTO s3bIKa. Takue CHCTEMBI MOTYT
aHAIM3UPOBATh TEKCTBl M MpeayiaraTh CTYA€HTaM pa3jM4yHble CHOCOOBI HX

HHTCPpIPCTAllMK, YTO IIOMOIracT pPa3BHUTHb 0ojee BBICOKHI YPOBCHb KPHUTHYCCKOI'O
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MbinuieHust. CucteMbl Ha 6aze MM Moryt mHTErpupoBath B 00y4YEHHE pa3IHMUHbIC
ACIEKTHI S3bIKa, OT FPAMMATUUYECKUX KOHCTPYKIIUH 10 00Jie€ CI0KHBIX TUTEPATYPHBIX
U KYJIBTYPHBIX TEM. DTO PACUIUPSIET TOPU3OHTHI CTYACHTOB U IMTOMOTAET UM HE TOJIBKO
OBJIQJIETH SI3BIKOM, HO U MOHATH €r0 0COOCHHOCTH Ha 60Jiee ITyOOKOM YpOBHE.

TexHu4eckne YHUBEPCUTEThI, B KOTOPBIX CTYIEHTH M3Yy4aloT IUCIMIUIMHBI,
TpeOYIOIINE BBHICOKOTO YPOBHS PYCCKOTO $13bIKa, MOTYT 3HAQYUTEJIBHO BBIUTPATH OT
BHenipenus M B o6pazoBaTenbHbI ipoliecc. Hanpumep, cTyaeHThI, 00yJdaroniuecs B
WHXXEHEPHBIX, MaTeMaThuueckux uiau [T-HampaBieHHsIX, 4YacTO CTAJIKUBAIOTCA C
HEOOXOAUMOCTBIO TIOHMMAaTh CHEIUATU3UPOBAHHYIO JIEKCUKY UM TpaMMAaTHKY,
UCIIOJIB3YEMYIO B HayuyHbIX TekcTax. MM moxkeT momMoub 00JErdyuTh 3TOT MPOIECe,
npeiaras UHAUBUAYaJlbHbIC TPEHUPOBKH U IaNTUPYS 3aJaHus 110 YPOBEHb 3HAHUH
KOKJIOro  cryieHTa. Takum  oOpa3oMm,  CTYIEHTBl  CMOTYT  pa3BHUBaTh
npodeccroHaIbHbIE S3BIKOBBIC HABBIKM HApsAy C H3YYCHHEM CBOCH OCHOBHOMU
CHEUUATIBHOCTH.

BaxnbiM acnektom ucnosib3oBanus MU B mpenogaBaHuu SIBASIETCA TO, YTO
TaKUe CUCTEMbI MOTYT OBITh MHTEIPUPOBAHBI B YK€ CYIIECTBYIOIINE 00pa30BaTEIbHbIC
wiat@opmbl. DTO MO3BOJISIET TpenoaaBaresisiM dpPexkTuBHO ucnoib3oBaTh MU s
OpraHu3allid CaMOCTOSITENILHOW palOThl CTYACHTOB M KOHTPOJS HMX Mporpecca.
Hcnonb3oBanue Takux miaTdopMm oOJerdaer MmpemnojaBaTeIbCKUl TPYI, MO3BOJISS
COCpPEZIOTOUYUTHCS Ha Oo0Jiee CIOKHBIX acleKTax OOyYeHHs, TaKUX KaK aKTHBHOE
B3aMMOJICHCTBHE C TPYIIION M 0OCYKICHUS.

Cuctembl U MmoryT OBITH HCTIOJB30BAaHBI HE TOJBKO 711 00yUEHUSI TpaMMaTHKE
U JIEKCHUKE, HO W JUIs TIOBBIIICHUS MOTUBAIIMU CTYJeHTOB. MHOTHE 00pa3oBaTeIbHBIC
m1aTGopMbl MpeIaraloT reiMudukanuio o0ydeHus, T/I€ CTYACHTHl 3apadaThIBaOT
OBl ¥ JOCTIKEHUS 3a BBIMIOJIHCHHWE 3aJaHWid. DTO CIOCOOCTBYET IMOBBIIICHHUIO
MHTEpeca K yuyebe U MOTHUBAIIMU CTYJIEHTOB, UTO OCOOEHHO Ba)KHO I TEXHUYECKHUX
BY30B, TJI€ TUCIUILTUHBI MOTYT OBITh CIIOXHBIMH M TPEOOBATh 3HAUYUTEINHHBIX yCHIUN
JUTSl YCBOCHHMSL.

Buenpenne NN takxke no3BossieT 6osiee 3p(HEKTUBHO OPraHU30BaTh CUCTEMY

OLICHKH. ABTOMaTHUYECKOE TCCTUPOBAHUC u aHaJIu3 OInO0K IIOMOI'arOT
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npenojaBaTesiM OBICTPO BBISBIATH ciiadble MeCTa B 3HAHUSIX CTYJEHTOB U
KOPPEKTUPOBATH YUeOHBIN TIpotiecc. Takoi Moaxo/1 CHUKAET CYyOBEKTUBHOCTD OILICHKH
u jaenaer ee Oosnee 00beKTUBHOU. CTYIAEHTHI, B CBOIO OYEpEb, MOIYYAIOT YETKYIO
KapTUHY CBOMX YCIIEXOB U 00J1acTeH, TpeOYIOMUX YIYUIICHUS.

Cuctempt HMHM MOryr axTHBHO HCIOJIB30BAaThCSA JJIsi  MPENojaBaHUs
poeCCUOHANIBHBIX U CIEIUATU3UPOBAHHBIX TEKCTOB. [l CTY/IEHTOB TEXHUYECKUX
BY30B Ba)KHO HE TOJILKO OBJIaJIeTh 0a30BBIMU SA3bIKOBEIMU HaBBIKAMU, HO U HAYYUThCS
paboTaTh C TEXHUYECKOW JIOKYMEHTAI[Mel, HayYHbIMU CTaThSIMU W MPOEKTHOU
nokymenTtanueit. U moxeT aganTupoBaTh y4eOHBIM MaTepual B COOTBETCTBUU C
HY)XJIaMU CTYJIGHTOB, TMpejjaras UM 3aJlaHusl 10 TMEpPeBOaY, aHajauzy U
PEIAKTUPOBAHUIO MPO(ECCHOHAIBHBIX TEKCTOB. DTO TMO3BOJSET CTYACHTAM Cpa3y
NOTPY>KaThCs B peaibHyI0 MPOo(eCCUOHATBHYIO CPEy.

3akirouenune

Hcnons3oBanue NN B mpenonaBaHuU pyCCKOTO SI3bIKa B TEXHUYECKUX BY3ax
uMeeT OOJIbIIIoe 3HAYEHUE JUIsl yIydllleHus KayecTBa oOpa3oBaHusi. OHO MO3BOISET
CTyJIEHTaM TIOJly4aTh MEPCOHANM3UPOBAHHOE OOyueHue, 3(PGHEeKTUBHO pa3BUBATh
A3bIKOBBIE HABBIKM U TMOBBIIATH MOTHBALMIO K H3Yy4YeHUIO. BHeapeHue Takux
TEXHOJOTUU CIOCOOCTBYET YIYUIICHHIO IIpoliecca OOY4YeHHs U IOJTrOTOBKE
CIIEIUAJICTOB, TOTOBBIX K paboTe B IU(PPOBYIO AMOXY.

Crucok JuTepaTyphl:
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«UNIVERSITY EDUCATION BASED ON COMPUTER TECHNOLOGIES»

AHHOTALUA

B crarse paccmarpuBaroTcss 0COOCHHOCTH O0YYEHUS B BY3€ C HCIIOIh30BAaHHEM
KOMITBIOTEPHBIX TEXHOJOTHUM. PacKpbiBaeTcsi pojib TEXHUUYECKUX CPEACTB OOydeHUs
KaK BCIIOMOTaTeJIbHOIO HWHCTPYMEHTa MpH BEAyLIEW PoOIM MpenoaaBaTes.
OO6OCHOBBIBAETCSI 3HAYEHHWE HMHTEPAKTUBHBIX W  MYJIBTUMEIUHHBIX  CPEJICTB,
JUCTAHIIMOHHOTO OOYYeHWs W WHIWBHAYyaJIU3allud 00pa30oBaTEIHLHOTO Mpoliecca.
Ocoboe  BHHMMaHHME  yIENAETCS  CO3JAaHUI0  €IUHOTO  HMH(POPMAIIMOHHOTO
00pa3oBaTebHOTO MPOCTPAHCTBA M €r0 BIMSHUIO Ha KauyeCTBO OOyUCHHS, Pa3BUTHE
HayKH ¥ MHTETPAINIO B INIO0AJTbHYI0 HHGOPMAIIMOHHYIO Cpey.

KioueBble ¢Jj10Ba: KOMIBIOTEPHBIC TEXHOJIOTUH B 00Pa30BaHHUH, TEXHUYCCKHEC
cpencTBa 0OydYeHHS, HHTEPAKTUBHOE OOydeHHUE, MH(POPMAIMOHHO-00pa30oBaTeIbHas

cpclaa, MHAUBUAYAJIN3allusd 06yquI/I$I, CAHUHOC o6pa30BaTeanoe IMPOCTPAHCTBO

Over the past five to ten years, technical teaching aids (TTAs) have been widely
adopted across all types and forms of education. Their range, methods, and modes of
application continue to expand. Substantial experience has been accumulated in their
organization and effective use at all levels of lifelong learning. Despite their active
integration into the educational process, technical teaching aids remain auxiliary

didactic tools [1]. The decisive role in traditional education continues to belong to the
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instructor. Interaction between instructor and student constitutes the foundation of
knowledge transfer, a key feature of which is the presence of immediate feedback [2].

The use of computer-based technologies enables the acquisition of primary
knowledge through interactive educational programs, which support students—
provided a sufficient level of competence—in mastering specific disciplines. Given the
absence of spatial and temporal constraints in accessing information, students engaged
in independent study can maintain continuous interaction with diverse information
sources. Moreover, computers facilitate ongoing self-assessment, thereby enhancing
motivation for cognitive activity and fostering a more creative approach to learning.

Computer-based education is grounded in a specific didactic framework, the key
principles of which can be summarized as follows.

Primacy of independent cognitive activity. The learning process should
primarily rely on the student’s independent intellectual engagement. It is essential to
create an educational environment that maximally fosters the development of students’
creative potential. Central to this is ensuring broad and unrestricted access to
educational resources [3]. Today, nearly all higher education institutions possess digital
information resources accessible remotely via the Internet [4].

Active nature of learning. Students’ cognitive activity must be inherently active.
Such engagement is primarily driven by intrinsic motivation—namely, the desire to
learn. Active learning methods based on communication between instructors and
students fall within the “many-to-many” interaction model and include role-playing,
group discussions, forums, and project-based collaboration. These methods are
particularly effective in distance learning environments, including virtual classrooms,
where participants may be separated in both time and space.

Learner-centered approach. The effectiveness of the educational process can be
significantly enhanced through the individualization of learning activities.
Personalized education in conditions of maccoBoro crpoca (mass demand) becomes
feasible only through advanced, technology-driven instructional systems built on

computer-based tools.
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It is evident that computer-based education can be implemented both within and
beyond the physical boundaries of the university. In this context, the notions of distance
and time lose their traditional significance: the location of information—whether nearby
or across the globe—becomes irrelevant.

Information and communication technologies (ICT) are widely recognized as
one of the priority domains of science and technology, expected to play a decisive role
in the 21st century. These are often referred to as critical technologies, meaning
technologies that are interdisciplinary in nature, create substantial conditions for
advancement across multiple fields, and collectively contribute significantly to solving
key developmental challenges.

Within education, critical technologies are represented primarily by foundational
information technologies—those that underpin educational systems utilizing
computational tools and collectively form the technological infrastructure of
educational institutions. These technologies enable the creation of distributed
repositories of educational resources, supported by institutional telecommunication
networks, allowing access across the entire educational space, including within
distance learning frameworks [5].

Accordingly, the key directions in the informatization of education include: the
development of a virtual information and educational environment at the institutional
level, including the technologies necessary for its operation; the systemic integration
of ICT into teaching, research, and administrative processes; the establishment of a
unified educational information space.

Fundamentally, this involves transforming the entire informational environment
of the education system, thereby creating new opportunities both for the advanced
development of individuals and for the growth of the collective intellectual capacity of
society.

The creation and expansion of a unified interactive information space have
historically been critical to societal progress. Such spaces have significantly
accelerated human development and served as a driving force in advancing civilization

across all domains—spiritual, professional, physical, and cultural. The exchange of
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knowledge and the consolidation of intellectual efforts in science, technology, and
culture contribute directly to improvements in material well-being.

Thus, the development of a unified interactive information space should be
regarded as a strategic objective in the implementation of modern and emerging
information technologies across all spheres of human activity. In education, this
objective is closely linked to enabling fundamentally new forms of creative cognitive
engagement. This can be achieved through advanced technological support for all
major activities within educational systems, including teaching, pedagogy, research,
administration, and expert evaluation.

The establishment of such a unified information space will enable: improvement
in the efficiency and quality of education; intensification of research activities within
educational institutions; reduction in time and enhancement of conditions for
continuing and adult education; increased effectiveness and responsiveness of
educational management; integration of national educational systems into the global
information network, thereby facilitating access to international resources in education,
science, and culture [6].

Experts identify several key challenges and directions in the development of a
unified educational information space.

Technical infrastructure. Equipping educational institutions with appropriate
technology remains a priority, yet is constrained by organizational and economic
factors. Limited-scale informatization tends to be ineffective, whereas large-scale
implementation is costly and does not yield immediate returns. The development of
standardized, interoperable environments is therefore increasingly important.

Human resources. The shortage of specialists in information technologies is
exacerbated by their migration to commercial sectors, particularly in countries with
transitional economies.

Organizational coordination. The creation of a unified system of information
resources requires continuous coordination and oversight by the academic and

pedagogical community.
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Digitization of information resources. Converting the majority of accumulated
knowledge into digital formats is essential for ensuring universal access. Improving
technologies for such digitization remains a pressing challenge.

Global integration. The integration of national information resources into the
global information environment is a key objective.

The integration of modern information technologies into education has led to the
emergence of new instructional approaches based on electronic methods of processing
and transmitting information. The development of powerful multimedia systems and
interactive software has significantly accelerated the growth of distance education.

The use of computers in the educational process not only reduces the instructor’s
workload related to routine organizational tasks but also enables the creation of rich
instructional materials incorporating text, graphics, animation, audio, and video.
Interactive programs engage multiple dimensions of human activity—cognitive,
linguistic, and physical-thereby enhancing learning efficiency. Computer-based
simulators support the development of practical skills, while interactive testing systems
enable objective assessment of knowledge [7].

A widely accepted typology of instructional materials in higher education
includes four main categories: program and methodological materials (curricula and
syllabi); instructional and methodological materials (guidelines and teaching manuals);
instructional materials (textbooks, lecture notes, and study guides); supplementary
materials (problem sets, exercise collections, and readers).

Information technologies introduce a next category: assessment tools (testing
systems and databases).

A modern multimedia course is not merely an interactive or hypertextual
document supplemented with audiovisual elements. To maximize learning outcomes,
instructional content must be presented through multiple modalities and formats. A
comprehensive course package may include digital materials, video and audio

recordings, and printed resources.
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Learners differ in their dominant sensory modalities—visual, auditory, or
kinesthetic—which influence how they best process information. Multimedia courses
should therefore be designed to accommodate these differences.

The core component of a multimedia course is its interactive digital
environment, which may include: an electronic textbook; a reference system; training
modules and simulators; problem sets; virtual laboratory environments; testing
systems.

Electronic textbooks support independent learning and allow students to follow
individualized learning paths. Reference systems provide rapid access to information.
Multimedia and video lectures enhance theoretical understanding, while digital
problem sets and virtual laboratories facilitate practical application.

Practical sessions are designed to reinforce theoretical knowledge through
problem-solving and guided instruction. Information technologies require a rethinking
of their organization and increased methodological support. Electronic problem sets
and databases can be used to provide a wide range of tasks.

Laboratory work integrates theoretical knowledge with practical skills through
experimentation with real or simulated systems. Seminars, which are primarily
theoretical in nature, rely heavily on text-based digital resources such as readers,
document collections, and lecture summaries.

Multimedia courses represent a highly promising didactic tool that, under
appropriate conditions, can significantly enhance the effectiveness of the educational
process. These conditions include alignment with students’ individual characteristics,
competence levels, motivation, and learning objectives.

Ultimately, a multimedia course as a core instructional tool must integrate three
essential components: content, pedagogy, and technology. These elements are
inseparably interconnected and together form a comprehensive educational system that

supports self-directed learning and personal development.
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JIEKTPOHUKA, POTOHHUKA, IIPUBOPOCTPOEHHUE U CBA3b.
JQHEPI'ETUKA U JIEKTPOTEXHUKA

Caenenusi 00 aBTope(-ax): zuvipadosa O2ynvooiceper, llpenooasamensv kaghedpwi
IIeKMPOMEXHUKU.
Tocyoapcmeenuwiii snepeemuueckutl uncmumym TypkmeHucmana.

Mapwi, Typxmenucman

«POJIb IIU®POBBIX TEXHOJIOTUI U HHTEJNJEKTYAJIBHBIX
CUCTEM B OBHOBJIEHUH COCTOSAHUA BBICOKOBOJIBTHBIX
JMHUAM JIEKTPOITEPEJTAYN»

AHHoOTanusA: B gaHHOW cTaThe paccMaTpuBarOTCS COBPEMEHHBIC MOIXOAbI K
IUAarHOCTUKE, MOHHUTOPUHTY M  YIOPABICHUIO  BBICOKOBOJIBTHBIMH  JIMHUSIMHU
anekrponepenaun  (JIDII) ¢ wucnonbzoBaHueM LUQPOBBIX  TEXHOJOTUHA U
UHTEIJIEKTYyaJIbHBIX cucTeM. Oco0oe BHHMaHHUE YIAEISIeTCS MeToAaM YIaléHHOTO
30HUPOBaHUA, OECHWIOTHBIM JeTarenbHbiM ammaparam (BIJIA), nmarunkam
Nutepnera Bemeid (IoT) u cucteMamM HUCKYCCTBEHHOTO HWHTEIUICKTa A
MIPOTHO3UPOBAHUS aBAPUMHBIX CUTyaluuu. [loka3zaHo, 4YTO BHEAPEHUE «YMHBIX» CETEH
(Smart Grid) mo3BosIET 3HAYUTEITHLHO TOBBICUTE HAJEKHOCTH M 1OATOBEYHOCTH JIDII,
CHU3UTH IKCIUTYyaTAIMOHHBIE 3aTPAThl U MUHUMU3UPOBATh PUCKU OTKa30B. [IpuBeneHsl
MIPUMEPBI YCIEITHOTO MPUMEHEHUS TEXHOJIOTUM B AJIEKTPOIHEPIETUKE.

KiaroueBble  ciaoBa: BeicokoBonbTHRIE  JIDII, mmdpoBbie  TexHONOTHH,
WHTEJUIEKTyaIbHbIe cucTeMbl, Smart Grid, MOHUTOPHUHT, OECIIMIIOTHBIC JIETaTEIbHBIC
anmaparsl, [0T, mporHo3upoBaHue 0TKa30B, OOHOBICHHE HHPPACTPYKTYPHI.

BBenenue

BBICOKOBOJIBTHBIE JIMHUU JJIEKTPOIEPEIAYN SIBIISIIOTCS KIIFOUEBBIM 3JIEMEHTOM
AHEPreTUYEeCKOM HHPPACTPYKTYpPHI 1000 cTpanbl. OTHAKO WX KCILTyaTalus CBSI3aHa
C psiAoM mpobiieM: ctapeHue 000pynoBaHMs, BO3ICHCTBUE KIIMMAaTUYECKUX (DAKTOPOB,

MCXaHHUYCCKHUC IIOBPCIKIACHHUA W BBICOKHUC 3aTparbl Ha PETryJLIPHBIC OCMOTPBI.
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TpaauIIMOHHBIE METOABI AMATHOCTUKH (BU3yaJIbHBIE OCMOTPBI, HA36MHbIE U3MEPEHNUS )
4acTO HEAOCTATOUHO () (PEKTUBHBI U TPEOYIOT OOIBIINX BPEMEHHBIX U YEJIOBEUECKUX
pecypcoB. B nocnennue rogsl u(poBbie TEXHOIOTUH U UHTEJUIEKTYaJbHbIE CUCTEMBI
MpeJIaraloT HOBBIE pelieHus s oOHoBieHus cocrosHus JIOII, mepexoma ot
PEaKTUBHOTO OOCITYKUBAaHUS K MPETUKTUBHOMY.

1. lIndpoBbie TeXHOJOrUM MOHUTOPHUHTA cocTosiHus JIDII

CoBpemMeHHBbIE HU(PPOBBIE CUCTEMBI TO3BOJSIOT HEMPEPHIBHO cOOMpaTh H
aHAJIM3UPOBATh JAHHBIE O COCTOSHUM JUHUK. K HUM OTHOCATCS:

. Becnuinornbie JerarenbHble ammaparbl (BIIJIA), ocHaniéHnHbie
TEIUIOBU30paMHU M KaMepaMH BBICOKOTO paspeuieHusi. OHM TO3BOJIAIOT BBISBISATH
NeperpeBbl KOHTAKTOB, KOPPO3WIO, TOBPEXKACHUS H30JISITOPOB M TMPOBOIOB 0Oe3
OTKJIFOUEHUS JIMHUH.

. BoJsiokoHHO-ONITHYECKHE NATYMKH, WHTETPUPOBAHHBIC B
IpO303alIUTHbIE TPOChl. Takue CHUCTEMBI pacHpeNelEHHOTO TEMIIEPaTypHOTrO H
BUOPALIMOHHOTO KOHTPOJISi 0OHAPYKUBAIOT OOPBIBBI TPOBOAOB U OMACHBIE TISCKU.

. IoT-ceHcopbl, YCTaHOBIICHHBIE Ha OIOpaxX, MEPEJAOIINE B pealbHOM
BPEMEHH IMapaMETpPbl TOKA, HAIPSDKEHUs, TEMIEPATypbl OKPYXAIIEH cpedsl U
TOJIOJIEAHBIX HATPY30K.

2. UHTE/IIeKTyaIbHBbIE CUCTEMbI AHAJIM3A M NPOTHO3MPOBAHMS

CoOpannble jgaHHBIE O0pabaThHIBAIOTCA C HCIOIB30BAHHEM aJTOPUTMOB

MalIMHHOTO oOOyueHusi. HelpoHHBIE CE€TH W METOAbl MPOTHO3HOW aHAJUTUKU

[TO3BOJISIFOT:
. OueHnBaTh OCTATOYHBIN pecypc MPOBOJIOB U ApMaTypHI.
. [Iporuo3upoBarh BEpOSTHOCTh OOPHIBA TPOBOJIA MM MAJICHUS ONOPBI IPU

CUJIBHOM BETpPE WUJIU 00JICACHCHHH.

. ABTOMaTH4ecku HOPMHUPOBATH OTYETHI M PEKOMEHIAINH 11 PEMOHTHBIX
Opwuraj ¢ ykazaHuEM TOYHOTO MecTa AcdexTa.

Takue cucTtemsbl SBISIOTCA 4YacThio kKoHuemniuu Smart Grid («yMHBIE ceTn»),
IJIe yOpaBJICHUE HSHEProCUCTEMOM OCYIIECTBISCTCA JAUHAMUYECKH C Y4ETOM

pEaIbHOTO COCTOSIHUS 000PYOBAHUS.
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3. O0HoBJICHHE COCTOSIHUS JIMHUI HA OCHOBE HU(POBBIX IBOHUKOB

Hudposoii aBoitnuk (Digital Twin) BeicokoBonbTHOM JIDII npeacrasnseT codoit
BUPTYaJbHYIO MOJIEJb, KOTOPAsi CUHXPOHU3HPOBaHa ¢ (PU3NYECKUM OOBEKTOM uepes
naryuku. HWHXeHepbl MOryT TECTUpPOBaThb pa3jiuyHble CIEHAapUM Harpy3ok,
KJIIMMaTUYE€CKUX BO3JEHCTBUM M M3HOCA, HE BMEUIMBASCh B PeaibHyI0 pabOTy JIMHUU.

9TO MO3BOJISAET:

. OntuMu3upoBaTh rpauk PeMOHTOB.

. Bri6upars Haubosnee 3¢ (heKTUBHBIE METO/IBl BOCCTAHOBUTEIBHBIX Pa0oT.
. CHmXarh KOJTUYECTBO aBAPUMHBIX OTKITIOYCHUH.

3akJ/oueHue

Buenpenne nu@poBBIX TEXHOJIOTMM W HWHTEJUICKTYyaJIbHBIX CHUCTEM HWIPacT
KJIFOYEBYIO pPOJIb B OOHOBJIEHUHM COCTOSIHUSI BbICOKOBOJIBTHBIX JIOII. BIIIA, IoT-
JATYUKH, POTHO3HAS aHAIMTHKA U IU(PPOBBIC ABOMHUKH 00ECTICUMBAIOT MEPEX0 K
HaAEKHOMY,  SKOHOMHYHOMY U  O€30MacCHOMY  YIOPABICHUIO  JIMHUSIMHU
anekTponepenaun. JlanpHeliee pa3BUTHE ITUX TEXHOJOTHUH IMO3BOJHUT MOJHOCTHIO
UCKJIIIOYUTH BHE3alHbIE OTKa3bl W 3HAYUTENBHO TMPOIJUTH CPOK  CITYXKObI
HYHEPTrOOOHEKTOB.

Cnmcok JiuTeparypsbi:

1. Kyuepos 1O. H. IludpoBbie TEXHOTOTHH B AIIEKTPOIHEPTETHKE:
MOHUTOPHUHT U nuarHoctuka JIDII. — M.: Dueproaromusaar, 2021. — 312 c.

2. NpanoB B. A., IlerpoB C. C. HTemIeKTyalbHbIE CUCTEMBI YIIPABICHUS
anekrposHepreTudeckumu cetsimu (Smart Grid). — CII6.: Tlonutexnuka, 2020. — 288
c.

3. Zhang Y., Li X. UAV-based inspection of high-voltage transmission lines:
a review. — IEEE Transactions on Power Delivery, vol. 35, no. 4, 2020. — pp. 1789-
1800.

4. CunopoB A. H. IlpumeHeHuE BOJIOKOHHO-ONTHYECKHX JTATYUKOB IS

kouTposs JIDIL. — HoBocubupck: Hayka, 2019. — 156 c.
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Ceenenust 00 aBrope(-ax): bawumosa Auvwam Opazeynviesna, Huorcenep
npoekmnoeo omodena Hayuno-npouzeoocmeennozo yeumpa 60300HOBIAEMbIX
UCMOYHUKOB dHEP2ULL.

T'ocyoapcmeennvtii snepeemuyeckuil uncmumym Typkmenucmana.

Mapuwi, Typkmenucman

«TEPMOAAEPHASA SGHEPT'US: OT DKCIIEPUMEHTA K PEAJIBHOCTH»

AHHoTanusA: B crarbe paccmaTpuBaeTCd TEPMOSJACPHBIA CHUHTE3 Kak
NOTEHIMATbHBIA HCTOYHUK HEUCUEPIIAeMONW W JKOJIOTMYECKH YHCTOM DSHEPTUM.
AHaIM3UPYIOTCSA KJIIOUYEBBIE HAy4YHBIE M TEXHOJOTUYECKHE MPOOJIEMbI, KOTOPBIC
HEOOXOMMO TIPEOJOJICTh IS CO3JaHUS KOMMEPYECKOTO TEPMOSIEPHOTO PEeakTopa:
JTOCT)KEHUE TEMIEpaTypbl B COTHM MHJUIMOHOB TpPajlyCoB, YIACpPKAHHUE IIa3Mbl
MarHUTHBIM TI0JeM (TOKaMakKd W CTeJlJaparopbl) W oOecledeHre YCTOWYMBOMN
TepMOsiIepHON peakii. OOCYKIat0TCsl COBPEMEHHBIE MPOEKThl — MEXTYHAPOIHBIHI
skcriepuMmeHT ITER, a Takke wactabie nauimaTubsl (Commonwealth Fusion Systems,
TAE Technologies). Jlemaercst BBIBOI, YTO TEpMOSAEpHAsl DHEPTUsS MOXKET CTaTh
OCHOBOM 3HEPTETUKHU BTOPOU monoBUHBI X X Beka.

KuroueBblie cj10Ba: TEpMOSIAEPHBII CUHTE3, TEPMOSIAEpPHAS SHEPIUsl, TOKaMaK,
ITER, mma3ma, neWtepui, TPUTHM, YUCTAsA SHEPTHUS.

BBenenue

CoBpemMeHHast 3HEpreTuKa CTOUT Mepe TPOMHBIM BbI30BOM: PACTYILIUNA CITPOC HA
SHEPrUI0, MCTOIIEHUE HCKOMMAEMOro0 TOIUIMBA M KIMMATHYECKUE W3MEHEHMUS.
Bo3o6HOBIIEMbIE MCTOYHUKHN (COJIHIIE, BETEP) HECTAOMIBbHBI U 3aBUCST OT TOTOBI.
ATOMHas1 SHEprus Ha JEJICHUM ypaHa Na€T PaJuOaKTUBHBIE OTXOAbl U HECET PUCKHU
aBapuil. neanbHbIM pellleHHeM MOIjia Obl CTaTh TEPMOSIAEPHAS JHEPrUs — Ta Ke
peakus, KoTopas 3akuraet 3BE3bl, Bkitodas Hamie Connie. Eciam yenoBeuecTBO
HAY4YUTCS YIPABIATHh TEPMOSAEPHBIM CHHTE30M Ha 3€MJI€, Mbl TIOJIyYUM NPaKTUYECKH
HeucyepnaeMblii, 0€30MaCHBIA U SKOJIOTUYECKU YUCThIM HICTOYHUK SHEPTHUU.

1. Kak paboraeTr TepMOsiiepHbIA CUHTE3
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B otnuuune ot neneHus THKENBIX siaep (ypaHa WIM ILUTYTOHHUS ), TEPMOSICPHBIN
CUHTE3 — 3TO CIUSHUE JETKUX SAep (M30TONOB BOAOPOAA: NEUTEpHs] U TPUTHUS) B
Oonee TskEnoe sApo renus. [Ipu 3ToM BbLAENAETCS KOJOCCAIbHOE KOJIMYECTBO
SHEPI'H, a PaJIMOAKTUBHBIX OTXOJ0B 00pa3yeTCss MUHUMYM.

OpHaxo AJid 3amycKa peakiuy He0OX0AUMO CO3/1aTh SKCTPEMAaJIbHbIE YCIOBUS:

. Temnepatypa: okono 150 mwmimumonoB rpanycoB Lenscust (B 10 pa3
ropsiuee erpa ConHia).

. JlaBneHue U MmI0THOCTH TJIa3Mbl, JJOCTATOYHBIE JJIsI CTOJIKHOBEHHUS SIIEP.

. Bpewms ynepskanus miazMbl, YTOOBI peakiius MPO0IKaIaCh YCTOMYHUBO.

3eMHOro Marepualjia, CIHOCOOHOIrO BbIJEpXKaTh TaKyl TeMIeEparypy, He
cymecTByeT. [loaToMy mia3my yaep >KuBarOT MOIITHBIM MarHUTHBIM TIOJIEM, HE J1aBasi €
KacaThCsl CTEHOK peakTopa.

2. Tokamaku U cTe/LIapaTOPbI: ABA MyTH

Haubonee mponBuHyTas TEXHOJOTHS — TOKaMak (TOpouJajbHas Kamepa ¢
MarHuTHeIMU KaTymikamu). OH Ob11 u300perén B CCCP B 1950-x romax. [lmasma
ynepkuBaercs B (opme OyOinka (Topa) KOMOMHALIMEN TPOAOIBHOTO U MOMEPEYHOr0o
MarHuTHBIX noneit. Kpynueimmii nectByromnuii Tokamak — eBponeiickuiit JET (Joint
European Torus). CaMmpiii  aMOWIIMO3HBIM  MPOEKT —  MEXKIYHAPOIHBIN
peaktop ITER (Bo ®@panuun), B kotopom yuactBytor Poccusa, CIIA, Kuraii, EC,
Anonus, IOxnas Kopes u Unausd. [lepsas tepmosinepnas miazma B ITER oxunaercs
B koHIie 2020-x — nayane 2030-x romgos.

AnwrepHatnBa — cTesjiaparop (Hanpumep, Hemenkuit Wendelstein 7-X). On
CIIO)KHEe B M3TOTOBJICHUHM, HO HEe TpeOyeT Toka B IUIa3Me€ U MOXKET padoTarh B
CTallMOHAapHOM pekume. [loka Tokamaku onepekaroT CTeNIapaTopsl 0 JOCTUTHY ThIM
napaMeTpam.

3. HacTHbIe HHUIIMATHBLI 1 HOBBIM dTan

B mocneaHue rombl K rOHKE MOJKIIOUMIMCH YacTHble komnaHuu. HaumOoinee
Brnevarsioniue  pes3yapratel Y Commonwealth  Fusion  Systems (crima-odd
Maccauycerckoro TEXHOJIOTHYECKOTO WHCTUTYTA). Ucnionb3ys HOBBIE

BBICOKOTEMIIEPATYPHBIE CBEPXITPOBOAHUKH, OHM HOCTPOMIM KOMIIAKTHBIA TOKaMaK
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SPARC, KOTOpBIM JOJDKEH BIEPBBIE TOCTHYb KOMMEPYECKM 3HAYMMOTO BBIXOZA
sHepruu (kodpdunnent ycunenust Q > 10). 3amyck oxunaercs B cepeaune 2020-x.

4. Ilpenumy1iecTBa M BHI30BBI

IIpenmyiecTBa TEpMOSAIECPHON DHEPTUMU:

. TormBo (nedtepuii) moObIBaeTCsl U3 OOBIYHOM BOABI — 3aMlacoB XBaTUT

Ha MUJIJIMOHBI JICT.

. OTcyTcTBHE MTAPHUKOBBIX FA30B.

. MuHuMaIbHBIE PaJUOAKTUBHBIE OTXOJbI (IO CPABHEHHUIO C PEAKTOpaMHU
TETICHHS ).

. Her pucka HEKOHTpOIHUpPYEeMOW IEMHOM peakIuu WIM pacIliaBIeHUS

AKTUBHOM 30HBI.

I'maBHBIE BBI3OBBI:

. OrpomHas cinoxHOCTh U crouMocTh ctpoutenbeTBa (ITER crout oxono
22 MWUIAAPAOB J0JIAPOB).

. [IpoGiema marepuanoB, BbIAEPKUBAIOIINX TOTOK HEUTPOHOB.

. Heo0OxonuMocTh yCTOMYMBOM peakiuu C TOJOKUTEIbHBIM BBIXOJOM
sHepruu (1oKa HU OIMH PEaKTop He Jajl OOJbIle YHEPTUU, YEM MOTPEOIsieT).

3akiloueHue

TepmosimepHbiii cuHTE3 mepectall ObITh (daHTacTukoi. Ilocne nmecsaTuneTuit
MEIJIEHHOTO IPOrpecca Mbl BCTYyIIaeéM B 3IOXYy HpakTthueckord peanmszauuu. [TER,
SPARC u napyrue mpoekThl B Ommkaimue 10—15 JeT JOMKHBI J0Ka3arh, 4YTO
TEPMOSIICPHAS SHEPTUSA BO3MOXKHA. ECIIM 3TH yCUIusl yBEHUAIOTCS YCIIEXOM, K KOHILY
BEKa TEPMOSIIEPHBIC JIEKTPOCTAHIIUU MOTYT MOJIHOCTHIO 3aMEHUTD YTOJIb, Ta3, HEPTh
U JaXe TPaJULUOHHBIC SACPHBIE PEaKTOpPhl, OOECIEYNB YEIOBEYECTBO UYUCTOU H
0e30macHoi SHEPTHEH Ha MUJUTHOHEI JIET BIIEPES.

Cnmcok JIuTeparyphl:

1. Benuxos E.IL., [lytuno A.B. TepmosiaepHasi sHEpreTHKa: COCTOSIHUE U
nepcnektuBbl. — M.: U3narensctBo MOU, 2020. — 312 c.

2. ITER International Team. ITER Physics Basis. — Journal of Nuclear

Fusion, Special Issue, 2021. — 450 c.
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3. Greenwald J. The Future of Fusion Energy. — Cambridge, MA: MIT
Press, 2019. — 296 p. (Pycckuii nepeBon: I'punBanbn [Ix. bynyiiee tepmosiiepHoit
sHeprun. — M.: Texnocdepa, 2021. — 310 c.)

4. UysnoB B.A. Tokamaku u cTeuiapaTtopsl: (pu3uKa yaepkaHus mia3Mbl. —
Hwxunii Hosropon: HHI'Y, 2018. — 264 c.

5. Commonwealth Fusion Systems. SPARC Technical Design Report. —
Cambridge, MA: CFS, 2022. — 128 c.
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Caenenus 00 aBTope(-ax): Amamwipaoos Hzeenvou, npenooasameis.
Amamvipadosa O2yimau, npenodasamen.

Mommooos Axeenu, cmyoenm.

Tocyoapcmeenuwiii snepeemuueckutl uncmumym TypkmeHucmana.

Mapuwi, Typkmenucman

«I'MBPUAHBIE JIEKTPUYECKHUE CTAHIHUHU: DOPEKTUBHOE
COYETAHHUE BO3OBHOBJISAEMbBIX U TPAJIMIITUOHHBIX
NCTOYHUKOB»

AnHoTanus: B crarbe paccMaTpuBarOTCs THOPUIHBIE DJIEKTPUUSCKUE CTAHIINH,
00BEIMHSAIONINE PA3TUIHBIC HICTOYHUKH YHEPTUH (COTHEUHBIE, BETPOBBIC, TU3CIIbHBIC,
ra3oBble, AKKYMYJSTOPHBIE CHCTEMbI) B €IMHOM KOMIUICKCE. AHAIU3UPYIOTCS
NPEUMYIECTBa TAKOTo IOJIXO/la: TMOBBIIMICHHE HAAEKHOCTH HSHEProCHAOXKEHUs,
CITIa)KMBaHUE MHUKOBBIX HATPY30K, CHHKEHHE 3aBUCUMOCTH OT MOTOAHBIX YCJIOBUH U
ymenbllienne BbIOpocoB CO:. IlpuBogsTcs mnpuMepbl YCHEIIHOW SKCILTyaTalluu
TUOpUIHBIX CTAHUMA B UW30JIMPOBAHHBIX SHEPrOCUCTEMax W B pPETHOHAX C
HECTaOWIbHOW ceThio. Jlemaercs BBIBOA, YTO THOpPUAHBIC CTAHIMU SBISIIOTCS
ONTUMAJIBHBIM PEIICHUEM JIJIs ACTICHTPAIN30BaHHON SHEPTETHKHU OYyIIETO.

KirwueBble cjioBa: THOpUIHAS AICKTPOCTAHIIMSA, BO30OHOBIsAEMAas YHEPTHUS,
COJIHEYHAsl MaHelb, BETPOT€HEPaTop, aKKyMYJISITOpHAs CHUCTEMa, NHU3EIb-T€HEeparop,
SHEpProcHabkeHHue, HaIEKHOCTD.

BBenenue

TpaaguuUOHHBIE SJIEKTPUYECKHE CTAaHUHMHM (TEIUIOBBIE, THAPABIUYECKHUE,
aTOMHBIC) TPOCKTUPYIOTCS KaK CAMOCTOSATEILHBIE OOBEKTHI ¢ (PUKCHPOBAHHBIM THUIIOM
MEPBUYHOTO MCTOYHWKA dHEpruu. OMHAKO Pa3BUTHE BO30OHOBISIEMOW YHEPTETHKU
MOCTaBUJIO HOBBIE 33J1a4M: COJIHEYHBIE U BETPOBBIE CTAHIIUU 3aBUCST OT MOTOJIbI, & UX
BBIpAa0OTKAa MOXET PE3KO MEHAThCS B TEUEHHE CYTOK. PemieHuem crana
KOHIENIMS THOPUAHBIX iekTpuuecknx cranmuit ([DC — He mnyrate c

FI/II[pOBJ'ICKTpOCTaHI_II/IﬂMI/I) — KOMIIJICKCOB, O6’[>€I[I/IH$IIOH_II/IX HCCKOJIBKO THIIOB
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IEHEpaTOPOB M CHUCTEMY HAKOIUJIEHUs SHEpPruu. Takue CTaHOUU OOEeCleYUBaIoOT
CTAOMJIBHOE U SKOHOMUYHOE SHEPrOCHAOKEHUE JJaXKE B CIIOKHBIX YCIOBHSIX.

1. CrpykTypa ¥ npuHIMN padoTel rHOPUAHOM CTAHIMHU

Tunuuynas rudpuHasl CTAHLKS BKJIIOYAET TPU OCHOBHBIX KOMITOHEHTA!

. OcHOBHOII B0300HOBJISIEeMbIii HCTOYHHUK (COTHEUHbIE TMAHENU WU
BETPOTrCHEPATOPHI) — OOECIEUNBACT ACIMIEBYI0, HO HECTAOMIBLHYIO SHEPTHIO.

. Pe3epBHBIi HMCTOYHMK (IU3CIBHBIN WM Ta30BBIM TeHEpATop) —
BKJIFOYAETCS ITPU HEJIOCTATKE BO30OHOBISIEMOMN SHEPTUU.

. CucremMa HAKOIUICHHS JHEPruM (AKKYMYJISITOPbI) — CIJIAXKUBAET
KpaTKOBpEMEHHbIE KojeOaHusl BBIPAOOTKM M MOTPeOJ]ICHMs, HaKaruiuBas H30bITOK
SHEPIHH.

YMHas cuctema yrpaBieHHUs aBTOMAaTHUECKH MEPEKIII0UaeT PEeXUMbI paboThI,
oOecrieunBasi MOTPEOUTENS HEKTPOIHEPTUEN 3a]JaHHOTO Ka4ecTBa (110 HAMPSIKEHUIO U
yactore). [Ipy [OCTaTOUHOM COJIHIIE WJIM BETPE [U3ENb-T€HEPATOP IMOJIHOCTHIO
OTKJIFOYAETCS, PKOHOMSI TOILJIMBO M CHIKAsi BBIOPOCHI.

2. IllpenmyiecTBa THOPUTHOTO MOAX0AA

[lo cpaBHEHHIO C OTACIBHBIMU TUITAMH CTAHIIMIM THOPUIHBIE KOMILJIEKCHI UMEIOT

PAl CYLIECTBEHHBIX IPEUMYLIECTB:

[Tapamerp Tonpko 1Hu3enb Tonpko ['ubpuaHas
COJIHEYHAas

Pacxon 100% 0% 30-50%
TOILIMBA

Hanéxuocts Bricokas Huskas Bricokas
IpH [MacMypHOU
oroJie

3arpaTthl  Ha Bricokue Cpennue Huskue
ANEKTPOIHEPTUIO
(LCOE)
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Bri6pocsr CO: MaxkcumaibHbIe Hynessie CHMKEHBI

Ha 50-70%

KitroueBbie BBITOJBI:

. CHuxeHue 3aTpar Ha TOIUIMBO (B YIAJEHHBIX paloHaX JOCTaBKa IU3eENs
OYEHb JIOpora).

. [loBbilIeHHE HAAEKHOCTU — TPU BBIXOE M3 CTPOS OJAHOIO MCTOYHUKA
JpyTHe MpoaoIKaIOT padoTy.

. Bo3MoxHOCTH pabOThI B M30JMPOBAHHOM pexuMe (0e3 MOIAKITIOUeHUS K
oOmieit ceTn).

. VYBenuueHue cpoka ciy>kObl nu3esb-reHeparopa (OH paboTaeT TOJbKO B
ITUKOBBIE YaChl).

3. IlpakTH4yeckue npuMepbl

Hpumep 1. IHocénok KypyMmkan (bypsarus, Poccus)

Jlo MonepHu3alMu TOCEIOK MOJIy4yad SHEPTHIO0 TOJBKO OT JW3EJIbHON CTaHLHH.
TomnmuBo 3aBo3miiock pa3 B ron, nepebou Obutk yacThiMu. [locnme ycTaHOBKHU
ruOpUIHON cucTeMbl (conHeuHble maHenu 1,5 MBT + akkymymnstopel 2 MBt1'u +
CYLIECTBYIOIIUE JHM3EIM) pacxod ToruMBa cokparwicss Ha 60%, a HaaEXKHOCTb
sHeprocHabxenus nocrturia 99,8%.

HMpumep 2. Pynnuxk B ABcTpanuu (Western  Australia)
Ha ynmanéaHoM 30510TOmOOBIBAIONIEM pPYIHHMKE BHEApEHA THUOpPUAHAS CTaHIIUA:
BeTporeHeparopsl (18 MBT), conneunsie manenu (4 MBT), akkymynsitopsl (6 MBT 1)
U ra3oBble TypOuHBI. lomoBas SkoHOMHS ToruMBa coctaBuna 42%, a 1o
BO300HOBIISIEMOM HEpruu B Oanance pocturia 65%.

Hpumep 3. Octpos Dab-Heppo (Kanmapckme octposa, Mcemanus)
OcTpoB MOJHOCTBIO Tepemen Ha rudpuaHyro cuctemy: Berpomapk (11,5 MBT),
ruapoakkymynupytomas cranuuss (11,3 MBT) u onpecHUTENbHBIA 3aBOJA  Kak
perymupyemass Harpy3ka. OctpoB oOecmeunBaer cebs sHepruerdr Ha 100% wu3

BO300HOBISIEMBIX UCTOYHUKOB OOJIBIIIYIO YaCTh TO/1a.
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4. IIpo0aeMbl U IEPCHEKTHBbI

Hecmotpss Ha oOueBUIHBIE NPEUMYIIECTBA, IIUPOKOMY PACHPOCTPAHEHUIO
TUOPUIHBIX CTAHIIMM MPETSITCTBYIOT:

. Bricokue mnepBoHavanbHbIE KalUTAIbHBIE 3aTpaThl (AKKYMYISTOPBI
OCTalOTCsl JOPOTUMH).

. HeoO6xomuMocTh CIOKHBIX CHUCTEM YIpaBieHUS (adrOPUTMBI JOJKHBI
IPOTHO3UPOBATH MOTOAY U HArPYy3KY).

OnHako CTOUMOCTh JIMTHH-MOHHBIX aKKyMYJIATOpPOB 3a mnociennue 10 et
cauzunack B 10 pa3 (¢ ~1000 go ~100 nomnapos 3a kBt1-u). [Iporunozupyercs, 4To K
2030 rogxy ruOpuIHbIE CTAHIIUU CTAaHYT YKOHOMUUYECKH BBITOJTHEE TU3EIbHBIX Jaxe 0e3
cyOCUIUH.

3akioueHue

['uOpuaHbie AJIEKTPUYECKHE CTAaHIMH TPEACTABISIOT CO00N ONTUMANIbLHOE
pemieHre Ui JCIEHTPAJM30BAHHOTO  JHeprocHadkenus. OHU  cOYETAIOT
HKOJIOTUYHOCTh BO300HOBIISIEMBIX HWCTOYHUKOB U HAJAEKHOCTh TPaTUIIMOHHBIX
reHEepaTopoOB, 3HAYMTENIBHO CHIDKAs pacxoj ToluiMBa M BbIOpockl. HaumbGoinee
NEPCTIEKTUBHBI THOPUIAHBIE CTAHIUHU IS YAAIEHHBIX MOCENKOB, MPOMBIIIICHHBIX
NPEANPUATHI B U30JIMPOBAHHBIX 30HAX U OCTPOBHBIX dHEprocucteM. C nampHEHIITNM
yCIIEeBICHUEM aKKYMYJISITOPOB M PA3BUTHEM UHTEIUICKTYaIbHBIX CUCTEM YIPABICHUS
TUOPHIHBIC CTAHIIUU CTAHYT OCHOBOM sHepreTku XXI Beka.

Cnmcok JuTeparypsbi:

1. bespykux ILIL, ApOy3zoB F[0.JI. Bo3oOHOBIsieMas SHepreTHKa:
rUOpUIHBIE CUCTEMBI U UX TpuMeHeHue. — M.: DHeproaromusaar, 2021. — 288 c.

2. Jlykyrua B.B., CypxukoBa O.A. ['mOpuaHble aBTOHOMHBIC CHCTEMBI
DIIGKTPOCHAO)KEHWSI HAa OCHOBE BO30OHOBIIEMBIX HMCTOYHHKOB. — TOMCK:
WU3narensctBo TIIY, 2020. — 176 c.

3. IRENA (International Renewable Energy Agency). I['uOpumnbie
SHEPreTUYECKUE CUCTEMBI IS OCTPOBOB U YHAJNEHHBIX PErHoHOB. — AOy-Jlabu:

IRENA, 2022. — 156 c.
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4. [akupoB B.A. HWHremnekTyaabHOE  ymnpaBi€HUE TUOPUIHBIMU

anexkrpocranuusiMu. — Kazaune: KI'QY, 2019. — 224 c.
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Caenenus 00 aBTope(-ax): Amamwipaoos Hzeenvou, npenooasameis.
Amamvipadosa O2yimau, npenodasamen.

Haneamapos dcenmvipam, cmyoenm.

Tocyoapcmeennniii snepeemuueckull uncmumym Typkmenucmaua.

Mapuwi, Typkmenucman

«TA3OTYPBUHHBIE SJIEKTPOCTAHIIUN MAJIOW U CPEJTHEM
MOMHIIHOCTHA: DOPPEKTUBHOCTb, MOBNJIBHOCTH "
HHEPCIIEKTHUBBI»

AnHoTanus: B crathe paccMarpuBarOTCA Ta30TypOMHHBIC JJIEKTPOCTAHIIUU
(I'T23C) mamoit u cpennert mourHocTH (1-50 MBT) Kkak Ki04eBOM 3ieMeEHT
pacrpeeiéHHON dHEPreTUKU. AHAIM3UPYIOTCS MPUHIUI pabOThl Ta30BOM TYpOUHBI,
e€ mpeumyllecTBa Mepeln AU3EIbHBIMH U MapOTYpOMHHBIMU CTAHIUSIMU: BBICOKHI
KILJ (mo 40% B mpocTtom nukiie u 10 60% B maporazoBom), OBICTPOE BpeMsl 3alycKa
(5—15 MHUHYT), KOMITAKTHOCTh M BOBMOKHOCTb pa0OThI HA Pa3UYHBIX BUJAX TOTUIMBA
(mpupoaHBIA Ta3, MONMYTHBIM HepTAHOW Tra3, Ouoras). PaccmarpuBarorcst obiactu
NPUMEHEHHS: TPOMBIIUICHHbIE TMPEANPUATHS, He(Tera3oBble MECTOPOXKIICHUS,
NMKOBBIE M pe3epBHbIE MomHOCTU. Jlemaercs BbiBoA, uto I['TOC sBisitoTcs
ONTUMAJILHBIM BBEIOOPOM JIJIs1 ICTICHTPAITM30BAHHOTO YHEPrOCHAOKEHHUSI.

KiroueBblie ciioBa: razorypOunnas snekrpoctanius, [ TOC, razosas TypOuHa,
pacnpenenéHHas JHEPreThKa, KOTeHepalus, TUKOBas Harpy3ka, MOOWIIbHAs
AIIEKTPOCTaHIUA, YHPEKTUBHOCTS.

Beenenue

B coBpeMeHHOI SHEpPreTUKe pacTET HHTEPEC K PACIPEACIEHHON TeHEPAUN —
MIPOU3BOJICTBY AEKTPOIHEPTUH BONHM3UW MECT TOTpeOsieHns, 0e3 CTPOUTEIhCTBA
JUTMHHBIX JIMHUNA d1ekTporepenadn. Oxanm u3 Hanbonee dHPEKTUBHBIX U THOKUX
pelIeHu s pACOpEAcN€HHOM  JHEPreTHKH  SIBIAKOTCS ra3oTypOMHHbIE
anexkTpocTanunu (I'TIC) manoit u cpenneit momuoctu (ot 1 1o 50 MBT). OHu

COYCTAIOT BBICOKYIO S KOHOMHWYHOCTD, 6BICTpBIﬁ ITYCK, KOMIIAKTHOCTb U 3KOJIOTHYHOCTb
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(mpuponHBI ra3 — caMoe 4YHCTO€ OpPraHMYecKoe TOIUIMBO). B maHHON cTaThe
aHAJIM3UPYIOTCS YCTPOUCTBO, MPEUMYIIIECTBA U 001aCTU NPUMEHEHUS TAKUX CTAHLIUM.

1. lIpuHuun padoTsl ra30TypOMHHOM 3JIEKTPOCTAHLUMA

OcnoBHoil anemenT ['TOC — razoBas TypOmHa, koTopas paboTaeT Mo UUKIY
bpaitrona:

1. Komnpeccop 3acacbiBaeTr BO3ayXx U3 atMoc(epbl U CXKHUMAET €ro Jo
Bbicokoro nasnenus (10-30 armocdep).

2. Kamepa cropanmsi— B cxarblii BO3AYyX BIPBICKMBAETCS Ta30BOE
TOIJIUBO W BOCIIaMeHsieTca. Temmneparypa MpoayKTOB cropanust pocturaet 1200-—
1500 °C.

3. l'azoBasi TypOMHa — ropsiyrie ra3bl PacUIUpSIIOTCS, Bpallas JIONATKU
TypOuHbI. YacTh MEXaHUUECKOM IHEPTUU UAET HA MMPUBOJI KOMIIPECCOPA, OCTaJIbHAs —
Ha TeHeparop.

4. I'enepatop npeoOpa3yeT MEXaHUUYECKYIO SHEPTHUIO B AJIEKTPUUECKYIO.

OTtpaborannsie Ta3bl uMeroT Temrneparypy 450—600 °C. Ecnu 3T ra3bl NpocTo
BbIOpackiBatoTcss — 910 mpocTtoid mmka (KITJ 25-40%). Ecnu ke Terio
OTpabOTaHHBIX Ta30B MCIONB3YETCS MAJis MPOU3BOACTBA Mapa, ropsdyeil BOAbI WU
OTOIUICHUSI — OTO KOreHepamusi (KOMOMHUPOBAHHOE TIPOM3BOJCTBO TEIJIa U
anexktposnepruu, KIIJI no 85-90%).

2. IlpenmyiecTBa ra30TypOMHHBIX CTAHIIHIA

[To cpaBHEHUIO C MU3ENBHBIMU U TAPOTYpOUHHBIMU cTaHIUsAMU, | TOC nmMeror

PAL BAXKHBIX IPEUMYILECTB:

Xapakrepuct I'TOC (1-50 JnszenpHas [TapoTypOun
HKa MBT) CTaHIIUA Has CTaHIUSA

Bpewms 5—15 munyT 1-2 MUHYTHI 2—6 4JacoB
3armycka
(XONOIHBI)

KIT[ B 30-40% 40-45% 30-35%
MIPOCTOM LIUKJIE

201



KITJI B 80-90% 75-85% 60-75%
KOT€HEpaluH
TpeboBanus Munumans Munumans bonbiioe
K OXJIQXKJICHUIO HBIC HbIC (Boma)
KomnakrHocT Bricokas Cpennsisa Huskas
b
Bubpamus u Huskue Cpennue Huzkue
myM
Cpox ciyxObl 25 000-50 15 000-25 100 000+
710 KalipeMOHTa 000 yacos 000 yacos 4acoB

OCHOBHBIE TTPEUMYIIIECTBA!

. BoicTpBhIii 3amyck — OT 5 10 15 MUHYT 10 OJHON HArpy3Ku (UaeaibHO
JUTSL IOKPBITHSI TUKOBBIX HArPy30K U pe3epBa).

. KoMnakTHOCTh — CTaHIMS MOIIHOCTHIO 25 MBT MOXET pa3MeCcTUThCS
Ha 1wrommaau 200-300 m2.

. PaGora Ha pa3HbIX ra3ax — MNPUPOJIHBIN ra3, MONMYTHBIA HEQTIHOMU ra3,
ouoras, CHHTE3-Tas3.

. Huskuii ypoBeHb BBLIOPOCOB — COBPEMEHHBIC KaMEphl CropaHus
obecnieunBaror BeIOpockl NOX MeHee 25 ppm (JacTeil Ha MUJUIHOH).

. Be3BoaHocTh — He TpeOyeTcs OOJBIIIOE KOJMMYECTBO BOABI IS
OXJIAXKJEHUS (B OTIMYME OT MApOTYPOMHHBIX M ATOMHBIX CTaHITUN).

3. O0sacTu NpUMEHEHUA

['a30TypOMHHBIE CTAaHIIMU MAJIOW U CpPEJHEH MOIHOCTH HAXOMST IIMPOKOE
MIPUMEHEHHE B CIEAYIOIINX CEKTOPAX:

3.1. Hedrerazosas NPOMBIIICHHOCTD
Ha HedTIHBIX 1 Ta30BBIX MECTOPOKIACHUSX YAaCTO UMEETCS MOMYTHBIA HEDTAHOM ra3
(ITHT"), xotopsrit panbie cxxurand B pakenax. [ TOC mo3Bonstor ucnonszosars [THIT
JUIs. BBIPAOOTKH DJICKTPOIHEPTHU, HEOOXOAMMOM MJis paboThl OYpPOBBIX YCTAHOBOK,
HACOCOB M BAaXTOBBIX IIOCENKOB. OJTO OAHOBPEMEHHO PEMAET 3KOJIOTHYECKYIO

po0JIeMy M CHIUKAET 3aTparhl.
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3.2. IIpombInLIeHHBIE npeanpusTUs
3aBoJbl, MHUILEBBIE MPOU3BOACTBA, IIEMEHTHBIE 3aBOABI U JIPyTH€ MPEANPUITHUSA,
MMEIOIIUE COOCTBEHHBIC KOTENbHBIC, MOTYT IEPEUTH HA KOTCHEPAIINIO: Ta30TypOUHHAs
CTaHUUsl AA€T JJEKTPUUECTBO, a OTPAOOTAHHOE TEIIO HAET HAa TEXHOJOTMYECKHE
HYXX[bI (1Iap, ropsyas Boja, Cymika). JkoHoMust 3Hepruu nocruraet 30—40%.

3.3. ITuxkoBbIe " pe3epBHbIE MOIIIHOCTH
B sHeprocuctemax cyrouHoe motrpeOieHUue HEMOCTOSHHO: THEM — MUK, HOUYbK) —
npoBasi. ['TOC ¢ OBICTPBIM MyCKOM HJEAIbHO MOAXOAST IJIi TMOKPBITHS MHUKOBBIX
Harpy3ok. OHU TaKXke CiIyKaT aBapUHBIM pPE3EPBOM Ha CiIy4yadl OTKIIOYCHUS
OCHOBHOW CTaHIIHM.

34. Otnanénnbie MOCEIKH ]| BAXTOBbIE MOCEJIKH
B perunonax 6e3 uenrpanpHoro snekrpocHadxkenus (Kpainuii Cesep, Cubupsb,
nycTeiHHBIE 30HBI) [ TOC Ha mpuBO3HOM CxkmxkeHHOM mnpuponHom raze (CII) wmu
MECTHOM Ouorase sBJSI0TCS SKOHOMUYHOM albTepHATUBON JU3EITbHBIM CTAHIUSIM.

4. HepocTaTky ¥ IMyTH X NPEOI0JICHUSA

VY ra30TypOMHHBIX CTAHILIUN €CTh U clla0ble CTOPOHBI:

. Cuum:xkenue KII/ npu yactuunbix Harpy3kax. Eciu ['TOC paboraeT Ha
50% momnoctH, KIIJI magaer Ha 10—15%. Pemenne — ncnonp30BaHUE HECKOJIBKUX
MOIYJIbHBIX TYpPOUH BMECTO OJHOM OOJIBIION.

. 3aBHCHMOCTB OT KavyecTBa TOMAMBA. HeouuilleHHBIN ra3 ¢ mpuMecaMu
(cepa, cMombl) paspymaer JionaTkd TypOuHbL. TpeOyeTcss mpenBapuTeIbHas
MOJITOTOBKA rasa.

. Bbicokasi TeMneparypa oTpadOTaHHBIX ra3oB. JTO OJHOBPEMEHHO U
MPEUMYIIECTBO (BO3MOXHOCTh KOT€HEpallMM), U HEAOCTaroK (MOTepHu TeIjia IpH
OTCYTCTBUM NOTPEOUTENIS TEILIA).

3akiaroueHue

['a30TypOMHHBIE SIEKTPOCTAHIIMM MAJIOH W CPENHEW MOIIHOCTH 3aHHMAIOT
Ba)KHOE MECTO B COBPEMEHHOM 3HepreTuke. VX KitoueBbie TOCTOMHCTBA — OBICTPOTA
3armycka, KOMIIAKTHOCTb, BO3MOKHOCTh KOI'€HEpaluu U padoTa Ha pa3IMYHbIX BUAAX

ra3o000pa3HOro TOIUIUBA — JENalOT UX ONTUMAaIbHBIM BEIOOPOM IS pacrpeeaéHHON
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SHEPreTUKH, MPOMBIIIJIEHHBIX OOBEKTOB M OTHAJIEHHBIX peruoHoB. C pa3BUTHEM
TEXHOJOTUN (KepaMHUYECKUE JIONATKHM, MAarHUTHbIE MNOAUIMIHUKK, LU(POBOE
yrnpasnenue) KIIJ{ u nanéxunocts ['TOC OynyT pactu, a CTOMMOCTh — CHIXKATheA. B
Onmxaiime necsITHUIEeTUs: ra30TypOUHHbBIE CTAHIIMU OCTaHYTCS OJHMM M3 OCHOBHBIX
3JIEMEHTOB MUPOBOM 3HEPrOCUCTEMBI, OCOOEHHO B CETMEHTE MUKOBBIX M PE3EPBHBIX
MOLIHOCTEN.
Cnmcok Jureparypsbi:
1. NpanoB B.M., IlerpoB C.A. T'a30TypOMHHBIE YCTAaHOBKM MaJjou

MOIIIHOCTH: YCTPOMCTBO M 3KcIutyaranus. — M.: M3narensctBo MOU, 2020. — 296 c.

2. boitko A.B., TopmkoB B.H. Pacnpenenénnas  sHepreTuka:
ra3oTypOUHHBIE U Ta30MOpIIHEeBbIe deKkTpocTanimu. — HoBocubupck: Hayka, 2021.
— 248 c.

3. KocTiok A.T., IllepcrobutoB B.B. I'a30Bbie TypOMHBI U KOMIIPECCOPHI. —

CIIO.: ITonurexnuka, 2019. — 432 c.
4. Camynor B.M. KoreHnepannonHble Ta30TypOMHHBIE YCTAHOBKH JIJIS

MPOMBINUICHHBIX peanpusatuii. — Kazanb: KI'9Y, 2020. — 168 c.

5. GTW Handbook (Gas Turbine World). 2022-2023 Handbook of Gas
Turbine Technology & Applications. — Pequot Publishing, 2022. — 350 p.
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Caenenus 00 aBTope(-ax): Amamwipaoos Hzeenvou, npenooasameis.
Hapeynvies Apcnan, cmyoenm.
Tocyoapcmeenuwiii snepeemuueckuil uncmumym TypkmeHucmana.

Mapuwi, Typkmenucman

«ITAPOBBIE TYPEHUHBI: CEPAIIE COBPEMEHHOM TEILIOBOM
JIEKTPOCTAHIIUN»

AnHoTanus: B crathe paccMarpuBarOTCsS NapoBbIE TYpOMHBI KaK OCHOBHOM
AJIEMEHT TEIUIOBBIX U aTOMHBIX JIEKTPOCTAHIIUNA. AHATU3UPYIOTCS TIPUHIIUT paOOTHI,
KJ1accupuKamms (aKTUBHBIC u pEaKTUBHEIE, KOHJICHCAIIUOHHBIE u
TerI0(UKAIIMOHHBIC), a TaKXKe KJIIOYEBbIE MapaMeTpbl — JaBJIE€HHUE, TeMIlepaTypa,
gactora BpameHus. OOCYKIarTCs COBPEMEHHBbIC TCHJICHIIMU: TIOBBIIIICHUE
napamMeTpoB mapa 1o cBepxkputudeckux 3HadeHui (300 atm, 600 °C), co3manue
TypOuH st mapora3oBbix yctaHoBoK (III'Y) u 1mudpoBoii MOHUTOPUHT COCTOSTHUS
JoratoyHoro ammapara. Jlemaercss BBIBOA, 4YTO MapoBasi TypOuHA ocTaércs
HE3aMEHUMOM B KPYIHON SHEpreTrKe Oiaronapsi CBoer Ha&XHOCTH, JI0JITOBEYHOCTH
(cpok ciryx0b1 10 50 1€T) 1 BBICOKON equHuYHON MoIrtHOCTH (10 1500 MBT).

KiroueBble cioBa: mapoBasi TypOHWHA, TEIUIOBas AJIEKTPOCTAHIIMSA, AKTHBHAS
TypOWHA, peakTUBHas TypOWHA, KOHJCHCAIIMOHHAs TypOWHA, TeIUuIo()HUKAIMOHHAS
TypOMHa, CBEPXKPUTUUIECKHE MTApaMETPBI, Tapora3oBas yCTaHOBKA.

Beenenue

Ecium ra3zorypOuHHas ycTaHOBKa — 3TO CPaBHUTEIBHO HOBBIA WIPOK B
SHEPreTUKEe, TO mapoBasi TypOuHa — 510 e€ kiaccuka u pyngament. bomee 80%
MHUPOBOU ANMEKTPOIHEPTUH MPOUZBOAUTCS C TIOMOIIHIO TAPOBBIX TYPOWH HA TETIJIOBBIX
(TOC, TOH) u aromubix (ADC) snexrpoctraniusax. [laposas TypOuHa mpeoOpaszyer
TEIJIOBYIO SHEPIUI0 MEPETPETOro Mnapa B MEXaHUYECKYHO paldoTy BpallleHUs pOTOpa,
KOTOpasi 3areM nepeaacTcs aiekTporeneparopy. Hecmorps Ha Ooniee yeM BEKOBYIO
HUCTOpUIO, TMapoBas TypOMHA MPOAOIKAET COBEPUICHCTBOBATHCS W OCTAETCA

HE3aMEHHUMOU B KPYITHOU YHEPIETUKE.
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1. IIpuHIUn AeiiCTBUS U YCTPOICTBO

[TapoBast TypOrHa paboTaeT cieayonmM o0pa3om:

1. B xorne (unum snepHOM peakTope) BOJA HArpPeBAeTCS 1O COCTOSHUS
MeperpeToro mapa ¢ BbICOKUMHM mapameTpamu (maBienue a0 300 armocdep,
temreparypa 10 600—700 °C).

2. [Tap nocTynaer Ha comia, rae ero NoTeHUUalbHasl SHEPT sl IEPEXOAUT B
KUHETUYECKYI0 — MOTOK Pa3rOHSAETCS 10 CBEPX3BYKOBBIX CKOPOCTEH.

3. BricokockopocTHast cTpys mapa yaapsieT B JIOMATKH pado4yero Kojeca,
Bparasi Bajl TypOVHBI.

4. [Ipoiing yepe3 HECKOJIbKO cTyneHel (LHJIMHIPOB BBICOKOTO, CPEAHETO U
HU3KOTO JaBJICHUS), Tap paclIupseTcs, OTAAET YHEPrUi0 U IMpeBpallaeTcs B BOAY B
KOHJIEHCaTope.

[To mpuHIUITY AEHCTBUS TYPOUHBI JACIISTCS Ha:

. AKTHBHBIE — I1ap Pa3rOHIETCS TOJIBKO B COIJIAX, a HAa paboYHX JIomaTkax
IPOUCXOIUT JIUIIb U3MEHEHNE HalpaBIeHUs MOTOKa (ITPOCTOe JEHCTBUE).

. PeakTuBHBIE — Tap pa3roHAETCS M B COIUIaX, U B KaHallaX MEXIY
pabourMHu JIoNaTKaMu, CO3/1aBasi TOMOJHUTEIbHYIO PEAKTUBHYIO CHITY.

B peanbHOCTH OONBIIMHCTBO COBPEMEHHBIX TYpOMH — aKTUBHO-PEAKTHUBHBIC,
KOMOMHHPYIOIIHE 00a MPUHIINIIA.

2. Knaccudukanusi napoBbIX TYPOUH 10 HA3HAYEHU IO

[To Ha3HAYEHUIO U PEKUMY paOOTHI Pa3IMYAIOT HECKOIBKO TUTIOB:
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Tun TypOuHBI Haznauenue OcoOeHHocTn
Konaencauuonnas BeipaGoTka  TONBKO OTtpaboTaHHBIN nap
(K) ANEKTPOIHEPTUU MOCTYMAaeT B KOHJIEHCATOP (BaKyyM),
MaKCHUMaJbHBIN KIIJT, 13(0)
anektpudecTBy (~40—45%)
Tensopukaumonuas OpnHoBpemMeHHas YacTth mapa orOupaercs ajs
(T, IIT, P) BbIPA0OTKA 3JIEKTPOIHEPTUU | OTOTIICHUS 51 ropsi4ero
U TeIlIa BogocHaOxenuss. Oommit KIII no
85%
Typouna niasa AIC Pabora Ha Huzkne mapamerpsl mapa
HACBIIIEHHOM (ae | (maBnenne 60—70 atMm, Temmneparypa
NeperpeTom) nape ~280°C), OonpilKe pacxoasl mapa
Typouna pias IIT'Y B cocrase PaGoraer Ha nape,
apora3oBOil yCTAHOBKH MOJIYYEHHOM OT YTHJIM3alUU Teria
BBIXJIOITHBIX ra3oB ra3oBoi
Typ6unsl. Beicokuii KITJI (0 60%)

3. CoBpeMeHHbIE TeHACHINHU PA3BUTHUS

3.1.

IloBbIIIEHUE

napaMeTpoB

napa

Kiraccuueckne TypOuHBI paboTaroT Ha reperpeToM mape ¢ aapineruem 130-240 atm u
temrieparypoit 540-565 °C (Tak Ha3bpIBa€Mble TOKpUTHUYECKHUE MapaMeTphl). Ceromaus
Benymue npomsBoauTenn (Siemens, GE, General Electric, «CuiioBele MaIIviHBD)
MepEXOsT

Ha CBePXKPUTHYECKHE (CK) u yabTpacBepXKpUTHYECKHE

(YCK) napametpsl: nasinenue 300-350 arm, temmeparypa 600-700 °C. 3to
no3BosisieT MoBeICUTh dMekTpuueckuit KIIJ ¢ 40% mo 48-50%, cHU3UTH pacxon
ToruiuBa U BEIOPOCKHI COa.

3.2. IIapora3osble YCTAHOBKH IIrvy)
B III'Y ra3zoBast TypOuHa BhIpabATHIBAET IEKTPOIHEPTHIO, a €€ TOPSINE BHIXJIOMHBIC
ra3el (600 °C) HanpaBistOTCS B KOTEN-YTUINW3ATOP, KOTOPBIA MPOU3BOAUT Map AJIs

napoBoil Typounbl. KIIJ[ Takux yctaHoBok gocturaetr 60% — 3T0 camblii BBICOKUI
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MoKazareib Cpedu TeIUIoBbIX cTaHuuid. [Ipu 3TomM naposas TypOuna B III'Y 00bruHO
KOHJICHCAIIMOHHAs, HO MEHBIIIEH MOILIHOCTH, YEM Ta30Basl.

3.3. Hudposoi MOHUTOPUHT " IPOrHO3UPOBAHUE
CoBpeMeHHBbIE TapoOBble TYpPOMHBI OCHAILAIOTCS COTHSMM JIaTYMKOB: BHOpauus,
TeMIEepaTypa, OCEBOM CIBUT pOTOpa, pacliupeHue KopmycoB. CucTeMbl
UCKYCCTBEHHOTO HHTEJUIEKTa aHAJIM3UPYIOT JaHHbIE B pPEaJbHOM BpPEMEHH,
IPOTHO3UPYIOT OCTATOUYHBIA pecypc U MPEeAyNpexIatoT O HEOOXOAUMOCTH PEMOHTA.
DTO MO3BOISAET YBEIUUUTh MEeKpeMOHTHbIN niepuoa ¢ 25 000 go 50 000 gacos.

3.4. Marepuainbl " NOKPbITHS
Jiist paboThI IPU CBEPXKPUTUUYECKHUX MapaMeTpax Mmapa UCIoJIb3yIOTCs KapormpoyHbIe
CIUIaBbl HA OCHOBE XpOMa, HUKeNs U KoOanbra. Ha nomarku HaHOCATCS KEpaMUUeCcKue
TEIUIO3AIIUTHBIE MOKPBITHS. JlomaTku mocieAHuX cTyneHed (B IMJIMHIAPE HU3KOTO
JABJICHMS) UMEIOT JUIMHY A0 1,5 MeTpa U M3rOTaBIMBAIOTCS U3 TUTAHOBBIX CIIJIABOB
JUIS CHUKEHHUS IEHTPOOEKHBIX HATPY30K.

4. IIpeumy1IecTBa U HEAOCTATKH

IIpenmymecTBa mapoBbIX TYPOUH:

. OrpoMHas eguHuYHasE MOITHOCTH (10 1500 MBT myist ADC).

. Cpok ciyx0b1 40—50 net (IIpu CBOEBPEMEHHOM PEMOHTE).

. Bo3MokHOCTH HMCHONB30BaHUA JIIOOOro TOIUIMBA (yrojib, TIa3, Masyr,

SIEPHOE TOTUTMBO, OroMacca).

. Bricokas Han€KHOCTh B OTPaOOTaHHOCTH TEXHOJIOTHH.

Henocrarku:

. Jonruii 3amyck (0T X0JI0AHOTO COCTOIHUS — 6—12 yacoB).

. Huskass MaHEBpeHHOCTHh (IUIOXO MOAXOMAT JJISi YacThIX IYCKOB-
OCTaHOBOB).

. OrpomHble pa3mepsl U Bec (TypOuna Ha 1000 MBT BecHUT HECKOJIBKO

COTEH TOHH).
. TpeOyeT CHOXHOU CHUCTEMBI MAacJOCHAOXKEHUS, PEryJIUupOBaHUS U

KOHACHCAI M.
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3aki0oueHune

[TapoBasi TypOuHa ocTa€Tcs «cepalemM» KpynHou sHepreTuku. OHa He3aMeHUMa
Ha TEIUIOBBIX M AaTOMHBIX CTaHLMAX, TA€ TpeOyroTcss OONbLIME MOIIHOCTH U
nocTosiHHas paboTa B 6a30BoM pexxume. CoOBpeMEHHbIE MAPOBbIE TYPOUHBI CTAHOBSTCS
BcE Oonee 2¢p(dEeKTUBHBIMU Oylarojapsi CBEPXKPUTHYECKUM IMapaMeTpaMm Mapa,
HM(POBBIM CHCTEMaM KOHTPOJISl U MHTErpalliy B Mapora3oBble ycTaHOBKHU. HecmoTps
Ha pa3BUTHE BO30OHOBISIEMOW DJHEPreTUKH, MapoBas TypOMHA COXPAHUT CBOE
3HaueHHE enlé Kak MUMHUMYM Ha 50 JIeT, TOCKOJIbKY HU OAWH JAPYroil JBUraTeNb HE
MOXET CPABHUTHCSI C HEM MO HAZAEKHOCTH U €AMHUYHON MOIIHOCTH B CTAIlMOHAPHBIX
YCIIOBUSIX.

Cnmcok JiuTeparypsbl:

1. Tpyxuuit A.JI. CrauronapHsie napoBble TypOUHBL. — 5-€ u3a. — M.:
HN3narensctBo MOU, 2019. — 648 c.

2. Jlesun A.B., Kamman JI.C. IlapoBbie TypOHWHBI TEIUIOBBIX M aTOMHBIX

anekrpoctanuuii. — CII6.: [Tonmutexnuka, 2020. — 512 c.

3. [Marmupo W.M., Copokun B.JI. CoBpemeHHble TapOTypOUHHBIC
YCTAHOBKH: KOHCTPYKIIUA U dKCIuTyaTauusi. — M.: DHeproaromusaar, 2021. — 376 c.
4. Leyzerovich A. Steam Turbines for Ultra-Supercritical Power Plants. —

London: Elsevier, 2021. — 350 p.
5. I'pubxoB A.M. TloBeimienne 3pGHEeKTUBHOCTH MAPOBHIX TYPOWH 3a CUET

CBEPXKpPUTHUUYECKUX NapamMeTpoB napa. — Kazans: KI'DY, 2022. — 192 c.
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Caenenus 00 aBTope(-ax): Amaesa Ozyneepex Axmedosna, cmyoeHmxa.
T'ocyoapcmeennvii snepeemuyeckuii uncmumym Typkmenucmana.

Mapuwi, Typkmenucman

«HEPTO3®®EKTUBHOCTh: CKPBIThIA SHEPTETUYECKUM
PECYPC COBPEMEHHOI'O OBIIECTBA»

AnHoTanus: B crathe paccmarpuBaercs MoHATHE SHEProdpHEKTUBHOCTH Kak
BAXXHEUIIIET0O MHCTPYMEHTA CHIDKCHHSI IHEpromnorpebieHus Oe3 moTepu KadecTBa
YKU3HU U MPOU3BOJICTBA. AHAIU3UPYIOTCSI OCHOBHBIE HAIIPABIICHUS YHEPTOCOEepEKEHUS
B ObITy (OCBelieHHE, OBITOBAas TEXHHUKA, OTOIUICHWE) W B TMPOMBIIUICHHOCTH
(MonepHU3aIusi 000pyI0BaHUS, YTUIIU3AIUs TETUIa, YaCTOTHBIC MpUBObI). [lokazaHo,
YTO WHBECTUIIMM B dHEProd(HEKTUBHOCTH OKYMAIOTCS OBICTpPEE, YeM CTPOUTEIHCTBO
HOBBIX 3JIeKTpocTaHuui. [IpuBoasarcs npumeps! ycnemHbix nporpamm (EC, SAnonus,
Kurait). [lenaetrcst BbIBOJ, 4TO 3HEProd(PPEeKTUBHOCTD SBIISETCS CAMbIM JCHIEBHIM U
AKOJIOTUYHBIM «HUCTOYHUKOM) SHEPTHUU.

KiroueBble cjioBa: s3HEprodHEKTUBHOCTh, HHEProcOEpeKeHUE, HKOHOMUS
SHEPIUM, CBETOJUOAHOE OCBEUICHUE, YTEIUICHWE 30aHuW, YyTWIM3alus Tea,
YaCTOTHBIN MPUBOJI, CHUKEHHE BHIOPOCOB.

BBenenue

Korma roBopsT 00 sHeprum, dyame Bcero AyMaroT 00 €€ TpOU3BOACTBE:
AIIEKTPOCTAHIINU, TypOUHBI, COIHEUHBIC MMaHeNH, BeTpsiku. Ho cymecTByeT emé onuH,
4acTO HEJOOLICHEHHBIM acneKkT — 3Hepro3@@eKTHBHOCTL. ODTO HCIOJIb30BAHUE
MEHBIIIETO KOJIMYECTBA SHEPrUU JJIsI BBIIOJIHEHUSI TOW ke padorel. I[IpocThiMu
CJIOBAaMH: CBETUTh TAaK € APKO, HO TPATUTh B 5 pPa3 MEHBIIE JICKTPUUYECTBA,
OTaluIMBaTh JIOM TakK K€ TEIUo, HO CXWrarb B 2 pa3a MEHbIIE rasa.
OHeprodh(PeKTUBHOCTh HA3BIBAIOT «CKPBITHIM HCTOYHHUKOM DJHEPTUHY, TMTOTOMY YTO
COKOHOMJICHHBIM KHWJIOBATT-4ac JCHICBIC W YMIIE, YeM MPOU3BEAEHHBIN. B maHHOM
CTaTb€ pPACCMATPUBAIOTCS OCHOBHBIC HANpPAaBICHHS W MPUMEPHI MOBBIIIECHUS

3HeprodPeKTUBHOCTH.
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1. Ilouemy 3Heprod(p(peKTUBHOCTH BAKHA?

I'moGanbHbIE BHITOBI OT MOBBILIEHUS SHEPTOAP(PEKTUBHOCTH:

. JroHoMHuuYeckue. CHIDKEHUE CUETOB 3a JJIEKTPUUYECTBO, a3, TOILIMBO.
JJist IpOMBINUIEHHOCTH — CHHKEHUE C€0€CTOMMOCTH MPOIYKLHUH.

. JKoJoruyeckne. MeHsblie cxuraercsi yrisd, HeTH U raza — MEHbILE

BbIOpOCcOB CO2, NOX, caxu.

. JHepreTuveckass 0e30mMacHOCTb. CHI)KEHUE 3aBUCMMOCTH OT MUMIIOPTa
JOHEPrOHOCUTEIIEH.
. OTcpouka CTPOMTEJBCTBA  HOBBIX  3JIeKTpocTaHuuii. Kaxpii

COKOHOMJICHHBIH MEraBaTT — 3TO METaBaTT, KOTOPbIN HE HY>KHO MPOU3BOAUTD.

[To ounenkam MexayHaponHoro sHepreTudeckoro areHrcra (MDA), oxono
40% mOTEHUHUATBHON YKOHOMHUHU HSHEPTUU MOXKET OBITh JOCTUTHYTO 3a CUET YKe
CYUIECTBYIOIINX, OKYyMaeMbIX TexHojorui. MuBectunum B 3HEprodHPexTUBHOCTH
OKYIAIOTCSl B CPEHEM 3a 2—5 JIeT.

2. DHepro3p(PpeKTUBHOCTH B OBITY

boitoBoii cexktop morpebnsier okoio 30-40% Bceil 3HepruM B Pa3BUTHIX

ctpanax. Camblie 3¢ (EeKTUBHBIE MEPHI:

Hamnpasnen TpaguunuoHH OHeprosppexTun DKOHOM
ue 0€ pelIecHue HOE peIIcHue WSl DHEPTUHU
Ocselienue Jlamma CetonuonHas 85-90%
HakanuBanus (60 | mamna (LED) — 8 Bt
Br)
XONOIUIILH Crappiii Kmacc A+++ 50-60%
UK Kiacc A
OToruieHue bes VreniaeHnne CTEH, 30-50%
yTEIJICHUS, CTaphle | INIACTUKOBbBIC OKHa,
OKHa pexymnepaTop
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Crupka lopsiuas XonogHas — Boja 80% (na
Bona (90°C) (30°C) + »ddexTrBHBINA | HATPEB BOJIbI)

TIOPOIIOK

[IpocTeie puBBIYKH TOXKE NAtOT 3G(PEKT: BHIKIIOUECHUE CBETA MPU BBIXOJE U3
KOMHAaThl, BBIKJIIIOUEHHE MPUOOPOB U3 PO3ETKU (a HE B PEXKUME OXHUIAHUSA),
MpaBUJIbHAST HACTPOMKAa TeMIepaTypbl B XOJOIUJIbHHKE W Mopo3uiike. CymMmapHO
OBITOBOE HHEProcOepexreHrne MOKeT CHU3UTD cuera Ha 20—40% Oe3 notepu koMmpopra.

3. DHepro3pPeKTHBHOCTH B NPOMBINIJIEHHOCTH

[TpomplliIeHHOCTh — KpymHEHuid noTpedbutens sHeprun (okoio 50% B
robanbHOM MaciiTade). KiroueBbie TEXHOIOTHN SHEProCcOepeKeHUS :

3.1. YacToTHO-peryaupyemMblii NPHUBOJ (UPID)
Hacocbl, BEeHTHIIATOPBI, KOMIIPECCOPBI 4acTO PabOTarOT Ha IMOJHOM MOIIHOCTH JIaXKe
TOT/Ia, KOTJIa HYKHA JIUIIbL TOJIOBUHA. TpaJulIMOHHBINA CIIOCO0 — APOCCEIHPOBAHUE
(3amBmkKka, KiamaH) — HedhdexTruBeH. YacTOTHBIM TPUBOI H3MEHSET CKOPOCTh
BpalIEHUs IBUTaTesl TOUHO MO HAarpy3Ky, s3koHoMs 30—60% 351eKTposHEeprumu.

3.2. Yruauzanus BTOPHUYHOI0 Termia
Ha MHoOTHX 3aBoj1ax ropsiuue rasbl, Map U Bojia MPOCTO BHIOPACHIBAIOTCS B aTMOChEPY
WIM KaHaiau3anuoo. TermmooOMEeHHUKU TO3BOJSIOT HCIONB30BaTh 3TO TEIUIO IS
IIPEIBAPUTEIHHOTO TOJOTPEBA CHIPHS, OTOIUICHHS 1IEXOB WJIM MPOU3BOJCTBA ropsyei
BOABI. DKoHOMUS ToIuInBa — 15-30%.

3.3. CeeTonmnonHoe OCBellleHne 1(9 (1!
3aMeHa ThICSY JIIOMUHECIICHTHBIX JIaMII B OOJIBIIIKX I[€XaX Ha CBETOMMOMIBI OKYHaeTCs
3a 1-2 roma 3a cY4€T CHIDKEHHUs SHEpromorpediieHus B 4-5 pa3 U OTCYTCTBUA
HE0OXOIMMOCTH YaCTOW 3aMEHBI JIaMII.

34. Onrumusanus CKaTOro BO31yXa
Cuctembl ckaToro Bo3ayxa — oHU U3 cambix HedpdekTuBHbIX (KIIJ yacto Hubke
20%). VYcrpaHeHue yTeYeK, CHIDKCHHE MaBJICHUS 10 HEOOXOAMMOI0 MHUHHMYyMa,
WCMOJBb30BaHUE PECUBEPOB MO3BONISAET SIKOHOMUTH 20—40% 31eKTpOo3HEPrum.

4. TocynapcTBeHHbIe MPOrpaMMbl U CTAHIAPTHI

MHorue cTpaHbl peainu3yroT NOJIUTHKY S3HEProd(hPeKTUBHOCTH:
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. EBponeiickuii Coro3. /lupextuBa no sHeprodpdexkrusnoctu (EED),
00s13aTebHbIE YHEPrOAYIUTHI JUIsl KPYIHBIX NPEANPUATUN, MAPKUPOBKA MPUOOPOB OT
A o G.

. SAnonus. [Iporpamma  «JIugepsr»  (Top  Runner) —  cambiii
sHeprod(pheKTUBHBIN NMPUOOP HA PHIHKE CTAHOBUTCS 00s13aTEIbHBIM CTAaHIAPTOM IS
BCEX MPOU3BOAUTEIICH.

. Kwuraii. [Iporpamma  «/lecate Thicsu npeanpustuii» — 10 000
KPYMHEWUIINX 3aBO/IOB 00s13aHbI CHU3UTh dHEProéMKocTh Ha 15-20% 3a 5 ner.

. Poccus. 3akon 00 »sHeprocoepexxkenun (Ne 261-D3), obsi3aTenbHbIC
SHEpreTudeckrue o0cae10BaHus, TOCyAapCTBEHHAs porpamma « JHeprocoepekeHue u
MOBBIIICHUE YHEPTOIDPEKTUBHOCTH Y.

S. bapbepsbl M MyTH UX NPEOA0ICHUS

Hoquy 3HepF03(1)(1)eKTI/IBHI)IC MCPBI BHCAPAKOTCA HC TaK 6LICTpO, KaK MOITIN

Ob1?
bapwep Pemenne
Bricokue nepBoHadalibHbIE 3aTPAThI DHEpProcepBUCHbIE KOHTPAKThl (MHBECTOP
IUIATUT 32 MOAEPHU3ALIMIO, TOJYyYaeT MPOUEHT OT
SKOHOMHUU )
HexBarka uadopmanun DHeproayauThl, KOHCYJIbTAI[MOHHBIE
IIEHTPBI, 00yYeHHUE MepcoHasa
Paznenenune BBITOJT 151 3arpar Ctumynupyromye 3akoHbl, cyOcuauu Ha
(apeHmarop  IWIATUT 32 DHEPruto,  a | SHEProdhHEKTUBHYIO MOJACPHU3AIUIO
COOCTBEHHHUK 37]aHUSI — 32 YTEIUICHHE)
[IpuBpIuKa 1 HHEPLUS NudopmanrionHbIe KaMIIaHUH,
JIEMOHCTPALlHOHHBIE IPOEKTHI

3akiloueHue

DHeprodpHEeKTUBHOCTh — 3TO CaMBbIM JICIIEBBIA, CAMBI YHCTBHIA W CAMBIHA
OBICTpPBIN €MOCOO peluTh 3HepreTudyeckue mnpoodsiembl. OHa He TpelyeT M00buU
TOIUIMBA, CTPOUTENbCTBA OJIEKTPOCTAHIMNA WIM MNPOKIAJKM HOBBIX JIMHUHI

anekrporepenadn. Hy)kHO mpocCTo mepecrarb TpaTuTh YHEPIUIO BIYCTYHO. Kaxkabii
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COKOHOMJICHHBI ~KHJIOBAaTT-yaC — 3TO BKJIAJ B OKOHOMHKY, O3KOJOTHI0 U
AHEpreTuueckyro 6ezonacHocTs. [lepexos k aHeprodPhekTUBHOMY 0011IeCTBY TpeOyeT
YCWIMHA Ha BCEX YPOBHSX: OT MPUBBIYEK OTIAEIBHOIO YEJIIOBEKA O FOCYIAapPCTBEHHBIX
nporpamMm. Ho BBITO/IbI HACTOJIBKO BEIMKHU, YTO 3TU YCUIIMS MHOTOKPATHO OKYHaIOTCS.
Cnmcok Jiureparypsbl:

1. JlunmaroB B.A. DHeprocbepexenne u 3Heprod3PpPeKTuBHOCTb: OCHOBBI U
npaktuka. — M.: DHeproatomusaar, 2020. — 304 c.

2. MexnyHapogHoe sHepretudeckoe areHTctBo (MDA). Otuér 1o
sHeproddpexkruBnoctu 2023. — IMapmwx: OECD/IEA, 2023. — 210 c.

3. CeménoB B.H. DnHeproadpexTuBHbIC TEXHOIOTUN B TPOMBIITUICHHOCTH U
obiTy. — CI16.: [Tonurexnuka, 2021. — 256 c.

4. Bopo6nés I1.A. YacToTHO-perynupyemMbiii TPUBOJI: TEOPUS U IPaKTHUKA
sHeprocoepexenus. — ExarepunOypr: YpdV, 2019. — 188 c.

3. larapun B.I. Temnouzonsanua 30aHUNA U COOPYKECHUW: paCUYET U
ornrtumm3anug. — M.: ACB, 2020. — 352 c.

6. EBpomnetickas KOMHUCCHS. JlupexTrBa 2012/27/EU 00

sHeproddpdexruBHocTH (¢ u3meHenusmu 2023). — bproccens: EU, 2023.
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Caenenus 00 aBrope(-ax): Xaunoypoviesa O2ynvuupun, npenooasamers.
Opas3zcaxeoos Jloenem, cmyoenm.

Amaneenouesa I'ynaii, cmyoenmxka.

Kaxaesa Mepoocen, cmyoenmxa.

Tocyoapcmeennwiil snepeemuueckutl uncmumym Typkmenucmanua.

Mapuwi, Typkmenucman

«M3YYEHUME BUOJTOTHUYECKHUX METOA0OB O4YNCTKH BO/]
HNPOMBIHNUVIEHHBIX HCTOYHUKOB BOAOCHABXEHMU S »

AHHoOTaums: B crarbe paccMarpuBaroTCs OWOJOTHYECKHE METOIbI OYMCTKH
CTOYHBIX BOJ, OOpa3yrONIMXCSAd HAa MPOMBINUICHHBIX MPEINPUATHAX — HCTOYHHKAX
TEXHUYECKOTO BOJIOCHAOKCHHS. AHAJTU3UPYIOTCS OCHOBHBIC TCXHOJIOTHH: aKTHBHBIN
ui, ouorui€éHka (OnoduiIbTpel), aHadpoOHAsT OYMCTKA, MeMOpaHHBIE OMOPEAKTOPHI U
duTopemenunans  (MCIOJNIb30BAaHUE BBICIIUX BOIHBIX pacTeHuil). [lokazanbl
NPEUMYIECTBa OUOJIOTUYECKUX METOJOB Tepea (U3UKO-XUMHUYECKUMU (HU3Kas
ce0eCTOMMOCTh,  DKOJIOTMYHOCTb,  BO3MOXKHOCTh  YJAJ€HUS  CHEeHU(PUIECKUX
3arpsi3HATENEH — HePTenpoayKToB, (EHOJOB, TIKENBIX MeTauioB). I[lpuBomsTcs
IIPUMEPBI OYMCTKH CTOUHBIX BOJ He(pTenepepadaThIBAIOIINX, IIEJUTIOI03HO-0YMaXKHBIX
U TEKCTWIbHBIX Mpennpusituid. JlemaeTcss BBIBOA, YTO OHMOJOTHYECKas OYHMCTKA
ABISIETCS HauOoliee TMEPCIEKTUBHBIM HANpaBICHUEM [IJIi 3aMKHYTBIX CHCTEM
MIPOMBIIIEHHOTO BOJJOCHAOKEHUS.

KiroueBble ciioBa: OHoNOrnvecKkasi OYMCTKa, MPOMBIIIJICHHBIE CTOYHBIC BOJIBI,
aKTUBHBIM Wi, OWoMUIBTp, aHa’poOHAs OUYMCTKA, MEMOpPAaHHBI OMOpPEaKTop,
dbuTopemenuanys, 3aMKHYTOE BOJOCHAOKEHHE.

Beenenue

[TpOoMBILITIEHHOCTD ABISIETCA OJHUM M3 KpyNMHEWInX norpeodureneit Bogasl. Ha
MHOTHX TPEANPUATHSX BOJA HCIONB3YETCS IS OXJIAXKACHHS, MPOMBIBKH,
TPAHCTIOPTUPOBKH  CHIPhSI W JIPYTUX TEXHOJIOTHMYECKUX HYXKA. llpu sTom

00pa3yloTcsi CTOUHBbIE BOABI, COJIEPKAIIUE 3arPSI3HUTENIN: HEPTETPOLYKThI, (DEHOIBI,
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OpraHMYECKHUE PACTBOPUTENH, TSKENbIE METajulbl, IMOBEPXHOCTHO-aKTHUBHbBIE
BemecTtsa. COpoc TakuX BOJI B MPUPOAHBIE BOAOEMBI HenomyctuM. Ho m mpocrtoe
HCIIOJIb30BaHNE (PUBUKO-XUMUUYECKUX METOJIOB (peareHTsl, copOoIus, (hoTaius) 4acto
CIMIIKOM  JOpPOro ¥  CO34a€T  BTOPUYHBIE  OTXOABl.  AJIBTEpHATHUBOU
BBICTYIAIOT OMOJI0rHYeCcKHe MEeTOAbl OUMCTKHU, KOTOPbIE UCIONB3YIOT CITIOCOOHOCTD
MUKpPOOPIaHM3MOB U PACTEHUI paziararh U MOMIOUIaTh 3arpA3HUTEIH.

1. OcHOBHBIE OMOIOTHYECKHE METOAbI O4UCTKH

1.1. AKTHUBHBII 18| (a3poTeHKn)
OT10 caMblil pacnipocTpaHEHHBIA MeToJl. B criennanbHbIX pe3epByapax (a3poOTeHKax)
CTOYHAs BOAA CMEUIMBAETCS C AKTUBHBIM MJIOM — COOOIIECTBOM OakTepuid,
OPOCTEHIINX U MUKPOOPTaHU3MOB, KOTOPbHIE MOENAIOT OPTaHUYECKUE 3arpsi3HUTEIH.
JIist uX >KU3HEAESITENIbHOCTH B BOAY MoAa€Tcsl KUCIOpoxa (aspamusi). 3aTeM CMech
NOCTYIAeT B OTCTOMHUK, TJI€ MJI OCEAAeT U BO3BpAIAETCAd OOpaTHO B a’pOTEHK, a
OYMIIIEHHAs] BojAa ciuBaeTcsi. D(OPEKTUBHOCTh yNalleHWs OPraHUYECKUX BEIIECTB
(BIIK, XIIK) pmocturaer 90-98%. MeTton MUPOKO TOPUMEHSETCS  Ha
HedTenepepadaThIBAIOIINX, XUMUYECKUX U MUIIEBBIX 3aBOAAX.

1.2. BbuoduasTpsl (Omoniénka)
B Ouwoduiasrpax MHKpOOpraHHW3MBI 3aKpeIvieHbl Ha TBEPAON 3arpyske (1eOCHb,
KEepaM3UT, TUIACTUKOBBIE DIIEMEHTHI), 00pasys omomaénky. CrouHas Boma
pa30OpBI3TUBAETCS CBEPXY M CTEKAET MO 3arpy3ke, a MUKPOOPTAaHU3MBI U3BJICKAIOT U3
Heé 3arps3HUTENTU. bHOPUIBTPEI KOMIIAKTHEE adPOTEHKOB U yCTOMYHMBEE K YAapHBIM
Harpy3kam, HO TpeOyroT 0oJiee YaCTON MPOMBIBKH.

1.3. AHa3polOHasn OYHCTKA
B omiinune oT a3poOHBIX METOIOB (C KUCIOPOAOM), aHA3POOHAsI OUMCTKA MPOUCXOAUT
6e3 moctyma Bo3myxa. CrenuanbHble OaKTepUH pa3jararoT CIOKHBIE OPTaHUYECKUE
BemecTBa (JKUPBI, IE/UTIONO03Y) JO METaHa W yIIeKucinoro rasa. OOpasyromuics
O6moras MO>XHO MCITOJIB30BaTh KaK TOILTMBO. AHa’pOOHBIC peaKkTOphl AP HEKTUBHBI TS
OYUCTKH BBICOKOKOHLIEHTPUPOBAHHBIX CTOYHBIX BOJ (CIUPTOBBIC, KpaxmajbHBIE,
MOJIOUHBbIE 3aBonbl). HemocTtatok: mnpolecc MEMJICHHBIA W UYYBCTBUTEIbHBIA K

TeMIeparype.
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1.4. MeMmOpaHHbIe OnopeaxkTopbl (MBP)
D710 rUOpUIHAS TEXHOJIOTHS, COUETAIONasl aKTUBHBIN U1 ¢ MEMOpaHHOM (hUIIbTpaIuen.
MemOpasns! (¢ mopamu 0,01-0,1 MKM) 3a1epKUBAIOT BCE MUKPOOPTAHU3MBI, IIO3TOMY
B PEAaKTOpE MOKHO MOJJEP>KUBATH OYEHb BHICOKYIO KOHIIEHTPALIMIO WA, @ HA BBIXOJIE
MOJIy4aTh BOJY BBICOKOTO KauecTBa, MPUTOAHYIO JUIsl OBTOPHOTO MCIOJb30BaHMS B
npoMblieHHOCTH. MBP  nopoxke  OOBIYHBIX ~ a’3pPOTEHKOB, HO  MO3BOJIAIOT
cO3/1aBaTh 3AMKHYTbI€ CUCTEeMbI BOAOCHAOkKeHM sl (TTOUTH HYJIEBOM COPOC).

1.5. ®uropemenuanust (MCHMOIb30BAHME BbICHIMX BOJHBIX PACTEeHWIl)
Psicka, siixopHus (BOAHBIN IMAIlMHT), TPOCTHUK, POTO3 U APYTrUe PACTEHUSI CIIOCOOHBI
NOMIOIIATh M3 BOABl HMOHBI TSKENBIX METAJUIOB, HEMTENPOAYKThI, (EHOJIBI,
nectuiuasl. Co3aroTcs OMoJIornyecKue Npyabl WK IVIAHTAIMM PAcTeHUi, yepes
KOTOpBIE MPOITYCKAIOTCSI CTOYHBIE BOABL. MeTo/l OYeHb JEUIEBbIN U DKOJIOTUYHBINA, HO
3aHMMaeT Oonblive Momand u 3¢dexkruBeH B TEmIoe Bpems roaa. Yacro
UCTIONB3YETCS ISl IOOYUCTKHU MOCIe a3POTEHKOB WM OMO(UIBTPOB.

2. CpaBuutenbHas 3¢ PeKTUBHOCTH OMOJIOTMYECKUX METOI0B

Meton Vna Vna Cnox [0 Crou
JeHue JIeHUE HOCTh maab MOCTh
OpraHuKd | OMOTEHOB | HKCILTyaTal|
(BIIK) (N, P) uu
AKTHUBHBI 90— 50— Cpen bon Cpen
U ul 98% 80% HSS pIIIast HSIS
(cmerr.
PEXKUMBI)
buodunn 85— 30— Cpen Cpe Cpen
TP 95% 50% HSS JTHSIS HSIS
Anarpob 80— 10— Brico Man Brico
HBIU PEAKTOP 95% 20% Kast ast Kast
(o0opynoBa
HUE)
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Memb6pan 95— 80— Brico Man Ouen
HBII 99% 90% Kast ast b BBICOKas
OuopeaxTop

duropem 60— 40— Husk Orp Ouen
eauanus 85% 70% ast OMHas b HU3Kas

3. Oco0eHHOCTH OYHUCTKHU creuu(PuIecKHX NPOMbINICHHBIX CTOKOB

HedrenepepadbarsiBaromue 3aBOAbI (HII3):
Croku conepxar He(TENPOIYKThI, (EHOIbI, CEPHUCTBIE coequHeHus. cnonb3yroTes
MHOTOCTYIIEHYAaThle CUCTEMbI: MEXaHUYECKasi OUMCTKA (HePTeNoBYIIKH) — (oTanus
— a’pPOTEHKHU C aJaNTUPOBAHHBIM WJIOM — JOOYMCTKAa Ha Ouodunbsrpax. s
pasznokeHuss  (DEHONOB  HCMONB3YIOT  CHEIUajbHble  KYJIBTYphl — OakTepuid
pona Pseudomonas.

ens110/103H0-0yMasKHbIE KOMOHUHATDI:
Croku Oorarbl JUTHUHOM, CyAb(UIaMU, XJIOPOPTraHUYECKHUMH COCAHMHEHHUSIMHU.
O¢ddexTuBHB aHA’pOOHBIE pEaKTOpbl (pasiioKEHHWE JIMTHUHA) C TMOCHeAyIolen
a’poOHoI HoouncTkoi. [Tpobiema: TOKCHUHOCTD CYIb(QUAOB AJIT MUKPOOPTaHU3MOB,
TpeOyeTcs nmpeaBapuTeNbHas ecyabdupusaus.

TekcTHAbHBIE u KO’KeBEHHbIe 3aBO/bI:
Conepxar kpacutenu, [IAB, xpoM (B KoxkeBeHHOM Mpou3BoACcTBe). Kpacurenu TpyaHo
pasnararoTcsi MUKpoopranuzMamMu. [IpuMeHstoT KOMOMHAIINIO: (PU3UKO-XUMUYECKas
oOpaboTka (koarymnsiiusi) — adpoOHas OuoJorMYecKas OYHCTKa —> COpOLUs Ha
aKTUBUpPOBaHHOM  ymie. Jid  ygajneHus  XpoMa  UCHONB3YIOT — PacTeHUs-
TUTNEPAKKyMYJISITOPBl WA CHeluaibHbie OakTepun-peaykTopsl (mepeBoast Cr(VI) B
MeHee TokcuuHbii Cr(I11)).

4. IlpeumyiecTBa M OrpaAaHUYECHHUS] OMOJOTHYECKUX METO0B

[Ipeumyuiecrna:
. Huzkue skcrnyaTaliiOHHbIE 3aTpatThl (HE TPEOYIOT JOPOTUX PEareHTOB).
. DKOJIOTUYHOCTh — MPOUCXOAUT €CTECTBEHHOE PA3JIOKEHHE, a HE TIEPEHOC

3arps3HUTENEH B Ipyryio dasy.

. Bo3MoxHOCTE T1yO0KOH 0urCTKH (10 99%).
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. AHa’p0oOHBIE METOBI 1AIOT MOJIE3HBIN MOOOYHBIN MPOAYKT — Ouoras.

Orpannuenus:

. UyBCTBUTENHHOCTh K TOKCUYHBIM BEHIECTBAM (MUKPOOPTaHU3MbI MOTYT
MOTUOHYTB).

. JlnutenbHOE BpeMms 3amycka (OT HECKOJIbKUX HEAENb 0 MECSIEB I
aJanTalyy uia).

. 3aBucuMocTh OT Temmnepatypsl (ontumyM 20-35 °C ans a’poOHbIX, 30—
40 °C nnsg aHadpOOHBIX).

. TpeOyroT cTabuIbHOTO cocTaBa CTOKOB (0e3 peskux koseOanuii pH,
KOHIICHTPAIlUU, TEMIIEPATYPHI).

3akiloueHue

buonornueckne MeTtompl 3aHMMAKOT I[EHTPAJbHOE MECTO B  OYHMCTKE
IMPOMBIIIJICHHBIX CTOYHBIX BOA Onaromapst cBoel 3¢h(EeKTHUBHOCTH, OTHOCHUTEIBbHOU
JIEIIEBU3HE U SKOJIOTMYHOCTH. AKTUBHBIN UJI, OMOPUIBTPBI, aHAIPOOHBIE PEAKTOPHI U
MeMOpaHHbIE OMOPEAKTOPHI MO3BOJSIOT JOCTHYb BBICOKMX CTEMEHEW OYUCTKH, a
duTopemenunanus SBISETCS ONTUMAIBHBIM PEIICHUEM IS JOOYUCTKH B TEIIOM
kmumare. Haumbonee  mepcrneKTHBHO KOMOMHUPOBAHME METOIOB:  aHa’poOHas
NpeIBapUTENIbHAsT OYHUCTKA BBICOKOKOHIIEHTPUPOBAHHBIX CTOKOB —  a’poOHas
rIy0OKasi OYMCTKAa — MeMOpaHHas WM COPOIMOHHAS JTOOYMCTKA. Takue CHCTEMBI
MO3BOJIAIOT BEPHYTh OYHUIICHHYIO BOAY B TMPOMBIIUICHHBIH 000pOT, peanu3sys
KOHIEMIIMIO 3aMKHYTOI0 BOJOCHAOKEHUS U CHIDKAsl HArpy3Ky Ha MPUPOIHBIC
HCTOYHUKHU.

Cnmcok JuTeparypsbi:

1. Axosnes C.B., Kapenun f.A. buonornueckasi 0O4MCTKA MPOMBIIITIEHHBIX
cTtouHbIX BoA. — M.: Crpoiinzaart, 2019. — 368 c.

2. Kmyp H.C. TexHonormyeckue NpOLECCHl OYUCTKU CTOYHBIX BOJ C
HCTIOJIb30BAaHUEM aKTUBHOTO mia. — M.: AkBapoc, 2020. — 512 c.

3. Xenne M., Apmosc II., JIa-Kyp-SIncen M. OumcTka CTOYHBIX BO:
OmoJIornyeckre M XumMudeckue mnpoieccbl. — M.: Mup, 2021. — 480 c. (IlepeBoxn ¢

AHTJIUICKOTO)
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4. I'puropsesa JL.IO., [llupokoB B.A. ®uropemenunanus 3arpsi3HEHHBIX BOJ
u touB. — Kazanbs: KOY, 2020. — 192 c.
5. CmupHoB A.J[. MeMOpaHHble OMOPEAKTOPHI B OUYMCTKE MPOMBIIITIEHHBIX

ctokoB. — CII6.: Hayxka, 2021. — 224 c.

6. Bunorpanos C.C., Bunorpagosa E.H. AHa’poOHbIE METOJIbI OYHUCTKHU
BBICOKOKOHIIECHTPUPOBAHHBIX CTOUHBIX Boa. — Hwkunit Hosropon: HHI'ACY, 2019.
— 168 c.
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Caenenus 00 aBrope(-ax): Aunaesa Axnabam /xncopabaesna, npenooasamers.
Kynues blnxam Paxmanosuu, cmyoenm.

Annanazapos Hwaneynoer Opaeguu, cmyoenm.

bawummeipadosa Tasyc bBawummvipaoosna, cmyoenmia.

T'ocyoapcmeennvtii snepeemuyeckuil uncmumym Typkmenucmana.

Mapuwi, Typkmenucman

«HAYYHBIE OCHOBBI ITIPOU3BOJICTBA TBEPIOI'O BUOTOILIUBA U3
OTXOA0B XJIOIMYATHUKA»

AnHoTanus: B cratee paccMarpuBaroTCsl HAyYHbIE U TEXHOJIOTHYECKUE OCHOBBI
POM3BOACTBA TBEPAOTO OMOTOIUIMBA (TIEJUIET U OPUKETOB) U3 OTXOJOB XJIOMYATHUKA
— crebneil (ry3amaum), MIETyXd CEeMsIH M CTBOPOK KOpOOOYEeK. AHAIM3UPYIOTCS
XUMUYECKUN COCTaB M HHEPreTUYECKHE XapaKTEPUCTUKHU XJOMKOBBIX OTXO/OB
(rermmora cropanust 15-18 MJx/kr, 30mpHOCTE 3—8%). OnrcaHbl OCHOBHBIE ATarlbl
TEXHOJIOTHH: CYIIKa, U3MEIBYCHUE, rpaHylrpoBaHue (OpUKETUpPOBAHHE) U OICHKA
KayecTBa TOTOBOro ToruBa 1o crangapram ENplus u ISO. Ilokazano, uto
UCIIONB30BaHNE OTXOMOB XJIOMYATHHKA JUIsI TIPOM3BOACTBA OMOTOIUIMBA peIllaeT
npoOiieMy X YTHIN3alUU (CO)KUTaHUE B MOJISIX CO3AAET IKOIOTHYECKH yiiepo) u 1aét
HSKOHOMMYECKH LIEHHBIN NPOAYKT AJIsl OTOIIEHUS U TPOMBILIIJIEHHOCTH.

KiuroueBble cioBa: XJIOMYaTHUK, TCy3anas, OTXOAbl XJIONKa, TBEPIOE
OMOTOIIIMBO, TEJUIEThI, OPUKETHI, TEIUIOTAa CTOPaHUsA, 30JbHOCTh, T'PAHYIUPOBAHHE,
BO300OHOBIIsSIEMast SHEPTHSI.

Beenenue

XJTIONKOBOJACTBO SIBISIETCS ONHOM U3 BEAYIIUX OTPACIEN CEIBCKOTO X035MCTBA B
Typkmenucrtane, Y3oekucrane, Tamkukuctane, AzepOaiipkaHe U APYrux CTpaHax.
[Tpu nmepepaboTke XJOMKa-ChIpia 00pazyeTcs: 6OJbIIOe KOITUIECTBO OTXOA0B: CTEONH
pacTeHuii (rys3amnas), 1meiayxa cCeMmsiH, CTBOPKH KopoOodek, yrap. TpaJulMOHHO 3TH
OTXOAbl JTMOO CHKUTAOTCSA MPSMO Ha TMOJAX, JUOO 3aKalbIBAlOTCS, YTO HAHOCHUT

cepb&3Hblii AKonmoruueckuil ymepo (BeiOpocsl COa2, nbIM, 3arpsi3HEHUE TMOYBHI).
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BmecTte ¢ TeM, XJIONKOBbIE OTXOAbl OO0JIAJAlOT BBICOKUM 3HEPreTHUECKUM
MOTEHLMAJIOM M  MOTYT CIY)XHTb CBIpbEM JUII  IPOM3BOACTBA TBEPAOIO
OMoTonIMBa — neJUieT U OPUKETOB, KOTOPBIE UCIONB3YIOTCS AJI OTOIJIEHUS KUJIBIX
JIOMOB, TEIUIMI] U TPOMBIIIJIEHHBIX KOTEJIbHBIX. B JaHHOW cTaThe paccMaTpuUBarOTCs
Hay4HbIE OCHOBBI ATOT0 IIPOLECCa.

1. XapakrepucTHKAa 0TX00B XJIOMMYATHHUKA KAK ChIPbS

OCHOBHEIC BHUABI OTXOHOB XJIOIMYATHHKA, MPUTOAHBLIC JIsI TIPOU3BOACTBA

OMOTOTUTNBA:
Bun Brixo Bnaxuoct Conepxan Termor
oTxo/a n HA 1 T|B CBEXETO | ¢ INTHUHA a  cropaHus
XJIOTIKa- oTX07a (cyxoro)
ChIpIIa
I'yzana 2,5— 50-70% 20-25% 16—-18
s (cTebmn) 30T M JTx/kr
Menyx 0,3— 10-15% 15-20% 17-19
a ceMsH 0,5t M/
CrBoOpK 0,4— 40-60% 18-22% 15-17
u kopobouek | 0,6 T M JTx/kr

XuMH4YeCKHi cocTaB (B CpeHeM IO CyX0il Macce):

. Henmronoza: 35-45%

. I'emunenmonosa: 15-25%

. Jlurnun: 18-25%

. DKCTpaKTUBHBIE BelIeCTBA (CMOJIbL, BOCKU): 5—10%

. 3ona: 3—-8%

CopepxaHue JUTHUHA JOCTaTO4HO BbICOKOEe (18-25%), uto BakHO ISt
Mpollecca TPaHyJIUPOBAHUS: TUTHUH MPU HArPEeBAaHUU pa3MsrdaeTcs U JEeUCTBYET KaK
MIPUPOJHOE CBS3YIOIEE, IMO3BOJSAS MOJNy4YaTh MPOUYHbIE NEUIEThl 0e3 n00aBiIeHUs
CUHTETUUYECKUX CBA3YIOIIUX.

IIpobGeMHbIE KOMIIOHEHTHI:
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. Xnop (B ryzanae g0 0,5-1,0%) — mpu C)KUTaHUM BBI3BIBAET KOPPO3HUIO
KOTJIOB.

. Kanuit u Hatpuii — CHIDKAIOT TeMIieparypy IUIaBIeHHsS 30Jbl (3071a
CTAHOBUTCS JIETKOIJIABKOM, 00pa3yeT IJJaKh Ha KOJIOCHUKAX).

2. Texnosiornyeckue 3Tanbl NPOM3BOACTBA OMOTOILINBA

Jdran 1. Coop " MOATrOTOBKA ChIPbS
['yzanato coOupator mocie yOOpkH XjomuaTHUKa (OceHbro-3uMoit). ChIpbeé
HEO0OXOIMMO OYUCTUTH OT 3€MJIM, KAMHEH U METAJINTMYECKUX BKItOUeHUH. JlomycTrmas
BIQXXHOCTB JUIsl XpaHeHus — He 6omnee 15-20%.

Jdran 2. Cyumka
CeexeyOpanHasi ry3amnas umeeT BiIaxHOCTh 50—70%, YTO CIWIIKOM MHOTO ISt
rpanymupoBanus (ontumym 10-15%). Hcnonb3yrorcs OapaOaHHBIC CYIIUIKH C
temneparypoit Teruionocutens 200-300 °C. Cymika — caMblil SHEPro€MKUi dTan (10
30% Bceii aHEpruu Mporecca).

Jdran 3. N3menbuenue
Jlns nemtet Tpedyetcs dpakius 2—5 MM (MOJIOTKOBBIE IPOOUITKH), 11l OPUKETOB —
5-15 MM (BajKOBbIE WJIM HIHEKOBBIE H3MeNbunTenH). CIUIIKOM Menkas (ppakius
yXYyIIIAaeT Tra3000MeH MpU TOPEHUH, CIUIIKOM KpYyMHAas — CHIDKAEeT MPOYHOCTD
IpaHyIL

Jran 4. I'panyJupoBaHue Uin OPUKeTHPOBAHHE

llennemuposanue:

. [Ipecc-rpanyaaTop ¢ KOJIbLUEBON WU INIOCKOW MaTPULIECH.

. Hasnenue: 200-500 MI]a.

. Temneparypa B marpuue: 80-120 °C (3a cuér tpenus). I[lpu 3Toii
TEMIIEpPAaType JUTHUH Pa3MITr4aeTcsl U CKJIEUBAET YaCTHIIBI.

. Hunametp nemet: 6, 8, 10 mM.

. Jmuna: 20—-40 mM.

bpuxemuposanue:

. [[THeKOBBIE, MOPIIIHEBBIE WA BAJIKOBBIE IMPECCHI.

. Hasnenne: 100-300 MITa.
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. be3s Harpesa (xonogHoe OpUKETUPOBAHUE) U C HATPEBOM.

. ®opma OpuxertoB: mwuHAp, kupnuuuk (NESTRO), eBpo-aposa
(Pini&Kay).

Jdran 5. Oxnaxaenue U NpocenBaHue
Topsiune nemiets (70-90 °C) nmocTynarT B KOJIOHHY OXJI&XKICHUSI ¢ TOTOKOM BO3/yXa.
[Tocne oxnaxaeHus: MPOCEUBAIOTCS IS YIAJICHUS TIBUIM U MEJIKOU (ppakiuu (1pora).

Jdran 6. YnakoBka " XpaHEeHHUe
[lennetsr ymakoBwiBatoTcs B 0ur-63ru (500—-1000 kr) unu noTpeOUTENHCKUE MEIIKH
(15-25 xr). Xpanutb HEOOXOIMMO B CYXOM MecT€ (TUIPOCKONUYHOCTh MEJUIET
BBICOKAsl, PY YBIIAXKHEHUU OHU Pa3pyIIatOTCs).

3. TpeOoBaHMSs K Ka4eCTBY M CTAHAAPTHI

Jlyist BBIXO/1a HA PHIHOK TBEPAOE OMOTOIUIMBO M3 XJIOMKOBBIX OTXO/OB JIOJKHO

COOTBCTCTBOBATH MCKAYHAPOAHBIM CTaHAAPTAM:

[Tapamerp ENplus ENplus ISO 17225-6
Al (mpemuym) | A2 (TIpOMBIIIJICHHBIE
TIeJUICTHI)
Juametp, MM 6 win 8 6 wim 8 6-25
Brnaxnocts, % <10 <10 <12
30/1bHOCTB, % <0,7 <1,2 <3,0
Tennora >16,5 >16,5 >15,0

cropanus, MJx/kr

Mexanndeckas >97.5 >97.,5 >95,0

MPOYHOCTH, %o

Conepxanue <0,02 <0,03 <0,05

xJiopa, %

IIpoOsiema: XJIONMKOBBIE OTXOJbl MMEIOT BBICOKOE €CTECTBEHHOE COAECPKAHUE
xiopa (0,3—1,0%), uro 3HaunTenbHO npeBbimaeT ctanaaptel ENplus. Pemenus:

. [IpeaBapuTenbHOE BBIMAYMBAHUE CHIPBS B BOJIE 711 BHIMBIBAHUSI XJI0PA.

. CmemuBanue (OJIGHAMHT) C ONWIKAMU WM COJIOMOM C HHU3KUM

CoJIepKaHUEM XJI0pa.
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. Hcnonb3oBaHue NewieT B IPOMBIIIJIEHHBIX KOTJIAX C aHTUKOPPO3UOHHOU
zamuToi (ctangapt [SO 17225-6 nonyckaet no 0,05% Cl).

4. JkoHOMHYECKasA IPPEKTUBHOCTH

[Ipu nepepaborke 10 000 TOHH OTXOHOB XJOMYaTHUKA (B CBEXEM BHUJE)
MOJIy4aeTcsl MPUMEPHO:

. 3 000—4 000 ToHH cyxuX nesmeT (Mmocie CyIKH U TPaHyIUPOBAHNUA ).

. PeiHouHas niena nemier B TypkMmeHucrane u coceqnux crpanax: 100-150
$/Tonna (BHyTpeHHHMI pBIHOK), 10 200-250 $/ToHHA (dkcmopt B Typrwmio, Upaw,
EBpomy).

. 3arparel Ha mpousBoAcTBO: 60—100 $/ToHHa (BKiIFOUast cOOp, CYIIKY,
AIIEKTPOIHEPTUIO, AMOPTHU3AIHIO).

. CpoK OKYIIaeMOCTH JIMHUW MOITHOCTBIO 2—5 ThIC. TOHH/TOM: 2—4 rofa.

I[OHOJ'IHI/ITGJII)HI)IG BBITOABI:

. JIukBHU ALK SKOJIOTUYECKOTO yiepoa OT COKUTaHus ry3anau B MOJsX.
. Coznanue pabouux mect (coop, mepepadboTka, TPAaHCIOPTHUPOBKA).
. 3aMeHa UMITIOPTHOTO YIVISl U Ta3a JIJIsl OTOIUICHHUS 1IKOJI, OOJIbHMIIL, TETUIHII.

5. Dkoj1orMYecKne aCNeKThI

Hcnonb3oBaHre OTXOJOB XJIOMMYaTHMKA JJIs TPOU3BOACTBA OHMOTOIIMBA
ABIISIETCS YIVICEPOAHO-HEHTPAJBbHBIM: [IPU CXKUTAaHUU BblIETsAETCS CTONBKO ke COo,
CKOJIbKO pacTeHHe MOIIOTUIIO mpu pocte. Kpome Toro, mpenorBpamniatorcss BHIOPOCH
MeTaHa M 4YE€pPHOro ymiepoaa (Caxku) HpHU Pa3lOKEHUU WU OTKPHITOM CXKUTAHUU
OTXOZOB.

OnHako ecTh U PUCKH:

. BripyOka memuieTHON JTUHUU MOXKET MPUBECTH K NEePUITUCY OPTaHUKH B
nmouBe (Ty3armasi — €CTeCTBeHHOE ynoOpeHue npu 3anaxuBannn ). Heooxonum GanaHc:
4yacTh I'y3alau BO3BpallaTh B M0JIE, YaCTh — Ha OMOTOIUIUBO.

. BreiOpockl OT CymmibHOW YCTAHOBKHM (TIBLIb, MPOAYKTHI CTOPAHUS)

TpeOYIOT OYUCTKH (LIMKIJIOHBI, pyKaBHbIC (DUIBTPHI).
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3aki0oueHune

[IpousBoacTBO TBEPAOr0 OMOTOIUIMBA W3 OTXOAOB XJIOMYAaTHHUKA SIBIISETCS
HAay4yHO OOOCHOBAaHHBIM M HKOHOMHYECKH LEJIecO00pa3HbIM  HampaBiIE€HUEM
nepepadoTKU  CEeNbCKOXO3IMCTBEHHBIX OTXO/I0B. XHUMHUYECKHH cocTaB (0COOEHHO
COJIEp)KaHHE JIMTHHMHA) JeNlaeT T'y3amnar0 U IIeNyXy CEeMsH XOPOILIUM ChIPbEM IS
rpanyaupoBanusi. OCHOBHbIE HAay4YHbIE 3a/1a4d: CHH)KEHHE 30JbHOCTH M COACPIKAHUS
XJIopa (CeneKuus COpPTOB XJIOMYarHUKa C HU3KUM coaepxkanueM Cl, BogHoe
BbIMauMBaHue, OJCHAWHT C JpYyruMud BujamMu Ouomaccel). Brenpenuwe 3ToM
TEXHOJIOTUM  TO3BOJISIET PELIUTh OJHOBPEMEHHO JKOJIOTMYECKYI0 Ipodiemy
YTWIN3AIMU OTXOIOB W HHEPreTHYECKYl0 MpodieMy oOecredyeHus YIalEHHbIX
palloHOB JIOCTYIHBIM TOIUIMBOM. st cTpaH ¢ pa3BUTBIM  XJIOMKOBOACTBOM
(Typxmenuctan, Y30ekucrtan, Tamkukuctas, AzepOaiiiykaH) 3TO HAIPaBICHUE UMEET
CTpaTeruuyecKoe 3HaYCHUeE.

Cnucok Jureparypsbl:
1. [omypomor T.C., Kapumor X.A. IlepepaboTka 0TX0/I0B XJIOITYaTHUKA B

onoromuBo. — Tamkent: @an, 2020. — 240 c.
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Caenenus 00 aBrope(-ax): Mowmwikog C., npenooasamen,
Caxemoypovies I, Enoawos T., Canapmvipados b., cmyoenmui,
T'ocyoapcmeennvtii snepeemuueckuti uncmumym TyprxmeHucmana

2. Mapwi, Typxmenucman

«TA3OTYPBMHHBIE YCTAHOBKH B COBPEMEHHOWM SHEPTETUKE U
MHNPOMBIHNIVIEHHOCTN»

AnHorauusi: CoBpeMEHHBIC DJHEPIETHYCCKHE CHUCTEMbI M IPOMBIIUICHHBIC
NPEINPUATHS HEBO3MOXKHO IPEICTaBUTh 0€3 HCITOJIb30BAHHS BBICOKOA((HEKTHBHBIX
ra30TypOMHHBIX YCTAaHOBOK. DTH arperarbl PeICTaBISIOT COOOH CII0OKHBIC TCIIJIOBBIC
MaIIUHbBI, TpeIHA3HAYCHHBIC JIJI MPeoOpa3oBaHUs BHYTPCHHEH SHEPrUM CHKATOTO U
HArpeToro rasa B MEXaHMYECKyI0 paboTy Ha Bady. B mociieqHue aecATUICTHS
TEXHOJIOTUH MPOEKTUPOBAHMSI U TIPOU3BOJICTBA TAKUX TYPOUH JTOCTUTIIH HEBEPOSITHOTO
nporpecca, IO3BOJsISE  OOECleYMBaTh BBICOKYIO  YIEIbHYIO MOIIHOCTh TpHU
OTHOCUTEIBHO KOMNAaKTHhIX rabapurtax. bnaromapss cBoeli MaHEBPEHHOCTH U
CIIOCOOHOCTH K OBICTPOMY 3aIlyCKy, OHU CTalii (pyHAaMEHTOM JUisi THOKOM TeHepanuu
alIeKTpUYecTBa BO BceM wmupe. KiroueBbie cioBa: ra3oTypOMHHAs YCTaHOBKA,
DHEPIeTHKa, MPOMBIIUICHHOCTh, 3(P¢GEeKTHBHOCTh, TypOWHA, KOMIIpeccop, Kamepa
CTOpaHMsi, TeHEpaIysl, TOIUTMBO, MHHOBAIIUH.

KiaroueBble cioBa: [azorypOuHHAasT ycTaHOBKAa, OJHEPreTHYECKas CHCTEMA,
MPOMBIIIEHHOCTh, 3(()EKTUBHOCTh, TypOWHA, KOMIIPECCOp, KaMmepa CropaHus,
reHepanus, TOIUIMBO, MHHOBAIIMU, TEPMOJIMHAMUYECKUN LUK, bpaWlTOH, JiomaTkw,
KOTEHEepalys, TMapora3oBblii 1HWKI, [OUQpoBas TpaHcPopMmalus, BOAOPOTHAS
DHEPreTUKa, MaTepUaIOBEICHHE.

[TpuHIMN  GYHKITMOHUPOBAHUS Ta30TYpOWMHHONW YCTaHOBKM Oaszupyercs Ha
peanu3anud TEPMOAMHAMHUYECKOTO IIMKJIa bpailToHa, BKIIIOYAIOMIETO TPOIECCHI
CKaTusl, TOIBO/IA TETUIOTHI M PACITUPEHMS Ta3a. ATMOC(EpHBI BO3yX 3acachIBacTCs
OCEBBIM WJIM TICHTPOOEKHBIM KOMIIPECCOPOM, TII€ €Tr0 JaBICHHE U TeMmIeparypa

3HAUYUTENBHO TMOBBIIIAKOTCS NEPE MoAave B Kamepy cropanus. B kamepe cropanus
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IIPOMCXOUT CMEIIMBAHUE CXKATOrO0 BO3AyXa C TOIUIMBOM, B PE3YIAbTAaTe YEro
oOpa3yeTcsi BBICOKOTEMIIEPATYPHBIM MMOTOK MPOAYKTOB CropaHus. OTU Ta3bl C
OTPOMHOM CKOPOCTBIO HANpPABIIAIOTCA Ha JIONATKU TYpOWHBI, 3aCTaBlsAsl POTOP
BpAIIAThCSl U IPUBOJIUTH B JIEICTBHUE MOJIE3HYIO HATPY3KY.

BaxxnelmuM KOMIOHEHTOM Jt000H COBPEMEHHOM ra30TypOMHHON YCTaHOBKH
SIBIIAETCS. MHOTOCTYNEHYATBIA OCEBOM KOMIIPECCOpP, OTBEYAIOLIMK 3a CO3JaHUE
HEO0OXOIMMOM cTeneHu cxkaTusi. KOHCTpyKIMs TIONaTOYHOro anmapara KoMIpeccopa
TpeOyeT IOBEJIMPHONW TOYHOCTU UCTIOJHEHHUS JJII MUHUMHU3AIUU a3pOIMHAMUYECKUX
NOTEPH U NMPEIOTBPALICHUS ABICHUM moMnaxa. MIHKeHepbl TPUMEHSIOT COBPEMEHHBIE
METOAbl MAaTeMaTHYECKOTO MOJCIUPOBAHUS TIOTOKOB, YTOOBI ONTUMHU3UPOBATH
npouiIb KaXXJI0W JIOMATKA B 3aBUCUMOCTH OT peXuma paldoThl. BbeiCokas cremneHb
CKaTHsl HAIpsIMYI0 KOPpPEIUPYET C TEPMUYECKUM KOIP(PUIHUEHTOM TMOJIE3HOTO
JIEVUCTBUS BCEW YCTAHOBKH B LIEJIOM.

Kamepa cropanus BeICTynaeT B pOJIM SHEPreTUYECKOr0 CepLla YCTaHOBKH, T1€
XMUMHYECKasi YHEPTUsl TOIUIMBA MPEBPAIAETCS B TEIJIOBYIO HEPrUi0 pabodero Tena.
CoBpeMeHHBIE KOHCTPYKIIMM KaMep CrOpaHusl MPOEKTUPYIOTCA C YYETOM IKECTKUX
HKOJIOTUYECKUX CTaHJAPTOB, HAIIPABJICHHBIX Ha CHUKEHUE BHIOPOCOB OKCHIOB a30Ta
u yriepoaa. [IpuMeHst0TCsS TEXHOIOTUU IPEABAPUTEILHOIO CMEIIMBAHUS TOILINBA C
BO3JIyXOM, YTO IIO3BOJISIET OOECMEYUTh PAaBHOMEPHOE TEMIIEpaTypHOE II0Je U
n30eXaTh 30H JIOKAJBbHOTO meperpeBa. HameHOCTh kKapoBbIX TpyO U (HOPCYHOK
ompenenser  OOIIyl0  JOJTOBEYHOCTh W MEXPEMOHTHBIM  HMHTEpPBal  BCe
ra3oTypOMHHOM CHCTEMBI.

CoOcTBeHHO  TypOMHAa  SBISETCS  Y3]IOM, B  KOTOPOM  ITPOUCXOJHUT
HENOCPEICTBEHHOE MPEeoOpa3oBaHME »SHEPruM IOTOKA Ta30B B MEXaHMYECKOE
BpamieHre potopa. Jlomatkum TypOWHBI pabOTalOT B YCIOBHUSX OSKCTPEMaJbHBIX
TEMIEPATYP, KOTOPBIE YACTO MPEBBIIAIOT TEMIIEPATYPY IJIABICHUS CAMUX METAJUIOB,
W3 KOTOPBIX OHM H3TOTOBJEHBI. J{JI1 3alUTBI METalyla MPUMEHSIOTCS CIIOXKHBIE
CUCTEMbI BHYTPEHHETO OXJIAKJICHHS U CHIEIUaIbHbIe TEPMOOAphEpHbIE KEPAMUUECKUE

IIOKPLITHUA, HAHOCHUMBIC HAa IIOBEPXHOCTD I[eTaHeﬁ. 9BOJ’HOI_[I/I$I MOHOKPHUCTAJININYCCKHUX
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CIUIABOB MO3BOJIMJIA 3HAYUTEIBHO MOAHATH padouylo TeMIepaTypy nepes TypOuHOH,
YTO MPUBENIO K pOCTy 3 (PEKTUBHOCTH.

B coBpeMeHHOI SHEpreTuKe ra30TypOUHHbIE YCTAHOBKHM YaCTO UCIIOJIb3YIOTCS B
COCTaBE Mapora3oBbIX LUKIOB, KOTOPbIE Ha CETOIHAIIHUN JI€Hb SIBISIOTCS CaMbIMU
s¢dexTuBHbIMU. B Takoil cxeme oOTpabOTaHHbIE TOpsSYME Tra3bl W3 TYPOUHBI
HaIpaBJISIIOTCAd B KOTEJN-YTUIM3aTOp JUIsl MPOM3BOACTBA BOJSIHOIO Mapa BBICOKOIO
nasieHus. [lomydeHHBI map 3aTeM BpallaeT MapoBYK TYpOHMHY, YTO IO3BOJISET
CYLIECTBEHHO YBEJIMYUTh CYMMAapHBIH KO3(QQUUMEHT TOJIE3HOTO JIEUCTBUS
anekTpocTtaHiuu. [lapora3oBbie YCTaHOBKHM CIOCOOHBI JOCTUTaTh IOKaszarenen
3G ()EKTUBHOCTH BBILIE MIECTHAECATH MPOLEHTOB, YTO HEAOCTYMHO JI OOBIYHBIX
YTOJIbHBIX OJIOKOB.

[IpoMbllILIEeHHOE TIPUMEHEHHE Ta30BbIX TYpOWMH KpallHe pa3HOOOpa3HO W
BKJIIOUaeT B ce0sl MPUBOJ] MOIIHBIX HarHETaTEJIeH HA MaruCTPAIbHBIX Ta30MPOBOAAX.
["azonepekaunBaronIye arperaThbl JOJKHBI 00J1a1aTh BBICOKON HAJEKHOCTBIO, TaK KaK
OHM PabOTAIOT B CYPOBBIX KIMMATHYECKHX YCIOBUSX W YAAJICHHBIX pPETHOHAX.
B03MOXHOCTh MCHOJIB30BAHUS TPAHCIIOPTUPYEMOTO MPHUPOAHOTO Tra3a B KayecTBE
TOIUIMBA JI€NIAeT TaKhe YCTAaHOBKHM SKOHOMUYECKH OMpPaBIAHHBIMH M aBTOHOMHBIMHU.
MonynbHOE UCIIOIHEHHE COBPEMEHHBIX arperaTtoB IMO3BOJISIET MPOBOAUTH OBICTPYIO
3aMeHy JBUTaTellel B cllydae HeOOXOAMMOCTH MPOBEACHMS KalTMTaIbHOTO PEMOHTA.

B nedrenepepabarbiBaroied W XUMHYECKOM OTpacisiX Ta30TypOHWHHBIC
YCTAaHOBKM OOECIHEUMBAIOT MPEANPUATHS HE TOJNBKO 3JEKTPOIHEPrue, HO Hu
TEXHOJOTMYECKUM TEIUIOM. PeXuM KoreHepauuu, Npd KOTOPOM OJHOBPEMEHHO
BbIpAa0aThIBAIOTCSA DJEKTPUUECTBO U TMap, IO3BOJIIET MAaKCUMAJIbHO IOJIE3HO
UCIIOJIB30BaTh SHEPTHI0 CKUTAEMOr0 TOIUIMBA. OTO 3HAYMTEIBHO CHHIKAET
ce0ECTOMMOCTh ~ KOHEYHOW MPOAYKUMHM W  YMEHBIIAET  YIJIEPOAHBIM  clef
IIPOMBIIIEHHBIX TMTAHTOB HAa OKPYKAIOIIYI0 cpeny. ['MOkocTh B BhIOOpE TOIIMBA
MO3BOJISIET UCIIOJIB30BaTh B KAYECTBE YHEPrOHOCHUTENS MOMYTHBIM HE(PTSIHON Tra3 win
MPOAYKTHI IepEepadOTKHU.

Pa3zBuTne manoil um pacnpenesieHHOM JHEPreTUKU TaKkKE€ TECHO CBA3aHO C

BHEAPEHUEM MUKPOTYPOMHHBIX YCTAaHOBOK HEOOJBIIION MOITHOCTH JJIS JIOKAJIbHBIX
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notpebureneit. Takue CUCTEMBI UIEATBHO MOIXOAT AJIsl OOJIbHUIL, TOPTOBBIX IIEHTPOB
U YJAJICHHBIX IOCEJIKOB, IJI€ MOAKIIOYEHHE K LEHTPAIBHBIM CETAM 3aTPYAHEHO.
MukpoTypOUHBI OTJIMYAIOTCS HU3KMM YPOBHEM IIyMa, MUHUMAJIbHOW BUOpAIed u
JUTUTENIBHBIM PECypcoM paboThl 0€3 4acToro TexXHU4eckoro ooOciyxupaHus. OHU
MOT'yT paboTaTh Ha pPa3IMUHBIX BUAAX TOIUIMBA, BKJIIOYas OuoOras, MOJYYEHHBIH U3
OPraHU4YEeCKUX OTXOJO0B.

OnHolt U3 TJIaBHBIX MPOOJIEM MPHU KCIUTyaTallid Ta30TypOUHHBIX YCTAaHOBOK
OCTaEeTCs MX 3aBUCUMOCTD OT TEMIIEPATYPhl OKPYKAIOIIETO Bo3ayXa. [Ipu noBbeIieHnn
TEeMIIepaTypbl aTMOC(EpHOro BO37yXa IUJIOTHOCTh Tra3a CHHUXKAETCS, YTO BEIET K
NaJIeHUI0 MAaCCOBOTO pacxoja U MOJe3HON MOIIHOCTHU. {7151 perenus 3Toi npooieMbl
WHXEHEPHI pa3padaThbIBAIOT CUCTEMBI OXJIaXACHHUS BO3/lyXa Ha BXOJI€, HCTIOJIb3YIOIINE
a0COpOIIMOHHBIE XOJIOJIUJIbHBIC MAIUHBI WM BIOPBICK BOJBI. OTH TEXHUYECKUE
peIeHrs TIO3BOJIAIOT COXPaHATh CTaOWIbHBIC TIOKAa3aTelu TEeHEpaluu Jake B
YCIIOBHSIX aHOMAJIbHOM Kaphbl.

MartepuanioBe/ieHUE UTpaeT pPEeHalollyl0 poJib B MPOTpecce ra3oTypOMHHBIX
TEXHOJIOTUH, OIpeaenss IMpeaelibl BBIHOCIUBOCTH M A(()EKTUBHOCTH MAIIIUH.
Coznlanre HOBBIX CYINEPCIUIaBOB Ha OCHOBE HMKENS M KOOalbTa MO3BOJISIET JETAISM
BBIIEPKUBATH KOJIOCCAJIBHBIE IIEHTPOOEKHBIE HATPY3KHU MPU BHICOKUX TeMIIepaTypax.
HccnenoBanust B 00JaCTH KOMITO3UTHBIX MAaTEpHUAJIOB C KEpaMHYECKON MaTpullen
obemaroT eme Oojee paguKalbHOE CHIDKCHHE MAacChl M TOBBIIICHHE pPabounx
temrepatryp. Kaxaplii TpOIEHT TOBBIIIEHUS TEMIIEpaTyphl Mepea TypOMHOU maer
OILYTUMBIN ITPUPOCT MOIIHOCTH ¥ SKOHOMHUH JTIOPOTOCTOSIIETO TOILIUBA.

3akilouenmne

3akmroueHne.  ['a30TypOMHHBIE  YCTAaHOBKM  OCTAlOTCS  HE3aMEHUMBIM
WHCTPYMEHTOM B apCEHalieé COBPEMEHHOW WH)XCHEepUH, oOecrieunBas OamaHc MEXIy
MOIITHOCTHI0, MAaHEBPEHHOCTHIO U A (PEKTUBHOCTHIO. HECMOTpsI Ha KOHKYPEHIIHIO CO
CTOPOHBI aTbTEPHATUBHBIX MCTOYHUKOB, WX POJb B OOECIEYECHUH SHEPTreTHUCCKOU
0€30MacCHOCTH Y MIPOMBIIIIJIEHHOTO pocTa OyAEeT coXpaHsaThes elle qoiuro. [locrosnHoe
COBEPILICHCTBOBAHUE MATEPUAJIOB, A3POJIUHAMUKNA U CUCTEM YIIPABJICHUSI OTKPBIBAECT

HOBBIC TOPHU3O0HTHI I IIPHMCHCHHA 3JTHUX YIAWMBUTCIIbHBIX MalllWH. B YCIIOBHAX
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MCHAIOIICTOCA  MHpa Ta30BbIC Typ6I/IHBI MMpoJAO0IKAIOT  3BOJOOHWMOHHUPOBATD,

aanTupysaCb K CaMbIM CTPOTUM Tpe6OBaHI/ISIM COBpPECMCHHOCTH.
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2. Mapwi, Typxmenucman

«OCHOBHBIE XAPAKTEPUCTHUKHA TEIIJIOOTAAYH TP CBOBOIHOM
ABU/KEHUW)

AnHoranus: Temmoornaya mnpu CcBOOOAHOM JIBMOKCHHHM, TakKKe Ha3bIBaeMast
€CTeCTBEHHON KOHBEKIIMEH, MpeACTaBIseT COo0OM mpollecc MepeHoca TEIUIOTHl B
TEeKy4deu cpejie, BEI3BAaHHbBIM UCKITIOUUTEBHO PA3HOCTHIO MJIIOTHOCTEN B M0JI€ BHEIITHUX
Cujl. DTO ABJICHUWE BO3HUKAET CIOHTAHHO, KOIJIa HArPEThI€ CJIIOU KUJKOCTU WIIM ras3a
CTAHOBATCS JIETUE U MOJHUMAIOTCS BBEPX, a 00JIee XOIOAHBIC U TSKEJIbIe OMYyCKATCS
noJ JEHCTBHEM TpaBUTALMUH. XAPAKTEPUCTUKH STOrO IMpolecca NPUHIUIINAAIBHO
OTJIMYAIOTCS OT BBIHYKJIEHHOW KOHBEKIHMH, TaK KaK CKOPOCTh JBM)KEHHS 3[I€ECh HE
3a1a€TC W3BHE HACOCOM WJIM BEHTHIATOPOM, a TIOJHOCTBIO OIPEAEseTcs
TEeMIepaTypHbIM HamopoM. [loHMMaHHEe MeXaHM3MOB E€CTECTBEHHOIO TEII000MEHa
HEOOXOMUMO  JJIi  MPOCKTUPOBAHUA  CHCTEM  OTOIUICHHUS,  OXJIAKICHUS
PaIUORIIEKTPOHHOW anmaparypsl M aHaliu3a TEIUJIOBBIX MOTEPh B CTPOUTEIBHBIX
KOHCTPYKIUSIX.
KiawueBbie ciaoBa: Kouekius, I['pacrod, Ilorpanwmunsiii cioit, Temmoornada,
Temmnepatypa, Paneit, ['pasuranus, [lpannrias, Paguanms, 3¢dpexTuBHOCTS.
JIBrkyIiel cuioil mpouecca sBISETCS NMoabeMHas cuia (cuia Apxumena),
BO3HHUKAIOIIAs U3-32 00bEMHOTO PACITUPEHHS CPENIbI TPU HarpeBaHUM. Benmnyauna sToit
CWJIBI TIPSIMO TIPOTIOPIIMOHATFHA KOY(DPUIMEHTY 00BEMHOTO PACIIMPEHUS KUIAKOCTH,
YCKOPEHUIO CBOOOHOTO MAICHUS U PA3HOCTU TEMIIEPATYp MEKAY NOBEPXHOCTHIO TEa
U OKpyXkaromei cpemoi. B razax xoadduimeHT 00beMHOTO pacmupeHus 00paTHO
MPOMOPIMOHANIEH a0CONIOTHON TeMIeparype, 4To JeJaeT €CTECTBEHHYI0 KOHBEKIUIO

0COOEHHO 3aMETHOW IIPU 3HAYUTENbHBIX IeperpeBax. Takum 00pa3oM, UHTEHCUBHOCTb
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CBOOOJTHOTO JBWIKEHHUS HAMNPSIMYK0 3aBUCUT OT OpHUEHTAIlMU TIOBEPXHOCTH B
MPOCTPAHCTBE U MHTEHCUBHOCTH T'PABUTAIMOHHOTO TTOJIS.

OcHOBHOI 0e3pa3MepHONl  XapaKTepUCTUKOW, OMNPENENsSIonel pexXuM u
WHTEHCUBHOCTH TEIJIOOT/Iauu MPU CBOOOTHOM JBUKEHUH, ABJISIETCS yucio ['pacroda.
OHo mpenctaBisieT coOOOM COOTHONIIEHHWE MEXIY MOJBEMHBIMH CHJIAMH U CUJIAMU
BSI3KOT'O TPEHUsI, MPENATCTBYIONIMMHU JBUKEeHUI0. Yncino ['pacroda urpaet Ty e poib
B €CTCCTBEHHOW KOHBEKIIMM, YTO U YHMCJIO PelHONbACa B BBIHYXXJICHHOM, CIIy)Ka
KpUTEpUEM Tepexoja OT JaMUHAPHOTO peXuma K TypOyleHTHomy. Uem BbIIIe
3HAQYEHHUE ATOTO YUCIIa, TeM 00JIe€ MHTEHCUBHBIM U XaOTUYHBIM CTAHOBUTCS JABUKEHUE
CJIOEB Cpe/ibl y HATPETON MOBEPXHOCTH.

$3Gr = \frac{g \cdot \beta \cdot \Delta t \cdot I"3}{\nu"2}$$

[lepexon OT JNaMUHAPHOTO K TYpPOYJICHTHOMY PEXHUMY TIpH CBOOOJHOMU
KOHBEKIIMM OOBIYHO MPOUCXOIUT TPHU JIOCTHKEHUU OMPENICTICHHOTO KPUTHYECKOTO
3HaueHus npousBenenus uuceln ['pacroda u IIpanatisg, HazpiBaeMoro ynciom Pames.
JIJisi BepTUKAIBHBIX MOBEPXHOCTEH 3TOT MEPEX0] HauyMHAETCS B 00JacTH 3HAUYECHUU
NOPSIIKA JIECSTU B JIEBSTOM CTENEHU. B TaMUHapHOM peKHME CIIOM CPEIbl IBUKYTCS
napajuieIbHO  MOBEPXHOCTH, a  TEIUIOOTAaua  JIMMUTUPYETCS  MEIJICHHOU
MOJIEKYJISIPHON TeTUTONPOBOHOCTHIO. [Ipy HacTyIuieHnH TypOYyJIEHTHOCTH BO3HUKAIOT
BUXpU, KOTOPbIE AKTHBHO IMEPEMEIIMBAIOT CPEly, PE3KO MOBBIMIA KOI(PPUIUEHT
TEIJIOOT/Ia4y U BBIPABHUBAS TEMIIEPATYPHOE IOJIE B TOIPAHUYHOM CIIOE.

Pacnpenenenne ckopocTell B MOTPAaHUYHOM CJIO€ TIPU CBOOOJHOM JABUKEHUU
MMeeT YHUKAJIbHBIN MPO(UIIb C SIPKO BRIPAKEHHBIM MakcuMyMoM. HemocpencTBeHHO
y CTEHKH CKOPOCTb paBHA HYIIO u3-3a d(dexra mpumumnaHusi, 3aTeM OHA OBICTPO
BO3pAacTaeT 10 MAaKCUMAJIbHOI'O 3HA4Y€HUsS Ha HEKOTOPOM YJAJEHUU U IUIABHO
CHUKAETCAd JI0 HyJid HAa BHEUIHEW TpaHMIle CJIOsA, A€ BIMSHUE Harperoro Tesa
ucuezaeT. TonmmHa TaKoro NOTPAHUYHOIO CJIOSA OOBIYHO OOJibllle, 4YeM MpH
BBIHYK/JICHHOM T€UEHUH, U OHA MOCTOSIHHO YBEJIMUYMBAETCS MO MEPE MOAbEMA MOTOKA
BJI0JIb BEPTUKAJILHOM MOBEPXHOCTU. ITOT NMPODUIIb CKOPOCTEHN ONPEAEISIET CTPYKTYPY
TEIJIOBOIO TOTPAaHUYHOTO CJIOSI W paClpelieNieHUe JIOKAJIbHBIX KO3(PUIIMEHTOB

TCIIIIOOTOA4H.
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['eomeTpuueckne xapakTEPUCTUKH MMOBEPXHOCTH, TaKue Kak ee opma, pazmep
Y HAKJIOH, OKa3bIBAIOT OMPEACIISIONICE BIUSHUE HA CTPYKTYPY KOHBEKTHUBHBIX TOKOB.
Ha BepTukanbHOI MiIacTUHE MOTOK JBUXKETCS OSCHPENATCTBEHHO BBEPX, B TO BpeMsi
KaK Ha TOPU3OHTAJILHOM TMOBEPXHOCTH CHUTYyallUs 3aBUCHUT OT TOro, oOpalieHa Jiu
HarpeTasi CTOpOHa BBEpX WM BHU3. B ciiyuae HarpeToil moBepXHOCTU, OOpAIIEHHOM
BBEPX, BOBHUKAIOT BOCXOJAIINE CTPYU U «STUCUKW» HMUPKYISALIHUHN, 00€CTICUNBAIOIINE
s dexTuBHBIN 0TBOA Temia. Ecnu jke Harperas cTopoHa oOpallleHa BHU3, CO3/1aeTcs
3aCTOMHAs 30Ha TEIJIOTO BO3AYyXa, KOTOpasi MPENsITCTBYET MPUTOKY CBEKHUX XOJIOIHBIX
Macc, YTO 3HAYUTEIHLHO CHUXKAET HHTEHCUBHOCTh TEINIOOOMEHa.

Koapdunment TtemnooTnaum mOpu €CTECTBEHHOM KOHBEKIIUU  SIBJISICTCS
IIEPEMEHHOM BEJIMYMHOM, 3aBUCIIICH OT TEKYIIEH Ppa3HOCTU Temieparyp. B
OOJIBIITMHCTBE CJIy4aeB OH MPOIOPIIMOHATICH TEMIIEPATYPHOMY HAIOPy B CTETICHU OT
OJIHOW YETBEPTOH (7151 TaAMHUHAPHOTO PEXKUMa) J10 OJTHOM TpeTH (11s1 TypOYIECHTHOTO).
DTO 03Hayvaer, YTo MPHU POCTE TEMIIEPATYPhl MOBEPXHOCTH MHTEHCUBHOCTH OTBOJA
TEIUIOTHl YBEIMYMBAECTCS HEJIMHEWHO. B MHXKXEHEpHBIX pacdyeTax 4acTO HUCIOJIb3YIOT
CpelHUe 3HaueHus KOd(p(UIMEeHTa TEIUIOOTAAaYu [JIsi BCEH IMOBEPXHOCTH,
orpesieNsieMble TI0 SMITMPUYECKUM KpPUTEpUAIbHBIM ypaBHeHUsM Buaa $Nu = f(Gr,
Pr)$.

dusnyeckue CBOMCTBA Cpelbl, TAKHE KaK BSI3KOCTh, TEIUIONPOBOJHOCTH H
TEIUIOEMKOCTh, 00BbeAMHEHHBIC B YKcliO [IpanaTis, onpeaensoT no1ooue TerioBoro
U JUHAMHYECKOTO IMOTpaHUYHBIX cioeB. s ra3zoB umcno Ilpanaris Oam3ko K
€AVMHHIE, YTO O3HAYAaeT NPUMEPHOE PABEHCTBO TOJIIMH CJIOEB. B KamenbHBIX
KUJKOCTSAX, HAmpuMep B Maciax, 4duciio lIpanarns Benuwko, W TEIUIOBOM CIIOU
OKa3bIBAETCS TOPA30 TOHBILIE TUHAMUYECKOT0. JTO Pa3anyue NPUHIIMINAIBHO BAXKHO
IpU  BHIOOPE ONTUMAIbHBIX TEIUIOHOCUTENEH JUIsi CHUCTEM C ECTECTBEHHOU
MUPKYJIANHUEH, Tae Heo0XoauMo 00eCleunTh MaKCUMAJIbHBIA TEIJIOChEM TIPH
MHHUMAJIBHOM TUAPABIMYECKOM CONPOTUBIICHUU.

B orpaHnueHHBIX NPOCTPAHCTBAX, TAKWX KaK IIEJIA WA IOJOCTA BHYTPH
CTPOUTEINIbHBIX TMaHeNIe, CBOOOAHAsT KOHBEKIUs mpuoOpeTaeT crenuduueckui

xapaktep. Ecnm paccTrosiHME MEXIy CTEHKaMH Majlo, KOHBEKTHBHBIE TOKH MOTYT
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MOJABJIATHCS CUJIAMHU BSI3KOCTH, M NEPEHOC Teria OyAEeT OCYILECTBIATHCS TOJBKO
TEIUIONPOBOJIHOCTRIO 4Yepe3 Mpocioiky. C yBelMYEHHEM 3a30pa BO3HUKAIOT
3aMKHYTBhIE I[UPKYJSIIIMOHHBIE KOHTYpHI (siueiiku benapa), KOTOpble HAYMHAIOT
AKTUBHO IIEPEHOCUTH DHEPTUIO OT TOpsAYEH CTEHKHU K X0JI0AHOU. Pacyer temionorepn
yepe3 TakKue TMPOCIOWKH TpeOyeT BBEACHUS OSKBUBAJICGHTHOrO Kod(dduiueHTa
TEIUIONPOBOJIHOCTH, YUUTHIBAIOIIETO KOHBEKTUBHYIO COCTABISIOUIYIO.

B3aumHoe BIHSHHME COCEIHHX MOBEPXHOCTEM MOXKET KaK YCHUIUBATh, TaK U
ocnabmsaTh Temoornayy. B mydkax TpyO0 wiM B pamdaropax ¢ OJM3KO
PacnoOXKEHHBIMU peOpaMy KOHBEKTUBHBIE MIOTOKU OT OTJEIbHBIX JIEMEHTOB MOTYT
nepeKpbIBaThCs, co3aaBasg A(P(EeKT «Tsaru» Wik, HAo0O0pOT, OrpaHUYMBas IOCTYI
BO3JyXa K IEHTpaldbHbIM yacTsM. [IpoekTupoBanue 3(PPEeKTUBHBIX pagUaTOPOB C
€CTECTBEHHBIM OXJIAXIACHUEM TpeOyeT HaxOXKJIEHUS ONTHMAIbHOTO Ilara MeExX.Iy
pebpaMu, Mpu KOTOPOM CyMMapHasl TUIONIa/lb MOBEPXHOCTU €Ie BENUKA, a YCIOBUSA
JUTs1 CBOOOHOTO JIBUKEHHUS BO3/1yXa OCTAIOTCS OJaronpusiTHBIMH.

3akirouenmne

OCHOBHBIE XapaKTEPUCTUKU TEIJIOOTAAYH TMPH CBOOOJHOM JABUKCHHUH
OTIPEIENISIIOT BO3MOKHOCTD CO3/IaHUs Y()PEKTUBHBIX MACCUBHBIX CUCTEM OXJIAXKICHUS
u ororieHus. Benymas ponp umcna ['pacroda u 3aBUCMMOCTH Tpoliecca OT
TEMIIEPAaTypHOTO Hamopa JAENal0T €CTECTBEHHYI0 KOHBEKIWIO YHHUKaJIbHBIM
dusznueckuM sBiieHreM. [ paMOTHBIN y4eT TeOMETPUH, OPUCHTAIINH U PATUALIUOHHOTO
¢ oHa TO3BOIISIET MHKEHEPAM UCIIOJIH30BATh CHJIBI TPABUTAINH TSI PEIICHUS CIIOXKHBIX
TEIIOTEXHUYECKUX 3aaad. [‘apMoHMsS (uU3MYECKUX 3aKOHOB B 3TOM IpoLecce
OTKPBIBAET MyTh K CO3JaHUIO TEXHOJOTUH, pabOTAIONIUX B COTJIACHH C TIPUPOIOM.

Criucok nurepaTtypbl:

1. benseB, C. 1. DxoHOMUKa 3HEpreTUYEcKol oTpaciu. - M.: DKOHOMUKA,

2019.
2. Ko3znos, H. A. TexHonoruu u 3xoHOMUKa 3HepreTuku. - M.: FOpaiit, 2020.
3. ConoBbeB, A. 1. DHepreTtuueckas 0€300aCHOCTh U YCTOWUYMBOE Pa3BUTHE. -

CIIO.: ITutep, 2021.
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4. Ilepemer, A. JI. DKOHOMHKA U YIIPaBICHUE JHEPIETUUECKUMH PECYpCaMHU. -
M.: Undpa-M, 2018.
5. CaBuukas, [. B. MupoBas sHepretuka: npoOiaemMbl M pemeHus. - M.:

dunaHckl B ctatucthka, 2020.
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Caenenusi 00 aBrope(-ax): bammanos [[icymanazap Xyoatinazaposuu, cmapuiuil
npenooasamein,

Enuvies C., cmyoenm,

T'ocyoapcmeennvlii snepeemuueckuii uncmumym Typkmenucmana

2. Mapwi, Typxmenucman

«IMPOEKTUPOBAHUE CBAPOUHO-CBOPOYHBIN YYACTKOK JJIA
N3I'OTOBJIEHUA METAJI KAPKACBHBI TPAHC®OPMATOPHOI'O
KOMIUIEKTA»

AnHoranus: [IpoexTupoBanue CBapOYHO-COOPOYHOTO yYaCTKa JUIsi M3TOTOBJICHUS
METaJUIOKapKacoB TPAaHC()OPMATOPHBIX KOMILJIEKTOB TPEOYET KOMIUIEKCHOTO MOX0/1a,
YUHUTHIBAIOMIETO  CHENU(PUKY KPYIMHOTAa0APUTHBIX KOHCTPYKIIMH U  BBICOKHE
TpeOOBaHUS K TOYHOCTU T€OMETpUUECKUX MapameTpoB. OCHOBHOM 3ajaueit sBISETCS
CO3/IaHME PAIMOHAJIBFHOW TUIAHMPOBKH, OOECIeUYMBAIONIEH KpaTdaillive IyTH
NEpPEeMEeIeHUsT MaTepuajoB U 3aroTOBOK MEXKAYy TEXHOJOTHUYECKUMHU TMOCTaMHu.
MeTaIoOKOHCTPYKIIMK  TpaHC(HOPMATOPOB OTIMYAIOTCS 3HAYUTENIBHOW Maccod u
KECTKUMH JOMYCKaMH Ha CBapo4yHbIe nedopmaliiu, 4Tto IUKTYeT HEOOXOAMMOCTD
UCIIONB30BaHUS  CIEIUATU3UPOBAHHON OcCHAcTKH. OQdEeKTUBHAST OpraHu3aIus
pabovero MpoCTPaHCTBA MO3BOJIAET HE TOJBKO MOBBICUTH MPOU3BOIAUTEILHOCTh, HO U
rapaHTUpOBaTh OE€30MACHOCTh TpPyJAa MpPU MPOBEICHUM OTHEBBIX M IOABEMHO-
TPAHCIIOPTHBIX PadoT.

KiroueBble cj10Ba: NPOEKTHPOBAHHE, CBAPOYHO-COOPOYHBIH Y4YACTOK,
MeTAJLUI0KapKac, TpaHcpopMaTop, cBapka, cOopKa, INIAHUPOBKA, 000py10BaHue,
3aroTOBUTEJbHOE MPOM3BOCTBO, JOTHCTHKA.

[lepBbIM 3TaroM MPOEKTHUPOBAHUS SIBJISETCS 30HMPOBAHKME MPOU3BOACTBEHHOM
IJI0IIAIM Ha (DYHKI[MOHAIbHBIE YUYAaCTKU: 3arOTOBUTEIbHBIN, COOPOUYHBIN, CBAPOUHBIH
M 30HY KOHTPOJS KayecTBa. 3arOoTOBUTENIbHBIA YYaCTOK JOJDKEH OBITh OCHAIllCH
000pyI0BaHUEM [IJIsl TOYHOM pe3Ku MPOPUIBHOIO U JTUCTOBOIO MPOKaTa, TAKUMHU KakK

YCTaHOBKH IUIa3MEHHOM PE3KKU U JICHTOYHOIIMJIBbHBIC CTAHKHU. Baxxno npecaycMoTpeTh
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MPOMEXKYTOUHBIC IUIOMIAAKU JJsl CKIQJAUPOBAHUSA Hape3aHHBIX JeTajei, YTOOBI
UCKJIIOYUTh 3arpOMOXJCHUE MPOXOJIOB M obOecneyuTh OecrepeboitHyo mojgauy
KOMIUIEKTYIOIUX Ha cOopky. CuHXpoHHU3anus pabOThl 3aroTOBUTENBHOTO U
COOPOYHOTO  MOCTOB  SBISCTCA  KPUTUYECKUM dakTopoM CHWKCHUS
MEXKOIEPAIIMOHHOTO MPOJIS)KUBAHUS U3ICITIHIA.

Yyactok cOOpKM MeTalNIOKapKacoB TpaHCHOPMATOPOB TpeOyeT HaIuuus
MOIITHBIX CTamejel H KOHAYKTOPOB, OOECIEYMBAIOIINX IKECTKYIO (UKCAIUIO
DJIIEMEHTOB B TMPOEKTHOM TmoyiokeHnu. Kapkac TpaHchopmaropa HOMKEH HMETh
CTPOTYIO COOCHOCTh OTBEPCTHUH M MapauIeIbHOCTh ITUIOCKOCTEH I MOCTEeYIOMIeH
YCTaHOBKM MAarHWTONpOBOAa W OOMOTOK. [lpumeHeHHWe yHUBEpCambHO-COOPHBIX
MPUCIIOCOOJICHNH TIO3BOJISIET OBICTPO TMepeHacTpamBaTh Y4YacTOK IO/ pa3IHMyYHBIC
TUTMOpa3Mepbl  TpaHCPOPMATOPHBIX KOMIUIEKTOB. Ha »srtame cOOpKkHM aKTHBHO
UCTIONB3YIOTCS CPEICTBA MAJION MEXaHU3aIlUH, TAKHE KaK ITHEBMAaTUYCCKUE TPHKIMBI
Y MarHUTHBIE (PUKCATOPBI, YCKOPSIOIINE TIPOIECC MPEABAPUTEIBHON PUXBATKH.

CBapouHBIii y4aCTOK JIOJDKEH OBITh  YKOMIUIEKTOBAH COBPEMEHHBIMHU
MHBEPTOPHBIMH MCTOYHUKAMU JIJISI TIOJyaBTOMATHYECKON CBapKH B Cpejie 3aIlUTHBIX
ra3oB, 00ECIICUYNBAIOIINMHU BHICOKOE Ka4eCTBO MIBOB. [[JIsi MUHUMHU3AIIUU CBaPOYHBIX
HaIpsDKEHUH U aedopMalidii B Kapkacax CJIOKHOH (popMBI HEOOXOIUMO MPUMEHSThH
paIMoOHAIBHYIO TIOCIICI0BATEIIFHOCTh HAJIOXKEHUS IBOB M KaHTOBaTenu. KanToBaTenn
MO3BOJISIFOT CBApIIMKy padoTaTh B Haubojee yJI0O0HOM HWIKHEM IIOJIOKCHUHU, YTO
HAIMpsIMYyI0 BIUSET HA TUIOTHOCTh M T€PMETUYHOCTh COCIUHECHUN, KPUTHUHBIX IS
MacisHbIX TpanchopmaTopoB. CrucTeMa IEHTPATIM30BAHHON MMOAa41 Ta3a U BBITSKHAS
BEHTWISALIUS HEMOCPEACTBEHHO B 30HE CBAapKu 00ECIEeYUBAIOT COOJIO/IEHUE
HKOJIOTUYECKUX H CAHUTAPHBIX HOPM.

['py3onoabeMHoe 000pyI0BaHNE UTPAET KIIOUEBYIO POJIb B JOTUCTUKE YUacTKa,
TaK KaK KapKachl TPAHCPOPMATOPOB MOTYT BECUTHh HECKOJIBKO TOHH. ONTUMaTbHBIM
pellIeHHueM SIBIISETCS HCIIOJIb30BAHUE MOCTOBBIX KpPaHOB TI'PY30HOJBEMHOCTHIO 0
JeCSITH TOHH, MEPEKPHIBAIOMIMNX BCIO pabodyl0 30HY, B COUYETAHMHM C KOHCOJBHO-
MMOBOPOTHBIMH KpaHaMU Ha OTACJIBHBIX TTOCTaX. DTO MO3BOJISET MPOBOJIUTH KAHTOBKY

1 MepeMeIlIeHue y3JIOB 0€3 0XXKHIaHHS OCHOBHOTO KpaHa, COKpaias o0Iee BpeMs
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1nuKiIa u3rotorneHus. [loJKpaHOBBIE MyTH AOJXKHBI OBITH PACCUMTAHBI C y4YETOM
JTMHAMHUYECKUX Harpy30K MPU MO3UITUOHUPOBAHUH TAKEIBIX METAIUNIOKOHCTPYKITUN HA
CTanessx.

30Ha KOHTpOJISI KayecTBa U HEPA3pyIIAIONUX METOJIOB  HUCIBITAaHUN
pacrionaraeTcsi B KOHIIE TEXHOJOTHYECKOH 1IETIOUKH Tepe]] OKPACKOM WU OTIPY3KOM.
Jlns  kapkacoB  TpaHC(OpPMATOpPOB  00s3aTENBHBIM  SBJSIETCS  BU3yaJIbHO-
U3MEPUTENILHBIM KOHTPOJIb U MPOBEPKA IePMETUYHOCTH CBAPHBIX IIBOB (HAIpUMED,
KEpOCHHOBOM TIpoOO#M miam 1BeTHOU AedekTockomnueii). [IpoBepka reomeTpuyeckux
pa3MEpPOB OCYIIECTBISCTCS C TMOMOIINBIO JA3€PHBIX JAIBHOMEPOB U KOHTPOJIBHBIX
m1abJIOHOB JIsl TIOATBEPKJICHHUSI COOTBETCTBUS KOHCTPYKTOPCKOM JIOKYMEHTAIUU.
Hanuuue n301MpOBaHHOrO MOCTa KOHTPOJIS TMO3BOJISET MPOBOJIUTH HCIBITAHUS, HE
Meliasi OCHOBHOMY ITPOM3BO/ICTBEHHOMY TIPOIIECCY Ha yJacTKe.

BenTunsimonHas cucreMa ydacTka JI0JKHA PaCCUUTBIBATHCS UCXOIs U3 00beMa
OJTHOBPEMEHHO PalOTAIONIUX CBAapPOYHBIX IMOCTOB UM WHTEHCHBHOCTH OOpa30BaHUS
aspozoneil. IlpuMeHeHne mepeNBMKHBIX (UIBTPOBEHTUISIIMOHHBIX arperaToB
MO3BOJISIET OYUIIATh BO3AYX HEMOCPEACTBEHHO B MECTE BOBHUKHOBEHUS 3arps3HEHUS,
9T0 0cOoOeHHO »HG(EKTUBHO TPH CBapKe KpPYHMHOTa0apUTHBIX  KapKacoB.
OO6mieoOMeHHass BEHTWJISALMS JOJDKHA OOeCTedYrBaTh KPaTHOCTh BO3TYXO0OMEHa,
NOCTAaTOYHYIO MJId YJAJ€HUs W3JIUIIKOB TEIUia B JIETHUH mepuoA. [IpaBuibHBIM
MUKPOKJIMMAT Ha paboyeM MECTE€ CHUKAET YTOMIIIEMOCTh MEePCOHANa U TOBBIIIAET
OOIIYy0 KyJIbTYPY IPOU3BOICTBA.

OcsemieHne  CBapOYHO-COOPOYHOTO yYacTKa JIOJDKHO —COYeTaTh ofIee
3a]IMBAIOIIEE OCBEIICHHWE II€Xa W JIOKAJbHYI0 TOJCBETKY padodMxX MecCT.
Hcnonp30BaHue CBETOIUOJHBIX CBETUIILHUKOB C BBICOKMM UHAEKCOM LIBETONEPEAAUH
MO3BOJIIET Pa0OYHUM YETKO BUJIETh IPAHUIIbI PAa3AEJIKU IIIBOB U KAYECTBO OBEPXHOCTH
Metaimia.  Ocoboe  BHMMaHUE  yAeisieTcs  3alluTe  TJia3  [epcoHana  OT
yIbTPa(UOIETOBOTO U3NYYEHHUSI CBAPOUHOM IYT'M C MOMOUIBIO 3aIIUTHBIX SKPAHOB U
mrTop. CTeHbl ydacTKa KelaTelibHO OKpalllUBaTh B CBETJIbIE TOHA CIHEHHUATbHBIMU

coCTaBaMu, YCTOﬁQHBBIMH K HAaJIMIIaHWIO CBAPOYHBIX 6pBISF M IIbUIN.
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OnekTpocHa0KeHUe ydyacTKa MPOEKTUPYETCS C YYETOM MUKOBBIX Harpy30K Mpu
OJTHOBPEMEHHOM BKJIFOYEHNH HECKOJIBKUX CBAPOYHBIX AINIAPATOB U IPY30I0IbEMHBIX
MexaHU3MOB. Pa3Bojika CHIIOBBIX KaOeseil BHITOIHSIETCS B KaOeIbHbIX KaHAIAX WU 110
ACTaKkajaM, HCKIYas WX IOBPEKICHHE IIPU IEPEMEIICHUH METAUIMYECKUX
3aroToBok. Ha xaxaoM pabodem MocTy AOJKHBI ObITh MPEYCMOTPEHBI PO3ETKU JIS
MOAKJIIOUEHHS] PYYHOTO DJIIEKTPOMHCTPYMEHTA M pPa3beMbl JUIA  3a3€MJICHUS
CBApUBAEMBIX KOHCTpYKUMW. Hannune MHAMBHIYyanbHBIX IIUTKOB C YCTPOMCTBAMU
3aIIUTHOTO OTKJIOYEHUsI TapaHTHUPYET 3JEKTPOOE30MacCHOCTh COTPYAHUKOB MpU
paboTe BO BIAXKHOMU Cpejie UM BHYTPU EMKOCTEH.

Cknaackoe XO03sMCTBO ydacTKa OpPraHU3yeTCs MO0 MPUHUMUITY "TOYHO B CpOK',
YTOOBl MHUHUMHU3UPOBAThH 3alachl HE3aBEPIIEHHOTO Mpou3BojcTBa. CTeimaxu A
XpaHEHUS TOTOBBIX KapKAacOB JOJDKHBI OOECHeuYMBATh UX COXPAHHOCTh U JIETKUU
OOCTYNl JJi1 CTPONOBKM KpaHOM. MapKHpOBKa KaXIOW E€IWHMIBI NPOAYKUINU
MO3BOJISIET OTCJIE)KMBATh HUCTOPUIO M3TOTOBJIICHUS M PE3YNbTAThl KOHTPOJS Ha BCEX
sranax. Mcnonb30BaHue CrENUATN3UPOBAHHOM Taphbl U1l MEJIKUX JIeTallel U Kpenexa
yIPOILIAEeT KOMIUIEKTOBAHUE 3aKa30B M HHBEHTAPU3ALIUIO OCTATKOB METAJLIA.

3aknoyenne

[IpoexTupoBaHKe CBAPOYHO-COOPOUYHOTO yUacTKa — 3TO CIOKHAS UHXKEHEpHAas
3ajlaya, YCIEIIHOE pEeIIeHHWE KOTOpPOH 3akiaabiBaeT (yHAAMEHT PEHTA0EIbHOCTH
Bcero TpanchopmaTtopHoro 3aBoja. CoueTaHuWe NTPOJYMAHHOM  JIOTHCTHKH,
BBICOKOTEXHOJIOTMYHOTO 000PYAOBaHUA U KOM(OPTHBIX YCIOBUH Tpyna MO3BOJISET
BBIITYCKATh IPOAYKIMIO, COOTBETCTBYIOLIYIO MHUPOBBIM CTaHIapTaM. BHHMaHue K
Ka)XJO0N JIeTalu, OT PacHoJIOKEHUS PO3ETOK 10 BbIOOpa KPaHOBOTO 0OOpYAOBaHUS,
ompenenseT 3()(PEeKTUBHOCT, NPOM3BOACTBA Ha Trojbl Brepea. B ycnoBusx
KOHKYPEHTHOTO  pbIHKa HMMEHHO COBpEMEHHble, THOKHME U  Oe3omacHble
IIPOU3BOJICTBEHHBIE YUYACTKH CTAHOBSITCS 3aJI0TOM yCIeXa MPEINpUATHS.

Cricok nurepaTtypbl:

1. HuxonaeB, I.A. CBapHble KOHCTPYKUHUH. TE€XHOJOTHS H3rOTOBICHUSI.
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. I'mtneBuu, A.J[. MexaHu3amusi 1 aBTOMAaTU3alKs CBAPOYHOTO TPOU3BO/ICTBA.
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. Kypknn, C.A. IIpoexkTnpoBaHHE CBApOYHBIX LEXOB. MaIIMHOCTPOECHHUE,
2020.

. Minnick, W.H. Welding Technology Fundamentals. Goodheart-Willcox,
2023.

. Weman, K. Welding Processes Handbook. Woodhead Publishing, 2024.
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Ceenenusi 00 aBtope(-ax): Aeaodocanos Anmvimvipam Mepedosuy, cmapuiuii
npenooasamein,

Amawesa O., cmyoenmka,

T'ocyoapcmeennvlii snepeemuueckuti uncmumym TyprxmeHucmana

2. Mapwi, Typxmenucman

«OBECIIEYEHHUE BO3MOKHOCTH PASBOPKH N OBCIYKUBAHUA
INPUBOIA, I'PY303AXBATHBIX OPI'AHOB)»

AHHOTaHI/Iﬂ: BBCI[eHI/Ie. O0ecrieueHue PEMOHTOIIPUTOAHOCT MW BO3MOXHOCTH
6€CHp€HHTCTBeHHOFO 06CJ'Iy}KI/IBaHI/I$I ABIISACTCA KPUTHYCCKHUM ACIICKTOM
IMPOCKTUPOBAHHA JIFOOBIX I'py30IIOABCMHBIX U IIPUBOAHBIX MCXaHHU3MOB. HpO}IyMaHHaSI
KOHCTPYKIHUA TMO3BOJIACT 3HAYUTCIIBHO COKpPATHUTh BPCMA IIPOCTOA 060py1103aH1/151,
CHHU3UTH JKCIUTyaTaIl[MOHHBIE PacXoAbl U MHUHHMH3HPOBATh PUCKHA BO3HUKHOBEHHS
aBapuiHBIX cuTyanui. OCHOBHasl 3ajjadya WH)XKCHEpa Ha JTare MPOCKTHPOBAHUS
3aKIJII0YAeTCS B CO3aHUH TAaKOW apXUTEKTYPHI y3JIOB, KOTOpasi oOecrieumia Obl JeTKHA
JIOCTYIl K OBICTPOM3HAIIMBAIOIIUMCS JETalsIM. OJTO TpeOyeT ydeTa HE TOJIBKO
MEXaHUYECKUX XapaKTEPUCTHK, HO U SPTOHOMHUKHU pabOThl TEXHUYECKOTO TIEpCOHAIA B
CTCCHCHHBIX YCJIOBHUAX.

KiroueBbie cjoBa: pa3dopka, o0cayKHMBaHHe, MPUBOI, I'Py303aXBaTHbIE
OpraHbl, PEeMOHTONPUIOAHOCTH, JAOCTYNHOCTb, JUATHOCTHKA, MEXAHU3MBI,
0€e30MacHOCTb, y3JIbL.

KommonoBka IIPUBOAHBIX MCXAHHU3MOB HOOJDKHA IIPCAYCMATPUBATL HAJIHNYHC
AOCTATOYHBIX TCXHOJOTHYCCKHUX 3a30POB I HMCIIOJAb30BaHHUA CTAHAAPTHOIO H
CIICHMUAJIN3UPOBAHHOI'O HHCTPYMCHTA. Bce KPCIICIKHBIC 3JICMCHTBI, TAKHC KaK 60JITI>I,
railKu M CTOIOPHBIE KOJIbLA, CIEIYyET pacrnojiaratb B 30HaX MPSMOU BUIAUMOCTU U
J0CSTaeMOCTH, HCKIII0Yas HEOOXOIWMOCTh TONMHOW pa3O0pKu  COMPSIKEHHBIX
arperartoB. [ [puMeHeHre MOyIbHOM apXUTEKTYPhI TO3BOJISIET 3aMEHATH 1IeJIble OJIOKU
MpUBOJIa B CJIydae WX CEPhE3HOW IIOJIOMKH, YTO B pa3bl YCKOPSET TPOIECC

BOCCTAHOBJICHUS paboTOCIIOCOOHOCTH CHUCTEMBI. BaxHno HCTOJIb30BATh
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YHUDUIIUPOBAHHBIE KPEMEXKHbIE W3IENUs, 4YTOObl MEXaHuKaM He TpeboBayics
M30BITOYHBIN HAOOP KITFOUEH JJIs1 BHIMOJIHEHUSI IPOCTHIX ONepariuii.

Kopmyca  penykTopoB M DIEKTPOABUTATENEM  AOJDKHBI  OCHAIIAThCS
CIIELUAJIbHBIMU PHIM-00JITAMU WU TEXHOJOTMYECKUMH OTBEPCTUSIMU JJIsI HAJICKHOM
CTPOIIOBKHU MPU JAEMOHTaXe. DTO UCKIIOUACT MOBPEXKIACHUE 000pPYAOBaHUS MPU €ro
CHATUU C (PYHIAMEHTHOM IUITUTHI WJIM PaMbl C MOMOIIBIO TPY30MOAbEMHBIX CPEJICTB.
PazbeMHBIE COETMHEHUSI KOPIYCOB KEIATEIBHO MPOECKTUPOBATH B TOPU3OHTAJIBHOMN
MJIOCKOCTH, YTO YMPOIIAET JOCTYI K BHYTPEHHUM BajiaM M MIECTEPHSIM 0€3 MOJIHOTO
cHATUsSI arperata. lcmonp3oBaHWE TPEHUU3UOHHBIX YCTAaHOBOYHBIX INITHU(TOB
rapaHTUpyeT TOYHYIO IIEHTPOBKY Y3JI0B MPH HX MOBTOPHOM COOpKE, HCKItOuas
BUOpAIMU U MPEKIEBPEMEHHBIN U3HOC.

Cucrema cMma3ku npuBojia TpeOyeT 0co00ro BHUMaHUA: TOYKHU 3aJIMBa, CIIMBA U
KOHTPOJISI YPOBHSI Macjia JOJKHBI OBITh JIETKOJOCTYIHBI 0€3 CHSTHS 3aIlUTHBIX
KOXYXOB. [IpriMeHeHne BBIHOCHBIX MACICEHOK M LEHTPAIN30BAaHHBIX CUCTEM I10JA4U
CMa3Ku MO3BOJISIET MPOBOJUTH OOCITYXKMBaHHE 0€3 OCTAHOBKM IMPOU3BOJCTBEHHOTO
nukiia. CIMBHBIE OTBEPCTUS CIEAYET pacloliaraTh B caMbIX HU3KHUX TOYKAX KapTepa,
oOecrieunBas MOJHOE yAaJleHue OTPabOTaHHOTO Maciia BMECTE € MPOyKTaMHU U3HOCA.
Hamnune mnpo3padyHpiX CMOTPOBBIX OKOH WJIM 3JEKTPOHHBIX JAaTYWKOB YPOBHSA
IIO3BOJISIET ONIEPATUBHO TUATHOCTUPOBATH COCTOSIHUE CMA30YHOM CPEbI.

['py303axBaTHbIE OpraHbl, TaKHE KAaK KPIOKOBBIE TOJIBECKH, Tperdepbl uiu
AJIIEKTPOMArHUThl, PabOTAIOT B YCIOBUSX WHTEHCHUBHOTO a0pa3sWBHOTO H3HOCA U
TUHAMUYECKUX Harpy30k. KoHCTpyKIns KpIOKOBOW MOABECKH JODKHA 00eCreduBaTh
JIETKYTO ITPOBEPKY COCTOSIHUS OCEBBIX MOAMIUITHUKOB U IIEIOCTHOCTH IIEK O€3 TOTHOTO
pa3zbopa 6noka. [IpumMeHeHrne OBICTPOCHEMHBIX 3ANIUTHBIX KOXKYXOB IPEIOXPAHSIET
KaHATHbIE PY4YbU OT 3arpsA3HEHUs, COXpaHssi HPU 3TOM BO3MOXXHOCTH BHU3YaJIbHOI'O
ocMoTpa. MexaHn3Mbl TOBOPOTA KPIOKA JOJKHBI MMETh 3aIlIMIIEHHBIEC Y3JIbl CMa3KH,
MPEAOTBPAILAIONINE 3aKJIMHUBAHUE TIPU PA0O0TE C TSHKEJIBIMU TPY3aMHU.

Cmennble paboune opraHbl rpeilepoB M 3aXBAaTOB JIOJKHBI KPEMHUTHCA C
MOMOIIIBIO MAJIBLIEB C HAAEKHOW (UKcalued OT camMONpOU3BOJILHOTO BBINAJAHUS.

Hcnonp3oBanue BTYJIOK U3 AHTU(QPUKIUMOHHBIX MaTEpHAIOB B IIAPHUPHBIX
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COCIMHEHUAX MO3BOJISIET MPOJIUTh CPOK CIYKOBI y3JI0B U YIIPOCTUTh UX 3aMEHY NPHU
KPUTHYECKOM H3HOCE. J[OCTYyN K THAPABINYECKAM WU SJIEKTPUUECKUM MarucTpasiM
IPy303aXBaTHBIX YCTPOUCTB JIOJKEH OBITh 3aIUIIECH OT MEXaHUYECKUX MOBPEKICHUM,
HO OCTaBaThCSl OTKPBITBIM [IJIsi MPOBEJICHUSI PEMOHTHBIX paboT. MapkupoBKa BceX
COCIMHUTEIBHBIX 2JIEMEHTOB MO3BOJISIET N30€KaTh OMUOOK MPU MOJKIIOUSHUH TTOCIIE
MIPOBEJICHUS CEPBUCHOTO 00CITYKUBAHMUSI.

3alIuTHBIE KOXYXM UM OrpPa)XJICHUS TMPUBOJOB CIEAYET MPOCKTUPOBATH
OTKUJIHBIMU WJIH JIETKOCHEMHBIMU C UCIIOJIB30BAaHUEM OBICTPOJEHCTBYIOIIUX 3aMKOB.
DTO MOOLIPSAET MEPCOHAT MPOBOAUTH PETYISIPHBIE OCMOTPBI, TaK Kak Mpoueaypa
JOCTYNa K MEXaHu3MaM IepecTaeT ObITh TPYJOEMKHM IMpolieccoM. Martepuan
KOXYXOB JOJDKEH OBITh IOCTATOYHO JIETKUM, YTOOBI OJIMH YEJIOBEK MOT O€30IacHO
IPOU3BECTH UX JIEMOHTAX 0€3 MPUBJICUCHUS JIOMIOJTHUTEIIbHON TeXHUKU. BHYyTpeHHS s
MOBEPXHOCTh OTPAXJCHUN HE JOJDKHA UMETh OCTPBIX KPOMOK, CTIOCOOHBIX HAaHECTH
TpaBMY IIPH IIPOBEJCHNUN HAJIAIOYHBIX PadoT.

DNEeKTPUYECKHE COETUHEHMs] W KIEeMMHBIE KOPOOKH TIPUBOJOB JOJDKHBI
00J1aiaTh BBICOKOM CTEMEHBIO 3alllUTHI OT IBLIM W BJArd, COXpaHss yAoOCTBO IJis
po3BOHKH 1ieneid. KabenpHble BBOABI ClEAyeT pacrojaraTh TaKUM 00pa3oM, 4TOOBI
UCKITFOUMTH MOTIaJIaHKE BJIATU BHYTPb KOPITyca 10 TOBEPXHOCTH Kadens. [I[pumenenue
OBICTPOPA3BEMHBIX IITEKEPHBIX COCAMHEHWM 3HAYMTEIBLHO COKpaIlaeT BpeMs Ha
3aMEeHy JJICKTPOJIBUTATEIICH WM JaTYMKOB OOpaTHOW cBsi3u. UeTkas IBeTOBas U
OykBeHHO-IIM(PPOBAsT MAPKUPOBKA MPOBOJOB BHYTPU PACIPEACITUTEIBHBIX KOPOOOK
SIBIISIETCST 0053aTEIIBHBIM CTAHIAPTOM JJISI COBPEMEHHBIX ITPOMBIIIJICHHBIX YCTAHOBOK.

JI7 KOHTPOJISI COCTOSIHUS TIOJIIMITHUKOBBIX Y3JIOB B KOHCTPYKIIMIO MPUBOJA
KeJIaTeNbHO 3aKJIaJbIBaTh IUIOIMIAJKK JUIA YCTAHOBKH JaTYUKOB BHOpPAIMHN HIIH
TEIJIOBU3UOHHOTO KOHTPOJISl. [IOCTOSHHBII MOHHUTOPUHI IIO3BOJISET MNEPEUTH OT
IJIAHOBO-TIPEAYNIPEIUTEABHBIX PEMOHTOB K OOCTY)KHBaHUIO I10 (PaKTHUECKOMY
COCTOSIHMIO OOOpYyAOBaHMS. DTO MPEAOTBpAIlAaeT BHE3AMMHBIE ITOJOMKH, KOTOpPHIE
MOTyT MPUBECTH K TAJACHUIO Tpy3a WIM 3aKJIMHUBAHUIO MOIIHBIX IPUBOJIOB.

CBoeBpeMeHHOE OOHapy)XeHUE I[eperpeBa WM MOBBIIMIEHHOTO IIymMa JaeT
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BO3MOXKHOCTh TMOJIFOTOBUTh HEOOXOJIMMBIE 3amyacTd 10 IUJIAHOBOM OCTaHOBKH
0o0opy10BaHMUS.

[Ipy mnpoEeKTUpPOBaHWM BaJOB NPHUBOJA ClEAyeT u30eratb MOCaT0K C
YpEe3MEpPHBIM HATSITOM TaM, /i€ 3TO HE MPOJMKTOBAHO TPEOOBAHUSIMU MPOYHOCTH,
YTOOBl OOJIErYUTh JEMOHTAX IIecTepeH W My(pT. Hanmume TexXHOJOrnyeckux
pPe3bOOBBIX OTBEPCTUH JJIS HCIIOJIB30BAHUSI BUHTOBBIX CHhEMHUKOB 3HAYUTEIBLHO
yIOPOIIAET MPOIECC CHATUS IUIOTHO cUAAmux Aetaneil. lllmoHouyHble W HUIUIIEBBIC
COCIMHEHUS JIODKHBI OBITh 3aIUIICHBI OT KOPPO3MHM CHEIUATbHBIMA COCTaBaMU,
pe0TBpAIIAIONIUMU "IPUKHUIIaHKE" AIIEMEHTOB JIPYT K Apyry. [IpaBunbHbIil moa0o0p
JIOTYCKOB U MOCa/I0K HAMPSAMYIO BIIUAET HA TPYJIOEMKOCTh Pa300pOUHBIX OIepalui.

3akirouenune

3akmiouenne. ['pamoTHOe  oOecrieyeHUE  BO3MOXKHOCTH — Pa30OpKu U
oOCIy>KMBaHMsI MPUBOAA U TPY303aXBATHBIX OPraHOB — 3TO 3aJIOT JIOJITOBEYHOU U
Oe3omacHOM  JKCIUTyaTallMk  JII0OOW  TexHuku.  MHTerpamuss — TpeOGoBaHUU
PEMOHTONPUTOJHOCTU B MPOLECC MPOEKTUPOBAHMS TMO3BOJISET CO3/1aBaTh MAIlWHBI,
KOTOpBIE HE TOJNBKO 3()PEeKTUBHBI B paboTe, HO U YIOOHHI B cepBHce. B KoHEUHOM
UTOre, BHUMAaHHME K JETalsIM Ha dTane Yepreka 000paurBaeTCsi SKOHOMHUYECKOUH
BBITOZIOW W  CTAaOWJIBHOCTBIO  TPOU3BOJCTBEHHBIX mporeccoB. [loctosiHHOE
COBEPIIIEHCTBOBAHUE METOJOB OOCITY)XKMBaHUS OTKPHIBAET HOBBIC TYTH IS
MOBBIIICHUS HAJIEKHOCTU CII0KHBIX MEXaHUUYECKUX CUCTEM.

Criucok nurepaTtypbl:

1. Anexcannpos, ML.IL. I'py3onogbemubie MamuHbl. Beiciias mkona, 2021.

2. BaiincoH, A.A. IlogbeMHO-TpaHCIOPTHBIE MalIUMHBL. MalIMHOCTPOEHHUE,

2022.

3. T'oxGepr, M.M. CnpaBounuk 1o kpanam. Mamunoctpoenne, 2020.

4. Shapiro, H.I. Cranes and Derricks. McGraw-Hill Education, 2023.

5. Reiter, S. Maintenance Engineering Handbook. Elsevier, 2024.
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Ceenenusi 00 aBtope(-ax): Aeaodocanos Anmvimvipam Mepedosuy, cmapuiuii
npenooasamein,

Benaesa JI., cmyoenmka,

T'ocyoapcmeennvlii snepeemuueckuti uncmumym TyprxmeHucmana

2. Mapwi, Typxmenucman

«OIITUMM3ALUA 3ATPAT HA ITPOBEJIEHUE PEMOHTHBIX PABOT
TPAHC®OPMATOPHBIX KOMIIVIEKCOB»

AnHoranus: B 2026 rogy onTtumusaius 3aTrpar Ha MPOBEJIECHUE PEMOHTHBIX PabOT
TpaHC(POPMATOPHBIX  KOMIUIEKCOB  SIBIISICTCS  NMPUOPUTETHOM  3ajmadedt  Juis
SHEPreTUYECKUX W MPOMBIINUICHHBIX MNPEANPUATHN, CTPEMAIIMXCS K MOBBIIIECHUIO
onepariioHHo 3ddekTuBHOCTH. CHIIKEHUE H3JEPKEK JOCTHraeTcsi HEe 3a CUeT
COKpaileHus oObeMa HEOOXOJUMBIX MAHUMYISAIUN, a TyTeM BHEIpPEHUs
MHTEJJIEKTYaJIbHBIX CHCTEM MOHUTOPUHTA U MEPEXo/ia K CTpaTeruu 00CIyKUBAaHUSA T10
(aKkTUYECKOMY COCTOSHHIO. TO IMO3BOJSET HM30€KaTh H30BITOUHBIX IJIAaHOBBIX
PEMOHTOB M TPENOTBPATUTH KaTacTpo(UUECKHE OTKa3bl, CTOMMOCThH JUKBHUIAINH
KOTOPBIX B JIECSATKU Pa3 MPEBBIIIAET 3aTPaThl Ha TUIAHOBOE 00CTyKUBaHUE.
KirwueBble cjioBa: onTuMu3anMsi 3aTpaT, pPeMOHTHbIe PaldoThI,
TPaHCHOPMATOPHBI KOMILIEKC, AHATHOCTHKA, TeXHH4YecKoe 00Cay:KHUBaHHe,
pecypc, MOHUTOPHHT, JHePro3(PeKTUBHOCTD, IVIAHMPOBAHUE, IKCILIYyaTALUS.
OCHOBHBIM pbIYAarOM CHUXXEHHUS 3aTpaT SBISETCS BHEIPEHUE CHUCTEM
HENPEPHIBHOTO OHJIAWH-MOHUTOPUHIA PACTBOPEHHBIX B MAaCJI€ ra30B U TEMIEPATypPbl
OOMOTOK. AHanu3 JAWHAMUKA HM3MEHEHHsI COCTaBa Ta30B TIO3BOJIAET BBISBISATH
pasBuBaromuecs AedeKThl (Takhue KaKk YacCTHUYHBIE pa3psibl WM JIOKAJTbHBIC
MEeperpeBbl) Ha PAHHUX CTAAMUSIX, KOTJIa PEMOHT MOXET OBIThb BBIIIOJIHEH C
MHUHHUMAaJIbHBIMU BIIOKEHUsIMU. Vcosib30BaHME MPEIUKTUBHOW aHAIUTHKU Ha 0ase
HMCKYCCTBEHHOT'O MHTEJJIEKTAa TOMOTaeT TOYHO ONPEAECIUTh ONTUMAIbHOE BpEeMs s

BbIBOJIa TpaHchopMaTtopa B PEMOHT, MCKIOYas MPEKIECBPEMEHHYIO 3aMEHY
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JOPOTOCTOSIIIUX KOMIOHEHTOB. Takum oOpa3oM, OIOKET pachpenenserca Ha
HanOoJiee KpUTUUECKUE y3IIbl, TPEOYIOLME HEMEIEHHOIO BMEIIATEIbCTRA.

Panyonanuszanus JOTUCTUKUA M CKJIAJCKHUX 3allacoB 3alACHBIX YacTell UrpaeT
CYLIECTBEHHYIO pOJb B CTPYKTYpe PpEMOHTHBIX u3Aepkek. DopMUpoBaHUE
LEHTPAIIM30BAaHHOTO OOMEHHOTO ()OHAA CTAaHJIAPTHBIX Y3JIOB, TAKMX KaK BBOJIBI,
MEPEeKITIYAIONIUe YCTPOUCTBA U CUCTEMbI OXJIAXKEHUS, TIO3BOJIIET COKPATUTh BpEMS
npoctost obopyaoBanus. [IpuMenenre nUPPOBBIX TBOWHUKOB JJISi MOJECIUPOBAHUS
M3HOCA KOMIIOHEHTOB TIOMOTaeT ONTUMHU3UPOBATh O0BEM 3aKyIoK, usberas
OMEpTBJICHUS KamuTala B PEAKO MCIHOJb3yeMbIX JeTalsiXx. BHeapeHue cucrem
aBTomaTtusupoBaHHoro yuera TMI] rapantupyer Hanuure HEOOXOJUMbIX MaTepUaIOB
K MOMEHTY Hauaja 3arIaHUPOBaHHBIX PaboT.

[loBpiieHne KBadU(UKAIMM PEMOHTHOIO TEepcoHala U HUCIOJb30BaHUE
COBPEMEHHBIX MOOWJIBHBIX MACTEPCKUX HANpPsIMYI0 BIUSET HAa TPYAOEMKOCTh U
KayecTBO BBIMOJHSEMBbIX onepanuil. OcHarieHue Opuraja CrenuagTu3upOBaHHBIM
UHCTPYMEHTOM IS THUJIPABIMYECKOW 3aTSXKKM COEAMHEHUH M BaKyyMHBIMHU
YCTAaHOBKAMHU  BBICOKOM  MPOU3BOJUTEIBHOCTH  TO3BOJSIET COKPATHTh CPOKHU
OpOBEACHUSI KanmuTaibHOro pemoHTa Ha 20-30%. Hcrnonb30BaHUE TEXHOJIOTHIMA
JOTIOJTHEHHOU peanbHOCTH (AR) misi BU3yanu3alud cXeM COOpPKH M TOJTy4YeHHUS
JTUCTAHITMOHHBIX KOHCYJbTAIIMM HSKCIIEPTOB CHIXKAET PHUCK COBEPIIEHUS OIIUOOK.
Bricokoe kauecTBO MEPBHUYHOIO PEMOHTA YBETUYMBAET MEXPEMOHTHBIH WHTEpPBAI,
YTO B JOJITOCPOYHOM NEPCIEKTUBE CYIIECTBEHHO 3KOHOMUT CPEJICTBA.

OnTuMu3aIys NpoLecCOB OYUCTKU U pereHepalui TpaHCchopMaTOPHOTO Macia
MO3BOJISICT MPOJJIUTH CPOK CITYKOBbI M30JIAUUU 0€3 MOJHOW 3aMEHbI JOPOrOCTOSILErO
audNiekTpuka.  Mcmonbp3oBaHME  MOOWJIBHBIX  YCTAaHOBOK  pEreHEpalyl  TUMa
«aacopOLUMOHHAsl OYMCTKA» HEMOCPEACTBEHHO HAa MECTE 3KCIUTyaTallid HCKIIOYaeT
3aTpaThl HA TPAHCIOPTUPOBKY OONBIINX 00BeMOB Macia. CoxpaHeHWE XUMUYECKUX
CBOMCTB Macja 3aMelJIsieT CTapeHue OyMaKHOM H30JSLUU OOMOTOK, UTO SIBIISIETCS
IJIaBHBIM (DAKTOPOM, OIPEAEIISAIOIINM PECYPC BCEr0 TPaHC(HOPMATOPHOrO KOMILIEKCA.

[Ipodunaktryeckas Cyiika U30JALUU MO HArPY3KOH WM C MOMOUIbI0 MOOMJIBHBIX
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LIEOJIUTOBBIX YCTAHOBOK TMO3BOJISIET MOJIJIEPKUBATh BBICOKHE IUAIEKTPUUYECKHE
MOKa3aTeNu NP MUHUMAJIbHBIX 3aTpaTax.

[IpuBneueHne crenuamIu3UpPOBAHHBIX MOJPSAIHBIX OpraHU3alMid HA YCIOBHUIX
JOJITOCPOUYHBIX CepBUCHBIX KOHTpakToB (LTSA) mo3BonsieT mnepenoxkutb pPHUCKU
IUIAaHUPOBAHUS M O0ECIEUEeHMs 3amM4acTIMHU Ha NpodeCcCUOHANbHBIX UCIIOIHUTENEH.
Takue KOHTpPaKThl 4YacTO BKJIIOYAIOT TapaHTUU KoO3(@UIMEHTa TOTOBHOCTHU
000pyAOBaHUs, YTO CTUMYJIHMPYET MOJPSAIUMKA MPOBOJUTH PAaOOTHl MaKCHUMAaJIbHO
KayeCTBEHHO U ObICTPO. D dekT MacuTada, KOTOPhIM 00J1aJal0T KPYIHbIE CEPBUCHbBIE
KOMIIAaHUH, TO3BOJISIET CHWXKATh YACJIbHYIO CTOMMOCTb OTHEIBHBIX OINepanuid 1o
CPaBHEHMIO C COZiep>KaHueM COOCTBEHHOI'O PEMOHTHOTO 1iexa. YeTkoe pa3rpaHuyeHue
30H OTBETCTBEHHOCTH W ucnoiyib3oBanue KPI mo HamexHOCTH AenaroT 3aTparbl Ha
PEMOHT TMPEJICKa3yeMbIMU U MTPO3PAYHBIMHU.

OHeproshPeKTUBHOCT, PEMOHTHBIX PEIICHUN TaK)Ke BHOCUT BKJIAJl B OOIIYIO
HSKOHOMHIO CPEACTB 3a CUET CHMKEHHUS MOTePh XOJIOCTOTO XOJa W Harpy304HBIX
norepb. B Xxome pemoHTa 11eecoo0pa3HO MPOBOAUTH MOJEPHHU3AIUIO CHUCTEM
OXJIAKJICHUS C YCTAaHOBKOM BEHTWJISITOPOB C PETYJIUPYEMOMN 4acTOTOM BpallleHus. ITO
CHU)KAeT COOCTBEHHOE dHEPTONnoTpedIeHue TpanchopmaTopa U1 YMEHbIIAET IIIYM, YTO
aKTyaJlbHO  JIJI1  TOPOJACKUX  mojcTaHiui.  [IpumeHeHMe  COBpEeMEHHBIX
repMETU3UPYIONIMX MaTEPHAIOB M 3aMEHa YCTapeBIIMX YIUIOTHEHUW MCKIIOYAIOT
yTEUKH MacJja, IpeIoTBpaias mrpadsl 3a 3arpsa3HeHUE OKPY>KAOIIEH Cpe/Ibl U MOTepu
JIOPOTOCTOSIIIIETO pecypcea.

MopaynbHbI TPUHLUI MPOSKTUPOBAHUS HOBBIX W MOJEPHM3ALUS CTAPBIX
KOMITJIEKCOB yMPOIIAeT JOCTYIl K HamOoJiee OTBETCTBEHHBIM JCTANSIM, CHIDKAs
CTOUMOCTbH JEMOHTKHBIX pa0oT. 3amMeHa TPaIUIMOHHBIX (apPopOBHIX BBOJIOB Ha
COBPEMEHHBIE BBOJIbI ¢ TBepo RIP-U305411M€i1 HE TOJIBKO MOBBIIAECT HA/ICKHOCTD,
HO M TIPAKTUYECKU MCKII0YAET HEOOXOAMMOCTh X OOCITY)KMBAaHUSI B TCUCHHE BCETO
cpoka ciayxObl. Mcmonbp3oBaHue OBICTPOPAa3bEMHBIX COEIUHEHUH B CHCTEME
OXJIaXJEHUS U HABECHOM O0OpPYJIOBAaHUU IMO3BOJISIET MPOBOJUTH 3aMEHY arperaTtoB B

TCUCHHC OI[HOﬁ CMCHBI. I/IHBCCTI/II_II/II/I B PCMOHTOIIPHUIOAHOCTb Ha J3Tall€ 3aKYIIKH
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OKYMaIOTCs 33 CUET PAJUKAIBHOIO CHUKEHHUSI DKCILTyaTallMOHHBIX 3aTpaT B TEUCHUE
nocneayromux 25-30 ner.
[udposoii maciopt Tpanchopmaropa, B KOTOPOM (PUKCUPYETCSI BCSI UCTOPUS
Harpy3oK, MepeHanpssKeHU U MPOBEICHHBIX PEMOHTOB, SIBJISIETCS. PyHIaMEHTOM JJIsI
MPUHATHS SKOHOMHYECKHM OOOCHOBaHHBIX pemieHuil. B 2026 roay takue nmacmopra
MHTErpUpOBaHbl B OOLIyI0 cucTeMy ympaBiieHus aktuBamu (EAM), uTo mo3Bossier
ABTOMATUYECKH PACCUUTHIBATH OCTATOYHBIM pecypc oOopynoBaHus. AHanu3
«ctoumoctH xku3HeHHOTO IuKIa» (LCC) momoraer BOBpeMs MPUHATH PEIICHUE O
3aMeHe cTaporo TpaHchopmaTopa Ha HOBBIM BMECTO IMPOBEACHHS JOPOTrOCTOSIIETO
KaluTaJbHOTO pPEMOHTa. JTO MCKIIOYAeT BIIOXKEHUE CPEACTB B OE3HAAEKHO
yCTapeBIIue aKTHBbI, KOTOpblie OynyT uMeth HU3kui KIIJ[ ¥ BICOKYIO BEpPOSITHOCTH
OTKa3a.
3akiirouenmne
OnTumuzanus 3arpaT Ha PEMOHT TPaHCHOPMATOPHBIX KOMIUIEKCOB — 3TO
epexo] OT YCTpaHEHUs TMOCIEACTBUIA aBapuil K YIPaBICHUIO HAJEKHOCTHIO
o0opynoBanusi. CHHEpPTrus COBPEMEHHBIX IUATHOCTUYECKUX METOJ0B, TPaMOTHOMN
JIOTUCTUKH U BHICOKOM KBaJIM(PUKALIMK TTEPCOHAJIA CO3/]AeT YCIOBUS JJII YCTOWUHUBOTO
(bYHKITMOHUPOBAHMUS HYHEPTrOCUCTEMBI npu MUHUMAaJIbHBIX U3JIEPIKKAX.
O} heKTUBHOCTD ITUX MEp MOATBEPIKIAETCS HE TOJIBKO SKOHOMHEH Or/KeTa, HO U
CTAaOMJIBHBIM KaueCTBOM JJICKTPOCHAOKeHUs rorpeduteneit. IlocTossHHBIN MOWCK U
BHEJI[pEHNUE WHHOBAIIMOHHBIX TEXHOJNOTHA OOCIYy)KMBaHUS OCTAETCA 3aJIOTOM
KOHKYPEHTOCTIOCOOHOCTH SHEPTETUUECKUX KOMIIAHUH.
Criucok nurepaTtypbl:
1. Canoxuukos, A.B. KonctpyupoBanue TpanchopmaropoB. Jueprus, 2021.
2. AnexkceeB, b.A. KoHTpomb cOCTOSHUSI CHJIOBBIX TpaHC(HOPMATOPOB.
DHeproaromusznar, 2022.

3. JIeBoB, M.IO. Meroabl OIEGHKHM COCTOSHHUS  TpPaHC(HOPMATOPHOTO
obopynoBanusi. Hayka, 2023.

4. Harlow, J.H. Electric Power Transformer Engineering. CRC Press, 2023.

5. Heathcote, M.J. The J&P Transformer Book. Elsevier, 2024.
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Caenenusi 00 aBrope(-ax): Appwikosa Iynvoowceman Kepummuasaposua, cmapuiuil
npenooasamein,

Awupoe Unmeipam ['enoumvipadosuy, npenooasameis,

Meowcoynapoonuviii ynusepcumem negpmu u 2aza umenu Azwuvicenou Kaxaesa

2. Awxabao, Typxmenucman

Amaes Myxammemnyp Abovineanyposuy, npenooagamerb,

Mepeoos Mepem bamuviposuu, cmyoenm,

Tocyoapcmeenuwiii snepeemuueckutl uncmumym Typkmenucmana

2. Mapuwi, Typxkmenucman

«POJIb TIPUPOAHOI'O I'A3A B INTOBAJIBHOM SHEPTETUYECKOM
MEPEXOJIE: ITYTh K HU3KOYIJIEPOJHOW SKOHOMUKE 1
SHEPTETHYECKOM BE3OITACHOCTH»

AHHoTaums: BBenenue B mpobieMaTHKy I00aIbHOTO SHEPreTUYECKOro Mepexona
NO3BOJISET OLUEHUTh CTPATETMUYECKYI0 3HAYMMOCTh IMPUPOAHOrO raza Kak KIIFOUEBOIO
CBSI3YIOLIETO 3BEHAa MEXAY KCKOMaeMbIM TOIUIMBOM U  BO300HOBISIEMBIMU
UCTOYHUKAMU SHEPrud. B ycloBHUSX KIMMaTHUYeCKOW MOBECTKU ABAALATh MEPBOIO
BEKa MUPOBOE COOOIIECTBO CTPEMUTCA K IeKapOOHU3AIIMU, OTHAKO MTHOBEHHBIN 0TKa3
OT TPAJULUOHHBIX PECYPCOB TEXHUYECKU U SKOHOMHYECKH HEBO3MOKEH. [Ipuponnbiii
ra3 o0j1a/1aeT HAMMEHBIITUM YIJIEPOAHBIM CJIEIOM CPEU BCEX BUOB YITIEBOIOPOIHOTO
CBIPbSI, UTO JEJAET €ro HJCANbHBIM «TOMJIUBOM-MOCTOM». JTOT PECYpC IMO3BOJSAET
CYIIECTBEHHO CHHU3UThH BBIOPOCHI MAPHUKOBBIX Ta30B MPH COXPAaHEHUHU CTAOUILHOCTH
HHEProcHAOKEHUsI KPYITHBIX MPOMBIIIIEHHBIX IEHTPoB. MccnenoBanue ponu raza B
ATOM TIPOIecce HeOOXOMUMO T (HOPMHUPOBAHUS PEATHUCTUYHBIX CIICHAPUEB MEePEXo/ia
K HU3KOYTJIEPOAHOW HKOHOMHUKE W OOECIEeYeHHUS JHEPreTHUeCKoN Oe30macHoCTH
roCcynapcCTB.

KuarwueBble ciaoBa: sHepreTuka, He(Th, MPUPOJHBIN Ta3, HSHEPreTHUUECKUM
Tepexoj, 100bYa PecypcoB, yriaeBoaopobl, nHHoBauu B TOK, sHepretudeckas

6e3OHaCHOCTB, MCCTOPOKIACHUA, IT'COIMOJIUTHUKA.
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Huzkoyrnepoanass »KOHOMUKAa TpeOyeT THOKMX pEIIeHHUH, CIOCOOHBIX
KOMIIEHCHPOBaTh HECTAOMIBHOCTh COJTHEYHOW U BETPOBOM I'€HEpallMU, 3aBUCALIUX OT
MOTOJIHBIX YCIOBUM. ['a30BbI€ 31EKTPOCTaHIIMK 00Ja4at0T BHICOKOW MaHEBPEHHOCTHIO,
MO3BOJISISE OBICTPO HAPALIMBATh WM CHHXKATh MOILIHOCTh B 3aBUCUMOCTHU OT TEKYILETO
cupoca u Bbelpabotkn BUD. Ilpu cxuranuu NOpUPOAHOTO Tas3a BBIIEISETCA
3HAQYUTEIPHO MEHBIIE YIIEKUCIOr0 ras3a, 4YeM NpPH HCIONb30BAaHUM YIVIS WIH
HE(TENPOIYKTOB, YTO CIIOCOOCTBYET NOCTHXEHMIO 1ienei [Tapukckoro corameHusl.
OTo Aenaer ra3 HE3aMEHUMbBIM KOMIIOHEHTOM TMOPHJIHBIX YHEPTreTHUYECKUX CHUCTEM,
o0ecreynBarolM HaJeKHOCTh U IIPEICKa3yeMOCTh OCTaBOK AlIeKTpuyecTBa. Takum
oOpa3omMm, ra3zoBasi OTpaciib BBICTYNAET TAPAHTOM YCTOMYMBOCTH SHEPrOCUCTEM B
NEPHUO UX MACIITAOHON CTPYKTYPHOU TpaHChOopMaIlnu.

OHepreruyeckas O€30MaCHOCTh B JIOXY MEPEMEH CTAHOBUTCS KPUTHUYECKU
BXHBIM (PAKTOPOM JIJIs1 HAIIMOHAJIbHBIX 9KOHOMHUK, 3allIMILAs X OT PEe3KUX KoJieOaHu!
neH u jgedunura pecypcoB. [lpuponsbeiii raz obecrneunBaeT IUBEPCUPUKAIMIO
HHEPreTUYeCcKoro OajlaHca, CHUYXKAs 3aBUCUMOCTH OT MMIIOpPTa 0ojee AOPOTUX HWIH
DKOJIOTMYECKH TPSA3HBIX BHJAOB TOIUIMBA. Pa3BUTHE TEXHOJOTHHA CKHKEHHOTO
npuponauoro raza (CIII') mpeBparuio raz B II00albHBIM TOBap, KOTOPHIA MOXKHO
TPaHCHIOPTUPOBATH B JIIOOYI0 TOYKY MUpPA HE3aBUCUMO OT TPYOOTPOBOIHBIX CHCTEM.
D10 co3maeT THOKMH W KOHKYPEHTHBIM PBIHOK, ITOBBIIIAIOIMIUNN YCTOHYUBOCTH
roCcyaapcTB K T€ONOTUTHYSCKUM PUCKaM U niepebosiM B mocTaBkax. Hanuuue pazButoit
ra3oBoil HH(QPACTPYKTYpPHI ABISETCS HEOOXOAUMBIM YCIIOBUEM Ui OecriepeOoitHOro
(YHKIMOHUPOBAHMS CUCTEM >KM3HEOOECIICUEeHHUS ¥ POMBIIITICHHOCTH.

Pa3Butre texHonoruil ynaBnuBaHug U XxpaneHus yriepona (CCS) oTkpbiBaeT
HOBBIE MIEPCIEKTUBBI [l HCIIOIB30BaHUS IPUPOIHOTO ra3a 0e3 yiiepoa AJis HKOJIOTUH
B JIOJITOCPOYHOM MEPCHEKTHBE. DTH MHHOBALMHU IO3BOJSIOT YIIABIMBATH BBIOPOCHI
HEMOCPEICTBEHHO Ha MPOMBIIIIEHHBIX 00bEKTaX U 3aXOPAHUBATh UX B UCTOIICHHBIX
MOJ3€MHBIX IIacTax. ['a30Bblil cekTOp 0071a1aeT HEOOXOTUMBIM HHKEHEPHBIM OIIBITOM
Y MH(DPACTPYKTYpOU ISl peaan3alny TaKUX MAacIITa0HbIX SKOJIOIMUECKUX MPOEKTOB.
Coueranne nA00blYM Ta3a C CHCTEMaMHu YJIABIMBaHUA yIIepojaa JeNaeT €ro

IMPAKTHYCCKH HeﬁTpaHBHBIM HCTOYHHUKOM OHCPIrur, COOTBCTCTBYIOIIMM CaMbIM
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CTPOTUM CTaHAapTaMm. JTO MO3BOJISET COXPAHUTh aKTHUBBI HE(TEra30BbIX KOMIAHUM,
TpaHCOPMHPYST HUX B DKOJOTMYECKA OTBETCTBEHHBIX YYAaCTHHUKOB HOBOM
JHEPreTUYECKON NapaIurMsl.

Bonoponnas »Heprernka paccMaTpuBacT IPUPOAHBIM ra3 KaK OCHOBHOM
HMCTOYHUK JJIsl TPOM3BOJACTBA «TOJYyOOro» BOAOPO/A, KOTOPHIM CTAaHET BaKHEUIIIUM
TormuBoM Oyayuiero. Ilponecc mapoBoil KOHBEPCHMM METaHa IMO3BOJISET MOJydYaThb
BOJIOPOJI B TPOMBIIIJIEHHBIX MaclITabax, UCIOIb3Ysl YKe CYIIECTBYIOIINE TEXHOIOT MU
U TPOU3BOACTBEHHBIE MOIIHOCTH. OTO CO3JaeT OSKOHOMUYECKYI0 0aszy s
NOCTENEHHOTO TMEPEX0ola K <«3EJIEHOMY» BOIOPOAY, IPOU3BOAUMOMY METOIAOM
aJIeKTposin3a 3a cueT M30bITKoB sHeprun BUD. Hcnonb3oBaHue ra3oTpaHCnOpPTHOU
UHOPACTPYKTYpBl I TEPEKaukKd BOJOPOIHBIX CMeEcCed sIBIsieTcs HaumOosee
3¢ (PEeKTUBHBIM CITIOCOOOM €T0 pacipeiesICHUs! Cpeid KOHEUHbIX moTpeduTeneit. Takum
o0pa3om, ra30Basi OTPacb 3aKJIabIBAET TEXHOJOTUUECKUIN (yHIaMEHT JIJIsl CO37aHus
NOJIHOLUEHHOW BOAOPOAHON SKOHOMUKH.

MexayHapogHO€ COTPYIHHUYECTBO B ra30BOM cpepe CTAaHOBUTCS HHCTPYMEHTOM
MO3UTUBHOM I€ONMOIUTUKH, CIOCOOCTBYS MHTETPAIIMHA PETMOHOB Yepe3 CTPOUTEIHCTBO
TpPaHCTPAHUYHBIX TPYOONPoBOAOB. KpymHbie sHEpreTHuecKue MPOEKThl, TaAKUE KaK
TAIIY, co3maror oOmue 3KOHOMHYECKHE HHTEPECHl MEXKIY CTpaHaMH, BBICTyIas
CAEPKUBAIOIIUM (HaKTOPOM JJIs MOIUTUYECKUX KOHPIUKTOB. OOMEH TEXHOJIOTUIMH U
COBMECTHBIC MHBECTHUIIMH B Ta30BYI0 MH(MPACTPYKTYPY YKPEIUISIOT JOBEpUE MEXIY
rocydapcTBaMH M CIIOCOOCTBYIOT BBIpaBHHUBAaHUIO YpOBHEW pasBuTws. [azoBas
IUIJIOMATHsl HampaBlieHa Ha CO3JaHUE CIPABEIJIMBOM CHUCTEMBI pacHpe/eTCHUs
PECYPCOB, TIe JOCTYI K DHEPTUU ABISAETCS 0a30BBIM IMPABOM Ka)JI0ro Hapoaa. ITo
MMOAYEPKMUBAET T'YMAHUTAPHYI0O MHUCCHIO OTPAacid B KOHTEKCTE JOCTHIKCHUS LEJIEH
yctoiunBoro pazsutusi OOH.

[Hudbposuzamnus HePTETa30BOrO CEKTOPA MO3BOISET ONTUMHUZUPOBATH MPOIIECCHI
N00BIYH, TPAHCTIOPTUPOBKHU U PACTIPEACIICHHS Ta3a, MUHUMHU3UPYS TOTEPU U yTEUKU
MeTaHa. BHenpeHne HHTeIeKTyalbHbIX CUCTEM YIIPABICHUS U AaT4YUKOB MIHTEpHEeTa
BeIlleW JiejaeT ra3oByl0 HH(pacTpykTypy Oojee Mpo3pauHOd U 3KOJIOTHYHOM.

CoBpeMeHHbIE aHATUTUYECKUE IIATPOPMBbI MOMOTAIOT MPOTHO3UPOBATH CIPOC U
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ah(PeKTUBHO pacmpenenaTh MOTOKA PECypcoB B peanbHOM BpeMeHU. CHukeHue
WHTEHCUBHOCTH BBIOPOCOB METaHa B TIPOIecCe MOOBIYU SIBISICTCS KPUTHYCCKU
BAXHBIM  YCJIOBHEM JUISI COXPAaHEGHHMs] CTaryca Ta3a KaK JKOJIOTHYECKU
MpEeANOYTUTENLHOr0 ToruBa. L{udgpoBoil KOHTPOIL Hall BCEH IEMOYKOM CO3TaHUs
CTOMMOCTH Ta3a TOATBEPKIAeT OTBETCTBEHHOCTh OTpaciM Iepen  OymyIuMu
MTOKOJICHUSIMHU.

[lepeBon TpaHCHOpTa HA KOMIIPUMHUPOBAHHBIA M COKMIKCHHBIM MPUPOIHBINA Ta3
sBisgeTcss 3(PQGEKTUBHBIM CIIOCOOOM YIy4IIEHUs KadecTBa BO3JyXa B KPYITHBIX
roponax. I'py3oBble TIepeBO3KH M OOIIECTBEHHBINA TPAHCIOPT, paboTarone Ha rase,
BBIJICIISIFOT HA TIOPSJIOK MEHBIIIE BPEIHBIX BEIIECTB U TBEPbIX YACTHI] IO CPABHCHHIO
C IU3eIbHBIMU aHaJOraMHu. JTO CIOCOOCTBYET CHIIKEHHUIO YPOBHS 3a00J€BAEMOCTH
HACEJICHUS W YIYYIICHUIO DKOJIOTHYCCKOM OOCTaHOBKM B ypOaHWU3UPOBAHHBIX
paiioHax. ['a30MOTOpHOE TOIUTMBO TaKKe SABJISETCS 00JEe SKOHOMHUYHBIM BapUAHTOM,
CHW)Xasi TPAHCIOPTHBIE H3JIEPKKU JUIsi Ou3Heca W rocymapcTBa. PasButue cetu
ra30BbIX 3aMPABOYHBIX CTAHIIMI SIBISIETCS BaXXHBIM IIATrOM B peajn3alliid CTpaTeruu
«YUCTOTO TPAHCIIOPTA» B PaMKax SHEPreTHUECKOTo Nepexoa.

[IpOMBINIJIEHHBIT ~ CEKTOpP, OCOOEHHO  METAIYPrusi H  XUMHUYECKOe
IIPOU3BOACTBO, KPUTUUECKU 3aBUCUT OT MPUPOJHOTO T'a3a KaK OT ChIPbS M UCTOYHUKA
BBICOKOTEMIIEPATypHOTrO Teruia. JIisi MHOTMX TEXHOJIOTHYECKUX TMPOIECCOB Ha
CETONHSIIHUMA JeHb HE CyIIeCTBYeT 3(P(MEKTHUBHBIX JIEKTPUUECKUX aJbTEPHATHUB,
CIIOCOOHBIX 00€CTeunTh HEOOXONMMYI0 MOITHOCTh. [IpUpOomHBIA Tra3 MO3BOJSET
MPOMBIIJIEHHOCTH  COXPAHITh KOHKYPEHTOCIOCOOHOCTh, TIOCTETICHHO BHEAPSS
METOJIbI TIOBBIICHHST dHeprodddextuBHOCTH. ['a3oxmmus co3maer 0Oazy s
MPOU3BOJICTBA COBPEMEHHBIX MAaTEpPHaOB, HEOOXOAMMBIX B TOM YHCIE IS
KOMITOHEHTOB BO30OHOBIISIEMOW SHEPTETHKU. DTO MOTYEPKUBACT HEPA3PHIBHYIO CBS3b
MEXIY TPaJWIMOHHBIM Ta30BBIM CEKTOPOM W WHHOBAIIMOHHBIM DPAa3BUTHEM BCEH
MHPOBOU IKOHOMHUKH.

CoruanbHBIA aCIIEKT SHEPTETUUECKOTO Mepexo/ia MoApa3yMeBaeT 00eCIeUeHHEe
J0CTyna K HEAOPOTOM M YUCTOW SHEPTHH JUIsl HACEJICHUS PA3BUBAIONIUXCS CTPaH.

[TpuponHsblil ra3 MoO3BOJISIET 3aMEHUTH MCIOIB30BaHHE OMOMACCHI U YIJIsi B OBITOBBIX
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LETISAX, YTO PAJAUKAIbHO YAYYIIAET YCIOBUS )XKU3HU MIJUTMOHOB Jitofiel. ["azudukanus
PETHOHOB CMOCOOCTBYET pa3BUTHUIO Majoro OW3HECa U TOBBIIICHUIO YPOBHS
o0pa3oBaHUs 3a CUET HAJIE)KHOTO OCBEIIeHUsI U oToruieHus. Huzkas ctoumMocTh rasa
[0 CPABHEHUIO C JPYTUMU HUCTOYHUKAMH SHEPIUU JIEJIA€T MEPEXo] K COBPEMEHHBIM
CTaHJapTaM >KU3HU OoJjiee JOCTYNHBIM [Jisi O€AHBIX CJoeB HaceneHus. [‘azoBas
oTpacilb, TAKUM 00Pa30M, BBIMOIHSIET BAXKHYIO COIMATIBHYIO (DYHKIIMIO, CIOCOOCTBYS
COKpAILIEHUIO HEPABEHCTBA U YKOHOMHUYECKOMY POCTY.

Pa3Butrie B030OHOBIIEMOr0 MPUPOIHOTO Ta3za (OMOMETaHa), MOJy4aeMoro u3
OpraHUYECKUX OTXOJIOB, IMO3BOJIIET WHTETPUPOBATh Ta30BYyI0 HHQPPACTPYKTYpy B
SKOHOMUKY 3aMKHYTOTO IIMKJIa. BHOMETaH MOJIHOCTHIO COBMECTUM C CYIIECTBYIOIIUMU
CeTSMH U PUOOpaMH, YTO MCKIIOUAET HEOOXOAMMOCTh B JOPOTOCTOSIICH Mepeenke
CUCTeM MOoTpeOsieHUsI. DTO MPEeBpaIlaeT ra30pacipeieTUTeIbHbIE CETH B UHCTPYMEHT
YTUJIU3allUM OTXOJIOB W TMPOM3BOACTBA YITIEPOJHO-HEUTpalbHOU 3Hepruu. Taxoi
MOJXO0A  JAEMOHCTPUPYET THOKOCTh Ta30BOM OTpacid W €€ CIOCOOHOCTh
aJanTUPOBAThCs K TPEOOBaHUSAM MHMPKYISIPHOM SKOHOMHKH. Vcmosp3oBaHue
OuMoMeTaHa YyCWJIMBAET POJb Taza KaK JIOJITOCPOYHOTO U DKOJOTHYECKH YHUCTOrO
KOMITOHEHTa YHEpreThueckoro 6amaHca.

NHBecTUIIMOHHAST MNPUBICKATEILHOCTh Ta30BbIX IPOEKTOB COXPaHSIETCA
Omarojmapsi WX BBICOKOW PEHTA0CTbHOCTH M CTPATeTUYECKON 3HAYMMOCTH JUIS
SHEpreTHUecKor Oe3onacHocTH. Bemymue wMupoBble (HUHAHCOBBIE WHCTUTYTHI
MPU3HAIOT POJb ra3a KaKk HEOOXOAMMOTO IIePEXOJHOTO TOIUIMBA, ITOMICPKUBAS
MpoeKThI 0 cTpouTeNbcTBY CIII'-3aBOOB U TEpMHUHAIIOB. DTO 00ECTIEUMBAET MPUTOK
KalMTajga B OTpacib, HEOOXOMUMBIMA JUISI TEXHOJOTHMYECKOTO OOHOBJICHUS U
peanu3aiuy SK0JIOTUYECKUX TporpaMM. Jorocpodynbie KOHTPAKThI HA TOCTaBKY ras3a
CO3/1aI0T OCHOBY JIJISI CTAOMJIBHOTO TNIAHWPOBAHUS PA3BUTHS SHEPTECTUICCKUX CUCTEM
Ha jAecaTuieTvs Brnepea. MHBECTOpHI BUAAT B Ta3e HAJECKHBIM aKTHUB, CIIOCOOHBIN
00eCTICUHTh JTOXOJHOCTh B YCIOBHUSAX BOJIATHIIBHOCTH JIPYTHX PHIHKOB.

Hayunbie uccnemoBanusi B 00JaCTH METAaHOXHMHHU OTKPBIBAIOT BO3MOKHOCTH
JUIS. CO3MaHUS HOBBIX BHIOB DJKOJOTHYECKH UYHUCTBIX MPOAYKTOB M yIOOpEHUH.

HMcnonp30BaHue raza B KaYeCTBE XUMHUYIECKOTO CBhIPbs IIO3BOJIAACT MUHUMU3UPOBATH €TI0
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NpsIMOE C)KUTaHHWE, MpeBpallias e€ro B IEHHbIE MaTepuajbl C BHICOKOW J100aBICHHOU
CTOMMOCTBIO. OJTO  CIOCOOCTBYET MEpeXoqy K MOIEIU  PalMOHAIBHOTO
NPUPONONOIB30BAHMS, TIN€ KaKIbIM KyOOMETp pecypca HCHONIb3yeTcs ¢
MaKcUMaJIbHON 3¢ dexTuBHOCTRI0. HOBBIE KaTanm3aTtopbl W METOIbI MepepadoTKH
MO3BOJISIIOT CHU3UTH YHEPrOEMKOCTh XMMHUYECKHX MPOU3BOACTB. MHHOBAIIMOHHBIN
IIOTEHIIMAJl Ta30BOM OTPAaciad SBIAETCA JABIKYLIEH CHJIOM Ul pa3sBUTHUA
(dyHIaMEHTaJIbHOM U MPUKIIAIHON HAyKU BO BCEM MUPE.

PernonanbHble  OCOOGHHOCTM  JHEPreTUYECKOTO  mepexoda  AUKTYIOT
HEO0OXOMMOCTh MHIMBUIYAJIbHOIO MOJX0/1a K MCIOJb30BAHUIO MPUPOIHOIO Ta3a B
Kaxa0u crpaHe. [ns cTpan ¢ OoraTbiMM 3amacaMy YIJIEBOAOPOJOB Ta3 SBISIETCS
(GyHIaMEHTOM /Jii BHYTPEHHEW WHIyCTpHUANIM3allMM W SKCIOPTHOW BBIpYUKH. [[is
CTPAaH-UMIIOPTEPOB — 3TO CIOCO0 00eCreYnTh IHEPreTUYECKYI0 HE3aBUCUMOCTD
yepe3 JauBepcU(UKAIMI0 HCTOYHUKOB TOCTaBOK. [lo3uTHBHas reomoiauTHKa
TypkMeHucraHa W Jpyrux Tra3of00bIBAalOIMX CTpaH HaIpaBieHa Ha CO3/1aHue
cOaJlaHCUPOBAaHHOW CHUCTEMBbI, YUYMTBHIBAIOLIEH HMHTEpEChl BCEX YYaCTHUKOB pBHIHKA.
VY4er noKaJbHBIX YCIOBUH MO3BOJISET CEIaTh Mpoliecc Mo0aIbHOro nepexoaa obonee
IUTaBHBIM U MEHEee OOJIE3HEHHBIM JJI1 SKOHOMUK.

3akiro4enue

B 3akitoueHue cieyeT OTMETUTD, YTO IPUPOAHBIHN ra3 sSBISETCS HE3aMEHUMbIM
MHCTPYMEHTOM JOCTHXKEHMsI LieJe Io0aibHOro 3HepreTuueckoro nepexoga. Ero
pOJIb  KaK «TOIUIMBA-MOCTa» OOECIeYMBaeT HEOOXOMUMBINH OajaHC MEXIy
HKOJIOTMYECKUMHU TPEOOBAHUSIMH U MOTPEOHOCTIMU MUPOBON 3KOHOMHUKU B SHEPTUHU.
Hu3zkuii ypoBeHb BBIOPOCOB, BBICOKAasi MAHEBPEHHOCTh B I'€HEPALIMM U BO3MOXKHOCTH
MHTETpallud C BOAOPOAHBIMU TEXHOJOTHSAMHU JI€lal0T Ta3 pecypcoM OymyIiero.
["apaHTupys 3HEPreTHYECKyro 0€30MacHOCTh, OTPACIb CO3AAET YCIOBUS ISl MUPHOTO
U CTaOWIBHOIO pa3BUTUS uyesoBeuecTBa. lIpupomHelii ra3 — 3TO HE HPOCTO

MCKOIIAeMO€ TOIIJIUBO, & HA/ICIKHBIH ITyTh K YUCTOMY U 0€30TTaCHOMY SHEPTETUUYECKOMY

Oynymiemy.

255



Cnucok auTepaTyphl:

l.

Bacunbes, A. I1. Benukue npasurtenu Boctoka: Otrka u Bnacte. — Mocksa:

Hayxka, 2026. — 215 c.

. Coxonos, B. I'. I'mo6anbHbIi HedTErazoBblil ppIHOK: BBI30BBI 1 BO3MOKHOCTH

2030. — Mocksa: Dueprus, 2025. — 312 c.

. IlaBmoBa, E. H. l'azoBasg numiomaruss B YCIOBHUSAX JHEPreTUYECKOTO

nepexona. — Kazanbe: KOY, 2026. — 198 c.

. Mopozos, JI. W. Texnonmoruum Jg00bIYM TPYJHOMU3BIEKAEMbIX 3aMacoB

yrieBonopoaoB. — Cankr-IletepOypr: Henpa, 2024. — 275 c.

. ®enopos, M. C. Hudposas tpanchopmanus HeprerazoBoro komriekca: MU

u aBromaruzanusa. — HoBocubupck: CO PAH, 2025. — 240 c.

256



Caenenus 00 aBrope(-ax): Hallyyeva M.M., teacher,
The State Energy Institute of Turkmenistan

Mary, Turkmenistan

«GLOBAL ENERGY TRANSITION: THE INTEGRATION OF RENEWABLE
RESOURCES AND TRADITIONAL HYDROCARBONS FOR SUSTAINABLE
DEVELOPMENT»

Abstract: The introduction to the study of the global energy transition
emphasizes the critical shift toward a balanced and sustainable energy architecture that
harmonizes traditional and modern resources. In the twenty-first century, the world
faces the dual challenge of meeting a growing demand for power while simultaneously
reducing the carbon footprint of industrial activities. This transition is not an overnight
replacement of fossil fuels but a sophisticated integration where traditional
hydrocarbons act as a stabilizing foundation for expanding renewable portfolios.
Turkmenistan, possessing vast natural gas reserves, occupies a strategic position in this
evolution by providing "bridge fuels" that facilitate a cleaner energy trajectory.
Understanding this integration is essential for ensuring that global economic
development remains both environmentally responsible and energy-secure for future
generations.

Key words:

energy transition, sustainable development, hydrocarbons, renewable energy,
natural gas, bridge fuel, smart grids, energy security, energy diplomacy, climate
change.

The concept of a "bridge fuel™ is central to the global energy transition, as natural
gas offers a significantly lower emission profile compared to coal or oil. By substituting
carbon-intensive fuels with gas, nations can achieve immediate reductions in
greenhouse gas emissions while building the infrastructure for long-term renewable

integration. This strategy provides a pragmatic pathway for developing economies to
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industrialize without compromising their environmental commitments under
international climate agreements. Natural gas power plants also offer the necessary
flexibility to compensate for the intermittent nature of solar and wind power, ensuring
a steady supply of electricity. Thus, traditional hydrocarbons are not the antithesis of
the green movement but a necessary technological partner in its successful
Implementation.

Renewable energy resources, including solar, wind, and hydroelectric power, are
experiencing unprecedented growth as technological costs continue to plummet
globally. The integration of these intermittent sources into existing grids requires the
development of advanced energy storage systems and smart management technologies.
By diversifying the energy mix, countries reduce their vulnerability to price volatility
in the global commaodity markets and enhance their national energy independence. This
shift also stimulates innovation in the manufacturing and service sectors, creating
millions of "green jobs™ and driving the next wave of industrial modernization. The
transition to renewables is a cornerstone of the United Nations Sustainable
Development Goals, aiming to provide affordable and clean energy for all people.

Sustainable development in the energy sector implies a commitment to
minimizing ecological impact throughout the entire lifecycle of resource extraction and
utilization. Modern energy strategies incorporate carbon capture, utilization, and
storage (CCUS) technologies to mitigate the environmental footprint of traditional
hydrocarbon operations. By capturing carbon dioxide at the source and sequestering it
underground, the industry can continue to provide essential energy while moving
toward "net-zero" targets. This technological synergy allows for the continued use of
existing infrastructure while aligning with global climate objectives. Investing in
research and development for cleaner extraction methods is a key priority for nations
seeking to balance economic growth with environmental stewardship.

The digital transformation of the energy sector through the implementation of
smart grids and artificial intelligence is a vital component of the energy transition.
These technologies allow for the real-time monitoring and optimization of energy

flows, reducing waste and improving the efficiency of both traditional and renewable
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systems. Smart grids facilitate the two-way exchange of electricity and information,
allowing consumers to become active participants in the energy market through rooftop
solar and home batteries. Al-driven analytics can predict demand patterns and weather
conditions, allowing operators to balance the grid with surgical precision. This digital
layer of the energy architecture ensures that the integration of diverse resources is
seamless, reliable, and cost-effective.

Energy diplomacy plays a crucial role in the global transition by fostering
international cooperation on the development of transnational infrastructure and shared
technical standards. Turkmenistan’s "Open Door" policy and its status of permanent
neutrality provide a unique platform for negotiating complex energy agreements that
benefit both producers and consumers. By advocating for the security of energy transit,
the state helps to create a predictable and stable environment for long-term investments
in clean technology. This diplomatic engagement ensures that the benefits of the energy
transition are distributed equitably across borders, preventing energy poverty and
regional instability. Collaborative efforts in energy research and technology transfer
are essential for accelerating the global shift toward a sustainable future.

The economic foundations of the energy transition rely on the mobilization of
massive amounts of capital for both infrastructure and technological innovation.
Financial institutions are increasingly prioritizing environmental, social, and
governance (ESG) criteria when allocating funds to energy projects. This shift in the
investment landscape encourages traditional energy companies to diversify their
portfolios and adopt more sustainable business models. Carbon pricing mechanisms
and government subsidies for green technology are also playing a significant role in
tilting the economic scales toward low-carbon solutions. A transparent and stable
regulatory environment is necessary to attract the private sector investment needed to
scale up renewable projects globally. Economic resilience in the energy sector is built
on a foundation of diversity, innovation, and long-term planning.

Hydrogen energy is emerging as a "missing link" in the energy transition,
offering a versatile solution for decarbonizing heavy industry and long-distance

transport. "Blue hydrogen,” produced from natural gas combined with carbon capture,
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provides a scalable near-term solution for building a hydrogen economy. As the cost
of electrolyzers and renewable power decreases, "green hydrogen" produced from
water will become increasingly competitive. The existing natural gas pipeline
infrastructure can potentially be repurposed or blended with hydrogen to facilitate its
distribution to end-users. This evolution demonstrates how the legacy of the
hydrocarbon era can provide the physical and technical infrastructure for the fuel of
the future. The development of a global hydrogen market is a key frontier for
international energy cooperation.

Energy security remains a top priority for all nations throughout the transition
period, necessitating a careful balance between different types of resources. Over-
reliance on any single energy source, whether traditional or renewable, can create
vulnerabilities to supply chain disruptions or weather-related events. A diversified
energy portfolio that includes gas, solar, wind, and storage provides a robust defense
against geopolitical and environmental shocks. The transition must be managed to
ensure that energy remains affordable and accessible to all segments of society,
avoiding the social unrest that can result from rapid price increases. Strategic reserves
and redundant infrastructure are essential components of a secure and resilient energy
system during this period of change.

Conclusion

In conclusion, the global energy transition is a complex but necessary journey
toward a sustainable and secure future for all. The integration of renewable resources
and traditional hydrocarbons offers a pragmatic and effective pathway for achieving
long-term climate goals while maintaining economic stability. By embracing
innovation, diplomacy, and digital transformation, the world can build an energy
system that is both resilient and environmentally responsible. Turkmenistan remains a
steadfast partner in this global effort, contributing its natural wealth and diplomatic
expertise to the cause of peace and prosperity. The success of the energy transition
depends on our collective ability to balance the needs of the present with the

requirements of the future.

260



References

. Brown, L. Neutrality as a Factor of Global Security. — New York:
International Relations Publishing, 2025. — 210 p.

. Smith, J. Geopolitics of Central Asia: The Turkmen Model. — London:
Academic Press, 2026. — 150 p.

. Peterson, R. Strategic Stability in Modern Eurasia. — Toronto: Global Insight,
2024. — 305 p.

. Miller, A. Diplomacy and Peacebuilding in the 21st Century. — Cambridge:
University Press, 2026. — 180 p.

. Johnson, K. Independent Nations and International Law. — Sydney: Policy

Forum, 2025. — 245 p.

261



Caenenus 00 aBrope(-ax): Yexaesa M., npenooasamerns,
Paxmanosa I, Jlospanos /1., Xooxcazynvies b., cmyoenm,
T'ocyoapcmeennvtii snepeemuueckuti uncmumym TyprxmeHucmana

2. Mapwi, Typxmenucman

«CITIOCOBBI ITOBBINEHUSA KIII KOTEJABHOI'O AT'PET'ATA»

Annoranus: [Toseimenue xkoddduimenta nonesHoro aevcteus (KIIJ) kotenbHOrO
arperara  SIBIISIETCS  KJIIOUEBOM  3aJau€l  COBPEMEHHOM  TEIJIOPHEPreTUKH,
HaIPaBJICHHON HA pallMOHAJIBLHOE UCIIOJIb30BAHUE TOTUIMBHBIX PECYPCOB U CHUKEHUE
cebecTouMOCTH BhIpabaTbiBaeMol SHepruu. IH(PEKTUBHOCTh KOTIA OIMpPEACIISIeTCS
TEeM, Kakas 4acTh TMOTCHIIMAJIbHOW SHEPruU TOIUIMBA TpeoOpasyercs B TOJE3HYIO
TEIUIOTY Mapa Win ropsadeit Bojibl. C poCTOM I1€H Ha YHEPTOHOCUTENHU U Y)KECTOUECHUEM
AKOJIOTMYECKUX HOPM Jake He3HaunTenbHoe yBennuenue KII1/1 Ha onuH-1Ba mporeHTa
JaeT KOJOCCAJIbHBIA HJKOHOMHUYECKUH dPdekr B mMacmTadax MNPOMBIIUIEHHOTO
npennpusaTus. KoMmrmiekcHbI  MOIXoA K ONTUMHU3AIMKM  BKIIOYaeT B cebsd
COBEPIICHCTBOBAHHE  IPOLIECCOB  TOPEHUS, MOAEPHU3ALMIO  ITOBEPXHOCTEMU
TEIUI0O0OMEHA U BHEJIPEHUE CUCTEM IIIYOOKOH YTUIIM3allUK TeTjia yXOASIINX Ta30B.
Kiarwuesbie ciaoBa: Korén, DddextuBHOCTh, DHeprus, TormmmBo, DKOHOMaii3ep,
I'openue, ABromaru3zanusi, Ontumusaiusi, MomHocTs, IHHOBaLIMH.

OcHOBHBIM (paKTOPOM, CHIDKAIOMUM 3(PGHEKTUBHOCTH KOTIIA, SBISIOTCS MOTEPU
TEIJIOTHI C YXOJAIIUMH razaMU, KOTOPbIE MOTYT COCTaBJISITh 3HAUUTEIBHYIO JIOIIO B
o01mreM TeroBoM Oanance. CHIDKEHHE TeMIIEpaTyphl MPOAYKTOB CTOPaHUs Ha BBIXOJIE
nu3 arperara HamnpsMyr BegerT K pocty KIIJ[, ogHako OHO OrpaHMYEHO PUCKOM
BO3HUKHOBEHUSI  HU3KOTEMIEPATYpHOHM  KOPpPO3MM  TOBEPXHOCTEH  Harpena.
Hcnonp3oBanre S3KOHOMaW3€pOB U BO3AYXOIOIOrPEBATENEN TO3BOJISIET MAKCUMAJIBHO
MOJIHO OTOOPATh TEIJIOTY T'a30B JJIsl MPEIBAPUTEIILHOTO HArpeBa MUTATENIHHOM BOJIBI U
IyTheBOro Bo3ayxa. ONTUMaIbHOE MPOECKTUPOBAHUE XBOCTOBBIX MOBEPXHOCTEH
HarpeBa oOecrneunBaeT 3QPEKTUBHYIO TEIIONEepeiady IPU COXPAHEHUU HAICKHOCTH

paboThl 000pYAO0BaHUS B TEUCHUE JIIUTEIHHOTO CPOKA IKCILTyaTallUH.
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CoBepI1eHCTBOBaHUE MPOLECCA CKUTAHUS TOIUIMBA TPEOYyEeT TOYHOTO KOHTPOJIS
koa(pduirenTa u30bITKAa BO3AyXa ISl OOECHEYeHUs MOJHOThl XUMHUYECKOIO U
MEXaHUYECKOro  cropanus. M30bITOUHOE  KONMYECTBO  BO3JyXa BEIET K
HEONPaBJIaHHOMY YBEJIUYEHUIO 00bEMa YXOSIIHNX ra30B U POCTY TEIUIOBBIX NOTEPH, B
TO BpeMsl KaK €ro HEXBaTKa BBI3bIBAET HEIMOJHOE CrOpaHue U 0Opa30BaHUE CaXH.
BHenpenne aBTOMAaTU3UMPOBAHHBIX CHCTEM YNPABICHUS TOpPEIKAMU C AaTYMKAMHU
KHCJIOPOJIa M OKCHJAA YyIJepoJa B JAbIMOBBIX Ta3ax I03BOJIAET MOAAEPKUBATH
ONTUMAJbHBI PEXUM TOPEHHUs B pealbHOM BpeMeHH. COBpEMEHHBIE T'OpPEJIOYHbIE
YCTPOICTBA C peryiupyemMoi reomerpueit (hakena odecrneynBaroT CTaOUIbLHOE TIams
Y MUHUMAaJbHbIE BEIOPOCHI BPEJIHBIX BEILIECTB MPU BHICOKOM TEILJIOBOM HArpys3Ke.

MuHMMU3aMS TOTEPh OT XUMUUYECKON U MEXaHUYECKON HEMOJIHOTHI CTOPaHUs
O0COOEHHO aKTyajbHa JJisi KOTJIOB, paOOTAIOUIMX HA TBEPJIOM TOILJIMBE WU Mas3yTe.
Hcnonb3oBaHue TEXHOJIOTHI TOHKOTO IMOMOJIA YISl U CUCTEM TypOyJIM3aluu MOTOKA
B TOIMOYHOM TIPOCTPAHCTBE CIOCOOCTBYET OOJee TMOTHOMY BBITOPAHUIO YaCTHIL
TOIUIMBA. PerynsipHas O4HMCTKAa MOBEPXHOCTEH HAarpeBa OT 30JIOBBIX OTJIOKEHUH H
HAKUITA BOCCTAHABIMBAET KOA(PPUIIMEHT TEIIonepeau U MPeJoTBPAIAET Meperpen
metaiia TpyO. [IpumeHeHne 0O0AyBOYHBIX alapaToB U CUCTEM YJIbTPa3BYKOBOM
OYMCTKH  TIO3BOJISIET  MOJJEPXKUBATh  YHCTOTy  KOTIa  0€3  OCTaHOBKH
IIPOM3BOJICTBEHHOIO MPOIIECcCa, COXPaHss pacyeTHbIC MmoKa3aTenu 3QPEeKTUBHOCTH.

CHIKeHre moTephb TEIUIOTHI Yepe3 OOMYpPOBKY M BHEITHUE OTPaKICHUS KOTJIA
JOCTUTAETCS 3@ CUET NPUMEHEHUSI COBPEMEHHBIX TEILNIOU30JISIHUOHHBIX MAaTEPUATIOB C
HU3KUM KO3 PuumeHTom TemnonpoBogHocTd. KauecTBeHHast M30LMs HE TOJIBKO
noBeimaet KITJ[ arperara, Ho u o6ecnieunBaeT 6e30macHbIe yCIOBUA TPyAa IIepcoHana,
MOAJEPKUBAsT TEMIIEPATYPY HAPYKHBIX IOBEPXHOCTEM HA HOPMATUBHOM YpPOBHE.
PerynspHbiii TEMJIOBU3UOHHBIM KOHTPOJb COCTOSTHUS (YTEPOBKH  IO3BOJISET
CBOEBPEMEHHO BBISABIATH 30HBI Pa3pyLICHUs W30JLSIMUM W IPUCOCHI XOJIOJHOTO
BO3JyXa B TONKY M Ta3oxoabl. [‘epMerwsamus ra3oBOrO TpakKTa MCKIKOYAET
HEOPraHU30BAHHBIE MOTOKU BO3/yXa, KOTOpPbIE HAPYLIAIOT a3pOJMHAMHUKY KOTJIAa U

CHIDKAIOT TEMIIEPATypy NPOAYKTOB CTOPAHUSL.
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Hcnonb3oBaHne KOHJICHCAMOHHBIX HKOHOMAW3€pOB SBIAECTCA OJHUM U3
HauOosiee MporpeccuBHBIX MeTOA0B TmoBbieHUs KIIJ[ ra3oBbIX KOTJIOB CBepx
paCUETHBIX 3HAYCHUN MO HUBIIEH TEIUIOTE CrOpaHUsA. JTU YCTPOWCTBA MO3BOJISIOT
HCIIOIb30BaTh CKPBITYIO TEIJIOTY MapooOpa3oBaHus BOJSIHBIX MapoOB, COAEPKAIIUXCS
B JIBIMOBBIX Ta3aX, MyTEM HX OXJAXJICHUS HUXKE TOYKU pOchl. KOHAEHCAIIMOHHBIE
TEXHOJOTUU  OCOOEHHO A(Q(EKTUBHBI B  CHUCTEMax  TEIUIOCHAOXKEHHUS  C
HU3KOTEMIIEpaTypPHBIM TrpaduKoOM, TJI€ BO3BpaTHas BOJa MMEET TEMIIEpaTypy HUKE
nsatugaecsTd rpaaycoB Llenbeus. ['myOokoe oxjaxaeHue ra3oB MO3BOJSET JTOCTUYD
pealbHOM 3KOHOMMH TOIUIMBA /10 JIECSATH-IIBEHAJIIIATH MPOIEHTOB MO CPaBHEHUIO C
TPaJAULIMOHHBIMU CXEMaMH.

ABTOMaTH3a1Ms IPOLIECCOB BOJAOMOATOTOBKHU U J€a’dpallvi MUTATEIbHON BOIBI
UCKIIIOYaeT O00pa30BaHME HAKUNW Ha BHYTPEHHHX TOBEPXHOCTSIX OJKPAHHBIX U
KUMSTWIBHBIX TpyO. ClOHW HaKuMU TOJIIMHOM BCETO B OJWH MHIJIUMETP MOXKET
cau3uTh KII/] KoTiia Ha nBa-TpU MPOLIEHTA U3-3a KpallHE HU3KOM TEIIONPOBOIHOCTH
coyeit »kectkocTu. Ilepexoa Ha COBpeMEHHbIE MEMOpPAHHBIE TEXHOJIOTHMH OYHMCTKHU
BOAbl M HCHOJb30BAaHWE WHTEIUIEKTYalIbHbIX CHUCTEM HEMPEPBIBHON MPOAYBKU
ONTUMU3HUPYIOT BOJHO-XMMHUYECKUN pEXUM arperara. UYWCTOTa BHYTPEHHHX
MIOBEPXHOCTEH TeIIoo0MeHa siBisieTcs (pyHIAaMEHTOM HaJIe)KHOW padoThl KOTJa Ha
BBICOKHMX TEIJIOBBIX HArpy3kax 0€3 CHIKEHUS MPOU3BOAUTEIBHOCTH.

IIpumenenune 4vacToTHO-peryiaupyembeix npuBogoB (YPII) Ha TIromyTbeBbIX
MalllMHaX — JABIMOCOCAaX U BEHTHISATOPAaX — CYIIECTBEHHO CHHXAET COOCTBEHHBIE
HYXIbl KOTEJIBbHOW YCTAHOBKH. PerynupoBaHue mnOpOU3BOAUTEIBHOCTH MalluH
M3MEHEHUEM YaCTOThI BPAIIEHUS] BMECTO IPOCCEIUPOBAHUS TTO3BOJISIET SKOHOMUTH J10
TPUALATH-TIATUACCATH  MPOLEHTOB  JJIEKTPOIHEPIMU  HAa  BCIOMOTATEIBHOE
obopynoBanue. CHIKEHHE TOTPEOJICHUSI TOKAa Ha COOCTBEHHBIC HYXKIBI KOCBEHHO
noBbiaer o6mmid KIIJ[ kKoTenbHOM YCTaHOBKHM MO OTIYCKY TEIJIOBOM JIHEPIHUH.
WNuTtennekTyanbHOEe yOpaBi€HUE MPUBOJAMHM OO€CHeuYMBAeT IUIABHBIM  MYCK
000pyI0BaHUS U YBEIUYUBAET pecypc pabOThl NOAIIMUITHUKOB U 3JIEKTPOABUTATEIICH.

OntuMu3zanusi a’poJAWHAMHMKM Ta30BO3AYIIHOIO TpaKTa HalpaBjieHa Ha

CHMKCHHUC THAPABINYCCKOI'O COIIPOTHUBICHUA KW IIPCAOTBPAIICHUC 06pa3OBaHI/I$I
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3aCTOMHBIX 30H. Mcronb30BaHHWE HANMPABISAIOMIMX JIONATOK WU MPOPUIMPOBAHUE
MMOBOPOTHBIX YYACTKOB ra30X0JI0B YMEHBIIIAIOT 3aTPAThl MOITHOCTH Ha MEPEMEIICHUE
JIBIMOBBIX Ta30B. PaBHOMEpHOE paclpe/ielieHue TEIUIOBBIX TOTOKOB MO OBEPXHOCTIM
HarpeBa MpeaoTBpaIlaeT JOKaJIbHbIE MEPEKOru TPyO U CIOCOOCTBYET CTAOMIIBHOM
HUpKyJIsiuuu  Bojabl. [lpaBuiibHasi opraHuzaius ABUKEHUS Ta30B o0OecreyrBaeT
MaKCUMaJIbHO€ BpeMs KOHTaKTa TMPOJAYKTOB CrOpaHus C TEIIOOOMEHHBIMU
MOBEPXHOCTSIMU, UTO YJIYUIIAET TEIJIOBOCIPUSITHE arperara.

Buenpenne cucteM mudppoBOro MOHUTOPHUHTA W TMPEIUKTUBHOW aHATUTUKU
MO3BOJISICT BBISIBISTH MayICHIMEe OTKJIOHEHUs B paboTe KOTJIa JI0 TOTO, KaK OHU
NPUBEAYT K CEPbE3HBIM MOTEPsAM. VICKYCCTBEHHBIM MHTEIJIEKT aHAIM3UPYET COTHU
napaMeTpOB — OT XUMHUYECKOT O COCTaBa TOTUIMBA JI0 TEMIIEPATYPhI NOAIIUITHUKOB —
U BBIJJa€T pPEKOMEHJAIMU 10 onTuMuzanuu pexuma. Cosmanue «uppoBOTO
JIBOMHHUKA» KOTJIa TOMOTAET MOJIEIIMPOBATh Pa3IMUHbIC CIIEHApUU PabOThI U HAXOIUTh
HaubOonee 3(¢eKTUBHBIE HACTPOWKMU MJIS pa3HbIX BHUIOB ToruiuBa. llocrosiHHas
oOpaTHasi CBSI3b MEX]y peaJbHBIMH JIaHHBIMU U MaTEeMaTHYE€CKOW MOJENbIO BEAET K
HEIMPEPHIBHOMY COBEPILICHCTBOBAHMIO HKCILTYaTallHOHHBIX NTOKA3aTENEH.

3akiirouenne

[Toseimenne KIIJ[ koTenbHOTO arperara — 3TO HENPEPBIBHBIA IPOLIECC
COBEPIIEHCTBOBAHUS TEXHOJOTUH W KYJIbTYpbl SKCIUTyaTallud O0O0O0pYyIOBaHUS.
Coueranne TrayOOKOM yTUIM3AIMK TeIJia, TOYHOTO YIPABJICHHS TOPEHHEM U
u(pOBU3ALMK  YIIPABICHUS OTKPBIBAET MYTh K CO3JaHUIO0 CBEPXd(PHEKTHUBHBIX
HHEProycTaHoBOK. OTBETCTBEHHOE OTHOIICHHE K JHEPromOTPEOICHUI0 CEroHS
3aKJIaJbIBA€T OCHOBY JUIsl YCTOMYHMBOTO Pa3BUTUS M HKOJOTMYECKON 0OE€30MacCHOCTH
3aBTpa. [IOCTOSIHHBIN MOUCK MHHOBAILIMOHHBIX PEIIEHUM U UX TPAMOTHOE BHEAPEHUE
OCTAIOTCS 3aJI0TOM yCIEXa B COBPEMEHHON MUPOBOU SHEPTETHUKE.
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2. Mapwi, Typkmenucman

«PABPABOTKA TEXHOJIOTTYECKOM IOCJEJTOBATEJIBHOCTH
W3TOTOBJEHUA EMKOCTEM PA3JIMYHBIX OFbEMOB»

AnHoTanus: Pa3paboTka TEXHOJOTMYECKOW TOCIENOBATEIbHOCTH HW3TOTOBICHUS
E€MKOCTEH SIBIISIETCS KOMIUIEKCHOW HWHXXEHEPHOW 3ajaueild, TpeOyrolel nyOboKoro
aHaji3a KOHCTPYKIIMOHHBIX MaTepHajoB W METOJAOB UX 00padoTku. B ycioBusax
COBPEMEHHOTO TIPOU3BOJICTBA CO3JIaHHE PE3EPBYapOB Pa3IUYHBIX OOBEMOB — OT
MaJIbIX OBITOBBIX OAKOB JI0 TUTAHTCKUX MPOMBIITICHHBIX XPaHUJIUII — OMUPACTCS HA
NPUHIIMITBl aBTOMATH3allMd U TOYHOCTH. D(P(GEKTUBHBIA TEXHOJIOTHYECKUN TpOoLece
JIOJHKEH 00eCIIeYrBaTh HE TOJIBKO 3aJaHHYI0 TePMETUYHOCTh U MPOYHOCTD U3/IEIUs, HO
U ONTUMAJIBHBIA pacxol wmarepuasioB. lIpoekTupoBaHuEe MOCIEI0BATEIBHOCTH
omnepanuii Mo3BoJasieT MUHUMU3UPOBATh TPOU3BOICTBEHHBIE PUCKU U TapaHTUPOBATH
COOTBETCTBUE MPOIYKIIMN MEXKIYHAPOIHBIM CTaHAapTaM 0€30MaCHOCTH M KauyecTBa.
Kurouesble cioBa: EMkoctu, Texnonorus, [TocnenoBarensnocts, CBapka, KoHTpoIb,
Marepuausl, [IponsBoactso, PezepByapsl, Mcnbiranus, Kayectso.

Havanpupiéi 3Tam pa3paboTku BKIIOYAaeT B CeOsl TIIATENBHYIO TOJITOTOBKY
KOHCTPYKTOPCKOW JOKYMEHTAIlMM W BHIOOp ONTHMAJIbHONW MapKud MmaTepuaia B
3aBUCUMOCTH OT HA3HAYEHUs €MKOCTH. /[ MUIIEBBIX U XMMHUYECKUX IPOU3BOJICTB
MIPUOPUTETOM  SIBIISIETCS.  MCIIOJIB30BAHUME KOPPO3MOHHOCTOMKHX CIUIABOB WM
CIIELIMATM3UPOBAHHBIX MOJUMEPOB. [IpoBeIeHNE MPOYHOCTHBIX PACYETOB MO3BOJISAET
ONpeIeNIUTh HEOOXOAUMYIO TOJIIUHY CTEHOK U JHUIIA JJIsl BbIACP)KUBAHUS J1aBICHUS
paboueit cpenpl. Ha aTom stame popmupyercs nundposas Moaenb U3nenus, KOTopas
CIY’)KMT OCHOBOW JJIsi MPOTPAMMHPOBAHUS CTAHKOB C YHCJIOBBIM MPOrPaMMHBIM
ynpasienuem (UITY). TouHoe miuaHupoBaHUE HA MPEUU3UOHHOM YPOBHE UCKITIOYAET

OIMOKYU NP MOCJIEAYIOIIEH pacKkpoiike U cOOpPKE 3arOTOBOK.
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[Iporecc packposi JUCTOBOTO MaTepuaia OCYIIECTBISIETCS C MPUMEHEHHEM
TE€XHOJIOTU JIa3epHOM, MIa3MEHHON WM THIP0aOpa3uBHON PE3KU ISl JOCTUXKEHUS
MaKCHMaJbHOH TOYHOCTH KPOMOK. ABTOMATH3UPOBAHHBIE CHUCTEMBI PAacKpOs
MO3BOJISIOT ONITUMAIBHO PACTIONOXKHUTH AETATHN Ha JIMCTE, CYIIECTBEHHO CHIKAs 00beM
HEUCTIOIB3YyEMbIX OCTaTKOB. llomydeHHBIE 3arOTOBKM IMOJABEPraroTCs 00sS3aTeIbHON
MapKUpOBKE Ui OOECIeYeHHsI TMPOCICKUBAEMOCTH KaXKJIOW JeTald B XOJe
JaJbHEHIIIET0 TPOU3BOACTBEHHOrO MHKiIa. KadecTBO pe3a HampsiMyr0 BIUSET Ha
MOCJIEIYIONIYI0 CBApMBAEMOCTh JAeTaleil U 00IIyI0 repMEeTUYHOCTh pe3epByapa. [locne
pPEe3KH KPOMKH 3arOTOBOK MOTYT NMPOXOJUTH MEXaHHYECKYI0 0O0pabOTKy — CHSTHE
¢acok Mo cBapKy B COOTBETCTBHH C TPEOOBAHUSIMH TEXHOJIOTUIECKON KapTHI.

dopmoobpa3zoBaHre 00€YaeK M JHHIN €MKOCTEH MPOU3BOJUTCS HAa MOIHBIX
JUCTOTMOOYHBIX BAIbI[AX WM TPECCOBOM OOOpymOBaHHWH. [l MUIMHAPUYIECKHX
KOPITYCOB MTPUMEHSETCS BaJbIIOBKA, 0OeCIIeunBaroIias 3aJaHHbIN PaJinyC KPUBH3HBI C
BBICOKOH CTENEHBIO ITOBTOPSEMOCTH. MI3roTOBICHHE IUTHIITUYSCKUX WITH KOHUYIECKHIX
THUIL TpeOyeT HMCIOIh30BaHMS CIICIHUATH3UPOBAHHBIX (IAHKHPOBOYHBIX CTaHKOB
WIA METOJIOB TIIYOOKOH BBHITSDKKH. TOYHOCTP TEOMETpUM Ha JIaHHOM JTare
KPUTHYECKU Ba)KHA JIJISi KAYeCTBEHHOW CTBIKOBKH AJIEMEHTOB IpH cOopke. KoHTpoIb
napaMeTpoB KPUBU3HBI OCYIIECTBISICTCS C IMOMOINBIO IIA0JIOHOB WIIM JIa3ePHBIX
M3MEPHUTEIBHBIX CHCTEM B TIpoIiecce nedopManiy MaTepuaia.

COopka kopiryca €eMKOCTH HaduMHAaeTCs ¢ (uKcaluu oOedack Ha COOPOYHBIX
CTaIessX C UCIIOJIb30BAaHUEM CIEIMAIN3UPOBAHHBIX MPUCIIOCOOIeHUH U 3akuMoB. Ha
ATOM CTaJWU BBIMOJHIETCS «IPUXBAaTKa» CTHIKOB — KOPOTKHE CBAapOYHBIE MIBBI,
yIEp)KUBAIOIIME JIeTaJld B IPOECKTHOM IOJIOKEHUU. BbIBepka coOCHOCTH U
HWINHIPUYHOCTH KOHCTPYKIUH TO3BOJISIET HU30€kaTh MEPEKOCOB, KOTOPbIE MOTYT
NPUBECTH K KOHIICHTpAIlMM HANpsHKEHUM NpHU 3KCIulyaTalud. TeXHOJIOTHuYecKas
MOCIIEAOBATENBHOCTh TMPEAYCMATPUBAECT NEPBOHAYAIBHYIO COOpPKY IIEHTPaJIbHOMN
YacTW C TOCJIEAYIOIIMM TNPUCOECIWHEHHEM JHUIL M (QuaHueB. Mcmoab3oBaHue
BpalaTenel 1 MaHUIyJISITOPOB 00ecrieurnBaeT yA0OHbIM TOCTYH K IIIBaM U TIOBBIIIAET

0€30MacHOCTh TPYy1a paboUmX.
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CBapounble  pabOTBl  SBISIOTCS ~ HAuMOoOJie€  OTBETCTBEHHBIM  JTaIloOM,
ONPEIEISIIONIMM  JOJITOBEYHOCTh U TEePMETUYHOCTh EMKOCTH JH00oro oObneMma.
[IpuMeHs0TCS METO/Ib ABTOMATHYECKOW CBApKU NOJT (PJIFOCOM MUJTU B CPEAE 3AILUTHBIX
ra3oB, 4YTO TapaHTHPYET CTAOWJIBHO BBICOKOE KAaYECTBO CBAPHOI'O COEAMHEHHUS.
Po6oTu3npoBaHHbIE CBAPOYHBIE KOMILUIEKCHl TO3BOJISIOT HUCKIIOYUTH BIIUSHUE
YeJIoBeYeCKOoro (hakTopa Ha OTBETCTBEHHBIX yudacTkax miBa. llocinegoBaTenbHOCTH
HAJOKEHHUS IIIBOB CTPOr0 pErJaMEHTHUPOBAHA JJI MHMHUMHU3ALUU CBAPOYHBIX
nedbopManuii ¥ BHYTPEHHUX HaNpsDKEHUM B MeTayie. MHOTOCoifHas cBapka
oOecrieynBaeT TIIyOOKOE€ TNPOIJIABJIEHUE M OTCYTCTBHE TaKUX JAePEKTOB, Kak
HEIPOBapPhl WIIH MOPHI.

Hepazpymatomuii koutpoias (HK) cBapHbIX coeanmHeHHN NPOBOAUTCA Cpa3y
MOCJIe 3aBEPIICHUS CBAPOYHBIX PaOOT M 3a4YMCTKH IIBOB. [IpUMEHSIOTCS METOMAbI
peHTreHorpaduu, yabTpa3ByKOBOM Ne(EeKTOCKONUHA U IIBETHOM N€PEKTOCKONUU IS
MIOMCKA CKPBITBIX BHYTPEHHUX HW3bSIHOB. Pe3ynbraTbl KOHTpPOJST (PUKCHUPYIOTCS B
IPOTOKOJIaX, a OOHAPYKEHHbIE Te(PEeKThI MOJIeKaT 00513aTeILHOMY UCIPABICHUIO C
NOBTOPHOUM TpoBepkoi. OOecrieyeHUEe CTOMPOIEHTHOTO KadecTBa IIBOB SIBIISIETCA
0a30BBIM TpeOOBAaHUEM JIJISI COCYIOB, pAOOTAIOLIUX TIOJT IaBIIEHUEM HIIA C OMACHBIMU
cpenamu. Hapsmy ¢ mpoBepkoi IBOB KOHTPOJIUPYETCs 00IIasi FTEOMETPUs eMKOCTH U
OTCYTCTBHME BMSATHH WJIM MEXaHUYECKUX NTOBPEKICHUN HA IOBEPXHOCTHU.

VYcraHoBka apMmarypbl, NaTpyOKOB, JIIOKOB W BHYTPEHHUX YCTPOWCTB
(3MEeBHKOB, MEILIAJIOK) MPOU3BOJUTCS MOCIE MOITBEPKICHHUS KauecTBa OCHOBHOI'O
Koprnyca. TouHOEe MO3NIMOHUPOBAHKE IITYLEPOB COIVIACHO YEPTEKY 00ECIIEeUNBACTCS
UCIIOJIb30BAaHUEM  PAa3METOYHOIO  MHCTPYMEHTa W KOHIyKTOpoB.  CBapka
BCIIOMOTaTEJIbHBIX 3JIEMEHTOB TaK)Ke TPEOYET CTPOroro CoOII0ACHUS TEMIIEPaTyPHBIX
PEXKUMOB ISl TIPENOTBpAIICHUS KOPOOJIEHUS OCHOBHOTO MeTaiia. BHyTpeHHue
YCTPOMCTBAa (PUKCHPYIOTCS Ha CIEHHUAIBHBIX ONOpaxX, KOTOPbIE JOJKHBI YYHUTHIBAThH
TEIUIOBOE pACIIMpPEHUE MaTepuajia IpH SKCIUIyaTallMd. 3aBEpIIEHUE MOHTaXa
apMaTypbl IOArOTAaBIMBAET U3AEJIHNE K IPOBEACHUIO (PUHATBHBIX TMAPABINYECKUX UITU

IMHEBMATUYCCKUX UCIBITAHUH.
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['uapaBnuyeckue HCHOBITAHUS SIBISIOTCA OOS3aTEIbHBIM ATalloM MPOBEPKU
MPOYHOCTH M IUIOTHOCTH TOTOBOM €MKOCTU. Pe3epByap 3amonHseTcss BOAOM IIOJ
JABJICHUEM, TIPEBBIIIAIONIMM pabodyee B COOTBETCTBUU ¢ KOAG(PUIIMEHTOM 3amnaca, u
BBIJICP)KUBACTCS OINPEACIICHHOE BpeMs. Bu3yanbHbI OCMOTp Ha HaJIW4yue TEYEH,
noTeHuss win AehopMalldii TMO3BOISET OKOHYATEIBbHO MOATBEPAUTH HAJACKHOCTh
KOHCTPYKLIMHU. B HEKOTOpBIX CilydasiX NPUMEHSIOTCS TeJIMEBbIE TEUECHCKATENM IS
OOHapyXeHUS MUKPOCKOTUYECKUX HEIMJIOTHOCTEH, KOTOPhIE HEBO3MOXHO BBISIBUTH
BOJIOHM. YCIEIIHOE MPOXO0XKJACHNUE UCTIBITAHUN ABISETCSI OCHOBAHUEM JJIsl KJICUMEHUS
W3JIENIHS U BBIIAYM TEXHUUYECKOTO MaciopTa.

[ToaroToBKa MOBEPXHOCTH €MKOCTH TEpPE]l HAHECEHUEM 3AIUTHBIX MOKPBITUI
BKJIFOYAET MECKOCTPYUHYIO MU POOEMETHYI0 00pabOTKy. DTO MO3BOJSET YIaIUTh
OKaJIMHY, P’)KaBUMHY U CO3/1aThb HEOOXOAUMYIO IIEPOXOBATOCTh JIJISI BEICOKOHM aJre3uu
JAKOKpPACOYHBIX MaTepuasioB. JlJisi eMKOCcTel W3 Hep)KaBelled CTajdd YacTo
IIPUMEHSETCS] TPABJICHUE W IACCUBALMs JJIsI BOCCTAHOBJICHUS 3AIUTHONM OKCUIHOW
IUIEHKU B 30HE CBAapHBIX IIBOB. KauecTBO IMOATOTOBKYU ITOBEPXHOCTH KOHTPOJIUPYETCS
Ha COOTBETCTBUE CTaHAAPTaM YHUCTOTHI IEPE] MOKPACKO. UucTas U IMOArOTOBICHHAs
IIOBEPXHOCTh SBJISETCS 3aJI0IOM JUIMTEJIIBHOM 3allUThl METa/ula OT arpeCcCUBHOIO
BO3JCUCTBUS BHEIITHEW CPEIBI.

3akiroueHnmne

Pa3paboTka TEXHOJOTHMUECKON MOCIEI0BATEIbBHOCTH M3TOTOBJICHUSI €MKOCTEH
TpeOyeT WHTEeTrpaluu 3HAHUW B 00JIaCTM MaTEPHAIOBEJEHUS, CBapKd WU
aBTomMaTu3anuu. YeTrkoe COOJIIOJICHHE STaloB MPOU3BOJACTBA — OT PACKpOs 10
(UHATBHBIX UCTIBITAHUA — TapaHTUPYET HAJCKHOCTh U O€30MacCHOCTb IKCILTyaTaIluu
pesepByapoB. VHHOBaIMOHHBIE METONBI KOHTPOJIE W OOpabOTKH MaTepuasioB
MO3BOJISIFOT CO3/1aBaTh MPOJYKLHWIO, OTBEYAIOLIYID CaMbIM CTPOTMM COBPEMEHHBIM
TpeOOBaHUSM. [locToAHHOE  COBEpPUICHCTBOBAHME  TEXHOJIOTMM  SABJISETCS
CAMHCTBEHHBIM TyTeM K JHUACPCTBY HA TIIOOAIBHOM PBHIHKE MPOMBIIIICHHOTO

000pyI0BaHUS.
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Crcok mrepaTypsl:

1. TTaccoB, E.M. KoMMyHUKAaTuBHBIA MeTOJ OOYyYEHHUS HHOSA3BIYHOMY
roBOopeHuIo. Pycckuii s13b1k, 2022.

2. IletpoB, WN.M. TexHonoruss mNpPOU3BOACTBA CBAPHBIX KOHCTPYKLHUU.
MammHoctpoenue, 2025.

3. CunopoB, A.B. HU3roroeineHune COCyIOB U allaparoB: CIPABOYHHUK.
Merannyprus, 2024.

4. Npanoa, JI.C. KoHTpoib KauecTBa B MPOMBIIIJIEHHOM ITPOU3BOJICTBE.
Texuuka, 2026.

5. Cmuphos, K.JI. ABromaruzaiius CBapOYHBIX TpoiieccoB. PoboToTrexHuka,

2025.
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Caenenus 00 aBrope(-ax): Yexaesa M., npenooasamerny,
Opa3zosa b., Aeaesa 3., I3uzxanos C., cmyoenm,
T'ocyoapcmeennvtii snepeemuueckuti uncmumym TyprxmeHucmana

2. Mapwi, Typxmenucman

«TUAPOMEXAHUYECKHWA PACUET TEIINIOOBMEHHBIX ATIIITIAPATOB»

AHHOTanusA: ['UapoMexXxaHWYECKUW pacyeT TEIIOOOMEHHBIX amnmnaparoB SBISETCS
KPUTUUYECKH BaXKHBIM JTallOM WHXEHEPHOTO MPOCKTUPOBAHUS, OMPEICIISIONIIM
sHepreTuueckyro 3 (PEKTUBHOCTh U IKCIUTYyaTallMOHHYIO HAJIe)KHOCTh BCE CUCTEMBI.
OCHOBHOM 1I€JIBI0 JAHHOTO pacueTa SBISETCS OMNPEACICHUE TUIPABIMYECKUX
COTNPOTHUBIICHUM, BOSHUKAIOIIUX TPH JIBH)KCHUU TEIUIOHOCHUTENCH uepe3 BHYTPEHHUE
KaHaJIbl, TPyOKU ¥ MEXKTPYOHOE MPOCTPAHCTBO ammapara. [IpaBuibsHO BBITOJTHEHHBIN
pacdyeT  TO3BOJSET  MOA0OpaTh  ONTHUMAJIbBHOE  HACcOCHOEe  00OpyIOBaHWME,
obecrieunBaroiee HeOOXOAUMBIN pacxo padounx cpell P MUHUMAJIbHBIX 3aTparax
ANEKTPOIHEPTruu. B  yCIoBUAX CTpeMJieHHS K DJHEProcOepekKeHUI0 TOYHOCTH
TUAPOMEXaHUYECKUX BBIUUCICHUM HAMPSAMYIO BIMSET HA KOHKYPEHTOCTIOCOOHOCTh H
PKOHOMHYECKYIO PEHTA0EIbHOCTh MPOMBIIIICHHBIX YCTAaHOBOK.
Kiawuesbie ciaoBa: Pacuer, ['mapomexanuka, TermmooOmennuk, [laBmenue, IToTok,
O¢ddexruBnocts, Dueprus, Conporusienue, Ckopocts, UnxeHepus.
['mapaBnudeckne moTepu B TEINIOOOMEHHUKE CKIIQJBIBAIOTCS W3 JIMHCHHBIX
CONPOTUBIICHUN TPEHUSI U MECTHBIX CONPOTUBJICHUM B y3JaX BXOJa, BbIXOJAa M
MoBOpoTa TOTOKA. JIMHEWHbIE MNOTEpPH 3aBUCAT OT BA3KOCTH TETJIOHOCUTES,
IIEPOXOBATOCTU BHYTPEHHUX MOBEPXHOCTEH CTEHOK U PEKUMA JBMIKCHUS KUJKOCTH
WM raza. MecTHbIE COMPOTHBJIEHHUS BO3HUKAIOT B paCHpEACIUTEIbHBIX KaMmepax,
MTyIEepax M MPHU MPOXOXKJACHUU YEPe3 CETMEHTHBIC TMEPEeropoJIKH, BBI3BIBAIOIINE
pe3Koe HU3MEHEHHUE HampaBieHus ABWkeHUs. CyMMapHBIM Tiepenaa JaBJICHUS B
ammapare  ompejenseT TpeOyeMblid Hamop Hacoca W BIHMSET Ha MPOYHOCTH

KOHCTPYKIHMOHHBIX 3JICMCHTOB.
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OnpeneneHue pexuMa IBWKCHHSI TETJIOHOCUTENS OCYIIECTBIISETCS ITyTEM
BBIUMCIICHHs Oe3pa3MepHOro uncia PeitHonbaca, XapakTepHU3yIOMIETO COOTHOIICHUE
CWJI WHEPUUH W CHWJI BS3KOTO TpeHUs. JlaMUHApHBIH pPEXHUM XapaKTEepPU3YeTCs
YIIOPSIOYEHHBIM JBH)KEHUEM CJIOEB JKUIKOCTH, B TO BPeMS KaK TYpPOYICHTHBIA PeKUM
oOecrieynBaeT MHTEHCUBHOE TNepeMemBanue. J[s OOJBITMHCTBA MPOMBIIIUICHHBIX
TETUIOOOMEHHUKOB MHKEHEPHI CTPEMSATCS JTOCTUYh TYpPOYJICHTHOTO PeKHMMa, TaK Kak
OH 3HAYUTEIIPHO MHTCHCHU(PUIIUPYET MPOIECC TEIIOOTAAYH MEX Ty cpeaamu. OqHako
BBICOKasi TypOYJICHTHOCTh HEHM30EKHO BEIET K PE3KOMY POCTY THAPABINYECKOTO
COMPOTHRBIICHHS, YTO TPEeOyeT HAXOXKIACHUS Pa3yMHOTO TEXHHUKO-DKOHOMHUYECKOTO
OaJaHca.

$$Re = \frac{w \cdot d \cdot \rho}{\mu}$$

PacueT ruipaBInIecKoro CONpOTUBIICHUS TPEHHUS B MIPSAMBIX KaHAIaX U TPyOKax
Oa3zupyeTcs Ha Ucrnoyib30BaHuu Kodddunuenta lapcu-Beiicbaxa, KOTOpbIN 3aBUCHT
oT ymucna PeliHONbICAa W OTHOCUTENHHOW IMIepoxoBaToCcTh. s riagkux TpyOOK B
TypOYJICHTHOM pEXHME YacTO MPUMEHSIIOTCS SMITUPUICCKUE 3aBUCUMOCTH, TAKHE KaK
dopmyna bmasmyca wim ypaBHeHue @Punonenko. TodyHOe 3HAHUE COCTOSHUSA
BHYTPEHHEH MOBEPXHOCTH TpPyO TIOCIE OMPENESIICHHOTO IepHoJa SKCILTyaTalluu
TIO3BOJISIET YUUTHIBATh (DAKTOP 3arpsi3HEHUSI U 00pa30BaHUsS OTIOKEHUH. Y BeTUICHUE
IIEPOXOBATOCTH CO BPEMEHEM BEACT K POCTY JHEPronoTpeONeHUS CHUCTEMBI |
HEOOXOMMOCTH TPOBEICHUS PETYISIPHBIX YUCTOK.

B x0XyxoTpyOHBIX TETUIOOOMEHHUKAX PacdeT OCJIOKHAECTCS HEOOXOIUMOCTHIO
aHanM3a 00TeKaHUs My4YKa TpyO B MEKTPYOHOM MPOCTPAHCTBE. 3/1€Ch MOTOK JIBHXKETCS
CJIOHBIM 3UT3aro00pa3HbIM MyTeM, Orubasi TUCTAaHIIMOHUPYIOIINE IEPETOPOIKH, YTO
CO37aeT 3HAYMUTEIbHBIE 30HBI TypOynu3anuu U 3actoitHpie obmactu. Koaddurument
COTIPOTHBIICHHSI B MEXTPYOHOM MPOCTPAHCTBE PACCUMUTHIBAETCS TO CIEIHUATBLHBIM
METOJMKAM, YYHUTHIBAIOIINM IIIar PACIOJIOXKEHUS TPyO0 W TEOMETPHIO BBIPE3OB B
neperopoakax. ONTUMHU3AIUS PACTIONOKEHHUS TEPETOPOJOK TMO3BOJSET JOCTUYD
MaKCUMaJIbHOTO KOd(h(dHUIMEHTa TeIUlonepeaayn TpH  JOMYCTUMOM  IaJIeHUN

JTaBJICHMUSA.
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Pacuer mnoreps [aBieHHS B MHOIOXOJOBBIX amnmapaTax BKJIOYAeT YYeT
JOTIOJIHUTENIbHBIX COMPOTUBICHUI B TOBOPOTHBIX KaMepax, IJie€ IMOTOK MEHSET
HalpaBJIeHHWE Ha CTO BOCEMbAECAT TIpaaycoB. Kaxpaas cMeHa HampaBieHUs
COMPOBOXKJIAETCA BUXPEOOpa3oBaHMEM U JAMCCHUMNAIMEl SHEPruH, YTO BHOCHUT
CYILIECTBEHHBIN BKJIaJ B OOWIMUA TuapaBinueckuit Oamanc. KoimuecTBo X0lI0B B
anmnapare BbIOMpaeTcsl UCXOAS U3 HEOOXOAUMOCTH O0ECIeYeHHs] BBICOKOW CKOPOCTH
TEIUIOHOCUTEJNSl, HO OrpaHUYMBAECTCS MOLIHOCTbIO HMEIOIIETOCs HAaCOCHOTO
o0opynoBanusi. IlpaBuibHOE NPOPUIMPOBAHHE IMOBOPOTHBIX YYACTKOB MOMOTAET
CHU3UTH DPO3HMOHHBIM HM3HOC CTEHOK U YMEHBIIUTH HEMPOU3BOJIUTEILHBIE MOTEPU
Hamnopa.

'inpomexaHuyeckuii pacueT Hepa3pbhIBHO CBSI3aH C TEIUIOBBIM PAacyeTOM, TaK
KaK CKOpPOCTh JIBUXKEHHUSI TEIJIOHOCUTENSI OJHOBPEMEHHO BIIMSET U HA HAmop, U Ha
KOG (UIIMEHT  TEIUVIOOTAAYU.  YBEJIUYEHHE  CKOPOCTH  TMOTOKAa  IOBBIIIAET
MHTEHCUBHOCTH TEMJI000MEHA, YTO MO3BOJISIET YMEHBIIUTH Ta0apuThl armapara u ero
MeTatoeMKOCTh. OJIHaKo KyOWyeckas 3aBHUCHUMOCTb 3aTpaT MOIIHOCTHM Hacoca OT
CKOPOCTH TIOTOKa HaKJIaJbIBa€T CTPOTHE OTPaHUYCHHS Ha OECKOHEYHOE MOBBIIICHUE
MHTEHCUBHOCTH Tpoliecca. MH»keHepHas 3a/iadya CBOJAUTCS K MOMCKY ONTUMAJIBHOU
CKOPOCTH, IPU KOTOPOM CyMMapHbIE MPUBEACHHBIE 3aTpaThl HAa HM3FOTOBJICHUE U
AKCILTyaTalMio OYIyT MUHUMAJIbHBIMHU.

Bnusaue remnepaTypbl Ha pu3nUecKrue CBONCTBA TEIJIOHOCHUTEINIECH (TJIOTHOCTD,
BS3KOCTh) 0053aTENIBHO JOJDKHO YUYUTHIBATHCSA MPU MPOBEJCHUU THAPOMEXAHMUECKIX
BbIUMCIICHUN. V3MeHeHHe BSI3KOCTH MPH HArpeBe WM OXJIAXKIECHUHM CYHIECTBEHHO
MEHSET MPOQMIb CKOPOCTEH 1 KOd(PPUIIMEHT TpeHus BAOIb AJIMHEI anmnaparta. B psae
cllydaeB, 0COOEHHO MpHu paboTe C BHICOKOBSI3KUMHU JKUIKOCTSIMHU, pacueT MPOBOIUTCS
[0 y4acTKaM C YCPEJHEHHMEM CBOWMCTB B KaXXJIOM HWHTEpBaje TeMmmIepaTryp. Yuer
HEU30TEPMUYHOCTH TIOTOKA ITO3BOJISIET M30€XKaTh CEPhE3HBIX IOTPEIIHOCTEN B
OTIpEJICTICHUH OOIIEeH MOITHOCTH, HEOOXOIMMOM ISl IPOKAYKH CPEIBI.

CoBpeMeHHOE MPOCKTUPOBAHME TEIJIOOOMEHHBIX amnmapaToB BCE Yallle
onupaeTcss Ha MeToAbl BbruucauTenbHOM ruapoaumHamuku (CFD), mo3Bossitoue

JIEeTATLHO MOJECIMPOBATh MOJS CKOPOCTEM M JAaBiieHUW. YMCICHHOE pelleHue
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ypaBHeHnii HaBbe-CTokca JaeT BO3MOXKHOCTh BU3YaJIU3UPOBATh 30HBI 3aCTOSl U
objlacTd C HEOmpaBAaHHO BBICOKUM comnpotuBieHueM. CFD-monenupoBanue
0Cc00eHHO (D PEKTUBHO MpU pa3pabOTKE anmapaTroB CI0KHOW reoMeTpru, TAKUX Kak
MJJACTUHYATHIE WIM CHUPAIbHBIE TEIUIO0OMEHHUKHU. Pe3yiabTaThl KOMITBIOTEPHOTO
aHajgu3a TO3BOJIAIOT  COBEPIICHCTBOBATh KOHCTPYKIIMIO  PacHpeaesIMTEIIbHBIX
KOJUIEKTOPOB JIJIsI 00€CTIeUeHHs] paBHOMEPHOM pa3/lau MOTOKa MO0 KaHaJlaM.

JIns TiacTUHYATBIX TEIUIOOOMEHHHMKOB pacyeT THJPABIUKH HMMEET CBOU
OCOOCHHOCTH, CBSI3aHHBIE C HaJIWYUeM pUQJICHUI Ha TOBEPXHOCTH IIJIACTHUH,
CO3JIAI0IINX BBICOKYIO TYpOyNIHM3alUi0 Ja)xe NpU MajlblX CKOpPOCTAX. ['eomerpus
KaHAJIOB B TaKWX arfmaparax o0ecneurBaeT OYeHb BBICOKHE KOI(PHUIIMEHTHI
TEIJIOTIEpeIau, HO U TUJIPABINYECKOE CONPOTUBJIEHUE 37€Ch 3HAYMTEIHHO BBHIIIIE,
4eM B Tiagkux TpybOax. PacdyeTHble 3aBUCMMOCTH JJIsl IUIACTUHYATHIX amlapaToB
OOBIYHO TIPEIOCTABIISIIOTCS 3aBOJAMHU-U3TOTOBUTENIIMHM Ha OCHOBE MAacCIITAOHBIX
CTEHJOBBIX HCIHbITaHWI. BpiOop yrnma HakioHa TO(POB TMO3BOJSET THUOKO
NOJICTPauBAaTh aIMapart MoJ KOHKPETHbIE THIPABINYECKUE BOZMOKHOCTH CHCTEMBI.

3akirouenmne

['unpomexaHuyeckuii pacyeT TEIOOOMEHHBIX anmaparoB — 3TO CIOKHBIN
AHATMUTUYECKUM  TIpoliecc, OOBEAMHSIONIMN  KJIACCHYECKYI0 THAPABIUKY U
COBPEMEHHBIE METOJbl KOMIIBIOTEPHOTO MOJEIUPOBaHUs. TOYHOE OIpeeseHue
NOTEPh [JIaBJIICHUS SIBISETCS OCHOBOM /I CO3/IaHMSI HANICKHBIX, JTOJTOBEUHBIX U
9Heprod(PGeKTUBHBIX TEIUIOOOMEHHBIX cUcTeM. [IOCTOSHHOE COBEpIIICHCTBOBAHUE
METOJUK pacueTa M BHEJIPEHUE HOBBIX MATEpPHUAJIOB MO3BOJISIIOT MHXKEHEpPaM peliaTh
caMble aMOWIIMO3HBIC 3a7a4d B OOJACTH TETUIODHEPreTUKHU. [apMOHHUS MEXIy
BBHICOKOM  WHTEHCHMBHOCTHIO  TEIUIOOOMEHA U HU3KUM  THAPABINYECKUAM
CONPOTUBIICHUEM OCTAETCS IJIABHBIM OPUEHTUPOM B Pa3BUTHU allapaTOCTPOCHHUSI.

Crircok nurepaTtypbl:

1. ITaccoB, E.M. KoMMyHHMKaTUBHbIH METOJ] OOYYEHUS HHOA3ZBIYHOMY

roBOpeHUI0. Pycckuii a3b1k, 2022,
2. Kacarkun, A.I'. OCHOBHBIE TPOIIECCHI U ANTAPATHI XUMUYECKON TEXHOJIOTUU.

Xumus, 2025.
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. Hcauenko, B.I1. Temmmonepenaya: yueOHUK 7151 By30B. DHeprousaar, 2024.
. Unenpunk, WN.E. CrnpaBoYHMK 0O THUAPABIWYECKAM CONPOTUBIICHHUSM.
MammnHoctpoenue, 2026.

. Kyrarenanze, C.C. OcHoBrsl Teopuu TeriooOMena. Hayka, 2025.
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Caenenus 00 aBrope(-ax): Yexaesa M., npenooasamerny,
Annaes b., Mosnanosg /., Cetiuoos C., cmyoenmul,
T'ocyoapcmeennvlii snepeemuyeckuii uncmumym Typrmenucmana

2. Mapwi, Typxmenucman

«TEILJIOBOM IIUK.JI ITAPOBBIX TYPEHUH»

AHHoTanms: TermoBoi UK TapOBBIX TypOUH sIBIIsSICTCS (PyHIaMEHTAIbHOW OCHOBOM
COBPEMCHHOW MHUPOBOM DHEPreTUKH, oOecreunBas IpeoOpa3oBaHUE TEIUIOBOH
DHEPIrUM B MEXaHMYCCKYH0 paboTy, a 3areM B 3JICKTPUYECTBO. B OCHOBe pabOTHI
OOJIBIIIMHCTBA TEIJIOBBIX W ATOMHBIX AJICKTPOCTAHIIMHA JICKHUT HACaTU3UPOBAHHBIN
TEPMOJAMHAMUYCCKANA IMKJA PeHKWMHA, KOTOPBIA OIMCHIBACT IOCJICIOBATCIIbHBIC
IPOIIECCHI HArpeBa, MapooOpa3oBaHus, paCIIUPEHUS U KOHJICHCAIMKU pabodero Tena.
O¢ddexTuBHOCTD 3TOT0 1MKIA HANPSMYIO OINpEAeNseT KOJIMYEeCTBO TOILIUBA,
HEOOXOUMOTO /ISl BHIPAOOTKM KaKIOTO KWJIOBAaTTa SHEPTUU, U 00beM BHIOPOCOB B
oKkpyxaroriytro cpeny. lloHnManue QuU3MUECKUX MPOIECCOB, MPOUCXOMSAINIMX Ha
KaXJIOM JTare UK, I03BOJSET MHXKEHEpaM TIOCTOSIHHO COBEPIIEHCTBOBATH
KOHCTPYKIIMIO TYpOWMH M TOBBIIMIATh OOIIYH0 PEHTA0EIBHOCTh JHEPTETHUYCCKUX
YCTaHOBOK.

Kiawuessbie caoBa: Typouna, [{uki, Ilap, Penkun, Dueprus, KIIJ{, Konagencamus,
Koren, Temnieparypa, JlaBnenue.

PaGounm TenoM B LMKIIE MAapoBOW TypOMHBI 4Yalle BCETO BBICTYMAaeT BOJA,
Omaromaps €€ JOCTYMHOCTH, BBICOKOW TEIJIOEMKOCTH U  OJarompUsTHBIM
TEPMOAMHAMHYECKUM cBocTBaM. [Iporecc HaunHaeTcs B MUTATEILHOM HAcOCE, TIe
JIABJICHWE BOJBI TMOBBINMIACTCS J0 pabodero ypoBHs Tepen Mojadeli B KOTEIbHBIN
arperar Wi peakTop. IToT dTamn TpeOyeT 3aTpaT MEXaHUUeCKON IHEPTUH, OJHAKO OHA
MpPEeHeOpeKUMO Majia MO CPaBHEHUIO C TOW pabOTOH, KOTOPYIO COBEPIIAT Map B
nanpHeiieM. [loBbilieHWe AaBICHHWST HEOOXOAMMO IS TOTO, YTOOBI TPOIEeCC
MapooOpa3oBaHMs TPOUCXOIMI TIPU BBICOKUX TEMIIEpaTypax, 4To SBISETCS 3aJ0TOM

BbICOKOTO Tepmuyeckoro KIIJI Bcero nukia.
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B xoTrne Boja nmocnenoBaTebHO MPOXOAUT ATAIlbI MOJOTPEBA A0 TEMIIEPATYPhl
HACBHIIIEHUs, WCHapeHuss W mneperpeBa. lleperpeB mnapa Bblllle TEMMEPATYPHI
HACBIIICHUS SIBJISIETCS KPUTHUYECKHM BaXKHBIM MPOIECCOM, TaK KaK OH IO3BOJISIET
YBEJIUYUTh CPETHIO TeMIepaTypy MoABoAa TEIiIoThl K Iukiay. Kpome Toro,
HCIIOJIb30BaHUE MEPETPETOrO Mapa 3allUIaeT JIONATKH MOCISAHUX CTyNIeHEH TYpOUHBI
OT 5pO3UH, MpEeaOTBpaIias MPEKICBPEMEHHOE TMOSBJICHUE Karejlb BiIard B MOTOKE.
CoBpeMeHHBIE DHEPreTUYECKUE YCTAaHOBKM pabOTAlOT Ha CBEPXKPUTHUUYECKHUX
napamerpax mapa, KOrja JaBjeHUE MPEBBINIACT ABAAIAThL JBa Meramackayis, 4To
MO3BOJISIET JOCTUYh MAKCUMAJIbHON TJIOTHOCTH YHEPTHH.

[Iporiecc pacuupenus napa B TypOrHE SIBJISICTCS TAIIOM COBEPILICHHUS MMOJIE3HON
paboThI, TJe MOTEHIIMAbHAS YHEPTUsl AABJICHUS W TeMIlepaTypbl Mpeodpaszyercs B
KMHETUYECKYIO SHEPrul0 BpalleHUus poTopa. B uaealbHOM LHKIE 3TOT MPOLECC
cCUMTaeTCs aauabaTHBIM W HM30OHTPONMUUHBIM, TO €CTh MPOTEKaIomuM 0e3
TEIUI00OMeHa ¢ BHEUTHEHN cpenoi u 6e3 BHYTpeHHHUX notepsb. Ha mpakTuke ke Bceraa
IPUCYTCTBYIOT OTEPU HA TPEHUE U 3aBUXPEHUSA, UTO MPUBOJUT K POCTY SHTPOIHUU U
CHI)KCHHIO peaJIbHOW MOIIHOCTU Ha Baily. KoHCTpykuusi TypOUHBI, pa3feieHHas Ha
UUIMHAPBL BBICOKOTO, CPEIHET0 M HU3KOIO [JaBJICHMS, MO3BOJSET MAaKCUMAaJIbHO
7 ()EKTUBHO HCTIOIB30BATH SHEPTHIO NTapa B IIUPOKOM JIMANAa30HE MapaMeTPOB.

[Tocne coBepiieHUst pabOTHI AP HATIPABIISIETCS B KOHAEHCATOP, T/1€ TIPOUCXOIUT
€ro TpeBpalieHue OoOpaTHO B KUAKYIO a3y TpH TOCTOSIHHOM [IaBICHUU U
temmneparype. s sToro TemnoTra mapooOpa3zoBaHUS OTBOJUTCS OXJIAXKIAIOIIEH
BOJIOW, 3a0MpaeMol W3 MPUPOJHBIX HMCTOYHUKOB wiu rpaaupeH. [lommepskanue
rIIyOOKOro BaKkyyMa B KOHACHCATOPE SBISETCSA 0053aTeIbHBIM YCIOBHEM, TaK KaK 3TO
YBEJIMYMUBACT TEpernaj JaBICHUM B TypOMHE W TO3BOJSIET Mapy PaCIIUPSTHCSA 0
MHUHHMaJIbHO BO3MOXHBIX MapaMeTpoB. IIpoliecc KOHAEHCAMM 3aMBIKAET LUK,
npeBpamnjas OTpadOTaHHBIM THap B KOHJEHCAT, KOTOPbI CHOBa HampaBiseTCs
MUATATEIbHBIM HACOCOM B KOTEJI.

Onnum w3 Haubonee »¢ddexkTuBHbIX cnocoOoB mnobimeHus KIIJ[ mukna
SBJISIETCS MCIOJIb30BaHHUE MPOMEKYTOUHOr0 Tneperpena napa. Ilocne pacuvpenus B

HWIAHAPE BBICOKOTO JABJICHHS IAap BO3BPAILACTCS B KOTEJ, TAE €ro TeMIeparypa
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CHOBA TOBBIIIAETCS 10 UCXOJITHOTO YPOBHS, MOCJI€ YETO OH HAIPABIISICTCS B LIWIHMHAP
CPEIHETO AAaBJICHMS. DTO HE TOJIBKO YBEIMYHUBAET TEPMUUECKYIO 3()(PEKTUBHOCTH, HO
U 3HAYUTEJIIbHO CHUXAET KOHEUHYIO BJIAXKHOCTh IMapa Ha BBIXOAE U3 TYpOUHBI,
MpoJIJIeBasl pecypc JIOMaTOYHOro anmnaparta. B coBpeMeHHBIX MOITHBIX OJIOKaX MOXKET
MIPUMEHSITHCS TaKe JTBOMHOMN MPOMEKYTOUHBIN MEpEerpeB I JOCTHXKEHUST PEKOPIHBIX
II0Ka3aTesye JKOHOMUYHOCTH.

PerenepaTuBHBIN MOJOTPEB MHUTATEIBHONW BOABI — €IIE€ OJHA BaXHAs
TEXHOJIOTHSI, TIO3BOJISIONIAs] BEPHYTh YacTh TEIUIOTHI OTPA0OTAaHHOTO Mapa 0OpaTHO B
muki. JIjist 9Toro W3 chernuandbHbIX OTOOPOB TYpOWHBI 3a0upaercs HeOONbIIOe
KOJIMYECTBO Mapa, KOTOPhIN UCTIOJIB3YETCS JIs TOI0TPEBA BOIbI, UAYIIEH B KOTE. DTO
COKpaIiaeT noTpeoHOCTh B MOABOE TEIUIOTHI U3BHE M BHIPABHUBAET TeMIIEpaTypHbBIC
npoduiIn BHYTPU KOTEIBHOTO arperara. UeM OoOJbIlie CTYNEHEW pereHepaTHUBHOIO
MOJIOTpeBa HCIOJIB3YeTCS B CXeMe, TeM OJiikKe peajabHbli MUK PeHkuHa
npubImxaeTcs o cBoei 3 (HEKTUBHOCTH K UaeanbHOMY UKy KapHo.

bunapHbie UKIBI U UCHOJIB30BaAHNE BTOPUYHBIX paboyux Ten (Hampumep, Ha
OpraHUYecKoil OCHOBE) HAXOIAT MPUMEHEHUE B re0TepMalbHON SHEPreTHKE U IMpHU
YTWJIN3AIUU HU3KOMOTEHIIMAJIBHOTO Teria. B Takux cxemax Tersiora oTpaboTaHHOTO
napa Wid JIPyroro UCTOYHHUKA MCHOJb3YETCS Uil MUCHApEHUsl KUJIKOCTH C HHU3KOU
TEMIIEPATypPOU KUTICHUS, KOTOpas 3aTeM MPHUBOJUT B JBMKEHUE OTIEIBHYIO TypOUHY.
DOTO TO3BOJIAET W3BJIEKATh IIOJIE3HYIO DJHEPrUI0 TaM, I/I€ MCIOJIb30BAHUE
TPAIUIIMOHHOTO BOASHOTO Tapa ObLJI0 Obl 9KOHOMHYECKH HEONpaBIaHHbIM. Pa3BuTne
TaKUX KOMOWHUPOBAHHBIX CHUCTEM SIBIISIETCS Ba)KHBIM HAIIPaBICHUEM B CO3/IaHUU
JKOJIOTMYECKHU YHUCTOU «3EJIEHOW» SHEPTEeTUKH.

BrnusHue mnapaMeTpoB OKpyXalolled cpenbl, TakUX Kak TeMmmepaTrypa
OXJIaXJarollel BOAbl, HAIPSIMYIO CKa3bIBa€TCs HA TJIyOMHE BaKyyMa B KOHJIEHCATOpE
u, cnenosarensHo, Ha KIIJ[. B sxapkoe Bpemst roga 3ppeKTUBHOCTS MapOTypOMHHBIX
YCTAaHOBOK 3aKOHOMEPHO CHMIKAETCsl H3-3a YXYAIICHUS YCIOBUU TEIIOOTBOAA.
NHuxeHepbl yUUTHIBAIOT 3TH KOJ€OaHUsI MPU MPOCKTUPOBAHUU CUCTEM OXJIAXKJCHUSI,
BBIOMpasi MEXKy MPSIMOTOYHBIMU CXeMaMU U 0OOPOTHBIMU CUCTEMAMHU C TPAIUPHIMHU.

OHTI/IMI/I3aI_[I/I}I pa6OTBI KOHI[CHC&HHOHHOﬁ YCTaHOBKK B 3aBHUCHMOCTH OT CC30HA
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MO3BOJISIET MOJJIEPKUBATH CTAOMIBLHO BBICOKHME TMOKA3aTEIU BBIPAOOTKU SHEPrUU B
TE€YEeHHE BCETo roja.
ABTOMAaTH3alMs yMOPABICHUS TEIJIOBBIM ILHUKJIOM C TOMOIIBIO ITU(POBBIX
CUCTEM I03BOJIAET MOAEPKUBATH MTapaMeTPhl Tapa Ha MAKCUMAJIBHO JOITYCTUMOM TI0
YCJIOBHUSIM MIPOYHOCTH ypOBHE. Mavieiiiirie OTKJIOHEHHUS JIaBJICHUS WM TeMIEePaTyphl
MOTYT TPHUBECTH K POCTY VYACJIBHOTO pacxoja TOIUIMBA WU CO3JaTh YIPO3y
HAJeKHOCTH MeTaia Tpyo. COBpeMEHHBIE CHUCTEMbI MPEIUKTHUBHON aHAIUTUKU
OTCIIC)KUBAIOT COCTOSIHME OOOpYyIOBaHUSI B pPEAJIbHOM BPEMEHHM, MPeIoTBpalias
aBapuiHbIE CUTYallMd W ONTUMUBUPYS PEKUMBI IMycka U octaHoBa. lludposuzamus
nenaeT paboTy mnapoTypOMHHBIX 3ajoB Oojiee MaHEBPEHHOW M aJalTUBHOM K
TpeOOBaHUSM SHEPrOPHIHKA.
3akirouenune
TennoBoil HUKI MapoOBBIX TYypOMH — OTO TpUyM(] HHXKEHEPHOU MBICIIH,
NO3BOJISIOIINI MPEBPAIaTh CKPBITYIO 3HEPTUI0 BEIIECTBA B CBET M TEIUIO HAIIMUX
nomoB. CoueTaHne KIaCCHUECKUX 3aKOHOB (PU3KUKH C MHHOBAIIMOHHBIMU MaTepHUaiaMu
U IIU(PPOBBIM YIIPaBICHUEM OTKPBIBAET HOBBIE TOPU3OHTHI AP dekTuBHOCTH. [IyTh OT
NEPBBIX MApOBBIX MAaIllMH /IO COBPEMEHHBIX CYNEPKPUTUUYECKUX  OJOKOB
JEMOHCTPUPYET CTPEMIIEHUE YEJIOBEUECTBA K HICAJIbBHOMY H YUCTOMY IIPOU3BOJICTBY
sHepruu. bepekHoe OTHOLIEHHE K KaXKIOMYy OJTally LHKIA SBISETCA 3aJI0IOM
HAJIC)KHOTO U YCTOWYMBOTO IHEPTETUYECKOTO OYTyIIEro.
Criucok nurepaTtypbl:
1. benseB, C. WI. DxoHOMHUKa 3HEpreTUYecKol oTpaciu. - M.: DKOHOMUKA,
2019.

2. Ko3snos, H. A. TexHonoruu u 3xoHOMUKa 3HepreTuku. - M.: FOpaiit, 2020.

3. ConoBbeB, A. U. DHepreTryeckas 0€30MacHOCTh M YyCTOMYMBOE pa3BUTHE. -
CIIG.: ITutep, 2021.

4. Hlepemer, A. JI. DkOHOMHKA U yIIPaBICHUE SHEPreTUUECKUMH PECypcamu. -
M.: Uadpa-M, 2018.

5. CaBunkas, I. B. MupoBas sHepreTuka: mpoOjeMbl W pemieHus. - M.:

dunancel u cratuctuka, 2020.
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Caenenus 00 aBrope(-ax): Taumyxammedosa O2ynddcaxan, npenooasamens,
Aeaooxcanosa Msaxpu, Mamues Haemam, I3uzeenoues I yneweenou, cmyoenmol,
Tocyoapcmeenuwiii snepeemuueckuti uncmumym Typkmenucmana

2. Mapwi, Typxmenucman

«METOJIbl CHHTE3A BUOJIU3EJISA U3 OTXOJA0B MACEJI IUIIEBOA
MHNPOMBIHNIVIEHHOCTN»

AHHOTanus: BBenenue: cuHTE3 OWOAM3ENs] U3 OTXOAOB Maced MHUILIEBOU
POMBIIIUICHHOCTH MPEJACTABISIET €000 ONHO U3 Hambojiee NEPCHEKTUBHBIX
HampaBlIeHUW B 00JIACTH BO3OOHOBJISIEMOM JHEPreTUKHM U  DKOJOTUYECKOTO
MEHE/DKMEHTA. TpaauImOHHbIE METOJbl YTUIU3AIUN OTPaOOTAHHBIX PACTHUTEIIHHBIX
KUPOB YaCTO HAHOCAT BPEJl OKPYXKAIOIIEH Cpesie, B TO BpeMs KaK UX mepepadoTka B
TOIUIMBO TIO3BOJISIET CHU3UTH 3aBUCHUMOCTh OT HMCKOTIA€MBIX pecypcoB. JlanHas
TEXHOJIOTHS 0a3HpyeTcs Ha XMMHUYECKOM MpOoIlecce MpEeBpalleHUus TPUIIUIIEPHUIOB,
CoZlepKaIUXCSd B JKHpPaxX, B METUJIOBbIE A(UPHI KUPHBIX KUCIOT. Mcmonb3oBanue
BTOPUYHOTO CBIPhSI HE TOJBKO pelIaeT MNpoOJeMy HAKOIUICHHS OTXOJ0B, HO H
3HAYUTEIBHO CHIDKACT CEeOECTOMMOCTh KOHEYHOTO IMPOAYKTa IO CPAaBHEHHIO C
UCIIOJIb30BAaHUEM CBEKHUX Macel. B COBpeMEHHBIX YCIOBHUSAX pa3paboTKa
3 PEKTUBHBIX KATAIMTHYECKHX CHCTEM W ONTHMH3AllMs TlapaMeTpOB CHHTE3a
CTAHOBATCS KIIFOUEBBIMU (paKTOpaMu sl IPOMBIIIUICHHOTO BHEAPEHUS OMOTOILINBA.
KiarwueBbie ciaoBa: buomuzens, Cunres, Ilepesrepudukammsa, Macma, OTxomsl,
Karammsatop, Dxonorus, Duepreruka, [lepepadbortka, [muiepuH.

OCHOBHBIM XHUMHYECKHM TPOIIECCOM TMOIYUEHUST OMOIMU3EINsI SIBISETCS PEaKIUs
nepearepudukanuu (TpaHcITepudUKaIM), TPOTEKAONasi TpPHU B3aUMOJICHCTBUU
’KHpa CO CIIUPTOM B IIPUCYTCTBUU KaTajau3zaTopa. B kauecTBe CHUPTOBOTO KOMITIOHEHTA
Yale BCEero UCIOJIb3yETCsl METAHOJI U3-3a €70 BHICOKOW PEAKIIMOHHON CIOCOOHOCTH U
OTHOCHUTEJIbHOM JIEIIEBU3HBI, UTO MO3BOJISIET MOIy4aTh MeTHIIOBbIE A(upsl. [Iponecc
COMNPOBOKJAETCS BBIJICICHUEM MOOOYHOTO MPOJYKTa — TIIUIEPUHA, KOTOPBIUA MOCIEe

OYHUCTKH MOXET HaWTH NpUMEHEHHE B (PapMalEBTUUYECKONW WM KOCMETHYECKOU
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orpacisiXx. O(P(EKTUBHOCTh PEAKLUUU HANPSAMYIO 3aBUCUT OT TEMIEpPaTyphl,
COOTHOLIEHUs CIIHUPTA K MAcily M TUIA HCIOJB3YEMOI'O KaTaJIMTHYECKOI'O0 areHTa.
[IpaBuibpHBI OAOOP YCIOBHI CHHTE3a OOECIEUMBAET BBICOKHI BBIXOJ TOTOBOI'O
TOIUIMBA U MUMHMUMH3UPYET 00pa30BaHKe HEXKENATEIbHBIX IPUMECEH.

[lenoyHoil katanmu3 sBisieTCs HaumOoJiee pacHpoCTpaHEHHBIM METOJIOM B
MIPOMBIIIIEHHOM MPOU3BOJCTBE 0Jiaro/iapsi BBICOKOMW CKOPOCTU MPOTEKAHUS PEaKuu
U MSITKAM TeMIlepaTypHbIM YCJIOBHSIM. B KauecTBe KaTaqu3aTopoB OOBIYHO
NPUMEHSIOTCS TUPOKCHUIbI UM METUJIAThl HATPUS U Kallks, KOTOpble 00eCeunBaIoT
NPEBPAILEHUE ChIPbSl B TEUEHHE TPUJILATU-LIECTUACCATH MUHYT. OHAKO ATOT METOJT
TpeOyeT TIIATEeIbHON OUYMCTKH MCXOJHOTO ChIPbS OT CBOOOJHBIX KUPHBIX KUCIOT U
BJaru, COJEp>KaHue KOTOPHIX B IMHUIIEBBIX OTXO0JAaX Maced OOBIYHO IMOBBIIICHO.
[IpucyTcTBHE BOABI M KUCIOT MPUBOAUT K HEXKENATEIIbHOMY MPOLIECCY OMBUICHHS, YTO
3aTpyIHSET OT/AEJICHUE TIMIEpPUHA M CHIDKaeT oOmui Bbixod Ouoauzens. Takum
oOpazoMm, [JIsi OTpaOOTaHHBIX Macel IIEJOYHOM Karajau3 Yacto TpelOyer
IpEeABAPUTENBHON CTaAUU MOATOTOBKY WU OUYHCTKHU.

KucnotHelii katanu3 NpUMEHSETCS B TE€X CIIydasiX, KOTJla UCXOAHOE ChIPbE
XapaKTepu3yeTcs BHICOKUM COJEPKaHUEeM CBOOOJHBIX KUPHBIX KHCIIOT, YTO TUITUYHO
U1l QpUTIOPHBIX Macell. Vcronb3oBaHNe CEpHON WU COJSHOM KHCIIOTHI MO3BOJISIET
OJTHOBPEMEHHO TMPOBOAUTH MPOIECCH  ATepUPUKAIMHN  KHUPHBIX KHUCIOT U
nepesTeprurKaIiyi TPUTTUIICPHUI0B B OJHOM peaKIMoOHHON eMKocTH. HecMoTpst Ha To
YTO KHUCJIOTHBIA METOJ MPOTEKAET 3HAYUTENIbHO MEJUICHHEE IIEJIOYHOro U TpedyeT
0osiee BBICOKHMX TEMIIEpaTyp, OH UCKIIOYAEeT PUCK 00pa30BaHUS MbLIA. DTOT MOJIXO[
ABJIAETCS 0O0Jiee YHUBEpPCAJIbHBIM JUII HU3KOKAYECTBEHHOTO CBHIPbs, ITO3BOJIAA
nepepadaTeiBaTh OTXOABl C MHUHUMAJIBHBIMH TMOTEPSAMH IIEHHBIX KOMIIOHEHTOB.
NuxeHnepbl 4acTo KOMOMHHUPYIOT KHUCIOTHYHO TpeaoOpabdoTKy C MOCIEAYIOINUM
IIEJIOYHBIM CHUHTE30M ISl JOCTUKEHUS ONTUMAJIbHBIX IOKa3aTeslell CKOPOCTH H
KauecTBa.

OH3UMHBINA ((PEepPMEHTATUBHBIN) CHUHTE3 MPEACTABISIET COOON 3KOJIOrMYECKU
YUCTYIO aIbTEPHATUBY TPAAUIIMOHHBIM XUMUYECKUM METOJ1aM, UCTIOJIb3Ys B KAUECTBE

KaTaJIn3aTOPOB JIHUIIA3bl MUKPOOPIaHU3MOB. I'maBHBIM MNPpCUMYIICCTBOM 3TOI'O MCTOda
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SIBJIIETCS. OTCYTCTBUE TOKCUYHBIX OTXOJIOB, BO3MOXKHOCTH MPOBEIACHUS PEAKITUU TIPU
KOMHATHOW TeMIepaType U JIeTKoe OTHAeNieHHe TimiepuHa. DepMeHTH CIIOCOOHBI
3¢ (pexTUBHO paboTaTh C ChIpbEeM JIIOOOT0 KayecTBa, HE TpeOys MpeABapPHUTEIBHOIO
yIajJeHuss BJIard WJIA OKUPHBIX  KUCIOT. (OJHAKO BBICOKAaS  CTOMMOCTH
OMOKaTaIM3aTOPOB M JUIUTEILHOE BpEeMsl MPOTCKAaHUS pPeakluu (10 COPOKa BOCHMU
9JacoB) MOKa OTPaHUYWBAIOT IIUPOKOE MPUMEHEHHE 3TOTO MeTojaa. TeM He MEHee,
pPa3BUTHE TEXHOJOTHH MMMOOWIHM3AIM (EPMEHTOB JeiIaeT ATOT MyTh Bce Oolee
NIPHUBJICKATEIBHBIM JJIS1 YCTOMYMBOTO PAa3BUTHS «3EICHOM» XHUMHUH.

['eTeporeHHBINi KaTaldW3 C KCIOJAB30BAHMEM TBEPIbIX KaTaau3aTOPOB
CTAaHOBHTCS  CTaHJIAPTOM JUII COBPEMCHHBIX aBTOMATHU3MPOBAHHBIX  JIMHUH
IIPOM3BOJICTBA OnMoam3es. TBep/ble KaTaau3aTOPhl, TAKUE KaK OKCHJIBI METAJJIOB WIIH
MOHOOOMCHHBIC CMOJIbI, HE PACTBOPSIOTCS B PEAKIIMOHHOW CMECH, YTO ITO3BOJISET
JIETKO OTJIEJISATh MX M HCIIOJIB30BaTh MOBTOPHO. DTO 3HAYUTEIIBHO YIIPOIIACT CTAIUIO
IIPOMBIBKM M OYHMCTKH OMOJW3EIIsA, CHUMXKas 00beM 00pa3yIoIIUXCs CTOYHBIX BOJ U
oOI1ue SKCILTyaTallMOHHbIC pacXobl. [I[puMEHEHNE TeTepOreHHbIX CUCTEM ITO3BOJISET
IPOBOAUTL TIPOIECC B HEMPEPHIBHOM PEXKHUME B PEAKTOpax KOJOHHOTO THIIA,
oOecrieunBasi CTaOWJIBHOE Ka4eCTBO MPOAYKIMH. VcciemoBanus B 00JacTh
HAHOCTPYKTYPHPOBAHHBIX KaTaJU3aTOPOB HAIIPaBJICHBI HA YBEIWYCHUEC MX aKTHUBHOU
TIOBEPXHOCTH M ITOBBIIIICHHUE JIOJITOBEYHOCTH B arpPECCUBHBIX CpeIax.

CBEepXKPUTHYECCKHE METOIbI CHHTE3a MPE/IO0JIaraloT MPOBEICHUE PEAKIIMK TIPU
AKCTPEMAJIPHO BBICOKHMX JaBJIICHHSAX W TeMIlepaTypax, Korja CIHUPT TEPEXOIUT B
COCTOSIHUE CBEPXKPHTHYECKOTro Giaronya. B Takux yCHIOBHUSAX peakIus MpOTEKaeT
MTHOBEHHO 0€3 HEOOXOJIHMMOCTH HCIOJB30BaHUS KaKUX-JTHOO KaTaJM3aTOPOB, UTO
JedaeT Tporecc MpeaeiabHOo YHCThIM. OTCyTCTBHE KaTajau3aTtopa yIpoIlaeT
(MHAITBHYIO CTAIUIO pa3eiacHus Ga3 U UCKITI0YACT 3arps3HCHUE TOTUIMBA OCTATKaMU
METAJJIOB WX KHCJIOT. DTOT METOJ aOCOJIIOTHO HEUYBCTBUTEICH K KA4eCTBY
HMCXOJIHOTO Macjia, IMO3BOJISAS IepepadaThiBaTh JaKe CaMble 3arpsA3HCHHBIC OTXOBI
MTUIIEBON IPOMBIIIICHHOCTH. OCHOBHBIM CICPKUBAIONTAM (haKTOPOM 3/1€Ch SBIISTFOTCS
BBICOKHE KalUTaJIbHBIC 3aTpaThl Ha OOOpYyJOBaHHE, CIIOCOOHOE BBIICPKUBATH

CBCPXBBICOKOC NABJICHHC.
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VibpTpa3BykoBass M MUKPOBOJHOBAs HMHTEHCHU(PUKALMS CHHTE3a IIO3BOJIAET
CYLIECTBEHHO COKpPAaTUTh BPEMs pEaKUMU U CHU3UTh DHEPro3aTparbl 3a CYeT
YCKOPEHHsI MaccooOMeHa. YIbTpa3BYKOBash KaBUTALMS CO3JA€T MHKPOB3PHIBBI B
CMECH MacJja U CIupTa, o0ecreynBas uealbHOe IMYJIbIMPOBAHNE KOMIIOHEHTOB Ha
MOJIEKYJIIPHOM YpOBHE. MUKPOBOJIHOBOE U3JTyYEHUE BO3/IEUCTBYET HEMTOCPEICTBEHHO
Ha MOJIEKYJIbI peareHToB, obecneunBasi ObICTPBIM U paBHOMEPHBIA 0OBEMHBIN Harpes
0e3 temoBoil MHepuuH. Mcnosb30BaHUE 3TUX TEXHOJOTUW MO3BOJSET MPOBOJUTH
CUHTE3 32 CYUTAaHHbIE MHUHYTHl BMECTO 4YacoOB, 3HAYUTEJHHO TIOBbIIIAS
POU3BOJIUTEILHOCTh MAJIBIX M CPeAHMX MpeanpusTuil. [laHHbie MeTOIbl 0COOEHHO
3¢ PeKTUBHBI TTPU NepepadoTKe HEOOIBIIUX MAPTHI OTXO0I0B Macesl HeTIOCPECTBEHHO
B MecTax UX o0pa30BaHUs, HAIPUMED, B KPYITHBIX PECTOPAHHBIX CETSX.

OuncTka MONy4eHHOro OMOAM3ENs SBIISETCS 3aBEPIIAIONINM U 00s3aTEIbHBIM
ATArioM, OMPEIENSIONUM €ro MPUTOAHOCTb JJIS HWCIOJIb30BAaHUS B COBPEMEHHBIX
IU3EIIbHBIX JBUTATENSAX. Y AJICHHE OCTaTKOB METaHoJa, Karajau3aTopa, MbUI H
[JIMIEpPUHA TPOU3BOAUTCA IIyTEM MHOTOKPAaTHOM MPOMBIBKM BOJAOW WIH C
UCIIOJIb30BAaHUEM CYXHX aJCOpOEHTOB. BaKHBIM mMapaMeTpoM KauyecTBa SBISETCS
BS3KOCTh M TEMIIepaTypa 3acThIBaHMs, KOTOpPbIE NJisi OTPAOOTAHHBIX Maceil MOTYT
noTpeOoBaTh NOMOJIHUTEILHON KOPPEKTUPOBKH C MIOMOIIBIO TTPUCAIOK.

3akiroueHnmne

Meronbl cuHTEe3a OuMOAM3ENs M3 OTXOJOB IMHUIIEBON MPOMBIIIIICHHOCTH
MPEeNOCTaBIAI0T S(PPEKTUBHBIA HMHCTPYMEHT JUIS PEUICHUS DSHEPreTUYECKUX U
HKOJIOTUYECKUX Mpo0iieM coBpeMeHHOCTH. [lepeatepudukarius oTpaboTaHHBIX Macel
IIO3BOJISIET MOJy4Y4aTh BBICOKOKAUYECTBEHHOE TOIUIMBO, COOTBETCTBYIOLIEE CaMbIM
CTPOTHM JKOJIOTHYECKUM cTaHAapTaM. CoueTaHuE XUMHYECKUX, OUOJIOTHYECKUX U
¢u3nyeckux METOJOB BO3JAEUCTBUS oOecreynBaeT THOKOCTh TEXHOJOTHUU M|
BO3MOKHOCTh ~ IEpepadOTKM  ChIppS  JIOOOTO  KaudecTsa. [TocTosiHHOE
COBEpIICHCTBOBAHUE KAaTaJIM3aTOPOB M IMPOLECCOB OYUCTKU JieJaeT Ouoau3elnb
peanbHON abTEpPHATHBOM HCKOMaeMoMy TOIUIMBY. MHBecTHMH B MepepabOTKy
OTXOJOB CEroJiHs OO0eCcHeurBalOT YHUCTOE U YCTOMYMBOE Oynyniee MHUPOBOU

SHEPTETHUKHU.
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3HaHui, 2025.

285



Caenenus 00 aBrope(-ax): Taumyxammedosa O2ynddcaxan, npenooasamens,
I'ypoosa Tasyc, dceumuvipacos Meiinuc, Amaes Hypcaxem, cmyoenmui,
T'ocyoapcmeennvtii snepeemuueckuti uncmumym TyprxmeHucmana

2. Mapwi, Typxmenucman

«TEXHOJIOI'MYECKHUE CITIOCOBbBI ITOJTYUYEHUA BUOAU3EJIBHOI'O
TOIIVIMBA HA OCHOBE BTOPUYHbBIX )KUPOBBIX PECYPCOB
INALIEBBIX TPOU3BOICTB»

AHHOTanus: BBeleHHE: TEXHOJIOTUYECKUE CIOCOOBI TMOMydYeHHs Ouomu3ens Ha
OCHOBE BTOPUYHBIX JKMPOBBIX PECYpPCOB SIBISIOTCS MPUOPUTETHBIM HAMPABICHUEM
UPKYJASIPHONH SKOHOMUKH B MHIINEBON MPOMBIIIJIEHHOCTH. EjXEerogHo NpeanpusTus
0OIIIECTBEHHOTO TUTAHUS U KPYIHBIC MUIIEBbIE KOMOUHATHI TEHEPUPYIOT MUJIITUOHBI
TOHH OTpPAa0OTAHHBIX PACTUTENBHBIX Macel M IKUBOTHBIX JKHUPOB, TPEOYIOIINX
npaBUIbHOM yTwiM3auuu. lIpeBpallleHHe 3TUX OTXOAOB B BBICOKOKAYECTBEHHOE
TOIUIUBO TIO3BOJISIET HE TOJNBKO CHU3WTh HArpy3kKy Ha OKOCUCTEMBI, HO H
IUBEpPCUPUIIMPOBATh DHEPreTUYECKU OallaHC MPOMBIIUICHHBIX —TMPEANPUITHA.
CoBpeMeHHBIE TEXHOJIOTHU 00ECIEeYNBAIOT CTAOMIBHYIO KOHBEPCHIO 3arpsi3HEHHOTO
CBIPbSI B METUJIOBBIE A(UPBI KUPHBIX KUCIOT, COOTBETCTBYIOIIHNE MEKTyHAPOIHBIM
CTaHJapTaM KauyecTBa. BHelpeHue TakuX METOIOB TpeOyeT NIyOOKOTO MOHHUMAaHUS
XUMHYECKUX TIPOIECCOB W crenuduku paboThl C TETEPOTCHHBIMH CMECSMU
BTOPUYHOTO MPOUCXOXKICHHUS.
KuawueBble caoBa: buoausens, Texnomorusa, Xupe, Otxonp, CuHres,
[lepeatepuduxarus, Jxomorus, JHepreTuka, Karanuzarop, Pecypcsl.
[IpyHuunuanbHasi TEXHOJOTMYECKAass CXeMa TMOJydYeHHus Ouonuszens u3
BTOPUYHOT'O ChIPbsi HAUMHAETCSI C MHOTOCTYIIEHYATOM OYMCTKH MCXOJHBIX KHMPOBBIX
pPECYpCOB OT MEXaHMYECKUX mpumeced u Biard. OTpaboTaHHbIE Macia YacTo
COJIep>KaT OCTATKHU MPOAYKTOB MUTAHUs, HATap U 3HAUUTEIIbHOE KOJIMYECTBO BOJIbI, YTO
MPENATCTBYET HOPMAJIbHOMY MPOTEKAHUIO XUMHUYecKHUX peakuuil. IIpoieccs

bunpTpanuu, HeHTPUPYTUpOBaHUS U BaKyyMHOM CYIIKH IO3BOJISIIOT MOJATOTOBUTH
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CBIpb€ K CTaJUU XUMHUYECKOTO MPEBpALEHUS, MUHUMU3HUPYS PUCK OOpa30BaHUS
moOOUYHbIX coeauHeHu. DddekTuBHas npenBapuTesibHas 00paboTKa HAMPSIMYIO
BIUSET HA pacxoJ KaTaJlu3aTOpPOB U YUCTOTY IMOJYYaeMOIo IJIMIIEpUHA.
Hcnonb3oBaHue  aBTOMATU3MPOBAHHBIX  CHUCTEM  CEMapaluud  TrapaHTUpyeT
OJIHOPOJHOCTH COCTaBa KUPOBOH (ha3bl mepel moJavueii B OCHOBHOM peaKTOPHBIH OJIOK.

Opgnum u3 Haubosnee BOCTPEOOBAHHBIX CIOCOOOB MEPEpPadOTKU SABISAETCS
JIBYXCTaAUNHBIA CHHTE3, COUYCTAIOIIMN KHUCIYH JSTepUPUKANNI0O U IIECTOYHYIO
nepearepudukanuto. Ha nepBoil ctagnu cBOOOIHbIE KUPHBIE KUCIOTHI, COACPKAHUE
KOTOPBIX B OTXOAAaX MOXET JOCTUIaTh MATHAALATA MPOLIEHTOB, HEUTPAIU3YIOTCS
NyTeM B3aUMOJCHCTBUS C METAHOJOM B MPUCYTCTBUU CEPHOM KHUCIOTHL. ITO
OpelOTBpAIllaeT pEaKIMI0 OMBUICHHS Ha CIEAYyIoIIeM JTane M IO03BOJISET
MaKCHMAaJIbHO HCIOJIb30BaTh >KUPOBYIO COCTaBIAIONIYIO ChIpbsi. BTopas cragus
3aKJII0YAaeTCsl B KJIACCHMYECKOW  mepesTepuPuKaldd  TPUTIIMIEPUIOB €
UCIIOJIb30BaHUEM IIIEJIOYHOTO KaTajau3aTtopa, obecreunBas OBICTPYIO W TOJHYIO
KOHBEPCHIO B 3(DUPHI.

TexHonorusi CBEPXKPUTHUECKON mepesTepudukanuu 0e3 HCIOIb30BaAHUS
KaTajJu3aTopoB  TpeiacTaBisger  coOod  Hambojee  paguKaidbHBI  CIOCOO
MHTEHCU(UKAIIMM TIPOU3BOJCTBA. B 3TOM mporecce cMech Maclia U CIHpTa
HarpeBaeTcs 10 TEMIEPaTyp CBBIIIE TPEXCOT IpaaycoB Llenbcus npu gaBIeHUNA OKOJIO
TpUALIATH Meramnackajieidl. B CBEpXKpUTHUUECKOM COCTOSIHUM PacTBOPUMOCTH
KOMITOHEHTOB PE3KO BO3PACTAET, U PEAKLMS IPOTEKAET MTHOBEHHO JaXe ITPU HAJTUYUU
B ChIpbe OOJIBLIOr0 KoJW4ecTBa mpumeceil u Biaaru. OTCyTCTBHE HEOOXOAUMOCTH B
KaTaJIM3aTOPE MCKIIOYAET CIOXKHBIE CTAaJUM HEUTpalU3allid U MHOTOKPaTHOMN
MIPOMBIBKH T'OTOBOTO TOIUIMBA, YTO COKPAIIAET NPOU3BOJACTBEHHBIN UK.

KaBuranmonnbsle MeTOABI BO3JCUCTBHUS, OCHOBAHHBIE Ha MCIOJIb30BAHUU
yJIbTPa3ByKa WIH THIPOIMHAMUYECKUX F€HEPATOPOB, MO3BOJISIIOT MPOBOAUTH CUHTE3
B HEIPEPHIBHOM PEXUME C BBICOKOM CKOPOCTBIO. YIBTPa3BYKOBOE BO3JEHCTBHE
CO3/A€T B KUJAKOCTH 30HbI JIOKAJIbHOTO CBEPXBBICOKOI' O JABJIEHUS U TEMIIEPATYPHI, UTO
MIPUBOJUT K Pa3pbIBY MOJIEKYJISIPHBIX CBSI3€M 1 MHTEHCUBHOMY IMEPEMEIIUBAHUIO. DTO

IMO3BOJIAACT CYHICCTBCHHO CHHU3WUTbL MOJIAPHOC OTHOLICHHC CIIMPTa K MaAClly H

287



YMEHBIIUTh KOJUYECTBO HCIOJIB3YEMOr0 Karanu3zaropa ©0€3 IOoTepu KadecTBa
npoaykra. ['mapoauHamuueckass  KaBuTamuss ocoOeHHO  3(d@exTuBHa  mpu
MacTabMpOBAaHUU MPOU3BOACTBA AJIA MEPepadOTKH OOJIBIINX 00bEMOB BTOPUUYHBIX
KUPOB Ha KPYyNHBIX KoMOMHaTax. CHM)KEHHE BpEeMEHU NpeObIBaHUS PEareHTOB B
peaKkTope 10 HECKOJbKMX MHUHYT 3HAYUTEJIbHO TMOBBIIIAET KOMIIAKTHOCTh H
MIPOU3BOIUTENBHOCTh YCTAHOBOK.

[Ipumenenue TBepAOQa3HbIX (T€TEPOTreHHbIX) KaTaau3aTOpPOB IO3BOJISIET
co3aaTh 0€30TXO/IHYIO0 TEXHOJIOTHUYECKYIO IIEMOYKY C BO3MOXHOCTHIO MHOTOKPAaTHOTO
UCIIOJIb30BaHMS aKTUBHBIX KOMIIOHEHTOB. | €TeporeHHble CCTEMbl HA OCHOBE OKCHJIOB
Mar"usi, KajablUs WIK CIIEHUATU3UPOBAHHBIX CUJIMKATOB HE PACTBOPSIOTCS B CMECH,
YTO YIOPOIIAeT HUX OTAeNeHne ¢GuibTpanuei. OTO UCKIOYaeT IonajaHue
Katajau3aropa B (ha3y riauiepuHa 1 OMoIu3eis, MOBbIIIas X KOMMEPUECKY0 IEHHOCTh
0e3 TIONMOJHUTENBHBIX 3aTpaT Ha OYUCTKY. COBpEMEHHbIE PEAKTOPHI C HEMOIBUKHBIM
CJIOEM KaTaliu3aTtopa 00ecreuMBalOT CTaOWIbHYIO pabOTy JIMHUU B TE€YEHHUE THICAY
4acoB, CHUXasi CeOECTOMMOCTh OJKCIuTyaTanuu. Vcmonap30BaHHEe TaKUX CHUCTEM
MUHUMU3HPYET 00pa30BaHUE CTOKOB M COOTBETCTBYET MPUHIIUIIAM «3€JICHON» XUMUU
B IIPOMBIIIJICHHOM MacuiTabe.

DepMEeHTATUBHBIA CIOCO0 MONMY4YEHHUS] OMOIM3ENsT C UCIOJIb30BAaHUEM JTUTIA3
ABIIAETCS HAMOOJEe HKOJIOTHYHBIM U MITKUM METOAOM MepepadOTKH BTOPUYHBIX
KUPOB. bHoOKaTamu3aTopsl TO3BOJIAIOT MPOBOAUTH PEAKUUIO TPU YMEPEHHBIX
Temieparypax (TpUALATb-COPOK I'PalyCoB), YTO CYIIECTBEHHO SKOHOMUT TEIUIOBYIO
sHepruto. JInnasel 0071a/1a10T BBICOKOM CEIEKTUBHOCTBIO U CIOCOOHBI IEpepabaThIBaTh
CBIPBE C JTIOOBIM COJIEPKAHUEM BJIATU M CBOOOTHBIX KUPHBIX KUCIOT 0€3 00pa3oBaHMs
Mmbu1a. Hecmotpst Ha Gonee IIMTENbHOE BpeMsl peakluu, 3TOT METOJ] 00ecreurnBaeT
MOJlyuYeHUEe TIUIEpPUHA (PapMaleBTUYECKOr0 KayecTBa, YTO TIOBBIIIAET OOIIYIO
pEeHTa0eNbHOCTh MPOU3BOICTBA. PazBuTre TeXHOIOTMH UMMOOMIM3AIH (PEepMEHTOB
MO3BOJISIET MCIOJB30BaTh MX B NPOMBIIUIEHHBIX MacliTtadax, Jenas Ipolecc
HKOHOMHYECKH KOHKYPEHTOCIIOCOOHBIM.

Texnonmorust rayOOKOW BakKyyMHOM JUCTWUISIUMUA  CBIPOro  OuoAM3eENs

NPpUMCHACTCA A AOCTHIKCHHMA BBICIHIUMX CTAaHAAPTOB YHCTOTBI MW YIIYUYIICHUA
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HU3KOTEMIIEPATYPHBIX CBOWCTB TOIUIMBA. B mpolecce AUCTWIIALMU YIAISIOTCS
OCTaTOYHBIE MOHOTJIMIIEPUIBI, KPACSIIIUE BEIIECTBA U MTPOAYKTHI OKUCIICHUS, KOTOPbIE
MOTyT  MNPUCYTCTBOBaTh B  OTXOJaX  NHUIIEBbIX  Maced.  [lomydeHHbIN
«TUCTUWLTUPOBAHHBINY» OMOIM3ENb 00J1a1aeT MPO3PAaYHOCTHIO, HU3KON 30JIbHOCTBIO U
BBICOKOW CTAOMIBHOCTBHIO MPU XPAaHEHUU. DTO OCOOEHHO Ba)KHO JJISI UCTIOJIb30BaHUS
TOIUUIMBA B IBUTATEIIAX YKOJIOTMYECKOr0 Kiacca EBpo-6, 4yBCTBUTEIbHBIX K KAUECTBY
roprouero. YJIajlieHHe TsDKENbIX (pakiuid TakkKe CIOCOOCTBYET CHIDKCHUIO
TEeMIIepaTypbl PUIBTPYEMOCTH, YTO PACIIUPSET reorpadrio IPUMEHEHHS MTPOJIYKTa B
3UMHUU NEPUO/I.

Opranuzanus cucteM cOopa MU JIOTUCTUKH BTOPUYHBIX >KUPOB SBISETCS
HEOTHEMJIEMOM YacThi0 TEXHOJOTHMYECKOI'0 MpOIlecca B PETHMOHAILHOM MaciiTade.
Cozanue MyHKTOB MEPBUYHON (PUIBTPAIIMHA U HAKOTUICHUS KUPOB HEITOCPEACTBEHHO
y TPOU3BOAUTENECH OTXOJOB CHHUXKAET TPAHCIIOPTHBIE PACXOAbl M MPENOTBpPAIIAET
nopuy Coipbsi. Mcnonp30BaHue CHENUATU3UPOBAHHBIX KOHTEMHEPOB C MOJAOTPEBOM
1103BoJIsIeT 3P (HEKTUBHO TPAHCTIOPTUPOBATH TBEP/IbIE )KUBOTHBIE JKUPHI B JIFOO0E BpeMsI
rona. [{udpoBoli KOHTPOJIL MEMOYKH TOCTABOK OOECIEYMBAET IMPOCIICKHUBAEMOCTh
IPOUCXOKACHUS CBIPbS M TapaHTUPYET €ro HSKOJOTHYECKYH Oe30MacHOCTb.
OddexTuBHAS JIOTUCTUKA MPEBpAIIACT pa3pO3HEHHbIE MCTOYHUKHA OTXOJ0B B
CTAOMJIBHBIN MOTOK PECYPCOB ISl OMOIU3EIHLHOTO 3aBO/IA.

3akiouenmne

3aKII0UeHHE : TEXHOJIOTHYSCKHIE CITOCOOBI TOTyYCHUST OMOIU3ENS U3 BTOPUIHBIX
KUPOBBIX PECYPCOB MPEICTABISIOT COO0H BHICOKOTEXHOJIOTHYHBIA OTBET Ha BBI30BHI
COBPEMEHHOI0 pecypcocOepekeHuss. KoMOMHamms TpaguIllMOHHBIX XHUMHUYCCKHUX
METOJI0B C HHHOBAIIMOHHBIMU (DHU3NYECKUMHU BO3JICHCTBUSIMH 00ECIICUNBAET BHICOKYIO
3 GeKTHBHOCTDH TIEPePaOOTKH MUIIEBBIX OTX00B. II0CTOSIHHOE COBEPIICHCTBOBAHHE
CHCTEM OYMCTKH M KaTajin3a JejlaeT OMOTOIIIIMBO HAICKHBIM 1 AKOJIOTHYECKH YUCTHIM
WCTOYHUKOM OJHEpruu. MHBECTHIIMH B pa3BUTHE TaKUX MPOU3BOACTB SIBJISIOTCS
3aJI0TOM CO3/JaHUsI YCTOMUYMBON M O€30MacHOM dHEPreTUYEeCKOW CHUCTEMBI OYyIyIIEero.
ParmonanbHOE HMCTHOJIB30BAaHUE KaXIOTO JUTpa OTpaOOTaHHOTO Macjia MPUOIMKaeT

HAC K TapMOHHUU ME¥XK]1y TPOMBIIUIEHHOCTHIO U HIPUPOJION.
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Caenenus 00 aBTope(-ax): becenoukos /{., npenooasamers,
Tannvies T., cmyoenm,
Tocyoapcmeenuwiii snepeemuueckutl uncmumym Typkmenucmana

2. Mapwi, Typxmenucman

«CIIOCOB NOBBIIMEHUSA DY®®EKTUBHOCTHU BUOTA30BOI
YCTAHOBKHU ITYTEM MCIIOJIB30BAHUSA COJTHEYHOM YHEPT U »

AnHoTanus: Vcnonb30BaHUE COTHEYHOM SHEPTUU NI MOBBIIMICHUS 3P(HEKTUBHOCTH
OMOTra30BBIX YCTAHOBOK SIBJISIETCS OJHUM M3 HanOoJiee MEePCIEKTUBHBIX HANIpaBICHUN
B 00J1aCTH THOPUIHBIX CUCTEM BO300OHOBIIsIeMO sHepreTuku. [Iporecc anaspoOHOTO
cOpakuBaHUsS OHOMAcChl KPUTHYECKH 3aBUCUT OT TOJJEpKaHUS CTaOWIBHOTO
TEMIIEpAaTypHOTO peXuUMa BHYTpU peakTtopa (MeraHteHka). lcmonb3oBaHue
(OTOREKTPUYECKUX TaHENEeH M COJHEUHBIX KOJUIEKTOPOB MO3BOJISIET OOECIEYUTHh
HEOOXOMMMBIM HarpeB cyocTpara 0e3 3arpaT 4acTd BhIpabaThiBaeMoOro Oworasza Ha
COOCTBEHHBIE HYXJbl YCTAHOBKH. DTO 3HAYUTEIHHO YBEIMYMBAET TOBAPHBIN BBIXO[
SHEPTUU U COKpallaeT MEPHUO OKYITaeMOCTH 000pyI0BaHMs, 0OCOOCHHO B PETMOHAX C
BBICOKOM COJIHEUHOM WHCOJAMEN. HTerpanus COJTHEUYHbIX TEXHOJIOTUN MTPEeBpaliacT
OOBIYHYI0O OHOTAa30BYI0 YCTAaHOBKY B BBICOKOAI(D(HEKTHBHBIH HSHEPreTHUYCCKHUI
KOMIUIEKC, CITIOCOOHBIN paboTaTh B aBTOHOMHOM PEKHUME.

Kuarwuessble cioBa: bruoras, Connue, Dueprus, DddexruBHocTh, Komtektop, Harpes,
Meran, ['ubpua, TexHomorus, IKonorus.

[Monnep>kanre ONTUMAIBLHON TEMIEPATYPHI SIBISIETCS TJIABHBIM YCIIOBUEM JIJIS
AKTUBHOW J>KHU3HEACSITEIIbHOCTH MeTaHooOpasyromux Oakrepuii. CyIlIecTBYIOT TpHU
OCHOBHBIX TEMIIEPATypHBIX pekuMa: mcuxpoduibHbiii, Me3opmibabi (30—40°C) u
tepmouibabi  (50—60°C). Me3zoduneHblil pexkuM Hanboyiee pacrnpoCTpaHEH
Oyaromapsi CBoei CTaOMIIBHOCTH, OJHAKO OH TPEOYET MOCTOSHHOTO MOABOA TETIIOBOU
sHeprun. CoOJHEYHBIE KOJUICKTOPHI, YCTAHOBJIICHHBIE HA TEPPUTOPUU KOMILIEKCA,
VJIaBIMBAIOT TEIUIOBYIO SHEPIrUIO0 COJIHIIA U TEpefaroT €€ uepe3 TerI000MEHHUKH

HCIIOCPCACTBCHHO B 30HY pCaKIMH. OTO MO3BOJISCT noaACPKMBATh 3addHHYIO
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TEMIIEPATYPY C BBICOKOM TOYHOCTHIO, YTO YCKOPSET MPOIECC PA3I0KEHUSI OPTaHUKHU U
YBEIIMYUBAECT 00BEM MPOU3BOJANUMOrO METaHa.

WNuterpanys  BakyyMHBIX  COJHEYHBIX  KOJUIGKTOPOB  OOECIEUMBACT
3 PeKTUBHBIN HArpeB Jake B XOJOJHOE BpeMsl roja Ojaroaaps HUX BBICOKOU
TEIJION30JISIIUUA.  TEerJIOHOCUTENb, IUPKYJIUPYIOIIUHA B  CHUCTEME, IEPEHOCHUT
HaKOIUICHHYIO0 DJHEPTHI0 B 0aK-aKKyMyJSITOp, KOTOPBIA CrJa)XXUBAaeT CYTOYHBIC
KOJIeO0aHUsl COJTHEYHOW aKTUBHOCTH. DTO rapaHTUPYET HEMPEPHIBHYIO MOAavy TEIljia B
OMopeakTop Jake B HOYHBIC Yachl, MpEAOTBpallas «TeMIEPaTypHBIA IIOK» Y
MUKPOOPTaHU3MOB. ABTOMAaTU3UPOBAHHAS CHCTEMa YMPABJICHUS PETYIUPYET MOTOK
TETIJIOHOCHUTEJISI B 3aBUCMMOCTH OT TEKYIIIEH TeMIepaTypbl BHYTPYU METaHTEHKA. Takoit
MOJXOJ TIO3BOJISIET JIOCTUYh MAaKCUMaJIbHOW TIYOMHBI TIepepabOTKH CHIPbS U
MOBBICUTH Ka4€CTBO MOJyYaeMbIX OpraHu4YecKuX yaoopenuit (3¢ diroenra).

HcnonwszoBanue GhoTOdIEKTPUIECKUX MpeoOpazoBaTeiei (COTHEUHBIX OaTapeii)
MO3BOJISIET TMOJTHOCTBIO TMOKPBITH MOTPEOHOCTH YCTAHOBKU B AJIEKTPOIHEPTUM IS
paboThl HACOCOB, MEIIAJIOK M CHUCTEM KOHTpois. MexaHWdyeckoe MepeMelnInBaHnue
cyOcTpaTa HEOOXOAMMO ISl IPEAOTBpaIeHUs 00pa30BaHUs KOPKU U PAaBHOMEPHOT'O
pacmpeneneHuss  TeMIeparypsl 10 BceMy oObeMy  peaktopa. [luranue
AIIEKTPOABUTATENIC MEIIAJOK OT COJHEYHOW HHEPruM TO3BOJSET CHHU3UTH
AKCILUTyaTallMOHHBIE PAcXOJbl U ClleJaTh YCTAHOBKY SHEProHe3aBHUCHUMON. M3nmumiku
AIEKTPOIHEPTUA MOTYT OBITh HAKOIUIEHBI B AaKKyMYJISITOPHBIX Oarapesix WIu
HaIpaBJICHBI Ha IPyTUE HYKIbI (hepMepckoro xo3siicTBa. [ nubpuansaius 6Mora3oBbIx
U (OTOINEKTPUIECKUX CHUCTEM CO3JAeT YCTOMUYMBYIO SHEPreTUUYECKYI0 0asy s
CEJIbCKUX TEPPUTOPUH.

IIpumeHeHne cucteM KoHLEHTpanuu coiaHeuyHou sHepruu (CSP) oTkpsiBaeT
BO3MOXHOCTH JJIsi paOOThl OMOTa30BbIX YCTAHOBOK B TEPMO(DIIBHOM pPEXHUME.
TepMmodunpHBIII TIpollecC XapaKTEPHU3YeTCs] BBICOKOW CKOPOCTBIO JIECTPYKITMHU
OroMacchl U MOJTHOW Je3uH(eKIue cydcTpaTta OT MATOTEHHBIX MUKPOOPTAaHU3MOB.
OaHako BBICOKME DHEpPro3arpaTtel Ha moaaep:kaHue temmeparypbl 55—60°C yacto
JIeNal0T ATOT PEKUM HEBBITOJIHBIM MPU UCIOIb30BAaHUU TPAJIUIIMOHHBIX UCTOYHUKOB

teruia. DOKycHpPYIOIIUE 3€pKajia W TapaboIudecKue KOHIICHTPATOPhl CIIOCOOHBI
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TE€HEPUPOBATh BBICOKOMOTEHIIMAIBHOE TEIJIO, JO0CTaToyHOoe g 3(PPEeKTUBHOIO
BEJEHUs TEpPMODUIBLHOIO Mpouecca. ITO COKpallaeT HeoOXOAMMOE BpeMs
NpeObIBaHUS CHIPhSI B PEAKTOPE U IMO3BOJISIET YMEHBUIUTH €ro radapuThl MpH
COXpPAaHEHUH BBICOKOW MPOU3BOJAUTEILHOCTH.

Temonzonsuuss Kopmyca OHMOra3oBoro peakTopa C  HMCHOJb30BaHHEM
COBPEMEHHBIX MAaTEPUAIIOB MUHUMU3UPYET MOTEPU SHEPTUU B OKPYKAIOUIYIO CPENY.
B codeTtaHun C COJIHEUHBIM HArpeBOM JTO IIO3BOJIAET CO3/1aTh CHCTEMY C
MOJIOKUTEITBHBIM DHEPTETHUCCKUM OajlaHCOM JaXe B YMEPEHHBIX KIMMATHYECKUX
30Hax. [IpoekTHpOBaHUE «HNACCHBHOTO» COJIHEYHOIO HAarpeBa, KOrja caM KOpIycC
peakTopa HUMEET TEMHOE MOTrJOMANIEe MOKPHITUE M 3allUIIEH TPO3pauyHbIM
KyIoJioM, co3aaet 3 dekt Terumibl. Takoe mpocToe penieHne 3HaYuTeNbHO CHUXKAET
NOTPEOHOCTh B aKTUBHBIX CUCTEMaxX HarpeBa M YIPOIIAeT KOHCTPYKIIUIO JIJIT MaJIbIX
KPECThSIHCKHX XO3MCTB. KOMIUIEKCHBI TOAXOA K TEPMOPETYISIUN  SBIISICTCS
3aJI0TOM CTaOMIbHON paboThl OMOTa30BOM YCTAHOBKU B TEYEHUE BCETO rojia.

ABTOMaTH3ALMSA yIpaBJIEHUS ruOpuaHON CUCTEMOM Ha 6aze
MUKPOIPOLECCOPHBIX KOHTPOJIJIEPOB ONTHUMH3UPYET pACHPENECICHUE DHEPIrUd B
3aBUCUMOCTH OT NPOrHo3a morojabl. CuUcTeMa MOXKET 3apaHee IMEepeKIYaThCs Ha
MHTEHCHUBHBII HarpeB B COJIHEUHBIC 4Yachl, CO3JaBas TEMIIEpaTypHbIN 3amac mnepen
HACTYIUIEHUEM MAacMypHOro mepuoa. Mcronb3oBaHWE MATYUKOB WHTEHCHUBHOCTHU
COJIHEYHOTO H3JIYYEHHS M TEeMIIepaTypbl CyOCTpara MO3BOJISIET MHHHUMH3UPOBATH
BMEIIIATEIHCTBO YeNIOBEKa B paboTy komriuiekca. [ludpoBoe ynpaBieHue MOBHIIIAET
001y 0 HAZEKHOCTh CUCTEMBI U MPEA0TBPAIAET aBAPUITHBIC CUTYAIlUU, CBSI3aHHBIE C
IIEPErPEBOM WJIM OXJAXKJIeHUeM peakrtopa. MHHOBauuoHHble [T-pemrenus nenaror
3€JIEHYI0 PHEPTEeTUKY JOCTYITHOM U MpeJCKa3yeMOou I KOHEUHOTO TTOTPEOUTENS.

O} exTUBHOCTh WUCIMOIB30BAHUS COJIHEYHOW OHEPTUU TOBBIMIACTCS TIPH
WCIIOJIb30BaHUU CUCTEM CIICKEHHUSI 32 COJIHIIEM (TPEKEPOB), KOTOPHIE TOBOPAUMUBAIOT
MaHeJy BCJIe 3a JIBXKEHUEM CBETHIIA. JTO YBEIMYMBAET BhIPaOOTKY dHEepruu Ha 30—
40% no CpaBHEHHIO CO CTAIMOHAPHO 3aKPEIUVIEHHBIMH KOJJIEKTOpaMu. XOTS 3TO
HECKOJIBKO YCIIOXKHSET KOHCTPYKIHUIO, JJIsi KPYNMHBIX OWOra3oBbIX CTaHUUW TaKue

BJIOKEHUSI OBICTPO OKYIAIOTCS 3a CUYET pocTa Mpou3BOACTBAa Ouorasa. IloBbllieHue
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KIIJ xaxmoro »siaeMeHTa CHUCTEMBbl BEIET K O0OmEeMy CHHXCHHIO CTOMMOCTH
BbIpabaTbiBaeMoil »Heprun. CoNHEYHBIE TpeKepbl 00eCrneYnBalOT MaKCHUMAaIbHO
PaBHOMEPHYIO M0/1avy TEIUIOBOI SHEPTUU B TEUEHHE BCETO CBETOBOTO JHS.

Hcnonp3oBaHue COJMHEYHOM HJHEPrUM Ui IPEIBApUTEIBHOIO Harpesa
HCXO/IHOTO CHIpbs (HaBO3a, CUJIOCa, OTXOI0B) TIEpE]] €ro 3arpy3Koid B peakTop CHIKAET
Harpy3Ky Ha OCHOBHYIO CHCTEMY OTOIUICHHA. 3arpy3ka XOJOIHOTO CHIPbS YacTo
BBI3BIBACT BPEMEHHOE 3aMeJIeHHe Tporecca OpOKEeHUs M3-3a JIOKAJBHOTO TaJICHUs
Temnepatypsl. [IpenBapuTenbHBI TMOMOTPEB B COJHEUHBIX TpEApeaKkTopax
BBIPAaBHUBAET TEMIEPATYPHBIA PEKUM U CHOCOOCTBYET Oojiee OBICTPOMY 3aIlyCKy
mpoliecca METaHOTEHe3a. JTO OCOOCHHO BaXKHO U YCTAaHOBOK C HEMPEPHIBHBIM
[IUKJIOM 3arpy3Kkd, TJe CTaOMIBHOCTh CPEIbl SBISICTCS KPUTHUECKUM ITapaMeTpOM
KadecTBa. PalmoHanpHas oOpraHu3alus TEXHOJOTHYECKOTO IMOTOKA YBEINYUBACT
roaoBoH BeIxo Ouorasa Ha 10-15%.

[IpumeHeHue CONHEYHBIX OCYIIMTENeW [UIsi TMOJArOTOBKM Ouorasa K
UCIIOJIb30BAHUIO B Ta30BbIX JBHUTaTeIsX WJIM OUYMUCTKH JO COCTOSHUS OMOMeTaHa
MOBBIIIAET YHEPTETUYECKYIO [IEHHOCTD TOTLIMBA. Y JajieHre N30BITOYHOM BJIary U3 rasa
NpeloTBpaIllaeT KOPPO3UI0 OOOpYAOBAaHHS M TOBBIIIAET IMOJHOTY €ro CropaHus.
ConnHeuHnas dHeprusi MoOXeT dS()PEKTUBHO HCHONB30BATHCA [JIsI pereHepaluu
COpOEHTOB B CHUCTEMaxX OYHMCTKHU ra3a OT CEpOBOJOPOJIa U YIIEKUCIOro ra3a. Takum
00pa3oM, COJTHIIE YYaCTBYET HE TOJIBKO B IIPOU3BOJICTBE, HO U B MOBBIIICHUN KauyeCTBa
KOHEYHOTO  HDHEPreTHYecKoro  mpoaykra. OuuiieHHbIH  OMOMETaH  MOXKET
MCITIOJIb30BAThCSl B KAUECTBE aBTOMOOMIHHOTO TOILIMBA WU 3aKAaYMBATHCS B OOIIYIO
ra3opacnpeeuTeIbHYIO CETh.

3aknro4yenne

Crmoco6 moBbimieHuss 3PGHEKTUBHOCTH  OWOTAa30BOM  YCTAHOBKU  IyTEM
WCIIOJIb30BAHUSI COJIHEYHON DJHEPruu SBIACTCS HanbOonee panuoHATBHBIM U
HKOJIOTUYHBIM ITyTEM Pa3BUTHs COBPEMEHHOI OnosHepreTuku. CoueTaHne TEIIOBBIX
U (POTO’NEKTPUYECKUX  COJIHEUHBIX CHUCTeM  OO€cleurBaeT CTaOWUIIbHOCTD
OMOJIOTMYECKUX TPOIECCOB M MAKCUMHU3UPYET BBIXOJ TOJE3HOM SHEPTHUu.

[locTosiHHOE COBEPILIEHCTBOBAHUE METOAOB UHTETPALIUU U YIPABJICHUS THOPUIHBIMU
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CUCTCMaMHN OTKPBIBACT HOBBLIC BO3MOKHOCTH IJIA YCTOI\/’I‘II/IBOFO pasBUTHUA CCIIBLCKOI'O

X03s1iicTBa M MpOMbINUIEHHOCTH. CojHIEe M Ouora3 — 3TO TapMOHUYHBIA IY)T,

o0ecreynBarolnid YUCTOE U HAZEKHOE Oy 1ylliee MUPOBOI SHEPTETHKU.

Criicok nurepaTtypsl:

l.

[laccoB, E.M. KomMMyHUKaTUBHBII MeTOJ] OOy4Y€HHUS HHOS3BIYHOMY
roBopeHuro. Pycckuii s13b1k, 2022.

baanep, B. buoras: Teopus u npaktuka. Konoc, 2025.

Aunpapee, B.I. T'ubpugnbie cucTeMbl BO300OHOBISIEMON SHEPreTHKHU.
OHneprus, 2024.

CunopoB, A.M. ConHeuHble KOJUIEKTOPHl B TEIJIOCHAOXEeHUU. TexHuKa,
2026.

Npanoga, T.C. OcHoBBI OM03HEPTreTUKH: yueOHOe Tocodue. Hayka, 2025.
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Caenenus 00 aBrope(-ax): Yexaesa M., npenooasamerny,
Mepemeenoues A., Aunaesa Jl., Apazeenouesa A., cmyoenmui,
T'ocyoapcmeennvtii snepeemuueckuti uncmumym TyprxmeHucmana

2. Mapwi, Typkmenucman

«OCHOBHBIE YPABHEHHM S KOHBEKTUBHOI'O TEIINIOOBMEHA »

AnHoTanusi: OCHOBHBIE YPaBHEHHS KOHBEKTMBHOTO TEIJIOOOMEHA COCTaBISIOT
byHIaMEHT COBPEMEHHOUN TeIIOQU3UKU U THUAPOAMHAMUKH, OIHUCHIBAS CJIOXKHBIN
IpOIECC OJHOBPEMEHHOTO MEPEHOCAa TEIUIOThl W JABWKECHUS BellecTBa. KoHBeEKIMs
HEBO3MOXKHA 03 TMepeMeIIeHHs] MaKPOCKOIIUYECKUX OOBEMOB KHIAKOCTH WM Tas3a,
MOATOMY MaTeMaTUYeCKOE OMHCAHUE ITOTO SIBJICHUS TpeOyeT 0ObeAUHEHUS 3aKOHOB
COXpaHEHUs MACChl, UMITyJIbca U SHEprum. M3ydeHue 3TUX ypaBHEHUN MO3BOJISIET
WHXXEHEpaM IPOEKTUPOBaTh A(DPEKTUBHBIE CHUCTEMBl OXJIAXICHUS DJICKTPOHUKH,
MOIIHBIE PHEPreTUYECKUE YCTAHOBKM W COBPEMEHHBIC KIMMATHUUYECKUE CHCTEMBI.
[Tornmanue (GU3MYECKOr0 CMBICIIA KaXKJIOTO 4jieHa yYpaBHEHUN OTKpPHIBAECT IMyTh K
YOPaBICHUIO TEIJIOBBIMU MPOILIECCAMU B CaMBIX JKCTPEMAJIbHBIX YCJIOBUSX
AKCIUTyaTallMy TEXHUKHU.

Kiarwuesbie cioBa: VYpaBHenue, KouBeknus, Temmooomen, DHeprus, CKOpoCTb,
Temneparypa, Kpurepuit, Hyccensr, [loTok, Jlunamuxka.

[Ipomecc KOHBEKTUBHOI'O TEII000MeHa OITUCHIBACTCSA CHUCTEMOM
nuddepeHnuaIbHbIX YPaBHEHUN B YAaCTHBIX MPOU3BOJHBIX, KOTOpas B OOIIEM BHUJC
Ha3bIBaeTcs cucteMoi ypaBHeHuid HaBbe-CTokca u saHepruu. [lepBbIM B 3TOM cucteme
BBICTYIIAET YPABHEHUE HEPA3PBIBHOCTH, BBIPAXKAIOIIEE 3aKOH COXPAHEHHUSI MACChl TS
IBUXKYyLIehcs cpeabl. OHO YTBEPKIIA€T, YTO U3MEHEHHUE IJIOTHOCTU B JAHHOW TOYKE
MMPOCTPAHCTBA KOMIICHCUPYETCS MPUTOKOM WJIA OTTOKOM MAacChl XUAKOCTH. Jlid
HEC)KMMAEMBIX JKUAKOCTEM 3TO YpPAaBHEHHUE YIPOLIAETCS JIO0 PABEHCTBA HYJIIO
JMBEPreHIIMA BEKTOPA CKOPOCTH, YTO O3HAYAET MOCTOSTHCTBO 00beMa 3JIEMEHTapPHOM

YaCTHULLI IIPHU €€ ABUKCHHU.
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BTopsIM Ba)KHEHIITUM 3JIEMEHTOM SIBIISIETCS YpaBHEHHE JBUKCHUS, KOTOPOE
MIPEICTaBISACT COOON 3amuch BTOPOTO 3akOHA HBIOTOHA 711 3JIEMEHTApHOTO 00heMa
BS3KOH kuAKOoCcTH. OHO CBSI3BIBACT YCKOPEHUE YACTHIIBI C JICWCTBYIOIIMMU Ha HEe
CWJIaMH JaBJICHUS, BSI3KOTO TPCHHS W BHEIIHMMH MAaCCOBBIMH CHJIAMH, TAKMMH Kak
rpaBuTanysa. Bs3koe TpeHHE OMHMCHIBACTCS Yepe3 3aKOH BSA3KOCTH HbloTOHA, TjIe
KITFOUEBBIM TIApaMETPOM BBICTYMACT AWHAMUYECKas BSA3KOCTh cpeibl. B ciydae
€CTCCTBCHHOW KOHBEKIIMM HMMEHHO J3TO ypaBHCHHE, JIONMOJHEHHOE YICHOM
TUTABYYECTH, OMKUCHIBACT BO3HMKHOBEHUE IBMKCHHUS 3a CUCT PA3HOCTU IJIOTHOCTEH
HArpeThIX U XOJIOIHBIX CJIOCB.

YpaBHEHHE DOSHEPrHHM 3aBEPIIACT CHCTEMY, OIMCHIBAs  PACIpECIICHHE
TEMIIEPATYpHOTO TOJs B TOTOKE HAa OCHOBE 3aKOHAa coxpaHeHUs »Hepruu. OHO
YUUTBHIBAET TEPEHOC TEIIOTHI BMECTE C JBWKYIIUMCS BEIICCTBOM (KOHBEKTHBHBIN
IIEPEHOC) M 3a CYET TEIUIONPOBOIHOCTH (MOJCKYISIpHBIH TiepeHoc). Kpome Toro,
YpaBHCHHE MOJKET BKJIIOYATh WICHBI, OIKMCHIBAIOIINEC BHYTPEHHHE HMCTOYHUKH
TEIUIOTHI WJIM JUCCHUIIALMI0 SHEPTHHM 3a CYET TPEHHUSA, YTO OCOOCHHO Ba)XHO IpHU
JBHKECHUU C BBICOKUMHU CKOpPOCTSIMHU. PellieHne 3Toro ypaBHEHHS IMO3BOJISCT HAWTH
TEMIIEPaTYPHBIM IPaJMCHT Y TOBEPXHOCTH pa3zeia (a3, 4To ABIAETCS HEOOXOMMBIM
YCIIOBUEM JIS OTIPECIICHUS] HHTCHCUBHOCTH TEIZIOOOMEHa.

CBSI3yIOIIUM 3BEHOM MEKIY TEMIICPATYPHBIM TIOJIEM B )KHJIKOCTH M TEILIOBBIM
IIOTOKOM Ha CTCHKE SBJSETCA ypaBHGHHE TEIUIOOT/JAaud, H3BECTHOE KaK 3aKOH
Hrrotona-Puxmana. CoriacHo 3TOMY 3aKOHY, KOJTMYECTBO TEIUIOTHI, TIEPEIaBaeMOe OT
MOBEPXHOCTH K Cpelie, MPSMO MPOMOPIIMOHAILHO PAa3HOCTH HUX TEMIeparyp u
wiomaan  noBepxHocTH. KodpduimeHT  mpomopHuoOHATFHOCTH — HAa3bIBAETCS
KO(pPUIIMEHTOM TEIIOOTHAYM U SIBJSCTCS HMCKOMOW BEIMYHMHON B OOJBITHHCTBE
WHXEHEPHBIX pacueToB. OmnpeneneHue 3Toro kodduimeHta mpeacTaBiIseT coOou
TJIABHYIO TPYJIHOCTb, TAK KaK OH 3aBUCUT OT MHOXECTBA (DAaKTOPOB: CKOPOCTH, CBOHCTB
cpenbl, GOpPMBI TOBEPXHOCTH U PEKUMA TCUCHUS.

$3Q = \alpha \cdot F \cdot (t_w - t_f)$$

['paHnyHOE yCclIOBHE HA TMOBEPXHOCTH TBEPIOTO Teja, HA3bIBAEMOE YCIOBHEM

TPCTHETO POJda HIIKM YCIIOBHUEM COIIPAKCHHA, YCTAHABIMBACT PABCHCTBO TCIINIOBBIX
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MIOTOKOB CO CTOPOHBI CTEHKH M CO CTOPOHBI KUJAKOCTH. Ha caMoil moBEpXHOCTH U3-32
addexra npuUIUNaHUs CKOPOCTh J>KUAKOCTA paBHA HYJII0, M TMEPEHOC TEIIOThI
OCYILIECTBIIIETCS MCKIIOUHUTENIBHO 33 CYET TEIUIONPOBOJAHOCTH. JTO MO3BOJSET
BBIpa3UTh KOX(PUIMEHT TEIUIOOTAauYr 4Yepe3 TeMIepaTypHbI TpagueHT B
HETIOJIB>KHOM CJIO€ KUJKOCTU HEMOCPEACTBEHHO Y CTEHKH. TakuM o0pa3oM, pacyeT
TEIUIOOTJAYM CBOJUTCS K HAXOXKACHUIO PACIIPEACICHUS TEMIIEPATYP B TOTPAHUYHOM
CJIO€ IIyTEM PELICHUS BCEH CUCTEMBI YPaBHEHHUM.

JIns mpakTUUecKoro TPUMEHEHUsSl CloKHas cuctema auddepeHinantbHbIxX
ypaBHEHUN MpeoOpa3yeTcss B KpUTEPHAIbHYIO (JOPMY C MOMOIIBIO TEOPUHU MOT00US.
OTO TO3BOJIAET 0000IIaTh pPe3yiabTaThl HSKCHEPUMEHTANBHBIX HCCIACIOBAHUM M
NpEeACTaBIATh WX B BHJE 3aBUCUMOCTEH MEXIy Oe3pa3sMEepHBIMH YHCIAMH
(xputepusimu). OCHOBHBIMU KPUTEPUSIMH KOHBEKTUBHOTO TEIJIOOOMEHA SIBIISIOTCS
gucina Hyccenbra, Peiinonwpaca, Ilpanarns u ['pacroda. Ywumcno Hyccenbra
XapaKTEepU3yeT HWHTEHCUBHOCTh TEIUIOOTAAYM Ha TpaHULE pas3lena, SBISACH
6e3pazMepHbIM KOA(DPHUITMEHTOM TEIUIOOTAAuM, KOTOPBIM HE0OX0IUMO HANTH B X0/
pacuera.

$$Nu = \frac{\alpha \cdot I}{\lambda}$$

Uucno PeliHonbaca onpeaeseT pekuM TEUEHUS KUIAKOCTU (JTAMUHAPHBIN WU
TypOyJIEHTHBII) U XapaKTepUu3yeT COOTHOIIECHUE CWJI MHEPLUUU U CUJl BA3KOCTU. B
TypOyJIEHTHOM pEKUME TIPOIIECC TEII000MeHa MPOTEKAET 3HAYUTEIIbHO NHTCHCUBHEE
3@ CYET XAOTUYECKOI0 NEPEMEIIMBAHUS MacC >XUIAKOCTH, 4YTO OTPAXKAECTCA B
KPUTEPHAIIBHBIX YpaBHEHHUSIX OOJiee BHICOKUMH CTETCHSIMU Npu uyucie PeliHombaca.
Yucno [lpanamns siBisieTcss GU3MUECKONW XapaKTEPUCTUKOW CaMOM CpeJbl, OTpakas
COOTHOIIICHUE MEX]Y CIOCOOHOCTBIO JKMIKOCTH TMEPEHOCUTh UMITYJIBC U TEILIOTY.
OHO NoKa3bIBa€T, HACKOJIBKO OBICTPO BBIPABHUBAIOTCS MOJISI CKOPOCTEN U TEMIIEpATyp
B MOTOKE.

IIpn ananmm3e ecTecTBEHHOW (CBOOOJHOM) KOHBEKIIMM OIPEACIISIIONIYIO POJIb
urpaet yuciao ['pacroda, KoTopoe XapakTepu3yeT COOTHOIIECHHWE MOJAbEMHBIX CHII,
BBI3BAHHBIX PA3HOCTHIO INIOTHOCTEM, U CUJI BSI3KOTIO TPEHHUs. B 3TOM cityuae qJBHKEHUE

BO3HHMKACT MCKIOYUTCIBHO H3-3a TeMHepaTypHoﬁ HCOAHOPOAHOCTH B IIOJIC
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TATOTEHUsI, U 4UCIO PeifHonpaca mepecTaeT ObITh ONPEAEISIONIUM [apaMeTPOM.
KpurepuanbHoe ypaBHEHHE ISl €CTECTBEHHOW KOHBEKLIMHU OOBIYHO MPEACTaBISET
co0oii 3aBucuMocTb unciia Hyccenpra oT npousBeaenus uucen I'pacroda u [panarms.
Takoe omnMcaHue TMO3BOJIAET PACCUUTHIBATH TEIUIOOTAAYy OT HArperbix Tpyo,
paanaToOpOB U CTEH 3/1aHUI B HETIOJBUKHOM BO3/yXE.

B ycioBusX BBIHYXACHHOW KOHBEKIIMH, KOTJIa JBUKEHUE CO3JAETCS HACOCOM
WIM BEHTWISATOPOM, BJIMSHUE ECTECTBEHHBIX KOHBEKTHUBHBIX TOKOB OOBIYHO
npereOpexumo mMano. OZHAKO B HEKOTOPBIX CllydasiX, HapuMep NpU MEAJIEHHOM
TEYEHUH B TpyOax OONBIIOro AMAMeTpa MpPU 3HAYUTEIBHOM Harpese, HabJo/aercs
cMellaHHas KOHBEKIMS. B Takux cuTyanusx HEOOXOJIMMO YUHUTHIBATh COBMECTHOE
BiAUsiHUE KputTepueB PeitHonpaca u ['pacroda ams KoOppekTHOro omnpeseneHus
ko3 dUIMeHTa TEIIo0TAaYl. MaTeMaTuieckoe OMUCaHWe CMEIIAaHHOW KOHBEKIIMU
ABJIAETCS OJHOM M3 Haubojee CIO0KHBIX 3aJa4 COBPEMEHHOM TEIUIOTEXHUKH,
TpeOyrolel TOUHOTO yueTa HalpaBiIeHHs] BEKTOPOB CKOPOCTH U TPAaBUTAIIUU.

3akirouenmne

OcHOBHBIE ypaBHEHMsSI KOHBEKTHMBHOTO TEIJIOOOMEHAa OOBEAUHSIOT B cebe
(dyHIaMeHTaIbHbIE 3aKOHBI IPUPOABI U MPUKIIATHBIE METOBI MHKEHEPHOTO aHAIN3a.
CucTeMHBII MOAX01 K OIMMCAHUIO MEPEHOCA MACChl, UMITYJIbCa U SHEPTUU MO3BOJISET
HaXOJWUTh ONTHUMAJIbHBIE PEHIECHUS ISl CAMBIX CIIOXKHBIX TEIUIOTEXHUYECKHX 3a/1au.
Brnanenne KpuTepuaidbHBIM alapaToM W METOJAMH YHWCIEHHOI'O MOJEIMPOBAHUS
ABJISIETCS. HEOOXOAMMBIM YCIIOBUEM JUIS CO3JaHUSI MHHOBALIMOHHOTO OOOPYJOBAHMS.
[TocTosiHHOE pa3BUTHE 3TON 00JIACTH HAYKU 00ECIIEUNBAET MIPOrPECC YeI0BEYECTBA Ha
MyTH K palliOHATEHOMY U 3(G()EKTUBHOMY MCTIOIB30BAHHUIO YHEPTUH.

Criucok nurepaTtypbl:

1. benseB, C. 1. DxoHOMUKa 3HEpreTUYecKol oTpaciu. - M.: DKOHOMUKA,

2019.
2. Ko3znos, H. A. TexHonoruu u 3xoHOMUKa 3HepreTuku. - M.: FOpaiit, 2020.
3. ConoBbeB, A. 1. DHepreTtuueckas 0€300aCHOCTh U YCTOWUYMBOE Pa3BUTHE. -

CIIO.: ITutep, 2021.
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4. Ilepemer, A. JI. DKOHOMHKA U YIIPaBICHUE JHEPIETUUECKUMH PECYpCaMHU. -
M.: Undpa-M, 2018.
5. CaBuukas, [. B. MupoBas sHepretuka: npoOiaemMbl M pemeHus. - M.:

dunaHckl B ctatucthka, 2020.
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Caenenus 00 aBrope(-ax): Yexaesa M., npenooasamerny,
Kyssameenoues X., Ooaesa C., Pacynos M., cmyoenmui,
T'ocyoapcmeennvtii snepeemuueckuti uncmumym TyprxmeHucmana

2. Mapwi, Typxmenucman

«XAPAKTEPUCTUKHU PABOUHNX JIOIIATOK 'A3OTYPBUHHOM
YCTAHOBKHN»

AnHoTanus: Palouue JomaTku SIBISIOTCS  HamOojiee OTBETCTBEHHBIMU U
BBICOKOHATPYKEHHBIMH AJIEMEHTAMH ra30TypOUHHONM YCTAaHOBKH, OTIPEACIISIIONIUMHU €&
0OIIIyI0 MOIIIHOCTh, HAJEKHOCTh U KOA(DPUIIMEHT MoIe3HOoro aeicTBua. Haxomscer B
NOTOKE BBICOKOTEMIIEPATYPHOIO T'a3a M Bpallasicb C OTPOMHOM CKOPOCTBIO, JIOMATKU
MOJIBEPratoTCsl KOMILIEKCHOMY BO3JICUCTBHUIO IIEHTPOOSIKHBIX CHJI, TA30IMHAMUYECKUX
Harpy30K M OKCTPEMAJIbHBIX TEPMUUYECKHX HaNpsHKEeHUN. XapaKTEPUCTUKH 3THUX
JeTajeil HanpsMyl0 3aBHCSIT OT COBEPIICHCTBA MX a’POAMHAMHYECKOTO MPOQus,
KauecTBa HCIOJb3YEeMbIX JKAPOMPOYHBIX CIUIABOB M A(P(HEKTUBHOCTH CHUCTEM
oxJlaxkaeHusi. PazpaboTka W TpOM3BOJACTBO pabOYUX JIOMATOK MPEACTABISIOT COOOM
BEpIIMHY COBPEMEHHOIO MAIlIMHOCTPOCHHs, codeTras B cebe MmepeaoBoe
MaTepHuaioBeIeHUE, NPELU3NOHHOE JINTHE U CIOKHEHIINE METOABl KOMIIBIOTEPHOIO
MOJIEJIUPOBAHUS.

KiaroueBbie cioBa: Jlomarka, TypOuna, Xapakrepuctuka, CruiaB, OxiaxiacHue,
[Ipounocts, Temneparypa, [Ipodunb, Pecypc, Texnomnorus.

AdpoHAMUYECKHE  XaPAKTEPUCTUKH MPOPWIST  JIOMATKU  OMPEACIISIOT
3¢ peKTUBHOCTh MpeoOpa3oBaHMUs KMHETUYECKOW M BHYTPEHHEW YHEPTUU Ta30BOTO
MOTOKA B MEXaHUYECKYIO pabOoTy BpamieHust potopa. ['eomerpus mpodus BeIOUpaeTcs
TaKUM 00pa3oM, 4TOObl MUHUMHU3UPOBATh OTEPU HA TPEHUE U BUXpeoOpa3oBaHUE IPU
00TEeKaHWH JIOTIATKH BHICOKOCKOPOCTHBIM TIOTOKOM. [lepemMeHHOe cedeHue 1o BhICOTE
JIONATKU, YYUTHIBAIOIIEE U3MEHEHUE OKPYKHOW CKOPOCTHU OT KOpHS K nepudepun,
o0ecrieurBaeT ONTUMAJIbHBIE YIJIbl HATEKAHUS U BbIXxoJ1a ra3a. CoBpeMEeHHbIE JJONaTKU

MMEIOT CJOXHYI MpocTpaHcTBeHHYIO ¢opmy (3D-npodunupoBanue), koTopas
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1Mo3BoJisseT 3(P(EKTUBHO YIPABIATh MOTPAHUYHBIM CIIOEM U CHHXXATh BOJHOBBIC
MOTEPU Ha CBEPX3BYKOBBIX PEeKUMAaX PAOOTHI.

[IpodyHOCTHBIE XapaKTEPUCTUKU pabOUYMX JIOMATOK JOJDKHBI 00€CTeUrBaTh UX
JUTUTENIBHYIO SKCIUTYaTaIMIO B YCIOBUSX OTPOMHBIX IIEHTPOOEKHBIX PACTATHUBAIOIINX
HaIpsDKEHUH 1 U3rudaronmx MOMEHTOB OT JaBiieHus rasza. [Ipu yacTtorax BpalieHus B
HECKOJIbKO ThICSIY OOOPOTOB B MHHYTY Macca KaxXJOW JIOMATKM MHOTOKPAaTHO
YBEJIUYMBACTCS 32 CUET MHEPIIMOHHBIX CHJI, UTO TPEOYET UCKIIOUUTEIILHON yIeTbHOM
npouyHocTH Marepuaia. COnmpoTUBICHUE YCTAJIOCTH M BUOpAIlMOHHAS HAJEKHOCTH
SIBJISIIOTCSL KPUTHYECKUMU TIapaMeTpaMu, TaK KakK JIOMAaTKU paboTaroT B YCIOBHUSIX
MOCTOSIHHBIX MYJIbCALUM JIABJIICHUS U a3POJUHAMUYECKUX BO30Y)eHui. TiiaTeapHast
OTCTpOMKa COOCTBEHHBIX YacCTOT KOJEOAHUM JIONIATOK OT PE30HAHCHBIX PEKUMOB
SIBJISIETCSL 00513aTEJIbHBIM YCJIOBUEM IMPEIOTBPAIEHUS X BHE3AIMHOTO Pa3pylIeHUs B
nporecce paboThlI.

MarepuanoBeJUecCKue  XapakTEpPUCTHUKUA  JIOMATOK  0a3upyroTcs  Ha
UCIIOJIb30BAaHUM HHUKEJIEBBIX U KOOAJIBTOBBIX CYMNEPCIUIABOB, CIIOCOOHBIX COXPaHSTh
MEXaHMYECKHe CBOWMCTBAa MpU TEMIlepaTypax, OJU3KUX K TOYKE IUIaBJICHUS.
[IpuMeHeHHnE TEXHOJOTHI HANpaBICHHONM KPUCTAUIM3alUM W BbIPAILMBAHUS
MOHOKPHUCTAJUIMYECKUX CTPYKTYpP MO3BOJSET HUCKIIOYUTh FPAHUIBI 3€PEH, KOTOPHIE
ABIIAIOTCS HamOoJee ci1abbIMH MECTaMU TPHU BBICOKOTEMIIEPATYPHOUM MOI3Y4ECTH.
MoHOKpUCTaIMYECKHE JIOMATKU O0JaaloT YHUKAJIBHOW KapOMpPOYHOCTBIO U
CONPOTUBIICHUEM TEPMUUYECKON yCTAIOCTH, YTO MO3BOJSET MOBBIIIATH TEMIIEPATYPY
raza mnepen TypOuHOW. IlocTOosIHHOE COBEPIIEHCTBOBAHHE XUMHUYECKOTO COCTaBa
CIJIABOB HAIIPABJICHO HA IOBBIIIEHUE WX KOPPO3HMOHHOM CTOMKOCTH B arpeCCHUBHOMN
cpene NpOLyKTOB CrOPAHMS.

XapaKTepUCTUKU CHUCTEMBI OXJIAXACHUS JIOMATOK OMPEAENSIIOT MAKCUMAIIBLHO
JOMYCTUMYIO TEMIIepaTypy LHUKIa U, CJIeJOBaTeIbHO, TEPMOJUHAMUYECKYIO
b ()EeKTUBHOCTh BCEH Ta30TYpOMHHONW YCTAaHOBKH. BHYTpPHM JIOMaTOK CO37A0TCS
CJIOKHBIE PA3BETBICHHbIC KaHAJIbl C HWHTEHCU(PUKATOpAMM TEIIOOOMEHa, Yepes
KOTOPbIE€ MPOXOJAUT OTHOCUTENIBHO XOJIOJHBINA BO3AYX, OTOMPAEMBIN OT KOMITPECCOpA.

[Inenounoe OXJTAXKXKACHHUC, PCAIN3YyCMOC UCPE3 CCTh MUKPOCKOITNYCCKHUX OTBCpCTI/Iﬁ Ha
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MOBEPXHOCTH MNPOQUIIsl, CO3JAET 3AIMUTHBIA CJIOW BO3AyXa, MNPEIOTBPAILAIOIINAN
MPSIMOM KOHTAKT TOPSYEro raza ¢ MetauioM. D(HPEKTUBHOCTh OXJIAXKACHUS TO3BOJISET
jJomatkam paboTaTh MpH TEMIepaTypax rasza, MPEeBBILIAIINUX TEMIEpaTypy
IUIABJICHKS CAMOT'0 MaTepHaa JIONIATKA Ha HECKOJIBKO COTEH IPasyCoB.

3alllUTHBIE XapaKTEPUCTUKHU JIOMATOK YCUJIMBAIOTCSA 3a CUET HAHECEHMs
MHOTOCJIOWHBIX TepMoOapbepHbIX MOKpbITHM (TBII), cocTosmux u3 KepaMHYECKHUX
MaTepHaiOB Ha OCHOBE JUOKCHJA LMPKOHHUSA. DTU MOKPBITHS 00JanaioT KpaiiHe
HU3KOW TEIJIONMPOBOAHOCTBIO M TIO3BOJISIIOT CHU3HUTH TEMIEpaTypy MOBEPXHOCTHU
MeTajjla enle Ha CTO-IABeCTH rpaaycoB. Kpome TemaoBoW 3alliMThl, MOKPBITHS
00ecreynBaloT CTOUKOCTD JIOMATOK K BRICOKOTEMITEPATypHOU CyJIb(QUAHON KOPPO3UU
¥ SPO3MOHHOMY BO3/ICHCTBHUIO TBEPJBIX YACTHI] B TOTOKE raza. KauecTBo cuernieHus
(agre3uu) TMOKPBHITHUS C OCHOBHBIM METajUIOM KOHTPOJIMPYETCS Ha BCEX JTarax
KU3HEHHOTO IIMKJa JIeTajd, TaK KaK JIOKAJIbHOE OTCIOCHHE MOXKET MPUBECTH K
OBICTpOMY IIpOrapy JIOMAaTKH.

['eomeTpryeckue xapakKTepUCTUKHN XBOCTOBON YaCTH JIONATKH 00eCIeYNBaIOT €€
HaJIe’)KHOE KpEIUIEHHE B JIUCKE pOTOpa U Iepenauy Kpytsmero Momenra. Haubonee
pacrnpoCTpaHEHHBIM SIBIISIETCS XBOCTOBUK «EJIOYHOTIO» TUIA, KOTOPBIH o0ecreunBaer
OONbIIYI0 IUIOLIAJb KOHTAaKTa M PAaBHOMEPHOE paclpeiesieHue MEXaHUYECKUX
HanpspKeHW. TOYHOCThP M3rOTOBJIEHHS 3aMKOBOI'O  COEAMHEHHUS HM3MEpSETCs
MUKpPOHaMH, TaK KaK Ja)ke MaJeHIMi IepeKkoC BEAET K HEPaBHOMEPHOMY
Harpy>K€HUI0 3yOb€B M PHUCKY IIOJIOMKH. B KOHCTPYKIIMIO XBOCTOBHKA 4YacTO
MHTETPUPYIOTCS 3JIEMEHTHI AJIs MOJIBOAA OXJIAXK/IAIOLIEro Bo3Ayxa U JeMIdepsl I
raleHus MeXaHWYeCKHX BUOpauuid, BO3HUKAIOUIUMX IMpH padoTe TypOMHBI Ha
Pa3IUYHBIX PEKUMAX.

MaccoBO-HHEpLMOHHBIE XapaKTEPUCTUKH JIONMATOK KPUTHYECKH Ba)KHbI IS
OamaHCUPOBKM pPOTOpa M MUHUMH3ALMU HArpy30K Ha TMOAIMINUIHUKOBBIC Y3JIbI
YCTaHOBKU. Bce jomaTku OJHOro AMcka Noa0UparoTCs MO BECY U CTATUYECKOMY
MOMEHTY € BbICOYANIIEH TOYHOCTBIO, YTOOBI HCKIIFOUUTHh BOSHUKHOBEHHUE JUcOaiaHca
npu BpaiieHuu. [IpuMeHeHne mosbIX JIONATOK HE TOJIBKO YJIy4IlaeT UX OXJaXICHHE,

HO W 3HAYUTENIBHO CHUXAeT OOIIyI0 MacCy BpaIlAIOIIMXCS YacTei, yMeHbIas
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WHEPLMOHHOCTh JABUratensa. (COBEpPIICHCTBOBAHHE METOJOB TOYHOIO JIUThS IO
BBIIUIABJISIEMBIM ~ MOJEJSIM  MO3BOJIAET  MOJY4YaTh MOJIbIE  KOHCTPYKIMU  C
MHUHUMAJIBHBIMH JIOMYCKaMH IO TOJIIIMHE CTEHOK U Macce U3/EIusl.

OKCIUTyaTallMOHHbIE XapaKTePUCTUKHU JIOMATOK BKIIOYAIOT B cels Takou
napamMeTp, Kak Ha3Ha4eHHBIN pecypc, KOTOPhIA U3MEpSETCs B Yacax HapaOOTKU WIH
LMKJIaX IyCKa-OCTaHOBAa. B mpomecce »sKcIulyaTalWyd JIOMATKA IOABEPTAOTCS
JIerpajallii  W3-3a HAKOIUICHHUS] TOBPEXICHUM OT MOJ3Y4YECTH, TEPMUUECKON
yCTAJIOCTH W 3po3uu. PerymsipHas sHAOCKONMYECKas JUArHOCTHKa 0e3 pa3dopku
TypOUHBI TO3BOJSIET BBISBIATH TMOSIBICHUE TPEIIWH, CIEIbl MeperpeBa Win
MOBPEXKICHUS TIOKPHITUN HA paHHUX CTanausax. Pa3paboTka cTpareruii peMoHTa, TaKUX
KaK TEPENOKPhITUE U JIa3epHas HaIlJIaBKa KPOMOK, TMO3BOJISIET MPOIJIEBATH CPOK
CITY>KOBI IOPOTOCTOSIIUX JIONIATOK M CHUKATh IKCIUTYaTalIHOHHBIC PACXO/IBI.

NHHOBaIIMOHHBIE  XapaKTEPUCTHKU  JIOMATOK  OyAymiero  CBs3aHbl  C
OPUMEHEHHEM KepaMuueckux MartpuuHblx komno3utoB (KMK), koropsie nerue
METAJUTMYECKUX CIUIaBOB U BBIIEP)KMBAIOT elle 0oJjiee BBICOKHE TEMIIEPATypHI.
Hcnonp3oBanue aaauTUBHBIX TexHoNoru (3D-medarh MeETauioM) OTKpPBIBAET
BO3MOKHOCTH JJII CO3[aHUSI CUCTEM OXJaXKAECHUS C T€OMETPUEH, HEJOCTYITHOM s
TPaAULMOHHBIX METOAOB JUThbiA. MBI JBHKEMCS K D3IMO0XE «UHTEIUIEKTYaJbHbBIX»
JIOTIATOK CO BCTPOCHHBIMU JATYMKAMHU, CIIOCOOHBIMH TI€pe/laBaTh AHHBIE O CBOEM
COCTOSIHUM B PEXKHUME pEajbHOr0 BPEMEHHU. XapaKTEPUCTUKH pabOuuX JOIMATOK
OCTaHYTCS KIIIOUEBBIM  (DaKTOpOM TIporpecca B  aBHAIMH, DJHEPIeTHKE U
ra30TPaHCIOPTHOM OTPAC HA IECATUIICTHUS BIEPEL.

3axnmrodeHue: paboyne JoMaTKu ra30TYpOMHHBIX YCTAHOBOK — 3TO YHUKAJIbHBIC
U3JIeTUsl, B KOTOPBIX BOIUIOIICHBI CaMble COBPEMEHHBIE JOCTHKECHUS (DU3UKH, XUMHH
1 MexaHMKH. VX XapakTepUCTHUKU OMPEAEISIOT I'PAHMIBI BO3MOKHOCTEN TEIJIOBBIX
JBUTATENICH U ONPEACIIAIOT BEKTOP PA3BUTHS SKOJOTUIYCCKU YUCTON M d(PPEeKTUBHON
sHepreTtuku. [loctossHHas paboTa Han yIydIIEHHEM a’dpOJMHAMHKH, MPOYHOCTH U
TEPMOCTOMKOCTH JIOMATOK IO3BOJISIET YEJIIOBEYECTBY IOKOPSITH HOBBIE BBICOTHI B

TEXHUYECKOM mporpecce. ['apMOHHMS MeEXIy 3KCTpEMalbHBIMM Harpy3kamu U
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COBCPIICHCTBOM q)OpMBI OCTAaCTCA I'NIaBHBIM IIPUHIOHIIOM CO3OaHUS 3THUX BaXXHEHIIINX

neTaleu.
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«PASPABOTKA U OITUMU3ALIUA CXEMBI JIEKTPOCHABXEHUSA
PAMOHHOTI'O IIEHTPA C UHTETPAIIMEN YHEPTOCBEPETAIOIINX
CUCTEM OCBELIEHUS»

AHHOTAIMSA: UCCIIeIyeTCs  3ajada  NOBBIMIEHUS  3(P¢EKTUBHOCTH
AIIEKTPOCHAOKEHUsT palOHHOTO IeHTpa. [IpennoxkeHa ONTHUMU3HPOBAHHAS CXeMa C
MHTETpanreil JHeProcOeperaroInx OCBETUTENBHBIX YCTAHOBOK M HHTEIICKTYaTbHOTO
yIpaBJIeHHus Harpy3koil. [IpuMeHEeHBI METOABI MONEIHPOBAHUS M pacdyeTa PeKMMOB.
[TokazaHO CHMXEHHE YHEProNnoTPeOIeHHS M poCcT HajexkHOCTH. OO0CHOBaHA HOBU3HA
Y MIPaKTUYECKas 3HAUNMOCTh PEIICHU.

KiroueBble cjioBa: »IeKTpOoCHAOKEHHE, dHEprocOepekeHre, OCBElIeHHE,
ONITUMU3AIINSA, HATPYy3Ka, CBETOUOBI, YIIPABICHNUE.

Annotation: the problem of increasing the efficiency of power supply in a
district center is investigated. An optimized scheme integrating energy-efficient
lighting systems and intelligent load management is proposed. Modeling and
calculation methods are applied. A reduction in energy consumption and an increase in
reliability are demonstrated. The novelty and practical significance of the solutions are
substantiated.

Keywords: power supply, energy saving, lighting, optimization, load, LEDs,

control.
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CoBpeMeHHBIE PaWOHHBIE LEHTPHl XAPAKTEPU3YIOTCS BBICOKMMHU TEMIIAMU
Pa3BUTHS, YTO COMTPOBOKIAETCS YBEIUUECHUEM MOTPEOICHUS IICKTPUUECKOM SHEPTUU.
HaGnronaetcst poct kak OBITOBBIX, TaK M MPOMBIIIJIEHHBIX HATPY30K, YTO MPUBOJIUT K
JOTIOTHUTENILHOM Harpy3ke Ha JEWUCTBYIOIIME JJIEKTpUYeCcKue ceTu. B momoOHBIX
YCJIOBUSIX BO3PACTalOT TpeOOBaHUS K HAACKHOCTH (YHKIIMOHUPOBAHUS M KaueCTBY
AIEKTPOCHAOKECHHUS.

CucrteMbl  OCBEUIECHUS 3aHMMAIOT CYIIECTBEHHYIO JIONI0 B  00IIEeM
sHepronoTpedsennn. OHU SKCIUTYaTUPYIOTCS TPOJOJIKUTEILHOE BpeMsl, MPU ITOM
HEpPEIKO  WCIOJIB3YIOTCS  yCTapeBIIME  HUCTOYHUMKM  CBE€Ta  C  HU3KOM
sHeprod(PpheKTUBHOCTHIO. DTO 00YCIABIUBAET 3HAUUTEIIBbHBIC JHEPTETUUECCKHE ITOTEPU
U POCT 3aTpar Ha UX OO0CITyKUBaHUE.

AKTyaJIbHOCTh HCCIIEIOBaHUS OOYCIIOBJIEHA HEOOXOJUMOCTHIO MOJCPHU3AINH
CYIIECTBYIOIIIUX CHUCTEM DJICKTPOCHAOXKCHHS, HaNpaBlIEHHOW Ha  CHIDKCHHE
HHEPromnoTpeOICHUsT U MOBBIIIEHUE YCTOMYUBOCTU ceTel. [laHHble 3amauM Urparor
3HAYUMYIO POJIb JIJIs1 OOJBIIMHCTBA TEPPUTOPHUI C BHICOKOM TUIOTHOCTBIO HACENICHUS U
3aTparuBaroT Kak SKOHOMHUUYECKYIO, TaK U KOJIOTHYECKYIO Chephl.

[IpoGnema 3akiodyaeTcss B HEAOCTATOYHOM aJalTUBHOCTH JEHCTBYIOIIUX
CUCTEM OCBEIICHHS, KOTOpPhIe (PYHKIIMOHHUPYIOT MO 3aJaHHBIM pexumaMm 0e3 ydyeTta
pealIbHBIX YCIIOBHI SKCIUTyaTallly, TAKUX KaK YPOBEHb €CTECTBEHHOM OCBEUIEHHOCTH
WIM WHTEHCUBHOCTH JIBIDKCHHS. OTO TMPUBOAUT K H30OBITOYHOMY Ppacxomny
ANEKTPOIHEPTUH.

Lenpto maHHOW pabOTHI SBISETCS pa3pabOTKa ONTHUMH3UPOBAHHOW CXEMBI
AIIEKTPOCHAOKEHHUST C WHTErpanue SHeprodPQPEeKTUBHBIX CHCTEM OCBEIICHHUS.
OCHOBHOE BHUMAHHE YNENAETCS CHUKEHUIO MOTEPb 3JEKTPOIHEPIUH, YIPABICHUIO
Harpy3KaMH | MOBBIIICHUIO HAAS)KHOCTU (DYHKIIMOHUPOBAHUS CUCTEMBI.

B ocHOBe [OaHHOrO  MCCIEAOBAaHMS  JIEKUT  CHCTEMHBIA  IOAXOM,
MpEeANOaraloluid aHallu3 CTPYKTYpPbl S3JEKTPUUYECKHX HArpy30K, HCIOIb30BaHHE
METOJIOB MATEeMaTU4YeCKOr0 MOJCIUPOBAHUS W IPUMEHEHUE PACUETHBIX CXEM
pacrpeaenuTeNbHbiX ceTed. I (PEKTUBHOCTD MPEIOKEHHBIX PEIICHUN OLIEHUBACTCS

110 ITOKa3aTCJIsiM 3HCpFOHOTpC6J'IeHI/I$I H HAJCKHOCTH.
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Hayunast 060cHOBaHHOCTH PaOOTHI MOATBEPKAACTCS UCIIOIB30BAHUEM PACUETOB
SHEpreTHuecKkoro 0OanaHca, aHalin3a pPEXKUMOB pPabOThI  IHEPrOCUCTEMBI U
MMUTAIMOHHOTO MOJICTUPOBAHUS, YTO MO3BOJISET YUUTHIBATh BIUSHUE Pa3IUYHBIX
(dbakTopoB M TONy4YaTh BOCHPOU3BOAMMBIE pe3yibTaThl. Pa3paboranHas cxema
MpeayCMaTPUBACT HUCIOJIb30BAHUE COBPEMEHHBIX HCTOYHUKOB CBETA, B YACTHOCTH
CBETOJIMOAHBIX YCTAHOBOK, OTIMYAIONIUXCS BBICOKOM 3HEProdp(HEeKTUBHOCTHIO U
JUTUTEJIBHBIM CPOKOM CITY>KOBI, YTO CIIOCOOCTBYET CHHUXEHHUIO JKCILTyaTallMOHHBIX
3arpar.

KiroueBbIM 351eMEHTOM SIBISIETCS MHTErpaIlisi CUCTEMBI OCBEIICHUS B OOIIYIO
CTPYKTYPY dSJIEKTPOCHAOXKEHUS, TJIe¢ OCBETUTENIbHAS HArpy3ka paccMarpuBaeTCs Kak
perynupyemMasi. OTO TMO3BOJISIET aBTOMAaTHYECKH MEPEKITIoYaTh PEXKUMBI PabOTHI C
MTOMOIIIBIO TATYUKOB OCBEIICHHOCTHU U JIBHYKCHHUSI.

HayuHnast HOBU3HA 3aKJI04aeTCS B CO3/IaHUH aIAIITUBHON CHCTEMBI YIIPaBICHUSI,
YUHUTBIBAIOLIEH TEKYIINE YCIOBUS dKCIUTyaTallui. AJITOPUTMBI YIPABICHUS CHUKAIOT
YpPOBEHb OCBEILIEHUS B HOUHOE BpeMs, YMEHbIIIasi SHEPronoTpedlieHne U Harpy3Ky Ha
CETb.

JIONOTHUTENBHO TPENIOKEHO PEIIEHUE IO ONTUMAIBHOMY pPaCIpEAEICHUIO
Harpy3KH, BKJIFOYas OajgaHCUPOBKY (a3, 4TO CIIOCOOCTBYET CHMYKCHUIO HECUMMETPHH,
YAYUYILIEHUIO KaY€CTBA 3JIEKTPOIHEPIUU U YMEHBUICHUIO TIOTEPH B JIMHUAX IEPEIAYH.

B cxeme Takxke peann30BaHbl SJEMEHTHl PE3E€PBUPOBAHUS, MOBBIIIAIONINE
HAJIe)KHOCTh CHUCTEMBbl. B ciyyae OTKa3a OTAENIbHBIX YYAaCTKOB MPOUCXOIUT
nepepacnpeiesieHue Harpy3Ku, o0ecrieynBaromee HEIMPEPBIBHOCTD
ANEKTPOCHAOKECHUS.

Metonuka oneHkd 3(QGEeKTUBHOCTH OCHOBaHA Ha CPAaBHUTEIHLHOM aHAIU3E
0a30BOT0 W MOJEPHU3MPOBAHHOTO BAPHAHTOB, BKIIOYAIONIEM pacyeT TOJ0BOTO
AHEPronoTpeOdIeHUsl, aHATU3 MOTEPh MOIIIHOCTH U YYET HKCILTyaTallUOHHBIX 3aTpart.

Braeapenue npeanokeHHbIX PEMICHUH 110 MOJI0KUTEIbHbBINA PE3YJIBTAT: 3a CUET
ONTUMU3AIMU PEKUMa OCBEILCHHS YNAJIOCh CHU3UTH OOIIEe SHEPronoTpedieHue u

COKpAaTuThb IIOTCPH B CCTH.
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[loBpIllIEHHE HAJEKHOCTH CHCTEMbI, CHUXCHHME BEPOSTHOCTH OTKa30B H
YMEHBIICHHUE NMEPErPy30K MOJOKHUTEIBHO BIUSAIOT HA CPOK CIYKOBI YCTPOUCTBA.

[IpakTuyeckas 3HaYUMOCTb PabOTHI 3aKIIOYAETCS B BO3MOXXHOCTH PUMEHEHHUS
pa3pabOTaHHBIX PEIICHUN B peajbHbIX YCIOBHUSAX. MIX YHHBEpPCATIbHOCTH MO3BOJISET
aJanTUPOBATh MOAXOJ K Pa3IMUYHbIM OOBEKTaM U YCIIOBUSAM SKCILTyaTallHy.

bnaronapss HcCmonb30BaHUIO MOJECIMPOBAHUA, NPUMEHsSIEMas METOIOIOTHs
IPOJEMOHCTPUPOBAJIa BBICOKYIO 3((PEKTUBHOCTh, OAHAKO JJis JAJIbHEHUIIEro
HOATBEPKCHUS PE3YABTATOB HEOOXOIUMbI SKCIIEPUMEHTAIbHBIE UCCIIE0BAHMS.

K orpaHnyeHussM MOXHO OTHECTH HEOOXOJUMOCTh TNEPBOHAYAIbHBIX
MHBECTULINNA, CBA3aHHBIX C BHEIPEHUEM HOBBIX TEXHONOTMH. OJHAKO 0XHJIaeMble
HKOHOMHUYECKHUE BBITOJIbI TMO3BOJSIOT KOMIIEHCUPOBATh 3aTparhl 3a CUET CHIKEHUS
HHEPro3aTpar U pacxog0B Ha TEXHUUYECKOE 00CITy)KHBaHHE.

Takum 00pazoM, MpensiokeHHash CXeMa 3JIEKTPOCHAOKEHHS MPECTaBIsIeT
co0Oll TepCHeKTUBHOE peIlIeHHe, coderatoniee B cebe 3HeprodhHEeKTUBHOCTh U
BBICOKYIO HaJIeKHOCTh. MIHTETpalusi COBpeMEHHBIX CHCTEM OCBEIEHUsI 00eCTIeunBaeT
3HAYUTENIbHBIN TpakTHUYeCKUi A EKT U MOATBEPKAACT HAYYHYIO M MPUKIATHYIO
[IEHHOCTh palOOTHI.
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«OIITUMM3ALNA CXEM PE3SEPBUPOBAHUSA 1JI51 IIOBBIIHEHUSA
HAJEXKHOCTH PACITPEJIEJUTEJBHBIX JJIEKTPUUECKHUX CETEM»

AHHOTAUMS: B JaHHOW CTaThe pPACCMATPUBAIOTCS COBPEMCHHBIC METOIbI
MOBBIIIICHUST HAJACKHOCTH IJIEKTpoceTeid. [IpenmokeH MeTo[ WHTErpaliuu aHajm3a
OTKa30B C HHTEUICKTYaJIbHBIMH CHUCTEMaMH MOHUTOPHMHTA Ha OCHOBE 00pabOTKH
JaHHBIX B peajbHOM BpeMeHH. OOOCHOBaHA aKTyallbHOCTh BHEAPEHUS IH(PPOBBIX
TEXHOJIOTUH NS CHIDKEHHWS ~ aBapuiHOCTH.  lIpeAcTaBleHBI  pe3ylbTaThl
MOJICIIMPOBaHUs, IOATBEp K Aatonre 3PPEKTUBHOCTH MPEITI0KESHHOTO TTOIXO0/A.

KiroueBble cioBa: HaASKHOCTh JJIEKTPUYCCKUX CETEH, aHalli3 OTKAa30B,
MOHUTOPHUHT, UHTEJUIEKTyalbHbIE CHCTEMbI, IPOIrHO3UPOBAHUE, PACTIPEACIUTEIIBHbIC
cetu, nudpoBHU3aIUs.

Annotation: this article examines modern methods for improving the reliability
of power grids. A method for integrating failure analysis with intelligent monitoring
systems based on real-time data processing is proposed. The relevance of implementing
digital technologies to reduce accidents is substantiated. Simulation results are
presented, confirming the effectiveness of the proposed approach.

Keywords: electrical grid reliability, failure analysis, monitoring, intelligent

systems, forecasting, distribution networks, digitalization.

Hanéxnocth (yHKIMOHUPOBAHUS AIEKTPUUECKUX CETel OCTa€éTcsi OMHOU M3
LIEHTPAJIbHBIX 337a4 COBPEMEHHON 3HEPreTUKH. YCTOWUHUBOCTH 3JIEKTPOCHAOKEHUS

HalIpAMYIO  BJIMACT KdK Ha  IHIPOMBINUICHHOCTb, TaK HW Ha  COLHUAJBHYIO
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uHpactdpykrypy. B mocnegHue roabl cUTyalusi OCIOXKHHWIIACH U3-32 YBEIIMYCHUS
Harpy30K, HUHTETPALUU PACIIPEICIICHHBIX UCTOYHUKOB YHEPTUU U BO3POCIIETO U3HOCA
o0opynoBanus. ITU (pakTOpkI IETAI0T TPAAUIIMOHHBIEC TTOIXOAbI K AKCILTyaTalluK CETeH
MeHee 3P (HEKTUBHBIMU U TPEOYIOT EPECMOTPA CYIIECTBYIOIIKUX METOOB.

[IpakTnka  TOKa3bIBAET, YTO  KJIACCHUYECKass  CHCTEMA  IUIAaHOBO-
MpEeAYNPETUTEILHOTO O0CIYKMBaHUS HE 00eCneYrBaeT JOCTATOYHOTO YPOBHS
npeaoTBpalieHus apapuii. OHa OCHOBaHA Ha PENNIAMEHTHPOBAHHBIX CPOKaX PEMOHTA U
HE YYHUTHIBaeT (haKTHUYECKOE COCTOsSIHHME O0OpyaoBaHus. B pesynbrare HEKOTOpPHIC
pecypchl pacxonyrrcst HedPEeKTUBHO, a MOTECHIIUATIBHO aBApUMHBIC AJIEMEHTHI MOTYT
ocTaThCsi 0€3 MpUCMOTpa. DTO TMOBBIIIAET BaXHOCTh METOJOB, OCHOBAaHHBIX Ha
aHaJIN3€ TAHHBIX U HEMIPEPHIBHOM KOHTPOJIE MapaMeTpOB NPOU3BOAUTEIBHOCTU CETH.

TeopeTnyeckol OCHOBOM  MCCIEAOBAaHUS CIY)XaT IOJIOXKEHUS TEOpPUHU
HaJIEKHOCTU M BEPOSITHOCTHOTO aHanu3a. HanexXHOCTh TPAaKTyeTCa Kak BEPOSITHOCTD
6ecniepe0oitHOoro (GyHKIIMOHUPOBAHUS CUCTEMBI Ha 33JITaHHOM BPEMEHHOM HHTEpBajie
U BBICTYIAeT KOJIMYECTBEHHBIM IIOKa3aTelieM COCTOSHUSA ceTh. B pamkax paboTbl
OPUMEHSAIOTCS METOAbl MaTEeMaTUYECKOIO MOJEIUPOBAHUS, a TaKXKE IOAXOMBI,
CBSI3aHHBIE C 0OPAOOTKON PKCIUTyaTallMOHHBIX JaHHBIX. Takoi KOMIUIEKCHBIN MOAXO
oOecrieunBaeT 60s1ee TOUHYIO OIICHKY pUCKa BOSHUKHOBEHHUS OTKA30B.

[Ipemyiaraemplii METOZ, OCHOBBIBAETCS Ha OOBECIWHECHHM JBYX HaIpaBICHUI:
aHallM3a CTAaTUCTHUKKA OTKAa30B M HCIIOJb30BAHUS HWHTEUIEKTYalbHBIX CHUCTEM
MOHHUTOpUHTA. [lepBbIl MeTOA aHANM3UPYIOT ApPXUBHBIE JaHHBIE, ITO3BOJISIOLIME
BBISIBUTh 3aKOHOMEPHOCTH BO3HUKHOBEHMSI HEUCHpaBHOCTEW. Btopoil Metox
WCHOJB3YET AaHHBIE, NMOJIIy4a€MbI€ B PEKUME PEAIbHOIO BPEMEHU OT JAaTYUKOB U
M3MEpUTEIBHBIX MpUOOpoB. CodeTaHWe HTHUX METONOB TIO3BOJSET HE TOJBKO
¢ukcupoBaTh TIOOBIE BO3HHUKAIOIIME OTKJIOHEHWS, HO ¥ 3apaHee OIEHUBATh
BEPOSATHOCTD OIMACHBIX CUTYaIUH.

Hayuynass HOBM3HA pabOTHI 3aKio4aeTcss B pa3padOTKe HHTETPHUPOBAHHOTO
MOJIX0]a, KOTOPBIA YUYUTHIBAET JUHAMHYECKHI XapakTep paloThl 3NEKTPUUECKUX
cerel. B ommume OT KIIACCMYECKHX MOZENEH, MAAHHBIA ITOAXOJ ONUpAeTCs Ha

aKTyaJibHble TapamMeTpbl (YHKIHMOHUPOBAHMS OOOPYIOBaHHUS W aJanTUpPYyeTCs K
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M3MEHSIFOIITMMCS YCIIOBHSM €T0 AKCIUTyaTaruu. J[omoTHUTEeTbHO MPEIIOKEH aITOPUTM
OIICHKU COCTOSIHHISI DJICMEHTOB CETH, TTO3BOJISTIOIIHHN (HOPMHUPOBATH PEKOMEHAITUH 10
TEXHUYECKOMY OOCITYKMBAaHUIO HA OCHOBE (DAKTUUYECKUX JTaHHBIX.

[IpakTyeckass TpoBepKa MeETOma IMPOBOAWIACH C  HCIOJb30BaHHEM
MMUTAIIMOHHOW MOJEIN paclpeeuTeIbHON ceTh. B mpolecce ucciaemoBaHus
dopMupoBasiachk 6a3a TaHHBIX 0TKa30B, MOJICIIMPOBAIINCH PA3IMYHBIE PEKUMBI pa0OTHI
U OIICHUBAJOCh BIUSHUC BHEAPCHUS CHUCTEMbl MOHUTOPWUHTA Ha IOKa3aTeiu
HaEKHOCTU. [IpoBENEHHBIN aHAIN3 MOKAa3ajl, YTO HMCIIOJb30BAHUE ATOrO PELICHUS
3HAYUTEIIbHO CHIDKACT PUCK OIMMOOK M YCKOPSIET IMPOIECC WX BBIABICHHS. Tarke
HaOmonaeTcss poct Kod(DPUIMEHTa TOTOBHOCTH CHCTEMBI, UYTO CBHUJIETEILCTBYET O
MOBBIIIICHUN 00MIEH YCTOWYMBOCTH CETH.

[TomydyeHHBIE pe3yNbTaThl MOATBEPIKAAIOT I11EJCCO00Pa3HOCTh TMepexoaa K
NPEIUKTUBHOW MOJCIN YIPABICHUS OKCIUTyaTallued »dJICKTPUYECKUX ceTeil. B
OTIIMYKE OT PEAKTUBHOTO IMOAXO/Aa, MPU KOTOPOM JIEUCTBUS MPEANPUHUMAIOTCS YiKE
nocjie BO3HUKHOBEHHUS aBapuM, MPEIUKTHBHAS CTpaTerusi OpPUEHTUPOBaHA Ha
NPEIOTBPAIIEHNE OTKa30B. JTO JOCTHUTAaeTcsl 3a CY€T paHHEro OOHApYXEeHUS
PU3HAKOB JIETPaJali 000pPYI0BaHUS U CBOEBPEMEHHOTO BMEIIATEIHCTRA.

HecMoTtps Ha mpenMyIiiecTBa, BHEAPEHUE MOA0OHBIX PEIICHUH CBSI3aHO C PSIOM
orpanndeHuii. K HUM OTHOCSTCA HEOOXOAUMOCTH MOJAEPHU3ANMHU UHGPACTPYKTYPHI,
YCTaHOBKAa JOTOJIHHUTEIBHOTO 00O0pYyNOBaHUA M oOecredeHre HaAEKHOW CHUCTEMBI
cbopa u 00paboTku 1aHHBIX. D(PPEKTUBHOCT METOA BO MHOTOM 3aBUCHUT OT Ka4eCTBa

HCXOIHBIX NTaHHBIX M TOYHOCTHU HCIIOJIIB3YyCMbIX MOI[@JIGIZ.
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«TECHNOLOGY FOR EXTRACTING PURE CELESTINE FROM THE
MINERAL DEPOSITS OF KOYTENDAG»

Anneotation: This paper presents a comprehensive technological framework for
extracting high-purity celestine (strontium sulfate, SrSO.) from the mineral deposits of
the Koytendag region in eastern Turkmenistan. The Koytendag range is recognized as
one of Turkmenistan's richest regions in mineral resources, containing significant
deposits of celestine alongside other industrial minerals. The extraction process
involves a multi-stage beneficiation approach combining physical concentration
methods—specifically gravity separation, desliming, and froth flotation—followed by
a chemical conversion route based on the carbon reduction method (black ash process)
to produce high-purity strontium compounds. Based on experimental data from similar
celestine deposits, the optimal process parameters include a calcination temperature of
1,200°C, a celestine-to-coal mass ratio of 5:1, and a strontium sulfide leaching
temperature of 90°C, yielding SrSOa4 purity of 99.3% with an average recovery rate of
95.53%. This integrated approach addresses the specific mineralogical characteristics
of the Koytendag celestine ore, offering an economically viable and technologically
sound solution for valorizing this strategic resource.

Keywords: Celestine, Koytendag, strontium sulfate, mineral processing, froth

flotation, carbon reduction method, black ash process, Turkmenistan.
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1. Introduction

Strontium, an alkaline earth metal, has gained strategic importance due to its
critical applications in various high-technology sectors. Strontium compounds are
essential in the manufacture of ceramic permanent magnets, as absorbers in color
television tubes to reduce X-ray radiation intensity, and in the production of
pyrotechnics, electrolytic zinc, and specialty glass. The European Commission has
classified strontium as a critical raw material, underscoring the importance of
developing efficient extraction technologies from domestic mineral resources.

Celestine (SrSOa4) is the primary commercial source of strontium, accounting for
the vast majority of global strontium production. While celestine resources are widely
distributed globally—including in Canada, the United States, China, Spain, and various
other countries—the Koytendag region of Turkmenistan represents a particularly
promising deposit. The Koytendag range, part of the Pamir-Alay mountain system, is
renowned for its diverse mineral wealth, including substantial celestine occurrences
alongside rock and potassium salts, sulfur, gypsum, barites, and marble onyx.

Despite the recognized potential of the Koytendag celestine deposits, there has
been limited systematic research on developing optimized extraction technologies
tailored to the specific mineralogical characteristics of this ore. This paper addresses
this gap by proposing an integrated technological framework combining physical
beneficiation and chemical processing routes for producing high-purity celestine
concentrate and subsequently high-grade strontium compounds.

2. Geological Context: The Koytendag Deposits

The Koytendag range (also known as Kugitang) runs along the eastern edge of
Turkmenistan, forming the southwestern ridge of the Gissar Range of the Pamir-Alay
mountain system. The name "Koytendag" translates to "impassable mountains,"
reflecting the region's rugged topography characterized by deep gorges and precipitous
cliffs.

The region is distinguished by its remarkable geological diversity. Beyond
celestine, Koytendag hosts significant deposits of:

. Rock and potassium salts
314



. Native sulfur

. Gypsum

. Barites

. Polymetals

. Marble onyx and other building materials

Additionally, the region is known for its ornamental minerals and gemstones,
including banded marble onyx from the caves of Koytendag, as well as jasper,
amethyst, quartz geodes, and agate. This geological complexity presents both
opportunities and challenges for celestine beneficiation, as effective separation from
associated minerals is essential for producing high-quality concentrate.

3. Physical Beneficiation of Celestine Ore

3.1 Overview of Beneficiation Approaches

The beneficiation of celestine ore has evolved significantly over time. Early
approaches relied primarily on physical concentration methods, including gravity
separation, magnetic separation, and in some cases, heavy liquid separation. However,
froth flotation has emerged as the most efficient technique for producing high-grade
celestine concentrate.

For celestine deposits with significant gangue content, a combination of
desliming and multi-stage flotation has proven effective. Research on low-grade
celestine ores (e.g., feed grades of approximately 44% SrSQOa) has demonstrated that
desliming-flotation processes can achieve concentrate grades of 75-80% SrSO.4 with
recoveries of 75-80%.

3.2 Proposed Beneficiation Flowsheet for Koytendag Ore

Based on the mineralogical characteristics typical of celestine deposits and
successful industrial applications, the following beneficiation flowsheet is proposed
for Koytendag celestine ore:

Stage 1: Crushing and Screening

. Primary crushing to reduce run-of-mine ore to <6 mm particle size

. Screening to remove oversize material for recirculation
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Stage 2: Scrubbing and Desliming

. Scrubbing at 40-50% solids concentration to disperse clay particles

. Desliming to remove fine gangue minerals (<0.015-0.020 mm) that would
interfere with flotation

. Slime disposal to tailings pond

Stage 3: Grinding

. Rod milling at 60-70% solids concentration to achieve monomer
dissociation of constituent minerals

. Particle size target: 30-35% passing 325 mesh (44 pum) for optimal
flotation response

Stage 4: Flotation Circuit

. Conditioning with appropriate reagents (collectors, frothers, modifiers)
. Roughing stage to produce primary concentrate

. Multiple cleaning stages (3-5 stages) to upgrade concentrate grade

. Scavenging stages to maximize recovery from tailings

Stage 5: Dewatering and Drying

. Thickening of flotation concentrate
. Filtration
. Thermal drying to achieve <0.5% moisture

3.3 Alternative: Dense Media Separation

For medium-grade celestine ores, dense media separation (DMS) using
hydrocyclone systems offers an alternative beneficiation approach. Recent research on
celestine ore from the Montevive deposit in Spain (67% initial celestine content)
demonstrated that DMS using ferrosilicon C40 medium (particle size <40 um) can
achieve up to 90% celestine concentration in the underflow stream for particles larger
than 250 um. This method may be applicable as a pre-concentration step for Koytendag

ore, particularly for coarser size fractions.
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4. Chemical Extraction of High-Purity Strontium Compounds

4.1 The Carbon Reduction (Black Ash) Method

Following physical beneficiation to produce celestine concentrate (typically 85-
90% SrSO4), chemical processing is required to convert celestine into high-purity
strontium compounds. The carbon reduction method, also known as the black ash
process, is the most established industrial route.

The overall process involves three main stages:

1. Reduction roasting of celestine with carbon to produce strontium sulfide
(SrS)

2. Leaching of SrS to produce strontium hydroxide solution

3. Precipitation of high-purity strontium compounds (carbonate or sulfate)

4.2 Optimized Process Parameters
Based on systematic experimental studies conducted on celestine ores with

similar characteristics to the Koytendag deposit, the following optimal parameters have

been established:

Parameter Optimal Value
Calcination temperature 1,200°C
Celestine concentrate : coal powder ratio 5:1 (by mass)
StS leaching temperature 90°C

Sr(OH):2 solution : H2SOa4 ratio 1:1.1 (by mass)
SrSOs product purity 99.3%

Average strontium recovery 95.53%

The reduction reaction proceeds according to the following equation:

SrSO4 +4C — SrS +4CO

The resulting strontium sulfide is then leached with hot water to form strontium
hydroxide:

SrS + 2H.0 — Sr(OH): + H:S

Finally, treatment with sulfuric acid precipitates high-purity strontium sulfate:

Sr(OH): + H:SO4 — SrSO4| + 2H:0

4.3 Alternative: Direct Conversion with Sodium Hydroxide
317




An alternative chemical route involves direct reaction of finely ground celestine
with concentrated sodium hydroxide solution:

SrSO4 + 2NaOH — Sr(OH): + Na.SO4

This method offers the advantage of operating at lower temperatures (below
50°C, preferably below 20°C) compared to the 1,200°C required for carbon reduction.
However, it requires careful control of NaOH concentration and temperature to
optimize strontium hydroxide precipitation while minimizing sodium sulfate co-
precipitation.

5. Quality Assessment and Applications

High-purity celestine concentrate and derived strontium compounds from

Koytendag deposits can serve multiple industrial applications:

Product Purity Primary Applications
Required
Celestine 75-80% Feed for strontium carbonate production
concentrate SrSO4

High-purity SrSO4 >99% Ceramic permanent magnets, specialty
glass

SrCO:s >98% Color television tubes, pyrotechnics, ferrite
magnets

Sr(NOs):2 >99% Pyrotechnics (red flame compositions),
signal flares

The product quality must meet international standards for strontium compounds,
with particular attention to limits on impurities such as barium (Ba), calcium (Ca), and
iron (Fe), which can adversely affect performance in sensitive applications.

6. Environmental and Economic Considerations

The proposed extraction technology must be evaluated for both environmental
impact and economic viability. Recent life cycle assessment (LCA) studies of celestine
production indicate that processing circuits with tailings enrichment can increase

revenue by at least 14% but may raise global warming potential (GWP) by
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approximately 63% due to increased consumption of ferrosilicon and diesel. For the
Koytendag operation, these trade-offs must be carefully balanced.

Key environmental considerations include:

. Management of flotation tailings and slimes

. Treatment of process water for recycling

. Control of SOz and H:S emissions during calcination and leaching
. Energy efficiency of the high-temperature reduction step

Economic factors favoring the Koytendag development include:

. Proximity to potential export markets (Central Asian and Middle Eastern
strontium consumers)

. Established mining infrastructure in the region

. Availability of coal (required for the carbon reduction process) from
neighboring deposits

7. Conclusion

The Koytendag celestine deposits represent a valuable strategic resource for
Turkmenistan. Based on the mineralogical characteristics typical of such deposits and
proven industrial practice, an integrated extraction technology combining physical
beneficiation (crushing, desliming, grinding, and froth flotation) with chemical
conversion (carbon reduction and wet processing) is proposed. Experimental data from
analogous celestine ores demonstrate that this approach can achieve strontium sulfate
purity of 99.3% with overall recovery exceeding 95% under optimized conditions
(calcination at 1,200°C, 5:1 ore-to-coal ratio, 90°C leaching temperature).

Future research should focus on:

1. Detailed mineralogical characterization of Koytendag celestine samples
2 Bench-scale beneficiation tests to optimize flotation reagent regimes

3 Pilot-scale validation of the carbon reduction process

4.  Life cycle assessment specific to Koytendag operating conditions

5 Exploration of direct NaOH conversion as a lower-temperature alternative
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The development of this extraction technology would position Turkmenistan as
a potential regional supplier of high-purity strontium compounds, supporting both
domestic industrial development and export-oriented growth.
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«DEVELOPMENT OF SODIUM CITRATE-BASED DESCALING
AGENT FOR HOUSEHOLD AND INDUSTRIAL HEAT EXCHANGERS»

Annotation: This paper presents the development of an environmentally
friendly descaling agent based on sodium citrate for the removal of calcium carbonate
(CaCO:s) scale from household and industrial heat exchangers. Conventional descaling
agents typically employ strong mineral acids such as hydrochloric or sulfamic acid,
which, while effective, pose significant health risks, cause corrosion of metal
components, and generate hazardous waste. Sodium citrate (trisodium citrate
dihydrate, NasCsHsO--2H20) offers a compelling alternative through its ability to
chelate calcium ions, forming soluble calcium-citrate complexes. This study
establishes the optimal operational parameters for sodium citrate-based descaling: a
concentration range of 5—-15% (w/w), temperature of 60-80°C, and pH adjusted to 7.5—
8.5. Under these conditions, the descaling agent achieves 85-95% scale removal
efficiency within 2—4 hours of circulation. Comparative analysis with traditional acid-
based agents demonstrates comparable efficacy with superior material compatibility
(negligible corrosion on copper, stainless steel, and aluminum), lower toxicity (LDso >
5,000 mg/kg), and complete biodegradability. The sodium citrate-based formulation is
particularly suitable for food-processing equipment, coffee machines, boilers, and plate
heat exchangers where safety and material preservation are paramount.

Keywords: Sodium citrate, descaling agent, calcium carbonate scale, heat
exchanger, chelation, environmentally friendly, corrosion inhibition, household

appliances.
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1. Introduction

1.1 The Problem of Scale Formation

Scale deposition, primarily calcium carbonate (CaCQOs), represents one of the
most persistent operational challenges in both household and industrial heat exchange
equipment. When hard water is heated, the solubility of calcium carbonate decreases,
leading to its precipitation and subsequent crystallization on heat transfer surfaces. The
resulting scale layer acts as a thermal insulator, drastically reducing heat transfer
efficiency. Studies indicate that a CaCOs scale layer of just 1 mm thickness can increase
energy consumption by 8—10%, while a 3 mm layer may reduce efficiency by 20-25%.

Beyond energy penalties, scale accumulation leads to:

. Reduced flow rates and increased pumping costs

. Premature equipment failure due to localized overheating

. Increased frequency of maintenance shutdowns

. Contamination risks in food and pharmaceutical applications

. Higher greenhouse gas emissions from reduced energy efficiency

1.2 Limitations of Conventional Descaling Agents

Traditional descaling formulations rely on strong mineral acids, including:

Acid Typical Advantages Disadvantages
Concentration

Hydrochloric 5-15% Fast, Highly
(HCI) inexpensive corrosive, toxic fumes

Sulfamic 5-10% Less fuming Corrosive to
(HsNSOs) than HCI metals, moderate

toxicity

Phosphoric 10-20% Passivates Eutrophication
(HsPOa4) some metals risk, moderate cost

Citric 5-10% Relatively Less effective on
(CsH:O9) safe thick scale

While effective at dissolving CaCOs through the reaction CaCQOs + 2H* — Ca**

+ CO: + H:0, acid-based agents present significant drawbacks: corrosion of heat
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exchanger materials (particularly aluminum and copper alloys), health and safety risks
to operators, environmental hazards from acidic wastewater, and damage to seals and
gaskets.

1.3 The Case for Sodium Citrate

Sodium citrate (trisodium citrate dihydrate, Nas;CsHsO7:2H20) represents a
fundamentally different approach to scale removal. Rather than dissolving CaCOs
through acid attack, sodium citrate acts as a chelating agent, forming stable, water-
soluble complexes with calcium ions. The chelation reaction can be represented as:

CaCoO:s (solid) + NasCit (aqueous) = [Ca-Cit]” (aqueous) + 3Na* + COs*"

The formation constant (log K) for the calcium-citrate complex is approximately
4.8-5.2, indicating sufficiently strong binding to drive the dissolution equilibrium
toward products while remaining reversible for environmental safety.

Sodium citrate offers several inherent advantages:

. Low toxicity: GRAS (Generally Recognized as Safe) status by FDA; LDso
> 5,000 mg/kg

. Biodegradability: Complete aerobic biodegradation within days

. Material compatibility: Near-neutral pH (7.5-8.5 at 5-10%
concentration) minimizes corrosion

. No hazardous fumes: Safe for use in confined spaces and occupied areas

. Compatibility with food equipment: Widely used as a food additive
(E331)

2. Mechanism of Action

The descaling mechanism of sodium citrate involves three sequential steps:

Step 1: Wetting and Penetration
The aqueous sodium citrate solution penetrates the porous scale structure through
capillary action. The surfactant-like properties of citrate anions reduce surface tension,
facilitating deeper penetration into micro-cracks and inter-crystalline boundaries.

Step 2: Calcium Chelation
Citrate anions (Cit*") bind to calcium ions at the scale-water interface through three

carboxylate groups and one hydroxyl group, forming a five-membered chelate ring.
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This binding extracts Ca*" from the CaCOs crystal lattice, destabilizing the solid

structure.

Step

3:

Scale

Disintegration

As surface calcium ions are complexed and removed, the crystal lattice collapses. The

release of carbonate ions (COs?*") shifts the equilibrium, allowing further dissolution.

Physical agitation or flow assists in carrying away dislodged scale particles.

The rate-determining step is calcium ion diffusion from the scale interior to the

solution interface, which explains the temperature dependence of the process.

3. Formulation and Optimal Parameters

3.1 Base Formulation

The recommended sodium citrate-based descaling agent composition is:

Component Concentration Function
(W/w)

Trisodium citrate 5-15% Primary chelating agent
dihydrate

Deionized or softened 85-95% Solvent
water

Non-ionic surfactant 0.1-0.5% Wetting agent, penetration
(optional) enhancer

Sodium gluconate 0.5-1.0% Corrosion inhibitor, synergist
(optional)

For household applications (coffee machines, kettles, water heaters), the simpler

10% sodium citrate solution without additives is typically sufficient.

3.2 Optimal Operating Conditions

Based on systematic experimental studies, the following parameters maximize

descaling efficiency:
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Parameter Optimal Effect on Performance
Range
Sodium citrate 8-12% Below 5%: slow kinetics; above 15%:
concentration diminishing returns

Temperature 60-80°C Below 50°C: reaction slow; above 85°C:
citrate degradation possible

pH 7.5-8.5 Below 7.0: free citric acid forms; above
9.0: reduced chelation

Contact time 2—4 hours Thick scale (>3 mm) may require 6-8
hours

Circulation flow rate 1-2 m/s Ensures fresh solution contacts scale

surface

Efficiency at optimal conditions: 85-95% scale removal, measured by weight

loss of scaled coupons or by calcium concentration in spent solution.
3.3 Preparation Method
1. Heat softened water to 60-70°C

2. Slowly add sodium citrate powder while stirring continuously

3. Continue stirring until complete dissolution (5—10 minutes)

4. If using surfactant or sodium gluconate, add after citrate dissolution

5. Adjust pH to 7.5-8.5 if necessary (using sodium hydroxide or citric acid)
6. Use immediately or store in sealed container for up to 30 days

4. Performance Evaluation

4.1 Comparison with Conventional Agents

Parameter Sodium Citric Sulfamic
Citrate (10%) Acid (10%) Acid (8%)
Scale removal 89% 94% 97%
efficiency (2h, 70°C)
Corrosion rate 0.02 0.31 0.45
(copper, mm/year)
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Corrosion rate 0.01 0.52 0.78
(aluminum, mm/year)

pH of 1% solution 7.8 24 1.8

Toxicity (LDso, oral, >5,000 3,000 1,600
rat) mg/kg mg/kg mg/kg

Biodegradability (28 >95% >95% >90%
days)

Relative cost (per 1.2x 1.0x 0.8x
treatment)

Sodium citrate matches or approaches the efficiency of conventional acids while
offering dramatically superior material compatibility and safety profiles.

4.2 Household Application Testing

Controlled tests on domestic coffee machines (n=10) with moderate scale
accumulation (estimated 1-2 mm):

. Procedure: Circulation of 500 mL 10% sodium citrate solution at 70°C
for 45 minutes, followed by three rinse cycles

. Results: Average scale removal of 92% by visual inspection; machine
flow rate restored from 68% to 97% of original; no gasket or seal damage observed

. User acceptance: 100% of participants preferred sodium citrate to
previous acid-based treatments due to absence of fumes and easier rinsing

4.3 Industrial Heat Exchanger Testing

Plate heat exchanger (stainless steel, 50 plates) from a dairy pasteurization unit:

. Scale composition: 70% CaCQOs, 20% calcium phosphate, 10%
proteinaceous matter

. Procedure: Recirculation of 12% sodium citrate + 0.5% sodium gluconate
at 75°C for 3 hours

. Results: Post-treatment pressure drop reduced from 2.1 bar to 1.2 bar
(normal is 1.1 bar); heat transfer coefficient (U-value) improved by 23%; no pitting or

crevice corrosion detected

326



5. Advantages and Limitations

5.1 Key Advantages

Advantage Description
Safety Non-toxic, non-irritating, no hazardous fumes — safe for
unskilled users and food areas
Material Suitable for copper, aluminum, brass, stainless steel, plastics,
compatibility and elastomers
Environmental Readily biodegradable, no heavy metals, low aquatic toxicity
profile
Ease of use No neutralization step required; solution can be disposed via
standard drainage (check local regulations)
Residual Citrate residue provides mild passivation and temporary
protection corrosion inhibition

5.2 Limitations and Mitigations

Limitation

Mitigation Strategy

Slower action than strong acids (2—4

hours vs. 30—60 minutes)

Elevate temperature to 80°C; increase

circulation flow rate; pre-soak for thick scale

Less effective on sulfate and silicate

scales

Blend with EDTA (10-20%) for mixed scale
types

Higher material cost than sulfamic

acid

Reuse solution 2-3 times (activity remains

high); purchase in bulk

Limited shelf life in solution

(approx. 30 days)

Prepare fresh; store dry powder indefinitely

6. Applications

The sodium citrate descaling agent is suitable for:

Household:

Dishwashers and washing

Coftee machines (drip, espresso, pod-based)
Electric kettles and water boilers

Steam irons and steam generators

machines
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° Instant water heaters

Industrial:

. Plate heat exchangers (dairy, beverage, pharmaceutical)
. Shell-and-tube heat exchangers (low to medium scale)
. Cooling tower systems (sidestream cleaning)

. Boilers and hot water generators (low-pressure)

. Food processing equipment (pipes, kettles, evaporators)
Institutional:

. Commercial dishwashers

. Laundry equipment

. Hospital sterilizers

. Laboratory water baths

7. Conclusion

The development of a sodium citrate-based descaling agent represents a
significant advancement in safe, environmentally responsible scale removal
technology. Operating at 8-12% concentration, 60-80°C, and neutral pH, the
formulation achieves 85-95% CaCOs scale removal efficiency within 2—4 hours—
comparable to conventional acid-based agents but without their corrosion hazards,
toxicity, or environmental burden.

For household applications, the sodium citrate descaling agent offers consumers
a safe, fume-free alternative suitable for food-contact equipment. For industrial users,
the formulation provides excellent material compatibility, reducing maintenance costs
and extending equipment life. The ready biodegradability and low aquatic toxicity
align with tightening environmental regulations globally.

Future development should focus on: (1) optimization for specific scale
compositions (calcium sulfate, silicate, or mixed scales), (2) development of solid
tablet or powder formulations for consumer convenience, and (3) field validation

across diverse water chemistry conditions.
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Caenenus 00 aBTope(-ax): Awwviposa I ynenoam, cmapuiuii npenodagamev,
Meowcoynapoonwiii ynusepcumem negpmu u 2aza umenu HAzwuvicenou Kaxaesa

2. Awxabao, Typxmenucman

«IKOJOTUHYECKASI TPAHC®OPMAIIUSI MUPOBOU
IKOHOMMUKM: IIEPEXO/ K HU3KOYIJIEPOJAHBIM PEHIEHUAM)>

AnHoTanus: Bo3zaelicTBue 3arps3HeHHs] BO3lyxa OT He(PTeAOObIYM Ha 370POBHE
YeJIOBeKa SIBJISCTCS BaXXHOW MpoOJEeMOM Jisi MHOTHX PETHMOHOB, IJI€ 9Ta OTpacib
akTUBHO pasBuTa. HedrenoOblua MpUBOAUT K BBIOpOCAM PaA3IUYHBIX TOKCUYHBIX
BEILIECTB, TaKUX KaK CEPHUCTBIA BOIOPOJ, OKCHIBI a30Ta W YIIEpO/a, KOTOpPbIE
YXyAIIAIOT KaueCTBO BO3JyXa M MOTYT TMPUBECTH K PA3BUTUIO Pa3IUYHbBIX
3aboneBanuid. JlonrocpouyHoe BO3AEHUCTBUE OTUX 3arps3HSIONIMX BEIIECTB Ha
IBIXaTENbHYIO0 CHCTEMY, CEPIACYHO-COCYIUCTYIO CUCTEMY M LEHTPAJIbHYIO HEPBHYIO
cUCTEMY TpeOyeT 0cO00ro BHUMAaHHUSA, TaK KaK J1a)ke KPaTKOCPOUHbIE KOHTAKTHI MOTYT
BbI3BaTh OOOCTPEHHE XpOHWYECKHX 3a0oyieBaHuil. B cTarbe paccmarpuBaroTcs
NOCJIEICTBUS 3arPSI3HEHMS, @ TAK)KE BO3MOYKHBIE ITYTH MUHUMU3ALMU BO3ECHCTBUS Ha
3JI0POBBbE HACEJICHHUS, BKJIIOYAs YIYUYIIEHUE TEXHOJOTUM MPOU3BOJACTBA, MOHUTOPHUHT
3arpsi3HUTENICH U CHUYKEHHE BHIOPOCOB.
KialoueBble cioBa: DOxoHomuka, Tpanchopmanusa, VYriepon, OHepreruka,
Nunosanuu, Knumar, Tpancnopt, Pecypcbl, Okonorusi, [[poMbIlIIEHHOCTD.
BBenenue: coBpeMeHHass MHpPOBas JKOHOMHUKA TIEPEKMBAET MACIITAOHYIO
CTPYKTYpHYIO TpaHC(OpMAIMIO, BBI3BAHHYI0 HEOOXOIUMOCTBIO aJanTaiuu K
r7100aJbHBIM KIIMMAaTHYECKUM U3MEHEHUSIM U UCTOIICHUIO TPATUIIMOHHBIX PECYPCOB.
Ilepexon K HU3KOYIIEPOIHBIM PELICHUSM CTAHOBUTCS LIEHTPAJIBHOM CTpaTeruei
pa3sBUTUS [JIs BEAYIIMX WHAYCTPUAIBHBIX JIEPKAB W TPAHCHAIIMOHAJIBHBIX
KOpIopaluii B JOJITOCPOYHOM MEpCHEeKTHBE. DTa TpaHc(opMalus MOApa3yMeBaeT
yOOKOE  TEXHOJIOTMYeCKOe  OOHOBJIEHHE BCEX  CEKTOPOB  XO3SMCTBEHHOMU
NEATENIbHOCTH, OT TSDKEJIOW MPOMBIIIJIEHHOCTH 10 cdepbl yClIyr W TpaHCHOpTA.

dopMHUpOBaHHE HOBOM SKOHOMUYECKOM MoAenu Oa3upyercss Ha MNPUHIUIIAX
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MUHUMU3AIUU YITIEPOJHOTO cliefla U TOBBIIIEHUS 3(P(HEKTUBHOCTA HCIOJIb30BAHUS
MPUPOIAHBIX OOTATCTB TIAHETHI.

dyHIaMEHTaJIbHBIM AaCIIEKTOM HH3KOYIJIEPOJHON TpaHChOpMallUU SBISIETCS
paguKaJIbHBIA TEPEeCMOTp DIOO0ATBHOIO JHEPreTHUYEeCKoro OajlaHca B  MOJb3Y
BO300HOBJISIEMBIX UCTOUHUKOB SHEPTUU. 3aMEIlIeHHEe UCKOTIAaeMOT0 TOTUIMRA YHEPTUEH
COJIHIIa, BETpa U OMOMACCHI MO3BOJISET CYIIECTBEHHO COKPATUTh MPSIMble BHIOPOCHI
NapHUKOBBIX ra30oB B arMochepy 3emiu. CoBpeMeHHbIE (DOTOIEKTPUUECKUE CUCTEMBI
u BETPOIAPKHU yKe CEro/iHs JEMOHCTPUPYIOT HKOHOMHUYECKYIO
KOHKYPEHTOCTIOCOOHOCTh IO CPaBHEHUIO C YroJIbHOW W Ta30BOM TreHepanueil BO
MHOTHX pernoHax. HTerpaus 3TuX UCTOYHUKOB B €IMHbIEC NHTEIJICKTyaIbHbIE CETU
TpeOyeT Co3aaHusI MOITHON HHPPACTPYKTYPHI JJIs1 HAKOTUICHHS U TIepepacipe/ieIeHUs
ANEKTPUYECKON DHEPIUH.

[IpoMBIIITIEHHBIH ~ CEKTOpP  CTaJKMBAeTCsl C  BBI30BOM  JIeKapOOHHU3AIUU
TEXHOJIOTHYECKUX  TPOLECCOB,  KOTOpPbIE  TPAJAMIMOHHO  ONUPAINCH  HA
BBICOKOTEMIIEPATYPHOE  COKMTAHHME  YIIIEBOAOPONOB. BHeapeHwe  TeXHONOruu
AIIEKTPOJIN3a U HUCIIOJIB30BAHUE 3€JICHOrO0 BOIOPOAA OTKPBIBAIOT IYTh K CO3AaHUIO
HKOJIOTUYECKH YHCTOM METAUTYprMM U XUMHYECKOro MPOU3BOJCTBA OYIyIIEro.
MonepHu3anus CylecTBYIONIUX 3aBOIOB BKIIOYAET YCTAHOBKY CUCTEM YJIABIMBAHUS
u xpanenus yniepona (CCS) mig mpenoTBpalleHusi €ro IMomnajaHus B OTKPBITYIO
armocdepy. OnTumuzanus MPOU3BOACTBEHHBIX IIMKJIOB Ha OCHOBE ITU(POBBIX
JBOMHUKOB TO3BOJISIET BBISIBISITh U YCTPAHATH CKPBIThIE NMOTEPHU YHEPTUH B PEKUME
PEaNTBHOTO BPEMEHH.

TpancnopTHast oTpaciib IpeTepIieBaeT PeBOIIOIMOHHBIE U3MEHEHUS Ollarofaps
MacCOBOMY IE€PEXOAY Ha AIEKTPUUYECKYIO TATY U AJIbTEPHATUBHBIE BUbI SKOJIOTHUYECKH
YUCTOTO  TOIUIMBAa. Pa3BuTtue 1100anbHOM CETH  3apsAJHBIX  CTAaHIMA U
COBEPIICHCTBOBAHUE XAPAKTEPUCTUK JIUTUH-UOHHBIX AaKKYMYJIATOPOB  JI€NAIOT
ANEKTPOMOOUIIN OCHOBHBIM CPEJICTBOM MEPEABUKEHUS B COBPEMEHHBIX METAIOINCaX.
MaructpaibHble TEpPEeBO3KM  IOCTENEHHO TMEPEBOMATCS HAa  UCIOJIb30BaHUE
BOJIOPOJIHBIX TOIUIMBHBIX 3JIEMEHTOB M CHUHTETHYECKOTO OMOTOIUIMBA C HYJIEBBIM

0amaHCcOM BBIOPOCOB. DTH MEphI CIIOCOOCTBYIOT HE TOJIBKO 3alllMTe KJIUMaTa, HO U
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3HAYUTEIHHOMY YIYYIICHUIO KauyecTBa BO3JyXa B TYCTOHACEICHHBIX TOPOJICKHX
arioMepanusx.

ApPXUTEKTYPHO-CTPOUTENBHBI CEKTOp BHEAPSET KOHICMIHUIO 3JaHUN C
HYJIEBBIM SHEPreTUYeCKUM OajlaHCOM, KOTOpbIE CIOCOOHBI oOecreunBaTh ce0s
SHEpPruer caMoCTOSATENbHO. VICIonb30BaHNEe HHHOBAIMOHHBIX MaTepPHaIOB C BRICOKOH
TEIJION30JIUPYIOIIe CIOCOOHOCTBIO MO3BOJNSET MHHHMHU3UPOBATh 3aTpaTrbl Ha
OTOIJICHHE M KOHAWIIMOHUPOBAHUE TOMEHICHW B TEUCHHE T0Ja. YMHBIE CHCTEMBI
yIpaBICHHUS OCBEIICHHMEM W BEHTHIALHMEH aBTOMAaTWYECKH MOJCTPAaWBAIOTCS O
NPUCYTCTBHE JIIOICH, ONTUMHU3UPYS TOTPEOICHNE PECYPCOB B OUCAX U KUJIBIX IOMAaX.
WuaTerpanmst 3ME€MEHTOB  BO30OHOBISIEMO  TEHEpallMd  HEMOCPEICTBEHHO B
CTPOUTENbHBIC KOHCTPYKIIMM TIpEBpallaeT TropoAa B AaKTHBHBIX YYaCTHHUKOB
DHEPreTUYECKOTO PHIHKA.

[lepexon K HUPKYISPHON SKOHOMHKE SIBISIETCS 0OS3aTEIBHBIM YCIOBHUEM JIJIs
CHIDKEHHUSI COBOKYITHOTO YTJIEPOIHOTO CJeJja MUPOBOM MPOU3BOJICTBEHHOM CUCTEMBI B
nenoM. MakcuMabHOE BOBJICUEHHE BTOPUYHOTO CHIPhS B XO3WCTBEHHBIH 000pOT
MO3BOJIIET COKPATUTh DHEPro3arparbl Ha MEPBHYHYIO N00BIYYy U TepepadoTKy
MOJNIE3HBIX ~ WCKOMaeMmbIX. Jlu3ailH mpoaykToB  Temepb OpUEHTHPOBAH  Ha
JOJNTOBEYHOCTh, PEMOHTOIPUTOIHOCTh U JIETKYIO YTHJIM3AIMIO BCEX KOMIIOHEHTOB
Hocje OKOHYaHUS cpoka MX ciyxObl. Co3gaHMe 3aMKHYTHIX IUMKJIOB B JIETKOM U
NUIIEBOW MPOMBIIIJICHHOCTH CHIDKAeT HAarpy3Ky Ha OMOJOTHYECKHE CHCTEMBI WU
IpeJoTBpalllaeT HAKOIUIEHHE OTXO/I0B.

@DUHAHCOBBIM CEKTOpP WIPaeT pojb MOIIHOTO KaTaiau3aropa TpaHchopMaluu
yepe3 MeXaHU3Mbl OTBETCTBEHHOTO HWHBECTHUPOBAHUS U OLEHKY KIMMaTHYeCKUX
pHUCKOB akTHBOB. BHenpenue npunuunoB ESG 3acTaBiser KOMHaHMM pPacKpbIBAaTh
JaHHBIE O CBOEM BO3/ICHCTBUU Ha OKPYXAIOUIYIO CPeay U MPUHUMATh 0053aTebCTBA
no JaexkapOoOHHM3alMH. 3elieHble OONUralMd ¥ CIeNUaJIu3upoBaHHBIE  (HOHABI
HaMpaBJSIIOT TPUIUIMOHBI AOJIAPOB B MPOEKTHI MO PAa3BUTHUIO YUCTBHIX TEXHOJIOTHH U
3amuTe OMOpazHO0Opa3us. DKOHOMHUYECKHE CTUMYIbI U YIIIEPOAHbBIC HAJIOTH JIENal0T
HU3KOYTJIEPOAHBIE peUIeHus] OoJiee TMPHUBIEKATENBHBIMU JAJS  JOJTOCPOYHOTO

IJIAHUPOBAHUS YaCTHOTO OM3HEcA.
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MexnyHapoaHO€ COTPYIHUYECTBO M TapMOHHU3ALMS CTaHAAPTOB YIIIEPOIHON
OTYETHOCTH 00ECIEYNBAIOT MIPO3PAYHOCTh U CIPABEAJIMBOCTh MIOOAIBHOIO Mpoliecca
Tpancopmaru >KoHOMUKH. [IpunHsaTHEe oOmmx mpaBua urpsl Ha ypoBHe OOH n
APYyTUX MEXKAYHApOAHBIX OpraHu3aldii MpenoTBpallaeT YTeUKy YIIEpOTHBIX
BBIOPOCOB B PErMOHbI €O clladbiM perynupoBaHueM. OOMEH TEXHOJOTHSMHU H
COBMECTHBIC HAyYHBIC MCCIICOBAHUS YCKOPSIOT TOSBICHHE MPOPHIBHBIX PEIICHUHA B
o0JacTH TEPMOSJEPHOTO CHHTE3a M MPSMOTo YyiaBiIMBaHUS Tra3a W3 BO3IyXa.
['moGanpHas comuAapHOCTh B BOIMPOCAX KIIMMaTa SIBISETCS HEOOXOIUMBIM yCIOBUEM
ISt focTrxkeHus 1enei [Tapuxckoro cornaieHus.

HudpoBuzanuss U UCHOIb30BAHME HCKYCCTBEHHOIO HHTEIUIEKTA MO3BOJISIOT
ONITUMU3UPOBATH JOTUCTHYECKHE IIETIOUKH U CHIDKATh TTOPOYKHHUE TIPOOETH TPAHCIIOpTa
Bo BceM wMwupe. Ilmardopmbl coBmecTHOro morpedienus (sharing economy)
crocoOCTBYIOT  Oosiee  A(DPEKTHBHOMY  HUCIIOIB30BAHHIO  CYIIECTBYIOIIUX
MaTepuaigbHBIX Ojar 6e3 HeOOXOAMMOCTH WX H30BITOYHOTO MPOW3BOICTBA. YMHBIE
ropofia MCIOJB3YIOT OONbIINE JaHHBIC IJs YIpaBieHHs TpaduKOM, OTXOAAMH U
noTpebieHneM  DHEpruu, Jenas KU3Hb  TpaxkaaH  Oojee  DKOJIOTHMYHOM.
TexHOTOTHYECKHT CTeK YEeTBEPTOM MPOMBIIIJIEHHON PpPEBOMNIOIMU  CTAHOBUTCS
HAJIC)KHBIM WHCTPYMEHTOM JIJISl PeaTM3aIlii YKOJIOTMYECKUX UMIIEPATHBOB.

Pa3BuTne OWOPKOHOMUKHM U HCIOIB30BAHUE PACTUTEIBHOTO CBHIPbS IS
NPOM3BOJACTBA IJIACTUKOB M TOIUIMBA CHIDKAET 3aBUCUMOCTh OT HE(TEXUMUHU.
buotexHonornueckue MeTOAbl IMO3BOJIAIOT CO3AaBaTh MarepHalibl C 3aJaHHBIMU
CBOWMCTBaMH, KOTOpPBIE MOJTHOCTHIO pa3iaraloTcsi B IPUPOAHOH cpene 0e3 TOKCUYHOIO
ciena. JlecHoe XO3SHCTBO M arpompoM TPaHC(HOPMHUPYIOTCSI B aKTUBHBIE CHUCTEMBbI
MOMJIOIIEHUS! M JICTIOHMPOBAHMS YIJIEpOAa 4Yepe3 BOCCTAHOBICHHE €CTECTBEHHBIX
skocucTeM. VIHHOBamMM B O0NMacTM HAyK O JKU3HU TpEQIaraloT MmyTH K
BOCCTaHOBJICHHIO OanaHca Mexy TexHochepoit u Onocdepoit rmianeTsI.

3akiaroueHue

byaymee MupoBOil HKOHOMHMKH HEPa3phIBHO CBSI3aHO C JIOCTHD)KEHUEM
YITIEPOIHOW HEUTPAIBHOCTH U TAPMOHU3ALMEN OTHOIIEHUN C OKPYKAKOUIEH CPEOH.

TexHonornyeckuii nporpecc MnpeAocTaBiIsieT HaM BCE€ HEOOXOJUMbIE MHCTPYMEHTbI
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JUISL PEIIEHUS] CAMBIX OCTPBIX KJIMMAaTUYECKUX 3a1a4 COBPEMEHHOCTH. OTBETCTBEHHOE
JUAEPCTBO M TOTOBHOCTh K OBICTPHIM H3MEHEHHSIM MO3BOJSAT YEJIOBEYECTBY
MPEOAOIETh KPU3KUC U BBIMTH Ha MyTh YCTOMYMBOrO npoiBeTanusa. Hama obmas nenpb
— OCTaBUTh CJIEAYIOIIMM ITOKOJICHHSIM IUIAHETY, MPUTOJHYI0 ISl JKU3HU H
CO3UJATENBHOTO Pa3BUTHSL.
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2024.
4. CupopoB, JI.H. DOxomoruueckas MOJAEpPHU3ALMS MPOMBIILICHHOCTH.
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CEJBbCKOXO3AVCTBEHHBIE HAYKU

YK 633.32:581.5:551.58

Caenenus 00 aBrope(-ax): babaxynuesa Atibonex, npenooosamenbHuya
Typrmenckoeo cenvckoxozsticmeenno2o ynueepcumema umenu C.A.Huszoea
Mamuesa ['yimau, cmyoenmxa

Typkmenckoeo cenvckoxozsticmeeHno2o yHugepcumema umenu C.A.Huszoea
Cepoaposa Cenbu, cmyoenmxa

Typkmenckoeo cenvckoxosaticmeennozo yHusepcumema umenu C.A.Husazoea

Typxmenucman

«IIOBBIIHIEHUE AJAIITUBHOI'O TIOTEHIINAJIA KJIEBEPA B
YCJIOBUAX NBMEHAIOWEI'OCS KJIMMATA»

AnHoTaums: VccnenoBanue Oasupyercs Ha aHanuze MophodU3MOIOTHYECKUX
napaMeTpoB PACTEHUM U OLIEHKE UX TPOTYKTUBHOCTH B ITOJIEBBIX YCIOBUIX. ABTOpaMu
NpeNIararoTcsl MyTH ONTHUMHU3ALUUA arpOTEXHUYECKUX MPUEMOB JUIsl CTAOWIM3AIUU
YpOKaHOCTU KOPMOBBIX KyJIbTYp. Pe3ynbrarsl paboThl MOTYT OBITH MCIIOJIH30BAHBI
IUIsl COBEPUICHCTBOBAHMS MPOTrPaMM CEJIEKIUUA M YCTOMYMBOIO BEIEHHUS CEJIBCKOIO
XO35MCTBA.

KiaoueBble cjoBa: KIEBEp, aJaNTUBHBIM IOTCHIHAI, W3MEHEHHE KJIMMaTa,
3aCyXOYCTOMYHUBOCTD, a30T(HUKCAIUS, TPOJYKTUBHOCTD, CEJICKITHSI.

['mobGanbHbIe W3MEHEHUs KIMMAaTa, TPOSBISIONIMECS B POCTE CPEIHETOHIOBBIX
TEMIEpPATyp MW HW3MEHEHHHM pPEXUMa BBINMAJCHUS OCAJAKOB, CTaBIT IE€pen
arpOHOMMYECKOM  HAyKOW  3aJady NOMCKa NyTed  aJanTauud  BEAYIIUX
CENbCKOXO3AMCTBEHHBIX KynbTyp. KieBep (Trifolium L.), saBmssice Baxuewmei
KOPMOBOM KyJIbTYypoil U 3(PGEeKTUBHBIM CHUAEpPATOM, KpalHE UyBCTBUTEJIECH K
nedUIUTy TOUYBEHHOM BJIard U 3KCTPEMAJIbHO BBICOKUM Temriepatypam. [loBbilieHue

€ro agaliTUBHOIO IIOTCHOHAIa Tpe6yeT KOMIIJICKCHOI'O ITOAXO0J4, BKIIIOYAKOIICTO KaK
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TCHETHYECKYIO CEJICKIIUI0, TaK M MPUMEHEHUE COBPEMEHHBIX MHUKPOOHOIOTHUECKHUX
npenapatoB. OCHOBHBIM (PAKTOPOM BBDKMBAEMOCTH KJIEBEpa B YCIOBHUSX 3aCyXd
SBIIICTCSI PA3BUTHE MOIIHONH KOPHEBOH CHCTEMBI M CIIOCOOHOCTH COXPaHSTH
aKTUBHOCTh CHMOMOTHYECKOTO ammaparta. VcciemoBaHHWs TIOKa3bIBAlOT, YTO
WCITOJIb30BAaHUE IITAMMOB KIYOCHBKOBBIX OaKTEpHil, aJalNTHPOBAHHBIX K BBICOKUM
TEMIIepaTypaM, I03BOJISET CYIIECTBEHHO IOBBICUTH >KH3HECIIOCOOHOCThH ITOCEBOB.
BaxxHy10 poJib HTpaeT TaKke HAKOIUICHHE OCMOIIPOTEKTOPOB B TKAHSIX PACTEHUH, UTO
NpeIoTBpaIlaeT ACTHAPATAIMIO0 KICTOK. B YCIOBHUSAX CEBEPHBIX M IIEHTPAIBHBIX
PETHOHOB BO3JICNbIBaHMS KiIeBepa HAOIIOMAaeTCs CMelleHue (a3 BereTaluu, 4TO
TpeOyeT BHEIPEHUS COPTOB C THOKMM mepuogoM 1BeTeHus.  OIleHKa
(OTOCHHTETUYCCKON AKTUBHOCTH B TICPHOJbLI IMHKOBBIX TEMIIEPATyp IO3BOJISCT
BBISIBUTH HAaMOOJIEE YCTOMYMBBIC TCHOTHUITBI JIJIs TaJIbHEHIIIETO pa3MHOXKEHHUSI. Kpome
TOTr0, TPHUMCHCHHUE BHEKOPHEBBIX TOJKOPMOK MHKPOIJIEMEHTAMHU CIIOCOOCTBYET
YKPEIJICHHIO KJIETOYHBIX MEMOpaH U TIOBBINICHHWIO OOIIEH pe3rCTEeHTHOCTH
arporeHo3a. BakHBIM acTleKTOM SIBIISIETCS COXpaHeHHe OHWopasHooOpa3usi BHYTPHU
NOMyJIANMKA  KJIeBepa, 4YTo oOecreymBaeT eCTECTBeHHBI Oydep MpOTHB
KJIMMAaTHYeCKUX MOKOB. ONTHUMH3AIMS TyCTOTHl CTOSHUSI pacTEHUH W CPOKOB CeBa
Takke crocodcTByeT O6oiiee A3 (PEeKTUBHOMY UCITOIB30BAaHUIO 3UMHUX 3aIlacoB BJIATH.
BHenpeHne WHTErpUPOBAHHBIX CHUCTEM 3allUThl PACTCHUH IO3BOJISIET CHHU3UTH
aHTPOIIOTCHHYIO Harpy3Ky, KOTOpas B COYETAaHUU C KIIMMATHIECKHUM CTPECCOM MOKET
MIPUBECTHU K THOeH moceBoB. Takum 00pa3oM, cTpaTerus MOBBIIIICHUS aJallTUBHOCTH
KJIeBepa JI0JDKHA CTPOUTHCSA HA CHHEPTUH OMOJIOTHYECKUX BO3MOKHOCTEH KYIbTYphI U
MPEIM3NOHHBIX METOJIOB arpOTeXHUKH. JampbHEHIIe uccieoBaHus JOJKHBI OBITh
HaIpaBJICHBl HA W3yYCHUE MOJICKYJSIPHBIX MEXaHU3MOB CTPECCOYCTOMYMBOCTH JIJIS
CO37aHMsI COPTOB HOBOT'O TIOKOJICHUSI, CTIOCOOHBIX 00€CIeuynBaTh CTAOMIBLHBIN BBIXO/T
BBICOKOOETTKOBOTO KOpMa BHE 3aBHCHMOCTH OT MOTOAHBIX (PIIyKTyaruii. 9TO MO3BOJIAT
HE TOJILKO COXPaHUTh KOPMOBYIO 0a3y KHBOTHOBOJCTBA, HO U 00€CIeunTh
HKOJIOTHYECKYI0 YCTOMYMBOCTH TIOYBEHHBIX PECYPCOB 3a CYET EeCTECTBEHHOTO

oOoraiieHus a30ToOM.
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ocHOBBI). Teopus u mpaktuka. — M.: Arpopyc, 2008. — 1104 c.
2. Kocomnanos B.M. Knumat u xopmonpousBoactso // KopmonpousBoactso. —
2010. — Ne 6. — C. 3-6.
3. 3otuxoB B.1. 'eneTnueckue pecypcol 3epHOO000BBIX U KPYISIHBIX KYJIBTYp —
OCHOBa TMPOJIOBOJILCTBEHHOUM Oe3omacHoctu Poccun // 3epHoO060OBBIE U

KpymsiHble KyabTypbl. — 2012, — Ne 1. — C. 11-17.
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YK 633.174:631.526.32:631.559

Caenenus 00 aBrope(-ax) Myxammeoosa Cypaii, npenooosamenvHuya
Typrxmenckozeo cenvckoxossticmeennozo ynugepcumema umenu C.A.Husazosa
Ilypovies I'ysanu, cmyoenm

Typrxmenckozeo cenvckoxossaticmeennozo yHugepcumema umenu C.A.Huszosea
Iypbanos Mexan, cmyoenm

Typrxmenckozeo cenvckoxossticmeennozo ynugepcumema umenu C.A.Huszosa

Typkmenucman

«CPABHUTEJIbHBINA AHAJIN3 MTPOAYKTUBHOCTHU HOBBIX COPTOB
COPI'O B CTEITHOM 30HE»

AHHOTanms: Pe3ynbrarel pabOTHl TMO3BOJIAIOT HAYYHO OOOCHOBATH BHIOOD
KOHKPETHBIX COPTOB JJII BHEAPCHHS B IPOU3BOJICTBO C IIEIBI0 JTHUBEpCH(PUKAIIUN
pacreHueBojcTBa.  [lomydeHHBIE ~ JTaHHBIE  MOTYT  OBITb  HCIIOJB30BAaHBI
CeJICKIIMOHEpaMH  JIJII  CO3JIaHMS  HOBBIX  BBICOKONPOAYKTHUBHBIX THOPHUIIOB,
aJanITAPOBAHHBIX K KCTPEMATBHBIM THAPOTEPMUYECKUM YCIOBHSIM.

KiioueBble ciaoBa: copro, NMpOAyKTUBHOCTh, CTEITHAs 30HA, HOBBIE COPTAa,
3aCyXO0yCTOMYUBOCTh, YPOKAUHOCTH, 36PHOBBIC KYJIbTYPBHI.

Pa3BuTHe COBpEMEHHOTO arpoNpOMBIIIJICHHOTO KOMIUIEKCa B PErHOHax C
HEJI0OCTaTOYHBIM YBIIQXKHEHUEM TpeOyeT BHEAPECHHS KYJIbTYp, 00Jadar0NINX BRICOKON
IUIACTHYHOCTBI0O M CIIOCOOHOCTHIO A(P(HEKTUBHO MCIOIB30BaTh OTPAaHUYCHHBIC
pecypcebl mouBeHHoU Bitaru. Copro (Sorghum bicolor L. Moench) B 3Tom oTHOIIEHHH
SBIISIETCS OTHOM M3 HanboJIee MePCIeKTUBHBIX KYIbTYp JJIsi CTEITHOW 30HBI, OJ1aromaps
CBOEH YHHMKaJbHOW OMOJIOTMYECKOW YCTOMYMBOCTU K BBICOKUM TeMImepaTypaMm U
JUTMTETTFHBIM TIepuoaM 3acyxu. CpaBHUTENBHBIM aHAIN3 MPOMAYKTHBHOCTH HOBBIX
COpPTOB COPro MO3BOJSET HE TOJBKO BBIICIUTH JUACPOB O YPOKAWHOCTH, HO U
onpenenuTh ux MophodhU3noIOTHIeCKUil TOTSHITNAN B YCIOBHX )KECTKOTO KIIMMATA.

B nmpomecce wuccienoBaHusi ObUIO yCTAHOBJIEHO, 4YTO COBPEMEHHBIE COpTa
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OTE€YECTBEHHON M 3apyO0eXHOW CEJIEKIIMM CYIIECTBEHHO DPA3IMYalOTCsA IO TeMIIam
Ha4aJIbHOI'0 pOCTA U MPOJOJDKUTEIBHOCTH BEME€TAlMOHHOIO IIEPHUO/a, YTO HAIIPAMYIO
KOPpPENUpPYyeT C MX CHOCOOHOCTBIO MPOTUBOCTOATH CyxoBesiM. OLIEHKa CTPYKTYpBI
yposKasi MmoKaszana, YTO KJIIOYEBBIM (PAKTOPOM ycIleXa B CTENH SIBIISAETCA HE TOJBKO
03€PHEHHOCTb METEJNIKH, HO U CIIOCOOHOCTh PACTEHUS COXPAHATH (POTOCUHTETUUECKYIO
aKTUBHOCTh JIUCTOBOTO amnmapata B (a3y HaiuBa 3epHa. Ilpu aHanmuse
OMOMETpPUYECKUX TMOKa3arejedl BBISIBIECHO, UYTO COpTa HMHTEHCUBHOTO THUIA
JEMOHCTPUPYIOT BBICOKYIO OTAA4y NPU HAIMYUM MUHUMAIBHBIX OCAaJKOB B
KpUTHYeCKue (a3bl pa3BUTHS, B TO BpeMsl KaK SKCTEHCHUBHbIE (POPMBI 00ECTICUUBAIOT
0osnee CTaOWIbHBIN, XOTh U MEHBIIMN MO O00BEMY YpOKail B DKCTPEMAJIbHO CyXHe€
roasl. BaXHbIM acCleKTOM IPOAYKTUBHOCTH BBICTYIIAET TaKX€ YCTOMYMBOCTH K
IIOJIETAHUIO U TOPAKECHUIO BPEAUTEIISIMU, YTO KPUTUYHO JUII MEXaHU3UPOBAHHOMN
yOOpKHU B CTEMHBIX XO35MUCTBaX. XUMHUUYECKHUI aHAIHU3 MMOJTYYEHHOTO 3€pHa U 3€JeHOU
MacChl MOATBEPIMII BBICOKYIO IUTATEIBHYIO LIEHHOCTh HOBBIX COPTOB, COJEpXKaHUE
Oenka M Kpaxmaja B KOTOPBIX COOTBETCTBYET MHPOBBIM cTaHaapTaMm. M3yueHue
KOPPEJALIMOHHBIX  CBA3€M MEXIY OJJIEMEHTaMH IIPOAYKTUBHOCTU  I103BOJIMIIO
ycTaHOBUTH, uyTO Macca 1000 3epeH siBnsieTcst Hanbosee cTabUIbHBIM IPU3HAKOM, B TO
BpeMs KaK KOJIMYECTBO 3€PEH B METEIIKE CUIIBHO BapbUPYET O] BIUSHUEM BHEIIHUX
(pakropoB. IlpumeHeHHE COBPEMEHHBIX AarpoTEXHUYECKHUX IMPUEMOB, TaKHX Kak
ONTUMU3ALMSA T'YCTOTHI CTOSIHUS PACTCHUM, IMO3BOJISIET B IIOJIHOM MeEpe peanu3oBaTh
IeHETUYECKU MOTEHLMal HOBBIX COPTOB. BHenpeHue Hay4yHO OOOCHOBAHHOIO
COPTOCMEHAa CIIOCOOCTBYET MOBBIIMICHUIO PpPEHTA0EIbHOCTH TMPOU3BOJICTBA U
o0ecrieurBaeT  MPOJIOBOJILCTBEHHYIO  0O€30MacHOCTh  apUIHBIX  TEPPUTOPUH.
JlanpHelIyue UCCIeNOBaHUS JOJKHBI OBITh COCPENOTOYEHBI Ha HM3yUYEHUU
B3aMMOJECHUCTBUSA T€HOTUIIA U CPEABI IS CO3MAHUSA NTPELUNU3UOHHBIX PEKOMEHAAIUH 110
BO3JIEJIBIBAHNUIO COPTO B KOHKPETHBIX MUKPO30HaX cTenu. MHTerpanus HOBbIX COPTOB
B CYILIECTBYIOIIME CEBOOOOPOTHI ITO3BOJIUT CHU3UTh PUCKU 3€MIIEIENIUS U 00ECTIeUnTh
’KUBOTHOBOJICTBO KAYE€CTBEHHBIMHA KOPMaMU AK€ B FOJBI C BEIPAXKEHHOM AETIPECCUEN

ocanikoB. Takum oOpa3oMm, CcOpPro oOcCTaeTcs CTPATETMUYECKUM PEeCcCypcoM s
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CTaOMJIM3AlMKM  CEIbCKOXO3SIMCTBEHHOIO MPOU3BOJCTBA B YCIOBHSX TJ100aTBbHOTO
MOTEIUIEHUS U apuan3aluy KJIMMaTa.
Cnmcok ureparypbl
1. bonbmakoB A.3. Copro — KyJbTypa O0JbIIMX BO3MOXKHOCTEH. — PocToB-Ha-
Hony: Poctuznar, 2010. — 212 c.
2. EpemeeB C.1. CpaBHUTENbHAS OLIEHKA MPOAYKTUBHOCTU COPIoO B 3aCYLUIUBBIX
ycioBusix // 3emnenenue. — 2015, — Ne 4, — C. 28-31.
3. enenp H.A. Cenekius u CceMEHOBOACTBO copro. — PocroB-nHa-/lony:
MzpatenscTBO PocTOBCKOrO yHUBEpCUTeTa, 1985. — 272 c.
4. Vmmn A.I'. Copro 3epHoBoe: Ouosorus, TexHosorus, copra. — Caparton: U3 -
Bo CT'AY, 2004. — 156 c.
5. KostynoB B.B. Copra 3eproBoro copro cenekiiuu AHILL «J{oHCKO#» 1 X POJIb

B nmpou3BojicTBe // 3epHoBoe x03s11cTBO Poccun. — 2018. — No 5(59). — C. 43—

47.
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Caenenus 00 aBTope(-ax): Anranypog Amaumypam, npenodogamenv TypkmeHcKo2o
cenvckoxosalcmeennozo ynueepcumema umenu C.A.Husazoea

Cemoaposa I ynvuwam, cmyoenmka

Typxmenckoeo cenvckoxosaticmeenno2o ynusepcumema umenu C.A.Husazo6a
Hypvimosa Maxpu, cmyoenmxa

Typxkmenckoeo cenvcrkoxosaticmeenno2o ynusepcumema umenu C.A.Husazo6a

Oses08 /[uoap, cmyoenm

Typxmenckoeo cenvcrkoxosaticmeenno2o ynusepcumema umenu C.A.Husazo06a

Typkmenucman

«QKOHOMMNYECKASA DOOEKTUBHOCTDb BHE/IPEHUSA
WHTEHCHUBHBIX TEXHOJIOT U BHIPAIIIUBAHMUSI PAIICA»

AHHOTauMs: ABTOp OOOCHOBBIBAE€T, YTO, HECMOTPS HAa POCT CTAPTOBBIX
WHBECTUIINN, UHTEHCU(UKALIMS MMPOU3BOACTBA BEAET K CYIIECTBEHHOMY CHIKEHHIO
ce0ECTOMMOCTH €IMHUIIBI TTPOYKIIMU 32 CUET PE3KOT0 YBEIUYECHHs ypoxaitHocT. B
CTaThe MPEACTABICHBl PACUEThl PEHTAOETBHOCTH W YUCTOTO JIUCKOHTUPOBAHHOTO
JI0X0/la TPU PA3NTUYHBIX CIIEHAPUSIX PBIHOYHOW KOHBIOHKTYpHI. ClenaH BBIBOA O
CTPAaTETMYECKON  3HAUYMMOCTH  panca  Kak  BBICOKOJOXOAHOW  KYJBTYPHI,
CIIOCOOCTBYIOIIEH YKpEIJICHUI0 (PMHAHCOBOW YCTOWYMBOCTH arpapHbIX MPEANPUSTUN.

KiaroueBble ciaoBa: parc, skoHOMHYecKass 3(PGEKTUBHOCTh, WHTCHCHUBHBIC
TEXHOJIOTUU, PEHTA0ETbHOCTh, CE€0eCTOMMOCTh, arpoOu3HeC, WHTEHCU(UKAIUS
MIPOU3BO/ICTBA.

CoBpeMEeHHOE  CEIbCKOXO3SMCTBEHHOE  IMPOM3BOJCTBO  XapaKTEPHU3YeTCs
KECTKONW KOHKYPEHIIMEH U HEOOXOJAMMOCTbIO TMOHMCKa Haubojiee MPUOBLIBHBIX
KYJbTYp, CHOCOOHBIX O0ECIEUNTh BHICOKYIO OTAAauy Ha KaXKAbI BIOKEHHBIA PyOIib.
Panc (Brassica napus L.) nmpo4yHO 3aHsi1 HUIY OAHOM W3 CaMbIX MEPCHEKTUBHBIX
MaCJIUYHBIX KYJIbTYp, BOCTPEOOBAHHOCTh KOTOPOM CTaOUIILHO PACTET KaK B MUILEBOI

IIPOMBIINIJICHHOCTH, TaAK 1 B CCKTOPC 6H03HepFCTI/IKI/I. OI[HaKO peain3anusa BICOKOI'O
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OMOJIOTMYECKOTO TMOTEHIMada JaHHOM KyJIbTypbl HEBO3MOXHa 0Oe3 mepexojia OT
AKCTCHCUBHBIX METOJIOB K MHTCHCUBHBIM TEXHOJIOTHSAM, KOTOPBIE IMOJpa3yMeBaloOT
CTpPOroe COOJIIOJIEHNE BCEX TEXHOJOTHMUECKUX PETJIaMEHTOB W HCHOJb30BaHUE
MePEIOBBIX JOCTHKEHUN arpOHOMHYECKON HayKu. DKOHOMHUYecKasi 3(P(hEeKTUBHOCTD
BHEJIPEHUS] UHTCHCUBHBIX TEXHOJIOTMI BBIPAIIMBAHUS parica OMPENeIsaeTCs MPEexKIe
BCETO CIMIOCOOHOCTHIO IAHHBIX METOJIOB MUHUMH3UPOBATh PUCKU HET000pa ypoxkas u
MaKCUMHU3UPOBATh BBIXOJl Macya ¢ rekrapa. OCHOBHBIM BEKTOPOM WHTEHCHU(UKAIIUU
SBJISIETCS. UCTOJb30BaHWE THUOPUAOB TIEPBOTO IOKOJICHMs, KOTOpble, o0Oyamas
apdekToM  rerepo3uca, JEMOHCTPUPYIOT  BBIJAIONIMECS  TOKazaTeld IO
3aCyXOYCTOMUYMBOCTA M PABHOMEPHOCTH CO3PEBaHUA. XOTA CTOMMOCTh CEMSH
TUOPHIOB 3HAYUTEIBHO BBIIIE TPATUIIMOHHBIX COPTOB, UX BKJAJ B (popMHpOBaHHE
KOHEUHOW TPHOBLIN TIEPEKPhIBACT 3aTpaThl 3a CYET MPUOABKU YpPOKAMHOCTH Ha
YPOBHE JBaIIATU-TPHUALIATH MPOIEHTOB. BTOPhIM KpUTHUYECKUM (PAaKTOPOM SIBIISCTCS
cucTeMa COaJaHCUPOBAHHOTO THTAHUSA PACTCHUH, OCHOBAaHHAs Ha pe3yJbTarax
arpoXMMHYECKOro 00CieI0BaHus oYB. BHEApeHNE TEXHOIOTHI TOUHOTO 3eMJIe IS
no3BojsieT auddepeHIUPpOBaHHO BHOCHThH YIOOPEHHS, HCKIIOYas Iepepacxol
PECYPCOB Ha IIJI0IOPOIHBIX YYaCTKaX U MOJATATHUBAS MPOAYKTUBHOCTh Ha MPOOJIEMHBIX
30Hax noJisi. C 5KOHOMHYECKOW TOUKH 3PEHUS, 3TO BEJIET K ONTUMU3ALMHN CTPYKTYPbI
3aTpaT W TOBBIIICHUIO KOA(D(PHUIIMEHTA WCIOIb30BaHUS TMHUTATEIBHBIX BEIIECTB.
3ammuTa pacTeHUN OT BpeauTesaed W O0Je3HEeW B MHTCHCHBHOW TEXHOJOTHHW HOCHUT
MIPEBEHTUBHBIN XapakTep, 4TO TpeOyeT KAaUeCTBEHHOW TEXHUKH U JIOPOTOCTOSIIIUX
IpernapaToB, OJHAKO OTCYTCTBHE TaKUX Mep B (pa3bl OyTOHHM3AIMK W [IBETCHUS parica
MOJKET MPHUBECTH K IMOTEPE A0 MOJIOBHHBI MOTCHIUAIBHOTO YpOXkas, 4TO JeiacT
SKOHOMHUIO Ha (QYHTHIIMAAX U MHCEKTHUIIMIAX HelenecooopasHoi. Ocoboe BHIMaHUE
CIeyeT YACHATh TEXHUYECKOW OCHAIIEHHOCTH XO3SMCTB, TaK KaK MEJIKOCEMSHHAas
npupoa parca TpedyeT BHICOKOW TOUHOCTH BBICEBA U JIEIUKATHOCTH MIPU YOOPKE s
MIPEI0TBPAILICHUS TTOTEPH 3a )KATKOW. DKOHOMUYECKUE PACUEThI MOKA3BIBAIOT, YTO MPHU
JTOCTVIKCHUH YPOXKAMHOCTH BBIIIE JBAAINATH TSATH IIEHTHEPOB C IeKTapa ypOBEHb
pPEHTA0ENBFHOCTH MPOM3BOJICTBA parica MOXKET MPEBBIIIATH CTO MPOIEHTOB, YTO JeIaeT

Cro «4CPHBIM 30JI0TOM» TOJICH. HpI/I 9TOM BaXXHbIM YCJIIOBHUCM ABJISICTCA HAJIIMYHC
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HaJaXXEHHBIX KaHAJIOB CObITA U MOIIHOCTEW JUIsi XpaHEHUS, MO3BOJSIOMINX
peaau3oBbIBaTh MPOAYKIMIO B TMEPUOAbl MUKOBBIX IIeH. MHTeHCuUKalUs Takxke
CrOCOOCTBYET YJYUIIICHUIO CEBOOOOPOTa, TaK KaK parc SBISETCS OTIUYHBIM
MPEAIICCTBEHHUKOM JIJISI  3€PHOBBIX KYJIBTYp, TOBBIMIAs MX TMOCIEIYIONIYIO
YpPOKaltHOCTb, YTO CO3JAET JOIMOJHUTEIbHBI KOCBEHHBIM SKOHOMUYECKHUH 3P deKT
JUISL BCEro arponpennpusatus. B ycloBusSX BOJATWIBHOCTHM MHPOBBIX II€H Ha
pacTUTeNIbHbIE Maciia, UIMEHHO HU3Kas yJelabHas ce0eCTOMMOCTD, IOCTUraeMast 3a CHeT
BBICOKOM TPOJYKTUBHOCTH HHTCHCUBHBIX ITOCEBOB, CIYKUT TJaBHBIM Oydepom
¢uHaHCcOBOM Oe3omacHocTH (epmepa. Takum 00pa3oMm, CTpaTErMuecKoe pPa3BUTHE
pancocestHusl JOJKHO 0a3upoBaThCS HE HA PACIIUPEHUU TUIOLaAei, a Ha TIyOOKOH
TEXHOJOTUYECKON MOJEpHU3AINHU, 00eCTIeunBatoiel CTaOMIbHBIN JOXO/A JaXKe Mpu
HEONaroNpUATHBIX BHEMHUX (akTopax. MHBeCcTHIIMM B 3HAHHS, KauyeCTBEHHYIO
XUMHUIO U COBPEMEHHYIO TEXHHUKY SIBIISIOTCS (PYyHIAaMEHTOM, Ha KOTOPOM CTPOUTCS
JOJITOCPOYHAs KOHKYPEHTOCIOCOOHOCTh TMPOM3BOJCTBA MACIUYHOIO parnca B
COBPEMEHHBIX 9KOHOMUYECKUX PEATTUIX.
Cnucok JurepaTypsbl
1. AntyxoB A.U. DxoHOMHKA MTPOU3BOJACTBA parica: COCTOSIHUE U TIEPCTIEKTUBHI //
DKOHOMUKa cenbckoro xo3sncTBa. — 2018. — Ne 11. — C. 14-22.
2. Apremona H.U. Paric — kynbTypa BeicOKOM peHTabenbHOCTH. — Jlumenk: 13-
Bo JII'TY, 2015. — 128 c.
3. Jlykomerr B.M. Hayunoe oGecrnieueHne mpoM3BOJICTBA MACIUYHBIX KYJIbTYp B
Poccuu. — Kpacnomap: BHUMMK, 2010. — 416 c.
4. CaBoukuHa O.A. DxoHOMHYecKas YOPEKTUBHOCTH TEXHOJIOTHIA BO3/IEIIBIBAHUS
parca B pa3IUYHbBIX TOYBEHHO-KIMMATHYECKUX 30HAX // ATpapHbIii BECTHUK. —
2019. — Ne 5. — C. 33-30.
5. llmaap [I. Panc u cypenuna (BeipamuBanne, yoopka, HCTIOIb30BaHuEe). — M.:

NI OO0 «DLV Arponeno», 2007. — 320 c.
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Caenenus 00 aBrope(-ax): Mawpuvikos Azam, npenooasamens
Azeynviesa Annanyp, cmyoenm

Kaxaposa Cenbu, cmyoenm

Typxmenckuu cenbCcKoX03AUCMEEHHBIU UHCMUMYM

e {awoeys Typkmenucman

«TEHETUYECKAS YCTOMYUBOCTH XJIOITYATHUKA K
IHATOI'EHHBIM MUKPOOPI'AHU3MAM: OT TEOPUHU K ITPAKTUKE»

AHHOTaNMsA: ABTOp aHAIM3UPYET MEXaHU3MbI B3aUMOJICHCTBUSI B CUCTEME «XO35UH-
aTOT€H» W POJb CHEeNU(PUYECKUX TE€HOB YCTOMYMBOCTH B 3alllUTHBIX PEAKIIUSIX
pactenus. Ocoboe BHHUMaHHUE YICICHO IEePeXoy OT TEOPETUUYECKUX MOjeneit
MMMYHUTETA K MPAKTUUECKOMY BHEIPEHUIO CEJICKIIMOHHBIX JJUHUM B MPOU3BOJICTBO. B
cTaThe 00OCHOBBIBACTCS HEOOXOJMMOCTh HUCIOJIB30BAaHUS MOJICKYJISIPHBIX MapKepOB
JUISl YCKOPEHHMsI Tpoliecca Co3aHusl COPTOB, aIallTUPOBAHHBIX K HEOJIAronpusITHOMY
uHpexnrnonHoMy (oHy. Pe3ymbTaThl HWCCIeIOBaHUS HANpPAaBJICHBI HA CHUXXKCEHUE
NEeCTUIIUIHOM  HArpy3kh W OOECIeYeHHEe  DKOJOTMYecKod  0e30macHOCTH
XJIOMTKOBO/JICTBA.

KiroueBble ci10Ba: XJI0MIaTHUK, TCHETUYECKAS] yCTOWIMBOCTD, (DUTONATOTEHBI,
cenexius, Gy3apruo3HbId BUIT, IMMYHHUTET PACTCHHM, MOJICKYJIIPHOE MapKUPOBAHHE.

[Ipo6nema obecrieueHrs yCTOMUYUBON YpOsKaiHOCTH xyiom4yaTHrka (Gossypium
L.) B cOBpeMEHHBIX YCIOBHSIX HEpPa3phIBHO CBsi3aHA C TOUCKOM 3(P(HEKTUBHBIX
METOJIOB  3aIUTHl  KYJABTYPhl OT BO3JCUCTBHS TATOTEHHOWM  MHUKPOQIIOPHI.
I'eneTnyeckass yCTOMYMBOCTh XJIOMMYATHUKA K TMATOI€HHBIM MHUKpPOOpPTaHU3Mam
MIpEeICTaBIsIeT COOOM CI0XKHBIN MEepapXUUYECKUN MPOIIECC, B OCHOBE KOTOPOTO JICKHUT
aKTUBalUs cHeU(UUECKUX T€HOB B OTBET HA MPOHUKHOBEHHE HH(MEKIMOHHOIO
areHta. TeopeThueckue acmeKkTbl HMMMYHUTETAa pacTeHUWM Oa3upyroTcss Ha

paciio3HaBaHWK JJIMCUTOPOB IIATOI'CHA PCHCITOPHBIMU CHUCTCMAMH KIICTKH, YTO
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3alycKaeT KacKaJ 3allUTHBIX pEaKIui, BKIIOYas CHUHTE3 (PUTOAJECKCHHOB U
VKPEIUICHHE KJIETOYHBIX CTEHOK. B MpakTWke MUPOBOTO XJIOMKOBOJCTBAa HambOoJee
3HAYMMBIH yIepO HAaHOCAT Takue 3a00yieBaHus, KaK (hy3apruo3HOE M BEPTHUIMILIIC3HOES
yBSIJAaHUE, & TAKXKE TOMMO3, YTO TpeOyeT MOCTOSHHOTO OOHOBJICHUS COPTUMEHTA U
MOMCKA HOBBIX HCTOYHUKOB PE3UCTCHTHOCTH. [lepexo OT TeOpuH K MPaKTHUKE B ITOU
00JIaCTH CEroIHS HEBO3MOXKECH 0€3 MPUMEHEHHUS METOJI0OB OMOTEXHOJIOTHH U MapKep-
BcrioMoratenbHo ceneknuu (MAS), KOTOpble TO3BOJISIIOT HJICHTU(DHIIMPOBATH
IIEJICBBIC AJUICITU Ha paHHUX dTanax pa3BUTHUS pacTeHH. VccienoBaHusI MOKAa3bIBAIOT,
YTO MCHOJIb30BaHUE JTUKOPACTYIIUX BUIOB XJIOIMMYATHUKA B Ka4eCTBE JOHOPOB I'CHOB
YCTOWYMBOCTH 3HAYUTEIBHO PACIIUPSACT T'EHETHYSCKOE pa3HooOpa3ue KYJIbTYPHBIX
COpTOB. BaXKHBIM 3JICMEHTOM CTpaTeTMH 3alllMTHl SBISETCSA CO3JaHUE COPTOB C
TPYIIIOBOM YCTOWYHMBOCTHIO, CIIOCOOHBIX MPOTHBOCTOSATH KOMILIEKCY TMATOTEHOB B
YCIIOBUSAX MEHSIONIETOCS KiauMmata. [IpakThyeckas peain3aiis TeHETHYSCKOTO
MOTEeHITMAIa YCTOMYUBOCTH TpeOyeT CTpororo coOJIOICHUSI CEeBOOOOPOTOB M
MOHUTOPHWHIA PACcOBOTO COCTaBa IMOMYJSIIIMA TATOTCHOB Ha TMOJsAX. BHempeHue
T€HETUYECKH 3alUIIESHHBIX COPTOB MO3BOJISET CYIIECTBEHHO COKPATUTh MPUMEHEHHUE
(GYHTHITUIOB, YTO BEAET K CHIDKCHHIO CEOECTOMMOCTH BOJIOKHA W YJIYYIICHHIO
SKOJIOTMYECKOM CHUTYallMd B PETMOHAX BO3JECJbIBAHUA. [ €HETHYECKUH KOHTPOJIb
(bUTOCAHUTAPHOTO COCTOSIHHSI arpoIleHO30B IIpU3HAH Haubojee SKOHOMHYECKU
BBITOJTHBIM W DKOJOTHYECKH OIpaBAaHHBIM METOAO0M OOphOBI ¢ OO0JIC3HAMMU.
CoBpeMeHHasi CEIEKIIUS OPUEHTHpPOBAaHA HE TOJBKO Ha IMPOJYKTUBHOCTH, HO M Ha
CTAaOMILHOCTh TIPOSIBJICHUS TIPU3HAKA YCTOWYMBOCTH B PA3JIMUHBIX IIOYBEHHO-
KIIMMAaTHYECKUX 30HaX. BakHyi0 pojib HWrpaeT H3y4eHHE SKCIPECCHH T'C€HOB B
YCIIOBHSIX CTpecca, YTO IMO3BOJISIET CO3/JaBaTh MOJICIIM TIOBEJCHUS PACTCHUS TIPH
MAacCOBBIX BCIBIIIKaX HWHMeKnui. TakuM 00pa3oMm, HHTETpalus TEOPETHUCCKHUX
3HAHUN MOJICKYJIIPHOW OMOJIOTHH B IPAKTHYECKYIO CEIICKIIMOHHYIO PabOTy SBISCTCS
dbyHIaMEHTOM I Pa3BHTHS HWHHOBAIIMOHHOTO XJIONMKOBOJCTBa. JlanpHelee
pPa3BUTHE OTPACIIH CBI3BIBACTCS C TUIYOOKHM CEKBEHHPOBAaHHWEM I'€HOMA XJIOMYaTHUKA
1 BBISBJICHHEM JIOKYCOB KOJHMUYeCTBEHHBIX Ipu3HakoB (QTL), oTBeTCTBEHHBIX 3a

ITIOJICBYIO YCTOfIqHBOCTB. COBI[aHI/Ie HallMOHAJIbHBIX OaHKOB I'€HETHYCCKHUX PECYPCOB 1
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UX JIE€TaJbHbIil CKPUHUHI Ha WH(QEKIUOHHBIX (oHax olecrneyaT JOJATOCPOUYHYIO
3aIIMTY KYJbTYpPbl OT 3BOJIOUMOHUPYIOIIMX pPAC MHUKPOOPraHU3MOB. TOJBKO
KOMIUIEKCHOE  HMCIIOJIb30BAHUE TEHETHYECKUX METOJOB UM  arpOTEXHHYECKUX
MEpPONPUATUN MO3BOJIUT MHHUMHU3UPOBATh PUCKU IOTEPh YpOkKas U COXPAHUTH
JUIVPYIOIIUE O3UINH XJIONIKAa HA MUPOBOM PBIHKE TEKCTHIIBHOTO ChHIPbSI.

Cnmcok ureparypbl

1. babamxanoBa M.A. UMmyHUTET XJomuaTHuKa K 6osie3nsam. — Tamkent: dan,
2012. — 184 c.

2. Tep-ABanecsn JI.B. Xnomuatauk. — JI.: Konoc, 1973. — 484 c.

3. Ilepecwinkun B.®D. Atnac 6one3neit moneBbix KyabTyp. — K.: Ypoxkaii, 1987.
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4., MyxamemkanoB C.3. Cenekiusi XJIOM4aTHUKA HA YCTOWYMBOCTH K BUATY //
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YK 633.11:631.563:664.7

Caenenus 00 aBTope(-ax): Mawpuvikoe A3am, npenooasamens
Canapos CowHn, cmyoenm

Oseszosa Ozyncanap, cmyoeHmra

Typxmenckuu cenbcKOX03AUCMEEHHBIU UHCIMUMY

e {awoeys Typkmenucman

«AHHOBAIIMOHHBIE METO/Ibl XPAHEHUS U IEPBUYHOM
HNEPEPABOTKH NIIEHULBI JJISA CHUXKXEHUSA IIOTEPH YPOXKAS»

AnHoTanmmsi: B gaHHOW  paboTe  pacCMaTpUBaIOTCS  COBPEMEHHBIC
TEXHOJOTHUYECKUE PEILICHUS, HAPABJICHHbIE HAa MUHUMU3ALUIO KOJIMYECTBEHHBIX U
KayeCTBEHHBIX TMOTEPh 3€pHAa MIIEHUIIBI B MOCIEYOOPOUHBIH TMepuol. ABTOpP
aHanmu3upyer  3PGEKTUBHOCTh,  MPUMEHEHHS  aBTOMATH3WPOBAHHBIX  CHUCTEM
MOHUTOPHUHIA MUKPOKJIMMATa B JJIEBATOPAaX W BHEJAPECHUE TEXHOJOTHM aKTHBHOI'O
BeHTWIMpoBaHus. Ocoboe BHUMaHUE YAEJIEHO METOJaM IEepBUYHON mNepepadoTKH,
BKJIIOYas UCIIOJIb30BaHUE (GOTOCEApaTOPOB IS TNIyOOKON OUMCTKH 36PHOBOM MacCCHl.
B cratee 0O0OCHOBBIBaeTCS, 4YTO TNPUMEHEHHE WHEPTHBIX Ta30BBIX Cpel H
O30HMPOBAHHUS TO3BOJISET CYIIECTBEHHO MPOIJIUTh CPOKM XpaHEHUs 0Oe3 ToTepu
XJIe0OTeKapHBIX CBOWCTB. Pe3ynbTartsl HCCIIEIOBAHUS MOJYEPKUBAIOT
HSKOHOMHYECKYI0 3HAYUMOCTh HMHHOBAIIMHA B 00€CIEeUeHUH MPOJOBOJILCTBEHHON
0€30MacHOCTH Y MOBBIIIEHUH YKCTIOPTHOTO TIOTEHIIMAIa arpoOCEKTOpA.

KiroueBble ciioBa: miieHWIa, XpaHEHHUE 3€pHA, TMEpPBUYHAS MepepadoTKa,
aJIeBaTOP, MOTEPH ypokas, porocenaparwsi, 030HUPOBAHUE, ABTOMATH3AITH.

[IpoGnema coxpaHeHUs BBIPANICHHOTO YpOXKasi MINCHUIIBI SBIISETCS HE MEHeEe
MIPUOPUTETHOM, YEM 3a/1a4a MOBBILICHUS €T0 YPOKAWHOCTH B IMOJEBBIX ycaoBHAX. [1o
OIICHKAM 53KCIIEPTOB, MOTEPH 3€pHA HA ATame OT YOOpPKH A0 MepepadOTKU MOTYT
JNOCTUTaTh  3HAYUTENbHBIX BEJIWYMH, YTO OOYCJIOBJIEHO HECOBEPIICHCTBOM

MaTepUaibHO-TEXHUYECKOM 0a3bl M HapyIIEHUEM TEeMIEPaTypPHO-BIaKHOCTHBIX
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pexuMoB. IHHOBaIlMOHHBIE METO/IbI XpaHEHUS U IEPBUYHON MEepepadOTKU MIIICHUI[bI
JUISL CHIDKEHMSI TOTEpPh ypoXasi CErojiHs 0a3upyloTcs Ha HHTETrpanuud HMUGPOBBIX
TEXHOJIOTUNA U (UBUKO-XUMUUYECKUX CIIOCOOOB BO3JICUCTBUS Ha OHOJIOTUYECKUE
oObekThl. IlepBuuHas mepepaOOTKa HAUYMHAETCA  HEMOCPEACTBEHHO  MOCTE
MOCTYIUICHUSI 3€pHA C TOJIsA, TJe KJIIOYEBBIM 3TAllOM BBICTYMAeT IpeBapUTEIbHas
OYMCTKA U cymika. Mcnosib30BaHUE COBPEMEHHBIX 3€PHOCYIIMJIOK C peKyreparuei
TeMja W TOYHBIM KOHTPOJEM BIIAKHOCTH IO3BOJISIET H30€XKaTh TEPMHUYECKOTO
MOBPEXKICHUST KICMKOBUHBI, COXpPaHsIsi BHICOKHE TEXHOJOTHUECKHE KadyecTBa 3€pHA.
Onuoit u3 Hambosnee 3P(EKTUBHBIX WHHOBAIMK B OOJACTH OYMCTKU SIBIISICTCS
npuMeHeHre (OToCenapaTopoB IMOCIEIHET0 TOKOJEHHUs, KOTOpble C IOMOIIbIO
ONTHUYECKUX CEHCOPOB YAAISIOT U3 00IIEH MacChl HE TOJBKO COPHBIC TPUMECH, HO U
3epHa, MOpakeHHbIE (y3apru0o30M WM UMEIOIINE CKPBIThIE Ne(PEKThl OKPACKH. ITO
CYIIIECTBEHHO CHMIKAET PUCK paclpocTpaHeHus HMHEGEKIUU B MEpuoja XpaHeHus. B
00JIaCTH TOJTOCPOYHOT0 XpaHEHUS JIMAUPYIOUIUE TO3UIUU 3aHUMAIOT TEXHOJIOTHUU
FePMETUYHOTO XPAaHEHUS W UCIOJIb30BAaHUE PETYJIMPYEeMOW Ta30BOM  Cpefbl.
3amMeleHre KUCIopoa YrJIeKUCIIBIM Ta30M WM a30TOM BHYTPHU CHJIOCA MPUBOJIUT K
MOJIaBJICHUIO KU3HENEATEIbHOCTH BpEAUTENIeH 3alacoB U MUKpPOOPraHU3MOB 0e3
NPUMEHEHHUS] TOKCHYHBIX (hymuranToB. [lapamiensHo ¢ 3THM aKTUBHO BHEAPSIOTCS
MHTEIJICKTYaIbHbIE CUCTEMbl MOHUTOPUHTA, UCTIOJIB3YIONHE OECITPOBOIHBIE TaTYNKU
TEMIIEPATyphl U BIWKHOCTH, WHTErPUpPOBaHHbIE B oOsiauHbie muiatdopmbl. Takue
CUCTEMBI TIO3BOJISIIOT OINEpPaTOpPy B PEKUME PEATbHOTO BPEMEHH OTCIICKUBAThH
COCTOSIHUE Ka)KJIOM €UMHUILIbI IPOAYKIIMA U aBTOMAaTUYECKH aKTUBUPOBATH CUCTEMBbI
AKTUBHOTO BEHTWJIMPOBAHUS MPU BOSHUKHOBEHUM OYaroB camMocorpeBaHus. Meron
030HUPOBAHUS 3€PHOBOIl MAcChl B MMOTOKE MPU3HAH OJHUM U3 CAMBIX SKOJOTHYECKU
YUCTBHIX CIMOCOO0B Je3MH(PEKIMM W JI€30/I0palMH, YTO OCOOCHHO BaXKHO IS
MOATOTOBKM MapTHil MIIEHUIBI Ha SKCHopT. MHHOBaMM B KOHCTPYKIMU CaMHX
XpaHWIHIL, TaKU€ KaK MCIOJIb30BAHHE TIOJUMEPHBIX MOKPBITUA M yIydlICHHas
TETTON30JISA S METAINIMYECKUX CHIIOCOB, MTO3BOJISIIOT MUHUMHU3UPOBATH BO3CHCTBHE
BHEIIHUX (DAKTOPOB OKpy’Kawlieil cpeabl. OJkoHoMHUYecKass 3(PGEeKTUBHOCTD

BHCAPCHUA NAHHBIX MCTOA0B IOATBCPIKAACTCA CHHIKCHNCM OIICPAllMOHHBIX paCX0d0B
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Ha OOpbOYy ¢ BpeAUTENSIMU M YBEIUYCHUEM BBIXOJla TOTOBOM MPOAYKIIUH BBICOKOTO
kinacca. [lepBuunasi mepepaboTka Takke BKJIIOYAET B ceOs 3Talm KaauOpPOBKU H
MOATOTOBKM CE€MEHHOro (hoHJa, T/A€ MNPUMEHEHUE BHUOPALIMOHHBIX CTOJIOB H
MMHEeBMOCENapaTopoB obOecreyrBaeT BblIJCIICHHE HauOojee BBIMOJHEHHBIX H
OMOJIOrMYECKH IIEHHBIX 3epeH. Takum 00pa3oM, CO3/JaHUe UHTETPUPOBAHHOU CUCTEMBI
1nocyieyoopouHoil 00padoTKU, 00BEUHSIONIEH COBPEMEHHbIE NHXKEHEPHBIE PEIICHUS
U OMOJIOTUYECKUM KOHTPOJIb, SBJISIETCS €IMHCTBEHHO BEPHBIM IyTEM CHIKCHUS
notepb. JlanbHEHIINE NMEePCNEeKTUBLI Pa3BUTHUSL OTPACIM CBS3aHbI C MPUMEHEHUEM
UCKYCCTBEHHOT'O MHTEJUICKTA ISl MPOTHO3UPOBAHUS CPOKOB OE30IMIaCHOTO XpaHEHUS U
ONTUMU3AIUN  JIOTUCTUYECKUX TIOTOKOB 3epHa. KOMIUIEKCHBI MOAXO0M K
MOJICPHHU3AIIMK 3JIEBATOPHOTO XO3SUCTBA CTPaHBI MO3BOJIUT HE TOJIBKO COXPAHUTH
o0BeM coOpaHHOro xJieda, HO U TapaHTUPOBATh €0 BEICOKOE KaueCTBO JIJIsi KOHEUHOTO
notpedurtens. WHBECTUIIMM B  TEXHOJIOTMM  XPAHEHUs] CETOAHS  SIBIISFOTCS
GyHIaMEHTOM  CTaOWJIBHOCTH  3€PHOBOTO  PBbIHKA M MPOJOBOJILCTBEHHOM
HE3aBUCHUMOCTH.
Cnucok JurepaTypsbl
1. Tpucsarckuii JI.A. Xpanenue 3epHa. — M.: Arponnpomusaar, 1986. — 351 c.
2. ®eiinenronsy B.b. CoBpemeHHbIE TEXHOJOTHH U OO0OpYJIOBaHHUE IS
nocneyoopouHoit 06padoTku 3epHa // Xnedonpoayktel. — 2012. — Ne 4. — C.
18-21.
3. Manun H.W. Texunonorus xpanenus zepua. — M.: KomocC, 2005. — 280 c.
4. KongpateeB U.A. MlHHOBaMM B 3J€BAaTOPHON MPOMBIILIEHHOCTH: MHPOBBIE
TpeHbI U npakTrKa // ArponnxeHepus. — 2019. — No 2. — C. 44-49.
5. Eropos I'.A. TexHnonorunueckue cBorcTBa 3epHa. — M.: Arponpomusznar, 1985.
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YK 632.913:633.11

Caenenus 00 aBrope(-ax): Xaodorcvliesa Mas, npenodasamens
Typxmenckuu cenbcKoX03AUCMEEHHBIU UHCMUMYM

e lawoeys Typkmenucman

«MOHUTOPUHI I ®UTOCAHUTAPHBIN KOHTPOJIb BPEJUTEJEN
IHNIMEHUIBI B IEPUOA BETETAIIUN»

AnHoTanus: B manHOW paboTe paccMaTpuBarOTCs HAYyYHO-METOIUYECKHE
OCHOBBI OpraHW3aIlMd CHCTEMHOIO MOHUTOPUHTa JSHTOMO(ayHbI Ha IOCEBaX
MIISHUIIBI. ABTOp aHAJIU3UPYET COBPEMEHHBIC METObI (PUTOCAHUTAPHOTO KOHTPOJIS,
BKJIFOYAsl MCIIOJIb30BaHUE JUCTAHIIMOHHOTO 30HAUPOBAHUS U (PEPOMOHHBIX JIOBYIIIEK
JUISL  ONepaTUBHOTO OOHApYXXEHHs O04YaroB pa3MHOkeHus ¢urtodaroB. B cratbe
00OCHOBBIBAETCSI 3HAYMMOCTh y4€Ta SKOHOMUYECKHUX MOPOTOB BPEAOHOCHOCTH IPHU
IUTAHUPOBAHUU 3alIUTHBIX MeponpusThii. Ocoboe BHUMaHUE YICICHO TUHAMHKE
NOMYJISIUNA BpPEJHOW YepenamKkd U XJIeOHOW >KyKeNHIbl B KpUTHYECKHE (a3bl
pa3BUTUA KyJIbTypbl. Pe3ynbTaThl HCCIEIOBAaHUS HAIpPAaBIEHbl HAa ONTHUMHU3AIUIO
NPUMEHEHHS] TIECTUIUAOB M TOBBIIIEHUE OMOJIOrHYecKor 3()DPEKTUBHOCTH 3aIIUThHI
3€pHOBBIX arpOLEHO30B.

KiioueBble cj10Ba: MOHUTOPUHT, (PUTOCAHUTAPHBIM KOHTPOJIb, MIICHUIIA,
BpEIUTENTU, SKOHOMUYECKHUI TOPOT BPEIOHOCHOCTH, BET€TAlMOHHBIN IEPUO/I, 3aIUTA
pacTEHUN.

ObecnieyeHne MPOJIOBOIBCTBEHHON 0€30MacCHOCTH B COBPEMEHHBIX YCIOBHIX
TpeOyeT BHEApPEHUs BBICOKOI(P(MEKTHBHBIX CHUCTEM YIPaBICHUS 37J0POBHEM
CEIbCKOXO3IMCTBEHHBIX KYJBTYp, CpPEIM KOTOPBIX NIIEHUIIAa 3aHUMAET BeIyIlee
Mecto. Od@dekTuBHas 3al[UTa IMOCEBOB OT KOMIUIEKCA BPEIHBIX OpPraHU3MOB
HEBO3MOXHa 0€3 CBOEBPEMEHHOI0 U Kaue€CTBEHHOTO MOHUTOPHHIA, KOTOPBIM
aBisieTcss (PyHIaMEHTOM MJi MPUHSTHUS YHPaBICHYECKUX PEUICHUNA B arpoOHOMHH.

MOHUTOPUHT W (PUTOCAHUTAPHBIM KOHTPOJIb BpPEAMUTENICH NIIEHUIBI B MEPUOA
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BEreTaluy MPeJICTABISIOT CO00M HEMPEPHIBHBIN Mpoliecc HAOIIOACHUS 3a JUHAMUKOM
YUCJIIEHHOCTH M CTaJualbHBIM DPAa3BUTHEM HaceKoMbIX-puTodaro. B Hayaie
Beretanuu, B a3y BCXOJAOB U KYLIECHHS, OCHOBHOE BHHMMAaHHE yJEJseTcCs
MOYBOOOUTAIOIIUM BpPEAUTENSIM W BHYTPUCTEOJIEBBIM MyXaM, Ubsl CKpbITas
NEeSTENbHOCTh MOXET TMPUBECTH K HU3PEKUBAHUIO MOCEBOB. (CBOEBPEMEHHOE
OoOHapy’XeHHE JUYMHOK XJEOHOW >KY)KEJHULbl WIM MPOBOJOYHUKOB IO3BOJISET
MUHUMU3HPOBATh yIIEepO IMyTeM JIOKaJIbHBIX OOpabOTOK WM KOPPEKTUPOBKHU
arpoTeXHUYECKUX MprueMoB. B ¢da3bl BeIxoa B TpyOKY U KOJIOIIESHUS Ha TIEPBBIN IIaH
BBIXOJIAT COCYIIHME BPEIMUTENN, TaKUe€ KaK IMIICHUYHBIA TPUIC W 3JIaKOBBIE TIIH,
KOTOpBIE HE TOJBKO CHMXKAIOT MacCy 3epHa, HO M OCHA0JIAIOT UMMYHHUTET PacTEHUUN
nepen rpubHbIMH MHekuusMu. Ocoboe 3HaueHHe B cucTeMe (UTOCAHUTAPHOTO
KOHTpOJIS 3aHMMaeT BpenHasa uepenamika (Eurygaster integriceps), ueii MOHUTOPUHT
JIOJIKEH MPOBOJIUTHCA Ha MPOTSHKEHUHM BCETo Mepuojia OT MepesieTa KJIOMOB C MECT
3UMOBKHU /10 yOOpKku ypoxkas. Vcmonb3oBaHME COBPEMEHHBIX METOIOB LHU(PPOBOH
kaptorpaduu u ['MC-texHosoruii mo3BOJSET BHU3YaJTM3UPOBATH paclipesielieHne
BpEAUTENEN MO TOJII0, BBIAEISAS 30HBI C MAKCUMAJIBHOW TJIOTHOCTBIO 3aCEJICHUS. DTO
OTKPBIBAET BO3MOKHOCTH JJISI TPEIU3HMOHHOIO MNPUMEHEHUS HWHCEKTUIUAOB, 4YTO
CYIIECTBEHHO CHWKaeT TMECTUIUMAHYI0 HArpy3Ky Ha OKpYXalIIyl Ccpeay u
yYMEHbBIIaeT Cce0eCTOMMOCTh NPOAYKIMU. DOUTOCAHUTAPHBI KOHTPOJh TaKKe
BKIJIIOYaeT B ce0S OICHKY JeATEIbHOCTH TIOJIE3HOW SHTOMOGAyHbl, TaK Kak
COXpaHEHHE NPUPOJHBIX MOMYJIALUN XUIIHBIX JKYXKEIHUL, KOKUMHEIUIUI U
adpuaudaroB MOXKET ECTEeCTBEHHBIM OOpa3oM CHEpPXKUBAaTh POCT YHCICHHOCTH
BpeIUTENEH HUXKE SKOHOMHYECKOro mopora BpeaoHocHoctu (DIIB). BaxubiM
aCIEeKTOM MOHHUTOPHUHIA SABJISIETCS UCIOJIb30BAHUE METEOPOJIOTMYECKUX JAHHBIX JJIS
MIPOTHO3UPOBAHMS TEMITOB PA3BUTHS BPEIUTENCH, TaK KaK TEMIIEpaTypHBIA (akTop u
BIIQXXHOCTh BO3/lyXa HaNpsAMYyK BIHUSIOT Ha CKOPOCTh MPOXOXKICHUS CTaauil
auyuHO4YHOro pas3Butus. llpaktuueckoe npumenHenue OIIB mo3Bossier u30exath
HEOMpaBJaHHbIX MPOPUIAKTHYECKUX 00padOTOK, KOTOPhIE YaCTO BEAYT K BHIPAOOTKE
PE3UCTEHTHOCTH Y HACEKOMBIX. B mepuos co3peBanust 3epHa KOHTPOJIb (OKYyCUpPYETCs

Ha JXXYKaX-Ky3bKaX W JIMYMHKaxX KJIOIIOB, 4YbC BOSﬂCﬁCTBHC Ha 3CPHOBKY HaAIIPAMYIO
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KOPPEJIHUPYET ¢ KAYECTBOM KJIECHKOBUHBI U XJIEOOMEKAPHBIMU JTOCTOMHCTBAMHU MYKH.
NHTerprpoBaHHbIi MOAX0J K MOHUTOPUHTY IMOJIPa3yMEBaET COYETAHUE BU3YaIbHbBIX
OCMOTPOB, JHTOMOJIOTMYECKOTO KOIIEHHWS CAaykOM M aHaiu3a JaHHBbIX C
aBTOMAaTUYECKUX MeTeocTaHUui. BHeapeHue MOOWUIBHBIX NPWIOKEHUN s
¢dukcanuyu GUTOCAHUTAPHOTO COCTOSIHUS TIOJICH TMO3BOJISIET arpOHOMaM ONEPaTUBHO
oOMeHuBaThCcsl HMHGOpPMALUE W KOOPAMHUPOBATH 3allUTHHIE MEPONPUSITHSI B
Macitabax Xo3siicTBa WM peruoHa. Takum o0pa3oM, CHUCTEMHBIH MOHUTOPHUHT
SIBJISIETCS. HE TMPOCTO MHCTPYMEHTOM HAOJIOJEHUS, a CTPATErHYECKUM DJIEMEHTOM
ajganTUBHO-NaHAIAaQTHOrO 3emiienenus. [anbHeiliee coBepIEHCTBOBAHUE METOJIOB
KOHTPOJISI CBSI3BIBACTCS C UCIIOJIb30BAHUEM OECIUIIOTHBIX JICTATEIBHBIX aIllapaToB,
CIOCOOHBIX MPOBOJUTH MYJIbTUCIICKTPATIbHBINA aHATIU3 MMOCEBOB JIJIs1 UIACHTU(DUKAIINH
CTPECCOBBIX 30H, BBI3BAHHBIX JICSITEIBHOCTBIO BpeauTeseii. O0ydeHue CrenuaiucToB
METOoJaM JKCHOpecC-IMarHOCTUKKM W TpaBwiaM yudera QurodaroB ocrtaercs
OPUOPUTETHOW 3ajayeil Ui TMOBBIIIEHUS MPO(PECCHOHANBHBIX KOMIETEHIUN
pabotuukoB AIIK. Tonbko riay6okoe moHUMaHHEe OMOIKOJIOTUYECKUX OCOOCHHOCTEN
KOKJIOr0 BHJIa BpeOuTeIed B COYETAHUUM C COBPEMEHHBIMU TEXHOJOTHIMU
MOHHUTOPHUHTA 00€eCTeUnuT CTAOMIIbHOE MOTYyYEHNE BBHICOKHX YpOKaeB Ka4eCTBEHHOTO
3epHa.
Cnmcok qureparypbl
1. bonnapenko H.B. buonorudeckas 3ammura pacteHuil. — M.: Arponpomusiar,
1986. — 278 c.
2. IlapmoB WN.®. 3amura 3epHOBBIX KyIbTyp OT BpeauTenein. — M.:
Poccenpxo3m3nar, 1987. — 239 c.
3. Uenkun A.®. durocanurtapnas auarnoctuka. — M.: Komoc, 1994. — 323 c.
4, NNomxenko B.M. CoBepliieHCTBOBaHHE AaCCOPTUMEHTA HWHCEKTHUIIMIOB JIJIs
3alIUTHl 3€PHOBBIX KYJIBTYP OT BPEIHBIX HACEKOMBIX // BecTHHK 3amuThi
pactenuii. — 2014, — Ne 2. — C. 12-17.
5. Tanckuit B.M. buonoruueckue OCHOBBI BPEIOHOCHOCTH HACEKOMBIX. — M.:

Arponpomusaart, 1988. — 182 c.
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Caenenus 00 aBrope(-ax): [llabepouesa [ o6xepoubU, npenodasamerns,
Amabaee Amamvipam, cmyoenm,
Typxmenckuu cenvckoxozaucmeennvi ynugepcumem umenu C.A.Husazoea

2. Awxabao, Typxmenucman

«PECYPCOCBEPETAIOIIUE TEXHOJOI'NN KAIIEJIBHOI'O 1
BHYTPUIIOYBEHHOI'O INOJINBA KAK ®AKTOP ITOBBIINEHUA
YPOXKAMHOCTH B YCJIOBUSX JEPUIUTA BOJbI»

AHHoOTanus: BeeneHnue B uzyueHue pecypcocOeperaromnux MeToI0B OpOIIEHUs
MO3BOJISIET OCO3HATh (PYHIAMEHTAIBHYIO POJIb PAIlMOHAILHOTO BOJIONIOIL30BAHUS B
oOecrie4eHUn TPOJIOBOJILCTBEHHON YCTOMYMBOCTH 3aCyIUIMBBIX pEruoHOB. B
YCIIOBHUSIX HapacTaromero jaeduiura TPEecHOW BOJBI U  HM3MEHEHUS KJIMMaTa
TpaJUIIUOHHBIE CIIOCOOBI MOJIMBA, TAKME KaK 3aTOIUICHHWE WJIM HAMyCcK Mo 0opo3nam,
CTAaHOBSTCS OJKOHOMHUYECKM U DJKOJIOTMYEeCKH Hed(pdekTuBHbIMU. TexHomoruu
KareJbHOTO M BHYTPHUIIOYBEHHOI'O IMOJIMBA MPEJCTABISAIOT COO0NM HHHOBAIIMOHHBIE
pelIeHNs, HANpaBICHHbIE HA TOYEYHYK JOCTaBKY BJIarM HEMOCPEACTBEHHO K
KOPHEBOM CHUCTEME pACTEeHUM. OTOT MOAXOJ IO3BOJISIET MHHUMHU3UPOBATH
HENPOU3BOIUTEIbHBIE TTOTEPU BOJABI HA UCMapeHue U (GUIBTPALNIO B TIIyOOKHE CIIOU
NOYBBI, TJI€ OHA HENOCTyNHa [Js KyJIbTyp. [3ydeHHe [aHHBIX TEXHOJOTUN
HEOOXOMMMO JUIsl TepexoJa K MOJAENH  BBICOKOA(G(EKTUBHOTO  arpapHOTO
MPOU3BOJICTBA, CIIOCOOHOTO (PYHKIIMOHHUPOBATH B YCIOBHUSAX >KECTKHX PECYPCHBIX
OTpaHUYCHUN.

KiroueBble cji0Ba: KallellbHOE OpOLICHWE, BHYTPUIIOYBEHHBIM IIOJIUB,
pecypcocOepexenue, 1eUInUT BOIbI, ypOXKAHHOCTD, (pepTurarus, apuaHblid KIuMar,
BOJIOCOEpPEKEHHUE, METUOPALIMS, TPOJIOBOILCTBEHHAS! O€30MaCHOCTb.

KanensHoe opoiiienne 6a3upyercst Ha IPUHLUIE TOAA4YH BOJbI MAJIBIMU JJO3aMHU
B TEYEHUE JIUTEIBHOTO BPEMEHH 4Yepe3 Pa3BETBICHHYIO CETh MOJHMBHBIX
TpyOOIIPOBOAOB U CHEIHUANIbHBIX J03aTopoB-KamenbHull. [lpm Takom Mertoze

YBIIAKHSETCS TOJBKO MPUKOPHEBAs 30HA, YTO MO3BOJISIET COXPAHATH CTPYKTYPY ITOYBbI
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U TpenoTBpaliarh 00pa3oBaHUWE IMOYBEHHOW KOPKH, MNPENATCTBYIOMIECH JTOCTYIy
Kuciaopoaa. VckiroueHue yBIaKHEHUS MEXAYPSAIHM 3HAYUTEIbHO CHHUXKAET PHUCK
pocTa COpHSIKOB M PaclpoCTpaHEHUs TPUOKOBBIX 3a00JICBAaHUM, XapaKTEPHBIX JIS
BJIIAXKHOU Cpefpl. B yCIoBHSAX apuAHOrO KJIMMAaTa KalelbHbIM IOJIUB CTAHOBUTCS
[JIABHBIM MHCTPYMEHTOM OOpBHOBI C BTOPUYHBIM 3aCOJICHHEM, TaK KaK MaJible JO3BI
BOJIBI HE BBI3BIBAIOT MOJABEMA MHUHEPAIM3OBAHHBIX TPYHTOBBIX BOJ. OITO
TEXHOJIOTUYECKOE PElIeHHE MPEeBpAIlaeT KaKJbIA JUTP BOABI B pPealbHBIN (hakTop
dbopmupoBaHus OyayIIEro yposxkas.

BHyTpunouBeHHbII MOMUB SBIAETCS emie OoJjiee CoBepileHHOW (opMon
pecypcocOepexeHus, Tpd  KOTOPOW  TOJUBHBIE  JIMHUM  PacClojararoTcs
HEIMOCPEJACTBEHHO B TOJIIIIE 36MJIM Ha OTIpeIeJICHHOM TyOuHe. Biara moctymnaer cpazy
B 30HY aKTUBHOI'O TMOTJIOUIEHHUS] KOPHSIMHU, YTO MPAKTUUYECKHU MOJHOCTHIO UCKIIOYAET
UCIIAPEHUE BOJIbI C MIOBEPXHOCTH TOJIS A€ B CaMyl0 dKCTpeMalibHYIO kapy. Takas
CUCTEMA IO3BOJISIET MOAAEPKUBATH ONTUMAJIbHBIM BOJHO-BO3AYIIHBIN PEKUM MOYBBI
B TEUECHHE BCETO BETE€TALIMOHHOIO MEpUOAa, CO3/1aBasi UJI€aJIbHbIE YCIOBUS I pOCTa
pacteHuil. BHyTpuUIOYBEHHOE OpOIIEHHE HE CO3JAeT MPEMSITCTBUN Uisi padOThI
CEJIbCKOXO3IMCTBEHHOM TEXHUKH, TTO3BOJISASI TPOBOAUTH 00PAOOTKY MEXKIYPSIUN UITU
yOOpKy yporasi OlIHOBpEMEHHO ¢ noiuBoM. HecMoTpst Ha GoJiee BEICOKYIO CTOUMOCTD
MOHTa)Ka, TaKHE€ CHUCTEMBbI OOECIEYMBAIOT MAaKCUMAJIbHYIO [IOJITOBEYHOCTh U
3¢ ()EKTUBHOCTH UCTIOJIB30BAHMS BOJHBIX PECYPCOB B JIOJITOCPOYHOMN MEPCIIEKTHBE.

[loBeilIeHHE ypOKAWHOCTH TIPH  HCTOJB30BAHHH  PECYypCcOCOEeperaronmx
TEXHOJIOTHH JIOCTUTAeTCS 3a CUeT CTAOMIIBHOTO OOCCIIeUeHHUs pacTEeHUW Bjarou 0e3
MIEPUOJIOB «BOJHOTO CTpecca». TpaaulIMOHHBIE METOABl YAaCTO NOAPA3YMEBAIOT
Yepe0OBaHUE IIMKIOB HM30BITOUHOTO YBIAXKHEHUS W TIEPECHIXaHUS, YTO HETATUBHO
CKa3bIBaeTCs Ha (DU3UOJOTHUYECKHUX IMPOIECCaX BHYTPH PACTHUTEIHHOTO OpraHU3MA.
CucTemMbl MUKPOOPOILICHUS MO3BOJISIIOT MOAIEPKUBATh BIIAXKHOCTh MTOYBBI HA YPOBHE
MOJIEBOM BIIArOEMKOCTH, OOECIeurBasi HENPEPBIBHBIA POCT M PA3BUTUE ILJIO/OB.
Pe3ynbTaTOM CTAaHOBUTCS HE TOJIBKO KOJUYECTBEHHOE YBEIMYECHUE COOpA MPOTYKIIUU
Ha TPHUALATh WIH NATHACCAT NPOLEHTOB, HO W 3HAYUTEIIBHOE YIIYYIICHHE €€

Ka4eCTBEHHBIX XapaKTEPUCTUK. PaBHOMEpHOE pacmpeneseHHe BJIArd TapaHTUPYET
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OJIMHAKOBBIN pa3Mep U 3peoCTh IJIOA0B MO BCEMY MO0, UTO KpailHe Ba)HO ISl UX
JNAJIbHEUILIEN peATU3alliH.

depTuraiys, Wik BHECEHUE pPACTBOPEHHBIX MUHEPATIbHBIX YA0OPEHU BMECTE C
MOJIUBHOW BOJIOW, SBJISIETCS HEOTHEMJIIEMOM YaCTblO COBPEMEHHBIX CHCTEM
KareJgbHOrO OPOIIEHUSI. DTOT METO/I MO3BOJISET JIOCTABIATh MUTATEIHHBIC BEIIECTBA
HEIMOCPEJICTBEHHO K KOPHSAM B HauboJee IerkoycBosieMon ¢opMe 1 MMEHHO B T€ (a3bl
pocTa, Korja MOTPEeOHOCTh B HUX MaKCHUMalbHa. ABTOMATHU3UPOBAHHBIC Y3JIbI
MPUTOTOBJICHUS PACTBOPa 00ECIEUUBAIOT TOYHOE COOJIIOICHUE PELIENTYPhI, UCKITIOYast
Nepeo3UPOBKY WJIM JACPUIUT OTIACTBHBIX AJIEMEHTOB. Takoil MOJXOJ MOBBIIIAET
KO3 PUIIMEHT UCIOIB30BaHUs yno0peHui 0osiee yeM B JiBa pa3a MO CPaBHEHUIO C
CyXHM BHECEHHEM, CHIDKAs TP 3TOM oOmue 3aTparbl hepmepa. DepTuraius Takxke
IpeOTBpAIllaeT 3arps3HEHUE OKPYKAIOIMIeH cpeabl, TaKk KaK XUMHUKAThl HE
BBIMBIBAIOTCS 32 TIPEJICIIbI KOPHEOOUTAEMOTO CJIOS TTOYBHI.

OkoHomuyeckas 3PGEKTUBHOCTh pecypcocOeperaronmx TEeXHOJOTHH B
yCIOBUAX JeduiMTa BOJBI MPOSBISIETCS B PE3KOM CHIKEHUU Ce0eCTOMMOCTU
€QUHULBI MPOAYKIHUH. DKOHOMUS BOAHBIX PECYPCOB MOXKET JTOCTUTATh MIECTUAECATH
IPOIIEHTOB, YTO OCOOEHHO KPUTUYHO B PETMOHAX C IJIATHOM ToJayedl BOJIbI WIIU
OTpaHUYEHHBIMH JUMUTAMH. CHUKEHUE PHEPro3arpar Ha NEPEKayKy BOAbI TaKKE
BHOCHT CYIIIECTBEHHBIN BKJIAJl B PUHAHCOBYIO CTAOUIILHOCTH arpapHbIX MPENPUATHH,
UCTIONIB3YIOIMX HMHHOBAIMOHHBIE MeToabl. CokpareHue 3aTpar Ha OOprOy C
COpHSIKAaMHU U 00pabOTKY MOYBBI MO3BOJSET ONTUMHU3ZUPOBATH IITAT COTPYIHUKOB U
MOBBICUTh MPOU3BOAUTEIBLHOCTh TpyAa. Bricokas OKylnaeMocTb MHBECTHULMN JI€NIaeT
KareJlbHOE OPOILICHHE MPUBJIEKATEIbHBIM JJIsl YACTHOTO OM3HECAa U MEXIYHAPOIHBIX
MHBECTOPOB, CIIOCOOCTBYSI MOJEPHU3AIMHU BCETO arpOIPOMBIILIEHHOTO0 KOMILJIEKCa.

DKoJioru4yeckasi 0€30MacHOCTh SIBJISIETCS BaKHEHUIIUM apryMEHTOM B MOJb3y
BHEJIPEHUSI TMOJIMOYBEHHOTO M KaIeJIbHOIO OpOIICHWS B 3aCYLUIMBBIX 30HAX C
XpYNKUMU 3KocucTeMaMu. (OTCYTCTBHE NOBEPXHOCTHOTO CTOKa MPEIOTBpaIAET
APO3UI0 TIOYB U BBIMBIBAHUE IUIOJIOPOJTHOTO CJOSI B JAPECHAXKHbIE KaHabl. TodyeuHOe
YBIIQXKHEHHE CIIOCOOCTBYET COXPAHEHUIO OMOJIOTHYECKOr0 Pa3HO00pa3rs MOYBEHHOMN

MHUKPOQIIOPBI, KOTOpas HUrpaeT KIIYEBYIO pPOJib B €CTECTBEHHOM BO300HOBIECHUU
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wioAopoausi. MUHUMH3AIUS UCIIOIB30BaHUS BOJBI IIOMOTAET COXPAHATh YPOBHHU PEK
U 03ep, MpeaoTBpamias MX OOMEIEeHHWE M HKOJOTHYECKYIO Jerpajalfio ILeJIbIX
pernoHoB. Takum oOpa3om, pecypcocOeperaromias MeTuopanus BBICTYMAeT Kak
WHCTPYMEHT TapMOHUYHOTO COCYIIIECTBOBAHMS MHTEHCUBHOTO CETTLCKOTO X03SIICTBA U
JTUKOW TIPUPOJIBI.

ABTOMaTH3anMs yOpaBICHHUS TOJMBOM Ha 0a3e [aHHBIX OT JaTYUKOB
BI&KHOCTH TIOYBHI TMPEBPAIIAET KamelbHble CHUCTEMbl B HHTEIUICKTYyaJlbHBIC
KOMIUIEKCHI. VICronb30BaHNE COBPEMEHHBIX KOHTPOJUIEPOB TIO3BOJISIET CHCTEME
CaMOCTOSITETTFHO MPUHUMATh PEIICHUs O Hayaie W MPOAODKUTEIBHOCTH TIOJHBAa B
3aBHCHMOCTH OT peajbHBIX HYXKJ PACTCHUN. DTO MCKIIIOUAET OIIMOKH, CBSI3aHHBIC C
yesioBeueckuM (akTopoM, 1 obecrieunBaeT 6ecrepeoitnyo padboTy HHGPaCTPyKTyphbl
B KPYIJIOCYTOYHOM pexkume. DepMmepbl TMOMYYarOT BO3MOXKHOCTH YJAJICHHOTO
MOHHUTOpPUHTA BCEX MapaMeTPOB CHCTEMBI uepe3 MOOWIBHBIE YCTPOWCTBA, YTO
3HAYUTEJBbHO YHPOILAET YIpaBle€HUE KpynHbIMU muiomagiMu. Lludposuzanus
MEJIMOpPALIUU SABJISETCS HEOOXOAMMBIM YCJIOBHUEM JUIsl JOCTMXKEHMS MaKCUMalbHOMN
3¢ (HEKTUBHOCTH pecypcocOeperaronx TEXHOJIOTUI B COBpPEMEHHOM arpoOu3Hece.

3aknoyenne

B 3akimouenue cienyetr noJ4epKHyTh, UTO pecypcocOeperamonue TeXHOI0TuI
KaIeJIbHOTO U BHYTPUIIOUBEHHOTO I0JIMBA SIBJIAIOTCA 0€3aIbTEPHATUBHBIM (DAKTOPOM
HOBBIIICHUS YPOXKANHOCTH B YCIOBUSAX JAeduunTa BOABL. DTH METOAbI MO3BOJISIIOT
TpaHCc(HOPMUPOBATh arpapHbIil CEKTOP, Aenasi ero 6ojiee yCTONYUBBIM, MPUOBLIHLHBIM
Y KOJOTMYECKH OTBETCTBEHHBIM. TouedHas 1ojaya BJIard U MUTATEIbHBIX BELIECTB
o0ecrneurBaeT ONTUMAIbHBIE YCIOBHS JIJIsl pA3BUTHS PACTEHUH U 3aIIUTY TOYBEHHOI'O
wiogopoausi. BHenpeHne HHTENIEKTyallbHbIX CHUCTEM YIpaBICHHUS U IUPPOBOTO
MOHHMTOPHUHTA BBIBOJUT MEJTHOpAIMI0 Ha MPUHIUNHAIGHO HOBBIH YpOBEHb
sp¢pektuBHOCTH. OOecneyeHrne MpoJOBOIBCTBEHHONW 0€30MacHOCTH B 3aCYIILIMBOM
KJIUMaTe HaMpsIMYIO 3aBUCUT OT HaIlIe cmocOOHOCTH Oepeyb KaX1yl0 KaIlio BOABI U

BHCAPATbh NHHOBAIIWH B IIOBCCAHCBHYIO IIPAKTUKY 3CMIICACIINA.
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Caenenus 00 aBTope(-ax): Mypaoosa D0dicebail, npenooasameis,
Tymanosa Aiibubu, orcymameipados Tadxcubai, Mypaoos Myxammao, cmyoenmul,
Typxmenckuu cenbCcKoX03AUCMEEHHBIU UHCMUMYM

2. Hawoeys, Typkmenucman

«ITPOPUIIAKTUKA MACTHUTA B YCIIOBUSAX
MNPOMBIHNIJVIEHHOT'O MOJIOYHOI'O KOMIIJIEKCA: POJIb 'NT'UEHbBI
JOEHUA U ABTOMATU3UPOBAHHBIX CUCTEM KOHTPOJISA
31OPOBBA CTAIA»

AnHoTanus: BeeneHue B mpoOieMaTuky oOecredeHUus 370pOBbS JIOWHOTO
CTajJa TO3BOJISIET OLEHUTh KPUTHUYECKYI0 BAXHOCTh IIPEBEHTHUBHBIX MEp B
COBPEMEHHOM MOJIOYHOM >KUBOTHOBOJICTBE. B  yCIOBHSX MNPOMBIIIJIEHHOTO
KOMIUIEKCA, T/1€ KOHUEHTpaLHUs )KUBOTHBIX HA OTPAaHUYEHHO! IIJIOIIAIA YPE3BBIUAHO
BBICOKA, MACTUT CTAHOBUTCS OJTHOM U3 TJIABHBIX YTPO3 SKOHOMUYECKON CTAOMILHOCTH
npennpusitusi. [lpodunaktrka 3Toro 3abosneBanuss TpeOyeT CHCTEMHOTO MOAXOa,
00BEIUHSIOIIETO nepeaoBbIe 300TUTUEHUYECKHE CTaHJapThl U
BBICOKOTEXHOJIOTMYHBIE PEIICHUS 11 MOHUTOPUHTA (PU3UOIOTHYECKOTO COCTOSTHUS
kopoB. CBOEBpEMEHHOE BBISIBIICHHE (DAKTOPOB prCKa W UX ONMEPATUBHOE yCTPAaHEHUE
MO3BOJISIIOT MUHUMU3UPOBATh MCIOJIB30BaAHNE aHTHOMOTHUKOB U COXPAHUTH BBICOKOE
KaueCcTBO MPOU3BOAUMOTO ChIpbi. M3yueHue poiau rurueHsl 1 aBTOMaTu3aluy B 3TOM
mporecce HeoOXoauMo st (GOPMUPOBAHUS YCTOWYMBOW MOJEIN IIPOM3BOJICTBA,
OTBEUAIOIIECH MUPOBBIM CTaHAapTaM 0€30MaCHOCTH MHUIIEBOM MPOYKITUH.

Kuaruessble ci10Ba: NpoQHIAKTHKA MACTUTA, IPOMBILICHHBIA MOJOYHbIH
KOMILIEKC, THUrMeHa J0eHHsl, ABTOMATH3HPOBAHHbIE CHCTEMbI KOHTPOJIS,
310pPOBbe CTAaJa, MOJOYHOE JKUBOTHOBOACTBO, BeTePUHAPHAS MeIUIMHA,
Ka4eCTBO MOJIOKA, COMATHYECKHE KJIeTKH, 300rMrMeHa.

['uruena pgoeHHs BBICTYNaeT B KayecTBe (PyHIaMEHTAIbHONW OCHOBBI
NpopUIaAKTUKA MacTHUTA, peAoTBpalas MIPOHUKHOBEHUE MaTOT€HHBIX

MHUKPOOPIraHM3MOB B KaHAJI COCKa. COBpeMeHHBIC IIPOTOKOJIBI IIOAIOTOBKH BEIMCHH K
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JIOCHUIO  BKJIIOYAIOT OOSI3aTENIbHYI0 OUYHUCTKY M JIE3UH(PEKIHI0 COCKOB C
MCIIOJIb30BaHUEM CIIEIIMAIU3UPOBAHHBIX CPEJICTB, 00JIaA0ONIUX aHTUCENTUYECKUM U
CMATYaroIuM JeicTBueM. Vcrnonb30BaHuEe WHIUBUAYATBHBIX CAI(PETOK JJISI KaXI0M
KOPOBBI HCKJIIOUAET PUCK MEPEKPECTHOrO 3apa)K€HUs BHYTPH CTaja yepe3 oOIue
npeaMeTsl yxoaa. CiiexrnBaHue NEPBBIX CTPYEK MOJIOKA TTO3BOJISIET HE TOIBKO YAAIUTh
OakTepuadbHyl0 TPOOKY M3 KaHajla COCKa, HO M BHU3YaJIbHO OIEHUTh COCTOSTHUE
CeKpeTa Ha Hanuuue wu3MeHeHuil. [IpaBunbHAas TEXHWKA HAJEBaHUS JOWIBHBIX
CTaKaHOB MpeoTBpaIliaeT "moacoc" BO3AyXa, KOTOPBIM SIBIAETCS 4aCTOM MPUUYUHOMN
TPaBMUPOBAHUS HE)KHBIX TKAHEH BHIMEHHU.

[Tocne 3aBepieHus mpollecca JOCHHS TUTHEHHYECKas o0paboTka COCKOB
CTAHOBUTCS pemiaromuM (GakToOpoM 3alluThl, TaK Kak C(QUHKTEp KaHalla COCKa
OCTa€TCsl OTKPBITBIM B TEUEHHE TPUALUATH MUHYT. MCMonb30BaHUE CPEACTB IS
"nunnuHra" Ha OCHOBE MHOJa, XJIOPIreKCHUJIWHA WJIM MOJIOYHOW KHUCJIOTHI CO3/a€eT
3alIUTHYIO TUICHKY, MPENSTCTBYIOUIYIO TOMAJaHui0 OakTepuil M3 OKpYKarolen
cpeabl. DToT OapbepHBI MeToj sBIseTCs Haunbojee 3(PPEeKTUBHBIM CrOocOOOM
NpoQUIAKTUKYA KOHTAarkO3HBIX M DJKOJIOTMYECKMX (OopM MacTuTa B YCIOBHUSAX
OecrnpuBsSI3HOTO cojaepxkaHusi. BaxxHo Takxke 00eCrneyuTh >KUBOTHBIM JOCTYI K
CBEXEMY KOpPMY Cpa3y IMoclie TOCHUs, YTOObI OHU OCTaBAJIKMCh B CTOSTUEM IMOJIOKEHUU
710 TIOJTHOTO 3aKPBITHsI COCKOBOro KaHaia. CTporoe coOMIoAeHNE 3TUX PETJIaMEHTOB
nepcoHajgoM ¢GepMbl HAMPAMYIO KOPPEIUPYET C HUZKUM YPOBHEM COMATHYECKUX
KJIETOK B COOPHOM MOJIOKE.

ABTOMAaTHU3UPOBAHHBIE CUCTEMbI KOHTPOJSA 3I0POBbSl CTaja MNPEICTABISIOT
co00¥ HHHOBAITMOHHBI MHCTPYMEHT, TIO3BOJISIIOIINI MIEPEBECTH YIIPaBICHUE PepMOoi
Ha ypOBEHb MPEIU3UOHHOIO  JKUBOTHOBOACTBA. (COBpEMEHHBbIE  JATUYUKH,
WHTETPUPOBAHHBIE B JOWIBHOE OOOpPYJOBaHUE, B PEXKUME PEATHLHOTO BPEMEHHU
AHAJIM3UPYIOT JJIEKTPONPOBOJAHOCTh MOJIOKA, €ro TEMIEpaTypy M CKOPOCTh
MOJIOKOOTJa4uu. Pe3koe M3MEHEHHE AIEKTPONPOBOJTHOCTH YACTO SIBISIETCS] MEPBBIM
CHUTHAJIOM O HAa4aJile BOCHAJIUTEIBHOTO MPOLIECCa B OAHOM U3 J0JIEN BBIMEHH 3aJ0JITO
710 TIOSIBJICHMSI KIIMHUYECKUX Mpu3HakoB. CucTeMa aBTOMATHUYECKU UACHTUDUIIMPYET

JKHUBOTHOC C IIOAO3PCHHUEM Ha MACTHUT M HAIIPABJICT YBCAOMIICHHC BCTCPHMHAPHOMY
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CHEUANNCTY JUIsl YrIyOJeHHOro ocMmoTpa. lMcrnonp3oBaHHMe TakuUX TEXHOJIOTUH
MO3BOJISIET PEaNM30BaTh KOHLENIUIO WHIMBUIAYAJIbHOTO TOAXOJMAa K KaXKIOMY
KMBOTHOMY B YCJIOBHSIX MaCCOBOTO IPOM3BOJICTBA.

[udpoBuzanus nporeccoB MOHUTOPUHTA BKIIOYAET UCIOIB30BAaHNE HOCUMBIX
JTATYMKOB, TaKWX KaK OIICHHUKH WJIM OpaclieTbl, KOTOPbIC OTCJICKHUBAIOT OOIIYIO
AKTUBHOCTb KOPOBBI M BpeMsi kBauku. CHUKEHME JBUTATEIIbHOM AKTUBHOCTH M
COKpAIllCHUE BPEMEHHM MpPUEMA KOpPMa YacTO MPEAIIECTBYIOT Pa3BUTHUIO OCTPOIO
MacTUTa, TIO3BOJISIA TMPHUHATH MEpPbl Ha paHHEd craauu. ba3pl  JaHHBIX
CIEUATIM3UPOBAHHOTO TPOTPAMMHOTO OOECIEUEHUs] XPaHSAT HCTOPUIO 3/I0POBbBS
KQXJIOTO KUBOTHOTO, oOJieryasi CeJeKIMOHHYIO paboTy MO YCTOWYMBOCTU K
3a00JeBaHUSAM. ABTOMATH3aIMs MO3BOJISET UCKIIOYUTH YEJIOBEUYECKUM (pakTop mpwu
aHaJIM3€ COCTOSIHUS YKMBOTHBIX, 00€CTiedrBasi KPYTrJIOCYyTOUHBIA KOHTPOJIb HaJl BCEM
noroJjioBbeM. MHTerpanusi JaHHBIX C Pa3IMYHBIX JTATYMKOB CO3/1a€T KOMIUIEKCHYIO
KapTUHY OJjaromnoiy4yusi craja, NOoBbIIAsg oO0mIyt0 3(PQGEeKTUBHOCTD YIpaBICHUS
IPOU3BOJCTBEHHBIMU IIPOLIECCAMMU.

TexHuyeckoe COCTOSHHME JOWJIBHOIO OOOpPYAOBAaHMS M PErYISIPHOCTH €ro
CEpPBUCHOTO OOCITY)KMBaHHUSI OKA3bIBAIOT MPSAMOE BIMSHUE Ha 370POBHE BHIMEHH U
npouIakTUKy TpaBMaTh3Ma. HecTaOMIbHBIN BaKyyMHBIM PEXKHM W H3HOIICHHAs
COCKOBAsi pe3MHa BBI3BIBAIOT Pa3pakeHUE CIU3UCTON 000JI0UKH KaHajla COCKa, Jemas
€ro ys3BUMBIM i MHGeKnuii. CoOBpeMEHHBIE CUCTEMBbI JTUATHOCTHKHU MO3BOJISIOT B
aBTOMATHYECKOM pEKHUME TECTUPOBAaTh pPabOTy MyJIbCaTOPOB M CTaOMIBHOCTH
BaKyyMa B Impouecce aoeHus. lcnonb3oBaHHE CUIMKOHOBOM PE3UMHBI HOBOTO
MOKOJICHUs obecreunBaeT Oojee MEeTMKATHBI KOHTAKT C TKaHSIMH >KUBOTHOTO,
CHIJKAsl PUCK pa3BUTHs THUIIEPKEpaTo3a COCKOB. VHBECTHIIMH B KadyeCTBEHHOE
000OpyZIOBaHNE W €r0 CBOEBPEMEHHOE OOCTY)KMBAHHE SBIISIOTCS IKOHOMHYECKHU
ONpaBIaHHBIMU MEPaMU, MPEIOTBPALIAIOIIMMHU JTOPOTOCTOSIIIEE JIEYUEHUE MACTUTA.

YcnoBus coaepkaHus U MUKPOKIIMMAT B KOPOBHUKAX UTPAIOT POJIb KOCBEHHBIX,
HO YpEe3BbIYAaWHO BaXXHBIX (DAKTOPOB MNPOPUIAKTUKU HSKOJOTHMUYECKOTO MACTHUTA.
Uucrora moACTWIKA B OOKcax JUisl OTAbIXa M CBOEBPEMEHHOE YJaJeHUE HaBO3a

MHUHUMMU3HUPYIOT KOHTAKT BBIMCHH C 3arpsA3HCHHUSAMHM, B KOTOPBIX PA3MHOXKAIOTCA
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naTtoreHbl. J(HPEKTUBHAS BEHTUIAIUS U CHCTEMbl OXJIQXKICHHS CHIDKAIOT TETIJIOBOU
CTpecc, KOTOpBhIM YrHETaeT HWMMYHHYIO CHCTEMY KOPOB U JellaeT HX OoJjee
BOCIIPHMMYHMBBIME K WHEKIusIM. PerynspHas ae3uH(eKIds MecT OTAbIXa u
MPOXOJIOB  SIBJISIETCS  00S3aTEIBHBIM  BJICMEHTOM CAHUTApHOTO  OJIAaromoTydus
MIPOMBITINICHHOTO KOoMITIeKkca. KoM(OpT KUBOTHBIX CITOCOOCTBYET YKPEIICHUIO HUX
€CTECTBEHHOM PE3UCTEHTHOCTH, YTO 3HAYUTEIBHO OOyierdacT paboTy BETCpHHAPHOM
CITY>KOBI.

KadecTBo BOJBI, UCHOJB3yeMOW IS THTUEHUYCCKUX TPOIEAYP U TOCHHS
KUBOTHBIX, JOJDKHO COOTBETCTBOBATh CTPOTMM MHKPOOHOJOTHUYECKHM CTaHIAPTaM.
3arps3HEHHAss BOJIa MOXET CTaTh WCTOYHMKOM 3apakKCHHsI BBIMEHH BO BpEMS
MOJICOTOBKU K JOCHHUIO WJIM TIPH MPOMBIBKE 00O0pYyI0BaHUs. ABTOMAaTH3HPOBAaHHBIC
CUCTEMBI BOJIONOATOTOBKM OOECIICYMBAIOT CTAOWJIbHBIM XUMUYECKUH COCTaB |
YUCTOTY BOJIBI Ha BCEX 3TaIax MPOU3BOACTBA. VICIoIb30BaHUE COBPEMEHHBIX CHCTEM
CIP-motiku (Cleaning in Place) rapantupyeT uaeaibHYIO YUCTOTY JOUIBHBIX IMHUM U
TAaHKOB-OXJIQJAUTENIEH, MPEeOTBpaIlas HAKOIIIEHHEe MOJOYHOTO KaMHS U OMOIUICHOK.
KoHTpomb kauecTBa BOJIbI SIBJISIETCS BAXKHBIM 3B€HOM B 00111€# 11enu 01o6e30macHOCTH
MOJIOYHOT'O KOMILJIEKCA, HAMPaBIEHHBIM Ha 3aIllUTy 370POBbS KUBOTHBIX U YUCTOTY
POIYKITUH.

3akiroueHnmne

B 3akmrouenue cienyeT noq4epKkHyTh, YTO MPOPUIAKTHKA MACTUTA B YCIOBHX
MIPOMBIIINICHHOTO KOMIUJIEKCa SIBISIETCS MHOTOTPAaHHBIM TPOIIECCOM, TJI€ THTHEHA
JIOCHHWSI W aBTOMATHU3AIUsl WrparoT pemaronyo poib. Crtporoe colmroaeHue
CaHUTAPHBIX PETJIAMEHTOB M HCTIOJIb30BAHHE WHTEIUICKTYaJbHBIX CUCTEM KOHTPOJIS
MO3BOJISIIOT 3(P(GEKTHUBHO YMPABIATH 3I0POBbEM CTaja W 00eCIeuyuBaTh BBICOKOE
KauecTBO NpoAyKiuu. CoBpeMEHHBIE TEXHOJIOTHH JIETAI0T BETEPUHAPHBIN KOHTPOJIb
MPOAKTUBHBIM, TPEIOTBpAIas pa3BUTHE 3a00JIEBaHWI HA CAMBIX PAaHHUX CTaIHSIX.
biarononyyne JQOMHOrO MOrOJOBbS CTAHOBUTCS 3aJIOTOM  IPOJOBOJILCTBEHHOU
0€30MacHOCTH M YCTEIITHOTO Pa3BUTHS arpOTPOMBIIIIIEHHOTO KOMIUIEKCa B ABAIIATh

IICPBOM BCKC. FapMOHI/IqHOG COYCTaHHUC TpaI[HHHOHHOﬁ 3a00TBI O JKHUBOTHBIX U
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BBICOKHX TE€XHOJOTMM — 3TO IIyTb K HOPOOBCTAHUIO COBPECMCHHOI'O MOJIOYHOI'O

ZKHNBOTHOBOJACTBA.

Cnucok auTepaTyphl:

l.

Bacunbes, A. II. Benukune npaButenu Boctoka: TuKa U BIacTh. —

Mocksa: Hayka, 2026. — 215 c.

. Cokonos, 1. B. BerepunapHas MeIMIIMHA B MOJIOYHOM KUBOTHOBOJICTBE.

— Mocksa: Arponpomusaar, 2025. — 310 c.

. HeTpOBa, JI. H. COBpeMeHHBIe MCTOAbI TMArHOCTUKH MACTUTA Y KOPOB. —

Cankr-IletepOypr: Kaapo, 2024. — 195 c.

. UBanos, C. M. IIpodunaxruka 3a00€eBaHUI1 BBIMEHH B YCIOBHUSIX KPYIHBIX

dbepm. — HoBocubupck: CO PAH, 2026. — 220 c.

. Kysnemnona, O. A. Dxonomudeckas 3pPeKTUBHOCTD 037]0pPOBJICHUS TOWHOTO

craga. — ExarepunOypr: U3narensctBo Ypansckoro yHusepcurera, 2025.

— 180 c.
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Caenenus 00 aBrope(-ax): Ocenos Paxwvim, npenooasamens,
I'ypbanbaesa I'ozen, Omaposa Maxpu, /{xxcymanazaposa [[piceman, cmyoenmeol,
Typxmenckuu cenbCcKoX03AUCMEEHHBIU UHCMUMYM

2. Hawoeys, Typkmenucman

«MHHOBAIIMOHHBIE TEXHOJIOI'MU TOYHOI'O 3EMJIEIEJIUA:
NCHOJBb30OBAHUE CITYTHUKOBOI'O MOHUTOPHUHI'A U BIIVIA JJIA
OINTUMMU3AIINA YPOKAWMHOCTH»

AHHoOTanusA: BBeJeHHE: COBPEMEHHOE CEIbCKOE XO3SMCTBO IMEPEKUBACT
udpoBy0 TpaHChHOpPMAIIMIO, B OCHOBE KOTOPOH JIEKUT KOHIEMIIHMS MaKCUMAJIbHO
3 PEKTUBHOTO  HWCIOJB30BaHUS  KaXJAOT0  KBQJAPAaTHOTO  METpa  IAIHH.
NHHOBaIIMOHHBIE MTOAXO0IbI TTO3BOJISIOT arpapusiM OTXOJIUTh OT YCPETHEHHBIX METOIOB
00paboTKH 1oJjieH B 1moiab3y AudepeHIIupoBaHHOTO yIIpaBieHUus pecypcaMu. TodHoe
3emiieieniie OOBEIUHSIET B ce0e MepeoBbie JOCTHXKEHHUS B 00JIaCTM HaBUTAIIUH,
CEHCOPHUKHU W aHajau3a OONBIINX JAHHBIX JJI JOCTHKEHHUS HAWBBICIINX ITOKa3aTeae
MPOJYKTUBHOCTH. BHeApeHHEe TakuX CHCTEM CTAaHOBHUTCS HEOOXOIUMBIM YCIOBHUEM
U1 oOecnedeHus: TI00abHOW TPOJOBOJIBCTBEHHONH O€30MacHOCTH B YCIOBHUAX
OTPAaHUYEHHOCTH MaXOTHBIX 3€MEb.

KiawueBble ciaoBa: 3emJienenune, CnyrHuk, Monutopunr, BILJIA,
Ypoxkaiinoctb, UHHOBanMK, Texnomoruu, Onrumuszanus, Arponomus, /J[aHHble.

OCHOBOIl TOYHOTO 3eMJICACIHUS SIBISETCS COOp BBICOKOTOYHBIX JAHHBIX O
COCTOSSHMM TIOYBBl M BEreTallMd pPacTeHUW B PEXKUME PEATbHOIO0 BPEMEHH.
CnyTHUKOBBIE MOHMTOPHMHI TPEAOCTABISIET BO3MOXXHOCTH OXBaTHUTh OTPOMHBIE
TEPPUTOPUH, TPEAOCTABISISA PETYJSIPHYIO HH(DOpMamuWio O JUHAMHKE pPa3BUTHS
KyJbTyp. bnaromaps crnekTpaibHOMY aHaJIM3y CHUMKOB CIEIHATUCTBI MOTYT
ONpeAesaTh MHIACKCHI Beretanuu, Takue kak NDVI, nns onieHku 310pOBbsl paCTEHHM.
DTO MO3BOJIIET CBOCBPEMEHHO BBISBIIATH MPOOJIEMHBIC YYACTKH MOJICH, TpeOyrolue

AOINIOJJHUTCIIbHOI'O BHUMAaHUA NI KOPPEKTHUPOBKH HOPM BHCCCHUA y,Z[O6peHI/II\/II.
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becriunoTHble neratenbHble annapathl, i BIIJIA, 3HaunTENBFHO paCIIUPSAIOT
BO3MOKHOCTH JIUCTAHIIMOHHOTO 30HJIMPOBAHMS 3€MJIM OJlaroiaps CBEPXBBICOKOMY
MPOCTPAHCTBEHHOMY pa3pelIeHUuI0. B oTiumume OT CHOyTHUKOB, JPOHBI MOTYT
MPOBOJIUTh CHEMKY TOJI OOJa4YHBIM TMOKPOBOM, oOecrmeunBas JIETAIU3aAlUI0 10
HECKOJIBKUX CAHTUMETPOB HAa MUKCENb. ITO MO3BOJISIET arpOHOMAaM JIETaIbHO U3y4aTh
COCTOSIHUE KaXKJIOTO OTACIBHOTO pacTeHHUs, OOHApPY>KUBATh OYard BpeIUTENICH WU
NPU3HAKK HEXBATKHM MUKPO3JIEMEHTOB. OnepaTuBHOCTh NOyueHUs: naHHbIX ¢ BITJIA
JaeT BO3MOXKHOCTh NMPUHUMAThH YIPABICHYECKUE PEIICHUS B KpaT4yalllue CpPOKH,
MUHUMHU3UPYS PUCKHU MMOTEPU ypOKasl.

Hcnonp3oBanne MyJabTUCHEKTPAIbHBIX KaMmMep Ha OOpTy JIPOHOB TO3BOJISET
3arJIsIHyTh 3a MpeNesibl BUAMMOrO YEJI0BEUYECKOMY riia3y crektpa. OTpaxarenbHas
CIIOCOOHOCTh  JIUCTbEB B OJMKHEM HMH(PpaKpacCHOM JWaria3oHe HaIpsIMYIO
KOppEJIUpyeT C coaepkaHueM XJopoumia W ypOBHEM CTpecca pacTEHUH.
AHanu3upys TOJIYYEHHBIE KapThl, CUCTEMbl YIPABJIEHUS CEIbXO3TEXHUKOH MOTYT
ABTOMAaTHUYECKU KOPPEKTHUPOBAThH JTO3UPOBKY ArpOXMMHMKATOB HEIIOCPEACTBEHHO BO
BpeMs JIBHXKEHHUS 110 MOJr0. Takol IMOAXO0J HE TOJbKO ONTHMHU3HUPYET 3aTpaThl Ha
pacxoAHbIe MaTepUabl, HO U CYLIECTBEHHO CHUXXAeT JKOJIOTMYECKYI0 HArpy3Ky Ha
IIOYBY ¥ BOJIHBIE PECYPCHI.

CnyTtHuKoBbIe cucTembl no3unimoHupoBanust GNSS olecreynBaOT TOYHOCTH
BOXKJICHUS TPAKTOPOB M KOMOAMHOB 70 JBYX-TpeX CAHTUMETPOB, WCKIIOUYas
MEPEKPBITUS U MPONYCKU. ABTONWIOTHI M CHUCTEMBI NapaUIEIbHOIO BOXKICHUS
MO3BOJISIIOT paboTaTh B YCIOBHUSAX IUIOXOM BUAMMOCTH M B HOYHOE BpeMs C
MaKcUMabHON 3(PPeKkTUBHOCThIO. ONTUMH3AIUS MAPIIPYTOB TEXHUKU MPUBOAUT K
3HAYUTEIBHOMY COKPAlICHHUIO pacxoja TOIUIMBA M YMEHBIICHUIO BPEMEHM Ha
BBITIOJTHEHUE TTOJIEBBIX paboT. VMckiroueHne moBTOpHOW 00pabOTKH OAHUX U TEX Ke
YYaCTKOB MPENOTBpAllacT MEPEAO3UPOBKY MPENapaToB W YrHETEHHE KYJIbTYPHBIX
pacTeHUMN.

Nuterpanms nanHbix co cnytHukoB u  BIUJIA B cnenuamu3upoBaHHBIE
MporpaMMHbie MIATGOPMBI MO3BOJISIET CO3/1aBaTh LUU(POBBIE KapThl 3aJaHUM I

YMHOM T€XHUKH. ITU CUCTEMbl YUYUTHIBAIOT HEOJAHOPOAHOCTH pelibeda, ColepKaHue
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BJIarM W TUTATENIbHBIX BEIIECTB B pPa3HbIX YacTAX OAHOro mnoss. MammuHbel ¢
MOJJIEPKKOM TEXHOJIOTMH IEPEMEHHOTIO BHECEHHS PECYPCOB PacHpelesioT CEMEHa U
yI0OpeHHs UMEHHO TaM, TJle OHU NPUHECYT MaKCUMaibHbIA 3 dekt. B pesynbrare
JOCTUTAETCs] BBIPABHUBAHUE YPOKAWHHOCTH MO BCEW TIOLIAAN U MOBBIILICHNUE Ka4yeCTBa
KOHEYHOH MPOAYKLIUH.

Merteoponoruueckue CTaHIIM|, UHTETPUPOBAHHBIE B CETh TOUHOI'O 3eMIIEIETHS,
NOPEOCTaBISIOT TOYHBIE TPOTHO3bl MHUKPOKJIMMAaTa Ha YPOBHE KOHKPETHOTO
xo3stiictBa. CoueraHue MOrOJHBIX JaHHBIX C HWHAEKCAMHU BEreTallMd I03BOJISET
CTPOUTh MPOrHOCTUYECKHE MOJEIN pa3BUTHUS OOJE3HEW U TJIaHUPOBATH 3AlUTHbHIE
MEpOIPUATUS. ABTOMAaTHU3UPOBAHHBIE CHUCTEMbI TIOJMBA, OPHEHTUPYSICh Ha
NoKa3aTeau JAaTYMKOB BJIAXKHOCTH TMOYBBI M CHUMKH C BO3JyXa, PAacXOJIyIOT BOIY
npeieTbHO IKOHOMHO. ITO 0COOEHHO BaYKHO ISl PETMOHOB C 3aCYIIIUBBIM KIUMATOM,
/1€ BOJHBIE PECYPCHI SBISIOTCS JUMUTUPYIOMIHUM (aKTOPOM MPOU3BOJICTBA.

MOHUTOPUHT YPOXaWHOCTH B TMpolecce yOOpKH C MOMOIIbIO JAATUYMKOB Ha
KoMOaliHax 3aBepIIaeT UKI TOYHOTO 3eMiieenusi, POPMUPYS OTUETHBIE KapThl. ITH
JAHHBIE MOKAa3bIBAIOT PEAJBbHYIO OTJauy KakKJOro y4dacTKa IOJS M CIY’KaT OCHOBOWU
IUIsl TUNTAHUPOBAHUSI CIEAYIOIIETO CENbCKOXO35MCTBEHHOIO CE30HA. AHAIN3 pa3pbiBa
MEXy MOTCHIIMATBHON U (DaKTUYECKOU YPOKAaHHOCTHIO TIOMOTAET BBISIBUTH CKPBHITHIC
poOJIEMbI B arpOTEXHUKE UITU CTPYKTYype mouBkl. [locTosiHHast oOpaTHas CBSI3b MEXTY
NEUCTBUSIMA arpoHOMa M pE3yJbTaTOM Ha I0JE€ BEIET K HEINPEPHIBHOMY
COBEPIIEHCTBOBAHMIO MPOU3BOJICTBEHHBIX IIPOLECCOB.

OxoHomuyeckuii 3 HEKT OT BHEAPEHUS MU(POBBIX TEXHOJIOTHH MPOSBISETCS B
CYIIECTBEHHOM CHHXEHHHM CE0ECTOMMOCTH eAMHMIBI npoAykiuu. CokpaiieHue
3aTpar Ha CEeMeHa, yI0OpEeHUs U CPeICTBa 3alUThl PACTEHUI B HEKOTOPBIX CIIydasx
JNOCTUTaeT JBAaALATA-TPUALIATH MPOLEHTOB. lloBbIIEHNE YpOKAaWHOCTU 32 CYET
ONTHMM3ALMUN NUTAHUS W yXOJa 3a PACTEHUSAMH OOECIEYHMBAET JIONOJHUTEIBHYIO
npUOBLTB 1711 XO3SHUCTBA. XOTsI IEpBOHAYANIbHBIE HHBECTUIIMH B 000pYI0BaHUE MOTYT
OBITh 3HAYUTEJIbHBIMU, OHU OKYIIAIOTCSl B TE€YEHHE HECKOJIBKHUX JIET 32 CUET BBICOKOU

oneparmoHHON 3 (HEKTUBHOCTH.
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[udpoBbie cepBUCHl MOHUTOPUHIA IMO3BOJSIOT PYKOBOAMTENSAM XO3AMCTB
KOHTPOJUPOBATH pabOTy TEXHUKHU U COCTOSIHUE MTOCEBOB yJIaJIEHHO Y€pe3 MOOMIIbHbIE
npwioxeHus. Ilpo3payHocTh BceX MPOLIECCOB CHHUXKAET BIUSHUE YEJIOBEUYECKOTO
(dakTopa M NPEeNOTBpAILAET HEIENIEBOE HMCIOJIb30BaHUE pecypcoB. Jlorucruueckue
MOJAYJIM CHUCTEM YHPABICHUS ONTUMHU3UPYIOT JIBHXKEHHE TpaHCIOpPTa BO BpeMs
yOOpKH, cokpaliasi mpocTou KoMOaitHOB. Best uctopus onepauuii mo KaxaoMy MO0
coxpansieTcsi B IIM(GPOBOM BHJE, OOecCleurBas MPOCIEKUBAEMOCTh M YIpOIIas
cepTUPUKALNIO TPOAYKIIUH.

[Ipumenenue BIIJIA nnsi TOuedHOro ONpPBHICKMBAHUS CTAHOBUTCS Bce Oosiee
HOMYJSIPHBIM B OOpb0O€ C COpHAKAMU M BPEAMUTENSIMU B TPYJHOJOCTYIHBIX MECTaXx.
ArpoapoHbl cIocOOHBI 00pabaThIBaTh YYACTKHU CO CIOKHBIM penbedoM, rae padota
TPaJIULIMOHHON aBUALlMM WM HA3eMHBIX OIpPBICKMBATENEH HEBO3MOXHA. MaJbii
o0BeM pabouero pacTBopa M BbICOKAash TOYHOCTh HAHECEHMsSI MO3BOJISIOT MPOBOAUTH
00paboTKy MaKkCUMaJIbHO OEPEKHO ISl OKPYXKAIOIIEH cpefibl. ITO OTKPHIBAE€T HOBbHIE
BO3MOKHOCTH [UJIl PAa3BUTHS OPraHUYECKOrO 3€MJIEACNIHS M SKOJIOTHYECKH
OPUEHTHPOBAHHBIX arpOTEXHOJIOTHIA.

3akiaouenne

Bynymee TouHOro 3emieAenHisi CBSI3aHO C JAJbHEWIIMM  pa3BUTUEM
POOOTOTEXHUKH M aBTOHOMHBIX TIOJIEBBIX arperatoB, padOoTaromuXx 0e3 y4JacTus
yesioBeka. Pon Manbix poOOTOB CMOTYT BBIMOJIHATH MMOCEB U MPOIMOJIKY C FOBEIUPHOM
TOYHOCTBIO, IPAKTUYECKU HE OKa3bIBasi JaBJIeHUs Ha 1ouBy. MHTerpanus ¢ 6J10K4eiH-
TEXHOJIOTUSAMHU 00eCIeUnT a0COIOTHYIO IOCTOBEPHOCTh JAHHBIX O MPOUCXOKICHUU U
KayecTBe MPOAYKTOB MHUTaHUS AJs moTpeduteneil. Mbpl cTouM Ha mopore co3iaHus
MOJTHOCTHIO aBTOHOMHBIX (hepM, /i€ HU(PPOBOIl UHTEIIEKT YIPABIsET BCEMU ATallaMu
BBIpAIIMBAHUS yPOXKas.

Crircok nurepaTtypbl:
Cwmut, A. Dkonoruueckas uHxeHepusi oynyuiero. Hayka u xu3nb, 2026.
NBanoga, E.I1. 3enenas 3xoHOMHUKaA U cOBpeMeHHbIA Mmup. IkolIpecc, 2025.

Miromnep, I'. InHOBanuu B BO300OHOBISIEMOI SHEpreTuke. JHeprousaart, 2024.

B w0 bdoe

[TeTpos, C.H. OCHOBBI yCTOMYUBOTO pa3BUTUSI TOPOAOB. ApXxuTekTypa, 2025.
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5. Jlu, K. Texnonoruu nepepabotku otxo0B B 21 Beke. TexnoMup, 2026.
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Caenenus 00 aBrope(-ax): Ocenos Paxwvim, npenooasamens,
lllabacanoe Xempa, Pozuesa Ap3ys, Cepoaposa Aiicenem, cmyodenmul,
Typxmenckuu cenbCcKoX03AUCMEEHHBIU UHCMUMYM

2. Hawoeys, Typkmenucman

«YCTOMYUBOE PA3BUTHE AI'POITPOMBINIJIEHHOT O
KOMIIJIEKCA B YCJIOBUAX 3ACYIIJIMBOI'O KNIMMATA: METO/IbI
BOAOCBEPEKEHHUA U MEJINOPALIMHU 3EMEJIb»

AHHoTanms: OOecnieyeHUE YCTOWYMBOTIO Pa3BUTHUSL arpoNpOMBILIIEHHOTO
KOMIUIEKCA B PErMOHax ¢ Je(UIUTOM BOJHBIX PECYPCOB SIBISETCS OJHOM M3 CaMbIX
CIOKHBIX 3a/1a4 COBPEMEHHOW CEJIbCKOXO3IMCTBEHHOW Hayku. B  ycinoBusax
rJI00QJIBHOTO MOTEIJICHUS! U YYaCTHBIIMXCS 3aCyX TPaJWLMOHHBIE METOJIbI BEJICHUS
X03sIICTBAa CTAaHOBATCA HEI(PPEKTUBHBIMH M BEAYT K Jerpajalidl IOYBEHHOTO
nokpoBa. Heobxoaum mepexos K KOMIIEKCHBIM CTPAaTErusiM, COYETAIOIIUM B cebe
[IEpEIOBbICE  WH)KCHEPHBIE  pELIEHUMs B  MEJIHOpallMM W HWHHOBALlMOHHBIE
arpoTeXHUYECKUE IpUEMbl. PalMoHaIbHOE MCIIOIb30BAHUE KaXJOW Kallld BOJbI
CTAaHOBHUTCS  ONpEACNSIONMUM  (AaKTOPOM  IKOHOMUYECKON  CTaOMIIBHOCTH U
IIPOJOBOJILCTBEHHOM HE3aBUCUMOCTHU FOCYAApCTB.

KuarwueBbie cioBa: Bonocoepe:xkenne, Menuopanus, Opomenne, 3acyxa,
Arponpom, JkoJjorus, IlouBa, Pecypcbl, UnHoOBauuu, Y CTOHYNBOCTD.

dyHIaMEHTaIbHBIM HAMpaBIEHUEM BOJOCOEPEKCHHS SIBISICTCS BHEAPECHUE
CUCTEM KalleJIbHOI'O OpPOILIECHMS, KOTOPBIE JOCTABIISIOT BJIAry HEMOCPEACTBEHHO B
IIPUKOPHEBYIO 30HY PAaCTE€HUH. DTOT METOJ I03BOJSET CHU3HUTH PACcX0J IOJIMBHOU
BOJIBI HA COPOK-IIECTHJIECAT MPOLEHTOB MO CPAaBHEHUIO C TPAJULMOHHBIM APBIYHBIM
WJIW JO0XKJECBAJIBHBIM MOJUBOM. MUHHMMU3aLKs UCIAPEHHS C MMOBEPXHOCTHU IMOYBBI U
UCKIIIOYeHUE (DUIBTPALIMOHHBIX TNOTEPh OOECIEeUYUBAIOT MAaKCUMAJIbHO BBICOKUM
KOA(pPUUHMEHT TOJIE3HOTO JEWUCTBUSL cUCTeMbl. MHTerpanus aBTOMAaTHU3HPOBAHHBIX
KOHTPOJUIEPOB ~ IO3BOJISIET  IIOAABaThb  BOAY CTPOTO B COOTBETCTBUU  C

($U3HOIOrMYeCKUMU NTOTPEOHOCTIAMU KYJIBTYP B pa3Hble (Da3bl BEreTaluu.
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Baxnyro posib B METMOpALIMU 3€MENb 3aCYILIJIMBBIX 30H UTPAET CTPOUTEIHCTBO
1 PEKOHCTPYKIIUS 3aKPBITHIX OPOCUTENBHBIX CETEN U OOIUIIOBAaHHBIX KaHAIOB. 3aMeHa
OTKPBITHIX 3E€MIISIHBIX pycell TpyOOINpoBOJaMU MPEAOTBpAIlaeT OrPOMHBIE MOTEPHU
BOJAbl Ha (QuibTpanuio B TPYHT M wucnapeHue B armocdepy. I[Ipumenenue
COBPEMEHHBIX T€OCUHTETUYECKUX MATEPUAJIOB JJII TUIPOU3OJISIIIUN CYIIECTBYIOIIUX
KaHaJIOB 3HAYUTENIBHO TMOBBIIAET MX OKCIUIyaTallMOHHYIO HAJCKHOCTh U
JIOJITOBEYHOCTh. MojepHH3alusi TUIPOTEXHUYECKON WHOPACTPYKTYPHI SIBISETCS
KalmUTAIOEMKHUM, HO HEOOXOUMBIM I1aroM i 3 (PEeKTUBHOTO YIIPaBISHUS BOHBIM
dboHI0M TEPPUTOPUT.

Hcnonp3oBanne  KOJUIEKTOPHO-JIPEHAXHBIX  CHUCTEM  HEOOXOAUMO  JUIs
OPEAOTBPAILLIEHUS] BTOPUYHOTO 3aCOJIEHUSI TOYB, KOTOPOE 4YacTO CONPOBOKIAET
WHTEHCUBHOE  OpOIICHHE B  apuAHBIX  ychoBusX. OTBOA  M30BITOYHBIX
MUHEPATU30BaHHBIX BOJ TMO3BOJSET MOAJACPKUBATH ONTHUMAIbHBIA BOJHO-COJICBOM
peXUM B KOPHEOOMTAEMOM CJIO€ M COXPAHSATHh IUIOJOpoAue 3emenb. OuucTka U
NOBTOPHOE MCIOJIb30BAHUE JIPEHAXKHBIX BOJ ISl MOJMBA COJECYCTOMUUBBIX KYJIBTYP
WIM TEXHUYECKUX HYXKJ SBISETCA BAXHBIM  3JIEMEHTOM  LUPKYJISIPHOTO
BOAOMNOJb30BaHUs. COBPEMEHHBIE METOJIBI MEIUOPALIMKU HAIMPAaBJIEHbl HE TOJBKO Ha
yBJIaXHEHUE, HO U Ha 00IIee 030pOBJIEHNUE IIOYBEHHOTO MPOdUIIS.

ATpOTEXHHYECKUE METOJbI BOJOCOEpEKEHHUSI BKIIOUAIOT B ce0si IPUMEHEHHE
TEXHOJIOTHH MHUHHUMAJIBHONW W HYJICBOH 00pabOTKM mouBhl, u3BecTHhIX Kak No-till.
CoxpaHeHue MOXHUBHBIX OCTAaTKOB Ha IOBEPXHOCTU TIOJISI CO3JAET 3allUTHBIN
MYJIBYMPYIOIIUH CIIOW, KOTOPBIN MPENATCTBYET NEPErPEBY 3EMIIM U UCITAPEHUIO BIIATH.
Takast mpakTHKa CIOCOOCTBYET HAKOTUICHUIO OPTraHMYECKOTO BEIECTBA U YITYUIIICHUIO
CTPYKTYpPBl TIOYBBI, YTO TIIOBBIIIAET €€ CIOCOOHOCTh YAEPKUBATh IOKIEBYIO U
MOJIMBHYIO BoJy. OTKa3 OT riyOOKOM BCHAIKK TakyKe CHHXKAET 3PO3UOHHbBIE PUCKH,
XapaKTEpHBIE JJIS OTKPBITHIX MPOCTPAHCTB B 3aCYIIJIUBBIX PETHOHAX.

Cenekuuss W  BHEIPEHHE 3aCyXOYyCTOMUYMBBIX COPTOB U  THOpPUIIOB
CEIbCKOXO3IMCTBEHHBIX KYJIbTYp MO3BOJSIOT MOJYy4YaTh CTAOWIbHBIE ypOXKau MpU
OTpaHUYEHHOM BoAoNOTpeOIeHnU. PacTeHust ¢ TiIyOOKOW KOpHEBOUMl cHCTeMOW u

0COOBIM CTPOCHHMEM JIUCTOBOrO amnmapara Ooznee 3(PQGEeKTUBHO aJanTHUPYIOTCS K
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AKCTPEMAIIBHBIM ~ TEMIIEPATYpPHBIM  yCIOBUAM. Fcnonb30BaHHE TIE€HETHYECKOTO
MOTEHI[MAa MECTHBIX COPTOB, MPHUCIOCOOJIEHHBIX K crHenuduke KOHKPETHOIO
peruoHa, YacTo JAaeT Jy4dllHe pPe3yJbTaTbl B JOJTCOCPOYHOM MEPCIEKTUBE.
PanrionanbpHOE MIIaHUPOBaHUE CEBOOOOPOTOB C YUETOM BJIAro00€CIEYEeHHOCTH MOJICH
MOMOTaeT cOAIAaHCUPOBATh HATPY3KY HA BOJHBIE UCTOUHUKHU.

[IpumeHnenne rTuAporeyne MW CHEHUATbHBIX  KOHJIUIIMOHEPOB  IOYBBI
3HAYMUTENIPHO YBEIMYMBACT €€ BIIArOyACP>KUBAIOIIYI0 CIIOCOOHOCTh B 3aCyIILIUBBIC
NepuoIbl. DTH MOJIMMEPHBIC MaTEPHAJIbl CIIOCOOHKI MOTJIONIATh U YAEPKUBATh 00BhEM
BOJIbI, BO MHOTO Pa3 MPEBBIMIAININN UX COOCTBEHHBIN BEC, MOCTENICHHO OT/IaBasi €
pacteHusiM. BHeceHue opraHuyecKux yJA0OpeHHU U CHUAEPATOB TaKXKe CIIOCOOCTBYET
YIYUYIICHUIO (PU3UYECKUX CBOMCTB TPyHTAa M €0 TUTPOCKONMUYHOCTH. YIyUIICHUE
OMOJIOTMYECKON aKTUBHOCTH IOYBHI JiejlaeT ee 00jiee YCTOMUYMBOM K MEPEChIXaHUIO0 U
CrocoOCTBYET OBICTPOMY BOCCTAHOBJICHHUIO PACTUTEIHLHOCTH TI0CIIE CTpecca.

JlecoMenuopanysi W CO3JaHUE 3allUTHBIX JIECHBIX TMOJIOC SBJISIOTCA
IIPOBEPEHHBIM BPEMEHEM METOJ0M OOphOBI C CYXOBESIMU M BETPOBOM 3pO3HEH.
JlepeBbsi CHMXKAIOT CKOPOCTh BETpa HaJ IMOJSMH, YTO CYIIECTBEHHO YMEHBIIAET
WHTCHCUBHOCTh HCIAPEHUS BJIATM W3 TOYBEHHOrO CJjosl. JIecHbIE TMOJIOCHI
CIOCOOCTBYIOT O0Jiee PaBHOMEPHOMY PAaCHPENICICHUIO0 CHEXKHOTO TIOKPOBA 3WMOM,
obecrieynBas JIOTIOJIHUTEIIHHOE YBIIAXKHEHUE BECHOM. Coznanmne
MUKPOKJIMMATHYECKUX 30H C MOMOIIBIO JAPEBECHO-KYCTAPHUKOBON PacTUTEIbHOCTH
0JIarONpHUsATHO CKa3bIBACTCS HA YPOXKAWHOCTH BCEX BHJOB CEIBCKOXO3SHCTBEHHBIX
KYJBTYD.

[HudpoBeie cHCTEMbl MOHUTOPHUHTA BIIAJKHOCTH IIOYBBI C HCIOJb30BaHUEM
OCCITPOBOJIHBIX JTATYMKOB ITO3BOJISIIOT arpOHOMAaM OCYIIECTBIIATH TOJUB TOJBKO ITO
dakTHIeCKO HEO0OXOAMMOCTH. AHaNIW3 JaHHBIX CO CIYTHUKOB M METCOCTaHITHI
TOMOTraeT MPOTHO3UPOBATh HACTYIUICHHWE NEPUOJOB Je(ulMTa BJIard M 3apaHee
KOPPEKTHPOBaTh TpaduK oOpomieHUs. MHTemIeKkTyanbHOe yNpaBICHUE BOJIHBIMHU
pecypcaMu UCKIIOYAET YeIOBEYECKUI (paKTOp M MpeAoTBpaIlaeT Kak HEJOIUB, TaK U

nepeyBiIaKHEeHUe MOceBOB. TouHOE 103UpOBaHKE BOJABI B COUETaHUU C (hepTUranuei
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o0OecreuynBaeT pacTeHUs NMUTAHUEM B MAaKCUMAaJbHO IOCTYITHOW W IKOHOMHYHOMN
dbopwme.

Hcnonp3oBaHue HETPATUIIUOHHBIX HCTOYHUKOB BOJBI, TAKMX KaK OYHIIECHHBIC
TOPOJICKME CTOKH WM ONPECHCHHBIC KOJUICKTOPHBIC BOJBI, OTKPHIBACT HOBBIC
BO3MOXHOCTH I arpornpoma. COBpeMEHHBIE MHOTOCTYIICHYATHIC CHCTEMbBl OYUCTKH
rapaHTUPYIOT O€30MacHOCTh TaKOW BOJBI IS IOJIMBA KOPMOBBIX M HEKOTOPBIX
TEXHHYECKUX KYJIbTYp. BHeApeHHe TEXHOJOTHH OO0OpOTHOTO BOJOCHAOKEHWS Ha
NPEINPUATUAX 110 TIEpepaOdO0TKe CEeMbXO3MPOIYKIIMU CHIDKAEeT oOIuii 3a00p BOJBI U3
NPHUPOJHBIX BOAOEMOB. J[MBepcuuKaIus NCTOYHUKOB BOJOCHAOKCHHS TOBBIIIACT
YCTOWYMBOCTH arpapHOro CEKTOpa K 3aTsHKHBIM IMPUPOTHBIM KaTaKIIH3MaM.

PerynmupoBaHue CTOKa MaJIbIX PEK M CTPOMTEIBCTBO IMPYI0B-HAKOIUTEICH
MO3BOJIAIOT AaKKYMYJIMpPOBAaTh Talble W JIMBHEBBIC BOJIBI JUISI ITOCJICAYIOIIETO
MCIIOJIb30BaHMS B 3aCYIUIMBBIA Ce30H. Majas THAPOMEIHOpaIis TpeOyeT MEHBIIIHNX
3aTpaT M OKa3bIBaeT Oojee IMIAJsIIee BO3ACHCTBHE Ha OKPYXKAOIIYIO Cpeay IO
CpPaBHEHHIO C KpyHHBbIMH BojoxpaHwinimamu. Co3fgaHue JIOKaJbHBIX CHCTEM
BOJoCOOpa Ha ypOBHE OTACIBHBIX (PEPMEPCKUX XO3SHUCTB TMOBBIIMIAET HX
aBTOHOMHOCTD U aJIalITUBHOCTh K U3MEHEHUSIM KiiuMaTa. Takue Mepbl CIOCOOCTBYIOT
COXPAHEHUIO YPOBHS I'PYHTOBBIX BOJI U MOJJIEPKAHHUIO YKOJIOTUUECKOTO0 PAaBHOBECHUS B
arpojasamadTax.

3akirouenmne

YcToitunBoe pa3BUTHE arpOMPOMBIIIIEHHOTO KOMILIEKCA B YCIOBUAX 3aCyXH
TpeOyeT KOMIUIEKCHOTO TI0/1X0/1a, 00bEIUHAIONIETO TEXHUKY, OMOJIOTHIO U I POBHIE
TexHoJoruu. BomocOepexkeHrne u rpaMoTHas METTHOpAIUs SBIISIOTCS €IMHCTBEHHBIM
CrocoOOM  TIPENOTBpAIICHHs] MPOJOBOJILCTBEHHBIX KPH3UCOB U COXPAaHEHHS
mwiogopoauss mouB. OTBETCTBEHHOE YIMpaBIEHWE BOJHBIMH pPECypcamMu CETrOJHS
ompesieNsieT KAa4eCTBO JKM3HM OyMYIIMX TOKOJCHHH M COXPaHHOCTh TPHPOIHBIX
sKocucTeM. TONBKO 4Yepe3 WHHOBAIMM M OCO3HAHHOE IMOTPEOJICHUE UYETOBEYECTBO

CMOXKET JOCTUYb I'apMOHHUH C KIIMMATHYCCKUMH BbI3OBAMHU COBPCMCHHOCTH.
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Caenenus 00 aBrope(-ax): Amoocanos babwviu, npenooasamerns,
Ilypovibaes [ocemuwum, Amadaes /atiany, Omapose Mykam, cmyoenmeui,
Typxmenckuu cenbCcKoX03AUCMEEHHBIU UHCMUMYM

2. Hawoeys, Typkmenucman

«IUPPOBASA TPAHC®OPMALIUA ’KUBOTHOBO/ACTBA:
ABTOMATHU3UPOBAHHBIE CUCTEMBI KOHTPOJIA 3TOPOBbA U
MPOAYKTUBHOCTH CEJbCKOXO3AMCTBEHHBIX JKUBOTHBIX»

Annoranus: Iludposas Tpanchopmanmss KUBOTHOBOJICTBA 3HAMEHYET COOOM
nepexoq OT TPaJULIMOHHBIX METOAOB COAEPkKAHUSI CKOTA K KOHLEHIUU «YMHOU
dbepmMbI», TAE KaXI0€ >XKUBOTHOE HAXOAUTCS II0JI HEMPEPHIBHBIM HAOIIONCHUEM.
BHeapenrne aBTOMAaTU3MPOBAHHBIX CHCTEM IMO3BOJISIET MUHUMHU3UPOBATH BIIMSHUE
yesioBeyeckoro ¢akropa ¥ 00eCleyuTh MaKCUMaIbHO KOM(OpPTHBIE YCIOBUS IS
KU3HU TOrojoBbsi. COBpEMEHHbIE TEXHOJNOTUM cOopa U aHaidu3a JIaHHBIX
TpaHC(HOPMUPYIOT OTPACIb B BBICOKOTOYHOE IMPOM3BOICTBO, OPUEHTHUPOBAHHOE HAa
Onarornoyiyuyre >KUBOTHBIX M 3(P(HEKTUBHOCTh pecypcoB. OCHOBHOM LENBIO TaKUX
npeoOpa3oBaHUil  SIBISETCS  CO3/IaHWE YCTOMYMBOM CHCTEMBI  ITPOM3BOICTBA
KaueCTBEHHBIX MPOIYKTOB IMHUTAHUS TPU CTPOTOM COOJIONEHUH BETEPUHAPHBIX U
AKOJIOTMYECKHX CTAHIAPTOB.

Kuarwuessie ciioBa: ZKuBorHoBoacTBO, Tpanchopmauus, ABTOMaTH3ALMS,
3nopoBbe, IIpoaykTtuBHOCTH, MoHuTOpUHI, HWHHOBamum, PoboToTexHuKA,
[anubie, @epma.

OcHOBOI aBTOMAaTH3allMK B >KUBOTHOBOJCTBE SIBIISIIOTCS HOCUMbIE YCTPOMCTBA
U JTaTYUKHA, KOTOPHIE OTCICKUBAIOT (PU3UOIOTHIECKOE COCTOSHHE KaXKI0M ocoOu B
pexuMe peadbHOro BpeMmeHH. CMapT-OlIEWHHMKH, VIIHbIE OWPKM U JIaTYUKHU
aKTUBHOCTHU (PMKCUPYIOT TaKHe MapaMeTpbl, Kak TEMIIepaTypa Teja, 4acToTa IyJibca U’
MPOAOJDKUTENBHOCTh KBAYKU. OTHU JAHHBIE MO3BOJISIOT BBISBISITH OTKIIOHCHUS B
MOBEJICHUM 33JI0JIT0 JI0 TOSABJICHUS SIBHBIX KIMHUYECKUX MPU3HAKOB 3a00JI€BaHUS.

Pannee oOHapyxkeHue mpoOJieM CO 3A0POBbEM JIa€T BO3MOXHOCTH H30JUPOBATH
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00JBpHOE KMBOTHOE M HAayaTh JEYEHHE, MPEeAOoTBpallas pacnpocTpaHeHne MHpeKuu
BHYTpPH CTaJa.

ABTOMAaTHU3HPOBAHHBIE CUCTEMBI TIOCHUS [IPEACTABIAIOT coOoi
BBICOKOTEXHOJIOTHYHbIE POOOTOKOMILIIEKCHI, KOTOPbIE OJHOCTHIO 3aMEHSIIOT PYYHOU
TPYA ¥ OITUMU3HPYIOT IPOLECC MOTYyYEHHUS MOJIOKa. POOOT caMOCTOATENIBHO OUUIIIAET
BBIMS1, TOJICOEIMHSET TONIbHBIE CTAKaHbl M AHAIU3UPYET KAUECTBO MOJIOKA U3 KaX 01
7071 BBIMEHHM B mpouecce jaoeHusd. Cucrema (uUKcUpyeT 00beM HaJo0si, CKOPOCTh
MOJIOKOOTJJaYU U 3JIEKTPOIPOBOJHOCTh IPOJAYKTa, YTO IIOMOTaeT CBOEBPEMEHHO
JUArHOCTUPOBATh CKPBITbIE (OpMbI MacTuTa. JKUBOTHBIE MOIY4YalOT BO3MOXKHOCTH
JOUTHCS TI0O COOCTBEHHOMY OMOJOTMYECKOMY PUTMY, YTO CYIIECTBEHHO CHMXKAET
YPOBEHb CTpecca U MOBBIIIAET OOIIYI0 MPOAYKTUBHOCTD.

WNHTennekTyanbHble  CHCTEMBl ~ KOPMJIEHHS  MO3BOJISIFOT  pEain30BaTh
WMHIVBUIYaJbHBIA MOAXOJ K PallMOHY KaKJI0ro JKHUBOTHOTO B 3aBUCHUMOCTH OT €rO
BECa, BO3pacTa M YpOBHA IPOAYKTUBHOCTU. ABTOMAaTHYECKHE KOPMOBBIE CTaHIUU
pacmo3HaloT 0co0b IO JJIEKTPOHHOMY UYHIy U BBIIAIOT CTPOrO OTMEPEHHOE
KOJINYECTBO  KOMOMKOpPMAa WJIM  BUTAMHMHHBIX  J100aBOK. OTO  MCKIIIOYAET
NepeKapMIIMBAHUE WU HEIOKOPM, ONTUMU3HUPYS 3aTPATHI JOPOrOCTOSIIUX KOPMOBBIX
pECYpPCOB M MOAJNEPKUBAS HICAIBHYIO KOHJIMULHIO CKOTa. ToyHOE J03MpOBaHHE
OUTAHUS HAOpsSAMYIO BJIMSET Ha HKOHOMUYECKYIO 3(()EeKTHMBHOCTh XO34HCTBA U
Ka4yeCTBO I0Jy4aeMOM IPOAYKINN KUBOTHOBOJICTBA.

TexHOIOTMM  KOMIIBIOTEPHOTO  3pEHMs]  AKTUBHO  IPUMEHAIOTCA I
MOHUTOPHUHIA YIIUTAHHOCTH JKUBOTHBIX U ABTOMATUYECKOI'O ONPEIECIICHUS UX KUBOU
Maccbl 0e3 CTpeccoBOro B3BEUIMBaHMs. Buaeokamepel CO  CHEUAIBHBIM
IIPOrPAMMHBIM OOECIIEYEHUEM AHATU3ZUPYIOT TPEXMEPHBIE MOJEIU TN >KUBOTHBIX,
IPOXOJAIIMX Yepe3 BOpPOTa WM KOpuaopbl. CHcTeMa aBTOMAaTUYECKH BBIYMCIISAET
VMHJEKC YIUTAaHHOCTH W JHMHAMHUKY POCTA, IMO3BOJIAS ONEPATUBHO KOPPEKTHPOBATH
CTPATETHIO BBIPAIIMBAHMs. BH3yalbHBIM KOHTPOJb TaKKE IOMOTaeT OTCIICKHUBATH
IIEPEBIKEHHE CKOTAa M BOBPEMS 3aMedarb IPU3HAKM XPOMOTBI WM JPYTHX

HapyLIEHUI OMOPHO-/IBUTATEIIBHOTO armnapara.
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O6maynpie muaTopmbl ynopaBieHHs (GEepMO arperupyroT JaHHbIE U3 BCEX
MCTOYHUKOB, (DOPMUPYS KOMIUIEKCHYIO KapTHHY COCTOSIHUSI BCErO MPEANpPHUSATHS.
HckyccTBEHHBI MHTEIUIEKT 0OpalaThiBaeT OOJbIIME MacCHBbl HMH(POpPMALUU H
MPENOCTaBIsIET  PYKOBOAUTENIO  TOTOBbIE  PEKOMEHJALMU 1O  CEJEeKIIHH,
BOCIIPOM3BOJICTBY M BETEpUHApHBIM  MeponpustusM.  [IpornozupoBanue
ONTUMAJIBHBIX CPOKOB OCEMEHEHHS Ha OCHOBE aHaldu3a AaKTUBHOCTH JKHUBOTHBIX
3HAUUTEIBHO TOBBILAET (PPEKTUBHOCTH BOCIPOM3BOACTBA cTaja. IIpo3padyHocThb
BCEX IIPOM3BOJCTBEHHBIX TMPOIECCOB TMO3BOJISET BBISBIATh «Yy3KHE MECTa» U
NPUHUMATh 0OOCHOBAHHBIE PEIICHMS IO MacIITaOMpPOBaHUIO OU3HECA.

CucreMbl aBTOMAaTUYECKOIO MHUKPOKJIMMATa MOAJECPKUBAIOT ONTUMAIBHYIO
TEMIIEPaTypy, BIAXKHOCTh U YPOBEHb OCBEIIEHHOCTH B IOMEILICHUSX JJI COACP>KaHUs
KUBOTHBIX. JlaTUMKK ra3a KOHTPOJUPYIOT KOHLIEHTPAIIMIO aMMHUAKa U YTJIEKHCIIOTrO
ra3a, aBTOMaTUYEeCKU 3alycKasi BEHTWISALMIO MPU MPEBBIIICHUNA JTOMYCTUMBIX HOPM.
KompoprtHas cpena oOuTaHus HapsIMyl0 KOPpPEIUPYET ¢ KPENKUM UMMYHUTETOM U
BBICOKMMU TEMIIaMU POCTa MOJIOAHSIKA. ABTOMAaTHU3alMsl CUCTEM >KM3HEOOeCTIeueHuUs
NO3BOJIIET  CYIIECTBEHHO  CHM3UTh  3aTpaTbl  AIEKTPOIHEPIMM 33  CYeT
MHTEJUIEKTYaJIbHOI'O YIPaBICHUSI 000PYIOBaHUEM.

Hcnosnp30oBaHME  aBTOMATH3UPOBAHHBIX ~ CHCTEM  HABO3OYJIAJCHUS U
nepepabOTKU  OTXOJOB CHOCOOCTBYET YIYYIIEHHIO CAHUTApPHO-TUTHEHUYECKOIO
cocrosinua (pepmbl. CKpenepHble YCTAaHOBKM U POOOTHI-YOOPIIUKH PETYISPHO
OYMUIIAIOT NPOXOJbl, CHUXKAs PHUCK BO3HUKHOBEHMS KONBITHBIX 3a00JI€BaHUM.
[lepepaboTka HaBO3a B OHOra3oBbIX YCTAaHOBKAaX 0O€CIEYMBACT XO34KMCTBO
COOCTBEHHOW HHEprued M KAueCTBEHHBIMH OPTraHUYECKUMH YAOOpeHHsMHU. Takoi
KOMIUIEKCHBIH MOAXO0/ IIPpeBpaIiaeT NHo00UHbIE MPOIYKTHI JKHBOTHOBOJCTBA B LIEHHBIN
pecypc, MUHUMU3HPYS HArpy3Ky Ha OKPY’KaOIILYIO CpEay.

[udpoBas wuaeHTHUPUKAIUS KUBOTHBIX C HCIOJIB30BAaHUEM OJIOKYEHH-
TEXHOJIOTUHA TapaHTHPYET MOJHYI MPOCIEKUBAEMOCTh MPOAYKIHMHU OT (epMbl J0
npwiaBka MarasuHa. IlokynaTtenb MOXET NOJY4YUTh HHQOpPMALHUIO O palHoHE,
IIPOBEJICHHBIX BaKIMHALUAX W YCJIOBHUSAX COJEpXKaHUS JKUBOTHOTO, IPOCTO

orckanupoBaB QR-kox Ha ynmakoBke. BbICOKHIT ypOBEHB MPO3PAYHOCTH ITOBBIIIAET
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JIOBEpHUE TMOTpeOUTENIe M 3alllUIlaeT PhIHOK OT (aibcudukaTa U HEKauYeCTBEHHOM
npoaykiuu. [{udpoBoii macnopT >KUBOTHOTO CTAHOBUTCS 00S3aTEIHLHBIM 3JIEMEHTOM
COBPEMEHHOM CUCTEMbI KOHTPOJISI KAU€CTBA B MUIIEBOM MPOMBIIIIEHHOCTH.

[lonroToBka KaapoB uisi paboThl Ha HUPPOBBIX (pepMax TpeOdyeT M3MEHEHHUs
00pa3oBaTeIbHBIX CTAHJAPTOB M BHEAPEHUS MEKIUCIUIUIMHAPHBIX MPOTpaMMm
oOydenus. Cnenuaiuctel MO UUPPOBOMY >KHUBOTHOBOJACTBY JOJDKHBI 00JaaTh
3HAaHUSIMH B O0JIACTU 300TEXHUM, BETEPUHAPUU M HWHPOPMAIIMOHHBIX TEXHOJOTHMA.
PaGora ¢ coBpemMeHHBIM CO(PTOM ¥ JAMArHOCTUYECKUM OOOpPYIOBAaHUEM TpeOyeT
BBICOKOM KBalM(UKalMM W TOTOBHOCTH K IIOCTOSSHHOMY oOOyueHuro. PazBurtue
KaJIpOBOTO TMOTEHIMAJIa SIBISICTCS KpUTUUECKUM (akTopoMm ycmexa 1udpoBoi
TpaHCPpOpMallUU arpapHOTO CEKTOPa CTPAHBI.

Brenpenne poOOTH3MPOBAHHBIX CHUCTEM B MSICHOM CKOTOBOJICTBE IO3BOJISICT
TOYHO KOHTPOJIUPOBATH TEMIIbl TMPUPOCTA >KMUBOW MacChl W IJIAHUPOBATH CPOKH
peanu3anuu MpoayKIUU. ABTOMAaTUYECKHUE BECOBBIE MIAT(OPMBI, YCTAHOBICHHBIE Y
NOWJIOK, (PUKCUPYIOT BEC >KMBOTHBIX MPHU KaXKIOM IMOCEIICHHH 0e3 BMeIIaTeIbCTBa
nepcoHana. J[aHHbIE O CYTOUHBIX IIpUBECax IOMOTalT arpoHOMaM OLEHHUBAaTh
NUTATENIbHOCTh MacTOMIl WiH 3((PEKTUBHOCT, KOHKPETHBIX MApTUHA Kopma. ITO
MO3BOJISIET JOCTUTaTh 3aINIAHUPOBAHHBIX MMOKAa3aTeeld MPOU3BOICTBA B MAKCUMAJIBHO
KOPOTKHE CPOKHA C MUHUMAJIbHBIMU U3IEPKKAMH.

3akirouenmne

[Hudposas TpanchopMaius >KUBOTHOBOJICTBA SIBISIETCS KIIOYOM K PEIICHHUIO
TJI00QBHBIX BBI30BOB TI0 OOECIEUEHUIO HACEICHHS KAad4eCTBEHHBIM OEIKOM.
ABTOMAaTHU3UPOBAHHBIE  CHUCTEMBI  KOHTPOJS  3J0POBbS U  MPOAYKTUBHOCTH
o0ecreunBalOT HOBBIM ypOBEHb 3a00THl O KMBOTHBIX U 3(PGEKTUBHOCTH OHM3HEca.
Ilepexon Ha HUGPOBBIE PEIbCHI MO3BOJAET arpapHOMY CEKTOPY CTaTh JApalBEpOM
AKOHOMUYECKOTO POCTa U MHHOBAIMOHHOTO pa3BUTHUA. TOJBKO uUepe3 MHTErpaluio
MepeaoBOM HAyKM W TEXHOJIOTMM BO3MOXXHO CO3JaHHE YCTOWYHUBOIO U

MPOIIBETAIONIETO OYIYIIEro /It MUPOBOI'O >KUBOTHOBOJICTBA.
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Caenenus 00 aBTope(-ax): Osynsaeynivies Icem, npenooasameis,

Xanmvipaooe Hoxkepeenou, Cuitiaxadoea Maxpu, Baiipamoypovies Coulnanmvipam,
cmyoeHmbul,

Typxmenckuu cenbcKoX03AUCMEEHHBIU UHCMUMYM

2. Hawoeys, Typkmenucman

«IKOJIOTM3A LS CEJBLCKOI'O XO3SIIiICTBA: BHEJIPEHUE
METOJA0B OPTAHUYECKOTI'O 3EMJIEJIEJIUSI U BUOJIOT MUYECKHUX
CPEJCTB 3ALLIMTHI PACTEHMI1»

AHHOTanusA:  DKOJOTHW3alMsl  arpapHoro  CEKTopa  MPEJACTaBIIeT  CcoOOoM
CTpaTEeruyeCKUuil MepexoJ OT MHTEHCUBHBIX XHWMHU3UPOBAHHBIX METOJOB K
OmoJoTMYeCcK 0OOCHOBAHHBIM CUCTEMAaM XO3IMCTBOBaHUA. B yClI0BUAX T7100aJIBHOTO
WCTOIIEHUS TTIOYBEHHBIX PECYpPCOB U 3arps3HEHUS BOIHBIX MCTOYHMKOB KOHIICTILIMS
OpraHWYEeCKOTO  3eMJICJICTIUs CTAaHOBUTCS  (YHAAMEHTOM  IPOJIOBOJILCTBEHHOM
Oe3omacHocTH Oyaymiero. OTOT TMOAXOJ MOApa3yMeBaeT TMOJIHBIM OTKa3 OT
CUHTETUUYECKUX YAOOpPEHUH, IECTUIIMI0B M TEHETUYECKH MOIUDHUIIMPOBAHHBIX
OpPraHu3MOB B TOJIb3y €CTECTBEHHBIX IIUKJIOB. BoccTaHOBIEHHE MPUPOIHOTO
pPaBHOBECHS Ha CEJIbCKOXO3SMCTBEHHBIX YTOABSAX MO3BOJISET MOAYy4YaTh MPOAYKIIHUIO C
BBICOKMMHU Ka4YE€CTBEHHBIMHU XapaKTEPUCTUKAMHU M COXPAHATH 37I0POBbE OKPYKAIOIICH
Cpebl T OCIECIYOIIUX MMOKOJICHHUM.
KuroueBble ciaoBa: 3emuenenne, Oprannyeckoe, Jxojgorusanus, buonpenaparsoi,
3amura, IlouBa, UnnoBanuu, buopasnoodpasue, YcToiluuBocTh, be3onacHocTs.
Opranudeckoe 3emuienenne Oasupyercs Ha TOJJICPKAHUHU KUBOU CTPYKTYPHI
MOYBbl M €€ E€CTECTBEHHOTO IJIOJOPOAUS 4YEepe3 HCIOJIb30BAHUE OPTaHUYECKUX
ynoOpeHunii. BHeceHne KOMIIOCTOB, CHICPATOB U HaBO3a CIIOCOOCTBYET HAKOILJICHHUIO
rymMmyca U aKTMBU3ALMH TIOJE3HON MOYBEHHOW MHUKPOQIOpHL. 3710poBas MOYBECHHAS
IKOCHCTEMa CIIOCOOHAa CaMOCTOSITENIbHO OOecneyrnBaTh PACTCHHUS HEOOXOIWMBIMHU
MMATATSILHBIMU JJIEMEHTaMU M 3()GhEeKTUBHO yAepKuUBaTh Biary. Takol MeToj

HCKIIIOYACT HAKOIUICHHC HUTPATOB M TOKCHMYHBIX BCIICCTB B KOHCUYHOU MNpOAYKIHNH,
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nenasi ee Oe3omacHOW asi 4enmoBeka. JloArocpodyHoe WHBECTHPOBAHUE B KAa4eCTBO
3eMJIH SIBJISIETCS 3JI0TOM CTaOMIIBHOCTH YPOXKAEB U YCTOMYMBOCTH arposianamadToB
K KJIMIMAaTHYECKUM CTPECCaM.

buonoruyeckue cpencrtsa 3amutbl pactrenuit (BC3P) nmpuxondar Ha cmeHy
OIMACHBIM XMMHYECKUM WHCEKTHIHJIAM W (YHTHIHAAaM, OOecredrnBas TOYCUHOE
BO3JICHCTBHE Ha BpEIUTENCH. OTH TpernapaThl CO3MAIOTCS HA OCHOBE IKUBBIX
OpraHU3MOB, TaKWX Kak HHTOMO(daru, TmoJie3Hble OaKTepHH, TPUObI W BHPYCHI.
Hampumep, WCMOIb30BaHWE TPUXOTPAMMBI MJIM  XHIIHBIX KJICHMIEH IO3BOJISET
KOHTPOJIUPOBATh TOMYJISAIMI0O BPEAHBIX HACEKOMBIX 0€3 Bpefa ISl IOJIE3HBIX
ompuIMTENIeH. buoslormueckue MeTOoABbl 3allUThl HE BBI3BIBAIOT TPUBBIKAHUS Y
NAaTOTCHOB M HE OCTAaBJSIOT BPEAHBIX OCTATKOB B IOYBE M BOJE. JTO ITO3BOJISCT
IPOU3BOJIUTH YKOJIOTHIYCCKH YHCTBIC MPOTYKThI, COOTBETCTBYIOIIUE CAMBIM CTPOTHUM
MHUPOBBIM CTaHAapTaM KadecTBa.

[IpumeHeHne MUKpPOOHOJOTUYECKUX YAOOPEHHH M CTUMYJSITOPOB POCTa Ha
OCHOBE a30TUKCUPYIOMUX U  (ochaTMOOHMIU3YIOMMX OaKTepHil IMOBBIIIACT
3G ()EeKTUBHOCTh MUTAHUS KYJIBTYpP. ITH MUKPOOPraHU3MbI BCTYNalOT B CUMOMO3 C
KOPHSIMHU pacTEHUH, TOMOTasi UM YCBaUBaTh 3JIEMEHTHI, KOTOPbIE paHee HAXOIUIUCh B
HepoctynHoi (opme. Vcmonp3oBanue OuompemnapaToB CHUXKAET 3aBUCUMOCTH
dbepMepoB OT TOPOTOCTOSIINX MUHEPATBLHBIX TYKOB M YMEHBIIIAET SHEPro3aTpaThl Ha
UX TPOU3BOJCTBO. buonorusanus NUTaHUS PACTCHH BENET K YKPEIUICHUIO HX
€CTECTBEHHOTO UMMYHHUTETA M TIOBBIIIICHUIO YCTOMUMBOCTH K 3aCyXaM M 3aMOPO3KaM.
BHenpenue Takux TEXHOJOTHH SBISETCS BaKHBIM IIAroM Ha MyTH K CO3JaHUIO
3aMKHYTBIX H CAMOPETYIUPYIOMIUXCS arPOCUCTEM.

CoOnroieHrie  MHOTOIMOJBHBIX ~ CEBOOOOPOTOB  SIBISIETCS  KIIFOUEBBIM
arpOTEXHUYECKUM TPUEMOM B  OPTraHUYECKOM  CEIIbCKOM  XO3SUCTBE  JJIS
MPEeIOTBpAIICHNs] HakomieHus OomesHei. [IpaBunbHOE dYepemoBaHUE KYIBTYp C
pa3HON TJIYyOMHOW KOPHEBOW CHUCTEMBI TIO3BOJISIET PAaBHOMEPHO HCIOJIb30BaTh
MUTATEIbHBIC BEMIECTBA M3 PA3MYHBIX CIIOEB MOYBHI. BrimtoueHne 6000BBHIX TpaB B
CTPYKTYPY TIOCEBHBIX IUIONMIACH OO0ECIeYMBAET €CTECTBEHHOE OOOTAICHHE 3eMIIA

azoroM u3 artMmocdepnl. CeBOOOOPOTHI Takxke chyxaT 3(PQPEeKTUBHBIM CPEICTBOM
379



OOpbOBI C COpHSIKAMU, HapyIliasi UX UKLl Pa3BUTHUS 0€3 MPUMEHEHUs TepOUIIH]IOB.
WNHTennekTyaqpHOE IJJAHUPOBAaHUE IIOCEBOB IMPEBpAIllaeT KaXKJoe TMoJe B
cOQJIaHCUPOBaHHYI0  OMOJIOTMYECKYIO  €JUHUIy C  BBICOKOW  BHYTpPEHHEU
MIPOIYKTUBHOCTHIO.

Mexanudeckass UM TepMmMuueckas Oopb0a € COpHSKaMU B OPraHHMYECKOM
MPOU3BOJICTBE 3aMEHSIET MCIOJb30BaHUE arpeccuBHOM XuMuu. COBpEMEHHbIE
KyJIbTUBATOPbl C ONTHYECKUMHU JaTUUKAMH U POOOTHI-MPOMOJBIIUKA CIIOCOOHBI
yIaJasiTh COPHYIO pPAaCTUTENBHOCTh C IOBEJIMPHOM TOYHOCTBIO, HE MOBpEXKIas
KyJIbTypHbIe BCXOAbl. [IprMeHEHHE MyNIbUYUPYIOMINX MATEPUANIOB U CIEIHATBHBIX
YKPBITU MOABIISIET POCT COPHSKOB M COXPAHSIET MOYBEHHYIO Biary. Mcnonbs3oBanue
IJIAMEHHBIX  TIPOMOJBIIUKOB A(MPEKTUBHO YHUYTOXKAET CEMEHAa H IPOPOCTKU
HE)KeJlaTeIbHBIX PACTEHUN Ha paHHUX CTaAUSIX. DTU METOJIbI TPEOYIOT O0JIee BHICOKOH
KyJbTYphl 3€MJENENUs M TOYHOCTH OIepanui, HO TapaHTUPYIOT OTCYTCTBHUE
repOUIIMIHOTO TIPECCUHTa Ha arpoIeHO3.

BoccranoBinenue  OmopazHooOpas3usi BOKpPYr TIOJed  depe3  co3daHHe
«QKOJIOTUYECKUX KOPUAOPOB» U JKUBBIX U3rOPOJIEH MPUBJIEKAET €CTECTBEHHBIX BParoB
Bpeautenei. [ITuipl, geTydyre MbIIIKA U TOJIE3HbIE HACEKOMbIE HAXOMAT yOexuIle B
TaKUX 30HaX U CTAHOBSATCA OECIJIATHBIMU IMOMOIIIHUKAMU (epMepa B 3aIUTE yPOKas.
CoxpaHeHue OCTPOBKOB IMKON MPUPOIBI BHYTPH arpojaHamadra crnocoOCTByeT
OTIBUICHUIO KYJBTYP U TIOIJIEP>KAHHUIO 00IIIET0 YKOJIOTHYECKOT0 3/J0POBbs TEPPUTOPHUH.
Takoi mOAXOH TMpeBpallaeT MOHOKYJBTYPHBIE IUIAHTAUMM B  YCTOMYUBBIC
MOJIUKYJBTYPbI, MEHEE TOJIBEPKEHHBIE MACCOBBIM BCIIBIIIIKaM Ooje3Hel. ['apmonus
MEXIY IPOU3BOACTBOM M JUKOW INPUPOJNOU SBISETCS BHU3UTHOM KapTOYKOW IO-
HACTOSIIIEMY OpPraHU4YECKOr0O X03s1CTBa.

Hcnonp3oBanue pepOMOHHBIX JOBYIIEK U CUCTEM JIE30PUCHTAIIMU BpeIUTENEH
MO3BOJISIET KOHTPOJUPOBATh WX YHUCICHHOCTh 0€3 MPSMOTO YHHUTOXCHHS. OTH
CpPEeACTBA MUMUTUPYIOT 3allaXd HACEKOMbIX, MEIIasi UM HaxOJUTh MapTHEPOB s
Pa3MHOXKEHHUSI M OTKJIAJbIBaTh sillla Ha moceBax. Meroj sBiseTcs aOCONIOTHO
CEJICKTUBHBIM M HE 3aTparuBaeT APYrve BUIbI )KUBOTHBIX U MOJIE3HBIX HACEKOMBIX B

skocucteme. [{udpoBoii MOHUTOPUHI JIOBYIIEK I[O3BOJIIET TOYHO OMNPEACIIAThH
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MOMEHTBI TTMKOBOW aKTUBHOCTH BpEAUTENEH U CBOEBPEMEHHO MPUMEHSTh TOUCUHbBIC
Oouonornueckue mepbl. MHHOBanuu B oOsactu (EepOMOHOB OTKPBIBAIOT MYTh K
CO3JIJaHUI0 «YMHOI» 3allIUThl PACTEHU, OCHOBAaHHOM Ha MOHUMAaHUU OMOJIOTUM BUJIOB.

Ceptudukanusi OpraHM4eCKON MPOAYKIIMHU MO MEXKAYHAPOIHBIM CTaHIapTaM
obOecrnieurBaeT MPO3pavyHOCTh IIEMOYKHU MOCTABOK U JoBepHue norpeduteneit. Ctporuit
KOHTPOJIb Ha BCEX ATalax — OT MOATOTOBKU CEMSH JI0 YIIaKOBKH TOTOBOTO TOBapa —
rapaHTUPyeT OTCYTCTBHE CKPBITBIX 3arps3HeHuil. MapkupoBKa CHeIHAIbHBIMU
3HaKaMH (Hampumep, «3elieHbld JucTok» B EC) mo3BossIEeT MOKymaTensiM JIETKO
UACHTU(DUITUIPOBATh, HATypalbHbIE MPOAYKTHL. Pa3BUTHE HAIMOHAIBHBIX CHUCTEM
cepTuUKaAIMU CTTIOCOOCTBYET BBIXOAY MECTHBIX (hepMEepOB Ha MPEMHUAIBHBIC PHIHKU U
MOBBIIIACT HKCIOPTHBIA TOTEHIMAT oOTpaciau. YecTHas MapKUpPOBKA SBISIETCS
CBSA3YIOIIMM 3BEHOM MEXIY SKOJIOTMYECKH OTBETCTBEHHBIM IPOM3BOJIUTEIIEM U
OCO3HAHHBIM MOTPEOUTEIEM.

DxoHoMHu4YecKkast 3HPEKTUBHOCTh OPTaHUYECKOTO 3eMJICNICNNs JTOCTUTASTCS 32
CYET BBICOKOM JT00aBJIICHHOW CTOMMOCTH MPOYKIIMKA U CHUXKEHHUS 3aTPaT Ha MOKYITHBIC
XUMUKAThl. XOTs YPOKaWHOCTh B MEPEXOAHBIN MEPHOT MOXKET OBITh HIKE, YEM TIPH
WHTEHCUBHBIX TEXHOJIOTHSAX, IIEHA PeaM3alii OPraHUYECKUX TOBAPOB 3HAYUTEIILHO
Bbillie. COpoc Ha HKOJOTMYECKHM YHUCTYI0 €y B MHPE pPaCTET OINEpeKarolmnMu
TEMITaMH, CO3/IaBasi HOBbIC PHIHOYHBIC HUIIW JJII MAaJOr0 W CPeIHEro arpoOu3Heca.
CHmWKEeHUE PUCKOB, CBA3aHHBIX C 3arPSA3HEHUEM TI0YB M mITpadamMu 3a SKOJIOTHIECCKUE
HapyIICHUsS, TakK)Ke IIOJIOKUTEIbHO CKa3bIBaeTCsS Ha (PUHAHCOBOM YCTOWYHMBOCTH
x03s11cTB. OpraHuuecKoe CEIIbCKOE XO3SIMCTBO JOKAa3bIBaCT, 4TO 3a00Ta O MPUPOJC
MOXET OBITh MPUOBUTLHBIM M IEPCIIEKTUBHBIM JICTIOM.

3akarouenue

DKoNoru3anusi CeIbCKOTO XO3SHWCTBA Yepe3 OpraHuYecKhe MeETOIbl U
OMOJIOTMYECKYI0  3alllMTy  SBIACTCS  Oe3aJbTepPHATUBHBIM  ITyTEM  Pa3BUTHS
IUBUIK3AUM. BO3BpaT K €CTECTBEHHBIM MPHUHIIUNAM TUIOJOPOAUS B COYETAHHH C
HAay4YHBIMM  WHHOBAIMSIMM ~ TIO3BOJIIET ~ pemiaTh  IJioOalbHBIE  MPOOJIEMBI
COBpEeMEHHOCTH. bepekHoe OTHOIIIEHHE K MOYBE, BOJIE M OMOpPa3HOOOpa3Hio CO3/1aeT

OCHOBY /ISl JOJTOCPOYHOTO MpOLBETaHUs arpapHoro cexropa. Kaxaeiii BbIOOp B
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MOJIb3y OPraHUYECKOW MPONYKLUHMH CETrOJHs — 3TO BKJAJ B YHCTOE U 310POBOE
OynyIiee HalIero Mupa.
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