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Prospective sources of natural sesquiterpenoids

Abstract. Sesquiterpene lactones are the main component of many genera of the Asteraceae
(Compositae) family. They include active compounds that are used in traditional medicine to treat
a variety of ailments. Several sesquiterpene lactones, such as mipsagargin and artemisinin, are
already available for sale and used to fight tumor growth, and malaria, respectively. In this
article, we present data on prospective sources of new sesquiterpene lactones from species of the
Asteraceae family over the past 10 years. The review contains information on the geographical
distribution of genera, instrumental methods of analysis, as well as an explanation of the chemical
structure and biological activity of sesquiterpene lactones isolated for the first time.

Keywords: isoprenoids, sesquiterpene lactones, Asteraceae.

DOI: https://doi.org/10.32523/2616-6771-2022-140-3-7-18

Introduction

Higher plants have unique feature such as secondary metabolism. The group of metabolites called
"substances of secondary metabolism" covers an almost limitless spectrum of a wide variety of
compounds synthesized mainly by plants. These substances perform various functions, and far from all
of these functions have been elucidated to date.

Plants characterized by a significant accumulation of certain secondary metabolites are valuable
raw materials for many industries.

Isoprenoids are the most important class of secondary metabolites, most of which have high
biological activity. Sesquiterpene lactones from the Asteraceae family occupy a special place among
isoprenoids [1].

There is currently a growing interest in sesquiterpene lactones, mainly because of their
importance as chemical markers in biosystematic studies, but also because of their wide spectrum of
biological activity. The antioxidant, antimicrobial, molluscicidal, antitumor, antidepressant, antiulcer,
anthelmintic, anti-inflammatory, hepatoprotective and hypnotherapeutic biological properties of
sesquiterpene lactones have been described. The importance of these compounds as attractants,
repellents, and antifeedants in the interaction of plants with insects is mentioned [2, 3].

The chemical structure of these compounds is based on a 15-carbon skeleton containing an a, (3-
unsaturated-y-lactone part. The biological activity of sesquiterpene lactones is largely due to the
presence in their chemical structure of the a-methylene-y-lactone group. Both natural and semisynthetic
derivatives are considered, focusing on sesquiterpene lactones as candidates for the development of
new drugs for the treatment of different disorders [4].

The purpose of this review is to analyze prospective sources of new perspective sesquiterpene
lactones over the past 10 years and elucidate their structure and biological activity for further
development of useful drugs with a wide range of pharmacological activity.
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Results and discussions

The present review contains an investigation of promising sources of sesquiterpene lactones from
the Asteraceae family.

For 20 years, 133 species of plants from the Compositae family were studied. About 6,000 plant
species grow on the territory of Kazakhstan, of which more than 600 are endemic, which have not
previously been studied by environmental sources. A chemical analysis of these plants was carried out,
as a result of which more than 60 sesquiterpene lactones were identified, among which 11 are
eudesmanic, 15 compounds are germacrane type. Also, 32 guaianes, 3 pseudoguaianes, and 3 dimeric
lactones were obtained. It should be noted that most of the isolated lactones are guaianolides. Among
the yields of identified sesquiterpene lactones, 12 are formed, not previously described [5].

Achillea millefolium L., from the Asteraceae family, is native to Europe and western Asia and is now
widely distributed in Europe, North America, North Africa, Iran, Mongolia, and Siberia [6]. According
to Hongliang Li seven undescribed guaianolide sesquiterpene lactones, millefoliumins (1-7), and five
known substances were isolated from the whole plant of Achillea millefolium L. that grows in Xinjiang,
China. They described the isolation, structural elucidation, and biological activities of foregoing
compounds (3) Figure 1 shows the planar structure of millefoliumins (1-7), which contain a 3-oxo-
guaianolide sesquiterpene lactone with a rare cyclopentenone ester moiety. Analysis of 1D and 2D NMR
data suggested high similarities between the structures of (1) and (2) except for the replacement of an
angeloyloxy (ang) group in compound (1) by a 3-methylbutyryloxy (isovalerate) group in compound

(2)-

1 Ri=OH Re=Ang 5 6 Ri=Cl R=OH Rs=H
2 Ri=OH Rz=Isovalerate 7 Ri=H R=Cl Rs3=0H
3 Ri=OCHs3 R2=Ang

4 Ri=H R2=Ang

Figure 1. Structures of millefoliumins (1-7)

The researchers note that millefoliumins F (6) and G (7) and austricin may improve melanogenesis
by increasing melanin content and tyrosinase activity in melanoma cells. In addition, millefoliumins A
(1), C (3), and D (4) and austricin showed anti-inflammatory activity in relation to the production of NO
in cells [7].

A group of scientists has investigated EtOAc phase of the ethanol extract of Ainsliaea yunnanensis
which is distributed in Yunnan, Guizhou, and Sichuan provinces in China [8] and isolated 10
sesquiterpenoids and 16 triterpenoids from which four known compounds showed selective cytotoxic
activities and one new compound showed anti-inflammatory activity [9-11]. Furthermore, the
remaining fraction of the EtOAc phase showed good anti-microbial, cytotoxic, and anti-inflammatory
activities. The experiment was conducted with the remaining active fraction and resulted in the
isolation and further structural identification of one new dimeric, gochnatiolid E (8), and trimeric,
ainsliatriolide C (9) sesquiterpene lactones.
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Figure 2. Structures of gochnatiolid E (8) and ainsliatriolide C (9)

The chemical structure of gochnatiolid E (8) and ainsliatriolide C (9) combining with its molecular
formula in the 'H and *C-NMR spectra indicated the presence of two and three guaianolide moieties
respectively in Figure 2 [12].

Artemisia is one of the largest and most extensively dispersed genera in the Asteraceae family, with
approximately 500 species found primarily in temperate regions of Europe, North America, and Asia.
Artemisia species are tiny shrubs or annual, perennial, or biennial herbs. These species primarily contain
coumarins, terpenoids, flavonoids, sterols, caffeoylquinic acids, and acetylenes, according to previous
research [13]. Most isolated sesquiterpenes from the class Artemisia highlight the a-methylene-y-lactone
moiety, which has regularly spoken to a wide range of bioactivities counting anti-inflammation,
antitumor, antimicrobial, and so on [14,15].

A new sesquiterpene lactone, artemarginolide E (10), was isolated from a traditional Chinese
medicine taken from Artemisia arqyi. Its structure was presented in Figure 3 based on the broad
investigation of spectroscopic information [16].

OH

I

own

O
10
Figure 3. Structure of artemargyinolide E (10)

Similarly, a team of researchers from the China University of Pharmacy reported the isolation,
structural identification, and determination of the inhibitory biological activity of four novel highly
oxidized sesquiterpenoids, argioxinolides A-D (11-14), from the leaves of Artemisia argyi. The structures
in Figure 4 were characterized by extensive spectroscopic methods [17].
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Figure 4. Chemical structures of argioxinolides A-D (11-14)

Genus Artemisia L. has been used since ancient times as a folk remedy to relieve coughs, reduce
phlegm, improve blood circulation, etc. [18].

As a result of the research of Kazakh scientists under the leadership of Academician S.M.
Adekenov, two new eudesmane sesquiterpene lactones (15-16) were isolated from the species Artemisia
halophila (Figure 5). Their structure has been proven by X-ray structural analysis in addition to
spectroscopic methods [19].

A

il

15 O

Figure 5. Chemical structures of arhalin (15) and 3B-hydroxyarhalin (16)

According to the literature, one new dimeric, artemisiane E (17) and two monomeric,
artemdubolide I (18) and noreudesmane (19) sesquiterpene lactones were isolated for the first time from
the Artemisia genus Artemisia heptapotamica, which was collected in Almaty region of Kazakhstan. It is
noted that most monomeric sesquiterpenes demonstrated stronger inhibitory activities than the
dimerized sesquiterpenoids, but further evidence was not provided for the structure-activity
relationship. The chemical structures in Figure 6 were mostly achieved by detailed analysis of MS, ECD
spectrum, 1D, and 2D NMR spectroscopic data as well [20].

Figure 6. Chemical structures of artemisiane E (17), artemdubolide I (18) and noreudesmane (19)
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Similarly, two new guaiane sesquiterpene lactones were isolated from Artemisia vulgaris aerial
parts. A combination of spectroscopic tests, including 1D and 2D NMR, CD, and HR ESI MS, were used
to deduce the structure of sesquiterpene lactones, vulgarolides A (20) and B (21), in Figure 7. The
sulforhodamine B colorimetric assay was used to assess theirs in vitro cytotoxic capabilities against five
human cancer cell lines [21]. It is known that this herb is widely grown in Vietnam and has been used in
folk medicine to treat metrorrhagia, the threat of pregnancy loss, menstrual abdominal pain, and
irregular menstruation [22].

H H

~
~
~

N
S

HO e

Figure 7. Chemical structures of vulgarolides A (20) and B (21)

As part of an ongoing investigation on Campuloclinium macrocephalum extracts and their isolated
sesquiterpene lactones exhibit anticancer activities against various cancer cell lines [23-27]. In addition,
phytochemical research on Campuloclinium macrocephalum showed the identification of three unknown
germacranolide sesquiterpene lactones, macrocephalide A-C (22-24), as well as known steroids and
triterpenes, and the flavonoids taxifolin and quercetin-3-O—L-rhamnopyranoside-7-O—D-
glucopyranoside.

Also, the isolation, structure elucidation in Figure 8, including absolute stereochemistry
assignment, and the cytotoxic activities of the undescribed sesquiterpene lactones, macrocephalide A-C

(22-24), was described.
OH

OR OH

22 R=Ac;23 R=H 24

Figure 8. Chemical structures of macrocephalide A (22), macrocephalide B (23), and
macrocephalide C (24)

In antiproliferative experiments, macrocephalide A (22) suppressed the growth of melanoma and
kidney tumor cells more selectively, while macrocephalide B (233) inhibited the growth of
adenocarcinoma ovarian cells more effectively. The findings support the anticancer characteristics of
sesquiterpene lactones and may contribute to their ecological roles, such as C (24). Macrocephalum's
effect on phytopathogenic fungi was already described [28].
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One of the perspective sources of sesquiterpene lactones is Carpesium abrotanoides from the
Compositae family. Carpesium is a genus that contains approximately 21 species, the majority of which
are found in Asia and Europe. The chemical constituents of Carpesium abrotanoides were investigated as
part of the study of the bioactive components of medicinal plants. As a result, three new sesquiterpene
lactones were discovered: 5-hydroxy-4,15-epoxy-11H-eudesman-12,8-olid (25), carabrol-4-O-palmitate
(26), and carabrol-4-O-linoleate (27), in addition to five known sesquiterpene lactones [29-33]. The
isolation and structure elucidation in Figure 9 of these new compounds have been proven by extensive
spectroscopic analysis.

27

Figure 9. Chemical structures of 5a-hydroxy-4a, 15-epoxy-11aH-eudesman-12,8B-olide (25),
carabrol-4-O-palmitate (26), and carabrol-4-O-linoleate (27)

They also tested new sesquiterpene lactones for cytotoxicity against human leukemia and breast
cancer cells [34].

Similarly, the traditional Chinese plant Carpesium abrotanoides L. was used to isolate five new
guaiane-type sesquiterpene lactones from the whole plant. All sesquiterpene lactones have been tested
in vitro for their cytotoxic activity against cancer cell lines, of which carogyanolide A-E (28-32) has
shown significant cytotoxic activity. Chemical structures of compounds in Figure 10 were determined
on the basis of spectroscopy data. Further, their relative configuration was determined from the NOESY
spectrum.

28
R1 R2 Rs R4
31 «OH PB-CHs B-OH «a-CHs
32 B-OH o-CH3 a-OH B-CHs
Figure 10. Chemical structures of carogyanolide A-E (28-32)
12 Ne 3(140)/2022 A.H. Tymuaes amoindazor EYY Xabapuroicor. Xumus. Teozpagus. Dxorozus cepuscor

ISSN: 2616-6771, eISSN: 2617-9962



A.M. Yelshibayeva, R.I. Jalmakhanbetova

From the point of view of biosynthesis, all isolated compounds are close relatives and are
derivatives of +/- germacrene A. The authors of the article indicated the probable pathways for the
biosynthesis of new 8, 12-guaianolides A-E (28-32) [35].

The isolation from Carpesium abrotanoides of five new dimers of C17/C15 sesquiterpene lactones,
namely, carabrodilactones A-E (33-37) aroused considerable interest among researchers. The structures
of compounds were established based on spectroscopy data as shown in Figure 11.

33 R=0
34 R=0H

Figure 11. Chemical structures of carabrodilactones A-E (33-37)

They proposed a biogenetic pathway for the synthesis of sesquiterpene lactone dimers through
two Michael addition reactions. Most importantly, the absence of exo-ethylene in the C17/C15
sesquiterpene dimers does not affect cytotoxic in the end [36].

As part of the search for new sesquiterpene lactones, a photochemical study was made of
sesquiterpene derivatives from Iranian medicinal exhibiting antimicrobial and anticancer properties
[37]. Scientists from Iran in the article describe the isolation and elucidation of the structure of two new
sesquiterpene lactones, rhisantolide A (38) and rhizantolide B (39), from the aerial parts of Centaurea
rhizantha, which grows in the northeast of Iran. They also evaluated their antimicrobial and cytotoxic
activity against gram-positive and negative bacteria. It is noted that rhisantolide B (39) is a rare
guaianolide with a free basic alcohol functionality at C-10, as well as with a 3,10-epoxy functional
group.

Their structure was determined using 1D and 2D NMR, as well as HR-ESIMS measurements.
According to the detailed spectroscopic analysis, the structure of rhisantolide B (39) is almost identical
to rhisantolide A (38) in Figure 12. Exception was in absence of an alcohol group at C-9 and the absence
of an exomethylene group which substituted by the primary alcohol function [38].

CH,OH

il ==
nl

||I|||OH

38

39

o

Figure 12. Chemical structures of rhisantolide A (38) and rhizantolide B (39)
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Another source of sesquiterpene lactone is Elephantopus scaber from the Asteraceae family, also
known as Didancao in Chinese, which is found throughout Europe, Asia, and Africa [39]. Germacrane-
type sesquiterpene lactones, which are the main chemical components of Elephantopus scaber, have
drawn increased attention from the chemical and biological communities due to their significant
anticancer action [40]. Currently, 16 new germacrane-type sesquiterpene lactones, elephantopinolide A-
P were isolated by chromatographic purification of Elephantopus scaber. Their structures were confirmed
by comprehensive spectroscopic analyses, single-crystal X-ray diffraction, and comparison between the
experimental and calculated ECD spectra. The study demonstrated that elephantopinolide ] could
markedly cause G2/M phase arrest, autophagy, and apoptosis in hepatocellular carcinoma cells. Their
chemical structure has been confirmed by detailed spectroscopic analysis, X-ray diffraction and ECD
spectra [41].

Researchers from the previous study continued their study on the extraction of sesquiterpene
lactones from the Elephantopus scaber. They have isolated seven undescribed germacranolides, named
scabertopinolide A-G from this whole plant. The chemical structures were determined as in the
previous investigation. It is worth noting that the cytotoxic activity of scabertopinolide G against the
three cancer cells was the highest. Furthermore, flow cytometry data suggests that scabertopinolide G
may cause cancer cells to die by inducing apoptosis. The findings suggested that scabertopinolide G
might be a viable chemotherapeutic lead chemical worth investigating further for cancer treatment [42].

A group of scientists led by Ding-Chai Lin continued a phytochemical analysis on Elephantopus
scaber and isolated three novel sesquiterpene lactones, scabertopinolide H-J (40-42). Detailed
spectroscopic research and literature comparisons were used to determine their structures in Figure 13.

0]
40 41 42

Figure 13. Chemical structures of scabertopinolide H (40), scabertopinolide I (41),
scabertopinolide J (42)

The 'H and *C NMR data indicated the presence of three olefinic bonds, three methyl, and three
carbonyl groups. New sesquiterpene lactones were tested for anti-inflammatory activity and these
chemicals were shown to be more effective than the positive control resveratrol [43].

Conclusion

This article demonstrates an investigation of promising sources of sesquiterpene lactones from the
Asteraceae family, especially: Achillea millefolium L., Ainsliaea yunnanensis, Artemisia argyi, Artemisia
halophila, Artemisia heptapotamica, Artemisia wvulgaris, Campuloclinium macrocephalum, Carpesium
abrotanoides L., Centaurea rhizantha, Elephantopus scaber. The review examines scientific articles published
over the past 10 years. The article gives descriptions, biochemical properties, geographic distributions,
as well as chemical structures of plants from the Asteraceae family, from which new sesquiterpene
lactones have been isolated. This review reveals the significant potential of sesquiterpene lactones in
promising natural sources from the Asteraceae family, which can further be used in traditional
antiparasitic medicine, as well as an alternative for cancer treatment and insecticide control in the agro-
industry.
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A.M. EamriGaesa, P.J. JKaamaxauOGeToBa
A H. I'ymunaes amoindazor Eypasus yammuix ynusepcumemi, Hyp-Cyaman, Kasaxcman

TaOuru TepneHONATapABIH Keaemeri Oap Kesaepi

Anpaarmia. CeckButepnieHai AakToHaap Asteraceae (Compositae) TYKBIMAACBIHBIH KOIITereH
TYKBIMAAPBIHBIH HeTisri Kypamaac 0eairi 0oabin Tabbiaagapl. Oaapra apTypai aypyaapAbl eMAey YIIiH
AdCTypAai  MeaAuIIMHaJa KOAJaHBLAATBIH OeAceHAl  KOCBIABICTAp —Kipedi. MmwrcarapruH — >KeHe
apTeMMU3MHUH CHUAKTBHI OipHellle ceCKBUTepIIeHAl AaKTOHAAp Kas3ipAiH e3iHJAe caThbLAbIMFa IIbIFapblLAFaH
>KoHe ColIKeciHIIIe icikTepaiH ecyiMeH >KoHe Oe3reKIleH Kypecy VIIiH KoAJaHbldaAbl. bepiaren makasasa
coHrpl 10 Kplagarel Asteracede TYKBIMAACBIHBIH TypAepiHeH >KaHa CeCKBUTepIleHAi AaKTOHAApAbIH
IepCIeKTNBAABIK Ke3Aepi Typaabl Moaaimerrep ycoiHbLAFaH. Illoayaa TyKpIMAapAbIH reorpadpusabIk
TapaAybl, TaaJayAblH acIalThIK o4icTepi, cOHAail-aK OipiHIIi peT OOAiHIIl aablHFaH CeCKBUTepIIeHAl
AAKTOHAAPABIH XMMMAABIK KYPBLABIMBI M€H OMOAOTUAABIK, OeACeHAiAIriHiH TyciHAipMeci Oap.

TyitiH ce3aep: n3onpeHouaTap, ceCKBUTepIIeHAL AaKTOHAAp, Asteraceae.
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Prospective sources of natural sesquiterpenoids

A.M. Eammbaesa, P.U. AxxaamaxanGeToBa
Espasuiickuii nayuonaronvui ynusepcumem umenu /A.H. l'ymuresa, Hyp-Cyamarn, Kasaxcman

HepCHEKTI/IBHbIe VICTOYIHVKMU IIPUPOAHBIX TePIIEHONAOB

AHHOTaHI/Iﬂ. CeCKBI/ITepHeHOBLIE Z1aKTOHBI SBASJIOTCI OCHOBHBIM KOMIIOHEHTOM MHOIMX pO,ZI,OB
cemerictBa Asteraceae (Compositae). B x cocTaB BXOAAT aKTUBHBIE COeAVMHEHN I, KOTOPbIe MCII0Ab3YIOTCS B
HapO,ZI,HOIZ MeaAULHe AA5 A€9eHNMsI CaMbIX paSHbIX 0oae3Hern. HEKOTOpLIe CeCKBI/ITepHeHOBbIe /AaKTOHBI,
TaKlVe KaK ancaraprMH n apTeMI/ISI/IHI/IH, y>Ke ,ZI,OCTyrIHbI AL HpO,ZI,a)KI/I n I/ICHOABSYIOTC}I A5 60pb6bl C
POCTOM OIlyXOAM ¥ MaAspuell COOTBETCTBEHHO. B JaHHOII cTaThe IIpeACTaBAEHBI MCCAEAOBAHUS O
HepCHeKTVIBHbIX JICTOYHMKaX HOBBIX CeCKBI/ITepHeHOBI)IX /1aKTOHOB U3 BIAOB ceMmericTtBa Asteraceae 3a
nocaeanue 10 zaer. O030p coAep>XUT cBedeHNUs O TeorpapuueckoM pacIpOCTpPaHEHU!U POAOB,
I/IHCTPYMGHTaAI)HI)IX MeTO4aX aHaAn3a, a TaK>Ke OOBSICHeHIe XMMIYEeCKOIO CTpOGHI/I}I 1 OM0A0IMYeCcKOM
AKTVBHOCTI BHepBbIe BbIAeA€HHBbIX CeCKBI/ITepHeHOBI)IX /AAaKTOHOB.

KaroueBbie ca0Ba: M30ITpeHONABI, CECKBUTEPIIEHOBLIE AaKTOHEI, Asteraceae.
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V3yueHne reMOpe0A0IM4IecKOi aKTMBHOCTH TeTepOIMKANIeCKX
HPOM3BOAHBIX IUTV3MHA Ha MOAeaAN CMHApPOMa
MOBBIIIEHHOM BA3KOCTU KPOBU in vitro

Annortaumsi. B cmamove npusedervl pesyAbmamul OUeHKU 2eMOPeOA0ZUECKOtl aKmMUsHOCHIU
2eMepoUUKAUMECKUX NPOUSC00HBIX UUTUSUHA HA MOJEAU CUHOPOMA NOGbIULEHHOT 6A3KOCU
Kkposu in vitro. CuHOpoM NOGLILEHHOI 653KOCTU KPOSU 6 YCAOGUSX in Vitro 60CHPpOU3600UAU
unxybayuei kposu npu memnepamype 43,0°C ¢ meuerue 60 murym. B xauecmee 00vexnos
uccaedosanus OviA  63m  pad  2emepoyUKAUMECKUX NPOUSG00HDIX AAKANOUOA  YUIMUSUH,
00Aadarouyezo  6o1COKOT  OUOA0ZUMECKOTl AKMUEHOCHbIO. YCmanoéAeHo, 4mo uHKyOuposarue
KPOBU 6 6OIULEYKASAHMDIX YCAOBUAX NPpusodum K JoCHO6epHOMY NOGOIULEHUTO 3KOCTU KPOsU
npu pasAutHoll cxopocmu epawerus wnuxdeas om 2 c-1 do 40 c-1, umo céudemervcmsyem o
popmuposaruu  eunepssskocmu kposu. Cpedu 5 usyuennvix obpasuos 3 obpasua 4-[(3,5-
Ooumemur-1,2-oxcasor-4-ur)cyrvponur]yumusur, — 4-[(3-memua-5-{(4-xroppe-rur)ameriur}-
1,2-0xcazor-4-ur)cyrvoHurJuumusun u 4-[(3-memur-5-{(2-zudpoxcu-5-6pompe-
HuA)amenur}-1,2-0kcasor-4-ur)CyrAboHUAJUmMusUH ~ NPosUAL  CHOCOOHOCTD — CHUXKAMD
63K0CHIb KPOGU HA MOOEAU 2UNEPEASKOCU Kposu in vitro.

KaroueBble caoBa: aAkaroud uumusut, 2eMopeorozueckas akmueHocnv, unkyouposanie,
2UNepessKocHib Kposu, in vitro.

DOI: https://doi.org/10.32523/2616-6771-2022-140-3-19-31

BBeaenue

LIntn3nH 1 ero mpomusBOJHBIE IIPMBAEKAIOT BHUMAaHIE lMccAeAoBaTeleil 0aarogapsi IMIMPOKOMY
CHeKTPY OMOAOIMYeCcKOil aKTMBHOCTM (CIa3MOAMTUYECKOM, XOAMH®PINYECKON, aHaAbIeTHYecKoii),
KOTOpas oOycAOBA€Ha ero BBICOKMM CPOACTBOM K HUKOTUH-aIleTMAXOAMHOBBIM HelipopelenTopam
(nAChRs) [1]. B nocaeanee Bpems ipeAIIpMHMMAIOTCS HOMIBITKM CO3JaHMSI Ha €T0 OCHOBEe CPeACTB AAsd
AedeHnst 0oaesHent Aapureiimepa u [lapkuncona u HekoTopeix Apyrux paccrporicts ITHC.

IIntuanH oxasbiBaeT BO30YyXKJaloIllee JeliCTBME Ha TaHIAMM BereTaTMBHOIO OTJAeAa HepBHOI
CIICTEMBI U B HACTOsIIIlee BpeMsI OH UCII0Ab3YeTCsl B MeAUIIMHCKOM ITpaKTUKe B KauecTBe AbIXaTeAbHOIO
aHazenTuka B suge 0,15 %-ro BogHOTO pacTBopa, U3BeCTHOro 1o/ HaszpaHueM «Lluturon» (Cytitonum)
[2]. XapakTepHBIM CBOIICTBOM LMTU3MHA SBASETCS CLIOCOOHOCTD €ro BO30y>KAaTh AbIXaHIe, CBA3aHHas C
pedaeKTOpHOI CTUMYASIMEN AIXaTeAbHOTO IIeHTpa YCUAeHHBIMU MMITyAbCaMM, ITOCTYHAIOMNMU OT
KapOTUAHBIX KAyOoukos. OJHOBpeMeHHOe BO30YyKJAeHUe CUMIIaTM4ecKMX Y310B U HaAIlOYeYHIKOB
IPUBOAUT K TIIOBBIIIEHMIO apTepMaAbHOTO JAaBAeHUsA. B cBsI3M ¢ STUM IIUTU3UH PeKOMEHAYIOT
UCII0AB30BaTh B CAyYasiX OCTAHOBKM ABIXaHMSA HPU XUPYPIUMUIecKMX orepanusax, acPuKImm, AAsd
YCIUAEHUST ABIXaHUS U CepPAEUHOI AesITeAbHOCTH TPV MHTOKCUKAIIIA.

Moanduxanmss XMHOAM3UAVHOBOIO alKaJlouja HIMTU3MHA OTKpbIBaeT IIMPOKME BO3MOXKHOCTU
AAsl TIOMCKa BBICOKOD((PEKTUBHBIX, M30MpaTeAbHBIX, CTepeocrelnPUIHbIX OMOAOTMYECKN aKTUBHBIX
BEIIIeCTB.
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[Tatoaormueckue M3MeHeHUs PeOAOTMYECKUX CBOVICTB KPOBM WUIPAlOT 3HAUMTEAbHYIO pOAb B
pasBuTUM Takux 3aboaeBaHMII, KaK MIIeMIYECKNII MHCYABT, MHPAPKT, MIOKapaa, TUIIepTOHMYeCcKas
00ae3Hp, OpoHXMaAbHasl acTMa, Amaber um Ap. [3-6]. Hecmorpss Ha TO, 4TO 3a mOCAesHee BpeM:l
AOCTUTHYT 3HAUMUTEABHBINI IIPOTpecc B M3yYeHUU MeXaHU3MOB TIeMOpPeOAOTMYeCKUX HapyIleHNit
apceHaa cpeAcTB (papMaKoOAOrMIecKkoil Koppekium HesHaunrteleH [7]. K namboaee sdpdpexkTnBHBEIM
IperlapaTaM OTHOCSTCS Takue IIperapaTsl, KaK II€HTOKCU(PUAANH, KAONNAOTpel, TUKAOIUAVH,
acMpuH, TrUnoAnmnuieMmdeckue cpeacrsa. OgHako HegocrarouHast (PQPeKTUBHOCTh U HaAW4dMe
HeXxeaaTeAbBHBIX  9(PQPeKTOB  (ANCIIeIICMYecKue sBAEHUs, KUIIeYHble KPOBOTEUYEHMS, KOXKHBIE
reMopparuy, AeiKoneHus, TpPOMOOIIUTOIIeHN s, arPaHyA0IIMTO3) OTpaHNMYMBAIOT X NpuMeHeHue [8]. B
CBA3U C DTUM IpeACTaBAseT MHTepeCc ITOMCK HOBBIX XMMUYECKMX COeAMHEHMII AAsl pa3paboTKu
aKTMBHBIX TIeMOpeOAOTMyecKuXx IIperapaTroB, B 4YacCTHOCTM, McCAeJOBaHUE IeMOpPeOoAOIndecKon
aKTMBHOCTU HOBOTO KAacca OMOA0TMYeCK) aKTUBHBIX COe AVTHEeHNIT — ITPOM3BOAHBIX aAKaA01Aa UTU3IH.

B nposeaennsix Ha Oase «HarmonaasHoro nenrpa 6morexnoaornn» KH MOH PK nccaeaosanmsx
OBLAO YCTAaHOBAEHO HaAM4ne TIeMOpPeOAOIMYecKoil aKTMBHOCTU CpeAM IIPOM3BOAHBIX aJdKalouja
UUTU3UH, 4YTO JAelaeT AaHHBINM KAacC BeIecTB IepPCIIeKTMBHBIM A5 IIOMCKAa CpeAM HUX HOBBIX
KOPPEeKTOPOB IeMOpPeO0A0IMIeCKIX HapyIIeHUI .

ITeapio HacTOsIIell PabOTHI SABASAIOTCA M3YJeHMe AeVICTBUs HOBBIX ITPOM3BOAHBIX AYIVHIHA Ha
peoaormyeckre IokKaszaTeA KpPOBU AAsl OlpejeleHMs CTpaTerMy HallpaBAeHHOIO IIOMCKa BellecTs,
BBIOOp Hambo/lee aKTUMBHOIO COEAVHEHUSI AAsl YIrAyOA€HHOTO WM3Y4eHUsI ero Creny@uiecKon
aKTUBHOCTH.

MeToa®bI 1CCA€ AOBAHMST
OOBexTsI nccaAe 0BaHNsI TPUBEAEHEI B Ta0AmIIe 1.
TaGamria 1

Mapxkuposka (Ha3BaHIe) 00pa3IIOB 4451 IIPOBEAEHNs i Vitro OM0AOIMYIECKOTrO CKPMHIHTA Ha
reMopeoaorniecKyio akTMBHOCTb

Ne BrayTpennmit CrpykrypHas ¢popmyaa
I mmdpp ¥ Ha3BaHMe
O

1 MIN-1

/

4-[(3,5-aumeTna-1,2-okcasoa-4-ma)-cyabponmalumrmsma
2 MIN-2
o
4-[(3-meTna-5-{(4-xaopPpenmna)srenna}-1,2-oxcazoa-4-
1na)cyabPoHNA] T3 MH
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3 MIN-3
o)
4-[(3-meTna-5-{(2rmapokcn-56pomdpenna)stenna}-1,2-oxkcazoa-4-
1A4)cyabPOHNA] I TH3MH
N
N—</
S
4 MKM-5 CH,Br
O
N-LHwntusnao-5-0pommerna-1,3-tnasoans
S
I
N—C-CHZCHZ—N)J\O
N /
5 MKM-18 | N
0]
IrmusuHmg 3-(0KC030AMAVH-2-TVOH) IIPOIMOHOBOV KMCAOTBI
I
6 petiapat IMenrokcnpnaanna
CpaBHEHWS

/A5 IepBUYHOI OLIEHKM TeMOPeOAOTYeCcKOl aKTMBHOCTY 1CCAeAyeMbIX 00pa3IioB BelllecTs Oblaa
JCII0Ab30BaHa MOJeAb TUIIePBA3KOCTU KPOBU i1 vitro, MPpU KOTOPOI MHKYyOalms IpoO KpOBU B TedeHNe
yaca COIPOBOXKAaAach MOBBLIIIEHNEeM BI3KOCTM KPOBU 3a CYeT YCUAeHUs arperaliuy SpUTPOLIUTOB U
CHIDKeHUA UX 4epopMUpyeMOCTi. XapaKTep U BRIpa’keHHOCTb CABUTIOB OTAEAbHBIX ITeMOPe0A0TMIecKIX
IIOKa3aTeleil Ha STOIl MOJAeAM COIOCTaBUMBI C U3MEHeHMsMM, BO3HUKAIOIIUMU IIpU psge
I1aTOAOTMYECKUX COCTOSIHUIL, YTO I03BOAsAET MCIOAb30BaTh ee AAs OTOOpa CpeACTB, IPOSBASIONIMX
reMopeoaormyeckue cBoyicrsa [9].

Cungpom mnosbieHHon Bsaskoctu Kposu (CIIBK) B ycaosmsax in vitro BOCIpOM3BOAMAU
nHKyOa1ueit kposu npu temnepatype 43,0 °C B Teuenne 60 mMuHyT. BsAskocTh KpoBM M3Mepsiau Ha
poranyonHoM BucKo3uMeTpe BrookfieldDV2T mpu pasandHBIX CKOPOCTSX BpamjeHus mrmHAeas (40,
20,12,8,6,4,2c?).

ITocae 3abopa KpoBu y 2abOpaTOPHBIX KMBOTHBIX (camIIbl Kppic Wistar) orpeseasan mcxoAHyIO
BSI3KOCTDb KPOBI, @ 3aTeM IIPOOLI KpOBY MHKYOMPOBaAY C MCIIBITYeMBIMH BellleCTBaMII IIPY TeMIIepaType
43,0 °C B Teuenme 60 MMH M 3aTeM HPOMU3BOAMAM M3MepeHMe ICCAeAyeMBIX IToKasaTeaeil. Kposb
MHKyOMpOBaAM ¢ mccaedyeMbeiMu oObekTamy, pacrsopeHHsIMI B JAMCO, KoHeuHas! KOHIIEHTpamus
BemjecTs cocraBasaa 10# r/ma xposm. KoHTpoaem cayxmam mpoOBl KpOBM, B KOTOpbIe A00aBASAN
pactsopurear AMCO B sKkBHMOOBLEMHOM KoaAmdecTse. VIHKyOarms KpoBu B TedeHme 1 daca B 5THX
yCAOBUSAX cONTpoBOXKAaaack popmuposannem CIIBK [7].
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OOcyxaeHue pe3yabTaTOB

B ®kcnepmmenTax 1o 1ccae40BaHMIO TeMOPeOAOTMYeCcKOl aKTMBHOCTU OOpaslloB yCTaHOBAEHO,
4YTO MHKYOMpOBaHMe Kposu B TeyeHue 60 muHyT npu temnepatype 43,0 °C mpuBOAUT K AOCTOBEPHOMY
IIOBBIIIIEHNIO BA3KOCTY KPOBM IIPU Pa3AMYHONM CKOPOCTM BpallleHns mmuHAeas oT 2 ¢! go 60 ¢, uro
CBIAETeABCTBYeT O (pOPMMPOBAaHNY TUIIEPBA3KOCTU KPOBI.

B TtaGammax 2-6 um Ha pucyHkax 1-5 mpuseseHBl pe3yabTaThl CKPMHMHIA 5 IpeAcTaBA€HHBIX
cyOcTaHIIMII Ha ITpeAMeT HaAU4YMs ITeMOPeOAOTMIeCcKON aKTUBHOCTY Ha MOAeAN TUIIePBA3KOCTI KPOBU
in vitro.

TabGamriia 2

Baustane o6pasiza MIN-1 Ha BaskocTb Kposu (MIla*c) mpu pasananoi cKOpocTy BpalieHmsI
MIINMHAeAs Ha MOAeAV TUIIepBA3KOCTH KPOBMU in vitro

Uccaeaye | Baskocts kposu (MmIla*c) mpm pasamyHoil CKOPOCTM BpallleHMsl IIIMHAEeAsl, OOOpPOTH B
MBI MUHYTY

Ioka3saTte 2 4 6 8 12 20 40 60

Ab

Wexoanas | 2,71+0, | 2,25+0,02 | 2,05+0,01 1,80+0,04 | 1,68+0,04 | 1,45+0,0 | 1,30+0,0 | 1,27+0,05
BSI3KOCTD, 05 2 6

n=2

BszkocTh 8,750, | 7,05+0,14 | 5,30+0,07 4,46+0,10 | 3,65+0,29 | 3,33+0,4 | 3,01+0,3 | 2,85+0,41
KpOBU 26 2 7

gepes 1 p1=0,000 | p1=0,0000 | p1=0,0001 | p1=0,011 p1=0,0627
Jac p1=0,00 02 1 3 p1=0,04 | p1=0,036

MHKyOarm 01 20 8

n nopu 43

Ce B

KOHTpoOAe

, n=4

BsskocTts 6,830, | 5,21+0,06 | 4,74+0,08 3,81+0,08 | 3,01+0,26 | 2,67+0,1 | 2,32+0,1 | 2,17+0,10
KpPOBU 10 9 5

yepes 1 p1=0,000 | p1=0,0000 | p1=0,0001 | p1=0,026 p1=0,0040
Jac p1=0,00 01 3 p2=0,0018 1 p1=0,01 | p1=0,010 | p2=0,1580
MHKyOarm 001 p2=0,000 | p2=0,0021 p2=0,151 18 9

u npu 43 | p2=0,00 02 1 p2=0,20 | p2=0,133

Ce, 05 44 2

npobs ¢

MIN-1,

n=4

ITpumeuanue:

N — KOAMYEeCTBO Ipo0O B IPyIIIe; p — YPOBeHb 3HAUMMOCTI;

p1<0,05 — craTucTHYeCKM 3HAUMMBbIe pa3ANdys 110 CPaBHEHMIO C ICXOAHBIMU 3HAYeHUSIMU;

Pp2<0,05 — craTrCcTMYeCKM 3HAYMMBble pa3Andys 10 CPaBHEHMIO C COOTBETCTBYIOIIMMY 3HaUeHUMU B
KOHTPOABHBIX ITpODaXx
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OcHoBHORN

BaznocTe wposK (MMa*c)

OcHoBHORN

QcHoBHOR

OcHoBHOM

COCHOBHOM

OCHOBHOM

QCHOBHOM

OcHOBHOM

OcHOBHOM

OcHOBHOMN

QCHOBHOMN

CROpPOCTE BpALLEeHWA WNUHAENA, 0B/ MKuH

——HcxoaHan
BA3IKOCTE
KPOBH

== KoHTPONE

=Min-1

QcHopHoW OcHoeHoW QcHoBHOW QCHOBHOKW OcHOBHOW OCHOBHOKW OcHOBHOW OCHORBHOR

Pucynok 1. 'emopeoaormieckast akTMBHOCTb coeaviHeHnss MIN-1

MINHAEeAsI Ha MOAeAV TUTIEPBSI3KOCTY KPOBU in vitro

TaGamria 3
Banstane o6pasiza MIN-2 Ha BaskocTb Kposu (MIla*c) mpu pasananoi ckopocTy BpaleHmsI

Uccaeayem | Baskocts kposu (MITa*c) mpm pasamyHoil CKOpoCcTHU BpallleHMs INIHAeAsl, 0OOpPOThI B MUHYTY

IV 2 4 6 8 12 20 40 60
rIoKasaTea

b

Mcxoanas 2,53+0,08 | 2,11+£0,04 | 1,79+0,01 1,67+0,02 1,49+0,03 | 1,29+0,03 1,02+0,01 0,95+0,02
BSI3KOCTb,

n=2

BsskocTs 8,39+0,34 | 5,99+0,22 | 5,11+0,25 3,39+0,09 2,64+0,04 | 2,13+0,01 1,68+0,04 1,45+0,03
KpOBM

yepe3 1 vac | p1=0,000 | p1=0,000 | p1=0,0009 p1=0,0002 p1=0,0001 | p1=0,000 | p1=0,0005 p1=0,000
MHKyOaru 3 3 01 7

n npu 43

Ce B

KOHTpOJe,

n=4

BsiskocTh 7,76+0,67 | 5,45+0,45 | 3,74+0,10 3,20+0,10 2,55+0,05 | 2,06+0,04 1,49+0,06 1,12+0,05
KpOBU

yepes 1 yac | p1=0,006 | p1=0,007 | p1=0,0002 p1=0,0005 p1=0,0001 | p1=0,000 | p1=0,0061 p1=0,101
MHKyOaru 4 6 p2=0,0023 p2=0,2050 p2=0,1702 2 p2=0,0377 5

u npu 43 | p2=0,435 | p2=0,321 p2=0,115 p2=0,002
C°, mpoOsI 0 5 7 0

c MIN-2,

n=4

ITpumeuanne:

n — KOAM4eCTBO Hp06 B I'pyIne; p — YypOBE€Hb 3HAYMMOCTL;

p1<0,05 — craTucTMYeCKM 3HAUMMBbIE Pa3ANIMs 110 CPAaBHEHUIO C MCXOAHBIMI 3HAUCHUIMU;

p2<0,05 — CTAaTUCTUYECKN 3HAQYVIMBIE€ pPa3An4ns 110 CpaBHEHMIO € COOTBETCTBYIOIVIMU 3HaYE€HVISIMI B KOHTPOABHBIX

mpobax
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OcHOBHOW .
Baskoctb KpoewM (mMa*c)

OCHOBHOMH

OcHoBHOW

OcHoBHOW

OcHOBHOW

OCHOBHOMR

OcHOBHOW

OcHOBHOR

OcHoBHOW

QOcHoBHOW

CKOPOCTL BRALWLEHWA WNUHAENA, 06/MuH

—— lcxopHan
BAZHOCTE
KPOBM

== HKoHTpoe

- Min-2

OcHoBHOH QcHoBHOR OCHOBHOR OCHOBHOW OcHoBHOR OCHOBHOR OcHOBHON OCHOBHOR

Pucynoxk 2. l'emopeoaormieckas aKTMBHOCTD coeanHeHnst MIN-2

TaGamnria 4

Banstane o6pasiza MIN-3 Ha BaskocTb kposu (MIla*c) rpu pasananoi ckopocTy BpaleHusI
MIINMHAeAs Ha MOAeAV TUIIepBA3KOCTY KpOBMU in vitro

Mccaeayemsr | Bsskocts kposu (MITa*c) mpu pa3AudHON CKOPOCTHM BpalljeHNsl IIITNHAEAS, 0OOPOTHI B MUH
n 2 4 6 8 12 20 40 60
oKa3aTeAb
Wexoanas 2,21+0,01 2,05+0,13 1,88+0,23 1,75+0,21 1,41+0,06 | 1,21+0,06 | 1,03+0,09 | 0,94+0,02
BSI3KOCTB,
n=2
BsizkocTh 8,17+0,06 5,61+0,17 4,23+0,32 3,44+0,06 3,10+0,07 | 2,79+0,16 | 2,46+0,19 | 2,09+0,04
KpoOBU dYepe3
1 yac | p1=0,00000 | p1=0,000 p1=0,0089 p1=0,0005 p1=0,000 | p1=0,002 | p1=0,007 | p1=0,000
MHKyOarm 03 2 1 8 3 03
npu 43 C° B
KOHTpO.e,
n=4
BsizkocTh 6,30+0,58 4,68+0,31 3,64+0,08 3,18+0,13 2,68+0,21 | 2,44+0,23 | 2,02+0,03 | 1,84+0,06
KpOBU 4epe3
1 yac | p1=0,0091 p1=0,004 p1=0,0007 p1=0,0037 p1=0,015 | p1=0,022 | p1=0,000 | p1=0,000
MHKyOarum p2=0,0180 8 p2=0,1185 p2=0,1273 7 9 2 6
npn 43 C°, p2=0,037 p2=0,099 | p2=0,249 | p2=0,059 | p2=0,011
IIpOOBI c 5 2 5 4 4
MIN-3, n=4
ITpumeuanue:
N — KOAMYIECTBO IIPOD B IPyIIIIe; p — YPOBEeHb 3HAYNMOCTIL;
p1<0,05 — craTucTUYecKy 3HaYMMBble Pa3ANdus 110 CPABHEHMIO C UCXOAHBIMU 3HAYCHUSIMUL;
Pp2<0,05 - cratucTyecKy 3Ha4MMble Pa3AN4s 110 CpaBHEHMIO C COOTBETCTBYIOIIMMY 3HaYeHMAMM B KOHTPOABHBIX
mpobax
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OcHOBHOR
BazkocTe kposu (mMa*c)
OcHoBHOM
OcHOBHOW
OcHOBHOW =#= VcxogHan
BAIKOCTE KPOBM
OcHOBHOR == HOHTPONb
OcHOBHOW == Min-3
OcHOBHOW
OcHOBHOMW
OcHOBHOM
CHOPOCTL BPAWEHWA WNWHAENA, 0b/mmH
OcHoBHOM
OcHoeHOR OCHOBHONOCHOBHORODCHOBHOR OCcHOBHOR OCHOBHOR OCHOBHON QICHOBHOR

Pucynok 3. 'emopeoaornmiyeckas aKTMBHOCTD coeAnHeHnsa MIN-3

TaGamria 5
Bansiane oopasiza MKM-5 Ha Bsaskoctb Kposu (MIla*c) mpy pa3sanmdHoi cKOpoCcTy BpaleHus
MIINMHAeAs Ha MOAeAV TUIIepBA3KOCTY KpOBMU in vitro

Uccaeayem | Baskocts kposu (mIla*c) mpu pa3andgHO CKOPOCTH BpallleHNs IINHAEAsS, 0O0POTH B MIH
BIV 2 4 6 8 12 20 40 60
mokasarea
b
Wcxoanas 2,76+0,42 2,61+0,44 2,56+0,45 2,1840,18 | 1,85+0,29 | 1,63+0,40 1,54+0,43 1,43+0,50
BSI3KOCTb,
n=2
Bszakoctn 8,44+0,13 6,01+0,13 4,61+0,06 3,40£0,16 | 2,91+0,15 | 2,27+0,05 2,05+0,10 1,84+0,20
KpOBU
yepes 1 yac | p1=0,000 | p1=0,0005 p1=0,0020 | p1=0,009 | p1=0,0217 | p1=0,066 | p1=0,1680 | p1=0,383
MHKyOaru 1 4 2 0
n npu 43
Ce B
KOHTpOAe,
n=4
Bsakocth 8,38+0,18 5,94+0,09 4,32+0,22 3,26+0,06 | 2,92+0,16 | 2,36+0,21 1,99+0,20 1,82+0,27
KpOBU
yepe3 1 vac | p1=0,000 p1=0,0004 p1=0,0140 p1=0,001 | p1=0,0219 | p1=0,142 | p1=0,3214 p1=0,474
MHKyOaru 1 p2=0,6573 p2=0,2445 6 p2=0,9650 3 p2=0,8140 7
nu npu 43 | p2=0,778 p2=0,434 p2=0,696 p2=0,965
C°, mpoOs 2 0 4 4
¢ MKM-5,
n=4
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ITpumeuanne:

N — KOAMYeCTBO IIPo0 B IPYIIIIe; p — YPOBEHb 3HAYMMOCTI;

p1<0,05 — craTucTMYeCKM 3HAYMMBble Pa3ANIMs 110 CPAaBHEHUIO C MCXOAHBIMU 3HAUeHUMU;

p2<0,05 — craTrCTMYeCKU 3HaYMMBIE Pa3ANYMs 10 CPAaBHEHMIO C COOTBETCTBYIONIMMMU 3HAYeHUAMI B KOHTPOABHBIX

mpobax

BAZKOCTE KpoBM (MMNa™c)

== CKOgHER
ERAIHOCTE HPOEH

—B—HonTpoAs

MEKM-5

CHOPOCTE BPAWEHHA WAKMHAENA, 06/ MUH
2 4 & 8 12 20 40 60

Pucynoxk 4. I'emopeoaorndeckast akTUBHOCTb coeanHenst MKM-5

TaGauiia 6

Bansane o6pasna MKM-18 Ha BsaskocTb Kposu (MIla*c) mpy pa3sanmaHOM CKOpOCTHU BpallieHIAs
MIIIMHAEASI Ha MOAeAVI TUIIePBI3KOCTY KpOBMU in vitro

Uccaeayem | Baskocts kposu (MITa*c) mpu pasamdHOl CKOPOCTH BpallleHMs IIINHAeAsL, 0O0POTH B MUHYTY
bIit 2 4 6 8 12 20 40 60
rokasarea
b
Vicxoanas 3,24+0,87 | 3,15+0,85 | 2,75+0,5 | 2,62+0,49 | 2,23+0,12 | 2,17+0,07 | 2,11+0, | 2,07+0,0
BSI3KOCTB, 1 07 4
n=2
Bsiskocts 6,87+0,93 | 5,57+0,83 | 4,82+0,9 | 4,02+0,62 | 3,64+0,50 | 2,94+0,16 | 2,77+0, | 2,61+0,2
KpoBH 5 16 3
uepes 1 nac | PIOO7IY | p1-0,1460 p1=0,2220 | p1=0,1372 | p1=0,0337
u o 43 p1=0,22 p1=0,0 | p1=0,18
co 5 81 550 33
KOHTpOe,
n=4
Bs13kocTp 9,70+0,74 7,83+0,20 | 6,65+0,2 | 5,25+0,05 | 4,66+0,07 | 3,29+0,02 | 3,19+0, | 3,13+0,0
Kposn 4 01 1
yepes 1 yac 1=0,0062 _ _ _ _
MHiy - §2=0’0542 p1=0,0015 p1=0,0011 | p1=0,0000 | p1=0,0000
u mpu 43 p2=0,0378 | p1=0,00 | p2=0,0931 5 2 p1=0,0 | p1=0,00
C°, nipod 13 p2=0,0905 | p2=0,0672 | 0002 001
¢ MKM-18, p2=0,11 p2=0,0 | p2=0,05
n=4 16 403 99
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ITpumeuanne:

N — KOAMYeCTBO IIPo0 B IPYIIIIe; p — YPOBEHb 3HAYMMOCTI;

p1<0,05 — craTHCcTIYECK 3HAYMMBIE Pa3ANdMs 10 CPaBHEHMIO C MICXOAHBIMY 3HAYEHMUAMI;

p2<0,05 — craTrCTMYeCKU 3HAaYMMBIE Pa3ANYMs 10 CPABHEHMIO C COOTBETCTBYIONIMMHU 3HAYeHUAMIU B KOHTPOABHBIX

mpobax
OCHOBHOR
BAaskocTe kpoeu (mMNa*c)
QcHOBHOM
== Cx0gHan
OcHoeHOM BAIKOCTE
HPOBM
== KoHTpOoAL
OcHoBHOM
MEM-18
OcHOoBHOM
M N
OcHOBHO L v g —i
CHOPOCTb BPaWEeHHa WnuHAena, o6,/ muH
OcHoeHOW
OcHopHoW OcHoBHOH OcHopHoMH OcHoenol OcHoeHoR OcHoBHOR OcHoBHON OCHOBHON

Pucynok 5. 'eMopeoaorm4deckast akTMBHOCTb coeauHennst MKM-18

Briepsrle TepMUH «CHMHAPOM IIOBBIINIEHHON BA3KOCTM KpoBu» Ipeaaoxna L. Dintenfass [10].
Criermpmuecknx npossaennii CIIBK He mmeer, 1mosToMy ero AmarHOCTMKa BO3MOXKHa TOABKO IIpHU
IIpOBEeAEHMM CIeIMaAbHBIX Aa0OpaTOpHBIX uccaeaosanuii [11]. BsAskocTs KpoBm ompejeasercs
COCTOSTHMEM MaKpOpeoAOTMYeCKMX IIOKazareaeil — OODBeMHON KOHIleHTpalyell KAeTOK KpOBU
(reMaTOKpMUTOM), BA3KOCTBIO I1Aa3MBbl (3aBMCUT OT TUIIAa M KOHIIeHTpaluy OeAKOB) U HapaMeTpaMu
KAETOYHOM peoaornn — AepOpMUPYeMOCTHIO (3aBUCUT OT BA3KOCTM MeMOpaHbl U BHYTpPeHHero
COAEepP>KMMOTIO) U arperanyeii SpUTPOLUTOB. BA3KOCTh KpoOBM MOXeT IIOBBIIATLCS B pe3yabTare
yBeANYeHNs reMaTOKPUTa, TIOBBIIIeHNs BA3KOCTU I11a3Mbl (IIPeMMYIIeCTBeHHO 3a CYeT BO3pacTaHUs B
Hell puOpuHOreHa U Apyrux OeAKOoB ¢ DOABIION MOAEKYASPHOM Maccoil), yBeAUdeHUs arperanum 1
CHIDKeHMS AeOpMUPYeMOCTH 9SPUTPOIUTOB (3a CYeT BO3pPaCTaHUsA BA3KOCTM COAEPKUMOTIO
SPUTPOLIUTOB 1/MAN BA3KOCTH MeMOpaH Kaetok) [11, 12]. Tlokasaream BA3KOCTM KpPOBU Ha BBICOKIX
CKOPOCTSIX CABUTA IIPEUMYIIECTBeHHO ONpeaeasioTcsl AePOPMUPYEMOCThIO DPUTPOLIUTOB, BA3KOCTDh
KPOBM Ha HUBKUX CKOPOCTSX CABUTA IIPEMMYIIeCTBEHHO 3aBUCUT OT arperauuy spurpounTos [3, 13].

[Tpn nukyOanuy KpoBu HabA104aA10Ch TIOBBIIIIEHNE €€ BA3KOCTY BO BCeM 1CCAeAyeMOM AMalla3oHe
ckopocreit casura. Vccaeayemore oopasiiel MIN-1, MIN-2 1 MIN-3 niposB1iAM reMOpeoA0rndecKyio
aKTMBHOCTb, OTPaHMYMBAsl POCT BA3KOCTM KPOBM BO BCEM M3y4aeMOM Alaria3oHe CKOPOCTeN CABUra.
MoxHo caeaats npeanoaoxenne, yro oopasnsl MIN-1, MIN-2 1 MIN-3 criocoGHBI BAMATH Kak Ha
AedpopMIUPYeMOCTh DPUTPOIUTOB, TaK M Ha MX arperaliioHHble CBOVICTBA.
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VcxoaHy10 BA3KOCTh KPOBU KaXKAOTO JKMBOTHOTO M3MepPsAN OAHOKPATHO, BA3KOCTh KPOBU ITOCAe
MHKyOalluy M3Mepsiau B ABYX IIpo0ax OT KaXKAOTO >KMBOTHOTO, KaK B KOHTPOABHBIX, TaK M B OITBITHBIX
npobax. CTaTuCTNYecKyI0 00OpabOTKy pe3yAbTaTOB IIPOBOAMAN C MCIIOAb30BaHMEeM ITporpaMMmel Excel.
[ToayueHHbIe pe3yabTaThl IpeACTaBAEHHBI B Blide «CpeJHee 3HadeHle + CTaHJAapTHas OIIMOKa CpejHero
3HAYEHII».

Bce nccaeaoBareanckue paboTHI ¢ 1a00PaTOPHBIMU JKMBOTHBIMY BBITIOAHAAUCH B COOTBETCTBUM C
OOILIENPUHATEIMY STUYECKMMM HOPMaMI IO OOpallleHMIO C >KMBOTHBIMIU, Ha OCHOBE CTaHAAPTHBIX
OIlepaIMIOHHBIX IIPOIleAyp, KOTOphle COOTBETCTBYIOT IIpaBMlaM, IIPUHATEIM EBporreiickoil KOHBeHITen
IO 3aIlNTe IO3BOHOYHBIX JKMBOTHBIX, MCIIOAB3YEMBIX AAs MICCA€A0BaTeAbCKUX M MHBIX HayYHBIX Ileaelt
(Crpacoypr, 1986 r.). Ilporokoa wuccaejosanms mpoekra «[lomck cpeacts ¢apmMaKoAOrMIeCcKO
KOppeKIIuM CUHApPOMa IIOBBIIIEHHONM BSA3KOCTM KPOBM, aCCOIMMPOBAHHOIO C BDHAOKPMHHONM
naroaoruein» ogodpen 07 asrycra 2020 roga /lokaapHON »Tmyeckoit komuccumert HarmonaapHOTO
IleHTpa OMOTeXHOAOTUM.

3akaio4deHue

Cpean 5 msyuennsix oOpasnos 3 obpasia MIN-1, MIN-2 1 MIN-3 npossuan criocobHOCTh
CHIIXATh BA3KOCTh KPOBM Ha MOJeAV TUIIePBA3KOCTU KpOBM in vitro. VI3 npeacTaBAeHHBIX AaHHBIX MBI
BuauM, uyto oopasisr MIN-1, MIN-2 1 MIN-3 He ycTynaioT IperapaTy CpaBHeHM: IIeHTOKCU(PUAANHY
B IIPOsBAEHNN TeMOpeoAorndeckux 9(pPeKToB Ha MOAeAN IUIIePBA3KOCTI KPOBMU in vitro.

Pabora BBIIIOAHEeHa B pamKax rpanrtosoro mpoekta VIPH Ne AP08052014 Kommrera Haykm
Munucrepcra Hayku 1 BeIciiero oopasosannst PK.
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M.K. N6paes?!, 3.T. lllyansray?, O.A. Hypkenos?*, A.T. TaknOaesa?, )K.b. PaxnumbGepanHosa?,
M.b. cabaesa®
IE.A. Byxemos amoindazol Kapazandor ynusepcumemi, Kapazanov, Kasaxcman
2¥ammuix buomexnorozus opmarvizot Hyp-Cyaman, Kasaxcman
3KP Opzaruxarvix curimes xame Komip xumuscol uncmumymut, Kapazandvl, Kasaxcman
*A. Cazviros amuirdazvl Kapazandor mexrurxarvix yrnusepcumemi, Kapazanovi, Kasaxcman
SMeduyuna ynusepcumemi Kapazandvi, Kapazarnovi, Kasaxcman

leTeponnKkagik TybIHABLAAP ABIH T€EMOP€EOAOINSIABIK OeACeHAiAiriH 3epTTeyaeri KaH
TYTKBIPABIFBI JKOFapbl CMHAPOMBIHBIH MOJeAiHAeri INTU3NH in vitro

Anparma. Makasaga  reTepolMKAAIK — UMTU3UH — TYBIHABLAAPBIHBIH —~ IeMOPeOAOIMAABIK
OeaceHaiairingeri KaH TYTKBIPABIFBI JKOFaphl CMHAPOMBIHBIH i1 vitro MoaeaiHe Oaraday HoTIKeaepi
KeaTipiareH. In vitro >XaraalblHAa KaHHBIH JKOFapbl TYTKBIPABIFEI cHAPOMBIH 43,0°C Temniepartypaga 60
MUHYT iIIiHAe, KaHHBIH MHKYOallVSICBIMEH KaaAIlblHa KeAaTipeai. 3eprrey oObekriaepi pertiHge
011020TMAABIK, OeACeHAiAiri SKOFaphl UTU3MH aAKaAOUABIHEIH OipKaTap reTepolMKAAIK TyBIHABLAAPHI
aapiHABL. JKOoFapblga KepceTiareH >Karjalidapaa KaHHBIH MHKyOalMsAaHybl INNMHAEAAIH aliHaay
KblAAaMABIFBL 2 cl-gen 40 cl-re geiriH op Typai OoAraH Ke3de KaHHBIH TYTKBIPABIFBIHBIH CeHiMAl
apTybIHa 9KeJeTiHi aHBIKTaAAbl, Oy KaHHBIH aCKBIHYBIHBIH KaABIIITaCybIH KyoAaHABIPaabl. 3epTTeareH 5
yari imtinge 3 yari  4-[(3,5-ammerna-1,2-oxcazoa-4-ma)cyapponna,  4-[(3-merna-5-{(4-xaopde-
H1A)9TeHnA}-1,2-okca3o01-4-1a) cyabPponna xoHe 4- [(3-metna-5-{(2-ruapokcn-5-o6pomde-una)srenna}-
1, 2-okcazoa-4-1141) cyabPpoHnA] IIUTU3MH KAaHHBIH TUIIeP TYTKBIPABIFbI MOAeAiHAe KaH TYTKBIPABIFBIH i1
vitro azaiTy KabideTiH KOPCeTTi.

TyitiH ce3aep: HUTU3UH alKaAOUAbl, TEMOPEOAOTMAABIK OeAceHAiAiK, MHKyOalmsaaay, KaHHBIH
Tunep TYTKBIPABIFBL, in Vitro.

M.K. Ibrayev?!, Z.T. Shulgau?, O.A. Nurkenov®#, A.T. Takibayeva*, Zh.B. Rakhimberlinova?,
M.B. Issabayeva®
! Karaganda Buketov University, Karaganda, Kazakhstan
2National Center for Biotechnology, Nur-Sultan, Kazakhstan
SInstitute of Organic Synthesis and Coal Chemistry of the Republic of Kazakhstan, Karaganda, Kazakhstan
*Abylkas Saginov Karaganda Technical University
SKaraganda Medical University, Karaganda, Kazakhstan

Study of hemorheological activity of heterocyclic cytisine derivatives in an in vitro model of
increased blood viscosity syndrome

Abstract. The article provides the results of evaluating the hemorheological activity of
heterocyclic cytisin derivatives in an in vitro model of increased blood viscosity syndrome. The in vitro
blood viscosity syndrome was reproduced by blood incubation at 43,0° C for 60 minutes. As objects of
research, a number of heterocyclic derivatives of the alkaloid cytisin, which has high biological activity,
were taken. It has been found that incubation of blood under the above conditions leads to a significant
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increase in blood viscosity at different spindle rotation rates from 2 s to 40 s, which indicates the
formation of blood hyperviscosity. Among the 5 samples studied, 3 samples of 4- [(3,5-dimethyl-1,2-
oxazol-4-yl) sulfonyl] cytisin, 4- [(3-methyl-5- {(4-chlorfe-nyl) ethenyl} -1,2-oxazol-4-yl) sulfonyl] cytisin,
and 4- [(3-methyl-5- {(2-hydroxy-5) bromfe-nyl) ethenyl} -1,2-oxazol-4-yl) sulfonyl] cytisin showed the
ability to reduce blood viscosity in an in vitro model of blood hyperviscosity.

Keywords: alkaloid cytisin, hemorheological activity, incubation, blood hyperviscosity, in vitro.
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Anoganbi matepmaa SiOx a4as1 AUTUII-MOHHBIX aKKYMY ASITOPOB

AnHOTaNWISL. V3-30 UHMEHCUEHOZ0 6LINYCKA IAEKMIPOHHDLX YCHIPOLICG U ANNAPAINOG CHPOC HA
AUMUTL-UOHHDIE AKKYMYAmopol pacment. K 0cHOGHDIM mpedosaHuaM 6 IMUX 3anpocax MoxKHo
ommecmu OOAbULYI0 asmoHoMHyto pabomy,060Aee Oeonactyio u MeHvbuiyto no odvemy, boree
Y000HYl0 6 UCNOAL306AHUU. YueHble € UeAbI0 Y6eAUUEHUS eMKOCIU aKKYMYASIMOpos
UCTIOAL3YIOM Menod sameljenus paduma na ompuyamerviom arekmpode ANB kpemmuem,
meopemuueckas emxocmv komopozo 6 10 pas svuuie. OOHAKO K OCHOSHBIM NPenAMCMEUM npu
UCTIOAL306AHUL  KPeMHUSL 6 Kauecmee OMPULUATNEALHO0 2AeKMPO0d MOXKHO OMIHeCHU:
yeeAuverue 00vema anoda 6 npoyecce AUMUSAYUY U NPOLECCLl, NPomeKarouue Ha MexXPasHoil
eparuye. Tloamomy paspabomxa oxcuda xkpemuus SiOX HA OcHOse KpeMHUS 6 KA4ecmee
OMPUUAMEALHOZ0 IACKIMPOOa NOS60AUNT YCOBEPULEHCINE06AIND ACKMPOXUMULECKUE CE0LCIea

KpeMHUSL.

KarogeBble  caoBa:  AUMUii-uoHHovle — AKKYMYASLMOPbl,  NOAUMEMUAMEMAKPUAAN,
UUKAUYECKAS] 60ALIMAMNEPOMETNPIUS, amuaxapboram, ¢pmopamureriapboram,
NOAUAKPUAOHUMPUA.

DOI: https://doi.org/10.32523/2616-6771-2022-140-3-32-38

BBeaenue

/lNTNIT-MIOHHBIE aKKYMYASATOPHBI CYMTAIOTC OCHOBHBIM MCTOYHMKOM HakKommTeael sHeprum. Jas
VICTIIOAB30BaHMs AWTUI-VIOHHBIX OaTapell HEOOXOAMMO YAYYIIUTH ILAOTHOCTh TOKa ¥ IIPOITYCKHYIO
crrocobHoCcTh Oarapen. K »TomMy BpemeHm ObLAM IIOATOTOBAEHBI pa3AMYHbBIE BBICOKODHEpPTETHYECKIe
9aeKTpoAHble MaTepuaabl.Yncroie saementsl (Si, Ge, Al, Sn, Sb 1 Ap.), X criaaBbpl 1 HEKOTOPbIe OKCHABI
Metaaaos (FesOs, CuO, Co0203 TiO2, SiO m ap.) OblaM uUCcAejOBaHBI B KauyecTBe 9AEKTPOAOB,
IpeAHa3HAYeHHBIX 4451 AUTUII-MOHHBIX Oarapeit.B HacrosIlee BpeMsl KpeMHMII CYMTAeTCsl OAHUM W3
aHOAOB OyAyIIlero mokoAeHus 61arojaps BHICOKOV TeopeTideckorn criocooHoctn (4200 mac/t, B gecarthb
pas BbIIIe KOMMepdeckoro rpadura 372 mac /1) [1]. OaHako ecTh HECKOABKO BHYTPEHHUX Ae(EeKTOB, B
TOM 4lCAe U KPEMHUEBBIN aHOA C OOBEMHBIM pacIIMpeHNeM IIporiecca BBoAa / BBIBOJa MOHOB AUTUS (>
300%) - mpMBOAMUT K CTaOWMABHOI IPOU3BOAUTEABHOCTN. B AMTUII-MIOHHBIX aKKyMYyAATOPax B KauecTse
aHOAHOTO MaTepuasda MCIIO0Ab3yeTCsl HAHOMPOAYKT U3 OKCMAa KpeMHMUs BhICOKON uncToThl (Si0x). Dto
yBeAM4YMBaeT MOIITHOCTh OaTapeM M 3HaUMTEAbLHO CHIKaeT CToMMocTh Oartapen [2]. Ilukamueckas
crabmapHOCTh SiOX ayuire, yeM 4unctoii KpemHmit. Okcua kpemuus (SiOx, 0 < x < 2) sBasercd
aAbTepHATUBON 13-3a OOABIIIEN TeOPEeTNIeCKOV MOIIHOCTY, YeM BO3MOKHOCTM I'pa(pUTOBBIX aHOAOB B
AUTHIT-NOHHBIX Oartapesix. Amopdusuiit SiOx (A-SiOx) npespamaerca B amopdubni craas  LiSi
(aktmBHas ¢asza), amopdusie LisSiOs m Li2O (aktuBHBIE (Da3bl) KOTOpble OOpa3yIOTCsl MPU IEPBOM
AUTHPOBaHMN. B mpakTmyeckoM IpuMeHeHUM Li-MOHHBIX aKKyMyASITOPOB, LMKANYECKas €MKOCTbh
»aeKkTpoda SiOXx yaydmraercst 3a CY4eT yBeAMYEHIMSI 3HaueHMsI X BOCCTaHaBAMBAeMOI €MKOCTH,
IIPOMCXOANT HeoOpaTuMas peakius mpeoOpasosanms [3]. B pesyasrate SiOX mmeer orpaHmueHHyIO
€MKOCTh aHOAHOTO MaTepuaja U MeHBIIYI0 eMKOCTh KpeMHI:I. B mocaeaHne roasl 00ABIION MHTEpeC
BBI3BAaAV HAHOCTPYKTYPHI OKCUAa KpeMHIsI. VIcroab3oBaHne aHOAHBIX MaTep1al0B Ha OCHOBE yIraepoJda
IIOMOT/0 PeIIuTh Psij MpobaeM co C10eM TBepAOro sAeKTpoanTa. I1o 0p1aa kommanus SONY. C 2000-x
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ro/0B y4eHble MICKaAl HOBble MaTeplraabl, B3aMOAENCTBYIONe ¢ AuTueM. Takue aeMeHTHI, Kak Si, Sn,
Sb u 1. 4., 00pa3yIOT «CI1AaB» C AUTHEM IIPU UCIIOAB30BaHUM Ha aHoAe. EMKoCTh Takoro saekrpoga B 10
a3 IpeBhIIIaeT eMKOCTh rpaduTa [4].

Opranndecknii pacTBOPUTEAD SIBASETCS OCHOBHBIM KOMIIOHEHTOM ®A€KTPOAUTA U TeCHO CBA3aH C
pabotoit vaexTpoanta. OOBIMHO €ro CMeIIMBAaIOT C pacTBOPUTeAeM C BBICOKOM AUDAEKTPUYECKON
IIPOHNUIIAEMOCTBIO I pacTBOpUTeAeM C HM3KOM BA3KOCTBIO [5]. AHO4, Has3bIBaeMBIl OTpUIlaTeAbHBIM
51€KTPOAOM, BBICBOOOXKAAeT MOHBI AUTKS B DAEKTPOAUT, YTO 3acTaBAseT MX TPAaHCIOPTUPOBATHCI K
KaTo/y, Ha3bIBAeMOMY I10A0KUTEAbHBIM 5A€KTPOAOM, KOTOPLIN IOIA0IIaeT MOHBI BO BpeMsl 3apsaAKU.
HeyamBureabHo, uro B Ipoliecce 3apsiga MOHBI AUTHUA IEPEeHOCATCA OT KaToga K aHOAY uepes
DAEKTPOANT. SIBASISICH Ba’KHBIM KOMIIOHEHTOM OaTapel, aHO/ OKa3blBaeT 3HauMTeAbHOe BAMSIHIE Ha
paboTy Bcero akkymyasropa.

KanamaaTtHelil aHOA Ha OCHOBe KpeMHMs A4Sl AUTUM-VIOHHBIX aKKyMYAATOPOB COAEPIKUT OKCHUA
KpeMHIsI, XapaKTepU3YIOIIUICA IIMKAMYECKON CTabMABHOCTBIO, HU3KOM CTaOMABHOCTBIO, HU3KONI
CTOMMOCTBIO. B HacTosIIIee BpeMsi 9TO OYeHb Ba’KHBIN BOIIPOC, KOTOPBIN IPUBOAUT K 3HAUMTEALHBIM
n3MeHeHUAM 5P PeKTUBHOCTI 1 Iporiecca paspsaaku. Kpome toro, SiOx MOKeT IOrA0maTh 1 XpaHUTh
00/bIlIOe KOAMYECTBO MOHOB AUTHUsA, OH B ABa pasa IIpouHee cBaA3M Si-Si, mostomy aHoabl SiOx
MOKa3bIBaIOT XOPOIINIA ITUKA [6,7].

«— e | | e —>
Charge 8 Discharge
Anode Cathod
Charge 1
= / Li*

Lit
=
\ (>
| & Discharge
T 4 LiCoO,
Non-aqueous Separator

electrolyte

PI/ICYHOK 1. HPI/IHHI/IHI/IaZH)HafI CcXeéMa MeXaHM3Ma peaknuy MHTepKaAsinn ANTWUSI TBEP AbIMIU
94€KTpOodaMMI U XKXNAKVM DA€KTPOANTOM

[Inkamyeckass BOABTAMIIEPOMETPWSI OIMCHIBAET IIPOLIECCHl AUTHUSA TIpU  3apsde/paspsie,
oOpazoBaHMe TBePAbIX DAEKTPOAUTHMYECKMX MeK(pasHBIX TIpaHHUIl, BO3MOXHOe OOpasoBaHMe Ha
BepIIIIHe OKCMAA AUTUA U CUAMKAaTa AUTHST KPeMHUIT-KpeMHUII-KPeMHUI, TUIT IIUKAOB U CBSI3b MeXAY
IIOTEeHITMaA0M U MOIITHOCTBIO OTOOpa’kaeTcsl Ha KoMIIbioTepe [8].

SBAsACH BaXKHOM YacThlO AUTHUI-MOHHBIX aKKyMYASTOPOB, IHPOBOAsAIME A0OaBKUM UIPaioT
BaXKHYIO POAb B 9DAEKTPOXMMUYECKMX XapaKTepUCTUKaX AUTUN-MOHHBIX aKKyMyAsAToOpoB. Aas
yBeAMYeHNs U MoAgAep>KaHNs 9AeKTPOIIPOBOAHOCTU DAeKTpoJa IPOBOAHUK CO34aeT MNepKOASIIVOHHYIO
AVIHMIO, 4YTO II03BOAsET eMy OBICTpee 3apspKaTbCad UM OTKAIO4WaThcsA. Kpome TOro, ToKompoBoAsIue
A00aBKM ITOTA0IIAIOT U HaKaIlAMBAIOT 9A€KTPOAUT, YTO oOecriedynBaeT IMPOYHYIO CBSI3b MeXXAY MOHaMU
AWUTHS M aKTUBHBIMM MaTepuaaamu [9].

Ileapio aaHHON pPabOTHI ABASAOCH IIOAydeHUe KOMMepYecKl AelleBOro OTpuIlaTeAbHOIro
naekTposa SiOx (Monookcng kpemHus x(0,5-2)) ¢ rpadpuTOBLIMIY, KpeMHIEBBIMI aHOAAMI,
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JCTIIOAB3YeMBIMIU B AUTUII-MOHHBIX OaTapesx, M 9AeKTPOXMMMIYECKUMMI XapaKTepUCTUKaMU, BBICOKOM
TEOPEeTNYEeCKOll eMKOCTBIO, MaAbIM OOBEMHBIM yBeAmdeHueM. /As AOCTVDKeHNMS DTOV IieAu OblAu
IIOCTaBA€HBI CcAeAyiommue 3adaun: 1) mMsMeapueHme mnopomika Si 448 IPUIOTOBAEHUS aHOAa, 2)
U3rOTOBAEHMe aHOAHOTO MaTepmada U3 OOOKKEHHOIO IIOpoIKa, 3) cOOp aKKyMyAsTOPOB OT
II0AY4eHHBIX aHOAO0B, 4) IpUMeHeHe MeTOa 9AeKTPOCIIMHHNHTA Ha CUHTe3MPOBAaHHOM ITOPOIIIKe.

DKcnepuMeHTaabHas dacThb. [Tlaposoe ¢ppeseposanne nponssoanTcs 4 gaca co ckopoctrio 600
00 / 4. Yepes 4 yaca KpBIIIIKa ABYX €MKOCTell C KPeMHIEBBIM IIOPOIIKOM OTKPBIBA€TCS M IIOCTYITaeT
BO3AyX. /lBa 0OpasIia ¢ BIIyCKOM BO3AyXa ITOMelllaau Ha ¢ppesepopaHue Ha 12 gacos. 3aTeM J4Ba cocya
IIIapOBOTO (Ppe3epHOro yCTPOIICTBA ObIAM 3arlOAHEHBl apTOHOM M CHOBa IIAOTHO 3aKpPBITHI BHYTPU
6okcepa. OOpas1ibl BRICTaBAAAN Ha (ppesepoBaHie Ha 4 Jaca.

Pucynok 2. IsmeabdeHne 1 00XXNUT KPEMHNEBOTO IOPOIIKa

Ha caeayromem »rame HeoOXOAMMO OTIPaBUTh MOPOILIKM Ha OOXMNI. /s ®TOro IepdaTky,
HaIlOAHEHHYIO apTOHOM, IIOMeIIAlOT B THUIeAb C IIOPOIIKaMM BHYTPM OOKCa, CBEPXy HaKpPBIBAIOT
¢oabroit n geaaroT HeOOAbIIVIE OTBEPCTILT B HECKOABKIX MeCTax, 00>KUTaoT B TpyOdaroit meunt STF1200
furnace mpu remneparype Ar 600°C.

[TapameTps! n3roropaenus cycrensun (tadbanma 1):

TaGamra 1
Cocras cycrieHsum

Pearent ITporeHTHOE COOTHOIIEHUE Macca (r)
(%)
ITopomrox SiOx 87 0,261
KB 3 0,009
I1BA® 10 0,03
O6mmit oobem cycnensun 0,3 1.

Cmecnh HakpbIBaAM Oea0it Oymaroir ¢ 06emnx CTOpoH POABIU C IMTOKPBITHEM, U3MEepPsAN TOAIVHY B
HEeCKOABKIX MecTax 1 Opaan cpeaHee sHadeHne 0,25 MKM, 3aTeM IIPOITyCKaAl yepe3 BaabIOBBII ITpecc.
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Pucynok 3. IIpurorosaeHne u cymka caapu

Awntmin (Li) oyeHb aKTMBHBINI MeTaald, €r0 cAeAyeT MCIIOAb30BaTh B BO3AYIIHON, Oe3BOAHOI,
nHepTHON aTMocdepe. Kommepueckne »AeKTpOAUTHI, UCIOAb3yeMble aas AVIA, ABASIOTCA eAKMMU,
AeTY4UMM, AeTKOBOCIAaMeHSIOmMMICA U ropounmn. Ilostomy Oarapen, moAroToBAeHHbBIE AAs
1ccAeJ0BaHNs, cOOMpaan B IepyaTogHOM Ookce B atMmocdepe Ar (99,99%).

K cunresuposanHOMy mopornky SiOx mpumeH:sau MeToZ saekTpodopmosanusd. IIpexxae scero
rotosuan 10% pacrsop ITAH (rmoanakpmaonntpmnaa): 9 ma AMPA (anmernadpopmamuia) pacTBopsian
B 1 T NOAMaKpMAOHUTPIUAA, B TeUeHe CyTOK IlepeMellNBaAl Ha MarHMTHO MelllaiKe IIpU CKOPOCTU
400 o6/MuH. cMech HabMpaau B INIPUIl U PacHbIAAAM Ha MeJHYIO (POABIY B DAEKTPOIPIANABHOM
ammapare co CcKopocteio 1 Ma/u. B KayecTBe 9A€KTPOXMMUYECKUX METOAOB IIPUMEHSIOT
BOAbTaMIIEpOMeTpIUYECcKIe CXeMbI U IIUKABI IMHKoBaHus. [Ipn ncnerranmsx (mpudop Arbin WT-2000)
MHOTOKaHaAbHBII aKKyMYAsSTOP AAsl MCHBITAaHUI Ha IMKAMYEeCKyIO ByakaHmuzanmio, 3 B 100 riukaos —
IIOTeHIMaAbHBIN TecT OaTapey Ha BOABTMETPUYECKOM ITMKAMYECKOM MCCAeA0BaHMM IIpy paboueM
roteHase 0pia ycranosaeH Ha 0,1 B n 2 B, 3 B n 10 rjuxaos.

PesyabTaThl

B ¢pusuko-xummueckom anaamnse npumensan VIK-criekrpockonuio aas obpasios Si, SiOx, SiOx-
600, SiOx-800, SiOx/ITAH, SiOx/ATTAH.
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T000

Pucynoxk 4. Mogean Si, SiOx, SiOx-600, SiOx-800, SiOx/PAN, SiOx/DPAN VK cnekTpsl

ITo pesyapraTam VIK-crieKTpocKOImMu: CIIeKTphl CUHTe3MPOBAaHHOTO 1 OTOXK>K@HHOTO MOHOOKCHAA
KpeMHIs ONNCHIBAIOT peXXuM KoaebateabHOTo BpameHms csasu Si-O-Si mpu 800-850 cM-1 m peskum
acumMeTpraHOTO pactspkerns Si-O ot 1100-1200 cm-1. cM-1, T.e. OblAM ITOAYI€EHEI TaKue >Ke Ky SiOx
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II0 TeopeTmdyeckoMy MarTepmaady. Xapakrepusle tmkm SiOx/AITAH, yayuiieHHble MeTOA0M
»1eKTpodpOpMOBaHIsI, MOXXHO HabA104ath B Ananasone 1100-1600 cm-1.

60

40 94 31242 SiOx 800

Absorbance

0 1000 1500 2000
Wavenumber (¢cm-1)

PI/ICyHOK 5. PeSy[leaTbI I.II/IKAI/I‘-IeCKOﬁ BOAbTaMIIepMeTpPUN

Kpmusbre raapBaHoCTaTH4eCKOr0O IUKAMpoBaHusA Si 1 SiO 1OKa3bIBalOT, YTO €MKOCTh COOTBETCTBYET
TeopeTnueckon emkoctn (2400 mA/a-1 n 4100 mA/a-1), HO mmocae 1 nmukaa paspsga OaTapes Tepser
004BIITyIO eMKOCTS 3a 2 1uKaa ['aapBaHOCTaTHUECKOEe VKAV POBaHNe ObL10 ycTaHOBAeHO Ha 100 1IMKA0B.

3akaiodyeHue

Takum 06pa30M, COCTaB 1 CTpOeHMe MaTepuada OIIMCbIBaAUn Cl)I/ISI/IKO-XI/IMI/I‘IeCKI/IMI/I MeTOAaMI.
HpeAHOAaTaeTC}I, 9TO KYyAOHOBCKasI Sq)q)eKTI/IBHOCTI), TeopeTnieckass €MKOCTb, M3MEHEHIe obbema
6aTapeM "3 aHOAHOTIO KpEMHNMEBOTO MaTepliaja SiOx BBIIIIE, 9EM Y 6aTapeI/I 3 TeXHN4YeCKOTIo rpacl)MTa.
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/INTNit-MOHABI aKKyMy AsITOp¥a apHaaraH SiOx aHOATBI MaTepuaa

AnpaaTtmia. DAeKTPOHABl  KYpPBIAFBIAAp MeH almapaTTapAblH — KapKBIHABI  IIBIFapbLAybIHa
0aliaaHBICTBI, AUTUI-MOHABI aKKyMyAsATOpAapra JAereH cypaHbIc ecyde. bya cypanbicrapaarbl Herisri
TaJallTapfa aKKyMyAsATOPABIH KONl yaKbIT KYMBIC icTeyi, KayiIlci3 >kKoHe KeJemi OOJNBIHINIA KiIri,
KOAJaHyFa BIHFailAbl 004ybl. FaabiMaap akKKyMyAsSTOpAapABIH CBHIIBIMABLABIFBIH YAKENTY MaKcaTblHAQ
aaramr 1merFapeiaral /AVIB-apIH Tepic AeKTpoABIHAAFBI TPadUTTI TEOPUAABIK CBIBIMABIABIFE 10 ece
JKOFapbl KpeMHUIIMeH aAMacThIpy o4iciH KoaJdaHyJda. Ajaiija KpeMHMIIAL Tepic ®AeKTpo/s peTiHAe
nalijalaHyjarel eH OacThl KeJepridepre: AUTHUIIAeHY HpoOIieci Ke3iHAe aHOATBIH KOAeMiHiH YAFalobl
’KoHe (paszaapasblK IleKapada OTeTiH ITporieccrepAi >KaTkbidyra Ooaaabl. COHABIKTaH KpeMHMIAIH
DAEKTPOXMMMAABIK, KacHeTTepiH >KeTiaAipy YIIiH KpeMHmIi HerisiHAeri SiOX KpeMHMIT OKCUAIH Tepic
DAEKTPO/, peTiHe a3ipAey >KoHe OHBIH TaOUFaThl MeH KacueTTepiH 3epTTey.

Tyriin coe3gep: AUTUN-VIOHABI aKKymyasaTopaap, MOAMMEeTUAMETaKpUAaT, IIUKAAIK
BO/AbTaMIIepOMeTpIs, HTUAKapOOHaT, PTOpaTIAeHKapOOHAT, TOAMaKPUAOHUTPUA.

A.B. Abdrahmanova!, N.M. Omarova?, E.S. Baltash3, D.A. Maushanova?
IShakarim State University, Semey, Kazakhstan
2L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan
3National Laboratory Astana, Nur-Sultan, Kazakhstan

SiOx anode material for lithium-ion accumulators

Abstract. Due to the intensive production of electronic devices and apparatus, there is a growing
demand for lithium-ion accumulators. The main requirements in these requests include more battery
life, more safe and smaller in volume, and more convenient to use. In order to increase the capacity of
batteries, scientists use the method of replacing graphite on the negative electrode of LIB with silicon,
the theoretical capacity of which is 10 times higher. However, the main obstacles in using silicon as a
negative electrode include an increase in the volume of the anode during lithization and processes
occurring at the interface. Therefore, the development of silicon-based silicon oxide SiOx as a negative
electrode will improve the electrochemical properties of silicon and study its nature and properties.

Keywords: lithium-ion batteries, polymethyl methacrylate, cyclic voltammetry, ethyl carbonate,
fluoroethylene carbonate, polyacrylonitrile.
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:’)KCI'IilyaTaI_H/IOHHI)Ie CBOVICTBA XAOI'I‘IaTO6YMa)KHbIX TKaHeI7[, OKpameHHbIX
3arymeHHbIMN MOAI/I(bI/II_H/IpOBaHHI)IMI/I KpaxMmaaaMm

AnHOTanms. Vsyuervr  peorozuueckue  c6oucmea  MOOUPUUUPOSAHHO20 KPAXMAAA 6
3A6UCUMOCTIY OM KOHUEHMPAUUY KPAXMard U MoOudukamopos. Buigerero, wmo cmenend
CEA3VI6AHUS KPACUMEAS. MOOUPUUUPOSAHHO20 KPAXMAAA YMervulaemes noumu ¢ 1,6 pasa no
CpasHenu1o ¢ HAMUGHOIM KPAXMAAOM.

Onpedeaero, umo ycmouuueoco MoOOUGUUUPOSAHHO20 KPAXMANL COCMASAiem 4 OHS npomue
Kpaxmarvoit 0o 1,5 cymox.

KaroaeBble caoBa: peorozuveckue c60ticmea, MOOUPUKAUUS, KPAXMAN, 302YCIMUTHEAD,
XAONUAMOOYMAKHAS MKAHD, 0MOCAKA, KPACUEAD, IPPexmusHochb.

DOI: https://doi.org/10.32523/2616-6771-2022-140-3-39-45

Bo BceM Mupe Ha OTA€A0YHBIX TPeAIPUATIUAX A4S TledaTaHMsl XA0M4aTOOyMa KHBIX TeKCTUABHBIX
MaTepualoB B OOABIIMHCTBE CAy4daeB MCIOAB3YIOT IIMIMEHTHI M aKTuBHBIe KpacuTtean. Ilpm sTom
9 PeKTUBHOCTD IpoIlecca IedaTaHNsl BO MHOTOM 3aBMCUT OT IPaBIABHOTO BBIOOPa 3aryCcTuTeAs, poab
KOTOPOTO IIPOsABASETCS KaK B KauecTse I1e4aTHOTO PUCYHKa, TaK U B 9KOHOMMYECKOM I HKOA0TMYECKOM
acriekTax Ipou3BOACTBa HaOMBHBIX TKaHel [1-4].

HeobxoauMo oTMeTuTh, 4TO OCOOYIO aKTyaAbHOCTh B HaCTOsIllee BpeMs NpuoOpean BO BceM
Mupe BOIIpOChl 9KoAornu. OAHONM U3 OCHOBHBIX IIPUYMH, OOOCTPAIOIMX DKOAOTMYeCcK/e MpoOAeMBbl B
TeKCTIABHOM OTAEeA0YHOM ITPOM3BOACTBE, ABAAETCS BLIOPOC B OKPY>KAIOIIYIO CpeAy >KMAKMX OTXOAOB -
CTOKOB, B KOTOPBIX cogep>kaTcsl HepuKcuposaHHble KpacuTean, ITAB, opranmnyeckue 1 HeopraHmudyeckue
MHTPeAMEeHTH, IPOMBIBHBIE IILAUXTYIOIINEe KOMIIOHEHTEH, a Tak>Ke 3arylaionue serecrsa [1,5-7].

Mcxoaa m3 3TOrO, BIIOAHE OYEBMAHA aKTyaabHOCTh U CBOEBPEMEHHOCTh ICCAeJ0BaHUIA,
HallpaBA€HHBIX Ha CO3JaHle TeXHOAOINIA, B KOTOPBIX B Ka4eCTBe TeKCTUAbHO-BCIIOMOTaTeAbHBIX BeIllecTB
KaK 3arycTuTeAsl MCIOAB3YIOTCs Oe3ollacHble KakK AAs Omocdepsl, Tak U AAs YedoBeKa IPUPOAHBIE
coeauHeHns. Takum TpeOOBaHMSAM B IIOAHONM Mepe, MPUMEHUTEAbHO K HPOAYKIIUM AAs 3arylleHUs
Ile4aTHBIX KpacoK, OTBeYalOT ITOAMMeEepHble KOMIIO3MIIMM Ha OCHOBe MOAUQUIIMPOBAHHOIO KpaxmaJda
Na-KMLI 1 akpnaoBoii sMyAbcUH, T.e. 3arylaloliye IoAMMepHble KOMIIO3UIIMA B CICTeMe KpaxMada-
Na-KMII u akpnaosas smyabscys [8-11].

B cBs3m c ®TMM B AaHHOI paboOTe IPUBOAATCS Pe3yAbTaThl (PUBMKO-XMMUYIECKIX CBOVICTB
3arycTureAsl ¥ Ie4aTHO-TEXHUYECKUX CBOVICTB X/AOITJ4aTOOYMa>KHBIX TKaHel, HalledaTaHHBIX Ha OCHOBE
3aryctureas Kpaxmaaa moauduunyposanHsiMy Na-KML 1 akpnaoBoit 9Myabcreit.

BsiskocTs 3aryctureast sBAsIeTCSI OAHOM 13 OCHOBHBIX XapaKTePUCTUK CUCTEMBI, TaK KaK OHa
AOZKHA HAXOAUTBCA B IIpejedaX ONTMMAABHOTO 3HA4eHNs, IIpM KOTOPOM OOeCIednBaroTCs
oOpaszoBaHNe Ha ITIOBEPXHOCT!M TKaHU 3aIlIITHOM ILA€HKHU C KpacuTeAsIMH, IPUAAIOLIel] ell IIPOYHOCTD, 1
TOAHBIN IIepexo, KpacuTeAas Ha TKaHb [12-14].

Kak B1AHO 13 1OAy4eHHBIX AaHHBIX (Ta04.l.), BA3KOCTh KOMIIO3UIIUMY, IO CPAaBHEHNUIO C YVCTBIM
KpaxMa/loM OAHOI U TOM Ke KOHIIeHTpallmy, BhICOKas. Ecam BsaskocTs 4%-HOTo pacTBopa Kpaxmada
npu 298 K cocrasaster 14.516 Ila.c, To BsA3KOCTh TOTO >Xe pactsopa Ipu KoHueHtpauyuyu Na-KMIL] u
akpmaosas smyabcus 3,0 un 0,3 % or Beca Kpaxmaa, COOTBETCTBEHHO, gocturaercs Ao 24.721 Ila.c, man
IIpM KOHIIeHTpaluy Kpaxmada 6% a0 MoauduKanmm BA3KOCTh pacTsopa cocTtabaseT 41.064 Ila.c., a
rmocae MO,ZI,I/I(l)I/IKaLU/II/I ero Na-KMLII 1 akp1110B011 MyAbcrell (KOHIJeHTpaLs MO,ZI,I/I(l)I/IKaTopOB,
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cootBeTcTBeHHO, cocraBasteT 3,0 u 0,3 % OT Beca KpaxMasa) BA3KOCTb CUCTeMBI cocTaBaseT 62.787 Ila.c,
T.€ BA3KOCTh CHCTEMBI ITOBBIIIaeTcs 1moutu 1,5 pasa. DTo TOBOPUT O TOM, UTO 3a CdeT (PYHKIIMOHAABHBIX
TPYIIII COCTaBASIONIMX KOMIIOHEHTOB I BaH-Aep-BaaAbCOBBIX CMA IPOMCXOAAT MOAMPUKALIII
TMAPOKCUABHBIX IpynI Kpaxmada. CaelyeT OTMeTUTB, YTO MPUCYTCTBIE MOAUPUKATOPOB B CIICTEMeE He
TOABKO IOBBIIIAeT BA3KOCTh CMCTEMBI, HO TaKXKe CIIOCOOCTBYeT ITOBBIIIEHUIO CTeIIeHU TUKCOTPOITHOTO
BOCCTAaHOBJAEHM:, a TakXke YMEHBIIeHUIO IpeJeda TeKydecTu 3arycturteas. Tak, Hampumep, HOpu
KOHIIeHTpanum Kpaxmada 5,0% cTemeHb TUKCOTPOIIHOTO BOCCTAHOBAEHM:A U IIpeAea TeKydecTu
coctaBasioT 84,2% n 39,14 r/cM?, COOTBETCTBEHHO, TO ITOCAe MOAV(DUKAIINN IIPU TOM K€ KOHIIeHTpaIum
KpaxmMasa COOTBETCTBEHHO, JOCTUTaeTcst 40 97,6% u 34,23 r/cm?.

Tabamuma 1
M3MmeneHNe peoaormdecKkyx CBOVICTB pa3paOOTaHHOTIO COCTaBa
B 3aBMICMIMOCTH OT KOHIeHTpanum KpaxMmaaa, Na-KMII n akpmnaoBost sMy abcun

Konrien- Konnerrparns Crenenn Crenenn
MOANPUKATOPOB, % OT
Tpauus TUKCO- IIpeaea pacuer-
KpaxmaJa B peca kpaxvaaa Y 1a.c TPOITHOTO TeKy4JecTH, AE€HIS
(T=293K) 5
3arycrureae, Axpiionan BOCCTAHOB- Pm, r/cm Kpaxmadza,
Y% Na-KMI] Aenust, % %
DMYABCIU

4 - - 14.516 80,4 41,36 -
5 - - 23.543 84,2 39,14 -
6 - - 41.064 93,3 25,40 -

2,0 - 16.730 83,7 40,23 63,0

3,0 - 18.145 86,4 37,14 67,5

4,0 - 21.283 95,2 33,26 72,3

4 - 0,1 15.264 82,3 40,78 56,4

- 0,2 17.846 85,1 38,19 58,6

- 0,3 18.935 94,4 35,27 64,0

3,0 0,3 24.721 96,7 30,41 75,7

2,0 - 26.434 86,8 38,76 60,4

3,0 - 28.743 88,7 35,28 62,3

4,0 - 32.672 96,1 31,08 64,7

5 - 0,1 25.126 84,2 38,56 53,4

- 0,2 27.447 86,3 36,15 54,2

- 0,3 29.165 95,1 33,47 58,1

3,0 0,3 35.284 97,6 34,23 75,6

2,0 - 47.182 88,4 25,11 57,8

3,0 - 51.723 91,5 23,64 59,7

4,0 - 55.641 97,6 20,78 63,4

6 - 0,1 31.142 85,3 26,24 52,1

- 0,2 34.284 87,8 25,18 53,6

- 0,3 40.166 96,2 22,34 55,4

3,0 0,3 62.787 98,7 19,26 73,2
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J.B. Mymanunosa, M.P. Amonos, C.1. Hasapos, X.K. Paszsaxoe

A TpuUToTOBAEHMS MOAMQPUIIMPOBAHHOIO KpaXMaAbHOIO 3aryCTUTeAs] MCKAIOUUTEABHO
Ba)KHYIO pOAb WIPaeT TaKOM IIOKa3aTeab, KaK IPOAOAKUTEABHOCTh Bapku. Jas yCTaHOBAEHMS
ONTMMAaAbHOIO  BpeMeHM BapKu HaMM  OblAM  M3y4YeHBl  CAeAylOlIMe  XapaKTepUCTUKU
MOAMQPUIIMPOBAHHOTO KpPaXMaAbHOIO 3aryCTUTEAs: CTeleHb pacIlelldeHNsl KpaxMaAbHBIX 3€peH,
AVHaMM4ecKas BS3KOCTb, AMHaMM4YecKas YCTOMYMBOCTL CTpYKTyphl (AYC), »aekTpokmHeTmMdeckue
CBOJICTBA I CTeIleHb CBA3bIBAHMS AaKTMBHOTO KpacuTeaAs, pe3yAbTaTbl KOTOPON IIpeAcTaBAeHbl B
Tabaumax 2 u 3.

TaOamuria 2
Bausimme npmpoabl 1 KOHIeHTpamy Moan¢uKkaTopa Ha CTelleHb CB3bIBaHUS KpacuTeAst
aKTMBHOTIO KpacHOro 6 C KpaxMaabHOTrO 3arycTureast, Mmoaudumposansaoro Na-KMII n
AKPMA0BOV DMYAbCHEN

Konnenrpanusa
Mogudukaropa, % ot Crenenp
Konnenrpanmu: Moau- & moreninaz,
. Beca KpaxMada CBSI3bIBAHIASI
Kpaxmada, % dukartop o MB
Na- Axpuaosas | Kpacureas, %
KMIL] DMYAbCUS
- - 37,0 18,74
2,0 - 23,0 14,63
Na-KM
a-KML 3,0 - 20,0 15,42
5 4,0 - 16,0 15,93
A - 0,1 26,0 13,86
KpriaoBar - 0,2 25,0 14,71
DMYAbCUA
- 0,3 23,0 15,46
- - 41,0 14,23
2,0 - 25,0 16,20
Na-kML 3,0 - 22,0 17,67
6 4,0 - 14,0 19,35
A - 0,1 28,0 15,22
;;fyizzzﬂ - 0,2 26,0 16,37
4 - 0,3 22,0 18,14
5 Axpuaonai | 4, 0,3 13,0 21,16
DMYABCUS
NaKMLI+
6 aKpMAOBasl 3,0 0,3 11,0 23,45
DMYABCUS
basosast HeMoauduIpoBaHHAs
o 43 5,87
3arycrureasb (kpaxmad, 9,0 % macc.)
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TabGauiia 3
M3ydeHne BanHMs pa3AMdHbIX (PaKTOPOB Ha IIPOLIeCcChI MOAV(MKAIVI KpaXMaabHOM
CYCIIEH3UN
Bemectsa, Bsskoctn . CrerieHn CBsI3bIBAHIS
ObpabarsI- Ycroransocrts, .
BBOAVIMBIE TOTOBOIO aKTMBHBIX KpacuTeaers,
BaeMble . AH.
repes, 3arycrureas, MOAMDUIIVPOBAHHBIX
CUCTEMBI . o
3aBapKoI1 ITa.c zarycrureaeMm, %
Kpaxmaa - 23,543 1,5 37,0
Kpaxmaa-
P Na-KMIL] 28743 3,0 20,0
MoauduKaTop
Kpaxmaa- AxpuzaoBas
P p 29165 2,5 23,0
MoauduKaTop DMYABCUS
Na-KMII-
Kpaxmaa-
P aKpUAOBasl 35284 4,0 13,0
MoauduKaTop
DMYABCIS

* KOHIIeHTpanus Kpaxmaaa B komrosumuu 5,0% macc.

Kak BMAHO M3 TOAy4YeHHBIX JaHHBIX (Taba.2.), ocymiecTBaeHMe MoaupUKauy Kpaxmasda
CYIIIeCTBeHHO BAMSIEeT Ha CTeIleHb CBA3BIBaHISA aKTMBHOTO KpacuTeas. IlocaeaHnil sBAsS€TCS OCHOBHBIM
¢akTopoM mpu IeyaTaHMM XAOIMYATOOYMa>kKHO TKaHM aKTUBHBIMM KpacUTeAsSMU C KpaxXxMaAbHBIM
3aryctureaeM, T.K. MeXJy (YHKIMOHAaABHBIMU TPYIIIaMM KpaxMada M KpacuTeaAs IIPOMCXOANUT
oOpa3oBaHIe BOAOPOAHBIX CBA3€I 1 3a CIeT DTOTO CTelleHb CBA3bIBaHIS OYeHb BBICOKA.

V3 moayd4eHHBIX AQHHBIX cAeAyeT, 4yTo mpu ocymiectsaenny Moaudukanuy Na-KMLI nan xe
aKpU/AOBOM DMyAbCHUell CTelleHb CBA3bIBaHUS KpacuTeAs C KpaxMaloM yMeHbllaeTcs 1oyt B 1,6 pasa, a
B caydae MoanuKanym Kpaxmaaa ogHospeMeHHo B npucyrcrsun Na-KMI n akpuaosas sMyabcusd,
T.e. B cucreMe Kpaxmaa-Na-KMLI-akpnaosas ®sMyAbcusl CTeNeHb CBA3BIBAHNS KpacuTeAs YMeHbIIaeTCs
noutn B 3,0-3,5 pasa. Hampumep, mpm koHIeHTparum 5%-HOTO KpaXMaAbHOTO Kaelictepa 0e3
MoAuduUKaTopa CTeIleHb CBA3BIBaHIS KpacuTeas cocTaBaseT 37%, a B mpucyTcrsun Moaudukaropa Na-
KMLII 1 akpnaosast sMyabcnst ymeHbiaeTcs 40 11%.

Jannble TaOA. 2. AaI0T OCHOBaHIe 3aKAIOUNTh, 4TO BBedeHre Na-KMILI 1 akpuaoBoit sMyabcyum
Kak Moaudukaropa Kpaxmada I03BOAsfeT IHpUAaTh KOAAOVUAHBIM YacTUIIAM  3aryCTUTeAs
OTpUILIAaTeABHBIN ITOTEHIINAaA ¥ TeM CaMBIM CHU3UTD €T0 CIIOCOOHOCTD CBS3BIBATh aKTUBHBIV KpacUTeAb.
DTO MOXHO OOBSACHUTh TeM, 4YTO OTPHUIIATEABHBIN 3aps] Ha IIOBEPXHOCTU KpaXMaAbHBIX 3€peH
HEMTPaAU3yeTCsl IPUCYTCTBMEM  IIOAOXNUTEABHO 3apsDKeHHOro KaTmoHa Naf,  crrocoOHOro
KOOPAVHAIIMOHHO CBA3BIBATHCA C (PYHKIIMOHAABHBIMU IpyHIIaMi, KOTOpsle mpeacrasasioT Na-KMII un
aKpunAOBasl ®MYAbCUSL.

Hamu ycraHOBA€HO, 4TO MMHMMAa/AbHAasl BeAMYMHA CTeIeHM CB3BIBAHM aKTMBHOIO KpacUTeas
MOAM(UUIMPOBAHHEIM 3aryCTUTeAeM AOCTUTAeTCs IIPU CTeleHN paciuernaenns 74-79 %. B cssisu ¢ 5Tim
HeoOX0AMMO OBLAO BBISACHUTH, OyaeT Ay MOAMQPUINMPOBAHHBIN KpaxXMaAbHBIN 3aryCTUTeAb C TaKOM
CTeIIeHBIO paclllelAeHNs yAOBACTBOPATh TPeOOBaHMUAM IO PEOAOTMM U YCTOMYMBOCTY BO BpEeMeHMU
(Taba.3.).

ITosiBAeHMe yCTOVMMBO MyTHOCTY yKa3bIBaeT Ha TO, UYTO BOAHAas cpeja 00pabOTaHHBIX CyCIIeH3MI
COAEP>KUT KOAAOWAHBIE YacTUIIBl, He OcCaXkJaeMble IIpU AAUTEABHOM XpaHeHuM, T.e. AOCTUTaeTCs
TepMOAMHAMMYECKM yCTOMYMBAs CICTeMa I10 OTHOLIEHUIO K KpaXMaAbHOMY 3arycTuTeaio. B pesyanrare
XMMUIYeCKOi MOAMQPUKAIMU HabAIOAAIOTCA M3MEHeHNs U B pe0AOTMYecKOM ITOBeAeHIM KAelCTepoB,
3aBapeHHBIX 13 0OpabOTaHHBIX CycrHeH3muil Kpaxmada, moaudunyposaHHeiM NaKMII 1 akpnaossim
DMYAbCUEM.
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J.B. Mymanunosa, M.P. Amonos, C.1. Haszapos, XK. Paszsaxoe

ArperaTusHas YCTOMYMBOCTD MOANQPUIIIPOBAHHOTO kpaxmaabHO-Na-KMII-akpuaoBoii
DMYyAbCUeN 3aTyCTUTeAs CTAaHOBUTCs OOAbIIe (4 AHS) IO CpaBHEHMIO C YUCTO KpaxMaabHOI (1,5 AH:).

Bansnme KoOHIleHTpammy MOAMQPUKATOPOB Ha PeakIMOHHYIO CIIOCOOHOCTh Kpaxmasa
uccAeAOBaAll Ha IIpUIMepe peakIjuy reTeporeHHoN Moaudukanum Kpaxmasla moguduxkaropoMm. Ecan
CpaBHUTH KOHI[EHTpalny MOAU(UKATOPOB, AOCTUTaeMble 3a OAHO U TO Ke BpeMs A5 ABYX CAydaeB, TO
II0Ay4nM, 4TO, Harpumep, 3a 30 MuH peakuym pacxod moanduxaropa Na-KMII cocrasna 9,3 % aas
5%-HoiT KpaxMaaAbHOI CycreH3un 0e3 aKpuAOBOM ®MYAbCHUY, a C aKpUAOBOM sMyabcueit - 11,7%. Kak
BIAHO, CKOPOCTb peakumu Aas Moamdukanum KpaxmaapHou cycreHsuym Na-KMILI u axpnaosoit
®MYAbCHeN BBIIIe, yeM 4451 Kpaxmaaa, MoandumuposanHoro Na-KMLI. Do cBA3aHO ¢ pasanmdusamu B
PeaKIIMOHHOM CIIOCOOHOCTH, ITOKa IIPOTeKaIOT ITI0BePXHOCTHLIE ITPOIIeCCH], T.e. 40 HaCTYIIAeHMs CTalum
MoanduKanuu B o0beMe 3epHa, AMMUTHpyeMble AuQPy3nert.

Peoaormueckoe mopegeHne reaeo0pas3HON CHCTEMBI XOPOIIO XapaKTepU3yeTcsl XOAOM KPMBBIX
TeKyJecTy, IpejcTaBAsiomux coboir sasucumoctu Igh=f(lgt) (pmcynok 1). Ilpm KoHueHTpammn
moandukaropa Na-KMLI 3,0 % or Beca kpaxmaaa, HaDAIOAAeTCs pe3Koe yBeANdyeHMe yraa HaKJAOHa
KPMBBIX TeKy4ecTy, KOTOpble IPUMHUMAIOT B/, XapaKTepHBI A4 CTyAHeOOpPa3HBIX CUCTeM C Pe3KUM
BO3pacTaHMeM BA3KOCTM B 004acTy MaAbIX KOHIIeHTpaIlMil M OTCYTCTBMEM ydacTKa C ITOCTOSHHBIM
MaKCMMaAbHBIM 3HadeHMeM Bsa3KocTu. Takyio >ke KapTuHy Ha0aA104aau AAs BCeX KOHIIeHTpaluii
Kpaxmada cBbIIle 4% macc (puc). DToT PakT 0ObACHAETCS, TeM YTO XapaKTep PeoAOTMYecKMX KPUBBIX
AAs BOAHBIX PacTBOPOB Kpaxmada OIIpeJeAsieTCsl COOTHOIIeHNeM B pacTBOpe MO/AeKyASPHO-
pacTBOpPEHHO) 4YacTM MoAMMepa U KOAUYecTBa KOAAOMAHO-AVICIIEPCHOV  (pashl. Mo>xkHO
HPeAOAOXKUTb, YTO AEVCTBME CABUIOBLIX YCHMAMII BBI3bIBaeT paspyllleHue MOAEeKYASPHON CeTKU
3allellAeHNnil,  OpMeHTAIlMI0  OCBOOOXKAEHHBIX  MAaKpOMOAEKyA ¥  BO3HUKHOBEHNE  HOBBIX
HaAMO/€eKyASPHBIX OOpa30OBaHMUIA.

Igh 4.8
4,4

3’: .\‘\\\.\\;\\.‘
\

3,2 pas
R S S
2,4 —s

2 -\‘ -3
1,6 AN -2
) RN —1
0,8 \

0,4

O T T T T T T T T T 1
0 04 08 12 16 2 24 28 32 36 4 lgt

Pucynoxk 1. Kpusbie TeKydecTyt 5%-HBIX BOAHBIX paCTBOPOB Kpaxmaaa
1-mcxoAHOrO, 2-B IPUCYTCTBUM MOAM(UKATOPa aKPIAOBasl DMYAbCHs, 3-B IPUCYTCTBUIA
moauduxaropa Na-KMI, 4-8 npucyrcreun mogudukaropa Na-KMII 1 akpmnaosoit sMmyabcum

Takum oOpasoM, ycraHOBAeHO, 4YTO B pesyabTare Moaudukarum Kpaxmada Na-KMLI u
aKpMAOBOM DMYALCUM €0 PUBMNKO-XMMUIECKe ¥ Pe0AOrMdecKye CBOJICTBa, 110 OTHOIIEHNIO K YICTOMY
Kpaxmady, CTaHOBATCS BBICOKMMM IIO OTHOIIEHMIO K BA3KOCTM M CTeIIeHM TUKCOTPOIIHOTO
BOCCTAHOBAEHIUM U 3HAUUTEABHO YMEHBIIIAeTCsl 110 OTHOIIEHMIO K IpeAeAy TeKydeCTH 3aryCTUTeAs.
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A.b. Myraauniosa, M.P. AMonos, C.J. Hasapos, X.K. Pa3sakos
Byxapa memaexemmix yrusepcumemi, byxapa, ©30excman

MoandukanmsaaHraH KpaxmMaaMeH KOIOAaHFaH OaclialaHFaH MaKTa XKiIl MaTaldapAbIH
9KCIIAYaTalMsIAbIK KacueTi

Anparnia. MogudukanusaianFaH KpaxMaaAblH pPeOAOTMAABIK KacueTrepi Kpaxmaa MeH
MoAu(pUKaTOpAapAbIH KOHIIEHTpaUVsChIHA OallAaHBICTEL 3epTTeadi. Moaudukaimsaianran Kpaxmaa
OOSFBIIIBIHBIH OailAaHbICy A9peskeci KaAiMTi KpaXMaaMeH caabICThIpFaHAa 1,6 ecere >KybIK TOMeHAEMTiHi
AHBIKTAAABI.
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J.B. Mymanunosa, M.P. Amonos, C.H. Hazapos, X.K. Pas3axos

Moaudukannsaianrad KpaxMaaAdbelH TesiMaiairi 1,5 Toyaikke aeitiH 0oaaThlH Kpaxmaara
KaparaHJa 4 TeyaiKKe AeliiH apTaTbIHABIFBI aHBIKTaAABL.

TyitiH ce3aep: peoaornAAbIK KacueT, MoAnpuUKamms, Kpaxmada, KOI0AaTKBIII, MaKTa >KiIl MaTachl,
0oy, OOAFBIIT TUIMAIAITi.

D.B. Mutalipova, M.R. Amonov, S.I. Nazarov, X.K. Razzakov
Bukhara state University, Bukhara, Uzbekistan

Operational properties of printed cotton fabrics thickened with modified starch

Abstract. The article considers rheological properties of modified starch depending on the
concentration of starch and modifiers. It was revealed that the degree of binding of the modified starch
dye decreases by almost 1.6 times compared to native starch.

It was determined that the stability of modified starch up to 4 days, against starch up to 1.5 days.

Keywords: Rheological properties, modification, starch, thickener, cotton fabric, finish, dye,
efficiency.
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Turmmoaormst MeXXKHalllMMOHaAbHDbIX KOH(I)AI/IKTOBZ Cyﬁ'I)EKTI/IBHaﬂ OLleHKa

Aunortarmsa. B cmamve mna ocnose co0parii0z0, USYUEHHO0 U NPOAHAAUSUPOSAHTHOZ0
Mamepuara  npedCcmasrena AsMopcKas MUNOAOZUS  MEXHAUUOHANDHOIX KOHPAUKIOE 110
nputuHe UX 603HUKHO6eHUS. Aemopamu onpederervl 30Hbl KOHPAUKMOS, KpynHetiuiue 20poda 6
ux npederax, sviderervl npednorazaeMole NPUHUHGL U 603MOXKHBIE COCOOVI peuleHUs npodAeMOL.
ITocae onpedereHus onmMuMAAbHLIX Memodos U cnocobos zpaduueckoil UYarUsauuu, c
UCTIOAb306aHIEM CHOCO0A SHAUKOS, OVIAA coCmAsAeHa Kapma KOHGAUKIOE U 6bINOAHEH AHAAUS
2e02paduHeckoil  NPUYPOUEHHOCHIU  30H  MEXHALUOHAADHOLX ~ KOHPAUKMO6. Paccmomperio
603MOKHOE HEZAMUEHOE GAULHUEC MEKHAUUOHAADHVIX KOHPAUKINOE HA IKOHOMUKY CIIPAH U UX
peeuonos. ITloxasana Heo0OX00UMOCHIL NPUEACUCHUS  NOSLIULEHHO020 GHUMAHUA K  OAHHOI
npodiemamuke HA 6CeX YPOSHAX, NPUMEHEHUS NPeseHmucHol OUNAOMAMUL, MAKCUMANDHO
OvICIPo20 YpezyAUposaHiLs KpUusucos pastozo Cpoka CyuLecmeosausl, 6KA0UAs 3apoxoarosuecs,
npuMeHeHus Crpameziy NOCHKOHPAUKIIHOZ0 YpPezyAUposanus.

KaroueBble caoBa: KOHPAUKI, MEKHAUUOHAADHVIL KOHPAUKIN, MUNOAOZUSL KOHPAUKNIOE,
2e02padus KOHPAUKIOG, Kapma KOHPAUKMOE, cyObeKmueHas oleHKa.

DOI: https://doi.org/10.32523/2616-6771-2022-140-3-46-54

BBeaenne

[Tog  MeXHAIMOHAABHBIM  KOH(PAMKTOM  CIenyuaaucraMu B  004acTM  COBPEMEHHOII
STHOIIOAUTUYECKON KOH(PAUKTOAOTUY Yallle BCETO ITOHMMaeTcs Takas ¢popMa KOH(PAMKTA, B KOTOPOIL
1leA XOTs1 OBl OAHOM U3 CTOPOH ONIpeAeAsdIOTCs B DTHUYECKMX TepMMHaX, a caM KOH(MANKT, ero
IIPEeAIIOCHIAKM ¥ BO3MOJKHBIE IIyTM peIleHMs] BOCHPMHMMAIOTCS II0 HallMOHAAbHOMY IIPM3HaKY.
Kongaukr, kak mpasnao, 3akaiodaercsl He B CaMIMX HallMOHAAbHBIX Pa3AM4MsX, a B IOAUTUYECKUX,
HKOHOMMYECKIX, COLMaABHBIX, KyAbTYPHBIX AU TePPUTOPMaABHBIX Borrpocax [1].

B TO Xe Bpems OAHMM U3 OCHOBHBIX (paKTOPOB HeJOITyIeHMs AaHHBIX KOH(PAMKTOB SABASETCS
BHYTpeHHsI1 IIOAUTMKA TIOCyJapCTBa, HalpaBJAeHHas, IpeXJe Bcero, Ha (opMUpoBaHUe
MEK9THIYECKOTO U Me>KHaIlMOHaAbHOTO COTrAaciisl, peAUTO3HOM TeprmmMocTu [2].

Anaan3

Ha ocHoBe coOpaHHOrO, W3y4eHHOIO U IpOaHaAM3MpPOBAaHHOIO MaTepuada IIO TeMe
mccaeAoBaHMs HaMu Oblaa cocTaBAeHa Tabaniia 1, B KOTopoii (aDcoAIOTHO He IIpeTeHAYsl Ha IIOAHOTY, a,
TOABKO IIpUBeAs B KauecTBe HanOo.1ee XapaKTepHBIX IIPUMEepOB) BbIsABAeHHbIe KOHPAUKTH B pe3yAbTaTe
aHaamu3a OBLAM paclIpejeieHbl IO KPYHHBIM permoHam (dactu csera u Poccmiickas Peaeparus) u
CHCTeMaTU3MPOBaHBI 110 IPUYMHAM UX BOSHMKHOBEH! s (TUIT KOH(PAMKTA):
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— KOH(AMKT, BOSHUKIINII Ha TI04YBe OIlpejeleHns cTaTyca pernoHa (1);
— KOH(AVKT, BOSHUKIINII Ha TIOYBE YIIleM/AeHNs ITpaB HalllIOHaABHBIX MEHBIIINHCTS (2);
— KOH(AVIKT, BO3HUKIINII Ha II0YBE TEPPUTOPUAABHBIX CIIOPOB (3);
— KOH(AVKT, BO3HUKIINII Ha PeAUTIO3HOI 1TouBe (4);
— KOH(AVIKT, BO3HUKIINI Ha II0YBE PacOBOII/KAaCcCOBOI ITpMHaAAeXXHOCTH (5).
TaGamria 1
I'eorpadmst MexxHaIMOHAAbHBIX KOH(AMKTOB Mypa 1 Poccmiickort @eaepanyin i IIpeAnIOCbLAKN

VIX BO3HMKHOBEHNSI [COCTaBA€HO aBTOpaMI]

I'eorpadmst MeXXHaIMOHAABHBIX KOH(AUKTOB B MUpe
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IMpranibr KOH$paNKTa ¥l R Y
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EBpona
Cesepnas Beadacr, Aongongeppu | Kondpanxr Ha rouse onpeseeHns
Wpaanans craTyca permoHa
Kopcnxka Bactus, Astauo Kondaukr Ha mouse onpeseaeHns 1
cTaryca perroHa
SamagHast Tetoso, I'ocTusap, Crpemaenne aa0aHCKOTO 3
MaxkeaoHns Oxpug Hace/AeH!sl K He3aBMCUMOCTI
TpancnapBanm: bparmos, Typry-Myperm, | Kondankr Ha poHe criopos o 2
Kay>x-Hamoka craryce ObiBITIell Benrepckoit
aBTOHOMHOI1 004acTu
laraysms Kowmpar, Yagpip-Aynra, | Beixoa Moagasuu 13 cocrasa 4
ByakanerTsr CCCP u ee BO3MOKHOe
oObeauHeHne ¢ Pymbianenn
Ocronns, Aarsus | Pura, Taaann, Hapsa, Koudaukr Ha rmouse yieMaeHMs 56
Tapry, Adayrasnmac IIpaB HallMIOHAAbHBIX MEHBIIVHCTB
(pyCcCKOS3BIMHOTO HaceAeHM)
Caoaxus Bbpartucaasa, Komapno, | Konpaukr Ha rouse repecMorpa 7
Kommne CYyIIeCTBYIOIINX IPaHNL] MeXAY
pecityOAMKaMy OBIBIIIe
YexocaoBakuu
Kocoso [Tpumrnna, Kocoscka- Kondaukr, BosHMKIIIMIT Ha 14
Mutposuiia, Ileu PEeAUTMO3HOM I10YBe
Aszust
IOxxnas Ocerns IIxunBaan, /Jxasa DTHO-TeppUTOPUAABHBIN BOIIPOC 12
QepraHckast ®eprana, Anamxas, | Kondaukr Ha rmouse nepecMorpa 13
AOAMHA Hamanran, Om, | cymecTByIOIIMX rpaHuIL] MeXAy
Xyaxang pecityOauKaMu
CuHbLIBAH Ypymun, Kamrap, Akcy, | Konpanxr, BosHukInmii Ha
(Yitrypucran) Kapamait PeANTMO3HOM II0YBe
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Adpuxa
3anagnas Caxapa | Dap-Aion, daxaa Crpemaenne HaceAeHMs 3arlajHOI 1
Caxappl K He3aBUCUMOCTU OT
Vcnanny; nomnbiTka Maspurannn
u Mapoxkko aHHeKCHPOBaTh
3anaanyio Caxapy
Pyanaa, bypynan | Kuraamn,  byxym0ypa, | Kaaccosoe HepaBeHCTBO 5 15,16
I'oma, bykasy
Amepmka
Ksebek, Ontapmno | Monpeaas, Ksebek, | Konpanxr Ha mouse ompeseseHus 1
MuxyTrmMmu CTaTyca permoHa
Upsamnac Tycraa-I'yteeppec, Kondankr Ha mouse yremaeHns 2
Tamnauyaa IIpaB HallMIOHAAbHBIX MEHbIIVHCTB
(KOpeHHBIX MHAEVICKMX HapOAOB
Mexkcnkn)
MuHHearIoAamc Ataanta, bocron, Konpankr Ha 10uBe pacoBoit 5
IMapaort, Ynkaro, PUHAAAEKHOCTI
Memrc, Hb}O-V[OpK,
QuHMKC 1 4D.
OkeaHust
Duaxm Cysa l'ocyaapcTBeHHBII  IEPeBOPOT U 2
yllleM/AeHue IIpaB HallIOHAAbHBIX U
PeAUTMO3HBIX MEeHBIIHCTB
o.byrensnas Apasa CrpemaeHnue K caMoonpeAeAeHuIo, 3
3eMe/bHBIe CIIOPHI U yIIepO
OKpY>Kalollleil cpeae, CBA3aHHbIe C
AO0OBIUET] IT0A€3HBIX VICKOIIaeMBbIX
I'eorpadms MexxHarMoHaAbHBIX KOHPAUKTOB B Poccuiickass Pegepainis
TaTtapcran Kasanp, HaGepesxurie | Konpankr Ha 1mouse yijeMAeHus | 2
Yeansr, HusxkaexkaMmck IIpaB HallMOHAABHBIX MEHbIIHCTB
Kprivmcknii 1-os Cumdeporoas, CoraacHo mno3unmmn Poccum u | 3 8
CeBacToroan, flaTa, | KpBRIMCKMX BAacTell: 0OIlecTBeHHOe
Baxuncapait HEeA0BOABCTBO AEVICTBUSMU
CTOPOHHMKOB Espomaiigana,
OCYIIIeCTBMBIIIMX CUAOBYIO CMeHY
BAacTy Ha YKpauHe B (peppase 2014
roaa, OTKa3 PYKOBOACTBa
aBTOHOMUU NpU3HATh
AETUTUMHOCTh  HOBBIX  BJAacTen
Ykpanns.  CoraacHo  mnosuuun
YKpauHbl: BOOPY>KE€HHasl arpeccis
Poccun nportus YKpanHsl.
Yeuns, I'posnniiz, I'yaepmec, | Criop MeXAy Yeunen n|3 10, 11
Vurymetnsa Haszpanb, Maarobex Vlnrymetnenn o npmHaAAeXHOCTU
Maarobekckoro u CyHXXeHCKOro
pajioHOB
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Aarecran Maxaukazaa, Aep6enrt, | Haamune MHOTOYMCAEHHBIX | 3 9
Kacrmitck,  ByitHakck, | clopHBIX ~ MOMeHTOB B cdepe
Kusasap, Xacasiopr 3eMAeN01b30BaHs

Jaznee ompeaeasanch ONTMMaaAbHBIE METOABI UM CIOCOOBI rpadpuueckoil Buayaamsanum [2],
npeacTaBAeHHbIX B Tabamuie 1 gannpix. Ha mx ocHOBe, c mcrioap3oBaHmeM crocoda 3HauKOB
(A0KaAM30BaHHBIX 3HAYKOB), ObL1a COCTaB/AeHa KapTocxeMa KOH(PAMKTOB, IpeJcTaBAeHHas Ha prcyHKe 1.
Homepa koH)AMKTOB B TaOAMIle COOTBETCTBYIOT HOMepaM Ha Kapre. B saHHOM caydae crtocob 3HauKOB
IIPUMEHEH AAs Ilepejauyt OCOOEHHOCTeN I11aHOBOTO IIOAOKEHMS M B3alIMHOTO PacllOAOXKeHUs 30H
Me>KHaIlMIOHAABHBIX KOH(AMKTOB, He BBIpa’KalOIIMXCsl B MaciuTabe KapThl, HO MMEIOIIMX YETKYIO
TOYEUHYIO IIPOCTPAHCTBEHHYIO JAOKaAM3aluio U reorpadpuyueckyro mpussasky [3]. Llsetom
JICIIOAB30BaHHBIX BHEMAaCIITaOHBIX YCAOBHBIX OOO3HadeHMiI (IIyHCOHOB) IlepeJaércsl Ba>KHelIlas
KauyecTBeHHas XapaKTepUCTUKa 30H Me>KHAITMOHAaAbHBIX KOHPAMKTOB — TUIT KOH(PAMKTa [3].

Kak ™Mb Bugum Ha pucyske 1, mnpeoOaajaiomias YacTb KOH(PAMKTOB MMeeT YETKYIO
reorpapuuecKyio NpuypodeHHOCTh — OHYM CKOHIIeHTPUPOBAHBI B IOXKHBIX JaCTSIX TOCYAapCTB U PETMOHOB,
npuyéM mpeumyiectseHHO CeBepHOro moAyiiapus MuUpa, U IPaKTUYecK! OTCYTCTBYIOT B CTpaHax
IO>xHOTO MOAYIIAapMs (3a peakum uckarodeHnneM — Pyanga u bypynanu B Agppuxe, Puaxn n byrensuan
B OxeaHun).

UéTko mpocaexmBaeTcsl KOHIJeHTpallsl Me>KHAIlMOHAaABHBIX KOH(AMKTOB B 30He Nepudepun
rocygapcts. CaeaoBaTeAbHO, MBI MOXEM TOBOPUThL O TOM, YTO C OOABLION AO0A€Nl BepPOITHOCTU
IIOAUTIYECKas CUTyals B pacCMaTpyUBaeMBbIX PerroHax HaIlpsMYIO B3aIMOCBsA3aHa C H9KOHOMMYECKON
OTCTaA0CTBIO MX OKpayH. ITpuuém KOHPAMUKT MOKeT cTaTh KakK IPUYMHONM DPKOHOMMYECKOTIO CIlaja, TakK
U €TO IT0CAEACTBUEM.
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Mo>xHO cKa3aTh, 4TO JaHHas IpoOJeMa sBAseTCA OAHON M3 HauboJee OCTPBIX MOAUTUIECKIX
npo6aeM. BausHme gaHHBIX KOH(PAMKTOB Ha SKOHOMUKY IpsIMOe M caMoe HerocpeAcTBeHHoe. Ha
IpuMepe pernoHoB Mupa u Poccum OBLAO BBIICHEHO, YTO KOH(PAUKT B OOABIINHCTBE CAydaeB MOKET
OTOPOCUTH YPOBEHb DKOHOMMYECKOTO PasBUTHUs CTPaHBl MAN ee perroHa Ha HEeCKOABKO JAeT Hasad.
MatepuaabHoe OOraTCTBO 1 pecypChl YaCTO YHUUTOXKAIOTCA MAY Ype3MepHO MOTpeOAIOTCs B IIpoliecce
KoH(pAMKTa. CTparernyeckyie ®KOHOMUYECKNE I[eAM JacTO SIBASIOTCSA TAaBHBIMU LI€ASMM BOIOIOIIINX
cropoH. bespaboruria pactér, pabodas c1aa MOKMUAAeT 30HBI KOHPAUKTOB, YTOOBI IIPUCOEAVHUTHCA K
OopnOe MPOTMBOOOPCTBYIOIIMX CTOPOH MAM HaWTH yOeXXuIle B APYIMX MecTaX, 4acTO B CTOAMIIAX
rocyJapCcTB MAM aJMMHUCTPATUBHBIX IIEHTpax MX pernoHoB. ITOTOk OeXkeHIleB yBeANMIMBAETCS U
CYyILIIeCTBEHHO HaIlpsraeT HalllOHaAbHble I MeXAyHapoAHBle pecypchl. MeskHallllOHaAbHbBIE
Oecriopsiaky, 6yap To B Poccum mam mMupe B 11e10M, Bcerda CBA3aHBI C TpabeskaMl, YHUYTOXKeHVeM
UMyIIlecTsa U BaHAaAM3MOM.

DBpuraHckmnil SKOHOMMICT I10 BOIIpOCaM Pas3BUTH:A, IPOQeccop SKOHOMUKM M TOCyAapCTBEHHOI
noantuku IIkoaer ympaBaenms wumenym baasatHmka OKcOpACKOTO YHMBEpCUTETA, AMPEKTOP
MexaynapoaHnoro nenrpa pocra (Beankodopuranus) IToa Koanep (Koawep) ¢ coasropamu, oreHmsas
DKOHOMMYECKNIT D(PPeKT BANAHUSA BOEHHO-TIOAUTUIECKUX KOH(PAUKTOB Ha OOBEMBI BHYTPEHHETO
Baaosoro mpoaykra (BBII) pasupix ctpan [4], yOeanTeabHO HOKa3ad, 4TO B pe3yaAbTaTe AeVICTBUS
9¢dekra CHIDKEHMSI DKOHOMIYIECKOTO pOCTa CTOMMOCTB TPa’kKAaHCKOI BOVHBI MOXET AOCTHUTIAaTh He
MmeHee 2,2% pasmepa BBII B roa [4; 5]. C yuétom TOro ¢pakra, 4To CpejHss IPOAOAKUTEABHOCTH
Ipa’kAaHCKOI BOVIHBI COCTaBAsIeT CeMb A€T, TO, COOTBETCTBEHHO, K KOHITY HTOIO Ilepuoja «IIpocesaHue»
HDKOHOMMKI rocyaapcrsa MoxeT goctudb 15% [6, 7]. Psaa aBropos [5], mpuBoAs JaHHBIE O AMHAMUKe
BBII na aymry HaceaeHms! 3a IleproAbl HPOTUBOCTOSHIS B HEKOTOPBIX BOOPYKEHHBIX KOH(MAMKTAX,
TOBOPSIT O COBOKYITHOM CHIIKEHUM DTOTO ITOKasareas gaxe 40 70 % Bcero 3a 2 roaa [5]. Peus maér o
Tagxmkucrane (1992-1993) n Jemoxpatmyeckoit Pecniybamke Konro (OpBmmit 3aump). Adas APK
yKa3aHHbI Ilepno/, AByx aAeT BKaiodaeT 1997 r. (Ilepsas Konroaesckas Boiina) m 1998 r. (Bropas
Konroaesckast man Beankas AdpukaHckas BoiiHa), mpogoaxasiascs no 2002 r. B mocaeanioo 6p1an
BTSIHYTBI TIOYTHU Bce rocyaapcrsa Lentpaasnoit n IOxuoin Adgpukn [6,7]. VI coBpemenHast cutyanms,
CKAaABIBAIOIIAsICSl Ha TEPPUTOPUN YKPaMHbI, K OTPOMHOMY COKaAeHIIO, BO MHOTOM ee HallOMIHaeT.

BueiBoabI

Ha Hall B3IrAs4, MCXO04s M3 aHaAl3a peSYALTaTOB HpOBeAéHHOTO ccaeA0BaHMsI, MHOIUIe (KaK
IIOAUTUKY, TaK U IIPOCTbIe OOBIBaTeAM) IIOIPOCTY He XOTAT IIPU3HAaBaTh CyIeCTBOBaHUE JaHHONI
HpO6AEMbI AU He IPUAAIOT el 40A>KHOTO BHMMaHM:, 3aKpbIBasl Ha He€ raasa, HO B HaCTOsAIee BpeMs
DTO O4Ha M3 CaMbIX <<6OA}JH}JIX>> TeM AAs1 BCETO Mmpa. Me)KHaLU/IOHa/lebIe KOHq)/H/IKTI)I BCeraa sABASIANCH
U SIBASIIOTCSI UICKAIOUYNTEABHO Ba’>XKHbBIMI BOHpOCﬁMI/I, q)OpMI/IpyIOLT_U/IMI/I, B TOM 4lCAae, 1 COBpEMEHHyIO
MEXAYHAapOAHYIO IIOAMTUKY.

MCXO,ZI,}I ns3 BbIIII€eCKa3aHHOTIO, MO>KHO caeAaThb BbIBOA, qTo peIHEHI/Ie HpO6A€MI)I
Me>KHallIOHAaAbHBIX KOHCl)AI/IKTOB BO3MO>KHO TOABKO HYTéM KpOHOT/lI/IBOﬂ U, KaK HpaBI/I/lO, AAI/ITQAI)HOIZ
U AOATOBPEMEHHOM IOAUTNYECKOl paboThl. HeobXxoammo mpyuMeHATh IPeBeHTUBHYIO AMIIAOMATHIO,
CTapaTbC}I MaKCIMaAbHO 6I)ICTpO pEI'YAI/IpOBaTb KaK AANTEeABHO CYHIECTBYIOH_U/IQ, TakK M HeAdaBHO
BO3HUKIIIINIE u 3apo>1<4a10m1/1ec;1 KpI/ISI/ICI)I, YAGASITB 3HaAUYUTEeAbHOE BHIUMAaHIIE CTpaTeI'I/H/I
HOCTKOHCI)AI/IKTHOFO yperAI/[pOBaHI/Iﬂ, ‘~ITO6I)I B ,Zl,aAbHEfIIHEM HEe BO3HMKAAO LHI/IpOKOFO cneKTpa
COIIPOBOXXAAIOLINX UX IIPpO0aeM.
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YaTapaabIK KaKTHIFBICTap ABIH TUIIOAOTUSACHL: CYObeKTUBTI Oaraaay

Angarma. Makasaga >XMHaAfaH, 3epTTeATeH >KoHe TaljaHFaH MarTepuaAara CylieHe OTBLIPBIII,
oJapAblH Maliga ©OoaAyblHa OailAaHBICTBI YATapaAblK KaKTBIFBICTapABIH aBTOPABIK TUIIOAOTHACH
KeATipiareH. ABTOpAap KaKTBIFBIC aliMakKTapblH, OJapAblH IIeriHjeri ipi Kaaaaapabl aHBIKTaAbl,
MaceleHi IIemyAiH OoaXkaMAbl ceDemnTepi MeH MYMKIH >KOAJapblH aHBIKTagbl. ['padpukaabik
BU3YyaAU3allVsTHBIH OHTAllABI 94icTepi MeH TociadepiH aHBIKTaFaHHaH KelliH Oearilreaep a4iciH KoA4aHa
OTBIPBIN, KaKTBIFBICTAP KapTachl >KacaAblll, YATapaAblK KaKTBIFBICTap aliMaKTapbIHBIH reorpa@usablk,
OpHaJacyblHa Taajay >kKacaaAbl. YATapaablK KaKTBIFBICTapAbIH eAJep MeH OAapAblH aliMaKTapbIHBIH
DKOHOMMKAChIHa BIKTMMaA Tepic acepi KapacThIpblaabl. bya Maceaere GapAblK JAeHreiidepae epekiie
Hasap ayJapy, HpPeBeHTUBTI AUILAOMaTUAHBI KOAJaHy, >KaH>XKaljaH KeliHIl peTrey CTpaTerusiChlH
KOAJaHyAbl KOca aAfaHAa, 9pTypAi eMip cypy KeseHAepiHAeri JdardapbicTapAbl OapbIHINA >KblA4aM
peTTey Ka>kKeTTiAirl KepceTiareH.

TyitiH ce3aep: >KaHXKad, yATapaaAblK KaKTBIFBIC, >KaHXKaAAapAblH MIIOAOTMACH], KaKTBIFBICTap
reorpauschl, KaKTBIFBICTap KapTachl, CyObeKTUBTi Oarasay.
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Typology of interethnic conflicts: subjective assessment

Abstract. Based on the collected, studied, and analyzed material, the author presents a typology
of interethnic conflicts due to their occurrence. The authors have identified conflict zones, and the
largest cities within them, and identified the alleged causes and possible ways to solve the problem.
After determining the optimal methods and methods of graphical visualization, using the method of
icons, a conflict map was compiled and there was performed an analysis of the geographical proximity
of interethnic conflict zones. The possible negative impact of interethnic conflicts on the economies of
countries and their regions is considered. The necessity of attracting increased attention to this issue at
all levels, the use of preventive diplomacy, the fastest possible resolution of crises of various periods of
existence, including emerging ones, and there is shown the use of post-conflict settlement strategies.

Keywords: conflict, interethnic conflict, typology of conflicts, geography of conflicts, conflict map,
subjective assessment.
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Analysis and assessment of surface water quality in the Ilek river basin

Abstract. The article is devoted to the study of hydrochemical indicators of surface waters of the
llek River and large tributaries. The study was conducted based on the results of expeditionary
observations in 2020-2021. Surface water samples were taken at key sites for chemical analysis of
constituents. The scientific article describes natural and technogenic factors influencing the
geosystems of the Ilek river basin. The paper reveals the dependence of surface water pollution on
the impact of external technogenic factors. The study showed a direct dependence of surface water
on the industry. In the upper part of the Ilek River basin, high concentrations of copper and zinc
are observed in surface waters. In the middle reaches of the river Ilek exceeding the MPC by a
factor of ten for chromium, iron, and boron is obviously associated with intense pollution of the
production of the Aktuinsk chromium plant and the Aktobe ferroalloy plant. The work also
describes the pollution of the tributaries of the Ilek River of the first and second order, associated
with the mining industry in the regions.
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Introduction

Technogenesis is an internally natural process that changes under the influence of external factors
to a certain extent [1]. At present, technogenesis is a practically uncontrollable process in a global aspect.
In general, it is not subject to the mind and will of people at a modern geological moment. The process
takes place at different hierarchical levels, which conditionally can be distinguished by local, regional,
and global levels. Local processes, in the course of which human often deliberately intervenes and
changes their direction, are more studied. Mostly, technogenesis occurs in a spontaneous way at the
regional and global levels. Artificial improvements to the biosphere at the local level can often
contribute to regional and global destruction of the environment and human degradation against the
human original intention. The study of the relationship between technogenic processes at different
hierarchical levels is still poor [2].

The development of technology and the modern technical capabilities of society became one of
the main reasons for modern forms of technogenesis. Human engineering activity has a great influence
on exogenous processes, first of all, on the river network and erosion [3]. Artificial feeding of rivers is
used due to the transfer of water from one river to another and the redistribution of the river flow over
time. Dams, sluices, and canals lead to the regulation of both flow rates and erosional activities of rivers.
The idea of the so-called equilibrium curve, widespread in modern geomorphology, for the most part,
loses its meaning for regulated rivers. An important factor is the geoecological state of surface waters.
Surface waters are one of the most important components of the environment and their condition often
has a decisive impact on the ecological situation in the region [4].

The state of surface water and river streams serves as an important characteristic of the
geoecological situation of the catchment basins. The knowledge of the chemical composition of waters
and its changes is a prerequisite for identifying the mechanisms and scales of interaction between the
components of the natural environment and for an objective geoecological assessment of the region's
territories [5].
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Study area

The study area belongs to the Zhaiyk-Caspian water basin. The Ilek river with tributaries of the
first order, which flows into the river Zhaiyk (Ural) and further into the Caspian Sea form the
hydrographic network [6]. The Ilek river is a left tributary of the Zhaiyk river (Ural), formed by the
confluence of the Karaganda (left component) and Zhaiyk (right component) rivers, 8 km north of the
Kandagash railway station. It flows into the river Zhaiyk from the left, 1085 km from its mouth which is
located in the Orenburg region. The total length of the river is 623 km (from the source of the Zharyk
river, 699 km), and the catchment area is about 42 000 km? (Figure 1). The river has a two-sided
floodplain; the width in the middle course varies from 0.4 to 1 km. The tortuosity coefficient along the
length of the river varies insignificantly and averages 1.5. The banks are steep in places, composed of
loam and sandy loam. The bottom is sandy loam, in some areas, it is sandy-pebble and loamy, and in
some places it is slightly silted [7].
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Figure 1. Hydrographic network of the Ilek river basin [created by the author on the ArcGIS program]

The length of the river in the studied Aktobe region is 257 km. The main tributaries include the
right side — Koktyube river (length of 38 km), Tabantal river (length of 56 km), Kargala river (length of
114 km), and the left side — Sazdy river (length of 40 km), Tanybergen river (length of 58 km), Aksu
river (length of 42 km). In addition to the above, the river receives a number of other tributaries, 20 to 30
km long, and many small dry gullies in summer. The catchment is located on the western spurs of the
Mugodzhar mountains and the Dzharyk-tau mountains, and it is characterized by a highly dissected
relief. The tributaries form a rather dense hydrographic network. The hydrotechnical structures on the
Ilek river include the Aktobe, Kargalinskoye, and Sazdinskoye reservoirs, which are artificial reservoirs
of long-term filling with seasonal drawdowns of the water level [5].

One of the main natural factors that ensure the removal of the products of technogenesis from
geosystems is the hydrological and hydrogeological factor that appears during the period of
intensification of the activity of water flows since their chemical composition has a direct effect on living
organisms [8].
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Materials and research methods

Traditional methods of geographical research were used during the collecting and analyzing of
materials (observation, mapping, and geochemical analysis of surface water samples) [9]. In course of
the studies, there was measured the temperature regime of the river, which is one of the important
environmental indicators. Surface water temperature is the result of several simultaneously occurring
processes, such as solar radiation, evaporation, heat exchange with the atmosphere, heat transfer by
currents, turbulent mixing of water, etc. Water temperature is the most crucial factor affecting physical,
chemical, biochemical, and biological processes. The oxygen regime and the intensity of self-purification
processes largely depend on the water temperature [10].

An important indicator of the ecological state of a reservoir under anthropogenic impact is the
concentration of biogenic elements in the water. This primarily refers to mineral compounds of nitrogen
and phosphorus, as the most easily assimilated form by phytoplankton. The biogenic elements are
characterized by seasonal variability; their content in water is closely related to the vegetation of
phytoplankton. In this connection, with a decrease in the biomass of phytoplankton, the concentration
of phosphorus increases in winter, and on the contrary, the content of phosphorus consumed by
phytoplankton decreases in summer.

A sampling of surface water was carried out in accordance with SS RK 51592 - 2003 “Water.
General requirements for sampling” [11]. The sampling was conducted at 10 key areas: from the source
to the mouth of the Ilek river samples were taken in large tributaries of the Ilek river to identify the
concentration of dilution by the waters of the tributaries. Water analyzes were carried out in the
laboratories of the RSE "Kazhydromet" (Aktobe, Kazakhstan), as well as in the laboratory of LLP "IST-
ECO". Based on the results of the chemical analysis, there was calculated the water pollution index
(WPI) of the surface waters of the tributaries and the main channel of the Ilek river.

Results and discussion

The Ilek river basin is located in mining areas. The specificity and intensity of the flow of chemical
elements into watercourses change sharply in the mining and processing areas. In the immediate
vicinity of the enterprises, surface and underground waters change their chemical composition under
the influence of technogenic load. They accumulate sulfates, heavy metals, and other components, and
acidity changes. Acidic waters have an increased content of mobile forms of metals and promote their
migration into a conjugated environment [12].

In the Ilek river basin, an association of natural and technogenic elements that function as a single
system form a special natural and technogenic geosystem. The technogenic component of the
subgeosystems of the studied areas of the basin has a long history of formation, therefore,
understanding the conditions for the integration of the environment and the elements of the
technosphere is very important [12].

Natural-historical processes of territory pollution have been studied in detail in historical
documents and summaries [13].

Aktobe as a business and cultural center was founded in 1869 on the banks of the Ilek river. The
main large settlements are located mainly near water bodies, which leads to water pollution with
household waste, waste from animal husbandry, and industrial production. Currently, sources of water
pollution are industrial enterprises and public utility facilities. The main polluting enterprises are the
Aktobe Plant of Chromium Compounds (APCC), the Aktobe Ferroalloy Plant of Kazchrome
Corporation JSC (AFP), Alga Chemical Plant named after Kirov (in Alga) shutdown large chemical
production, "Aktobe CHP", "Akbulak", "Aktyubrentgen" JSC, "Aktobe Oil Equipment Plant" JSC,
alcoholic beverages production "Geom" LLP, "Omirbek" LLP, "Bakhtiyar" LLP, mining enterprises the
northwestern part of the large tributaries of the Ilek river: "Aktobe Temir VS", "Kyzyl-Kain Mamyt".
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The general scope of anthropogenic factors affecting the Ilek river basin is wide enough. There are
presented the main types of technogenic impact determining the current ecological state of the Ilek
basin.

Influence of traffic intensity of vehicles.

According to the results of the analysis of a water sample at the 4th key site (Table 1), the close
proximity to the location of the large junction station Kandagash near the source of the Ilek river, as well
as the location of deposits of building materials (sand, clay), determined the excess of the MPC for such
elements as Pb, Zn, Fe. Additionally, the Sazdy river, the left bank tributary of the Ilek river, and the
Sazdy reservoir contain Pb more than 7 times exceeding MPC (Table 2). Obviously, this is due to the
close location of the airport of the city of Aktobe. The close proximity of the Sazdy reservoir increases
the area catching the deposited micropollutants.

Table 1
Average concentrations of pollutants in the Ilek river (based on samples from key sites studied in
2020)
Chemical elements (exceeding maximum permissible
Sampling location Proba}l:le sourc?s of concentration / times)
technogenesis B | Cr|Cu|Pb| Fe|Ni|BOD5| PO& | WPI

Upper source of
the Ilek river, Transport hub,
(Kandagash deposits of building - - 13 1 09 | 04 - 1,75 1,1 2,5
village, Alga city) |materials
key 4
Ilek ri hemical i

ek river, k'ey 3, |C e'mlca industry, 20,0 i 13 | 04| 03 i 197 10 8
near Alga city agriculture
Flek river, key 2, Metallurgical
in Aktobe, after industry: APCC
the confluence Ty ! 13,8 1385 8 | 1,1 (10| 25| 0,65 1,0 11

. AFP, KazChrome,
with the KazZink
Zhenishke river z
Ilek river, key 1,
Aktobe, after the | icionsand gourds, | o0 g gl os | - | 05 | 03 7

. |air transport

Aktobe reservoir
Ilek river, key 5,
near the village of | Agriculture 10 2,2 6 0,4 - 1,2 | 1,70 0,5 5,5
Martuk
Note: "-" - values within normal limits

The activity of the mining enterprises

The mining industry in the eastern part of the basin, confined to the Kargaly river, the right-bank
tributary of the Ilek river, plays a special role in the pollution of the basin. The long-term development
(since 1921) of primary ore and placer nickel, iron ore and copper deposits had a significant impact on
the formation of the modern landscape of the region. Exploration surveys of raw materials covered
about two-thirds of the territory of the Kargaly district of the Aktobe region, where most of the left-bank
tributaries of the Ilek river are located (77%). Such as the Zhaman Kargaly river, the Zhaksy Kargaly
river, the Kosistek river, the Kuagash river, the Tabantal river, the Kokpekty, the Tarangul river, etc.
The territory of the Kargalinsky district of the Aktobe region is characterized by a half-century period of
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the removal of ore and their accompanying elements to the day surface, which lead to a violation of the
natural, biological, hydrogeological, and geochemical equilibrium. Violation of biological balance is
manifested in the destruction of aquatic and near-aquatic landscapes. The floodplain terraces of the
rivers Kosistek, Karabutak, Kuagash, Kokpekty are practically heaped up with overburden dumps of
the Kyzyl-Kain-Mamyt mine. The result of chemical analyzes on the left-bank tributaries of the Ilek
river showed a significant excess of MPC for such elements as Cu, Pb, Fe, and Zn, as well as exceeding
MPC for BODD5, nitrite, and ammonium ions (Table 2).

Obviously, this is related to the mining industry. Overburdened rocks from geological exploration
works are located near the Kuagash river (Badamsha village, Nikeltau village). The Velikhovskoe South
and Velikhovskoe North iron deposits with large dump areas are located near the Kosestek river. A
large excess of carbonate ions and copper is observed in the Zhaman-Kargaly river. Apparently, this is
associated with the Novorossiysk limestone deposit, as well as large copper deposits near the village of
Akzhar (formerly Novorossiysk village), Priorskoe deposit (pyrite ores, 1967), deposit “50 years of
October”, Avangard deposit. Exceeding MPC for nitrogen, nitrite, and ammonium ions is observed in
the Zhaksy-Kargaly river (Table 2). This is due to economic activities in the Kargalinsky district, near
the village of Shamshi Kaldayakov (formerly Aleksandrovka), the village of Petropavlovka (irrigated
agriculture: Tore Agro LLP, Kargala Agro Product LLP, Patsaeva LLP, Tabigat + LLP).

Table 2
Results of chemical analysis of surface waters of the tributaries of the Ilek river, 2021 (mg/dm?)
Index Sazdy Kuagash Kosistek | Zhaksy Kargaly | Zhaman Aksu river,
river, river, near | river, near | river, near the Kargaly near the
near the the Petropavlovka | river, near Martuk
Aktobe Badamsha | Kosistek village the Akzhar village,
city village village village before the
confluence
with the Ilek
river
Turbidity 1,3 2,8 1,03 0,88 14 0,1
Oxidizability 3,5 2,1 1,9 1,1 1,8 0,9
pH 7,7 81 8,4 7,1 8,0 7,0
Total 6 58 59 5,4 5,5 2,5
hardness
Ammonia 0,14 not 0,2 0,4 0,3 -
detected
Nitrite 0,004 0,002 not not detected - -
detected
Nitrates 38 30 46 49 30 32
Fe not 0,02 0,3 0,08 0,05 not detected
detected
Cu 0,34 0,54 0,24 0,18 0,5 -
Cl- 35 72 58,2 45,5 52 40,4
F- 0,5 0,2 0,12 0,1 1,0 not detected
Industry impact

During the second half of the last century, the waters of the Ilek river were heavily polluted by
heavy metals, phenols, boron, organic matter, phosphates, sulfates, and other components. The main
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sources of pollution were the largest enterprises: Aktobe Chemical Plant named after S.M. Kirov (Alga),
which ceased its activities in 1996; Aktobe Plant of Chromium Compounds (APCC), Aktobe Plant of
Ferroalloys of TNK Kazchrome JSC (APF), which accounted for about 85% of all pollutants coming from
wastewater discharges. In the area of large industrial hubs, the maximum permissible concentration for
the main polluting components was exceeded many times resulting in the WPI of the Ilek river after the
city of Aktobe varying from 7 to 10. The waters belong to "class 6", which is considered very dirty. Table
1 shows the increase of the WPI from the source to the city of Aktobe depending on the location of the
source of technogenesis near the Ilek river This is also associated with the confluence of tributaries with
their own water concentration. The maximum WPI is observed in the city of Aktobe, after the
confluence of the Zhenishke river into the main channel of the Ilek river. This is mainly due to the
location of the industrial zone (Aktobe plant of chrome compounds (APCC), Aktobe ferroalloy plant of
TNK Kazchrome JSC (AFP), etc). Due to the dilution of surface waters by the tributaries of the
Tanybergen, Zhamansu, Aksu rivers, WPI decreases along the mouth near the Martuk village (closer to
the border of the Russian Federation).

Table 2 shows the differences in water pollution indicators in samples from different tributaries.
These differences correlate with the economic activities of settlements near rivers.

Water migration of elements mainly occurs during periods of snow melting and after rare heavy
rains, when numerous dry channels are filled with water. In addition to the above external factors, the
hydrochemical indicators of the river are significantly influenced by the processes occurring directly in
the river waters (sedimentation, complexation, oxidation, or reduction of elements, etc.).

Conclusion

The study of the surface waters of the Ilek river and its large tributaries showed the relations
between the development of industry and a technogenic load of the basin's geosystem. Sludge collectors
of industrial enterprises pose a high danger. In the upper part of the Ilek basin, there is a high content of
copper and zinc in surface waters. Pollution in this area belongs to the second hazard class. The
exceeding of MPC in some places reaches 40-45 times since the territory of the basin is located in close
proximity to the large junction railway station Kandagash, created in 1928 as part of the Aktobe district.

In the middle reaches, the Aktobe plant of chrome compounds (APCC), Aktobe ferroalloy plant of
TNK Kazchrome JSC (AFP) are also threatening for the waters of the basin, which intensively pollute
river waters with hexavalent chromium compounds from accumulations, chrome-containing sludge of
APCC and slags of the ferroalloy production of AFP.

The third, no less significant problem is the mining industry on the right bank of the Ilek river
basin. Mining enterprises have rather large mining allotments in use; therefore, the load from them on
the environment and on surface waters is also commensurately great. The analysis of the consequences
of the development of technogenic processes is very difficult for the reason that a chain of subsequent
natural events can accompany the technogenic beginning itself. Withdrawing huge masses of rocks with
minerals, they are being introduced into the geological environment that has been forming for millions
of years. This leads to a weakening of rock pressure inside the stressed massif; the formation of cavities
for the oxidation of natural agents; the formation of ground sinkholes on the day surface; intensification
of soil erosion; violation of the primary natural conditions of the environment. The data of
hydrochemical monitoring of water bodies in the basin are not only the basis for assessing the quality of
surface waters, but also serve as an objective indicator of the geoecological state of the geosystems of the
entire basin.
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P.3. Cagapos!, I.E. Menarnioaesal, E.X. MeHnabiOaes?
L1.H. I'ymures amuvirdazvl Eypasus yammork ynusepcumemi, Hyp-Cyaman, Kasaxcman
2K. 2Kybaros amviridazor Axmebe eHipAik Memaekemmix yrueepcumemi, Axmeoe, Kasaxcman

Eaek o3eHi aaaOGbIHAAFbI JKep YCTi CyAapbIHBIH callacbhlH Taajay >KoHe Oaraaay

Anpaarmia. Makasa Eaek e3eHi MeH OHBIH ipi casasaapel Kep YCTi CyAapbIHBIH TMAPOXUMUSIABIK
KOpceTKilllTepiH  3eprTeyre apHaarad. Jeprrey  2020-2021  xplagapaarbl  SKCIeAUISIABIK,
OaxplaayaapAbIH HOTVDKeAepi OolibiHINa Xy prisiagi. Kypamaac Oeaikrepre XMMUAABIK Taajay KYprisy
YIIiH Herisri ydackeaepAeH >Kep YCTi CyAapbIHbIH yATidepi aablHABL. T'blabiMm Makaaaga Eaex eseHi
OacceliHiHiH reoxxyiielepiHe acep eTeTiH TaOMFM KoHe TeXHOTeHAiK (pakTopaap curarraaraH. JKymbicra
>Kep YCTi CyAapbIHBIH AaCTaHYbIHBIH CBIPTKBI TEXHOTEHAIK (paKTOpAapAblH acepiHe Toyeaaiairi alplaraH.
3epTTey Kep YCTi CyaapbIHBIH ©HEpKaCiIlKe Tikeaell Toyeaaiirin kepceTTi. Eaek e3eni OaccertHiHig
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Analysis and assessment of surface water quality in the llek river basin

JKOFaprhbl Deairinge >kep YCTi cyaapblHAa MBIC IIeH MBIPBIIITBIH >KOFaphl KOHII@HTpalMChl Dalikaaaabl.
Ezex eseHiHiH OpTaHFBI arbICBIHAA XpOM, TeMip >KoHe Oop OoiibiHIIa IIIPK-HBIH OHAaFaH ece apThIK
60ays1 AKX3 >xene AD3 eHgipiciHiH KapKbIHABI AacTaHybIMeH DallaaHBICTHI eKeHi aHbIKTaaAbl. CoHaali-
aK, MakaJaja ©Hip OOIbIHIIIa Tay-KeH eHepKociOiHe OaiiaaHbICTBI OipiHIN >KoHe ekiHIi perTTi Eaex
©3€eHiHiH caJalapbIHBIH AacTaHybl CUIIaTTaAFaH.

Tyitin ce3aep: TexHorenes, Eaex e3eHi aaaObl, TMAPOXMMUSABIK KOPCETKIIITep, CyAbIH AacTaHy
KOPCEeTKIIIi.

P.3. Cagapos!, I.E. Menanioaesa?, E.X. MeHnaniOaes?
IEspasuiickuti Hayuonarvruli yrusepcumem um. A.H. I'ymuresa, Hyp-Cyaman, Kasaxcman
2AxmroOurckuil peeuorarvrolil zocydapemeentiviii ynusepcumem um K. 2Kybanosa, Axmote, Kasaxcman

Anaans 1 onjeHKa KauecTBa IIOBEPXHOCTHBIX BOA OacceiiHa pexu Vaek

Annortamms. Crarbs ITOCBAIEHa M3YYEHMIO TMAPOXMMMYECKUX ITOKasaTeAell ITOBepPXHOCTHBIX
BOA peku Vaek n KpynHbIX IpuTOKOB. Viccaeaosanne IpoBOANAOCE IO pe3yAbTaTaM DKCIIeAMIIVIOHHBIX
Habaro0aeHni1 B 2020-2021 rr. Ha ka10yeBbIX yyacTKax ObLAM OTOOpaHBI 0Opa3Iibl IIOBEPXHOCTHBIX BOJ, 445
XMMMYECKOTO aHaAM3a COCTaBASIONIMX KOMIIOHEHTOB. B paboTe ommcaHbl IpUpoOAHBIe U TeXHOT€HHbIe
¢akTopsl, BAMAIONIME Ha reocucTeMbl OacceiiHa pekm llaek, packpbiTa 3aBUCUMMOCTb 3arpsI3HEHI
IIOBEPXHOCTHBIX BOJ, OT BO3JENCTBMS BHEIIHMX TeXHOTeHHBIX (akTopoB. llccaesosaHue mokaszalo
IPAMYIO 3aBUCHMMOCTb ITOBEPXHOCTHBIX BO/ OT IPOMBIIIAeHHOCTH. B BepxHelt yactu OacceitHa peku
ek B mOBepXHOCTHBIX BOJax HabAI0AaeTcsl BLICOKOe codep KaHye MeAM U ITMHKa. B cpeaneM Teyennm
pexkn Vaex nabGaiogaercs npespimenne IIAK B gecatku pas mo xpomy, >Keaesdy u OOpy, O4eBUAHO,
CBA3aHHOE C MHTEeHCUBHBIM 3arpssHeHueM npoussoactsa A3XC m A3®. Takxke B paboTe ommcaHo
3arpsi3HeHMe IIPUTOKOB peky Vlaek mepBoro m BTOpPOro IOpsJAKa, CBsA3aHHOE C TOPHOA0OBLIBAIOIIel
IIPOMBIIIAEHHOCTBIO B peIOHaXx.

KaroueBbie caoBa: TexHoreHes, OacceiiH peku llaex, rmgpoxmmmyeckue IokasdaTeau, MHAEKC
3arps3HEHUST BOABIL.
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OcobenHOCTI pPasBUTIA MeANIINHCKOIO TypyisMa B TypI_IMM

Annoranms.  Typeukue MeduuuHckue KAUHUKU HA pPoiHKe MeOUUUHCKO0 Mypusma
000UAUCY 6 NOCAeOHEe 6PeMsl SHAUUTHEADHVIX YC1exos 0Aaz00aps MHOZUM Pakmopam u, npexode
6cezo, xopowieii 0ase — 0300posumeAvHOMY mypusmy, 6 wacmuocmu, mepmarvrvim CITA-
Kypopmam u zpasesoim eéannam. Ha zocydapcmeeriiiom yposte 6 Aute Jenapmamerma no
MEQUUUHCKOMY MYPUsmMy paspadamoléaomcs npoekmovl 10 NPUBACUEHUI0 UHOCTIPAHHDIX
nayuenmos: 000po6OALHASL MeKOYHAPOOHAS AKKPeOUMAaLiLs, pecyrupyeMas 4eHo6as noAumuKa
u paboma no pocmy NpoPeccUOHarUIMA mypeuxux epadeti nymem cmaxuposox ¢ CIIIA,
Tepmanuu, Vispauae u op.

Ha poitike Meduunckozo mypusma akmusto padbomaion Kax z20cyoapcmeeniivle yupexoers,
max u uwacmmole. Kpynuvie medununckue uenmpvl pacnoroxenvt 6 Amxape, Vismupe u
Cmamoyae. Typeuxue 6aacmu He XOmAM 0CMAHASAUSAMbCS. HA QOCUZHYMBIX Pe3YAbMamax u
HaMepesaromcs 6 OAuXariuiue 2006 6oLMU HA YposeHb — 1 MUAAUOH HeAoseK 6 200.

Karouesbre caoBa: MeuuHcKuil mypusm, 0300pOGUeAbHbLI HYPUM, KYpopimbl.
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BBeaenue

MeaunHcKnit TypuaM - IpakTUKa IIpejoCcTaBAeHNs MeAUIIMHCKIX YCAYT 3a IpejelaMy CTPaHbI
IIpO>KMBaHNA TallleHTa - UMeeT AaBHIOIO UCTOPUIO. VICIIOKOH BeKOB AI0AM OTIIPaBASAVICH B ITyTh, YTOOBI
IOAYYNUTD UCLedeHle Y 3HaMeHUTOIo AeKaps uAm 3Haxap: [1]. Tpaaunms Bele3xarh K cBeTrAaM HayKU
coxpaHmaach u B 0oaee no3anue spemena. Hanpumep, npeacrasurean pycckoit apycTOKpaTUn e3ANAN
B EBpormy Ha Boapl, a «oTel» ncnxoaHaan3a 3urmyHg Opeiia npuHMMaA MaieHToB cO Bcero Mmupa [2].
Cerogns maIyeHT, He MUMeIOIINII BO3MOKHOCTY PeInTh IIPo0AeMy O 3J0pOBbeM B CBOEM TOCYyAapCTBe,
BRIOMpaeT cTpaHy, Bpada U KAMHUKY, Ile eMy MOTYT IIpeAA0XKNUTh MHTepecyIolye ero AMarHOCTUKY U
aedenne. VIHpIMM ca0BamMM, OCHOBHOM 3aJadell MeAUIIMHCKOTO Typu3Ma SBASeTCA IIpeAOoCTaBAeHue
4e/0BeKy Ka4eCTBeHHBIX YCAYT He3aBJMCUMO OT CTpaHbl IIPOXuBaHuA [3].

Y4YacTHUKM MeAUIIMHCKUX TypOB eayT 3a pyOexX 3a KOHKPeTHBIMHU BUJAAMM AeYeHNs
(MeAUIIMHCKUIT TypU3M), AAS YTOYHEHM:S AMaTHO3a 1 00cAeA0BaHMS (AMArHOCTMYECKUIT TypU3M), AAs
0340pOBAEHNS U yAy4IIeHNs BHeIIHero BuAa (0340pOBUTeAbHBIN TypuaM) [4]. ITpu sToM conmaabHO-
HDKOHOMIYECKIe ITPUIMHBI, ITOOYXKAaIoIue A104ell 10AyJaTh MeAUIIMHCKIE YCAYTH 3a IpaHuIleil, MOTyT
OBITh PA3AMIHBIMIA.

YCcA0BHO MOXHO BBIACAUTH ABa OCHOBHBIX IIOTOKAa MEAMIMHCKMX TypucroB. Ilepseni - 3TO
MaIeHTHl 13 YKOHOMIYECK! pa3BUTHIX CTPaH, Bhle3>Kalollle Ha Ae4eHle B CTPaHbl «TPeThero Mupa». B
CTpaHax C BBICOKMM YPOBHEM ®KOHOMUKI MeAMIIMHCKIE YCAYTU HaCTOABKO JOPOTH, UTO AaAeKO He Bce
rpa’kgaHe MOTYT II03BOAUTEL ce0e MeAMIIMHCKYIO CTPaxOBKY, ITIOKPBIBAIOIIYIO BCe 40POTOCTOSIIVE BUADI
aedeHns1. He mmes BO3MOXKHOCTU CaMOCTOATE@ABHO OIAATUTh Ty MAU MHYIO OlepalMIiO B CBOEN CTpaHe
(HampuMep, KapAMO-XUPypIUUYecKoe JAedeHne, MMIIAaHTalnIo Ta3o0e]peHHBIX M KOAeHHBIX CYCTaBOB),
IalMeHThl TIOABICKMBAIOT BapMaHThl D04ee AeIeBOro, HO Takoro ke ®(PPeKTUBHOIO Ae4eHUs B APYTUX
cTpaHax [5]. Oty rpymmy, npexae scero, npeacrasasior kutean CIIA. B To >xe BpeMs gake Takue
COIIMaAbHO OPMEHTUPOBAaHHBIE CUCTEMBl 34paBoOXpaHeHMs, Kak B BeamxoOpuranmm u Kanage,
3aCTaBASIOT CBOMX TIpakgaH MCKaTh MeAMIIMHCKYIO IIOMOIIb «Ha cTopoHe». Ilpuumna - Goapmine
ouepeAl Ha pa3dAMdHbIe BUABI MEAUIIMHCKMX YCAYT, KOTOpbIe IIOKPhIBaeT CTpaxoBKa [6].
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DQypran Unan

Bropoit moTok cocTouT M3 MalMeHTOB 0oJee GeAHBIX CTPaH C HEBBICOKMM YPOBHEM pPa3BUTHU
Meauuyubl (Hanpumep, CHI). Jas Hux mnoesgka Ha JedeHMe B CTpaHBl C TPaAULIMIOHHO
BBICOKOPA3BUTOM ¥ TNPOABUHYTON MeAULIMHON - eAMHCTBEeHHas HaJeXJa Ha ycCTaHOBAeHUe
00BEeKTMBHOIO AMarHo3a I IIaHC Ha BBI3J0poBAeHNe. B 9Tol1 cBsA3M BOocTpeOOBaHbI TaKye HallpaBAeHI,
KaK OHKOAOINS, KapAMOXMPYPIWs, OpTONeANs, HeMpOXupyprus B KamHukax lI'epmanum, Vspanas,
HIsertapuu, Ascrpun, Ppannun [7].

Haxonern, cambiii 0OABIION HOTOK KAMEHTOB MeAMIIMHCKOIO TypM3Ma BO BCeX HallpaBAeHMX
CBsA3aH C O3]0pOBA€HNEM Ha KypopTax, AedeHNMeM Yy CTOMaToJora M IIpOBeJeHueM I1AacTUYecKMX
orepanuii. 9To y>Ke CAOKMBIIAsACA IIPpaKTUKa COYeTaHUs OTAbIXa C IToAydeHreM MeAUIIMHCKNX YCAYT, a
TaKKe AOXOAHBIN OM3HEC, IIOCTOSIHHO MOIIOAHSIOIINIICS HOBBIMM UIPOKaMl, IPOABUTAIOIIVIMU CBOU
yCAYTM B YCAOBMAX >KECTKOM KOHKYPEeHIIMM 3a cdeT KOMILAeKCHOIO cepBuca U OpMeHTaluyu Ha
MaccoBOro norpedureas [8].

Amnaans u o0cyxaeHne

TepMuH «MeAUIIMHCKUIT TypuU3M» MCIIOAB3YeTCs AOCTaTOYHO 4YacTO MU BKAIOYaeT B ceds:
00111€0310POBUTEABHBINT ~ UMAM  HNPOPUAAKTUYECKUIT Typu3M (caHaTOPHO-KypOPTHOe  JedeHue);
AVaTHOCTMYEeCKUIT TypuaM (oOcaejoBaHMe Ha IpeJMeT BBIABAHU: KOHKPETHBIX 3aboaeBaHMIT) U
HeITOCPeACTBEeHHO JAedyeHne (omnepanny, mpoueaypsl u 0p.). IlapasaeabHo ¢ 9TUM TepMIHOM IIMPOKO
UICTIIOAB3YeTCsI TEPMUH «O3JA0POBUTEABHBIN TypusM». Aas Typnum goaroe BpeMsi OblA XapaKTepeH
VIMEHHO O3J0pPOBUTeABHBINI TypU3M, YUMUThIBasl OoraTble peKpeallyiOHHBIe pecypchl, HO B IIOCAe]Hee
BpeMsI BCe aKTUBHee MCII0Ab3yeTCsl TePMUH «MeAUITMHCKUNI Typuam» [9].

AugepaMy Ha pbIHKe MegunmHcKoro typusma sapasiorcsa CIIA, Tepmanms, Vspamas [10]. B
rocaeaHee BpeMs BodpacrtaeT poab crpaH Cesepo-Bocrounoit u IOro-Bocrounoir Asuu. Ocoboe mecto
Ha MMPOBOM pPBIHKE MeAUIIMHCKOrO Typm3ma otsoautcs Typumm [11]. B macrosimmee spemst Typrms
cTaZa IOIYASPHBIM HallpaBAeHNeM AAs MeAUIIMHCKOIO TypuaMa cpeau >kKuTedeil Poccuy, YKpanHbl,
I'epmanun, Anramm, Huaepaanaos, Pymsinum, boarapum, crpan bamxraero Bocroka m apaOckux
rocyAapcrs. DTa HOIYASPHOCTb 00yCA0B/AeHa OpraHmu3aliyiell CKICTeMbl 34paBoOXpPaHeHIsI B CTpaHe.

Typuus, opueHTHpy:ACh Ha BeTymnaeHne B EBpocoios, peaamsyer crTporue TexXHUYeCKHe,
MeAMIIMHCKIe CTaHAApThl UM CTaHAAPThl KadecTBa B TOCYJapCTBEHHBIX M YaCTHBIX MeAMIIMHCKUX
yapeKAeHnsAX. MMUHICTePCTBY 34paBooxpaHeHus1 Typumm HNpUHAAAEXKNUT HpudbansnureabHo 55% wns
1200 ©oabHMII, oOcTaabHbIEe AJeueOHBIE YUpeXXAeHMs IIpMHajJedkaT YHHUBepCUTeTaM, YacCTHBIM
KOMIIaHMAM ¥ MHOCTPaHHBIM I0pUANYecKuM annam. AHaantmdeckoe areHTctBo RNCOS npornosupyer
POCT ceKTopa MeAUIIMHCKOTO Typusma Typiiun npumepHo Ha 32%.

Ecan B 2008 rogy B Typumm mpoman aedeHue 78 toicsiu rpakgaH CHIA, Espormsr, Poccnn,
baroxuero Bocroka n Asum, To B 2011 roay mx Opra0o 6oaee 130 Toicsa (94% mpoxoauan aedeHue B
JacTHBIX KAMHUKAX, a 6% — B TocyAapcTBeHHEIX). Yoke B 2015 rogy Ob1a0 3apeructpuposano 500 Teicsy
3apyOe>KHBIX TYPUCTOB, KOTOpble ItoceTuAu Typouio C IeApl0 IIPOXOXAEHMSI 0340pOBUTEABHBIX
npoueayp u aedenns [12].

B Typummu camoe Ooabpmioe B EBpome KOAMYeCTBO KAMHUK, MMEIOIIMX akKKpeAuTaluio Joint
Commission International (JCI), sTa akkpeauTamnust caUTaeTCsl CaMOll OOBEKTUBHON MeXXAYHapOAHO
CIICTEMOII OILIeHMBAHMS KadeCTBa YCAYT MeaydpexxAeHns. OIeHMBAIOTCSI YpOBEHb OOCAY>KMBAHIIS
MallVIeHTOB, TeXHIYecKasi OCHAIIIeHHOCTb KAMHMKM, CHICTeMa YIIPaBAeHNs U T.A.

B Typuunu 6oaee 40 MeAMIIMHCKMX OpraHM3allMii MMeEIOT IOA00HYIO akKpeAmuTanmio. Aas
cpasHeHM:s B I'epmanum Bcero 5 Takmx KaAmHNMK, a B Vspamae — 3. 99 Gaaaos m3 100 nHaGpaaa
Meauruuckas rpymnma «Memorial» py mocaeaneit arrectanmu 1 el IpUHAAAEKNUT II€PBOe MeCTO B
peritunre JCIL. Ilosbimaer nomnyasipHocts Typunm 448 MeAMIIMHCKUX TYPUCTOB M TOT (pakT, 4TO Ha eé
TepPUTOPUN IIPOXOAAT Pa3AMYIHOIO poja HaydHble MccaeloBaHNs B Meguiiuae. Hanpumep, 8 AHTaann
Oblaa OTKpBITA YHUKA/AbHasA AabOpaTopus, B KOTOPOI aHaAM3UPYIOT reHeTIecKuil KoJ dyeaoseka. /Jas
cpaBHeHus B EBporie Taknx aaboparopuii Bcero 5.
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Ilenpr Ha aevenme B Typuum snaunmreapHo Himoke, yeM B CIHA. Hanpumep: aedenme ot
6ecriaoausa B CIIA crout nopsiaka 40 ThiC. 4044apoB, a B Typunu — 3 ThIC. 4044apOB; onepanus 110
nepecagke redeny B CIIA - 300-400 Tvic. 4044apoB, a B Typenkon 6oapHuiie 100-150 Teic. 40a4apoB;
IAacTuyecKas Xupyprus no yaaaeHnmio nsanmkos xupa B CIIA crout 10 Teic. g0a4apos, B Typrium —
1.5 TeIC. A022apOB; KOpOoHapHOe myHTHpoBaHue B CIIIA oboitaercs B 110 Toic. 20aaapos, a B Typrium —
Bcero B 15 ThIc. 4044apoOB; 3aMeHa KOAeHHOIO cycTaBa, crosmas 43 Toic. goaaapos B CHIA, B Typunn
CTOUT OK0A0 12 THIC. 4011apOB, BKAIOUasl IpeObIBaHIe B 00AbBHUIIE.

Typerikoe mpasuteancTBo mnocaegHune 20 aeT IieleHallpaBAeHHO (PUHAHCUPYET CUCTeMY
3ApaBOOXpaHeHNsI M OCYIIeCTBAsSeT >KeCTKYIO LIEHOBYIO IIOAUTUKY, 4TO IIO3BOAsIeT B ABa-TPU pasa
CHU3UTL CTOMMOCTb MEAVIMHCKMUX YCAYT IIO CpPaBHEHMIO C €eBpOIeCKUMU I aMepUKaHCKUMU
KAMHMKaMI, obecrieunBasl IpUB/AE€KaTeAbHOCTh TYPeLKUX KAMHUK AASl MeAVILIMHCKUX TYPUCTOB U3
ApyTuX crpaH. E>XerogHo COTHM TypeIIKMX Bpaueil IPOXOAAT CIIeNMaAn3aliiio B BeAyIIMX KAMHMKax
I'epmannnu, Coeannennsix HItaTos, Ispanas, 4ro roseiaeT KauecTBO MeAUIIMHCKIX YCAYT.

Typku 60abI110e BHUMaHNE yAeASIOT OCHAIIIEHUIO CBOMX MEAVIIIMHCKIIX YUIpeKAeHnit. B Typerkix
KAMHIKaX BBICOKII YPOBeHb CepBlICa U YXO4a, BHUMAaTeAbHBIN U APYy>KeAIOOHBII IIepcoHaa, 340pOoBoe 1
rpaMOTHO Ha3HaueHHBIe ITUTaHNe 1 peabuantanus. Ha rocysapcTBeHHOM ypoBHe yAeAsieTcs BHUMaHIe
BpaueOHBIM OIIIMOKaM, Bpaul, KaK B TOCy4apCTBEHHBIX, TaK ¥ B YaCTHBIX MEAVIIVHCKIX yIPeKAEHMIX,
00sI3aHBI CTPax0BaTh CBOIO MPOQeccroOHaAbHYIO OTBeTCTBeHHOCTS [12].

IIpeumymecmea mypeukux KAUHUK

O6obm1as  ckazaHHOe, K OCHOBHBIM IIPeMMYIIeCTBaM TYpPeIKUX KAMHMK MOXKHO OTHeCTU
caeayioniee:

1) 6OABIIMHCTBO KAMHMK aKKpeAnToBaHo B OObeANHEHHON MeXXAyHapOAHOM accolaniuy, T.e.
rapaHTUPYIOTCs OTAMYHAs MHPPaCTPYKTypa U KadecTBeHHOe OKa3aHye MeAUITHCKIX YCAYT;

2) LleHbl Ha MeAMIIMHCKIe YCAYTY HIKe 10 CPaBHEHMIO O cTpaHaMu 3anaaHoit EBpornsr;

3) oO1en3BecTHBI 400pOTa ¥ FOCTEIIPUMMHOCTD HapOAa 9TOM CTpaHb;

4) yao0Hoe reorpaduyeckoe pacrioA0KeHne CTpPaHbl;

5) BoapIas yacToTa PeryAspHbIX U YapTePHBIX PelicoB;

6) mpocrota opopMAeHNsI Bbe3 HBIX AOKYMEHTOB (TypellKasl Bu3a IoAydaeTcs IaccaXkupamiu B
avpOIOPTY CTPaAHbI 110 TPUOBITIMN);

7) TIIpejoCTaBASIOTCS  COTPYAHUKU-TIEPEBOAYMKY, KOTOpPBIE COIIPOBOXKAAIOT —IIalleHTa U
OKa3bIBAIOT BCAYECKYIO IIOMOIIb.

HegocraTtkoB He MHOro, HO €CTb: COTPYAHMKM, paOOTaioliye C MHOCTPaHHBIMM IIallieHTaMI,
HeAO0CTaTOYHO XOPOIIO 3HAIOT aHTAMVICKUI SI3BIK; HOKOTOPbIe KAVHUKM I110XO OPUEHTUPYIOTCA B TOM,
Kakye 40KyMeHTbl HeoOXOAMMO BblAaTh MHOCTPAHHBIM IallieHTaM.

MeauiuHcke ycAyruM WMHOCTPaHHBIM IIallieHTaM OKa3bIBaIOTCsI B OCHOBHOM B KPYITHBIX
MeAUILIMHCKUX IIeHTpaX, pacnoaokeHHbIX B AHKape, Vismupe n Crambyae. 3aech HaXOAATCS AydIlye
OHKOAOTMYeCKMe, 0PTaabMOAOTUYECKIEe, PEIPOAYKTUBHbIE IIEHTPbI, KAUHUKHA [11aCTUIeCKON XUPYpPIrun
U A1a3€pHOM MUKPOXMPYPIUM I1a3a, KOCMETOAOTUM.

B Typenxux MeAMIMHCKUX YUPEeXKACHUX pa3peleHo IIPOBOAUTD OIepaliy 110 TpaHCILAaHTal I
opranos. Hanboap111y10 onyAspHOCTb Y MeAUITMHCKMX TYpUCTOB B Typiium moayanan: MeaAnImHcKmin
ueHtp «Memopnaa», Kannnka «Bayindir» 8 Cram0Oyae, Meaununckuit 1ieHTp «Sema», MeAUITMHCKNI
1leHTp «AHag0A1y», KAuHUKa «Bayindir» B Aukape 1 ap.

Levent Bas, renepaabHbBIil AUPeKTOp KOHCAATUHIOBOM KommiaHun «Gusib», cauraer, 4ro cripoc Ha
MeAMIIMHCKIUI TypusM B Typumm yBeAnunTcs B 4Ba pasa, €CAM IIPOBeCcTU IPaMOTHYIO U 9(PPEeKTUBHYIO
PeKAaMHYIO KOMIIAaHUIO 3a IpejeAaM CTpaHbl. BaXKHyI0 poab B IpUBA€YeHUN MEeAUIITHCKUX TYPUCTOB
UTPAIOT TypeLKe aBUaAVHIM, KOTOPBIe IIPeAOCTaBASIOT 25-IIPOLIEHTHYIO CKUAKY Ha IlepeaeT KaXKAOMY
MHOCTPaHHOMY IIaLIIeHTY, a TaKXKe OAHOMY COIIPOBOKAAIOIIEMY YeA0BEeKY, €CAM OHU AeTAT B Typuuio
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DQypran Unan

Ha AedeHme. IloCTOSHHO MOCTymalOT B  pa3paOOTKy HOBBle IIPOEKTHl IO  IOBBLIIIEHUIO
KOHKYPEHTOCIIOCOOHOCTY, B 4acTHOCTM, IIOCAeAe4eOHOMY  OOCAY>XMBaHUIO  (peaOuauTanyn),
MpUBAEYEeHNIO IIEHCUOHEPOB 1 Ap.

K 2023 roay Typumsa paccuuTbiBaeT MHOpUHATL 0Ooaee 1 MMaamoHa MeAMIIMHCKNX
IIyTellleCTBeHHUKOB. B zaHHOM caydae peub MAeT He TOABKO O TeX IallyeHTaX, KOTOpble MpueAyT Ha
AedeHre, HO UM O TeX MHOCTPaHHBIX TIpa’kJaHaX, KOTOpble IIpueAyT B paMKax O3J0pPOBUTEALHOTO
TypuaMa. O340pOBUTEABHBIN TyPU3M y>Ke AaBHO pasBubaercs B Typuum. V1 B cOBpeMeHHBIX yCAOBUSX
AOZKHOe BHMMaHMe yJeAseTcs TypucTaM, 3a0OTAIMMCA O CBOeM 340pOBbe, I0AAeP>KMBAIOIINM
340POBLIN 00pa3 >KM3HM Yepe3 KOMILAeKCHbIe OCMOTPBI, MeAUIIMHCKIe 0Dcael0BaHMA U yKpeIlaeHue
340pOBbs 1ocpeAcTsoM TepMmaabHbIX CITA-KypopTOoB 1 rpsseBbix BaHH. CoraacHO JaHHBIM JA0KJaja,
O3BYy4eHHBIM Ha 3acedaHUM MeAMIIMHCKOIO IIoAKOMMTeTa Acconmaliuy, Aulia, IpuObIBaloOIIue B
Typumio a4as monpasky 340pOBbsl, TPATAT B 12 pa3 60abIlle, 4eM OObIYHBIE TYPUCTHI.

B 2020 roay ToAbKO Ha 03A0pOBUTEABHOM TypHU3Me yAaaoch 3apaboTaTh 8 MApA. 40A4apOB.
[IpaBureanctso Typunu npuHMMaeT Bce HeOOXOAMMBIE Mepbl TOCYAaPCTBEHHOIO PeryAnpOBaHNs AAs
PpasBUTUA MEAUILIMHCKOTO TypusMa. B cekTop 3apaBooXxpaHeHMs IIpMBAEKAIOTCs KpyIHOMacIITaOHbIe
JyacTHBIe MHBECTUIIMM, 4YTO II03BOAseT IIPOBOAUTL TeXHUYeCKoe IlepeocCHallleHle CyIIeCTBYIOIMX
MEeAUIIMHCKIX IIeHTPOB I OTKPBIBaTh HOBbIE MEAUIIMHCKIE YIPEXKAEHUs B COOTBETCTBUM C ITOCAEAHUMM
AOCTVIKEHVSIMY HayKU U TEXHUKIA.

B moarsep:kaeHme rocyAapcTBEHHON ITOAAEP>KKM pbIHKAa MEAMIIMHCKOTIO Typu3Ma CAeayeT
OTMETUTH HaAN4le B yIIpaBAeHYEeCKNX CTPYKTypaX cTpaHbl /enapTraMeHTa IIO gelaM MeAUIIMHCKOTO
typusma. C sausaps 2012 roga B ero cTpyKkType Hauaa (PyHKIIMOHMPOBaTh HOBBIN OTAea «[loaaepskka
MHOCTPAHHOTO IIallleHTa», OCHOBHBIe (PYHKUIMI KOTOPOTO MOXKHO CBeCTH K IIpejoCTaBAeHNIO
BCEBO3MOJKHBIX II€PEBOAYECKNMX YCAYT, HO IIOKa aKIIeHT JelaeTcsl TOABKO Ha 4 sA3BIKa: PYCCKUIL,
apa6c1<1/1171, AHTAUTICKUN, HEMEeIIKIIA.

I'asera «Hurriyet Daily News» cooOrrjaer, uto mmpo0.4eMsl B ceKTope 34paBooxpaHeHus B Poccun
n CHIA (aepuunr meanumHcknx Kagpos B CHIA n aedpuunr 6104xera Ha 3gpaBooxpaHeHne B PD)
MOIYT IIOCIIOCOOCTBOBATh Pa3BUTUIO MeAMIMHCKOro TypusaMa B Typrym. IloaoGHBIe BBIBOABI ObLAM
03By4eHBI 1 Ha BbIcTaBke «Istanbul Health Expo», rae oOcykgaamch IepcrieKTMBB MeAUIITHCKOTO
Typusma B Typrum.

3akaio4deHue

B Munncrepcrse 34paBOOXpaHEHMs IIPOTHO3UPYIOT POCT A0XOA0B OT MEAMIIMHCKOIO W
0340poBUTeAbHOIO Typusma K 2023 rogy 40 20 Mmaanapaos 4044apos. B mmocaeaHne HeCKOABKO aeT
Ha0A104aACs CIlaj, B MPUOBIABHOCTY pabOThl OOABHMYHBIX yupexxaeHnit Typriym, HO 04HOBpeMeHHO C
9TUM IPaBUTEABCTBO Aeal0 BCe, YTOOB! aKTUMBU3MPOBATh pa3BUTIe JaHHOTO HallpaBAeHNs U IIPUBAEYb
MallMeHTOB U3 Apyrux crpad. IloaoXXuTeabHble CABUIM €CTh: ®TO YCKOPEeHMe CTPOUTeAbCTBA HOBBLIX
00ABHMIT 1 3aKyIIKa HOBEJIIero MeANIIMHCKOTo 000pyosaHis. B pesyapTraTe mosBsnaach BO3MOXKHOCTD
OKa3blBaTh MeAMIIMHCKIE yCAYIM Ha IIAaTHOM OCHOBe. 3a CYeT MHOCTPaHHBIX TYPUCTOB, KOTOPBIE
HY>KAAIOTCsl B OKa3aHMM MeAMIIMHCKOM ITOMOIIM, OI0AXeT CTpaHbl II0AyJaeT 40BOABHO CYIIeCTBEHHYIO
11puObLab. Ouens OpicTpo 60abHMITEI Typru cTaam KOHKYpUPOBATh C BeAyIIUMI KAMHUKaMU EBpoIibt
1 AMepUKM, aBTOPUTET TyPeLKIX Bpadeil BO3pacTaeT C KaXKAbIM AHEM.

Caeaas mpaBuAbHBIE BBIBOABI, TypellKMe BAAaCTU PellMAU U Jadbllle PasBUTh MeAMIIMHCKUI
TypusM B cTpaHe. Typucrel, rpuexasiine Ha AedeHye AU 0340poBaeHune B TypLuio, 04HOBpeMeHHO
I10AY4ai0T BO3MOKHOCTb XOPOIIIO OTAOXHYTb.
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®ypkan nan

Kacmamony ynusepcumemi, Kacmamorny, Typxusa
Typkusaga MeAUIIMHAABIK TYPU3MHIH gaMy epeKiIeaikTepi

Anpaarmia. MeannmHaAblK, TYpU3M HapBIFBIHAAFRI TYPiK MeAUIIMHAABIK KAVHMKaAapbl COHFBI
yaKBITTa KeITereH (paKTopaapAblH KoHe eH alAbIMeH KaKChl OasaHBIH - CAayBIKTBIPY TYPM3MIiHiH, aTarl
aliTKaHJa TepMaaAAbl KypopTTap MeH OaAllblK BaHHaJapblH AaMBITYABIH apKacbhlHAa aliTapAbIKTail
TaObicKa >KeTTi. MeAuIMHaABIK TYpU3M JellapTaMeHTi YChbIHFaH MeMAEKeTTiK JeHreiige IIeTeAAik
nanuyeHTTepai TapTy OoliblHIIA >KoDadap o3ipaeHyde: Oya epikTi XaablKapaaAblK aKKpeauTTey,
peTTeaeTiH Oara cascaThl koHe Typik Aapirepaepiniy AKII, I'epmanus, Vispanabae tarbiabiMaaMagaH
©Ty apKbIAbl KaCiOU AeHTelliH apTThIPYy OOMBIHIIIA KYMBIC, T.0.

MeaunnHaablk TypU3M HapbIFbIHAQ MEMAEKeTTIK MekeMeaep Je, KeKe Mekemeaep Je OeaceHAi.
Ipi MeaunuHaablk opraabiKTap AHKapa, Vsmup >xene Crambya Kasaaaapaa opHadackaH. Typik Omairi
KO/ KeTKi3reH HoTV>KeAepMeH TOKTaIl KaAFbICh KeAMelAi JKoHe alaarbl XKblAdaphl XblAbiHa 1 MUAAMOH
ajaM AeHreliiHe >KeTyre OarbITTaAFaH.

Tyi1in ce3aep: eMAiK Typu3M, CaybIKTHIPY TypU3Mi, KypopTTap.
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Features of the development of medical tourism in Turkey

Abstract. Turkish medical clinics in the medical tourism market have recently achieved significant
success, thanks to many factors and, above all, a good base - health tourism, in particular through the
development of thermal spa resorts and mud baths. At the state level, represented by the Department of
Medical Tourism, projects are being developed to attract foreign patients: these are voluntary
international accreditation, regulated pricing policy, and work to increase the professionalism of
Turkish doctors through internships in the USA, Germany, Israel, etc.

Both public and private institutions are active in the medical tourism market. Large medical
centers are located in Ankara, Izmir, and Istanbul. The Turkish authorities do not want to rest on the
achieved results and are guided in the coming years to reach the level of 1 million people in 1 year.

Keywords: medical tourism, health tourism, resorts.
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Kasakcrau PecnyGankacoerHaarbl ¥abl JKiGeK >KOABIHBIH Ty PUCTIK
TapTHIMABIABIFBI

Anaatna. Maxarada ¥ao 2Kibex xoavt men onvr Kasaxcman apxviavt omemin KoAdapu
adamsam epxeHueminiy, Oipezeil MApUxu ecxepmxiuii eana emec, cOHvIMeH kamap YAmmuix
Mypusm  UHOYCMpPUICOIHLL  UHPPAKYPOIABIMOIHVIH, OPMAALIKMAPYLL  MeH  00beKmiAepinil
Oorauiax, mipex Kkapxacvl exendizi Kopcemirzen. byeinei mamda xasipei samarzvl  KOATK
MAZUCIPAALOAPLIMEH  KOHDICHIANY KYlleAepimen ate MadeHu 0amy OpmaAbIKmapvimen
margkarapavikmaii caiikec keremin ¥avt XKibex sxorvitvir; mapuipymmapot Eypona men Asus,
Oamovlc nex WILIZLIC APACLIHIAZLL epeKule Kenipze auHaAyda, 0ipax Kasip MpaHCyAmmuvly
mypucmix mazucmparv peminde ¥avl 2Kibex xoAvl aremOix mapuxma e3iHdik OpHbl 0ap Ker
yeomoor mazvina Oepemini 0eaziai. XKibex xoAvl adamsam yuiin Oipezeil mMadeHu KYHODIAGLIK
borvtn madviradv. Condvkman FOHECKO exeAzi xarvikmap xasipei ypnaxka Kardvipear 30p
Mypaiol sepmmeyze 2ana emec, cakmayza 0a epexuie koia 6oaedi. Condvikman XKibek xorvt
MaceAeci KyHi 0yzitzide MaHpi30ol.

Tynina cesaep: Yav 2Kibex 2Koavl, mpancyammork mypucmix Mazucmparb, mpaHsummix-
KOMMYHUKAUUIAVIK KYlie, MYPUsm, XAaAblKaparvlk mypusm, mypusm unoycmpuscol.
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Kipicmie

«XKibex Koapr» (¥Yanr «Kibek JKoabr») — Kprraitapiy Iln-an geren sxepinen 6acraasi, nmkeH,
Opraanik Asusa apkpiapl Tasy IIbirbicka OapaThlH KepyeHAIK >K0A OarbIThl. ATayAbl aaMaHMAABIK,
raapiMAapsl @.¢pon Puxrroden (F. von Richthofen) 6en A. Xepman (A. Herman) 19 racsipaa ycbiHFaH
[1].

Kasipri yakmpitra Kasakcran PecriyOamxacer "¥abr JKibGek >K0abl" XaabIKapaAblK TYPUCTIiK
>KOOaChIHBIH, OeAceHAl KaThICYIIBICEI 0o0Apin TaOblaaAbl. ¥Abl JKibek koAbl — ajaM3aT ©pKeHMeTi
>KacarblH TapMXM ecKepTKilTepAis 0ipi. bisain aayipimisaen Oypuoinrsl Il racbipaan 6acraaran 6ya skoa
Eypona men AsusnbiH-barteic ien IIbIFBICTBIH apachIH KaaFacTeIpraH Kemip 6oaran. OnbiH Kasakcran
KepiH Kecin ereriH TychiHAa VI racwipgan Oacrar, eki 6arbiT: Coipgapus skoHe Tsanp-Illanb sxoaaapst
OarpITTaphl KeH epicreareH. bipinmmi sxoa Kerraiigan Oacraasin, HIsirsic Typxicran Kamrap apKprant
Kerticyra, cogan Ceipgapusansl XKaraaaln, Apaa MaHbIHaH 9pi Kapait bateic easepine oeteai.

Kaamer ¥apr KiGex >KOABI FBIABIMHBIH, TeXHNMKa MeH TeXHOAOIWMSHBIH, YATapaablK >KoHe
OHipapaAbIK KaTbIHACTapAblH KapKbIHALI 4aMybIHa >KoHe >KaAIlbl MdAeHU KYHABLABIKTapMEeH aAMacyra
pikrtaa eTTi. CeGeOi ©TKeH >KoHe Kasipri ©pKeHMeTTep Ca0aKTaCTBIFB, OYPBIHFB YpIIaKTapAbIH
KEHICTIKTIK KO3FaABICBIHBIH Oafa >KeTIlec ToXXipuOeci OyTiHIi KyHre aeifiH e3iHiH (YHKIINOHAAABIK
MaHBI3ABLABIFBIH JKOFaATIIaFaHbI TYpaAbl aiiTaAbl.

3epTTey HbICAaHBI

Ortkenre ke3 XyripreTin 6oacak ¥Yawl JKibek >xoan-Kerraiigan Tasy Ilerreic men Eypoma
eaJepiHe amaparTblH KepyeH >KoaJapbl Xylteci. Bya cermentriy eaoyip Oeairi Opra Asusa men
Kasakcran aymarpiHaH oTTi. JKibek >x0abl cayAa Marucrpadi pertiHge 0i3aiH gayipimisre aerrinri IIT
FacelpAa Iarja 00a4pl >koHe 0i3AiH racelpabiH XVI racelppiHa aeriiH cosblaabl. KaszakcraH aymarsl
apKbLABI €XKeATi KepyeH >KOABIHBIH COATYCTiK TapMarbl ©TTi. ExXeari yakpiTTa eaimMiseri Herisri
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Kaaaaap - Orppap, Typkicran, Tapas, Mcomaxad 6oagpr. Kasipri Kasaxcranaa JKiGex >x0abl
TpaccachIMeH OaliaaHbICThI HerisTi eHipaep OHrycrik Kasaxcran, JKamObia, Aamater, ManFbicTay >KoHe
Kr13p110paa obabicTapsl 60ABII TaObLAAADL.

Kasipri yaxpirra OnTycTik Kaszakcran o0AbIChl DOVBIHIIA TapUXU-MajeHM >KoHe DKOAOTMSAABIK
OarpITTBIH 57 OarbIThl 93ipaeHAi. "bateic Eypona-barsic KeiTail" XaabikapaablK KOAik 491i3iH icke achIpy
meHOepiHge eaimi3aiH Oipereil TypuaM OObeKTidepiHe >KoHe pecIyOAMKaHBIH OaThIC >KoHe IIIBIFBIC
"[llexapa KakHlaJapblHAQ" TypuUCTepAi OpHaJacThHIpy, JAeMaAyllbldap >KoHe KayKeTTi CepBUCTIK
KBI3MeTTepAi aly YIIiH 3aMaHayy TYPUCTiK MHPPaKYPHLABIM KYPBLAYAA.

3eprrey OaprichiHga Kasakcran PecnyOamkacer oiabim >xene bisiM  MunHumcrpairibig ©.X.
Mapryaan aTblHAAFbI apXeOAOIMsl MHCTUTYTBL, TapuMX MHCTUTYTBI apXeOAOINs CeKTOPLIHBIH apXUB
Martepuaagapsl koHe Kaszakcran Pecriy0amkacelHBIH YATTBHIK KiTalIXaHAaCBIHBIH CUpeK KOp OeaimiHiH
MaTepuaajapsl NanlalaHblaAbl [2.3].

ConpimeH Katap >XymbIcThl >Kasyra E.V. Areesa, I'V1. Ilanesny, T.H. Cunurosa, K.M. baiinakos,
A.H. bepumram, b.9. Aman6aesa, KM. Aksinies, /1.b. Epsakosny, C.IL. Toacros, ¥V.X. lloaexkenos, M.
Eaeyos, C. JKoagacOaeBThIH FBLABIMU ecelITepi MeH eHOeKTepi I1aliAaAaHbLAABL.

3epTTey HITIDKeAepi MeH TaaKblaayaap

XXI racelpablH €H IepCleKTMBaAbl >KoOalapbiHBIH imriHAe ¥Yapl JKiOek >KOABIH >KaHFBIPTY
JKOHIHJerl XaablKapaablK OafdapaaMa ©3iHiH TapuXm >KoHe >KaAIlbl alaM3aTTBIK ayKbIMBI OOVIBIHIIIA
epekire OopeiH adaasl. Aynnexysiaik Typucrik ¥isimMubg (ATY) 60akaMmaapsl OOMBIHINA TYPU3MHIH
OJaH 9pi AaMybl MeH ecyi OapaTblH >KepAepAiH Ti3iMiH JKaHapTy >KoHe KeHelTy eceOiHeH OOAyBI THiC,
OVITKEHI 941eMAiK TYPUCTiK HaphIKTBIH A9CTYPAl aydaHAaphl ic KYy3iHAe peKpealVIsIAbIK ChIIBIMABIABIK
merine >xetin otelp. Oceiran OaitaanbicTsl, Kasakcran PecriybamKackIHBIH 94€MAIK TYPUCTiK HapbIKTa 03
OpHBIH TaOyAblH Oipereii MYMKiHAiri ©Oap, eliTkeHi 0i34iH MeMAeKeTiMi3 ©3iHIH TaOuUFM
AaHAmA(TTapeIHBIH ~ adyaH TypAidiriMeH, XaaAblKapaaAblK —TYpPUCTepPAiH KeH  CYpaHBICTapbIH
KaHaraTTaHABIPa alaThiH, Oip-OipiHe yKcaMallTBIH KAMMATTHIK, ayJdaHAapAarbl KOpKeM aliMaKTapbIMeH
Gai11 ekeHiri OyKia 91eMre MaAiM.

Onrycrik  Kasakcran aymarblHAa Typu3M — MHAYCTPMSCBIH — KaABINITacCTBHIPYABIH — Kasipri
MYMKiHZiKTepi MeH DacKa eHipJepiHeH aifbIpMaIllbLABIFEI ©3IHAIK epeKileaikTepi Oap, aTar anTKaHAa:
¥apr JKiGek >KOABIHBIH TapuXM KaAbIIITacKaH HeTi3ri TpaccachIHBIH OOAYBI >KoHe THiCiHIIle TapuXu-
MdJeHM Mypa TYPUCTiK OObeKTidepiHiH eaeyai aaeyeTi, ypOaHM3alMSHBIH >KOFaphl Adpeskeci >KoHe
MaJeHMeT TacbiMaAJAayIIbIChl peTiHAe XaABIKTBIH ©Cy CepIliHiH arall aiTcak 0oaagpl. bByrinri taHaa
JKibex >k04bI TYpM3MHIH HeTi3Ti )koHe cypaHbICKa 1e OaFbITTapbIHbIH Oipi 00ABIIT TaObLAAABL.

Kasakcran PecriyOaMKacbIHBIH TYPUCTIK MHAYCTPUACHIH AaMbITyAblH 2020 >Kblara AeitiHri
TY>KBIpBIMJaMachliHa calikec el aymarbiHAa (Acrana, Aamarsl, HIsirpic Kasakcran, OHrycrik Kasakcran
>xoHe barnic Kasakcran) Oec TypucTik Kaacrep Kypy >KocllapaAaHyJa, Oy TyTacTail aaraHAa >KOFapbl
MHTerpalMsidaHFaH TYPUCTIK YCBIHBICTap MeH Ooacekere KaOideTTi TypUCTIK eHiMJAepai >Kacaiiabl.
Kabbiaganran Ty>kplpeiMaaMa IneHOepinge Omnrycrik Kasakcran xaacrepi "¥apr JKibGexk JKoabHbIH
Kyperi" peTiHae opHaAacaTbhiH 004aAbl. OCbl KAacTepae 93ipAeHeTiH HeTisri TypUCTiK eHiMaepre MajeH!
TYPHU3M >KoHe Typ >KaTaTbIHABIFBIH HaKThLAaHFaH 004aThiH [4].

Ocplaanma  ")XibGek >koapl" 0OafFgapaamacbiHa KaTBICYIIBI eAJep apachblHAa oAeyMeTTiK-
DKOHOMMKAABIK JaMy JeHreiti OolibiHIIa OipHerne TomTapAbl Oeayre Ooaaabl. bya, en aaavimen,
JKOFaphl JKoHe CaAbICThIPMaAbl TypAe SKOFaphl AaMy AeHTelli MeH a4eyeTTi ecyAiH eki rmoaioci: OHTycTiK
Eypoma (Mraams, I'penmsa, Can-Mapmno) >keHe OHTYCTiK-mubirbic >koHe IIprrpic Asumsa  (Kerrait,
Kamonns, Vugonesusa, OuHrycrik Kopes), oaap ic XysiHge exeari cayda MapIIPYTBIHBIH COHFBI
HYKTeJepi XXoHe ic XXy3iHAe MdAeH! KoHe DKOHOMMKaABIK MarblHaga KapaMa-Kapcel opkeHnerrep. bya
tonika Caya ApaOusicel MeH VIzpanasb Kipeai, MyHAa OeaceHAl Typu3aMre >KaArbl3 KeAepri MajeHueT IeH
casICaTThIH epeKIleAikTepi O0ABII TaObLAaAbI.
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3epTTey ayMarbIMBI3ABI TEPPUTOPUAABIK OeaiHicke opait OipHemre reorpadusaablk Oeaikrepre
Oeayre Ooaagsr: Keticy xepingeri Illy-Tasac >xone lae ezeni aHrapplHAarbl KaJdadap TapMarbl,
Coipgapusi e3eHi OOVBIHAAFBI OpTarachlpAblK Kadadap. CreIpgapusi ©3eHiHIH OpTa arbICBIHBIH
OpTarachIpAbIK Kadadapbl MeH eadi MeKeHJAepiHiH Oip >KapbIM FachIpfa JKYBIK 3epTTedy Tapuxbl Oap.
Cripaapusi e3eHiHiH OpTa arbICBIHBIH OpTarachIpABIK KaJadapbl MeH eAji MeKeHAepiHiH 3epTreayi
opraracbIpablK CrlfaHak KaaacbiMeH OaiiaanbicTel (Cyper 1).

7KIb EK%/KO.TbL

| TYPRMENGAIL

Cyper 1. 3epTTey ayMarbl

Opraracpipabik ChIraHaK KaJdaChIHBIH TapUXM-apXe0AOIMAABIK TYPFbl4aH 3epTTeae OacraybiH 1867
KBIABL  ApXeoAOTMsABIK KOMHUCCHS KypaMblHAa >KoacanmapMmeH OHrycrik Kasakcranra keareH
mipiFpicTanybl TLV. JlepxTeiH KpisMeTiMeH OaitaaHpicThipraH >keH. ILVI. Jepx CrpiraHak KaaachIHBIH
opHbiH JKeaekriH mibiFbicbiHAa, KapaTay >karpiHga exeHiH aran etkeH [17]. 1899 xpianl B.A. Kaaaayp
CrIraHak, KaaachIHBIH >KOOaChIH TYCipil, KadaHBIH ap-TYPAi KYPbLABIC OPbIHAAPEI, Kellle i3aepi kepiHin
JKaTKaHBIH KOPCEeTTi >KoHe KaJlaHBIH allHaJlachlHAA KOIITereH apbIKTap OapblH ecKepe OTBHIPHII Oya
JKepJe eriHIIiAIKTIH AaMbIfaHbIH anTa Keairn, oa CyHaK aTa KaJallIbIFbIH OpTarachlpAblK ChIFaHaK
KasaceiMeH OaaamasaraH H. sikommu men E.T. CMupHOBTBHIH IikipiHe KOCBLAATBIHBIH 0iadipai
[18,19,20]. 1900 >xpramt A.O. Pyanes CrplpaapusHbplH OpTa aFbICBIHBIH COA >KarachlHAArbl KpICTEI
ImaTKaAbIMeH YIIIKabIK ©TKeAi apaabIFbiHAa Oapaay Ky prisill oH Oip opTarachIpABIK Kadadap MeH eaai
MeKeHJepAi Tipkeyre aaabl, 0AapAblH KatapeiHaa Kayran arta, ApThIK arta >koHe Pasapl aTta Kadaaapsl
Oap. 1907 >xwiast V1A Kacranbe opraracbipablk CbIFaHAaK KaJacblHAa OOABIN, KaAaHBIH TapUXI-
TonorpapusAABIK KYPBLABIMBIH, CYAaHABIPY KYIIeCiH 3epTTell, KalaHbIH YCTiHAe JKoHe JKaHbIHAa TYp¥aH
KeceHeAepAi, OY3BIABIII JKaTKaH KYPBLABICTapAbI KepreH [21].

1927 >XpLABI 3aTTall MdAEHMET TapuxX AKageMILsIChl OOMBIHIIIA OpTarachIpAbIK ChIFaHAK KalachlHAA
seprrey Kyprisren A.IO.JIkyOOBcKuil KadaHBIH TapUXU-TONTpapusAABIK >KOOAchIH TYCipin, OHBIH
Kypamaac 0eaiKTepiH aabll JKaTKaH KO©/AeMiH, oMip CypreH yaKbIThIH aHBIKTAIl, Kala KoAeMiHje coyaeT
OHipi eckepTKilTepiHe cunarraMa >kacagpl. COHbBIMEH KaTap, 04 OpTarachlpABIK KaAaHBIH CyAaHABIPY
KylieciHe KOHiA ayAaphblll, OChI KaJara KaTBICTHI JKasDa gepeKTepai >KIHaIl, >Kapusiaabl.

1947 xwprapr OnTycrik Kasaxcran apxeosorus skcneamiusachl ChIpAapUsHBIH COA >Karaaaybl,
Crrranak oasucinge OipHelrle KadaJap MeH eAJi-MeKeHAepAi allbiI, JKo0adapbIH TYCipAi.
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1946 >xprapr Xopesm apxeoaor-stHorpagusaaslk, skcneannysacsl (C.I1.Toactos) oprarachIpAbIK
becram  KaaaceiHaa — 3epTTey  Kyprizai.l966  kpiapl  Xope3M — apXxeoAoTr-STHOTpapUsABIK
oKcreannuAceiHbIE, Coipaapust OarbiThl TOOBI ChIpgapUsHBIH COA >KaFachblHAArbl OipHellle Kadalapaa
3epTTey Xyprisai [13].

1969-1970 >xpragapst Otbipap apxeoaorusaslk, skcreannuscel (K.A. Axprmes) CelpaapusHblH
opra arpichiMeH Kaparay OeTkeiiaepiHae OarbITTHI i34ey, apxe0A0ro-Tonorpadusiablk, a’poTycipic,
aspobapaay >KeHe Oalikay KaszOadapeiH >Kyprizai [11]. 1979-1980 >xwragapsr OKKAD-HBIH
nppurauysaaslk, T00b1 (I'pories B.A.) Crrranax oasucinge, CelpgapUsHBIH COA >KaradayblHAa 3epTTey
Kyprisai [23]. OtaHABIK TapUXIIBLAAPABIH OCHI calaHbl 3epTeTy OackiHAa Y.X. Illasekenos, M. Eaeyos
CBIHABI FaabIMAap Typaabl. Maceaen M. Eaeyos «Ily — Taaac eHipaepiHiH opTarachlpAbIK Kajlalapbl
meH MekeHgepi (VI — XIII f. Gacbr)» aTTBl FBIABIMU AOKTOPABIK AVMICCEPTAIIMSICHIH OCBHI caslalapaa
kopragabpl (Y. X. Ileaexenos: V-XIII raceipaapaarsl basacaryn xaaacer (2006, 2007, 2009))
[14,15].Conbimen  Oipre, ¥Yanl JKiGek JKOABIHBIH MOHFOA INAIKBIHIIBIABIFEL AQYipiHAeri cascu-
SKOHOMMKAABIK aXyaAblHaH TY>KBIPbIMABI xabapaap Oeperin 3. Kunasaryapiasiy «lIpIHFBIC XaH >KoHe
Kasak MemaexeTi» aTThI eHOeri e A91ieKTi 3epTTeyaep TOObIHa >KaTaasl [25].

KopsITbIHABI

Kibex >xoabl Kasipri kardaiida MeMaeKeTTep YKimeTi MeH ipi OusHec exiagepi, coHaaii-ax
KapalailbIM ajgaMaap TapalblHaH yAKeH Hasap ayJdapaTbhlHBI ce3ci3. Ipi yilbIMaap OCbl OarbITTarbl
9PTYpAi KBI3MeTTi daMbITyFa Oeariai Oip kagamaap >xacayaa, 6ya xepae JIOHECKO men ATY epexiie
MaHbBI3ABI PO/ aTKapaabl.

Tex Toyeacizairimizain apkacbiHAa OafbIPFEI TAPVUIXBIMBI3ABL TEPEH TaHyFa AaHFBIA JKOA alllbLAABL
Toyeacisaix aaraasl Gepi KoAFa aabIHFaH >koHe «MoaaeHn mypa» OardapaaMachl asChIHAA aTKapbLAFaH
>KYMBICTapAbIH HeTi3iHAe FRIABIMM aliHa/AbIMFa >KaHa TapyX! JKoHe apXeOAOTUABbIK AepeKTep KOChLAADL.
Ocnl GargapaaMaaapAbiy apkacbiHga Yabl XKibek JKoapr OolibIHAAFb KadadapAbl 3epTTey MeH 3epJeaey
>KYMBICTaphl >KaHjaHa TycTi [27].

«Magenn mypa» OardapaaMBbIChl asiChIHAQ Kasak >KepiHJe KaabllITackaH ©pKeHMeTTiH Kyaci
00AFaH TapUXM-MdJeHM eCKepTKIllITepAl 3epTreyre MeMAeKeT TapallblHaH >Ky3JereH MUAAUOH TeHre
Oe4iHiIl, aTagaH KaAFaH MYpaHbI 3epTTeyAiH >KaHa Ke3deHi KaabliracTsl. Ocel OaFjapaaMaHbIH ascbiHAAQ
«Apxeoa0rus1, TapUXU-MaeHN eCKepTKIllITep» CeKIMACh OobIHINa 35 TapUXU-MaJeH! eCKepTKilllTep
KaliTa >KaHFBIPTHLABIIL, JKOHAEY, KaAIlbIHa KeATipy >KYMBICTaphl iCKe achIPbLAAbI.

Conrpl 3epTTeyaepe opTarachlpAbIK KaJdalapbIHBIH eMipi, TaOuru-reorpadusablK, casicu-aCKepH,
MaJeHM, iIlIKi >KoHe XaAblKapaAblK >KaFjalidap TYPFBICBIHAH capallTaAblll, AaMyBIHBIH OacThl TapUXU
Ke3eHJepi 3epJedeHill, oJapra JereH >KaHa Tapuxm Keskapac KaaemracTel. Kasakcran men Opra
Asusigarel ipiai-ycakTel KeIlTereH TapuXU OKUFaJlap, aAMacKaH cascu Omaeyiidikke, MeMAeKeTTiK
KYpPBlABIMAapMeH oAeyMeTTiK KYIITepAiH bIKIIaAblHa, eHOek OeJiHici, caysa, KOFaMABIK-CasiCU >KoHe
Ma/eHM apasacybl apKacblHAa, HSKOHOMMKAABIK KaTbIHacTapfa bIHFaliAdaHy >KargaliblHAa ©Mip CYpAL
OraH eagiH Tapuxu-reorpadusAbIK >KaFAalbIHBIH KOAAWABIFBI, Cybl MOA >KallblABIMJapblHAA Maa
IIapyallblABIFbl JKaKChl ©pKeH/ell, KaAblIITacKaH Cy >KylieAepi, OTBIPBIKIILL JKep IapyIIbLABIFL JKoHe
T.0. KellleHAi KociIiTep MeH A3CTypPAi ypAicTepi bIKITaa >KacaAbl.

Crlpaapust e3eHiHiH opTa arbIChIHAAFBI KadaJap MeH eali-MeKeHAepAiH 3epTTely TapUXbIH, YIII
Ke3eHre Oeain KapacTelpblagbl. Celpaapus eseHiHiH opTa arbichiHBIH (JKanaxopran >xene IImeai
aydaHAapbl OONbIHINA) KaJdadapbIHBIH 3epTTelyi opTarachlpAblK ChlFaHaK KaJdachIMeH OallAaHBICTBL
Yapr Kibex JKoabl OoitbIHAAFBI KadadapAbl OHBIH imiiHae Celpaapus e3eHi OOMBIHAAFBI KadadapAbl
seprrey 1867 >xpianl ILV. epxteiH sKcneaumuschiHaH Oactadadbl. TypkicraH yiiipMeaepiHig
XaTTaMacCbhlHAAFBl 3epTTeyIi FaabIMAapAblH MadiMeTTepi KaMThiaabl [17]. Conpimuen Katap, OHTyCTIiK
Kaszaxcran apxeoa0rmsAbIK SKCIeAMINACE, XOpe3M SKcreAnnmsacsl, OTeIpap apXeoAOIMAABIK,
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okcrreaunuaAcel, KasMVY-aiH apXeoaormsaablK SKCIeAUIMACBIHBIE apXeOAOIMAABIK TOOBI, Slccaym
ateiHaarel XKTV-aig TypaH apXxeoA0ImsaablK DKCIIeAUINMAAapbIHbIH 3epTTey JKYprisreH eHOeKTepiHiH
MaTepuaajapsl mnaiigaaaHeiaasl. OpTarachIpablK Kasdadapra OallaaHBICTEI Kaz0a JepekTep MeH
aHbI3Aap KMHAKTaAbII, 3ePAeAeHiI >Ka3blAAbL.

OpraracpIpablK Kadaaap MeH eaji-MekeHaepaiH CrlpgapusHBIH COA KoHe OH >KaradaybIHAAFrbl
Aerr Deaill KkepceTiagi, 0lapAblH TapUXU-TONOTPQPUSABIK KYPBIABIMBL, reorpadpusAblK KOOpANHATTAPhI
JXKoHe OpHaJacKaH >Xepaepi aHbIKTaaabl. JKeHe eHipAeri OpTarachIpABIK C9yAeT eCKepTKIIITepiHiH
cunarTaMablHa TOKTaABbII, OAapFa KaThICTHI aHbI3-AepeKTep KaMTbLAABI.

OpraracbIpplaK KepyeH >Koagapbl Typaabl Maaimertep O.X. Mapryaan, B.A. Kaaaayp, VI
Areesa Mmen I'VI. Ilanesmu, /A.b.Epsaosuuy, K.M.baimakos, M.Eaeyosrepain enOekrepinje KepyeH
JKOAJApPBIHBIH ~ OarpITTaphl, OJAapAblH  TapMakKTaphl — TypaAbl — MaJiMeTTep  eIKel-TerKeilai
KapacThIpbLAFaH. 3epTTey >KYMBICHI aTaAFaH aBTOpAapAblH MaaiMeTTepi HeriziHge Ka3blaabl. Ceipgapus
©3eHiHiH  OONBIHAAFBI OpTarachIpABIK KepyeH >KOAAapBIHBIH OarbITTapbl MeH TapMakKTap HaKThI
kepcetiaai [5,7,12].

bipak, seprrey Oapwichinga, ChlpJapusi ©3eHiHiH OpTa aFbICBIHBIH OpTaFachIpABIK OipHelre
ecKepTKilTepaiH Oy3bLABIIT KaTKaHbl aHbIKTaaAbl. Oa Typaapl M.EaeyosTiH eHOekTepiHAe HaKTBI
kepceTiareH [15].

Congapixran «MageHn mypa» Oargapaamacsl OOMBIHIIA KYPIi3iAreH apXeoAOTMABIK 3epTTeyaep
eH alAbpIMeH eAiMi3Jeri TapuX-MaAeHM Mypa ecKepTKIIlITepiH ecellke aady, OAapAblH OOABICTBIK,
JKMHaKTapblH, apXeOJOTVABIK KapTachlH >Kacayfa, KOpFfayra OarbITTaaca, aad Kaz0a >KYMBICTapBIH
OipiHII KesekTe OY3BIABII JKaTKaH He Oy3blAy KayIli TOHIN TYpPFaH eCKepTKilllTepAe >KYPrisreH AypbIC
60aap eai. CeGebi, CoipgapusHbIH OpTa aFbICBIHAAFBI OpTaFachIpAbIK Pazabl ata ea4i MekeHi yAKeH-Kini
e3eHAep 1manibin, Oysblabin  kaTelp. Illmeai ayaanbiHAarel Teaikea KaHaABIH #Kasy KesiHae
OpTarachIpABIK becTaMHBIH CBIPTKBI KaMaabl, OHBIH CBHIPTBIHAAFBI KYPBIABICTAp TOABIK OY3bLAFaH,
KaJdaHblH ImMTageai 35 >xplajaH Oepi biza cybl Typ. Opraraceipablk Kyiteyram easi mekeni ericTik
aAKaOBIHBIH aCThIHAA KAABII, TOABIK OY3BLABIII KeTKeH [26].

Kapxbiaanapipy. BR10965370 “¥apr JKiGex >KOABIHBIH TapUXM TOIOHUMUSACBIH FBLABIMAAP
TorbicbiHAa 3epTTey” BMK KP BI'M >ko0ack! asichiHAa Kap>KblAaHABIPBLAFaH.
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A.A. AcpiabekoBa, A.E. Moaaaraanesa, C.I. Tope6ek, M.K. Kyaanoeprenos
Kasaxcxuil nayuonarvruiil yrueepcumem um. aro-Papabu, Aamamul, Kasaxcmar
Typucrckas npuBaeKaTeabHOCTh Beankoro meakosoro nytu B Pecriyoanke Kasaxcran
Annoramis. B crartee mokasaHo, 4to Beaukmii meakosbiii myTh u ero mytu uyepes Kasaxcran

SABAAIOTCSI HE TOABKO YHMKAAbHBIM MCTOPMYECKMM IIaMATHMKOM 4YeA0BeYeCcKOl HMBMUAMU3AIUM, HO U
Oyay1eit onopoit MHPPaCTPYKTyphl, IIEHTPOB 1 OObEKTOB HallMOHAABHONM MHAYCTPUM TypU3Ma.
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Cerognst mapmpyTtsl Beamkoro 1meaxoBoro IyTu, yAMBUTEABHO COBIIaJaloOIiyie C COBpeMeHHBIMU
TPaHCHOPTHBIMIU MAarucTpaAsMM, CUCTEMaMM pacCeleHMs U ILeHTpaMi KyAbTYPHOTO pa3BUTN,
CTaHOBATCs YHUKaAbHBIM MOCTOM MexX4y Epomnoir u Asueit, 3anagom 1 Bocrokom. Takke 13BecTHO,
4yTO Beamkuii 1meakoBblii MyTh, KaK TPaHCHAlMOHaAbHas TYPUCTCKas Marucrpadb, MMeeT IIMPOKUI
cMbIcA B MupoBoll ucropun. IlleAKoBbI IIyTh ABASAETCA YHUKAABHON KYABTYPHOM LIEHHOCTBIO AAs
gyeaoseuectsa, nosToMy IOHECKO yaeaser ocoboe BHMMaHIe He TOABKO U3Y4€HUIO, HO ¥ COXPaHEHNIO
OTPOMHOTO HacAeANsl, KOTOpOe ApeBHIe HapOAbl OCTaBIAV COBPEMEHHOMY ITOKOAEHUIO.

KaioueBbie caoBa: Beamkuii 1m1eaKoBbI IIyTh, TpaHCHAIMOHAaAbHAsl TYPUCTCKas MarucTpaab,
TPaH3UTHO-KOMMYHMKALIMOHHAS CUCTeMa, TYPU3M, MeXAYHaPOAHBI TYPU3M, MUHAYCTPUS TypU3Ma.

A.A. Assylbekova, A.E. Moldagalieva, S.G. Torebek, M.K. Kudaibergenov
Al-Farabi Kazakh National University, Almaty, Kazakhstan

Tourist attraction of the Great Silk Road in the Republic of Kazakhstan

Abstract. The article shows that the Great Silk Road and its routes through Kazakhstan are not
only a unique historical monument of human civilization, but also a future pillar of infrastructure,
centers, and facilities of the national tourism industry. Today, the routes of the Great Silk Road,
surprisingly coinciding with modern transport highways, settlement systems, and cultural development
centers, are becoming a unique bridge between Europe and Asia, the West, and the East. But now it is
known that the Great Silk Road is a transnational tourist highway that has a broad meaning in world
history. The Silk Road is a unique cultural value for humanity. Therefore, UNESCO pays special
attention not only to the study but also to the preservation of the vast heritage that the ancient peoples
left to the modern generation. Therefore, the issue of the Silk Road is relevant today.

Keywords: The Great Silk Road, transnational tourist highway, transit and communication
system, tourism, international tourism, tourism industry.
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