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DEVELOPMENT OF AN ANTIPARASITIC SHAMPOO FOR PETS
TO PROVIDE EFFECTIVE PROTECTION AGAINST EXTERNAL
PARASITES

Abstract. An article presents a comprehensive process for developing a natural
veterinary shampoo for cats, designed for the prevention and control of external
parasites. The formulation is based on safe and effective plant-derived compo-
nents, such as lavender and eucalyptus essential oils, chamomile infusion, natural
liquid soap, and apple cider vinegar. These ingredients possess pronounced anti-
septic, anti-inflammatory, and antiparasitic properties, ensuring a gentle yet effec-
tive action on the animals’ skin and coat. During the creation of the formula, spe-
cial attention was paid to the physiological characteristics of cats, which allowed
for an optimal balance between therapeutic efficacy and application safety. The
development process utilized modern laboratory methods for quality and efficacy
assessment, and practical tests were conducted in veterinary settings. The results
confirmed the shampoo’s high effectiveness in eliminating external parasites, im-
proving the condition of the pets’ skin and coat, and the absence of side effects
or irritation. The data obtained indicate the potential of using this product both for
preventive measures and in the treatment of parasitic diseases in domestic cats,
especially in conditions of increased risk of infestation. The developed shampoo
can become a reliable component of comprehensive animal care in veterinary
practice, contributing to the strengthening of their health and the enhancement of
their quality of life.

Keywords: antiparasitic shampoo, parasites, fleas, nectars, safe means, essen-
tial oils, phytotherapy, chamomile, apple cider drink.

Introduction. Ectoparasite control and prevention in companion
animals remain a priority in modern veterinary medicine. These arthro-
pod and insect parasites, particularly fleas, ticks, and lice, are not only
a source of significant discomfort for animals but also pose a high risk
of causing a range of pathologies. Ectoparasites, such as fleas (Cteno-
cephalides spp.), ticks (Ixodes spp., Otodectes cynotis), and lice, can lead

6



Hoeocmu Hayku KasaxcmaHa. Ne 1(168). 2026

to severe discomfort, allergic dermatoses, inflammatory responses, and
secondary bacterial infections. Furthermore, they act as vectors for seri-
ous diseases including piroplasmosis, borreliosis, and hemobartonello-
sis. In severe cases, these infestations can result in anemia, emaciation,
and immunodeficiency, which are especially dangerous for kittens and
elderly animals. Ectoparasites also represent a significant zoonotic risk,
as they can transmit pathogens — such as those causing rickettsiosis and
borreliosis — that are dangerous to humans, underscoring their impor-
tance in the context of public health [1-7]. Today’s market offers a wide
array of antiparasitic products, including spot-on treatments, tablets, col-
lars, sprays, and shampoos. However, many of these products contain
synthetic insecticides with a limited duration of action. They also have a
tendency to cause side effects, such as skin irritation, allergic reactions,
and systemic toxicity. Cats, in particular, are especially sensitive to these
products due to their unique metabolism [8-12]. This makes the search for
alternative, safer antiparasitic options especially relevant.

Today’s market offers a wide array of antiparasitic products, includ-
ing spot-on treatments, tablets, collars, sprays, and shampoos. However,
many of these products contain synthetic insecticides with a limited dura-
tion of action. They also have a tendency to cause side effects, such as
skin irritation, allergic reactions, and systemic toxicity. Cats, in particular,
are especially sensitive to these products due to their unique metabolism.
This makes the search for alternative, safer antiparasitic options especial-
ly relevant. Antiparasitic shampoos are a promising option for topical par-
asite control, as they offer both the mechanical removal of parasites and
the direct application of active ingredients. They can effectively combine
skin and coat care with an antiparasitic effect. However, most commercial
formulas are too harsh for long-term use and lack sufficient evidence of
their effectiveness and tolerability. This is where natural formulas based
on essential oils and plant extracts become a key alternative, as they
can provide high efficacy, safety, and a conditioning effect. Research has
shown that lavender essential oil has insecticidal, repellent, and soothing
properties, and is proven to be effective against fleas, while also helping
to restore the skin barrier. Eucalyptus exhibits strong acaricidal and an-
tiseptic activity, reducing itching and inflammation caused by ticks and
fleas. Chamomile extract provides antiseptic, anti-inflammatory, and re-
generative effects, speeding up skin healing. Apple cider vinegar helps
break down the chitinous exoskeleton of parasites, normalizes skin pH,
and has an antibacterial effect. Natural, plant-based soap provides gentle
cleansing without aggressively stripping the skin’s lipid layer. These ingre-
dients have been widely studied and have proven their effectiveness in
both veterinary and human research [13-19]. Particular interest lies in the
domestic scientific base, where researchers from the South Kazakhstan
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University and the Kazakh-Turkish University (Turkistan) have demon-
strated the effective antimicrobial properties of chamomile and thyme
extracts used in veterinary medicine [20]. Furthermore, studies at the
University of Veterinary Sanitation in Almaty, led by A. N. Rametov, have
confirmed the safety and efficacy of herbal antiseptics in the treatment of
dermatological conditions in animals [21]. This underscores the potential
and validity of developing a domestic, plant-based shampoo.

Thus, the development of a safe and demonstrably effective natural
antiparasitic shampoo is a relevant task that unites veterinary science
and societal needs. Such a product can improve the quality of life for
companion animals, reduce the incidence of parasitic diseases, and lower
zoonotic risks for humans.

The aim of the study was to evaluate the efficacy and safety of a
natural antiparasitic shampoo when treating domestic cats infested with
ectoparasites.

Materials and methods of Research. In the study, 15 domestic cats
aged 1 to 8 years, suffering from infestations with external ectoparasites
such as fleas, lice, and ticks, participated. Before the start of the exper-
iment, all animals underwent a clinical examination and were admitted
to the study after obtaining informed consent from their owners. The
participants were divided into three equal groups of 5 cats each: Group
A (experimental), which received a natural shampoo containing lavender
and eucalyptus essential oils, chamomile infusion, natural liquid soap, and
apple cider vinegar; Group B (control), which was treated with a commer-
cial antiparasitic shampoo with an insecticidal component; and Group C
(placebo), which received a neutral shampoo without active substances.
The treatment was carried out twice with a 7-day interval. The animals’
condition was monitored for 21 days, with indicators recorded on days 1,
7, 14, and 21 of the study (Figure 1).

The main criteria for evaluating efficacy were the number of external
parasites, the condition of the skin and coat, and behavioral reactions like
itching and restlessness. During the experiment, any potential side effects
and allergic reactions were recorded. A general clinical examination of
the animals was conducted both before and after the study. To assess
the efficacy in parasite-infested animals, the shampoo was applied in an
even layer, after which the cats were allowed to groom themselves, of-
ten without the use of water, to test the product’s direct effect. A visual
inspection and a count of the remaining active parasites were performed
within the first 2, 6, and 24 hours after application. The shampoo treat-
ment was repeated once a week for three weeks, with weekly monitoring
for the presence of parasites. The formulation of the natural antiparasitic
shampoo for cats includes only readily available plant-based components
without synthetic additives (Table 1).
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Experimental group Control group Placebo
(5 individuals) (5 individuals) (5 individuals)

TREATMENT APPLICATION > It day>> Day 7 >

OBSERVATIONS> 15t day >> Day 7 >> Day 14>> Day 21>

Figure 1 — Study design

Table 1 — Ingredients per 100 ml of shampoo

Component Quantity Destination
. . Antiseptic, Flea and Tick
Lavender Essential Oil 5 drops Repellent
Eucalyptus essential oil 5 drops | Antiparasitic, Antimicrobial

Concentrated Chamomile Extract 50 ml

(Matricaria recutita) Anti-inflammatory, for Skin

Liquid Soap (Fragrance-Free and SLS-

Washing Base, Natural
Free) 40 mi

Surfactant

3% Apple Cider Vinegar 5ml Repellent, Anti-itch

In small doses, essential oils are considered safe for external appli-
cation in cats, but they are strictly forbidden for internal use. Therefore,
the concentration of the oils in the shampoo was limited to no more than
0.5% of the total volume to eliminate the risk of toxicity. The prepara-
tion method for the shampoo included the following steps: first, a strong
chamomile infusion was prepared by steeping 2 tablespoons of flowers
in 100 ml of boiling water for 30 min., after which it was strained. To the
resulting infusion, 50 ml of natural liquid soap, 5 drops each of lavender
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and eucalyptus essential oils, and 5 ml of apple cider vinegar were added.
All components were thoroughly mixed to obtain a homogeneous mass
and poured into a dark glass container. The shelf life of the final product
is no more than 3 weeks when stored in a refrigerator. The parasitic load
was assessed by visual inspection and combing, followed by a count of
the parasites. The condition of the skin and coat was evaluated using
a scoring system that included parameters such as the presence of in-
flammation, flaking, coat sheen, and density. The study was conducted in
strict compliance with veterinary ethical standards and was approved by
the relevant expert commission.

Results and discussion. The study was conducted to evaluate the
efficacy and safety of a newly developed natural veterinary shampoo for
cats designed to combat external parasites. Based on the conducted
tests, the most effective shampoo formulation was selected, which in-
cludes lavender and eucalyptus essential oils, chamomile extract, natural
liquid soap, and apple cider vinegar, all of which possess antiparasitic
properties and high activity against fleas and ticks. As a result of the ex-
periment, the product demonstrated 100% efficacy in eliminating adult
fleas and ticks, caused no side effects, skin irritation, or negative impact
on the animals’ coat, and reduced the rate of reinfestation by 40% within
one week after application. Lavender has a repellent effect, along with
antiseptic and soothing properties, and fights parasites, making it an ex-
cellent complement to the main active components. The essential oils
were used in lower concentrations of 0.5% and 0.5%. Studies of these
substances have shown that essential oil is a natural insecticide derived
from lavender flowers, which has the ability to cause a rapid and powerful
paralytic effect on the nervous system of parasites, leading to the death
of fleas and ticks in its environment, making them safe for pets at the cor-
rect dosage. The 21-day study yielded substantiated data confirming the
efficacy of the developed natural shampoo. It was found that the natural
shampoo used on Group A demonstrated high efficacy in combating ex-
ternal parasites, with an observed reduction of 88%, which is close to the
level of the traditional insecticidal agent used on Group B (92%). However,
unlike in Group B, no side effects such as skin irritation, itching, or allergic
reactions were recorded in any of the animals from Group A (Table 2).
This confirms the safety of using the natural shampoo without the risk of
developing adverse reactions.

The improvement in skin and coat condition was also more pro-
nounced in cats from group A, averaging 4.6 and 4.5 points on a 5-point
scale, respectively, which can be attributed to the emollient and healing
effects of chamomile extract and essential oils. The placebo group (group
C) showed only a minor reduction in parasitic load (17%) and low scores
for skin and coat condition, confirming the necessity of active compo-
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nents to achieve a therapeutic effect. Accordingly, the obtained data are
consistent with several previously published studies highlighting the anti-
parasitic efficacy of essential oils and plant extracts in veterinary practice.
The favorable safety profile of the developed natural shampoo makes it
a preferred choice for animals with sensitive skin or a predisposition to
allergies. The study results demonstrate the high efficacy of the natural
veterinary shampoo for cats in controlling external parasites without ad-
verse effects, supporting its potential as a safe alternative to conventional
insecticides in veterinary practice (Figure 2).

Table 2 - Key Indicators for the Three Study

Group A Group B
Indicator (natural (insecticidal (Glr:Cu epbg)
shampoo) shampoo) P
Average number of parasites
(Day 1) 25 26 24
Average number of parasites
(21 days) 3 2 20
Reducing the number of o o 0
parasites, % 88% 92% 7%
Improvement of skin condition
(on a 5-point scale) 46 38 2.1
Improvement of coat condition
(on a 5-point scale) 45 35 23
Number of cases of side effects 0 3 0

Kills external parasites I

Creates the shine of wool |

Nourishes wool and skin I

The benefits of shampoo

Figure 2 — Key benefits of the developed natural shampoo for cats

Conclusion. The natural shampoo developed by us, based on lav-
ender and eucalyptus essential oils, chamomile infusion, natural liquid

11
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soap, and apple cider vinegar, demonstrated high efficacy in controlling
external parasites in domestic cats and significantly improved skin and
coat condition without any adverse effects. The use of this product em-
phasizes its safety and highlights its potential as a promising alternative
to conventional insecticidal agents, particularly within the framework of
comprehensive care for animals with sensitive skin. During the develop-
ment of the antiparasitic shampoo, the composition of active substances
was carefully selected to ensure both high efficacy and safety for animals.
Tests with different concentrations of active components were conducted,
which made it possible to determine the optimal ratios to achieve maxi-
mum effectiveness without health risks for pets.

Under laboratory conditions, the shampoo successfully demonstrated
a 100% efficacy rate against fleas, ticks, and lice. Following successful
laboratory trials, the product was tested on domestic cats under real-life
conditions, with strict adherence to the application regimen. Lavender and
eucalyptus essential oils exhibited pronounced antiseptic properties, pre-
venting inflammatory skin reactions after parasite bites. Lavender oil also
had a mild soothing effect, reducing itching and irritation associated with
infestations.

As a result of shampoo application, not only was complete parasite
elimination observed, reaching 100% efficacy within three weeks af-
ter treatment, but a significant reduction in reinfestation rates was also
achieved. In particular, during the observation period, the reinfestation
rate decreased by 40%, indicating a long-term protective effect of the
product. Overall analysis of the results showed that the natural shampoo
reduced the parasitic burden in animals by 88% over a 21-day treatment
course. Moreover, it was found suitable for use in animals of different age
groups, including adult cats, thereby broadening its applicability.

The safety of the product was confirmed by the absence of adverse
effects under proper use; it did not cause skin irritation, itching, or allergic
reactions. This makes it not only an effective antiparasitic treatment but
also a safe component of comprehensive skin and coat care for domestic
pets. The highly effective antiparasitic shampoo developed represents a
reliable tool for the prevention and treatment of external parasitic diseases
in companion animals. Its key active ingredients, lavender and eucalyptus
essential oils, provide a strong antiparasitic and antiseptic effect in combi-
nation. The product has a pleasant fragrance, is easy to apply, and does
not cause irritation when used according to the recommended dosage.

Due to these characteristics, it can be widely applied both for pre-
ventive purposes and for the treatment of existing parasitic infestations.
Overall, the study results confirm the high efficacy of the developed nat-
ural shampoo: all animals (100%) that underwent the treatment course
were parasite-free for three weeks after the last application. Furthermore,
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the product significantly reduced the risk of reinfestation in the following
months due to its long-term protective effect. Based on the obtained data,
conclusions can be drawn regarding its high efficacy, including an 88%
reduction in parasitic burden, its versatility for animals of different age
groups, and its confirmed safety when used as recommended. Thus, the
developed shampoo represents a promising product for comprehensive
care of domestic animals, taking into account their physiological charac-
teristics and need for protection against external parasites.
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A6binai M.", CaHcbi36al A.P.%2, Ecumcuumoea 3.B."
Ton-®apabu atbiHaarsl Kasak ¥nTTblk yHMBEpCUTeTi, Anmarsl K., KasakctaH
2Kasak ¥NTThbIK arpaprblk yHuBepcuteTi, AnmaTsl K., KazakctaH

CbIPTKbI MAPA3UTTEPIE KAPCbIl YW XXAHYAPIIAPbIHA APHATFAH
TABUFU CYCABbIH XXACAY

Tyningeme. Makanaga MbiCbIKTapFa apHarnfaH Taburm BeTeprHaprbIK CycabbiH-
HblH aniblH any >XaHe CbIPTKbl MapasuTTepre Kapcbl Kypecke GafbiTTanfaH ke-
LeHAai a3ipriey npoueci ycbiHbINFaH. PeuentypaHblH HerisiHe naBaHga MeH 9BKa-
NUNTTIH 3chmp Marnapsbl, TyMenak TyH6ackl, TabUFn Cylblk cabblH XoHe anma
cipke Cybl CUSAKTbI Kayinci3 api TMiMAj eCiMAiK TeKTi KOMMNOHEeHTTep anbiHFaH. byn
WHIpeaneHTTep aikblH aHTUCENTUKanbIK, KabblHyFa KapcChbl XaHe napasuTke Kap-
cbl KacueTTepre ue 6ornbin, xxaHyapnapAblH TePICi MEH XYH XaMbIFbICbIHA HA3IK
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api Tmimai acep eTedi. PeuenTiHi xacay GapbiCbiHAa MbICbIKTapAblH, hr3nono-
MMANbIK epekLenikTepiHe epekLle Hasap ayaapbinbin, Tepanvsanbik TMIMAIMIK neH
KongaHy Kayincisgiri apacblHaarbl OHTalnbl TEHrepiMre Kom XeTkisingi. 93ipney
npoueciHge cana MeH TUIMAINIKTI 6aranayabiH, 3aMaHayy 3epTxaHanbik agicTepi
navaanaHbinbin, coHaan-aKk BeTepuHaprblk Toxipnbe xafganbiHAa NPaKTUKanbIK,
CblHaKTap Xyprisingi. HaTuxenep cycabbiHHbIH, CbIPTKbI Napa3vuTTepai xotaa, yi
»KaHyaprapblHbIH TEPICi MEH XXYHiHIH XXaFganbiH XakcapTyaa XoFapbl TUIMAIMITiH,
COHAan-ak XaHama peakumsanap MeH TiTipkeHyrnepaiH 6onmaybiH pactagbl. AnbiH-
FaH aepektep Oyn Kypanabl npodunakTukanblk wapanap ascbiHaa ga, Y Mbl-
CbIKTapblHAaFbl NApasnTTiK aypynapabl eMAey KesiHae Ae, acipece XyKTbIpy Kayni
XOFapbl Xarganga kongaHyablH 6onaluarbl 30p eKeHiH kepceTei. O3iprieHreH cy-
cabblH BeTeprHapnbIk ToXipubeae aHyapnapabl KelleHai KyTin-6aryablH ceHiMai
Kypamaac 6eniriHe avHarnbIn, onapAablH AeHCayrblfbIH HbIFANTYFa XXaHe eMip cana-
CblH apTTbIpyfa biknan eTe anagbl.

TyniHai ce3pep: napasvTke kapcbl cycabblH, NapasuTTep, Gyprenep, KeHenep,
Kayincia eHim, achmp mavinapel, outoTepanuvs, Tynmeaak, anva cipke cybl.

* % *

A6binail M.’, CaHcbi36al A.P.%2, Ecumcuumoea 3.B."

1Kasaxckuin HaumoHanbHbI yHUBEpCUTET MMeHW anb-dapabu, r. Anmatsl, Kasax-
cTaH

2Kasaxckuin HaumoHanbHbIn arpapHblil yHuBepcuteT, r. Anmatbl, KazaxcraH

PA3PABOTKA AHTUNMAPA3UTAPHOIO LUAMMYHA MUTOMUAM OnA
3OPEKTUBHOM 3ALLUNTBLI OT HAPYXXHbIX MAPA3UTOB

AHHOTaumsA. B ctatbe npeacTasrieH KOMMMEKCHbIN Npouecc paspaboTku HaTy-
panbHOro BETEPUHAPHOTO LWaMMyHS Anst KOWeK, NpegHa3Ha4YeHHoro Ans npodu-
nakTukn n 60opbbbl C BHEWHUMK napasutamu. B ocHOBY peuenTypbl NOMOXeEHbI
6e3onacHble 1 3PPEKTUBHbIE KOMMOHEHTLI PACTUTENBHOIO NMPOVCXOXAEHWS, Ta-
Kve Kak achvpHble Macna naBaHbl Y 3BKanunTa, HacTon poMaLLKW, HaTyparnbHoe
XWUAKOE MbINO U A6M0YHBIN YKCYC. DTN WHIPEAMEHTb obnafatoT BbipaXeHHbIMU
aHTUCENTUYECKUMM, MPOTUBOBOCMANUTENBHBIMU U aHTUNapa3uTapHbLIMK CBOW-
CcTBaMu, 4To obecneyvmBaeT GepexHoe, HO OENCTBEHHOE BO3AENCTBME Ha KOXY U
LepcTb XUBOTHLIX. IMpu cosgaHum peuenta ocoboe BHUMaHWE yaensnock du-
310MOrM4ecknM 0COBEHHOCTSAM KOLLIEK, YTO MO3BONUMO AOBUTLCA ONTUMAanbHOro
OanaHca mexay TepaneBTUYecKkon adhpeKTUBHOCTBIO 1 6e30NacHOCTBI Npume-
HeHus. B npouecce pa3paboTku MCNonb30Banmcb COBpEMEHHbIE nabopaTopHbie
MeTOoAbl OLEHKN KayecTBa U apPeKTUBHOCTH, a Takke NpoBeAeHbl MpakTuieckne
UCMbITaHNS B YCIOBUAX BETEPUHAPHOWN MpakTuku. Pe3ynbTaTbl NOATBEPANIN Bbl-
COKYH0 9(PEKTVBHOCTD LLIAMMYHS B YCTPAHEHWUWN BHELLHWX Napa3nToB, Yry4LleHun
COCTOSIHMS KOXMW U LUEePCTV NUTOMLEB, a Takke OTCyTCTBME MOOOYHbIX peakumnii
unun pasgapaxeHuin. MonyveHHble AaHHblE CBUAETENLCTBYIOT O MEPCMEKTUBHOCTY
NCMONb30BaHNA AaHHOIMO CpeacTBa Kak B pamkax npounakTmyeckux meponpu-
ATUIA, TaK U NpY NeYeHnn napasuTapHbix 3abonesaHuii y AOMaLLHMX KOLUEK, OCco-
OEHHO B YCIOBUSAX MOBBILEHHOIO pYcKa 3apaxeHus. Pa3paboTaHHbIV wamnyHb
MOXeT CTaTb HaAEeXHbIM KOMMOHEHTOM KOMIMIIEKCHOrO yxo4a 3a XWMBOTHbIMU B
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BETEPMHAPHOWN NPaKkTMKe, CMOCOBCTBYS YKPEMMEHNIO MX 3A0POBbS U MOBbILLEHNIO
KayecTBa XWU3HWU NUTOMLEB.

KnioueBble crnoBa: aHTWnapasuTapHblii LWamnyHb, napasuTbl, 6rmoxu, kneww,
6e3onacHoe cpeacTBo, ahmpHble Macna, hutoTepanys, pomatlka, A6r0o4HbIN yK-
cyc.
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DEVELOPMENT OF TECHNOLOGY FOR PROCESSING BARITE
ORE BENEFICIATION WASTE

Abstract. The key task for many processing plants is to fully utilize mineral raw
materials by involving man-made mineral formations in the processing cycle. Cur-
rently, all attention is focused on producing a gravity barite concentrate to meet
the needs of oil and gas industry. During production, hundreds of thousand tons
of intermediate products accumulate, containing a high level of barium sulfate
(57-60%). Intermediate products stored in close proximity create certain problems
and degrade the environmental situation at the industrial site. A gravity concen-
trates and tailings are separated from monobarite ores using a gravity method.
These tailings and screenings make up the waste from barite ore processing.
Attempts to separate the gravity concentrate from this waste have not achieved
positive results. Gravity methods are used to separate the gravity concentrate and
tailings from mono-barite ores. One of the methods for additional recovery barite
from waste is flotation and hydrometallurgy. Under laboratory conditions, flotation
studies were conducted on the barite ore benefication waste to determine the
following optimal operating parameters: grinding fineness, optimal pH value, col-
lector dosages, kinetics of rough and scavenger flotations, and number of cleaning
operations. Based on the test results, the following parameters were established:
grinding fineness P9571 em; optimal pH value = 9.2-9.6; collector dosage 140-160
g/t; rough flotation time of 5 minute and scavenger flotation time of 8 minutes.
Keywords: Barite ore, ore benefication waste, barite, gravity, flotation tailings,
yield, graid, recovery, flotation concentrate.

Introduction. The Republic of Kazakhstan is one of the largest pro-
ducers of barite products among CIS countries. Barite is a natural barium
sulfate, characterized by its high density, chemical inertness, whiteness
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and its ability to absorb radiation, including X-rays. It's used as a weight-
ing agent in drilling fluids for oil and gas wells, as an inert filler in special-
ized rubber products, as an alloying additive in ferrous metallurgy, in the
production of cement, plastics, certain types of paper, asbestos-based
products, paints, enamels and X-ray technology [1, 2].

The main consumer is the oil and gas industry, which uses it for deep
oil drilling. 60-80% of world’s total barite production is used as a weighting
agent in drilling fluids [1]. In 2013, a decline in barite production began,
from 9.2 million tons in 2012 to 7.3 million tons in 2016. This reduction in
production affected many countries. In China, production decreased from
4.2 million tons to 2.8 million tons, and in India, from 1.7 million tons to 700
thousand tons. However, production volumes in Turkey and Kazakhstan
have not decreased since 2012, but have actually increased slightly [1].
In foreign practice, the use of a gravity process combined with a flotation
processing scheme is well-established. When separating ore with a barite
grade of 20% in a heavy suspension, an intermediate product with a barite
grade of 31% was extracted with a recovery of 85%. By floating this inter-
mediate product, a flotation barite concentrate was obtained with a barite
grade of 92% and a recovery of 80%.

By floating the intermediate product, a flotation barite concentrate
was obtained with a barite grade of 92% and a recovery of 80%. Pro-
cessing schemes are known in CIS countries that process barite ores
using a combined gravity-flotation method. In these processes, the
-5+0.5 mm size fraction was processed by jigging, while the -0.5+0 mm
size fraction was directed to flotation after grinding. From ore with barite
grade of 56%, a concentrate with barite grade of 87% was obtained with
recovery of 87% [2].

The aim of the study. The aim of the work is to develop a combined
technology for processing barite ore to obtain gravity concentrate and
flotation concentrate based on waste from beneficiation of barite ores.

Materials and methods of Research. The initial barite ore was sub-
jected to gravity separation to obtain a gravity concentrate, and the gravity
tailings were subjected to flotation. As a result of experiments conducted
on the Falcon L-40 concentrator in various modes on gravity tailings bar-
ite products were obtained with a barium sulfate content of 66.32-69.32%
and with recovery of 86.98-75.64%. However, a gravity concentrate mee-
ting the requirements of GOST 4682-84 was not obtained from the waste.
Thus, flotation is a primary method for the further recovery of barite from
barite ore benefication waste.
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Results. Flotation studies were conducted on barite ore benefica-
tion waste. Based on the results of the chemical, silicate and assay, it
was established that the waste primarily contains barium sulfate (57.00-
57.71%) and silicon dioxide (43.52%) m. Insignificant amounts were also
determined, including calcium oxide (0.42%), aluminum oxide (0.84%),
manganese oxide (0.0001%), total iron (0.53%) and lead (0.01%). Gold
and silver were not detected. During the granulometric analysis various
fractions were separated, but the sample’s particle size distribution is
insufficient to characterize it. Therefore, it is necessary to determine the
content of the valuable component in the separated size fractions [3].
The content and distribution of the main component across all size fractions
was studied in a waste sample that was crushed to a size of -2 + 0 mm.
Table 1 presents the granulometric analysis of the waste sample.

Table 1 — Granulometric analysis of the barite ore beneficiation waste sample

Size fractions, mm Yield, % Grade BaSO,, % Distribution, %
-2,0+1,0 25,60 42,81 18,99
-1,0+0,5 17,87 45,82 14,19
-0,50+0,25 14,00 54,97 13,34
-0,25+0,10 12,80 64,96 14,41
-0,10+0,071 11,49 71,29 14,19
-0,071+0,045 8,54 78,35 11,59
-0,045+0 9,70 79,08 13,29
Total 100,0 57,71 100,0

Granulometric analysis revealed that as the size fraction decreases,
the barium sulphate content increases from 42.81% (in the -2.0+1.0 mm
fraction) to 79.08% (in the -0.045+0 mm fraction). An increase in the pro-
portion of free barite grains is observed as the size of the waste fractions
decreases.

Figure 1 shows the fraction yields, the grade and distribution of barium
sulfate across the separated size fractions.
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Figure 1 — Yield of fractions, grade and distribution of barium sulfate across the
separated size fractions

Figure 2 shows the experimental scheme for selecting the optimal
grinding fineness and flotation reagent regimes. During the experiments,
oleic acid was used as a collector, sodium carbonate to create pH and
liquid glass (sodium silicate) as a depressant.

Waste
class -2+0 mm

Grinding

Sodium carbonate - pH=9,4-9.6
NaxSiO; - depressant
Oleic acid - collector

Rough barite flotation

Oleic acid - collector

Scavenger barite flotation

Total barite product Tailings

Figure 2 — Experimental scheme for selecting optimal flotation regime parameters
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Figure 3 — Graph of the dependence of barium sulfate yield, grade and recovery
on grinding fineness

From Figure 3, itis evident that: when the content of the -0.071 mm fraction is
80%, the recovery is 78.54% with a barium sulfate grade of 69.08% and a yield
of 65.61%; when the content of the -0.071 mm fraction is 90%, the recovery is
89.85% with a barium sulfate grade of 73.18% and a yield of 70.85%; when the
content of the -0.071 mm fraction is 90%, the recovery is 94.88% with a barium
sulfate grade of 73.84% and a yield of 74.15%.

Figure 4 presents graphs showing the dependency at various pH values.
The pulp alkalinity was created by using sodium carbonate, as using lime
(calcium oxide) increases the hardness of the pulp and the deterioration of
barite flotation [4].

From Figure 4, it is evident that: at pH = 8.35 (sodium carbonate con-
sumption 0 g/t), the barium sulfate grade is 66.47% with a recovery of
75.59% and a yield of 65.63%; at pH = 9.22 (sodium carbonate consump-
tion 500 g/t), the barium sulfate grade is 70.65% with a recovery of 86.34%
and a yield of 70.53%; at pH = 9.60 (sodium carbonate consumption 800 g/t),
the barium sulfate grade is 73.84% with a recovery of 94.88% and a yield of
74.15%; at pH = 9.85 (sodium carbonate consumption 1100 g/t), the barium sul-
fate grade is 72.51% with a recovery of 88.82% and a yield of 70.69%. A de-
crease in barite recovery is observed when the pH is increased from 9.85 to
10.00.
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Figure 4 — Dependencies of barium sulfate yield, grade and recovery at various
pH values

The main mineral forms in the barite ore benefication waste are barite
and quartz, with kaolinite, pyrolusite, braunite, psilomelane, iron hydro-
xides and pyrite having secondary importance. Quartz is widespread with
its content in the waste sample being 43.52%.

Liquid glass (sodium silicate) is used to depress the non-metallic mi-
nerals, which selectively depresses quartz and activates barite at low
dosages. However, when calcium ions (Ca?*) are present in the solution,
they adsorb onto the barite. The addition of liquid glass slows down the
flotation of barite [4].

Figure 5 shows a graph of the dependence of barium sulfate yield,
grade and recovery on liquid glass consumption.

From Figure 5, it can be seen that: with a liquid glass consumption of
700 g/t, the barium sulfate grade is 68.08% with a recovery of 94.64% and
a yield of 80.22%; with a liquid glass consumption of 1000 g/t, the barium
sulfate grade is 73.84% with a recovery of 94.88% and a yield of 74.15%.
Increasing the liquid glass consumption from 1000 to 1600 g/t leads to a
decrease in yield and recovery due to the depression of barium sulfate.

Barite (BaSO,) is the most easily floatable of the alkaline earth mine-
rals. It floats well with fatty acids, alkyl sulfates and cationic collectors [4].
Oleic acid was used as the main barite collector.
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Figure 5 — Graph of the dependence of barium sulfate yield, grade and recovery
on liquid glass consumption.

Figure 6 shows a graph of the dependence of barium sulfate yield,
grade and recovery on oleic acid consumption.
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Figure 6 — Graph of the dependence of yield, grade and recovery on oleic acid
consumption
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From Figure 6, it is visible that: with an oleic acid consumption of
100 g/t, the barium sulfate grade is 75.22% with a recovery of 78.14% and
ayield of 59.95%; with a consumption of 120 g/t, the barium sulfate grade
is 73.25% with a recovery of 85.59% and a yield of 67.43%; with a con-
sumption of 140 g/t, the barium sulfate grade is 73.84% with a recovery of
94.88% and a yield of 74.15%; with a consumption of 160 g/t, the barium
sulfate grade is 73.29% with a recovery of 94.84% and a yield of 74.68%.

As a result of the studies conducted, the optimal reagent dosages
were determined: pulp pH = 9.4-9.6, depressant consumption in rough
flotation — 1000 g/t and total collector consumption — 220 g/t. An experi-
ment was conducted using these optimized parameters in a closed-circuit
flotation according to the scheme presented in Figure 7 [5]. The results of
the closed-circuit flotation are provided in Table 2.

Table 2 — Results of the closed-circuit flotation

Products Yield, % GradeOEaSON Recovery, %
Barite Concentrate 1 20,15 90,17 33,42
Barite Concentrate 2 11,09 89,60 18,27
Total Barite Concentrate 31,24 89,97 51,69
Tailings 68,76 38,20 48,31
Barite ore benefication waste 100,0 54,37 100,0

From Table 2, it follows that during the processing of barite ore bene-
ficiation waste, a barite concentrate was obtained with a grade of 89.97%
at a recovery of 51.69%. The resulting concentrate is barite concentrate
KB-3, which meets the requirements of GOST 4682-84.

Discussions. The use of a gravity process combined with a flotation
beneficiation scheme is well-known. An intermediate product is sepa-
rated using the gravity method, and a flotation barite concentrate is ob-
tained by floating this intermediate product. Barite ores are processed
using a combined gravity-flotation scheme: the -5+0.5 mm size fraction
by jigging, while the -0.5+0 mm size fraction by the flotation. In this work,
a gravity-flotation scheme was developed to obtain a gravity concen-
trate, and a flotation concentrate from the barite ore beneficiation waste
(Figure 7) [5].
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l Waste class -2+0 mm

Grinding Pos 71 mkm

Na2COs - 800 g/t, pH - 9,6
NaSiO3 — 1000 g/t, pH - 9,8-9,9
Oleic acid - 140 g/t

Rough barite flotation

Sl l Oleic acid -80 g/t
NazSiO3 — 400 g/t
Scavenger barite flotation

I cleaning flotation
S 5 min l
Na2SiOs — 300 g/t l ;
5 min
Scavenger
1I cleaning flotation flotation tailings

NaSiOs —200 g/t m

11T cleaning flotation

3 min

IV cleaning flotation
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. . Nax$iO3 — 500 g/t
Ba concentrate 1 > ¥ Olcic acid -100 g/t
Reflotation of intermediate products
l 5 min
M > NasSiOs 200 /r N
I cleaning flotation of Reflotation
reflotation concentrate tailings
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A 4

1I cleaning flotation of
reflotation concentrate

,i 3 min *
v

Ba concentrate 2 Tailings

Figure 7 — Flotation scheme for processing barite ore beneficiation waste
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Conclusion. Based on the conducted research on barite ore benefici-
ation waste under optimally selected conditions, a closed-circuit flotation
was carried out. The following results were obtained: barite concentrate 1
with a barium sulfate grade of 90.17%, a recovery of 33.41% and a yield
of 20.15%; barite concentrate 2 with a barium sulfate grade of 89.60%, a
recovery of 18.27% and a yield of 11.09%; total barite concentrate with
a barium sulfate grade of 89.97%, a total recovery of 51.69% and a total
yield of 31.24%.

Research funding source. This research is funded by the Committee
of Industry of the Ministry of Industry and Construction of the Republic
of Kazakhstan under program-targeted funding for scientific research for
2024-2026, BR23991563: “Creation of Innovative Resource-Saving Tech-
nologies for Mining and Integrated Processing of Mineral and Technogen-
ic Raw Materials.”
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3«baput Boctok» A® «BoctouHoe PypoynpasneHune» XKLIC, Anmatsl K., Kazak-
cTaH

BAPUT KEHIH BAUbITY KANOBIKTAPbIH ©HAOEY TEXHONOMUACHIH
O3IPNEY

Tyninaeme. feyre eHridy apkbinbl MUHEPanAblK pecypcTapabl TONbIK nanpana-
HYyFa KOJ XXeTKi3y KenTereH kacinopbiHAap YLWiH Heri3ri MiHaeT 6onbin Tabbinagpl.
Kasipri yakpiTTa 6apnbik Hasap MyHali-ra3 canacbliHblH, KaXeTTinikTepiH KaHa-
FaTTaHAdbIpY YLWiH rpaBuTaumanbik 6aput KOHUEHTpaTbIH eHaipyre 6arbiTTanfFaH.
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OHAipicTik KbI3MeT npoueciHae KypambiHaa 57-60% G6apun cynbdaTbl 6ap xys-
OereH MblH TOHHA OHEPKACINTIK apanbIk 6HIM XuHanagpl. Tikenew xakblH xepae
cakTanfaH apanblk eHimaep 6enrini 6ip macenenep TyfFbi3agbl XXaHE ©HEPKaCin
anaHblHAAaFbl SKONOrMANbIK xarganabl 6y3aabl. MoHOGapuTTi KeHOepaeH rpaBu-
TaumanblK TOCINIMEH rpaBMOKOHLIEHTPAT neH kanabiktap 6eniHeni. Kangbiktap
MeH cebiHginep 6apuT KeHiH GanbiTy KangblkTapblH Kypanabl. KangeiktapaaH
rpaBMOKOHLIEHTpaT Genin any oH HaTwxke GepreH xok. KangbikTapoaH 6aput-
Ti TONbIK anbIKTbIpYAbIH 6ip Tacini dnoTauns xxeHe rugpometannyprus 6onbin
Tabbinagbl. 3epTxaHanblk Kargaunapga pexvMmaik napameTprepgi TaHaay
OomblHWa 6apuT KeHiH GanbiTy KangblkTapbiHAA drnoTauuanbik 3epTTeynep
XYPrisingi: yHTakTay gopexeciH TaHday; pH oHTannbl MaHi; XuHarbIWTapablH,
WbIFbIHAAPbI; HETI3ri XeHe Gakbinay noTauMACbIHbIH, KUHETUKACKIH aHbIKTay;
TasapTy onepauunsanapbliHbiH CaHbIH aHblKTay. Toxipube HaTxenepi 6orbIHWA:
ycakTay gapexeci P9571 mkm; pH = 9,2-9,6 oHTalnbl MaHi; XXUHafbILWTapAblH,
WbiFbIHbI 140-160 r/T; Herisri dornoTaunsiHbIH yakbITbl 5 MUHYT >xaHe Gakbinay
dnotaumscel 8 MuHyT. TyriHai ce3gep. bapuT keHi, 6anbITy KangeikTapsl, 6a-
puT, rpaBuTaums, noTaumsa KanablkTapbl, WbIFbIM, YREC, anbiM, noTauusanbIk,
KOHLIeHTpaT.

Tywninai cesnep: bapuT keHi, 6anbITy KanapikTapbl, 6apuT, rpaBuTaums, droTa-
LUmMs KangblKTapbl, WbIFbIM, YIeC, anbiM, noTaumsanbIk KOHLEHTpaT.

* % %

Belicembaee 3.B.", Jlu 3.M.", Cmaiinoea A.b.", KampaHoea 3.I".2, MaHu .}
'"dununan P «HLU KMMC PK» FTHIMOM3 «Ka3vexaHobpy, r. AnmaTbl, KasaxctaH
2«BocTouHoe PygoynpaBnenuey, r. Anmartbl, KasaxctaH

S«Bbaput BocTok» A® «BocTouHoe PygoynpasneHuey, r. AnmaTel, KazaxcTaH

PA3PABOTKA TEXHONOIMN NEPEPABOTKM OTXOOOB OBOrALLEHUA
BAPUTOBOW PY[bl

AHHOTauus. Peanusaums npobrnembl NMOMHOTbI MCMOMb30BaHUS MUHEPasibHOro
Cbipbsi 3@ CYET BOBEYeHUs B nepepaboTKy TEXHOrEHHbIX MUHEpanbHbIX 06pa3o-
BaHWIi SIBNSIETCS1 OCHOBHOM 3a4a4el Ha MHOrMX NpeanpuaTusax. B HacTosLee Bpe-
Ms1 BCE BHMMaHWe yaensieTcs Ha MoslydeHne rpaBuTaulnMoHHOro 6apuToBOro KoH-
LeHTpaTa Ansa yaoBneTBopeHus notpebHocTeln HedhTe-rasoBo NPOMbILLNEHHOCTH.
B npouecce Nnpon3BOACTBEHHON AEATENBLHOCTM CKaNIMBaKOTCA COTHW ThICAY TOHH
NPOMMPOAYKTOB C BbICOKUM COAepXaHneM cynbdaTta 6apusa 57-60%. 3acknagn-
pOBaHHbIE B HENOCPeACTBEHHOM OMM30CTM MPOMMNPOAYKTLI CO34alT OnpeaeneH-
Hble NPobGremMbl U HapyLUAOT 3KONOrMyYeckyto 06CTaHOBKY Ha npommnnoLwiaake. M3
MOHO6APUTOBLIX Py rPaBUTALMOHHBIM CMOCOOOM BbIAENSAIOT rPABUOKOHLEHTPAT
N XBOCTbl. XBOCTbI 1 OTCEBbI COCTaBMNAT OTXOAbI 0boralleHns 6apuToBoi pyabl.
Bblgenutb U3 0TX0O0B rpaBUOKOHLEHTPAT HE Aano MOSIOKUTENbHbIX pe3yrbTa-
ToB. OHMM 13 cnocoboB JoM3BrieYeHNs DapuTa U3 0TX040B ABMAOTCA hrioTauus
n rmgpometannyprusa. B nabopaTopHbix ycrnoBusix nposegeHbl hnoTalMoHHbIe
nccregoBaHusa Ha oTxogax oboralleHnsi 6aputoBoi pyabl Mo Noadopy pexum-
HbIX MapaMeTpoB: nopbopa CTeneHW WU3MesbYeHUs; ONTMMAanbHOrO 3HaYeHus
pH; pacxogoB cobupartenen; onpeaeneHnss KNHETUKM OCHOBHOW M KOHTPOMbHON
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droTaumu; onpeaeneHe KonumyecTsa NepeyncTHblx onepaumii. Mo pesynbtatam
ONbITOB YCTAHOBIIEHO: CTeNeHb n3MenbyeHns P9571 MkM; onTumansHoe 3HayeHve
pH = 9,2-9,6; pacxog cobupaTtenei 140-160 r/T; BpeMsi ocHOBHOW coroTaumm 5 un
KOHTPONBbHON 8 MUHYTHI.

KnroueBble cnoBa: baputoBas pyaa, otxoabl oboralleHunsi, 6aput, rpaButaums,
XBOCTbI chrioTaumm, BbIXod, coaepxaHue, nsprnedeHme, rnoTauMOHHbIA KOHLIEHT-
par.
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NEPEBO[ CTATbU /| MAKAJIAHbIH AYJJAPMACbI

Belicembaee 3.b.", Jlu 3.M.", Cmalinoea A.b.", KampaHoea 3.I".%, aHu [.°

1oununan PIT «HL, KIMMC PK» THIMOMM3 «Ka3mexaHobp» , r. AnmaTbl, Kasax-
cTaH

2«BocTto4Hoe PynoynpaBneHuer, r. Anmatsbl, KazaxcraH

3«baput Boctok» A® TOO «BoctouHoe PynoynpasneHue» r. Anmatbl, Kasax-

cTaH

PA3PABOTKA TEXHONOI'MU NEPEPABOTKN OTXOOB OBOrA-
LLEHNA BAPUTOBOW PY[bI

AHHOTauus. Peanusaumsa npobrnembl NOMHOTbI UCMOMb30BaHUS MUHEPanbHOro
ChbIpbsl 32 CHET BOBJIEYEHMS B NepepaboTKy TEXHOrEHHbIX MUHEPaIibHbIX 06pa3o-
BaHWI SIBNSETCA OCHOBHOM 3agayvei Ha MHOTUX NpeanpuaTusx. B HacToswee Bpe-
MS BCE BHUMaHMWE YAENnsAeTCsa Ha MoryvyeHne rpaBuTaLMoHHOro 6apnToBOro KOH-
LleHTpaTa ans yooBrneTBOpeHnst MOTpeOHOCTeN HedhTe-ra3oBo NPOMbILLIIEHHOCTH.
B npouecce npor3BOACTBEHHON OEATENbHOCTU CKAMMMBAKOTCS COTHU ThICAY TOHH
NPOMMPOAYKTOB C BbICOKUM COAepXxaHueM cynbdaTta 6apusa 57-60%. 3acknagu-
pOBaHHbIE B HEMOCPEACTBEHHON GNM30CTU MPOMMPOAYKTHI CO34a0T OnpeaerieH-
Hble NPO6GEMbI U HAPYLLIAOT 3KOMOrMYECKyt0 06CTaHOBKY Ha nmpommnnoLwiaake. M3
MOHO6apUTOBbLIX Py rPaBUTALMOHHBLIM CNOCOOOM BbIAENSAT rPaBUOKOHLIEHTPAT
N XBOCTbl. XBOCTbI 1 OTCEBbI COCTaBNAT 0TX0Abl 06oralleHns 6apuToBol pyabl.
Bbloenntb M3 O0TXOL4O0B rPaBMOKOHLEHTPAT HE Aano MOSIOKUTENbHbIX pe3yrnbTa-
TOB. OHMM 13 cnocoboB Jom3BrieveHs 6apuTa u3 0TX040B ABMATCA hrioTauus
1 rngpomeTannyprusi. B nabopaTtopHbIX yCnoBusSIX MPoBeAeHbI (hrloTaLMOHHbIE
nccriegoBaHus Ha otTxogax oboralleHnsi 6aputoBo pyabl Mo Nogdopy pexum-
HbIX MapaMeTpoB: Mopbopa CTeneHW W3MESbYeHUS; ONTMMAanbHOr0 3HaYeHus
pH; pacxonoB cobuparternen; onpeneneHnss KNHETUKM OCHOBHOW M KOHTPOSbHON
drioTaumm; onpeaeneHe Konmyectsa NepeyncTHblx onepaumn. Mo pesynbtatam
ONbITOB YCTAHOBIIEHO: CTEMNeHb n3MenbyeHns P9571 MkM; onTumMansHOe 3HayeHve
pH = 9,2-9,6; pacxopg cobupaTtenen 140-160 r/T; Bpemsi OCHOBHO chrioTauum 5 n
KOHTPOSbHOM 8 MUHYTHI.

KnroueBble cnoBa: baputoBas pyaa, otxogpl oboralleHns, 6aput, rpaButaums,
XBOCTbI (ofioTaumK, BbIXOA, COAEPKaHWe, N3BnedeHne, roTaunOHHbIA KOHLIEHTPAT.

BBepeHue. Pecnybnvka KaszaxcrtaH SBNsSi€TCS OOHUM M3 KPYMHEMLLMX
NPOAYLEHTOB B6apuToBor npoaykumm cpean ctpadH CHIT. baput — npupoa-
HbI cynbdbaT 6apus, xapakTepU3yHLLIMIACS BbICOKOW NIOTHOCTbLIO, XUMUYe-
CKOW MHEPTHOCTLIO, BENM3HON, CMOCOBHOCTBLIO MOMMOLLaTh PaaMOaKTUBHbIE
N3MyYeHns, BKINOYas PEHTrEHOBCKME Mydn. bapuTt npuMmeHstoT B kavecTse
yTshkenuTens OypoBbIX pacTBOPOB Mpu OypeHnn HedTSHbIX U ra3oBbIX
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CKBa>XWH, NHEPTHOrO HamnofHUTENS B CrleumarnbHble Pe3nHbl, JervpyoLwmx
A00aBOK B YEPHOM MeTannypriu, npy Nnpon3BOACTBE LieMeHTa, nracTMmacc,
HEKOTOPbIX COPTOB Bymaru, B acbeCcTOTEXHUYECKUX M3OenusX, Kpackax,
aMansx, peHTreHoTexHuke [1, 2].

OcHoBHOM NoTpebuTens - HedpTeraszogobbIBaoLLLAs NPOMbILLNIEHHOCTb,
ncronb3yoLwas ero npu rnybokoMm BypeHnn HedpTAHbIX ckBaxuH. 60-80%
BCEro NMpouv3BOAMMOrO B Mupe 6apvta Mcnonb3yeTcsl B Ka4ecTBe yTske-
nutensa 6ypoBbix pactBopoB [1]. B 2013 r. HaYanocb CHWXeHne 00bLEMOB
0o6bum 6aputa, ¢ 9,2 MrH. ToHH B 2012 r. go 7,3 MiH. ToHH B 2016 T.
CHmxeHne ob6beMoB A00bIMM BGapuTa KOCHYNOCb MHOrMX ctpaH. B Kutae
Jo0blya cHMamnack ¢ 4,2 MIH. TOHH A0 2,8 MiH. TOHH, B HauK — ¢ 1,7 MnH.
TOHH o 700 TbIC. TOHH. BMecTe ¢ aTnm, 06bemMbl 406bIuKM B Typummn n Ka-
3axcTaHe ¢ 2012 r. He cokpaTUNNCb, @ HA0HOPOT HeCKONBKO Bbipocn [1]. B
3apybexxHON NpaKkTVKe N3BECTHbI MPYMEHEHNE rPaBUTaLMOHHOrO npoLecca
B codeTaHum ¢ NoTaLMOHHON cxemon oboraweHus. MNpu pasgeneHin B 18-
XKernom cycneHaum npu cogepxanHumn B pyae 20% GapvTta Bblgenunm npom-
NPOAYKT ¢ coaepxaHnem 31% b6aputa npu nssneyveHnn 85%. Mpu dnota-
UMM NPOMMPOAYKTa MOAy4nnvM onoTaumOoHHbIN 6apuTOBBIN KOHLEHTPAT C
cogepxaHvem baputa 92% npu nseneyveHun 80%. M3BecTHbl cxembl 060
raweHus B ctpaHax CHI', nepepabaTtbiBatoLme 6aputoBble pygbl MO KOM-
OUHMPOBAHHON rpaBUTaLMOHHO-brIoTaunoHHon cxeme. Krnacc -5+0,5 mm
noasepranu otcagke, knacc -0,5+0 Mm nocre uaMernb4YeHns Hanpaenisnm
Ha donoTaumio. 3 pyabl ¢ cogepxaHmem 56% Gaputa nonyyeH KOHLEHTpaT
¢ cogepxaHvem 87% Gaputa npu nssneyveHnn 87% [2].

Lenb uccnepoBanus. Llenb pabotbl - pagpaboTka KOMOUHMPOBAH-
HOM TexHomorum nepepaboTku 6apuToBOM pyAbl C MOMyYeHWEM rpaBu-
TaLMOHHOIO KOHLUEHTpaTa M (OrioTauMOHHOIO - Ha O0TXo4ax oboraleHusi
GapuTOBbIX PyA.

MeTtopabl nccnegoBaHus. VicxogHas 6apuTtoBasi pyga nogsepranach
rpaBuTauMm C MofyyYyeHWeM rpaBMTALMOHHOIO KOHLEHTpaTa, a XBOCThI
rpaButaumm — dnotaumun. NpoBeaeHHbIMM OMbITaMy Ha KOHLIEHTpaTope
Falcon L-40 B pa3nuyHbIX pexumax Ha XBOCTax rpaBuTauun, MOJTyYEHb!
GapuToBblE MPOAYKTbI C coaepaHueM cynbgaTa 6apusa 66,32-69,32%
npu m3sBnedeHnn 86,98-75,64%. Ha oTxogax He MOMyyYeH rpaBUTALMOH-
HbIA KOHLIEHTpAT, cooTBeTCTBYOWMIA TpeboBaHuam TOCTa 4682-84. Ta-
KM 06pa3oM, OCHOBHbIM 13 CMNOCOO0B A0U3BrieYeHs 6apuTa 13 OTX040B
oboraweHnss 6apuToBon pyabl ABRsieTcs dnotauus.

PesynbTaTtbl uccnegoBaHua. Ha otxogax oboraweHnss 6apmtoBom
pyAbl NpoBeAeHbl (hroTaLMoHHbIE nccregoBaHus. Mo pesynstatam xu-
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MUWUYECKOro, CUIIMKATHOTO U MPOOUPHOrO aHanm3oB YCTAaHOBIIEHO, YTO B
OTXOAax, B OCHOBHOM, MPUCYTCTBYIOT cynbdat 6apusa 57,00-57,71% u
anokena kpeMuuns 43,52%. B He3HauuTenbHbIX KONMYEcTBax onpeae-
neHbl cogepkaHus okcuaa kanbumnsa 0,42%, okcuaa antoMmuHna 0,84%,
okcnaa mapraHua 0,0001%, xenesa S 0,53%, cBuHua 0,01%. 3onoTa,
cepebpa He obHapyxeHo. lMpu rpaHyroMeTpMYECKOM aHanuae Bblae-
NeHbl pasnuyHble hpakumm, ogHaKo XapakTepuctuka npobbl ¢ pacnpe-
OENEHNEM YacTuL, MO pasMepaMm HegocTaTodHa, Mo3ToMy HeobxoouMmMo
onpeaenuTb CoaepXaHne LIEHHOro KOMMOHEHTAa B BblAENIEHHbIX Knaccax
kpynHocTu [3]. Ha npobe oTxofoB, opobreHHon Ao knacca -2+0 MM, 13-
YYEHO cofepkaHue U pacrnpegerneHne OCHOBHOrO KOMMOHEHTA MO BCEM
Knaccam KpynHoctu. B Tabnuvue 1 npuBeaeH rpaHynoMeTPUYECKUA aHa-
nun3 Npobbl 0TXOAOB.

Ta6bnuua 1 — N'paHynomMeTpu4eckuin aHanus Npobbl 0TXO0A0B oboralueHus
6apuToBOM pyAbl

Knaccb “';F:Ay“HOCT”’ Bbixoa, % Cgﬂa%%'ft'/:'e Pacnpegnenerne, %
-2,0+1,0 25,60 42,81 18,99
-1,0+0,5 17,87 45,82 14,19
-0,50+0,25 14,00 54,97 13,34
-0,25+0,10 12,80 64,96 14,41
-0,10+0,071 11,49 71,29 14,19
-0,071+0,045 8,54 78,35 11,59
-0,045+0 9,70 79,08 13,29
WToro 100,0 57,71 100,0

"paHynoMeTpUYecKMM aHanM30M BbISIBIIEHO, YTO C YMEHbLUEHWNEM KPYT-
HOCTW KnaccoB HabrogaeTcs NoBbILLEHWE COAepKaHNsA cynbdaTa bapus
¢ 42,81% (knacc -2,0+1,0 mm) go 79,08% (knacc -0,045+0 mm). YBenuye-
Hue oonv cBo6oaHbIX 3epeH Baputa HabnogaeTcsi Mo Mepe yMeHbLLEHNS
KPYMHOCTM KIaccoB OTXOZOB.

Ha pucyHke 1 npvBeaeHbl BbIXo4a KaccoB, CoAePKaHWe 1 pacnpene-
neHve cynbdata 6apusi No BblAENEHHbIM KilaccaM KPYNHOCTMY.
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PucyHok 1 — Bbixog knaccoB, cogepxaHue u pacnpegeneHue cynbdaTta
6ap|/|;| no BblAeNneHHbIM KfnnaccaM KpynHOCTHU

Ha pucyHke 2 npuBegeHa cxema OnbITOB Mo nogbopy onTvManbHOM
CTEMEHN N3MENBbYEHNS U peareHTHbIX pexnmoB driotauun. MNpu nposeae-
HUKU ONbITOB ObINN UCMONb30BaHbI B Ka4ecTBe: cobupartensi — ofenHoBas
K1croTa, Ana cosganna pH — coga, oenpeccopa — Xuakoe CTeKo.

Otx0181
Kiace -2+0 Mmm

WsmenpucHne

Kh"Z?2 pH=9,4-9.6
Na:SiO; - aempeccop
Ol wucnora - COOHpATENHL

OcHoBHast bapuToBast roTarys

Ol wicrora - COOHpATEB

KonrponeHast 6aputosast paoTars

5 mMun

OO61uii GapuTOBBIH XBoCTBI
HPOAYKT OTBAIbHBIC

PVIOyHOK 2 — Cxema npoBegeHna TeCcToBbIX OMNbITOB MO nop,6opy onTuMarbHbIX
peXnMHbIX NnapameTpoB Q)J'IOTaLl,MVI
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W3 pucyHka 3 BuaHo, 4to npu cogepxanum 80% knacca -0,071 mm ms-
BreyeHve coctaengeT 78,54% npu cogepxaHun cynbtata 6apusa 69,08%
1 Bbixoge 65,61%; npu cogepxanHun 90% knacca -0,071 Mmm nseneveHve
89,85% npwu cogepxxaHum cynbdata 6apus 73,18% u Beixoge 70,85%; npu
cogepxaHum 90% knacca -0,071 mm n3sneveHne coctasnsieT 94,88% npu
cogepxaHum cynbgata 6apus 73,84% v Bbixoge 74,15% (PucyHok 3).

Ha pucyHke 4 npuBeaeHbl rpacpmki 3aBMCMMOCTM NPY PasyHbIX 3Ha-
yeHusax pH. LLenovyHocTb Mynbnbl co34aBanacb COA4OM, Tak Kak M3BECTb
NPUBOAUT K YBENTUYEHMIO XKECTKOCTM MynbMbl U YXyALIeHuto dorioTauum 6a-
puta [4].

100

95

90

85

80 -

75

70 4 — e
65*—7

Burixon, conepsxanue BaSOa,
Hu3BleuYeHue, %

60
80 85 90 95
Cojeprkanne Kiacca -0,071 mm, %
== Brrxo, % Conepxanne BaSO4,%  ==@==113p1cucuue, %

PucyHok 3 — Mpaduk 3aBUCMMOCTU BbIXOAa, COAEPXKaHUS, N3BIEYEHNs
cynbdara 6apusa oT TOHWHbLI MoMora

W3 pucyHka 4 BugHo, Yto npu pH = 8,35 (pacxopg coabl O r/T) copep-
XaHue cynbdarta bapusa 66,47% npu mnssnedeHun 75,59% wu Bbixoge
65,63%; npu pH = 9,22 (pacxopg cogpl 500 r/T) cogepxaHve cynbgara
6apus 70,65% npu n3sneyveHnn 86,34% u Boixoge 70,53%; npu pH = 9,60
(pacxoa cogpl 800 r/T) copepxanue cynbdarta 6apus 73,84% npu nserne-
yeHun 94,88% wn Bbixoae 74,15%; npu pH = 9,85 (pacxog cogpl 1100 r/T)
copepxaHue cynbgarta 6apus 72,51% npu nssneyeHnm 88,82% 1 BbIXo-
ae 70,69%. MNpw noBbiweHun pH = ¢ 9,85 go 10,00 HabntogaeTcs cHmke-
HVe n3BreYerHus bapura.
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PucyHok 4 — 3aBNCMMOCTY BbIXOAA, COAEPKAHWUS U U3BMEYEHUS cynbdaTa
6apus Npu pas3nuyHbIx 3HaveHnax pH

B otxogax oboralleHnsi 6apuToBO/ pyAbl FMaBHbLIMU MUHEPATbHLIMU
dopmMaMu SBRAOTCA 6GapuT 1 KBapL, NOAYNHEHHOE 3HAYEHNE UMEIOT Kao-
NVHWT, NMPONO3UT, BpayHUT, NCMIoOMenaH, MMaPoKCHAabl Xenesa, NUpUT.
KBapL, pacnpocTpaHeH NOBCEMECTHO, Er0 COAEPXaHNe B Npobe OTX040B
coctaBnsiet 43,52%. [na nenpeccun HepyLoHbIX MUHEPAOB UCMONb3YT
KWUOKOE CTEKINO, KOTOPbIA N3bnpaTensHO AENpPeccupyeT KBapL U npu ma-
nbiX pacxogax aktueupyeT 6apuT. OgHaKo Npy HanNU4MKM B pacTBOpeE Mo-
HoB Ca?*, KoTopblii agcopbupyeTtcs Ha 6apute, Npu 4OGABNEHNM XKUAKOrO
cTtekna dnoTtaumnsa 6aputa 3amennsietcs [4].

Ha pucyHke 5 npuBeaeH rpadmk 3aBUCUMOCTU BbIXOAA, COOAEPKAHUA U
n3BrieyeHns cynbcaTa 6apusa oT pacxoa XUAKOro cTekna.

M3 pucyHka 6 BUOHO, YTO Mpu pacxode ornevHoBow kucnotbl 100 r/T
copepxaHue cynbgara 6apus 75,22% npu nssnedeHnm 78,14% un BbIXo-
ae 59,95%; npu pacxoge 120 r/T cogepxaHue cynbdara dapus 73,25%
npu unseneveHun 85,59% u Bbixoge 67,43%; npu pacxoge 140 r/T co-
aepxaHue cynbdaTa 6apus 73,84% npu nssneveHun 94,88% un Bbixoae
74,15%; npw pacxoge 160 r/T cogepxaHue cynbdata 6apusa 73,29% npu
naeneyeHnn 94,84% wn Boixoae 74,68%.

B pesynbTate npoBeAeHHbIX UCCrEAOBaHWI ONPEeLEerieHbl onTumarnbs-
Hble pacxoabl peareHToB: pH nynbnbl = 9,4-9,6, pacxoa genpeccopa B

35



buomexHornoauu u xumu4deckue mexHosioauu

OcHoBHyt0 dnoTauuto — 1000 r/T, obwmn pacxon cobuparensa — 220 r/T.
B oTtpaboTaHHOM pexume MPOBEAEH OMbIT B 3aMKHYTOM LIMKIIE MO CXe-
Me, NpUBELEHHOM Ha pUCyHKe 7 [5]. B Tabnuue 2 npyBeneHbl pesynbtaThbl
3aMKHYTOro OnbITa.

100 |
- 95
2
5 - 90
L% ’5 .
L)
5o 80
&=
S8 75 -
§ 70
2 [
65
60 |
700 1000 1300 1600
Pacxox Na,Si0s, 1/T
=== Coiep>kanne BaSO,, % M3Biieucnue, % ==@==PBrixoy, %

PucyHok 5 — 'padumk 3aBUCMMOCTM BbIXO4a, COAEPXKaHUA U U3BNEYeHUs
cynbata 6apua OT pacxoaa XULKoro ctekna.

M3 pucyHka 5 BMOHO, 4TO Mpu pacxope *wuakoro ctekna 700 r/T co-
Aepxanue cynbdata 6apus 68,08% npu n3snedeHun 94,64% n Bbixode
80,22%; npu pacxoge xuakoro ctekna 1000 r/T cogepkaHue cynbgarta
6apus 73,84% npwu nsenedeHun 94,88% u Boixoge 74,15%. YBenuueHue
pacxoga xuakoro ctekna ot 1000 go 1600 r/T IPMBOAMNT K CHUXKEHNIO Bbl-
XOa W U3BIeYeHNst 3a CYET AenpPeccumn cepHoKmncnoro bapus.

Baput BaSO, — HanGoree nerko roTvpyembiii U3 LENoYHO3EMEb-
HblX MUHepanoB. OH xopoLlo hroTUPYETCH C XMPHbIMU KUCIIOTaMu, arn-
Kuncynbgaramm, KaTMOHHbIMU cobupaTenamm [4].

B kayectBe OocHOBHOro cobupartens 6apuTta Mcnonb3oBanu ONienHo-
BYIO KMCroTy. Ha pucyHke 6 npuBeaeH rpadvk 3aBMCMMOCTU BbIXOAA,
coaepxaHusl 1 U3BMEYEHUs1 CEPHOKMCNIOro bapus oT pacxoda OrieuHOBOM
KUCMOThI.
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PucyHok 6 — 'padumk 3aBUCMMOCTM BbIXO4a, COAEPXKaHUSA U U3BIEYEHUS
OT pacxoja 0fleMHOBOWN KUCMOThI

Ta6bnuua 2 — Pe3ynbTaTbl 3aMKHYTOrO ONnbITa

Knaccbl ;?AynHocm, Bbixog, % Cgﬂa%%i?;zle Pacnpe&eneHme,
-2,0+1,0 25,60 42,81 18,99
-1,0+0,5 17,87 45,82 14,19
-0,50+0,25 14,00 54,97 13,34
-0,25+0,10 12,80 64,96 14,41
-0,10+0,071 11,49 71,29 14,19
-0,071+0,045 8,54 78,35 11,59
-0,045+0 9,70 79,08 13,29
Wtoro 100,0 57,71 100,0

N3 Tabnuupl 2 cregyeT, 4TO Mpu nepepaboTke oTxodoB oboralle-
HUs1 0apUTOBON pyabl NOSyYeH GapUTOBLIN KOHLEHTPAT C cogepKaHem
89,97% npw n3BneyeHnn 51,69%. MonyyeH 6GapnToBkIN kKoHLEHTpaT KB-3,
cooTBeTcTBYtOWMIA TOCTy 4682-84.
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l Orxombl knacc -2+0 Mm

W3menpucHue P os 71 MM

Na2COs - 800 r/t, pH — 9.6
NazSiOs — 1000 r/t, pH - 9,8-9.9
Olxucinora -140 1/t

OcHoBHas 6aputoBast (roTarust

5 MEH l Olxucnota -80 r/T
NazSiO3 400 /T
<4—— KonTtponbHas GapuTOBas ()IOTAIIH

I v c
MEPEUUCTKA l S l
Na28i0s -300 r/T S XBOCTHI
KOHTPOJIBHOM
II nepeuncrra droTawm
III nepeuncTka
3 MuH >
I l —>
IV nepeunctka
3 MuH 1
B ar 1 NazSiO3 — 500 r/t
4 KOHLCHTpAT > y Olxncnora -100 /1
JlodroTauus mpoMInpogyKToB
l 5 MuH
M > NazSiO3 200 1/T >
I nepeuncrka XBOCTHI
KOHIICHTpATa J0(IoTamn AodaoTaLn
3 MHH
II nepeuncrka
KOHIICHTPATa 10(I0Tanun
3 MuH l
v
Ba rkoHuenTpar 2 XBOCTBI
(hmotaunm

PucyHok 7 — drnioTaunoHHas cxema nepepaboTku oTxo40B oboralleHuns
6apuToBOV pyabl
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OGcyxaeHne pe3ynbTaToB. W3BECTHbI MPUMMEHEHME TrpaBuTauu-
OHHOro mpoLecca B COMETaHUU C (PIOTALMOHHOM CXEMOW O0BOraLleHusl.
paBUTALUOHHBIM METOLOM BbIAENST MPOMMPOAYKT M Npu chrioTauum
npoMnpoAyKTa MnosnyyeH proTaumoHHbI GapuTOBbIN KOHUEeHTpaT. [Me-
pepabaTbiBaloT 6apuToBblEe pyAbl MO KOMOVMHUPOBAHHOW FpaBUTALMOH-
HO-CpfIoTaLUMOHHON cxeme: krnacc -5+0,5 mm - oTcagke, a knacc -0,5+0
MM — dorioTauun. B gaHHon paboTe paspaboTaHa rpaBuMTaLMOHHO-GIIO-
TaLMOHHAsA CXema C MOJlyYEHWEM pPaBMTALMOHHOIO KOHLUEHTpaTa, a u3
0TX0[0B oboralleHns 6apuToBoi pyabl - ONIOTALMOHHOIO KOHLEHTpaTa
(pucyHok 7) [5].

BbiBoa. Ha ocHoBaHMM NpoBedeHHbLIX MCCredOBaHWMIA Ha oTxodax
oboraweHnss 6apuToBoli pydbl B ONTUMarbHO MOAOOPaHHLIX pexumax
npoBeeH 3aMKHYThIN ONbIT.

Mony4yeHbl: ©6apuTOBbLIA KOHLEHTpaT 1 C coaepxaHuem cynbgara
6apusa 90,17% npwu nasnedveHun 33,41% u Bbixoge 20,15%; GapuToBbI
KOHLIEHTpaT 2 ¢ cogepxxaHueM cynbgata 6apusa 89,60% npu n3sneveHmn
18,27% v Bbixoge 11,09%; cymmapHbIn 6apuTOBLIV KOHLIEHTPAT C COAEp-
XaHuem cynbdata 6apus 89,97% npu nssneveHun 51,69% wn Bbixoae
31,24%.

UcToyHuk cbmHaHcMpoBaHus uccriegoBaHun. [JaHHOe vccrnegoBa-
Hne duHaHcupyeTcs KomnteTom npombilunieHHocTn MuHucTepcTBa npo-
MbILLUJIEHHOCTU U cTpouTenbcTBa Pecnybnvkn KasaxctaH B pamkax Le-
NeBoro (hrHaHCMpoBaHUS Hay4HbIX uccriegoBaHun Ha 2024-2026 rogpl,
BR23991563: «Co3gaHne MHHOBALIMOHHBIX pecypcocbeperatoLLmx TEXHO-
norun ons 4odbl4m 1 KOMMNIIEKCHOW NepepaboTkn MUHEPArTbHOIO N TEXHO-
FEHHOrO CbIPbSA».
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NMPOBEJEHWE UCCNEOOBAHUW NO UHTEHCUDUKALIUU
CrYWEHMSA U OCAXOEHUA LLITAMOBBIX OTXOO0B
rPABUHALMOHHOIO OBOrALLEHUS CBUHLIOBO-BAPUTOBbLIX
Py HA O® AO «XKAMPEMCKWUW rOK»

AHHoOTauus. NpoBedeHHbIi aHanM3 COCTOsHUS Paboumx KapT LUIaMOOTCTOMHMKA
nokasar, YTO MpaKTU4eckn BCE CeKUMM 4-Oi KapTbl 3arofiHeHbl LiflaMamy XBOCTOB
rpaBuTaLMK. YCTAHOBIIEHO, YTO Ha copackiBaeMoii 3-eii cekumm riybrHa OCBETNEHHOM
Boabl coctaBnsieT He Goree 10-15 cm, Mpu 3TOM BEPXHWUIA CIIOA XBOCTOB OYeHb
NOABVIKHBIA U MPU KaXKOOM M3MEHEHNN MOTOKA XBOCTOB MPOWCXOAUT B3MyYMBaHUE.
[aHHasa Boga siBnsgeTcs 060opoTHONM 1 nocTynaeT Ha habpuiky ans oboraileHuns pyabl
MecTopoXaeHns YiwkaTbiH-3. CyLlecTBytoLlas cutyaums sIBNsSeTcs npeaaBapuinHom,
T.K. B brivpkarillee Bpems B TeyeHne 6-8 mec. dpabprika MoxeT octatbes 6e3 emkocTen
Ans cbpoca LwnamoB 1 060pOTHOM BOAbI, HECMOTPS Ha HavaTble paboTbl MO OYUCTKE
cekumn kapTel Ned. B nabopaTopHbIX YCrOBUSIX MPOBEAEHbl 3KCMEPUMEHTHI MO
BMUSIHWIO NMOTHOCTW Ha CryL@eMoCTb XBOCTOB rpaBuTaLMn. YCTaHOBIIEHO, YTO Mpu
pa3baBreHnM XBOCTOBOM MynbMnbl 000POTHOM Bogon Ao 120 r/nm npu aHanormyHbIX
pacxopax hnoKynsHTa No3BONseT CHU3UTL OObEM CryLLEHHbIX XBOCTOB B 2 pasa, npu
3TOM OCYLLECTBNSETCS YEeTKOe pasaereHne Ha hasbl C nepBbiX CekyHA 6e3 3amMmyTHEHHOM
30HbI. B pesynbTare nccrnegoBaHuii no nogbopy onTvmarnbHbIX J03MPOBOK OIOKYNSIHTa
Mapku Flopam UG 934 6bi1o ycTaHoBMEHo, YTo Anst 3dheKTUBHOCTY pasaerneHns gas
npy CryLLeHN XBOCTOB rPaBUTaLMOHHOMO OOOralleHVs CBUHLIOBO-0apUTOBBIX PYA,
Heo6X0AMMO YCTaHOBUTL PacXo AaHHOrO MONMMMEPHOro peareHTa Ha yposHe 30 r/T
crywaemoro matepuana. lNepen npoBeaeHeM NPOMbILLMEHHBIX UCTbITAHWI U3MEHEHa
TOYKa BBOAA (POKYNsHTa B CBA3M C TEM, UTO B HACToslLee Bpems 003MpoBaHue
drnokynsHTa mapkv Flopam UG 934 He obecneuvBaeT MOSHOrO KOHTaKTa peareHTta
CO CryLaemMbIMM XBocTaMu. B peaynbrate NpoMbILLNIEHHBIX UCTIbITAHWUIA YCTaHOBIIEHO,
YTO COOTHOLLIEHUSI BOAHBIX MOTOKOB MO 06bEKTaM KapbepHbIX BOA, MOXHO AepxaTb B
COOTBETCTBUM C NOTPEBHOCTAMM BogoobopoTa oboratutensHom habpukn pasaeneHns
(ha3 xBOCTOB MpyW rPaBUTaLMOHHOM ObOraLleHn CBMHLOBO-6apmToBbix pyg Ha AO
«Kanpemckuin FTOK».

KnioyeBble cnoBa: oO4YMCTKA MPOMBILMEHHbIX BOA,  LUMAMOOTCTOMHMKY,
YKanpemckoe MecTopoxaeHue, XBoCTbl oboralleHns CBUHLOBO-0apuTOBbIX pyn,
YyTUNN3aums LLNamMoB, OCaXAeHUe LLINaMOBbIX OTXOAO0B.
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BBepeHwue. lNpouecchl pasgeneHus a3 npu oboraweHum pya sB-
NATCA OQHUMM U3 NIMMUTUPYIOLLMX NepeaenoB BCEro TeXHonornye-
cKoro umkna. Hann4yve B nepepabatbiBaeMOM CbIpbe TakuX KOMMNOHEH-
TOB, KaK FMWHUCTbIE BKITHOYEHUS, KpeMHucoAepXaline MuHepansl,
rmgpomeTannypruyeckue nynbnbl U T.4. NPUBOSUT K YXYALIEHMWIO Npo-
LLeCCOB CryLeHMs Kak KOHLEHTpaTOoB, Tak U XBOCTOB oboraweHund [1,2].

B nocnegHee Bpems Ans MHTEHCMUKaLMM NpoLeccoB 06e3BOXu-
BaHMS LUMPOKOE MPMMEHEHMWS HaLIMW NMONMMEpHbIE peareHThbl, knacca
«@rOKYNAHTbI». B OCHOBHOM OHM NpeAcTaBreHbl NonumMmepamMm unm co-
nonMMepamMmu Ha OCHOBE NONMaKpUIIoBon KUCroTbl. MupoBble nuaepsl
Mo BbIMNYCKY AaHHOW MPOAYKLUN MPOM3BOAAT AaHHbIN Kacc peareHToB
C BbICOKOW MOJIEKYIISIPHOM MacCcom u ctabunbHbIMK cBOVCTBaMU. Hanu-
yYne BbICOKOWM MONEKYNSIPHON MacChl XapakTepuayeT pacxo npuMeHsie-
MbIX peareHTOB A5 MPOLEeCCOB CrylleHUs NPOn3BOACTBEHHbIX NMyrb,
OYUCTKMN NPOMBILLITEHHBIX CTOKOB U MUTbEBOW BOAbI OT B3Becen [3,4].

Mpw nepexone nNpeanpuUATUN Ha BHYTPEHHUN BOAOOGOPOT BO3HUKA-
0T Npobriema ¢ npoueccamu 06e3BOXUBaHUSA. Hanuune rmmHUCTBIX CO-
CTaBMSALWNX B MMHEPATbHOM Cbipbe MPUBOAMUT K YBENUYEHMIO NOBEPX-
HOCTKW, TEM CaMbIM YBENMYMBAET KONMMYECTBO YacTul 1 ero gucnepcu-
OHHYIO XapakTepucTuKy. YBENMYMBaeTCa M KOMMYEeCTBO KOMMOUOHbIX
COCTaBNSAOLWNX MUHEPANBHOrO Chipbd. IHTEHCUdMKaTopamm [aHHbIX
MPOLLeCCOB SABMSKOTCA  CUHTETMYECKMEe (IOKYMSHTbI, MO3BONSAOLWNeE
ynyylWunTb MokasaTenu pasgeneHus das n cokpaTuTb nnowagu cry-
LLEeHWS, CHU3WUTb coepXaHue Bnaru npu unsTpauum KOHLEHTPaToB,
yBenninTb 06bem 060pPOTHOM BOALI U MPOU3BOAUTENBHOCTL PUIBLTPO-
BanbHoOro obopygosanusa [5-8].

Llenb nccnepoBaHua - UHTEHCUUKaUUA pasgeneHns gas wnamo-
BblX OTXO4OB NpW rpaBMTaLMOHHOM OboralleHnn CBUHLIOBO-6apnTOBbIX
pyn anst yenuyeHusi obbema o60poTHOM BOAbI ANSA HY>4 oboratuternb-
HoW habpuKku.

MeToabl uccnepgoBaHui. [NpoBeaeHbl NnabopaTopHble nccrnenosa-
HUA No 3P PEKTUBHOCTU pasgeneHnsa as ¢ NpMMeHeHneM pasnuyHbIX
pacxogoB ny4ywero obpasua nonMmepHoro peareHta mapku Flopam UG
934. Ha ocHoBaHuu npoBefeHHbIX nccrnegosaHmnn [8] paspaboTtaHa cxe-
Ma pactBopeHus n gosmposanue 0,1% BogHoOro pactsopa rnokynsHTa
B MarncTpanb NUTaHus 4 kapTbl ANS OTCTOSA XBOCTOBMNPY rpaBMTaLMOH-
HOm oboralleHmm CBUHLO0BO-6apnTOBLIX pya,.

Pe3ynbTatbl nabopaTopHbix uccriegoBaHun. [ns npoBeaeHus
nccnefoBaHMn MO ONTMMU3aUMKY CTyLLEeHUS WaMOBbIX OTXOA0B rpaBu-
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TauMoHHOro oboraweHnsa cBmHLoBO-6apnToBbIX pyg Ha O® AO «>XKan-
pemckuii TOK» 6bina otobpaHa npobbl nynbnbl B pasmepe 50 nutpos.
WccnepoBaHus npoBoaunmM Ha ONbITHOM Y4YacTKe.

Mepen akcnepuMeHTaMm CHUManmM xapakTepUCTUKy AaHHOW Nynbnbl.
BbINo yCcTaHOBMEHO, YTO NIIOTHOCTb Nynbnbl cocTaBuna 8% npu coaep-
XaHun TBepaoro 52,2 r/gme.

Ta6bnuua 1- (paHcocTaB XBOCTOB rpaBUTaLumn

Ne KpynHocTb, CopepxaHwe,
n/n MMK %

1 74,00 97,52

2 44,00 89,32

3 30,00 75,34

4 20,00 56,31

5 10,00 31,04

6 5,00 18,00

7 3,00 10,97

Kak nokasaHo B Tabnuue 1, XBOCTbl rpaBUTaLmnmn MMEKT TOHKOOMC-
NEepCHY XapakTepuUCTUKY W3-3a BbICOKOrO COAEP)KaHUA TMUHUCTbIX
BKITIOYEHMW. Hanuyme 3HaA4YUTENbHOro KOnMuMyecTBa MEFKUX KrnaccoB
npvBeaeT K yBENMYEHUIO pacxona 403MpyeMoro OoKynsaHTa.

3KCI‘IepI/IMeHTbI npoBoausin Ha NnpuMeHAaeMoM, B HacTodllee Bpem4,
appekTmBHOM briokynaHTe mapkm Flopam UG 934. lotosunu 0,05%
BOAHbIV pacTBop riokynsHTa. PaccumTeiBanu TectTupyemMble pacxofbl.
OnbIThbl nposoausnin B NIUTPOBbIX UUnnHOpPax. Mocne nepemMelinBaHuA
nynbnbl 4O3UPOBaNU pacCcuMTaHHbI 06beM (hrokynsiHTa 1 3acekanu
BpemMA ocaXXaeHuna XBOCTOB rpaButauunin. OkoH4yaTenbHoe ynrnoTHeHne
3amepsanu yepes 15 MUH. CcryuieHus.

Kak nokasaHo B Tabnuue 2, ckopocTb pasgeneHunsa gas Hanpamyto
3aBUCUT OT pacxoga drokynsaHTa. C yBennyeHneMm KonvyecTsa noga-
BaeMOro nosiMMepHoOro peareHTa, HadunHas ¢ gosmpoku 30 r/T acpdek-
TMBHOCTb pasferneHus Bo3pacTtaeTt B 5 pas, a npu pacxoge 70 r/T ata
BENMYMHa Bo3pacTaeT B 24 pasa.

YcTtaHoBneHo, 4to HaunHaga ¢ pacxoga 30,0 r/T yepes 15 MuH. oT-
CTOEeB OOoCTUrarTCca MakCumMallbHble NoKa3aTesln ynioTHeHUA LwWna-
MOBbIX OTXOAOB rpaBUTALMOHHOro oboraweHns CBUHLOBO-6aputo-
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BbIX pyA W, Kak MoKa3aHO Ha pUCyHke 1, yny4liaeTca Ka4eCcTBO OCBET-
neHus BogHon hasbl.

Ta6bnuua 2- CryweHne XBOCTOB rpaBUTaLmumn ¢ npuMeHeHneM riokynsiHTa

Flopam UG 934

Pacxopg Bpemsa poctuxeHnst obbemMa CryLeHHbIX XBOCTOB;
Ne 0,05% MWH,CeK O6rem
n/n ey yepes
r/T i 900 | 800 | 700 | 600 | 500 | 400 | 300 |15 MuH.
1 KoHtponb | 4,45 | 9,20 | 14,20 - - - - 670
2110,0 | 1,0 | 3,00 | 540 | 9,20 | 13,55 - - - 555
31150 | 15 | 2,35 | 5,10 | 8,20 | 12,10 - - - 515
4 |20,0 | 20 | 227 | 443 | 7,40 | 11,00 | 14,23 - - 490
51250| 25 | 220 | 4,18 | 7,11 |10,19| 13,50 - - 480
6|300| 30 | 045|130 | 225 | 3,25 | 4,40 | 6,18 260
7400 | 40 | 0,28 | 0,35 | 1,30 | 2,15 | 2,46 | 3,10 | 4,00 220
8|500]| 50 | 0,18 | 0,23 | 0,46 | 1,05 | 1,20 | 2,55 | 3,35 200
9|600| 60 | 0,170 | 0,20 | 0,30 | 0,39 | 0,48 | 1,05 | 2,02 190
10| 70,0 | 7,0 | 0,09 | 0,17 | 0,26 | 0,34 | 0,43 | 0,57 | 1,49 180

Pacxop, r/T
KoHTponb

10,0

150 20,0 250 30,0

70,0

PucyHok 1 - CryLieHre XBOCTOB rpaBuTaLmm C MpUMMEHEHNEM PasrnyHbiX
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Takum o6pasoM, Ans NOArOTOBKM K NMPOBEAEHWUIO NMPOMbILLSIEHHbIX
UCNbITAHUA NO UHTEHCUMUKAUUN CTYLLEHUS U OCaXOEHUS LUNaMOBbIX
O0TXOO0B FPaBUTALMOHHOIO ObOralleHnss NpuHUMaeMm pacxon (roky-
ngaHTa 0,05% pactBopa Flopam UG 934 Ha yposHe 30 r/T XBOCTOB.

PucyHok 2 - Bupg nnsxa wnamooTCTONHMKA

Pesynbratbl NPOMBILIIIEHHBIX UCMNbITaHUA. Ha pucyHke 2 nokasaHo
cocTtosaHne cekuunm kapTtbl Ne4. Kak BMAHO M3 pUCYHKA 2 B LUIAaMOOT-
CTOMHMKE NPaKTUYECKM OTCYTCTBYET BogHas dasa, 4To apnseTcss o60o-
pOTHOM BoAown onga oboratutensHon abpukun. 3gecb nokasaH Bpes B
nynbnonposog ans go3smposanus 0,05% BogHoro pacteopa hnoKynsH-
Ta mapkn Flopam UG 934 (pucyHok 2 B). Ha cnegytowem pucyHke 3
rnokasaHa ycTaHOBKa 4551 paCTBOPEHMS MONMMEPHOro peareHTta. B co-
OTBETCTBUM C MEPONPUATUAMN MO ONTUMMU3ALLMUN CTYLLIEHUS XBOCTOB rpa-
BUTALMOHHOro oboraleHunsi B LUITaMOOTCTOMHMKE Bbln NnepeHeceH y3en
pacTtBopeHus dnokynsHTa mapkm Flopam UG 978 HenocpenCTBEHHO K
mMarucTpanu TpaHCNOpPTUPOBKM Yka3aHHOro Matepuana.

O6cyxaeHue pe3ynbTatoB. B pesynbrate npoBeAeHHbIX Mcche-
OOBaHUN No nogdopy onTUMarnbHbIX OO3MPOBOK (OIIOKYIISAHTA Mapku
Flopam UG 978 yctaHoBneHo, 4To Anst 9 PEeKTUBHOCTN pasgeneHns
a3 npu CryLleHMn XBOCTOB rpaBUTALMOHHOrO oboralieHnsi CBUHLIO-
BO-0apuTOBbIX pya HEOOXOAMMO YCTAHOBUTbL pacxon AaHHOro Mnonu-
MepHOro peareHta Ha yposHe 30 r/T crywaemoro matepuana. N3me-
HUTb TOYKY BBOAA (OIOKYNISIHTA B CBSA3W C TEM, YTO B HACTOsILLEE BPEMS
nosupoBaHue dnokynsiHTa mapku Flopam UG 978 He oGecneunBaet
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MOJIHOMO KOHTaKTa peareHTa Co crywaemMbiMy XBocTamu. [1poBeaeHHbIe
NMPOMBILLIIEHHbIE UCMbITAHUSA MO ONTUMMU3auun pasgeneHusa ¢as xBo-
CTOB rpaBMTaLMOHHOIO oboraweHns cBmMHLo0BO-6apuToBbix pyg Ha O®
AO «>Karnpemcknin TOK» nokasanu BO3MOXHOCTb MHTEHCUMLMPOBaTb
CKOPOCTb M Ka4yeCcTBO pasfeneHns a3 C BO3MOXHOCTbIO YBENNYEeHNs
aKcnnyaTauum kapTbl Ans otbopa BogHon asbl Ans Hyxa dabpukn.

Bua WwnaMooTcTolHKKa Yepes 7 CyToK Bup, wnaMooTcToHNKa Yepe3 14 cyTok

PucyHok 4 - ObpasoBaHune 30H pasgeneHnsi as nocre 03npoBaHNS
dnokynaHTa Flopam UG 934.
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BbiBog. [MokazaHa BO3MOXHOCTb MOBbILIEHWSI CPOKa 3KCMnyaTaumm
pasnnYHbIX TUMOB LLJTAMOOTCTONHUKOB U(UMNN) XBOCTOXPAHUMNLL, 3a CHET
YNINOTHEHUS CTYLLIEHHbIX XBOCTOB, YBENNYEHUS 06bema 1 kadecTBa OCBET-
NEeHHOV BOAHOW dha3bl AN UCMOSb30BaHMS B Ka4ecTBe 000POTHOM BOAbI.

UcTouHuk chmHaHcupoBaHMA nuccnegoBaHMin. PaboTta BeinonHeHa
Ha OCHOBaHMM (PMHAHCUPOBAHUS YTBEPXAEHHbIX exeroaHbix lNnaHos
npoeenexns HAP ans AO «XKarnpemcknin FTOK» TOO «KasunHk».

Cnucok nutepaTtypbl

1 AydeHkos C.B., Llly6oe J1.4. OboralieHne pya LBETHbIX U PEAKUX MeTasnsoB.
Mockea, «Hegpa», 1976.

2 Bacunesckass O.®. WHTeHcudmkaumsi npoueccoB 00e3BOXMBaHMSA C
NpYMeHEHNEM BbICOKO3(PPEKTUBHbIX CUHTETUYECKUNX donokynaHTos.//
KomnrnekcHoe ncnonb3oBaHne MnHeparnbHoro cbipbs. 1996. Ne4.- C. 10-12

3 Enusapos A.I. JKOHOMMYECKOE NpUMeHeHMe 3(PEKTUBHOCTU MNPUMEHEHUS
dnokynaHToB npu unbTpoBaHun cycneHaun// LiBeTHble meTannbl, Mocksa,
2010, Ne5, C 5-6

4 ®ponos B.C./[ B ct.:. [[Tpyobl Hay4yHO-MpaKTUYECKON KOHDEPEHLIMM
/l«QHepreTuyeckas 6esonacHocTe Poccumn. HoBble noaxoab! K pasBUTUIO YrONbHON
npombIlwneHHocTuy - Kemeposo, 2019, C. 64-65

5 Jlomow B.E. 3konorus npupoaononb3oBaHns. ExkatepuHbypr: M3a-Bo Ypan.roc.
3KOH.yH-Ta, 2009.- 540c.

6 KossisuHa O.,Koss3uH 1O.,YwHypuesa C./[KomnnekcHas TeXHONOrMsi O4UCTKU
NPOMBILLSIEHHBIX CTOYHbIX BoA,// M., MeHenxep-akonor, Ne4, 2008, c. 22-24.

7 KpusoweuH A.A., KyruH .11, JlanuH B.J1. [/\HxeHepHas 3aLmMTa NOBEPXHOCTHbIX
BOZ OT NPOMbILLEHHBLIX cToKoB//. M.: Bbicwwas wkona, 2003. 344c.

8 Bacurnesckasi O.®., Bacunesckasi E.O. , Cmonbkoea (baxwsH) A.W., Jlu
O.M /IMexpgyHapoaHas HayyHO-MpakTuyeckas KoHdepeHumsa «VHHoBauum B
KOMMIIEKCHOM NepepaboTke MnHeparnsHOro cbipbs//Acnonb3oBaHne NoMMeEpPHbIX
peareHToB Ansi UHTEHCUdMKauum npoueccoB oboraweHns//AnmvaTol: «HL, KIMMC
PK»19.10.2018. - c. 46-49

Bacuneeckasi 0.9.", Bacuneeckasi E.O." BaxwsiH A.N."
"«Monudnokey», AnmaTel Kk, KaszakctaH

«)K@VIPEM TKBK» AK KOPFACbIH-BAPUT KEHOEPIH TPABUHALUANBIK
BAULITYObIH WIAM KANAObIKTAPbIH KOKOJNATY MEH T¥HObIPYObI KAP-
KbIHOATY BOMbIHLLA 3EPTTEYNEP XYPrI3Y

Tyningeme. LLUnamabl TYHABIPFBLILTBIH XXYyMbIC KapTanapblHbIH, XXan-KyriHe Xypri-
3inreH Tangay 4-wi kapTaHbiH 6apnbiK Aeprik 6eniMaepiHib rpaBuTauma Kangblk-
TapbIMeH TONTbIpbINFaHbIH kepceTTi. WbiFapbinaTelH 3-wWwi Genimae TasapTbinFaH
cyabiH, TepeHgiri 10-15 cm-geH acnanTbiHbl aHbIKTanabl, an KanablKTapablH Ko-
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Fapfbl KabaTbl TbIM XbIDKbIMarnbl XXaHe KanablK afblHbIHbIH, 9P ©3repyiMeH nanna-
HbIN oTbipadbl. Byn cy anHanbin kenin, YwkaTbiH-3 KEH OpHbIHa OanbITyFa 3aybIT-
Ka kanTa kysaapl. Kasipri xxargan TeTeHwe xargan 6onbin ecenteneni, entkeni Ne4
KapTa cekuusnapbiH Tasanay XymbiCTapbl 6acTtanFaHblHa KapamacTaH, XakblH
apapga 6-8 aw iwinge 3aybIT WnaMgap MeH anHanManbl CyAbl TereTiH KOHTenHep-
1epci3 kanybl MyMKiH.

3epTxaHanblk Xarganaa TolFbI3ObIKThlH, rpaBMTaLmns KanablKTapbiHbIH KOMaHy
ThIFbI3AbIFbIHA 9cepi OOoMbIHLA 3KCNEepUMEHTTEP Xyprisinai. PnokynaHTTbIH OCbl
CUSIKTbI LWbIFbIHAAPBI Ke3iHAe Kanablk nynbnacbkiH 120 r/n-re geniH Kanta eHaen-
reH CyMeH CymbinTy 6apbiCbiHAA KOKNaHAbIpbINFaH Kanablk KenemiH 2 ece a3anTy-
Fa MyMKiHAiK 6epeTiHi aHblkTangbl, 6yn xafaanaa anfallksl cekyHaTapaaH 6acran
anMakTbIH ellKaHaan nannaHybiHcb3 hasanapra 6eniHe 6actanabl. Flopam UG
934 mapkanbl (brOKyNAHTTbIH OHTaWbl A03anapbiH TaH4ay GoMbIHLLIA XKYPri3inreH
3epTTeyriep HaTWXeciHOe KOopFacbiH-0apuT KeHAEpiHiH rpaBuTaumnsanbik 6anbiTy
KangblkTapblH Kotonaty kesiHae dasanapgpl 6enygid TmiMainiri ywiH ocel nonu-
MepIi peareHTTiH, WhbIFbIHbIH KOONaHablpbinFaH Matepuangbid, 30 r/T geHreniHae
Oenriney KaxeT eKenAiri aHbIKTangpbl.

Kasipri yakbitta Flopam UG 934 mapkanbl hnokynaHTTbl MerLepriey peareHTTiH,
KolonaHaTblH KanablkTapMeH TOSbIK XaHacyblH KamTaMacbl3 eTnenTiH GonfFaH-
ObIKTaH, OHEPKACIMTIK CbIHaKTapAbl ©TKi3ep anabliHaa rOKYNAHTThI EHri3y HYKTECI
e3repTingi. ©OHepkacinTik CbiIHAaKTapAbIH HOTWXKECIHAE Kapbep Cynapbl 06beKTinepi
OolblHWA Ccy afFblHAapbiHbIH, apakaTbiHacbiH «XKanpem TKBK» AK-pa KopracbiH-
OapuT KeHaepiH rpaBuUTaumanbIK 6arbITy KesiHae Kanaplk dasanapbiH 6enyai 6a-
NbITY dpabpuKkacbiHbIH Cy anHanbIMbIHbIH KaXeTTinikTepiHe cankec ycrayra 6ona-
TbIHAbIFbI @HbIKTANAbI.

TyniHai cespep: eHepkacinTik cynapabl Ta3apTy, Wam TyHAbIpFbITap, XKeripem
KEH OpPHbI, KOpFacblH-0apuT KeHaepiH GalbITy KanablkTapbl, WnamMabl kagere xa-
paTy, Wram KanablKTapblH TyHObIPY.

* % %

Vasilevskaya O.F.", Vasilevskay E.O.", Bahshan A.l."
"«Poliflox», Almaty c., Kazakhstan

CONDUCTING RESEARCH ON INTENSIFICATION OF THICKENING AND
SEDIMENTATION OF SLUDGE WASTE FROM GRAVITY ENRICHMENT OF
LEAD-BARITE ORES AT THE «ZHAIREMSKIY GOK» JSC

Abstract. The analysis of the condition of the working maps of the sludge set-
tling tank showed that almost all sections of the 4th map are filled with sludge
from gravity tailings. It was established that in the discharged 3rd section, the
depth of clarified water is no more than 10-15 cm, while the upper layer of
tailings is very mobile and with each change in the flow of tailings, stirring oc-
curs. This water is recycled and is supplied to the plant for enrichment of ore
from the Ushkatyn-3 deposit. The current situation is pre-emergency, since in
the near future, within 6-8 months, the plant may be left without tanks for dis-
charge of sludge and recycled water, despite the work that has begun to clean
sections of map No. 4. Experiments on the effect of density on the thickening
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of gravity tailings were conducted in laboratory conditions. It was found that di-
luting the tailing pulp with recycled water to 120 g/l with similar flocculant con-
sumption allows reducing the volume of thickened tailings by 2 times, while a
clear separation into phases is achieved from the first seconds without a turbid
zone. As a result of studies on the selection of optimal dosages of the floccu-
lant brand Flopam UG 934, it was established that for the efficiency of phase
separation during thickening of tailings from gravity enrichment of lead-bar-
ite ores, it is necessary to set the consumption of this polymer reagent at a
level of 30 g/t of the thickened material. Before conducting industrial tests, the
flocculant injection point was changed due to the fact that the current dosing
of the Flopam UG 934 flocculant does not ensure full contact of the reagent
with the thickened tailings. As a result of industrial tests, it was established
that the ratios of water flows through quarry water objects can be maintained
in accordance with the needs of the water circulation of the beneficiation plant
for separating tailings phases during gravity enrichment of lead-barite ores at
JSC «Zhairemsky GOK».

Keywords: industrial water treatment, sludge settling tanks, Zhairem's field,
lead-barite ore enrichment tailings, sludge utilization, sludge waste sedimen-
tation.
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RESEARCH ON COPPER PROCESSING PLANT TAILINGS TO
INCREASE COPPER RECOVERY

Abstract. The object of the study is the waste tailings from the copper processing
plant. During the study, the material composition of the source material was studied and
flotation reagents were tested with the aim of increasing copper extraction into the con-
centrate. The optimal reagent regime was selected for testing all collectors under equal
conditions. During the tests, not only traditional collectors for sulphide minerals were
tried, but also foreign reagents. The experiments were carried out at different collector
flow rates, both with each collector fed separately and in combination with xanthate.
As a result of the experiments, reagents were selected that allow for the highest-grade
concentrate and the highest copper recovery in the concentrate. To improve flotation
performance, the addition of gangue depressants and a sulphide mineral flotation ac-
tivator was tested.

Keywords: waste tailings, enrichment, flotation studies, concentrate, grade, extraction.

Introduction. Kazakhstan’s mineral resources are gradually being de-
pleted. Millions of tons of mining and mineral processing waste are being
stored in the country every year [1]. The constantly increasing amount of
mining waste each year requires increased capacity in tailings dump and
causes ecological harm by contaminating the environment with heavy
metal ions. As a result of intensive use of mineral resources, the repub-
lic has accumulated over 30 billion tons of production and consumption
waste. 700 million tons of industrial waste are generated annually. About
90% of the generated waste consists of mining and mineral processing
waste. The total volume of the mining industry waste in 2021 amounted to
470 million tons [2].

As reserves of high-grade and easily-enrichable ores are becoming
scarce, it is necessary to develop improved technologies for processing
low-grade and difficult-to-enrich ores. Some areas of tailings dump at
processing plants contain almost industrial concentrations of valuable
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metals and represent man-made deposits suitable for secondary pro-
cessing [3-5].

Thus, waste tailings, previously of no industrial interest, can now be
economically processed to produce concentrates suitable for metallur-
gical plants. The secondary use of mining waste solves the problems of
resource depletion and negative environmental impact. The development
of technology for processing waste tailings will lead to a high economic
effect due to a reduction in the cost of the concentrates. This is achieved
through cheaper transportation of the raw material, reduced grinding
costs and the use of existing equipment. It will become possible to re-
start non-operational production facilities that are currently mothballed,
thereby increasing the number of jobs and improving the socioeconomic
situation of the region. [6]

The material studied for the research is waste tailings from the tail-
ings dump of copper processing plants. The technological scheme for
processing copper ores is typical and includes: crushing, wet grinding,
rough copper flotation and scavenger flotation, as well as cleaning of
the copper concentrate. The resulting copper concentrate is condi-
tioned and sent for further metallurgical processing to produce a com-
mercial grade metal. The chamber product of the scavenger copper
flotation is waste tailings, and after thickening, it is sent for storage in
the tailings dump. As a result of copper ore processing, conditioned
concentrates with a copper content of at least 15% (grade KM7) and
above are obtained. The resulting waste tailings contain about 0.10-
0.40% copper.

In addition to copper, valuable components in tailings include gold, sil-
ver, lead and zinc, which can be recovered at the same time. The majority
of tailings, however, consists of rock-forming minerals, including silicon
dioxide and oxides of magnesium, calcium, aluminium and others. Iron
can be present as sulfides (pyrite, pyrrhotite) or iron oxides (magnetite,
hematite, etc.). Thus, copper tailings are now of industrial interest as a raw
material for secondary processing.

The aim of the study. Testing various collectors in the flotation scheme
for processing copper tailings from beneficiation plants to improve the
technological parameters of the resulting copper concentrate suitable
for further hydrometallurgical processing. The study was conducted as
part of the research program “Development of innovative resource-saving
technologies for the mining and complex processing of mineral and man-
made raw materials.
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Materials and methods of Research. Laboratory studies were con-
ducted on the flotation of copper tailings to determine the optimal grinding
fineness, flotation pH and dosage of flotation reagents. Sodium sulfide
(Na,S) was used as a sulfidizer. The following copper mineral collectors
were tested: potassium butyl xanthate, potassium amyl xanthate, sodium
ethyl xanthate, butyl aerofloat, Aerophine 3418A, AERO 3894, AERO MX
3715 (Syensqo), and combinations of the reagents AERO 9863, AERO
3894, AERO MX 3715, AERO 400 with potassium butyl xanthate. Flota-
tion tests were conducted on the selected collector to assess the feasi-
bility of using a gangue depressant (Na,SiO,, AERO 650) and a copper
mineral activator (CuSO,). The experimental scheme is shown in Figure 1.

Waste tailings (feed)

Grinding — 70% -0,07 lmm

pH = 9,0 (CaO)
NasS 150 g/t
Collector - variable

MIBC 0-10 g/t
Rough flotation
5 MuH
Rough product Rough flotation
tailings

Figure 1 — The experimental scheme

Results and discussions. During the study of the material composition
of the source material, the contents of the main elements were determined
(Table 1): gold — 0.04 glt, silver — 0.55 g/t, copper — 0.20%, lead — 0.05%,
zinc —0.25%, total iron — 6.01%, total sulphur — 0.90%, silicon — 30.82%, alu-
minium — 2.52%, magnesium — 0.51, calcium — 3.60%, manganese — 0.11%.

According to the results of phase analysis indicate that copper is rep-
resented by 58.75% sulfide and 41.25% oxidized minerals. The sulfide
minerals, in turn, consist of primary (18.97%) and secondary miner-
als (39.78%), while the oxidized minerals are comprised of chrysocolla
(18.94%) and malachite (22.31%). Based on the ratio of sulfide and oxi-
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dized copper minerals, the tailings sample under study can be classified
as mixed type.

Table 1 — Chemical composition and fire assay of the initial tailings sample

Ele-
ments
Au, | A .
and /t, ?t Cu|Pb| Zn | Fe | S Si Al | Mg | Ca | Mn
com- 9 9
pounds
Con-
tent. % 0,04 |0,55|0,20|0,05|0,25|6,01{0,90|30,82| 2,52 |0,51 3,60 | 0,11
)
70,0 4,22 45
4,0
60.0 35 348338340
35
50,0
3,0
40,0 2,5
30,0 2,0
1,5
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Figure 2 - Results of experiments with various collectors

The optimal conditions for rough flotation were determined experimental-
ly: grinding fineness —70% minus 0.071 mm, pulp pH — 9.0, and Na,S sulfidiz-
er dosage — 150 g/t. Methyl isobutyl carbinol (MIBK) was used as a frother.
The flotation time for all tests was 5 minutes. Various collectors were tested
using the scheme shown in Figure 1, the results are shown in Figure 2. The
best results for each collector in the test series are presented in Table 2.
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Table 2 — Consolidated results of experiments for each collector series

Name and .-
. Efficiency
o??r?:%gﬁ)etgg r Product Yield, % Cu C&Ttent‘ rec 0\(/:;ry % coefficient,
g/t ’ , %
Rough
- ot product 2,63 4,22 53,26
utyl xanthate | rotation 50.74
~70 tailings 97,37 0,10 46,74
Feed 100,00 0,21 100,00
Rough
o ot product 3,54 3,11 54,59
yl xanthate | r|nstation 51.15
-70 tailings 96,46 0,10 45,41
Feed 100,00 0,20 100,00
Rough
. ot product 3,24 3,20 51,24
myl xanthat€ | Fiotation 48,10
—-50 tailings 96,76 0,10 48,76
Feed 100,00 0,20 100,00
Rough
- o product 2,58 3,19 41,32
utyl aerotloat | Fiotation 38.82
—-50 tailings 97,42 0,12 58,68
Feed 100,00 0,20 100,00
Rough
product 2,74 2,78 37,61
AERO 3418A -
Flotation 34,94
-50 tailings 97,26 0,13 62,39
Feed 100,00 0,20 100,00
Rough
éEI;O 9863 product 4,49 2,65 59,17
Flotation 54,79
Butyl xanthate | tailings 95,51 0,09 4083
=70 Feed 100,00 0,20 100,00
Rough
_Aggzo 3894 product 4,62 2,60 58,33
Flotation 53,82
Butyl xanthate | tailings 95,38 0,09 41,67
=70 Feed 100,00 0,21 100,00
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AERO MX Rough 5 4 481
3715 — 20, product 8 348 813
Flotation 45,37
Butyl xanthate | tailings 97,15 0.1 5187
-30 Feed 100,00 0,21 100,00
AERO 400— | Rough
S orodict 2,71 3,40 46,26
Flotation 43,64
Butyl xanthate | tailings 97,29 0.1 53,74
-30 Feed 100,00 0,20 100,00

According to the experimental results, the highest grade of the rough
product (copper content 4.22%) was achieved using potassium butyl xan-
thate (with a dosage of 70 g/t). In this process, the copper recovery into
the rough product was 53.26%, product yield was 2.63%, and efficiency
coefficient was 50.74%.

The maximum copper recovery into the rough product (59.17%) was
achieved with the combined use of AERO 9863 (15 g/t) and potassium
butyl xanthate (70 g/t). In this case, the copper content in the rough prod-
uct was 2.65%, the product yield — 4.49% and the efficiency coefficient
—54.79%. This combination of collectors was selected as optimal for the
flotation of copper minerals from the initial tailings.

Based on the chemical composition results, it was determined that the
rough copper product has a silicon content of 10.24%, a calcium content
of 2.67%, and a magnesium content of 0.39%. To reduce these levels,
studies were conducted on the feasibility of using gangue depressants in
rough flotation. “Liquid glass” (Na,SiO,) and AERO 650 (from the company
“Syensqo”) were tested as depressants. Tests were also conducted with
the addition of a sulfide mineral flotation activator — copper sulfate (CuSO,).

It is known that copper cation has the main influence on the collector’s
adsorption onto the surface of copper minerals. Therefore, the more cop-
per atoms are on the mineral surface, the higher adsorption activity and
the greater floatability [7]. For this purpose, the addition of copper sulfate
was tested. The experimental results are presented in Table 3.

According to the obtained results, the use of depressants Na,SiO, and
AERO 650 in rough copper flotation doesn’'t have a positive effect on
improving the technological parameters of the flotation process. The addi-
tion of copper sulfate to the rough flotation also does not increase copper
recovery into the rough product. Consequently, the use of depressant and
activator in the rough flotation is ineffective.
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Table 3 — Results on the feasibility of using depressant and activator

Name and -
| Efficiency
consumption . Cu content, Cu e
of the collector, Product Yield, % % recovery, % coef£|/0|ent,
glt °
Rough
product 4,49 2,65 59,17
Base test Flotation 54,79
tailings 95,51 0,09 40,83
Feed 100,00 0,20 100,00
With the addition of gangue depressant
Rough
product 5,08 2,22 54,31
Na_SiO,— 100 | Flotation 49,33
PR tailings 94,92 0,10 45,69
Feed 100,00 0,21 100,00
Rough
product 5,08 2,23 54,42
Na,SiO,— 150 | Flotation 49,44
P tailings 94,92 0,10 45,58
Feed 100,00 0,21 100,00
Rough
product 5,13 2,37 57,44
AERO 650 — ;
Flotation 52,42
100 tailings 94,87 0,095 42,56
Feed 100,00 0,21 100,00
Rough
product 4,46 2,47 53,57
AERO 650 — ;
Flotation 49,21
150 tailings 95,54 0,10 46,43
Feed 100,00 0,21 100,00
With the addition of copper mineral activator
Rough
product 5,13 2,21 54,44
CuSO, — 100 | Flotation 49,41
4 tailings 94,87 0,10 45,56
Feed 100,00 0,21 100,00
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Rough
product 4,96 1,92 47,67
CuSO, — 200 | Flotation 42 80
) tailings 95,04 0,11 52,33
Feed 100,00 0,20 100,00

Conclusion. Thus, the studies have established that butyl xanthate
is the most selective collector for the flotation of copper minerals from
tailings of mineral processing plant, resulting in the highest-grade cop-
per concentrate. Furthermore, the combined use of AERO 9863 and
butyl xanthate demonstrated the best results for increasing copper re-
covery into the concentrate. Reagent consumption was 15 g/t of AERO
9863 and 70 g/t of butyl xanthate. The addition of gangue depressant
and sulfide mineral activator did not improve flotation technological pa-
rameters. After 5 minutes of rough flotation of copper tailings the re-
sulting product grade was 2.65%, product yield was 4.49%, and copper
recovery was 59.17%.

Research funding source. This research is funded by the Commit-
tee of Industry of the Ministry of Industry and Construction of the Repub-
lic of Kazakhstan under program-targeted funding for scientific research
for 2024-2026, BR23991563: “Creation of Innovative Resource-Saving
Technologies for Mining and Integrated Processing of Mineral and Tech-
nogenic Raw Materials.”
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MbIC BANbITY PABPUKACDBIHbIH KANOBLIKTAPLIHOA MbIC ANY
OEHIENIH APTTbIPYFA BAFbITTANFAH 3EPTTEYJIEP

Tyningeme. 3epTTey HbiCaHbl — MbIC 6anbITy habpukackiHbIH YRIHAI KangblkTapsbl
6onbin Tabbinagpl. 3epTTey GapbicbiHAa GacTankel MaTepuanabiH, MUHepanabIK
Kypambl 3epTTenin, MbICTbIH, KOHLEHTPATKA anblHy AeHreriH apTTbipy MakcaTbiH-
Aa drnoTaumanblk peareHTTep cbiHangpl. bapnbik xuHarbilwTapabl Gipaen xar-
davga anpobauuvsanay yLiH OHTannbl peareHTTiK pexxum Tangangsl. CelHakTapaa
cynbuAaTi MMHEpangapFa apHarnfFaH AaCTyphi XXUHaFbILLUTApMeH KaTap weTtengik
peareHTTep Ae KongaHbingpl. Taxipubenep apTypni peareHT WbIFbIHbIHAA XKYPri-
3ingi: opbip XuHarFbIWTLI Xeke 6epy kesiHae Ae, COHAan-ak OHbl KCaHToreHaTneH
ynnecTipe KonganfaHaa ga. XKyprisinreH tTaxipubenep HoTUXeCiHAE KOHUEHTpaT-
TbIH XOFapbl canacbl MEH MbICTbIH KOHLIEHTPaTKa anbliHy A9PEXECiH KamTamachI3
eTeTiH peareHTTep aHbiKTangbl. dnoTaunsanbik KepceTKiTepai )akcapTy YLiH
60C XbIHBICTbIH, AenpeccopnapbiH XaHe cynbduaTi MuHepangapabiH, dnotauns-
Cbl GenceHaipriluTepiH eHridy CbiHaKTaH eTKi3ingi.

Tywninai cespep: yriHai kanapiKTapbl, 6anbITy, dnoTaunsnblk 3epTTeyrnep,
KOHLEHTPAT, KypaMbl, anbiHy OapeXeci.

* % %

Jlu 3.M.", Cmaiinoea A.B.", belicembaee 3.b.", Jaynem B.E.?
THMNON3 «KasmexaHobp», r. AnmaTkl, KasaxcTaH
°TOO «VCP», r. AnmaThbl, KasaxcTtaH

NPOBEOEHUE UCCINEQOBAHUA HA XBOCTAX MEAHOM OBOrATUTEb-
HOW ®ABPUKU C LENbIO MOBLIWEHUA U3BNEYEHUA MEOU

AHHoTaumsa. O6BLEKTOM UccrnefoBaHUsA SBMSOTCA OTBalNbHbIE NEXarble XBOCThbI
MeaHon oboraTuTenbHon dabpuku. B xoae nccnegoBaHns NpoBeAeHO U3ydeHne
BeLLEeCTBEHHOrO COCTaBa WCXOAHOro Matepuana U uchbiTaHus roTaumoHHbIX
peareHTOB C Lierbio NOBbLILLEHUS N3BIeYEeHNs Meaun B KOHUeHTpaT. bein nogobpaH
ONTMMAanbHbIN peareHTHbIN pexum Ans anpobauun Bcex cobupaTtenen B paBHbIX
ycnosusx. B xoge ncnbiTannin 6bim NpoboBaHbl He TONBKO TPaaMLMOHHbIE COBY-
paTtenu Ans cynbuaHbiX MUHEPanoB, HO U 3apybexHble peareHTbl. OnbITbl NPo-
BOAMNNCL MPU Pa3nNnyHbIX pacxofax cobuparenen, Kak npu oTaensHoW nogade
Kaxxgoro cobvpartens, Tak U B COMETaHWM C KcaHToreHatom. B pesynbTarte npo-
BeAEHHbIX OMblTOB BblAEMNEHbl PeareHTbl, No3BONSIOLWME NONy4nTb Hanbonbluee

58



Hoeocmu Hayku KasaxcmaHa. Ne 1(168). 2026

KayecTBO KOHLEHTpaTa u Hanbornbluee U3BNeYeHne Meaun B KOHUeHTpar. [nga no-
BblLIEHMS (ONIOTALMOHHBIX MokasaTernei onpoboBaHo gobaBneHne AenpeccopoB
nycTon NOPOAbI U akTMBaTopa noTaumm cynbUaHbIX MUHEPAIIOB.

KnroueBble cnoBa: nexarble XBOCThbl, oboralleHve, pnoTaunoHHbIe UccneaoBa-
HUS, KOHLIEHTpAT, coaep)XaHue, N3BrieyeHme.
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NEPEBOL CTATbU /| MAKAINTAHbIH AYOJAPMACHI

Jlu 3.M.", Cmatinoea A.b.", belicemb6aee 3.b.", Qaynem b.E.?
THMOMMS «KasmexaHobpy», r. AnmaTbl, KasaxcTtaH
2«VCP», r. Anmartbl, KazaxcTaH

«I'IPOBE,D,EI:IVIE UCCNEONOBAHUA HA XBOCTAX MEOHON OBOrA-
TUTEJIbHOU ®ABPUKU C LIEJIbKO NOBbLILLEHUA N3BNEYEHUA
MEOWN»

AHHoTaumsA. O6BLEKTOM UccreoBaHNA SBMAOTCA OTBanbHbIE NeXarble XBOCThI
MefHon oboraTutenbHon abpukn. B xoae uccnegoBaHvs npoBeAeHO U3ydeHne
BEeLLEeCTBEHHOIO COCTaBa UCXOQHOrO Matepuana U MchbiTaHus roTaumoHHbIX
peareHToB C LieNbio NMOBbILLEHUS U3BEYEHNS Meaun B KOHLEeHTpaT. bbin nogobpaH
ONMTUMAanbHbIV peareHTHbIM PeXum Ans anpobauun Bcex cobupartenei B paBHbIX
ycroBusx. B xoge vncnbiraHuin 66inv npoboBaHbl He TOMLKO TPagnLUMOHHbIE CObU-
patenu ans cynb@uaHbIX MUHEPAroB, HO 1 3apybexHble peareHTbl. OnbITbl NPo-
BOAMNNCL MPU Pas3nNnyHbIX pacxofax cobuparenen, Kak npu oTaensHo nogade
Kaxgoro cobupaTtens, Tak U B COMeTaHWM C KcaHToreHaTom. B pesynbTaTte npo-
BeJeHHbIX OMNbITOB BblAEMEHbl peareHTbl, NO3BONSIOLWME NONyYUTb Hanbonbluee
Ka4eCcTBO KOHLieHTpaTa 1 Hanbosbliuee n3BreyYeHne Mean B KOHUeHTpaT. [nsa no-
BblLLEHMS (ONIOTALUMOHHBIX MokasaTesnien onpoboBaHo gobaBneHe AenpeccopoB
NycTON NOPOALI U akTMBaTopa notaumm cynbMUAHbIX MUHEPAaOB.

KnroueBble cnoBa: nexarble XBOCTbl, oboralleHve, pnoTaunoHHbIe UccrneaoBa-
HUS, KOHLIEHTpaT, cogepXaHue, n3sreyeHne

BBegeHue. MunuHepanbHO-chipbeBasd 6a3a KaszaxctaHa nocTeneHHo
NCTOLLAETCS, EXErogHo B CTpPaHE CKNagupyrTCs MUIIMOHbI TOHH OT-
X040B O00bIUKM 1 oboralleHns nonesHblix nckonaembix [1]. C kaxabiMm
rogoM MOCTOSIHHO YBENMYMBAIOLLEECH KOJNIMYECTBO OTXOAOB rOPHOAO-
ObiBalOLWMX NpeanpusTuin TpebyeT yBenmyeHnsi 06beMOB XBOCTOXPaHU-
NALL U HAHOCUT 3KOSOTMYECKUIA Bpen, 3arps3Hsasi OKpyXarLlyo cpeny
MOHaMU TSHKENbIX MeTansoB. B pe3ynbTtaTe MHTEHCMBHOMO MCMNOSb30Ba-
HUS NPOAYKTOB Heap B pecnybnuke HakonneHo 6onee 30 mnpAa. T OTX0-
OOB Npon3BOACTBa U nNoTpebneHus. ExerogHo obpasyetca 700 MnH. T
nNpoMbILeHHbIX 0TxoaoB. Okono 90% o0pa3oBaBLUMXCS OTXOO0B CO-
CTaBNAKT 0TX0Abl A00bLIYM 1 0bOralLleHus NonesHbIX nckonaembix. O6-
lWMn o6beM OTXOO0B ropHOAOObLIBAOLLEN MPOMbILNEHHOCTN 3a 2021
rog coctaBun 470 mnH. T [2].

lMockonbky 3amacoB GoraTbiXx U FErkooboraTUMbIX PyA C KaXgblM
rogoM CTaHOBUTCS BCE MEHbLUE, NpUXoanTcs paspabartbiBatb yCoOBeEp-
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LLIEHCTBOBAaHHbIE TEXHONOrMU nepepaboTku 6edHbIX 1 TpygHooboraTu-
MbIX pya. OToenbHble y4aCcTKM XBOCTOXpaHMnuL, oboratutenbHbIX ga-
OpuK cogepxaTt MpakTUYECKN MPOMBbILLIIEHHbIE KOHLEHTPaUUn LEeHHbIX
MeTanmnoB 1 NPeACTaBNAlT COO0M TEXHOreHHbIE MECTOPOXAEHUSA, NPpU-
rogHble Ans BTOPUYHOM nepepaboTku [3-5].

Takum obpasom, oTBafibHble XBOCThI, KOTOPblE paHee He NpeacTaB-
NSAW NPOMBILUSIEHHBIA MHTEPEC, TENEPb MOTyT ObITb 3KOHOMUYECKM PEH-
TabenbHO NnepepaboTaHbl C NOflyYEHNEM KOHLIEHTPATOB, MPUIrOAHbIX AN
MeTannypruyeckmx nNpeanpuatun. BTtopmyHoe ncnonb3oBaHWe OTXOAO0B
rOPHOro NPOM3BOACTBA peLuaeT NpobremMbl UCTOLLEHNS HeAp U HeraTuB-
HOro BO3A4enCTBUS Ha akomoruio. PagpaboTka TexHomornm nepepaboTtku
nexanbIX XBOCTOB NMO3BOJSIUT MNOMYYUTb BbICOKUN 3KOHOMUYECKUI 3hPEKT
BCeACTBME YMEHbLUEHNS ceBeCTOMMOCTN MofyYaemblX KOHLEHTPaToB
3a cYeT ydelleBneHMs mpouecca TPaHCMOPTMPOBKN UCXOOHOIO CbIpbS,
YMEHbLUEHNS PacXOAOB Ha M3MeNbYeHne, NCMOMb30BaHNS NMEIOLLErocs
06opyaoBaHus. CTaHET BO3MOXHbIM 3anyck He(PYHKLMOHMPYEMbIX MPOU3-
BOACTB, HAXOASALWMNXCSA Ha KOHCEpPBaLuW, C yBeNMYEeHMEM Yrcna paboudmx
MECT U1 yNyyLIEHMEM COLManbHO-3KOHOMMYECKOW cchepbl permoHa. [6]

McxogHbiM Matepuanom Afs NpOBeAeHUs UCCredoBaHns SBNS0T-
CH OTBalibHble XBOCTbl C XBOCTOXPaHWULL, MeOHbIX oboraTmtenbHbIX
(abpuk. TexHonornyeckass cxema nepepaboTku MedHbIX pyn SBhseT-
CH TUNOBOW Y BKIOYaeT: ApobrneHne, MOKpoe n3amMenb4YeHne, OCHOBHYHO
MELHYI0 M KOHTPOSbHYO orioTauun, a Takxe NepevymcTk MegHoOro KOoH-
ueHTparta. [Nonyyaembln MeAHbIN KOHLEHTPaT ABNSeTCA KOHANLNOHHbBIM
N HanpaBfseTCs Ha AanbHEWLWY MeTannypruyeckyto nepepaboTky C
noriydeHneM ToBapHoOro metanna. KamepHbln nNpoayKT KOHTPOIbHOW
MegHOM roTauun ABASIETCS OTBaNbHbIMM XBOCTaMWU M MOCHeE Crylie-
HUS HampaBnseTca Ons CKNagvMpoBaHWSA B XBOCTOXpaHunuwe. B pe-
3ynbTate oboraweHns MeaHbIX pyd NoslyvyarT KOHOMLMOHHbIE KOHLIEH-
Tpatbl ¢ cogepxaHnem mean He meHee 15% (mapka KM7) n Bbiwe. A
nonyydaemble oTBarbHble XBOCThI cogepxat ~0,10-0,40% megu.

LleHHbIMM KOMNOHEHTaMn B XBOCTax NOMMMO MeAu ABNAKTCS 30510-
TO, cepebpo, CBMHEL, U LIMHK, KOTOPbI€ MOTYT OblTb MOMYTHO N3BEYEHBI.
OcHoOBHas e YacTb XBOCTOB NpeAcTaBieHa Nnopogoobpasyowmumm mu-
Hepanamu, B COCTaB KOTOPbIX BXOAAT AMOKCUA KPEMHUWS, OKCUAbl Mar-
HUS, Kanbuns, antoMmHna 1 T.4. 2Keneso MOXeT NpMcyTCTBOBaTh B BUAE
CcynbnaoB (MMPUT, TMPPOTUH) UM OKCUAOB Xenesa (MarHeTuT, remMatuT
1 T.4.). Takum obpasom, MeaHble XBOCTbl, MPEACTaABNAT NPOMbILLIEH-
HbI MHTEPEC KaK Cbipbe AN BTOPUYHOM NepepaboTKu.
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Llenb uccnepgoBaHusA. VcnbiTaHMe pasnuyHbiX cobupaTenen no
rnoTaLNOHHOM CXeme nepepaboTKky nexanblX MeAHbIX XBOCTOB 000-
raTutTenbHbIX abpuk AN NOBLILEHMS TEXHONOrMYECKMX NoKkasaTenen
nony4yaemMoro MefHoro KOHLeHTpaTa, MpuUrogHoro Ans ganbHeunen
rmapomMeTannypruyeckon nepepabortku. MiccnegoBaHue nNpoBOAMIOCH
B paMKax NpoBeAeHust nccnegoBaHuni no nporpamme «CosgaHne MHHO-
BaLMOHHbIX pecypcocbeperarLmx TEXHONOrMi 4O0bIYN U KOMMITEKCHON
nepepaboTkM MMHEPaNbHOIO Y TEXHOTEHHOTO ChIpbSA».

MaTtepuanbi u meToabl MccneaoBaHUi. [poBeaeHbl NnabopaTtopHble
nccnegoBaHvsa No donoTauum oTBarnbHbIX MEAHbIX XBOCTOB C MOAOOPOM
onTMMaribHOW CTeneHn namensyeHus, pH dnotaumm n pacxogos noTta-
LMOHHBbIX peareHToB. B kayecTBe cynbduansaropa NpUMeHSNCcs CepHu-
cTbin HaTpuii (Na,S). McnbiTaHbl cneaytoLye cobrpateny MeaHbIX MuHe-
panoB: OyTMIOBbIN KCAHTOreHaT Kanusi, aMUITIOBbIN KCaHTOreHaT Kanws,
3TUIOBBIN KCAHTOreHaT HaTpud, BbyTnnosbii aspodnoT, Aerophine 3418A,
AERO 3894, AERO MX 3715 (komnaHun Syensqo), a Takxe CoYeTaHusi
peareHtoB AERO 9863, AERO 3894, AERO MX 3715, AERO 400 c byTu-
NOBbLIM KCaHTOreHaToM Kanus. Ha nogobpaHHom cobvpaTtene npoBeAeHbl
dnoTaunoHHbIE UCTIBITAHMS MO LLenecoobpasHoCTU MPUMEHEHUS Aenpec-
copa nyctoit nopoabl (Na,SiO, AERO 650) n akTnBatopa MefHbIX M1He-
panos (CuSO,). Cxema npoBeAeHVs ONbITOB NPEACTaBIieHa Ha pUCyHKe 1.

XBOCTBI HCXOIHBIC

WMamenbuenue — 70% -0,07 1 mm

pH = 9,0 (CaO)

NazS 150 i/t
Cobupare’p - IepeMEHHO
MUBK 0 -10 1/t

OcnoBHas (ioTauus

5 MuH
OcHoBHOH XBOCTBI OCHOBHOH
NPOAYKT ¢uroTanun

Pl/lcyHOK 1 - Cxema nposeneHmnd onbIToB
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Pe3ynbratbl nccnepoBaHum n obceyxaeHusi. B xoge msyveHus
BELLECTBEHHOrO COCTaBa MCXOAHOr0 Marepuana onpeneneHbl coaep-
)XaHUs OCHOBHbIX 3riemMeHToB (Tabnuua 1): 3onota — 0,04 r/T, cepebpa
— 0,55 r/1, mean — 0,20%, cBuHUa — 0,05%, umHka — 0,25%, »enesa 06-
wero — 6,01%, cepbl o6wen — 0,90%, kpemHus — 30,82%, antoMMHUSA —
2,52%, marHusa — 0,51, kanbuma — 3,60%, mapradHua — 0,11%.

Ta6bnuua 1 — XuMnyecknn u NPOoOUPHLIN aHanNM3 MCXOAHOW NPOObLI XBOCTOB

One-

MEHTbI

necoe- | A% | A% | oy | pp | zn | Fe | s | si | Al [ Mg|calmn
/T r/T

OVHe-

HUA

Cogep-

wahve, | 0,04 | 0,55 | 0,20 [ 0,05 | 0,25 | 6,01 [0,90(30,82| 2,52 | 0,51 | 3,60 | 0,11

%

Mo pesynbTatam ha3oBOro aHanuaa criegyert, YTo medb Ha 58,75%
npegcrtasrneHa cynb@uaHbiMu n 41,25% oKncrneHHbIMu MuHepanamu. B
CBOK oYvepedb CynbduAHble MUHeparnbl NPeacTaBreHbl NEPBUYHBIMU
(18,97%) n BTOpMYHBIMM MUHepanamu (39,78%), a OKNCHEHHbIE MUHE-
panbl — xpu3okonnoW (18,94%) n manaxutom (22,31%). icxogsa ns coort-
HOLLEHMSA CYNbMUAHBLIX N OKUCIEHHbIX MMHEPANOB MEAN NCCeaYEMYIO
npoby XBOCTOB MOXHO OTHECTU K CMELUaHHOMY Tuny.

OnbITHEIM nNyTemM nogobpaHbl ONTUMarbHble YCMOBUS OCHOBHOWN
dnoTauun: cTeneHb N3MernbyYeHns ncxogHoro martepmana — 70% knac-
ca muHyc 0,071 mm, 3HaveHune pH nynbnel 9,0, pacxoa cynbdugmnsatopa
Na,S — 150 r/1. B ka4ecTBe neHoobpasoBaTesns NpUMeHSACA METUM U30-
oyTun kapbuHon (MUBK). Bpemsa dnotaumm Bo BCEX OMbiTax COCTaB-
naet 5 muHyT. Mo cxeme, NpeacTaBeHHON Ha PUCYHKe 1, MpoBeAEHbI
MCMbITAHWS pasnnyHbIX cobupartenewn, pesynbratbl KOTOPbIX MPUBEAEHbI
Ha pucyHke 2. Hannydwmve pesynbTaTbl MO CEPUN OMbITOB OIS KaXXA0ro
cobupartens npuBedeHbl B Tabnuvue 2.

CornacHo peasynbTaTtam OMbITOB Hauborbllee KayecTBO OCHOBHO-
ro npogykta (cogepxaHve mean 4,22%) OOCTUTHYTO C NMPUMEHEHNEM
OyTunoBoro kcaHToreHata kanus (pacxog 70 r/1). MNMpn aTom nseneve-
HUE Mean B OCHOBHOWM MpoAyKT cocTaBuno 53,26%, Bbixoq NpogykTa —
2,63%), a koadbpuumeHT achdekTBHocTh coctaBun 50,74%.

MakcnmanbHoe u3BnevYeHve megu B OCHOBHOW npogykT (59,17%)
noslydeHo npu COBMeCTHOM mcnonb3oBaHum AERO 9863 - 15 r/T ¢ 6y-
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TUNOBbIM KCaHToreHaTom kanusa - 70 r/T. [pn aToM cogepxxaHne meam
B OCHOBHOM MpopyKkTe cocTtaBuino 2,65%, Bbixoa npogykta — 4,49%, a
Ko dpuumneHT adpdhekTnBHOCTU - 54,79%. [laHHOe coyeTaHme cobupa-
Tenen BbIOPaAHO Kak onTUMarnbHOE Anda noTaumMm MeaHbIX MUHeparnoB
13 UCXOOHbIX XBOCTOB.

70,0 4,22

60,0 35

50,0

30,0
20,0
10,0

0,0

-y

o

o
ByT.kcanT=30 r/T I
ByT.kcanT=70 r/r I

Stnn.kcanT=50 rft

Amun.kcant=30 r/r I

Stun.kcanT=70 r/T
Awmun.kcanTt=50 r/t

30 r/T I—
50 /T I—

ByT.aspod.

ByT.aspod.
AER03418
AERO3418

m 3Bneyenne Cu, %

T

15 r/1, BKK=30 r/t
T

20 1/
15 rit, BKK=70 r/T

50 r/

AERO3894=30 r/r I

A:

AERO9863
A

AER09863;

£
)
¥
<
&
in
£
=
o
I

AERO3894

20 r/t, BKK=70 r/T
30 r/t, BKK=30 r/T
AERO3715=30 r/T

AERO3894
AERO3894

«=0==CopepxaHue Cu, %

3.483 383,40

S o =2 2N bhd
o v o v o w o°o

20 r/1, BKK=30 r/T
40 riT, BKK=30 r/T
20 r/t, BKK=30 r/T

AERO3715
AERO400
AERO400

PucyHok 2 — PesynbTaThl ONbITOB C pa3nnyHbiMu cobnpartensamu

Tabnuua 2 — CBoaHbIe pe3ysibTaTbl ONbITOB AJS KaXXA0W cepum

cobuparens
HanmeHoBaHue Copepxa- | UsBnede- Koadhch-T
1 pacxop cobu-| MNpogykTel | Bbixog, % | HWe meaw, | HUe Meaw, acpch-Tut, %
patens, r/T % % A
OcHoBHoW
p-T 2,63 4,22 53,26
ByT. kcaHT. XBOCTbI
~70 Dr-Lmm 97,37 0,10 46,74 50,74
Ucx.
XBOCThI 100,00 0,21 100,00
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OcHoBHOM
nor 3,54 3,11 54,59
OTUN. KcaHT. XBOCThbI
220 o 96,46 0,10 45,41 51,15
Ucx.
XBoSTEr 100,00 0,20 100,00
OcHoBHOM
noT 3,24 3,20 51,24
AMUN. KCaHT. | XBOCTbI
- b 96,76 0,10 48,76 48,10
Ucx.
KooeThl 100,00 0,20 100,00
Spc_*T'°B“°” 258 319 41,32
ByT.
XBOCThbI
iaspé)qmm ity 97,42 0,12 58,68 38,82
Ucx.
XooeTor 100,00 0,20 100,00
OcHoBHoOI
nor 2,74 278 37,61
AERO 3418A | XBocCTbl
= ot 97,26 0,13 62,39 34,94
Ucx.
XooeTor 100,00 0,20 100,00
SF)C_';OB“O"' 4,49 2,65 59,17
AERO 9863 —
15ByT.KCaHT. éioﬁm 95,51 0,09 40,83 54,79
70
Ucx.
XBoeTEr 100,00 0,20 100,00
nopc_*T'OB”o"' 4,62 2,60 5833
AERO 3894 —
20ByT.KCaHT. é?ﬁ;‘;'l 95,38 0,09 41,67 53,82
—70
Ucx.
ooeTor 100,00 0,21 100,00
Spc_*T'OB“O” 285 3.48 4813
AERO MX
3715 — 20ByT. ﬁoﬁm 97,15 0,11 51,87 45,37
kcaHT. — 30
Wcx. 100,00 0,21 100,00
XBOCTbI ’ ’ ’
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OOHOBHO | 271 3,40 46,26
AERO 400 —
20ByT.KcaHT. | XBOCTBl 97,29 0,11 53,74 43,64
_130 n-umm

Ucx.

XBOCTE! 100,00 0,20 100,00

M3 pe3ynbTaToB XMMUYECKOrO aHanm3a YyCTaHOBMEHO, YTO B OCHOB-
HOM MeOHOM MpoAyKTe cofepxaHue KpemHus coctasnset — 10,24%,
Kanbuus — 2,67%, wmarHma — 0,39%. Ona cHuXeHusa ux copepxaHusa
npoBeAeHbl UCCeAoBaHUSA MO Lieniecoobpa3HOCTM NPUMEHEHUs ae-
NpPeccopoB NycTon NOpoAabl B OCHOBHOM dorioTauun. B kayecTse genpec-
COpPOB MyCTON NOPOAbI MCMbITaHbI Xknakoe ctekso (Na,Sio,) n AERO 650
(komnaHum «Syensqoy). Takke NpoBeAeHbl UCMbITaHUS C JoOaBNEHNEM
akTMBartopa riotaunm cynb@uUaHbIX MUHEPanoB — MeAHOro Kyrnopoca
(CuSO0,). NsBecTHO, 4TO OCHOBHOE BNusHUE Ha aacopbumio cobuparens
NOBEPXHOCTbI0 MeAHbIX MUHEPArOB OKa3blBaeT KAaTUOH Meaun. [loaTomy,
Yem Gorblle Ha MOBEPXHOCTU MUHEpParna HaxoanTCcs aToMOB Meaun, TeM
Bbllle agcopObumnoHHast akTUBHOCTb U TeM Bonblue noTnpyemocTsb [7].
C aToi uenbto 6bINO McMbITaHO fobOaBreHne MegHoro Kymnopoca. Pe-
3ynbTaThl OMNbITOB NPUBEAEHLI B Tabnvue 3.

Ta6bnuua 3 — Pe3ynbTaThbl No LLenecoo6pasHOCTU NPUMEHEHMUA
Aenpeccopa v akTuBaTopa

HanmeHoBaHne Copepxa- | M3Bnede- Koadhch-T
n pacxopn pea- | MNMpogykTel | Beixoad, % | HUe mean, | HUe meawn, acbcp-Tut, %
FEeHTOB, [/T % % D W
OcHoBHOW
np-T 4,49 2,65 59,17
. XBOCTbI

BasoBblil onbIT Dr-Lm 95,51 0,09 40,83 54,79
Ucx.
XBOCTHI 100,00 0,20 100,00

C pobaBreHvnem genpeccopa nycTor nopoasbl

OcHoBHow
nor 5,08 2,22 54,31
Na,SiO, — 100 éiofm 94,92 0,10 45,69 49,33
Mcx.
oaaTon 100,00 0,21 100,00
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Spc_ﬂOBHO'“ 5,08 598 54,42

Na,SiO, — 150 é?fﬁ;‘;‘l 94,92 0,10 45,58 49,44
fox. 100,00 0,21 100,00
Spc_'fB”O“ 5,13 2,37 57,44

o0 650 éiofm 94,87 0,095 42,56 52,42
)‘:':g":m 100,00 0,21 100,00
‘n);'fB“OV' 4,46 2,47 53,57

RO 650~ éiﬁm 95,54 0,10 46,43 49,21
fox. 100,00 0,21 100,00

C pobaBrieHvem akTuBaTopa MeaHblIX M1UHEParioB

S;_*T'“”O‘“ 5,13 2,21 54,44

CuSO, - 100 éﬁ’fﬁ;‘jl 94,87 0,10 45,56 49,41
)‘:':g":m 100,00 0,21 100,00
HO;FTDBHOV' 4,96 1,92 47,67

CuSO, - 200 éiofm 95,04 0,11 52,33 42,80
)'fggém 100,00 0,20 100,00

CornacHo nonyYeHHbIM pesyrbrataM, NPUMEHEHWEe OENPeCCOpPOB
Na,SiO, 1 AERO 650 B 0CHOBHOM MeaHOW (broTauuu He OKasbiBaeT
NOJNIOXKNTENBHOrO 3adhekTa Ha MOBLILIEHNE TEXHONOIMYECKMX MOKa3a-
Tenen cdnotaumun. [JobaBrneHme MeOHOro Kynopoca B OCHOBHY ¢no-
Tauuo TakXe He MOoBbIIAeT U3BMIEYEHVS MEOM B OCHOBHOWM MPOAYKT.
CnepoBartenbHO, Mogaya genpeccopa 1 akTmeatopa B OCHOBHYH dhJio-
Taumo ManoadeKTUBHA.

BbiBoa. Taknm obpas3om, B pesynbrate NpoBEeAEHHBIX MCCeno-
BaHW YCTAHOBIIEHO, YTO Hambonee CenekTMBHbIM cobupaTtenem ans
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dnoTtauun MeaHbIX MMHEpPANioB U3 XBOCTOB oboratutenbHon ¢abpu-
Kn aBnsertcsa OyTUMOBbIA KCAHTOreHaT, MO3BOMSALWNA NONYYUTb Hau-
Gonbluee Ka4eCTBO MeOHOro KoHueHTpaTa. [py 3TOM Ans NoBbILLEHUS
M3BMEYEHNsT MEOM B KOHLIEHTpAT Haunyylume pesynbraTthl Nokasana
coBMeCTHas nogada cobupartenen: AERO 9863 n GyTunoBoro KcaHTo-
reHata. Pacxop peareHtoB coctaBuni AERO 9863 — 15 /1, 6yTunoBo-
ro kcaHtoreHata — 70 r/1. [Npn aTom fobaBneHue genpeccopa nycTon
nopoabl 1 akTMBaTopa CynbMUAHbIX MUHEPAarioB He MoBbILWAET drioTa-
LMOHHbIE MoKasaTtenu. KayectBo nomny4YyeHHOro npogykTa nocne 5 MuH.
OCHOBHOM hrioTaumMm MeaHbIX XBOCTOB cocTaBuio 2,65%, Bbixod npo-
aykta — 4,49%, nssneverHne mean — 59,17%.

UcTouHuk chmHaHCcuMpoBaHUA uccnegoBaHUW. [JaHHOe nccnepo-
BaHWe uHaHcupyetTcsa KomuteTtom npombiwneHHoctTn MuHuctepcTsea
NPOMBbILLITIEHHOCTU U cTpouTenbcTBa Pecnybnukn KasaxctaH B pamkax
LueneBoro UHaAHCMPOBAHUSA Hay“YHbIX uccnenoBaHui Ha 2024-2026
rogbl, BR23991563: «Co3gaHne MHHOBALMOHHbBIX pecypcocbeperato-
LLMX TEXHOMNOTMI AN JOObIYN 1 KOMMNITEKCHOW NepepaboTku MUHeparb-
HOrO M TEXHOTEHHOIO ChIpbsA».
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PHYSICAL AND CHEMICAL PROPERTIES AND ORGANOLEPTIC
CHARACTERISTICS OF LODGES FROM FIG FRUITS
(Ficus carica L.)

Abstract. Fig fruits (Ficus carica L.), also known as the fig tree, is fruit subtropical
A deciduous plant that is widely consumed as food in many countries, figs
have a wide range of culinary uses, being consumed fresh, dried, candied, and
candied. Their inclusion in the diet is characteristic of the Mediterranean diet,
which is recognized as one of the healthiest diets and is associated with an
increased lifespan. Due to the short shelf life of ripe figs, their production or
processing into a new end product, such as pastilles, could contribute to the use
and popularization of this tropical fruit and provide a wide range of products.
Therefore, the aim of this study was to develop fig pastilles and determine the
physicochemical properties and sensory characteristics of fig pastilles. A total of
six pastille formulations were developed, based on different amounts of added
fig puree (10%, 12%, 14%, 16%, 18%, and 20% fig puree). Texture profile,
water activity, total soluble solids, color, pH, moisture, ash, fiber, and antioxidant
activity were analyzed. The results showed that Formulation F (20% fig puree)
demonstrated the highest moisture (18.59%), ash (2.43%), fiber (2.65%), and
antioxidant activity (36.58%) values. The production of this product will be in
high demand in the international functional food market, since no synthetic
preservatives or artificial colors were used. The fig pastilles were successfully
developed and are brownish-orange in color, round in shape, 1.0-1.2 cm in
diameter, and weigh approximately 1.2-1.5 g. Formulation B (12% fig fruit puree)
has a Brix value of 62.7° at a pH of 4.3, a sweet taste, and a water activity of
0.54. Color analysis revealed L* (59.76), a* (23.71), and b* (34.33) values, which
gave the fig fruit pastilles a brownish-orange color. Composition B (12% fig fruit
puree) was highly rated by tasters and retained its good texture and color after
refrigeration for two months at temperatures below 18°C. Thus, the analysis
showed that the physicochemical properties of the resulting fig fruit pastilles
were improved, they were rich in antioxidants, and received the approval of the
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tasters. Therefore, figs may be a potential natural ingredient for the production
of pastilles, promoting their use in the food industry.

Keywords: Fig fruits, dry matter, pastille, antioxidants, physicochemical properties,
sensory characteristics, formulation, moisture, fiber, water activity.

Introduction. Fruits play an important role in human health, providing
protection against the effects of high levels of free radicals and supporting
the digestive system. They also contain numerous antioxidants, such as
vitamin C, polyphenols, and carotenoids.

For those who care about their health, figs are an indispensable food.
They provide the body with essential minerals, vitamins, and dietary fiber
without adding excess fat or cholesterol. Their unique amino acid profile
further enhances their nutritional value.

Figs stand out for their rich nutritional composition. They are an
outstanding source of phenolic compounds such as proanthocyani-
dins, surpassing even such well-known beverages as red wine and
tea. Furthermore, figs exhibit higher fiber, potassium, calcium, and
iron content compared to common fruits, including bananas, grapes,
oranges, strawberries, and apples. Figs contain up to 88.9% of their
dry matter, 20% of sugars, 0.5% of organic acids, and 2.8% of ascor-
bic acid.

Overall, over the past decade, there has been a trend toward increas-
ing the use of plant genetic resources for the food industry and agricul-
ture in crop improvement research. Worldwide, including fruit improve-
ment through the selection of superior genotypes from existing local va-
rieties. Although figs are not as popular as other climacteric fruits, their
potential in the food industry is undeniable. Rapid softening of the fruit is
primarily the result of the high activity of several oxidative enzymes and
the release of ethylene. Rapid ripening is characterized by a significant
increase in respiration products and ethylene, making the storage and
sale of this fruit very challenging. Due to the short shelf life of ripe figs,
one alternative method for preserving their health and nutritional value
is to manufacture or process them into a new end product, such as fig
pastilles. The development of fig pastilles that maximize the use of figs
is essential for popularizing this fruit and providing a variety of healthy
food products [1].

Gott (1985) noted that pastilles are products made by reducing sugar
to the desired state and then kneading it through the interaction of sugar
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syrup and colloidal materials. They are characterized as softer than gums,
but not as soft as jellies. As people have become aware of the importance
of consuming natural foods, they are seeking products that are processed
but retain their nutrients. One such nutrient-dense product is pastilles.
Research into producing pastilles using local fruits is expected to lead to
the creation of healthier candy-like products. Products containing natural
fruits, instead of products high in sugar, artificial colors and flavors, and
other food additives that can have long-term negative effects on the hu-
man body. Furthermore, the research has great potential to increase the
diversity of natural products on the market. It will also provide additional
nutritional benefits to consumers without losing the physical properties of
lozenges, which have a sticky texture.

Figs are rich in flavonoids, particularly leuco- and anthocyanins. These
substances strengthen blood vessel walls, making them less permeable
and fragile. Flavonoids also have a wide range of beneficial properties:
they protect against oxidation, radiation, tumor development, and inflam-
mation, relieve spasms, lower blood pressure, and fight bacteria. Regular
consumption of figs, which contain these compounds, significantly reduc-
es the risk of cardiovascular disease. Furthermore, flavonoids help the
body cope with foreign substances. The recommended daily intake of fla-
vonoids for adults is 250 mg, and for children aged 7 to 18, 150 to 250 mg.
Just 63 grams of figs covers the daily flavonoid requirement for adults.
Importantly, flavonoids work best in combination with vitamin C (ascorbic
acid), which they protect from destruction. Vitamin C, in turn, plays a key
role in metabolism, including lipid metabolism, and influences blood health.
Therefore, the aim of this study was to produce fig-containing lozenges
and determine the physicochemical properties and organoleptic accepta-
bility of the product [2-5].

Materials and methods of Research.

1 Materials: Fruit Figs were collected in the Bukhara region (Uzbe-
kistan). The fruits were washed, peeled, and blanched and pureed in a
mechanical food processor. The fig puree was packaged in plastic wrap,
sealed, and stored at -21°C.

Frozen fig puree was thawed at 4°C for production

Fig lozenges. Fig puree, glucose syrup, sorbitol, and gelatin were
primarily used to produce fig lozenges. The starch coating for the
lozenges was prepared from corn flour. Six recipes and one control
were prepared based on the ratios of each of the different recipes
(Table 1).
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Table 1 - Composition of fig pastille

Ingredients A B C D E F
Fig puree 10 12 14 16 18 20
Gelatin 15 13 11 9 7 5
Sorbitol 20 20 20 20 20 20
Glucose syrup 30 30 30 30 30 30
Stabilizer, emulsifier 14 14 14 14 14 14
Water 7 7 7
Corn flour 3 3 3 3 3
Citric acid 1 1 1 1 1
General (%) 100 100 100 100 | 100 100
Exit 200 g 200 g 200g |200g |200g| 200g
Brix value (dry matter) | 62.5° 62.7° 63.6° | 61.1° |67.3°| 63.6°

2 Preparation of fig fruit lozenges:

Ripe figs were washed to remove any debris or impurities before rins-
ing with tap water and then simmered for 5 minutes. To make fig pastilles,
an emulsifier solution was prepared by diluting the powder in water at a
ratio of 1:70. Sorbitol and glucose were heated to 120°C and cooled to
75°C, after which the stabilizer solution and cornstarch were added to the
sorbitol and glucose syrup mixture. Gelatin was dissolved in warm water
(less than 50°C), then added to the previous mixture, followed by the fig
puree.

The mixture was then boiled for 10 minutes, achieving a Brix reading of
60°Brix. Citric acid was then added to the cooled mixture (60°C). Finally,
the mixtures were formed into round shapes using a press. The formed
pastilles were dried in an electric dehydrator at 45°C for 4 hours.

3 Chemical analysis:

The moisture, ash, fat, fiber, and crude protein contents of fig pastilles
were determined according to standard procedures. All analyses were
performed in triplicate.

3.1 Determination of antioxidant capacity using 2,2-diphenyl-2-picryl-
hydrazyl hydrate assay

An approximately 0.1 ml methanol solution was prepared by dissolving
1.9 mg of the reagent in 100 ml of methanol. The mixture was allowed to

72



Hoeocmu Hayku KasaxcmaHa. Ne 1(168). 2026

react by incubation in the dark. A 4 ml aliquot of this solution was added
to 10 ml of diluted extracts (50 mg of sample in 100 ml of distilled water),
10 ml of distilled water (control), and 10 ml of a standard solution of ascor-
bic acid, a-tocopherol, and butylated hydroxytoluene. The entire prepared
mixture was then allowed to incubate in the dark at room temperature for
60 min. The absorbance was then measured at 517 nm using a UV spec-
trophotometer.

3.2 Analysis of the results of the study on the caloric content of fig
pastilles

The caloric content of fig marshmallow was determined using bomb
calorimetry after pre-drying the samples to constant weight. The study
was conducted in triplicate, ensuring the reliability of the results.

Based on measurements, the average energy value of fig pastilla is
245-265 kcal per 100 g of product. The range of values is explained by
differences in the moisture content of the raw materials and the content
of natural sugars.

The high calorie content of pastilla is due to:

* significant content of carbohydrates (mainly fructose and glucose)

« the presence of dietary fiber

« concentration of dry matter after the drying process.

Compared to fresh figs, the energy value of pastilla increases by 2.5-
3 times, due to the removal of moisture and the concentration of organic
matter. At the same time, the calorie content of fig pastilla remains low-
er than that of sugar- and fat-based confectionery products, making the
product preferable from a nutritional standpoint.

The obtained data indicate that fig pastille can be considered as a
natural high-energy product, recommended for the nutrition of individuals
with increased energy expenditure, as well as a functional product when
consumed in moderation.

The results of the study are consistent with the literature data presen-
ted in the works of domestic and foreign authors who studied the caloric
content of fruit pastilles and dried fruits [6].

4 Physical analysis

41 pH

Fig lozenges were prepared by thoroughly mixing and homogenizing
approximately 5 g of fig lozenges with 20 ml of distilled water. Before ana-
lysis, the pH meter was calibrated using standard buffer solutions of pH
7.0 and pH 4.0. The sample was placed in a beaker with enough liquid to
cover the tip for the most accurate reading. The pH value was recorded,
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after which the electrode was removed from the sample. The pH meter
was rinsed with distilled water and then blotted with a paper towel. The
probe was then placed in a buffer solution of pH 7.0.

4.2 Total Soluble Solids Analysis

Brix was determined to measure evaporation and concentration to as-
sess the firmness of foods. This is based on the principle that light enter-
ing a prism has a unique characteristic. This characteristic is represented
by a value on a scale in units known as °Brix.

The homogenized fig puree was filtered through Whatman No. 1 filter
paper and a digital refractometer was used to evaluate the filtered con-
tents.

4.3 Color profile analysis

A chromameter was used to determine the color of the fig lozen-
ges. Minolta CR 300 (Japan). The instrument was calibrated using a
white calibration plate before beginning the process. Fig pastilles were
crushed and placed on the measuring plate until they covered the entire
plate before reading the data. This was done to prevent errors in read-
ings.

4.4 Water activity analysis

Free moisture or water activity is the water available to support micro-
biological growth in a food product.

Two grams of sample were crushed into small pieces, placed in a dis-
posable cup and placed in the sample compartment of the water activity
meter, and then analyzed.

An infrared beam focused on a tiny mirror determined the dew point,
after which the data was extracted and the water activity value was re-
corded.

4.5 Texture analysis

The analysis was carried out using the texture analyzer. Plus (Sta-
ble Microsystems (UK) was used to determine the hardness, elasticity,
cohesivity, stickiness, chewiness, and elasticity of fig pastilles based on
mechanical properties. The material was subjected to a controlled force
along a stress-strain curve. The specimen was centered under the probe
of a 3-point bending machine until the probe contacted the specimen. The
stress-strain curves were then recorded.

4.6 Sensory analysis

The sensory evaluation session was conducted using a 7-point he-
donic scale (higher scores indicate better quality attributes; 1 = strongly
dislike, 7 = strongly like). The color, texture, flavor, and overall accepta-
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bility of the fig pastilles were assessed. All attributes were independently
rated by five untrained tasters based on their similarity. The sample was
packaged and coded with a three-digit code. The average score for each
attribute was reported.

5 Statistical analyses

All results of chemical analysis, physical analysis, and sensory eva-
luation were analyzed using analysis of variance (ANOVA) and Fisher’s
multiple comparison test. Significant differences (p<0.05) were further
analyzed, and data with p<0.05 were considered significant. Data were
analyzed using MatLab / Simulink software, and full-factorial design of
experiments and process optimization methods using response surface
methodology were applied. Surface Methodology), and all data obtained
were presented as mean + standard deviation [7].

Results and discussion

1 Development of fig lozenges

Fig lozenges (Ficus carica L.) have been successfully developed, hav-
ing a round shape with a diameter of 1.0-1.2 cm, weighing approximately
1.2-1.5 g (Figure 1).

II—.-_--_* E ad F e

Figure 1 — Fig pastille recipes:
A) 10% fig puree, B) 12% fig puree, C) 14% fig puree, D) 16% fig puree,
E) 18% fig puree, F) 20% fig puree
Uneven diameter and weight were caused by manually spreading the
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cornstarch, which acts as a pastille mold, on the dehydrator trays, and
by manually punching holes in the flour. Azuan and colleagues (2020)
hypothesized that increasing the size of the plant-based product would
ultimately lead to an increase in the product’s size. This may be due to the
interaction of the puree with other ingredients in the study’s formulation.

2 Chemical analysis:

2.1 Moisture content

From a food quality perspective, the moisture content of a food sam-
ple, especially in pastilles, is important because it affects the freshness,
shelf life, and resistance to spoilage of the product.

Lees and Jackson (1973) noted that a broad class of confectionery
products includes chewing gums, jellies, and pastilles, which can be pro-
duced with many interesting variations. Table 2 shows that the moisture
level for all fig pastille formulations was less than 20%. If the moisture
percentage exceeds 20%, the shelf life of the pastilles may be reduced.
Formulation F (20% fig puree) has the highest moisture content among
the six formulations, which is 18.59%, which is significantly different
(P<0.05) compared to other formulations. This is likely due to the high fig
puree content of 20%, since the moisture content of raw figs was 70.07%
(Ahmed et al., 2011). The safe moisture content for pastilles ranges from
12% to 18% (Razak, 2013). All formulations are kept within the safe mois-
ture content range by using sorbitol, which protects the lozenges from
moisture loss [8,9].

2.2 Ash content:

Formula F (20% fig puree) showed a significantly higher (P<0.05) ash
content (2.42%) among the six formulas, compared to the lowest ash con-
tent in Formula A (1.77%). The data show that the higher the percentage
of fig puree used in the pastille formula, the higher the ash content.

Ash consists of accumulated minerals after high-temperature combus-
tion (over 500°C) in a muffle furnace. The data correspond to the National
Nutrient Database of the international GOST standard, which cites: raw
figs contain 20.3 g of carbohydrates, 0.7-1.6 g of protein, 0.2—0.4 g total
fat and 5.3 g dietary fiber.

2.3 Crude fiber content:

Formulation F (20% fig puree) (2.65%) had significantly the highest
(P<0.05) fiber content among the six formulations, while the lowest fiber
content was found in formulation A (0.43%). The more fig puree included
in the pastilles, the higher the fiber content. 100 g of fresh figs contained
14% of the dietary fiber (USDA, 2013). Since Formulation F used 20% fig
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puree, the resulting fiber content seemed reasonable. In contrast, Prase-
tiovati et al. (2014) reported that the fiber content of the pastille samples
was not significantly affected by the formulation used, but a combination
of carrot and emulsifier was used instead of fig puree and gelatin.

2.4 Antioxidant activity using 2,2-diphenyl-2-picrylhydrazyl hydrate

The radical scavenging activity of fig puree is shown in Table 2. Antiox-
idant activity was used because it is a stable free radical that accepts an
electron or hydrogen radical, becoming a stable diamagnetic molecule.
To assess the amount of antioxidant retained in fig pastilles, its radical
scavenging activity was tested.

Formulation F (20% fig puree) showed significantly (P<0.05) the high-
est radical scavenging activity (36.58%) among the six formulations pro-
duced, which was comparable to that used (positive standard) (31.7%).

Although the reference antioxidant activity value is lower than that
of Pastille F, the comparison is still reliable. The higher the free radical
scavenging activity, the better the product retains its antioxidant content.
Similarly, Concha-Meyer et al. (2016) reported adding strawberries and
kiwi to improve the antioxidant activity of fruit pastilles. The resulting in-
crease in free radical scavenging activity can be attributed to the content
of phenolic compounds, which improved the antioxidant properties of fig
puree [10].

2.5 Water activity:

Water activity reflects the energetic state of water in a food system,
providing valuable information about microbial spoilage, chemical stabil-
ity, and physical stability. Most products with a water activity above 0.95
will provide sufficient moisture to support the growth of bacteria, yeasts,
and molds. Water activity in food products should be controlled at 0.85 or
below in the finished product. Table 2 shows that all fig pastille samples
had water activity values less than 0.85. Formulation F (20% fig puree)
showed the highest water activity value of 0.81+0.01 and was significantly
different from formulations A, B, C, and D (p<0.05). The results showed
that moisture content increased with increasing amounts of fig puree in
the formulations, while water activity decreased with increasing gelatin
concentration [10-15]. The data are consistent with studies noting an in-
crease in water activity in mulberry pastilles as the amount of mulberry in
the pastille formulation increased. Moisture content and water activity are
interrelated, and a clear understanding of the relationship between these
two parameters, called the moisture sorption isotherm, is complex and
unique to each type of food product.
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3 Physical analysis:

3.1 Total soluble solids:

Total soluble solids (°Brix) is used to measure evaporation and con-
centration to assess the firmness, sweetness, and texture of final prod-
ucts. The data showed somewhat similar total soluble solids values of
60.5 to 67.3° Brix for all recipes. The same amount of sweetener — 60 g
for glucose syrup and 40 g for sorbitol — in all fig lozenge recipes explains
why the values showed no significant differences.

3.2 Color analysis:

The effect of adding fig puree on color change in gelatin lozenges.
Color is one of the most important quality indicators of lozenge products,
as it directly influences consumer perception of the product. This study
examined the effect of adding fig puree to gelatin-based lozenges on the
color characteristics of the finished product.

It was found that with an increase in the proportion of fig puree in the
recipe, the color of the pastille’s changes from light yellow to light brown
and amber. This change is due to the natural color of the fig, as well as
the presence of phenolic compounds, sugars, and pigments, which affect
the color saturation.

During heat treatment of the mixture and the drying process, non-en-
zymatic browning occurs due to Maillard reactions between the reduc-
ing sugars of the figs and the amino groups of the gelatin. This process
intensifies the color of the pastilles, especially with a high fruit puree
content.

Furthermore, the addition of fig puree reduces lightness (L*) and in-
creases yellowness (b*), resulting in a more saturated and natural color.
However, pastilles without added puree are characterized by a paler and
less pronounced color, which reduces their organoleptic appeal.

It should be noted that a moderate amount of fig puree ensures a uni-
form color of the product without signs of excessive darkening, whereas
an excessive amount can lead to an excessively dark color, perceived by
the consumer as a sign of overheating or deterioration in quality.

Thus, the addition of fig puree has a significant impact on the color
formation of gelatin pastilles, improving their appearance and giving the
product a natural color without the use of artificial colors.

Adding fig puree to gelatin-based pastilles helps alter the color of the
finished product, enhancing its richness and naturalness. The optimal fig
puree content allows for the production of pastilles with an attractive color
and stable consumer properties.
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3.3 Texture profile analysis:

The complexity of eating, or even chewing, places high demands on
texture measurement instruments. Ideally, one would want to measure
the structure, displacement, and force acting on the object. Texture is a
complex property determined by the structure, shape, chemical composi-
tion, viscosity, and other physical properties of the product (Shchesnyak,
2002). The overall results of texture profile analysis for fig pastilles were
examined.

As a sensory property, hardness is defined as the force required to com-
press a substance between the molars or between the tongue and palate.
The hardness value shows that formulation F (20% fig puree) had a sig-
nificantly higher value (p<0.05) compared to the other formulations. The
high percentage of pectin-containing gelatin was harder than the low-pectin
gelatin gels. The presence of pectin can shorten the gelatin network. Re-
garding elasticity, no significant differences were observed between the
formulations (p>0.05), as the amount of gelatin used in each formulation
was 15% or less, which can be considered a low amount of gelatin. The
presence of pectin in the fig puree is also one of the reasons why the re-
sults were not significantly altered. Formulations A (10% fig puree) and B
(12% fig puree) showed high cohesivity values, but no significant differenc-
es were observed between the formulations (p>0.05), as all lozenges had
the same structure after compression and flattening with a moving probe.
Formulation B (12% fig puree) had the highest cohesivity value and was sig-
nificantly different from formulations C (14% fig puree), D (16% fig puree),
E (18% fig puree), and F (20% fig puree). On the other hand, chewiness is
defined as the time required to chew a sample at a constant rate of force
to reduce its consistency to a state suitable for swallowing. Composition C
has the highest chewiness value (6661.5£132.7 g/mm), which differs signif-
icantly from compositions A (10% fig puree), E (18% fig puree), and F (20%
fig puree) [16-18]. Springiness is a measure of how a sample recover from
deformation depending on the speed and force of the impact. Composition
C (14% fig puree) has the highest springiness value (0.48+0.01) and differs
significantly from the other compositions [19-21].

4 Sensory evaluations:

The paper presents the results of a sensory evaluation of fig pastilles
by five untrained panelists. Four attributes were assessed: color, texture,
flavor, and overall acceptability. These attributes are key sensory tools
that can aid in investigating the nutritional or functional benefits of natural
products. It is also important to highlight and enhance the sensory prop-
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erties of products to ultimately attract consumer attention: no matter how
healthy and nutritious a product is, if it does not appeal to its target end
consumer, it is unlikely to succeed in today’s market.

Regarding the color characteristics, all the recipes showed no sig-
nificant differences: recipe E (18% fig puree) showed the highest score
(5.82+1.68), while recipe C (14% fig puree) showed the lowest (5.24+1.81).
The differences between the highest and lowest values are still compa-
rable. The L*, a*, and b* values obtained with a colorimeter also showed
no differences in color, which had a brownish-orange tint for all recipes.
Since gelatin is yellowish-orange and fig puree is dark brown, the brown-
ish-orange color is the color of fig pastilles.

The texture of fig pastilles should not be too stringy or too sticky,
as most panelists rated Formulation B (12% puree), which used 13%
gelatin, highly (6.86%1.74) and did not rate Formulation D (16% puree),
which used 9% gelatin (4.54%£1.77). These results showed that pan-
elists prefer to use half the amount of gelatin used in pastilles. Using
a large amount of gelatin makes the texture of the pastilles too stringy,
while using very little gelatin makes it less stringy. Texture has long
been considered a secondary sensory attribute of food products. Tex-
ture is a sensory attribute that is a complex of parameters related to
rheological properties.

The taste of fig pastilles is important because it is an indicator of repeat
purchase; if the taste is unacceptable, the product cannot be commer-
cialized. It is also found that formulation B (12% fig puree) has the high-
est taste score (5.74+1.77), while the lowest taste score was observed in
formulation D (16% fig puree) (4.5+1.71). The overall quality assessment
of fig pastilles is shown, where formulation B (12% fig puree) showed
the best overall score (5.82+1.79), while formulation C (14% fig puree)
received the lowest score in the overall assessment (4.22+1.69).

Conclusion. Fig lozenges of brownish-orange color, round shape with
a diameter of 1.0-1.2 cm and a weight of approximately 1.2-1.5 g have
been successfully developed.

Composition B (12% fig puree) has a Brix value of 62.7° at a pH of 4.3,
a very sweet aftertaste and a water activity of 0.54.

In the color analysis, the L* value was 59.76, the a* value was 23.71,
and the b* value was 34.33, which caused the brownish-orange color of
the chiku pastilles. The total soluble solids content of all formulations was
at least 60° Brix and did not exceed 68° Brix. Formulation F showed the
highest value in the four analyses as it contained the highest amount of fig

80



Hoeocmu Hayku KasaxcmaHa. Ne 1(168). 2026

fruit puree (20% fig puree). The sensory evaluation showed that in terms
of texture, taste, and overall acceptability among untrained tasters, the
pastilles from Formulation B (12% fig puree) were the most acceptable.
The results indicate that the highest overall quality rating of the pastilles
is due to the addition of approximately 12% fig puree. Thus, fig fruits may
be a potential natural ingredient for the production of lozenges, which
promotes their use in the food industry.

Conflict of interest. The authors declare no conflict of interest in con-
ducting this study.
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IHXIP XXEMICTEPIHIH ®U3UKA-XUMUATBIK KACUETTEPI )KOHE OPIrAHO-
NENTUKANBIK CUMATTAMAIAPbBI (IHXIP (Ficus carica L.)

Tyningeme. IHxip xewmici (Ficus carica L.), congan-ak iHxip arawbl petiHae 6enri-
i, KenTereH enaepae KeHiHeH KonaaHbinaTbiH CyOTponuKanbIk >xanbipakTbl 6CiM-
DIKTiH KeMici. IHXip XaHa nicKeH, KenTipinreH, KOHCEPBINEHIEH XaHe KeMNUTTep
TypiHOE TYTbIHbINATLIH TaFram favibliHaayaa KeHiHeH konaaHbinagbl. OHbIH AneTa-
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Fa eHyi JeHcaynblkka eH naviganbl xXaHe eMip Cypy Y3aKTbIFblH apTTbipagbl Aen
TaHblnFaH XXepopTa TeHi3i gnetacbiHa ToH.

MMickeH iHXip >XeMicTepiHiH, a3 yakblTka faHa cakTanyblHa 6annaHbICTbl onapabl
nacTunkanap CuUsiKkTbl COHFbl XXaHa ©HiMre amHanablpy Hemece eHaey ocbl TpO-
NUKarnbIK XeMICTi nanganaHyra, TaHbIMan eTyre XoHe eHIMHiH KeH acCopTUMeH-
TiH KamTamacbI3 eTyre kemektecei. CoHabIKTaH Gyn 3epTTeyaiH MakcaTbl iHXip
nacTunkanapblH xacay aHe iHXip nactunkanapbiHbiH (U3MKanbIK-XUMUATbIK,
KacueTTepi MeH CeHCopriblK cunaTtTamanapbiH aHbikTay 6ongpl. IHXip KocbinFaH
MIOPEHIH 9PTYpPni MenLepiHe HerisgenreH GapnbiFbl anTbl NACTUIKA peuenTi a3ip-
nerai (10%, 12%, 14%, 16%, 18% xaHe 20% iHxip ntopeci).

TekcTypanblk npocunb, cy 6encenainiri, epuTiH KaTTbl 3aTTapablH, XKanmsl Masmy-
Hbl, TYC Tangaybl, pH, binFan, Kyn, Tanwblk Ma3MyHbl )XoHe aHTUOKCMOAHTTbIK 6en-
ceHginik Tangaynapbl xyprisingi. Hotwkenep F (20% iHxip ntopeci) hopmynachbl
bInFanabnbiKTbiH (18,59%), kynain (2,43%), TanwbiKTbiH, (2,65%) )eHe aHTUOKCK-
OaHTTbIK 6enceHainikTiy (36,58%) eH xofapbl MaHAEPIH kepceTTi. CUHTEeTUKaNbIK,
KOHCEPBAHTTap MeH XacaHApbl OosiFbiluTap KOonAaHbiMaraHAbIKTaH, Gyn eHiMai
eHAIpy MYMKIHZIr 30p. |HXip nacTunkanapbl COTTi Xacarnbin, KOHbIP-KbI3FbINT capbl
TYCTi, AeHrenek niwingi, anametpi 1,0-1,2 cm xaHe canmarbl WwWamameH 1,2-1,5 .
6ongbl. B kypambl (12% iHxip ntopeci) PH 4,3, ToTTi omi meH cy 6encenginiri 0,54
Bpukc 62, 7 ° kepceTkiwTepiHe ne. Tyctepai Tangay I* (59,76), a* (23,71) xaHe b*
(34,33) maHaepiH KepceTTi, onap KOHbIP iHXIp aFallbliHbIH XXeMiC nacTukanapbiHa
KOHbIP-KbI3FbINT capbl TYCTi 6epai.

B kypambl (12% iHxip nopeci) gam TaTylibinap TapanbiHaH xofapbl 6aranaHgbl
XoHe TOoHasbITKbIWTa 18°C-TaH TeMeH TemnepaTypaga 2 an cakTtaraHHaH KemiH
e KypbINbIMbl MEH TYCIiH XaKcbl cakTan Kkangbl. Ocbinanwa, Tangay HoTuxeciHae
anblHFAH IHXIP XXeMICTepiHiH, nacTunkanapbiHbiH, (OU3NKaNbIK-XUMUANbIK KacneT-
Tepi akcapfaHblH, Orap aHTUOKCUAAHTTapFa 0al ekeHiH xaHe JaM TaTylubinap
TapanblHaH MakynAaHFaHbliH kepceTTi. [lemek, iHXip xemicTepi nactunanapgbl
eHAipy YLWiH aneyeTTi Taburn nHrpeaneHT 6ona anagel, 6yn onapabiH Tamak eHep-
KacibiHae KonaaHbinybIHa biknan eTefi.

TyniHai cespep: iHXip XemicTepi, Kyprak 3aTTrap, nactuna, aHTUOKCMAaHTTap,
PU3MKanbIK-XMMUATbIK KacneTTepi, opraHonenTukanblk cunatramanapbl, Kypa-
Mbl, bIfTFANAbIbIFbl, TanwWbIKTapbl, cy 6enceHainiri.

Myxamaduee B.T.", Mup3aeea LL.Y.?, Paxa6oea I".A.%, Xanunoea ®.M.?
"ByxapCKuil rocyapCTBEHHbBIN TEXHUYECKUIA YHUBEPCUTET, . Byxapa, Y36ekucTtaH
2ByxapcKkuin rocyaapCTBEHHbIN yHUBepcUTeT, r. Byxapa, Y3bekucTaH

®U3UKO-XUMUYECKUE CBOMCTBA YU OPFAHOJNENTUYECKUE
XAPAKTEPUCTUKM NACTUIOK U3 NMIIOAOB UHXXUPA (Ficus carica L.)
AnHoTauwms. MNMnoapl Mnxunpa (Ficus carica L.), Takke n3BeCTHbIe kKak CMOKOBHMLA
— 9TO (PPYKT CyBTpONUUECKOro NMCTonagHoOro pacTeHus, LWMPOKO ynoTpebnsie-
MbI B ULLYY BO MHOTUX CTPaHax. VIHXunp HaxoauT LUMPOKOe MPYMEHEHNE B KynnHa-
puun, Byayun ynotpebnsembiM B CBEXEM, CyLUEHOM, KOHCEPBMPOBAHHOM U1 3aca-
XapeHHoM Buae. Ero BkntoveHve B paumoH xapakTepHo AN cpean3eMHOMOPCKON

83



lMNMuwesas u nepepa6ambleafou4aﬂ NMPOoMbIWIIEHHOCMb

ONeTbl, KoTopas nNpu3HaHa OAHOM U3 Hanboree 6naronpUsiTHLIX 4NS 300POBbS U
accoumMmpyeTcs ¢ yBENMUYEHNEM NPOLOIIKUTENBHOCTU KUSHMU.

M3-3a KOPOTKOro neproja XpaHeHnsi CO3pEeBLUMX MIOA0B MHXMpa, NMPOU3BOACTBO
unn nepepaboTka MX B HOBbIN KOHEYHbIA NMPOAYKT, TAKOW Kak NMacTUIKh, MOXeT
Cnoco6CcTBOBaThL MCMOMb30BaHMIO U MOMNYNApMU3aLumn 3TOro TPONMYecKoro pykra
1 obecneynTb LLIMPOKUIA aCCOPTUMEHT NpoayKummn. MNoaToMy uenbio aHHOro Uc-
crnepfoBaHns 660 paspaboTaTtb NacTUMNKU U3 MHXWPa U onpeaennTb U3NKO-XK-
MUYECKMEe CBONCTBA M CEHCOPHbIE XapaKTepPUCTUKM MacTUIoK U3 uHxunpa. Beero
Obino paspaboTaHo LWeCTb peuenTyp NacTUIOK, OCHOBAHHbIX Ha Pa3fnMYHOM KO-
nnyecTtee gobaeneHHoro niope mn3 nxupa (10%, 12%, 14%, 16%, 18% n 20%
nope 13 uHxupa). beinn npoeBeaeHbl aHanM3bl NPOMUNA TEKCTYPbl, aKTUBHOCTU
BOAbl, OOLLEr0 Coep)XaHUsi pacTBOPUMBIX CyXUX BeLLEeCcTB, aHanmsa uBeTa, pH,
COAEepXXaHWst Bnaru, 30-bl, KnetyaTku U aHTUOKCUOAHTHOA aKTUBHOCTU. Pe3yrnb-
TaTbl nokasanu, 4to peuentypa F (20% ntope 13 nHxmpa) NnpogeMoOHCTPMpoBa-
na camble BbICOKME 3Ha4eHus BnaxHocTu (18,59 %), 3ombl (2,43%), kneTyaTku
(2,65%) n aHTUOKCMAAHTHOM akTUBHOCTU (36,58%). MpOM3BOACTBO 3TOr0 NPOAYK-
Ta BeCbMa BEPOATHO, MOCKOMbKY HE UCMOMb30BarnCb CUHTETUYECKME KOHCEPBaH-
Tbl U UCKYCCTBEHHbIE KpacuTenu. [acTtunkm n3 uHxmpa 6binm ycnewHo paspabo-
TaHbl, MIMEIOT KOPUYHEBATO-OPAHXXEBbLIV LBET, Kpyrnyw dgopmy, anametp 1,0-1,2
cM n BecaT npubnusntensHo 1,2-1,5 r. Coctas B (12% ntope u3 nnogoB nHxupa)
nmeeT nokasaTenb Bpukc 62,7° npu pH 4,3, cnagkuin NpUMBKYC 1 akTUBHOCTb BOAbI
0,54. AHanus uBeTa nokasan 3HadeHus L* (59,76), a* (23,71) n b* (34,33), koTo-
pble npuganu nacTurnkam U3 nrnogoB CMOKOBHULbI KOPUYHEBATO-OpPaHXXeBbIV LBET.
CoctaB B (12% niope 13 nnofoB MHXMpa) Obin BbICOKO OLEHEH AeryctaTopamu
N COXPaHWI CBOK XOPOLLUYIO TEKCTYPY M LIBET MOCIE XPaHEHUS B XONOAUbHUKE
B TeyeHne 2 mecsiueB npu Temnepartype Huxe 18°C. Takum obpasom, aHanus
nokasars, 4Yto (OU3MKO-XMMUYECKME CBOWCTBA MOSMYYEHHbIX MAacTUMOK M3 MMoLoB
VHXMPa YNyYLWWITUCb, OHM OKasanucb 6oraTbiMM aHTUOKCUMOAHTAMMU M MOSYy4Un
onobpeHne geryctatopoB. CrieqoBaTternbHO, NNoAdbl MHXMPa MOryT CTaTb MOTEHUM-
anbHbIM HaTyparnbHbIM UHIPEAMEHTOM NS NPOM3BOACTBa NacTUIIOK, cnocobcTByA
MX UCMOSIb30BAHUIO B NMULLIEBON MPOMbILLIIEHHOCTMU.

KnroueBble cnoBa: [1noabl nHxmpa, cyxve BellecTBa, NacTunna, aHTMOKCUaaH-
Tbl, PU3NKO-XMMUYECKNE CBONCTBA, OPraHONENTUYECKNE XapaKTEPUCTUKK, peLien-
Typa, BNaXHOCTb, KreTyaTka, akTUBHOCTb BOAbI.
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NEPEBOL CTATbU /| MAKAINTAHbIH AYOJAPMACHI

Myxamaduee B.T.", Mup3aeea LL.Y.?, Paxa6oea, I".A.?, Xanunoea ®.M.?
1Byxapckuii rocy4apCTBEHHbIN TEXHUYECKUA YHUBEPCUTET,

r. Byxapa, Y36ekucrtaH

2ByxapCKuii rocy4apCTBEHHbIN YHUBEPCUTET, . Byxapa, Y3bekucraH

®U3NKO-XUMUYECKUE CBONCTBA U OPFTAHONENTUYECKUE
XAPAKTEPUCTUKU NACTUNOK U3 NNOOOB UHXUPA
(Ficus carica L.)

AnHoTaums. MNnogsl Mxkupa (Ficus carica L.), Takwke M3BECTHblE Kak CMOKOB-
HMLA, — 3TO PpYKT CyBTPONUYECKOrO NMCTONAAHOrO PACTEHUS, LUMPOKO YNoTpe-
OnsieMblii B MULLy BO MHOTMX CTpaHax. VIHXUp HaxoguT LUMPOKOE MPUMEHEHNE B
KynuHapum, 6yayum ynotpebnsiembiM B CBEXEM, CyLIEHOM, KOHCEPBMPOBAHHOM
N 3acaxapeHHoM Buae. Ero BkmoyeHne B paumoH XapakTepHO AN Cpeau3eMHo-
MOPCKOW ANETbI, KOTOpasi NpM3HaHa 0AHOM U3 Hanbonee GnaronpUATHbIX AN 340
POBbSA M accoLMUpPyeTCs C yBeNMYEHNEM NPOAOIHKUTENBbHOCTU XU3H.

M3-3a KOPOTKOro Nnepuoga XpaHeHnsi CO3PEBLLMX MIOA0B MHXMpPaA, NMPOU3BOACTBO
unn nepepaboTka MX B HOBbIA KOHEYHbIA MPOAYKT, TAKOW Kak MacTUIKW, MOXET
cnocobCcTBOBaTL NCMONB30BaHMIO 1 MOMYNSpU3aLyy 3TOro TPONNYECKOro pyKTa
1 obecneynTb LUMPOKUA aCCOPTUMEHT npoaykumu. [MoaToMy Lienbio AaHHOro uc-
crnepoBaHns 6bino paspaboTartb NacTUKU U3 MHXWPa U onpeaennTb U3NKO-XK-
MUYECKME CBONCTBA M CEHCOPHbIE XapaKTEPUCTUKM MAacTUIOK U3 uHxupa. Becero
Obino paspaboTaHo LIECTb PeLenTyp NacTUIOK, OCHOBAHHbIX Ha Pa3fMyHOM KO-
nuyectBe fobasneHHoro nope u3 nwxkupa (10%, 12%, 14%, 16%, 18% n 20%
nope 13 uHxupa). beiny npoBeaeHbl aHanM3bl NPounA TEKCTYPbl, aKTUBHOCTU
BOAbl, OOLLEro coaep)xaHnsi pacTBOPUMbIX CyXUX BELLECTB, aHanu3a uBeTa, pH,
COAEepXXaHWst Bnaru, 30-bl, KNeTyaTkm U aHTUOKCUOAHTHOA aKTUBHOCTU. Pe3yrnb-
TaTbl nokasanu, 4to peuentypa F (20% ntope 13 nHxmpa) NnpogeMOHCTPUPOBa-
na camble BblCOKME 3HadeHus BriaxxHocTn (18,59 %), 3ombl (2,43%), knetyaTku
(2,65%) n aHTMOKCMAAHTHOW akTMBHOCTU (36,58%). MNpon3BOACTBO 3TOrO NPOAYK-
Ta BeCbMa BEPOATHO, MOCKOMbKY HE UCMOMb30BannCh CUHTETUYECKMNE KOHCEPBaH-
Thl Y UCKYCCTBEHHbIE KpacuTenu. Mactunku u3 nkxupa 6binm yenewHo paspabo-
TaHbl, MIMEIOT KOPUYHEBATO-OPaHXEBbLIN LBET, Kpyrnyw dopmy, anametp 1,0-1,2
cM n BecaT npubnusntensHo 1,2-1,5 r. Coctas B (12% ntope 13 nnogoB nHXupa)
nmeeT nokasarens bpuke 62,7° npu pH 4,3, cnagkuii NpUBKYC U aKTUBHOCTb BOAbI
0,54. AHanus uBeTa nokasan 3HadeHus L* (59,76), a* (23,71) n b* (34,33), koTo-
pble Npuaany nacTuikam 13 nnogoB CMOKOBHULbI KOPUYHEBATO-OPaHKEBBIN LIBET.
CoctaB B (12% ntope 13 nnopoB MHXMpa) Obin BbICOKO OLEHEH Aeryctatopamu
1N COXpaHWI CBOI XOPOLLYIO TEKCTYPY M LIBET MOCIE XPaHEHUsA B XOMOAUMbHUKE
B TeyeHne 2 mMecsueB npu temnepartype Hwxe 18°C. Takum obpasom, aHanus
nokasars, 4Yto (OU3MKO-XUMUYECKME CBOWCTBA MOSYYEHHbIX MAcCTUMOK M3 MioL0B
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MHXWUpa YNyYLNIIUCh, OHU OKasanucb GoraTbiMy aHTUOKCUMAAHTaMM U NOMYy4nnv
opobperne geryctatopoB. CrieqoBaTenibHO, NoAbl MHXMPa MOTYT CTaTb MOTEHLU-
alnbHbIM HaTypanbHbIM UHIpeaNEeHTOM ANA Npon3BoACTBa NACTUNOK, CI'IOCO6CTByFI
nxX NCrNoJib30BaHUKO B FIVILLI,eBOI7I NPOMBbILLUNIEHHOCTW.

KnioueBble cnoBa: lMnoabl HXMpa, Cyxue BeLLecTBa, NacTuina, aHTMokcuaaH-
Thl, PU3NKO-XUMUYECKNE CBONCTBA, OPraHONENTUYECKNE XapaKTEPUCTMKU, peLen-
Typa, BMa)XHOCTb, KIeTyaTka, akTMBHOCTb BOAbI.

BBeaeHune. PpykTbl UrpaldT BaXKHYyK pofib B 300POBbE YeroBEKa,
obecneumBas 3awnTy OT BO3OENCTBUSA BbICOKMX YPOBHEN CBOOOAHBIX
pagvkanoB v nomoras nuweBaputenbHon cucteme. OHM Takxke cogep-
)XaT MHOXECTBO aHTMOKCMAAHTOB, Taknx kak ButamuH C, nonndgeHonsbl
N KapOTMHOUABI.

IOna Tex, KTo 3ab60TUTCA O CBOEM 300POBbE, UHXUP CTAHET He3a-
MeHUMbIM npoayktoM. OH obecneynmBaeT opraHnM3M HeobXoAMMbIMMU
MUHEepanamu, BUTaMUHaAMM U MULLEBBIMW BOJIOKHaMW, Npu 3TOM He
006aBnAs NULIHUX XUPOB UK XorecTepuHa. Ero yHukanbHbIi amu-
HOKUCHOTHbIN Npodusib AONOSHUTENBHO NOAYEPKMBAET €ro NnTaTesb-
HYIO LIEHHOCTb.

WHxunp BbigensgeTca cBoMM GoratbiM nMTaTenbHbIM cocTaBoM. OH sB-
NSeTcs BblOAOLWMMCSH UCTOYHMKOM (DEHOSBbHBIX COEANHEHUN, TaKMX Kak
NPOaHTOLMaHNAMHbBI, MPEBOCXOASA MO STOMY MOKa3aTernto gaxe Takne ma-
BECTHbIE HaMUTKK, Kak KpacHOe BUHO 1 4Yan. [loMMMO 3TOro, MHXMpP ge-
MOHCTPUPYET Bonee BbICOKOE COAepXaHue KneTyaTku, Kanus, Kanbuus
N Xeresa Mo CPaBHEHUIO C pacnpoCTpaHeHHbIMU hpyKTamu, BKIOYas
GaHaHbl, BUHOrpag, anesibCuHbl, KNyoHWKY 1 56mokn. B cyxom BelyecTse
nHXupa cogepxmtcsa o 88,9%, caxapoB — 20%, opraHM4eCKMUX KUCHOT —
0,5%, ackopbuHoBoW KncnoTbl — 2,8%.

B uenowm, 3a nocnegHue gecdatb net HabnogaeTcsl TEHAEHLMS K yBe-
NNYEHNIO NCMOMb30BaHUSA FEHETUYECKMX PECYPCOB pacTeHWn Ans nu-
LLIEBOW MPOMBILLFIEHHOCTU M CENTbCKOro X039MCTBa B UCCNEAO0BAHNSX MO
yMyYLIEHMIO CENbCKOXO3ANCTBEHHbIX KyNbTyp B MMpe, BKIHoYas yryylue-
HWe NIoJoB NMyTEM OTOOPA NPEBOCXOAHbIX FEHOTUMOB U3 CYLLIECTBYHOLLNX
MECTHbIX COPTOB. XOTA MM04bl MHXMPaA He Tak MOMnynsApHbl, Kak gpyrue
KIMMakTepuyeckne ppykTbl, X NOTEHLUMAnN B NULLEBOW NMPOMBILLIEHHO-
CTV Hernb3s oTpuuatb. beicTpoe pa3msardyeHme nnogoB B OCHOBHOM SIB-
NSeTca pes3ynbTatoM BbICOKOW aKTUBHOCTU HECKOSbKNX OKUCITUTEMbHbIX
(epMEHTOB 1 BblAeneHns atuneHa. beicTpoe co3peBaHne xapakTepusy-
€TCS 3HaYMTENbHBIM YBENNYEHNEM NPOAYKTOB AbIXaHUSA U 3TUIEHa, YTo
OenaeT O4YeHb CINOXHbIM XpaHEHUE 1 Npogaxy 3Toro gpykra. M3-3a Ko-
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POTKOrO BPEMEHW XPaHEHWsi CO3PEBLUMX MAOAOB MHXMPa, OAHUM U3 anb-
TEpPHaTMBHbBIX METOAOB COXPAHEHUSA UX MOME3HOCTU U NUTaTerNbHbIX Be-
LLIECTB SBISIETCH N3rOTOBNEHME UNN NepepaboTka MX B HOBbIA KOHEYHbIN
NpoAyKT, Hanpuvep, B Buge nactunok. Paspabotka nacTumnok us nrnogos
WHXUPa, MakCcMMarnbHO NCMOMb3YLLMX NA0AbI MHXUPa, Heobxoanma Ans
nonynsipu3aumm atoro ppykta n obecnedeHms pasHoobpasmns NonesHbIx
nuLeBbIX NPOAYKTOB [1].

loTT (1985) oTMETUI, YTO MACTUIKN — 3TO MPOAYKThI, KOTOPbLIE U3rO-
TaBnMBalTCS NMyTeM BOCCTAHOBIEHUS caxapa OO >KeraemMoro cocTtos-
HUS, a 3aTeM pa3MMHalOTCS B pe3ynbraTe B3anmMog4encTBUS caxapHoro
cupona u KonnougHbix matepuanoB. OHM xapakTepu3ylTcs kak 6onee
MSArKne, YeM Kamegu, HO He Takme MArkue, kak xxerne. [Nockonbky noan
Tenepb OCO3HaNN BaXHOCTb NOTPebneHWs HaTypanbHOW MWLM, OHU
CTPEMSATCA HaWTU MPOAYKThI, KOTOpPble MoABeprarTcsa obpaboTke, HO
COXPaHS{AT CBOM NuTatenbHble BewecTBa. OgHMM 13 Taknx NPoayKTOB
C BbICOKMM COAepXaHMEM NUTaTeNbHbIX BELLECTB SABMSITCA NaCTUMKW.
VccnepgoBaHve npon3BoAcTBa MAaCTUIIOK C MCMOMb30BaHNEM MECTHBbIX
PPYKTOB, Kak OXXnMaaeTcs, MO3BONMT co3gaTb 6onee 3gopoBbie KOHGe-
TOnogoOHbIE MPOAYKTHI, COAepXalune HaTypanbHble OPYKTbl, BMECTO
NPOAYKTOB C BbICOKMM COOEpP)KaHMEM caxapa, MCKYCCTBEHHbIX Kpacu-
Tenew 1 apomMaTn3aTopoB, U APYrnX NULEBbIX 406aBOK, KOTOPbIE MOTYT
OKasblBaTb AOITOCPOYHOE HEeratMBHOE BO3OEWCTBME HA OpraHuM3M Ye-
noseka. Kpome Toro, nccnegosaHme nmeet 60MbLIOA NOTEHUMan gng
yBENMYeHns pasHoobpasus HaTypanbHbIX NPOOYKTOB Ha pbiHKe. OHO
Takke obecneynTt JOMNONHUTENbBHbIE NUTATENbHbIE MPEMMYLLECTBA AN
notpebutens, He Tepsasa Npn 3TOM PM3nYeCKMX CBOMCTB NACTUIOK, KOTO-
pble MMEIOT JIUMKYI0 TEKCTYPY.

WHxnp Borat doniaBoHOMgamm, B YaCTHOCTU NENKO- M aHToLMaHamu.
OTu BelLeCcTBa yKPENNAT CTEHKN KPOBEHOCHbBIX COCYA0B, AeNnas UX Me-
Hee NpPoHnLaemMbIMK 1 Xpynkumn. dnaBoHomabl Takxke obnagaroT Wupo-
KM CMEKTPOM MOJSIE3HbIX CBONCTB: OHW 3aLUMLLAIOT OT OKUCINEHUS, pagu-
auuuv, pasBuTUSA ONyxoren 1 BOCNaneHn, CHAMarT CNnasmbl, CHUXaoT
AaBneHve n boptotcs ¢ 6aktepuamu. PerynsapHoe ynotpebneHme nHxm-
pa, cogepXalero 3TM COeAMHEHUs, 3HAYMTENbHO CHUXaeT PUCK cep-
AEe4YHO-COoCyaunCTbIX 3aboneBaHunin. Kpome Toro, chnaBoHOMAbl MOMOratT
OpraHu3my CrnpaBfsiTbCA C YyXXepOAHbIMU BellecTBaMu. [1ns B3pOCnbIX
pekoMeHayeTcsa notpebnate 250 Mr onaBoHOMAOB B A€Hb, a ANA AeTeN
ot 7 po 18 net — ot 150 go 250 mr. Bcero 63 rp. nHxupa nokpbiBaloT
OHEBHYIO HOpMYy hriaBOHOMOOB A5 B3POCMbIX. BaxHO oTMeTUTb, 4YTO
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dnaBoHomabl nyywe paboTtatoT BMecte ¢ ButammHom C (ackopOuHo-
BOW KMCMNOTON), KOTOPbIA OHX 3alMLaoT OT paspyweHus. ButamuH C,
B CBOI OYepenb, UrpaeT KITYeBYO pofb B OOMEHe BELLEeCTB, BKAYas
XWPOBOW, N BANSET HA COCTOSIHUE KPOBMU.

Llenb gaHHOro nccnegoBaHnsa — Nnpon3BOACTBO MaCcTUIOK, coaepKa-
LWMX Nnogbl NHXUpa, U onpegeneHme MU3nKo-XMMmn4eCcKnx CBONCTB, a
TakXXe OpraHonenTU4Yeckon NpueMneMocT npoaykra [2-5].

2. MaTtepuanbl u MeToAbl UCCIeA0BaHuUA.

1 Mamepuarbi:

Mnogpbl nHxmpa 6einn cobpaHbl B Byxapckon obnactu (Y3bekucrtaH).
[Mnogpl M3mMenb4Yanu B MEXaHMYEeCKOM KYXOHHOM KoMbanHe nocne mon-
KW, OYMCTKM 1 BraHwupoBaHus. MNMope 13 nHxmpa 6bino ynakoBaHoO B
NonMaTUIIEHOBYHO MIEHKY, FEPMETUYHO 3aKPbITO U XpaHunock npu -21°C.

3amopokeHHOoEe Mope U3 HXMpa pasmopakmeanu npu 4°C ans npo-
M3BOACTBA NacTUoK. B oCHOBHOM, Ans NpOM3BOACTBa NACTUIIOK N3 UH-
Xnpa Mcnonb30Bany nope 13 NogoB MHXMPA, MMIOKO3HbLIN CUPO, CO-
pouT 1 xenatnH. Kpaxman Ans NoKpbITUSA NacTUIOK Oblf MpUroToBneH
13 KyKypYy3HOM MYKMW. Bblfo NpUroToBREHO WecTb peLenTyp 1 0gHa KOH-
TPONbHAA Ha OCHOBE COOTHOLLEHU KaXOOoW U3 pasnuyHbIX peuenTtyp
(Tabnuua 1).

Tabnuua 1 - CocTaB MHXUPHOW NacTUsbl

WHrpeouneHTsl A B C D E E
Miope 13 nHxm1pa 10 12 14 16 18 20
KenatnH 15 13 11 9 7 5
Cop6uton 20 20 20 20 20 20
Cmpon FMHOKO3bI 30 30 30 30 30 30
Crabunusarop, 14 14 14 14 14 14
3aMyInbraTop

Boga 7 7 7 7 7 7
Kykypy3sHas myka 3 3 3 3 3 8
JIuMoHHas knucnota 1 1 1 1 1 1
o6wwmn (%) 100 100 100 100 100 100
Bbixoa 200rp| 200rp | 200rp | 200 rp | 200 rp | 200 rp
3HaveHne bpukca 62,5° | 62,7° | 63,6° | 61,1° | 67,3° | 63,6°
(cyxue BelecTBa)
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2 [puzomosneHue nacmusiok U3 niodo8 UHXupa:

Cnenble nnoapbl HXMpa NpoMbIBany Ans yaaneHus Mycopa Uiy npu-
Mecen nepeq npombiBaHMEM BOAONPOBOAHOW BOLOW, a 3aTEM Bapunu
Ha MeafeHHOM OrHe B TedeHue 5 MyH. [1ns npuroToBreHns NnacTumok 13
NoA0B MHXUPA FOTOBWM PacTBOP aMyribratopa, pa3baBnss nopoLIok
B Boge B cooTHoweHun 1:70. CopbuT 1 rmokody HarpeBanu go 120°C u
oxnaxaanu oo 75°C, nocne yero gobasnsanu pacteop ctabunmsatopa u
KYKYPY3HbI/ Kpaxmarn B CMeCb copbuTa U1 roKO3HOro cupona. >KenaTtuH
pacTtBopsanu B Tennon Boge (meHee 50°C), 3atem gobaBnsnu K npebi-
Aylien cMmecu u gobaBnsany niope U3 NogoB UHXUPA.

3aTtem cmecb Bapunuv B TedeHne 10 MUH., ycTaHaBnvMBas 3HaYeHune
Bpukca Ha ypoBHe 60°Bpukc. [locne aToro B OxfaXOEHHYK CMeChb
(60°C) gob6aBnsanmv NMMOHHYO KMcnoTy. HakoHel, cmecu 6binm cchopmm-
poBaHbI B Kpyrible (hopMbl C MOMOLLbo npecca. [Mpu Temnepatype 45°C
CchOpMUPOBAHHbIE MACTUIIKU CYLUWM B 3NIEKTPUYECKOM Aerngpartope B
TeyeHue 4 yacos.

3 Xumuyeckuti aHanu3:

CopepxaHue Bnaru, 30-bl, Xupa, KnetyaTkm u cblporo 6enka B na-
CTUMKaX WHXKpa ONpeaensanu B COOTBETCTBUM CO CTaH4APTHbLIMU NpPO-
uegypamu. Bce aHanm3bl NpOBOAMIIUCH B TPEX NMOBTOPEHUSIX.

3.1 OnpegeneHne aHTUOKCUOAHTHOM CMOCOBHOCTHM C MCMOJTb30BaHM-
eM aHanuaa 2,2-gudeHun-2-nukpunrugpasunrugpara

MpunbnmsntensHo 0,1 Mn pacTBOp B METAHOSE rOTOBUIM NyTEM pac-
TBOpeHua 1,9 mr peareHta B 100 mn meTaHona. CMecb ocTaBnanu gns
peakuMn nyTeM UHKyGauum B TemHoTe. AnukBota o6beMoM 4 mn 13
3TOro pacteopa obina gobaeneHa k 10 mn pasbaBneHHbIX 3KCTPaKTOB
(50 mr o6bpasuya B 100 mn guctunnupoBaHHon Bogkl), 10 mn guctunnu-
poBaHHOM BoAbl (koHTposb) 1 10 Mn cTaHAapTHOro pacTBopa ackopbu-
HOBOW KMUCNOThI, a-ToKohepona n 6yTMIMpoOBaHHOrO rMapoKcUTonyona.
Bcsa npurotoBneHHasi cmech Obina 3aTeM ocTtaBrneHa ans nHkybauum B
TEMHOTE NpU KOMHATHOW TemnepaType B TedyeHme 60 muH. 3atem ab-
copbuns namepsnace npu 517 HM ¢ nomoLLblo YP-cnekTpodoTomeTpa.

3.2 AHanu3 pe3ynsTaToB MCCNeoBaHWS KanopUMHOCTA UHXMPHON
nacTusbl

KanopunHocTb MHXMPHOW nacTunbl Gbina onpegeneHa MeTogoM
6omboBONM KanopuMMeTpuM Mocne npeaBapuUTeENbHOrO BbICYLUMBaHUSA
06pasyoB 4O MOCTOSHHOW Macchl. iccnegoBaHue NpoOBOAWUIIM B TPEX-
KpaTHOW MOBTOPHOCTM, YTO 06ecneyvmBano 4OCTOBEPHOCTb NOSYyYEHHbIX
pesynbLTaToB.
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Mo pesynbraTtaMm M3MeEpPEHUIn YCTaHOBIIEHO, YTO CPeaHssl SHepreTu-
yeckas LEeHHOCTb UHXMPHOW NacTunbl coctaBndaeTt 245—-265 kkan Ha 100
r npoaykta. Pasbpoc 3Ha4YeHnn o6 bACHSAETCSA pasnnymMsiMmn BO BIIaXKHO-
CTU UCXOQHOTrO CbIpbs U COAEep)KaHUM NPUPOAHbBIX Caxapos.

Bbicokas kanopuMrMHOCTb NacTurbl obycrnoBneHa:

* 3HAYNTENbHbIM COOEPXKaHNEM YrIEBOAOB (MPENMYLLECTBEHHO OPYK-
TO3bl U [MOKO3bI),

* HANM4YMeM MULLEBbLIX BOSIOKOH,

* KOHLEHTpaLMen Cyxmx BELLECTB MOCHe NpoLecca CyLLKN.

Mo cpaBHEHUIO CO CBEXMM UHXMPOM, 3HEPreTMyeckas LLeHHOCTb na-
CTUnbl yBenuumBaeTcs B 2,5-3 pasa, YTO CBS3aHO C yaaneHnem Braru u
KOHLIEHTpaunen opraHmyeckmx sewecTs. [pn 9ToOM KanopunUHOCTb MH-
XXVUPHOW NacTUIlbl OCTAETCs HUXE, YEM Y KOHOUTEPCKUX U3LOENNA Ha OC-
HOBE caxapa 1 XMpOoB, YTO AenaeT NpoayKT 6ornee npeanoyTUTENbHBIM
C TOYKM 3pEHUS paLMOHabHOro NMUTaHUS.

lMony4yeHHble OaHHblE CBUOETENLCTBYIOT O TOM, YTO UHXMPHaAsA na-
CTUIa MOXET pacCMaTpMBaTbCS Kak HaTyparsbHbIA BbICOKOSHEpPreTnye-
CKUM NPOAYKT, PEKOMEHAOBAHHbIA ANS NMUTaHUS NUL, C NOBbILUIEHHBIMU
3HEepreTMyYeckMMun 3aTpaTtamMu, a Takxe Kak PyHKLUMOHanbHbIA NPOAYKT
npwu YCIIOBMX YMEPEHHOIO NoTpebreHus.

Pesynbrathl nCcCcnegoBaHMs COrnacyroTcs ¢ MMTepaTypHbIMU JAHHbI-
MU, NpeacTaBieHHbIMU B paboTax OTEYECTBEHHbIX 1 3apybeXXHbIX aBTO-
POB, N3y4YaBLUMX KAaNoOPUNHOCTb PPYKTOBBIX MACTUI U CYLLUEHbIX MS040B.

4 Qusuyeckul aHanus:

41 pH

MacTunkm na nHxupa Gbinn NPUroTOBMEHbI MyTEM TLATENBHOIO CMe-
LUMBAHUS M TOMOreHn3aLmm NpubnuanTenbHo 5 I NacTUNoK U3 UHXupa
¢ 20 mn guctunnupoBaHHoW Boabl. [Nepen aHanu3om pH-meTtp 6bin oT-
KannbpoBaH C MOMOLLbIO CTaHOAPTHbIX BydepHbIX pacTBopoB ¢ pH 7,0
1 pH 4,0. O6pasel nomeLanu B CTakaH, C 4OCTATOYHbIM KOJIMYECTBOM
XUAKOCTW, YTOObI MOKPbITb KOHYMK AN NofyvYeHnsa Hanbornee TOYHOro
nokasaHus. 3anucbiBanu 3HayeHue pH, nocne yero anekTpopn nsBne-
Kanu u3 obpasua. [na npombiBkM pH-meTpa ncnonb3oBanu AUCTUNNN-
POBaHHYl0 BOAY, a 3aTeM NMpomMakuBanu GymaxkHon candeTkon. 3oHa
3arem nomewanu B 0ydepHbii pacteop ¢ pH 7.

4.2 AHanus obLero cogep>kaHnsa pacTBOPUMbIX TBEPAbIX BELLECTB:

Onpegensnu 3HayeHne bpukca gns npoBepKy MCNapeHUs U KOHLEH-
Tpauum C LIENbIO OLIEHKM TBEPAOCTU MPOAYKTOB. OTO OCHOBAHO Ha MPUH-
uune, YTo CBET, NONajarLLnin B Npu3my, obnagaeTt yHMKanbHOM Xapak-
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TEPUCTUKON. DTa XapaKTepuCTNKa NpeacTaBrieHa 3Ha4YeHneM Mo Lkane
B eAMHMLax, N3BECTHbIX Kak *bpukc.

[oMoreHn3nMpoBaHHOE Nope U3 UHXMpa PUbLTpoBanu Yepes urib-
TpoBanbHyto 6ymary Whatman Ne 1, a onsi oueHkrM oTuUIbTPOBAHHOIO
COAEPXMMOro Ucnosib3oBanu umMppoBon pedpakTomeTp.

4.3 AHanu3 uBeToBOro npoduns:

[na onpegeneHus uBeTa NacTUIOK MHXMPa MCMNOMb30BarCa Xpo-
mameTp Minolta CR 300 (AnoHwus). Mpubop Obin oTkannbpoBaH C uMc-
nonb3oBaHmeM 6enon KanMbpoBOYHONM NIIAcTVHbLI Mepea Hayanom npo-
uecca. [NacTunky nHxmpa namenbvanu 1 noMeLany B U3MmepuTenbHYH
nracTMHy OO0 TeX MOp, MOKa OHM He MOKpbIBanun BCHO NNacTuHy, nepes
CUMTbIBAHMEM AaHHbIX. DTO ObINO caenaHo Ans NpeaoTBpaLleHNs OLwm-
OOK NpKU CHATUM MOKa3aHU.

4.4 AHann3 akTUBHOCTU BOAbI:

CBoboaHas Bnara unm akTMBHOCTb BOAbl — 3TO BOAA, AOCTYNHASA AN
nogaepXxaHms MUKpobronorm4eckoro pocta B NMLLEBOM NPOAYKTE.

[Ba rpamma obpasua namenb4anu Ha Menkne Kycouvku, moMeLLanv B
OAHOPa30BbI CTaKaH4YuK U NoMeLlany B OTCeK Ans obpasLoB nsMepu-
Tens akTMBHOCTW BOAbI, MOCIE Yero NpoBOANNN aHanms.

MHppakpacHbIn nyy, CPOKYCUPOBAHHLIN B KPOLLUEYHOM 3epkare,
onpegensn TOYKy pochl, MOCME Yero AaHHble U3BIEeKanmchb, U PermcTpu-
pOBanocb 3Ha4Y€HNE akTUBHOCTM BOAbI.

4.5 AHanus TekcTypbl:

AHanuM3 npoBOAWUIICA C WCMNONb30BaHMEM aHanu3aTopa TeKCTy-
pbl. Plus (Stable Microsystems, BenukobputaHus) ansa onpegeneHus
TBEPAOCTU, YMNPYroCTW, KOr€3MBHOCTW, FIUMKOCTU, >XEeBaTENIbHOCTU U
39NaCTUYHOCTM MACTUMOK MHXUPA Ha OCHOBE MEXaHW4eCKUX xapak-
TEPUCTMK, MPU KOTOPbIX MaTepwan mnogBeprancs KOHTPOIUpyeMomy
BO34ENCTBUIO CUIMbl NO KpuBor aedopmaunn. Obpasey nomewiancs B
LEeHTp nog 30HAOM 3-TOYEYHOro M3rMbHoro cteHga 4o Tex nop, moka
30HA He conpwukacancs ¢ obpasuom. 3atem perMcTpMpoBanncb Kpu-
Bble fecopmMauum.

4.6 CeHCOpHbIV aHanms:

CeaHC CeHCOpPHOM OLIEHKM MPOBOAMUIICS HA OCHOBE 7-0GansibHOM re-
OOHMYeCcKoM LWKanbl (bonee BbICOKMI 6ann ykasblBaeT Ha Nyyllme Kave-
CTBEHHbIE XapakTepucTukn (1 — o4eHb He HpaBMUTCS, 7 — OYE€Hb HpaBUT-
c4)). OueHnBanuchb LBET, TEKCTYpa, BKYC, U obLias npMemMnemocTb na-
CTUNOK NHXupa. Bce xapakTepmcTrky oLeHBanvcb HeE3aBMCUMO NATHIO
HEeNoAroToBNEHHbIMM AeryctatopaMmm Ha OCHOBe nx cxogcTtea. Obpasey,
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Obin ynakoBaH M 3aKOAUPOBaH Tpex3HayHbIM kogoM. CpeaHuin 6ann no
KaXx[gon XxapakTepuctuke Obin cooOLLEH.

5 Cmamucmuy4eckuli aHanus:

Bce pesynbraTbl XMMUYECKOrO aHanusa, (U3nyYeckoro aHanusa u
CEHCOPHOW OLEHKN BbInM NpoaHanu3npoBaHbl C UICNOSIb30BaAHMEM OUC-
nepcuoHHoro aHanuada (ANOVA) n MHOXXECTBEHHOIO CpaBHEHUSA Puiie-
pa. 3Haunmble pasnuuusa (p<0,05) GbiM OOMOMHUTENBHO MpoaHanu-
3poBaHbl, U gaHHble ¢ p<0,05 cuntanucb 3Ha4YMMbIMU. [JaHHbIE ObIM
npoaHanu3npoBaHbl C UCMNOJIb30BaHWEM MPOrpamMmmHoro obecrneyeHus
MatLab/Simulink, a Takxe npMMeHeHbl MeToAbl MONTHOGAKTOPHOrO nna-
HUPOBaHWS SKCMNEPUMEHTOB Y ONTUMU3ALIMM TEXHOSOFMYECKNX NpoLiec-
COB C MCMONb30BaHWEM METOAONOMMN NOBEPXHOCTH OTKNMKa (Response
Surface Methodology), n Bce nony4eHHble AaHHblE OblNM NpeacTaBNeHbI
B BUE CpeaHero 3Ha4deHus + ctaHaapTHOe OTKITOHeHue [7].

Pe3ynbTaTtbl U 06CyXaeHue.

1 Pazpabomka nacmursiok U3 UHxupa:

MacTtunkn ns nHxupa (Ficus carica L.) 6binm ycnewHo paspaboTaHsbl,
mmMetowme kpyrnyto cdopmy anametpom 1,0-1,2 cm, Becom npubnuau-
TenbHo 1,2-1,5 r (PucyHok 1).

D P s st E " F . Y-

PucyHok 1 - PeuenTtypbl nactunsl uHxupa: A) 10% ntope nHxupa,
B) 12% ntope unxwupa, C) 14% niope nHxupa, D) 16% ntope uHxupa,
E) 18% ntope unxupa, F) 20% ntope nHxupa
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HepaBHOMEpPHbIN guameTp 1 BeC ObiNv BbI3BaHbl PyYHbIM pacrnpeae-
NeHneM KyKypy3HOro Kpaxmana, KOTopbli OeACTBYeT Kak (DOPMOBLLUUK
nacTusbl Ha noTkax gernaparopa, U pyyHbiM NPOAerbiBaHNEM OTBEp-
cTunm B Myke. AsyaH n ero konneru (2020) npegnonoXunu, 4To yBenu-
YeHune pasmepa pacTUTENbHOro NPOAYKTa B KOHEYHOM UTOre nNpuBeaeT
K YBEMUYEHUIO pa3Mepa Npoaykrta. TO MOXET NPOM3OUTU 13-3a TOro,
4YTO NIOpe B3aUMOAEWUCTBYET C OPYrMMU UHFPEAMEeHTaMu B peuenType
nccreaoBaHus.

2 Xumuyeckuli aHau3.

2.1 CogepxaHue Bnaru:

C TOYKM 3peHMA KayecTBa NULLEBbLIX NPOAYKTOB, COAEpXKaHue Bnaru
B obpasue nuLieBoro npoaykTa, ocCO6eHHO B macTuikax, UMEeT Bax-
HOe 3HayeHue, MOCKOSNbKY OHO BAUSIET Ha CBEXECTb, AOMTOBEYHOCTb U
YCTOMYMBOCTb K MOPYe NpoayKTa.

JInc v OxekcoH (1973) oTMeTnnu, 4YTO K LUMPOKOMY KMAaccy KOHOM-
TEPCKMUX U3OEnniA OTHOCHATCH XKeBaTeslbHble PEe3VHKU, XKene 1 nactui-
KW, KOTOpble MOryT OblTb MPOM3BEAEHbI CO MHOXECTBOM MHTEPECHbIX
Bapuauui. B Tabnuue 2 nokasaHo, YTO YpOBEHb BNAXHOCTW ANSA BCEX
peuenTyp NacTunok ua nHxupa He npesbiwan 20%. Ecnu npoueHTHOe
cogepxaHue Bnaru npesbiwaeTt 20%, CpoK rogHOCTU NMACTUIIOK MOXET
ObITb cokpalleH. Peuentypa F (20% ntope 13 nHxupa) MMeeT camoe Bbl-
COKO€ COoAepXXaHue Braru cpegu LecTu peLenTyp, KoTOpoe COCTaBnseT
18,59% un cywectBeHHO oTnnyaetca (P<0,05) no cpaBHEHUIO C ApyrMMu
peuenTtypamMmu. BeposaTHO, 3TO CBSI3aHO C BbICOKMM COAEPXKaHNEM MNiope
13 nHxupa, coctasnsowmm 20%, NOCKONbKY cogepaHne Bnaru B Cbl-
pbix nnogax uHxupa coctasnano 70,07% (Axwvepn n gp., 2011). beso-
nacHoe cogepaHve Bnaru B nactunkax konebnercsa ot 12% go 18%
(Pasak, 2013). Bce peuenTtypbl HaxogsaTca B npeaenax 6esonacHoro gu-
anasoHa cogepkaHus Brarm 6rarogaps Mcnonb3oBaHMO copbuTtona,
KOTOPbIV 3alUMLLaeT NacTUKM OT noTepu Braru [8,9].

2.2 CogepxaHuve 305bl:

Peuentypa F (20% ntope 13 nHxunpa) nokasana 3Ha4yMTerbHO caMoe
Bbicokoe (P<0,05) cogepxaHue 3onbl (2,42%) cpedn WeCcTn peuenTtyp
MO CPaBHEHUIO C CaMbiM HU3KMM cofepXXaHuem 3015bl B peuentype A
(1,77%). DaHHble NOKa3bIBAKOT, YTO YEM BbILLE MPOLIEHTHOE COAEPKaHNe
niope 13 NIIoA0B MHXKpPa, UCMONb3yeMOro B peuentype nacTuiok, Tem
BblLlEe coAep>KkaHue 307bl.

3ona coCcTOMT U3 HAaKOMMEHHbIX MUHEPArOB MOCHe BbiCOKOTEMMEepa-
TypHoro cxwuranus (bonee 500°C) B mydenbHOW neyn. [JaHHble cooT-
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BETCTBYIOT HaumoHanbHOM 6a3e JaHHbIX MUTATENbHbIX BELLECTB MEX-
ayHapogHoro FOCTa, B KOTOpOW NMPMBAEHbI, Cbipble€ NIIOAbLI UHXKKMPa CO-
aepxat 20,3 r yrnesogos, 0,7-1,6 r 6enka, 0,2—-0,4 r obuiero xupa n
5,3 I NULLIEBBLIX BOMOKOH.

2.3 CogepaHuve CbIpon KneT4yaTku:

Peuentypa F (20% ntope 13 nnogoB nHxupa) (2,65%) nmeeTt 3Haun-
TenbHo camoe Bbicokoe (P<0,05) cogepxaHune KneTyaTku cpegm Lwectu
peLenTyp, B TO BPEMS Kak CaMO€e HU3KOE CoAepKaHue Knet4yaTkm b6bino
obHapyxeHo B peuentype A (0,43%). Yem Gonblue niope n3 nHxupa
BKITHOYEHO B COCTaB NMaCTWUIIOK, TEM Bbille COAEp)XaHue KretyaTtku. B
100 r cBexux nHxupa cogepxanocb 14% nuweson knetvatkm (USDA,
2013). lMNMockonbky B peuentype F ncnonbsoBanock 20% nwope u3 WH-
Xupa, NonyyYyeHHoe cofepXaHue KrneTvyaTky kasanocb pasyMHbiM. B oT-
nu4yme ot atoro, NpaceTnoBaTtu u ap. (2014) ykasanu Ha To, YTO coaep-
XaHue knetyaTky B obpasiuax nacTUoK CyLECTBEHHO HE 3aBUCENO OT
MCMNONb3yeMON peLenTypbl, HO BMECTO MIOPEe U3 MHXUPaA U XenaTuHa
Mcnosib3oBanacb KOMOMHaLUNA MOPKOBU 1 aMyIbratopa.

2.4 AHTMOKCUAAHTHAA aKTUMBHOCTb C UCMONIb30BaHUEM 2,2-aude-
HUN-2-NUKpunrugpasunrugpara:

AKTVBHOCTb MOpe M3 UHXMpa Mo HeuTpanusaumm pagukana rnoka-
3aHa B Tabnuue 2. AHanNM3 aHTUOKCUOAHTHOW aKTMBHOCTU MCMOJSb30-
BasiCsl, MOCKOMbKY 9TO CTabuIbHbIM CBOOOAHLIV paavkan, KOTOPbIA Npu-
HUMAaET 3NEKTPOH UM BOAOPOLHbIN pajnKar, CTAaHOBACb CTabunbHON
OvamMarHMTHOM Monekynon. AHann3 4ns oLeHKU Korim4yectBa aHTUOKCU-
OaHTa, COXPaHMBLLUErOCH B MacTUIKax M3 MHXuUpa, NPOBOAUICS MyTEM
NPOBEPKN €ro akTMBHOCTU MO HENTpanuM3auun pagvkana.

CoctaB F (20% ntope mn3 mHxupa) nokasan 3HauutenbHo (P<0,05)
CaMylo BbICOKYH aKTMBHOCTb MO HenTpanusauuu pagukana (36,58%)
cpeau LWeCTU NPOoM3BEeAEHHbBIX COCTAaBOB, YTO ObIIIO CONOCTABUMO C UC-
NoNb30BaHHbIM (MONOXUTENBHbIN cTaHaapT) (31,7%).

XOTs 3TaNoOHHOE 3HAa4YEHNE aHTMOKCUOAHTHOM aKTUBHOCTU HUXKE, YEM
3Ha4YeHMe aKTUBHOCTM NnacTunku F, cpaBHeHME Bce e ABNSAeTCA Haaex-
HbIM. YeMm Bbllie aKTUBHOCTb MOrMOLLEHNA CBOOOAHbIX pagukanos, TEM
nyyule NpoAyKT COXPaHSIET aHTUOKCMAAHTHOE coaepXaHne. AHanorny-
Ho, KoHuya-Meriep n ap. (2016) coobwunm o gobaBrneHnn KnyoHUKN K
KMBU ONS YNydlWeHUs aHTUOKCUOAHTHOM aKTUBHOCTU B OpYKTOBOM na-
cTune. B pesynbrate yBenuyeHne akTMBHOCTM NOTOLLEHMSI CBOOOOHbIX
paanKanoB MOXHO 00bACHUTb coaep)kaHneM PeHONbHbIX COEANHEHUN,
KOTOpble yNyYLUNIN aHTUOKCMAAHTHbIE CBOWCTBA Mope u3 nHxnpa [10].
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2.5 AKTUBHOCTb BOAbI:

AKTMBHOCTb BOAbl OTpaXXaeT SHepreTMvyeckoe COCTOsiHMEe BOAbl B
NULLEBON CUCTEME, NPEAOCTaBnsAs LIEHHYK MHGOopMaunio 0 MUKPOL-
HOWM MopYye, XMMUYECKON CTabunbHOCTU 1 PU3NYECKON CTabUbHOCTN.
BonbLINMHCTBO NPOAYKTOB C aKTMBHOCTbLIO BoAbl Bhiwe 0,95 obecneyar
AOCTaTOYHOE KOMMYecTBO Bnarv ANnsg nogaepXaHusi pocta b6aktepuin,
APOX>KEN U nneceHn. AKTUBHOCTb BOAbl B MULLEBBLIX NPOAYKTAX OOJIK-
Ha KOHTponMpoBaTbCs Ha ypoBHe 0,85 Mnun HUXe B rOTOBOM MPOAYKTE.
B tabnuue 2 nokasaHo, YTO BCe 00OpasLbl NACTUIOK U3 MHXUPa NMenu
3HaveHus akTuBHocTM Boabl MeHee 0,85. CoctaB F (20% ntope u3 nHxu-
pa) nokasbiBaeT CaMoe BbICOKOE 3Ha4YeHne akTuBHocTy Boabl 0,81+0,01
1 3Ha4MTenbHO oTnmnyaeTcs ot coctaBoB A, B, C u D (p<0,05). Pesynbra-
Thl MOKa3anu, YTo cogepXaHve Bnaru yBenmymBanoch C yBennyeHnem
KonmMyecTBa Mpe M3 MHXMpa B COCTaBax, B TO BPEMS KaK akTUBHOCTb
BOAbl YMEHbLUIAnach C yBenMyeHneM KOHLeHTpauun xenatuHa [10-15].
[aHHble cormacyloTcs ¢ nccrnegoBaHusiMM, OTMEYEHO yBENUYEHME akK-
TMBHOCTW BOAbI B MACTUIKaX U3 LUENKOBULIbI MO MEPe YBENNYEHUS KONN-
YecTBa LUEeNKoBMULbl B cocTaBe nactunok. CogepxaHve Bnarv n aktme-
HOCTb BOAbl B3aMMOCBS3aHbl, U YETKOE MOHMMaHWe B3aMMOCBS3U STUX
OBYX MapaMeTpoB, Ha3blBaeMOW N30TepMOK copbumm Bnaru, ABnseTcs
CINOXHbIM 1 YHUKANbHbIM ANS KaXAO0ro Tvna nuLLEeBOoro NpoaykTa.

3 @usuyeckuli aHanus.

3.1 OOLLee copepxaHne pacTBOPMMbIX CyXNX BELLLECTB:

3HayeHne obLero cogepxaHusi paCTBOPUMbIX CyXMX BELLECTB UK
°Brix ncnonb3yeTcs Afsi NPOBEPKN UCMAPEHNUST U KOHLIEHTpaUMK C Le-
b0 OLIEHKM TBEPAOCTU KOHEYHbIX MPOAYKTOB, @ TakXXe CnagoCcTu U Tek-
CTYpbl KOHEYHOro npoaykTa. [JaHHbIe NoKasanun HECKOMbKO CXOXue 3Ha-
YeHns oT 60,5 go 67,3° Brix obLiero cogepxaHvusi paCTBOPUMbIX CyXMUX
BELLECTB, NONyvYeHHble Ans Bcex peuentyp. OgmMHakoBOe KONMYECTBO
nogcnacTutens, coctaenstwee 60 r ona rnoko3Horo cupona u 40 r
Ana copbuTona Bo BCex peuentypax NacTUoK MHXnpa, o6bsaCHSET, No-
Yyemy 3Ha4YeHMs He MoKasanu CyLeCTBEHHON pasHuLbl.

3.2 AHanus uBeTa:

BnunsHne gobaBneHus mope M3 MHXMpa Ha M3MEHEHME LBeTa xerna-
TMHOBbIX NacTUMok. LIBeT sBnseTca ogHMM 13 BaXKHEWLLUMX NokasaTenemn
KayecTBa MacTUIOYHbIX U3AENNA, MOCKOSbKY OH HampsMyto BIMSIET Ha
notpebutenbckoe BoCcnpusaTMe npogykra. B HacToswem nccnegosaHmm
13y4anoch BrvsiH1e AobaBneHns Niope U3 MHXnpa B NacTUIKN Ha OCHOBE
XernaTuHa Ha U3MEHEHVE LIBETOBbIX XapaKkTEPUCTMK rOTOBOIO NPOAYKTA.
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YCTaHOBNEHO, YTO C yBENMYEHNEM 0NN MIOpe U3 NHXUpa B peuen-
Type HabnwgaeTcd U3MeHeHne OKpacku NacTUOK OT CBETMO-XeNnTon
K CBETNO-KOPUYHEBOW N SHTApHOW. [laHHOEe nameHeHne oByCnoBneHO
NPUPOAHBIM LIBETOM MHXMPA, @ TakXke Hamvynmem B ero cocraBse ge-
HOJbHbIX CO€AMHEHUIN, CaxapoB N MUTMEHTOB, KOTOPbIE OKa3bIBaKOT BIN-
SHME Ha LBETOBYIO HACHILLEHHOCTb.

Mpw TennoBon 06paboTke cMecu 1 NpoLEecce CyLLKM MPONUCXOOUT He-
dhepmMeHTaTUBHOE NOTEMHEHWE, CBA3AaHHOE C peakunamm Manspa mex-
4y peayumpyrLMMn caxapamm MHXupa n ammHorpynnaMmm xenatuHa.
B pesynbrate aTOro mpouecca ycunMBaeTcs MHTEHCUBHOCTb OKpPacKu
nacTuoK, 0COBEHHO Npu BbICOKOM COAepXXaHum pyKTOBOrO Mntope.

Kpome Toro, no6aBrneHue MHXUPHOro Mope CrocoOCTBYET CHMXe-
HUIO CBETNOThHI (L¥) n yBenuyeHunto nokasarenen xentmaHsol (b*), 4to ceu-
AeTenbCcTByeT 0 (hOpMUpOBaHUM Bonee HaCbIWEHHOMO N ECTECTBEHHOIO
uBeta. [pu atom nactunku 6e3 gobaBneHWs Mpe XxapakTepusyTcH
OGregHOM N MeHee BblIpaXXEHHOW OKPAacCKOW, YTO CHWMXaeT MX OpraHo-
NenTUYEeCKyo NpMBIieKaTenbHOCTb.

CnepyeT OTMETUTb, YTO YMEPEHHOE KOMMYECTBO MOPEe U3 UHXMpa
obecneymBaeT paBHOMEPHYIO OKpacKy mpoaykta 6e3 npu3HakoB 4pes-
MEPHOro MOTEMHEHUS, Toraa Kak n3bblITOMHOE ero coaepXkaHue MoxeT
NPUBOANTL K YpE3MEPHO TEMHOMY LIBETY, BOCMPUHMMaeMoMy noTpebu-
Tenem Kak Npu3Hak neperpesa unu yxyglleHusi kKa4yecTaa.

Taknm obpasom, gobaBneHve nope U3 MHXMpa OKasblBaeT Cylue-
CTBEHHOE BIMSHUE Ha (hOPMMPOBAHME LiBETA XENaTMHOBbLIX NAaCTUMOK,
ynyylias ux BHELHWIN BUA 1 NpugaBas NpoayKTy HaTyparnbHY OKpackKy
6€e3 Ncnorb30BaHWs UCKYCCTBEHHbIX KpacuTenen.

[obaBneHne niope 13 NHXXupa B NacTUIIKM HA OCHOBE >enaTuHa cno-
CcobBCTBYET M3MEHEHMIO LBETOBbIX XapaKTEPUCTUK rOTOBOrO MPOAYyKTa,
MOBbILLAS HACBILLEHHOCTb Y €CTECTBEHHOCTb OKpacku. OnTumarnsHoe co-
OepXXaHne NHXUPHOro Mope NO3BOMASET NONYYNTb MACTUIIKU C NpUBIeKa-
TernbHbIM LIBETOM Y CTabUIbHLIMU MOTPEOUTENBCKMMI CBONCTBAMMU.

3.3 AHanua npoduns TEKCTYpPbI:

CnoXHOCTb NpoLecca efbl v JaXe )XeBaHus npeabsBnseT BbICOKME
TpeboBaHMs K UHCTPYMEHTY U3MEPEHNs TEKCTypbl. B ngeane xorenock
Obl MPOBECTU U3MEPEHMS CTPYKTYPbI, CMELLEHWSA U CUflbl, 4ENCTBYOLLEN
Ha obbekT. TekcTypa — 3TO CMOXHOE CBOWCTBO, OnpeaensemMoe CTpyk-
Typon, (oOpMOr, XMMUYECKUM COCTaBOM, BSA3KOCTbIO U APYrMMu puaun-
Yyecknmun ceonctBamu npogykta (LecHsk, 2002). bbinu nsy4veHsl obime
pesynbraTbl aHanM3a Npogunsa TEKCTYPbl AN NACTUNOK U3 NHXUPA.
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B kayecTBe CEHCOPHOro CBOWCTBA TBEPAOCTb OMNpenensieTcs Kak
cuna, Heobxoommas Ans cxkaTtus BellecTBa Mexay KopeHHbIMU 3ybamu
Unu mMexay S3blkoM U HEGoM. NokasaTenb TBEPAOCTU LEMOHCTPUPY-
eT, uto cocTaB F (20% ntope u3 nHxupa) obnagan saHaymTenbHo 6onee
BbICOKMM 3HayeHuem (p<0,05) no cpaBHEHMIO C OpPYyrMMyW COCTaBamu.
BbICOKMI NPOLEHT KenaTuHa, CoaepXallero NeKTUH, Obln TBEPXKE, YEM
)XenaTUHOBbIE Tenu C HU3KUM codepxaHuem nektuHa. lpucyTtcTeue
NEeKTUHA MOXET «YKOPOTUTbY» XenaTuHOBY ceTky. UTo kacaeTtcs ana-
CTUYHOCTW, CYLLECTBEHHbIX Pa3Nnynin Mexay peLenTypamu He Habmto-
aanocb (p>0,05), MOCKOMNbKY KONMYECTBO XeNnaTuHa, UCNOoNb3yeMOro B
Kaxxgou peuentype, coctaBnsaeT 15% n MeHee, YTO MOXHO CUMTaTb HU3-
KMM KONIMYECTBOM XenaTuHa. lMpucyTcTBME NEKTUHA B MIOPE U3 NHXMPaA
TaKxe ABMNsieTCA OOHOW M3 MPUYMH, NMOoYeMy pesynbTaTtbl He Obinu cy-
LLleCTBEHHO nameHeHbl. Peuentypbl A (10% ntope 13 unxunpa) n B (12%
Mope 13 MHXUPa) Mokasanu BbICOKOE 3HaYEHME KOre3NBHOCTHU, HO CyLLe-
CTBEHHbBIX pasnuynn Mexay peuentypamum He Habntoganock (p>0,05),
NMOCKOMbKY BCE MACTUIKN MMENV OAMHAKOBYIO CTPYKTYpPY MOCIE cxXaTus
1 cnnowmBaHmusa asmxywmmcs 3oHgomMm. Coctas B (12% nrope 13 nHxu-
pa) UMen HavBbICLLEE 3HAYEHME KITENKOCTU U 3HAYUTENBHO OTNMYancs
ot coctaBoB C (14% ntope mn3 uHxupa), D (16% nope 13 uHxunpa), E
(18% ntope n3 unxmpa) n F (20% ntope n3 nHxnpa) [16-18]. C gpyron
CTOPOHbI, >XeBaTENIbHOCTb ONpPeaensaeTcsi Kak Bpemsi, Heobxoammoe Ans
nepexeBblBaHUSA o6pasua ¢ NOCTOSHHOW CKOPOCTLI0 NMPUMOXEHUS CUTbI,
YTOObl YMEHbLUUTL €ro KOHCUCTEHLUK OO0 COCTOSIHWS, MOOXOASLUEro
ans rnotaxHus. CoctaB C MMeeT HauBbICLLIEE 3HAYEHME KEBATENbHOCTH
(6661,5+£132,7 r/Mm), 3Ha4YNTENBHO OoTNUYatoweecst ot coctaBoB A (10%
ntope 13 nHxupa), E (18% ntope 3 nnxupa) n F (20% nrope 13 nHxupa).
Ynpyroctb — 3TO MokasaTtesib TOro, kak obpasel, BOCCTaHaBNMBaETCS
nocne gedopmauuy B 3aBUCUMOCTU OT CKOPOCTU U CUSbl BO3LENCTBUS.
CoctaB C (14% ntope 13 UHXunpa) UMeeT HauBbICLLEE 3HAYEeHMe YNpyro-
¢t (0,48+0,01) n cyLeCTBEHHO OTNIMYAETCS OT ApYrux cocTtasos [19-21].

4 CeHcopHasi OUeHKa.

B pabote npvBeaeHbl pe3ynbraTbl CEHCOPHOWM OLEHKM MacTUoK 13
WHXWpa cpean NATU HENOArOoTOBMEHHbIX AeryctaTtopoB. bbinu oueHe-
Hbl YeTblpe aTpubyTa: LBET, TEKCTYpa, BKYC M obLias NpuemMrnemocTb.
OTn aTpubyTbl ABNSOTCS OCHOBHBIMU CEHCOPHbIMU METOAAMM, KOTOPbIE
MOryT MOMOYb B MUCCREAOBaHUM MUTaTENbHbIX MU (OYHKLMOHAMbHbLIX
NPEeNMYyLLECTB HaTypanbHbIX NPOAYKTOB. TakXe BaXXHO NMOOAYEPKHYTb U
yNyYlNTb CEHCOPHbIE CBOMNCTBA NPOAYKTOB, YTOOblI B KOHEYHOM UTOre
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npvBneYb BHMUMaHue notpebutenen: He3aBUCUMO OT TOrO, HACKOIbKO
noneseH U NUTateneH NpoAyKT, eCrv OH He MpUBIIEKaeT CBOEro uene-
BOrO KOHEYHOro NoTpebuTens, oH BpaA N AobbeTcs ycnexa Ha coBpe-
MEHHOM PbIHKE.

UT0 KacaeTcs LBETOBbIX XapaKTEPUCTUK, TO BCE peLenTypbl He Mo-
Kasanu CyLLeCTBEHHbIX pa3nuuuii: peuentypa E (18% ntope 13 nHxnpa)
nokasana HauBbICLUYO oLeHKy (5,82+1,68), a HaMMeHbLLas — peLenTypa
C (14% nope u3 nnxupa) (5,24+1,81). Paznuuuna mexagy HamBbICLUUM U
HaMMEHbLUMM 3Ha4YEeHMSIMU BCE eLle conocTaBuMbl. 3HadYeHus L, a* n b*,
NoJTyYEeHHbIE C MOMOLLbIO KONOPUMETPA, TakxKe He nokKasanu pasnuyun
B LiBETE, KOTOPbIN ANS BCEX PELENTYp UMEET KOPUYHEBATO-OPaHXXEBbIN
OTTEHOK. [OCKOMbKY XenaTtuH MMEET XKenTOBaTo-OpaHXeBbIN LBET, a
nope U3 NHXUpa — TEMHO-KOPUYHEBBIN, KOPUYHEBATO-OPaHXXEBbIN LIBET
— 9TO LIBET NacTUIOK U3 NHXMpa.

TekcTypa NacTUmok U3 NHXnUpa He AOSMKHA ObITb CIIULLKOM TAryYen un
He CIIULLKOM KNENKOW, MOCKOSbKY O60MbLUIMHCTBO YY4aCTHUKOB AerycraLmm
BbICOKO oueHunu peuentypy B (12% ntope), B KOTOPOM NCNONb30Banoch
13% xenatuHa (6,86+1,74), n He oueHnnu peuentypy D (16% ntope), B
KOoTOopon ncnonb3oBanocb 9% >xenatuHa (4,54+1,77). 3Tn pesynbraThbl
rnokasanu, YTo YYaCTHWKM Aeryctauumv npegnoynmTarT MCMnonb3oBaTh
MOMIOBUHY KOMMYECTBA KenaTuHa, MCMosb3yemMoro B nactunkax. Mpu
MCNonb30BaHny 60MNbLIOrO0 KONMYEeCTBa XenaTtuHa TekcTypa nacTuiok
CTaHOBMWTCS CIIULLKOM TAryYew, a npy UCMofib30BaHMU OYEHb Marnoro
KONMMYecTBa XenaTnuHa — MeHee Taryyen. TekcTypa JoNroe Bpems cuu-
Tanacb BTOPOCTENEHHbIM CEHCOPHbIM MPU3HAKOM MULLEBbLIX MPOAYKTOB.
TekcTypa — 3TO CEHCOPHbIA MPU3HaK, NPeAcTaBnslWmi cobon Kom-
Nnekc NnapaMeTpoB, CBSI3AHHbIX C PEOSIOrMYECKMMM CBOMCTBAMM.

Bkyc nacTumnok n3 nHxupa BakeH, MOCKOJIbKY OH SIBNISETCA Noka3aTte-
1ieM NOBTOPHOW MOKYMKW; €Crx BKYC HENPUEMIIEM, STOT NPOAYKT HE MO-
XeT OblTb KOMMEPLManu3MpoBaH. Takxe onpeaerieHo, 4Yto peuentypa B
(12% ntope u3 nHxupa) MeeT HaMBbICLLYHO OLEHKY BKyca (5,74%1,77), B
TO BpeMs Kak camas Hu3Kasi OLeHKa BKyca Habntoganack B peuentype
D (16% ntope u3 nHuxupa) (4,5+1,71). NokasaHa obLas oLeHka kayecTBa
nacTunbe U3 uHXxupa, rge, peuentypa B (12% ntope 13 nHxumpa) nokasa-
na Hamnyulyo obuyto oueHky (5,82%1,79), B To BpeMs Kak peuentypa
C (14% ntope 13 nHxupa) nonyyuna camyr HU3KYH OLIEHKY Mo obLien
oueHke (4,22+1,69).

BbiBog. YcnelwHo pa3paboTaHbl NACTUIKU U3 UHXMPA KOpUYHEBa-
TO-OpaHXXeBOro LBeTa, Kpyrrnon opmbl guametpom 1,0-1,2 cm n Becom
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npnbnuautensHo 1,2-1,5 r. Coctas B (12% nope 13 nHxupa) umeeT no-
kasaTtenb Bpukc 62,7° npu pH 4,3, o4eHb cnagknum NOCMEBKYCUM U ak-
TuBHOCTU Boabl 0,54. B aHanu3e uBeTta 3HavyeHue L* coctaBuno 59,76,
3HayeHue a* — 23,71, a 3HavyeHne b* — 34,33, 4To N 06YCNOBMMO KOPUY-
HeBaTO-OpaHXeBbIV LBET nacTunok ua yuky. Obliee cogepxaHue pac-
TBOPMMbIX CYXWUX BELLECTB BO BCEX COCTaBax COCTaBNsAN0 He MeHee 60°
Bpukc n He npeBbiwano 68° Bpuke. CoctaB F nokasan HauBbICLLEE 3Ha-
YeHue B 3TUX YeTbIpeEX aHanM3ax, MOCKOSbKY OH COOEPXUT HanbornblLuee
KOJIM4YecTBO Mope u3 nrogoB nHxupa (20% nope ns nexupa). CeHcop-
Has OLEeHKa rmokasana, YTo C TOYKU 3pEeHUst TEKCTYPbl, BKyca 1 obLLen
npuemMrnemMocTnn cpeaun HenoaroToBJIEHHbIX OeryctatopoB, NAaCTUIIKU
13 coctaBa B (12% ntope n3 uHxunpa) 6binm Hanbonee npuemnemMbiMu.
Pesynbrathl nokasbiBatoT, YTO HauBbICLIAs OLEeHKa OOLLero kayecrtBa
nacTunok obycnoeneHa gobasneHnem npnbnusantTensHo 12% niope n3
nHXmMpa. Takum obpasom, Nnogbl UHXMPa MOryT ObiTb MOTEHLMaNbHbIM
HaTtypalibHbIM UHIpeaneHToOM AOJid npomn3BoacTBa NacTUIIOK, YTO CrO-
CO6CTByeT NX NCMNMOJIb3OBaAHUIO B I'II/ILLLeBOIZ NPOMBbILUITIEHHOCTH.

KoHgbriukm uHmepecos. Aemopsbi 3as18/1t0m 06 omcymcmeuu KOH-
rukma uHmepecos rpu npogedeHuu daHHO20 uccie0o8aHUs.

References /Cnucok nutepatypbl (cM. cTpaHuua 81)
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USE OF BIOLOGICALLY ACTIVE FEED ADDITIVES IN FARM
ANIMALS FEEDING

Abstract. Animal feed additives are used worldwide for various livestock spe-
cies, including poultry, for many reasons, including providing essential nutrients,
enhancing feed palatability, improving growth performance, and optimizing feed
utilization. Animals with high growth rates require high levels of health, and the
use of appropriate additives is a key consideration in such cases. With rising
industry standards, heightened consumer awareness, and demand for healthy
animal-based foods, the industry is under increasing pressure to find more natural
and residue-free alternatives to the traditional feed additives used until recent-
ly in animal feed products. Consumer and animal welfare are the primary driv-
ers for valuable alternatives to animal feed additives. Some of the alternatives
used as animal feed additives include probiotics, prebiotics, enzymes, and herbs.
This choice of feed additives is supported by scientific and empirical research
on these alternatives, as herbs and their extracts (plant components) possess a
broad spectrum of activity that can not only stimulate feed intake but also stimulate
endogenous secretions and exhibit antimicrobial, coccidiostatic, and anthelmintic
activity. The ban on the use of antibiotics as growth promoters, cost-effectiveness,
and increased awareness of harmful residual effects are leading to the increasing
importance of plant-based feed additives in sustainable livestock production. The
livestock sector benefits from the use of a range of feed additives, such as ascor-
bic acid, prebiotics, probiotics, and plant extracts.

Keywords: feed additives, phytogenic products, probiotics, prebiotics, enzymes,
herbs, plant extracts, quality control.

Introduction. One of the greatest challenges facing farm managers,
livestock producers, animal science professionals, and nutritionists
working in the animal feed industry or research is developing balanced
diets for high-producing animals while maintaining an optimal cost-benefit
ratio. Therefore, it is important to consider the fact that the cost of meat,
dairy products, and animal by-products is volatile and varies depending
on various factors, one of which is the cost of feed (Thornton, 2010). Feed
costs constitute the largest expense in livestock production (estimated at
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35-50%). While it is generally believed that animals feed on plants, grass,
or other “food” that naturally constitutes their diet, the reality is that feeding
livestock and poultry on modern farms is a complex process, fraught with
controversy and conflicting opinions. Feed additives are considered a
group or class of feed ingredients that, while not nutrients, can elicit a
desired response in an animal. Such a response may include pH changes,
growth, or modification of the animal’s metabolic response (Hutjens, 1991).
According to the European Commission, feed additives are products
used in feed production to improve feed quality and the quality of animal
products or to enhance animal performance and health, for example, by
increasing the digestibility of feed materials. Some feed additives may
contain various nutrients, such as sodium and protein, which are part
of sodium bicarbonate or yeast culture, respectively [1]. Technically,
feed additives are not considered essential and do not guarantee high
animal productivity or economic profitability in animal production (Animal
Feed Additives 2018, web source). Demand from the dairy and meat
industries is rapidly growing due to growing population pressure. Food
security, which is the second Sustainable Development Goal in the form
of “zero hunger”, and the 12th Sustainable Development Goal, which is
“responsible consumption and production”, are both of great importance
to the animal feed industry [2-5].

The importance of feed additives is growing daily due to the benefits
they can provide, such as promoting animal growth, controlling infectious
diseases, and improving feed digestibility (Specialty Feed Additives
Report, 2016). [6]. The animal feed additives market is experiencing
steady growth and is expected to continue to grow in the future, driven by
rapidly increasing demand for meat, meat products, and dairy products
worldwide (Animal Feed Additives Report, 2014). Due to frequent
epidemics such as avian influenza, other diseases such as foot-and-mouth
disease, environmental concerns, and increased concerns about animal
health worldwide, the general perception of feed quality and associated
certifications has increased among beef and dairy farmers [7-10].

The largest consumers of feed additives globally are North America
and the Asia-Pacific region. They account for over 60% of global animal
feed consumption (Animal Feed Additives Report, 2014). The Asia-Pacific
region is estimated to be the fastest-growing region by revenue. Growth is
particularly strong in emerging economies such as India, China, and Brazil,
driven by a gradual increase in income levels due to industrialization and
the rapid development of the service sector, which has also fueled the
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growth of the feed industry through rising per capita meat consumption
(Ruminant Feed Market Report, 2018). By animal species, poultry feed
additives account for the largest market share, followed by swine feed
additives (Animal Feed Additives Report, 2014).

The key factors driving the global animal feed additives market can be
categorized as follows:

(a) Growing global meat consumption

(b) Increasing awareness of meat quality and safety

(c) Increased mass meat production

(d) Recent outbreaks of disease in livestock

Rising raw material costs and regulatory frameworks are limiting the
market. However, the rising cost of natural feed products creates opportunities
for feed additives as a low-cost alternative [11]. Leading manufacturers are
focused on expanding their businesses in various regions and establishing
new factories to increase their production capacity.

While there are various definitions of feed additives, the comprehensive
definition proposed by the European Commission is: “Feed additives are
products used in animal feeding to improve the quality of feed and the
quality of feed of animal origin, or to improve animal performance and
health, for example, by increasing the digestibility of feed materials.”

With increasing regulatory oversight and the increasing influence of
social media, there is little opportunity to violate the standards set for
the industry. Any animal feed additive intended for sale must undergo a
rigorous process of scientific evaluation and validation to establish the
presence or absence of any adverse effects on human and animal health
or on the environment (European Commission, 2018) [12-16].

Classification of Animal Feed Additives. Feed additives are classified
into various categories based on various parameters. Feed additives can
be of different types:

* According to European Commission regulations

* According to a holistic approach

* According to their origin and function

Feed additives can be divided into the following categories: feed
antioxidants, complex acidifiers, complex enzymes, mycotoxin adsorbents,
mold preventives, vitamins and electrolytes, L-carnitine hydrochloride,
diluted chromium nicotinate, finishing agents, amino acids, antibiotics,
binders, minerals, herbs, and premixes. A widely accepted classification
of animal feed additives, based on European Commission regulations and
guidelines, is provided below.
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Another class of feed additives used to designate technological
interventions applied to feed additives is technological additives.

Based on European Commission Regulation

Sensory additives. This group of additives improves the palatability
(i.e., voluntary intake) of feed by stimulating appetite, usually by affecting
the taste or color of the feed. For example, feed flavorings or sweeteners,
such as vanilla extract, can effectively encourage calves to consume their
diet [17].

Nutritional Additives. Additives provide animals with specific nutrients
for optimal growth. Examples include vitamins, amino acids, or trace
minerals.

In most cases, these supplements are simply concentrated forms of
naturally occurring nutrients, ingredients in the diet.

Zootechnical Additives. These supplements improve the nutritional
status and performance of livestock not only by providing specific nutrients
but also by promoting more efficient utilization of the nutrients present in
the diet. Examples of such supplements include enzymes or direct-acting
microbial products, which improve intestinal health, thereby ensuring
more efficient nutrient extraction from the diet. In this regard, they are
often referred to as pronutrients, i.e., products that improve the nutritional
value of the diet without necessarily providing direct nutrient supply. Other
supplements are used to improve the environmental benefits they provide
to livestock, while others are targeted to perform specific physiological
functions.

Coccidiostats and Histomonostats. These additives control poultry
health through direct action. These compounds are used to control the
intestinal health of poultry and directly affect parasitic organisms inhabiting
the intestines. They are not classified as antibiotics (2018 Classification of
Feed Additives) [18-22].

Technological Additives. This classification refers to a group of additives
that influence the technological aspects of feed. These additives do not
directly affect the nutritional value of the feed, but may do so indirectly
by improving its handling or hygienic properties. An example of such an
additive is an organic acid for feed preservation (Figure 1).

Based on a Holistic Approach. In addition to the European
classification, there is a more holistic classification proposed by the
Agricultural Council.
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Figure 1 - Classification of technological feed additives

The aim of the study is to evaluate the properties of herbs and dietary
supplements in animal feeding Additives Affecting Feed Stability, Feed
Production, and Feed Properties

(a) Antifungals

(b) Antioxidants

(c) Pellet Binders

Additives Modifying Animal Growth, Feed Efficiency, Metabolism, and
Performance [23].

(a) Feed Flavorings

(b) Digestion Modifiers

[. Enzymes

Il. Prebiotics
I1l. Buffers

IV. Acidifiers

V. lonophores
VI. Antibloaters

VII. Isoacids
VIII. Salivation Stimulants
IX. Probiotics

X. Defaunation Agents
(c) Metabolic Modifiers
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I. Hormones

[I. Beta-Adrenergic Agents (Repartitioning Agents)
(d) Growth Promoters

I. Antibiotics

[I. Chemotherapeutic Agents

[ll. Prebiotics and Probiotics

Additives Modifying Animal Health
(e) Medicinal Products
(f) Immunomodulators

Additives Modifying Consumer Acceptability
(a) Xanthophylls

To create a comprehensive classification that encompasses all types
and subtypes of animal feed additives, including those included in the
above classification based on the primary functional activity performed by
a particular class, we propose the following detailed classification.

1. Based on Origin and Function

2. Additives Enhance Feed Intake

Antioxidants. Antioxidants are compounds that prevent the oxidative
rancidity of polyunsaturated fats. Rancidity, if it has already occurred, can
lead to the destruction of vitamins A, D, and E, as well as some B-complex
vitamins. The breakdown products of rancid substances can react with
lysine, thereby affecting the protein content of the diet. Ethoxyquin or BHT
(butylated hydroxytoluene) can serve as antioxidants in feed [24-26].

Efficient animal production depends on the use of advanced housing
and feeding technologies, and timely implementation of veterinary and
preventive measures. It is known that one of the most important causes
of weak calves is unfavorable feeding conditions for pregnant dry cows,
which do not correspond to the biological characteristics of fetal growth. To
achieve high-quality livestock products, various products are successfully
used to improve feed palatability and digestibility, as well as the quantity
and quality of the product. Many authors note that adequate animal
feeding is achieved both through plant-based feed and the widespread
use of non-traditional sources of biologically active substances in the form
of various additives [1-5]. Currently, to maximize the genetic potential of
farm animals, biologically active substances are widely used, which help
improve the nutritional value and digestibility of feed, normalize metabolism,
and enhance natural resistance factors [2]. Biologically active substances
include vitamins, macro- and microelements, enzymes, antioxidants,
etc. [2-5]. Some of these biologically active feed additives are fodder
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yeast, pumpkin cake, and rice husks. Fodder yeast is a protein-vitamin
concentrate obtained by microbiological processing of hydrolysates,
sulfite liquors, after alcohol hydrolysis and sulfite stillage. Their energy
value is close to grain feed, and they significantly exceed them in protein
content [6-7]. In terms of protein and vitamin content, fodder yeast is
comparable to soybean meal and other traditional feed additives. Yeast is
a source of protein, essential amino acids, B vitamins, vitamins E, C, and
vitamins A and D. It also contains provitamin D2, carbohydrates, minerals
(Ca, P, Si), natural growth factors (inositol, biotin, etc.), and hydrolase
enzymes, which help animals digest and assimilate feed more efficiently.
Yeast biomass has an optimal fiber content, which plays an important role
in improving intestinal motility [4, 6, 7, 8]. Fodder yeast appears as a flaky
powder, ranging in color from light yellow to brown. It contains no more
than 10% moisture, at least 43% crude protein, no more than 10% ash, 2%
lipids, 0.5% fiber, 39% non-essential fatty acids, and 18% carbohydrates.
The protein complex in yeast represents the greatest nutritional value,
containing a high protein content and essential amino acids [9].

According to literature, many dairy producers use fodder yeast
to ensure the smooth functioning of rumen digestion, normalize the
composition of microflora, and prevent rumen acidosis in ruminants.
Due to its fermentation properties, fodder yeast has become widely
used in cow nutrition. In the rumen of ruminants, it creates an anaerobic
environment that promotes the development of beneficial microflora.
Fodder yeast utilizes rumen oxygen for growth, thereby improving
conditions for the growth of cellulolytic bacteria - anaerobes. Additionally,
fodder yeast produces enzymes that break down feed nutrients, including
fiber. Consistent and rapid fermentation of crude fiber increases bacterial
protein production, enhances the formation of free fatty acids - an energy
source for the body - and reduces ammonia levels in the rumen, as it is
used to form bacterial protein [10]. Thus, introducing fodder yeast into
the diet of lactating cows enhances metabolic processes, which improves
the digestibility and assimilation of nutrients and, consequently, stimulates
increased milk production in cows and improves the nutritional value of
milk. Thus, studies by Gulyaev E.G., Shumov A.V., and Maksimova A.S.
(2009) found that the inclusion of fodder yeast in the main diet increased
milk productivity of cows in the first half of lactation by 9.7%, i.e., an
additional 3 kg of milk was obtained daily from each animal. Arzin |.V.
(2016) conducted research on pregnant dry cows three weeks before
calving and concluded that the inclusion of Optisaf fodder yeast in the
amount of 30 g per head per day contributed to the activation of metabolic
processes in their body, as well as an increase in milk yield of natural fat
content in the lactation of cows following calving [21-26].

The literature contains data on the production of sorbents from rice
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straw and husks and their extraction of metal ions such as iron, lead,
copper, cadmium, nickel, cobalt, and selenium [16], which actively
interact with DNA when entering the body from the environment and
lead to irreversible damage to the DNA structure, causing mutations and
reproductive dysfunction in animals. Thus, based on a brief review of the
literature, it can be argued that it is advisable to include BAFA in the diets
of farm animals to improve the body’s natural resistance and the quality
of livestock products.

Materials and Research methods. The use of natural ingredients
as feed additives is expected to impact livestock productivity and
health, but over time, this must meet consumer demands for livestock
products that are free of synthetic chemicals and maintain product
stability. Today, consumers are interested in improving their health,
for example, by consuming nutritionally dense, protein-rich, and low-
cholesterol foods. It is hoped that functional feed additives will not only
impact livestock performance but also enable the production of livestock
products that provide health benefits to consumers [17-20]. Feeding
grass supplemented with flaxseed oil and clover leaves can increase
the polyunsaturated fatty acid (PUFA) content of beef, making it a
functional food. Adding flavonoids, hesperitin, and naringenin, extracted
from orange peel, as a feed supplement has antioxidant properties and
improves the productivity of laying hens while producing low-cholesterol
eggs. Low-cholesterol eggs will improve human health or be associated
with functional foods. In the future, providing supplemental feed as
functional feed may become a functional food source for populations in
developing countries.

In industrial livestock farming, for dry and fresh cows (2 months before
calving and 10 days after) and for rearing calves (1-30 days old), it is
advisable to use biologically active feed additives - micronized pumpkin
cake, micronized feed yeast, and micronized rice hulls -intermittently, taking
into account the physiological development and specific management
practices of the animals, to enhance their natural resistance and improve
their physiological condition.

Dry and fresh cows should be given micronized pumpkin cake,
micronized feed yeast, and micronized rice hulls in their diet once daily
with their main ration at a dose of 1 g per 1 kg of live weight for 3 days at
4-day intervals for 2 months before calving and 10 days after. 3. Calves
kept in a calf barn should be given micronized pumpkin cake, micronized
feed yeast, and micronized rice hulls for preventive purposes in their diet
once daily with colostrum or milk at a dose of 1 g per 1 kg of live weight for
3 days at 4-day intervals from birth to 30 days of age.

In addition, the microclimate in the barns was studied, which represents
a combination of the physical state of the air, its gas, microbial, and dust
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contaminants, taking into account the condition of the building and process
equipment. The results of the studies on the physical parameters of the
air in the barn and the health center where the scientific and production
experiment was conducted are presented in Table 1.

Table 1 — Microclimate indicators in a room for keeping dry cows

. . Carbon

Poriod o |, | e | oposa, | ‘contom, | dioxice
H H H - 3 tl

the year °C, min-max | %, min-max m/s, min ".‘9"“ ’ %, min-

max min-max
max
1 2 3 3 4 5

Winter 9,1-13,9 71,2-85,0 | 0,18-0,54 | 10,3-12,0 | 0,17-0,19
Spring 11,8-14,5 69,6-87,2 | 0,26-0,59 | 10,7-16,3 | 0,16-0,23
Summer 13,3-15,7 65,4-83,7 | 0,31-0,69 | 10,1-17,9 | 0,15-0,19

The data provided show that the temperature and humidity conditions
in the dry cow housing were variable throughout the study period and were
characterized by the following parameters: the air temperature in winter
ranged from 9.1 to 13.9 °C, averaging 12.2 °C; in spring, 13.9 °C, with
fluctuations from 11.8 to 14.5 °C; in summer, 14.3 °C, with fluctuations of
13.3 to 15.7 °C. The relative humidity in the housing in winter averaged
77.1%, with fluctuations ranging from 71.2 to 85.0%; in spring, it averaged
75.3%, with fluctuations from 69.6 to 87.2%; and in summer, it ranged from
65.4 to 83.7%, averaging 74.3%. Throughout the experimental period, the
air speed ranged from 0.18 to 0.69 m/s, averaging 0.23 m/s. The average
air cooling capacity was 7.59 pcal/(s*cm?). The carbon dioxide content did
not exceed 0.23%. The ammonia level in the barn air ranged from 10.1 to
17.9 mg/m?3, averaging 11.7 mg/m3. No hydrogen sulfide was detected in
the barn air. The illumination level directly in the animal areas ranged from
41 to 327 lux during the day. The average illumination level in the barn
was 56.17 lux. An analysis of the microbial contamination of the air in the
barn revealed that the total microbial count (TMC) ranged from 17,500
to 27,300 microbial bodies per 1 m® of air. On average, the number of
microorganisms in the air of the barn was 23.2 thousand microbial bodies
per 1 m3,

Conclusion. Most developing countries, particularly Uzbekistan,
have abundant agricultural products and by-products that can be used
as feed additives with functional feed properties. This could change the
misconception that important feed ingredients should only be added
to commercial feeds. Instead, progress should be made in identifying
such products and their nutritional and antimicrobial properties for use
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in resource-poor communities in developing countries. In the future, the
incorporation of functional ingredients into functional feeds could become
a viable alternative in developing countries. Natural products that are
readily available and locally accessible have the potential to replace
the use of antibiotics as feed ingredients, which could improve livestock
productivity and health. These natural products are safe for livestock,
humans, and the environment; they can be used continuously and have
various mechanisms of action. Research and production trials on cows
2 months before and 10 days after calving, and on calves in a livestock
farm, demonstrated that intermittent addition of the studied BAFAs to the
main diet increased the calves’ average daily weight gain and improved
their body condition, which generally contributes to enhancing their natural
resilience. The medicinal properties of herbs, which improve antimicrobial,
anti-inflammatory, antioxidant, digestibility, and immunostimulatory activity,
should be studied in animal nutrition, as well as as a safe food product for
humans. Standardizing the correct dosage and application regimens for
herbal feed additives to perform a specific function is a requirement of the
situation, so further research is needed.

Thus, various areas such as health, environmental sustainability,
regulatory requirements, and even climate change are part of the
production, marketing, and post-use impacts that are closely intertwined
with the feed industry.

References

1 Shvetsov N.N. Raising young cattle using rhythmic feeding / Shvetsov N.N.,
Shvetsova M.R., Ryltsev A.A. // Bulletin of the Kursk State Agricultural Academy.
—2014. — No. 3. — P. 59-60.

2 Adams M.C. Selection of a novel direct-fed microbial to enhance weight gain in
intensively reared calves / M.C. Adams, J. Luo, S. King, D. Rayward, R. Gibson,
G.H. Moghaddam // Animal feed science and technology. — 2008. — T. 145. — No.
1-4. - P. 41-52.

3 Chawla G.C. Use of buttercakes in the ration of livestock, Judian Dairymen /
G.C. Chawla, T. Rat. — 1986, 38. — P. 187-189.

4 Hicks R.B. Effects of programmed feed intake on performance and carcass
characteristics of feedlot steers / R.B. Hicks, T.N. Owens, D.R. Gill // Misc. Publ. /
Oklahoma State Univ. Agr. Exper. Stat, Stillwater. Okla. — 1988. — No. 125. — P. 147.
5 Jkurior S.A. Equi-protein substitution of cottonseed meal for groudnut cake in
diets for weaner — grower pigs / S.A. Jkurior, B.Z.H. Fetuda. — J.Sc. Found. Agr.,
1988.

6 Mazur K. Ventilation and constructional solutions influencing microclimate in
livestock buildings for dairy cattle / K. Mazur, J. Barwicki, M. Majchrzak, W.J.
Wardal, K. Borek. —2016. — No. 18. — P. 257-261.

7 Pivtorak Y. Use of mineral feed additive in silage-pulp fattening young cattle / Y.

110



Hoeocmu Hayku KasaxcmaHa. Ne 1(168). 2026

Pivtorak, O. Sloboda, I. Golodyuk, V. Mateush. —2012. — T. 14 — No. 3-3 (53). —
153-157.

8 Schroeder, G.E. Chemical and protein quality parameters of heat processed
sunflower buttercake for dairy cattle / G.E. Schroeder, L.J. Erasmus, H.H. Meissner
/I Animal feed science and technology. — 1996. — T. 58. - No. 3-4. — P. 249 265.

9 Stermer R. Feeder cattle stress during handling and transportation / R. Stermer
(et al.) // Trans. ASAE. — St. Joseph, Mich. — 1982. — Vol. 25. — No. 1. — P. 246.
14 Mirzaeva S. U., Bakhodir T. M., Perspective Theoretical Foundations of the
Extraction Process, Sulfur Dioxide Chemistry and Environmental Impact, 2024,
IntechOpen.

15 Gafurov K.H., Muhammadiev B.T., Mirzaeva Sh.U., Supercritical [SC] CO2
Extraction of Glycyrrhizic Acid from Licorice Roots, Butlerov Communications No.
1, Vol. 49. 2017, Tatarstan, pp. 108-114.

16 Mirzaeva Sh. U., Gafurov K. Kh., Zhumaev Zh., Certificate of Official Registration
of the Program for Electronic Computers. Computer Program Optimization of the
Process of Obtaining CO, Extract from Licorice Root. DGU 09833 (2021)

17 Gafurov K. Kh., Muxammadiyev B. T., Kuldosheva F. S., Obtaining Extracts
from Plant Raw Materials Using Carbon Dioxide, Food Science and Technology,
Scientific and Production Journal Odessa, Vol. 14, No. 1 (2023), Web of Science
Journal.

18 Khalilov I., Abdullayeva F., Khodjiyeva N.,. Mirzaeva Sh, Optimization of the
process CO, - extraction of plant raw materlal BIO Web of Conferences 141,
01030 (2024) AGRICULTURAL SCIENCE 2024.

19 Ezhkova A.M., Yapparov A.Kh., Ezhkov V.O., Bikkinina L.M.-Kh., Yapparov
LLA., Gerasimov A.P., Doklady Biolog. Sci., 467(1), 6567 (2016)

20 Donnik I.M., Voronin B.A., Agrar. Bull. of the Urals, 5(147), 101-107 (2016)

21 Ovsyannikov A.l., Fundamentals of experimental work in animal husbandry
(Moscow, 1976)

22 Kalashnikov A.P., Scheglov V.V., Pervov N.G., Norms and diets for feeding
farm animals (Moscow, 2003)

23 Tyurin V.G. Realization of the bioresource potential of black-and-white cattle
against the background of immunocorrection / V.G. Tyurin V.G. Semenov D.A.
Nikitin // Modern problems of veterinary pathology and biotechnology in the agro-
industrial complex: materials of the international scientific and practical conference,
dedicated to the 95th anniversary of the RUE “Institute of Experimental Veterinary
Medicine named after S.N. Vyshelesskogo” / Biotechnological aspects in modern
animal husbandry. - Minsk, 2017. - Pp. 344-348.

24 Tyurin V.G. Ecological and hygienic aspects in the operation of livestock
enterprises / V.G. Tyurin N.N. Potemkina I.I. Kochish // Environmental problems
of the use of organic fertilizers in agriculture: Proc. All-Russian scientific-practical.
conf. with international participation. - 2015. - Pp. 339-343

25 Filippova O.B. Natural sorbent in calf feed / O.B. Filippova A.N. Zazulya A.l.
Frolov, V.I. Vigdorovich // Science in central Russia. - 2017. - No. 1 (25). - Pp.
63-68.

26 Shalina M.N. Improving the technology of raising calves under wet-nurse cows
/ M.N. Shalina // Bulletin of the Altai State Agrarian University. - 2003. - No. 4 (12).
- P. 104-105.

111



lMNMuwesas u nepepa6ambleafou4aﬂ NMPOoMbIWIIEHHOCMb

Opunoe M.A.", Mup3aeea LLI.Y.", Myxamaduee B.T.?, Paxmamoe X.M."
' bykapa MemrekeTTik yHuBepcuteTi, bykapa K., ©36ekcTaH
2 bykapa MeMnekeTTiK TeXHMKanbIK yHuBepcuteTi, bykapa K., ©36ekcTaH

AYbII WWAPYALLBUIbIFbI XKAHYAPJIAPbIH A3bIKTAHOLIPYOA
BUONOrUANbIK BENCEHAI XXEMLLOMN KOCMANAPLIH NAAOANAHY

Tyningeme. XKaHyaprnapra apHarnfaH )eMLuen Kkocnanapbl 6ykin anemae kenterex
cebenTepre GannaHbICTbl, OHbIH, iLUIHAE KaXEeTTi KOPEKTiK 3aTTapMeH KaMTamachI3
€Ty, XXeMHIH A8MiH XaKcapTy, eCy KapKblHbIH XaKcapTy XaHe emai nanganasy-
Obl OHTannanaplipyra 6annaHbICTbl 9pPTYPNi Mangapra, COHbIH ilWiHAE KyC eTiHe
KonaaHbinagpl. Tes eceTiH xaHyapnapblH, AeHcaynblK OEHreliH cakTay Kaxer,
COHAbIKTaH MyHAaW argannapga TMICTi kocnanapabl konaaHy Herisri ganen 6o-
nbin Tabbinagpl. Cananelk cTaH4apTTapAblH XaHe TYThIHYLWbINapabiH xabapaap
OonybIHbIH KOFapbinayblHa, COHAaW-ak namganbl Tarampapra, >kaHyapnapAaaH
anblHaTbIH 8HIMAEepre CypaHbICTbIH, apTyblHa 6annaHbICcTbl GyFaH AeliH KonaaHbl-
nbIN KenreH AaCTypni )eM KocnanapblHa kaparaHaa byriHae aybinwaypallbinbIk,
canacbliHa Tabufu xaHe Kanablikcbld 6anamanapabl KongaHyFa KaTbiCTbl KbICbIM
apTbin keneAi. TyTbiHyLWbINap MeH XaHyapriapAblH an-aykaTbl )XaHyaprapra ap-
HanFaH asblk kKocnanapbliHa KyHObl 6anamanapapbl aHbIKTaWTbIH Herisri dakTtop
6onbin Tabbinagpl. XXaHyapnapfa apHanfaH Taramablk Kocrnanap peTiHae Konga-
HbInaTblH kenbip 6anamanapra NPobuoTuKTEp, NPeONOTUKTEP, (DEPMEHTTED >XoHe
wenTep Kocbinagpbl. Kemwen kocnanapbiHbiH, Oyn TaHaaybl oCcbl 6anamanapabiy,
FbINbIMWN >XaHEe 3MMMPUKanbIK 3epTTeyrepiMeH pactanapbl, 6UTKeHi LenTep MeH
onapgplH CbifblHAbINAPbI (6CIMAIK KOMMNOHEHTTEPI) XXeMAi TYTbIHYAbl biIHTanaHabl-
pbin KaHa KonMmanabl, COHbIMEH KaTap 3HOOreHAIK cekpeumsnapabl bIHTanaHabl-
paTbiH, COHOAN-aK MUKPOOKa KapcChbl, KOKUMANOCTATUKATIbIK HEMECe aHTUreNTbMUH-
TUKanblK 6enceHainiri )xorapbl cnekTpre ne. AHTUOMOTUKTEPA] 6Cy CTUMYNATOPbI
peTiHOe KongaHyfa ThlbIM cany, SKOHOMUKanbIK TUIMAIMIK XoHe 3MaHAbl KanablK,
aceprep Typanbl xabapaapnblKTbl apTTbipy ecimMAiK HerisiHAeri xxemiuen Kocna-
NapblHbIH, TYpakKTbl Man WapyalwbbiFbiHAaFbl MaHbI3AbIbIFbIH apTThipaabl. Man
LapyaLlbinblFbl CEKTOPbI BipkaTap ackopOuH KbILKbIbI, NPebuoTukTep, Nnpobuo-
TUKTEp, XaHe eciMiK CbiFbIHAbINAPbI XeMLUBN CUSKTbI Kocnanapabl kongaHyaaH
navga kepegi.

TyniHai cespep: xem kocnanapbl, PUTOreHAik eHiMaep, NpoduoTUKTep, Npeduo-
TUKTEp, (EPMEHTTEP, LUBNTEep, 6CIMAIK CbiFbIHABINAPLI, canaHbl 6akbinay.
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NCNOJIb3OBAHUE BUOJTIOTMYECKU AKTUBHbLIX KOPMOBbIX

OOBABOK B KOPMJIEHUU CEJNIbCKOXO3ANCTBEHHbIX )KUBOTHbIX
AHHoTaumsA. KopmoBble J06aBKM AN XMBOTHBIX UCNOMb3YOTCS BO BCEM MUpe
ANA pasnuyHbIX BUAOB CKOTa, BKIOYasA NTULY, MO MHOMMM NpUYMHaM, BKOYas
obecneveHne HeobXxoOUMbIMU NUTaATENbHLIMW BELLECTBaMU, NOBbILLEHNE BKYCO-
BbIX Ka4eCTB KOPMa, yryulleHne rnokasartesien pocta, a Takke OnTUMM3aunto uc-
nonb3oBaHus kopma. XKMBOTHbIE C BbICOKMMU NMOKasaTensamMmmn pocTta HyxaalTcs B
nopgepXaHvn BbICOKOrO YPOBHS 340POBbS, U UCMONb30BaHNE COOTBETCTBYHOLLMX
[06aBOK ABMSAETCA OCHOBHbLIM apryMeHTOM, B Takux crnyyasx. C nosbllLEeHNeM oT-
pacrieBbIX CTAHAAPTOB M MOBbILLIEHHON OCBEAOMIIEHHOCTbLIO NOTpebuTenen, a Tak-
e CNpoCOM Ha 340poBble MPOAYKTbI MUTaHMS, XMBOTHOMO MPOMCXOXAEHWS, Ha
oTpacrb Oka3blBaeTCs BCe OonblUee AaBrneHne B OTHOLLEHWM Goree HaTypanbHbIX
1 He COAEepaLLmMX OCTaTKOB anbTepHaTMB, YeM TpaauLMOHHbIE KOPMOBble f06aB-
K1, ucnonb3yemble 40 HeAaBHErO BPEMEHW, KOPMOBbIE NMPOAYKTbI ANS XMUBOTHbIX.
Bnarononyyve notpebuTenei 1 XMBOTHbIX ABMSETCA OCHOBHbIM haKTOpoM, onpe-
AensoWNM LieHHble anbTepHaTUBbl KOPMOBBIM AobaBkaM A5 KMBOTHbIX. Heko-
TOpble U3 anbTepHaTUB, UCNOMb3yeMblX B KQ4ECTBE KOPMOBbLIX J06aBOK ANSA Xu-
BOTHbIX, BKITO4AOT NPOBUOTUKN, NPEBMNOTUKKN, (DEPMEHTbI 1 TpaBbl. Takon BbIGOP
KOPMOBbIX J06aBOK NOAKPENSEH HAaYYHbIMW 1 AMMMPUYECKUMU UCCIe40BaHNAMM
3TUX anbTepHaTVB, MOCKOMNbKY TPaBbl U NX IKCTPaKTbl (PacTUTENbHbIE KOMMOHEH-
Tbl) 06ragaT WMPOKUM CNEKTPOM AENCTBUSA, KOTOPOE MOXET He TOMbKO CTUMY-
nvposaTb NoTpebreHne Kopma, HO U CTUMYNMPOBATb 3HAOrEHHbIE Cekpeuuu, a
Takke obnagate aHTVMUKPOOHOM, KOKLUMANOCTaTUYECKON UM aHTUreNbMUHTHON
aKTUBHOCTbIO. 3anpeT Ha MCMofb3oBaHWe aHTUOMOTMKOB B KayecTBe CTUMYNSATO-
poB pocTa, 3KOHOMMYecKasa 3PAPEKTUBHOCTb M MOBbILLIEHNE OCBEAOMIEHHOCTU O
BPEeAHbIX OCTATOYHbIX 3deKTax NPUBOAAT K TOMY, YTO pacTUTENbHbIE KOPMOBbIE
pobasku npnobpeTatoT Bce bosbliuee 3HavYeHVe B YCTONYMBOM KMBOTHOBOACTBE.
CekTop XMBOTHOBOACTBA MOSly4aeT BbIrody OT MCMONb30BaHWs psaa KOPMOBbIX
[o6aBoK, Takmx kak ackopbuHoBas kucnorta, NpedbuoTukM, NPoBUOTUKK, U pacTu-
TerbHble 9KCTPaKThI.

KntoyeBble cnoBa: KopmoBble [o6aBkW, UTOreHHble MPOAYKTbl, NPOBUOTMKM,
npebunoTukun, dhepmeHTbl, TpaBbl, pacTUTENbHbIE SKCTPaKTbl, KOHTPOMb Ka4yecTBa
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NMEPEBOM CTATbU / MAKAJTAHbIH AYOLAPMAChDI

Opunoe M.A.", Mup3aeea LLI.Y.", Myxamaduee B.T.%
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'ByxapCcKuii rocy4apCTBEHHBI YHUBEPCUTET, I. Byxapa, Y36ekucraH
2Byxapckuii rocy4apCTBEHHbIN TEXHUYECKUIA YHUBEPCUTET, T. Byxapa,
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UCIMNOJIb3OBAHUE BUOJNTIOTMYECKHA AKTI/I?HbIX KOPMOBbIX
OOBABOK B KOPMJIEHUU CEJIbCKOXO3ANCTBEHHbIX
XXUBOTHbIX

AHHoTauus. KopmoBble 406aBKM ANsi KMBOTHBLIX UCMOSb3YOTCA BO BCEM MUPE
ONsi pasnu4yHbIX BUAOB CKOTA, BKIKOYaA NTWLY, MO MHOTMMM MpUYMHAM, BKIOYas
obecneyveHne HeoOXOOUMbIMU NMUTATENbHLIMY BELLECTBAMU, MOBbLILLEHNE BKYCO-
BbIX KAYECTB KOpMa, Yry4lleHne nokasaTernen pocTa, a Takke onTMMU3aLmnio uc-
nonb3oBaHnA kopma. KMBOTHbIE C BbICOKMMU MOKa3aTensiMu pocTa Hy>KaatTcs B
NoAAepXaHny BbICOKOTO YPOBHS 3[10POBbS, Y MCMONb30BaHNE COOTBETCTBYHOLLIMX
[06aBOK ABMSAETCA OCHOBHBLIM apryMEHTOM, B Takux crnyyasx. C noBbILLEHNEM OT-
pacneBbIX CTAaHAAPTOB Y MOBbILLIEHHOW OCBEAOMSIEHHOCTLIO NOTpebuTenei, a Tak-
)K€ CnpocoM Ha 340pOoBble MPOAYKTbl MUTAHUS, XMBOTHOIO MPOUCXOXOEHUSA, HA
oTpacrb OKa3blBaeTCcs Bce bonbLuee AaBrneHre B OTHOLLEHMN Goree HaTyparbHbIX
1 He CoAep)KaLLMX OCTaTKOB anbTepHATMB, YeM TpaaULIMOHHbIE KOPMOBbIE f06aB-
KW, UCNOMb3yeMble 0 HELABHETO BPEMEHW, KOPMOBLIE MPOAYKTHI ANS XKUBOTHbIX.
Bnarononyuyne notpebuTenei 1 KMBOTHbLIX ABISIETCSH OCHOBHbIM (DAKTOPOM, onpe-
OENSALWNM LieHHblE anbTepHaTMBbI KOPMOBbLIM A06aBkaM AN XUBOTHbIX. Heko-
TOpble 13 anbTepHaTUB, UCMOSb3YEMbIX B KAYECTBE KOPMOBbLIX J00aBOK ANSA XKN-
BOTHbIX, BKITHOYAKT NPoBUOTHKN, NPEBUOTUKM, hEPMEHTLI 1 TpaBbl. Takol BeiGop
KOPMOBbIX A400aBOK MOAKPEMNEH HAayYHbIMU U SMMUPUYECKUMU UCCIIE40BAHMSMU
3TUX anbTepHaTMB, MOCKOSbKY TPaBbl Y NX 9KCTPaKThl (PacTUTENbHbIE KOMMOHEH-
Tbl) 06ragaT LUMPOKUM CMEKTPOM AENCTBUS, KOTOPOE MOXET HE TONBbKO CTUMY-
nupoBaTb NOTPebreHne Kopma, HO U CTUMYNMPOBAaTbL 3HOOMEHHbIE CEKpeLuu, a
Takke obnagartb aHTUMUKPOOHON, KOKLMONOCTATUYECKON UMM aHTUTENbMUHTHON
aKTMBHOCTbIO. 3anpeT Ha NCrnonb3oBaHMe aHTUOMOTHKOB B Ka4eCTBE CTUMYMATO-
pOB pocTa, 9KOHOMMUYECKaA 3(PEEKTUBHOCTb M MOBbILLIEHNE OCBEAOMIIEHHOCTU O
BpeaHbIX OCTaTOYHbIX 3dhheKTax NPUBOASAT K TOMY, YTO pacTUTENbHLIE KOPMOBbIE
no6aBky NprMobpeTaloT Bce Oonbluee 3HAYEHNE B YCTONYMBOM >XUBOTHOBOACTBE.
CeKTop XVMBOTHOBOACTBA MOSyYaeT BbIrody OT MCMOMb30BaHWSA psifa KOPMOBbIX
[06aBOK, Takux Kak ackopbuHoBasi kucnorta, NpebuoTukM, NPoBUOTUKK, U pacTu-
TenbHbIE AKCTPaKTHI.

KnioueBble cnoBa: KopmoBble fo6aBku, UTOreHHbIe MpPoAayKTbl, MPOBMNOTUKY,
nNpebunoTukn, PEpPMEHThI, TPaBbl, PaCTUTENbHbIE SKCTPaKTbl, KOHTPOIb KayecTBa

BeBepneHue. OgHa n3 cambix 6onbLunx Npobrem, ¢ KOTOPbIMW CTanKu-
BalOTCA ynpasnstowme dhepMmamu, XMBOTHOBOAbI, CNeumanucTbl Mo Xu-
BOTHOBOACTBY, a Takke AueToriorn, paboTtatoowme B UHAYCTPUU KOPMOB
ANS XMBOTHBIX MW B 06NacTn UccnefoBaHni, — 310 pa3paboTtka cbanan-
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CUPOBAHHbBIX PALMOHOB A1 BbICOKOMPOAYKTUBHbBIX XUBOTHbIX, @ TaKKe
nogaepxaHue onTMManbHOro COOTHOLUEHMS 3aTpaTt M Bbirod. [Moatomy
HeoBbXoANMO y4nTbIBaTb TOT PAKT, YUTO CTOMMOCTb MsiCa, MOSMOYHbIX NPO-
OYKTOB M NOBOYHbIX MPOAYKTOB XMBOTHOIO MPOUCXOXOEHNS HECTaOMbHa
N BapbMpyeTCsi B 3aBMCMMOCTU OT PasfinyHbIX hakTopoB, 1 OOHOM 13 Ta-
KX MPUYMH SBMSIETCS CTOMMOCTb KOpMOB (TopHTOH, 2010). 3aTpathl Ha
KOpMa COCTaBNAT HaMOOMbLUYIO CTaTbio PAcXodoB B >KMBOTHOBOACTBE
(oueHuBatotca B 35-50%). B uenom, cywecTByeT MHEHUe, YTO XMBOT-
Hble MUTAaKTCS PacTEHUSIMU, TPABOW UMW KaKoW-NMOO ApPYrod «MuLLEeny,
€CTECTBEHHON ANA MX pauuoHa, HO B OEWCTBUTENbHOCTA Ha COBPEMEH-
HbIX hepMax KOPMIIEHME CKOTa U NTULbl — 3TO CITOXKHbIN NPOLLECC, NOJTHbIN
CMOPOB 1 NPOTUBOPEYMBBLIX MHeHMN. KopmoBble fo6aBku paccmatpuvBa-
FOTCS KaK rpynna umm Krnacc KOPMOBbIX UHTPEANEHTOB, KOTOPbIE, HE ABIS-
SCb MUTaTENbHBIMW BELLECTBaMU, MOTYT BbI3blBaTb KENAaeMyl peakLmo
XMBOTHOrO. Takas peakuus MOXeT BKMo4yaTb M3MeHeHue pH, pocT unu
MoamndmKaLumio MeTabonMYeCKon peakLUmm XUBOTHOrO (XyTkeHc, 1991).
CornacHo EBponevckoi KoMmuccum, KopMoBble J00aBKM — 3TO NPOAYKThI,
1Cnosnb3yeMble B KOPMOMPOM3BOACTBE AN yNyYLUEeHMsS KadecTBa Kopma
M KayecTBa MPOAYKTOB XXMBOTHOMO MPOMCXOXOEHUS NN ONA yIydLleHns
NPOAYKTUBHOCTU U 300POBbS >KMBOTHBIX, Hanpumep, AN MNOBbILEHUS
YCBOSIEMOCTW KOPMOBLIX MaTtepuanoB. HekoTopble KOopMoBble A06aBku
MOTYT CoAep)XaTb pasnuyHbIE NUTATENbHbIE BELLECTBA, TaKMe Kak HaTpuii
1 GenokK, KOTOPbIE ABMSTCA YacTblo OMKapboHaTa HaTpUs U SPOXKe-
BOW KynbTypbl COOTBETCTBEHHO [1]. TexHn4ecku, KopmoBble A0OaBKN He
cuMTalTCa 06s3aTenbHbIMU U HE FapPaHTUPYHOT BbICOKOA MPOAYKTUBHO-
CTU XXMBOTHbIX MM 9KOHOMUYECKON pPeHTabenbHOCTU B XMBOTHOBOACTBE
(Animal Feed Additives 2018, Be6-nctouHuk). Habnrogaercss GbiCTphIn
POCT Crpoca CO CTOPOHbLI MOJTOYHON U MSICHOM MPOMBbILLIEHHOCTM B CBSI3U
C pacTyLimMM gemorpadumyeckum gaeneHvem. [NpoaoBonbcTBeHHas 6e30-
NacHOCTb, KOTOpasa ABMASEeTCA BTOPOW B cnucke Llenen yctonynBoro pas-
BUTUSI B BUAE «HYNEBOrO rofiogay, n 12-n Llenbto ycTonumnBoro passurus,
KOoTopas ABMsieTCA «OTBETCTBEHHbIM NOTpebieHMeM U NPOM3BOACTBOMY,
06e sABnstoTCs B 6onbLuen cTeneHn BocTpeboBaHHbIMU B MHAYCTPUX KOp-
MOB AN XXUBOTHbIX [2-5].

BaxxHOCTb KOPMOBBIX JOOABOK CEroAHsl pacTeT C Kaxabiv AHeM bna-
rogaps NpevMMyLLecTBaM, KOTOpble OHM MOryT obecneynTb, TakMM Kak
CTUMYMPOBAHNE POCTA XXMBOTHbIX, KOHTPOSTb MHPEKLMOHHBIX 3aboneBa-
HWW, a Takke MOoBbILEHne ycBosieMocTy kopma (OTyeT o chneumnanbHbIX
KopMOoBbIX Aobaskax, 2016) [6]. HabntogaeTcs ycTOMYMBLIA POCT PbIHKA
KOPMOBbIX 40OaBOK Ansi KMBOTHbIX, KOTOPbIX, Kak oxupaeTtcs, Oyaet pa-
ctv 1 B bygyuiem, 6narogaps ObICTpOMY YBEMNUYEHWIO CIPOCa Ha MSICO,
MSICHblE MPOAYKThI, @ TaKKe MOJIOYHbIE NPOAYKTbI BO BceM mMupe (OTyeT
0 KOPMOBbIX Aob6aBKkax Ansi >XMBOTHbIX, 2014). B cBA3KU ¢ YacTbiMy anuge-
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MUSIMU, TAKUMWU KaK NTUYMIA TPUNM, ApyrumMmm 3aborieBaHNAMN, TaKUMU Kak
ALLYP, W 9KOMOrMYecknmmn npobrnemamu, yBenniyeHmeM ob6ecrnokoeHHOCTH
no NoBOAY 3[40POBbS XMBOTHBIX BO BCEM MUpE, cpean doepMepoB, 3aHu-
MatoLLMXCS pa3BeeHNEM MSICHOTO Y MOMIOYHOTO CKOTa, BO3pOcso obLyee
MHEHWE O Ka4eCTBE KOPMOB U CBA3aHHbIX C HUMU cepTudmkaTax [7-10].

OcHOBHbIE haKTOpbI, ABWXKYLUME [N06anbHbIN PbIHOK KOPMOBLIX 40
6GaBOK ANs XXMBOTHbIX, MOXHO KrnaccuduumpoBaTh criegyroLmm obpasom:

(a) PocTt mupoBoro notpebrneHus msca

(6) MoBbiLeHVe ocBeAOMIIEHHOCTH O KayecTBe U 6e3onacHocTu Msica

(B) YBENMYEHNe MaccoBOro Npon3BoACTBa Msica

(r) HepaBHue BenbIwky 3aboneBaHnii cpegu ckoTa

OrpaHuymBatoLL My hakTopamm pbiHKa SBMASKOTCA pacTyLume 3atpaThbl
Ha Cblpbe M HOpMaTuBHo-NpaBoBas 6asa. [11]. OgHako pocT CTOMMOCTU
HaTyparibHbIX KOPMOBbIX NPOAYKTOB CO34aeT BO3MOXHOCTU ANsi UCNOSb-
30BaHUs KOpPMOBbIX J06aBOK B Ka4yecTBe AELUeBOW anbTepHaTuBbl. Be-
Oylive Npou3BOANTENM COCPEOOTOYEHBI HA paclunpeHm brusHeca B pas-
NNYHBIX PErMoHax M CO3LaHWM HOBbIX 3aBOLOB A1 YBEJIMYEHUS] CBOMX
NPOV3BOACTBEHHbLIX MOLLHOCTEN.

XOTs CyLLLeCTBYIOT pasfnyHble onpeneneHnsi KOpMoBbIX 406aBOK, BCe-
obbemnolee onpegerieHve, npennoxeHHoe EBponenckon komuccuen,
3By4nT TaK: «KopmoBble [oGaBKM — 3TO MPOAYKTHI, UCMONb3yeMble B
KOPMJIEHMM XXMBOTHbIX, C LIENbIO YITyYLLEHNS Ka4yecTBa KopMa U KayecTBa
KOpMa XMBOTHOIO MPOVCXOXAEHUS, U AN YIYYLIEHNS ero NpoayKTUB-
HOCTU 1 300POBbS XXMBOTHbIX, HAaNpyMMep, Ans MOBbILEHNS YCBOSEMOCTU
KOPMOBbIX MaTepuarnoBy.

B ycrnoBusix y>KeCTOYEHNS KOHTPOSIS CO CTOPOHbI PErynnpYoLLMX opra-
HOB U YCUMNEHUS BAUSIHUS COLMaribHbIX CETEN NPaKTUYECKN HET BO3MOX-
HOCTM HapyLllaTb HOPMbI, YCTAHOBIEHHbIE ANS MPOMbILWIIEHHOCTU. s
noObIX KOPMOBBIX J06ABOK AM1A KMBOTHbIX, MPeAHa3HaY€eHHbIX A58 Mpo-
OaXu, HeobxoaMmMo CTPoro cobnogaTe NPOLLECC HAayYHOM OLEHKM, U Banu-
Jaunn ans yCTaHOBIIEHMS HANMMYMs NN OTCYTCTBUS KakUX-NIMOGO BpeaHbIX
BO3JENCTBMI Ha 300POBbE YerioBeKa M XXMBOTHbLIX UMM HA OKPYXXatoLLyto
cpeny (EBponerickas komucens, 2018) [12-16].

Knaccudukauma kopMoBbIX f06aBOK ANSA XKUBOTHbIX. KopMoBLIe
000aBKuM KnaccumLmpyoTcs No pasfnyHbIM KaTEFOPUSM MO PasfyyHbIM
napameTpam. KopmoBbie J06aBK/M MOryT BbiTb Pa3nNnYHbIX TUMOB:

* B cooTBeTcTBUM C NnpaBunamy EBponenckon KoMmmccum

* B cooTBeTCTBUM C LIENOCTHBIM NOAXO40M

* B cooTBeTCTBUN C UX NPOUCXOXAEHNEM U (DYHKLIMEN

KopmoBble [o6aBkM MOXHO pasfenvTb Ha Creayloline KaTeropuu:
aHTUOKCUOAHTbI A7 KOPMOB, CIOXHbIE MOAKUCIUTENN, KOMMIEKCHbIE
depmMeHTbl, ancopbeHTbl MUKOTOKCUHOB, CpeacTBa NpedoTBpalleHus
nreceHn, BUTAMWHbI N 3NEKTPONuUThl, rmapoxnopug L-kapHutuHa, pas-
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GaBIIEHHbI HUKOTMHAT XPOMa, OTKOPMOYHbIE areHTbl, aMWHOKUCHOTbI,
aHTUOMOTUKM, CBA3YIOLLME BeLLEeCTBa, MMHEpanbl, TpaBbl, N MPEMUKCHI.
Lnpoko npusHaHHas knaccudumkauus KOpMOBbIX A06aBOK AMsl XUBOT-
HbIX, OCHOBaHHasi Ha npaBunax EBpONenNckon KOMUCCUN U PYKOBOASILLNX
NpVHUMNax, NpyBegeHa HMXe.

Ewle oamH knacc KopMoBbix J06aBOK, NCMONb3yembl And 0b6o3Have-
HUS TEXHOJTOTMYECKMX BMELLATENbCTB, NMPUMEHSEMbIX B KOPMOBbIX AO-
6GaBkax, — 9TO TexHorormyeckne nobasku.

Ha ocHoBaHuu PernameHta EBponenckon kommccun:

CeHcopHble dobasku. ATo rpynna Jo0aBoOK, KOTOpbIE yIy4LIalT BKY-
coBble kadecTBa (T.e. JOOPOBONBHOE MOTPEONeHE) KOpMa, CTUMYMPYS
anneTut, obbIYHO 3a CHET BO3OENCTBUS ATUX NPOAYKTOB HA BKYC UMW LBET
Kopma. Hanpumep, apomatmMsaTopbl KopmMa Unn MOACNACTUTENWN, Takme
Kak BaHUIbHbIA 3KCTPAKT, BNOSIHE MOryT NobyauTb TENAT cbeaaTb pauu-
OH [17].

lNMuwesbie dobasku. [JobaBkM 0OECNEeUYNBAIOT XKMBOTHOE ONpeaerieH-
HbIMW MMTaTENbHBIMU BELLLECTBAMM 419 ONTUMAaIbHOro pocta. lNprumepom
MOXET CMYXWUTb BUTAMWH, aMUHOKUCIIOTa UITN MUKPOSNEMEHT.

B 6onbLUMHCTBE cnyvaeB Takne fobaBky NpeacTaBnsaoT cobor NpocTo
KOHLIEHTPMPOBaHHbIE (hOpMbl NUTATENMbHbIX BELLECTB, NOCTYMNalLWmMX 13
npupoabl, MHFPEOUEHTLI B paLuoHe.

3oomexHuyeckue 0obasku. AT O00OaBKM yny4yllalT NUTaTeNbHbIN
cTaTyC M NPOAYKTUBHOCTb CKOTa HE TOJIbKO 3a cYeT obecrneyeHns onpeae-
NEHHBIMU MUTATENbHLIMKU BELLECTBaMM, HO 1 3a CYET codencTaust bonee
3(pPEeKTUBHOMY MCMOMb30BAHMIO MUTATENbHBIX BELLECTB, NMPUCYTCTBYHO-
LWKMX B paumoHe. MNpumepom Takon [obaBkm MOryT CryXuUTb hEePMEHTbI
UM MUKPOBHBbIE MPOAYKTbI MPSAMOro AEWUCTBUS, KOTOpbIE YIyudllatT COo-
CTOSIHME KMLLEYHOrO TpakTa, TEM caMmbiM obecnednBas 6onee achekTmB-
HOE M3BMieYEHNE NUTaTENbHbIX BELLECTB N3 paunoHa. B aTom oTHOLLIEHMK
MX YacTO Ha3blBAKT MPOHYTPUEHTaAMMU, T.€. NMPOAYKTAMW, KOTOpbIE YIy4-
LIAKT MULLEBYK LEHHOCTb paLMoHa, He obsasaTternbHO obecnevvBas He-
NOCPeACTBEHHOE MOCTYMreHne nuTaTenbHbIX BelwecTB. [pyrne nobaBku
MCMONb3yTCA AN YNy4LUeHNs: SKONOormM4eckon 06CTaHOBKN, KOTOPYIO OHU
obecrneynBaloT XNMBOTHOBOACTBY, @ APYr1e HauereHbl Ha BbIMOMHeHne
KOHKPETHbIX (PU3MONIOrM4ecKkmnx PyHKLMN.

Kokyuduocmamuku u eucmomoHocmamal. AT A06aBKN KOHTPONMpPY-
0T 340POBbE MTULbI MOCPEACTBOM MPSMOro BO34ENCTBUSA. OTU coeauHe-
HUS UCNOSb3YOTCA AN KOHTPOMS 340POBbS KMLLEYHUKA MTULbl U HEMO-
CpPeACTBEHHO BO3AENCTBYIOT Ha napasvuTUYeckue opraHn3mbl, Hacenso-
LLME KMLUEYHUK, N He Knaccudumumpyotea kak aHtubnotukm (Knaccudu-
Kaumsa kopmoBbix Jobasok 2018) [18-22].

TexHomoau4yeckue 0obasku. [daHHasi knaccudukaumsi OTHOCUTCS K
rpynne 0o6aBOK, KOTOPbIE BAUSIKOT HA TEXHOMOIMYECKNE acneKTbl Kopma.
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OTn Lo6aBKM He OKa3blBaKOT MPSMOro BANSHUS HA NUTATENbHYO LLIEHHOCTb
Kopma, HO MOryT AdenaTtb 3TO KOCBEHHO, yfydllasi ero XapaKTepuCTUKM
npy obpalleHnun WM rMrmeHndeckne ceolicTBa. pyMmepom Takoh [o-
0aBKM MOXET CIYXWUTb OpraHMyeckas KucroTa Ons KOHCEpPBALMKU KopMa
(pycyHok 1).

Ha ocHoBe uenocTtHoro nogxopa:

Momumo eBponenckon knaccudukaumm, cyLiecTByeT bGoree LenocT-
Has knaccudukaumsi, npeanoxeHHas CenbCKOXO3AMCTBEHHbIM COBETOM.

CeHcopHEle
n00aBKn

Jo6aekn k kopMam ITmmegsie

JJIA KHBOTHBIX I[OﬁaBK]-l

300TeXHIYECKHE
nobaBkH

PucyHok 1 - Knaccudukaums TEXHONMOrMYECKMX KOPMOBbIX f06aBOkK

Llenb nccnegoBaHus — OLEHUTbL CBOMCTBA TpaB M 61MogobaBok mpu
KOPMIIEHMM XMBOTHbIX. [ob6aBku, BRuvsoWMe Ha CTabuibHOCTb KOpMa,
NPOV3BOACTBO KOPMOB U CBOWCTBA KOPMOB:

(a) NpoTtmBorpnbkoBLIE CpeacTea

(b) AHTHOKCUOAHTBI

(c) CeasyoLwme BeLLecTBa AN rpaHyn

[ob6aBku, N3MEHSOLLME POCT XUBOTHbIX, 3PEKTUBHOCTb KOpMa, Me-
TabonmMam 1 NPoAYKTUBHOCTb [23]:

(a) ApomaTtunsaTopbl Kopma

(b) MogmdmkaTopbl N1LLEBapeHns

|. DepmeHTbI
[I. MpebuoTnkm

. Bydoepbl
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IV. Mogkucnurenu

V. NoHodopbl

VI. lNpoTuBOB34YyTHE XMBOTA

VII. N3okncnotol

VIIl. CTMMynsiTopbl CIIHOHOOTAENEHNS
IX. MpobuoTunkm

X. OedayHupytoLimne areHTbl

(c) MogndukaTopbl meTabonuama

|. FTopMOHBI

Il. BeTa-agpeHepruyeckue areHTbl (mepepacnpenensioLlmne areHTbl)
(d) CtumynsaTopsbl pocTa

[. AHTMBMOTUKM

[I. XummnoTepaneBTnyeckme cpeaciea
[ll. MpebunoTrkn n NPOBMOTUKM

,D,O6aBKl/I, N3MEHAKLLINE 300POBbE XUBOTHbIX:

(e) NekapcTBeHHbIE NpenapaTbl
(f) UmmyHOMOaYyNnsTOpPbI

[o6aBku, U3MeHsoLLME NOTPEBUTENBCKYIO MPUEMIIEMOCTb:
(a) Kcantodmnnel

[ns co3gaHna LenocTHOM KraccuduKkalmm, BKIKOYalLWwen Bce TUMbl
M noATunbl KOPMOBbIX ,D,O6aBOK and XMBOTHbIX, B TOM 4YUCle Te, KOTO-
pble BKITHOYEHbI B BbILLEYKa3aHHY0 KnaccudukaLmo Ha OCHOBE OCHOBHOMN
(PYHKLMOHANBHON aKTUBHOCTM, BbIMOSTHAEMON OMNpeAeneHHbIM KraccoM,
npeanaraem crieQytoLLyo NoApobHY0 Knaccudgurkaumio.

Ha ocHoBe ux npoucxoxaeHus u yHKLUUN:

Jlobasku, nosbiwarowjue nompebrieHue Kopma. AHTUOKCUAAHTbl — 3TO
COeiMHEHNs1, NPefoTBpaLLaloLLne OKUCIINTENBHOE NPOropkaHne nosnHe-
HaCbILWEHHBIX XMPOB. [poropkaHne, ecnu OHO YXXe MPOMU3OLLIIO, MOXET
NMPYBECTU K pa3pyLUeHunto ButTammHoB A, D n E 1 HEKOTOpbIX BUTAMUHOB
rpynnbl B komnnekca. MNpogykTel pacnaga MporopkbiX BELECTB MOTyT
pearnpoBaTb C NIM3VHOM UM, TakuM 00pa3oM, BNUATb Ha coaepkaHue 6en-
Ka B pauuoHe. SToKeuxmH unu BI'T (ByTunmMpoBaHHbIN FTMAPOKCUTONYON)
MOTYT CMY>XUTb @aHTUOKCUOAHTOM B KOpMe [24-26].

OhdhekTMBHOE BbipalLBaHNE XUBOTHbIX 3aBUCUT OT MPUMEHEHNS MPO-
rPECCUBHbBIX TEXHOJIOMMI COOEPXKAHWS, KOPMITEHMS!, CBOEBPEMEHHOIO NPo-
BeLEeHNS BETEPHAPHO-NPOUIaKTUYECKUX MEPONPUATUIA. IBBECTHO, YTO
OOHOW 13 BaXXHEMLLMX NMPUYMH POXOEHUS crnabbix TENAT ABnseTcs Hebna-
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FOMNPUSITHbIE YCITOBUSA KOPMJIEHUS CTESbHBIX CYXOCTOMHBIX KOPOB, KOTO-
pble He COOTBETCTBYHOT Bronornyeckum ocobeHHOCTAM pocTa nnoaa. [ns
OOCTUXXEHUST BbICOKOrO KayecTBa MpoAyKLMM XUBOTHOBOACTBA YCMELIHO
NMPYMEHSAIOT PasfINYHbIE Mpenapatbl, KOTOpble YNy4LWaT NOeLaEeMOCTb
1N YCBOSIEMOCTb KOPMOB, YryyLLAOT KOJIMYECTBO M KA4yeCTBO MPOAYKLIMN.
MHorne aBTOpbl OTMEYatoT, YTO MOJSTHOLLEHHOE KOPMIIEHUE XXMBOTHbIX 4O-
CTUraeTcsl Kak 3a CHET KOPMOB PaCTUTESNBHOIO MPOUCXOXOEHNS, TaK U LUN-
POKOro UCNOSb30BaHUA HETPAAULMOHHBIX MCTOYHMKOB BMONOrMYEeCcKM ak-
TVBHbIX BELLECTB B Bue pasnuyHbix 4o6aBok. B HacTosiee Bpems ang
MaKC/MarbHOM peanunaauumn reHeTMYeCKoro noTeHumana npoayKTMBHOCTH
CENbCKOXO3ANCTBEHHBIX >KMBOTHBIX LUMPOKOE MPUMEHEHWE HaxOAWUT WUC-
Nornb30BaHNE BUOMNOrMYECKN aKTUBHBIX BELLECTB, KOTOPbIE COCOOCTBYHOT
NOBBLILLEHNIO MUTATENBHOCTU N YCBOEHUIO KOPMa, HOpManu3aumm obmeHa
BELLIECTB, YCUIEHNIO (hakTOPOB €CTECTBEHHOW PE3UCTEHTHOCTU. Bronoru-
YeCKM aKTUBHblE BeLLeCTBa BK/OYAKT BUTaMUHbI, MAKpo- U MUKPOSrie-
MEHTbI, PEPMEHTBI, aKTUOKCUAAHTbLI M Ap. OgHUMU U3 Taknx Guonornyeckn
aKTMBHbIX KOPMOBbIX 400aBOK SBMAAKTCH KOPMOBbIE APOXCKU, ThIKBEHHBIN
XXMbIX 1 pycoBas wenyxa. KopMoBble ApoXokn — ABASOTCA 6enkoBo-BMUTa-
MWHHbIM KOHLIEHTPaTOM, KOTOPbIN MOSy4atoT NyTEM MUKPOOMONOrnYeCcKon
nepepaboTkn rMaponn3aToB, CyNbMUTHLIX LLEMOKOB, MOCre CrMpTOBON
rMOPOSIM3HON U CynbuUTHOM BGapapbl. AHepreTuyeckasi LLeHHOCTb nx 6nms-
Ka K 3epHOBbIM KOpMaMm, a MO COAEPXKAaHMIO MPOTEMHA OHU 3HAYMTENb-
HO MpeBocxofAT ux. Mo cogepkaHuio NPOTEUHA Y BUTAMUHOB KOPMOBbLIE
OPOXOKM He YCTYMarT LIPOTY CEMSH COM U APYrMM TPagULMOHHBIM KOp-
MOBbIM fo6aBkaM. [poxKy SBNSAKOTCA MCTOMHUKOM Genka, He3aMeHUMbIX
aMMWHOKMCIOT M BUTaMWHOB rpynnbl B, ButamuHa E, C n ButammHoB A u
D. A Takke cogepxuT nposutamud D2, yrnesoabl, MMHeparbHble BeLle-
ctBa (Ca, P, Si), HaTypanbHble BeLLlecTBa, KOTOpble CNOCOOCTBYIOT POCTY
(MHO3WT, BMOTWH 1 Ap), a Takke pepMeHTbI Kracca rmgponasbl, KoTopble
MOMOratoT XMBOTHbIM Boree achdeKTMBHO MepeBapuBaTb M yCBavBaTb
Kopma. briomacca gpoxxken MMeeT onTumanbHoe coaepXaHue Kretyar-
KW, YTO UrpaeT BaXKHYK POJSib B YIYYLLEHUN NEPUCTANBbTUKN KULLEYHMKA.
Mo BHelLHeMY BMAY KOPMOBbIE APOXKM — NMOPOLLOK-YELLYNKA, OT CBETIO
)KENTOro 4O KOPMYHEBOTO LiBeTa. MaccoBas [oNnsA BNarn B HUX COCTaBMAET
He 6onee 10%, cbiporo npotenHa He meHee 43%, 3omnbl He 6onee 10%,
nunnaoB 2%, 0,5% knetyatkn, 39% B3B, 18% yrneBogos. [poTeNHOBbLIN
KOMMJIEKC B ApOXoKax, NpeactaBnsetT HaMbonbLuyto KOPMOBYH LIEHHOCTb,
B €r0 COCTaB BXOAUT MHOro 6erka 1 He3aMeHMMble aMUHOKUCITIOThI.
CornacHo nutepaTypHbIM AaHHbIM, MHOTME MPOU3BOAUTENW MOMOKa
MCMNOSb3YT KOPMOBbLIE OPOXKM, A5 00ecnevyeHnss puTMUYHOro dyHK-
LMOHMPOBaHNST pyOLIOBOro MMLLEBapeHnsi, HopManuMsauum coctaBa Mu-
Kpodbriopbl U npodmnakTukM aumpgosa pybua y >xBaudHbiX. brarogaps
CBOEW CMOCOBHOCTU K BPOXKEHMIO, KOPMOBBIE OPOXOKM MOYYUIIN LLIMPOKOE
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pacnpocTpaHeHne B KOpMIieHUM KOpoB. B pybLe >xBayHbIX OHWM CO34atoT
aHaspoOHyl0 cpeay, KoTopas CnocobCTBYET pasBUTUIO MOSIE3HON MUKPO-
dnopbl. [Ins cBoero pocta KOPMOBbIE APOXOKM WUCMOMb3YHOT KUCIOPo4
pybua, TeM cambiM ynyyLlas yCroBus s pocTa Lensono3onTUYECKnX
GakTepuin — aHaspoboB. Kpome 3TOoro, KOpMOBbLIE OPOXCKU MPOLYLMPY-
0T (DEPMEHTBI, KOTOPbIE PACLLENST NUTaTeNbHbIEe BELLECTBa KOPMOB,
B TOM 4ucre kretyaTky. [locriegoBaTtenbHas u GbicTpas depmMeHTaums
rpybol kretyaTku yBenuunmBaeT Npov3BOACTBO OakTepuanbHoro 6ernka,
noBbILLAaeT 06pa3oBaHne CBOOOAHbBIX XUPHBIX KMCIOT — UCTOYHUKA SHEp-
rn ONns opraHvama, CHWXaeT codepkaHne aMMuaka B pybLe, Tak Kak OH
pacxofyetcsl Ha obpasoBaHue GakTepuanbHoro 6enka. Takum obpasom,
BBEEHVE B PaALMOH NAaKTMPYHOLLMX KOPOB KOPMOBbIX OPOXOKEN yCUIMBa-
€T 0OMeHHbIe MPOLECChl, YTO CMOCODCTBYET YNyYLLIEHUIO MEPEBAPMMOCTM
N YCBOSEMOCTU MUTATENbHbLIX BELECTB W, CrefoBaTeNlbHO, CTUMYNMpyeT
NOBbILLEHWE MOJTOYHON NPOAYKTUBHOCTW KOPOB Y Yrly4LleHne nuTaTensHon
LeHHocTn Monoka. Tak, uccriegoBaHusmu ynsesa E.I'., LWymosa A.B.,
MakcumoBon A.C. (2009) ycTaHOBIIEHO, YTO BKIOYEHME K OCHOBHOMY pa-
LIMOHY KOPMOBBIX APOXOKEN BbI3bIBAET MOBbLILLEHME MOJTOYHOM NPOAYKTUB-
HOCTM KOPOB B NEPBOI NOMOBUHE NakTaumm Ha 9,7 %, T. €. AOMOSTHUTENBHO
eXeOHEBHO OT KaXK[Ooro XXMBOTHOrO ObIfo nonyyYeHo 3 Kr Moroka. Ap3uH
M.B. (2016) npoBén MccrefoBaHUsA Ha CTENbHbIX CYXOCTOMHBLIX KOpOBaXx
3a Tpu Hegenu Jo oTena v caenarn BbiBOAbI, YTO BKIOYEHWE KOPMOBbIX
apoxokert Ontucad B konnyecTtse 30 r Ha rofoBy B CyTKM CMOCOOCTBOBAso
aKTMBM3aLMM OOMEHHBIX MPOLECCOB B VX OPraHvM3me, a Takke YBENUYEHNIO
HaJosi MOFoKa HaTypasibHOM XXMPHOCTM B MOCIEAyOLLy0 nocre oTena Ko-
POB NakTauutio.

B nutepatype nmeroTcs gaHHbIe MO NofyyYeHnto COpOEHTOB U3 CONOMbI
W LIEMNyXN puca 1 U3BIIEYEHNIO MU MOHOB TakMX METasSoB, KaK Xerneso,
CBUWHEL, Meab, KaAMWUIA, HUKEMb, KOBanbT, CeneH, KOTOpbIE akTUBHO B3au-
mogencTaytoT ¢ AHK npyn nonagaHun B opraHn3m 13 okpy»xatoLlen cpeabl
1 NpMBOAAT K HeoGpaTMMbIM noBpexaeHnsMm cTpyktypbl OHK, Bbi3biBas
MyTauMy M HapyleHus penpoayKTUBHON (YHKLMU >XMBOTHbLIX. TakuMm
06pa3om, Ha OCHOBaHWM KpaTKOro o63opa nuMTepaTypHbIX MCTOYHUKOB,
MOXHO YTBEpPXAaTb O LernecoobpasHocTn BkntoveHuss BAKL B paunoHbl
CENbCKOXO3ANCTBEHHBIX XUBOTHBIX C LIENbH MOBLILIEHNSA €CTECTBEHHON
PE3VCTEHTHOCTUN OpraHM3Ma 1 KadecTBa NpoAyKLMW >XKMBOTHOBOACTBA.

Martepuanbl U MeToabl UccrneaoBaHUM. icnonb3oBaHve HaTyparnb-
HbIX MHIPEAMEHTOB B KayecTBe KOPMOBbIX J06aBOK, kak oxugaercs, no-
BNUSIET Ha MPOOYKTUBHOCTb U 340POBbE CKOTA, HO CO BPEMEHEM 3TO [AOSDK-
HO COOTBETCTBOBATb MOTPEOUTENLCKMM TPEOOBaHUSAM K MPOAYKTaM Xu-
BOTHOBOZCTBA, KOTOPbIE HE COAEPXKAT CUHTETUYECKNX XMMUKATOB Y MOTYT
COXpaHsATb CTaburnbHOCTb NpoaykTa. CerogHs NoTpeduTeny 3amHTepeco-
BaHbl B Yy4LLEHNM CBOErO 300POBbS, HANPUMeEp, B MPOAyKTax NUTaHus ¢
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BbICOKOW MUTATENbHOM LIEHHOCTbO, Goratbix O€MKOM 1 C HU3KUM COAep-
XaHuem xonectepuHa. Ectb Hagexaa, YTo OyHKLMOHarbHbIE KOPMOBbIE
[06aBK/ He TONBbKO MOBMMSIIOT HA CKOT, HO M MO3BONAT NPOU3BOAUTL NPO-
OYKTbl >XMBOTHOBOACTBA, MMeEOLLME MONMe3Hy0 AN 340pOBbs LIEHHOCTb
ans notpebutenen. KopmreHne TpaBoi ¢ gobaBkamMu fbHAHOMO Macna
1 NNCTBEB KIeBepa MOXET YBENUUYNTb CoAepXXaHue MONMMHEHACHILLEHHbIX
XupHbix kucrnoT (MHXXK) B roBsamHe, 4To AenaeT ee PyHKLMOHANbHbIM
NPoAyKTOM nuTaHus. [JobasneHne pnaBoHOMAO0B, recnepuTuHa U HapyiH-
reHVHa, M3BMEeYEHHbIX U3 anernbCUHOBOM KOXYpbl, B Ka4yecTBe AOMNOSMHU-
TEnbHOM KOPMOBOW A00aBkM 0bnagaeT aHTUMOKCUOAHTHBIMU CBOMCTBaMMU
1 ynydliaeT npoayKTUBHOCTb Kyp-HECYLLEK, MPOoM3BOASA Npu 3TOM sKLa C
HU3KMM COLEepXaHueM XxornectepuHa. Anua ¢ HU3KUM codepXXaHnem Xo-
recTepuyHa ynyywaT 340poBbe YenoBeka unu ByayT koppenvpoBaTb C
YHKUMOHaNbHbIMK NPOAYyKTamMun NutaHus. B Bygyliem npegoctasneHve
OOMOSTHUTENbHBLIX KOPMOB B Ka4ecTBe (PYHKLMOHANbLHOIo KopMa MOXeT
NpeBpaTUTLCA B (PYHKLMOHANbHBLIN UCTOMHWUK NULLA ONs1 HAcereHus pas-
BUBAIOLLUXCSH CTPaH.

B NpoMbILfieHHOM CKOTOBOACTBE AMsl CYXOCTOMHBIX M HOBOTEJbHbIX
KOpOB (3a 2 mecsua go otena n 10 cyTok nocre Hero) n Npy BblpaluBa-
HUM Tenat (B Bo3pacte 1-30 CyTKM) C Liefnbio NOBLILLEHUS €CTECTBEHHON
PE3UCTEHTHOCTM U YIYyYLLEHNS X PU3NONOrMHECKOrO COCTOSAHNS LIeneco-
06pa3HO MPUMEHSATbL BUOMOrMYECKN aKTUBHBIE KOPMOBLIE JOOABKN — MU-
KPOHU3MPOBAHHBIN ThIKBEHHbIN XMbIX, MUKPOHU3NPOBaHHbIE KOPMOBbIE
OPOXOKN N MUKPOHU3VMPOBAHHYO PUCOBYIO LLIESYXY, NMPEPLIBUCTO — YYUTbI-
Bas (PU3NONOrM4eckoe pasBuTMe N OCOBEHHOCTU TEXHOMOMNM coaepxa-
HUS KNBOTHbIX.

CyXOCTOMHbIM M HOBOTESNbHbLIM KOPOBaM criedyeT BBOAUTL B paLMOH
MUKPOHU3NPOBAHHbIA ThIKBEHHbIN >XMbIX, MUKPOHU3MPOBAHHbLIE KOPMO-
Bble OPOXXKN N MUKPOHU3MPOBAHHYKO PUCOBYIO LLENYXY, OAVH pa3s B CyT-
KW C OCHOBHbIM paunoHOM, B Jo3e 1 I Ha 1 Kr XXMBOW Macchbl, B TEYEHNE
3-x OHen ¢ nHTepBanom B 4 AHS, Ha NPOTSKEHUN 2-X MecsALEB A0 oTena
n 10 gHen nocne Hero. 3.Tenatam, cogepXawmmMcs B TEASTHUKe-Npodu-
nakTopuu, B NnpodunakTnyeckux Lensix cregyeT BBOAUTb B PaLMOH MU-
KPOHU3UPOBAHHbBIA ThIKBEHHbIN XXMbIX, MUKPOHU3UPOBaHHbIE KOPMOBbIE
OPOXOKU U MUKPOHN3NPOBAHHYO PUCOBYIO LLEMYXY, OOUH pa3 B CYTKU C
MOSI03MIBOM WIN MOJIOKOM, B 03€e 1 I Ha 1 Kr XXMBOW MaccChl B TeYeHue
3-X OHeN C MHTepBanom B 4 OHA Ha MPOTshKeHWM OoT poxaeHusa o 30
OHEBHOro Bo3pacTta.

Kpome aToro, nsydancs MMKpPOKNIMMaT B KOPOBHWKaX W MpeacTasns-
€T cobol COBOKYMHOCTb (pM3NYECKOrO COCTOAHMSA BO3AYLUHOW cpeabl, ero
ra3oBOW, MUKPOOHOW M MbINIEBON 3arpA3HEHHOCTM, C YYETOM COCTOSHMSA
3[0aHNSI N TEXHOMOrMYECKOro 06opyaoBaHns. PedynbtaTel MccrnegoBaHum
MO M3y4eHUto PU3NYECKMX MapamMeTpoB BO3AYLUHON Cpedbl B KOPOBHMKE
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1 nNpodunakTopun, rae NpOBOAWSCSA HAy4YyHO MPOU3BOACTBEHHbIN OMbIT,
npeacTasreHbl B Tabnuue 1.

Ta6nuua 1 — MokasaTenu MUKpPOKNMMaTa B MOMELLEHUU AN coaepXaHus
CYXOCTOMHbIX KOPOB

Mepuop | Temnepaty- OTHOCHU- Ckopocthb | Conepxa- | Conepxa-
roga pa Bo3gyxa, | TenbHas | ABWXEHWUSl | HAE aMMM-| HUe yrne-
°C, min-max | BNaXXHOCTb, | Bo3ayxa, |aka, Mr/M%, | kucnoro
%, min-max | m/c, min- | min-max rasa, %,
max min-max
1 2 3 B 4 5
3VMHNIA 9,1-13,9 71,2-85,0 0,18-0,54 | 10,3-12,0 | 0,17-0,19
BecenHuii | 11,8-14,5 69,6-87,2 0,26-0,59 | 10,7-16,3 | 0,16-0,23
JleTHun 13,3-15,7 65,4-83,7 0,31-0,69 | 10,1-17,9 | 0,15-0,19

W3 npuBegEHHbIX JaHHbIX BUOHO, YTO B MOMELLEHUM ANS COAepPXKaHUS
CYyXOCTOMHbIX KOPOB TEMMNEPATYPHO-BNAXKHOCTHON PEXUM B TEYEHNE BCE-
ro nepvoga nccregoBaHuii bl HEOOUHAKOB 1 XapakTepU30oBaH crieayto-
LMW NOKa3aTensiMu: TemnepaTtypa Bo3gyxa B 3uMMHUI nepuog, 6bina ot
9,1-13,9°CuncoctaBmunaBcpenHem 12,2°C, BBeceHHun 13,9°C, npu Kone-
6aHusx ot 11,8-14,5°C, B neTHun 14,3 °C, npu konebaHusx 13,3-15,7 °C.
OTHocuTENbHAsA BraXHOCTb BO34yXa B NMOMELLEHUN B 3UMHUI Nepuog
B cpefHem 6bina 77,1 % npu konebaHusx B npegenax ot 71,2-85,0 %,
B BECEHHUI nepuofd B cpegHeM oHa coctaBuna 75,3% npu konebaHu-
sx oT 69,6 87,2 %, a B neTHWUA nepug nameHsanack ot 65,4 goo 83,7 %
n B cpegHem coctaBuna 74,3%. Ha npoTskeHun BCero nopomnbiTHO-
ro nepuvoga CKopocTb ABWXEHUS Haxogunacbk B npegenax ot 0,18 go
0,69 m/c n B cpegHem coctaBuna 0,23 m/c. OxnaxpgarwoLiaa cnocob-
HOCTb BO3Ayxa B cpefgHeM cocTaBnana 7,59 mkan/(c*cm?). Cogepxa-
HWe yrnekucnoro rasa He npesbiwano 0,23 %. KonnyectBo ammumaka
B BO3[yXe KOpOBHWKa konebanocb ot 10,1 oo 17,9 mr/m® n B cpea-
HeM cocTtaBnsno 11,7 mr/m3. Hanuyme cepoBogopoda B BO3AyXe Ko-
POBHMKE He OTMevyanu. YpOBeHb OCBELLEHHOCTU HenocpenCTBEH-
HO B MECTax HaxOXOEHWS XMBOTHbIX BapbupoBan oT 41 go 327 nk
B [OHeBHOe BpemMms. B cpegHeM B KOPOBHUKE YPOBEHb OCBELLEHHO-
cTu coctaBun 56,17 nk. B xoge aHanuM3a MUKPOOHOM 0BGCeEMEHEH-
HOCTU BO34yXa B KOPOBHWKE YCTAHOBIIEHO, 4YTO 06Liee MUKpoOHoe
yucno (OMY) konebanocb ot 17,5 go 27,3 TbiC. MUKPOOHbLIX TEN B
1 m® Bo3agyxa. B cpeaHem KoOnMM4ecTBO MUKPOOPraHM3MOB B BO34yXe
KOPOBHMKa cocTaBmmo — 23,2 TbIC. MUKPOOHbIX Ten B 1 M.

BbiBog. BonbLUMHCTBO pa3BMBatOLLIMXCSA CTPaH, B TOM Yucre Y3beku-
cTaH, obnagarT 0bUNbHLIM KOMMYECTBOM CENbCKOXO3SANCTBEHHON MpPOo-
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AYKUMM 1 NOBOYHBIX MPOOYKTOB, KOTOPbIE MOTYT MCMOMb30BaTbCH B Kaye-
CTBE KOPMOBbIX J06aBOK C DYHKLMOHANbHBIMU KOPMOBBIMY CBONCTBaMM.

OTO MOXET U3MEHUTb OLLIMBOYHOE NpeaCcTaBrieHNe O TOM, YTO BaXKHble
KOPMOBbIE€ UHIPEAMEHTbI criedyeT 406aBNATb TONbKO HA YPOBHE KOMMeEp-
YeCcknx KopmMoB. BmecTo aT0ro criegyet NpoABUraTbCs B BbISBEHUN arb-
TEepHAaTVBHbIX MPOAYKTOB M UX NUTaTENbHbIX U @HTUMUKPOOHBLIX CBOMCTB
ONS MCMONb30BaHUSA MX B pa3BMBaOLMXCS CTpaHax, WCMbITbIBAOLLMX
HexBaTKy pecypcoB. B ByayLiem BknoYeHne pyHKUNOHAaNbHbIX MHIPeau-
€HTOB B (DYHKLMOHASbHbIE KOPMa MOXET CTaTb XXM3HECNOCOOHON anbTep-
HaTUBOM B pa3BMBAIOLLMXCA CTpaHax. HaTypanbHble NpoayKTbl, KOTOPbIe
ferko AOCTYMHbl MU UMEKTCH Ha MECTHOM YPOBHE, MOTEHLMAanbHO MOryT
3aMeHUTb MCMOMb30BaHWe aHTMOMOTUKOB B Ka4eCTBE KOPMOBbIX MHrpe-
ONEHTOB, YTO MOXET yNy4LUUTb NPOAYKTUBHOCTb M 300POBbE CKOTa. OTU
HaTyparbHble NPOAYKTbl 6e3onacHbl A5is CKoTa, MAEN U OKpYXatoLLen
cpefbl; X MOXHO UCMOJb30BaTh NOCTOSIHHO, M OHM O0bnagarT pasnuyHbI-
MW MexaHu3mMamu OENCTBUS.

Hay4HO-Mpon3BOACTBEHHbIE OMbIThl HA KOpOBax 3a 2 Mec. A0 OTena
1 10 gH. mocre Hero 1 TensTax B YCrOBUAX CKOTOBOAYECKOro KOMMJeKca
rokasanu, 4YTo NpepbIBUCTOE BBEAEHME K OCHOBHOMY paLMOHy mccreqy-
emMbix BAK]], cnocobcTBOBano yBenuYeHno cpegHecyTOUHbIX MPUPOCTOB
Macchbl Tena TENAT 1 YrydLeHNIo NoKka3aTernen CoCTOSHNUS UX OpraHnu3ma,
YTO B LiefIOM CNOCOOCTBYET MOBbILLIEHNIO ECTECTBEHHOW YCTOMYMBOCTY Op-
raHusma.

JleyebHble cBoncTBa TpaB, ynydllallme aHTUMUKPOOHY, NPOTUBO-
BOCManNuTENbHYH, aHTMOKCUOAHTHYIO, YCBOSEMOCTb Y MMMYHOCTUMYMM-
PYIOLLYIO aKTUBHOCTb, AOJDKHbI ObITb U3YYeHbl B KOPMIIEHUWN XKUBOTHbIX,
a Takke B kavecTBe 6e30nacHOro mpodykta NUTaHus Ans YenoBeka.
CraHgapTv3aums NpaBunbHOM OO3MPOBKN PEXMMOB NMPUMEHEHNUS pacTu-
TenbHbIX KOPMOBbIX A06ABOK AN BbINOMHEHNSI ONpeAenieHHON (OyHKLMM
aBnseTca TpeboBaHnemM cuTyaumm, No3ToMy Heo6xooMMO NPoBecTU A0
NOMHWTENbHbIE NCCMNEAOBAHNS B 3TOM HamnpaBfieHNW.

Takum obpasom, pasnuyHble obnacTu, TakMe Kak 340pOBbe, 3KOMO-
rmyeckasl yCTOMYMBOCTb, HOPMATMBHblE TPeOOBaHUSA U Aaxe U3MeHeHVe
KnMMaTa, SIBNsit0TCS YacTbio NPOU3BOACTBA, MAapKETUHra U BO3AENCTBUSA
rocrie NCMosib30BaHWs, KOTOPbIe TECHO CBSA3aHbl C MHAYCTPUEN NPOU3BOA-
CTBa KOPMOB.
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PECULIARITIES OF EXTRACTING INGREDIENTS FROM
PLANT MATERIALS

Abstract. This article provides a review of carbon dioxide extraction, the specifics
of the extraction process from plant materials, and an analysis of the properties of
liquid carbon dioxide as a solvent for extracting ingredients from plant materials.
This article is intended for scientists, engineers, and technicians in the food and
processing industries, as well as the pharmaceutical industry. The development of
energy-saving technologies that enable the production of new, high-quality prod-
ucts in the pharmaceutical, perfume, and food industries is driven by the pressing
public demand for high-quality medicines and food products, as well as environ-
mentally friendly production. One solution to this problem is the use of liquefied
and compressed carbon dioxide as an extractant. Extraction with liquefied carbon
dioxide significantly expands the range of biologically active compounds extracted
and enables the production of concentrations of biologically active substances in
the final product that are impossible to achieve using any other known extraction
method. The structural features of our region’s plant materials - fruit pits, grape
seeds, pumpkin, melon, etc. - require the development of technological extraction
modes using liquid and supercritical carbon dioxide, the kinetics and dynamics of
the extraction process, and the determination of the effect of the extraction pro-
cess on the yield and quality of the resulting product.

Keywords: Plant materials, extraction of plant materials, properties of extract-
ed material, obtaining bioactive components, CO2 extraction process, oil quality
analysis.

Introduction. Extraction is the primary technological process for ex-
tracting biologically active components from plant materials. Extraction
(from the late Latin extractio - extraction) is the process of extracting sub-
stances from solutions or dry mixtures using selective solvents (extract-
ants) that are immiscible with the solution but in which the substance dis-
solves better than in the primary solvent [1].

In a typical extraction process in a “liquid + solid” system, mass trans-
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fer occurs, characterized by the transition of one or more substances from
one phase (raw material) to another (extractant) by diffusion. A distinction
is made between the following types of diffusion: 1) molecular and 2) con-
vective.

Molecular diffusion is the process of gradual interpenetration of sub-
stances (liquid or gaseous) adjacent to each other and at macroscopic
rest, caused by the chaotic motion of molecules. The intensity of diffusion
depends on the kinetic energy of the molecules. The higher it is, the more
intense the diffusion process. For example, gases easily diffuse into each
other because their molecules move at high speeds. Liquids and solutions
in which molecular movement is more restricted diffuse significantly more
slowly [2].

Materials and Research methods. The driving force behind diffusion
is the difference in concentrations of dissolved substances in contacting
liquids. The greater the concentration difference, the greater the amount
of substance that will migrate, all other things being equal, in a given time.
The rate of diffusion increases with increasing temperature, as this in-
creases the speed of molecular movement. The rate of diffusion depends
on the relative molecular mass of the substance. Diffusion is naturally in-
fluenced by the size of the surface area separating the substances, as well
as the thickness of the layer through which diffusion occurs. Obviously, the
larger the surface area separating the substances, the more substances
diffuse, and the thicker the layer, the slower the concentration equaliza-
tion. Finally, the movement of a substance requires a certain amount of
time. The longer diffusion takes, the more substance passes from one me-
dium to another [1]. The aim of the study is to analyze review materials
on carbon dioxide extraction and extraction from plant materials.

The influence of factors on diffusion processes can be expressed
mathematically by the following equation:

am Yeur — Y

here dM- is the amount of substance diffused during diffusion time dr1; y_ -y is
the concentration difference; F - is the phase boundary surface; d is the thickness
of the layer through which diffusion occurs; D- is the molecular diffusion coeffi-
cient, showing the amount of substance in kg that diffuses in 1 s through a surface

of 1 m?, with a layer thickness of 1 m and a concentration difference of 1 kg/m?®.

According to this equation, known as Fick’s law of diffusion, the amount
of diffused substance is directly proportional to the concentration differ-
ence, the phase boundary, the diffusion time, the diffusion coefficient, and
inversely proportional to the layer thickness [2].
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As for the diffusion coefficient, its mathematical expression was given
by Einstein: BT 1

D =N emnr (1.2)

here R - gas constant 8,32 J/(deg-mol); T - absolute temperature; N - Avog-
adro’s number (6,06-10%%); n - viscosity in H/(c m?); r - radius of diffusing particles
inm.

From the above equation, it is clear that the diffusion coefficient in-
creases with increasing temperature and decreases with increasing vis-
cosity of the medium and particle size of the substance. In other words,
the smaller the radius of the diffusing particles, the faster the diffusion.
For example, solutions of proteins, mucus, and the like diffuse very slow-
ly because, as high-molecular compounds, they have very low diffusion
coefficients. A completely different picture is observed in solutions of sub-
stances in a state of molecular or ionic-molecular dispersion. These sub-
stances, having relatively small particle sizes, diffuse incomparably faster.

In practice, numerical values for molecular diffusion coefficients are
taken from reference books or specifically calculated.

In the flow core, matter moves toward the phase boundary primarily
due to the movement of molar (composed of a large number of molecules)
components of the medium, i.e., convective diffusion. In the boundary lay-
er, it moves due to molecular diffusion. The total transfer of matter from (or
to) the phase boundary is called mass transfer [2].

The rate of the process in this case is:

17174
= ﬂ F(yL‘MI' - yaw) (1 '3)
dr

here B- convective diffusion coefficient, which is the amount of substance
transported 1 ¢ through the surface in 1 m?, with a concentration difference equal
to 1 kg/m?; F - phase boundary; y_ ~ y., - the difference between the saturation

Cl

concentration of the solution and the average concentration in the bulk.

Convective transfer of matter occurs as a result of vibration, temper-
ature changes, mixing, etc. - that is, factors that cause the movement of
the liquid, and along with it, the dissolved substance, in a turbulent flow. In
other words, the mechanism of convective diffusion involves the transfer
of matter in the form of individual small volumes of its solution, with molec-
ular diffusion also occurring within these small volumes.

Convective diffusion obeys law (1.3), according to which the rate of
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convective diffusion increases with increasing phase contact area, con-
centration difference, process duration, and convective diffusion coeffi-
cient.

In convective diffusion, the size of the diffusing substance molecules,
the viscosity of the solvent, and the kinetic energy of the molecules be-
come secondary. Hydrodynamic conditions, i.e., the velocity and mode of
fluid motion, become primary factors determining the rate of convective
transfer of substances. Thus, molecular and convective transfers differ
from each other not only in their mechanisms but also in that their rates
depend on diverse groups of factors. Typically, the rate of convective
transfer is many times greater than the rate of molecular transfer.

The above discussion pertains to so-called free diffusion, i.e., to the
case where there are no barriers between contacting solutions or liquids;
in other words, when molecular and convective diffusion proceed freely,
unimpeded.

However, when extracting ingredients from plant materials with a po-
rous structure, substances diffuse from the internal structures of the ma-
terial particle, and the extraction process is complicated by a number of
factors [2].

The structure of plant substances subject to extraction is based on
capillary-porous systems [2].

The tissues that make up oilseed fruits and seeds are composed of
hundreds of cells, which are the fundamental functional units of higher
plants. Significant differences can be observed between cells of tissues
with different specializations. These differences allow us to determine the
tissue’s identity and specialization, and sometimes even the plant spe-
cies, using morphological characteristics [3].

The specialization of the underlying tissue determines the development
of intracellular structures that ensure the synthesis of cellular reserve sub-
stances. At the same time, individual cells, while varying in shape, size,
and chemical composition depending on the physiological functions of the
tissue, the type of oilseed plant, and age, retain a structural plan common
to all plant cells:
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Figure 1 - Diagram of the structure of a plant cell [3].

A distinctive feature of plant cells is the presence of a membrane that
is impermeable to solid particles. The hard membrane, acquired by plants
at very early stages of evolution, provided the necessary protection for
intracellular contents, but also determined the specific nature of plant nu-
trition: nutrients can only enter the cell from the environment in a dissolved
state [3].

Beneath the cell membrane is the cytoplasm, which contains the nu-
cleus and numerous organelles of varying structure and function (Figure
1). When observed under an optical microscope, the cytoplasm of growing
plant cells, such as during seed maturation or germination, appears as a
transparent, semi-liquid, granular mass within which individual organelles
are visible. The nucleus is located in the center of a young cell, while in an
adult cell, it is located near the cell wall.

A characteristic feature of plant cells is the presence of a rigid (hard)
cell wall. The cell wall determines the cell’'s shape, provides mechanical
strength and support to plant cells and tissues, and protects the cytoplas-
mic membrane from destruction under the hydrostatic pressure generated
within the cell. However, this cell wall cannot be considered solely as a
mechanical framework.

The cell membrane has properties that allow it to withstand intracellu-
lar water pressure while also being extensible and capable of growth. It
acts as an anti-infective barrier and is involved in the absorption of min-
erals, acting as a kind of ion exchanger. The cell membrane is composed
of cellulose, hemicelluloses, pectin, lipids, and a small amount of protein.
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The components of the cell membrane are waste products of the cell.
They are secreted from the cytoplasm and undergo transformations on
the surface of the plasma membrane. Primary cell walls contain, on a dry
matter basis, 25% cellulose, 25% hemicellulose, 35% pectin, and 1-8%
structural proteins. However, these figures vary considerably. For exam-
ple, the cell walls of cereal coleoptiles contain up to 60-70% hemicellu-
lose, 20-25% cellulose, and 10% pectin. At the same time, endosperm cell
walls contain up to 85% hemicellulose. Secondary cell walls contain more
cellulose. The backbone of the cell wall is made up of intertwined micro-
and macrofibrils of cellulose. Cellulose, or fiber (C,H, O,)n, is long, un-
branched chains consisting of 3,000-10,000 D-glucose residues linked by
B-1,4-glycosidic bonds. Cellulose molecules are combined into micelles,
micelles are combined into microfibrils, and microfibrils are combined into
macrofibrils. Macrofibrils, micelles, and microfibrils are linked into bundles
by hydrogen bonds. The diameter of a micelle is 5 nm, the diameter of a
microfibril is 25-30 nm, and that of a macrofibril is 0.5 mkm. The structure
of micro- and macrofibrils is heterogeneous (Figure 2) [2].

L S Y

Figure 2 - Cell wall structure (according to Nach Lucasund Wolf, 1993) [2]
1-cellulose microfibrils; 2-hemicellulose; 3-rhamnogalacturonan; 4-extension
protein; 5-pectin substances.

The mechanical oil extraction method requires grinding the raw mate-
rial to partially disrupt the cellular structure and improve the subsequent
heat-moisture treatment process.

However, after grinding, the maximum passage through a 1 mm sieve
is 60%, whereas for cottonseed meal, according to [3], the plant cell size is
33.5x17.5 um, for soybean 75.0 x 24.4 mkm, for sunflower 45.5 x 30.0 mkm,
and the cell wall thickness of oil-containing tissues ranges from 0.9 to
1.3 mkm. Therefore, at a kernel moisture content of 9-10%, rolling does
not ensure maximum disruption of the cellular structure, and prolonged
heat-moisture treatment degrades the quality of the oil and other kernel
components.
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All these structural elements of the plant cell create an obstacle to the
diffusion of substances dissolved in the vacuole. Diffusion (mass transfer)
phenomena predominate during the extraction process, based on the con-
centration equalization between the solvents (extractant) and the solution
of substances contained within the cell. The peculiarities of extracting sub-
stances from materials with a cellular structure are related to the fact that
the cell wall, whose physiological state can vary, stands in the way of the
substances contained within the cell. For example, a living plant cell has
a parietal layer of protoplasm of a certain thickness (Figure 2). It leaves
a special imprint on the properties of the cell wall, which acts as a barrier
separating the solution inside the cell (cell sap) from the fluid outside the
cell.

Until the protoplasm is destroyed (denatured), the cell wall is a semi-
permeable barrier, preventing substances dissolved in the cell sap from
escaping. Substance transport within the tissue occurs at an extremely
low rate. In this case, only the penetration of the extractant into the cell
(osmosis) is possible.

Therefore, plant tissue in which the protoplasm is not destroyed must
undergo special treatment (crushing, heating, freezing, fermentation, etc.)
before or during the initial stages of the extraction process.

After this treatment, the primary diffusion resistance is created by the
cell membranes of plant tissue. Microfibrils and macrofibrils, which form
the basis of cell membranes, are intricately intertwined and form pores of
varying sizes (from 0.5 nm to 20-25 nm), through which the primary trans-
port of substances from the cell occurs (Figures 2 and 3). Microfibrils, in
turn, are constructed from bundles of cellulose macromolecules (Figures
2 and 4).

Figures 3 - Schematic diagram of the structure of the cellulose membrane of a
plant cell [2]. @ — transverse and longitudinal sections of a bundle of macrofibrils;
b — cross section at high magnification.
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Due to the small size of the pores of cell membranes and the cells
themselves (5-50 em), the substance in the liquid filling the pores is trans-
ferred solely by molecular diffusion. The total cross-sectional area of the
pores through which the transfer process occurs is smaller than the total
cross-sectional area of the particle in the plane under consideration; the
diffusion path is longer (due to the tortuosity of the pores); furthermore,
additional resistance arises due to the more frequent collisions of particles
with the pore walls. Therefore, the diffusion rate in a solid particle is low-
er than in a pure liquid. Thus, the molecular diffusion coefficient in plant
tissue (the so-called constrained diffusion coefficient), which should more
accurately be called the mass conductivity coefficient, will be numerically
smaller than in the corresponding solution in a free state.

Due to the destruction of protoplasm (plasmolysis), the cell wall loses
its semipermeable barrier properties and begins to allow substances to
pass in both directions (dialysis). In other words, the cell wall acquires the
properties of a porous barrier through which biologically active substances
whose molecules do not exceed the pore size can diffuse.

R l/ <5 2 —
N 7 -~
=05 =
O ——— ’/’A /

Figure 4 - Diagram of the structure of a stack of macromolecules [2].

Finally, there is another significant feature - the phenomenon of deso-
rption observed in the cell after the extractant has penetrated it. Since the
substances within the cell are bound by attractive forces, these adsorption
forces must first be overcome.

Let’s represent a particle of material in an extractant as a diagram (Fig-
ure 5), and denote the average concentration of extractable substances
within the particle as y,, and on its surface as y,.
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Figure 5 - Raw material particle in the extractant (diagram)

Then the amount of substance diffused from the internal structures of the
particle to its surface (the first stage) is proportional to its internal diffusion
coefficient D,_, the surface of the particle of material F, time 7, the differ-
ence in concentration inside the particle y, and on its surface y,, inversely
proportional to the particle size of the plant material | and can be written in
the form of an equation:

Yi—Y2
dM = l)irlt}? —-—-i--'CiT' (1_11)

Here D, — internal diffusion coefficient, m%s; F — phase separation surface, m?
| — thickness of a material particle through which substances diffuse m; y,, y, —
concentration of a substance, kg/m3.

To express the diffusion coefficient in the pores of plant material, a
correction factor B is introduced into Einstein’s equation (1.2) for free dif-
fusion, accounting for all the complications of the process. The equation
for the internal diffusion coefficient in this case will be:

RT 1
No eémnr

Dipne = B, (1.5)

For a material with a cellular structure, the internal diffusion coefficient
is significantly smaller than the free diffusion coefficient. For example, the
free diffusion coefficient for many natural compounds is in the range of
10— 10° m?s. For these same compounds, the diffusion coefficient in
the pores of a material with a cellular structure is 2-3 orders of magnitude
smaller, i.e., 106 - 108 m?/s [1].

In the second stage, substances diffuse from the particle surface (con-
centration y,) to the outer surface of the diffusion boundary layer (concen-
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tration y,). Itis now generally accepted that a layer of extractant, called the
diffusion boundary layer, exists on the surface of raw material particles.
This boundary diffusion layer exerts significant resistance to the further
transfer of extractable substances into the extractant. The thickness of
this layer depends on the hydrodynamics of the process and, primarily, on
the stirring rate of the extractant. The greater the mixing rate, the thinner
the boundary layer thickness. Within the diffusion boundary layer 9, the
transfer of substances occurs according to the law of free diffusion and
can be written as Fick’s first law (1.1):

dM :DF(yCu}”—yHVV)
dr o

Next, the extracted substance is transferred by the moving extractant
from the phase interface and distributed throughout the entire mass of the
extractant (convective diffusion).

If we denote the average concentration of the extractant in the volume
surrounding the particle by y4, then the amount of substance transferred
into the extractant by convective diffusion can be calculated from equation
(1.3).

Typically, the convective diffusion coefficient B is many times greater
than the molecular diffusion coefficient D.

The overall process of substance transfer from a particle of material to
the extractant is expressed by the fundamental mass transfer equation:

M=K, F (y-y), (1.6)

here y*- the equilibrium concentration in a given phase, corresponding to the
concentration of the distributed substance in the bulk (core) of another phase; K is
the mass transfer coefficient (m/s), which takes into account all the quantities that
are quantitative characteristics of the three stages of the extraction process and is
determined from the equation

1
=— 7> 1.7
1 +£+i ( )
Ding DB

Ky

The diffusion coefficient depends on temperature, concentration, struc-
ture of the material, physical properties of the extracted material and the
solvent.

Characteristics of carbon dioxide as a solvent. Carbon dioxide.
Other names are carbon dioxide, carbon dioxide, carbon dioxide, carbon-
ic anhydride, dry ice (solid). Formula - CO,. A colorless gas with a slightly
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sour odor and taste. Molar mass 44,0095(14) g/mol; in solid form - dry ice;
type - colorless gas; CAS number [26-27]; properties: density and phase
state 1,98 kg/m?, at normal conditions; 771 kg/m?, liquid; 1512 kg/m?, hard;
solubility in water 1.45 kg/m?; specific heat of fusion 25.13 kJ/mol; melting
point =57°C (216 K), under pressure; boiling point =78 °C (195 K), sub-
limes; acid dissociation constant (pKa) 6,35 and 10,33; viscosity 0,07 poz at
—-78°C; structure: the shape of the molecule is linear, symmetrical O=C=0
with a C=0 distance of 1,162 A; chemical bonds between atoms of a mol-
ecule are covalent and polar; dipole moment is zero; The crystal lattice is
quartz-shaped [4,5].

Carbon dioxide is non-toxic but does not support respiration. High con-
centrations in the air cause suffocation (hypercapnia), while a lack of carbon
dioxide is also dangerous (hypocapnia). The concentration of carbon diox-
ide in the Earth’s atmosphere is 0.038%.

Dehydrated carbon dioxide, both gaseous and liquid, does not corrode
metals, but when watered it can cause quite severe corrosion.

Carbon dioxide is not flammable and does not support combustion due
to the fact that it reduces the concentration of oxygen at the site of com-
bustion. In high concentrations, it does not support respiratory processes,
which can be used as a sterilizing factor.

Chemical properties [6,7,8]. According to its chemical properties, carbon
dioxide is classified as an acidic oxide. When dissolved in water, it forms
carbonic acid. Reacts with alkalis to form carbonates and hydrocarbons.

<
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738 |- — — — J— — = of e - - - - - B
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-56.6 31
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Figure 6 - Phase equilibrium diagram of CO,:
(A — triple point, B — critical point)

From the phase equilibrium diagram of carbon dioxide it follows that
this substance has a rather high triple point A. It is characterized by:
t =-56.57 £ 0.010C, P, = 518.6 + 3 kPa, r, = 1501 + 9 kg/m? [6].
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The critical point is low (B). Its parameters: t = 31.05 + 0.020C,
P_=7383+5kPa, r_=468.16 + 3 kg/m? [1-5].

At atmospheric pressure and room temperature, carbon dioxide ex-
ists only as a gas. Under pressure in the temperature range of —56.6 to
31.10°C, it readily liquefies. When cooled below its triple point or throttled
above its melting point, it transforms into a solid, snow-like mass.

Under certain thermodynamic conditions, the interaction of gaseous
carbon dioxide with water results in the formation of crystalline hydrates in
the form of a wet, snow-like mass.

The viscosity of a liquid is a physical quantity that determines many
properties of a substance, among which the potential movement of mol-
ecules of another substance within it plays a significant role. The lower
the viscosity of a liquid, all other things being equal, the more intense its
ability to attract particles during diffusion and mass transfer. The influence
of viscosity is determined by the cohesive forces between molecules and
is closely related to the magnitude of the energy barrier that diffusing mol-
ecules must overcome.

The viscosity of liquid carbon dioxide is the lowest in comparison with
the viscosity of other common solvents. Thus, at 200C, the viscosity of
liquid carbon dioxide is 6330 ppm+107, which is 16.7 times lower than that
of water, 17.8 times lower than that of ethyl alcohol, 16 times lower than
that of carbon tetrachloride, 5.5 times lower than that of n-hexane, 4.5
times lower than that of freon-12, 2.7 times lower than that of butane, and
2 times lower than that of propane (Frank-Kamensky, 1947; Staskevich et
al., 1994). This comparison speaks in favor of the technical advantages
of liquid carbon dioxide as a solvent with good diffusion properties [6-12].

The subcritical region is characterized by a smooth increase in density,
provided that the temperature of the medium is maintained. A decrease in
temperature leads to an increase in density, even with little or no increase
in pressure. These factors must be taken into account when planning the
use of carbon dioxide in its liquid or solid state.

The dissolving power of liquid carbon dioxide in the subcritical region
is directly dependent on the density of the solvent. There are observations
(Bork M., 2000; Maeyer V.S., 1999) that as the molecular weight of the
dissolved substances increases, their solubility in liquid carbon dioxide
increases with increasing density of the dioxide. In this situation, this is
associated with a decrease in temperature. It is known that the highest
solubility of a number of carotenoids and fatty acid components occurs at
a temperature of 10-12°C (Kas’yanov, Shaftan, 1997) [13-15].
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Liquid carbon dioxide is highly soluble in alcohol and ether.

Liquid carbon dioxide is a moderately selective solvent for many
non-polar aromatic compounds (Frencis, 1994). This is consistent with
the well-known rule that like dissolves like, the solubility of non-polar com-
pounds in the same non-polar solvent increases proportionally with the
molecular weight of the solute, and, finally, low solubility implies high sol-
vent selectivity, and vice versa. The above also applies to liquid carbon di-
oxide. It dissolves most terpenoids, high-molecular-weight fatty acids and
their esters, phenols, coumarins, carbonyl compounds, waxes and wax-
like substances, medium-molecular-weight resins, and, to some extent,
alkaloids, azulenogens, ethers, and esters. Among the substances dis-
solved in liquid carbon dioxide, fat-soluble vitamins and provitamins such
as carotenoids, tocopherols, sterols, essential fatty acids, some hormonal
substances, groups of compounds with bactericidal or bacteriostatic activ-
ity, and natural phytopcides are present in significant quantities. It is also
worth noting the cosolubility of a number of substances with noticeable
polarity in solutions of non-polar components in liquid carbon dioxide. The
latter phenomenon is widely used in extraction technology (Kas’yanov,
Kvasenkov, 1998) [15-20].

In the boundary region around the critical point, the solubility of carbon
dioxide drops sharply. Here, the condition clearly applies: at the transition
point, the liquid’s properties have already been exhausted, while the com-
pressed gas has not yet fully acquired its properties as a working fluid.

CO, is used for the extraction of plant materials in the following states
[9,10]:

* liquid subcritical at t<t_, P<P ;

* critical t=t_, P=P _;

* liquid supercritical t<t_, P>P ;

* gaseous supercritical t>t_, P>P_.

A substance in a supercritical state is a substance at a temperature
and pressure above the critical point (a certain temperature T_and pres-
sure P, at which the difference between liquid and gas disappears). At
the critical point, the density of the liquid and its saturated vapor become
equal, and the surface tension of the liquid drops to zero, so the liquid-va-
por phase boundary disappears [21].

Although the substance externally resembles a liquid, a special term
is now used to describe it: supercritical fluid (from the English word flu-
id, meaning “capable of flowing”). In modern literature, the abbreviated
designation of supercritical fluids (SCF) is accepted. A large number of
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substances are capable of existing in a supercritical state; in fact, the tran-
sition to a supercritical state is limited by the decomposition temperature
of the substance [21-26].

Thus, the supercritical state of a substance is a state at a temperature
and pressure above critical (T>T_, P>P_), and in a confined space below
critical (Vkp).

The properties of a substance in a supercritical state are intermediate
between those of the gas and liquid phases. For example, an SCF has a
high density, close to that of a liquid, and a low viscosity like gases. Thus,
the density of a supercritical fluid differs slightly from that of a liquid, i.e.
The fluid has significant capacity, viscosity close to that of a gas, and
an intermediate diffusion coefficient, which significantly accelerates mass
transfer processes. This combination of properties makes supercritical
fluids extremely effective as substitutes for organic solvents in laboratory
and industrial processes [27].

One of the most important properties of the supercritical state is its
ability to dissolve substances.

The main advantages of supercritical fluids as solvents are [3,4,9]:

- a combination of the properties of gases at high pressures (low vis-
cosity, high diffusion coefficient) and liquids (high dissolving power);

- rapid mass transfer due to low viscosity and high diffusion coefficient;

- a combination of negligible interfacial tension with low viscosity and a
high diffusion coefficient, allowing supercritical fluids to penetrate porous
media more easily than liquids;

- high sensitivity of the dissolving power of supercritical fluids to chang-
es in pressure or temperature;

- ease of separation of supercritical fluids and their dissolved substanc-
es upon pressure release.

By varying the temperature or pressure of a fluid, its properties can be
altered over a wide range. Thus, it is possible to obtain a fluid with prop-
erties similar to either a liquid or a gas. The dissolving power of a fluid in-
creases with increasing density (at a constant temperature). Since density
increases with increasing pressure, varying the pressure can influence
the dissolving power of the fluid (at a constant temperature). In the case of
temperature, the dependence of fluid properties is somewhat more com-
plex: at a constant density, the dissolving power of the fluid also increases,
but near the critical point, a slight increase in temperature can lead to a
sharp drop in density, and, consequently, dissolving power. Supercritical
fluids mix with each other without limitation, so when the critical point of
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the mixture is reached, the system will always be single-phase.

In a supercritical state, as noted above, a substance expands, occu-
pying the entire available volume like a gas, but has a high density like a
liquid.

It is the unique properties of CO, in a supercritical state that enable
its application in various industries: petrochemical, food, perfume, phar-
maceutical, and others. Supercritical CO, (SC CO,) exhibits faster mass
movement than traditional liquid organic solvents due to its low viscosi-
ty and high diffusion coefficient (10 times higher than that of a liquid) at
a density only slightly different from that of a liquid. Thus, supercritical
CO, can penetrate the extracted material significantly better than a classic
solvent, absorbing and transporting dissolved components. This property
of supercritical gases is widely used in the extraction of various organic
compounds. Furthermore, the solvent capacity of a fluid in the near-critical
region undergoes significant changes with small changes in temperature
and pressure. This, in turn, enables fractionation of the feedstock and sol-
vent regeneration without additional energy consumption. Simply chang-
ing pressure and temperature parameters allows for the concentration of
substances in the extract to be controlled. This ensures the most complete
extraction of substances, while the use of carbon dioxide allows for its
complete and gentle separation from the extract and carrier material, un-
like conventional solvents [15-21].

The use of carbon dioxide allows for its complete and gentle separa-
tion from the extract and carrier material, unlike conventional solvents,
whose removal is not always complete. In other words, extracts obtained
using this method are completely solvent-free.

The energy consumption for solvent regeneration is in many cases
lower than with traditional extraction. Furthermore, excess pressure in the
system prevents oxygen penetration during extraction, eliminating oxida-
tion processes.

Conclusion. The use of carbon dioxide allows for its complete and
gentle separation from the extract and carrier material, unlike traditional
solvents, which are not always completely removed. In other words, ingre-
dients obtained using this method are completely solvent-free.

The energy consumption for solvent regeneration is often lower than
with traditional extraction. And the excess pressure in the system prevents
oxygen penetration during extraction, eliminating oxidation processes.

Based on the results of our work, we developed and manufactured
a laboratory setup for CO2 extraction research, designed for local raw
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materials. The laboratory setup for studying the extraction of ingredients
from plant materials using SC-CO2 consists of a tank, a heat exchanger,
a high-pressure extractor, a separator, a compressor, a condenser, a CO2
gas cylinder, and a coil extract heater. The chemical and physical charac-
teristics of the test subjects (local oil-containing raw materials) and target
products (oils, lipid complexes) were studied. Methods for analyzing the
quality of the resulting oils were determined.
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' ©36ekcTaH Pecnybnukack! FbinbiM AkageMUaChIHbIH MUKPOBMONOTNS MHCTUTY-
Tbl, Bykapa k., ©30ekcTaH

2 bykapa MeMIeKeTTik TexHMKanblK yHuBepcuteTi, bykapa k., ©30ekcTaH
 bykapa MemnekeTTik yHuBepcuTteTi, bykapa K., ©36ekcTaH

©CIMAIK LUWMAKIBATbIHAH UHTPEOUEHTTEPAI ANY EPEKLUENIKTEPI
Tyningeme. Makanaga KeMipKbILKbIN rasblH 3KCTpaKuMsnaygblH LWony maTe-
pvanpapsl, eCiMAiK LWMKi3aTbiHaH 3aTTapAbl any NPOLECiHiH epeKLLenikTepi, Cymbik,
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KOMIPKbILLKBIN rasblHbIH, ©CIMAIK LUMKI3aTblHAH MHIPEAVNEHTTep any YLUiH epiTKiw
peTiHOeri kacueTTepiHe Tangay Xacanagbl. Makana Tamak XeHe KanTa eHaey
©eHepKacibi cananapblHblH, COHAa-aK dapMaLleBTMKa canacblHblH FbINbIMU XKoHe
WHXeHepnik-TeXHWKanbIK KbI3MeTKepriepiHe apHanfaH. PapmauesTurka, napgrome-
pusi XXaHe TaMak eHepkacibiHAe aHa cananbl eHiMaep anyra MyMKiHAIK 6epeTiH
3HEPrua-pecypc YHEMAEY TEXHOMNOrMsANapbiHbIH, 84IiCTEPIH AaMbITy XOFapbl cana-
Nbl 09pi-09pMEKTEP MEH a3blK-TYIliKKe, COHOAN-aK aKONOrMAnbIK Ta3a eHgipictep-
re AereH KoFamaplk KaxeTTinikke 6annaHbiCTbl 60MbIn oTbIp.

Byn maceneHiH wewimaepiHiH Gipi CyMbITbINFAH XOHe CbIFbINFAaH KOMiPKbILLKbIS
rasblH 3KCTpareHT peTiHae kongaHy 6onbin Tabbinagbl. CyMbITbiNFaH Kyhae-
ri KOMIPKbILKbIN ra3biH any GeniHeTiH Gruonorusaneik 6enceHai KocbinbicTapabiH
CMEeKTPiH eaayip KeHenTeai, COHbIMeH kaTap 6acka Genrini aKCTpakuua aaiCTepiHiH,
€LUKANCbIChIH ana anmanTbliH COHFbl BHIMAET bronornsanbik 6enceHai 3aTTapabiH
KOHLEHTpaLMACBIH anyFa MyMKIHAIK 6epeai. ©36eKkcTaHHbIH eciMaik LwukKi3aTbl —
KeMic TyKbIMaaphbl, Xy3iM TykbiMAapbl, ackabak, kayblH xaHe T.6., KypblibiMbl-
HblIH, €PEKLLENIKTEPi CyMbIK XaHe CynepKpuTUKanblK KOMIPKbILLKbIN rasbiH KongaHa
OTbIPbIM, 3KCTPAKUUSAHbIH, TEXHOMOIMANbLIK PEXMMAEPIH, SKCTPaKUMS MPOLECIHIH
KMHETMKACbl MEH AMHAMMKAChIH, SKCTPaKLUMSA MPOLECIHIH anblHFaH OHIMHIH LUbIFbI-
Mbl MEH canacblHa acepiH aHblKTanapl.

TyniHai ce3pep: eciMaik WNKi3aTbl, 6CIMAIK LUMKI3aTbIH any, SKCTpakuuanaHaTbiH
maTtepuangblH KacuetTepi, GuoakTBTi komnoHeHTTepai any, CO,-aKcTpakums
npoueci, ManapablH canacblH Tangay.

* % %

Xanunoe U.M.", Myxamaduee B.T.2, Xanunoea ®.M.3, Mup3aeea LLI.Y 3,
HUcomoea U.1.3

"MHCTUTYT Mukpoburonorun Akagemun Hayk Pecnybnuku YsbekucTaH, r. byxapa,
Y3bekucraH

2ByxapcKuii rocyiapCTBEHHbIV TEXHUYECKUI YHUBEpCUTET, 1. Byxapa, Y3bekuctaH
SByxapcKuin rocyaapCTBEHHbIN yHUBepcuTeT, r. Byxapa, Y3bekucTaH

OCOBEHHOCTU 3KCTPAKUUN UHTPEOUEHTOB U3
PACTUTEJNIbHOIO CbIPbA

AHHOTaumsa. B cratbe npuBeaeHol 0630pHble MaTtepuanbl  3KCTpakumu
YrreKncnoTon, ocobeHHOCTN npoLlecca SKCTPakuMn BELECTB M3 pacTUTENbHOrO
CbIpbsl, MPOBEAEH aHanM3 CBOWCTB XMAKOro YrIEKUCIOro rasa Kak pactBopuTens
ANS NONyYeHNs MHIPEeANEHTOB U3 pacTUTENbHOrO Cbipbs. CTaTba NpegHa3HaveHa
ONSt HayYHbIX W WHXEHEPHO-TEXHUYECKMX PabOTHMKOB OTpacrnen MuLeBOM U
nepepabarbiBatoLLelrt NPOMBILLIIEHHOCTH, a Takke dapMaueBTUYECKONn OTpacnu.
Pa3sutne metogoB aHepro-pecypcocbeperarolmx TEXHOMOorui, no3sonsLme
MONy4YUT HOBblE KAaYeCTBEHHbIe NPOAYKTbI B (hapMaLieBTUYeCcKon, NaphoMepHOn 1
NMLLEBON MPOMbILLIIEHHOCTU, 06YCNOBMNEHO OCTPO OBLLECTBEHHOW NOTPEBHOCTLIO
Ha BbICOKOKAYECTBEHHbIX FeKapcTBax W B MNPOAOBONBCTBMAX, a Takke B
SKOMOTMYECKN YUCTbIX npomnsBoAcTBax. OAHMM M3 peLUeHuin AaHHOW NpobremMbl
ABNAETCA TMPUMEHEHME B KayecTBe 3KCTpareHTa CXWXKEHHOro U  CxXaToro
YIMEeKUCnoro rasa. JKCTpakuus YrIeKUCrbIM ra3oM B CKUKEHHOM COCTOSHUN
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CyLleCTBEHHO pacliunpdaeT CcnekTp BblaendaemMbiX ONONOrNYecKkn aKTUBHbIX
COeVHEHUI, @ TaKkKe MO3BONSIET MofyvaTh Takue KOHLEHTpauum buonornyecku
aKTMBHbIX BELLECTB B KOHEYHOM MPOAYKTE, KOTOPbIE HEBO3MOXHO MONYYUTb HU
OOHVM M3 OpPYrMX WM3BECTHbIX METOAO0B 3IKCTpakumn. OCOBEHHOCTU CTPYKTYpbI
PaCTUTENbHOIO CblpbA Y3bekucraHa - nnoAoBbIX KOCTOYEK, CeEMAH BWHOrpaaa,
TbIKBbI, AblHA W Ap., NpeanonaraloT pa3paboTKUM TEXHOMOrMYECKUX PEXUMOB
3KCTPaKUMN C MPUMEHEHVNEM KMOKOrO U CBEPXKPUTUYECKOrO YITIEKUCIOrO rasa,
KMHETUKM N OUHaMUKU npouecca 3KCTpakuumn, onpenerieHna BInAHUA npouecca
OKCTpaKuuun Ha BbIXo4 1 Ka4eCTBO MnosiydaemMoro npoaykra.

KnioueBble crnoBa: pacTuUTENnbHOE CbIpbE, IKCTPaKLUMSi PacTUTENBHOTO ChIpbS,
CBOWCTBa 3KCTparMpyemoro matepuana, nonyvyeHne 61MoakTMBHbIX KOMMOHEHTOB,
npouecc CO,-aKCTpakumu, aHanms ka4ectsa Macert.
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NEPEBOA CTATbWU /| MAKAJTAHbIH AYOAPMACHI

Xanunoe U.M.", Myxamaduee b.T.?, Xanunoea ®.M.3,
Mup3aeea LL.Y.°, Ucomoea WN.I1.°

"MHCTUTYT MUKpoburonorun Akagemun Hayk Pecny6nvkn Y36ekucTaH,
r. Byxapa, Y36ekucrtaH

2Byxapckuii rocy4apCTBEHHbIN TEXHUYECKUA YHUBEPCUTET,

r. Byxapa, Y3bekucrtaH

SByxapckuii rocyqapCTBEHHBIN yHUBEPCUTET, T. Byxapa, Y3bekucran

OCOBEHHOCTU 3KCTPAKLUUA UHTPEOANEHTOB
N3 PACTUTENIbHOIO CbIPbA

AHHOTauums. B cTatbe npuBegeHbl 0630pHble MaTepuarnbl 9KCTPaKLUuUm yriekuc-
noTou, ocobeHHOCTM NpoLecca SKCTPaKL MU BELLECTB U3 paCcTUTENbHOrO Cblpbs,
npoBeAeH aHanu3 CBOWCTB XWUAKOrO YrIeKUCoro rasa Kak pactsoputens ans
nonyyYeHns UHrpeaneHToOB M3 PacTUTENbHOro cbipbs. CTaTbsl NpeaHa3HayeHa
ANSA HayYHbIX U MHXXEHEPHO-TEXHUYECKUX pabOTHMKOB OTpacnen NULLEBON 1 ne-
pepabaTtbiBatoLein MPOMBbILLNEHHOCTY, a TaKke hapMaueBTU4eCKoi OTpachnu.
PasBuTne meTopnoB aHepro-pecypcocbeperarLLmx TEXHONOrMI, No3BonstoLme
NonyyYnT HOBble KaYyeCTBEHHblE MPOAYKTbl B hapmaLeBTUYecKon, napgromep-
HOM M NULLEBON MPOMbILLIIEHHOCTHN, OBYCNOBMAEHO OCTPON OBLLECTBEHHOW No-
TPEBHOCTBIO Ha BbICOKOKAYECTBEHHbIX NleKapcTBax M B MPOAOBOJIbLCTBUSX, a
Takke B 9KOMOrMYECKM YNCTbIX NponsBoacTBax. OgHMM 13 peLueHn JaHHOW
npobrnembl SBNAETCA NPUMEHEHME B KAYECTBE KCTPAreHTa CXXMXXEHHOro 1 cxa-
TOrO YrNeKncroro rasa. AKCTpakums YrnekucnbiM ra3om B CKUKEHHOM COCTOSI-
HWUW CYLLECTBEHHO pacLUMPSIET CMeKTp BblAensemMblX 6UONornyeckn akTUBHbIX
COefMHEHWI, a TakXKe NO3BONSAET NoflyyaTb TakMe KOHLEHTpaLmumn Guonornyeckn
aKTMBHbIX BELLECTB B KOHEYHOM NPOAYKTE, KOTOPblE HEBO3MOXHO MOSY4UTb HU
OAHUM W3 ApYrnX M3BECTHbIX METOAOB 3KCTpakumn. OCOBEHHOCTN CTPYKTYpPbI
pacTUTENbLHOrO Chipbs Y3bekncrtaHa — NIof40BbIX KOCTOYEK, CEMSAH BUHOrpaaa,
TbIKBbI, OAblHX 1 Ap., NpegnonaratT pa3paboTky TEXHOMOTMYECKUX PEXMMOB
SKCTPaKLMWN C NPYMEHEHNEM XUAKOIO Y CBEPXKPUTUYECKOrO YrIeKUcnoro rasa,
KMHETUKN 1 QUHaMUWKM NpoLiecca aKCTpakumm, onpegeneHns BNUSHUS npolecca
SKCTPaKLMN Ha BbIXOA U Ka4eCTBO MOJTy4aemMoro npoaykra.

KnioyeBble crnoBa: pactTuTenbHOe CbipbE€, IKCTPAKLUSA PACTUTENBHOIO ChipbS,
CBOMCTBA 3KCTParmpyeMoro Matepuvarna, nofy4eHne 6uoakTMBHbIX KOMMOHEHTOB,
npouecc CO,-aKCTpaKumm, aHanus ka4ectsa mace’l.
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BBepneHue. OCHOBHbIM TEXHOMOIMYECKMM MPOLIECCOM, MO3BOSS-
IOWNM M3BreKkatb GUONOrm4yeckn akTUBHbIE KOMMOHEHTbl M3 pacTu-
TENbHOrO ChIpbsl, ABMSETCHA SKCTPaKUMsa. SKCTpakumsa (0T nosgHenar.
extractio — n3BrneYeHmne) - NPOLIECC N3BIEYEHNS BELLECTB N3 PAaCTBOPOB
WITN CYXOWM CMECK C MOMOLLbI N3bupartenbHbIX (CENEKTUBHBIX) pacTBO-
puTEnen (SKCTpPareHToB), He CMeLUMBAOLLNECS C 3TUM PacTBOPOM, HO B
KOTOPbIX BELLLECTBO pacTBOPSAETCA Nnyylle, YeM B NEPBOM pacTBOpUTENe
[1]. B obbl4HOM npouecce aKCTparMpoBaHUs B CUCTEME «KUOKOCMb +
meepdoe mesio» NPOUCXOANT Macconepenaya, xapakrepusyemas ne-
pexoaoM OAHOrO UIM HECKOMNbKUX BeELLeCcTB M3 O4HOWN (hasbl (Cbipbsi) B
OPYryto (skctpareHT) nytem guddysunn. PasnnyatoT guddysnto: 1) mo-
JIEKYIISIPHYIO VI 2) KOHBEKMUBHYIO.

MonekynspHol Ouggpy3ueli Ha3biBaeTcs OOYCITOBMIEHHbI Xa0TuU-
YEeCKUM OBUXEHNEM MOSEKYN Npouecc NocTeneHHOro B3anMHOro npo-
HUKHOBEHMS BELLECTB (KMOKUX UMW ra3oobpasHbix), rpaHnuvalmnx apyr
C APYroM 1 HaxogAaLWMXCs B MakpOCKOMMYECKOM NOKOE. MIHTEHCUBHOCTb
Onddy3nm 3aBUCUT OT KUHETUYECKOW 3Heprum morekyrn. Yem oHa
BbllLUEe, TEM MHTEHCUBHEE NpOoTeKaeT ANddy3noHHbIN npouecc. Hanpu-
Mep, rasbl nerko AndyHANPYOT APYr B Apyra, MOCKOMbKY MOMEKYIbl UX
OBWXYTCA € 60NbLUIMMKN CKOPOCTAMU. 2 KUAKOCTU U pacTBOPbI, ABUXKEHME
MOJIEKYS B KOTOPbIX Oonee orpaHuyeHo, AndyHANPYIOT 3HAYUTENBHO
MegneHHee [2].

MaTtepuansi 1 MeToAbl uccriegoBaHUN. [IBrKyLLen cunon audgy-
3MOHHOTO MpoLecca ABMASETCS Pa3HOCTb KOHLEHTPaLMA paCTBOPEHHbIX
BELLECTB B COMpUKacatLLNXCA Xngkoctax. Yem Gonblue 6ynet pasHu-
L@ KOHLUEeHTpauun, Tem 6ornbliee KONMMYEeCTBO BELLLECTBA NEPEMECTUTCS
npu BCEX MPOYMX PaBHbIX YCNOBUSAX 3a OAHO U TO e BpeMs. CKopocTb
anddysnm yBenuumBaeTca nNpy NOBbILEHUN TEMMNEPATYpPbI, MOCKOMbKY
npu 3TOM BO3pacTaeT CKOPOCTb ABWXeHUSA Monekyn. CkopocTb anddy-
31N 3aBUCUT OT OTHOCUTENBHOW MOJSIEKYNAPHOM Macchl BewecTsa. Ha
OV Py3MOHHBIN NPOoLEeCcC, eCTECTBEHHO, BUSET BEMUYMHA MOBEPXHO-
CTW, pas3fensioLLlen BELLLECTBA, a TakXe TOSLMHA Cros, Yepes3 KOTOPbIN
npoucxogut anddysms. OueBugHo, Yem Bonblle NOBEPXHOCTb pasae-
na, Tem 6onblie Npo gMdyHONPYIOT BELLECTBA, U YEM TOJILLE CIOWN,
TEM MeffeHHee UOET BbipaBHMBaHME KOHLiEHTpauumu. HakoHew, nepe-
MellleHne BellecTBa TpebyeT onpedeneHHoro BpeMeHn. Yem gonblue
anutcsa anddyaus, Tem 6onblue BELLECTBA NEPEXOAUT U3 OOHON Cpeabl
B apyryto [1]. Llenb nccnegoBaHui - aHanu3 0630pHbIX MaTepnanos
NO 3KCTPAKLMN YINEKNCITOTOM N SKCTPaKLMN BELLLECTB N3 PACTUTENBHOIO
Cblpbs.

BrnivsiHme chakTopoB Ha npouecchl Auddy3nn MOXeT ObITb Bblipaxe-
HO MaTemMaTU4eCKM CrieayLLMM YpaBHEHNEM:
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am Vuac — Y
== 11
ir N (1.1)

roe dM — konuyecTBO nNpoaudyHaMpoBaBLLEro BellecTBa 3a BpemMs aud-
dy3un dr; y -y — pa3HOCTb KOHLEHTpauui ; F — NnoBepXHOCTb pasgena gas;

Hac

d- TonwmMHa crnos, Yepes KoTopbin npoucxoauT auddysns; D — koadduruneHT
MoneKynapHon Angdysnm, nokasbiBaoLL M KONMYECTBO BELLECTBA B KI, KOTO-
poe npoanddyHanpyeT 3a 1 ¢ Yepes NOBEPXHOCTb B 1 M2, Npu TONLMHE Cros

1 M 1 pa3HOCTU KOHLUEHTpauuin B 1 Kr/m3.

CornacHo 3aTomy ypaBHEHWIO, Ha3blieaeMoMy 3aKoHOM Ouchgpy3uu
®uka, Konn4ecTBo Npo- AnddyHANPOBaBLLEro BellecTBa NpsMO Npo-
NMOpLMOHANbHO Pa3HOCTU KOHLEHTpaLui, NMOBEPXHOCTU pasgena das,
BpeMeHn anddysmnmn, koapdurumeHTy anddy3mm n obpaTtHoO nponopuu-
OHarnbHO TosnwmHe cnos [2].

UTto kacaeTtcsa koadpduumneHTa guddysnmn, To ero matemaTnyeckoe
Bblpa)keHue Obino AaHo A. QMHLLTEAHOM:

- RT 1
" N, 6mnr’

(1.2)

roe R — rasoBasi noctosiHHasa 8,32 [x/(rpaa-monb); T — abcontoTHasa Temne-
patypa; N, — unicno Asoragpo (6,06:10%); n — BA3KOCTb B H/(C'M?); r — paguyc
AN PYHAMPYOLWNX YacTUL, B M.

M3 npuBegeHHOro ypaBHeHMs BUAHO, YTO KO MDULMEHT Anddy3nmn
YBEMMYMBAETCS C MOBbILLEHNEM TEMMEPATYPbI Y YMEHbLLAETCS C YBENU-
YeHMeM BA3KOCTW Cpedbl M pasMepa YacTul BelwecTBa. ViHaye roBops,
YyeM MeHblle paanyc AndyHaMpyOLWKMX Yyactul, Tem ObicTpee naet
anddysma. Hanpumep, pactBopbl 6enkoB, cnv3en 1 T.n. andpdyHanpy-
0T OYEHb MeASIEHHO, MOTOMY YTO OHU KaK BbICOKOMOJIEKYNSAPHbIE COe-
OVNHEHWSI UMEIOT OYEeHb HU3KME KO3 durLmeHTsl Auddy3un. CoBepLlueH-
HO Apyrasi kKapTuHa Habl4aeTcsl B pacTBOpax BELLECTB, HaXo4AaLWmXcs
B COCTOSIHUM MOJIEKYNSPHOW WM MOHHO-MOJSEKYNAPHOW AUCNEPCUN.
OTn BelwecTBa Kak MMeKLmMe OTHOCMTENbHO Marble pasMepbl YacTuy,
andyHanpyoT HeCpaBHMMO BbICTpee.

B npakTuke 4yMcrneHHble 3HaYeHUs KO3(PMULIMEHTOB MOMEKYSIPHOM
anddysnm 6epyT M3 CNPaBOYHUKOB UMM CMELMaribHO PacCYMTBLIBAOT.

B aape motoka BeLecTBO NMepeMeLLaeTcs K rpaHvue pasgena gas
rnaBHbIM 06pa3oM 3a CYET NepeMeELLEHNS MOMSAPHbIX (COCTOALLNX U3
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OOonbLIOro KonmyectBa MOSEKYM) YacTen cpenbl, T.e. KOHBEKMUBHOU
Oucghgby3uu. B norpaHn4Hom crioe — 3a c4eT MonekynapHon anddysun.
CyMMapHbIn NepeHOC BeLLecTBa OT rpaHuubl (Mnv K rpaHuLe) pasgena
a3 HocuT HasBaHne maccoomaoadyu [2].

CkopocTb npoLecca B 3TOM clyyae:

% = :8 F(yHac - ycp) (1-3)

roe B-ko3PULMEHT KOHBEKTUBHOW AMdy3nmn, npeacTtaBnsaoLwmn cobon Ko-
NMYecTBO BeLLecTBa, NepeHocumoe 3a 1 ¢ Yepes NoBepxHOCTb B 1 M2, npu pas-
HOCTM KOHUEHTpauuin, paBHon 1 kr/m%; F — noBepxHOCTb pasaena das; y. -y

Hac 7 cp

— Pa3HOCTb MeXAay KOHUEeHTpauun HacbllleHna pacTtesopa “n cpep,HeVl KOHLUEeH-
Tpauum B OCHOBHOW Macce.

KoHBEKTMBHBIV MEPEHOC BELLECTBA NPONCXOAMUT B pe3yrnbTaTe coTps-
CEHWS, NBMEHEHNS TEMMNEPATYpbl, NEPEMELLNBAHNS U T.4., T.€. NPUYVH,
BbI3bIBAKOLLMX NMEPEMELLEHME XKNOKOCTU, 8 BMECTE C HEW U PaCcTBOPEH-
HOro BellecTBa B TypbyneHTHOM noToke. VIHade roBopsi, MEXaHN3M KOH-
BEKTUBHOWN AN dY3MM COCTOUT B MEPEHOCE BELLECTBA B BUAE OTAEMb-
HbIX HebonbLNX 0OGBEMOB €ro pacTBopa, NpuYeM BHYTPU STUX Marnbix
00bEeMOB MMEET MECTO 1 MONeKynapHas anddysus.

KoHBekTnBHasA auddysnst nogunHsaeTcs 3akoHy (1.3), cornacHo KoTo-
pPOMY CKOPOCTb KOHBEKTMBHOW AN dY3Mm BO3pacTaeT C yBENMYEHNEM
NMOBEPXHOCTU KOHTaKTa a3, pa3HOCTU KOHLIEHTPaL M, NPOSOIIKUTENb-
HOCTW npouecca 1 Ko duuneHTa KOHBEKTUBHON AN AY3UN.

Mpy KOHBEKTUBHOM Anddy3num pasmep Monekyn andgyHaupyroLle-
ro BELLECTBA, BA3KOCTb PACTBOPUTENS, KNHETUYECKAA SHEPTUSA MOSEKYI
CTaHOBSITCA BTOPOCTENEHHbIMU. [MaBHbIMUW AN CKOPOCTU KOHBEKTUBHOIO
nepeHoca BeLecTBa CTaHOBATCS r’MApOgMHAMNYECKME YCIOBUS, T.€. CKO-
POCTb U PEXMM ABWKEHUS XUAKOCTU. Taknm obpasomM, MOMEKYNAPHbIA 1
KOHBEKTMBHbIN MEPEHOCHI BELLECTBA OTNMYAKOTCA APYr OT Apyra He Tosb-
KO MEXaHW3MOM, HO 1 TEM, YTO CKOPOCTb X NPOTEKAHUSA 3aBUCUT OT pas-
HOpPOAHbIX rpynn chakTopoB. OBbIYHO CKOPOCTb KOHBEKTMBHOIO MEpeHoca
BELLECTB BO MHOI0 pa3 60oriblUe CKOPOCTU MOSEKYIISIPHOrO MepeHoca.

Pasbupaembie r1o10XXeHus, npueedeHHbIe 8bIUIe, OMHOCSIMCS K makK
Hasbigaemol c80600HOU Ouchhy3uu, m.e. K makomy crydar, Kozoa
Mex0y cornpukacarwuMucs pacmeopamu Ulu XUOKOCMSAMU HEM HUKa-
Kux nepe2opodokK, uHa4ye 2080ps, koeda MOMIEKysapHas U KOH8EKMUS-
Has oughghy3uu npomekarom ceo0b00HO, He 8cmpeYas Ha C80eEM Mymu
kakux-nubo npezpad.
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A npu akcmpazaupoeaHuu UHzpedUeHMoe8 U3 pacmumesibHo20
CbIpbsi ¢ nMopucmol cmpykmypol udem Oughghy3usi eeujecme u3
8HYMPEeHHUX CMPYKMyp Yacmuubl Mamepuasia u npouyecc usesie-
4YeHus eeujecme ocJIoXHsiemcsi psidoM ocobeHHocmel [2].

OCHOBY CTPYKTYpbl pacTUTENbHbIX BELIECTB, MOABEPraembIX 3KC-
TpaKLUKN, COCTaBMSAT KanunnsapHO-NopuUCcTble CUCTEMBI [2].

TkaHuW, M3 KOTOPbIX COCTOSAT Macnu4yHble Noabl U CEMEHa, crara-
I0TCS U3 COTEH KMETOK, ABMSIOLMXCA OCHOBHBIMWU (QYHKLMOHANBHbLIMU
e[VH1LaMM BbICLUMX pacTeHuin. Mexay knetkamy pasHbix Mo cneuua-
nun3aunm TKaHen NPoCexmBaeTCs CyLLIECTBEHHOE pa3nuyune. ATo pas-
nnyme No3BoNsEeT, NOMb3ysiCb MOPAONOrMYECKUMN NPU3HAKaMu, ycTa-
HaBNMBaTb NMPUHAANEXHOCTb TKAHM 1 ee cneyunanm3auunio, a MHorga u
BUA pacteHus [3].

Cneumanusaumst OCHOBHOW TKaHn 0byCrioBNMBaeT pasBUTUE B HUX
BHYTPUKIETOYHbIX CTPYKTYp, obecneyvmBatoLLMx CUHTE3 3anacHbIX Be-
LLLeCTB KNeTkW. B To e BpeMsi 0TAeNbHO B3ATbIE KNETKM, pasnmyasch
no popme, BENUYNHE U XMMUYECKOMY COCTaBY B 3aBUCMMOCTU OT pu-
31MOOrMyeckux OyHKUMIA TKaHW, BUAA MACIMYHOIO PacTEHUS U BO3-
pacTa, COXpaHsAT eANHbIN A4S pacTUTENbHOM KIETKU NiaH CTPOEHMUS
(pucyHok 1):

Crewxa
KNETKN KnoponnacTel
LieHT pansHasa MnazmaTuyeckan
BaKyone menmBpaHa
M UTOXOHAPMKA
Annapar Mnasmogecma
Monegsan
— NIM30COME
PuBocomsl ————
Anpo OBonouka
Aapa
Aapeiw ko
MpavynAapHan
Mnagkan IHOONNAZMATHIECKAR
IHAONNAIMAT WECKaR § ceTh
ceTe
Lisronnassma

PucyHok 1 - Cxema cTpoeHus pacTuTenbHOM KneTku [3].
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Cneuunduryeckon 0COBEHHOCTBH pPaCTUTENBHOW KITETKM SIBMNSETCS
Hanuyne y Hee 060n0YKM, HE CMOCOBHOW NponyckaTb TBEpAble YacTu-
ubl. Teepaas oboroyka KneTkn, NpuobpeTeHHas pacTeHUsSIMU elle Ha
OYEeHb paHHUX CTYMEeHAX 3BonwLumMM, obecneynBana Heobxogumyto 3a-
LWMTY BHYTPUKNETOYHOIO COAEPXKMMOro, HO 0bycrnoBuna Takxe cneuu-
UKy NUTaAHUS pacTEHUsSI — U3 OKPY’KatoLeln cpedbl B KNeTKy nuTaTenb-
Hble BeLLecTBa MOryT NOMacTb TOMbKO B paCTBOPEHHOM COCTOSIHUM [3].

Mo o60n04YKkoN KNETKM pacnonoXeHa LuTonnasma, B Hee norpyxe-
Hbl SAPO KNETKU M MHOFOYUCTIEHHbIE OpraHoUabl PasfiM4yHOro CTPOEeHUs
n pyHkumi (pucyHok 1). MNpu HabnwogeHnn B ONTUHYECKMIA MUKPOCKON
LuuTonMnasma pacTylmUX pacTUTENbHbIX KINeToK, Hanpumep npu coape-
BaHWM MMM NpopacTaHUn ceMsiH, NpeacTaBnseT cobon npo3payHyto
Nony>XNaKy Maccy 3epHUCTOrO0 CTPOEHUS, B KOTOPOW BUAHbI OTAEMb-
Hble opraHouabl. A4p0 B MOSIOA0M KieTKe pacnonaraeTcs B LLEHTpe, a 'y
B3POCIION — BOMM3N KNETOYHOWN CTEHKMN.

XapakTepHoOn OCOBEHHOCTbI0 PacTUTENbHOW KIETKN SIBMSETCA Ha-
nuymne XecTkon (TBepAon) KreTo4yHou cTeHku. KnetouHass obonouka
onpenensieT opmy KMeTku, npuaaeT Knetkam U TKaHsM pacTeHun
MEeXaHU4YeCKYt MPOYHOCTb U OMopy, 3alyuLiaeT LUTOMNAasMaTuyeckyto
MeMbpaHy OT pa3pyLUeHUs1 NOA BRMSIHUEM MMAPOCTATUYECKOro AaBne-
HUS, pa3BMBaeMOro BHyTpu kneTku. OgHako Takyk 060M04YKy Henb3s
paccmaTpuBaTh TOMbKO Kak MEXaHUYeCKUIA kKapKac.

KneTtouHas obornoyka obnagaeTt TakMMu CBOMCTBaMM, KOTOpPbIE MO-
3BOJISIIOT NPOTUBOCTOSATL AABMNEHUI0 BOAblI BHYTPU KMETKU, U B TO Xe
Bpems obrnagaeTr pacTsXKMMOCTbIO U CNOCOBHOCTLIO K pocTy. OHa sB-
nsieTcs MNpPOTUBOUHMEKUMOHHLIM 6GapbepoM, NpPUHUMaET y4yacTue B
MOrMOLLEHNMN MUHEpParbHbIX BELLECTB, SBMASACH CBOeobpasHbIM MOHO-
obmeHHMKOM. B cocTtaB kneTo4Ho 060MnoYkM BXOOAT Liennonosa, re-
MULENMomo3bl, NEKTUHOBLIE BELLECTBA, NUNUAbI U HeGonbLLoe Konuye-
cTBO G6ernka. KoMnoHEeHTbl KNeToYHON 060N104KM SBNAKTCA NPOoAyKTamMm
Xn3HeOesaTenbHoCcTH KnetTku. OHM BbIOENATCA U3 LMTOMNNasmbl U npe-
TepneBatoT NpeBpaLLEHNS HA NOBEPXHOCTU NrasManemMmsl. [lepBryHbIe
KMNEeTOYHbIE CTEHKM copepXaT M3 pacyeTa Ha cyxoe BewecTBO: 25%
uennonosbl, 25% remuuenntonossbl, 35% nekTnHoBbIX BelwlecTB U 1-8%
CTPYKTYpPHbIX 6enkoB. OgHako umdpbl BeCcbMa konebnoTcs. Tak, B Co-
CTaB KNETOYHbIX CTEHOK KONeonTunen anakoe Bxoant ao 60-70% remu-
uennonos, 20-25% uenntonosbl, 10% nekTuHOBLIX BeLlecTB. BmecTe ¢
TEM KINETOYHbIE CTEHKM SHO0CNEPMa coaepxat Ao 85% remuLenntonos.
Bo BTOpPMYHbIX KNETOYHbIX CTEHKaX 6onbLue Lenntono3sl. OCToB KneTou-
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HOM 0BONOYKN COCTaBNAT NEPENIETEHHbIE MUKPO- 1 Makpodunbpunsib
uenntonosbl. Llenntonosa, unu knetyatka (C,H, O.n, npencrasnser
coboW ANVHHbIE HEpPa3BETBMNEHHbIE LenoYdkn, coctodawme ns 3-10 Tobic.
ocTaTkoB D-rntoko3bl, COeguHEHHbIX b-1,4-rnuko3ngHbiMu cBassmun. Mo-
neKynbl Lennionoss 06beanHeHbl B MyLeny, Muuenibl 06beanHeHbI
B MUKpOpmbpunny, Mnkpodmbpunnel 06begnHeHbl B Makpodunbpuniy.
Makpodunbpunnbl, MAULENITBI U MUKPOUOPUNILI COEQUHEHBI B MyYKM
BOAOPOAHBIMY CBA3AMU. [luameTp MyLenibl COCTaBnseT 5 HM, AnameTp
Mukpopmnbpunnel — 25-30 HM, makpodunbpunnbsl — 0,5 mkm. CTpykTypa
MUKPO- 1 Makpoubpunn HeogHopoaHa [2].

&

4Ry
=\
S 5

PucyHok 2 - CTpykTypa knetoyHow cteHku (mo Nach Lucasund Wolf,1993) [2]
1-M1KpOoPMBPUNMbI LIEeNMNo3bl; 2-reMULEnono3a; 3- paMHoranakTypoHaH;
4-6enok 3KCTEeHCUM; 5-NEKTUHOBLIE BELLeCTBa.

MeTog wn3BnedYeHus macna mexaHu4eckum cnocobom 3aknoyaeTrcd
B TOM, YTO M3MESIbMEHNE CbIpbs HEODXOAUMO ANS YaCTUYHOro paspy-
LLIEHNA KIEeTOYHOM CTPYKTYPbI, @ TakxXe Ans ynyylleHus npolecca gasb-
HelLen ero BrarotennoBon o6paboTku.

OpHako, nocne namernbYeHnsl, MakcumarnbHbI NPOXoA4 Yepes 1 Mm
cuta coctaBnseT 60%, Torga kak Ans XrnonKOBOW MATKU pasMepbl pac-
TUTENBHOWN KNETKN No AaHHbIM [3] coctaBnsoTt 33,5x17,5 mkm, ons coun
75,0x24,4 mkm, onga nogconHevHuka 45,5x30,0 Mkm, a TomnLLuHA KNeTou-
HOM CTEHKM Macnocoepxalimx TkaHen Haxooutcsa B npegenax ot 0,9
0o 1,3 mkm. B cBA3u ¢ aTum npu BnaxHoctu aapa 9— 10% BanbLeBaHu-
eM He obecnevnBaeTca MakCuMarnbHoe paspyLleHe KNEeTOYHON CTPyK-
Typbl, @ AnuTensHasa BrnarotennoBas obpaboTka yxyawaeT KayecTBO
Macra 1 gpyrux KOMNOHEHTOB siapa.

Bce aTn CTPYKTypHble 3MEMEHTbl pacTUTENbHOW KMETKM co3datoT
npenaTcTBme Ans ouddy3nn BELLLECTB, paCTBOPEHHbLIX B BaKyOsu.
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B npouecce nssnedenus npeobnagatt anddysnoHHblie (maccoob-
MEHHbI€) BMEHNS, OCHOBaHHbIE Ha BbIpaBHNBaHMM KOHLEHTPaLNN MEX-
Ay pacTBOpuTENsSMM (SKCTPareHT) U pacTBOPOM BELLECTB, COAepKaLLMNX-
CH B KIeTKe.

OcobeHHOCTN M3BMEYEeHUs BELLECTB M3 MaTepuarnoB C KNETOYHON
CTPYKTYPOW CBSA3aHbl C TEM, YTO Ha MyTU K BELLeCcTBaM, COAEPKaLLNMCS
B KJ1eTKe, HaXOAUTCH KneTovyHas cTeHka, Pu3nonornyeckoe CocTosHne
KOTOPOM MOXET ObITb pasnuyHbiM. Tak, XuBas pacTuTernbHas KrneTtka
MMEET MPUCTEHHBIN CIIOM NPOTONIa3Mbl ONpeaeneHHON TONWKWHbI (pu-
CyHOK 2). OH HaknagbiBaeT 0COObIN OTNEeYaToOK Ha CBOMCTBA KNIETOYHON
CTEHKM, KaK Neperopoaky, OTAENsALWen pacTBOp BHYTPU KNeTKN (Kne-
TOYHBIV COK) OT >KMAKOCTU BHE KNETKN.

lMoka mpoTtonna3mMa He paspylleHa (geHaTypupoBaHa), KrneTtovHas
CTEeHKa SBsieTCA NonynpoHMLaemMon Neperopoakomn, He NpornycKaroLen
HapyXy BelleCcTBa, paCTBOPEHHbIE B KNETOYHOM coke. [NepeHoc Belye-
CTBa BHYTPM TKaHW MPOUCXOOMT C HUYTOXXHO Marion CKOpocTbio. B aTom
cllyyae BO3MOXHO MKLb MPOHWKHOBEHWE SKCTpareHTa BHYTPb KMETKU
(ocmoc). MoaTomy pacTuTensHasi TkaHb, B KIleTKax KOTOpPOW NpoTonnas-
Ma He paspyLueHa, JOKHa nepen NpoBeAeHeM npoLuecca aKCTpakumnm
MM B Ha4arbHOW ero ctaguu nofBepratbecd cneuyanbHon obpaboTke
(BpobrieHunto, HarpeBaHuio, 3aMopaXxnsaHuio, hepmeHTaumm n gp.).

lMocne Takon o6paboTkm OCHOBHOE AN PY3MOHHOE CONPOTUBIIEHNE
€c034atoT KNeToYHble 000M0YKN pacTuTenbHOM TkaHu. Mukpodmnbpun-
nbl 1 MakpoUOPUIbl, COCTaBMAILLME OCHOBY KIETOYHbIX 060M0YEK,
CITOXHbIM 06pa3oM nepenneTarnTca Mexay cobon n 0bpasyroT pasHoro
pasmepa nopsbl (0T 0,5 HM go 20-25 HM), Yepe3 KOTOpble OCYLLECTBIIS-
€TCS OCHOBHOM TPAHCMOPT BeLlecTBa U3 KNeTku (pucyHok 2 n 3). Mu-
Kpopmbpunnbl B CBOK OoYepedb MOCTPOEHbl M3 Mavyek MakpoMOMeKyn
Lensonosbl (PUCYHKN 2 1 4).

brnarogaps manomy pasmMepy Nop KIeTOYHbIX 06oroyYek n cammx
kneTok (5-50 MKM) BELLECTBO B XMOKOCTK, 3aNOMHAOLLEN NOPbl, NEPEHO-
CUTCS UCKITIYUTENBHO 3a cYeT MornekynsapHon anddysmm. CymmapHas
nnowiagb Ce4eHns Nop, Yepes KOTOPYH MPONCXOAMUT NPOLEeCC NepeHoca,
MeHbLUe, YeM obLas nnowagb ce4eHUs YacTuubl B pacCMaTpuBaemMom
NIOCKOCTU, NyTb Anddysmm BonbLue (M3-3a N3BMANCTOCTM NOP), KPOME
TOro, JOMNOJIHUTENBHOE COMPOTMBIIEHME BO3HMKaET u3-3a bonee yacto-
ro coygapeHus YacTul, co cteHkamm nop. NMoatomy ckopocTb anddysnm
B TBEPAOM YaCTULE MEHbLUE, YEM B YNCTOM XUOKOCTU. Taknm obpasom,
KO DULMEHT MONEKYNSPHON ANDAPY3UN B PaCTUTENBHOW TKaHU (Tak
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Ha3blBaeMbIl KOIPPULMEHT CTECHEHHON AN dy3nn), KOTOPLIN TOUHEE
crnegoBarno 6bl Ha3biBaTb KO3GhhUuyUeHmMoM MaccornposodHocmu, Oy-
AET YNCNEHHO MEHbLUMM, YEM B COOTBETCTBYHOLLEM PacTBOpPE, HaxoAs-
LemMcsi B CBO6OAHOM COCTOSIHUW.

PucyHok 3 — Cxema CTpyKTypbl LIENSOMO3HOM 0O00YKN PACTUTENBHOM KNETKN [2].
a — NonepeyYHbIr U NPOJOIbHBIN pa3pesbl NyyYka Makpodubpunsm;
6 — nonepeyHbIV paspes B 60MbLLIOM YBENUYEHUN.

Bcneacteue rubenu npotonnasmsl (nnasMonmnsa) KneToyHas CTeHKa
TepsieT XxapakTep NonynpoHULL@eMOW NEPEropoaKkm U HauYMHaeT npony-
ckaTb BellecTBa B 06e CTOpOHbI (granus). To ecTb KneTovHasl CTeHKa
npruobpeTaeT CBONCTBA MOPUCTOWN NEPEropoaku, Yepes KOTOpYr MOryT
anddyHanposaTb GUONOTMYECKN aKTUBHbIE BELLECTBA, MOMEKYbl KO-
TOpbIX HE MPEBLILLAIOT pa3Mepa nop.

PucyHok 4 - Cxema CTpOeHMs Nayky Makpomonekyn [2].

HakoHeLl, nmeetcsa elle ogHa cylecTBEHHas 0COOGEHHOCTb - siBre-
Hue gecopbuun, HabngaemMoe B KNeTke Nocne NPOHNKHOBEHUS B Hee
aKcTpareHTa. ockonbKy BeLlecTBa BHYTPU KMETKM CBSi3aHbl cunamu
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NPUTSXXeHWs, TO HeobxoanMo npexae BCero npeoorieHne aTux agco-
POLIMOHHBIX CU.

lMpeacTaByM B BMAE CXEMbI (PUCYHOK 5) YacTnyky matepuana, Haxo-
OSLLYIOCS B 9KCTpareHTe, n 0603Ha4YuM CpenHIo KOHLIEHTPaLUUIO JKC-
TparMpyembix BELLECTB BHYTPW YacTuLbl ¥,, @ HAa €€ NOBEPXHOCTU — .
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PucyHok 5 - YacTuua cbipbs B 3kCTpareHTe (cxema)

Torga konu4ecTBo NPOoANMEYHANPOBABLLEIO BELLECTBA U3 BHYTPEH-
HUX CTPYKTYP YacTuLbl HA ee NOBEPXHOCTb (MepBas cTagus) nponopuu-
OHasbHO ero KO3MMUUNEHTY BHYTpeHHeN anddysum D, NOBEPXHOCTM
yacTuubl mMatepuana f, BpeMEeHU 7, pa3HOCTU KOHLUEHTpauuu BHYTPU
4acTuubl y, U Ha ee NOBEPXHOCTU y,, 06paTHO NPONOPLMOHATIbHO pas-
Mepy YacTuL, pacTUTENBHOIO Cbipbs | M MOXET ObITb 3anMcaHo B BUAE
ypaBHEHUS:

M = DBHF¥dT (1.4)
rae D, — KoathULMEHT BHYTPEeHHEN Anddysuu, m?/c; F — noBepXHOCTb pasae-
na gas, M?; | — TonwmMHa YacTuLbl MaTepuana, Yepes KoTopyr AudyHaNpYyoT
BellecTBa M; y,, ), — KOHLEHTpauus BeLLlecTBa, Kr/m3.

[ns BelpaxeHus koadpuruneHTa andgysum B nopax pacTUTenbHOro
maTepuana B ypaBHeHue A. DiiHwTenHa (1.2) onsa ceobogHon gnddy-
311 BBOAAT MNOMPaBOYHbIN KOS MULMEHT B, y4nUTbIBaIOLLNIA BCE OCMOX-
HeHus npouecca. YpaBHeHue KoadduLneHTa BHyTpeHHen auddysnm B
3TOM criyvae bygeT umeTb BUA;

RT 1
" N, 6mnr

157

(1.5)

)

DBH



lMNMuwesas u nepepa6ambleaf0Luaﬂ NMPOoMbIWIIEHHOCMb

[na matepuana ¢ KNeTo4YHOW CTPYKTYPOU 3HaYeHne KoadhdpuuneHTa
BHYTPEHHEN AUPAY3UN 3HAYUTENBHO MEHbLUE, YeM 3HavyeHue Koad-
duumeHTa ceobogHon gnddysnn. Tak, BenmyinHa koaddurumeHTa cBo-
6oaHON anddy3nm NS MHOTUX MPUPOOHbIX COEOMHEHUA HAaxXooUTCA B
npegenax 10~ - 10-% m?/c. Insa aTuX ke coeguHEeHNn 3HavyeHne koaddpu-
umeHTa guddysnm B nopax Matepumana c KIieTOYHOW CTPYKTYpon Ha 2-3
nopsiaka MeHblue, 1.e. 1078 - 10-8 m?/c [1].

Ha BTopon ctagum nget auddysns BellecTB OT NOBEPXHOCTU Ya-
CTUUbI, (KOHUEHTPaUusa y,) K Hapy>KHOW MOBEPXHOCTM ANPPY3MOHHOTO
MOrpaHN4HOro cros (KoHUeHTpaums y,). B HacTosiwee Bpems obuienpu-
3HaHO CyLecTBOBaHME Ha NOBEPXHOCTU KYCOYKOB Cblpbs MPUCTEHHOIO
CoS 9KCTpareHTa, HasblBaemoro Anddy3noHHbIM MOrpaHUYHbIM CIl0-
eM. [orpaHnyHbIn g dy3noHHBIN Cnon okasbiBaeT 6onbLioe conpo-
TUBNEHWe fanbHenemMy nepeHocy SKCTparMpyembiX BeLecTB B 3KC-
TpareHT. TonwmnHa aToro Crnos 3aBUCUT OT rTMAPOANHAMUKM NpoLiecca u,
B OCHOBHOM, OT CKOPOCTM MepeMeLlnBaHns akcTpareHTa. Yem 6onblue
CKOPOCTb NepeMeLLmBaHuns, TEM MeHbLLE TOMLWMHA MOrPaHNYHOro Crios.
B npegenax oM dy3mMoHHOro norpaHM4HOro crosi & NepeHoc BELLECTB
OCYLLEeCTBNSAETCS NO 3aKOHY CBOBOAHOM Andy3nm n MoxeT BbiTb 3anu-
caH B BuAe nepBoro 3akoHa duka (1.1):

d_M — DF (Vuac — ycp)
dr )

[anee npoucxoguT NepeHoc SKCTparMpyemoro BellecTBa, ABUXY-
LLIMMCSH 3KCTpareHTOM OT NOBEPXHOCTM pa3fena das u pacnpenerneHve
€ro Mo BCeW Macce aKcTpareHTa (KOHBEKTUBHaA Anddy3us).

Ecnun 0603HauMThL CpefHo KOHLEHTPALMIO SKCTpareHTa B o0beme,
OMbIBatOLLIEM YaCTU4Ky, Yepes y,, TO KOMMYEeCTBO BELLECTBa, NMepeHe-
CEHHOroO B 3KCTpareHT 3a CYeT KOHBEKTUBHOW AUddY3un, MOXeT BbITb
BblYMCMEHO 13 ypaBHeHus (1.3).

OBbI4YHO KO3DPUUMEHT KOHBEKTUBHOW Anddy3nn [ BO MHOro pas
BonbLue KoadduLmneHTa MmonekynsapHon andgdysmm D.

CyMMmapHbIn NpoLEecc NepeHoca BeLecTBa 13 YacTuubl matepuana
B 3KCTpAreHT Bblpa)aeTcs OCHOBHbLIM ypaBHEHMEM Maccornepenadun:

M=K, F (y-y?), (1.6)

roe y*— paBHOBECHasi KOHLEHTpaLUus B JaHHOW has3e, COOTBETCTBYOLL AN
KOHLIEHTpaLmMmn pacrnpeaensemMoro BelecTsa B OCHOBHOW Macce (agpe)
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apyron asbl; Ky— KoapdurumeHT macconepenaym (M/c), KOTOPbIN YYUTbI-
BaeT BCE BEMWYVHbI, ABMASIOLNECH KONMMYECTBEHHBIMU XapakTepuUCTUKa-
MU Tpex CTagun npouecca 3KCTPaKUMm 1 onpeaensieTcsa U3 ypaBHEHNS:

1
A Y (1.7)

+_
Dyy "D " B

KoappuumneHT gnddysmn 3aBucuT OT TemnepaTtypbl, KOHLEHTpa-
LUuK, CTPYKTYpbl Matepuana, u3Myecknx CBOMCTB 3KCTParmpyemoro
mMaTepuana n pactBopuTens.

XapakTepucTuKa yrneKkmMcrioro rasa kak pacrtsopurens. Juokcud
yenepoOda (Carbon dioxide). Opyrne HasBaHuUsi — YIMEKUCTbIN ras, yrne-
KMCNOTa, ABYOKUCH Yrrepoaa, YrofibHbI aHrMapua, cyxon neg (Teep-
Abin). ®opmyna — CO,. BecuBeTHbIV ras co crerka KucrosaTtbiM 3ana-
XOM 1 BKycoM. MonsipHasd macca 44,0095(14) r/monb; B TBEpAOM Buge
— cyxown nepn; Bua — 6ecueTHbIV ras; Homep CAS; cBorcTBa: MNOTHOCTb
n cpaszoBoe coctosaHue 1,98 kr/m?, npu H.y.; 771 kr/m3, xxngkun; 1512 krim?,
TBEPAbIN; pacTBOPUMOCTb B Bogde 1.45 kr/m*; yoenbHas Tennorta nnae-
nenus 25,13 kx/monk; Touka nnaenexus —57°C (216 K), nog gaBneHu-
eMm; Touka knuneHma =78 °C (195 K), BO3roHsieTcs; KOHCTaHTa gnccovlma-
uum kncnotol (pKa) 6,35 1 10,33; BaskocTb 0,07 n3 npu —78°C; cTpoeHue:
dopma Monekynbl — nuHerHas, cummeTpuyHasa O=C=0 c paccTosgHnem
C=0 paBHbIM 1,162 A; XMMUYeCKne CBSA3M MeXAy aTtomMamun MOMEeKysbl
KOBaIIEHTHbI U MONSAPHbI; ANUMNOSbHBI MOMEHT PaBEH HYMHO; KPUCTaNmn-
yeckas pelléTtka kBapuesugHas [4,5]. Ouokenp yrnepona He TOKCUYEH,
HO He MnoaJdepXXMBaeT AblxaHue. bonbluasi KOHUEHTpauus B BO3gyxe
BbI3bIBaAET yayLbe (rMnepkanHusi), HegoCTaToK YINEeKMUCIIOro rasa Toxe
onaceH (rmnokanHus). KoHUeHTpaLums yriekmMcroro rasa B atmocgepe
3emnu coctaBnget 0,038%.

O6e3BOXEHHbIN AMOKCUA, yriepona, Kak ra3oo06pasHbii, Tak U Xug-
KU HE KOppPO3upyeT MeTasnsibl, HO Npyu 06BOAHEHUM MOXET BbI3blBaTb
OO0BOSbHO CUITbHYHO KOPPO3MIO.

Ovokcung yrmepoga He roprod 1 He NogAepXknBaeT ropeHns Bcnen-
CTBME TOrO, YTO CHMXXAET KOHLEHTpaLUo Kucnopoga B MeCTe ropeHus.
B BbICOKMX KOHLEHTPaUNSAX OH HE NOAAEPXKUBAET U AbiXxaTeflbHbIE MPO-
LlecCbl, YTO MOXET BbITb MCNONIb30BAHO, KaKk CTEPUNM3YIOLLMIA hakTop.

Xumuueckue ceolicmea [6-8]. 1o xummnyecknm CBOMCTBaAM ANOKCUA
yrnepoga OTHOCUTCS K KUCMOTHBIM okcuaam. lMpu pacTBopeHun B Boge
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obpasyeT yronbHyto Kucnoty. Pearnpyet co wenoyamu ¢ o6pasoBaHu-
eM kapboHaToB.
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PucyHok 6 — [Inarpamma casoBoro paBHoBecus CO2:
(A — TporHas Touka, B — kputuyeckas Touka)

N3 amnarpammbl ¢ha3oBOro paBHOBECUS AMOKCMAA yrrepoga cre-
OYEeT, YTO [aHHOE BELLECTBO MMEET [OBOJSIbHO BbLICOKYH TPOWMHYH
Touky A. Ee xapaktepusytot: t = -56,57+0,01°C, P_ = 518,6 = 3 k[1a,
r_= 150119 kr/m*[6].

Kputnueckasa touka Huska (B). Ee napametpsil: th = 31,05%0,02°C,
PKP = 73835 klla, leo = 468,16%3 kr/m?[1-5].

[Mpu aTMocepHOM [aBrEHMN U KOMHATHOW TEMMepaType AMOKCUL
yrnepoja CyLlecTBYeT TOMbKO B Buae rasa. [log genctBnem gaBrieHus
B obnactu Temnepartyp ot —56,6 go 31,1°C oH nerko cxwxaetcs. MNpu
OXJTaXOEHUN 0O TEMMEepaTypbl HAXE TPOMHOW TOYKU UMW SPOCCENUPO-
BaHWM B 0ONacTu BbIWE JIMHUW MAaBfEHUs OH TpaHCcOpMUpyeTCcs B
TBEpAY CHeroobpasHyto maccy.

[Mpy onpeneneHHbIXx TEPMOANHAMUYECKMX YCIOBUSAX B pe3yrnbraTe
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B3anMOLENCTBMSA AMOKCHAa yrinepoaa B ra3oo06pasHOM COCTOSHMM C BO-
Aon obpasyloTcs KpucTannorngpartbl B BUge BnaXHoOW cHeroobpasHomn
Maccbl.

BA3KoCTb XMAKOCTM — hmu3nveckass BenmynHa, obycnaenvBaroLLas
MHOrMe CBOWCTBa BeLLEeCTBa, CPpeau KOTOPbIX HEeMarioBaXkHyH posib
urpaet BO3MOXHOE NnepenBuKeHne MOSEKyn APYroro BeLecTBa B HEN.
UeM Huxe BA3KOCTb XUAKOCTM MPU MPOYMX PaBHbIX YCIOBUSAX, TEM WH-
TEHCMBHEE MPOSIBIIAIOTCA ee 3axBaTbiBaloLwme cnocobHoOCTH npu and-
dy3nn 1 mMacconepeHoce. BnnsaHue BA3KOCTM OOYCrOBMEHO cumamu
cuenneHns Mexay MOfeKynamu n TeCHO CBA3aHO C BENMYMHOW aHepre-
Tnyeckoro bapbepa, KoTopbin Heo6xoAMMO npeodoneTe AN dyHaNpyY-
IOLLIMM MOJIEKYIIaM.

BA3koCTb XnOKOro AMoKcuMaa yrrnepoda B CPaBHEHUN C BS3KOCTbIO
APYrMx pacnpoCTpaHeHHbIX pacTBOpUTENEn SABNAETCH HavMeHbLUEN.
Tak npu 20°C BS3KOCTb KMAKOMO OWOKCMAA Yrrnepoda CcoCTaBrsieT
6330 n3-107, YTO MeHbLUE BSA3KOCTW BoAbl B 16,7 pas, 3TMNOBOro cnupTta
— B 17,8 pas, yeTblpexxmopucToro yrnepoga — B 16 pas, H-rekcaHa —
B 5,5 pasa, ppeoHa-12 — B 4,5 pasa, GytaHa — B 2,7 pasa, nponaHa —
B 2 pa3a (PpaHk-KameHckun, 1947; CtackeBny u gp., 1994). NogobHoe
CpaBHEHWe roBOPUT B MOMb3Yy TEXHUYECKMX MPENMYLLECTB XKNAKOro AMU-
okcuaa yrrnepopa, Kak pacTBOpuUTeEns, C XopowunmMu AUGEY3NOHHBIMU
BO3MOXHOCTAMM [6-12].

Ons pokpuTuyeckon obracTu xapakTepHO MfaBHOE YyBenuveHue
MIIOTHOCTU MPY YCOBUW COXpPaHeHUsi TemnepaTtypbl cpeabl. [MoHmxe-
HWe TemnepaTypHOro Mons Bre4yeT 3a cobow pOCT MAOTHOCTM Aaxe
npu He3Ha4yMTeNnbHOM MOBbLIWEHUN AaBAeHUs unm xe 6e3 Hero. OTu
obcToaTenbcTBa HeO6XOOMMO y4YMTbIBaTb MPU MAAHUPOBAHUN YCIO-
BUM MCNOMb30BaHMA AUoKcMAa yrnepoaa B XUAKOM Uiy TBEPLOM CO-
CTOSAHUN.

PacTtBopstowaa cnocobHOCTb XMOKOro AnoKcmaa yrinepoga B Oo-
KpuTnyeckon obnactm HaxoauTCs B MPSIMON 3aBMCUMOCTU OT MAOTHO-
cTun pacTBoputens. Mmetotca HabnogeHus (Bork M., 2000; Mayer B.C.,
1999), yTo MO Mepe yBENUYEHUSA MOMEKYNSAPHOM MacChl pacTBopsie-
MbIX BELLECTB MX PACTBOPMMOCTb B XXMAKOM ANOKCMAE yrnepoaa BO3-
pactaeT C yBefiM4eHMeM MAOTHOCTM Auokcuaa. B gaHHoW cutyauumn
3TO CBSA3aHO C MOHWXEHMEM TemnepaTtypbl. VI3BeCTHO, 4TO Hanbonb-
lWas pacTBOPUMOCTb psifa KapOTUHOUAOB, KMPHO-KNCMAOTHbBIX KOMMO-
HEHTOB npuxogutcst Ha Temnepatypy 10-12°C (KacbsHos, LUladTaH,
1997) [13-15].
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YKngkun gnokeng yrnepoga XopoLlo pacTBOPSEeTCs B cnupTte 1 adu-
pe.

Kvgkni guokeup yrnepoga saBndetcd m3bupatenbHbIM pacTBO-
putenem cpefHen Cumnbl AN MHOIMMX HEMOMSPHbIX apoMaTUYeCKuX
BewecTtB (Frencis, 1994). [Npu 3TOM OeNCTByeT M3BECTHOE MpaBUIO,
CornacHo KoTopoMy nopgobHoe pacTBopsieTcs B nogobHom, pac-
TBOPUMOCTb HEMONSPHBIX COEANHEHMI B OOGHOM M TOM XK€ HEMONSPHOM
pacTBopuTene MOBLILLAETCA COPasMEPHO C POCTOM MONEKYNSPHON
MacCbl pacTBOPSEMOro BellecTBa M, HaKOHeL, maras CrnoCObOHOCTb
pacTBOPEHNS O3HAYaET BbICOKYIO CENEKTMBHOCTb PacTBOPUTENS U Ha-
060poT. Beilwecka3aHHOE NMOMHOCTLI0 OTHOCUTCS U K XKMAKOMY AMOKCUAY
yrnepoda. B Hem pactBopsitoTcs GOMbLIMHCTBO TEPNEHOMO0B, BbICO-
KOMOJEKYMSIPHbIE XXUPHbIE KNCNOThI U UX 3hmpbl, PEHONMbI, KyMapWHbI,
KapboHWNbHbIE COEANHEHMS, BOCKN 1 BOCKOMOAOOHbIE BELLEeCTBa, CMO-
nbl CO CpeaiHEN MOSIEKYNAPHOM Maccon, YaCTUYHO arnkanouabl, asyre-
HOreHbl, NPOCTbIE N CIOXHbIE 3dumpbl. Cpeamn pacTBOpPAEMbIX B XUOKOM
AnoKcuae yrnepoga BeLecTB B 3aMETHbIX KONMYeCcTBax NpUCyTCTBYIOT
X1popacTBOPMMbIE BUTAMWHbI U MPOBUTAMUHBI, TAKNe Kak KapoTUHOW-
Abl, TOKOEPOsibl, CTEPUHbI, HE3aMEHNMbIE XUPHbIE KACIOTbI, HEKOTO-
pble FOpMOHarnbHble BELLECTBAa, Fpynnbl COEANHEHWI C BakTepnLngHON
nnm 6aKkTepnocTaTMyeckon akTMBHOCTbBIO, ECTECTBEHHbIE huTonuMAabI.
CTOUT OTMETUTBL N COPACTBOPUMOCTb pAaa BELLECTB C 3aMETHOM Nonsp-
HOCTbIO B pacTBOpax HEMoMspHbIX KOMMNOHEHTOB B XWOKOM AMOKCUAE
yrnepoga. [NNlocnegHee sSiBeHME LWMPOKO NCNOSb3yeTCs B 9KCTPAKLMOH-
Hou TexHonorumn (KacesiHoB, KBaceHkoB, 1998) [15-20].

B npurpaHnyHon obnacTtn BOKpYr KPUTUYECKOM TOYKM pe3Ko nagaet
pacTBopstoLiaa cnocobHocTb guMokecuaa yrnepoga. 34ecb, 0MEBUOHO,
OeVCTBYyeT yCroBue, Koraa B MEPEXOAHbI MOMEHT CBOMCTBA KUAKOCTU
y>xe ncyepnanu cebs, a cxaTbin ras ewe He obpen cBonMcTB paboyero
areHTa B NoJsIHOM Mepe.

Ans skcTpakuum pactutensHoro ceipbs CO, ncnonb3syerca B crieay-
toLwmx coctosHusAx [9,10]:

* XXMOKOM OOKPUTUYECKOM Mpu t<th, P<P,<p?

* KPUTUYECKOM t=th, P=PKp;

* XXWOKOM CBEPXKPUTUYECKOM t<th, P>P,<p?

* ra3000pa3HOM CBEPXKPUTUYECKOM t>t , P>P,,.

BewecTBOM B CBEPXKPUTUYECKOM COCTOSIHMM Ha3blBAlOT BeLle-
CTBO NMpu Temnepatype 1 AaBfieHMM Bbllle KPUTUYECKOM TOYKM (ompe-
AerieHHon Temnepartypou TKP W OaBrieHneMm PKP, npu KOTOPbIX ncye3aet
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pasnuyne Mexay XUOKOCTbIo 1 ra3om). B Kputu4eckom Touke NNoTHOCTb
XWNOKOCTU M €€ HaCbILLEHHOro napa CTaHOBATCS paBHbI, 8 MOBEPXHOCT-
HOEe HaTsXeHue XUAKOCTU najaeT Ao Hynsd, NoToOMy McyesaeT rpaHuua
pasgena gas xuakocTb-nap [21].

HecmoTpsa Ha TO, YTO BHELIHE BELIECTBO HaNMOMMWHAET >KMAKOCTb,
B MPMMEHEHUM K HEMY Cenvac MCnofb3yeTcs cneunanbHbii TEPMUH —
ceepxkpumu4eckul ¢pnroud — supercritical fluid (0T aHrnuickoro cno-
Ba fluid, To eCTb «CNOCOOGHbIN TEYbY). B COBpeEMEHHON NuTEpaType npu-
HATO COKpalleHHOoe 0603HavYeHne CBepPXKpUTMYeckux dnomgos — CKO.
B cBEpXKPUTNYECKOM COCTOSHUM CMOCOOHbBI HAXOAUTLCS BOMbLIOE KO-
NNYECTBO BELLECTB, DaKTUYECKN Nepexo B CBEPXKPUTUYECKOE COCTOSA-
HMEe OrpaHMyYeH TeMNepaTypon pasnoxeHus BelecTa [21-27].

Taknm 06pa3oM CBEPXKPUTUYECKOE COCTOSIHME BellecTBa — 370 CO-
CTOsIHME MpY TeMmnepaType 1 SaBMEHUN BbILLE KPUTUYECKUX

(T>TKp, P>PKP), B 3aMKHYTOM 06beMe MeHbLLE KPUTUYECKOro (Vkp).

CBoncTBa BeLleCcTBa B CBEPXKPUTUHECKOM COCTOSTHUMN NMPOMEXKYTOY-
Hble MeXxAy ero CBoOMCTBaMu B ra3oBown 1 xungkon ase. Tak, CK® obna-
JaeT BbICOKOW MNIOTHOCTbLIO, 6NTIN3KON K XXUAKOCTU, U HU3KOW BA3KOCTbHO
Kak rasbl. Tak, MAIOTHOCTb CBEPXKPUTUYECKOTrO (ONIoMAa HE3HAYUTENbHO
OTNIMYaAETCS OT MIIOTHOCTM XNOKOCTK, T.e. donton obnagaet sHaunTenb-
HOWM €MKOCTb}0, BA3KOCTb BrM3ka K BA3KOCTU rasa, KoadduuneHT gnud-
dy3nn MMeeT NMPOMEXYTOYHOE 3HaYeHne, YTO CYLLECTBEHHO YyCKOPSET
npoLieccbl MacconepeHoca. Takoe coyeTaHue CBOMCTB AenaeT YpesBbl-
YanHO 3PP EKTMBHLIM NUCMONb30BAHNE CBEPX KPUTUYECKNX PrionaoB B
Ka4yecTBe 3aMeHUTENEen opraHM4eckux pacrtBopuTenen B nabopatop-
HbIX M MPOMBILUMIEHHBIX Npoueccax [27].

OpHo 13 Hanbonee BaXXHbIX CBOMCTB CBEPXKPUTUYECKOTO COCTOS-
HUS — 3TO CNOCOBHOCTb K pacTBopeHuto BelecTB. OCHOBHbIMU Mpen-
MyLLIECTBaMM CBEPXKPUTMYECKNX PIONO0B Kak pacTBopuTenen aBns-
totca [3,4,9]:

- cOYeTaHvne CBOWCTB ra3oB MpuW BbICOKUX AaBMeHusX (HU3Kas BA3-
KOCTb, BbICOKMNI KO3 PULMEHT anddysnm) n xngrocten (Bbicokas pac-
TBOpsOLLasa CNoCcOBHOCTL);

- ObICTPbI/ MacCOMEpPEHOC, OCYyLeCTBNSAeMbI Gnarogapsi HU3KOMW
BA3KOCTU M BbICOKOMY KO3 pULMEHTY Anddy3unu;

- CoYeTaHue npeHebpexnmMo Manoro MexagasHoro HaTsKeEHUS C H13-
KON BA3KOCTbIO N BbICOKNM KO3 MLMEHTOM AU dy3nn, no3sondtoLlee
CBEPXKpUTMYECKUM roMaam NPOHUKaTb B nopuctble cpefbl bonee
NEerko No CPaBHEHMIO C XXUAKOCTAMU;

163



lMNMuwesas u nepepa6ambleaf0Luaﬂ NMPOoMbIWIIEHHOCMb

- BbICOKas YyBCTBUTENBbHOCTb pacTBopsitoLLient cnocobHocTu CKP k
N3MEHEHUIO AaBNEHNS Uy TemnepaTtypbl;

- MpocToTa pasgeneHns CBEPXKPUTMYECKNX (DITOMAOB U PACTBOPEH-
HbIX B HUX BELLECTB Npu cOpoce AaBneHus.

N3meHsia TemnepaTypy unv gasneHue novga MOXHO MEHATb €ro
CBOMCTBa B LUMPOKOM AuanasoHe. Tak, MOXHO nonyyuTb cnoug, no
cBoricTBaM 6nu3kmn nubo K xugkocTtu, nubo Kk rasy. Pacteopstowias
CMOCOBHOCTh (hbromaa yBENMYMBAETCH C YBENMMYEHNEM MAOTHOCTY (Npu
NOCTOSIHHOW Temnepatype). [ocKomnbKy MAOTHOCTE BO3pacTaeT npu yBe-
NNYEHNN JaBMeHNs, TO MEHSASA OaBfieHMe MOXHO BIMATb Ha pacTBOpS-
oLy cnocobHocTh dnonga (Mpy NOCTOSHHOM Temnepartype). B cny-
Yyae ¢ TemnepaTypon 3aBUCUMOCTb CBOMCTB dontonga Heckonbko 6onee
CINOXHas — NpU NOCTOSIHHOWM MAIOTHOCTY pacTBOpSOLWAs CNOCOOHOCTb
dritomaa Takxke Bo3pacTtaeT, 0gHaKo BOMIM3M KPUTUYECKON TOYKU He3Ha-
YnTENbHOE yBENMYEeHMe TeMnepaTypbl MOXET NMPUBECTU K pe3KoMy na-
OEHWIO MAOTHOCTU, N, COOTBETCTBEHHO, PACcTBOPSAOLLEN CIOCOBHOCTW.
Cepxkputudeckne niongbl HEOrpaHW4YEHHO CMELIMBAalTCS Opyr C
OPYromM, NO3TOMy NpW SOCTMXKEHUM KPUTUYECKOW TOYKU CMECUK cucTtema
Bcerga bygoet ogHodasHoM.

B cBEpPXKPMTUYECKOM COCTOSIHUM, KaK yKa3aHo BblILLEe, BELLLECTBO pac-
LuMpsieTcs, 3aHMMas BeCb NpeAocTaBieHHbIn 06beM NogobHo rasy, HO
MMEET BbICOKYI MMAOTHOCTb, KaK Y XXUAKOCTW.

NmeHHo yHuKkanbHble cBoncTBa CO, B CBEPXKPUTMYECKOM COCTOSA-
HUK genarT BO3MOXHbIMY €ro MPUMEHEHMWS B Pa3fnYHbIX UHAYCTPUSIX:
HeTEXUMUYECKON, NULLEBOW, NapdroMepHOn, dhapmaLeBTUYECKON U
APYrvXx oTpacnax npombliwneHHocTu. Tak, ceepxkputudeckun CO, (CK
CO,) obnapaet xapaktepucTukon 6onee GbICTPOro MaccoBoro nepe-
OBVKEHUS NO CPABHEHMIO C TPAANLMOHHBIMU XXUAKUMUN OPraHnyeCKnmm
pacTtBopuTensamu, 6narogapst HU3KOM BA3KOCTU U BbICOKOMY KO3 u-
uneHTy auddysum (B 10 pas Bbile, YEM Y XKUAKOCTU) NPU NNOTHOCTH,
HEe3HauYnTENbHO OTANYalOLWENCs OT XUAKOCTU. Takum obpa3om, ceepx-
kpumuyeckuti CO, Moxem npuHyunuasabHO Jlydywe, Yem Kriaccuye-
CKuU pacmeopumersib MPOHUKamb 8 3KCmpazaupyembit Mmamepuarsi, no-
efiowams U mpaHcrnopmupogams pacmeopsieMblie cocmasrsowue.
OTO CBOWCTBO CBEPXKPUTUYECKMX Fa30B LUMPOKO MPUMEHSETCH npu
9KCTpaKLMy pasnuyHbiX OpraHn4Yeckmx coeanHeHun. Kpome Ttoro, pac-
TBOpSAOLWAst cnocobHOCTb dhntonga B 6rm3kpmuTnieckon obnactu npe-
TeprneBaeT 3HaYMTENbHblE U3MEHEHUS NPU MarblX U3MEHEHUSIX TEM-
nepaTypbl U AaBneHus. 3TO, B CBOK ovYepeib, NO3BOMSET NPOBOAUTb
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(hpakLMOHMPOBaHNE NCXOOHOTO Chipbs U pereHepaLo pacTBOPUTENS
bes OONOJTHUTENIbHbIX 3HEepPreTun4ecknx 3artpar. I'IpOCToe n3mMeHeHune
napamMeTpoB [aBrieHUsa W TemnepaTypbl MO3BONAET perynupoBaTb
KOHLIEHTpaLMio BELLECTB B 9KCTpakTe. Bce 310 obecneumBaet Hambo-
riee NoJIHY 3KCTPaKLUIo BELLECTB, MPY STOM NPUMEHEHMWE YTNEKUCOo-
ro rasa Mo3BOJSIIET MOMHOCTbIO M B LWaAsWEM PexvMMe OTAeNnsATb ero
OT 3KCTpakTa M Matepuana - HOCUTENS B MPOTUBOBEC KMNAaCCUYECKUM
pactBoputensam [15-21]. lMpumeHeHne yrmekncrnoro rasa mno3BonseTr
MOJIHOCTbLIO U B LWaAALLEM peXnmve oTAeNATb ero OT 3KCTpakTa U MmaTte-
puana - HOCUTENS B MPOTMBOBEC KIAaCCMYECKUM PacTBOPUTENSAM, Bbl-
BeeHNne KOTOPbIX HE BCerga oKka3biBaeTCA MNOJIHbIM. MNHbIMK CJiloBaMu,
3KCTPaKThl, MOJyYEHHbIE NPX NMOMOLLN JAaHHON MEeTOoANKM, abCOMNTHO
cB06OAHbI OT pacTBOopuTens. MoTpebneHne sHeprun AN pereHepa-
LUnn pactBopuTesida BO MHOIMxX criydadax MeHblle, 4em npu tpagmumoH-
HOW 3KCTpakumn. A n3bbiToOYHOE JaBreHMEe B CUCTEME NpefoTBpaLLaeT
NMPOHUKHOBEHME KNUCI1opoOa BO BpeMA 3KCTPpaKkuuun, 4To npnBoanT K UC-
KITHOYEHUIO NPOLECCOB OKUCTIEHNS.

BbiBoa. [pyMeHeHMe yrnekucnoro rasa no3BosnseT NOfMHOCTbIO U
B WaASWEeM pexuMe oTAENATb ero OT 3KCTpakTa U maTepuana - Ho-
cuTend B NpPpOTUBOBEC KIlaCCUYECKUM pacTBoOpUTENAM, BbiIBEAEHNE KO-
TOPbIX HE BCerga okKasblBaeTCA MOJIHbIM. MHbIMKN crnoBamMu, nHrpenu-
€HTbl, MOMNyYEeHHbIE MPWY NOMOLLW AaHHOW MeToaunku, abCcontoTHO CBO-
604Hbl OT pacTBopuTens. lMoTpebneHne aHeprum Ans pereHepauuun
pacTBOpuUTENSA BO MHOTMX Criydasix MeHbLUEe, YeM Mpu TpaauLMoOHHON
SKCcTpakuuun. A n3bbiTOYHOE OaBrieHME B CUCTEME NpenoTBpallaeT
NMPOHMKHOBEHME KMUCIriopoga BO BpeMA 3SKCTpaKkuuu, 4YTO NMpUBOAUT K
WCKIIOYEHMIO NPOLIECCOB OKUCMEeHUs. Mo pe3ynbtaTtam NpoOBeAEHHbIX
paboT paspaboTaHa u M3rotoBneHa nabopaTopHas ycTaHOBKa Ans
nposeneHus nccnegosaHmin npouecca CO,-aKkCTpakuuy, paccyuTaH-
Hble Ha MeCTHOe cbipbé. JlabopaTopHas ycTaHOBKa AN nccnegosa-
HUA NonlyvyeHna UHrpegueHToB U3 pacTUTESIbHOIoO ChbipbA C NpUMeEHe-
Hnem CK-CO, cocTout 3 éMKOCTU, TENNOOOMEHHMKA, SKCTpakTopa
BbICOKOrO [aBrfieHus, cenapaTtopa, Kommnpeccopa, KOHAeHcaTopa,
6annoHa c rasom CO, u 3MeeBWKOBOro MoaorpesaTens 3KCTpakTa.
N3yyeHbl XuMKKO-hunandeckne xapakTepucTukm obbeKToB Mccneao-
BaHMA (MECTHOe Macnocofepxallee CbIpbE€) MU LieneBbiX NPOAYKTOB
(macen, nunugHbix komnnekcos). OnpegeneHbl MeToAbl aHanmM3a Ka-
YyecTBa Mnofly4aemMbix Macen.

(Cnucok nutepaTypbl CMOTPETb Ha cTp. 143)
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MODERNIZATION OF A SHOPPING MALL MARKETING DATA
ANALYTICS SYSTEM: TRANSITION TO A .NET MICROSERVICE
ARCHITECTURE AND QUANTITATIVE ASSESSMENT OF RESULTS

Abstract. The paper presents the modernization of a shopping mall marketing data
analytics system originally implemented as a monolithic web application on .NET
Framework with a single MS SQL Server database and batch integrations via file
exchange. The audit identified limitations of the legacy solution a delay of more than
24 hours before data appeared in reports, performance degradation during peak
periods, and high coupling of modules, where failures of individual components
led to downtime of the entire platform. To reduce risks, an iterative Strangler Fig
strategy was adopted with parallel operation of the monolith and new services. The
target architecture is built on ASP.NET Core microservices with domain-based data
isolation, the use of PostgreSQL for transactional data and Redis for hot metrics, as
well as an event pipeline on Apache Kafka for near-real-time data processing and
aggregation, followed by publishing indicators to Bl dashboards. Implementation
results demonstrate a reduction in data latency to seconds, increased resilience and
release manageability, reduced MTTR to a few minutes, lower operating costs, and
the economic feasibility of the project with payback within a 12-24 month horizon,
including expansion of analytics through social media monitoring.

Keywords: Modernization, microservices, architecture, analytics, streaming;
scalability.

Introduction. In modern retail, competitive advantage is shifting to-
ward managing customer experience based on data. Effective shopping
mall marketing largely relies on a detailed understanding of visitor beha-
vior. The business needs to track traffic flows, identify “dead zones”, and
evaluate audience response to promotions in real time. However, many
shopping malls still rely on legacy systems originally designed for nightly
batch data processing. Hereafter, a legacy system is understood as an
outdated monolithic platform.
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Such an architecture creates a critical gap between business needs
and IT capabilities. The main barrier is high latency. Reports and metrics
arrive with a delay of a day or more, depriving marketing of the ability
to influence the situation promptly. In this regard, many companies are
moving to microservice architecture. This approach implies splitting an
application into a number of small services, each of which performs its
own narrow function. Such modernization brings significant benefits such
as improved scalability, flexibility, and maintainability [1].

The analytical system considered in this work had similar shortcom-
ings of legacy systems. In addition to high delay, the problem was caused
by data fragmentation. Data from CRM, ERP, and traffic sensors were
stored in isolated systems without modern APIs, which made it impossible
to assemble a holistic customer profile. The system also demonstrated
low flexibility. Vertical scaling could not handle peak loads during sales
periods, and introducing new functions could take months due to the risk
of destabilizing the code.

In effect, the system operated on data as of the previous day and was
not able to provide information on what is happening now and what mea-
sures need to be taken immediately. This led to missed profit, especially
during promotions and sales.

The aim of the study is to develop and implement a modernization
strategy for such a legacy system to ensure real-time analytics and sup-
port new types of data. To achieve the goal, the following tasks were set:

e conduct an audit of the initial architecture and record its baseline
indicators;

e justify the choice of a phased migration methodology and the target
technology platform;

e implement the transition to a .NET microservice architecture using
modern distributed-systems patterns;

e compare quantitative performance indicators of the system before
and after modernization;

e demonstrate new analytical capabilities enabled by architectural
changes (for example, analysis of social media data).

Below, the materials used and the modernization methodology are
presented, then results and their discussion are provided, and finally the
main conclusions are formulated.

Materials and Research methods. The object of the study was a
corporate marketing analytics system operating as a monolithic web
application on the old .NET Framework stack with a single MS SQL

167



EcmecmeeHHble HayKu, UHXUHUPUH2 U mexHoroa2uu

Server 2008 database. This database became a bottleneck because
it served both operational transactions (OLTP) and analytical queries
(OLAP), provoking constant resource conflicts. Integration with external
systems, for example CRM and visitor counters, was carried out through
scheduled file exchange. Before modernization, an audit of the legacy
system was performed and key metrics were measured. The average
time from event occurrence to the appearance of information in reports
exceeded 24 hours, since data was processed in batch mode only once
per day. During peak loads, the response time for analytical queries ex-
ceeded 5 seconds, and timeouts often occurred. System reliability was
low because failure of any module led to downtime of the entire platform;
the average recovery time was about 2 hours. Development flexibili-
ty also suffered updates and deployment of new functionality occurred
approximately twice a month, and even small changes took weeks to
implement. These indicators confirmed the need for a fundamental re-
construction of the system.

For migration, an iterative approach based on the “Strangler Fig” pat-
tern was chosen [2]. Unlike a radical rewrite of the system “from scratch”
this method made it possible to gradually introduce a new architecture on
top of the old one, progressively taking over the legacy system’s functions.
The approach has proven effective in similar .NET application migration
projects. The essence of the methodology is that a “facade” layer is creat-
ed around the existing application, through which all requests pass. Then,
step by step, individual functional domains are “cut out” of the monolith
and re-implemented as autonomous microservices. At each stage, fa-
cade routing is updated - traffic is redirected to the new service, and the
corresponding module in the old system is decommissioned.

Such incremental refactoring made it possible to avoid a long service
interruption, and business users continuously received improvements
as migration progressed, which increased trust in the project. In the first
stage, the priority area was visitor traffic analytics for it, a new service
was developed, after which all requests in this topic began to be served
by it. Gradually, other key domains were migrated as well-loyalty pro-
grams, customer profiles and fundamentally new capabilities unavail-
able in the legacy system were introduced, for example a service for
collecting and analyzing social media data. This order of work made it
possible to immediately demonstrate the business value of moderniza-
tion, turning the project from forced IT expenses into an investment in
new capabilities [3].
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Figure 1 — Iterative migration using the Strangler Fig pattern

The new architecture was implemented as a set of cloud-independent
microservices on ASP.NET Core. Each microservice corresponds to a
separate area of business logic and its own data store. A combined ap-
proach was used for data storage. In particular, the transactional sales
service uses a relational PostgreSQL database to ensure ACID proper-
ties of financial operations. To cache frequently requested analytical re-
sults, a high-performance Redis cluster is used, accelerating access to
“hot” data, for example current sales indicators. All services interact via
lightweight HTTP APIs or an asynchronous data exchange bus.

In addition to the OLTP microservices themselves, a separate pipeline
was developed for near-real-time data processing. lts task is to offload op-
erational services from heavy analytical computations and to ensure par-
allel processing of events as they arrive. The pipeline architecture includes
several stages. All events are published to the distributed Apache Kafka
message queue. Kafka can accept large event streams and guarantees re-
liable delivery. Next, at the processing stage, a special aggregator service
subscribes to Kafka topics and performs transformation and enrichment of
data. The computation results are stored in the main relational database
PostgreSQL. This approach ensures load separation, where .NET micro-
services handle fast transactions, while a separate service in the back-
ground computes aggregates for analytics. At the final stage of data deliv-
ery, integration with a business intelligence tool was implemented, within
which interactive dashboards were created for the marketing department.
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They access either PostgreSQL directly to obtain up-to-date reports, or the
Redis cache to access frequently updated metrics. Thus, the architecture
combines the advantages of operational processing and deep analytics,
meeting modern requirements of data-driven management.

System Clients
(Marketers, Administrators, Bl Systems)

l

AP| Gateway / Facade

Legacy Microservices
Monolith (ASP.NET Core)
Traffic Loyalty Customer
Analytics Program Profiles
v v v
[PostgresQL] [PostgresQL] [PostgreSQL]
Sala?s Social Medla Staff Service
Service Service
v 17 v
[PostgresQL] [PostgresQl] [PostgresSal]

Figure 2 - Component interaction diagram

Results and discussion. Key system performance indicators im-
proved after the transition to a microservice architecture. The time be-
tween data arrival and obtaining insight decreased from 24 hours to a few
seconds, meaning analytics effectively became near real time.

Shopping mall management now has up-to-date dashboards reflect-
ing the current situation rather than yesterday’s results. The frequency of
deploying updates increased from a few times per month to several times
per week or even per day, which indicates increased development agility.
The time to deliver a new report or metric to market decreased by approx-
imately 80% from several weeks to several days. Due to the modularity
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of microservices, each change can be tested and deployed in isolation,
which significantly reduced regression testing efforts and made it possi-
ble to respond faster to business requests. Platform reliability increased,
if a separate service fails, it is restarted automatically due to Docker/Ku-
bernetes cluster orchestration; the average recovery time decreased to
8 minutes. Failure of one microservice no longer brings down the entire
system, as in the monolith other services continue to operate. Flexibility
of horizontal scaling appeared — under increasing load, it is possible to
dynamically add instances only of those services where it arose, without
scaling the entire system unnecessarily. This had a direct effect on costs
- support OPEX decreased by approximately 50% due to abandoning the
legacy platform and optimal use of resources microservices consume ex-
actly as many resources as their function requires.

Technical Performance

100000 85400

10000

1000

100 B0

10 B

Data latency (sec) APl respense time (ms) Release frequency (per Recovery time (min)  Throughput (reg/sec)
month)

M Legacy System  m New System

Figure 3 - Comparison of technical indicators of the Legacy System
and the New System (data latency, API response time, release frequency,
recovery time, throughput).

171



EcmecmeeHHble HayKu, UHXUHUPUH2 U mexHoroa2uu

Table 1- Project budget

Expense item Amount (USD)
Payroll (Senior Developer, 11 months) 36 440
Payroll (2 x Middle Developers Middle Developers, 11 months) 54 658
Cloud environment (Dev/Test) 7 845
License and software 4 290
Qutsourcing 6 150

In addition, reducing the number and duration of system outages (by

60-80%) made it possible to reduce missed profit and costs associated
with service unavailability. According to aggregated estimates, return on
investment in modernization was achieved within 12-24 months of oper-
ating the new system.

Cumulative Savings

ROI Analysis
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Period
=#— Cumulative Costs (CAPEX) ==8= Cumulative Savings
Figure 4 — ROI Analysis cumulative costs (CAPEX) and cumulative savings

by periods (Q0-Q8).

These results are consistent with industry cases in which companies

implementing modern architecture demonstrate improved scalability and
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a high benefit-to-cost ratio [4]. Also, teams or individual developers can
work independently of each other [5].

The new architecture not only improved the indicators of the old sys-
tem, but also created qualitatively new possibilities for marketing analyt-
ics. One such result was the introduction of collecting data from social
networks [6]. Within the microservice platform, a separate service was
developed that, in real time, collects public mentions of the shopping mall
and stores them in a database. This capability made it possible to im-
plement monitoring of customer opinion; for example, if several negative
reviews about a certain aspect appear in social networks within a short
period of time, the system automatically generates a notification for the
mall’s operational service. The marketing and administrative departments
get the chance to respond during the customer’s visit, without waiting for
loss of loyalty, and can manually analyze the collected reviews [7], where
interaction with the visitor occurs continuously based on data.

Another new direction of analytics was deeper analysis of buyer be-
havior. The legacy system could answer the question “how many sales
were there yesterday in store X?” The new platform answers questions of
anew type, for example “How did sales dynamics change in store X imme-
diately after launching an advertising campaign?” or “Which products are
most often bought together in one receipt?” Such data synthesis reveals
valuable insights. Marketers can promptly identify dead zones» areas with
low traffic and immediately take measures, for example relocating adver-
tising or events to those zones. In addition, the ability appeared for flexible
management of rental rates based on actual foot traffic. These examples
illustrate how the modernized architecture became an instrument for im-
plementing advanced marketing analysis methods that were previously
impossible. Moreover, the obtained results are consistent with trends in
scientific research, according to which social media data are successfully
applied to assess the attractiveness of urban commercial spaces [8]. Our
system provides a technological foundation for implementing such analyt-
ical approaches in practice.

Conclusion. The conducted study demonstrated that the legacy ar-
chitecture was a serious obstacle to implementing an operational, da-
ta-oriented marketing strategy in the shopping mall. Applying the phased
Strangler Fig migration methodology made it possible to successfully
replace the legacy system with a modern. NET microservice platform
without critical downtime and risks. Key architectural decisions splitting
the application into microservices, isolating each service’s data in its

173



EcmecmeeHHble HayKu, UHXUHUPUH2 U mexHoroa2uu

own database, and using diverse storage technologies depending on
the nature of the data provided the required flexibility and scalability of
the system. The new architecture is capable of effectively handling both
transactional loads and complex analytical queries in real time, there-
by eliminating the previously existing trade-off between responsiveness
and depth of analysis.

Quantitative outcomes confirm the feasibility and effectiveness of
modernization. Improvement of the main KPIs was noted - data latency
decreased by an order of magnitude, recovery time decreased by more
than 80%, release frequency increased sixfold, and horizontal scaling
made it possible to eliminate performance bottlenecks. Economic anal-
ysis showed that reducing operating and infrastructure costs, as well as
preventing losses from downtime, allowed recovering the invested funds
in less than two years of operating the new system. These results are in
line with global digital transformation trends. Transition to cloud microser-
vices gives organizations a significant increase in efficiency and business
performance [5].

The practical value of the work lies in the fact that the presented ar-
chitectural strategy and the obtained metrics can serve as a guideline for
other enterprises in retail and commercial real estate facing the problem
of legacy systems. The modernization described in the paper demon-
strates how modern technologies make it possible to put into practice
concepts from current scientific literature. In particular, the work shows
that modern IT architecture acts as a necessary catalyst for implementing
proactive marketing approaches, such as digital customer guidance [4]
and intelligent big data analytics [7].

References

1 Hossain M. D., Sultana T., Akhter S., Hossain M. I., Ngo T. T., Huynh L. N.
T, Lee G.-W., Huh E.-N. The role of microservice approach in edge computing:
Opportunities, challenges, and research directions // ICT Express. — 2023. — Vol.
9. —No. 3. — P. 1162-1182. — DOI: 10.1016/j.icte.2023.06.006.

2 Fowler M. Strangler fig application [Electronic resource]. — 2004. — URL: http://
martinfowler.com/bliki/StranglerApplication.html (accessed: 18.02.2026).

3 Sychev Y. AN APPLICATION OF ARTIFICIAL INTELLIGENCE SYSTEMS
IN APPLICATION ARCHITECTURE DESIGN: FROM REQUIREMENTS TO
IMPLEMENTATION // Universum: Technical Sciences: electronic scientific journal.
—2025. — No. 9(138).

174



Hoeocmu Hayku KasaxcmaHa. Ne 1(168). 2026

4 PingCap. Real-time vs batch processing: A comprehensive comparison for 2025
[Electronic resource]. — 2025. — URL: https://pingcap.com/article/real-time-vs-
batch-processing (accessed: 18.02.2026).

5Li X, Xu M., Zeng W., Tse Y. K., Chan H. K. Exploring customer concerns on
service quality under the COVID-19 crisis: A social media analytics study from the
retail industry // Journal of Retailing and Consumer Services. — 2023. — Vol. 70. —
P. 103157. — DOI: 10.1016/j.jretconser.2022.103157.

6 Tumanov O. Aspects of using social media in research // Scientific Bulletin of the
National Academy of Statistics, Accounting and Audit. — 2019. — No. 4. — P. 24—-29.
—DOI: 10.31767/nasoa.4.2019.03.

7 Olshanetskaya O. A., Kotova M. R. DIGITAL CUSTOMER GUIDANCE IN
SHOPPING MALLS: STRATEGY AND IMPLEMENTATION METHODS // Industrial
Economy. — No. 5. — P. 219-227. — DOI: 10.47576/2949-1886.2025.5.5.028.

8 Zhang Y., Wang M., Yang X., Zhang R. Urban commercial space vitality
evaluation method based on social media data: The case of Shanghai // Land. —
2025. —Vol. 14. — No. 4. — P. 1-24. — DOI: 10.3390/land14040697.

CbiyeB KO.A.", Kum T. A.2

TAO «Kacnu baHky», Ara uHxeHep-nporpammalubl, Anmarthbl K., KasakctaH
2Tapasgarbl L. MypTasa aTbiHAafFbl Xanblkaparnblk yHUBepcUTeT, «Kapxbl kaHe
Oyxrantepnik ecen» kadeapacbiHbIH, OKbITYLbICHI, Tapas K., KasakctaH

CAYOA OPTAJbIFbIHbIH MAPKETUHITIK OEPEKTEPIH TAJIIOAY
XXYUECIH XXAHFbBIPTY: .NET MUKPOCEPBUCTIK APXUTEKTYPACbLIHA
Kelly XXOHE HOTUXENEPLOI CAHObIK BAFAITAY

Tyninpeme. Makanaga 6acrankbiaa .NET Framework nnatgopmackiHga 6ipTytac
MOHONUT BeG-KOoChbIMLLA peTiHAae icke acbipbiniFaH, 6ip MS SQL Server aepekkopblH
XoHe (pavn anmacy apkbifbl OpblHOANAaTblH  NakeTTiK MHTerpauusnapgbl
nanpanaxfFaH cayga opTanbifbliHbiH MapKEeTUMHITIK AepekTepiH Tangay >XyMeciH
XKaHFbIPTY cunatTanagbl. AyauT ecKipreH LWeLWiMHIH, LeKTeyrnepiH aHblKTagbl:
ecenTepae Aepektep navaa 6onrFaHra AeniH 24 caraTtTaH actam Kigipic, eH »orapbl
KeseHaepaeri eHIMAINIKTIH Aerpagauunscbl XoHe XXeke KOMMOHEHTTepAiH icTeH
LWbIFYbl BYKiN NNaTtopmaHbiH, TOKTan KanybiHa anbin KeneTiH XXoFapbl MOAYMbAIK
OannaHbic. Toyekendepai asanTy YLWiH MOHOMUT MEH XaHa Kbl3MeTTepaiH
napannenb XyMmbicbiMeH Strangler Fig uTepaTuBTi cTpaTerusicel TaHAanabl.
Hbicanane! ceyneT AomeHre GarbiTTanFaH aepektepai okwaynay ASP.NET Core
MUKpOCEPBUCTEPIHE, TPaH3aKUMANbIK AepekTep ywiH PostgreSQL xaHe «bICTbIK»
kepceTkiwTepre Redis, coHoan-ak HakTbl yakbITKa KakKblH pexxumMmae gepektepai
eHaey kaHe OipikTipy ywiH Apache Kafka-gafbl okuFa KoHBenepiHe, coaaH KewniH
Bl 6akbinay TakTanapbiHaa KepceTKiluTepai Xapusnayfa HerisgenreH. Icke acoipy
HaTWXenepi AepeKkTep KiAipiCiHiH cekyHATapFa AeiH KbICKapFaHblH, TYPaKTbIMbIK
neH penu3gepai 6ackapydblH >kakcapraHblH, MTTR kepceTkiwiHiH 6GipHelle
MUHYTKa [OeliH TeMeHZEereHiH, onepauusinblK LUbIFbIHAAPAbIH, a3aiiFaHblH KaHe
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aneymeTTiK XXeninep MOHUTOPUHTI apKbifbl aHAaNUTUKaHbI KEHEWTYAI Koca anfaHaa,
)o0aHbIH 12—24 ainblK KeKKMeKTe e3iH akTalTbiHbIH KepceTeai.

TyniHai ce3pep: XaHfFbIPTY, MUKPOCEPBUCTED, apXMTEKTYpa, aHaNUTUKa, afblH-
OblK eHaey, ayKbiMabIrbIK,.

* % %

Chiyes IO.A.", Kum T. A.?

'AO «Kacnu BaHk», r. AnmaTtbl, KasaxcTtaH

2MexpyHapoaHbli yHuBepcuTeT uM. L. MypTasebl, kadenpa «PuHaHchl 1 Byxran-
Tepckun yyeT», r. Tapas, KasaxcrtaH

MOOEPHU3ALUUA CUCTEMbI AHATTUTUKU MAPKETUHIOBbIX OAHHbIX
TOPrOBOIrO LIEHTPA: MEPEXOA K MUKPOCEPBUCHOM APXUTEKTYPE
.NET U KOINYECTBEHHAA OLIEHKA PE3YNIbTATOB

AHHOTauwms. B cTaTbe npeactaBrnieHa MOAEPHU3ALUSA CUCTEMbI aHaNUTUKN Map-
KETMHIOBbIX JAHHbLIX TOPrOBOrO LIEHTPa, M3HAa4arbHO Pearim3oBaHHON Kak MOHO-
nutHoe Beb-npunoxernne Ha .NET Framework ¢ eguHon 6ason gaHHbix MS SQL
Server 1 nNakeTHbIMKM MHTErpauusiMm Yepes aninoBbli 0OMeH. AyauT BbIsSBUN
OrpaHNYeHNs YCTapEeBLLEro peLleHns: 3aaepxKy bornee 24 4acoB 4O MOSIBMEHUS
OaHHbIX B OT4eaTtax, Aerpagauuio NponsBOAMTENBHOCTM B MUKOBbLIE Mepuoabl 1
BbICOKYI0 CBSI3@aHHOCTb MOAYIei, Mpu KOTOpPOW COOM OTAENbHBIX KOMMOHEHTOB
NPVBOAUNN K NPOCTOSM BCew nnatdopmebl. [Ins CHkeHNs puckoB Obina Bbibpa-
Ha utepatuBHas cTtpaTerns Strangler Fig ¢ napannensHon paboTton MoHonuTa
N HOBbIX cepBuCOB. LleneBasi apxutekTypa noctpoeHa Ha Mukpocepsucax ASP.
NET Core ¢ 4OMEHHO-OPUEHTMPOBAHHON M30NsUMeN AaHHbIX, UCMOMb30BaHNEM
PostgreSQL gnsa TpaH3akuMoHHbIX AaHHbIX U Redis anga “ropsumx» meTpuk’, a
Takke cobbITUIHBIM KOHBeepom Ha Apache Kafka gns o6paboTtku u arperauum
OaHHbIX B pexume, 6MM3KOM K pearibHOMYy BPEMEHM, C nocreaytowen nybnuka-
umen nokasatenen B Bl-mawboppax. PesynbTatbl BHeOpeHWS AEMOHCTPUPYHOT
COKpaLLeHNe 3a0epKM AaHHbIX [0 CEKyH[, MOBbILEHWE OTKAa30yCTOAYMBOCTU U
ynpaBnsieMocTn penu3oB, cHkeHne MTTR OO0 HECKOMBbKUX MUHYT, YMEHbLUEHNE
onepauyMoHHbIX 3aTpaT Y 3KOHOMMUYECKYIO Lienecoobpas3HoCTb NpoeKTa ¢ okynae-
MOCTbIO B rOpun3oHTe 12-24 mecsueB, BKMOYas pacluMpeHne aHanmTuk1 3a cyet
MOHUTOPUWHIra CoUMarbHbIX CETEN.

KnroueBble cnoBa: MoaepHu3aums, MUKPOCEPBUCHI, apXMTEKTypa, aHanuTuka,
notokoBasi 06paboTka, MacLITabnpyeMocTb.
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INABJIOH HAITMCAHUSA CTATbU

KOMKXA3BAHbI POCIMAEY TANANTAPbI

OKCnepuUMEHTTIK MaKanaHblH, kernemi — 7-geH 15 6eTke geniH (A4
dopmaTbl), 4-6 cypeT (KecTe); yw Tingeri TyniHaemenepai, kectenepai,
cypeTtTepai, ©aebuettep TidiMiH, OaebuetTep TIi3iMiHIH cinTemenepiH,
ABTOpnap Typanbl ManiMeTTepai ecentTeMereHe.

Wony makanacbl — 7-15 GeT, OHbIH iWiHAe TyniHOeme, kecTenep,
cypeTTep, agebueTTep Tisimi, 9aebueTTep TisiMiHIH cinTemenepi, cypeTTep
Hemece KecTenep caHbl 9-aaH acnangpl (3 cypeT 1 6eTke ecenTeneai); yw
Tingeri aBToprap Typanbl ManimMeTTep.

Kbickawa xabGapnama — TyWiHOemernepgai, Kkectenepai, cypetTepai,
onebuettep TidiMiH, oaebueTTep Ti3iMiHIH cinTeMenepiH, yw Tingeri
aBTopriap Typanbl MenimMeTTepai KocnaraHda, cypeTTepai  Hemece
KecTenepai (YLWTeH acnanTbliH) koca anFaHga 5-9 Ger.

MaeTingik danngapabl PDF xaHe Word cdopmaTtbiHaa (6.0 xxaHe oaaH

KeuiHri Hyckanapsl), kapin — Times New Roman, enwemi — 12pt, 1,15
NHTepBarnmeH, bip 6araHga yCbIHY Kepek.

MAKATJIA XA3Y YNTICI

FTAMA kopb! (FbinbiMU-TEXHUKANbIK aknapaTTbliH, MeMrekeTapanbik,
angapbl)

ABTOpnapAbIH Teri MeH aTbl-XeHi — 3 Tinae (kasak, opbIC, aFbISILLbIH)
(BipiHWici — MaTIHHIH, aBTOpbI, COAaH KeWiH OiprneckeH aBTopnap MeH
FBINbIMW XXETEKLInep);

MekeMeHiH aTaybl, Kanachbl, eni — 3 Tinge (kasak, opbIC, aFbifLLbIH);
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Erep makanaHblH aBTOpnapbl apTypni mekemenepaeH 6onca, oHga ap
amMUnUsHbIH COHbIHA >XOFapfbl XKafblHa CaH KOWMbIHbI3. Op aBTopAblH
YKYMbIC OPHbIH KOPCETIHi3 )XaHe TUICTi aBTOPAbIH, )KYMbIC OpHbI aTayblHbIH
©acblHa YCTiHr caHabl KOMbIHbI3.

Mbican: A.K. bepukoe', C./. Bacunbee?
"Tay-keH ici uHCTUTYTbI, AnMmarsl K., KasakctaH
2Akagemuk ©. AcaHanueB aTbiHaarbl KbipFbi3 Tay-KeH
MeTannypruanblk MHCTUTYThI, Bilwkek K., KbipFoidacTaH

MakanaHbIH TakKblpblObl — 3 Tinge (kasak, opbIC, arbisILbIH);
— GapblHWa Kbicka, aknapaTtTblk, KbICKapTycbl3 6orybl TUIC;

Tyningeme: 3 Tinge xasblnagbl (OpbIC, Ka3akK, afbifbIH):

150-200 ce3peH acnaybl Tuic. (TyniHaeme Ma3myHbl: 3epTTey Makca-
Tbl. He ictengi. He Tabbingbl. HaTuxernepi HeciMeH MaHbI3abl, KONAaHy
asicbl, aneMae aHanortapbl 6ap ma);

Tywninai ceapep: 3 Tinge (Kasak, OpbIC, aFbinLWbIH) Xa3binaabl — 6ap-
NbIfbl 5-6 Xanfbl3 CO3 XXaHe eKi-yL Cce3 TipKeCiHeH acnanabl;

Makana maTiHi: kecTenep, cypeTTep, KenTipinreH agebunetTep TisiMmi;

Kipicne — CoHfbl OHXbINAbIKTap4a OCblFaH YKCac HEMECe OFaH XaKblH
3epTTeynep XyprisinreH oTaHObIK XoHe LeTenaik XymbicTapabl MiHOETTi
TYPAE KapacTbIpblfiFaH MaCeNeHiH TapuUXbIHbIH KbiCKalla Ma3MyHbl.

3epTTeyAiH MakcaTbl — KbicKalla cunaTttamMa.

3epTTey apicTepi — xaHa aficTepdi enken-Tenkenrni cunaTray Kepek;
aBTOpAbl XeHe/Hemece aiCTiH aTtayblH kepceTe OTbIpbin, aaebueTTep Ti-
3iMiHOe OypbIH XXapuanaHrFaH xeHe benrini sgictepre cinTeme xacay XeT-
KiniKTi.

— Kecmenep apab undpnapbiMeH HOMIPMeHin, cunaTramanbik ataybl
6onybl kepek. Cangblk enwemaep (bipniktep) 6araH TakbIpblbbiHA KOChI-
nybl KEPEK.

— Tek eH >xakcbl canafarbl cypemmep (rpadukrep, dopmynanap,
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cbizbanap aHe T.0.) XXeHe Typni-TyCTi unnictpauuanap 6ackin wheiFa-
pyFa kabbingaHagpl. CypeTTtepae oHAarbl KECKiHre HaKThl cunatTtama Ge-
peTiH KbiCkalla TakblpbinTap 6onybl kepek. CypeTTepaiH TakbipbinTapbl
unncTpaumsanapsa opHanactbelpbiiMaybl kepek. ['padumka TypiHe Kapa-
MacTaH, cbidbanap AwvmiHe 600 HyKTegeH TeMeH emec XOofFapbl axbl-
paTtbiMabinbiKka ne 6onybl kepek. CypeTTepaiH Makcumangbl mesuepi
120 x 210 mM. ¥CbIHbINFaH canachbl3 rpadmkanbik MaTepuangapfra pegak-
ums xxapwvsinay KesiHge xxayan 6epmengi.

3epTTey HOTMXKEnepi — Heri3ri TEOPUAIbIK XXoHEe 3KCMEPUMEHTTIK Ho-
TWXernep, HaKkTbl AepekTep, aHblKTanfaH KaTblHacTap MeH 3aH4blbiKTap
KenTipineni. byn xarganga xxaHa HaTuxenepre, MaHbI34bl XXaHanblKTapra,
KOngaHbICTarbl Teopuanapabl XOKKa LublFapaTbiH Ty KblpbiMOapfa, COH-
Oan-ak npakTuKanblk MaHbl3bl 6ap ManiMeTTepre apThiKWbINbIK Oepineqi.

HaTtuxenepai Tankbinay — y3aik oTaHAbIK XeHe anemMiik aHanortap-
MEH canbICTbIpy XYprisineai. 3epTreyaiH nikipTanac caTTepi oHe onapabl
Lewyre gereH KeskapacbiHbl3 cunatranagbl.

KopbITbIHAbLI — XXYMbICTbIH KOPbITbIHABICHIH LUbIFAPY, 3€PTTEYAiH >a-
HanbIFbl MEH ©3EKTINIriH Heri3gey, anbiHFaH HaTWDKeENepai kongaHy 6onbIH-
LA yCbIHbICTaPp.

3epTTeynepai KapXbinaHabIpy Ke3i — BegoMcTBonap, kopnap, xeke
agampap eHe T.6. MNMarganaHbinFaH agebueTTep TidiMiHiH anabiHa Kombl-
nybl kepek. KapXblnaHablpyLbl yibiIMAApAbIH atayiapbl TOMbIK Xa3blnybl
Tuic.

Anfbic — femeyulinepre, fbifbIMK XeTeKLwinepre, )Xymbicka 6encexgi
KaTbICKaH agamMaapra xaHe T. 6.

oaebueTTep Ti3imi — MaTiHAeri cinTemenep onapabl ecke Tycipy pe-
TiMeH ecy BovblHWa HemiprieHeni. XapusnaHeiM Typansl 6ubnuorpadus-
nblk manimettep 7.1-2003 MEMCT-Ha cankec pacimaeneni. Ogebuetrep
Ti3iMiH pacimaey ynrici )xypHanablH vestnik.nauka.kz cantelHga yCbIHbIN-
FaH. ©OpgebueTTep TisiMiHE HOPMATMBTIK KyXaTTap, CTaTUCTUKanbIK >XU-
HaKTap, raseTTepAeH arnbiHFaH Makananap kKipmeldi. Onap maTiHae ai-
ThifIFAHHAH KEWiH XakLlaFa anbiHagbl. VIHTepHeT-canTTapra cintemernep
7.5-98 MEMCT-Kka cankec xyprisineai.
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©3iHe-e3i cinTeme xkacay xannbl TidiMHiH 20-30%-HaH acnaybl Kepek.
10-15 xbIngaH acnanTblH, acipece kongaHbansl cunatTarbl Makananapra
apHanfaH aaebu ke3gep TisiMHIH egayip 6eniriH Kypaybl Kepek.

References — (©aebuetrep TidimiH TpaHcnuTepauusanay) — 7.79-
2000 MEMCT-ka calikec pacimaenesi xxeHe pegakuns TanantapbiHa Con-
KeC opHanacTblpbliaabl.

ABTopnap Typanbl manimetrtep 3 Tinge (Kasak, OpbIC, aFblsLLbIH)
Xasbinagbl.

— Teri, aTbl, 9KeCiHiH aTbl (bap 6onca), FbinbIMK aTtarbl/Aapexeci,

— aBTOpriapdblH, 8PKaNCbICBIHbIH XYMbICbIHA KOCKaH yreci — akcne-
PUMEHT, AepeKkTepdi eHaey, Tankbinay, komkasba ganbiHoay, agebuer
i3gey, 3epTTey XeHe T. O.

— OQMNEeKTPOHAbIK noLiTa.
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TPEBOBAHUA K O®OPMJIEHUIO PYKOIMNNCU

OKcnepumMeHTanbHas ctatbn — OT 7 A0 15 cTpanuy (dopmat A4),
4-6 pucyHkoB (Tabnuy), He cuuTas aHHoTaumu, Tabnuubl, pucyHkr, Cnmcok
nutepatypsl, References cnucka nutepatypsbl, CBegeHns 06 aBTopax Ha
Tpex A3blKax.

O630pHas ctatbu — 7-15 cTpaHuL, BKMoYash aHHOTaLUMK, Tabnuubl,
pucyHkn, Cnucok nuTepatypbl, References cnucka nuTepatypsbl,
KONMUYECTBO PUCYHKOB Unu Tabnuu He 6onee 9 (3 pucyHka cunTatoTcs 3a
1 cTpanuuy); CeegeHns 06 aBTopax Ha Tpex si3blKax.

KpaTtkoe cooblyeHue — 5-9 cTpaHuu, BKNoYas puCyHKM nnm tabnuubl
(He Oonblue Tpex), He cuyuTas aHHoTaumu, Tabnuubl, puUcyHKM, CnmMcok
nuTepaTtypsl, References cnucka nutepatypbl, CBegeHusi 06 aBTopax Ha
Tpex si3blKax.

TekcToBble (hainel criegyeT npeacrtasnsatb B popmate PDF n Word
(Bepcumn 6.0 1 6onee nosagHue), wWpudgT — Times New Roman, pasmep —
12pt, NHTepBan - 1,15, B 04HY KOMOHKY.

LUABIIOH HAMUCAHUA CTATbU

koa MPHTU (MexrocynapCTBeHHbIN pybprkaTop Hay4yHO-
TEXHUYECKON nHpopMaLmn)

daMunua U UHULManbl aBTOPOB — Ha 3-x A3blkax (Ka3axcKuw,
PYCCKWI, aHIMMNCKMIA) (NepBbii — aBTOP TEKCTa, 3aTeM COaBTOPbl U
Hay4Hble PYKOBOAUTENN);

HaumeHoBaHue mecta paboTbl, ropof, cTpaHa — Ha 3-X si3blkax
(ka3axcKui, pycCKUIM, aHTITMNCKNIA);
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Ecnu aBTOpbl CTatbu M3 PasHbIX YYPEXOEHUN, TO B KOHLE KaKOOW
dammnmm NocTaBuUTb HAaACTPOYHYIO LMpy, COOTBETCTBYIOLLYIO MECTY
paboTbl. Hwxe ykasaTb MecTo paboTbl kaXaoro aBTopa U NocTaBuUTb
HaACTPOYHYO LUMdpPY B Havane HaMMeHoBaHUsA Mecta paboTbl.

lMpumep: Bepukoe A.K.", Bacunbee C.HN.?
"MHCTUTYT ropHoro aena, r. Anmartbl, KazaxctaH
2 Kblprbl3CKuiA ropHO-MeTannypruyeckmnii UHCTUTYT UM. Akagemuka

Y. AcaHanuesa,
r. Buwwkek, KeipreiactaH

3arnaBue cTaTby — Ha 3-X sA3blkax (Ka3axCKuM, PYCCKUA, aHTTTMNCKNIA);
- [OMKHO ObITb MakcMMarbHO KpaTKuM, WHPOPMAaTuBHbIM, 0e3
COKpaLLeHnn;

AHHOTaumA: nmweTca Ha 3-X s3blkax (PyCCKWA, Ka3axCKuw,
QHITIMACKUR):

He ©Oornee 150-250 cnoB. (CogepxaHue aHHoTauuu: Llenb
ncenenoBaHuii. Yto coenano. Yto obHapyxeHo. Yem BaxHbl pe3ynbTaThl,
O6nacTb npumMeHeHusi, EcTb nn aHanoru B Mupe);

KnioueBble crnoBa: nuwyTtca Ha 3-x A3blkax (Ka3axCKUM, PYCCKUW,
aHIMIMACKMIN) — Bcero 5-6 oAMHO4YHBIX crioBa M He Gonee ABYX-TPEX
CNoBOCOYEeTaHum;

TekcT cTaTbu: BKoYaeT Tabnmubl, PUCYHKM, CIMCOK LUTUPOBAHHOM
nTepaTypbl;

BBeaeHue — KpaTkoe 13NI0XKeHVe UCTOPUI BOMPOca C PacCMOTPEHUEM
OTEYECTBEHHbIX U 3apyBexHbIX paGoT, B KOTOPbIX aHanorMyHble unu
Grm3KkMe uccrnenoBaHus yxxe NPOBOAUNUCH 3a NOCedHe AeCATUNETUS;

Llenb nccrnepnoBaHusa — KkpaTkoe onvcaHue;
MeToabl uccrnegoBaHua — criedyeT AeTanbHO ONMUChbiBaTb HOBbIE

MeTodbl; Ha paHee OMNybnvMKoBaHHble U O6LLEN3BECTHbIE MeTOoAbl
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[OCTaTOMHO COCnaThbCs B CMMCKE NMTepaTtypbl, ykasaB aetopa w/vnu
Ha3BaHWe mMeToaa;

— Tabnuybl [OMKHBbI ObITb NPOHYMEpPOBaHbl apabckumm umndpamm
M UMETb onucaTtenibHoe Ha3BaHue. YncrneHHble M3MepeHns (eAvHULbI)
[OIMKHbI BbITh BKIMOYEHbI B 3aronoBok cTonbua.

— PucyHku (rpadvkuy, YepTexun 1 Mp.) N UBETHbIE MAMCTPauun npu-
HMMAIOTCS K MeyaTtu, TONbKO B NyylleM KadecTBe. PUCYHKN OMMKHBI UMETb
KpaTKve 3arofioBky, AaoLme TOHHOE OnmncaHne K M306pakeHnto Ha puUCyH-
Kax. 3arofoBKN PUCYHKOB He OOMMKHbl pasMeLlaTbCa Ha UNMiCcTpaumsx.
HesaBuncrMo OT Tuna rpadmkmn, PUCYHKM AOMKHbI 06nagaTth BbICOKMM pas-
peLueHnem, He Hke 600 Todek Ha aronm. MakcmanbHbIn pasmep pUCyH-
koB 120 x 210 mMm. 3a npefocTaBneHHbIE HE KAYECTBEHHbIE rpadnyeckme
mMaTepuansl, Npy nyénmkaumm pegakuns OTBETCTBEHHOCTM HE HECET.

Pe3yanaTb| nccrnegoBaHuna — nNpmMBoOAATCA OCHOBHbIE TeopeTunye-
CKMEe M 3KCnepuMeHTalribHble pe3ylibTaThl, q.)aKTI/I‘-IeCKMe [aHHble, 00OHa-
PYyXeHHble B3anMOCBA3N N 3aKOHOMEPHOCTN. I'Ipm 3TOM OTAaeTcda npen-
NnoYTeHne HOBbIM pe3yribTaTaM, BaXXHbIM OTKPbITUAM, BbiBOA4AM, KOTOPbIE
onpoBeprarT CyLecCTByOLME TEOPUN, a TaKKe AaHHbIM, UMEHLWNM npak-
T4eCcKoe 3Ha4veHune.

O6cyxaeHne pe3ynbTaToB — MPOU3BOAUTCHA COMOCTaBIIEHNE C NyY-
LUMMM OTEYECTBEHHLIMU 1 MUPOBLIMWU aHanoramu. OnuckiBalTCA ANCKYC-
CUOHHbIE MOMEHTLI UCCIIEA0BaHUS, U Balle BUOEHNE UX pa3peLLeHms.

BbiBOA — noaBeaeHne MToroB paboTbl, 060CHOBaHME HOBU3HbI U ak-
TyanbHOCTV UCCMe0BaHUs, PEKOMEHAALMMN MO NPUMEHEHWIO MOMyYEHHbIX
pe3ynbTaToB.

UcTo4yHunk chuHaHCHpoBaHUA nccrnegoBaHUm — Be4OMCTBa, POoHAbI,
OTAenNbHble Noan N T.A4. OOMKHbI ObITb NOMELLEHbI nepen CrNMCKOM UC-
Nnonb30BaHHOW NUTEepaTypbl. HaumeHoBaHWst hrHAHCUPYOLLUX OpraHu3a-
LM OOMKHbI ObITb HanNMcaHbl MOMHOCTLIO.

BnaropgapHocTb — Bblpa)kaeTcsi 6narogapHOCTb CMOHCOpam, Hayd-
HbIM PYKOBOAMTENSM, NLaM, MPUHMMAaBLLMM OesTenbHoe ydyacTue B pa-
6oTe u np.
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Cnucok nutepaTtypbl — CCbIfKM B TEKCTE HYMEPYHOTCA NO Bo3pacTa-
HWIO B NOPSAKE UX YNOMUHaHUs. bubnuorpadguyeckue ceegeHms o nyonu-
kauum ocopmnstotrca cornacHo NOCT 7.1-2003. B cnvcok nutepaTypbl
He 8KJ/1r04aromcsi HOpMaTUBHbIE JOKYMEHTbI, CTaTUCTUYECKUE COOPHUKM,
cTaTbyM M3 raseT, Tak Kak Mx ohopMIIstOT B Kpyrible CKOOKM nocre yno-
MUHaHNA B TekcTe. CChINKN Ha MHTEPHET-CanTbl MPOU3BOASATCH COrMacHo
FOCT 7.5-98, npegnouteHne OTAAETCS ANEKTPOHHBIM XXypHanam.

CamoyumupoesaHue He 0OmMkHO npeBbiwaTtb 20-30% oT obuiero cnu-
cka. JlntepatypHble UCTOYHMKM AaBHOCTbIO He 6ornee 10-15 neT 4OMmKHbI
COCTaBNATb 3HAYUTENbHYK YacTb CrnMcKa, OCOBEHHO Ans cTaTen npwu-
KnagHoro xapakrepa.

References — (TpaHcnutepauusa Cnucka nutepaTtypbl) — 0POpM-
nsietcs cornacHo NOCT 7.79-2000 n pasmellaetcs B COOTBETCTBME C
TpeboBaHMAMMN peaakuun.

CBepneHuns 06 aBTOpax Ha 3-X A3blKaX (Ka3axCKUM, PYCCKUI, aHrNnii-
CKUR):

- (hamnnng, UMs 1 OTYECTBO NOSTHOCTBLIO (ECNN eCTb),

- Hay4yHas cTeneHb/3BaHue,

- MecTo paboTbl aBTOpa

- BKnag B paboTy Kaxgoro m3 aBTopoB — OkcnepumeHT, ObpaboTka
HaHHbix, O6cyxaeHne, Mogrotoeka Pykonucu, Mowck Nutepatypel, Wc-
crefoBaHus 1 np.

- ONEKTPOHHas nouyTa.
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